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Preface 

Four volumes covering the pyridines were originally published under the 
editorship of Dr. Erwin Klingsberg over a period of four years, Part I 
appearing in 1960 and Part IV in 1964. The large growth of research in 
this specialty is attested to by the fact that a supplement is needed so soon 
and that the four supplementary volumes are larger than the original ones. 
Pyridine chemistry is coming of age. The tremendous variations from the 
properties of benzene achieved by the replacement of an annular carbon 
atom by a nitrogen atom are being appreciated, understood, and utilized. 

Progress has been made in all aspects of the field. New instrumental 
methods have been applied to the pyridine system at an accelerating pace, 
and the mechanisms of many of the substitution reactions of pyridine and 
its derivatives have been studied extensively. This has led to many new 
reactions being developed and, in particular, to an emphasis on the direct 
substitution of hydrogen in the parent ring system. Moreover, many new and 
important pharmaceutical and agricultural chemicals are pyridine derivatives 
(these are usually ecologically acceptable, whereas benzene derivatives 
usually are not). The modifications of the properties of heteroaromatic 
systems by N-oxide formation are being exploited extensively. 

For the convenience of practitioners in this area of chemistry and of 
the users of these volumes, essentially the same format and the same order 
of the supplementary chapters are maintained as in the original. Only 
a few changes have been made. Chapter I is now divided into two parts, 
Part A on pyridine derivatives and Part I3 on reduced pyridine derivatives. 
A new chapter has been added on pharmacologically active pyridine deriva- 
tives. It had been hoped to have a chapter on complexes of pyridine and 
its derivatives. This chapter was never received and it was felt that Volume IV 
could not be held back any longer. 

The decision to publish these chapters in the original order has required 
sacrifices on the part of the authors, for while some submitted their chaptcrs 
on time, others were less prompt. I thank the authors who finished their 
chapters early for their forebearance and understanding. Coverage of the 
literature starts as of 1959, though in many cases earlier references are also 
given to present sufficient background and make the articles more readable. 
The literature is covered until 1970 and in many cases includes material 
up to 1972. 

X I  
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I express my gratitude to my co-workers for their patience during the 
course of this undertaking, and to my family, who saw and talked to me 
even less than usual during this time. In particular, I acknowledge the inspira- 
tion given me by the strength and smiling courage of my son, Michael, 
who will never know how much the time spent away from him cost me. 
I hope he understood. 

R. A. ABRAMOVITCH 

University, .4lubama 
June 1973 



Contents 

Part Two 

IV. Pyridine-l-oxides . 1 

R .  A.  ABRAMOVITCH AND ELIZABETH M .  SMITH 

V. Alkylpyridines and Arylpyridines . . 263 

RONALD G. MlCETlCH 

VI. Halopyridines . . 407 

MAX M. BOUDAKIAN 

VII. Organometallic Compounds of Pyridine . . 4 8 9  

HARRY L. YALE 

Index . . 623 

. . .  
XI11 



Part One 

I. Part A. Properties and Reactions of Pyridines 

R. A. ABRAMOVITCH AND G. M. SINGER 

Part B. Partially Reduced Pyridines 

R. E. LYLE 

11. Synthetic and Natural Sources of the Pyridine Ring 

N .  S. ROODMAN, J .  0. HAWTHORNE, A. W.  SIMON, AND P. X. 

MASCIANTONIO 

111. Quaternary Pyridinium Compounds 

0. RODIG 

Part Three 

VIII. Nitropyridines and Reduction Products (Except Amines) 

RENAT H. MIZZONI 

IX. Aminopyridines 

C.  S. GlAM 

X. Pyrhlinecarboxylic Acids 

PETER I. POLLAK AND MARTHA WINDHOLZ 

XI. Pyridine Side-Chain Carboxylic Acids 

M. E. NEUBERT 

xv 



XII. Pyridinols and Pyridones 

H. TIECKELMANN 

Part Four 

XIII. Pyridine Alcohols 

ELLIS V. BROWN 

XIV. Pyridine Aldehydes and Ketones 

RENAT H. MIZZONI 

XV. Sulfur and Selenium Compounds of Pyridine 

HARRY L. YALE 

XVI. Pyridines and Reduced Pyridines of Pharmacological Interest 

R. T. COUTTS AND A. F. CASY 

xvi 



PYRIDINE AND ITS DERIVATIVES 

SUPPLEMENT IN FOUR PARTS, 
PART TWO 

This is the fourreenrh i~ohrme in the series 

T H E  CHEMISTRY OF HETEROCYCLIC C O M P O U N D S  



CHAPTER IV 

Pyridine-1-oxides 

R. A. ABRAMOVITCH and ELIZABETH M. SMITH* 

Drpurrrncnr c!f Chmmi.\rry. 1'nirmir.v of Aluhumu, U n i r e r d y .  AIuhumu 
Wayne Starc b'nirersiry, Drtroir, Michigan 

I .  Preparation . . .  . . . . .  
1 .  Direct Oxidation . . . . .  
2. From Nonpyridine Precursors . . 
3 .  From N-Arylpyridiniuni Salrs . . . . .  

. 
I .  Detection of N-Oxide Function . . . . .  

3 .  X-Ray Dilfraction . . . . . .  

11. Physical and Spectral Properties of Pyridine-I-oxides . 

2. Dipoie Moments . . . . . .  

4. Pularogrdphy . . . . . . . .  
5.  Dissociation Constants . . .  . . .  
6. Nuclear Magnetic Resonance Spectra. . . .  
7. Infrared Spectra . . . . . . .  
8. Ultraviolet Absorption Spectra . . .  
9. Mass Spectra . . . . . . .  

10. Electron Spin Resonance . . . .  
1 1. Molecular Orbital Theory and Chemical Reactivity . 

111. Reactions of the N-Oxide Function . . . . .  
I. Electrophilic Addition lo Oxygen in Pyridine-I-oxides . 

A. Salt Formation . . . . . . .  
B. Quaternary Salts . , . . .  

2. Deoxygenation . . . . . . .  
A. Catalytic Reduction . . . . . .  
B. Rcduction withMetals or MetalSslts in Acid 
C. Deoxygenation with Phosphorous Trihalides . 
D. Ueoxygenation with Organophosphorus Compounds 

. 3  
. . . .  3 
. .  . . 24 
. .  , . 21 
. .  . 2n 

. 28 
. . .  . 2 n  
. . , . 3 1  
. . .  . 33 

. 34 
. . .  . 3 1  
. .  . , 31 
. . .  . 42 
. . .  . 44 
. .  . 46 
. .  . . 46 
. . .  . 49 
. .  . 49 
. .  . 49 
. . .  . 5 0  
. . .  . 5 9  
. . .  . 5 9  
. . .  . 66 
. .  . . 68 
. .  . . 71 

* Plrsenr c r r l d r - c w :  Natural Products Dcpt.. Schering Corprmtion. Blr~on~liclil .  N.I .  

I 

Chemistry of Heterocyclic Compounds, Volume 14 
Edited by R. A. Abramovitch 

Copyright 0 1974 by John Wiley & Sons, Inc. 



2 Pyridine-1 -oxides 

E . Deoxygenation with Sulfur and its Derivatives . . . . . .  72 
F . Other Methods of Deoxygenation . . . . . . . .  75 

80 
IV . Substitution at Carbon . . . . . . . . . . .  95 

I . Electrophilic Substitution . . . . . . . . .  . 95 
A . Acid-Catalyzed H-D Exchange . . . . . . . .  95 
B . Nitration . . . . . . . . . . . .  96 
C . Halogenation . . . . . . . . . . .  103 
D . Mercuration . . . . . . . . . . .  104 
E . Sulfonation . . . . . . . . . . . .  104 

2 . Nucleophilic Substitution . . . . . . . . .  . 105 
A . Organometallic Reagents . . . . . . . . .  105 
B . Inorganic Acid Halides . . . . . . . . . .  111 
C . Nucleophilic Attack on I-Alkoxy and I-Acyloxypyridinium Salts . . 114 
D . Reaction with Tosyl Chloride . . . . . . . .  228 
E . Acid Anhydrides . . . . . . . . . . .  129 

3 . Homolytic Substitution . . . . . . . . . .  146 
4 . Nuclear Proton Abstraction . . . . . . . . .  149 
5 . Intramolecular Reactions . . . . . . . . . .  161 
6 . Pyridyne-I-oxides(Dehydr0pyridine-I-oxides) . . . . . .  179 

V . Side-chain and Substituent Reactions . . . . . . . .  182 
1 . MethylGroups . . . . . . . . . . . .  182 
2 . Reduction of Nitro Groups . . . . . . . . . .  194 
3 . Displacement of a Nitro Groups by Nucleophilic Reagents . . . .  199 

3 . Reactions of 0-Atkylated and 0-Acylated Pyridinium Salts . . . .  

A . Halogens . . . .  . . . . . . . .  199 
B . Substitution by Oxygen or Sulfur-Containing Groups . . .  . 201 
C . Substitution by Amines . . . . . . . . . .  203 
D . Substitution by Trialkoxyphosphites . . . . . . .  204 

4 . Displacement of Halogens by Nucleophilic Reagents . . . . .  204 
A . By Oxygen Nucleophiles . . . . . . . . .  204 
B . By Sulfur and Selenium Nucleophiles . . . . . . .  209 
C . ByAmines . . . . . . . . . . . .  212 

5 . Reactions of Thiol and Sulfide Groups . . . . . . . .  218 
6 . Amino and Hydroxylamino Compounds . . . . . . .  221 
7 . Hydroxyl and Alkoxyl Groups . . . . . . . . .  227 
8 . Miscellaneous Side-chain Reactions . . . . . . . .  229 

VI . Photolysis . . . . . . . . . . . . .  234 
References . . .  . . . . . .  . . . . .  242 

Since the early 1940s. Japanese workers (1). as well as den Hertog (2) in 
Holland and Colonna (3) in Italy opened up the field of pyridine.l.oxides . 
The chemistry of these compounds has been reviewed by Katritzky (4a. b). 
Shaw (5).  Abramovitch and Saha (6). and Ochiai (7) . For the most part. this 
chapter is a supplement to the one previously written by Shaw (5 )  in the 
1961 edition of this series . Repetition occurs only for continuity . 



1. Preparation 3 

I. Preparation 

Pyridine-1-oxides may be prepared by the direct oxidation of pyridines 
with per-acids, or by the introduction or the exchange of substituents in the 
ring with retention of the N-oxide group already present. The latter method 
permits the synthesis of those N-oxides which are not available by direct 
oxidation, but this method is discussed separately under the appropriate 
section on the reactions of pyridine-1-oxides. Only a few pyridine-1-oxides 
have been prepared from nonpyridine precursors. 

1. Direct Oxidation 

Pyridine was first oxidized to the N-oxide with perbenzoic acid (8). 
Perphthalic acid (9) and hydrogen peroxide in glacial acetic acid (10) have, 
also been used. Recently, it has been found that 2,6-dibromopyridine (IV-I) 
can be converted to its N-oxide (IV-2) with 30% hydrogen peroxide in 
trifluoroacetic acid in spite of the steric hindrance and the inductive effects 
of the bromine atoms which prevented N-oxidation with perbenzoic or 
peracetic acid (11). This reagent is also effective in the N-oxidation of 
2,3,5,6-tetrachloropyridine and 2,3,4,5,6-pentachloropyridine (12), as well as 

IV-1 
0- 

IV-2 

2-chloro-3-nirropyridine (13), and 2-bromo-5-chloropyridine (14). Using the 
reagent, 2-(2,4,5-trichlorophenylt hio)pyridine (IV-3) was converted to the 
corresponding sulfone- 1-oxide (IV4) (15). Oxidation of pentachloropyridine "-ii., :s3 as**+ I , 

0- - 

c1 
w-3 I V 4  

in trichloroperacetic acid at 50" for 5 hr yields the N-oxide (ca. 20%) and 
unreacted starting material (16, 17). Higher temperatures or longer heating 
caused deoxygenation until the concentration of N-oxide fell to ca. 10%. 



4 Pyridine- 1 -oxides 

Loss of oxygen was due to the presence of hydrogen peroxide since prolonged 
heating of the N-oxide in boiling trifluoroacetic acid had no untoward 
effect. This reaction could involve nucleophilic attack by the N-oxide on the 
peroxy acid, followed by loss of molecular oxygen from the intermediate 
N-peroxide (eq. IV-1) (17a). 

Pentachloropyridine-1-oxide was obtained in high yield (> 80%) from the 
reaction of pentachloropyridine with a mixture of an organic peracid and 
concentrated sulfuric acid (17b). For best results, the substrate was dissolved 
in a mixture of sulfuric acid and acetic acid, and hydrogen peroxide, varying 
in strength from 30 to 90%, was added slowly with stirring at or below room 
temperature. The success of a mixture of peracid and sulfuric acid in oxidizing 
weakly basic nitrogen compounds is probably due to enhancement of the 
electrophilicity of the peroxidic oxygen through protonation of the acid 
which must ease the transfer of H +  to the nucleophile, as indicated in IV-5 
and IV-6 (17b). Substitution of polyphosphoric acid for sulfuric acid usually 
gave inferior results with these compounds (17b), but a mixture of poly- 
phosphoric and peracetic acid was effective in the N-oxidation of Cmethoxy- 
tetrachloropyridine. In the presence of sulfuric acid, this compound suffers 
hydrolysis and gives the corresponding 4-hydroxytetrachloropyridine-t- 
oxide (1 7b). 

CI CI 

IV-6 
IV-5 

m-Chloroperbenzoic acid has been used for the N-oxidation of heterocyclic 
compounds (18a) and polyarylpyridines (1 8b). Monopermaleic acid has been 
shown to be effective in the oxidation of 2-chloro- (19a), 3-methoxy-, 
3-flUOrO-, and 3-mesylaminopyridine (IV-7 (19b) to their N-oxides (IV-8). 
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CHC0,H 

IV-7 

I 
0- 

IV-8 

3-Pyridyltetra-O-acetyl-~-~-glucopyranoside, 4-pyridyltetra-U-acetyl-@- 
D-glucopyranoside, and 4-pyridyl-/?-D-glucopyranoside were converted to 
the N-oxides with perbenzoic acid (20). Vinylpyridines (21) and polyvinyl- 
pyridines (22a, b) are also oxidized with peracids to the N-oxides. 

Recently, a new organic oxidant, (dibenzoyldioxyiodo)benzene, has been 
used for the preparation of pyridine-1-oxide (85 %) in 30 min (eq. IV-2) (23). 
This reagent is obtained by the reaction of iodosobenzenes with substituted 
perbenzoic acids in chloroform-methanol (8: 1) at 0". A word of caution: 
(dibenzoy1dioxyiodo)benzenes detonate at 80 to 120" and many spontane- 
ously ignite or detonate upon manipulation in the solid state at room 
temperature: also manipulation with metal spatulas is not recommended (23). 

ArIO + 2ArC03H - Arl(O-O-COAr)2 * 0 + Arl(OCOAr), (IV-2) 

I 
0-  

The formation and properties of pyridine-I-oxides obtained by direct 
oxidation are given in Table IV-1. 

TABLE IV-1. Preparation of Pyridine-I-oxides by Direct Oxidation 

Pyridine (R) Conditions Properties Yield (x) Ref. 

Pyridine H 2 0 2 ,  AcOH, A, 6 hr 
H,O,, AcOH 

ArI(O,COAr),. 30 min 

( i )  50"d H,Oz, AcOH, 

( i i )  conc. HCI 
( i )  molybdic anhydride, 

60". 2 hr 
( i i )  Ca(OH), 
(iii) HCI 
( i )  40% AcO,H, <SO", 6 hr 
f i i )  HCI 

2.6-d 2 HZOZ. AcOH 
Pyridine, HCI 

tungstic acid 

Pyridine-I4C,. HCI 

m.p. 66" 95-100 24 
m.p. 64-6". 25 
b.p. 100-105"/1 m n  

85 23 
b.p. 130-131"/9 mm 26 

85 21 

27 

m.p. 180-181" 28 



Table IV-l (Continued) 
~ ~~ ~~~ 

Pyridine (R) Conditions Properties Yield (%) Ref. 

2-Me 

3-Me 

4-Me 

4-Me, HCI 

2,3-Me, 
2,4-Me2 

2,5-Me2 

2,6-Mez 

3,4-Me2 

4-t-Bu-2,5-Me2 

2,3,6-Me, 

2,4,6-Me3 
3-t-Bu-2,4,6-Me, 

2-Et 

5-Et-2-Me 

2,6-Et, 
2-Pr 
2,6-Pr2 

HZOz, AcOH 

H,O,, AcOH, I- t .5  hr 

H,Oz, AcOH 

H,O,. AcOH, 1-1.5 hr 
H,O,, AcOH 
HZO2, AcOH, 1-1.5 hr  
(i)  50% H,O,. 60", 6 hr 
(ii) HCI 
30% H,O,, AcOH 
H,O,, AcOH, 70°, 16 hr 
30% H 2 0 2 ,  AcOH 
H 2 0 2  

30% H 2 0 2 ,  AcOH. 80--90" 

30% HZOZ, AcOH. 80". 
10 hr 

30% H z 0 2 ,  AcOH 
30% HzOz. AcOH. 70-80". 

10 hr 
H,O,, AcOH, 1-1.5 hr  

30% H,O,, phthalic 
30% HZO,, AcOH 

anhydride 
HZO,, AcOH 
HZO,, AcOH, 70-80". 

18 hr 
H,O,, AcOH 
30% H,O,, AcOH, 80°, 

10 hr 
30% HZOZ, AcOH 

30% H , 0 2 ,  AcOH 
30% HZOZ, AcOH, 70--80" 

H,02, AcOH 

30% HZO,, AcOH 

HZO,, AcOH, 70". 3 hr 

b.p. 124-125"/15 mm 84 25 
nAo 1 S910 
b.p. 120-125"/14 mm 29 
n i o  1.591 
m.p. 33-36" 81 25 
b.p. 150°/15 mm 
b.p. 150- I53"/20 mm 29 
m.p. 184" 86 25 
m.p. 183.5-184' 29 

72.5 27 

b.p. 118"/4 mm 
b.p. 1 10°/l mm 
b.p. 91"/0.3 mm 
m.p. 53-58" 
m.p. 55-57'; picrate. 

m.p. 122.5" 
m.p. 55-57"; picrate. 

m.p. 122.4-124" 
b.p. 86"/0.3 mm 
m.p. 60" 

30 
79 25 

30 
31 
32 

33 

30 
80.5 34 

b.p. 120-123"/21 mm 29 

35 35 
b.p. 107-108"/5 mm 76 35 

36 
m.p. 138" 77.4 34 

37 
m.p. 77-78"; picrate, 33 

m.p. 63". b.p. 84"/ 30 
m.p. 122.4-124" 

0.2 mm; picrate, 
m.p. 97-98.5" 

30 
m.p. 120-121°, b.p. 168- 38,39 

170°/15 mm 

picrate. m.p. 134-137" 

picrate, m.p. 110" 

b.p. 103-105"/3 mm; 40 

b.p. 120°/2 mm; 35 

b.p. 120-127"/10 mm 57.8 41 
b.p. 102"/2 mm 42 
b.p. 135-139"/10 mm 57.3 41 

6 



Table IV-1 (Codrrucd) 

Pyridine ( R )  Conditions Properties Yield ( %) Ref. 

2,6-B~, b.p. 162-164"/10 mm 57 41 
2,6-Di-n-amyl b.p. 180-183"/8 m m  59.5 41 
2-(CHd,CH3 b.p. 140"/0.7 mm 43 

2-Methy loctyl 30% H202.  AcOH, cat. b.p. 137-138"/0.1 mm 44 

~-(CHZ)L~CH, 30"< H,O,, AcOH, cat. m.p. 39-40", b.p 52"/ 44 

n:" 1.5220 

H,S04,  R.T. n;' 1.5256: picrate 
m.p. 88-89" 

H,SO,. R.T. I mm 
nb' 1.5230; HCI, m.p. 

85-86"; picrate, m.p. 
77-78" 

24CHACH3 43 

~-CH[(CH,),CH~]Z 43 
24CHZ)I ICHj m.p. 54-56" 43 
2-(CHz),t,CH3 AcO,H m.p. 67--67.5" 43 

35 H,Oz, AcOH, 78-80", m.p. 70-72" 45 

2-Tridecyl BzO,H in CHCI,, 0.16 hr m.p. 55-56" 43 
3-Tridecyl BzO,H in CHCI,, 0.16 hr  m.p. 54-55" 43 
4-Tridecyl H,O,, AcOH m.p. 61-63" 43 

4-El AcO,H m.p. 106-109" 84 47 
4-Heptadecy l 35% H,O,, AcOH, 75-80", m.p. 31-32" 45 

I ,2-Di-(4-pyridyl)ethane m.p. 236-238" 48 
I ,2-Di-(&methyl-2- 307; H,O,, AcOH, 70-80", m.p. 183-185" 49 

I ,2-Di(4-ethoxy-3- AcO,H 50 

I ,2-Di-(6-rneihyl-2- 303, H,O,, AcOH, 70-80", m.p. 247.5 -249" 49 

12 hr 

3-Trimethylsilyl H202. AcOH b.p. 146"/6 mm; picrate. 46 
m.p. 107-108" 

t 2 h r  

pyridy1)ethane 3 hr 

pyridy1)ethane 

pyridy1)ethylene 3 hr 
I ,3-Di-(2-pyridyl)propane H,O,, AcOH m.p. 212-213"; picrate, 8 51 

I ,5-Di-(4-pyridyl)pentane m.p. 218-220" 48 
I .6-Di-(2-pyridyl)hexane m.p. 140-141' 48 

m.p. 138" 

I ,6-Di-(3-pyridyl)hexane m.p. 186- 188" 48 
I ,6-Di-(4-pyridyl)hexane m.p. 241 -244" 48 

I -(2-Pyridyl)-6-(4- m.p. 135-137" 48 

I-(?-Pyridyl)-6- m.p. 108-1 lo" 48 
(3-pyridy1)hexane 

pyridyl)hexaneiH20 
I ,7-Di-(4-pyridyl)heptane m.p. 152--154" 48 
t ,8-Di-(4-pyridyl)octane m.p. 155.7" 48 

7 



Table IV-I (Continued) 
~ 

Pyridine (R) 

2,7-Di-(4-pyridyl)octane 
2,2'-Dipyridylmethyl 

2-Pyridylmethyl-2- 

Di-(2-pyridyl)glycol 

Di-(C-methyl-2- 
pyridy1)glycol 

dl-Di-(4-pyridyl)glycol 
(hydrate) 

mc~so-Di-(4-pyridyl)glycol 

ether 

(2-pyridylethy1)ether 

3-F 

2-F-5-Me 
2-CI 

2-CI.HCI 

2,6-CIZ 

2-CI-5-NOz 
2,3,5,6-C1, 

2,3.5,6-CId-4-Me 

2,3.5,6-C14-4-OMe 
2,3,5,6-CI,-4-N0~ 

Conditions Properties 

m.p. 130-132' 
HZOZ, AcOH m.p. 155" 

m.p. 126" 

m.p. 213" 

m.p. 242" 

m.p. 200" 

30% H,O,, AcOH. 85". 

307: H 2 0 2 ,  AcOH, 85". 

30% H,O,, AcOH, 85". 

30Y, H 2 0 2 ,  AcOH, 50". 5 hr  
30% H,02, AcOH, 70-80". m.p. 64" 

30% H,O,, AcOH m.p. 62563" ;  picrate, 

30% H,O,, AcOH. 70-80", m.p. 63". b.p. 78-80"/ 

( i )  Permaleic acid, CHCI,, 0" 
(ii)  25". 48 hr  
307; H,O,, Ac,O 
Maleic anhyd. in CH,CI, 

702, H,0,, 50". 1.5 hr 
succinic anhydride 
36% H,O,, AcOH, 70-80", m.p. 59-60"; picrate, 

12 hr m.p. 165--166" 
60-90X ag. H,O, in 

CH2CI,, 45 -70" 
40% AcOzH, 70". 150 min 
40"/, Ac0,H. AcOH, 45" 
(i)  35% H,O,, 60". 6 hr 
(ii) conc. HCI 
90% H,Oz, AcOH, 

CF,CO,H, 90". 18 hr  
(CF,CO),O, H,O, in m.p. 99-100" 

CH,CI2 
CF,CO,H 
H,Oz, CF,CO,H, 50" m.p. 212-215" 
90% HzOz, AcOH, 

90% H,O,, AcOH, 

AcO,H, PPA 

15 hr 

15 h t  

15 hr 

2 hr 

m.p. 107- 108" 

12 hr 0.3 mm 

CF3C02H, Z O O ,  48 hr 

CF,CO,H, 60". 18 hr 

90% HZO,, CF,CO,H, 
H,SO,, 20". 24 hr 

Yield (%) Ref. 

48 
52 

60 52 

53 

53 

53 

54 53 
54 

55 

19 19b 

38 19b 

56 
81.6 19a 

I9a 
80 36 

57 

58 
59 

78 27 

65 17b 

13.60 

60 
78 12 
80 17b 

70 17b 

so 17b 
67 17b 
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Table IV-1 (C'oriritiucd) 

Pyridine (R) Conditions Properties Yield ( %) Ref. 

3-CI 

3-C1-2,6-Me2 
2-Br-5-CI 
3-CI-2-(SO,C,H,CI-p) 
3-Cl-242.45 

4-Cl-2.6- Me, 
CI,C,H,SO,) 

2-Br-3-Et-6-Mc 
2,6-Br, 

3-Br-4-Me 
3- Br-2.5- Me 
3-Br-5-OEt 
3,5-Br, 

5-Br-2-CONH2 
4-CI-5-OMe-2-CHzCI 

3-OH-3.6-Me2 
5-CN-3-OH-2-Me 

2-OMe-6-Me 
2-OEt-6-Me 
2-OMe-4-CI 
2-OMe-6-CO2H 

3-OMe 
2-OMe-4-CON H 

5-Et-3-OMe-2-Me 

H,O,. CF,CO,H, 50" 
90'~ H,O,, AcOH. 

CF,CO,H, 20". 48 hr 

3 hr 
30"h HZO,. AcOH. 70-80". 

30",, H,O,. AcOH, A, 3 hr 
35":, H 2 0 Z .  AcOH 
H,O,. CF,CO,H, A, 3 h r  
30°( H,OZ, CF,CO,H. 3 hr 
30:/,, HZO,. CF,COZH 

35":, H,O,, AcOH 

BzO,H, 8 days 
3U",, H,O,, AcOH 
30"; H,O,. AcOH, 80-W", 

Hz02. AcOH, 60-70'. 4 h r  
I 2  h r  

30",, HZO,. CF,COZH, A, 
3 hr 

Bz0,H 
Bz0,H 

40:,, AcO,H, AcOH, 80". 

40"~ AcO,H, 60 70". 1 hr 
30% H , 0 2 ,  AcOH, 70". 

3 h r  

I8 h r  

HzOz 
30"/:, H,O,. AcOH 

40:, AcO,H, AcOH 
40% Ac0,H. AcOH 
Bz0,H.  8 days 
H,O,, AcOH, A. 5 hr 
BzO,H 
( I )  permaleic acid. CHCI,. 

O", 1 hr 
01) 15". 48 hr  
30Y" Ac0,H. 8 0 . 5  hr 

m.p. 177-181" 

m.p. 59 -60". picrate, 
m.p. 137- 139"; b.p. 
88-89"/1 mm 

m.p. 38-40" 
m.p. 111-113" 
m.p. 190-192" 
m.p. 233.5-237" 

m.p. 102- 103". picrate, 
m.p. 147-148" 

b.p. 97-99"/0.5 mm 
b.p. 118-120°/0.5 mm 

b.p. 102"/0.7 mm 
m.p. 186.5-188.5" 

(decomp.) 
m.p. 138- 140" 

m.p. 143-144" 

m.p. 165-168" 
m.p. 163-164" 

m.p. 177" 
m.p. 278-280" 

(decomp.) 
m.p. 94.5" 
m.p. 263-265" 

(decomp.) 

m.p. 386-188" 
m.p. 198-200" 
m.p. 100-101" 

b.p. 140-143"/5 mm 

78 
85 

99 

69 
79 

40.5 

95 

60 

76 
95 

46 

12 
17b 

36 

55 
61 
14 
15 
15 

61 

62 
55.63 
19b 

64 
I I  

31 
31 
31 
65 

66 
67 

68 
69 

70 
70 

71 
71 
62 
62 
62 
19b 

72 

9 



Table IV-1 (Continued) 

Pyridine (R) Conditions Properties Yield ( x )  Ref. 

3-OAc-2-Me-4,5- BzO,H, CHCl, m.p. 114-115" 

2-CHZOAc HrOz, AcOH b.p. 160-175"/5 mm 
5-Acet oxymethyl-2-( 5- 

3-CHZCO2Et 36% H,O,, AcOH, 60-70" m.p. 97-98" 
2-Me-3-CH,CO2Ei HZO,, AcOH, 80-85". m.p. 54-59'; b.p. 

I 1  hr 140-150°/4 mm 
4-CH( Ph)CO,Me m.p. 127-129". crude; 95 

(CHzOAc), 

nitrofurylviny1)pyridine 

picrate, m.p. 

3-CHzCHZCOzH H,O,, AcOH, A, 3 hr m.p. 144-153" 
3-CHzCN 30% Hz02, AcOH m.p. 135.5-136.5" 
2-CHZCl AcO,H, H,O,, 70-78" m.p. 75-77" (benzene) 

2-CHzOH HZOZ. AcOH. 80-90". m.p. 142-143" 

6-Me-2-CH2OH m.p. 113-114" 67 

2-CH2CHZOH m.p. 93-95"; picrate, 
m.p. 123' 

24CHJ3OH H,O,, AcOH, 80", 2 hr m.p. 52-54" 
2-CH2CH(OH)CH2CH3 30"/, H,O,, AcOH. 80". 2 hr  b.p. 126--127"/0.025 m m  
2-CHzCH(OH)CHMc. 30% H,O,. AcOH. 80". 2 hr  b.p. 150- 155"/0.025 mm 
2-CHZCH(OH)C,H,, 30% H,O,,AcOH, 80". 2 hr b.p. 188"/0.02 m m  
2-CH2C(OH)(Me)Ph 30% H,O,. AcOH, 80", 2 hr b.p. 124-127"/0.008 m m  
2-(l-Hydroxycyclohexyl)- 30%, H,O,, AcOH, 70-80", m.p. 88" 86.4 

6-(I-Hydroxycyclohexyl)- 30% H,02, AcOH, 70", m.p. 123-125" 56.7 

1-(2-Pyridylmethyl)cyclo- 30% H,Oz. AcOH, 70", m.p. 113-134" 89.4 

3-CHZOH H,O,, AcOH, 80-90", 10 hr m.p. 84-86" 65 

2-Me-5-CH20H H,OZ, AcOH, 70-80". 3 hr m.p. 87" 
4-CH,OH H,O,, AcOH, 80-90". 10 hr m.p. 124-125" 
2-Me-3-CH20Me H,O,, AcOH m.p. 55-60'; b.p. 

127- 129" 

b.p. 90°/0.2 m m  (50%) 

10 hr m.p. 141" 

4-Me-2-CH2OH HZO,. AcZO m.p. 86-88" 60 

pyridine 60 hr  

3-picoline 24 h r  

hexanol 18 hr 

map. 93-94" 

135-138"/2 mm; 
picrate, m.p. 92-95" 

2,3-(CHO), Monoperphthalic acid, m.p. 128" 

2,4-(CHO)2 Monoperphthalic acid, m.p. 148" 

2,5-(CHO)z Monoperphthalic acid, m.p. 208" 

EtOH, HCl 

EtOH. HCI 

EtOH, HCI 

73 

74 
75 

76 
77 

78 

79 
80a 
80b 

81a 
82 
81a 
81a 
83 

84 
85 
85 
85 
85 
34 

34 

34 

82 

86 
81,82 
87 

88 

88 

88 
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Table IV-1 (Continued) 

Pyridine ( R )  Conditions Properties Yield [ %) Ref. 

2,6-(CH0)2 

2-COMe 

4-COMe 

2-Pyridylaldoxime 

3-Pyridylaldoxime 

4-Pyridy laldoxime 

2-Benzoylpyridineoxime 

3-Benzoylpyridineoxime 

4-Benzoylpyridineoxime 

2-CH L N NH Ph 
4-CH=:-NNHPh 
2-COZH 

2-CO2H-6-Me 
2-COZH-5-Me 

2-CO2H-4-Me 

2,6-(CO,H), 
2-COzH-4-NOZ 

3-CO2Pr 

Monoperphthalic acid, 

b.p. 82"/0.3 mm; EtOH, HCI 

picrolonate, m.p. 157" 
Phthalic anhydride, H,02, 

50-60°, 24 hr 
30% H,O,, AcOH, 70-80" 

30% HZO,, AcOH, 70-80" 

30% H,O,, AcOH, 70-80" 

Bz0,H in C6H6 
Bz0,H 
H,02, AcOH, 75-80", 3 hr 
H,O, (K salt) 
30'); H,O,, AcOH 

80% H,O,. AcOH 
30% H,O,, AcOH 

H,O,, AcOH 
NaOH, 45 % Ac0,H in 

AcOH, 40", 1 I hr 
NaOH, 45% AcO,H in 

AcOH, 40", I 1  hr 
307; H,O,, AcOH, 90°, 

10 hr 
30% H,O,, 24 hr 
H,O,, AcOH, 2 hr  

(i) 50% H,O,. AcOH, 65", 

( i i )  90". 8 hr 

30% H,O,, AcOH, 70" 

HzOz 

3 hr 

30% H,O,. AcOH. 70" 
30% H,O,, AcOH, 70" 

m.p. 134-136" 

m.p. 221-222"; pK, 

m.p. 217-218"; pK, 

m.p. 228-229"; pK, 

syn-, m.p. 163-164.5', 
anti-, m.p. 219-222" 
syn-, m.p. 162- 163", 
anri-, m.p. 178-180" 
syn-, m.p. 186-188". 
anti-, m.p. 222-223" 
m.p. 237" 

9.23 

9.68 

9.57 

m.p. 162" 
m.p. 162.5" 
m.p. 166-167" 
m.p. 176" 
m.p. 162-163" 

m.p. 155-157" 

m.p. 241 -244" 

m.p. 167-168" 
(decornp.) 

m.p. 256" 
m.p. 268-271" 
m.p. 97-98" 

m.p. 99-100" 
m.p. 40-50.2"; picrate, 

m.p. 70" 
m.p. 62-62.5"; picrate, 

m.p. 91.5-92" 

m.p. 90" 

34 

46 

50 

93 

70 

77.6 

72 

73 

46 

71 

62 

88 

89 

90 

91 

91 

91 

92 

92 

92 

93 
93 
94 
95 
96 
49 
97 
34 
98 
99 
loo, 101, 

102 
loo, 101 

103 

104 
105 
47 
47 

19b 
106 

106 

106 

11 



Pyridinc (R) Conditions Properties Yield ( x)  Ref. 

3 -C0zEt-2 .6-M~~ 

4-CN-5-C02 Ei-2-Mc 
3.5-(CO,Et),-2.6-Me2- 

3.5-(CO,Et),-2.5-Me2- 
4-Ph 

4-/LCh0H7 
4-COlMc 

4-COZEt-2-Et 

4-C0,  EI-2-it-Pr 

2-CONH2 

2-CON H Ph 
2-CON(Ph)Me-3-OH 

3-CON H 2 

3-CON H Et 

3-CONHCHzPh-2-Mc 
4-CON H2 

2-CN 
3-CN 

4-CN 

2,4-MeZ-3-N0, 

2.4- McZ-5- NO, 

2.6-Me2-3-N0, 

H , 0 2 ,  AcOH m.p. 50-52". b.p. 

H,O,, AcOH m.p. 35-45". b.p. 

H,O,. AcOH m.p. 165-169" 

I52"/4 mm 

I I ? -  I13"/0.01 mni 

m.p. 114' 95 

30 ' :~  H,O,. AcOH, 70 -80". m.p. 120-122" 

30"L H,O,, AcOH. 70-80". m.p. 140" 

307" H,O,, AcOH, 70-80". m.p. 70". b.p. 

30:?, H,O,, AcOH. 70- 80". m.p. 8l", b.p. 

50",:, H,O,. Ac,O, A, 6 hr m.p. 161 -162" 
40".,, AcO,H, XO", 6 hr  m.p. 165-166" 
Pcracctic acid. T H F  m.p. 143 145 

m.p. 263 265" 
(decomp.) 

m.p. 287 X X "  
m.p. 123- 124" 

m.p. 175 - 176" 
m.p. 306" 

24 hr 

3 hr 

3 hr 164- 166"/7 mm 

3 hr I72 -1  74"/8 mm 

40'!,, AcO,H, AcOH, SO". 

H,O,. AcOH 
34% H,O,. AcOH, 100". 

Peracetic acid m.p. 116-1 18 
3004, H,O,, AcOH, 70" m.p. 174 -175": picratc. 

30"~; H,O,, AcOH, 80-90". m.p. 174-175" 

307; H,O,. AcOH, 80-90". m.p. 224-226" 

H,O,, AcOH m.p. 228.5-229" 
3 0 ~ ; H 2 0 , , A c O H , A , 4 h r  m.p. 132-133" 
30% H,Oz. AcOH. 4 hr  m.p. 187-188" 
( i )  40':i,AcO,H, R.T.,4 hr  m.p. 172-173" 
( i i )  75". 5 hr  
30% H,O,, AcOH, SO-SS", m.p. 118-1 19"; picrille. 

30'x H,O,, AcOH, 80--85". m.p. 102-103" 

PhCO,H, CHCI, 30'1/, m.p. 100-102" 

3 hr 

5 hr 

m.p. 91.5 92" 

7 hr 

4 hr 

48 hr m.p. 113- 114" 

48 hr 

HzOz, AcZO 

80 

70 

95 

84 
95 

47 

25 

51 

17, 107 

I07 

I ox 
10% 

109a 

tOYb 

I10 

I10 

110 

I l l  
65 
70 
70 

112 
65 

77 
I10 

I13 
106.113 

1 9b 

I14 

I I 5  
99.116 
I I6 
117. I18 

I I9 

I19 

120,121 

12 



Table IV-1 (Continued) 

Yield (%) Ref. Pyridine (R) Conditions Properties 

2-NH2, HCI 

2-NHMe 

2- N H Ac-5- N 0 2  

2-N(COPh), 

2-(NHC02Ei)-5-Me 
2-(NHCO,E1)-4,5-Me2 

2,Z'-Dipyridykamine 
2-(NHC,H3Mez-2.3 

2.64 N HCO, Et), 

~ ~ N H C , H , C I - ~ ) - ~ - M C  

2-(NHC,H4CF3-m)- 
6-Me 

3-NHCHzPh 
3-(NHC,H,CF3-m) 

3-(NHCO?Et) 
3-NHCHO-4-Me 

3-NHAc 

3-NHAc4Me 
3-NHAc-2,6-Mez 

3-NHS0,Me 

4-NMez 
4-NHCH,Ph 

2-Me-5-CH=CH2 

Poly(2-vin yt)pyridine 

2-CH=CH2 

2-CH=CHPh 

3-CH=CHCO2Pr 
~ - C H = C H C O ~ B U  

(i) Bz0,H in C,H,, lo", 

(ii) R.T., 2 h r  

m.p. 154-156" 
3 hr 

m.p. 67-68"; picrate, 

m.p. 196-197 
m .p. 156- 158" 

27.5 H,O, AcOH. m.p. 98-99" 

AcOZH m.p. 90-93" 
AcOZH m.p. 1 1 1 - 1 1 2 "  
AcOZH m.p. 114-1 16" 
9% Ac02H. 50-60°, 3 hr m.p. 233-239" 
30% H,OZ, AcOH, 75". m.p. 108-109" 

30% HzOz. AcOH, 75". m.p. 135-137" 

30% H,Oz. AcOH, 75". m.p. 126-128" 

30% H,O,, AcOH, 75", m.p. 101-102° 

HZ02 .  AcOH m.p. 209-210" 
30% H20z ,  AcOH, 80-85". m.p. 135-137" 

30% H,O,. AcOH. 9 hr m.p. 197" 
40% AcO,H m.p. 155-156"; picrate, 

m.p. 141-143" 
AcOzH m.p. 209-210.5" 
AcO,H, 65". 4 hr m.p. 216" 

m.p. 208-21 I" 
40% AcO,H m.p. 194-196" 
30% H 2 0 Z r  AcOH, 55-60", m.p. 165-167" 

6 days 
(i) permaleic acid, CHC13, m.p. 187-188" 

O", 1 hr 
(ii) 25", 48 hr 
Bz0,H 
H z 0 2 ,  AcOH m.p. 247--250" 
Peracetic acid in EtOAc 
Peracetic acid in EtOAc, 

70-80", 5 hr 

15 hr 

I5 hr 

15 hr 

15 hr 

19 hr 

2 hr 
30% HZOZ, AcOH 
H202, AcOH 

m.p. 135" 
m.p. 161-162" 
m.p. 89-91" 
m.p. 67-71" 

76 122 

122 

123 
124 

125 
125 
125 
126a 
126b 

126b 

35 126b 

126b 

127 
128 

129 
130 

130 
117 
131 
130 
132 

44.7 19b 

133 
127 
21 
21 

22b 
134 
135 
136 

70 106 
93 106 
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Table IV-l (Coniinucd) 

Pyridine ( R )  Conditions Properties Yield (%) Ref. 

Ij-4-Pyridylacrylic acid 

P-dPyridylacrylamide 
2-(5-Nitrofurylvinyl)- 

2-(5-Nitrofurylvinyl)-3- 

6-(5-Nitrofurylvinyl)-3- 

5-Ethyl-2-(5-nitrofuryl- 

4-(5-Njiro~urylvinyl)- 

3-Ethyl-4-(5-nitrofuryl- 

pyridine 

picoline 

picoline 

viny1)pyridine 

pyridine 

viny1)pyridine 
4-CSCPh 

H,O,, AcOH. 70°, 18 hr m.p. 237-240" 
(decomp.), hemi- 
acetate, m.p. 237- 
240" (decomp.) 

H,02, AcOH, 70", 18 hr m.p. 246" (decomp.) 
30% H,O,, AcOH, 70-80". m.p. 249-250" 

30% H,O,, AcOH, 70-80". m.p. 198-200" 

30% H,O,, AcOH. 70-80", m.p. 205-207" 

30% H,O,, AcOH, 70-80". m.p. 155-157" 

30% H,O,, AcOH, 70-80". m.p. 217-218.5' 

30% H,O,, AcOH, 70-80*, m.p. 235-236" 

Perbenzoic acid, 20". 2 days m.p. 184.5-185.5"; 

I0 hr 

10 hr 

10 hr (decomp .) 

10 hr 

10 hr  

10 hr (decomp.) 

picrate, m.p. 147- 
148.5" 

Perbenzoic acid, 20", 2 days m.p. 158-159" 
Perbenzoicacid, 20". 2 days m.p. 171.5-172.5° 
Perbenzoic acid, 20", 2 days m.p. 184.5-185.5" 

m.p. 156" 
35% H,O,. AcOH,9O0, m.p. 156-357" 

30% H,O,, AcOH m.p. 175-177" 
30% HZO,, AcOH m.p. 212-214" 

30% HZO,, AcOH m.p. 174-175" 

30% HZO,, AcOH m.p. 208-209" 
30% H,O,, AcOH, W, 

9 hr 

m.p. 121" 

m.p. 151" 

m.p. 76-79"; HCI, 
10 hr m.p. 181.5-185"; 

picrate, m.p. 156- 
158" 

137 

137 
I38 

138 

138 

I38 

138 

138 

139 

52 139 
50 I39 
43 139 

133 
140 

78 141 
75 141 

133 
65 141 

I33 
53 141 

I03 
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Table I V- I (Conrirtucd J 

Pyridine ( R )  Conditions Properties Yield (z) Ref. 

4-(CeH4NHC02Et-p) 
2.4.6- Ph 3 

2 ,6-Ph2-4-C,H, Br-p 

2,3,5,6-Phd 

2-SOzC,H4-2,4,6-C13 
2-Me-4-S03H 
3- Me-4-S03H 
2,6-Me,-4-S03H 

4-[H2N(S=)C]-2-Me 
4-[H2N(S-)C]-3-Me 
4-[HzN(S - )C]-2.6-Me2 

3-N3 

2-N--NC,H,NOZ-p 
3-N= N P h  

4-N=NCbH,NMe~-p 
2-(4-Pyrid yl)oxazole 

a;Me 
4-SiMe3 
4-SiEt3 
4-GeMe, 
4-SnMe3 

H,O,. AcOH, 70" 
m-CIC,H,CO,H, CHCI,, 

dark, 14 days, R.T. 
m-CIC6H,COJH, CHCI,, 

dark, 14 days, R.T. 
m-CIC6H,C03H, CHCI,, 

dark, 14 days, R.T. 
m-CICbH4C03H, CHCI,, 

dark. 14 days. R.T 
m- CIC H CO H , C t 1 C'I >. 

dark, 14 days, R.T. 
m-CIC,H,CO,H, CHCI,. 

dark, 14 days, R.T. 
m-CIC,H,CO,H, CHCI,. 

dark, 14 days, R.T. 
30:; HZO,, CF3COZH 

H,O,. AcOH, 75". 3 hr 
HZO2 

Bz0,H 
Bz0,H 

Bz0,H 
H z 0 2 ,  AcOH 

Perphthalic acid 

H,O,, AcOH 
H,02. AcOH 
H,O,, AcOH 
Permaleic acid, CHCI,, R.T. 

m .v. 245- 247" 
m.p. 186-189" 

m.p. 202-204" 

m.p. 254-256" 

m.p. 188-189" 

m.p. 250 251" 

m.p. 298-302" 

m.p. 245-248" 

m.p. 209.5-210" 
m.p. 263" 
m.p. >270" 
m.p. >270" 
m.p. 99-103" 
m.p. 188" 
m.p. 191-193" 

m.p. 214-215" 
m.p. 85-87": picrate, 

m.p. 159-161" 

m.p. 186" 

m.p. 111-113" 
m.p. 49- 51" 
m.p. 1 16- I 18" 
m.p. 131-133" 

141 
32 18b 

10 18b 

5 18b 

57 18b 

42 18b 

53 18b 

71 18b 

74 15 
I I4 
114 
114 
142 
143 
143 
143 
144 
145 

121 
146 

146b 

146c 
146c 
146c 
146c 

15 



16 Pyridine-1 -oxides 

Side reactions sometimes accompany direct oxidation of pyridines (Table 

Oxidation of aminopyridines (IV-9) can give nitropyridines (IV-10) and 
IV-2). Some of these reactions are discussed below. 

@NHZ 5 @NOZ + V N 0 2  

0- 
IV-9 IV-10 IV-1 I 

nitropyridine-I-oxides (IV-11) ( 1  17, I47a). Aminopyridine-1-oxide (IV-12) 
and their derivatives can, however, be obtained by protection of the primary 
amino function by acylation followed by hydrolysis of the acylamino group 
after N-oxidation (eq. IV-3) (62, 66, 105, 1 1 1 ,  117, 123, 127, 130, 132) 
(Tables IV-3 and IV-4), or by direct oxidation of 2-aminopyridine hydro- 
chlorides (122) (Table IV-1). 

* 

R 

‘@N”*c 10”,n NaOii,  BNH2 (IV-3) 

I 
0- 

iv-12 

I 
0- 

Groups such as ethoxycarbonyl may also be used for the protection of an 
amino function (129, 132). Oxidation of 4-(4-dimethylaminostyryl)pyridine 
(IV-13) with one equivalent of perbenzoic acid resulted in the oxidation of 

N>CH=CHC6H4&MerP I 

0- I cqulv. 
PhC0,H / IV-14 

6-  
IV-15 



TABLE IV-2. Side Reactions Occurring During Oxidation of Pyridines 

Pyridine ( R )  Oxidation conditions Products (yields) Ref. 

3-OCH,CO,Et HZO,. AcOH 
3-OCHCOzEt H,O,, AcOH 

I 

6-CH20H-2-Me 30?;H,O2, AcOH, 70" 

2-CH2OH-5-Me 30%, H,02, AcOH, 

2-CHLOAc)Z Perphthalic acid 
80-90" 

2-CH(OAc),-4-Me Perphthalic acid 

6-CH(OAc),-2-Me Perphthalic acid 

2-Oxocyclohexyl 

6-Methyl-2-(2- 
oxocyclohexy1)- 
pyridine 

4-Methyl-2-(2- 
oxocyclohexy1)- 
pyridine 

2-COZEt 

2-CH2CO,Et-4-Me 

30%, HZOZ, AcOH, 
70-80". 3 hr 

H,O,, AcOH 

HZOZ, AcOH 

30% H,O,, AcOH, 
80". 3-4 hr 

loo", 10 Iir 

acid 

30% H 2 0 2 .  AcOH, 

m-Chloroperbenzoic 

3-Pyridyloxyacetic acid-I -oxide 
3-Pyridyloxy-a-propionic acid- 1- 

oxide 

6-Methylpicolinic acid-I-oxide, 
m.p. 177" (decomp.) (2.7 %); 
6-hydroxymethyl-2-picolinc- 1 - 
oxide, m.p. 114" (65%) 

64 H ydroxymethyl)picolinic acid- 
I-oxide, m.p. 195"(trace); 
dipicolinic acid-I-oxide, m.p. 
160" (45.2 x);  2,6-bis(hydroxy- 
methy1)pyridine-I-oxide, m.p. 
137-138" (5.3"!,) 

6-Acetoxymethyl-3-picoline- I - 
oxide 

Pyridine-2-aldehyde-I-oxidc, m.p. 
74-76'; oxime, m.p. 220-221" 

4-Picoline-2-aldehyde- 1 -oxide, 
m.p. 127-129"; semicarbazone, 
m.p. 212-214" 

2-Picoline-6-aldehyde- I -oxide, 
m.p. 82-83"; semicarbazone, 
m.p. 247-249". (decomp.) 

Pyridine-Caldehyde- 1 -oxide, m.p. 
148- 150"; semicarbazone, m.p. 
82-83" 

Picolinic acid- I-oxide 

6-Methylpicolinic acid- I-oxide, 
m.p. 174 176" 

4-Methylpicolinic acid-I-oxide, 
m.p. 164-166" 

Picolinic acid-I-oxide (54-87 %) 

4-Methylpicolinic acid- I -oxide 

Methyl 2-(2-pyridyl)lactate (21 %): 
methyl 2-(2-pyridyl)lactate-I- 
oxide, m.p. 143-147" (10%); 
methyl 2-(2-pyridyl)propionate- 
1-oxide, m.p. 70-75" 

I55 
I55 

161a 

161a 

32 

81 

81 

81 

81 

161b 

I62 

162 

99 

I63 

78 

17 



Table IV-2 (Conrinurd) 

Pyridine (R) Oxidation conditions Products (yields) Ref. 

2-CH(Ph)C02Me 

1,3-Indanedion- 
2-yl 

2-CN 

2-CN-6-Me 

3-CN 

2-CH=CH- 
C,H,NMe,-p 

2-CH=CH- 
C,H,NMe2-p 

C6H,NMe2-p 

C,H,NMe,-p 

C,H,NMe,-p 

3-CH=CH- 

4-CH=CH- 

CCH=CH- 

2-NH2 

2- N H ,-5-Br 

3-NH2 

4-NH2-3-Me 

4 N H O H  
2-NMe2 

Peracetic acid or m- 
chloroperbenzoic 
acid 

m-Chloroperbenzoic 
acid 

m-Chloroperbenzoic 

( i )  50% H 2 0 z ,  PH 

(i i )  23". 16 hr  
30% H,O,, AcOH, 

acid 

7.5-8.0, 34-40", 1 hr 

80-90". 3 hr 

7.5-8.0, 35-40", I hr 
50% HZO,. pH 

Perbenzoic acid 

Excess perbenzoic acid 

Perbenzoic acid 

Perbenzoic acid 

Excess perbenzoic acid 

30% HZO,. HZSO, 
CF,CO,H 

CF3C03H 

30% H202, 
(CF3CO)zO 

(i) conc. H,SO,. 
10-20" 

(ii) 30% H20z ,  
10-20", 1 hr 

H20,, AcOH 
A c O ~ H  

Methyl a-phenyl-2-pyridine- 
glycolate, m.p. 66-67.5"; methyl 
a-phenyl-2-pyridineglycolate- 1- 
oxide, m.p. 137": methyl a- 
phenyl-2-pyridineacetate- I - 
oxide (irace) 

a- Phenyt-2-pyridineglycolamide, 
m.p. 131" (57%); a-phenyl-2- 
pyridineglycolamide- I-oxide, 
m .p. 205"; a-phenyl-2-pyridine- 
acetarnide-I-oxide, m.p. 152" 

indanedione, m.p. 212" (54%) 
2-Hydroxy-2-(2-pyridyl)- 1,3- 

Picolinamide- I-oxide, m.p. 
159--160" (70%) 

6-Methylpicolinic acid-1-oxide 

Nicotinarnide- 1- oxide, m.p. 

3-(p-Dimethylaminostyryl)- 
283-284" (decomp.) (44%) 

pyridine-"-oxide, m.p. 100" 
(decom p .) 

2-(p-Dimethylaminostyryl)- 
pyridine-1 ."-dioxide. m.p. 148" 

34 p- Dimethylaminoslyry1)- 
pyridine- N-oxide 

44 p-Dimethylaminost yry 1)- 
pyridine-"-oxide 

4-( p-Dimethylaminostyry1)- 
pyridine-1 ,"dioxide 

2-Nitropyridine- I-oxide 
2-Ni tropyridine- I-oxide, m .p. 84" 

5-Bromo-2-nitropyridine- I-oxide, 
m.p. 156-157" (26%) 

3-Nitropyridine- I -oxide 

(20 %I 

4-Nitro-3-picoline- I-oxide 

4-Azoxypyridine- 1 , I  '-dioxide 
2-Dimet hylaminopyridined"' 

oxide, m.p. 59-60"; picrate, 
m.p. 132-134" 

78 

78 

78 

156 

162 

156 

148 

148 

164 

148 

I 48 

147a 
165 

165 

117,147a 

166 

167 
122 

18 



Table IV-2 (Conrinurd) 

Pyridine (R) Oxidation conditions Products (yields) Ref. 

2-N=-NC,H,Br-p 

2-N=-NC,H,Br-p 

4-N=NPh 

4-N-NCSHAN 
2-SOCHzPh 

2-SCbHdCI-p 

2-SC,H,-2,4,5-C13 

2-SeH 3 R  \ 

R R 

Perbenzoic acid 

Ac0,H 

AcO,H 

Perbenzoic acid, 0". 
60 hr 

0,. AcOH 

Perbenzoic acid, 
CHCI,, 0-5", 4 days 

Perbenzoic acid, 

03, AcOH, 5 hr 
excess 

HZO,, AcOH 
Perbenzoic acid 

30% H,O,, AcOH, 
loo". 8 hr 

HZOZ. CF,CO,H 

30% H,O,, AcOH 

4-( p-Dimethylaminopheny1)- 

2-Phenylazopyridine- 1-oxide, 
pyridine-l ,N'-dioxide, m.p. 95" 

m.p. 109- I lo", 2-phenylazoxy- 
pyridine-I-oxide. m.p. 137-138" 

oxide, m.p. 138" 

oxide, m p .  137-138'; 2-phenyl- 
azopyridine-I-oxide, m.p. 112"; 
2-phenylazopyridine, m.p. 
141 - 142' ; 2-phenylazoxypyridine 

24 p Bromophen y I)-a-azox y- 
pyridine- I -oxide, m.p. 152- 153" 

2-(p-Bromophenyl)azopyridine- 
I-oxide, m.p. 203-205": 2-(p- 
bromopheny I)-a-azoxypyridine- 
I-oxide, m.p. 152-153" 

4-Phenyl-u-azoxypyridine- I - 
oxide, m.p. 142-143" 

4-Phenyl-3-azoxypyridine- I - 
oxide, m.p. 142-143" 

4-Phenylazopyridine- I -oxide. 
m.p. 150"; 4-phenyl-a-azoxy- 
pyridine- I-oxide, m.p. 142" 

4-Azoxypyridine- 1, I'dioxide 
2-Bcnzyisulfonylpyridine-1 -oxide, 

2-(p-ChlorobenzenesuIfonyl)- 

2-Phenyl-a-azoxypyridine- 1- 

2-Phenyl-a-azoxypyridine- I- 

m.p. 114-1 15" 

pyridine- 1-oxide, m .p. 179.5- 
I 80" (70 %) 

2-(2,4,5-Trichlorobenzenesulfonyl)- 
pyridine- 1 -oxide 

2.2-Dipyridyl diselenide-1 .I'- 
dioxide 

I33 

145 

168 

151 

I5b 

151 

151 

I S 1  

I45 

167 
169 

15 

15 

I53 

HZOz, H2O Picolinic acid-(-oxide, m.p. 170 
157- 158" 

R 
R=CO,Me 

5,6-Dimethyl-3- H 2 0 2 ,  AcOH, 48 hr Nicotinamide-I-oxide, m.p. 287" 171 
(3-pyridyl)-l.2,4- 
triazine 



TABLE 1V-3. Preparation of Aminopyridine-1-oxides 

IV-9 
I I 

0- 0- 
l V 4 S  IV-I2 

Acetamido- 1-oxide Amine- 1-oxide 
Starting amine (yield) (IV-45) (yield) (IV-12) Ref. 

I-NHz 

3-NHz-4-Me 

3-NH2-2,6-Me2 
3-NH2-2,4,6-Me, 
4-NHz 

4-NH2-243 
4-C&H,NHZ-p 

(85 %) 
m.p. 75" (45 X )  
m.p. 165-168" 
m.p. 268-271" 
m.p. 196-197" 
m.p. 209-210.5"; picrate, 

m.p. 216" 
m.p. 208" (51 %) 
3-Benzamido, m.p. 

209-21 0" 
3-Ethylcarbamafe, m.p. 

197" 
m.p. 194- 196"; picrate, 

m.p. 157.5-158.5" 
m.p. 165-167" 

m.p. 135-137" 

4-Benzamido 
m.p. 150" (77%) 

m.p. 245-247" 

(83 %) 
m.p. 159" (65 x) 
m.p. 184" 
m.p. 156- 158" 
m.p. 245-246" 
m.p. 124-125" 

m.p. 121-124" 
m.p. 122" (24 %) 
Hydrochloride 

Picrate, m.p. 175" 

Amine 

Hydrochloride, m.p. 280' 
Hydrochloride, m.p. 21 I "  
Hydrochloride, m.p. 18 I 
Picrate, m.p. 198" (68%) 
Hydrochloride, m.p. 152-153.5" 
m.p. 270"(18%) 

111  
147b 
66 
105 
123 
130 

I I7 
147b 
I27 

I29 

I30 

132 
132 
127 
147b 
62 
139 

TABLE IV-4. Hydrolysis of Acylaminopyridine-I-oxides to Aminopyridine-1-oxides 

Starting 1-oxide Reaction conditions Product 

3-NHCHO-4-Me 20% H2S0, 
3-NHAc-4-Me 20% H,SO, m.p. 195-196" 
4-NHAc-2-OH MeOH, conc. HCI, A, 5 hr 

4-NHAc-2-OH 20% HCI, A, 4-5 hr HCI, m.p. 163" 
4-NHAc-2-OMe 20% HCl, 4 hr m.p. 164.5-166" 

m.p. 230-233" (decornp.) HCI, m.p. 
I9  I - 193" 

Ref. 

I30 
130 
62 

- 

I72 
62 

20 
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the dimethylamino, but not the ring, nitrogen (IV-14); with excess perbenzoic 
acid both nitrogen atoms are oxidized (IV-15) (148). Similarly, 2-dimethyl- 
aminopyridine undergoes oxidation of the dimethylamino group (122, 149, 
150). On the other hand 2-methylaminopyridine gives the 1-oxide (122). 

2-And 4-phenylazopyridine (IV-16) undergo both 1 -oxidation to IV-17 
and oxidation of the azo function to give the azoxy compound (IV-18) 

@N=NPh / E QN=Nph + N=NPh + 1 
'N >N 0- I 

0- 
I 
0- 

IV-16 IV-17 1v-18 

(145, 151). 2-(4-Chlorophenylthio)pyridine (IV-19) and 30 "/, hywgen  
peroxide in glacial acetic acid give the sulfone-1-oxide (IV-20) (15). 2,2'- 
Dipyridyl disulfide and 30% hydrogen peroxide in acetic acid gaie 2 2 -  

IV-19 IV-20 

dipyridylthiosulfinate-N,N '-dioxide (1 52). When 2-selenopyridine (IV-21) 
is oxidized, diselenide formation accompanies N-oxidation (IV-22) (153). 

IV-21 IV-22 

Oxidation of either ethyl picolinate (IV-23) (98) or ethyl (2-pyridy1)acetate 
(IV-24) (134, 154), yields picolinic acid-I-oxide (IV-25). Methyl a-phenyl-3- 

I V-23 IV-2s IV-24 

and 4pyridylacetate (IV-26; R = Me) were oxidized recently with peracetic 
acid or with m-chloroperbenzoic acid to the corresponding N-oxide (IV-27) 
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0- 
1 V-26 rv-27 

in high yield (78), but methyl ~-phenyl-2-pyridylacetate (IV-28n) did not 
react normally. Three products were isolated. The main product was the 
glycolate (IV-29a), the minor products IV-Ma and IV-3la. The net result 
was hydroxylation of the a-carbon. Similar results were obtained with 
E-phenyl-Zpyridylacetamide (IV-28b) (78). In the case of methyl 242- 

IV-28 IV-29 IV-30 IV-31 

a; R = OCH,, R' = Ph 
b: R = NH,, R' = Ph 
C: R = OCHJ. R' = CH, 

pyridy1)propionate (IF'-=), the 1 -oxide IV-3lc was the major product, 
the hydroxy compounds IV-2% and IV-3Oc being also isolated (78). 
Oxidation of 2-(2-pyridyl)-l,3-indanedione (IV-32) (R.I .  1391) gave the 
2-hydroxy compound (IV-33) (15 %) together with at least three other 
compounds (78). However, oxidation of 2-benzhydrylpyridine gave the 

tV-32 IV-33 

N-oxide exclusively (78). The much higher rate of a-oxidation of LV-31 as 
compared with attack of the pyridine nitrogen atom shows that rearrange- 
ment of initially formed N-oxide is not involved. A mechanism was suggested 
in which the rate-determining step involves epoxidation of the tautomeric 
form IV-34, followed by fast opening of the oxirane ring in IV-35 to give 
IV-29 (eq. IV-4) (78). Ethyl 3-pyridyloxyacetate (IV-36) is oxidized and 
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I V-35 1V-29 

hydrolyzed by hydrogen peroxide in glacial acetic acid to yield the acid 
IV-37 ( 1  5 5 ) .  2- And 3-cyanopyridine are oxidized to the corresponding 

0 -  
IV-36 1v-37 

(R = H,( 'H, )  

acetamide with 30 % hydrogen peroxide (1 56). The action of performic or 
trifluoroperacetic acid at room temperatures on the N,N-disubstituted 
2-aminopyridine (IV-38) gives the hydroxylamino derivative IV-39 and not 
the expected I-oxide (16). Hydrogen peroxide in glacial acetic acid oxidation 

c'i C1 

-t 

CI CI 

IV-38 IV-39 

of nicotine at room temperature gave nicotine-1 '-oxide; at 80 to 90°, nicotine- 
1 .l'-dioxide was obtained (1 57). Treatment of anabasine with 34 % hydrogen 
peroxide in glacial acetic acid for 24 hr at 70 to 80", or with 10% hydrogen 
peroxide for 8 days at room temperature gave 6-oximino-6-(3-pyridyI)valeric 
acid (1  58). 
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6-BenzyIoxy-2-picoline (IV-40) and peracetic acid gave l-benzyloxy-6- 
methyl-Zpyridone (IV-41) (1 59). N-Oxidation of 6-methoxy-2-picoline 

Me OCH Ph 
0- OC'H,Ph 

I v-40 IV-41 

(IV-42) with fresh peracetic acid gave IV-43; when, however, old peracetic 
acid (which had been standing for 1 year) was used, a mixture of the I-oxide 
(IV-43) and of I-methoxy-6-methyl-2-pyridone (iV-44) was obtained (71). 

Me O M e  
IV-42 

40"" AcO,H 

60-80". 5 hr 

M e  O M e  
0 -  

IV-43 

Qo+ IVA3 
M e  

O M e  

I v-44 

Pyridine-(2-, 3-, or 4-)sulfonic acids are unaffected by hydrogen peroxide in 
glacial acetic acid (36), but the sodium sulfonates are oxidized under these 
conditions to give the corresponding N-oxides (36). 

5-Methylpicolinic acid was obtained from the reaction of (1,2-dimethoxy- 
carbonyl-6-methyl-3-indolinyl) methoxyacetate with hydrogen peroxide in 
acetic acid (1 60). 

2. From Noapyridine Precursors 

Only a few methods of preparing pyridine-1-oxides from nonpyridine 
precursors are known (Table IV-5). A good yield of cl-hydroxylamino- 
pyridine-1-oxide (IV-46) was obtained from a mixture of y-pyrone (IV-47) 

NHOH 

0- IV-47 

-6" 
0- 

IV-46 
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TABLE IV-5. Preparation of Pyridine-I-oxides from Nonpyridine Precursors 

Starting campound and conditions Product (yield) Ref. 

Trimethylpyrylium perchlorate, 
NH,OH, MeOH, NaOH 

Unstable oxime ofCH,COCH= 
C(CH,)CHzC(CH,)CN 

2-Methyl-4,6-diphenylpyrylium 
perchlorate, NHZOH.HCI, MeOH, 
MeONa 

2,4,6-Trtphenylpyrylium salt, N H,OH, 
AcOH, AcONa 

4-( pBromophenyl)-2,6-diphenyl- 
pyrylium salt, NH,OH, AcOH, 
AcONa 

2,6-Di-(p-bromophenyI)-4-phenyl 
pyrylium salt, NH,OH. AcOH, 
AcONa 

3-Methyl-2,4,6-triphenylpyrylium salt. 
NH,OH, AcOH, AcONa 

2,3.4,6-Tetraphenylpyrylium salt, 
NH,OH, AcOH, AcONa 

2,3.5,6-Tetraphenylpyrylium salt, 
NH,OH, AcOH. AcONa 

2,3.4.5,6-Pentaphenylpyrylium salt, 
NH,OH, AcOH, AcONa 

7-Pyrone, NH,OH, HCI, 20". 2-3 days 
Diacetylacetone barium salt, 

NH,OH.HCI, EtOH, dark. 72 hr 
2,6-Dimethyl-4-pyrone, NH,OH.HCI, 

EtOH, A, 6 hr 
2,6-Dimethyl-4-pyrone, NH,OH.HCI, 

R.T. 5 days 
Diacetylacetone, 3 molar equiv. 

NH,OH, 65". 5 days 
CI(CIC-CCI),CHO. NH,OH 
3-Hydroxy-2-oci-nitropropionitrile, 

HOCH,C(CN)=N(O)OK. acid 
2N H,SO.,, 24 hr 

Collidine-l -oxide, b.p. 134- I35"/9 m m  

Collidine-I-oxide, b.p. 118/2 mm, m.p. 
45-46^ (88%); picrate, m.p. 173"; 
picrolonate, m.p. 195"; chloroplatinate, m.p. 
216" (decomp.); perchlorate, m.p. 176" 

182" (85%); picrate, m.p. 125-126.5" 

I75a 

I77 
(60 %) 

4,6-Diphenyl-2-picoline-l-oxide, m.p. 180- 175a 

2,4,6-Triphenylpyridine-l-oxide, m.p. 18b 

4-(p-bromophenyl)-2.6-diphenylpyridine-l- 18b 
186- 189" (5 I %) 

oxide, m.p. 202-204" (35 x) 
2,6-Di-(pbromophenyl)-4-phenylpyridine- I - 1 8b 

oxidc, rn.p. 254-256" (10%) 

2,4,6-Triphenyl-3-picoline-l -oxide, m .p. 

2,3,4,6-Tetraphenylpyridine- I-oxide, m.p. 

2.3,5,6-Tetraphenylpyridine-l -oxide, m.p. 

2,3,4,5,6-PentaphenyIpyridine- I-oxide, m.p. 

4-Hydroxylaminopyridine- 1 -oxide 
4-Hydroxylarnino-2,6-lutidine- I-oxide, m.p. 

4-Hydroxylamino-2,6-lutidine-l-oxide, m.p. 

4.4-Azoxy-2.6-lutidine-I , I  '-dioxide 

I88 - 189" (83 %) 

250-251" (98 %) 

298- 302" (88 %,) 

245-248" (97 %) 

219-220 (decomp.); HCI, m.p. 190" 

200" 

18b 

18b 

18b 

18b 

I67 
173 

I74 

173 

4,4-Azoxy-2,6-lutidine-l ,I'-dioxide (70%) 179b 

2.3.4.5-Tetrachloropyridine- I -oxide I76 
2,4,6-Trinitropyridine-l-oxide, m.p. 222" 178 

2.4,6-Tricyanopyridine- I-oxide I79a 
(50 %) 

and hydroxylamine. The monoxime of a 1,5-carbonyl compound was 
assumed to be the intermediate which underwent condensation cyclization 
(167). 4-Hydroxylamino-2,6-lutidine-l-oxide (IV-48) was obtained from a 
mixture of the barium salt of the dienol of diacetylacetone (IV-49) and 
hydroxylamine hydrochloride in ethanol in the absence of light. It was also 
obtained from 2,Cdimethyl-y-pyrone (IV-50) ( I  73, 174). 
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0 NHOH 

Me \ /  Ba M e  
AWJJp-fJ Me 0- 1 Me Me Me 

IV-49 IV-48 iV-50 

4,6-Diphenyl-2-picoline-l-oxide (LV-51) and 2,4,6-colIidine-l-oxide (IV- 
52) were derived from the reaction of S-methyl-4,6-diphenylpyrylium 
perchlorate (IV-53) and 2,4,6-trimethylpyrylium perchlorate (IV-54), respec- 

Ph Ph 

Me 

NH,OH~HCI 

‘lo; 111 MeOH. NaOMe + 
ovorniphi 

Ph 

IV-53 
0- 

IV-51 

fi c10; -- NH,OH In McOll 

Me +O Me Me 

IV-54 
0- 

IV-52 

tively, with hydroxylamine under basic conditions ( 1  75a). Treatment of 
2,4,6-trimethyl- and 2,6-diethyl-4-methylpyrylium salts with hydroxylamine 
in aqueous medium gave the respective pyridine-1-oxides in lower yield 
(175b). The lack of formation of the N-oxide from 2,6-diisopropyl-4-methyl- 
and 2,6-diphenyI-4-methylpyrylium salts was assumed to be due to steric 
hindrance (175b). Recently, it was found that the reaction between a series 
of polyarylpyrylium salts and hydroxylamine in acid medium results in the 
formation of pyridine- 1 -oxides in good yields (1 8b). These results showed that 
higher yields of polyarylpyridine- 1-oxides were obtained from the pyrylium 
salts than from the N-oxidation of polyarylpyridines with m-chloro- 
perbenzoic acid (1 8b). 

c1 “&I+ C’ CHO NH,OH --- c’ff CI >y 
0- 

I V-55 IV-s6 
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Reaction of IV-55 with hydroxylamine gave 2,3,4,5-tetrachloropyridine- 1- 
oxide (IV-56) (1 76). The preparation of 2,4,6-collidine-l-oxide (IV-52) by 
heating an unstable oxime of cyanoketone IV-57 was reported (177). 2,4,6- 

M e  M e  
N HO N 0- 

IV-57 iv-52 

Tricyanopyridine- 1-oxide was prepared (50 %) by treating 3-hydroxy-2- 
mi-nitropropionitrile with an excess of 2N sulfuric acid for 24 hr (178). 
Similarly, 2,4,6-trinitropyridine-l-oxide was obtained from 2,a-dinitro- 
ethanol in the presence of dilute sulfuric acid (178). 

Reaction of IV-58 with formaldehyde gave an unstable intermediate 
(IV-59) which, on acidification, gave 2,4,6-tricyanopyridine- 1 -oxide (IV-60) 

NCCH=N(O)OK + CHzO - HOCH,C=N(O)OK 6 )'.s CN NC 
I 

IV-58 CN 
IV-59 0- 

1v-60 

(1 79a). When diacetylacetone was treated with three molar equivalents of 
hydroxylamine in water at 65" for 5 days, an azoxy compound (IV-61) was 
isolated in 70 % yield ( I  79b). 

Me 

\ 

Me 
tv-61 

3. From N-Arylpyridinium Salts 

Treatment of N-(2,4-dinitrophenyl)pyridinium chloride (IV-62) with 
hydroxyfamine hydrochloride and triethylamine in methanol gave 5-(2,4- 
dinitroanilino)-2,4-pentadienal oxime (IV-63) which was boiled in 4: 1 
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dioxane-water to give pyridine-1-oxide (87-92%) (179c, d). 2- And 3- 
picoline-1-oxide and 3,5-lutidine-l-oxide were also prepared by this method 

I 
NO, 

IV-62 
AO, 

IV-63 

11. Physical and Spectral Properties of Pyridine-l-oxides 

1. Detection of the N-Oxide Function 

The N-oxide function in pyridine-1-oxides can be detected by its infrared 
absorption at 1,200 to 1,300 cm-', with a maximum at approximately 
1,250 cm-' (see Section 11.7), and from the U.V. (see Section 11.8), NMR 
(see Section HA), and mass spectra (see Section 11.9) of the compound. 

A method of testing for N-oxides was reported (180). Pyridine-1-oxide and 
dimethylaniline give a blue color on heating in hydrochloric acid. This color 
is attributed to oxidative action of the N-oxide group and the formation of 
crystal violet by a series of condensations with formaldehyde, which is 
formed as a result of this reaction. This color reaction is not specific for an 
N-oxide function since it is also given by nitrobenzene and mdinitrobenzene. 

2. Dipole Moments 

Comparison of the dipole moments of pyridine-1-oxide and pyridine with 
those of trimethylamine N-oxide and trimethylamine indicate that resonance 
structure IV-64 is an important contribution in pyridine-1-oxide (181). On 
this basis, one would predict increased susceptibility of pyridine-I-oxide 
nucleus to electrophilic substitution. However, experiments with 4-nitro- 
pyridine-1-oxide suggested that there must also be contributions from 
IV-65 (1). Similarly, nucleophilic substitution of 2- and Chalopyridine-l- 
oxides was shown to be easier than that of the corresponding pyridine (36, 

Q-(=J-Qt-Q 
I 
0- 

I tl 0- 
II 
0 8 0- b- 

IV-64 IV-65 
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TABLE IV-6. Dipole Moments (and Mesomeric Moments) of 4-Substituted Pyridines, Their 
N-oxides and BCI, Complexes (185. 186) 

X 

NMe, 
OMe 
CI 
Me 
H 
COZEt 
COMe 

CN 
NO, 

4-X-pyridine 

4.31 (2.27) 
2.96 ( I .  16) 
0.78 (0.57) 
2.61 (0.39) 

2.53 (0.47) 
2.41 (0.21) 
1.58 (0.55) 
I .65 (0.27) 

2.22 (0.00) 

4-X-pyridinc I-oxide 4-X-pyridine-BCI, 

6.76 (2.74) 
5.08 (1.39) 
2.82 (0.59) 
4.74 (0.50) 
4.24 (0.00) 
3.80 (0.93) 
3.19 (0.62) 
ca. 0.7 (0.99) 

- __ 
8.86 (1.35) 
6.71 (1.02) 
8.73 (0.67) 
7.70 (0.00) 
- (0.17) 

7.74 ( - - )  

- (-4 
4.20 (0.10) 

XC6HS 

(I .66) 
(0.96) 
(0.41) 
(0.35) 
(0.00) 
(0.50) 
(0.56) 
(0.76) 
(0.45) 

182-184). Values for the dipole moments of 4substituted-pyridines, their 
N-oxides and their BCI, complex are given in Table IV-6 (185, 186). 

The mesomeric moments of 4substituted pyridine-1 -oxides, pyridine- 
boron trichloride complex, and pyridine are compared with that of benzene 
(Table IV-6) (185, 186). When the substituent is electrondonating the 
mesomeric moment shifts are positive, and when it is electron-withdrawing 
the mesomeric moment shifts to negative values. The contribution of 
resonance structures IV-64 and IV-6.5 depends on the nature ofthe substituent 
at the 4-position (187). The dipole moments of Csubstituted pyridine-l- 
oxides show that the pyridine-1-oxide ring can have either a deficit and a 
surfeit of electrons at the 4-position depending upon the conditions (188). 
In 4-p-substituted styryl- and phenylethynylpyridines and their N-oxides, 
dipole moment measurements show that there is no large interaction in the 
ground state between the substituent and the heterocyclic ring (189). 

The relative contributions of IV-64 and IV65 were examined (187). The 
dipole moment of pyridine-1-oxide was compared with that of pyridine : 
boron trihalide complex and this, in turn, was compared with those of the 
N-oxide and of the boron trihalide complex of trimethylamine in which the 
contributions of the canonical form comparable to IV-64 can be disregarded 
(Table IV-7). From these results the mesomeric moment of the N-oxide 
could be calculated as follows: 

p, = p (pyridine-l-oxide)-p (triethylamine N-oxide)-ljl (pyridine 

boron complex)+ (trimethylamine boron complex)] 

= [(-4.24) - (-5.02)J - (-1.31) 

= (+0.78) -I- (1.31) 

= +2.09 D 

From these data it was concluded that, in unsubstituted pyridine-1-oxide, 
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TABLE IV-7. Comparison of Dipole Moments of Amine Oxide and Boron Trihalide Complex 
of an Amine (187) 

Adduct for NEt, Pyridine adduct less 
or pyridine NMe, adduct Pyridine adduct NEt, adduct 

- 0.65 
k 0.003 
- 5.02 

0.02 
-4.62 
kO.01 
- 5.63 
i 0.03 

k 0.03 
-6.57 
k0.01 

- 6.3 1 

- ..- 

- 2.22 - I .57 
k0.02 
-4.24 + 0.78 
k0.02 
- 5.86 - 1.24 
+0.01 
-6.90 - I .27 
k0.05 
- 7.70 - 1.39 
& 0.02 
-7.90 - 1.33 * 0.06 

the inward drift of electrons originating from the oxygen atom to the ring is 
slightly greater than that calculated (181). These results are close to the 
value of 2.34D which was obtained from the difference between the 
predicted moment (6.58 D) (181) and the observed moment (4.24 D). 

The kc-z - pCPH moments for substituents in monosubstituted benzenes, 
and 3- and Csubstituents in pyridine, pyridine-I-oxide, and nitrobenzene 
indicate the degree of reIative interaction between the substituent and the 
ring system (190). The dipole moments of 3- and Csubstituted pyridine-l- 
oxides observed (190) appear to be more reasonable than previous results 
in which care was not taken to protect the compounds from moisture 
(Table IV-8). The dipole moments of pyridine-1-oxides were found to be 

TABLE IV-8. Observed Dipole Moments of 3- and CSubstituted 
Pyridine-I-oxides (190). 

N-oxide I( N-oxide I( 

3-Me 4.33 4-Me 
4-Et 
4- Pr 
4-isoPr 
4-t-Bu 

3-CI 3.68 ec1 
3-Br 3.69 4-Br 
3-1 3.79 

4-Ph 

4.50 
4.54 
4.56 (4.73 D)" 
4.59 (4.74 D)" 
4.63 
2.83 
2.90 

4.91 

Solutions of the compound prepared in presence of partially dried 
air. 
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very dependent on atmospheric humidity and consistent results could only 
be obtained when moisture was excluded. The water probably exerts its 
effect by forming a highly polar hydrate. The value obtained for 4-chloro- 
pyridine-1-oxide, which is not particularly hygroscopic, is identical within 
experimental error with the values previously obtained (185). 

Dipole moments for pyridine-1-oxide and of the mono-N-oxides of 
pyrazine, pyrimidine, and pyridazine have been calculated by a simple 
molecular orbital method (191). 

3. X-Ray Diffraction 

Recently, crystallographic analysis of several pyridine- I-oxides has been 

The N - 0  distance for pyridine-1-oxide was found to be I .33 A (192a). 
Three-dimensional X-ray structural analyses has been completed on 

2-hydroxymethylpyridine-1-oxide (192b) and the following data obtained : 
(a) 7.079, (b) 8.046, (c) 10.599 A, cos B - 0.2254; space group P2, Ic, 4 
molecules per cell, and monoclinic crystal symmetry. For 2-hydroxymethyl- 
pyridine-1-oxide, the N-0 bond distance is 1.332 A, and the hydroxyl 
hydrogen atom is bonded to an N-oxide oxygen atom of a neighboring, 
symmetry related molecule with a bond length of 1.99 A. The pyridine 
moieties are planar within experimental error (192b). 

Figure IV-1 illustrates the results of detailed crystallographic analysis of 
4-nitropyridine-1-oxide (192c) and 4,4'-trans-azopyridine-l ,l'-dioxide (193). 

reported. 

0 
I I .2WA 

I26SA 

1 
Fig. IV-I. Crystallographic analysis of 4-nitropyridine-I-oxide and 4,4'-frans-azopyridine- 
I .l'-dioxide. 
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In 4-nitropyridine-l-oxide, the length of the N-0 bond of the N-oxide 
group is greater than that in the nitro group. The C - 2 - 4 - 3  and C-5--C-6 
bonds are shorter than the C-3-C-4 and C-4-C-5 bonds, which gives 
evidence for the important contributions from a pquinonoid canonical 
structure in this compound. In 4,4'-azopyridine- 1 ,If-dioxide the N - 0  bond 
in the N-oxide function is also longer than that in the nitro group. 
Comparison of the C-2-C-3 and C-3-C-4 bond lengths in the azo and 
nitro compound suggests the absence of a quinonoidal contribution to the 
structure of the azo compound. X-Ray crystal structure determinations of 
4-nitro and 4-chloropyridine-I-oxide (194) were in good agreement with 
earlier results (192a, 195). Both of these compounds were found to be bi- 
pyramida1 and rhombic. The crystal structures of various 4-substituted 
pyridine-1-oxides (R = 4N02, 4-C1, 4-CN, 4,4'-trans-azo-bis, 4,4'-cis-azo- 
bis, 4-OH, CCH,OH) were studied (195). 
2-(2'-Pyridyl-l'-oxido)-l-hydroxypyridine perchlorate ( W e )  and 

4-bromo-2-methylpicolinic acid-I-oxide (IV-57) were investigated by X-ray 
diffraction (196). In both cases, the space groups were P2, lm, or P2. The 
following parameters were determined: (a) 12.93, (h)  12.57, (c) 6.78 A, 
p98" 47' and t = 4 and (a) 15.60, (b) 17.99. ( c )  5.89 A. and z = 8, 

Br 
I 

IV-66 IV-67 

respectively. The crystal of the molecular compound between a dibromo- 
pyridine-I-oxide and mercuric chloride was found to occur as rods 
I to 2 mm long and had the following parameters: (a) 9.2 k 0.1, (b) 27.1 & 
0.1, (c )  4.08 & 0.05 A, p 97 _+ 1"; z = 4 and a space group P2, la  (197). 
The crystal structure of bis-(pyridine-I-0xide)copper (11) nitrate (1 98) and 
poly-bis-[p-(2-picoline- I - oxide)-chlorocopper(II)-di-pch1oro]diaq uo copper 
(11) (199) have been determined. The crystallographic properties of 4- 
picoline-1-oxide have been reported (200). 

As indicated previously the N-0  bond in the 1-hydroxypyridinium ion 
should show a decrease in double bond character and an increase in bond 
length. A study of the crystal structure of the hydrochloride and hydro- 
bromide salts of pyridine-1-oxide showed (201) the N-0 bond in pyridine- 
I-oxide, HCI to be 1.3 A long. Using the heavy-atom method to study the 
structure of pyridine-1 -oxide hydrochloride, the N -0 distance was 
found to bc I .37 A. When this is compared with trimethylamine-N-oxide, 
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HCl in which the N--0 bond length is 1.424 A, it appears that pyridine-l- 
oxide hydrochloride still has some contribution from a canonical structure 
related to IV-64. Pyridine-1-oxide HCI and HBr belong to the orthorhombic 
system with (a) 11.06 & 0.02, (b )  7.70 0.02, (c) 7.25 k 0.02 A and 
(a) 11.40 k 0.02, (b) 7.87 2 0.02, (c) 7.42 f 0.02 A, respectively. The 
configuration of the I-hydroxypyridinium ion (as its chloride) is found to be 
almost planar and each chlorine atom is surrounded by six l-hydroxy- 
pyridinium groups as neighbors. 

4. Polarography 

Various aspects of polarographic reduction of pyridine-1-oxides are 
discussed by Ochiai (7). In 1943, he indicated that the polarographic reduc- 
tion of pyridine-1-oxide occurs at a more negative potential than is necessary 
in simple aliphatic N-oxides due to the greater stability of the N-0  bonds 
in the aromatic N-oxide and the contribution from canonical form IV-64. 

The polarographic reduction of N-oxides of pyridine and N-methyl- 
piperidide are sufficiently different to allow determination of the location of 
the N-0  group in alkaloids using this method (202). 

Ochiai (7) deduced the following facts from the half-wave potentials for 
the reduction of the N -0 bond in nitrogen containing heterocycles: 
(a) aromatic N-oxides are more resistant to reduction than aliphatic ones; 
(b) the reduction potential of the N - 0  bond in aromatic N-oxides 
compounds varies with pH and is generally lower in acidic media; (c) when a 
benzene ring is fused to monocyclic N-oxides or a second nitrogen is 
introduced into the ring, the reduction becomes easier. 

It was shown that pyridine-1-oxide is more easily reduced when the 
conjugation of the N-oxide oxygen with the heterocyclic ring by back- 
donation is diminished by the presence of an aryl substituent, which itself 
may conjugate with the heterocyclic ring (203). Since reduction involves a 
nucleophilic attack by the electrons, the ease of reduction may be understood 
in items of the increased electrophilic nature of the N-oxide group itself due 
to stabilization of the energy levels of the lowest vacant molecular orbital 
in the N-oxide compounds (7). Reduction of the N-oxide group is pH-depen- 
dent, and the reduction wave rapidly decreases with increase in pH (204). 
It has, however, been reported that pyridine and picoline-1-oxide can only 
be reduced in their protonated form (205). It was suggested (204) that 
pyridine-1-oxide and its derivatives are reduced as follows: 

\+ - \+ 

// // 1 j - H  
N-0 + H 3 0 +  - N-OH 
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The reduction potential is generally more negative than that required for 
pyridine-1-oxide when the substituent is an electron donating group, and is 
more positive when the substituent is an electron-withdrawing group (7). 

In some cases, the substituent was reduced before the N-0 bond was 
(206). 4-Nitropyridine-1-oxide undergoes reduction of the nitro group to 
hydroxylamino followed by reduction of the N-oxide to give 4-hydroxyl- 
aminopyridine (207). Nonaqueous polarographic reduction of &nitro- 
pyridine-I-oxide shows two waves (Table IV-9) (208). The first wave is 
attributed to anion radical (A') formation from the neutral species (N), and 
the second wave to dianion (Az-) formation (N A' S A'-). Reduction of 
azo and azoxy groups precedes that of the N-oxide group (207). 

TABLE IV-9. Polarographic Data for 4-Nitropyridine-I-oxide and its Anion Radical (208) 

4-Nitropyridine- -El/ ,  i, i.4, -El/ ,  i, i, 
I-oxide (V) (PA) (pmhos) (V) (PA) (pnhos) 

First reduction wave Second reduction wave 

Neutral species 0.80 1.66 294 I .69 2.10 172 

Oxidation wave Reduct ion wave 

After electrolysis 
at - 1 . l O V  0.11 1.38 288 1.66 1.88 128 

In acid medium, the first reduction wave is for the aldehyde group in 2- 
and Cformylpyridine-I-oxide, and the second wave is due to the reduction 
of the 1-oxide group in the presence of a hydrated aldehyde group (209). 
At all pH values, 3-formylpyridine-1-oxide is reduced normally with the 
reduction of the aldehyde group preceding that of the N-oxide function, 
Similar results were obtained on polarographic reduction of acetyl- and 
benzoylpyridine-I-oxides (210). The reduction of the N-oxide group is a 
two-electron reduction ofthe N-0 bond (7,211). The I-hydroxypyridinium 
ion is more easily reduced than the free base since in the pyridinium ion, 
protonation of a lone pair of electrons on oxygen increases the latter's 
electronegativity and the drift of electrons from oxygen to the nitrogen in the 
ring is inhibited (7). 

5. Dissociation Constants 

Pyridine-1-oxides have a lower pK, than the parent pyridine and a much 
lower pK, than aliphatic N-oxides. This supports canonical form IV-64 
for pyridine- I-oxide (7). When electrondonating substituents are present 
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contributions from IV-68 (e.g., Me, OH, and NH,) increase the pK., 
electron-withdrawing substituents (e.g., CO,H and NO2) (contributor 

1 

0- 
IV-68 

b II 

0 
IV-69 

‘hile the basicity of many 3- and - substituted pyriLine-1-oxide could be 
correlated with the substituent a-constant (139), for strongly electron- 
donating substituents (e.g., NH, and OH) their a+ constants had to be used 
(212). An excellent correlation was also reported between the substituent 
o-constant and the pK, of the N-oxide function in rlsubstituted nicotinate-l- 
oxides (213). 

As clearly indicated by nmr spectroscopy (see next section), polar solvents 
undergo donor-acceptor interaction between the donor N-oxide oxygen of 
the pyridine-1-oxide and the electron-pair acceptor solvent. It is not 

surprising, therefore, that whereas o,,,,,, and aw,,, of t h e % - - 6  group in 
/ 

pyridine-1-oxides are always positive (i.e., they act as an electron-withdraw- 
ing group), this is particularly so in polar solvents in which some co- 
ordination occurs, while in nonpolar solvents (in which the oxygen atom is, 
presumably, not coordinated with solvent so that back-donation is maxi- 
mized) the a-value of the N-oxide function becomes less positive, hence more 
representative of the “free” N-oxide group (214,215). 

The pK.’s of some substituted pyridine-1-oxides are given in Table IV-10. 

TABLE IV-10. pK, VaIuesofSubstituied Pyridine-1-oxides 

N-oxide PK, Ref. 

Pyridine I .90 216 
2-Me 2.63 216 

I .022 1 I 6  
3-Me 2.39 216 
4-Me 2 .86 216 
2,6-Me2 1.442 1 I 6  
3-CI I .34 216 
2-OH - 0.8 217 
I-OMe. 2-0x0 - 1.3 217 
I-OCHIPh, 2-0x0 - 1.7 217 
4-OH 2.45 217 
I-OMe, $-ox0 2.57 217 
I-OCHZPh. 4-0x0 -.. 7 58 217 



Table IV-10 (Continued) 

N-oxide PK, Ref. 

2-OMe 

4-OMe 

4-OMe,2-Me 
4-OEt, 2-Me 

2-OEt 

4-OCHz Ph 

2-SH 
4-SH 
2-SCHzPh 
4-SCHzPh 
4-COzH, 2,6-Me2 
4-C02Et, 2,6-Me2 
4-CONHz,2,6-Mez 
4-CN. 2-Me 
4-CN. 2,6-Me2 

4-NO2, 2-Me 
4-NOZ, 2,6-Mez 
2-NH, 
4-NHz,2-Me 
2-NHMe 
2-NMez 
4-NHMe 
4-NMez 
2-NHCOMe 

2-N(Me)COMe 
2-N(Me)COPh 
3-NHCOMe 
4-NHCOMe 
4-N( Me)COMe 
4-N( Me)COPh 

2-C,H,NOz-m 

2-C,H4NH z-m 

4-NO2 

2-NHCOPh 

2-Ph 

2-C,H,NOz-p 

2-C,H,NHZ-p 
3-Ph 
3-C6H,N0,-m 
4-Ph 
4-C,H,N02-m 
4-C,H4NOz-p 
4-C,li,NHz-p 

1.23 
1.18 
2.05 
1.99 
9.414 
2.106 
- 1.95 
I .53 
-0.23 
2.09 
-0.015 
-0.126 
-0.317 
- 0.674 
-0.614 
1.11 
-0.968 
-0.861 
2.67 
4.10 
2.61 
2.27 
3.85 
3.88 
- 0.42 
- 0.44 
- 1.02 
- 1.39 
0.99 
I .59 
1.36 
1.70 
0.77 
0.26 
0.28 
3.92,0.20 
3.82,0.25 
0.74 
0.47 
0.83 
0.58 
0.58 
3.64 

217 
217 
217 
217 
1 I6 
116 
131 
131 
131 
131 
1 I6 
1 I6 
116 
116 
I I6 
216 
116 
116 
217 
116 
217 
217 
217 
217 
131 
131 
131 
131 
131 
131 
131 
131 
141 
141 
141 
141" 
141' 
141 
141 
141 
141 
141 
141 

High value for the NH2 group; low value corresponds 

to I; -0group. 

36 
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6. Nuclear Magnetic Resonance Spectra 

A number of studies of the NMR spectra of pyridine-I-oxide have been 
reported (7,218-222). Ochiai (7) discusses various aspects of the NMR 
spectra of pyridine-1-oxides; thus only a few are mentioned here. 

The positions of the absorption lines in pyridine-1-oxide depend markedly 
on the acidity of the solvent, that is, its tendency to coordinate with a lone 
pair on oxygen in the N-oxide (220). The spectra in carbon tetrachloride 
solution are the closest to being those of the free bases, while in 18N sulfuric 
acid the species under study is the N-hydroxypyridinium salt. Even in 
D 2 0  partial protonation occurs. In the free base, C-3-H absorbs at lower 
field than C-4-H, which is the reverse of what is observed with pyridine 
itself, and reflects the back-donation illustrated by IV-64. As the medium 
becomes more “electron-pair demanding,” the spectrum gradually shifts 
to that of the conjugate acid and C-4-H appears at lower field than C-3-H, 
as expected from IV-70 (rather than IV-71). In the “neutral” pyridine-l- 
oxide molecules, the order of increasing field strengths at which resonance 
occurs is C-2.-H << C-3-H < C-4-H, compared with C-2-H < 
C-4-H < C-3-H for pyridine itself. Change of solvent from CCI, to 
18N D,SO, causes the signals due to the a-protons to move downfield by 
ca. 0.7 ppm, and those due to the y-protons to move in the same direction by 

- - 
IV-70 IV-71 

about 1.3 ppm, with the net effect that the total electron densities at the 
nuclear carbon atoms in the protonated 1-oxide are in the order C-2 < 
C-4 < C-3 (220). Proton chemical shifts for various pyridine-1-oxides in 
CCl,, D20,  and 18N-H2S0, are given in Table IV-11. The chemical shifts 
for various organometallopyridine-1 -oxides are given in Table IV-12 (146c). 

7. Infrared Spectra 

Pyridine-1-oxides are characterized by two strong absorption bands 
in the region of 1,200 to 1,300 cm-’ and 835 cm-’ (233). The position ot’the 
absorption at  1,200 to 1,300cm-’ is very sensitive to  the presence of a 
substituent. In deuterated pyridine-1-oxide, the band is shifted from 1,250 
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TABLE IV-11. Chemical Shifts ( 7 )  for Proton Resonance of Pyridine-I-oxides in CCI,, D,O, 
and 18N D,SO, (220) 

N-oxide Solvent C-2-H C-6- -H C-3- -H C-5-H C-4 - H  Me-Ar 

4-N02, 3-Me CCI, (2.04) (2.04) (2.04) - -  7.39 
1.53 I .62 I .75 7.39 

- 1.49 7.27 
D2O 
18N-D2S04 1.06 1.14 

4-Me 

4-OEI 

4-CI. 3-Me 

2-Me 

3-Me 

2,5-Me2 

2,6-Mez 

3,5-Me, 

3-CHzOH 

None 

CCI, 
DZO 

CCI, 
D,O 
IBN-D,SO, 
CCI, 
DZO 

CCI, 
D2O 

CCI, 
D2O 

CCI, 

D2O 

18N-D2S04 

I8N-D2S04 

I8N-DZSO4 

18N-DzSO4 

I 8N-D2S04 

CCI, 
D*O 

CCI, 
D2O 

CCI4 
D2O 
18N-DZS04 
CCI, 
D2O 

I 8N-D,S04 

I IN-D,SO, 

1 IIN-DZSO, 

2.13 2.13 
1.79 1.79 
1.44 1.44 
2.11 2.1 I 
1.78 1.78 
1.47 1.47 
1.88 2.05 
1.72 1.84 
1.35 1.42 
- 1.80 

1.58 
I .26 

1.94 2.00 
I .7l t .73 
1.28 1.28 

I .99 

3.03 3.03 
2.55 2.55 
2.18 2.18 
3.30 3.30 
2.84 2.84 
2.64 2.64 

.- 2.39 

- 2.78 f. 0.1 - - 2.38 & 0.1 - 
(2.04) (2.04) 1.64 

2.81 2.97 
2.35 2.35 
1.97 1.65 

2.86 3.10 

2.83 - -  

1.99 - 

__ 1.78 2.51 2.57 

1.43 2.18 I .83 

2.83 2.83 3.02 
- __ 2.57 2.57 2.51 
- 2.26 2.26 1.83 
2.26 2.26 3.27 
2.00 2.00 2.59 
1.62 1.62 __ 1.96 
Insufficiently solublc 
1.56 I .63 (2.23) (2.23) 
1 . 1 1  1.18 - 1.87 1.52 
1.90 1.90 (2.72) (2.72) (2.92) 
1.58 1.58 -2.27 f. 0.12 _I__* 

1.19 1.19 1.90 1.90 1.51 

7.70 
7.56 
7.34 
5.96, 8.57" 
5.75,8.55 
5.61, 8.55 
7.68 
7.63 
7.45 
7.62 
7.41 
7.14 
7.73 
7.58 
7.38 
7.62[ C( 211 
7.76[C(5)] 
7.49[C(2)] 
7.64CW)I 
7.22[ C(2)] 
7.48[C(5)] 
7.59 
7.44 
7.20 
7.78 
7.70 
7.5 I 

- 
.". 

a COCH,-CH.I and 4-OCHzCH3. respectively. 

to 1,222 cm-' (224). Hydrogen bonding results in a shift of this band to  
lower wave numbers. It is the only band strongly altered by hydrogen 
bonding with methanol and a linear reIation was found to exist between 
various solvents and yN-O (1,250 cm- *), and the corresponding ys0 band of 
MezSO (224). The band at 835 cm-' decreases in intensity with the introduc- 
tion of a nucIear methyl group and is absent in pentamethylpyridine-I-oxide. 
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TABLE 1V-12. Chemical Shifts ( r )  for Proton Reso- 
nance of Organornetallopyridine-l- 
oxides in CDCI, ( 1 4 6 ~ )  

N-oxide C-2,6-H C-3.5-H Me 

4-SiMe, 1.76 2.58 9.70 
4-SiEt, 1.76 2.61 9.10 
ItGeMe, 1.77 2.62 9.56 
4-SnMe3 1.81 2.61 9.65 

The infrared spectrum of pyridine-1-oxide in carbon disulfide changes on 
addition of methanol (225). The band at 1,265 cm- gradually disappears 
with increasing methanol concentration, and a new absorption band at 
1,240 cm-' appears. This is due to a decrease in the double bond character 
of the N-0 group (IV-64) with increasing concentration of methanol. The 
hydroxyl group absorption of methanol is shifted from 3,650 to  3,360 cm-' 
in the presence of pyridine-1-oxide. Electron-donating substituents will 
increase the hydrogen bonding ability of the N-oxide group. In chloroform, 
the infrared spectrum of pyridine-1-oxide shows a band at 3,067 cm-' 
attributed to hydrogen bonded chloroform (IV-72) (226). 

07.. HCCI, 
IV-72 

The N - 0  stretching absorption of pyridine-1-oxides occurs at a higher 
frequency than that in aliphatic N-oxides, which has been attributed to 
contributions of IV-64 in pyridine-1-oxides, which cannot be obtained in the 
aliphatic series (7). The position and nature of the substituents on pyridine-l- 
oxide influence the N-0  absorption frequency. An electron-withdrawing 
group shifts the absorption to higher wave numbers: contributions from 
IV-69 account for this. Contributions from IV-68 account for the fact that 
electron-donating groups shift the absorption to lower wave numbers (21 5) .  

In pyridine-1-oxide, the N-0 stretching frequency shifts to  a lower wave 
number by 20 to 40 cm-' on addition of methanol to the solution in CSz, 
but that in 3-picoline-1-oxide shifts downward by less than 15 cm-'. This 
is supported by other work (47, 106, 227). In 2- and Cpicoline-1-oxides, 
N-0 is 5 cm-' lower than in pyridine-1-oxides, which is attributed to the 
electron-donating ability of the methyl group. However, in 3-methyl and 
3,5-dimethylpyridine-l -oxide, the N-0 frequencies in CSZ appear to be at 
20 and 53 cm-' higher wave numbers, respectively, which is inconsistent 



TABLE IV-13. N 0 Stretching Frequencies of Substituted 
Pyridine-I-Oxides 

Substituent on 
N-oxide Solvent k -0 Ref. 

None 

2-Me 

3-Me 
4-Me 

3-Et 
4-Et 
2.6-Me2 
3,5-Me2 

2,4.6-Me3 
4-C( Me), 

3-c1 
4 4  
4-C1-2.6-Me~ 
3-Br 
4-Br 
4-Br-2,6-Me2 

4-OMe 

3-COMe 
4-COMe 

4-I-2.6-Me~ 

4-OCH 2Ph 

3-COZEt 
4-COzE1 
3-CN 
4-CN 
3-NO2 
4-NOz 

4-Noz-3-M~ 
4-N02-2-Me 

4-N02-2.6-Me 

4-NHZ-2,6-Mez 
4-SiMe, 

4-SiEt, 

4-GeMe, 

4-SnMe3 

1,265 
1,265 
1,278 
1,244 
1,260 
1,273, 1,230 
1,285 
1.260 
1,265 
1,276 
1,260 
1,263 
1.319 
1,315, 1,294 
1.255 
1.259 
1.240, 1.25 I 
I .293 
1.269 
1,264 
I .294 
1,271 
1,267 
1,263 
1.240 
1.238 
I .302 
1.258 
1,302 
1,267 
I .307 
1,301 
1,298 
1.303 
I ,300 
I .31 1 
1,316 
1,300 
1,295 
1,197 
1.275, 1,250 
1,260, 1,248 
1,275, 1,234 
1.256, 1,240 
1,270, 1,239 
1,259. 1,238 
1,268 
1.252 

146C 
215 
228 
146a 
21 5 
228 
215 
215 
228 
215 
215 
228 
215 
228 
228 
146c 
146c 
215 
215 
228 
215 
215 
228 
228 
215 
215 
215 
215 
215 
215 
215 
215 
215 
215 
228 
215 
228 
228 
228 
228 
146c 
146C 
146c 
146c 
146c 
146c 
146c 
146c 

40 
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with the electron-donating nature of the methyl group (7). The N-0 
stretching frequencies of substituted pyridine-1-oxides are given in Table 
IV-13. The Hammett substituent constants were plotted against the N-0 
stretching vibration frequency of substituted pyridine-1-oxides as measured 
in dilute carbon disulfide solution, and the results showed a good linear 
correlation between the values (21 5) .  The majority of 3-substituted pyridine- 
1-oxides deviated from the linearity, and it was assumed that the absorptions 
assigned to the N-0 stretching frequency contains frequencies other than 
that of the N-0 absorption. 

The infrared spectra of the hydrohalide salts of pyridine- 1 -oxides were 
examined in potassium halide discs (229). Their structure can be represented 

by k-OH . . . X- ,  where X is halide ion. The OH stretching vibration 
showed a high frequency shift in the order of hydrochlorides, hydro- 
bromides, and hydroiodides, while the in-plane and out-of-plane vibrations 
shifted to lower frequencies, respectively. For a series of N-oxides hydro- 
halides, OH stretching, in-plane bonding, and out-of-plane bonding vibra- 
tions could be assigned with the aid of the spectra of deuterohalides. The 
hydroiodide, perchlorate, hexachloroantimonate, and hexachlorostannate 
salts of 2,6-lutidine-l-oxide in dimethylsulfoxide all showed a broad band at 
1,830 to 2,050 cm-' (N+O-H vibration) and a strong band at 1,255 cm-' 
(N-OH vibration) whereas the free base in dimethylsulfoxide exhibited only 
the N-0- band (230). 

Hydrogen bonding in 1 : l  organic acid salts of N-oxides of pyridine 
derivatives was studied (231). It was suggested that trichloroacetates are 
involved in a partial transfer of protons from one molecule of acid to two 
molecules of base to  give symmetrical hydrogen bonds IV-73. 2-Picoline- 1- 
oxide forms a 2 : 1 adduct with HBr which has an infrared spectrum different 

IV-73 

from that of the 1 : 1 adduct. The former is interpreted in terms of the 
symmetrical hydrogen bond with the proton bridging the two oxygen atoms 
(232). The infrared spectrum of the 1 : 1 benzoate adduct of 2,6-lutidine-l- 
oxide was examined (233). Pyridine-1-oxide hexachloroantimonate showed 
a weak broad band at 3,553 cm- ' (234). The infrared spectra of4-substituted- 
6-methylpicolinic acid-1-oxide in Nujol or  KBr indicate that when the 
4-substituent is a nitro group, the molecule has structure IV-74. When, 
however, the 4-substituent is H or OMe, the molecule exists in two tauto- 
metic modifications, IV-74 and IV-75. When a 4-amino group is present the 
structure of the molecule is IV-76 (235). 
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IV-74 IV-75 IV-76 

The infrared spectra of pyridine carboxylic acid-1-oxides have been 
studied to establish the type of association and hydrogen bonding (98,16la, 
233, 235, 236a, b). Comparison of the infrared spectra of solid (KBr and 
Nujol) picolinic acid- I-oxide and quinaldinic acid-1-oxide indicated that in 
the solid state the acid forms a strong intermolecular hydrogen bond, 
possibly the symmetrical one resulting in the dimer (IV-77) (236a). Recently, 
the infrared spectra of 5-methylpicolinic acid-1-oxide and deuterated 
analogs in chloroform have been examined, and this gives more information 
about the 3,000 to 1,900 cm-’ region (236b). The infrared spectra of other 

I V-77 

substituted pyridke- I-oxides were studied: 2-substituted pyridine-1-oxides 
(227), 3,4-disubstituted pyridine-1-oxides (37), 4-substituted-2,2’-bipyridyl- 
I-oxides (237), halopyridine- I-oxides (238, 239), aminopyridine-1 -oxides 
(240), phenylpyridine-1-oxides (241), cyanopyridine-1-oxides (1 13, 2421, 
pyridine-I-oxide carbonyl compounds (89), pyridine-1-oxide esters (243), 
and others (244-250). 

8. Ultraviolet Absorption Spectra 

As mentioned previously, the ground state of pyridine-1-oxide has 
contributions from polar structures IV-64 and IV-65, which in solutions are 
stabilized by electrostatic interaction due to the polarity of the solvent and 
by hydrogen bonding in hydroxylic solvents. The U.V. spectra of pyridine- 
1-oxides show a strong solvent effect in going from aprotic to hydroxylic 

solvents (251). In acid solution, where the k-0 group is converted into 

N-OH, the absorption spectra of these molecules resemble those of the 
corresponding pyridinium ions (252). Since there is a change in the electronic 

+ 
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configuration of the pyridine nucleus on N-oxidation, one cannot compare 
the parent pyridine and its N-oxide. Red shifts in the absorption and 
fluorescence spectra are observed in nonpolar solvents, and the vibrational 
structure of the absorption bands become more pronounced. It was 
concluded that the electron transfer from the oxygen atom to the aromatic 
nucleus is promoted in nonpolar solution (252). Protonation of the N-0 
group results in a blue shift and a hypochromic solvent shift increasing in the 
order in ether, water, and 1N hydrochloric acid solution (in 1 N HCI solution 
the conjugate acid is formed). In non-hydrogen-bonding solvents, a blue 
shift of the x-n* band occurs which increases with increasing polarity of the 
solvent (253). The z-x* band of pyridine-1-oxide occurs at 280.5 nm in 
ether solution. The 330-nm band is considered to be an n-x* transition and 
is affected by hydroxylic solvents (254). The n--H* transition may be due to 
excitation of the 2p electrons of oxygen to the x* level of the molecule and 
has been identified at 330 nm in the vapor spectrum of pyridine-1-oxide 
(255). These bands are observed in nonpolar solvents but are absent in 
hydroxylic solvents. In their vapor state, 2- and 3-picoline-1-oxide exhibit 
n-n* bands (256,257). 

It was found that introduction of a methyl group at C-3 or C-4 results in a 
shift to a longer wave length, but the opposite effect is observed with a C-2 
methyl group (258). A study of the U.V. spectra of pyridine-1-oxides contain- 
ing basic substituents, for example, NH, and NR, shows that protonation 
occurs first at the N-oxide function (7). Due to the strongelectron-withdraw- 

ing power of the N-OH group, the second protonation is retarded in 2- 
and 4-aminopyridine-1-oxides. 3-Aminopyridine-1-oxide is, however, con- 
verted to the dication in 62% sulfuric acid. Other studies of the U.V. spectra 
of pyridine-1-oxides (259-261), picoline-1-oxide: iodine complex (262), 
alkylpyridine- I-oxides (263,264), or-hydroxymethylpyridine- I-oxide (82), 
pyridinecarboxylic acid-1-oxides (265,266), aminopyridine-I-oxides (122), 

+ 

TABLE IV-14. Electronic Absorption Spectrum of Pyridine-1-oxide (269b) 

Theoretical values Experimental values 

AE(eV) .r nature Pol. W e V )  1 Pol. 

2.98 0.00 n-n* Z 
3.16 0.03 n--n* X 3.81 0.02 X 
3.94 0.15 n-n* Y 4.40 0.2 I Y 
5.62 0.00 n-n* Z 
5.92 0.25 n-n* X 5.12 0.20 
6.05 0.14 n-n* Y 
6.56 0.40 n-n* Y 6.60 0.25 
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phenylpyridine- I -oxides (267,268), and phenylazopyridine- 1 -oxides (269a) 
have also been carried out. 

The electronic absorption spectrum of pyridine-1-oxide was calculated 
using SCF-MO's (see Section 11.1 1) (269b) (Table IV-14). Good agreement 
between the calculated and observed parameters for four transition bands 
were obtained. The first transition at t = 3.81 eV is assigned to the lowest 
7c-7c* excitation, which agrees well with some recent theoretical and experi- 
mental conclusions found for pyridine-1 -oxide (269c-d). 

9. MassSpectra 

In pyridine-I-oxide, large (M-16)' ions are often of diagnostic value 
(17,34,270-272a-e) (eq. IV-5) (Table IV-15). Loss of oxygen occurs to give 

TABLE 1V-15. Mass Spectral Data of Some Pyridine-I-oxides 

Relative abundance f %) 
Substituent in 

N-oxide M C  M+-16 M+-17 M*-l8 Basepeak Rcf. 

None 

2-Me 

2-Et 
3-Me 

4-Me 
2,6-Me2 
2-CHZOH 
2-CDZOH 
3-CHzOH 
3-F 
3-Br 

3-OMe 
2,3.4,5,6-C14 

3-CN 
3-NHSOZCH3 
4-CHO 
2-COzH 
3-COZH 
3-C02Me 

4 N 0 2  
3-CO2El 

75 

69 

100 
100 
100 
94 
7 
18 
60 
ID0 
62 

100 
100 
13 
4 
28 
100 
100 
100 
58 

- 

29 
87 
28 
40 
17 
25 
41 
16 
14 
9 
9 
100 
45 
53 

12 
27 
51 
79 
0.8 
72 
to 
14 
10 
68 

- 

17 

100 

1 1  
15 
8 
100 
35 
I I  
75 
10 
- 

< I  
8 

27 
0.2 
3 
2 
2 

__ 

_I 

39 
39 
92 
92(M OH)' 
I W M  OH)' 
109 
109 
1 09 
106 
79 
78 
109 
113 
39 
25l(M- 16 ' ) 
125 
120 
93 
51 
78 
13Y 
153 
I67 
39 

272b 
270 
272b 
270 
270 
272b 
19b 
272b 
272b 
272b 
272b 
272b 
IYb 
19b 
17 
19b 
19b 
19b 
272b 
272b 
272b 
19b 
272b 
272b 
272c 
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the pyridine derivative which undergoes further fragmentation depending 
on the nature of the substituents present (34,273). The abundance of(M-16)' 

0- 0. 

ions is drastically decreased by alkyl substitution at the 2-position due to the 
following reaction leading to loss of OH (eq. IV-6) (270). Thus the base peak 

in the spectra of the 2-alkylpyridine-I-oxide is the (M-OH)' ion and it is 
conceivable that in suitably substituted aromatic N-oxides, the operation of 
an ortho-effect may result in a further lowering of the abundance of the 
(M-16)' ion (270). In addition to the loss of oxygen from 2-alkytpyridine-l- 
oxides, there is evidence for rearrangement reactions occurring before the 
oxygen of the N-oxide is lost (34). 

In its mass spectrum, pentachloropyridine-1 -oxide (IV-78) gives a parent 
ion at m/r 267 and a base peak (M-16)' ion due to loss of an oxygen atom 
(17a). At higher temperatures, expulsion of oxygen was not observed but a 
new base peak at m/e 204 is explained by fragmentation of the N-oxide to 
give C,CI,N with loss of COCl; this is probably due to rearrangement of the 
N-oxide to the oxaziridine (IV-79) or the oxazepine (IV-80). 

0. 
IV-78 I v-79 IV-80 

3-Substituted pyridine-1-oxides have been shown to fragment in a 
generalized manner unless the substituent itself fragments in such a way as 
to cause other routes to become energetically favorable (19b). The 3-substi- 
tuted pyridine-1-oxide may undergo fragmentation by toss of an oxygen 
atom (M-16) or a hydroxyl radical (M-17) or the parent ion may also re- 
arrange to give the oxazepine radical cation or the 2-pyridone radical cation. 
Loss of hydrogen cyanide from the oxazepine cation intermediate gives a 
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3-substituted furan ion which undergoes further fragmentation. The 2- 
pyridone radical cation may lose carbon monoxide to give the pyrrole 
derivative which can undergo further fragmentation. 

10. Electron Spin Resonance 

The esr spectrum of the radical anion of Cnitropyridine-l-oxide and 
4-cyanopyridine- l-oxide with and without I5N labeling is reported (274a, b). 
The spin densities on the ring N and C are larger in Cnitropyridine-I-oxide 
than in Cnitropyridine. Reaction of equimolar amounts of4nitrosopyridine- 
1-oxide with 1-hydroxy-2-phenylindole in ether gave products identified by 
thin layer chromatography on silica gel as 4,4‘-azoxypyridine- 1 ,l’-dioxide, 
N,N’-dihydroxy-2,2’-diphenyl-3,3‘-biindolyl, and another product (IV-81) 
which exhibited unpaired electrons detected by the esr spectrum (275). 

The esr spectra of 2- and 4-pyridine-1-oxide carboxaldehyde radical anions 
produced in base by air oxidation of the corresponding primary alcohol 
have been obtained (276). 

1 I. Molecular Orbital Theory and Cbemical Reactivity 

Ochipi (7) has discussed various aspects of the molecular orbital theory of 
hect:aaromatic N-oxides. In this section, only the problems of substitution 
reactions of pyridine- 1-oxides are discussed. Molecular orbital calculations 
on pyridine and its derivatives are described in Chapter I. Molecular orbital 
calculations on pyridine-l-oxide have also been carried out (269b, 274a, 

Based on H amrnett’s substitution constants, parameters were derived 
that permitted atom localization energies for electrophilic and nucleophilic 
substitution in pyridine-l-oxide to be calculated (279). These predicted that 
electrophilic substitution would occur at C-4 > C-2 > C-3 and nucleophilic 
substitution would occur at C-4 > C-3 > C-2. Results of x-electron density 
calculations are given in IV-82a. Using different parameters, the calculated 
localization energies predicted that the order of reactivity for radical 

277-29 I). 
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substitution would be 2 > 4 > 3 and for nucleophilic substitution was 
4 > 2 > 3 (278). The calculated n-electron densities are as in IV-82b. 

IV-82s IV-82b 

Recently CNDO-Cl analysis for an assumed geometry of pyridine-1-oxide 
was carried out using the following values (269b), and the energy values for 

“ s k H 2  d( /C-N) N-0) = = 1.28 l.40A A 

H, I H, d(C-H) = I.08A 

some characteristic molecular orbitals were obtained (Table IV- 16). 
Computation of the total dipole moment p showed that the postulated 
geometry of pyridine-1-oxide was valid. The ground state charge distribution 
of pyridine-I-oxide calculated on this basis is given in Table IV-I 7 and from 
these charge distributions a calculated dipole moment of +4.78 D (debyes) 
is obtained: 

d(C-C) = I .40 A 

0 

pal = +4.02 D 

pbp = +0.76 D 

plot = +4.78 D 

(valence dipole distribution) 

(atomic dipole distribution) 

Experimentally one finds pex = +4.78 k 0.07 D. 
It can be readily seen that neither the n-electron densities as shown in 

IV-82a or IV-82b nor the total charges (Table IV-17) predict the observed 
behavior of pyridine-1-oxide toward either electrophilic or nucleophilic 
substitution. None of these calculations take into account the nature of the 
reagent used (“hard” or “soft ,” strong nucleophile or weak nucleophile) 

TABLE IV-16. Energy Levels of Some Characteristic 
M.O.’s of Pyridine-I-oxide (269b) 

Highest occupied M.O.’s Lowest vacant M.O.’s 

(LI4td - 14.61 CV 
$,&d - 13.99eV 
$ , h ( x )  - I I .67 eV 
$l , (n)  - 11.16eV 
$la(n) - 9.50 eV 

$,91n*) - 0.64 eV 
$Jn*) - 0.45 eV 
$ r I ( n * )  + 2.01 eV 
( I~~ (U* )  + 3.78 eV 
$23(u*) t 4.56 eV 
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TABLE 1V-17. Ground Statecharge Distribution in Pyridine-I-oxide(269b) 

A.O. charges 

Atom 2s 2PZ 2P, 2P, Total charge 

2 1.028 0.988 0.988 1.054 4.058 
3 1.039 i.005 1.003 0.957 4.004 
4 1.031 0.908 0.963 1.124 4.026 
N 1.170 1.133 1.084 1.140 4.526 
0 1.770 1.993 1.160 1.644 6.566 

H-2,0.970; H-3.0.963; H-4.0.948 

or the nature of the solvent. Thus if a strong nucleophilic reagent such as an 
organolithium compound is used, the N-oxide oxygen atom will be coordi- 
nated with the metal, and it would seem that ground state n-electron density 
calculations for the pyridinium ion would be more appropriate for 
predictive purposes. Again, protic solvents coordinate the oxygen atom to a 
greater or lesser degree (220) and, for example, with a weak nucleophile in 
such a solvent nucleophilic localization energies varying all the way from 
those calculated for the free base to those for the 0-protonated species may 
be appropriate in predicting the site of attack. The electron distribution in 
pyridine-1-oxides and the chemical reactivity of the species are dependent 
upon the nature of the solvent. For example, in the reaction of an alkoxy- 
pyridinium ion with cyanide ion to give 2- and Ccyanopyridine (280, 281), 
the rate is solvent-dependent. Protic or acidic solvents stabilize the cyanide 
ion (make it a weaker nucleophilic reagent) so that the transition state 

as expected on the basis of the nucleophilic atom localization energies, In 
nonpolar solvents, however, the transition state is closer to the ground state 
and the main product formed is the 2-isomer, consistent with the ground 
state n-electron density of pyridinium ion but not pyridine-1-oxide (282). 
Nitration of pyridine-1-oxide to give the 4-nitro-derivative involves nitration 
of the free N-oxide (283,284) (see Section IV.l .B). Bromination with excess 
bromine in 90 % sulfuric acid and silver suIfate at 200" may occur at C-2 and 
C-4, again through the free base (63) (see Section IV.l .C.). On the other hand, 
sulfonation and bromination in 65 "/, fuming sulfuric acid occurs at C-3 and 
proceeds via the conjugate acid of the N-oxide (see Section IV.1.C and E), as 
predicted for pyridinium salts (eq. IV-7). 

resembles the Wheland a-complex and the 4-isomer is formed preferentially, ? 

6-  0- CiZ 0- 
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111. Reactions of the N-Oxide Function 

1. Electrophilic Addition to Oxygen in Pyridine-l-oxides 

A .  Salt Formation 

Pyridine-I-oxide is a weak base which forms stable salts (e.g. hydro- 
chlorides, hydrobromides, perchlorates, and picrares) only with strong 
acids. These salts are used for the purification and characterization of 
pyridine-1-oxides. Depending on the solvent used, two different types of 
hydrohalide salts are formed. 2-PicoIine-1-oxide in ethanol gave a normal 
(1 : 1) hydrohalide salt (IV-83), but in benzene, an abnormal (2: 1) salt 
(IV-84) is obtained (292). The 1 : 1 hydrochloride and hydrobromide salts are 
converted to the 2: l  hydroiodide, on treatment with sodium iodide. An 

IV-84 

abnormal salt of 2,6-lutidine-l-oxide and perchloric acid was obtained (292). 
The hydrogen iodide, perchlorate, hexachloroantimonate, and tetra- 

chlorostannate salts of selected pyridine- 1-oxides did not show free hydroxyl 
absorption in the infrared (293). The hydrochloride, hydrobromide, and 
hydroiodide salts of pyridine-1 -oxides were also shown to be abnormal (294). 
4-Pyridylhydrazone-1-oxides of a number of ketones gave hydrochloride 
salts with a base to acid molar ratio of 1 : 1 and also of 2 : 1 depending on the 

amount of acid used. The former exhibited the normal NO-H stretching 
frequency at 2,550 to 2,380 cm- * (IV-85) while the latter did not give rise to 
such a band (lV-86) (eq. IV-8) (295) (Table IV-18). 3,CLutidine-1-oxide and 

+ 
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TABLE IV-18. Normal and Abnormal Hydrohalide Salts of 4Pyridylhydrazone- 
I-oxides (295) 

Ketone 

Normal salt 
Cyclohexanone 
Acetophenone 
Ethylpyruvate 
Cyclohex y lpyruvamide 
Propionaldehyde 

Cyclohexanone 
Acetophenone 
Ethylpyruvate 

Abnormal salt 

76 
86 
70 
89 
70 

87 
86 
85 

213" (decomp.) 3.97 
239-240" 4.21 
220-222" 4.16 
243-244" 4.12 
174- 175" 4. I 

207-208" 
209" 
1 55- 1 57" 

R\ / 
C 
II 
N 
I 6 0- 

,R' R 

II 
I 
N 

i)H x- 
IV-85 

R y R  
I I  
N 
I 

6 I 

o..... 
1v-86 

(IV-8) 

methanol form a 1 :2 complex (in 2,2,Ctrimethylpentane solution) as well as 
a 1 : 1 complex, as indicated by the U.V. spectrum of the solution (296). 
Gallic acid salts of pyridine-1 -oxides and picoline- l-oxides have been 
reported (297). 4-Hydroxy-3,5-dinitropyridine-l-oxide forms crystalline 
salts with various amines and thus can be used for their characterization 
(298). 

B .  Quaternary Salts 

Pyridine-1 -oxides add alkyl halides, dialkyl sulfates; and alkyl sulfonates 
to form alkoxypyridinium salts, and react with acylhalides or anhydrides to 
form acyloxyammonium salts (Scheme IV-1) (Table IV-19). Generally, the 



111. Reactions of the N-Oxide Function 51 

H,Br 

CH,Br 

II 

pyridinium salts are formed by heating the two reactants under anhydrous 
conditions or leaving them at room temperature in the presence of a solvent 
such as acetonitrile. N-Aryloxypyridinium salts (IV-87) can be obtained by 

OCOMe 

Q 
0- 
I 

Me,SO, /-// 
PhCOCl \ 

Q MeSO; 
OMe 

bCOPh 

(IV-1) 
Scheme IV-I 

treatment of the N-oxide in acetonitrile solution with the diazonium tetra- 
fluoroborate salt (IV-88) of an aromatic amine bearing an electron-attracting 
substituent (eq. IV-9) (299a). Important side-reactions occur when a 4-nitro- 
or a kyano-group is present in the N-oxide. 1-Hydroxy-2-pyridone 

= BR @ R +  GriBFi 
I I 
0- 1V-87 

IV-88 

(IV-9) 



TABLE IV-19. Preparation of Alkoxy-, Acyloxy-, and Aryloxy-pyridinium Salts 

Substituent in 
pyridine-l- 
oxide Reagents and conditions Products, yields ( x )  Ref. 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Me1 

EtBr 

(i) r-BuBr, MeNO,, 2.5 hr 
(ii) AgCIO,, MeNO,, 0", 

Me,kH,CH,Br Br - ,  

4 hr 

MeCN 

Ethylene dibromide MeCN, 
A, 2 hr 

p-Xylylene dibromide, 
MeCN, A, I0 rnm 

C,H,(CH,CH,Br),-p, 
30 min 

PhS0,NSO. anhyd. C,H, 

p-Cyanobenzenediazonium 
tetrafluoroborate, 
CH,CN, R.T., 24 hr 

o-Nitrobenzenediazoniurn 
tetrafluoroborate, 
CH,CN, R.T., 24 hr 

m- N it robenzenediazon i urn 
tetrafluoroborate, 
CH&N, R.T., 24 hr 

p-Niirobenzenediazonium 
tetrafluoroborate, 
CH,CN, R.T., 24 hr 

o-Trifluoromethylbenzene- 
diazonium tetrafluoro- 
borate, CH,CN, R.T., 
24 hr 

p-Trifluoromet hylbenzene- 
diazonium tetrafluoro- 
borate, CH,CN, R.T., 
24 hr 

I-Methoxypyridiniurn iodide. m.p. 90" 
(decomp.) 

I-Ethoxypyridinium bromide, m.p. 
168-169"; picrate, m.p. 76-76.5" 

I -1-Butoxypyridinium perchlorate, 
rn.p. 95-96" (22 %) 

I-(2-Trirnet hylammoniumethoxy)- 
pyridinium dibromide, rn.p. 198" 
(75 %) 

N,N- 1,2-Dioxyethane bispyridinium 
dibromide, rn.p. 175" (51 %) 

I ,  1'-[Bis-(p-phenylene)methoxy]- 
pyridinium dibromide, m.p. 188- 
189" (85 %) 

pyridiniurn dibrornide. rn.p. 104- 
105" (65.8%) 

I .If-[  Bis-2-(p-phenylene)ethoxy]- 

~ - O , S N S O , P h  

m.p. 162-163"(92%) 

fluoroborate. m.p. 214-215" 
(69.5 %) 

fluoroborate, rn.p. 161 -162' 

t -(p-Cyanophenoxy)pyridinium tetra- 

1 40- Ni trophen0xy)pyridin ium tetra- 

(49.3 %) 
f-(m-Nitrophen0xy)pyridinium tetra- 

fluoroborate, m.p. 149-150" 
(24.0 %) 

fluoroborate, m.p. 157.5-159" 
(83.0%) 

pyridiniurn tetrafluoroborate, m.p. 

I -(pNitrophenoxy)pyridinium tetra- 

1 -(o-Trifluoromethylphenoxy ). 

169-170" (44.2%) 

1 -(p-Trifluoromethy1phenoxy)- 
pyridinium tetrafluoroborate, rn.p. 
135-136" (36.5%) 

306 

307 

308 

309 

310 

310 

310 

305a 

299a 

299a 

299a 

299a 

299a 

299a 

52 



Table IV-19 (Conrinwd) 

Substituent in 
pyridine-l- 
oxide Reagents and conditions Products, yields (%) Ref. 

None (i) p-Nitrobenzenesulfenyl 
chloride, benzene 10" 

(ii) 60 % perchloric acid at 
0" 

None p-Nitroben?enesulfinyI 
chloride, benzene, 25" 

None AcZO, HCI. 70 7" HCIO, 

2-Me Me,SO,, 80" 

Et BI 

Etl. Me,CO 

C,H,COCH,Br. 0" 

Me, &CHzCH ,BrBr-, 
MeCN 

(i)  p-Xylylene dibromide, 
A, 10 mm 

(ii) 24 hr, R.T. 
(i) AclO. AcOH 
(ii) HCIO,. AcOH 
AcZO, HCI. 70% HCIO, 

(i) p-Nitrobenzenesulfenyl 
chloride, benzene, 10" 

(ii) 20 perchloric acid at 
0" 

pNitrobenzenesulfinyl 
chloride, benzene, 25" 

2.6- Me, Me,SO,, 80" 

Me,&CH,CH,BrBr -. 
MeCN 

C,H,(CH,CH,Br),-p, 8 hr 

1 -( pNitrobenzenesulfeny1oxy)- 
pyridinium chloride (perchlorate, 
m.p. 160-170", decomp.) 

l-(pNitrobenzenesulfnyloxy)- 
pyridinium chloride, m.p. 98 -100" 

I -Acetoxypyridinium perchlorate, 
m.p.  125-127.5" (79'%,) 

I -Met hoxy-2-methylpyridinium 
methosulfate. m.p. 57- 60" 

1-Ethoxy-2-methylpyridinium 
bromide, m.p. ~04.5-IO5": picrate 
m.p. 78-79" 

I-Ethoxy-2-methylpyridinium iodide, 
m.p. 105" (decomp.) (84'x) 

I-Benzoylmethoxy-2-methyl- 
pyridinium bromide 

N-(2-Trimethylammoniumet hoxy)- 
2-picolinium dibromide, m.p. 196" 
(51 %I 

methylpyridinium dibromide, m.p. 
I, If-[ Bis-( pphenylene)methoxy]-2- 

160-161" (77%) 
I -Acetoxy-2-met hylpyridinium 

I -Acetoxy-2-methylpyridinium 

I -(pNitrobenzenesulfenyloxy)-2- 

perchlorate, m.p. 148-150" (83%) 

perchlorate, m.p. 153-154.5 (80%) 

methylpyridinium chloride. per- 
chlorate, m.p. 128-150" (decomp.) 

I -(p-Nitrobenzenesulfinyloxy)-2- 
methylpyridinium chloride, m.p. 

1 -Methoxy-2,6-dimethylpyridinium 

N-(2-Trimethylammoniume1 hoxy)- 

114- 177" 

methosulfate, m.p. 95-97" 

2.6-dimethylpyridinium dibromide, 
m.p. 175-175.5" (95%) 

I ,l'-[Bis-2-(p-phenylene)ethoxy]-2,6- 
dimethylpyridinium dibromide, 
m.p. 130-131" (43.0%) 

305b 

305c 

294 

I08 

307 

31 I 

312 

309 

310 

313 

294 

305b 

30% 

31 I 

309 

310 

53 



Table IV-19 (Continued) 

Substituent in 
pyridine-l- 
oxide Reagents and conditions Products, yields (%) Ref. 

2-Me-5-Et 

2,5-Me2 

2,4-Me, 

2-Mc-3-OH- 
5-CN 

2-Me-3-OH- 
5-CN 

2-CHzPh 

2-CH,C,H,- 
NO,-P 

>Me 

p-Xylylene dibromide, 35". 
18 hr 

AcZO, HCl, 70% HCIO, 

Me,SO,. 80" 

Me,kCH,CH,BrBr-, 
MeCN 

p-Xylylene dibromide, A, 
30 mm 

Me,SO,, 80" 

EtBr 

Me,hCH,CH,BrBr- 

p-Xylylene dibromide, A, 
30 mm 

Me,SO,, 100-1 lo", 2 hr 

EtzSO,, 100-1 lo", 2 hr 

(i) Ac,O, AcOH 
(ii) HCIO,, AcOH 
(i) Ac,O, AcOH 
(ii) HCIO,, AcOH 
Me,SO,, 80" 

EtBr 

+ 
Me,NCH,CH,Br Br.., 

MeCN 

Ac,O, HCI, 70% HCIO, 

I ,  I'-[Bis(p-phenylenemethoxy]-2.6- 
dimethylpyridinium dibromide, 
m.p. 165D(91.5%,) 

I -Acetoxy-2,6-dimethylpyridinium 
perchlorate, m.p. 145-147.5" (96%) 

5-Ethyl-I -methoxy-2-methylpyridinium 
methosulfate, brown oil 

N-(2-Trimethylammonium~thoxy~2,5- 
dimethylpyridinium dibromide, 
m.p. 191" (49%) 

1 ,I'-[Bis(p-phenylene)methoxyJ-2,5- 
dimethylpyridinium dibromide, 
m.p. 180-180.5" (89.5%) 

I -Methoxy-2,4-dimethylpyridinium 
methosulfate, brown oil 

I-Ethoxy-2.4-dimethylpyridinium 
bromide, m.p. 130-131": picrate 
m.p. 110.5-1 1 I "  

N-(2-Trimethylammoniumethoxy)-2,4- 
dimethylpyridinium dibromide, 
m.p. 195-195.5" (67%) 

I ,I,-[Bis-(p-pheny1ene)methoxy 1-2.4- 
dimethylpyridinium dibromide, 
m.p. 187"(90%) 

5-Cyano-3-hydroxy-1 -met hoxy-2- 
methylpyridinium methosulfate, 
m.p. 189-190" 

methylpyridinium ethosullate, m.p. 
5-Cyano-l-ethoxy-3-hydroxy-2- 

129- 130" 
1 -Acetoxy-2-benzylpyridiniurn 

perchlorate, m.p. 132-135" (94%) 
I -Acetoxy-2-(pnitrobenzyl)pyridinium 

perchlorate, m.p. 161-164" (80%) 
1 -Methoxy-3-methylpyridinium 

methosulfate, red-brown oil 
1 -Ethoxy-3-methylpyridinium 

bromide, m.p. 101-102"; picrate, 
m.p. 111-112" 

N-(2-Trimethylammoniumethoxy)-3- 
methylpyridinium dibromide, m.p. 
175'(14%) 

chlorate, m.p. 143.5-144.5' (85%) 
I-Acetoxy-3-methylpyridinium per- 

310 

294 

i08 

309 

310 

31 1 

307 

309 

310 

69 

69 

313 

313 

108 

307 

309 

294 

54 



Table IV-19 (Corrrirrttcd) 

Substituent in 
pyridine- I-  
oxide Reagents and conditions Products, yields (%) Ref. 

3,4-Me, 

3,5-Me2 

4-Me 

p-Xylylene dibromide 
(i) A, 10 min 
(ii) R.T., 24 hr 
p-Cy anobenzenediazonium 

tetrafluoroborate, 
CH,CN, R.T., 24 hr 

o- Nitrobenzenediazonium 
tetrafluoroborate, 
CH,CN, R.T., 24 hr 

PhCH Br 

+ 
Me,NCH,CH,Br B r r .  

MeCN 

p-Xylylene dibromide 
45 min 

Mel, A, 2 hr 

Me2S0,. 80" 

Et Br 

Etl. Me,CO 

Me,kCH,CH,Br Br- 
CH,CN 

p-Xylylene dibromide 
t i )  A, 10 min 
(ii) R.T., 24 hr 
C 6 H K H 2 C H z  Rrtz-p. 

35 min 

Ac,O. HCI. 70% HCIO, 

pCyanobenzenediazonium 
tetrafluoroborate. 
CH,CN. R.T., 4 hr 

tetrafiuoroborate, 
CHJN. R.T..4 hr 

o- Nitrobenzenediazoniurn 

I .  I,-[ Bis-(p-phenylene)methoxy]-3- 
methylpyridinium dibromide, m.p. 
179-180" (87%) 

1 -(p-Cyanophenoxy)-3-met hylpyri- 
dinium tetrathoroborate. m.p. 

3-Methyl- I -(o-nitrophenoxy)pyri- 
dinium tetratluoroborate, m.p. 
131 - I320 (41.7 %) 

1 -Benzyloxy-3,4-dimethylpyridinium 
bromide+EtOH, m.p. 125.- 126" 
(95 % ErOH) 

dimethylpyridinium dibromide, 
m.p. 196.5-197°(100"/,) 

1 ,I'-[Bis(pphenylene)methoxy]-3,5- 
dimethylpyridinium dibromide. 
m.p. I74 (94.8 %) 

I-Met hoxy-4-methylpyridinium 
iodide, m.p. 90-92" 

I -Methoxy-4-methyIpyridinium 
methosulfate, m.p. 69-73" 

I -Ethoxy-4-methylpyridinium 
bromide, m.p. 103-104"; picrate, 
m .p. 99" 

I-Ethoxy-4-methylpyridiniurn iodide, 
m.p. 1 14.5" (decomp.) (82 %) 

N-(2-Trimethylammoniumet h o x y ) 4  
methylpyridinium dibromide, m.p. 
190" (50%) 

methylpyridinium dibromide, m .p. 

158-159" (75.6%) 

N-(2-Trimethylammoniumet hoxy)-3,5- 

1 ,  I'-[Bis(p-phenylene)methoxy]-4- 

173.57 I 74.5" (79 x) 
1 , I , - [  Bi~-2-(pphenylene)ethoxy]-4- 

methylpyridinium dibromide, m.p. 
160- 161" (34.5%) 

I-Acetoxy-6rnethylpyridinium per- 
chlorate, m.p. 84.5 -86" (79%) 

1 -( pCyanophenoxy)-4-met hylpyri- 
diniurn tetratluoroborate. m.p. 

4-Methyl-l-(rrnitrophenoxy)pyri- 
dinium tetrafluoroborare, m.p. 

I77 - 179" (36.6 %) 

147-148" (33.9%) 

310 

299a 

299a 

314d 

309 

310 

98 

I08 

307 

31 I 

309 

310 

310 

294 

299a 

299a 

55 



Table IV-19 (Continued) 

Substituent in 
pyridine- I - 
oxide Reagents and conditions Products, yields (%) Ref. 

QCH=CHPh 

3-Br 

4-CI 

4-OMe 

p-Nitrobenzenediazonium 
tetrafluoroborate, 
CH,CN. R.T., 4 hr 

Mel, A, dark 

pCyanobenzenediazonium 
tetrafluoroborate. 
CH,CN, R.T.. 24 hr 

(i) pNitrobenzenesulfenyI 
chloride, CHCI,, R.T. 

(ii) 69 "/, HCIO, 
pNitrobenzenesulbnyl 

chloride, CHCI,, R.T. 

4-OEt 

4 - N 0 2  

2-Me-4-NO2 

2-Me-5-Et- 
4-NO2 

3-Me-4-N02 

2-NH2 

2-NHAc 

4-NHAc 

4-CN 

4-Ph 

p-MeC,H,SOzNSO. 
dry CHCI, 

Me,SO,( I - 1.2 equiv.), 

pNitrobenzenesulfeny1 

Me,SO,( 1 -1.2 equiv.), 

65 - 70" 

chloride, CHCI,, R.T 

65-70" 

Me2S0,( 1-1.2 equiv.), 
65-70" 

Me,SO,(I-t.2 equiv.), 
65-70" 

p-MeC,H,SO,Me 

p-MeC,H,SO,Me. A. 
12 hr 

12 hr 

tetrafluoroborate 

Me,SO,, 100". 12 hr 

p-MeC,H,SO,Me, A,  

p-Cyanobenzenediazonium 

CH,CN, 780,2  h; 

Met, A, dark 

4-Methyl- I -(p-nitrophenoxy)pyri- 
dinium tetrafluoroborate, m.p. 
136-137" (22.1 z) 

f -Methoxy-4-styrylpyridiniurn iodide, 
m.p. 118" (decomp.) 

3-Bromo- I -(p-cyanophen0xy)pyri- 
dinium tetrafluoroborate, m.p. 

4-Chloro- I -(p-nitrobenzenesulfenyl- 
0xy)pyridinium perchlorate, m.p. 

175- 176" (39.6 %) 

250-253" 
4-Methoxy-l-(pnitrobnzenesul- 

feny1oxy)pyridinium chloride, crude 
solid 

E t O ~ - O , S I ; I S O , T , H , M e - p -  - 

m.p. 135-146' 
1 -Methoxy4nitropyridinium metho- 

sulfate ; hygroscopic crystals 
4- Nitro- I -( p-nitrobenzenesulfenylox y)- 

pyridinium chloride, yellow solid 
I -Methoxy-2-methyl-4-nitropyri- 

dinium methosulfate, hygroscopic 
crystals 

5-Ethyl- 1 -methoxy-2-met hyl-4-ni tro- 
pyridinium methosulfate, hygro- 
scopic crystals 

dinium methosulfate, hygroscopic 
crystals 

2-Amino- I -methoxypyridinium p 
toluene sulfonate, m.p. 127-129" 

2-Amino- I-methoxypyridinium p 
toluene sulfonate, m.p. 123-124" 

CAmino-I-methoxypyridinium p 
toluene sulfonate, m.p. 126 127" 

4-Cyano-l-(pcyanophenoxy)pyri- 
dinium tetrafluoroborate, m.p. 

I -Methoxy-3-methyl-4-nitropyri- 

166-167" (10.3%) 
I -Methoxy-4-phenylpyridinium 

methosulfate, m.p. 100.5" 
I -Methoxy-4-phenylpyridiniurn 

iodide, m.p. 99" [decornp.) 

299a 

306 

299a 

305d 

M5d 

305a 

314b 

305d 

314b 

314b 

314b 

217 

131 

131 

299a 

306 

306 

56 
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Table IV-19 (Cuntintrrd) 

Substituent in 
pyridine-l- 
oxide Reagents and conditions Products, yields (%) Ref. 

p-Cyanobenzenediazonium I-(p-Cyanophenoxy)-4-phenylpyri- 299a 
tetraff uoroborate, dinium tetrafluoroborate, m.p. 
CH,CN, R.T., 24 hr 193-194" (75.0%) 

pNitrobenzenediazonium I-(p-Nitrophenoxy)-4-phenylpyri- 299a 
tetrafluoroborate, dinium tetrafluoroborate, m.p. 
CH,CN, R.T., 24 hr 186-187" (21.2%) 

(IV-89), 2-ethoxypyridine-l-oxide, and related compounds react with 
tetra-0-acetyl-a-D-glucopyranosyl bromide to yield the corresponding 
pyridinium glycoside (IV-90) (20,299b). When a suitable 2-hydroxyalkyl- 

I 

OH 
I v-89 

pyridine-1-oxide (IV-91) is heated with a hydrohalic acid, an intramolecular 
reaction occurs to yieId the alkoxypyridinium salt (IV-92) (83,300). 

0- 

IV-91 1 V-92 

2-( pDimethy1aminophenylazo)pyridine- 1-oxide and 2-(phydroxyphenyl- 
azo)pyridine- 1-oxide were methylated with dimethyl sulfate to give N- 
methoxypyridinium compounds. On the other hand, 2-( pdimethylamino- 
pheny1azo)pyridine-1-oxide reacts with methyl iodide in chloroform to  give 
N-methylpyridinium triiodide derivatives (301). Methylation of 2-amino- 
phenylazopyridine-1-oxide and derivatives of the amino group with methyl 
iodide or dimethyl sulfate was found to give dyes (302). I-Acyloxy-2(1H)- 
pyridones (IV-94) can be prepared by heating 2-ethoxypyridine- 1-oxide 
(IV-93) with the appropriate acid chloride (303). Acylation of the thallium 
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0- 

IV-93 

I 

OCOR 

IV-94 

(I) salt of I-hydroxy-Z(lH)-pyridone (IV-95) with an acyl or a sulfonyl 
chloride yields the “active ester” (IV-94) which can be used in peptide 
synthesis (Table IV-20) (304). Alternatively, treatment of l-hydroxy-2-( 1 H)- 

Qo + RCOCl - Qo 
(ArS02CI) 

I I 
0- TI+ OCOR 

w-95 
(OS0,Ar) 

IV-94 

pyridone with excess thionyl chloride at room temperature yields the 
N-chlorosulfite (IV-96) which, on addition of a thallium (I) carboxylic acid 
salt in tetrahydrofuran solution gives the l-acyloxy-2-( 1H)-pyridone active 
esters (IV-94) with evolution of sulfur dioxide (304). Yet another approach 

+ SOCI, ------+ oo- a. + SO2 + TIC1 

I 
OCOR 

I 
OSOCI 

Do I 
OH 

IV-89 IV-% IV-94 

TABLE IV-20. Synthesis of I-Acyl-(or Sulfonyl-)oxy-2( I Hhpyridones (304) 

Yield ( %) 

From thallium(1) salt of 1- From l-hydroxy-2(1Hk 
I-Acyl group in hydroxy-2( I Hkpyridone pyridone-SOCI, with 

W-88) with the acid halide thallium(1) carboxylate 

CH,CO 95 
C,H,CO 95 
pNO,C,H,CO 98.5 
C6H5S02 96 
pMeC,H,SO, 95 

69 
60 
57 

29 
__ 
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involves the treatment of 2-chloro- or 2-bromopyridine-1-oxide with 
thallium (I) acetate in tetrahydrofuran containing 20% acetic acid to give 
(IV-94, R = CH3) (304). 

0, + CH,CO;Tl+ A~OH.  THF oo f TIX 

+': x I 
0- 

X = CI, Br 
OCOMe 

IV-94 

Pyridine-1-oxides and N-sulfonylarylsulfonamides yield a dipolar 1 : 1 
adduct (IV-97) (305a). Pyridine-1 -oxides and p-nitrobenzenesulfenyl chloride 

6 + ArSO,N=SO -+ K +N 
I -  
0,SN-S02Ar 

i 
0- 

IV-97 

or p-nitrobenzenesulfiny1 chloride react to form the N-pyridinium adducts 
(IV-98) and (IV-W), respectively (305b-d). 

BR +N 

I 
0- 

pNO&H.SOCI 

mR +N I CI - 
OSC~H~NOZ-P 

II 
0 

IV-99 

2. Deoxygenation 

A .  Catalytic Reduction 

Catalytic reduction of pyridine-1-oxide over Raney nickel in alcohol is 
selective for the reduction of the N-oxide group. Under these conditions, the 
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carbon-carbon double bond in 2-styrylpyridine-1-oxide (IV-100) and the 
azo linkage in 4,4'-azopyridine-l ,l'-dioxide (W-101) are not reduced, 
although deoxygenation of the N-oxide group occurs (134). 

Raney Ni. H, 

MeOH 
- 

CH=CHPh 
0- 

IV-100 

IV-101 

4,4'-Azoxy-2,6-lutidine-l-oxide (IV-102) was readily hydrogenated in the 
presence of Raney nickel at room temperature to 4-amino-2,6-lutidine 
(IV-103) (179d). 

Me 

- I + > N  =N<:: - Raney R.T. Ni. H, , 

Me 
Me Me 

IV-102 IV-103 

Dehalogenation does not occur on catalytic reduction of4-chloropyridine- 
1-oxide (IV-104) over Raney nickel (315,316). Under these conditions, 

CI CI fi-6 +N 

I 
0- 

IV-104 

deoxygenation can be effected in the presence of a thioether group, as for 
example, in the reduction of 4-phenylthiopyridine-I-oxide (XV-105) or 

SPh SPh 
I 

0- 

IV-I05 
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4-ethylthiopyridine-I-oxide (317). 2- And 4-(tetra-O-acetyl-/3-~-glucopyrano- 
sy1thio)pyridine-1-oxide are deoxygenated using hydrogen over Raney nickel 
(318). Deoxygenation with hydrogen over Raney nickel is also carried out in 
glacial acetic acid (319). Catalytic reductions of N-oxides in the presence of a 
Raney nickel catalyst are summarized in Table IV-21. As compared with the 
easy deoxygenation of N-oxides in the presence of nickel catalysts, reduction 
with palladium catalysts in acid solution progresses very gradually. Reduction 
of4-nitro-3-picoline-l-oxide (IV-106) over a palladium catalyst gives &amino- 
3-picoline-€-oxide (IV-107) (323); when the reduction was carried out in the 
presence of acetic anhydride and glacial acetic acid, deoxygenation occurred 

TABLE IV-21. Catalytic Hydrogenation or Pyridine-I-oxides over Raney Nickel 

N-oxide Conditions Products (yield) Ref. 

3-Me 
4-Me 
2 x 1  
4-CI 

3-OH 
4-OH 
2-OEt 
2-OCHZPh 
2-OCHZPh 
4-OMe 
COEt 
CSEt 
4-SPh 
4-SOzPh 
CCH,Ph 

4-CHzOH 
2-CHzOAc 
2-CH,CH20Me 

CCOZH 
2-CO,Me 
2-CH=CHPh 
CCH=CHPh 

C N H ,  
4-NO2 

4,4-N=N- 

+ 
4,4-N=N- 

I 

Raney Ni, H,, AcOH, Ac,O 
Raney Ni, H,, AcOH, Ac,O 
Raney Ni, HI, AcOH, Ac,O 
Urushibara Ni, H,, MeOH 

Raney Ni, H,, AcOH, Ac,O 
Raney Ni, H,, MeOH 
Raney Ni, H,, AcOH, Ac,O 
Raney NI, 1 mole. HZ 
Raney Ni, 2 moles, Hz 
Urushibara Ni, H,, MeOH . Raney Ni, H,, AcOH, Ac,O 
Raney Ni, H,, MeOH 
Raney Ni, H 2 ,  MeOH 
Raney Ni, H,, MeOH 
Urushibara Ni, H,, MeOH, 

Raney Ni 
Raney Ni, H,, AcOH, Ac,O 
Raney Ni, H, 
Raney Ni, H,, MeOH, A, 

Raney Ni, H,. AcOH, Ac,O 
Raney Ni, H,, AcOH, Ac,O 
Raney Ni, H,, MeOH 
Raney Ni, H,, 1 mole H, 
Raney Ni, H,. AcOH 
Raney Ni, H,, MeOH 
Raney Ni, I mole HI ,  MeOH 
Raney Ni, 3 moles H2,  

Raney Ni, H,, R.T. 

I hr  

MeOH 

3-Picoline 319 
CPicoline 319 
2-Chloropyridine 319 
4-Chloropyridine (88 %) 316,319, 

3-Hydroxypyridine 319 
4-Hydroxypyridine (98 %) 316 
2-Ethoxypyridine 319 
2-Benzyloxypyridine 32 I 
2-H ydroxypyridine 32 I 
4-Methoxypyridine (85 %) 320 
4-Ethoxypyridine (86 %) 319 

CPhenylthiopyridine (82.5 %) 31 7 
4-Benzenesulfonylpyridine (98 %) 31 7 
CBenzyloxypyridine 320,32 I 

4-Hydroxymethylpyridine 319 
2-Acetoxymethylpyridine 32 I 
2-(2’-Melhoxyethyl)pyridine 322 

4-Isonicotinic acid 319 
Methyl picolinate 319 
2-St yrylpyridine I34 
4-St yrylpyridine 321 
CAminopyridine (90 %) 316 
4-Aminopyridine (98 x )  316 
4,4-Azopyridine (14 %) 134 
4,4‘-Hydrazopyridine (93 %) 134 

4-Amino-2,6-lutidine 179d 

320 

4-Ethylthiopyridine (44 %) 317 

0- 
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as well as reduction of the nitro group to give 4-acetamido-3-picoline 
(IV-108) (323). Using a palladium catalyst, hydrogenolysis and deoxygena- 

9 
0- 

&Me IV-107 

+N \ Pd-C, H, NHAc 

(JMe 

AcOH. Ac,O 
I 
0- 

IV-106 

Iv-108 
tion of the N-oxide group in 4-benzyloxynicotinic acid-I-oxide (IV-lM) 
occur simultaneously to yield 4-pyridone-3-carboxylic acid (IV-110) (324, 
325). With the same catalyst, the carbon-carbon double bond in 4-styryl- 

OCH2Ph 

WZH + N  I 
Pd-C. H2 VZH H 

0- 

IV-109 IV-110 
pyridine-1-oxide (IV-111) and the chIoro substituent in 4-chloropyridine-l- 
oxide (IV-104) are reduced (325). The use of palladium-charcoal as catalyst 

CH=CHPh CH,CH,Ph 

tl +N -I5 +N 

I I 
0- 0- 

IV-1 I I 

-0 + N  

I 'X- 0- 

IV-104 



TABLE IV-22. Catalytic Reduction of Pyridine-I-oxides over Palladium-Charcoal 

Substituent in 
pyridine- I-oxide Conditions Products (yield) Ref. 

None 
2-Me 
4-Me 
4-CI 
4-OH 
4-OH-3-COz H 
2-OCH 2 P h 
4-OMe 
4-OEi 
4-OMe-3-CONH2 

4-OCH zPh 
4-OCHz Ph-3-COZH 

4-OCHzPh-3-CONHz 

2-CHzPh 
2-CHZOAc 
2-CH zCH ,OMe 

3-CH2CHzCOzEt 
4-CHzCHzCONHz 
2-CH=-CH Ph 
3-CH-CHCOzH 
3-CH-CHCOzEt 
3-CH=CHCONHz 
4-CHzCHPh 
CCH=CHCO,Et 

4-CH= CHCONH, 
3-COMe 

2-CO H-4-COMe 
4-COMe 

3-C02H-4-NH Me 

3-COzH-4-NHPh 
3-COzH-4-NHC6H,CF~-rn 

3-COZH-4-NHOH 
3-CO2H-4- N 0 2  

3-COzEt 

5 %  Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
5% Pd-C, EIOH, R.T. 
5 %  Pd-C, EIOH, R.T. 
5% Pd-C, EtOH. R.T. 
Pd-C. AcOH, 70" 
Pd-C 
5 Y, Pd-C, EtOH, R.T. 
Pd-C, O.IN HCI 
Pd, silica gel. 

H2, 3 hr at ZOO/  

I atm 
5 % Pd-C, EtOH 
Pd(OH),-C, AcOH, 

3 aim, Hzr R.T.. 
22 hr 

Pd, silica gel, MeOH 

5 7; Pd-C. EtOH, R.T. 
Pd-C 
5 "/, Pd-C, EtOH, 

18-23". 9 hr 
5% Pd-C, EIOH, R.T. 
5 x Pd-C. EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
5 % Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
5% Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 

5% Pd-C. EtOH, R.T. 
5 % Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
5 % Pd-C. H 2 0  

Pd-C, HZ 

Pd-C, MeOH 
Pd-C, 60" 

Pd-C, AcOH, 70" 
Pd-C. AcOH, 70" 
5 %  Pd-C, EtOH. R.T. 

Pyridine (84 %,) 
2-Picoline (73 %) 
4-Picoline (82 %) 
Pyridine-I-oxide (85 %) 
4-Pyridone (85%) 
4-Pyridone-3-carboxylic acid 
2-Pyridone 
CMethoxypyridine (92 %) 
4-Ethoxypyridine 
4-Methoxynicotinamide, m.p. 151" 
(4-50 X )  

I -Hydroxy-4-pyridone 
4-Pyridone-3-carboxylic acid 

4-Pyridone-3-carboxyamide, m.p. 263" 
(decornp.) (SO-SO%) 

2-Benzylpyridine (84 %) 
2-Picoline 
2-(2'-Methoxyethyl)pyridine 

3-Carboethoxyet hylpyridine (58 X,) 
QCarbamoylethylpyridine (88 %) 
2-Phenethylpyridine- 1-oxide (45 %) 
p-(3-Pyridyl)propionic acid (63 %) 
Ethyl /?-(3-pyridyl)propionate (42 X,) 
4Carbamoylethylpyridine (80 %) 
4Phenethylpyridine (89 %) 
4-Carboethoxyethylpyridine- I -oxide 

6Carbamoylethylpyridine (83 %) 
3-Acetylpyridine (70 %) 
CAcetylpyridine (29 %) 
2-( I-Hydroxyethy1)nicotinic acid 

laccone m.p. 77.5-79" 
4-Methylaminonicotinic acid. m.p. 

274-276" (decornp.) 
CAnilinonicotinic acid 
4-(n-Trifluoromet hy1anilino)- 

~ 7 0 % )  

nicotinic acid, m.p. 200-202"; HCI, 
m.p. 278-284" 

4-Aminonicotinic acid 
4-Aminonicotinic acid 
Ethyl nicotinate (60%) 

325 
325 
325 
325 
321,325 
324 
32 1 
325 
326 
327 

217 
324 

327 

325 
32 I 
322 

325 
325 
325 
325 
325 
325 
325 
325 

325 
325 
325 
328 

329 

166 
330 

324 
324 
325 
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Table IV-22 (Continued) 

Substituent in 
pyridine- I-oxide Conditions Products (yield) Ref. 

4C02Et 
2-CO N H 2 

3-CONH, 

4-CON HCH, Ph 
4-NO2 
4-N02-2-Me 

4-NO2-3-Me 

2-NH2 
4NH, 
4-NHMe-3-Me 
2-Ph 
4-Ph 

5 %  Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, 23". 

30 min. 50 Ib/im2 

30 min, 50 Ib/in.2 
5 % Pd-C, EtOH, 23"- 

5 %  Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
Pd-C, dil. HCI 

Pd-C. dil. HCI 
Pd-C, AcOW, AcZO 

Pd-C, AcOH, AcZO 
5 %, Pd-C, EtOH, R.T. 
5 %  Pd-C, EtOH, R.T. 
Pd-C, AcOH 
5 %  Pd-C. EtOH, R.T. 
5 %  Pd-C. EtOH, R.T. 

Ethyl isonicotinate 
Picoiinamide, m.p. 105- 106" 

Nicotinamide, m.p. 127-128" 

CPhCH,NHCO pyridinc (86%) 
4Aminopyridine (90%) 
4-Amino-2-picoline- 1 -oxide 
4-Acetamido-2-picoline 
4-Amino-3-picoline- I-oxide (72 x,) 
CAcetamido-3-picoline (92 x )  
2-Aminopyridine (85 %,) 
4-Aminopyridine (77 %) 
4-Methylamino-3-picoline 
2-Phenylpyridine (87 %) 
4-Phenylpyridine (89 %) 

325 
156 

156 

325 
325,326 
33 I 
33 I 
323 
323 
325 
325 
332 
325 
325 

in the hydrogenation of various pyridine-1-oxides is summarized in Table 
IV-22. A few examples of deoxygenation of pyridine-1-oxides with platinum- 
on-carbon (321) and platinum dioxide catalyst (50) show that under these 
conditions carbon-carbon double bonds in 4-styrylpyridine- 1-oxide (IV-111) 
(321) and in 1,2-bis(4-methoxy-3-pyridyl-l-oxide)ethene (IV-112) (50) are 
reduced (Table IV-23). 

CH=CHPh CH,CH2Ph CH=CHPh 

+ N  50.0 
O-"='"yJ PY6;,H2, ( y 2 C H y J  

I 
0- 

N-I11 

OMe OMe OMe OMe 

+N 
I 
0- 

3 
0- 

IV-112 

Using Raney copper, Cstyrylpyridine-1-oxide underwent deoxygenation 
to give 4-styrvlpyridine (32 1 )  without reduction of the olefinic double bond. 
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TABLE IV-23. Catalytic Reduction of Pyridine-I-oxides over a Platinum-Carbon or Platinum Dioxide 
Catalyst 

N-oxide Conditions Products Ref. 

4 - C W H P h  PI-C 4-Phenet hylpyridine, 4-styrylpyridine 32 I 

I ,2-Di-(4-0Me-3-pyridyl)ethene- PtO,, H2, 3 atm 12-Di-(4-methoxy-3-pyridyl)ethane- 50 

I ,I-Di-(4-CI-3-pyridyI)ethane PtO,, H,, 3 atm 1 ,'-Di-(3-puridyl)ethane dihydrochloride. 50 

( 1 : I )  

I .I '-dioxide 44'. 17 hr (87 %) 

1 ,I,-dioxide 43". 3 hr m.p. 304" (decomp.) 

The products obtained from l-(l-oxido-2-pyridylmethyl)pyridinium salt 
(IV-113) depend on the reduction conditions and the nature of the counter-ion 
(333) (Table 1V-24). 

1V-113 IV-114 

IV-115 1V-116 

TABLE IV-24. Reduction of 1-( I-Oxido-2-pyridylmethy1)pyridinium Salts (IV-103) under 
Various Conditions (333) 

X- Conditions Products (yield) 

CI 
CI 

OH 
OH 

CI 
CI 

I 
I 

Raney Ni, 1 mole H, 
Raney Ni, 4 moles H, 

Raney Ni, 4 moles H, 
Raney Ni, 4 moles H,. I 

Pd-C, acid 
Pd-C, neutral 

NaBH,, R.T. 
Zn dust, AcOH 

NaOH 

(IV-114) (43 X )  
(IV-1 IS) (74--91 %)+ b.p. 100- I15"/4 mm; 

picrate, m.p. 180- 182" 
(IV-115) (71 %) 
(IV-lIS) (91 %) 
(IV-114) (68 %) 
(IV-116) (46 %) 
(IV-116) (92%) 
2-Picoline (58 %) 
Pyridine (51 %) 
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B.  Reduction with Metals or Metal Salts in Acid 

Reduction of 5-fluoro-4-nitro-3-picoline-l-oxide (IV-117) with iron and 
glacial acetic acid yielded 4-amino-5-fluoro-3-picoline (IV-118) (56). Under 
these conditions, reduction of a carbon-carbon double bond does not occur 

I 
0- 

IV-117 

1V-1 I8 

as shown by the reduction of Callyloxypyridine-l-oxide (IV-119) (334). 

OCH,CH=CH, OCH ,CH= CH 
I i 

Fc..AcOH , 8 
I 
0- 

IV-119 

Examples of the reduction of pyridine-l-oxides with iron in glacial acetic 
acid are given in Table IV-25. 

Pyridine-I-oxides are deoxygenated by heating them with ferrous oxalate 
at 300" (140) (Table IV-26). 

A number of pyridine-l-oxides have been deoxygenated with zinc and 
2N sulfuric acid (345) (Table IV-27). 

4-Nitropyridine was obtained in 93 yield by heating its N-oxide with 
sulfuric acid and nitric acid at 240", or with nitrosyl sulfate in concentrated 
sulfuric acid at 170 to 200". This deoxygenation can be effected by passing 
nitrogen monoxide gas through the solution of the N-oxide in concentrated 
sulfuric acid at 200". Thus 3-bromopyridine and 3-picoline were obtained in 
good yields in this manner from their N-oxides (346). 



TABLE 1V-25. Reduction of Pyridine-I-oxides with Iron in Glacial Acetic Acid 

N-oxibe Conditions Products (yield) Ref. 

2.4-IZ-S-OH 
3-F-5-Me-4-N02 
3-F-2,6-Mez-4-N0, 
3-Br-4-NHMe 

4-CI-2,6-Me2 
4-Br-3-Me 
4-Br-3-Et 
4-Br-3-isoPr 
4-Br-2,6-Mez 
4-Br-2,5-Me2 

4-CI 

COCH,CH= CH, 
3-CO,H-4-SO,H 
4-N02-2.5-Mez 

4- NOz-2-Me-S-Et 
4-NO,-3-NH,-2-Me 
4-N0,-3-NHz-5-Me 
4-N0,-3-NHz-2,6-Mez 
4-NHMe-3-Me 
4-NHMe-3-isoPr 
4-N H Me-3.5-Me2 
4-NHMe-2,3,5,6-Me4 

2-CH=CHC,H,NMe,-p 
2-N; -NC6H4NHAc-p 

A, I hr 

2 hr 
70°, 2 hr 

70". 2 hr 
70" 

70" 

30 min 

30 min 

A, 22 hr 

4-CH=CHC6H4NMe,-p 
4-S0,H-2-Me A, 90 mm 

5-Hydroxy-2,4-diiodo-pyridine (51 %,) 
4-Amino-5-fluoro-3-picoline, m.p. 90" (89 "4) 
4-Amino-3-fluoro-2,6-lutidine 
3-Bromo-4-met hylaminopyridine 
CChloropyridine 
4-Chloro-2,6-lutidine (69 x) 
4-Bromo-3-picoline 
4-Bromo-3-ethylpyridine 
4-Bromo-3-isopropylpyridine 
4-Bromo-2.6-lutidine (83 x) 
4-Brorno-2,5-lutidine, b.p. 88-90"/14 mm. 

4-Allyloxypyridine 
4-S03H-nicotinic acid, m.p. 257-259" 
4-Amino-2,5-lutidine, m.p. 137- 139"; 

4-Amino-5-ethyl-2-picoline (93.7 %) 
3.4-Diamino-2-pimline. m.p. 170" (50%) 
4,5-Diamino-3-picoline (54.5 x) 
3,4-Diamino-2,6-lutidine 
4-Met h ylamino-3-picoline 
4-Me1 hylamino-3-isopropyl pyridine 
4- Met hylamino-3 S-lu t idine 
2.3.5 ,QTetramet hyl-4-meth ylaminopyridine 
24 p-Acetamidopheny1azo)pyridine 
24 p-Dimethylaminostyry1)pyridine 
44 p-DimethylarninostyryI)pyridine (93 %,) 
2-Picoline-4-sullonic acid, m.p. 263" (95 %) 

PI;' 1.5501 

picrate, m.p. 173- 175" 

335 
56 
336 
337 
338 
339 
340 
340 
340 
339 
31 

334 
34 I 
31 

342 
343 
56 
336 
337 
337 
337 
337 
344 
135 
148 
34 1 

TABLE IV-26. Deoxypnation of Pyridine- I - 
oxides with Ferrous Oxalate (140) 

N-oxide Product (yield) 

None Pyridine (64"/,) 
2-Me 2-Picoline (62 %) 
3-Me 3-Picoline (72 x) 
2-NH2 2-Arninopyridine (45 "/,) 
2-Ph 2-Phenylpyridine (63 x) 

67 
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TABLE IV-27. Deoxygcnation of Pyridine-1-oxides usingzincand 
Sulfuric Acid (345) 

N-oxide Product (yield) 

4-OMe-3-Me 
4-OEt-3-Me 
4-OPr-3-Me 
4-tr-Bu0-3-Me 
4-O(CH2),CH,-3-Me 
4-O(CH,),CH3-3-Me 
4-O(CH2),CH,-3-Me 
4-0(CH2),CH,-3-Me 
4-isoPrO-3-Me 
4-isoBuO-3-Me 
4-0-isoamyl-3-Me 

4-Methoxy-3-picoline (86.5 %) 
4-Erhoxy-3-picoline (81.6%) 
4-Propoxy-3-picoline (85.8 x) 
4-n-Butoxy-3-picoline (78.6 %) 
4-n-Pentyloxy-3-picohe (75.4 %) 
4-n-Hexyloxy-3-picoline (72.2 %) 
4-n-Heptyloxy-3-picoline (72 %) 
4-n-Oayloxy-3-picoline (70.1 %) 
4-Isopropox y-3-picoline (82.6 %) 
4-lsobutoxy-3-picoline (81.5 x) 
4-Isoamyl-3-picoline (80.9 %) 

C .  Deoxygenation with Phosphorus Trihalides 

Pyridine- 1-oxides are readily deoxygenated with phosphorous trihalides, 
for example, phosphorous trichloride, to give the parent pyridine (ey. IV-10). 
New reactions since the last compilation as summarized in Table IV-28. 
When the reaction conditions are controlled, 4-nitro-3-picoline- I-oxide 

- @R + POCI, (IV-10) 

(IV-106) is deoxygenated to yield 4-nitro-3-picoline (IV-120) in good yield 
(7). If, however, the reaction is prolonged, 4-chloro-3-picoline (IV-121) is 

$Me + &Me 

N N 
\ 

/ IV-120 IV-121 
&Me 

+ N  
I 
0- 

IV-106 

rv-121 



TABLE IV-28. Deoxygenation of Pyridine- I -oxide wiih Phosphorous Trihalide (or Phosphorus 
Pentachloride without Halogenation) 

N-oxide Conditions Products (yield) Re[. 

2,6- Me, 

2.3.4,5-C14-6-Me 
2-Br-4-NO2 

2-CI-4- NO 

2-1-4-NO2 

3-F-4-NO2 
3- F-4- N 0 2  

3-CI-4-OMe 
3-CI-4-OEt 

3-Br-4-OMe 

3-Br-4-OEt 

3-I-4-OEI 

4-CI-3-Me 
4-CI-2.6-Me2 
4-Br-2,6-Me2 

4-I-2-Me 
4-1-2.6-Me2 
4-1-2-Me-S-Et 
4-I-3-Me 
1 .4.5,6-C14-2-Me 
3,4,5-C13-2,6-Me, 

4- I 

3,4,5-CI,-2,6-Et 2 

3,4,5,6-CI4-2-Ph 

2.440 Me), 
6-OEI-7-CH 2-  

COC0,Et 
4-OMe-2-Me 

4-OEt-2-Me 

PCI,, R.T. 
PCI,, CHCI, 
PCI,, CHCI, 
PBr, 
PCI, 

PCI,, CHCI,, I hr 
PBr, 
PCI,, CHCI,, 30 rnin 
PCI,, CHCI,, 30 rnin 

PC13, CHCI,, 30 rnin 

PCI,, CHCI,, 30 rnin 

PCI,, CHCI,, 30 min 

PCI,, CHCI,, 3" 

PBr,, CHCI,, 70-80". 
PCI,, CHCI, 

PCI,, CHCI, 
PCI,, CHCI, 
PCI,, CHCI, 
PCI,, CHCI,, A 
PCI,, CHCI,, A 
PCI,, CHCI,, A 

PCI , 

PCI,, CHCI, 

PCI,. CHCI,, A 

PCI,. CHCI,, A 

PCI,, CHCI,, A 

PCI,, A, 1 hr 
PCI,, CHCI, 

2,C-Lutidine (87%) 
2-Chloro-4-ni~opyridine 
3,4,5,6-Tetrachloro-2-picoline 
2-Brorno-4-nitropyridine 
2-Chloro-4-nitropyridine. 2-iod0-4- 

4-Chloro-3-fluoropyridine 
4-Brorno-3-fluoropyridine 
3-Chloro-4-rnethoxypyridine (8 1.4 x,) 
3-ChIoro-4-ethoxypyridine, b.p. 1 18"/20 

mm (77.1 X,) 
3-Brorno-4-methoxypyridine, b.p. 

114-116"/12mrn (81.4%) 
3-Bromo-4-ethoxypyridine, b.p. 

116-118"/12rnrn (61.2%) 
4Ethoxy-3-iodopyridine. b.p. 143"/15 rnm 

(63.8 %) 
4-Chloro-3-picoline (5 I 2,) 
4-Chloro-2,6-lutidine (72 x)  

3 h r  4-Brorno-2,6-lutidine (70%) 
4-lodopyridine (58.5 x,) 
4-Iodo-2-picoline (92.7 %) 
4-Iodo-2.6-lutidine (87 %) 
5-Ethyl-4-iodo-2-picolinc (93.5 %) 
4-lodo-2-picoline (67.4 %) 
3,4,5.6-Tetrachloro-2-picoline, m.p. 91 92" 
3,4,5-Trichloro-2,6-lutidine, m.p. 71 -72" 
3,4,5-Trichloro-2,6-diet hylpyridine, 

3.4.5,6-Tetrachloro-2-phenytpyridine, 

3.4,5-Trichloro-2,6-diphenylpyridine. 

3,4,5,6-Trichloro-2-hydroxypyridine, 

2.4-Dirnethoxypyridine (62.6 %) 
Ethyl 6-ethoxy-2-pyridylpyruvate (26 %) 

nitropyridine 

b.p. 90"/1.5 rnrn 

m.p. 112" 

m.p. 166" 

m.p. 224" 

(i)  PCI,. R.T., I hr 
(i i)  A. 30 min 
(i) PCI,, R.T.. I hr  
( i i )  A, 30 min 

4-Methoxy-2-picoline 

4-Et hoxy-2-picoline 

4-OCH2CH=CH, PCI,, 3 hr 
4-OCHZPh PCI, 

4-Allyloxypyridine (90.5 %) 
1 -(4-Pyridyl)-4-pyridone 

349 
350 
35 1 
3 50 
3 50 

352 
352 
353 
353 

353 

353 

353 

51 
339 
339 
354 
354 
354 
354 
354 
354b 
354b 
354b 

354b 

354b 

354b 

355,356 
71 

348 

348 

334 
3 34 
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able IV-28 (Continued) 

'-oxide Conditions Products (yields) Ref. 

.OCH2Ph-2-Me (i) PCI,, R.T., I hr 4-Benzylox y-2-picoline 348 

.OPh-2-Me (i) PCI,, R.T., I hr 4-Phenoxy-2-picoline 348 
(i i )  A, 30 min 

(ii) A, 30 rnin 
2-Di-(4-OEt-3-py- PCI, 1,2-Di(4-ethoxy-3-pyridyl)ethane 50 

.SPh (i) PCI,, CHCI,, 0" 4-Phenylthiopyridine 357 

.CH=NOH PCI,, CHCI,, O", 4 hr 2-Cyanopyridine 347 

COzEt-5-NOz PCI,, CHCI3, R.T. Ethyl 5-nitronicotinate (70%) 359 

.NO2-2,6-Me, PCI,, CHCI,, 80", 3 hr 4-Nitro-2,6-lutidine (75 %) 120 

N02-2-Me-5-Et PC13, CHCI,, 5 hr  4-Chloro-5-et hyl-2-picoline 360 

.NOz-2-NMez PCI, 2-dimethy lamino-4ni tropyridine 355 

ridylkthane 

(ii) loo", 30 rnin 
.CH,CH,OMe PCI,, AcOEt, 80-90" 242'- Methoxyethy1)pyridine 322 

.CONHCOMe POCI,, A, 30 min 2-(CONHCOMe)pyridine, m.p. 81-82" 358 

.NO, PCI,, CHCI, ENitropyridine 117 

.N02-3-NH2- PCI,, CHCI,, I hr 3-Amino-4-nitro-2,6-lutidine (82 %) 336 
2,6-Me2 

NO,, 2,3,5,6-Me4 PCI,, CHCI, 4-Nitro-2,3,5,6-tetrarnethylpyridine2H2O 337 

NO2-2-NHAc PCI,. CHCI, 2-Acetarnido-4-nitropyridine (87. I x )  36 I 
NO2-3-Me PCI,, CHCI,, lo" 4-Nitro-3-picoline (45 2) I66 
. N 0 - 3 -Me (i) PCI,, CHCI, 4-Chloro-3-picoline: picrate, m.p. 153- 155" 50 

N02-3-Me PBr,, AcOEi, A, 30 rnin 4-Bromo-3-picoline. b.p. 104-- l07"/60 mm 362 
(ii)  70", I hr  (95 %) 

(36 %) 
NOz-3,5-Mez PCI,, CHCI, 4-Nirro-3,5-lutidine.H2O 337 
NOz-3-Et PCI,, CHCI, 3-Ethyl4-nitropyridine 337 
NOp-3-isoPr PCI,, CHCI, 3-lsopropyl-4-nitropyridine 337 
2di-(4-NOz- PCI, I ,2-Di-(4-nitro-3-pyridyl)-ethane 50 
3-pyridylkthane 

PCI,, CHCI,, 60". 3.5 hr  I ,2-Di-(4-nitro-3-pyridyl)elhane; 51 
1,2-Di-(4-chloro-3-pyridyl)ethane 

NH2-4-NOz PCI,, CHCI,, 30 rnin 3-Arnino-4-nitropyridine. (90 %,) 352 

obtained as a result of nucleophilic displacement of the nitro group by a 
chloride ion (50, 166). Reaction of 2-pyridine aldoxime-I-oxide (IV-122) 
with phosphorous trichloride yields 2-cyanopyridine (IV-123) (347), while 

PCI..CHCI. r." 

0- 

IV-122 
IV-123 
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4-benzyloxypyridine-1-oxide (IV-124) gives 1-(4-pyridyl)-4-pyridone (IV-125) 
(334). A series of 4-alkox~2-picoiine-l-oxides have been deoxygenated with 

IV-125 I 
0- 

IV-124 
phosphorus pentachloride without the usual accompanying nuclear chlorina- 
t ion (348). 

D .  Deoxygenation with Organophosphorus Compounds 

Deoxygenation of pyridine-1-oxides with phosphorous halides has already 
been discussed (see Section 111.2.C). Triphenyl phosphite was found to be less 
effective than phosphorous trichloride (363). Deoxygenation with triethyl 

0- 
phosphite in the presence of oxygen and a peroxide was assumed to proceed 
via a free radical mechanism (364). Triphenylphosphine was found to be 
effective for the deoxygenation of pyridine-1-oxide (365). Results of the 
deoxygenation of pyridine-1-oxides with organophosphorous compounds 
are given in Table IV-29. 

TABLE IV-29. Deoxygenation of Pyridine-I-oxides with Organophosphorus Compounds 

Substituent in 
N-oxide Conditions Product (yield) Ref. 

None 
None 
None 
None 
2-Me 
4-Me 

4-OMe 
4-OMe 
2-CH2CH2OMe 
4-N02 
4-NHz 

4-OH 

Et,P, 48 hr  
(EtO),P, (EtOCH,CH,),O, R.T 
Ph,P, 230-233". 0.6 hr 
Ph,P, AcOEt 
Ph,P, AcOEI, 0.6 hr 
Ph,P. 275-280", 0.7 hr 
Ph,P, AcOEt 

Ph3P, 270-275". 0.8 hr 
Ph,P, 210" 

(EtO),P, (EtOCH,CH2)20 

Ph,P 
Ph,P, AcOEt 

Pyridine (70%) 
Pyridine 
Pyridine (89.8 %) 
Pyridine (72 %) 
2-Picoline (51 %) 
4-Picoline (92.8 %) 
4-Pyridone (20%) 
4-Met hoxypyridine 
4-Met hoxypyridine (61.6 %) 
2-(2'-Methoxyethyl)pyridine 
No Cnitropyridine 
4-Methoxypyridine 

366 
364 
365 
363 
365 
365 
363 
364 
365 
322 
365 
364 
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E .  Deoxygenation with Sulfur and its Derivatives 

Mercapto compounds, sulfides, and thiourea are used, as is sulfur, to 
effect deoxygenations to pyridine and its derivatives, the oxide oxygen 
generally being either bonded to sulfur or released as water (367a, b). 

0- oso; 
Oxidation of mercaptans by pyridine-I-oxide possibly occurs by the initial 
protonation of pyridine-1-oxide to form IV-126 which then reacts with 
mercaptide ion to give pyridine and the unstable sulfinic acid (eq. IV-11) 

0 + RSH = 0 + RS- - 0 + RSOH (Iv-,l) 
+ N  

I 
OH 

IV-126 

+N 
I 
0- 

(367a). When 4-picoline-1-oxide was heated with sulfur at 145" for 18 hr, an 
unusual product, tetra-(4-pyridyl)thiophene (IV-127) was obtained (367a). 

Me 

0- 
IV-127 

The results obtained on deoxygenation of pyridine-1-oxides with sulfur and 
alkyl sulfides are given in Table TV-30. Pyridine-1-oxides and picoline-l- 
oxides were deoxygenated in 21 to 78% yield by passing a slow stream of 
sulfur dioxide into their solution in water or dioxan for a period of 3 hr (368). 

+ so, 

I 
0- 
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TABLE 1V-30. Deoxygenation of Pyridine-I-oxides with Sulfur and AIkyl Sulfides 

Suhstituent in 
N-oxide Conditions 

~ 

Products (yield) Ref. 

None S , ,  150". 10 hr Pyridine 367a 
2-Me S , ,  o-CI2C,H,, 150", 64 hr  2-Picoline (42x)  367a 
2-Me Bu,S, 150", 24 hr 2-Picoline, 2-picoline-1-oxide 367a 
2-CH,CH,OMe S , ,  150". 3 hr 2-(2'-Mei hoxyethy1)pyridine 322 

Under these conditions, 4-nitro-2-picoline-1-oxide and methyl isonicotinate- 
1-oxide were not deoxygenated, indicating that electron-withdrawing 
substituents at C-4 hinder the reaction (369) (Table IV-31). Deoxygenation 
can also be effected with lower oxides of sulfur, such as sulfurous acid, in the 
presence of an acylating agent (370). It was reported that pyridine-1-oxide 

0- 

was deoxygenated with sodium hydrosulfite or sodium sulfite (371) (eq. 
IV-12). Pyridine-1-oxide and its derivatives are reduced with thionyl chloride 

TABLE IV-31. Reduction of Substituted Pyridine-I-oxides 
with Sulfur Dioxide (369) 

Substituent in 
N-oxide Product (yield) 

None 
2-Me 
4-Me 
2,6-Me2 
2.5-Me, 
2-Me-S-Et 

4-CI-2-Me 
4-OMe-2-Me 
5-CO2Et-2-Me 
6-NHAc-2-Me 
3-NO2-2,6-Me, 

3-CI 

Pyridine (60 %) 
2-Picoline (34 %) 
4-Picoline (31 "4) 
2,GLutidine (67''Q 
2.5-Lutidine (65%) 
5-Ethyl-2-picoline (63 %) 
3-Chloropyridine (21 ' x )  
4-Chloro-2-picoline (41 yo) 
CMethoxy-2-picoline (62 %) 
Ethyl 6-methylnicotinate (68 x)  
6-Acetamido-2-picoline (65 x)  
3-Nitro-2.6-luridine (31 "4) 
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H,OMe* 
0, +y CHzCHzOMe 
0- 

at 50" in yields of 60 to 85% (293). Deoxygenation of 3-a-hydroxymethyl- 
pyridine- 1-oxide (IV-128) was accompanied by side-chain chlorination to give 
3-a-chloromethylpyridine (N-129) (372). Treatment of 2-picoline-1-oxide 

CHzOH CH,CI u +N 
I 
6-  

IV-128 

IV-129 

with thionyl chloride in benzene solution at 15 to 20" gave the hydrochtoride 
salt IV-130, while at 50" deoxygenation occurred to yield 2-picoline (292). 

0- 

OH C1- 
IV-130 

0 Me 

(34 %) 

(92 %) 

Pyridine- 1-oxides are deoxygenated by diary1 disulfides (373). With 
symmetrical disulfides, for example, di-( pnitropheny1)disulfde and pyridine- 
1-oxide, the products are pyridine, di-(p-nitrophenyl)disulfide, and p-nitro- 
benzenesulfonic acids. Reaction of unsymmetrical disulfides, for example, 
aryl p-nitrophenyl disulfide and pyridine-1-oxide, gives pyridine, diary1 

* See Ref. 322. 
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TABLE IV-32. Reaction of Pyridine- 1 -oxide with Diary1 Disulfides (373) 

Second-order rate 
Product (in constant in bromobenzene 

Disutfide Conditions addition to pyridine) k ,  [l/(mole~sec)] 

PhSSC6H,NOz-p 1 50-160°, I hr (p-O2NC6H4S),, 6.27 x lo-' 
(PhS),. PhS03H 

p0,NC6H,S0,H 
(p-NO,C,H,S), 180°, 4 hr (@2NC6H4S)2. 3.75 x 1 0 - 2  

p-MeOC,H,S- 160°, 3 hr ( P - O Z N C ~ H ~ S ) ~ ,  3.10 x lo- '  
SCeH, NO,-p (p-MeOC,H,S),, 

p-MeOC,H,SO,H 
p-CIC,H,SS- 160", 3 hr (PO~NC&SL, 1.18 x lo-' 

C,H,NO,-P ( P C I C ~ H ~ S ) Z ,  
CIC,H4S03H 

disulfide, di-( p-nitrophenyl)disulfide, and aryl sulfonic acid. p-Nitro- 
benzene sulfonic acid was not obtained, which suggests that the attack by 
the N-oxide takes place on the sulfur atom attached to the less electron- 
withdrawing aryl group (eq. IV-13) (Table IV-32). 

+ 
p-RC H SSC6H4NOI-p 

-t 

' 4~ 

0 yJ + p-RC6H,+SSC6H,N02-p ---+ 

+N 
I 
0- 

- 

0 
(IV- 13) 

0 
t 

V" 0 + p-RC&SSC&f4No~-p 

(p-NO,C6H4S), 4- p-RC,H4S02SC6H,+R-p 
1 

P-RC&SOJH + (p-RC&S), 

F .  Other Methods of Deoxygenation 

Pyridine-1-oxides undergo partial deoxygenation on vapor phase 
chromatography on 20% SE 30 on chromosorb W; the relative amounts of 
the pyridine and its N-oxide depend on the age of the column (374). 

Reduction of substituted pyridine-1-oxides and the N-methoxypyridinium 
salts (IV-131) with sodium in ethanol gives predominately the pyridine 
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base, together with substituted piperidine (1V-132) and substituted 3- 
piperideine (IV-133) (Table IV-33) (375). When 4-substituents were present 
in the ring, an increased amount of 3-piperideine was observed. 

1V-131 IV-132 IV-133 

Sodium borohydride reductions of pyridine- 1-oxides yield approximately 
30% yields of mixtures containing a number of components (375). In the 
case of 1 -alkoxypyridinium salts the products (pyridine, piperidine, and 
3-piperideine) are present in almost equal amounts (Table IV-33) (375). 
Reduction of substituted pyridine-1-oxides and N-alkoxypyridinium salts 
with aluminum hydride gives a mixture of products in which the substituted 
3-piperideine (IV-133) is the major product (Table IV-33) (375). 

Pyridine-I-oxide is smoothly deoxygenated by sodium borohydride in 
the presence of aluminum chloride in diglyme at 25"; at 75" further reduction 
to dihydropyridine occurs (376). 4-Chloro-2,6-lutidine-l-oxide (IV-134) can 
be deoxygenated with NABHd-AICh in diglyme at room temperature 
(371. 377). 

01 

0- 

IV-134 

Pyridine-1-oxides are rapidly reduced by lithium aluminum hydride (378). 
Reduction of pyridine-I-oxides with lithium aluminum hydride has been 
reported to give small amounts of piperidines along with the corresponding 
3-piperideines and pyridines (in the ratio I :2) (Table IV-33) (375). 

Bis-(/3-methoxyethoxy)sodium aluminum hydride reduction of pyridine- 
1-oxides gave mixtures of pyridine and 3-piperideines and of piperidines 
(Table IV-33) (375). The 1-alkoxypyridinium salts are reduced more readily 
to give up to 40% yields of piperidines (Table IV-33) (375). Lithium tri- 
methoxyaluminohydride has been reported to deoxygenate 4-picoline-l- 
oxide (379). Pyridine-1-oxide is reduced electrolytically to pyridine which 
is then reduced further (Table IV-33) (375). The products of electrolytic 
reductions of 1 -alkoxypyridinium salts are very similar to those obtained 



TABLE IV-33. Reduction of Pyridinc-l-oxidc5 and I-Alkoxypyridiniuni Salts (IV-131) with 
Sodium in Ethanol, Sodium Borohydride, Lithium Aluniinum Hydride. Aluminum Hydride, 
Bis(/?-methoxycthoxy)sodiurn Aluminum Hydride or by Electrolysis (375). 

Subst it uen t s 
in N-oxide Conditions Products (yield) 

None(R = H) 

R = H. R' = Me, 
X = CH,OSO, 

R = H, R' = Me, 
X = O H  

R = H. 
R '  = / I  C.rH-. 
X = l  

R = 3  Me 

R = ?-Me.  
R'  = Me. 

x = C€i,OSO, 

Na. EtOH, A 

LiAIH,, A, 6 hr 

AIH,. A, 2 hr 

Na AlH JOC'H 

Electrowduct ion 

Na, EtOH, A 

NaBH, 

NaAIH2(OCH, 

Electroreduct ion 

NaBH, 

LiAIH,, A, 6 h r  

CHZOCH,), 

CHzOCH,)z 

AIH,. A, 2 hr 

Na, EtOH. A 

LiAIH,. A. 6 hr 

AIH,. A. 2 hr 

NaAlH ,(OCH 
CH,OCH,), 

Electroreduct ion 

Na. EtOH. A 

Piperidine (28), 3-piperideine (22). pyridine (48). 

Piperidine ( I  ), 3-piperideine (28). pyridine (61). 

Piperidine (19). 3-piperideine (69), pyridine ( 1  11. 

Piperidinc (9). 3-piperideine (35). pyridine (51). 

Piperidine (35). 3-piprideine ( 4 9 ,  pyridine ( 1  7), 

Piperidine (II), pyridine (85). unidentified com- 

Piperidine (27). 3-piperideine (26). pyridine (33). 

Piperidine (43). 3-piperideine (21). pyridine (26), 

Piperidine (41), 3-piperideine (25), pyridine (22). 

Piperidine (36). pyridine (49), unidentified com- 

Piperidine ( I ) ,  3-piperideine (66), pyridine ( I  5). 

unidentified compounds (2) (65":) 

unidentified compounds (10) (46%) 

unidentified compounds ( I )  (80'XJ 

unidentified compounds (5) (45 y;,) 

unidentified compounds (3) (8S'x) 

ponents (7) (70';(,) 

unidentified compounds (14) (567,J 

Unidentified components (10) (72 Yi;) 

unidentificd components (12) ( 6 7 x )  

ponents 15) (65 :(,) 

unidentified components (18) (75':J 

Piperidine (35). 3-piperideine (54). pyridine (5). 
unidentified components (6) (95'2,) 

3-Methylpiperidine (20). 5-methyl-3-piperideine (4). 
3-methyl-3-piperideine (20). 3-picolinc (40), un- 
identified components (16) (66",,) 

3-Methylpiperidine ( I), 5-methyl-3-piperideine (9), 
3-methyl-3-piperideine (34), 3-picoline (56) (63 "(,) 

3-Mcthylpiperidine (2 I). 5-methyl-3-piperidcine 
(23), 3-methyl-3-piperideine (50). 3-picoline (6) 
(87 7.J 

3-Methylpiperidine ( I  I ) .  5-methyl-3-piperidine ( 8 ) .  
3-methyl-3-piperideine (45). 3-picoline (35). un- 
identified components ( I )  (45 ' I , ; )  

( 19). 3-methyl-3-piperideine (33). 3-picoline (22) 
(85 *<J 

3-Methylpiperidine (6). 5-methyl-3-piperidcine (2). 
3-niethyl-3-piperidcine (14). 3-picoline (66). un- 

idcnIified components (12) (73 ''J 
3-MCI hylpiperidinc (25). 5-methyl-3-piperidcine (2). 

3-methyl-3-piperideine (23). 3-picoline (42). un- 
identified components (8 )  (56";;) 

3-Methylpiperidine (26). 5-methyl-3-pipcridcine 

77 



Table IV-33 (Conrinuud) 

Substituents 
in N-oxide Conditions Products (yield) 

R = 3--Me, 
R’ = CH,, 
X = OH 

R = 3-Me. 
R’ = rt-C3H7, 
X = l  

4-Me 

R = 4-Me, 
R‘ = Me, 
X = CH,0S03  

R = 4-Me, 
R’ = ~I -C~H; . ,  
X = I  

R = 4-Me, 
R’ = CH,, 
X = OH 

NaBH, 

LiAIH,, A,  6 hr 

AIH, 

Na, EtOH, A 

LiAIH,, A, 6 hr 

AIH, 

Na, EtOH, A 

NaBH, 

Electroreduct ion 

LiAIH, 

AIH, 

NaBH, 

3-Methylpipidine W), 5-methyl-3-piperideine 
(14). 3-methyl-3-piperideine (36), 3-picoline (5) ,  
unidentified components (5) (65 2,) 

(19). 3-methyl-3-piperideine (41), 3-picoline (5) 
(90 %) 

3-Methylpiperidine (22). 3-picoline(72). unidentified 
components (6) ( 5 5  x,) 

3-Methylpiperidine (35), 5-methyl-3-piperideine 

3-Methylpiperidine ( I  2), 5-methyl-3-piperideine 
(1 5), 3-methyl-3-piperideine (49), 3-picoline (24) 
(92 %) 

3-Methylpiperidine (22), 5-rnethyl-3-piperideine 
(20). 3-methyl-3-piperideine (SO), 3-picotine (8) 
(95 X )  

(SO), Cpicoline (33), unidentified components (8) 
(63 %) 

4-Methylpiperidine (3). 4-methyl-3-piperideine (32). 
4-picoline (63), unidentified Components (2) (70 %,) 

4-Methylpiperidine (15). 4-methyl-3-piperideine 
(80). 4-picoline 12). unidentified components (3) 

4-Methylpiperidine (19), 4-methyl-3-piperideine 

(95 %) 
CMethylpiperidine ( O S ) ,  4-methyl-3-piperideine 

(16), Cpicoline (82), unidentified components 
(1.5) (48 2,) 

(51), 4-picoline (24) (86 :<,) 

(29). 4-picoline (54), unidentified components ( I )  

4-Methylpiperidine (25), 4-methyl-3-piperideine 

4-Methylpiperidine ( 16). 4-rnethyl-3-piperideine 

170%) 
4-Met hylpiperidine (32), 4-methyl-3-piperideine 

(25). 4-picoline (37), unidentified components 
(6) (80 %) 

4-Met hylpiperidine (a), 4-methyl-3-piperideine 
(25). 4-picoline (34). unidentified components ( I )  
(75 %) 

4-Methylpiperidine (22), 4-methyl-3-piperideine 
(41 ), 4-picoline (32), unidentified components (5) 

4-Methylpiperidine (2), 4-methyl-3-piperideine (69), 
(91 2,) 

4-picoline (29) (90%) 

4-Met hylpiperidine (4), 4-rnethyl-3-piperideine (70). 

4-Methylpiperidine (14). Cpicoline (85). unidentified 
4-picoline (26) (97 %) 

components ( I )  (53 x,) 
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from pyridine-1-oxide (Table IV-33) (375). Epoxides undergo oxidation with 
amine oxides, such as pyridine-1-oxide; for example, lJ-butylene oxide in 
benzene gave formaldehyde and propionaldehyde (380). In the presence of 
copper stearate, pyridine- 1-oxide and ethyl diazoacetate gave pyridine and 
ethyl glyoxalate. The carbenoid [CuCHCOzEt] is apparently formed which 
abstracts oxygen from pyndine-1-oxide (381a) (eq. IV-14). Fluorenyl carbene 
has been used for the deoxygenation of pyridine-1-oxides (381b). A facile 

0 + rcozEt * 0 - + OHCC0,Et (IV-14) 

+ N  cu +rN 
I 
0- 

< I  c- 
O-CHCOZEt 

reaction of pyridine- 1-oxide with hydrazobenzene yields pyridine, azo- 
benzene, and water (367a). Oxidation of hydrazobenzene may involve a 
two-step mechanism, with an initial protonation of the N-oxide by hydrazo- 
benzene (eq. IV-15). Alternatively, a concerted reaction involving a cyclic 

0 + Ph-N-N-Ph - 0 + Ph-E-g-Ph G== + N  
H 

I 
+ N  

I 
0- OH 

+ Ph-yI’$Ph - PhN=NPh + H,O 
HO 

(IV-15) 

transition state may obtain, similar to the mechanism for the oxidation 
of hydrazobenzene by molecular oxygen (382). When the 2-picoline-I-oxide- 
iodine complex is heated with excess pyridine- 1-oxide, 2-pyridine aldehyde 
and 2-picoline are obtained (see Section V.l). Picoline-1-oxides and its 
derivatives underwent deoxygenation as well as oxidation to give other 
products on heating in dimethyl sulfoxide (see Section V.l) (383). Four- 
electron reduction eliminates the two N-oxide groups of bis-(2-pyridyl-l- 
oxide)disulfide, and in the presence of a complex-forming agent, a six- 
electron reduction of the N-oxide and disulfide groups occurs (384). Other 
methods used in the deoxygenation of pyridine- 1-oxides are summarized 
in Table IV-34). 

Photolysis of pyridine-1-oxides results in deoxygenation to give pyridines 
as well as the other photolysis products which are discussed in Section VII. 
Irradiation (2,537 A) of a solution of naphthalene (10 mg) and pyridine-l- 
oxide (100 mg) in dichloromethane (4 ml) showed the presence of 1,2- 
naphthalene oxide (0.14 mg) and naphthol (0.13 g). This constitutes the 
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TABLE IV-34. Miscellaneous Methods of Deoxygenation of Pyridine-1-oxides 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

None 

2-Me 

2-CI-4-OMe 
2-1-4-NOZ 
2-CHIOH 
2-CH,OH-6-Me 

P h N H N H P h  
PhHgCCI,, A, 44 hr 
CCI,CO,Me. NaOMe. 

CbHb,  10--15" 
I,, 160" 

glycol 

80".;, NH,NH,, Cu, 
I SO", diet hylene 

I,, 130" 
NH,OH, FeSO, 
NH,NH2, H 2 0 ,  EtOH 

SeO,, 90- tOO", 8 hr 
SeO2, 90- IOO", 8 hr  

Pyridine. azobenzcne. water 367a 
Pyridine (23"J 385 
Pyridine [40:,,) 385 

Pyridine (SO",,) 
2-Picoline (82 ",,) 

3 86 
387 

2-Picoline 386 
2-Chloro-4-met hoxypyridine (83.4 "+,) 355 

Pyridine-2-aldehyde, picolinic acid 81 
6-Mei hylpyridine-2-aldehyde, 81 

4-Amino-2-iodopyridine 355 

&met hylpyridine-2-aldehyde- I -oxide 

first example of chemical epoxidation of an aromatic double bond (388) 
(eq. IV-16). 

0- 
(IV-16) 

3. Reactions of 0-Alkylated and 0-Acylated Pyridiniorn Salts 

The preparation of N-alkoxy- and N-acyloxypyridinium salts has been 
discussed (see Section IV.l .C). Reaction of I-alkoxypyridinium salts with 
nucleophiles can occur by one of four possible pathways, A-D (308,389) 
(Scheme IV-2). A fifth mode of reaction is conceivable, which has not yet 
been reported for such salts, but has been observed with a proposed 0- 
complexed intermediate species, is nuclear proton abstraction from the 
a-position with a strong base at low temperatures in a nonprotic solvent 
(path E) (299a). Alkyloxypyridinium salts decompose on warming in basic 
solution to yield the parent pyridine and a carbonyl compound (path A) 
(390,391). This reaction was used for the preparation of aldehydes. For 
example, benzaldehyde was obtained from pyridine-1 -oxide and benzyl 
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Path A 

0-CHR 

H B  
=I c. 

Path B 

CN 

OR 

OMe I I 
OMe OMe OMe 

+ B- - n..e + BH Path E 
+ N  

I ox 
Scheme IV-2 

+ N  H I ox 

bromide followed by treatment of the pyridinium salt with dilute aqueous 
sodium hydroxide (392) (eq. IV-17). An intermediate in the synthesis of a 

I 

OCH,Ph 0-CHPh 
\ I  

pOH 

sex pheromone of the pink bollworm moth was prepared by this method. 
5-Bromopentylacetate (or its iodo derivative) was treated with pyridine-l- 
oxide; in the presence of sodium bicarbonate the N-alkoxypyridinium salt 
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gave 5-acetoxyvaleraldehyde (40 "/, yield) (393). Decomposition of the adduct 
of picoline-1-oxide and a-haloketones is a convenient synthesis of a-keto- 
aldehydes (312) (IV-18). Heating an excess of pyridine-I-oxide with a- n ,-, 0 =, + RCOCHO 

M e  Me I 
+ ?  M e  

0- R = M e o r P h  OCHzCOR ' (IV-18) 

haloacids also leads to aldehydes; for example, a-bromophenylacetic acid 
gave benzaldehyde (49 "/,I, phenylacetic acid ( 5  %), and carbon dioxide (46 %) 
(394) (eq. IV-19). In boiling toluene, however, the yields were 58, 58, and 
11 %, respectively. 

0 +N + RCHCOzH X - [? x]-"' + RCHO + CO, 

I 
0- OCHC0,H 

R = Et, X = Br (45.5"J 

R = Pr, X = Br (67.4";) 
R = Me, X = B i  (77.6%) 

IV-135 

R = H, X = CI (65%) 

(IV- 1 9) 

The proposed reaction scheme involves nucleophilic attack of pyridine- 1- 
oxide on the a-halo acid to give IV-135; this provides a synthesis of aldehydes 
and ketones (394). 4-Hydroxypyridine-1-oxide (IV-136) and 4-hydroxy-3,5- 
diiodopyridine- 1-oxide react similarly with chloroacetic acid in alkaline 
solution to give 1 -[4-0~0-1(H)-pyridyl]oxyacetic acid (IV-137) and the 
corresponding 3,5-diiodo compound, respectively (395). Treatment of f -  
[ ~ O X O -  l(H)-pyridylloxyacetic acid (IV-137) with diazomethane resulted in 
decomposition to 4-methoxypyridine (IV-138). Carboxylic acid anhydrides 

OH 0 OMe 0 - fi a Q + H c H o + c o ,  

N +N 9%95'.5hr 

I I 
0- OCH,CO, H 

IV-136 1V-137 IV- 1 38 

or carboxylic acids of the type RRCHCO,H,in the presence of acetic 
anhydride, undergo oxidative decarboxylation with two equivalents of 
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TABLE 1V-35. Reaction of Pyridine-I-oxide with Carboxylic Acid Anhydrides(RR'CHCO),O 

R,  R' Conditions 

Me, Me PhMe 
Me. Me 

Et, H Xylene 
CH,=CH, H 

Ph, H C,H, 
PhCH ,CO,H(Ac,O) ChH 
Ph, H 

Ph, H 

Ph, H 

p-MeOC,H,, H 

p-MeOC,H,, H 

p-NO,C,Hq, H 

Ph. Ph C,H, 

* PhCI. 120". 6 hr ,  
1 .O moles/l. 

PhCI, IOO", 0.1 hr, 
1.1  moles/l. 

C,Hb, 80c, 16 hr, 
0.5 rnoles/l. 

PhCl, 120". 24 hr,  
0.25 moles/l. 

MeCN. So', 39 hr ,  
0.5 moles/l. 

PhCI, 120". 40 hr, 
0.25 moles/l. 

MeCN, SO". 23 hr. 
0.50 moles/l. 

MeCN, SO", 23 hr ,  
0.50 moles/l. 

PhCI, go", I8 hr, 
0. I I moles/l. 

PhCI, go", 21 hr,  
I mold1 

Ph, Ph 

Ph, Ph 

Product (yield) 

Me,CO (39 'I,,) 

Me,CO, CO,, (0.16 molesil.) 

EtCHO (12.4'!:,) 
CH,=CHCHO, 0.17 moles/l.: CO,, 0.43 

PhCHO (69",,) 
PhCHO (68",,) 
PhCHO, 0.46 moles/l.: CO,. 

0.47 rnoles/l. 
PhCHO, CO,, 0.73 moles/l. 

moles/l. 

Ref. 

399 
399 

- 

396 
3Y9 

396 
396 
399 

399 

PhCHO, CO,. 0.56 nioles/l. 

p-MeOC,H,CHO, 0.69 moles/l., CO,, 

p-MeOC,H,CHO, CO,, 0.65 moles/l. 
0.65 moles/l. 

p-NO,C,H,CHO. 0.20 moles/l.. CO,. 
0.21 rnoles/l. 

Ph,CO (62'7,) 
Ph,CO, 0.52 nioles/l.; CO,, 0.77 molesil. 

Ph,CO, CO,, 0.93 rnoles/l. 

399 

399 

399 

399 

396 
399 

399 

pyridine- 1 -oxide to give the corresponding aldehyde or ketone (396) (eq. 
IV-20) (Table IV-35). It was suggested that attack by pyridine-I-oxide 

0- "-20) 

becomes more favorable as the positive charge on the electrophile increases 
(397). When phenylacetic acid was used, important side-products obtained 
were phenylglyoxylic acid and diphenylmaleic anhydride, and in the presence 
of acetic acid, acetylmandelic acid was obtained (398). These results were 
interpreted in terms of a novel mechanism which involves nucleophilic 
substitution by pyridine-1-oxide for hydrogen at the a-position of the acid 
and subsequent decomposition of the intermediate to benzaldehyde and 
phenylglyoxylic acid (398). Other workers have discussed a mechanism 
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involving ionic fragmentation of N-acyloxypyridinium ions, giving rise to 
oxidizable carbonium ions (399). Under similar conditions, 2- and 4- 
picoline-1-oxides yield less carbon dioxide and carbonyl compounds than 
does pyridine-I-oxide. In view of these results, pyridine-1-oxide and acid 

anhydrides (RCO)20, where R = EtCH==CH- and MeCH=CMe were 
heated in a suitable solvent at 140" for 25 to 400 min to give 
MeCH=CHCHO and H,C=HCCOMe, respectively. When R was 
CHI-CHPh or CH=CHCHMe,, no isomeric allylic products were 
obtained on decarboxylation, thus refuting the possible intermediacy of 
carbonium ions (400). It was suggested that the first step is a "carboxy 
inversion" in the intermediate N-acyloxypyridinium ion (400). s-Alkane-(or 
cycloa1kane)carboxylic acid anhydrides undergo oxidative decarboxylat ion 
in good yield (401). 

The reactions of pyridine- I-oxide with isopropylisonitrile in the presence 
of chlorine, bromine, or iodine to yield the isocyanate were studied (402). 
Reaction with bromine was said to give an initial adduct formulated as 
IV-139, which then gave the isocyanate (eq. IV-21). Reaction of pyridine-l- 

I 

- + isoPrNCO (IV-21) 0 + iso-PrNC 3 0 + N  Br- 
*N 

I I 
0- (I-C=N-isoPr 

I 
Br 

IV-139 

oxide with diethyl or dimethyl bromomalonate at 0" for 3 days gave pyridine 
hydrobromide and tetraethyl 1-hydroxy-2-bromoethane-1,1,2,2-tetracar- 
boxylate (IV-140) (or the corresponding ester). When this reaction was 
carried out in the presence of ethoxide ion in ethanol, the product was 
tetramethyl 1,2-epoxyethane-l,1,2,2-tetracarboxylate (IV-141) (403). Pyri- 
dine-I-oxide and styrene oxide react at high temperature to give small 
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yields of phenacyl alcohol and benzaldehyde (380, 404), IV-142 being the 
proposed intermediate (eq. IV-22). In the presence of strong acid the same 

0 0 + PhCH-CH, /o\ -% 0 o- - 0 + PhCCH,OH II + PhCHO 

(IV-22) +N 
I I  

+ N  
t 
0- OCHzCHPh 

1V-142 

two reactants gave an alkoxy ammonium intermediate. If an a-methyl group 
is present, decomposition of the intermediate may proceed uiu an initial 
abstraction of a methyl hydrogen (ylid formation), followed by intra- 
molecular abstraction of the benzylic hydrogen through a sterically favored 
transition state IV-143 (404). 

IV-143 

Decomposition of the adduct from 2,6-lutidine- I-oxide, 1,2-epoxycycIo- 
hexane, and perchloric acid by aqueous base yields 2,6-lutidine, adipoin, 
and 1 -cyclopentenecarboxaldehyde (405,406). Similarly, 2,Mutidine- 1 - 
oxide styrene oxide adducts decompose in pyridine or in alkaline solution 
to 2,6-lutidine, phenacyl alcohol, benzaldehyde, and formaldehyde (406). 
Base-induced decomposition of the 2,6-lutidine- 1 -oxide adducts give 
products in which the amine oxide oxygen is assumed to become the carbonyl 
oxygen (eq. IV-23 and IV-24) (380,406). 

R-CH-CHR' - RCHO + R'CHO + NR, (IV-23) 
(4 
O-Ly.3 

O-qH OH 0 
I I  I II 

R-CH~C-R - RCH-CR +- NR, 
I 

(IV-24) 
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TABLE IV-36. Deoxygenation of Pyridine-I-oxides with pNitrobenzenesulknyI and Sulfinyl 
Chlorides 

Substituent 
in N-oxide Conditions Products Ref. 

None 

2-Me 

4-CI 

4-OMe 

+NO2 

(i)  pN02C,H,SCl Pyridine. (p-NO,C,H,S),. 
(ii) 150-160". 5 hr p-NOLC,H,SOSC6H,NOI-p. 

p-NOzCbH4S0,H 
( i )  p-NO,C,H,SOCI, C,H,. 25" Pyridine. (p-NO,ChH,S)z. 
(ii)-l8O-ioO',. 2 hr, N, atm 
(i) p-NO,C,H,SCI 
( i i )  A 

( i )  p-N02C,H,SOCI 
(ii) 140-150". 2 hr. N, atm 
(i) PhSOCI. 160". I hr  
( i i )  60". 1 hr 
(i) pNO,C,H,SOCI, 

CHCI,, R.T. 
(i i )  200", 10 hr 

p-NOzC6H,SOCI. 
CHCI,. A, 10 hr  

p-NOzC+,H,SOCI, 
200". 5 hr 

( i )  p-N02C,H,SOCI, 
CHCI,, R.T. 

(i i )  80". -- NO, 
( i i i )  180-200", 5 hr 

p-NO2C6HdCI, SO, 
2-Picoline. (p-NO,C,H,S),, 

g-NO,C,H,SOzSC,H,NO~-p, 
p-NOZChH,SOjH 

2-Picoline, Ip-NO,C,H,S),. 

2-Picoline. (PhS),, PhS0,H 
pNOZC,H,SO,H 

1 -(4-Pyridyl)-4-pyridone, 

c ~ J ~ - ~ , S C , H ~ N ~ , - ~  - 
- SC, H 4N02-p 

(p-N02C,H,S),. benzenethiol 

4-methoxypyridine. 
sulfonate. p-NO,C,HJSO3H 

p-N02ChHJSOJH. 
p-nitrophenyl p-nitroben7ene- 
thiosulfonate 

4-Methoxypyridine. 
(P-NO~C,H,S)Z. 
p-NO,C,H,SO,H 

I -(4-pyridyl)-4-chloropyridinium 
chloride 

305b 

305c 

305b 

305c 

305c 

305d 

375 

305d 

305d 

The 2,6-lutidine- 1-oxide 1 ,2-epoxycyclohexane adduct may be acetylated 
to IV-144 which, with pyridine or aqueous sodium carbonate, yields 2,6- 
lutidine and 2-acetoxycyclohexanone (IV-148). Direct abstraction of the 
hydrogen atom alpha to the amine oxide group in IV-144 does not occur. 
Decomposition of IV-144 in Na,C03/D,0 gave 2,6-lutidine with a high 
deuterium content in the methyl groups. H-D exchange occurs in adduct 
IV-144 via the resonance-stabilized ylid IV- 145. Thus,when the methyl groups 
in IV-144 are fully deuterated (IV-146), it decomposes in Na,CO,/D,O or 
in pyridine to 2,6-lutidine containing exactly one proton in its methyl group 
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(IV-147). It was concluded that intramolecular hydrogen transfer occurs 
via a six-membered transition state (IV-146) (Scheme IV-3) (405). Similar 
results are reported for 2,6-lutidine-l-oxide styrene oxide adduct (406). 

IV-144 IV-145 

IV-I46 

Pyridine-1 -oxides and p-nitrobenzenesulfenyl chloride or p-nitrobenzenc- 
sulfinyl chloride react to form the N-pyridinium adducts which, on heating, 
decompose to give the parent pyridine together with disulfide and other 
produdts (305b-d) (Table 

0- 

IV-36). 

d, @R + other 
QR products 

I c1- 
OSfO)C,H,NO,-p 

Equivalent amounts of pyridine-1-oxide and p-nitrobenzenesulfenyl 
chloride in benzene gave I-( p-nitrobenzenesulfeny1oxy)pyridinium chloride 
(IV-98) which was heated at 150" for 5 hr to yield pyridine, p,p'-dinitro- 
diphenyl disulfide, p-nitrophenyl p-nitrobenzenethiosulfonate, and p-nitro- 
benzenesulfonic acid (Scheme IV-4) (305b). Similar results were obtained 
with 2-methyl-, 4-chloro-, 4-methoxy-, and bnitropyridine- 1-oxide (305b, d). 
Neither a ring substituted rearrangement product nor unreacted pyridine-l- 
oxide were found among the products. On the basis of the reaction products 
and their distribution, it has been proposed that the N-0 bond of IV-4 
cleaves homolytically (305b). 
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0 + N  

I 
0- 

+ C 1 0 N 0 2  - 
- 

CI - 

/ IV-98 

i \ 

Y 

I CI 

Scheme IV-4 

When equivalent amounts of pyridine-1-oxide and p-nitrobenzenesulfinyl 
chloride in benzene were mixed, 1 -( p-nitrobenzenesulfiny1oxy)pyridinium 
chloride (IV-99) was obtained (305~). On heating this salt at 180 to 200" 
for 2 hr under nitrogen, several products were obtained: pyridine, 
p-nitrochlorobenzene, p-nitrobenzenesulfonic acid, and p,p'-dinit rodiphenyl- 
disulfide (Scheme IV-5). As in the previous example, neither a ring-substituted 
rearrangement product, nor unreacted pyridine-1-oxide were isolated 
among the other products, and the reaction is initiated by the cleavage of the 
N-0 bond of the salt (IV-99). 



IV-99 \ 0 + ozff4(-)c, + so2 

0 2 ~ s o ~ H  + 0 + HCI 

Scheme IV-5 

89 
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Path B reactions of alkoxypyridinium salts with nucleophiles such as 
Grignard reagents, alkyl mercaptans, cyanide ion, and others are described 
in detail in Section IV.2.C. 

1-Methoxypyridinium perchlorate reacts with borohydride anion irre- 
versibly with the formation of the dihydro derivative IV-149 which loses 
methanol to give pyridine (308). All attempts to trap this dihydro-inter- 
mediate by reaction with electrophiles such as acetic anhydride were 
unsuccessful. In the presence of excess sodium borohydride products of 
further reduction were obtained. Type C reactions are characterized by the 

OMe OMe 

IV-I49 
interaction of the pyridinium salts with nucleophiles and lead to pyridine- I -  
oxides and, in most cases, alkylation or acylation of the nucleophile. Thus 
1-methoxypyridinium salts react with nucleophiles such as nitrite, iodide, 
thiosulfate, azide, thiocyanate, and benzene sulphinate anions to yield 
pyridine-1-oxide and occasionally the methylated nucleophile (308) (Table 
IV-37). 1 -t-Butoxypyridinium perchlorate (IV-150) is slowly solvolyzed in 
aqueous solution to pyridine- I-oxide and t-butanol via an S,I decomposi- 
tion, as shown by NMR spectroscopy (308). If high concentrations of 
hydroxide ion are present, ring opening by path D competes. N o  reaction 
occurs at room temperature in aprotic solvents. If IV-150 is heated in polar 

+ 'i 
0- 

IV-150 

TABLE 1V-37. Reaction of I-Methoxypyridiniurn Perchlorates with Nucleophiles (308) 

N-methyl 
Nucleophile Conditions Product nucleophile (m.p.) 

NO; DMF, 24', 24 hr Pyridine- I -oxide - 

1- EtOH-acetone, 25". 6 hr Pyridine- I -oxide 
s,o; H,O, 80". 12 hr Complex mixture 
N .; H,O, 85". 9 hr Pyridine-I-oxide 
NCS- EtOH-acetone. 25". I .5 hr  Pyridine-1-oxide -- 

PhSO; H,O. 100". 24 hr Pyridine- 1-oxide 87" 
PhSO; DMF. 24". 120 hr Pyridine- I -oxide 85-87" 
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TABLE IV-38. Solvolysis of 1-Aralkoxypqridtniuri~ Salts (IV-15l)lJO7) 

Ar R Conditions Product 

Ph Ph 
Ph H 
Ph Ph 
Ph H 
Ph Ph 
Ph H 
Ph Ph 

Ph H 

H,O, HBr, alc. 
H,O, HBr, alc. 
HZO, 6. 
H z 0 ,  A 
PhOH 
PhOH 
BrCH(CO,Me), 

BrCH,(CO,Me), 

PhZCHOEt 
PhCH ,OEt 
Ph,CHOH 
PhCH,OH 

PhCH&H,OH-p and o-isomer 
(MeO,C),C(OH)C(BrKCO,Me), (400/;;), 

Ph,CHBr (85"4,), pyridine HBr (70'%,) 
(MeO,C),C(OH)C(Br)(CO,Me)z, 

PhCH,Br (85%), pyridine HBr 

PhzCHC,H,OH-p 

solvents, the N-oxide and t-butylene were obtained (308). When l-aralkoxy- 
pyridinium salts (IV-151) are heated in aqueous ethanolic hydrobroniic 
acid, the C-0 bond is cleaved to form pyridine-1-oxide hydrobromide and 
the corresponding aralkoxy ether (407) (Table IV-38). 

Ar 

IV-fS1 

The 1,2-epoxycyclohexane and 1,2-epoxybutane 2,6-lutidine- I -oxide 
adducts are stable in hot water (IOOO) overnight, but the styrene oxide adduct 
decomposed to phenyl-l,2-ethanediol and amine oxide (eq. IV-25) (406). 

p*0 
PhCHOH 

I 
CHzOH 

(IV-25) 

Thermolysis of 2,6lutidine-l-oxide styrene oxide perchlorate adduct under 
vacuum produces 2,6-iutidine-l -oxide perchlorate and phenylacetaldehyde 
(Scheme IV-6) (406). Thermolysis of 2,6-lutidine-l-oxide 1,2-epoxycyclo- 
hexane perchlorate adduct under vacuum gave a complex mixture of products 
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L :OH 
Scheme IY-6 

including (2,6-lutidine-l-oxide),WCIO, and cyclohexanone (406). 1- 
Methoxypyridinium salts (IV-152) are methylating agents( 180). For example, 
N-methylaniline was isolated as its N-p-toluenesulfonyl derivative from the 
reaction of aniline with the 1-methoxypyridinium salt. A few examples of 

- 0 f MeNHR 

+ N  
I r'.. I 
+Me H I N R  0- 

IV-152 

the decomposition of cyclic alkoxyammonium salts are shown below 
(83,408). H 

Q1 0 

Na. 

25% MclNH.2 H20 
A 

I 
0- 

>y C H 2 C H 2 0 H  

rCH2NMe2 

0- 
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The pyridinium chloride IV-153 loses carbon dioxide to give 4-picoline- 
1-oxide and benzyl chloride. When IV-153 is treated with tetraethyl- 
ammonium phenylacetate it gives 4-picoline- l-oxide, carbon dioxide, and 
benzyl phenylacetate (409) (Scheme IV-7). 

Me 

Me 

(I +N 
I 
0- 

0 
II 

PhCH,OCCI 

MeCN, 20" 
1_____* 

c', + COz + PhCHzCf 
Me 2 7  ;y 

0- 

Me 
Q I CI- 

O$OCH,Ph F; fi 
0 + CO? + 
IV-153 +N PhCHzCOtCHzPh 

1 
0- 

Scheme IV-7 

I-Benzoyloxynitro-tpyridones (IV-154) were prepared by the reaction 
of 2-chloro-3-nitro- and 2-chloro-5-nitropyridine-l-oxide with substituted 
benzoic acids (13,410,411). They react with amines (13,410) and alcohols 
(41 1) to give amides and esters, respectively (Scheme IV-8). Their reactivity 
towards nucleophilic reagents has been related with the position of the ester 

0-  

R*NH, 

AH 

R 

IV-154 I1 +R 

OH 

carbonyl group in the infrared (41 I). A number of substituted pyridine-l- 
oxides and other oxides have been used as catalysts in the reaction of m- 
chloroaniline with benzoyl chloride. The reaction rate constants are recorded 
in Table IV-39 (412a, b). 
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TABLE IV-39. Rate Constants for the Reaction of m-Chloroaniline with Benzoyl Chloride in 
the Presence of a Pyridine-1-oxide and Other Oxides (412a) 

~ 

Pyridine-I-oxide k,(mole-' sec- ' )  Oxide k,(mole-' sec-1) 

H 63 k 9 Me,SO 2.0 
3-Me 188 5 17 Ph2S0 0.29 
3-CI 7.6 0.8 BuAPO 9.97 k 0.28 
4-OMe 1,036 Ph,PO 2.38 f 0.14 
COCH,Ph 1.581 187 (Me,N),PO 4. I7 f 0.23 
4-NO2 0.52 k 0.02 

Path D reactions are characterized by nucleophilic attack at C-2 followed 
by ring-opening. 

Reaction of 1-methoxypyridinium salts with hydroxide ion was observed 
to give the transient appearance of a strong absorption band at 340 nm in 
the U.V. spectrum and hysterisis effects in potentiometric titration. This 
can be accounted for by reversible nucleophilic addition of hydroxide ion 
to the pyridine ring and subsequent ring opening (389) (eq. IV-26). The 
strong absorbance at 343 nm in alkaline solution is attributed to the inter- 
mediate IV-156, the enolate of the 0-methyl ether of glutaconic aldehyde 
mono-oxime (389). Acidification of the solution results in loss of the 343 nm 
ab:.orption and regeneration of IV-155. Reaction of IV-155 with methoxide 
ion in methanol yields pyridine and gives rise to no U.V. absorption above 
275 nm (389). The reaction of 1-methoxypyridinium perchlorate with 
aqueous hydroxide ion via path D to yield the ring-opened compound is 
independent of alkali strength. U.V. and NMR spectra show the presence 
of an unstable glutaconic derivative which results from ring opening of 

OXOH + p Qo- (?( 
N 0- I 
OMe 

I 
OMe 

I H  +N 
I 

OMe OMe 

lv- I55 IV-156 

1-methoxypyridinium perchlorate by piperidine (308). 
With substituted nitromethanes in the presence of sodium methoxide 

IV-IS5 undergoes ring opening of the pyridine ring to form a l-methoxy- 
imino-6-aci-nitrohexa-2,4-diene (IV-157) in good yield (413). 

OMe 

IV-155 IV-157 
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Piperidine and dimethylamine react with the isoxazolinopyridinium 
cation (IV-158) to yield 2-o~-aminobutadienylisoxazoles (IV-159) (414). The 

0- 

IV-158 

0- 

IV-159 

nature of the reaction between 1-methoxypyridinium salts and nucleophiles 
depends on several factors (308): (a) structure of the nucleophile - ring- 
opening by path D requires abstraction of an acidic hydrogen by a nucleo- 
philic reagent; (6) “hardness” or “softness” of the nucleophile-the ability 
of the nucleophile to remove the C-2 proton from the dihydro intermediate 
in path B, a process which will also be affected by the electron-withdrawing 
or donating properties of the substituted nucleophilic group; (c) differentia- 
tion between attack at the C-2 or C-4 position is determined by kinetic 
versus thermodynamic control. 

For nuclear attack by paths B or D, the initial step leading to the dihydro- 
pyridine intermediate is reversible whenever the enterin’g nucleophile is a 
good leaving group. The strength of the nucleophile determines the ability 
of the nucleophile to initiate ring attack, which involves a considerabie loss 
of resonance energy. Thus weak nucleophiles are either unable to initiate 
the first step in B or the equilibrium lies too far toward reactants. 

IV. Substitution at Carbon 

1. Electrophilic Substitution 

A .  Acid-Catalyzed H - D  Exchange 

2,4,6-TrimethyIpyridine-l-oxide and 2,6-lutidine-l-oxide undergo hydro- 
gen-deuterium exchange in acid solution as their conjugate acids. Exchange 
takes place at C-3 and C-5 (415). In the case of 2,6-lutidine-l-oxide, the free 
base can undergo exchange at C-4 at sufficiently low acidities. Comparison 
of the acid-catalyzed H-D exchange rates of 2,4,6-trimethylpyridine and 

\ +  \+  
its N-oxide indicates that N-OH is slightly moredeactivating than NH, 

/ / 
which is probably due to the electron attracting effect of the hydroxyi group 
(415, 416). It is reported that after 2 hr in 96% DzS04 at 220” pyridine-i- 
oxide does not undergo hydrogen-deuterium exchange; on the other hand, 



96 Pyridine-I -oxides 

after 3 hr at 180" in neutral solution (in D,O) exchange occurred at C-2 and 

In contrast to 2,6-lutidine- and 2,4,6-collidine-l-oxide, 3,5-lutidine-I- 
oxide undergoes acid-catalyzed H-D exchange at C-2, C-4, and C-6 as the 
free base, while 3-hydroxypyridine- 1-oxide also reacts at C-2 as the free 
base (418). 

C-6 (417). 

B.  Nitration 

As is well known (5-7), pyridine-1-oxides undergo nitration in fuming 
sulfuric acid with potassium nitrate or nitric acid at 100 to 130°, or with 
fuming nitric acid in sulfuric acid at 90" to give 4-nitropyridine- 1-oxides in 
good yields (Table IV-40). Charge distribution and localization energy 
calculations predict that electrophilic substitution of pyridine-1 -oxide 
should occur at C-2 (278), but, in fact, attack at C-4 is observed. In the case 
of pyridine-1-oxide, a small amount of 2-nitropyridine (IV-160) was obtained 
in addition to Ltnitropyridine- 1-oxide (IV-161) (419). The 4-nitro compound 

also results from the direct in situ nitration with concentrated nitric and 
sulfuric acids of pyridine-I-oxide formed by heating pyridine with 30 % 
H , 0 2  in glacial acetic acid (Table IV-41) (eq. IV-27). Alkyl groups at C-2 

facilitate nitration at C-4. On the other hand, a 3-alkyl substituent tends to 
exert a slight steric hindrance. There is no significant steric hindrance by 
halogen groups on the nitration of halopyridine- 1-oxide (7). 



TABLE IV-40.  Nitration of Pyridine- I-oxides 

Substituent 
in N-oxide Conditions 

~~ 

Products (yield) 

~ 

Ref. 

None 

None 

None 

None, HCl 

None. 2-',C 

2.6-dz 

?-Me 

2-El 

2.6- Me 

2,3-Mez 

2,5-Me2 

2-Me-5-Et 

2.3.5.6-Me, 

Fuming HNO,,  80°, 7 hr 

BzONO, 

(i) p-O2NC,HSCOCI. 
AgNO,. 0": 1 hr. 
K.T.. I hr 

( i i )  sat. HCI in EtOH 

H N O J ,  HZSO4 

HNO,.  H,SO,, 90". 4 hr 

KNO,, H2S0, 

Fuming HNO,, 80". 7 hr 

( i )  HNO,, H2S0,, 95". 3 hr 
( i i )  95- 98", 2 hr 
HNO,,  H,S04. 1.5-2 hr 

HNO, (d1.41) 

HNO,. HISO,, A ,  3.5 hr 

Fuming HNO,, 80", 7 hr 

HISO, (dl .84) 

Fuming HNO,, conc. 
H,SO,. 120". I hr 

HNO, (dl .5) conc. HISO, 
0". 3 hr 

( i )  HNO, (dl.5) HISO,, 0" 
( t i )  75", I hr 
HNO,. H,SO,, 130". 2.5 hr 

Fuming HNO,. 80". 7 hr 

H NO,, H ,SO, ,90 - 100" I 
3.5 hr 

6Nitropyridine-l-oxide, m.p. 427 
157-159", m.p. 162'(63:,{,) 428 

3-Nitropyridine-1-oxide, m.p. 118 
165-169" (minor). pyridine-l- 
oxide (major) 

picrace, m.p. 176- 178"; 
3.5-dinitropyridine- I - 
oxide, m.p. 183-185"; 
3-nitropyridine-l -oxide, 
m.p. 169-170" 

m.p. 158-159" 

m.p. 155 156" 

m.p. 163" 

m.p. 154- 153"; 34 I 

m.p. 156" (9004) 

m.p. 94-95" 

m.p. 94-96" (49%) 

m.p. 163" (852,) 

m.p. 91.5-93" 

m.p. 151-152" 

m.p. 151-152" 

m.p. 148-149" 

m.p. 84" 

m.p. 78-79" (61.92,) 

m.p. 78-79" 

pyridine-I-oxide, m.p. 
115-116"; picrate, m.p. 160-161" 

Pyridine-I-oxide, HCI, 423 

4-Nitropyridine- I-oxide, 338 

4-Nitr0pyridine-2-'~C-l-oxide. 28 

4-Nitropyridine-l-oxide-2,6-d2, 1 15 

4- Nitro-2-picoiine- 1 -oxide. 427 

4-nitro-2-picoline- I -oxide. 

2-eihyl-4-nirropyridine- I -oxide, 429 

2-Ethyl-4-nitropyridine- I -oxide. 430 

4-Nitro-2.6-lutidine- I-oxide. 120 

4- Nitro-2,3-lutidine- I -oxide. 30 

4-Nitro-2.5-lutidine- I-oxide, 42 7 

4-Nitro-2.5-lutidine-1 -oxide, 30 

4-Nitro-2.5-lutidine- I-oxide, 33 

5-Ethyl-4-nitro-2-picoline-l-oxide. I 10 

5-Ethyl-4-nitro-2-picoline-l-oxide, 360 

5-Ethyl-4-nitro-2-picoline-l-oxide. 427 

2.3.5.6-Tetramethyl-4-nitro- 337 



Table IV-40 (Continued) 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

3-Me 

3-El 

3-isoPr 

3,5-Me2 

2-c1 

2-Br 

2.6-Br2 

3-F 

3-F-2-Me 

3- F-5-Me 

3-F-2,6-MeZ 

3-CI 

3-Br 

4-CI-2-OH 

2-OH-4-OMe 

Fuming HNO,. 80". 7 hr 

Fuming HN03,  H2S0, 

Fuming HNO,, 
H,SO,, 90". 2 hr 

HNO,, H,SO,, 80-85" 

Fuming HNO,, 

HNO,. H2S0,. 
H,SO,, A, 1 hr 

90- 100". 3.5 hr 

90-100", 3.5 hr 

90- 100", 3.5 hr 

HNO3, HZSO, 

HNO,, HZSO, 

Fuming HNO,, conc. 
HzS04,  90". 1 hr 

Fuming HNO,. H,SO,, 
128-130". 3.5 hr 

Fuming HNO,. H,SO, 

HNO,. HzSO,, 
128-130". 3.5 hr 

Fuming HNO,, H,SO, 

Fuming HNO,, 

HNO, (dt.5). HZS04. 1 hr 
H,SO,, 90". 2 hr 

Fuming HNO,, 
H,SO,, I hr 

HWO,, conc. H,SO, 

HNO,, H2S0, 

HNO,, H,SO, 

HNO,, H,SO, 

HNO,. AcUH 
9o-IM)", 3.5 hr 

HNO,, AcOH, 10 min 

4-Nitro-3-picoline- 1 -oxide, 

4-Nitro-3-picoline- I -oxide. 

4-Nitro-3-picoline- I-oxide, 

4- Nitro-3-picohe- I-oxide, 

3-Ethyl-4-nitropyridine- I -oxide, 

3-Ethyl-4-nitropyridine-I-oxide 

m.p. 137" 

m.p. 130.-135" 

m.p. 136-137" 

m.p. 136" 

m.p. 63-64" 

3-Isopropyl-6nitropyridine- I - 

4-Nitro-3,5-lutidine-I-oxide, 
oxide. m.p. 138-139" 

m.p. 174-175"; picrate, m.p. 

2-Chloro-4-nitropyridine- 1 -oxide, 
m.p. 153-153.5" 

2-Chloro-4-nitropyridine- I-oxide, 
m.p. 140- 143" 

2-Bromo-4-nitropyridine-I-oxide, 
m.p. 140-141.5" 

2-Bromo-4-nitropyridine- I-oxide, 
m.p. 143-144" 

2,6-Dibronio-4-nitropyridine- I - 
oxide (65 7;)  

2,6-Dibromo-4-nitropyridine- l- 
oxide, m.p. 219-221" 

3-Fluoro-4-nitropyridine-I-oxide, 
m.p. 128" 

3-Fluoro-4-nitro-2-picoline-I- 
oxide, m.p. 183" 

5-Fluoro-4-nitro-3-picoline- I - 
oxide, m.p. 119" 

3-Fluoro-6nitro-2,6-lutidine- 1 - 
oxide, m.p. 136" 

3-Chloro-4-nitropyridine- I -oxide, 
m.p. 115" (84.5%) 

3-Bromo-4-nitropyridine- I-oxide, 
m.p. 156-157" 

4-Chloro- I -hydroxy-5-nitro-2- 
pyridone, m.p. 197-198" 

I -Hydroxy-4-methoxy-5-nitro-2- 
pyridone, m.p. 216-217" 

137.5-138.5" 

427 

34 I 

329 

345 

19 

337 

337 

337 

59 

43 1 

395 

437 

395 

I1 

352 

343 

56 

336 

428 

337, 
432 
62 

62,422 

98 



Table I V-40 (Continrtrd) 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

H NO,, AcOH 

2-OH-4-CN 

3-OMe-S-Et-2-Me 

2-CH ZCH~OAC 

3-CH,CHzCO,H 

2-CHzPh 

CCH,Ph 

2-CH-CHPh 

2-COlH 

2-CO,H-5- Me 

3-COzEt 

3-CN 

2-NMe2 

2-Ph 

3-Ph 

4-Ph 

HN03, AcOH, 10 min 

NaNO,, conc. H,SO, 

HNO, (dl  3, AcOH, 2 hr 

Fuming HNO,, 
H,SO,. A, 1 hr 

(i) HNO,. H,SO,, 0" 
(ii) loo", 2 hr 

( i )  HN03, H,SO,. 0" 
(ii) loo", 1.5 h r  

(i) HNO,, H,SO,, 0" 
(ii) 100". 1.5 hr 
HNO, (d1.5) conc. H,SO,, 

135", 4 hr 
Fuming HNO,. conc. 

H,SO,, 120". 1 hr 
(i) HNO,, conc. H,SO,, 0" 
(ii) 90". 3 hr 
(i) p-O,NC,H,COCI. 

AgNO,, 1 hr 
( i i )  40-50". 2.5 hr 
(iii) 55", 2 hr 
( i )  p-OzNC,H,COCI. 

AgN03. 1 hr 
( i i )  40-50". 2.5 h r  
( i i i )  55'. 2 hr 
( i )  Ac,O, AcOH, 0-5" 
(ii) HNO, (d1.52) <T 
(iii) R.T. 3 hr 

( i )  HNO,. H2S0,, 0" 
( i i )  loo", 12 hr  

( i )  HNO,, H,SO,, 0" 
(ii) 100". I2 h r  
t i )  HNO,, H,SO,, 0" 
(ii) loo", 12 hr 

Ethyl I-hydroxy-5-nitro-2- 
pyridone-4-carboxylate, 
m.p. 185" 

CCyano- I-hydroxy-5-ni~ro-2- 
pyridone, m.p. 209-210" 

5-Ethyl-3-methoxy-4-nitro-2- 
picoline-I-oxide, m.p. 183-184" 

2-(2-Hydroxyethyl)-4nitro- 
pyridine-I-oxide 

j3-(4-Nitro-3-pyridyl)propionic 
acid-1-oxide, m.p. 169-171" 

2-(4Nitrobenzyl)pyridine- I - 
oxide, n1.p. 166.5-167' ( 5 5 ' 3 :  
picrate, n1.p. 134- 134.5" 

444-Nitrobenzy1)pyridine- 1 - 
oxide, m.p. 165.5-166"; 
picrate, m.p. 156- 156.5" 

oxide, mp.  193- 195" 
J:, ~-Dinitro-2-styrylpyridine- I -  

4Nitropicolinic acid- I-oxide 

CNitropicolinic acid-I-oxide, 
m.p. 148" (45.5".;,) 

5-Met hyl-4-nitropicolinic 
acid-I-oxide, m.p. 145" 

Ethyl 5-nitronicotinate-l-oxide, 
m.p. 154' 

3-Cyano-5-nitropyridine-I-oxide, 
m.p. 205" (decomp.) (36.5',';) 

2-Dimethylamine-5- 
nitropyridine- I-oxide, 
m.p. 149-51": picrate, 
m.p. 141-145" 

2-(3-Nitrophenyl)pyridine- I - 
oxide, m.p. 73" (54%); 
24 2-nitrophenyl)pyridine-l- 
oxide, m.p. 59-60" 

344- Nitropheny1)pyridine- 1 - 
oxide, m.p. 148" (38':b) 

4-(3-Nitrophenyl)pyridine- I - 
oxide, nitrate hernihydrale. 
m.p. 215" 

62,422 

62,422 

72 

433 

19 

306 

306 

306 

99 

95 

34 

359 

359 

I 49 

306 

306 

306 

99 



TABLE 1V-41. Oxidation and Nitration without Isolation of the Intermediate N-oxide 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

None 

None 

2-14c 

2-Me 

2,6-Me2 

2-Me-S-Et 

2-Et 

3-Me 

3-Me 

3-F 

3-F-2-Me 

3-F-2,6-Me2 

3-F-5-Me 

3-CI 

(i) 30% H,O,, Ac,O, R.T. 

(ii) 60-65", 3.0 hr 
(iii) HNO,, H,SO, 
(i) 30% H,O,, AcOH 
(ii) 63% HNO,, conc. 

H,SO,, 90-95", 20 hr 
(i)  40% AcO,H, <SO", 6 hr 
(ii) HNO,, H,SO,, 1 hr 
(i) 30% H,O,, AcOH 
(ii) 63'x HNO,, conc. 

(i) 30% H,O,, AcOH 
(ii) 63 HNO,, conc. 

(i) 30% H,O,, AcOH 
(ii) 63 "/, HN03,  conc. 

H2SO4, 90-95". 20 hr 
(i) Perhydrol, glac. AcOH, 

75", 20 hr 
(ii) HNO,, H,SO,, 

95", 3 hr 
(i) 30% H,O,,AcOH, 

50". 48 hr 
(ii) Fuming HNO,, conc. 

H2S04, W", 2 h r  
(i) 30% H,O,, AcOH 
(ii) 63 % HNO,, conc. 

H,S04, 90-95". 20 hr 
(i) H,Oz, Ac,O, 60". 24 hr 
(ii) HNO,, (d1.5), 

H,SO,, I hr 
(i) 30% H2O2, Ac,O, 

65". 24 hr 
(ii) Fuming HNO,, 

H2S04, 1 hr 
(i) HzOz, Ac,O, 60", 30 hr 
(ii) HNO,, H,SO,, 

waterbath, 1.5 hr 
( i )  30% HZO,, Ac,O, 

W ,  24 hr 
(ii) HN03,  conc. H,SO, 
(i) 30% H,O,, Ac,O, 

(ii) 60-65", 30 hr 
(iii) HNO,, H,SO, 

5 hr 

H,SO,, 90-95", 20 hr 

H2S04, 90-95", 20 hr 

R.T. 5 hr 

4-Nitropyridine-l-oxide, m.p. 162" 
(63 %) 

4Nitropyridine- I-oxide, 
m.p. 158-159" (76-790/,) 

4-Nitr0pyridine-2-'~C- I-oxide, 

4-Nitro-2-picotine- 1-oxide, 
m.p. 155-156" 

m.p. 154" (78%) 

&Nitro-2,6-lutidine- I -oxide, 
m.p. 163" (80%) 

5-Ethyl-4-nitro-2-picoline-l-oxide, 
m.p. 87-88" (90 %) 

2-Ethyld-nitropyridine-l-oxide, 

m.p. 94-96" (49%) 

4- Nitro-3-picoline- 1-oxide, 
m.p. 135-137"(87"i,) 

m.p. 94-95" 

4-Nitro-3-picoline- 1 -oxide, 
m.p. 135" (76.5 %) 

3-Fluoro-4-nitropyridine- I -oxide, 
m.p. 128" (58 %) 

3-Fluoro-6nitro-2-picoline- I-oxide, 
m.p. 183" 

3-Fluoro-4-nitro-2,6-lutidine- I -  
oxide 

5-Fluoro-4-nitro-3-picoline- 1 - 
oxide, m.p. 119" 

3-Chloro-4-nitropyridine-1-oxide. 
m.p. I IS" (84.5 %) 

428 

434 

28 

434 

434 

434 

429 

430 

329 

434 

352 

343 

336 

56 

428 
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Table IV-41 (Continued) 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

2-CH,CH20H (i) Ac,O, 75". 2 hr 
(ii) 50% H,Oz, 75-85". 

(i i i)  conc. HNO,, A, 2 hr 
(i) Ac,O, 75". 2 hr 

6-10hr 

2-CH,CH2OH- 
5-Et (i i)  50% HzO,, 75-85", 

6-IOhr 
(iii) Conc. HNO,, A, 2 hr 
(i) Ac,O, 75", 2 hr 2-CH,CH,OH- 

).&Me, (ii) 50% Hz02,  75-85". 
6-10hr 

(iii) conc. HNO,, A, 2 hr 

(ii) 50% H,O,, 75-85", 

(iii) Conc. HNO,, A, 2 hr 
(i) Ac,O, 75", 2 hr 
(ii) 50% H,O,, 75-85", 

(iii) Conc. HNO,, A. 2 hr 

2-CH,CH,CH2OH (i) Ac,O, 75", 2 hr 

6-10hr 

3-CHZOH 

6-10hr 

2-(1-0xid0-4-nriro-2-pyr1dyl)ethanol 433 

2-( I-Oxido-4-nitro-4-ethyl-2- 433 
pyrid yl)et hanol 

2-( l-Oxido-3,6-dimethyl-4-nitro-2- 433 
pyridyl)ec hanol 

34 1 -0xido-4-nitro-2- 433 
pyridy1)propanol 

3-Hydroxyrnethyl-4-nitropyridine- 433 
I-oxide 

Picolinic acid-1-oxide (IV-25) is nitrated with fuming nitric acid in concen- 
trated sulfuric acid to yield 4-nitropicolinic acid- 1-oxide (IV-162) (95,99). 

TO2 

fuming H N O , ~ C O ~ C  H,SO, 
A 

I 
0- 

IV-25 
0- 
IV-162 

The orienting effect of the N-oxide group dominates that of an alkoxy group. 
On the other hand, a hydroxyl group takes over the orientation from the 
N-oxide function, and nitration occurs ortho and para to the hydroxyl group 
(420). Electrophilic substitution in 3-hydroxypyridine-I-oxide (IV-163) first 

0- 0- 
IV-163 
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occurs at C-2 and then at C-4 or C-6 (421). Nitration of 4-substituted 1- 
hydroxy-Zpyridone (IV-164) with nitric acid in acetic acid gives the 4- 
substituted-l-hydroxy-5-nitro-2-pyridone (IV-165) (62,422). Similarly, nitra- 

x X a0- 02Nao 
I I 

OH OH 

IV-164 IV- 165 

tion of 2-dimethylaminopyridine-1-oxide (IV-166) yields the 5-nitro-deriva- 
tive (IV-167) (149). The phenyl groups in phenylpyridine-I-oxides and 4- 
benzylpyridine-1-oxide undergo nitration, rather than the pyridine ring. 

0, = O z N n  < 2' 

+N NMe, I 
0- 

+ N  NMe2 I 
0- 

IV-166 IV-167 

When pyridine-1-oxide was nitrated with BzONO,, a very low yield of 
3-nitropyridine-I-oxide was obtained (1 18). Nitration of 3-cyano- and 3- 
ethoxycarbonylpyridine-1-oxide with p-nitrobenzoyl chloride and silver 
nitrate yielded the 5-nitro-derivative (359). With pyridine-1-oxide itself 
under these conditions, 3-nitro- (IV-168) and 3,5-dinitropyridine-l-oxide 
(IV-169), as well as unreacted pyridine-1 -oxide (as the hydrochloride salt) 
were obtained (423). The mechanism of the reaction is discussed in Chapter I. 

(0 pNO,C,H,COCI b U N O Z  + O ~ N y y 0 2  

+N 
I 
0- 

0 111) A I M 0 3  \ +N 
I 
0- 
IV- 168 IV-169 

+N 
I 
0- 

Whereas nitration of isoquinoline-2-oxide at 25" occurred via the conjugate 
acid, a comparison with the nitration of pyridine-1-oxide at 125" and 1- 
methoxypyridinium salts indicated that nitration of pyridine-1-oxide 
proceeded via the free base (424). Nitration in sulfuric acid at 80" (and of 
2,6-lutidine-l-oxide) to give the 4-nitro-compound does not involve the 
protonated N-oxides but may possibly proceed by nitration of the small 
equilibrium concentration of free bases (425). Other mechanisms were 
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discussed. Kinetic evidence also showed that the nitration of pyridine-l- 
oxide and its derivatives at C-4 occurs on the free base (426). On the other 
hand, 2,6-dimethyl, 4-methoxy-2,6dimethoxy-, and 2,4,6-trimethoxypyri- 
dine-l-oxides undergo nitration at C-3; thus nitration of the conjugate acid 
is occurring (426). 

C. Halogenation 

Bromination of pyridine-l-oxides is as difficult to effect as is that of pyridine 
itself. When pyridine-l-oxide was brominated with excess bromine in 90% 
sulfuric acid and silver sulfate at 20O0, a 10% yield of 2- and 4-bromo- 
pyridine-I-oxide, in the ratio of 1 :2, was obtained (415). Bromination in 
65 % fuming sulfuric acid, however, gave 3-bromopyridine (ca. 60%) and 
minor amounts of the 2- and 4-bromo- compounds, together with 2,5- 
dibromo- (ca. 35%) and 3,4- and 2,3-dibromo compounds (ca. 5%) (63). 
To explain the attack at C-3 it was suggested that in fuming sulfuric acid, a 
complex (IV-170) is formed between pyridine-l-oxide and sulfur trioxide 
(6, 7). The 2-, 4-, and 6- positions are thus deactivated toward electrophilic 
attack, and bromination occurs at C-3. It was found that pyridine-l-oxide o-Q.--.CJ 

I oso; I oso; 
+N 

I 
oso; oso; oso; oso; 

IV-170 

in acetic anhydride and sodium acetate reacted with bromine to give 3,5- 
dibromopyridine-l-oxide (IV-171) in 35 yield (435,436). Bromination of 
3-bromopyridine- I-oxide with bromine in 90 % sulfuric acid containing 

0- 0- 

IV-171 

silver sulfate at 160" for 20 hr gave a 5 to 10% yield of products which 
consisted of 2,5- (61 %), 3,4- (16%), and 2,5-dibromo (16%) derivatives. It 
was suggested that in fuming sulfuric acid, the 3-bromine atom takes over 
the orientation from the N-oxide and directs ortho and para to itself (63). 
When 2-bromopyridine- l-oxide was brominated in 90 "/, sulfuric acid, the 
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2,4- :2,6-isorner ratio was 4.5 : 1 ; in fuming sulfuric acid, however, the 2,3- 
and 2,5-dibromopyridine-l-oxides were obtained. 3,LtDibromopyridine- 
1-oxide (84 %) and 3,4,5-tribromopyridine-l-oxide (10 %) were obtained as 
a result of bromination of 4-bromopyridine- 1-oxide in fuming sulfuric acid 
(63). Iodination of hydroxypyridine- 1-oxide with iodine or iodine-potassium 
iodide results in attack of iodine ortho and para to the pyridone function 
(335,395) (Scheme IV-9). 

O H  OH 

I 

0- 
Scheme IV-9 

D. Mercuration 

Mercuration of pyridine-1-oxide with mercuric acetate in glacial acetic 
acid at 130" gave the 2-substituted product, which undergoes further 
substitution as shown at top of page 105 (eq. IV-28) (437,438). 

E.  Sulfonation 

Pyridine-I-oxides undergo sulfonation under vigorous conditions. For 
example, pyridine-3-sulfonic acid- 1 -oxide (IV-172) was the major product 
obtained on heating pyridine-1-oxide with catalytic amounts of mercuric 
sulfate in 20% sulfuric acid at 220 to 240" (36,439). Substitution at C-3 is 
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*n - IidOAc),. AcOH. 130". 2 hr 

+N +N HgOAc 
I 
0- 

HgOAc 
I 

0 
I 
0- 

(IV-28) 

0- 6- 
H l O A c  AcOHg 

0- 0- 

probably due to the formation of the pyridine-l-oxide-sulfur trioxide 
complex as discussed previously. Pyridine-2-sulfonic acid- I-oxide (0.5- 1 %) 
and the 4-sulfonic acid (2-2.5%) were isolated as minor products. Under 
similar conditions, 2,6-lutidine-l-oxide undergoes substitution at C-3 (36). 

' us03H fuming H2S0,.HgS0. 

+" 

0- 0- 
IV-172 

2. Nucleophilic Substitution 

A .  Organometallic Reagents 

Grignard reagents react with the -N(O)=CH- group converting it 
into -N=CR-. With pyridine-l-oxide, low yields of the products were 
obtained (6,7). However, both N-methylanabasine-"-oxide (IV-173) and 
the N,N'-dioxide reacted with methylmagnesium iodide to give 6-methyl- 
3-( l-methyl-2-piperidy1)pyridine (IV-174) (440,441). The observed orienta- 
tion is probably due to steric hindrance by the 3-substituent (complexed with 
organometallic reagent) to the approach of the Grignard compound. 
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0- 

IV-173 
IV-I74 

Recently, the reaction of pyridine- I-oxide with phenylmagnesium bromide 
was reinvestigated, except that tetrahydrofuran was used (442) as the solvent 
instead of benzene (443a). The main product of this reaction was l-hydroxy- 
2-phenyl- 1 ,Zdihydropyridine (IV-175) which, on heating, lost water to give 
2-phenylpyridine (IV-176). 2-Phenylpyridine (5 %) and 2,2'-diphenyl-4,4'- 
bipyridyl (IV-177) were by-products of the addition. 2- And 4-picoline- I -  
oxide, as well as quinoline-1-oxide, also undergo this reaction. Later it was 

1v-175 IV-176 IV-177 

reported (443b) that the addition product (IV-175) is a useful intermediate 
for the synthesis of some ring-opened conjugated systems which, on work up, 
gave the all-truns-nitrile IV-178. Evidence has been presented (443c) that 

II 
IV-175 0 

Ph(CH=CH),CN 

IV-178 

additions of aryl Grignard reagents to pyridine-I-oxide do not lead to 1,2- 
dihydropyridine (IV-175) but rather to a ring-opened product, S-aryl-Z(cis), 
4-(truns)-pentadienaI(syn)-oxime (IV-179) (Table IV-42), which cyclizes to 
give 2-arylpyridines (IV-180) as well as the open-chain nitriles. A driving 
force for ring opening is the potentially greater delocalization of charge in 
the open-chain structure. It is supposed that addition of the Grignard 
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' Ar HO Ar 
d / ,  +N 

I 
0- IV-179 

~ -H' G A r  +-CH,CO; 

\ ..... 
Ar H 

Ar 
IV-180 L? 

CH,CO 
II 
0 

reagent perpendicular to the pyridine ring is followed by immediate dis- 
rotatory opening of IV-17% leading directly to the observed stereochemistry 
(eq. IV-29). Treatment of IV-179 with acetic anhydride gives 2-arylpyridine 
(IV-180) and a small amount of open-chain nitrile. 

i+- BrMgO ,QPh 
//& 

BrMgO 
IV-175a 

(I V-29) 

TABLE IV-42. Reaction of Pyridine-I-oxide with Grignard Reagents 10 Yield 
Oximes (443c) 

Conditions Products 

PhMgX ( I  .5 equiv.), 
THF, R.T.. I hr 

C,D,MgX ( I  .5 equiv.), 
THF, R.T., I h r  

p-MeC,H, MgX [ I  .5 equiv.), 
THF, R.T., I hr 

p-AnisylMgX ( I  .5 equiv.), 
THF, R.T., I hr 

2-ThienylMgX (1.5 equiv.). 
THF, R.T., I hr 

5- Phenyl-Z(cisJ,4(trut?.~j-pentadienal 
(syn)-oxime (28 7;) 

5-Perdeute~iophenyI-Z(c~is),4(~run.s)- 
pentadienal (syn)-oxime (27'7,) 

5-p-Tolyl-2(~i.s),4(1run,s)-pentadienal 
I.syn)-oxirne (45 2,) 

S-p-Anisyl-2(c.i~),4(rrans)-pentadienal 
(synj-oxime (lox,) 

542- Jhienyl)-r?(cis),Qtrunsj-pntadienal 
(syn)-oxirne (48 '!<) 
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N-  Alkoxypyridinium salts undergo nucleophilic substitution more readily 
than do pyridine-1-oxides. For example, 1-ethoxy-3-s.ubstituted pyridinium 
bromide (IV-181) reacts with alkyl Grignard reagents with loss of the ethoxy 
group to give the 2-alkyl-3-substituted pyridine. The pyridinium salt is also 
partially decomposed to give the parent pyridine, together with a dialkyl 
carbinol (eq. IV-30) (307, 444). The key step in the synthesis of (&)- 
desethyldasycarpidone involves the condensation of indolylmagnesium 

O H  nR + 
uR+ CH,CHR I mR+ R‘MgX - “AR’ 
\ ty Br- 

(IV-30) OEt 

IV-181 

bromide (IV-182) with methyl isonicotinate-1-oxide (IV-183) in the presence 
of benzoyl chloride in tetrahydrofuran-methylene dichloride to give inter- 
mediate IV-184, which yields the pyridylindole compound IV-185 (12 %) as 
a mixture of stereoisomers (109b). When ether-methylene dichloride was 
used as solvent, IV-182 (1  %) and a byproduct (IV-186) were obtained. 
Using ether as solvent only 3-benzoylindole (IV-187) was formed. The 

IV-182 IV-183 \ 1v-I84 

reaction of pyridine- 1-oxide with phenyllithium was reported to give 
2-phenylpyridine and other unidentified products (445). 

It was reported that 2,3,4,5,6-pentachloropyridine- 1 -oxide (IV-188) in 
ether reacted with one equivalent of methylmagnesium iodide to give 
3,4,5,6-tetrachloro-2-picoline-l-oxide (IV-189) (40 ‘%,). in the presence of 
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excess Grignard reagent (two equivalents), 3,4,5,6-tetrachloro-2-picoline- 
1-oxide (IV-189a) (37 %) and 3,4,5-trichloro-2,6-lutidine-l-oxide (IV-190b) 
(29 %) were obtained (Table IV-43) (351,354b). When both of these reactions 
were carried out in boiling ether, deoxygenation of the starting material 
became the main reaction and the methylated 1-oxides were obtained in 
less than 10 "/, yield. The reactions of pentachloropyridine-1-oxide (IV-188) 
with phenyl- and ethylmagnesium bromide occurred more readily in THF 

TABLE IV-43. Products from the Reaction of Pentachloropyridine-I-oxide with Crignard 
Reagents (354b) 

~~ 

Conditions Products ( 'I:,) 

MeMgl ( I  equiv.). 
ether. 25". 0.5 hr 

MeMgI (2 equiv.), 
ether. 25". 2 hr 

EtMgBr ( I  equiv.). 
ether. 25". 10 hr 

EtMgBr ( I  equiv.), 
THF, 60,2 hr 

EtMgBr (2 equiv.), 
THF, 60". 2 hr 

EtMgBr (4 equiv.), 
THF, 60". 2 hr 

PhMgBr ( I  equiv.), 
THF, 60". 2 hr 

PhMgBr (2 equiv.). 
THF, W .  2 hr 

PhMgBr (4 equiv.). 
THF, 60". 3 hr 

Pentachloropyridine- I-oxide (63 %); pentachloropyridine (2 "4,); 
3,4,5,6-tetrachloro-2-picoline-l -oxide. m.p: 137" (32 '!:,I; 
3,4,5-trichloro-2,6-lutidine-l-oxide, m.p. 135" (3 76) 

Pentachlorppyridine-I-oxide (23 x); pentachloropyridine (2 I:;,); 
3,4.5,6-tetrachloro-2-picoline-l -oxide (37 %); 3.4,5-trichloro- 
2,blutidine-I-oxide (29 ?$); polymeric tars (13 %) 

ethylpyridine-I-oxide, m.p. 109" (4:,?,): 
3,4.5-trichloro-2.6-diethylpyridine-l-oxide, m.p. 108" (8 I.',,); 

3,4,5,6-tetrachloro-2-hydroxypyridine- I -oxide ( I3 I::,) 
Penrachloropyridine-1 -oxide (56 X ) ;  3,4,5.6-tetrachloro-2- 
ethylpyridine-I-oxide (4 "Q; 
3,4,5-trichloro-2,6-diethylpyridine- 1-oxide (I0 >o); 

3,4,5,6-tetrachloro-2-hydroxypyridine- I -oxide (30 yf;) 
Pentachloropyridine-I-oxide (307"); 3,4,5,6-tetrachloro-2- 
ethylpyridine-I-oxide (7 %); 
3,4,5-trichloro-2,6-diethylpyridine- t -oxide (I4 ?,,); 
3,4.5,6-:etrachloro-2-hydroxypyridine- I -oxidc (50 7;) 

3,4,5-Trichloro-2,6-diet hylpyridine- I -oxide (72 y.2); 
3,4,5,6-1e1rachloro-2-hydraxypyridine-i-oxide (21 I.':,) 

Pentachloropyridine- 1 -oxide (62 2,); 3,4,5,6-tetrachloro-2- 
phenylpyridine-I-oxide, m.p. 112" (14%); 
3,4,5-trichIoro-2.6-diphenylpyridine-l-oxide, m.p. > 200" (4 ",;); 
3,4.5,6-tetrachloro-2-hydroxypyridine-l -oxide, m.p. 180" 
(decomp.) (20:(,) 

3,4.5,6-tetrachloro-2-phenylpyridine- 1 -oxide (30 2,); 
3.4,5-1richloro-2,6-diphenylpyridine- I-oxide (3  7;): 
3.4,5,6-teirachIoro-2-hydroxypyridine- I -oxide (30 I::,) 

3.4,5,6-Tetrachloro-2-phenylpyridine- I -oxide (75 'ZJ: 
3.4.5-trichloro-2.6-diphenylpyridine- I -oxide (8 Yh); 
3,4,5,6-tetrachloro-2-hydroxypyridine- I-oxide (10 ?:J; 
polymeric tars ( 5  Y,;) 

Pentachloropyridine- I-oxide (75 x,); 3.4,5,6-tetrachloro-2- 

Pentachloropyridine- I-oxide (38 'z); 
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than in ether (354b). With a large excess of Grignard reagent (four equiva- 
lents) the expected 2,6-diphenyl- (IV-19Ob) or diethyl- (IV-19oc) trichloro- 
pyridine-1-oxide was themajor product (354b). With one to twoequivalents of 
Grigrard reagent, a mixture of starting material, 2-mono- (IV-HW) and 2,6- 
diphenyl- (IV-190b) or ethyl-pyridine-1-oxides (IV-19Oc) and an unexpected 
3,4,5,6-tetrachloro-2-hydroxypyridine-l -oxide (IV-191) were obtained (Table 
IV-43) (354b). 3,4,5,6-Tetrachloro-2-hydroxypyridine-l-oxide (IV-191) was 

- MgClX 

IV-188 

/ 

\ \ 

R +N R 
CI + I  MgX I 

0- 0- 0- 

IV-192 IV-191 IV-190 

(a;R = Me; b; R = Ph; c; R = Et) 

produced only in the reaction with phenyl- and ethylmagnesium bromide 
and is formed from the intermediate exchange Grignard reagent (IV-192), 
which suffers atmospheric oxidation followed by hydrolysis. In the case of 
methylmagnesium iodide, the methyl halide generated was capable of 
exchange to give the monomethylated-1-oxide (IV-18%); phenyl and ethyl 
halides are, however, less prone to react with the complex IV-192. When 
the reaction was carried out under a nitrogen atmosphere, only a small 
amount of the 2-hydroxy compound ( c 5 %) was obtained. 

Attempts to carry out similar reactions with n-BuLi, MeLi, and PhLi 
under various conditions failed. Only starting material or tars were isolated 
(35 1). 

2-Ethynylpyridine- 1-oxide (IV-193a) was obtained in good yield from 
pyridine- 1 -oxide and ethynyl sodium in dimethyl sulfoxide at room tempera- 
ture (446). 2-(Phenylethynyl)pyridine-l-oxide (IV-193b) was similarly pre- 
pared (477). 
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R; R = H (90%) 
b; R = Ph (40%) 

0- 0- 
IV-193 

B .  Inorganic Acid Halides 

2- And 4-chloropyridines were obtained on chlorination of pyridine-l- 
oxide with phosphorus pentachloride, phosphorus oxychloride, or sulfuryl 
chloride (5,7). The inorganic acid halide complexes with the N-oxide 
function to give a complex which undergoes nucleophillic attack by the 
halide ion to give 2- and 4-halopyridines (Scheme IV-10). 

0 +N 
I 

+ P a ,  
a- PCI, 

0- 
CI 

Scheme IV-10 

Chlorination of pyridine-I-oxide with phosphorus pentachloride gave 
more 4chloropyridine than 2-chloropyridine, indicating the importance of 
intermolecular processes in this reaction (Table IV-44) (34). When, however, 
phosphorus oxychloride was used, substitution at C-2 predominated 
slightly over attack at C-4, suggesting that with this reagent intramolecular 
attack is important. The results obtained on chlorination of 3-picoline- and 
3,4-lutidine-l-oxide are summarized in Table IV-44 (34). 

When the 2- or 4-position of pyridine-1-oxide is occupied, the chlorine 
atom can enter the 4- or 6-positions. For example, chlorination of 2-chloro- 
pyridine-I-oxide with phosphorus oxychloride gave 2,6-dichloropyridine 
(358). A 2-methyl group is occasionally attacked as well. For example, 



TABLE IV-44. Reaction or Pyridine- 1 -oxides with Phosphorus Halides 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

None 

?-Me 
3-Me 

4-Me 

2.6- M e2 
3,4-Me, 

3-I-BU 

2x1  
4-CI-3-NOZ 

3-OAc-2-Me- 
4,5-(CHZOAc)z 

3-CHZCI 

3-CH2CN 

(l3.0"() 34 

(8.8:,<) 34 

PCI,, 1.5 hr 4-Chloropyridine (58.5 ?(,) 
-7-Chloropyridine (41.5 'I,;,) 

PCI,, 3.5 hr 4-Chloropyridine (48.5 '',;,) 
2-Chloropyridine (51 S"4) 

POCI,, 1.5 hr 4-Chloropyridine (30.1 "6) 
2-Chloropyridine (69.9 Y:,) 
4-Chloropyridine (3 I .8 7;) ,62.5 %,, POCI,, 3.5 hr 
2-Chloropyridine (68.2 %,) 

PCI, --POCI, ( I  :4.5), 4-Chloropyridine (57.62,) 
1.5 hr 2-Chloropyridine (42.4 y!,) 

KIs- POCI, ( I  :4.5), 4-Chioropyridine (53.5';i) 
3.5 hr 2-Chloropyridine (46.5 %) 

POCI,, toluene, 4 hr 4-Chloro-2-picoline 
PCI,, 1.5 hr 

(52.2'?3 34 

34 

(8.22,) 34 

}(13.1"<,) 34 

348 

i 
2-Chloro-3-picoline (28.3 2,) (30.01 34 
4-Chloro-3-picoline (51.6 2,) 

6-Chloro-3-ptcoline (20. I :(,) 

2-Chloro-3-picoline (30.6",,) (96.5',',,,) 34 
4-Chloro-3-picoline (44.0 I,!,,) 

6-Chloro-3-picoline (25.4 ::,I 

2-Chloro-3-picoline (3 1.2 y;,) (51.03 Y,,,) 34 

34 
34 

PC1,-POCI, ( I  :4.5), 4-Chloro-3-picoline (44.8":,) 

I h r  6-Chloro-3-picoline (23.9 I:;,,) 

POCI,. 1.5 hr 2-Chloro-4-picoline (34.2 y,:,) 
PC1,-POCI, ( I  :4.5), 2-Chioro-rtpicoline ( 7 . 5 3  

1.5 hr 
POCI, 4-Chloro-2,6-lutidine 61 

(0.9%) 34 PCI,, 1.5 hr 2-Chloro-3,4-lutidine (63.7 Y;,) 

(69.2") 34 

(11.32,) 34 

6-Chloro-3,4-lutidine (36.3 :/;,) 
POCI,, I .5 hr 2-Chloro-3,4-luttdine (45.3 ::,) 

6-Chloro-3,4-lutidine (54.7 y,;,) 
PCI, -POCI, ( 1  :4.5), 2-Chloro-3,4-lutidine (44.0:/;,,) 

} (76.2x) 34 POCI,, NaCl 2-Chlor0-3.4-1utidine (46. I 7:) 
6-Chloro-3,4-lutidine (53.9 x )  

1 
1 
1 

POCI,, 1.5 hr 

i 
1.5 hr 6-Chloro-3,4-lutidine (56.0 :.(,)} 

SOzC12, I1O-12O0, 3-t-Butylpyridine; picrate, m.p. 337 

POCI, 2,6-Dichloropyridine (91 %) 357 
POCI,, I0 h r  2,4-Dichloro-3-nitropyridine; 449 

(i) POCI,. IOO", 0.5 hr 3-Acetoxy-6-chloro-4,5-diacetoxy- 73 

2 hr 152-153" 

2,4-dichIoro-5-nirropyridine 

(i i)  120", 0.5 hr methy I-Zpicoline 
POCI, 2-Chloro-3-chloromet hylpyridine, 312 

b.p. 115"/13 mm 
FOCI J 2-Chloro-3-cyanomet hylpyridine 8Oa 

112 
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Table 1V-44 (Conrimd) 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

3-COzH PCI,. POCI, 
4-COZEt (i) POCI,, 130- 140" 

(i i )  KOH 

3-C0,Me-2-Me- POCI,. 100" 
4.5-(CH,C0,Mej2 

3.4-(C02Me),- POCI,, 120" 
6-Me 

4-CN-3-Et POCI,,CHCI,. A 

4-CONHz PCI,. POCI,, 
120-130". I5 hr 

I .5 hr 

5 hr 

PCI,, POCI,, p, 

3-NOZ POCI,, PClsc 1.50". 

POCI,, A, 1.5 hr 

3.5-(NO,), PCI,, POCI,, 
I5V, 5 hr 

2-Chloronicotinic acid, nicotinic acid 
2-Chloroisonicotinic acid (701?:,) 

C H ,CO M e 
C0,Mc 

McozCCH2* 

CI 
Dimet hyl 6-chloro-2-picoline-3,4- 

dicarboxylatc (14';,,); 
dimethyl 2-chloromethylpyridine- 
4,5-d1carboxylate (40 "(J 

2-chloro-4-cyano-5-et hylpyridine 
2-Chloro-4-cyano-3-ethylppdine. 

2-Chloro-4-cyanopyridine 

2-Chloro-4-cyanopyridine, m.p. 

2-Chloro-3-nitropyridine (45 

2-Chloro-3-nitropyridine (30:i); 

2-Chloro-3,5-dinitropyridine 

60-65" (50y.L) 

2-chloro-5-nitropyridine (8.4 :(,) 

450 
45 I 

73 

448 

452 

I43 

I10 

423 

I I7 

423 

dimethyl 2-picoline-4,5-dicarboxylate-l-oxide (IV-194) reacts with, phos- 
phorus oxychloride to give dimethyl 6-chloro-2-picoline-4,5-dicarboxylate 
(IV-195) and the picolyl chloride derivative (IV-196) (448). In the nuclear fico2Mepy, C0,Me ,e" C02Me + P 2 M e  - 

\ \ \ 

Me CI CICHz Me + N  I 
0 -  

IV-194 
IV-1% IV-1% 

chlorination of pyridyl alcohol-1-oxides, it is usually necessary to protect 
the alcoholic hydroxyl group by acylation (eq. IV-31) (73). With the exception 

CH~OAC CH,OAc 

AcoCH 2 - f f A c  2 p ~ ; A - ) $ ( O A c  (IV-31) 

+N Me CI Me I 
0- 
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of 3-bromopyridine-l-oxide, the other 3-substituted pyridine-1-oxides 
direct the entering chlorine atom to the 2-position. For example, chlorination 
of 3-nitropyridine- 1-oxide with phosphorus oxychloride gave 2-chloro-3- 
nitropyridine (30 x) and 2-chloro-5-nitropyridine (8.4 %) (1 17). Chlorination 
of 4-isonicotinamide- 1 -oxide (IV-197) with phosphorus oxychloride and 
phosphorus pentachloride gives 2-chloro-4-cyanopyridine (IV-198) (144). 

CONH, 

0- 

IV-197 IV-198 

Some oxides, for example 1-hydroxy-4-pyridone, will undergo nucleophilic 
displacement rather than attack of the nucleus to give 4-chloropyridine-l- 
oxide. These reactions are discussed in the section on side chain-reactions 
(see Section V.7). 

C .  Nucleophilic Attack on I -Alkoxy 
and I -Acyloxypyridinium Salts 

The Reissert reaction is unsuccessful in the pyridine- 1-oxide series except 
in the case of 4-chloropyridine-1-oxide (eq. IV-32) (453,454). However, a 

CI C1 

(IV-32) 

0- 

cyano group was introduced at the 2- and Cpositions of a pyridine ring 
which was activated by a 1 -alkoxy group (Table IV-45). The results show that 
an electron-withdrawing group at the 2- or 4-position accelerates this reaction 
and an electron-donating group has the opposite effect. With the exception 
of a 3-carboxylic ester, a 3-substituent (either electron-donating or attracting) 
directs the entering nucleophile predominately to (2-2. External factors such 
as temperature, pH, and solvent, as well as an internal factor, such as the 
size of the 0-alkylating group, affect the isomer ratio (6,7). A two-stage 
mechanism was proposed to account for the results. The first step is postu- 
lated to be rapidly reversible, the dihydro intermediate decomposing with 



TABLE IV-45. Substitution of Pyridine-I-oxides and I-Alkoxypyridinium Salts with Cyanide 
Ion 

Substituent 
in N-oxide Conditions Products (yield) Ref. 

None 

' .6-d,  

2- Me 

2-Me 

2-EI 

2,h-Me2 

'.+Me, 

3-Me 

3-SiMe3 

4-Me 

4-El 

2 x 1  

3,5-tir2 
4-CI 

(i) Me1 
(ii) KCN, D,O. 

dioxane 

(i) Me,SO, 
(i t )  KCN.O-10" 

overnight 
( i )  Me,SO, 
( i i )  NaCN 

Me,SO,, KCN, 0-10. 
overnight 

Me,SO,, KCN, 0- 10". 
overnight 

Me,SO,. KCN, 0-lo", 

MelSO,, KCN, 0 -10.  
overnight 

overnight 

Me,SO,. KCN, 0-lo", 
overnight 

(i) Mel. A, 2 h r  
( i i )  KCN. 2 hr 
(i) Mel, MeOH 
(ii)  KCN. MeOH 
Me,SO,, KCN 

Me,SO,, KCN 
Me,SO,. KCN 

2-Cyanopyridine (49 %) (48 x); 
2-Cyanopyridine-6d; 

4-cyanopyridine (32 x)  (24 %) 

4-cyanopyridine-2,6-d2 

6-Cyano-2-picoline (48 x)  (45 %); 

6-Cyano-2-picoline, m.p. 71-73" 
4-cyano-2-picoline (10 x,) (18 %) 

CCyano-2-ethylpyridine, b.p. 
110- l30"/30 mm; 
2-cyano-6-ethylpyridine. b.p. 
130-140/30 rnm 

4-Cyano-2,6-lutidine. m.p. 83-85", 
(40 Yc,) 

4-Cyano-2,6-lutidine ( I3 %); 
6-cyanomethyl-2-picolinc (33 '!,:,) 

6-Cyano-2.4-Iutidine, m.p. 55-56" 
( 7 3 '!,{,) 

2-Cyano-3-picoline (30%); 
4-cyano-3-picoline (IS y ; )  

2-Cyano-3-picoline (36 %); 
4-cyan0-3-picoline (6 x,); 
6-cyano-3-picoline (6 x) 

2-Cyano-3-picoline, m.p. 87--90" 

4-Cyano-3-trimethylsilylpyridine, 
b.p. 223"; picrate, m.p. 151"; 
3-trimethylsilylpicolinaniide. n1.p. 87": 
5-trimethylsilylpicolinamide, m.p. 128": 

2-Cyano-Cpicoline (30-40 y;) 
2-Cyano-4-picoline, m.p. 89-91" 

2-Cyano-Cpicoline 

2-Cyano-4-ethylpyridinc. 
b.p. 115-12Oe/10mm 

2-Chforo-6-cyanopyridine. 
m.p. 86-68" (46.7%) 

2-Cyano-3.5-dibroniopyridinc. (70 I!;) 
4-Chloro-2-cyanopyridine, 

m.p. 85- 86" (55.6%); 
4-chloropicolinarnide. m.p. 160- 162" 

280,455 

1 I5 

280,455 

108 

40 

108,455 

280 

108,455 

280 

458 

108 

46 

280,455 
108 

98 

459 

460 

458 
460 

115 



Table IV-45 (Cuntinurd) 

Su bst i t  uent 
in N-oxide Conditions 

2-OMe 

3-OMe 
4-OMc 

2-C02Me 

3-COIMc 

3-COZEt 

S-CO,Et-LI-Me 

4-CO2 Me 

2-CN 

3-CN 

4-CN 

4-NO2 

5-El-2-Me- 
4-NOZ 

3-Me-4-NOZ 

Me,SO,, KCN 

Me,SO,. K C N  
Me,SO,, K C N  

Mc,SO,, KCN 

Me,SO,. KCN. 23 25" 

Me,SO.,. KCN 

Me,SO,. KCN 

Me,SO,. KCN 

Me,SO,. K C N  

Me,SO,, KCN 

0 -  10". overnight 

Me,SO,. KCN 
R.T., overnight 

(i) Me,SO,, 65-70" 
( i i )  aq. NaCN 
(i) Me,SO,, 65-70" 
(ii) aq. NaCN 
(i)  Mc,SO.,, 65-70" 
(ii) aq. NaCN 

(i) Me,SO,, 65-70" 
(ii) aq. NaCN 

Products (yield) 

6-Cyano-2-methoxypyridine, 
m.p. 66--68" (37.4"3; 
2.6dicyanopyridine. m.p. 

6-cyanopicolinaniide, m.p. 
126- 127"(14.6"/,); 

184-186" (trace) 
2-Cyano-3-methoxypyridinc (67.8 X )  
2.4-Dicyanopyridine, m.p. 
90- 91" (40%); 
4-cyanopicolinamide, m.p. 
256-258" (decomp.) 

2-Cyano-4-methoxy-6-(2- 
pyridy1)pyridine 

Ethyl 2-cyano-3-pyridylacetate (7.4 ?,;I: 
ethyl 4-cyano-3-pyridylaceta1e (36 I,',;,); 

Methyl 6-cyanopicolinate 
m.p. 111-l13.So(50.3":); 
methyl 6-carbamoyIpicolinate, 
m.p. 136.- 138" 

Methyl 2-cyanonicotinate (I9 '.',,,): 
methyl 4-cyanonicotinate (31.6",,,) 

Ethyl 6-cyanonicotinate (l9".,,); 
ethyl 4-cyanonico~inatc (32 ::,,I 

Ethyl 4-cyano-6-me1 hylnico~inate. 
m.p. 89 90.5" 

Methyl 2-cyanoisonicotinale. 
m.p. 107-109" (69.22,) 

2,6-Dicyanopyridine. m.p. 126- 127" 

2.3-Dicyanopyridinc (27.8 2,); 

2.4-Dicyanopyridinc (54 "/o),m.p. 90-91" 

2-Cyano-4-nitropyridine, 

(83.7 ?(,) 

2,6-dicyanopyridine (17.6 y,,) 

70%; m.p. 88-91" 

m.p. 72.4" (53.7XJ; 4-nitro- 
picolinamide. m.p. 154- 158" 

2-Cyano-4-nitropyridinc, 
m.p. 73-74" (56.9%) 

2-Cyano-6-methyl4nitropyridine, 
m.p. 76.5-77.5" (67.1 x)  

2-Cyano-3-ethyl-6-met hyl- 
4-nitropyridine, b.p. 94"/0.05 mm 
(82.404) 

m.p. 64-65' (85.7%) 
2-Cyano-3-met hyl-4-nitropyridine, 

Ref. 

460 

460 
460 

457 

76 

460 

460 

281.458 

I08 

460 

460 

458.460 

45s. 
460. I08 
460 

3 t4b 

314b 

314b 

314b 

1 I6 
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elimination of alkoxide ion to give the cyanopyridine in the rate-determining 
and product-determining step (eq. 1V-33) (281,455). 

CN 
I 

R a  +Re \ \ N N CN 

3-Nitropyridine-1-oxide reacts with silver cyanide in the presence of 
benzy1 chloride to give 2-cyano-3-nitropyridine and 2-cyano-5-nitropyridine 
(456). 

The Reissert-Kaufmann reaction of substituted I -methoxy-4-nitropyri- 
dinium methosulfate with an aqueous solution of sodium cyanide under a 
nitrogen atmosphere gave the corresponding 2-cyano-4-nitropyridines in 
satisfactory yields (3 14b). Under these conditions, 3-methyl-4-nitropyridine- 
1-oxide gave the corresponding 2-cyano compound but no 6-cyano isomer. 
When 1,4-dimethoxy-2-(2-pyridyl)pyridinium methosulfate (IV-199) was 
treated with potassium cyanide, 6-cyano-4-methoxy-2-(2-pyridyl)pyridine 
(IV-ZOO) was obtained (457). 

?Me ?Me 

OMe 
IV-199 IV-200 

The reaction of pyridine-1-oxide and cyclohexanone piperidine (or 
morpholine) enamine in the presence of benzoyl chloride gave a good yield 
of 2-( 2’-pyridyl)cyclohexanone (I V-20 I ) (46 1 ). Other substituted pyridine- 1 - 
oxides also undergo this reaction (eq. IV-34) (162,462) (Table IV-46). 

Pyridine-I-oxides undergo substitution accompanied by deoxygenation 
with alkyl rnercaptans in the presence of acylating agents, to form alkyl 
pyridyl sulfides. 

I-Ethoxypyridinium ethosulfate (IV-202) was treated with sodium 
n-propylmercaptide in a mixture (10: 1 w/w) of 1-propanethiol and ethanol, 
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TABLE l V-46. Preparation of 2-(2'-Pyridyl)cycloalkanones 

Su bst it uent 
in N-oxide Conditions Product (yield) Ref. 

None PhCOCI. cyclopentanone 
rnorpholine enarnine 

PhCOCI, cyclohexanone 
morpholine enamine 

PhCOCI, cycloheptanone 
morpholine enamine 

morpholine enamine 

morpholine enarnine 

rnorpholine enarnine 

morpholine enamine 

2-Me PhCOCI, cyclohcxanone 

4- Me PhCOCl, cyclohexanone 

2-c1 PhCOCI, cyclohexanone 

4-CI PhCOCI, cyclohexanone 

2-(2-Pyridyl)cyclopentanone. orange oil, 463 

2-(2-Pyridyl)cyclohexanone 461 
b.p. 54-56"/0.CN rnrn (40%) 

2-(2-Pyridyl)cycloheptanone. yellow oil, 463 

2-(6-Methyl-2-pyridyl)cyclohexanone 162 

244- Methyl-2-pyridyl)cyclohexanone, 162 

2-(6-Chloro-2-pyridyI)cyclohexanone, 462 

b.p. 84 88"/10-15 rnm (YO?<,) 

b.p. I 15- 120"/0.2 mm (82 ;<) 

b.p. 115-120"/0.12 rnm 

m.p. 166-167.5" 

b.p. 125-127"/0.17 mrn: picrate, m.p. 
17.2- I 7 4 O  

2-(4-Chloro-2-pyridyl)cyclohexanone, %2 

IV-201 

to give pyridine (70 %) and a 6: 1 mixture of 3- (IV-203) and Cpyridyl propyl 
sulfides (30%) (IV-204) (464). Reaction of the 0-alkylated salts of 2- or 

SPr-n 

n-PrSH-EtOH 0 + (Tspr-n+ fi 
'N) 'N 'N 

6 E t  
Iv-202 IV-203 IV-204 
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4-picoline-l-oxides (IV-205) with sodium thiophenoxide gave the picoline 
(IV-206), the picoline-1-oxide (IV-207), and the phenylthiomethylpyridine 
(IV-208) (465). Reaction of a I-methoxy-4-picolinium salt with sodium 

O R  0- 

IV-205 IV-206 IV-207 IV-208 

n-propyl mercaptide in n-propyl mercaptan gave a variety of products (eq. 
IV-35) (465). The reaction of butyl mercaptan with various types of 

Me 

OMe 
(47.9 %) ( I  V-35) 

+ 

(43 ' 'd (8.7";) 

quaternary salts of pyridine- I-oxide was examined (eq. IV-36) (Table IV-47) 
(466). Recently, substitution of pyridine-l-oxide with methyl, n-propyl, 

and t-butyl mercaptan in acetic anhydride at 95" for 3 hr was reported to 
yield 2- and 3-pyridyl sulfides (Table 1V-48) (467). Other N-oxides of 2-, 3-, 
and 4-picolines, 4-t-butylpyridine, and 2,6-, 3,4-, and 3,5-lutidine were 
treated with t-butyl mercaptan in acetic anhydride to determine if a bulky 
C-4 substituent in the pyridine ring would prevent the entry of t-butyl 
mercaptide at C-3. From these results, a 3-methyl group does not appear to 
exert any steric effect upon nucleophilic attack at C-2 [C-2 (ca 45 %), C-6 
(ca 2Ox)J. In the case of 2-picoline-l-oxide, no substitution occurred at C-3: 
for P-substitution to occur a free adjacent a-position is necessary (467). The 
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TABLE IV-47. Reaction of Various I-Alkoxy- and I-Acyloxy-Pyridinium Salts with Butyl 
Mercaptan (eq. IV-35) (466) 

Ratios of isomeric n-butylthiopyridines 
Overall yield 

RX Reagenr of sultide ( ‘,,:,) 2- 3- 4- 

Et,SO, NaSBu BuSH 15 16 60 24 
TsOEt N~ISBU -BUSH 1 I I I  74 15 

AcCl NaSBu-BUSH 10 89 9 - 1 

PhCOCl BuSH 19 81 18 1 
PhCOCl N ~ S B U - B U S H  16 81 15 4 
PhS0,CI BuSH 32 50 50 - 

Ac,O BuSH 67 61 39 - 

mechanism proposed for these reactions is shown below (Scheme IV-I I )  
(467). The presence of a l-acetyl-l,2,3,6-tetrahydropyridine in which a 

R R R 

Q=(J -(p,- 
I AcO-  I H  

0- OAc OAc 

, IV-209 

Scheme IV-1 1 
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TABLE IV-48. Reaction of Pyridine-I-oxides with Alkyl Mercdptans in the Presence of 
Acetic Anhydride (467) 

0-  

Isomer distribution of pyridyl sulfides 

R R’ Yield ( ”:) 2- 3- 5- 6- 

H 
H 
H 
H 
2-Me 
3-Me 
4-Me 
4-Me 
4-r-BU 

?.6-Me2 
3,4Me,  
3,5-Me2 

4-Ph 

Me 
n-Pr 
n-Bu 
t-Bu 
r-Bu 
r-Bu 
ti-Pr 

r-Bu 

r-Bu 
r-Bu 

I-BU 

r-Bu 

f-Bu 

38 
46 
67 
62 
32 
66 
31 
41 
48 
18 
0 
35 
66 

52 
76 
61 
70 

45 
50 
71 
88 
44 

48 
100 

48 
24 
39 
30 

50 
29 
17 
56 

16 
36 

__ 
29 

- 
84 
19 

sulfide group was attached to C-3 and the a-positions were substituted by 
either sulfide or acetoxyl groups was established (468), and the episulfonium 
intermediate IV-209 was proposed to account for the formation of these 
products. A number of 1,2,3,6-tetrahydropyridines (IV-210) were subse- 
quently isolated from the reaction of pyridine-1-oxide with alkyl mercaptans 
in acetic anhydride and the stereochemistry of these compounds was dis- 
cussed (469). Still more recently, a series of these reactions was carried out 

R 
SBu-t 

R = H, Me. n-Pr. isoPr. r-Bu 

IV-210 

in the presence of triethylamine, which led to the formation of a higher 
percentage of the 2-isomer (Table 1V-49) (470). This was accounted for by 
suggesting that acetate IV-211 dissociates into ion-pairs IV-212 and then 
IV-213. The former can lose the 2-proton to yield the 2-butylthio-derivative 
(IV-214), the latter can rearrange to the 3-isomer (IV-215). Since triethyl- 
amine is a stronger base than acetate ion, proton abstraction from C-2 
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TABLE IV-49. Reaction of Pyridine-I-oxide with t-Butyl Mercaptan in Acetic Anhydride (470) 

With triethylamine; Without triethylamine; 
isomer distribution isomer distribution 

Substituent Yield (%) 2- 3- Yield (%) 2- 3- 

None 41 90 10 62 70 30 
4-Me 33 82 18 41 71 29 
4-Et 32 87 13 
4-n-Pr 4s  70 30 
4-isoPr 39 80 20 
4-t-BU 48 96 4 48 83 17 

- I __ 
- - - 
- - I 

would be enhanced, thus leading to increased yields of IV-214 (470). In the 
presence of triethylamine, these reactions produced new tetrahydropyridines. 

b%h -& SBu-t __+ 

>y +y OAc- S J / H  
0- OAc OAc 

IV-211 

h- 1v-212 OAc-IV-213 

I I 

h S B u - t  

'N " SBu-t 
IV-214 IV-215 

For example, when rlpicoline-1-oxide was treated with t-butyl mercaptan 
and acetic anhydride in the presence of triethylamine, a tetrahydropyridine 
was obtained which, on pyrolysis, yielded 3-t-butylmercapto4picoline. On 
the basis of its infrared, NMR, and mass spectra, this tetrahydropyridine was 
assigned structure IV-216. Similarly, 4-ethylpyridine-1-oxide, t-butyl mer- 
captan, and acetic anhydride gave, in the presence of triethylamine, the 
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expected sulfides, as well as the tetrahydropyridine analogous to IV-216. In 
the case of 4-n-propyl- and 4-isopropylpyridine-1 -oxides, the expected 
sulfides were obtained, but this time tetrahydropyridines (IV-210) were also 
isolated (468,469). Formation of IV-216 is visualized to occur oiu the 

H R\ / 

SBu-1 

&E ‘OAc 

Ac 
IV-216 

episulfonium salt IV-213 which, with acetate ion, yields IV-217. Quarterniza- 
tion with acetic anhydride to give IV-218 followed by abstraction of the acidic 
proton of the active methylene group at the 4-position by triethykmine 
could give IV-216. Since 4-n-propyl and Cisopropylpyridine-1 -oxide gave 
IV-210 and not IV-216 it was proposed that triethyIamine may either be 
incapable of (or very slow in) abstracting the acidic proton of 4-n-propyl- or 
4-isopropylpyridine-l-oxide, or have difficulty in approaching the acidic 
proton to form the anion. Nucleophilic attack by t-butyl mercaptan at C-6 
is now faster than proton-abstraction and IV-210 is formed. When pyridine- 
l-oxide itself was treated with t-butyl mercaptan in acetic anhydride and 

IV-213 IV-217 IV-218 

IV-216 

triethylamine, still a different tetrahydropyridine was obtained and, on the 
basis of its infrared, NMR, and mass spectra, structure IV-219 was assigned 
to it (470). Attack by acetate upon the episulfonium ion IV-213 (R = H) to 
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SHu-1 
IV-219 

give IV-220 followed by quaternization and nucleophilic addition of acetate 
at the 4-position would yield IV-219 (470). Explanations not involving the 
intervention of episulfonium ions are also possible, since nucleophilic 

attack at the P-position of a 1 ,Zdihydropyridine are also known (see Chapter 
I). 3-Picoline- 1 -oxide and t-butyl mercaptan in acetic anhydride gave 
IV-221, with or without triethylamine (470). 

IV-221 

To promote nucleophic attack by ethyl thioglycolate and by thiophenols 
on the pyridine ring, its electrophilicity would have to be enhanced by 
changing the acylating agent from acetic anhydride to a suIfony1 halide. 
Thus deoxidative substitution of substituted pyridine-f-oxides (IV-222) took 
place to form a mixture of sulfides IV-223 and IV-224 (Table IV-50) (471). 

The proposed mechanism involves attack by the thiophenol on the highly 
electrophilic a-position of IV-225 to form IV-226 followed by the facile 
departure of sulfonate ion from 1V-227 to form the highly energetic 
nitrenium-sulfonate ion pair (IV-227). Though this would appear to be an 
energetically unlikely process, evidence has been given in support of the 
tight solvent cage IV-227. On going from benzene to chloroform, the isomer 
ratio for a particular reaction remains constant. A bulky group (t-butyl) at 
the y-position offers little steric hindrance to nucleophilic attack at the 
P-position. Changing from benzenesulfonyl chloride to methanesulfonyl 
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IV-225 IV-226 IV-227 

chloride results in a higher proportion of IV-224. All of the reactions are 
postulated to proceed uiu I -suIfonyloxy-2-arylthio- 1 ,Zdihydropyridine 
intermediates (W-226) with the exception of that with 2,6-lutidine-l-oxide, 
when either a 1,2- or l+dihydropyridine can be involved. 

When pyridine- 1-oxide and N-phenylbenzimidoyl chloride were heated 
in the presence of benzenethiol, 3-phenylthiopyridine and other products 
were obtained (472). This reaction is discussed in Section IV.5. 

N-Methoxypyridinium salts react with alkali metal derivatives of diethyl- 
phosphonate to form pyridine-2-phosphonate (IV-228) (Table IV-5 1) (473). 
It has been proposed that the exclusive 2-substitution suggests that a dipolar 
complex (IV-229) precedes formation of the dihydropyridine intermediate 
(IV-230) (473). 3-Alkyl substituted alkoxypyridinium salts (LV-231) react with 

IV-229 

IV-230 



TABLE IV-50. Deoxidative Substitution of Pyridine-I-oxides by Thiophenols in the Presence 
or Sulfonyl Halides (471) 

Substituent 
in N-oxide Conditions Products (yield) 

None PhSH, MeS0,CI. benzene 2-Phenylthiopyridine: 3-phenylthiopyridine (40:60; 

2-Phenylthiopyridine: 3-phenylthiopyridine (41 :5Y; 

2-Phenylthiopyridine: 3-phenylthiopyridine (39:61; 

27.2 74,): diphenyl disultide (60.2 7;) 
PhSH, PhS0,CI. benzene 

30.2 %); diphenyl disulfide (52.8 &;) 
PhSH, PhSO,CI, CHCI, 

45.7 +,!.;) 
p-CIC,H,SH, PhSO,CI, 2-gChlorophenylthiopyridine: 3-p-chlorophenyl- 

thiopyridine (37 : 63; 50.0 %); di-p-chlorophenyl 
disultide (35.6%) 

p-t-BuC,H,SH, PhSO,CI, 2-p-r-Burylphenylthiopyridine: 3-p-t-butylphenyl- 
thiopyridine (32 :68; 33.0%); di-pt-butylphenyl 
disulfide (30.92,) 

p-t-BuC,H,SH, PhSO,CI, 2-p-1-Butylphenylthiopyridine: 3-pr-burylphenyl- 

EtO,CCH,SH, PhS0,Cl 

CHCI, 

benzene 

CHCI, thiopyridine (38:62,36.1 x,) 
Ethyl (2-pyridinerhio)acetate (14.2 5;) 

4-Me PhSH. MeSO,CI, 2-Phenylthio-4-picoline: 3-phenylthio-4-picolinc 
(56:44; 41 .Oy,); diphenyl disulfide (37.4'16) 

PhSH. MeS0,CI. CHCI, 2-Phenylthio-4-picoline: 3-phenylthio-4-picoline 
(54:46; 62.3'):): diphenyl disulfide (19.8U:;) 

PhSH, PhS0,CI. benzene 2-Phenylthio-4-picoline: 3-phenylt hio-Cpicoline 
(67:33; 51.1 ~(,).diphenyldisulfide(51.1 2,) 

PhSH, PhS0,CI. CHCI, 2-Phenylthio-4-picoline: 3-phenylthio-4-picoline 
(66:34; 72.3 :?,), diphenyl disultide (21.8 x,) 

pCIC,H,SH. MeSO,CI, 2-p-Chlorophenylthio-4-picoline: 3-pchlorophenyl- 
thio-4-picoline (46: 54; 49.2 'x); di-pchlorophenyl 
disulfide (27.47;) 

p-CIC,H,SH, PhSOZCI, 2-p-Chlorophenylthio-4-picoline: 3-p-chlorophenyl- 
thio-4-picoline (44: 56; 73.2 7;); di-p-chlorophenyl 
disulfide (19.3 x)  

p-r-BuC,H,SH. MeSO,CI, 2-p-I-Butylphenylthio-4-picoline: 3-p-r-butylphenyi- 

p-r-BuC,H4SH, PhSO,Cl, 2-p-t-Butylphenylthio-4-picoline: 3-p-r-butylphenyl- 
thio-4-picoline (38:62; 40.4 %): di-p-t-butylphenyl 
disulfide (43.07;) 

p-r-BuC,H,SH, PhSO,CI, 2-p-r-Butylphenylthio-4-picoline: 3-pt-butylphenyi- 
thio-4-picoline (34 : 66; 53.6 %); di-p-t-butylphenyl 
disulfide (27.4 7;) 

benzene 

benzene 

CHCI, 

CHCI, thio-4-picoline (27:73; 55.5 %) 

benzene 

CHCI, 

EtO,CCH,SH, PhS0,CI Et hyl(4-rnethyl-2-pyridinethio)acetate 
r-Bu PhSH, PhSO,CI, CHCI, 2-Phenylthio-4-r-butylpyridine: 3-phenylthio-4-r- 

butylpyridine (57:43; 25.0x) 
p-CIC,H,SH, PhSO,CI, 2-p-Chlorophenylthio-4-t-butylpyridine: 3-p- 

CHCI, chlorophen ylthio-4-I-butylpyridine (495 1 ; 
26.6 z )  
I26 
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Table IV-50 [Conrinircd) 

Su bst ituent 
in N-oxide Conditions Products (yield) 

2,6-Me2 

3,S-Me2 

2.4,6- Me, 

p-r-BuC,H,SH, PhSO,CI, 2-p-t-Butylphenylthio-4-I-butylpyridine: 3-p-1- 
benzene butylphenylthio-4-I-butylpyridine (37: 63; 34.8 74); 

di-p-t-butylphenyl disulfide (60.2 x)  
p-t-BuC,H,SH, PhS0,CI. 2-p-1-Butylphenylthio-4-t-butylpyrittine: 3-p-1- 

CHCI, butylphenylthio-4-f-butylpyridine (40: 60,28.9 %); 
di-p-t-butylphenyl disulfide (58.7 74) 

( 8 2 :  18: 36:/,), diphenyl disulfide (56.8).':,) 

phenylthio-2,6-lutidine (83: 17; I I .7 :<); di-p-t- 
butylphenyl disulfide (82 7;) 

di-p-r-butylphenyl disulfide (61.5 y,;) 

PhSH. PhS0,CI 3-Phenylthio-2.6-lutidine: 4-phenylthio-2.6-lutidine 

p-f-BuC,H,SH. PhS0,CI ' 3-p-r-Butylphenylthio-2,6-lutidine: 4-p-r-butyl- 

p-t-BuC,H,SH. PhS0,CI 2-p-r-Butytphenylthio-3,5-lutidine (24.4 ?(,); 

PhSH. PhS0,Cl 3-Phenylthio-2,4,6-collidine (9.5 X )  

alkali metal salts of diethylphosphonate to yield a mixture of diethyl 3- 
alkylpyridine-2-phosphonate (IV-232) and diethyl 3-alkylpyridine-6-phos- 
phonate (IV-233) (Table IV-51) (473). The observed isomer ratio is typical 
of nucleophilic aromatic substitutions in 3-methylpyridine derivatives (6). 
Reaction of diethyl sodiophosphonate on N-methoxy-2,6-dimethylpyri- 
dinium methosulfate gave 2,6-lutidine, 2.6-lutidine-I-oxide and diethyl 

TABLE IV-51. Preparation of Dialkyl Pyridine-2-phosphonates (473) 

Substituent 
in N-oxide Conditions Products (yield) 

None (i) Me,SO, 

2-Me (i) Me,SO, 

3-Me (i) Me,SO, 

(ii) LiPqOEt),, - 15", 1 hr 

(ii) NaPO(OEt),, I0-20", 70 min 

(ii) NaPO(OEt),, 10-20", 7Omin 

4-Mt (i) Me,SO, 

?,6-Me2 ( i )  Me,SO, 
(ii) NaPQOEt),, 10-20", 70 min 

(ii) LiPO(OEt),, - 5  IoO", 1.25 hr 
(iii) 70", 2 hr 

(ii) LiPO(OEt),, 10-20". 70 min 

(ii) LiPO(OEt), -IS", I hr 

3,5-Me2 (i) Me,SO, 

3,4-Me, (1) Me,SO, 

Diethyl pyridine-2-phosphonate, b.p. 

Diethyl 2-picoline-6-phosphonate, b.p. 

Diethyl 3-picoline-2-phosphona1e, diethyl 

105- 122"/0.(1 mm (67%) 

125-127"/0.1 mm (30%) 

3-picoline-6-phosphonate (ratio 6 :  1 ; 
48 %) 

Diethyl 4-picoline-2-phosphonate, b.p. 
109-1 12°/10.0S mm 

2.6-Lutidine (47 x), 2Q-lutidine- I-oxide 
(6'x). diethyl 2,6-lutidine-4-phosphonate 
(24 XJ 

Diethyl 3.5-lutidine-2-phosphonate (54 %) 

Diethyl 3,4-lutidine-2-phosphonate, diethyl 
3,4-lutidine-6-phosphonate (ratio 3: 1 ; 
47.5 Y") 
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+ 
i , I j  MPOIOEII, 

PWOEt), (EtO),OP 
0- 

IV-231 
IV-232 IV-233 

2,6-lutidine-4-phosphonate, the only example of 4-substitution, which is not 
unexpected since the 2-positions are blocked in the substrate. 

D .  Reaction with Tosyl Chloride 

When pyridine-1-oxide was heated with tosyl chloride at 200 to 205" 
3-tosyloxypyridine was formed (474). This reaction was also subsequently 
found to give 2,3'-dipyridyl ether, N-(2-pyridyl)-Z-pyridone, N-(Zpyridyl)- 
3-chloro-2-pyridone, and N-(2-pyridyl)-5-chloro-2-pyridone (475). Rein- 
vestigation of the reaction using labeled MeC,H,S'80,CI suggested that 
an intimate ion-pair mechanism was operating since the "0 concentration 
in the 3-hydroxypyridine formed was normal and excess '*O was retained 
in the pMeC,H,SO,H, both of which were obtained on hydrolysis of the 
3-tosyloxypyridine (IV-234) (476). A 1,5-sigmatropic shift in the 1,2dihydro 
derivative could also explain the observations. 

0 ' 8  

IV-234 
When 2-picoline- 1 -oxide was heated with tosyl chloride, 2-chloromethyl- 

pyridine was obtained in good yield (35,477a, b). 

R = 6-Me (72",',) 
RQ =%RQ R = 5-Et (70.6",,) 

Me CH2CI 
0- 

Picoline acid- 1-oxides, for example pyridine-2.4-dicarboxylic acid-1-oxide 
and pyridine-2,5-dicarboxylic acid-1-oxide, underwent decarboxylation 
to give 2-pyridones on heating with tosyl chloride (478). 
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Pyridine-1-oxide reacts with tosyl chloride in pyridine solution to give a 
mixture of 2- and Cpyridylpyridinium chloride (479). 2- and 4-chloro- 
pyridine-1-oxide and 1-hydroxy-2- and 4-pyridone undergo related reactions 

(480). The active methylene group in 2- and Cpicoline-I-oxide also gets 
involved in this reaction so that both ring and side-chain N-pyridinium salts 
are formed. In chloroform solution, only the o-substituted compound is 
formed. The pyridinium salts react with amines to give the corresponding 
aminopyridines. The 4-alkylpyridinium salt IV-235 reacts with aniline to 
give the expected product which immediately rearranges to 4-pamino- 
benzylpyridine (IV-236) (481,482) (eq. IV-37). 

E .  Acid Anhydrides 

The mechanism of the reaction of pyridine-1-oxide with acid anhydrides 
has been discussed previously (5-7,483a), but only results obtained since 
1958 are summarized here. It will also be more convenient to treat both 
nuclear and side-chain substitution under this heading (see alsochapter XII). 

Reaction of 3-picoline-1-oxide with acetic anhydride was said to give 
only 3-methyl-bpyridone (483b). Similarly, 3-fluoro-, 3-chloro-, and 3- 
bromopyridine-1-oxide (IV-237) gave exclusively the 3-halo-2-pyridone 
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0- 
IV-237 IV-238 

(IV-238) (55).  3-Nitro-2-pyridone was the only product of the reaction of 
3-nitropyridine-I-oxide and acetic anhydride (1 17), but nicotinic acid-l- 
oxide and acetic anhydride gave 2-pyridone-3-carboxylic acid (18 %), 2- 
pyridone-5-carboxylic acid (3 x), and 2-acetylnicotinic acid-I-oxide (30 %) 
(328). The formation of the 2-acetyl compound was attributed to intra- 
molecular rearrangement of a mixed anhydride, as shown below (484) 
(eq. IV-38). Reinvestigation of the reaction with 3-picoline-1-oxide showed 

that both 3- and 5-methyl-bpyridone were obtained (35 to 40% each), as 
well as I-(5-methyl-2-pyridyl)-3-methyl-2-pyridone (4 %) (484) and 2-amino- 
3-picoline (485). 3-Hydroxypyridine- 1-oxide was found to give only 3- 
hydroxy-2-pyridone (328). Methyl picolinate-I-oxide gives the 6-pyridone 
(34 %) (96), and methyl isonicotinate-1-oxide forms the 2-pyridone (56 %) 
(96, 486). Picolinic acid- 1-oxide reacts with acetic anhydride in acetonitrile 
to yield 2-pyridone and pyridine-1-oxide accompanied by the quantitative 
evolution of carbon dioxide (328). In view of the side-chain acetoxylation 
observed in the reaction of 2-picoline-I-oxide (487) (see below), the reaction 
of 6-methylpicolinic acid- 1-oxide was looked at. It was first reported that 
the reaction of 6-methylpicolinic acid-1 -oxide gave 2-acetoxymethylpyridine 
(49). More recently, this structure was revised to 6-acetoxy-2-picoline (488). 
This was confirmed by hydrolysis of the product to 6-methyl-2-pyridone. 
It was concluded that decarboxylation, N-0 bond fission, and acetoxyla- 
tion at the 2-position must take place in concert. 6-Acetoxy-2-picoline can 
react further with acetic acid during the reaction or during distillation to give 
6-methyl-2-pyridone (eq. IV-39) (488). 

2- And 4-alkylpyridine-1-oxides react differently than the non-alkylated 
derivatives. 2-Picoline- I-oxide and acetic anhydride did give some 6-methyl- 
2-pyridone7 but the major product was 2-pyridylmethyl acetate (483b, 489). 
It has also been reported that the reaction of 2-picoline-1-oxide with acetic 
anhydride gives three isomers: 3-acetoxy-2-picoline, 5-acetoxy-2-picoline, 
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and 2-acetoxyrnethylpyridine in the ratio of 15: 18 :67, respectively (487). 
Thus side-chain oxidation occurs. Reaction of Cpicoline-I-oxide with acetic 
anhydride yields Cpicolyl acetate and 3-acetoxy-4-picoline (490,49 I ) ,  
together with a minor product, 1,2-di-(4-pyridyI)ethylene (492). A possible 
mechanism for the formation of IV-239 from IV-240 involves the inter- 
mediacy of the N-acetoxypyridinium salt (IV-241) followed by proton- 
abstraction from the side-chain by acetate and finally nucleophilic addition 
of acetate to the activated olefinic double bond in 1V-242 (313) (eq. IV-40). 
Structure IV-241 was isolated as the perchlorate salt from the reaction of 

0, I CHzR + Aclo - a -  1 CHZR 

0- OAc Ac- 
IV-240 tV-241 

(IV-40) 

I CHR 
O A c  OAc 

IV-242 1V-239 

IV-240 with acetic anhydride in perchloric acid, and as the picrate from its 
reaction with picryl acetate. Treatment of the latter salt with triethylamine 
gave IV-239 and triethylammonium picrate so that IV-241 is an acceptable 
intermediate in these reactions (313). 

Treatment of 1-acetoxy-2-benzylpyridinium perchlorate and l-acetoxy- 
2-p-nitrobenzylpyridinium perchlorate with triethylamine in acetonitrile 
did not give the anhydro bases but instead gave the acetates. Treatment 
of 1-acetoxy-2-(u.a-dideuterobenzyl)pyridinium perchlorate (IV-244) with 



132 Pyridine- 1-oxides 

sodium acetate in acetic acid and acetonitrile lead to 50 ”/, reaction: no loss 
of deuterium was observed in the rearranged ester IV-245 and the N-oxide 
(IV-243) formed from IV-244 by hydrolysis (313) (eq IV-41). The mechanism 

McCN 

CDPh I 
0- I 

OCMe (IV-41) fl 
0 IV-243 

0- 

0 
IV-243 IV-244 

IV-245 

of the reaction requires a slow rate-controlling conversion of IV-241 to 
1V-242 with a rapid rearrangement of IV-242 to IV-239. This conclusion is 
consistent with the absence of accumulation of anhydro base (IV-242), the 
absence of deuterium exchange during the reaction, and the effect of base 
strength on the reaction. 

Reaction of 2-picoline-l-oxide and phenylacetic anhydride in boiling 
benzene gave 2-pyridylmethyl phenylacetate (32.2 %), carbon dioxide (15 %), 
2-P-phenylethylpyridine (15 %), and a mixture probably consisting of 3- 
benzyl- and 5-benzyl-2-picoline (3.3 %). CPicoline-l-oxide and phenylacetic 
anhydride yielded 4-pyridylmethyl phenylacetate and 3-phenylacetoxy-4- 
picoline (2.5 x), carbon dioxide (28.4 %), 4-P-phenylethylpyridine (6.5 %), 
2-benzyl-4-picoline (1.9 %), and 3-benzyl-4-picoline (0.9 %) (493-495). 

Evidence that the acetate free radical is the source of the carbon dioxide, 
methane, and methyl acetate was presented (490,496). A Cpicolyl radical 
is apparently formed in the reaction of 4-picoline-l-oxide with acetic 
anhydride, which could account for the Cethylpyridine (0.6 %) formed. That 
it was not a key intermediate in the reaction, however, was shown by the 
fact that m-dinitrobenzene, a free radical scavenger, had little effect on the 
amount of 4-picolyl acetate formed, and that treatment of 4-picoline-1-oxide 
with butyric anhydride in the presence of sodium acetate gave 4-picolyl 
butyrate (and not acetate). On this basis, Traynelis and Martello (490) 
excluded a radical chain mechanism and proposed an intramolecular 
rearrangement of the intermediate anhydro base, with the possibility of a 
second allylic rearrangement to account for both 3-acetoxy-4-picoline and 
4-picolyl acetate (eq. IV-42). Attempts to trap the intermediate in the reaction 

O A c  
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of 4-picoline-l-oxide with acetic anhydride in anisole gave a mixture of 
three picolylanisoles (2073, in addition to the usual ester products (497). 
The metalpara ratio (0.25) of Cpicolylanisoles produced was consistent with 
a cationic attack of a ring bearing an ortho-para directing substituent, and 
would exclude an alkyl radical intermediate. When benzonitrile was used 
as solvent, the picolyl residue attacked the cyanide nitrogen exclusively to 
give IV-246, probably via IV-247. When a mixture (1:l) of anisole and 
benzonitrile was used as the solvent, essentially all of the substitution 
occurred in the anisole nucleus. These results indicate that the reaction of 
4-picoline-l-oxide and acetic anhydride generates the picolyl cation in what 
is apparently a side reaction. 

0 

,CPh 
II 

CHzN 
/Ph 

CH,N=C 
\ 

Me 

- Q" fiL%() OAc 

PhCN >y 'N 

0- 
IV-247 IV-246 

N o  reaction was observed between 2-picoline-l-oxide and either phenyl 
acetate or 2-chlorophenyl acetate (498). In the cases of 4nitro-, 2,4dinitro-, 
and 2,4,6-trinitrophenyl acetates, Zpyridylmethyl acetate (5 to 43 %) and 
the respective phenols were obtained, but 2-(ary1oxymethyl)pyridine was not. 

The reaction of 2-picoline-l-oxides with acetic anhydride in chloroform 
solution proceeded more smoothly if an electron-donating group (rather 
than an electron-withdrawing group) was present at C-4 (1 16). The reaction 
rate constants agreed with a pseudo first-order reaction. The first step of the 
reaction is the addition of the acetyl group to the oxygen of the N-oxide, 
which is dependent on acetic anhydride concentration, followed by the rate- 
determining step, the cleavage of the nitrogen-oxygen bond (1 16, 499). 
An intermolecular mechanism involving the free ions (IV-248) or an inter- 
molecular or concerted intramolecular mechanism of the ion pairs (IV-249) 
would explain the observed kinetic results (499). Making use of '80-labeled 

IV-249 IV-248 
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acetic anhydride, Oae and his co-workers have probed the mechanism of 
the reaction of 2-picoline-I-oxide with acetic anhydride. They concluded 
that a free-radical pathway (and not an intramolecular rearrangement or 
an intermolecular ionic mechanism) was followed. Since the nature of the 
products was independent of the presence or absence of solvent, a solvent 
caged radical was proposed. Only half the label was found in the 2-hydroxy- 
methylpyridine formed following hydrolysis of the product. 

Me 

The large kinetic isotope effect found for the reaction of 2- and 4-picoline- 
1-oxide and 2-benzylpyridine-1-oxide with acetic anhydride-I80 suggested 
that proton removal is the rate-determining step (501). The uneven I8O 
distribution between the alcohol and carbonyl-O-atoms of the ester formed 
appears to result from the conformational preference of the anhydro base 
intermediate (501). 

Intramolecular scrambling of the oxygen atoms of the acetoxyl group in 
such reactions was confirmed (502). On the other hand, investigation of a 
variety of 2-alkylpyridine-1-oxides gave results which were interpreted in 
terms of an ion pair, rather than of a radical-pair, intermediate. 2-Cyclo- 
pentylmethylpyridine- I-oxide and 2-neopentylpyridine-I-oxide gave prod- 
ucts which were said to arise via a carbonium ion rearrangement (502, 503). 
This agreed with the earlier observation that cleavage of the N - 0  bond 
in the rearrangement of the anhydro base from the reaction of 2-picoline-l- 
oxide with acetic anhydride was a heterolytic process since the yield of 
carbon dioxide did not significantly increase on going from acetic to phenyl- 
acetic or to trichloroacetic anhydride (eq. IV-43) (504a). 

n r u  CHI - <3&- QcHzo~R (1V-43) 

KR O Y R  0- 
GO 

0 

Recently, it has been reported that the reaction of 2-picoline- 1-oxide with 
acetic anhydride in benzene in the NMR probe at 70 to 130" gave intense 
emission lines at 3.44 and 0.77 ppm due to the MeO-protons of MeOAc and 
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to the ethane also formed (504b). Since no emission or absorption due to 2- 
acetoxymethylpyridine was observed, it suggested that this product was not 
formed by a radical mechanism but by a [1,3]- or a [3,3]-sigmatropic shift 
(504b). 

Examination of the "0 content of 4-acetoxymethylpyridine and 3- 
acetoxy-4-picoline gave results consistent with an intermolecular nechanism 
involving nucleophilic attack by acetate ion (eq. IV-44) (501). 

AcO- n C - H ~  
6 O A C  + AcO-  

L O  Ac 
CH 2 

d, (IV-44) 

8 '3 

O L M e  

The observation of chemically induced nuclear spin polarization emission 
in the reaction of 4-picoline-1-oxide with acetic anhydride gave direct 
evidence for the formation of radical pairs (504c). This evidence is in favor of 
the intermediacy of some free radicals in the formation of 4-acetoxymethyl- 
pyridine, 4-ethylpyridine, and methane. It was concluded that, together 
with the already established ''0 scrambling, intramolecularity of rearrange- 
ment in aromatic solvents and ratedetermining deprotonation mechanism, 
the present findings are compatible with a dual mechanism in which the 
anhydro base cleaves to give both radical and ion pairs (504~).  

n 
AcO- H, 

CCH 2 CH; CH2 LCH - 

&+Q- I I 6 I 6.- 
O A c  OAc COAc 

I 
OAc 
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1,2-Bis-(6-methyl-2-pyridyl)ethane was formed as a by-product in the 
reaction of 2,blutidine-1-oxide with acetic anhydride (68). Small amounts 
of the corresponding dipyridylethylene derivative were also formed from 2- 
and 4-picoline-1-oxide and could arise as outlined in Scheme IV-12 (505). 

No appreciable reaction occurred bet ween pyridine- 1-oxide and trichloro- 
acetic anhydride in boiling chloroform. When, however, acetonitrile was 
used as the solvent, an immediate exothermic reaction occurred at 0" and 
evolution of carbon dioxide took place. A complex mixture of products was 

I 

0- 0 c 0 c c I3 

f-l + ccl; + co, 

CHCI, 

k N/ 
' I  / OCOCI, 

Scheme Iv- 13 
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obtained: CCI, (40 x), CHCI, (20 x),  pentachloroacetone (20 x) ,  2-trichloro- 
rnethylpyridine (10 to 20 x), 4-trichloromethylpyridine (1  to 4 %), 2-dichloro- 
methylpyridine (trace), 4dichIoromethylpyridine (5 %), and 2-aminopyridine 
t4"/,), which has been formulated (506) as in Scheme 1V-13. Homolytic 
cleavage of the N-0 bond of the trichloroacetylated N-oxide does not 
occur since very little carbon dioxide is obtained when the N-oxide is 
treated with trichloroacetyl chloride. A possible explanation is that the 
driving force for the reaction is the exothermic loss of carbon dioxide from 
free trichloroacetate ion which is not complexed with its counterion. The 
increased polarity due to the presence of acetonitrile probably allows forma- 
tion of free trichloroacetate. Radical and carbene mechanisms are also 
possible. 

The reaction of 2-(XC,H,CH2)C,H,N0 (X = p-NO,, p-C1, H, m-Me, 
p-Me) with a large excess of acetic anhydride in dioxan at 30" was studied 
(507). With 2-benzylpyridine- I -oxide itself and its ol,r-d2 derivative, a large 
kinetic isotope effect was observed, confirming that the rate-determining 
step in the reaction is the deprotonation. In agreement with this is the rate 
enhancement by electron-withdrawing substituents in the benzyl group. If 
another anionic group is present in the reaction. substitution by the anionic 

0- 
R = H (26"J 
R = Me(177,J 

group may be observed (eq. IV-45) (508). The decomposition of N-acyloxy- 
pyridinium salts to give aldehydes and ketones was discussed in Section 111.3. 

The products obtained from the reactions of pyridine-I-oxides with acid 
anhydrides are given in Table IV-52. 

Ketene has been used in the presence of a catalytic quantity of concen- 
trated sulfuric acid instead of acetic anhydride (eq. IV-46) (Table IV-53) 
(517,518). 

0-  

R a  + R a * * ' + R -  Me (IV-46) 

" Me 
'N 

IV-252 

'N CHzOAC 

IV-250 IV-251 



TABLE IV-52. Reaction of Pyridine-I-oxides with Acid Anhydrides 

Su bst i t uent 
in N-oxide Conditions Products (yield) Ref. 

None Ac,O 
( i )  Acl'O. A. 8 hr 
( i i )  H,"O 
Ac,O 

?-Me 

2,6-Me2-3-OH 

2.6-Me,-4- 
CH( OH )Ph 

2.6-Me2-4-CN 

2,6-Me2-4-N H, 

2.5-Mez 

2.4-Me2 
2- Me-3-n- Pr 

2-Me-3-ri-Bu 

2-Me-3-ti-Amy1 

2-Me-3-n-hexyl 

Ac,O 

Ac,O 
Ac,O 

(MeC"O),O. 140". 

Ac,O 
(PhCH,CO),O 

(0.78 atom ",,l'OJ 

Ac,O. 100". I0 hr 

( i )  Ac,O.A 
(it) lo",, HCI, A 

( i )  Ac,O. loo". 3 hr 
(ii) HCI 

( i )  Ac20,A 
( i i )  lo";, HCI 
( i )  Ac,O,A 
( i i )  lo".;?;, HCI 
(1) Ac,O. 120-130" 
(ii) K O H ,  EtOH. A 
Ac,O. 70-80". 2 hr 

Ac,O. A *  IS min 
Ac,O 

Ac,O 

Ac,O 

Ac,O 

I- Acetox ypyridine 
2-Pyridone. m.p. 104 105". (no "'0) 

?-Pyridone, n1.p. 1%- 1079 
pyridine hydrochloride, 2-aminopyridine. 
2.4-dipyridyl; picrate, n1.p. 210 213"; 
1 -(2-pyridyI)-?-pyridone. m.p. 50-52": 
picrate. m.p. I16--118" 

LPyridone, 2-acetoxypyridine (60";,), 
3-acetoxypyridine. 2-acetylpyridine, 
2-aminopyridine. I -(2-pyridyl)-2-pyridonc 

2-Pyridylmethyl acetate 
2-Pyridylmethyf acetate (60 ";,). 3-acetoxy-2- 

picoline. 5-aceroxy-2-picoline 
(ratio 67:15:18) 

2-Pyridylmerhyl acetate (0.50 atom " , , I  '0) 

2-Pyridylniethanol. 6-methyl-2-pyridonc 
2-Pyridylnieihyl phcnylacctatc. 

2-phenethylpyridinc ( I  . 5 :  I )  
6-Aceroxymcthyl-3-picolinc. b.p. 1 10.- I14"/15 
mm: picrate. n1.p. I LO- I I?" 

6-Hydroxymethyl-2-picoline. 
3-hydroxy-2.6-lutidine, 
I .2-di-(6-methyl-7-pyridyl) ethanc 

3- Hydroxy-bhydroxymet hyl-2-picoline. 
n1.p. 153.5"; picrate, m.p. 190- 191". 
5-hydroxyd-hydroxymet hyl-2-picoline 

4-(rx-Hydroxybenzyl)-6-hydroxymethyl-2- 

499 
26 

509 

510 

496 
487 

500 

51 I 
495 

41 

68 

68 

512 
picoline (20",,). 4-benroyl-2.6-lutidine (65 I,',,) 

4-Cyano-6-hydroxynie1hyl-2-picolinc (74.5 ' I ; , )  I 16.5 I3 

4-Acetamido-2,6-lutidine (50'2,) 116.513 

6-Acetoxy-3-picoline. b.p. 133- l36"/14 mm, 32 

459 
ni" I .4952; picrate. m.p. 122- 125" 

2-Acetoxy-4-picoline, b.p. 95- 101°/5 n m  
2-Ace~oxymet hyl-3-n-propylpyridine, 41 

2-Acetoxymet hyl-3-ti-butylpyridine. 41 
b.p. 131-132"/13 nim (66.91;J 

b.p. 135--136"/9 m m  (60.8';/,) 

b.p. 150- 152"/1 I nim (78.2 1.J 
2-Acetoxymet hyl-3-n-amylpyridine, 41 

2-Acetoxymethyl-3-rr-hexylpyridine. (74.1 "<,) 41 

138 



Table IV-52 (Contirtud) 

Subsiiiuent 
in N-oxide Conditions Products (yield) Ref. 

?-Me-S-CH,OH 
2-Mc-3-CHzOMe 
2-Me-3-OAc-4,5- 

(CH,OAc), 
2.4.5-(CH,OH),- 

3-OH 
2-Me-6-CI 

2- Mc-3-CO2 E t 

2,6-M~,-3-C0,Ei 

2-Me-4-CO2Et 

2-Me-3- 
CONHCH,Ph 

2.6-El , 
2-Et-4-COZMe 

2.6- Pr, 

2- Pr-4-CO2 Me 

7.6-Bu 

2.6-ri-Aniyl 

( i )  Ac,O.A 
(ii) lo",, HCI 

Ac,O. A 

Ac,O 

Ac,O. A 

Ac,O, I10 -110". 6 hr 

AcZO 

Ac,O. A, 7 hr 

AczO, 120- 130" 
Ac,O. A 
Ac,O 

Ac,O 

1 1 )  Ac,O 
(ti) 25 ",, HCI. 

Ac,O. 90" 
110- l2W.3hr  

Ac,O. 125". 3 hr 

Ac,O. A 

Ac,O. 100. 10 hi 

Ac,O. 125'. 3 hr 

Ac,O. 100' 

Ac,O. 125". 3 hr 

A c 2 0 .  IOU' 

Ac,O. loo" 

2,6-Di-(hydroxymet hyl)pyridine, 6- 68 
niethylpyridine-2-dldehyde, 5-hydroxy- 
6-bydroxymct hyl-2-picoline 

5-dcet oxy-6-acetoxymei hyl-2-picolinc 
( I  8.5 ",,). 3-acetoxy-2-acetoxyme~hyl-2- 
picolinc (N",,). 1.2-di-(6-acetoxymethyl-2- 
pyridylpthylcne 

2.6-Di-(hydroxymethyI)pyrtdinc (79.5 'I,,), 505 

2,5-Di-(acetoxymethyI)pyridine 86 
2-Aceioxymethyl-3-nieihoxymethylpyridine 87 
3-Accioxy-1.4.5-iriacctoxymei hylpyridinc 73 

3-Acetoxy-2.4.5-1riaceioxyniethyIpyridine 73 

6-Met hyl-1-pyridonc. 6-chIoro-2- 358 
hydroxymcihylpyridine. 3- or 5- 
hydroxy-6-chloro-~-picoliiie 

2-Acetoxyniethyl-4-acetamidopyridinc (SX.7 ".) 513 

I -(6-Mer hyl-2-pyridyl)-6-rnethyl-2-pyridonc. 5 12 

Ethyl 2-acetoxymethylnicotinate (60.5 'I;); 77 

6-Hydroxy-2-niethylnicotInic acid, m.p. > 3 0 "  107 

Ethyl 2-aceioxymcthyI-3-pyridylacetatc 77 

m.p. 202" 

ethyl 5-ace1oxymei hylnicotinaie (trace) 

Ethyl 2-acetoxy-6-methylnicotina~e. 107 
m.p. 52 54" 

b.p. 134 - 136"/2.5 mm (57.4",,) 
Ethyl 2-acetoxymethylisonicoiinate. I I0 

2-Acetox yrnethyl-N-bcnzy lnicotinaniide 77 

2-Et h yl-6-(r-acetoxyet hy1)pyridinc. 41 
b.p. 123-125"/5 rnm (75",,) 

b.p. 142- 147"/6 m m  (61 04) 

b.p. 122- 124"/10 mni (92.9'!,,) 

b.p. 155 162"/9 mm (hb",,) 

b.p. 146 14Yj10 m m  (90",,) 

b.p. 170-l72"/4mm (88.4";,) 

Methyl 2-(z-acetoxyel hyl)isonicotinate, 110 

2-Propyl-6-(r-acetoxypropyl)pyridinc. 41 

Methyl 2-( .x-accroxypropyl)isonicolinale. 110 

2-Butyl-6-(~-acetoxybutyl)pyridinc. 41 

2-ri-Amyl-6-fz-acctoxy-n-amyl)pyridine. 41 

I39 



Table I V-52 (Coririnird) 

Subsiituent 
in N-oxide Conditions Prodiicrs (yield) Ref. 

2-CH,CH,CH20H Ac,O. A. 10 hr 

2-CI 
2.3,4.5-C14 

2-OEt 
2-OPh 
2-CO2H 

2-C02H-5-  
C 0 2 M c  

2-COZMc 
3-MC 

3,5-Mc, 

5-Me-2-CH20Ac 
3-F 
3-CI 
3-Br 

3-SiMe3 
3-NO2 

t i )  Ac,O, A 
( i i )  lo", ,  HCI 

( i )  Ac,O. A. 3 hr. 
hydroquinonc 

(ii) NaOH 
Ac,O. A 
Ac,O. 95",,,  AcOH, 

A. I hr 
Ac,O. A 
Ac,O. A 
Ac,O. 50" 

Ac20.  McCN. 
75 XU". I hr 

Ac,O. McCN. 160' 

Ac,O. 45" 

Ac,O. A 
Ac,O 

Ac,O. 140 150". 4 hr 

Ac,O. 160.2 .5  hr  

Ac,O 
Ac,O, A 
Ac,O. A. 4 hr 

Ac,O, A. 24 hr  
Ac,O 

Ac~O, A 

2-( I .3-Diacctoxypropyl)pyridin~. 
I .2-Di-(2-pyridyl)glycol (39 "J, 

3-hydroxy-2-si yrylpyridine (8 ",,L 
5-hydroxy-2-st yrylpyridine (5  'I,,). 
7-styrylpyridinc (6.5 ' I ( , )  

2-[ I-( 1 2-dihydroxy)propyl Jpyridine. 
3- (or 5- )  hydroxy-2-(CH-- CHMe)pyridine 

2-( CH -1 CH Me)pyridine- I -oxide, 

I-Hydroxy-2-pyridone (71 'I;,) 
3.4.5-Trichloro-2-pyridone 

I -Hydroxy-2-pyridonc (61 ",,I 
1 -Hydroxy-2-pyridone I 84 ' I . , , )  

Pyridine- I -oxidc. 2-pyridone, 
I -(2-pyridyl)-2-pyridonc 

Pyridinc-I-oxide: picrate. n1.p. 175 178": 
2-accioxypyridine. styphnatc: n1.p. I79 1 8 0  

Pyridinc- I -oxide (hO",,). 2-aceioxypyridinc 

Methyl nicoi iniitc 
r 18 ",,) 

6-Mcr hoxycarbonyl-2-pyridonc (34",,) 
3-Methyl-2-pyridonc (35-  40",,). 5-mcthyl-2- 

pyridone (35 40",,). I-(5-methyl-2-pyridyI)- 
3-rncthyl-2-pyridonc (4 ";,) 

3-Picoline: picrate. m.p. 145-147"; 1-(5- 
nict hyl-?-pyridyl)-3-rnet hyl-2-pyridone. 
m.p. 107- 108.5". 2-amino-3-picoline. 
5-methyl-7-pyridone. rn.p. 1 8 5 ~  186": 
picratc. rn.p. 146-147.5": 3-nieihyl-2- 
pyridone 

rn.p. 118.5- 119.5". I-(3,5-dinicthyI-2- 
pyridyl)-3.5-dirnet hyf-2-pyridone, m.p. 

3.5-Lutidine- I -oxide, 3.5-dirnethyl-2-pyridone. 

lW-- 105" 
6-Diacetoxyrnethyl-3-picolinc 
2-Acet oxy-3-Ruoropyridine (65 'I;,) 
2-Acetoxy-3-chloropyridinc (61 ";,) 
2-Acetoxy-3-brornopyridine (50%) 
3-Ni1ro-2-pyridone 
3-Trimet hylsilyl-2-pyridone. 5-trirnethylsiiyl- 

2-pyridone 

84 
i36 

136 

110 
176 

358 
358 
96. 3%. 

510 
96 

96 

514 

96 
484 

4x5 

4x5 

32 
55 
55 
55 
514 
46 

1 40 



Su bstitueni 
in :\'-oxide 

3-COzH 

Conditions 

Ac,O. A. 6 h r  
Ac,O. A 

3-COzEI 
4-Mc 

4- Mc-2-CH ,OAc 

4-El 

4-COzH 

Ac,O. A 

Ac,O. I ?  h r  
Ac,O 
A c 2 0 ,  AcOH. 40 min. 

140 1 SO". dry Nl 
aim 

Ac,O, PhNO, 

Ac,O. styrene 

Ac,O. A 

( i )  Ac,O 
( i i )  HCI 
t i )  Ac,O.A 
f i i )  lo",, HCI 
Ac,O. A 

Ac,O, A 
Ac,O. 6 hr 
Ac,O 

Products (yield) Ref. 

2-Aceioxynicot inic acid- I-oxide 
I-Acetylnicotinic acid- I-oxide (30",,). 

2-pyridone-5-carboxylic acid (3 I,;,). 

2-pyridone-3-carboxyIic acid ( 18 y;,) 

2-pyridonc-S-carboxylic acid I2 'I,#,). 

5.7-dioxo-6-mci hylcyelopen tcno[h]pyridi 
I -oxide ( X  ",,) 

~-Pyridotic-.;-c.arbuxylic acid ( I8 V,,). 

3-Methoxycarbonyl-2-pyridonc (1X ",,). 

500 
484 

484 

ne- 

96 
5-mcthoxycarbonyl-2-pyridone ( I  6 ' I , , )  

2-Ethoxycarbunyl-2-pyridonc. n1.p. 143- 144" 
4-Aceioxymcihylpyridine. b.p. 80 1W!6 mm 

(65  :2 4-Pyridylrncthyl acetatc (88 ":,) 
3-Acctoxyd-picolinc ( I  ?'I,,) 

4-Picolinc (2.9 ",,). ?d-lutidine (0.2 'I,,), 
4-eihylpyridine (0.6 "$,) 

} f30",,) 
4-Hydroxymet hylpyridinc (X9";,) 
3-Acetoxy-4-picoline ( I 1 ",,) 

42 @Iq,) 
4-Hydroxymethylpyridine (89 ''J 
3-Acct~~xy-4-picolinc ( I  I ",,) 
30":, Polystyrene. lo",, unreactcd styrene 
4-Pyridylmethyl arctalc (64.2 ''J 

3-acetoxy-4-picolinc (35.8 "'J. 
I .?-bis(4-pyridyl)ethylcne (ca. l3"J 

4-pyridylmcihyt acctate (67 '*<,). 

(0.71 atm "', "0)  
3-Aceioxy-4-picolinc (30 "J. 4-pyridylmet hyl 

acetisic (70",,) 
4-Pyridylniet hyl phenylacctate : 

4-phcnethylpyridine (0.06: 1 )  
4-Picolinc-~-carboxaldchyde 

4-t x-Hydmxyet hy1)pyridine 

1 

1 

3-Acctoxy-4-picoline 0 3  'I.,). 10.71 iitni ",, '*O). 

lsonicotinic acid (22 'I;,), 
2-pyridone-4-carhoxylic acid (7 'Ib,) 

4-Mei hoxycarbonyl-2-pyridone (56 ",,) 
4-EthoxycarbonyI-2-pyridone. m.p. 21 1 211" 
?-Chloro-4-hydrox).methylpyridinc. 3- or 
5-hydroxy-~-chloro-4-picoline. I-hydroxy- 
4-mcthyl-?-pyridonc 

96 
515 

490 

490 

490 

505 

500 

516 

495 

459 

4x6 

328.484 

96 
96 
358 

141 



I42 Pyridine-I-oxides 

TABLE IV-53. Reaction of Pyridine-I-oxides with Ketene (517, 518) 

Product (yield "J 
Recovered 

N-oxide IV-2-50 I V-25 1 iv-252 N-oxide 
~~ 

'-Me so 60 Trace 

3-Me 3 10 
4-MC 5 0.3 4 
4-NO2 91.3 

2.6-Mc2 33 17 4 

- 3 41 4-NO2-2.6-Mc2 X 7' 

4-Acetoxy-6-acetoxymet hyl-2-picoline 

A number of mechanisms have been considered for the pyridine- I-oxide- 
mediated oxidative decarboxylation of acyl residues containing a-H atoms, 
for example, the reaction of diphenylacetic anhydride with pyridine- 1 -oxide 
(519a). The favored mechanism involves an "a-lactone-like" (IV-253) 
intermediate. 0 + R2CH('OX - 0 - 0 

i 
I / O -  

\CR, 
0-C 

I I 
0- OCOCH R 

0 Q I 0 I1 0 + C o ,  + RCR I I  c--- O- RZC-0 /5 + Q 
IV-253 

The reaction of pyridine- I-oxide and diphenylketene under aprotic 
conditions might be expected to proceed by initial formation of IV-253 and 
have subsequent steps in common with the anhydride reaction. The reaction 
of diphenylketene was studied in two ways: (a) by addition of solutions of 
purified ketene to pyridine-1-oxide solutions, and (b) by the in situ formation 
of the ketene from the acid chloride through the action of triethylamine 
without removal of the triethylammonium chloride. At room temperature, 

0 
R,T=C'=O / I I  0 R,CHCOX +NE,,; LJ -.----+ RCR + COL + polymer 

'=y + I  /O- 

\\R2 
0- 0--c 
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the reaction gave high yields of carbon dioxide and low yields of ketone 
(benzophenone) (Table IV-54). When the reaction was carried out by the 
slow addition of diphenylacetic anhydride to the hot N-oxide, the results 
were similar to those obtained with the ketene. When the ketene was formed 

TABLE IV-54. Reacrion of Pyridine-I-oxides with Ketenes (519a) 

Ratio of 
N-oxide Products 

N-oxidc Ketene to ketene Conditions (rnoles/rnole ketene) 

Pyridine (0.5M) Diphcnyl 

Pyridine (0 .8M) Diphcnyl 

Pyridinc (0.7M) Diphenyl 

Pyridine Dimet hyl 

(purified) 

(purificd) 

(purified) 

(ref. 519b) 

4-Picoline Diphenyl 
( I  .4!M) (purified) 

4-Picoline Diphcnyl 
( I  .4M) (puritied) 

4-Picol ine Diphenyl 
( I  . 2 M )  (irt sifu) 

Pyridine ( I  .9M) Diphenyl 
(in sitit) 

4-Picolinc Diphenyl 
(0 .6M) pyridine liri sitit) 

4- Picoline Fluorenyl 
(0.4 M )  ( puri bed) 

4-Picoline FI uorenyl 
(0.7M) (purified) 

8 

6 

Benrcne. A 

Benzene. R.T. 

Acetonitrilc. A 

Bcnrene. 2 days 

Acetonitrilc. A 

Acetonitrile, R.T. 

Acetoniirile. R.T. 

Acetonitrile. R.T. 

Acetonitrile. R.T. 

Acetonitrile R.T. 

Acetonitrite. R.T. 

CO, (0.70); benzophcnone, 

CO, (0.46): benzophenone 
(0.46): polymer 

CO, (0.63): benzophenone 
(0.46): polymer 

Pyridine. 4-isopropylpyridine. 
acetone, bicyclic compound 
(IV-255 or IV-2-56) 

COz (0.84); benzophenonc 
(0.48): polymer 

CO, (0.60); benzophenone 
(0.50): polymer 

CO, (0.1 5 ) :  benzophenonc 
(0.25); picoliniurn salt (0.35) 

COz (0.82): bcnzophcnonc 
(0.36): picolinium salt (0.19) 

C02 (0.23): bcnzophenone 
(0.34): picoliniurn salt (0.05): 
pyridiniurn salt (0.20) 

C 0 2  (0.61): fluorenone (0.31): 
bis-biphenylene succinic 
;in hydr idc 

CO, (0.67): fluorenone (0.45): 
bis-biphenylene succinic 
anhydride 

in situ, a low yield of isolable material was obtained (Table IV-55) and in 
addition I-benzhydryl picolinium and pyridinium salts were isolated. A 
common ylid (IV-254) was suggested. In the presence of pyridine, both 
picolinium and pyridinium salts were isolated, and the relative yields 
depended on the relative amounts of pyridine to Cpicoline-I-oxide which 
were initially present. Since pyridine does not react with benzhydryl chloride 
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TABLE IV-55. Reaction of 4-Picoline-l-oxide with Acid Chlorides in Acetonitrile (519a) 

Amine Acid chloride 

Ratio of 
acid chloride 
to N-oxide Products (moles,/mole) 

Triethylamine 

Triethylamine 

Triethylamine 

Triethylamine 
Pyridine 

Pyridine 

Pyridine 

Pyridine 
None 
Triethylarnine 
none 
Triethylamine 

Diphenylacct yl 

Diphenylacet y 1 

Diphenylacetyl 

Diphcnylacct yl 
Diphenylacet yl 

Diphenylacet y 1 

Diphenylacetyl 

Dipheny lacet yl 
Diphenylacet yl 
9-Fluorenyl 
9-Fluorenyl 
2.3-Diphenyl- 

cyclopropn yl 

I .05 

2.07 

4.19 

9.00 
0.97 

1.88 

3.87 

10.68 
3 .O 
10.0 
8.0 
2.29 

CO, (0.52): benzophenone (0.33): 
picolinium salt (0.065): 
diphenylacetic acid (0.1 1-0.20 equiv.) 

picolinium salt (0.068); 
diphenylacelic acid (0.1 I-0.20 equiv.) 

picolinium salt (0.030): 
diphenylacetic acid (0.1 1-0.20 equiv.) 

CO, (0.52); benzophenone (0.39); 

CO, (0.69); benzophenone (0.66): 

CO, (0.69); benzophenone (0.65) 
CO, (0.56); benzophenone (0.2 I ) :  

picolinium salt (0.065): 
N-ben hydrylpyridiniurn chloride (0.26) 

picolinium salt (0.093): 
N-benhydrylpyridiniiim chloride (0.1 I )  

picolinium salt (0.062): 
N-ben hydrylpyridinium chloride (0.06) 

CO, (0.63); benzophenone (0.50); 

CO, (0.60): benzophenone (0.62); 

CO, (0.47); benzophenone. (0.61) 
CO, (0.78); benzophenone (0.57) 
Fluorenone (0.72) 
CO, (0.64); fluorenone (0.46) 
CO, (0.51); ketone (nil). 2.3-diphenyl- 

propnal ,  bis-(2,3-diphenyl)cyclopropenyl 
ether 

rapidly enough to account for the formation of the pyridinium salt, inter- 
mediates such as IV-254 are postulated. The reaction of biphenylene ketene 

1v-254 

with pyridine-l-oxide gave the ylid directly and a reduction in polymer 
formation was observed. A new product was isolated and identified as bis- 
biphenylene succinic anhydride (519a). 

The data in Table IV-54 and IV-55 indicate that an intermediate is formed 
in all of these reactions which is capable of reacting with both free amine 
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and amine-1-oxide. This accounts for the less than quantitative yields of 
ketones formed. 

Carbon dioxide was slowly evolved from a cold solution of diphenylacetyl 
chloride and pyridinc-I-oxide in acetonitrile to give an N-acetoxonium 
chloride salt (r(.,, I830 cm-l) (519a). Treatment of these solutions with 
rriethytamine resulted in evolution of carbon dioxide and products similar 
to those obtained from the reaction of the in sitic formed diphenyl ketene 
with pyridine-1-oxide were isolated. In the presence of pyridine, the reaction 
was slower but similar products were isolated (Table IV-55). From these 
results, i t  was observed that the yield of ketone increases with increasing 
N-oxide concentration and the yield of the pyridinium salts decreases. When 
fluorene-9-carbonyl chloride was added to the pyridine-I-oxide, the reaction 
proceeded rapidly without the addition of a catalyst to give products similar 
to those observed with the corresponding ketene. In the case of the reaction 
of 2,3-diphenylpropene- I-carbonyl chloride under these conditidns, the 
rate of gas evolution did not increase when triethylamine was added. N o  
ketone was obtained; instead, the ether and aldehyde which result from the 
solvolysis of the corresponding cyclopropenoyl chloride were isolated 
(519a) (eq. IV-47). Reaction with I80-enriched diphenyl ketene gave carbon 
dioxide in which one oxygen atom came from the ketene and one from the 

0-  (IV-47) 

N-oxide; the ketone arose solely by oxygen transfer from the N-oxide to the 
a-carbon of the ketene (Table IV-56). 

A dipolar addition-elimination process could actually be involved in the 
formation of the ketone and ylid (cqs. IV-48 and IV-49) (51%). 

This reaction appears to be different from the anhydride-N-oxide reaction 
in that very little ylid or products derived from it appear to be formed when 
the anhydride is present in appreciable concentration (51Ya). 

TABLE IV-56. Oxypcn-I8 disiribution" in Reactions uiih 4-Picoline- 
I-oaidc 1519~1) 

Compound ('02 Reniophenone 

Diphcnylacctyl chloritlc 0.788" I .07 0.108 
Uiphenyl keiene 0.788" I .06 0 . 2 0 9  
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-- 'G ------) 0 (IV-49) (jqR 0 + 'iii 

"yvJ t--c~ :N 0 R R R  

R R  

The reaction of pyridine-l-oxide with dimethylketene in benzene solution 
gave a mixture of products: pyridine, 4-isopropylpyridine, acetone, and a 
compound with empirical formula CI3H,,NO, to which was assigned 
structure IV-255 or IV-256 (519b). Scheme IV-14 was proposed to account 
for the formation of 1V-255 or IV-256. 4-Isopropylpyridine (IV-259) could 
arise cia IV-257 and IV-258 either from the hydrolysis, 1 ,Ceiimination and 
decarboxylation of IV-255 or IV-256 or by spontaneous decomposition of a 
possible I : I adduct (IV-260) (Scheme IV-14). Reaction of dimethylketene 
with 2-picoline- 1 -oxide, 4-picoline- 1 -oxid$, and 2,6-lutidine- l-oxide gave 
the alkylpyridine as the only characterizable product; numerous other 
products were formed in low yield (519b). 

3. Hornolytic Substitution 

Homolytic substitution of pyridine- I-oxide has not been studied system- 
atically. Honiolytic arylation of pyridine-1 -oxide with benzenediazonium 
tetrafluoroborate in homogeneous solution was reported (520). After 
deoxygenation of the N-oxides with thiourea, the observed ratio of the 
isomeric 2-, 3-, and 4-phenylpyridines was 66.2 :2.5: 31.3. In contrast, values 
of 76.4: 8.3: 15.3 were given for the phenylation of pyridine-l-oxide using 
phenyldiazoaminobenzene at 13 I O (521a). Recently, phenylation of pyridine- 
1-oxide using diazoaminobenzene at 13 1" was performed to obtain the total 
rate ratio (Table IV-57) (521b). Using electrolytic reduction of benzene- 
diazonium tetrafluoroborate in acetonitrile to phenylate pyridine- I -oxide 
at o", relatively high yields of phenylated pyridine-l-oxide (ca. 35 %) have 
been obtained. Competitive reactions at 0" gave total and partial rates close 



0- 

\ IV-255 IV -u6  / 

1v-259 IV-260 

Scheme IV-14 

147 
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TABLE IV-57. Radical PhenyIation of Pyridinc- I-oxides" 
t -  
N - 0  h Ref. Reaction conditions Products (isomer ratio and yield) c , K  F,' 

PhNHNzPh + Py'-O-. 
131 

181" 
PhNHN,Ph + Py'-O-, 

PhNHN,Ph + P y + - O -  
( +  PhOCH,), 131" 

( +  PhOCH,), 131" 
PhNHNzPh T Pyt-O-  

PhN2BF, i CSHsN + 
P y t - O - ( I : I )  + 
CH,CN, R.T. -60" 

PhNIBF, i CSH,N T 

p y + - 0 -  (0.02:0.04:1.0) 

Py + -0 - (0.02 : 0.04 : 1 .O) 
on Hg pool in CH,CN 

Elect. rcdn. or PhN,RF, in 

on Hg pool ill CHJN. 20" 
PhNZBF, T CSHSN + 

P y f - O - ,  CHJCN 
( +  PhH).O' 

2-. 3-, And 4-phenylpyridine-I-oxide 

2-. 3-. And Cphcnylpyridinc- 1-oxide 
(76.2:7.8: 16)(27",,) 

(79: 7.7: I3.3j 128 '(,); phenylpyridines 
(6 "J 

(82:4: 14) (45';;) 

(82:4: 14)(45"$) 

2-. 3-. And Cphenylpyridine-l-oxide 20.6 

2.. 3-, And Cphenylpyridinc-l-oxide 16.2 

2-, 3-, And 4-phcnylpyrtdine-l-oxide 
(66.2:2.5:31.3)(0.9'?;): 2-. 3-. and 
Cphenylpyridine (65.5: I I .8:22.7) (6',{,) 

2-. 3-, And 4-phenylpyridine-I-oxide 
(87: < I  : 12) (20:,,): phcnylpyridincs 
( < I "4) 

( < I o;) 

2-. 3-. And Cphenylpyrtdinc-I-oxide 
(87: < I : 12) (200.;;): phenylpyridines 

2-. 3-, And 4-phenylpyridine-l-oxide 52 
(89: < 1 : 10) (35 Y;,) (from isomer ratio 
and competitive reactions) 

2-. 2.5 
3-, 7.3 
2-. 39.85 
3-, 1.95 
4.. 13.6 

2-. 139 
3-. 1.5 
4-. 31.2 

52la 

52la 

521b 

521b 

5 10 

521b 

521b 

521b 

" Experimental isomer ratios, total rate ratios, partial rate factors. yields. and isomer ratios. 
+ -  7 EK = total rate ratio of pyridine- 1-oxide relative to benzene. 

Calculated from isomer ratios and T-EK.  
+ -  

+ -  
to the theoretically predicted (521~) va lues (~K,48 .5 ;  F,:2-, 134; 3-, 1.2; 4, 
19.7) (Table IV-57). The total rate ratio (relative to benzene was remarkably 
high (52)  for an aromatic arylation reaction. 

Phenylation of pyridine-l-oxide using benzenediazonium tetrafluoro- 
borate and pyridine (100:2:4 molar ratio) at 20" also gave the phenyl- 
pyridine- 1 -oxides (Table IV-57). Only traces of phenylpyridines were 
obtrlined. It was suggested (521b) that pyridine forms a coordination complex 
(IV-261) with the diazonium saIt. Abstraction of hydrogen atoms from 
o-complex IV-262 gives pyridinium tetrafluoroborate as originally pro- 
posed by Abramovitch and Saha (521d). Hg" apparently exerts a catalytic 
effect by facilitating the one-electron transfer from the nitrogen lone pair. 
Hence the rate of decomposition is increased when mercury is present. 
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ArNfBF; + nPy - [ArN,(Py)nJ+BF; - 
IV-261 

Py.' + ArN,. 

\ I  
A r  + N, 

P r ' H  -i Ar'H Py+-O- 
Ar-Ar' 

[Ar-Ar'HJ. +o IV-262 
+ N  BF; H 

4. Nuclear Proton Abstraction 

Base-catalyzed hydrogen-deuterium exchange of 3-bromopyridine-l- 
oxide in NaOD-D20 showed that the rate of exchange for 3-bromo- 
pyridine-1-oxide to  be in the order of 2- > 6- =- 4- >> 5- (eq. IV-50) (522). 
The pseudo first-order rate constants for 3-bromopyridine- 1 -oxide were 

sec-' (522). A similar study (523) with 3-chloropyridine-1 -oxide showed the 
k,,-2 5 '  = 1.7 x sec-I; k;?, = 3.9 x sec-'; k;y4 = 4.6 x low6 

H4 fi uR F=== exR (IV-50) 

+ N  (--) >y D 
\ 

0- 
I 
0- 

Hci + N  H, I 
0- 

same order of reactivity, as contrasted with the rates of exchange of pyridine 
in strong base (4 > 3 > 2) (524). The rates of exchange for deuterated 
pyridine- 1 -oxide, 3-chloropyridine- 1-oxide, and 3,5-dichloropyridine- 1- 
oxide in MeONa-MeOH were reported (525). At 138", the relative rates 
for pyridine-1-oxide are 2.6-:3.5-:4 = 1,500: 10:I.O. At 50", the relative 
rates of exchange for 3-chloropyridine- I-oxide are 2- : 6- : 4- = 1,840: 12.2 : 
0.37 and for 3,5-dichloropyridine-l-oxide, 2,6- :4- = 11,800: 1,370, all 
corrected statistically. The kinetic data for nuclear H-D exchange in 
I-methylpyridinium chloride (IV-263) and pyridine-1-oxide in D,PO, = 
DPO; buffer indicated that the rates of deprotonation of these molecules 
are qualitatively similar to that for the decarboxylation of l-methylpyri- 
dinium carboxylate (IV-264) (526). These results indicate that a carbanion 
intermediate is involved in the base-catalyzcd H-D exchange in these 



150 Pyridine- 1 -oxides 

hie 
1V-263 

lire X -  

IV-264 

compounds and in the decarboxylation of I-methylpyridinium-2-carboxylic 
acid salt. By applying the Hammick reaction (527), the carbanions of 1- 
methylpyridinium salts (528) and pyridine-1-oxide (96) were trapped. The 
decarboxylation of pyridine dicarboxylic acid-1-oxides was reported, but 
the intermediate carbanions were not trapped (101, 102,529a). 

Recently, the rates of H-D exchange at the equivalent 2,6-position of 
N-substituted pyridinium ions in D,O at 75.0" were obtained by use of 
N M R  (529b). Under these conditions, no other annular protons underwent 
detectable exchange, and in all cases, exchange is first order in deuteroxide 
ion. The substituent on nitrogen has a pronounced influence on the reactivity, 
as indicated by the following relative second-order rate constants at 75" for 
groups 0-, Me, and OMe: 1.0, 1.4 x lo2, and 1.3 x lo6, respectively. 

The H-D exchange of the side chain methyl protons in substituted 
picoline- I-oxides under basic conditions has been reported (530-534). 
Recently, it was found that nuclear a-proton exchange accompanied methyl 
proton exchange in the presence of sodium carbonate or triethylamine and 
sodium deuteroxide at 100" (535). The relative amount of ring and side-chain 
exchange varied with reaction time and the nature of base (Table IV-58). 

TABLE IV-58. Base-Catalyred H - - D  Exchange in Alkylpyridine-I-oxides in Deuterium 
Oxide (535) 

Exchange ( ' I , )  

N-oxide Conditions Nuclear z-pro~ons Side-chain protons 

?-Me Na,CO,. 0.5 hr 
Na,CO,. 5 hr 
NaOD. 0.5 hr 

Na,CO,. 0.5 hr 
2-Me Et,N. 72 hr 

2-CHZPh E1,N. 21 hr 
Na,CO,. 0.5 hr 
NaJO,. 5 hr 
Et,N. 20 hr 
Na,CO,. 0.5 hr 
Na,CO,. 5 hr 

4-CH 2 Ph 

12 
45 
86 
40 
80 
Exchange 
3 
3 
30 
17 
18 
100 

66 
97 
86 
20 
50 
Equivalent 
100 
78 
100 
95 
94 
100 
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More side-chain than ring proton exchange occurred with 2-picoline- I-oxide. 
In contrast, with 4-picoline-l-oxide the amount of ring H-D exchange 
exceeded that of side-chain exchange. Under the conditions above, 2- and 
4-benzylpyridine-l-oxides also undergo base-catalyzed exchange at both the 
benzylic hydrogens and the 2-protons of the pyridine nucleus (535). 

Pyridyl-1 -oxide carbanions have been generated and trapped in non-protic 
solvents (536). For example, 4-chloro-3-picoline-l-oxide (IV-265; X = C1, 
R = Me) and n-butyl lithium at -65" gave the carbanion (IV-266; X = C1, 
R = Me) which, with cyclohexanone, gave the tertiary alcohol (IV-267; 
X = C1. R = Me) in which the 4-chloro group and the N-oxide function 

fiR +N - 

I 
0- 

IV-265 

x 

0- 
IV-266 

IV-267 IV-268 

are retained (eq. IV-51). Somc 4-chloro-2,6-di-f1-hydroxycyc~lohexyl)-3- 
picoline-l-oxide (IV-268; X = CI, R = Me) was also formed. The 2,6- 
disubstituted product probably results from an attack at C-2 occurring after 
attack at C-6. A possible explanation for this could be steric hindrance by 
the methyl group to the approach of the base in the plane of the ring (34). 
Formation of the 2,6-disubstituted product (IV-268) can be envisaged as 
the result ofthe formation of a dilithio intermediate (IV-269) or the formation 
of the 6-monosubstituted intermediate (IV-270) in which the RO-Li 
can abstract a proton from C-2 of another molecule of IV-270 to give the 
lithium derivative IV-271, which can then react with more cyclohexanone 
to give the 2,6-disubstituted compound (IV-268) (34). With pyridine-l-oxide 
and 4-substituted pyridine-1 -oxides. where there is no steric hindrance to 
the approach of the reagent, the mono- (IV-267; R = H) and di- (IV-268; 
R = H) tertiary alcohols were obtained (Table IV-59). The lithium deriva- 
tives of substituted pyridine-l-oxides were also treated with other ketones 
to give tertiary alcohols and with aldehydes to give secondary alcohols 
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Li 
0- 0- 

IV-269 Iv-268 

2 &:-& +N 0- + N  0- +d' + N  0- 

IV-270 IV-271 

(Table IV-59) (34,536a, h). It was found that pyridyl-1-oxide carbanions 
could be generated from a cold ( -  65") suspension of the pyridine-I-oxide 
in ether containing two equivalents of n-butyllithium and then warming 
to room temperature over a period of 20 min before reaction with the ketone. 
Generally higher yields of the alcohols were obtained (Table IV-59) (536b). 
A variety of bases, other than n-butyllithium were investigated for their 
ability to produce the pyridyl-I-oxide carbanion (Table IV-59) (536b). Both 
side-chain and proton abstraction occur with 2-picoline-I-oxide and 
butyllithium. 

The reaction of 3,4-lutidine-l-oxide with lithium bis-trimethylsilylamide 
and cyclohexanone in ether gave 2-( l-hydroxycyclohexyl-4,5-dimethyl- 
pyridine-1-oxide (IV-267; R = X = Me) and a new product, 4-(l-hydroxy- 
cyclohexylmethyl)-3-picoline- 1 -oxide (IV-272) (Table IV-59) (536b). 

0- 
IV-272 



TABLE IV-59. Reaction of 2-Lithiopyridine-I-oxides with Aldehydes and Ketones (34,536a, b) 

Substituent 
in N-oxide Conditions Producrs (yield) 

None 

2-Me 

3-Me 

4-Me 

3,4-Me2 

(i) n-BuLi, THF, -65" 
( i i )  acetaldehyde 

(i) n-BuLi, ether, -65" 
(ii) cyclohexanone 
(i)  n-BuLi. THF: ether, 

( i i )  Cyclohexanone 
(2 : I r / ~ ) ,  - 65" 

(i)  rz-BuLi, ether, R.T 
(ii)  Cyclohexanone 

(i)  Na bis-trimcihyl- 

(ii) Cyclohexanone 
( i )  n-BuLi, THF. -65" 
( i i )  Acetone 
( i )  n-BuLi, THF, -65" 
( i i )  Cyclohexanone 

silylarnide, benzene, A 

( i )  n-BuLi. THF: ether 

( i i )  Cyclohexanone 
( 1  :4). -65" 

(i) n-BuLi, THF, -65" 
(ii) Cyclohexanone 

(i) 81-BuLi. ether, R.T. 
(ii) Cyclohexanone 

(i) n-BuLi, ether, -65" 
(ii) n-Butyraldehyde 
(i)  n-BuLi, THF, -65" 
(ii) Cyclohexanone 

(i) n-BuLi. TMEDA, 

(ii) Cyclohexanone 
(i) MeLi. THF, -65" 
(ii) Cyclohexanone 

THF. -65" 

(i) n-BuLi, ether, -65" 
( i i )  Cyclohexanone 

24 1-Hydroxyethy1)pyridine-1 -oxide, m.p. 97-98" 
(36.3 ",;); 2,6-di-( I-hydroxyethy1)pyridine- I-oxide, 
m.p. 70-72" (30.1 x )  
m.p. 93-94" (7.4%) 

m.p. 89-91" (4.6"(,); 
2,6-di-( I -hydroxycyclohexyl)pyridine- 1 -oxide, 
m.p. 158" (14.8 3,) 

map. 89-91" (12.5%); 
2,6-di-( I -hydroxycyclohexyl)pyridine- 1-oxide, 
m.p. 159-161" (35.5%) 

m.p. 89-91' (0.85%) 

2-( 1 -H ydroxycyclohexy1)pyridine- I -oxide, 

2-( I-H ydroxycyclohexyl)pyridine- I -oxide, 

24 I -Hydroxycyclohexyl)pyridine- 1 -oxide, 

24 I -Hydroxycyclohexyl)pyridine- l-oxide, 

2.6-Di4 I -met hyl- I-hydroxyethy1;pyridine- 1 -oxide, 

I -(2-Methylpyridyl)cyclohexanol- I -oxide, 
n1.p. 118" (17.8"() 

n1.p. 113-114"(4.3':;): 
a.6-di-( I -hydroxycyclohcxyl)-2-mct hylpyridine- I - 
oxide, n1.p. I 1  I "  (19.6 %) 

m.p. 123--124" (25.1 x):  
2,6-di-( I - hydroxycyclohexyl)-3-pIcoline- I -oxide. 
m.p. 138-139" (4.6y0) 

m.p. 115"(21.1 :<): 
2,6-Di-( 1 -hydroxycyclohexyl)4--picoline- I-oxide, 
rn.p. 198- 199" (27.3%) 

n1.p. 113-1 15" (l9.8'3;,); 
2.6-d i-( I -hydroxycyclohexyl)-4-picoline- I -oxide, 
m.p. 202- 204" (24.9'>:,) 

(4.5-Dimet h yl-?-pyridy1)-ri-propylcarbinol-l -oxide, 
m.p. 114" (14.7");) 

64 I-Hydroxycyclohexyl)-3,4-lutidine- I-oxide, 
m.p. 148 149' (38.7:(,): 
2,6-di-( I -hydroxycyclohexyl)-3,4-lutidine-: - 
oxide. m.p. 189-190" (12.1 o(,) 

6-( I-Hydroxycyclohexyl)-3.4-lutidine-l-oxide 
(28.5 '';$ 2,6-di-( 1 -hydroxycyclohexyl)-3,4- 
lu t idine- I-oxidc (6.7 '!!) 

64 I-Hydroxycyclohexyl)-3.4-lutidine- I -oxide 
(47.3 ?J: 2.6-di-( 1 -hydroxycyclohexyl)-3,4- 
littidine-I-oxide (8.9 n(,) 

64 I-Hydroxycyclohexyl)-3.4-lutidine- I -oxide 
(56.3 "J: Z.h-di-( I -hydroxycyclohcxyl)-3.4- 
Iulidinc-I-oxide (15.6";,) 

64 I -Hydroxycyclohexyl)-3-picoline- I -oxide, 

24 I -Hydroxycyclohexyl)-4-picoline- I -oxide, 

2-( I -Hydroxycyclohexyl)-4-picoline- I -oxide, 

I53 



Table 1V-59 (Continued) 

Substituent 
in N-oxide Conditions Products (yield) 

64 1 -Hydroxycyclohexyl)-3,Clutidine- 1 -oxide 

4-CI 

4-CI-3-Me 

COEt 

(i) Na bis-trimethyl- 

(ii) Cyclohexanone 
(i) Na bis-trimethyl- 

(ii) Cyclohexanone 
(i) Na bis-trirnethyl- 

(ii) Cyclohexanone 
(i) Li bis-trimethyl- 

(ii) Cyclohexanone 
(i) Li bis-trimethyl- 

silylamide, ether, A 
(ii) Cyclohexanone 
(i) n-BuLi, THF, -65" 
(ii) Acetone 
(i) n-BuLi, THF, - 65" 
(ii) Acetophenone 
(i) n-BuLi, ether, - 100" 
(ii) Cyclohexanone 
(i) n-BuLi, ether, -65" 
(ii) Cyclohexanone 

silylamide, benzene, A 

silylamide, THF, R.T. 

silylamide, THF, A 

silylamide, ether, R.T. 

(i) n-BuLi, THF, -65" 
(ii) Cyclohexanone 
(i) n-BuLi, ether, - 15" 
(ii) Cyclohexanone 
(i) n-BuLi, ether, 0' 
(ii) Cyclohexanone 
(i) n-BuLi, ether, -65" 
(ii) PhCHO 
(i) n-BuLi, ether, -65" 
(ii) Cyclohexanone 

(i) n-BuLi, ether, -65" 
(ii) Cyclohexanone 

(i) n-BuLi, THF, - 65' 
(ii) Cyclohexanone 

(i) NaH, THF, A 
(ii) Cyclohexanone 

64 I -H ydroxycyclohexy1)-3,Clut idine- 1 -oxide 
(1.4%) 

6-( 1 -Hydroxycyclohexyl)-3,Clutidine- 1 -oxide 
(1.4%) 

6-( 1-Hydroxycyclohexyl)-3,4-lutidine-l-oxide 
(4.0 %); 4( I-hydroxycyclohex yImethy1)-3- 
picoline-1-oxide, m.p. 217-219" (2.6%) 

64 I-Hydroxycyclohexyl)-3,4-lutidine- 1-oxide 
(4.5 %); 4-( I-hydroxycyclohexylmethyl)-3- 
picoline-I-oxide (3.3 %) 

Dimethyl (4,Sdimet hyl-2-pyridyl)carbinol-l-oxide, 
m.p. 129" (40.3%) 

I -(4,5-Dimethyl-2-pyridyl)-l-phenylet hanol- 1- 
oxide, m.p. 141' (39.4%) 

2,6-Di-( 1 - hydroxycyclohexyl)-4thloropyridine- I - 
oxide, m.p. 195" (10.9%) 

24 I-Hydroxycyclohexyl)-4-chloropyridine-l-oxide, 
m.p. 113-114" (35.67;); 

2,6-di-(I-hydroxycyclohexyl)-4-=hloropyridine- I -  
oxide (20.7 %) 

2 ,&Di-( I -hydroxycyclohexyl)4hloropyridine- I - 
oxide ( 10.5 %) 

2,6-Di-( I -hydroxycyclohexyl)-khloropyridine- I -  
oxide (13.2 %) 

2,6-Di-( I-hydroxycyclohexyl)+chloropyridine- I -  
oxide (7.3 %) 

4-Chloro-6-(a-hydroxybenzyl)-3-picoline- I-oxide, 
m.p. 134-135" (9.4%) 

4-ChIoro-6-( I-hydroxycyclohexyl)-3-picoline- 1- 
oxide, m.p. 164- 165" (43.8%); 4-chloro-2,Wi- 
(I-hydroxycyclohexyl)3-picoline-l-oxide, 
m.p. 168-169"(4.7%) 

4-Ethoxy-2~1-hydroxycyclohexyl)pyridine- I-oxide, 
rn.p. 128" (3.7 %); 4-ethoxy-2,6-di-(I-hydroxy- 
cyclohexy1)pyridine-I-oxide, m.p. 166" (12.5 %) 

4-Ethoxy-2-( 1-hydroxycyclohexyl)pyridine- I-oxide, 
(19.9 %); 6ethoxy-2,6-di-(l -hydroxycyclohexyl)- 
pyridine-1-oxide (20.7 %) 

CEthoxy-2-( 1-hydroxycyclohexyl)pyridine-1-oxide 
(7.5 %) 

154 



IV. Substitution at Carbon 155 

Reaction of 2-lithiopyridine-1-oxide with epoxides gave only vinyl 
polymers and no p-alcohols (314a). 

Treatment of 2-lithiopyridine-I-oxides with an excess of an ester gives 
the desired ketone. If a 3-substituent is present, both possible isomeric 
ketones are obtained (eq. IV-52) (Table IV-60) (34). 

‘fi? +N CR + RC +N (IV-52) 

The 6-lithio derivative of 3,4-lutidine-l-oxide was treated with N , N -  
dimethylacetamide to give 6-acetyI-3’,4,4‘,5-tetramethyl-2,2’-dipyridyl-l- 
oxide (W-273) (34). The formation of IV-274 can be explained by the forma- 
tion of intermediate IV-274, which then undergoes nucleophilic attack at 
C-2 by more 6-lithio-3,4-lutidine-l-oxide to give IV-275. This, on hydrolysis, 
gives the dipyridyl derivative (IV-273). 4-Chloro-6-lithio-3-picoline- 1-oxide 

11)n-Butl. -65’ 

-GzG-+ 

I 
0- 

I 
0- 0- 

b 

MezN 

Me MezN IV-274 

/N 
Me ‘PI 

\ 
Me Me 

Me IV-275 
W-273 

and benzonitrile gave 6-benzoyl-4,4‘-dichloro-3’,5-dimethyl-2,2‘-dipyridyl- 
1-oxide (IV-276) (34). The substituted pyridine-!-oxide anions react with 

c1 
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TABLE IV-60. Ketones from Substituted 2-Lithiopyridine- I-oxides (34) 

Substituent 
in N-oxide Conditions Products (yield) 

3.4-Me2 Ethyl acetate. THF 6-Acetyl-3.4-Iutidine- I-oxide. n1.p. 61 -62" (19.6",,): 
2-acetyl-3.4-lutidinc-l-oxide. m.p. 10% 110" 
(6.3 ",,) 

1Y-AcetylniorFhuline. THF ~-Aceryl-3.4-lutidine- I-oxide (2.8",,) 
hi.N-Din~ethylacetaniidr. 6-Acetyl-3',4,4'.5-tet~dmethyl-2,~'-dipyridyl-l- 

THF oxide. n1.p. 217" (l2.9"J 
4-CI-3-Me Bcnronitrile, ether 6 -  Benzoyl-4.4-dichIoro-3',5-dimethyl-2,2'- 

4-OEI Ethyl butyrate Z.~DDi-ri-butyroyl-4-e1 hoxypyridine- I -oxide. 
dipyridyl-I-oxidc. m.p. 235" ( I  1.5 "J 

m.p. 64- 65" (16.5",,) 

carbon dioxide to give substituted picolinic acid- 1 -oxides (IV-277) (Table 
IV-61) (34, 536a). Under these conditions, 4-picoline-I-oxide gave only the 
dicarboxylic acid (IV-278). 

'6 \ - Wn;;;Li, -65' 'fi A +" CO,H HO,C ;N CO,H 
I 1 
0 0- 

+ N  
I 
0- 

IV-277 IV-278 
The reaction of 2-picoline-I-oxide (IV-279) with n-butyllithium and then 

with carbon dioxide gave two products: 6-methylpicolinic acid- I-oxide 

( I )  n-BuLl. -65' 
(11) co, 

0 0- 0- 
IV-280 1v-28 1 IV-279 

TABLE IV-61. Reaction of 2-Lithiopyridine-l-oxi~e with Carbon Dioxide (34.536a) 

Substituent 
in N-oxide Conditions Products (yield) 

?-Me CO,. THF 6-Methylpicolinic acid-I-oxide. m.p. 181-182" (13.5:<,): 
2-methylpyridine- I-oxide-2.6-dicarboxylic acid. m.p. 177" 
(10.1 "6) 

4-Me CO,. THF 4-Picoline-2.6-dicarboxylic acid-I-oxide. m.p. 160" (48.01.") 
3.4-Me2 CO,, THF 4,5-Dimethytpicolinic acid-I-oxide, m.p. 180- 181" (17.92;) 
4-CI CO,, THF 4-Chloropicolinic acid-I-oxide. m.p. 136" (49.0".;,) 
4-CI-3-Me CO,, THF 4-Chloro-5-methylpicolinie acid-I-oxide, m.p. 160" [23.8"1;) 



I V .  Substitution at Carbon 157 

(IV-280) and 2-picoline-a,Bdicarboxylic acid- 1-oxide (IV-281) (34). Treat- 
ment of 2-lithiopyridine-1-oxides with a SchiR base, such as N-benzylidene- 
aniline gave the corresponding substituted secondary amines (eq. IV-53) 
(Table IV-62) (314a). 

0-  
+ /  CHNHPh 
0- I I 

Ph Ph 

[IV-53) 

TABLE IV-62. Reaction of 2-Lithiopyridine-I-oxides with Benzylideneaniline (314a) 

Subsritiient 
in N-oxide Conditions Products (yield) 

None THF. -65' 2,6-Bis-I1-N-phenylan~inobenzyl)pyridine-l -oxide, m.p. 105" 

3.4-Me2 THF. - 65" 2,6-Bis-(r-N-phcnylaniinobenzyl)-3,4-lutidine- I-oxide. m.p. 
(40.9 O;,) 

125" (61.8 "J 2-(x-N-phenylaminobenzyl)-4,5-dimethyl- 
pyridine-I-oxide. m.p. 212--213" (12.1 "<,) 

ether, R.T. 2.6-Bis-(1-N-phenylaminobenzyl)-3,~lutidine-l-oxide (31 'I,,): 

2-(~-N-Phenylan~inobenzyl~-4.5-dinicchylpyridine- I-oxide 
(17.5":,) 

Addition of sulfur to lithiopyridine-1-oxide and its simple derivatives is a 
convenient route to 1-hydroxy-2-pyridinethiones and related compounds 
(IV-282) (Table IV-63) (537a). In the case of 3,4-lutidine-l-oxide (IV-283), 

X X 

@ -  OH 
IV-282 

both possible thiohydroxamic acids (IV-284) and (IV-285) were obtained, 
together with a dimeric product 11V-286). which. on reduction, gave the 
1-hydroxythiolthione IV-287 (537a). Similarly, the two possible hydroxamic 
acids IV-2811 and IV-289 were obtained in poor yield from the reaction of 
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N-283 IV-2a4 N-285 Iv-286 

LiAIH, / 
SH 

OH 
IV-287 

substituted lithiopyridine-1-oxides with oxygen (Table IV-64) (537a). 
Pyridine-I-oxide itself did not yield a hydroxamic acid (537a). 

0- 
Iv-288 

The reaction of the Iithiopyridine-I-oxides with 

'5 
O i  

OH 
N-289 

bromine gave a variety 
of dihalogenated products (537a). In the case of pyridine-I-oxide, 2,6- 
dibromopyridine-I-oxide (IV-290), 6,6'-dibromo-2,2'-dipyridyl-l ,If-dioxide 
(IV-291), and 6,6'-dibromo-2,2'-dipyridyl-l-oxide (IV-292) were formed '6 (ii) (i) n-BuLi. Br, -6Y ,  

+N 
I 
0- 0- 0- 0- 

IV-290 IV-291 

0- 
N-292 



TABLE IV-63. Reaction of 2-Lithiopyridine-I-oxides with Sulfur and Related Compounds 
(314a. 537a) 

Substituent 
in N-oxide Conditions Products (yield) 

None 

4-Me 

4-Cl-3-Me 

3,4-Me2 

n-BuLi, T H F  
n-BuLi, ether, R.T. 
LiH, dimethoxyethane, 

80". 18 hr 
LiH, dimethoxyethane: 

2-(2-methoxyethoxy)- 
ethanol (50:4 c/c), 
80", 18 hr 

LiH, dimethoxyethane: 
2-met hoxyethanol 
(50:4 c/c). 80°, 18 hr 

n-BuLi, THF 

LiH, dimethoxyethane: 
2-met hoxyethanol 
(50:4 u/c) 

n-BuLi, T H F  

n-BuLi. T H F  

n-BuLi, ether, R.T. 

LiH, dimethoxyethane, A, 
20 hr 

LiH, dimethoxyet hane : 
2-methoxyethanol 
(50:4 c /v ) ,  80", 4 hr 

n-BuLi, sulfur 
monochloride, T H F  

n-BuLi, ethylene 
sulfide, ether 

l-Hydroxy-&pyridinethione, m.p. 68" (7.9 %) 
I-Hydroxy-2-pyridinethione (10. I %) 
I-Hydroxy-2-pyridinethione (12%) 

I-Hydroxy-2-pyridinethione (19.45 %) 

I-Hydroxy-2-pyridinethione (21.5 %) 

I-Hydroxy-4-methyl-2-pyridinethione. m.p. 59" 

I -Hydroxy-4-rnethyl-2-pyridinethione (5.2 76) 
(38.7 2,) 

4-Chloro- I-hydroxy-5-methyl-2-pyridinet hione, 
rn .p. 99- 1 01" (1 I .45 %) 

2.2'4 1, I'-Dihydroxy-4,4',5.5'-tetrarnethyldipyridyl- 
6,6'-dithione)disulfide. m.p. 186- 187" (37.4 %); 
I-hydroxy-3,4-dimethyl-2-pyridinethione, 
m.p. 128-129"(12.5"/.); 
1 -hydroxy-3,4-dimethyl-6-pyridinethione, 
m.p. 121-122° (24.1 x) 

2.2'4 I ,  1 '-Dihydroxy-4,4,5,5'-tetramethyldipyridyl- 
6,6'-dithione)disulfde, m.p. 186-187" (21.1 %); 
l-hydroxy-3,ddimet hyl-2-pyridinethione, 
m.p. 126-127" (7.9%); 
l-hydroxy-3,4-dimethyl-6-pyridinetbione, 
m.p. 120-121" (7.3%) 

l-Hydroxy-3,4-dimethyl-2-pyridinethione (0.9 x )  
1 -Hydroxy-3,4-dimethyl-2-pyridinethione (5.2 %) 

I-Hydroxy-3,4-dimethyl-2-pyridinethione (4.6 %); 
I -hydroxy-3,4-dimethyI-6-pyridinethione (7.5 %) 

I-Hydroxy-3.4-dimethyl-2-pyridinethione (7.7 %); 
I-hydroxy-3,4-dimethyl-2-pyridinethione ( I  1 x) 

TABLE IV-64. Reaction of 2-Lithiopyridine-1-oxide with Oxygen (537a) 

Subst ituent 
in N-oxide Products (yield) 

None Tars 
4-Me 
3,4-Me2 

I-Hydroxy4-methyl-2-pyridone. m.p. 131- 132' (12.7%) 
l-Hydroxy-3,4-dimethyl-2-pyridone, m.p. 169- 170" (IO?!,); 
t-hydroxy-3,4-dimethyl-6-pyridone, m.p. 195" (14.9 %) 
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TABLE IV-65. Reaction of 2-Lithiopyridine-1-oxides with Bromine (537a) 

Substituents 
in N-oxide Conditions Products (yield) 

None (i) THF-ether (1 : I r/ci), 2,6-Dibrornopyridine-I-oxide, m.p. 187-188" 
(ii) Phenol (decomp.) (4.0 %); 6,6'dibromo-2,2'-dipyridyl-l ,l'- 

dioxide. m.p. 232-234" (decomp.) (4.1 %) 

(decomp.) (6.2 %); 2,6-dibromopyridine- I-oxide, 
m.p. 187- 188" (decomp.) (3.1 %); 6.6'-dibromo- 
2,Z'-dipyridyt-I ,l'-dioxide, m.p. 230" (decornp.) 

None THF-ether ( I  : I D/C) 6,6'-Dibromo-2,2'-dipyridyl-l-oxide, m.p. 209-21 1' 

(1.3yxJ 
None Ether-HMPA (40: 1 r/v) 2,C-Dibromopyridine-I-oxide, m.p. 186" (decornp.) 

(0.8 x); 6,6-dibromo-2,2'-dipyridyl-l, 1'-dioxide, 
m.p. 229-232" (decornp.) (1.15%) 

4-Me THF 6,6-Di bromo-4,4'-diniethyl-2,2'-dipyridyl- I-oxide, 
m.p. 166-167" (18.1 '4); 2,6-dibromo-4-methyl- 
pyridine-I-oxide, m.p. 154-155" (4.6:(,); 6,6- 
dibromo-4,4'-dime1 hyl-2,2'-dipyridyl-I, ]'-dioxide, 
m.p. 219-222" (decomp.) (12.7%) 

1 ,I'dioxide. m.p. 200-202" (3.2 04): 2,6-dibromo- 
3,4-lutidine-l-oxidc. m.p. 144" (12.8%) 

3,4-Me2 THF, 3 hr 6,6'-Di bromo-3',4,4.5-tetramet hyl-2.T-dipyridyl- 

(i) THF. 15 rnin 
( i i )  Phenol dibromo-3'.4,4,5-~etramethyl-2,2'dipyridyl- I ,  1'- 

(i) THF, 15 rnin excess 

(ii) Phenol dioxide (2.4%) 

2,6-Dibromo-3,~lutidine-l-oxide (23.3 %j; 6.6- 

dioxide (1.60;) 
2,6-Dibromo-3.4-lu~idine-i-oxide (8.9%); 6,6'- 

bromine dibromo-3',4,4',5-tetramethyl-2,2'-dipyridyl- I ,  1'- 

(Table IV-65). Addition of chlorine gas to lithiopyridi e-I-oxide gave 2,6- 
dichloropyridine- I-oxide in poor yield but no bimo!ecular products (Table 
IV-66) (537a). 

Mercuration of 2-lithiopyridine-1-oxide with mercuric chloride give 
mixtures of the mercuric chloride and dipyridyl mercury derivatives which 
could not be resolved but were analyzed by mass spectrometry. Bromination 

TABLE IV-66. Reaction of 2-Lithiopyridine-I-oxide with Chlorine (537a) 

Substituents 
in N-oxide Conditions Products (yield) 

None 
3,4-Me, (i)  THF 2.6-Dichloro-3,4-lutidine-l-oxide, m.p. 165- 166" (8.8:") 

THF-ether ( I  : I r/r) 2,6-Dichloropyridine-I-oxide, m.p. 139-140" (4.5 74) 

(ii) Phenol 
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yielded the corresponding 2-bromo- and 2,6-dibromopyridine- I-oxides 
(Scheme IV-15) (Table IV-67) (537b). 

TABLE IV-67. Reaction of 2-Lithiopyridine-l-oxides with Mercuric Chloride Followed by 
Brornination (537b) 

Substituent 
in N-oxide Conditions Products (yield) 

None ( 1 )  HgCI, ( I  cquiv.) 
( i i )  aq.  NaBr. Br,, 50" 
( i )  HgCI, (2  equiv.) 
( i i )  aq. NaBr. Br,. 50" 

4-Me (i) HgCI, ( I  equiv.) 
( i i )  aq. NaBr. Br,. 50" 

( i )  HgCI, (2  equiv.) 
(ii) aq. NaBr. Br,. 50" 

3,4-Me2 (i) HgCI, (2 equiv.) 
(ii) aq. NaBr, Br,, 50" 

2-Bromopyridine-l-oxide, rn.p. 133-135" (13%); 

2.6-Dibromopyridine-l-oxide (17 y{J 

2-Bromo-4-picoline-l-oxide. m.p. 145- 147" (14";): 
2.6-dibromo-4-picoline-1 -oxide. m.p. 155.- 156" 
(29":J 

2,6-dibromopyridine-I-oxide, m.p. 188- 190" (12 x)  

2,6-Dibromo-4-picoline-l-oxide (32 "<) 

2,6-Dibromo-3,4Jutidine-I-oxjde. m.p. 141 -142" 
(36 'Ji) 

scheme IV-15 

5. Intramolecular Reactions 

2-Alkenyloxypyridine-l-oxides(IV-293) rearrange slowly at room tempera- 
ture to the l-alkenyloxy-2-pyridones (IV-294) (Table IV-68) (538) (see also 
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0- 
IV-293 IV-294 

Chapter XII). 2-Crotonyloxypyridine- 1 -oxide gave 1 -crotonyloxy-2-pyri- 
done, 2-a-methylallyloxypyridine-1-oxide gave 1-a-methylallyloxy-2-pyri- 
done, and 2-(crotonyloxy-l-d)pyridine-l-oxide gave only 1-(crotonyloxy- 
l-d)-Zpyridone, indicating that the carbon attached to oxygen was the same 
in both starting material and product. This shows that the reaction proceeds 
without a 1,3-allylic bond shift, and a cyclic seven-membered transition state 
is not involved. Both 2-a-methylallyloxypyridine- 1 -oxide and 2-a-methyl- 
allyloxy-5-methylpyridine- 1-oxide exhibit a large rate enhancement in 
comparison to the other 2-alkenyloxypyridine-1-oxides. This increased 
reactivity is consistent with an ion pair process. 

It was observed that only 30% of the product in the rearrangement of 
2-a-methylallyloxy-5-methylpyridine-I-oxide (IV-295) was the expected 

TABLE IV-68. Thermal Rearrangemcnt of 2-Alkcnyloxypyridine- I-oxide (538) 

N-oxidc (IV-293) Conditions 

R = H. R' = Diglyrne, 83-84" 

R = H. R '  = Diglyrnc. 83 84" 

R = H, R' = 

R = H. R' = 

CH,CH-CH, 

CH,CH=CHCH, 

CH(CH,)CH=- CH2 

CH(D)CH=CHCH, 

Neat. R.T. 

Diglyrne. 83-84" 

Products (IV-294) (yictd) 

R = H. R '  = CHJH -CH, (loo",,) 

R = H. R '  = CH,CH- CHCH,  (98",,1: 
R = H. R '  = CH(CH,)CH=CH2 (2"J  

R = H. R' = CH(CH,)CH --CH2 [80",,). 
R = H. R '  = CH,CH= CHCH, (lo",,) 

R = H. R '  = CH(D)CH -CHCH, (IOO",,) 

R = H. R' = CH,- 4 Diglyrne. 126-127" R = H. R '  = CH,-(J (96",,): R = H. 

R = H , R ' =  Diglyrne, 83-84" R = H, R' = CH(CH,)CH --CHCH, 

R = Me. R' = R = Me, R'  = CH,CH :CH2 (lOO",,J 

R = Me. R' = R = Me. R' = CH,CH=CHCH, (loo",,) 

R = Me. R' = Nedt. R.T. R = Me. R' = CH(CH,)CH C H 2  ( 9 2 " ~  

R = Me. R' = R = Me. R' = CH(CH,)CH -=CH, (30",,) 

CH(CH \)CH=CHCH 3 (IOO",,) 

CH2CH-=-CH2 

CH,CH=CHCH, 

CH(CH,)CH= CH, 

CH(CH,)CH=- CH2 

Diglyrnc, 83 84" 

Diglyrne. 83-84" 

Diglyrne. 83- 84" 



IV. Substitution at Carbon 1 63 

I -a-methylallyloxy-5-methyl-2-pyridone (IV-296) and the corresponding 
crotyloxyl-derivative (IV-297); 60 % were cis- and truns-3-crotyl-I-hydroxy- 
5-methyl-Zpyridones (IV-298) arising from rearrangement to the ring 
carbon (538). Table IV-69 illustrates the strong temperature dependence of 
these reactions. The rearrangement to the ring carbon to yield 1V-298 is 
more energy-demanding but a less ordered process, and it can compete 
favorably with other rearrangements at high temperatures. 

Me 
dlglymc , Me v r * C H = c H c H 3  + 

I OCHCH=CH, 
0- OH 

IV-2% IV-29S 

Men +Men y 0 

OCH ,CH=CHCH 
l o  

OCHCH=CH, 
I 

CH, 
IV-2% 

IV-297 

Rearrangements to carbon had not been observed in any other reactions 
at 83". Heating 2-allyloxypyridine-1-oxide in diglyme at 125" gave 50% 
3-allyl-l-hydroxy-2-pyridone and 43 "/, 1-allyloxy-2-pyridone; at 137" the 
amounts were 55 and 39 x, respectively. Experimental results show that the 
3-alkenyl- I-hydroxy-2-pyridones do not arise from 1-alkenyloxy-Zpyri- 
dones. It was concluded that they are formed directly from the 1-oxide. 

N-Acetoacetyl, N-phenylacetyl, and N-cyanoacetyl derivatives of 2- and 
4-pyridinesulfonamide- 1-oxide (1V-299~1, b) undergo intramolecular nucieo- 
philic alkylation in the presence of alkali to give the compounds reported 

TABLE 1V-69. Thermal Rearrangcment of ~ ~ - M e t h y l ; r l l y l o x y - ~ - ~ i ~ ~ -  
line (538) 

~ ~ 

Products (yield) 

Temp. ("C) lO'k (sn: IV-296 IV-297 IV-298 
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in Table IV-70 (539-542). The rearrangement of the 2-sulfonamido derivative 
is accompanied by participation of the 1-oxide oxygen atom to form a 
4-substituted pyrido[ 1,2-b]isoxazol-5-0ne (R.I.  7,951). This reaction does 
not occur with pyridines not bearing an N-oxide function (543). The rate of 
rearrangement was measured by the determination of the sulfurous acid 
formed. The following mechanism (Scheme IV-16) accounts for the products 
of these reactions. 

R 
IV-299 a 

C 

a = 2-substituted 
b = 4-substituted 

Scheme IV-16 

A base-catalyzed rearrangement of N-aryloxypyridinium tetrafluoro- 
borates (IV-88a) has been discovered (299a, c). When these salts (IV-88s) 
are treated in hot acetonitrile solution with either potassium phenoxide or 
with triethylamine, 2-(2-hydroxyaryl)pyridines (IV-3OOa) are obtained in 
good yield (Table IV-71). The proposed mechanism for the rearrangement 
involves base-catalyzed proton abstraction from the 2-position of the 
pyridinium ring followed by nucleophilic attack at the ortho position of the 
benzene ring (eq. IV-54). 

4-Pyridylhydrazone- 1-oxides undergo indolization in the presence of 
zinc chloride at 195 to 200” with retention of the N-oxide function (295,544) 
(Table IV-72). Under these conditions, N-cyclohexylpyruvamide 4-pyridyl- 
hydrazone-1-oxide did not cyclize, but gave pyruvamide 4-pyridylhydrazone- 
1 -oxide (295). Heating cyclohexanone 4-pyridylhydrazone- 1 -oxide (JV-301) 
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RQ:- - 
I 

X 

R%- 0 - /  X 

IV-300a (IV-54) 

in diethylene glycol yielded 6,7,8,9-tetrahydro-y-carboline (IV-302) (545) 
(RI 2,890), in contrast to the retention of the N-oxide in the previously 
mentioned reaction (295). When acetophenone Qpyridylhydrazone-1-oxide 
was treated similarly, only deoxygenation of the N-oxide occurred and no 
Fisher cyclization (545). 

dieth)lene A. 11 hr glycol , K”’ 
‘N 

0- 
IV-301 

IV-302 

2-(2-Azidophenyl)pyridine-l-oxide fIV-303) undergoes intramolecular 
cyclization in hot decalin to give 6-carboline (IV-304) (RII 2,888) and 6- 
carboline- I-oxide (major) (IV-305) (140). 

175- decalin 160” , fl’o n’o 
40mm \N \ >y \ ‘113 0- \ IV-304 0- IV-30s 

IV-303 

Heating pyridine-1-oxide with tbromopyridine or 2-bromoquinoline 
yields I -(2-pyridyl)-2-pyridone (IV-306) and its monobromo derivative, and 
1-(2-pyridyl)carbostyril, respectively (546). A number of pyridine-1 -oxides 



TABLE IV-70. Rearrange1:ient of N-Substituted 2-(IV-Z99a) and 4-(IV-2Wb) pyridinesulfon- 
amide-I-oxide in thc Presence of lo";, NaOH (539-542) 

N-oxide R Temp. ("C) Products (yield) 

tV-299a COMe 20-36 

90-95 
Ph 20-36 

90-95 
C N  20- 36 

90-95 
lV-29!?b C O M e  20-36 

90-95 
Ph 20 - 36 

90-95 

(x-( 1 -0xido-2-pyridyl)acetoacetamide (42.8 I:;); 4-aceiyl- 

2-( I-Oxido-2-pyridy1)acetoacetic acid (92.2 :<) 
CPhenylpyridoC I .2-h]isoxazol-5-one (6.7'!$: a-( I -  

oxido-2-pyridy1)phenylacetic acid (77.0 :,:,) 
a-( I-Oxido-2-pyridyl)phenyla~tic acid (83.5 ?(,) 
4-Cyanopyrido[ I .2-h]isoxazol-5-one (70.7 y,) 
a-( I -0xido-2-pyridy1)cyanoacetic acid (82.O"J:J 
a-( I -Oxido-4-pyridyl)acetoace~amide (78.8 7.6): a-( I - 
oxido-4-pyridy1)acetoacetic acid (8.9:d) 

r-( 1 -0xido-4pyridyl)acetoacetic acid (82.0 %) 
a-( 1 -0xido-4-pyridy1)phenylacetic acid (84.8 %) 
rr-( I -0xido-4pyridyl)phcnylacetic acid (82.0 I:,;) 

pyrido[ 1 ,2-b]isoxazol-5-one (56.8 '?;) 

TABLE IV-7 I .  Preparation of 2-(2-Hydroxyaryl)pyridines (299a. c) 

N- Aryloxypyri- 
dinium salt (IV-88) Conditions Products (yield) 

R = H, X = 4-CN PhOK,  CH,CN, A. 
I hr 

I hr  

I hr 

1 hr 

1 hr 

1 hr 

1 hr 

I hr  

1 hr  

R = H, X = 2-NO2 PhOK,  CHJCN,  A, 

R = H, X = 3-NOZ PhOK,  CHJCN,  A, 

R = H.X = 4 - N 0 2  PhOK.CH,CN,A,  

Et,N, CH,CN, A, 

K O H ,  CH,CN, A, 

R = H ,  X 2-CF;, PhOK,  CHSCN, A, 

R = H, X = 4-CF3 PhOK,  CH,CN, A, 

R = 4-Ph, X = C N  P h O K ,  CH;,CN, A, 

2-(5-Cyano-2-hydroxyphenyI)pyridine, m.p. 

2-(2-Hydroxy-3-nitrophenyI)pyridinc, m.p. 

2-(2-Hydroxy-X-nitrophenyl)pyridine, m.p. 

2-(2-Hydroxy-5-nitrophenyl)pyridine, m.p. 

2-(2-Hydroxy-5-nitrophenyl)pyridine (43 :;) 

198-199" (69%) 

167- 168" (66 2,) 

187-188" (33%) 

216-217" (52%) 

2-(2-Hydroxy-5-nitrophenyl)pyridine (37 %) 

2-(2-Hydroxy-3-trifluoromet hylphenyl)pyridine, 

2-(2-Hydroxy-5-triff uoromethy1phenyl)pyridine. 

24 5-Cyano-2-hydroxyphenyl)-4-phenylpyridine. 

m.p. 87-88" (49';;) 

m.p. 93-94" (40%) 

m.p. 165-166" (53%) 

I66 
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TABLE IV-72. Indoliza~ion of 4-Pyridylhydrazone-1-oxides 

Hydrazone Conditions Products (yield) Ref. 

Cyclohcxanone 4- 
pyridylhydrazonc- t -  
oxide. HCI 

2.3-Dioxopiperidine 3- 
(Cpyridylhydrazone- I - 
oxide). HCI 

2.3-Dioxopiperidine 3-  
(>-met h yl-4-pyrid yl- 
hydrarone- I-oxide) 

2.3-Dioxopiperidine 3- 
(5-ethyl-2-melhyl-4- 
pyridylhydrazone- I -  
oxide) 

( i )  ZnCI,. NaCl. 180" 6.7,8.9-Tetrahydro-~-carboline, m.p. 195 
( i i )  Pr02,  H, 269- 27 I 

ZnCl 2. NaCl 195-200" 1 -Hydroxy-3.4-dthydro-6-aza-/l-carbolinc- 544 
6-oxidc. HCI. m.p. 264-265'' ( R I I .  2,885) 

ZnCI,. 195-200" I-Hydroxy-3.4-dihydro-5-methyl-6-aza-/l- 295 
carboline-6-oxidc, HCI. m.p. > 300". 
(28 "J 

6-ara-&carboline-6-oxidc, HCI, n1.p. 
> 300" 

ZnC1,. 195-200" I-Hydroxy-3.4-dthydro-5-methyl-8-cthyl- 295 

have been shown to undergo this reaction (Table IV-73) (547-549). In the 
case of 3-picoline-l-oxide, only the 5'-methyl derivative is formed. Steric 
hindrance by the methyl group in 3-picoline-1-oxide is believed to prevent 
cyclization at the 2-position. The likely mode of formation of the products 
obtained in this reaction is outlined in Scheme IV-17. The unidentified 

\ 

QNp 
0 

IV-306 



TABLE IV-73. Reaction of Pyridine-I-oxides with Bromopyridines 

Substitucnt 
in N-oxide 

None 

?-Me 

2 . 6 - M ~ ~  

2-OMe 

2-hlHAc 

3-Me 

Conditions 

2-BrC,H4N. N,. 
100-250". 2.5 hr 

2-BrC,H4N, PhMe. 
30",, HBr in 
AcOH. 105". 6 hr  

2-BrC,H4N. 100". 
4 hr 

?-BrCSH,N. 3 hr. 

I-Methyl-2-pyri- 
dioxane 

done. 200-210, 
4 hr 

2-Bromoquinoline 

4-BrCSH4N. 3 hr. 
1 10- I I?" .  di- 
oxane. sealed tube 

4-Br-3-Me-C5H ,N. 
I 10- 120". 3 hr. 
dioxane 

?-BrC,H,N. 100". 
9 hr. N Z  

2-BrC5H,N. 30",, 
HBr- AcOH. 
PhMe. 100". 10 hr  

2-BrC5H ,N. 30 'I,, 
HBr -AcOH. 
PhMe. A. 6.5 hr 

2-BrCSH,N. 30",, 
HBr AcOH. 
100". 10 hr  

2-BrC,H4N 

2-BrC,H4N 

2-BrCsH4N. 100". 
2.5 hr 

Products (yield) 

Pyridinc (7.6 "J. 3-bromo-I-(Z-pyridylt-?-pyridone 

Pyridine (trace), I -(2-pyridyl)-2-pyridone (53 'I,,) 
(21 "6): I-(?-pyridyl)-2-pyridone (24 '3  

Pyridine (27 I , , , ) .  3.5-dibromo- I -(2-pyridyl)-?- 
pyridone ( 19 "J: 3-bronio- I -(2-pyridyl)-2-pyri- 
donc (12 "J: 1-(2-pyridyl)-2-pyridone (3.5",,) 

(60.2 ",,): ?.3'-dipyridyl ether (? .6", , )  

(trace) 

2-Pyridone (3. I 'I',); I-(2-pyridyl)-2-pyridone 

Pyridtne (48 "6). 3.5-dibromo-l-methyl-2-pyridone. 

I-(l-Pyridyl)carbostyril (61.7 "0: carbostyril 
(18.9";): 3-pyridyl-2-quinotyl ether (0.9":,) 

Pyridine (30 ",,), I-(4-pyridyl)-4-pyridone. 
4-pyridone 

3- Methyl- I -(3-niet hyl-2-pyridyl)-4-pyridone 
(51 ",,): 3-methyl-4-pyridone (30.5",,) 

2-Picolinc (40"J I-(h-met hyl-'-pyridyl)-2-pyri- 

N o  reaction 
done (9.5 ",,I: 2-pyridone 126 ":,) 

1-(6-Methyl-2-pyridyl)-2-pyridone (16.1 "J: 2- 
picoline- I-oxide (29"J: 2-pyridone ( I  .I ",J 

Mixture darkens 

I-Mcthoxy-2-pyridone (43.8 ";I: 2-methoxy- 
pyridine-1 -oxide (25.5 "0 

2.2'-Dipyridylaniine ( 3  "6); N-[6-(?-pyridylamino)- 
2-pyridyll-2-pyridone (10.6 "z;):  2.2'-dipyridyl- 
amine-I-oxide (2.8";) 

pyridyl)-Z-pyridone (20.4 'I:,): I-(5-methyl-2- 
pyridyl-2-pyridone ( I  7.8 ''I;,) 

3-Picoline (3.2 "i): 3-bromo-l45-mechyl-2- 

Ref. 
- 
547 

547 

547 

340 

547 

340 

548 

340 

547 

547 

340 

54 7 

340 

340 

547 

168 



Ta hlc I V-73 (Cortrirtd) 

Substitilent 
in N-oxide Conditions Products (yield) Rcl. 

3-N H Ac 

3 - O M e  

3-CN 

3-NO, 

4-Me 

4 - O M e  

4 -NHAc 

2-BrC, H, N. 
HBr AcOH. 
4 0 . 4  hr 

I-BrC, H, N. 30 ",, 
HBr AcOH. 
PhMe.  A. 6.5 hr 

J-BrC,H,N. 110". 
3 hr. dioxane 

I-BrC,H,N. 30",, 
HBr  A c O H . 8 .  
6 hr 

2-BrC,H,N 

Z-BrC, H,N 

7-BrC5H,N 

2-BrC,H4N 

2-BrC,H4N. A. N, 

?-BrC,H,N. 30",, 
HBr AcOH. 
100". N, 

2-BrC5H,N. 30",, 
HBr  AcOH. 
PhMc.  A. 6.5 hr 

2-RrC, H, N 

2-BrC5H,N 

3-Picoline (4.6 ",,): 3-lbromo-l-(5-methyl-2- 
pyridyl)-2-pyridone (4.5 'I;,): I-(5-mcthyl-2- 
pyridyll-2-pyridonc (51 'I;,) 

I-(5-Mcthyl-2-pyridyI)-2-p~.ridone (42.4 'I,,): 3- 
bronio- I -(5-met hyI-?-pyridyl)-2-pyridone ( I3",,): 
I-(3-nicthyl-?-pyridyI)-2-pyridone ( I  1.3 "J: 
2-pyridonc ( I  .3 ",,) 

3-Picoline- I-oxide (SO",;): 3-picoline (0.4",,): I -  
(4-pyridyl)-4-pyridone. 4-pyridone 

Dipyrido[ 1 . 2 - c r :  3'.2'-d]-imidnzolc 

I-(5-Acetamido-2-pyridyl)-2-pyridone (2 I .I 'I,,): 

I-(3-acetamido-2-pyridyl)-2-pyridonc (8.6 "J: 
dipyrido[ I 2-[I: t '.3'-d]in~idazolc (6.2 'I,,): 145- 
amino-'-pyridy1)-2-pyridonc (9.4",,): I-(3-amino- 
2-pyridylF2-pyridonc (8.6 "J 

(3-mct hoxy-?-pyridyI)-2-pyridone. unidentified 
C,,H,,,N,O,, n1.p. 232-233" (27.5";;) 

3-Cyanopyridinc ( I  .4 'I;,): 3-bromo- I -(5-cyano-2- 
pyridyl-2-pyridone ( I  . I  ";J: 145-cyano-7- 

I-(S-Methoxy-l-pyridyI)-2-pyridone ( I  3.3 'I:,): I -  

pyridyl)-?-pyridone (31.3 "6). 2-pyridone (O,?",,) 
3-Nitropyridine 122.4",,): 3-bromo- I -15-nitro-2- 

pyridyl)-l-pyridone (1  3.5 ",,): 1-(5-nitro-2- 
pyridylk2-pyridone (27 "6): I -(3-nitro-?-pyridyI)- 
2-pyridone 63 "J: 2-pyridone (0.9 ' I , , )  

pyridone. 2-pyridone 

(30 'I,,): 2-pyridone 

4-Picoline ( 17.4";;): I -(4-methyI-2-pyridyi)-2- 

4-Picoline ( I  "#,): 1-14-met hyl-2-pyridyl)-l-pyridonc 

I-I4-Methyl-2-pyridyl)-~-pyridone (31 n;,): 2- 
pyridonc 10.8 "6) 

1-(4-Mcthoxy-'-pyridyl)-t-pyridone ( 1  3.5 "J: I- 
pyridone 12.7",,) 

1 -(4-Acctamido-2-pyridyl)-?-pyridonc (39.6 'I,,): 
I -(4-amino-2-pyridyl)-Z-pyridone (8. I ' I , , ) :  

2-pyridonc 

547 

340 

548 

550 

340 

340 

340 

340 

547 

547 

340 

340 

340 

I69 
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product C, , H,,,N202 obtained from 3-methoxypyridine-1-oxide and 2- 
bromopyridine is probably the 5-methoxy derivative of IV-307. 

On the other hand, 1-(4-pyridyl)-Cpyridone results from the reaction of 
pyridine-I-oxide and rlbromopyridine, indicating that in this case the 
N-oxide bearing ring is not a partner in this reaction [1-(4-pyridy1)-4- 
pyridone is the hydrolysis product of the dimer of Cbromopyridine] but 
probably functions as a base. The same product is obtained from the reaction 
of 3-picoline-I-oxide with 4-bromopyridine (340,548,549). When 3-picoline- 
1-oxide and 2-acetoxypyridine were heated at 100” for 6 days, a mixture of 
l-(S-methyl-2’-pyridyl)-2-pyridone (IV-308) (10 %), I-(3’-methyl-2’-pyridyl)- 
2-pyridone (IV-309) (4 x), and 2-pyridone (IV-310) were obtained (328). 

Q OAc 1 W 3 d a y s  no+ Q;Qo H 

q/o- \ ’0 M y J  IV-308 

M e  IV-310 
IV-309 

Me 

The reaction of 2-bromopyridine with pyridine- 1 -oxides is very similar 
to the reaction of pyridine-1-oxide with tosyl chloride (551a) (see Section 

111  C,H,. I W .  4 S hr 

I 
0- 

0 + fjc6H4Me-p 5 Q 
6 (30%) 

+N 
I 
0- 

Scheme W-18 
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IV.2.C) or with 2-pyridyl p-toluenesulfonate (551 b) (Scheme IV-18). Treat- 
ment of pyridine- 1-oxides with perfluoropropene yields 2-( 1,2,2,2-tetra- 
fluoroethy1)pyridine (IV-311) (552), presumably via 1V-312 (eq. IV-55). A 
new method of alkyl- and aryl-amidation of pyridine-1-oxides has been 

9 + CF,CF=CF, - 
I 
0- 

1 A  

IV-312 

reported (553a). For example, pyridine-1-oxide is heated with an imidoyl 
chloride, N-phenylbenzimidoyl chloride (or the corresponding nitrilium 
salt), in a polar non-protic solvent to give N-benzoyl-2-anilinopyridine 
(IV-313; X = Y = H, R = R’ = Ph) which, on hydrolysis, yields 2- 
anilinopyridine (IV-314; X = Y = H’, R’ = Ph) (Table IV-74). Other 
approaches involve the formation ofthc nitrilium salt [RC-N’RIZ- (553a) 
prior to addition of the N-oxide or the decomposition of an aromatic 
diazonium salt in acetonitrile in the presence of pyridine- 1-oxide (554a) 
(Scheme IV-19). From the reaction of pyridine-1-oxide with N-phenyi- 
benzimidoyl chloride, benzanilide was formed as a by-product and could 
be isolated before the addition of water. 3-Chloropyridine was isolated by 
gas chromatography and can be accounted for by pathway b (or b’) which is 
also an alternative route to IV-313 and IV-314 (553a). The results of the 
reactions of various pyridine-1 -oxides with imidoyl chlorides are reported 
in Table IV-74. 

It was observed that the reaction of pyridine-1-oxide with N-phenyl-4- 
substituted benzimidoyl chlorides (IV-315) gave various products which 
were depended on the nature of the substituent (554b). When X = H, Me, 
or OMe (+ I, + M or + M > -I) ,  2-anilinopyridine (SO to 60%) and 3- 
chloropyridine were obtained, but when X = C1 or NO, ( - I  > + M or 
- I, - M), 2-chloro- and 3-chloropyridine were isolated and no 2-anilino- 
pyridine was formed (Table IV-74) (Scheme 1V-70). 

The effect of a 3-substiruent in the pyridine-I-oxide ring upon the orienta- 
tion of the direct acylnmination has been studied (Table IV-75) (eq. TV-56) 



TABLE IV-74. Reaction of Pyridinc-I-oxides \\ith lmidoyl Chlorides 

Su bst i t  ticnt 

in N-oxide Conditions Products (yield) Re[. 

Nonc FhCfC1)- NPh. ethylene 
chloride. A. 10 hr 

+ 
PhCzzNPh SbCI; ,ethylene 

chloridc. R.T.. 10 hr 

ethylene chloridc. A. 10 hr 
PhC(CI) - NC,H,-p-Mc. 

( i )  PhC(CI)- NC,H,-p-Me. 
erhylcnc chloride. A. I I hr 

l i i )  5" , ,  NeOH. A. 4 hr 
PhC(CI) NC6H4-p-OMc. 

cthylcne chloridc. A ,  7 hr 

( I )  PhCfCI)- NC6H,-p- 
OMc.  ct1i)lcnc chloride. 
A. 7 hr 

(11) 2 N  HCI. A. 9 hr 
PhC(CI I NC,, H,-/>-CI. 

clilorobenmic. A. 9.5 hr 

chlorobcn7cnc. A. 10 hr  
1 1 )  PhC(CI1 NC,H,-pCI. 

( i i J  2 V  HCI. A. 9 hi 
PhC(C1) NC,,H,-/>-NOl. 

chlorobcnmw. A. 33 hr 

(I) PhCICI)-- NC6HI-p- 
NO,. chlornbcnicnc. A. 
9.5 hr 

111) S",, NaOH. A. 3 hr 
t 

111 PhCzNC6H,-p-NOI-  
SbCI,, .cthylcnc chIoridc. 
A. I7  hr  

( 1 1 )  Iil' HCI. A. 2 hr 
PhC(CI) NCHlPh.  ethyl- 

ene chloridc. A. 5 hr 
(1) PhCfCI) -- NCH,Ph. 

cthylcnc chloride. A. 5 hr 
1 1 1 1  2 Y H C I  A 

Pyridine- I-oxide hydrochloride 147",,): 3-  
chloropyridinc ( 2 8 .  I " , , I :  2-:tnilinnpyridinc 
( 3 .  I I,,,): 3-benroylosypyridinc ( I  .2", , ) :  
bcnzanilidc (36.8 ' ' , , I :  I-(N-bcnzoylanilino)- 
pyridinc (57.I",,) 

(34 " , , I  

bcnzoyl-p-toluididc 142 'I,,); I-IN-hcnzoyl- 
p-to1iiidino)pyridinc 157 ' I , , )  

N-Bcnroyl-p-roluidide 1 I I ",,): I-N-p-toluidino- 553h 
pyridine (80",,) 

553a. b 

Rcnzanilidc: I-( N-bcnzoylanilino)pvridiiic 5 5 3 3  

Pyridine- I-oxide hydrochloride (fiX",,): N- 553b 

Pyridine-I-oxide hydrochloride (54",,): N- 553b 
bcn~oyl-p-anisididc (trace). I-(N-hen7oyl-p- 
;inisidiiio)pyridinc (44 " , 3 )  

;inisidinopyridinc I64 " , , I  
Pyridinc-I-oxidc hydrochloride (54",,): 2-N-p- 553b 

Pyridine-I-oxidc hydrochloridc (69 ",,): 2- 55% 
1 N-bcn7ovl-p-chlorcI:iniliii~~)pvridinc (29 

2-.\'-p-chloroanilinc,p! ridinc (53 ", ,I  553b 

Pyridine-I-oxide hydrochloride (61 ",,): N- 553h 
benzoyl-p-nitroanilidc ( 19",,): 2-( N-benmyl- 
p-ii i t  roil n ilino )pyr id i nc ( 3 3  ' I < , )  

2-  .V-p-Nirroanilinop~ridine (71 ",,) 55% 

2-N-p-Nitroanilinnpyridinc (89 'I,,) S53a. b 

Pyridine- I -oxide hydrochloride 175 "J: 3- 
~.V-henzoylbcn7yl~imiiio)pyridine (54 "$,) 

Pyridine-I-oxide hydrochloride (75",,): N- 553b 
bcnzoylbcnzyl;imidc 138 ",,): I-N-bcn7yl- 
xiiiinopyridine (50"..) 

553i1. b 

172 



Substituent 
in N-oxidc Conditions Products (yield) Ref. 

Pyridine- I-oxide hydrochloride (84'',,): N- 
bcnzoylcyclohexylamide ( I  7 " 3 :  2 4 N -  
bcnzoylcyclohexylamino)pyridine (64 "J 

SS3b 
PhCICI)-- N 

ethylene chloride. A. 10 hr 
Caprolactam pseudochloride. Pyridinc-l -oxide hydrochloride (61 ' I , ; ) :  N-2- 553b 

CHCI,. A. IS hr  
Saccharin pseudochloride. N-2-P~ridyl-O-carbethoxybenzcnesulfoni1mid~ 553a. b 

chlorobenzene. A. 18 hr 
( i )  Saccharin pseudochloride. N-2-Pyridylsaccharin 138.4 'I,,) S53b 

clilorobcnzene. A. 50 hr 
( i i )  Crystallized f r o m  ethanol 
( i )  Saccharin pseudochloride. N-2-Pyridyl-0-carbet hoxybcnzenesulfonamidc 553b 

chlorobenzcne. A. SO hr 
( i i )  Chromatographed on 

silica gel 
PhC(CI)=NPh. Pyridine- I-oxide hydrochloride f39";,): 2- S53b 

PhCO N H C,H,-p- M e 
( I  : I molar ratio) ethylene 
chloridc. A. 8 hr  

pyridylcaprolacram I I  I 'I,,) 

(10.4 'I,,): pyridinc- I-oxide (39",,) 

(21 O < , )  

(N-benzoylani1ino)pyridine (23.6",,): 2- 
(N-benzoyl-p-toluidino)pyridine (24.7";,) 

pMeC,H,C(CI)=i%Ph. 2-Anilinopyridine 15X.8";,): 3-chloropyridine 554b 

p-MeOC,H,C(CI) ~. NPh. 2-Anilinopyridine (52.3 "6); 3-chloropyridine 5S4b 

p-CIC,H,C(CII -7 NPh. 3-Chloropyridinc ( I  I .3 ";,): 2-chloropyridine 554b 

p-N02C6H,C(Cl)= NPh. 3-Chloropyridine (IS",,): 2-chloropyridinc SS4b 

7-Me PhC(CI)= NPh. ethylene Benzanilide. 2-(N-bcnzoylanilino)-6-methyl- 553b 

2 . 6 - M ~ ~  PhC(CI) -NPh. CHCI,. A. Oi2.6-Dimethyl-3-pyridyl)-N-phenylbenzini- 19b. 

(CHZCl),. A I 1  .7 I , , , , )  

(CH,CI),. A ( 1 4 . 7 " ~  

(CH,CI),. A ( I 3.4 "J 

(CH,Cl),. A 12 I .8 "(,) 

chloride. A. 6 hr  pyridine (42 ",:) 

48 hr idate (35.4 ".J: 3-chloro-7.6-lutidinc 1 t3.3 ",;): 55% 
2-chloromethyl-6-mcthylpyridine (8.7 ";J: 
benzanilide (32.2 "J 

idate (59";) 
PhC(CI)==NPh. CHCI, 0-(?.6-Din~ethyl-3-pyridyl)-N-phenyIbenzini- S55b 

PhCICI)=- NPh. 1CH,CI),. 0-12.6-Dimet hyl-3-pyridyl)-N-phenylbenzim- 19b. 
A. 48 hr idate (37.3 " 6 ) ;  3-chloro-2.6-lutidine (20.8 ",:,): 55% 

2-chloromct hyl-6-mcthylpyridine f 12.3 "J: 
benzanilidc (44.9"3 

picoline (45",,): Cpicoline-I-oxide (IX",,) 
4-MC PhC(CI)= NPh. ethylene Benzanilide (36"; ) :  7-(N-bcnzoylanilino)-4- SS3b 

chloride. A. 3 hr  

173 
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Y 
I 

+ RC(CI)=NR' -% h 
0- 

X' 

NHR' 

RCONHR' + 
X 

IV-314 

Scheme IV-19 

(19b). The expected 2-(N-benzoylanilino)-3-mesylaminopyridine was not 
obtained when 3-mesylaminopyridine-1-oxide and N-phenylbenzimidoyl 

f PhCONHPh 

chloride were heated in ethylene chloride. Instead, 1,2-diphenyl-7-aza- 
benzimidazole R.I.  1,193 (IV-316) was obtained (19b), together with the 
expected 2,5-isomer. Another interesting feature is the absence of any 
5-chloro-3-mesylaminopyridine among the products but the formation of a 
small amount of 2-chloro-5-mesylaminopyridine (IV-317). 
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IV-315 

Q +  N H P h  

a +  CI 

I 

NHS0,Me 
PhCICII=NPh, a>ph + 

Ph 
‘N 

I I I Ph 

CY 
0- 

IV-3 16 

NHS0,Me  

IV-317 

2,6-Lutidine-l-oxide and N-phenylbenzimidoyl chloride gave 0-(2,6- 
dimethyI-3-pyridyl)-N-phenylbenzimidate (IV-318), together with 3-chloro- 
2,6-lutidine and 2-chloromethyl-6-methylpyridine (Table IV-74) (eq. IV-57) 
(19b). A proposed mechanism which would lead to the formation of IV-318 
involves a 1,5-sigmatropic shift. 
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TABLE IV-75. Effect of 3-Substituenrs on the Pyridine-I-oxide Ring upon the Orientation in 
the Reaction with Benzimidoyl Chloride (19b) 

Substituent 
in N-oxide Conditions Products (yield) 

3-Me PhC(CI)=NPh, (CH,CI),, 2-(N-Benzoylanilino)-3-picoline (2.3%): 2- 
A. 12 hr (N-benzoylani1ino)-5-methylpyridine (82.3 %); 

5-chloro-3-picoline (trace), benzanilide ( I  2.3 %) 

pyridine (53.5 %); methyl 5-chloronicotinate 
(36.5 %); benzanilide (40.1 %); 2-anilino-5- 
methoxycarbonylpyridine (4.1 %) 

2-(N-benzoylanilino)-5-cyanopyridine( 19.8 x): 
5-chloro-3-cyanopyridine (30.6 %): benzanilide 
(36.7 %) 

2-(N-benzoylanilino)-5-Ruoropyridine (55.9 %): 
benzanilide (10%) 

3-CO2CH, PhC(CI)==NPh, (CH,CI),, 2-(N-Benzoylanilino)-5-methoxycarbonyl- 
A. 16 hr 

3-CN PhC(CI)=NPh, (CH,CI),, 2-(N-Benzoylanilino)3-cyanopyridine (33.4 7,): 
A, 8 hr 

3-F PhC(CI)=NPh, (CH,CI),, 2-(N-Ben7oylanilino)d-fluoropyridine (25.9 7;); 
A, 48 hr 

3-NHSO2CH, PhC(CI)=NPh, (CH,CI),, 1.2-Diphenyl-7-azabenzimidazole (29%); 2- 
A, 7 hr (N-benzoy1anilino)-5-mesylarninopyridine 

(26 '4): 2-chloro-5-mesylaminopyridine (trace), 
benzanilide (28"!,) 

(76.2 "!): 2-(N-benzoylanilino)-5-methoxy- 
pyridine (18.9 "(,): bcnzanilide (4.2'6) 

3-OMe PhC(CI)=NPh, (CH,CI),, 2-(N-Benzoylanilino)-3-mer hoxypyridine 
A, 14 hr 

3-Br" PhC(CI)=NPh, (CH,CI),. 2-(N-Benzoylanilino)-3-brornopyridine (30%) 
A, 12 hr 

Ref. 374. 

PhC(CI)=NPh, aoxNph+ flcl + 

Me Me Me " Me Me " CHzCl 
b- 

I T IV-318 

(IV-57) 
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The reaction of pyridine-1-oxide with alkyl mercaptans in the presence 
of acetic anhydrides and with aryl mercaptans in the presence of alkyl or 
aryl sulfonyl halides has been described previously (see Section IV.2.C). 
Reaction of an aryl mercaptan, for example thiophenol, with pyridine-l- 
oxide and benzimidoyl chloride gives 3-phenylthiopyridine in addition to 
2-anilinopyridine and 3-chloropyridine (eq. IV-58) (Table IV-76) (472). In 
the presence of alkyl mercaptans only small amounts of 3-aIkylthiopyridines 
were obtained. 

TABLE IV-76. Reaction of Alkyl and Aryl Mercaptans with Pyridine-I-oxide lmide Chloride 
Complex (472) 

Conditions Products (yield) 

(i) PhC(CI)=NPh. ethylene chloride, 

(ii) PhSH, A, 8 hr 
( i )  PhC(CI)=NPh, R.T.. ethylene 

chloride, I hr 
(ii) pMeOC,H,SH, A,  24 hr 
(1) PhC(CI)=NPh. R.T.. ethylene 

(i i )  I-BUSH. A 
(i) PhC(CI)=NPh. R.T.. ethylene 

(i i )  11-decylniercaptan. A 

3-Phenylthiopyridine (35.6 0.;); 3-chloropyridine 
R.T., 1 hr ( I  .3 "{): 2-anilinopyridine (49.2 ",;) 

3-(p-Methoxyphenylthio)pyridine (30?;); 3-chloro- 
pyridine (traces), 2-anilinopyridine (43 04,) 

3-t-Butylthiopyridine (4.1 "0: 3-chloropyridine 
chloride, I hr (1 .S :$): 2-anilinopyridine (46.0:() 

3-n-Decylthiopyridine (0.9",;); 3-chloropyridine 
chloride. I hr ( I  ,719: 2-anilinopyridine (47.3 9) 

(IV-58) 

Pyridine-1-oxide undergoes a 1,3-dipoIar addition with phenylisocyanate 
to form an adduct IV-319 (not isolated)* which decomposes to give 2-anilino- 
pyridine in good yield (556) (eq. IV-59). In contrast, it should be mentioned 
that pyridine-1-oxide is an effective catalyst for the reaction of phenyl 

* The adducts from 3-picoline-I-oxide have recently bcen isolated (T. Hisano, S. Yashikawa. 
and K.  Muraoka. Org. Prep. Proc. [nrem., 5,95 (1973)). 
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IV-319 

isocyanate with butanol in toluene at 39" and the combination of pyridine- 
1-oxide with alkylene oxide causes the trimerization of phenylisocyanate 
(557). Pyridine-I-oxide was also shown to be an effective catalyst for the 
conversion of isocyanates to carbodiimides. This may be attributed to the 
simple polarization of the -N=C=O by dipole-dipole interaction or via 
an intermediate such as IV-320, which reacts as such with another molecule 
of isocyanate with the simultaneous elimination of carbon dioxide and 
regeneration of the catalyst (558). 

NPh 
I 

o\c/ 
I I  
0 

IV-320 

N-(p-Dimethylaminophenyl)-a-~1-oxido-2-pyridyl)nitrone (IV-321) and 
thionyl chloride react to give a variety of products (eq. IV-60) (559). Nuclear 
chlorination is thought to occur probably through intermediate IV-322. 

- + 

0 0- 0- 
IV-321 

(17.7%) 

(IV-60) 
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0- (-1- 

IV-322 

6. Pyridyne-l-oxides (Dehydropyridine-l-oxides) 

Various aspects of the chemistry of pyridyne- 1-oxides have already been 
reviewed (560, 561). 

2-Chloropyridine- 1 -oxide reacts with potassium amide in liquid ammonia 
to give very low yields of 2- and 3-aminopyridine-I-oxide (562, 563). This 
provides evidence for the intervention of a 2,3-pyridyne- 1-oxide inter- 
mediate, although the 2-amino compound probably arises mainly by a 
direct S,2Ar attack (eq. IV-61). Both 3-chloro- and 3-bromopyridine-l- 
oxide were converted almost exclusively into 3-aminopyridine- 1-oxide, but 

3-fluoropyridine-1-oxide remains unchanged when treated with a solution 
of potassium amide in liquid ammonia (31). This evidence excludes the AE 
mechanism for the animation of 3-chloro- and 3-bromopyridine-1 -oxide 
as in aromatic compounds undergoing this reaction fluorine atoms are more 
easily substituted than other halogen atoms. Since no Caminopyridine-l- 
oxide was obtained from the aminations of 3-chloro- and 3-bromopyridine- 
I-oxide, these aminations did not proceed uia 3,4-pyridyne-l-oxide (31), as 
predicted on the basis of the base-catalyzed H-D exchange results (522). 
Aminations of 3-chloro- and 3-bromopyridine-1-oxides via 2,3-pyridyne-1- 
oxide were confirmed by the fact that together with 3-aminopyridine-l-oxide, 
some 2-aminopyridine-1-oxide was formed. Under these conditions, 
4-chloropyridine-1-oxide gave only 4-aminopyridine-1-oxide indicating 
that this reaction probably does not proceed ilia a dehydro intermediate, 
otherwise the formation of some 3-amino derivative might have been 
expected (562). In the case of 2-bromo- and 3-bromo-4-ethoxypyridine-l- 
oxide, 3-amino-4-ethoxypyridine-1-oxide was formed (562). This reaction 
probably involves 4-ethoxy-2,3-pyridyne-l -oxide and the addition of the 
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amide ion to this intermediate is directed by the inductive effects of the N- 
oxide function \eq. IV-62). 

OEt / 
(IV-62) 

CHalopyridine- 1-oxides yield 4-aminopyridine-1-oxides either by direct 
&2 substitution or, less likely, via a 3,4-pyridyne-l-oxide. If a 2-methyl 
substituent is present in the 3,4-pyridyne-l-oxide, addition of the nucleophile 
occurs at both the 3- and 4-position (eq. IV-63) (61). 2- And 4chloropyridine- 

0- 0- 

1-oxide were treated with piperidine at 100" to yield 2- and ri-(N-piperidino)- 
pyridine-1-oxides, respectively (564). Under these conditions, 3-chloro- 
pyridine-1-oxide' gave 80 % of unreacted starting material and 20 % of 
products composed of 3-piperidinopyridine-1-oxide (82 %), the corre- 
sponding 4-isomer (4 %), and unidentified products. Thus 3,rl-pyridyne-l- 
oxide appears to be an intermediate in this reaction (564). 
The results of various reactions thought to involve a pyridyne-1-oxide 

intermediate are given in Table IV-77. 



TABLE IV-77. Reactions Which May Involve Dehydropyridine-I-oxides 

N-oxides Conditions Products (yield) 

2-Br 

2-Br-QMe 

2-Br-4-OEt 

(i)  KNH,, liq. NH,, 4 min 
(ii) Reduction 
(i) KNH,, liq. NH,, 30 min 
(ii) Reduction 
(i) KNH,, liq. NH,. 10 min 
(ii) Fe, AcOH 

2-CI (i) KNH,, liq. NH3 
(ii) Fe, AcOH 

3-Br (i) KNH,, liq. NH3. 4 min 
(ii) Reduction 

3-Br-4-Me (i) KNH,, liq. NH,, 30 min 
(ii) Reduction 

3-Br-2,5-Me2 (i) KNH,, liq. NH,. I hr 

3-Br-4-OEt (i) KNH,, liq. NH,, I0 min 
(ii) Fe, AcOH 

3-Br-5-OEt (i) KNH,, liq. NH,, 10 min 
(ii) Reduction 

3-CI (i) KNH2. liq. NH, 
(ii) Fe, AcOH 
Piperidine, benzene, 100" 

3-F KNH,, liq. NH, 
4-Br (i)  KNH,, liq. NH,, 4 min 

(ii) Reduction 
CBr-2,5-Me2 (i) KNH,. liq. NH,, 1 hr 

(ii) Reduction 
4-Br-5-OEt (i) KNH,, liq. NH,, 10 min 

(ii) Reduction 
4-CI (i) KNH,, liq. NH, 

(ii) Fe, AcOH 
4-CI-2,6-Me2 KNH,, liq. NH, 

2-Aminopyridine (3 %); 3-aminopyridine (6 %) 

2-Amino-4-picoline (trace): 3-amino-4-picoline 

2-Amino-4-et hoxypyridine (trace); 3-amino-4- 
ethoxypyridine (10-15 %); Cethoxypyridine 
(trace); 3-bromo-4-ethoxypyridine [3-amino-4- 
ethoxypyridine- I-oxide (estimated yield 

(l0-15%) 

13-14 X , ]  
2- And 3-Aminopyridine (ratio 5: 1). 2-chloro- 

pyridine [2-aminopyridine-l-oxide (est. 5 %), 
3-aminopyridine-1-oxide ( a t .  1 %)] 

2-Aminopyridine (trace), 3-arninopyridine 

2-Amino-Cpicoline (trace), 3-amino4picoline 

3-Arnino-2,5-lutidine (10- 15 76); 4-amino-2,5- 
lutidine (55-6073 

3-Amin0-4-ethoxypyridine. kthoxypyridke 13- 
amino-4-ethoxypyridinel-oxide (est. 60a/,)] 

3-Amino-5-ethoxypyridine (60-65 %): 4-amino-5- 
ethoxypyridine (5 %) 

3-Arninopyridine, 3-chloropyridine (trace) [3- 
aminopyridine-I-oxide (est. 80B/,)] 

3-(N-Piperidino)pyridine- 1 -oxide, WN-piperi- 
dino)pyridine-I-oxide, (ratio 19: 1) (86%) 

3-Amino-2,6-lutidine-I-oxide, 4-amino-2.6- 
lutidine-I-oxide (ratio 0.26: I )  (63 76) 

No reaction 
4-Aminopyridine (60-65 x )  
3-Amino-2,5-lutidine (trace), 4-amino-2,5-lutidine 

(60-65 a/,) 
3-Amino-5-ethoxypyridine (trace), 4-amino-5- 

ethoxypyridine (60-65 %) 
4-Aminopyridine, 3-aminopyridine (trace) [4- 

aminopyridine-I-oxide (est. 60-70%)] 
3-Amino-2.6-lu tidine-I-oxide, 4-amino-2,6- 

lutidine-1-oxide (ratio 0.19: 1) (40%) 

(75-80%) 

(30-35 7;) 

Ref. 

31 

31 

562 

562 

31 

31 

31 

562 

31 

562 

5 6 4  

61 

31 
31 

31 

31 

562, 

61 
563 

I81 
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V. Side-chah and Substituent Reactions 

1. Methyl Groups 

Condensation of 2- (IV-279) and 4-picoline-1-oxide with ethyl oxalate in 
the presence of potassium ethoxide yields the ethyl 2-(IV-323) and 4-pyridyl- 
pyruvate-1-oxides (565). This reaction has been reported with substituted 
pyridine-1-oxide (71,566). (See also Chapter XI, Section 1.2.E.b). Using 
the conditions reported by Adams and Miyano (565) for the preparation of 

R = Me, OMe, 
OEt 

fiMe ( C 4 E I ) ~ .  KOEt ~ fi 
R +r CH2COC02Et 

IV-323 
0- 3- 

IV-279 

ethyl 2-pyridylpyruvate-1-oxide (IV-323), a compound having the same 
melting point was obtained (34), but whose NMR spectrum was not in accord 
with the proposed structure. Structure IV-324 was favoured for this com- 
pound which appeared to be oxidized to IV-325. Recent repetition of this 
work failed to give products corresponding to IV-324 and IV-325 but gave 
instead the desired IV-323, oxidation of which with 10% NaOH and 30% 
Hz02 gave picolinic acid-1-oxide. 

Qc&- 
\ 

IV-325 

CH(COCO,Et), 
lv-324 COCO, H 

Q 
When 4-nitro-3-picolinel-oxide (IV-106) was treated with ethyl oxalate 

in the presence of potassium ethoxide, it gave 4,4-dinitro-3,3’dipicolyl-l, 1‘- 
dioxide (IV-326) (12a), which was also prepared by the oxidative dimerization 
of 4-nitro-3-picoline-1-oxide (IV-106) in the presence of butyl nitrite followed 
by treatment with sodium methoxide. Since this reaction also occurs in the 
absence of butyI nitrite, it has been suggested that either the nitro or the 
N-oxide group can function as an oxidizing agent (50,567). When this 
reaction was carried out in the presence of oxygen in 30% methanolic 
potassium hydroxide solution, deoxygenation accompanied by nucleophilic 
substitution of the nitro group by methoxyl occurred to give lJ-bis(4- 
methoxy-3-pyridy1)ethylene (IV-327) (50) (eq. IV-64). Under the same condi- 
tions, 4-ethoxy-3-picoline-1-oxide does not undergo dimerization, so that 
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N,, d N-326 

0- 
IV-106 

I83 

(IV-64) 

IV-327 

activation of the methyl by the nitro group is necessary for this reaction to 
proceed. Table IV-78 summarizes these results. 

2- And Cpicoline-I-oxides do not condense with p-dimethylamino- 
benzaldehyde in the presence of zinc chloride or concentrated hydrochloric 
acid, but do so in the presence of piperidinium acetate in toluene (568). 
Similarly, 2-picoline-1-oxide underwent condensation with aldehydes in the 
presence of pyridine and potassium hydroxide (135, 137,569) (q. IV-65). 

pMe,NC,H.CHa 
C,H,N,KOH 

0- 

The methyl groups in l-ethoxy-2- 

(IV-65) 
CH=CHC6H4NMe2-P 

n( 
+!- 

or 4-methylpyridinium salts (IV-328) 
readily condenses with benzaldehyde or anisaldehyde to give IV-329 which, 

TABLE 1V-78. Reaction of 4-Nitro-3-picoline-I-oxides with Base (50) 

Conditions Products (yield) 

KOH, MeOH I ,2-Bis(l ,I '-dioxido-4-methoxy-3-pyridyl)- 
ethylene, m.p. 242" (decomp.): picrate, m.p. 
237-238" (decomp.) 

1,2-Bis( 1 , I'-dioxido-4-ethoxy-3-pyridyl)et h ylene, 
m.p. 231 -232" (decornp.) (42%); picrate, 
m.p. 211-212" 

Na, E:OH, 5" 

KOH, MeOH, R.T., I ,2-Bis(4-methoxy-3-pyridyl)ethylene 

Na, EtOH, R.T., 
10 hr, air 

24 hr 
I ,2-Bis(4-et hoxy-3-pyridy1)ethylene 
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on alkaline cleavage, gave the styryl N-oxide (1V-330) (311). 2- And 4- 
picoline-l-oxides, and 3-picoline-l-oxides bearing an additional activating ee AC!E+ e C H = C H A r  cleavage alkaline ’ W - C H A r  

+y x- i 
OEt 0- 

I x- 
OEt b E t  i>- 
Iv-328 IV-329 Iv-330 

group, condense with aryl aldehydes to give styrylpyridine-l-oxides (Table 

2-Picoline-l-oxide and 2,6-lutidine- l-oxide can be acylated in good yields 
by the reaction with aliphatic, aromatic, or heterocyclic esters using sodium 
hydride in liquid ammonia (575). 

4-Picoline-l-oxide was condensed with 1 ,4-dibromobutane in the presence 
of sodamide in liquid ammonia to give 1,6-di-(4-pyridyl)hexane-l ,l’-dioxide 
in low yield (48). Heating 2-picoline-l-oxide and 4-chloro-2-methylquinoline 
together in benzene in the presence of potassium t-butoxide gave 2-methyl- 
4-(2-pyridylmethyl- l-oxido)quinoline (IV-331) (576). 

IV-79). 

Q( + 
I Me 

CI 

0- Iv-331 

The benzylic-type chlorine atom of 2-chloromethylpyridine-l-oxide 
(IV-332) can be readily replaced by other groups by reaction of IV-332 with 
nucleophiles to give IV-333 (Table IV-80) (80b). 2-Picoline-l-oxide undergoes 

0- 
IV-332 

0- 
w-333 

chloromethylation and deoxygenation with trichloroacetyl chloride to yield 
2-chloromethylpyridine (IV-334) (577). Addition of trichloroacetyl chloride 
to a boiling solution of 2-picoline-1-oxide resulted in the rapid evolution of 
carbon dioxide (20%) and after 1 hr the NMR spectrum showed the presence 
of the trichloroacetate ester of 2-pyridylmethanol (IV-335) (40 %). After 



TABLE IV-79. Condensation or Picoline-I-oxides with Aryl Aldehydes 
~ 

Su bst it  uent 
in N-oxide Conditions Products (yield) Ref. 

?-Me PhCHO. MeOK. MeOH. 
A. 3 hr 

PhCHO. MeOK 
PhCHO, MeONa. MeOH. 

p-MeOC,H,CHO 
A, 4 hr 

p-CIC,H,CHO 

p-Me2NC,H,CH0. KOH, 

p-Me,NC,H,CHO 
CSHSN. A 

2.3-McZ 

2.6-Mez 

2.4-Me2 

2-Me-4-CH20H 

2-Me-4-CH ,OAc 

2,5-Me2 

2-Me-5-Et 

2-Me-5-CH20H 

2-Me-5-CH20Ac 

1-Me-6-C H 2 O H  

3-Me-4- NO, 

S-NO2-2-CHO-C,HZO, 
Ac,O. R.T.. 40 hr. pH 8 

Ac,O. R.T.. 40 hr, pH 8 

Ac,O. 40 hr. pH 8 

5-NO,-2-C HO-C,H 2 0 ,  

5-N02-2-CHO-C,HZO, 

5-N0z-2-CHO-C,H,07 
AcZO. 1 10- 130" 

5-N02-2-CHO-C,+H20, 
A c ~ O .  I 10- 130" 

5-N02-2-CHO-C,H20, 
Ae,O, 70- 80". 4 hr 

Ac,O. 70-80'. 4 hr  

Ac,O. 110 130" 

Ac,O. 110 130" 

Ac,O. I10 130" 

Ac,O. I10 130" 

5-N02-2-CHO-C,HZO, 

5-NOz-2-CHO-C,H20. 

5-N02-2-CHO-C4H,O, 

5-N02-2-CHO-C,HZO. 

5- NOz-2-CH 0-C, H 2 0. 

PhCHO. piperidine. 3 hr  

2-St yrylpyridine- I-oxide. m.p. 160" (22 "i) 

2-Styrylpyridine- I-oxide. m.p. 162- 163" 
2-Styrylpyridine-I-oxide. m.p. 164" (28"9 

2-(p-Methoxyslyryl)pyridine- I -oxide. m.p. 

2-(p-Chlorosryryl)pyridine-l-oxide. m.p. 

2-(2.4-DichlorostyryI)pyridine- 1 -oxide. m.p. 

2-(3.4-DichlorostyryI)pyridine-l -oxide. m.p. 

2-(p-Dimethylaminos1yryl)pyridine- I -oxide. 

2-( p-Dimet hy1arninostyryl)pyridine-I-oxide. 

2-[2-15-Nitrofuryl)vinyl]-3-picoline-l -oxide. 

2.6-[2-(5-Nitrofuryl)vinyl]-3-picoline- I - 

2-[2-(5-Nitroh~ryl)vinyl]-4-picoline- I-oxide. 

4-Hydroxymet hyl-2-[2-(5-nitrofuryl)vinyl]- 

4-Acetoxyme~ hyl-?-[2-(5-nitrafuryl)vinyl]- 

6-[2-(5-Nitrofuryl)vinyl]-3-picoline-I-oxide, 

5-Ethyl-2-[2-~5-nitrofuryl)vinyl]pyridine-l- 

5-H ydroxymet hyl-2-[2-( 5 4 1  rofuryl)vinyl]- 

5-Acetoxy met hyl-2-[2-(5-ni1rofuryl)vinyl]- 

6-Hydroxyrnerhyl-2-[2-(5-ni~rofuryl)vinyl]- 

6-Acetoxyniet hyl-2-[2-(5-nitroruryl)vinyl]- 

4-Nitro-3-styryl pyridine-I-oxide. m.p. 

157- 158" (46 ":,) 

147" (41 ",',) 

140" (IS",;) 

160" (15";J 

m.p.  200 201" (57";J 

m.p. 200" (50";) 

m.p. 198 200" 

oxide. m.p. 207-108" 

m.p. 213" (deeomp.) 

pyridine-I-oxide. m.p. 2 17-218" 

pyridine-I-oxide. m.p. 188-189" 

m.p. 205-207" (deeomp.) 

oxide. m.p. 155- 157" 

pyridine-I-oxide. m.p. 210- 21 I" 

pyridine-I-oxide. m.p. 178-179" 

pyridine-I-oxide. m.p. 208- 209" 

pyridine- t-oxide. m.p. 195-197" 

179- 180" 

137 

568 
570 

570 

570 

570 

570 

568 

570 

57 I 

57 I 

57 I 

572 

572 

573 

573 

572 

572 

572 

572 

117 



Table IV-79 (Coniinued) 

Substituent 
in N-oxide Conditions 

o - H O C ~ H ~ C H O ,  0. 
piperidine 

p-HOC,H,CHO, piperidine 

3-Me0-4-HO-C,H3CH0, 
A.4 hr 

p-MeOC,H,CHO, A, 16 hr 

3.CCH2O2C,H,CHO A. 
11 hr 

p-CIC, H4CHO 

p-Me,NC,H,CHO. MeOH, 

I-C,,H,CHO, A, 3 hr 
piperidine 

3-CHZC02H pMe,NC,H,CHO, 160", 
3.hr 

4-Me PhCHO, MeONa, MeOH, 
A, 4 hr 

p-MeC,H,CHO, KOH, 
MeOH 

pMeOC,H,CHO, KOH, 
MeOH 

pCIC,H4CH0. KOH, 
MeOH 

pCIC,H,CHO, MeONa, 
MeOH, A, 4 hr 

2,4-CI2C,H,CHO. MeONa, 
MeOH 

3,4-C12C,H,CH0, MeONa, 
MeOH 

p-Me,NC,H,CHO, KOH. 
MeOH 

pMe,NC,H,CHO, KOH, 
pyridine 

p-Me,NC6H,CH0, 
MeONa. MeOH 

Products (yield) Ref. 

3-(o-Hydroxystyryl)4nitropyridine-l-oxide, 
m.p. 254" (decomp.) (47%) 

3-(p-Hydroxystyryl)-4-nitropyridine- I-oxide, 
m.p. r360" 

3-(3,4-Dihydroxystyryl)nitropyridine- 1- 
oxide, m.p. > 360" ( 1  1 04) 

3-(4-Hydroxy-3-methoxystyryl)-4-nitro- 
pyridine-I-oxide. m.p. 237" (decomp.) 
(27 %) 

3-(pMethoxystyryl)-Cnitropyridine- I -  

3-(3,4-Methylenedioxystyryl)-4-nitro- 
oxide, mp.  196" (68%) 

pyridine-1-oxide, m.p. 238" (decomp.) 
(67 %) 

3-( pChlorostyryl)-4-nitropyridine-l-oxide. 
m.p. 216-217" (23 x) 

3-( p-Dimethylaminos1yryl)-4-nitropyridine- 
I-oxide, m.p. 208" 

34 I -Naphthylvinyl)-4-nitropyridine- 1 - 
oxide, m.p. 254-255" (decomp.) (47%) 

3-(4-DimethyIaminostyryljpyridine-l -oxide, 
m.p. 17C 

4-Styrylpyridine-l-oxide, m.p. 173" (170,:) 

117 

574 

1 I7 

117 

117 

117 

117 

164, 

117 
574 

164 

570 

4-(p-Methylstyryl)pyridine- 1-oxide, m.p. 

4-(pMethoxystyryl)pyridine-l-oxide, m.p. 

4-(pChlorostyryl)pyridine I -oxide, m.p. 

4-(pChlorostyryI)pyridine- I -oxide, m .p. 

4-~2,4-Dichlorostyryl)pyridine- 1 -oxide, m.p. 

4-(3,4-Dichloros1yryI)pyridine-l -oxide, m.p. 

4-(p-Dimethylaminostyryl)pyridine- I -oxide, 

4-(p-DimethylaminostyryI)pyridine-l -oxide, 

4-lpDirnet hylaminostyry1)pyridine- I-oxide, 

185-187' (35%) 

159- 160" 

164-166" (40%) 

178" 

150" (28 %) 

171" (29%) 

m.p. 257-258" (1 I %) 

m.p. 256-257" (78 %) 

m.p. 240" (29 %) 

139 

I 39 

139 

570 

570 

570 

139 

148 

570 
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TABLE IV-80. Reaction of 2-Chlorornethylpyridine-1-oxide with Nucleophiles (80b) 

Conditions 

KCN, MeOH, H,O, 20-25". 

NaCH(CO,Et),. C&,, 20-2S0, 

Et,NH. acetone, A, 2 hr 

48 hr 

2 hr 

Et,N. acetone, 20--25". 4 days 

EtONa, EtOH 

EtSNa, EtOH. 20-25". 12 hr 

MeCOSNa, MeOH, 20-25". 12 hr 

Na,S, H,O, 20-25", I2 hr 

NaOH, H,O. A. 2 hr 

Thiourea. EtOH, A. 30 rnin 

Products (yield) 

2-Cyanornethylpyridine-l-oxide, m.p. 130-132" (64%) 

2-[2,2-Di(ethoxycarbonyl)]ethylpyridine- I -oxide, b.p. 

2-N,N-Diethylarninornethylpyridine-l-oxide. b.p. 

2-N,N.N-Triethylarnrnoniurnmethylpyridine-l-oxide, 

2-Ethoxyrnethylpyridine-I-oxide, b.p. 140"/12 mrn 

2-Thioethoxyrnethylpyridine-1-oxide. b.p. 1 10"/0.4 rnrn 

2-Thioacetylrnethylpyridine-I-oxide. m.p. 51 -52". b.p. 

Di-(l-oxido-2-pyridylrnethyl)sulfide, rn.p. 183-185" 

Di-(l-oxido-2-pyridylrnethyI)ether. hydrate, m.p. 

S-( 1 -0xido-2-pyridylmethy1)isothiouroniurn chloride, 

Diethyl 2-pyridylrnethylphosphonate- 1 -oxide, oil (40 %) 

140"/0.4 mrn (34%) 

lOOo/0.2 rnrn (60%), nio 1 S470 

hydrate. m.p. 111-113"(70~) 

(62 %), nio  1.5400 

(7$%), mi" 1 .m94 

120"/0.4 mrn (64 7;) 

(48 %) 

128-129" (7004) 

m.p. 198-199" (90%) 

boiling the mixture for 12 hr the yield of carbon dioxide was 83%, and 
IV-335 was almost completely consumed with the formation of Zchloro- 
methylpyridine (IV-334). The ester IV-335 gives IV-334 on treatment with 
hydrochloric acid and boiling the solution in chloroform or acetonitrile (577). 
These results indicate that trichloroacetyl chloride can act as a chlorinating 

c1- 
Iv-335 
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agent in the same way as thionyl chloride does with amines. It wasconcluded 
earlier that the reaction of picoline-I-oxides with acid chlorides (577) and 
acid anhydrides (see Section 111.3.) does not involve a radical-pair 
intermediate. 

1-( 1-Oxido-Zpyridy1methyl)pyridinium iodide (IV-116) is obtained from 
the reaction of 2-picoline-1-oxide in the presence of iodine and excess 
pyridine (74,333). This product was also obtained when 2-bromomethyl- 
pyridine-1-oxide (IV-3%) was heated with pyridine and sodium iodide. 
These pyridinium salts (IV-116) undergo condensation with N,N-dimethyl-p- 
nitrosoaniline in the presence of a basic catalyst to give the nitrone (IV-321); 
when this reaction is carried out in the presence of sodium cyanide, the 
cyanoanil IV-337 is formed (578) (eq. IV-66). The methyl substituent in 

lV-336 
IV-337 

1V-338 condenses with pdimethylaminonitrosobenzene to yield the anil 
(IV-339) (73). When the pyridinium salt (IV-116, X = I) is heated in the 

0- 
IV- 338 

HOCH,. !tH’OAC 

- n r O A C  
pMelNC,H.NO 

Dioeridine. + . .  
EtOH. A > w A .  CH=NC,H,NMe,-p 2)- 

IV-339 

presence of hydrogen iodide or iodine in xylene, pyrido[ 1’,2’-3,4]imidazo- 
[1,2-a]pyridinium iodide (IV-340) (RRI 12,463) is obtained. However, when 
the bromide (IV-116; X = Br) is used no reaction occurs (578). 
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IV-116 

Reaction of 2-picoline-1-oxide with acyl nitrite or with acetyl chloride 
and silver nitrite at room temperature gives 2-cyanopyridine (579). With 
amyl nitrite in liquid ammonia-potassium amide, it gives pyridine-2- 
carboxaldehyde oxime-1-oxide and picolinamide-1-oxide (580). In the case 
of 4-picoline-l-oxide, Ccyanopyridine (2 %) is formed in addition to the 
oxime and amide (580) (Scheme IV-21). 2- And 4-pyridylaldoxime-I-oxides 
were obtained using similar conditions except that sodium hydride was used 

(37-51 %) 

scheme w-21 

instead of KNH, (581). Treatment of pyridine-2-carboxaldehyde-1-oxide 
with hydroxylamine hydrochloride in sodium hydroxide at 0" gave the 
expected aldoxime (IV-341) which, on treatment with acetic acid, gave 
2-cyanopyridine-1-oxide (347). Pyridine-Zaldoxime is obtained classically 
from 2-picoline-1-oxide and acetic anhydride as shown in eq. IV-67 (483). 
2-Hydroxymethylpyridine, prepared as described above, was converted 
to the N-oxide (IV-342) which, on treatment with phenylhydrazine in 
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0- (IV-67) 

l i i i )  NH,OH 
CH=NOH 

IV-341 

dilute sodium hydroxide, gave pyridine-2-carboxaldehyde phenylhydrazone 
(IV-343) (79 %) (582). Phenylhydrazine is not an oxidant in this reaction and 

0- 
IV-342 

IV-343 

no phenylhydrazone is obtained in the absence of sodium hydroxide, or 
when 2-hydroxymethylpyridine itself was treated under these conditions 
without prior N-oxide formation (582). Reaction of IV-342, phenylhydrazine, 
and alkali in the presence of a 20-fold excess of 2-ethylpyridine gave only 
the phenylhydrazone of pyridine-2-carboxaldehyde (61 %) and no evidence 
of a possible intermolecular oxidation product. Oxidation of the alcohol 
must occur at the expense of the N-oxide in a base-catalyzed intramolecular 
process, possibly via an elimination involving an enolamine (IV-344) 
followed by deprotonation and N-0 bond fission (582). No ketone was 
obtained by acylative rearrangement of 2-(a-acetoxyethyl)pyridine-l-oxide; 

Iv-344 

a ketone was obtained, however, by base-catalyzed N-oxide fission of the 
corresponding alcohol (582). 

When equal weights of 2-picoline-I-oxide and iodine are heated at 95 to 
100" a gum is formed which decomposes at 140 to 150" to yield pyridine-2- 
aldehyde and 2-picoline. Alkaline hydrolysis of the gum gave similar results 
(583) (eq. IV-68). Excess 2-picoline-1-oxide or pyridine-1-oxide act as a 
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b- (37 %) 

source of nucleophilic oxygen. Similar results were obtained with 5-ethyl-2- 
picoline- 1 -oxide-iodine complex using pyridine-1-oxide as the nucleophilic 
oxygen source. The proposed intermediate, 2-picolyl-2-picolinium (or 
pyridinium) iodide is formed, which eliminates pyridine on heating or on 
basic hydrolysis (386). 4-Picoline- I-oxide and its simple derivative gave the 
parent pyridine and a variety of other products on heating in DMSO- 
carbonyl, olefinic, and dimeric compounds-the nature of which depended 
on the starting pyridine (383) (Table IV-81). The formation of olefins suggests 
the intervention of the 2-(4-pyridyl)-2-propyI cation, for the reaction with 
4-isopropylpyridine-1-oxide. This intermediate would also account for the 
ketonic products formed. A radical species could arise in the reaction of 
4-alkylpyridine-1-oxides with DMSO by the homolytic cleavage of the 
N-0 bond in an oxypyridinium ion formed by nucleophilic attack of 
N-oxide oxygen upon the electrophilic S atom of DMSO. Deprotonation 
of the Cpyridylmet hyl radical cation would give the pyridylmethyl radical. 
It was concluded that both ionic and radical species are generated in this 
reaction (383) (Scheme IV-22). Ortoteva-King reactions on 2- and 4picoline- 
I-oxides, respectively, were carried out in the absence of pyridine to give 2- 
and 4-pyridine-carboxaldehydes, isolated as their sodium bisulfide adducts 
(584). 

TABLE 1V-81. Reaction of 4-Alkylpyridine-I-oxides with DMSO (383) 

CAlky l  group Conditions 

4-Me 

4-CH 2 Ph 

Me,SO ( I  : 5 mole ratio)' 

Me,SO ( I  : 10 mole ratio) 
A, 4 hr. N, 

A. I hr. N, 

4-CH,C6H,NO,-p Me,SO. I h r  

4-CHMe2 Me,SO ( I  : 8 mole ratio) 

Products (yield) 

4-Picohne (35 x): pyridine-4-carboxaldehyde 
(< 1 "6): 4-picoline-I-oxide (35 %) 

4-Benzylpyridine (29 "0; 4-benzoylpyridine 
(41 " A ) ;  1,2-diphenyl-1,2-di-(4-pyridyl)- 
ethanol ( 9 3 :  diastereomeric products, 
m.p. 219.5-222.1" and m.p. 210-212" 

4-(pNitrobenzoyl)pyridine (51 %): I ,2-di- 
(p-nitrophenylb I ,2-di-(4-pyridyl)ethane 
(6%) 

4-lsopropylpyridine ( I  6 x): Cisopropenyl- 
pyridine (14 "4); 2,3-dimethyI-2,3-di- 
(4-pyridy1)butane (9 x); 4-isopropyl- 
pyridine-I-oxide (8";) 

Mole ratio refers to N-oxide lo DMSO. 
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=CHR 

R' 
\ 

R 

+ N  
I 
0- 

6-SMe, 
I 
0- 

2-, 3-, And 4-pyridinecarboxaldehyde-1-oxides (IV-346) were prepared 
by the oxidation of the appropriate dipyridylglycol dioxide (IV-346) with 
lead tetraacetate (53). Picoline-1-oxides may be oxidized with selenium 

Bg- !F:Tq ;y 1 pr;;;. Po 
0- 0- 

+T 
0- 

1v-346 1v-345 

dioxide in boiling dioxane or pyridine. 3- And 5-methyl groups are resistant 
to these conditions, however. A 2-methyl group is oxidized to the aldehyde 
stage while a 4-methyl group is oxidized to the corresponding carboxylic 
acid (585) (q. IV-69). 4-Substituted-6methylpicolinic acid-1-oxides (IV-280) 

SeOz. C,H,N ,K (IV-69) 

+!- CHo 

+N Me I 
0- 

are obtained by selective oxidation of the appropriate 2,6-lutidine-l-oxides 
with aqueous potassium permanganate (586). Others report that bmethyl- 
picolinic acid-1-oxide (41.8 %) and dipicolinic acid- 1-oxide (8.1 %) have been 
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isolated from this reaction (161a). Oxidation of 6-methylpicolinic acid-1- 
oxide with aqueous potassium permanganate gave dipicolinic acid-I-oxide 
(30.5 x )  (161a). The methyl group in 3-picoline-1-oxide-4-sulfonic acid 

R = H(44%) 
R = Br(55%) 
R = NO2 (21%) 

(1) KNoO., 5-6 hr 
hi) HCI. pH 3 

0- 0- 
1V-280 

(IV-347) is oxidized with potassium dichromate in concentrated sulfuric acid 
at 20 to 30" to give the nicotinic acid (IV-348) (341). 4-Nitro-3-picoline-l- 
oxide is similarly oxidized to 4-nitronicotinic acid-I-oxide (166), and 4- 

SO3 H 

&Me NalCr,07 , 
HISO,, 20-30- 

\ 

+N I 
0' 
w-347 IV-348 

0- 

methylpicolinic acid-1-oxide is oxidized by potassium permanganate to 
pyridine-2,4-dicarboxylic acid-1-oxide (98). 

2-(2-Substituted-ethyl)pyridine-l-oxides were obtained from the reaction 
of 2-vinylpyridine- 1-oxide with organo-sodium compounds or a base 
(Scheme IV-23) (408). 

0- 

Scheme IV-23 
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2. Reduction of Nitro Groups 

The reduction of a 2-nitro group has not been thoroughly investigated. 
In 1957, it was reported that the reduction of 2-nitropyridine-1-oxide in 
ethanol over palladium-on-charcoal gave 2-aminopyridine (IV-9). The 
reduction could not be stopped at the intermediate stages (587). On the 

W-C, HI. EtOH 
under slight pressure’ 

NH2 
Q N O ,  0- IV-9 

other hand, 4-nitropyridine-l-oxides (IV-349) are reduced with palladium- 
on-charcoal to yield the 4-aminopyridine-1-oxide (IV-350) (Table IV-82) 
(587). Reduction over platinum oxide or Raney nickel in methanol gave 

Pd-C. H,,  EIOH / GR I 

0- 
IV-350 

b- \ 
PtO,, 16 hr., 40 Ib/in., R.T. 

or Reney Ni in MeOH R 
w-349 

Caminopyridine (Table IV-82) (167,315,588). When 4-nitro-2-picolinic 
acid-1-oxide (IV-162) was reduced over Raney nickel in acetic acid 44’- 
azopicolinic acid-1 ,l’dioxide (IV-351) was obtained (95). Similarly, when 

IV-162 IV-351 



TABLE IV-82. Reduction of Nitropyridine-1-oxides 

N-oxide Conditions Products (yield) Ref, 

3-NO2 PtO,, 16 hr, 40 Ib/in., 3-Aminopyridine; picrate, m.p. 201-202' 117 
R.T. 

3-NOz-2,4-Mez FeSO,, NH,OH 
3-NOZ-2,6-Me, 50% Pd-Norit 

FeSO,, NH,OH 
4-NO2 Pd-C. EtOH 

Pd-C. EtOH normal 

2 %  Pd-SrCO,, H,, 
pressure 

EtOH, 60" 

PtO,, H, (in H,O) 
Ht. Raney-Ni (in 

MeOH) 
H,. Urushibara, Ni. 

MeOH, Ac,O 

Zn, AcOH, 2 days 
80% NHzNHz.H,O, CU 

(i) 80% NH2NHz.Hz0, 
Cu, 3 hr 

(ii) Picric acid 
SO:(, NH,NH,.H,O. 

O(CH ZCHZOH)z, 
180-200". 2 hr 

PhNHNH, alc. solution 

Hg light, EtOH: or 

Hg immersion lamp, 
PrOH, 0, 

abs. EtOH 

45 Ib/in.' 
4-NO2-2-Me Alc. 10% Pd-C, H,. 

Pd-C. R.T., 3 moles H2 

NH,NH,, H,O, 2 hr, 
EtOH 

NHZNHz'H20, CU 

NH,NH,, Cu, 

Hg lamp, abs. EtOH 
O(CH,CH,OH)z 

3-Amino-2,4-lutidine-l-oxide, m.p. 187- 188" 
3-Amino-2.6-lutidine- I-oxide 
3-Amino-2,6-lutidine-l-oxide, m.p. 160-162° 
CAminopyridine-I-oxide; picrate. m.p. 

191-192" 
4-Aminopyridine-I-oxide; HCI. m.p. 181-183' 

(decomp.) 
QAminopyridine-I-oxide, m.p. 235"; picrate, 

m.p. 203-204"; picrolonate, m.p. 241-244' 
(decomp.) 

4-Aminopyridine, m.p. 160-161" 
CAminopyridine 

121 
61 
121 
43 1 

544 

43 1 

167 
315 

4,4'-Hydrazopyridine, m.p. 210-216"; 4.4- 320 
azopyridine-1 ,I,-dioxide, m.p. 242"; 4.4- 
azopyridine, m.p. 107" 

4,rl'Azoxypyridine-1 .I,-dioxide, m.p. 235-236" 167 
4.4-Azoxypyridine-1 ,]'-dioxide, m.p. 234-235" 387 

4-Aminopyridine-1-oxide; picrate, m.p. 387 
(decomp.) 

199-200" (decomp.), 4,4-azoxypyridine- 
I ,I,-dioxide 

4-Aminopyridine. m.p. 154- 156" 387 

4-Hydroxylaminopyridine-I-oxide, m.p. 237" 589, 

4-Hydroxypyridine-l-oxide, m.p. 97-100" 592 
(decomp.) 591 

4-Hydroxylaminopyridine-1-oxide. m.p. 219" 590 

4-Amino-2-picoline-I-oxide. m.p. 181-183" 593 

4-Amino-2-picoline-I-oxide; HCI, m.p. 191" 295 

4,4-Azo-2-picoline-1 ,I,-dioxide, m.p. 224' 387 

4,4-Azo-2-picoline-l .I'-dioxide, 4-amino-2- 387 

4-Amino-2-picoline- I-oxide; picrate, m.p. 387 

4-Hydroxylamino-2-picoline-I-oxide, m.p. 590 

(decomp.) 

(90 %) 

(77 %) 

picoline-I-oxide, m.p. 180- 182" 

193" 

226' (decomp.) 

195 



Table 1V-82 (Courinued) 

N-oxide Conditions Products (yield) Ref. 

4-N0,-2.6-Me2 

Raney Ni, MeOH. H,. 

PtO, in AcOH. H,: o r  

Fe flings AcOH. 

autoclave 

Zn. HCI 

H2SO4 
Pd-C. AcOH 
Raney Ni, E tOH 
(i )  Raney Ni 
( i i )  p-MeC,H,SO,CI, 

anhydr. EIOH,  A. 
24 hr 

(iii) H,SO,. 3 hr 
pMeC,H4SO2CI. 

EtOH, 10 min 
Pd -C. atm. press.. 

R.T., 3 moles H, 
Hg lamp. abs.. E tOH 
Hydrog., SO":, Pd- 

Norit 

4-NO,-3.5-Me2 
4-NO,-2.6-Me2 
4-NO2-2-Me-5-Et 

4- N 0,-2.3,5,6- Me, 

4-NOz-3- 
CH=CHPh 

4-NO,-2.6-Br2 
4-N0,-3-NMe2 

4-NO2-3-NHPh 

5" , ,  Pd-C, EtOH 

Zn. xq. s o h .  
Zn dust. H,O. AcOH. 

35". 2 hr 
SnC1,- HCI. R.T. 

HZS 
IS", NHaOH. HZS, A 
H,S. NH,OH. 60". 1 hr 

H,, Raney Ni. MeOH 
Sn, HCI. 100" 
W-C. atrn. press., H2, 

3 moles, R.T. 
Raney Ni. MeOH 

Fe, AcOH. 90-95" 

Fe, AcOH, loo", I hr  
Fe, AcOH 

Fe. AcOH 

4-Amino-2-ethylpyridinc (80 "J 429 

4-Amin0-2-ethylpyridine. m.p. 42- 43": 79 
picrate. m.p. 202- 203" 

4-5 nim (89" ; )  
4-Amino-2-ethylpyridine. b.p. 128.- 130°/ 430 

4-Amino-3-picoline 332 
4-Amino-3-picofine- I -oxide, 4.4-azo-3-picoline 332 
4-Amino-3-picoline. m.p. 108- 109". 4,4'-azo- 332 

3-picofine 

4.4-Azoxy-3-picoline- I ,  I '-dioxide 331 

4-Amino-3-picoline-l -oxide; HCI, m.p. 

4-Hydroxylaniino-3-picoline- I -oxide 
4-Amino-2.6-lutidine-I -oxide. m.p. 264-266" 

(deconip.): picrate. n1.p. 216" (decomp.). 
4-amino-3-picoline 

(decom p.) 

219-220" (80",;) 

4-Amino-2.6-lutidinc- I -oxide. m.p. 265" 

4.4-Azoxy-2.6-lut idine- I . I  '-dioxide 
4.4-Azo-2.6-lutidine- 1 . I  '-dioxide. m .p. 244" 

4.4-Hydrazo-2.6-lutidine- I .l'-dioxide. HCI 

4-Amino-2.6-lutidine- I-oxide, HCI 
4-Amino-2.6-lutidine-I-oxide. m.p. 265" 
4.4'-Hydrazo-2,6-lutidine-l, 1'-dioxide: HCI. 

m.p. 266.-261" (75 ".;,). 4.4-hydrazo-2.6- 
lutidine- I -1'-dioxide. m.p. 244" 

4-Arnino-3,5-lutidine, 2 H 2 0  
4-Amino-2.6-lutidine- I-oxide. HCI 
4-Arnino-5-ethyl-2-picoline-I-oxide; HCI. 

m.p. 181-183": picrate, m.p. 181-182" 
4-Arnino-2,3,5,6-tetramethylpyridine. $H,O, 

m.p. 196-197"; picrate. m.p. 225-226" 
4-Amino-3-styrylpyridine. m.p. 179" 

(decomp.) 

(80 ''.;,) 

295 

590 
61 

I74 

I74 
120 

I10 

120 
I20 
I10 

337 
I20 
295 

337 

164 

4-Amino-2.6-dibromopyridine 437 
4-Amino-3-dimethylaminopyridine. m.p. 353 

78-80"; picrate, m.p. 185" 
4-Amino-3-anilinopyridine. m.p. 132" (87.4"::) 353 

196 
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Table IV-82 (Continued) 

N-oxide Conditions Products (yield) Ref. 

4-N02-3-NHC,H,, Fe, AcOH 

4-NOz-3- 

4-N02-2-C0,H Raney Ni, AcOH, H,. 

(i) Fe, AcOH, A. 0.5 hr 
CH,CH,CO,H (ii) NH,OH 

atm.  press. 
Na,SO,, A. 45 min 

4-NOz-6-Me-2- NaHSO,. H,O, A. 9 h r  
CO,H 

2-(2-NO,CbHJ) 57:, Pd-C. AcOH, Hz. 
I atm. 1 h r  

2-(2-NO,C,H,) 5?:, Pd-AIZO,. EtOH 

2-(3-N02C,H4) 5 " { ,  Pd-AIZO,, EtOH 

4-Amino-3-cyclohexylaminopyridine. m.p. 

1,2,3 ,CTetrahydro-2-0~0- I .&naphthyridine, 

4.4-Azopicolinic acid-1 ,l'-dioxide, m.p. 232" 

4-Aminopicolinic acid-I-oxide. m.p. 21 7 A 
(59.1 oi).  sodium 2-carboxypyridine-4- 
sulfonate-I-oxide, H,O. m.p. 317" (11.6":;) 

4-Amino-6-methylpicolinic acid-I-oxide, m.p. 
299" 

2-(2-Aminophenyl)pyridine-t-oxide. m.p. 
181.5- 182.5" (97"4 

2-(2-Aminophenyl)pyridine-1-oxide. m.p. 

2-(3-Aminophenyl)pyridine-I-oxide. m.p. 

164" (71.804); picrate. m.p. 199" 

m.p. 208" 

(55.2y.L) 

t95-200* (20%) 

172-173" (2516) 

353 

79 

95 

95 

586 

I40 

141 

141 

4-nitropyridine- 1-oxide was reduced over Urushibara nickel in methanol 
and acetic anhydride, 4,4'-hydrazopyridine, 4,4'-azopyridine-l ,l'-dioxide, 
and 4.4'-azopyridine were obtained (320) (eq. IV-70). 

fi MeOH, UrurhibaraNi AcOH * [ 6=/+ 2 [ ;x;f +N 2 + [bT (IV-70) 

I 
+ N  I 
0- 0- 

3-Nitro-2,6-lutidine-l-oxide (IV-352) was reduced with ferrous sulfate and 
ammonia to  give the 3-amine (IV-353) (121). Reduction of IV-354 with iron 

FeSO,. NH.OH 

Me M e  Me 
0- 

IV-352 
6-  

Iv-353 

in acetic acid yields 4-amino-2,6-dibromopyridine (IV-355) (437), while zinc 
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in acetic acid reduced 4-nitropyridine-1-oxide (IV-149) to 4,4-azoxypyridine- 
1 ,l‘-dioxide (IV-356) (167). 

yo2 NHZ 

Br QBr Fc’AcoH+ Br 
0- 

IV-354 IV-355 

0- 
IV-149 

IV-356 

Hydrazine hydrate in ethanol has been used to reduce 4-nitro-2-picoline- 
1-oxide (IV-357) to 4,4‘-azo-2-picoline-l ,l’-dioxide (IV-358). When this 
reduction is carried out in the presence of copper, 4-amino-2-picoline-l- 
oxide (IV-359) is obtained in addition to the azo-compound (387). 4-Nitro- 

cu 0- 
Iv-357 

1V-358 

Me 
IV-358 + & 

Iv-359 

yyridine-1-oxide (IV-149) can be reduced to 4hydroxylaminopyridine-l- 
oxide (IV-146) with phenylhydrazine in alcohol (589). A similar reduction 
could be effected by photolysis of Cnitropyridine- I-oxide in alcohol (590). 

yo2 YHOH 0 PhNHNH,, 0 
‘N 
+ I  

‘N 
+ I  6- 6- 
IV-149 IV-146 



V. Side-chain and Substituent Reactions 199 

The products obtained from the reduction of nitropyridine-1-oxides under 
various conditions are summarized in Table IV-82. 

3. Displacement of Nitro Groups by Nucleophilic Reagents 

A .  Halogens 

The nitro group in 2-nitropyridine-1-oxide undergoes substitution on 
treatment with cold acetyl chloride to give the 2-chloro compound; its 
mobility in this reaction is greater than that in 4-nitropyridine-1-oxide (587). 
Substituted 4-nitropyridine-1-oxides (IV-349) also react with acetyl chloride 

R = H, 3-Me, 5-Me, or Rqk :y NO2 :y CI &Me 
0- 0- 

to yield the corresponding 4-chloro derivatives (IV-360) (Table IV-83). The 
acetyl nitrite produced during this process may react with an active methyl 

I 
0- 

IV-349 IV-360 

group in the 2-position to effect its nitrosation, further dehydration of which 
can lead to the formation of a nitrile as a by-product (eq. IV-71) (594,595). 

& \ +N Me (i) ( i i ) R , T ,  50-67 * & , +N Me i- & >f.’ CHINOH + & ‘N CN (IV-71) 

Acetyl bromide reacts similarly with 4-nitronicotinamide-I-oxide (IV-361) 
to give IV-362 (339,340, 596) (Table IV-83). The nitro group in 4-nitro-3- 
picoline-1-oxide (IV-106) is displaced by chloride when dry hydrogen chloride 

0- 
I 
0- 

I 
0- 

0- 0- 
IV-361 Iv-362 



TABLE IV-83. Reaction of 4-Nitropyridine-I-oxides with Acetyl Halides and Hydrohalic Acids 

N-oxide Conditions Products (yield) Ref. 

4-NOz 

2-Me-4-N02 

3-Me-4-NOz 

3-Et-CNOZ 

3-is0 Pr-4- NO, 

2,5-Me2-4-N0, 
2-Me-5-Et-4-NOz 
2,6-Me,-4-NOz 

2,6-Mez-4-NOz 

3,5-Me,4N02 

2,3,5,6-Me4-4-NO, 

2-CI-4-NOz 

3-Br-4N02 

2-OH-4-NOZ 
3-CH:CHPh-4-NO, 
2-COZMe-4-NO, 

3-COzH-4- NO2 

AcCI, A, 3 hr 

AcCl 
48% HBr, 17 hr 

AcCl (with coolitg) 

AcCl (on steam-bath) 

AcCl in CHCI, at R.T. 

(i) AcCI, 0", 45 rnin 
(ii) 40°, 30 min 
(iii) 50°, 30 min 
AcCl 
HCI gas 
AcBr, 45 min, 65-70" 
HBr, A, 24 hr 

AcCI 

AcCl 

AcBr, 45 min, 65-70" 

AcBr, 0" 
AcCl 
(i) AcBr, 20-30" 
(ii) 50-60". 2 hr 
AcCI, 50-60", 5 hr 

AcCl 

AcCl 

AcCI, HzNSO,H, 50" 

AcCl 

AcCl 
AcCI, A, 3 hr 
AcCI, MeOH 

AcCI, 70-74", 4 hr 

4-Chloropyridine-1-oxide, m.p. 167-168" 

4-Chloropyridine-I-oxide, m.p. 164- 166" 
4-Bromopyridine-l-oxide, HBr, m.p. 

143-144"; picrate, m.p. 142-143" 
4-Chloro-2-picolinel-oxide (68%); HCI, m.p. 

133- 134", 4-chloro-2-pyridine aldoxime- 
I-oxide, m.p. 185" (decomp.)(l2%) 

4-Chloro-2-picoline-I-oxide (4.2 %), 4-chloro- 
2-cyanopyridine. m.p. 130.5-131" (57%); 
4-chloro-2-picoline, m.p. 183-- 183.5" (63 %) 

4-Chloro-2-picoline-l-oxide (17%); 4-nitro- 
2-picoline-I-oxide (42%) 

4-Chloro-3-picoline-l-oxide, m.p. 120- 122" 

(84 04 

4-Chloro-3-picoline-1-oxide 
4-Chloro-3-picoline- 1-oxide (69.5 %) 
4-Brorno-3-picoline-l-oxide, m.p. 109" (59%) 
4-Brorno-3-picoline-I-oxide, m.p. 112- 113" 

4-Chloro-3-ethylpyridine-1 -oxide, m.p. 86"; 

4-Chloro-3-isopropylpyridine- I-oxide, m.p. 

4-Bromo-3-isopropylpyridine-l-oxide, m.p. 

4-Bromo-2.5-lutidine- I -oxide, m.p. 92-94" 
4-Chloro-5-et hyl-2-picoline-I-oxide 
4-Bromo-2,6-lutidine- I-oxide, m.p. 80.5- 

81.5"; HCI, m.p. 212-213" ' 

4-Chloro-2,6-lutidine- 1 -oxide, m.p. 95.5-97"; 
HCI, m.p. 220-221" 

4-Chloro-3J-lutidinel-oxide, m.p. 201 - 
202"; picrate, m.p. 142-143" 

4-Chloro-2,3,5,6-tetrarnethylpyridine-I-oxide, 
m.p. 153-154"; picrate. m.p. 154-155" 

2.4-Dichloropyridine- I-oxide, m.p. 52-55" 

3-Bromo-4-chloropyridine-l-oxide, m.p. 
153.5-154.5"; picrate, m.p. 120-121" 

CChloro- I -hydroxy-2-pyridone 
4-Chloro-3-styrylpyridine;l-oxide 
4-Chloro-2-picolinic acid-1-oxide, m.p. 144O 

(57.6%); Me ester, m.p. 102" 
4-Chloropicolinic acid-I-oxide, m.p. 

(75 %) 

picrate, m.p. 137-138" 

87-88": picrate, m.p. 130-131" 

110- 1 12.5" (75.5 %) 

(77 %) 

169- 170" 

338, 

I33 
43 I 

594 

597 

594 

594 

329 

34 
345 
340 
362 

337 

337 

340 

31 
348 
339 

339 

337 

337 

62 

331 

62 
598 
95 

324 

200 
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is passed through a boiling solution in methanol or ethanol (99,345), and 
by bromide on heating with concentrated hydrobromic acid (362). 

B.  Substitution by  Oxygen or Sulfur-containing Groups 

The nitro group in 4-nitropyridine-I-oxides may be substituted by 
alkoxide, phenoxide, and thiophenoxide ions (7) (eq. IV-72) (Table IV-84). 

PR 

(IV-72) 

The 4-nitro group in the pyridine-1-oxide ring is more susceptible to sub- 
stitution by aikoxide ions than is a 2-chloro substituent as shown in the 
following example given in eq. IV-73 (355). 

OMe 

0- ?Me (IV-73) 

(72.1 %) 
0- 



TABLE 1V-84. Reaction of 4-Nitropyridine-1-oxides with Alkoxide, Phenoxide, and Thiophenoxide Ions 

N-oxide Conditions Products (yield) Ref. 

4-NOz MeONa. MeOH 

EtOH, KZCO,, A, 8 hr 
isoPrOH, Na, I5 hr 

CH,=CHCH,OH, Na, 
R.T., 15 hr 

4 N 0 ,  PhSH, Na, EtOH 
2-Me-4-N02 MeONa, MeOH 

MeOH, Na 
EtONa, EtOH 
EtOH, Na, 15 hr 
PrOH, Na, 15 hr 
Amy1 alcohol, Na, 15 hr 
PhCH,ONa, PhCH20H 
PhONa, PhOH 

EtONa, EtOH 
5-Et-2-Me-4-NOz MeONa, MeOH 

3-Me-CN0, MeOH, Na. 15 hr 
3-F-4-N02 EtONa, EtOH, R.T., 

2-CI-4-NO2 

3-CI-4-NOz MeONa, MeOH 

10 min 
MeOH, Na, R.T.. 24 hr 
MeOH, Na, A, 5 hr 

EtONa. EtOH 

3-Br-4-NOZ MeONa, MeOH 

EtONa, EtOH 

3-1-4- NO, MeONa, MeOH 

3-OMe-4-N02 MeONa, MeOH 
3-OEt-4-N02 EtONa, EtOH 
2-C0,H-4-N02 NaOH, MeOH 

NaOH, EtOH 
NaOH, PrOH 
NaOH. isoPrOH 

30% H,02, NaOH 
NaOH, MeOH, A, 1 hr 2-C02H-&Me- 

4 N 0 ,  

4-Methoxypyridine-1 -oxideH,O, m.p. 80-82"; 

4-Ethoxypyridine-l-oxide, m.p. 126" (82.5 %) 
4-lsopropoxypyridine- I-oxide, b.p. 135- I37"/ 

4-Allyloxypyridine-1-oxide 

4-Phenylthiopyridine-1 -oxide, m.p. 137" 
4-Methoxy-2-picoline- I-oxide 
4-Methoxy-2-picoline-I-oxide, m.p. 86" (87 %) 
4-Ethox y-2-picoline 1 -oxide 
4-Ethoxy-2-picoIine-l-oxide, m.p. 78" (84 %) 
4-Propoxy-2-picoline-I-oxide, m.p. 52" (81 %) 
4-AmyIoxy-2-picoline-I-oxide, b.p. 146"p.l mrn 
4-Benzyloxy-2-picoline-I-oxide 
4-Phenox y-2-picoline- I-oxide 
S E I  hyl-4-rnethoxy-2-picoline-I-oxide 
4-Et hoxy-5-et hyl-2-picoline- 1 -oxide 
4-Methoxy-3-picoline-I-oxide, m.p. 75-77' (53 %) 
3.4-Diethoxypyridine- I-oxide, m.p. 105"; picrate, 

2-Chlorod-methoxypyridine-I-oxide (84.1 x) 
2.4-Dirnet hoxypyridine- I -oxide 
3-Chloro-4-rnethoxypyridine-I-oxide. m.p. 

99-100" (8776); picrate, m.p. 152-153" 
3-Chloro-4-ethoxypyridine- I-oxide, m.p. 1.45- 

146" (90.5%); picrate, m.p. 121" 
3-Bromo-6methoxypyridine-l -oxide, m.p. 92-93" 

(83.3 x); picrate, m.p. 142-143" 
3-Bromo-4-ethoxypyridine-l-oxide, m.p. 150" 

(85.4%); picrate, m.p. 125-126" 
3-Iodo4methoxypyridine-t-oxide, m.p. 191-192" 

(90.1 %); picrate, rn.p. 156" 
3.4-Dimethoxypyridine- 1 -oxide (93.2 %) 
3.4-Diethoxypyridine- 1-oxide (94.5 %) 
4Methoxypicolinic acid-f -oxide, m.p. t54" 

CEthoxypicolinic acid-I-oxide, m.p. 144" 
CPropoxypicolinic acid- I-oxide, m.p. 107" 
4Isopropoxypicolinic acid- 1-oxide, m.p. 147" 

CHydroxypicoIinic acid-I-oxide (56.8 %) 
4-Methoxy-6-methylpicolinic acid-I-oxide, m.p. 

picrate, n.p. 142-144' 

0.3 mm (66.6 %) 

m.p. 171" 

(92.5 %) 

(43.6 %) 

172" (73.6%) 

364 

434 
434 

334 

357 
348 
434 
348 
434 
434 
434 
348 
348 
348 
348 
434 
352 

355 
355 
353 

353 

353 

353 

353 

352 
352 
95 

95 
95 
95 

95 
586 

202 
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Dimethyl sulfoxide was found to increase the rate of replacement of the 
nitro group in 4-nitropyridine- 1-oxide by hydroxyl ion (599a). CNitro- 
picolinic acid-I-oxide reacts with 30 % H,02 in sodium hydroxide solution 
to give 4-hydroxypicolinic acid-1-oxide (56.8 %) (95). 

C .  Substitution by Amines 

CNitropicolinic acid-1-oxide (IV-363) reacts with aniline to give 4- 
anilinonicotinic acid-I-oxide (IV-364) (Table IV-85) (166,329). In contrast 
to the reaction of 2-chloro-4-nitropyridine-1-oxide with methoxide ion, 

0- 0- 
Iv-363 IV-364 

2-bromo-4-nitropyridine-1-oxide (IV-365) and diethylamine in hot ethanol 
give 2-diethylamino-4-nitropyridine- 1-oxide (IV-366) (355). Similarly, methyl 
4-nitropicolinate-1-oxide (IV-367) reacts with an amine only at the ester 

IV-365 IV-366 

function to give an amide (JV-368), and no displacement of the nitro group 
occurs (99). 

TABLE IV-85. Reaction of 4Nitronicotinic acid-I-oxide with Amines 

Conditions Products (yield) Ref. 

PhNH, CAnilinonicotinic acid-1-oxide, m.p. 252-254'. 166,329 

m-F3CC6H,NH2 C(m-Trifluoroani1ino)nicotinic acid-I-oxide, 330 
m.p. 242-244" 

m.p. 277-280" 
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0- 0- 
IV-367 IV-368 

D .  Substitution by  Trialkoxyphosphites 

Reaction of 2-nitropyridine-I-oxide with triethyl phosphite gave diethyl 
pyridine-2-phosphonate rather than deoxygenation of the nitro group 
(599b). Deoxygenation of the N-oxide function did occur, however (eq. 
I V- 74). 

4. Displacement of Halogens by Nucleophilic Reagents 

A .  By  Oxygen Nucleophiles 

Halogen groups at C-2 and C-4 undergo substitution by alkoxide or 
phenoxide ions (50) (eq . IV-75) (Table IV-86). 2-Halo-4-nitropyridine- 1 - 
oxides react with two equivalents of sodium methoxide in methanol with 

0- 0- 

substitution of both functional groups to give 2,4-dimethoxypyridine-l- 
oxide; when onIy one equivalent of sodium methoxide is used, however, 
only the nitro group is displaced (355,600) (see also Section V.3.B). With 
3-fluoro4nitropyridine-I-oxide (IV-369) only the 3-flUOrO substituent 
undergoes nucleophilic substitution by alkoxide ion to give IV-370 (352) 
(Table IV-86). 2-Aminoethanol and 4-chloro-3-picoline-l-oxide give the 



TABLE IV-86. Reaction of Halopyridine-I-oxides with Alkoxide and Phenoxide Ions 

N-oxide Conditions Products (yield) Ref. 

2 x 1  

2-Cl-5-Me 

2-CI-5-Me 

2-CI-5-Me 

2,4-C12 

2-Br-6-Me 

2-Br-3-Me 

2-Br-5-Me 

2-X-4-NOZ 

3-F-4-NO2 

MeONa 
PhONa, 4 hr, loo", sealed 

tube 
CH,=CH--CH,ONa, 
Crotyl alcohol, Na. 41-45", 

PhCH,ONa 
Crotyl alcohol-1-d, NaH, 

CH,CH=CHCH( Me)OH, 

I hr 

THF 

NaH, THF 

p-&fyH& NdH, 

3-Buten-2-01, NaOH, THF, 

Crotyl alcohol. Na 

Ally1 alcohol, Na 

40". 2 hr 

(i) MeONa, MeOH 
(ii) lO%,HCl -MeOH 
MeONa 

MeOK, MeOH, A 

MeOK, MeOH, A 

NaOEt, 1 hr 
MeONa (1 equiv.) 
MeONa (2 equiv.) 
MeOH, MeONa, 2 hr, R.T. 

MeOH, MeONa. A, I hr 

EtOH, EtONa, R.T., 2 hr 

PhOH, K,CO, 

pO,NC,H,OH, MeONa 

2-Methoxypyridine-I-oxide, m.p. 78-79" 
2-Phenoxypyridine-l-oxide, m.p. 49-51" 
(64%); methiodide, rn.p. 177-178" 

2-Allyloxypyridine- I-oxide (77 %) 
2-Crotyloxypyridine- I-oxide, m.p. 

I-Benzyloxy-2-pyridone 
2-(Crotyloxy- I-d)pyridine- I -oxide, rn.p. 

2-a,y-Dirnethylallyloxypyridine- I -oxide. 

82.0-84.5" (96.9%) 

82 -85" 

m.p. 49.5" (21.5%) 

2-Cyclopropylcarbin yloxypyridine- 1 - 

6-a-Methylallyloxy-3-picoline- I-oxide 

6-Crotyloxy-3-picoline- 1-oxide, m.p. 

6-Allyloxy-3-picoline- 1 -oxide, liquid 

2-Chloro-4-methoxypyridine-1 -oxide, 
HCI, m.p. 108-1 lo" (58%) 

6-Methoxy-2-picoline-1 -oxide, m.p. 62" 
(66.5 :!) 

2-Methoxy-3-picoline- I -oxide, hygro- 
scopic, picrate. m.p. 167-168" 

6-Methoxy-3-picoline- I -oxide, hygro- 
scopic, picrate, m.p. 156-157" 

6-Ethoxy-3-picoline (73.5 x)  
4-Methoxy-2-X-pyridine-1 -oxide 
2,4-Dimethoxypyridine- I -oxide 
3-Methoxy-4-nitropyridine- 1 -oxide, m.p. 

134" (100 %) 
3,4-Dimethoxypyridine- 1 -oxide, rn .p. 

103-104" (100%); picrate, rn.p. 167' 
3-Ethoxy-4-ni~ropyridine-1 -oxide, m.p. 

134" (100%) 
4- Nitro-3-phenoxypyridine- I -oxide, m .p. 

1 11' (40.8 %) 
4-Nitro-3-(p-nitrophenoxy)pyridine- 1- 

oxide. rn.p. 196-198" (72.2%) 

oxide, rn.p. 78-81" (30%) 

(50 'XI 

89-91" (34%) 

(31 :a 

217 
603 

604 
538 

604 
538 

538 

538 

538 

538 

538 

62 

71 

602 

602 

71 
600 
600 
352 

352, 

352, 

605,  

352, 

605 

605 

606 

605 

205 



Table IV-86 (Continued) 

N-oxide Conditions Products (yield) Ref. 

3-F-2-Me- MeOH, MeONa 
4-NOz 

EtOH, EtONa 

HZNCHZCHZOH 

3-F-2,6-Me2- MeONa, A, I hr 
+NO2 

3-F-5-Me- 
4-NOz 

3-C1 

4-CI 

4-CI-3-Me 

EtONa, A, I hr 

MeONa 

EtONd 

MeONa 

EtONa 

EtOH, EtONa, 

PhCH,ONa, A, 5 min 

EtOH/Na, A. 5 hr 

PrOH/Na, A, 2 hr 

BuOH/Na, A, 2 hr 

isoPrOH/Na, A, 2 hr 

n-AmylOH/Na 

IsoamylOH/Na, A, 2 hr 

CH,(CH,),OH/Na, A, 2 hr 

isoBuOH/Na, A, 2 hr 

CH,(CH2 ),OH/Na 

CH ,(CH,),OH/Na 

H,NCH,CH,OH/Na, 2 hr 

3-Methoxy-4-nitro-2-picoline-1 -oxide, 

3-Et hoxy-4-nit ro-2-picoline- I -oxide, 

3-(/l-Aminoethoxy)-Qnitro-2-picoline- 1- 

3-Methoxy-Cnitro-2dlutidine- I-oxide, 

3-Ethoxy-4-nitro-2,6-lutidine-l -oxide, 

5- Methox y-Qnit ro-3-picoline- I -oxide, 

5-Ethoxy-4-nitro-3-picoline-I -oxide, 

3-Methoxypyridine-I-oxide, m.p. 100- 

3-Ethoxypyridine-l-oxide, m.p. 85-86", 

m.p. 70" (54.3 %) 

m.p. 76" (50.5%) 

oxide, m.p. 110" (80%) 

m.p. 137" (84.5 %) 

m.p. 103" (94.2%) 

m.p. 146" (65.2 %) 

m.p. 130" (60.6%) 

101"; picrate, m.p. 155-156' 

b.p. 17S0/0.05 mm; picrate, m.p. 
125-125.5" 

4-Ethoxypyridine-1-oxide, m.p. 71 -73"; 

4-Phenoxypyridine- I-oxide, m.p. 76-78" 

CEthoxy-3-picoline- I-oxide, m.p. 

4-Propoxy-3-picoline-I-oxide, m.p. 77" 

4-Butoxy-3-picoline- I-oxide, m.p. 68" 

4-Isopropoxy-3-picoline- I -oxide, m .p. 

4-n-Amyloxy-3-picoline- 1-oxide, m.p. 

4-Isoamyloxy-3-picoline-l-oxide, m.p. 

4-Hexyloxy-3-picoline- I-oxide, m.p. 49" 

4-Isobutoxy-3-picoline-l-oxide, m.p. 

4-Heptyloxy-3-picoline-l-oxide, m.p. 

4-Oct yloxy-3-picoline- 1-oxide, m .p. 69" 

4-(/l-Amincethoxy)-3-piooline- I -oxide, 

picrate, m.p. 110-111" 

(58 %) 

138- 139" 

(80 %) 

(79.3 %, 

73" (83 %) 

58" (71 x) 
61' (66.2%) 

(64 %) 

79-80" (74 %) 

56" (57.9%) 

(50.3 %) 

HCI, m.p. 159" (70.4%) 

343, 

343, 

343 

336, 

336, 

605.  

605 1 

106 

106 

605 

605 

605 

605 

606 

606 

217 

217 

50 

345 

345 

345 

345 

345 

345 

345 

345 

345 

345 

206 
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McONa, A, I hr 

0- 
Me 

0- 
Iv-369 IV-370 

ether IV-371 (345). Various 2-alkenyloxypyridine- l-oxides were prepared 
(538). For example, 2-chloropyridine-l-oxide, crotyl alcohol, and sodium 

OCH2CH2hH, 

H,NCH,CH,OH, b M e c 1 -  

+N eMe 0- A . 2 h r  0- I 

IV-371 

were heated together to yield 2-crotyloxypyridine- 1-oxide (eq. IV-76) (Table 
IV-86). 

As expected, bromopyridine-l-oxides are more reactive than the parent 
pyridine bases (183). 2-Bromopyridine-l-oxide reacts 760 times faster than 
does 2-bromopyridine with methoxide ion in methanol 110" and AE,,, = 
7 kcal/moIe. 2-Bromopyridine-1-oxide reacts faster with NaOEt in EtOH 
than it does with KOMe in MeOH (601). In the N-oxide, the order ofhalogen 
mobility is 2-chloro-l-oxide > 2-bromo-1 -oxide, which is the reverse of 
that observed with the corresponding halopyridines. A 3- or 5-methyl 
substituent decreases the reactivity and increases Eact, by 2.0-2.4 kcal/mole, 
and the o : p  ratio is close to 1 (104k~'0'; 2-Br-3-Me, 144.5; 2-Br-S-Me, 128.8). 
It appears that steric hindrance by both the methyl group and the N-oxide 
function to attack in 2-bromo-3-picoline-l-oxide cancels out any ion- 
dipole attractive interaction between the methyl group and the attacking 
methoxide nucleophile (602). 2- And 4-halopyridine-l-oxides react with 
sodium or potassium hydroxide to yield the respective 1 -hydroxypyridones 
(Scheme IV-24) (324,607) (Table IV-87). In the case of a 3-fluoro-4-nitro- 
pyridine-l-oxide, the fluorine atom again undergoes substitution by hydroxyl 
while the nitro group is unaffected (336) (eq. IV-77) (Table IV-87). 
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I b- OH 

OMe O M e  

0- 

Scheme IV-24 

TABLE IV-87. Reaction of Halopyridine-I-oxides with Hydroxide Ion 

N-oxide Conditions Products (yield) Ref. 

2-CI-6- Me 

2-Br-6-Me 

2-CI-4-Me 

2-CI-4-OMe 

2-CI-COMe, 
HCI 

HCI 
2-C1-4-OEt, 

3-F-4-NOz 

3-F-2-Me- 

3-F-2,6-Me2- 
&NO2 

3-F-5-Me- 
4-NO, 

4-CI-3-Me 

4-NOZ 

4-CI-3- 
C 0 2 H  

NaOH, A, 3 hr I -Hydroxy-6-methyl-2-pyridone, m.p. 

5 NaOH, 0.5 hr I-Hydroxy-6-methyl-2-pyridone, m.p. 

20% NaOH. A, 4 hr t-Hydroxy-4-methyl-2-pyridone, m.p. 

10% NaOH, A, 3 hr t-Hydroxy-Cmethoxy-2-pyridone, m.p. 

(i) 10% NaOH l-Hydroxy-4-methoxy-2-pyridone. m.p. 
(ii) pH 2.5 175.5- 176" 
(i) 10% NaOH 

10% NaOH, A, 3 hr  
136- 137" (36 %) 

NaOH 
173" (91.1 %) 

NaOH 3-Hydroxy-4nitro-2-picoline- I-oxide, 
m.p. 182" (decomp.) (50.6%) 

30 % H,O,, KOH, H,O 3-Hydroxy-4-nitro-2,6-lutidine-l-oxide, 
m.p. 99" 

30% HzOz 5-Hydroxy-4-nitro-3-picoline-l-oxide, m .p. 
224" (8 I %) 

KOH, A, 16 hr 

NaOH, H 2 0  

143-144" 

144-145"(78%) 

133-135" 

175.5-176" (40%) 

I -Hydroxy-.Q-et hoxy-Zpyridone m .p. 

l-Hydroxy-4-ethoxy-2-pyridone, m.p. 

3-Hydroxy-4-nitropyridine- 1 -oxide, m .p. 

(ii) pH 2.5 136-137" 

l-Hydroxy-3-methyI4pyridone, m.p. 

4Hydroxynicotinic acid- I-oxide, m.p. 
21 5-216" 

260" (56 %) 

358 

71 

358 

62 

607 

607 

62 

605 

343, 

336, 

56, 

608 

605 

605 

605 

324 
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(IV-77) 3 0 % H 2 0 , .  KOH 

Me Me 
0- 0- 

B .  By  Sulphur and Selenium Nucleophiles 

A halogen in a pyridine-1-oxide undergoes substitution by a thiophenoxide 
or a thioalkoxide ion ( 0 5 , 6 0 6 )  (eq. IV-78) (Table IV-88). Similarly, 4- 
chloronicotinic acid-1-oxide undergoes nucleophilic substitution with 

fiF RSH,K,CO, , fisR (IV-78) 

‘=y 
0- 

+Y 
0- 

KHS/MeOH to yield nicotinic acid-1-oxide-4-thiol (324) (Table IV-88) 
(eq. IV-79). 2-Selenopyridine-1-oxide (IV-372) was prepared by saturating a 

KHS,McOH , &2H (1 v-79) 
+ N  

I 
0- 0- 

sodium ethoxide-ethanol solution of 2-bromopyridine-1-oxide with hydro- 
gen selenide (1 53). Pyridinesulfonic acid-1-oxides (IV-172) were isolated 

li)EtOH. EtONa. H,Se.W, 9 lii) A 

I Br 
0- 0- 

IV-372 
from the reaction of halogen substituted pyridine-1-oxides with sodium 
sulfite (36). 2-Halopyridine-1-oxides react with thiourea to give the S- 

o a  \ 

N~zSOJ,H~O,  A, I2 hr @ SO,OH 

+N 
I I 
0- 0- 

rv-172 

(2-pyridyl)isothiouroniurn chloride-1-oxides (IV-373) which, on treatment 
with sodium carbonate, yield 1-hydroxy-2-pyridinethiones (W-374) (13 1, 



TABLE 1V-88. Reaction of Halopyridine-I-oxides with Thiols 

N-oxide Conditions Products (yield) Ref. 

2-F-3-EI 

2-CI 

2-Br 

2-Br.HCl 

2-Br.HBr 

2-Br-5-Me 

2-Br-4,6-Mez 

2-Br-3-Et-6-Me 

2-Br-3- 

2-Br-5-CI 
I(CH,),O.HCI 

l-Dodecylimidazolidine-2- 

Na,S, NaHS in H,O, 95". 

EtSNa. IOO", 3 hr 

thione 

30 min 

C,H,CH,SNa, EtONa. A, 

PhSNa, 100". 4 hr 
I hr 

CS(NH,),, EtOH 

H,Se, Na, EtOC,H,OH 

3-NaSCHzCH $,H4 N 
4-NaSCH,CH,C,H4N 
4.6-Me1-2-NaS- 

2-Me-5-NaSCH ,CH 2CI H, N 

1 -(/I-Ethylhexy1)hexahydro- 
diazepine-2-thione 

Imidazoline-2-thione, A 
Imidazotine-2-thione 

CHZCHzCSH2N 

1 -8-Ethylhexylirnidazolidine- 

KSCN. KOH, EtOH, 3 hr 
2-thione 

Hexah y dropyrirnidine-2-thione 

I -(2-Phenylet hy1)irnidazo- 

Hexahydrodiazepine-2-thione 
lidine-2-thione 

5-Et-2-HSCH,CHzC,H,N 

(i) CS(NH,),, EtOH, A, I6 hr 
(ii) NaOH 
(i) CS(NH,),, EtOH. A. 16 h r  
(ii) NaOH 
I-Ethylimidazolidine-2- 

thione 
2,4.5-C1,C6H,SH, dioxane, A 

24 1 -Dodecyl-2-imidazolinylt hio)-3-et hyl- 

I -Hydroxy-2-pyridinethione 
py r id ine- 1 -oxide, H F 

2-Ethyl1 hiopyridine- 1 -oxide. m.p. 104- 105"; 

2-Benzylthiopyridine-I-oxide. m.p. 168-1 70" 

2-Phenylthiopyridine-I-oxide. m.p. I 1  1-1 12": 

S-(2-Pyridyl)isothiuronium chloride-1-oxide, 

2-Selenopyridine-I-oxide, m.p. 72.5-73.0" 

2-(3-Pyridyl-fl-ethylthio)pyridine-I -oxide 
2-(4-Pyridyl-fl-ethylthio)pyridine- 1 -oxide 
2-(4.6-Dimethyl-2-pyridyl-~-et hylt hio)- 

pyridine-I-oxide 
2-(2-Methylpyridyl)-/?-ethylthiopyridine-I - 

oxide 
2-{ 2-[ 1 -(/I-Ethylhexyl)]-tetrahydrodiaze- 

penylthio] pyridine- 1 -oxide. HBr 
2-(2-Irnidazolinylt hio)pyridine-1 -oxide 
2-(2-Imidazolinylthio)pyridine-l-oxide, HBr. 

2-{ 2-[ 1 -(2-Ethylhexyl)]irnidazolinylthio;- 

2-Thiocyanatopyridine- 1 -oxide. m .p. 

2-(2-Tetrahydropyrimidylthio)pyridine- 1 - 
oxide, HBr, m.p. 160-161" 

2 4  1 -[4-(2. Phenylethyl)]-imidazolinyl- 
mercaptojpyridine- 1 -oxide. HBr 

2-(2-Tetrahydrodiazepenylt hio)pyridine- 1 - 
oxide, HBr, m.p. 140-141" 

2-(5-Ethyl-2-pyridyl-B-et hylt hio)-5-rnethyl- 
pyridine-1 -oxide 

I -Hydroxy-4,6-dimethyl-2-pyridinethione 

I -Hydroxy-2-ethyl-6-methyI-2-pyridinethionc 

picrate. m.p. 212-213" 

(89 04) 

picrate, m.p. 139-140" 

m.p. 156-157" 

(59 %) 

m.p. 153.0- 156.5" (decornp.) 

pyridine-l-oxide, HBr 

158-160" 

24 I -Ethyl-2-irnidazolinyIthio)-5-iodopro- 

2-(2,4,5-Trichlorophenylthio)-5-chloro- 
poxypyridine- I-oxide, HCI 

pyridine-I-oxide. m.p. 148.5-150° (71 x )  

61 1 

612 

603 

131 

603 

131. 

I53 

613 
61 3 
613 

613 

61 I 

61 1 
61 I 

61 I 

43 I 

61 I 

61 1 

61 1 

613 

64 

64 

61 I 

354a. 
614 

603 

210 



Table IV-88 (Conrinued) 

N-oxide Conditions Products (yield) Ref. 

2-Br-5-CI 

2,3,5-Br3,HBr 

2-1 

2-I-3-Pr 

2-I-3-F. HCI 

3-F-4- NO 2 

3-CI 

3-Br.HCI 

3-Br 

3,5-Br2 

4-CI 

4-CI (2 equiv.) 

4-CI 

4-CIC,H4SH, dioxane. A 

I -1sopropylhexahydropyrimi- 

Hexahydropyrimidine-2- 

5-But ylhexahydropyrimidine- 

Hexahydropyrimidine-2- 

dine-2-thione 

thione 

2-thione 

thione 
PhSH. KZCO, 

NH,SCN 

Na,SO, 

CS(NH,),, Me,CO. NaHCO, 

MeCSNH, 
Na,SO,. H,O, 143", 10 hr 

CS(NH2),, KOH, EtOH 

CS(NH,),, EtOH. A. 5 hr 

CS(NH,),, EtOH. 5 hr. A 

Na,S. 9H,Q, A, 5 hi 

Na,S, 9H,O, A. 5 hi 

PhSH. NaOH 

Na,SO,, H,O. A, 4 hr 

PhCH,SNa, A, 45 min 

2-Br-5-MeC,H3SH, NaOH, 

3-Br-4-MeC6H,SH, NaOH. 

3-CI-4-MeC,H3SH, NaOH. 

t 00" 

LOO" 

loo" 

2-(4-Chlorophenylthio)-S-chloropyridine- I - 
oxide, m.p. 156-157.5" (66.5%) 

24 I -Isopropyl-2-tetrahydropyrimidylthio)- 
3.5-dibromopyridine-l-oxide, HBr 

2-(2-Tetrahydropyrimidylthio)pyridine- 1 - 
oxide, HBr, m.p. 160-161" (decomp.) 

2-( 5-Bu tyl-2-tetrahydropyrimidylt hiot3- 
propylpyridine- 1 -oxide 

2-(2-Tetrahydropyrimidylthio)-5-fluoro- 
pyridine-I-oxide, HCI 

4-Nitro-3-phenylthiopyridine-1-oxide, m.p. 
148" 

4-Nitro-3-thiocyanatopyridine-I-oxide, m.p. 

Sodium 4-nitropyridine-3-sulfonate- 1-oxide 

Bis-(4-nitro-3-pyridyl- I-oxide)sulfide, m.p. 

Bis-(4-nilro-3-pyridyl- I-0xide)sulfide (89.2 %) 
Pyridine-3-sulfonic acid-I-oxide, m.p. 

134" (55 %) 

(69 "4) 

222" 

238-243" (63 04,) 

S-( 1-Oxido-3-pyridyl)isothiouronium 
bromide, m.p. 140-142" 

S-(t-Oxido-3-pyridyl)isothiouronium 
bromide, m.p. 145-147" 

S-(5-Bromo- 1 -oxide-3-pyridy1)isothiouro- 
nium bromide, m.p. 162-163" 

4-Thiopyridine-1-oxide. m.p. 142- 143" 
(89 %I 

Bis-(4-pyridyl-l -oxide)disulfide, m.p. 
228-230"; picrate, m.p. 181-183" 

4-Phenylthiopyridine-1 -oxide, m.p. 

Pyridine-4-sulfonic acid-1 -oxide, rn .p. 

4-Benzylthiopyridine-I-oxide, m.p. 147- 149" 

4-(2-Bromo-5-methylphenylthio)pyridine-f - 

4-(3-Bromo-4-methylphenylt hio)pyrid ine- I - 

4-(3-Chloro-4-methylphenylthio)pyridine- 1 - 

137.5-138" (96%) 

> 270". m.p. 307-309" (80%) 

(46 %) 

oxide, m.p. 120" 

oxide, m.p. 168" 

oxide, m.p. 151" 

354a. 
614 

61 I 

61 1 

61 1 

61 t 

606 

606 

606 

606 

606 
36 

43 1 

65 

65 

609 

609 

317 

114, 

47 

616 

616 

616 

615 

21 I 
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Table IV-88 (Continued) 

N-oxide Conditions 

4-CI-3-Br 

4-CI-3- 
CH-CHPh 

4-CI-3-CO2H 

4-Br, HBr 

KSCN. A. 3 hr 

KSCN. EtOH. A. 3 hr 

(i) Thiourea. EtOH 
(ii) NaOH 
KHS. McOH, A. 21 hr 

H,S, satd.. alc. KOH, 150". 
1 hr, (CH,OH), 

alc. HSCN 

Products (yield) Ref. 

3-Bromo-4-thiocyanatopyridine-l-oxide, m.p. 609 

3-Nitro-4-thiocyanatopyridine-l-oxidc, m.p. 609 

3-Styrytpyridine-1 -oxide-4-thioi. m.p. 598 

Nicotinic acid- I -oxide-4-thiol, m.p. 204" 324 

Picolinic acid-l-oxide-4-thio1, m.p. 155": 95 

159- 160" (77'1;) 

169- 170" (47.5 'I<,) 

145- 146" 

(47 ?,) 

bis-(4picolinic acid- 1-oxide)disulfide, m.p. 
178" ( 15.2 x) 

No reaction 43 I 

603). (For a more convenient preparation of these compounds see Section 
IV.4). The reaction of halopyridine-1 -oxides with thiocyanate is illustrated 

CSINH,12 ELOH ' 

+y CI +y sc 
// AH, ";;? ' ps 

0- 0- Br-'NH1 OH 
IV-373 IV-374 

by that hctween 3-bromo-4-chloropyridine- 1 -oxide and potassium thio- 
cyanate to yield 3-bromo-4-thiocyanatopyridine-1-oxide (eq. IV-80) (609). 
2- And 4-( 2,3,4,6-t et ra-0-acet y l-~-~-glucopyranosylt hi o)pyridi ne- 1 -oxide a re 

(1 V-80) 

d- b- 
prepared from 2- and 4-halopyridine- 1 -oxides, respectively, and 2,3.4,6- 
tetra-0-acetyl-1-thio-P-D-glucopyranose in base (3 18,610). 

C. By Amines 

Rie halogen atom in 2- and 4-halopyridine-I-oxides (eq. IV-375) is 
displaced by amines to give IV-376 (337) (Table IV-89). Again, it is the 
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CI NHMe 

0- 
IV-375 IV-376 

3-flUOrO su bstituent in 3-fluoro-4-nitropyridine-1-oxide (IV-377) which is 
substituted (see Section V.4.A) to give the corresponding amine (IV-378) 
(605). Substituted 3-flUOrO and 3-bromo-4-nitropyridine-1 -oxides react with 

0- 0- 
IV-377 IV-378 

aminoacids to give crystalline derivatives (Table IV-89). A route to  3- 
alkylamino-4-aminopyridines is illustrated by the preparation of 4-amino-3- 
methylaminopyridine from 3-bromo-4-nitropyridine-I-oxide (61 7). Penta- 
chloropyridine-I-oxide (IV-188) reacts with primary amines (molar ratio 1 : 2) 
in dioxane, ethanol, or benzene at room temperature to give the 2-amino 
derivative (1V-379) exclusively (61 8). With excess amine present and under 
reflux in dioxane, only the 2,6-disubstituted derivative (IV-380) was obtained 
(61 8) (Table JV-89) (see also Chapter VI). 

CI 

0- 
IV-I88 

RNHI. R.T / 

\ RNH,. A 

CI c’& :y NHR 

0- 
rv-379 R = Me,Et 

0- 
JV-380 



TABLE IV-89. Reaction of Halopyridine-I-oxides with Amines 

N-oxide Conditions Products (yield) Ref. 

2-CI Me,NH 2-Dimethylaminopyridine- I-oxide I 49 
Piperidine, PhNO,, 2-Piperidinopyridine-l-oxide, m.p. 125.7" 603 

sealed tube, 130-150". (75%): picrate, m.p. 132-134" 
5 hr 

Morpholine 

2-CI-QN0, (i)NH,, EtOH, 140'. 
4 hr 

(ii) Ac,O 
2,3.4,5,6-C1, MeNH,, R.T., 16 hr 

EtNH,, R.T., 16 hr 

Excess MeNH,, A 

Excess ~I-BuNHZ, A 

2-Br4NOz dl-Alanine 

/3- Alanine 

dl-Valine 

dl-Norvaline 

I-lsoleucine 

dl-Isoleucine 

dl-Norleucine 

&Proline 

dl-Serine 

dl-Met hionine 

dl-Aspartic acid 

dl-Glutamic acid 

dl-Phenylalanine 

2-X-4-N02 Me,NH 
Et,NH 

2-MorphoIinopyridine-1-oxide. m.p. 
148-151"; picrate, m.p. 148-151" 

2-Acetamido-4-nitropyridine-1-oxide. 
m.p. 206" (decornp.) (38.9%) 

2-Methylamino-3,4,5,btetrachloro- 
pyridine-I-oxide, m.p. 152" (75 %) 

2-Ethylamino-3,4,5,6-tetrachloropyridine- 
I-oxide, m.p. 115" (85 %) 

2,6-Di-(methylamino)4,5,6-trichloro- 
pyridine-I-oxide, m.p. 154" (loop/,) 

2,6-Di-(n-butylamino)-4,5,6-trichloro- 
pyridine-I-oxide, m.p. 47.5" (65 X )  

dl-3-N-Alanyld-nitropyridine-l-oxide, 
m.p. 216" (decomp.) (52.4%) 

3-N-fi-Alanyl-Qnitropyridine- I-oxide, 
m.p. 228" (decomp.) (52.4%) 

dl-3-N-Valyl-4-nitropyridine- I-oxide. 
m.p. 214" (decomp.) (64.4%) 

dI-3-N-Norvalyl-4-nitropyridine- I -oxide, 
m.p. 164" (29.2 %) 

I-3-N-Isoleucyl-4nitropyridine- 1 -oxide, 
m.p. 21 7" (decornp.) (88.8 %) 

dl-3-N-lsoleucyl-4-nitropyridine-I-oxide. 
m.p. 179'(74.0%) 

dl-3-N-Norleucyl4nitropyridine- I-oxide, 
m.p. 164"(74.0%) 

dl-3-N-Prolyl-4-nitropyridine- I -oxide, 
m.p. 173" (decomp.) (63.0 %) 

dl-3-N-Seryl-4-nitropyridine-l-oxide, 
m.p. 210' (decomp.) (33.5%) 

dl-3-N-Methionyl4nitropyridine- I-oxide, 
m.p. 159" (55.5%) 

dl-3-N-Aspartyl-4-nitropyridine-1 -oxide, 
m.p. 214" (decomp.) (44.2%) 

dl-3-N-Glutamyl-4-nitropyridine-I-oxide, 
m.p. 203" (decomp.) (48.9%) 

dl-3-N-PhenylalanyIpyridine- I-oxide, 
m.p. 202" (decomp.) (78.8%) 

2-Dimethylamino4nitropyridine- I-oxide 
2-Diethylamindnitropyridine-I-oxide 

603 

36 I 

61 8 

61 8 

61 8 

618 

619 

619 

619 

619 

619 

619 

619 

619 

619 . 

619 

619 

619 

619 

600 
600 

214 



Table IV-89 (Continued) 

N-oxide Conditions . Products (yield) Ref. 

3-F Piperidine, A, 4 hr 

NHZNH,, HZO 
3-F-4-NO2 NH,, EtOH 

NH,NH,, H,O, MeOH 

EtNH2 

Et,NH, MeOH, 50" 

HOCHZCHZNH 2 

PhNH2 

o-MeC,H,NH, 

m-MeC,H,NH, 

p-MeC,H,NH2 

Glycine 

dl-Serine 

dl-Cysteine 

dl-a- Alanine 

8-Alanine 

dl-Aspartic acid 

dCThreonine 

dl-Proline 

dCGIutamic acid 

dl-Valine 

dl-Norvaline 

dl-Met hionine 

3-Piperidinopyridine- 1-oxide, 
m.p. 85-87': picrate, m.p. 193" 

3-Hydrazopyridine- t -oxide, m .p. 148" 
3-Arnino-4-nitropyridine- I -oxide, 

3-Hydrazo-4nitropyridine- I -oxide, 

3-Ethylamino-4-nitropyridine- I-oxide, 

3-Diethylamino-4-nitropyridine- I -oxide, 

3-fi-H ydroxyet hylarnino-enitropyridine- 

3-Anilino-4-nitropyridine-l-oxide. 

4-Nitro-3-o-toluidinopyridine-1 -oxide, 

4-Nitro-3-m-toluidinopyridine-1 -oxide, 

4-Nitro-3-ptoluidinopyridine- I -oxide, 

3-N-Glycyl-4-nitropyridine-I-oxide, 

dl-3-N-Seryl-4-nitropyridine- I -oxide, 

dl-3-N-Cysteinyl-4-nitropyridine- 1 -oxide, 

dl-3-a-Alanyl-4-nitropyridine- I -oxide, 

3-~-N-Alanyl-4-nitropyridine-I-oxide, 

dl-3-N-Aspartyl-4-nitropyridine-1 -oxide, 

dl-3-N-Threonyl-4-ni tropyridine- I -oxide, 

dl-3-N-Prolyl-4-nitropyridine-1 -oxide, 

dl-3-N-GIutamyl-4-nitropyridine-1-oxide. 

dl-3-N-Valyl-4-nitropyridine- I -oxide, 

dl-3-N-Norvalyl-4-nitropyridine- I-oxide, 

dl-3-N-Methionyl-4-nitropyridine-I -oxide, 

map. 235" (100%) 

m.p. 192" (98.5 %) 

m.p. 154" (98.4 %) 

m.p. 74" (95.973 

I-oxide, m.p. 165" (82.6%) 

m.p. 198" (89:/) 

m.p. 162" (90.3%) 

m.p. 160" (99.3 %) 

m.p. 204" (96.7%,) 

m.p. 216" (93.973 

m.p. 212" (decornp.) (52.5%) 

m.p. 173"(decomp.) (61.7:,,) 

m.p. 216" (decomp.) (87.1 x) 
m.p. 228" (decomp.) (78.4 %) 

m.p. 214" (decornp.) (90.4%) 

m.p. 203" (decornp.) (5404,) 

m.p. 175' (decomp.) (80.87;) 

m.p. 205" (decomp.) (77.4%) 

m.p. 219" (decomp.) (76.7%) 

m.p. 168" (69 "4) 

m.p. 162" (94.404,) 

54 

54 
352,605 

605.606 

605 

605,606 

605,606 

605 

605,606 

605,606 

605,606 

620 

620 

620 

620 

620 

620 

620 

620 

620 

620 

620 

620 

215 



Table IV-89 (Conrinurd) 

N-oxide Conditions Products (yield) Ref. 

&Histidine dl-3-N- hist idyl-4-niiropyridine- I -oxide. 620 

l-lcucine 1-3- N-Leucyl-4-nitropyridine- I -oxide, 620 

dl-lsoleucine dl-3-N-lsolcucyl-4-nitropyridine- 1 -oxide. 620 

dl-Norleucine df-3-N-Norleucyl-4-nitropyridine-l-oxide. 620 

m.p. 199" (decomp.) (84.6 %) 

m.p. 1x2" (89.2"(,) 

m.p. 179" (89.2':;) 

dl- Lysine 

dl-Tyrosine 

dLPhenylalanine 

dl-Tryptophan 

dl-Cysiine 

3-F-4-N02- NH,. MeOH, 
?-Me autoclaved, 100". 3 hr  

PhNH, 

HOCH,CH,NH, 

Glycine 

m.p. 164" (57.8'><,) 
dl-3-N-LysyI-4-nitropyridine-I-oxide. 

m.p. 185" [decomp.) (91.6",) 
df-3-N-Tyrosyl-4-nitropyridine-1 -oxide, 

m.p. 145" (decornp.) (94.1 O<) 

dl-3-N-Phenylalanyl-4-nitropyridine- I - 
oxide. m.p. 202" (decomp.) (99*{) 

dl-3-N-Tryprophyl-4-nitropyridine- I - 
oxide. m.p. 216" (decornp.) (83.5 '.b) 

df-3-N-Cysty1-4-nitropyridine- I -oxide, 
m.p. 172" (decomp.) (46.6 %,) 

3-Amino-4-nitro-2-picoline-l-oxide, 
m.p. 218" (decomp.)(81.4"!,) 

3-Anilino-4-nitro-2-picoline-I -oxide, 
m.p. 169" 184.2";J 

3-/i-Hydroxyethylamino-4-nitro-?- 
picoline-I-oxide. m.p. 110" (80.7":J 

3-N-Glycyl-4-niiro-2-picoline- 1 -oxide. 
n1.p. 199"(decomp.) (88.1 

yo2 
NHCH(CO2H)CHZCHz- 0 CONH,. m.p. 265"(70.4'(,) 

H 2 NCH(C02 H )- 
(CH,),CONH, 

+ ,  Me 
0- 

620 

620 

620 

620 

620 

343.605 

343.605 

605 

343.605 

343.605 

Glutamic acid 3-N-GIuiamyl-4-nitro-2-picoline-I-oxide. 343.605 

Methionine 3-N-M erhionyl-4-nitro-2-picoline-1 -oxide. 343.605 
m.p. 119" (66.9"{) 

m.p. 148" (66.4',,) 

m.p. 148" (59.9";) 
Proline 4- Nitro-3- N-pro1 ylpicoline- I -oxide. 343 

3-F-4-NOI- NH, 5-Amino-4-nitro-3-picoline- I-oxide, 605 
5-Me m.p. 244" (decomp.) (71.2'7,) 

NH,NH,, H,O. MeOH 5-Hydrazo-4-nitro-3-picoline- t-oxide. 56.605 
m.p. 192" (84';) 

PhNH, 5-Anilino-4-nitro-3-picoline-I-oxide. 56,605 
m.p. 180" 142.1 ";,) 

216 
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N-oxide Conditions Products (yield) Ref. 

EtNH, 

HOCH,CH,NH, 

Glycine 

Glutamic acid 

Arginine 

Methionine 

3-F-4-NO2- A k .  NH,. 0". ~ U ~ O C ~ ~ V C .  

2.6- Me, 120-13W.4hr 
PhNH,. t20-130,2 hr 

3-Br-4-CI 3":, MeNH,, 140". 18 hr 

3-Br-4-NO2 ( i )  NH,. autoclave, 
120". 90 min 

(i i )  A, 3 hr  
NH,NH,. H,O, 50" 

Me,NH, 3 hr 

Et,NH, I hr 

PhNH,, 4 hr  

PhCH,NH,. I hr 

HOCHICHZNHZ 

4-CI 25",, MeNH,. 140" 
20 hr  

Morpholine 

4-CI-3-Me 3",; McNH,. 140". 

4-CI-3-Et 
I 8  hr  

3",, MeNH,, 140". 18 hr 

5-Ethylamino-4-nitro-3-picoline- I-oxide, 
m.p. 108" (87.3"(,) 

5-/l-Hydroxyethylamino-4-nitro-3- 
picoline-I-oxide. m.p. 175" ( 8 1 . 3 ' 3  

5-N-Glycyf-4-nitro-3-picoline- I -oxide. 
m.p. 226" (52.8 " 6 )  

5-N-Glutamyl-4-nitro-3-picoline-l-oxide, 
m.p. 130" (55.5"3 

5-N-Arginyl-4-nitro-3-picoline- I -oxide. 
m.p. 151" (61.3";,) 

5-.V-Methionyl-4-nitro-3-picoline- I -oxide. 
m.p. 157" ( 9 3 ' 9  

3-Amino-4-nitro-2,6-lutidine- I -oxide. 
m.p. 189-190" (71.2:i) 

3-Anilino-4-nitr0-2.6-lutidine- 1 -oxide, 
m.p. 164" (90"::) 

4-Methylamino-3-bromopyridine- I- 
oxide (hygroscopic); picrate, m.p. 
189- 191" 

3-Amino-4-nitropyridine-l-oxide, 
m.p. 237" [dccomp.) (28.8":,) 

3- Hydrazo-4-nitropyridine- I -oxide, 
m.p. 192" (decomp.) 

3-Dimethylamino-4-nitropyridine- 1 -oxide. 
m.p. 146" (83.3"$',) 

3-Diethylamino-4-nitropyridine- I-oxide. 
n1.p. 73-74" (57.1 "4) 

3-Anilino-4-nitropyridine-i-oxide. 
m.p. 197-198" ( 4 7 . 4 3  

3-Benzylamino-4-nitropyridine- I-oxide, 
m.p. 189" (81.3?!,) 

3-Cyclohexylamino-4-nitropyridine- 1- 
oxide, m.p. 197- 199" (75.6"<,) 

3-p- Hydroxyet hylamino-4-nitropyridine- 
I-oxide. m.p. 164" (73.4O4,) 

4-Met hylam i nopyridi ne- I -oxide. m .p. 
192-194": picrate, m.p. 193-194": 
picrolonate. m.p. 21 1-21? 

4-N-Morpholinopyridine-I-oxide. 
m.p. 91-92" 

4-Met hylamino-3-picoline- I -oxide, 
m.p. 106- 107"; picrate, m.p. 184--l85" 

4-Met hylamino-3-et h ylpyridine- 1 -oxide, 
m.p. 117- IIP, b.p. 120-122"/0.5 mm: 
picrate. m.p. 182.- 183" 

56,605 

56.605 

56.605 

56,605 

56.605 

56.605 

336.605 

336,605 

337 

353 

353 

353 

353 

3 53 

353 

353 

353 

217 

597 

337 

337 

217 
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1%'-oxide Conditions Products (yield) Ref. 

4-CI-3-isoBu 3",,  MeNH2,140". 18 hr 

4-CI-3.5-Me, Aq. NH3. 140". 18 hr 

3",, McNH,. 140". 18 hr 

3",, MeNH,. 140". 18 hr 4432.3.5.6- 
Me4 

4-CI-3-C02H NH,OH, 100". 18 hr  

NH,NH2. H,O. EtOH, 
6 h r  

~. 

4-Methylamino-3-isohutylpyridine-I- 337 
oxide: picrate, m.p. 164-165" 

m.p. 227-229": picrate. m.p. 221 223" 

m.p. 94.5-95.5": picrate. m.p. 172--173" 

pyridine-l -oxide (hygroscopic); picrate, 
m.p. 140- 141" 

m.p. 270.5" (4909 

m.p.  230 231" (91 ".I,) 

4-Amino-3,5-lutidine-I-oxide.2H,O, 337 

4-Met hylamino-3.5-lutidine- I-oxide. 337 

4-MethyIamino-2,3,5.6-tetramethyl- 337 

4-Aminonicotinic acid-I-oxide. 3 24 

4-Hydrazinonicotinic acid- I-oxide. 62 I 

m.p. 621 
.HCI 230. 2320 

4-CI-3- PhNHNH,, EtOH. 
CO,H A, 4.5 hr 

(91 "I) 

5. Reactions of Thiol and Sulfide Groups* 

Oxidation of substituted pyridine- 1 -oxide-2-t hiols (IV-381) (in equilibrium 
with the I-hydroxy-2-pvridinethiones) with 30"L W , 0 , - H 2 0  gave the 
corresponding disulfides (IV-382) (622) (see also Section I). Lithium alumi- 
num hydride reduction of 22- (  1,1'-dihydroxy-4,4',5.5'-tetramethyldipyridyl- 
6.6'-dithione)disulfide (IV-382: R = 4-Me, R' = 5-Me) in tetrahydrofuran 

3 0 " ~  H~OI. NIO, R ! B L s @ ~ ,  R 

0- 
I 

0- 0- 
IV-381 v1-382 

R = R' = H, m.p. 200" 
R = 4-Me, R' = H, m.p. 195-196" 
R = 4-Me, R' = 6-Me, m.p. 228-229" 

* See also Chapter XV. 
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gave 1 -hydroxy-2-sulfhydro-3 ,4-dimet h yl-6-pyridinet hione (IV-381; R = 
4-Me, R' = 5-Me) (314). 4-Phenylthiopyridine-1-oxide was further oxidized 
with hydrogen peroxide in acetic acid to yield 4-benzenesulfonylpyridine- 
1-oxide (IV-383) (31 7). Similarly. (4-nitro-1 -oxido-3-pyridyl)sulfide (IV-384) 

SPh SOzPh 0 H,O,.AcOH. R.T ~ 0 
I 
0- 

+N 
I 
0- 

IV-383 

was oxidized with hydrogen peroxide in trifluoroacetic acid to give the 
sulfone (IV-385) (606). &'3 H,O,. C'F,CO,H, &"'fi 

+ N  2y q 
0- 

I 
0- 0- 

IV-384 IV-385 

1-Hydroxy-2-pyridinethiones (IV-381) react with aryl or alkyl halides to 
form the corresponding sulfides (IV-386) (Table 1V-90). The sodium salt of 

+ N  I 
0- 

OH 0- 
IV-381 IV-386 

IV-381 reacts with paraformaldehyde in ethylene dichloride to yield the S- 
hydroxymethylated product (IV-387) (623). 1-Hydroxy-2-pyridinethione 

p Q  pardrurmaldchyie 

(CH,CII, 

1 SNa 1 SCH,OH 
0- 0- 

Q 
IV-387 

(IV-374) and phenylisocyanate react in the presence of triethylamine to give 

OH 
lV-374 

0- 
1V-388 



TABLE IV-90. Reaction of Pyridine-I-oxide-2-thiol or with Alkyl Halides 

Conditions Products (yield) Ref. 

CICH,OMe, 61-62', 

CICH,OEt 

ClCH ,O-isoPr 

1.5-3.0 hr 

CICH2O(CHz),CH(CH,)z 

Cl CH 20C 1 zH, 5 

CICH,OC , sH3, 

CICH,SMe 

ClCH2SPr 

CI,CSH, 20-24" 

CI,CSH 

2,4-C12C,H 3OCHZCOCI 

4-CICBHd OCH ZCOCl 

Z-C, ,H,CH,COCI 
2,4,5-CI3C,HzOCH2COCI 

2-(CH2Cl)-4-N0,-furan 

2-CI-4-NO2-furan 
Sodium salt. CICH,OMe, 

Sodium salt, CICH,OEt 
Sodium salt, CICH20Pr 
Sodium salt, ClCH20- 

Sodium salt, 

Sodium salt, 

Sodium salt, 
CICH20C18H,, 

Sodium salt, CICH,O- 

Sodium salt, CICH2SPr 

dioxane 55", I hr 

isoPr 

CICH,OCH,CH,CI 

aCH.?0C1ZH25 

(CH2).5CH(CH3)2 

2-Methoxymethylthiopyridine-l-oxide, m.p. 

2-Ethoxymethylthiopyridine 1 -oxide, m .p. 69.5-70" 

2-lsopropoxymethylthiopyridine- I -oxide, m .p. 

2-(6-Methyl-n-heptyloxy)methylthiopyridine- I-oxide, 

2-n-Dodecyloxymethylthiopyridine-l-oxide, m.p. 

2-Octadecyloxymethylthiopyridine-I -oxide, m.p. 

2-(a-Methylthio)methylthiopyridine-I-oxide, m.p. 

2-(a-Propylthio)methylthiopyridine-l-oxide, m.p. 

I-Oxido-2-pyridyl trichloromethyl disulfideHCI, m.p. 

1-Oxido-2-pyridyl trichloromethyl disulfideHCI, m.p. 

l-Oxido-2-pyridyl-2',4'-dichlorophenoxyt hioacetate, 

1 -Oxido-2-pyridyl-4'-chlorophenoxythioacetate, m.p. 

1 -Oxido-2-pyridyl-a'-naphthylthioacetate. oil 
l-Oxido-2-pyridyl-2',4,S-trichlorophenox~hioacetate, 

2-(4-Nitro-2-furylmethylthio)pyridinel-oxide, m.p. 

2-(4-Nitro-2-furylt hio)pyridine- 1 -oxide 
2-Methoxymethylthiopyridine- 1-oxide (87.8 %) 

129.5- 135.0" 

(69 %) 

101.5-105.5" (80%) 

m.p. 75-76" (80%) 

78.0-79.5" (87.5 x)  
90-93" (63 %) 

105-107" (63%) 

98.5-100.5" (69%) 

99" 

85- 1 19" 

m.p. 90-91" 

124- 125" 

m.p. 121-126" 

175" (decomp.) 

2-Ethoxymethylthiopyridinel-oxide, m.p. 62.6" (97 %) 
2-Propoxymethylthiopyridine- I -oxide (86.2 %) 
2-Isopropoxymethylthiopyridine- 1-oxide, oil (90 %) 

2-~-Chloroethoxymethylthiopyridine I -oxide (69.3 %,I 

2-n-Dodecyloxymet hylt hiopyridine- I-oxide 

2-n-Octadecyloxymet h ylthiopyridine- 1 -oxide, m.p. 

2-(6-Methyl-n-heptyloxy)methylthiopyridine 1 -oxide, 

2-(a-Propylthio)methyl thiopyridine- I -oxide, m.p. 

90-93" (63 %) 

m.p. 75-76" (80%) 

97.5-99" (68 04) 

625 

625 

625 

625 

625 

625 

625 

625 

626 

627 

628 

628 

628 
628 

629 

630 
623 

623 
623 
623 

623 

623 

623 

623 

623 

220 
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Table IV-90 (Continued) 

Conditions Products (yield) Ref. 

Sodium salt 2-Allylthiopyridine-l-oxide, m.p. 73-74". m.p. 57-63" 627, 
(i) CICH,CH=CH,, 

(ii) 39", 5 hr 
Sodium salt, methallyl 2-(Methallylthio)pyridine-l-oxide, clear oil (81 . I  %) 627 
chloride 

Sodium salt, 2.3-dichloro- 2-(2-Chloroallylthio)pyridine-I-oxide, clear oil 627, 
propene (70.5%)m.p. 114-115° 63 1 

Sodium salt, 2-bromo-3- 2-(2-Bromoallylthio)pyridine-l-oxide, m.p. 122-123" 631 
chloropropene 

Sodium salt, 1.1,3-trichloro- 2-t3,3-Dichloroallylthio)pyridine-I-oxide 63 I 
propene 

Sodium salt, 1.3-dichloro- 2-(3-Chloroatlylthio)pyridine-I-oxide 63 I 
propene 

Sodium salt, PhCH,Cl 2-Benzylthiopyridine-I-oxide, m.p. 170- 172" 632 
Sodium salt, 3-MeC6H,- 2-(3-Methylbenzylthio)pyridine-I-oxide, m.p. 108- 1 lo" 632 

Sodium salt, 2,6-CI,C6H3- 2-(2,6-Dichlorobenzylthio)pyridine-l-oxide, m.p. 632 

Sodium salt I 2,3,6-C13- 2-(2,3,6-Trichlorobenzylthio)pyridine-I-oxide, m.p. 632 

31-34", 4 hr 63 1 

CH,C1,5&60", 5 hr 

CH,CI, 50-60", 5 hr 21 3-21 6" 

C,H,CH,CI, 50-60". 5 hr 237-238" 

S-(l-oxido-2-pyridyl)-N-phenylthiocarbamate (IV-388) (624). l-Hydroxy-2- 
and Cpyridinethione and 1,2,3,4,6-penta-O-acetyl-a-D-glucopyranosy~ bro- 
mide in the presence of base gave 2- and 4-(2,3,4,6-tetra-O-acetyl-B-~- 
glucopyranosy1thio)pyridine-1-oxide ( 3  18,610). 

6. Amino and Hydroxylamino Compounds 

The U.V. spectrum of 2-aminopyridine- 1-oxide (IV-12) shows the molecule 
to  exist mainly in the amino and not in its imino (IV-389) tautomeric form 
(633a). 

CX I NH, *QNH I 

0- OH 
IV-12 IV-389 

The stability of the diazonium salt of 2-aminopyridine-1-oxide as com- 
pared to 2-aminopyridine may be due to contributions of structures IV-390 
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and IV-391 and possibly also IV-392 (7). When 2-aminopyridine- 1-oxide is 
diazotized in the presence of tetrafluoroboric acid the cyclic diazotate salt 
(IV-393) is said to be formed which coupled with alkaline /?-naphthol to give 

q+ -Q - -0 I N II 
0-N 

II N 
0- A 0 
IV-390 1V-391 IV-392 

IV-393 

the corresponding azo-compound (633b). Similarly, the diazoniurn tetraflu- 
oroborate of Caminopyridine-I-oxide was formed and was coupled with p- 
naphthol (633b). Diazotization of 2-, 3-, and 4-aminopyridine-1-oxides 
(IV-12) followed by coupling with phenols and with N,N-dialkylamino- 
benzenes gives the corresponding azo-compounds (W-394) (Tables IV-91 

R 

~w \ :;!:;;;:;, @ N = N o N < l ,  / \  

0- 
+Fij 
0- 
IV-I2 1V-394 

TABLE IV-91. Diazotization of Aminopyridine-I-oxides and Their Coupling with Phenols 
~ 

N-oxide Phenol Product (yield) 
~ 

Ref. 

2-NH2 /?-HOC, ,H,, 0" 2-(Azo-2-hydroxy-l'-naphthyl)pyridine-I-oxide. 633b 
m.p. 21 1" 

4-NH2 P-HOC, OH7, 0 4-(Azo-2'-hydroxy-l'-naphthyl)pyridine-l -oxide, 633b 
m.p. 231" 

4-NHz-2-COzH PhOH 4-Azo-4-hydroxyphenylpicolinic acid-I -oxide. 95 
m.p. 278" (decomp.) (42.2%) 

acid-I-oxide, m.p. 239" 

acid-I-oxide, m.p. 230" 

acid-I -oxide 

4-NHz-2-C02H m-MeC,H,OH 4-Azo-4-hydroxy-3'-methylphenylpicolinic 95 

4-NH,-2-C02H P-HOC,,H, 4-Azo-2'-hydroxy-l'-naphthylpicolinic 95 

4-NHz-2-C0,H a-HOC,,H, 4-Azo-l'-hydroxy-4'-naphthylpicolinic 95 
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TABLE IV-92. Diuotization of Arninopyridine-I-oxides and Coupling with N.N-Dialkyl- 
aminobenrenes 

N-oxide ArNR'R" Properties of IV-394 Ref. 

I - N H ,  Ar=Ph, R' = R" = Me 302 
Ar Ph. R = H. R" = CH,SO,Nd 634 

?-NH2-5-N0, Ar- Ph. R' = R" = Et m p. 154-156": blue violet 123 
Ar --3-MePh, R' = R" = Et m.p 152-154": blue 123 
Ar=3-MeOPh. R' = R" = Et m.p. 147 149": navy blue 123 
Ar -Ph,  R = R" = CH,CH,OH m.p 210". blue violet I23 
Ar-3-MePh. R = R" = CH,CH20H m p 160-163"(decomp.), 123 

Ar=- Ph. R' = CH,CH,OH. rn.p 124 126" (decomp ). I23 
R" = CH2CH2CN red violet 

3-NHZ Ar=Ph. R' = R" = Me ni p 186" 127 
4 N H ,  Ar- Ph. R' = R" = Me m p 212" 127 
4-NOl-?-''C ( I )  Pd-C. HZ m.p. 218-219" 28 

blue violet 

( 1 1 )  diazotize dnd couple with 
A r  =Ph, R' = R" = Me 

and IV-92), respectively. The diazonium salt of 2-aminopyridine-1-oxide 
(IV-12) did not undergo a Gomberg-Hey reaction with benzene (6). 4- 
Halopyridine-1 -oxides and pyridine-4-sulfonic acid- 1 -oxides are formed 
when the Cdiazonium salt is treated with cuprous halide, potassium iodide 
or S02-CuCI,.2H20, respectively (339,341, 354a) (Table IV-93). The 
diazonium salt from aminopyridine-1-oxides couples with azide ion to give 
azidopyridine-1 -oxide (IV-395) (Table IV-94) (147b). Diazotization of 4- 

I 

0- 
IV-395 

amino-5-cthyl-2-picoline-l-oxide (IV-3%) followed by coupling with 3- 
carbethoxy-2-piperidone yields 2,3-dioxopiperidino-3-[4-(5-ethyl-l-oxido- 
2-picoly1)hydrazonel (IV-397) (295). 4-Amino-2-picoline-I-oxide reacts 
similarly. Using Pschorr's phenanthrene synthesis, an azaphenanthrene 

IV-3% IV-397 
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TABLE IV-93. Preparation of 4-Halopyridine-I-oxides and Pyridine-Csulfonic acid-I-oxides 

N-oxide Conditions Product (yield) Ref. 

CNH,  

4-N H,-?-Me 

4-NH2-2-Me 

4- NH 2-2 .6-Me, 

4-NH2-?-Me- 

4-NH2-3-Me 
5- Et 

~~ ~ 

( i )  Diazotize 
( i i )  K I  
( i )  Diazoti7e 
(i i )  KI 
( i )  Diazotize 
( i i )  CuC12.2H,0 sat. SO, 
( i )  Diitzotize 
( i i )  CuCl 
( i )  Diazotize 
( i i )  CuBr 
(il Diazotize 
(ii) K I  
( I )  Diazotize 
(ii) K I  
(i) Diazotize 
( i i )  K I  
( i )  Diazotize 
lii) CuCI,.2H20 sat. SO, 

4-lodopyridinc-I-oxide. m.p. 171" 

4-lodo-2-picoline-I-oxide. m.p. 

2-Picoline-4-sulfonic acid- I-oxide. 

4-Chloro-2.6-lutidine- I -oxide (33 ' I , , )  

(41.5",,) 

101 - 102" (40.5"J 

m.p. 257-258" (@I"!,) 

4-Bromo-?.6-lutidine- I -oxide (49 ' I , , )  

4-lodo-2.6-lutidine- I -oxide, 
m.p. 104-105" (46.3";) 

5-Ethyl-4-iodo-2-picoline-l -oxide. 
m.p. 143- 144"(47.2"~,,) 

4-lodo-3-picoline-1-oxide. 
m.p. 170-171" (74.9",:) 

3-Picoline-4-sulfonic acid- I -oxide. 
m.p. 270" 

339.354a 

354d 

34 I 

339 

339 

3 54a 

1% 

354a 

34 I 

(IV-398) (RRI 3,526) was obtained from the appropriate rl-aminopyridine- 
1 -oxide (IV-39)  (569). 

IV-399 

TABLE IV-94. Preparation of Azidopyridine- 1-oxide (147b) 

'0 
1V-398 

N-oxide Conditions Product (yield) 

2-NH2 ( i )  NaNO,, HCI. 0" 2-Azidopyridine-I-oxide. m.p. 83" (decornp.) (54";,) 
( i i )  NaN,. 0- 5" 
( i i i )  R.T., 1 hr 

(i i )  NaN,. 0- 5" 
( i i i )  R.T.. I hr 

(ii) NaN,, 0-5" 
(iii) R.T., 1 hr 

t i i )  NaN,. 0-5' 
( i i i )  R.T.. I h r  

'-NH2-3-Me (i) NdNO,. HCI. 0' 2-Azido-3-picoline-I-oxide. m.p. 88" (decomp.) (48 "6) 

3-NHz ( i )  NaNO,. HCI. 0" 3-Azidopyridine-I-oxide. m.p. 98" (decornp.) (33";,) 

CNH,  ( i )  NaNO,. HCI, 0" 4-Azidopyridine-l-oxide, m.p. 143" (decomp.) (373;) 
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TABLE IV-95. Acylation of Aniinopyridine-I-oxides 

Substit iient 
in N-oxide Conditions Product Ref. 

I-NHZ Ac,O 
Diketene. A. 15 min 

Diketene. CHCI,. A. 
30 niin 

2-NHMe AczO 

PhCOCI. C,,H,. NEt, 

J-NH, Diketenc. CHCI,. 
R.T.. 2 h r  

4-NH2 Ac,O. ethyl methyl 
ketone. A. 45 niin 

4-NHMe Ac,O. AcOH. A. 2 h r  

PhCOCl. ethyl methyl 
ketone. R.T.. 20 h r  

2-Acetarnidopyridine- I-oxide. m.p. 139- 140" 
2-Acetoacet;imidopyridine-l -oxide. 

2-[(6-Aeetoacet;tmido-2-pyridyl)-nie~ hyf]-6- 

2-N-Methylacc1:imidopyridine- I-oxide, 

2-N-Met hylbenraniidopyridine- I -oxide. 

3-Aceto3cetamidopyridine-l -oxide. 

4-Acctsniidopyritline- I -oxide. m.p. 2m-261" 

m.p. 126 128" (80":,) 

methyl-4H-pyran-4-one. rn.p. 190" (decomp 

m.p. 97- 98" 

li1.p. 152- 153" (78 "J 

m.p. 162' (93"J 

131 
i29 

129 

131 
d 

131 

129 

121 

4-tN-Met hv1acetamido)pyridine-1 -oxide. 131 
m.p. 1 4 5  147" (38 ";,) 

n1.p. I16 118" ( 5 S " , , )  
4-(N-Merhylbentamido)pyridine- I -oxide. 131 

4-Aminopyridine-I-oxides (lV-400; R = R' = H) undergo the Skraup 
reaction to give low yields of 1,6-naphthyridine-l-oxide (IV-401) (RII 1,681). 
In the case of 4-amino-2-picoline-1-oxide (IV-400; R = H ,  R = Me), 
cyclization occurred at the 3-position (635,636). As expected, amino- 
pyridine-1-oxides undergo acylations and alkylations (66, 131) (Table IV-95). 

R = R' = H (6";,)  
R = R '  = M e ( 9 7 , )  Js -+ -3 R = H ,  R" = Me(5", , )  

R + y  R' R +?' R 
0-  0- 

IV-400 IV-401 

as well as reaction with sulfonyl chlorides to yield the sulfonamides (121) 
(Table IV-96). Diketene was also used to acylate aminopyridine- I-oxides 
( 129). 
4-Hydroxylaminopyridine-1-oxides (IV-405) undergo catalytic reduction 

to give 4-aminopyridine- 1-oxide (167) as well as 4-aminopyridinc (324). In 
the presence of lo",, KOH. 4-hydroxylaminopyridinc-1-oxide yields 4.4'- 
azopyridine- 1 ,l'-dioxide (IV-406) (167, 173). Oxidation of 4-hydroxylarnino- 
pyridine-I-oxide with 30 :4, hydrogen peroxide in glacial acetic acid gave 
4,4'-azoxypyridine- I .l'-dioxide (IV-407) ( 1  67, 173). Heating 4-hydroxyl- 
arninopyridine-I-oxide in water gave IV-406 and IV-407 (167). Oxidation of 
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TABLE IV-96. Sulfonamidopyridine-I-oxides (121) 

pRC,H.SO,CI 

C,H,N. 55" 

Me Me 
0- 0- 

lV-402 1V-403 

OH - 
NHS02CbH4NH2-p w 

1R : NHAcJ ' A;N,!(. 
Me I Me 

IV-402 Conditions IV-403 (yield) IV404 (yield) 

3-NH,-2,6-Me2 pAcNHC,H,SO,CI m.p. 269-271" (57.7%) m.p. 246-247" 
3-NHz-2,6-Me, p-O2NCbH,SO2CI m.p. 269-270' (19.6%) - 
3-NH,-2,4-Me2 p-AcNHC6H,S0,CI m.p. 188-196" (71 x )  - 
5-NH2-2,4-Me, p-AcNHC,H,SO,CI m.p. 265-266" (82.3%) m.p. 218-219" (quant.) 

IV-405 with potassium permanganate in 20% sulfuric acid gave 4-nitroso- 
pyridine-I -oxide (IV-408) (167, 173). Heating 4-hydroxylaminopyridine-l- 
oxide and 4-nitrosopyridine-1-oxide in water for 3 to 4 min gave 4,4- 
azoxypyridine-1 ,l'-dioxide (IV-407) (167). 
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7. Hydroxyl and Alkoxyl Groups 

The behavior of hydroxy and alkoxypyridine-1-oxides are discussed 
comprehensively in Chapter XII, and only a few reactions are considered 
here. 

Chlorination of I-hydroxy-4-pyridones with phosphorus oxychloride 
occurs under mild conditions. For example, l-hydroxy-3-nitro-4-pyridone 
gave 4-chloro-3-nitropyridine-1-oxide (39 %) (449). In dimethylformamide, 
deoxygenation also occurred to give 4-chloro-3-nitropyridine (637). 1- 
Acetoxy-3-nitro-Cpyridone (IV-409) underwent chlorination and deacetyla- 
tion to give 4-chloro-3-nitropyridine-1-oxide (IV-410) in 63 % yield (449). 

OAC 0- 
IV-409 IV-410 

1-Hydroxy-2-pyridones (IV-411) can be obtained from 4-substituted-2- 
methoxypyridine-1-oxides (IV-412) by treatment with acetyl chloride, 
followed by heating in 2 to 4% hydrochloric acid solution for 10 hr (638). 
4-Acetamido-2-methoxypyridine- 1-oxide may be heated with acetyl chloride 
and then with ethanol to give Cacetamido-1-hydroxy-Zpyridone (639). 

P k 
(i) AcCl 

OMe *'" hr. 
I 

0- O H  
Iv-412 IV-411 

R = CI, m.p. 145.6" 
R = NO,, m.p. 169-171" 
R = CO,H,m.p. >250" 
R = NHCOMe, m.p. 260-261" 

Hydrolysis of 2-benzyloxypyridine- 1-oxide (IV-413) with hydrochloric acid 
gives 1-hydroxy-2-pyridone (IV-89) as the main product and 1 -benzyloxy-2- 
pyridone (IV-414) as a by-product ( m a ,  b). 2-Alkoxypyridine-I-oxides 
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OCH2Ph 
I 1 OCHzPh 

0- OH 
IV-413 IV-89 IV-414 

(IV-419) undergo rearrangement to the corresponding 1-alkoxy-Zpyridones 
(IV-416) in good yield at 100" (604). As previously described, 2-alkenyloxy- 
pyridine- 1-oxides rearrange to 1-alkenyloxy-2-pyridones and other products 

R = C H z C H d H z  (83 %) 
R = CH,Ph (92%) +? OR * Qo I R = Me (89%) 

lW, 2-3 hr 

OR 

cl( 
0- 
IV-415 IV-416 

(538). 2-Ethoxypyridine-I-oxide (IV-93) and carboxylic acid chlorides give 
ethyl chloride and the carboxyiate ester of 1 -hydroxy-2( 1 Hbpyridone (IV-94) 

Q OEt 

0- 
IV-93 

+ EtCl 

O-CR ~ 1 -  OCR 
I I  I1 
0 

IV-94 

t I  
R'NHCR 

(41 1,640~). These pyridone derivatives are highly susceptible to nucleophilic 
attack and have been used to effect peptide synthesis without racemization 
R 

y1 + N  

0- I N H 2  RQN NH40H* RQ f 

+$J NHCNHz 
0- wo IV-419 

R / W-417 

TX NHCOzEt 
Iv-418 
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(see Section 111.3). Both the amino and N-oxide groups in 2-aminopyridine-l- 
oxide (IV-12) are acylated by phosgene to yield pyridino[l’2‘:2,3]-1,2,4- 
oxadiazoline-5-one (IV-417) (RI 7,936) (64Od). Alternatively, IV-417 (R = 
Me) was prepared by cyclization of 6-(ethylcarboxamido)-3-picoline-l-oxide 
(IV-418). Treatment of IV-417 with ammonia gave IV-419 (125). 

It has been shown that sodium iodide in acetic acid is an effective agent 
for the dealkylation of some alkoxypyrimidines (641). In the case of 4- 
methoxypyridine-1-oxide, dealkylation occurred only to a small extent. 
When ethyl 6-hydroxynicotinate-1-oxide (IV-420) and (EtO),P(S)Cl were 
heated in the presence of potassium carbonate, ethyl 6diethoxyphosphino- 
thionyloxypyridine- I-oxide (IV-421) was obtained (642). 

C0,Et C 0 2 E t  

fl + (EtO),P(S)Cl ‘b2,$’ * 

(EtO),P(S)O +? 
0- 

HO fl +y 
0- 
IV-420 Iv-421 

8. Miscellaneous Side-chain Reactions 

N-(pDimethylaminophenyl)-a-(l-oxido-2-pyridyl)nitrone (IV-321) reacts 
with sulfur dioxide to give the amide (IV-422) and with phosphorous tri- 
chloride to yield IV-423 (559). When the nitrone (IV-321) and phosphorus 
oxychloride were heated together both IV-423 (14 %) and IV-422 (5 %) were 
isolated, while treatment with various acylating agents-for example, acetic 
anhydride, acetyl chloride, tosyl chloride, or benzoyl chloride-gave IV-423 

(559). With hydroxylamine hydrochloride and sodium acetate in acetic acid 
it gave the aIdoxime (IV-424) and with phenylhydrazine the phenylhydrazone 
(IV-425) (347). Isonicotinamide-1-oxide and nicotinamide-1-oxide give 4- 
and 3-cyanopyridine-1 -oxide, respectively, on treatment with phosphorus 
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CH=NC,H,NMe,-p 
I I 

0- 0- 
IV-321 

Q CH=NOH 

0- IV-424 

0- 
I v-425 

oxychloride (643). Under these conditions, picolinarnide- 1-oxide (IV-426) 
underwent concommitent deoxygenation to  yield 2-cyanopyridine (IV-123) 
(65). In the presence of phosphorus pentachloride, ring chlorination also 
occurs (see Section IV.2.B). 

- 0  IV-123 
I V-426 

4-(2-BromophenyIthio)-faminopyridine-1 -oxide (lV-427; R = H), a use- 
ful intermediate for the synthesis of 2-azaphenothiazine, was prepared by 
the reaction of4-(2-bromophenylthio)nicotinamide-1-oxide (IV-428; R = H) 
with sodium hypochlorite (644). 

Br 
S NaOCl - Br 

S 

Qf ""' 

0- 0- 
I v-428 IV-427 

Pyridine-1 -oxide-4-sulfonylhydrazide reacts with aldehydes and ketones 
to give the hydrazones (645) (Table IV-97). 

When pyridine-1 -oxide-4-sulfonyl chloride is treated with isonicotinic 
acid hydrazide the corresponding hydrazide is obtained (645). With amines, 
the expected sulfonamides are formed (Table IV-98). The sodium salt of 
pyridine-Csulfonic acid- I-oxide gives 4-cyanopyridine and its N-oxide on 
heating with potassium cyanide at 300 to 330" ( I  14). 

Pyridine-I-oxide carboxylic esters are listed in Table IV-99 and amides 
in Table IV-100. 



TABLE IV-97. Reaction of Pyridine-l-oxide-4-sulronylhydraride 
with Aldehydes and Ketones (645) 

Aldehyde or ketone Hydrazone. m.p. ("C) 

EtCOEt 183 
EtCOPr I75 
CH, - CHCH,CH,COCH, I77 
Cyclohexanone I65 
PhCOMe 199 
p-MeC,H,COMe 212 
PhCH CHCHO 193 
PhCHO 191 
p-  MeOC,H ,CH 0 19.5 
p- Me, NC, H ,C'H 0 202 
3.4-(MeO),C,H,CHO 206 
Piperonal 
Vanillin 220 
CH ,COCH,CO,Ei I63 
CH,COCH,COCH, I65 

TABLE IV-9X. Reaction of Pyridine-I-oxide-Csulfonyl chloride with Aniines 
,R 

0 6 -  
Amine 

R R' Sulfonamide. m.p. ("C) Ref. 

H El 

Er Et 
H Me,CH 
H Bu 
H PhCH, 
H PhMeCH 
R,R' = -CH2CH,0CH,CH, 
R.R' = -(CHZ)5- 
R.R' = -(CH2jh- 
H Ph 
Et Ph 
H o-McC~H, 
H p-MeC,H, 
H o-CIC,H, 
H nl-CIC6Ha 
H p-CIC,H, 
H o-MeOC,H, 
H p-EtOCGH, 
H 3 .4-HO(Et0,C)C6H 3 

H 3.4-HO(H 2NSO)zC6H 3 

H t>i-EIO,CC,H, 
H p-Et02CCbH, 

200 205 
I75 
2 10-2 I 2 
I75 
195.1Y2 
I25 
143. 190 
164 
I24 
I64 
I44 
17X 
181 
I76 
228 
203 
I25 
I45 
I77 
X X  
185 
164. I91 

61 5 
615 
61 5 
61 5 
61 5.645 
615 
615.645 
645 
615 
645 
645 
645 
645  
645 
645 
645  
61 5 
615 
615 
615 
64 5 
615.645 

~ 

23 1 



TABLE IV-99. Esterification of Pyridinecarboxylic Acid-I-oxides 

N-oxide Conditions 

2-C02H MeOH, HCI 

MeOH, SOCI, 

EtOH, HCI 

2-CO2H-4-OMe CH,N,, MeOH 
2-CO,H-4-NO2 MeOH. HCI 

CHZN, 
3-COzH- MeOH, HCI 

COCOPh 
3-COZH- (i) HCI, MeOH, 

4-(n-BrC,H4S) 0-10". I hr 

3-COZH-4- (i) HCI, MeOH, 
(2-Br-4-CI- 0- lo", I hr 
CGHXS) (ii) A, 2 hr 

(2-CI-5-OMe- 0-10". f hr 
Ct,H$) (ii) A, 2 hr 

(ii) A, 2 hr 

3-CO 2H -4- (i) HCI, MeOH, 

3-CO,H-4-NO2 (i )  NH,OH. AgNO, 
(ii) MeOH. MeI. 

A. I6 hr 
4-C02H MeOH. HZSO, 

4-CO2H-2.6-Me EtOH. HlSO4 

CCOZH-2-OH EtOH, SOCI, 

4-C02H-2-OMe CH,N, 

Products (yield) 

Methyl picolinate-1-oxide, b.p. 

Methyl picolinate-I-oxide. b.p. 

Ethyl picolinate-I-oxide. b.p. 

Methyl 4-methoxypicolinate- I -oxide 
Methyl 4-chloropicolinate-1 -oxide, 

Methyl Cnitropicolinate-I-oxide, m.p. 135" 
Methyl 4-benzoylox ynicot inate- 1 -oxide, 

m.p. 154-155" 
Methyl 4-(o-bromophenylthio)nicotinate- 1 - 

oxide, m.p. 126-128" (77.5%); picrate, 
m.p. 144.5-146" 

Methyl 4-(2-bromo-4-chlorophenylthio)- 
nicotinate-1-oxide. m.p. 62-63" 

175-180"/0.1 mm, m.p. 73-74" 

75-79"/0.01-0.05 mm: picrate m.p. 165' 

170- 180"/0.4 mm 

m.p. 104" (65 7;) 

Methyl C(2-chloro-5-methoxyphenylthio)- 
nicotinate-I-oxide. m.p. 158" 

Methyl Cnitronicotinate-I-oxide, 
m.p. 158-159" (decomp.) 

Methyl isonicotinate-I-oxide, m.p. 12 1": 

Ethyl 2.6-dimerhylnicotinate- I-oxidc, 

Ethyl 2-hydroxyisonicotinate-I-oxide. 

Methyl 2-methoxyisonicotinate-1 -oxide, 

picrate, m.p. 107" 

m.p. 93" 

m.p. 147.5-148.5" 

m.p. 129-130" ( 5 5 % )  

Ref. 

89.99 
- 

95 

89 

95 
99 

99 
327 

646 

646 

646 

166 

486 

I16 

647 

62 

~~~ 

TABLE IV-100. Preparation of Pyridinecarboxamide-I-oxides 
~~ 

N-oxide 

(a) From acids 

2-CO2H-4-OMe 

2-COZH-4-OEt 

2-C02H-4-OPr 

~ 

Conditions 

(i) SOCI, 
(ii) NH3 
(i) SOCI, 
(ii) NH, 
(i) SOCI, 
(ii) NH, 
Conc. NH,OH 

Products (yield) Ref. 

CMethoxypicolinamide- I-oxide. 95 
m.p. 179" (74%) 

4-Ethoxypicolinamide-I-oxide. m.p. 169" 95 

CPropoxypicolinamide- I-oxide, 95 

CChloropicolinamide- 1 -oxide. 99 
m.p. 126" 

m.p. 146-148" (81 '(,) 

232 



Table 1V-100 (Conrinuc4) 

N-oxide Conditions Products (yield) Ref. 

(b) From acid chlorides 

2-COCI-4-OMe 

2-COCI-4-OEt 

2-COCI-4-OPr 

2-COCI-4-CI 

(c) From esters 

2-COZ Me-4-NO2 

NH,OH. abs. alc. 

NH,NH,.H,O, C5H,N 

NH,(CH,),NEt,, 
MeOH. K,CO,. - 10" 

NH,OH, abs. alc. 

N H , N H ,.H ,O. C5 H N 

NH,(CH,),NEt,. 
MeOH. K,CO,. - 10" 

NH,OH. abs. alc. 

N H N H ,.H ,O, C5 H N 

N HJCH,), NEI,. 
MeOH. K,CO,. - 10" 

NH,OH. abs. alc. 

NHz(CH,),NEtz. 
MeOH. K,CO,, -10" 

NH,OH, abs. alc. 

NH,(CH,)2NEt,. 
MeOH. K,CO,. -10" 

NH,OH 

(i) AcCl 
(ii) NH,  
NH,NH,.H,O. A, I h r  

Et,NH. MeOH, 3-5 hr 

Pr ,NH 

Bu,NH 

Piperidine 

NH,CH,CO,Et 

Alanine 

4-Met hoxy-2-picoly Ihydroxarnic 
acid-I-oxide. m.p. 211" 

4-Me~hoxy-2-picolinoylhydrazide- 1 -oxide. 
m.p. 207-208" 

4-Methoxy-N-(diethylaminoethyl)- 
picolinamide, m.p. 81" (51.3%) 

4-Et hoxy-2-picolylhydroxamic 
acid-I-oxide, m.p. 205" 

4-Ethoxy-2-picolinoyIhydra7ide- I -oxide. 
m.p. 184" 

4-Ethoxy-N-(diethylaminoe1hyI)- 
picolinamide, m.p. 55" 

4-Propoxy-2-picolylh ydroxamic 
acid-I-oxide, m.p. 179" 

4-Propoxy-2-picolinoylhydrazide- I -oxide, 
m.p. 103" 

4-Propoxy-N-(diet hylarninoet hy1)- 
picolinamide, m.p. 53" 

CChloro-2-picolyl hydroxamic 
acid-I-oxide. m.p. 206" 

4-Chloro-N-(diethylaminoet hy1)- 
picolinamide, m.p. 53" 

4-Nitro-2-picolylhydroxamic 
acid-I-oxide, m.p. 163-164" 

4-Nitro-N-(diethylaminoethyl)- 
picolinamide, m.p. 68" 

4-Nitropicolinamide- 1 -oxide, 
m.p. 246" (78 "4) 

4-Chloropicolinamide- I-oxide. 
rn.p. 156- 158" (69.5 :(,) 

4-Nitro-2-picolinoylhydrazide- 1 -oxide. 
m.p. 1 84- 185" (90 00 

4-Nitro-N.N-diethylpicolinarnide-I- 
oxide.H,O, m.p. 126" (decornp.) (65 '(,) 

4-Nitro-N.N-dipropylpicolinamide- 1 - 
oxideH,O. m.p. 119-120" ( 5 5 " ; )  

4-Nitro-N.N-dibutylpicolinamide- I - 
oxide.H,O, m.p. 128-129" (decomp.) 
(63 06) 

piperidide, m.p. 139" (decomp.) (55"1) 

glycinate, rn.p. 126' (91 04) 

m.p. 128-129" W3"fJ 

N-(4-Nitro- 1 -oxide-2-picolinoy1)- 

Ethyl N44-nit ro- 1 -oxido-2-pic01 inoy1)- 

N-(4-Nitro- 1 -oxide-2-picolinoyl)alanine. 

95 

95 

95 

95 

95 

95 

95 

95 

95 

95 

95 

95 

95 

95.99 

95 

99 

99 

99 

99 

99 

99 

99 

233 
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Table 1V-100 (Conrinued) 

N-oxide 

~~ 

Conditions Products (yield) Ref. 

z-Aminobutyric acid N-(4-Nitro-t-oxido-2-picolinoyl)-a- 99 
aminobutyric acid. n1.p. 109- 110" 

(90 %, 
Norvaline N-~4-Nitro-l-oxido-2-picolinoyl)norvaline. 99 

m.p. 124"(89"J 

norleucine. m.p. 83" (96-97":,) 
Norleucine N-(4-Nitro-l -oxido-2-picolinoyl)- 99 

3-COzE1 Aq. or alc. NH, Nicotinamide-I-oxide. m.p. 282" (90":J 648 
NH,NH,.H,O Nicotinoylhydrazide-I-oxide. m.p. 221 .So 171.648 

3-COzMe-4-0,CPh Liq. NH,. 8 hr 4-Benzoyloxynicotinamide- I-oxide. 327 
m.p. 147O (94"{,) 

m.p. 270-272" 
4-COZ Et-2-OH NH,OH. 3 hr, R.T. 2-Hydroxyisonicotinamide- I -oxide, 62.649 

VI. Photolysis 

Recently, the electronic spectrum of pyridine-l-oxide was computed on 
the basis of the 30 lowest monoexcited singlet states starting with the 
SCF-MO's (Table IV-14) (269b). The calculated and observed parameters 
for the four transition bands observed are in good to excellent agreement. 

To explain the observed solvent effects on the absorption spectrum of 
pyridine-l-oxide, the overall dipole moments for the first excited singlet 
states have been computed (Table IV-101). It has been shown that a decrease 
in the total dipole moment of the excited state induces a blue shift (650). 
In the two n-x* states of lower energy ( S g  and S:) the dipole moment is 
reduced, a prediction which agrees with the blue shift observed (651,652). 
Only the So-S, transition, which is observed at 217 nm (5.72 eV) is slightly 
red-shifted with an increase in solvent polarity. The n-n* transition leading 
to singlet states S ,  and S, results in a drastic reversal of the direction of 
dipole moment (Ap = -8.5 for the S,-S1 transition) which may account 
for the fact that this transition does not show up in solution. The nature and 

TABLE IV-101. Dipole Moments of Some Singlet States of Pyridine-l-oxide (269b) 

Electronic states So S; s: s: s: s: s: s: 

Toralp(debyes) +4.78 -3.13 f0.41 +t.34 -6.96 +5.78 +0.72 +1.44 
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TABLE IV-102. Charge Transfer in Singlet State (296b) 

States n Transfer u Transfer Total transfer 

+0.216 

+ 0.528 
+ 0.269 
+0.216 

+ 0.366 
+ 0.370 

-0.170 

- 0.090 

-0.308 
+ 0.504 
-0.307 
- 0.303 

+ 0.692 
-0.304 
-0.361 
- 0.294 

- 0.092 
+ 0.334 
+ 0.220 
- 0.034 
+ 0.808 
- 0.394 
+0.105 
+ 0.077 

importance of the intramolecular charge transfer in ground and excited 
states is given in Table IV-102. Among the R--R* singlet states, S, and S, 
states correspond to high transfer hands. 

To compute the energies and the properties of the excited triplet state, the 
interaction of the thirty lowest monoexcited triplets was considered (Table 

The photolysis of pyridine-1-oxides has been recently reviewed (653). 
Results of the photolysis of substituted pyridine-1-oxides are given in 
Table IV-104. 

Irradiation of pyridine- I-oxide and 3-picoline-1-oxide in the gas phase 
results chiefly in deoxygenation (257). In the gas phase, photolysis of pyridine- 
I-oxide by irradiation at the 3,261 or 2,537 A resonance lines corresponds 
to n -, R* and to R --* x* transitions, respectively. On irradiation at 3,261 A, 
the quantum yield of pyridine increases with temperature but is independent 
of temperature when 2,537 A light is used (256). In the case of 2-picoline-l- 
oxide (1V-2793, irradiation at 3,261 A(corresponding to itsn -+ R* transition) 
gave 2-pyridylmethanol, while irradiation at 2,537 A (R --* R transition) led 

to fission of the A-0 bond to give 2-picoline (257). 

IV- 1 03). 

TABLE IV-103. Triplet State Propcrties of Pyridine-I-oxide (269b) 

Nature Pol. Dipole moment (D) States AE (eV) 

T, I .67 n-n* Y +IS1 
T2 1.97 n-n* X - 0.75 
T, 2.98 I1 n* Z -4.14 
T4 3.90 n-n* Y - 1.70 
TS 4.59 n- n* Y + 7.01 



TABLE IV-104. Photolysis of Pyridine-I-oxides 
~ ~~~~~~ 

Su bst it uent 
in N-oxide Conditions Products Ref. 

None Inert solvent 
MeOH or EtOH 

2- Me 
Ether, 40 hr 
Inert solvent 

Ether 

Ether, 24 hr 

4- Me 

2.4-Me2 
Ether. 26 hr 

2.&Me, 
Benzene, Pyrex, 

36 hr 

Ether, quartz. 
40 hr 

2,3,6--Me, Ether, 6 hr 

2,4,6-Me3 Ether 

3.5-Me2 Pyridine, benzene 

3,S-Me Ether, 60 hr 
( 1  : 1 o/o) 

2-(l-Cyclohexenyl)- 2,537 A, isoPrOH. 
4,5-Me2 24 hr 

2-Formylpyrrole (10%) 
Pyridine (6.8 x): 2-formylpyrrole 

(1.3%): N-formylpyrrole (trace) 
dimethyl or diethyl acetal of 
N-formylpyrrole 

ZFormylpyrrolc (2 %): pyridine (30'x) 
2-Formyl-5-met hylpyrrole (8 X); 

4-met hy l-2-pyridone 
2-Picoline; 2-formyl-5-methylpyrrole; 

3- hydroxy-2-picoline: 5-hydroxy-2- 
picoline 

2-Picoline; 2-formyl-5-methylpyrrole 

3-H ydroxy-2-picoline 
5-H ydroxy-2-picoline 
6-Methyl-2-pyridone (1 %) 
2-Formyl-3-met hylpyrrole 
2-Formyl-3-methylpyrrole (3 %); 

2-Formyl-3.5-dimethylpyrrole 
2-Formyl-3.5-dimethylpyrrole (21 04); 

2,4-lutidine (3.3 ?<); 3-hydroxy-2,4- 
lutidine (3.3 '4): 5-hydroxy-2.4- 
lutidine (6;{); 4,6-dimethyI-2- 
pyridone (8 :{) 

(5 %) 

} (5%)  

Cpicoline (35 x) 

2-Acet yl-S-met hylpyrrole 
Phenol: 2-acetyl-5-methylpyrrole: 

2,6-lutidine; 3-hydroxy-2,6-Iufidine 
(7.7 %); 2.6-Iutidine-1-oxide (62:i) 

3-acetyl-2-methylpyrrole (6.7 %): 
3-formyl-2,5-dimet hylpyrrole (4 %); 
3-hydroxy-2.6-lutidine (16 %) 

2,3,6-coIlidine (4%); 
3-acetyl-2.5-dimethylpyrrole (10 x): 
3-hydroxy-2.5,6-collidine (16 :<) 

2-Acetyl-3.5-dimethylpyrrole ( I  5 %): 
2,4,6-collidine (5 %); 
3-hydroxy-2,4,6-collidine (21 %) 

2-Acetyl-5-methylpyrrole (9 x);  

2-Acetyl-4.5-dimethylpyrrole (10%); 

Phenol (5 %) 

3,SLutidine ( 5  %): 
3-acetyl-4-methylpyrrole (20 %) 

2-(l-Cyclohexenyl)-3-hydroxy-4,5- 
dirnethylpyridine (26%); 641- 
cyclohexenyl)-3.4-dimet hyl-2- 
pyridone (- I .5 %) 

654 
659 

656 
654 

655 

656 

657 
656 

657 
656 

657 
656 

654 

656 

656 

656 

656 

666 
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Table IV-104 (Cunrinucd) 

Substituent 
in N-oxide Conditions Products Ref. 

2-Ph 

2,4,6-Ph3 

2-CN 
2-CN-6-Me 

4-CN 

4-CN-2.6-Me2 

4-NO2-2-Me 
4-NO,-2,6-Me2 
4-NO2-3-Me 
4-NO,-3.5-Me2 
4-NO 
C N H O H  
4-N3 

3,000 A, isoPrOH. 
8 hr  

2,537 A, MeCN 
40 hr 

3.000 A. MeCN. 
8 hr  

3,000 A, cyclo- 
hexane. 6 hr 

Acetone 

Acetone 

MeOH 

Benzene. 48 hr 
m-Xylene, 50 hr 

CH,CI, 

CHZCI, 

EtOH. N, atm 
EtOH. 0, atm 

EtOH. N, atm 
EtOH. N, atm 
E t O H ,  N, aim 
EtOH. N,. 0, atm 
EtOH,  0, arm 
EtOH. 0, atm 
Acetone. N2 atm 

24  I -Cyclohexenyl)-3-hydroxy-4,5- 
dimethylpyridine (40 x): 6-( 1- 
cyclohexenyl)-3,4-dimet hyl-2- 
pyridone (- 1-2 %) 

24 I-Cyclohexenyl)-3-hydroxy-4,5- 
dimethylpyridine (45.5%); 6-(I- 
cyclohexenyl)-3,4-dimethyl-2- 
pyridone (traces) 

2 4  1 -Cyclohexenyl)-3-hydroxy-4,5- 
dimethylpyridine (50.5 :<): 641- 
cyclohexenyl)-3.4-dimet hyl-2- 
pyridone (traces) 

24  I -Cyclohexenyl)-3-hydroxy-4,5- 
dimethylpyridine (41 %): 6-(1- 
cyclohexenyl)-3.4-dimethyl-2- 
pyridone (traces) 

phenylpyrrole (25 %) 

2-benzoyl-3,5-diphenylpyrrole (56 :<): 
3-hydroxy-2,4,6-triphenylpyridine 
( 1  O"/,);  2,4,6-triphenyl-l,3-oxazepine 
(8 %,I: 

2-Phen ylpyridine: 2-formyI-5- 

2.4.6-Triphenylpyridine (12 a(,): 

2,4,6-Triphenylpyridine; 2.4.6- 
triphenyl-l.3-oxazepine 3-hydroxy- 
2,4,6-triphenylpyridine (38 %): 
2-benzoyl-3.5-diphenylpyrrole (37 x) 

Phenol (31.5 %,): 2-cyanopyridine (46%,) 
2.6-Dimethylphenol: 2.4- 

dimethylphenol: 6-cyano-2-picoline 
4Cyanopyridine ( I  2 %): 6-cyano-l.3- 

oxazepine (30 X ) :  2-formyl-3- 
cyanopyrrole (40%) 

4-Cyano-2.6-lutidine (36 X): 6-cyano- 
2.4-dimethyl-1.3-oxazepine ( 1  6 ?{,); 
2-acetyl-3-cyano-5-methylpyrrole 
(29 "4) 

4-H ydroxylarninopyridine- 1 -oxide 
1 -Hydroxyl-4-pyridone HNO, 

4-Hydroxylamino-2-picoline- 1 -oxide 
4-Hydroxylamino-2,6-lutidine- I -oxide 
4-Hydroxylamino-3-picoline-1-oxide 
3,5-Dimethyl-4-pyridone (30'4) 
4-Hydroxylaminopyridine- I-oxide 
4-Nitropyridine-I -oxide 
4.4'-Azopyridine-1 -oxide (37 "4,) 

(60-65 04,) 

666 

666 

666 

666 

655 

66 1 

66 I 

656 
656 

665 

665 

590,662 
592.662 

590 
590 
590 
667 
592 
592 
664 
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2537 A , a 
+? Me M C  
0- 
rv-279 

Irradiation of a solution of 2-picoline-1-oxide in an inert solvent at 15" 
with a 125-W high-pressure mercury lamp led to the formation of 2-formyl- 
5-methylpyrrole (IV-429) and 6-methyl-2-pyridone (654). Under the same 
conditions, pyridine-I-oxide gave a 10% yield of 24ormylpyrrole (654). A 
recent study of the irradiation of 2-picoline-I-oxide in ether showed that the 

M e  

H 
0- lV429 

expected formylpyrrole derivative was formed, together with 3- or 5- 
hydroxy-Zpicoline (655-657). Similarly, irradiation of 2.6-lutidine- I -oxide 
in ether yielded 3-hydroxy-2,6-lutidine (655-656). 

When pyridine-I-oxide is irradiated in benzene solution, pyridine is 
obtained and oxygen is transferred (perhaps as atomic oxygen) to the 
benzene ring at ordinary temperature to give phenol in a moderate yield 
(15 x) (654). 2-Cyanopyridine-1-oxide in benzene is photochemically 
deoxygenated to yield 2-cyanopyridine and phenol (eq. IV-81) (Table 1V- 105) 

(656,658). Irradiation of 6-cyano-2-picoline- I-oxide in m-xylene yields 2.6- 
xylenol, 2,4-xylenol, and 6-cyano-2-picoline (657). The yield of 2-cyano- 
pyridine decreases in the presence of oxygen. A triplet-state intermediate 
during the photolytic cleavage was suggested. Quenching the triplet state of 
pyridine- 1 -oxide should lead to an increased yield of 2-formylpyrrole. In 
the presence of a transition metal complex (e.g.. copper nitrate complex), 
irradiation of pyridine-I-oxide gave an increased yield of 2-formylpyrrole 
(Table IV-106). When pyridine-1-oxide complexes of Zn2+, Fe3+, Ni2+, 
and Co2+ salts were irradiated under the same experimental conditions, no 
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TABLE IV-105. Photolysis of 2-Cy;inop.ridine-l-oxidc in the Presence or Ahscncc of 
Sensitizers (h5XI  

Conditions 
Yield of ?-cyan(>- 

LLinip Sensitizer (conc.) Filter pyridine ( "',) 

Phillips HPK125 None Pyrex 47.3 
Phillips HPK125 57.6 
Phillips HPK13S Xanthone(8 x IO-'bfl Pyrex 63.0 
Phillips HPKIIS Xanthone(l.6 x IO - 'M)  Pyrex 71.0 
Han:iw N K  620  Terrabuiylaniiiionitirn plicnyltetrazolidc Quiirtz 71.7 

(E, 79 kcd  ninl) ( 3  x 10. ' M )  
Phillips HPK 115 Oxygen huhhlcd through the solution Pyrct 33.0 

Xiintlione (E, 74 kcal'mol) (4 x I O - ' M l  Pyrex 

increase in 2-formylpyrrole formation could be detected. The effect of Cu" 
salts cannot therefore be rationalized on grounds of a simple triplet quenching 
process by transition metal ions. 

TABLE IV-106. Irradiation oll'yritline-I-ouidc in II,O in thc PrcsenccofCoppcrS;~lts(Vycor 
Filter) (6%) 

React a n t  Conditionr" (hr) Yield of I-forrnylpyrrolc [ ",J 

Phillips H PK I 3  I m p  n,i\ u w l .  

As previously mentioned (see Section III.Z.F), irradiation of pyridine-l- 
oxide and naphthalene in dichloromethane gave 1 ,Znaphthalene oxide and 
naphthol (388). 

Photolysis of pyridine-I-oxide in methanol or ethanol gave a variety of 
products as shown in Scheme IV-25 (659). When a Pyrex filter was used. 

i.ic/d or (n to les )  

P!rex (6 hr)  0.68 0.27 0.13 tracc 
Quart/ (10 min) 0.69 0.26 0.50 trace 

Scheme IV-25 
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50 "/, of the pyridine-1-oxide was recovered, but when a quartz filter was used 
only 10% of the pyridine-I-oxide was recovered. The first step in the photo- 
chemical reaction of pyridine-1 -oxides is the formation of a nonisolable, 
unstable oxaziridine (IV-430) which undergoes rearrangement (Scheme 
IV-26) (653, 659,660). 

Scheme IV-26 

Photolysis of 2,4,6-triphenylpyridine- I-oxide (IV-431) in acetone at 
> 3.000 A gave a 21 yield of a mixture of 2,4.6-triphenylpyridine (lV-432) 
(60 x) and of the I ,3-oxazepine (RI 339) (IV-433) (40 %),as well as 3-hydroxy- 
2,4,6-triphenylpyridine (IV-434) (10%) (661). When this reaction was carried 
out in methanol. a different distribution of the same products was obtained 
(IV-432) and (IV-433) (8 x); (IV-434) (38 %); and (1V-435) (37 %). Irradiation 
in ethanol in the presence of benzophenone gave only IV-432. 

Irradiation of 4-nitropyridine-1-oxide (IV-149) in ethanol or propanol in 
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Ph Ph Ph 

Ph 
IV-432 

IV-433 
0- 

I v-43 I 

II 
0 

IV-434 tv-435 

the presence of oxygen gave a 60 to 65 % yield of the nitrate of I-hydroxy-4- 
pyridone (IV-436) (592). The primary photochemical process in 4-nitro- 
pyridine-1-oxide was investigated by means of both steady light irradiation 
and flash photolysis (662). Depending on the conditions I "hydroxy-4- 
pyridone nitrate (IV-436) (process I) or 4-hydroxylaminopyridine-1-oxide 
(lV-46) (process 11) were obtained. The reactions proceed through a common 
intermediate (IV-388). Process I involves a bimolecular interaction between 
the intermediate and the unexcited 4-nitropyridine-I-oxide. while process I1 
involved a hydrogen-abstracting reaction from a solvent molecule. In  the 

1V-388 

IV-149 

0- 
IV-46 

absence of oxygen, 4-hydroxylaminopyridine-1-oxide is photostable, but in 
the presence of oxygen 4-nitropyridine-I-oxide is obtained (592). Irradiation 
of4-nitrosopyridine- 1-oxide with or without oxygen present gave 4-hydroxyl- 
aminopyridine- I -oxide (592). 
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Irradiation accelerates the reaction of 4-nitropyridine- 1 -oxide with 
piperidine (displacement of the nitro group by piperidine) (663). 

Photolysis of Cazidopyridine- 1-oxide in acetone gives 4,4‘-azopyridine- 
I-oxide (664). 

2,6-Dicyanopyridine- 1 -oxide was irradiated at > 290 mp in dichloro- 
methane to yield 2,6-dicyanopyridine (20 x), 5-cyano-2-pyrrole carbony1 
cyanide (20%), and an oxazepine (35 %), tentatively assigned the structure 
2,4-dicyano-l,3-oxazepine (665). 
2-p-Dimethylaminostyryl-3-nitropyridine-1-oxide (IV-437) exposed to 

sunlight for 14 days in benzene gave pyrrolopyridine-1-oxide (IV-438) 
(RII 1,268). The Cstyryl derivative behaved similarly (574). 

0- 
Iv-437 

I 

0- 
1v438 

Photolysis of 2-(1-cyclohexenyl)-4,5-dimethylpyridine-f-oxide (IV-439) 
in isopropanol, acetonitrile, or cyclohexane gave 2-( l-cyclohexenyl)-3- 
hydroxy-4,5-dimethylpyridine (IV-440) as the main product together with 
small amounts of 64 1-cyclohexenyl)-3,4-dimethyl-2-pyridone (IV-441) (666). 

IV-439 IV-440 IV-441 
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The format of this chapter has been changed from that in the 1961 edition 
to include new trends and developments in the chemistry of the alkyl- and 
arylpyridines. Although still consisting of six main divisions, the content of 
some of these divisions has been substantially altered. The di- and poly- 
pyridylalkanes are included with the alkyl- and aralkylpyridines, while the 
bi- and polypyridines are a part of the arylpyridines. 

Since the publication of the I961 edition of this series, “Pyrroles and 
Pyridines” by K. Schofield (1) (1967) and reviews on pyridine (2) (1968), the 
synthesis of alkylpyridines (3) (1961), the synthesis and utilization of alkyl- 
pyridines, bipyridyls, and vinylpyridines (4) (1969), and the manufacture, 
chemistry, and uses of 5-ethyl-2-methylpyridine (MEP) and 2-methyl-5- 
vinylpyridine (5) (1968) have appeared. Reviews on other aspects of pyridine 
chemistry have been published and are referred to in the appropriate sections. 

I. Alkyl- and Aralkylpyridines 

1. Synthesis from Compounds Not Containing a Pyridine Ring 

The synthesis of alkylpyridines utilizing the Hantzsch reaction and liquid 
and vapor phase amination of acetylenes, aldehydes, ketones, and alcohols 
is covered extensively in Chapter I1 (see also Ref. 3). In this section recent 
developments of particular interest to alkylpyridines are considered. 

A five-stage process for the preparation of 3- and 3,5-alkyl substituted 
pyridines starting with diethyl acetonedicarboxylate was reported (6). 
Using this approach 3,5-lutidine (V-7: R = R’ = CH,) was obtained in 43 
overall yield. 

The reaction of various 2-ethoxyadamantyl-substituted-3,4-dihydro-2H- 
pyrans with water and ammonia at 360” over a Pt-Al,O, catalyst gave 2-, 
3-. and 4-( 1 -adamantyl)pyridines (V-8) and 3-( l-adamanty1methyl)pyridine 
(V-9) via intermediate diketones, such as l-(penta-l,5-dion-l-yl)adamantane 

The Diels-Alder reaction of nitriles with dienes is reported to form pyridine 
derivatives in low yields (see Chapter 11). Recent work has shown that the 
use of tetraphenylcyclopentadienone as the dienophile produces high yields 
of arylpyridines (8) (see Section IV.1 .D). Jaworski and Kwiatkowski found 
that a-pyrones (V-10) reacted with nitriles to produce the pyridine-3- 
carboxylic esters, which could be hydrolyzed and decarboxylated in high 
yields (9). 

The synthesis of pyridines based on the reaction of oxazoles (V-11) with 
dienophiles (V-12) provides a convenient route to biologically important 
compounds such as Vitamin B, and its analogues. The scope and mechanism 
of this reaction has been recently reviewed (10). 

(7). 
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R4 

v-11 v-12 V-13 

The bicyclic adduct V-13 undergoes a facile acid-catalyzed aromatization 
producing pyridines. Although 3-hydroxypyridines (V-14) are the usual 
products of this reaction, it is possible for elimination of water to occur, 
forming V-15. 

R4 R4 

R ~ R 5  CI -n20 V-13 ___+ 

R2 R' R' 
v-15 V-14 

This latter process, the Kondrat'eva Reaction, occurs when R3 is a group 
that is not easily eliminated as an anion, such as an alkyl group. The use of 
acrylic acid as the dienophile produces isonicotinic acid analogues (V-15) 
in which R' and R3 are alkyl groups, R2  is an aryl or alkyl group, R4 is 
COOH, and RS is H (1 1). This method is potentially useful for the preparation 
of various specifically substituted aryl- and alkylpyridines, since the car- 
boxylic acids obtained may be decarboxylated or converted to alkyl groups 
by standard methods. 

Thiazoles may replace oxazoles as the diene component in these reactions. 
In this case aromatization is effected by heating with concentrated hydro- 
chloric acid, when hydrogen sulfide is evolved (12). 

The hydroformylation ofoximes in thepresenceofacobalt catalyst produces 
pyridines in low yields. Thus, heating propionaldoxime and Co,(CO), in 
benzene at 140" under 120 atm produced 8 2-ethyl-3,5-dimethylpyridine. 
Butyraldoxime gave 24 % of 3,5-diethyl-2-propylpyridine, and 28 % of 
2,4,6-trimethylpyridine was obtained from acetoxime (13). 

Mohan found that heating certain primary aliphatic nitro compounds 
(V-16) with carbon monoxide under pressure in ethanol or benzene as 
solvent with Pd or Rh as catalyst in the presence of FeCl, gave pyridines V-17 
(14). All components were necessary for this reaction. 
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Treating 4-(2-oxocyclopentyl)-2-butanone (V-18, n = 1) with hydroxyl- 
amine is a convenient route to 6-methq1-2,3-cycIopentenopyridine (V-19, 
n = I). Other cycloalkenopyridines (V-19, n = 2 and 3) have been prepared 
by the same route (IS). 

CH,)n 

+ HzNoH - rnHzIn 
H3C (CHz)zCOCH3 

0 
V-18 V-19 

cr 
B-Aminocrotonic esters reacted with or-formylcycloheptanone to give 

5-carbethoxy-6-metIiyl-2,3-cycloheptenopyridine, which was hydrolyzed 
and decarboxylated in the presence ofsoda lime to 6-methyl-2,3-cyclohepteno- 
pyridine (V-20) (1 5). 

V-20 

Lochte and Pittman have described a convenient synthesis of 2,3-cyclo- 
pentenopyridines (V-24) from enamines (V-21) (16, 17). 

RZ CHR3CHR4CN 

+ R3HC=CR4CN - 
R' R' 

v-21 v-22 

0 

n,. N] 

V-23 V-24 

The condensation of 3-aminoacrolein (V-25, R3 = H) with compounds 
containing a -COCH2- group (V-26) provides a convenient one step 
synthesis of 2,3-disubstituted pyridines including 2,3-~ycloalkenopyridines 
(V-27). The use of substituted 3-aminoacroleins (V-25; R3 = CH,) produces 
2,3,5-trisubstituted pyridines (V-27; R3 = CH,) (18-20). 
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V-25 V-26 V-27 

The isoxazole ring may be considered as a masked p-amino-a,p- 
unsaturated keto-function, since although stable to various chemical 
reaction conditions it can be cleaved (at the -N-0- bond) by reduction. 
Such cleavage of a 44 3-oxoalkyl)isoxazole (V-28) results in the formation of 
a pyridine (V-31) (21,22). 

--s 0 

v-29 

d 
7 

HNO, 

O b H 2 ) n  V-30 H OH 

v-3 I 

Adachi found that 2-rnethyl-3,4-trisubstituted isoxazolium salts (V-32) 
reacted with cyclic enamines (V-33) to give l-methyI-2,3-cycloalkeno- 
pyridinium salts (V-34), along with benzoylacetamides (V-35). Three 

9 uR i- R z N B H 2 ) n  H ---+ :m2)n I 
CH, ClO? 

’@ O clot CH, 

V-32 v-33 
V-34 

R 
/ + @XCH, 

v-35 
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different mechanisms have been proposed to account for these products, 
namely the formation of a keteneimine intermediate, nucleophilic attack 
at C-5 of the isoxazole ring followed by ring opening and formation of the 
pyridine ring, or a Diels-Alder type reaction (23). 

Cyclic enamines also react with 1,2,4-ttiazines (V-36) by a Diels-Alder 
cycloaddition to produce pyridines (V-39) (24). Yields of V-39 (n = 1) of 

V-36 
v-37 

V-38 
v-39 

over 90% were obtained. The same reaction was observed by using cyclo- 
pentene with p-benzoquinone in place of the enamine V-33. In some instancts, 
the presence of V-38 was shown by NMR spectroscopic analysis. 

The ring expansion of pyrroles (V-40) with halocarbenes to form pyridines 

R> @: ___, R2& 

/ R 1  R4 R R4 
\ 

v-42 Rz R3 H 
R' Q R 4  v-41 

V43 v-45 
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gave low yields of products and hence appeared to be of academic interest 
(2) (see Chapter 11). These reactions usually iead to two products, a ring 
expanded pyridine (V-42) and a 2H-pyrrole (V-45). Jones and Rees have 
presented strong evidence that these two components are produced by 
different pathways, V-42 being formed from the cycloaddition of dichloro- 
carbene to the neutral pyrrole molecule followed by aromatization; while 
electrophilic attack of the carbene on the pyrrole anion produces V-45. In 
keeping with this proposal, almost quantitative yields of V-42 result when 
the dichlorocarbene is generated by heating sodium trichloroacetate in a 
neutral aprotic solvent (25). 

The 2-dichloromethyl-2H-pyrroles (V-45) underwent base-catalyzed re- 
arrangements in ethanol to form 2-ethoxymethyl-5-methylpyridine (V-46; 
R = H), 2-ethoxymethyl-3,4,5-trimethylpyridine (V-46; R = CH,), 4- 
et hox ymet hyl-2,3 ,S-trimet hylpyridine (V-47) and trans- 1,2-di-( 5-met hyl-2- 
pyridy1)ethylene (V-48). The mechanism of these reactions was discussed 
(26,27). 

V-46 v-47 

A recent application of this ring expansion reaction of pyrroles is the 
synthesis of the interesting series of metacyclophanes (V-49; n = 6, 4, 2, 
and 1) from the appropriate indoles. These compounds exist as dl pairs 
since the chlorine prevents the methylene bridge from flipping over (28) 
(see Section 1.6). 

7Hz-CH2 , 

v-49 

A versatile method of synthesizing specifically substituted pyridines is 
that described by Chumakov and Shetstynk. Pyrans obtained by Diels- 
Alder reactions of vinyl ethers with a,@-unsaturated aldehydes and ketones 
are converted to dialkylpyridines of specific orientation oia diketones. 
Prepared by this route were 5-n-butyl-Zmethylpyridine, 3-n-butyl-4- 
methylpyridine, and 5-n-hexyl-2-methylpyridine (29). 

The action of ammonia on pyrylium salts is another convenient route to 
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pyridines, including the cycloalkenopyridines. The pyrylium salts are readily 
obtained by treating an olefin or alcohol with an acid anhydride and 
perchloric acid (30,31). 

2. Preparation from Natural Sources and from Compounds 
Containing the Pyridine Ring 

A .  Pyrolysis and Degradation of Natural Products 

Many pyridine bases have been isolated from various natural products 
such as sapropel tar (32-35), nicotine (36), shale oil (37), soybean cake (38), 
and by the pyrolysis of bone oil (39). New pyridines have also been identified 
in coal tar bases (40-43). 

Table V-1 lists the pyridines thus identified along with the sources. Many 
of these pyridines were characterized by their physical constants and/or 
derivatives. These data, when new, are listed in the appropriate table. 

TABLE V-I.  Alkylpyridines Identified from Natural Products 

Alk ylpyridine Source Ref. 

2-Me( hyl 

3-Methyl 

&Methyl 

2-Ethyl 

3-Ethyl 

+Ethyl 

3-Isopropyt 
3-Vinyl 
3-(Buta-l,3-dien-l-yl) 

Soybean cake 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Nicotine 
Bone oil 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Bone oil 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Manchurian shale oil 
Sapropel tar 
Nicotine 
Sapropel tar 
Coal tar 
Sapropel tar 
Coal tar 
Sapropel tar 
Nicotine 
Nicotine 

38 
37 
32,33 
41 
36 
39 
37 
32.33 
41 
39 
37 
32.33 
41 
37 
33 
36 
33,34 
41 
33,34 
41 
33,35 
36 
36 
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2.3-Dimethyl 

2.4-Dimethyl 

2.5-Dimethyl 

3.4-Dimethyl 

3.5-Dimethyl 

4-Ethyl-2-methyl 

5-Ethyl-&methyl 
6-Ethyl-2-methyl 

2-Et hyl-4-methyl 

3-Ethyl-4-methyl 
2,3.4-Trimet hyl 
2,3.5-Trimethyl 

2,3,6-Trimethyl 

2.4.5-Trimethyl 

2.4.6-Trimet h y I 

3.4.5-Trimethyl 
2,6-Dimet hyl-4-ethyl 
2,3,4,5-Tetramethyl 
2.3.4.6-Tetramet hyl 
2,3,5,6-Tetramet hyl 
3,4-Cyclopenteno 
5-Met hyl-2.3-cyclopcnteno 
6-Met hyl-2,3-cyclopenteno 

Manchurian shale oil 
Sapropcl tar 
Coal tar 
Soybeancake 
Manchurian shale oil 
Sapropel tar 
Coat tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Bone oil 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Sapropel tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Sapropel tar 
Coal tar 
Sapropel tar 
Sapropel tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Manchurian shale oil 
Coal tar 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Coal tar 
Coal tar 
Manchurian shale oil 
Manchurian shale oil 
Sapropel tar 
Coal tar 
Coal tar 
Coal tar 

37 
32--34 
41 
38 
37 
32-34 
41 
37 
32-34 
41 
39 
37 
32.33 
41 
37 
32.33 
41 
37 
32-34 
4t 
31 
32-34 
41 
32-34 
37 
32.33 
41 
33.35 
41 
33.35 
33 
37 
32-34 
41 
37 
32 -34 
41 
37 
41 
37 
32-34 
41 
42 
41 
37 
37 
32,33 
42 
43 
42 
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B.  Reduction Methods 

a. HALOGEN COMPOUNDS. A convenient route to 3,5dialkylpyridines 
involves treating an a,a'-dialkylglutarimide with PCl, to form the 33- 
dialkyl-2,6-dichloropyridine, which is then reduced by hydrogen in the 
presence of palladium (44) (see also Section I). 

Chloromethylpyridines, produced by the action of thionyl chloride on 
hydroxymethylpyridines, can also be reduced to methylpyridines using 
palladium on carbon in the presence of potassium acetate. This general 
method was used to prepare 3,4dimethylpyridine in high yields (45). Since 
pyridine carboxylic esters are reduced by lithium aluminium hydride to the 
hydroxymethylpyridine, this approach can be employed to convert esters 
to the methyl derivatives. 

Wilson and Harris found that hydrogenation of 3-(B-chloroethyl)-4,6- 
dichloro-2-methylpyridine (V-SO), with palladium on barium sulfate in 
methanol gave 3-(/?-chloroethyl)-2-methylpyridine (V-SI), a reaction which 
they found surprising since they expected the B-chloroethyl group to be 
attacked (46). 

CI 

V-50 v-5 1 

A similar reaction had previously been described by Stevens and co- 
workers who showed that the nuclear chlorines were preferentially removed 
from 3-(~-chloromethyl)-2,6dichloro-4-methylpyridine (V-52), the product 
being 3-(B-chloroethyl)-4-methylpyridine (V-53) (see Chapter V, 1st ed., 
p. 159). 

v-52 v-53 

The labile nature of the aromatic chlorine to hydrogenation is also 
illustrated by the fact that 3-cyano-2,6-dichloro-4-methylpyridine (V-54) is 
reduced to 3-cyano-4-methylpyridine (V-55) (87 %) using palladium chloride 
with sodium acetate in methanol (471, and that ethyl 4,6-dimethylnicotinate 
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was obtained by the hydrogenation of 2-chloro-3-cyano-4,6-dimethyl- 
pyridine followed by hydrolysis and esterification (48). 

V-54 v-55 

b. HYDROXY COMPOUNDS. In general the methods used for converting 
hydroxy compounds to the alkylpyridines involves the preparation of the 
halogeno derivatives followed by reduction. However, Holfling and Reckling 
converted 2-(/3-hydroxyethyl)pyridine to 2-ethylpyridine (73 %) by hydro- 
genation over an alumina-nickel oxide catalyst at 320 to 340" (49). 

The catalytic reduction of various pyridoxine derivatives was studied by 
Naito and Veno (50). Luke8 and Pergal prepared 2,6-diethyl-, 2,6-dipropyl-, 
2,6-diisopropyl-, and 2,6-di-(2-pentyl)pyridine by reducing the corresponding 
carbinol with HI and P. The carbinols were prepared by treating 2,6- 
diacylpyridines with Grignard reagents (51). 

Pyridinecarbinols can be reduced electrolyticalIy (see Section 1.2.B.c 
and g). 

c. CARBOXYLIC ACIDS. Electrolytic reduction of pyridine carboxylic 
acids in sulfuric acid at lead or mercury cathodes gave mixtures of picolines 
and tetra- and hexahydropyridines (52-54) (see also Chapter V, 1st ed. 
p. 161). Under the same conditions the pyridylcarbinols gave similar products 
(54). Lund found that 2- and 4-pyridinecarboxamides gave, on electrolysis 
under controlled conditions of pH and temperature, about 50% yields of 
the respective aldehydes, which were trapped as the hydrate (55). 

d. CARBONYL COMPOUNDS. The Wolff-Kishner reduction has been 
employed for the preparation of alkylpyridines (51, 56, 57), 1 ,Cdipyridyl- 
butanes (58), phenethylpyridines (59), and [nJ(2,5)pyridinophanes (60) 
(V-57). The [n)(2,5)-pyridinophanones (V-56) required for the preparation 
of V-57 were obtained by the acid-catalyzed cyclization of bis-(8-aminoviny1)- 
diketones (60). 

V-56 v-57 
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Ethyl 5-acetylnicotinate required the Lock modification (61) of the 
Wolff-Kishner method for reduction to ethyl 5-ethylnicotinate (62). The 
Lock modification was also effective for the reduction of various 4-acyl- 
pyridines to the 4alkylpyridines (63). 

e. OLEFINIC COMPOUNDS. The hydrogenation of alkenylpyridines 
employing Raney nickel was used to prepare 2-, 3- and 4-n-amylpyridines 
and 2-, 3-, and cl(5-nonyI)pyridines (64), and a series of 2-alkylpyridines (65). 
The latter compounds were reduced further by sodium in ethanol to the 
2-alkylpiperidines (65). 

f. PYRIDINE-~-~XIDES. N-Oxidation modifies the properties of pyridines 
so that controlled reactions at specific sites are possible with the pyridine-l- 
oxides (see Chapter IV for more complete discussion). As Abramovitch and 
co-workers have shown, it is possible to C-2-alkylate certain pyridine-l- 
oxides via the lithio compounds, a reaction not possible with the pyridines 
(66). Since the pyridine-l-oxides can be easily deoxygenated (see Chapter 
IV), this approach is potentially useful for the preparation of specifically 
substituted pyridines. 

Recent methods for the deoxygenation of pyridine- 1 -oxides have involved 
the use of sulfur dioxide (67), iron pentacarbonyl (68), benzaldehyde (69), 
electrolytic reduction (70), and dimethyl sulfoxide (71,72). Although heating 
pyridine- l-oxide at 195" for 20 hr with dimethyl sulfoxide containing sulfuric 
acid produces essentially quantitative yields of pyridine (71), the reaction 
with alkylpyridine- l-oxides was more complex. CBenzylpyridine- 1 -oxide 
gave 4-benzylpyridine (29 %). 4-benzoylpyridine (41 %), and 1,2-diphenyl- 
1,2-di-(4-pyridyl)ethane (9 %). The action of dimethylsulfoxide on 4-methyl- 
pyridine-1 -oxide, 4-pnitrobenzylpyridine- l-oxide and 4-isopropylpyridine- 
l-oxide was also studied. It was concluded that both ionic and radical 
species were produced, the former giving carbonyl and olefinic products 
while the latter gave dimeric compounds (72). The action of pyridine-l-oxide 
on trichloroacetic anhydride in acetonitrile gave a mixture containing 2- 
and 4-trichlorornethylpyridine and 2- and 4-dichloromethylpyridine. 
Although radical or carbene mechanisms are not excluded, it was believed 
the rapid loss of carbon dioxide from the free trichloroacetate ion was the 
driving force in this reaction (73). 

The reduction of pyridine- 1-oxide, 4-methylpyridine- 1-oxide, and 3- 
methylpyridine-l-oxide with sodium in ethanol, sodium borohydride, 
lithium aluminium hydride, sodium aluminium hydride, and by electrolysis, 
gave mixtures of the pyridine, piperidine, and 3-piperideine (74). 

g. ELECTROLYTIC REDUCTION. The electrolytic reduction of pyridine 
carbinols and aldehydes gave the corresponding alkyl derivatives along with 
nuclear reduced products. The results are listed in Table V-2 (55).  
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TABLE V-2. Electrolytic Reduction of Oxygenated Pyridine Side-Chains (55) 

Pyridine compound Product Yield ( %) 

Pyridine-2-aldehyde 
Pyridine-3-aldehyde 
Pyridine-4-aldehyde 
2-Acet ylpyridine 
3-Acetylpyridine 
4-Acet ylpyridine 
Pyridine-2-carbinol 
Pyridine-3-carbinol 
Pyridine-Ccarbinol 
Pyridine-3-methylcarbinol 
Pyridine-3-dimethylcarbinol 
Pyridine-4-dimethylcarbinol 

2-Picoline 
3-Picoline 

2-Ethylpyridine 

4-Ethyipyridine 
2-Picoline 
3-Picoline 
4-Picoline 
3-Et hylpyridine 

4-Isopropylpytidine 

53 
4 
0 
3 
0 
30 
32 
3.5 
8.0 
3.5 
0 
31 

1,4-Bis(pyridyI)butanes were obtained by the electrolytic reductive 
coupling of 2- and 4-vinylpyridines in solutions containing tetraethyl- 
ammonium p-toluenesulfonate and dirnethylformamide. 2-Vinylpyridine 
gave 68.8 "/, and 4-vinylpyridine gave 82 % of the respective products. This 
method could also be applied to the higher alkenylpyridines (75, 76). 

The electrolysis of a mixture of 3-acetylpyridine and acetophenone gave 
2-phenyl-3-(3-pyridyl)-2,3-butanediol (V-58) which was converted to 3- 
methyl-2-(3-pyridyl)indene (V-59) (RRI 1391) on heating with concentrated 
hydrochloric acid (77). 

V-SS v-59 

C. A lk ylat ion Methods 

a. CATALYTIC ALKYLATIONS. The vapor phase reaction of pyridine with 
alcohols at 300 to 400" over catalysts such as activated alumina, alumino- 
silicate, or H,BO,-H,PO, gave a mixture of the 3-alkyl and 3S-di- 
alkylpyridines (78-81). Methanol and pyridine in the presence of a nickel-- 
nickel oxide catalyst produced 2-methylpyridine and 2,4-, 2 3 ,  and 2,6- 
dimethylpyridines (82). 
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Methylation of 2-methylpyridine in the vapor phase with methanol or 
formaldehyde over an alumina catalyst resulted in attack at the C-2 methyl 
group with formation of 2-ethylpyridine (83,84). A small amount of 2- 
vinylpyridine was also produced when formaldehyde was used. 4-Methyl- 
pyridine gave I-ethylpyridine and Cvinylpyridine with formaldehyde (84). 

The catalytic alkylation of alkylpyridines with olefins in the presence of 
sodium was studied by Pines and co-workers. 3-Ethylpyridine with ethylene 
gave 3-sec-butylpyridine (V-60) as the primary product, which reacted 
furthertoformV4l(R = HandCH,).Thesereactionswererunwithcatalytic 
amounts of sodium in 3-ethylpyridine at 40 atm pressure of ethylene and at 
about 145°C and the products were analyzed by gas liquid chromatography. 
The effect of reaction time on product distribution was determined (85). 
This same reaction was applied to the 2- and 4-alkylpyridines and the 

v-61 

relative rates of ethylation of various alkylpyridines obtained. A carbanion 
chain reaction mechanism accounts for these alkylations (86,87). Alkyla- 
tions using fluoroolefins and potassium or cesium fluoride at 190" are 
efficient ways of preparing fluoroalkylpyridines. Thus chlorotrifluoroethyl- 
ene and pentafluoropyridine gave l-chloro-l-tetrafluoropyridyltetrafluoro- 
ethane (60 %), while hexafluoropropene gave perfluoro-4isopropylpyridine 

b. WIBAUT-ARENS ALKYLATION. The Wibaut-Arens procedure was used 
to prepare 3,4diethylpyridine (55 %)from 3-ethylpyridine, using iron powder 
(89). A study of various catalysts showed that iron was the most effective in 
preparing 4ethylpyridine (82 %) (90). The isolation of 4-acetyl-3,5-dirnethyl- 
pyridine (V-63) (70 %), the intermediate in the Wibaut-Arens reaction, in 
the reaction of 3,5-dimethylpyridine (V-62) with acetic anhydride and zinc, 
was explained as being due to the steric effect of the flanking methyl groups 

(91). COCH, 

(90 %) (88). 

= C H 3 f y 3  \ cH3vcH3 \ Zn N N 
v-62 V-63 
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c. USING ORGANOMETALLIC DERIVATIVES. Interest in this area has 
continued. 2-Thienyllithium proved to be an excellent reagent for the 
lateral lithiation of 2- and 4-methylpyridines, yields of 98 % of 1 ,l-diphenyl- 
2-(2-pyridyl)ethanol (V-64) and 94 % of 1 ,I-diphenyl-2-(4-pyridyl)ethanol, 
respectively, being realized by the subsequent reaction with benzophenone 
(92,93). Q&.;.”: 

- 
V-64 

Jones, Russell, and Skidmore have investigated the action of phenyl- 
lithium on 2-methyl-, 2,4-dimethyl-, 2,6-dimethyl-, and 2,4,6-trimethyl- 
pyridine. All these compounds underwent lateral lithiation as shown by an 
estimate of the benzene recovered after hydrolysis of the product and a 
quantitative determination of the lithiated product by a counting technique 
on the nonaqueous product after hydrolysis with tritiated water. Only 2,4- 
dimethylpyridine showed evidence of concommitant azomethine addition 
since 5 % of 2fdimethyl-6-phenylpyridine was isolated from the reaction 
(94). These lithio compounds V-65 with oxygen gave the I ,24-(2-pyridyl)- 
ethanes (V-66) and pyridyl-2-carbinols (V-67) (95). Treating 2-n-hexyl- 
pyridine with p-methoxyphenyllithium gave 6,7-di-(2-pyridyl)dodecane 
(V-68) along with 1-(2-pyridy1)hexanol and 2-p-anisyl-6-n-hexylpyridine (96). 
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Pyridines with long alkyl side chains in the C-2 position were made by 
treating V-65 with alkyl halides. Octyl bromides, for example, gave 2- 
nonylpyridine (38 %) and 9-(2-pyridyl)heptadecane (2 %) (97). 
2-(Indol-3-ylmethyl)-4-methylpyridine (V-69). (RRI 1286), useful as an 

analgesic, antitussive, and antiinflammatory agent was prepared by treating 
2-lithiomethyl-4-niethylpyridine with BrCH2CH(OC2H5)2, and the resulting 
product with phenylhydrazine (98). 

v-69 

The preparation of I-p-methoxyphenyl-2-(2-pyridyl)cyclohexane (V-70) 
and 1-(2-pyridyl)-2,3-diethy1-6-methoxyindane (V-71) illustrates another 
useful synthetic approach. Pyridyllithium was treated with the appropriate 
ketones and the resulting carbinols dehydrated. The olefins thus obtained 

OCH, 
/ 

V-70 
V-7 1 

were hydrogenated. These compounds were tested for their hypocholestermic 
action (99). 

Pyridine and 3-substituted pyridines undergo nucleophilic alkylation or 
arylation when treated with organometallic compounds, particularly the 
organolithio derivatives. The effect of substituents in the pyridine ring on this 
substitution and the mechanism of this reaction were reviewed recently (100). 
These reactions proceed by an addition-elimination mechanism. The lithium 
alkyl or aryl (V-73) adds to the azomethine bond of pyridine to form a 
dihydropyridine (V-74) which, on heating or on oxidation, is converted to a 
2-substituted pyridine (V-75) (100). 

Li 
v-74 v-75 v-72 v-73 
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Abramovitch and co-workers obtained direct evidence for the existence 
of the intermediate o-complex (V-74) by the isolation of 1,2,5,6-tetrahydro- 
3-methyl-2-o-tolylpyridine from the reaction of 3-methylpyridine and o- 
tolyllithium (101, 102). Fraenkel and Cooper presented NMR spectroscopic 
evidence for the structure of the butyllithium-pyridine adducts (V-74; 
R = n-C4H9)(103) and Giam and Stout succeeded in isolating the crystalline 
o-complexes (104). Alkylation or arylation of these complexes gave 2,5- 
disubstituted pyridines (V-76) such as 2,5-diphenylpyridine (R = R = Ph), 
5-benzyl-2-phenylpyridine (R = Ph, R' = CH,Ph), 5-methyl-2-phenylpyri- 
dine (R = Ph, R' = CH,) and 2-n-butyl-5-methylpyridine (R = n-C4H9, 
R' = CH3)(105). 

R' 

Q R V-74 + R'X - 
V-76 

The alkylation of lithium tetrakis-(N-dihydropyridyl)aluminate, the 
product from the reaction of lithium aluminium hydride and excess pyridine, 
provided a convenient, high yield, essentially one step process for preparing 
3-alkylpyridines (V-76; R = H). Giam and Abbott obtained 3-methyl- 
pyridine (86 %), 3-ethylpyridine (89 x), and 3-benzylpyridine (63 x) by this 
method (106). Pyridine and n-butyllithium with tetramethylethylenediamine 
(TMEDA) followed by the addition of benzophenone gave 2-n-butylpyridine, 
5-(2-n-butylpyridyl)iphenylmethanol, 2-(N-methyl-N-dimethylaminoethyl)- 
aminomethylpyridine, and benzhydrol (107). These results confirm prior 
observation of 5-substitution in pyridines (105,852), and the interesting 
reduction of carbonyl compounds by a a-complex first reported and studied 
by Abramovitch and co-workers (853,854). 

The reaction of 3-substituted pyridines with organolithium compounds 
has been studied fairly extensively. These reactions usually lead to  a mixture 
of the 2,3- and 2,5-isomers. It was shown that the reaction of phenyl-, o-tolyl-, 
o-ethylphenyl-, and p-methoxyphenyllithium with 3-methylpyridine had 
little effect on the ratio of the 2,3- and 2,5-isomers (about 95:5) produced 
(102, 108). Methyllithium with 3-methylpyridine gave an 84.4: 15.6 ratio 
while a 20.5 :79.5 ratio resulted from the use of isopropyllithium. This result 
was ascribed in part to the polymeric nature of isopropyllithium (109). The 
weaker nucleophile benzyllithium with 3-methylpyridine gave 4-benzyl-3- 
nethylpyridine (41 %) and with pyridine gave Cbenzylpyridine (56 %) (109). 

The action of phenyliithium on 3-methyl- or -ethyl- or -isopropylpyridines 
resulted in the preferential formation of the 2,3-isomer, while bulky 3- 
substituents such as  r-butyl or phenyl directed substitution to  the 6-position 
The exclusive formation of 2,5-diphenylpyridine in the latter case was 
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attributed to steric inhibition of coplanarity in the transition state preventing 
the formation of the 2,3-isomer (112). The phenylation of nicotine (V-77) 
(R’ = R’ = R3 = H) resulted in a 1: l  ratio of the 2-phenyl- (V-77; 
R’ = Ph, R’ = R3 = H) and 6-phenyl (V-77; R’ = RZ = H, R3 = Ph) 
isomers (1 10, 112). Haglid found that when nicotine was methylated with 

v-77 

methyllithium the major product was the 6-methyl isomer (V-77; R’ = R2 = 
H, R3 = CH,) with some of the 4-methyl isomer (V-77; R’ = R’ = H, 
R’ = CH,); none of the 2-isomer was detected in this instance. The forma- 
tion of the 4-isomer in this case was explained by the complexing of the 
methyllithium with the pyrrolidine nitrogen of nicotine facilitating attack 
at C-4 (1 13). Methyllithium reacted with N-(3-methylpyridyl)pyrrolidine 
(V-78) to form the 2-, 4-, and 6-methyl derivatives, the 4-isomer being 
present in low yields. The ratio of the isomers was dependent on the solvent 
(ether-toluene or THF) used (1 14). 

mcH’-N 3 
\N/J 

V-78 

Sodium derivatives, made by treating alkylpyridines with sodamide in 
Iiquid ammonia, were converted to aralkylpyridines by heating with styrenes 
(1 15), or aralkyl halides (1 16) or heteroaralkyl halides (1 17). 1-(2-Thienyl)- 
2-(2-pyridyl)ethanes (V-79), useful as anthelmintics, were prepared by this 

v-79 

method (1 15). Dipyridylalkanes were obtained by using a,o-dihalogeno- 
alkanes (1 18). Cesium compounds, made from the pyridylmercury deriva- 
tives, gave the l-(pyridyl)-2-phenylethane with benzyl chloride (1 19). 

Pyridine reacts with l-chlorobutane in the presence of magnesium powder 
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to form 4-n-butylpyridine (57 %) with only traces of the 2-isomer; n-butyl- 
magnesium iodide however produced 2-n-butylpyridine (1 8 %), free from 
the 4-isomer (120). 3-Sec-butyl-4,5-dimethylpyridine was prepared by 
treating 3-cyano-4,5-dimethylpyridine sequentially with methylmagnesium 
iodide and ethylmagnesium iodide and reducing the resulting r-carbinol 
with HI and red P (121). 4-Alkylpyridines resulted on heating Cphenoxy- 
pyridines with alkylmagnesium halides at 150 to 200°C in a nitrogen stream 
(122). 1-(2-Pyridyl)ethylmagnesiurn bromide, obtained by the reaction of 
2-ethylpyridine and alkylmagnesium bromide, with 2-(2-dimethylamino- 
ethy1)indan-1-one gave the alcohol which, on heating at 100" for 2 hr in 
aqueous acid, gave 2-(2-dimethylaminoethyl)-3-[1-(2-pyridyl~thyl~indene 
(V-80) (123). Quaternary salts of pyridine-1-oxides (V-81) with Grignard 

reagents form pyridines (V-82), the alkyl group of the Grignard reagent 
entering the C-2 position of the pyridine ring (124). 

R 3  R3 

6 R  

V-81 
V-82 

An interesting but rather complicated synthesis of 2,4-disubstituted 
pyridines (V-87) is that of Fraenkel and co-workers who found that Grignard 
reagents reacted with 4-substituted pyridines (V-83) in the presence of 
chloroformates to produce 2,4-disubstituted- l-alkoxycarbonyl-l,2-dihydro- 
pyridines (V-85). Treatment with butyllithium gave the 1-lithio-1 ,Zdihydro- 
pyridine (V-86) (confirmed by NMR spectroscopy) which gave the 2,4- 
disubstituted pyridine (V-87), on heating. 2,4-Di-t-butylpyridine was made 
by this method (125). The 2,4-disubstituted pyridines (V-87) can, of course, 
be obtained directly by treating V-83 with an alkyllithium. 
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8 + CICOOR‘ - 6 CI- R’MgCI, &R3 

I H  
N+ 

I 
COOR‘ V-83 COOR’ 

V-87 
Li 

V-86 

d. FREE RADICAL REACTIONS. A comprehensive review covering the 
homolytic alkylation and arylation of pyridines has appeared (100); hence 
this discussion is limited to the salient features with reference to the most 
recent publications in this area. 

The relative reactivities of the various positions of the pyridine ring 
toward homolytic attack have been calculated using atom localization 
energies (1 26) and the concept of free valences (127). The calculated reactivity 
values of Brown (126) agree quite well with the partial rate factors obtained 
for the homolytic phenylation of pyridine, the order being C-2 > C-4 > C-3 
(see Section IV.1 .B). Similar calculations show that the C-2 position of the 
pyridinium ion should be more reactive than that in pyridine (128). The 
overall yield and the isomer distribution of the product from the free radical 
substitution of pyridine and substituted pyridines depends on the nature of 
the substituent, the free radical and how it is generated, and the nature of the 
medium of the reaction. It should be borne in mind that the isomer ratio 
figures quoted in the earlier work are open to question, since the analysis 
was performed by fractional distillation or recrystallization of derivatives 
and not by gas chromatography or I R  and N M R  spectroscopy, as is now 
possible. 

The earlier work on the alkylation of pyridines showed the presence of the 
2- and &isomers (129, 130), but subsequent publications reported the 
presence of the 2-, 3-, and 4-isomers when t-butyI peroxide (131), acetyl 
peroxide, and lead tetra-acetate (132) were reacted with pyridine. Bass and 
Nababsing found that the methylation of pyridine in an acidic medium 
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TABLE V-3. Homolytic Alkylation of Pyridines 
~ _____ 

Isomer Ratio ('4) 
Overall yield 

Radical source Medium of picolines ("A) 2- 3- 4- Ref. 

b O 2  Pyridine/N, - 62.7 20.3 17.0 132 
Pyridine/O,-free - 62.7 19.5 17.8 132 

PMAcO), F'yridine/N2 - 62.1 20.5 17.4 132 
Pyridine/N2 5 .O 62.7 21.7 15.6 133 
AcOH/N, 12.9 76.4 2.9 20.7 133 

r-Bu,O, Pyridine - 58.0 23.0 19.0 131 
Pyridine/N 13.5 62.0 22.9 15.1 133 
AcOH/H, 28.3 77.9 2.7 19.4 133 
AcOH-HCI/NI 11.8 93.2 0 6.8 133 

AcOH 35 73.7 26.3 134 
[PhCH,),Hg Pyridine ___ 0 0 0 134 

resulted in enhancement of the activity of the C-2 and C-4 positions (133) in 
keeping with predictions (128). They also found that pyridine is not benzyl- 
ated in nonacidic solutions, but gives 2- and 4-benzylpyridine when heated 
with dibenzylmercury in acetic acid as solvent (134). The reaction of 3-n- 
butylpyridine with lead tetraacetate has been studied using gas chroma- 
tography combined with infrared spectroscopy for the analysis of the 
products. The following products were identified: 3-n-butyl-2-methyl- 
pyridine (60%), 3-n-butyl4methylpyridine (ca. 20%), 3-n-butyl-6-methyl- 
pyridine (ca. 20%), 3-n-butyl-5-methylpyridine (ca. 2 %) (135). Table V-3 
summarizes the results of these reactions. 

In many cases the products contained higher boiling residues in which 
2 2 - ,  3,3'-, and 4,4'-bipyridyls were detected. These are probably formed as a 
result of proton abstraction from the pyridine by the attacking free radical 
with subsequent dimerization. These dimers were not detected when an 
acidic medium was employed (133). A similar dimerization was observed on 
treating substituted pyridines (V-89) with t-butoxy radicals, when V-90 
were produced ( I  36) (see also Ref. 132). 

V-89 V-90 

e. PHOTOCHEMICAL ALKYLATION. Travecedo and Stenberg report that 
the photolysis ofO.1 molar solutions of pyridine in methanolic HCI solutions 



286 Alkylpyridines and Arylpyridines 

in a nitrogen atmosphere gave 2- and 4-methylpyridines, 1-(2-pyridyl)-2- 
(4pyridyl)ethane, and 1,2-di-(4-pyridyl)ethane. In the absence of HCl no 
alkylation was observed (137). Photosubstitution of pyridine (1 %) in cyclo- 
hexane produces 2- and 4-cyclohexylpyridines. 2- And 4-methylpyridine also 
react to form both 4- and 6-cyclohexyl-2-methylpyridine. This indicates that 
the two picolines react via a common azaprismane intermediate (V-91). 
In this case no acid is required (138). 

_- - -  __ I * -  mCH3 v-9 I 

A near quantitative yield of dimeric salt was obtained by the photolysis of 
2-styrylpyridinium methiodide. Sublimation in uucuo gave two isomeric 
dimeric bases (V-92) (I  39). 

V-92 

D. Ladenburg Rearrangement 

Kuthan and co-workers studied the thermolysis of the 1-methohalides 
and the hydrohalides of pyridine and the three picolines at 340 to 360"; they 
found that alkylation and dealkylation of the ring occurred. The effectiveness 
of the halide in promoting the alkylation reaction was in the order 
I -  > Br- > Cl-. The decomposition of the picoline salts produced small 
amounts of pyridine, and 2-methylpyridine was detected among the products 
from the 4- and 3-methylpyridine salts. 3-Methylpyridine was not detected 
among the products of decomposition of I-methylpyridinium halides. The 
mechanism of this reaction was discussed in terms of the Huckel LCAO-MO 
method (140). 

Chumakov and Novikova examined the products of thermolysis (290 to  
300°C) of an equimolar mixture of pyridine and methyl iodide by gas 
chromatography. Their results are summarized in Table V-4. 
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TABLE V-4. Thermolysis of I-Methyl- 
pyridinium Iodide (141) 

Product Yield (74) 

2-Methyl 
3-Methyl 
CMethyl 

4-Ethyl 
2,4-Dimet hyl 
2.5-Dimet hyl 
2.6-Dimet hyl 

2-Ethyl 

30. I 
5.8 
34.6 
3.6 
I .4 
12.8 
I .9 
9.1 

The presence of 3-methylpyridine (see Ref. 140) and the ethylpyridines is 
indicative of a free radical mechanism for this reaction (141). 

Pyridines have been benzylated by heating with benzyl chloride in the 
presence of copper or a copper salt (141-143), the 2- and Cbenzylpyridines 
thus formed being separated by recrystallization of their salts (141). 

E .  Decarboxylatim Reactions 

2-Methyl-6-phenylpyridine (61 %) and 2-methyl-6-(p-chlorophenyl)pyri- 
dine (21 %) were prepared by heating the respective nicotinic acids with soda 
lime and distilling the product under reduced pressure (144). 

An interesting application of the decarboxylation reaction is the prepara- 
tion of labeled pyridines. Pyridines containing a C-2-COOD group are 
decarboxylated in high yields with high specificity, since the positions a to the 
nitrogen atom are activated to H-D exchange. The C-3 and C-4 acids 
require higher temperatures and the decarboxylation results in scrambling 
of the label. NMR data can be used to calculate the mass distribution at 
various positions in the ring in these samples (145). 

3. Properties and Separation of Isomers 

A .  Properties- General 

New data on the physical properties of the alkylpyridines are summarized 
in Table V-5, of the cycloalkylpyridines in Table V-6, of the cycloalkeno- 
pyridines in Table V-7, and of the aralkylpyridines in Table V-8. 
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TABLE V-6. Cycloalkylpyridines 

Compound M.p. B.p. ti$' Picrate (m.p.) Ref. 

2-( I -Adamant yI)pyridine 42-43" 136- 137" 7 

4-(Adamantylmethyl)pyridine 101" 222-223" 7 
%(Adamantylmethyl)pyridine 69.5-70" 163- 164" 7 

3-( I -Adamant y1)pyrid ine 1 19-120°/0.2 mm 1.5583 209-209.5" 7 

1.3-Diphenyl-2.4- 189-190"" 
di(2-pyridy1)cyclobutane 117- 1 18" I39 

' The two m.p.'s refer to two isomers whose exact configuration was not determined. 

Vogel and co-workers have purified pyridine and various substituted 
pyridines and determined the following physical properties of these com- 
pounds: refractive indexes at 20" (C, D, F, and G lines), densities, molarity 
refractivities, and molarity refraction coefficients. Ultraviolet and infrared 
spectra were also obtained. The compounds included pyridine; 2-, 3-, and 
4-alkyl (methyl to n-heptyl) pyridines, 2,3-, 2 3 ,  2,6-, and 3,5-dimethyl- 
pyridines (146). Coulson and co-workers prepared pure 2,3-, 2,4-, 23-,3,4-, 
and 3,5-dimethylpyridines and obtained the freezing points, cryoscopic 
constants, vapor pressure-temperature curves, boiling points, latent heat of 
vaporization, densities, coefficients of expansion, refractive indices, and 
infrared absorption spectra of these compounds (147). Pyridine and 2- 
methylpyridine were purified and the triple points, boiling points, densities, 
viscosities, surface tensions, and refractive indices determined. In addition, 
the refractivity intercept, specific dispersion, molarity refraction, molarity 
volume, parachor, ultraviolet, infrared, and mass spectra were also obtained 
(148). The effect of the methyl group at various positions on the pyridine 
ring on the polarizability of the base was studied by Ploquin. Substitution at 
the 2,4, or 6 positions increased the polarizability while substitution at the 
3 or 5 positions had only a slight effect (149). 

The dissociation constants of several 2-substituted pyridines were 
measured using the halfneutralization method at 25°C. Table V-9 summarizes 
these data (150) (see also Chapter V, 1st ed., p. 176 and Ref. 151). 

Bhattacharya has calculated the hyperconjugative effect of the methyl 
groups in 4methyE, 2,6-dimethyl-, and 2,4,6-trimethylpyridines using 
molecular orbital methods (152). 

The isotopic H-D exchange in 2-methylpyridine using CH,OD in the 
presence of triethylamine at 130 to 180°C involved only the C-2-CH3 
protons. The reaction was found to be first order, the rate constant being 
1-7 x lo6 sec-' (153). Group VIII transition metals catalyzed the H-D 
exchange of the methyl- and dimethylpyridines with D,O. Platinum was 
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TABLE V-9. pK, of Pyridines at 25°C 

Base PK, 

2-Methylpyridine 5.94 

2-Hexylpyridine 5.95 

Pyridine 5.25 

2-Arnylpyridine 6.00 

2-Benzy ipyridine 5.13 
2-Vinylpyridine 4.98 

found to be the most reactive, while cobalt was selective and catalyzed 
exchange cx to the N atom. The positions ortho to a methyl group were 
deactivated, and protons flanked by two methyl groups did not undergo 
exchange (1 54). 

Pyridines containing a C-2-CD3 group have properties markedly different 
from those of the C-3 and C-4-CD3 substituted compounds. Thus, the C-2 
isomer shows a significant heat of reaction with BF, (155), and enhanced 
rates of reaction with methyl, ethyl, and isopropyl iodides (156), when 
compared with the C-3 and C-4 isomers. Brown and co-workers have shown 
that this secondary isotope effect is a steric phenomenon rather than due to 
an inductive or hyperconjugative effect (155). 

The association of pyrrole with pyridine and methylpyridines was studied 
by means of the dielectric polarization of the complexes using infrared 
measurements. The low dipole moment of the 1 : 1 complexes was explained 
by hydrogen bonding between both the N-atom and the x-electron system 
of pyridine ring with the N-H of the pyrrole (157). A study of the comparative 
merits of various thermodynamic parameters for establishing the stability 
of complexes of the picolines and cobalt, nickel, zinc, and cadmium tetra- 
fluoroborates was undertaken (1 58). 

Many Werner complexes of alkylpyridines with metal salts were made and 
found to be useful as oxidation accelerators for paints, polymerization 
catalysts, anticorrosion agents, insecticides, fungicides, and oil-soluble 
metal carriers (159, 160), and as selective clathrate agents for separating 
organic compounds such as the xylenes (160). Molybdates of pyridine and 
2-, 3-, and 4-methylpyridine were studied (161), as were the carbonyl 
complexes obtained from the action of Fe(CO), and Co(CO), on various 
pyridine bases (162, 163). Poly(ethy1ene sulfide) precipitated many pyridine 
derivatives as coloured complexes (1 64). Aluminium alkyls containing 
heteroaryl rings such as pyridine were patented as polymerization catalysts 
to prepare hydrocarbon polymers (165). Decaborane adducts of pyridine and 
2,4,6-trimethylpyridine were prepared and used to effect vulcanization of 
natural rubber (166). The picryl-methylpyridinium chlorides were described 
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(167). Fisel and Franchevici studied the complex salts of various pyridines 
with sodium palmitate and stearate. 3- And 4-methylpyridines formed 
complex salts but 2-methyl-, 2,Cdimethyl-, and 2,4,6-trimethylpyridines do 
not form such salts due to steric effects (168). 

Certain pyridine salts have found application in chemical synthesis. 
N-Alkyl-N,N-diarylamines undergo selective dealkylation with hydro- 
chlorides and hydrobromides of pyridine homologs. The C-alkyl or alkoxy 
groups are not affected by this reaction (169). The pyridine-cuprous chloride 
complex was found to be an effective autoxidation catalyst for converting 
primary aromatic amines to azo compounds (170). Beckmann rearrange- 
ments were catalyzed by pyridine hydrochloride (1 71). Clark obtained rate 
constants and other thermodynamic data for the decomposition of malonic 
acid in pyridine and the three picolines (172). The presence of alkyl substituted 
pyridines also prevents the thermal decomposition of t-alkyl chlorides and 
bromides (173). 

Pyridine, 2-, 3-, and 4-methylpyridines and 2,6-dimethylpyridine all 
reacted with calcium in the presence of liquid ammonia to form unstable 
colored compounds (174). 

The polarographic behavior of cobalt (11), nickel (11), and zinc (11) in 
pyridine and Cmethylpyridine was quite similar but differed markedly when 
2-methylpyridine was used as the solvent, possibly as a consequence of a 
chemical reaction coupled with the charge-transfer process (1 75). 

The reversible photochromism shown by nitrobenzylpyridines due to the 
tautomeric photoreaction V-93 to V-94 has been further investigated (176). 

A new color test for pyridine and its derivatives was described by Lisboa. 
When pyridine and its derivatives (0.05 to 5 % in a phosphate buffer) reacts 
with BrCN (10%) in the presence of barbituric acid (1 %), colors are 
produced-red-orange for pyridine and 2-methylpyridine and weak violet 
for 2,4-lutidine. The colors for various other pyridine derivatives and by 
using other barbiturates were also described (177). 

The use of pyridine, its homologues and derivatives in agriculture and 
medicine has been reviewed (1 78). 
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B .  Properties-Spectroscopic 

Ultraviolet, infrared, nuclear magnetic resonance, and mass spectroscopy 
are becoming increasingly important for determining the structure ofpyridines 
and for establishing the isomer distribution in reaction products. Reviews 
containing sections on the electronic absorption (1 79a), infrared (179b), 
and nuclear magnetic resonance (179c) spectra of pyridines have been 
published. 

The ultraviolet spectra of purified pyridine, 2-, 3-, and 4-alkyl (methyl to 
n-heptyl) pyridines, 2,3-, 2,5-, 2,6-, and 3S-dimethyl pyridines were recorded 
(146). The Mills-Nixon effect in pyridines was investigated by examining 
the ultraviolet and infrared spectra of 2,3-dimethylpyridine, 2J-cyclo- 
penteno-, 2,3-cyclohexeno-, and 2,3-~ycloheptenopyridines. The ultraviolet 
absorption spectra showed differences indicative of ring strain in the pyridine 
nucleus and evidence of steric hindrance of the C-4 proton in 2,3-cyclo- 
heptenopyridine was shown from its infrared spectrum (180). 

The infrared spectra of purified pyridine, 2-, 3-, and 4-alkyl-(methyl to 
n-heptyl) pyridines, and all the lutidine isomers were recorded (146, 147). 
In a compilation of the infrared spectra of commercially available organic 
compounds numerous pyridine and condensed pyridine compounds are 
included (1 8 1). Infrared spectroscopy provides a convenient method of 
distinguishing between isomers and establishing the orientation of mono- 
and disubstituted pyridines since each isomer exhibits typical absorption 
patterns. Table V-10 summarizes the relevant pyridine infrared absorption 
bands. 

Complete analysis of the proton magnetic resonance spectra of pyridine 
(AB,X2) (1 91), 2,3-dimethylpyridine, and 2,6-dimethylpyridine (AB,) (192) 
were reported. A double resonance method was employed to measure the 
I4N chemical shifts of pyridine and the pyridinium ion (193). The I3C nuclear 
magnetic resonance spectroscopy of substituted pyridines has been reviewed 
(855). 

The mass spectrometric fragmentation pattern of an alkylpyridine is 
profoundly affected by the position of substitution and the nature of the 
alkyl group. The mass spectrum of 3-alkyl substituted pyridines (V-95; 
R-CH,- at C-3) has an intense peak at m/e 92, corresponding to the frag- 
ment C5H4NCHl (V-%), which is absent in the mass spectrum of the 2- 
isomer and is of medium intensity in the 4-isomer (194, 195). 

V-95 V-96 
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Pyridines with a C-2 propyl or higher alkyl group (V-97), undergo a 
McLafferty rearrangement with the elimination of an equivalent amount of 
olefin. This type of rearrangement does not occur to any appreciable extent 
with the 3- or Cisomers (194, 195). 

C .  Purification and Separation of Isomers 

Most of the present methods used for the separation and purification of 

1.  Azeotropic distillation with water. 
2. Crystallization of salts or complexes. 
3. Conversion to the pyridine-1-oxides, purification of the N-oxides 

followed by deoxygenation to the pyridine (see Chapter IV and Section 
I.2.B.f). 

Occasionally countercurrent or chromatographic methods have been 
employed. 

Azeotropic distillation with water was used to separate and purify 2- and 
4-methylpyridines (1 96), pyridine and 3-methylpyridine ( 197), 2,4-dimethyl- 
pyridine (198), 3- and 4-methylpyridines (199-201), and 2,&dimethyIpyridine 
of sufficient purity for organic synthesis and physiochemical investigation 
(201), and other alkylpyridines (202,203). This process was convenient for 
separating 5-ethyl-2-methylpyridine from 2-methyl-5-vinylpyridine (204) 
(see also Chapter 11). 

Various alkylpyridines were isolated or purified as complexes with copper 
(11) chloride or sulfate (205-21 l), manganese thiocyanate (212), Werner 
complexes (213). lithium halides (214) and cobalt (11), iron (I1 and III), 
nickel (II), and zinc (11) chlorides (141,215-221). A study of the solubility 
and stability of these last salt complexes of pyridine, the picolines, and 2.6- 
dimethylpyridine in water led to a method of preparing 3- and 4-methyl- 
pyridines (81 %) free from 2,6-dimethylpyridine. Oxidation of these com- 
pounds provided nicotinic and isonicotinic acids (216). The use of calci\tm 

various pyridines are based on: 
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chloride gave high purity (99.2 %) Cmethylpyridine (222). Complexes of 3- 
and Cmethylpyridines with borate esters (223) and of formamide with 
2,4,6-trimethylpyridine (224) were used for purifying these compounds. 
Phosphate (225,226), nitrate (227), hydrochloride (209), oxalate (41,228- 
231), picrate (35, 41), phthalate and salicylate (232), dichromate (40), and 
0-cresol (233,234) salts were also utilized for the purification of various 
pyrid ines. 

Fractionation of N-oxides obtained from alkylpyridine mixtures, followed 
by deoxygenation of the separated N-oxides provides pure alkylpyridines 

Crude pyridine and 3-methylpyridine were purified by treating them with 
chlorine or bromine at room temperature (239). Separations involving 
countercurrent methods (240-242), preferential adsorption on molecular 
sieves (243,244), and chromatography over alumina impregnated with 
metal salts (245) were reported. 

The paper chromatography of alkylpyridines was investigated (246). 
Sorbate-sorbent interactions in the gas chromatography of pyridine com- 
pounds were examined (247) and the gas chromatography of alkylpyridines 
on silicone and bentone-silicone phases has been described (248). 

The isolation and purification of the alkylpyridines are also reviewed in 
detail in Chapter 11. 

(235-238). 

4. Reactions 

Three reviews have appeared covering various aspects of the reactions of 
pyridines. Eisch and Gilman have compared the chemistry of aza-hetero- 
aromatic compounds from a theoretical point of view (249). Abramovitch 
and Saha have considered the electrophilic, nucleophilic, and homolytic 
substitution of pyridines with respect to the effect of substituents on these 
reactions (laO), and Weiderer has discussed the reactivity and hetero- 
aromatic character of six-membered nitrogen heterocycles from the point 
of view of the energy distribution within the molecule in the transition state 
(250). 

A .  Isomerization 

The isomerization of polyfluoroalkylpyridines by fluoride ion was 
described. The structure of the isomers was established by NMR spectral 
analysis as V-99 and V-100. Since V-100 rearranged to the symmetrical 
isomer V-99 on treatment with KF, V-100 is the product of kinetic and V-99 
of thermodynamic control (251). 
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Pentakis(pentafluoroethy1)pyridine (V-101) was prepared from the reaction 
of pentafluoropyridine with tetrafluoroethylene in DMF in the presence of 
CsF as catalyst. The Dewar type pyridine, pentakis(pentafluoroethy1)I - 
azabicyclo[2.2.0Jhexa-2,5-diene (V-102) was obtained from V-101 on pho- 
tolysis (<270 nm), while irradiation (> 200 nrn) gave the prisrnane, pentakis- 
(pentafluoroethy1)- 1 -azatetracycl0[2.2.0.0~~~.O~~~]hexane (V-103) (252). 

v-101 V 

B .  Dealk y lation 

The hydrodealkylation of alkylpyridines using nickel (253-255), nickel on 
alumina (256-259), vanadium pentoxide (260), and silver and platinum (261) 
catalyst was reported. 5-Ethyl-2-methylpyridine was selectively demethylated 
(254,256,262), and this method is recommended as an economic way of 
preparing 3-ethylpyridine (34 to 41 % conversion, 93 to 95 % purity) (256). 

TABLE V-l 1 . Products of Dealkylation of Burylpyridines ( Y < )  (263) 

2-Butylpyridine (temp.) 3-Butylpyridine (temp.) 

Product 470" 570" 600" 470" 570" 600" 

Starting material 88 
Pyridine 
2-Methylpyridine 9 
3-Methylpyridine 
2-Ethylpyridine 3 
3-Et hylpyridine 
2-Propylpyridine 
Indolizine 
Unidentified 

30 23 
5 17 I 5 
20 19 3 5 

17 17 5 

2 
1-10 1-10 

I9 28 

10 

5 8 
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The complex reactions involved in the demethylation of 2-methylpyridine 
has been studied (258). 

The products obtained by passing 2- and 3-butylpyridines separately over 
a 20 % chromia-alumina catalyst at various temperatures were identified. 
These results are summarized in Table V-11 (263). The pyrolysis of 2- 
phenylethylpyridine (700") was studied. Among the products identified were 
pyridine (5 %), 2-methylpyridine (22.1 %), 2-vinylpyridine (1.3 %), and a- 
stilbazole (2.3 %). A mechanism for this decomposition was proposed (264). 

C. Oxidation 

Pyridine aldehydes, ketones, acids, and cyanides are obtained by the 
oxidation of alkylpyridines. Oxidizing agents that have been used include 
ozone, selenium dioxide, potassium permanganate, sodium dichromate, 
nitric acid and nitrates, sulfur, and iodine, and vapor phase air oxidations. 
Electrochemical oxidations are also described as well as the use of a micro- 
biological method. 

The reaction of ozone with pyridines is of some value for their structural 
evaluation (see Chapter V, 1st ed., p. 184). The products isolated from 
substituted pyridines were indicative of initial attack at the 2,3- and/or 
5,6-bonds in the ring, that is, bonds with the most double bond character 
(265). There is also evidence that attack by ozone can lead to pyridine-l- 
oxides (266,267). 

Heating 2-methylpyridine in an autoclave with an aqueous dichromate 
solution in the presence of phosphoric acid at 225 to 350" gave pyridine-2- 
carboxylic acid (80 %). By this method 2,5dimethylpyridine formed pyridine- 
2,5-dicarboxylic acid (75 %) (268). Permanganate oxidation of 3-methyl- 
pyridine gave pyridine-3-carboxylic acid (60 %) (269); and of 5-ethyI-2- 
methylpyridine produced isocinchomeronic acid (60 to 65 %) (270,271). 
Vaculik and Kuthan have shown that aqueous permanganate can be used to 
oxidize 3,5-dimethyl-4-alkylpyridines (V-104) to the 4-alkyl-3-methyl- 
pyridine-5-carboxylic acid (V-105) or 4-alkylpyridine-3,5-dicarboxylic acid 
(V-106; R = CH,, C,H,, C4H9, and PhCH,) (272). 
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An interesting modification of this method is described by Prostakov and 
co-workers. 4-Benzyl-2,5-dimethylpyridine (V-107) was oxidized with 
permanganate in the presence of magnesium nitrate to  give 4-benzoyl-2,5- 
dimethylpyridine (V-108) which, on further oxidation, gave 4-benzoyl- 
pyridine-2,5-dicarboxylic acid (V-109) (273). 

CH,Ph COPh COPh 

~ S L J $ / % L ~  Me(NO,h 

H& CH, H3C CH, H O W  COOH 
V-107 v-108 v-109 

Selenium dioxide converted methyl- and dimethylpyridines to mixtures 
containing the aldehydes and acids. 3-Methylpyridine was more difficult to 
oxidize than the 2- and 4-isomers, which gave the aldehydes (about 25%) 
and the acids (about 50%) (274). The use of selenium dioxide in the presence 
of NO, in an inert solvent such as 1,2,4-trichlorobenzene converted 3-methyl- 
pyridine to nicotinic acid (about 85 %) and 4-methylpyridine to  isonicotinic 
acid (about 88 %) (275). 

Nitric acid is a convenient reagent for oxidizing alkylpyridines to the 
carboxylic acids. 4-Methyl- and ethylpyridines, on heating in an autoclave 
with aqueous nitric acid, formed isonicotinic acid (75 to 85 %), the inclusion 
of air decreasing the amount of nitric acid required (276-278). S-Alkyl-2- 
methylpyridines (V-110) gave 6-methylnicotinic acid (V-111) at 250 to 325°F 
and 30 to 650 psi pressure (279). By changing the conditions (250" and 750 psi 
and in the presence of ferric nitrate), both alkyl groups were oxidized, to give 
pyridine-2,5-dicarboxylic acid (V-112) (98 %) (280, 281). More drastic 
conditions resulted in the loss of the thermally more labile C-2 carboxyl 
group to give pyridine-3-carboxylic acid (V-113) (270,282-284). The use of 

cupric nitrate and air in place of nitric acid gave the copper salt of iso- 
cinchomeronic acid (V-112) (270, 285,286). The optimum conditions for this 
latter reaction were established (270). Titova and co-workers have determined 
the optimum conditions for the nitric acid oxidation-30 % molar excess of 
nitric acid and a reaction temperature of 180 to 190O-and have discussed 
the mechanism of this reaction (284). 
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The vapor phase oxidation of alkylpyridines to produce aldehydes and 
acids has continued to invoke interest because it is a convenient route to 
these derivatives. The catalyst usually employed is vanadium pentoxide 
with added oxides of molybdenum, chromium, or tin. The three pyridine 
aldehydes (287,288), 6-methylpyridine-2-carboxaldehyde (288), and 5- 
methylpyridine-3-carboxaldehyde (289) were obtained by this method. 
Vapor phase oxidation to the pyridinecarboxylic acids has been reported 
(290-294). The 3-methylpyridine in a 3-picoline fraction could be concen- 
trated by selectively oxidizing the 2- and 4-methyl groups present in the 
other components of this fraction and removing the acids formed (290). 
Another application based on the preferential rapid oxidation of the methyl 
groups in the 2- and 4-position is the preparation of 3-ethylpyridine from 
5-ethyl-2-methylpyridine. Oxidation over a nickel-alumina catalyst pro- 
duces 5-ethylpyridine-2-carboxylic acid which undergoes decarboxylation 
(295). 

Vapor phase oxidations in the presence of ammonia-amoxidations- 
producing cyanopyridines were used extensively (296-308). Cyanides were 
also obtained by treating alkylpyridines with NO in the presence of a 
rhenium catalyst (309). 

An interesting reaction patented by Cislak is the vapor phase reaction of 
an alkylpyridine and an acid such as acetic or propionic acids to form the 
acetyl or propionylpyridine. Thus 2-, 3-, or 4-methylpyridines with acetic 
acid gave the 2-, 3-, or 4-acetylpyridines respectively; 5-ethyl-2-methyl- 
pyridine gave 2,5-diacetylpyridine and 4-niethylpyridine gave 4-propionyl- 
pyridine with propionic acid. No yields were reported (310). 

The Willgerodt reaction of methylpyridines with sulfur and amines to 
form the pyridinethiocarboxamides has been investigated (31 1-3 15). A 
C-2 methyl group is more reactive than a 12-4 methyl group, although 4- 
methyfpyridine also undergoes this reaction (31 1). By-products from the 
reaction of 2- and 4-methylpyridine with sulfur and aniline were the N,N'-  
diphenylpicolin- and isonicotin-amidines and the 242- or 4-pyridy1)benzo- 
thiazoles, respectively (313) (see Chapter V, 1st ed., p. 186). The reaction of 
4picoline with sulfur gave a mixture of 1,2-bis(4-pyridyl)ethane and 1,2- 
bis(4-pyridy1)ethylene (316) (see also Chapter V, 1st ed., p. 186). 

Electrochemical oxidations of alkylpyridines to the carboxylic acids were 
investigated in detail (31 7-319). 

The microbiological oxidation of 3-methylpyridine to nicotinic acid was 
accomplished with the aid of microorganisms such as Mycobacterium in a 
nutrient broth at 29 to 30" (320). 

Godin and Graham found that heating 5-ethyl-2-methylpyridine and a 
catalytic amount of a peroxide in an oxygen atmosphere produced 5-acetyl-2- 
methylpyridine in up to 40% yield (321). 
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A convenient synthesis of pyridine-2-aldehydes (V-117) was discovered by 
Markovac and co-workers. Heating 2-methylpyridines (V-114) with iodine 
in dimethylsulfoxide (DMSO) gave the 2-aldehydes (V-I 17) r;ia an oxy- 
dimethylsulfonium halide intermediate (V-116) (322). 

R R 

-QCH* 

V-l€4 V-115 1- V-116 

D. Nuclear Reduction 

The catalytic hydrogenation of various pyridines using platinum metal 
catalysts and various solvents (acidic, neutral, and basic) was reviewed (323). 
Rhodium, although little used for the reduction of pyridines, is a particularly 
effective catalyst under mild conditions (323). There appears to be a “tem- 
perature threshold” for the reduction of pyridines. Thus, with palladium in 
acetic acid many pyridines were reduced smoothly to the piperidines in high 
yields only when the hydrogenations were run at 70 to 80°C (324). Nickel 
catalysts are also effective for reducing substituted pyridines to the piperi- 
dines (325-329). 

A review has also appeared on the reduction of nitrogen heterocycles. 
including pyridines and pyridinium salts with complex metal hydrides. The 
products of these reductions are usually dihydropyridines and tetrahydro- 
pyridines (330). Of particular interest is the reduction of pyridine with 
lithium aluminium hydride, a reaction studied extensively by Lansbury and 
Peterson. The aged solution reduces ketones and aldehydes but not car- 
boxylic acids (331-333), and was used by Giam and Abbott (106) for the 
preparation of 3-substituted pyridines (see Section 2.C.c). 

In a chapter on the 3-Piperideines (1,2,3,&tetrahydropyridines), Ferles 
and Pliml reviewed the literature on the reduction of pyridines using sodium 
and boiling alcohols (the Ladenburg reduction), aluminium hydride and 
complex hydrides, electrolytic reductions, and the LukeS reduction (pyridine 
salts with formic acid) (334). 2,4,6-Trimethylpyridine was reduced electro- 
lytically, with sodium and alcohol, and sodium and butanol and the ratio of 
products formed from each reaction established (335). 
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E .  Nuclear Substitution 

Alk ylpyridines were halogenated in oleum (336,337), sulfuryl chloride, and 
phosphorus oxychloride (338). An ionic mechanism was proposed for these 
reactions (337). Chlorination and bromination of pyridine and methyl- 
pyridines was also affected by reaction with the appropriate halogen in 
presence of aluminium chloride (339). The halogenation of pyridines is 
discussed in detail in Chapter VI. 

The perfluoroalkylation of pyridines usually produces mixtures of isomers 
which can be separated as a result of the difference in basicities of the isomers 
(340,341), and the structures established by "F NMR spectroscopy (342). 
The reaction isconveniently performed by treatingpyridine or its homologues 
with perfluoroalkyl iodide at 170 to 185" in the presence of excess base (340, 
341) or sodium acetate (343), or by heating pentafluoropyridine or 33- 
dichlorotrifluoropyridine and perfluoroalkenesat 1 10" with catalytic amounts 
of cesium or potassium fluoride in DMF (342) (also see Section 3.A). 

Nitration of 2,4-dimethylpyridine gave a mixture of the isomeric 2,4- 
dimethyl-3- and 5-nitropyridines which were separated (344). Pyridine 
underwent N-nitration and nitrosation when treated with nitronium and 
nitrosonium tetrafluoroborate in nitromethane, acetonitrile, tetramethylene 
sulfone, and Iiquid sulfur dioxide. There was no evidence of N to C migration, 
even on heating (345, 856). The nitration of pyridines is discussed in Chapter 
VIII. 

The sulfonation of the methylpyridines using oleum and mercuric sulfate 
is reported to form 2-methylpyridine-5-sulfonic acid (62 %), 3-methyl- 
pyridine-Ssulfonic acid (61 %), and 4-methylpyridine-5-sulfonic acid (60 x )  
(346). 2,6-Di-t-butylpyridine can be sulfonated at C-3, since the steric effect 
of the two t-butyl groups results in a decrease in the basicity of the ring. This 
reaction does not occur with 2,6diisopropylpyridine (347,348). Chapter 
XV also discusses the sulfonation of pyridines. 

The Chichibabin reaction, in which a metal amide reacts with a pyridine 
to form 2- or 4-aminopyridines, is reviewed in detail in Chapters 11 and IX. 
The reaction of4-methylpyridine with sodium hydrazide to form 2-hydrazino- 
4methylpyridine (V-118) (349) probably proceeds by a similar route. The 

V-118 
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mechanistically similar alkylation and arylation of pyridines using organo- 
lithium compounds is discussed in Sections I.2.C.c and 1V.I.A and Chapter 
VII (also see Ref. 100). 

The heterogeneous bimolecular alkylation of pyridines, the Emmert 
reaction, was studied extensively by Bachman and co-workers (350,351). 
This reaction involves the reaction ofa pyridine with a carbonyl compound in 
the presence of magnesium amalgam, when the 2-pyridyl alcohol was 
obtained, or aluminum, when a 4 :  1 ratio of the 2- and 4-pyridyl alcohols 
resulted. This reaction is suggested to  proceed oia an intermediate such as 
V-119. In the case of aluminium, the greater size of the aluminium atom 
permits a possible transannular bridge between the nitrogen on the 4-position 
as in V-120 and thus permits formation of the 4-isomer (350). Bachman and 

R R' 

V-119 M = Mg or Al v-120 

Schisla found that substitution of the ketone or aldehyde component by an 
acid derivative (ester, amide, or cyanide) gave acylpyridines (35 1). Abramo- 
vitch and Vinutha studied the reaction of cyclohexanone and 2-methyl- 
cyclohexanone with pyridine and 3-methylpyridine and found that the C-3 
methyl group directed attack to C-6. The conformation of the products of 
the reaction of 4-r-butylcyclohexanone with pyridine was established by 
NMR spectroscopy, the ratio of cis to rrans alcohol being 54.2:45.8 showing 
that there is little stereoselectivity in this reaction. The mechanism was 
discussed (352). 

F .  Side-Chain Halogenation and Other Substitution 

The chlorination of methylpyridines has, until recently, been useful only 
for the preparation of polychloromethylpyridines such as V-122 to V-124 
(1, 2,353, 354) (see also Chapter V). 

CI 

CHZCI C1 CCI, CI CCI, Ct 
v-121 V-122 V-123 v-I 24 
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Kutney and co-workers found that N-bromosuccinimide (NBS) with 
benzoyl peroxide converted 4-ethylpyridine to 4-( 1,l-dibromoethy1)pyridine. 
HBr and 4-methylpyridine to 4-tribromomethylpyridine.HBr. In the latter 
case, the mono- and dibromomethylpyridines were not obtained. 3-Methyl- 
pyridine did not undergo bromination under these conditions. The order of 
reactivity toward NBS was 4-methyl > 2-methyl > 3-methyl (355). On 
treatment with chlorine in fuming sulfuric acid in the presence of a free- 
radicaI initiator, or on irradiation, 2,6-dimethylpyridine gave 2,6-bis- 
(chloromethy1)pyridine and 2-chloromethyl-6-methylpyridine; 3-methyl- 
pyridine gave 3-chloromethylpyridine (356). Mathes and Schiily found that 
chlorination of 2-methylpyridine with chlorine (2.5 equivalents) in carbon 
tetrachloride in the presence of anhydrous sodium carbonate gave 2- 
chloromethylpyridine (V-212) (65 %) which was purified by extraction into 
2N hydrochloric acid. The 2-dichIoromethylpyridine (5  %) coformed and 
other products remained in the carbon tetrachloride layer. 2,QDimethyl- 
pyridine gave 2-chloromethyl-6-methylpyridine (57 %), 2,4,6-trimet hyl- 
pyridine gave 2-chloromethyl-4,6-dimethylpyridine (55 %), and 2,3-di- 
methylpyridine gave 2-chloromethyl-3-methylpyridine (64 %) by this process. 
The properties, reactions, and uses of the monohalomethylpyridines were 
discussed (357,358). Chlorine is reported to react with 5-ethyl-2-methyl- 
pyridine in concentrated hydrochloric acid to form 5-(a-chloroethyl)-2- 
methylpyridine from which 2-methyl-5-vinylpyridine could be obtained 
(359). 

The Friedel-Crafts reaction fails in the case ofthe pyridines and the possible 
reasons for this lack of activity in pyridines was discussed in Chapter I (1st 
ed.). Although the pyridines do  not undergo a Friedel-Crafts reaction with 
benzyl halides, the reverse reaction in which a chloromethylpyridine-HCl 
reacts with benzene in presence of aluminum chloride produces isomer-free 
benzylpyridines in high yields (see Table V-12) (360). 

TABLE V- 12. Benzylpyridines from the Friedel-Crafts Reaction Using ChloromethylpyridineHCI (3603" 

Reactant Product Yield (z) b.p./mm m.p. (picrare) 

2-ChloromethylpyridineHCI 2-Benzylpyridine 80 145- 147"/15 14 1 - 142 
3-ChloromethylpyridineHCI 3-Benzylpyridine 79 159-160"/17 118 
4-ChloromethylpyridineHCI 4Eknzylpyridine 75 156-1 58"/16 140.5- 144 
2-Chloromethyl-6- 2-Benzyl-6-methylpyridine 73 150-1 53"/17 141 - 142 

meth ylpyridineHCI 

pyridineHC1 

a We thank Verlag Clrcrnic for permission to use this table. 

2.6-Bis-(chloromethyI)- 2.6-Dibenzylpyridine 76 164- 168"/0.2 175- 176 
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2-Phenacylpyridine was prepared by heating benzoyl chloride and 
2-methylpyridine (361). A similar reaction was observed on treating 
4-methylpyridine and Cethylpyridine with benzenesulfonyl chloride, the 
acyl group migrating from the N atom to the C-4 a-carbon (362). 

G .  Side-Chain Metalation 

The lateral metalation of the 2-, 3-, or 4-methyl group in substituted 
pyridines provides a convenient method of introducing various substituents 
into the a-position. The metalation can be accomplished by treating the 
picoline with sodium or potassium amide in a solvent, usually liquid 
ammonia, or by reacting the picoline with an organolithium compound 
in a solvent such as ether or tetrahydrofuran in an inert atmosphere. These 
metalated pyridines react with alkyl halides to  provide the homologues of 
the picolines (146, 363) (see also Section 1.2.C.c.), with halo-substituted 
polycyclic alkadienes such as 1,2-dichloro-2,5-norbornadiene to form 
polyhalo-substituted polycyclic pyridine compounds useful as insecticides 
(364), and uith to-halogenoacetylenes (V-126) to form alkynylpyridines 
(V-127) (365) 

R - p ) C H , h l  + X(CH,),CeCH - R -?9CH2h+ 1-H 

V-125 M = Li, Na, K V-126 V-127 

The laterally metalated (Li and Na) 3- and 4-methyl-, 2-ethy1, and 2- 
isobutylpyridines (V-125) reacted with esters (V-128) to form the picolyl 
ketones (V-129) (366-368). When organolithium compounds were employed 
for the metalation, the products of addition to the azomethine bond were 
also present (367). 2-Picolyllithium reacted with ethyl 2-pyridylacetatc or 
2-pyridylacetonitrile in the same way to form 1,3-di-(2-pyridyl)acetone (369). 
Forcing conditions using excess picolyllithium favored further reaction with 
the ketone to produce the carbinol V-130. These compounds had useful 

V-125 + RICOORZ - 
V-128 

V-129 vi30 
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pharmacological properties. They diminished the tremors induced by 
Tremorine and inhibited enzymatic oxidation reactions of the liver enzymes 
(370). 

Reaction with aldehydes and ketones gave the sec- and t-carbinols 
respectively (371 -373), while formaldehyde gave primary alcohols (374). 
Kauffmann and co-workers found that I .2-bis(6-methyl-2-pyridyl)ethane 
(V-131) underwent selective monolithiation with butyllithium at the methy1 
group and nor the methylene group (373). 

V-131 

The picolyllithium compounds on treatment with carbon dioxide gave 
the pyridylacetic acids which were isolated as their esters (375,376). Chloro- 
methoxymethane produced the /I-methoxyethylpyridine (377) and chloro- 
aikylnitrile gave dicyanoalkanes V-132 (378, 379). 

v- 1 32 

Thenitrosation of2-, 3-,and 4-methyl-. 2-and 4-ethyl-, 2-and4-phenethyl-, 
2- and 4-benzyl-, and 2,4- and 2,6-dimcrhylpyridines was accomplished by 
treating these compounds with sodium or potassium amide in liquid 
ammonia and then with an alkyl nitrite. The products were the respective 
aldoxime or ketoxime (380-382). 

Treating 1,2-dimet hylpyridinium iodide or bromide with sodium meth- 
oxide in methanol and butyl nitrite gave 1 -methylpyridine-2-aldoxime 
iodide or bromide (383,384). Alkyl nitrates gave the nitro derivatives in high 
yields (70 to 90%) (385). 

The addition of 2-picolyllirhium to Schiff bases is a convenient route to 
N, 1 -disu bst it uted-Z( 2-pyrid y l)et h ylamines (V-I 33) (386), and chloromet hyl- 
trimethylsilane or chloromethylphenyldimethylsilane gave the organosilicon 
substituted pyridines which were useful as solvents and lubricants (387, 388). 

V-133 
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Grignard reagents prepared by treating methyl substituted pyridines with 
methylmagnesium bromide or isopropylmagnesium chloride gave the 
carbinols on reaction with ketones (389,390). 

H .  Condensation Reactions 

The side-chain alkylation and aralkylation of 2- and 4-alkylpyridines 
(391-394) has already been discussed (see Section 1.2.C.a). The cyanoethyl- 
ation of the methyl group of 2- and 4-methylpyridines using acrylonitrile 
and catalytic amounts of sodium was reported. By using the appropriate 
ratio of reactants, one or two cyanoethyl groups can be introduced (379). 

Hydroxymethylation of the methyl group at the C-2 or C-4 position of the 
pyridine ring occurs on heating methyl substituted pyridines with formal- 
dehyde or its polymers. The mono(hydroxymethy1)-compounds (V-134) are 
the usual products (395-400), although di- (V-135) and tri-(hydroxymethy1)- 
derivatives (V-136) can also be prepared (401 -403). 

V-134 V-135 v-136 

The condensation of 2- or Calkylpyridines with carbonyl compounds to  
form unsaturated compounds continues to attract attention (404-410). The 
alkylpyridine methiodides also underwent condensation (408) and acetyl- 
ation of the alkylpyridine prior to condensation was reported to improve the 
yield (404). The cis-isomer of a-stilbazole was separated from the known 
trans-isomer by crystallization of the trans-isomer. The liquid cis-isomer was 
purified by chromatography (410). 

I .  Synthesis of Condensed Ring Systems 

2-Benzyl- and 2-ethylpyridines reacted with a-bromoketones to form 
indolizines (pyrrocolines). The reactivity of the C-1 and C-2 positions in the 
indolizine ring was explained by the increased electron densities at these 
positions (41 1). 

Acetylenes react with pyridine and its homologues to give a variety of 
products depending on the solvent and reaction conditions employed. These 
reactions and the reaction mechanisms involved were the subject of a review 
by Acheson (412). A n  exothermic reaction took place on mixing pyridine, 
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the picolines, and 3,5-dimethylpyridine with dimethyl acetylenedicarboxylate 
in ether. From these reactions “labile” 1 : 2 adducts (9aH-quinolizines) 
(V-137), “stable” 1 : 2 adducts (4H-quinolizines) (V-138) (RRI 1688), 
and “Kashimoto compounds” V-139 were isolated. The ‘‘labile’’ adducts 
rapidly isomerized to the “stable” isomers (41 2). The 9aH-qiiinolizine could 

R COOCH, R COOCH, 

COOCH, r i  COOC 

V-137 v-138 V-139 

add dimethyl acetylenedicarboxylate to give a 1 : 3 adduct V-140 (RRI 1688) 
(413). Jackman and co-workers isolated unstable products on treating 
pyridine or 3-methylpyridine with dimetnyl acetylenedicarboxylate in ether 
at -50” and suggested “ylid” structure V-141 for these products (414), later 
changing it to the 1-pyridinium-1-( 1,2-dicarbomethoxyvinyl)-~-carboxylate 
(V-142), the 1 : I : I adduct of pyridine, dimethyl acetylenedicarboxylate, and 
carbon dioxide (present in the cooling bath) (415). This latter structure was 
verified by Acheson and Plunkett (416). 

H,COOC CH.COOCHj 
LC/ & OCH, RldaFe COOMe 

COOMe 
\ N /  \ N /  

COOCH, 
C,jH, COOCH, COOMe 

v-140 V-141 

P 

R’ 
COOMe 

V-142 

In methanol as solvent the pyridines form indolizines (V-143) (RRI 1276) 
f R Z  = COOCH, and CH(OCH,)COOCH,) with dimethyl acetylene- 
dicarboxylate. A mechanism for the formation of these compounds was 
proposed (412). When pyridine, 3- and 4-methyl-, or 3,5-dimethylpyridine 



I .  Alkyl- and Aralkylpyridines 319 

v-143 

were treated with methyl propiolate in acetonitrile, the cycl[3.2.2Jazines 
V-144 (RRI 8333) were isolated (417). In  the case of 3,5-dimethylpyridine 
the corresponding indolizine was also isolated and could be converted to the 
cyclazine on refluxing with methyl propiolate in toluene with palladium on 
charcoal (417,418). 

C/OOCH, 

v-144 

Thieno[2,3-b]pyridine (V-145) (RRI 1347) and thieno[3,2-c]pyridine 
(V-146) (RRI 1345) were obtained by treating pyridines substituted at  the 
3-position by ethyl, vinyl, a-hydroxyethyl, or acetyl groups with H,S at 630" 
(419,420). 

v- I45 V-146 v-147 

4-Ethylpyridine was converted to 4-ethyl-3-pyridinethio1, which was 
dehydrogenated to thieno[2,3-c]pyridine (V-147) (RRI 1346) (421). 

2-Picolyllithium and 1 ,Zepoxyindan gave 1-(2-pyridylrnethyl)-2-indanol 
(V-la), which underwent reductive cyclization to 5a,7,8,9,10,10a,ll, 
1 la-octahydroindeno[ 1,2-hJindolizine (V-149) (422). 

A 

V-148 V-149 

The 2-hydrazinopytidines, prepared by treating pyridine or 4-methyl- 
pyridine with sodium hydrazide, gave the cyclized products V-150 (RRI 
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1094) with acetic acid (R = CH,), urea (R = OH). and cyanogen bromide 

R 

v-150 

J .  Ring-Opening Reactions 

Small amounts of pyrrole are reported to be formed on treating pyridine 
with degassed Raney Nickel (423). Pyridines also undergo photochemical 
ring cleavage (see Section I.4.K). 

K .  Photochemical Reactions 

The photochemical alkylation of pyridines and the photodimerization of 
pyridylalkenes have already been discussed (see Section I.2.C.e). Whitten 
and Lee found that irradiation of I ,2-bis(4-pyridyl)ethylene in methylcyclo- 
hexane or 2-propanol produces the photoreduction product 1,2-bis(4- 
pyridylkthane and the photoaddition products V-151 (R = C7H,3 and 

R 

v-151 

C(CH,),OH, respectively). The mechanism of this reaction was discussed 
(424). 

The photoisomerizat ion of pentakis(pentafluoroethy1)pyridine gives ther- 
mally stable Dewar type and prismane type pyridines (see Section I.4.A). 
Wilzbach and Rausch found that pyridine, the picolines, and several 
lutidines (V-152) form thermally unstable Dewar type pyridines (V-153) 
on irradiation, which can undergo hydrolysis to olefinic amino aldehydes 
( V - M ) ,  or reduction with sodium borohydride to 2-azabicyclo[2.2.0Jhex- 
5-enes (V-155) (425). 

Joussot-Dubien and Houdard studied the reversible photolytic cleavage 
of pyridine in water or  alcohol and proposed the formation of the unsaturated 
amino aldehyde (V-156) (R = R' = H), which was detected by ultraviolet 
absorption spectroscopy (426). 



I .  Alkyl- and Aralkylpyridines 32 1 

RmR hr ,Rm ___t NaBH, 'nH 
N R' R' 

V-152 V-153 V-155 

R R' 
I I [mOH] H, N-CH=C-CH=C-CHO 

H 
v-154 v-156 

The 3,5-dicarbalkoxy-substituted pyridines gave on photolysis a variety 
of products including pyrroles and dihydropyridines (427). 

5. Heteroaralkylpyridines Including Di- and Polypyridylalkanes 

The reaction of a.o-dihaloalkanes with picolyllithium (428), picolylsodium 
(429), or pyridyl Grignard reagents (430) was used to  prepare a series of 
di-(2-pyridyl)alkanes. Di-2-pyridylmethanes (V-157) were obtained from the 
reaction of pyridines with substituted 2-picolylsodium (431). 

V- 157 

4-Vinylpyridine condensed with pyrroles in the presence of acid to form 
2-[2-(4-pyridyl)ethyI)pyrroles (V-158). These compounds were found to 
possess hypotensive and antitremor activity (432). 2,4-Di(2-pyridyl)pentane 

R' 

R4 

v-158 

was prepared by refluxing 2-ethylpyridine and 2-vinylpyridine in the 
presence of potassium. Ethyl a-(2-pyridyl)propionate was condensed in the 
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same way with 2-isopropenylpyridine, and the resulting ethyl 2,4-di-(2- 
pyridyl)pentane-2-carboxylate was hydrolyzed and decarboxylated to 
2,4-di-(2-pyridyl)pentane (433). 1,3-Di-(2-pyridyl)butane and 1 , 2 4 4 2 -  
pyridy1)propane were prepared from 2,4-di-(2-pyridyl)butan-l-ol and 2- 
methyl-2,3-di-(2-pyridyl)propan-l-ol, respectively, by dehydration followed 
by reduction (433,434). 

Electrolytic dimerization of vinylpyridines (435) and electrolytic coupling 
of vinylpyridines with alkenes (75) has been used to prepare dipyridylaIkanes. 

Diphenyl(2-pyridy1)methanes were obtained on condensing phenyl(2- 
pyridy1)carbinol with a phenol in the presence of 94 % sulfuric acid. These 
compounds were useful as laxatives or disinfectants (436). 

The sodium derivatives of the three diphenylpyridyl methanes (V-159; 
R = H), obtained by reaction with sodamide in toluene, were alkylated with 
alkyl or aralkyl halides (437). 

V-159 

The sodium derivatives of various dipyridylalkanes gave, on treatment with 
ethylene oxide, bis-(P-hydroxyethy1)-dipyridylalkanes which could be used 
to enhance the dyeing properties of synthetic fibers to improve the quality 
of rubber and to protect steel (438). 
N-(Diarylpyridy1methyl)irnidazoles (V-160) with antimycotic properties 

(439) and 2-[a-(2-pyridyl)benzylJimidazoline (V-161) with antidepressive 
activity (440) were prepared. 

v-160 
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6. Pyridinophanes 

The pyridinophanes comprise the group of pyridines bridged at the 
ortho-(2,3- or 3,4-), rneta-(2,4- or 35-  or 2,6-), or para-(2,5-) positions by 
hydrocarbon or substituted hydrocarbon residues. Substitution of the 
pyridine ring would increase the number of isomers possible. Since the bridge 
may itself carry one or more pyridine or other aryl or heteroaryl moieties, a 
large number of pyridinophanes are possible. A book by Smith covers the 
nomenclature, methods of synthesis, and properties of the bridged aromatic 
compounds (including the pyridinophanes) (441), and Vogtle and Neumann 
have recently proposed a systematic method of nomenclature for the phanes 
(442,443). This section on the pyridinophanes is included because of the 
current interest in this area and because some of the pyridinophanes, due to 
steric interactions, possess properties (spectroscopic and chemical) quite 
different from those shown by the alkylpyridines (441,444,445). In Section 
1.1, some of the methods of synthesising ortho-bridged pyridinophanes 
were described. 

The structure of muscopyridine, a base isolated from the perfume gland 
of the musk deer was established as 9-methyl-[10](2,5)pyridinophane 
(V-162; R = CH3, R' = H), and this structure was confirmed by a multi- 
stage synthesis (446). 

R' 

U 

V-162 V-163 

The three-step synthesis by Gerlach and Huber of a series of [n](2,5)- 
pyridinophanes (V-163; X = CH,) (61) has been mentioned (Section 
I.2.B.d). Reduction of the lower members (n < 12) of the [nJ(2,5)pyridino- 
phan-n-ones using lithium aluminium hydride gave diastereomeric [n](2,5)- 
pyridinophan-n-01s. [9](2,5)Pyridinophane was also resolved into its 
enantiomers V-164 and V-165 (61). 

v-164 V-165 
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Nozaki, Fujita, and Mori prepared [73(2,6)pyridinophane (V-166) (44 %) 
by :he action of hydroxylamine hydrochloride (2.5 equivalents) on cyclo- 
dodecane-1,Sdione. This compound failed to form an N-oxide as a result 
of the steric effect of the bridge (447), while the corresponding decamethylene 
bridged compound formed an N-oxide readily (446). 

V-167 

11,13-Dimethy1[9](3,5)pyridinophane (V-167) was prepared by Balaban 
from the corresponding pyrylium perchlorate (448). Georgi and Retey 
employed a similar approach to prepare 13-methyl[ 10)(2,6)pyridinophane 
(V-162; R = H, R' = CH,) and the dimethyl[l0.10](2,6)pyridinophane 
(V-168) (449). 

CH, e( ,"H*)lo~ - - CH 3 

(CHd,, 

Prelog and Geyer used a multistage process for the synthesis of [13](2,3)- 
pyridinophane (450). 

Sutherland and co-workers have prepared a series of [2,2]metacyclo- 
phanes (V-169; A = B = CH; A = CH, B = N; A = B = N) which were 
shown to have a non-planar chair conformation as shown. These structures 

V-168 

V-169 

were conformationally rigid and ring inversion occurred only on heating, 
as shown by NMR spectroscopy. From this study the nonbonded inter- 
actions were found to be in the order N, N < N, CH < CH, CH (451,452). 
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Jenny and Holzrichter subjected 3,5-bis(chloromethyl)pyridine to a 
Wurtz reaction with sodium and tetraphenylethylene and, by gradient 
elution chromatography of the product, isolated [2.2](3,5)pyridinophane 
(V-170) (5  %), [2.2.2](3,5)pyridinophane (V-171) (4.2 x,), and [2.2.2.2](3,5)- 
pyridinophane (V-172; A = N, B = CH) (1.5 %) (453). The same reaction 
using 1,2-bis(6-chloromethy1-2-pyridyl)et hane gave [2.2.2.2](2,6)pyridino- 
phane (V-172; A = CH, B = N)(4.2 %) and [2.2.2.2.2.2](2,6)pyridinophane 
(2.1 %). The octameric pyridinophane was also detected spectrometrically 
(454). 

Starting with 2,6-bis(chloromethyl)pyridine Bockelheide and Lawson pre- 
pared [2.2](2,6)pyridinophane-l,9-diene (V-173) by an interesting sequence 
of reactions. This compound did not undergo spontaneous valence tautomer- 
ization to 15,16-dihydro-15,16-diazapyrene (V-174) as predicted by earlier 

v-173 V- 1 74 

workers (455). Boekelheide and Pepperdine also prepared 4,6,8,12,14,16- 
hexamethyl[2.2](3,5)pyridinophane (V-175) by a Wurtz reaction on 3,4- 
bis(bromomethyl)-2,4,6-trimethylpyridine and 4,6,8,16-tetramethyl-5-aza- 
[2.2]metacyclophan-l-ene (V-176) which was dehydrogenated by ruthenium- 
on-alumina to trans-l,3,15,16-tetramethyl-2-azadihydropyrene (V-177). This 
latter compound, like other dihydropyrenes, undergoes photoisomerization 
to the metacyclophane-lY9-diene valence tautomer (V-178) (456). 
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CH, g; \ 

V-178 

A novel hexadentate macrocyclic ligand Schiff base, 6,12,19,25-tetra- 
methyl-7,11,20,24-dinitrilodibenz0[6,rn][~ ,4,12,1 5]tetraazacyclodocosine 
(V-179) was obtained by condensing 2,6-diacetylpyridine with o-phenylene- 

V-179 

7. Pyridine Mids 

Certain reactions of l-methylpyridinium halides are recognized as 
proceeding via one of two possible pyridine ylid intermediates V-180 or 
V-181. Studies on the deuterium exchange of 1-methylpyridinium salts have 
indicated the formation of the ylid V-180 as a reaction intermediate (458). 
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CH3 

v-180 

.CH2 

V-181 

Krohnke found, however, that 1-(2-hydroxy-2-phenylethyl)pyridinium 
bromide (V-182) was the product (over 80 %) when 1-methylpyridinium 
bromide was condensed with benzaldehyde, the reaction proceeding through 
the ylid V-181 (459). 

Quast and co-workers have shown that the ylid V-180 is conveniently 
obtained by the thermal decomposition of the betaine 1 -methylpyridinium- 
2-carboxylate. The ylid can be trapped by electrophilic reagents (460-462). 

Howe and Ratts have studied these reactions and found that thermolyzing 
1-methylpyridinium-2-carboxylate hydrochloride in the presence of benz- 
aldehyde gave 2-(cc-hydroxybenzyl)-I -methylpyridinium chloride (V-183) 

CH,CH C, H 

OH 
I 

V-182 
V-I83 

(83 %) (463). This novel synthetic approach merits further investigation 
since it has the obvious advantages of simpiicity and high yields. 

11. Allcenyl- and Aralkenylpyridines 

Reviews have appeared on the synthesis and properties of 2-vinylpyridine 
(464,465), 3-vinylpyridine and 4-vinylpyridine (465), and 5-ethyl-2-vinyl- 
pyridine (466). 

1. Preparation 

A. From Metallopyridine Compounds 

Three different approaches have been employed for the synthesis of alkenyl 
and aralkenylpyridines from metallopyridines. Picolyllithium or picolyl- 
magnesium bromides on reaction with alkenyl halides form the alkenyl or 
aralkenylpyridines (467) (see also Chapter 1, 1st ed.). 
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The lithium derivatives of pyridines, picolines, or benzylpyridine react 
with carbonyl groups to form the respective carbinols, which are then 
dehydrated (468-471). Conversely, an organolithium compound can be 
treated with a pyridine aldehyde or ketone to give the carbinol which, on 
dehydration, produces a mixture of the cis- and rrans-stilbazoles (472). 
Trans-l,2-di-(2-pyridyl)ethylene (V-184) was obtained in 60 % yield (468), 
and Villani and co-workers prepared a number of stilbazoles by this method 
and examined their hypocholesteremic and estrogenic properties (469). 
The reaction of 4-picoIyllithium with isobuteroyl chloride in tetrahydrofuran 
gave the carbinol (V-185) which was dehydrated to the olefin (V-186) (470). 

v-184 V-185 

v-186 

A third approach utilizes the addition of a picolyllithium to a Schiff base. 
At  low temperatures and with short reaction periods the product is a 
pyridylethylamine. On warming or with prolonged reaction times there is a 
rapid elimination of an amine with the formation of a stilbazole. 4-Stilbazole 
(36 %) and I,l-diphenyl-2-(4-pyridyl)ethylene (81.4 %) were prepared by this 
method (473). 

B .  Condensation with Carbonyl Compounds 

The condensation of aldehydes and ketones with 2- and 4-alkylpyridines 
containing two a-hydrogen atoms provides a convenient method of pre- 
paring alkenyl compounds (see Sections I.2.C.a and I.4.H and Chapter V, 
1st ed.). In addition to the 2- and 4-alkylpyridines (466,474-490), their 
quarternary salts (491 -493), N-oxides (478), and N-ethoxypyridinium 
halides (494) also condense with carbonyl compounds. Some of the pyridine- 
1-oxides were reported to undergo concomitant deoxygenation (478). In 
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these condensations the rrans-stilbazole isomer predominates (474). Con- 
densations employing higher aromatic ring aldehydes were successful (479). 
1,2-Bis(2-pyridyl)ethylene was prepared by condensing pyridine-Zaldehyde 
with 2-methylpyridine using zinc chloride as the catalyst (490). Preliminary 
treatment of the alkylpyridine with an acid chloride followed by condensation 
with the carbonyl compound (404,478), and the use of chlorocyclophosph- 
azines (477) and piperidinium acetate (478) as catalysts have been described. 
Condensation with dialdehydes such as glyoxal or terephthaldehyde produces 
the dialkenyl compounds (476,491). 

The use of formaldehyde for the preparation of vinylpyridines via the 8- 
hydroxyethylpyridine was investigated in detail (481 -493). In all cases the 
intermediate carbinol could be isolated. 2-Picoline gave 2-vinylpyridine 
(485,487,488); 2-methyl-5-vinylpyridine gave 2,5-divinylpyridine (482,483, 
489); 2,6-dimethylpyridine gave 2-methyl-6-vinylpyridine (484) and 2,6- 
divinylpyridine (481,484); 5-ethyl-2-methylpyridine gave 5-ethyl-2-vinyl- 
pyridine (466); and 2,4,6-trimethylpyridine gave 4,6-dimethyl-2-vinyl- 
pyridine, 4-methyl-2,6-divinylpyridine, and 6-methyl-2,4-divinylpyridine 
(486) by this method. 

The pyridylacetic acids (including the 3-isomer) condensed with aldehydes 
and the resulting B-phenyl-a-pyridylacrylic acids (V-187) gave stilbazoles on 
decarboxylat ion (495-497). 

R 

3-(Pyridylmethy1ene)oxindoles (V-188) have been prepared by the con- 
densation of isatin with picoline (857,858). The Knoevenagel condensation 
of the pyridine aldehydes with oxindole is reported to be a versatile method 
for preparing these compounds, whose geometry has not been established 
(498). Pyridine-3-aldehyde condensed in the same way with fluorene to form 
9-(3-pyridylmethylidene)fluorene (50 to 60 x )  (499). 
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The versatile Wittig reaction has only recently been applied to the synthesis 
of alkenylpyridines (456,500-502). Baker and Gibson prepared a large 
number of 4-stilbazoles (V-189) by reacting pyridine4aldehyde (V-190) with 
benzyItriphenylphosphonium halide (V-191) or, conversely, by the action of 
aryl aldehydes (V-192) on picolyltriphenylphosphonium halides (V-193), 
in the presence of base. These stilbazoles were tested as inhibitors of choline 
acetyltransferase (500). These condensations gave mixtures of the cis- and 

R 

\ N>cH=cH& 

N ( H o  + (CbH5)3hCH2 hx- 
v-190 V-191 

v-189 R 
I 

V-192 V-193 

trans-stilbazoles which were separated and identified by their ultraviolet 
absorption spectra (500). 

Bodalski and co-workers used 0,O-diethyl 3-pyridylmethylphosphonate 
with potassium t-butoxide as the base to prepare alkenylpyridines (502). 

The stilbazole V-194, obtained in 66 % yield by the Wittig reaction, gave 
the novel 4-azahexahelicine (V-195) on photolytic cyclodehydrogenation in 
the presence of iodine (501). 

hv 

II 

4 

’ \  @ \ / 

v-194 V-195 

Neobetenamine (V-1%) was synthesized by the Vibmeier-Haack reaction 
bet ween 4-met hy lpyridine and N-form ylindoline (503). gyl \ /  

v-1% 
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C .  Condensation with Dienes 

Alkyl-substituted pyridines containing at least one a-hydrogen atom 
undergo base-catalyzed condensations with dienes to give alkenylpyridines 
(504-509). Usually a mixture of products is obtained. Lithium, sodium, 
potassium, sodamide, and potassium t-butoxide were used as the catalyst. 
Pines and co-workers have shown that there is a marked difference in the 
products obtained depending on whether lithium, sodium, or potassium is 
employed. Potassium is the most reactive but the least selective, while 
lithium is the most selective but has the slowest addition rate. Thus in the 
condensation of Cisopropylpyridine with isoprene, lithium gives the “tail” 
addition product V-lW as the major product, while potassium provides an 
approximately 1 : 1 mixture of both “tail” and “head” (V-198) addition 
products. Diaddition products are also produced in these reactions (506). 

CH3 CH, 
I I  

CH,-$CH2C=CHCH3 

V-197 V-198 

Another complication that arises particularly when sodium is employed is the 
migration of double bonds (509). 

These reactions usually employ excess of the alkylpyridine as the solvent. 
Pines and Stalick found that a homogeneous reaction is possible when 
potassium t-butoxide is used in dipolar aprotic solvents such as hexa- 
methylphosphoramide and dimethylsulfoxide. Advantages claimed are short 
reaction times, high yields of products, and little side reaction. Alkylations 
and aralkylation also proceed smoothly in this system (507). 

The Diels-Alder reaction between butadiene and acrylonitrile normally 
produces cyclohexenenitrile. However in the presence of a catalyst, 2- 
vinylpyridine is also formed. Janz and Duncan have studied this cyclo- 
addition in detail (510,511). 

D .  Dehydration of Carbinols 

The conversion of the readily available pyridinecarbinols into alkenyl- 
pyridines may be brought about by direct dehydration or by conversion to the 
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alkyl halide followed by dehydrohalogenation. The dehydration is usually 
accomplished in the presence of a basic or acidic catalyst or by thermolysis 
of the alcohol or the derived acetate. 

The preparation of vinylpyridines from the hydroxyethylpyridines (see 
Section II.l.B) is usually accomplished by heating with aqueous sodium or 
potassium hydroxide (481-493,512-514). A modification of this method in 
which 2-pyridylethanol is dehydrated and the product removed as it is 
formed, by steam distillation, gave an essentially quantitative yield of 
2-vinylpyridine (5 14). 

The dehydration of carbinols using acid catalysts is reported (515-519). 
Alkenylpyridines containing amino substituents in the pyridine ring (518) 
or in the side chain (515) were made by this process. Pyridylindenes (V-200) 
were made by the dehydration of the indanol(516) or by the cyclodehydration 
of 2-phenyl-3-pyridylbutan-2,3-diols (V-199) (517). An interesting synthesis 

v-199 v-200 

of 5-n-butyl-2-propenylpyridine is that of Hardegger and NickIes. 5-n-Butyl- 
2-propylpyridine was converted to its N-oxide, which with acetic anhydride 
gave 2-(a-acetoxy-n-propyl)-5-n-butylpyridine. This compound was hydro- 
lyzed to the alcohol and dehydrated to the alkenylpyridine (519). 

The thermolysis of a-hydroxalkyl- or a-acetoxyalkylpyridines is a 

yr 

@ N' 

V-203 

Q 
v-202 

-+ 
v-204 

v-205 
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satisfactory method for the synthesis of vinylpyridines (520-522). 2-Vinyl- 
pyridine (67 %), 2-( l-buteny1)pyridine (34 %), and 4-vinylpyridine (83 %) were 
prepared by this route (522). Yoshida and co-workers studied the flash 
thermolysis of l-arylbut-3-enyl acetates. They found that compounds such as 
1 -(4-pyridyl)but-3-enyl acetate (V-201) gave the diene V-202 and the Cope 
reaction products V-203 and V-204(RRI 1708). A totally unexpected product 
V-205 (RRI 1707) was also found and its formation is explained by an 
azacyclodecapentene intermediate (523). 

Heating 2-methyl- and 4-methylpyridine-l-oxides with benzyl alcohol in 
the presence ofpotassium hydroxide gave the 2- and 4-stilbazoles. 2-Pyridine- 
methanol, 4-pyridinemethanol, and 6-methyl-2-pyridinemethanol could be 
used instead of benzaldehyde, to prepare the trans- 1,2-dipyridyIethylenes 
(524). 

E .  Side-Chain Dehydrohalogenation or Dehalogenation 

The method of dehydrohalogenation is seldom used because the required 
haloalkanylpyridines are usually obtained from the carbinols. 2-Methyl-5- 
vinylpyridine (41 to 43 %) was obtained by treating 5-(a-chloroethyI)-2- 
methylpyridinium hydrochloride with trialkylamine and the resulting 
quarternary ammonium salt with strong aqueous potassium hydroxide (525). 
The unstable 6-butenyl-2-methylpyridine was also obtained from the alcohol 
riu the chloride (526). 

The zinc debromination of 1,2-dibrom0-2-(2,5-dimethylpyrid-4-y1)-1- 
phenylethane gave 2,5-dimethyl-4-styrylpyridine (V-206) (527). 

v-206 

F .  Side-Chain Dehydrogenation 

The vapor phase catalytic dehydrogenation of 5-ethyl-2-methylpyridine 
(MEP), usually in the presence of steam, to produce 2-methyl-5-vinyl- 
pyridine (MVP), was studied extensively (528-537). Yields of up to 80% 
MVP at 70 to 80% conversion of MEP were reported (529). Purification of 
the product by distillation presents problems because of the polymerization 
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of MVP. Haskell and McKay effected purification by treatment with n- 
pentane, in which the polymer alone is insoluble (538). Dehydrogenation of 
ethylvinylpyridine to  divinylpyridine (539) and 4-ethylpyridine to 4-vinyl- 
pyridine(536,540, 541) were reported. A method ofdepolymerization leading 
to the recovery of 48.7 to 51.1 ”/, of vinylpyridine was patented (542). The use 
of sulfur, carbon disulfide, thiourea, thioglycollic acid, or thioacetamide to 
effect dehydrogenation of alkylpyridines was described (543). 

2. Properties 

The physical properties of the alkenylpyridines are summarized in Table 
V-13, and the aralkenylpyridines in Table V-14. 

The stilbazoles V-207 and V-208 (A = CH) and the 1,2-dipyridylethylenes 
V-207 and V-208 (A = N) exhibit geometric isomerism, and the cis-V-208 
and trans- V-207 isomers of the 2-stilbazoles (474, 500,544, 549, 1,2-bis(2- 
pyridy1)ethylene (490,524,546), and 1,2-bis(4-pyridyl)ethyIene (524, 546, 
547) were separated by column chromatography. The isomers so far isolated 
have usually been the trans-isomers because they are more stable and in- 
variably have higher melting points than the cis-isomers. 

V-207 v-20s 

The photoiytic cis-fruits isomerization of the 2-stilbazoles was studied. 
The methyl iodide or hydrochloride salt of 2-stilbazole on irradiation 
underwent dimerization (139, 545) (see Section 1.2.C.e). In solution there 
was interconversion of the cis- and trans-isomers, the equilibrium being 
determined by the wavelength of the radiation. Spectroscopy was employed 
for the analysis of these mixtures (544, 545,548). 

The infrared spectra of several alkenylpyridines have been published (1 81). 
The infrared and ultraviolet spectra of cis-2-stilbazole (544) and cis- and 
trans- 1,2-bis(4-pyridyl)ethylene (547) were reported. It was observed that 
the 1 ,Zdisubstituted ethylenes show a strong trans-CH=CH band at 
975 to 991 cm-’ in the infrared region (524). The alkenylpridines in 
methanol, hydrochloric, or sodium hydroxide solution show two absorption 
bands in the ultraviolet region. In the case of the vinylpyridines these bands 
are at about 282 and 236 mp in both methanolic or  basic solutions, while in 
acid solution they occur at 292 and 235 mp (549). Ultraviolet spectroscopy 
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was used to distinguish between cis- and trans-isomers (500, 544, 547). 
Galiauo and co-workers prepared the six isomeric styrylpyridines (cis- and 
trans-2-, 3- and 4-stilbazoles) and some of their substituted derivatives and 
investigated the effect of substitution and geometrical and nitrogen-positional 
isomerization on the dissociatiop. constant, ultraviolet, and infrared spectra 
of these compounds. This work shows that spectroscopy can be used to 
distinguish between the isomers (550). 

The biological activity of several stilbazole analogues were investigated. 
The preparation of 1-(5-nitr0-2-furyl)-2-(2-pyridyl)ethylenes (V-209), of 
use as antibacterial and fungicidal agents was described (551). A number of 

v-209 

substituted stilbazoIes and dihydrostilbazoles were tested for their hypo- 
cholesteremic and estrogenic activity (469), and forty-three 4-stilbazole 
analogs were examined for their activity in inhibiting choline acetyltrans- 
ferase from rabbit brain (500). 

The isolation of vinylpyridines from mixtures by distillation after acid 
treatment (552) or by precipitation as a copper chloride complex (553) were 
reported. The purification of MVP by gradual freezing (554) and of vinyl- 
pyridines by counter current exchange methods (555,556) are also possible. 
Various compounds were recommended for inhibiting the polymerization 
of alkenylpyridines (557-569,571, 572). 

3. Reactions 

A .  Oxidation 

The ozonolysis of vinylpyridines was investigated by Callighan and Wilt. 
Ozonolysis at low temperatures (-40°C) in methanol as solvent, with 
reduction of the active oxygen products by sodium sulfite, gave high yields 
of pyridine aldehydes. At room temperature (-I- 30°C) pyridine carboxylic 
acids were isolated. Tabte V-15 summarizes the data (573). 

Peracetic acid reacts with trans-a-stilbazole in ether to precipitate an 
unstable solid which slowly evolved acetic acid and produced a-stilbazole- 
1-oxide (574). 



11. Alkenyl- and Aralkenylpyridines 34 I 

TABLE V- 15. Ozonolysis of Vinylpyridines 

Low temperature (-40°C) Room temperature (+  3WC) 

Pyridine Product Yield (OL) Product Yield (":) 

2 - V i n y 1 2-Aldehyde 65 2-Carboxylic acid 62 
4-Vinyl 4-Aldehyde so 4-Carboxylic acid 61 
2-Methyl-5-vinyl 2-Methyl-5-aldehyde 75 2-Methyl-5-carboxylic acid 40 
6-Met hyl-2-vinyl 6-MethyI-2-aldehyde 80 6-Methyl-2-carboxylic acid 62 
5-Ethyl-2-vinyl 5-Ethyl-&aldehyde 63 5-Ethyl-2-carboxylic acid 40 

B.  Reduction and Hydrogenation 

6-Ethyl-2-methylpyridine was prepared in 92 % yield by the hydrogenation 
of 2-methyl-6-vinylpyridine using Raney nickel as catalyst (575). 2-, 3-, And 
4-amyl- or -nonylpyridine were also obtained by the catalytic hydrogenation 
of the appropriate alkenylpyridine (65,576). 

The electrolytic reductive dimerization of vinylpyridines was mentioned 
earlier (Section 1.2.B.g) (75,76). 

C .  Addition of inorganic Molecules 

The addition of C1,SiH to 2- or Cvinylpyridines to form 842- or 4pyridyl)- 
ethyltrichlorosilane occurred readily on heating to 150" in the absence of a 
catalyst (577-579). The compounds could be hydrolyzed to the pyridyl- 
ethylpolysiloxanes (577-579) useful as anion exchange resins (5781, or treated 
with methyl magnesium bromide to form the f?-trimethylsilylethylpyridine 
(577). The alkenylpyridines also added CH,CI,SiH in a similar manner. 
Subsequent treatment with ethyl orthoformate gave the f?-pyridylethyl 
methyldiethoxysilane (580). 

Reaction of 2-vinylpyridine with decaborane in benzene gave a red 
thermoplastic powder recommended for use in rocketry (58 1). 

The rate of the iodocyclization of 2-(3-butenyl)pyridine (V-210) was 
studied, the product being V-211 (582). 

v-210 v-211 
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Phosphites or thiophosphites add to 2-vinylpyridine on heating. Lower 
reaction temperatures are possible when sodium ethoxide is used as a 
catalyst, yields of the order of 60% being realized (583). 

Hydrogen sulfide adds to 2-, 3-, and 4-vinylpyridine. Hansch and Carpen- 
ter were able to identify only di-(4-pyridylethyl)suIfide (V-212) from the 

v-212 

reaction with 4-vinylpyridine (584). Klemm and co-workers, however, have 
shown that thieno[3,2-b]pyridine (V-213) (RRI 1344) was formed on 
heating 2-vinylpyridine with hydrogen sulfide (585), thieno[2,3-b]pyridine 
(V-145), and thieno[3,2-cfpyridine (V-146) are obtained from 3-vinylpyridine 
(419) and thieno[2,3-~]pyridine (V-147) from Cvinylpyridine (420). These 
bicyclic compounds are formed by dehydrocyclization of the pyridylethyl 

V-213 V-145 v-146 V-147 

mercaptans. Benzyl mercaptan could be used instead of hydrogen sulfide 
(420, 586). Other negatively substituted aliphatic mercaptans have also been 
added to vinylpyridines (75 to 90% yields) (65,587). 

D .  Addition of Organic Molecules 

The addition of amines (65, 399, 588-597), hydrazines and acid hydrazides 
(595,598-601), and hydroxylamine (600, 602) to vinylpyridines was investi- 
gated. The reactions, usually acid-catalyzed, proceeded as expected in most 
cases to form the pyridylethyl derivatives. Diamines, aliphatic, and aromatic 
amines could be used. 2- Or 4-vinylpyridine gave excellent yields of the 
N,N-dipyridylethyloxyamines (V-124; R = H or CH,C,H,) with hydroxyl- 
amine or 0-benzylhydroxylamine (600). Phthalhydrazide gave N-[2-(2- or 

0 

V-2 IS 
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4-pyridylethyllphthalhydrazide (78 and 93 %) (V-215) (RRI  1628) with 
2- or 4-vinylpyridine (600). 2- And 4-vinylpyridine reacted with N-hydroxy- 
pyrrolidine and similar N,N-disubstituted compounds to form products 
such as V-216 which do not contain oxygen (602). 

V-216 

Further examples of the pyridylethylation of organic compounds con- 
taining active hydrogen atoms were reported (594,603-612). 2- And 
4-vinylpyridines added to alkyl and aralkylnitriles (594, 603), acid amides 
(594), and keto esters (604) in the presence of base (594, 604) or Triton B 
(603). Indoles (605-610), benzotriazole, benzimidazole (607), indenes (610), 
and pyrroles (61 1,612) were pyridylethylated by vinylpyridines. The use 
of the sodium or potassium salt of indoles resulted in the formation of the 
N-pyridylethyl derivative V-217 (606,607,609), while in an acid medium 
addition occurred at C-3 to give V-218 (607-610). 

V-217 

In an acid medium the pyrroles underwent pyridylethylation at both the _ -  - 
C-2- and C-5-positions io- give the 2,5-bis(pyridylethyl)pyrroles (V-219) 
(432, 61 1). 

RZ R' 

v-219 

Carbethoxycyclopropylpyridines were obtained from the reaction of 
vinylpyridines with ethyl diazoacetate. The product was shown to consist of 
a mixture of the cis- (V-220) and trans- (V-221) isomers (612). 
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v-220 v-221 

The reaction of 2-vinylpyridine with aryldiazonium chlorides with added 
copper (11) chloride gave V-222 which could be dehydrochlorinated to 2- 
stilbazoles (613). 

v-222 

E .  Willegerodt Reaction 

The Willgerodt or Willgerodt-Kindler reaction was used to prepsre 
2-pyridylacetamide from 2-vinylpyridine (389) and 2-methylpyridyl-5-acetic 
acid from 2-methyl-5-vinylpyridine (614). Suminov has shown that in the 
WilIgerodt-Kindler reaction using 2-methyl-5-vinylpyridine the vinyl group 
is more reactive and is attacked preferentially (614.615). A by-product of the 
reaction was 2-methyl-5-pyridylethyl mercaptan (614). 

F .  Diels-Alder Reaction 

The cycloaddition of 2-, 3-, or 4-vinylpyridines or their alkyl derivatives 
(V-223) to substituted oxazoles (V-1 I )  in a polar solvent in the presence of an 
acid produces Cpyridylpyridines (V-225) oia the adduct V-224 (616,617). 

V-224 

v-225 
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Vinylpyridines also condensed with isoprene and piperylene to form 
1-methyl-4-pyridylcyclohexene and its isomers (61 8). 

The Diels-Alder reaction of vinylpyridines with anthracene produces 
1 I-pyridyl-ris-9,I 0-di hydro-9,lO-endo-et hanoant hracenes (V-226) which have 
potential use as antihistaminic and diuretic agents (619). 

V-226 

G .  Synthesis of Condensed Ring Systems 

The synthesis of the thienopyridines by the addition of hydrogen sulfide 
to the vinylpyridines has already been discussed (Section II.3.c). 

Acheson and Feinberg have studied the condensation of cis- and rrans- 
stilbazole with dimethyl acetylenedicarboxylate. The initial “labile” adduct 
was shown to be tetramethyl 6-styryl-9aH-quinolizine- 1,2,3,4-tetracarboxyl- 
ate (V-227) (RRI 1688), which on heating was converted to the “stable” 
4H-isomer V-228 (RRI 1689), and finally to tetramethyl 1,2-dihydrocycl- 
[3,3,2]azine-Za,3.4,5-tetracarboxylate (V-229) (620) (see Section I.4.J). 

COOCH, 
COOCH, pH3 COOCHJ 

C6H 5 

V-227 

COOCH3 

C6H5 

v-228 

COOCH, 
COOCH, @ COOCH, 

COOCH, H 

H‘ ’CJb 

V-229 

The photocyclization of aralkenylpyridines provides a convenient route 
to many condensed ring systems which are comparatively inaccessible by 
other methods. Loader and co-workers have cyclized 2-, 3-, and 4-stiIbazoles 
and 1,2-di-(2- and 4-pyridy1)ethylenes by this method (621). Bortolus and 
co-workers extended this reaction to the four cis-stilbazoles substituted with 
a methyl group in the pyridine ring (622) and have shown that 3-styrylpyridine 
can photocyclize at the C-2 or C-4 position of the pyridine ring to give the 
two isomers, 5,6-benzoquinoline (V-230) (RRI 3524) and 7,8-benzoquinoline 
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V-230 v-231 

(V-231) (RRI 3526), respectively (623). Kumler and Dybas have examined 
the effect of various parameters on this photocyclization reaction (624). 

The synthesis of an azahelicine by this method has been reported (501) 
(see Section II.1.B). 

H .  Polymers and Their Properties 

Numerous publications have appeared on the polymerization and copolym- 
erization of alkenyl- and aralkenylpyridines (467,488,625-638). The 
mechanism of the polymerization of vinylpyridines (625) and the kinetics of 
the solution polymerization of 4-vinylpyridine (626) were studied. Polymers 
of 2-vinylpyridine (628) and copolymers of vinylpyridines with styrene, 
dichlorostyrene, and a-methylstyrene (627) were recommended as ion- 
exchange resins. Polymers containing heavy-metal salts had water-proofing, 
fungicidal, and insecticidal properties (629), and polymers with metal 
acetylacetonate incorporated were examined for their thermal stability (636). 
Acrylonitrile graft polymers with vinylpyridines can be spun into fibers from 
an N,N-dimethylacetamide solution and can be dyed with acid dyes (632). 
General purpose rubbers with excellent physical properties were made 
(623,634). Copolymers of truns-l,2-di-(2-pyridyl)ethylene with butadiene 
and styrene have been made (467). 

I .  Photochemical Reactions 

The photochemical reactions of the aralkenylpyridines have been studied 
extensively (see Sections I.2.C.e, II.2., and II.3.G). The aralkenylpyridines 
and their salts undergo photodimerization in the solid state (139). In dilute 
solutions, the cis- or trans-stilbazoles undergo an initial cis-trans isomeriza- 
tion followed by a dehydrocyclization to condensed ring systems, the reaction 
being catalyzed by iodine. In concentrated solutions dimerization also 
occurs. 
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111. Alkynyl- and Aralkynylpyridines 

1. Preparation 

The dehydrohalogenation of dihaloalkyl- and aralkylpyridines was used 
to prepare 2-, 3-, and 4-ethynylpyridines (639,640), 5-ethynyl-2-methyl- 
pyridine (641,642), 6-butynyl-2-phenylethynylpyridine, and 2-methyl-6- 
phenylethynylpyridine (526) and di-(2-pyridyl)-, (2-pyridyl)(3-pyridyl)-, and 
(2-pyridyl)(4-pyridyl)acetylenes (643). The halo compounds were prepared 
by brominating the alkene (526,641-643) or the alkane (641) or by treating 
a pyridyl ketone with phosphorus pentachloride (639,640). When an alcohol 
was used as the solvent for the dehydrohalogenation step, the a-alkoxy- 
alkenylpyridine was also obtained as a by-product (526,641,642). 

Alkynylpyridines have also been prepared from organometallic com- 
pounds. Alkali metal acetylides V-233 form 2-ethynylpyridine (V-234) with 
the quaternary pyridinium salts of pyridine-1-oxides (V-232) (644). 

0 + M C S C H -  0 
+N X- M = L i , N a  C Z C H  

I 
OR or K 

v-232 v-233 V-234 

2-, 3-, Or Calkynylpyridines containing terminal triple bonds (V-237) were 
prepared by treating the appropriate picolyllithium with a-bromo-o-alkoxy- 
alkanes, when thew-alkoxypyridylalkane(V-235) was formed. Thiscompound 
gave the w-bromopyridylalkane (V-236) with concentrated HBr, and this 
was treated with sodium acetylide to form V-237 (645). 

V-235 @H2(CH2),,Br.HBr - NaCSCH @H2(CH2),,C=CH 

v-236 v-237 

Disubstituted aIkynes containing a pyridine ring (V-239) have been 
obtained by treating a sodium or lithium derivative of an alkynylpyridine 
(V-238) with an alkyl halide, or by the action of a chloroalkyne such as 
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M = Li or Na 

V-238 
v-239 

7-chloro-5-heptyne (V-240) on a picolyllithiurn or sodium, the product in 
this instance being 8-pyridyi-5-octyne (V-241) (40 %) (646). In these latter 

A 
CH,Li f ClCHzCECCH2CH,CH2CH3 - dN+ 

V-240 

reactions a double 

v-241 

substitution of the methyl group of 4-picolylsodium 

+ X(CH,),,C=CH - N>H~(CH2)nc=c~~2  

V-242 

sometimes occurs. With 3-picolylsodium. hydrogen-sodium exchange took 
place and 3-met hylpyridine was recovered (365). 

1,4-Bis(2-methyl-5-pyridyl)-l,3-butadiyne (V-244), a pyridyl polyacetylene, 
was prepared in 88 % yield by shaking 5-ethynyl-Zmethylpyridine (V-243) 
with copper (I) chloride in pyridine in an oxygen atmosphere (647). 

v-243 V-244 

2-Phenylethynylpyridine (V-247) (88 %) and 2-(panisylbutadiynyl)pyridine 
(77 %) were obtained by the action of 2-iodopyridine (V-245) on phenyl- 
acetylene (V-246) or p-anisyldiacetylene, respectively, in the presence of 
copper, using dimethylformamide or pyridine as solvent (648,649). 
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a+a I CECH "Qcsca 

v-24s V-246 v-241 

2. Reactions 

Dipyridylacetylenes were reduced to the dipyridylethanes by using 
palladium on charcoal, while hydrogenation using Lindlar catalysts in 
methanol gave the cis-dipyridylethylenes (643). Nickel-aluminium alloy 
with sodium hydroxide also reduced alkynylpyridines to the alkylpyridines 
(650), as did hydrogenation over Raney nickel (651). 

A general reaction for the preparation of pyridylacetylenic 1-carbinols 
(V-249) involves treating a ketone with the lithium or sodium derivativeof 
a pyridylacetylene (V-248). This same reaction can be brought about by 

R 

N a C H  ,),CzCM 

M = Li or N a  

V-248 

+ RCOR' I I ( T C H , ) , C E C $ - O H  I 

v-249 

condensing the ketone with the pyridylacetylene using powdered potassium 
hydroxide (652-654). 

These carbinols were also prepared cia Grignard compounds. Reacting 
5-ethynyl-2-methylpyridine with ethylmagnesium bromide followed by 
acetone gave 1-(2-methyl-5-pyridyl)-3-rnethylbutyn-3-ol(44.1%) (655). 

These condensat ions are reversible, since the pyridylacet ylenes (V-248) 
were regenerated on treating the carbinols with concentrated aqueous 
potassium hydroxide. The rates of decomposition in this system was deter- 
mined (653). 

Mannich reactions involving the acetylenic proton of 2- and 4pyridyl- 
alkynes to form V-250 were reported (639,642,645,656). 

V-250 
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Alkylation of 2-pyridylalkynes with a terminal acetylenic group produced 
the o-alkylated product, while the 4-pyridylalkynes (V-251) gave a mixture 
(3 : 1) of the o-alkylated product V-252 and the a-alkylated product V-253. 

V-251 
N>(CHz)2CSX - + N $HCH2CECH 

v-252 V-253 

The use of two molar equivalents of the alkyl halide gave a,o-dialkylated 
4-pyridylalkynes (656). 

The hydration of the acetylenes using sulfuric acid in the presence of 
mercury (11) sulfate was a convenient route to  pyridylketones (526,642, 
645,651). 

Treatment of 5-ethynyl-2-methylpyridine with an alcohol gave the 
5-(2-alkoxyethenyl)-2-methylpyridine (V-254; R = OR') and with amines, 
the 5-(2-aminoethenyl)-2-methylpyridine (V-254; R = NR'R2) (642). 

V-254 

Migration of the triple bond is base-catalyzed. Thus heating 6-(2-pyridyl)- 
1-hexyne with potassium hydroxide gave a near quantitative yield of 6-(2- 
pyridyl)-2-hexyne. Similar high yield migrations of the acetylenic bond 
from the a to the /I position was observed with 6-(4-pyridyl)-l-hexyne and 
7-(4-pyridyl)-l -heptyne (65 1). 

Pyridylacetylenic acids were prepared by treating the sodium pyridyl- 
acetylides with carbon dioxide (657). 

1,3-Dipolar cycloaddition of diazomet hane to 3-ethynylpyridines (V-255) 
leading to a series of 3-(3-pyrazolyl)pyridines (V-256) was reported (658). 

v-255 V-256 

The physical properties of the alkynyl- and aralkynylpyridines are 
summarized in Table V-16. 



TABLE V-16. Alkynyl- and Aralkynylpyridines 
~~~ 

Compound M .p. B.p. "0 Picrate (m.p.) Ref. 

2-Ethy nylpyridine 

5-Ethynyl-2-methylpyridine 51-52" 
2-Met hyl-5-(3-met hyl-38- 

4-Ethynylpyridine 45" 

cyanoerhoxy- 1 - 
bu tyny1)pyridine 

2- Methyl-5-(3-met hyl-3- 
bu ten- 1-yny1)pyridine 

5-(2-Pyridyl)- I-pentyne 
5-(3-Pyridyl)-l-pentyne 
S(4-PyridyI)- I-pentyne 
6-(3-PyridyI)- 1-hexyne 
7-(2-Pyridyl)-4-heptyne 
8-(2-Pyridyl)-S-octyne 
8-(4-Pyridyl)-5-octyne 
10-(2-Pyridyl)-5-decyne 
10-(4-Pyridyl)-S-decyne 
1 1 -(t-Pyridyl)-5-undecyne 
I 1-(3-Pyridy1)-6-undecyne 
12-(2-Pyridy1)-6-dodecyne 
1 2-(2-Pyridyl)-9-dodecyne 
12-(3-Pyridyl)-Cdodecyne 
I2-(4-PyridyI)-6-dodecyne 
15-(2-Pyridyl)-4-pentadecyne 
15-(3-Pyridyl)-4-pentadecyne 
1-(2-MethyI-5-pyridyl)-1.3- 94" 

butadiyne 
1-(2-Methyl-5-pyridyl)-4- I21 - 122" 

phenyl-l,3-butadiyne 
6-Butynyl-2-phenylethynyl 

pyridine 
6-(2-Ethoxybutenyl)-2- 

phen yleth ynylpyridine 
2-Methyl-6-phenylethynyl- 45-47' 

pyridine 
Di-(2-pyridyl)acetylene 69-70" 
(2-PyridylM3-pyridy1)acetylene 41-42" 
(2-PyridylM4-pyridyI)acetylene 64-65" 
1,4-Di-(2-pyridyl)butadiyne 119-1 19.5" 

1,4-Di-(2-methyl-5-pyridyI)- 192-192.5" 

1,8-Di-(2-methyl-5-pyridyl)- 175" 

(decornp.) 

I .3-butadiyne 

1,3.5,7-octatetrayne (decomp.) 

86-88"/14 mm 

64-66"/5mm 
162"/10mm 

103-104"/16 mm 
124-125"/18 mm 
120-121°/16 m m  
131-132"/14 m m  
100-101"/1 mm 
154"/20 rnm 
149-150"/13 mm 
91-94"/15 m m  
145"/1.4 m m  
I 83- 184"/14 mm 
141-142"/0.5 m m  
152-153"/0.9 m m  
155"/1.25 mm 
146"/0.7 mm 

169-170°/0.5 mrn 
186-188'/0.7 m m  

I .55342' 

140-142" 

1 .534520 

1 06" 
89-90' 
91" 
71-72" 
106.5" 
69" 
100" 

77.5" 

60" 

54" 
79.5O 
53" 
87" 

191-193" 

166.5- 167.5" 

134.5- 135" 

124.5-126.5"/0.5 m m  

229-230' 

640.645 
640 
642 
654 

654 

645 
645 
645 
645 
646 
646 
646 
646 
646 
646 
646 
646 
646 
646 
646 
646 
646 
647 

647 

526 

526 

526 

643 
643 
643 
649 

647 

647 

35 1 
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IV. Arylpyridines 

1. Preparation 

Many of the methods used for the preparation of the alkylpyridines can 
also be applied to the arylpyridines. Most of the published work on the 
synthetic applications of organometallic compounds and free radical 
reactions have been reviewed already in Sections 1.2.C.c and I.2.C.d; hence 
only new material of particular relevance to the arylpyridines is considered 
in the following sections. 

A. Arylations Involving Organometallic Derivations 

The arylation of pyridines by the addition of aryllithium compounds to 
the azomethine bond of pyridines followed by aromatization of the dihydro- 
pyridine and the effect of substituents in the C-3 position on the orientation 
of the products has already been reviewed (Section I.2.C.c). 

Prostakov and co-workers have described another approach using 
aryllithium compounds which introduces the aryl group into the C-4 
position. 2,5-Dimethyl-4-piperidone (V-257) reacts with phenyl lit hium to 
form 2,5-dimethyl-4-hydroxy-4-phenylpiperidine (V-258) which is dehydrated 
to the A435-compound V-259 and dehydrogenated to 2S-dimethyl-4- 
phenylpyridine (V-260) (659, see also 660). The 2,5-dimethyl-4-phenyl- 
pyridine (V-260) thus obtained could be further treated with phenyllithium 

V-258 v-259 V-Mo 
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to give 3,6-dimethyl-2.4-diphenylpyridine (V-261). p-Tolyllithiuni behaved 
similarly (661). 

V-261 

Pyridyllithium compounds (V-262) react with cyclohexanone to give 
1-pyridylcyclohexanols (V-263) which are aromatized on treatment with 
concentrated sulfuric acid and glacial acetic acid to the phenylpyridines 
(V-264). Using this method, 3-methyl-5-phenylpyridine, 3-methyl-4-phenyl- 
pyridine, and various tolylpyridines were prepared (662,859). 

V-262 

v-263 V-264 

Grashey and Huisgen have shown that 1 -methylpyridinium iodide reacts 
with phenyllithium to form the unstable l-methyl-Z-phenyl-l,2dihydro- 
pyridine (663). 

B.  Free Radical Arylations 

Some of the work on the homolytic arylation of the pyridines has already 
been summarized (see Section 1.2.C.d. and Ref. 100). 

The free radical phenylation of pyridine (664), 2-methylpyridine (665, 666), 
3- and 4-methylpyridines (666), and the dimethylpyridines (666,667) were 
studied, the phenyl radical being generated by the thermal decomposition of 
benzoyl peroxide. A quantitative study of the isomer distribution and the 
total rate ratios for the homogeneous Gomberg-Hey phenylation of 3- and 
4-methylpyridines was reported (662). Lynch and co-workers found that the 
phenylation of pyridinium ions gave high yields (about 85 ”/, of the product) 
of 2-phenylpyridine when the phenyl radical was generated from benzoyl 
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peroxide (664) or from benzenediazonium tetrafluoroborate (668). These 
results are in agreement with molecular-orbital calculations (128). Bonnier 
and co-workers measured the rate constants for the phenylation of the 
dimethylpyridines in neutral media and found that the effects of the methyl 
groups were additive (667). The radical phenylation of pyridine using 
phenylazotriphenylmethane was studied by Huisgen and Nakaten (669) 
and a by-product (7 %) was shown to be 2-phenyl-5-tritylpyridine (663). 
The free radical phenylation of pyridine-metal complexes using N-nitroso- 
sym-diphenylurea was reported (670). 

Fields and Meyerson have studied the high temperature (600°C) arylation 
of pyridine using nitrobenzene and nitrobenzene-d,. The nitrobenzene 
dissociates at these high temperatures into the phenyl and NO, radicals. 
The phenyl radical then reacts with the pyridine to form the phenylpyridines, 
whose isomer distribution was similar to that obtained with other phenyl 
radical sources. Other products identified were hydroxypyridine, bipyri- 
dines, and biphenylpyridines. Mechanisms for the formation of all these 
products were suggested (671). 

C. Miscellaneous Met  hods 

The Diels-Alder synthesis of arylpyridines by the action of benzonitrile 
on dienes or tetraphenylcyclopentadienone (672) has been considered in 
Section 1.1 and the synthesis of 4-pyridylpyridines by the action of vinyl- 
pyridine on oxazoles in Section II.3.F. 

A novel and convenient synthesis of 3,4-diarylpyridines is that of Westphal, 
Feix, and Joos. 6,7-Disubstituted thiazolo[3,2-a]-pyridinium salts (V-265) 
(673) are converted to 3,4-diarylpyridines (V-266) (Ar = C,H,, 2-pyridyl, 
2-furyl) on heating with Raney nickel in 90 % ethanol (674). Alternatively, 
3,4-diarylquinolinium salts (V-267) (RRI 1689) are partially hydrogenated 
to the tetrahydro derivative, oxidized to the carboxylic acid and decarboxyl- 
ated to the 3,4-diarylpyridine (V-266; R = C,H,) (674). 

2,6-Diphenylpyridine (55 %) and 2,6-diphenyl-3-methylpyridine ( 5  %) 

V-265 V-266 V-267 
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were obtained by the thermal rearrangement of acetophenone N , N , N -  
trimethyl hydrazonium tetrafluoroborate and 2,6-diphenyl-3,5-dirnethylpyri- 
dine (56 %) from propiophenone N,N,N-trimethylhydrazonium tetrafluoro- 
borate. The mechanism ofthis interesting rearrangement was discussed (675). 

The vapor-phase reaction of ally1 alcohol, aromatic ketones, and ammonia 
was reported to form phenylpyridines in high yields. 2-Phenylpyridine, 
3-methyl-2-phenylpyridine and 2-methyl-3-phenylpyridine were made by 
this method (676). 

3,4-Diphenylpyridine was obtained by treating 2,3-diphenylglutarimide 
with phosphorus pentachloride and reducing the 2,4,6-trichloro-3,4- 
diphenylpyridine (677). Cyclization of V-268 with sulfuric acid gave 23-  
diphenyl-6-pyridone (V-269) which was treated with phosphorus oxychloride 
and the product reduced to give 2,5-diphenylpyridine (V-270) (678). Various 

V-268 V-269 V-270 

6-arylpyridines were synthesized by the decarboxylation of 6-arylnicotinic 
acids (144). 

2,4,6-Triarylpyridines (V-272) were obtained by treating benzylidene 

n c \ o  CH, I /CH\ ""0, CH2 I HzNo.+A- 
\ \ 

R R  R 
V-272 

R 
V-271 

Y 

v-273 
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di-p-methylacetophenone (V-271: R = CH3) with hydroxylamine (680) or 
from the pyryllium salts V-273 (681). 

Brown and England found that certain pyrimidine compounds gave the 
3,5-diarylpyridines on treatment with ammonia (682). 

Many other methods, particularly those suited to the synthesis of hetero- 
arylpyridines, have been used. These synthetic approaches are described 
in the appropriate sections. 

2. Properties 

The physical properties of the new arylpyridines are summarized in 
Table V-17, of the 5-membered heteroarylpyridines in Table V-18, and 
those of the 6-membered heteroarylpyridines in Table V-19. 

The infrared spectra of the phenylpyridines have been published (1 8 t ). 
The infrared and nuclear magnetic resonance spectra of 3-methyl-2-phenyl- 
pyridine (1 12) and various dimethylphenylpyridines (667) and the ultra- 
violet absorption curves for 3-methyl-2-phenylpyridine, 5-methyl-2-phenyl- 
pyridine, 2-phenylnicotine, and 6-phenylnicotine (1 to) were reported. 

Triphenylpyridine forms a black paramagnetic adduct perf 0.161 pB and 
a violet diamagnetic adduct ,tieff 0.58 pB with lithium in tetrahydrofuran 
under anaerobic conditions (684). 

Paris, Garmaise, and Komlossy have studied the quaternization of 2-p- 
dimethylaminophenylpyridine using methyl iodide and obtained both the 
1 -met hyl-2-p-dimet hylaminophen ylpyridinium iodide (V-274) and 2-p-tri- 
methylammoniumphenylpyridine iodide (V-275) (685). 

V-274 V-275 
A series of p-chlorophenylpyridines were made and found to have anti- 

inflammatory, analgesic and antipyretic activity, and fibrinogen and 
cholesterol lowering activity in the blood (686). 
7- And 1242-, 3-, and 4-pyridyl)benz[a]anthracenes V-276 (RRI 5253) 

w 

V-276 V-277 
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TABLE V-18. Five-membered Heteroarylpyridines 

Compound M.p. B.p. Salt m.p. Ref. 

4-(3-Furyl)pyridine Unstable solid 

4-(2-Thienyl)pyridine 
3.4-Di-(2-furyl)pyridine 59-60" 

443-Thieny1)pyridine 
4-(2-Ethoxycarbonyl-5-methyl-3- 165- 166" 

pyrro1yl)pyridine 
4-(2-Carboxy-S-met hyl-3- 214" 

pyrroly1)pyridine (decomp.) 
4-(5-Methyl-3-pyrrolyl)pyridine 228-229" 

2.5-Di-(2-pyridyl)pyrrole 96" 

1 -(fi-Dimethylaminoethyl)-3- 
(4-pyridy1)indole 

I -(fl-Diethylaminoethy1)-3- 
(4-pyridy1)indole 

1 -(fi-MorpholinoethyI)-3- 
(4-pyridy1)indole 

I -[2-(N'-Methylpiperazino)ethyl]- 
3-(4-pyridyl)indole 

I -(/{-Aminoethyl>3- 
(4-pyridy1)indole 

(4-pyridy1)indole 
I -(Cyanoethyl)-3- 126-128" 

(6pyridyl)indole 
I -(~-Aminopropyl)-3- 

(6pyridyl)indole 
1 -(r-Dimethylaminopropyl>3- 

(4-pyridy1)indole 
l-(~-Dimethyfarninoethyl~3- 

(4-pyridy1)indole 
2-(5-Methyt-3-pyrazolyl)pyridine I 1  5- 1 16" 

3-(4-Pyridyl)indole 210-2 12" 

I -(Cyanornet hy1)-3- 190- 192" 

2-(4-Bromo-3-methyl-5- 165- 166" 
pyrazo1yl)pyridine 

pyridine 

pyrazoly1)pyridine 

pyrazoly1)pyridine 

2-(5-Methyl-3-A2-pyrazolinyl)- 

2-(4-Formyl-3-rnet hyl-5- 167- 168" 

2-(4-Carboxy-3-methyI-S- 229-23 1 

3-(5-Methyl-3-pyrazolyl)pyridine 1 37" 
44 3-Pyrazoly1)pyridine 157-1 58" 
4-(4-Pyrazolyl)pyridine 198-200" 
4-(5-Methyl-3-pyrazolyl)pyridine 180-1 83" 

204-2OTlO.4 rnm 

209-212Of0.4 mm 

184 186"/0.1 mm 

105-1 10"/0.1 mm 

Methiodide 21 5-217" 690 
674 

Methiodide 181" 690 

Methiodide 176-1 77" 690,698 
(decornp.) 

690 

690 

Methiodide 210-21 I"  690 

702 
704 

HCI 258-260" (decomp.) 704 

HCI 225" (decomp.) 704 

HCI 245" (decornp.) 704 

HCI 260" (decomp.) 704 

704 

704 

704 

704 

704 

HCI 258-260" (decomp.) 704 

Picrate 172-174" 689,712 

(decomp.) 

712 

712 

712 

712 

689 
689 
689 

Methiodide 252-253" 689 
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Table V-18 (Cortfirirrcd) 

Compound 
~ 

M.p. B.p. Salt m.p. Ref. 

4-(4-Met hyl-3-pyrazoly1)pyridine 
4-(5-Ethyl-3-pyrazolyl)pyridine 
4-(5-1~0butyl-3- 

pyrazoly1)pyridine 
4-(5-n-Hexyl-3- 

pyrazoly1)pyridine 
4-( 5-Cyclopropyl-3- 

pyrazo1yl)pyridine 
4-(5-Trifluoromet hyl-3- 

pyrazoly1)pyridine 
4-(5-Carbethoxy-3- 

pyrazoly1)pyridine 
4-(4,5-CycIohexeno-3- 

pyrazoly1)pyridine 
4-( 5-Phenyl-3-pyrazo1yl)pyridine 
e(5-Benzyl-3-pyrazolyl)pyridine 
3-Methyl-4-(5-met hyl-3- 

pyrazoly1)pyridine 
2-(3-Methyl- I -phenyl-5- 

pyrazo1yl)pyridine 
3-(3-Methyl-I-phenyl-5- 

pyrazoly1)pyridine 
4-( I-o-Chlorophenyl-3-methyl-5- 

pyrazoly1)pyridine 
2-(I-rn-Chlorophenyl-3-methyl- 

5-pyrazoly1)pyridine 
34 I-m-Chlorophenyl-3-methyl- 

5-pyrazoly1)pyridine 
44 I-m-Chlorophenyl-3-me1hyl- 

5-pyrazoly1)pyridine 
44 1 -m-Chlorophenyl-5-methyl- 

3-pyrazoly1)pyridine 
2( 1 -p-Chlorophenyl-3-met hyl- 

5-pyrazoly1)pyridine 
4-( I-p-Chlorophenyl-3-methyl- 

5-pyrazoly1)pyridine 
44 I -pChlorophenyl-5-methyl- 

3-pyrazoly1)pyridine 
44 I -p-Bromophenyl-3-methyl- 

5-pyrazo1yl)pyridine 
4-[ I -(2,4-Dichlorophenyl)-3- 

met hyl-5-pyrazolyl]pyridine 
4-[ I -(2,4-Dichlorophenyl)-5- 

met hyl-3-pyrazolyl]pyridine 
4-[ I -(2.5-Dichlorophenyl)-3- 

met hyl-5-pyrazolyl]pyridine 

Oil 
116-t17" 
156-157" 

Merhiodide 213-214" 
Methiodide 21 3-214" 
Methiodide 206-207" 

689 
689 
689 

I 1 I -  I 1 2 O  

126- 127" 

184- 185" 

209-210" 

198-199" 

207-208" 
136- 137" 
136- 138" 

113-114" 

75-76" 

75-76" 

94-96' 

I 17-1 18" 

90-92" 

124- 126" 

135-136" 

133- 134" 

I 32- 1 34" 

Methiodide 78-79" 

Methochloride 259-261" 

Methochloride 254" 

Methochloride 201 -202" 

Methiodide 21 1-212" 

Methochloride 263-265" 

136-140"/0.2 mm HCI 169-171" 

160-17O0/2mm HNO, 153-155" 

HCI 227-229" 

156- 162"/0.2 mm 

156-162"/0.2 m m  HNO, 144-145' 

HCI 154- 156" 

HCI 241 -244" 

HCI 208-210" 

HCI 187-189" 

HCI 254-257" 

HCI 260-263" 

HCI 249-253" 

HCI 244-249" 

HCI 246-249" 

689 

689 

689 

689 

689 

689 
689 
689 

706 

706 

706 

706 

706 

706 

706 

706 

706 

706 

706 

706 

706 

706 
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Table V-I8 (Conrinucd) 

Compound M.p. B.p. Salt m.p. Ref. 

4-[ 1 -(3-Chloro-2-methylphenyl)- 
3-methyl-5-pyrazolyl]pyridine 

4-[ 1 -(3-Chloro-2-methylphenyl)- 
5-methyl-3-pyrazolyl]pyridine 

4-[ 1-(5-Chloro-2-merhoxy- 
phenyl)-3-rnethyl-5-pyrazolyl]- 
pyridine 

phenyl)-5-methyl-3-pyrazolyl]- 
pyridine 

3-(l-m-Methoxyphenyl-3-met hyl- 
5-pyrazoly1)pyridine 

4-( 1 -m-Methoxyphenyl-3-methyl- 
5-pyrazoly1)pyridine 

34 I -m-Hydroxyphenyl-3-methyl- 
5-pyrazo1yl)pyridine 

44 1 -m-Hydroxyphenyl-3-met hyl- 
5-pyrazoly1)pyridine 

2-Me1 hyl-5-( I-p-tolyl-3-pyrazol- 
5-0ne)pyridine 

4-(4-Methyl-I -phenyl-3-pyrazol- 
5-one)pyridine 

4-(4-Elhyl- I -phenyl-3-pyrazol- 
5-one)pyridine 

44 I-Phenyl-3-pyrazol-5- 
onekwridine 

4-1: I -(5-Chloro-2-methoxy- 

Oil 

Oil 

158- 159" 

140-141" 

130- 132" 

21 6-21 8" 

174- 174.5' 

I 74- 176" 

229-230" 
(decomp.) .. . 

4-(4-Methyl-3-pyrazo1-5- 303" (decornp.) 

4-(4-Ethyl-3-pyrazol-5- 282" (decomp.) 

44 I -Benzyl-4-rnethyl-3-pyrazol- 203-205" 

4-( I-Benzyl-4-ethyl-3-pyrazol- 188-1 90" 

one)pyridine 

0ne)pyridine 

5-0ne)pyridine 

5-0ne)pyridine 
4-(5-Isoxazolyl)pyridine loo- 1 02" 

4-(3-Methyl-5-isoxazolyl)pyridine 67-68" 

4-(5-Methyl-3-isoxazolyl)pyridine 
4-(3-Ethyl-5-isoxazolyl)pyridine 48-49" 

44 5-Trifluoromet hyl-3- 82-83' 
isoxazoly1)pyridine 

isoxazol y1)pyridine 
3-Met hyl-4-(3-methyl-5- 87-88" 

4-(2-lmidazolyl)pyridine 211-212" 

HCI 213-215" 

HCI 284.-290'' 

165-170"/0.5 mm HCI 168-170" 

HNO, 136-139" 

HNO, 126" (decornp.) 

HBr 251-253" 

Picrate 213-214" 

Picrate 190-192" 

Picrate I 1  2" 

Picrate 242-244" 

Picrate 228" 

Methochloride 182.3" 

Methochloride 250" 

Methochloride 221.2" 
Methochloride 205-206O 

Methochloride 230" 

(decornp.) 

(decomp.) 

(decornp.) 

706 

706 

706 

706 

706 

706 

706 

706 

707 

708 

708 

708 

708 

708 

708 

708 

692.693 

692 

692 
692,693 

692.693 
(decomp.) 

(decomp.) 

(decomp.) 

Methochloride 246-247" 692.693 

Methochloride 277-278" 694 
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Compound M .p. B.p. Salt m.p. Ref. 

4-(2-Benzimidazolyl)pyridine 
4-(2-0xazolyl)pyridine 

4-(2-Merhyl-5-oxazolyl)pyridine 
4-(5-Mer hyl-2-oxazolyl)pyridine 
4-(2-MethyI-4-t hiazoly1)pyridine 
4-(2-Cyclopropyl-4- 

t hiazoly1)pyridine 
4-(2-Methyl-5-1 hiazoly1)pyridine 

4-(5-Mzr hyl-2-thiazoly1)pyridine 

4-(4,5-Dimethyl-2- 

24  I .2,4-0xadiazol-3-yl)pyridine 
24 I .3.4-0xadiazol-2-yl)pyridinc 
2-(5-Methyl-l,2.4-oxadiazol- 

3-yl)pyridine 
4-(5-Mef hyl- I .3.4-oxadiarol- 

2-y1)pyridine 
2-(5-o-Chlorophenyl- I.2.4- 

oxadiazol-3-yl)pyridine 
3-(5-o-Chlorophenyl- I.2.4- 

oxadiazol-3-yllpyridine 
4-(5-u-Chlorophenyl- I ,2,4 

oxadiazol-3-y1)pyridine 
4-(5-Methyl-l,2,4-oxadiazol-3- 

y1)pyridine 
4-(5-pChlorophenyl- 1,2,4- 

oxadiazol-3-y1)pyridine 
3-(3-o-Ethoxyphenyl- I ,2,4- 

oxadiazol-5-y1)pyridine 
4-(3-Styryl-1.2.4-oxadiazol-S- 

yl)pyridine 
3-(5-p-Aminophenyl- 1,2,4- 

oxadiazol-3-y1)pyridine 
3-(5-p-Chlorophenoxymet hyl- 

1.2.4-oxadiazol-3-yl)pyridine 
3-[5-(3-Pyridyl)-l,2,4-oxadiazol- 

3-yllpyridine 
4-[5-(4-Pyridyl)-l,2,4-oxadiazol- 

3-yllpyridinc 
2-Ethyl-4-(5-rnethyl-1.2,4- 

oxadiazol-3-y1)pyridine 
4-(5-o-Chlorophenyl- 1 2.4- 

oxadia7ol-3-!.l)-l-c1 hylpyridine 

t hiazo1yl)pyridine 

214" 
Methochloride 244" 

(decomp.) 
79-81" 
99-100" 
79-80" 

i 30" 

88-90" 

101-102" 

109-1 lo" 
117.5-1 18.5' 
87-88.5" 

93-95" 

85" 

138-140" 

97" 

168- 170" 

I 2  1 - 122" 

I IS" 

217" 

135- 138" 

134" 

164" 

Methiodide 213-214" 
Methochloride 228-23 I" 

100"/0.1 mm Methiodide 233-234" 

Methiodide 253-255" 

Methochloride 242-244" 
(decomp.) 

(decomp.) 

Methiodide 275-277" 
(decomp.) 

Methiodide 23 1-232" 

HCI 22 I O 

66" 

123 
695 

695 
695 
696 
6% 

696 

696 

696 

729 
729 
729 

694 

727,728 

727,728 

727.728 

727,728 

727,728 

727,728 

727.728 

727,728 

727.728 

727.728 

127.728 

727.728 

727.718 

36 1 



Table V-18 (Continuvd) 

Compound M .p. B.p. Salt m.p. Ref. 

2-Ethyl-4-[5-(2-pyridyl)- I .2,4- 
oxadiazol-3-yl]pyridine 

2-Ethyl4[5-(o-hydroxyphenyl)- 
1.2,4-oxadiazol-3-yl]pyridine 

2-Ethyl-4-[5-(4-pyridyl)- I ,2,4- 
oxadiazol-3-yl]pyridine 

2-Eihyl-4-[5-(2-e1 hyl-4-pyridylk 
1.2,4-oxadiazol-3-yI]pyridine 

4-[5-(p-Chlorobenzyl~I ,2,4- 
oxadiazol-3-yll-2-et hy lpyridine 

4 4 5 4  pChlorophenoxymethylk 
1.2,4-oxadiazol-3-yl)pyridine 

4-(5-Methyl-I ,3,4-thiadiazol- 
2-y1)pyridine 

445-MethyI- 1.2,4-triazol- 
3-yl)pyridine 

245- Methyl- 1,2 .rltriazol- 
3-yl)pyridine 

2-(3-Phenyl- I 2.4-~riazol- 
5-yl)pyridine 

2-[3-(2-Pyridyl)- I 2.4-triazol- 
5-yl] pyridine 

4-Methyl-2-(3-phenyl-l,2.4- 
tria701-5-yl)pyridine 

4-Phenyl-2-(3-phenyl- I .2.4- 
triazol-5-y1)pyridine 

2-(5-Tetrazolyl)pyridine 

5-Met hyl-3-(5-tetrazolyl)pyridinc 

3-( 5-Tct razolylmet hy1)pyridine 

34 I -Met hyl-5-tetrazoly1)pyridine 
3-Q-Mct h yl-5-tetrazoly1)pyridine 
2-Pyridyllcrrocenc 
I ,  l'-Bisl2-pyridyl )fcrrocenc 

103" 

61' 

146-147" 

161- 168" 

212--'13" 

208 209" 

221 222 

236-237 

21 5-2 16" 
(decomp.) 

(decomp.) 

(decomp.) 

(decomp.) 

(decomp.) 

(decomp.) 

238" 

263" 

225-227" 

223" 

192-193" 

78-80" 

179-180" 

127.5-129" 
87-89' 

HCI 230" 

HCI 253" 

HCI 185-187" 

Methiodide 226-227" 

Methochloride 281-284" 
(decomp.) 

Methochloride 235" 
(decomp.) 

HCI 192-193" (decomp.) 

~ 

127,728 

727.728 

121. 128 

694 

694 

733 

733 

733 

133 

133 

737.738 

737.738 

694.737 

737 

737 

738 
738 
739 
739 

362 
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V. Heteroarylpyridines 365 

and V-277 were made and screened for possible carcinogenic activity (687. 
688). 

The properties and reactions of the heteroarylpyridines are discussed in 
the appropriate sections. 

V. Heteroarylpyridines 

The heteroarylpyridines in which the pyridine ring is directly attached 
to a five- or six-membered heteroaryl moiety form an important class of 
compounds. Some of these compounds or their reduced forms occur 

NICOTY R INE MYOSM I NE NICOTINE (R = CH3) 
NORNICOTINE (R = H) 

2,3’-BIPYRIDINE ANABATINE ANABASINE 

NICOTELLINE 

naturally as, for example, the tobacco alkaloids. Other derivatives such as 
“Diquat” find application in agriculture as herbicides. Still other hetero- 
arylpyridines have potential value in medicine. 

2 Bre 

DIQUAT 



366 Alkylpyridines and Arylpyridines 

1. Five-Membered Heteroarylpyridines 

During a general screening program for oral hypoglycemic activity, 
l-methyl-4-[5(3)-methyl-3(5)-pyrazolyl]pyridinium iodide (V-278) was found 
to possess excellent activity. The isomeric 2- and 3-pyridinium analogues 
and the isomer in which the 4-pyridine was attached to the C-4 position of 
the pyrazole moiety were completely devoid of activity (689). Utilizing this 
lead, Wiegand, Bauer, and co-workers synthesized a series of 4-azolyl- 
pyridinium salts and examined their oral hypoglycemic activity. In this 
series, the 4-pyridine moiety was attached to the following five-membered 
heteroaryl rings: 3-fury1, 2- and 3-thieny1, 3-pyrrolyl (690,691). 3-indolyl 
(69 l),  3- and 4-pyrazolyl (689), 5-isoxazolyl (692,693), 2-imidazolyl (694), 
2- and 5-oxazolyl (695), 2-, 4, and 5-thiazolyl (696), 3-(1,2,Coxadiazolyl) 
(697), 24 1,3,Coxadiazolyl), 2-( 1,3,4-thiadiazolyl), 44 1,2,4-triazolyl), and 
5-tetrazolyl (694). In all these compounds, the five-membered ring was 
synthesized by standard methods from a pyridine having a suitable substituent 
in the C-4 position. Of all the Cazolylpyridinium salts prepared, only the 
1,2,Ctriazolyl-, 1,3,4-thiadiazolyl-, imidazolyl-, and tetrazolylpyridinium 
salts showed no oral hypoglycemic activity. 

V-278 I 

A .  Furyl, Thienyl, and Pyrrolyl Pyridines 

C(3-Fury1)pyridine (690), 4-(2-thienyl)pyridine (698,699), 4-(3-thienyl)- 
pyridine (698), and 4-(2-methyl-4-pyrrolyl)pyridine (690) were prepared by 
standard methods. Hellmann and Dieterich have described a convenient 
synthesis of nicotine, myosmine, 5-(2-pyridyl)proline, and 5-(3-pyridyl)- 
proline starting from nicotinoyt acetic ester, paraformaldehyde, and 
acetaminomalonic ester (700). 

The structure of anhydroproferrorosamine B, a metabolite of Pseudomonas 
roseusfluorescens was found to be 2-(2-pyridyl)-5-carbxypyrrole-3-acetic 
acid (V-279) (701). 



V. Heteroarylpyridines 367 

HOOC, 
CFZ 

COOH 

V-279 

The multistage synthesis of 2,5-bis-(2-pyridyl)pyrrole, which is a versatile 
ligand for the preparation of many metal inner complexes (V-280), starting 
from 2-picoline was reported (702). 

V-280 
M = Fe, Co, Ni, Zn, Cd, Cu 

The high pressure (1  OOO psi) hydrogenation of 4-methyl-4-nitro-3-phenyl- 
1-(3-pyridyl)-t-pentanone (V-281) over Raney nickel produces 5,Sdimethyl- 
4-phenyl-2-(3-pyridyI)-A1-pyrro1ine (V-282) as the major product. The 

v - m 2  

f 

CH3 

H 
v-283 



368 Alkylpyridines and Arylpyridines 

minor product was assigned structure V-283 on the basis of spectroscopic 
evidence (703). 

l-t-Aminoalkyl-3-(4-pyridyI)indoles (V-284) were found to possess anti- 
inflammatory and antiproton1 properties and, in addition, to stimulate the 
biosynthesis of steroids (704). Indolyltetrahydropyridines V-285 with anti- 
histaminic and antiserotonine activity were also patented (705). 

V-284 

B.  I ,2-Azolyl Pyridines 

The reaction of arylhydrazines with 4pyridoylacetone gave l-aryl-3- 
met hy 1 - 5 -(4-pyridyl)pyrazoles and 1 -ary I - 5 -methyl - 344- pyridy1)pyrazoles 
(689,706), and the reaction with pyridoylacetates (or their N-oxides) gave 
the l-aryl-3-pyridylpyrazol-5-ones (707,708). The pyridylpyrazolones had 
analgesic and antispasmodic activity (707). 3-Pyridyl j?-styryl ketone on 
treatment with phenylhydrazine gave 1 ,5-diphenyl-3-(3-pyridyl)-Az-pyraz- 
oline (709). 4-(2-Hydroxyphenyl)-5-(4-pyridyl)pyrazoles which are useful 
against adenovirus, parainfluenza virus, and rhino virus have been reported 
(710). 

The preparation of pyrazolylpyridines by the cycloaddition of diazo- 
methane to pyridylacetylenes has been noted already (Section 111.2). 

An interesting thermal rearrangement of cis-uic-triazolo[ 1,5-u]-pyridine- 
3-acraldehyde (V-286) to form 3-methyl-5-(2-pyridyl)pyrazole-4-carbox- 
aldehyde (V-287; R = CHO) and 3-methyl-5-(2-pyridyl)pyrazole (V-287; 
R = H) was reported by Davies and Jones. The trans- isomer gave only 
V-287 (R = H). The mechanism of this rearrangement was discussed (71 1, 
712). 

V-286 v-287 
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Bowie found that the reaction of hydrazine with 5-chloro-1 ,&naph- 
thyridines (V-288) gave 2-amino-3-(5-pyrazolyl)pyridines (V-m) which 
could be cyclized with orthoesters to pyrazolo[l,5-c]pyrido[3,2-e]-pyrimi- 
dines (V-290) (7 13). 

V-288 v-289 v-290 

A comparison of the experimental and calculated dipole moments has 
shown that I-pyridylpyrazoles and 5-amino-l-(3- or 4pyridyl)pyrazoles 
have nonplanar configurations. In the case of 5-amino- I -(2-pyridyl)- 
pyrazoles, intramolecular hydrogen bonding produces a planar frans 
configuration. The dihedral angles between the pyrazole and pyridine rings 
for various compounds was calculated (714). 

Hydroxylamine reacted with I-(Cpyridyl)- 1,3-aIkanediones to form the 
4-isoxazolylpyridines (692,693) and with pyridoylacetonitrile to give 5- 
amino-3-pyridylisoxazoles (71 5) .  

C .  1,3-Azolyl Pyridines 

Lt(2-Thiazolyl)pyridines (V-291) were prepared by the action of thio- 
isonicotinamide on a-bromoketones (696,716), or by treating isonicotin- 
amidoacetone with phosphorus pentasulfide (696). Bromoacetylpyridine 
reacted with thioamides, including thiourea, to form the 4-(4-thiazolyl)- 
pyridines (V-292) (696,717), and 4-(2-methyl-5-thiazolyl)pyridine (V-293) 
was prepared by the action of phosphorus pentasulfide on 4-acetylamino- 
acetylpyridine (696). 

CH3 - 
V-292 V-293 V-291 

The “Diquat” thiazole analogue V-294 has herbicidal properties (71 8), 
and the thiazolinylpyridyl phosphorothioates V-295 have insecticidal, 
nematocidal, and acaricidal properties (719). 
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v-294 V-295 

Pyridylbenzothiazolines (V-296) were synthesized by condensing pyridyl- 
aldehydes or ketones with substituted o-aminobenzenethioles or their hydro- 
chlorides in alcohol. The compounds V-296 (R = R' = H) were readily 
oxidized by manganese dioxide to the benzothiazoles (V-297) (RRI 1152), 
but attempts to methylate them using methyl iodide in methanolic sodium 
hydroxide resulted in ring cleavage to V-298. These compounds possessed 
in uitro activity against Mycobacteriurn tuberculosis (H 37Rv) but only 
slight in vivo activity (720). 

V-297 

4-(2-Oxazolyl)pyridine (721), 4-(5-methyl-2-oxazolyl)pyridine and 4-(2- 
methyl-5-oxazoly1)pyridine (695), and 4-(2-imidazolyl)pyridine (694) have 
been prepared by standard methods. Pyridylimidazolines (V-299) were 
synthesized by condensing a pyridine aldehyde with the appropriate 
primary-secondary diamine. Reaction of the aldehyde with N-methyl- 
aminoethanol gave the pyridyloxazolidine derivatives (V-300). These 
nicotine analogues were devoid of pharmacological activity (722). 

v-299 V-300 

Heating a mixture of isonicotinic acid and o-phenylenediamine gave 
2-(4-pyridyl)benzimidazole (723). 5-Benzyl- and 5-phenyl-5-(3-pyridyl)- 
hydrantoins V-301 had little anticonvulsant activity on rats (724). 
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0 
v-301 

D. Oxadiazolyl, Thiadiazolyl, and Triazolyl Pyridines 

4-(5-Methyl-l,3,4-oxadiazol-2-yl)pyridine (V-302) (R = CH,) (725) 2- 
(1,3,4-oxadiazol-2-yl-5-phenyl)pyridine (V-302) (R = C,H,) (726), and a 
number of pyridyl-l,2,4-oxadiazoles (V-303) (R and/or R' = 2-, 3-, or 4- 
pyridyl) (727, 728) were synthesized, and the 1,2,4-0xadiazoles were reported 
to have antitussive, spasmolytic, local anaesthetic, and coronary dilating 
properties (727). 

R 

v-302 v-303 

An interesting reaction is the nitrosation of imidazo[l,5-~]pyridine 
(V-304) which produces 3-(2-pyridyl)- 1,2,4-oxadiazole (V-303; R = 2- 
pyridyl, R E  = H) in 70% yield (729). 

4-( 5- Met hy 1- 1,3,4-thiadiazol-2-yl)pyridine (725), 2- and 34 S-alkylthio- 
1,3,4-thiadiazol-2-yl)pyridines (730), and many pyridyl- 1,2,4-triazoles (726, 
731,732) have been reported. Heating an ethanolic solution of pyridine-2- 
carboxaldehyde and acetamidazone produced 2-methyl-5-(2-pyridyl) 1,2,4- 
triazoline (V-305) (81 %) (733). 

The oxidation of 1-(2-pyridyl)benzotriazole (V-306) (RRI 1097) using 
peracetic acid was studied to find out which nitrogen is the most susceptible 
to attack. The product was identified as 1-(2-pyridyl)benzotriazole-3-0xide 
(V-307) (734). 
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? 

V-306 v-307 

Blackman and Polya prepared a series of 1,2,4-triazolinethiones and 
studied their spectroscopic properties. 4-(CPyridyl)-1,2,4-triazoline-5-thione 
(V-308) alone behaved anomalously and this was explained as due to the 
extended conjugation in the compound (735). 

V-308 V-309 

E .  Tetrazolyl Pyridines 

2-, 3-, And 4-cyanopyridines react with ammonium azide in 
dimethylformamide to give the 5-pyridyltetrazoles (V-309) (736-738). Of the 
series of compounds prepared, 5-(3-pyridyl)tetrazole was found to be the 
most active lipolysis inhibitor (737, 738). 

F .  Pyridyl Fetrocene 

Nesmeyanov and co-workers found that on heating a mixture of 1J’- 
ferrocenyldiboronic acid and copper acetate in pyridine under a nitrogen 
atmosphere, 2-pyridylferrocene (V-311) was formed in low yields, probably 
by way of a ferrocenyl radical. Ferrocenyllithium (a mixture of lithio- and 
1 ,l‘-dilithioferrocenes from the reaction of butyllithium with ferrocene), 
however, on heating with pyridine for 3 hr in a nitrogen atmosphere gave 
2-pyridylferrocene (V-311) (24 %) and 1 ,l’-bis(2-pyridyl)ferrocene (V-312) 
(3 %) (739). 

2-Pyridylferrocene was oxidized by permanganate to pyridine-2-carboxylic 
acid and gave a red hydrochloride (739). Lithiation of 2-pyridylferrocene 
followed by reaction with tributyl borate gave 2-(2-pyridyl)ferroceneboronic 
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V-310 V-311 V-312 

acid (740, 741). Photolysis of 2-(2-pyridyl)ferrocene methiodide (V-313) gave 
1-methyl-2-cyclopentadienylidene-1,2-dihydropyridine (V-314), cyclopenta- 
diene, and iron (742). 

CH3 Fe 

h v  
___.I 

CH, \ 

I 
+ 8 + Fe 

V-314 

2. Six-Membered Heteroarylpyridines 

A .  Bi- and PoZypyridines 

a. PREPARATION. The synthesis of bipyridines by the reaction of pyridines 
with metals such as sodium and magnesium has been further investigated 
(743-761). 4,4'-Bipyridyl is the major product of this reaction when pyridine 
is used (743,748-753,755). 2,2'-Bipyridyl and 2,4'-bipyridyl are also formed. 
It is usual to use excess pyridine as the solvent, but dialkylarylamines, when 
used as diluents, are reported to give improved yields (743). A continuous 
process for the preparation of bipyridyls using magnesium and following the 
reaction by electrical conductance measurements was reported (748). The 
optimum conditions for preparing bipyridyls from pyridine and sodium 
followed by oxidation was established (750). Oxidants that have been used 
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are bromine (759, nitroalkanes (751,758), nitrobenzene (752), and air. 
22-Bipyridyl (65 %) is preferentially formed when pyridine is heated with 
zinc chloride, cadmium chloride, or mercury (11) chloride (759), or salts of 
the Group VIII metals (760), or iron (III) chloride (761). Using this latter 
catalyst with 2,2'-bipyridyl and 2,Z-bipyridyl hydrochloride, 2,2',2",2"- 
tetrapyridyl was synthesized (761). When methyl chloride was added to a 
reaction mixture containing pyridine and sodium amide in liquid ammonia 
the product was N,N'-dimethyl-4,4'-bipyridylium chloride (65 %) (744). 

2,Z-, 3,3'-, 4,4-, And 2,Y-bipyridyls were prepared by means of the 
Ullman and Grignard reactions (762-767). The 3-halopyridines were found 
to be less active than the 2- and 4halopyridines in both reactions (762). 
A mixture of 2-bromopyridine and khloropyridine with copper powder in 
nitrobenzene gave 2,2'-bipyridyl (57.5 %), 4,4-bipyridyl (12.5 %), and 2,4- 
bipyridyl (14.5 %) (766). Raney nickel with 2-chloropyridine gave 2 2 -  
bipyridyl(763). The effect of the solvent-tetralin, decalin, pseudocumene, 
decane, diphenyl, and dimethylformamide (764)-and the form of the 
copper catalyst (765) in the Ullman reaction have been investigated. 

Badger and Sasse have reviewed the work carried out on the dimerization 
of pyridines using metal catalysts (768); hence only recent work in this area is 
considered. Raney nickel has usually been used; however, Ziegler catalysts 
(769), rhenium (770), rhodium, osmium, and iridium (771), and platinum 
and ruthenium (772) were also used. A method for prolonging the life of the 
Raney nickel catalyst was described (773). The vapor phase dehydrogenation 
of 4-(4pyridyl)piperidine gave 4,4-bipyridyl (774). The optimum reaction 
conditions for the preparation of 2,2'-bipyridyl were established (775). 
Radiolysis of pyridine using 6oCo gamma rays gave 2,2'-bipyridyl(776). 

Heating pyridine-3-carboxaldehyde with acetaldehyde, ammonia, and 
ammonium acetate gave 3,4'-bipyridyl (V-315) (32 %) (777). Bipyridyls were 
prepared in a similar way by the vapor phase reaction of substituted pyridines 
with ammonia (778). The liquid phase ammonolysis of 3-(4pyridyl)-1,5- 
pentanediol gave 4,4-bipyridyl(779). 

V-315 

2,4-, 3,4'-Bipyridyls, 4-(3-pyridyl)picoline, and 4-(2-pyridyI)picoline were 
synthesized unambiguously by the decarboxylation of the respective acids 
(780,78 1). A new synthesis of nicotelline, 2,4di-(3-pyridyl)pyridine via 
a pyridone has been reported (782,783). 

The Gomberg reaction using pyridine or alkyl-substituted pyridines and 
pyridine-Zdiazonium chloride gave bipyridyls (784,785). 
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Bipyridyls have also been obtained from bipyrylium salts (786). The 
dimerization of pyridinium salts by cyanide is reported to yield dihydro- 
bipyridyls (787). 

b. PROPERTIES AND REACTIONS. 4,4'-Bipyridyl, which is used in the 
preparation of herbicides, is separated from 2,4'-bipyridyl and 2,2'-bipyridyl 
which are also usually present in reaction products, in the form of an insoluble 
dihydrate (788-790). 2,2'-Bipyridyl can be removed as an iron (11) sulfate 
complex (791). It is also possible to separate the 4,4'-pyridyl from the highly 
toxic contaminant 2,2',6',2"-terpyridyl by means of the iron (11) complex 
of the terpyridyl (792). A sulfonic acid cation-exchange resin was used to 
separate bipyridinium salts from the pyridinium salts (793). 

Complexes of 2,2'-bipyridyl with vanadium (794), cobalt, rhodium, and 
iridium (795) were studied. The peroxyvanadate of 2,2'-bipyridyl was obtained 
by adding 2,2'-bipyridyl to a solution of ammonium vanadate in 5% 
hydrogen peroxide (796). Beck and Halmos have determined the stability 
constants of copper (11) complexes of 2,2'-dipyridyl, 2-(2-pyridyl)piperidine, 
and 2,2'-dipiperidyl (797). The magnetic properties of 2,2'-dipyridylcobalt 
dicyanide (798) and the exchange and electron-transfer reactions of tris- 
(2,2'-dipyridyl)cobalt (111) ions (799) were studied. 2,2'-Dipyridyl reacted 
with titanium tetrachloride and diethylaluminium chloride to  form a violet 
complex (V-316) (800). The stability constant of bis(2,2',2"-terpyridyI) iron 
(11) complex was measured (801). 

V-316 

Perchlorobipyridyls were obtained in high yields by heating a mixture of 
the bipyridyl and phosphorus pentachloride in an autoclave. These com- 
pounds can be used as fungicides, herbicides, insecticides, and bactericides 
(802). 5,5'-Dibromo-2,2'-bipyridyl (V-317; R = R' = Br) (4%) and 5- 
bromo-2,2'-bipyridyl (V-317; R = H, R' = Br) (1 1.4%) were obtained by 
treating 2,2'-bipyridyl hydrobromide with bromine at 250". 3,3'-BipyridyI 
gave 5-bromo-3,3'-bipyridyl (V-318; R = Br) (803). 
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R. 

?)-q R' R 
V-317 V-318 

The sulfonation of 2,T-bipyridyl at 300" yields 2,2'-bipyridyl-5-sulfonic 
acid (V-317; R = H, R' = SO,H) and 2,2'-bipyridyl-5,5'disulfonic acid 
(V-317; R = R' = SO,H) (804). 3,3'-Bipyridyl on sulfonation at 300" gives 
the 5-sulfonic acid (V-318; R = S03H) (805). 3,4'-Bipyridyl gave 34'- 
bipyridyl-3'-sulfonic acid (V-319) (806). 4,4-Bipyridyl with concentrated 

SO3H 
/ 

V-319 
sulfuric acid at 300" gave 4,4-bipyridyltetrasulfonic acid (807). With SO, at 
room temperature, 4,4-bipyridyl formed a crystalline complex which 
on heating to 200" gave 4,4'-bipyridyl-3-sulfonic acid (808). 

4,4'-DimethyL2,2'-bipyridyI was oxidized with selenium dioxide to 
4-aldehydo-2,2'-bipyridyl-4-carboxylic acid (9 %) (809). 

Hydrogenation of 4.4-bipyridyl using Raney nickel (8 10) and platinum 
oxide (81 1) produces 4-(4-pyridyl)piperidineq The zinc dust reduction of 
2,2'-bipyridyl dimethiodide gave a fairly stable radical cation V-320 (8 12). 

CH, (-J-(-J 
CH3 

V-320 

The reduction of 3,3'-bipyridyl using sodium in isoamyl alcohol produced 
all possible hydrogenation products from the di- to the decahydrobipyridyls. 
The products were separated by chromatography on alumina (8 13). 
Reduction of 4,4'-bipyridyl over platinum catalysts and by means of sodium 
in ethanot, or of anabasine over a Raney nickel catalyst also gave a mixture 
of all the possible hydrogenation products, which were separated over 
alumina (814). 

Quarternary bipyridyl salts have been investigated for their herbicidal 
action (815-818). Black and Summers have shown that the molecular size is 
important in determining the herbicidal activity of Diquat analogues (818). 
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The stereochemistry of the bridged salts of 2,2'-dipyridyl were studied by 
ultraviolet spectroscopy and by the measurement of the redox potentials 
(819). Chloroacetic acid reacted with 4,4'-bipyridyl to give N,N'-bigacetic 
acid)-4,4'-bipyridinium chloride (820). 

1-(2-, 3- Or rl-pyridyl)-3,4-dihydroisoquinolines (V-321), tetrahydro- 
isoquinolines, and tetrahydroquinolines were prepared (820-827) and are 
reported to have analgesic, antipyretic, spasmolytic, and sedative activity. 

V-321 

B.  Riazinyl- and Triazinylpyridines 

The reported work in this area has been extremely limited. 5-(4-Pyridyl)-2- 
(5-nitro-2-fury1)pyrimidine (V-322) was found to be a potent inhibitor of 
Trichomonas raginalis and also to possess antibacterial activity (829). 

V-322 

3-(2-Pyridyl)-5-(substituted pheny1)-as-triazines (V-323) were prepared 
by treating 2-pyridylhydratine with phenylglyoxals. Compounds V-324 

V-323 v-324 

V-325 
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and V-325 were also prepared. These compounds have corrosion inhibiting 
properties (830). 

2-Cyanopyridine was trimerized by heating it with sodium hydride to form 
2,4,6- trb(2-pyridyl)- 1 ,3,5 - triazine (V-326). 2,5  - Bis-(2- pyridy1)pyrazine 
(V-327) was synthesized by the dimerization of 2-pyridyl aminomethyl 
ketone, followed by dehydrogenation (83 1). 

v-327 

V-326 

VI. Cyclopentadienylidenedihydropyridines 

Sesquifulvalene (V-328) is a highly unstable compound with the properties 
of a reactive polyolefin. The nitrogen-containing analogues, the cyclo- 
pentadienylidenedihydropyridines, V-329 and V-330, by contrast are 
relatively stable and many of these compounds have been prepared and 
characterized (832-843). 

R R 
v-3% V328b V-32% V-329b V-3- V-330b 

The synthesis of N-methyl-4-cyclopentadienylidene-1,4-dihydropyridine 
by the photolysis of N-methylpyridiniumferrocene iodide has already been 
reported (Section IV.3.). 

Four other general methods of synthesizing these sesquifulvalene analogues 
have been employed. 

The 4cyclopentadienylidenedihydropyridines (V-329; R = CH,C,H,- 
CI,-2,6 and CH,C,H,) were made by the dehydrogenative addition of 
cyclopentadiene to a pyridinium salt (832,833,838). 



V. Heteroarylpyridines 319 

Sodium cyclopentadienyl (V-331) reacts with 1-alkyl-4bromopyridinium 
bromide (V-332; X = Br) or 1-alkyl-Cmethoxy- or phenoxypyridinium 
iodide (V332;X = OR') to form compounds of the Cpyridine series 
(V-329) (835,841,842). The 2-halopyridinium salts (V-333) produce by this 
same reaction the 2-pyridinium compounds (V-330) (837, 840,842,843). 

+ 2NaX 
B r - o r l -  '- 2QNa'- C.5H6 NR + C5H6 - 
O 8  

SJ + 2NaX 

v-330 v-333 V-331 V-332 R 

Another unambiguous synthesis of these compounds was reported by 
Berson and co-workers. 2-Pyridyllithium reacts with cyclopentanone to 
form the tert-alcohol V-334, which was dehydrated via its methosulfate to 
V-330. Using this same route, 2- and Cpyridyllithium reacted with fluorenone 
to form the benzo derivatives of V-329 and V-330 (834). 

v-329 

g 

v-334 

Heterosequifulvalenes (V-335) containing oxygen as the heteroatom 
undergo a near quantitative nucleophilic Om-R exchange when treated 
with aliphatic amines, to form the aza analogues V-336 (836,839). 

R' 

)f& + RZNHz - & 
R' R I  

R 

v-335 RZ 

v-336 

Table V-20 summarizes the physical data on these compounds. 
The color of the anhydro base (V-330) and its derivatives is reversibly 

discharged on addition of a proton acid as a result of conversion to the con- 
jugate acid forms V-337 and V-338. Berson and co-workers have shown from 
a study of the nuclear magnetic resonance spectra of the conjugate acids that 



TABLE V-20. Cyclopen!adienylidenedihydropyridines 

Compound M.p. Salt ( m p )  Ref. 

2-Cyclopentadienylidene- I -met hyl- 1,2- 

I -Benzyl-2-cyclopentadienylidene- 1 .?- 

4-Cyclopentadienylidene-l -methyl- I ,4- 

I -Butyl-4-cyclopentadienylidene- 1.4- 

1 -Benzyl-A-cyclopentadienylidene-l,4- 

4-Cyclopentadienylidene- I ,Cdihydro- 1.2- 

4-Cyclopentadienylidene-I A-dihydro- 1.3- 

I -Butyl-4-cyclopentadienylidene- I ,4- 

I -Butyl-4-cyclopentadienylidene- 1.4- 

I -8utyl-4-cyclopentadien ylidene- I -4-dihydro- 

I-Butyl-dcyclopentadienylidene- I .4-dihydro- 

2-Fluorenylidene- I-methyl- I ,2- 

4-Fluorenylidene- I-methyl- 1.4- 

I -Benzyl-4-fluorenylidene-l,4- 

?-Indenylidene-l-methyl-l,2- 

4-lndenylidene-l -methyl-l.4- 

I-Butyl-4-indenylidene- I ,4- 

I ,2-Dimet hyl-4-indenylidene- I ,4-dihydro- 

1 -Butyl-4-indenylidene-2-methyl- 1,4- 

1 -Butyl-4-indenylidene-3-methyl- 1,4- 

di hydropyridine 

di hydropyridine 

dihydropyridine 

dihydropyridine 

dihydropyridine 

dimet hylpyridine 

dimet hylpyridine 

dihydro-2-methylpyridine 

dihydro-3-methylpyridine 

1.3-dimct hylpyridine 

2.5-dimethylpyridine 

dihydropyridine 

dihydropyridine 

dihydropyridine 

dihydropyridine 

dihydropyridine 

dihyd ropyridine 

pyridine 

dihydropyridine 

dihydropyridine 

Dimorphous 56-57" 
and 74.5-75" 

141 - 142" 

235" (decomp.) 

170" 

205-209" 

208" (decomp.) 

132-133" 

170- 173" 
(decomp.) 

139" (decomp.) 

156" (decomp.) 

I 1  8" (decomp.) 

I7 I - 172" (dccomp.) 

1 87- 188" 

209-2 10" 

16 I - 162" (decomp.) 

21 5" fdecomp.) 

102- 103" (decomp.) 

205-207" (decomp.) 

139.5" (decomp.) 

135-136" (decomp.) 

Perchloi.ate 80" 742,834, 
(decomp.) 843 

834 

834 

838 

834 

838 

838 

838 

838 

838 

838 

834,837 

834 

834 

834.837 

834 

Perchlorate 102.5-104" 834 
Picrate 112-1 13" 

838 

838 

838 

380 
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R 

v-339 
H H  

v-338 
v-337 

the other possible form V-339 is not present (834). The 4-pyridine com- 
pounds V-329 behave in a similar way (see also Ref. 835). 

The ultraviolet-visible spectra of the 2-pyridine compounds (V-330) show 
four maxima at about 210,272,360, and 420 mp, shifting to two maxima at 
230 to 260 and 342 mp in acid solution (834). The 4-pyridine compounds 
(V-329) show maxima at 242, 335,428, and 440 (inflection) mp, shifting to 
249,300 (inflection), and 348 my in acid solution (835). A theoretical correl- 
ation of the excited-state properties of the 2- and 4- series has been made 

The pK, values for the conjugate acids was measured (834), and a theoret- 
ical correlation of ground-state properties such as dipole moments and 
acidities reported (845). 

The nuclear magnetic resonance spectra of several members in this series 
of compounds were reported (835,838). 

Compounds of the 2- series (V-330) react rapidly with electrophilic 
reagents such as bromine, nitrosyl chloride, acid chlorides, and acetic 
anhydride, although no pure products have as yet been isolated or identified 
from these reactions (834). Boyd and co-workers used deuteration experi- 
ments to show that electrophilic attack should take place at the C-2 and C-5 
positions of the cyclopentadiene ring (838). These workers have also 
discussed the internal rotation and aromaticity of these compounds (838). 

(844). 
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I. Introduction 

The number of new compounds listed in Tables VI-I through VI-10 
attest to the preparation of many new halopyridines and molecular addition 
compounds synthesized since the previous survey (1). Particularly note- 
worthy has been the description of improved routes to known compounds 
such as pentachloropyridine and pentafluoropyridine, which has generated 
considerable interest in their properties and conversion to new halopyridines. 
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11. Nuclear Halogen Derivatives 

1. Preparation 

A .  Direct Halogenation 

a.  FLUORINATION. 
The vapor phase (150 to 280”) fluorination of pyridine (2) or 2- 

fluoropyridine (3) provides only 0.2 to 3.0% yield of perfluoro-(A’- 
fluoropiperidine). The pyridine electrochemical fluorination technique 
developed by Simons (4. 5 )  gave perfluoropiperidine in 13 :(, yield (6-8); 
this method was extended to the preparation of the corresponding perfluoro- 
piperidine derived from 2-, 3-, and 4-picoline (9) and 4-n- and isopropyl- 
pyridine (9). Perfluoropiperidines constitute useful precursors to penta- 
fluoropyridine (7,8. 10) and perfluoropicolines (9) by aroniatization at 
550 to 610” with iron or nickel (see Section 111.1 .G.). 

b. CHLORINATION 
(1) Pyridinc. and Akylpyridines. Vapor phase chlorination routes for 

the preparation of chloropyridines in the presence of numerous diluents 
have recently been described ( 1  1-16). Scission of the trichloromethyl group 
during the vapor phase chlorination of polychloro-2-(trichloromethyl)- 
pyridine gave the tri-, tetra-, and pentachloropyridines (17). Saturated 
heterocyclics such as piperidine undergo simultaneous gas phase (580”) 
chlorination and aromatization to give pentachloropyridine in 32 % yield 
( I  8a). This product was also obtained in 75 :! yield from the related chlorina- 
tion of N-substituted piperidines, for example, N-chlorocarbonylpiperidine 
( 1  8b, c). N-Acylated 2,3,4,5-tetrachloro-6-aminopyridines are obtained from 
a similar halogenation of cyanoethylated-piperidine (1 8d). 

Boudakian and co-workers described a convenient route to 2-chloro- 
pyridine (VI-2). based on the photochemical chlorination of pyridine (VI-I) 
in refluxing carbon tetrachloride (19). A similar transformation has been 

v 1-1 VI-2 

effected by reaction of pyridine hydrochloride with cupric chloride or cupric 
chloride-chlorine (20). The “swamping catalyst” technique developed by 
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Pearson (21). based on the chlorination of pyridine-aluminum chloride 
complex (VI-3), presents a useful route to 3-chloropyridine (VI-5). The 
contrasting inertness of pyridine hydrochloride-aluminum complex to 
chlorination has been attributed to immobilization of the electrons on 
nitrogen and deactivation of the ring toward electrophilic attack. Excess 
aluminum chloride in the "swamping catalyst" system may also serve to 
provide a medium of high dielectric constant and to transform chlorine into 
an active electrophile. 

2 VI-1 + 2 AICI, 
2 0  N' 

1 
AIC13 

Vl-3 

VI-4 

Vl-5 

High yield routes to polychlorinated pyridines by liquid phase chlorination 
techniques have also been disclosed. The photochemical chlorination of 
2-chloropyridine at 150" gave a 95 % yield of 2,6-dichloropyridine (2 1 a). 
Johnston obtained a 68 % yield of 2,3,4,5-tetrachloropyridine by chlorina- 
tion of 2-chloropyridine hydrochloride in hexachlorobutadiene as solvent 
at 95 to 100" (21b). Likewise, Smith prepared 2,3,5,6-tetrachloropyridine 
or pentachloropyridine in 85 to 96 % yield by the ferric chloride-catalyzed 
chlorination of 2,6-dichloropyridine at 180" (21c). 

Phosphorus pentachloride has been found to be a useful chlorinating 
agent. An improved preparation of 4-chloropyridine (VI-7) involves the 
reaction of N-(4-pyridyl)pyridinium chloride hydrochloride (VI-6) with this 
reagent (22,23). The technique was also applied to the preparation of 4- 
chloro-3-picoline in 67 % yield. Higher yields (97 "A) of pentachloropyridine 

c1 

VI-6 VI-7 
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from phosphorus pentachloride and pyridine were realized by modification 
of Sell and Dootson's initial conditions (24) by use of elevated temperatures 
(350") and larger proportions of halogenating agent (25.26). This technique 
was extended to the preparation in 87 % yield of 2,2'-octachlorobipyridyl 
from 2,2'-bipyridyl(27). 

(2) Pyridine-I-oxides. 2- And Cchloropyridine were obtained on passage 
of chlorine-sulfur dioxide into a chloroform solution of pyridine-1-oxide 
(28). Abramovitch and Knaus (29) recently prepared 2,6dichloro-3,4- 
lutidine-1-oxide (VI-9) by the successive metallation of 3,4-lutidine-l -oxide 
(VI-8). and chlorination. 

0) n-BuLi/THFf- 65' 6 C H 3  
6 C H 3  111) Cl> 

CI fi' Cl 
I I 
0- 0- 

v1-8 Vl-9 

Phosphorus oxychloride effects the simultaneous deoxygenat ion-chlorina- 
tion (a- or y-) of pyridine- 1-oxides. While 2-chloropyridine-1 -oxide (VI-10) 
gave 2,6-dichloropyridine (VI-11) (30), 2-picoline- 1-oxide provided 4-chloro- 
2-picoline (VI-12) (31). 2-Chloro-3-chloromethylpyridine (32), 2-chloro-3- 
cyanomet hylpyridine (33). and 4-chloro-2.6-lutidine (34) were also prepared 

CI 

0 C H 3  
POCI, 

+IX=CH,) 
FOCI, 

Ix=cII ' 
C1 0 C1 

VI-12 VI-11 

v1-10 

by deoxygenation-chlorination of the N-oxides of 3-chloromethylpyridine, 
3-cyanomethylpyridine, and 2,6-lutidine, respectively. 

Taylor and Crovetti described the one-step deoxygenation-chlorination- 
dehydration of nicotinamide-I-oxide to 2-chloronicotinonitrile by use of 
phosphorus oxychloride-phosphorus pentachloride (35). 

While 3,5-dibromopyridine-l-oxide undergoes deoxygenation-chlorina- 
tion with sulfuryl chloride to give 2- and 4-chloro-3,5-dibromopyridine, 
this reagent effects a- and y-chlorination of 3,S-diethoxypyridine-1-oxide 
without loss of the N-oxide function (36). 

The conversion of 4-nitropyridine-1-oxide to 4-chloropyridine-1-oxide 
with acetyl chloride (37) was extended to other substrates such as the 4-nitro 
derivatives of 2- and 3-picoline-f -oxide (38,42), nicotinic acid-1 -oxide (38). 
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nicotinamide- 1-oxide (43), 3,5-lutidine-l-oxide (39), and 2,3,5,6-tetramethyl- 
pyridine-1-oxide (39). In addition to the product (VI-14) expected from the 
reaction of 4-nitro-2-picoline-1-oxide (VI-13) and acetyl chloride, nitrosation 
(with the acetyl nitrite formed in the reaction) of the methyl group occurs 
followed by subsequent formation of the oxime (VI-15) and/or nitrile 
(VI-16) (44). Displacement of the nitro group in 4-nitropyridine-I-oxides can 

&cH3 CHJCOCIb b c H 3 +  A' I b c H = N o H +  I &c- k' I 

CI 

0- 0- 0- 
VI-13 VI-14 VI-15 VI-16 

I 
0- 

also be effected by phosphorous trichloride, hydrochloric acid, or hydrogen 
chloride gas (45-48). 

Brown demonstrated that 2-nitropyridine-1-oxides undergo similar 
displacement with acetyl chloride to give 2-chloropyridine-1-oxides (49); 
however, phosphorous trichIoride effected displacement-deoxygenat ion of 
3-hydroxy-2-nitropyridine- 1-oxide to give 2-chloro-3-hydroxypyridine (50). 

3-Nitropyridine-1-oxide undergoes nuclear chlorination-deoxygenation 
without displacement of the nitro group: phosphorus oxychloride converted 
3-nitropyridine-1-oxide to 2- and 6-chloro-3-nitropyridine (51), while 33- 
dinitropyridine-1-oxide was transformed into 2-chloro-3,5-dinitropyridine 
(52a). 3-Chloropyridines have been obtained as by-products in the direct 
acylamination of pyridine-1-oxides with imidoyl chlorides (52b). 

(3) Substituted Pyridines. Application of the hydrogen chloride- 
hydrogen peroxide halogenation technique to 2-aminopyridine (53) or 
6-amino-2-picoline (54) gave 2-amino-5-chloropyridine and 6-amino-3,5- 
dichloro-2-picoline, respectively. A convenient two-step process to penta- 
chloropyridine (VI-19) involves successive chlorination of 2,6-diamino- 
pyridine (VI-17) in hydrochloric acid to give 3,4,5-trichloro-6-hydroxy-2- 
pyridone (V1-18), followed by halogenation with phosphorus pentachloride- 
phosphorus oxychloride (55) .  While 4-cyanopyridine is converted to 4- 
cyanotetrachloropyridine with phosphorus pentachloride at 350". both 2- 
and 3-cyanopyridine form pentachloropyridine under the same conditions 
(56). In contrast, gas phase chlorination of 2-, 3-, or 4-cyanopyridine can 

c1 

VI-17 
H 

VI-18 

- .  

VI-19 
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be controlled to give the corresponding mono-, di-, or tetrachlorocyano- 
pyridine (15,57, 57a, b). 

t-Butyl hypochlorite effected chlorination of 2-pyridone to give 5-chloro- 
2-pyridone (58). 

Reinvestigation of the isonicotinic acid-thionyl chloride reaction gave 
only 2-chloroisonicotinic acid (59); none of the previously reported 3-chloro 
isomer was found (60). 

c. BROMINATION 
(1) Pyridines and Alkylpjv-idines. Facile bromination of pyridine can 

be accomplished in fuming sulfuric acid (65% SO,) to give high yields of 
3-bromopyridine (61,62). [Negligible bromination occurred in 90 ”/, sulfuric 
acid or in the presence of silver sulfate (62)J. Sulfur trioxide serves to form a 
neutral adduct with pyridine, thereby causing less ring deactivation than 
that in the pyridinium ion (i.e., in 90”( sulfuric acid). In addition, higher 
concentrations of the active electrophile (bromine cation?) are present in 
the fuming sulfuric acid system. This promising P-bromination technique 
was extended to alkylpyridines such as 2-, 3-, and 4-picoline and 2b-lutidine 
(61,63). The comparable “swamping catalyst” method, involving aluminum 
chloride instead of sulfur trioxide, has been applied to the liquid phase 
B-bromination of 2-, 3-, and 4-picoline (21,64). 

Garcia and his co-workers effected the P-bromination of pyridine in 
boiling thionyl chloride or sulfur monochloride to give a 40% yield of 33- 
dibromopyridine (VI-20) (65). 5-Bromonicotinic acid has been prepared in 

(R = SOCI,S,CI) 

I 
R 

repeal sequence I 
VI-20 
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75 "/,yield by the method above. Sulfuryl chloride or phosphorus oxychloride 
can also be employed in the bromination procedure above (66). 

Giam and Abbott described a novel P-halogenation technique involving 
bromination of lithium tetrakis(N-dihydropyridy1)aluminate (prepared 
from pyridine and lithium aluminum hydride) to give a 41% yield of 3- 
bromopyridine (66a). 

The hydroxyl group in 3-hydroxypyridine and in the corresponding 
1-oxide exhibits a powerful directional influence toward 2-substitution 
during alkaline bromination (in the presence of 10 % sodium hydroxide) to 
give the corresponding 2-bromopyridine (67). Bromination of 2,4-dihydroxy- 
pyridine, 2-ethoxy-4-hydroxypyridine, and 4-ethoxy-2-hydroxypyridine re- 
sulted in bromination at the 3-position (68). These observations have been 
interpreted in terms of the bromination of the pyridone forms. In contrast. 

/J3 oBa 
0 

H H 
VI-21 

2,4-diethoxypyridine undergoes substitution at the 5-position. The hydrogen 
bromide-hydrogen peroxide technique was applied to 2-aminopyridine to 
give 2-amino-5-bromopyridine in 70 % yield (53). 

den Hertog observed the strong directing influence of reactor packing in 
the vapor phase bromination of 2,6-dibromopyridine above 450": with 
ferrous bromide-pumice, 3- and 5-substitution occur to give 2,3,6-tri- and 
2,3,5,6-tetrabromopyridine; with pumice packing, 4-substitution results to 
give 2,4,6-tribromopyridine (69). Iodine enhanced the rate of 4-bromination. 
Boudakian and co-workers observed predominant a-halogenation during 
the gas phase reaction of pyridine with bromine chloride (carbon tetra- 
chloride diluent) to give 2-bromopyridine (VI-22) and 2-chloropyridine 
(VI-23) in 75 and 21 "/, yields, respectively (70a, b). The aItered product 

75 % 21 % 2% 1.5% 
VI-22 VI-23 

orientation for the bromination of VI-1 with increasing temperature has 
been generally attributed to a change from electrophilic (300") to a radical- 
type bromination (500") (71). Several investigators have recently suggested 
that the relative thermodynamic stability of 2- and 3-bromopyridine may 
play a significant role in determining such orientation at 500" (72). The gas 
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phase (600”) reaction of 2-, 3-, or 4-cyanopyridine with excess bromine gave 
as new products the corresponding tetrabromocyanopyridines (72a). 

A new route to 4-bromopyridine features the reaction of N-(4-pyridy1)- 
pyridinium chloride hydrochloride and phosphorus pentabromide (22). 

Carbon tetrachloride-soluble N-bromohydantoins exhibit comparable 
bromination activity as the less-soluble N-bromosuccinimide and have thus 
been recommended for the halogenation of substrates such as pyridine (73). 

(2) Pyridine-I-oxides. Bromination of pyridine-1-oxide can be effected 
in acetic acid-sodium acetate-chloroform to give 3,5-dibromopyridine- 1- 
oxide (35% yield) (74) or in 900/;: sulfuric acid-silver sulfate to form 2- and 
Cbromopyridine-1-oxide (10% yield, 1 : 2 ratio) (75). Bromination is resisted 
in the presence of iron powder (76) or 90% sulfuric acid alone (75). Fuming 
sulfuric acid alters the orientation to give 3-bromopyridine-I-oxide; this 
has been attributed to the formation of the stable sulfur trioxide-pyridine- 
1-oxide adduct which is deactivated at the 2-, 4-, and 6-positions toward 
electrophilic attack (77). Bromine water converted 1 -hydroxy-2-pyridone to 
3,5-dibromo- 1 -hydroxy-2-pyridone (78). 

Ring bromination, as well as coupling, result from the reaction of pyridine- 
1-oxide (VI-24) with n-butyllithium and bromine (29). 

VI-24 3.0% 8.2% 6.2 ”/, 

CNitropyridine- 1-oxides are converted to the corresponding 4-bromo- 
pyridine with phosphorous tribromide (45,64,78) or to the N-oxide with 
acetyl bromide (42, 79,80). 4-Nitropyridine- 1-oxide follows different paths 
when heated with hydrobromic acid in aqueous or in acetic acid media, 
giving 3,5-dibromo-Cpyridone and 4-bromopyridine-l-oxide, respectively 
(VI-25) (81,82). Phosphorus oxybromide effected nuclear bromination- 

0 

~ HBr fi HBr + 6 
Br 1 1 IH,O) CH,CO,H 6’ &’ 

d- A- I 
H 

VI-25 

deoxygenation of 4-nitropyridine-1-oxide to give 2-bromo-4-nitropyridine 
(83). 
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d. IODINATION. The iodination of 2-, 3-, and 4-pyridinol in aqueous 
sodium carbonate gave 5-iodo-2-pyridone, 2-iodo-3-pyridino1, and 3-iOdO- 
4-pyridone (VI-26) (84). Above 255”, VI-26 disproportionates to give 33-  
diiodo-4-pyridone (VI-27). 

VI-26 VI-27 

B .  Halogen Molecular Addition Compounds 

a. BONDING. Mulliken’s charge transfer theory has been applied to 
bonding in halogen molecular addition compounds (85 ,  86). Solutions of 
pyridine and iodine gives rise to the following equilibria (VI-28): 

Py + I, Py.1, e (Pyl)+I-  = (PYI)+ + I -  
“outer “inner 

complex” complex” 

VI-28 

X-ray studies (87) suggest the following structures for the 2: 1 and 1 : 1 com- 
plexes from 4-picoIine and iodine (88): The “outer complex” (i.e., undis- 

- 
VI-29 

VI-30 

sociated) structures are arbitrarily employed in the text and Tables VI-1, 
VI-2, and VI-3. 

b. FLUORINE ADDITION COMPOUNDS. Fluorine and pyridine react in 
trichlorofluorornethane at - 80” to give a solid adduct possessing ionic 
character; violent decomposition occurs above - 2” to give 2-fluoropyridine 
(89). The adduct also serves as a fluorinating agent in the above solvent at 
- 10” to effect 13-difluoro addition to chlorinated olefins. 



TABLE VI-I,  Pyridine-Hiilogcn Molcculw Addition 
Compounds" 

Compound M.p.  ("C) Ref. 

I Pyridine),.BrF 
Pyridine.2IBr 
Pyridine"3 
PyridineICI, 
Pyridine.2IC1, 
(Pyridine),KI, 
PyridineIF 
(Pyridine),,IF 
Pyridine.lF,' 
(Pyridine),.IF, 
Pyridinel F, 

Melts with dec. 
53 
35 
175- I77 
I40 
69' 
80-97 (dec.): I10 (dec.) 
1 I2 132 (dec.) 

I65 
9 (est .) 

166-168 

95 
92 
92.269 
101 
93 
93 
9 4 . 9 6 ~  
95 

96b 
91a. b 

96- 98 

~~ ~ 

Arbitrarily shown as tindissociated coniplcx. 
A product. m.p. 166". designated as [IIPy),]' [IF,]-. 

dipyridineiodine ( I )  hexafluoroiodate. has also been 
reported (97a. b). 

Incongruent. 

TABLE VI-2. Molecular Addition Compounds of Substituted Pyridines" 

Compound M.p. (T) Ref. 

3-lodo-2.6-lut idineCI, 
3-lodo-~~~m-collidine~CI, 
3-Picoline,Br2 
4-PicolineBr2 
4-,,-Amyl~yridine.Br, 
4,4-Bipyridyl,2Br2 
(2-BrC5H4NH)+Br-f2-BrCSH4N~Br,) 
(2-CIC,H4N H )  + Br - .(2-CIC5H, N.Br,) 
2-Picolinel, 
3-Picolinel, 
4-PicolineI 
( 4 - P i c o I i n ~ ) ~ ~ I ~  
2-FluoropyridineI, 
4.4'-Bipyridyl.I, 
4-Picoline BrCI 
4-n- AmylpyridineBrCl 
2.4-LutidineBrCI 
2.5-Lutidine.BrCl 
2.6-LutidineBrCI 
3.4-Lut idine.BrCI 
3.5-Lut idineBrCI 
2.3.6-CollidineBrCl 
2-Chloropyridine.lBr 
2-Fluoropyridinel Br 
3-Bromopyridine IBr 

240 
25 I 
41 
73 
85-87.5 
Not given 
87-91 (dec.) 
74-83 (dec.) 
38 
62 
83.2-83.4 
223-224 
Not given 
Not given 
89- 90 
105.0-105.5 
96-98 
94-96 
99- loo 
93-94 
106-108 
102 104 
44-45 
44 -45 
77- 78 

285 
285 
270 
270 
102 
103 
105 
105 
270 
2 70 
88. 270 
un 
91 
103 
432 
102 
432 
432 
432 
432 
432 
432 
91 
91 
91 

417 



Table VI-2 (Cnnrinwd) 

Compound M.p. ("C) Ref. 

3-ChloropyridineIBr 
3-Fluoropyridinel Br 
4-Chloropyridinel Br 
2- PicolineI Br 
4-Picoline4Br 
2.6-Lui idine.1 Br 
4-n-AmylpyridineIBr 
4.4-Bipyridyl.lBr 
2-Chloropyridine.IC1 
2-FluoropyridineJCI 
3-BromopyridineIC1 
3-Chloropyridine4CI 
3-FluoropyridineICI 
4-ChloropyridinelCI 
2-PicolineICI 
3-Picoline.ICI 
4-PicolineICI 
2,&LutidinelCI 
2,2'-Bipyridyb2lCI 
4.4-Bipyridyl~ZICl 
4.4-Dimet hyl-2.2'-bipyridyl.2lCl 
2-FluoropyridineICI, 
2-Picoline.IC1, 
4- Picol inel C 1 
2.6-LutidineICI, 
22-Bipyridyl.IF 
2.2'-BipyridybIF3 
2-FluoropyridinelF5 

47 91 
70-72 91 
193-195 91 
61-68 90 
78 .O- 78.5 92 
106- I08 90 
100.5- 101 .O 102 
260-265 I03 
80- 82 91 
56 91 
90-92 91 
56 91 
95-97 91 
224-226 91 
77.5 90 
55-56 440 
107- 108 101 
112-113 90 
95: 140(starts todecomposeat looo) 100, 104 
Decomposes ai 230" 103 
130- I40 100 
56-65 91 
131-133 101 
133-134 101 
103-105 101 
I10 (dec.) 96c 
142 (dec.) 96d 
Not given 91 

a Arbitrarily shown as undissociated complex. 

TABLE VI-3. Salts of Pyridine Molecular Addition Compounds 

Compound M.p. ("C) Ref. 

PyridineHICl,~ICI 
2,&LutidineHICl,~ICI 
2,2'-Bipyridyl.HCI,ICI 
2,2'-Bipyridyl~HICl2.ICl 
4.4'-Bipyridyl.2HCIZlCl 
4.4-BipyridykZH Br-2IBr 
4,4-Dimerhyl-2,2'-bipyridyl.HICI, 
4.4-Dime1 hyl-2. 2'-bipyridyl~HICI,.ICl 

85-86 
Oil 
139-140 
65-67 
191-194 
Nor given 
153 
57-59 

99 
99 
loo. 104 
99 
I 03 
1 03 
99 
99 

418 
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c. INTERHALOGEN ADDITION COMPOUNDS. Spectrometric studies by 
Popov and Rygg indicate that the stability of interhalogen pyridine com- 
plexes in carbon tetrachloride is associated with the acid strength of the 
interhalogen (ICl > IBr > I,) (90). The strengths of pyridine.IC1 complex 
(in nonpolar solvents) are also dependent on the location of substituents in 
the pyridine ring. Thus, the stability of chloropyridine-interhalogen com- 
plexes decreased in the order 4- > 3- > 2-chloro, as would be expected 
from the increasing magnitude of the inductive effect as chlorine approaches 
nitrogen (91). Likewise, increased melting points of 1 : 1 interhalogen- 
pyridine adducts (ICI, > ICI > IBr) have been associated with increase in 
electron acceptor strength of the interhalogen (92,93). Polar solvents (e.g., 
acetonitrile) promote ionic dissociation of these adducts (90). 

2C5H5N.ICI CH3CN * (C,H5N)J+ + ICI; VI-31 

Complexes of iodine fluorides with pyridine have also attracted attention. 
Both pyridineIF (94,96c) and (pyridine),.IF (95,96a) have been synthesized. 
PyridineIF, has been prepared from pyridine and iodine trifluoride in 
trichlorofluoromethane (96a, b), or by electrolysis of (pyridine),.IF in 
acetonitrile (98). [Recent studies by Meinert suggest the possible existence 
of dipyridineiodine (I) hexafluoroiodate, [I(Py), J +[IF,] - (97a, b)]. Phase 
diagrams indicate that the 1 : 1 iodine pentafluoride-pyridine complex is 
not stable (91a, b). A solid of unknown composition was formed from the 
violent reaction of iodine heptafluoride and pyridine (98a). 

While (pyridine),.BrF was prepared from pyridine, bromine, and silver 
fluoride in acetonitrile (95), no stable pyridine-bromine trifluoride complex 
could be formed at temperatures as low as -42" (91). However, the thermally 
sensitive pyridine-bromine pentafluoride adduct dissolved in acetonitrile at 
-30 to -40" without decomposition (97c). 

d. ACID SALIS OF ADDITION COMPOUNDS. Yagi and Popov isolated a 
new class of polyhalide complex ions (suggested to be 1,CI;) from salts of 
interhalogen addition complexes (99, 100). 

V131A c H CI 
CSH,N.HCI.ICI + ICI - C,H,N.HICI,'ICI 

e. ADDITION COMPOUNDS OF SUBSTITUTED PYRIDINES. Table VI-2 sum- 
marizes novel halogen addition compounds, based on halopyridines (9 l), 
alkylpyridines (88, 90, 92, 101, 102), and bipyridyls (101, 103, 104). An 
unusual amine-halogen complex (VI-32) precipitated from chloroform solu- 
tions of 2-halopyridines and bromine (105). (Hydrogen bromide in the 2- 
halopyridinium bromide may arise from bromination of chloroform). 

(XC,H,NH)+ Br - .XC,H,N.Br, 

X = CI, Br 
V1-32 
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C .  From Pyridinols, Pyridones, and Related Starting Materials 

2- (VI-2) And 3-chloropyridine (VI-5) were prepared in 84 to 88% yield 
by the thermal decomposition of mixed tetraaryloxyphosphorus mono- 
halides (VI-33) (ArOH = 2- or 3-hydroxypyridine) (106). 

ArOH (ArO),PCI, A% (Ar’O),(Ar’O)PCI 5 VI-2 + (ArO),PO VI-34 

or 

Vl-33 VI-5 

During the conversion of 1-hydroxy-4-pyridones to Chalopyridines, the 
proper choice of halogenating agent can also permit nuclear chlorination: 
4-chloropyridine (phosphorus oxychloride/trace phosphorus pentachloride) 
or 2,4-dichloropyridine (sulfuryl chloride) from I-hydroxy-Cpyridone; 
3,4-dichloropyridine (phosphorus oxychloride) or 2,3,Ctrichloropyridine 
(sulfuryl chloride) from 3-chloro-1 -hydroxy-4-pyridone (107). [Hydroxyl 
groups can be protected during simultaneous nuclear chlorinationdeoxy- 
genation of hydroxypyridine-1 -oxides by phosphorus oxychloride (108)]. 
Substituted I-hydroxy-2-pyridones also undergo bromination-deoxygena- 
tion with phosphorus oxybromide: 2,3,5-tribromopyridine from 33-  
dibromo-I-hydroxy-2-pyridone (78). 2-bromo-3S-dinitropyridine from 1- 
hydroxy-3,5-dinitro-2-pyridone (78), and 2-brorno-5-nitropyridine from 
l-hydroxy-5-nitro-2-pyridone (109). 4-Methoxynicotinamide-I-oxide (VI-35) 
gave 2,4-dichloronicotinonitrile (VI-36) through a sequence involving dis- 
placement of the alkoxy group, nucIear chlorination-deoxygenation, and 
dehydration by the phosphorus oxychloride-phosphorus pentachloride 

0- 
VI-35 VI-36 

Cyanuric fluoride has served as a fluorinating agent for the preparation of 
2-fluoropyridine from 2-pyridone (1 10). The phosphorus pentachloride- 
phosphorus oxychloride combination has been extended to substrates such 
as l-methyI-3,4,5,6-tetrachloro-2-pyridone (1 1 l), 3,4-dichloro-5,6-dimethyl- 
2-pyridone (1 12), and 6-methyl (or pheny1)-4-trifluoromethyl-Zpyridone 
(1 13) to give pentachloropyridine, 2,3,4-trichloro-5,6-dimethylpyridine, and 
6-met hyl (or phenyl)-4-trifluoromethyl-2-chloropyridine, respectively. Phos- 
phorus pentachloride was employed to  convert 3,4,5-trichloro-2-pyridone 
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to 2.3,4,5-tetrachloropyridine (1 14). 2,3-Dibromopyridine, previously iso- 
lated as a minor product from the gas phase bromination of pyridine (1 15), 
can be prepared from 3-bromo-2-pyridone and phosphorus oxybromide in 
65 % yield (1 16, 1 17). 4-Pyridone has been successively converted to 33- 
dibromo-4-pyridone (with bromine), 2,3,5,6-tetrabromo-4-pyridone (bromi- 
nation in 70 % oleum), and pentabromopyridine (phosphorus pentabromide) 
(118). 

Reinvestigation of the glutarimide (VI-37)-phosphorus pentachloride 
reaction gave a mixture of di-, tri-, tetra-, and pentachloropyridine (1 19). 

VI-37 (or tautomer) 

The formation of pentachloropyridine becomes important when the reaction 
is conducted at 275°C for 24 hr. 

D. From Aminopyridines 

Finger and co-workers prepared 2,3-difluoropyridine and 2,6-difluoro- 
pyridine by the Schiemann reaction on 3-amino-2-fluoropyridine and 
6-amino-2-fluoropyridine, respectively (120, 121). Earlier warnings con- 
cerning the thermal instabiIity of 3-pyridyldiazonium tetrafluoroborate (122) 
were again confirmed by a recent detonation involving this salt (123). An 
alternate diazotization route to 2-fluoropyridine featured decomposition of 
2-pyridyldiazoniuin hexafluorophosphate (124). The in situ decomposition 
of these unstable salts yields significant amounts of 2-pyridones, presumably 
arising from the acid-catalyzed hydrolysis of the corresponding 2-fluoro- 
pyridine (1  24a). 

Talik has prepared numerous substituted Chalopyridines by diazotization 
of the corresponding Caminopyridine (125- 128). Substituted 4-iodo- 
pyridines have been synthesized by successive diazotization of the Camino- 
pyridine-1-oxide, addition of potassium iodide, and deoxygenation with 
phosphorous trichloride (129). Diazotization-bromination (cuprous bromide 
in hydrobromic acid) of 4-aminotetrafluoropyridine to Cbromotetrafluoro- 
pyridine could be successfully accomplished in aqueous hydrofluoric acid 
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medium (130). (The latter serves to offset loss of fluoride ion during diazotiza- 
tion of negatively substituted amines). 

Numerous halopyridines have been obtained by replacement of the 
nitramino group in 2-, 3-, or 4-(nitramino)pyridines by halogen derived from 
phosphorus halides ( 1  31a-c). 

V1-38 

E .  Halogen Exchange 

The halogen-exchange technique ( I  32) for the preparation of fluoro- 
nitropyridines from halonitropyridines and potassium fluoride in polar 
solvents was extended to the preparation of fluorocyanopyridines (1  33). 
This technique was also applied to halopyridines devoid of nitro or cyano 
activating groups, thereby permitting the synthesis of new fluoropyridines 
or providing alternate routes to known campounds. With polar solvents 
such as tetramethylene sulfone ("sulfolane"), dimethyl suIfone or  N-methyl- 
2-pyrrolidone, exchange fluorination of a- and/or y-halogens was effected : 
2-chloro- and 2-bromopyridine (1  34); 2,3-, 23-, and 2,Bdichlorapyridine 
(1 34, 135): 5-bromo-2-chloropyridine (134); 2,3,5-trichloropyridine (134); 
2,3,5,6-tetrachloropyridine, as well as mixtures of isomeric tetrachloro- 
pyridines (25); and pentachloropyridine (25,26, 136,137). While @-halogens 
resisted fluorination in the lower chlorinated pyridines, #?-fluorination of the 
tetra- and pentachloropyridines was sluggish. 

The halogen-exchange technique was further modified by carrying out 
the fluorination in the absence of solvent with selected substrates. Thus 
pentachloropyridine (VI-39) was readily converted by potassium fluoride to 
pentafluoropyridine (VI-40) in 69 to 83 % yield at 480 to 500" in an autoclave 
(25.26.136. 137). The solvent-free fluorination technique was also applied to 

CI F 

V 1-39 V I 4  

completely halogenated substrates such as 4-cyanotetrachloropyridine (56) 
and octachloro-2,2'-bipyridyl (27) to  give the corresponding perfluorinated 
product. 
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This type of fluorination does not follow a consistent pattern with partially 
chlorinated pyridines: degradation occurred with 2-chloropyridine (138) 
or 2,3,4,6- and 2,3,5,6-tetrachloropyridines (above 420") (25, 136) and 
partial halogen substitution was observed with the tetrachloropyridines 
above (below 400") (25, 136) and complete halogen exchange with 2,6- 
dichloropyridine (1 39). 

VI-41 

The solvent-free fluorination technique was recently modified by Boudak- 
ian (138) through the use of potassium bifluoride. While charring occurred 
with 2-chloropyridine-potassium fluoride at 3 15". a 74 ',/, yield of 2-fluoro- 
pyridine (VI-42) was obtained with potassium bifluoride at 315" (4 hr). 
This is to be contrasted with the 21-day period required for the conversion of 
2-chloropyridine to VI-42 with potassium fluoride in polar solvents (1 34). 

f KHF,  3 f KCI + H F  

v 1-42 

An atmospheric pressure solvent-free fluorination technique was recently 
described by Fielding and co-workers (140, 141) who passed 3,Sdichloro- 
trifluoropyridine and other hetero-pentahalopyridines at 750 to 770" 
through a fused salt melt (45 potassium fluoride : 55 od potassium chloride). 

Other halide ions can also serve as nucleophiles. For example. the reaction 
of pentafluoropyridine (VI-40) with sodium iodide in dimethyl forrnamide 
(142), or with potassium chloride at elevated temperatures (141) gave 4-iodo- 
or 4-chloro-tetrafluoropyridine (VI-43), respectively. Heterohalogenated 
pyridines, for example 3-chloro-2,4,5,6-tetrafluoropyridine, also exhibit 
similar lability at the 4-position towards halide ions (142). [While 4-substi- 
tution occurred when pentachloropyridine was treated with sodium bromide 
in dimethylformamide to give 4-bromo-tetrachloropyridine (142a), reaction 
of this substrate with potassium fluoride in tetramethylene sulfone gave 
2-fluorotetrachloropyridine ( 142b)]. 

X 

DMF Ff ' KCI $. V1-40 3 V I 4  + Kal - 
F k N , /  F 

VI-43 
x = 1 . a  
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Musgrave recently observed that pentafiuoropyridine and 3,Sdichloro- 
trifluoropyridine undergo 2- and y-halogen exchange reactions with hydrogen 
halides (HCI, HBr, and HI) in sulfolane or aluminum halides (142c. d). 

F .  Involving Ring Closure 

Roedig and co-workers developed several ring closure routes to penta- 
chloropyridine (VI-39), based on amides of pentachloro-2,4-pentadienoic 
acid (VI-44, VI-45} ( 1  1 1. 143). The oxime of perchloropenta-l,3-dien-5-al 

NH2 
v 1-44 

CI 
I 

C H ,  
V 1-45 

CH3 

(VI-46) was cyclized to 2,3,4,5-tetrachloropyridine- 1-oxide (VI-47), which 
was subsequently converted to pentachloropyridine (VI-39) with sulfuryf 
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chloride ( 1  44). 2-Alkvl- or aryl-retrachloropvridines 0'1-49) were prepared 
from perchloropentadienonitrile (VI-48) and Grignard reagents ( I 14). 

VI-48 VI-49 

The reaction of VI-48 and alkoxides gave 2,6-dialkoxy-3,4,5-trichloro- 
pyridines ( 1  45); 3,4,5-trichloro-6-hydroxy-2-pyridone was synthesized by 
successive cyclization of pentachIoro-2,4-dienoic acid to give perchloro-2- 
pyrone, followed by amination ( I  1 I ) .  

Grohe and Roedig (1 12) transformed 8-ketocarboxylic esters/trichloro- 
acrylonitrile to 2.3-disubstituted-3.4,5-trichloropyridine (VI-SO) by a three- 
step sequence: 

CCI,=CCIC" 
+ 

[ C H ~ - ~ - ~ R C O Z E ~ ]  K +  -757 r-BuOH 

PCI, 196"2 I 
CI 

VI-50 

Another cyclization route involving nitriles features the recently dis- 
covered transformat ion of y-cyanocarboxylic acids, (NC)CH =CRCH,COX, 
by hydrogen chloride to give substituted 6-chloro-2-pyridones; the latter 
can then be converted to the corresponding 2.6-dichloropyridine with 
phosphorus oxychloride (1  1 la). 

The Diels-Alder reaction has been applied to the preparation of 4-chloro- 
and 5-chloro-2-picolinonitrile from cyanogen and chloroprene (146. 148). 
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as well as 2-bromo-3.4,5,6-tetrafluoropyridine (VI-52) from cyanogen 
bromide and perfluorocyclohex-1.3-diene (VI-51) (149). Esters of 3,4.5- 
trichloro-6-benzoylpicolinic acid (VI-,W have been similarly prepared by 

Br - C ~ F . ,  F h F  

F N / B r  

V 1-52 

F 2 0 F  + BrCN - 
F2 / F 

F 
VI-51 

F 

Jaworski from dialkyl ketals of 1,2,3,4-tetrachlorocyclopentadienone (VI-53) 
and benzoyl cyanide ( 1  50. 15 1). 

Johnson and co-workers (152) described new routes to 2-amino-6- 
halopyridines (VI-57) which involve the treatment of 3-hydroxyglutaro- 
nitrile (VI-55) or glutacononitrile (VI-56) with hydrogen halides. Hydrogen 

R 0 NCCH=C(R)CH2CN 
NCCHzC(OH)RCH,CN 

--.% v 1-56 
VI-55 

R = H, alkyl,aryl 
X N ~ N H ,  

X = Br, I VI-57 

bromide converted malononitrile or its dimer to 2,4-diamino-6-bromo-5- 
cyanopyridine (VI-58) (153a. b). However, the corresponding reaction of 
isopropylbromide and malononitrile gave 6-bromo-3-cyano-2,4-bis(iso- 
propy1amino)pyridine (1 53b). 

NH2 

CH,(CN), (NC),C=C(NHz)CH2CN 

v I-% 
Elvidge treated malonyl chloride with a variety of nitriles to  give sub- 

stituted 2-chloropyridines; for example, 2-chIoro-3-cyano-4-hydroxy-6- 
pyridone was obtained from malononitrile, while 2-chloro-3-(p-chloro- 
phenyl)-4-hydroxy-6-pyridone was formed from p-chlorophenylacctonitrile 
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(1 53c-e). Salts of substituted I ,I ,3,3-tetracyanopropenes have likewise 
been transformed to 2-amino-6-halo-3,5-dicyanopyridines (VI-59) (154). 

R 

X = CI, Br, I vr-59 

Successive ring scission and cyclization during the high temperature 
(600°C) chlorination of 1,2-dicyanocyclobutane provided high yields of the 
isomeric tetrachlorocyanopyridines ( 1  55). These products were also ob- 
tained from the vapor phase chlorination of adiponitrile or 1,4-dicyano-l- 
(or -2-)butene; n-vaferonitrile gave pentachloropyridine (1  55a). 

Treatment of glutaraldehydes or cycIic enol precursors with ammonium 
chloride and an oxidizing agent provides chlorinated pyridines : 3-chloro- 
and 3,5-dichloropyridine from glutaraldehyde or 2-methoxy-3,4-dihydro- 
pyran; and 3-chloro-4-picoline and 3.5-dichloro-4-picoline from j?-methyl- 
glutaraldehyde or 2-methoxy-4-methyl-3,5-dihydropyran (156, 157). 5- 
Chloro-3-hydroxy-2-pyridone was obtained from furfural, chlorine, and 
sulfamic acid (158). 

The high temperature (450") reaction ofcarbon tetrachloride and ammonia 
gave a mixture of pentachloropyridine (27 %) and cyanuric chloride (70 %) 
f 159). 

G .  Other Methods 

a. RING ENLARGEMENT REACTIONS. Jones and Rees converted pyrroles 
to substituted 3-halopyridines in 55 to 90% yield by reaction with dichloro- 
carbene generated from sodium trichloroacetate in neutral aprotic solvents, 
such as 1,2-dimethoxyethane (160). For example, a 70% yield of 3-chloro- 
2b-lutidine (VI-61) was realized from 2Sdimethylpyrrole (VI-60) and 
dichlorocarbene by this technique. in contrast to the 9'( yield obtained 
under hasic conditions (chloroform/sodium ethoxide). Nicolett i convertcd 

2-dichloromethyl-2,5-dimethylpyrrolenine (VI-62) to VI-61 with excess 
n-butyllithium (162). 

b. DISPLACEMENT OF THE HALOMERCURI GROUP. The previousl! re- 
ported claim (1 6.3) t h a t  4-hromopyridine-I -oxide represented the main 
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product from the successive mercuration-broniination of pyridine- 1-oxide 
was shown by Van Ammers and den Hertog to be incorrect: instead, 2- and 
3-bromo- and 2,6-dibromopyridine-l -oxides were found to be the major 
products (164. 165). Halogenation (bromine and iodine) of 3-chloromercuri- 
4-aminopyridine or 3,5-bis(chIoromercuri)-4-arninopyridine gave the 
corresponding 3-halo- or 3,5-dihalo-4-aminopyridine ( 1  66). 

Halopyridines have been 
prepared from the corresponding N-oxide by application ofvarious reduction 
systems: Raney nickel/hydrogen ( I  67); Urushibara nickel/hydrogen (1 68); 
palladium-on-carbon/hydrogen (1  69); ammonia ( I  69); iron-acetic acid 
(36, 78, 164, 165); sodium borohydride-ahminum trichloride (170); nitric 
oxide-sulfuric acid (1  7 I ) :  sulfur dioxide (172); phosphorous trichloride 
(45, 129, 173); phosphorous tribromide (45); phosphoryl bromide (83); 
benzenesulfenyl chloride (174): and ferrous sulfate-ammonium hydroxide 
(1  28). 

While deoxygenation of 4-iodo-3-picoline- I -oxide with phosphorous 
trichloride in chloroform gave 4-iodo-3-picoline. the corresponding deoxy- 
penation in chloroform-water furnished 4-chloro-3-picolinc ( I  29). 

Half-wave potentials ( -  E,,,, V) from the polarographic reduction of 
halopyridine-I-oxides at pH 5.0 have been determined: 3-bromo. 1.040; 
3-chloro. 1.071 : 3-fluor0, I .144: 4-bromo. 1.094: 4-chloro, 1.174 (129a). 

c. DEOXYGENATION OF PYRIDINE-1-OXIDES. 

2. Physical Properties 

Properties of new compounds synthesized since the previous review ( I ) .  
well as the inclusion ofnew methods to selected knowncompounds have been 
compiled in the following tables: 

Halopyridines (Table VI-4) 
Alk ylhalopyridines (Table VI-5) 
Arylhalopyridines (Table VI-6) 
Haloalkylhalopyridines (Table VI-7) 

The base strength of more halogenated pyridines were measured by Fischer 
and co-workers ( 1  75): 4-chloropyridine (pK, 3.83); 4-bromopyridine (3.75): 
3,5-dichloropyridine (0.67); and 3,5-dibromopyridine (0.82). The pK, of 
pentafluoropyridine has been estimated to be - 1 I by use of I9F NMR 
(1 75a). 

Cumper and Vogel measured the dipole moments of 15 isomeric mono-, 
di-. and tri-halogenated pyridines; these have been interpreted on the basis of 
resonance interaction of the halogen with the pyridine ring (176). 
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3. Reactions 

A .  Hydrogenolysis,  Reduction, and Coupling 

Comparative hydrogenolysis studies with Raney nickel-potassium hy- 
droxide-methanol disclosed that 2-, 3-, and 4-bromopyridine were reduced 
within 0.5 to 0.75 hr; longer periods were required for the chloropyridines: 
2- (2 hr) < 4- (3 hr) << 3- (16 hr) (177a, b). Polarographic studies revealed 
the following order of ease of halopyridine reduction: I > Br > C1 and 
4 > 2 > 3 (178). The preparation of pyridine 2-d, 3-d, 4-d by treatment of 
2-, 3-, or 4-halopyridines with zinc-2N D2S04 has been described (179). 

Preferential catalytic hydrogenolysis of chlorofluoropyridines has pro- 
vided several novel compounds, for example 2,4,6-trifluoropyridine from 
3,5dichlorotrifluoropyridine (180). Replacement of the 4-fluorine atom in 
pentafluoropyridine by hydrogen to give 2,3,5,6-tetrafluoropyridine occurs 
under free radial (catalytic hydrogenation) or nucleophilic (lithium alumi- 
num hydride) conditions (180, 181). Substituents in the 4-position are more 
susceptible to displacement by hydride ion (from LiAlH,) than other ring 
substituents; for example, 3-chloro-2,4,5,6-tetrafluoropyridine was reduced 
to 3-chloro-2,5,6-trifluoropyridine (26). While pentahalopyridines generally 
undergo multiple nucleophilic displacement at positions 2, 4, or, hydride 
ion can effect displacement at position 3 in pentachloropyridine (55). 
The latter was converted by lithium aluminum hydride under ambient 
conditions to 2,3,6-trichloropyridine in 90% yield (181a, b). 

Hydrogenolysis of 2-amino-5-chloropyridine to 2-aminopyridine without 
the formation of coupling products was effected through use of the hydrazine- 
palladium charcoal-ethanol system (182). 

In an evaluation of solvent systems for the Ullmann coupling reaction, 
dimethylformamide gave the highest yields of 2,2’-bipyridyl from 2-bromo- 
pyridine (183). Ullmann coupling (at the Cposition) was demonstrated for 
Cbromo- and Ciodotetrafluoropyridine (130, 142). Perfluoro-(B,/?’-pyridyl- 
enes) were prepared from 3-chlorotetrafluoropyridine and 3,5dichloro- 
trifluoropyridine with copper (184), while poly@,/?’-pyridylene) were 
obtained from 3,5-dibromopyridine and potassium in dioxane (185) or 33- 
dichloropyridine and lithium in tetrahydrofuran ( I  86). 

B .  Hydrolysis 

While the alkaline hydrolysis (4M KOH) of 2- or Chalopyridines (X = C1, 
Br, I) gave 2- or 4-pyridone, 3-halopyridines formed mixtures of 3-hydroxy- 
pyridine and 4-pyridone (186a). Zoltewicz and Sale have suggested competing 
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direct substitution and elimination-addition mechanisms. The latter would 
involve 3,4- pyridyne (V163b) as an intermediate. 

Pentafluoropyridine, 3-~hlorotetrafluoropyridine, 3,5-dichlorotrifluoro- 
pyridine, and pentachloropyridine gave the corresponding tetrahalo-4- 
pyridone upon reaction with potassium or sodium hydroxide in water or 
aqueous ethanol (107, 181, 187). The use of t-butyl alcohol solvent permits 
appreciable 2-substitution; this has been interpreted in terms of the steric 
requirements of the solvent and ring substituents (187). Application of this 
system to heterohalogenated pyridines, for examples Cbromo- or Ciodo- 
tetrafluoropyridine, results in preferential displacement of 2-fluorine to 
give the tetrahalo-2-pyridone (130, 142). Suschitzky observed that 2-substi- 
tution preferentially occurred from the reaction of pentachloropyridine with 
a mixture of acetic and sulfuric acids to give tetrachloro-2-pyridone; this 
has been cited as an example of nucleophilic substitution upon pentachloro- 
pyridinium ion (187a). 
Tetrahalo-4-pyridinethiones have been prepared from pentachloro- or 

pentafluoropyridine and potassium hydrosulfide (188- 190a). 

C. AIcohol ysis 

Abramovitch and co-workers (190b) found that the rates of reaction of the 
2-halopyridines toward methoxide ion in methanol were in the order 
F >> Br > CI. Other kinetic studies (in methanol and in dirnethyl sulfoxide) 
showed that the rates were in the sequence 2-halopyridine > 2-halo-3- 
picoline > 2-halo-5-picoline and were dependent upon E,,, when the halogen 
was bromine but upon ASx when it was chlorine. [The accelerating role of 
the ortho-methyl group in the bromopicotines has been interpreted in light 
of the combined effects of London forces and iondipole interactions (117, 
190b)J. In contrast to the rearrangement products arising from the alkaline 
hydrolysis of 3-halopyridines (186a), the corresponding alcoholysis (sodium 
rnethoxide-methanol) gave only direct substitution (19Oc). 

While attack at the 4-position represents the main substitution path for 
the reaction of alkoxides with pentachloropyridine (191), a more detailed 
study by Flowers. Haszeldine, and Majid (55) disclosed that a mixture of 2- 
and 4-alkoxytetrachloropyridines is obtained. Larger nucleophiles lead to 
increased 2-substitutiot1, presumably due to less steric hindrance. 

Ratio of 4- :2-substitution Alkoxide (solvent) 

CH,OK(CH,OH) 85 : 15 
C,H,OK(C,H,OH) 65 135 
n-C,H,OK(n-C4HgOH) 57 143 
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Lability of the 4-fluorine atom in pentafluoropyridine was demonstrated by 
shaking the latter with sodium methoxide/methanol under ambient condi- 
tions (181, 192). Prolonged heating gave 3,5-difluoro-2,4,6-trimethoxy- 
pyridine. While the nitro group is displaced in the reaction of 4-nitrotetra- 
fluoropyridine and sodium methoxide (193), fluorine is removed in penta- 
fluoronitrobenzene or 2,3,5,6-tetrafluoronitrobenzene. The striking activa- 
tion of the 4-position in polyfluoropyridines has been attributed to the 
stabilization of a transition state in which the high electron density can be 
placed on the ring-nitrogen (194). [The preferential displacement of fluorine 
by methoxide in 4-bromo- or 4-iodotetrafluoropyridine to give 2-methoxy- 
3,5,6-trifluoro-4-halopyridine would require another rationalization (1 30, 
142)]. 

D .  Amino1 ysis 

Since Levine and hake ’ s  (195) initial observation concerning the in 
situ generation of 3,4-pyridyne (VI-63b) from 3-bromopyridine, acetophe- 
none. and sodium amide to give 4-aminopyridine and &phenacylpyridine, 
considerable interest has been shown in the pyridine counterpart of benzyne 
(196, 197). Kaufmann studied the isomer distribution from the reaction of 
2-, 3-, and 4-halopyridines with lithium piperidide and other secondary 
amines (198-201). Both 3-bromo- and 3-chloropyridinc provided nearly 
equal amounts of 3- and 4-piperidinopyridine, while 3-fluoropyridine gave a 
96:4 isomer ratio. (Direct substitution predominated with 2-fluoro- and 
4-chloropyridine). 

The generation of 3,4-pyridyne (VI-63b) was also demonstrated when 
3-bromo-, 3-chloro-, and 3-iodopyridine were treated with potassium 
amide-liquid ammonia to give 3- and 4-aminopyridine (1 :2 ratio) (203,204). 
Since Zoltewicz observed a more rapid exchange of deuterium in 3-chlOrO- 
pyridine-44, as compared with 3-chloropyridine-2-d with sodium amide- 
ammonia, these pyridyne-generated reactions by use of amide ion probably 
involve formation of 3-chloro-4-pyridyl anion (VI-63a), followed by elimina- 
tion of halide ion to give (VI-63b) (208, 209). In contrast, 2-halopyridines 

VI-63a VI-63b 

(202-204) and 4-fluoropyridine (205) undergo direct substitution under 
similar amination conditions, while 3-fluoropyridine is converted to a 
mixture of 2,4- and 4,4’-bipyridyls (206). 
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Den Hertog and co-workers observed a surprising ring transformation in 
which amination of 2,6-dibromopyridine provided 4-amino-2-methyl- 
pyrimidine (VI-64) as the sole product (205). In contrast, amination of 

H 

2,6-difluoropyridine gave 2.6-diaminopyridine. Amination of 2,3-, 2,4-, 
23-, 3,4-, and 3,s-dibromopyridine gave mixtures of diamino and amino- 
bromopyridines which were generated from a bromo-3,4-pyridyne. 

Substituted halopyridines undergo ring contraction under selected 
amination conditions. Potassium amide-liquid ammonia converted 3- 
amino-2-bromopyridine to 3-cyanopyrrole (210). 2-Bromo-3-hydroxypyri- 
dine and 2,6-dibromo-3-hydroxypyridine (VI-65) were transformed to 
pyrrole-Zcarbonamide and 5-bromopyrrole-2-carbonamide ( W e ) ,  re- 
spectiveIy (21 1). 

VI-65 v1-66 

Ring scission to give 1,3-dicyanopropene, NCCH=CH-CH,CN, 
occurred in the reaction of 2-bromo-6-nitropyridine or 6-amino-2-bromo- 
pyridine with excess potassium amide in liquid ammonia (21 2). 

Steric considerations play an important role in the reaction of nitrogen- 
containing nucleophiles with pentachloropyridine: 4-substitution is favored 
with ammonia (213,214), sodium amide-ammonia-ether (143). and hydrazine 
hydrate-ether (143), while 2-substitution predominates with secondary 
amines such as dimethyl amine. piperidine, morpholine, and pyrrolidine in 
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benzene (215, 216). Haszeldine and his co-workers conducted a more 
detailed study on the amounts of 2- and 4-substitution with change in 
nucleophile (ethanol solvent); larger nucleophiles favor 2-substitution 
because of decreased steric hindrance (55). 

Amine Ratio of4-: 2-substitution 

NH, 70 : 30 
n-C, H 9 NH 2 25 : 75 
(CH,),NH 20 : 80 
(CZH,),NH 1 :99 

BSubstitution predominates when pentafluoropyridine, 3-chlorotetra- 
fluoropyridine, or 3,5-dichlorotrifluoropyridine react with ammonia, hydra- 
zine, or dimethyl amine (181, 187, 192). These studies associated greater 
reactivity with increasing substrate chlorine content (187). A 2-fluoro 
substituent was displaced exclusively in the reaction of 4-bromo- or 4 
iodotetrafluoropyridine with aqueous ammonia (130, 142). Nitro group 
displacement was noted during the amination of 4-nitrotetrafluoropyridine 
(193). 

No 2-(N-@-hydroxyethylanilino)pyridine (VI-68a) was obtained from 
the reaction of 2-bromopyridine (VI-67) and N-phenylethanolamine; 
instead, rearrangement to give N-(@-anilinoethyl)-2-pyridone (VI-68b) 
occurred (217). 

, 
CHzCHIOH 

Vl-68a VI-67 

+ C,H,NHCH,CH,OH - 
(CH,), 

I 
NHC6H5 

VI-68 b 

Heinisch recently demonstrated the synthesis of 3-amino-s-triazolo- 
[4,3-a]pyridines (VI-69) from the reaction of 2-bromopyridine (VI-67) and 
thiosemicarbazide (2 17a). 
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E .  Displacement by Cyano and Similar Groups 

2-Cyanopyridine was obtained from the gas phase reaction of 2-chloro- 
pyridine and hydrogen cyanide over nickel oxide-alumina catalyst at 580" 
(2 18). The conversion of 3-hydroxy-2-iodo- or 3-iodo-4-pyridone to the 
corresponding nitrile with cuprous cyanide (in xylene or isoamyl alcohol) 
simplified the former multistep routes to 3-hydroxypicolinic and 4-hydroxy- 
nicotinic acids (219). While hexafluorobenzene is inert to metal cyanides in 
aprotic solvents (220), pentafluoropyridine reacts with sodium cyanide in 
dimethyl formamide at low temperatures to give 4-cyanotetrafluoropyridine 
(56). 

The solvent-free reaction of cuprous cyanide with the isomeric 2-bromo- 
3-, 5-, and 6-picolines gave good yields of the corresponding nitrile; in 
contrast, 2-bromo-4-picoline provided only small amounts of the desired 
nitrile (221). 

F .  Formation of Organometallic Compounds 

A new route to pyridylmagnesium bromides or iodides (VI-70) features the 
reaction of 2-, 3-, or 4-halopyridines with phenylmagnesium halides in 
tetrahydrofuran or diethyl ether (222). 

X = CI,Br Y = Br,1 VI-70 

The mode of exchange with n-butyl-lithium and pentachloropyridine is 
solvent-dependent : tetrachloro-2-pyridyllithium is the major product in 
hydrocarbon solvents, while metal-halogen exchange at the 4-position 
predominates in diethyl ether (223. 224). Substitution at the 4-position is 
also favored for the pentabromopyridine/n-butyl-lithium system in diethyl 
ether (224a). Pentachloropyridine undergoes metalation with alkyl- and 
arylsilyllithium reagents to give 4-(alkyl- or ary1silyl)tetrachloropyridines 
(225). Heterohalogenated pyridines undergo selective metal-halogen ex- 
change: n-butyl-lithium converted 2-bromo-6-chloropyridine and 4-iOdO- 
tetrafluoropyridine to 6-chloro-2-pyridyl-lithium (226). and 2,3,5,6-tetra- 
fluoro-4-pyridyl-lithium ( 142), respectively, while 4-iodotetrachloropyridine 
and lithium dimethylcopper gave 2,3,5,6-tetrachloro-4-pyridylcopper (227). 

Pentachloropyridine (223. 224, 228, 229), pentabromopyridine (224a), 
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and 4-bromo- and 4-iodotetrafluoropyridine (130, 142,230) form Grignard 
reagents at the 4-position. Tetrachloro-4-pyridylmagnesium halides or the 
corresponding lithium derivative have been coupled with copper (I) halides 
(227), chlorotrimethylsilane (229), or mercuric chloride (224) to give 2,3,5,6- 
tetrachloro4pyridylcopper, trimethyl-(2,3,5,6-tetrachloro4pyridyl)silane, 
or bis(2,3,5,6-tetrachloro-4-pyridyl)mercury, respectively. Bis(2,3,5,6-tetra- 
fluoro-4-pyridy1)mercury was prepared from tetrafluoro-4-pyridylmagnesium 
bromide and mercuric chloride or from 4-bromotetrafluoropyridine and 
lithium amalgam (via tetrafluoro-4-pyridyl-lithium) (230). (See also Ch. VII.) 

Metal carbonyl anions react with pentafluoropyridine or 4-bromo- 
tetrafluoropyridine to give 4-substitu ted transition metal complexes (VI-71) 
(231-234a, b). Nuclear hydrogen atoms in tetrahalopyridines are sufficiently 

M=Mn(CO),; Re(CO15; ( ~ c - C ~ H ~ ) R U ( C O ) ~ ;  
Mn(CO),PPh,; (IFC,H,)F~(CO), 

VI-71 

acidic to undergo displacement by metals: for example, 2,3,4,6-tetrafluoro- 
pyridine can be converted to 2,3,4,6-tetrafluoro-5-pyridyl-lithium by 
n-butyl-lithium (180), while lithium dimethylcopper transformed 2,3,5,6- 
tetrachloropyridine to 2,3,5,6-tetrachloro4pyridylcopper (227). 

2J-Halopyridynes have been generated (through the substituted 3-pyridyl- 
lithium) by the reaction of n-butyl-lithium with 2,3,5,6-tetrachloro-4- 
(1-piperidy1)pyridine (235) or 2,3,5,6-tetrachloro-4-(trimethylsilyl)pyridine 
(225) and from t-butyl-lithium with 2,3,5,6-tetrachloro-4-methoxypyridine 
(236). [The formation of 4,5,6-trichloro-2,3-pyridyne and 2,5,6-trichloro-3,4- 
pyridyne from tetrachloropyridyl-lithium precursors has been intensively 
studied (237, 238)J. Lithium amalgam has permitted the generation of 2,3- 
pyridynes (VI-72) from 2-chloro-3-bromopyridine (79,202,239) or 4-,5-, or 
6-ethoxy-2,3-dibromopyridine (240); the pyridyne can be trapped with 
furan and converted to quinoline derivatives. 3,4-Pyridyne (VI43b) has 

VI-72 

been generated from 3-bromo-4-chloropyridine using lithium amalgam 
(241); this method could not be applied successfully to the formation of 
2,5,6-trifluoro-3,4-pyridyne from 4-bromotetrafluoropyridine (230). 
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G .  C-Alkylation Reactions 

2-Ethynylpyridines are formed from 2-iodopyridines and cuprous acety- 
lides (242). 2-Bromopyridine has been widely employed in C-alkylation 
reactions with substituted phenylacetonitriles and sodium amide (243-246). 
a-Alkylation occurs preferentially with 2,5-dibromopyridine in the latter 
system (243). 

CChloropyridine and Grignard reagents provide 4alkylpyridines (247). 
Pentachloropyridine (VI-19) undergoes Ltsubstitution with Grignard re- 
agents (225), or ethyl sodiomalonate (143). 4-Alkylation is also favored in 

VI-73 

the reaction of pentafluoropyridine with alkyl- or aryl-lithium reagents 
(181, 192,248). The alkylation site can be altered by changing the substrate. 
Pentachloropyridine-l-oxide undergoes 2- and 2,6-substitution with Grig- 
nard reagents; subsequent deoxygenation provides the corresponding 
alkylpyridine (454a,b). 2-Substitution results with tetrafluoro-4-picoline 
and organic lithium reagents (248). 

H .  Other Metathetical Reactions 

The order of replacement of halogen by sulfite ion in the monochloro- 
pyridines was 4-CI > 2-C1 > 3-C1 (249, 250). Preferential Csubstitution 
occurred in the reaction of pentafluoropyridine with sulfur nucleophiles 
such as the sulfite, thiophenoxide, and benzenesulfinate ions in aprotic 
solvents (250a). 

O-Pyridyl ketoximes (VI-74) have been prepared from 2- or 4-bromo- 
pyridine and acetone oxime (251). 

+ CH3 CH, EtoNa, 

NOH 
t ~ O N = C ( C H J ,  

VI-74 
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2-Bromopyridine undergoes nucleophilic attack by pyridine-1 -oxide 
(or picoline-, quinoline-, or isoquinoline-1-oxides), followed by an intra- 
molecular nucleophilic attack to give N-(2-pyridyl)-2-pyridone (VI-75) 
(252-257) (see also Chapter IV). In contrast, 4-bromo- or 4-chloropyridine 

0- - OHBr 
VI-75 

follows a different reaction path with these N-oxides, that is, the predominant 
formation of N-(4-pyridyl)-4-pyridone presumably arises by hydrolysis of 
the dimer of the 4-halopyridine (258,259). 

The Arbuzov reariangement can be extended to heterocyclics; for example, 
pentachloropyridine (VI-19) and triethyl phosphite react to give diethyl 
2,3,5,6-tetrachloro-4-pyridylphosphonate (VI-76) (1 42a). 

I .  Polymerization 

2-Halopyridines do not self-condense under ambient conditions, 2-Fluoro- 
pyridine dimerizes at 130 to 140” to give N-(2-pyridyl)-2-fluoropyridinium 
fluoride (260,261); 2-bromopyridine undergoes similar self-condensation at 
250 to 300” (262). Prolonged heating of 2-chloro-, 2-bromo-, or 2-iodopyri- 
dine gave resins of uncertain structure (261). 

Both 3-chloro- and 3-bromopyridine resist polymerization because of the 
low reactivity of the 3-halogen (262). During the preparation of 3-bromo- 
pyridine, a bIack solid with a polypyridylene structure was isolated (263). 

Wibaut established the following order of conversion of 4-halopyridines 
to N-(4-pyridyl)-halopyridir:um halide: F > Br > CI > I (261). The self- 
condensation of 4-chloro- or 4-bromopyridine is acid-catalyzed ; treatment 
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of the glass equipment with alkali avoids this problem (247). 2,6-Di-t-butyl-C 
chloropyridine exhibits greater storage stability than does Cchloropyridine 
(265). The polymeric electrolytes previously obtained by the spontaneous 
polymerization of 4-chloro- or 4-bromopyridine (258, 259) are examples of 
“onium polymerization” (262, 266-268). The growth of the polymer chain 
takes place through the unshared electrons of the hetero atoms involving 
charge transfer complexes (a), followed by dimer formation (b), and so on 
(VI-77). The polymers exhibited electrical conductivity to  lo-’ Q/cm) 
and were paramagnetic. Polypyridinium salts such as VI-77 also show 
nematocidal properties (264). 

c1- 
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111. Side-Chain Halogen Derivatives 

1. Preparation 

Many new techniques have been also described for the preparation of 
side-chain halogen derivatives, especially perfluoroalkyl pyridines. For 
example, the classical method for the preparation of such compounds 
featured successive side-chain chlorination of an alkyl pyridine, followed by 
halogen exchange with hydrogen fluoride (301,302). 

A .  Halogenation of Saturated Side Chains 

a. CHLORINATION. Earlier studies on the chlorination of picolines 
proceeded directly to the trichloromethyl stage (301 -305). Mathes and 
Schuely developed a one-step route to 2-chloromethylpyridine (Vi-78) by 
the chlorination of 2-picoline in the presence of sodium carbonate (carbon 
tetrachloride solvent) (306, 307). With polymethylated pyridines, mono- 
chlorination occurred predominantly at the 2-position. Other direct 

VI-78 
65 % 5 %  < 5 %  

chlorination routes to chloromethylpyridines include chlorination conducted 
in sulfuric acid and in the presence of free-radical initiators [azo(isobutyro- 
nitrile)], for example, 3-chloromethylpyridine from 3-picoline (308). 
The gas-phase chlorination (steam as diluent) has provided a convenient 
route to 4-chloroalkylpyridines (309, 310). 

b. BROMINATION. Kutney and co-workers (31 1) observed the following 
order of reactivity rates for the isomeric picolines toward N-bromosuccini- 
mide/benzoyl peroxide: 4 > 2 >> 3. (The 4-isomer gave only 4-tribromo- 
methylpyridine, the 2-isomer furnished a mixture of the mono- and dibromo- 
methylpyridines, and the 3-isomer resisted bromination.) The sluggish 
bromination of 2,3,5,6-tetrafluoro-4-picoline to give low yields of Cbromo- 
methyl-tetrafluoropyridine has been interpreted in terms of steric interaction 
of the fluorine atoms in the 3- and 5-positions (248). 
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B. Displacement of Oxygen 

Chloromethylpyridines can be prepared from trichloroacetyl chloride 
with the corresponding 2-, 3-, or 4-hydroxymethylpyridine (315). 

Substituted 2-chloromethylpyridines have been synthesized by the 
action of p-toluenesulfonyl chloride upon 2,6-lutidine- 1-oxide (3 16, 31 7) 
and 5-ethyl-2-methylpyridine- 1-oxide (3 16). Trichloroacetyl chloride also 
effected the conversion of 2-picoline-1 -oxide into 2-chloromethylpyridine in 
70 to 80 yield (318). The transformation of picoline-I-oxides by reactive 
halides into chloromethylpyridines may involve a mechanism suggestive of 
nucleophilic attack by chloride ion on an exocyclic methylene carbon 
(VI-79) (316, 319). 2- 

0-POCI, I Q--POC12 

CH, CH*CI pj -..fi &/ c1- -0 -0 
I 
0- 

VI-79 

Pyridinecarboxylic acids arc converted to the corresponding trifluoro- 
methyIpyridine (V1-80) by sulfur tetrafluoride-hydrogen fluoride involving 
the in situ formation of the acid fluoride (320-322). 

C .  Introduction of a Halogenated Side Chain 

a. FREE RADICAL PERFLUOROALKYLATION OF PYRIDINE. Mixtures Of a-, 
a-, and y-perfluoroalkylpyridines (VI-81) are formed by the reaction of 
perfiuoroalkyl iodides with pyridine (323). The x-isomer can be isolated 
from this mixture by treatment with 20°4 hydrochloric acid. 

V1-1 f C,F,I . ( 3 3 F 7  

V1-81 
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b. PERFLUOROALKYLATION WITH POLYFLUOROCARBANIONS. A technique 
described as the nucleophilic equivalent of the Friedel-Crafts reaction 
involving polyfluorocarbanions and perfluorinated substrates (e.g., penta- 
fluoropyridine)gavedisplacement productssuch as VI-82(324a, b). Chambers 
and co-workers also noted that higher fluoro-olefin pressures favored 

v 1-82 

polysubstitution, for example, perfluoro(pentaethylpyridine), C,(C2F,),N, 
from tetrafluoroethylene and pentafluoropyridine. Heterohalogenated sub- 
strates, for example 3,.5-dichlorotrifluoropyridine, undergo nucleophilic 
displacement at positions 2 and 4 with tetrafluoroethylene and cesium 
fluoride in dimethyl formamide (VI-83) (325). 

VI-83 

Steric factors influence the type of trisubstitution in the reaction of poly- 
fluoroalkylcarbanions with pentafluoropyridine: with CF,CFE, VI-84 
(a product of kinetic control) is formed exclusively; the more bulky (CF,),C- 
provides only VI-85 (the isomer favored by thermodynamic control) (326, 
326a, 327). With (CF,),CF-, a nucleophile of intermediate steric require- 
ments, the initially formed 2,4,5-trialkyI isomer (VI-84) was subsequently 
rearranged to VI-85 by heating with fluoride ion. 

R fi F 

11) KF!sulfolant, 

R f i F  

1111 R mllgatron , 
F N / R  (13V1 F .N, R ( W - F -  

VI-84 VI-85 

c. PYRIDINE-1-OXIDE ALKYLATION REARRANGEMENT. A novel approach 
to 2-polyfluoroalkylpyridines involves alkylation of pyridine- or picoline-l- 
oxides with terminally unsaturated perfluoroalkenes, which may involve 
rearrangement of a postulated isooxazoiidine intermediate VI-86 (328). 
For example, pyridine-1 -oxide and hexafluoropropylene gave 2-( I ,2,2,2- 
tetrafluoroethy1)pyridine VI-87. 
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d. PYRIDINE ANION ROUTES. 2-Pyridyllithium and alkylpyridine anions 
react with fluorinated-olefins (329), -esters (330), or -ketones (331 -333) to 
provide pyridines bonded to fluorinated functional groups. Fluorinated 

0 CH2CR, 
-t- R,CO,CH3 --L. 

o C H z L i  0 ti 

VI-90 

heterocyclic #?-diketones have been synthesized from the base-catalyzed 
reactions of acetylpyridines and fluorinated esters (334). 

NaOMe 

0 
VI-91 
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D .  Addition of Hydrogen Halide to Unsaturated Side Chains 

The mode of addition of hydrogen halides to vinylpyridines has not been 
established. It had been suggested that the halogen would enter at the 
carbon atom adjacent to the pyridine nucleus (Markownikoff addition)(335). 
However, for 3S-dimet hyl-4-vinylpyridine (VI-92), Kutney and co-workers 
recently demonstrated that the opposite mode of addition occurs to give 
3,5-dimethyl-4-(2-bromoethyl)pyridine (VI-93) (336) (which is what wouId be 
expected for such a Michael-type nucleophilic addition). These investigators 
postulated that vinylpyridines such as VI-92 should react according to 

CH=CH2 CH ,CH ,Br CHBrCH3 

,+ c H 3 0 c H 3  ____+ HBr C H 3 o c H 3  

VI-92 VI-93 

I + 

VI-92a 

resonance structure VI-92a: the initial step would be expected to involve 
nucleophilic addition of bromide ion to the terminal carbon in VI-92a. 

E .  Involving Ring Closure 

Janz and co-workers have employed Diels-Alder reactions featuring 
perfluorinated nitriles and dienes to give thermodynamically unstable 
dihydropyridines (VI-94), which then undergo spontaneous aromatization 
to form 2-(perfluoroalkyl)pyridines (VI-95) (337-342). An analogous 

VI-94 VI-95 

transformation involves the previously discussed (Section 11.1 .F) reaction of 
perfluorocyclohex-l,3-diene with perfluorinated nitriles, the intermediate 
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undergoing aromatization to give 2-(perfluoroa1kyl)pyridines (149). The 
high reactivity for both types of ring closure reactions has been attributed 
to  the enhanced dienophilic reactivity of the nitrile group imparted by the 
electronegative perfluoroalkyl group. 

Another cyclization route involves the reaction of fluorinated 1,3-dicar- 
bony1 compounds with cyanoacetamide to give trifluoromethyl-2( 1H)- 
pyridones (VI-96) (343). 

The condensation of malonyl chloride with p-chloropropionitrile per- 
mitted the formation of 2-chloro-3-chloromethyl-4-hydroxy-6-pyridone 
(VI-97) in 40% yield (153d). 

OH 

H 

VI-97 

F .  Ring Enlargement Reactions 

Haloalkylpyridines have been generated in small quantities by ring 
enlargement reactions involving the treatment of aziridino-pyrrolines 
(Vl-98) with hydrochloric acid : VI-98 gave primarily 2-chloromethyl-2,5- 
dimethylpyrrolenine (VI-99) and lesser amounts of 2-chloromethyl-5- 
methylpyridine (vl-100) (344,345). 

4::: ++ CHZCI ""'0 N' CH,Q 
C H 3 a c H 3  + 

VI-99 VI- loo 
C1 

H 
VI-98 
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G . Aromatization Processes 

Perfluoro-(2-, 3-, and 4-picolines), for example VI-103, have been obtained 
by successive electrochemical fluorination of the specific picoline (e.g., 
VI-IOI), followed by defluorination of the corresponding perfluoro-(N- 
fluoromethylpiperidines) (VI-102) with iron at elevated temperatures 
(S8Oo/2 mm) (9). One preparative disadvantage is the low yield (2 to 4%) 
during the electrochemical fluorination step. 

Vl-103 F 
v1-102 

VElOl 

2. Properties 

The stability of the haloalkylpyridines is in the order: F > C1 > Br > I. 
Increasing halogen substitution is associated with greater haloalkylpyridine 
stability: CX, > CHX, > CH,X (306). While 2-chloromethylpyridine 
can be distilled, both 3- and 4chloromethylpyridine, as well as 2-bromo- 
methylpyridine, undergo decomposition. Monochloroalkylpyridines exhibit 
instability under ambient conditions, which may be reduced by storage at 
low temperatures or in hydrocarbon solvents up to 20% concentration 
(3 10). 3-Chloromethylpyridine, upon standing at room temperature, 
develops heat until vigorous detonation occurs (306). Distillation of large 
quantities of 4-(3-~hloropropyl)pyridine occasionally leads to violent, 
exothermic polymerization (346). However, monohaloalkylpyridines exhibit 
sufficient basicity to form stable hydrogen halide salts. 

Dihaloalkylpyridines are relatively unstable and resinify on standing, 
but can form hydrochloride and picrate salts. In contrast, trihaloalkyl- 
pyridines are appreciably stable; however, their weak basicity precludes 
formation of the salts above. 

Haloalkylpyridines cause intense inflammation of the skin. Vapors of 
solutions of the free bases produce strong irritation of the eyes and mucous 
membranes (306). Some of these compounds, for example, Cbromomethyl- 
pyridine and its hydrobromide salt, are severe vesicants (347). 
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Properties of new compounds synthesized since the previous review (1) 
are listed as follows: side-chain halopyridines (Table VI-8): arylhaloalkyl 
pyridines and related compounds (Table VI-9): and halostilbazotes and 
related compounds (Table VI-10). 

3. Reactions 

A .  Hydrolysis 

Hydrolysis of 4-chloromethyl-tetrafluoropyridine (VI-104) could not be 
effected by acid, while aqueous alkali carbonates gave polyethers (VI-106), 
arising through nucleophilic attack by alkoxide derived from VI-105 at 
position 2 of another molecule (248). 

I- 1 

VI-104 VI-105 

VI-106 n = 1 - 3  

An attractive route to pyridyl ketones, for example, 4-acetylpyridine, 
features hydrolysis of 4-( 1 ,I-dibromoethy1)pyridine with aqueous sodium 
carbonate (3 I 1). Trifluoromethyl groups bound to pyridine are hydrolyzed 
to the carboxylic acid by oleum [for example, tetrafluoropyridine-4-carbox- 
ylic acid from perfluoro(4-picoline) (9)J. The cyano group in ethyl 5-cyano-6- 
methyl-2-trifluoromethyl-3-pyridinecarboxy~ate is preferentially hydrolyzed 
by concentrated sulfuric acid (348). 

B .  Metathesis 

a. SULFUR-CONTAINING NUCLEOPHILES. Numerous sulfur-containing 
pyridines (VI-107) have been prepared from 2- or 4chloromethylpyridine 
with sulfur nucleophiles (319, 349-352) (see also Chapter XV). Trilithium 
phosphorothioate and 2-chloromethylpyridine react at pH 9 to form 
dilithium-S-(2-pyridyl)methylphosphorothioate (353). Biologically active 
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vr-lo7 

Y = SH; SCN; CSNH,; SC(=NH)NH,-HCl; S-alkyl; SO,-alkyl; S-aryl; SO,-aryl; 

S0,C,H,NH2-p (and N-acetyl) 

compounds of the type VI-108 are formed from the reaction of halomethyl- 
pyridines and RR'P( : X)YH(X, Y = 0 or S) (354). 

@H,YP&).R. 

VI-108 

The first recorded preparation of a pyridylmethanesulfonic acid was 
accomplished by the reaction of ethyl 2-bromomethylnicotinate and 
aqueous sodium sulfite (314). 

b. ALKOXIDE. Chloromethylpyridines undergo exchange reactions with 
alkoxides derived from alcohols (355, 356), glycols (357), cellulose (358). 
and phenol (356). Nuclear halogens are displaced in preference to side-chain 
halogen in perfluorinated alkylpyridines (325). 

c. AMINATION. Preferential displacement of side-chain halogen in 4- 
bromomethyltetrafluoropyridine with aqueous ammonia occurs under 
ambient conditions to give only 4-aminomethyltetrafluoropyridine (248). 
Displacement of side chain halogen by a wide variety of amines have been 
reported : iso- and n-propylamine (359,360), N,N-diethylethylenediamine 
(361), N-(4hydroxybutyl)aminoethanol (362), ethyleneimine (363), and 
theophylline (364). The isomeric N-(2-, 3-, and 4-pyridyImethyl)-I ,2- 
diaminoethanes prepared from ethylene diamine exhibit chelating properties 
(365). Aniline hydrochloride and 2-chloromethylpyridine form N-(2- 
picoly1)aniline VI-110 at 135 to 140"; at higher temperatures (225 to  230°), 
rearrangement occurs to give 2-(p-aminobenzyl)pyridine (VI-111) (366). 

In contrast to benzotrifluoride, the trifluoromethyl group in 2-(trifluoro- 
methy1)pyridine can be displaced by treatment with sodium amide-ammonia 
to give 2-aminopyridine in 88 yield (367). 
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, 225-2W 

2-Pyridine aldoximes were prepared by Danaher and co-workers from 
2-chloromethylpyridines and hydroxylamine hydrochloride in aqueous 
ethanol (368). The initial nucleophiIic displacement provides 2-pyridyl- 
methylhydroxylamine VI-113, followed by protonation-elimination to give 
the aldimine VI-114 and subsequent attack by excess hydroxylamine to 
form 2-pyridine aldoxime VI-115. 

(R = H; CI; Alkyl; -COZEt) VI-113 

1 

VI-I 15 VI-114 

d. PHOSPHORUS NUCLEOPHILES. Numerous pyridylmethylphosphonates 
(VI-116) have been synthesized from 2-, 3-, or 4-chloromethylpyridine with 
di- or trialkyl phosphites and diphenylphosphine oxide (369-372). 

@CH,CI + H-P(OR), a 
8 0 

VI-116 
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e. CYANIDES. 2- And 4-chloromethylpyridine, 2-chloromethyl-6-methy1- 
pyridine, and 2,6-bis(chloromethyl)pyridine undergo typical exchange 
reactions with alkali cyanides (373-375). 

C .  C-AIkylation and Coupling Reactions 

Isomer-free benzylpyridines can be prepared from the alkylation of 
benzene by 2-, 3-, or 4-chloromethylpyridine, 2-chloromethyl-&methyl- 
pyridine or 2,6-bis(chlorornethyl)pyridine (376). 

Nitriles containing active hydrogen atoms, e.g., phenylacetonitrile (317), 
diphenylacetonitrile (3771, or a-(l-naphthy1)acetonitrile (378) undergo 
C-alkylation reactions with 2-, 3-, and 4-chloromethylpyridine (377-380), 
2-chloromethyl-4-methylpyridine (317), and 2-chloromethyl-6-methylpyri- 
dine (377). Haloalkylpyridines alkylate the sodium salts of diethyl acetamido- 
malonate (347), diethyl alkylmalonate (381), and diethyl malonate (382). 

4-Chloromethylpyridine undergoes addition with acrylate esters or 
acrylonitrile to give 4-cyclopropylpyridines (VI-118) (383). 

(X = CO,Et, CO,Me, CN) VI-118 

Wurtz coupling with sodium in xylene was successfully applied for the 
conversion of 2-bromomethyl-6-methylpyridine to 1,2-bis(6-methy1-2- 
pyridy1)ethane (375) and the reaction of 2-chloromethylpyridine with bis(2- 
chloroethy1)methyl amine to give bis[3-(2-pyridyl)propyl]methyl amine 
(384). The synthesis of rn-pyridinophanes (VI-119) from the reaction of 
3,5-bis(chloromethyl)pyridine and sodium in tetraphenylethylene has been 
described (385,386). Extension of Wurtz conditions to prepare di-(pyridine- 
2,6-methylene) (VI-122) from 2,6-bis(bromomethyl)pyridine (VI-120) or 
I ,2-bis(6-bromomethyl-2-pyridyl)ethane (VI-121) failed. However, the de- 
sired transformation was effected starting from VI-121 with n-butyl-lithium 
in ether (375). 
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Nai , 
CICHz 0 CH2Cl 

tctrsphcnyl- 
ethylene 

VI-119 

VI-120 

VI-122 v1-121 

The most convenient method for the preparation of the parent compound 
in the dipyrido[ t ,2-a : 1’,2’-c]imidazol- 10-ium series (VI-123) is accomplished 
by the reaction of 2-bromomethylpyridine and 2-bromopyridine (387). 

. x- 

VI-123 
[X- = perchlorate, picrate) 

D .  Polymerization 

Both 2-bromomethylpyridine (388) and 2-(B-bromoethyl)pyridine (425) 
form dimers. In contrast, 4-bromomethylpyridine undergoes intermolecular 
quaternization to  give a polymer (388). The faster rate of quaternization of 
the 4-isomer relative to the 2-isomer has been attributed to steric factors 
(347). More recently, Berlin has studied the “onium polymerization” of 
4-chloromethylpyridine; these polymers do not contain paramagnetic 
centers, as found in the corresponding polymers from 4-chloro- or 4- 
bromopyridine (262). 
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CI - c1- 

\ CH,Ci - N ~ C H 2 - - - + ~ c H z ~ i ~ C H z c i  - - - 

VI-124 

Polymers arising from intermolecular quaternization during the prepara- 
tion of 2,6-bis(bromomethyl)pyridine have been reported (312). Poly- 
ethynylpyridines have been prepared from the dehydrohalogenation- 
polymerization of 2- or 4-(I ,2-dibromoethyl)pyridine and 5-( 1.2-dibro- 
moethyl)-2-methylpyridine by calcium oxide at 200" (389). 
2-(Trifluorovinyl)pyridine has been claimed to impart dye and pigment 

receptivity to polytetrafluoroethylene (447). 

.3 

E.  I somerization 

Haszeldine (389a) isolated the first stable valence-bond isomers of a 
six-membered-ring heterocycle by the ultraviolet irradiation of pentakis- 
(pentafluoroethy1)pyridine (VI-125) in perfluoro-n-pentane to give quanti- 
tative yields of either the para-bonded valence isomer, pentakigpenta- 
fluoroet hyl)-1-azabicyclo[2,2.0]hexa-2,5-diene (VI-126). or the corre- 
sponding prismane, ~ntakis(pentafluoroethyl)-1-azatetracyclo[2.2,0,Ozi6, 
O3 I 5 ]  hexane (VI- 127). 

VI- 125 VI-126 VJ-127 
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490 Organometallic Compounds of Pyridine 

The preparation and reactions of pyridine derivatives where a metal atom is 
joined directly or by a carbon chain to the pyridine heterocycle comprise a 
major portion of this chapter. These pyridylmetallic compounds include 
derivatives of lithium, sodium, potassium, magnesium. copper, mercury, 
boron, silicon, tin, phosphorus, arsenic, and chromium. 

A minor portion of this chapter discusses two areas of pyridine chemistry 
interrelated with organometallic compounds; (a) the addition of organo- 
metallic compounds and the alkali metal amides to the pyridine heterocycle; 
and (b) the generation of the highly reactive pyridynes. Both subjects rep- 
resent major portions of the literature on the more recent aspects of pyridine 
chemistry, the first being concerned with the larger area of aromatic substitu- 
tion and the second with the reactions of the pyridynes. 

1. Pyridyllithium Compounds 

1. Preparation 

The metal-halogen exchange between a 2-, 3-, or 4-bromopyridine and 
n-butyllithium, usually in a mixture ofdiethyl ether and hexane. at tempera- 
tures of -30 to -70°, has resulted in the formation of 2-, 3-, and 4-pyridyl- 
lithium derivatives: this synthesis has been widely employed since it was 
first reported in 1940; competing reactions, e.g., addition to the azomethine 
linkage or coupling to form dipyridyl derivatives have been kept to a 
minimum with the bromopyridines by employing low temperatures and 
short reaction peri3ds (1st ed., Part 2, pp. 422 @ (1-16). With 3-flUOrO- 
pyridine, proton abstraction is the predominant reaction even at -40", as 
determined by subsequent reaction with 3-pentanone. As examples, 3- 
fluoropyridine and n-butyllithium give a mixture of 3-fluoro-2-pyridyl- and 
3-fluoro-4-pyridyllithium, 2-fluoropyridine gives 2-fluoro-3-pyridyllithium 
(see below), and 2-chloro-3-fluoropyridine gives 2chloro-3-fluoro-4-pyridyl- 
lithium (215). It should be noted, also, that 2-fluoropyridine and 2-thienyl- 
lithium are reported to yield only 242-thieny1)pyridine (201a). 2-, 3-, and 
4-Chloropyridines are reported to give the 6-, 4- and 2-, and 3-lithio deriva- 
tives, respectively,* along with concomittant formation of 6-butyl-2-chloro-, 
2-butyl-3-chloro-, and 2-butyl-4-chloropyridine (215); again, 2,6dichloro- 
pyridine and 2-thienyllithium are reported to give only 6-chloro-242- 
thieny1)pyridine (201a). When a perhalopyridine and n-butyllithium react at 
low temperatures, the normal reaction occurs, but not exclusively with a 
single halogen (see also Chapter VI). Thus pentachloropyridine and n- 
butyllithium in diethyl ether at - 60 to - 40" give, in 70% yield, two products: 

* The products were trapped with diethyl ketone to give the tertiary alcohols. Hydrogen- 
abstraction from the a-positions is remarkable and goes contrary to all other reports. It Seems 
that the products may arise by a different mechanism (Ed.). 
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2,3,5,6-tetrachloro-4-pyridyllithium (VII-1) and 2,4,5,6-tetrachloro-3-pyrid- 
yllithium (V11-2), in a molar ratio of about 4: 1 while in methylcyclohexane 
at room temperature there are obtained three products in 43 % yield, the 
major one being 3,4,5,6-tetrachloro-2-pyridyllithium (VII-3), along with lesser 
amounts of VIE1 and WI-2 in the molar ratio of 68 : 16 : 16 (6,17,208). These 
tetrachloropyridyllithium compounds are stable for short periods of time, 
even at 80". When, however, W - 1  and VII-2 are subjected to prolonged 
heating in dilute solution in benzene, mesitylene, or durene, there occurs 
elimination of lithium chloride and the formation of 2,5,6-trichloro-3- 
pyridine, and this product reacts with durene to  give the adduct VII-4 
(6, 17, 18) (see also p. 579). 

VII-4 

Prolonged heating of 2,5,6-trichloro-4-phenyl-3-pyridyllithium in the 
presence of furan leads to the formation of only trace amounts ofthe pyridyne 
adduct, 2,3-dichloro-5,8-epoxy-5,8-dihydro-4-phenylquino~ine; the major 
product is 2,3,6-trichloro4phenyIpyridine. Replacement of the 4-phenyl 
group by a p-anisyl, p-dimethylaminophenyl, or a,a,a-trifluoro-p-tolyl 
group, followed by heating with furan, or other trapping agents, gives none 
of the pyridyne adduct (19). 

When pentachloropyridine is treated with methyllithium at - 70" in 
t etrahydrofuran and then trimethylchlorosilane. a heptachlorobipyridyl 
(VIM), of unknown structure is obtained in 55 "4 yield. The substitution of 
phenyllithium for the methyllithiurn has as a consequence the formation, 
in 32 % yield, of octachIor4,4'-bipyridyl. None of the desired tetrachloro- 
pyridyltrimethylsilane is formed in either reaction (1 7). While no  structure 
is proposed for VII-5, it is possible that this product is either one or both of 
the isomers V I M ,  these being again derived from a trichloropyridyne 
(VII-7). The formation of the octachloro derivative may be explained by 
the interaction of the pentachloropyridine with 2,3,5.6-tetrachloro-4- 
pyridyllithium. It is not clear, however, why the reactions involved should 
be so radically different when the only modification involved is a change 
from an alkyl to an aryllithium compound. 

Another anomalous behavior is found in the reaction between penta- 
fluoropyridine and propenyllithium in ether at - 70". since no halogen-metal 
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VII-7 

VII-6 

interconversion occurs. The product of the reaction is either Cpropenyl- 
2,3,5,6-tetrafluoropyridine or 2,4-di-(propenyl)-3,5,6-trifluoropyridine, de- 
pending on whether one or two moles of the propenyllithium are empIoyed 
(20); a similar pattern is seen also when phenyllithium replaces the propenyl- 
lithium since the only product is 4-phenyI-2,3,5,6-tetrafluoropyridine (21). 

Tetrachloro-4-pyridyllithium and benzonitrile, in boiling ether give a 
complex mixture of products, including 5,6,8-trichloro-2,4-diphenylpyrido- 
[3,4-dJpyrimidine (VII-7a), 4-(N-benzoylbenzimidoyl)tetrachloropyridine 
(VII-7b), and 4-benzimidoyltetrachloropyridine (VII-7c) in I I ,  31, and I I % 
yields, respectively; the same reactants kept at room temperature and then 
treated with boiling dilute hydrochloric acid, gave 4-benzoyltetrachloro- 
pyridine in 49 % yield. On boiling in ether tetrachloro-2-pyridyllithium and 
benzonitrile give a 9 % yield of 6,7,8-trichloro-2,4-diphenylpyrido[3,2-dJ- 
pyrimidine (VIL7d), while at room temperature, the same reactants give a 
12 % yield of 2-benzoyltetrachloropyridine. 4-( l-Piperidino)-2,5,6-trichloro- 
3-pyridyllithium and benzonitrile also give a complex mixture of products 
(208,209). 

.-  
VII-7b 

VII-7s 

Ph-C=NH 

C I h C l  

CI N/ CI 
Ph 

VII-7~  
VII-7d 
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2,3,5,6-Tetrachloro-4-methoxypyridine. with a 12 molar excess of an 
aryl- or substituted aryllithium compound, undergoes three stepwise 
reactions (VII-7e) that are temperature dependent (19). 

VII-7e 

A series of related reactions have been reported to occur with VII-7f and 
VII-7g ( 18). 

(il n-BuLi at - 70 

M eS 

, VII-7~  
111 n-BuLi at - 70% 
110 D,O 

R I -  
L 

V I \  Y J 

Minor Products Major Products 

The lone protons in 2,4,5,6-tetrafluoropyridine and 2.3,5,6-tetrafluoro- 
pyridine and the two protons in 2,4,6trifluoropyridine are strongly influenced 
by the electronegative fluorine atoms and are sufficiently acidic to undergo 
direct replacement by metal to give pyridyllithium compounds (VII-8 to 
VII-11). Diethyl ether is a satisfactory solvent to use for the preparation of 
the first three compounds since these separate as they form; tetrahydrofuran. 
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in which VII-10 is soluble, will permit the second metalation to occur to 
give VII-11(15,22,23). Again, the lone proton in 2,4,5,6-tetrachloropyridine 
is also metalated by n-butyllithium to give the 3-lithio derivative (229). 

V I M  VII-9 

VII-10 v11-11 

4-Bromo-2,3,5,6-tetrafluoropyridine reacts with lithium amalgam to 
form 2,3,5,6-tetrafluoro-4-pyridyllithium. The organolithium derivative is 
then treated with mercuric chloride to  give di-(2,3,5,6-tetrafluoropyridyl)- 
mercury (103). 

The initial formation of an intermediate pyridyllithium compound is 
postulated in the reaction between 3-chloropyridine and lithium piperidide. 
Elimination of lithium chloride occurs next to give the pyridyne, and the 
last step involves addition of piperidine to give l-(3-pyridyl)- and 1-(4- 
pyridyl) piperidine (VII-12) (24-26). 

n 

VII-12 

The enhanced acidity of the proton at position-2 in pyridine-1-oxides has 
been utilized to prepare the unusual 2-pyridyllithium-I-oxide derivative 
(VII-13) by the reaction between 4-chloro-3-picoline-1-oxide and n- 
butyllithium in diethyl ether at -65": VII-13 reacts normally with cyclo- 
hexanone to give the carbinol in 3804 yield and with carbon dioxide to give 
the carboxylic acid in 24 % yield. The chlorine atom at position 4 does not 
influence the metalation reaction since 3,4-lutidine-l-oxide readily forms a 
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lithium derivative (VlI-14) and the latter, with cyclohexanone. gives the 
carbinol in 84 yield. Replacing diethyl ether with tetrahydrofuran. a 

I 
0- 

Me 

o e -  Li O M e  >,J ,&Me 

I 0- 
0- 

VII-14 

I 
0- 

better solvent for those pyridine-I-oxides too insoluble in ether to undergo 
the reaction, and employing derivatives lacking a substituent at position 3, 
may result in metalation at both positions 2 and 6(VII-15)(27,225). Recently, 
pyridine-1-oxide has been reported to react with lithium hydride in diglyme 
at 60" to give 2-pyridyllithium-1 -oxide (1 97). 

The 2-pyridyllithium-I-oxides react with either oxygen or sulfur to give 
1 -hydroxy-2-pyridinones and -thioncs. respectively; with chlorine or 
bromine. the lithium derivatives give a variety of dihalogenated derivatives 
(28, 197, 227). Several examples of these reactions are shown in V11-15a. 

A contrasting reaction involves the adduct of pyridine and butyllithium- 
tetramet hylet hylenediamine complex (VII-15b): the adduct reacts with 
benzophenone to give four products (VII-lSc) (29). 

2. Reactions 

In the previous edition (Part 2. pp. 445fF) are enumerated the typical 
reactions of pyridyllithium compounds with active halogen compounds, 
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0- 0- 

V11-15 

(iJ BuLi. -65 , 0 + 
(ii) Br, + 

\N, Br 
>IiJ 

Br Br \=N 
I 
0- 

Br \N Br Br ';N 
I 
0- 0- 

+ I  
0- 0- 
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TMEDA 
VII-ISb 

YH 

+ PhZCH(OH) + 0 H2NMeCH2CH2NMe2 

aldehydes, ketones, esters, nitriles, and carbon dioxide. A substantial number 
of similar reactions are summarized in Tables VII-7 to VII-10. These tables 
also include the typical reactions of pyridyllithium compounds with halides 
of several metallic and nonmetallic elements to give the corresponding 
pyridyl derivatives. One somewhat unusual reaction involves the cleavage of 
a disulfide by 2-pyridyllithium (VII-16) (9). 

VII-16 

11. Pyridylsodium and Pyridylpotassium Compounds 

The enhanced acidity of the protons at position-2 in pyridine-1-oxides has 
led to the preparation of the corresponding 2-pyridylsodium and 2-pyridyl- 
potassium compounds. The bases employed have been sodium hydride, 
potassium hydride, and potassium t-but oxide in solvents such as tetrahydro- 
furan, N,N-dimethylformamide, glyme, diglyme, and dimethylsulfoxide. 
These derivatives have bccn treated with sulfur to give the alkali metal salts 
of 2-mercaptopyridine- 1 -oxides, and with sulfur chloride to give the 2,2’- 
dithio-1,l’dioxides. It is noteworthy that 3-methylpyridine-1-oxide and 
sodium hydride in glyme, after treatment with sulfur give the sodium salt of 
5-methyl-2-mercaptopyridine-1-oxide (197). (See, however ref. 197a). 

The reactions of the pyridylsodium and pyridylpotassium compounds are 
summarized in Table VII-4a. 



TABLE VII-I.  Reactions of 2-Pyridyllithium with Aldehydes and Ketones 

Substituents in pyridine R R '  Ref. 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

None 

None 

None 
None 
None 
None 
None 
None 
None 
None 
None 

Me 
Et 
Pr 
Me 
Me 
Me,C 
Me 
Me 
Me,N(CH,), 
Me,NCH ,CH Me 
Me,NCH,CHMe 
Me,NCH,CHEt 
Et 
Et 
Et 

CHC,H.+CN-p 

pChloropheny1 
Ph 
p-Chlorophenyl 
p-Chlorophenyl 
Ph 
p-Chloropheny 1 
Ph 
p-Chlorophenyl 
Ph 

I47 

H I48 

Et 
2-Pr 
2-Pr 
NEtMe 
CHMeCH,NICH,), 
CHMeCH,N(CH,), 
CHMeCH,N(CHZ)4 
C H  MeCH,N(CH,), 
C H  PhCHzN(CHz)5 

498 



Table V 11- 1 (Cutit irrued) 

Substituents in pyridine R R '  Ref. 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

None 

None 
None 
None 
None 
None 
None 
None 
3-Me 
3-Me 
4-Chloro-5 methyl-I -oxide 
4.5-Dimethyl- I-oxide 
4-Ethoxy- !-oxide 
4-Met hyl- I -oxide 
None 
6- Phenyl 
None 

None 
None 

None 

2-Fluor0 
3-Fluoro 
4-Fluoro 

pChlorophenyl CHPhCH,N(CH,), 
Ph CH,CHMeN(CH,), 
Ph CHzCHMeN(CH,J4 
p-Chloropheny I CHzCH MeN(CH 2)4 

Ph CH2CHPhN(CH,), 
lndanone ____ - . _  

p-Fluorophenyl (CHz)zN(CH,)4 
p-Bromophenyl (CH,)zN(CH,)4 
p- Met hox yphen yl ( C H I ) , N ( C H ~ ) ~  
5-Chlor0-2-thienyl (CH 2)2 N(CHz), 
2-Thlenyl H 

N-methyl-2-pyrrolidone- - - - - - 

0 

Et C HC, H, OMe-p El 
MeCHC,H,OMe-p Er 
MeCHC,H,OMe-p Me 
EtCHC,H,OMe-m El 
EtCHC,H,OMe-o Er 
EtCHC&Me--p Et 
MeCHC,H,KHMe,)-p Et 
Ph C H  ZCH zN(CHz), 
p-Chlorophenyl CHzCH2N(CHz)4 

Cyclohcxanone 
Cyclohexanone 
Cyclohexanone 
Cyclohexanone 

Ph Ph 
Ph Ph 
2-@-methoxyphenyl)- 

cyclohexanone 
I -Benzyl-3-pyrrolidinone 
I-Ethoxycarbonyl-3- 

Cyclohexyl Cyclohexyl 

Et Et 
Et EI 
El Et 

pyrrolidinone 

4-Methoxybenzaldeh yde 

2 

2 
2 
2 
3 
1 
1 
1 
1 
149 
8 

1 - 

12 

13.150 
13. 150 
13.150 
13.150 
13. 150 
13. I50 
13. 150 

2 
27 
27 
27 
27 
164,213 
164 
220 

7 - 

204 
204 

213 
214 
215 
215 
215 
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TABLE VII-4. Reactions of CPyridyllithium Compounds with Miscellaneous Reactants 

Su bstit ucnts 
in pyridine Reactant 

~ 

Product (yield if reported) 

~~ 

Ref. 

None d P h  

M e 0  \ 

None EtCH(C,H,OMe-p)COEt 

None (MeO)$ 

None 

None 

None 

3-Me 

3-Fluorob 

3-Fluoro 

3-Fluoro 

P C H O  

QCHO 

Ph,CO 

Cyclohexanone 

Et,CO 

HCONMe, 

2,3.5,6-Tetrachloroa Me,SO, 

2,3,5,6-Tetrachloro0 C 0 2  

Me0 S-" \ 

EtCH(C6H40Me-p)C(OH)- 
(Py-rl)Et 

4-PyB(OMe), 

Q 
HO (Py-4) 

(y 
N' 

Me 

12 

13,150 

30 

16, I00 

1 49 

149 

213 

152 

215 

215 

215 

151 

17 

514 



Table VIl-4 (Continued) 

Substituents 
in pyridine Reactant Product (yield if reported) Ref. 

2.3,5,6-Tetrachloro" H,O x):; 

2,3..5.6-Te1rachloro Benzene 

2.3.5.6-Tetrachloro p-Xylene 

CI Re 
CI " CI 

Pr-iso 

Pr-iso 

2,3.5,6-Tetrachloro p-Diisopropylbenzene 

2,3.5,6-Tetrachloro Mesitylene 

17 

to2 

I02 

102 

102 

2.3,5.6-Tetrachloro Durene 6 .  I02 

515 



Table VII-4 (Conrinued) 

Substituents 
in pyridine Reactant Product (yield if reported) Ref. 

Me fi N / M e  

cfi c1 

0 

Me M3Me N/ Me 

222 

48 

48 

48 

48 

4x 

48 

48 

48 

516 



Table VII-4 (Conrinuud) 
- ~- - - 

Substituents 
in pyridine Reactant Product (yield if reported) Ref. 

CI CI c1 CI 

Y /  I /  
CI c1 c1 CI 

2.3,5,6-Tet rachloro 1,3-Diphenylisobenzofuran WCI \ 

CI 
Ph 

CO,H 

2,3.5,6-Tetrafluoro C 0 2  

CHO 

2.3.5.6-Tetrafluoro HCONHMe 

CHO 

2.3.5.6-TetraRuoro 

2.3.5.6-Tetrafluoro [ ~vC0 [ : c . f . . H  - ,70% 

F-F F F  

2.3.5.6-Tetrafluoro HgCl 

2.3.5.6-Tetrachloro Mesitylenr Not identified 

226 

I02 

15, 22 

23 

23 

23 

23 

I03 

6 

a Obtained as the principal product from reaction between 2.3.4.5.6-pentachloropyridine 
and n-butyllithium in dielhyl ether; lesser amounts of 2.4,5,6-tetrachloro-3-pyridyllithium are 
also formed. 

From 3-fluoropyridine and butyl-lithium, followed by 3-pentanone. Again, the remarkable 
proton-abstraction from C-2 is reported (215). 

517 



518 Organometallic Compounds of Pyridine 

TABLE Vl l -4A Reactions of 2-Pyridqlsodium- and 2-13 ridylpotassium-l -Oxides with Miscei- 
laneous Reagents 

Substituent in 
pyridine- l-oxide Reactant Product Ref. 

None 

None 

None 

3-Me 

s s  

0 

I97 

IY7 

I97 

111. Pyridylmagnesium Compounds 

The pyridylmagnesium halides have been prepared most frequently by 
the entrainment procedure in diethyl ether (See 1st ed., Part 2, p. 437), 
employing ethyl bromide as the means of maintaining a clean magnesium 
surface. A recent recommendation is the use of dibromoethanc instcad of 
ethyl bromide, to be added at the same time as 3-bromopyridine for the 
synthesis of 3-pyridylmagnesium bromide (30). It is not known whether the 
substitution of tetrahydrofuran for diethyl ether would eliminate the need 
for an entraining agent. The polyfluorohalopyridines. howevcr. have been 
converted to the Grignard reagents in good yield in tetrahydrofuran without 
these agents, and usually at  -28 to 0". It Is assumed that the highly electro- 
negative fluorine atoms promote Grignard reagent formation. For example, 



IV. Pyridylalkylmetallic Compounds 5 19 

in tetrahydrofuran, 2.3,5,6-tetrafluoro-4-pyridylmagnesium bromide, 2,4,6- 
trifluoro-5-chloro-3-pyridylmagnesium chloride, 3,5,6-trifluoro-2-methoxy- 
4-pyridylmagnesium bromide, 3,5-difluoro-2,6-dimethoxy-4-pyridylmagne- 
sium bromide (31,32), and 2,3,5,6-tetrachloro-4-pyridylmagnesium chloride 
(33, 34) have been prepared and have given the normal products when 
treated with active halogen compounds, aldehydes, ketones, and water. 

In an unusual reaction which may involve a pyridylmagnesium compound, 
heating 145 g of pyridine, 6 g of magnesium, and 0.3 g of sodium in xylene 
under reflux followed by treatment of the mixture with air has produced 
4.4-bipyridyl in 55 ”/, yield (35). 

The observation that 2- and Cbromopyridine, but not 3-bromopyridine, 
react with methylmagnesium iodide to give 10 and 25 ”/, yields, respectively, 
of 2- and Cpicoline has suggested (36) an addition-elimination sequence 
involving VII-16a. Since, in the presence of CoCI,, all three isomers react 
with methylmagnesium iodide to give 55.  26,  and 60% of 2-. 3-, and 4- 
picoline. respectively, the function of the intermediate Vl1-16a is not clear. 

MgMe 
VII-168 

The reactions of the pyridylmagnesium compounds are listed in Table 
VTT-5. 

IV. Pyridylalkylmetallic Compounds 

1. Pyridylalkyllithium Compounds 

Lateral metalation (1st ed., Part 2, p. 423) by means of phenyllithium or 
n-butyllithium remains the method of choice for the preparation of pyridyI- 
alkyllithium compounds from the corresponding alkyipyridines; metalation 
has also been effected with 2-furyllithium, 2-thienyllithium, or f-methyl-2- 
pyrryllithium (21 3). The solvents for the reaction include diethyl ether, 
tetrahydrofuran, benzene, and hexane. A consequence of the commercial 
availability of hexane solutions of phenyllithium and n-butyllithium has 
been that a mixture of hexane and one of the other solvents is used frequently. 
The metalation reaction is generally performed at  - 20”. 

Competitive reactions between cquimolar amounts of 2,rtIulidine and 
phenyllithium have shown that metalation occurs predominantly at  the 
2-position (VII-17) (37-39). This preference. therefore. is contrary to that 
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reported with sodium amide or potassium amide in liquid ammonia where 
metalation occurs preferentially at the Cposition (40, 41). It should be 
emphasized at this time that acompeting reaction in these lateral metalations 
is the addition of phenyllithium, sodium amide. or potassium amide to the 
azomethine system of the pyridine heterocycle (see p. 31 and 1st ed., Part 2, 
p. 435). 

VII-17 

The previous edition (Part 2, Tables VII-6 to VII-10, pp. 449 tr) gives a 
list of the reactions of pyridylalkyllithium compounds with reactive halogen 
compounds, aldehydes. ketones, acid chlorides. acid anhydrides, esters, 
alkylene oxides, nitriles. oxygen, carbon dioxide, and the halogens. Related 
reactions reported since that compilation have been listed in Tables VII-6 
to VII-8. The present discussion is limited to reactions of pyridylalkyl- 
lithium compounds not included in the previous edition. 

The addition of 2-pyridylmethyllithium (Vll-18) to a variety of Ndarylid- 
ene)anilines has given good to excellent yields of N,I -diaryl-2-(2-pyridyl)- 
ethylamines (VII-19). These reactions have taken place in ether under reflux, 

+ RCH:NR’- 0 
o C H , L i  CH 2CH R N H R’ 

VIE18 V11-19 

and with the few exceptions noted below, the products are unaffected by 
these reaction conditions or even prolonged reaction periods at even higher 
temperatures (41). One exception to the general utility of this synthetic 
method is found in the reaction of VII-18 with N-[p-(2-diethylaminoethoxy)- 
benzylidene]-4-(trifluoromethyl)aniline (VI1-20), where the product is a 
black polymer; since VII-18 and N-(p-met hoxybcnzylidene)-%trifluoro- 
methyl) aniline give the normal product VII-21, direct attack at the 4- 
(trifluoromet hyl) group is probably excluded. A likely mechanism would be 
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an initial attack of the 2-picolylcarbanion at the iminocarbon atom resulting 
in a displacement of fluoride ion and the formation of an a,adifluoroquinone 

VII-20 

A 

VII-21 

imine, capable of polymerization (VII-22). Another example of elimination 
involves the reaction of N-(diphenylmethy1ene)aniline and VII-18 to give 

1 ,l-diphenyl-2-(2-pyridyl)ethanol VII-23; here, presumably, displacement 
of aniline by hydroxide ion is the mechanism involved ; alternatively, a 
/%elimination can occur followed by the addition of hydroxide ion to the 
2-vinylpyridine. Finally, there are the two examples of the recovery of only 
VII-24 from the reaction of VII-18 with either VII-25 or VII-26. 

The isolation of VII-24 from these reactions has its counterpart in the 
isolation of Cstilbazole VII-27 as the only product from the reaction of 
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VII-18 + Ph2C:NPh 

t not isolated 

VII-18 + 

VII-23 

I 
Me VII-25 

--+ 0 C H : C H U  Me 
or 

Vll-24 

Vll-26 

4-pyridylmethyllithium VII-28 with N-(benzy1idene)aniline at room tem- 
perature or under reflux in tetrahydrofuran: at -25". with rapid workup. 
the same reactants give only N,I-diphenyl-2-(4-pyridyl)ethylamine (VII-29) 
(43). Since VII-29 is degraded by warming with VII-18 or with phenyllithium, 
it would appear that the formation of a carbanion precedes degradation. 
One possible mechanism, therefore, is shown in the sequence VII-30 and 
involves a shift of the negative charge from anion VII-31 to the carbanion 
V11-32, followed by elimination of the aniline. In an effort to establish the 
presence of the carbanion (V11-32), the amine VII-29 isolated after a short 
reaction terminated by the addition of deuterium oxide was examined for 
deuterium incorporation ; surprisingly, the PMR spectrum showed deuterium 
attached only to the nitrogen atom. Thus the carbanion VII-32 is either 
extremely short-lived and undergoes immediate elimination of aniline, or  
VII-24 and VII-27 are formed by a concerted elimination mechanism (43). 

The reactions of VII-28 with N-(diphenylniethy1ene)aniline show a 
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CH2Li CHzCHPhNPh 

PhCH:NPh + 0 - 0 
'N/ 

VII-2.8 VII-31 VII-29 

VII-30 

VII-27 

similar pattern: thus at -30" with rapid workup, only V11-33 is isolated, 
whereas after prolonged reflux, the product is the olefin VII-34 (43). It 
should be noted that there is considerable similarity between these reactions 

p H F  VII-33 

CH : CPh, 

0 
VII-34 

and that involving formation of the carbinol (VII-23) in the reaction between 
2-pyridylmethyllithium and N-(dipheny1methylene)aniline. 

White an obvious conclusion might be that the mechanism of formation of 
VII-34 is similar to that proposed for the formation of VII-27, this seems 
highly improbable since treatment of VII-33 with VII-28 or phenyllithium 
causes elimination of 4-picoline and the regeneration of N-(diphenylmethyl- 
ene)aniline in very high yield. It is also of interest that VII-33 does not react 
with either sodium hydride or lithium hydride i i  tetrahydrofuran, indicating 
a striking decrease in acidity ofthe methylene protons. A possible explanation 
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for the elimination of 4-picoline has been proposed and involves the forma- 
tion of a complex (VII-35) which is degraded by water as shown in VII-36 
(43). 

N>c&cph2&Ph I - 6 + Ph,C:NPh VII-36 

<-* Li H 
\/7,..' 

OH R R = Ph,4-Py 
VII-35 

The formation of 2,2'-bipyridyl from the reaction of 2-picolyllithium with 
cuprous chloride or cupric bromide has been postulated to proceed via an 
intermediate 2-pyridylmethyl copper derivative (44). Bis(6-methyl-2- 
pyridy1)ethane in tetrahydrofuran-n-hexane at - 70" and n-butyllithium, in 
molar ratios of 1 : 1 or 1 : 2 give VII-36a or VII-Sb,  respectively; on warming 
to + 20", VIII-36a rearranges to  VII-36c. Both VII-36a and VII-36b react with 
benzophenone or 6-methyl-2-pyridylmethyl chIoride to give the expected 
products in good yield. Pyridophanes, e.g., VII-36d and VI1-36e are formed 
in low yield from VII-36b and cuprous chloride. A reaction of VII-36f is 
coupling (a) with cuprous chloride to give VII-36g or (b) with 2-pyridylmethyl 
chloride to give VII-36h (200,201b). 

VII-Ma 

6-l VII-36C 

Vn-36b 

VII-36d 

VII-36e 
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Vll-36f; n = 3. 5, 7 

VII-36g; n = 3. 5 .  7 

VII-36h; n = 3, 5 .  7 

As noted above with VII-36a and VII-%b, rearrangement of certain 
pyridylalkyllithium compounds can occur. Other examples can be found 
with 2-(2-chloro- 1,1 -diphenylethyl)pyridine and 4-(2-chloro- 1 , l  -diphenyl- 
ethy1)pyridine. When each of these two compounds, in tetrahydrofuran, is 
treated with lithium metal at 0" rearrangement of VII-36i and VII-36j occurs, 
since treatment with deuterium oxide gives VII-36k and VII-361, respectively. 
Measurable rearrangement occurs even at - 60" (203). 

Ph Ph 
VIII-36i VI1-36k 

VH-36j VII-361 

The slow formation of triphenylmethyllithium in the metalation of 
triphenylmethane by n-butyllithium is in marked contrast to the rapid 
formation of diphenyl-3-pyridylmethyllithium by the reaction of diphenyl-3- 
pyridylmethane and n-butyllithium, even at -40" (45). 
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The reactions of the pyridylalkyllithium derivatives are listed in Table 
VII-6. 

2. Pyridylalkylsodium and Pyridyialkylpotassium Compounds 

A .  From 2-, 3-, and 4-Alkylpyridines and Their 1-Oxides 

The cr-protons of the isomeric picolines and their higher homologs are far 
more acidic than the a-protons of toluene and, consequently, are more readily 
converted to the corresponding pyridylalkylsodium or pyridylalkylpotassium 
derivatives by means of sodium or potassium amide in liquid ammonia 
(46-54), phenylsodium in benzene (54, 55). or sodium diisopropylamide in 
benzene (54). The preparation in liquid ammonia is the most widely employed 
and the pyridylalkylsodium and potassium compounds have reacted 
normally. in the majority of instances, with alkyl halides, alkylene dihalides, 
aryl halides, and aralkyl halides to  give the anticipated side chain lengthened 
derivatives (46-48, 52, 53, 56), and with aldehydes and ketones lo give the 
expected secondary and tertiary carbinols, respectively (49, 51, 57). In 
competitive metalation experiments in liquid ammonia with sodium amide 
it has been demonstrated that 4-picoline is the most reactive, 3-picoline is 
the least reactive, and 2-picoline has an intermediate reactivity (40, 41). 
With the stronger bases, phenylsodium. and in particular. sodium diiso- 
propylamide, in benzene, both 3- and 4-methylpyridines are metalated at 
essentially the same rate so that subsequent reactions with both aliphatic 
and aromatic esters lead to the formation of 3-pyridylmet hyl- and 4-pyridyl- 
methyl ketones in equally high yieIds (VII-37) (54). 

(Me,CH),NH + PhNa C,H, + (Me,CH),NNa + PhH 

VII-37 

QMe l i t  lMe,CHJ,NNa, u , C O C M e ,  
1111 Mc,CCO,Et 

VIE37 

Variable yields are obtained from the reactions of the isomeric pyridyl- 
methylsodium and -potassium derivatives with the various alkyl halides, 
alkylene dihalides, aryl halides, and aralkyl halides. Presumably, the reac- 
tivity of the halogen is a primary consideration, since, in 4-chlorobutyl 
acetate, for example, the chlorine atom is so firmly held that it does not react 
with 2-pyridylmethylsodium (46). 
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A substantial effort has been devoted to a study of the sodium-catalyzed 
alkylation of 2-, 3-, and 4-picolines and their higher homologs with ethylene, 
propylene, isobutylene. or isoprene (58-60). At 135 to 150" in an autoclave, 
2- or 4-picoline react with ethylene to give 2-n-propyl- and 2-(3-pentyl)- 
pyridine and 4-n-propyl- and 4-(3-pentyl)pyridine, respectively. The ethyl- 
ation of the n-propylpyridine apparently occurs with greater ease than the 
initial ethylation of the picoline. 3-Picoline, in contrast. does not react with 
ethylene at 135 to 150"; at 200", it undergoes autogenous dimerization and 
trimerization rather than react with the olefin. The mechanisms proposed 
for these reactions are shown in VII-38 and VI1-39 (41,56,58-60). Under the 
same conditions, 3-ethylpyridine and ethylene give a variety of bicyclic 
structures (VII-39a) (2 10) while w-pyridyl- 1 -a1 kenes undergo intramolecular 
cyclizations to give structures as shown in VII-39b (21 1). 

VII-38 

t- 

O M e  + RNa VII-39 
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2- And Cmethylpyridine-I-oxide are metalated by either sodium amide 
or potassium amide in liquid ammonia; the 1-oxido-2- and l-oxido-4- 
pyridylmethylsodium or -potassium derivatives participate normally in 
alkylations with alkyl halides although the yields of products are low. 
3-Methylpyridine-1-oxide does not react with either sodium or potassium 
amide (46,61). 

The acidity of the a-protons in an alkylpyridine is affected by the number 
and kind of other substituents on the methyl carbon. When the substituents 
are alkyl groups, the acidity is decreased and the reactivity toward base is 
decreased. The more highly branched the alkyl group, the less reactive is the 
a-hydrogen (58). It is significant that when the substituents are phenyls, 
for example, in diphenyl-2-pyridylmethane and diphenyl-4-pyridylmethane, 
the bright red sodium salts are readily formed with sodium amide in toluene 
at 110"; diphenyl-3-pyridylmethane reacts slowly with sodium amide even 
in xylene at 135". It should be noted, however, that triphenylmethane does 
not react with sodium amide or even phenylsodium under a variety of experi- 
mental conditions (62). 

Substituents other than alkyl groups in the pyridine ring usually do not 
interfere with the reactions of alkylpyridines with sodium amide, potassium 
amide, phenylsodium, or sodium diisopropylamide (13,40,46, 61, 63-65). 
Sodium amide and potassium amide in liquid ammonia and lithium di- 
isopropylamide in ether-hexane or tetrahydrohran-hexane metalate 2,4- 
lutidines and 2,4,6collidines predominantly at the 4-methyl group; 
n-butyllithium in ether-hexane metalates the same derivatives predominantly 
at the 2-methyl substituent (217). It has been observed that potassium amide 
in liquid ammonia may effect metalation when sodium amide is ineffective 
(46). Several instances where all attempts at metalation failed involve 4- 
methyl-(2-benzenesulfonyl)pyridine [4-methyl-2-(phenylthio)pyridine reacts 
readily] (61), and 6-methylpicolinic acid [5-methyIpicolinic acid is readily 
metalated] (61, 65). 
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An unusual example of the ammonolysis of an amide by liquid ammonia is 
seen in the reactions of 2-, 3-, and 4-pyridylmethylsodium in liquid ammonia 
with N,N-dimethyl-1 1-bromoundecanamide; the products, in all instances, 
are the primary amides(VII-40). Presumably, either the pyridylmethylsodium 
derivative or sodium arnide is a catalyst for these ammonolyses (61). 

v11-40 

The reactions of the pyridylalkylsodium and pyridylalkylpotassium 
compounds are listed in Tables VII-6, VII-7. and VII-8. 

B .  From the Addition of Sodium in Liquid Ammonia to  
Pyridylaldimines and Pyridylketimines 

Pyridylaldimines and pyridylketimines are alkylated at carbon by the 
addition, initially, of sodium metal dissolved in liquid ammonia, followed 
by an organic halide; the same products are obtained by metalation of the 
related amine with sodium amide in liquid ammonia, followed by reaction 
with the halide ( V l l d l )  (66). 

No in liq. NH, 
o C ( M e ) : N M e  tMe6CH2), Et O o r  ’ 

IoNaNH, liq. NH, In 0 
QCHMeNHMe (II,RX + CRMeNHMe 

IoNaNH, liq. NH, In 0 
QCHMeNHMe (II,RX + CRMeNHMe 

As anticipated, the reductive alkylation gives the best yields with the 
4-pyridylimines and involves only the carbon atom; with 2-pyridylimines, 
mixtures of products resulting from alkylation at both carbon and amino 
nitrogen, as well as tars, are formed; the 3-pyridylimines give only tars (66). 

All of the alkylation reactions with pyridylaldimines and pyridylalkyl- 
ketimines are listed in Tables VII-6 and VII-8. 
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C .  From the Addition of Sodium in Liquid Ammonia to 
Pyridinecarhoxylic Acid Esters 

The addition of methyl isonicotinate in ether to a solution of sodium in 
liquid ammonia gives the sodium ketyl (VII-42); addition of an aralkyl 
haIide results in alkylation at carbon and the formation of ketones (V11-43) 
(66). This procedure appears, however, to  have only limited application; 
ketones have been obtained only from methyl isonicotinate and benzyl and oMe Na in EI,O lip NH, 

Vll-42 V I I 4 3  

p-chlorobenzyl chlorides; that is, the react ion fails with VII-42 and ethyl 
bromide, ally1 chloride, and 2dimethylaminoethyl chloride. Finally, 
methyl picolinate does not undergo this synthesis of pyridyl ketones. 

The reactions of the sodium ketyls are listed in Table VII-6. 

D .  Anions Formed jrom Alkylpyridones, Alk~lpyridineihion4s, 
Benzoylpyridines and Acetamidopyridines 

The Calkyl- and 6-alkyl-3-cyano-2( 1H)-pyridines are an interesting and 
somewhat unique class of components in that they react with two equivalents 
of potassium amide in liquid ammonia to form highly colored reactive 
dianions. When the cyano group is absent or has been replaced by carbox- 
amide, the a-protons of the alkyl group are too weakIy acidic to  react with 
potassium amide in liquid ammonia, and no dianion formation occurs. 
In the cyano derivative, further substitution of the pyridine heterocycle by 
phenyl does not interfere with the reaction. When methyl groups occupy 
both 4- and 6-positions, a dianion is formed, although it has not been estab- 
lished where preferential metalation occurs. With the 4,6-dimethyl derivative, 
limited trianion formation does occur with three equivalents of potassium 
amide. Treatment of the dianions with slightly more than one equivalent of an 
active halogen compound gives, apparently, alkylation only at carbon and 
not at oxygen or  nitrogen, and these products are obtained in high yield. 
Thus the dianions undergo all of the reactions of a pyridylmethylpotassium 
compound, and this is confirmed by the obtention of the normal products 
following reactions with aldehydes, ketones, and esters. With conjugated 
ketones, the products are those of conjugate addition, and, with diethyl 
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oxalate, the product is the stable enol (VII44), as proved both by its infrared 
and its ultraviolet spectra (67,88). 

n-(;H,Br 

7K + 

H 
C,H,-n 

0 
I1 

0 
/I 

PhCH CHCFh 

Ph 
H 

K O  Etl 

Et02CC(OH):CH 
[ H 2 C G a ] * I C +  A M 

Although the 4-alkyl- and 6-alkyl-2(IH)-pyridones do not react with 
potassium amide in liquid ammonia, these, as well as the 3-alkyI-2(1H)- 
pyridones and -pyridinethiones, do react with n-butyllithium in tetrahydro- 
furan-hexane to give dilithio derivatives, and the latter again function 
preferentially, as pyridylalkyllithium compounds in their behavior toward 
active halogen compounds, aldehydes, and ketones (69). 

Related dilithio derivatives can be prepared from 2- and 3-acetamido- 
pyridines only with n-butyllithium in tetrahydrofuran and not with potas- 
sium amide in liquid ammonia. These derivatives, also, undergo the 
appropriate additions of organometallic compounds to aldehydes, ketones, 
and nitriles (VII-45) (70). 
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n-C.H,Li , 
QNHCOMe THF-hcxane NCOCH,Li ~ N H C O C H , C ( O H ) P h ,  

VII-45 

The anion generated from 3-benzoylpyridine with sodium in liquid 
ammonia is reported to react with several alkyl and aralkyl halides to give the 
tertiary carbinols VII-45a and with benzophenone to give VII-45b (228). 

Ph 

H 
VII-45a H 

R = Et, isoPr, 1-Bu, PhCH, VII-45b 

All of the reactions of the dianions formed from alkylpyridones, alkyI- 
pyridinethiones, benzoylpyridines and acetamidopyridines are listed in 
Tables VII-6 and VII-8. 

3. Pyridylalkylmagnesium Halides 

2-Pyridylmethylmagnesium bromide has been prepared by the react ion of 
2-picoline and ethylmagnesium bromide in diethyl ether, while 2-pyridyl- 
methylmagnesium chloride has been synthesized from 2-pyridylmethyl 
chloride and magnesium in di-n-propyl ether. Both compounds give the 
normal products with chloromethyl methyl ether. aldehydes, and ketones 
(VII-46) (71,72). 

VII-46 
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Complex reactions have been observed when 3-(3-pyridyl)propyl-, 344- 
pyridy1)propyl-, and 3-methyl-3-(4-pyridyl)butylmagnesium chlorides are 
prepared in tetrahydrofuran, (VI1-46a) (73,74). Along similar lines, a contrast 
in behavior upon hydrolysis was noted between VII-46b and V I I ~ C ,  
obtained by the reaction between allylmagnesium bromide and 2- and 4- 
styrylpyridine (stilbazoles) in diethyl ether, respectively. The former gives 
2-(2-phenyl-4-pentenyl)pyridine in 70 % yield while the latter gives only 
trace amounts of 4-(2-phenyl-4-pentenyl)pyridine, since the major product 
of the hydrolysis is a polymeric material (202). 

n 
o C H 2 C H 2 C H 2 C I  Oil 1 1 )  Mg. H,O THF 

V I I 4 a  + CH2=CH2 

: CH, 

CHCHPhCH2CH:CHz 
I 

MgBr 
Vll-46b 

VII-46C 

The reactions of the pyridylalkylmagnesiurn halides reported since the 
last compilation (1st ed., Part 2. pp. 423ff) are listed in Table VII-6. 

V. Pyridylalkynylmetallic Compounds 

A large number of 2-, 3-, and 4-pyridylalkynes have been prepared (a) ria 
the lithium or sodium acetylide followed by alkylation with an alkyl halide 
or (h )  from the pyridylalkylsodium derivative and the o-iodoacetylene 
(VII-47) (75). 
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CH,Na +I(CH2),CiC(CH2),Me __* 0 
The known reactions of the pyridylalkynylmetallic compounds are listed 

in Table VII-9; no derivatives of this type had been known previously. 

TABLE VII-9. Reactions of Pyridylalkynylmetallic Compounds (75) 

Compound Reactant Product (yield) 

2-Py(CH2),Ci CLi n-PrBr ?-Py(CH,),CiCPr-n (46%) 
2-Py(CH2),Ci CLi n-C,H,,Br 2-Py(CH,),CiCCsH,,-n (35 2,) 
4-Py(CH2),Ci CLi n-BuBr 4-P~(0Hz)~Ci CBU-U (37 %) 
?-Py(CH,t5Ci CLi n-BuBr 2- Py(CHz),C iCBu-n (54 'I;) 
~ - P Y ( C H ~ ) ~ C ~  CLi wC,H I I Br ?-Py(CHZ),CiCCSHI 1-11 (47"4) 

VI. Addition of Sodium Amide and of Organometallic 
Compounds to the Azomethine System of Pyridine 

The addition of sodium amide to pyridine and the picolines has been 
reexamined. Data that suggest the catalytic role of sodium or potassium 
nitrate in increasing the yields have been presented (221). Sodium amide and 
2-phenylpyridine give 2-amino-6-phenylpyridine (223). 

Prior to the appearance of the first edition (Part 2, pp. 423Q it had been 
established that the reaction of 4-picoline with phenyllithium or with 
sodium amide involved both lateral metalation and 1,2-addition across the 
azomethine system of the pyridine heterocycle (VII-48). These reactions 
are not limited to the picolines and a striking example is to be found in the 
industrial preparation of 2-aminopyridine by the addition of sodium amide 
to pyridine. It is significant for this discussion that 4-arninopyridine is a 
by-product of this synthesis, so that 1 &addition is a minor but still competing 
reaction (see also Chapter IX). 

About 25 papers dealing with the addition of organometallic compounds 
to pyridine derivatives have been published since the first edition. Several of 
these addition reactions lead to new organometallic compounds of pyridine; 
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VII-48 

most do not, since the intermediate products formed possess a nitrogen 
metal linkage rather than a carbon metal bond. It is  readily apparent, 
however, from a review of this literature, that only a very few of the many 
examples reported yield products arising from a 1A-addition to a 1,4- 
unsubstituted pyridine derivative: these exceptions involve the  reactions 
between pyridine and an alkylmagnesiuni bromide or benzylmagnesium 
chloride where very low yields of only the 4-alkyl- and 4-benzylpyridine, 
respectively, are reported to be the products (14) and between pyridine or 
3-picoline and benzyllithium, where again. only the 4-benzyl dcrivatives are 
obtained. in each instance. but now in 56 and 41 *:, yields. respectively (76). 
It is also of interest that although phenylmagnesium bromide forms 
precipitates with pyridine and thc three isomeric picolines, these solids 
regenerate only the parent pyridine base when treated with water (77). 
Phenylmagnesium bromide adds to pyridine-1-oxide, 2-picoline-1 -oxide, and 
4-picoline-1-oxide to give, following hydrolysis, the oxygen-stable, 1,2- 
dihydro-2-phenyl derivatives (VII-488-c) (230). Quaternary pyridine deriva- 
tives undergo 1,2-addition of benzylmagnesium chlorides, but the 1 ,Zdihydro 
derivatives formed are very sensitive to oxidation (92,93) (see p. 578, VII-62). 
With pentachloropyridine-I-oxide and methylmagnesium iodide or ethyl- 
magnesium bromide, nucleophilic displacement of the chlorine atoms at 
positions-2 and -6 by methyl and ethyl groups are the major reactions and 

yield V I I 4  and VII-48e; with phenylmagnesium bromide, the formation of 
the 2- and 2,6-diphenyl derivatives is accompanied by that of VII-48f (129). 
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0- 0- 0- 
v114  VII* VII-48f 

R = Me or Et R = Me, Et 
R’ = CI, Me, Et 

Triphenylsilylpotassium and diphenylmethylsodium do not add to 
pyridine (14), but lithium piperidide and 4chloropyridine give 144-pyridyl)- 
piperidine as the final product by a mechanism postulated to involve a 
1 ,4-addition followed by elimination of lithium chloride (VJJ-49) (24,78). 

VII-49 

The fourth example of a 1,4addition involves the reaction of triphenyl- 
silyllithium (VII-50) and pyridine and this occurs in sirir when hexaphenyl- 
disilane is treated in pyridine solution with lithium metal. 

H SiPh, 

[Ph3Si], A Ph,SiLi C3HsN 

VIM2 
H 

VII-50 

VII-51 

The structure of the 1,4adduct (VII-51) follows as a consequence of its 
ready oxidation to VIf-52, identical with an authentic sample of Cpyridyl- 
triphenylsilane (14). It should be noted in this context that the palladium-on- 
carbon catalyzed addition of trimethylsilane to pyridine gives at least seven 
products and several of these appear to be l,4addition products (VII-53) 
(79,80). 

Phenyllithium is usually prepared from bromobenzene and lithium 
metal in diethyl ether. To synthesize phenyllithium free of lithium salts, 
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SiMe, SiMe, SiMe, SiMe, SiMe, SiMe, 

- .  

SiMe, 

diphenylmercuryindiethyl ether istreated with lithiummetal and thesolution 
of phenyllithium decanted from the precipitated amalgam. The dropwise 
addition of pyridine to  this solution, at O", causes a crystalline product to 
separate: its PMR spectrum in tetramethylethylenediamine establishes this 
substance to  be the 1,2-adduct (Table VII-10, Adduct 1); if any of the 1,4- 
adduct is present, it cannot be detected from this spectrum (81). Another 
spectrum, that of the addition product of 3-picoline (Table VII-10, Adduct 2) 
does, however, have a special significance for this discussion; this spectrum 
does not reveal what has been established by several studies, namely, that 3- 
picoline and phenyllithium give 2-phenyl-3-picoline and 6-phenyl-3-picoline 
in a ratio of about 95 : 5 (82-84). Oxidation of this adduct mixture does give 
the product in the correct ratio. No 1,4-addition occurs within the limits of 
detection by glc in the phenyllithium additions. The addition of methyl- 
lithium in the presence of lithium iodide, to 3-( 1 -methyl-2-pyrrolidyl)pyridine 
(nicotine) gives three products, the major one being the 6-methyl derivative 
(22 to 37 2 yield) and the minor ones being the 4-methyl (< 1 to 4 x), and 
the 2-methyl derivative (trace) (85). 

The data on these addition reactions are listed in Tables VII-12 and 
VII-15. There are numerous contradictions and these have been cited 
(82, 84, 85-87). A review of the data for phenyllithium additions, in the 
presence of lithium bromide, would indicate that the predominant mode of 
addition with 2-picoline is 1,6-; with 3-alkylpyridines, including 3-cyclo- 
hexyl (but excluding 3-t-butyl where it is mainly 1,6-), it is 1,2-; with 3-amino-, 
3-bromo-, 3-N,N-diethylsulfonamido-, or 3-methoxypyridine, it is 1,2-; 
with 3-phenylpyridine and with nicotine, it is 1,6-. With methyllithium, in the 
presence of lithium iodide, and 3-picoline, the addition is mainly 1,2-; with 
4-phenylpyridine it is 1,2-, and with nicotine 1,6-. The role ofthe solvent in the 
methyllithium reactions has been studied and appears to  be unimportant. 



TABLE Vl l -10 .  Chemical Shifis o l  Pyridinc Ring Protons in Phenyllithium Adducts in 
Tetrsmethylethylenediamine at 100 niHz 

T-VaIUCS H I  

Adduct H2 HA H4 H, H, Jz.3 J ~ . J  J4.3 Js .6  

I 5.22 5.51 3.99 5.32 3.21 4.40 8.00 5.75 5.75 
2 5.23 4.37 5.69 3.48 5.50 6.00 
3 5.22 5.57 - 5.32 3.33 4.12 6.50 
4 5.17 4.42 3.69 _ _  

I :  R '  = Ph. 

3: R '  = Ph. 
4: R '  = Ph. 

R2.  R". RJ = H 

R3 = f-Bu. R2. RJ = H 
R 2 .  R4 = Mc. R' = H 

2: R '  = Ph. Rz = Me, R3. R4 = H 

TABLE VII- I  I. Lithium Compounds from Acetaniidopyridines 1701 

Compound Reactant Product (yield) 

Li 

PhCHO ?-PyNHCOCH,CHIOH)Ph (55  "T,) 
I 

Li 
i 

I 

I 

I 

I 

2- Py NCOCH Li 

Ph,CO 2-PyNHCOCHzC(OH)Ph, (55 2-PyNCOCH2Li 

Li 

PhC0,Me 2-PyNHCOCHZCOPh (56 7,) 2-PyNCOCH2Li 

Li 

PhCN 2-PyNHCC- ZH,C(: NH)Ph (43 ',!<,) 2-PyNCOCH2Li 

Li 

MeCN 2-PyNHCOCH2C(: NH)Me (1604) 2-PyNCOCH2Li 

Li 

PhCHO 3-PyNHCOCH,CH(OH)Ph (18 X) 3-Py NCOCH ,Li 
Li 

Ph,CO 3-Py NHCOCH 2(0H)Phz (48 'g) 
I 

3-Py NCOCH,Li 

5 72 



TABLE VI1-12. Addition Reactions of Organornetallic Compounds to Pyridines 
~~ ~~~ 

Organometallic 
Compound corn pound Product (yield if reportedy 

N.N-Diethyl-3-pyridine- 
sulfonamide 

3-Bromopyridine 
3-Pheny lpyridine 

N-Benzylpyridinium 

N-Benzyl-3-picolinium 

PY H 
PYH 
PY €4 
PY H 

chloride 

chloride 

PhLi 

PhLi 
PhLi 

PhLi 

PhLi 

MeLi 
isoPr 
BuLi 
PhLi 

PY H PhCHzLi 

2- Pic01 i ne 2-PyCHzNa 

3-Ethylpyridine PhLi 

PY H 2-PyCHzlua 

3-(lsopropyl)pyridine PhLi 

3-r-Butylpyridine PhLi 

Pyridine + pyridine-2-d PhLi 

3-Picoline MeLi 

3-Picoline isoPrLi 

3-Picoline PhLi 

3-Picoline o-EtC,H,Li 

3-Picoline p-MeOC,H,Li 

3-Picoline PhCH Li 

PhLi 
3-Picoline + 3-picoline- 

PhLi 
3-Picoline t. 3-picoline- 

3-Ethylpyridine PhLi 

3-Ethylpyridine PhLi 

2-d 

2-d 

N.N-Diethyl-2-phenyl-3-pyridine- 
sulfonarnide (2009 

2-Phenylpyridine (2 0(,1 
2.5-Diphenylpyridine (29 "/A) 
2.3-Diphenylpyridine (6 o<) 

N-Benzyl-2-pheny lpiperidine (5 "(J 
(after hydrogenation) 

Tars 

2-Picolinc (36'$',) 
2-Isopropylpyridine 
2-n-Butylpyridine 
2-Phenylpyridine (69 "<) 

4-Benzy lpyridine 

2-(6-Methyl-2-pyridyl)met hylpyridine 
3-Ethyl-2-phenylpyridine 
3-Ethyl-6-phenylpyridine 

3-Isopropyl-2-phenylpyridine 
3-lsopropyl-6-phenylpyridine 

2-PyCHzPy-2 (35 y,,). ?-PyNH, (39";,) 

} 23 04, 

} 25 ?. 

3-r-Butyl-2-phenylpyridine { 3-r-Buiyl-6-phenylpyridinc 
2-Phenylpyridine (27 '4) 
840{,, 2.3-Lutidine 
169.;. 2.5-Lutidinc 
80 %. 5-Methyl-2-isopropylpyridine 
20 '!& 3-Methyl-2-isopropylpyridine 

95 2,. 3-Merhyl-2-phenylpyridine 
5 '2,. 5-Methyl-2-phenylpyridine 

2-o-Ethylphenyl-3-met hylpyridine (53 :<) 

} 28"; 

6 o:,. 2-p-Methoxyphenyl-5-rnethylpyridine 
4-Benzyl-3-methylpyridine (41 "61 

'<. 3-Me1 hyl-2-phenylpyridine 
4 '4. 3-Methyl-6-phenylpyridinc 
"i;,. 3-Methyl-2-phenylpyridine 1 34 I'I' i9: "(,. 3-Methyl-6-phenylpyridine 

{87'!4, 3-Ethyl-Z-phenylpyridinc) .12g!, 
I3 0,;. 5-E1 hyl-2-phenylpyridinc 

Ref. 

86 

86 
86.93 

86 

86 

76 
76 
78 
82.85, 

91, 
I82 

76 
94 
94 

82 

82.182 

82 

83 

76 

76 

82-83, 
84 

I83 

183 

76 

83 

83 

83 

] 14":' 83 (89 "J;. 3-Et hyl-2-phenylpyridine 
I 1 1  "b. 5-Ethyl-2-phenylpyridinc 

83 ":,. 3-Ethyl-2-phenylpyridinc 
13%. 5-Ethyl-2-phenylpyridine 3-Eth ylpyridine PhLi 

573 



- - - 

Organometallic 
Compound compound Product (yield if reported)' Ref. 

3-lsopropylpyridine 

3-Aminopyridine 
3-Methox ypyridine 

Nicotine 

Nicotine 

Nicotine 

3-Picoline 

3-Cyclohexylpyridine 

M e o M e  

LPicoline 
CPhenylpyridine 

3-Picoline 

?-Picdine 

4-Er hoxypyridine 
2-cBu tyl-4- 

et hoxypyridine 
CEthylthiopyridine 
2-r-Butyl-4-ethyl- 

t hiopyridine 

PY n 

PhLi 

PhLi 
PhLi 

PhLi 

MeLi 

MeLi 

o-MeC, H, Li 

PhLi 

PhLiJ 

PhLi 
MeLi 

MeLi 

MeLi 

Me,CLi 
Me,CLi 

Me,CLi 
Me,CLi 

PhCal 

PhCaI 

:,>, 3-lsopropyl-2-phenylpyridine 
24 :(,. 5-lsopropyl-2-phenylpyridine } 32 

3-Amino-2-phenylpyridine (25 YL)'' 
3-Methoxy-2-phenylpyridine (2 I '!<)L 
30"/,. I-Phenylnicotine 
70 I,. 6-Phenylnicotine 
96 Yd. 6-Merhylnicotine 

30i, CMerhylnicotine 
Trace ?-methylnicotine 
I-Mcthylnicotinc (10 'I,,) 
4-Methylnicotine (4 04,) 
6-Methylnicotine (1 1 ' 2 )  
3-Methyl-2-o-tolylpyridine 
3- Methyl-5-o-tolylpyridine 
3-Methyl-6-o-tolylpyridine 
3-Methyl- I .2,5.6-tetrahydro-2-o-tolylpyridine 

r7h 
r } 34% 

1 i r 
} Y6:4 

83.87 

i84 
184 
84.87. 

t 82 

85 

185 

89,183 

87. 182 
65 %. 3-Cyclohexyl-2-phenylpyridine 

oi,.5-Cyclohexyl-2-phenylpyridine 

38 

2-Methyl-6-phenylpyridine 169 
?-Met hyl-4-phenylpyridine 169 
2.3-Lutidine (47 '/A) 
2.5-Lutidine (1 '(J 
2.3-Lutidine (30%) 
2.5-Lutidine (3 "6) 

76.185 

185 

2-r-Butyl-4-ethoxypyridine 88 
2,6-Di-(t-bu tylt4-et hoxypyridine 88 

2-r-Butyl-4ethylthiopyridine 88 
2,6-Di-(t-butyl)-4( I H )-pyridinethione 88 

2-Phenylpyridine (41 '4)' 
2.5-Diphenylpyridine (6 %) 
2-Phenylpyridine (42 :(y 
2.6-Diphcnylpyridine ( 1  0 o<) 

91 

91 
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5LS 

50c 

515 
515 
ZIZ 
ziz 
215 
ZIZ 
212 
212 
ZIZ 
ZIZ 
ZIZ 
SIZ 
ZIZ 
ZIZ 
ZI5 

56 

56 

E6 

E6 

P8 



Organomerallic 
Compound compound Product (yield if reported)" Ref. 

CH:CHPh 
A CHZCHPhCHZCH :CH, 

6-l CH, : CHCH MgBr 202 IjNJ trace 

(Major product is a polymeric material) 

236 (i)  PhMgBr 
(ii) H,O 

0- i)H 

60-80 "i, 

(i) PhMgBr 
(ii) H,O 

236 

0- 

55 % 

6 I 
(i) PhMgBr 
(ii) H ,O 

236 

0- OH 

(i) MeMgl 
(ii) H,O 

231 

(i) EtMgBr 
(ii) H,O 

(i) PhMgBr 
(ii)  H,O 

0 

Isomer ratio (%) appears before name if determined. 
Phenyllithium. from PhBr + Li. plus anhydrous LiBr. 
Phenyllithiurn, from Ph,Hg + Li. 
3-Aminopyridine added to 3 molar equivalents PhLi from PhBr + Li. 
3-Methoxypyridine added to 1 molar equivalent PhLi from PhBr + Li. 

f Reaction carried out a t  - 60". 
8 Reaction carried out at - 20". 
' Unstable. 

576 
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All of the data summarized directly above are derived from experiments 
designed to determine the mode of addition of alkyl- and aryllithium 
compounds to pyridine bases. Several other examples of the same addition 
reaction have been observed as a consequence of the synthesis of several 
pyridine derivatives. For example, treatment of the metalation product from 
2S-lutidine and phenyllithium with ethyl chloroformate gives a 56% 
yield of ethyl 5-methyl-2-pyridylacetate and a 39 yield of 6-phenyl-2,5- 
lutidine (38). 4-Ethoxypyridine and t-butyllithium initially form the 1,2- 
adduct; loss of lithium hydride in the conventional manner giGes 2-t-butyI-4- 
ethoxypyridine. The latter reacts readily with a second molecule of r- 
butyllithium to form 2.6-di-t-butyl-4-ethoxypyridine (VII-54). 4-Methyl- 
thiopyridine, under the same conditions and with the same reactant, gives 
2-t-butyl-4-methylthiopyridine: but with the addition of the second molecule 
of t-butyllithium, cleavage of the sulfur-methyl carbon bond occurs, and the 
products isolated are VII-55 and VII-56 (88). 

OEt OEt OEt 

Bu-t 
Bu-t 

VII-SQ 
Li 

VII-55 V I M 6  

The reaction betwccn o-~olyllithium and 3-picoline has yielded four 
products (VII-57 to VIIM)); VII-59 is presumed to be formed by a modifica- 
tion of the mechanism proposed for the formation of 2.5-diphenylpyridine 

c3+--J - (+-IMe __. %Me M e  % - 

Me Me M e  

VII-57 VII-58 VII-59 VII-60 

from pyridine and phenylcalcium iodide (see below) (VII-61). The structure 
of VII-60 is unique for this type of reaction and can arise only through a 
disproportionation occurring between the corresponding dihydro derivatives 
(89). 
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When the l-lithio-2-phenyl-l,2-dihydropyridine adduct formed by the 
reaction of phenyllithium and pyridine (81) is dissolved in tetrahydrofuran 
and treated, at O", with methyl iodide, 5-methyl-2-phenylpyridine is obtained 
in 34-450/, yield; the same adduct, with iodobenzene, benzyl chloride. or 
bromine gives, in unspecified yields, 2,5-diphenylpyridine, 5-benzyl-2- 
phenylpyridine, and 5-bromo-2-phenylpyridine. Finally, the l-lithio-2- 
bu tyl- 1 ,bdihydropyridine adduct and methyl iodide give, again in unspecified 
yield, 2-butyl-5-methyl pyridine (90). 

I-Lithio-2-phenyl-1 ,Zdihydropyridine can function as a reducing agent 
since benzophenone is converted to benzhydrol, acetophenone to a-phenyl- 
ethanol, and cyclohexanol, all in low yield ( 1  64). 

Phenylcalcium iodide adds readily to pyridine and the elimination of 
calcium hydride appears to be more rapid than with the phenyllithium 
adducts. Under conditions favoring the more rapid elimination of hydride 
ion, that is, proIonged reaction at room temperature, the products are 
2-phenylpyridine (41 %) and 2,5-diphenylpyridine (6 %): with a shorter 
reaction period at room temperature the products are 2-phenylpyridine 
(42 04) and 2.6-diphenylpyridine (10 '4)  (91 1. 

Quaternary pyridine derivatives undergo 1,2-addition of benzylmagnes- 
ium chlorides and these oxygen sensitive 1 ,Zdihydro derivatives have been 
utilized in the synthesis of benzomorphans (VII-62) (92,93). 

Me 
I 

Me Me fl!) 
VII-62 
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A final example of the addition of an organometallic compound to pyridine 
is found in the preparation of dL(2-pyridyl)methane (VII-63) by the reaction 
of 2-pyridylmethylsodiurn with pyridine at an elevated temperature (94). 

Me 2 hr. reflux 

vrr-63 

VII. Pyridynes 

A considerable number of reactions involving nucleophilic displacement 
of halogens in halopyridines proceed t:ia an intermediate halogenated 
pyridylmetal compound (95). In this intermediate, the metal and the halogen 
occupy vicinal positions on the pyridine ring so that loss of metal halide 
generates a highly reactive species called pyridyne. As an example, the 
prolonged treatment of 3-bromo-2-chloropyridine in furan with lithium 
amalgam gives a 1.5% yield of quinoline (VII-64), while 3-brom0-4- 
chloropyridine under the same conditions forms isoquinoline in 14 O,:, yield 

VII-64 

(96- 100). When 2-chloro-3-fluoro-4-pyridyIlithium, prepared by the metala- 
tion of 2-chloro-3-fluoropyridine with n-butyllithium, is heated under reflux 
in ether with furan, the product, in 20% yieId, is the endo oxide VII-64a 
derived from the 3;Q-pyridyne (21 5) .  Under different experimental conditions, 
2-fluoro-3-bromopyridyne can give either 2,3-pyridyne or 2-fluoro-3,4- 
pyridyne, and both species have been trapped by reaction with furan to give 
VII-64b and VII-64c, respectively; related derivatives are obtained with 
2-methylfuran, 2-ethylfuran, 2,5dimethylfuran or I-methylpyrrole. By- 
products of these reactions are 2-fluoropyridine and 3-butyl-2-fluoropyridine 
(224). The reaction of 1-(2,3,5,6-tetrachloro-4-pyridyl) piperidine with 
n-butyllithium at - 75" involves initially metal-halogen exchange at position 
3; the interaction of this product with furan at room temperature gives the 
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V11-6Ua 

VII-64b 

BuLi A 

stable endo oxide (V11-65), by way of the pyridyne, in 45% yield (101). 
4-AryI-2,3,5,6-tetrachIoropyridines react with n-butylIithium to give the 
3-lithio derivatives, but pyrolysis of these in ether-furan yields only trace 
amounts of the endo oxides; the only products isolated are the 4-aryl-2,3,6- 
trichloropyridines (233). 

Q 
CI .‘OLi- c1 

As noted previously (p. 491), 2,5,6-trichloropyridyne, which is probably 
generated by the thermolysis of 2,3,5,6-tetrachloro-4-pyridyl-lithium, reacts 
with durene to give (VII-4) (6, 17, 102,226). Unusually good yields of furan 
adducts, via 3,4-pyridynes, have been obtained with a series of 6-substituted 
2,3,5-trichIoro-4-pyridyllithium derivatives (VII-65a) (238). 

An unusual denwnstralion of the limitations of this synthetic approach 
involves the reaction between 4-bromo-2,3,5,6-tetrafl uoropyridine and 
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V11-65a 

lithium amalgam in furan to give the diarylmercury (VJI-66) as the principal 
product. No evidence could be found for the possible formation of a tri- 
fluoropyridyne from this or any other attempts to trap that intermediate 
(103). 

VII-66 

No reaction occurs when equivalent amounts of 3-bromopyridine and 
sodioacetophenone are heated in toluene, under reflux. Replacing the toluene 
with liquid ammonia, and adding two equivalents of sodium amide has, as a 
consequence, the formation of Cphenacylpyridine (1 3.5 %,), 4-aminopyridine 
( l o x ) ,  and large amounts of amorphous nitrogenous material. The reaction 
can thus be visualized as involving initially the formation of pyridyne and 
that intermediate being trapped either by the two reagents present, or,  
undergoing autogenous polymerization (VII-67) (53) (see also Chapter VI). 

PLCOCH, Na 

Po 1 y m e r 

VII-67 

A similar behavior has been reported with the pyridyne generated from 
2-bromo-6-ethoxypyridine by the anion derived from potassium amide and 
3-pentanone, in liquid ammonia. The products isolated in about 15% total 
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yield are 2-[2-(6‘-ethoxypyridyl)]-3-pentanone and 2-[4’-(6‘-ethoxypyridyl)]- 
3-pentanone (ratio 5: 1) along with a 55% combined yield of 2- and 4-amino- 
6-ethoxypyridine (231). 

The reactions of 3-chloropyridine, 4-chloropyridine, 3-iodopyridine, and 
4-iodopyridine with potassium amide in liquid ammonia yield essentially 
the same mixture of products: 3-aminopyridine (25 x), 4-aminopyridine 
(45 to 55 %), and bis(4-pyridy1)amine (3 to 4 %), implicating, again, the 
common intermediate, 3,4-pyridyne. In contrast, 2-chloropyridine and 
2-iodopyridine give 75 to 80 x yields of the single isomer, 2-aminopyridine 
(104). 3-Fluoropyridine and potassium arnide behave anomalously and yield 
3,3’difluoro4,4’-bipyridyl, 3-fluoro4,4’-bipyridyl and either 3,3’- o r  3,5‘- 
difluoro-2,4’-bipyridyl(191). A complete discussion of these reactions is also 
given in Chapter VI. 

Table VII-13 summarizes data from other experiments which illustrate 
the extent of pyridyne formation from a variety of halopyridines and potas- 
sium amide in liquid ammonia. It is apparent from several ofthe experiments 
that 1,2-addition of potassium amide can be a competing reaction during the 
generation of the pyridyne. 

Lithium diethylamide and 2-(5-bromo-3-pyridyl)ethylamine react in ether, 
under reflux, to generate a 3,4-pyridyne, and this then cyclizes to 2,3dihydro- 
I H-pyrrolo[3,2-cJpyridine (VII-673) in 56 % yield. Lithium piperidide and 
3-benzoylamino-S-brornopyridine, in glyme under reflux, similarly generate 
a 3,4-pyridyne that cyclizes spontaneously to 2-phenyloxazolo[4,5-c]- 
pyridine (VII67b) in 8 % yield (234). 

. Ph 

VII-67a VI167b 

Finally, in a competitive addition between sodium and sodium 
methylmercaptide in liquid ammonia 3,4-pyridyne, generated either from 
3-bromopyridine or 4-chloropyridine, gives in 60% yield a 1 : 1 molar 
mixture Of 3- and 4-(methy1thio)pyridine: none of the 3- or 4-aminopyridine 
was formed (105). 

Another procedure for the formation of pyridynes involvcs the reaction 
of a 3-halopyridine with lithium piperidide. Tn this preparation a 3-haIo-4- 
pyridyllithium derivative is postulated as the intermediate that generates 
the pyridyne via an elimination addition mechanism (VII-69); an 



TABLE VII-13. Reactions of Halopyridines with Potassium Amide in Liquid Ammonia 

Pyridine derivative Products (yield) Ref. 

EtonNH2 , 90% 
'N 

, 95-100% 
EtoQBr 

E t * Q B r  

E t O k N  r? Br 

OEt 

OEt 

Q""' , I % 

, 65--75% 

104 

104 

104 

104 

104 

NH2 

Et O Q  , lO-15% 



Table VII-13 (Comirirwd) 

Pyridine derivative Products (yield) Ref. 

9 5 70 I 07 
NHz 

(90% recovery of starting material) 

No reaction 

OEt 

0- 

107 

107 

107 

99 

99,108 

584 



Pyridine derivative Products (yield) Ref. 

Q- 

6 I 

0- 

fi + y  Br 

0- 

OEt 

QBr 
I 
0- 

0''' -. , 80% 
AN 

I 
0 

0 

CYH2 , trace 

+N 
I 
0- 

No 2-amino derivative 

0- 

0- 

0 , trace 

+N 
I 
0- 
OEt nNH' , 60% 

:N 
I 
0- 

fi , trace 

+N 
I 

99.108 

99 

99 

99 

0-  
No 2-amino derivative 
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Table VII-13 (Continiwd) 

Pyridine derivative Products (yield) Ref. 

0 , N Q B r  

NC-CH:CHCHzCN, 5% 109 

, 22% 109 

, 3% 

. 90% 109 

, 5 %  

9% 50 x 5% 

1 5 %  

NC-CH :CHCH,CN, 504 

1 1 %  63 X 

MecYH2 Meo 53 04 
9 x, 

109 

109 

109 

235 

235 
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Table VII-13 (Conrinurtl) 

Pyridine derivative Products (yield) 
~~ 

Ref. 

1 I x, 

42 n!:, 10% 

235 

235 

235 

235 

235 

235 

235 

235 
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Pyridine derivative Products (yield) Ref. 

M e  ncl ” M e  

M e  OBr N / M e  

fi 
M e  N,/Me 

Br 

Me[>Me 

pj* 
M e t N /  M e  

M e  fi N, M e  

Me fi N / M e  

I 6 Q/, 

22 

235 

235 

235 

235 

addition-elimination mechanism VII-70 not involving a pyridyne has been 
proposed for the reactions of 2- or 4-halopyridines with the same reagent 
(24-26, 191). Table VII-14 summarizes data on isomer formation from 2-, 
3-, and 4-halopyridines. The data offer adequate evidence for the formation 
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TABLE VII-14. Reactions of Halopyridines with Lithium Piperidide 

Isomer Distribution in 

Substituent 
in pyridine Total yield 2- 3- 4- 

2-F 97 % 100 0 0 
2 x 1  < I %  Trace 0 0 
2,6-C1(Me) 75 % 100 0 0 
3-F 84-9204 0 100.96 0.4 
3-CI 66-87 0 52.48 48.52 
3-Br 78-88 :d 0 48.48 52,52 
4-CI 88-95 "/, 0 0.0.4 100.99.6 

of an intermediate pyridyne from the 3-halopyridinesand, also, that a different 
mechanism is in operation with the 2- and Chalopyridines. 

The mechanism of pyridyne formation from halopyridines has been dis- 
cussed recently (205,206). 

VIII. Mercury Compounds of Pyridine 

2( 1 H ) -  Pyridone (VII-71) undergoes electrophilic substitution at positions 
3 and 5 with great ease; for example, all that is required to obtain 2(1H)- 
pyridone-3,5-bis(mercuricacetate) (VII-72) is to warm an aqueous solution of 
VII-71 with mercuric acetate (110). Under the same conditions, 4(1H)- 
pyridone forms only the 3-mercuriacetate (100). With saturated aqueous 
sodium chloride, both derivatives yield the corresponding mercurichlorides. 
The carbon-mercury bond in the 4-pyridone derivative is significantly 
stronger than that in the 2-pyridone7 since aqueous KI, at room temperature 
converts the former to the mercuriiodide (VII-73), but displaces both mercury 
atoms in the latter compound. At loo", the reagent eliminates the mercury 
atom from VII-73 to give 3-iodo-4(1H)-pyridone. Alkylation of VII-73 with 
methyl iodide in methanolic potassium hydroxide gives l-methyl-4( 1 H)- 
pyridone-3-mercuriiodide (1 10). 

3-Pyridinol does not react with aqueous mercuric acetate under the condi- 
tions described above; mercuration at position 2 occurs under reflux, 
however, and the Zmercuriacetate behaves normally, yielding the 2- 
nprcuri'chloride with aqueous sodium chloride and 2-iodo-3-pyridinol 
with aqueous potassium triiodide at room temperature (1 10). 
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r y  . Do , 

H 
VIE71 

Vll-73 

4-Aminopyridine is more difficult to mercurate than is 4( IH)-pyridone. 
The reaction requires mercuric acetate in glacial acetic acid at 140" and 
yields a mixture of mono- and disubstituted mercury compounds. The 
mercurated 4-aminopyridine derivatives undergo the typical reactions 
described above as well as several additional chemical transformations 

With pyridine-1-oxide, mercuric acetate in 30% aqueous acetic acid at 
100 to 110" gives as the major product 2-pyridylmercuric acetate-1-oxide 
along with a small amount of 2,6-pyridylbis(mercuriacetate)-1-oxide. This 
characteristic orientation of substitution by the I-oxide group is due again 
to the enhanced electron densities at the 2- and 6-positions. The reactions of 
these derivatives are summarized below (VII-75) (1 12). 

The kinetics of the addition of rnethoxymercuriacetate, prepared by 
dissolving mercuric acetate in methanol. to 5-vinyl-2-picotine have been 
investigated. No information is  available as to the structure of the adduct. 
that is, either VII-76 or VII-77; the addition, however, is catalyzed by 
acetic, nitric, and perchloric acids, and various lithium, sodium, and am- 
monium salts (1 13). The energy of activation for the reaction is estimated lo 
be 11.4 kcaVmole. 

(VII-74) (1  1 1 ) .  



+ 
t 

59 1 
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Br 
satd aq 

I 
0- 

O H g 0 2 C M e  +N N a a  ’ +N 
I 
0- 

I 
0- 

0- 

satd. aq 

0- 
I 
0- 

OMe HgO,CMe 
MeCO,HgCH,CH I MeOCHICHQMe I 

Me 

VII-76 VII-77 

2,3,5,6-Tetrafluoro-4-pyridylmagnesium bromide or 2,3,5,6-tetrafluoro-4- 
pyridyllithium reacts with mercuric chloride in diethyl ether to give good 
yields of di-(2,3,5,6-tetrafluoro-4-pyridyl)mercury (VII-B), a stable, crystal- 
line product; VII-78 forms a coordination complex with 2,2’-bipyridyl(103). 

VII-66 

It would appear from the available data that pyridylmercury derivatives 
possess stability comparable to that shown by the related phenylmercury 
compounds. The pyridine derivatives are usually high melting and show 
some decomposition at their melting points. 

Di-[(3-pyridyl)ethynyl] mercury had been disclosed as a potential anti- 
fungal agent but no details of its preparation are available (1 14-1 16). 

A brief report has indicated that small concentrations of what is presumed 
to be 3-pyridylmercuric acetate can be detected polarographically (1 17). 
A method of detecting sulfite ion at concentrations as low as 0 . 0 3 ~  involves 
treating the unknown with a solution of 2-amino-5-pyridylmercuriacetate 
in 20% aqueous acetic acid: a white precipitate forms when sulfite ion is 
present. 

The mercury compounds of pyridine reported since the last compilation 
(Part 2, pp. 462 f f )  are listed in Table VII-16. 



TABLE VII-15.  Copper Compounds of Pyridine 4441 

2-PyCHZCu" 

" Po~iul:itcd intcrnicdiatc. 

TABLE VII-16. Mercury Compounds of Pyridine 

Compound M .p. ("C) Ref. 

(?)-PyHgCIO 

2-Amino-5-pyrid ylrnercuric acetate 
(7)-PyHgBP 

OMe 

f)!HCHIHg02CMe 

MekpJ 

3-PyHgl 
3- Py H gC1 
3-PyHg0,CMe 
4-Amino-3-pyridylmercuric chloride 

4-Aminopyridine-3.5-his(mercuric chloride) 
4-Amino-3-pyridylmercuric thiocyanale 
4-Ureido-3-pyridylmercuric chloride 

6." 
H 

293 295" (dec.): hydrochloride. 

283-285" (dec.) 
195" (dec.) 
168- 170" 

m.p. 191-192" 

278" (dec.) 

292" (dec.) 

265" (dec.) 

310" (dec.) 

> 320" 

144 
144 
186,187 

I13 

145 
145 
145 
I l l  

111 
I l l  
t l l  

110 

I10 

I10 

110 

I10 
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Table VI1-16 ( C o n r i n d )  

Compound M.p. ("C) Ref. 

290" I I0 

84--86" 110 

130" 

(3-PyCiC)ZHg - 

2-Pyridylmercuric chloride- I -oxide ___ 
2-Pyridylmercuric acetate- 1 -oxide 194- 198" 

Cl Hg c&,,l 

I10 

114-116 
I12 
112 

112 

a Position occupied by the mercury is not specified. 
Structure assumed by authors. 

IX. Copper and Gold Compounds of Pyridine 

2,3,S,6-Tetrachloropyridylmagnesium chloride, prepared in tetrahydro- 
furan at - lo", treated with cuprous iodide gives VII-78; at O", VII-78 is 
surprisingly reactive and gives VII-78a and VII-78b in 63 and 76% yields, 
respectively (74). Table VII-15 lists the known copper compounds of pyridine. 

CH 'CHCH Br 7 
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2-Pyridylgold (I) (possibly trimeri:) may be obtained in 90 to tOOo/, 
yield from 2-pyridyllithium and Ph,AsAuCl (118). On being heated to its 
melting point it decomposes to give gold metal and 2,T-dipyridyl. Methyl- 
ated derivatives are similarly prepared and, unlike the parent compound, are 
stable indefinitely to light. 

X. Boron Compounds of Pyridine 

The introduction of boron into the pyridine heterocycle can be affected by 
one of the conventional techniques, namely reaction of a pyridylmagnesium 
bromide or a pyridyllithium derivative with a borate ester. The dialkyl 
pyridineborate intermediate formed is hydrolyzed to  the boronic acid 
(VII-79) (30). 

VII-79 

The pyridineboronic acids are stable compounds with melting points 
> 300". With ethylene glycol and benzene, azeotropic distillation gives the 
cyclic ester (VII-80). The boron is expelled from the pyridine ring by means 
of hydrogen peroxide in t-butanol ~Vl1-81) (30). 

The known boron compounds of pyridine are listed in Table VII-17; 
there were no compounds of this type mentioned in the earlier edition. 
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TABLE VII-17. Boron Compounds of 
Pyridine (30) 

Compound M.p. ("C) 

3-PyR(OH), > 300" 
3-PyB(OCH,J, 1 xso 
4- Py B( 0 H ) x  > 300" 

4-PyB 175" 
'0 

XI. Silicon Compounds of Pyridine 

Trimethyl-3- and -4-pyridylsilane are as stable as is trimethylphenyl- 
silane toward solvolysis by water, methanol, and ethanol. In contrast, 
trimethyl-2-pyridylsilane is cleaved by these solvents; the reaction is  first 
order with kMlcOH = 0.61 5 x loc2 min- at 40.15" and k,,20 = 2.42 x 

min - ' at 39.30'. These solvolyses are not catalyzed by acid or base ( I  19). 
Much of the synthetic effort with the silicon compounds of pyridine has 

involved Michael type, tertiary amine-catalyzed, additions of silicon hydrides 
to vinylpyridines. A mixture of two tertiary amines, for example, tetra- 
methylethylenediamine and tributylamine, are stated to be superior to either 
amine alone and, frequently, cuprous chloride is used as a co-catalyst. 
By this procedure, 2- and 4-vinylpyridine have been reacted successfully with 
dichloromethylsilane and with dimethoxymethylsilane (120). Trichloro- 
silane adds to 2- or 4-vinylpyridine. or 10 2.6-dimethyl4vinyIpyridine :it 
160" without a catalyst to give the corresponding 2-(pyridyl)trichlorosilanes 
(VII-82) (121-123). These chlorinated silanes react normally when treated 

CH,CH2SiC13 

M e \  Q Me 
no catalyst 

1600 
+ HSiC13 - 

Me 02 VII-82 

with water, triethyl orthoformate, and a Grignard reagent (VI1-83) (120). 
2-Pyridylmethyltrimethylsilane (VII-84) is prepared from Zpyridyl- 

methyllithiurn and trirnethylchlorosilane in diethyl ether (124) or benzene 
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Q CH,CH2SiCI, 

VII-83 

(123). With sulfuric acid at o", VII-84 undergoes an unusual silicon-carbon 
cleavage involving loss of a methyl group and the formation of a disylyl 

VII-84 VII-85 

ether (Vll-85) (1 24). Treatment of penrachloropyridine (vll-86) in tetra- 
hydrofuran at - 70" with either methyllithium or phenyllithium followed by 
chlorotrimethylsilane does not give a silicon derivative; the products isolated 
are an unidentified heptafluorobipyridyl and 4,4'-octafluorobipyridyl (VII- 
87), respectively (see also p. 491). When. however, VII-86 is treated with 
triphenylsilyllithium, a 3 "/, yield of 2,3,5,6-tetrachloropyridyItriphenyl- 
silane is obtained along with the major product, hexaphenyldisilane (85 % 
yield), and a small amount of VII-87 (33). 

Although the addition of an organometallic compound to pyridine usually 
involves the azomethine linkage and does not yield a new organometallic 
product (see p. 568), an exception is noted with the silicon hydrides and 
with silyllithium compounds, since, with both types, new silicon deriva- 
tives of dihydro and tetrahydropyridine are obtained. Thus in the cleavage 
of hexaphenyldisilane in pyridine solution by means of lithium metal, the 
product isolated in 63 "/, yield is 4-(triphenylsilyl)-1H-1,4-dihydropyridine 
(VI1-88): the same product is formed from equimolar amounts of preformed 
triphenylsilyllithium and pyridine. Oxidation of VII-88 in ethanolic potas- 
sium hydroxide with air or with nitrobenzene, both at reflux temperature, 
gives 4-pyridyltriphenylsilane (14). 
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HxsiPh3 
[Ph,Si], --% Ph,SiLi 

H 
VI1-88 

The second example of addition involves the palladium on carbon catalyzed 
reaction between pyridine and trimethylsilane. At least seven products 
(see Table VII-18, a to g) have been isolated by vapor phase chromatography 
(v.P.c.). The quantity of each formed is somewhat dependent upon tempera- 
ture and reaction time. Both proton magnetic resonance and infrared 
spectroscopy have been employed to establish the structure of these com- 
pounds, with the former being the most useful. It is implied, also, that 
ultraviolet absorption spectra of reference compounds and chemical reac- 
tions, especially hydrogenation and oxidation, have furnished additional 
confirmatory support for these structure assignments; these data, however, 
have not appeared (79.80). 

TABLE VII-18. Percent Yields of Trimethylsilylpyridines (VII-89) Under Varying Experi- 
mental Conditions. 

SiMe, 0 
Q Q Q Q Q Q O  

SiMe, SiMe, SiMe, SiMe, SiMe, SiMe, SiMc, %MetSiH 
Conditions n b  C d e f g  consimed 

30O.25 hr vig. stir 1.5 12 t 2 5  35 0.8 0.2 25 95 
42". 3 days slow stir 1 .O 7 1 43 9 1 30 95 

0". I t  daysslow stir 0.6 5.8 4.7 51 8.5 1.2 28 37 
60-8OO.4 hr slow stir < 1 2.4 2.2 60 17.5 4.5 12.5 60 

Trace amounts of 1-trimethylsilylpiperidine are also formed in these 
reactions. A study of other catalysts showed that palladium gives the fastest 
rate of addition. The order found is Pd-C > PdCI, >=Raney Ni, Pt-C, 
and Ru-C. Although rhodium-on-carbon gives a somewhat slower rate, 
it is more selective, producing only VII-89c, d, f. Analyses by V.P.C. during 
the reaction at 30" demonstrates that VII-89d is formed by the isomerization 
of VII-89C. 

At room temperature, 2-picoline and palladium-on-carbon do not react 
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with trimethylsilane; Cpicoline reacts at about one-quarter of the rate, and 
3-picoline somewhat faster than does pyridine. 3-Picoline gives three 
products (VII-90 to VII-92) after 18 hr at 24" but only VII-90 after 20 hr at 
40". 4-Picoline shows an anomalous behavior in giving four products 
(Table VII-19 a-d), the principal one being the single example of a lateral 
metallation by a silicon hydride (79). 

QMe 

SiMe, 

Q"' 
SiMe, SiMe, 

VII-90 VII-91 VII-92 

Despite the variety of products obtained from these reactions there appear 
to be several simple mechanisms in operation. The addition of the trimethyl- 
silyl group to pyridine must occur on the surface of the catalyst where 
intermediate resonance hybrids, perhaps radicals, exist ; the latter can then 

TABLE VII-19. Percentage Yields of Trimethylsilylpicolines (VI-93) tinder Varying Experi- 
mental Conditions 

CH2SiMe3 o f j f i n  N N 

9:, Me,SiH SiMe, SiMe, SiMe, 

Conditions a b C d consumed 
~ ~ 

35-40", 40 hr or 50". 5 hr 35 5 20 40 9 5  
24". 5 days 30 18 17 35 90 

undergo hydrogenation, coupling, or isomerization. The formation of 
VII-89e, f may involve an addition-elimination mechanism while VII-93d 
may be formed in a variation of the coupling reaction. Steric hindrance, 
presumably, explains the failure of 2-picoline to react with trimethylsilane. 

Since VII-8W contains the elements of a cross-conjugated dienamine, 
it is a reactive species; this has been demonstrated recently (125) by its 
reactions with ethyl azidoformate and p-tolueneisocyanate (XV-94). 

Silicon derivatives of pyridine are crystalline solids or high boiling liquids, 
stable on storage under anhydrous conditions. Solvolysis, particularly noted 
with trimethyl-2-pyridylsilane (VII-94) is a general reaction, especially with 
the pyridylchlorosilanes, and leads to pyridylpolysiloxanes; VII-94a 
reacts with 0- or p-chlorobenzaldehyde in alcohol to give VII-94b and that 
derivative in turn, is solvolyzed to VII-94c (126). 



600 Organometallic Compounds of Pyridine 

p-MeC6H4NC0 

SiMe, 

The silicon compounds reported since the last compilation (Part 2, pp. 
444 tr) are listed in Table VII-20. 

XII. Tin Compounds of Pyridine 

A number of tin compounds of pyridine have been prepared by the addition 
of an organotin hydride t0 rtvinylpyridine (127- 129). No solvent is employed 
in these reactions. The 4-pyridylethyl bond to tin is far stronger than that of 
the n-propyl to tin, since bromination of VII-95 gives di-n-propyl-4-(pyridyl- 
ethyl) tin bromide (VII-96); VII-96 is converted to the hydroxide (VII-97) 
with aqueous potassium hydroxide, and VII-97 gives the acetate with glacial 
acetic (VII-98) (1 30). 

2-Pyridyltrimethyltin (VII-99) is readily solvolyzed by water, methanol, 
and ethanol (1 19). In this behavior, VII-99 resembles 2-pyridyltrimethyl- 
silane @. 596); it may be presumed, therefore, that 3- and 4-pyridyltrimethyl- 
tin would not be solvolyzed under the same conditions. 

The tin compounds of pyridine described since the last compilation 
(Part 2, pp. 443 tr) are listed in Table VII-21. 



TABLE VI1-20. Silicon Compounds of Pyridine 

Compound M .p. ("C) Ref. 

2-PySiMe3 
3-PySiMe3 
CPySiMe, 
2-Py(CHz)2SiMeCIz 
2-Py(CHz),SiMe, 

b.p. 100°/10 mm 
b.p. 117-1 18"/30 mm; n;' 1.4865 

Me [~CH,CHzSiMeC1, -. 

2-PyCH,CH,SiPhCI2 I 

2-PyCH2CH2Si(C6H4CI-p)C12 - 
2-PyCH2CH,SiMe(OMe), 
2-PyCH,CH2SiMe(OEt), b.p. IOO--125"/1 mm 
2-PyCHzCH,SiMe, b.p. 106-107'/21 mm: d Z 5  0.8982: nAs 1.4843: 

picrate. m.p. 89": hydrochloride. 
m.p. 102-103" 

0 SiMe3 
SiMe, 

OSiMe3 SiMe, 

b.p. 70"/2.5 mm 

b.p. 70"/2.5 m m  

4-PyCHZSiMe, b.p. 201" 
2-PyCH : N(CH,),Si(OEt), _ _  
2-Py CH N H(CH ,),Si(OEt ), ___ 

2-Py(CH,),SiMe,0SiMe,(CH2)2Py-2 b.p. 182-183"/3 mm; n i o  1.5095; dzo I .GO1 

SiPh, 

0 H 

4-PySiPh3 

226-227" 

232.5-233.5'. b.p. 430-435" (slight dec.): 
picrate, m.p. 198" 

119 
119 
119 
120 
124 

120 

120 
120 
120 
120 
123 

79 

79 

79 
188 
188 
124 

14 

14 

33 
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n-Pr,SnH 
IMP. 4 hr. I 

CH,CH,Sn(Pr-n), 

Q 
VII-95 

CH,CH,Sn(Pr-n),Br CH,CH,Sn(Pr-n),OH 
glacial 

MeC0,H 

VII-% MI-W 

VII-98 VII-99 

TABLE VII-21. Tin Compounds of Pyridine 

Compounds M.p. ("C) Ref. 

4-PyCH,CH2SnPh, 112-113" 127,128, 130 
1 I9 

4-PyCH,CHzSn(Pr-n), b.p. 121-125"/0.0009 mm; picrate, 129 

4-PyCH2CH,Sn(O,CMe)(Pr-n), 96-97" 128 

2-PySnMe, - 

m.p. 147-148" 

XIII. Phosphorus Compounds of Pyridine 

Pyridinephosphonic acid derivatives have been prepared via nucleophilic 
displacement reactions. 3-Pyridinephosphonic acid is formed by treatment 
of 3-pyridinediazonium fluoroborate with phosphorous trichloride followed 
by treatment with water (VII-ma) (192). Triethyl phosphite displaces the 
2-nitro group in 2-nitropyridine-1-oxide when the two are heated under 
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reflux in acetonitrile and gives diethyl pyridine-2-phosphonate; under the 
same conditions, 4-nitropyridine-l-oxide and phosphorous trichloride do 
not react (VII-Wb) (193). Pyridine-l-oxides and a variety of substituted 
pyridine-1 -oxides have been converted by the reaction sequence VII-99c into 
pyridine-2-phosphonates. 1-Methoxy-3-picolinium methosulfate yields a 
mixture of diethyl3-methylpyridine-2-phosphonate and diethyl4,5-dimethyl- 
pyridine-2-phosphonate in a 3 : 1 ratio. l-Methoxy-2,6dimethylpyridinium 
methosulfate gives the 4-phosphonate in low yield, the major product being 
2,6-dimethylpyridine. The proton magnetic resonance and mass spectra of 
these 2- and 4-phosphonates has been discussed. The esters are readily 
converted by heating with dilute aqueous hydrochloric acid to the corre- 
sponding phosphonic acids (194, 195). ON: BF; (i) PCI,-Cu,Br, , 

(ii) H,O 

I 

0- 0- 

VIE% 

OMe 

MeOSO; 

Dialkyl esters of phosphonic and thiophosphonic acids add to 2-vinyl- 
pyridine to give 2-(2-pyridyI)ethylphosphonates and 2-(2-pyridyl)ethyl- 
thiophosphonates, respectively. The reaction is catalyzed by base at lOO", 
but may be carried out without a catalyst at higher temperatures (VII-100) 
(131). This Michael-type addition has been extended to include the reactions 
of diethyl vinyl phosphonate with ethyl 2-pyridylacetate; again, these 
reactions are base-catalyzed and are carried out at 60". The products 
formed undergo hydrolysis and decarboxylation in aqueous hydrochloric 
acid to form 3-(2-pyridyl)propylphosphonic acid (VII-101) (132). 

EtONa 

CH :CHI -t (Eto)zPoH TGF' Q C H z C H 2 P O ( O E t ) 2  

VII-100 
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CH,CH,PO(OEt), 

30% HCI 
6 hr. reflux 

EtONa in 

+ CH, :CHPO(OEt), QCHCN 
I 

2- And 4-pyridylmethylphosphonates (VU-102) are pipared by the reac- 
tion of the corresponding pyridylmethyl chloride (VII-103) and diethyl 
phosphonate; the phosphonates (VII-102) also participate in Michael-type, 
base-catalyzed additions to acrylonitrile and the products formed can be 
hydrolyzed to the mixed carboxylic-phosphonic acids (VII-104) (1 33). 
Diphenylphosphine oxide reacts with VII-103 to give diphenyl-2-pyridyl- 
methylphosphine oxide (VII-105). The methylene protons in VII-102 and 
VII-105 are reactive toward potassium amide in toluene and the anions 
formed are alkylated with VII-103 to give VII-106 and VII-107, respectively. 

VII-103 VII-102 
EtONa in EtOH 
I hr. stirring VII-103. KNHz, 

PhMc 
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CH20H CH20H HOQCH=CHPOFOF~ ~ HOQCH=CHPO(OEt)2 

Me \ Me \ XV-106c 

I 

CH20H 
CHZCHzPO(OEt)2 

XV-106f 

H O O  CH ,CH 2PO(OH)2 
Me --.N XV-106e Me 

CHO 
CH=CHPO(OH)2 H O O C H 2 C H 2 P O I O E t ) 2  

XV-106g XV-lMh Me \N 

No side reactions are observed with VII-102; along with VII-106, however, 
there are isolated diphenylphosphonic acid, sym-(2,2'-dipyridyl)et hylene, and 
2-pyridylphosphonic acid (1 33). 

The sequence of reactions shown in VII-106a led to a series of pyridyl- 
ethenyl- and pyridylethylphosphonates that possessed structural relation- 
ships to pyridoxal phosphate and pyridoxol phosphate ( I  34). The initial 
reaction gave the anticipated truns-2-(2,2,8-trimethyl-5-(4H-rn-dioxino[4, 
5-~]pyridyl)ethenyIphosphonate (XV-lab)  (1 354, and this key intermediate 
led, by conventional procedures, to the other derivatives (XV-l&-h). 

Tri-2-pyridylphosphine is formed from Zpyridyllithium and phosphorus 
trichloride at - 68 to - 58" (10). 

The known phosphorus compounds of pyridine are listed in Table VII-22; 
there were no compounds of this type in the previous Edition. 

XIV. Arsenic Compounds of Pyridine 

Diazotization of 3-amino-2,6-dimethylpyridine in concentrated hydro- 
chloric acid containing arsenic trichloride gives 2,6-dimethyb3-pyridylarsine 
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dichloride (VII-108); by reactions which are conventional for this class of 
organometallic compound (1st ed., Part IV, pp. 439 f f )  VII-108 is converted 
to a variety of pyridylarsenic derivatives (VII-1M) (1 36). 

A group of bidentate chelate compounds has been prepared from di- 
methyl-2-pyridylmethylarsine (VII-1 10). The arsine is readily obtained from 
the reaction between dimethylarsine iodide and 2-pyridylmethyllithium in 
diethyl ether; VII-110 is a light-sensitive liquid with a pungent, unpleasant 
odor; it is readily oxidized by air through an unstable intermediate of 
unknown structure, to Me,AsO,H and 2-picoline. 

The reaction of VIM 10 with cupric sulfate in aqueous alcohol results in 
reduction to cuprous ion, oxidation to dimethyl-2-pyridylmethylarsine 
oxide, and the formation of the soluble diamagnetic blue green sulfate 
VII-111; the addition of sodium perchlorate precipitates VII-112 as the 
insoluble perchlorate, a salt with remarkable stability since it can be re- 
crystallized from boiling water. Attempts to resolve VII-112 to establish the 
tetrahedral disposition of the coordination covalences of the copper atom 
have been unsuccessful. Aeration of VIE112 results in a slow oxidation to 

QNH2 AsCI,-HCI , QE:z aq.NH, , oAso H,O, , 
Me -.. Me o'.NaNo, Me M e \  Me 

VII-lo8 

VII-109 



TABLE VII-22. Phosphorus Compounds of Pyridine 

Compound M.p. ("C) Ref. 

2-Py(CHz)zPO(OPr-n)Z 

2-Py(CHZ),PO(OPr-iso), 

4-PyCH PO, H 
4-PyCH2POPh2 
2-PyCH 2 POPh, 
4-PyCHzPO(CHzPhlz 
2-PyCtCH ZCH zCN)ZPO(OEt)z 
2-PyC(CHZCHzCOzH),PO,H, 
~-PY(CH~CHZCO,H)~PO,H~ 
2-Py(CHzCHzCN),POPhz 
~ Q - P ~ C H ( C H ~ C H Z C N ) P O P ~ ~  
4-PyCH(CH,CHzCOZH)POPhz 
2-PyCH(CH 2 Py-Z)PO( OEt 2 )Z 

2-PyCH(CH 2 Py-Z)PO, H 2 

2-PyCH( CH 2 Py-2)POPh 2 

. O f i o H  Me '''N CH=CHPO(OEt), 

n;;" 1.4935: picrolonate. m.p. 102-103" 189 

b.p. 122-123"/0.01 mm: nio  1.4891 189 

123- 124" 
b.p. 101"/0.05 mm: n F  1.4938. dZ5 1 . I t  56: 

picrolonate. m.p. 91-92 
b.p. 105"/0.01 mm: n p  1.4880,dZS 1.0725: 

picrolonate. m.p. 98-99" 
b.p. 99"/0.05 mm: n i 5  1.4812. d z 5  1.0691 : 

picrolonate. m.p. 134- 135" (dec.) 
b.p. 132"/0.2 mm: ni5  I .4841. dZ5 1.0460 
b.p. 143- 145°/0.1 mm: n p  1 .5560. dZs 

118": picrate. m.p. 158-168" 
b.p.97"/0.05mm:ni5 1.5101.d30 1.1085 
114" 
b.p. 89/0.05 mrn: nA5 1.4955: picrate. 

24 1 -243" 
220-221 O :  hydrochloride, m.p. 223-224" 
133- 134"; hydrochloride, m.p. 186- 188" 
22 I -222" 
78". b.p. 185-190"/0.05 m m  
143" 
220" 

I 99- 200" 
200" 
b.p. 131-133°/0.01 mm: n i 5  1.5350 
222-224' 
143.0--143.5"; dihydrochloride, m.p. 

1.1419: picrate. m.p. 158-159" 

m.p. 129-130" 

- 

20 I - 202" 

189 
131 

131 

131 

131 
131 

131 
131 
10 
133 

133 
133 
133 
133 
133 
133 
133 
133 
133 
133 
133 
133 
133 

67-68': hydrochloride, m.p. 147- 149" 134 

97-98"; hydrochloride, m.p. 128-130" 134 
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Table V 11-22 (Conrinrred) 

Compound M.p. ("C) Ref. 

~ ~ C H = C H P O I O E %  CHO 

2-Py PQOEt), 
2-PyPQOH)Z 

I 34 

i34 

134 

134 

134 

134 

134 

b.p. 96-97"/0.03 mm; picrate, m.p. 86-87 194 
224-221'' 194 

b.p. 109-1 10"/0.07 mrn 194 
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Compound M.p. ("C) Ref. 

Me 

M e Q P ,  OEt), 

279- 282 

b.p. 109-1 12"/0.05 mm 

272-276. (dec.) 

b.p. i l O - l t l " / O . l  mm 

b.p. 125-126"/0.05 rnm 

b.p. 107'/0.03 mm 

> 300' 

b.p. 125 126'/0.2 mm 

252- 254 

b.p. 124 127'/0.1 mm 

220- 222' 

1 94 

i94 

I Y4 

194 

1 94 

194 

I 94 

196 

195 

195 

195 

195 
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Table VI1-22 (Continued) 

Compound M.p. ("C) Ref. 

(5poa.,, 

Q P O C , ,  

Me gMe N/ PO(OEt), 

Me 0" N.- PqOEt),Me 

268-211" 

269-272" 

b.p. 93-95"/0.03 mm 

b.p. 88-90"/0.1 mm 

- 

296302" 
disodium salt of acid, m.p. > 300" 

b.p. 110-1 12"/0.03 mm 

r300" 

195 

i95 

195 

195 

195 

195 

195 

195 

195 

195 

195 
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Table VII-22 (Conrinurd) 

Compound M.p. ("C) Ref. 

278-284" 195 
disodium salt of acid m.p. > 300 

b.p. 105"/0.2 mm I 94 

> 300" I94 

the cupric form. Similar chelates are also found with silver, palladium, and 
ruthenium salts (137). 

Tri-(2-pyridyI)arsine is prepared from arsenic trichloride and 2-pyridyl- 
lithium in diethyl ether (10). 

The arsenic compounds of pyridine reported since the last compilation 
(Part 4, pp. 439 f f )  are listed in Table VII-23. 

XV. Chromium Compounds of Pyridine 

The reactions of benzyl and substituted benzyl anions with chromous ion 
leads to the formation of transient highly colored solutions. An interpretation 
of the data derived from the degradation products recovered from such solu- 
tions has been that organochromium compounds, for example a benzyl- 
chromium(II1) cation, have been formed. None of the compounds has been 
isolated or characterized due fa) to their short half-life and (b) to their 
reactivity toward oxygen (138-142). Whether or not these explanations are 
valid in view of the fact that other highly reactive organometaliic compounds 
have been isolated and characterized cannot now be answered. In any 
event, this approach has now been developed further and the related 2-, 
3-, 4, and l-methyl-2-pyridylmethylchromium(III) cations (VIE113 to 
VII-116) have been prepared by the addition of an excess of chromous 
sulfate to an aqueous solution of the bromomethylpyridininum bromide. 
An immediate red-brown color appears but when an excess of chromous 



TABLE V11-23. Arsenic Compounds of Pyridine 

Compound M.p. ("C) Rel. 

2.6-Dimet hyl-3-pyridyldichloroarsine 
2,b-Dimet hyl-3-pyridylarsine 
2,CDiniet hyl-3-pyridinearsonic 
3,3'-Arseno- bis(2,6-dirne1 hylpyridine) 
2-PyAsMe, 
Bis(2-mercaptobenzot hiazolyl)-2-pyridylarsine 
Bis(2-mercapto-6-chlorobenzothiazolyl~4- 

Bis(2-mercapto-6-met hyl benzothiazolyl p4- 
chloro-2-pyridylarsine 

acet ylamino-2-pyrid yiarsine 

,,SCSN,H 
2-PyAs ,(CHdz 

'SCSNH 

175- 185" 
112" 
225" (dec.) 
I 15" (dec.) 
b.p. 86--90"/2 rnm: picrate, rn.p. 106" 

i36 
136 
t 36 
136 
137 
190 
190 

190 

146 

146 

146 

146 

146 

146 

146 
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sulfate is present, the red-brown color changes to green. Aeration of the 
green solution with a source of oxygen restores the red color, presumably by 
selective oxidation of the inorganic chromous cation but not the pyridyl- 
methylchromium(II1) cations. Despite the stability of these compounds in 
solution toward oxygen, attempts to isolate the organochromium salts 
have given only decomposition products. 

The selection of VII-113 to VII-116 and not VII-117 as the structure of the 
cation has been based on the following considerations: (a) MI-113 gives 
4-picoline in deuterium oxide-sodium carbonate with no deuterium incor- 
poration into the Cmethyl group or into the 2-position; (h} the ultraviolet 
spectra of VII-113 to VII-116 and of the benzylchromium(II1) cation are 
similar (see Table VII-118), and (c) the compounds VII-113 to VII-116 are 
decomposed by perchloric acid at 55" to give the corresponding 1,2-di- 
(pyridy1)et hanes. 

TABLE VII-118. Ultraviolet Maxima of Benzyl- and Pyridylmethytchromium Cations in 
Aqueous Solution 

Compound PH j.M.. . Imp) 

VII-113 1 262,318.550 
VII-113 5 266,333, 

VII-114 
VII-114 

VII-115 
VII-1 15 

I 285,320.534 
5 289,325," 

1 225.308.550 
5 324," 

VII-116 I 266.3 22.548 
VII-116 5 271.335. a' 

Benzylchromium cation 274.299.360 

(4 

6,200, 10,400.73 
c not given 

15,OOo. 9,600.49 
c not given 

6,750. 15.600.92 
c not given 

8,700. 15,900,127 
E not given 
8,380. 7.920.2,470 

Too weak to measure. 
N o  corresponding maximum 
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The solutions containing the pyridylmethylchromium cations can be 
chromatographed on ZeoKarb 225SRC10 ion exchange resin, previously 
washed with 5M perchloric acid; elution with water followed by progressively 
higher concentrations of perchloric acid (0.1 M to 1 .OM) gives the purified 
solutions of the pyridylmethylchromium(I1I) cations. 

The kinetics of the acid catalyzed hydrolysis of VII-113 to VII-116 have 
been investigated (138). 

The known chromium compounds of pyridine are listed in Table VII-24; 
there were no compounds of this type in the previous edition. 

TABLE VII-24. Chromium Compounds of 
Pyridine ( 1  38. 139) 

Compound 

CH2CrZ + 5 H Z 0  

o C H , C r ' + 5 H z 0  

Me 
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XVI. Potential Uses of Organometallic Compounds of Pyridine 

A number of pyridine compounds of mercury have been evaluated as 
fungicidal, bactericidal, insecticidal, and anthelminthic agents (144-146, 
1 1 1, 1 14-1 16); one pyridylarsenic derivative has been converted to poly- 
siloxanes useful as anion exchange resins (121) and copolymerized to give 
silicone fluids and silicone rubbers (120, 124). 

A series of 3-hydroxy-4-(hydroxymethyl)-2-methyl-5-pyridylethenyl- and 
5-pyridylethylphosphonates were less potent than pyridoxol phosphate in 
inhibiting tyrosine decarboxylate; the same compounds were essentially 
equipotent with pyridoxol phosphate in inhibiting aspartate aminotrans- 
ferase ( 134). 
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infrared spectroscopy of, 334 
inhibition of polymerization, 340 
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mass spectra, 44 
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reaction with DMSO. 191 

by homolytic alkylation (Table V-3), 285 
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mass spectrometry of, 303 
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physical properties, 291 
purified, 291 
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328 

ultraviolet, ir spectra(methy1- n-heptyl), 
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reduction to 2-alkylpiperidines, 276 
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physical properties of, 291 
preparation of, 281 
purified, 291 

ultraviolet, ir spectra(methy1- n-heptyl), 
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4-Alkylpyridines, 282 

328 
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homolytic alkylation of, 284 
purified, 29 1 
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aniline, 129 
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reduction of, 349 
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cal properties of, 368 
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pyridines, 449 

pyridine, 414 

pyridine, 41 3 
hydxogenotysis, 446 

449 
3-Amino-2-bromopyridine, ring contraction, 

6-Amino-2-bromopyridine, ring scission, 449 
4-Amino-2,6dibromopyridine, reduction of 

4-nitro-l-oxide. 196, 197 
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3-Aminolutidine-l.oxide, preparation from 
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4-Amino-2-methylpyrimidine, from 2,6di- 
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oxidation, 16,18 

2-Aminopyridine, bromination, 4 14 
by Tschitchiiabin reaction, 312 
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preparation of, 194 
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preparation of, 16,20 
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197 

preparation of, 225 
Skraup reaction, 225 

Aminopyridinium salts, 56 
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ments of configuration of, 369 

2-Amino-3~5-pyra~IyI)pyridin~. 369 
5-Amino-3-pyridylisoxazoles, 369 
Ammonolysis, of an NJdiaIkylamide in li- 

quid ammonia-sodium amide, 563 
N-(p-Anilinoethyl>2-pyridone, from 2-bro- 

mopyridine, 450 
Amylpyridines, 276 
2-Amylpyridine. by catalytic hydrogenation, 

3-Amylpyridine, by catalytic hydrogenation, 

rlArnylpyridine, by catalytic hydrogenation, 

Anabasine, oxidation of, 23 

Anhydroproferrorosamine P. 366 
4Anilinonicotinic acid-]-oxide, preparation 

2-Anilinopyridine, preparation of, 171,174, 

2-@-Anisylbutadiynyl)pyridine, 348 
2-pAnisyl&-hexylpyridine, from lithio 

alkylpyridines, 279 
Aralkenylpyridines (Table V-14), 336 

from metallopyridines, 327 
photocyclization of, 345 
photolytic dimerization of, 346 
polymerization of, 346 

341 

34 1 

341 

reduction of, 376 

of, 203 

175,177 

1-Aralkoxypyridinium salts, solvolysis of, 

Arakylpyridines (Table V-81, 294 
from sodioalkylpyridines, 282 

Aralkynylpyridines (Table V-l6), 35 1 
Arbuzov rearrangement, with pentachloro- 

pyridine, 454 
Arylazopyridine, oxidation of, 19 

91 

oxidation to, N-oxide, 19 
azoxy, 19 

Arylazopyridine-1 .oxides, preparation of, by 

1-Arylbut-3enyl acetates, flash thermolysis 

1 -Aryl-5-methyl-3-(4-pyridyl)pyrazoles, 368 
1 -Aryl-Zmethyl-5-(4-pyridyI)pyramles. 368 
Arylhaloalkylpyridines, 468 
Arylhalopyridines, properties, 440ff 
N-Aryloxypyridinium tetrafluoroborates, 

oxidation, 15 

of, 333 

base-catalyzed rearrangement, 164, 
166 

N-Aryloxypyridinium salts, 50,51 
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Arylpyridines (Table V-17), 357 
(Table V-l8), 358 
(Table V-19). 363 

Arylpyridines, by Diels-Alder synthesis, 354 
from organometallic compounds, 352 

6-Arylpyridines, by decarboxylation, 355 
Arylpyridine-l-oxide, preparation of by 

oxidation, 14,15 
1-Aryl-3-pyridylpyrazol-5 -ones, 368 
2-Azabicyclo[ 2.2.01 hex-Series, 320 
2-Aryltetrachloropyridines, from perchloro- 

4-Aryltetrafluoropyridines, from pentafluo- 

Arylthio-4-f-butylpyridines, preparation of, 

Arylthiolutidines, preparation of, 127 
Arylthio4-picolines, preparation of, 126 
Arylthiopyridine, oxidation of, 19 

3-Arylthiopyridine, preparation of, 177 
Azacyclodecapentene intermediates, 333 
4-Azahexahelicine, 330 
Azahelicine, by photolysis, 346 
Azaprismane, 286,307 
2-(2-Azidophenyl)pyridine-l-oxide, intra- 

Azidopyridine-l-oxide, preparation of, 223 
4-Azidopyridinel-oxide photolysis, 237, 

242 
Azomethine system of pyridine, addition, 

triakylsilyl lithium, 570 

pentadienonitrile, 425 

ropyridine, 453 

126 

preparation of, 126 

molecular cyclization, 165 

trialkylsilyl potassium, 570 
alkyl sodium compounds, 570 

Grignard reagents, 569 
trimethylsilane, palladium catalyzed, 570- 

phenylcalcium iodide, 577-578 
phenyl-lithium, 571-572 
o-tolyl-lithium, 577 

r-butyl-lithium, 577 

571 

4,4'-Azo-2-picoline-1,1 'dioxide, from reduc- 
tion of nitro compound, 195,198 

4,4'-Azopicoline acid-1,l 'dioxide, prepara- 
tion of, 194,197 

4,4'-Azopyridine, reduction of 4-nitropyri- 
dine-l-oxide, 195.197 

4,4'-Azopyridine-l ,I 'dioxide, preparation 
of, 225 

oxide, 195,197 
4,4'-trans-Azopyridine-l ,I 'dioxide, x-ray 

diffraction, 31, 32 
4,4'-Azoxy-2,6-lutidine N,"dioxide, non- 

pyridine precursors, 27 
4,4'-Azoxypyridinsl J'dioxide, from oxi- 

dation of cl-hydroxylaminopyri- 
dine, 18 

tion of 4-nitropyridine-l-oxide, 
195,198 

dine precursors, (Table 5),25 

tion of, 225,226 

4,4'-Azoxypyridine-l,1 'dioxide, from reduc- 

4,4'-Azoxypyridine-l,1 'dioxides, nonpy-ri- 

4,4'-AzoxypyridineI,l 'dioxide, prepara- 

Base strength, of halopyridines, 428 
Benzenesulfonylpyridine-l-oxide, from aryl- 

thiopyridine by oxidation, 19 
4-Benzenesulfonylpyridine-l-oxide. prepara- 

tion of, 219 
2-Benzhydrylpyridine-1 -oxide, preparation 

of, 22 
5,6-Benzoquinoline, 345 
7,8-Benzoquinoline, 345 
N-Benzoyl-2-anilinopyridine, preparation of, 

4-Benzoylpyridine-2,5dicarboxylic acid, 

4-Benzoyl-2 ,.5 dimeth ylp yridine, oxidation 

171,174,175 

309 

of from 4-benzyE2,Sdimethylpyri- 
dine, 309 

4-Benzoylpyridine, from the N-oxide, 276 
4-Benzyl-2,5dimethylpyridine, oxidation 

Benzyl-lithium, with 3-methyl-lithium, 281 
2-Benzyld-rnethylpyridine, 31 4 
4-Benzyl-3-methylpyridine, 28 1 
1 -Benzyloxy-6-methyl-2-pyridone (from oxi- 

of, 309 

dation of 6-benzyloxy-2-picoline), 
preparation of, 24 

6-Benzyloxy-2-pic~line, oxidation of, 24 
2-Benzyloxypyridine-I-oxide, hydrolysis of, 

5-Benzyl-2-phenylpyridine, 28 1 
Benzylpyridine(s), by Friedel-Crafts reac- 

227 

tion, 314 
Table V-12,314 

from chloromethylpyridine(s), 473 
reduction of 4-nitropyridine-l- lithium derivatives of, 328 
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2-Benzylpyridine, 285 
by thermolysis, 287 
nitrosation of, 316 
with a-bromoketones, 317 
Table V-12.314 

3-Benzylpyridines, 28 1 
Table V-12,314 

QBenzylpyridine, 281,285 
by thermolysis, 287 
from the N-oxide, 276 
nitrosation of, 316 
Table V-12,314 

Benzylpyridine-l-oxides, nitration, 99 
2-Benzylpyridine-l+xides, reaction with 

acetic anhydrides, 137 
2-Benzylpyridine-l-oxide, reaction with 

acetic anhydride-'' 0,134 
4-Benzylpyridine-1 -oxide, deoxygenation 

of, 276 
5 Benzyl-5 4 3-pyridyl)hydrantoins, biobgi- 

cal properties of, 370 
1,3-BiphenyI-2,4-bi-(2-pyridyl)cyclobutane, 

286 
Biphenylpyridines, 354,355 
Bipyridmes, 373 
Bipyridyls, 354 

2,2'-Bipyridyl, 285,373 
Table V-19,363 

by Grignard reaction, 374 
by Ullman reaction. 374 
complexes of, 375 
fluorinated derivatives, 422 
from 2-bromopyridine, 446 
from halopyridines, 374 
redox potential of, 377 
sulfonation of, 376 
ultraviolet spectroscopy of, 377 

unambiguous synthesis, by decarboxyla- 
2,4'-Bipyridyls, 375 

tion reactions, 374 
3,3'-Bipyridyi, 285 

bromination of, 375 
by Grignard reaction, 374 
by Ullmann reaction. 374 
reduction of, 376 
sulfonation of, 376 

unambiguous synthesis, by decarboxyla- 
3,4'-Bipyridyls, sulfonation of, 376 

tion reaction, 374 
4,4'-Bipyridyl, 285,374 

by Grignard reaction, 374 
by UUmann reaction, 374 
from halopyridines, 374 
fluorinated derivatives, 446 
purification of, 375 
reduction of, 376 
sulfonation of, 376 

2,4'-Bipyridyl, from halopyridines, 374 
2,3'-Bipyridyls, by UUmann reaction, 374 
2,2'Bipyridyl, 2,2'.octachlorobipyridyl 

Bipyridylts), by dimerization of, pyridines, 
from, 41 1 

374 
pyridinium salts, 375 

by Gomberg reaction, 374 
chlorinated derivatives, 41 1,422 
fluorinated derivatives, 422,446 
from 3-fluotopyridine. 448 
halogen addition compounds, 417ff 
synthesis and utilization of, 265 
unambiguous synthesis of, 374 

2,2'BipyridyI-S ,5'disulfonic acid, 376 
2,2'-Bipyridyl hydrobromide with bromine, 

Bipyridyl salts, herbicidal properties, 376 
2,2'-Bipyridyl-S-sulfonic acid, 376 
3,4'-Bipyridyl-3-sulfonic acid, 376 
4,4'-Bipyridyl-3-sulf'onic acid, 376 
4,4'-Bipyridyltetrasulfonic acid, 376 
N&'-Bis(acetic acicl)-4,4'-bipyridinium chlo- 

2,6-Bis(bromomethyl)pyridine, polymeriza- 

3,4-Bis(bromomethyl)-2,4,6-trime thylpyri- 

2,6-Bis(chloromethyl)pyridine, 314. 325 

2,6-Bis(chloromethyI)pyridine-HCl, 314 
3,5-Bis(chloromethyl)pyridine, Wurtz cou- 

375 

ride, 377 

tion, 475 

dine, Wurtz reaction of, 325 

reaction with cyanide, 473 

pling reaction, 473 
Wurtz reaction of, 325 

1,2-Bis(6-chloromethyl-2-pyridyl)ethane. 
Wurtz reaction of, 325 

Bis(phydroxyethyf)dipyridylalkanes, 322 
1,4-Bis(2-methyl-5-pyridy1)-1,3-butadiyne, 

1,2-Bis(dmethy1-2-pyridyl)ethane, from 2- 
348 

bromomethyl-6-methylpyridine, 
47 3 

lithiation of, 316 
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Bis(pyridine-l-oxide)copper(Ii)nitrate, x-ray 

1 ,4-Bis(pyridyl)butanes, by electrolytic 

1,2-Bis(4-pyridyl)e.thane, 320 
1,2-Bis(4-pyridyl)ethylene, 320.329 

2,SBis(pyridylethyl)pyrrole, 343 
1,l ’-Bis(2-pyridyl)fenocene, 372 
Bis[ 3-(2-pyridyl)propyl] methyl amine. 

2,S-Bis(2-pyridyl)pyrazine, 378 
2,5-Bis(2-pyridyl)pyole, 367 
Bis(2,3,5,6-tetrachloro-4-pyridyl)mercury, 

Bis(2,3,5,6-tetrafluoro-4-pyridyl)mercury, 

Bromine, addition compound(s) with pyri- 

Bromine chloride, brominating agent, 414 
Bromine fluoride(s), addition compounds 

Bromoacetylpyridine, with thioamides, 369 
Bromoakoxypyridine-1 -oxides, preparation 

of, by oxidation, 9 
S-Bromo-2,2’-bipyridy). 375 
S-Bromo-3,3’-bipyridyl, 375 
2-Bromo-6-chloropyridine, reaction with 

n-butyl-lithium, 45 1 
S-Bromo-2-chloropyridme, exchange 

fluorination, 422 
3-Bromo4-chloropyridine-l-oxide, reaction 

with potassium thiocyanate, 210- 
212 

3-Bromo-2-chloropyridine, 2,3-pyridyne 
from, 452 

3-BromO-4-chloropyridme. 3,4-pyridyne 
from, 452 

6-Bromo-3-cyano-2,4-bis(isopropylamino)- 
pyridine, synthesis, 426 

5-Bromo-2 .Miethoxypyridine, from 2,4- 
diethoxypyridine. 414 

3-Bromo-2,4dihydroxypyridine, from 2,4- 
dihydroxypyridine, 414 

2-Bromo-3,Sdinitropyridine, from l-hy- 
droxy-3,5dinitro-2-pyridone, 420 

3-Bromo-2ethoxy4hydroxypyridine, from 
2ethoxy4hydroxypyridine, 414 

3-Bromo4ethoxy-2-hydroxypyrid~e, from 
kthoxy-2-hydroxypyridme, 41 4 

diffraction, 30 

coupling, 277 

photoreduction of, 320 

from 2shloromethylpyridine. 473 

synthesis, 452 

synthesis, 452 

dine(s), 419 

with pyridine, 419 

2-(B-Bromoethyl)pyridine, polymerization, 
474 

S-Bromo-2-fluoropyridine, from 5-bromo-2- 
chloropyridine, 422 

28romo-3-hydroxypyridine, from 3-hy- 
droxypyridine, 414 

ring contraction, 449 
2-Bromo-3-hydroxypyridine-l-oxide, from 

3-hydroxypyridine-l+xide, 414 
2-Bromomethyl-6-methylpyridine, Wurtz 

coupling, 47 3 
4-Bromo-2-methylpicolinic acid-1 - oxide, 

x-ray diffraction, 32 
2-Bromomethylpyridine, polymerization, 

474 
stability, 462 

4-Bromomethylpyridine, polymerization, 
474 

4-Bromomethyltetrafluoropyridme, from 
2,4,5,6-tetrafluoro4picoiine, 456 

5-Bromonicotinic acid, from nicotinic acid, 
41 3 

2-Bromo-4-nitropyridine. from 4-nitropyri- 
dine-l-oxide, 415 

2-Brorno-S-nitropyridine, from 1 -hydroxy-5- 
Ntro-2-pyridone, 420 

2-Brom&-nitropyridine, ring-scission, 449 
3-BromcF4nitropyridie-1 -oxides, reaction 

with amino acids, 213,214 
2-Bromo-4-nitropyride-l+xide, reaction 

with diethylamine, 203 
2-Bromo-3-(5- and 6-)picolines, reaction 

with cyanide, 451 
Bromopicoline-l-oxides, preparation of, by 

oxidation, 9 
4-Bromo-3-picoline-1 -oxide, preparation of, 

200,201 
Bromopyridine-l-oxides, preparation of, by 

oxidation, 9 
2-Bromopyridine-l-oxide, bromination, 103 

preparation, 103 
reaction with H,Se, NaOEt-EtOH, 209, 

210 

H-D exchange, 149 
3-Bromopyridine-l-oxide, base-catalyzed 

bromination, 103 
4-Bromopyridine-l-oxide, bromination, 104 
4-Bromopyridine-luxide, preparation, 103 
Bromopyridine(s), bromination, 414 

halogen addition compounds, 417ff 
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reaction with acetone oxime, 45 3 
2-Bromopyridine, from pyridine, 414 

alcoholysis, 447 
C-alkylation, 453 
exchange fluorination. 422 
hydrogenolysis, 446 
reaction with, phenylacetonitrile(s), 453 

pyridine-l-oxide, 454 
thiosemicarbzide, 450 

Ullmann coupling, 446 
3-Bromopyridine, from lithium tetrakis(N- 

dihydropyridyl) aluminate, 414 
from pyridine, 41 3 
aminolysis, 448 
hydrogenolysis, 446 
reaction with lithium piperidide, 448 

4-Bromopyridine(s), from 4-nitropyridine-l- 
oxides, 415 

from N(4-pyridyI)pyridinium chloride, 
41 5 

stabilization, 454 
hydrogenolysis, 446 

Bromopyridine-l-oxides, from mercuripyri- 
dine-l-oxides, 428 

from pyridine-l-oxide, 415 

oxide, 415 

dine-l-oxides, 415 

3-Bromopyridine-l-oxide, from pyridine-l- 

4-Bromopyridine-l-oxides, from 4-nitropyri- 

Bromo-3,4-pyridyne, in situ generation, 449 
5-Bromopyrrole-2-orrbonamide, from 2,6- 

dibromo-3-hydroxypyridinet 449 
4-Bromotetrachloropyridine, from penta- 

chloropyridine, 423 
2-Bromo-3,4,5,6-tetrafluoropyridine, from 

Diels-Alder reaction, 426 
4-Bromotetrafluoropyridine, from 4-amino- 

tetrafluoropyridine, 421 
aminolysis, 450 
hydrolysis, 447 
reaction with, lithium amalgam, 452 

Ullmann coupling, 446 

210-212 

bromotetrafluoropyridine, 447 

metal carbonyl anions, 452 

3-Bromo-4-thiocyanatopyridine-1 -oxide, 

4-Bromo-3,5,6-trifluoro-2-pyridene, from 4- 

3-(Buta-l,3dien-l -yl)pyridine, 272 
6-Butenyl-2-methylpyridme, 333 
24 1-Butenyllpyridine, 3 33 

2-(>ButenyI)pyridine, iodocyclization of. 

3-sec-Butyl4,5dimethylpyridine, 283 
2n-Butyl-5-methylpyridine, 281 
h-ButyI-2-methylpyridine, 285 
3-n-Butyl4rnethylpyridine. 271,285 
3-n-Butyl-5-methylpyridine, 285 
3n-Butyl-6-methylpyridine, 285 
S-n-Butyl-2-methylpyridine, 27 1 
Sn-ButyI-2-propenylpyridine, 332 
5n-Butyl-2-propylpyridine, 332 
5-n-Butyl-2-propylpyridine-l-oxide, 332 
dButynyl-2-phenylethynylpyridine, by de- 

hydrohalogenation, 347 
2-n-Butylpyridine, 281,283 

341 

dealkyktion of, 308 
Table V-1 1.307 

Table V-1 I ,  307 
with lead tetraacetate, 285 

3-Butylpyridine, dealkylation of, 308 

4-n-Butylpyridine, 283 
3-sec-Butylpyridine, by alkylation, 278 
3-t-Butylpyridine, lithiation of, 281 
5-(2-n-Butylpyridyl)diphenylmethanol, 281 

Carbethoxycyclopropylpyridines, 343 
Catalytic hydrogenation, pyridine-l-oxide, 

Raney nickel, 61 
palladiumcharcoal, 63,64 

GCarboline-l-oxide, preparation of, 165 
Chloroalkoxypyridine-I-oxides, preparation 

of, by oxidation, 8,9 
Chloroalkylpyridines, from alk ylpyridine 

halogenation, 456 
synthesis, 456ff 

4Chloro-2-cyanopyridine, preparation of, 

2-Chloro-3-cyan0-4,6dimethylpyridine, 275 
Chlorination, of pyridine-l-oxide, 11 1 
2-(4-Chlorobenzenesulfonyl)pyridine-l -ox- 

ide, preparation of, by oxidation 
of phenylthiopyridine, 21 

Chloro-2,2’-bipyridyIs. exchange fluorina- 
tion, 422 

from 2,2’-bipyridyl, 41 1 

199 

3Chloro-2-(chlorobenzenesulfonyl)pyridine- 
l-oxides, preparation of, 9 

2-Chloro-3-chloromethyl4hydroxy-6-pyri- 
done, synthesis, 
461 
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2-Chloro-3-chloromethylpyridine, from 3- 
chloromethy lp yridine-1 -oxide, 4 1 1 

2-Chloro-3-@-chlorophenyl)-4-hy&oxy-6 
pyridone, synthesis, 426 

2€hloro-3-cyanoQhydroxy-6-pyridone, 
synthesis, 426 

2Chloro-3-cyanomethyIpyridine, from 3 
cyanomethylpyridme-I-oxide, 41 1 

2-(and 4-)Chloro-3,5dibromopyridine, from 
3Jdibromopyridme-I-oxide, 41 1 

2-(and 4-)Chloro-3,5diethoxypyridine-l- 
oxide, from 3,5diethoxypyridme- 
I-oxide. 41 1 

2-(l-Chl0r0-l,2dWuorovinyl)pyridine, syn- 
thesis, 459 

2CNoro-3,5dinitropyridine, from 3Jdi- 
nitropyridine-1 -oxide, 41 2 

3-(p-Chloroe thyl)4,6dichloro-2-methyl- 
pyridine, 274 

3-(pChloroethyl)-2-methylpyridine, 274 
3-(B-Chloroethyl)4-methylpyridine, 274 
5-(a-Chloroethyl)-2-methylpyridinium hy- 

drochloride, dehydrochlorination 
of, 333 

Chlorofluoropyridines, hydrogenolysis, 446 
2Chloro-3-fluoropyridine, from 3amino-2- 

2-Chloro4-fluoropyridine. from 2.4dichlo- 

3Chloro-2-fluoropyridine, from 2,3dichlo- 

4-Chbro->fluoropyridine, from hmino-3- 

4-Chloro-2-fluoropyridine, from 2,4dichlo- 

5-CNoro-2-fluoropyridineridine, from 2,Sdichlo- 

6-Chloro-2-fluoropy-ridine, from 2,6dichlo- 

7-CNoro-S-heptyne, with picolyl-lithium or 

2Chloro-3-hydroxypyridme, from 3-hy- 

5€hloro-3-hydroxy-2-pyridone, synthesis, 

2-Chloroisonicotinic acid, from isoniootinic 

4-Ch~roa-tithio-3-pico~ne-l -oxide. reac- 

ZChloro-2,6-lutidine, from 2dichloro- 

chloropyridine, 430 

ropyridine, 430 

ropyridine, 422 

fluoropyridine, 430 

ropyridine, 429 

ropyridine, 422 

ropyridine, 430 

sodium, 348 

droxy-2-nitropyridine-l-oxide. 41 2 

427 

acid, 413 

tion with benzonitrile, 155 

methyl-2,5 dimeth ylp yrrolenine , 
427 

from 2,5dimethylppole, 427 
eChloro-2,6-Iutidine, from 2,6-lutidine-l- 

Chloro-2,6-lutidine-l-oxides, preperation of, 

3-(~-Chloromethyl)-2,6dichlor&methyC 

2-CNoromethyl4,6dimethylpyridine, 314 
2Chloromethyl4methylpyridine, reaction 

with acetonitriles, 473 
2-Chloromethyld-methyIpyridine, reaction 

with acetonitriles, 473 
2-ChloromethyM-methylpyridine, reaction 

with cyanide, 473 
Chloromethylpyridine(s), C-aikylation reac- 

tions, 473 

oxide, 41 1 

by oxidation, 9 

pyridine, 274 

preparation, 456ff 
reaction with, acetonitriles, 473 

acrylate esters, 473 
acrylonitrile, 473 
alkoxides, 47 1 
alkyl phosphites, 472 
cellulose, 471 
cyanide, 473 
diphenylphosphine oxide, 472 
phenoxides, 471 

2-Chloromethyl-3-methylpyridine, 3 14 
2-Chloromethyl-6-methylpyridine, 3 14 
2€hloromethyl-6-methylpyridine HQ, 3 I4  
2Chloromethylpyridine, 314 

from 2-hy&oxymethylpyridine, 457 
from 2-picoline, 456 
from 2-picotine-l-oxide, 457 
preparation of, 128 
reaction with, aniline hydrochloride, 471 

hydroxylamine hydrochloride, 472 
trilithium phosphorothioate, 470 

stability, 462 
Wurtz coupling, 473 

2-Chloromethylpyridie-l-oxide. prepara- 
tion of, by oxidation, 10 

reaction with nucleophiles, 184 

from 3-hydroxymethylpyridine, 457 
from 3picoline. 456 
stability, 462 

ZChloromethylpyridine, 314 

4€hloromethylpyridine, from 4-hydroxy- 
methylpyridine, 457 
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from dpicoline, 456 
polymerization, 474 
reaction with acrylate esters, 473 

acrylonitrile, 47 3 
stability, 462 

2-Chloromethylpyridine HCI, 314 
ZChlorornethylpyridine HCI, 3 I4  
4-Chloromethylpyridine HCI, 314 
5-Chloro-l,8-naphthyridines, with hydrazine, 

369 
Whloronicotinic add-l-oxide, from &nitro- 

nicotinic acid-l-oxide, 41 1 
Khloronicotinamide-l-oxide, from 4-nitro- 

nicotinamide-l-oxide, 412 
4Chloronicotinic acid4 -oxide, reaction 

with KSH/MeOH, 209,212 
2Chloronicotinonitrile, from nicotinamide- 

l-oxide, 411 
2-(and 6-)Chloro-3-nitropyridine, from 3- 

nitropyridine-l-oxide, 41 2 
4-(and 5-)Chloro-2-picolinonitrile, from 

DielsAlder reaction, 425 
Chloronitropyridine-l-oxides, preparation 

of, by oxidation, 8 
2-Chloro-3-nitropyridine-l-oxide, prepara- 

tion of, 3 
4-Chloro-3-nitropyridine-l-oxide, prep&a- 

tion of, 227 
m-Chloroperbenzoic acid, for N-oxidation, 4 
pChlorophen ylpyridines, biological activity 

of, 356 
2-(4-Chlorophenylthio)pyridine, oxidation 

to  sulfone-1-oxide, 21 
2Chloro-6-phenyl4-triflwromethylpyri- 

dine, synthesis, 420 
Chloropicoline, preparation of, 112 
fChlor04-picoline, from 2-methoxy-4- 

methyl-3,5dihydropyran, 427 
from &methylglutaraldehyde, 427 

4€hioro-3-picolie, from 3-picoline-l-oxide. 
41 1 

from 4-iodo-?-picoline-l-oxide, 428 
from N-[ 3-methyl4pyridyl-] pyridinium 

4€hloro-2-picoline-l-oxi&, from 4-nitro-2- 
chloride, 410 

picoline-l-oxide, 41 1 
preparation of, 199,200 

4-Chloro-3-picoline-l-oxide, from 4-nitro-3- 
picoline-l-oxide, 411 

preparation of, 200,201 

reaction with 2-aminoethanol, 204, 206, 
207 

pounds, 417ff 
Chloropyridine(s), halogen addition com- 

stability order, 419 

aminolysis, 448 
by ringtlosure, 426 
chlorination, 4 10 

of pyridine-l-oxide, 11 1 
exchange fluorination, 422ff 
from pyridine. 409,414 
from pyridine hydrochloride, 409 
from pyridine-l-oxide, 41 1 
from 2-pyridone. 420 
hydrogenolysis, 446 
oxidation of, 4 
preparation of, 11 2 
reaction with, lithium piperidide, 448 

2€hloropyridine(s), alcoholysis, 447 

hydrogen cyanide, 451 

from glutaraldehyde, 427 
from ?-hydroxypyridine, 420 
from 2-methoxy-3,4-dihydropyan, 427 
from pyridine, 410 
from pyridine-l-oxide, 412 
from pyrroles, 427 
hydrogenolysis, 446 
hydrolysis, 446 
reaction with lithium piperidide, 448 

aminolysis, 448 
chlorination of pyridine-l-oxide, 11 1 
from l-hydroxy4pyridone, 420 
from N-(4-pyridyl)pyridinium chloride, 

410 
hydrogenolysis, 446 
hydrolysis, 446 
polymers, electrical properties, 455 

preparation of, 1 13 
reaction with lithium piperidide, 448 
stability. 454 
with Grignard reagents, 453 

3€hloropyridine(s). aminolysis, 448 

4-Chloropyridine, C-alkylation, 45 3 

paramagnetic, 455 

2-Chloropyridine-l-oxide(s), chlorination 

from 2-nitropyridine-l-oxae(s), 412 
preparation of, 4, 199 
reaction with phosphorus oxychloride, 

with phosphorus oxychloride. 1 11 

41 1 
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3Chloropyridine-1 -oxide, base-catalyzed 
H-D exchange, 149 

4-Chloropyridine-l-oxide, preparation of, 
199,200 

x-ray diffraction, 32 
4-(3€hloropropyl)pyridine, stability, 462 
5Chloro-2-pyridene, from 2-pyridone, 41 3 
6Chloro-2-pyridone(s), synthesis, 425 
4€hloro-2-pyridylaldoxime-l-oxide, prepa- 

ration of, 199, 200 
4-Chlorometh yl-tetrafluoropyridine, hy- 

drolysis, 470 
I-Chloro-1-tetrafluoropyrid yltetrafluoro- 

ethane, 278 
3€hlorotetrafluoropyridine, aminolysis. 

450 
4Chlorotetrafluoropyridine, from penta- 

fluoropyridine, 423 
4-Chlorotetramethylpyridine-l-oxide, from 

4-nitrotetramethylpyridine-l-oxide, 
412 

chloro-2,4J ,btetrafluoropyridine, 
446 

precursors, 26,27 

3-Chloro-2,5,6-trifluoropyridine, from 3 

2,4,6-Collidine-l-oxide. from nonpyridine 

Table IV-5,25 
CoJlidine, see Trimethylpyridine 
Condensation with dienes, alkyl pyridines, 

3-Cyano-2,6-dicNoro4methylpyridine. 

Cyanohalopyridines. preparation of, 115 
Cyanolutidines, preparation of, 115 
3-Cyano-4-methylpyridines, 274 
Cyanonitropyridines, preparation of, 116 
Cyanopicoline, preparation of, 115 
Cyanopyridines, bromination, 4 15 

331 

274 

by oxidation of alkylpyridines, 310 
chlorination, 412 
from halopyridines, 422,451 
from ring-closure, 425ff 
oxidation of, 18 
reaction with azides, 372 

oxidation of, 23 
preparation of, 189 
trimerization of, 378 

preparation of, 115 

2Cyanopyridine, preparation of, 115 

ZCyanopyridine, oxidation of, 23 

Wanopyridine, preparation of, 1 15. 189, 

Cyanopyridinecarboxylates, preparation of, 

Cyanopyridine-l-oxides, photolysis, 237- 

230 

116 

239,242 
preparation of, by oxidation, 12 

2-Cyanopyridine-1 sxide, preparation of, 

3€yanopyridine-l-oxide, mass spectra, 44 
4Cyanopyridine-1 -oxide, electron spin reso- 

3Cyanopyrrole. from 3-amino-2-bromo- 

4Cyanotetrachloropyridine, exchange flu- 

189 

nance, 46 

pyridine, 449 

orination, 422 
from kyanopyridine, 41 2 
from pentafluoropyridine, 45 1 

ylpyridine. 473 
eCyclopropy1pyridine from 6chlorometh- 

Cycl[ 3.2.2 ] azines, 31 9 
Cycloalkenopyridines, Table V-6, 291 

Table V-7,292 
see also F'yridinophanes 

2,3Cycloalkenopyridines(2,3)pyridino- 

2,3€ycloheptenopyridine, Mills Nixon ef- 

2,3Cyclohexenopyridine, 303 
2-4 1 -Cyclohexenyl)4,5dimethylpyridine- 1- 

2Cyclohexylpyridine, 286 
Kyclohexylpyridine, 286 
Kyclohexyl-2-methyIpyridines, 286 
6€yclohexyC2-methylpyridine, 286 
Cyclopentadien ylidenedi hydropyridines, 

phanes, 268 

fect, 303 

oxide, photolysis, 236,237,242 

37 8 
dissociation constants of, 381 
electrophilic attack on, 381 
from pyridyl-lithium, 379 
from sodium cyclopentadienyl, 379 
nmr spectra of, 379 
Table V-20. 380 
ultraviolet spectra of, 381 

2,3-Cyclopentenopyridine, 303 
3,4-Cyclopentopyridine. 27 3 

Dehydropyridine-l-oxides, 179, 181 
Deoxygenation, of habpyridine-l-oxides, 

halopyridines from. 428 
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pyridine-l-oxide, 59 
photolysis, 79 
with diary1 disulfides, 75 
with ferrous oxalate, 67 
with organophosphorus compounds, 71 
with phosphorous trihalide, 69,70 
with sulfur and alkyl sulfides, 73 
with sulfur dioxide, 73 
with zinc and sulfuric acid, 68 

Dewar type pyridine, 307 
Diacetylmethylpyridines, oxidation of, 17 
2,6-Diacetylpyridine, condensation with o- 

phenylenediamine, 326 
2,5-Diacetylpyridine, by oxidation of 5- 

ethyt-2-methylpyridine, 310 
2,6-DLlkoxy-3,4,5-trichloropytidine(s), 

from perchloropentadienonitrile, 
425 

of, 127 
Dialkylpyridina2-phosphonates, preparation 

3.5-Dialkylpyridines. preparation of, 274 
Dialkylpyridines, synthesis of specific orien- 

tation, 271,274 
2,6-Dialkyl-3,4,5-trichloropyridine(s), from 

pentachloropyridine-l-oxide. 45 3 
2,3-Dialkyl-4,5.6-trichloropyridines, from 

triehloroacrylonitrile, 425 
2,4-Diamino-6-bromo-5cyanopyridine, syn- 

thesis, 426 
Diaminopyridine(s1, by ring-closure, 426 
Z,L-Diaminopyridine, chlorination, 412 

Diaminopyridine(s), from dibromopyri- 
dine(s), 449 

3,4-Diarylpyridines, 354, 355 
3,5-Diarylpyridines, from pyrimidine com- 

pounds, 356 
N-(Diarylpyridylmethyl)imidazoles, prepa- 

ration of, pharmaological proper- 
ties of, 322 

(Dibenza1deoxyiodo)benzme. for N-oxida- 
tion, 5 

%.dDibenzylpyridine, 314 
3,.5-Dibromo4aminopyridine, synthesis, 

S,S'-Dibromo-2,2'-bipyridyl, 375 
1,2-Dibromo-2-(2,Sdimethylpyrid4yl)-l- 

from 2,6-fluoropyridine, 449 

428 

phenylethane, zinc debromination 
of, 333 

2,6-Dibromo-3-hydroxypyridine, 

aminolysis, 449 
3,5-Dibromo-l-hydroxy-2-pyridone, from 1- 

hydroxy-2-pyridone, 415 
5-(1.2-Dibromoethyl)-2-methylpyrid~e, de- 

h ydrohalogenation-polymerization, 
475 

2-(1,2-Dibromoethyl)pyridine, dehydrohalo- 
genation-polymerization, 475 

4-( 1.2-Dibromoethyl)pyridine, dehydro- 
halogenation-polymerization, 475 

4-(1,1-Dibromoethyl)pyridine HBr, 314 
4-( 1 ,1-Dibromoethyl)pyridie, hydrolysis, 

2,6-Dibromo-3-hydroxypyridine, ring con- 

2J-Dibromopyridine, C-alkylation, 45 3 
2.3-Dibromopyridine, aminolysis, 449 

2,4-Dibromopyridine, aminolysis, 449 
2,s-Dibromopyridine, aminolysis, 449 
2,CDibromopyridine. aminolysis, 449 

3,4Dibromopyridine, aminolysis, 449 
3,5-Dibromopyridine, aminolysis, 449 

from pyridine, 41 3 
poly@,@'-pyridylenes) from, 446 

470 

traction, 449 

from 3-bromo-2-pyridone, 421 

oxidation of, 3 

2.3-Dibromopyridine-l-oxide, preparation 

2.4-Dibromopyridine-l-oxide, preparation 

2,S-Dibromopyridine-l-oxide, preparation 

2,6-Dibromopyridine-l-oxide, preparation 

3,4-Dibromopyridine-l-oxide, preparation 

3,5-Dibromopyridine-l-oxide, from pyridine- 

of, 104 

of, 104 

of, 104 

of, 104,160 

of, 104 

l-oxide, 415 
preparation of, 103 

3,5-Dibromo4pyridone, from Cnitropyri- 
dine-l-oxide, 415 

from 4-pyridone, 421 
2,6-Di-t-butyl4chloropyridine, stability, 

2,4Di-t-butylpyridine. preparation of, 283 
2,6-Di-t-butylpyridine, sulfonation of, 31 2 
3,5-Dichloro-2.6-difluoro4pyridone, from 

3.5-dichloro trifluoropyridine, 447 
from 2,3,5,6tetrachIoropyridine, 422 

3,5-Dichloro-2-fluoropyridine, from 2,3,5- 

455 
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trichloropyridine, 422 

lutidine-l-oxide, 41 1 
2,6-Dichloro-3,4-lutidine-lsxide, from 3,4- 

2-DicNoromethylpyridine, 276, 314 
4Dichloromethylpyridine, from pyridine-l- 

2,4-DichloroNmtinonitrile, from 4-meth- 

3,5-Dichloro-4-picotine, from 2-methoxy4 

oxide, 276 

oxynicotinamide-l-oxide, 420 

methyl-3,5dihydropyran, 427 
from pmethylglutaraldehyde, 427 

Dichloropyridine(s), exchange fluorination, 
42Wf, 429ff 

synthesis by ring closure, 425 
2,3-Dichloropyridine, exchange fluorination, 

2,4Dichloropyridine, exchange fluorination, 
422 

429ff 
from 1-hydroxy-4-pyridone. 420 

Z,S-Dichloropyridine, exchange fluorination, 

2,6-Dichloropyridine, exchange fluorination, 
422 

422ff, 430 
from 2-chloropyridine, 410 
from 2-chloropyridine-l-oxide, 41 1 
from 6-chloro-2-pyridone, 425 
from glutarimide, 421 
preparation of, 1 11 

3,4-Dichloropyridine, from 3-chloro-l- 
hydroxy4pyridone, 420 

3,5-Dichloropyridine, from glutaraldeh yde, 
427 

from 2-methoxy-3,4-dihydropyran, 427 
poly(&$-pyridylenes) from, 446 

2,6-Dichloropyridine-l-oxide, preparation 

3,5-Dichlorotrifluoropyridine, 31 2 
of, 160 

aminolysis, 450 
exchange fluorination, 423 
exchange halogenation, 424 
hydrolysis, 441 
reaction with polyfluorocarbanions, 458 
reaction with tetrafluoroethylene, 458 
synthesis, 422 

Dicyanopyridines, preparation of, 1 16 
DielsAlder reaction, 2-(perfluoroalkyl)- 

pyridines, 460 

salts, 265,27 1 
pyridines from pyrans, 271 

preparation of, pyridines, and pyridinium 

pyridines from oxazoles, 265, 344 
pyridines from thiazoles, 267 
pyridines from 1,2,4-triazines, 270 
2-vinylpyridine, 331 

halopyridines, 425ff 
synthesis of, arylpyridines, 354 

Diethyl 3-alkylpyridine-2-phosphonate, 
preparation of, 127 

Diethyl3-alkylpyridine-6-phosphonate, 
preparation of, 127 

2-Diethylamino4nitropyridine-l-oxide, 
preparation of, 203 

2,6-Diethyl4picoline-l-oxide, from non- 
pyridine precursors, 26 

3,5-DiethyI-Zpropylpyridine, 267 
2,6-Diethylpyridine, by reduction of carbi- 

3,4-Diethylpyridine, by Wibaut-kens alkyla- 

Diethylpyridine-2-phosphonate, preparation 

0.U-Diethyl 3-pyridylmethylphosphonate, 

Diethyl2,3,5,6-tetrachloro4pyridylphos- 

nol, 275 

tion, 278 

of, 204 

3 30 

phonate, from pentachloropyri- 
dine, 454 

2,6-Difluoropyridine, aminolysis, 449 
from 3-amino-2-fluoropyridine, 421 
from 6-amino-2-fluoropyridine, 421 
from 2,6dichloropyridine, 422ff 

3,5-Difluoro-2.4,6-trimethoxypyridine, from 
pentafluoropyridme, 448 

2,6-Dihalopyridines, aminolysis, 449 
3,5-Dihalopyridines, poly(p, 0’-pyridylenes) 

15,16-Dihydro-l5,16diazapyrene, 325 
Dihydrobipyridyls, by dimerization of bi- 

pyrytium salts, 375 
Dihydropyridines, 280 
Dihydrobipyridyls, by dimerization of bi- 

pyrylium salts, 375 
Dihydrostilbazoles, biologiarl activity of, 

340 
2,6-Di-( 1 -hydroxyalkyl)pyridine-l-oxides, 

preparation of, 153, 154 
3,5-Diiodo4-aminopyridine, synthesis, 428 
3,5-Diiodo-4-pyridone, synthesis, 416 
2,6-Diisopropylpyridine, by reduction of 

from, 446 

carbinols, 275 
sulfonation of, 312 
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Dili thium-9(2-pyridyl)methylphosphoro- 
thioate, synthesis, 470 

3,S-Dimethyl-4alkylpyridines, oxidation of, 
308 

3,5-Dimethyl-4-(2-bromoethyl)pyridine, 
from 3,5dimethyl-4-vinylpyridine, 
460 

2-Dimethylamino-5-nitropyridine-l~xide, 
preparation, 102 

2-(2-Dirnethylaminoethyll-3-[ 1-(2-pyridyl)- 
ethyllindene, 283 

N-@-Dimethylaminophenyl)-2-(l-oxido-2- 
pyridyl)nitrone, reactions of. 229 

reaction of thionyl chloride, 178 
2-p-Dimethylaminophenylpyridine, quater- 

nization of, 356 
2-Dimethylaminopyride, oxidation of the 

dimethylamino group, 21 
2-Dimethylaminopyridine-l-oxide, nitration, 

102 
@-DimethylaminostyryI)pyidine, oxidation 

of, 18 
N-oxidation, 18 
oxidation of dimethylamino group, 18 

2-p-Dimethylaminostyyl-3-nitropyridine-l- 
oxide, photolysis, 242 

4-(4-Dimethylaminostyryl)pyridine, oxida- 
dation of dimethylamino and N- 
oxide group, 18 

4,4'-Dimethyl-2,2'-bipyridyl, oxidation of, 
376 

3,6-Dimethyl-2,4-diphenylpyridine, 353 
2,6-Dimethyl4ethylpyridine, 273 
2,5-Dimethyl4-hydroxy-4-phenylpyridine, 

2.4-DinethyE3-nitropyridine. 3 12 
2.4-Dimethyl-5-nitropyridine. 31 2 
Dimeth ylphen ylpyridines, infrared spectra 

352 

of, 356 
nmr spectra of, 356 

2,4-Dimethyld-phenylpyridine, 279 
2,5-Dimethyl-4-phenylpyridine, 352 
5,5-Dirnethyl4phenyl-2-(3-pyridyl)-A'- 

2,3-Dimethylpyridine, 273 
2,4-Dimethylpyridine, 273 

pyrroline, 367 

by vapor phase alkyktion, 277 
by thermolysis of 1-methylpyridinium 

lithiation of, 279 
iodide, 287 

nitration of, 312 
nitrosation of. 316 
purified, physical properties of, 291 
purification of, 305 

Mills-Nixon effect, 303 
nmr spectra of, 301 
purified, physical properties of, 291 

2,3-Dimethylpyridine, chlorination of, 314 

ultraviolet and infrared spectra of, 303 
2.5-Dimethylpyridine, by thermolysis of 1- 

methylpyridinium iodide, 287 
by vapor phase alkylation, 277 
oxidation by dichromate, 308 
purified, physical properties of, 291 

ultraviolet and infrared spectra of, 303 
2,6-Dimethylpyridine, by thermolysis of 1- 

methylpyridinium iodide (Table 
V-4). 287 

by vapor phase alkylation. 277 
chlorination of, 314 
hyperconjugative effect of methyl groups, 

291 
tithiation of, 279 
nitrosation of, 316 
nmr spectra of, 301 
purification of, 305 
purified, physical properties of, 291 

reaction with formatdehyde, 329 
ultraviolet and infrared spectra of, 303 

3,4-Dimethylpyridines, 273,274 
3,S-Dirnethylpyridine, 273 

purified, physical properties of, 291 

reaction with acetylenes, 318 
Wibaut-kens alkylation of, 278 

ultraviolet and infrared spectra of, 303 

Dimethylpyridines, deuterium exchange of, 
29 1 

oxidation of, by SO,, 309 
phenylation of, 353,354 
photoisomerisation of, 320 

nitrosation of, 316 
1,2-Dimethylpyridinium iodide, bromide, 

Dimethylpyridinium salts, N-acyloxy, 53-55 

5,6-Dimethyl-3-(3-pyridyl)-l,2,4-triazine, 

11,13-Dimethyl(9] (3,5)pyridinophane, 324 
Dimethyl[ l O , l O ]  (2,6)pyridinophane, 324 
h~n~-l,2-Di-(5-methyl-2pyridyl)ethylene, 

N-alkoxy, 53-55 

oxidation of, 19 

271 
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2,5-Dimethyl4-styrylpyridine, 333 
4,6-Dimethyl-2-vinylpyridine, 329 
3,5-Dinitropyridme-l -oxide, preparation, 

2,6-Di-(2-pentyl)pyridine, by reduction of 

1,2-Diphenyl-l,2di44-pyridyl)ethane, 276 
N,"-Diphenytisonictinamidine, by-prod- 

2,6-Diphenyl-3-methylpyridine, 354 
NJ'Diphen y lpicolinamidine, by-product 

of Willgerodt reaction, 310 
4.6-Diphen yl-2-picoline-1 -oxide, nonpyri- 

dine precursors, 26 
2.5-Diphenylpyridine, 281 

2,6-Diphenylpyridine. preparation of, 354 
3.4-Diphenylpyridine, preparation of, 354 
2,5-Diphenyl-6-pyridone, 355 
1 .l-Diphenyl-2-(2-pyridyl)ethanol. 279 
1 ,l-DiphenyI-2-(4-pyridyl)ethanol, 279 
1 ,l-DiphenyI-2-(4-pyridyl)ethylene, 328 
Diphen~l-(2-pyridyl)methanes, preparation 

102 

carbmols, 275 

uct of WiUgerodt reaction, 310 

preparation of, 355 

of, 322 
pharmacological uses of, 322 

1 .5-Diphenyl-3-(3-pyridyl)-A2 -pyrazoline, 

Dipicalinic acid-l-oxides, preparation of, 

Dipole moment, of halopyridines, 428 

368 

192,193 

pyridine-l-oxide, 28 
>substituted pyridine-l-oxide (Table IV- 

8),30 
4-substituted pyridine-l-oxide (Table IV- 

8),30 
4-substituted pyridine-i-oxide. 29 
4-substituted pyridinela, complexes, 29 

2,6-Dipropylpyridine, by reduction of 

Dipyrido[ 1.2-2: 1 ',2'-climidazol-lO-ium 

1,3-(2-pyridyI)acetone, 315 
Dipyridylacetylenes, reduction of, 349 
Di-(2-pyridyl)acetyles, by dehydrohalo- 

Di-(2-pyridyl)alkanes, 322 
Dipyridylalkanes, from vinylpyridines, 322 
Dipyridylalkane-1 ,ldioxides, preparation 

of, by oxidation, 7,8 
1 .3-Di-(2-pyridyl)butaneane, 322 

mbinols, 275 

compounds, synthesis, 474 

genation, 347 

1,4-Dipyridylbutanes, by Wolff-Kishner re 
duction, 275 

2,4-Di-(2-pyridyl)bUtan-l-o1,322 
2,2'-Dipyridyl wehide-1.1 'dioxide, from 

oxidation of 2-selenopyridine. 13 
2,2'-Dipyridyl disulfide, oxidation of, 21 
6,7-Di-(2-pyridyl)dodecane, 279 
1,2-Di-(4-pyridyI)ethane, 286 
Dipyridylethanes, by reduction of dipyridyl- 

1,2-Di-(2-pyridyI)ethes, from tithio alkyl- 

trans-1 ,2-Dipyridylethane, 333 
1,2-Dipyridylethylenes, geometric isomers 

tmns-l.2-Di-(2-pyridyl)ethylene, 328 

Cis-Dipyridylethylenes, by reduction of di- 
pyridylacetylenes, 349 

1,2-Di-(2-pyridyl)ethylene. by photolysis, 
345 

1,2-Di-(4-pyridyl)ethylene, by photolysis, 
345 

Nfl-Dipyridylethyloxyamines, 342 
Db(4-pyridylethyI) sulfide, 342 
Dipyridylglycol dioxide, oxidation by lead 

Dipyridylglyools-l,l 'dioxides, preparation 

Di-2-pyridylmethanes, 321 
Di-(pyridine-2,6-methylene) from 1,2-bis(6- 

acetylenes, 349 

pyridines, 279 

of, 334 

polymers of, 346 

tetraacetate. 192 

of, by oxidation, 8 

bromomethyl-2-pyrid yl)ethane, 
473 

2,4-Di(2-pyridyl)pentane, 321 
1,2-Di-(2-pyridyl)propane, 322 
2,4-Di-(>pyridyl)pyridine (nicotebe), 374 
2,2'-DipyridylthiosuifinateN,N'dioxide, 

preparation by oxidation of disul- 
fide, 21 

Diquat analogues, 376 
Dissociation oonstants, pyridine-l-oxides, 

34 
of 2-substituted pyridines (Table V-9). 

301 
Nfl-Disubstituted-2~minopyridine, oxida- 

tion of, 23 
N.1-Disubstituted 2-(2-pyridyl)ethylamines, 

316 
Divinylpyridine, 329 
2,5-Divinylpyridme, 329 
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2,6-Divinylpyridine, 329 

Electrolysis, of vinylpyridines, 342 
Electron spin resonance, pyridme-l-oxide, 

Electronic absorption spectrum, pyridine-l- 
oxide, 43 

Electrophilic substitution, pyridine-l-oxide, 
95 

Emmert reaction, 313 
2-Ethoxymethyl-5-methylpyridine. 271 
2-Ethoxymethyl-3,4,5-trimethylpyridine, 

4-Ethoxymethyl-2,3,5-trimethylpyridine, 

N-Ethoxypyridinium halides, condensation 

1 -Ethoxypyridinium ethosulfate, reaction 

46 

271 

27 1 

with carbonyl compounds, 328 

with sodium n-propyl mercaptide, 
117 

Ethyl 2-bromomethyInicotinate, reaction 
with sulfite, 471 

5-Ethyt2chloromethylpyridine, from 5- 
ethyl-2-methylpyridine-1 -oxide, 
45 7 

pyridine carboxylate, hydrolysis, 
470 

l-oxide, preparation of, 229 

Ethyl 5-cyano-6-methyl-2-trifluoromethyl-3- 

Ethyl 6diethoxyphosphinothionylpyridine- 

Ethyl 4,6dimethylnicotinate, 274 
2-Ethyl-3Jdimethylpyridine, 261 
Ethyl 2,4di-(2-pyridyl)pentane-2-carboxyl- 

2-Ethyl4-methylpyridine, 273 
3-Ethyl4-methylpyridine, 273 
4-Ethyl-2-methylpyridine, 273 
S-Ethyl-2-rnethylpyridme(MEP), 265,273, 

ate, 322 

329 
chlorination of, 314 
dimethylation of, 307 
oxidation of, 310 
oxidation by permanganate, 308 
separation from 2-methyl-S-vinylpyridine, 

vapor phase dehydrogenation of, 333 
dEthyl-2-methylpyridine, 273 
Ethyl nicotinatefoxide, mass spectra, 44 
Ethyl picolinate, oxidation of, 17 
2-Ethylpyridine, 272,295,307,315, 321 

305 

by electrolytic reduction, 277 
by thermolysis of 1-methylpyridinium 

iodide, 287 
by vapor phase alkylation, 278 
nitrosation of, 316 
with alkylmagnesium bromide, 283 
with crbromoketones, 317 

3-Ethylpyridine, 272,278,307, 310 
alkylation of, 278 
by electrolytic reduction, 277 
Wibaut-hens alkylation, 278 

by electrolytic reduction, 277 
by thermolysis of 1-methylpyridinium 

by vapor phase alkylation, 278 
by Wibaut-hens alkylation, 278 
conversion to thieno[2,3-c] pyridine, 319 
dehydrogenation of, 334 
nitrosation of, 316 
oxidation by HNO,, 309 

5-EthyIpyridine-2carboxylic acid, 31 0 
4-Ethy1-3-pyridinethio1, 31 9 
Ethyl ~(2-pyridyl)propionate, 321 
Ethyl 2-pyddylpyruvate-1 -oxide, prepara- 

Ethyl 4-pyridylpyruvate-l-oxide, prepara- 

Ethylvinylpyridine, dehydrogenation of, 

2-Ethyl-S-vinylpyridine, purification of, 333 
5-Ethyl-2-vinylpyridine, 329 

5-Ethynyl-Zmethylpyridme, 347,349 

4-Ethylpyridine;272.318 

iodide, 287 

tion of, 182 

tion of, 182 

334 

synthesis and properties of, 327 

by dehydrohalogenation, 347 
with alcohols, 350 
with amines, 350 

2-Ethynylpyridine, 347 
by dehydrohalogenation, 347 

3-Ethynylpyridine, by dehydrohalogenation, 
347 

with diazomethane, 347 
4-Ethynylpyridine, by dehydrohalogenation, 

Ethynyl pyridine-l-oxides, preparation of 

2-Ethynylpyridine-1 -oxide, preparation of, 

347 

by oxidation, 14 

110 

Ferrocenyl-lithium, with pyridine. 372 
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Ferrocenylpyridine (Table V-l8), 362 
Fluorenylidenedihydropyridines (Table V- 

Fluorinated bipyridyls, by halogen exchange, 
201,380 

422 
from UlImann reaction, 446 

Fluorine, pyridine addition compounds, 416 
Fluoroalkylpyridines, preparation of, 278 
Fluoroaminopyridines, see Aminofluoropyri- 

Fluorocyanopyridine(s), from halonitro- 

3-Fluoro4-nitropyridine-l-oxide, reaction 

dines 

pyridine(s). 422 

with amino acids, 213,215-216 

ions, 204,205 
by phenoxide ions, 205 
with amines, 213, 215-215 

substitution of fluoro group, by alkoxide 

Fluoropyridine(s), by halogenexchange, 
422ff 

from aminopyridines, 421ff 
from Diels-Alder reaction, 426 
from 2-pyridone, 420 
halogen addition compounds, 417ff 

2-Fluoropyridine, addition compound with 
fluorine, 416 

alcoholysis, 447 
aminolysis, 448 
from 2-aminopyridine, 421 
from 2-bromopyridine, 422 
from 2chIoropyridine, 422ff 
from 2-pyridone, 420 
from 2-pyridyldiamnium hexafluorophos- 

halogen addition compounds, 417ff 
hydrolysis, 421 
reaction with lithium piperidide, 448 

from Schiemann reaction, hazards, 421 
halogen addition compounds, 418ff 
oxidation of, 4 
reaction with lithium piperidide, 448 

phate, 421 

3-Fluoropyridine, aminolysis, 448 

4-Fluoropyridine, aminolysis, 448 
Fluoropyridine-l-oxides, preparation of, by 

3-Fluoropyridine-l-oxide, preparation of, 4 
2-Fluorotetrachloropyridine, from penta- 

2-Formyl-5-methylpyrroIe, from photolysis 

oxidation, 8 

chloropyridine, 423 

of 2-picoline-l-oxide. 236,238 

2-Formylpyrrole, from photolysis of pyri- 
dine-l-oxide. 236,238 

Furylpyridmes (Table V-I 8), 358 

Furylvinylpyridine-l-oxides, preparation of, 
4-(3-furyl)pyridine, 366 

by oxidation, 14 

Clutarimide, conversion to chloropyridines. 

Grignard compounds, from 4-bromotetraflu- 
421 

oropyridine, 452 
from 2-(3- and 4-)halopyridines, 451 
from 4-iodotetrafluoropyridine, 452 
from pentabromopyridine, 451 
from pentachloropyridine, 452 

Grignard reagents, reaction with 4ChlOrO- 
pyridine, 453 

with pentachloropyridine, 453 
Comberg-Hey phenyktion of pyridines, 353 

Haloalkylhalopyridines, properties, 443ff 
Haloalkylpyridmes. see Side-chain halopyri- 

3-Halo-4-aminopyridine(s). from 3ShlOrO- 

Halogen addition compounds, 41 6fi 41 7ff 
Halogen exchange, exchange bromination, 

dines 

mercuri4-aminopyridine, 428 

4 24 
exchange chlorination, 423ff 
exchange fluorination, 422ff 
exchange iodination, 423ff 
halopyridines from, 422ff 

Halo-4-nitropyridine-l-oxides, reaction with, 
alkoxide ions, 205,206 

2-Halo-3- (and S-)picolines, alcoholysis, 447 
Halopyridines, halogen addition compounds, 

phenoxide ion, 205,206 

419 
in Grignard reactions, 374 

Halopyridine-1 -oxides, deoxygenation of, 
428 

displacement of halogens by nucleophilic 
reagents. 204 

mass spectra, 44 
polarographic reduction, 428 
preparation of, 223 
reaction with, alkoxide ions, 205,206 

amines, 214-218 
hydroxide ion, 208 
phenoxide ions, 205,206 
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sodium sulfite, 209,211 
thbcyanate, 212 

substitution of halogen groups. by oxygen 
nucleophiles, 204 

211,212 

21 2 

by selenium nucleophiles, 209, 210, 

by sulphur nucleophiles, 209,210, 21 1, 

by thioalkoxide ion. 209,210-21 2 
by thiophenoxide ion, 209,210-21 2 

2-Halop yridine-l -oxides, reaction with 
thiourea, 209,210 

Halopyridines, preparation, 409ff 
properties, 428,429ff 
reactions, 446ff 
side-chain, preparation, 456ff 

properties, 462ff 
reactions, 470ff 

2-Halopyridines, aminolysis, 448 , 

from 2-aminopyridines, 421 
from 2-halopyridines(halogen exchange), 

from 2-nitraminopyridines. 422 
from pyridine, 409,414 
from 2-pyridone, 420 
from pyridine hydrochloride, 409 
from pyridine-laxide, 41 1 
Grignard reagents from, 45 i 
hydrogenolysis, 446 
reaction with lithium piperidide, 448 
self-condensation, 454 

2-Halopyridine-l-oxides, from 2-nitropyri- 

Halo-2,3-pyridynes, in situ generation, 452 
3-Halopyridines, aminolysis, 448 

422ff 

dine-l-oxides, 412 

from aminopyridines, 421 
from glutaraldehyde, 427 
from 3-hydroxypyridines, 420 
from lithium tetrakis(N-dihydropyrid ylb 

aluminate, 414 
from 2-methoxy-3,4dihy&opyran, 427 
from 3-nitraminopyridmes, 422 
from pyridine, 409,410.414 
from pyridine hydrochloride, 409 
from pyridine-l-oxide, 410,411 
from pyrroles, 427 
Grignard reagents from, 451 
hydrogenolysis, 446 
reaction with lithium piperidide, 

448 

3-Halopyridine-laxides, reaction with ace- 
tic anhydride, 129,140 

3-Halo-2-pyridone, preparation of, 129, 140 
4-Halopyridines, aminolysis, 448 

from 4-aminopyridines, 421 
from l-hydroxy-+-pyridones, 420 
from 4-nitraminopyridines, 422 
from 4-nitropyridine-laxides, 415 
from N-(4-pyridyl) pyridinium chloride, 

410 
Grignard reagents from, 451 
hydrogenolysis, 446 
polymerization, 455 
reaction with lithium piperidide, 448 
reaction with pyridine-l-oxide, 454 
selfcondensation, 454 

4-Halopyridine-l-oxides, from 4-nitropyri- 

Halostilbazoles, properties, 469 
Movinylpyridines, from 2-benzyl-lithium(s), 

dine-l-oxides. 41 1 

459 
from 2-pyridyl-lithium, 459 

Heteroarylpyridines, fivemembered (Table 
V-l9), 358 

six-membered (Table V-19), 363 
Heterosesquifulvalues, 378 
4,6,8,12,14,16-Hexamethyl[ 2.21 (3,5)pyri- 

dinophane, 325 
5-n-Hexyl-2-methylpyidine, 27 1 
2-n-Hexylpyridine, lithiation of, 279 
Homolytic alkylation of pyridines, 284 
Homolytic arylation of pyridines, 353 
Homolytic phenylation of pyridmes. 284 
Homolytic substitution, pyridineladdes, 

Hydrogen peroxide-trifluoroacetic acid (per- 
146 

trifluoroacetic acid), for N-oxida- 
tion, 3 

2-Hydrazin&methylpyridine, 31 2 
2-Hydrazinopyridines, 319 
4,4'-Hydrazopyridine, reduction of 4-nitro- 

pyridine-l-oxide, 195, 197 
Hydrogen peroxide in glacial acetic acid, for 

N-oddation, 3 
Hydrogenation of halogenated pyridines, 

274 
Hydrogenolysis, of halopyridines, 446 
Hydrolysis, of halopyridmes, 446ff 

of sidechain halopyridines, 470 
a-Hydroxyalkyipyrides, dehydration of, 33 2 
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2-(l-HydroxyaIkyl)pyridine-l-oxides, prepa- 

2-(2-Hydroxyaryl)pyridmes, preparation of, 

2-(~-Hydroxybenzyl)-l -methylpyridinium 

3-Hydroxy-2,4-diiodopyridine-l -oxide, prep 

1 -Hydroxy-3,5diiodo-4-pyridone. prepara- 

2-(P-Hydroxyethyl)pyridine, 275 
3-Hydroxy-2-iodopyridine, reaction with 

cyanide, 451 
4-Hydroxylamino-2,6-lutidine-l -oxide, non- 

pyridine percursors, 25 
4-Hydroxylaminopyridine, oxidation of, 18 
4-Hydroxylaminopyridine-1 -oxide, from 

nonpyridine precursors, 24 
catalytic reduction, 225 
from reduction of 4-nitropyridine-l-oxide, 

195,198 
oxidation with, 30% H,O, /AcOH, 225 

reaction with 10% KOH, 225 

ration of, 153, 154 

164,166 

chloride, 327 

aration of, 104 

tion of, 104 

KMn0,-20% H,SO,, 225,226 

Hydroxylaminopyridine-1 -oxide, nonpyri- 
dine precursors, 25 

2-Hydroxymethylpyridine, preparation of, 
189 

2-Hydroxymethylpyridine-l-oxide. x-ray 
diffraction, 31 

l-Hydroxy-3.nitro4-substituted-2-pyridone, 
preparation, 98,99,102 

4-Hydroxypicolinic acid-l-oxide, prepara- 
tion of, 203 

1-(2-Hydroxy-2-phenyIethyl)pyridinium 
bromide, 327 

4-(2-Hydroxyphenyl)-5-(4-pyridyl)pyrazoles, 
antiviral activity of, 368 

Hydroxypyridine(s), bromination, 4 14 
chlorination, 413 
iodination, 416 

Hydroxypyridine-1 -oxides, preparation of, 
by oxidation, 9 

reactions of, 227 

nitration, 101 
reaction with acetic anhydride, 130 

3-Hydroxypyridine-l-oxide, iodination, 104 

1 -Hydroxy-2-pyridinethiones, preparation 
of, 157, 159, 209,210-212 

reaction with, alkyl halides, 219, 220-221 

l-Hydroxy-2-pyridones, preparation of, 158, 

l-Hydroxy4-pyridones, chlorination with 

phenylisocyanate, 219 

159,227 
4-substituted, 102 

POCI,, 227 

iodination, 104 
3-Hydroxy-2-pyridone, preparation of, 130 
1-Hydroxy-substituted 2-pyridones, prepara- 

1-Hydroxy-substituted 4-pyridones, prepara- 

3-Hydroxy-substituted pyridine-1 -oxides. 

4-Hydroxytetrachloropyridine-1 -oxide, 4 

3-Hydroxy-2,4,6-triiodopyridine-l -oxide, 

tion of, 208 

tion of, 208 

preparation of, 208 

preparation of, 4 

preparation of, 104 

Imidazolylpyridine (Table V-18). 360 
4-(2-Imidazolyl)pyridine, 370 
Imidazo[ 1,5-a] pyridine, nitrosation of, 371 
Indanol, dehydration of, 332 
Indenylidenedihydropyridines (Table V-20), 

Indotizines(pyrrocotines), 3 18 
2-(lndol-3-ylmethyl)-4-methylpyridine, 

Indolylpyridines (Table V-l8), 358 
Indolyltetrahydropyridines, biological prop 

Infrared spectra, of alkenylpyridines, 334 

3 80 

280 

erties of, 368 

of arylpyridines, 356 
of cis-2-stilbazole, 334 
of cis-l,2-bis(2-pyridyl)ethane, 334 
of truns-l,2-bis(2-pyridyl)ethane, 334 
of phenylpyridines, 356 
pyridinecarboxylic acid-1-oxide, 42 
pyridme-l-oxide, 37,40,41 
pyridines (Table V-lo), 303, 304 

Intramolecular reaction, pyridine-1 -oxides, 
161 

Iodine bromide, pyridine addition com- 
pounds, 416,417ff 

Iodine chlorides, pyridine addition com- 
pounds, 418.419 

Iodine fluorides, pyridine addition com- 
pounds, 4 17fA 4 19 

Iodine, pyridine addition compounds, 41 6, 
41 7 

2-lodomethylpyridine-l-oxide, preparation 
of, 188 

4-lodo-3-picoline, from 4-iodo-3-picoline-l- 
oxide, 428 

Iodopyridines, halogen addition com- 
pounds, 41 7ff 

2-Iodo pyridine (s), C-al k yla tion, 4 5 3 
hydrogenolysis, 446 
reaction with cuprous acetylides, 453 
with phenylacetylene, 348 

hydrogenolysis, 446 
3-Iodopyridine, aminolysis, 448 
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44odopyridine(s), from 4aminopyridine-l- 
oxide@), 421 

hydrogenolysis, 446 
2-Iodo-3-pyridinol. from 3-pyridinol,416 
3-Iodo+pyridone, from 4-pyridone, 41 6 

5-Iodo-2-pyridone. from 2-pyridone, 4 16 
4-Iodotetrachloropyridine, reaction with 

4-iodotetrafluoropyridine, aminolysis, 450 

reaction with cyanide, 451 

lithium dimethylcopper, 451 

from pentafluoropyridine, 421 
hydrolysis, 447 
4iodo-3,5,6-trifluoropyridone from, 447 
reaction with n-butyllithium. 451 
U L L ~ ~ M  coupling reaction, 446 

by oxidation of 5ethyl-2-methylpyridine, 
Isocinchomeronic acid, 308 

308 

3 34 

189 

Isomerism, geometric, in alkenytpyridines, 

Isonicotinamide-1 -oxide, preparation of, 

bnicotinamidoamtone, with P,S,. 369 

Isonicotinic acid, with o-phenylenediamine, 
370 

Isonicotinic acid-l-oxide, reaction with ace- 
tic anhydride, 141 

2-Isopropenylpyridine. 322 
3-Isopropylpyridine, 27 2 

4-Isopropylpyridine. condensation with iso- 

reaction with Pea,, 230 

lithiation of, 281 

prene, 331 
by electrolytic reuction, 277 

4-Isopropylpyridine-l-oxide, deoxygenation 
of, 276 

lsoxamle annelation process for synthesiz- 
ing pyridine, 269 

Isoxazolylpyridines (Table V-181,360 
4-Isoxazolylpyridines, 369 

Kondrat’eva reaction, 267 

6-Lithio-3,4-lutidine-l -oxide. reaction with 

2-Lithiomethyl4-methylpyridine. 279,280 
2-Lithiopyridine-loxides, mercuration with 

mercuric chloride, 160 
reaction with, aldehydes and ketones, 153 

N,N-dimethylacetamide. 155 

benzylideneaniline, 157 

bromine, 158,160 
carbon dioxide, 155,156 
chlorine gas, 160 
epoxides, 155 
esters, 155 
mercuric chloride followed by bromina- 

oxygen, 158,159 
sulfur, 157,159 

tion, 161 

Lithium piperidide, reaction with halopyri- 

Lithium tetrakis(N-dihydropyridyl)alumi- 

Lutidine, see Dimethylpyridine 
2,6-Lutidine, bromination, 41 3 
2,6-Lutidinel-oxidc, conversion to 2-chloro- 

methyl-6-methylpyridine, 4 5 7 
Lutidine-l-oxides, photolysis, 236 
2,3-Lutidinel-oxide, preparation of, 6 
2,4-Lutidine-l-oxide, preparation of, 6 
2,S-Lutidinel-oxide, preparation of, 6 
2,6-Lutidinel-oxide, oxidation of, 192 

dine, 570,583,588-589 

nate, 281 

preparation of, 6 
reaction with N-phenylbenzimidoyl chlo- 

ride, 173 
sulfonation, 105 

3.4-Lutidinel-oxide. preparation of, 6 
3,5-Lutidine-l-oxide, from N-(2,4dinitro- 

phenyl)-3,5-lutidinium chloride, 
28 

tion of, 105 
2,6-Lutidine-3-sulfonfonic acid-l -oxide, prepara- 

Mass spectra, alkylpyridine-l-oxides, 44 
3-cyanopyridine-l-oxide, 44 
ethylnicotinate-l-oxide, 44 
halopyridine-l-oxide. 44 
3-mesylaminopyridine-1 -oxide, 44 
3-methoxypyridine-l-oxide, 44 
methylnicotinate-l-oxide, 44 
nicotinic acid-l-oxide, 44 
4-nitropyridine-l-oxide, 44 
picolinic acid-l-oxide, 44 
pyridine-4-carboxaldehyde, 44 
pyridine-l-oxide, 44 

303 
Mass spectrometry of alkylpyridmes, 

Mercuration, pyridine-l-oxide, 104 
Mercury compounds, halopyridines from. 

427ff 
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3-Mesylaminopyridme-l-oxide, mass spectra, 
44 

oxidation of, 4 
preparation of, 4 

324 
[ 2,2] Metacyclophanes, conformation of, 

Metal-halogen exchange, 490 
Metalation, 493495.519-521,558-559, 

N-Methoxy-2,6-dimethylpyridinium metho- 
559462,566,577-579 

sulfate, reaction of diethyl sodie 
phosphonate, 127 

8-Methoxyethylpyridine, 3 16 
pMethoxyphenyllithium, for tithiation of 

alkylpyridines, 279 
l-p-Methoxyphenyl-2-(2-pyridyl)cyclohex- 

ane, 280 
6-Methoxy-2-picoline-1 -oxide, from oxida- 

tion of 6-methoxy-2-picoline. prep 
aration of, 24 

3-Methoxypyridine, oxidation of, 4 
3-Methoxypyridine-1 -oxide, mass spectra, 

44 
preparation of, 4 

2-Methoxypyridine-l-oxides, 2-substituted, 
reaction with acetyl chloride, 227 

1-Methoxypyridinium perchlorate, reaction 
with nucleophiles, 90 

N-Methoxypyridinium salts, reaction with 
alkali metal derivatives of diethyl- 
phosphonate, 125 

4-Methoxytetrachloropyridine, oxidation of, 
4 

4-Methoxytetrachloropyridine-l-oxide, 
preparation of, 4 

4-Methoxytetrafluoropyridine, from 4-nitro- 
tetrafluoropyridine, 448 

2-Methyl-Salkylpyridine, oxidation by 
HNO,, 308 

3-Methyl4-alkylpyridine-5-carboxytic acids, 
308 

2-Methylaminopyridine-1 -oxide, preparation 
of, 21 

N-Methylanabasine NNdioxide, reaction 
with Grignard reagents, 105 

N-Methylanabasine-N'-oXide, reaction with 
Grignard reagent. 105 

2-Methyl-S-(cr-chloroethyl)pyridine. 314 
2-Methyl-6-@-chlorophenyl)pyridine, by 

decarboxylation, 287 

l-Methyl-2,3cycloalkenopyridinium d t s ,  
269 

6-Methyl-2,3-cycloheptenopyridine (9-meth- 
yl-[5 1 (2,3>pyridinophane), 268 

l-Methyl-2cyclopentadienylidene-l,2-di- 
hydropyridine, 373 

5-Methyl-2,3syclopentenopyridine, 273 
6-Methyl-2,3-cycloptenopyridine (7-meth- 

yl-[ 31(2,3)pyridinophane), 268, 
273 

methylpyridme, 281 
2-(N-Methyl4t"dimethylaminoethyl)amino- 

2-MethyI-2,3-di-(2-pyridyl)propan-l-ol, 322 
4-Methyl-2,6divinylpyridine, 329 
Methylisonicotinate-l-oxide, reaction with 

acetic anhydride, 130,141 
reaction with indolylmagnesium bromide, 

108 
Methylithium, with nicotine, 282 

with N-(3-methylpyridyl)pyrrolidine, 282 
with 3-methylpyridine, 281 

l-Methyl4-[ 5(3)-methyl-3(5)pyrazolyll- 
pyridinium iodide, oral hypogly- 
cemic activity, 366 

2-Methyl-N-( 3-methylpyridyl)pyrrolidine, 
282 

4-Methyl-N-(3-methylpyridyl)pyrrolidine, 
282 

6-Methyl-N-( Zmethylpyrid yl)p yrrolidine, 
282 

2-Methyl-5-(N-methylpyrroIidinyl)pyridine, 
282 

Methyl nicotinate-l-oxide. mass spectra, 44 
4-Methylnicotine. 282 
CMethylnicotine. 282 
3-(N-Methylpyrrolidinyl)-4-methylpyridine, 

282 
6-Methylnicotinic acid, by oxidation of 5- 

alkyl-2-methylpyridine, 309 
4-Methyl4-nitro-3-phenyl-l-(3-pyridyl)-l- 

pentanone, hydrogenation of, 361 
Methyl 4-nitropicolinate-l-oxide, reaction 

with amines, 203 
4-(5-Methyl-l,3,4-oxadiazol-2-yl)pyridme, 

371 
4-(2-Methyl-5-oxazolyl)pyridine, 370 
4-(5-Methyl-2-oxazolyl)pyridine, 370 
l-Methyl-2-phenyl-l,2dihydropyridine, 353 
2-Methyld-phenylethynylpyridine, by de- 

hydrohalogenation, 347 
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2-Methyl-3-phenylpyridine, by vapor phase 

2-Methyl-6-phenylpyridine, by decarboxyla- 

3-Methyl-2-phenylpyridine, infrared spec- 

rearrangement, 355 

tion, 287 

trum of, 356 
pmr spectrum of, 356 
by vapor phase reaction, 355 
ultraviolet spectrum of, 356 

3-Methyl4-phenylpyridine, 34 3 
3-Methyl-5-phenylpyridine. 353 
S-Methyl-2-phenylpyridine, 281 

ultraviolet spectrum of, 356 
Methyl a-phenyl-2-pyridyl acetate, oxidation 

Methyl a-phen yl-3-pyridylacetate-1 -oxide, 

Methyl a-phenyl-4-pyridylacetate-l-oxide. 

Methyl picolinate-1-oxide, reaction with 

4-Methylpicolinic acid-l-oxide, oxidation 

5-Methylpicolinic acid, from oxidation of 

of, 22 

preparation of, 21 

preparation of, 21 

acetic anhydride, 130, 140 

of, 193 

1,2dimethoxycarbonyl-6-methyl- 
3-indolinyl-methoxyacetate, 24 

6-Meth ylpicoliNc acid-l-oxide, oxidation 
of, 193 

preparation of, 192 
4-substituted, preparation of, 192 

Methylpyridines, association with pyrrole, 
301 

complexes, 301 
with Co, Ni, Zn and Cd fluoroborates, 

301,302 
deuterated, properties of, 301 
deuterium exchange, 291 
from hydroxymethyl or halomethylpyri- 

dines, 274 
lateral metalation of, 315 
lithium derivatives of, 328 
oxidation by SO,, 309 
photoisomerisation of, 320 
see Rcolines 
sulfonation of, 31 2 

ZMethylpyridine, 272 
alkylation, vapor phase of, 278 
by electrolytic reduction (Table V-2), 277 
by homolytic methylation of pyridine. 

by photolysis of pyridine, 286 
by thermolysis of I-methylpyridinium 

iodide (Table V-41, 287 
by vapor phase alkylation, 277 
chlorination of, 314 
deuterium exchange, 147 
dimethylation of, 308 
halogenation of, 314 
lateral lithiation of, 279 
lithiation of, 279 
nitrosation of, 316 
oxidation by dichromate, 308 
oxidation of, 309,310 
phenylation of, 353 
polarographic behavior of Co, Ni and Zn 

purification of, 305 
purified-ultraviolet and infrared spectra, 

303 
Table V-11.307 

by electrolytic reduction (7'able V-2), 277 
by homolytic methylation of pyridine 

by photolysis, 286 
by thermolysis of 1-methylpyridinium 

iodide (Table V4), 287 
chlorination of, 314 
Emmert reaction of, 313 
halogenation of, 314 
lithiation of, 281 
metallo derivatives, 315 
nitrosation of, 316 
nucleophilic alkylation of, 280 
oxidation by, permanganate, 308 
oxidation (microbiological) of, 310 
oxidation of, 309,310 
phenylation of, 353 
purification of, 305 
purified, ultraviolet and infrared spectra, 

303 
Table V-11,307 
with acetylenes, 31 8 

by electrolytic reduction (Table V-2), 277 
by homolytic methylation of pyridine 

(Table V-3). 285 
by photolysis of pyridine, 286 
by thermolysis of f -methylpyridinium 

in, 302 

3-Methylpyridine, 272,348 

(Table V-3), 285 

4-Methylpyridine, 272,310 

285 iodide (Table V4), 287 
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halogenation of, 314 
hyperconjugative effect of methyl group, 

291 
lateral lithiation of, 279 
Lithiation of, 279 
metallo derivatives, 3 15 
nitrosation of, 316 
oxidation by HNO,, 309 
oxidation of, 309.310 
oxide of, 310 
phenylation of, 353 
polarographic behavior of Co, Ni and Zn 

purification of, 305 
purified. ultraviolet and infrared spectra, 

Vilsmeier-Haack reaction of, 330 
WiUgerodt reaction, 310 
with acetylenes, 318 
with sodium hydrazide, 319 

in, 302 

. 303 

5-Methylpyridine-3cboxaldehyde, 310 
6-Methylpyridine-2cboxaldehyde, 3 10 
6-Methyl-2-pyridinemethano1, 333 
2-Methylpyridine-l-oxide, conversion to 2- 

stilbazole, 333 
3-Methylpyridine-l-oxide, reduction of, 276 
4-Methylpyridine-l-oxide, conversion to 4- 

stilbazole, 333 
reduction of, 276 

2-Methylpyridine-5-sulfonic acid, 31 2 
3-Methylpyridine-5-suIfonic acid, 31 2 
4-Methylpyridine-5-sulfonic acid, 31 2 
1 -Methylpyridinium-2aldoxime iodide or 

bromide, 31 6 
1-Methylpyridinium bromide, condensation 

with benzaldehyde, 327 
1 -Methylpyridinium-2-carboxylate, thermol- 

ysis of, 327 
-Methylpyridinium halides, precursors of 

pyridine ylids, 326 
-Methylpyridinium iodide, with phenyl- 

lithium, 353 
thermolysis of (Table V-4), 287 

-Methylpyridinium salts, deuterium ex- 
change of, 326 

thermolysis of, 286 

N-alkoxyl, 53 

N-alkoxy, 54 

2-Methylpyridinium salts, N-acyloxy, 53 

3-Methylpyridinium salts, N-acyloxy, 54 

N-UY~OXY, 54 
4-Methylpyridinium salts, N-acyloxy, 55 

N-alkoxy, 55 
N-aryloxy, 55 

6-Methyl-[ 31 (2,3>pyridinophane, 273 
7-Methyl-[ 31 (2,3>pyridiniophane, 273 
9-Methyl-[ 101 (2,5)-pyridinophane, musco- 

13-MethylI 101 (2,6)-pyridinophane, 324 
3-Methyl-2-pyridone, preparation of, f 29, 

5-Methyl-2-pyridone, preparation of, 130, 

6-Methyl-2-pyridone, preparation of, 238 
2-Methylpyridyl-Sacetic acid, Willgerodt re- 

1 -Methyl-4-pyridylcycfohexene, 345 
2-Methyl-5-pyridylethyl mercaptan. 344 
3-Methyl-2-(3-pyridyl)indene, 277 
1 -(2-Methyl-5-pyridyl)-3-methylbutyn-3-ol, 

Methyl 2-(2-pyridyl)propionate, oxidation 

3-Methyl-5-(2-pyridyI)pyrazole, 364 
3-Methyl-5-(2-pyridyI)pyrazole4carboxal- 

N-(3-Methylpyridyl jpyrrolidine, 282 
2-Methyl-5-(2-pyridyl)-1,2,4-triazoline, 371 
4-(2-Methyl-4-pyrrolyI)pyridine, 366 
4-(5-Methyl-l,3,4-thiadiazole-2-yl)pyridine, 

4-(2-Methyl-5-thiazolyl)pyridine, 369 
6-Methyl4trifluorome thyl-2-chloropyri- 

dine, from 6-methyl-4-trifluoro- 
methylphenyC2-pyridone, 420 

Methylvinylpyridines, purification of, 340 
2-Methyl-5-vinylpyridine, 265, 314, 329, 

by vapor phase dehydrogenation, 333 
Willgerodt reaction of, 344 

2-Methyl-6-vinylpyridine. 329 
2-Methyl-6-rinylpyridine, by hydrogenation, 

Mills-Nixon effect in pyridine, 303 
Molecular orbital theory, pyridine-l-oxide, 

46 
Monopermaleic acid, 4 

for Naxidation, 4 
Muscopyridine, 323 
Myosmine, 366 

pyridine, 323 

130,140 

140 

action of, 344 

349 

of, 20 

dehyde, 368 

371 

333 

341 
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1,6-Naphthyridine-l -oxide, preparation, 225 
Neobetenamine, 330 
Nicotelline [ 2,4-di-(3-pyridyl)pyridine], 374 
Nicotinamide-l-oxide, from 3-cyanopyridine, 

Nicotinamide-l-oxide, from oxidation of 
18 

5,6dimethyl-3-(3-pyridyl)-1,2,4- 
triazine, 19 

Nicotinamide-l-oxide, reaction with POCl,, 
230 

Nicotine, 366 
phenylation of, 282 
reaction with, phenyllithium, 282 

methyllithium, 282 
Nicotine-1 ,l'-dioxide, preparation of, 23 
Nicotine-l'exide, from oxidation of nico- 

Nicotinic acid (and isoni&inic acid), 309 
tine, 23 

bromination, 41 3 
by microbiological oxide of 3-methylpyri- 

dine(~dine-3carboxylic acid), 
310 

Nicotinic acid-l-oxide, mass spectra, 44 
reaction with acetic anhydride, 130, 141 

Nicotinic acid-l-oxide4-sulfonic acid, prepa- 

Nicotinic acid-l-oxide4-thio1, preparation 

Nicotinoyltrifluoroacetone, from 3acetyl- 

2-Nitraminopyridines, 2-halopyridines from, 

3-Nitraminopyridines, 3-halopyridines from, 

4-Nitraminopyridines, 4-halopyridines from, 

Nitriles, from halopyridines, 422,451 
from side-chain halopyridines, 473 
see also Cyanopyridines 

ration of, 193 

of, 209,210 

pyridine, 459 

422 

422 

422 

4-Nitro-3-alkylpyridin*l-oxide, bromina- 
tion with acetyl bromide, 200 

tion with acetylchloride, 200 
Nitrobenzylpyridine, reversible photo- 

chromism, 302 
4-p-Nitrobenzyipyride-l-oxide. reaction 

with dimethylsulfonide, 276 
4-Nitro-2.6dibromopyridine-1 -oxide, reduc- 

tion of nitro group, 196, 
197 

4-Nitro-3-dkylpyridine-1 -oxides, chl~tina- 

1-(5-Nitro-2-fury1)-2-(2-pyridyl)e thylenes, 

4-Nitrohalopyridme-1 -oxide, chlorination 
340 

with acetyt chloride, 200 
preparation, 98,100 
reaction with alkoxide ions, 200 

4-Nitrolutidine-l-oxide, reduction with fer- 
row sulfate/ammonium hydroxide, 
195,197 

chlorination with acetyl achloride, 200 

4-Nitronicotinic acid-1 -oxide, preparation 

(4-Nitro-l-oxido-3-pyridyl)sulfide, oxidation 

(4-Nitro-1 -oxido-3-pyridyl)sulfone, prepara- 

4-Nitropicolinamides, preparation of, 203 
4-Nitropicoline-l-oxides, preparation of, 97, 

4-Nitro-2-picoline-l-oxide, reduction with 

reaction with, acetyl chloride, 199,200 

reduction with NH,NH, .H,O-Cu, 195, 

4-Nitro-3-picoline-l-oxide, bromination with 

chlorination with HCl in alcohol, 199, 200 
oxidation of, 193 
reaction with, base, 183 

ethyl oxalate, 182 

99,101 

preparation, 97,98.100 

of, 193 

of, 219 

tion of, 219 

98.100 

NH,NH, *H,O/Et,O, 195,198 

phenoxide ion, 200 

198 

conc. HBr, 200,201 

CNitropicolinic acid-l-oxide, preparation, 

reaction with, aniline, 203 
30% H,O, /NaOH, 203 

4-Nitro-2-picolinic acid-1 -oxide, reduction 
over Raney nickel in acetic acid, 
194,197 

dine, 16 

group, by halogens, 199,200 

Nitropyridines, from oxidation of aminopyri- 

Nitropyridine-l-oxide, displacement of nitro 

by nucleophilic reagents, 199 
Nitropyridine-l-oxides, from oxidation of 

aminopyridine, 16.18 
preparation of, by oxidation, 12 
reaction with acetyl bromide, 199 
reduction of nitro group, 194- 

197 
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2-Nitropyridine-1 -oxides, 2-halopyridine-l- 
oxides from, 41 2 

reaction with, acetylchloride, 199 
triethyl phosphite, 204 

reduction of nitro group, 194 
substitution of nitro group by halogens, 

3-Nitropyridine-l-oxide, preparation, 102 
reaction with acetic anhydride, 130,140 
reduction of the nitro group, I95 

4-Nitropyridine-1 -oxide, electron spin reso- 

199 

nance, 46 
4-halopyridine-l-oxides from, 41 1 
mass spectra, 44 
photolysis, 195,196,237,240,241 
preparation, 97,100 
polatography, 34 
reaction with, acetyl chloride, 199, 200 

acetyl haiides, 200 
alkoxide ions, 200 
HCI in alcohol, 199, 200 
hydrohalic acids, 200 
thiophenoxide ion, 200 

reduction, of the nitro group, 194-197 
with Fe/AcOH, 196,197 
with hydrazine hydrate, and Cu, 195 
with palladium-on-charcoal, 194-197 
with phenylhydrazine, 195,198 
over platinum oxide, 194-196 
over Raney nickel, 194-197 
over Urushibara nickel, 195, 197 
with zinc/AcOH, 195,198 

ions, 201,202 
substitution of nitro group, with alkoxide 

with amines, 203 
by halogens, 199, 200 
with phenoxide ions, 201,202 
with thiophenoxide ions, 201, 202 
x-ray diffraction, 30, 31 

4-Nitropyridinium salts, 56 
3-Nitro-2-pyridone, preparation of, 130,140 
4-Nitrosopyridine-l-ofide, preparation, 226 
4-Nitrotetrafluoropyridine, aminolysis, 450 
2-Nonylpyridine, by catalytic hydrogena- 

tion, 341 
from lithio alkylpyridine. 280 

3-Nonylpyridine, by catalytic hydrogenation, 

4-Nonylpyridine, by catalytic hydrogenation, 
34 1 

(5-Nony1)pyridines. 276 
Nuclear halopyridines, see Halopyridines 
Nuclear magnetic resonance spectra, aryl- 

of cyclopentadienylidenedihydropyri- 

pyridine-l-oxide, 37 
pyridines, 303 

pyridines, 356 

dines, 379 

Nuclear proton abstraction, pyridine-l- 

Nucleophilic substitution, pyridine-l-oxide, 
oxides, 149 

105 

Octachloro-2,2’-bipyridyl, exchange fluori- 
nation, 422 

from 2,2’-bipyridyl, 41 1 
from octachloro-2,2’-bipyridyl, 422 

Octafluoro4,4’-bipyridyl, from Qbromo- 
tetrafluoropyridine, 446 

from 4-iodotetrafluoropyridine, 446 
5a,7,8,9,10,10a.l1,1 la-Octahydroindeno- 

[ 1.2-b)indotizine, 319 
Onium polymerization, based on 4-halopyri- 

dines, 455 
based on sidechain halopyridines, 474 

Organic peracid and conc. H,SO,, for N- 

Organometallic compounds, from halopyri- 

Organometallopyridine-1 -oxide, proton 

Organositicon compounds, from halopyri- 

24 1,3,4-0xadiazoC2-yl-5-phenyl)pyridine, 

Oxadiazolylpyridines, biological properties 

oxidation, 4 

dines, 451ff 

resonance, 37, 39 

dines, 451ff 

371 

of, 371 
Table V-18,361 

Oxaziridine, from photolysis of pyridine-l- 

Oxazoles, DiekAlder reaction of, 344 
Oxazolylpyridines (Table V-181, 361 
4-(2-Oxazolyl)pyridine, 370 
1-( 1 -0xido-2-pyridylme thylpyridinium 

oxides, 240 

iodide, preparation and reaction, 
188 

l-(l-Oxido-2-pyridylmethyl)pyridinium 
salts, reduction of, 65 

2-Oxoc yclohe x ylp yridine , oxidation of, 
34 1 17 
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Pentabromopyridine, from 4-pyridone, 421 
from 2,3,5,6-tetrabromo-4-pyridone, 421 
reaction with n-butyllithium, 451 

Pentachloropyridine, alcoholysis, 447 
C-alkylation, 453 
aminolysis, 449 
by ring closure routes, 424 
exchange bromination, 423 
exchange fluorinaticn, 422ff 
from carbon tetrachloride, 427 
from N-chlorocarbonylpiperidine, 409 
from I-cyanopyridine, 41 2 
from 3-cyanopyridine, 41 2 
from 2,6diaminopyridine, 41 2 
from 2,6dichloropyridine, 4 10 
from glutarimide, 421 
from 1 -methyl-3,4,5,6-tetrachloro-2-pyri- 

from piperidine, 409 
from pyridine, 4 11 
from 2,3,4,5-tetrachloropyridine-l -oxide, 

4 24 
from n-valeronitrile, 427 
hydrogenolysis, 446 
hydrolysis, 447 
mercaptization, 447 
reaction with n-butyllithium, 451 
with ethyl sodiomalonate, 453 
with Crignard reagents, 453 
with organosilyl-lithium reagents, 45 1 
with triethyl phosphite, 454 

2,3,4,5,6-Pentachloropyridine, reactions 

done, 420 

with Grignard reagents, 108, 109, 
453 

Pentachloropyridine-1 -oxide, C-alkylation, 
453 

mass spectrum, 45 
with Grignard reagents, 453 

kntafluoropyridine, 278,307 
alcoholysis, 448 
C-alkylation, 453 
aminolysis, 450 
exchange chlorination, 423 
exchange iodination, 423 
from pentachloropyridine, 422 
from perfluoropiperidine, 409 
hydrogenolysis, 446 
hydrolysis, 447 
mercaptization, 441 
with cyanide, 451 

with metal carbonyl anions, 452 
with polyfluorocarbanions, 458 
with sulfur nucleophiles, 453 
with tetrafluoroethylene, 458 

kntakis(pentafluoroethylk1-azabicyclo- 
[ 2.2.0 J hexa-2,5diene, 307 

Pentakis(pentafluoroethyl)-lazatetracyclo- 
[2.2.0.02 ,603*s Ihexane, 301 

Pentakis(pentafluoroethyl)pyridine, 307 
photoisomerisation of, 307 
valence bond isomers, 475 

Perbenzoic acid, for N-oxidation, 3,5  
Perchlorobipyridyls, 375 
Perfluoroalkylpyridines. alcoholysis, 47 1 

from aromatization processes, 462 
from perchloroalkylpyridines, 456 
from perfluoroalkyl radical-pyridine reac- 

from ringdosure routes, 460ff 
hydrolysis, 470 

tions, 457 

Eerfluoro-(N-fluoromethylpiperidines), from 

Perfluoro-4-isopropylpyridine, 278 
Perfluoro(pentaethyl)pyridine, from penta- 

Wrfluoropicolines, from perfluoro-N-fluoro- 

picoline(s), 409,462 

fluoropyridine, 458 

methylpipexidines, 409,462 

Wrfluoro(4-picoline), hydrolysis, 470 
Perfluoro(f3,P'-pyridylenes), synthesis, 446 
Wrfluoro(2.4.5-triisopropylpyridne), from 

pentafluoropyridine, 45 8 
krfluoro(2,4.6-triisopropylpyridine), from 

pentafluoropyridine, 458 
Wrfluoro-(2,4,6-tri-t-butylpyridine), from 

pentafluoropyridine, 458 
Eerphthalic acid, for N-oxidation, 3 
2-Phenacylpyridine. from 2-methylpyridine, 

Phenethylpyridines, by Wolff-Kishner reduc- 

24'henethylpyridine. nitrosation of, 316 
4-Phenethylpyridine, nitrosation of, 316 
3-Phenoxy4-nitropyridine-l-oxide, prepara- 

4-Plienoxy-2-picoline-1 -oxide, preparation 

Fttenylation of pyridines, 353 
2- and 4-Phenylazapyridine, oxidation of aza 

function, N-oxidation, 21 

from pyridine, 409 

315 

tion, 275 

tion of, 205 

of, 202 
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2-Phenylethylpyridine, pyrolysis of, 308 
2-Phenylethynylpyridine, 348 
2-(Phenylethynyl)pyridine-l-oxide, prepara- 

tion of, 110 
Phenyl-lithium, for lithiation of alkylpyri- 

dines, 279 
with 3-t-butyl and 3-phenylpyridines, 281 
with 2-methyl-2,4dimethyt2,6-dimethyl- 

and 2,4,6-trimethylpyridine, 279 
with 3-methyl-,3ethyl- and 3-isopropyl- 

pyridines, 281 
with 3-methylpyridine, 281 
with nicotine, 282 
with piperidones, 352 
with pyridines, 279, 352 

2-Phenyl-3-(N-methyltetrahydropyrrolyl)- 
pyridine, 282 

2-Phenyl-5-(N-methyltetrahydropyrrolyl)- 
pyridine, 282 

2-Phenylnicotine, 282 
ultraviolet spectrum of, 356 

6-Phenylnicotine, 282 
uItraviolet spectrum of, 356 

Phenylpyridines, 353 
by vapor phase reactions, 355 
infrared spectra of, 356 
preparation of, 146 

355 
2-Phenylpyridine, by vapor phase reaction, 

3-Phenylpyridine, lithiation of, 281 
Phenylpyridine-1-oxides, nitration, 99 

4Phenylpyridinium salts, N-alkoxy, 56,57 

a-Phenyl-2-pyridylacetamide, oxidation of, 

13-Phenyla-pyridylacylic acids, 329 
2-Phenyl-3-(3-pyridyl)-2,3-butanediol, 277 
2-Phenyl-3-pyridylbutan-2,3dioIs, dehydra- 

tion of, 332 
Phenyl (bpyridyl) carbinol, 322 
S-PhenylJ-( 3-pyridy1)hydran toins, biologi- 

Phenylthiomethylpyridine, preparation of, 

4-Phenylthiopyridine-l-oxide, oxidation of, 

photolysis, 237,240 

N-aryloxy, 56,57 

22 

cal properties of, 370 

119 

219 
preparation of, 202 

2-Phenyl-S-tritylpyridine, 354 
Photochemical reactions of 

aralkenylpyridines, 345, 346 
Photolysis, alkenylpyridines, 334 

aralkenylpyridines, 345, 346 
azahelicine preparation by, 346 
N-methylpyridinium ferrocene iodide, 

373,378 
pyridine-l-oxide, 234 

deoxygenation, 79 
242-pyridy1)ferrocene methiodide, 373 
stilbazoles, 334, 345, 346 
styrylpyridines, 345 

Picolinamide-l-oxide, from 2-cyanopyridine, 
18 

preparation of, 189 
reaction with POCl,, 230 

Picoline (see Methylpyridines) 
Picolines, electrochemical fluorination, 409, 

462 
2-Picoline, electrochemical fluorination, 

409,462 
halogen addition compounds, 417ff 
nuclear bromination, 4 13 
side-chain bromination, 456 

PCI, ,230 

3-Picoline, electrochemical fluorination, 
409,462 

halogen addition compounds, 417ff 
nuclear bromination, 4 I 3  

4-Picoline, electrochemical fluorination, 
409,462 

halogen addition compounds, 416,417ff 
nuclear bromination, 413 
side-chain bromination, 456 

dioxide, 192 
photolysis, 235,236,238 
reaction with, perfluoropropene, 458 

Picoline-1-oxide, oxidation with selenium 

phosphorus oxychloride, 1 12 
phosphorus pentachloride, 1 12 

deoxygenation, 184 
2-chloromethylpyridine from, 457 
condensation with aldehyde, 183, 184, 

condensation of ethyl oxalate, 182 
from N-(2,4dmitrophenyl-2-picolinium 

chloride, 28 
Ortoteva-King reaction, 191 
preparation of, 6 
reaction with aceticanhydride, 133,134, I38 

2-Picoline- l-oxide, chloromethylation and 

185 
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reaction with acetic, anhydride-InO, 134, 
138 

acetyl chloride and silver nitrite, 189 
acyl nitrite, 189 
amyl nitrite in liquid NH1-KNH,, 189 
iodine, 190 
phenylacetic anhydride, 130,138,139 

with Grignard reagents, 106 
with tosyl chloride, 128 

SPicoline, side-chain bromination. 456 
ZPicoline-l-oxide. from N-(2,4dinitrophen- 

yl-3-picolinium chloride, 28 
preparation of, 6 
reaction with, acetic anhydride, 129,130, 

140 
aryl aldehydes, 184,185, 186 

3-Picoline-l-oxide-4-sulfonic acid, oxidation 

4-Picohe-l-oxide, 4-chloromethylpyridie 

condensation with, aldehydes, 184, 186, 

of, 193 

from, 457 

187 
ethyl oxalate, 182 

Ortoteva-King reaction, 191 
oxygen-18 distribution, 145 
preparation of, 6 
reaction with, acetic anhydride-" 0. 134. 

135, 138 
acetic anhydride in anisole. 133 
acid chlorides in acetonitrile, 144 
DMSO. 191 
phenylacetic anhydride, 130,141 

with Grignard reagents, 106 
x-ray diffraction, 32 

Picolinic acid-l-oxide, from ethyl picolinate, 
21 

from ethyl (2-pyridy1)acetate. 21 
from 2-oxocyclohexylpyridine, 17 
mass spectra, 44 
oxidation of ethyl picolinate, 17 
preparation of, 156 
reaction with acetic anhydride, 130, 140 
reaction with tosyl chloride, 128 

N-(2-Picolyl)aniline, from 2-chloromethyl- 

4-Picolylanisoles, preparation of, 133 
Picolyketones. 315 
ZPicolyllithiurn, 319 
Picolyllithium, conversion to alkynylpyri- 

pyridine, 471 

dines, 347, 348 

2- (and I. and 4). Picolyl metal derivatives, 

Picolylsodium compounds, 321 
3-Picolylsodium, 348 
CPicolylsodium, 348 
2-Picolyl trifluoromethyl ketone, from 2- 

Picolyltriphenylphorphonium halides, 330 
Piperidine, chlorination, 409 

Polarography. 4-nitropyridine-1 -oxide, 34 

Polyarylpyridine-1 -oxides, from nonpyri- 
dine precursors, 25, 26 

Polychloromethylpyridines, 31 3 
Polyethynylpyridines, from 24  1,2dibromo- 

from 4-(1,2dibromoethyl)pyridine. 475 
from 5 4  1,2dibromoethyI)-2-methylpyri- 

2-Polyfluoroalkylpyridines, from pyridine- 

Polyfluoroakylpyridineq isomerization of, 

Polyhalopyridines, oxidation of, 3 
Polyhalopyridine-lsxide, preparation of, 3 
Polyvinylpyridine. oxidation of, 5 
Polyvinylpyridine-1-oxide, preparation of, 5 
Polymeric etectrolytes from Chalopyridines, 

Polymerization, of halopyridines, 454ff 

Poly(pyridylenes), from 3-bromopyridine, 

315,321 

picoline, 459 

by reduction of pyridines, 31 1 

pyridine-l-oxide, 33 

ethyl)pyridine, 475 

dine, 475 

l-oxides, 458 

306 

455 

of side-chain halopyridines, 474ff 

454 
from 3,5dihalopyridines, 446 

Ropylpyridines, electrochemical fluorina- 

2-Ropylpyridine (Table V-11). 307 
CRopionylpyridine, by oxidative acylation, 

Proton resonance, organometallopyridine-l- 

tion, 409 

310 

oxide, 37, 39 
pyridine-l-oxides, 38 

Pyrazolo[ 1,5-c] pyrido[3,2-~] pyrimidines, 

Pyrazinylpyridines (Table V-19), 364 
Pyrazolylpyridines (Table V-18), 358 
Pyrazolylpyridines, 350 

368 

369 

from pyridylacetylenes, 
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3-(3-Pyrazolyl)pyridines, from 3ethynyl- 

Pyridine, 3 
pyridine, 350 

and derivatives, color test, 302 
cesium derivatives, 282 
direct oxidation, side reactions, 16 
chlorination, 409ff 
halogen addition compounds, 416ff 
mercury derivatives, 282 
oxidation of, 3 
phenylation of, 353 

using N-nitroso-syrn-diphen ylurea, 354 
using phen ylazotriphenylmethane, 354 

using nitrobenzene phenylation, 354 
with acetylenes, 317 

Pyridine-"C, -HCl, preparation of, 5 
Pyridineacetic acids, condensation with car- 

bony1 compounds, 329 

Pyridine aldehydes, by oxidation of alkyl- 
preparation of, 316 

pyridines, 308 
by ozonolysis (Table V-15), 341 
by ozonolysis of vinylpyridines, 380 
Knoevenagel condensation of. 328.329 
with acetamidazone, 371 
with N-methylaminoethanol, 370 
with o-arninobenzenethioles, 370 

Pyridine-2aldehyde, 328, 329 
electrolytic reduction of, 277 
from methylpyridines, 31 1 

pyridyl, 374 
electrolytic reduction of, 277 

Pyridine-3aldehyde. conversion to 3,4'-bi- 

PyridineAldehyde, electrolytic reduction 

Pyridine aldoximes, preparation of, 316 
Pyridine aldoxime-l-oxide, preparation of, 

Pyridine alkyl halides, dehydrohalogenation 
of, 333 

Pyridines, 3- and/or 5-alkyl substituted, 
preparation of, 265 

Pyridine alkynes, disubstituted, 347 
F'yridine carbinols, dehydration of, 331 

from pyridine lithio compounds, 328 
oxidation of, 17 
pharmacological properties of, 315 
preparation of, 315 
reduction of, 275 

of, 277 

by oxidation, 11 

Pyridine-2-carbinols, by the Emmert 

reaction, 313 
electrolytic reduction of, 277 
from lithio alkylpyridines. 280. 315 

Pyridine3carbinols. electrolytic reduction 

Pyridine4carbino1, by the Emmert reaction, 
of, 277 

313 
electrolytic reduction of, 277 

Pyridine-2-carboxaldehyde, phenylhydra- 
zone. preparation of, 190 

Pyridine->carboxaldehyde, preparation of, 
192 

Pyridine4-carboxaldehyde, preparation of, 
191,192 

Pyridinecarboxaldeh yde-l-oxides, prepara- 
tion of, by oxidation, 10 

17 

spin resonance, 46 

preparation of, 191, 192 

from oxidation of diacetylmethylpyridine, 

Midine-2-carboxaldehyde-1 -oxide, electron 

phenylhydrazone, 230 
preparation of, 189 

Pyridine4carboxaldehyde-1 -oxide, electron 
spin resonance, 46 

mass spectra, 44 
preparation of, 189 

Pyridinecarboxamide-l-oxides, preparation 
from acids, 232 

preparation from, acid chlorides, 233 

preparation of, by oxidation, 11,12 
Pyridinecarboxylic acids, by electrolytic 

by oxidation of alkylpyridines, 308 
by ozonolysis (Table V-lS), 341 
by ozonolysis of vinylpyridines, 340 
trifluoromethylpyridines from, 457 

esters, 233,234 

oxidation of alkylpyridines, 310 

Pyridine-2-carboxylic acid, 308 
Pyridine-3-carboxylic acid, 308 

by oxidation of S-alkyl-2-methylpyridine, 

F'yridinecarboxylic acid-l-oxides, esterifica- 
309 

tion, 232 
preparation of, by oxidation, 11 

Pyridine compounds, biological activity of, 
345.365, 366, 368,369,370,371. 
372, 377 

plex as oxidation catalyst, 301 
Pyridine complexes, cuprous chloride com- 
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decaborane adduct, 301 
homologs, hydrochlorides and hydrobro- 

mides, uses for selective dealkyia- 
tion, 301 

molybdates, 301 
Werner, 301 

Pyridine-2,5dicarboxylic acid, by oxide of 
5-aLyl-2-methylpyridine, 309 

by oxidation of 2,S-dimethylpyridine. 
308 

Pyridinedicarboxylic acid-1-oxide, decar- 
boxylation, 150 

Pyridine-2.4dicarboxylic acid-1 -oxide, prep 
aration of, 193 

Pyridine-Hdimethyl)cbinol, electrolytic 
reduction of, 277 

Pyridine-4-(dimethyl)carbinol, electrolytic 
reduction of, 277 

Pyridine, and %substituted pyridines. alkyla- 
tion and arylation, nucleophilic, 
280 

by oxidation of alkylpyridines, 308 
by vapor oxidation, 310 
cyanides, by oxidation of alkylpyridines, 

Dewar type, 307 
electrochemical fluorination, 409 
Emmert reaction of, 313 
from pyridylalkynes, 350 
Gomberg reaction of, 374 
Grignard reagents, 317,321 
halogenation, 409ff 
homolytic alkylation, with acetyl perox- 

308 

ide, 284 
with t-butylperoxide, 284 
with dibenzylmercury, 285 
with lead tetra acetate, 284 

homolytic arylation of, 353 
hydrochloride, chlorination, 409 
isomerism of, 307 
ketones, with o-aminobenzenethiols, 370 
nitration of, 312 
photolysis of, 286 
physical properties of purified, 291 
polarographic behavior of Co, Ni and Zn 

in, 302 
polymers, uses of, 346 
purified, ultraviolet, infrared and nuclear 

prismane type, 286,307 
magnetic resonance spectra, 303 

reaction with, bromine, 413 
bromine chloride, 414 
N-bromohydantoins, 415 
fluorine, 409 
perfluoroalkyl iodides, 457 

with ferrocenyl-lithium, 372 
with PCI, ,347 

Pyridine hydrazonesl-oxides, preparation 
of, by oxidation, 11 

Pyridine ketoximes, preparation of, 316 
Picolyl-lithium compounds, 321 
2-Pyridinemethanol. 333 
CPyridmemethanol, 333 
Pyridine-3-methylcarbinol, electrolytic, re- 

Pyridine-l-oxides, 1 
bromination, 415 

duction of, (Table v-2). 277 

with acetic anhydride and sodium ace- 
tate, 103 

chlorination, 11 1,41 Iff 
with phosphorus oxychloride, 11 1 
with phosphorus pentachloride, 1 11 

condensation with carbonyl compounds, 

conversion to alkynylpyridines, 347 
decomposition of an aromatic diazonium 

deoxidative substitution by thiophenols in 

328 

salt, 171 

the presence of sulfonyl halides, 
126,127 

deoxygenation, 276,428 
catalytic reduction, 59 
photolysis, 79 
with carbenes, 79 
with ferrous oxalate, 66,67 
with hydrazobenzene, 79 
with metals or metal salts in acid, 66 
miscellaneous methods, 75 
with pnitrobenzenesulfenyl chloride, 

with pnitrobenzenesulfinyl chloride, 

with organophosphorus compounds, 71 
with phosphorous trihalides, 68 
with palladium catalyst, 61,62,63 
with platinum dioxide catalyst, plati- 

num-on-carbon, 64,65 
with Raney copper, 64 
with Raney nickel, 59,61 
with sodium borohydride, 76 

86,87 

86,87 
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with sulfur and its derivatives, 72 
with zinc and 2N sulfuric acid, 66 

detection of N-oxide function, 28 
diazonium salts, reaction with azide ion, 

223 
reaction with. cuprous halide. 223 

SO,CuCI, -2H,O, 223 

of some singlet states, 234 
dipole moments, 28 

dissociation constants, 34, 35, 36 
electronic absorption spectrum, 43 
electron spin resonance, 46 
electrophilic addition to oxygen, metal 

complexes, 50 
quaternary salts, 50 
salt formation, 49 

electrophilic substitution, acid-catalyzed 
H-D exchange, 95 

bromination, 103 
nitration, 96 

for purifying pyridines, 305 
in ethanol, with hydrides (NaBH,, LiAlH,, 

NaAlH,), 276 
electrolysis of, 276 
homolytic aryktion with benzenediazo- 

homolytic substitution, 146 
hydrohalide salts, 49 
infrared spectra, 37,40 
intramolecular reactions, 161 
mass spectra, 44 
mercuration, 104 
molecular orbital theory, 46 
nitration, 97-101 

nuclear magnetic resonance spectra, 37, 

phenylation of, 146 

borate, 148 

nium tetrafluoroborate, 146 

with BzONO,, 102 

38 

using benzenediazonium tetrafluoro- 

using diazoaminobenzene. 146 
using electrolytic reduction of benzene- 

diazonium tetrafluoroborate, 146 
using phenyldiazoaminobenzne, 146 

photolysis, 234,236, 237,239 
physical properties, 28 
pokrography, 33 
preparation, 3 

direct oxidation. 5 
from N-arylpyridinium salts, 27 

from N-(2,4dinitrophenyI)pyridinium 

from nonpyridine precursors, 24 
chloride, 28 

reaction of methyl groups. 182 
reaction with, acid anhydrides, 129, 138 

2-bromopyridine, 454 
2-bromoquinoline, 165 
2-bromopyridine, 165,168,169 
carboxylic acid anhydrides, synthesis of 

aldehydes and ketones, 83 
dimethylsulfoxide, 276 
diphenylacetic anhydride, 142 
diphenylketone, 142 
Grignard reagent, 105, 106,283 

to yield oximes, 107 
ring-opened product, 106 

H,S, 319 
imidoylchlorides. 171, 174,175,412 

inorganic acid halides, 11 1 
ketene, 137, 142, 143 
p-nitrobenzenesulfenylchloride, 59 
p-nitrobenzenesulfinyl chloride, 59 
organometallic reagents, Grignard re- 

and/or aryl mercaptanq 177 

agents, 105 
organolithium reagents, 105 

perfluoropropene, 17 1,458 
phenylisocyanate, 177 
N-phenyl4substituted benzimidoyl 

chlorides, 17 1 
phosphorus oxychloride, 112 
phosphorus halides, 1 12 
phosphorus pentachloride, 11 2 
2-pyridylg-toluenesulfonate, 1 70 
sodium, 276 
sodium acetylide, 110 
N-sulfonylarylsulfonamides, 59 
tosyl chloride, 128 
trichloroacetic anhydride, 136, 276 

reduction, aluminum hydride, 76,77,78 
his(@-methoxyethoxy)sodium aluminum 

hydride, 76,77,78 
electrolysis, 76,77,78 
with iron and glacial acetic acid, 66 
lithium aluminum hydride, 76,77, 78 
sodium borohydride, 76, 77,78 
sodium in ethanol, 76,77,78 

resonance structures, 28 
salts, infrared spectra, 41 
side-chain reactions, 182 
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spectral properties, 28 
substituent, reactions of, 182 

3-substituted, chlorination with, phos- 

phosphorus oxychloride, 112, 
phorus pentachloride, 112,113 

113 
dipole moments, 30 
mass spectrum, 45 
nitration, with pnitrobenzoylchloride 

orientation in the direct acylamination, 
and silver nitrate, 102 

171,176 
&substituted, dipole moments, 29, 30 

electrophilic, 95 
nucleophilic, 105 

substitution, at carbon, 95 

sulfonation, 104 
triplet state properties, 235 
ultraviolet absorption spectra, 42 
x-ray diffraction, 31 
hydrobromide, 32 
hydrochloride, 32 

Pyridine-2,6dz -l-oxide, preparation of, 5 
Pyridine-l-oxide-4-sulfonyl chloride, reac- 

tion with, amines. 230, 231 
aldehydes, 230,231 
ketones, 230,231 

Pyridinel-oxide-2-thiols, oxidation of, 218 
Pyridine oxime-1 -oxides, preparation of, by 

Pyridine oxydimethylsulfonium halide, 31 1 
Pyridine-2-phosphonate, preparation of, 125 
Pyridines, arylation of, 353 

by arnmonolysis of pyrylium salts, 271, 

by DielSAlder reaction, using nitriles, 265 

oxidation, 11 

272 

using oxazoles, 265 
using thiazoles, 267 
using 1,2,4-triazines, 270 

by hydroformylation of oximes, 267 
u-complexes of. 281 
deuterium labelling of, 287 
dimerization of, 286 
2,3disubstituted, 281 

preparation of, 265 
2,5disubstituted, 28 1 

via ucomplexes, 281 
2,4disubstituted, 283 
3,5disubstituted, preparation of, 265 
from Zdichloromethyl-W-pyrroles, 271 

from enamines, 268 
from nitro compounds, 267 
from pyrroles and halocarbenes, 270,271 
homolytic alkylation of (Table V-3). 285 
lithium derivatives of, 327 
ozonisation of, 308 
photolysis of, 286, 307, 320 
prismane type, 320 
reduction, by LiAIH,, 31 1 

to dihydropyridines, 31 1 
to piperidines, 31 1 
to tetrahydropyridines, 31 1 

(mono-, di-, and tri-) infrared absorption 

orientation by infrared spectroscopy, 

substituted, action of ozone on, 308 

of, 303 

303 
2-substituted, 280 

dissociation constants of, 291 
3-substituted, lithiation of, 281 
4substituted. reaction with Grignard re- 

via isoxazoles, 269 
with Grignard reagents, 283 

2-Pyridine aldoxime, from 2-chlorornethyl- 
pyridine, 472 

2-Pyridinesulfonamide-l-oxide. N-substitu- 
ted, rearrangement in presence of 
alkali, 163,166 

4-Pyridinesulfonamide-l-oxide, N-substitu- 
ted, rearrangement in presence of 
alkali, 163, 166 

Pyridinesulfonic acid-I -oxides, preparation 
of, 15,209,211 

Pyridine-2-sulfonic acid-l-oxide, preparation 
of, 105 

Pyridine-3-sulfonic acid-l-oxide, preparation 
of, 104 

Pyridine-4-sulfonic acid-l-oxides, prepara- 
tion of, 105,223 

reaction with KCN, 234 

agents and chloroforrnates, 283 

Pyridinethiocarboxamides. by Willgerodt re- 

Pyridinethiol-l-oxis, reaction of thiol 

Pyridme ylids, 326 
Pyridinol(s), see Hydroxypyridine(s); Pyri- 

rn-Pyridinophanes, from 3,5-bis(chlorometh- 

action, 310 

groups, 2 18 

done(s) 

yl)pyridines, 473 



Index 65 5 

Pyridinium salts, acyloxy, 5 1 
alkoxy, 50 
alkyl mercaptides, 1 19 
N-aryloxy, 5 1 
thermolysis of, 286 

Pyridinium ions, phenylation of, 353 
I-Pyridinium- 14 1,2diaubomethoxyviny1)- 

8-carboxylate, 318 
Pyridinophanes, cycloalkenopyridines, 27 1, 

323 
conformation of, 324 
nonbonded interactions in, 324 
(Table V-7), 292 

(2,3)-Pyridinophanes, 268 
[ 13) (2,3)Pyridinophane, 324 
(2,4)-Pyridinophanes, by ring expansion of 

pyrroles, 27 1 
optical activity of, 271 

[9] (2,5)Pyridinophane, optical activity of, 
323 

enantiomers, 323 

preparation of, 323 

323 

properties of, 324 

[n] (2,5)Pyridinophanes, 275 

[n ] (2,5)Pyridinophan+~-ols, diastereomrs, 

[7] (2,6)Pyridinophane, preparation of, 324 

(2.21 (2.6)Pyridinophane-l,9-diene, 325 
[2.2.2.2] (2,6)Pyridinophane, 325 
[2.2.2.2.2.2 I (2,6)Pyridinophane, 325 
[ 2.2.2.2.2.2.2.21 (2,6)Pyridinophane, 325 
[3] (3,4)-Pyridinophane, 141 

[ 2,2] (3,5)Pyridinophane, 325 
[2.2.2](3,5)Pyridinophane. 325 
[2.2.2.2] (3,5)Pyridinophane, 325 
a-Pyridone, 5-chloro-2-pyridone from, 413 

(3,4-cyclopentenopyridine), 141 

2-fluoropyridine from, 420 
from 2-fluoropyridine, 421 
5-iodo-2-pyridone from, 416 

2-Pyridone-~boxyl ic  acid, preparation of, 

2-Pyridone-5-carboxylic acid, preparation of, 

Pyridoxine derivatives, catalytic reduction 

Pyridolyacetates, with arylhydrazines, 368 
4-Pyridoylacetone, with arylhydrazines. 368 

130,141 

130,141 

of, 275 

2-Pyridylacetates. oxidation of, 17, 18 
Pyridylacetate-l-oxides. preparation of, by 

2-Pyridylacetamide. from 2-vinylpyridine, 

3-Pyridylacetonitrile-l-oxide, preparation 

Pyridylacetylenes. Grignard reagents of, 349 

oxidation, 10 

344 

of, by oxidation, 10 

isomerisation of, 350 
lithium derivatives of, 347 
sodium derivatives of, 347 
with ketones, 349 

349 

189,230 

189 

xykmine, 369 

Pyridylacetylenic f-carbinols, preparation of, 

2-Pyridylaldoxime-l-oxide, preparation of, 

4-Pyridylaldoxime-l-oxide, preparation of, 

1-(4-Pyridyl)-l,3-alkanediones, with hydro- 

Pyridylalkyllithium compounds, preparation, 
519-521 

reactions, 530-538,542-554,558-559 
rearrangement, 55 8-559 

Pyridylalkylmagnesium halides, preparation, 
566-567 

reactions, 554,567 
Pyridylalkylpotassium compounds, prepara- 

tion, 564-566 
reactions, 522-530, 539-541.543450 

Pyridylalkylsodium compounds, prepara- 

reactions, 522-530, 539-541,543550, 
tion, 563-564 

563 
2-Pyridylalkynes, alkylation of, 350 
CPyridylaIkynes, alkylation of, 350 

Pyridylalkynes, hydration of, 350 
d,dialkylated. 350 

isomerisation of, 350 
Mannich reactions of, 349 

Pyridylalkynyllithium compounds, prepara- 
tion, 567468 

reactions, 568 
2-Pyridykminomethylketone, 378 
Pyridylarsenic compounds, preparation, 

604,611 
table of compounds, 612 
uses. 615 

Pyridoylacetonitrile, with hydroxykmine, 369 742-Pyridyl)benz[o] anthracene, anticancer 
369 activity, 356 
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7-(3-Pyridyl)benz[u] anthracene, anticancer 
activity, 356 

7-(4-Pyridyl)benz[u] anthracene, anticancer 
activity, 356 

12-(2-Pyridyl)benz[u] anthracene, anticancer 
activity, 356 

12-(3-PyridyI)benz[a] anthracene, anticancer 
activity, 356 

12-(4-Pyridyl)benz[a J anthracene, anticancer 
activity, 356 

2-(ePyridyl)benzimidzole, 370 
2-[a-(2-Pyridyl)benzyl] imidazoline. pharma- 

cological properties of, 322 
preparation of, 322 

242- or ePyridy1)benzothiazoles. by-prod- 
uct from Willgerodt reaction, 310 

Pyridylbenzothiazolines, 370 

1-(2-Pyridyl)benzotriamle, oxidation of, 

l-(2-Pyridyl)benzotriamle-3-oxide, 37 1 
Pyridylboron compounds, preparation, 595 

I-(4-Pyridyl)but-3-enyl acetate, flash ther- 

Pyridylcarbinol-l-oxides, preparation of, by 

2-(2-Pyridyl)S-carboxypyrrole-3-acetic acid, 

Pyridylcopper compounds, postulated for- 

Pyridylchromium compounds, preparation, 

antitubercular activity of, 370 

37 1 

table of compounds, 596 

molysis of, 333 

oxidation, 10 

366 

mation, 558,594 

611,613 
table of compounds, 61 3 

2-(2'-Pyridyl)cycloaIkanones, preparation 

1 -Pyfldylcyclohexanol, 35 3 
3-Pyridyldiazonium tetrafluoborate, thermal 

1-(2-~idy1>2,3diethyl-6-methoxyindane, 

1 1-Pyridyl-cis-9,l Odihydro-9,lkndo- 

of, 118 

instability, 421 

280 

ethanoanthracene. biological prop 
erties of, 345 

preparation, 345 
1-(2-Pyridyl>3,4-dihydroisoquinoline, bio- 

logical properties of, 377 
l-(ZPyridyl)-3,4dihydroisoquinotine, bio- 

logical properties of, 377 
1-(4-Pyridyl-3,4-dihydroisoquinoline, 

biological properties of, 377 
2-Pyridylethanol, dehydration of, 332 
Pyridylethylation reactions, 342, 343 
Pyridylethylamine, 328 
1-(2-Pyridyl)ethylmagnesium bromide, 283 
Pyridylethylmercaptas, dehydrocyclization 

fl-Pyridybthylmethyldiethoxysilane. 341 
N- [ 242-Pyridylethyl)j phthalhydrazide, 343 
N- [ 2-(4-Pyridylethyl)] phthahydrazide. 343 
Pyridylethylpolysiloxanes, 341 
2- [ 2-(4-Pyridyl)ethyl] pyrroles, biological 

of, 342 

properties of, 321 

8-(2-Pyridyl)ethyltrichIorosilane, 34 1 
B(4-Pyridyl)ethyItrichIorosihe, 34 1 
2-Pyridylferrocene, 372 

preparation of, 321 

tithiation of, 372 
methiodide, photolysis of, 373 
oxidation of, 372 

2-(2-Pyridyl)ferroceneboronic acid, 372 
4-Pyridyl+-D-glucopyranodde, N-oxidation, 

Pyridylgold compounds, preparation, 595 
9-(2-Pyridyl)heptadecane, 280 
7-(4-Pyridyl)-l-heptye, isomerisation of, 

1-(2-Pyridyl)hexanol, from lithio alkytpyri- 

C(Z-Pyridyl)-l -hexyne, isomerisation of, 

6(2-Pyridyl-2-hexyne, from 6-(2-pyridyl)-l- 

6-(4-Pyridyl)-l-hexyne, isomerisation of, 

4PyridyIhydrazone I-oxide, hydrohalide 

5 

350 

dines, 279 

350 

hexyne, 350 

350 

salts, 50 
indolization, 164, 167 

Pyridylimidazoline, 370 
2-(2-Pyridyl-l ,%indanedione), oxidation of, 

Pyridylindenes, by dehydration reactions, 

9(2-PyridyI)isothiouronium chloride-l- 

22 

332 

oxides, preparation of, 209,210 

0-Pyridyl ketoximes, from 2- (and 4)bro- 

Pyridyl-lithium compounds, 319, 

reaction with Na,CO,, 209 

mopyridine, 453 

35 3 
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2-Pyridyl-lithium, with cyclopentanone, 379 
with fluorenone, 379 
preparation, 490-495 
reactions, 495497,498-517,541 

4-Pyridyl-lithium, with fluorenone, 379 
Pyridylmagnesium halides, preparation, 518- 

5 19 
reactions, 519-520 

F’yridylmercury compounds, preparation, 
589-592 

table of compounds, 593-594 
2-Pyridylmethanesulfonic acid, synthesis, 

Z(Pyridylmethylene)oxindoles, 329 
9-( 3-Pyridylmethylene)fluorene, 329 
1-(2-PyridylmethyI)-2-indanol, 319 
2-Pyridylmethyl acetate, preparation of, 

130,138 
2-Pyridylmethyl-lithium, addition to N- 

(arylidene)anilines, 521,555-588 
Pyridylmethylphosphonates, from chloro- 

methylpyridines, 472 
5-(4-Pyridyl)-2-(5-nitro-2-furyl)pyrimidine, 

biological activity of, 377 
8-Pyridyl-5-octyne, 348 
Pyridyl-l,2,4-oxadiazoles, 37 1 
3-(2-Pyridyl)-l,2,4-oxadiazole, 37 1 
Pyridyloxazolidines, 370 
Pyridyl-l-oxide carbanions, generation and 

2-(2’-PyridyEl ‘+xido)-1-hydroxypyridme, 

2-Pyridyl-1 -oxide ketones, preparation of, 

2,3-Pyridyne, in situ generation, 452 
3,4-Pyridyne, in situ generation, 447ff, 452 
Pyridyloxyacetates, oxidation of, 17 
3-Pyridyloxyacetic acid, from oxidation of 

Pyridyloxyacetic acid-l-oxides, from pyridyl- 

3-(4Pyridyl)-l,5-pentanediol, liquid phase 

l-(Pyridyl)-2-phenylethanol, 282 
Pyridylphosphorus compounds, preparation, 

47 1 

trapping, 151, 152 

x-ray diffraction, 32 

156 

ethyl 3-pyridyloxyacetate, 23 

oxyacetates, 17 

ammonolysis of, 374 

602-604 
table of compounds, 60961 1 
uses, 615 

4-(3-Pyridyl)picoline, unambiguous synthe- 

4-(2-Pyridyl)picoline, unambiguous synthe- 

Pyridylpotassium compounds, preparation, 
sis by decarboxylation, 374 

497,518 
reactions, 5 18 

5-(2-Pyridyl)proline, 366 
5-(3-Pyridyt)proline, 366 
I-Pyridylpyrazoles, configurations of, 369 

Pyridylpyrazolones, biological properties of, 
368 

4Pyridylpyridines. 344 
(2-Pyridyl)( 3-pyridyl)acetylene, by dehydro- 

halogenation, 347 
(2-Pyridyl)(4-pyridyI)acetylene, by dehydro- 

halogenation, 347 
1-(2-Pyridyl)-2-(4-pyridyl)ethane, 286 
Pyridylsilicon compounds, preparation, 596- 

dipole moments of, 369 

600 
table of compounds, 601 

497,518 
J’yridytsodium mmpounds, preparation, 

reactions, 5 18 
3-Pyridyl p-styryl ketone, with phenylhydra- 

3-(2-Pyridyl-5-(substituted phenyl)*s-tria- 

3-PyridyltetraO-ace tyl-pglucopyranoside, 

4-PyridyltetraO-acetyl-8-glucopyranoside. 

Pyridyltetrahydroisoqoquinolines, biological 

Pyrid yltetrahydroquinolines, biological prop 

5-Pyridyltetrazoles, biological properties of, 

zine, 368 

zines, 377 

N-oxidation, 5 

N-oxidation, 5 

properties of, 377 

erties of, 377 

372 
preparation, 372 

5-(3-Pyridyl)tetrazole, biological properties, 

Pyridyltin compounds, preparation, 600, 
372 

602 
table of compounds, 602 

Pyridyl-1,2,4-triazoles, 371 
4(4Pyridyl)-1,2,4triazoline-5-thione, 372 
Pyridynes, mechanism of formation, 

589 
postulated intermediates, 49 I ,  579-582, 

588-589 
sis by decarboxylation, 374 Pyridyne-1-xides, 179, 181 
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Pyrrole-2-carbonamide, from 2-bromo-3- 
hydroxypyridine, 449 

Pyrrole(s). from halopyridines, 449 
from pyridines, 320 
ring expansion to pyridines, 270 

Table V-18, 358 
Pyrrolylpyridines, 366, 367 

Radiolysis of pyridines, 374 
Reduction. pyridine-1-oxide, with iron in 

glacial acetic acid, 67 
Reissert-Kaufmann reaction, 117 
Ring contraction, halopyridines, 449 
Ring scissions, halopyridines, 449 

2-Selenopyridine, oxidation of, 19 
oxidation to diselenide, N-oxidation, 21 

2-Selenopyridine-l-oxide, preparation of, 

Side-chain halopyridines, C-alkylation reac- 
209.210 

tions, 473 
amination, 471 
coupling reactions. 473 
hydrolysis, 470 
isomerization, 475 
nitriles from, 473 
polymerization. 474 
preparation, 456ff 
properties, 462ff 
reaction with alkoxides, 471 
stability, 462 
toxicity, 462 
with phosphorus nucleophiles, 472 
with sulfur nucleophibs, 470 

alkoxypyridines, 379 

ylenes.345 . 
biological activity of, 340 
biological properties of, 329, 330 
estrogenic activity of, 340 
halogenated derivatives, 469 
hypochoksteremic activity of, 340 
geometric isomers of, 334 
photolysis of, 346 
table V-14, 336 

a-Stiibazole, 308 
cis and tmw-isorners of, 317 

7hns-a-Stilbazole, oxidation by peracetic 

Sodium cyclopentadienyl, with bromo and 

Stilbazoles, (cis and trans), addition to acet- 

acid, 340 

a-Stilbazole-l-oxide, 340 
ZStilbazoles. cyclization of, 345 

cis-truns isomers, 340 
from meth ylpyridine- 1 -oxide, 3 3 3 
photolysis of, 334 
photolytic isomerization of, 334 
photolytic dimerization of, 334 

3-Stilbazole, cis-tmns isomers, 340 
CStilbazole, 330 

by Wittig reaction, 330 
biological properties of, 330 
cis- and tmns-isomers, 330.340 
from methylpyridine-l-oxide, 333 
ultraviolet adsorption spectra of, 330 

cis-2-Stihizole, infrared spectrum of, 334 
ultraviolet spectrum of, 334 

3-Styrylpyridine, photocyclization of, 345 
Styrylpyridine-l-oxides, preparation of, 

2-Styrylpyridinium methiodide, photolysis 
of, 286 

2-(2-Substituted-ethyl)pyridine-l-oxides, 
preparation of, 193 

Sulfonamidopyridine-1 -oxides, preparation 
of, 223,223 

Sulfonation, of bipyridyls, 376 

N-Sulfonyloxypyridinium salts, reactions 

l-Sulfonyloxy-2( 1 H)-pyridones, 58 
Sulfur compounds. from halopyridines, 45 3 

from side-chain halopyridmes, 470ff 
Sulfur tetrafluoride, trifluoromethylpyri- 

Swamping-catalyst, pyridine halogenation, 

184-1 87 

of pyridine-l-oxide, 104 

with thiophenols, 124,125 

dines from, 457 

409 

Tetrabromocyanopyridine(s), from cyano- 
pyridine(s), 415 

2,3,5,dTetrabromopyridine, from 2,6-di- 
bromopyridine, 414 

2.3,5,6-Tetrabromo-Qpyridone, from 3.5- 
dibromo-4-pyridone, 421 

2,3,4,5-Tetrachloro-daminopyridine( s), 
synthesis, 409 

TetrachIorocyanopyridine(s), from adipo- 
nitrile. 427 

from 1,2dicyanocyclobutane, 427 
from l,edicyanobutenes, 427 
from glutarimide, 421 



3,4,5,6-Tetrachloro-2-ethylpyridine-I-oxide, 
preparation of, 109, 110 

3,4,5,6-Tetrachloro-2-hydroxypyridine-l- 
oxide, preparation of, 109, 1 l b  

3.4,s ,6-Tetrachloro-2-picoline- 1 -oxide, prep 
aration of, 109,110 

3,4,5,6-Tetrachloro-2-phenylpyridin~l- 
oxide, preparation of, 109, 110 

Tetrachloropyridine(s), exchange fluorina- 
tion, 422 

2,3,4,5-Tetrachloropyridine, from 2chloro- 
pyridine hydrochloride, 410 

2,3,5,6-Tetrachloropyridine, from 2,6di- 
chloropyridine, 41 0 

2,3,4.5-Tetrachloropyridine, from 3,4,5- 
trichloro-2-pyridone, 420 

2,3,5,6-Tetrachloropyridine, with lithium 
dimethylcopper, 452 

2,3,4.5-Tetrachloropyridine-l-oxide, from 
nonpyridine precursors, 25,27 

4 24 
Tetrachloro-4-pyridinethione, from penta- 

chloropyridine, 447 
Tetrachloro-2-pyridone, from pentachloro- 

pyridine, 447 
Tetrachloro-4-pyridone, from pentachloro- 

pyridine. 447 
Tetrachloro-4-pyridylwpper, preparation, 

45 2 
Tetrachlorodpyridyl-lithium, coupling 

reactions, 452 
Tetrachloro-4-pyridylmagnesium halides, 

coupling reactions, 452 
24 1,2,2,2,-Tetrafluoroethyi)pyridine, from 

pyridine-l-oxide, 458 

Tetrafluoro+picoline, C-akylation, 45 3 
Tetrafluoroisonicotinic acid, from perfluoro- 

2,3,5 ,6-TetrafIuoropyridinene, from penta- 

2,3,4,6-Tetrafluoropyridine, reaction with 

Tetrafluoro-4-pyridinethione, from penta- 

Tetrafluor&pyridone, from pentafluoro- 

exchange fluorination, 422ff 

from perchloropenta-l,3dien-5-a1 oxime, 

preparation of, 171 

(4-picoline), 470 

fluoropyridine, 446 

n-butyl-lithium, 45 2 

fluoropyridine, 447 

pyridine, 447 

from 2,3,4,6-tetrafluoropyridine, 
452 

31 1 

dine, 281 

pyrene, 325 

phan-l-ene, 325 

2a,3,4,5-tetracarboxylate, 345 

trilodibenzo [b,m 1 [ 1,4.12,15 ] tet- 
raazacyclodewsine, 326 

2,3,4,5-Tetramethylpyridine (Table V-1), 
273 

2,3,4,6-Tetramethylpyridine (Table V-l), 
27 3 

2,3,5,6-Tetramethylpyridine (Table V-I), 
273 

1,2,3,6-Tetrahydropyridine( Spiperideines), 

1,2,5,6-Tetrahydro-Smethyl-2-o-tolylpyri- 

trans- 1,3,15.16-Tetramethyl-2-azadihydro- 

4,6,8,16-Tetramethyl-S-aza (2.2 1 metacyclo- 

Tetramethyl 1.2-dihydrocycl[ 3,3,2] azine- 

6,12,19,25-Tetramethyl-7,11,20,24-dini- 

Tetramethyl 6-styryl-%H-qumolizine- 1,2,3,4- 
tetracarboxylate, 345 

Tetrazolylpyridines (Table V-181, 362 
Thiadiazolylpyridine (Table V-18). 362 
Thiazolinylpyridyl phosphorothioates, 369 
Thiazolo( 3,2u] pyridinium 6,7disubstituted 

Thiazolylpyridines. (Table V-l8), 361 

4-(2-Thiazolyl)pyridines, 369 
4-(4-Thiazolyl)pyridines, 369 
Thieno[2,3+]pyridine, 319, 342 
Thieno[3,2-&)pyridine, 342 
Thieno[2,3e]pyridine, 342 
Thieno[3,2-c]pyridine, 319,342 
2-Thienyl-lithium, use of, for lateral lithia- 

tion of 2- and 4-methylpyridines, 
279 

salts, 354 

uses in agriculture, 369 

Thienyfpyridines (Table V-181, 358 
4-(2-Thienyl)pyridie, 366 
4-(3-Thienyl)pyridine, 366 
1-(2-Thienyl)-2-(2-pyridyl)ethanes, 282 
Thioisonicotinamide, with a-bromoketones, 

a-Tolyl-lithium, for lithiation of alkylpyri- 
369 

dines, 281 
with Smethylpyridine, 281 

pToly1-lithium, with piperidones, 35 3 

Index 65 9 

2,3,4,6-TetrafIuoro-5-pyridyl-lithium, with pyridines, 35 3 
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Tolylpyridines, 353 
Tosyl chloride, reaction with pyridine-l- 

3-Tosyloxypyridine, preparation of, 128 
Transition metal complexes, from halopyri- 

dines, 452 
Trialkylsilylpyridine-1-oxide, preparation of, 

by oxidation, 15 
2,4,6-Triarylpyridines, preparation of, 355 
Triazinylpyridines (Table V-l9), 364 
cis-vic-Triazolo [ 1,5a] pyridine-3acralde- 

hyde, thermal rearrangement of, 
368 

oxides, 128 

Triazolylpyridine (Table V-18), 362 
4-Tribomomethylpyridine, from &pid ine ,  

456 
hydrobromide, 314 

2.3.5-Tribromopyridine, from 3,Sdibromo- 
l-hydroxy-2-pyridone, 420 

2.3,6-Tribromopyridine, from 2,ddibromo- 
pyridine, 414 

2,4,6-Tribromopyridine, from 2,gdibromo- 
pyridine, 414 

3,4,5-Tribromopyridine-1 -oxide, preparation 
of, 104 

2-(2,4,5-Trichlorobenzenesulfonyl)pyridine- 
l-oxide, preparation of, 4 

3,4,5-Trichloro-6-benzoylpicolinic acid 
esters, synthesis, 426 

3,4,5=Trichloro-2,6diethylpyridine-l -oxide, 
preparation of, 109, 110 

2,3,4-Trichloro-5,6dimethylpyridine, from 
3,4dichloro3 ,6dimethyl-2-pyri- 
done, 420 

3,4,S-Trichloro-2,6diphenylpyridine-l -ox- 
ide, preparation of, 109,110 

3,4,5-Trichloro-6-hydroxy-2-pyridone, from 
2,6diaminopyridine, 412 

3,4.5-Trichloro-2,6-lutidine-l-oxide, prepara- 

2-Trichloromethylpyridine, 276 
4Trichloromethylpyridine, 276 
2-(2,4,5=liichlorophenyIthio)pyridine, 

Trichloropyridines, from glutarimide, 421 
2,3,5-Trichloropyridine, exchange fluorina- 

2,3,4-Trichloropyridine, from 3-chloro-1- 

from perchloro-2-pyrone, 425 

tion of, 109, 110 

preparation of, 3 

tion, 422 

hydroxy-4-pyridone, 420 

2,3,6-Trichloropyridine, from pentachloro- 
pyridine, 446 

2,s ,6-Trichloro-3,4-pyridyne, in situ genera- 
tion, 452 

4,s ,6-Trichloro-2,3-pyridyne, in situ genera- 
tion, 452 

2,4,6-Tricyanopyridine-l-oxide, from non- 
pyridine precursors, 25, 27 

Trifluoromethylpyridines, from pyridine- 
carboxylic acids, 457 

2-(Trifluoromethyl)pyridine, reaction with 
sodium amide, 471 

Trifluoromethyl-2( 1H)-pyridones, synthesis, 
461 

2,4,6-Trifluoropyridine, from 3,Sdichloro- 
trifluoropyridine, 446 

2-(Trifluorovinyl)pyridine, dye application, 
475 

Trihalometh ylpyridines, 3 14 
2,3,4-Trimethylpyridine (Table V-l), 273 
2,3,S-Trimethylpyridine (Table V-1). 273 
2,4,6-Trinitropyridine-l-oxide, from non- 

pyridine precursors, 27 
2,3,5-Trisubstituted pyridines, preparation 

of, 268 
2,3,6-Trimethylpyridine (Table V-1). 273 
2,4,5-Trimethylpyridine (Table V-I), 273 
2,4,6-Trimethylpyridine (Table V-l), 273, 

314,329 
complexes, 301 
decaborane adducts, 301 
hyperconjugative effect of methyl groups, 

29 1 
lithiation of, 279 
purification of, 306 
reduction of, 31 1 

3,4,5-Trimethylpyridine (Table V-I), 273 
P-Trimethylsilylethylpyridine, 341 
Triphenylpyridine, with lithium, 356 
2.4,6-Tris(2-pyridyl)-1,3,5-triazine, 378 
Tschitschibabin reaction, 31 2 

Ulmann reaction, in preparation of bipyri- 

Ultraviolet spectra, alkenylpyridines, 334 
dyls, 446 

arylpyridines, 356 
cis- 1,2-bis(2-pyridyl)ethane, 334 
trans- 1,2-bis(2-pyridyl)ethane, 

cyclopentadienyl-dihydropyridines, 381 
334 
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distinction between cis-trans isomers of 

pyridines, 303 
pyridine-1-oxides, 42 
stilbazoles, 330 
cis-2-stilbazole, 334 
vinylpyridines, 334 

strylpyridines, 340 

Vilsmeier-Haack reaction of 4-methylpyri- 

Vinylpyridines, addition to acid hydrazides, 
dine, 330 

342 
addition to, amines, 342 

benzotriazole, 34 3 
benzimidazole, 343 
hydrazines, 342 
hydroxylamine, 342 
N-hydroxypyrrolidine, 343 
indenes, 343 
indoles, 343 
mercaptans, 342 
pyrroles, 343 

by depolymerisation, 334 
Diels-Alder reaction of, 344 
dirnerization, electrolytic reductive, 322, 

from alkylpyridines, 329 
from a-hydroxyalkyl- and a-acetoxyalkyl- 

from hydroxyethylpyridines, 332 
isolation of, 340 
oxidation of, 5 
ozonolylis of, 340 

Table V-15, 341 
polymerization of, 346 
purification of, 340 
reaction with hydrogen halide, 460 
synthesis and utilization of, 265 
with ethyl diazoacetate, 343 

addition to, Cl,SiH, 341 

341 

pyridines, 332 

2-Vinylpyridine, 308, 321,322, 327, 333 

decaborane, 341 
H,S, 342 

thiophosphites, 342 
phosphites, 342 

by dehydration of 2-pyridylethanol, 

by Diels-Alder reaction, 331 
by vapor phase alkylation, 278 

332 

electrolytic reductive coupling of, 277 
polymerization of, 346 
synthesis and properties, 327 
Willegerodt reaction of, 344 
with aryldiazonium chloride, 344 

3-Vinylpyridine (Table V-1), 272 
addition to H,S, 342 
synthesis and properties, 327 

addition to, acid amides, 343 
4-Vinylpyridines, 333 

CI,SiH, 341 
H,S, 342 
Ketoesters, 343 
nitriles, 343 

by vapor phase alkylation, 278 
condensation with pyrroles, 321 
electrolytic reductive coupling of, 277 
from 4-ethylpyridine, 334 
polymerization of, 346 
synthesis and properties, 327 

by oxidation, 13 
Vinylpyridine-1-oxide, preparation of, 5 

2-Vinylpyridine-l-oxide, reaction with base. 

reaction with organic sodium compounds, 
193 

193 

Willgerodt reaction, of methylpyridines, 310 
Wittig reaction, alkeiiylpyridines by, 330 
Wolff-Kishner reduction, of pyridine car- 

bony1 compounds, 275 

Wurtz reaction, with side-chain halopyri- 
Lock modification of, 276 

dines. 473 

X-ray diffraction, 4,4’-frans-azopyridine- 
1,l’-dioxide, 31,32 

Mpyridine-1-oxide)copper(lI)nitrate, 3 2 
4-bromo-2-methylpicolinic acid-l-oxide, 

kh lorop  yridine- 1 -oxide, 3 2 
2-h ydrox ymeth ylpyridine-l -oxide, 3 1 
4-nitropyridine-l-oxide, 31, 32 
4-picoline-l-oxide, 32 
pyridine-l-oxide. 31 

hydrobromide, 32 
hydrochloride, 32 
2-(2’-pyridyl-l ‘-oxide)-l -hydroxypyri- 

dine, 32 

32 




