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The Chemistry of Heterocyclic Compounds 

The chemistry of heterocyclic compounds is one  of the most complex, 
branches of organic chemistry. I t  is equally interesting for its theoretical 
implications, for the diversity of  its synthetic procedures, and for the physio- 
logical and industrial significance of heterocyclic compounds. 

A field of such importance and intrinsic difficulty should be made as read- 
ily accessible as possible, and the lack of a modern detailed and comprehensive 
presentation of heterocyclic chemistry is therefore keenly felt. I t  is the inten- 
tion of the present series to fill this gap  by expert presentations of  the various 
branches of heterocyclic chemistry. The subdivisions have been designed to 
cover the field in its entirety by monographs which reflect the importance and 
the interrelations of the various compounds and accommodate the specific 
interests of the authors. 
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Preface 

It is hoped that the organization of this monograph will prove to be self- 
explanatory, but a few general observations are in order. 

Chemical compounds are tabulated exhaustively by the principle of latest 
position. Thus halogenated pyridinecarboxylic acids are found in Chapter X 
rather than VI, but hydroxy acids in Chapter XII. The principal exceptions 
are the quaternary compounds, which proved too numerous to be catalogued, 
and the N-oxides, which are included in Chapter IV irrespective of nuclear 
substitution. Other exceptions are explained where they occur. 

The principle of latest position does not apply to reactions. All reactions 
for obtaining pyridine derivatives from non-pyridinoid starting materials are 
covered in Chapter I1 irrespective of substitution. If the starting material is a 
pyridine derivative, the reaction is discussed instead in the appropriate later 
chapter or  chapters. Thus the conversion of aminopyridines to pyridinols is 
discussed in Chapters IX and XII. 

Nomenclature follows Chemical Abstracts. 
The editor wishes to express his gratitude to Prof. D. S .  Tarbell of the 

University of Rochester for the impetus he gave to this undertaking, to the 
chemists in many parts of the world who have been so generous with reprints, 
to the staff of Interscience Publishers for their cooperation, and finally to Dr. 
R. S. Long and Dr. J. J. Leavitt of American Cyanamid for their patience. 

ERWIN KLINCSBERG 

vii 



Contents of Other Parts 

Par t  One 

I. Properties and Reactions of Pyridine and Its Hydrogenated Derivatives. By 

11. Synthetic and Natural Sources of the Pyridine Ring. By FredPrick Brndy and 
R. A. Barnes 

Philip R. Ruby 
Subject Index 

P a r t  Two 

111. Quaternary Pyridinium Compounds, By Elliot  N. Shaw 
IV. Pyridine N-Oxides. By Elliol N. Shaw 

VI. Halopyridines. By Holfy E. Merte( 
V. Alkylpyridines and Arylpyridines. By Leon E .  Tenenbaum 

VII. Organometallic Compounds of Pyridine. By Harry L. Yale 
VIII. Nitropyridines and Their Reduction Products (except Amines). By Renat H .  

Mizzoni 
Subject Index 

Part Three 

IX. Aminopyridines. By Andrew S. Tornrufiik and Lee N. Starker 

XI. Pyridine Side-Chain Carboxylic Acids. Byjohn C. Codfrey 
X. Pyridinecarboxylic Acids. By Eugene P. Oliueto 

XII. Pyridinols and Pyridones. By Herbert Meblich 
Subject Index 

... 
V I I I  



Contents of Part Four 

XI11 . Pyridine Alcohols . By Ellis V . Brown . . . . . . . . . . . . . . . . . .  1 
A . Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
B . Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
C . Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

D . Dihydric and Polyhydric Alcohols Containing O n e  Pyridine 
Nucleus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

E . Dihydric AlcoholsContaining TwoPryridineNuclei . . . . . . .  16 
17 

G . Derivatives Containing Both Nuclear and Side-Chain Hydroxyl . . 18 
H . Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

F . Side-Chain Hydroxyacid Derivatives . . . . . . . . . . . . . . . .  

I . Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 

XIV . Pyridine Aldehydes and Ketones . By Renat H . Mizzoni . . . . . . .  123 

B . Pyridine Ketones 141 

D . Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  333 

A . Pyridinethiols and Pyridinethiones. . . . . . . . . . . . . . . . .  347 
B . Pyridylalkythiols 356 
C . Pyridyl Thioketones 358 

E . Pyridylalkyl Sulfides 362 
F . Pyridyl Disulfides 363 
G . Pyridyl Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . .  364 

. Pyridyl Sulfones 364 
I . Pyridylalkyl Sulfones 366 
J . Pyridinesulfinic Acids . . . . . . . . . . . . . . . . . . . . . . . .  366 

L . Pyridyldithiocarbamic Acid and Pyridylalkyldithiocarboxyl Acid 
Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  376 

M . Thiocyanatopyridines . . . . . . . . . . . . . . . . . . . . . . . .  377 
N . Biological Activity ofSulfur Compounds of Pyridine . . . . . . .  378 
0 . Selenium Compounds of Pyridine 380 
P . Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  382 
Q Bibliography . 427 

. . . . . . . . . . . . . . . . . . . . . . . . .  A . Pyridine Aldehydes 125 

C . Tables 175 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

XV . Sulfur and Selenium Compounds of Pytidine . By Harry L . Yale . . 345 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  D Pyridyl Sulfides 358 
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

H . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  K . Pyridinesulfonic Acids 367 

. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ix 



XVI . Arsenic. Antimony. and Phosphorus Compounds of Pyridine . By 
HarryL . Yale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  439 
A . Arsenic Compounds . . . . . . . . . . . . . . . . . . . . . . . .  439 
B . Antimony Compounds . . . . . . . . . . . . . . . . . . . . . . .  451 
C . Phosphorus Compounds . . . . . . . . . . . . . . . . . . . . . .  4 5 2  
D . Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  454 
E . Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  463 

Cumulative Author Index . . . . . . . . . . . . . . . . . . . . . . . .  467 
Cumulative Subject Index . . . . . . . . . . . . . . . . . . . . . . . .  625 

X 



CHAPTER XI11 

Pyridine Alcohols 

. 2. Preparation .................................................................................... 2 
1 . From Non-l’yridine Starting hlaterials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
2 . Oxidation of Side-Ch;iiiis . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  2 
3 . Hydrolysis of Side-Chain Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
4 . Froiii Side-(:hain Amines and Nitrous Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
5 . Reduction o l  Aldehydes and Kctones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
6 . Kcduction of Acids and Esters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
7 . Aldol C;oiitlensation of Alkylpyridines with Aldehydes . . . . . . . . . . . . .  5 
8 . From Organonirtallic Compounds and Pyridine Aldehydes, Ketones, 

m t i  Esters ................................................................................. 6 
!I . From hletallopyridine Coiiipounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

10 . Aldol Condensation of Pyridine Aldehydes . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1 1  . Ernmert-Asendorl Reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
12 . Harnrnick Keactiori . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
IS . From Vinylpyridincs ................................................................... 8 
14 . Rearrangement of .A lkylpyridine I-Oxides . . . . . . . . . . . . . . . . . . . .  9 

H . Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
C . Reactions ...................................................................................................... 10 

1 . Oxidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
2 . Reduction ................................................................................ 1 1  
3 . Esterification and Etherification . . . . . . . . . . . . . . . . . .  

4 . Keplacenient of Hytlroxyl Group by Halogen . ..................... 13 
5 . 1)eliydration to Olefins .......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
6 . Synthesis ol Polycyclic Systems ...................................................... 13 

D . Diliydric arid Polyliydric Alcohols Containing One Pyridine Nucleus . . 14 
E . Dihydric Alcohols Containing ‘l‘wo Pyridine Nuclei .............................. 16 
F . Side-Chain Hydroxyacitl Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
G . Derivatives Containing Roth Nuclear anti Side-Chain Hydroxyl ......... IS 

1 . Preparation and Keactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

H . Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
1 . Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 

2 . I’yridoxol and Related Compounds . Codecarboxylase .................. 19 

1 

Chemistry of Heterocyclic Compounds, Volume 14 
Edited by Erwin Kllngsberg 

Copyright 0 1964 by John Wiley & Sons, Inc. 



2 Chapter XI11 

A. PREPARATION 

1. From Non-Pyridine Starting Materials 

By the condensation of' liydroxylamine with glutaraldehydes 
carrying either ;in a-('L-hydrox)'ethylj or a n  a-!3-hydroxyprop)l) 
group, Paul and Tchelitcheff ( I )  were able to prepare 3-pyridine- 
ethanol and 9-p).ridinepropanol. Froin the proper keto aldehydes, 
in the same manner, were prepared 2-pyridinepropanol and 2- 
nietliyI-3-p);ridiiieprc,1>anol. 

'The reaction of butyraldehyde with amonia furnished 3-(3,5-di- 
etli~l-L'-pyridyl)Iieptanol-4 (2). :i-~Ietliyl-'l-p~ridineetli;lnol has been 
isolated from cevine (3,4) and a product believed to be 'l-(harboxy- 
3-hydroxy- ' l -1r ie t l iy l~~r~~~l)n ic~~t i1 i ic  acid has been isolated from 
wilfordine (j j. Pyrones containing alcohol groups may be converted 
to the corresponding pyridines by heating with ammonia (64 ,503 ,  
50.1). In m e  case the product of a pyrone and hydrazine was treated 
with HN02 to give a pyridine (.505). Certain furan derivatives have 
been opened and recyclized to pyridines (506).  

2. Oxidation of Side-Chains 

Oparina has prepared a di-alcohol by the oxidation of 3,5-di-i- 
propylpyridine wi th  3yo pernianganate solution (9).  

3. Hydrolysis of Side-Chain Halides 

Occasionally one prepares ;i pyridine alcohol by liytirolysis of a 
side-chain halide. alt.lioii$ the reverse reaction is niore coiniiion. 
Dehnel ( I  0) hydrolyzed 5-bromomethylpyridine to the corresponding 
alcohol, and Kriiidsen (12,507) hydrolyzed the broinination product 
of aldehyde collitiine to a,6-t.fiinetliyl-S-p~ridinemethanul. 2-h4ethyl- 
3-I)yridineetliaiiol Ii;ts Iwen prepared from the corresponding chlo- 
ride (ZZ,Z3,14). In the same uxy 2-pyridinemethanol ( I  j), a-methyl- 
2-pyridinemettiatiol ( i O 8 , i O Y j ,  and 4-metliyl-5-pyridirieethanol (16) 
have been prepared. I n  some cases replacement of halogen by acet- 
osy is followed by hydrolysis, as i l l  the preparation of 2,ti-dichloro-4- 
methyl-3-pyridineetliyl acrtate (I6,5Z0). 

4. From Side-Chain Amines and Nitrous Acid 

1,aForgc ( I  7) treated 3- (a-a t i 1  i no ben zy 1) p y r idi ne i t I1 nit roils acid 
T h e  reaction has sirice to prepare a-phenyl-ll-pyridil~etl~ethanol. 
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been used for the preparation of 2-pyridinemethanol, 4-pyridine- 
methanol (15,29,622), 2,6-dichloro-4-pyridinemethanol, ?,ti-dibromo- 
4-pyridinemethanol (20,21), and some 3-hydroxymethylpyridines con- 
taining carbocyclic rings fused at the 5,6 position ( 5 2 2 ) .  

These last two preparations were used by Nieman et nl .  (22) in 
the syntheses of the respective P-pyridylalanines. The synthesis of 
3-pyridinemethanol by this procedure has been patented (23). 

2-R~lethyl-3-pyridineetlianol was prepared b y  the reaction of 
nitrous acid on 2-methyl-3-(/3-aminoethyl)pyridine (14) and also by 
redtiction of the corresponding 4,6-dichloro compound (1 1,13). 

5. Reduction of Aldehydes and Ketones 

Picolinaldehyde has been hydrogenated over a nickel catalyst to 
2-i’yridinemettianol (24).  6-Carbomethoxypicolinaldehyde has also 
been reduced to the methanol, the ester group remaining unaffected 
(25).  These seem to lie the only examples of the preparative re- 
duction of pyridine aldeliydes to alcohols, although 2-pyridine- 
methanol (26),4-pyridinemethanol (27) ,  5-methyl-3-pyridinemethariol 
(513),  and various halogenated pyridinemethanols (28,29) have been 
obtained by the Cannizzaro reaction. 

Ketones have been reduced b y  a number of methods. a-Methyl- 
~~-pyridineriietlianol was prepared by catalytic hydrogenation (Adams 
catalyst) and converted to the benzoate, p-nitrobenzoate, and p- 
aminobcnzoate for cvaluation a s  local anesthetics (30) .  Nickel cata- 
lyst m a y  also be used and may give further reduction to the hexahy- 
drocarbinol ( 3 2 ) .  Hoekelheicie and Mason (32)  reduced 5-(2-pyri- 
dy1)-!!-pentanone to the corresponding a1c:oliol. 2-Benzoylpyridine 
has been hydrogenated to the alcohol over both nickel and platinum 
catalysts (33,?4) as has 4-l)enzoyl-2,6-lutidine (3.5). Rubtsov and Vol- 
skova (36) reduced 5-ettiyl-‘-quiiiiiclidyl 2-pyridyl ketone and 2-qui- 
nuclidinyl 2-pyridyl ketone to the carbinols. 

‘I’he hleer~\.ein-Poniidort-Vel.le): reaction and catalytic hydro- 
genation \\.ere used b y  Cleitio and Hogp- th  (37) to prepare U- 
methyl-4-pyridinemethanol. 9-Acetyl-5-bromopyridine (.?5), P-ben- 
zoylpyridine (?9), and 4-benzoylpyridine (512) have likewise been 
reduced I>y iilt1minwn i-propoxide. Kegelinan and I31own ( I # )  fo i i i id  

that reduction of 4benzoylpyridine gave a-~~licnyl-4-pyridinernetha- 
no1 instead of the expected pinacol. C:opper-l)ronze was used to 
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AH2 

AH2 I 

-Q (XILI-1) 

The reduction o f  the ketone XIII-2 was eniployecl during the 
synthesis of a pyridine analog oE chloramphenicol (XI1 1-3); the final 
product proved low in activity (60). Pyridine amino alcohols are 
tabulated i n  Table XI1125 (p. 80). 
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(XIII-2) (XIII-3) 

6. Reduction of Acids and Esters 

.7-PyriclinenietI,anol is obtained by tlie rediictioii ot' iiictliyl tliiol- 
nicotinate with Kaney nickel (61)  or (in trace anmiints) t'roni nico- 
tinic acid wit11 tin and Iiydrocliloric acid (62j; tlie lat.ter ~iietliod also 
reduces 2,G-dic:liloroisonicotiiiic acid to L',(i-diclilor(~-.3-i))'ridineinetli- 
an01 (62). Both picolinic and isonicotinic acids are sniootlily re- 
diiced to tlic alcohols with zinc i n  acetic acid (63) .  Kediiction of 
11 icotinonitrile wi tli h ydIogen over pa I ladi urn-cliarcoa I in aqueous 
mineral acid a t  YO" C. or helow gave a 9O(;l, yield of H-pyricline- 
methanol (64). 

Esters of all three nuclear pyridine acids (65-68j and 3-pyridine- 
acetic acid (68,69) are reduced to tlie corresponding alcohols b y  
litliiiiin aluminum hydride. Nicotinic ester is covered in a number 
o f  patents (69-72). 2,4-l~is(2-pyridyi)-I-butanol has also been pre- 
pared in this manner froni the corresponding ester (72). Th i s  type 
of reduction proceeds norinally j v i t l i  nuclear t n e t ~ j l  (7.3), plienyl, 
and  amino (74.,.515-.518) derivatives of ethyl nicotinatc. $4 single 
ester group o f  diethyl ~,G-di1netliyl-9,.~:,-pyIidi1iecIicarl~oxyl~te may be 
rcducecl selectively ( 6 S ) ,  although pyridinedinietIianoIs have also 
been obtained by lithillin aluniinuin hyclride reduction (see page 
14). (i-Methyl-2-tiydroxynicotinic acid, but not its ester, could be 
reduced to the niethanol (7.5). T h e  diethylatnidc o f  nicotinic acid 
gave Y-pyridinenietlianol as a by-product (76). 4-Pyridinernethanol 
has beeii prepared by rcdrictive desulfurization o f  ethyl tliioisonico- 
tinnte over Kaney nic:kcl (ZB). 

7. Aldol Condensation of Alkylpyridines with Aldehydes 

T h e  condensation o f  l'ormaldeliyde with 'I-picolinc at approxi- 
m i  t e I y 200 O gives 'I-vi n y 1 pyr id i 11 e ;€I i d d i- a ti d t.r i h yd r ic (:on1 p( L I nds 
in addition to 2-pyridineethanol (68,72,77-5.5,5Y4). 4-l~romo-"-pico- 
line gave a mixture of 4-brorno-2-pyridineethanol and 4-hydroxy-2- 



6 Chapter XI11 

pyridinecthanol (i9i). 4-Picoliiie gives 4-pyridineetlianol (S6-SS) 
and 2-ethylpyridine gives a-ineth~I-2-pyridiiieethalrol. 4-Ethylpyri- 
dine gives P-methyl-4-pyritlirieetlianol and a diol (SS j .  A s  would be 
expected, S-ethyl-4-picoline (K?), 2:5-lutidine ( h l S ) ,  and 5-ethyl-2- 
picoline (Y0--92,599,62jj react CJIIIY ;it the methyl group. 2,C-Luti- 
dine reacts once (SS,93), or twice ( Y f ) .  2,,$-1,iitidiiie reacts at the 
"methyl but also at the 4-methyl (Y1,95,96,.j7h,h24,62~). s-Collidine 
rei1ctS at the 2-methyl ( 9 i )  and to solne extent at the 4-metliyl (97,597, 
598,627). 3-Nitrocollidines apparently react at a 6-niethyl rather 
than a 2-methyl ( 9 i j .  2-Uenzylpyridine %?ve a diol and 4-benzylpyri- 
dine gave both a niono- and diol (9s) .  Low yields of a-methyl-2- 
pyridineethanol have beeii obtiiined b y  several authors (7i,79,99- 
101) from acetaldehyde ;ind 2-picoline. Propionaldehyde reacts 
similarly (102,103). lioth 2- and 4-niethylpicolinic acid have been 
condensed with forinaldehyde and acetaldehyde to give alcohol de- 
rivatives which were cyclized to naphthyridines (600,601 j .  Chloral 
condenses with 2-picolinc to give a-(tricliloronietli?l)-2-l>yl-idirie- 
ethanol (84,104-1/2j, Iv i t l i  4-picoline to give a-(triclilorometliy1)-4- 
pyridinecthanol (46,113-12U), and sirnilarly with ?,6-lutidine (121), 
a I deh y de col 1 idine (1 22) ,  s-col I idine ( I  23 ,I 24 ) , 5-e t 1 1  ?I-4 -pic01 i ne 
(II4,125), 4-metliyl-J-pyridineetli;inol ( I h ) ,  and ~ j - ~ ) l i e i i ~ l - 2 - ~ ~ i ~ o l i n e  
(429) to give the correspoiitling tricliloro;t,i-ol,ariols. 

large number oE aryl-siibstituted pyridineetlianols have been 
prepared by tlie condensation o f  2-picoline, 4-picoline, rind various 
homologs with aromatic aldehydes. T h i s  rciiCtioi1 is siini~n;irizcd in 
Table XIII-1 (p. 27). 

8. From Organometallic Compounds and Pyridine 
Aldehydes, Ketones, and Esters 

These addition reactions proceed normally, generally in sood 
yield, arid offer a flcxiblc soiirce of pyridine alcohols. 'I'liey are 
summarized in 'Tables XIII-2 a n d  XIII-3 (pp. 28-30). 

9. From Metallopyridine Compounds 

h great many alcoliols have lieen prepnred b y  tlic normal adtli- 
tion reactions of nietallop) ridine compoiinds with aldehydes, ke- 
tones, and esters. 
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Similarly the expected substituted propanol is olmined froin 
ethylene oxide and 2-~~icolyllitliiuiii (I2(i-Z2Sj or the sodiiiiii deriva- 
tive of 2-benzylpyridiiie (Z29). Cycloliexene oxide reacts norinally 
(130). 5-Picolylpotassium with aldehydes give the carbinols ( 5 r Y j .  
Neither Finkelstein aiid Elderlield (Z3I) nor Gilman and 'I'owle 
(126) found any evidence for Titfeneau rearrangement in the reaction 
of 2-picolyllithium with foririaldehyde, acetaldehyde, acetyl chloride, 
or ethylene oxide. 

Ethers are obtained in the coupling reaction between metallo- 
pyridine compounds and alkoxyalkyl halides. I n  this way, for ex- 
ample, 2- and 4-picolylsodium ai-e converted to the ethoxypropyl- 
pyridine by reaction with 2-ethoxyetliyl clilo~ide (133). 9-Picolyl- 
potassiiini lias been used to prepare longei--chain ethers (128). Similnr 
reactions liavc been described with 2-i~icolyllitliiiirn (233) aiid 4- 
picolyllithium (134). The  air oxidation of ~-picolyllitliiiini to 2- 
pyridiiiemethanol (Z35) should also be noted. 

These reactions are tiibiilatetl i n  Chapter V I I :  'I'ables VII-1-3  
(pp. -145 ff.) give the reactions o f  pyridyllithiiiin compounds; Tables  
\-'lI-4-0 (pp. 440 ff.) give the reactions of picolyltitliiuiii compounds, 
Tables V11-1 1, V I I - 1 2  and V I I - I  3 give the reactions, respectively, o f  
2-, 3-, aiid -l-picolylsodiiini, Table V I  1-14-1 '7 gives the reactions of 
picolylpotassiuni coiiipoiinds. T h e  reactions o l  the Grignmd co~ri- 
pounds are given in Table \'II-17-IX (pp. 4(jO ff.j. 

10. AIdoI Condensation of Pyridine Aldehydes 

Xi ti-ornethane condenses with ~~icolirialtleliydc and isonicotin- 
aldehyde to give 1 -(2-pyridyl)-?-ni troethanol (136) and 1 -(4-pyridyl)- 
L'-iiitroethnnol (1?7), respectively. Sicotinaldehycle aiid other pyri- 
tliiie aldehydes liavc also been c:c.)ndensed with iiitr-oriietli;tne and 
substitittCd iiitroriierhanes (5_30,52/ j. Coiitritry to ;ti1 earlier report 
by 1)oriiow and 1301~1-g ( ? 2 3 ) ,  Kobertsuii (j22) showed that plienyl- 
iiitroirietliane gives llor~1iiil cotidensation products with pyritfine 
aldehydes. They also conderise with Ityclroxy and iriethoxy aceto- 
phenones (524) .  C\. Chapter SIV (p. 141). 

11. Eminert-Asendorf Keaction 

I n  this reaction ( I  3S,Z3Y,,h29) secondary arid tertiary pyridine 
alcoliols are prepared by conderisirig pyridiiie with aldehydes and 
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pi.odiicts, ;il tlioiigli wi  tli ;iroiii;iti~ kctoiics sulist;iiitinl artiouiits o f  the 
4-pyridyl carbiiiols Iiavc I)cc.i i  isoliitctl. I lie yields are  in the range 
0 1  I O-:CO(Yb Ix~setl on thc kctoncs. I\.ith 2-pic:oliiics giving soniewhnt 
lower yields. 3-Pic:oIitie gi\.cs h t h  the 2,s-  and  the 2,T,-isomets, with 
the htter ~~l-edoiii i i i i~tiri~ (1411). Taliles S I I I - 4 - 4 i  (pp. tW-32j sum- 
in;irize the literature o i i  this method. I n  ;i soinervhnt related reaction, 
hratirig I~eiiz;iltleliytle with  /-hi1 tyl peroxide and  pyridine gave the 
benzonte o f  ~-plieiiyI-Il-pyridincrrietli;inol ;ind nnother coiiipound 
from which this c ~ ~ r l ~ i n o l  coliid I)e obtained by Iiydrolysis ( l 4 l ) .  

-. 

12. Haininick Reaction 
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alcohol in tlie presence of sodium ethoxide to 2-vinylpyritline to 
give 2-(2-ctlioxyethyl)pyridine (147). 

14. Rearrangement of Alkylpyridine 1-Oxides 

Pyridine 1-oxides, alkylated in the 2 and 4 position, rearrange 
in refluxing acetic anhydride to the corrcsponding acetoxyalky- 
pyridine (XIII-6), which is readily hydrolyzed to the alcohol (XIII-  
/). T h e  oxygen migrates to tlie carbon attached to the ring: in 
other words, the major product is a pyridylcarbinol (1 4S-I 51). 

P 

I 
0 (XM-6) (Xrn-7) 

Uerson and Cohen studied the rearrangenlent oli 4-picoline 1 -oxide 
in detail, and found a 207% yield of the expected 4-pyridinemethyl 
acetate, but also a 14cj: yield of 4-metIiyl-3-pyridinol (1.52). 

Carrying this rearrangement 21 step further, the 2-acetoxymethyl- 
pyridine I-oxide was con\:ertetl in 46(,>:, yield to the diacetate of 
picolinaldehyde; similar behavior was shown by 2-acetoxymetliyl-3- 
hydroxypyridine I-oxide (630), while G-methyl-2-acett,xymethylpyri- 
dine 1-oxide was converted to "6-di-(acetoxymethyl)pyridine, which 
was hydrolyzed to 2,G-pyridinemeth~Inol. T h e  rearrangement appi3r- 
cntly proceeds b y  attack of acetoxy anion on the o-acetate o f  the 
1-oxide (15OJS2). However, Ihekelheicle and Hamington favor ii 

free radical mechanism (Z.53), but other suggestions have been offercd 
(532,533). 

Fifty grams of 2,4-lutidine I-oxide was converted to 15 grams o f  
4-methyl-2-pyridinemethano1, 3 grams ol 2-methyl-4-pyridinemetha- 
nol, and 1 gram of 2,4-dimcthyl-5-pyridiiiol (1 53). T h e  reaction 
with 2-pyridineethanol 1-oxide, the corresponding propanol, and 
4-pyridineethanol 1-oxide has been patented (256).  In a similar way 
4-benzyl-2,6-lutidine 1-oxide (1571, 2-cthyl-Y,5-diphenylpyridine 
I-oxide ( I S S )  and 2,Mutidine I-oxide (259) were rearranged to tlie 
alcohols, while the acetates of 3-methyl-2-pyridineniethanol I-oxide 
and 3-hydroxy-2-pyridineinethanol 1 -oxide were converted to the 
aldehydes (159), as was 4-methyl-2-acetoxy1ncthylpyridine 1 -oxide 
(531) .  2,6-Dime tliyl-~-pIienyl-4-pyridinemethc?liaiiol I-oxide gave ketone 
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as well as dicarbinol (1.57j and a number of siibstituted pyridine 
1 -oxides o f  various kinds have been rearranged to alcohols (508,515, 
526430). 

€3. PROPERTIES 

T h e  properties of the pyridine alcohols are those to he expected 
of alcohols containing a tertiary amino group. For physical prop- 
erties, see Tables SIII-9-SIII -31  (pp. 57-105j. 

Froinherz and Spiegelherg (160) discuss the plinnnacology of 3- 
Pyridinemetlianol and list the 1)oiling points of ;I nuin1)er 0 1  its 
esters and etliers. Se\.eral 1~-p):ridylnietIiyl esters o f  dihasic a d s  
have also been prepared (161), and the phosphate salts have been 
suggested as vasodilators ( 6 3 1 ) .  The chelntiiig abilities of  2-pyri- 
dine met h a no I ,  (i-in e t I1 y I -2-pyr i d in em e t I 1  ano 1 a nc l  a-m e t It y 1-2- 11 y r i d i ne- 
nietlianol are reported by Erlenmeyer and co-i\:ol-kel-s (149). 

13 is (2-d i me tl I y 1 ;I 111 i n  0-5 ~ 11 y r i d y I :) pl I en y I ca rbi n o I was ])re pa red, 1) I 1 t 

had only a slight tendency to give the quinoid form, the pyridine 
analog of  malachite grcen (Ih.3j. I~is(2-dinietli~laniiiio-.~-pyridyl)- 
carbinol was treated !\-itti :miline and sull'uric acid to give 4-mtiino- 
plienyI-t~is(2-clinietliyI;lini1to-.~-p~ridyI~metlii~ne, while ~licliler's Iiy- 
dml and 2,G-dinrniuopyrictinc gnvc SIII-8 (16f). The ultraviolet 

(XLU-8) 

spectra o f  2- and 4-liydrox~1riethyl-9-h~drosypyridiiies have hecn re- 
ported and disciissed (53.f). 

C. REACTIONS 

1. Oxidation 

3-Pyridinenietlianol lias lieen oxidiLed to the aldeliyde in yields 
o f  70 and 77% hy 11c;iting o \ w  siliscr or copper (165). Oxidation 
by ni;ingariesc tlioxitlc 01 sctleniiim dioxide h;is ;ilso p r o i ~ t l  effective 
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in the preparation of aldehydes and ketones (166-168,527,536). Lead 
tetraacetate has been used to convert 4-methyl-3-pyridinemethanol 
and other pyridine alcohols (632) to the aldehydes (jI7). T h e  alco- 
hols can be oxidized to the corresponding acids with perman, aaria te, 
as, for example, 2-pyridinepropanol to 2-pyridinepropionic acid 
(9,169). Nitric acid has likewise been used to convert alcohols to 
acids (9,170,50f,633). In one case, KaOKr was used to oxidize a 
secondary pyridine alcohol to the pyridinecarboxylic acid (930), and 
in another case biological oxidation converted 2-(2-methoxyethyl)- 
pyridine to 2-pyridineacetic acid (537). T h e  preparation of side- 
chain acids from alcohols is further discussed in Chapter XI (p. 349). 

Both dehydrogenation and chromium trioxide oxidation haw 
been used t o  prepare ketones from alcohols such as ~-(~-ii i trophenyl)-  
2-pyridineetlianol (171) and various pyridyl alkyl (44,272) and 
pyridyl aryl (42,1 73)  carbinols. Manganese dioxide oxidized methyl 
~-liydroxy-5-metlioxy-(i-methyl-2-pyridineoctanoate to the ketone 
(168). Dehydrogenation over palladium converted 1-(2-pyiidylj-4- 
phenyl-8-butene-2-ol to the ketone ( 1 7 4 ) .  a-(?,,4-hletliylenedioxy- 
phenyl)-2-pyridinemetlianol was oxidized I)y acetone and aluminum 
i-propoxide to the ketone (175). 

T h e  preparation of aldehydes and ketones is further discussed in 
Chapter XIV (p. 123). 

T h e  acetates of 2-pyridinemethanol, a-methyl-2-pyridinemetlianol 
(250).  2-pyridinepropanol, and other alcohols were oxidized to the 
1 -oxides ( I  56,160$09,5Zj, 535). 

2. Reduction 
Hydrogen iodide is the reagent most commonly used to replace 

side-chain hydroxyl by hydrogen, both in pyridyl alkyl (37,176-178) 
and pyridyl aryl (179,180) carbinols, but palladium and hydrogen 
also do this (538,539). Lithium aluminum hydride can be used to 
reduce the alcohol directly (67) or as the p-toluenesulfonate (181). 
This reduction can also be accomplished by sodium in butanol or 
ethanol (37,182), although in other cases this method has been found 
to saturate the pyridine ring without affecting side-chain hydroxyl 
(84,86,170,283) or cthoxyl (133) groups. Pyridine al~ohols  contain- 
ing side-chain nitro groups can be reduced to the alkanolamines by 
palladium and hydrogen without further reduction (520). 
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a-Metliyl-2-pyridinemetli~iiol has been liydr(Igenated to the 
piperidine alcohol over a nickel catalyst in alcohol ( 8 4 ) ;  the 3-pyri- 
dine isomer could be hytlrojiennted only in the presence of hydro- 
chloric acid (30) .  Platinum and hydrogen generally reduce the 
pyridine to a piperidine (Z8f--Z86,540). Palladium on carbon or 
barium sulfate has been the catalyst for ring reduction in several 
cases (>42,.5-/3). Using nickel at 200”, 2-pyridinepropinol was cy- 
clized to octahydropyrrocoline (187). Rhodium on carbon with 
hydrogen has been used to rediicc the pyridine ring to piperidine 
( H I ) .  

1 -(2-Pyridyl)-4-pIienylt)~itenc-3-01-2 was reduced at the double 
lmid with palladiiirn and hydrogen in acetic acid (174) while 1-(2- 
pyridy1)cyclohexanol was reduced over Adanis catalyst in glacial 
acetic acid to I-(2-piperic-tyl)cyclo2iexanol (140) .  ’The hydrogenolysis 
of nuclear lialogen is seen in tlie conversion 0 1  ‘-‘,G-dicliloro-4-i’yri- 
dinemetlianol to 4-l)yTiclineiiietlinnol over platinum catalyst (62). 

Replacement of side-c:li;iin iiiethoxy b y  hydrogen lias I’eeri acconi- 
plished wit11 sodium amalgam (288) or hydrogen iodide and plios- 
phorus (289). 

The following alr:oliols a n d  tlerivatives were reduced to the 
corresponding pipcridincs: ‘L-l’yridinei>ropniiol (128,ZR7), ?-methyl- 
4-pyridineethanol (190),  L‘,F-di(‘L-l)lirnyl-2-liydroxyetliyl)pytidine (33 ) ,  
a-metliyl-2-pyridineetli~~nol nictliosiilfate (ZOZ). 2,4-di(2-pyridyl)-I- 
I’utanol (72), a-plienyl-~-pyti<lirieetliaii~~l (Z3f), ?-(‘-‘-i’yridyl)-5-etlioxy- 
2-pentanol (192), a-nietliyl-5-pyriclinei~ietliaiiol (30) ,  4.-l’yiidinemet.h- 
atiol (62), 2-(‘L-i)yridyl)i,eiitan~~l-“ (IY2), a-riietliyl-a-),lie1iyl-2-~~yri- 
dinernethanol (246) .  a,a-tl iplienyl-2-py~i~~i1~eiiietl ia11~~l (146), 2-(7- 
inetlioxylieptylj~~yri~iine, “-(ti-mctliox)lli~xyl)pyridine, 2-(4-rnetlioxy- 
butyl)pyridine, 4-(S-1neilioxy1>Iol~yI)pyridine (12S). and 5-ethyl-2- 
I’yi-idinei)roI’atiol (293) .  a-~TricliIororiietliyI)-~-pyridineetlianol with 
sodiuni i n  alcoliol \Viis lediiceti to ~-iiietliyl-2-piperi<lineethanol (84) .  

3. Estcrification and Etherification 

These reactions are caIriet1 o u t  in the iisiial tray. The diplienyl- 
acetic esters arid 9-fltiotenec.:;!tl)o~~Iic esters o f  a nuinl)er o f  pyridine 
alcohols have been prepai-cd (194). including ?-l)yi-idineetIia~~ol, 2- 
p y r idi n e pro pa no I ,  a-llie t 11 y 1 - 2- i)y r id i nee t l i a no I ,  4 - 11 y T id inee t Ii an0 I ,  
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and 9-11~ritlinepro1,anol. 1Siirnden prelxired ;I ~iiitiil)er ol pyridiiic 
alcohol esters oE petiicillin-c; (29.5), and many atlditit 111ii1 estcrs have 
been prepared (544,if j,Gf ). 

Ethers may be ~mqxired b y  the action 01 sotliuiii on  tlie pyricline 
alcohol, followed by treatment with a halitle (Z98,546,5f 7). In this 
manner, ethers of' :S-pyridinemetliaiiol were prepared from the fol- 
lowing halides (296): dimethylarninoethyl chloride, 2-ditneth ylatniiio- 
1 -chloropropane, 1 -(cliloroetli y1)morpliol ine, 1 -cIiloroctli~lpiperidine, 
and ~-chloloethyl nicotinate (197). Certain 4-pyi.idinemethant,1 
ethers have been prepared (63.j). Sodium plienc.~late and S-(a-chlor- 
ethyl)-4-picoline gave an ether (f i). Sulfuric acid and methanol also 
produce ethers in some cases ($12).  Some 2- and 4-pyridinerriethyl 
ethers have been rearranged to the secondary i+lcotlols by heating 
with sodamide (636). 

As previously shown (p, ?), pyridine ethers can he prepared b y  
the action of alkoxyalkyl halides on pyridine organometallic com- 
pounds. 

4. Replacement of Hydroxyl Group by Halogen 

This reaction proceeds normally with the usrtal reagents, and is 
summarized in Table XIII-8 (1). 54). Cf. Chapter V I  (p. 929). 

5. Dehydration to Olefins 

Several reagents have been used to dehydrate pyrirline alcohols to 
the okfins, including pliospliorus pentoxide, (37,67,4f S),  potassium 
acid sulfate (448, iOi) ,  zinc chloride ( f 2 2 , i U i ) ,  phosphorus pentachlo- 
ride ( I U i ) ,  potassium hydroxide (f ti,SS,92,2 f i , 5 5 /  j, zrluniinum oxide 
(Y2), su If uric acid (3 8, Z 3 S,I 4 0 , 5  24,i f S )  , and pl ai t i  heat (.5 4 9,5 .? 0). 
This reaction is further discussed in Chi111tcl- V (pp. 205, 204). 

Attempts to distill ethyl ~-li)drox~-5-pyridii ie~)i-o~~i~)1i~ite,  oh- 
tained by hydrogenation of etliyl P-oxo-5-p)ridineproi)ionate, re- 
sulted in dehydration to the acrylic estcr (199). 

6. Synthesis of Polycyclic Systems 

2-Pyridinepropanol has been cyclized wi th  nickel at 200" to give 
octah ydropyrrocol ine (2 S7). a-hlethyl-2-pyridi neethanol reacted wi th  
w-bronioacetophenotie to give the qua  ternary salt, which was c:yclized 
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to  “-phenylp).rrocoliiiL- (200,i 52).  King ( lowre of u-(?-ethoscthyI)- 
6-methyl-2-pyridinee thaiio I gave a I! - h ydrosy - 6- me th y 1 - I ,1, ?J, 4 -tetra- 
hydroquinoliziniurn halide (XI 11-9) ( 2 0 2 ) .  ~,G-I~icli loro-4-methyl-3- 

(XIII-9) 

pyridineethanol was ring closed with potassium tert-amylate to an 
azadihydrobenzofuran (XIII-I  0) (202). Somewhat similarly a pyri- 
dinodihydropyran was obtained (16,203) (XIII-1 1 )  arid also a Spyri- 

C k N  5 8 H 2 C H 2 O H  c 1  -----) (Xrzr- lo) 

(EtOOC)2HC 

“ 9 
(XIII- 1 1) 

dylmorpholine ( 5 5 3 ) .  (:ondensation of p-methosyphen).l-~-pyridyl 
carbinol with phenols gave the triarylmethanes which were pharma- 
cologically evaluated (5%).  

D. DIHYDRIC AND POLYHYDRIC ALCOHOLS 
CONTAINING ONE PYRIDINE NUCLEUS 

Compounds of this typc are prepared b y  simple extensions of the 
synthetic nietliods already disctissed. Lithiuni alurniniim Iiydride 
has been used, for example, to p e p a r e  the isonieric I’yridinediineth- 
anols (65,6S,8i,ZOJ,20i,j 2 5 )  and their nuclear substitiition products 
(65,68,206,207) by reduction of the corresponding dicarhoxylic 
esters. Similarly the aldol condensation with alclehydes may engage 
more than one nuclear methyl group (170,205), or fornialdeliyde may 
react repeatedly at a single methyl group, giving rise t o  I ,S-glycols 
of the type 2-PyCH(C:H,OII), (209) or $-PyC:H[CH,OH), (86,ZSZ, 
210). 2-Ethylpyridinc (82), 4-ethylpyridine (211,212), 2-benzylgyri- 
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dine, and 4-benzylpyridinc (98)  have also been converted to the 1 3 -  
glycol by reaction of the a-carbon with two molecules of formalde- 
hyde. %Nitro-2,5,6-collidine reacts with two molecules of' fonn- 
aldehyde a t  the 6-methyl group; the nitro group apparently inhibits 
the reaction of the adjacent 2-metliyl group (97) .  Reaction with 
three molecules of formaldehyde converts both Z-picolinc (80,81, 
209) and 4-picoline (~5'6,270) to the triol PyC(CH,OH),,. 

Other preparative methods that have been less widely applied 
include the catalytic reduction of dicarbonyl compounds (25 $1) and 
the conversion of 2,G-dibromopyridine to the dimagnesiurn com- 
pound, followed by reaction with benmldehyde (22?,2I#). Ikcar- 
boxylation of pyridylglycolic acid in the presence o f  an aldehyde has 
also been used (637). Appropriate organometallic reactions may also 
serve to introduce side-chains containing one or more ether linkages, 
as in the reaction of 2-picolyllithium with p-ethoxypropionaldehyde 
( 2 2 3 ,  the alkylation of 4-picoline with two moles of p-chloroethyl 
ether in the presence of sodamide (232) or the reaction of picolyl- 
lithium with 4-( bromoethyl j-2,z-dimethyl- 1,3-dioxane followed by 
hydrolysis (226). 2-Picolyllithium reacted with tetracetylglucosyl 
halide to give a crude product that was presumably an acetate of a 
polyhydroxy ketone (227). 

Olefins have been converted to 1 ,Z-glycols by electrolysis (228), 
the Prevost method (229), or by bromine followed b y  silver oxide 
(220). I-Phenyl-2-(2-pyridyl)ethylene glycol prepared in  this way 
could be oxidized to the diketone (220). Electrolytic reduction of 
pyridine ketones with phenyl ketones gave glycols which could be 
cyclized to pyridylindenes (5  55) .  3,5-Dibromo-4,6-di(niethoxyniethyl j- 
P-pyridinol was prepared by the action of sodium inethylate on the 
corresponding di(bromethy1) compound (222). 

The reactions of these compounds require little comment. The 
triol (XIII-12) may be oxidized to ibonicotinic acid (28) or converted 
to the corresponding triiodide (XIII-IS) (270). 

COOH C(CH20H)B cl N JI?LQ 
(XIII- 12) (XIXI-13) 
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T h e  partial hydrogenolysis of n diol is slio~vn in Equation S I I I -  
14 (73). 

T h e  dehydration of the 1,9-glycoI (XIII-15) occurred on distil- 
lation at I0 mm. pressure (80,52,221). T h e  pyridine-3-(2-amino)- 
ethanol from the reduction of the product of nicotinaldehyde and 
nitromethane was treated with ethylene oxide to give the arninogly- 
col which could be cyclized to 3-pyridylmorpholine (i56). 

E. DIHYDRIC ALCOHOLS CONTAINING TWO 
PYRIDINE NUCLEI 

T h e  pinacol reduction has heen performed on pyridine ketones 
with various reagents. Electrolytic reduction converted Y-acetylpyri- 
dine to the pinacol (222.577),  while sodium amalgam has been used 
with ethyl 2-pyridyl ketone and the corresponding propyl and phenyl 
ketones (-/4,42). 3-Benzoylpyridine ketone gives the pinacol on ex- 
posure to sunlight in i-propyl alcohol solution (40). 

All three pyridine aldehydes Iia\.e k e n  loiind to undergo bi- 
molecular reduction by zinc to the glycol ( S I I I - I  6) (223j. Starting 

'UI-16) 

with picolinaldehyde or its 6-metliy1 derivative, tlic : lie result is 
achieved in two stages, tlie pyrictoin condensation loli :tl 1)s re- 
duction (224,1725). 'The action o f  potassiuni cyanide o i i  i i l . o t . i n -  

aldehyde gave the glycol directly, presumably by a crossed C;li i i i  : / .mro 
reaction on the pyridoin, sincc isonicotinic acid was also lonned 
(226).  Pyridylglycollic acids react with pyridine aldehydes to give 
dipyridylgl ycols (5.5S,63 7). 

Vigorous oxidation of these 1 ,?-glycols gi\,es the carboxylic acids 
as would be expected; lead tetraacetate gives the aldehyde instead 
(224,5 13). 
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In the pinacol rearrangement, the P-pyridyl and 3-pyridyl radicals 
have been found to migrate much less readily than the phenyl 
radical (40) .  The pinacol rearrangement has also been used prepara- 
tively to make pyridyl ketones (559). 

F. SIDE-CHAIN HYDROXYACID DERIVATIVES 

Compounds with hydroxyacid side chains are obtained by reduc- 
tion (227) or catalytic hydrogenation (228) of ketoacid side chains, 
or more generally by condensation of methylpyridines with appropri- 
ately substituted carbonyl compounds. Thus 2-picoline reacts with 
chloral to give the trichloropropanol (X111-17), which may be hy- 
drolyzed to the lactic acid (XIII-18) (84,205,207). s-Collidine re- 

Qm, + CCl&HO - Q C H ~ C H O H C C I O  - 
(XIII- 17) 

(XIII-18) 
CHaCHOHCOOH 

acts with chloral at the 2-methyl group; another unidentified product 
was also obtained (92). PyridyIic acid rearrangement has been used 
in two cases to obtain the hydroxy acids (560). The Reforinatsky 
reaction on pyridine ketones also yields hydroxy acids (561). 

Picolines may also be condensed with ketoesters, such as ethyl 
benzoylacetate, to give hydroxyesters (229). Picoline containing 
additional side chains with hydroxy groups may furnish hydroxyacid 
derivatives by reaction with chloral and hydrolysis or with dihy- 
droxymalonic ester (203,230). 

An analog of chloramphenicol was prepared as shown (231) 
(XI I I- I 9). 

COCH 8 COCH ~ C O O C ~ H J ~  COCCOOCaH 6 - QkOH - 
~ O H ~ X 3 ~ O O C ~ H  6 CHOH CHaOH - 
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Addition of hydrogen cyanide to 5-metliylnicotinaldehyde, fol- 
lowed by hydrolysis of the cyanohydrin, gave 5-methyl-3-pyridine- 
glycolic acid (232).  Cyanohydrins from a number of picolinalde- 
hydes have also been prepared (266,638). (Cf. Chapter XIV, p. 137.) 

T h e  introduction of a side-chain containing an ether linkage is 
seen in tlie alkylation of‘ ethyl 2-pyridineacetate a t  the a-carbon 
atom by 3-plienoxypropyl bromide (23 3 ) .  King opening of 6-liy- 
d lox y q 11 i no1 in e prod iiceci coni po ~i nd (X I I I -2 0) (234 ) . 

Q % E k H O H C O O H  

(Xrn-20) 

These liydroxyacids sliown the properties that would be ex- 
pected. Replacement of hyclroxyl by bromine (105,207) and dehy- 
dration to unsaturated acids (64,205,299,223) were described in the 
older literature. 

G. DERIVATIVES CONTAINING BOTH NUCLEAR 
AND SIDE-CHAIN HYDROXYL 

1. Preparation and Reactions 

In  a number of instances nuclear Iiydroxy groups are found to  
activate the ring sufficiently to permit direct Iiydroxymetliylation by 
formaldeliyde. ‘Thus 3-pyridiriol gives a 5 1 yo yield of 5-hydroxy-2- 
pyridinemethanol; 6-metliyl-5-pyritlinol also gives the 2-methanol 
(23.5,236). 2,4-~ihytlroxy-G-clil~~ronicotinonitrile Iiydroxyi~ietliylates 
a t  the 5 position (237)  and 5-liydroxy-8-(l-pyriciyl)octanoic acid hy- 
droxyiiiethylates at [lie (i position (238) .  

Most other conipounds of this type have been prepared b y  appli- 
cations of tlie nuclear s)intlic-:tic metliods discussed at  length in 
Chapter 11. T l i ~ i s  5-butoxy-l-liydroxy-Il-pyridinemetliaiiol (239) ,  5- 
etlioxy-4-liydroxy-2-p).ridir1e1ii~tIiaiiol (189) ,  :i-metlioxy-1,4-pyridine- 
diniethanol, ant1 ~-li~tl~ox~nietl1yI-5-tn~tlios~-1-met.liyl-4(1H)-pyri- 
done (28s) liavc I~cen ])repared I’roin the corresponding pyrone and 
;iiiiiiioniii. 5-1-1ytii~ox~-~-~~~1idinelnetietlianol has been ol)tainect by the 
action o f  amnionia and 1ie;it upon 5-ctliosyi~ietliyltiir~iiral or  5- 
c l i l o r o i i i e t l i y l l ’ i ~ i ~ f i i r ~ ~ l  (240). A nuinber o f  pyridinols containing side- 
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chain ether functions have been obtained by cyclization o f  appropri- 
ately substituted starting materials (22,242-244). 

As might be expected, a side-chain liydroxyl group can be re- 
placed successively by bromine ant1 hydrogen, without interference 
by nuclear hydroxyl in the 3 position (235,236). It is interesting that 
a 2-liydroxymethyl group can be oxidized to carboxy without inter- 
ference by nuclear hydroxyl in the 3 (235) or  4 (236)  position. 

T h e  trio1 (XIII-21) was cyclized to the diliydrofuran with loss of 
the cyano group; this was then converted to the trichloride (XIII- 
22) (243) .  

CHa CH8 CHa 

IVVQ~C~~CH~OH HCI H o r n : : :  c1Q :yH 2c1 

(xm-a 1) (Xrn-22) 

2. Pyridoxol and Related Compounds. Codecarboxylase 

Pyridoxol (pyridoxine, vitamin B,, adermin) was isolated from 
rice bran as the hydrochloride (C,H,,O,CI, m.p. 204-206') of a base 
(C,H,,O,N, m.p. 160') by several groups of workers (245-248). Its 
structure was shown by two groups to be 5-hydroxy-6-methyl-.8,4-pyri- 
dinedimethanol because of its analysis, ultraviolet spectrum, chemical 
behavior, and comparison with certain model substances (249-253). 
Pyridoxol is optically inactive and gives negative tests for methoxy, 
primary and secondary amine groups, ester, and aldehyde groups. 
I t  has one C-methyl group and three active hydrogens by the 
Zerewitinow procedure, and is a tertiary amine. It gives a red 
ferric chloride test. Its ultraviolet absorption spectrum resembles 
that of 3-pyridinol. Etherification with diazomethane forms a 
methyl ether which can be oxidized to a methoxypyridinedicarboxy- 
lic acid; this was proved by synthesis to be 5-niethoxy-6-methyl- 
cinchomeronic acid (252,254). Total synthesis by Harris and Folkers 
confirmed the structure assigned (253) (XIII-23). Subsequently these 
authors (255)  were able to convert XIII-29 to XIII-32 in the two 
steps of splitting the ether and treating with nitrous and hydro- 
chloric acids. XIII-25 has been hydrolyzed by 50% sulfuric acid to 
the hydroxymethyl acid and its lactone (256) and the cyano group in 
XIII-25 has been reduced to the aminomethyl group (257,564). T h e  
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Merck R: Company patents are covered in the bibliography (258-288, 
-565,566). 

CH aOC aH 5 a g  7 C,H,OH , HNO, 
CHaCCHp CHaOCaH5 + CNCHaCNHa Plperldine C H a w  

A%o* 

H 

( XIII-24) ( XlII-2 5) 

H, + Pt. 
___) 

767. 

N O a p a H s  PCI, 

CH8 N W  
H 

(XIII-26) (XIII-27) 

(XIII-2 6) ( XIII-29) 

(XIU-30) (XIII-3 1) (Xm-32) 

Starting with G-hydro?cy-.i-cyano-4-phenoxy1nethyl-2-methyl-nico- 
tinic acid, converting the carboxy group to the carbethoxyamino 
group b y  the Schmidt reaction, removing the 6-hydroxy group, and 
reducing the cyiino group in the usual manner gave G-methyl-5- 
carbethoxyamino-4-pticno>cymethyl-3-pyridinemethan~l which could 
be converted by the action of hydrobromic acid and then nitrous 
acid to pyridoxol (289). 

A second general synthesis of pyridoxol involves the reduction 
o f  derivatives of the 5-substituted 6-methylcincliomeronic acids. 
One approach of this kind was the use of lithium aluminum hydride 
on the proper pyridine diester (2.90,291,571-.57f), and in this way the 
following were reduced to pyridoxol directly or with the appropriate 
second step: dimethyl 5-hydroxy-G-methylcinchorneronate, dimethyl 
5-aniino-6-inetliyIcincliomclronate (292), dimethyl 5-acetoxy-G-methyl- 
cinclionieronate, and ethyl 5-aInino-3-cyano-G-methylisonicotinate 
(293,562,563). 
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AnotIier ;ip~)roii(:li is tlie catalytic retiuction of an appropriate 3,4- 
dicyanopyridine (294) .  I n  one C;ISC 5-nietlioxy-G-metliylcinclio- 
ineronic acid, obtained in a series o f  reactions from 3-riiethyl-4-nieth- 
oxyisoquinoline, was converted to tlie dianiide and dinitrile in the 
usual Iii;iiincr, reduced to tlie di(aminomet1iyI) compound, and 
treated witli nitrous acid to give the cIi(~i~drox~~iieth). . l)  compound; 
ether cleavage gave pyridoxol (29 5-297). A related synthesis is the 
preparation of li-metliox~-4-i1iethoxynietli~l-G-nietliylriicotini~ acid 
starting lrom an amino or  liydroxy substituted Y-metlioxy-4-nietll- 
oxyniethylquinaldillc, followed by conversion to  pyridoxol through 
the cyano derivative, reduction, nitrous acid treatment, and re- 
inoval of the ether groups in the conventional inanner (298). 

Similarly, Carlson converted ethyl "-h~clrosy-Y-cy~ino-G-ni~tliyl- 
isonicotinate to the 3,4-dinitrile which was nitrated, converted to 
~-1iietliyI-3-arnino-4,5-di(aniinomcthyl)~~~ri~~iiie in tlie iisual manner, 
and treated with nitrous acid to give pyridoxol (29YJ00). I n  still 
another related synthesis, iV-alkylalanine esters are condensed with 
a-formylsuccinic esters to give M-alkyl-M-( 1-carl1alkoxyetliyl)amino- 
iiietli~lenesuccinic esters wliicl: are cyclized to hasic ketoesters and 
deliydrogcnated to pyridinium salts. Hydrogenolysis o f  the l-benzyl- 
pyridinum salts gave 5-liydroxy-G-methylcincli~~1neronates, which can 
be converted to pyridoxol through the dicyano compound in the 
previously outlined manner or by reduction with lithium aluminum 
hydride (301).  Stevens (302,303) has cyclized .~-f(~riiiyl-3-oxo-tctra- 
hydrofuran with certain amino compounds to make cyclic ethers 
which could be converted to pyridoxol. 

Pyridoxol has been obtained in 7GO;/, overall yields from 2-(a- 
ace tam idoe thy1)- 3,4-bis(ace toxyme thy1 jf w a n  in a three step process 
(3 04,639), 2-( a-am inoe t h y 1 ) 3,4- bis( h ydrox yme t hyl)-2,5-di me t hox y- 2 , .5- 
dihydrofuran also gave pyridoxol (305), and 3,4-bishydroxyniethyl- 
furan (.568). Other attempts to obtain pyridoxol from furans were 
unsuccessful (305) .  (Cf. Chapter 11, pp. 154-172.) In an attempt 
to prepare pyridoxol, McElvain and co-workers unsuccessfully at- 
tempted to  replace ii 4-chloro ,group by a cyano (306).  T h e  1-oxide 
of the vitamin has been prepared and found to have only 15% ac- 
t ivi ty  (64.2). 

Pyridoxol has been quantitatively determined by means of the 
Gibbs color test with 2,6-dichloroquinone chloromide (307-313). 
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Otlicr color reactions and c1iemic:al tests have becn used but have not 
acquired the importance of ttic Gibbs test (324-327). 

Microbiological tests have lieen very useful for the determination 
of  pyridoxol and related compounds (313,318,329). 

T h e  stability (313,320), toxicity (321), and metabolism (322, 
323) of pyridoxol have been investigated. 

Hydrogenation of pyridoxol with -4dams catalyst reduces its 4-hy- 
droxymethyl group to methyl (324$25,.538), whereas oxidation con- 
verts the 5-liydroxymethyl to the carboxy group and a lactone re- 
sults (252). Pyridoxol base, when treated with methyl, butyl, and 
benzyl alcohols at 125” or reflux temperature, produced the 4-alk- 
oxymetliyl compound (324,326), while acetic anhydride gave a tri- 
acetate which was different from 6-methyl-5-hydroxy-3,4-di(acetoxy- 
met1iyl)pyridine hydrochloride prepared from the corresponding 3,4- 
di(bromomethy1) compound (324). Pyridoxol hydrochloride yields 
an i-propylidene derivative with acetone (327,328). Methyl iodide 
with silver carbonate gives the same A’-methyl derivative in good 
yield that is obtained from pyridoxol in low yield with diazo- 
methane. Chemical and physical properties indicate that this com- 
pound is a phenol betaine or zwitterion (329,330); pyridoxol hy- 
drochloride also is apparently a zivitterion at pH 6.8 in aqueous so- 
lution. T h e  action of methyl iodide at 110-115” converted the 
phenol betaine to the 3-methyl ether methiodide; the latter was also 
prepared from methyl iodide and pyridoxol-3-methyl ether (327,329). 
T h e  N-methylation of pyridoxol destroys its biological activity (.329). 
T h e  alcoholic hydroxyl groups of pyridoxol have becn replaced by 
halogens using halogen acids and other halogen compounds (.567). 

Neutral aqueous solutions of the vitamin polymerize at 120” by 
losing the elements of water. In the same way the 4-methyl ether 
loses the elements of methyl alcohol to polymerize, but the 4-desoxy 
compound does not polymerize (326). 

Long chain fatty acid derivatives of pyridoxol, pyridoxal, and 
4-desoxypyridoxol have been prepared (331 ,332). 

Snell found natural substances similar to pyridoxol with in- 
creased growth-promoting powers and showed that such substances 
could be obtained by amination or oxidation of pyridoxol. He  
named the amine “pyridoxamine” and the aldehyde “pyridoxal,” 
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and showed that they were interconvertible by a transamination 
reaction (333-335). Seeking to establish the position of the amine 
and aldehyde groups, Harris and co-workers (336,337) synthesized 
both the 5- and 4-aminomethyl analogs of pyridoxol and showed 
that the 4-isomer had the activity of pyridoxamine (XIII-33). 

CHaOH 

Careful permanganate oxidation of pyridoxol gave the 4-alde- 
hyde, which was shown to be pyridoxal. The  isomeric 5-aldehyde 
was inactive in promoting the growth of lactic-acid bacteria. The  
4-aldehyde may have a cyclic hemiacetal structure and is readily 
converted to the cyclic ethyl acetal (336). A synthesis of the lactone 
of 4-pyridoxic acid from the oxime of pyridoxal has been developed 
(338) and pyridoxal oxime has been reduced to pyridoxamine elec- 
trolytically (569). Pyridoxal has been reductively coupled with a 
number of amines including amino acids and amino esters (339-345, 
570,641). (Table XIII-29, p. 98.) Schiff bases are also obtained 
(?.11,342,?45,346,575,576). (Table XIII-50, p. 101.) Metal com- 
plexes of Schiff bases are believed to be intermediate in transamina- 
Lion reactions (345-320,577,578); these reactions have been discussed 
by Snell and co-workers in a series of papers (352-?56). The  enzymic 
conversion of pyridoxal to its 5-phosphate (codecarboxylase) has been 
observed (357,579,580). 

The antibacterial properties of irradiated pyridoxamine have 
been studied (358). Pyridoxol, pyridoxamine, and pyridoxal have 
been compared as to growth promoting properties for many organ- 
isms (359), and a differential bacterial assay has been developed for 
materials in which they may occur naturally (360). 

Nicotinyl and isonicotinyl hydrazones of pyridoxal have been 
prepared (361). The  hydrazide of 4-pyridoxic acid and the thio- 
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semicarbazone of pyridoxal were also prepared (?62), and specific 
reaction rates for p);ridoxal-il-phospliate with several hydrazides have 
been determined (363). T h e  action of p-nitrobenzoyl chloride on 
pyridoxal gave a di-p-nitrohenzoate of the hemiacetal; mild hydroly- 
sis gave the monoester of the hemiacetal (364). 

T h e  methyl group of pyridoxol, pyridoxal, and pyridoxamine 
has been replaced by the ethyl group and the resulting compounds 
examined for biological actilrity (36.5-368) . T h e  methyl group has 
also been replaced by i-propyl, phenyl, i-butyl (369,370), n-amyl 
(370), and benzyl groups (371). 4-1)esoxypyridoxol has been shown 
to be an effective pyridoxol antagonist for some organisms hut not 
for others (372-376,586-590), and has likewise been modified by re- 
placing the 6-methyl groups by ethyl, i-butyl (365) ,  and n-amyl (370, 
377). It  is reported that 5-desoxypyridoxol, 5-desoxypyridoxal, and 
5-desoxypyridoxamine iire less effective antagonists (378,379). 

Numerous pyridoxol analogs have been prepared in which vari- 
ous groups are replaced, removed, or changed in position, including 
5-hydroxy-3,4-pyridinedimethanol (592,.592j, 6-methyl-3,4-pyridine- 
dimethanol (380),  5 - hydroxy - 6-methyl - 3 - pyridinemethanol (381) ,  
4,6-dimethyl-3-pyridinemethanol (no activity), 5,6-diniethyl-3-pyri- 
dinemethanol (weak antagonism) (382), 6-hydroxy-4-methyl-2-pyri- 
dinemethanol (38.3), a number of  derivatives of 2-hydroxy-6-methyl- 
3,4-pyridinedimethanol (383,5Y.i), 2-hydroxy-4,G-dimethyl-3-pyridine- 
methanol ( 3 N ) ,  4,G-di(1nethoxymethyl)-2-pyridinoI (inactive) (385), 
5-hydroxy-G-methyl-2,3-pyridinedimetlianol (386), 4-amino-6-methyl- 
2,5-pyridinedimethanol (386), 5-hydroxy-6-methyl-2,3,4-pyridinetri- 
methanol (no activity, slight antagonism), 5-amino-6-metliyl-2,3- 
pyridinedimethanol, 5-ainino- G-methyl - 2,3,4-pyridinetrimethanol, 
5-amino-G-methyl-J,4-pyridinedimethanol (386), and various others 
(387,?68,6#0). 

T h e  antiderniatitic effects of a number of derivatives and analogs 
have been deterrnined (399). 

Codecarboxylase (XIII-34) is a coenzyme in a number of impor- 
tant enzymes (390-396). I t  was originally prepared by the action of 
adenosine triphosphnte on pyridoxal (397) and then by the use of 
phosphorus oxychloride on pyridoxal (398) or i ts  acetal (399). A 
free aldeliyde grotip ws indicated (400) and the structure further 
shown by tlw difference between codecarboxylnse, and the nuclear 
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pliosphate of pyridoxal (401-404). The question of phosphorylation 
at the aldehyde or carbinol positions was finally decided by synthe- 
sis, and the structure confirmed (405408) .  Phosphorylation of pyri- 
doxal oxime gave the oxime OE codecarboxylase, which can also be 
prepared from codecarboxylase itself (405).  

The synthesis of codecarboxylase from pyridoxamine (XIII-35) is 
shown (403,4 09,4 I 0 ) .  

CJhNHa CH2NH2 H O 6 & g O P O Q H 1  
H O O C H 2 O H  H O O C H a O P O a H 2  3 

CHa N %PO4 CHa N CH3 N 

(XTZI-3 5) (XIII-34) 

Codecarboxylase 

I t  has also been synthesized from pyridoxal by an unambiguous 
method (XIII-36) (407) and from pyridoxol (XIII-37) (408). 

CHO 
HonCH20H + HaNNHCOCHaN(CHa)z - 

CHa N 
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Magnesium, calcium (411), and acridine ( 4 1 2 )  salts of codecar- 
boxylase have been reported. Phosphates of pyridoxol, pyridoxa- 
mine, arid 4-deoxypyridoxine have also been prepared (f 13,414).  

I n  codecarboxylase as well as pyridoxal, the formyl group is re- 
placed by a hydroxyl group on treatment with hydrogen peroxide 
( j l j ) .  
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H. TABLES 

TABLE XIII-1. Condensation of 2- and 4-Picolines with Aromatic 
Aldehydes PyCh, + RCHO-PyCH,CH,OHR 

PY R Ref. 

2- Py Ph 416,420 
2-Py PmMeC6& 417,420 
2-Py Pd i-PrKsH4 42 1 
2-Py o-NOIC6H, 416,417,420,422 
2-Py m-N02C6H, 420 
2-Py P-N02C6H4 171 
2-Py PhCH : CH 174 
2-Py 2-fury1 423 

PhCH : CH 174 
P h  425 

4-4r  
2-Pyridyl 1-methiodide 
4-Methyl-2-pyridy l P-MeC6H4 96 
6-Methyl-2-pyridyl P h  424,425 
6-Me t h y 1-2-pyri dy I m-NO2C,JI4 426 
6-Methyl-Zpyridy I PhCH : CH 426 
6-hfethyl-2-pyridyl P-N01C6H4 427 
6-Methyl-2-pyridyl 1-methiodide P h  42 5 
5-Ethyl-2-pyridyl Ph 426 
5 -Ethyl-2-pyridyl O-LYO~C~H~ 417 
5-Ethyl-2-pyridyl PeN02 C6H4 417 
4,6-Dirnethyl-2-pyridyl Ph  208 
6-Phenyl-2-pyridyl p-MeC6H, 427 
6-Phen y l-2-pyridyl O-NOIC6H4 428 
6-Phen yl-2-pyridyl P-NO,C,H, 429 
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TABLE XIII-2. Addition of Organometallic Compounds to Pyridine 
Aldehydes and Ketones PyCOR + R’M- PyC(0H)RR’ 

PY R R‘M Ref. 

2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 

2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
3-Py 
3-Py 
3-Py 
3-Py 
3-Py 
3-Py 

H 
H 
H 
H 
H 
H 
H 
Me 
Me 
Me 
Me 
Me 
Ph 
0-NH, C,H, 
o-NH,C,H, 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

p-MeOC,H, 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
2-Py 
2-Py 
4-Py 
Me 
Me 
Me 
Me 
Et 
Me 

MeMgCl 
PhMgBr 
p-ClC,H,MgBr 
P hCH, MgCl 
i-PrMg Br 
p-PrOC,H,MgBr 
p-CH,OC,H,MgBr 
MeMgBr 
EtMgCl 
PrMeBr 

PhM&l 
MeMgBr 
P hCH,Mg Br 
p-MeC,H,MgCI 
PhC&MgCl 
p-MeOC,H,MgCI 
p-E tOC,H,MgCl 
/3-indolyl-MgCI 
4-methy lcyclohexyi 

cyclopropyl-MgCI 
cyclopropyl-MgC1 
o-MeC,H,Li 
m-MeC,H, L i 
p-EtC,H,Li 
2,5-(MeXC,H,Li 
2,4 ,6-(Me)sC,H, Li 
1 -C,,H,Li 
rn-ClC,H,Li 
p-(Me NC,H,Li 
p-(Me,Si)C,H, 
cyclopropyl-Li 
1 -cycloheptenyl-Li 
EtMgCl 
4-PyLi 
4-PyLi 
PhMgCl 

MgCl 

PhChMgBr 
l-C,,H,(C,H, >C : CHMgBr 434 
p -MeC,H,MgCl 433 
PhMgCl 433 
l-C,,H,MgCI 433 

149 
628 
628 
419 
136 
136 
554 
38 
430 
43 1 
191 
67,432 
179,186,5 12 
438 
438 
186 
186 
186 
186 
186 
186 

186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
186 
440 
605 
605 
432,433 
436 
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TABLE XIII-2. (Continued) 
PY R R'M Ref. 

3-Py 
3-Py 
3-Py 
3-Py 
4-Py 
4-Py 
4-Py 
4-Py 
4-P y 
4-Py 
4-Py 
4-Py 
4-Py 
4-Py 
4-Py 
6-Methyl-3-pyrid yl 
2,4,G-Triphenyl- 

2,3,4,5-tetrahydro- 
3-pyridyl 

Ph 
3-Py 
3-Py 
4-Py 
Me 
Ph 
Ph 
0-N€-&C6H4 
o-wC6H4 
4-Py 
Me 
Et 
Pr 
Ph 
P h C 3  
Me 
Ph 

4-biphenyl 
3-PyLi 
4-PyLi 
4-PyLi 
EtMgCl 
MeMgBr 
PhMgCl 
MeMgBr 
EtMgBr 
4-PyLi 
4-biphenyl 
4-biphenyl 
4-biphenyl 
4-biphe n y 1 
4-biphenyl 
MeMgCl 
MeMgBr 

606 
605 
605 
605 
177 
146,435 

438,439 
438,439 
GO5 
606 
606 
GO6 
606 
606 
176 
32 

177,436,437 



30 Chapter XIII 

TABLE XIII-3. Addition of Organometallic Compounds to Pyridine- 
carboxylic Esters PyCOOR + R’M-PyC(OH)Ri 

PY R R‘M Ref. 

2-Py Et MeMgI 441 
2-Py Et EtMgBr 136,440 
2-Py E t  PrMgBr 136 
2-Py Et PhCh,MgBr 136 
2-Py Et P-CH,C,H,MgBr 186 
2-Py E t  p-CH,OC,H&gBr 554 
3-Py M e  MeMgI 9,18 
3-Py Et EtMgBr 441 
6-Methyl-3-pyridyl E t  MeMgI 176 
4-Py Ft MeMgI 37 
1 -Methyl-&( tetrahydro- Me PhMgBr 442 

PY ridy 1) 
2-Py Et o-Me C,H,Li 186 
2-Py Et p . E tOC,H ,L i 186 
2-Py E t  p-(Me),NC,H,Li 186 
6-me thy 1-2-pyridy 1 E t  PhLi 186 
MethyI-3,5-pyridine MeMgI 9 

dicarboxylate 

TABLE XIII-4. Emmett-Asendorf Reaction with Aldehydes 

/ CHOHR\ 

P yridine 
reactant R Yield, % Ref. 

Pyridine 

Pyridine 
Pyri dine 
Pyridine 
Pyridine 
Pyridine 
Pyridine 
Pyridine 
4-Ethyl- 

pyridine 

Ph 22-39 (2-isomer) 

23 (2-isomer) 
14 (2-isomer) 
18 (2-isomer) 
51 (2-isomer) 
12 (2-isomer) 
29-37 (2-isomer) 
6 (2-isomer) 
19 (2-isomer) 

19 (4-isomer) 
146,175 

146 
146 
146 
146 
146 
175 
146 
186 
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TABLE XU-5.  Emmert-Asendorf Reaction with Open-Chain Ketones 

PyH - + RC0R’- 2-PyC(OH)RR‘ (+ 4-PyC (0H)RR’) 
PvH R R’ Yield% Ref. 

Pyridine 

Pyridine 
Pyridine 
P yridine 
Pyridine 
Pyridine 
Pyridine 

Pyridine 
P yridine 
Pyridine 

Pyridine 
Pyridine 
Pyridine 
P yridine 
Pyridine 

Pyridine 
Pyridine 
Pyridine 
Pyridine 

Pyridine 
Pyridine 
Pyridine 
Pyridine 
Pyridine 
Pyridine 
Pyridine 

Pyridine 
Pyridine 
P yridine 
Pyridine 
Pyridine 
P yridine 
2-Picoline 
2-Picoline 

Me 

Me 
Me 
Me 
Me 
Me 
Me 

Me 
M e  
Me 

Me 
M e  
Me 
M e  
Me 

Me 
Me 
M e  
Me 

Me 
Me 
Me 
M e  
M e  
M e  
M e  

Et 
i-Pr 
i-Pr 
Ph 
PhCH, 
PhCH, 
Me 
Me 

Me 29 

Et 
hexyl 
cyclopropyl 
cyclohexyl 
lsyclohexenyl 
Ph 

o-MeC6H4 
n-MeC6H4 
p-MeC6H4 

3 ,4-Me2 C6Hs 
2-Me-5-i-PrC6H, 

m-C1C,H4 
p-C IC6H4 

O-clC,H, 

m-BrC6H4 
o-MeOC6H4 
rn-MeOC6H4 
p -MeOC,H4 

3,4-(MeO&C& 
2-MeO-4-MeC6H, 
2-MeO-5-MeC6H, 
1 - c , o H ,  
2-C,llH, 
2-thienyl 
5-bromo-2- 

thienyl 
Ph 
i-Pr 
Ph 
Ph 
Ph 
PhCH, 
Me 
Ph 

10 
69 (2-isomer) 
16 (2-isomer) 
56 (2-isomer) 
16 (2-isomer) 
4 4 3 3  (2- 

isomer) 
12 (4-isomer) 
21 (2-isomer) 
38 (2-isomer) 
5 1 (2-isomer) 

31 (2-isomer) 
40 (2-isomer) 

26 (2-isomer) 
15 (2-isomer) 

31 (2-isomer) 

28 (2-isomer) 
62 (?-isomer) 

39 (24 somer) 

8 (4-isomer) 

7 (4-isomer) 

4 (4-isomer) 

25 (2-isomer) 
14 (2-isomer) 
16-17 (2-isomer 

50 (2-isomer) 
26 (2-isomer) 
44 (2-isomer) 

36 (2-isomer) 
33 (2-isomer) 
2-3 (6-isomer) 
13 (6-isomer) 

38,138, 
140 

138 
146 
146 
146 
146 
138,146 

439 
146 
146 
146 

146 
146 
146 
146 
146 

146 
146 
146 
146 

146 
146 
146 
146 
146 

,) 146 
146 

146 
146 
146 
138 
138 
146 
140 
146 

(continued) 



32 Chapter XI11 

TABLE XZII-5. (Continued) 

PYH R R’ Yield % Ref. 

3-Picoline 

4-Picoline 
4-Picoline 
4-Picoline 
4-Picoline 
3-ChIoropyridine 
3-Bromopyridine 

Me M e  8.5 (2- and 6- 140 

Me Me 8.5 (2-isomer) 140 
Me Ph 58 (2-isomer) 146 
Ph Ph 38 186 
p-Me C,H, p-Me C,H, 52 186 
Me Ph I38 
Me Ph 13 (2- or 6- 146 

isomer) 

isomer) 

TABLE XIII-6. Emmert-Asendorf Reaction with Cyclic Ketones 

- 
PYH 

Pyridine 

Pyridine 

Pyridine 

P yridine 
Pyridine 
Pyridine 
P yridine 
2-Picoline 

3-Picoline 

4-Picoline 

Ketone 

cyclopentanone 

cyclohexanone 

2-cyclohexylidenecy clo- 

I-indanone 
I-teualone 
dl-fenchone 
dl-camphor 
cyclopentanone 

cy clopen tanone 

cy clopen tanon e 

hexanone 

Yield, % 

23 (2-isomer) 
0.1 (4-isomer) 
29-55 (2-isomer) 
0.25 (4-isomer) 
24 (2-isomer) 

35 (2-isomer) 
23 (2-isomer) 
52 (2-isomer) 
35 (2-isomer) 
2.3 (6-isomer) 
0.56 (4-isomer) 
4 (2-isomer) 
I I (6-isomer) 
23 (2-isomer) 

Ref. 

140,443,444 

140,146,443 

146 

146 
146 
146 
146,443 
140 

140 

140 
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TABLE XIII-7. Hammick Reaction PyCOOH + RCOR’+ PyC(0H)RR’ 

PY 
~ 

2-Py 
2-Py 
2-4. 
2-Py 
2- 4r 
2-Py 
2-Py 
2-Py 
2-Py 
2-Py 
2-4. 
2- 4. 
2-Py 
2-Py 
2-Py 
2-Py 
2-4r 
2-Py 
4-Py 
3-Me thy l-2-pyrid y l 
4-Methyl-2-pyridyl 
5-Methyl-2-pyridyl 
5-Methoxy-6-methyl- 

__-_ 
49, 54 143,145,432 
17, 50 143,145,432 
14.5, 48 143,145,432 
29 43 2 
49 432 
24.5 432 
45 432 
37, 58 145,432 
13 432 
48‘ 145 
42 145 
27 445 
33, 59 145,432 
2.4, 15 43 2,446 
26 432 
33 446 
17 43 2 
12 432 
3.5 144 
35 145 
53 145 
47 145 
25 168 

p -Me OC ,H, H 57 145 
(CHAMe H 24 168 

2-pyridy1 
6-Methyl-2-pyridy l 
6-Methyl-2-pyridy l 
6-Methyl-2-pyridyl (CH;);CO,Me H 9 168 
4,6-DimethyI-2-pyridyl p-MeOC6H4 H 49 145 
2-Py 1-oxide Ph  C1, m.p. 112-113 525 

‘Product is m-niuophenyl 2-pyridyl ketone. 
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TABLE NU-8. Side-Chain Replacement of Hydroxyl by Halogen 

ROH-RX - 
ROH Reagent X Ref. 

2-PyCH20H 
2-PyCH20H 
2-PyCHROHa 
2-PyCH,CHZOH 
2-PyCH,CH20H 
2-PyCOH(CH3), 
2-PyCOH(CH,), 
2-PyCOH(CH3)CH,CH 
2-PyCH,CHOHCH,CH3 
3-PjrCH,OH 
3-PyCHOHCH,CHZCH,NHCH, 
4-PyCH,OH 
4-PyCH,CH2OH 
a,4-Dimethy1-3-pyridinemethanol 
a, GDiphen yl-3-pyridinemerhanol 
2,6-Dirnethyl-a-phenyI-4-pyridinemethanol 

- _ _ ~  
POC1, c 1  
H Br Br 
soc1 ,  c 1  
HBr Br 
HI I 
H Br Br 
HI I 
HBr Br 
HI I 

H I  I 
H Br Br 
HCl c 1  
HBr Br 

soc1 ,  c 1  

SOCL, c 1  
PCI, c 1  

447 
63,507 
445 
99 
97 
97 
82  
102,103 
102,103 
65  
57 
22,63 
86 
47 
35 
48 

~ 

aR = Phenyl or, substituted phenyl. 
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Pyridine Alcohols 53 

TABLE XIll- 14. a-( 4-Pyridy1)ethanols (2-carbon s ide-chain) 
4-P yCOHRCHR'R" 

PY R R' R" Physical properties, derivatives Ref. 

4-Py H H H m.p. 54'; b.p. 138-40°/30 mm.; pic- 37 
rate, m.p. 125; picrolonate, m.p. 
232 '; chloroplatinate, m.p. 206' 

4-Py H H NO, m.p. 95'; hydrochloride, m.p. 142' 137 

4-Py Ph H H m.p. 146-47'; b.p. 165-69'/0.5 mm.; 138,146, 
4-Py H H Ph picrate, m.p. 162-3' 6% 

435, 
439, 

hydrochloride, m.p. 186-89 '; pro- 
pionate, b.p. 147-51 '/11 mm.; di- 
methylaminoethyl ether, b.p. 158- 461 
60 '/0.3 mm.; dihydrochloride, m.p. 
282.5-84.5 

4-Py p-MeC,H, H H m.p. 165-70'; b.p. 162-68 '/0.3 mm.; 146 

4-Py p-ClC,H, H H m.p. 140'; b.p. 165-68'/1.0 mm.; 146 

4-Py p-MeOC,H, H H m.p. 130'; b.p. 185-88 '/0.4 mm.; 146 

4-Py biphenyl H H m.p. 217-18' 606 
4-Py Ph H Ph m.p. 154' 607 
4-Py p-C1C6H, H Ph 1n.p. 175-6' 620 
4-Py biphenyl H Ph m.p. 200' 606 

hydrochloride, m.p. 173-75 ' 

hydrochloride, m.p. 224-26 ' 

hydrochloride, m.p. 198-99 ' 
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TABLE XIII-18. 2-Pyridylpropanols (3-carbon side-chain) 
Compound Physical properties, derivatives Ref. 

2-Py CHOHEt 

2-PyCKCHOHMe 

2-PyCHOHCHN02Me 
2-PyC&Cy CYOH 

2-P yCHMeCH, OH 
2-PyC(OH)Me, 

2-PyCHPhCH, CqOH 
2-PyCH( p- C1 C,H,)- 

2-PyC( 0H)Ph Et 
CH,WOH 

2-PyC(OH)PhG CH 
2-Py CHOHCHPhMe 

2-PyCHOHC%CH, Ph 
2-PyC(OH)MeCH, Ph 

2-Py-C( OH)Ph( CH, >2 Ph 

b.p. 213-16', 135-36'/15 mm., 44,45,150, 
94-98'/1 mm. 432,636 

b.p. 122-25'/20 mm., 110-11'/ 77,79,99- 
10 mm. 101,112, 

127,465, 
612 

HCI, m.p. 136-49' 5 20 
b.p. 190-95'/20 mm.; phenyl- 1,126,127, 

urethan, m.p. 155O 128,643 
picrate, m.p. 120-22' 82,89 
m.p. 50-51'; b.p. 204-205O; 38,138,441 

b.p. 201°/7 mm. 129,603,644 
b.p. 183-90°/3 mm.; ethyl 603,644 

m.p. 80-81'; b.p. 134-40°/0.4 39,146,607, 

130/10 mm. 

ether, b.p. 148-51'/1 mm. 

mm.; hydrochloride, m.p. 142- 623 
45'; picrate, m.p. 105-6'; 
d-, m.p. 68'; a: + 65.9'; I-, 
m.p. 68' ; a; - 66.2' ; di- 
methylaminoethyl ether, b.p. 
150-53'/.09 mm.; hydrochlo- 
ride, m.p. 201-2' 

m.p. 47' 607,617 
m.p. 46-48'; b.p. 121-23'/0.3 146,465 
mm.; hydrochloride, m.p. 
196-98' ; dimethylaminoethyl 
ether, b.p. 146-55'/0.3 mm.; 
hydrochloride, m.p. 144-46' 

b.p. 148-52'/1 mm. 432 
m.p. 68-72O, b.p. 129-34O/0.3 146 
mm.; hydrochloride, m.p. 
183-85 ' ; diethylaminoethyl 
ether, b.p. 146-155'/0.3 mm.; 
hydrobromide, m.p. 1 18-20° 

picrate, m.p. 148-9' 607 

(continued) 
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TABLE XIII-18. (Continued) -___ -- -~ 
Compound Physical properties, derivatives Ref. 

2-Py-C(OH)PhC-CPh m.p. 1 lo0  607 
2-PyC(OH)(CH, Ph), m.p. 118.5-19'; b.p. 230-35'/ 136,146,458 

15 mm.; 165-70°/0.4 mm.; 
hydrochloride, m.p. 220-23' ; 
chloroplatinate, map. 211- 
12' ; dimethylaminoethyl 
ether, b.p. 175-80'/0.25 mm., 
dihydrochloride, m.p. 267-68' 

2-PyC%CHOHCC13 m.p. 86-87' 230,234,285 
288,302, 
303,332, 
544 

b.p. 119-23.5'/23 mm. (mix- 140 0 g O H ) M a z  i- ture) 

Me [>C(OH)MeZ 

b.p. 119-21°/23 mm. 140 6 C(0H)Mez 

5-Me-2- PyCH,(CH,)- b.p. 100-1°/3 mm.; acetate, 618 

5-Me-2-PyCH(CH3)CH,0H b.p. 110-12 '/7 mm. 618 
b.p. 75-76'/3 mm. 552 

CII3 Cfi2 CH2 CI12 OH 
b.p. 98-100'/14 mm. 140 

M e G  C(0H)MeZ 

6-Me-2-PyCIiOHCHNO2Me HCI, m.p. 176-73' 520 

hlc'!-N;* CFI2CHOIICC13 m.p. 134'; chloroplatinate, 

CH,OH b.p. 115-16'/3 mm. 

I3 

P+ m.p. 105.5 ' ; hydrochloride, 121 

m.p. 210' ; chloroaurate, 
m.p. 165' 

m.p. 139.5' 123,124 

M e  6 Nd CH2CHOHCClS 

b.p. 98-110'/0.1 mm.; picrolon- 293,643 
E t ~ C H 2 C t 1 2 C H 2 0 t l  ate, m.p. 158-59' 
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TABLE XIII-18. (Continued) 
Compound Physical properties, derivatives Ref.  

m.p. 86' ; hydrobromide, m.p. 
188' ; hydroiodide, m.p. 
174' ; chloroplatinate, m.p. 
208" ; picrate, m.p. 150' 

b.p. 97-1 12 ' /high vac. 

b.p. 105-25'/0.1 mm. 

m.p. 65 ; chloroplatinate, m.p. 

m.p. 76' ; dibentoate, m.p. 

201 ' 

139" 

122 

530 

474 

429 

97 
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TABLE XILI-17. .3-Pyridylpropanols (3-carbon side-chain) 

Compound Physical properties, derivatives Ref. 
- -.---_-I_. 

3-PyCH,CH,CHzOH 

3-PyC(OH)Me2 

3-PyCHOHCHN0,Me 
3-Py CHMeCHOHPh 

3-PyC( OH)MeCH,Ph 
3-PyC(OH)EtPh 

3-PyC(OH)PhCH2CH,Ph 

3-PyC(OH)PhC- CH 
3-PyC(OH)PhC= CPh 
3-PyC(OH)CMezPy-3 
3-P yCHMeCHOH (2- chi eny 1) 

3-PyCHOHCMe, Py-3 

MeQc(oH)Me2 

6-Me-3-Py-C-. CCOHME, 

C1 QC(0H)Mez 

Br QC(oH)Me2 

b.p. 130-33'/3 mm.; picrate, mop. 
77O 

m.p. 53O; b.p. 130°/11 mm.; ben- 
zoate, m.p. 53'; p-nitrobenzo- 
ate, m.p. 157'; picrate, m.p. 
1 12-23O 

HCl, m.p. 152-54O 
b.p. 164-7O/3 mm; picrate, m.p. 

b.p. 160-65O/2 mm. 
147.2-47.8 

m.p. 104-106O; b.p. 171-72'/0.9 
mm.; hydrochloride, m.p. 126- 
27.5 

m.p. 118.5-117O; chloroplatinate, 
m.p. 160-62' 

m.p. 143O 
m.p. 140° 
m.p. 104-5' 

1,643 

7,18 

520 
5 37 

4 32 
433,607 

440 

607,617 
607 
550 

b.p. 160-4O/2 mm.; m.p. 98.4- 539 

m.p. 104-105° 514 
m.p. 61-62O; b.p. 138-40°/15 mm. 

98.8 

176,507 

m.p. 101-2' 

b.p. 11 5O/3 mm. 

614 

38 

b.p. 135-40°/3 mm.; methiodide, 38 
m.p. 208-10' (dec.) 
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TABLE XIII-20. 4-Pyridylpropanols (+carbon side-chain) 

Compound Physical properties, derivatives Ref. 

4-PyCH(Me)CH20H 
&PyC(OH)Me, 

4-Py( P h)COHE t 

&PyCH,CH,CH,OH 
4-PyCPh,CH2CH,OH 
4-PyC(0H)Et(4-C1C6H,) 

4-PyCH2CHOHCHCI, 
4-PyCH2CHOHCCI, 

4-PyCHEtCHOH(biph eny 1) 

4-PyCHOHCHEtN0, 

4-PyC(OH)PhC= CH 
4-PyC(OH)PhC= CPh 8 ;yOHCC 1 a 

4-PyCHOHCHN0,Me 

b.p. 117'/0.35 mm. 
m.p. 132'; b.p. 136'/25 IMI. ; 

picrate, m.p. 124.4-24.7O; 
picrolonate, m.p. 236"; chloro- 
platinate, m.p. 194' 

m.p. 153-55', 161° 

b.p. 125-6O/6 mm.; picrate, m.p. 
113-15' 

m.p. 169-72' 
m.p. 180-2' 
m.p. 134-36' 
m.p. 166'; chloraurate, m.p. 

189O (dec.); chloroplatinate, 
m.p. 250°(dec.) 

m.p. 149-51' 
m.p. 16546'; HCI, m.p. 158-59O 
m.p. 165' 
m.p. 206' 

m.p. 139'; hydrochloride, m.p. 
105'; chloraurate, m.p. 173O 

37,212 
37,461 

39,607, 
623 

636 

643 

620 
606 
470 
46,113- 
119, 
121 
520 
520 
607,617 
607 

125,502 
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TABLE XIII-21. Pyridylbutanols (4-carbon side-chain) 

Compound Physical properties, derivatives Ref. 

Z-PyC(OH)MeEt b.p. 216-20°, 90.5-93.5 '/lo 138,430 

2-PyCHOHPr 
2-PyCHOHCHMe, 
2-PyCH2CHOHE t 

2-PyCH,CH2CHOHMe 
2-PyCH,COHMe, 
2-PyC(OH)PhCHMe2 

Z-PYCH~CHOHCH : CHPh 
2-~CH,CHOHCH,CH,Ph 
2-PyCHzCHzCHlCHOHPy-2 
2-PyCHOHCHN0,Et 
(2-PyCH2)C(OH)Me 

mm.; chloroplatinate, m.p. 
190' 

b.p. 212-24' 
b.p. 116-17'/15 mm. 
b.p. 125-27 '/18 mm. 

m.p. 83' 
b.p. 64-66O/0.3 mm. 
m.p. 66-68'; b.p. 138-42'/ 

0.15 mm.; hydrochloride, 
m.p. 156-58'; dimethyl- 
aminoethyl ether, b.p. 
158-62 O/O. 1 mm.; hydro- 
chloride, m.p. 161-63' 

m.p. 82-83' 
picrate, m.p. 107-109' 

HCI, m.p. 137-45' 
b.p. 175-78'/2.5 mm., 154- 

56'/1.9 mm.; picrate, m.p. 
216-18 ' 

2-PyCH2CHOHCH : CH, 
3-PyCHOHCHN0,Et HCI, m.p. 146-52' 
3-PyC(OH)MeCH : CPh(l-C,,H,) m.p. 159-61 ' 
(3-Py),CMeCHOHMe m.p. 165-6'; b.p. 140/0.1 

(4-PyCHZ),C(OH)Me b.p. 130-40'/1 mm.; dipic- 

d-PyC(OH)MeEt 

4-PyCHzCHOHCH : CHPh 

4-PyCH2CHOHCH,CH2 Ph m.p. 109-loo 
4-PyCHOHC€flCH : CH, 

b.p. 75O/.02 mm. 

mm. 

rate, m.p. 214' 

5 ' / 3  mm. 

155-56' (dec.) 

m.p. 99.5-100.5 '; b.p. 104- 

m.p. 115-16'; picrate, m.p. 

b.p. 122-3/3 mm.; picrate, 
m.p. 114-16' 

45 
136 
102,103, 

612 
32 
465 
146 

174,5 35 
174 
69 
5 20 
126,17 3, 

45 1,465, 
466,471, 
472,473, 
474 

5 35 

434 
514,550 

47 1 

177 

174 

174 
636 
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TABLE XIII-21. (Continued) 
___I 

Compound Physical properties, derivatives Ref. 
- - - _ _ _ - ~  
4-Py COHPdbiphenyl) m.p. 204-5' 606 
4-PyCH(CHa)CH,CHzOH 643 
4-PyCP h,CH,CHOHMe 644 

b.p. 120-40'/0.03 rnrn., pic- 174 
M e 0  CHzCHOHCW : CHPh 

Me" ", CH2CHOHCH2CH2Ph 

rate, rn.p. 162' 

picrate, rn.p. 117-18' 174 

b.p. 180-85 '/26 mm. 2 0 :kEtCHOHPh 

6-Me-3-p~- CCOHMe, rn.p. 101-2' 614 
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TABLE XIII-23. Methyl and Ethyl Ethers of Pyridine Alcohols 
Compound Physical properties, derivatives Ref. 

2-PyCH20Me 
2-@CH,OEt 
2-PyCHzOCHCH3CzH, 
2-QCH20Ph 
2-PyCHzOCH2Ph 
2-QCH,CHzOEt 

2-PyCHzCHzCH20E t 

2-Py(CHz),0Me 

3-PyCH20Et 
4- PyCH,OE t 
4-PyCHzOCHCH3C2Hs 
4-PyCHzOPh 
4-PyCH,0CHzPh 
4-PyCH20Me 

b.p. 76-8'/18 mm. 
b.p. 63-4'/5 mm. 
b.p. 73-5'/5 mm. 
b.p. 140-3/5 mm. 
b.p. 150-60/7 mm. 
b.p. 106-7'/19 mm.; hydro- 

chloride, m.p. 83.5-84.5 '; 
picrate, m.p. 105-6' 

b.p. 230'; picrate, m.p. 180- 
81 ' 

b.p. 122-25'/11! mm.; picrate 
m.p. 83-84'; chloroaurate, 
m.p. 77-78' 

b.p. 120-28'/5 mm. 
b.p. 122-23"/2 mm. 
b.p. 143-49/0.2 mm. 
b.p. 116-20°/10 mm. 
b.p. 92-4'/20 mm.; picrate, 

m.p. 117-18' 
b.p. 77-8'/5 mm. 
b.p. 78-80°/5 mm. 
b.p. 81-3'/5 mm. 
b.p. 145-50'/3 mm. 
b.p. 153-8'/6 mm. 
b.p. 91-2O/19 mm.; picrate, 

b.p. l21-3O0/l7 mm.; picrate, 

b.p. 242'; picrare, m.p. 61- 

b.p. 155-58 5 mm. 

m.p. 108-9O 

m.p. 89-30' 

62 ' 

538,636 
636 
636 
636 
636 
147 

132 

128 

1 28 
128 
133 
191 
5 38 

6% 
636 
636 
636 
636 
538,636 

128 

132 

146 

r". b.p. 135-37@/3 mm., n t  201 
 el! NJ CWZCHOHCHZCH 2 0 ~ t  1.5009 
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TABLE XIII-23. (Conlinued) 

Compound Physical properties, derivatives Ref. 

C y C H 2  CH2 OE t b.p. 72-73'/0.5 mm. 11,13,482 

b.p. 98-99O/0.4 mm. 11,13,481, 

d M e  

6 CHzCHzOEt 482 
c1 '.N,JMe 

CHzOCH 2 CH 2 OEt b.p. 265 O ;  picrate, m.p. 75 132 
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TABLE XIII-24. Pyridine Glycols 

Ref. Physical properties, 
Compound derivatives 

2-PyCH( CH,OH), 

2-PyCHOHCH, OH 
2- P y CH, CH,CH( CH, OH), 

2- PyCH,CHOHCH, CH,OE t 
2-PyCH2CH,CHOHCH,0H 

2- P y C(OH)MeCH,CH, CH, 0 Et 
2-py( CH,),CHOHCHOHMe 
2-Py(CH,)&HOHCH2OH 
2-PyCPh( CH,OH), 
2-PyCHOHCHOHPh 

2-PyCH(CH20H)CH,CH,0H 
ZPyC(CHJ0HCHOHPh 
2-PyCHOHCHOHCH3 
2-PyCHOHCHOHCC1, 
2-PyCCH30HCHOH- 

(2-quinolyl) 

(4-quinoly l) 
2-PyCCH30HCHOH- 

2-PyCHOHCHOHPy-2 

2-PyC(OH)EtC(OH)EtPy-2 
2-Py-C(OH)PrC(OH)PrPy-2 
2-PyCPh(OH)CPh(OH)Py-2 
3-PyCH(CH, CH,OH), 
P-CH,OC,H, C( CH,)OHC( CH )- 

OH-3Py 

m.p. 78'; picrate, m.p. 80,81,83,646 

m.p. 98' 21 8,558 
m.p. 58-53'; b.p. 163- 8 5  

b.p. 168-71 O ;  picrate,  82  

b.p. 130°/5.5 mm. 21 5 
m.p. 52.5'; b.p. 154'/0.1 216 

108-10' 

65'/.01 mm. 

m.p. 116-17' 

mm.; mercuric chloride, 
m.p. 11 5 O ;  acetone 
ketal, b.p. 103'/0.1 
mm . 

b.p. 116-20'/10 mm. 
m.p. 87-87.5 ' 
m.p. 71.5-72 ' 
m.p. 106-7' 
m.p. 144-45 O ;  hydro- 

chloride, m.p. 186- 
87'; &acetate, m.p. 
36-37 ' 

HCI, m.p. 119-21 ' 
m.p. 101-3' 
m.p. 120' 
m.p. 209-10° 

m.p. 186-7' 

m.p. 135-36' 
m.p. 146' 
m.p. 129-30' 

b.p. 162'/.001 mm. 
m.p. 78-80' 

82,98,191 
219 
21 9 
98 
220,529,558 

646 
5 58 
5 29 
558,637 
5 58 

5 58 

223,224,225, 
558,637 

44 
45 
40 
646 
555 
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TABLE XIII-24. (Continued) 

77 

p-ClC,H,C( CH,)OHC(CH,> 

C,H,C( CH,)OHC(CH3)OH-3Py 
OH-3Py 

3-P yCHOHCHOHPy-3 
3-PyCPh(OH)CPh(OH)Py-3 
3- PyCMe( OH)CMe( OH)Py-3 
3-PyCEt(OH)CEt(OH)Py-3 
4-PyCH(CH, CH, OH), 
4-PyCH(CH2OHL 

4- P y CP  h( CH, OH), 
4- PyCMe(CH,OH), 

4-PyC(CH3)OHCHOH Ph 
4-PyCHOHCHOHCC13 

4-PyCHOHC0H(CH3)-2-Py 
4-PyC(CH3)OHCHOH-3-Py 
4- P yCHOH CHOH P y - 4 

4-P yCMeOHCMeOHP y-4 

b.p. 160'/.001 mm. 
m.p. 88-90' 
b.p. 130-5 '/.001 mm. 
m.p. 118-120' 
m.p. 245' 
m.p. 187-88' 
m.p. 244-45 ' 
m.p. 188-9' 
map. 64-66' 

m.p. 93-93' 
m.p. 194 '; chloroplati- 

m.p. 149.5-51 ' 
m.p. 189-90.5 ' 

m.p. 73-5' 
m.p. 188.5 
m.p. 178 ' and 214 ' 

(two forms) 
m.p. 219-220° 

b.p. 111-13'/.04 mm. 
m.p. 84-5' 

nate, m.p. 185' 

HC1,206-7 ' 

b.p. 155-9'/4 mm. 

m.p. 235' 

m.p. 139-40" 

m.p. 218-13' 

555 

555 

223 
40 
222,514 
514,557 
132,204,646 
86 
211,212 
98 

5 58 
5 58 

5 58 
558 
223,226,611 , 

648,649 
514 

624 

618 

513 

224 

557 

_- 
(continued) 
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TABLE XIII-24. (Contznoed) 

Ref. Phys ica l  properties, 
derivatives Compound 

m.p. 247-8' 

m.p. 155-6' 

m.p. 95-95.5; 
b.p. 120-2 ' /.05 mm. 

ditosyl ester, m.p. 
95-96' and 107-8O 
(two forms)  

m.p. 86' ; picrate, m.p. 
122.5' 

m.p. 157' 

m.p. 114.5-15'; b.p. 
185-86'/15 mm.; 
acetate, b.p. 135- 
39'/0.3 mm. 

m.p. 129.5-30.5 '; pi- 
crate, m.p. 144-45' 

m.p. 146' 

m.p. 166.5-68 ' 

m.p. 70-71' 

557 

597,627 

597 

646 

181,210 

97 

5 1 5  

25,150,170, 
205,213, 
214 

65 

9 

16 

597 
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TABLE XIII-24. (Continued) 

Ref. Physical properties, 
Compound derivatives 

b.p. 121-2/.02 mm. 597 

HOCH2 <' CH zOH 
M e  (>Me 

m.p. 140' 157 

m.p. 141-42' 68 

m.p. 186' 206 

m.p. 182-83O 290,562 

m.p. 95O 2 07 

33 
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TABLE XIII-26. Trihydris Dyridine Alcohols 

Compounds Phys ica l  properties, derivatives  Ref. 

2-PyC(CH20H), m.p. 68'; chloroplatinate, m.p. 167-68'; 77-84, 
209 chloroaurate, m.p. 140'; picrate, m.p. 

11 1.5-12.5 O ;  tribenzoyl ester, m.p. 94 ' 
2-PyCH01-lC€12CH- triacetate, b.p. 171-73 "/0.5 150 

4-PyC(CH20H), m.p. 156-57'; hydrochloride, m.p. 137-38O 86,170 
(CH,OH)CH,OH 

C(CH20H)3 m.p. 150' 596 
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TABLE XIII-27. Side-chain Hydroxypyridinecarboxylic Acids and 
Derivatives 

Ref. Physical properties, 
derivatives Compound 

2- PyCHOHCOOH 

2-Py CHOHCN 

2-PyCHOHCONH2 
2-PyCH2CHOHCOOH 
2-PyC(CHs)OHCOOH 

QCOHEtCH2COOCaHj 

COHEtCHMeCOOC2Hb 

2-Py-C(OH)PhCHPhCOOH 

3-PyCHOHCOOH 

3-P yCHOHCN 
3-PyCHOHCONH1 
4-PyCHOHCN 

4-PyCHOHCONH1 
4-PyCHOHCH1COOE t 

4-PyCOHE tCH,COOC,H, 
4-PyCOHEtCHCH,COOC,Hs 

m.p. 108'; methyl ester 621 
m.p. 76'; M e  ester-HC1 
163 ' 

47 ' 
m.p. 88-89'; acetate, m.p. 166,638 

Benzoyl, m.p. 100-2 650 
Benzoyl, m.p. 140-2' 650 
m.p. 124-25' 84,105,107 
HCI, m.p. 131°, nitrile, 621 

m.p. 65-7' 561 

m.p. 50-51' 

m.p. 51-3' 561 

m.p. 162.5'; methyl ester, 561 

b.p. 205-7'/1 mm. 233 
Na salt,  m.p. 180-200' 560 

dec. 
m.p. 160'; HCI, m.p. 164' 621 

ethyl ester, b.p. 148-9'/ 
.4 mm.; amide, m.p. 152- 

m.p. 149-51' 

3' 
Benzoyl, m.p. 34' 650 
Benzoyl, m.p. 163-4O 65 0 
m.p. 144-46' 166,638 
Benzoyl, m.p. 130-2' 65 0 
Benzoyl, m.p. 196-8' 65 0 
hydrochloride, m.p. 155- 228 

m.p. 99-100' 561 
m.p. 121-2' 561 

57 O 

(continued) 
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TABLE XIII-27. ( C 0 7 ~ t i n ~ e d )  

Physical properties, Ref. derivatives Compound 

4PyC(OH)PhCH PhCOOH 

COOH 
CHzOH 

CIIzCOOH 
CHzOH 

COOH 
CH~CHOHCHS 

m.p. 209-13'; methyl 
ester, m.p. 166-8' 

m.p. 153-4'; ethyl ester- 
acetate, b.p. 133-6'/3 
mm.; lactone, m.p. 141- 
2' 

ethyl ester-acetate, b.p. 
171-3/7 mm.; lactone, 
m.p. 118-19"; amide, 
m.p. 154-5O 

amide, m.p. 146-7'; lac- 
tone, m.p. 90-2 O ,  b.p. 
110-20/3 mm. 

561 

526 

5 26 

600 

lactone-diacetate, m.p. 98- 600 
loo', b.p. 100-100//.06 
mm . 

lactone, m.p. 83-4 ', b.p. 
130-5/3 mm.; amide, 
m.p. 157' 

acetate, b.p. 140-50°/.01 
mm. 

methyl ester, m.p. 88'; 
hpdrazide, m.p. 185' 

acetate-ethyl ester hydro- 
chloride, m.p. 109-10 

m.p. 202-25'; e thyl  ester 
m.p. 100-1 '; acetate 
ethyl ester m.p. 39-41 ' ; 
b.p. 145-47'/0.3 mm.; 
hydrochloride, m.p. 
140.5-141.5 ' 

600 

25,68 

203 

16 
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TABLE XIXI-27. (Continued) 

Physical properties, Ref. derivatives Compound 

M e Q C H O H C H 2 ) C O a H  

M e ~ C H 2 C H O H C O a H  

Me 0 "CHOHCN 

lactone-acetate, m.p. 177 '; 234 
lactone-ethyl ester, m.p. 
135-36'; lactone- 
methyl ester, m.p. 152' 

m.p. 105' 621 

9 

methyl etherdiethyl ester- 230 
hydrochloride, m.p. 
98.5-39'; acetate di- 
ethyl ester-hydrochlo- 
ride, m.p. 111-12'; pic- 
rate, m.p. 115-16' 

68.5 ' 
m.p. 102'; acetate, m.p. 166 

m.p. 102-6O; HCI 138- 621 
40'; nitrile, m.p. 134' 

ride, m.p. 190-91'; 
chloraurate, m.p. 114' 

73.5 '/1.3 mm. 

m.p. 158-59O; hydrochlo- 232 

methyl ester, b.p. 172- 168 

m.p. 166'; chloroplatinate, 121 
m.p. 185 '; chloraurate, 
m.p. 143-44' 

m.p. 1 0 1 O  166 

m.p. 134'; acetate, m.p. 166 
62 ' 

methyl ester; b.p. 181.5- 168 
82.5 '/0.7 mm. 

(continued) 
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TABLE XXII-27. (Continued) 

Physical properties, Ref. derivatives Compound 

CH20H 

CH2OH 

CHzOH 

NozQqCooH hie 

CHzOH 

hydrochloride, m.p. 179- 91 
81 ' 

m.p. 130'; acetate, m.p. 166 
50.5 ' 

ethyl ester, m.p. 100-1' 68 

Na salt, m.p. 210-240' 560 

m.p. 122-3'; acetate, m.p. 527 
57-61 ' , b.p. 140-55 ' / 
14-15 mm. 

lactone, m.p. 177O 256 

lactone, m.p. 224-26'; 252,257 
picrate, m.p. 229-30' 

lactone, m.p. 280-82 ' 252,281 

lactone, m.p. 176-78' 252,256, 
257,27 1 

ethyl ether, b.p. 160- 380,383 
61 '/I2 mm.; m.p. 35.5- 
36.5 ' ; methyl ether, 
m.p. 66-67" 

m.p. 155-57' 

490,471 

phenyl ether-ethyl ester, 287 

ethyl ether, m.p. 146-48' 253,255, 
258,256, 
287 
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TABLE XIII-27. (Continued) 

Ref. Physical properties, 
derivatives Compound 

ethyl ether, m.p. 47-48'; 253,257 
methyl ether, m.p. 70- 
73 ' 

methyl ether, m.p. 56-57' 365 

m.p. 77.5' 385 

lactone-facetate, m.p. 571 
165-7' 
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TABLE XIII-28. Polyhydroxyl Compounds Related to Pyridoxol 

Compound Physical propenies, derivatives Ref. 
~~ __ 

m.p. 160'; hydrochloride, 253,260, 
m.p. 208-9'; diacetate-hy- 261,262, 
drochloride, m.p. 16041' 264,283, 
triacetate m.p. 156-58'; 285,299 
uibenzoate, m.p. 121-22' 

Pyridoxol 4-ethyl ether-hydrochloride, 255,288, 
m.p. 135-36' 300 

3-methyl ether, m.p. 89.5- 257,492 
909 96-7' 

3-benzyl ether, m.p. 117-20°; 561,562 
HCI, 178' 

4-benzyl ether, m.p. 166.5'; 290,291 
hydrochloride, m.p. 194-5' 

4-n-butyl ether-hydrochloride, 301,493 
m.p. 127-8' 

4-methyl ether-hydrochloride, 295,324, 
m.p. 1 8 1 O  326 

5-methyl ether-hydrochloride, 296 
m.p. 135-6' 

methiodide, m.p. 188-89' 3 29 
acetone ketal-hydrochloride, 327 

m.p. 217-18'; free base, 
m.p. 113-15O 

chloride, m.p. 219-21' 

linoleate, liquid; trioctano- 
ate, liquid; aidecanoate, 
m.p. 47.5-48.5; 3,5-dipal- 
mitate, m.p. 58-61'; 5-pal- 
mitate, m.p. 72-76'; iso- 
propylidene-5pa h i ta te h y- 
drochloride, m.p. 132.5-33.5O 

phosphonate esters 583 

cyclohexanone ketal-hydro- 328 

tripalmitate, m.p. 72-74'; tri- 332,584 
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TABLE XIII-28. (Continued) 

Compound Physical properties, derivatives  Ref. 

How2 Me 

m.p. 141.5-42'; dihydrochlo- 290,291, 
ride, m.p. 176-77' 574 

R = i-propyl, m.p. 139'; hy- 
drochloride, m.p. 192' 

R = i-butyl, m.p. 134'; hy- 
drochloride, m.p. 213-14' 

R = phenyl, hydrochloride, 
m.p. 185' 

R = n-amyl, hydrochloride, 
m.p. 186-87' 

R = benzyl, hydrochloride, 
m.p. 202O; 3-benzylether- 
HC1 

369-371 

map. 179-80° 

R = i-butyl, m.p. 42-43' 
R = n-amyl, m.p. 42-43' 

370 

m.p. 239-40' 264,538 

CHzOH hydrochloride, m.p. 202-203'; 380 
CI12OH 4-ethyl ether, m.p. 34-95' 

hydrochloride, m.p. 192O 365 

Me 0 
Et 0 

CH20H 
CH2OH 

m.p. 170-71'; acetone ketal- 327,336 CH2OH 
hydrochloride, m.p. 190- 
91°; 4-methyl ether HoocH M e  2c1 

(continued) 
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TABLE XIII-28. ( C o n t i n u ~ d )  
Compound Phys ica l  properties, derivatives Ref. 

m.p. 141-42' 

m.p. 154-54.5' 

m.p. 191-92' 

m.p. 145-46'; hydrochlo- 
ride, m.p. 169-70' 

m.p. 202.5' 

m.p. 189-91' 

m.p. 174-7 5'; hydrochloride, 
m.p. 162-65'; diacetate, 
m.p. 125-26' 

m.p. 181-82'; hydrochloride, 
m.p. 143-43.5; 4-methyl 
ether-hydrochloride, m.p. 
152-53' and picrate, m.p. 
138' 

hydrochloride, m.p. 267-2680, 
264', 274' 

hydrochloride, m.p. 26748'; 
dipalmitate, m.p. 59.541' 

386 

386 

386 

386 

385 

221 

306,381 

379,538 

374,375, 
324,530, 
588 

324,325, 
33 2 
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TABLE XIII-28. (Continued) 

Compound Physical properties, derivatives Ref. 

R = Et, hydrochloride, m.p. 

R = i-butyl, hydrochloride, 370,377 

R = n-amyl, hydrochloride, 414 

365 
174-76' 

m.p. 16345' 

m.p. 125-26'; 5-dihydrogen 
phosphate, m.p. 251-52'; 
>-acetate, hydrochloride, 
m.p. 180-81'; 3-dihydrogen 
phosphate, m.p. 205-7'; 3- 
dibenzyl phosphate, hydro- 
chloride, m.p. 114-16'; 3- 
benzyl ether, m.p. 72-73'; 
5-acetate, b.p. 160-63'/0.3 
mm. 

m.p. 226-27O, 4-Phosphoric 415 
acid, m.p. 233-34" (dec.); 
3-p-toluenesulfonate, 228- 
29 ; 3,5-di-p-toluenesulfo- 

Me 2 HoocH20H nate 140-41' 

m.p. 211-12' 384 

Me 

Me 

m.p. 184-85'; 213-14'; 4- 75,241,244 
ethyl ether, m.p. 111-12'; 
4-methyl ether, m.p. 129'; 
4-benzyl ether, m.p. 208- 
1 0' 

3-ethyl ether, m.p. 230-93' 11,13,482 

(continued) 
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TABLE XIII-28. (Continued) 

Compound Physical properties, derivatives Ref. 

CIJzOH m.p. 130-135' 

m.p. 176-8' 

HoocH20H 
€10 0 : : z O H  

CH3 

c! 

-%>..,.. 
R 

n 

R 

B 

M e  

593 

591 

585 

R = H, m.p. 237-38' (dec.) 
R = CH,CH,OH, m.p. 225- 

7 

26' 

R = H, m.p. 173-74' 6,188 
R = Me, m.p. 203-4' 7,188 
R = CH,CH,OH, m.p. 172-73O 7 
R = CH,CHSJEt,, m.p. 62.63' 7 
R = CH,CO,H, m.p. 183-84' 7 

(dec.) 

m.p. 57-58O (trihydrate), 7,188 
113'; (anhydrous); pic- 
rate, m.p. 191'; methio- 
dide, m.p. 116-18' (dec.) 

hydrochloride, m.p. 178.5- 8 
79'; picrate, m.p. 173-75' 

H 
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TABLE XIII-28. (Continued) 

Compound Physical properties, derivatives Ref. 

0 m.p. 150-51O 

H 

CHzOH 
CHzOH 

"Ha "'8 
HoQ 

CHzOH 
CH20H 

CH zOH 

HCl, m.p. 128O 

HCI, m.p. 164-4.5' 

HC1, m.p. 1 2 4 4 "  

HC1, m.p. 164-5O 

2 39  

595 

6 1 3  

6 1 3  

6 1 3  
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TABLE XIII-27. Amines Related to Pyridoxamine 

Compound Physical properties, derivatives Ref. 

CHaNH2 m.p. 193-33.5'; hydrochloride, m.p. 
226-27'; N-carbethoxy, hydrochlo- 
ride, m.p. 115-18'; 5-phosphoric 

(dec.); triaceta te 

toluenesulfonate, m.p. 187-89O 

Me 2 
N acid, hydrochloride, m.p. 224' HoocH20H 

Pyridoxamine tripalmitate, m.p. 102-3'; 3,4-di-p- 

N-carbamide picrate, m.p. 138-203'; 
HCI, m.p. 205-8'; 3-acetate-HC1, 
m.p. 203-6' 

Schiff's base with pyruvic acid 

277,336, 
410, 

538 

332,402, 
407, 
41 3 

587 

569,570 

Pyridoxylamino Acids Amino Acid Residue of 

CH2(NHCHRC02H) DL-Phenylalanine, m.p. 233-34'; D L -  340,576 

HJpJCH20H alanine, m.p. 213-14O; L-tyrosine, 
m.p. 242-50'; glycine, m.p. 228- 
29O; DL-norleucine, m.p. 220-21'; 
L-leucine, m.p. 228-27'; DL-leu- 
cine, m.p. 232-33'; DJ-i-leucine, 
m.p. 222-23'; DL-valine, m.p. 245- 
46'; DL-tryptophan, m.p. 240-41'; 
DL-threonine, m.p. 233-40'; D L -  

glutamic acid, m.p. 188-87'; L-glu- 
tamic acid, m.p. 181-82'; DL-me- 

thionine, m.p. 217-18'; DLaspanic  
acid, m.p. 227-28'; L-asparagine, 
m.p. 209-loo; palanine,  m.p. 212- 
13'; L-lysine, m.p. 211-13'; L-tyro- 
sine butyl ester, m.p. 141-42'; N- 
benzoyldl-Iysine, m.p. 220-21'; 
DL-serine, m.p. 227-18'; DL-as- 
partic diethyl ester hydrochloride, 
m.p. 168-67'; DL-glutamic diethyl 
ester hydrochloride, m.p. 155-56'; 
DL-alanine ethyl ester hydrochlo- 
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TABLE XIII-27. (Continued) 

Compound Physical properties, derivatives Ref. 

ride, m.p. 180-81'; OL-alanine hy- 
drochloride, m.p. 202-3O; L-leucine 
hydrochloride, m.p. 156-57'; L- 
valine, copper chelates 

R = Ph hydrochloride, m.p. 230-32O 
R = M e  hydrochloride, m.p. 208-203' 
R = Et hydrochloride, m.p. 184-86' 
R = CH,CH,CH,Ph hydrochloride, 

R = CH,CYOH m.p. 174-75' 
R = CH,CHMeOH, m.p. 194-96O 

NHR 
CHaOH :Q 

m.p. 180-81' 

R = CH,CH,Ph hydrochloride, m.p. 339 
227-28' (dec.) 

m.p. 222-23' (dec.) 

m.p. 238-37O (dec.) 

(dec.) 

21'(dec.) 

ride, m.p. 236-37' (dec.) 

197.5-97'; 4-methyl ether dihydro- 
chloride, m.p. 170°(dec.); N,N-di- 
ethyl, dihydrochloride, m.p. 212- 
14O; dipicrate, m.p. 174O 

R = P-z-indolylethyl hydrochloride, 

R = CH,CH,C,H,OH-p hydrochloride, 

R = i-Bu hydrochloride, m.p. 204-205' 

R = CH,Ph hydrochloride, m.p. 220- 

R = @-5-imidazolylethyl hydrochlo- 

m.p. 176-78O; dihydrochloride, m.p. 327,336 

CH2OH dihydrochloride, m.p. 214'; ethyl 365,564 
Z Q C H 2 N H 2  ether-diHC1, m.p. 127O 

dihydrochloride, m.p. 164-16' 368 

- .~ 

(Continued) 
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TABLE XIII-29. (Continutd) 

Compound Physical properties, derivatives Ref. 

CHzOH 

N;;QCH2NH2 

M e  

hy dro c hloride, m.p. 26 5-67O 

dihydrochloride, m.p. 235-37'; ethyl 
eth er-dipicrate, m.p. 186-87'; 
ethyl ether-&hydrochloride, m.p. 
195'; methyl ether hydrochloride, 
m.p. 147O; 3-carberhoxy-phenyl 
ether dihydrochloride, m.p. 238' 

m.p, 81-83' 

dihydrochloride, m.p. 270-72'; 
picrate, m.p. 183-84' 

m.p, 2 2 3 O  

Di-HCI, m.p. 262-3'; diacetate, m.p. 
176-7O; ditosyl-HCI, m.p. 134-5' 

383 

253,255, 
256, 
257, 
264, 
287, 
293 

3 80 

383 

2 56 

538 
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TABLE XIII-30. Aldehydes Related to Pyridoxal 

Compound Physical properties, derivatives Ref .  

Schiff's Bases 

hydrochloride, m.p. 173-74O; 336,338, 
(dec.); oxime, m.p. 225-26' 403, 
(dec.); semicarbatone, m.p. 407, 
235O (dec.); oxime triacetate, 569 
m.p. 114.5-15'; oxime-methyl 
ether, m.p. 159-60°; mono- 
ethyl acetal, m.p. 142-43' 

and other acetals 582 
nicotinoyl hydrazone, m.p. 235- 332,361 

36O; isonicotinoyl hydrazone, 
m.p. 261-62O; 3-methyl ether, 
m.p. 53-54' 

tate-hydrobromide, m.p. 132'; 
3-palmitate-monoethyl acetal, 
m.p. 56-57O; diethyl mercap- 
tal, m.p. 126O; dibenzoate, 
m.p. 93' 

ethyl cyclic acetal, acetate, 
b.p. 125-27°/0.005 mm. 

ethylamhe, m.p. 108-9"; 3- 
phenylpropylamine, m.p. 87- 
89'; ethanolamine, m.p. 148- 
49'; i-propanolamine, m.p. 

Pyridoxal monomethyl acetal, m.p. 169-70' 404,406, 

dipalmitate, m.p. 74O; 3-palmi- 413 

monobenzoate, m.p. 116-17'; 402 

methylamine, m.p. 150-51'; 342 

112-14' 
P-phenylethylamine, m.p. 101- 341 

102'; tryptamine, m.p. 160- 
61O; tyramine, m.p. 168-69O; 
i-butylamine, m.p. 67-68'; 
pyridoxamine, m.p. 232-33O; 
benzylamine, m.p. 114-1 5 O ;  

aniline, m.p. 178-79' 
L-valine, copper chelates 576 
D, L-alamine and Ni chelate 570 

(continued) 
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TABLE XIII-30. (Continued) 

Compound Physical ptopenies, derivatives Ref. 

oxime, m.p. 227-30' (dec.) 401,403, 
407, 

(codecarbox- 408 
y l a s e )  Schiff's Bases, 575'; hydrazone, 586 

m.p. 236-37'; azine, darkens, 
175-280' 

CHoH-T m.p. 210-11'; diphenylphos- 364 
p - N 0 2 C . " . C 0 0 0 C l 4 2  phate, m.p. 130-40'; p-nitro- 

H O f i H 2 O H  oxime, m.p. 225-36'; mono- 

benzoate, m.p. 93-102' 

hydrochloride, no definite m.p.; 368,370 

ethyl acetal hydrochloride, 
m.p. 132-33' Et ' .,d 

I i 0 0  M e  

m.p. 108-109'; oxime, m.p. 239- 
40'; hydrochloride, m.p. 191- 
93' 

379 

CH2OMe oxime, m.p. 178-73' (dec.) 336 HoocHo M e  
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TABLE XIII-31. Pyridine Carboxylic Acids and Derivatives with Both 
Nuclear and Side-Chain Hydroxyl Groups 

Compound Physical properties, derivatives Ref. 

CH2 - 
K O  

6 COOH 
HOCH2 w O H  

dec. 250' 

m.p. 223-24' (dec.); side- 
chain ethyl ether, m.p. 
177-73'; side-chain 
methyl ether, m.p. 200- 
201 ' 

m.p. 224-27' (dec.); side- 
chain ethyl ether, m.p. 
130 ' ; side-chain methyl 
ether, m.p. 152' 

m.p. 127-28' 

Meor; 'ST) Methyl ester, b.p. 181.5- 
MeL,wg CliOH(CH2)&OOH 82.5/0.7 mm. 

HO /%, ethyl ester picrate m.p. 113- 
HOCH2"..w-'(CH2)~C00H 15 ' 

OH 
NC 'CH20H 
H O Q  C1 

side-chain monacetate, m.p. 
209-10 O ;  diacetate, m.p. 
63-64 ' 

m.p. 258-58.5 ' ; lactone, m.p. 
273-73.5 ' (dec.); hydro- 
chloride, m.p. 252-53' 
(dec.) 

lactone, 3-methyl ether, m.p. 
116-16.5'; amide, m.p. 
210-11 ' (dec.) 

Salts isolated 

571 

24 1 

24 1 

244 

168 

238 

338 

338 

336 

237 

(continued) 
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TABLE X I 1 3  1. (Continced) 

Compound Physical properties, derivatives Ref. 

CH20H 
NO2 COOH 

M e Q  OH 

CHzOH 

MeQg 

C II2OMe 
M e C O z n  CN 

Me Ny OH 

m.p. 262-63' (dec.) 

Salts isolated 

hydrochloride, m.p. 146' 

m.p. 174-76' 

lactone, m.p. 280-81 '; hy- 
drochloride, 250-55 ' 
(dec.); lactone-+methyl 
ether, m.p. 108-109' 

m.p. 330' (dec.); lactone, 
m.p. 267-68', > 320'; 4- 
monoacetate, m.p. 226O ; 
2-methyl ether, m.p. 163- 
64"; 4-ethyl ether, m.p. 
182-83 ' ; 4-ethyl ether- 
ethyl ester, m.p. 117-18'; 
4-ethyl ether-amide, m.p. 
266-67 O 

lactone, m.p. 279-80 ' 

m.p. 202.5'; 4-methyl ether, 
m.p. 226'; 2,4-dimethyl 
ether, m.p. 56-58'; 4-ethyl 
ether, m.p. 209-10'; 4- 
benzyl ether, m.p. 208-10' 

m.p. 254-56' 

287 

243 

24 2 

11,13 

247,2 52,259, 
266, 280, 
281, 496, 
497 

241,252,276, 
281,383, 
498 

25 2 

241,244,252, 
253,256, 
2 57,263, 
268,281, 
38 3 

286 
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TABLE XIII-31. (Continued) 

105 

Compound Physical properties, derivatives Ref. 

m.p. 260' 

m.p. 190-91' 

lactone, m.p. 285O 

m.p. 204-5' 

m.p. 131-32O 

m.p. 171-72' 

m.p. 167-68' 

m.p. 16162' 

diacetate, m.p. 143-5 ' 

Lactone, m.p. 68-70'; 
amide, m.p. 152-4' 

289 

365 

365 

370 

370 

365 

370 

370 

60 1 

60 1 

Lactone, b.p. 150-60/3 mm.; 601 
picrate, m.p. 140' 
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T h e  first pyridine aldehyde was prepared about forty years ago. 
I t  has only been in the last decade or so, however, that this class of 
compounds has experienced rapid development. Early syntheses in- 
volved such reactions a5 the ozonolysis o f  stilbazoles and cleavage of 
the ozonides, and condensation of activated picoliries with aryl nitroso 
compounds and subsequent cleavage. These reactions were cumber- 
some, generally giving poor yields, and frequently were not amen- 
able to quantity production. Recent developments, among these the 
catalyzed gas phase oxidation of methylated pyridines, have made 
many o f  the pyridine aldehydes more readily available. T h e  direct 
formylation of pyridine is of interest; this gives picolinaldehyde in 
low yield (278). 

Pyridine ketones, Iioth simple and complex, have been known 
for many years, and a variety oE methods exists for their synthesis. 
T h e  older synthetic methods include the preparation from aliphatic 
compounds and ammonia, the dry distillation of mixed calcium salts 
of pyridine and aliphatic (‘iirboxylic acids, mixed ester condensa- 
tions, and the Friedel-Crafts reaction of pyridine acid chlorides and 
aromatic hydrocarhons. T h e  extensive development which has oc- 
curred in recent years includes a variety of preparative methods 
which will be discussed in the text. 
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A. PYRIDINE ALDEHYDES 

1. Preparation 

a. Oxidarion of Unsattirated Compozrnds or  Alcohols 

Lenart (231) and Harries and Lenart (135) described the prepa- 
ration of picolinaldehyde by ozonolysis of 2-stilbazole and reduction 
of the ozonide. Other workers have employed this method with 
varying degrees of success. Hart (I?&'), for example, reported the 
conversion of a-stilbazole to picolinaldehyde in 57 per cent yield by 
modification of the ozonide decomposition; results were less satisEac- 
tory, however, when the process was attempted on anything but a 
small scale (XIV-1). Wibaut and collaborators (401) applied this 

method to the preparation of isonicotinaldehyde, which was isolated 
in unspecified yield. More recently, Callighan and Wilt (63) have 
prepared a number o f  pyridine aldehydes in 50 to 80 per cent yields 
by ozonolysis o f  the related vinyl pyridine in methanol at - 40°C. 

T h e  ozonol ysis o f  5-(2-butenyl)-2-picoline affords 6-methyl-3-pyri- 
dylglyoxal (XIV-2) (148), and application of this process to ethyl 
6-styrylnicotinate gives ethyl 6-formylnicotinate (314). 

Micovic and Mihailovic (273) have prepared pyridine 2-, 3-, and 
4-aldehydes by a convenient route. T h e  related carboxylic acid ester 
undergoes reduction with lithium aluminum hydride to the carbi- 
nol, which then gives the aldehyde by selenium dioxide oxidation in 
good yield. Furakaiva and Kurowia (129) have prepared pyridine 
aldehydes in high yields 
(XI v-3) .  

from the alcohols by a similar process 

Pb(OAc), BCH,OH (XIV-3) 
N 
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1). 0.uirli i  l i o t i  of it1 el  / i y  l p y  ridiries 

'The oxidation of picolines in solution gives variable yields of  
aldehydes. T h e  products obtained hy oxidation with selenium di- 
oxide in amyl alcohol at 125°C. are for the most part carboxylic 
acids (ZhY); Z-picoline, however, is converted in low yield to picolin- 
aldehyde ( 4 4 ) .  3-N itro-4-picoline, on the other hand, gives high 
yields of  S-nitroisonicatinaldehyde (21). \Vhile a- and y-picolines 
are oxidized readily by this method, p-picoline is apparently unreac- 
tive (434).  

T h e  catalyzcd gas-phase oxidation of methylated pyridines has 
been investigated extensively during recent years. A variety of pyri- 
dinc aldehydes (mi be obtained in this ivay, and some are produced 
on a ~~0ITlIIler~:i~~ scale. T h e  niethod requires a v;inadiurn pentoxidc- 
molybdenum oxide catalyst supported on silica gel. An aqueous 
solution oE the methylated pyridine is passed over the catalyst at ele- 
vated temperatures, usual 1 y around 4 OO"C., with carefully controlled 
quantities of air. 2-Pic-oline gives picolinaldehyde or a-pyridoin, 
depending on the air-to-picol i ne ra tio (268). I son icotirialdehyde is 
formed similarly from 4-pic~oline. Although 3-picoline is more rc- 
sistant to oxid;itic,n, its cc.mversion to nicotinalclehyde has been 
indicated. 

Polymethylated pyric1int:s give ;I variety of oxidation products 
under these conditions. ?,4-I,utidine thus yields P-mctliylisonicotin- 
aldehyde, ?-methylpic~oliiialdeliyde, antl pyridiile-2,4-dinldehycle (264, 
2 6 3 .  ?,,fi-Lutidine affords li-metliylpicolinaldel~y~~ and dipicolin- 
aldehyde, antl aldehyde collidine (.~-ethyl-~-picc>lirie~ gives 5-ethylpico- 
linaldehyde (259) under similar coriclitions. Oxidation of 2,4,G-c:olli- 
dine resiil ts in the forniation o f  all possible mono- and dialdehydes: 
fi-methyIpyridine-2,4-diaIdehyde, 4 -1itethylpyridiiie-P,6-c~ialdehyde, 
4 , (i - dimet1iylpic:oIirial~~ehyde and 2 , 6  -diriiethylisonicotinal~~liyde. 
T h e  correspond i n fi t r i a 1 deli y d e , how ever, 11 a s not been reported 
(265) .  

c. From Pic0 li 11 e ill e t h iodide und p- A'i t rosod irn e t ii y lun il ine 
T h e  first recwrdecl preparation of picolinaldehyde, that of Kauf- 

mann and Valettc (199) .  proceeds by condens;ition of p-nitrosodi- 
met h y I ;i n i I i II c 1s i t t 1 2-p  ict ) I i 11 e met h iod id e, then con version to the 
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phenylhydrazone and sohsequent cleavage to the aldehyde. A l  though 
the phenylhydrazone is produced in good yield, the over-all efficiency 
o f  the reaction is not stated (XIV-4). 

high vacuum dehydration 
sublimation in vacuo 

a 

Q c H = m H c 6 H 5  * Q C H = N N H C & @ H 2 0 )  I -  

Me+ 1 
[JCHO (XIV-4) 

d. Reditction of Pyridinecarboxylic Acid Derivntives 

Reductive methods have received extensive application. Graf 
(150) reduced various pyridine nitriles with chromous acetate to the 
corresponding picolylaniines, which yielded the related aldehydes by 
treatment with nitrosobenzene or thionyl chloride. Air oxidation 
of the aniines proceeds slowly and incompletely to the aldehydes 
(S I v-5). 

chromous air oxidation 
acetate 

T h e  Kosenmund reduction of pyidine acid chlorides has also 
been employed. Graf and associates (149,151) prepared a number of 
chlorinated pyridine aldehydes in moderate yields by this method. 
1)ecarbonylation occurs as a side reaction in some cases (XI\’-6). 

Several acid chlorides yielded intensely colored dyes which coated 
the catalyst and stopped the reaction; this occurred with isonicotin- 
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oyl, 4-chloropicolinoyl, isocinchomeronc,yl, and dipicolinoyl chlo- 
rides. Earlier attempts by Rojann and Schulten (335) failed, possibly 
because of impure starting materials. Levelt and Wibaut (233) simi- 
larly were unsuccessful in the reduction of 2,6-dichloroisonicotinoyl 
chloride and 2,6-dibromoisonicotinoyl chloride. 

Panizzon (307) applied the MacFadyen-Stevens reaction to the 
synthesis of nicotinaldehyde in low yield from nicotinic hydrazide 
(XIV-7). Niernann, Lewis. and Hays (290) applied the reaction to 

36% ocHo (XIV-7) 

picolinic and nicotinic hydrazides, with similar results. 2-Methyl- 
nicotinaldehyde is obtained in 31 per cent yield by this reaction (9.5). 

Work (119) applied the Sonn-Miiller reaction to the synthesis of 
n ico ti n a 1 deh yde (X 117-8). 

PCI,. SnC12. HCl. 
J%O , QCHO + (JCHaNHEt (nv-8) 

Cardner, Smith, Wenis, and Lee (132) attributed the low yields 
of various pyridine aldehydes to their destruction during the reac- 
tion. T h e  Stephen reaction o f  nicotinonitrile in the presence of thio- 
semicarbazide gives nicotinaldehyde thiosemicarbazone in high yield 
(XIV-9). T h e  corresponding guanylhydrazone is formed by substi- 

dfethulcarbltol 

hot water, H,S I 
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tuting aminoguanidine for thiosemicarbazide. T h e  reduction of 
nicotinonitrile with sodium triethoxyaluminum hydride, however, 
gives the aldehyde directly and in good yields (XIV-lo) (Z7Z). 

NeAlH(OEt), 0"" tetrahydrofwan 83% ocHo (XIV-10) 
Weygand (394) has reported the synthesis of two pyridine dialde- 

hydes by reduction of the bis(N-methy1)anilides with lithium alumi- 
num hydride (XIV-I 1). Experimental details, however, are lacking. 

(XIV- 1 1) 

Dyson and Hammick (99) reported the preparation of picolin- 
aldehyde from 2-dichloromethylpyridine. T h e  latter substance can- 
not be obtained by direct chlorination of 2-picoline, which invariably 
leads to complete halogenation of the side chain; instead, it is ob- 
tained by careful reduction oE 2-trichloromethylpyridine (XIV-12). 

80% HSO,. reIlux, 
SnCll or aloohollo AgNO, 

QCCla-- 47z Q C H C 1 2  b 

38% 

4-Trichloromethylpyridine reacts readily with thiosemicarbazide in 
refluxing pyridine to give isonicotinaldehyde thiosemicarbazone in 
60% yield (216). 

Dithioisonicotinic acid gives isonicotinaldehyde thiosemicarba- 
zone in low yield by reaction with thiosemicarbazide; with phenyl- 
hydrazine the conversion to the phenylhydrazone is moderately suc- 
cessful (226). T h e  anil results on reduction of the anilide of this 
acid, and this gives the aldehyde thiosemicarbazone (XIV-I 3). 
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e . F yo rtz I'y 1.i tl i ? i e G T ig I I  11 i d  K cage ?I  Is N ri rl 0 K t h of o r m i c Esters 
3-, 5-, and 4-Pyridylmagnesiurn bromides react readily with ethyl 

orthoformate to afford the corresponding pyridine aldehydes (165, 
3 97,402,40 3 ,+/ I ). 'I'iclds 1i.er-e only moderate (S I V- 14). (Cf. Chap- 
ter VI I ,  p. 461). 

(XIV- 14) 

nMgBr - 50-58% G C H ( O E t ) a  - 84% QcHo 
N 

/. A CE t r y  In I io pi of Py rid i 11 e- I - 0 x ides 

2-Picoline 1-oxide rearranges on refliixing with acetic anhydride 
to give 2-acetoxyrneth~l-pyridine. Repetition o f  this reaction with 
2-acetoxymct1i)llpyridine 1-oxide gives picolinaldehyde diacetate in 
moderate yield (40)  (SI \ ' - l5 ) .  T h e  method is useful in the synthesis 
of 5-ethylisotiicotin;iItieIiytIc ( I  1 5 ) .  Oxidation occurs pref'erentially 
at the 2 positioii when 2- a r i d  +methyl grmps are available; 2,4-luti- 
dine, lor example, g i \ u  4-tnethylpicolinnIdehyde (291). 4-Benzyl- 
?,,fi-Iutidine, however, i5  oxidized ;it thc 3 position (213) .  

(XIV- 16) 

4 
0 
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q. Sommelet Reciction 
3-Picolylamine reacts with hexamethylerietetramine wider condi- 

tions of the Sommelet reaction to give a Fi770 yield of nicotinaldehyde. 
Gardner, Smith, Wenis, and Lee (132) prepared 2-methyl-3-hydroxy- 
4,5-pyridinedialdehyde dithiosemicarbazone by a modification of this 
reaction (XII'-Iti). Similarly, the synthesis of  4,ti-dimethyl-5-hydroxy- 

CHaOEt (1) SOCI, CH=NNIICSNHa 
H O O C H , O H  (a )  (CH2)6N4p %"HCSNH2 - EQ CH=NNHCSNHa 

(MV-16) 

nicotinaldehyde thiosemicarbazone proceeds from Fi-chloromethyl- 
2,4-dirnethyl-B-pyridiriol under Sommelet conditions. 

h. From Aliplzutic Components 
T h e  synthesis oE nicotinaldehyde from 2-(dimethylaminomethyl- 

ene)-3-pentenedial ant1 ammonium chloride has been reported to 
take place in good yield (12). 

i. From Picolyllithiirm nnd Haloncetuls 
T h e  alkylation of 2-picolyllithium with bromoacetaldehyde di- 

ethylacetal gives 2-pyridinepropionaldehyde diethylacetal. This 
product alone is obtained with phenyllithium as the metallating 
agent (XJV-22, page 134); the use of propyllithium or butyllithium, 
however, leads to further alkylation of the methylpyridine as a side 
reaction (XIV-24 and XIV-25, page 134) (363). The con-esponding 
aldehydes are then obtained by hydrolysis. 

2. Synthesis of Biologically Important Pyridine Aldehydes 
(Pyridoxal and Codecarboxylase) 

Snell and co-workers (3 57) first demonstrated the existence of a 
physiologically active metabolite of pyridoxine which was also pro- 
duced by oxidation o f  this substance. Harris and co-workers (161, 
162J 73) elucidated the structiire of this product (3-hydroxy-5-hy- 
droxyniethyl-2-1~icthylisonic-c~tinaldeliyde g hemiacetnl) arid synthe- 
\ized i t  (XJV- 17). T h e  isomeric aldehydc (5-hydroxy-4-hydroxy- 
inc-thyl-6-1nethyl1ii~:otinaldeliy~e + acetal) was also prepared (X 1V- 
18); it possews no growth-promoting properties (161) and is ;I me- 
tabolite o f  pyridoxine with certain bacteria (217,333). 
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CHpOH ( I )  KMnO, CH=NOH 
( 2 )  NH2OH HOQCHaOH HNO, 

KQCHaOH - c 

HOCH- 
CHO - - (XIV-17) 

M e  

CHpOMe HNO,, 60° EtOH H O G I T  zQCH=NoH M e  

CHpOH z!)QCHo (XIV-18) 

O----CHOEt 
I I  

+ Fweacid (XIV-19) ()POs& HCI-Abs. EtOH ""GMe 
Codecarboxylase (XIV-21) is widely distributed in nature; i t  

€unctions as the coenzyme of tyrosine decarboxylase and in trans- 
aminations. I t  was first prepared by action of adenosine triphosphate 
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on pyridoxal and is a phosphorylated derivative of the latter sub- 
stance. Swiss workers (196,389) considered the coenzyme to be phos- 
phorylated in the 3 position; this derivative was prepared and found 
to differ from the naturally occurring substance (XIV-19). Hryl, 
Luz, Harris, and Folkers (1 7 4 )  demonstrated conclusively that the 
coenzyme is phosphorylated in the 5 position. A number of syntheses 
have been devised: (cf. Chapter XIII, p.24). 

Codeoarboxylase 

1. Badditey-Mathias synthesis 

H,PO, anhyd. Me2qy~~a, 7 days. 2UoC Ba Salt 

CHaOH 
H(3Q CHaOH MeaCO’ 

M e  

Codecarboxylaae 
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(XIV-22) 

(XIV-23) 

R. = butyl: 5.7% 
R = propyl: 6.8% 

(XIV-24) 
(XIV- 2 5 )  

3. Reactions 

Pyridine aldehydes are typical aromatic aldehydes in most re- 
spects. They give normal carbonyl addition reactions with hydrox- 
y 1 a in i 11 e ,  serri i ca r bazid e,  ph en y I hydra zi n e ,  and other reagen ts ; some 
of these reactions are discussed below. They react with Grignard 
reagents to give the expected secondary alcohols (230,.325) (cf. Chap- 
ter X I  I I. 1). 28) .  -1'hc L'-;iiid4-isoiiiers iinclei-go ;ilclol contleiisation 
w i t h  nitromethane: the products are dehydrated readily to pyridyl- 
nitroethylenes (421). A n  aldol-like condensation has been reported 
with diethyl phosphite ( 5 6 ) .  Chapter XI,  Table 10 (pp. 384 ff.) 
sumrnarizes the Perkin condcnsation and Table 25 (pp. 43 1 ff .) the 
Knoevenagel reaction. 

Oxidation t o  the corresponding acids occurs with great ease. 
Picolinaldehyde discolors rapidly in air and is oxidized hy  hydrogen 
peroxide. N icotin;iltleliyde is even more labile. T h e  oxidation of 
isonicotinaldehytle with dilute hydrogen peroxide gives isonicotinic 
acid. In like nianner, tiipicolinaldehyde and (i-carbomethoxypico- 
linaldehyde afford dipicolinic. acid and its monomethyl ester respec- 
tively (261,265,367). 
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Pyridine aldehydes react with carbethoxymethyl triphenylphos- 
phonium bromide under contlitioiis of the I'l'ittig reaction to give 
,f3-pyridylacrylic esters in almost quantitative yields (372). 

Picolirialdehyde undergoes decarbonylation to pyridine by heat- 
ing with palladium on carbon at 180" (166). This behavior is simi- 
lar to that of benzene aldehydes. 

a. Formation and Reduction of Imines 
T h e  pyridine aldehydes react with primary aniines to form azo- 

methines, which give the expected secondary amines b y  reduction. 
T h i 5  process has been applied to the condensation o f  pyridine 2-, 3-, 
and 4-aldehydes with 2-hydroxyethylarnine; catalytic reduction of 
the azomethincs (SIV-26) gives thc amines (ZO6). Profft (3?2) con- 

- @CH=NNCH~CH~OH 
C,H,. reflux (N2) 

G C H O  + HzNCHzCHzOH 

densed butylamine with picolinaldeliyde i n  high yield. 1-1 ydrogena- 
tion o f  the azomethine with Raney nickel aff(?rded the secondary 
arnine, and fiirther reduction with sodium and ethanol yields 
pipecolyll~utylamine (XJIr-27). Azornethines of this type can be 
reduced con veil i en tl y with sod i uin horc )h ydritle ( 3 S I  i. 

Ranev Nickel .  

H 

T h e  condensation of pyridinealdehydes with chloramine gives 
the expected N-chloroazomethines in moderate to  good yields. T h e  
product from chloramine and isonicotinaldehycle affords isonico- 
tinonitrile in high yield on dehydrohalogen;~tio~~ with triethylarnine 
( ? I f ) .  
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Various condensation products have been obtained from pyridine 
aldehydes and ammonia. Harries and Lenart (160) described the 
forrnation of a trimeric aldehyde-ammonia in the reaction of picolin- 
aldehyde with a fourfold excess of concentrated aqueous ammonia 
(XIV-28); the product is a yellow solid, m.p. 126" (dec.). Nicotin- 

[ o C H = N H ]  3 

(XIV-28) 

aldehyde forms an analogous condensation product, m.p. - 115O, 
which decomposes readily into its components. 

Pyridoxat undergoes reductive condensation with a number oE 
amino acids (XIV-2Y). Cyclic products result in certain instances 
(XI\.'-90) ( 4 4 8 ) .  

NH2 Pt, H,(3 atm.).  abs. MeOH 
CHO 

~ ~ c H 2 0 H  + RCHCOOH - 
R 

CHaNHCHCOOH 
(93%) (XIV-29) EQcH20H 

(XIV-30) 
ECysteine -- 

HOOC 

Pyridine aldehydes condense with dianilinoethane and similar 
compounds to give tetratiydroimidazoles; these gem-diamines split 
readily on treatment with acids (182,265) (XIV-31). 
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b. Addition of Bisulfite 

Picolinaldehyde reacts readily with sodium bisulfite to give a 
normal addition compound (99,260,257). T h e  free acid possesses 
exceptional stability and probably exists as a betaine (XIV-32); it 

Q C H ’ O H  boa- 
H 

+ 

(XIV-32) 

forms in high yield, sublimes readily, and is difficultly soluble in 
water. T h e  free hydroxysulfonic acid is formed also by treating a 
cold aqueous solution of the aldehyde with sulfur dioxide (257).  
Isonicotinaldehyde and ti-methylpicolinaldehyde also form stable hy- 
droxysulfonic acids. Nicotinaldehyde gives a sodium bisulfite addi- 
tion compound (307); the free acid apparently was not prepared. 

c. Cyanhydrin and Pyridoin Formation 

Picolinaldehyde reacts at low temperature and controlled pH to 
give a normal cyanhydrin. At ordinary temperatures, however, a 
benzoin condensation occurs, giving the cyanhydrin of a-pyridoin 
(XIV-33). 5-Ethylpicolinaldehyde yields the bimolecular compound 

exclusively, while nicotinaldehyde and the 4-methyl, ti-methyl, and 
4,6-dimethyl homologs of picolinaldehyde form only the normal 
cyanhydrins. Isonicotinaldehyde forms the pyridoin cyanhydrin 
very readily, and only gives the simple compound by treatment of 
the anhydrous aldehyde with excess hydrogen cyanide (256). 

T h e  cyanhydrins are hydrolyzed by warm water or alkali to the 
corresponding py-ridoins (XIV-34). Isonicotinaldehyde cyanhydrin 
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gives a diacetyl derivative whic.h has heen formulated as (XIV-35). 

(Enediol form) 

CHaCOO CN 
'C' 

Q 
COCH3 

(XIV-35) 

T h e  direct conversion of picolinaldehyde to 2-pyridoin occurs 
with potassiiim cyanide, acetic acid, or merely by heating (53,lh8), 
while boron trifluoride and l)oron trichloride give a mixture of 
2-pyridoin and 2-pyridil (2 '2). "Pyridoin is a remarkably stable 
substance, and consideral)le evitlcrice exists in support o f  a chelated 
t )-(I ns ened iol s t r I IC t t i  re ( X I V- 3 6). 

(XIV-36) 

Nicotinaldchyde yields the enediol diacetate (XIV-37) in  acetic 
anhydride solution. .A yellow color is produced b y  reaction with 
potassium cyanide i n  aqueoiis solution, hut no pyridoin has been 

isolated (25 5 ) .  Isoi~icotin;~IcIehyde, in contrast, yields isonicotinic 
acid and 1 ,?-his(4-pyridyI )glycol (IS5.263), the result o f  a Cannizzaro- 

9COCH 

OCOCHa 

(Xrv-37) 
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like reaction. N o  intramolecular stabilization o f  an enediol struc- 
ture is possible in these two cases. 

Buehler and associates (53 )  prepared several ethenediols of mixed 
structure by indirect means (XIV-38) and found the following order 
of stability to exist: 3-pyridoin > I-phenyl-2-(3-pyridyI)-l ,2-ethene- 
diol > 1 -phenyl-2-(4-pyridyl)- 1,2-ethenediol. Chelation evidently 
tends to stabilize 2-pyridoin. 

Pt t H,(3 atm.) 0 C H 4 H C s H  - Q C O C O C 6 H 5  * 

3-Pyridoin reacts as rapidly as the aldehyde with Tollens reagent 
and also with 2,6-dichlorobenzenone-indophenol. I t  yields either a 
mono- or diacetate according to conditions; reaction o f  the dipotas- 
sium salt of the enediol with benzoyl chloride gives the dibenzoate 
(51,86,10O). Urea and acetic acid give an oxazolone (86) .  

2-Pyridoin monophenylhydrazone results from phenylhydrazine 
and the enediol in equimolar amounts. A threefold excess of phenyl- 
hydrazine, however, gives the bis-phenylhydrazone of 2-pyridil (86). 
This suggests a mechanism similar to that of osazone formation. 

Solid 2-pyridoin reacts with aryl isocyanates to form bis-aryl- 
carbamate esters which are unstable and cleave in solution to the 
monocarbamate and the aryl isocyanate (ZOO). T h e  enediol cannot 
be methylated with diazomethane or methyl iodide in the presence 
of basic reagents, while a monomethiodide forms with methyl iodide 
in acetic acid (53,86..ZOU). Reaction of 2-pyridoin with p-toluene 
diazonium sulfate in aqueous solution gives picolinic acid and its 
P-tolylhydrazide ( Z O I )  (XIV-39). 
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2-Pyridoin is oxidized readily by air or concentrated nitric acid 
to 2-pyridil (3NZ), which enters normally into the benzilic acid re- 
arrangement (207),  and reacts with tosylhydrazine to give a pyrido- 
triazole (50, 103). 

d .  Cannizulro Reuction 

T h e  simple pyridine aldehydes give the expected products in the 
Cannizzaro reaction, and pyridine 2,G-dialdehyde (XIV-40) reacts 
normally (149,151,160,267) (XIV-4 1). Isonicotinaldehyde apparently 
undergoes a similar reaction with catalytic amounts of aqueous 
potassium cyanide (263) (XIV-42). 

HOCHa 0 COOH 

C H O W H O H  CHO trace of aq COOH 

(XIV-4 1) 

e.  Reuclions of Fiinrlionul Derivutives 

Ried and co-workers (331,332) and Seyhan (35.3) have prepared a 
series of formazans and tetrazolium salts from substituted phenyl- 
hydrazones o f  pyridine 2- and 4-aldehydes (XIV-43). 

T h e  pyridine aldehyde thiosemicarbazones react with a-haloke- 
tones to  give thiazolines. Two types of products are formed accord- 
ing to conditions o f  acidity (XIV-44). Nicotinaldehyde thiosemi- 
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I-C,H,,ONO. HCI I 
[*<N-tr"] N N = m '  + c1- (XJY-43) 

carbazone gives 2-amino-5-( 3-pyridy1)- 1,3,4-thiadiazole by oxidation 
with aqueous ferric chloride (133). 

MeOH. 

@CH=NNHCSNHz + ClCHaCOCHa - rs l lux  ( J - c H = N - - , ~ ~  

HN Me 

(XIV-44) \ 
M e  OH, 
ref lux 

\ 
HC1 salt + ClCHZCOCHa - 

f. Condensation Reactions with Ketones 

Pyridine aldehydes condense with a variety of aliphatic and aro- 
matic ketones and p-ketoesters to give pyridyl-(hydroxyethyl) and 
unsaturated pyridyl ketones and ketoesters. The  usual catalyst is 
aqueous base, although the resin Amberlite IRA 400 (OH-) has 
effected the condensation in moderate yields (38,60,62,102,253,324). 

The  preparation and properties of pyridine aldehydes are sum- 
marized in Table XIV-I (p. 175 ff.). 

B. PYRIDINE KETONES 

1. Preparation 

a. Ring Clos'iire Methods 

A number of pyridine ketones result by ring closure reactions of 
aliphatic components and ammonia. Scholtz (208,345) and others 
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have applied ;I inodificd I.ian tzsch synthesis to the preparation of 
pyridine ketones. T h e  reaction of acetylacetone, form;rldehyde, and 
ammonia gives a dihyciropyridine which is oxidized with nitric acid 
to S,5-diacctyl-_",6-1iitidine (XlI'4.5). T h e  yields in the reaction of 

(piperld ine)  
CHaCOCHzCOCH3 + HCHO -- 

1""s 

COCH3 C H 3 2 Q M e  
H 

arornatic aldehydes, ;ic'etylacetone, and ammonia are affected by the 
substituents on the arornatic ring. Benzaldehyde, for example, gives 
the 1 owes t yield ( 32 %) and m -d i me th y lam i n obenza 1 deli y de me th io- 
dide the highest (100%). Acetoacetic ester can serve as the ketonic 
component (313) (XI\'-46). Acetylpyruvic acid and arnmonia 

undergo an analogoi~s reaction in ether solution to afford S-acetyl-4- 
tnethyldipicolinic acid (285) (NIV-4'7). Ketoaldehyde derivatives 
reac.t with ainnioniuin acxtate I)y a similar process to give pyridine 
ketones in  low yields (XJV-48). 

0 
€I3Z HaC I CHaCWHa NH,/Et,O $,,H3 

HOOC COOH (xm-47) _____) 

HOOCkO + LOCOOH 

HCH\ 
CH ONa 

+ // CHCOR NH,OAoc RGcoR (XIV-48) I 
R-CO 

N*o-i)H C 
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Appropriate atninoketones can be employcd in the synthesis, 
thereby obviating the need for ammonia or ammonium salts. Ring 
formation occurs here at the 1-2 bond. For example, benzalacetyl- 
acetone and iminoacetylacetone (or "amino-2-penten-4-one) give a 
dihydropyridine which yields 3,5-diacetyl-4-phenyl-2,6-lutidine by 
oxidation with dilute nitric acid (XIV4S). jl-Aminocrotonic ester 
and appropriate acetylacetone derivatives behave in a similar man- 
ner (208) (XIV-50). 

7eH5 

CHCOCH 8 

+ ,CCHs n CH3COl T C b C H 3  I 
Me NJM'e 

H 
H2N 

(XIV-49) 

( X N - 5 0 )  

The bimolecular condensation of phenyl 2-aminovinyl ketone 
with acid catalysis affords 3-benzoyl-G-phenylpyridi1ie (25); benzoyl- 
acetylene and ammonium carbonate react to give the same product 
(4Y)  (XIV-51). A similar ring closure occurs in the reaction o f  

1 -amino- 1 -hexene-S-one and 1 -chloro- 1 -1iexene-3-one to give 5-butyryl- 
2-propylpyridine (158). I n  other modifications o f  the reaction the 
syntheses of 3-acetyl-2,6-dimethylisonicotinic ester (294)  (XIV-52) 
and 3-acetyl-2,6-lutidine (92) (XIV-53) may be noted. 
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COOEt 
YEt 

F0 

‘OEt 

Ha  COCHS O C O C H a  (XIV-53) 
/ CH(oEt)2 

t ) E t  HN 

CH 
II + X,, CHa N CHR 

I CHaC 

Ring closure of methyl bis(benzoylethy1)cyanoacetate occurs under 
acidic conditions to give a dihydropyridine (8) (XIV-54). 1,5-Diben- 
zoyl-3-cyanopentane undergoes a similar ring closure to 3-benzoyl- 
ethyl-6-phenyl-2( 1 H )-pyridone with sulfuric acid and t o  3-benzoyl- 
ethyl-2-bromo-6-phenyl-pyridine with bromine and acetic acid (XI\!- 
55). 

HN’ ‘Br 

(XIV-55) 
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Ring formation at other sites, as in the synthesis of Albers, Kal- 
lischnegg, and Schmidt (Z), gives dihydro- and tetrahydropyridine 
ketones (XIV-56) . 

A more complete discussion of ring closure methods is found in 
Chapter I 1  (pp. 272 ff.). 

(EtO)a<iH 

- 
(XIV-66) 

cH8coQ 
RCl,  0’ 

short time 

CHaCOCHa CH2 

CH2 CH2 
I I  

‘N’ COC 6H 6 

COC6H5 

b. Side-Chain Oxidation 

T h e  oxidation of 2- and 4-benzylpyridines with potassium per- 
manganate or chromic acid, first accomplished by Chichibabin, gives 
the corresponding ketones in high yields (68) (XIV-57). T h e  method 
has since received wide application in the synthesis of diverse aroyl- 
pyridines (2(3,52,74,87,3 59,378,388). Selenium dioxide has been used 
with success (242). 2-Benzylpyridine gives the ketone by irradiation 
with a quartz mercury lamp (284). 

T h e  oxidation of a-stilbazole with selenium dioxide at  elevated 
temperatures gives a mixture of phenyl-2-pyridylglyoxal and 2-(2-pyri- 
dy1)selenonaphthene ( 5 4 )  (XIV-58). 4-Vinylpyridine gives the seleno- 
naphthene exclusively. 

+ 20% c L c 0  (XIV-58) 
Qcoco(==J CHH 

2-PyCH=CHPh-2-PyCOCOPh + 2-Py 
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T h e  ozonization o f  5-(',-l)titenyl)-3-picoline to give 2-methyl-5- 
pyridylglyoxal has been mentioned earlier (p. 125). This reaction 
gives 3-pyridylacetone from .?-(p-methallyl)pyridine (XIV-59) (148). 

(JCI32x4H2 0 C H 2 C m H 3  N (XIV-59) 

Pyridine ketones can be prepared from the corresponding alco- 
hols by oxidation with permanganatc (67.3RZ). chromic acid (209, 
210,211), or 1V-I,?omosrrrci1rimirlp (3911, and by palladium black 
dehydrogenation (36 ; ) .  

13is(6-dimethyIamino-3-pyridyl)methatie, prepared b y  the reduc- 
tive methylation of 2mninopyridine with formaldehyde and formic 
acid, gives a low yield of thioketone on heating with sulfur. Dilute 
hydrochloric acid converts this compound to bis(6-dimethylamino-3- 
pyridyl) ketone (73) (XIV-60). 

oNH2 + HCHO + ACOOH - 
J Sulfur, l Q O O  

dil. HCl - 
Me2N m c v  N NMe2 

(X IV-6 0)  

5-Ethylpyridine is converted by side-chain chlorination and hy- 
drolysis to .7-tricliloroact.tyl pyridine. Application of this reaction 
to 5-ethyl-2-picol i ne gives 5-trich loroacetyl-2-picol ine (42 5) (XIV-6 1 ). 

(XIV-6 1) 

2-Vinylpyridinc tindergoes low temperature chlorination in metha- 
nolic sodium hytlroxitle to afford 2-(a-tnctlioxy-~-chloroetliyl)pyri- 
dine, which gi\res ?-;ic.etylpyridine on hydrolysis (424) (XIV-62): 
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hydrolysis 
____L 

R = 5-Me,  

6-Me. 
4 ,6-Me a 

5-Et, (XIV-62) 

Suzuki (374) has described an interesting base-catalyzed rearrange- 
ment of 2-picolyl allyl ether. At 80" the product is allyl-(?-pyridyl)- 
carbinol; an internal oxidation-reduction ensues at  140" to give 
2-butyrylpyridine (XI\'-63). 4-Picolyl allyl ether rearranges in like 
manner, although the reaction stops at the carbinol stage. 

(XIV-63) 

Ockenden and Schofield (300) have prepared 2-(o-arninobenzoyl)- 
pyridine by an indirect route. 2-Phenacylpyridine reacts under con- 
ditions of the Fischer indole synthesis to give 2-phenyl-3-(2-pyridyl)- 
indole, which then yields o-benzamidophenyl 2-pyridyl ketone by 
ozonolysis of the indole ?,%bond. T h e  aminophenyl ketone follows 
by hydrolysis (XIV-64). 

(XIV-64) "'\ c o p y - 2  
NHCOCsH 5 
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T h e  fermentation of tobacco yields, among other substances, 
3-acetylpyridine, 3-nicotinoylpropionic acid and pseudooxynicotine. 
Pinner and Wolfenstein prepared the last-named compound by oxi- 
dation of nicotine with hydrogen peroxide and cleavage o f  the result- 
ing oxynicotine. T h e  synthesis of Haines and Eisner ( 1 5 5 )  consti- 
tutes a structure proof of pseudooxynicotine (XIV-65). 

W O C H a C H a C H o N H C H a  N (XIV-65) 

(Pseudooxynicotine) 

Ilerivatives of 3-(y-aminobutyryl)pyridine result by reaction of 
N-lllethylmyos- myosmine with carbonyl reagents (I 56) (XIV-66). 

mine, however, is resistant to such treatment. 

Myosmine 

c. From Carboxylic Acids und Salts 

Ketones can be prepared by dry distillation of mixed calcium 
salts of aliphatic and pyridinecarboxylic acids. T h e  process, how- 
ever, is of little practical importance. Calcium nicotinate, for exam- 
ple, reacts with calcium acetate, propionate and butyrate to give, 
respectively, 3-acety1, propionyl, and butyryl pyridines (108). Simi- 
lar conversions result with calcium picolinate and aliphatic acid 
salts, although in unsatisfactory yields (Z09JZ2J13). Thermal de- 
composition of calcium nicotinate gives low yields of bis(3-pyridyl) 
ketone (229,239). Ris(2.6-diphenyl-4-pyridyl) ketone, however, forms 
in a satisfactory manner by pyrolysis of calcium 2,6-diphenylnicotin- 
ate in high vacuum (351). 

T h e  passage of mixtures of pyridyl and aliphatic acid esters over 
heated catalysts also furnishes acylpyridines. For example, ethyl 
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nicotinate and acetic acid over thoria give 3-acetylpyridine in modest 
yield (393). 

T h e  condensation of cinchomeronic anhydride with phenylacetic 
acid gives a lactone which rearranges with sodium methoxide to 
2-phenyl-6-aza-1 ,S-indandione (I1 7) (XIV-67). Cleavage of 4-pyrido- 
phthalone with sodium hydroxide and diethylsulfate yields 4-(2-car- 
bethoxyphenacy1)pyridine (422) (XIV-68). 

CHC 6H 6 
U 

(XIV-6 7) 

d. Ester Condensation 

T h e  Claisen ester condensation with its modifications is simple 
and widely applicable €or the preparation of pyridine ketones, usu- 
ally in satisfactory yields. Cj. Chapter XI, pp. 388 ff. 

Ethyl picolinate and ethyl acetate react readily under ordinary 
conditions to give the b-ketoester, which then affords 2-acetylpyri- 
dine by hydrolysis (59,79,215,229,254,269,309). Ring-alkylated homo- 
logs of picolinic ester give equally satisfactory results (321,360). 

Ester condensation likewise affords 3-pyridyl B-ketoesters and ke- 
tones in satisfactory yields (7S'Q6,180,215,229,302,325,35?,370). Webb 
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and <:orwill (392)  preptred :l-itcetyl-4-pic(,Iine by means o f  acid 
catalysis. 4-.Acrlylpyridiiie resiil ts troni thc normal base-catalyzed 
condensation ( l Y i , ? I  i ,229), the hornologous 4-propionylpyridine in 
poor yield (223). 

Pyridine esters and a-(diethyl;tmino)butyric ester give the amino- 
propyl ketones (36)  (SII’-6!)). 

( I )  base 
(2 )  acid 

COOEt + Et2NCHZCHzCH2COOEt - 
~ C O ( C H z ) , N E t ,  (XIV-69) 

Ethyl picolina te gives a dicondensation product with diethyl suc- 
cinate, while ethyl nicotinate and ethyl isonicotinate react in a 1 : 1 
ratio (&,3 53,360) (S  l\’-iO). Diethy1 glutarate condenses similarly 
with nicotinic ester (353’1. 

CH2COOEt B~~~ HCOOEt 

CHzCOOEt 
2-PyCOOEt + 1 ___c 

(XIV-70) 
CHzCOOEt PyCOCHCOOEt 

I 3-(0r 4-)-PyCOOEt + 1 - 
CHzCOOEt CHzCOOEt 

S icotinic acid esters gi\re pyridyl-p-diketones with alkyl and aryl 
methyl ketones (78 ,224)  i n  yields ranging from 42 to 72y0. Ethyl 
isonicotinate reacts wi th  acetophenone in an analogous manner (382). 

T h e  condensation of ethyl nicotinate and ,V-methyl-2-pyrrolidone 
affords 3-nicotinoyl- 1 -methyl-2-pyrrolidone, which undergoes hy- 
drolysis to S-(y-rnethylaniinopi-~pionyl)pyridine (364) .  An analogous 
reaction between ethyl picolinate and 2-pyrrolidone gives 3-picolin- 
oyl-2-pyrrolidone and 2-(y-aminopropionyI)pyridine (364) ;  N-methyl- 
succinimide reacts to give I-methyl-S-picolinoylsiircinimide and the 
y-keto acid (XIV-7 1). 

Ethyl nicotinate and y-butyrolactone give the ketolactone, which 
is converted to y-picolinoylpropanol in poor yield (413) .  Substituted 
butyrolactones react similarly (414) .  



Pyridine Aldehydes and Ketones 1 5 1  

Me 

/HCI (XIV-71) 

G O C H a C H a C O O H  

e.  Fr iede 1 - C: r(i f t s Sy n 111 esis 

T h e  pyridine ring cannot be acylated by means of the Friedel- 
Crafts reaction ( I  13,,392,418). Pyridine acid chlorides and anhy- 
drides are useful acylating agents, however, and afford a variety of 
pyridyl aryl ketones. 

Picolinoyl chloride reacts with aromatic hydrocarbons in the 
presence of aluminum chloride to give 2-aroylpyridines in unspeci- 
fied yields (112,418). Nicotinoyl chloride also affords ketones; with 
naphthalene, substitution occurs in the p position. Isonicotinoyl 
chloride has apparently not been employed. Dipicolinoyl chloride 
and isocinchorneronyl chloride react with benzene to give the ex- 
pected disubstitu tion products (4  18). 

T h e  anhydrides of the pyridine dicarbosylic acids are of special 
interest in regard to orientation effects. Quinolinic anhydride, for 
example, reacts with benzene in the presence oT aluminum chloride 
to give 3-benzoylpicolinic acid; the more aromatic ring position thus 
provides the ketone-forming group (XIV-72j. Numerous examples 
proceed in the direction shown (125,15i,Z~Y3,18~,1SR,20?,214). T h e  
isomeric cinchomeronic acid was reported by Freund (123) to give 
3-benzoylisonicotinic acid. Fulda (124) reexamined the product and 

0 

(XIV-72) 
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assigned the isomeric structure 4-benzoylnicotinic acid; this corre- 
sponds to the findings of Philips (322) .  Kirpal (202) ,  however. 
demonstrated the presence of both isomers and proved their struc- 
tures by synthesis. T h e  inductive effect of the hetero atom is much 
more pronounced with quinolinic than with cinchomeronic an- 
hydride. 

T h e  dianhydride ot 2,3,5,6-pyridinetetracarboxylic acid reacts 
with benzene to give a mixture of dibenzoyl dicarboxylic acids; the 
corresponding diacid chloride gives 3,~,5,~-tetrabenzoylpyridine 

These reactions are also discussed in Chapter X (pp. 216 and 
(XIV-73) ( 2 4 5 ) .  

240 S.). 

f .  From Clrganome&allic Cornpoicnds and Pyridine Nitriles 
or Acid Chlorides 

Pyridine nitriles react with alkyl and aryl Grignard reagents to 
give the corresponding ketones. T h e  a-pyridine nitriles generally 
react more readily than the p-isomers. Rath and co-workers (327, 
329)  first applied this method to the synthesis of 3-acetylpyridine 
and G-chloro-S-acetylpyridine in yields of about 30 to 35%. Prepara- 
tion of the former coinpound, however, is more successful by the 
procedure o f  La Forge (227). Homologous ketones can be obtained 
in the same way (XIV-74). 

G C O R  (XIV-74) hydrolysis 

O C N  N RMgX - G C R  N 

Frank and Weatherbee (220)  reported an interesting reaction be- 
tween nicotinoni trile and excess propylmagnesium bromide; with 
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4 moles of Grignard reagent the product is 4-propyl-3-propionylpyri- 
dine. A possible mechanism is shown (XIV-75), although the process 
is not entirely clear. 

Pr NMgBr 
I1 

hydrolysisL - +PrMgBr - 
MgB 

.. 
Pr 

‘OPr (XIV-76) 

3-Benzoylpyridine forms in essentially quantitative yield from 
phenylmagnesium bromide and nicotinonitrile (228). 2-Acylpyri- 
dines are produced from picolinonitrile and alkylmagnesium halides 
(379). Ketones also result from highly hindered 2-pyridineaceto- 
nitriles (XIV-76). 

@LN + RMgX - (XIV- 76) 
I 

baHs CSH5 

Alkylcadmium halides react with pyridinecarboxylic acid chlo- 
Yields are somewhat 

These reactions are also discussed in Chapter X; see pp. 217 and 

rides to give 3-acyl and 2,G-diacyl pyridines. 
inferior to those of the normal Grignard reaction (14,120). 

236. 

g .  Acylation of hdetallopyridine Derivatives 

Metallopyridine derivatives, such as pyridylmagnesium bromide, 
pyridyllithium, and picolyllithium, react with various reagents to 
give pyridine ketones. T h e  process is not altogether free of side re- 
actions, and in many cases the yield of ketone is low (24,206,398,400). 
Acylating agents include nitriles, esters, anhydrides and acid chlo- 
rides (jlg,1./3,206,223,398,420). 

T h e  reaction of aromatic nitriles with 2-picolyllithium (XIV-77) 
gives ketimines isolable by careful hydrolysis of the primary reaction 
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products (XIV-78). An analogous reaction o f  aromatic esters and 
anhydrides with 2-picolyllithium Sives 2-phenacylpyridines; the use 
o f  excess anhydride, however, may lead to diketone formation 
( Z f ?  ,2O6,42Q) (XI\'-79). 

(XIV-77) 
(XIV- 7 8) CH 2COAr 

Gilman and Towle (139) have reported an interesting side reac- 
tion which occurs in the acylation of 2-picolyllithium (XIV-80). 
T h e  mechanism of p-acylation o f  the pyridine ring has not been 
established. 

2-PY CH,Li I 

(XIV-80) 

T h e  reader is referred to Chapter VII  for further discussion. 

1 2 .  i4cylaiion of Picolines 

2-Picoline undergoes an iincatalyzed acylation with benzoic anhy- 
dride at elevated temperatures to give a rnixture of mono- and di- 
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benzoyl derivatives ( 5 ) .  T h e  zinc chloride-catalyzed condensation (I€ 

2-picoline and homologs yields diketones ( I  57,160). Naphthalic an- 
hydride (XIV-Sl),  reacts with 3,4,6-collidine to form a 
tone (XIV-83). T h e  reaction of phthalic anhydride 
picolines is of special interest (cf .  Chapter V, p. 196). 

cyclic @dike- 
and ?-and 4- 

(XIV-82) 

(XI V- 8 1 ) 

T h e  iincatalyzetl condensation of  diketones, ketoesters, and keto- 
amides with 2-picoline occurs with ease by addition of PyCH,-H to 
a ketonic group. Benzil, for example, reacts with 2-picoline to give 
2-hydroxy-I ,?-diphenyl-3-(3-pyridyl)-l -propanone ( 2 4 4 )  (XI\‘-83). 

3-Picoline is less active than the 2- and 4-isomers and might be 
expected to resist acylation at the methyl group. Levine and co- 
workers (277 ,330)  have shown, however, that i t  can be acylated 
with a variety of esters in the presence of strcmg hases. Sodium di- 
isopropylamide is probably the most effective agent. T h e  method 
affords a number o f  3-picolyl ketones in good yields; 4-picoline gives 
comparable yields. :J-Pyridineacetonitrile, which possesses an acti- 
vated methylene group, condenses with ethyl acetate as expected 
(57 ) .  3-Pyridineacetic acid gives 3pyridylacetone by reaction with 
acetic anhydride and sodium acetate. 

T h e  reaction of 2-acetylpyridine with tienzaldehyde gives a 
number oE products according to the conditions (XI\’-84). 2-Acetyl- 
pyridine and o-nitrobenzaldehyde give a hydroxyketone which under- 
goes dehydration with base to a chalconc isostere (llclj (XIV-85). 



156 Chapter XIV 

CHO 

O C O C H ,  COCHaCHOH 

(XW-85)  

T h e  acylation reaction of Boekelheide and Linn has been ex- 
tended to the production o f  pyridine ketones. In an interesting 
example, 4- benzyl-2 ,Ti-lutidine- 1 -oxide gives 4- benzoyl-2,6-lu tidine 
(213). Treatment of 4-benzoyl-2,6-lutidine-I-oxide with acetic anhy- 
dride affords 4-benzoyl-3-hydroxy-2,6-lutidine. 

Nicotinic acid I-oxide gives 9-acetylnicotinic acid 1-oxide on re- 
fluxing with acetic anhydride. ,% similar reaction with propionic 
anhydride, however, gives only small amounts of the expected ketone; 
instead, a ring closure occurs to yield 2-methyl-7-aza- 1 3indanedione 
(27) (SIV-85a).  Similar reactions with isonicotinic acid I-oxide and 
cinchomeronic acid 1 -oxide were unsuccessful. 
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@:%? + m i e  (XJV-85a) 
O C O 2 k I  tEtCO)2s) 5% 

+ / I  
0 0 

2-Picoline 1-oxide reacts with ketene under acid catalysis to give 
2-pyridylacetone in 50yo yield (190). 

i. Hydration of Acetylenes 

T h e  hydration of acetylenes constitutes an effective method for the 
preparation of phenacylpyridines (34,250,279,326). 2-(Phenyl- 
ethynyl)pyridine, for example, which is prepared readily from the 
corresponding stilbazole, gives a high yield o f  2-phenacylpyridine. 
P,G-Diphenacyl pyridine results in high yield b y  a similar process 
(XIV-86). T h e  hydration evidently proceeds in only one direction 
(343, 433). 

669. H,SO, / boll, 6 mln. 

j .  Japp-Khgemann Reaction 

This is the reaction of a diazonium salt with a carboxylic acid to 
form an arylhydrazone of an aldehyde or ketone with the elimination 
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oL' carhon dioxide. 
pyridine ketones b y  this  rnctliod (XI\J-Wi). 

I-rank ant1 Phillips (I 19) have prepxed several 

,\rN, + 0 y H A r  
(XIV-87) --- N -c-R 

k .  Aciditio?r I-?ruc/ion~ of P'inylpytidineJ 
@-(2-Pyridy1)alkyl ketones torm b y  Alichael addition of ketones 

to 2-vinylpyridine. A variety o f  ketonic compounds have been used 
(6,?9,237,407,-126). Sodium and "Triton 13" are effective basic 

Acetylace- 
tone and 2-vinylpyridine rcac t in the presence of sodium, for exam- 
ple, to give both the normal ;iddition product and 5-(2-pyridyl)-2- 
pen tanone by cleavage ( 6 )  ( S  11'-88). Ethyl acetoacetate gives the 

('a talysts. 
Certain side rcac tions oc(.iir in  these condensations. 

normal compound ~vhich can I)c 

O C H = C H a  
+ C H ~ C O C H ~ C O C H S  

hydrolyzed to the same substance 

YOCH 

I 
COCH3 

-!% o C H 2 C H 2 C H  + 

o C H z C H $ H 2 C O C H 3  (XIV-88) 

(91) .  Another COI11111On side reaction involves the introduction of 
niore than one pyridy1t:thyl group into the carbonyl compound. 
This  occurs freqiiently with sc~diuni and to a lesser extent with Tri-  
ton I3 catalysis. 

T h e  formition o f  ~-;icetyI-~-(~-pyridyl)ethylbutyrolactone from 
u-acetyl1,utyrolactonr and  ~--vinylpyricline c)cciirs in 40y0 yield (39) 
(XIV-81)). ,411 open chain ketone is obtained exclusively in the reac- 
t ion of 2-v i n y 1 pyrid i ne w i t h %met h y l-4- hydrc)xycoum,7rin (X I\'-SO). 
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3-Pyridineethanol has heen employed as a source of 3-vinylpyri- 
dine in reactions with substituted acetophenone; yields are low, 
however (349) (XIV-91). 

1. From A cy lpyriditz i i t  m Sa 1 t J  (1 n d A ry  1 di l ly  d 1-0p y rid in e 
Ilerivat ives 

Claisen and Haase (76) obtained a yellow crystalline compound 
b y  interaction o f  pyridine, acetophenonc, and benzoyl chloride at 
ordinary ternperaturcs. Doering and hfcEweri ( 9 0 )  considered the 
product to I x  1 -benzoyl-4-phenacyl- 1,4-diIiydrop);ridiiic (XI17-92). 

Cyclohexanone reacts in a similar way; the product (XIV-93) gives 
2-(4-pyridyl)cyclohexanone b y  oxidation with iodine. Propiophe- 
none gives the pyridine (X1\’-94j directly. 

T h e  reaction product ol acetic anhydride, pyridine, and ac-enaph- 
thenone was assigned structure (XIV-95j hy Ghigi ( 1 3  5,236), but 
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Iloering and McEwen (90)  sliowed that the prodiict is the l-acetyl-4- 
substi tilted tetra11 ydropyridine ( S  I\’-96). 

COCHa 

(XW-96) 

4,4’-Bis( 1-acetyl tetrahydropyridine) undergoes cleavage and rear- 
rangement on prolonged 1)oiling with methanol to give 4-acetylpyri- 
dine. Cleavage results also by treatment wi th  methanolic hydroxyl- 
amine, kilt the product instead is a dihydropyridine (XI\’-97) (107). 

Methanol COCHS 
reflux + CjHsN + 4-PyEt - Q  (trace) 

COCHs I ! ocII3 

COCHS (Xlv-97) 

m. Dinzoketones find Halometlzyl Ketones 
Pyridine diazoketoncs can he prepared by conventional means 

from the acid chlorides and di;tzomethnne and are iiseful intermedi- 
ates for the preparation o f  diverse siibstitiited ketones. ?-Diazo- 
acetylpyridine, for esamplc, gives the corresponding hydroxymethyl 
ketone by hydrolysis wi th  ,50%, acetic acid (93,9.1,-/16) (XI\’-98). T h e  
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609. AcOH 
reflux 0 COCHN2 O C O C H a O H  (XIV-9 8) 

3-diazomethyl isomer is prepared in low yield by a similar proce- 
dure; treatment with hydrogen chloride yields 3diloroacetylpyridine. 
Addition of diazomethane to the acid chloride (reverse addition) 
gives the chloroketone directly. 2-Aminonicotinoyl chloride and 
2-carbomethoxynicotinoyl chloride afford the corresponding diazo- 
ketones in good yields (189,271). 

a- Bronioal kyl pyridyl ketones are readily available by direct 
bromina tion. 2- 13romoace ty 1 pyridine, thus, is formed from 2-acetyl- 
pyridine (80): i t  is available, however, in much better yield by bro- 
minatiori and hydrolysis of 2-carbethoxyacetylpyridine ( 4 1 7 ) .  A 
similar procedure affords 3-bromoacetyl- and 4-bromoacetylpyridine 
(XI v-99). 

QCOCHa Br2'Aco' O C O C H 2 B r  

.~ 

COCH~COOC~HS Br,, 48% H B r  + P C O C H a B r  (XIV-99) 

12 . 0 t h er hl e t 12 oils 

Bachman arid Schisla ( 1 5 )  have effected the direct acylation of 
pyridine with N,N-dimethylbenmmide in the presence o f  magnesium- 
mercuric chloride. T h e  mixed benzoylpyridines, which amount to 
about 550/, ,  consist o f  the 2- and 4-isomers in a 9 : 1 ratio. Less satis- 
factory results are obtained with an aluminum amalgam catalyst and 
ethyl benzoate. 

An interesting conversion is found in the reaction o f  a-phenyl- 
a-(2-pyridyl)propynol with ethanolic potassium hydroxide to give 
2-benzoylpyridine and acetylene ( 1 3 1 )  (XIV-99a). 

Ph 
KO-EtOH 

* 2-PyCOPh + HC=CH (XIV-99a) 
I 

OH 

2- P YC- C r  C H 
I (70-8 O X )  

a-Pyridoin reacts with p-toluenesulfonyl chloride in pyridine to 
Mixed diketones of this type may be obtained by give a-pyridil. 
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other metlitds. For example, selenium dioxide treatment of 2-pico- 
ly l  phenyl ketone gives the diketone, ant1 isonicotinoyl-4-pyridyl- 
carbinol affords y-pyridil (301). 

2. Properties and Reactions 

The preparation and properties of nuclear pyridine ketones are 
summarized in Tables XII’-2-4 (pp. 206 ff.):  side-chain ketones are 
found in Tables XI\!-5 anti SIV-6  (pp. 272 ff.) .  TaMe XIV-7 (p. 
310) cmvers di- and  polyketones, and Table XI\!-8 (p. 524) covers 
ketones wit11 a ~iytirogenated pyridine nucleus. 

Thus, they con- 
dense wi th  the usiial carbonyl reagents t o  give well-defined deriva- 
tives. T h e  fl-ketocsters, p-ketoaldehydes and p-diketones form pyra- 
zoles with hydrazines and pyrimidines wirh amidines. Numerous 
reactions have been reported with Grignard reagents to gi.e tertiary 
carbinols or their dehydration products. (Cf .  Chapter XIII.) Hy- 
dantoins form readily and in good yield, while the 1,euckart reaction 
gives the expected aniines in  variable yields. 3-Acetylpyridine reacts 
with ethylene glycol and ethylene dithiol t o  give the cyclic ketal and 
thioketal (371) .  T h e  Elbs reactiori, on the other hand,  has been 
iinsuccessfiil w i th  various pyridine ketones (16). T h e  IVittig 
reaction with (carbet11oxymetliyl)triphenylphosphoniiim bromide 
gives high yields o f  acrylic: esters (372). 

Pyridine ketones give the expected reactions. 

a. Oxida/ion and Hydyolysis 

Pyridirie ketones generally exhibit ordinary behavioi- on oxida- 
tive treatment. ?-Acetylpyridine, for example, undergoes the normal 
iodoform reaction (296). Oxidation of sodium phenyl-(4-pyridyl)- 
pyruvate with hydrogen peroxide gives the corresponding acetic acid 
( 3 5 4 ) .  T h e  IViligerodt reaction generally gives good yields of prod- 

Mathes and Sauermilch (264) have found a-pyridil to undergo 
decarbonylation on heating with lead oxide. T h e  product, bis(2- 
pyridyl) ketone, gives pyridine and picolinic acid on cleavage with 
powdered potassium hydroxide (XlV- 100). 

T h e  alcoholysis of aryl pyridyl and alkyl pyridyl p-diketones 

ucts. 
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Q C O C O Q  2 Q C O Q  - + Q C O O H  

(XIV-100 j 

occurs on both sides of the methylene group to give all possible 
products (224). 

L . Cutii 1 y t ic H y drogenn 1 ion 

Pyridine ketones can be reduced conveniently with hydrogen and 
noble metal catalysts: the products are pyridine carbinols, piperidine 
ketones, or piperidine carbinoly according to the conditions ern- 
ployed. 5-AcetylpyridiIie, for example, gives a-methyl-3-pyridine- 
methanol with hydrogen and platinum; i n  the presence of hydro- 
chloric acid the product is the 3-piperidyl carbinol (370).  

Scheuing and \Vinterhalder esamined the reduction of 2,6-di- 
phenacylpyridine in synthetic studies pertaining to the lobelia alka- 
loids. Hydrogenation proceeds stepwise; the pyridine dialcohol, 
initially obtained, is transformed on further reduction to the piperi- 
dine dialcohol norlobelanidine. Norlobeline, derived from nor- 
lobelanine, yields the same product on hydrogenation (XIV-101). 
I3achmann and Jenkins (14) prepared a series of 2,6-diacylpyridines 

C g H 5 CHOHCH2 CH 2 CHOHC OH 6 

Pt02-BaS0, 
H2 

CsH5CHOHCH2 @CHaCHOHCgH 5 

H 

Norlobelanidine 

H 

CoHbCOCHa N CH~COC~HS A C*HsCOCHa@ CH2CHOHC6Hb 
H 

GI 
H 

Norlobelanine Norlobeline (XIV- 10 1) 
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which undergo catalytic reduction to the piperidine dialcohols. 
1 -(J-Pyritlyl)-4-di1netiiylamino-~-btitanone gives the pyridine alcohol, 
with some reduction o f  the ring (35S). 

T h e  addition o f  acids does not always lead to reduction of the 
pyridirie ring. Graef, Fredericksen, and Burger (146) found, for ex- 
ample, that hydrogenation o f  6-methyl-2-pyridylacetone in the pres- 
ence o f  perchloric acid affects the side chain alone (SIV-102). 

%, Pd-BaSO, 
13CI04-AcOH 

M e Q C H z C O C H 3  MeQR (XIV-102) 

T h e  hydrogenation of 2-phenacylpyridine and its methobromide 
is of interest. T h e  h e  gives the carbinol in the presence of plati- 
num oxide or nickel. T h e  ~nethobroinide, however, is transformed 
first to 2-phenacyl-1-methylpipericline and then to cyclohexyi l-meth- 
yl pi pecol yl ketone (N 1Ir- 1 03) ( I  77). 

Certain y-(?-pyridyl)alkyl ketones are of value in the formation 
o f  bicyclic systems, since hydrogenation is almost invariably accom- 
panied by cyc-lizatio~i (?<1\‘-104). For example, phenyl Y-(?-pyridyl)- 
propyl ketone yielcl~ the corresponding phenylquinolizidine. Reduc- 
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tion w i th 1 i thi um a I uni i nil in h ydr ide, however, gives the pyridyl- 
phenylcarbinol. 

Reductive cyclizations of a somewhat different type have been 
effected by Ochiai (298). In one example, hydrogenation of iso- 
nitrosonicotinoylacetic ester and acetoacetic ester over a palladium 
catalyst gives a 5-pyridylpyrrole derivative (XIV-I 05). 'This also oc- 
curs with zinc and acetic acid. 

(XIV-105)- 

Kuick and Adkins (224) have shown that hydrogenation of 3-pyri- 
dyl-p-diketones with nickel invariably gives piperidine derivatives; 
the pyridinecarbonyl bond is susceptible to cleavage. 

c. Chemical Reduction 
Chemical reductions generally proceed in a nornial manner, al- 

though some examples of anomalous behavior have been noted. 
3-Benzoyl-6-phenylpyridine gives quantitative yields of the corre- 

sponding carbinol by reduction with zinc in neutral alcohol solution 
(28). Treatment of XIV-106 with zinc and hydrochloric acid causes 
hydration as well as reduction (4Z4). Reduction with zinc and acid 
sometimes converts the ketone to a methyletie ,group (293,360). 

Zn. HCl  

oCOCH=CHCH2CH2OEt  0 CHOHCH 2CH 2CHOHCH 2OEt 

(XIV- 106) 

T h e  reduction of 3-aroylpicolinic and 2-aroylnicotinic acids with 
zinc and ammonia proceeds much as in the benzene series; thus, 
alcohols are formed which undergo lactone formation with ease 
(XIV-107). 

Ar 

Zn-NH40b (XIV-107) 
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'Z'lie C~leminensen rediic.ticiti has I~ecn employed in the reduction 
of pyritlirie ketones. L'-;~cet).lpyridiiie, for example, gives 2-ethyl- 
pyridine as expc(:ted. Tlie reduction o f  3-(acetoxyacetyl)pyridine, 
011 the other hand, gives ~-1nethyl-~3-pyriclinernetlianol (20). 

Reduction wi th  socliun~ or sodium miialgam affords either mono- 
molecular or binio1ecul;ir rctliiction products according to the nature 
of the ketone eniployecl. l~is(G-dirnethylaiiiino-8-pyridyl) ketone 
gives qiiaiititative yields o f  the carl)inol with sodium amalgam. 
~-I~cnzoylpyricline atid ~I-l,eiizoylpyridine yield simple carbinols, 
while die 4-isonler gives the corresponding pinat:ol (200) with so- 
dium :iinalgii~i~. :I fiirthcr c.x;imple o f  the variability of the reaction 
is found in the reduction of "-propionylpyridine. Sodium and arnyl 
alcohol redilction gives the c:arl)inol, and sodiiiru-cthariol reduction 
the pi nacol (I 09, I 12). 

T h e  Meer~\.cin-Porirtdorl' reaction has not been much employed 
in the pyricline series: 4-;icetylpyridirie gives the carbinol (77). 

Thc LVolff-Kishncr reaction has found rather extensive me i n  the 
reduction o f  pyridinc ketones (I1 6,120,15A.I67,?_31,32 5,420:). T h e  
co~i\,ersior~s are effected i i i  rnotlerate yieltls and ivithout iinusual be- 
t lit v io I-. 

rl .  Him o lcc 11 lri I .  K r : d  I I l.1 io ti ( I  i i  rl Pi ti N co 1 K eci ,ige m t: 11 t 

Acetylpyi-icliiies iititiergo hinioleciila~~ rediiction to the cotte- 
spoiitliiig pin:i(~)ls untler (wi trolled conditions o f  electrolysis or 
ul traviolct irradiation (29 ) .  Pinacol re:irrarigenient gives a variety 
o f  products. Y-,-L:et);lp);iidiiie: tor example, gives tv\w isomers, XiV- 
107a and XIir-lOjb,  the f0riiic.r predoniinatirig. 

M e  Me 

I I 

I 
3- Q-C- COMe 

I 
3- Py co- c- P y -3 

he 3-Py 

(X'V-107a) (XIV-107b) 

2-Acetylpyridine givcs the pinacol in normal fashion. Rearrange- 
ment gives ;I cotnplrs inistiire ~vhich yields three stibstiiiices on 
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chroma tograph ic separation : 1 .?-bis( ?-pyridyl)-?-inetliyl- 1 -propnone 
(XIV-lo'icj, (i-(L'-pyridyl)-'i-iiiet~i~l-5I--I-l-pyrinclene (XIV-l07tI), and 
2-pyridyl 2-picolyl ketone (XlV-lO7e). 

Me M e  

(XIV- 107~) (XIV-107d) (XIV-lOPe) 

Rearrangement of the pinacol derived from 4-acetylpyridine gives 
three products: 2,3-bis(4-pyridyl)- I ,3-butadiene (X IV- 1 O'if) ,  1,2-bis(4- 
pyridyl)-?-inethyl- I-propanone (XIV- 107g), and 3,5-bis(4-pyridyl)-2- 
hu tanone (X I V -  107h). 

CHa 
it 

M e  4-Py 
I 
I 

I 
4-Py -C-COMe 

M e  

4- Py c-c-Py-4 4-WCOC- Py-4 
I 

M e  
II 
CHa 

(XIV- 107f) (XIV- 107g) (XIV-lO7h) 

'The major isomer resulting from rearrangement of 1,4-bis(S-pyri- 
dyI)-2,3-bu tanediol possesses profound biological effects on the adrenal 
cortex. I t  is a potent inhibitor o f  1 I-p-hydroxylation o f  steroids in 
man, a n d  intert'ercs with the synthesis arid secretion o f  cortisol, corti- 
costerone, itnd aldosterone (82). 

e. Cm 1) on y 1- A cf ivu fed Co ridemu t ion5 

Pyridine ketones which possess an a-methyl or methylene group 
undergo the I I S U ~ I  base-catalyzed condensation. Aniong these, ?-ace- 
tylpyridine reacts with isatin and substituted isatins in the Pfitzinger 
reaction to afford quinoline derivatives (XI\'-108) (21,254). Other 

(Xrv- 108) 
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examples of bimolecular base-catalyzed reactions are found in the 
condensation of aromatic o-amino;ildehydes and pyridine ketones 
(XIV-I O!)),  and i n  the re;irtion of aniline and pyridine B-diketones 
to give quinoline derivatives (172) (XIV-I 10). Still another illustra- 
tion is found in the formation of glycidir ester (XIV-I 1 I )  from 5- 
ace t y I pyr id in e (201 ) . 

R 

d ! 2  + CH3CO %-.EL (XN-109) 

0-C 
PY-2 (XIV-110) 

‘cH2 A c 0 H . A  

O = C - X ! H 3  I - a C H 3  

ocoCH3 + BrCH2COOEt + NaOEt - 
N 

(XIV-111) 

Phenacylpyridines undergo either C- or 0-alkylation or acylation 
according to reaction conditions. Methyl iodide and benzyl chlo- 
ride, for example, give C-alkylation with basic catalysts in toluene 
solution. Higher alkyl  halidcs react similarly in media of high di- 
electric constmts. lkckett and Kerridge (22) reported that dimethyl- 
aminoethyl chloride gives 0-alkylation. Sperber, Fricano, and Papa 
(3hZ), however, found that C:-alkylation also occurred. Acetic an- 
hydride gives 0-ncetylation, while benzoic anhydride gives C-benzo- 
ylation. 

T h e  condensation of 2-acetylpyridine with aromatic aldehydes 
leads to  various products. o-N itrobenzaldehyde, for exarnple, reacts 
with 2-acetylpyridine to give the hydroxy ketone, which undergoes 
dehydration with aquectiis alkali to  the unsaturated ketone (110) 
(XIV- 1 12). T h e  reaction of benzaldehyde with P-acetylpyridine 
yields a variety of products (XIV-84). 

Acylpyridines participite in the Mannicli reaction to give mono- 
and di-(aminoalkyl) ketones (SS,3 5 8 ) .  
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CHo EtOH NOa 
-t ONo2 - QCOCH2CHOHQ 

10% NaOH (XIV-112) I 

Pyridine. ketones and j)-ketoesters react with nitrous acid to give 
isonitroso derivatives which are useful intermediates in the prepara- 
tion of a-aminoketones (298,299). 

f. Cyclization Reactions of Substituted Ketones 

phenylhydrazine to give quinazolones (188,296) (XIV-I 13). 
Structurally suitable pyridine ketoacids and derivatives react with 

(XIV-113) 

0 

or + OaN(J"Ha - AcOH & I O N 0 2  

N w  
O C O C H 2 C O O R  COOR' CHaCOOR 

Kuhn and Muenzing (225) have described an interesting cycli- 
zation reaction of 2-henzoylpyridine phenylhydrdzone. T h e  syn 
(higher-me1 ting) modification undergoes oxidative conversion to a 
hicyclic triazoliwn salt; the anti form, however, does not react (XIV- 
1 14). A similar transformation occws with 2-xetylpyridine phenyl- 
h ydrazone. 
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T h e  Fischer indole synthesis with 7-nicotinoylpropylamine phen- 
ylhydrazone afford5 3-  (y-aminopropyl ) - 2  - (  3 - pyridyl) indole ( I  56). 
3-Acetylpyridine o-nitrophenylhydrazone does not undergo this reac- 
tion, however (178). Other exarnples o f  this reaction in the pyri- 
dine series are known ( 1 9 4 ) .  

K%gi has reported an interesting extension of the Arndt-Eistert 
reaction which leads to 8-azaosindole (189) (XIV-I 15). 

COCHNZ (XN- 1 15) 

H 

3-Renzoylpicolinic acid reacts with thionyl chloride to give a 
chlorolactone which yields Inethyl 3-benzoylpicolinate on reaction 
with methanol and isomerization with alcoholic alkali (204) (XIV- 
116). 

g3 C s H 5  
soc1, 

COOH C O C ~ H ,  (sat. with HCI) q-J,O = qocHa 
/I 
0 (XIV-116) 

alcoholic I alkali 

0 

T h e  reaction of a number 0 1  pyridyl /3-ketoesters with phosphorus 
pentasulfide i n  xylene gives cyc:lic dithiolethiones (XIV-1 17) (-332). 
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(XIV- 1 1 7) 

g. Biological Transformations 
3-Acetylpyridine has been reported to produce nicotinamide de- 

ficiencies in animals, although without growth effects. Kaplan and 
Ciotti (195) demonstrated the synthesis of the 3-acetylpyridine ana- 
log of DPN. This analog is cleaved by pig-brain DPNase at the 
same rate as DPN; neurospora DPNase cannot effect this transfor- 
mation, while crystalline yeast alcohol dehydrogenase reacts at only 
1/20 oE the rate of pig-brain IIPNase (XIV-I IS). 

R = Adenosine diphosphate moiety 

3. Ketoximes and Their Reactions 

Pyridine ketones form oximes readily under ordinary conditions; 
in many cases both s y n  and anti forms can be isolated and their 
structures proved by Beckmann rearrangement. Thus, N ienburg 
( 2 9 0 ~ )  showed that 3-benzoyl-6-phenylpyridine forms a mixture of 
oximes. T h e  a-form, m.p. 160", undergoes partial transformation 
into the other isomer during the Beckmann reaction. T h e  j3-oxime, 
m.p. 183-184", rearranges with phospliorus pentachloride to aniline 
and ti-phenylnicotinic acid; the a-isomer yields the latter product, 
benzoic acid and 3-amino-6-phenylpyridinz. T h e  configuration of 
the a-oxime, therefore, is syn-ptienyl, and that of the pisomer, anti- 
phenyl. 

T h e  oxime of 2-phenacylpyridine and the dioxime of 2,6-di- 
pheriacylpyridine undergo the Beckinann rearrangement to give 
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2-pyridineacetic arid arid 'L,(i-pyridinediacetic acid; both oxinies, 
therefore, milst have the miti-phenyl configuration (30f). 

Chichihabin first prctpared the oxime of 8-benzoylpyridine as a 
mixture o f  two forms: (a) n1.p. 150-152" and (b) m.p. 165-167". 
Tschugaeff ( 3 8 2 ~ )  showed that only the lower-melting isomer formed 
complexes with metal salts and, on this basis, surmised that it was 
the syn-pyridyl modification. Huntress and 'CYalter (179) investi- 
gated the structures of these isomers by means of the Beckmann reac- 
tion. T h e  lower-melting form proved to be the unti-pyridyl and the 
high-melting (noncotnplexing) form, the syn-pyridyl. T h e  assump- 
tion of Tschugaeff thus was erroneous. 

3-p-Toluylpicolinic acid reacts with hydroxylamine to form the 
cyclic oxime anhydride (188,309) (XIV-119). 

Adarris arid Miyano ( I )  prepared the oximes of various pyridine- 
pyruvic ester I-oxides and converted these products to  the correspond- 
ing pyridineacetonitrile I-oxides (XIV-I 20) with aqueous alkali. 

T h e  benzenesulfonyl esters of 2-, 3-, and 4-acetylpyridine ketox- 

+aCN 
aq. alkali 

@#2OCOOEt & NH OH @ayCOOEt - 
N 
1 
0 (XIV-120) 

NOH 1 
0 

1 
0 

imes react with potassium ethoside to give the amino ketones (XIV- 
121) by way of the aminoketals (7YJS5). 

CHSC-NOSO~C pH 5 

h KOEt - COCHzNHa 

HC1 

(XIV-12 1) 
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4-Benzoylacetylpyridine, which is prepared easily by reaction of 
acetophenone with ethyl isonicotinate. does not form an oxime. In- 
stead, the reaction product with hydroxylamine hydrochloride is an 
isoxazole (382) (XIV-122). 

(XV-122) 

4. Quaternary Pyridinium Aldoximes and Ketoximes 

iLlany organophosphorus compounds are powerful inhibitors of 
acetylcholinesterase; among these may be found dialkylphosphofluo- 
ridates, tetraalkylpyrophosphates, and p-ni trophenylphosphates. Ex- 
amples of exceedingly toxic compounds are isopropylmethylphos- 
phorofluoridate (GB), N,N-dimethyl-0-ethylphosphonamidocyani- 
date (GA) and tetraethylpyrophosphate. T h e  mode of action of these 
substances, which is noncompetitive and not readily reversible, is 
believed to be phosphorylation of a vital group at  the active center 
of the enzyme. Childs and co-workers (79) studied the effects of iso- 
nitro compounds, which are moderately strong acids, and oximes in 
this connection. \Vilson and Ginsburg (405)  found the pyridine 
2- and 4-aldoxime methiodides to be atnong the most active com- 
pounds. T h e  qua ternary aldoximes, for example, were about one 
million times more active than the simple aldoximes. 

Considerable work has since been done in the field of quaternary 
pyridinium aldoximes and ketoximes. 2- and 4-Pyridine aldoxime 
quaternary salts are, for example, much more active than the corre- 
sponding 3-isotners. Alkylene-bis-pyridinium aldoximes are among 
the most potent reactivators of phosphorylated acetocholinesterase 

Certain quaternary pyridinium ketosimes likewise possess acetyl- 
cholinesterase reactivating properties, for example, a-pyridil dioxime 
diniethiodide (cf. Table XIV-9, p. 328). 

( 1  7631 6 ) .  



174 Chapter XIV 

The pyridine aldoximes a r i d  iildiuines are  c;ip;il)le o f  coiriplexing 
with rnetals such as iron, plilti1ltllr1, palladium, nickel, cobalt, and 
coppet (I iS,21S,240,3 5O, j6$ ) .  
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A. PYRIDINETHIOLS AND PYRIDINETHIONES 

1. Structure 

Of the three isomeric pyridinethiols, only the 2- and 4-isomers 
can exist in the tautomeric pyridinethione form (XV-1). T h e  earlier 

SH B 

H 

workers in this field designated compounds of these types as posscss- 
ing either the thiol or the thione structure, but proof was lacking. 
I n  recent years, Renault (I#]), Ross (147), Spinner (296),  ,Jones and 
Katritzky (IrOZ), and Albert and Rarlin (331) investigated the absorp- 
tion spectra and ionization constants of a number of pyridinethiols 
in an eflort to determine the predominant tautomeric forms. Al- 
though their data favor the thione form, in this chapter, compounds 
of these types will be referred to as pyridenethiols to follow the prac- 
tice of Chemirnl A bslracts. With I-substituted derivatives, e.g., 
l-niethyl-2(1H)-pyridinethione (XV-2), tautonierism is no longer 
possible, and the pyridinethione nomenclature w i l l  he used. 

(XV-2) 

2. Preparation 

a. Ar ii L lenr Synthesis 
The reaction of one equivalent each ol an aryl isothiocymate 

and ethyl .7cetoiiedicarboxylat~ was reported by IVorrall (203,204) to 
give complex pyridine derivatives (XV-3). \Vi t l i  two eqiiivalents 
of isothiocyanate, the reaction was n1c)t-e complex and gave (XV-4), 
which reacted with bromine in acetic acid to give (XV-5). 
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From the reaction of lmtyraldehyde and aniline, Craig et nE. (38) 
olitained a compound. C,,H,,N, which, when heated with sulfur, 
gave a compound of m.p, 127", believed to lie S..i-diethyl-l-plieriyl-6- 
propyl-2( 1 H)-pyr-idinetliiorie. 

Cyanothioacetamide and  p-diketones gave J-cyano-l?-thiopyri- 
dones (XV-5a) (307). 4-'I'hiopyrones and monoaikylamines gave 

-. CN 
CHsCOCHaCOCH3 + NCCHzCSNHz --+ H3cGsH 
1-alkyl-4-tliiopyridones (305). Henzytidene l,is(phenylphenacylthio- 
ether) and ammonium acetate gave 2,4,6-triphenyl-9,5-bis(pher~yl- 
thio) 1,4-dihydropyridine; the latter, with nitrous acid, gave '1,4,6- 
triphenyl-3,.i-bis(phenyl thio) pyridine (328). 1,1,3,3-?'etracyanopro- 
pene and inethylisothioitren gave 2-ainino-K,:i-dicyano-~~-metl~yltl~io- 
pyriditie (329). 

b .  Fmm Halopyridines 
These are the most widely used precursors of pyridinethiols. 

Sodium or potassium hydrosiilfide have Ileen reacted with a variety 
of substituted and unsuhstitiited Iialopyridines. generally in meth- 
anol or ethanol a t  refliix or in senlect tribes at Iiiglier temperatures 
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(XV-6). In ethanol, 2-bromopyridinc, and potassium liylrosiilfide 
yielded, in addition t o  2-pyridinetIiio1, a small ;inioiint of ?-(ethyl- 

thio)pyridine (10). Disitlfide formation Iias also lwen reported (29 ) .  
Recently, propylene glycol 1i;is been iised as a Iiigli 1)oiling solvent 
for the reaction of potassium hydrostilfide wi th  ~ - 1 ~ r ~ ~ n i o ~ ~ y r i d i n c  
(19-3) and 3-bromopyridine (205); in the latter case c'ol)i)cr catalyst 
was iised and tlie yield of piirified rnercaptiin was o n l y  la%,. 

A l k y l  groups do  n o t  interfere, as shown by the reaction of 4- 
cliloro-2,6-liitictiric wi th  potassiiini Iiydrosulficle to give 2,(i-dinietliyl- 
4-pyridinetliiol (107). Halogen in the 3 position is inert under the 
relatively mild conditions required for the repl;icement of 2- or 
4-lialogen; a nurnber of di- ;ind ti-ihalopyridines have tlius been con- 
verted to ~ia~ol,yridinet~iio~s (!2,86,,236). 

For ex;imple, 2- 
cliloro-5-nit.ro~,)..ridine has l m m  convei-ted to 5-nitro-2-p~ridiiietliir)l 
I)y means of sodiiini sulfide in et1i;inol (57j. potassium liydrosiilfide 
in ethanol (98,127), thioacetairiide (365), and potassiiirn hydrosulfide 
in methiinol (36,236).  In the last case, the formation o f  bis(5-nitro- 
2-pyridyl) sulfide has also been observed (175).  On the other hand, 
2-chloro-S-nitropyridine gave 5-nitro-2-pyridinethiol together with 
some oE the corresponding di!julfide (rrtther than the sul tide) ( I  50). 
Several 2,3-dihalo-5-ni tropyridines have been converted normally to 
the 3-halo-5-nitruthiol (136).  

Reduction of a nitro group lias however been ot)served with 
2-cliloro-3,5-dinitrop~ridine, which reacted witli potassium hydro- 
sulfide in methanol to give an arninonitropyridinetliiol. Apparently 
the 5-nitro group was reduced, since the product (XV-7) gave an 
A;'-acetyl derivative (XV-8) rather than a tliiazole, whereas the cor- 
responding diatniiie (XV-9) gave a thiazole (XV-10) (188). 

2-Cliloronicotinic acid reacts normally to give 2-mercaptonico- 
tinic acid (51 ) .  Similarly 2,G-dichloroisonicotinic acid (1 5) and 2,4,(i- 
trichloronicotinic acid (148) have been converted to the correspond- 
ing di- and trimercapto acids. N itrile groups are sometimes inert, 
as in the conversion of G-chloronicotinonitriie to 6-mercaptonicotino- 
nitrile (56,86), but have also been observed to add a molecule of 

3- ;ind 5-Nitro gTOllpS ilre also iisiially inert. 
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(XV- 8) 

H2NQ.22  (CH3CO),O, C H s C O N H m N  
SI2CHa 

(XV-9) (xv- 10) 
hydrogen sulfidc: the result is the conversion o f  a halonitrile to ;I 

mercaptothioamide (136). 
Thiourea has also I)cen reacted wi th  nlimerous Iialogenated pyri- 

dines, generally in  refluxing metlianol or et1i;inol; the resulting 
S- py 1- id y 1 t 11 i 11 ron i 11 111 11 a 1 id e is decorn posed i t Ii ; iq uet 11 i s  a 1 ka 1 i met a 1 
Iiydroxitle or  (:;~i-Iioii;ite t o  the pyricline~liiol (Xl’-l 1). Siililll amoiints 

I (XV-I I )  

o f  2-pyridiiietliiol wcre obtained c1ircc:tly \\.lien tlie mixtiire o f  
2-l)roiiiop)?ridinc. tliioiirea, ;iiitl etli;tiiol n m  rcRuxect for 24 Iiours 
rathei- tliiili tlie iisiial 2-3 Itours (16).  Kenault (141) i-rported tliat 
the decomposition of S - ~ ~ - ~ ) ~ r i t l ~ l ) t l i i ~ i r ~ ~ ~ i i i i i ~ i  hoinide wi th  aqueous 
sodiiim carbonate on tlie s t a i n  hatti gave eqiial amoi1nt.s o f  2-pyri- 
dinetli iol a n d  I)is(?-pyridyl) sii 1 M e .  IYIien S - (  1 -oxiclo-.l-pyridyI)- 
tliiiironiiim chloride tvas dec:oiiiposed wit11 cold rtqiieoiis sodium liy-  
droxide. 1 -liydroxy-4( 1 H)-l)yi-idinethione was o1)taiiicd: however, 
wheii the decomposition W;IS cmriecl oiit with aqueous aiiiinoiiia 011 

the steam bath,  his( I-oxido-4-pyridylj sulfide was the product (72, 
156,211). 

Forrest and It’alker (56) deconiposed .S-(~-iiitro-?-pyridyljtlii- 
uronium chloride wi t l t  ;iqiicoiis sodium Iiydroxide and ohtained. 
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in addition to  5-ni~i-o-~-~,yriditietliiol, ;i small aiiioiitlt  of bis(5-nitro- 
3-pyridyl) clisiil fitlc. 

Table XI'-] lists the known S-pyridylthiuroniii~n halides (p. 382). 

c. Fuon, Pyuidittols 

Phosphorus peiitasiilfidc reacts with 2- and 4-pyridinols t o  give 
the corresponding thiols (66302,319). 4-Pyridinethiol has been pre- 
pared in this manner in 86% yield by fusion at 60-70" (XV-12) (SOj, 

OH SH 

Q + pas5 - Q (XV- 12) 

and 2-pyridinethiol in 70-75y0 yield at 1 (i0" (1-11). 'The 5,5-diiodo 
derivatives of both 2-pyridinol and 4-pyridinol react smoothly in high 
yield with phosptiorus pentasulfide in pyridine solution (84,85) .  An 
earlier attempt to react 5-iodo-1-pyridino1, ap~>arently without sol- 
vent, gave a resirioiis product from wfiicli only l)is(2-pyridyl) disul- 
fide was isolated, the iodine having been lost ( 1 3 6 ) .  

4-H~droxynicotinic acid reacts with phosphorus pentasiilfide in 
pyridinc to give the ditl~iolcthione (XV-I 3); tliis was found highly 
resistant t o  hydrolysis but could lie converted to 4-nicrcaptoiiicotinic 
acid (XV-14) i n  refluxing 30y0 sodium hydroxide (2-1.j). Suhse- 

s ---s SH 
COzH 

OH 

(XV- 13) (XV-14) 

S 

(XV-15) 

quently, the 1.3-isomer (XV-15) (n1.p. 17So) was prepared from 
phosphorus pentasulfide and bis(2-carl>oxy-5-l)yridyl) disiilfide (248, 

Sulstitiition on the ring nitrogen does not appear to interfere 
Thus, this re- 

cf. 307). 

with the conversion ot pyridones to tliiopyridones. 
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action lias heen successftilly perfornied with a series of l-alkyl-2(lH)- 
pyrictones (141--f.f4), with  1-(4-pyridy1)-4( lH)-pyridone (7), and with 
I-i~lienylclielida~iiic acid dietliyl ester (S), giving the corresponding 
1-siil)stituted ~'yt-idinetliiones. 

d .  From A m i i i  op y rid in es 

The conversion of atnines to inercaptans 1)y means of  diazotiza- 
tion followed by reaction with a sulfur compound has thus far found 
little application in the pyridine series. -4s might he expected, it 
seems to be limited to tlie 3-amines. 1)iamtized S-aminopicolinic. 
acid and 3-amirioisonit otinic have been si~ccessfully reacted witli 
sodium sulfide (169);  tlte use of potassium ethyl xantliate, followed 
by liydrolysis 0 1  the resulting xanthate estcr (1,euckai-t reaction), 
gave the corresponding disulfides. After esterification, the disulfide 
linkage was then rediiced wi th  Iiydra7inc, wliicli also arninolyzed 
the ester group to giise the rnercal,toliydrairides. (XV-I 6 )  (249). 

C 0 2 H  
H NNH u 

(3) HOH 2 

According to a brief rej)ort in  a patent, the xantliste reaction 
has also heen applied to the conversion o f  5-nmino-2-pyridinol to 
5-mei-capto-2-pyridinol (86). 

e. From Pyridiriesir lfon y l Chlorides 

3-Pyridinethiol lias been prepared b y  the reduction of 3-pyri- 
dinesulfony] chloride wi th  stannous chloride in concentrated hyclro- 
chloric acid (265,266). 

f .  From Pyvirlyl~y?.idiniirln (;hlo?.ides 
1-(4-Pyridyl)pyridiniiiiri chlorides (cf. Chapter 111, pp. 11 ff.) react 

with hydrogen sulfide in pyridine to give 4-pyridinethiols (279). 
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3. Properties 

T h e  pyridinethiols are ,generally obtained as colored crystalline 
solids; for example, 2-pyridinetliiol forms deep yellow, 2,6-dimethyl- 
4-pyridinethiol yellow-brown, and 5-nitro-2-pyridinetliiol red-brown 
crystals. T h e  pyridinethiols are insoluble in water, ether, and 
ligroin, and soluble in ethanol, acetone, and benzene. They are 
amphoteric substances, being soluble both in mineral acid and in 
aqueous alkali metal hydroxides and carbonates; they are precipi- 
tated from the latter by the addition O E  acetic acid. In alkaline so- 
lution, pyridinethiols are susceptible to oxidation. Nothing is 
k n o w n  o f  the effect o f  structiire and siil)stitiition in the pyridine 
ring u1-1ori the acidity o f  the - SH group. Tlie only reports con- 
cerning the effects of striictiire ant1 substitution upon the basicity of 
t.lie pyridinetl~iols are tliat 2.6-dimetl1yI-4-pyridinetliiol forms a 
stahle Iiydrocliloride, i1i.p. 258", while 2-pyridinethiol forms an oily, 
readily dissociated iiydroc~l~oride and forms no salt wit11 picric acid 
(107,141). Tlie pyridinetliiols foi-ni highly insoluble salts with tlie 

heavy metals, c.g.* nierciiry, copper, and silver. 
Penfold (247) determined the crystal striicture of 2-pyridinetliiol 

Iiy means o f  elec:tron-density projec:tions on the (001) and (010) 
planes. 2-Pyridinetliiol niolec:~~les are linked i n  pairs across centers 
of synimetry b y  what appear to be weak hydrogen bonds between 
nitrogen and sulfur atoms. 

4. Reactions 

a. Oxitlation mid Redricliozi 

Pyridinethiols generally undergo the normal oxidation reactions 
of mercaptans to disulfides, sulfonic acids, and sulfonyl chlorides; 
these will be discussed in detail in the sections of the chapter de- 
voted to these classes of compounds. 5-Nitro-2-pyridinethiol reacts 
with chlorine in carbon tetrachloride to give 5-nitro-2-pyridine- 
sulfenyl chloride, m.p. 116-1 18" C. (57); this seems to be the only 
representative of this class of compounds in the pyridine series. 

Interesting anomalies were olxerved hy Dolirti and Diedrich 
(42) in tlie oxidation o f  3,5-dihaio-2- and -4-pyridinetliiols: Hydrogen 
peroxide removed the sulfur rcductively, giving the 3,5-dihalopyri- 
dine. Nitric acid removed the sulfur hydrolytically, giving the di- 
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halopyridone. Potassium permanganate g7ve the expected dihalo- 
pyridinesulfonir acid {XV-17). T h e  attempted oxidation, on the 

other hand, o f  :i-nitro~~yridinc-l-tliioI to the corresponding stilfonic 
acid failed completely, but its reduction product 5-acetamido-2-pyri- 
dinethiol reacted with hydrogen peroxide to give an excellent yield 
of sulfonic acid (21). 

h . A cy In t io  11 arid A 1 k y lot io 11 

Two reports were foiintl on the acylation of :I pyridinetliiol; 
these were the esterification of 3-pyridinethiol and clirnetliylcarbamyl 
chloride (205) and ;7-~irnino-.',-broi1~0-4-pyritli1~etl~iol with 11-nitro- 
benzoyl chloride (2 ih) .  

Pyridinetliiols engage readily in the normal alkylation reactions 
of niercaptans to sulfides. Sot only the 3-thiol, l m t  also the 2- and 
4-isomers seem to give Y-alkykition exclusively; this contrasts with 2- 
and 4-pyriclones, whicli tend t o  favor M-alkylaiion tinder normal con- 
ditions. Typical o f  siicli alkylation reactions are the following: 2- 
pyridinetliiol with etlianol and hydrochloric acid or with ethyl 
iodide (37 ) ,  wit11 ethyl 1)roniide ( l o ) ,  with ally1 bromide and 
powclered sodiirm hyrlroxide (191) with l - ~ ~ r ~ ~ ~ i ~ - 4 - d i e t l 1 y l a m i n o - 2 -  
butanone hydro1)romitle in glacial acetic acid (2.71); 4-pyridinethiol 
with methyl iodide in ethanol (SO)  or with chloroacetic acid (SO); 
5-ni tro-2-pyridinctlr iol wit 1 1  diazomethane (1  7 5). 3,5-I)iiodopyri- 
dine-4-th iol reac ted nc w i m  I 1 y w i tli alkaline ch 1 oroace t ic acid sol u- 
tion, h i t  the isomeric 2-tliiol lost sulfur iinder these conditions, 
giving 9,5-diiotlc)-l-pyri(~ir~ol: the silver salt of tlic 2-thiol also lost 
sulftir ~vheii treated wi th  ethyl 1)romoacetate in refluxing ethanol, 
giving the I'yridone-1-acetic ester (83). 
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Preferential S- as against 0-alkylation has been reported in the 
reaction of 2-mercaptoricinic acid with chloroacetic acid (255; see 
also ref. 203). 

2-Pyridinetliiol reacts with 2-chloropyridine in xylene to give 
bis( 2- pyridyl) sulfide (? 7). 

T h c  N-substituted ~’yridiiietliiones, which are ?lo/ obtainable by 
N-alkylation reactions, are prepared b y  the reaction of phosphorus 
pentasiilfide with the corresponding ilr-substituted pyridone (7,8, 
142-144), or from hydrosulfides and an N-substituted halopyridone 
(XV-18, XV-19) (114). These compounds are reported to react 

(XV-18) 
QCI -!- KSH - 0 - 8  

CHS / \  
CHa I 

0 

::I I c l  + N a a S  -. HO’ NC($ ‘SH 6 (XV-19) 

CH3 CHa 

readily with ammonia to give 1 -alkyl-l,2-diiiyciro-2-iminopyridines 
(224). I-Methyl-?( IH)-p~ridinetliioiie has been qiiaternized with 
various alkyl halides; 2-(metliylthio)pyridine methioditle has been 
pyrolyzed to 2-(metliylthio)p~ridine (60,114,250). 

Pyridinethiols may be arylated to the nryl sulfide by reaction 
with an active aryl Iialide such as 2-clrloropyridine (?T) or with an 
aromatic dia7o compound (?6). 

The only known pyridine derivatives containing more than one 
mercaptan group are certain di- and trinierca~>topyridinecarboxylic 
acids, prepared from the corresponding Ilalogeniltcd acids and 110- 

tassium hydrosulfide; see Tallle XV-2 (p. 38.7) ( I  5 J f  8) .  

5. Sustituted Pyridinethiols 

Most substitution products are prepared by application of the 
syntheses described above to appropriately su1)stituted starting ma- 
terials, and require no special comnient. In a few cases, however, 
the subs t i t 11 t ion modi lies the chem is t ry signi ficm t 1 y . 

The niercnptan group in 5-iiitro-2-i’)..ri~iiietliiol is highly acti- 
vated and can be replaced 1)y hydroxy, methoxy, amino, or chloro 
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groups; oxidation to the sirlfonic acid could not he effected unless 
the nitro group was first converted to acetamido (21) .  

o-Aminopyridinetliiols are readily converted into pyridothiazoles. 
For example, a solution of 3-aniino-6-chloro-2-pyridinethiol in aque- 
ous sodium hydroxide was treated with a stream of carbon dioxide 
saturated with carbon disulfide, giving 5-chloropyrido [3,2-d] thi- 
azole-2-tliiol (223,224). T h e  aminothiol may be formed in sitic from 
the corresponding nitrothiol, as in the reaction of  5-methyl-3-nitro- 
2-pyridinethiol with 85% formic acid and iron filings to give 6- 
methylpyrido[Y,9-d]thiazole (XV-20) (29). Instead of a nitromer- 

r 1 

L 

captan, a nitrohalo compound has also been used: 2-chloro-3-nitro- 
pyridine reacted with sodium sulfide and hydrogen sulfide in carbon 
disulfide to give pyrido[3,2-d]thiazole-2-thiol (XV-21) (213,214). 

2,6-I)iamino-5-pyridinetliiol has been obtained by alkaline hy- 
drolysis of 2,5-diaminopyrido [2,3-d] thiazole (XV-22) (187). 

(XV-22) 

T h e  known isomeric pyridinethiols are listed in Tables XV-2- 
XV-5 (pp. 383 ff.). T h e  known 1-substituted 2(1 H)-pyridinethiones 
are listed in Tahle XV-6 (p. 586). 

B. PYRIDYLALKYLTHIOLS 

T h e  few known representatives of this class of compoiinds have 
been prepared b y  one of’ two methods: 

1. From Pyridylalkyl Halides 

IZenary (13)  reacted dietliyl 4-cliloro1nethyl-l,4-dili~di-o-2,6-di- 
methyI-:7,5-pyridincdicarboxylate with ethnnolic potassium hydro- 
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sulfide and ohtained (XV-'L3), which was iinaffected by Iiot aqueous 

CH2Cl CH2SH 
2H502C 0 EEaac 2H 5 ----) C2H502C@0 2C2Hb 

H3C H3C N CH3 

H H 

(XV-23) 

sodiurn hydroxide or IiytfrocIiIoric acid. Under the saine condi- 
tions, diethyl 4-iodometIiyI-~, , ( i -dimetIiyl-S,5-p) . . l~ite  
and ethanolic potassiuin Iiydrosulfide gave (XV-24) which was liy- 
droly7ed to (Xi7-25) by potassium hydroxide in etlianol. 3-Pyl-idine- 

CH2S CH2S 

C 2H 502C ~ ( ! ! C I  Ho2c&:; I 
HaC N CHa H3C 

(XV-24) (XV-25) 

methanethiol was prepared via the decomposition of the isothiuron- 
iuni chloride with aqueous soditiin hydroxide ( 2 5 6 ) .  2-Methyl-4,5- 
bis(bromomethyl)-3-pyridinol hydrobromide, via the isothiuronium 
salt, gavr (i-rnethyl-7-~iydroxytliie1~0[5,4-r.]pyridirie (302) .  

2. From 2-Vinylpyridine 

This is converted to 2-pyridineethariethiol either directly b y  the 
addition o f  hydrogen sulfide (_336), thiolacetic acid followed hy hy- 
drolysis (XV-26) (23Sj, or thiourea followed b y  hydrolysis (323). 

Q C H = C H 2  - QCH2CHaSCOCHa I--c QCH2CH2SH (XV-26) 

Shelton and Tilford (233) titilized the same procedure for preparing 
~-methyl-~-phenyl-2-pyridinemetha1i~tli i~~l (XV-27); i t  will be noted 

6H5 

that in this reaction the thiolacetic acid added to the unsaturated 
double bond in the reverse manner to  that shown in (SV-26). 
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3. From Alcol~ols 

Pyritloxol ant1 (xrboii tlisiilficle in cthnnolic sotliiim hydroxide 
gave 4-pyritloxthiol (313I): ;I “t1iiopyrielox;il” has bccn reported (31 5, 

Tlie known ~ ~ y r i ~ l g l ~ i l ~ ~ l t l ~ i o l s  ;irc given in  T;il)le SV-’7, pyricline 
316). 

thiol;ic.toncs i i i  T;il)lc S\’-X (1). 387). 

C. PYRIDYL THIOKETONES 

D. PYRIDYL SULFIDES 

1. Preparation 

(1 .  F U J I I I  I’y ritlipi e/lriol.r 

:Is Iias been pointctl out (p. 354), pyridinethiols are readily 
alkylnted t o  siillides l\.iili tyic;il ;ilkyiatiiig agents. ‘The most fre- 
qiicntly used solvcnts sc‘ciii t o  I)c ~ ~ i c t l i ; i n o l  ;ind ctli; i i iol ,  with or 
rvitlioiit atldcd 1)asc. Xor111;i1 S-alkylatic-)n lias 11eei1 ol)sel-ved with  a 
v;i r i e t y of s ii I)st i t  i i t cd 1) y I’ i  (1 i I I e t I i i o I s , s I ic Ii ;is I ! ,  &ti i  11 i e t I i y 1-4 - 1) y r id i 11 e- 
tliiol (I 07 j, 3-ani iiio-fi-et tioxy-L‘-l)y’idinelii iol ( I  S7 j ,  .‘,-an1 ino-3-11 itro- 
2-l~yl-itlinetliioI ( I S ‘ S ) .  ~i-irierc;~~~t~~riicotinonitriIc ( j h ) ,  aiid 2,(i-di- 
a i i i i x io -5 -~~yr i t l inc t l i i o l  ( I  (57). 0 1 1  the other hand, ~ ~ ~ ; i i i i i i i o - ~ ; - [ : l i l o r o -  

2-pyridinethiol c . o i i l t l  n o t  t)c: iiietliylated i \ . i t l i  tlimettiyl sulfate; its 
N-ace t y 1 deri va t i vc r ~ i c  t etl 111 ) i m ; i  I l y (1 (77). 

Anom;ilies Iia\,e I)et:ii ol)scrved w i t l i  other tliiols: 3,5-diiodo-3- 
pyritlinetl~iol, ;is iveil ;is its s i l \ w  siilt, is reported to lose sitlfur ~ii ider 
alkylating c:onditioiis. gi\.ing tferivat ives of’ the c.oi-Iesi~ontliii~ 2-pyri- 
done (M). Prel’erciit iai alkglation o f  the siilfiil- rattier tl ian oxygen 
is r-eported in tlic reaction ( ~ f ’  c.liloro;icetic acid rv i t l i  ~-iiiei-rai~t(~ricinic 
acid t.0 give the .\‘-;icetic. ;icitl (XI’-%) (1 i i j .  5.Y itlo-“-l)yridinethiol 
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has heen arylated b y  reaction wi th  diazotiml antlir;inilic: ; i c d  (XV-  
29) (36). oN2C1 CO2H + O"QSH - OaNQ 8 (XV-29) 

CO2H 

T h e  iiltraviolet spectra of the 2-, 3-, and 4-niethylpyridyl siilfides 
have been studied (348).  

1). From H d o  p y ritli I I  cs 

Tliese have been converted to sulfides 1)y re;iction witli ;i Yariety 
of thiols (generally in the form of metal salts), including thioplienol 
(13 3,1$7,17,291), p-thiocresol (126). p-nitrothioplienol (11,140), and 
thioglycolic acid ( 3  5 ) .  T h e  desired sulfide was not, howevcr, obtained 
in the reaction of JI-nitrc,thiot>lienol with 4-cliloropyridine (20) or 
of thioptienol with ~-(.liIoro-~,r)-dinitroi~yridine (188). ' rhe reaction 
o f  4-cliloro-3,5-diiorI~~~~yri~~ine wit11 tliiosalic.ylic acid gave a coiiiplex 
mixture of products ( 5 ) .  

T h e  preparation of symmetrical dipyridyl sulfides is etcniplified 
I)y the reaction of 2-cliloro-5-nitropyridine with sodium sulfide in 
etlianol, giving bis(5-nitro-2-pyridyl) sulfide; this preparation is im- 
proved h y  the use ot thiourea instead o f  sodium sulfide (171) .  Bis- 
(2-pyridyl) sulfide has Iwen prepared from 2-pyridinethiol and 2- 
cliloropyridine (?$). 

c. Fro ?ti A 111 i t  i 01) y rid i ) I  C,F 

1)iazotizctl :~-;iiiiinoI)ic.olinic :ic.itl rcm'ts w i t h  thioglyc.oIic. :ic. id to 

give thc sulfide {XV-30) ( 1 3 1 ) .  

t l .  Front (L Sirl\etryl  Hnlirle 

Direct substitution b y  J~-nitrol)enzens~illen)..l chloride, reported 
by Burton and Davy (20), coiild presumably he extended to other 
highly activatccl pyi-idine derivatives (XV-31). 

OH 
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e. Frotn ri P p r i d y  lpy  rirliniit nt C h  1 o ride 

I-(4-Pyridyljpyridiniuni cdiloridc reacts with thiophenol to give 
I~-(phenyltliio)pyridin~, with hydrogen sulfide and ally1 chloride to 
give 4-(allyltIiio)pyridiiie, and with sodium sulfide to give bis(4-pyri- 
dyl) sulfide (279) .  

f. From Phcnncyl 7'hioerhers uncl Aldehydes 

Phenyl phenacyl thioether, benzaldehyde, and ammonium acetate 
give t'.4,6-tripticnyl-J,:i-bis(pli~nyltliio)-l,I-dihydropyridine (328) .  

2. Properties 

TIIC pyridyl siilficks are obtained as cxiiorless oils or yellorv- 
colored cryst;illine solids, insoluhlc in cold water h i t  soluble in 
alcliol. The): forin stahle salts with picric acid, chromic acid, and 
the mineral acids. ;inti liiglily inso1ul)le double salts with cliloro- 
platinic acid. IVliile 1)yriclyl sulfides quaternized at the pyridine 
nitrogcn atom are known, no sulfonium derivatives have been pre- 
pared, although one is postiilated as an intermediate (37 ) .  

The known monopyridyl sulfides are listed in Tables XV-9- 
XV-12, dipyridyl sulfides in Table XV-13 (pp. 388 ff.). 

Anomalous instability has been observed in  (.?,5-diiodo-4-pyridyI- 
thio)acetic and -propionic acids, which lose the side chain under 
mild conditions to give l>is(3,5-diiodo-4-1')..ridyl) disulfide (53 ) .  
L.onger c h i n  S-aliphatic acids were found to be stable ( 5 ) .  

Mangini and Passerini ( 9 Y J O O )  have investigated the ultraviolet 
spectra of certain 3-nitropyritlvl sulfides. 

3. Reactions 

Pyridine sulfides are oxidized normally to sulfoxides and sulfones; 
these reactions ;ire discussed i n  detail in die sections o f  this chapter 
devoted to tliesc conipcitinds. 

"-I').1.itlyItIiioar.etii: ;icid Ioses tlic elemeii!s o f  \\r:iter wlicn 1ic;itctl 
w i t h  ;icetic: anliytlritle; :lie ~ i r ~ d l ~ c t  w i s  assigned t h e  structure (XU- 
32) 1)y Koenigs ; i n d  (kislcr (('7). C1iic:liil)abin and Vorozlitzov (28). 
I)y ;iii u ~ i e q i i i \ ~ o ~ ~ ; i I  syritliesis of (SV-3!?), s l i o ~ \ ~ r i  ~l ia t  the compound 
i n  q ucst ion liar1 ;I di ffercn t SI 1.1 i c t i i  re, lor ivli icli t lie! proposed (XV- 
33). More i.ecently, H i i f f i n  ; i i i ( i  Keridnll (47). on tlie I m i s  o f  n stiidv 
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of the 2-quinoline analog, have favored the sydnone structure (XV- 
34). Tlle preparation o f  a (i-mentl)ercd analog Iias becn iepoi.ted 

aJ!a Q S C H e O  a 
- I  I 
OC=CH 

(XV-32) (XV-33) (XV-34) 

by Colonna (3 5 ) .  2--FuIetliylthio-4,(i-dimethylnicotinonitrile, zinc and 
acetic acid gwe 4,(i-dimethylnicotinonitrile (318). 

T h e  pyridine analog (XV-35) o f  tliioindigo Iias been prepared 
from 9-(carboxymetliyltliio)picolinic acid; i t  is described as soiiie- 
what deeper in shade than thioindigo itself (131).  T h e  same start- 
ing material, on treatment with acetic anhydride, gives the cycliza- 
tion product S-thieno-(3,2-h)-pyridyl acetate (XV-36) (I 57). 2-Vinyl- 
pyridine and H,S gave trace amounts of thieno[3,2-b]pyridine (317).  

(xv-35) (XV-3 6) 

Appropriately substituted pyridyl aryl sulfides can he contfensed 
to tricyclic systems, the sulfur atom entering into the new ring. 
Thus 2-(pheny1thio)nicotinic acid has been cyclized wi th  phosphorus 
oxychloride to give 9-thia-l-azaanthrone (XV-37) (ZOI); ?-(o-carboxy- 

phenyltliionicotinic acid did not react with phosphorus oxychloride 
but its monomethyl ester (XV-38) gave X-carbomethoxy-9-thia-1-aza- 
anthrone (XV-39). 5-(PlienyIthio)isonicotinic acid gave 9-tliia-2-aza- 
anthrone, %(phenylthio)picolinic acid gave 9-thia-4-azaanthroiie 
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& S N  
CHaO2C CH302C 

(XV-38) (XV-39) 

(253) ,  and 4-(phenylthio)iiicotinir acid gave 9-thia-3-azaanthrone 
(254). 

1 -hTitro-?l-azaphenotI~ iazine has been prepared from 4-chIoro-3,!% 
dinitropyridine h v  the s t e p  shown (XV-40) (232), one of which in- 

volves n Smiles rearrangenlent (246); a related series o f  reactions led 
to other a7~~phenothi;izines (261,253,299). 

E. PYRIDYLALKYL SULFIDES 

Prill e /  nl. ( l 3 2 ) ,  Thompson e /  ( i f .  (236).  Profft (280,295), and 
I’intoii (237) added varioiis ;iliphatic, aromatic, and iwtlkylthiols to 
2-vinylpyridinc and ol)t;iinecl a series o f  sulfides (SV-41). Shelton 

and Tilford (233) rcm ted the sodium s;il t o f  a-iuetl~yl-a-phenyI-’L- 
pyridinenietlianetliiol wi  tli 2-dimethylaminoethyl chloride in toluene 
and 01) ta i n ed 2 - [a- ( f! - d i me t h y I a mi iioe t h y 1 t ti io ) -a- xilet h y I 1 )enzyl] pyr i - 
dine (X17-4f!). TnI)lc SI’-14 (p. 402) lists the known pyridylalkyl 
sulfides. 

0 -p~~ + (CH3)2NCH2CH2Cl - 
N I  

CsH5 
@ ~ S C H ~ C H ~ N ( C H I ) ~  (XV-42) 
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F. PYRIDYL DISULFIDES 

1. Preparation 

Pyridinethiols are readily oxidized to disulfides witli a variety of 
oxidizing agents. TIi~is 2- and 4-pyridinethiol have been oxidized 
to the disulfide with iodine in the presence of aqueous sodium Iiy- 
droxide (90,107); this method has also been used with 3,5-diiodo-4- 
pyridinethiol (83). 4-Pyridinetliiol has also lieen oxidized with 
chlorine or hydrogen peroxide (80); the latter rcagent Iias heen 
used as well witli 5-nitro-2-pyrirlinethiol (1 36) ant1 5-acetamido-2- 
pyridinetliiol (21 ,136). Ferric chloride lias been used to oxidize 3- 
amino-6-chloro-2-pyridinetliiol to the disulfide (213,215); 2-methyl- 
4-pyridinethiol and potassium ferricyanide also gave the disulfide 
(321). Air has been used in the oxidation of 2,6-diamino-.3-pyridiiie- 
thiol (187). 

Saikachi (150) reports the formation of I,is(3-!iitrop~ritlyl) disul- 
fide from 2-chloro-5-1iitropyridilie and the lead salt O F  3-nitropyri- 
dinethiol in ethylene glycol. 

Methyl 2-pyridyl disul fide has been prepared from Z-pyridine- 
thiol and diniethyl sulfide; mixed disulfides are also prepared t)y an 
exchange reaction from bis(4-pyridyl) disulficle (XV-48) (81,232). 

I3is(S,5-diiodo-4-pyridyl) disulfide is formed by the spontaneous 
decomposition of (3,5-diiodo-4-pyridyIthio)acetic and -propionic 
acids (83). 

T h e  known pyridyl disulfides are listed in Tables XV-15 and 
XV-I6 (pp. 403 f.). 

2. Reactions 

These compounds undergo the normal oxidation anti reduction 
reactions of their class. For example, reduction wit11 liydrazine to 
the tliiol has been reported by Katz (245). 

An unusual oxidation to thiolsulfinic esters is disclosed in a pat- 
ent (24) that does not however give any detailed examples in the 
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pyridine series. 
reported to give 2-pyridyl “-pyridylthiosulfinate 1,l’-dioxide (344). 

Bis(2-pyridyl) disulfide and hydrogen peroxide are 

G. PYRIDYL SULFOXIDES 

These are prepared by oxidation of the sulfide. Hydrogen 
peroxide has heen med to convert methyl 2-pyridyl sulfide (37) and 
6-(metliyltliio)nicotinamide (56) to the respective sulfoxides. Bro- 
mine oxidation of 2-pyridyl sulfide gave a dihromide ivhicli could 
be hydrolyzed to the sulfoxicic (XV-44) (37) .  In the perhenzoic 

acid oxidation of benzyl 2-pyridyl sulfide, the sulfoxide was o1)tainetl 
instead of the expected I-oxide (256). 

T h e  known pyridyl sulfoxides are listed in Table XV-17 (p, 404). 

H. PYRIDYL SULFONES 

1. Preparation 

ii. From Pyridyl Sulfides 

Potassium 
permanganatc fins 1)een commonly used, for example, witli 2-(metliyl- 
thio)pyridine (37), 4-(1nethylthio)pyridine, 2,6-dimethyl-4-(methyl- 
thio)pyridine ( l O / C ) ,  bis(2,1i-dimethyl-4-pyriciyl) sirllide ( I O f ) ,  6- 
(methy1thio)nicotinonitrile (56), 2,6-diacetamido-3-(methylthio)pyri- 
dine (167), and 5-nitro-2-(4-nitrophenylthio)pyridine (178,240). 

Hydrogen peroxide oxidation has been used with 2-(5-nitro-2- 
pyridy 1 th io)benzoic acid (I 3Y) arid 3-( 2,4-din i trophen y I th io)-G-n i tro- 
pyridine (ZZ). 1)ichromate oxidation has been used wit11 2-(5-nitro- 
2-pyridy1thio)benzoic acid (36) ,  and bis(5-nitro-2-pyridyI) sulfide (35, 
170). 

These compoiinds are readily oxidized to sulfones. 

1). From Halopyridina 

Active halides react with henzenesulfinic acid salts to give sul- 
fones (11,44,3?3);  several sultones have been made in this way from 
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4-chloropyridine (20). Similarly, 5-pyridinesiilfinit: acid salts also 
give sulfones (273). 

An unusual preparation of 5-nitro-2-pyridyl p-tolyl sulfone in- 
\oIved the reaction o f  ?--ch loro-5-11 i tropyritline and  { I -  to1 y lsiil fonyl- 
hydrazide (33  3). 

2. Properties 

The pyridyl siilfoncs are colorless oils or c:rystallinc solids. ’ I k  
effect ot’ nilclear nietliylation on tlie 1)iisic properties seetiis to be 
similar to that  observed in  t.lie pyritlinetliiols. AIethyl !?-pyridyl 
siilfone. 1.01. exnniple, is ;I viscous o i l ,  easily soliible i n  water. aiitl 
witliout basic properties; it forms no salts wi th  Iiydrocliloric acid, 
picric acid, platiniim tetrachloride, ot gold chloride; wi th  nierciiric 
chloride i t  tornis ;I doiil)le salt. I n  contrast, ~ . . ( i - t l i r r i c t l i y l - 4 - ~ ~ y r i c l ~ l  
nietliyl siiltone I‘ornis ;i c:liloi.oplatiiiate, ;i I)iclironi;ite, aiid a picrate. 

3. Reactions 

Cleavage o f  :I siilfone groiip lias been reported b y  Forrest and 
IValker (56): inethyl 5-nitro-2-pyridyl siilfonc reacted wi th  ;iinmonia 
in methanol to give a niistiire of’ ‘)-aniino-5-nitrc,pyridiiie and 1- 
methoxy-5-nitrot>yridirie (XV-45). In general, liowevcr, die group 

is unaffected b y  ordinary reaction conditions. ‘Tlius 6-(metliylsul- 
fony1)nicotinainide was converted successively to the nitrile, imitlo 
ether, and amidine (XI’-46). T h e  stability of the sulfone group to 

(XV-46) 

reducing conditions makes it possible to reducc niirated pyridyl 
aryl sulfones to the corresponding aniines (.14,1-/0,170,17R,240). 
This reduction can also be done catalytically (55,56). 
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T h e  known 9-pyridyl stilfones are listed in  T;hIe XI'-l8, 3-pyri- 
d y l  sulfones i n  Table X\'-I9. 4-pyridyl sulfones in Table  XV-20, and 
dipyridyl siilfones in Table XV-21 (pp. 405 ff.). T h e  only known 
pyridine disiilfone is 6-rnethyl-2,4-bis(~-acetamidophenylsulfonyl)- 
pyridine, m.p. 255-276 (20). 

I. PYRIDYLALKYL SULFONES 

Most  of' tlie known compounds of' this class Ii;ivc heen prepared 
'Tlie i.enction o f  2- and 4-vinylpyl-idine with l iy  I-eaction (X\'-3i) .  

variotis 1)enzenesiilfiiiic: ;ic.icIs gave a niinil)er of' p y i i d y l e t l i y l  plienyl 
sii 1 fones: 4 d i  lol-ometh yl pyl-id inc a n d  sod iiini p -  to1 iienesi 11 fina te gave 
4-pyridylmethyl jj-tolyl siilfonc. (274) .  I-(4-Pyridyl)pyridiniiini di lo -  
ride and benzenesiilfinic acid gave phenyl 4-pyridyl sulfone (290). 
Tlie rc;ic'tioii o f  4-methyl- n n t l  4-ethylpyridine wi th  nrylsiilfoiiyl c d i l r ) -  

rides has now been shown to involve attack at the alkyl group and 
not in the iiiiclriis (X\'-j i ; i )  ( 3 0 9 ) .  -llicse (x)ii ipoiii i( ls  arc listed i i i  

Table XI'-?? (p. 409). 

(XV-47a) 

J. PYRIDINESULFINIC ACIDS 

4 - a I id :<- P yr i d i ii es t i  1 fc )ri ic. ;ic id ti ydraz id e ;i nd car 1 )( )n y I (x ) I n pou n d s  
containiiig three or more carl)on atoms, e.g., acetone, reacted to give 
4- and .7-pyridinesiilfinic ;icid, m.p. 140-1-11 and 1(31-1638", respec- 
tively (273,?26). Sulfoxides were prepared (a) by reaction of the acid 
with 2- or 4-vinylpyridine or (0) by reaction o f  the alkali metiil salt 
of the acid with anotlier compound containing an active halogen 
atom.  2-Pyridiriesulf'onyl chloride and zinc dust gave 2-pyridinesiil- 
fink acid (24Y).  The dry distillation o f  J-cy;ino-4,(i-dirnetIiylpyri- 
dinesiilfinic acid sodium salt gave 4,~-ditiiethyl1iicotinonitrile (308). 
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K. PYRIDINESULFONIC ACIDS 

1. Prcpar a t' ion 

(1. . Y t i l \ o n c r / i o u  o/ Pyrirlirre o i i r l  i t s  Detivii/ives 

(a) Pyridine. The earlier literature on tlie sulfonation of pyri- 
cline to the 5-5ulfonic acid is mtlier confusing. Tlius, Fisrher and 
his co1l;il)oratoi-s (53-55) obtained a 5Ooj;, yield b y  heating pyridine 
and concentrated siilfiirir acid for extended periods of time (30-40 
hours to several days or weeks) at 320-330" in sealed tubes. Weidel 
and Murniann (202) used the procedure of Fisdier, hi i t  added small 
;imounts of various metal sulfates, of wIiic11 aluminum sulfate 
proved the most effective catalyst, altlmiigli with i t  the yields were 
only 45-50y0. hiayer and Ritter (113) anti Craig (239) reported 
that vanadyl sillfate also exerted ;I Iieneficial effect on the yield oh- 
rained b y  distilling ;I mixture of dry pyridine sulfate and 100% 
sulfuric acid. \'on Gastel and  ilrihaut (63) heated a mixture o f  
pyridine sulfate and fuming sulfuric acid at 350-990" and obtained 
a 13yo yield. 1Sy adding niercuric sulfate to the same mixture and 
operating a t  300-350", these authors obtained a mixture of the 3- 
(57" yield) and 2-sulfonic acids (27;) yield); at 340-350", the same sul- 
fonating mixture gave a 1 yo yield o f  the 2-isomer. Subsequently, 
other workers (79,94,192,194,206) used mercury or its salts in the 
sulfonation. den Hertog, Van der Plas, and l3uurman obtained 
mainly 3-stilfonic acid at 3 5 " ,  some of the 4-isomer and 4-pyridinol 

McElvain rind Goese (202) in R classical paper, reported a de- 
tailed study o f  the stiltonation reaction and found that the yield was 
dependent upon ((I) the catalyst (mercuric sulfate), (b) the presence 
of one equivalent of sulfur trioxide in the fuming sulfuric acid, 
and (c) the duration of heating at 225-230'. From these studies, 
optimum conditions were developed .tvlrich gave 7 1 '% yields of 3- 
pyridinesulfonic acid. This  procedure has been used successfully 
by others (74,2OZ,21S,3IU). Recently, Hope and deLeon (71) have 
reported a 76.37, yield by heating it mixture of pyridine, fuming 
sulfuric acid and mercuric sulfate at 225-230" under pressure. A 
British patent (134) claim a CiS./;, yield b y  the rearrangemcnt of the 
pyridine-sill fur trioxide addition product a t  I80-2?00" (XV-48). 

at 330" (287). 
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(XV-4 8) 

l'iperidine itlid siilfuric acid are reported to give small amounts 
of ;I-l'yridinesulfonic. i t~id:  S.5-j)).ridinedis~iIfonic acid has also been 
obt :tined (70,97 j. 

Tlie sulfonatioii oE a-picolinc gave mainly 
2-metliyl-5-pyri~liriesr1lfonic acid along wit11 some of tlie isomeric 
5 - s ~ l  fon ic acid ( I  02,12 5,Z 9i,206,207,22O); p-pic01 ine gave S-niethyl- 
5-pyi-idinesulfonic acid (102); and y-picoline gave 4-metliyl-3-pyri- 
dinesiilfonic acid (4h,102,199,201,206,210). 5-Ethvl-2-mettiylI,yri- 
dine is reported to give .~-ctl1)rl-2-metIiyl-5-p.jl.idinesulfonic acid (79, 
206,210), but this could not be reproduced (268). P,6-Lutidine sulfo- 
nates in the 3-position (370). Morel and Stoll (116) have reported 
that 2-(I?-methoxybenzyljpyridine and 75yo sulfuric acid at reflux 
gave a monosulfonic acid of uncertain structure. T h e  use of chloro- 
sulfonic acid has also been reported (278j. 13rown and Kariner (18) 
found that 2,,6-tii-ler~-hutylpyridiiie and sulfur trioxide in liquid sul- 
fur dioxide at -- 10" gave a sulfonic acid believed to be a 4-isomer. 
Under the same conditions, ?,T,-lutidine +we only the sulfur trioxide 
addition compound. 'The ease o f  substitution was attributed to the 
blocking of the nitrogen atom by the terl-butyl groups; since coordi- 
nation was not possible, the reagent attacked tlie heterocyclic nucleus. 
Van der Plas arid den Hertog (277,297,310j and h'luller and \tiallace 
(2%) have since shown that the product is actually the 3-sulfonic 
acid; Van tlcr Plas (310)  has extended this reaction to other Yji-di- 
a1 kylpyridines. 

Ttie siilfona t ion  produc.t ol' L'-i~tnitiol,yridiiie 
lias heen assigiietl tlic 5-suItonic acid striic:ttirc (26,119,226).  -1-tic 
sulfoniition proctiic.t 01' .?-airiirioi)yri'tine is i i o t  t.lic 5-sulfonic acid 
(wliich 1i;is heeii pi'elxtrctl I)?  iwliicinl,: S-niti-c!- .~-pyi. it l it i~stiIfonic!; i t  

can he di;izoti/cd and rctliicect to L'-i)yri~liIicsiilfoiiic acid. Ylazek 
( I  29 , I  30)  i ri fer.1.ccl t I t  n t t I t c s t r~ i c t  I I rc W A S  3-;iii I i I I (  )-?-I i y  rid i lies 1 1  I fon ic. 
acid, Imt the widence docs not seem t o  excliidr the fi-stilfoiiic acid. 
4-Arnino],yritli1i~ lias tweii sulfonated t o  4 - a 1 n i n o - J - ~ ~ ~ r i c ~ i t i c s i i l f o i i i ~ ~  
acid, which can hr tliiizotizeti and redtlced to ~~-~~yridinesiilfonic: acid 
(88). Su I fc )n a t i  (ni o t' -am i n ()-2,6-111 ti d i II  e ga vc on 1 y s t 11 fon e ( 3  7 0) .  

(b) Alkylpyridines. 

(c) Arninopyridines. 
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(d) Pyridinols. 4-Pyridinol has been sulfonated to 4-hydroxy-3- 
pyridinesulfonic acid at 200" in a mixture of concentrated and fum- 
ing sulfuric acid; tlie same product was obtained by diazotizing 4- 
amino-3-pyridinesulfonic acid (86). PIazek (128-130) assumed that 
3-pyridinol sulfonated in the 2 position. 2-Pyridinol has apparently 
not been sulfonated directly, but its sulfonic acid is obtained by 
diazotizing 2-aminopyridinesulfonic acid; the sulfn group is believed 
to be in the 5-position (229,26,27). .4 number of l-methyl-2(1H)- 
pyridones have been sulfonated with cltlorosulfonic acid (153).  
Haack (67) reports the preparation of the same compound, l-methyl- 
2( 1 H)-pyridone-5-sulfonic acid, by the reaction o f  metliyl srilfatc 
wi th  l-methyl-2( 1 H)-pyridone, 2-ethoxypyridine, or 2-cliloropyridine 
(XV-49). 

(XV-49) 

(e) Pyridine 1-Oxide. Pyridine 1-oxide sulfonates principally in 
the %position (349); the product may be hydrogenated over Raney 
nickel to 3-pyridinesulfonic acid (258). Since the siilfonation con- 
ditions for the oxide are as severe as for pyridine iL5elf, there does 
not  seem to l x  any preparative advantage in this procediire. 

11. From Pyridinetliiols 

The oxidation of pyridinetliiols is advantageous in the p-epara- 
tion o f  2- a n d  ~l . - i~~ri t l ines~~lfonic  acids, which are riot at:cessible I)y 
direct sulfonation. Thus, hydrogen peroxide has been used to oxi- 
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dize 2-pyridinethiol (A’O), 4-pyridinethiol (37O), 5-acetamido-2-pyri- 
dinethiol (21), and 2,6-dimethyl-4-pyridinethiol (107). Nitric acid 
has been used to oxidize 2-pyridinethiol (107,287,370) and 4-pyri- 
dinethiol (90,287). Nitric acid has also been used to prepare 3-sulfo- 
picolinic acid from 3-mercaptopicolinic acid or its disiilfitle (269). 
fi-Nitro-2-pyridinetliiol (9S), 2-mercaptoiiicotiiiic acid (I69) ,  and sev- 
eral .3,5-dihalo-4-pyridiriethiols (f2,43) have been oxidized to the 
corresponding sulfonic acids with alkaline permanganate. 2,6-Di- 
mercaptoisonicotinic acid has been oxidized to 2,(i-disulfoisonicotiIlic 
acid with fuming nitric acid ( I  5 ) .  Hypochlorite oxidation of 1,2,6- 
trimetliyl-4( 1 H)-pyriciirietliiotie gave a hetaine (XIr-50) (I 14) ;  related 
products have also heen described (301). 

(XV-50) 

C*S CH, 

I : .  Froni Hnlopyiirlirrus 

Aqueous sodium srilfitc has been to preparc siilfonic acids di- 
rectly froin various 4 - ~ ~ 1 ~ l o I o ~ ~ ~ r i d i n e s ,  including 4-clilorop)ii-itline 
itself‘ (370) ,  4-chloro-’2-picoline, 4-cIiloro-1,G-liitidiii~ (2f4), and 
4 -chloro- 3 ,:5-dil)romopyriclinc (f 2 ,J 3). 2 ,  :i-I~icIilorop).ridine and 
niethyl sulfate gave ;I 5-chIoi-o-l-inetli~l-t!( 1 I.f)-pyridone-x-siilfoIii[: 
acid (SV-5 1 ); “-cliloropyricliiie 37vc l-nlc~r.Iiyl-!!( 1 H)-p)?t-idone-.’,-siil- 

fonic acid (67). il-Pyriclincsiilfonic. ;tc:id I i x  I)ecn ol)t;iined Irom 

(XV- 5 2) 

l-C:hloropyridirie is inert to aqiieotis sodium mllite, h i t  the 
;\.‘-oxide reacts (370). 
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Aqueous sodium bisullite converts 4-pyridinol to the 4-sulfonic 
acid in low yield; the reaction of sodium sultite with I-(4-pyridyl)- 
pyridinium chloride hydrochloride is suitable for large-scale prepara- 
tive purposes (370).  

2. Properties 

T h e  pyridinesulfonic acids are obtained as high melting crystal- 
In 

Crystallo,piphic (6) and 

T h e  known I’yridinesiilfonic acids are listed in Tables XV-23- 

line solids, generally soluble in water and insoluble in ethanol. 
the free state they exist as inner salts. 
ultraviolet abwrption data (287) have been reported. 

XV-26 (pp. 410 ff.). 

3. Reactions 

T h e  sulfonic acids of tlie pyridine series show the normal func- 
tional reactions of sulfonic acids. ‘They forni sulfonyl chlorides 
with phosphorus pentacliloride; this class of compounds is discussed 
below. 4-Pyridinesulfonic acid can be esterified directly with etha- 
nol and hydrogen chloride; the ethyl ester reacts with ammonia to 
give 4-pyridinesulfonamide (293). With dimethyl sulfate, the sul- 
fonic acids form AT-methylbetaines (275).  Hydrogen peroxide in 
acetic acid gives the N-oxides (?70).  

T h e  normal repldrement reactions of aromatic sulfonic acids are 
observed in tlie pyridine series. Thus alkaline fusion gives pyri- 
dinols (46,208,207-209); this reaction is discussed in Chapter XI1 
(p. 592). Sodium cyanide and sodium 3-pyridinesulfonate give nico- 
tinonitrile (53,102,258); 4-methylnicotinonitrile has been obtained 
similarly (202). 

4-Pyridinesulfonic acid, concentrated aqueous ammonia and zinc 
chloride, at 150-1 GO”, gave 4-arninopyridine (338). T h e  sulfo group 
ol 3,5-dihromo-4-pyridinesitlfonic acid has also been replaced by 
amino and anilino groups; refluxing with water gave 1-(3,5-dibromo- 
4-pyridyl)-3,5-dihromo-4( 1 H)-pyridone (XV-53) (42) .  T h e  sulfo 

(XV-53) 
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group of 5-nitro-2-pyridinesiilfonic acid has been replaced by ethoxy 
and methylamino groups. 2-Pyridinesulfonic acid reacts with hydra- 
zine to give 2-pyridylhydrazine (98).  

Potassium 3-pyridinesulfonate reacts with methyl iodide to give 
the betaine (XV-54); this pro\.ccl inert to mineral acids and gave no 

(XV-54) 

complex with platinum tetrachloride, but did react with bases, pre- 
sumably liberating methylamine (68JIZJ12). 

4. Substituted Pyridinesulfonic Acids 

T h e  applicability of general synthetic methods to the prepara- 
tion of various sulxtitiited sulfonic acids has been indicated above. 

Carboxypyridinesul fon ic acids may be obtained by the oxidation 
of alkylpyridinesuifonic acids. Thus, the permanganate oxidation 
of 6-methyl-3-pvridinesulfonic acid gives 5-sulfopicolinic acid (XV- 
55) ,  which may be converted to 5hydroxypicolinic acid o r  3-pyri- 
dinesulfonic acid jXV-St;) (46 ) .  Oxidation of 4-methyl-3-pyridinc- 

(XV-56) 
K salt f i S O a H  
fused KNJ 

sulfonic acid with bai-ium permanganate gives 3-siilfoisonicotinic 
acid (199). 

3-Arnino-4-hydroxy-~-pyridinesulfonic acid is obtained by dithio- 
nite reduction o f  3-nitro-4-pyridiriol (371). 

2-Ainino-5-~~yridinesiiIfonic acid is reported to I)rominate and 
nitrate in thc :)-position, and to give a small yield ol 3-nitro-2-pyri- 
dinol when treated with 457, phosphoric acid a t  150" (136,226). 
However, Cziilxi  ( 3 2 5 )  has recently shown that nitration actually 
gives the N-nitro derivative, and Iias descrilled the preparation o f  
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the :3-nitro compound. ~--Ainino-S-nitrt~5-pyridine~~iIfonic~ acid give5 
some :I-nitro-'L-pyridinol when treated with phosphoric acid at  150- 
100" (226). 

5. Pyridinesulfonyl Chlorides 

a. Prcjinration 

(a) From Pyridinesulfonic Acids. 3-Pyridiiiesulfonic acid and phos- 
plioi-us pentacliloricle give tlie sulfonyl chloride. Ivhicli may be re- 
acted further in silu (92,97,245,218) or isolated as the hydrochloride 
(138). 2-Pyridinesulfonyl chloride has been prepared b y  the reac- 
tion of an alkali metal 2-pyridinesulfonate with benzotrichloride: 
sodium 3-pyridinesulfonate did not react (92). T h e  sulfonyl chlo- 
ride coiild not, however, he obtained from sodium 4-pyridinesulfo- 
nate rind phosphorus pentachloride; the product reacted with water to 
give 1-(4-pyridyl)-4( 111)-pyridone (XV-57) and with ammonia to give 
the corresponding pyridonimine (XV-58) (80). T h e  sulfonyl chlo- 

(XV-57) (XV-58) 

ride could likewise not be obtained from 5-acetamido-2-pyridinesul- 
fonic acid (21).  3,5-Pyridinedisdfonic acid and pliosphorus penta- 
chloride gpve tlie disult'onyl chloride, wliicli proved iin usually stahle 
to Iiydrolysis (97).  

Pyridonesulfonic acids react with phosphoi-us pentachloride t o  

give the clilorol)yridinesulf~)iiyl cliloride. Tliis is seen in the for- 
mation of 'L-chloro-:i-p~ridin~siilfor7yl chloride from 2-liydroxy-5- 
1,yriciinesultonic acid (27,119,136) and l-inetli~l-3(1H)-pyridone-5- 
siilfonic acid (1.J 54) (SV-59). 

CHa 

(b) From Pyridinethiols. 2-P y I- i d i n e tli i 01 a 11 d 5-n i t ro-2-py ri d ine- 
thiol are oxidized by Iiypoclilorite directly t o  2-pyridinesulionyl 
chloride and  5-ni tro-2-pyridinesulfonyl chloride, respectively (249, 
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22); 5-;icetaniido-L'-I,).ridinetiliol reacts siniil;irly (21).  However, the 
reaction failed wi t l i  ~l-~~yi.idiiietliioI: chlorine gave 4-chloropyridine 
and bis(4-pyridylj s t i l l i rk .  u.Iiile bromine gave bis(4-pyridyI) distil- 
fide (SO). 

I3 i s ( 5 -am in o - 2 - py r i d y 1 ) su 1 fi de , IV h en 
tetrazotized and treated wi tli siilfur dioxide. #ave the his-siilEonyl 
chloride derivative (358).  

(c) From Aminop y r idines , 

1). Renclioris 

C:oncentratctl Iiydrcxli  loric: acid i n  ether has been iisetl to hydro- 
lyze 2-chlol-o-5-~~yi-idinesulfonyl chloride to  the sulfonic acid (136). 
Kinetics of hydrolysis have heen studied Iiy 1,inetsk;iy and Sapozlini- 
kova (227). T h e  kinetics o f  the hydrolysis o f  5-pyridinesulfonyl 
chloride in aqiieous dioxane have ;tlso heen studied (33 5 ) .  A good 
many pyridinesulfonyl chlorides have heen reacted with amines to 
obtain pyridincsiilfon~mides; these are further disctissed l~elow. 

~~-Pyridinesi~lfoii~l cliloride has been reduced witli sulfur dioxide 
and Iiydriotlic ;icitl t o  l)is(.%pytidyl) disiilfitle ((is), and with stannous 
chloride one stngc fiirtliel- to 5-pyridinethiol (165,166). 2-Pyridine- 
sulfonyl chloride aiid z i n c  dus t  in water gave 2-~yridinestilfinic acid 
(249). 

T h e  known ~~);ric!ines~ilForiyl chlorides are listed in Tablc XV-27 
(p. 419). 

6. Pyridinesulfonamides and Pyridinesulfohydrazides 

These compoiinds are prepared from ~~~ridinesrilfonyl clilorides 
and ainities or hydrazine. -Thus, 3-pyridinesulfony1 chloride reacts 
with aqueous ainmoni;i (V), Iicxadecylamine (21s-221 j ,  ?-amino- 
pyridine (j05j, L'-aminothiazole (14 5), and ethyl 17-arninohenzoate 
(I 38). S,5-P yr id i n es ti I fon y I c ti lor ide reac ts i v  i t ti d i c th y 1 ii  in i ne to give 
the l~is(siiIfoncliethylai~iide) (97). X variety of amines have. been 
reacted with ~--a~~iino-:i-pyridi~iesulf'onyl chloride (50). 2-Pyridine- 
sulfohydrazide in water or ethanol decomposes to 2,2'-dipyridyl di- 
stilfite with the evolution o f  nitrogen (282). 

Stepwise replaceincnt o f  chlorine is sho~vn in the reaction of am- 
monia with 6-c : l1 lo i -o -~ -~~~r i~ l ines i i l fo1 iy l  chloride. Fusion with am- 
monium carbonate effected ammonolysis of the inore reactive sul- 
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fonyl chlorine, giving G-chloro-Y-pyridinesulfonamide (XV-60); the 
nuclear clilorine was then displaced i n  concentrated aqueous am- 
monia and a trace o f  copper sulfate a t  145", giving 6-amino-5-pyri- 
diriesulfonamide (XV-6 1) (27,117-119,136). In other cases, G-chloro- 

(XV- 6 0) (XV-6 1) 

3-pyridinesulfonyl chloride has reacted with 3-amino-6-(ethylthio)- 
pyridine or 3,5-dibromoaniline to give the N-substituted 6-chloro- 
5-pyridinesulfonairiide; the chlorine was then hydrolyzed, giving the 
corresponding G-liydroxy-5-pyridinesulfonamide (181). 

I-Methyl-2(1H)-pyridone-5-sulfonamide isomerizes in the pres- 
ence of sodium methoxide in methanol, giving 2-methoxy-li-pyridine- 
sulfonamide (XV-62) (1). 

CH3 

3-Pyridinesulfonamide methiodide is reduced by aqueous sodium 
hydrosulfite to I-methyl-l,6-dihydro-3-pyridinesulfonamide; this re- 
duces cold aqueous silver nitrate (75). 

Tables XV-28, XV-29, and XV-29a (pp. 414 ff.) list the known 
pyridinesulfonamides and pyridinesulfohydrazides. Table XV-30 (p. 
421) lists pyridinedisulfonamides. 

7. Side-Chain Sulfonic Acids 

T h e  known sidechain sulfonic acids of pyridine fall into three 
classes: 

a. 2-Vinylpyridine reacts with aqueous sodium bisulfite to give 
pyridineethanesulfonic acid (XV-63) (41);  Cislak has described simi- 
lar addition reactions with 2-vinylpyridine, 4-vinylpyridine, and 6- 



376 Chapter XV 

methyl-2-vinylpyridine (34). ‘The 2-ethanesulfonic acid has also been 
obtained by nitric acid oxidation of the hydrochloride of 2-pyridine- 
ethanethiol (323). 

6. Picolinaldehyde, isonicotinaldehyde and 6-methylpicolinalde- 
hydc react with ilqueous sulfur dioxide to give the a-hydroxypyri- 
dinemethanesul fonic acids (XV-64) (I 09,229 j. 

c. Allardt and von Schickh ( 3 )  found that 2-pyridinol reacted with 
compounds like ‘sodium chloromethanesulfonate in the presence of 
sodium hydroxide to give 1 -alkylsulfonic acids. Some 0-alkylation 
occurred if sodium iodomethanesulfonate was used. Only 5-iodo-2- 
pyridinol gave both A’- and 0-alkylation with sodium chlorometh- 
an esul fona te. 

Compound XV-65 reacts with iodine monochloride or bromine 
to give the 3,5-dihalo derivative. 

QoH + CICH2SOsNa - NaoH & 
CH $30 3Na 

(XV-65) 

T h e  known pyridplalkane- and pyridylalkanolsulfonic acids are 
listed in Table XV-31 (p. 421). 

L. PYRIDYLDITKIO<=ARBAMIC ACID AND PY RIDY LALKY L- 
DITHIOCARBOXYLIC ACID DERIVATIVES 

Salts of pyridyldithiocarbamic acids have been prepared from 
an aminopyridine, carbon disulfide and a tertiary arnine; these, with 
an alkyl halide, form alkyl pyridyldithiocarbamic: acid esters (362).  
One derivative ol’ ~-pyridinetlithiobiityric acid has been reported 
(368). See Tablc XV-35 (p. 424). 
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M. THIOCYANATOPYRIDINES 

1. Preparation 

a. From Halopyridines 

Various nitrohalopyridines react with potassium thiocyanate to 
give the corresponding thiocyanato compounds. For example, 2- 
chloro-hitropyridine gives 3-nitro-2-thiocyanatopyridine (172,189). 
2-Chloro-5-nitropyridine (189), 2-chloro-3,5-dinitropyridine (288), 
and 4-chloro-3-nitropyridine react similarly; in the last case the de- 
sired product was obtained in a mixture of acetic acid and potassium 
acetate at room temperature, while steam bath temperature gave 
4-amino-3-nitropyridine (241,242). It has not been possible to con- 
vert 2-bromopyridine to 2-thiocyanatopyridine (92,124). T h e  struc- 
ture of 2-pyridyl isothiocyanate has recently been elucidated (320, 
322). Pyridylalkylisothiocyanates are also known (360). 

I ) .  From Diazo Comjminds  

Iliazotized 3-aminopyridine reacts with potassium and copper 
tliiocyanates to give 3-thiocyanatopyridine together with some bis(3- 
pyridyl) sulfide. Diazotized 2-aniinopyridine does not react (124). 
The reported thiocyanato derivatives of 2-aminopyridine and 2- 
amino-li-iodopyridine (91) are actually amine thiocyanate salts (124). 

c. Direct Thiocyanatioii 

2,6-I)iaminopyridine reacts with one equivalent of potassium 
thiocyanate and bromine in acetic acid to give 2,5-diaminopyrido 
[2,3-d]thiazole (XV-66) directly; the intermediate thiocyanato de- 
rivative was not isolated. Two equivalents o f  potassium t h i o c p  
nate and twomine gave 1,G-rl iai i i inopyrid(~[~,~~-~~;  6,5-d’]bisthiazole 
(XV-67) (14,228). Yamamoto (212) has reported that 3-aniinopyri- 

S 
H2N ms N Nam2 H 2Nk&iQ&NH 2 

(XV-06) (XV-67) 

dine, potassium tliiocyanate, and bromine in acetic acid giive 5-thio- 
cyanatopyrido[3,2-d]thiazole (XV-68). 
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r 1 

L J 

2. Reactions 

Tliiocyanatopyridiiies arc readily hydrolyzed to the correspond- 
ing mercaptans or tiisulfides; they add alcohols to give substituted 
tliiocarbamates (XV-69) 

SCN 

N 
+ 

(211,242). T h e  spontaneous cyclization of 

C( =NH)(OCHa) 
CHaOH --+ bN09 (XV-6 9) 

o-aminothiocyanates to aminothiazoles has been noted above, and is 
also seen in the reduction of 3-nitro-2-thiocyanatopyridine (189) or 
3,5-dinitr0-2-thiocyanatopyridine (188). 

T h e  known monocyclic thiocyanatopyridines are listed in Table 
XV-32, and S-pyridyi-O-alkylthiocarbaniates in Table XV-33. Con- 
densed thiocyanatopvridines and aminopyridothiazoles are listed in 
Table XV-34 (p. 423). 

N. BIOLOGICAL ACTIVITY OF SULFUR COMPOUNDS OF 
PYRIDINE 

1. Thiols and Sulfides 

Ladd (93)  investigated 2-pyridinethiol as a fungicide. Soo-hoo 
and Grunberg (161), Goodhue and Louthan (312),  and Steiger (16.5) 
found that various metal salts of 3-pyridinethiol were active fungi- 
cides; the corresponding 2- and 4-pyridinethiol salts were less active. 
McCinty and Hywater (103) and Cheymoul et al.  (222,223) investi- 
gated 2-pyridinethiol as an antithyroid agent, while Koch (345) 
tested i t  for protection against irradiation. Katz (235) screened a 
numlxr of thiopyridinecarbotiydrazides and foiind them to be less 
potent as fungicides and bactericides than their benzene prototypes. 
In addition, 3-thioisonicotinylhydrazide had considerably less activ- 
i ty than isonicotinylhydrazide as an antituberculous agent. 2-Pyri- 
dinethiol I-oxide and its derivatives were reported to be highly 
active against a variety of bacteria and pathogenic fungi (231,339- 
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34?,?46,347). Kiith (136)  reported that the gold salt of 6-thionico- 
tinic acid was bactericidal. Rothmann (148) found that the gold salt 
of 2,6-dithioisonicotinic acid was a spirocheticidal agent and the lead 
salt was useful in the treatment of cancer. Stein (268) reported that 
the bismuth salt of 2,6-dithioisonicotinic acid was effective in trypa- 
Eosome infections. Freidheim (59)  prepared (XV-70) for the treat- 

2 

(XV-70) 

ment of trypanosomiasis. Kolmer el al. (90) found that bis(2-pyridyl) 
sulfide caused no bone-marrow depression or leukopenia in rats. 

2. Sulfones 

Nitti and Matti (122) found that 4-aininophenyl 5-amino-2-pyri- 
ciyl sulfone was the most effective compound of a large series tested 
against streptococcal infections in mice. Roblin et nl. (246) and 
Bambas (12) also reported that this compound was highly active 
against streptococcal and pneumococcal infections in mice. Filo- 
meni (52)  and DeCourcy (282) found that 5-nitro-2-pyridyl sulfone 
was effective against hemolytic streptococcal infections in mice. For- 
rest and Walker (56) examined the antibacterial activity of a num- 
ber of pyridyl sulfones and concluded that they had considerably less 
activity than the corresponding compounds in the benzene series. 

3. Sulfonic Acids and Sulfonamides 

Adler et 01. (2) found that 3-pyridinesulfonic acid was antagonis- 
tic to glucose dehydrogenase, while Carrara and Chiancone (23) 
studied its effect on catalase and oxidase. Gushing and Morgan 
(39) found that it had no significant effect on mumps or  influenza 
virus. Dreizen (45 ) ,  McJIwain (104,10.5), Meunier ( Z I O ) ,  and Moller 
and Birkofer (11.5) reported that i t  inhibited bacterial tgrowth, pre- 
surnably as a nicotinic acid antimetabolite. I n  contrast, Erlenmeyer 
(48,49) and Kaoul (13.5) found that it supplemented thc growth ef- 
fects of nicotinic acid on bacteria. Gaebler and Bcher (62)  reported 
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that normal or nicotinic. acid-depleted dogs, if fed 3-pyridinesulfonic 
acid, showed no evidence of black tongue, nor was there any effect 
on their general healtli. Rudolph (149) reported that N-(Z-pyridyl)- 
3-pyridinesulfonamide could replace nicotinic acid in certain in- 
stances as a growth substance, and regarded it as a pseudo vitamin. 
Steffenoni (163,164) found that 3-pyridinesulfonic acid increased re- 
sistance to histamine or adrenalin in isolated animal organs. a-Hy- 
droxy-2-pyridinemethanesiilfonic acid was a highly effective inhibitor 
of glycolic acid oxidase (? 50). 4-Pyridinesulfonamide was reported 
to be a highly selective cytotoxic agent for tunior tissue (351).  

King and Ware (SO) found that ammonium 4-pyridinesulfonate 
had no curative effect in streptococcal infections. Zienty (218-221) 
prepared a numher of quaternary 3-pyridinesulfonamides and evalu. 
ated them as germicides. Vincke and Sucker (199) reported that the 
neodymium salt of 3-sulfoisonicotinic acid was an anticoagulant op- 
posing the effects of prothrombin, and was well tolerated by humans. 

In spite of the considera1)le effort devoted to the synthesis and 
biological evaluation of pyridinesulfonic acids and pyridinesulfon- 
amides, none of these compounds has been found to possess clinical 
utility . 

0. SELENIUM COMPOUNDS OF PYRIDINE 

Selenium compounds have been prepared by means of reactions 
described in the previous sections on sulfur compounds. Michaelis 
and Holken (1 1 4 )  reacted 2-chloropyridine niethiodide with potas- 
sium selenide and obtained 1-methyl-2( 1H)-pyridineselenone (XV- 
71); its reactions are shown. SimiIar reactions were carried out with 

H8Cr I' CHa \ 
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1,2,G-triirieth):l-4(1H)-pyridineselenone (XV-72). Schroeter et al. 

(155) reacted chlororicinic acid with sodium selenide and obtained 
XV-73. which reacted with chloroacetic acid as shown. 

Keimatsu et d. (76) reacted 3-pyridinediazonium chloride with 
sodium benzeneselenide and obtained 3-(phenylse1eno)pyridine. 

Chierici and Passerini (272) reacted 2-chloro-5-nitropyridine with 
selenophenol as well as substituted selenophenols and obtained a 
series of 5-nitro-2-(arylseleno)pyridines; these, with tin and hydro- 
chloric acid gave the corresponding 5-amitio-2-(arylseleno)pyridiiies. 
Picolinaldehyde and selenium dioxide form a molecular compound, 
2-PyCHO . SeO, . I .5 H,O, m.p. 1 17-1 19" (363). 

Table XV-36 (pp. 425 ff.) lists the known selenium compounds of 
pyridine. 

P. TABLES 



382 Chapter XV 

TABLE XV-1. S-Pyridylthiuronium Halides 

Compound M.p., 'C. Ref. 

Q S C ( = N H ) N H 2  *HBr 

02NQSC(=NH)NHz HCl 

100 16,127,141 

191 (dec.) 2 1,127,171 

190-92 56 

195 56 

Q CHaSC(=NH)NHa HCl 175-85 198 

Q Y c ( = m N H 2  Imr 160.0-60.5 156,211 

1 
0 

$=NH)N€Ia HCI 
167 72 

t; 
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QSH 
TABLE XV-2. 2-Pyridinethiols 

None 

1-Oxide 
S-Chloro 
S-BrOmO 

5-Iodo 
3-Nitro 
5-Nitro 

Subsritutents M.p., OC. Ref. 

125-28 16,108,127, 

G 5-67 156,306 
141,192 

5-Methyl-kni tro 
3,5-Dibromo 
3,5-Diiodo 
3-Chloto-5-nitro 
3-Broma5-nitro 
3-Iodo-5-nitro 
3-Amino-bme thoxy 
3-Amino-bethoxy 
5-Arnino 

5-Acetamido 
3-Amino-Gchloro 
3-Acetamido-6-chloro 

5-Amino-3-nitro 
5-Acetamido-3-nitro 
+Amino 
3,CDiamino 
3-carboxy 
3-Carbomethoxy 
3-(CONHNH2) 
3-(2,4-C1,C6H3CH : NNHCO) 
5-Carboxy 
5-Catbamyl 
5-Thiocarbam yl 
5-C yano 
5-Amidino 

3-Chloro-5-carboxy 
3-Chloro-5-thiocarbamyl 
3-Bromo-5-catboxy 
3-Bromo-S-thiocarbam yl 

198 136. 
203-4 136 
216 86,136 
174-75 150 
188-91 2 1,36,56,57, 

98,127, 
136,167, 
175,365 

200 (dec.) 29 
148 42 
206.0-6.5 42,43,84,85 
193-94 136 
189 (dec.) 136 
195 (dec.) 136 
(picrate, m.p.  160, dec.) 283 

26 1 
245 86,127,136, 

244-46 2 1  
185-86 213 
169 (S-acetate, m.p. 165- 215 

188 192 
184-85 188 

213 
222 189 
270 51,169 
204 51,245 
3 30 245 
265-67 245 
272 (dec.) 86,136 
26G-G8 56 
252 (dec.) 136 
25 5 56,86,137 
(hydrochloride, oil; ben- 56 

235 1.36 
193 (dec.1 136 
230 136 

167 

66) 

zoate, m.p. 248"; ace- 
tate, m.p. 224-26') 

195 (dec.1 136 
(continued) 
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TABLE XV-2. (contintied) 

Substitutents M.p., 'C .  Ref. 

3-10do-5-c~boxy 232 (dec.) 
3-10do- 5-t hiocarbamyl 194 (dec.) 
6-Chloro-3-ureido 185-90 (dec.) 
1-Oxide 68-70 
4-Carbomethoxy 1-oxide 94-95 
4-(CONHNH,) 1-oxide (hydrazine salt, m.p. 

2,4-Dimercaptonicotinic acid 23 5 
2,G-Dimercaptoisonicotinic acid 230 
Methyl 2,G-dirnercaptoisonicotinate 156 
2,4,G-Trirnercaptonicotinic acid > 290 
3-Cy ano-4,G-dimethyl 264 
3-Cyano-4-methyl4-phenyl 223 
3-Cyano-4-carboethox-3-~ano- 200 

3-Cyano-5-acetoxy-3-cyano-4,G- 223-27 (dec.) 

3-Cyano-5-acetamido-3-cyano-4,G- 290 

3-Cyano-Ghydroxy-4-methyl 251 
3-Cyanob-methyl 235 
3-Carboxy-4,6-dimethyl 245 (dec.) 
3-Cyano-4,Gdimethyl-5-benzodiazo - 
5-Amino-3-cyano-4,6-dimethyl 300 
6-Chloro 1-oxide - 
4-Nitro l-axide 

184-85 ') 

6-methyl 

dimethyl 

dimethyl 

136 
136 
2 70 
156 
211 
211 

148 
15 
15 
148 
307 
307 
307 

307 

307 

307 
307 
307 
308 
308 
3 54 
3 54 

TABLE XV-3. 3-Pyiidinethiols OSH 
N 

Substituents Up. ,  OC. Ref. 

None 
6-Hy droxy 

2,G-Diamino 

(S-dirnechyl carbarnate, 

63-82 
m.p. 78-80) 

2-Carboxy 184 
4-CONHNH, 239-40 
4-(2,4-Cl2C6H,CH : NNHCO) 239-41 
4-Ethvl 123-280 

166,205 
210 

86,187,270, 

169 
245 
245 
303 

27 1 
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SH 

Q TABLE XV-4. 4-Pyridinethiols 

Substituents M.p., OC. Ref. 

None 
1-Oxide 
3-Me thy 1 
2,GDimethyl 

2-(o,p-Dinitrophenyl) 
3,5-Dichloro 
3,5-Dibromo 
3J-Diiodo 
+Nitro 
3- Carboxy 
+Carbomethoxy 
+CONHNH, 
3-(2,4-U,C6H,CH : NNHCO) 
2,6-Dimethgl-3-carboxy 
2,6-Dicarboxy 
2,6-Dicarbethoxy 
2,6-Dimethyl-3,5-diibdo 
?Amino 
3-Nitro-5-bromo 
3-Amino-5- bromo 

I-Oxide 
3-Carboxy 1-oxide 

186 (dec.) 
200 
159-60 
224 

188 
222 
206 (dec.) 
190 (dec.) 
2 36- 38 
170-71 
304-5 
254-55 

243 
176 
247 (dec.) 
213 (dec.) 
130-35 
215 (5-p-nitro benzoate, m.p. 

267, dec.) 
140.O 
201O (dec.) 

80,90,147 
72 
279 
66,107, 

200 
43 
43 
5,43,84,85 
242 
245 
245 
245 
245 
89 
90 
90 
267 
262 
276 
276 

306,311 
318 

267,353 

TABLE XV-5. 1,5-Di substituted 3-Carbethoxy-4-hydroxy-2-mercapto- 

OH 
COOEt 6 (1H) -pyridones $0 SH 

R 

R R' up., OC. Ref. 

Me CN 280 (dec.) 155 
Ph p-MeC,H,NHCS 158-59 (dec.) 203 
m- Me C, H, p - MeC,H,NHCS 125-26 2 04 

H 174-75 (dec.) 203 
Br 238-39 203 

P-MeC,H, 

p-Brc6h p -  BrC,H, NHCS 179-81 204 
P-kOC6% p-MeOC,H,NHCS 162-63 204 

PeMeC6% 



386 Chapter XV 

TABLE XV-6. 1-Substituted Pyridinethiones 

Subs ti tuents R M.P., OC. B.p., O C .  R e f .  

A. 1-Substituted 2( 1 H)-pyridinethiones 

None 

3-COaMe 
+CONHNH, 
3-(2,4-CI,C,Ha- 

CH : NNHCO.) 
3,5-DiethyI-6- 

ProPY1 

B. 

Me 
Et  
Pr 
Ru 
n-Dec yl 
n-Dodecyl 
M y  ris ty I 
CetyI 
PhCOCH, 
PhCH, 
M e  
hie 
Me 

R 

89-90 188/21 mm. 
46 189-90/21 mm. 

166.5/5 mm. 
173/5 mm. 
198/1 mm. 

31-33 
43-44 
43-45 
180.5-81.5 
183-85 
59-60 
141-42 
204-5 

Ph 127 

None 
2,6-Di meth y 1 
2,GDirnethyl 
2,GDicarbethoxy 
2,GDiphenyl 
2,GDiphenyl 

MeOC,H,) 

MeOC,H,) 

2-Ph-6-(~- 

2-Ph-6-(~- 

2 ,6-(p-MeOC6H,) 
2,6-(p-MeOC,H4) 

I-Substituted 4(1 H)-pyridinethiones 

R 

4- Py 
M e  
Et  
Ph 
Me 
Et 
M e  

Et 

Me 
Et 

200 
267-68 
248 

24.8 
210 
200 

162 

225 
220 

114,141 

141,242 
141 
252 
252 
252 
252 
251 
3 19 
245 
2 45 
245 

60,141,142 

38 

7 
114,305 
114,305 
8 
305 
305 
30 5 

305 

305 
305 



Sulfur and Selenium Compounds of Pyridine 387 

TABLE XV-7. Pyridylalkylthiols and -thiolacetates 

Compound Physical properties, derivatives Ref. 

2-PJICH1CH,SH b.p. 108-9°/20 mm., 94 O/7 mm. 2 36,238 
2-PyCHlCHaSAc b.p. 95-97 '/I mm. 238 

2 38 

2-P yCMePhSH b.p. 118-24 O/0.2 mm.; hydrochloride, 233 
m.p. 222-24' 

2-PyCMePhSAc m.p. 36-98' 233 
3-PyCHaSH b.p. 118-25 Oh7-19 mm.&121 O/13-15 2 38,256 

mm.; picrate, m.p. 134 

EtoitQgaEt m.p. 86-87 13 
CHaSH 

TABLE XV-8. Pyridine Thiolactones 

Compound M.p., OC. Ref. 

272 (dec.) 13 

115-16 

178 

13 

248 

206-8 245 
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TABLE XV-10. 3-Pyridyl Sulfides nsR 
N 

Substitueats R M.P.. 'C. Ref. 

None CH,COOH 
p-N02C6H4 115 

Me,CHCH,CH, 
n-C,H 1 j 

n-CizHz~ 
R-C16H33 

P - N 0 2 c 8 4  

O-HZNCeH4 
P-H,NC,H, 
2 ,4-(OzN ),C,H3 
2,4-(H,N)zC&3 
4, 2-C1(0,N)C6H3 
4, 2-C1(HzN)C6H, 
2,4-C1(OzN)C6Hs 
2,4-CI(HzN)C6H3 
4,2-Me(02N)C6H3 
4, 2-Me(H,N)C6H, 
2-(p-MeC6H4S0,NH)CsH4 
2-(E t,NCHzCH&VH)C6H4 

hydrochloride 
&Nitro P-CIC6H4 

P-N0'2C6H4 
2,5-dichlorophenyl 

2-carboxy CH,COOH 

GAmino p-CIC,H, 

2-6-Diamino M e  
2,6-Diacetamido M e  
2-Cm boxy Ph 

2,5-dichlorophenyI 

p-HO,CC,H, 
p-N0ZC6H4 

P-NH2C6H4 
4Carboxy Ph 
4,6-Dihydroxy-5-car- pN0,C,H4 

4,6-Dihydroxy-2- p-NO,C,H, 

4,6-Diacetoxy- 5-car- p-NO, C6H4 

4(6?)-Acetoxy-5-car- p-NOzC6H4 

bethoxy-2-methy 1 

methyl 

bethoxy-2-methyl 

be th0~~-6 (  4? )-hy- 
droxy- 2-methyl 

2,6-Diacetamido Me 

b.p. 138-40/12 mm. 
b.p. 160-63/13 mm. 
b.p. 211-15/8 mm. 
m.p. 36-37 
m.p. 93-95 
m.p. 58-59 
m.p. 88-90 
m.p. 129-31 
m.p. 129.5-30.5 
m.p. 95-96 
m.p. 115-17 
m.p. 111.5-12.0 
m.p. 94-94.5 
m.p. 83-84 
m.p. 102.5-103.5 
m.p. 127-29 
b.p. 170/0.06 mm. 
m.p. 137.5-38.5 

112-13 
93-95 

99-101 
91-92 

173-76 
318 (dec.) 
215 (dec.) 
190 (dec.) 
195 (dec.) 
227 (dec.) 
276 (dec.) 

303 (dec.) 

123 

176 

180-81 

166 
253, 

286 
286 
286 
286 
332 
332 
33 2 
332 
332 
332 
332 
332 
332 
332 
332 
332 
332 

332 

183 
11 
183 
131, 

183 
183 
186 
186 
253 
253 
253 
253 
253 
20 

157 

20 

20 

20 

27 1 
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TABLE XV-11. 4-Pyridyl Sulfides 5 

2-Methyl 

1-Methiodide 

1-Oxide 

Physical properties, 
derivatives Subsr i ruents R 

None M e  - 80,310 
335 

20 Et - 
CH, : CHCH, b.p. 8687'/3mm. 279 

CIZHZ, m.p. 30-31' 279 

CSH33 m.p. 5 2 G  279 
CHICO,Me m.p. 26-34' 240 
CH,CO,Et b.p. 128-29 '/lmm. 279 
CH F O  ,H b.p. 268-69' 279 
CH,CO,H b.p. 236-38' 32 1 
Et b.p. 120 '/I 5mm. 32 1 
Pr b.p. 131 O/ISmm. 32 1 
CH,CONHiiH, m.p. 105-7' 240,279 
CH,CONHN : CMe, m.p. 140 ' 240 
Me,NCH,CH, m.p. 148-49'/13 mm. 266 
Et,NCH,CH, m.p. 141-42°/10 mm. 266 
CH, CONE t , m.p. 47-51' 266 
CH,COOH m.p. 265' 266 

Ph b.p. 128-29'/2 mm. 162,279 
P-NOzCJh m.p. 75-77' 240 
p-NH2C6H4 m.p. 169-71' 240 
M e  m.p. 183' 20,80, 

117 

hydrochloride, 
m.p., 199-200 ' 
hydrochloride, 
m.p., 151-52 ' 

CH,CONHz m.p. 181-83' 266 

p-N0,C6H4 m.p. 154-55' 73 
4-methyl-2-thiazolyl m.p. 161-20 ' 73 

4,5-dimethyl-2- m.p. 190' 73 

4,6-dime thyl-2- picrate, m.p. 191' 73 
pyrimidy 1 

imidazolyl 
Pr m.p. 45' 32 1 

l-Oxide-2-COzH p-N02C6H4 m.p. 174-175 ' 327 
p-N0,C,H4CH2 m.p. 167' 327 
PhCH, m.p. 157' 327 

3-Methyl C16H33 m.p. 40-41' 279 
hydrochloride, 
m.p. 175' 
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TABLE XV-11. (continued) 

Physical properties, Ref, 
derivatives Substituents R 

2,6-Dimethyl 

2-Nitro 
2-Amino 
2-Nitro 
2-Amino 
2-Nitro 
2-Nitro 
3,6-Diiodo-2,6- 

dimethyl 
3 -car bo x y 
3-Cyano 
3,5-Diiodo 

3-Iodo 
3-Nitro 

+Amino 

Me 

CH,COMe 
CH,COOH 
Me 
CH2C0,H 
CH2CH2C0,H 
CHPrC0,H 
CHBuC0,H 
CH( i-C,H,,)CO2H 
2,4-Br( Cl)C,H, 
2 ,4-Br(C1)C,H3 
c-BrC,H, 
o-BrC,H, 

o-OCHNHC,H, 
CH,COOH 

Ph 
Ph 
o-carboxypheny 1 

Ph 
Me 
Pr 
i-Pr 
i-C,Hll 
CHz : CHCH, 

o-H2NC6& 

CICH ,CH 

MeCOCH, 
Ph 
PhCOCH, 
Me 

Et 

ClCH,CH, 

Pr 
i-Pr 

i-C,H,, 

m.p. 51 '; b.p. 233 '/ 
76 mm. 

m.p. 83-84' 
m.p. 230' 
m.p. 120-21 ' 
m.p. 180-81' 
m.p. 212-13' 
m.p. 153 ' 
m.p. 153-56' 
m.p. 134-36' 
m.p. 122.5-23.5' 
m.p. 90-91.5 ' 
m.p. 101.5-02.5' 
m.p. 96-97' 
m.p. 146-47' 
m.p. 146-47.5 ' 
m.p. 252-54' (dec.) 

m.p. 236' 
m.p. 63.0-63.5 ' 
piperidine salt ,  m.p. 

b.p. 149'/0.03 mm. 
m.p. 133-34' 
m.p. 75' 
m.p. 64-65' 
m.p. 57-58' 
m.p. 63' 
hydrochloride, m.p. 

m.p. 103-4' 
m.p. 86' 
m.p. 184O 
hydrochloride, m.p. 

hydrochloride, m.p. 
213' (dec.) 

hydrochloride, m.p. 
172 ' (dec.) 

m.p. 191' (dec.) 
hydrochloride, m.p. 

229-31 ' 

198' (dec.) 

165-66 ' 

182 ' 

107,114 

107 
267 
59 
59 
59 
5 
5 
5 
366 
366 
336 
336 
336 
336 
267 

254 
254 
5 

254 
24 3 
243 
243 
243 
243 
262 

264 
243 
264 
243 

24 3 

262 

243 
243 

hydrochloride, m.p. 243 
182-87 ' 

(continued) 
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TABLE XV-11. (continued) 

Physic4 properties, Ref. 

Gi, : CHCHz hydrochloride, m.p. 243 

Ph m.p. 107.5-8.0 ' 254 
3-Acetamido Me m.p. 109' 243 

Et m.p. 1Ol'm 243 
Pr m.p. 164' 243 
i-Pr m.p. 114' 243 
i-C, H, m.p. 128-30' 24 3 
CH2 : CHCHa m.p. 151-52' 243 

derivatives Substituents R 

211' (dec.) 

3-Carbo~y-2,6- CH,CO,H 63 

2,6-Dimethyl-3-(p- M e  64 
dime thy1 

NOaC,H,SO,NHCO) 
2,6-DimethyI-3-(p- Me 64 

2-Methyl 2,4-(OJ)zC,H3 m.p. 163' 32 1 
1 -Oxide p-Me,SiC6H, picrate, m.p. 352 

m-Me,SiC,H, m.p. 88-89' 352 

NH&H,SOfiHCO) 

115-16' 

picrate, m.p. 
107-8 ' 

TABLE XV-12. 6-Alkylthio-2 (lH)-pyridones R ' S O O  

R 

R' M.p., OC. Ref. 
Substituents and positions 

1 4 5 
R 

CN 
Ph 
m-MeC,H,NHCS 
p -MeC,H,NHCS 

Br 
C OaH 
C O,H 
p - MeC,H+NHCS 
p-BrC,H,NHCS 
p-MeOC,H,NHCS 
p-EtKH,NHCS 

OH 
OH C0,Et 
OH C0,Et 
Me 0 
OH C0,Et 
OH C0,Et 
OH CO,H 
Me0 CO,H 
OH COaEt 
OH C0,Et 
OH C0,Et 
OH C0,Et 

Me 
Ph 
m-MeC6H, 
P-MK,H, 
p -MeC, H, 
p-Mec6b 
p-Mec6H, 
p- Me C, H, 
p-MeC,H, 
p- BrC6 % 
p-Me OC6 H* 
P-EtW,H, 

CHJ0,H 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

250 (dec.) 155 
148-49 204 
137-38 204 
153 203 
250 (ddc.) 203 
166 203 
232-33 (dec.) 203 
177-78 203 
151-52 203 
152 204 
152-53 2 04 
114-15 204 



TABLE XV-13. Dipyridyl Sulfides PySPy' 40 1 

PY PY' M.p., 'C. Ref. 

2-Py 

4PY 
l-Orido-4-pyridyl 
2 ,G-Dirnethyl-4-pyridyl 
3-Nitro-2-pyridyl 

3-Nitro-5-bromo-2- 

3-Nitro-5-bromo-4- 

3-Nitro- 2-pyr idyl 
3-Nitro-4-pyridyl 
5-Nitro-2-pyridyl 

3-Nitro-4-pyridyl 
5-Nitro- 2-pyridyl 

PyridYl 

pyridyl 

3,5-Dinitro-2-pyridyl 
5-(2,6-Diamino-3-p ri- 

3-Amino-2-pyridyl 
5-Amino-2-pyridyl 

3Amino-Cpyridy l 

dylazo)-2-pyridy r 

5-Amino-2-pyridyl 

>Ace tarnido- 2-pyridy l 
2,6-di-tert-ButylpyridyI 
3Methylamino-6- 

chloro- 2-pyridyl 
3Ace tamido-6-chloro- 

2-pyridyl 
GBenzamido-6-c hloro- 

2-pyridyl 
3pNiuo  bentamido-6- 

chloro-2-pyridy l 
3Arnino-6-chloro-2- 

pyridyl 
3-Amino-6-chloro-2- 

pyridyl 
3 Ace tamido-6-ch loro- 

2-pyridy l 

2-Py 

4-Py 
1-oxido-4-p yrid yl 
2,6-dimethyl-4-pyridyl 
3-amino-bchloro-2- 

3-&110-6-c hl0~0-2- 

3-nitro-5-bromo-4- 

PYridYl 

p yridyl 

pyridyl 
4-P y 
4-Py 
2-PY 
4-Py 
3-ni tro-4-pyridy l 
5-nitro-2-pyridyl 

3-amino-Gchloro-2- 

5-nitro-2-pyridyl 
5-(2,6-diamino-3-pyri- 

dylazo)-2-pyridyl 
4-Py 
2-Py 
4-Py 
4-PY 

PFidYl 

5-amino-2-pyridy l 

5-ace tamido-2-pyridy l 
2,6-di-tert-butyl 
3-nitro-6-pyridyl 

3-niuo-6-pyridyl 

3-nitro-6-pyridy l 

3-nitro-6-pyridyl 

3-nitro-2-pyridyl 

3-nitro-ri-pyridy l 

3-nitro-4-pyridyl 

b.p. 170°/6 37,40,91, 
mm.; hydro- 255 
bromide, 
m.p. 274O 

69 O 279 
228-30 72 
82-83 107 
205 (dec.1 263 

187-88 (dec.) 263 

185 

15 3-54 
114.5-16.0 
103 
70-92 
133-34 
137 

195 

281 
145-47 

83-72 
165 
153-55 
(h ydrochlo- 

ride, m.p. 
> 300") 

130.0-31.5" 

265.0-66.5 
125-26 - 
170-7 1 

147-48 

186-87 

183 

219 (dec.) 

276 

240 
240 
190 
240 
242 
11,21,25, 

35,170, 
175 

263 

188 
177 

240 
170 
240 
240 

25,170, 
358 

170 
310 
284 

284 

284 

284 

284 

284 

230-31 (dec.) 284 
-. . 
Unstable form m.p. 80-81 a 
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TABLE XV-14. Pyridylalkyl Sulfides 

Compound B.p., "C. Ref. 

256 
256 
2 56 
2 56 
256 
256 
256 
256 
256 
256 
256 
256 
2 56 
132 
132,237 
280 
280 
280 
132,237 
132 
2 37 
237 
237 
236 
233 

2 36 
237 

314 

314 

314 

314 



Sulfur and Selenium Compounds of Pyridine 403 

TABLE XV-15. Pyridyl Disulfides PySSR 

2-Py 
2-Py 

2-Py 
2-Py 
2-Py 
GMet.. p 

PY R M.p., ' C .  Ref. 

CH, 
Ph 48-49, picrate 367 

O-MeC6H4 oil 367 
p-MeC6H4 40-4 1 367 
p-C1C6H4 oil 367 

m2-pyridyl o-MeC,H, oil 367 
6-Methil-2-pyridyl P-MeCd34 38-39 367 
6-Methy l-bpyridy l p-cl c6H4 oil 367 
4-PY O-MeC6H4 oil 367 

p-MeC6H4 36 367 
p-C1C6H, oil 367 

4-PY 
4-PY 
4-PY C6Hll 

Ph 4-PY 
2-Tbenyl 4-PY 

1 -0xido-2-pyridyl CF,CH, 99, hydrochloride 343 

81 - 
m.p. 126 

81 
81 
81 
81 

- 
- 
- - 2-Chloro-4-pyridyl CH, :CHCH, 

m.p. 85-119 
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TABLE XV-16. Symmetricalu Dipyridyl Disulfides P y s p y  
- 

PY M.p., O C  Ref. 

2-Py 
3-4t 
4-Py 
I-Oxido-4-pyridyl 
3-Methyl-4pyri dy 1 
2-Methy I-4pyridy 1 
2,6-Dimethyl-4-pyridyl 
5-Chloro-2-pyridyl 
5-Brorno-2-pyridyI 
5-Iodo-2-pyridyI 
3J-Diido-4-pyridyl 
3-Nitro-2-pyridyl 
5-Nitro-2-pyridyl 
3-Nitro-4-pyridyl 
5-Methy 1 - 3 4  tro-2-pyridy 1 
3-Chloro-5~iuo-2-pyridyl 
6-Arnino-3-pyridyl 
5-Acetamido-Z-pyridy l 
3-Amino-6-chloro-2-pyridyl 
3-Acetamido-6-chloro-2-pyridyl 
5-Amino-3-ni tro-2-pyridyl 
2-Carboxy-3-pyridyl 
2-Carbomethoxy-3-pytidy l 
2-CONHNh- 3-p y rid y 1 
4-Carboxy-3-py ridy l 
4-Carbomethoxy-3-pyridyl 

57-58 
hydrochloride, m.p. 183 
155 
136-37 
159-60 
47 
57 
80 
102 
155 
23-31 
249-50 (dec.) 
156 
233 (dec.1 
246 (dec.) 
203-4 
174-75 
240-41 
229-30 
232 

206 
210-12 
hydrochloride, m.p. 310 
307-8 
166-67 (dec.) (dihydro- 

173 
chloride) 

107,136 
65 
90,292 
72 
279 
321 
279 
321 
107 
136 
136 
136 
83 
150,269 
56,86,136 
241,242 
29 
136 
187 
21 
213,264 
215 
188 
169,245 
245 
245 

308,318 

nAll known dipyridyl disulfides are symmetrical except for 4-pyridyl 
2-chloro-4-pyridyl &sulfide (82), and 6-methyl-2-pyridyl pyridyl di- 
sulfide (367). 

TABLE XV-17. Pyridyl Sulfoxides PySOR 

Ref. Physical 
properties PY R 

2-Py Me b.p. 122'/5 mm. 37 
2-Py Et  b.p. 123O/4 mrn. 37 
2-Py PhCH, m.p. 87-88' 156 
2-Py 2-Py b.p. 178'/6 Fm. 37 
3-CarbamyI-6-pyridyl Me m.P. 224-26 56 
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TABLE XV-18. 2-Pyridyl Sulfones I 
QS,,, 

Substituents R Physical properties, Ref. 
derivatives 

N one 

4 Chloro-6-me thy 1' 

5 -Nitro 

Me 

Et  
p-nitrophenyl 
p-aminophenyl 
4-amino-3-sulfamyl- 

phenyl 
4-acetamido-3-sul- 

famylphenyl 
4-methyl-2-thia- 

p-aminophen yl 
p-acetamidophenyl 
Me 
Et 
Bu 

zolyl 

5 -P henylazo 
5 -Nitro 
5 -Amino 

5-Acetamido 
5-Amino 
3 -Amino-&chloro 
3-Acetamido-6- 

chloro 

p- nitrophe ny 1 

PMeCPH, 
pacetarnidophenyl 
o-carboxyphenyl 
Et 

Me 
E t  
Bu 
Ph 
p-aminophenyl 
p- acetamidophenyl 
o-carboxyphenyl 
0- carboxypheny 1 

Me 
Me 

4-Py 

4-Py 

b.p. 157'/5 mm., 37,107 
325 '/760 mm. 

b.p. 157'/4 mm. 37 
m.p. 170-71' 10 
m.p. 160-6l0 10,146 
m.p. 261' 32,33 

m.p. 208-10' 32 

m.p. 121' 123 

m.p. 172' 20 
m.p. 250-52' 20 
m.p. 115' 56 
m.p. 71' 178 
m.p. 58'; b.p. 182'/ 56,216, 

0.5 mm. 26 5 
m.p. 78-79' 265 
m.p. 138-37' 265 
m.p. 138-200' 265 
m.p. 133-34' 265 
m.p. 208-10' 265 
m.p. 112-15' 178 
m.p. 253-54' 11,4rf, 

178 
m.p. 158-60° 
m.p. 225-26' 
m.p. 177-78' 
m.p. 250-54' 
m.p. 167-69' 
m.p. 171-73' 
m.p. 104-5' 
m.p. 77' 
m.p. 222-23' 
m. p. 178-2 00 ' 
m.p. 271-72' 
m.p. 237-39'(dec.) 
m.p. 226-27' (dec.) 
m.p. 136-98' 
m.p. 136-37' 
m.p. 148' 

333 
44 
36,139 
151 
240 
56 
151,178 
56,216 
178 
44,178 
44 
139 
137 
240 
187 
187 

(continued) 
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TABLE XV-18. (continued) 

Substituents R Physical properties, Ref. 
derivatives 

3-Ace tamido-6- 3-nitro-6-pyridyl - 284 

34 3-Nitro-6-pyridyl- M e  212 O 284 

4-E t Ph 89-90 O 309 

chloro 

amino)-6-c hloro 

m.p. &!GL:~ 
perchlorate, m.p. 
153-63; hydro- 
bromide, m.p. 
169-70 O ;  no 
deriv. with HgCI, 

3-Amino-6-ethoxy Me m.p. 115 187 
3 -Ace tamido-6-e t hoxy Me m.p. 129-31' 187 
5 Carboxy p-nitrophenyl m.p. 226-28' (dec.) 140 

p-aminophenyl m.p. 232-33' (dec.) 140 
5Carbamyl Me m.p. 210' 56 
5-Amidino Me hydrochloride, m.p. 56 

23 8 '; benzoate, 
m.p. 210'; ace- 
tate, m.p. 136-98' 

5 Cyano  Me m.p. 133' 56 

a May be the 6-chloro-2-rnethyl-4-pyridyl sulfone. 

TABLE XV-19. 3-Pyridyl Sulfones oSozR 
N 

Substituents R M.p., ' C .  Ref. 

None p-nitrophenyl 172-74 273 

m-nitrobenzyl 158-60 273 
p-aminobenzyl 166-68 273 

p-chlorobenzyl 163-64 273 

p- nitrobenzyl 204-5 273 

p-acetamidobenzyl 181-83 273 

6-Nitro p-nitrophenyl 202-3 11 

4 ,G-Dihydroxy p-nitropheny 1 3 03 20 
5 -Carbethoxy-4,6-dihydroxy p- nicrophenyl 2 76 20 

2,6-Diamino Me 183 187 
2,6-Diacetamido Me 247-48 187,270 



Sulfur and Selenium Compounds of Pyridine 407 

SO2R 

N 
TABLE XV-20. 4-Pyridyl Sulfones 0 

Substituents R M.p., OC. Ref. 

None Me 
Et 
CH,COOH 
Ph 

2-Methyl-1-oxide Pr 
2-Methyl Pr  

ptolyl  
mnitrop henyl 
p-nitrophen yl 
m-aminophe nyl 
paminophenyl 

165-66 
29 

125 
87 
31 
137-38 
169-71 
148-50 
186-87 
259 (dec.); 269-71 

pacetamidophenyl 170-71 
p-cy anopheny 1 182 

1-Oxide p-nitropheny 1 186-87 
p-aminophen yl 324-26 
4-methyl-2-thiazolyl 169-70 
4,5-dimethyl-2-thiazolyl 239 

2,6-Dimethyl Me 221 (picrate) 
6-Chloro-2-methyl' p-aminophenyl 172 

p-acetamidophenyl 250-52 
3-Nitro Me 123 

Et 91 
Pr 102 

3-Amino Me 109-10 
Et 206 (dec.) 
Pr 180 (dec.) 

3-Acetamido Me 159-60 
Et 94-95 
Pr 101-3 

80, 83 
20 
80 
270 
321 
32 1 
20 
146 
240 
146 
240, 14G, 

290 
20 
20 
73 
73 
73 
73 
107 
20 
20 
24 3 
243 
24 3 
24 3 
24 3 
243 
243 
243 
24 3 

=May be the 4-chloro-6-methyl-2-pyridyl sulfone. 
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TABLE XV-21. Dipyridyl SJfones PyS0,Py' -- 
PY PY' M.p., 'C .  Ref. 

2-Py 2-Py 2 16 37 ,40  
3-Py 4-P y 124-25 273 
2,6-Dimethyl-4- yridyl 2,6-dimethyl-4-pyridyl 114 107 

2-Py 188 190 
5-nitro-2-pyridyl 227-29 11, 25, 35, 52, 

3-acetamido-6-chloro-2- 17* 263 

5-Acetamido-2-pyridyl 2-Py 224 190 
5-Amino-2-pytidyl 5-amino-2-pyr idyl 238-39 170 
5-Acetamido-2-pyridyl 5-acetmido-2-pyridyl 276-78 25, 170 
2,Gdi-tert-butylpyridyl 2,~di-terr-butylpyridyl 250-51 310 

5-Nitro-2-pyridy P 
170, 171 

pyridyl 
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TABLE XV-22. Pyridylalkyl Sulfones 

A. PY\CHSOaR 
Ar/ 

PY hz R M.p., "C. Ref. 

2-Py P h  Me  122.5-24.5 95 
Ph Et 151.0-51.6 95 
Ph Pr 121.6-22;8 95 

p-tolyl Et 195.6-98.0 95 
o-chlorophenyl Et 196.5-98.5 95 
m-chlorop henyl Me 116.2-17.0 95 
pchlor henyl Et 121.6-22.9 95 

95 
Et 138.8-40.8 95 p-mcthoxyphenyl 

4-kthyl-2-pytidyl p-chlorophenyl Me 20P.10 95 
pchlorophenyl Et 208-10 95 
3 ,4-&chlotophenyL Et 20 1-5 95 

&Methyl-2-pyridyl pchlorophenyl Me 98.4-99.6 95 

Ph Bu 101.4-102.6 9S 

3,d-dic 3 ompbenyl Et  121.0-22.4 

B. P y ( C H A S O a 0 R  

b n R M.p., ' C .  Ref. 

4-Py 1 Me 185-86 (dec.) 2 74 
2 H 178-80 (dec.) 274 
2 Me 95-96 274 
2 CH,CONH 103-5 274 

2-Py 2 Me 5 9 4 1  274 
2 CH,CONH 169-71 274 

c. *-PyCHRSO,(--J R' 

R R' m.p., OC. 

H H hydrochlooride, m.p. 
201.5 

Me H 106-07 hydrochloride, 

Me Me 143-43.5 
m.p. 224-25 

Ref. 

309 

309 

309 
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TABLE Xv-23. 2-P yr i che  sulfonic Acids 

Substituents M.p., 'C. Ref. 

None 

$Methyl 
3,5 -Di bromo 
3,5-Diiodo 
S-Nitro 
3-Amino 
3-Carbox y 

3-Amino-4hydroxy 
3-( 3-Nitro-6- 

pyridyl amino)- 
6-c hloro 

3-Hydtoxy 

247-48 

300 
300 

282 

253 - 

63,107,287, 

199 
42 
42 
98 
128,129,130 
169,199 
128,129 
371 
284 

300 
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TABLE XV-24. 3-Pyridinesulfonic Acids O S O 9 H  
N 

Substiruents M.P., OC. Ref. 

None 

1-Methyl (sdfobetaine) 
2-Methyl a 
4-Methyl 

5-Methyl 
6-Methyl 
2,6-Dimethyl 
2,6-Dimethyl-4-hydroxy 
5-Ethyl-2-methyl 
2,6-Di-tert-butyl 
Z,b-Di-tert-butyl, Me ester 
6-Chloro 
5-Bromo-6-chloro 
4-Amino 
6-Amino 
6-Acetamido 
6-p-Aminoanilino 
6-Sulf anilamido 
2-Carboxy 
4-Carboxy 
5-Carboxy 
6-Carboxy 
4-H ydrox y 
G-Hydrox y 
6-Methoxy 
6-Amino-5-bromo 
6-Amino-5-nitro 
l-Methyl-6( 1 &-ox0 
l-Carboxymethyl-6( lH)-oxo 
5-Chloro-l-methyl-2( 1H)-oxo a 
5-Chloro-l-ethyl-2( 1 H)-oxoa 
5-Bromo-l-methyl-2( 1 H>oxo a 
5-Iodo-l-methyl-2( 1 H)-oxoa 
5-Nitro-l-methvl-2tl HI-0x0 

352-56 

130 

35 3-5 5 

312-14 
338-41 
> 350 
290-35 (dec.) 

310 
77-8 
265 
280 
336 
32627 (dec.) 
302-3 (dec.) 
305 
326-28 
206 
318 
335 (dec.) 
287 (dec.) 
265 

300 
265 (dec.) 
290-92 
80 
325-27 
266-70 
240-50 

46,63,71,79,97,102, 
158,194,195,201, 
205,287 

68,111,112 

46,79,102,201,206, 

46,102,134 
46,102,108,12 5 
370 
37 0 
206,208 
18,277,297,310 
310 
136 
136 
88 
26,27,119,226 
21,119 
160 
121 
169 
46,169 
46 
46 
88 
26,27,119 
1 
1 36 
136,226 
67,153 
153 
67 
67 
67 
67 
153 

79,i 13,197,206 

208 

I , -  

%tructure not certain. 
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GH TABLE XV-25. 4-Pytidinesulfonic Acids 

Substituents M.p., OC. Ref. 

None 

2-Methyl 
2,6-Dirnethyl 

3,5-Dichloro 
3,5-Dibrorno 
3,5-Diiodo 
2,6-Di-tert-buty l 

134-35 80,90,194,244, 
287,288, 
292,298, 
300 

244,288 
300,>350 107,244,288, 

370 
300 42,43 
300 (dec.) 42,43 
300 (dec.) 42,43 
344-46(dec.) 294,297,310 

so, 
TABLE XV-25a. 4-Pyri dinesulfobetaines R" 9 R' 

R 

Substituents 
R R' R" III.D.. O C .  Ref. 

Me Me M e  270 305 
Et Me Me 248 305 
Me Ph Ph > 360 305 
Et Ph Ph 310 305 
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TABLE XV-26. Pyridinedisulfonic Acids 
Compound Ref. 

3,5-Pyridinedisulfonic acid 97 
2,6-Disulfoisonicot~ic acid 15 
1-Methyl-2( 1 H)-pyridone-3,5-disulfonic acid 153 
3,5-Disulfoisonicounic acid 330 

TABLE XV-27. Pyridinesulfonyl Chlorides 

Ref .  Physical properties, 
deriva rives Compound 

2-Pytidinesulfonyl chloride 92,289 
3-Pyridinesulfonyl chloride hydrochloride, m.p. 96,138,145 

CPyridinesuli my1 chloride unstable above 0' 289,293 
6-Chloro-3-pyridinesulfony l m.p. 51', b.p. 132'/8 1,136,154 

5-Bromo-6-chlom-3-pyridine- m.p. 72' 136 

5-Niuo-2-pyridioesulfonyl chloride m.p. 212-13O (dec.) 22 
6-Amino-3-pyridinesulfonyI 50 

141-44 ' 

chloride mm. 

sulfonyl chIoride 

chloride 

chloride 
6-Ace tamido-+pyridinesulfony 1 m.p. 165-66' (dec.) 21  

3,5-Pyridinedisulfonyl chlo m.p. 129' 97 
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TABLE XV-28. 2-PyriCinesulfonamides and 2-Pyridinesulfohydrazides 

Q S 0 2 N R R *  

Substituents R R‘ M.p., ‘C. Ref. 

5-Nitro 

5-Amino 

5 -Acetarnid0 

3-carbamy l-2-pyr- 
idyl 

5 -c yano-2- pyridy 1 
5 -carbamyl-2-pyr- 

H 
idyl 

NH,C( : NH) 
Ph 
2-Py 
5 -chloro-2-pyridyl 
3 ,S-dichloro-2- 

5-bromo-2-pyridyl 
3,5-dibromo-2- 

5-iodo-2-pyridyl 
G-iodo-3-pyridyl 
3,5-dii~do-2-pyri- 

3-carbamyI-2-pyri- 

5-carboxy-2-pyti- 

5-c yano-2-pyridy l 
5-carbarnyl-2-pyr- 

2 -chi az 01 yl 
2-pyrirnidyl 
H 
NH,C( : NH) 
Ph 

5-chloro-2-pyridyl 
3,5-dichloro-2-pyr- 

5-bromo- 2-pyridy I 
3,5-dibromo-2-pyr- 

6-iodo-3-pyr idyl 
5-iodo-2- pyr idyl 

pyrid yl 

pyrid yl 

dYl 

dYl 

dYl 

idyl 

2-Py 

idyl 

idyl 

H 

H 
H 

H 
H 
H 

H 
H 

H 
H 

H 
H 
H 

H 

H 

H 
H 

H 
H 

H 
H 

253 22 

25 1 22 
260 22 

184-85 21,50,5 7 
220-21 21 
164-65 138 
205-6 21 
221 22 
201 22 

234 22 
2 12 22 

219-20 (dec.) 21 
217 22 
229 22 

239 22 

281 22 

249 22 
248 22 

226-27 21 
283-85 (dec.) 21 
232-33 21,364 
228-29 21 
2 13-14 21 
231-32 21 
23 7 22 
2 15 22 

240 22 
232 22 

221 22 
225-26 21 
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TABLE XV-28. (continued) 

Substituents R R' M.P., 'C. Ref. 

3,5-diiodo-2-pyr- H 247 22 

5-carboxy-2-pyr- H 287 22 

5 p-Acetamido benzene- H H 12 

idyl 

idyl 
2-pyrimidyl H 231-32 (dec.) 21 

s ulfonamido 
None H NH, 86-87(dec.)  282 

H N=CMe, 172-74 282 



0
 

TA
BL

E 
X

V
-2

9.
 

3-
P

yr
id

in
es

ul
 fo

na
m

id
es

 a
nd
 3
-P
yr
id
in
es
ul
fo
hy
dr
az
id
es
 

S
u

b
st

it
u

en
ta

 
R

 
R'

 
M.P
.. 

'C
. 

R
ef

. 

N
on

e 

6
C

h
lo

ro
 

H
 

E
t 

Ph
C

H
,C

H
M

e 

2-
th

ia
to

ly
l 

1,
3,

4-
th

ia
di

az
ol

-2
-y

1 
H

 
M

e 
M

e 
E

t 
B

u 
cy

cl
oh

ex
y 

1 
CH
, :

 C
H

C
H

, 
Ph

C
H

, 
C

y
C

0
,H

 
E

t,N
(C

H
, 

X
C

H
M

e 

2-
P

y 

-
-

-
-

-
-

(
c

H
,

 
x 

H
 

E
t 

H
 

H
 

B
uE

tC
H

C
H

, 
H

 
H

 
H

 
H

 
H

 
H

 
H

 
M

e 
E

t 
H

 
H

 
H

 
H

 
H

 
H

 

3,
5-

di
br

om
op

he
ny

l 
H 

p-
am

in
op

he
ny

 1 
H

 
P

-N
vO

,c
6

H
, 

H
 

11
0-

11
 

49
-5

 0
 

78
-

79
 

14
5 

11
7.

0-
17

.5
 

18
5-

86
 

15
8-

59
 

11
1-

12
 

11
5-

17
 

86
-

87
 

90
-9

2 
11

6-
18

 
78

 

88
 

13
1-

32
 

14
3-

44
 

14
9-

5 
1 

19
3-

94
 

19
7 

20
0 -

2 

75
 

91
 

21
8,

22
1 

21
8,

22
1 

2 1
8-

2 2
 1

 
2 1

8-
22

 1 
13

8 
91

 
n
 

49
,1

05
,1

38
 

14
5 

3
-
 

V
 

27
,1

17
,1

19
,1

36
 

14
5 

'z!
 

1
 x c
 

11
8,

12
0 

11
8,

12
0 

11
8,

12
0 

11
8,

12
0 

11
8,

12
0 

11
8,

12
0 

27
 

12
1 

18
1 

11
8,

12
0 

11
7,

11
9 

11
7,

11
9 

18
1 

11
8,

12
0 

11
7,

11
9 



5 
-B

ro
rn

o-
6-

ch
lo

ro
 

6 -
A 

rn
in

o 

p
-k

lN
s0

2
~

h
m

0
S

c6
h

-b
 

14
7-

49
 

12
1 

o-
ca

rb
ox

yp
he

ny
l 

H
 

19
3-

95
 

12
1 

2-
Py

N
H

SO
2C

H
,,-

p 
H

 
26

6 
11

8,
12

0 

2-
P

y 
H

 
23

 7-
39

 
1,

27
 

3,
5-

di
br

om
o-

2-
py

ri
dy

l 
H

 
17

5 
18

1 
5-

su
lf

ar
ny

l-
2-

py
ri

dy
l 

H
 

25
3-

55
 

11
7,

11
9 

6-
et

hy
lt

hi
o-

3-
py

ri
dy

l 
H

 
15

9-
61

 
18

1 

E
 

2-
th

ia
zo

ly
l 

H
 

22
4.

5-
26

.5
 

23
5 

4 -
m

et
hy

l-
2-

th
ia

zo
ly

l 
H

 
17

9.
0-

80
.5

 
23

5 

5 
4-

ph
en

yl
-2

-t
hi

az
ol

yl
 

H
 

20
3-

6 
23

5 
2 

-b
en

zo
th

ia
zo

ly
l 

H
 

25
1-

54
 

23
5 

H
 

H
 

17
5-

76
 

27
,1

17
,1

19
 

2
. 

M
e 

H
 

14
 2 

50
,1

21
 

s s 
M

e 
Me
 

15
7-

59
 

12
1 

14
 9 

50
 

3
 

E
t 

H
 

E
t 

E
t 

14
8.

0-
5 9

.5
 

12
1 

Bu
 

H
 

11
4-

16
 

12
1 

cy
 cl

oh
ex

yl
 

H
 

12
9-

31
 

12
1 

%
 

C
H

, 
: C
HC

H,
 

H
 

13
6-

37
 

12
1 

C
&

C
O

aH
 

H
 

22
6-

27
 (

de
c.

) 
12

1 
'd

 
16

0-
62

 
12

1 
2

. 
E

 
---

-(c
H

,x
 
-
 

-(C
H

, 
X O

(C
H

, X 
-
 

17
8-

80
 

12
1 

PY
C

H
, 

0
- c

ar
bo

xy
ph

e n
yl

 
H

 
25

0-
52

 (
de

c.
) 

12
1 

p-
M

e,
N

SO
lC

,H
,N

H
S0

,C
6H

,-p
 

H
 

17
1-

72
 

12
1 

m
 

4,
5-
di
rn
et
hy
l-
2-
th
ia
zo
ly
l 

H
 

22
7-

38
 

23
5 

? 

H
 

H
 

15
0 

13
6 

g n
 

'D
 
0
 

5
 
3
 n
 

v,
 

3
 

0
 

H
 

14
3 

27
,5

0 
H

 
17

6-
78

 
50

,1
17

,1
19

 
P

h 

p-
 su

lf
ar

ny
 lp

he
ny

 1 
H

 
20

0-
2 

50
,1

17
,1

19
 

3-
py

 
H

 
20

5 
27

,5
0 

5-
su

lf
ar

ny
l-

2-
py

ri
dy

l 
H

 
26

0 
11

7,
11

9 
f 

(c
on

ti
n

u
ed

) 
* 



T
A

B
L

E
 X

V
-2

9.
 
(c
on
ti
nu
ed
) 

S
u

b
st

it
u

en
ts

 
R 

R' 
M.
p.
, 
'C
. 

R
ef

. 

A
 

ic
 
c
 

6-
A

ce
ta

m
id

o 
t h

io
ca

rb
am

y 1
 

H
 

6-
E

 th
yl

am
in

o 
H

 
H

 

6-
D

ie
th

yl
am

in
o 

H
 

H
 

6 
-B

 u
ty

 la
m

i n
 o 

H
 

H
 

6-
A

 ll
yl

am
in

o 
H

 
H

 
6-

B
en

zy
 la

m
in

o 
H

 
H

 
6-

A
 ni

li
no

 
H

 
H

 
6-

S
ul

fa
ni

la
m

id
o 

H
 

H
 

6-
A

ce
ty

ls
ul

fa
ni

la
m

id
o 

H
 

H
 

6-
(6
-M
et
ho
xy
-8
-q
ui
no
ly
la
mi
no
) E

t ,
N

(C
H

, 
),C

H
M

e 
H

 
69

-A
m

in
ob

en
ze

ne
su

lf
on

yl
 

H
 

H
 

4 
C

ar
b

o
x

y
 

Ph
 

H
 

4 
C

ar
be

th
ox

y 
P

h 
H

 
6-

H
yd

ro
xy

 
H

 
H

 

E
t 

H
 

M
e 

M
e 

M
e 

H
 

Me
 

M
e 

E
t 

E
t 

B
u

 
H

 
cy

cl
oh

ex
y 

1 
H

 
CH

, :
 C

H
C

H
, 

H
 

(C
%

X
 -
 

4
C

H
,

 xo
(c

H
, 11

 -
 

3,
5:

di
br

om
op

he
ny

l 
H

 
p-

ni
tr

op
he

ny
l 

H
 

p -
am

in
op

he
 ny

 1
 

H
 

-
 

P
h 

H
 

78
 

19
0-

71
 

11
7,

11
9 

13
7-

41
 

11
7,

11
9 

11
6 -

17
 

11
7,

11
7 

12
1-

22
 

11
7,

11
9 

19
5-

20
1 

11
7,

11
9 

19
7-

20
1 

11
7,

11
9 

18
1-

83
 

77
,1

17
,1

19
 

22
7 

10
6,

12
1 

15
1-

53
 

12
1 

24
6-

47
 

10
6 

22
3-

25
 

(h
yd

ro
ch

lo
ri

de
) 

18
1 

16
2 

30
 

24
1 

13
8 

15
6 

13
7 

26
9-

71
 

11
8,

12
0 

18
8-

90
 

11
8,

12
0 

21
2 -

14
 

11
8,

12
0 

16
3.

5-
65

.8
 

11
8,

12
0 

17
8-

80
 

1 1
8,

12
0 

16
9 -

72
 

11
8,

12
0 

15
 9-

61
 

1
 18

,1
20

 
23

6-
38

 
11

8,
12

0 
26

2 -
64

 
11

8,
12

0 
21

4 -
15

 
11

8,
12

0 
> 

24
0 

1
8

 1
 

2 8
2 

11
8,

12
0 

24
6 

1
 18

,1
20

 



o-
ca

rb
ox

yp
he

ny
l 

H
 

~
-s

ul
fa

m
vl

ph
en

vl
 

H
 

2-
py

N
H

so
~

c,
jH

,-
p 

5-
su

lf
am

yl
-2

-p
yr

id
yl

 
2 -

th
i a

zo
Iy

1 
4-

m
et

hy
l -

2-
rh

ia
zo

ly
l 

4,
5-

di
m

et
hy

l-
2-

th
ia

zo
ly

l 
4-

ph
en

yl
-2

-t
hi

az
ol

yl
 

2-
be

nz
ot

hi
az

ol
yl

 
2 

-M
et

ho
xy

 
H

 
6-

E
 th

ox
y 

2-
Py

 

6-
(2

-B
en

zo
th

ia
zo

Iy
I)

 
H

 
6 -

B
U

~
O

X
Y

 
CH
 :
 C

H
C

H
, 

6
 -(

 2-
B

en
zo

th
ia

 z
ol

yl
 ) 

E
t 

N
on

e 
H

 H 

H
 

H
 

H
 H
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

E
t 

*a
 

N
=C

M
e,

 

26
3 

(d
 e

c.
) 

25
0-

52
 

18
8 

(d
ec

.)
 

26
8 -

69
 

30
1 -

2 
29

5 
(d

ec
.)

 
29

2-
35

 
(d

ec
.)

 
28

1.
0-

83
.5

 
32

8-
30

 
32

3.
5-

25
.5

 
30

3-
5 

14
9-

50
 

18
0 

67
,6

8 
14

 9
 

93
-

95
 

15
2-

53
C

de
c.

) 
m

on
op

ic
ra

te
, 

m
.p

. 
12

0-
21

 (d
ec

.)
 

15
2-

53
 (

de
c.

) 
mo

no
 i

cr
at

e,
 m

.p
. 

12
%

(d
ec

.)
 

12
1 

11
8,

12
0 

12
1 

12
1 

11
8,

12
0 

11
8,

12
0 

23
5 

23
5 

23
5 

23
5 

23
5 

1
 

11
8,

12
0 

11
8,

12
0 

17
9 

17
9 

28
2 

28
2 

28
2 

28
2 



T
A
B
L
E
 X

V
-2

9a
. 

4-
Py
ri
di
ne
su
lf
on
am
id
es
 an
d 
4-
Py
ri
di
ne
su
l 
fo
hy
dr
az
id
es
 

SN
R

R
' 

-
N
 

S
u

b
st

it
u

en
ts

 
R

 
R' 

M.p
., 

OC
. 

R
ef

. 

N
on

e 
H

 

M
e 

H
 

H
 H
 

0
.
 

N
 

0
 

H
 

17
2 
-3

 
19

3,
28

9,
29

3 
pi

cr
a t

e 
18

6-
7 

I-
ox

id
e 

23
0 
de
c.
 

M
e 

67
-9

 
28

9 
p

ic
ra

te
 1

68
-9

 
Ph

 
13

5-
6 

29
3 

NH
, 

95
-6

 
29

3 
s! 'E!
 2 

N
=C

M
e,

 
14

8-
9 

28
2,

32
6 

X
 c
 

P
 

p
ic

ra
te

 1
17

-8
 



Sulfur and Selenium Compounds of Pyridine 42 1 

TABLE XV-30. Pyridinedisulfonamides 

Substituents Mp., OC.  Ref. 

,CH,CH,\ 
3-SO,NH,-GSO,N 0 182-83 117,119 

'CHaCHf 
3 ,5-Di-(S02NEt,) 114.5-15.0 97 
3,5-Di-(SO,NHCHMeCH,P h) 140-50 97 

183-91 117,119 

TABLE XV-31. Pyridylalkylsulfoak Acids and P yridylalkanolsulfonic 
Acids 

ComDaund M.D.. 'C.  Ref. 

2-PyCH2CH,S0,H 265-67 34,41,323 
4-P yCHaCH,SOsH 284-85 34,41,323 

282-83 34 

205" 109 

185" 109 

HaC 0 N CH2CHaSOaH 
Z-PyCH(OH)SOfi 
4-PyCH( OH)SO,H 243" 109 

%Sealed tube. 
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TABLE XV-32. Monocyclic Thiocyanatopyridines 

Compouod 

5Thiocyanatopyridine 
4-Thiocyana topyridine 
3Thiocyanatomethylpyridine 

CThiocyanatornethylpyridine 

2-Thiocyanatomethylpyridine 

&Methyl-2-thiocyanotopyridine 
2-Thiocyanotoeth ylpyridine 
4-Thiocyana toeth ylpyridine 
2-( 1,2-DithiocyanatoethyI)- 

4-( 1,2-Dithiocyanatoethyl> 

3-Nitr~2-thiocyanatopyridine 
5-Niuo-bthiocyanatopyridine 
3-Nitro-lbthioc yanatop ytidine 
3,5-Dinitro-2-thiocyanacbpyridine 

pyridine 

pyridine 

Physical properties 

m.p. 32'; b.p. 124'/12 mm. 
m.p. 62-3" 
m.p. 110 ' hydrochloride, 

m.p. 120' hydrochloride, 

b.p. 139-40' (1 mm.) 

m.p. 166-67' 

m.p. 143-50' 

hydrochloride, m.p. 169- 
70b 

HCNS salt, m.p. 136' 
HCNS salt, m.p. 208-12' 
HCNS salt, m.p. 149-50 
HCNS salt, m.p. 181-82 ' 
HCNS salt, m.p. 180-1 

m.p. 113-20" 
m.p. 129-30" 
m.p. 139" 
m.p. 145-46" 

Ref. 

124 
355 
360 

360 

360 

360 
360 
360 
360 

360 

172, 189 
172 
24 1 
188 

TABLE XV-33. S-Pyridyl-0-Alkylthiocarbamates 

Ref. Physical properties, 
derivatives Compound 

m.p. 97-98' 242 

242 

SC(=NH)m 8 H yi hydrochloride, m.p. 1 7 6 O  24 2 

ON02 N 

SC(=NH)OC,Ho-n hydrochloride, m.p. 148 242 
(dec.) 



Sulfur and Selenium Compounds of Pyridine 

TABLE XV-34. Condensed Thiocyanatopyridines and 
Aminopyridothiazoles 

42.3 

Compound M.P., OC. Ref. 

296 

193 

173 

194-95 

138-39 

184-85 

152-53 
> 300 

24 1 

212 

212 

212 

14 

14 

228 
14 
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TABLE XV-35. Pyridyldithiocarbamic Acid Derivatives 

Compound M.p. 'C. Ref. 

G C %  CH, C0,H 

84-85 

76 

75-76 

141 

91 

83-90 

101-02 

142-44 

183 

125 

152-53 

36 1 

36 1 

36 1 

36 1 

36 1 

36 1 

36 1 

36 1 

362 

362 

362 
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TABLE XV-36. Selenium Compounds of Pyridine 

Compound Physical properties Ref. 

b.p. 128O/1.5 mm. 76 

m.p. 63-65 ' 279 
dihy drochloride, 
m.p. 225-230' 

m.p. 113-114° 279 

m.p. 79-80' 114 

m.p. 186' 

m.p. 86' 

b.p. 212' 

m.p. 268' 

m.p. 70' 

m.p. 254 

114 

114 

114 

I14 

114 

114 

(continued) 
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TABLE XV-36. (continued) 

Compound Physical properties Ref. 

- 

- 

- 

m.p. 127-28' 

m.p. 63-64' 

m.p. 123 ' 

m.p. 156x57' 

m.p. 147-48' 

m.p. 137-38' 

m.p. 151-52' 

m.p. 118-19' 

m.p. 124-25' 

m.p. 53-61' 

m.p. 62' 

155 

155 

9 

272 

272 

272 

272 

272 

272 

272 

272 

2 72 

272 

272 
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TABLE XV-36. (continued) 

Compound Physical properties Ref. 

0. BIBLIOGRAPHY 
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A. ARSENIC COMPOUNDS 

1. Pyridinearsonic Acids 

ii. Preparat io T I  

The preparation of pyridine- 
iirsonic acids via tlie reaction of a diazoniuin compound with  arsenic 
tricliloride or sotiiuin arsenite was n natural development once the 

(a) From Diazonium Compounds. 

439 

Chemistry of Heterocyclic Compounds, Volume 14 
Edited by Erwin Kllngsberg 

Copyright 0 1964 by John Wiley & Sons, Inc. 



410 Chapter XVI 

Ikirt reaction WAS est;il>lislied as the iiiost ~isefril metliod for the 
synthesis of aroiiiatic arsonic acids. The first report was that of 
Scheller (81,82), ivlio treated ;I mixture of 5-ainino-?-~~y1-itlinol hy-  
drochloride, arsenic tricliloride, (:liprotis c:liloride, ;tnd acetic acid 
wit11 an aqiieoiis solution of sodium nitrite, heated to 55" until the 
tliazoniuni conipoiind Iiad reacted completely. rediicetl tlie crude 
reaction product wi t l r  sodi i i n i  1 1  ydrosul fite, antl reoxidized with hy - 
drogen peroxide to ohtain li-liydroxy-ll-~,yridiiie~irsonic ;icitl. Several 
years later, Hinz ;ind \on Scliickh ( 5 1 )  rqm-tetl ii inore detailed a(:- 

count of the Sclieller reaction antl sliowed t l iar wit11 3-aminopyridine, 
for example, tlie first product was a mixture of dicliloro-.'J-pyridyl- 
arsine hydrochloride (SVI-I )  and tetl-acliIoro-J-~~yridylarsine hydro- 
c:hloride (XVJ-?); reduction with sulfur dioxide wnverted XVI-2 to 
XVI-I ; and reoxidation, fo1lr)wed h y  hytlrolysis, g;iw J-pyridine- 
arsonic acid (XVI-8). 

SO, 
HI' - HC1 

N 
nNH2 - QASCl2- HC1+ 

N 

In exploring tlie t1i;izoniiim I-eaction inorc' l i i i l y ,  Binz, K i t h ,  
and their co-workers (6,12,28,42,50) slioivetl t 11;ir i t  can I)e iisetl to 
Ix-epare nuclear siil)stii.iitetl J-liyridinearsonic: ;ic:itls. A s  I)efoi-c. tlic 

criitlc Imxluct, cxmsistiiig of ;I mixture OF tri- and penrawlent arsenic: 
c:ompountls, was piirificd 1)y I lie redi~ction-reoxitl;ltion tecliniqiie first 
employed b y  Sdieller (XVI-4) .  I'urther puriIic.;ltioli 0 1  the arsonic: 

crude 
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acids could he effected I)y solution in aqueoiis sodium bicarbonate 
and reprecipitation with Iiydrochloric acid; for example, 6-hydroxy- 
3-pyridincarsonic acid was obtained by this procedure as a snow- 
white crystalline solid in about SOY0 yield. Sul)sequently, it  was 
found that man): su1)stituted 3-pyridinearsonic acids could be crystal- 
lized from water or ethanol. 

In their early efforts, Rinz el nl .  (43)  found that 3-pyriclinearsonic 
;rcitl (XVI-5) could not be ohtainetl from diazotized 3-aminopyridine 
and sodium arsenite. They resorted to  the indirect method shown 
in equation XVI-6, which gave a 10-1 20/, yield of a sirup that gradu- 

(XVI-5) 

ally solidified to a hygroscopic solid, m.p. 112-1 13", soluble in aque- 
ous sodium carbonate hut insoluhle i n  ethanol. Subsequently, 
McClelantl and Wilson (76) reported that XVI-5 could lie prepared 
in 6% yield by the Bart reaction with 3-aminopyridine; the product 
formed non-hygroscopic white prisms, m.p. 158-159", after recrystal- 
lization from etlianol. and gave n crystalline monohydrochloride, 
n i p  19rF-198". AS ;i consequence, Rinz and von Schickh (51) re- 
investigated tlie reaction and, employing the Scheller method de- 
scribed above, obtained 73-85y0 yields of product having the prop- 
erties reported by McClelantl and Wilson. 

T h e  diazonium reaction has been used to convert hminopicolinic 
acid to 3-arsonopicolinic acid (78). 

2-Aminopyridine did not undergo the Scheller or Bart reactions 

(b) From Halopyridines. 6-Hydroxy-3-pyridinearsonic acids (XVI- 
7) was prepared by Binz and Ratli (32,46) by refluxing for two hours 
an aqueous mixture o f  ti-iodo-2-pyridino1, arsenious oxide, potas- 
sium hydroxide, and a trace of copper bronze (or a copper salt). Pre- 
sumably. the first product was 5-arsenoso-~-pyridinol, which was 
then reduced and reoxidized in the usual manner (XVI-8). IVith the 
same reactants. 5-bromo-2-pyridinoI required a twenty-hour reflux 

(61)- 
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H O Q I  
[ QAS:] - HO Q ~ s o a ~ a  

HO 
- 

2 
KOH ~ ~ O ~ A s o  - 

(XVI-8) 
(not isolated) 

(XVI-7) 

period to give X U - 7 ;  .7-hromo-.',-iodo-~-pyridinol gave 5-hromo-6- 
hydroxy-3-pyritiinearsonic acid. 

(c) Nuclear Arsonation of Aminopyridines and Pyridinols. Binz and 
Katli (3.3) fused 2-aniinopyr-idine and arsenic acid at 300" for ten 
hours, allowed the melt to cool, treated the product first with hypo- 
phosphoro~is acid in aqueous hydrochloric acid and then with hy- 
drogen peroxide, and obtained 6-amino-3-pyridinearsonic acid. A 
similar fusion of 2-pyridinol and arsenic acid was first reported by 
Hinz, Kath, and Xlaier-IZode (45,46) to give the taiitomers, XVI-9 and 
XVI-10. Several years later, however, IZinz and Maier-Rode (6) 
found, in fact, that the fusion reaction gave tlie isomeric arsonic 
acids, XVI-9 and XVI-11. T h e  former product, which is identical 

aAsoSH2 Q Z 3 H 2  

HOQASoaH a If 

(XVI-9) (XVI- 1 0 )  (XVI-11) 

with that obtained from the diazotization of fi-amino-2-pyridino1, 
predominates when tlic reaction period is three hours; a twelve- to 
twenty-four-hour reaction period gives predominantly XVI-I I ,  which 
is identical with the product obtained b y  the diazonium reaction 
from 3-amino-2-pyridinol. 

2-Pyridinol has also been arsonated with C1,4sO (prepared from 
arsenious oxide and arsenic trichloride); the product, presunia1)ly 5- 
arsenoso-2-pyridino1, was oxidized to XVI-7 (27). 

Plazek (78) reacted 2-dimethylaminopyridine with arsenic tri- 
chloride, introducing tlie dicliloroarsine group in the 5 position; 
hydrolysis followed by the iisiial reduction-reoxidation gave 6-di- 
methylamino-3-pyridinearsonic acid. 2-Meth~laminopyridine and 
arsenic acid were fused at 190-200" for ten liours to give a 6-methyl- 
amino-x-pyridinearsonic acid o f  iindeterniined structiire (34 ) .  
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(a) From Other Arsenic Compounds of Pyridine. Pyridineai-sonic 
acids are formed h y  Iiydrolysis, oxidation, or R coinhination of I)otll, 
from dicliloi-op~ridylarsines, tetracliloropyIidylarsi~~es, arsenosopyri- 
dines, or arsenopyridines. Some of these reactions Iiave already been 
cited ;ind others are mentioned in later sections of this chapter. 

0. Psoperties 

Only %(or 5-)pyridinerirsonic acids are known. They are high 
nielt.ing, generally crystalline solids, iiisolii1)le in water. I)ut solu1)le 
in aqueous sodium 1)ic:arbonate. These conipounds are reniai-kal)ly 
stable: tlie carbon-arsenic linkage is unaffected by ( (1)  Iiydrocliloric. 
nitric, and sulhu-ic acid, even at 100"; (0) reducing agents sucli ;IS 
sodium amalgam, sulfur dioxide. ferrous sulfate, sodium Iiydrosulfite, 
or  hypophosphorous acid; or (c) aqueous sodium hydroxide. An 
aqueous solution of the disodium salt of 6-hydroxy-3-pyriclinearsonic 
acid was kept for one year without evidence of decomposition; even 
brief heating at 170" was without effect. T h e  pyridinearsonic acids 
and their salts are more stable than the corresponding henzene- 
arsonic acids. 

Pyridinearsonic acids form insoliihle l~ariiirn. ~~i;ignesiuni. 
mercury, copper, and silver salts. 

T h e  known pyridinearsonic acids are listed in Table XVI-1 (p. 
454) and the N-siibstituted pyridinearsonic acids i n  Tables XVI-2- 
XVI-I (pp. 45.5 I . ) .  

c. Renclio?is 

Despite tlie stability of the carbon-arsenic bond, tlie arsonic acid 
group can I)e displaced h y  halogen. as sliown in eqiiations XVI-12 
(46)  and XVI-IS (45j (cf. ref. 4s) .  Nuclear halogenation is also pos- 
sible without displacing tlie arsonic acid group (9,12,19,37-40). 

(XVI-12) 

(XVI-13) 
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Normal nitration is also pos5il)le, as sliown in equation XVI-14 (8). 
Similarly, G-liyclrox~-3-j))ridinearsonic acid nitriites in tlie 5 position 
(8,17,18,29); the same product is ohtained h y  nitrating the 6-halo-3- 
pyridinearsonic acid (XVI-I 5 )  (24,2i,J8,83). 

~ A s O ~ H ~  HNO, 50-60’ - N02nAs03H2 
(XVI-14) 

NH2 N N H 2  N 

Other norni;tl reactions o f  su1)stituted pyriclinearsonic acids in- 
clude rnetntlietic~al rel)l;icement ot chlorine (XVI-IG) ( I S )  iintl N- 
alkylation of‘ 2q)yridones (XVI-17) (9,13).  

-b C12H250Na - C 1 2 H a 5 0  (XVI-16) 0 

Reduction ot pyridinearsonic acids in I~ydroc:Iiloric iI<:itl wit l i  

sulfur dioxide gives the clicliloropyriclylarsine ( 43 ) ;  zinc reduction 
in mineral acid gives the pyridylarsine (12,21,43j o r  tlie arseno- 
pyridine (50),  altlioicgli arsenopyridines are niore ge~ieri*lly prepared 
by tiypophosphoro~is x i d  reduction (see p. 449). 

2. Chloropyridylarsines 

As reported by I3inz and von Schickli (51 j ,  the Sclieller reaction 
of .‘3-aminopyricline, arsenic trichloride, and copper I)ronze i n  i i c w k .  

acid with  aqueous sodium nitrite gave a mixture o l  tlic.liloro-5-l)yI-i- 
tlylarsine and tetracliloro-3-pyridylarsine: tlie latter conipoiind is rc- 
ducecl to the former wi th  sulfur dioxide i n  the presence o f  ;I trace 



Arsenic, Antimony, and Phosphorus Compounds of Pyridine 445 

of hydrogen iodide. I~ ic l i loro-~-pyr i~~ylars ine  is also olmined b y  thc 
reduction of J-liyridinearsonic acid in concentrated hydrochloric 
acid with sulfur dioxide (43),  and from 3-pyridylmercuric chloride 
and arsenic triciiloride (76). 2-l)imethylaminopyriciine and arsenic 
trichloride gave dichloro(2-dimethylamino-5-pyridyl)arsine (75). 

Dicliloro-3-pyridylarsine reacts with one equivalent of N sodium 
hydroxide or with 3-arscnosopyridine to give chlorobis(S-pyridy1)- 
arsine; two equivalents of sodium hydroxide gives 3-pyridinearsonic 
acid and bis(3-p)..ridyI)arsinic acid (XVI-18) (70-73,76). 

O A s 0 8 H a  + [ (J-]AsO2H equiv. 

NaOH 
2 N 

o A s C l 2  1 equiv; 

N NaOH [ g]:scl 
(XVI-18) OAsO N 

Attempts to prepare the azaphenarsazine compounds XVI-19 and 
XVI-20 l y  the cyclization of 2-anilinopyridine and bis(2-pyridy1)- 
amine, respectively, with arsenic tricliloride, were uns~iccessful (64). 

c1 c1 

H 
(XVI-20) 

T h e  cliloropyridylarsine I~ydrochlorides are stable crystalline 
compounds only slightly affected by water. ’It’ith aqueous sodium 
hydroxide, as iioted above, the hydrolysis proceeds stepwise. T h e  
properties of these conipounds demonstrate again the remarkable 
stability of arsenic compounds of pyridine. 

T h e  known chlaropyridylarsiiies are listed in Table XVI-5 (p. 
457). 

3. Arsenosopyridines 

i\rsenosopyridines are obtained hy sulfur dioxide reduction of 
the corresponding pyridinearsonic acids (9,22,78). 5-Arsenoso-2- 
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pyridiiiol has Iwen ol)taiiicd I'ro~n 2-pyridinol and CIASO at 130- 
180" (27), l )y  the hydrolysis ot' dichIoro(~-h~droxy-.',-pyritlyl);llsii~e 
(4  5 ) .  and b y  the deliydration of 6-liytlrox):-.'l-p~ridinearsonous acid 

T h e  nrsenosopyritiines are usually obtained as high melting 
aniorplious solids. soluble in water and insoluble in niethanol, 
etlianol, acetone, ether, and benzene. ~ - ,~ rse i ios0-2- (~~o- l  (2H)-pyri- 
dineacetic acid forms a crystalline disodiuin salt (9).  

Xrsenosopyridines arc oxidized by hydrogen peroxide to the cor- 
responding pyridinearsonic acids (9,52). I V i t l i  thiophenol, 3-arsenoso- 
pyridine gave ditIiio-5-pyridiiiearsonolis acid diplienyl ester, 3-PyAs- 
(SPII)~.  McCleland and \Vilson (76) reported that the distillation of  
3-arsenosopyridine followed l)y oxidation of the distillate with hy- 
tlrogen peroxicle gave tris(:~-IJ).ridyl)arsine oxide. I)ichloro(9-pyi-i- 
dyl jarsiiie and ~~-a rs t .noso~~r id ine  gave chlorol)is!Y-pyridyl)arsine. 

T h e  known ;iIsenoso~>~ritlilles :ire listed in 'Tal~le XVI-6 (p. 4.58). 
Only %(or 5-)arsenosopyridines are known. 

(9J2) .  

4. Pyridylarsine Sulfides 

Plazek (78) dissolved 3-arsenosopicolinic acid in concentrated 
aqueous ammonia, treated the solution with hydrogen sulfide and 
obtained 3-tli ioarsenosopico I i n ic acid (XVI-2 1); 3-arsonopicolinic 
acid in water with Iydrogen sulfide gave XVI -22. 5-Arsenoso-2- 
pyridinol and tllioplienol gave XVI-23. Cragoe and Hamilton (59) 

2 

(XVI-21) (XVI-22) (XVI-23) 

treated 6-(~~-etlioxyanilinc.)!-H-~)yridinearsonic acid witli tliioglycolic 
acid iri aqueous alkali and  ohtained XI'I-24. Derivatives with 2-mer- 
capto~)enzottiiazc>les and etliylcncbisdithioc,?l-b,lmic acids h a w  been 
reported (Y5,96). 

As(SCH 2CO 2H)2 

C2H5O O N H Q  

(XVI-24) 
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Comporinds of the striictiirc XVI-23, XVI-24, and XVI-25 are 
stable crystalline solids. Uinz and Maier-l3ode, b y  the fusion of 2- 
pyridinol and arsenic acid, obtained a mixture of  2-liydroxy-3-pyri- 
dinearsonic acid and 6-hydroxy-3-pyridinearsonic acid, which could 
not be separated. Reduction with sulfur dioxide give the arscnoso 
derivatives, which reacted with thiophenol to give XVI-23 and XVI- 
25; these were separated by fractional crystallization from methanol 
(45,46). 

Compounds XVI-23 and XVI-25, treated with methanolic iodine 
or 11 ydrocliloric acid followed b y  hydrogen peroxide, gave the corrc- 
sponding Iiydroxypyridinearsonic acids (XVI-26) (4 5). 

- og2 + PhSSPh 0 sSPh)z 
(XVI-25) 

(XVI-26) 

T h e  known pyridylarsinc sulfides are listed in Table XVI-7 (p. 
459). 

5. Pyridylarsines 

a. Cornpowids 01 lhe Type PyAsH,  

T h e  reduction of pyridinearsonic acids with zinc and dilute Iiy- 
drochloric or siilfrrric acid gives 3-pyridylarsines (XV1-26;i) (12.21, 
4 3 ) .  

(XVI- 26a) 

These compoiinds are water-solul)le unstable solids wliid1 oxidize 

T h e  known cwnipoiinds o f  this type will be found in Table 
readily to the corresponding arsenopyridines. 

XVI-8 (p. 460). 
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11. (:om 1'0 11 71 d.v of 1 I t  Y ' l ' y / ~  I'y lC,As, Py., ICA s ,  l'y,,A.s, 
( i t  i (1 T 11 rir ]'(:ti I ~ H I  lcir I I k  rivti t ives 

3-Pyridylmn#nesiiiiii I m m i d c  reacted wit11 clilorodiplienylarsine 
to give dit,Iienyl-~-l,yrid).lal-sine (SVI-261)) arid witli  tficliloroplienyl- 
arsinr to give l ~ i s ( ' l - p ~ ~ ~ i d ~ 1 ) ~ ~ l i e ~ i y l i ~ r s i n e  (75). Gilinan and Avakian 
(6 5) ( ) t ) t a i ned d i 111 e t I i I - 3- p y  r id y la rs i n e froin 3- p y r i d y 1 I i t I1 i II In a n d 
iododimetliylarsii~~. -Tris!"-pyrirlyl)arsirle was prepared from 1- 
pyridylma~nesiiini I)rornide nntl arsenic trichloride. Some of the 
reactions of dii'lienyl-"-f,yridyl;trsine ;ire shown in cqiiation XVI- 
26c. 

(XVI-26b) 

(XVI-260) 

Diplienyl-2-1,yridyI,7rsine f o r m  ;i monopicrate; with methyl 
iodide in I'enzene, it  gives ;I ilionomethiodidc, a n d  i v i t l i  iiietliyl 
iodide alone, a tliiiiet.li iodide. Eveii iindei. tlie tiiost vigorous con- 
ditions. ~)lienylI)is(l-~,pridyl);ir.sinr foriiied o n l y  ;i dinietliiodicte, 
while tris(~-f))rid!ljarsine I'olmetl a triiiietliiodide. Sitice pyridine 
reacted more vigornilsly tIlikI1 tripheiiylarsine with i i le t l~yl  iodide, 
Mann and \Vatsoil (75 j reasoned that [lie methyl iodide ;ittacked the 
pyridyl nitroKen atoll1 first iind tlie t.erti;iry arsenic a1o111 o n l y  under 
more vigorous conditions. Tlierc was evidence, tlwefore, for the 
existence of the cations XVI-27. 

a-Picolyldirnethyl~rsine has recently Ixen prepared; it  forms die- 
Iates with the heavy metals (93). 
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Compounds of tlie general torinillas PyR,As, Py.,KAs, and Py,,As 

T h e  known compounds o f  these types are listed in Table XVI-0 
are o1)tainecl a s  high-hoiling distillable oils or crystalline solids. 

(p. 460). 

6. Arsenopyridines 

IIuring the preparation ot pyridinearsonic. acid 1)y tlie Scheller 
method or  its modifications, the crude arsonic acids were converted 
to arsenopyridines by means of Iiypopl~osp11or~’us acid in dilute 
hydrochloric acid; the crude arsenopyridines were then reoxidized 
to the arsonic acids with hydrogen peroxide. This remains the most 
general method for the synthesis of arsenopyridines. Another pro- 
cedure, applicable only with 6-liydroxy-5-pyridiiiearsonic acid, is 
reduction in aqueous sodium carbonate by means o f  sodium acetone 
sulfoxylate or sodium formaldehyde sulfoxylate (XVI-?9) (2,8,9,ZZ, 
15,?0). T h e  2,2’-diliydoxy-5,5’-arsenopyridine (XVI-%), obtained in 

(XVI-28) 

this procedure by precipitation from the aqueous sodium carbonate 
solution with hydrochloric acid, could he redissolved in aqueous 
sodium hydroxide but not in aqueous sodium carbonate. When, 
however, reduction was effected with sodium hyophosphite, the 
product, apparently the same compound, was insoluble in aqueous 
sodium hydroxide. There was no satisfactory explanation for this 
anomaly. 

6-Chloro-3-~)yridinearsonic acid and (a) iinc dust in dilute sul- 
furic acid or (0) electrolytic reduction in 50/, sulfuric acid wit11 a 
lead cathode, gave the same product, S,S’-arsenopyridine (50). T h e  
reduction of a mixture of 6-hydroxy-3-pyridinearsonic acid and 8- 
quinolinearsonic acid t)y inems of sodium hypophosphite gave the 
unsymmetrical arseno coinpound (XVI-SO) (12,22,?0,?6). T h e  rc- 
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action of an arsc.nosol~yi-idinc or ;I tfichloropyridylarsine with a 
pyridylarsine also led to unsymmetrical arsenopyridines (XVI-31) 
(24,22,76). '4 mixture ot magnesium ethylarsinate, (i-liydroxy-3- 
pyridinearsonic acid, and I ~ y p o p l ~ o s p l ~ o r ~ ~ ~ i s  acid in dilute hydro- 
chloric acid gave (XW-33) (60). 

HOQ As=AsCH3 

NaPOl 

N a P 0 , j  @Ascla COIH 
(XVI-3 1) 

As-As / 

H O O  €-IO,CQ 

HoQ As=AsC aH 6 

(XVI-32) 

IVhile inost arsenopyridines are water-insoluble high melting 
amorphoiis solids, several llil\:e Ilecn olmined crystalline. These 
compoiinds are often inadequately described, since they have usually 
been isolated only as interinediat.es in the I-ediic.tion-reoxidation 
nietliod of pi r i  fying pyridinearson ic acids. 

T h e  arsenopyridines are oxidized h y  hydrogen peroxide to the 
corresponding pyridintxrsonic acids. On stirring, until solution 
occurred, ;I mixture ot 2,2'-dil1ydroxy-f),S'-dia1ni110-5,5'eno~yri- 
dine and soditini forinaldeliyrle sitlfoxylate in water, and then adding 
methanol, a yellow s d i d  separated wl~ich redissolved readily in 
water and gave a neutral soliition; the striictiire of this compound 
was not disclosed. 

T h e  known syinnietrical arsenopyridines are listed in Table XI- 
10, synimetrical N,A;'-disubstit.iited arsenopyridones in Table XI-I 1, 
and irnsymnietric;tl arsenopyridincs i n  TaMe XI-1 2 (pp. 461 ff.). 
0 1 1  ly %(or 5-)arsenopyriclines are k n o ~ v n .  

7. Pyridinearsonous and Pyridinearsinic Acids 

C~onipar;itively little effort lias been devoted to the synthesis of 
pyridineai-sorioiis and I)yridinearsinic acids, and, in general, the few 
compounds syntliesizecl have been described inadequately. 
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Binz and Ritli (9) reported that the reduction of: 5-arsono-2-oxo- 
1 (2H)-pyridineacetic acid with sulfur dioxide p v e  the arsonoils acid 
(XVI-33); this gave the arsenoso derivative at 150-160" (XVI-34). 

nAso (XVI-34) A s O ~ H ~  150-160' 
___c - 

N 
CH 2CO 2H CH 2CO 2H CH 2CO 2H 

(XVI-33) 

McCleland and Wilson (76) obtained 3-pyridinearsonous acid by the 
hydrolysis of dichloro-3-pyridylarsine. Ishikawa (72,73) reported 
the preparation of XVI-35 by the rcaction of chlorobis(3-pyridy1)- 

[ 4 A S O 2 H  !a 

(XVI-35) 

arsine with one equivalent O F  A: sodium hydroxide solution, or with 
aqueous potassium cyanide or silver cyanide. T h e  known pyridine- 
arsonous and pyridinearsiriic acids are listed in Tal)le ?(\TI-18 (p. 462). 

8. Chemotherapy and Pharmacology of Arsenic 
Compounds of Pyridine 

T h e  important contributions of Binz. Rath, and their co-workers 
were divided between the synthesis and cliernotherapeutic evaluation 
of their compounds. I t  seemed likely that these compounds should 
find utility as trypanosomicidal and spirocheticiclal agents. In spite 
of the considerable effort to demonstrate the activity in experi- 
men tal ty pa nos om iasi s and s y ph i 1 is (2,4,5,8,19,2O,Z ,? 7-4 0,44,4 7, 
49,58,63,66,67,7f Ji), there is no report of their clinical use. T h e  
reason for this, in part a t  least, was that the pyridine arsenic com- 
pounds showed greater toxicity than their benzene analogs. 

B. ANTIMONY COMPOUNDS 

6-Hydroxy-8-pyridinestibonic acid has been prepared in about 
20y0 yield b y  the Bart reaction From 5-ainino-2-pyridiiiol (31) .  
Tetrachloro-3-pyridylstibine was prepared by the Scheller reaction 
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from 3-aminopyridine (51) .  'The Hart reaction was used to prepare 
6-(c.arboxynietl1yltliio)-~~-~~yri~Iinestil~onic acid (86). 

? l i e  1)yritiinestiI)onic ac.ids have been inadeqtiately described. 
The  carbon-an tiniony I)ontl is considerably weaker than the carbon- 
arsenic hond and was cleaved b y  an attenipt to reduce (i-liydroxy- 
3-l)yridinestil)onic acid witli Iiypophosl,horoiis acid. 

T h e  known ;intiinony conipottnds of pyridine are listed in Table 
XVI-I4 (p. 4fi2). 

N o  t)isniutli cotiipwiiids o f  pyridine have been described. 

C. PHOSPHORUS COMPOUNDS 

Ily Iieating 'L-diinetliylanii~io~~yridine and pliosplioriis tricliloride 
for eight Iiours ;it 10OC, Plazek (78) apparently obtained dichloro- 
( 2 4  me tli y la in i no-5-p y rid y I ) pliospli ine, a 1 tho tigli he did not isolate 
the coti~~~oiit id.  IVitli aqueous sodiiini Iiydroxide, t.liis gave 6-di- 
~ i ~ e t l ~ y l a i i i i n o - ~ ~ - p ~ r i t i i n e p l ~ o s p l ~ o i ~ o t i s  acid, a weak monol)asic acid, 
neiitral to litmus and acid to ~~lienol~~litlialeiii,  ~vliicli Iorined solu- 
ble alkali iiietal salts and insolul)le Ilea\.): metal salts. and was 
oxidized with niercuric cliloride to (i-diiiietliylainino-~-~~yridine- 
phospliotiic ;icid. 'The decotnposition o f  f~-pyridyldiazonium flLioro- 
Im-ate I)y pliosplroriis trichloritle gave S-pyridylpliosplionic itcid (91). 
'The additioii ol' di;iIkyl~~l~osphites to 2- and 4-vinylpyridines gave the 
corresp)nding pyridyletliyl phosphonic acid esters, which were liydro- 
l y ~ d  to the pliosplionic. ilcitls (94) .  

Davies and Riatin (89)  and Rlann ;ind Watsoti (75) prepared a 
t i  tiiiil)er ot' tcrtiary phosphirics I)y the reactions shown (XVI-39). 

2-F'yMgBr + PC13 - (2-PY)Sp 

(XVI-36) I /  
I 1 PhlPCl + 2-PyPPhz 

I (XVI-37) 

I b 2-PyPPh 

(XVI-38) 
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These compounds were obtained as distillable viscous oils or 
crystalline solids. Attempts to resolvc XVI-38 or  the corresponding 
3-pyridyl isomer by means of camphor- or I~romocampliorsulfonic 
acid were unsuccessful. With methyl iodide, XVI-35, XVI-57, and 
diplienyl-2-pyridylpiiosphine formed only monomethiodides, ap- 
parently phosplioniurn compounds. Tlie phosplionium ion evi- 
dently deactivated the pyridine nitrogen atom toivard addition of 
methyl iodide. 

13y heating with sulfur in benzene solution, the tertiary phos- 
pliines formed pliosphine sulfitles. Tliesc also add a rnolecule of 
nietliyl iodide, h i t  only under 11101-e vigorous conditions tlian re- 
quired for tlie tertiary pliospliincs tliemselves. Here oE coiirsc 
pliosphoniuni salt formation is no longer possible; addition pre- 
suninbly occun at o m  of the pyridine nitrogen atoms. The tertiary 
phosphines react with hydrogen peroxide in acetone or Chloramine-T 
in ethanol, to  give 

q0, or 1 Chloramlne-T 

phosphine oxides (XVI-40) (75). T h e  known 

a CH 31 
(XVI-40) 

phosphorus compounds of pyridiiie are listed in Table XVI-15 (p. 
465). 
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D. TABLES 

TABLE XVI-1. 3-Pyridinearsonic Acids I Q A O3 

Substituents M.p., 'C. Ref. 

None 

6-Chloro 
6-Bromo 
6-Iodo 
5-Chloro-6-hydroxy 
5-Bromo-6-hydroxy 
5-B romo-6-acetoxy 
5-Iodd-hydroxy 
5-Iodo-2-hydroxy 
5-Nitro 
6-Amino-5-nitro 
6-Hydroxy-5-nitro 
2-Hydroxy-5-nitro 
5-Amino 
6-Aminc. 

6-D ime thylamino 
&Ethylamino 
&Diethylamino 
5-Amino-6-hydrox y 
5-NH,COCH2NH-6-OH 
5,6-(--NHC02-) 
5-Amino-2-hydroxy 
5-Aceramido-6-hydroxy 
6-PCarboxyanilino 
6-p-Arsonoanilino 
6-( p-NH,SO,C,H,NH) 
6-p-P henetidino 
64 2-Morpholino-5- 

pyridylamino) 
6-(2-Thiomorpholino-5- 

pyrid ylamino) 
6-H ydrazino 
6-P-Nitrobenzalh y- 

drazino 
6-p-Aminobenzal- 

hydratino 
6-(5-Keto-3-Methyl-l- 

pyrazol y 1) 
6-Hydroxy 

158-59 
(hydrochloride, 
mop. 195-97) 
178-79 
175 
173 
237 
> 300 

289 
270-72 

250 

135-37 
200 (dec.) 

247-48 
> 250 
> 250 
216-18 
128-29 

174-75 

> 240 

215, >350 

4,43,50,51,72,73,76 

12,28,32,43,50,51,72,77 
12 
1 2  
12,28 
4,9,12,19,37,38,39,40,46 
23 
6,122'3 
20,48 
2 6 3 5  
24,25 
17,18,24,25,27,46,48 
26,35 
26,35 
4,12,28,33,56 

78 
487 
4 
4,23,26,35,48 
48 
48 
26,35 
4,23,48 
59 
59 
59 
59 
57 

59 

43 
43 

43 

43 

5,6,12,27,28,32,33,45,46,51 
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TABLE XVI-1 (continued) 

Substituents M.p., OC. Ref. 

2-Hydroxy 
4-H ydrox y 
6-Me thox y 
6-Ethoxy 

6-Butoxy 
6-i-Penty loxy 
6-( 2-Oct yloxy) 
6-Dodec yloxy 
6-Ethylthio 
2-Carboxy 

6-Propoxy 

219-20 

> 260 
> 260 
> 260 

115 
> 260 
> 275 
145 
280-300 

> 260 

6 
4,9 
8,45 
8 
8 
8 
8 
8 
8 
87 
78 

TABLE XVI-2. 1-Substituted 1,2,-Dihydro-2-oxo-3-pyridinearsonic acids 

WlsHa 
R 

R M.p., 'C. Ref. 

CH, 255-57 6 
C,H, 188-89 9 
CH,CH : CH, 178-79 9 
CH,C6H5 237-38 9 
CH,COOH 231 (dec.) 9 
CHaCONHa 262-63 (dec.) 399 

TABLE WI-3. 1-Substituted 1,4-Dihydro-4-oxo-3-pyridinearsonic acids 
0 

R 

R M.p., 'C. Ref. 

CH, 285 (dec.) 9 
C,H, 107-108 9 
CHZC6H5 22 1-22 9 
CHICONH, 232 (dec.) 3,9 
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TABLE XVI-4. 1-Substituted 1,6-Dihydto-6-oxo-3-pyridinearsooic Acids 

o=Q ABoaHa 
R 

Substituents R M.p., 'C.  Ref. 

5-Iod0 CH, 254-57 8,9,45 
5-Nitro 250 9 
5-CH3CONH 270 9 

C,H, 183 (dec.) 45 
C,H, 197 45 
C,H, 146-47 45 
CH,WCH,X 213 9,34 
CH,CH,CH(CH,)l 154-55 9 
CH,CH ; CH1 154-55 9 
CH,C,H, 227-28 9,34 
CH,CO,H 2 70 9 
CHZCOSH 240-41 9 
CH,CONH, 220 (dec.) 3,9 
CHlCONHC6Hl 240 (dec.) 9 
CH1CONHC6H,As0,H,-p 262 394 

72 

5-Bromo 

3 
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TABLE XVI-5. Chloropyridylacsines, PyAsCl,, PyAsCl,, and Py,AsCl 

Compound Physical properties, derivatives Ref. 

3-PyAsC1, m.p. 137O; hydrochloride, m.p. 226-27 " 43,51,71,76 
(3-Py)&C1 dihydrochloride, m.p. 283-85 ' 71,76 
3-PyAsC1, 51 

71 

71 

nAsC12 forms a hydrochloride, m.p. unreported 78 
(CHahN N 

O A s C l a  hydrochloride, m.p. 154 
Ho N 

45,51 

45 

forms a hydrochloride, m.p. unreported 78 

m.p. 167" 45 4 kcla 

o=nAscla N 

CHa 

p i 3 C 1 2  hydrochloride, m.p. 132 ' 45 N '  

CaHs 
hydrochloride, m.p. 124 ' 45 

<%,, hydrochloride, m.p. 113-15 45 
-N 

C4He 
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TABLE XVI-6. 3-Arsenosopyiidines 
N 

Substituents MP., OC. R e f .  

None 187 (dec.) 43,5 1,7 1 
6Chloro 138 (dec.) 12  
6-Brorno 159 (dec.) 12 
6-Iodo 145 (dec.) 12 
2- Hy droxy 244-47 G 

FChloro-6-hydroxy I95 (dec.) 12 
5- Bromo-6-h y droxy 232 (dec.) 12 
5-Iod0-6-hydroxy 200 (dec.) 12 
&Amino 30 (dec.1 12 

5-Amino-6-h ydroxy 48 

l(ZH)-Carboxymethyl- 2-0x0 231 (dec.) 9 
1(6H)-Methyl-G-oro 102-17 45 
I (6H)-Ethyl-6-0~0 92-93 45 
l(blf)-Pr0pyl-6-0~0 74-75 45 
1( 6H)-BuyyI -&OX o 83 (dec.) 45 
1(6H)-Carboxyrnethy1-6-oxo 230-34 (dec.) 9 

6-Hydroxy 251 (dec.) 12,27 
G-ButoT 186 8 

&Dimethy lamino 78 

2-Carboxy 316 (dec.) 78 
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TABLE XVI-7. P yr idylarsine Sulfides 

Compound M.p., O C .  Ref. 

122 6 

153 45 

45 

250 (dec.) 78 

78 
2 

205-6 

118-20 

200-1 

122 

132 

176 

78 

78 

59 

45 

6 

9 
CH &O 2H 
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TABLE XVI-8. Pyridylarsines PyAsH, 

Compound M.p., 'C. Ref. 

O A s H a  102 (dec.) 43 

O A s H a  135 (dec.1 12 

OAslI2 12 

IQ*SH, 140 (dec.) 12 

0 AsHa 12,21 

N 

c1 N 

Br N 

Ho N 

TABLE XVI-9. Unsymmetrical Arsines, Py AsR, and Py,AsR, and 
Pentavalent Derivatives 

Compound Physical properties, derivatives Ref. 

3-PyAs(Me), b.p. 90-91 O/14 mm. 65 
2-PyAs(Me), b.p. 146-48'/16 mm. 65 
(2-PY),As m.p. 85.0-85.5 O ;  dipicrate, m.p. 152-53 75,89,91 

(dec.); trihydrochloride, m.p. 152 O (dec.); 
dimethiodide, m.p. 213-15 O (dec.); di- 
methopicrate, m.p. 180-82 O 

picrate, m.p. 171.5-72.5 O ;  monomethiodide, 
m.p. 160-62'; dimethopicrate- H,O, m.p. 
152.5-53.0' 

chloride, m.p. 146-47O; dimethiodide, 
m.p. 193-95 O (dec.); dimethopicrate, m.p. 
190-91 O 

2- Py AS Ph, m.p. 62 O ;  b.p. 192-250 '/0.2 mm.; mono- 75 

(2-Py),AsPh m.p. 8 8 O ;  dipicrate, m.p. 142-43 O ;  dihydro- 75 

2-PyAsBraPh, 75 

2-PyAsOPh2 monopicrate, m.p. 144-45 O 75 
(3-Py),AsO m.p. 226O; uihydrochloride, m.p. 221 O (dec.) 76 
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2 
TABLE XVI-10. Symmetrical Arsenopyridines 

Substituents Ref .  

43,50,5 1,76 
6-Chloro 12 
6-Bromo 12 
6-Iodo 12 
2-Hy droxy 6 
4-Hydroxy 7 

5-Chloro-6-hydroxy 12 
5-Bromo-6-hydroxy 12 
5-Iodo-6-hydroxy 12 
6-Amino 12 
6-dimethy lamino 12 
5-Arnino-G-hydroxy 4,48 
z-~arboxy a 78 

6-Hydroxy 1,12,21,36,42 
2-Hy drox y-5-iodo 28 

UM.p. 230-45O (dec.) No m.p.’s are reported for the other compounds 
in this table. 

TABLE XVI-11. Symmetrical 1 ,l’-Disubstimted 6( lH>Dioxo-3,3’-arseno- 

pyridines 14 As= 1 
I R  12 L J 

R M.P., OC. Ref.  

Me 215-40 (dec.) 
E t  162-64 (dec.) 
Pr 121-132 
Bu 2 5 0 3  1 
CH,CO,H 210-15 

45 
45 
45 
9,45 
9 

CHICONH, 267 9 
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TABLE XVI-12. Unsymmetrical Arsenopyridines 

Compound Ref. 

21 

1,30 

21,22,5 5 

22 

22,55 

TABLE XVI-lj. Pyridinearsonous and Pyridinearsinic Acids 

Compound M.p., 'C. R e f .  

203-4 72,7 3,76 

O==QASo2Ha 
191 (dec.) 

72 

3 

TABLE XVI-14. Antimony Compounds of Pyridine 

Compound M.p., OC. Ref.  

3-PySbC1, HCI 

Ho N 
O S b O a H 2  

240 (dec.) 4,51 

4,31 

86 
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TABLE XVI-15. Phosphorus Compounds of Pyridine 

Compound Physical properties, derivatives Ref. 

2-PyPSMe2 
2-PyPSP h, 
(2-Py),PSPh 

m.p. 115 O ;  dipicrate, m.p. 142-43 O ;  trihydro- 
chloride, m.p. 207.5-209.5 '; monometho- 
picrate*H,O, m.p. 157-58'. 

75,89 

dimethiodide HaO, m.p. 190 
m.p. 36'; b.p. 196-210'/0.4 mm. 

75 
75 

m.p. 84-85 O ;  b.p. 132-55 /0.05 mm.; dipic- 75 
rate 2H,O, m.p. 128-30 O ;  dihydrochloride, 
m.p. 185-87 '; monomethiodide, m.p. 
134-35 O .  

44 ' (dec.) 
b.p. 202-10'/0.15 mm.; picrate, m.p. 143- 89 

m.p. 30-91 '; b.p. 180-230 '/0.01 mm.; pic- 89 
rate, m.p. 132' 

75 
m.p. 161 O ;  monopicrate, m.!. 158-59'; mono- 75 

methiodide, m.p. 156-57 (dec.); monometho 
picrate, m.p. 208-11 '(dec.) 

m.p. 209 O ;  monopicrate, m.p. 144-48 ' 

monomethopicrate, m.p. 145-47 ' 75 
m.p. 119' 75 
monopicrate, m.p. 141.5-42.5 O ;  dihydrochlo- 

ride, m.p. 165-71 ' (dec.); mooomethopic- 
rate *H,O, m.p. 200-202 ' (dec.) 

m.p. 115-16' 89 
m.p. 109"; methiodide, m.p. 132-34 '(dec.) 89 

90 

90 

90 
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A 

Absorption spectra. of alkenylpyridines,Z: 
207 

of alkylpyridines, 2: 179, 181 
of arylpyridines, 2: 221 
of bipyridines. 2: 229 
of halopyridines, 2: 344 
of iodine in pyridine, 2: 323 
of 2-picolyllithium, 2: 426 
of pyridine I-oxides, 2: 119 
of pyridinium compounds. 2: 32 IT 

Acetaldehyde, alkylpyridines from, 1: 4748, 

Acetals. See Parent aldehyde, 1 
2-Acetamido-3,5-diethoxypyridine, brom- 

ination, 3: 37 
2-Acetarnido-3, 5-dimethylbenzoic acid, 3: 

188 
2-(n-.Acetamidoethy1)-3, 4-bis(acetoxy- 

methyl) furan, pyridoxol from, 4: 21 
2-Acetamido-4, 6-lutidine, bromination, 3: 

23,37 
3-Acetamido-2. 6-lutidine, cyclization, 3: 46 
2-Acetamido-5-nitropyridine, resistance to 

2-Acet;iniido-3-l,icoline, 2-met hyl-7-azain- 

2-Acetamido-4-picoline, reaction with benz- 

3-Acetarnido-l-picoline, cycliration. 3: 47 
4-Acetamido-3-picoline, cyclization, 3: 47 
6-Acetamido-2-picoline, reaction with benz- 

2-Acetamidopyridine, iodination, 2: 320 

484 ff. 

reduction, 3: 24 

dole from, 2: 199 

aldehyde, 2: 202 

aldehyde, 2: 202 

mercuration, 2: 440 
nitration, 3: 40 

(attempted) nitrosation, 3: 55 
reactions, 3: 23IT 

3-Acetamidopyridinc, attempted nitration, 
3: 42 

nitrosation, 3: 55 
reactions, 3: 24 

4-Acetamidopyridine, from its 1-oxide, 2: 
121 

4-Acetamidoypridine I-oxide, nitration, 2: 
142 

5-Acetarnido-2-pyridin~sulfonic acid, from 5- 
acetamido-2-pyridinethiol, 4: 370 

5-Acetamido-2-pyridinesulfonyl chloride, 
synthesis, 4: 373tf. 

5-Acetamido-2-pyridinet hiol. oxidation, 4: 
3548, 363, 374 

2-Aceramino-5-iodopyridine dichloride, 
hydrolysis, 2: 360 

2-r\cetamino-5-iodosopyridine, synthesis, 2: 
360 

Acetic anhydride, reaction with pyridine 1- 
oxides, 2: 1258; 4: 9 

Acetoacetamide, 6-hydroxy-2, 4-dimethyl- 
nicotinamide from, 1: 388 

Acetoacetamidopyridines, 3: 20 
Acetoacetic ester. reactions, with acetylacct- 

aldehyde, 1: 357 
with acetylacetaldirnine. 1: 378 
with aldehydes, 1: jOOIT, 5IUJ 
with amidinoacetamide, 1: 384 
with 3-aminocrotononitrile, 1: 384 
with aminomethylene acetoacetic ester, 

with aminomethylenemalonic ester, 1: 

with carbethoxyacetimidic ester, 1: 384, 

1: 377 

387 

424 
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Acctoacct ic cstcr (r . tmlinrrrd) 

with 2-chlorovinyl ketones, 1: 370. t l i  
with cyanoacctarnitlc, 1: J2J 
with cyanoacetic ester, 1: J22 
with cyanoacctic estcr and aldehydes, 1: 

with 3-iminonitriles, 1: 384, .1?/ 
SO4 IT. 

self-condctisarioii, 1: 383 
Acetoacctyl chloride, I ,4-dihydro-2.6- 

dirnethy~-4-oxtr- I -phcnylnicorinic acid 
from, 1: 389 

Acetonc, r-collidine from. 1: 480. J!N 

dihydrii-2,2.4.6-tetrarnerhylpyridinc from, 

Acetonine, dihydro-2,2,~,6-rctramct hylpyri- 

6-Acctonyl-2-picoliric, 6-propyl-2-picolinr 

Acetophenone. reactions, with bcnzaldchydc, 

1: 475, mu 

dine from. 1: 268 

from. 2: 162 

1: 500 
with benzylamine, 1: 48Off. 

Acctoxyaretylpyridines, synthesis, 3: 216 
3-(,Acctoxyaceryl) pyridinc. Chnrncnscn 

reduction, 4: 166 
Acet~ixyi~lkypyridincs~ from I-oxide re- 

arrangements, 4: 0 
i-Arctoxy-2-cliloro-4,~1-~iiniet hylnicotinoni- 

trilc. from 5-acctoxy-2~hydroxy-4,6- 
dimethynicotinonirrilc, 2: 331 

5-Acctoxy-2-hydroxy-4,6-dirnethyl nicoti- 
nonitrile, j-acetoxy-2-chIoro-4,6-di- 
metliylnicorinonitrile from. 2: 331 

4-/~ceroxy-2,6-~urit~ine. from 4-chloro-2,6- 
lutidinc, 2: 340 

2-Acetoxynierhyl-3-hydroxypvridine 1 -oxide, 
rcarrangemcnt. 4: 9 

2-Acctoxynicthyl pyridinc, from 2-picolinc- 1 - 
oxide, 4: 131) 

.~-Acctoxy-6-mctliyl-3,4-p);ridincd.c~rhox~lic 
acid, dimethyl cster, reduction, 3: 200 

2-Acetoxymct hylpyridirie 1 -oxide, piro- 
liniildchydc diacrtate from, 4: 130 

rciirrangcnicnt. 4: 9 
2-Acctoxypyridine, 3: 644 
3-Aretoxypyridine, nitration. 2: 4:s 

2-Acctoxyvinyl kctones. .SCP 1,3- Ihxo  

.\~Acctyl-2-acctamido-piperidine, 3: I 7  

synthesis, 3: 643 

compounds 

Ace! ylarctolic. reactions, b ith aniidino- 
acctamidc, 1: 40s 

with carticthoxyacetimidic estcr, 1: .I08 
with 2-chlorovinyl methyl ketonc, 1: 

with cyanoacctaniide, 1: .dU.j 

with cyanoacctic cstcr, 1: 361, 370 
with nialononitrilc, 1: 368R: 

376, .!I7 

self-condensation, 1: 357 
Acetylacetonirninc (4-lrnino-2-pentanone), 

reaciions, with cyanoacetic ester, 1: 
419 

with 1,3-dioxo compounds, 1: .?W. JW 
with enol cthcrs of 1.3-dioxo com- 

with malonic ester, 1: d l Y  
with 1,3,3-triethoxypropcncs, 1: 413 
with unsaturated ketones, 1: 437, ,149 

2-(y-Acetylbenzyl) pyridine, from 2-benz- 

3-Acetyl-.j-bromopyridine, reduction, 4: 3 
Acetylcholine, 2: 80 
r2ce'tyIchoIincsrcrase poisons, 2: 82 
a-Acetylcinnarnic cstcr, reaction with bcnzyl 

phcnyl kctonc 1: 438 
3-Acetylcoumarins. reaction with ketones, 

3-Acctyl-2,6-dirnet~iylisonicotinic ester, syn- 

Acctylenc, rcactions, with acrolein, ally1 

pounds, 1: . I 1 1  

ylpyridinc, 2: I01 

1: 438. J J S  

thesis, 4: 143 

alcohol, or allylaminc, 1: 469 
with alcohols or aldchydes, 1: 482. J% 
with propionitrile, 3: 3 

sell-condensation, 1: 481 tf, J W J .  
Aret ylcncdicarboxylic acid. dimethyl ester, 

reaction with pyridine, 2: 17 
Acctylcnedicarboxylic esters. pyrrocolines 

from, 2: 199 
reaction \vith 2-picolinc, 2: 80 

a,&Acctylcnic ketones, reaction with 
cyanoarcraniidc. 1: 445, JfjO 

sclf-rondcnsation, 1: 464. J M  
I-Aretyl-4-ct hyl-1 ,J-dihydropyridine, 2: 

2-Acetylluran, pyridinc I-oxide from, 2: 

I -Acctyl-2-isoiiicotinoylliydrazinc, 3: 228 
3-iZcctyl-2.6-lutidinc. 4: 143 
3-Acetyl-4-mcthyldipicolinic acid, 4: 142 

165 

I l6ff. 
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3-Acetyl-2-mcthyl-4,5-pyridinedicarboxylic 
acid, 3: 180 

5-Aceryl-6-methyl-3,4-pyridinedicarboxylic 
ester, from divinyl amines, 1: 534, 537 

3-Acetyl-2-met hyl-4,.5,6-pyridinetricart)oxy- 
lic acid, 3: 189 

2-Acetylnicotinic acid, 3: 349 
2-Acctylnicotinic acid I-oxide, 4: 156 
3-Acetyl-4-picoline, hydrogenation, 4: 4 

synthesis, 4: 150 
Wolff-Kishner reaction, 2: 161 

3-Acetyl-2,4-piperidinedione, from acyl- 
amidopropionic ester, 1: 535 

3-Acetyl-4-propylpyridine, from nicotino- 
nitrile, 2: 172 

Acetylpyridines, pinacols from, 4: 166ff. 

2-Acetylpyridinc, acylation, 4: I55 ff. 
synthesis, 3: 3.56 

bromination, 4: 1 6 1  
Clemmensen reduction, 4: 166 
iodoforrn reaction. 4: 162 
Pfitzinger reaction, 4: 167 
pinacols from. 4: 167 
reaction with aromatic aldchydcs. 4: 168 
synthesis, 4: 146, 149 

3-Acetylpyridine, biological activity. 4: 
171 

glyridic ester from. 4: I68 
hydrogenation, 4: 163 
ketals from, 4: 162 
occurrence. 4: 148 
reduction, 4: 4, 16 

synthesis. 3: 21 I ,  237; 4: 148H., 152 
4-Acerylpyridine, hleerwein-Ponndorf rc- 

bimolecular, 4: 166 

duction, 4: 166 
pinacols from, 4: 167 
synthesis. 4: 150,  160 

2-Acetylpyridinc hydrazone. cyclization, 
2: 147 

Acct ylpyridinc ketoximes, aminoketones 
from. 4: 171 

LAcctylpyridine phenylhydrazine, cycliza- 
tion, 4: 169 

u-Acetyl-a-(2-pyridyI)ethylbutyrolactonc, 
synthcsis, 4: I58 

.\‘-Acetylsulfnpyridine, 3: 26 
I -Acetyltetrahydrapyridinr, 4-substituted, 

4: 160 

Arid chlorides, reaction with anhydrn bascs, 

Aconitic acid, quaternization with, 2: 17 
Acridine, reaction with organolithium com- 

Acrolein, reactions. with acetaldehyde, 1: 436 
with acetylene, 1: 469 
with 3-aminocrotonic ester, 1: 44Off. 

2: 38 

pounds, 2: 171 

self-condensation. 1: 462, 465 
Acrylamides, substituted. SPP a,@-linsatu- 

rated amides, 1: 
Acrylic acid, reaction with 2-aminopyridine, 

2: 18 
Acrylic acid derivatives, reaction with 

2( 1 I/)-pyridone, 2: IS 
Acrylic esters: substituted, scc u,B-Un- 

saturated esters. 1 
Arrylonitrilc, reaction with butadiene, 1: 

347 
Acyclic compounds, pyridines from. 1: 272 8. 
2-Acylaniinopyridincs. 3: 137ff. 
3-Acvlaminopyridines, 3: IW 
4+\cylaminopyridines, 3: 1.13 
2-Acylfurans, 3-pyridinols from, 1: 161 ff,. 

Acylpyridines, Mannich reaction, 4: 168 
2-Acrypyridincs. syn! hesis, 4: I .S3 
3-Acylpyridines, syiithcsis, 4: 153 

4-Acylpyriclines, 1: 55 
I-Acylpyridiniuni salts. 2: 63 E.. 71; 3: 388. 
Acylpyruvir cstcrs. reactions, with 3- 

aminocrotonic ester, 1: 3.58, 3!Hi 
with cvanoacetarnide. 1: 366. 4U5$ 

IMJ. 

See also 3-Pyridyl ketones, 1 

Additions to the pyridinc system. 1: I9 ff. 
Adermin. See Pyridoxol 
Alcohols. alkylpyridines from, 1: 480, .?YIJ). 
Alcoholysis of halopyridines, 2: 346. 35 IN. 
Aldehydes, reactions, with acetoacetic ester, 

1: 500fl.. 51iIJj.  

with 3-aminocrotonic ester, 1: 502.52.3 
with $-arnini)cratononitrile, 1: 502. $236, 
with bctaincs, 2: 14 
with cyanoacetarnide, 1: 504, 5?X 
with cyanoacetic ester, 1: 503, 504 tf., 

with 3-irninoesters. 1: 52.3,[/. 
with 3-iminoketones, 1: 52.!fl. 
with ketones, 1: 49Sff.. 5 0 7 j .  

52‘s 
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Aldehydes ( c o n f i n d )  
related to pyridoxal, 4: 101ff. 
self-condensation, 4: 474 K., 48.1j.. 4MJ. 

Aldehyde collidine, See 5-Ethyl-2-picoline 
Aldimines, reaction with aldehydes, 1: 477 
Aldol condensation, with alkylpyridines, 1: 

61;4 :  5ff. 
with pyridine aldehydes, 4: 7 

Aldonitrones, analogy with pyridine I -oxides, 

Algae, 3-pyridinol from, 1: 152 
Alkaloids, d e p d a t i o n  to pyridines, 1: 1308., 

pyridine, occurrence in nature, 1: 104ff., 

tobacco, isolation, 1: 110 

2: 118 

140J 

108, 110K. 

occurrence in nature, 1: 104R., 108 
Alkenylpyridines, properties, 2: 206ff., 251J. 

reactions, 2: 207R. 
reduction, 2: 162K. 
synthesis, 2: 199R. 

3-Alkoxyacrylic esters. Sic 3-Oxoesters, enol 
ethers of, 1 

3-Alkoxyacrylonitriles. pyridines from. Ste 
3-Oxonitriles. enol erhers of, 1 

Alkoxyalkyl halides, reaction with metal- 
lopyridines, 4: 7 

Alkoxyaminopyridinen. as antitutierculosis 
axents, 3: 709 

Alkoxybipyridyls, 3: 8th 
2-AIkoxy-3,4-dihydro-Z If-pyran, pyridine 

3-Alkoxyglutaraldehyde acetals, pyridine 

2-Alkoxypyridines. from 2-halop) ridinrs, 3: 

from, 1: 173K., 1758. 

from, 1: 2751f., .I04 

57 1 
from 5-oxonitriles. 1: 280, 320 

nitration, 2: 475 
3-Alkoxypyridines, cleavage, 3: 678 

4-Alkoxypyridines, from 4-halopyridinesq 3: 

Alkoxypyritiine I -oxides. reduction, 3: 600 
Alkoxy-2-pyridinols, 3: 7.MJI. 
Alkoxy-3-pyridinols, 3: 7/i!/ll. 
Alkoxy-2( I If)-pyridones, 3: X?Uj/. 
Alkoxy-4( I If)-pyridones. 3: & j i / ] .  

1-(6-Alkoxy-3-pyridylamino) glucosides. 3: 

572 

i s  

Alkoxypyrylium salts, pyridyl ethers from, 

3-Alkoxyvinyl ketones. Src 1,3-Dioxo com- 

Alkylaminoalkylaminopyridincs, 3: 29 8. 
4-Alkylamino-3-nitropyridines, reduction, 3: 

2-Alkylaminopyridines, 3: 28, 89,92, 94, 95 

Alkyl-2-aminopyridines, 3: 82 
Alkyl-3-aminopyridines, 3: 82.99 
Alkyl-4-aminopyridines, 3: 8.1, lWJ., 102 
4-Alkylaminopyridinium salts, from 4- 

benzylthiopyrylium salts, 1: 21 1 
from 4-methoxypyrylium salts, 1: 21 1 

3: 559 

pounds, enol ethers of 

59 

bromination, 3: 37 

Alkylamino-3-pyridinols, 3: 709 
Alkylation, with pyridinium compounds, 2: 

(i-Alkylation, by side-chain halides, 2: 370 
67 ff. 

of halopyridines, 2: 356 
of pyridine, 2: 164ff. 

..\.-Alkyl-.\.-( 1 -carbalkoxyethyl) amino- 
methylenesuccinic esters. pyridoxol 
from, 4: 21 

1 -Alkyl-3-carbamylpyridinium salts, from 
dihydro derivatives. 1: 230, 2dU 

.X-Alkylchelidamic acids. reaction with 
SOCI, , 3 :  650 

reduction, 3: 655 
4-Alkyldihydro-2.6-dimet hyl-3,s-pyridinedi- 

carbonitrile. from 3-aminocrotononi- 
trile and aldehydes, 1: 502, 52.3J. 

4-Alkyldihydro-2.6-dime1hyl-3.5-pyridinedi- 
carboxylic ester, from acetoaceiic 
ester and aldehydes. 1: 500lf., .510J. 

horn 3-aminocrotonic ester and aldehydes, 
1: 102, 52.3 

oxidation, 1: 230, 240 
I-Alkyldihydronicotinamides, 2: 48 ff. 

I -Alkyl-l,4-dihydro-4-0~0-2,6-pyridinedicar- 
boxylic acid. from chelidonic acid, 1: 
in2 

1-Alkyldihydropyridines, lrom 1 ,j-diketoncs, 

1 -Alkyldihydro-3 (2 If)-pyridone, oxidation, 1: 

l-Alkyl-l,2-dihydro-2-pyridonimines. 3: 26 
4-Alkyl-2,6-d1hydroxy-3,5-pyridinedicar- 

1: 274, 30~3 

231, 2 J 1  

bonitrile. synthesis, 1: 503K., 5BJ.  
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from 4,4-dialkyl-3,5-dicyanoglutarimide, 

Alkylene-bis-pyridinium aldoximes, (alky- 

Alkyl 2-fury1 ketones, 3-pyridinols from, 1: 

Alkyl halides, reaction with pyridine bases, 

Alkylhaloaminopyridines, 3: 86 
1-Alkyl-3-hydroxypyridinium salts, from 1- 

1: 232. 244 

h e - h i s ) .  4: 173 

161ff., 168ff. 

2: 5 

alkyldihydro-3 (2W)-pyridone, 1: 23 1, 
24 1 

Alkyl 2-hydroxy-5-pyridyl ketones, from 
acyl-21f-pyran-2-oncs, 1: 177 IT., 18gff. 

4-Alkyl-6-imin0-2-0~0-3,5-piperidinedicarbw 
nitrile, from cyanoacetamide and 
aldehydes, 1: 504, 528 

2-one, 3: 45 

58 

x-.41kyl-4-met hyl-2Ii-pyrido[ 1,2-a]pyrimidin- 

1 -Alkyl-2-nitrimino-l,2-dihydropyridines, 3: 

Alkylnitro-2-aminopyridines, 3: 87 
2-Alkyl-5-nitropyridincs, from alkyl 5-nitro- 

Alkylpyridinrs, from acetylene, 1: 481 ff., 
2-pyridinernalonic esters, 2: 478 

d93J. 
with alcohols or aldehydes, 1: 482, d!#j 

addition compounds, 2: 175, 180 
from alcohols, 1: 481, 49lJ. 
from aldehydes, 1: 474 H , /lMJ., d98ff. 

C-alkylation. 2: 164ff., 166ff. 
from alkylpipcridincs, 1: 233ff., 2d8ff. 
from ally1 alcohol, with ketones, 1: 470 
from allylaminc. 1: 483, J9i 
amides from, 3: 2 19 
amination, 3: 4 
boiling points, 1: 9 
from dienes and nirriles, 1: 346 IT., 3,57J. 
from 1.5-diketone oximes, 1: 283, 314 
from I,j-diketones, 1: 278, 307 If. 
from ethylene, 1: 483, 497 
from ethylene oxide, 1: 483, 497 
halogenation, 2: 189K.. 302ff.. 360ff. 
from ketones, 1: 480, 490 
nitr'ition, 2: 190, 471, dW 
nitriles from, 3: 230 
oxidation, 2: 184ff.; 3: 182ff. 
photolysts, 2: 189 

with ketones, 1: 498K., 5OiJ. 

from piperidinols, 1: 250 
from pyrylium salts, 1: 210, 216 
properties, 2: 1748., 232J. 
quaternization, 2: 3ff. 

reactions, 2: 182". 
separation of isomers, 2: 179R. 
synthcses, 2: 157 K. 
tetrahydro derivatives from, 2: 187 
from tetrahydropyridines, 1: 232K., 245 
from unsaturated aldehydes or ketones, 1: 

from unsaturated carbonyl compounds, 

with selenium dioxide. 2: 175 

460ff., .WJ. 

with aldehydes or ketones, 1: 436H., 

Alkylpyridinccarboxylic acids, synthesis, 3: 

Alkylpyridine I-oxides, rearrangement, 4:') H: 
Alkylpyridinesulfonic acids, oxidation, 4: 372 
I-Alkyl-2( 1 II)pyridinethiones, reaction with 

Alkylpyridinols, oxidation, 3: 698 
hlkyl-2-pyridinols, 3: 72Uff. 
Alkyl-3~pyridinols, 3: 7664'. 

446J. 

242 

ammonia, 4: 355 

carbonation, 3: 672 
rrom dialkanolarnines. 3: 524 
hydroxymethylation, 3: 672 
in Mannich reaction, 3: 673 

Alkyl-2( 1 I/)-pyridones, 3: 807J. 
from 2H-pyran-2-oncs, 1: 177ff., 192ff. 

Alkyl-4( I If)-pyridoncs, 3: 825j. 
from 4(t/)-pyran-4-oncs, 1: 181 K., 198J. 
from 1,3,5-triketones, 1: 276, 305 

Alkyl3-pyridyl ketones. Sre 3-Pyridyl ke- 

Alkylquinolines, oxidation, 1: 251 ff., 259ff. 
I -Alkyl-2-sulfanilimido- I ,2-dihydropyridines, 

2-Alkylsulfonylaminopyridincs, 3: 140 
I-Alkyl-2(1 t/)thiopyridones, 4: 352 
1 -Alkyl-4-thiopyridones, 4: 348 
6-Alkylthio-2(1 I/)-pyridones, 4: I(x) 
Alkynylpyridines. 2: 213K., 262 
Ally1 alcohol, 3-picolinc from, 1: 462, 470, 472 

tones 

3: 26 

reactions, with accrylenc, 1: 469 
with ketones, 1: 470 

Allylamine, alkylpyridines from, 1: 483, 4Y7 
3-picoline from, 1: 470, d i 2  
reaction with acetylene, 1: 469 
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Allylpyridines, 2: 200 
1 -Allyl-2( 1 //)-pyridone-.5-carboxylic acid. 

Allyl-(2-pyridyl)carbinol, 4: 147 
Alstonine, alstyrine from, 1: 136 
Alstyrinc, from alstonine, 1: 136 

Aluminum isopropoxide. in ketonc reduc- 
tion, 4: 3 

Amidines, niethylenic, reactions, with 1,3- 
dioxo compounds, 1: 367, 4 8  

reaction with mercuric acerate. 2: 441 

from indole alkaloids, 1: 136, / . 1 5 j ,  

with 1.3,3-triethoxypropenes, 1: 375, .J!o 
Arrines, alkylation, 2: 6 7  

cyclization to alkylpyridines, pyridinols. 
and pyridine acids, I: 533fr. 

related to pyridoxaminc, 4: Wj/ ,  
Amino acids. in degradation to pyridine 

3-Arninoacrylic esters, .GrEnaminc:s; 3- 

3-Aminoacrylonitriles, .%c Enarnkes; 3- 

Aminoalkcnylpyridines, 3: 1.ijiJ. 
Aminoalkylpyridines, 3: /l!fff. 

acyl and sulfonyl derivatives, 3: l.l!/[/. 
3-Arnino-j-arninometliyl-4-bromomrrhyl-2- 

piccrline, hydrolysis. 2: 367 
5-Aniino-3-aminomert~yl-4,6-dlmer hyl-2- 

pyridinol, synthesis. 3: 234 
6-Amino-5-aminomethyl-2-picolinc~ from 2- 

an1ino-6-me~hylnicotinonirrile. 3: 00 
3-(o-Aminoanilino)pyritlinr. synt hesis, 2: 

3.53 
3-Amino-2-anilinopyridine, reactions, 3: 64 
j-Amino-2-(arylseleno) pyridines, 4 :  381 
2-(p-AniinobenzenesuIfon~inido) pyridine 

(sulfapyridine), 3: 24 ff. 
2-(o-Aminobenzoyl) pyridine. 4: 147 
3-(a-Aminobenzyl) pyridine, reartion with 

nitrous acid, 4: 2 
4-Amino-~,6-bis(proluen1~sul~or1at111d~~) 

pyridine, synthesis, 3: 61 
3-Arnino-5-bromo-4-butylamincl-2-rhloro- 

pyridine, 2: 310 
5-Amino-4-bromo-2-cl1l~ro-6-metl1ylnicoti- 

nonitrile, reaction with ruprous 
cyanide, 3: 231 

bases, 1: 151 

Iminnesters 

Iminonirriles 

synthesis, 2: 317 
3-Amino-5-bromo-6-chIoro-2-picoiine. 2: 348 

3-Amino-2-bronio-5-chloropyridine, 3- 
amino-2,i-dichloropyridine from, 2: 
339 

3-Amino-5-bromo-2-chloropyridine, from 
3-amino3,5-dibromopyridine, 2: 339 

3-Amino-.5-t~omo-2,4-dichloropyridine, 3: 9 
4-Amino-3-bromo-6.7-dihydro-j /f, 1 -pyrin- 

6-Amino-5-bronio-3-nitro-Z-picoline, 3: 37 
2-Arnino-3-bromo-5-ni~ropyridine, 3: 37, 41  
2-Amino-5-bromo-3-nitropyridine, reduc- 

din-2-01, 2: 313 

tion, 3: 59 
synthesis, 3: 37 

3-Amino-2-brcim0-6-nitropyridine, from 2- 
t)romo-3-ethoxy-6-nitropyridine. 2: 
4% 

Aminobromopyridine(s). 2: 316tf. 
2-Aminu-j-bromop)-ridine. alkylation, 2: 8; 

2-Amino-6-bromopyridine. reaccion with 
3: 37 

glycolic acid, 3: 1 9  
synthesis, 2: 346; 3: 61 

4-Amino-3-bromopyridine. from 3-bromo-4- 

from 3,4-dibromopyridinc, 2: 345 ff; 3: I 1 
j-Amino-2-bromopyridine. from 2-bromo-5- 

3-Amino-.~-bromo-4-pyridincthiol, 4: 354 
4-Aminobutanol, from 4-aminobutanone, 4: 

4 
3-Amino-(,-buroxypyridine, reaction with 

succinic anhydride, 3: 20 
3-Amino-4-butylamin0-2,5-dichloropyri- 

dine, 2: 310 
2-Amino-3-n-but)lp~~idine, 3: 12 
3-Aminobucyric ester, reaction with @- 

keroaldehydes, 1: 467 
3-(y-Aminoburyryl)pyridine derivatives, 

from myosmine, 4: 148 
4-i\mino-2-chloro-6,7-dihydro-S ( I -  I - 

pyrindine, from 4-amino-6,7-dihydro- 
5l/-I-pyrindin-2-01. 2: 331 

?-Amino-4-ctiloro-6-iodopyridine, from 
2-amino-4,6-dichloropyridine, 2: 340 

5-Amino-2-chloro-6-met hylnicotinonitrile, 
bromination. 3: 38 

5-Amino-2-rhloro-6-tnctliyl-3,4-pyridine- 
dicarbunitrile, synthesis, 3: 234 

2-Amino-4-chloronicotinic acid, 3: 219 

chloropyridine, 2: 345 R: 

nitropyridine, 3: 9 
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6-Amino-5-chloro-3-nirro-2-picoli1~~, 2: 308 
2-Amino-5-chloro-3-nitropyridinc, reduc- 

2-Amino-6-chloro-3-phenylpyridine, from 
6-amino-5-phenyl-2-pyridinol, 2: 331 

3-Amino-6-chloro-2-picoline, 2: 348 
5-Amino-6-chloro-2-picoline, from 6-chloro- 

5-nitro-2-picoline, 2: 348 
Z-Amino-3-chloropyridine, from 2,3-di- 

aminopyridinc, 3: 63 
2-Amino-4-chloropyridine, from 2,4-di- 

chloropyridine, 2: 346; 3: 6 
2-Amino-j-chloropyridine, from 2-amino- 

pyridine, 2: 308; 3: 36; nitration, 
3: 41 

chloropyridinc, 2: 3.52; 3: 6 

60 

tion, 3: 5 0  

2-Xmino-6-chloropyridinc, from 2,6-di- 

3-Arnino-2-chloropyridinc, ammonolysis, 3: 

1.5-naphthyridinc from, 3: 43 
synthesis, 3: 38 

3-Arnino-6-chloropyridinc, reaction with 

4-Amino-2-chloropyridine, from 2.4-di- 

5-Amino-2-chloropyridinc, from Z-arnino-.j- 

3-Amino-6~hloro-2-p~~idincrhiol, 4: 356 
3-Aminocroionic cstcr, reactions, with 

nitrosobenzene. 2: 485 

chloropyridinc, 2: 346; 3: 6 

nitropyridine, 2: 472 

acrolcin, 1: 440 K. 
with acylpyruvic cs1crs. 1: 358, 3.W 
with aldehydes, 1: 502, 5 3  
with 2-chlorovinyl ketones. 1: 376, 417 
with cyanoacctamidc, 1: 385 
with 1,3-dioxo compounds, 1: 357tT.. 

.RI. .Wj 

with enol ethers of IJ-dioxo com- 
pounds, I: 372K., . I l l  

with cthoxymethylenemalonir ester, 
1: 385 

with hydroxyrncthyleneacctoacetic es- 
ter, 1: 359 

with 2-hydroxymethylenecyclohcxa- 
none, 1: 358, 467 ff. 

with malonic cstcr, 1: .fLfi 
with nitromalonaldchyde. 1: 357 
with 2-oxalylcyclohcxanonr, 1: 359 
with sodium nitromalonaldehyde, 2: 

470 

with 1,1,3,3-rctramethoxybutane, 1: 

with 1.3,3-rricthoxypropenes, 1: 373, 

with unsaturated esters, 1: 439, d5.5 
with unsaturated ketones, 1: 439, 4508. 

36 1 

? I 1 3  

self-condensations, 1: 387 K.. 429 
3-Aminocrotononitrilc, reactions, with 

acctoacrtic cster, 1: 384 
with aldehydes, 1: 502 
with 1.3-dioxo compounds. 1: 360, .3!/5 
with enol ethers of I J-dioxo corn- 

"ith hydroxymcthylcncoxalacetic 

with ketones, 1: ,503, 527 
with l,3,3-tricthoxyproprnes, 1: 411 
wirh unsaturated ketones, 1: 440, JS l f f .  

pounds, 1: J I I  

cster, 1: 360 

self-condcnsation, 1: 391: J3I  
3-Amino-4-cyanocrotonic acid, 4-amino- 

2.6-dihydroxynicotinic acid from, 
1: 3J2 

phenanthrenc, 3: 235 

pyridoxol from, 4: 20 

10-Amino-4-cyano-1,3-dimethyl-2.9-diaza- 

5-Amino-3-cyano-6-methylisonicotinate. 

synthesis, 2: 347 
2-Amino-3-diazoarctylpyridine, attempted 

WolK rearrangement, 3: 216 
2-r\mino-3,5-dibrornopyridine, nitration, 3: 

41 
reaction with aceroacrlic ester, 3: 18 

3-/\rnino-2,5-dibromopyridinc, 3-amino-j- 

3-Aniino-2,6-dibromopyridine, 3: 38 
4-Amino-3,i-dibromopyridinc, From pyri- 

from 3-pyridincsulfonic acid. 2: 343 
~-Amino-2.4-dirhloro-6-mcrhylnicot ino- 

nitrile, rracrion with cuprous cy- 
anide, 3: 231 

2-Aniino-.l,.j-tlichloropyridine, from 2- 
nminopyridine, 2: 308; 3: 36 

2-A~nino-l,O-dichloropyridine, 2-amino-4- 
chloro-6-iodopyridinc horn, 2: 340 

3-Amino-2,5-dichloropyridine, from 3- 
amino-2-bromo-5-chlor[~pyridinc. 2: 
339 

bromo-khloropyridine from, 2: 339 

dinr, 3: I 1  

3-.Amino-2,6-dichloropyridine, 3: 38 
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4-Amino-2,5-dichloropyridinc, from 2,4,5- 

4-Amino-2,6-dichloropyridinc, tosylamida- 

2-.4mino-3,5-dicyano-6-mcthylthiopyridi1ic, 

2-Amino-3,5-dihalopyridincs, attvmptcd 

1-Aminodihydropyridincs, from I .5-di- 

4-Amino-6,7-dihydro-5 Il-l-pyrirtdin-2- 

trichloropyridinc, 3: 6 

tion, 3: 61 

4: 348 

acylation, 3: 20 

ketones, 1: 277, .iU2 

01, 4-amino-2-chloro-6,7-dihydro- 
5ll-I-pyrindine from, 2: 331 

1 -Aminodihydro-2,4,6-triphcnylpyridine, 
from bcnzaldiacetophenonc, 1: 277 

4-Amino-2,6-dihydroxynicorinic acid, from 
3-amino-4-cyanocrotonic acid, 1: . i l l  

4-Amino-2,6-dihydroxynicotinic ester, from 
2-cyano-~-iminoglutaric acid 
monoester, 1: 297. .j&' 

2-Amino-3,5-diiodopyridirte, from 2-chloro- 
3.5-diiodopyridinc. 2: 346; 3: 6 

3-Arnino-2.6-diiodopyridinc. diazotizaticin 
in alcohol, 2: 343 

2-Amino-3-jdimcrliylaminclbutyl) pyridinc. 
from 2-aminomctanicotinc. 3: 75 

3-Amino-2,6-dimcrhyliso11icorinic acid, 
decarboxylation, 3: 10 

2-Amino-4,6-dimethyInicotinanii~e, from 
acctylacctonr, with amidinoaccram- 
idc, 1: .IIIS 

2-Amino-4.6-dimethylnicotinic esicr, from 
acctylaccronr, with carbethoxyacc- 
timidic ester, 1: ./OX 

2-Amino-~1,6-dimrthylnicotinonit1 ilc, from 
acetylacctone, with malononitrilr. 1: 
369 

6-Amino-2,4-dimethylnicotinonitr ile, from 
3-aminocrotononitrilc, 1: 391 

from diacctonitrile, 3: 3 
4-Amin0-2.6-dimethyl-3,j-pyridir edicar- 

boxylic acid, dccarboxylation, 3: 10 
2-Amino-3,j-dinitropyridinc, 2: 4i3;  3: 4 I ,  

52 
4-Amino-3,5-dinitropyridine, from 4 4 -  

tramino-3-nitropyridine, 2: 474 
reaction with alkali, 2: 480 
synrhesis. 2: 474; 3: 42 

2-Aminocthanols, synthesis, 4: 4 
2-Amino-3-cthoxy-6-nitropyridinc, from 

2-bromo-3-ct hoxy-6-nitropyridine, 
2: 478; 3: 6 

2-Amino-6-cthoxy-3-nitropyridinc, 3: 6 
2-Amino-3-et hoxypyridine. aectylation, 3: 

4-Amino-2-cthoxypyridinc, from 2- 

6-Amino-2-ethoxypyridinc. 3: 6 
2-(cr-Aminoethyl)3,4-bis(hydroxymethyl)- 

19 

ethoxy-4-nitropyridinc I-oxide, 3: 10 

2,5-dimcthoxy-2,5-dihydrofuran, 
pyridoxol from, 4: 21 

6-Amino-5-ethyl-3-nitro-2-picolinc, 3: 41 
6-(2-Aminoethyl)-2-picolinc, from 6-(2- 

2-Amino-6-ethyl-3-picoline, 3: 3 
4-Amino-2-cthyl-3-picolinc, 3: 3 
6-Amino-5-cthyl-2-picoline, nitration, 2: 

6-Amino-5-ethyl-3-picoline, acetylation, 

@-Aminoet hylpyridines. from picolines. 

2-(2-Aminocthyl)pyridine, 3: 75 
2-Amino-4-ethylpyridine, bromination, 

Aminohalonitropyridines, 3: X X  
Aminohalopyridines. 3: 8jf f .  
2-Arnino-j-halopyridines, reaction with 

2-Amino-6-hydroxy-4-mcthylnicotinamide, 

bromoethyl)-2-picoline, 2: 369 

414; 3: 41 

3: 19 

2: 196 

3: 37 

malonic ester. 2: 357 

from acetoacetic ester, with amidino- 
acctamidc. 1: 384 

2-Amino-6-hydroxy-4-methylnicotinic ester, 
from acetoacetic ester, with car- 
bcthoxyacetamidic ester, 1: 384, 
J24 

1 -Amino-3-hydroxy-4-mcthyl-5-phenyl- 
pyridinium chloride, 1: 268 

6-Amino-2-hydroxynicotinic acid, syn- 
thesis, 3: 194 

6-An~ino-2-hydroxynicotinonitrilcs, from 
enol erhcrs of 8-oxonitrles, with 
cyanoacetamide, 1: 391, J.&l 

Aminohydroxynitrosopyridincs, hydrolysis 

.5-Amino-3-hydroxypicolinic acid, 3: 194 
or, 2: 482 
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3-Amino-4-hydroxy-2-pyridincsuIfonic acid, 
from 3-nitro-4-pyridino1, 4: 372 

2-Amino-j-iodopyridine, 3: 37 
3-Aminoisonicotinic acid, decarboxylation, 

3: 10 
nitration, 3: 245 
pyrido(4,3-d]pyrimidines from, 3: 45 
synthesis, 3: 219, 241 

3-Aminoketone(s), reaction with 1 -carbarn- 
oylmethylpyridinium chloride, 1: 287, 
469 

1: 301 

nitration, 3: 40 

from 3-arnino-2,6-dimethylisonicot inic 

attempted nitration, 3: 42 

5-Aminoketone, dehydropyridine from, 

2-Arnino-4,6-lutidine, bromination, 3: 37 

3-Amino-2,6-lutidine, acylation, 3: 19 

acid, 3: 10 

4-Amino-2,6-lutidine, from 4-amino-2,6- 
dimethyl-3,5-pyridinedicarboxylic 
acid, 3: 10 

bromination, 3: 39 
diazotization, 3: 32 
iodination, 3: 39 
from 2,6-lutidine, 2: 191 
sulfonation, 4: 368 

synthesis, 3: 7 
6-Amino-2,4-lutidine, bromination, 2: 189 

Aminolysis, of halopyridines, 2: 345 K., 

of nitropyridines, 2: 478tT., .%18$. 
2-Arninometanicotine, reduction, 3: 75 
4-Amino-2-mcthoxypyridine, diazotization, 

3: 681 
3-Amino-2-(,V-methylanilino)pyridine, 

diazotization, 3: 47 
3-Arninomethyl-5-bromo-4,6-dimethyl-2- 

pyridinol, 2: 31 5 
3-Arnino-2-methyl-4,5-di(aminornethyl)pyri- 

dine, pyridoxol fmm, 4: 21 
4-Aminomethyl-2,6-dichloropyridine. 

3: 235 
Aminomethylenemalonic ester, reaction with 

acetoacetic ester, 1: 387 
5-Aminomcthylfurfuryl alcohol, 6-methyl- 

3-pyridinol from, 1: 160 
3-Amino-2-methylisonicotinic acid, 3: 

189 

352ff., 368ff. 

5-Amino-2-methylisonicotinic acid, dr- 

5-Amino-2-m~thylnicotinic estrr, diazoti- 

2-Arnino-6-mcthylnicotinonitrile, reduction, 

5-Amino-6-methyInicotinonitrile, 3: 219 
4-Arnino-4-methyl-2-pentanone. See 

2-(Aminoethyl)pyridine, 2-chloromethyl- 

carboxylation, 3: 10 

zation, 3: 34 

3: 60 

Diacetonaminr, 1 

pyridine from, 2: 363 
synthesis, 3: 233 

from, 3: 76 
reaction with nitrous acid, 3: 76 
synthesis, 3: 68, 233 

3-(Aminornethyl)pyridine, nicotinaldehyde 

4-(Arninornethyl)pyridine, isonicotinalde- 
hyde from, 3: 76 

synthesis, 3: 233 
5-Amino-6-met hyl-3,4-pyridinedicarboxylic 

acid, esters, 3: 201, 204 
4-Amino-6-methyl-2,5-pyridinedimethanol, 

4: 24 
5-Arnino-6-rnethyl-2,3-pyridinedimet hanol, 

4: 24 
5-Amino-6-methyl-3,4-pyridinedimethanol, 

from 1,4-butanedidone and a- 
methyliminopropionitrile, 1: 537 

5-Amino-6-methyl-3,4-pyridinedirnet hanol, 
synthesis, 4: 24 

3-Amino-2-rnethyl-4,5,6-pyridinctricar- 
boxylic acid, decarboxylation, 3: 
189 

5-Amino-6-met hyl-2,3.4-pyridinetricarboxy- 
lic acid, csterification, 3: 205 

5-Amino-6-methyl-2,3,4-pyridinetri- 
methanol, 4: 24 

5-Amino-6-methylquinolinic acid, 3: 219 
2-Aminonicot inarnides, from I ,3-dioxo 

compounds, with amidinoacetamide, 
1: 367,408 

from 3-ethoxyacrolein acetal, with 
arnidinoacetamide, 1: d l 6  

from nicotinamide, 3: 5, 245 
from pyrazole, 3: 246 

2-Aminonicotine, Holmann degradation, 

6-Aminonicotine, Hofmann degradation, 3: 
3: 12 

12 
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2-Amin~rnicotinic acid. pyridopyrimi- 
dines from, 3: 43 

reactions, 3: 247 
synthesis, 3: 241 

4-Aminonicotinic acid, decarboxylation, 
3: I n  

synthesis, 3: 2-41 

from, 2: 335 

10 

5-Aminonicotinic acid, -5-Auoronirotinic acid 

6-Aminonicotinic acid. dccarboxyiation. 3: 

nitration, 3: 41 
6-Aminonicotinic acid hydrazide, 

2-Aminonicotinic esters. from 1,3-dioxo 
tuberculostatic activity, 3: 227 

compounds, with carbcthoxyacet- 
imidic ester, 1: 367, .I08 

carbethoxyacetimidic ester. I: 375, 
4 I 0  

compounds, with malononitrile, 1: 

from I .3,3-triethoxypropenes, with 

2-Aminonicorinonitriles, from 1,3-dioxo 

368, d@J 
6-Aminonicotinonitrile, from 2,5- 

diaminopyridinc. 3: 231 
from 3-iminonitriles, 1: 391, .U.I  

2-Aminonicotinoyl chloride, diazoketone 

2-Amino-5-nitronicotinic acid, decarboxyla- 
from,4: 161 

tion, 3: 1 1  
synthesis, 3: 246 

6-Amino-5-nitronicotinic acid, 3: 41, 246 
6-Aniino-3-nitro-2-picoline. chlorination, 

2: 308 
diazotization, 3: 36 
perbromide. 2: 325 

Aminonitropyridines, 3: K i  
2-Amino-3-1iitropyridine. from Lacetamido- 

pyridine, 3: 40 
from 2-nitraminopyridinc1 2: 472; 3: 50 
reaction with hydroqiamine, 3: 62 
reduction, 3: 59ff. 

2-Amino-j-nirropyridine. from 2-amino-.5- 
nitronicotinic acid, 3: I I 

attempted acylation, 3: 2U 
bromination, 2: 317 
2-Huor1~-.5-nitropyridinc from, 2: 335 
from 2-nitraminopyridinc, 2: 42, 472; 

3: 50 

nitration, 3: 4 1  
reduction. 3: 24, 60 

3-Amino-2-nitropyridine, from 3-ethoxy-2- 
nirrtrpyridinc, 2: 478 

from 3-pyridylcarhamic ester, 3: 42 
4-Amino-3-nitropyridine, trromination. 

3: 39 
reaction with alkali, 2: 480 

2-Amino-3-nitro-3-pyri~Iinesulfonic acid, 
reaction with phosphoric acid, 4: 373 

5-Amino-3-nitro-2-pyridinethio1, 4: 349 
6-Amino-2-0x0-2 lf-pyrantricarbuxylic ester, 

2,6-dihydroxypyridinetricarboxylic 
ester from, 1: 178 

pyridyl jmethane, from bis(2-dimcthyl 
amino-j-pyridyl)carbinol, 4: 10 

4-Aminophenyl-bis(2-dimethylamino-5- 

3-Amino-6-phenylpyridine, 3: 195; 4: 171 
j-Arnino-2-phenylpyridine. from 5-benzoyl- 

2-phenylpyridine oxime. 3: 12 
6-Arnino-j-phenyl-2-pyridinol, 2-amino- 

6-chloro-3-phenylpyridine Crom, 
2: 331 

2-Amino-3-picoline, from 3-picoline, 2: 191 
3-Amino-2-picoline, 3: 7, 9 
3-Amino-4-picoline, 3: 9 
5-Amino-2-picolinc, from 5-amino.2- 

methylisonicotinic acid, 3: 10 
from 6-chloro-.~-nitro-2-picoline, 2: 348; 

3: 0 
from j-iodo-2-picoline, 3: 5 
from 6-merhylnicotinamide, 3: 7 

6-.~1nino-2-picolinc, bromination, 2: 3 16; 

reactions. with acctylacetone, 3: 18 

synthesis, 3: 7 
3,.5,6-tribromo-2-picolinc from, 2: 317 

6-Amino-3-picoline, from 3-picoline, 2: 191 
3-Aminopicolinic acid, 3-arsonqpicolinic 

3: 37 

with cyanogen. 3: 28 

acid from, 4: 441 
cyclization, 3: 246 
decarboxylation, 3: 10 
iodination, 3: 38 
nitration. 3: 24.5 
reaction with phloroglucinol, 3: 246 
synthesis, 3: 241 

6-Aminopicolinic acid, decarboxylation, 
3: 10 
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Aminopiperidines, from aminopyridines, 3: 

3-Aminopropano1, from 3-aminopropanone, 

2-(y-Aminopropionyl)pyridine, 4: 150 
2-(2-Aminopropyl)pyridine, 3: 68 
3- (y-Aminopropy1)-2-(~-pyridyl)indole, 

Aminopyridines. acylation, 3: 18ff. 
alkylation, 2: 13ff. 
aminopiperidines from, 3: 16 
azopyridines from, 2: 485, 51i; 3: 15 
bromination, 2: 316ff. 
chlorination, 2: 308 
by drcarboxylarion, 3: 10 
diazotization, 1: 73 
halogen addition compounds, 2: 325 
from halopyridines, 3: 5K. 
halopyridines from, 2: 334ff. 
hydrazinopyridines from, 2: 489 
iodination, 2: 320s.  
nitration, 2: 471 ff. 
from nitropyridines, 3: 8 
nitropyridines from, 2: 115, 133, 476ff., 

XM); 3: 1 4 R  
from pyridine, 2: 435 
from pyridinrcarbohydrazides, 3: 8 
from pyridinecarboxaniides, 3: 7 
pyridinok from, 3: 585 
reactions with carbonyl compounds, 3: 

16 

4: 4 

4: 170 

178:, 29 
with diazonium salts, 2: 483ff. 
p-nitrosodimethylaniline, 2: 484 K. 

salt formation, 1: 71, 72 
by self-condensation of nitriles, 1: 4828. 
spectra, 3: 14 
sulfonamides from, 3: 24ff. 
tautomerism. 1: 70 

2-Aminopyridine, acylation, 3: 198. 
alkylation, 4: 146 
from 6-aminonicotinic acid, 3: 10 
6-amino-3-pyridinearsonic acid from, 4: 

2-anilinopyridine from, 3: 30 
arsonation, 3: 42 
attempted Bart-Scheller reactions, 4: 441 
bis(2-pyridy1)amine from, 3: 31 
bromination, 2: 316 
2-bromopyridine from, 2: 325 

442 

cadaverine from, 3: I6 
chlorination, 2: 308; 3: 36 
from 2-chloropyridine, 2: 12; 3: 5 
diazotization, 3: 33 
from 2.4-dihydroxy- 1,3,8-triazanaph- 

dissociation constants, 3: 14 
imidazopyridines from, 3: 48 
iodination, 2: 320, 325; 3: 37K. 
2-iodopyridine from, 2: 337 
methylation, 3: 13 
nitration, 3: 40 
periodide, 3: 38 
polycyclics from, 2: 77 ff. 
from pyridine, 3: 3 
reactions, with a-bromo acetophenone, 

thalene, 3: 10 

3: 49 
with 2-bromopyridine, 3: 30 
with diethyl malonate, 3: 44 
with dimethylphosphoric monochloride, 

with ethyl bromoacetate, 2: 76 
with phthalic anhydride, 3: 23 

3: 58 

sulfonation, 3: 39 
tautomeric forms, 3: 13 
thiocyanato derivatives, 4: 377 

3-Aminopyridine, acylation, 3: 23 
amination, 3: 23 
from 3-aminopicolinic acid, 3: 10 
Bart reaction, 4: 441, 452 
3-carberhoxy-4-hydroxy- 1 ,  S-naphthyri- 

dine from, 3: 43 
chlorination, 3: 38 
from 4-chloro-3-nitropyridine, 3: 9 8. 
by Hofmann reaction, 3: 7 
3-hydrazinopyridine from, 3: 34 
iodination, 3: 38 
1.7-naphthyridine from, 3: 44 
nitration, 3: 42, 51 
from I-oxide, 3: 6 
reactions, with acetoacetic ester, 3: 20 

with ethoxymethylenemalonic ester, 

with glyoxylic ester, 3: 18 
2: 134 

Scheller reaction, 4: 440, 444, 451 ff. 
sulfonation, 3: 39; 4: 368 
thiocyanation. 3: 48; 4: 377 

4-Rminopyridine, from aminonicotinic acid, 
3: 10 
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4-Aminopyridine (confirmed) 

bis(4-pyridy1)amine from, 3: 31 
from 3-bromopyridine, 3: 12 
diazotization, 3: 33 
iodination, 3: 39 
from isonicotinamide, 3: 7 
rnercuration, 3: 42 
1.6-naphthyridine from, 3: 44 
nitration, 3: 408., 51 
from 4-nitropyridine I-oxide, 2: 1.31 8.; 

from I-oxide, 3: 12 
from pyridine, 3: 4 
from 4-pyridinesulfonic acid, 4: 371 
from pyridylpyridinium salts, 2: 12; 3: 1 I 
reaction with phthalic anhydride, 3: 23 
sulfonation, 3: 39; 4: 368 

3: 9 

6-Amino-3-pyridinearsonic acid, nitration, 
4: 444 

reduction. 4: 444 
synthesis, 4: 442 

Aminopyridinecarboxylic: acids, 3: 245 8., 

4-Amino-2,6-pyridinedicarboxylic acid, 
decarboxylation, 3: 10 

2-Amino-3,4-pyridinediol, from 3.4- 
pyridinediol, 3: 5 

4-Amino-2,6-pyridinediol (glurazine), from 
ethyl acetonedicarboxylate, 3: 5 12 

from 3-oxoglutaramic acid ester, 1: 295, 
3.32 

.310J. 

Arninopyridine I-oxide(s), 2: 133ff. 

2-Aminopyridine I-oxide, reaction with 
phosgene, 2: 129 

synthesis, 2: 133 
3-Aminopyridine I-oxide, reaction with 

ethoxymethylenemalonic ester, 2: 
134 

4-Aminopyridine I-oxide, 4-benzoylamino- 
2-chloropyridine from, 2: 331 

from 4-nitropyridine 1-oxide, 2: 131 
reaction with alkyl halides. 3: 12 
Sandmeyer reaction, 3: 231 

6-Amino-3-pyridinesulfonamide, synthesis, 

Aminopyridinesulfonic acids, synthesis, 

2-Amino-5-pyridinesulfonic acid, from 2-  

4: 375 

3: 39 

aminopyridine, 4: 368 

bromination, 3: 37; 4: 372 
nitration, 4: 3728. 
reaction with phosphoric acid, 4: 372 

3-Amino-2-(or-6-)pyridinesulfonic acid, from 
3-aminopyridine, 4: 368 

3-Amino-5-pyridinesulfonic acid, 4: 368 
4-Amino-3-pyridinesulfonic acid, diazotiza- 

tion, 3: 34; 4: 369 
synthesis, 4: 368 

6-Arnino-3-pyridinesulronic acid, nitration, 

2-Amino-5-pyridinesulfonyl chloride, 

0-Aminopyridinethiols, pyridothiazoles 

1-Aminopyridinium salts. 2: 1438. 

Aminopyridinols, 3: 7058. 

Amino-2-pyridinols, 3: 726ff. 
Amino-3-pyridinols, 3: 772ff. 
3-Amino-t-pyridino1, diazotization, 4: 442 
3-Amino-4-pyridino1, oxazolopyridines 

4-Amino-2-pyridinols, from 3-acylamido- 

2-hydroxyisonicotinoyl azide, 3: 705 
from /3-iminonitriles, 3: 525 

S-Arnino-2-pyridino1, diazotization. 4: 442 
6-hydroxy-3-pyridinestibonic acid from, 

xanthate reaction, 4: 352 

from Z,b-diaminopyridine, 3: 63 
from 2-pyridinol, 3: 4 
nitrosation, 2: 481 

3: 41 

pyridinesulfonamides from, 4: 374 

from, 4: 356 

from pyryliurn salts, 1: 21 1 

carbonation, 3: 194 

from, 3: 705 

acrylonitriles, 1: 536, ,540 

4: 451 

6-Amino-2-pyridino1, 3: 589 

Amino-2-pyridinol ethers, 3: 7J4J. 
7-Aminopyrido[2,3 jimidazole, 3: 66 
I-Aminopyridones, 3: 682 8. 
Amino-2(1 I/)-pyridones, 3: 8128. 
I-Amino-2(1 H)-pyridone, 2: 1478. 
Amino4( I If)-pyridones, 3: 8298. 

from 1,3,5-triketones, 1: 277 
5-Aminopyrido[3,4 jpyrazine, 3: 65 
8-Aminopyrido[2,3 jpyrazine, 3: 65 
Aminopyridothiazoles, 4: J23 
2-Amino-j-(and 3-)pyridylmercuric ace- 

tate, synthesis, 2: 440 
3-Amino-4-pyroxindole, oxidation, 3: 350 
6-Aminoquinoline, ozonolysis, 3: 187 
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2-Amino-3,4,5,6-tetrachloropyridine, from 
3-hydroxyglutaramide, 1: 296 

3-Amino-2.4,5,6-tetrachloropyridine, 3: 38 
3-Amino-4-thioformylaminopyridine, 

pyrido[3,4]imidazole from, 3: 66 
2’-Aminotolazoles, 4-hydroxycinnolincs 

from, 2: 215 
4-Amino-2,3,5-tribromopyridine, 2: 346 
2-Aminovinyl ketones. See Enamines; 

3-1 minoketones 
2-Amylisonicotinic acid hydrazide, 

tuberculostatic activity, 3: 227 
5-n-Amyl-3-picoline, oxidation, 3: 185 
2-Amylpyridine, from 2-(3-pentenyl)pyri- 

3-Amylpyridine, 2: 161 
4-Amylpyridine. 2: 173 
4-i-Amylpyridine, 2: 166, 173 
Anabasine, amination, 3: 5 

dine, 2: 162 

isolation, 1: 1 tU 
occurrence in plants, 1: lOjff., 108 
oxidation, 3: I83 

Analysis of pyridinium compounds for 

Anatabine, Occurrence in tobacco, 1: 105, 

Anhydrides, from 1 -acylpyridinium halides, 

Anhydro bases, 2: 10, 36ff.; 1: 35 
Anhydro-4-pyridinesulfonic acids, 4: 412 
1 -Aniline- 1,2-dihydr0-2-phenylhydrazino- 

4-Anilino-2,6-dimethylisonicot inic acid, 

3-Anilinoisonicotinic acid, attempted 

l-Anilin0-4-methyl-2,G-diphenylpyridinium 

2-Anilinonicotinic acid, cyclization, 3: 247 
4-Anilino-3-nitropyridine, reduction, 2: 3 10 
2-Anilinopyridine, nitrosation, 3: 55 

synthesis, 3: 30 
4-Anilinopyridine, from 4-chloropyridine, 

2: 353 
1-Anilinopyridinium salts, from pyrylium 

salts, 1: 21 1 
Anils, of glutaronaldehydes. See Gluta- 

conaldehydes, dianil salts 

nitrogen, 2: 32 

108 

2: 71 

pyridines, from pyrylium salts, 1: 213 

cyclization, 3: 247 

cyclization, 3: 247 

salt, from the pyrylium salt, 1: 21 1 

Anions, from alkylpyridines, 1: 60 
5-pAnisyl-6-methylnicotinic ester, from 

4-p-anisyl-2-cyano-5-oxohexanoic 
ester, 1: 291 

Antihistaminic compounds, 3: 77, 361 
Antimony compounds ofpyridine, 4: 451 ff., 

Aphylline, pyridine base from, 1: 132 
Apophyllenic acid, from narcotine, 1: 139 
2-Aralkenylpyridines, properties, 2: 206 ff., 

467 

255 K. 
reactions, 2: 207 K. 
syntheses, 2: 199 K. 

2-Aralkylaminopyridines, 3: 9/J.  
Aralkylpiperidines, from aralkylpyridines, 

Aralkylpyridines, 2: I57 K., 24dJ. 
aralkylpiperidines from, 2: 188 

Aralkynylpyridines. See Tolazoles 
Arecaidinamide, 3: 202 
Arecaidine, occurrence, 3: 249 

Arecoline, occurrence, 3: 249 

Aricine, methoxydesethylalstyrine from, 

Aromatic substitution reactions, effect of 

Aromatization, of hydropyridines, 1: 229 8. 
2-Aroylaminopyridines, 3: 1.39 
3-Aroylaminopyridines, 3: 23, 143 
2-Aroylnicoiinic acids, reduction, 4: 165 
3-Aroylpicolinic acids, reduction, 4: 165 
2-Aroylpyridines, from picolinoyl chloride, 

Arsanilic acid, reaction with 2-chloro-5- 

Arsenic compounds of pyridine, 4: 439ff. 

Arsenopyridines, oxidation, 4: 450 

2: 188 

synthesis, 3: 202 

synthesis, 3: 202 

1: 137 

substituents, 1: 17 

4: 151 

nitropyridine, 2: 334 

pharmacology, 4: 451 

properties, 4: 450 
from pyridinearsonic acids, 4: 444, 449 
symmetrical, 4: d67 
syntheses, 4: 449 K. 
unsymmetrical, 4: 462 

3,3’-Arsenopyridine, synthesis, 4: 449 
5-Arsenoso-2-oxo-l(2 H)-pyridineacetic 

acid, disodium salt, 4: 446 
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3-Arsenosopicolinic acid, reactions with 
hydrogen sulfide, 4: 446 

Arsenosopyridines, oxidation, 4: 446 
properties, 4: 446 
reaction with pyridylarsine, 4: 4.50 
synthesis, 4: 445 

distillation, 4: 446 
from 3-pyridylarsines, 4: 147 
reaction with thiophenol, 4: 446 
tris(3-pyridy1)arsine oxide from, 4: 446 

3-Arsenosopyridines, 4: 458 

3-Arsenos0-2-pyridino1, 4: 447 
j-Arsenoso-2-pyridinol, 6-hydroxy-3- 

pyridinearsonic acids from, 4: 441 ff. 
oxidation, 4: 442 
from 2-pyridino1, 4: 442 
reaction with thiophenol, 4: 446 
synthesis, 4: 441, 445ff. 

Arsonic acids, from halopyridines. 2: 355 
5-Arson1)-2-oxo-I (2//)-pyridineacetic acid, 

3-Arsonopicolinic acid, from 3-aminopico- 
reduction, 4: 451 

link acid, 4: 441 
3-thioarsenosopicolinic acid from, 4: 446 

1 -Arylamino-2-arylhydrazino- 1,2-(lihy- 
dropyridines. from pyryliuni salts, 
1: 213 

aminobenzylpyridines from. 1: 212 
1 -Arylamino-2-met hylp yridinium salts, 2-0- 

Arylarninopyridines, synthesis, 3: 30 
2-Arylaminopyridinrs, 3: <A/. !I;. YI, !/.j 
Aryl-3-arninopyridines, 3: S?, 9) 
4-Arylaminopyridines, from 1 -(J-pyridyl j- 

pyridinium compounds, 2: 12 
1 -Arylaminopyridinium salts, anhydrobases 

from, 1: 212 
pyridine bases from, 1: 212 
from pyrylium salts, 1: 21 I, 2 3  

1 -Arylamino-4-pyridories, from I .3,5-tri- 

Aryl;izopyridines, 3: 35 
I-Aryl- 1,4-dihydro-4-oxonicotinic arid, from 

I-Ar).ldihydropyridinr, oxidation of, 1: 230 
4-Aryl-2,6-dihydroxy-3,5-~~yr~dinedicarbo- 

ketones, 1: 277, .Uli  

arylimino-bis-;rcrylic ester, 1: .534 

nitrile. from cyanoaccric esiw and 
kctoncs, 1: SO3 IF., 5?!/$ 

doncs, 3: -515 
l-A~l-6-hydrox).-l-methyl-2( 1 //)-pyri- 

I -AryI-3-hydroxypyridinium salts, from 2- 
hydroxyglutaconaldehydc dianil salts, 
1: 282, 311 

2-Aryloxypyridines, from 2-halopyridines, 

Arylpyridines, from dienone oximcs, 1: 345 
from I,j-dikerones, 1: 273ff., 278, NZJ., 

from 1,s-diketone oximes, 1: 283, 314 
oxidation. 3: 183 
properties, 2: 220ff.. 265j. 
from pyrylium salts, 1: 210, 214 
synthesis, 2: 216R: 
reactions, 2: 222fT. 
from unsaturated carbonyl compounds, 

3: 571 

3 7 J .  

with aldehydes or ketones, 1: 436ff., 
-1.1flfl. 

Arylpyridinecarboxylic acids, synthesis, 

I-Arylpyridinium salts, from aryl halides, 
3: 242 

2: 9 
From dihydro derivatives. 1: 230 
lrom 2,4-dinitrophenylpyridinium 

chloride, 1: 282, 313 
from glutaconaldehyde dianil, 1: 280ff., 

. jK$.:  2 :  29, 58 
from pyrylium salts. 1: 2lOff.. 2 i i j .  
reduction, 2: 51: 56 

Aryl-2-pyridinols, 3: 72Qfl. 
Aryl-3-pyridinols. 3: 7f2jJ. 
Aryl-2( I Ilbpyridones, 3: 8Oij. 

from 5-oxocarboxanilides. 1: 288 
from 2/1-pyran-Z-ones. 1: 177tf., W2J. 

from 3-oxogluraraldehyde dianils, 1: 280 
from 4i/l)-pyran-4-ones, 1: 181 ff., MYff. 
from 1,3,5-triketones, 1: 276, 31.5 

Aryl-4( I /I)-pyridones, 3: 82.iJ. 

I-Aryl-2-(2-pyridoyi) hydrazinrs, 3: 193 
Aryl 3-pyridyl ketones. See 3-Pyridyl ke- 

Arylsulionylaniinopyridines, 3: 24, I J I ,  I$.? 
1 -Aryl- 1,2,5,O-tetrahydro-2.6-diketo-4- 

mcthyl-.j-arylhydrazonop).ridines, 3: 
A h 1  

tones 

Aspergillic acid, 2: 134 
Aspidospcrmine, 3.5-diet h ylpyridine from, 

Atom localization energies, of pyridinc, 1: 16 
1: 137 

of pyridine 1 -oxide, 1: /!I 
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Azaacridines, 3: 49 
2-Azafluorenone- 1-carboxylic arid, 3: 209 
7-Azaindoles, 2: 199 
Atanthracenes, 2: 199 
8-Azaoxindole, synthesis, 4: 170 
Azaphenarsazine compounds, attempted 

preparation, 4: 445 
1-Azaphenothiazine, 3: 49 
Azaporphyrin, from 2.6-diaminopyridine, 

2- (P-Azidoethyl)pyridine, 2-vinylpyridine 

3,3'-Azodipicolinic acid, 3: 245 
3,3'-Azodipyridine, from 3-aminopyridine, 

4,4'-Azodipyridine I ,  1 '-dioxide, from 4,4'- 

3: 50 

from, 2: 209 

3: 15 

azoxydipyridine 1,l'-dioxide, 2: 486 

Azomethine linkage, addition, of Grignard 
from 4-nitropyridine, 2: 481 

reaqenr, 2: 439 
of sodium amide, 2: 435 

Azornethines, 4: 135 
Azopyridines, 3: E8ff. 

from aminopyridines, 3: 15 
hydrazopyridines from, 2: 492ff. 
properties, 2: 4868., 520ff. 
reaction with Grignard reagents, 2: 487 
synthesis, 2: 483fT., S17ff. 

3,3'-Azoxydipicolinic acid. synthesis, 3: 245 
Azoxypyridines, 2: 488, 525ff. 
3,3'-Azoxypyridine, from 3-nitropyridine, 3: 

15 
Azulenes, 2: 44 

€3 

Bardhan synthesis, 3: 528,530 
Bart reaction, 3: 35; 4: 4408., 452 
Bart-Scheller reaction, 3: 35 
Base strength, of alkenylpyridines, 2: 207 

of alkylpyridines, 2: 175 ff. 
of 3-aminopyridine 1-oxide, 2: I34 
of halopyridines, 2: 344 
of phenylpyridines, 2: 221 
of pyridine I-oxides, 2: 117 
of pyridines, substituted, 1: 30ff. 
of pyridonimines, 2: 42 

Beckmann rearrangement, 3: 22,195; 4: 171 
Beer's law, failure with I-alkylpyridiniurn 

halides, 2: 32 

Bcnzalacetone. .See 4-Phenyl-3-buten-2-one 
Benzalacetophenone. See Chalcone 
2-Benzalaminopyridine, 3: 18 
Benzaldehyde, reactions, with acetophenone, 

with alkylpyridines, 2: 192ff., 201 8. 
Benzaldiacetophenone. Spe  1,3,5-Triphenyl- 

1 ,j-pentanedionc 
2-Benzamidopyridine, 3: 228. 
Benzene, reaction with azides, 1: 154, 1.5.5 
Benzopyridines, oxidation, 3: 184 
5li,bf~-Benzo[e]pyrido[a]benzimidazole- 

5,6-dione. 3: 49 
7,8-Benzopyrrocoline, 3: 354 
4-Benzoylacetylpyridine, isoxazole from, 

1: 500 

4: 173 
synthesis, 4: 173 

4-Benzoylamino-2-chloropyridine, from 4- 
aminopyridine 1-oxide, 2: 331 

1 -BenzoyI-2-benzoylimino- 1,2-dihydropyri- 
dine, 3: 22 

5-Benzoyl-3-bromo-I -methyl-2( 1 H)-pyri- 
done, from 5-benzoyl-2-pyridinoI. 2: 
315 

from, 1: 290 

synthesis, 4: 144 

synthesis, 4: 144 

4-Benzoylbutyronitrile, 6-phenyl-2-pyridinol 

3-Benzoylethyl-2-bromo-6-phenylpyridine, 

3-Benzoylethyl-6-phenyl-2( 1 H)-pyridone, 

4-Benzoyl-3-hydroxy-2,6-lutidine, 4: 1 56 
2-Benzoyl-S-hydroxy-3-0xo-5-phenyl 

pentenoic acid lactone. See Dehydro- 
benzoylacetic acid 

phenylpentenoic acid lactone, 3,5,6- 
triphenylpyridine-2.4-pyridinediol 
from, 1: 188 

2-Benzoyl-5-hydroxy-3-0~0-2,4,5-t ri- 

2-Benzoylisonicotinic acid, 3: 186 

3-Benzoylisonicotinic acid, 3: 24 1 ; 4: 151 
4-Benzoyl-2,6-luridine, hydrogenation. 4: 3 

4-Benzoyl-2,6-lutidine-l-oxide, acylation, 4: 

4-Benzoylnicotinic acid, 3: 241; 4: 152 
1 -Benzoyl-2-nicotinoylhydrazine, 3: 229 
l-Benzoyl-4-phenacyl-1,4-dihydropyridine, 

synthesis, 4: 1.56 

156 

4: 159 
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3-Benzoyl-6-phcnyl-2,4-pyrandione. See 

L3ehydrobenzoylacetic acid 
3-Bcnzoyl-6-phcnylpyridine, oximcs, 3: 195; 

4: 171 
rcduction, 4: 165 
synthesis, 4: 143 

3-Benzoyl-6-phenyl-2.4-pyridinediol, pos- 
sible formation from 2-benzoyl-5- 
hydroxy-3-oxo-5-phenylpentenoic 
acid lactone, 1: 187 

3-Benzoylpicolinic acid reaction with 
thionyl chloride. 3: 204; 4: 170 

synthesis, 4: 151 
Benzriylpyridine(s), benzylpyridiniis from, 

2-Benzoylpyridinc, hydrogenation, 4: 3 
2: 162, 185, 187 

from a-phcnyl-a-(2-pyridyl)propynol. 
4: 161 

reaction with p-(trimethylsilyl)phenyl- 
lithium, 2: 445 

reducrion, 4: 3, I66 
synthesis, 2: 359 

synthesis, 4: 153 
3-Benzoylpyridinc. reduction, 4: 166 

4-Bcnzoylpyridine, reduction, 4: 3, 166 
2-Bcnzoylpyridine oximes, Beckmann 

rearrangement. 3: IO.5 
isomers, 4: 171 

2-Benzoylpyridine phenylhydrazone, cycli- 

I-Benzoylpyridinium chloride, 4-phcnylpyri- 

reactions. with dimethylaniline, 2: 64, 219 

zation, 4: 169 

dine from, 2: 220 

with Crignard compounds. 2: 220 
5-BenzoyI-2-pyridinol, 5-benzoyl-3-bromci- 

I-methyl-2(1 If)-pyridone from, 
2: 315 

3-Benzoyl-3.5,6-triphcnyl-2,4-pyrand;one, 
3,5,6-triphenyl-2,4-pyridine,~iol 
from, 1: 188 

dine, 3: 12,29 

methylpyridinium chloride, synthesis. 
1: 535, 5MJ. 

iso~iropylpyridinium chloride. re- 
duction, 3: 202 

2-Benzylaminopyridine. from 2-aminopyri- 

1 -Benzyl-4,.5-dicarbcthoxy-3-hydroxy-2- 

I -Benzyl-4,5-dicarbomet hoxy-3- hyijroxy-2- 

4-Benzyl-2,6-dihydroxy-3.5-pyridincdi- 

2-Benzyl-3,5-diphenyIpyridine, from phenyl- 

1-Benzyl-5-ethyl-2,4-dioxonipecotic ester, 
acetaldehyde, 1: 476 

from .\:3-carbcthoxybutylacetoace- 
tamide, 1: 535 

4-Benzyl-2,6-lutidine, oxidation, 4: 130 
4-Benzyl-2,6-lutidine 1-oxide, 4-bcnzoyl-2,6- 

2-Benzyl- 1 methylpyridinium iodide, reac- 

2-Bcnzyloxypyridine, rearrangement, 3: 

2-Benzyloxypyridine I-oxide, hydrogenoly- 

4-Bcnzyloxypyridine 1 -oxide. hydro- 

1 -Benzyl-2-picolinium chloride, benzoyla- 

2-Hcnzyl-4-propylpyridine, oxidation, 

Benzylpyridine(s), fmm benzoylpyridincs, 

lulidine from, 4: 156 

tion with alkali, 2: 36 

68 I 

sis, 2: I35 

genolysis, 2: 142 

tion, 2: 38 

3: 180 

2: 162, 185, 187 
from chloropyridines, 2: 172 
nitrarion, 2: I90 
oxidation, 4: 145 
preparation, 2: 164 

2-Benzylpyridine, 2-(p-acrtylbenzyl)pyri- 
dine from, 2: IOl  

diol from, 4: 6 
1,3-ylycols from, 4: 14 
2-(a-hydroxybenzyl) pyridine from, 2: 187 
from pyridinc. 2: 439 
reaction with ethylenc oxide, 4: 7 
synthesis, 2: 198 

4-Bcnzylpyridine, 3: 353ff. 
1,3-glycols from, 4: I5 
from pyridine, 2: 439 
reaction with benuldehyde. 2: 192 
reaction with formaldehyde, 4: 6 

2-Renzylpyridinium, from 2-benzyl-l- 
methylpyridinium iodide, 2: 37 

I-Benzyl-2( 1 If)-pyridone, from 2-amino- 
pyridine, 3: 590 

Bcnzyl 2-pyridyl sulfoxide, formation, 4: 
364 

I-Benrylpyrrole, 3-phenylpyridine from, 
1: 227 

1 -Benzyl-3,4,6,7-tctrhydro-5 IM-pyri- 
dine, from ~~-cyclopenenylphenylacc- 

carbonitrile, 3: 539 tamide, 1: 536 
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Berberine, 2,4,5-pyridinetricarboxylic acid 

Betaines, 2: 4, 10, 43ff. 
from, 1: 138 

from potassium 3-pyridinesulfonate, 
4: 372 

from pyridine acids, 3: 208 
reactions, 4: 372 

tion, 3: 236 
N-(2-Biphenyl)picolinamidine, cycliza- 

Bipyridine(s), 2: 224ff.. 277J 
from pyridine and sodium, 1: 53 
quaternization, 2: 5 

2,2'-Bipyridine, occurrence, 3: 21 1 
from pyridine I-oxide, 2: 224 
reaction with phenyllithium, 2: 230 
from 3,5,3',5'-tetrahydroxy-2,2'-bipyri- 

dine, 2: 224 
(Ci4]-2,2'-Bipyridine, 2: 227 
2,3'-Bipyridine, from alkaloids, 1: 131 

from anabasine, 2: 224 
from 1,7-phenanthroline, 2: 227 
from tobacco, 1: 105 K., 108; 2: 224 

3,3'-Bipyridine, synthesis, 2: 359 
3,4'-Bipyridine (incorrect structure), 2: 228 
2,2'-Bipyridine I ,  1'-dioxide, 2: 230 
2,6-Bis(acetoxymethyI)pyridine, from 

6-methyl-2-acetoxymethylpyridine 1- 
oxide, 4: 9 

4,4'-Bis( 1-acetyltetrahydropyridine), 4- 
acetylpyridine from. 4: 160 

Bis(3-amino-6-chloro-2-pyridyl)disulfide, 
4: 363 

2,4-Bis( 1 -aminoethylidene)3-phenlyglutaro- 
nit rile, dihydro pyridine-3,i-dicarbo- 
nitrile from, 1: 279 

4,S-Bis(aminomethyl)-2-me1hyl-3-pyridinol 
reaction with H K O , ,  2: 364 

Bis(aminomethyl)pyridines, 3: 1.34 
3,4-Bis(aminomethyl)pyridine, 3.4-bis 

(chloromethy1)pyridine from, 2: 363 
2,3-Bis[ (.~~-bcnzyl-~~-ethyI)aminomet hyl] 

pyridinc, synthesis, 3: 221 
4,5-Bis(bromomethyl)-2-methyl-3-pyridi- 

nol, acetolysis, 2: 369 
hydrolysis, 2: 367 
2,4,5-trimethyl-3-pyridinol from, 2: 

159,366 

2,6-Bis (bromomethy1)pyridine. 2: 431, 

2,6-Bis(bromomethyl)-3-pyridinol, from 
36 1 

3-hydroxy-2,6-pyridinedimethanol, 
2: 361 

with PzSj, 4: 351 
Bis(2-carboxy-3-pyridyl) disulfide, reaction 

3,5-Bis(chloromethyI)-2-picoline, 3: 20 I 
3,4-Bis(chloromethyl)pyridine, from 3,4-bis- 

(aminomethyl)pyridine, 2: 363 
Bis(5-chlorosuIfonyl-2-pyridyl) sulfide, 

4: 374 
Bis(2,6-diamino-3-pyridyl) disulfide, from 

2,6-diamino-3-pyridinethiol, 4: 363 
Bis(3,5-diiodo-4-pyridyl)disulfide, 4: 363 
Bis (2-dimethy lamino-5-pyridy1)carbinol. 

reaction with aniline, 4: 10 
Bis(6-dimethylamino-3-pyridyl) ketone, re- 

duction, 4: 166 
synthesis. 4: 146 

Bis(2-dimethylamino-5-pyridyl) ketone 
oxinie, Beckmann rearrangement, 3: 
195 

4: 146 

carbinol. 4: 10 

tone, 4: 358 

Bis(6-dimethylamino-3-pyridyl)methane, 

Bis(2-dimethylamino-5-pyridyl)phenyl 

Bis(6-dimethylamino-3-pyridyl) thioke- 

Bis(2,6-diphenyl-4-pyridyl) ketone, 4: 148 
2,6-Bis(a-hydroxyhenzyl)pyridine, 3: 208 
3,4-Bis(hydroxymethyl)furan, 4: 21 
/3,&Llis(hydroxymcthyl)-4-pyridineethanol, 

reaction with HI-l', 2: 362 
A'J '-Bis (5-iodo-2-p yridyl )acetamidinc, 

3: 27 
4,6-His(methoxymcthyI)2-pyridinol, 

synthesis, 4: 24 
Bis(2-methyl-4-pyridyl) disulfide, 4: 363 
Bis(3-nitro-2-pyridyI) disulfide, 4: 349 
Bis(5-nitro-2-pyridyl) disulfide, 4: 351, 363 
Uis(j-nitro-2-pyridyl) sulfide, 4: 349, 359 
Bis( I-oxido-4-pyridyl) sulfide, 4: 350 
2,6-His(plienethyll,yridinr) (incorrect 

struclurc), 2: 168 
2,6-Bis(phenylethynyI)pyridinc, 2: 367 
Bis(2-pyridyl)amine(s), 3: 1W 
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His(2-pyridyl)aniirie(s) (ronfinuud) 
from 2-aminopyridine. 2: 354; 3: 31 
bromination, 2: 316 
tris(2-pyridylj arnine lrom, 3: 32 

Bis(4-pyridyl)amine, from 4-aminopyri- 

Bis(2-pyridylaminojalkanes. 3: 98 
Bis(2-pyridy1amino)methanc. from 2- 

aminopyridine. 3: 17 
h;.h-Bis(2-pyridyl)aniline, 3: 30 
His(3-pyridyljarsinic acid, 4: 445 
2,3-His(4-pyridyl)-l,3-butadiene, from 4- 

2,3-Bis(4-pyridyl)butane, 2: I65 
2,4-Bis (2-pyridy1)- 1 -butanol, reduct ion, 

3,3-Bis(4-pyridyl)-2-butanone, from 4- 

Bis(pyridylcarbamyl)mc.rhanes, synthesis, 

,~,..\;'-Bis(2-pyridyl)carbodiimide. 3: 19. 28 
1,2-Bis(2-pyridyl)-l,2-diphenyl-1,2- 

dine, 3: 31 

acetylpyridine, 4: 167 

4: 5, 12 

accrylpyridine, 4: 167 

3: 221 

ethanediol, pinacol rearrangement, 
3: 193 

d i d ,  pinacol rearrangement, 3: 193 
1,2-Bis(3-pyridyl)- I ,2-diphenyl- I .&ethane- 

Bis(2-pyridyl) disulfide. oxidatitin. 4: 364 
Bis(4-pyridyl) disulfide, 4: 363. 374 

1,12-Bis(2-~yridyl)dodecane, 2: 167 
1,2-Bis(2-pyridyl)ethane. 2: 186, 216 

synthesis, 2: 163, 168, 21.5. 42X 
1,2-Bis(4-pyridyl)erhane, 2: 436 

from 4-picoline, 2: 186. 216 
I ,2-Bis(2-pyridyl)ethylene, 2: 203. 2 1.6 
1,2-Bis(4-pyridyl)ethylen~, from 4-picoline, 

1,2-Bis(4-pyridyl)glycol, 4: 13X K. 
Bis(2-pyridyl)ketone, cleavage, 4: 162 

from cyanopyridinc, 3: 236 
from ethyl picolinate, 2: 350; 3: 215 

Bis(3-pyridyl) krtone! 3: 21 I ,  21 5, 236 
from calcium nicotinate, 4: 148 

Bis(4-pyridylj ketone, 3: 21.5, 236 
Bis(2-pyridyl)methane, from bis(2-pyridy1)- 

sulfide, 4: 363 

2: 186, 201, 216 

chloromerhane, 2: 1.59 
from 2-pyridino1, 3: 653 

I ,3-His(2-pyridyl)-2-n~cthyl-2-propanol, 
2: 432 

1,2-Bis(2-pyridyl)-2-methyl- I -propanone. 
from 2-acetylpyridine, 4: 167 

1,2-Bis(4-pyridyl)-2-met hyl-1-propanone, 
from 4-acetylpyridinc, 4: 167 

.~~,..~"-Bis(2-pyridyl)oxanlidine, 3: 28 
Bis(2-pyridyl)phenylarsine, 4: 448 
I ,I-Bis(2-pyridyl)propane, 2: 215 
Bis(3-pyridyl)-2-pyridylcarbinol, 3: 21 5 
Bis(2-pyridyl) sulfide, biological activity, 

4: 379 
occurrence, 4: 3508. 
synthesis. 4: 3.55.359 

Bis(4-pyridyl) sulfide. synthesis, 4: 360, 374 
2,5-Bis(4-pyridyl)-l.3,4-thiadiazole, 3: 237 
.\;."-Bis(?-pyridyl)thiourea, 3: 28 
2,4-Bis(trichloromethyl)pyridine, syn- 

2,6-Bis(rrichloromethyl)pyridine, hydrolysis, 
thesis, 2: 190, 360 

2: 367 
from 2,6-lutidine, 3: 198 

2,4-Bis(triRuoromethyI)pyridine, syn- 

Hone oil and tar. pyridine bases from, 

Bromine chloride, addition compound with 

Bromoacctylltyridines, 3: 216; 4: 161 
w-(Bromoalkyl jpyridines. reaction with 

a-Bromoalkyl pyridyl ketones, 4: 161 
2-Bronio-5-chloropyridine, reductive coupl- 

3-Rrumo-J-chloropyridine, arnmonolysis, 

3-Bromo-2-(4- and 6- )chloropyridine, 2: 

Bromocoumalic ester, reaction with hydra- 

2-Bromo-3,5-dichIoro-6-eth~i~ypyridine, 

6-Bromo-3,5-dichloro-2-ethoxypyridine, 

thesis, 2: 362 

1: 151 

pyridine, 2: 323 

malonic ester, 2: 172 

ing. 2: 34X 

2: 345 

306 

zinc 2: 147ff. 

2: 307 

3,5,6-trichloro-2-pyridinol from, 
2: 339 
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J-Bromo-2,6-dichloro-3-pyridinol, from 
2,5,6-1ribromo-3-ethoxypyridine, 
2: 339 

bromination, 3: 664 

2: 341 

1: 444 

ester, reaction with hydrochloric acid 
and hydrogen peroxide, 3: 244 

6-Bromo-2,4-dimethoxypyridinc, 2,4-di- 
methoxypyridine from, 2: 347 

3-Bromo-4,6-dimethyI-5-nitro-2-pyridinol, 
2: 315 

a-Bromo-6,n-dimethyl-3-pyridineacetic 
acid, from 6,a-dimethyl-3-pyridine- 
glycolic acid. 2: 361 

3: 217 

2-Bromo-3,j-diet hoxy-6-nit ropyridine, 

from 3,5-diethoxy-2,6-dinitropyridine, 

Bromodihydro-2-pyridoncs. pyridinols from, 

5-Bromo-4,6-dihydroxynicotinic acid, ethyl 

5-Bromo-a,a-dimethyl-J-pyridinemethanol, 

3-Bromo-4.6-dimethyl-2-pyridinol, 3: 2 I I 
2-Bromo-4,6-diphenylnicotinic ester, 2: 

338 
from 2-hydroxy-4,6-diphenylnicotinic 

ester, 2: 341 
2-Bromo-3-ethoxy-6-nitropyridine, am- 

monolysis, 2: 478; 3: 652 
2,6-dibromo-3-pyridinol from, 2: 341 

2-Bromo-6-ethoxy-3-nitropyridine, am- 

2-Bromo-3-ethoxypyridine, reaction with 

2-Bromo-6-er hoxypyridine, chlorination, 

3-Bromo-2-ethoxypyridine, reaction with 

S-Bromo-2-ethoxypyridine, 3: 583 
5-Bromo-3-et hoxypyridine, bromination, 

6-Bromo-2-cthoxypyridine, reaction with 

5-( 1-Bromocthy1)-2-picoline, from 5- 

monolysis, 3: 61, 652 

I-ICI, 2: 339 

2: 307 

HCI, 2: 318 

2: 314 

HCI, 2: 339 

ethyl-2-picoline, 2: 189, 360 

6-(2-MromoethyI)-2-picoline, 6-(2-amino- 
hydrolysis, 2: 367 

ethyl)-2-picoline from, 2: 369 
6-ethyl-2-picoline from, 2: 365 

2-( I I-Bromohendecyl)pyridine, reaction 

5-Bromo-6-hydroxy-3-pyridinearsonic acid, 
with sodiomalonic ester, 2: 370 

from 3-bromo-5-iodo-2-pyridinol, 
4: 442 

4-Bromoisoquinoline, oxidation, 3: 243 
3-Bromo-2,6-lutidine, from 2,5-dimethyl- 

4-Bromo-2,6-lutidine, 2,6-lutidine from, 

3-Bromo-2-methoxypyridine, from 2,3-di- 

2-Bromomethyl-6-chloronicot inic ester, 

pyrrolr, 2: 339 

2: 157 

bromopyridine, 2: 346 

from 6-chloro-2-methylnicotinic es- 
ter, 2: 360 

reaction with sodiomalonic ester, 2: 370 
2-Bromomethyl-6-methyl-3-pyridinol. de- 

halogenation, 2: 366 
hydrolysis, 2: 367 

Bromoniethylpyridine(s), self-condensa- 

2-Bromomethylpyridine, synthesis, 2: 361 
3-Bromomethylpyridine, hydrolysis, 4: 2 

4-Bromomethylpyridine, df-4-pyridineala- 

tion, 2: 36R 

from 3-picoline, 2: 189, 360 

nine from, 2: 370 
self-quaternization, 2: 72 
synthesis, 2: 361 

2-Hromomethyl-3-pyridinol, 2-methyl-3- 

6-Bromo-l-methyl-2(1 If)-pyridone, 2: 350 
5-Bromonicotinaldehyde, 3: 217 
2-Bromonicotinic acid, reaction with thionyl 

chloride, 3: 244 
4-Bromonicotinic acid, 2: 316 

from nicotinic acid, 2: 325 
5-Hromonicotinic acid, from 3,s-dibromo- 

pyridine, 3: 194 
from nicotinic acid, 2: 325 
from nicotinic acid perbromide, 2: 316 
from nicotinoyl chloride, 3: 21 1 

6-Bromonicotinic acid, reaction with thionyl 

5-Bromonicotinoyl chloride, reactions, 3: 2 I7 
6-Uromo-5-nitronicotinic acid, from 6-hy- 

droxy-5-nitronicotinic acid, 2: 333 
2-Uromo-.~-nitropyridinc, 3-nitro-2-pyridinol 

'from, 2: 350 

pyridinol from. 2: 365 

chloride, 3: 244 
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2-Hromo-S-nitropyridine, from S-nirro-2- 
pyridinol, 2: 331 

reduction, 9: 3 
5-Bromo-3-nitro-2,4-pyridincdiol, 2: 3 15 
5-Bromo-3-nitro-2-~~yridinol. 2: 350 

' pBromophenyl phcnyl2-pyridylphosphine, 
attempted resolution, 4: 453 

2: 172 
2-Bromo-3-picolinc. 2-butyl-3-l~icoIinc from, 

reaction with butyllithium, 2: 359 
2-Bromo-4-picolinc. 4.4 '-dimcthyl-2,2'- 

bipyridine from, 2: 348 
4-Bromo-2-picolinc, condensation with 

formaldehyde, 4: 5 
6-Bromo-2-picoline, from 6-mcthyl-2- 

pyridinol, 2: 317 
4-Bromo-3-picolinc I -oxide, alcoholysis, 2: 

3.5 I 
6-Bromopicolinic acid, 3: 194 
Bromopyridinc(s), ammonolysis, 3: 6 

from 5-oxonitriles, 1: 286 ff., . 3 ! 8  
Bromopyridine(s), sulfones from. 2: 3511 
2-Bromopyridinc, from 2-aminopyridine, 2: 

325; 3: 33 
attempted thiocyaniition. 4: 3i7 

2-Bromopyridinc, 2-diphrnylamir1c~pyridinc 

from I-mcthyl-2( 1 /l)-pyridonc. 2: 328 

2-phenylpyridine from, 2: 356 
reactions with 2-aminopyridine, 3: 30 

from, 3: 31 

2-Bromopyridinc, 3: 21 1 

with barbituric acid derivatives. 2: 356 
with butyllithium, 2: 359 
with cyanide. 2: 347 
with diarylacetonitrilcs, 2: 173 
with 2.6-dibromol1yridine, 2: 22.5 
with diphcnylaminc, 2: 354 
with H i ,  2: 319, 342 
with pyridine I-oxide, 2: I25 

4-phcnacylpyridinc from, 2: 357 
from pyridinc, 2: 310H., 323H. 
3-pyridinethiol from, 2: 351 
3-pyridinol frnm, 2: 350 
reactions, with cuprow cyanide, 3: 231 

with lithium alkyls. 3: 194 
with 0-phenylcncdiamine, 2: 353 

3-Bromopyridinc. nicotinonitrile fro)m, 2: 347 

4-Hromopyridinc, from 4-pyridinol, 2: 328 
n-l3romo-2-pyridincacetic ester, from 2- 

pyridincacctic ester, 2: 360 
5-Bromo-3,4-pyridinedicarboxylic acid, 

3: 243 
3-Bromo-2,4-pyridinediol, chlorination, 2: 

307 
3-chloro-2,4-pyridirtediol from, 2: 339 

5-Bromo-2.4-pyridinediol, from 3-bromo- 

4-Bromo-2-pyridineethanol, from 4-bromo- 

2-Brornopyridinc I-oxidc, reactions. 2: 

3-Bromopyridine 1 -oxide, nitration, 2: 123 
reaction with p-toluenesulfonyl chloride, 

2,4-pyridinediol, 2: 339 

2-picoline, 4: 5 

128fT., 1.35 

2: 305 

rompound, 2: 124 
4-Bromopyridine I-oxide, from mercuri 

from 4-nitropyridinc I-oxide, 2: 130 

pyridineacrylic acid. 2: 364 

2-Hromo-3-pyridinol, bromination, 2: 313 
3-Bromo-2,4-pyridinol, rcarrangement, 3: 

4-Bromo-3-pyridinol, from 3.4-pyridinediol, 

j-Bromo-2-pyridino1, reaction with As205. 

5-Bromo-3-pyridinol. bromination, 2: 31 3 
6-Bromo-2-pyridinol, from 2,6-dibromo- 

6-Bromo-3-pyridino1, bromination, 2: 3 13 
2-Hromo-6-pyridyllithium, formation, 2: 423 
3-Bromo-5-pyridyllithlum, formation. 2: 423 
5-Brornoquinolinic acid. from 3-bromo- 

quinolinc, 2: 344 
.LBromosuccinimidc, rcaction with methyl- 

pyridines, 2: I89 
S-Bromotctrahydro-2-oxo-4,6-diphenyl- 

nicorinonitrilc. I'rom 4-bcntoyl-2- 
cyano-3-phcn~lbuty1.amidc, 1: 266 

with butyllithium, 3: 195 

B-Rromo-2-pyridincpropionic acid, from 2- 

from 2-pyridinelactic acid, 2: 361 

70 1 

2: 329 

2: 355 

pyridine, 2: 349 

2-Bromo. 3,4,6-rriphcnylpyridinc, reaction 

synthesis, 2: 337 
2,4,5-triphcnylpyridine from, 2: 359 
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Butadiene, reactions, with nitriles, 1: 
346 K., .351j .  

with propane, 1: 350 
2-(2,3-Butadienyl) pyridine, 2: 214 
1,4-Butancdiol, reaction with hydrogen 

Butanol, alkylpyridines from, 1: 481 
3-Buten-l-ol, reaction with hydrogen 

2-Buten-2-one, 1: 462, JM 
2 4  1 -(2-Hutenyl)-3-pentrnyl]pyridine, from 

5-(2-Butenyl)-2-picoline, ozonization. 4: 

2-( 1 -Butenyl)pyridine, from 2-(2-chloro- 

2-(3-Butenyl)pyridine, synthesis, 2: 200 
4-(3-Butenyl)pyridine, from 4-picoline, 2: 

2-~-Butenylpyridine, from 2-picoline. 2: I94 
5-Butoxy-4-hydroxy-2-pyridinemethanol, 

synthesis, 4: 18 
“Butter yellow,” pyridine analogs of, 2: 

484,488 
4-Butylamino-3-nitropyridine, reduction, 2: 

310 
2-i-Butyl-3,5-di (2-propyl)pyridine, nitra- 

tion, 2: I90 
2-Butyl-3-picoline, 2: 159 

cyanide, 1: 350 

cyanide, 1: 350 

3-picoline, 2: 191 

125, 146 

butyl)pyridine, 2: 365 

200 

from 2-bromo-3-picoline, 2: 172 
from 2-(l-chloroburyl)-3-picoline, 2: 36.5 
from 3-picoline, 2: 171 

2-Butyl-4-picoline, from 4-picolinq 2: I71 
3-Butyl-2-picoline, synthesis, 2: 
4-Butyl-3-picolinc. from 3-picoline, 2: 167 
5-Butyl-Z-picoline, condensation with 

benzaldehyde, 3: 191 
synthesis, 2: 161 

from 3-picoline, 2: 171 
6-Butyl-3-picoline, 2: 159 

5-Butylpicolinic acid, synthesis, 3: 192 
2-Butylpyridine, 2: 425 

2.6-dibutylpyridine from, 2: 171 
from pyridine, 2: 171 

2-r-burylpyridine, oxidation, 3: 183 
synthesis, 2: 1.50 

2-s-Butylpyridine, 2: 425,439 
3-Butylpyridinr. 2: 161 
3-f-Butvlpyridine, from 3-picoline, 2: 170 

4-Butylpyridine, 2: I66 
4-~-Butylpyridine, 2: 439 

from I -benzoylpyridinium chloride, 2: 220 
from u-ethyl-a-methyl-4-pyridine- 

methanol, 2: 160 
4-f-Butylpyridine, 2: 365 
Bury1 3-pyridyl ketone, 3: 21 I ,  237 
5-Butyl-2-stilbazole, 2: 201; 3: 192 
2-(3-Butynyl)pyridinc, 2: 214 
3-i-Butyrarnidopyridine, nitrosation, 3: 24 
5-Butyryl-2-propylpyridine, 3: 236; 4: 143 
2-Butyrylpyridine, from 3-picolyl ally1 ether, 

Bz-Nitro-3-methyl-2-stilbazoles, 2: 201 
4: 147 

C 
Cadaverine. from 2-aminopyridine, 3: 16 
Cannizzaro reaction, 3: 192; 4: 140 
1-Carbamoylmethylpyridinium chloride, 

reactions, with @-aminoketones, 1: 469 

2-Carbethoxyaretylpyridine, 2-bromoacetyl- 

2-Carbethoxyamidopyridine I-oxide, 2: 129 
5-Carbethoxyamino-6-mct hyl-4-phenoxy- 

2-pyridinols from, 1: 287 

with unsaturated ketones, 1: 445. 4.58 

pyridine from, 4: 161 

met hyl-3-pyridinemethanol. pyri- 
doxol from, 4: 20 

3-Carbet hoxy-4-hydroxy- 1.5-napht hyridine, 
from 3-aminopyridine, 3: 43 

3-Carhet hoxy-4-hydroxy-2-thio-6 ( I  If)-pyri- 
dones, 1 .j-disubstituted, 4: 385 

4-Carbethoxy- I -methyl-pyridinium iodide, 
reduction, 3: 202 

4-(2-Carbethoxyphenacyl)pyridine, from 4- 
pyridophthalone, 4: 149 

Carbocyclic compounds, pyridines from, 1: 
152 K. 

Carbohydrates, pyridinols from, 1: 164, 172 
Carbohydrazide, reaction with aromatic 

hydrocarbons, 1: 154, 155 
2-Carbomet hoxy-3-diazoacetylpyridine, 

Wolff rearrangement, 3: 216 
3-Carbomethoxy- 1,4-dihydroxy-2,7- 

naphthypyridine, 3: 242 
f-Carbomethoxy-5,8-dihydroxy-I ,6- 

naphthpyridine, 3: 242 
2-(Carbomethoxymethy1thio)nicotinic acid, 

methyl ester. cyclization, 3: 210, 213 
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2-Carbtrmerhoxynicotinoyl chloride, 

6-Carbomethoxypicolinaldehyde, hydroqcn- 

Carbonation, of organometallic compounds. 

diazoketone from, 4: 161 

ation, 4: 3 

3: 194. 350, ,372 
of pyridinols. 3: 193 ff. 

Carbon disulfidr, reaction with anhydro 
bases, 2: 38 

Carbonyl azide, reaction with aromatic 
hydrocarbons, 1: 154, J.55 

3-Carboxy-4-chloropicolinamide, in Hof- 
niann reaction, 3: 210 

2-C:arboxy-2.3-dihydrooxazolo-[2,3-a]- 
pyridinium bromide, 3: 636 

4-Carboxy- I ,3-dimct hyl-2-azafluorenone. 
3: 209 

9-Carboxy-4a-hydroxy- I ,2,3,4,4a, IOa-hexa- 
hydrobrnzo[b]pyrrocoline-6 ( 1011)- 
one. 3: 210 

2-(3-Carboxy-3-hydroxy-2-met hylpropyl) 
nicotinic acid, from wilfordine, 4: 2 

3-Carboxyisonicotinamide. 3: 24 I 
3-Cartroxymethylaminopicolinic acid, y- 

3-(Carboxymethylthio)picolinic at.id, 4: 36 1 
pyrindigo from, 3: 47 

cyclization. 3: 210 
3-1hieno-(3.2-b)-pyridyl acelate from, 

6-(C:arboxvmethylthio)-3-pyridintsribonic 

2-(o-C:arboxyl)henyl)nic[)tii)ic acid, 2- 

2-(n-Carhtixyphenylt hiolnicotinatc:. reaction 

3-Carboxypicolinamide. 3: 24 I 
2-C:arboxy-3-pyridineaceric acid, climethy] 

ester, synthesis, 3: 216 
Carbr)x)pyridinesulronic acids, 4: 372 
<.:arbylarnines. from nrethylpyridirtrs, 2: 

C a r p i n e ,  dehydrogenation, 3: 348 
Carpyrinic acid, from carpaine, 1: 131 
Casein, pyridine trasrs from. 1: 151 
Crvinr, .j-nrctliyl-2-iiyridineeth~n~1l frorn. 

C;halconc* (henz;il;icctopticii~~ne), r:;ict ion 

4: 361 

acid. 4: 152 

phcnylpyridine from, 2: 21'7 

with phosphorus oxychloritle, 4: 361 

1 x8 if. 

4: 7 

Nith aceio~rht:none. I: 437 
self-conderisotion. I:  463 
2,4.6-t riphenylpyridine from, 1: 4 0 9  

Charge-transfer complex from pyridinium 

Chaulnioogric acid, pyridine analog of, 

Chelidamic acid, from chelidonic acid, 1: 

(1,4-dihydro-4-0~0-2,6-pyridine~i- 

s a h ,  1: 34 

2: 370 

182; 3: 5.53 

carboxylic acid), iodination, 2: 319 
Chelidonic acid, 4-pyridinols and pyridones 

from, 1: I 8 2  
Chichibabin reaction. 1: 27 

in preparation of poIyp)-ridines. 1: 477; 
2: 228 

Chloral. condrnsation with 2-and 4-pico- 
lines, 3: 352, 377J.; 4: 6, l i  

Chloramphrnicol, pyridine analog of, 4: 
4, 17 

Chloranil. pyridinium c"npounds from, 
2: 10 

Chlorine dioxide. addition compound with 
pyridine, 2: 323 

Chloroacetylpyridines, synthesis, 3: 216 
3-Chlornacetylpyridine. 4: I61 
6-Chl(iro-3-acerylpyridine, synthesis, 4: 152 
2-ChIoro-J-arnino~iyridine, from 3-amino- 

6-Chlorc1-3-;1minopyridine, chlorination, 

S-(a-Chlorobenzyl)-2-phcnylpyridine, 
dehalopiation. 2: 365 

2-(a-C;trlorobenz)l)-3-~)icolinc, dehalogen- 
ation, 2: 36.5 

2-Chloro-4.6-bis (met hoxyrnrt hyl)nicot ino- 
nitrile, synthrsis, 2: 332 

Chlorohis(3-pyridyl)arsinc, 4: 451 

2-( I-Chlorobut yl j-3-picolinc. 2-hu tyl-3- 
picoline from, 2: 365 

2-(2-(;hlorobut~l)pyridine. 2-(l-butenyl) 
pyridine from, 2: 365 

~r-Ctiloro-3-cyario-3-liydroxy- I -methyl- 
2( 1 //)-pyridonr, from 6-chloro-2,4- 
di l i~r lrox~nicot inoni~ri lr ,  2: 358 

2-C:hloro-3-c);anci-h-met hylisonicntinic 
ester, rrduction, 3: 68 

6 - C : h l c ) r o - j - c ~ ; r r i ~ i - ~ - ~ i r ~ ~ r ~ l n I c ~ ~ t  inamidc, in 
Hofmann rc;ir.tion, 3: 210 

6-C;hli~ro-~-c~ano-2-rnc.r hylnirorinic acid. 
3: 220 

2-~:h~i~ro-3-c)ano-6-niethy~-~-niIroiso- 

pyridine, 3: 38 

3: 38 

synthcsis, 4: 445 
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nicotinic ester, from 3-cyano-2-hy- 
droxy-G-methyl-5-~iitroisonicotinic 
ester, 2: 333 

5-Chloro-2,4-diethoxypyridine, 4,5-di- 
chloro-2-pyridinol from, 2: 329 

5-Chloro4,6-dihydroxynicotinic acid, ethyl 
ester, synthesis, 3: 244 

6-Chloro-2.4-dihydroxynicotinonitrile, 6- 
chloro-3-cyano-4-hydroxy- l-methyl- 
2(1 If)-pyridone from, 2: 358 

from cyanoaceryl chloride, 4: 392 
hydrolysis, 2: 350 
occurrence, 3: 539 

4-Chloro-3,5-diiodo-2,6-lutidine, 3,4,5- 
triiodo-2,6-lutidine from, 2: 340 

2-Chloro-3,S-diiodopyidine, ammonoly- 
sis, 2: 346; 3: 6 

4-Chloro-3,5-diiodopyridine, alcoholysis, 
2: 3.51 

reaction with thiosalicylic acid, 2: 352; 
4: 350 

4-Chloro-3,5-diiodo-2,6-pyridinedicarboxylic 
acid, 3,4,5-triiodo-2,6-pyridinedi- 
carboxylic acid from, 2: 340 

4-Chloro-2,6-dimethylnicotinic acid, reac- 
tion with methyl iodide, 2: 340 

4-Chloro-2,6-dimethylnicotinic ester, from 
ethyl &aminocrotonate, 1: 388; 
2: 338 

2-Chloro-4,6-diniethylnicotinonitrile, from 
2-hydroxy-4,6-dimethylnicot inoni- 
trite, 2: 331 

2-Chloro-S,b-dirnet hylnicotinonitrile. 
synthesis, 2: 331 

4-Chloro-3,5-dinitro-2-picoline, reaction 
with cuprous cyanide, 3: 231 

4-Chloro-3.5-dinitropyridine, reaction with 
cuprous cyanide, 3: 231 

reaction with hydrazine. 2: 488 
2-Chloro-4,6-diphenyInicotinonitrile, from 

4-benzoyl-2-cyano-3-p henylbutyro- 
nitrile, 1: 289 

nitronicotinonitrile, synthesis, 2: 
332 

2: 307 

6-et by 1-2- hydroxy isonicot inic acid, 
2: 331 

2-Chloro-4-et hoxymethyl-6-methyl-5- 

4-Chloro-2-ethoxypyridine, chlorination, 

2-Chloro-6-ethylisonicotinic acid, from 

1-(Chloroethyl)morpholine, erherification. 

.~V-(2-Chlorocthyl)riicotinamide, cyclization, 

@-Chloroethyl nicotinate, etherification, 4: 

2-Chloro-5-ethyl- 1 -phenethylpyridinium 

4: 13 

3: 222 

13 

chloride, from 5-ethyl-1-phenethyl- 
2(lli)-pyridone, 2: 327 

2-Chloro-3-et hyl-4-picoline, synthesis, 
2: 348 

2-Chloro-6-et hyl-.l-picoline, from 6-ethyl-4- 
methyl-2-pyridinol, 2: 329 

3-(2-Chloroethyl)-2-picoline, hydrolysis, 

3-(2-Chloroethyl)-4-picoline, 3-vinyl-4- 

1-Chlorocthylpiperidine, etherification, 4: 13 

3-( I -Chloroethyl)pyridine, 3-vinylpyridine 
from, 2: 366 

3-(2-Chloroethyl)pyridine, 3-(2-dimethyl- 
amino)pyridine from, 2: 369 

2-ethyl-4-picoline from, 2: 158 

2: 368 

picoline from, 2: 366 

from 3-pyridineethanol, 2: 361 

4-(2-Chloroethyl)pyridine, from 4-(2- 

Chloroferrates. of pyridinium compounds, 

2-Cliloroglutaconaldehyde, 1: 276 

2-Cliloroglutaconaldeh yde dianil hydro- 
chloride, 3-chloro- I -phenylpyri- 
dinium chloride from, 1: 282, 311 

nitrile, synthesis, 2: 355 

indole synthesis, 2: 492 

nitrite, synthesis, 2: 338 

tion, 2: 308 

picolinic acid from, 2: 339 

2: 340 

iodethyl)pyridine, 2: 362 

2: 31 

6-Chloro-4-hydrazino-2-hydroxynicotino- 

2-Chloro-5-hydrazinopyridine, in Fischer 

5-Chloro-2-hydroxy-4,6-dimet hylnicotino- 

4-Chloro-6-hydroxypicolinic acid, chlorina- 

5-Chloro-4-iodopicolinic acid, 4,5-dichloro- 

from methyl 4,5,6-trichloropicolinate, 

from 4.5,G-trichloropicolinic acid, 2: 343 

2-Chloro-5-iodopyridine, from 2-chloro-5- 

5-iodo-2-methoxypyridine from, 2: 346 
iodosopyridine, 2: 360 
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2-Chloro-5-iodopyridinr dichlorrde, 2- 

2-Chloro-5-iodosopyridine, dispropor- 

2-Chloro-j-iodoxypyridine, from 2-chloro- 

3-Chloroisonicotiriic acid, 3: 21 1 
a-Chlorokctones, pyridinium compounds 

4-Chlor0-2.6-lutidine. bromination, 2: 180 

chloro-5-iodosopyridine froni, 2: 36tl 

tionation, 2: 360 

5-iodosopyridine, 2: 360 

from, 2: 10 

hydrolysis, 2: 349 
2,6-lutidine from. 2: 157 
from 2,6,-lutidine 1-oxide, 2: 305 
reactions with sodium sulfite, 4: 370 
with sodium thioacetate, 2: 352 

4-Chloro-5-nietlioxypicolinoyl chloride, 3: 
204 

attempted Rosenmund reduction, 3: 217 
4-Chloromet hyldihydro-2,6-dimethyl-3.5- 

pyridinedicarboxylic ester, from 8- 
aminocrotonic ester and dichloroethyl 
ethyl ether or bis-dichloroet hyl 
ether, 1: 503 

5-Chloromet hyl-2.4-dimet hyl-3-pyridino1, 
4,6-dimethyl-5-hydroxynicc,tinalde- 
hyde thiosemicarbazone from, 4: 131 

5-Chloromethylfurfural. 5-hydroxy-2- 
pyridinemethanol from, 4: I t )  

5-ChloromethyI-3-hydroxy-2-methyIiso- 
nicotinonitrile, synthesis, 3: 231 

5-Chloromethyl-3-hydroxy-2-methyl-4- 
pyridinemethanol. from 4,5-bis- 
(aminomet hyl)-2-met hyl-3-pyridincrl, 
2: 363 

6-Chloro-2-mcthylnicotinic ester, 2-bromo- 
met hyl-6-chloronicotinic ester from, 
2: 360 

from 6-hydroxy-2-methylnicotinic ester, 
2: 333 

2-Chloro-6-methylnicotinonitrile, synthesis, 
2: 331 

2-Chloro-6-methyl-j-nitro-3,4-pyridinedi- 
carbonitrile, reduction, 3: 234 

2-Chloroniethylpyridine, from 2-ar;lino- 
methylpyridine, 2: 363 

from 2-picoiine I-oxide, 2: 363 
dl-2-pyridinealanine from, 2: 370 

3-Chloromethylpyridine, 3-pyridineacetoni- 

3-pyridinemethyl nicotinate from, 2: 369 
trile from, 2: 369 

2-Chloromethylpyridine 1-oxide, from 2- 
picoline 1-oxide, 2: 305 

2-Chloro-6-methyl-3-pyridinol, from 6- 
methyi-2-nitro-3-pyridinol, 2: 341 

5-Chloro-l-methyl-2( I f/)-pyridone-x- 
sulfonic acid, 4: 370 

5-Chloronicotinaldehyde, 3: 217 
6-Chloronicotinamide, j-arnino-2-chloro- 

pyridine from, 2: 472 

2-Chloronirotine, oxidation, 3: 243 
2-Chloronicotinic acid, 3: 243 
4-Chloronicotinic acid, 3: 243 
5-Chloronicotinic acid, 3: 21 1 
6-Chloronicotinic acid, from 6-chloro- 

from 6-hydroxynicotinic acid, 2: 331 
6-iodonicotinic acid from, 2: 340; 3: 244 

2-C:hloronicotinonitrile. 2: 122 
6-Chloronicot inonirrile, hydrolysis, 2: 350; 

reactions. with amyl mercaptan, 2: 352 

synthesis, 3: 231 

ammonolysis, 3: 6 

nicotinonitrile. 3: 244 

3: 244 

with methylmagnesium iodide, 2: 356 

5-Chloronicotinoyl chloride, in Rosenmund 

6-Chloronicotinoyl chloride, 3: 244 
6-C~hloro-~-nitronicotinic acid, from 6- 

2-Cliloro-5-nitronicotinonitrile, synthesis, 

6-Chloro-3-nitro-2-picoline, reaction with 

6-Chloro-5-nitro-2-picoline, S-nitro-2- 

reduction, 3: 217 

hydroxy-5-nitronicotinic acid, 2: 333 

2: 331 

hydrazine, 2: 355 

picoline from, 2: 478 
reaction with hydrazine, 2: 489 
reduction, 2: 348 

2-Chloro-3-nitropyridine, reactions, with 
hydrazoic acid, 2: 355 

with KSCN, 2: 355 
2-Chloro-5-nirropyridine, 5,5'-dinitro-2,2'- 

bipyridine from, 2: 349 

358 
l-methyl-5-nitro-2(1 If)-pyridone from, 2: 

from 5-nitro-2-pyridinethio1,Z: 341 
5-nitro-2-pyridinol from, 2: 346, 350 
from j-nirro-2-pyridinol, 2: 331 
5-nitro-2-thioacetamidopyridine from, 3: 

reaction with arsanilic acid, 2: 354 
23 
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reduction, 3: 9 

ammonolysis, 3: 6 
hydrolysis, 2: 346 
reactivity, 2: 480 

4-Chloro-3-nitropyridine, alcoholysis, 2: 35 1 

4-Chloro-3-nitropyridine 1-oxide, 3-amino- 

3-Chloro-5-nitro-2-pyridinol, from 2,3-di- 

5-Chloro-3-nitro-2-pyridinol, 2: 350 
6-Chloronorricininc, norricinine from, 2: 

pyridine from, 3: 10 

chloro- 5-nitropyridine, 2: 346 

348 
reaction with PCI,, 2: 333 

6-Chloro-2-(2-oxocyclohexyl) rnethyl- 
nicotinic acid, cyclization, 3: 210 

5-Chloro-3-oxovaleric esters, 2,4-pipcridine- 
dioncs from, 1: 301 

4-(p-Chlorophenacyl)pyridine, synthesis, 2: 
214 

6-Chloro-2-phenylpyridine, from 6-phenyl- 
2-pyridino1, 2: 330 

3-Chloro- 1 phcnylpyridinium chloride, 
from 2-chloroglutaconaldchydc dianil 
hydrochloride, 1: 282, .?11 

3-Chloro-4-picoline, from 3,4-dihydro-4- 
methyl-2-met hoxy-2H-pyran, 1: 174 

4-Chloro-2-picoline, from 2-picoline 1 -oxide, 
2: 122 

reaction with sodium sulfitc, 4: 370 
j-Ctiloro-2-picoline, from 4,5,6-trichloro-2- 

4-Chloro-3-picoline 1 -oxide reaction with 

4-Chloropicolinic acid, reaction with €1 I-P, 

trichloromcthylpyridine. 2: 158 

morpholinc, 2: 353 

2: 340 
synthesis, 3: 21 1 

5-Cliloropicolinic arid, from methyl 4,5,6- 
trichloropicolinate, 2: 340 

from 4,.5,6-trichloropicolinic acid, 2: 343 
Chloroprenc, reaction with nitrilcs, 1: 346 IT. 
Chloropyridincis). from aminopyridines, 

2: 335ff. 
bcnzylpyridincs from, 2: 172 
from chloroprene and nitrilcs. 1: 346K 
complexes with phenols, 2: 3.58 
from pyridinc 1-oxide, 2: I21 

2-Chloropyridit~e(s), 2-aminopyridine from, 

from I-methyl-2( I//)-pyridone, 2: 20, 310, 
2: 12 

I-methyl-2( I I/)-pyridoric-i-sulfonic 
acid from, 4: 370 

from 5-oxonitrilcs, 1: 288 
2-pyridincthiol from, 2: 350 
2-pyridinol Ironi? 2: 346, 349 
from 2-pyridinol, 2: 328 
pyridotetrazolc from, 2: 355 
from pyrrolc, 2: 338 
reactions, with anthranilic acid, 2: 353 

3-Chloropyridine, from 2-chloroglutacon- 
with methyl iodide, 2: 22 

aldehyde, 1: 276 
from 3-pyridino1, 2: 329 
from pyrrole and chloroform, 1: 226 
reaction with sodium sulfi~e, 4: 370 

4-Chloropyridinc, 4-anilinopyridine from, 
2: 353 

4-hydrazinopyridinc from, 2: 355 
from I-mcthyl-4( I I[)-pyridonc, 2: 328 
4-pyridincsulfonic acid from, 4: 370 
from 4-pyridincsulfonic acid, 2: 334 
from 4-pyridinethiol, 2: 334; 4: 374 
from 4-pyridino1, 2: 328 
self-quaternization, 2: 10 

2-Chloro-5-pyridinearsonic acid, 2: 356 
4-Chloro-2,6-pyridinedicarboxylir acid, 4- 

4-Chloro-2,6-pyridincdicarboxylic ester, 

3-Chloro-2,4-pyridincdiol, from 3-bromo- 

5-C~hloro-2,4-pVridinediol, hromination, 

4-Chloropyridine I-oxide, 2: 130ff. 

iodopicolinic acid from, 2: 340 

4-propylpyridine from, 2: 172 

2,4-pyridinediol, 2: 339 

2: 313 

hydrolysis, 2: 142 
from 4-nitropyridinc I-oxide, 2: 130. 306 
reaction with hydrazinc, 2: 355 

6-Chloro-3-pyridinesulfon~midc. ammonoly- 
sis, 3: 6 

synthesis, 4: 374 ff. 
2-Chloro-5-pyridinesulfonyl chloride, hydro- 

from 2-hydroxy-5-pyridinesulfonic acid, 4: 
lysis, 4: 374 

373 

actions, 4: 374 H. 
6-C hltiro-3-pyridinesulfonyl chloride, re- 

with nirrcurir cliloridr, 2: 442 
2-Chloro-3-pyridiiic~1, from 2-bromo-3- 

328 ethoxypyridine, 2: 339 
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S-C:hloro-2-pyridinoI, fronl 2,j-dic.hloro- 

6-ChIoro-2-pyridino1, from 6-bromo- 
pyridine, 2: 346 

'-ethoxypyridinc, 2: 339 
chlorination, 2: 307 

Chloropyridylarsines, 4: ,157 
Chloropyridylarsine hydrochloride. hydro- 

5-Chloro-2-pyridyl benzoate, 3: 592 
4-Chloroquinoline, from quinoline 1-oxide, 

2: 121 
4-Chloroquinolinic acid, from 4-chloro- 

quinoline, 2: 344 
2-Chlorovinyl ketones, reaction with 

methylenic compounds, 1: 376, ,117 
6-Chlaro-2,3,4-trimethylpyridine, 2,3,5-tri- 

mcthylpyridine from, 2: 348 
3-(cr-Chlorovinyl)pyridine, 3-erhynyl- 

pyridine from, 2: 214 

lysis, 4: 44.5 

from methyl 3-pyridyl ketone, 2: 363 
Chromium(V1) oxide, addition products, 

with alkylpyridines. 2: I75 
with pyridine, 2: 71 

Cincholoipon, 3-ethylpyridine from. I: 13.5 
Cinchomeronic acid. h e  3,4-Pyritline- 

carboxylic acid 
Cinchona alkaloids. pyridine barei and 

acids from, 1: 134, 138, Id2 
Cinchonamine, pyridinr base from, 1: 135 
Cinchonine, pyridine bases and acids from 

Cinnamaldehyde, reaction with acetalde- 
1: 134, 138 

hyde, 1: 436 
with methylpyridines, 2: 192 

Cinnamonitrile. pyridines from, 1: 27 I 
1 -Cinnamoylpyridinium chloride. reaction 

with dimethylaniline. 2: 220 
Cinnolines, 2: 21 I ff. 
Citrazinic acid. .\rv 2,6-dihydroxyiso- 

nicotinic acid 
Citric acid, 2,6-dihydroxyisonicotinic acid 

and amide from, 1: 293, .128 
Citric esters, imides from. 1: 294, ~ i2S 
Classification, of rine; syntheses. 1: 272 
Clemmrnsen reduction, 2: I62 
Coal, pyridine bases from, 1: I13 fi'. 
Coal tar. alkylpyridines from, 2: 179ff. 
Codecarboxylase, 4: 132 R. 

as coenzyme, 4: 24 

from pyridoxal, 4: 23 
reactions with hydrivides, 4: 24 
reaction with hydrogen peroxide, 4: 26 
salts, 4: 26 
synthesis, 4: 25 

redox systcm, 1: 230 
Coenzymes I and 11, in nature, 1: 103 

Coenzymes of nicotinamide, 2: 51 ff. 
Collidincs, oxidation, 3: 185 ff.. 189 
2,3,4-(':ollidine, from 6-chloro-2,3,4-collidine, 

2: 348 
rronl methyl vinyl ketone, 1: 462, &56 
from 1.3,3-triethoxybutane, 1: 470 

2,3,5-<:;ollidine, from 3,5-lutidine, 2: 171 
(and isomersj, synthesis, 2: lS9, 423 

2.3,6-Cullidine, from acetone, formalde- 

2,4,6-Collidine, from acetone, 1: 480, 4W 
hyde, and methyl ethyl ketone, 1: 499 

acylation, 4: I55 
from 3-acylterrahydropyridines, 1: 232, 2J6 
in dehydrohalogcnation, 2: 68 
iodinarion, 2: I91 
nitration. 2: 190, 471 
oxidation, 4: 126 
reactions, 3: 191 

with chloral, 2: 36.5: 4: 6, 17 
with formaldehydc, 2: 193; 4: 6 

from shale oil, 1: 128 
from 3,.5,5-trimcthyl-2-cyclohexenonc, 

2,4,6-tristyrylpyridine from, 2: 192 
vapor-phase oxidation, 2: 186 

1: I53 

2,4,6-C:ollidine-3,5-dicarboxylic acid, 3,.5- 
dibromo-2,4,0-collidine from. 2: 
343 

Coramine. .See.\,.\-Diethylnicotinamide 
Corynantheine, alstyrine and desethyl- 

Cotton seed, pyrolysis to pyridine bases, 

Coumalic acid, I-hydmxy-4( I If)-pyridonc 

Coumaranone, reaction with glutaconalde- 

Crotonaldchyde, alkylpyridines from, 1: 

alstyrinc from, 1: 136 

1: 151 

from, 2: 137 

hyde monoanil, 2: 63 

460 H. 
reaction with methanol. 1: 350 

Crotonaldehyde acetal, 5-et hyl-2-picoline 
from, 1: 470 
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Crotonic acid, quaternization with, 2: 16 
Crotonic ester, reaction with cyanoacet- 

amide, 1: 443 
Curtius reaction, 3: 7, 19, 62 
Cyanide, reactions with 3.5-dicarbethoxy- 

1,2,4,6-tetrarnethylpyridinium 
methosulfate, 2: 35 

with DPN, 2: 35 
Cyanine dyes, 2: 25 
Cyanoacctamide, reactions, with acetoacetic 

ester, 1: 423 
with acetylacetone, 1: 40.3 
with acctylenic ketones, 1: 44.5. 4tN 
with acylpyruvic esters, 1: 366, 405J. 
with aldehydes, 1: 504, 528 
with 3-aminocrotonic ester, 1: 385 
with benzaldehyde, 1: 504 
with I,3-dioxo compounds, 1: 362 ff.. 

with enol acetates of 1,3-dioxo com- 

with enol ethers of 1,3-dioxo com- 

with enol ethers of 8-oxoesters, 1: 385, 

with enol ethers of 3-oxonitriles, I: 

with 2-hydroxyrnethylenecyclohexan- 

with 3-hydroxypropionic lactone, 1: 468 
with 3-iminoesters, 1: 385, 427 
with 3-iminoketones, 1: 380, ,119 
with ketones, 1: 506, 5.32 
with mesityl oxide, 1: 444 
with nitromalonaldehyde, 1: 364 
with 3-oxoaldehyde acetals, 1: 366 
with 3-oxoamides, 1: 388, 431 
with 3-oxoestcrs, 1: 383, 423 
with 1,3,3-triethoxypropenes, 1: 374, 

with unsaturated esters, 1: 443, 451) 
with unsaturated ketones, 1: 443. 45G 

Cyanoacetic ester, reactions, with aceto- 
acetic ester, 1: 422, 504 ff. 

with acetylacetone, 1: 361, 370 
with aldehydes, 1: 503 ff., 528 
with aminomethylenecyclohexanone. 

with diacetonamine, 1: 468 

400, 401.3 

pounds, 1: 375, 414 

pounds, 1: 374, 414 

42.5 

39 I ,  434 

one, 1: 364 

414 

1: 381 

with 1.3-dioxo compounds, 1: 361, 370, 

with et hoxyrnethyleneacetoacetic ester, 

with glutaconaldehyde dianil, 2: 62 
with 2-hydroxymethylene cyclohex- 

with 3-iminoketones, 1: 380, 419 
with kctoncs, 1: 505 8.. 529J. 
with rnesityl oxide, 1: 442 
with 3-oxoamides, 1: 388, 431 
with 3-oxoesters, 1: 382, 422 
with a-styrylcyanoacetic ester, 1: 468 
with unsaturated amides, 1: 441, 4.59 

Cyanoacetyl chloride, 6-chloro-2,4-dihy- 
droxynicotinoriitrile from, 1: 392 

4-Cyanobutyric acids and esters. glutari- 
mides from, 4: 297 K., .H?J. 

4-Cyanocrotonic acids and esters, 2,6-pyri- 
dinediols from, 1: 297 ff., .?.?8J. 

5-Cyano-4,6-dichloro-2-stilbazole, dirneriza- 
tion, 2: 212 

3-Cyano-4,6-dimet hylpyridinesulfinic acid 
sodium salt, 4-6-dimethylnicotinoni- 
trile from, 4: 366 

.3.515. 

pionic lactone, with cyanoacetamide, 
1: 468 

ester, 1: 441, ~1.59 

acetamide, 1: 443, 45.9 

m3 ,109 

1: 374, ,115 

anone, 1: 361, 370 

Cyanogen, reaction with dienes. 1: 347, 

2-Cyanoglutarimides, from 3-hydroxypro- 

from unsaturated amides, with cyanoacetic 

from unsaturated esters, with cyano- 

Cyanohydrins, from picolinaldehydes, 4: 18 
3-Cyano-2-hydroxyisonicotinic esters, from 

acylpyruvic esters, with cyanoacet- 
amide. 1: 366, .IOi,@. 

hydrolysis, 3: 232 
5-Cyano-6-hydroxy-2-met hylnicotinic 

ester, from ethoxymethyleneaceto- 
acetic ester, with cyanoacetic ester, 
1: 374, 415 

nicotinic ester, from 2-chloro-3-cyano 
-6-methyl-5-nitroisonicotinic ester, 
2: 333 

5-Cyano-6-hydroxy-2-methyl-4-phenoxy- 

3-Cyano-2-hydroxy-6-methyl-5-nitroiso- 
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j-C:yano-O-liydrox).-2 nlethvl I ,imlinufrli 

methyl-nicotinic acid, pyridoxol 
from, 4: 20 

3-Cyano-4-merhoxy-I -methyl-2( 1 fi)- 
pyridone. Ste Kicinine 

5-Cyano-4-methoxy-l -methyl-2( I I / ) -  
pyridone, 3: 718 

2-Cyano-.A-methylacetamide, reactions, with 
1,3-dioxo compounds, 1: 367 

with 3-iminoketones. 1: 380 
3-Cyano-1 -methyl-l.6-dihydropyridine, 

2-Cyano-3-met hylglutarimide, from crotonic 

5-Cyano-2-methyInicotinamide. in Hofmann 

5-Cyano-6-methyl-2,3-pyridinedicarboxyIic 

3: 234 

ester, wirh cyanoacetamide, 1: 443 

reaction, 3: 219 

ester, from hydroxymet hyleneoxal- 
acetic estcr. with 3-aminocrotono- 
nitrile, 1: 360 

reduction. 3: 234 

dine, 3: 234 

3: 241 

3-Cyano-1 -methylpyridinium iodide, 

3-Cyano- I -methyl- 1,2,5,6-:ctrahydropyri- 

2-Cyanonicotinic acid, decarboxylation, 

esterification, 3: 205 
reaction with thionyl chloride, 3: 205 

3-Cyanopicolinic acid, decarboxylation. 

2-Cyanopropionamide, reactions with 1,3- 
3: 241 

dikctoncs, 1: 367 

1: 374 
with ethoxymethyleneacetoacetic ester. 

Cyanopyridines, 3: 272 ff. 
hydrolysis, 3: 197, 232 
from methylpyridines, 2: 186 
reactions, 3: 235 ff. 
reduction, 3: 233 
synthesis, 3: 219,230 

2-Cyanopyridine. Sre Picolinonitrile 
3-Cyanopyridine. See Nicotinonitr ile 
4-Cyanopyridine. See Isonicotinoriitrile 
1 -Cyanopyridiniurn bromide, 2: 63ff. 
Cyano-Lpyridinols. 3: i.&Jjf. 

3-Cyano-S,6,7,8-tetrahydro-2-hydroxy-J- 

3-Cyano-2-thiopyridones. 4: 348 

ethers, 3: iM),fl. 

quinolinecarboxylic ester, 3: 529 

Cyclic compounds, pyridincs from, 1: 152 ff. 
Cyclization, of five-carbon chain, 1: 273 IT., 

to pvridine ring, classification of, 1: 272 
30 1 

Cycloalkenopyridines, 2: 2.13 
Cycloalkenylpyridines, 2: 2 S J .  
2-(Cycloalkylaminoerhyl)pyridines, 3: 98 
Cycloalkylpy ridines, 2: 2.1 ly. 
Cyclohexanol. 2-picoline from, 1: 152 
Cyclohexanone(s). 2-picolinc from, 1: I52 

pyridines from, 1: I52 ff. 
reaction with formaldehyde, 1: 499 

Cyclohexenone derivatives, from 2-picoline, 

Cyclnhexenylpyridines, synthesis, 2: 202ff. 
Cyclohexylnmine, 2-picoline from, 1: 152 
Cyclohexyl I-methylpipecolyl ketone, 4: 164 
2-Cyclohexylpipcridine. from 2-phenyl- 

Cyclopenteno-(b]-6- (pmerhoxypheny I)-4- 

Cyclopentenylpyridine(s), 2: 203 
2-Cyclopentylpyridine, 2-( I -methyl- 

cyclopen1yl)pyridine from, 2: 170 
3-Cyclopentylpyridine, from 2,5.6-trichloro- 

3-cyclopentylpyridine, 2: 346 
I-Cyclopentylpyridine. 2: 159 
3- or 4-Cycloprntyl-2,6-pyridinediol. 3: 516 
2-Cyclopropylpyridine, 2: 159 
Cytisine, pyridine bases from, 1: 133 

2: 189 

piperidine, 2: 222 

pyridinol, 3: 5 I7 

synthesis. 2: 74 

D 

Ilrcarboxylation, in synthesis, of alkyl- 
pyridines, 2: 172ff. 

of bipyridines, 2: 227 
of halopyridincs, 2: 342ff. 
of pyridinecarboxylic acids, 1: 76 

Dehalogenation (and dehydrohalogenation), 
nuclear. 2: 347 ff., 477 ff. 

side-chain, 2: 204 ff., 366 K. 
Dehydration, of carbinols, 2: 203ff. 
Dehydroacetic acid, 3: 556 f.  

2,6-dimethyl-4-pyridinol and 4-hydroxy- 
2.6-dimethylnicotinic acid, from, 1: 
186 ff. 

Ikhydrobcnzoylacecic acid, a pyridinol or 
pyridinediol from, 1: 187 
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Dehydrogenation, nuclear, 2: 226 

Dehydro-7-pyrido( 1,2-o]quin[ 1,2-c]imidazol- 
inium bromide, 2: 354 

Deoxycarpyrinic acid, 3: 348 
4-neoxypyridoxine phosphate, 4: 26 
I-Desazaadenine, 3: 66 
Desethylalstyrine, fmm corynantheine, 

5-Desoxypyridoxal, 4: 24 
5-Desoxypyridoxamine, 4: 24 
4-Desoxypyridoxol, fatty acid derivatives, 

side-chain, 2: 205ff. 

1: 136 

4: 22 
pyridoxal antagonist, 4: 24 

5-Desoxypyridoxol, 4: 24 
4-Deuterionicotinamide, 2: 48, 54 
2,3-Diacetamido-5-bromopyridine, 2-methyl- 

pyrido[2,3]imidazole from, 3: 66 
3,5-Diacetamido-2, 6-dibromopyridine. 3: 63 
3,5-Diacetamidopyridine, bromination, 3: 63 
Diacetonamine, reaction with cyanoacetic 

Diacetonitrile. Set 3-Aminocrotononitrile 
2,6-Diacetoxypyridine, from 6-methyl-2- 

Diacetylacetone. See 2,4,6-Heptanetrione 
3,5-Diacetyl-4-chloromethyl-2,6-lutidine, 

ester, 1: 468 

pyridinemethyl acetate, 2: 127 

amination, 2: 358 
reaction with NaI, 2: 362 

2,4-Diacetylglutaric ester, dihydro-2,6- 
dimethyl-3,5-pyridinedicarboxylic 
ester from, 1: 274 

3,5-Diacetyl-2,6-lutidine, 4: 142 
3,5-Diacetyl-4-phenyl-2,6-lutidine, 4: 143 
2,5-Diacetylpyridine, 3: 213 
1 , I  '-Diacetyl-l,l',4,4'-tetrahydro-4,4'- 

Diacylamides, from 1 -acylpyridinium 

2-Diacylaminopyridines, 3: 140 
Diacyl peroxides, reaction with pyridine, 2: 

2,6-Diacylpyridines, 3: 217; 4: 153 
Dialkoxypyridines, cleavage, 3: 678 
2,4-Dialkoxypyridines, 3: 572 
2,6-Dialkoxypyridines, from 2.6-dihalopyri- 

2 4  Dialkylaminoethylamino)pyridines. 3: 

2-(Dialkylaminopropylamino)pyridines, 

bipyridine, 2: 66 

halides, 2: 7 1 

173 

dines, 3: 574 

Xi ff. 

3: 97 

Dialkylaminopyridines. 3: 30 
4,4-DiaIkyl-3,5-dicyano-2,6-diketopiperi- 

4,4-Dialkyl-3,5-dicyanoglutarimides, from 
dines, 3: 546 

cyanoacetic ester and ketones, 1: 
505 ff., 521) ff. 

oxidation to pyridinediols, 1: 232, 24d 
4,4-Dialkyldihydro-2,6-dimethyl-3,5-pyri- 

dine-dicarbonitriles, from 3-amino- 
crotononitrile and ketones, 1: 503, 527 

3,3-Dialkyl-2,4-dioxotetrahydropyridines, 
3: 691 K. 

Dialkyldipyridyls, oxidation, 3: 243 
4,4-Dialkyl-6-imino-2-0~0-3,5-piperi- 

dinedicarbonitrile, from cyano- 
acetamide and ketones, 1: 506, 532 

2,3-Dialkylisonicotinic acid hydrazides, 
tuberculostatic activity, 3: 227 

&,N-Dialkylpyridinecarboxamidines, 3: 236 
3,6-Dialkyl-2,4-pyridinediols, 3: 538 

1,l '-Dialkyltetrahydro-4,4'-dipyridyls, 2: 56 

4,6-Diamino-2-benzyl-3,5-diphenylpyridine, 
from phenylacetonitrile, 1: 482 

2,2'-Diamino-5,5'-bipyridine, tetranitro 
derivative from, 2: 474 

2,6-Diamino-3,5-bis( phenylazo)pyridine, 
from 2,6-diaminopyridine, 2: 483 

2,6-Diamino-3-bromopyridine, from 2,6- 
diamino pyridine, 3: 63 

2,6-Diamino-4-bromopyridine, 2: 346 

2,3-Diamino-4 (or 6)-chloropyridine, 3: 59 

2,3-Diamino-5-chloropyridine, 3: 59 

2,3-Diamino-6-nitropyridine, from 2-bromo- 

2,6-Diamino-3-nitropyridine, 3: 62 IT. 
2,6-Diamino-3-nitrosopyridine, reduction, 2: 

3-erhoxy-6-nitropyridine, 2: 478 

481 ff., 3: 32 
synthesis, 2: 481; 3: 32 

2.6-Diamino-3-phenylazopyridine, 2,3,6- 
triacetanlidopyridine from, 2: 487 

3,6-Diamino-2-picoline, from 2-picoline, 
2: 191 

4,6-Diamino-2-picoline, from 4,6-dibromo- 
2gicoline, 3: 60 

from 2-picoline, 2: 191 

5,6-l)iaminopicolines, reaction with benzil, 

Diaminopyridines, 3: 5, 59, 113ff. 

3: 64 
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Iliaminopyridines c n n i z t l i d  I 

coupling reactions with diazo COmpoUnds. 

2,3-L)iaminopyridine, diazotizatioii. 3: 33, 63 
rcaction with a-dicarbonyl compounds, 

synthesis, 3: 5 .  59 

from 2-amino-5-nirropyridinc, 3: 24 
diazotization, 3: 63, 231 

2,6-L)iaminopyridinc, azaporphyrin from. 

2: 483ff. 

3: 64 

2.5-Diaminopyridinc, 3: 33, 36 

3: 50 
from 2,6-dibromopyridine, 3: 6 
hydrolysis, 3: 81 
nitrosation, 3: 32 
from 3-pyridino1, 3: 4 
pyrrolopyridines Irom. 3: 47 
reactions with benzenediazoniuni chlor- 

with diazonium compounds, 3: 63 
with Michler's hydml. 4: 10 

ide, 2: 483 

synthesis, 3: 38, 61 K., 245 
rhiocyanation, 3: 48; 4: 377 

3,4-Diaminopyridine, 3: 64 If. 
3,5-Diaminopyridine, from 3.5-dibrorno- 

pyridinc, 3: 60 
from 3,5-dinitro-2-pyridinol. 2: 475 
reaction with diazonium compounds, 2: 

484 
2,6-Diamino-3-pyridinethiol, alkylation, 

4: 358 
synthesis, 4: 356 

3,5-l)iamino-2-pyridinethiol, pyridothiazole 

2,5-Diaminopyrido[2,3-dJthiazole. : I :  48 
2-Diaroylaminopyridincs, 3: 1.10 
(2,3-a]L)iazaindenes, 3: 77 
Diazepincs, pyridincs from, 1: 268 tf. 
3-Diazoacetyl-3-met hyl-4-phenyl-A'- 

Diazoacctylpyridines, 3: 216 
2-T)iazoacetylpyridine, hydrolysis, 4: 160 H .  
3-Diazoacctylpyridine, 4: 161 
Diazo compounds, arylarion wirh, 2: 217K 
Diazonium salts, reaction with 2-vi:iylpyri- 

Diazotization, of aminopyridines. 1: 73 
of aminopyridine I-oxides, 2: 133 

from, 3: 48 

pyrazoline, 3: 683 

dine, 2: 364 

2.3,4,~-l)ibcn;?~iylcnc-6-methylpyridine, 
synthesis, 3: 209 

2.3,.5,6-llibcnzoylcnepyridinr, 3: 209 
2,j-l)ibenzoylpyridine, 3: 216 
2,6-Dibcnzoylpyridinc, 3: 216 
1)ihcrizoyl sulfide, from 1 -benzoylpyridiniurn 

chloride, 2: 64 
1.1 '-l)ibcnzyl-4,J'-bipyridinium salts, 

reduction. 2: 37 

3,s-Dibenzylidene-1 -methyl-4-piperidoncs, 
rearrangement to pyridones, 1: 233, 
-7.17 

6-(I)ibenzylmcthyl)-2-picoline, 2: 168 

3.5-IXbenzyl-l -methyl-4-( I if)-pyridone, 
hy rcarrangernent of a dibenzylidene- 
pipcridone, 1: 233, Z J i  

Ilibromo-4-aminopyridine. from isonicotin- 
amide, 3: 39 

5,5'-l)ibromo-2,2'-bipyridine, from 2.5- 
dibromopyridinc, 2: 225 

3,3-L)ibromo-4,6-bis(merhoxymethyl)-2-pyr- 
idinol, 4: 15 

3,5-l>ibrorno-4-chloropicolinic acid, 3,s. 
dibromopicolinic acid from, 2: 348 

3,5-l)ibromo-2,4,6-collidine, from 2,4,6- 
collidine-3,i-dicarboxylic acid, 2: 343 

2,6-L)ibromo-3,5-dierhoxypyridinc, bro- 
mination, 3: 703 

froni 3,5-diethoxy-2.6-dinitropyridine, 2: 341 

3.5-Dibromo-4-hydroxypicolinic acid, re- 
action with PCI,. 2: 331 

2,6-Dibromoisonicotinamidc, reaction 

2,6-l~ihrornoisonicotinoyl chloride, at- 

synthesis, 2: 314 

with thionyl chloride, 3: 230 

tempted Kosenmund reduction, 3: 
217 

3,5-I)ibromo-2,6-Iutidine, from 2,6-lutidine- 
3,5-dicarboxylic acid, 2: 343 

2,6-lXbromo-4-methoxypyridine, bromina- 
tion, 2: 313 

3,5-I~ibromo-6-methyl-2-pyridinol, 2: 31 3 
3,j-l)ibromo- 1 -methyl-2( 1 if)-pyridone, 

2,4-Uibronionicotinic acid, from 2,4-di- 
2: 314 

hydroxynicotinic acid, 2: 331 
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4,j-Dibromonicotinic acid, 2: 316 
2-(a,&Dibromophenethyl)pyridine. dc- 

halogenation, 2: 367 
from 2-stilbazole, 2: 364 

3,i-Dibromopicolini~: acid, from 3 , s -  
dibromo-4-chloropicoIinic acid, 2: 
348 

310fT. 

pyridine from, 2: 346 

Dibromopyridinc(s), from pyridine, 2: 

2,3-Dibromopyridine, 3-bromo-2-methoxy- 

from 2,3.6-tribromopyridine, 2: 346 
2,4-T)ibromopyridine. from 2,4-dimethoxy- 

pyridinc, 2: 318 
from 2.4-pyridincdio1, 2: 329 

2,5-I)ibromopyridine, from 2-amino- 

5,5'-dibromo-2,2'-bipyridinc from, 

from I-mcthyl-2(1 H)-pyridone, 2: 328 
from quinolinic acid, 2: 343 
reductive coupling, 2: 348 

pyridinc, 3: 33 

2: 225 

2,6-Dibromopyridine! ammonolysis, 2: 346; 
3: 6, 61 

hydrolysis, 2: 349 
organolithium compound from, 2: 359 
I -oxide from, 2: 1 15 
reactions with benzaldchyde. 4: 15 

with 2-hromopyridinc, 2: 225 
with butyllithiurn, 2: 423 
with HI, 2: 319, 342 
rcaction with lithium alkyls. 3: I94 

froni 2,430-tribromopyridinc, 2: 346 
3,4-Uibrornopyridinc. ammonolysis, 2: 345 
3.S-I)ibromopyridine, alcoholysis, 2: 346 

from pyridine, 2: 323IT. 
with lithium alkyls. 2: 423; 3: 194 

2,h-I)ihroriio-4-~iyridincincthanol, synt tiesis. 

3,5-I)ibromopyridinc I -oxide, nitration, 2: 

a, ~-~~ibromo-.l-pyridinepropionic acid, 

3,i-I~ibrc1mo-4-~~yridinrsullonic acid, 4: 37 I 
2,6-I)ibrom0-3-pyridinol, from 2-bromo- 

3-cthoxy-6-nirropyridine. 2: 34 1 

2,6-Dibromii-.1-~~yridinol~ broniination, 
2: 314 

4: 3 

123 

3: 364 

3,5-l~ibromo-2-pyridiriol~ from 5-bromo-2- 

G,b'-I)ibromo-3,3',5,S'-tctraet hoxy-2,2'- 

Dibromo-2,4,6-triphenylpyridine, from 

2,6-Dibutylpyridine, 2: 425 

2,6-Ili-l-butylpyridine. failure of quaterni- 
zation, 2: 4 

2,6-l)i-f-buty1-3-pyridinesulfonic acid, from 
2,6-di-1- butylpyridine, 4: 368 

I ,4-Dicarbethoxy-l,4-dihydropyridine, 3: 
198 

5,6-Dicarbethoxy-2-nicthylnicotinamide, in 
Hofmann reaction, 3: 219 

1 ,I'-Dicarbethoxy-I, I '.4,4'-tetrahydro-4,4'- 
bipyridine, 3: 198 

3,s-Dicarbcthoxy- 1,2,4,6-tetramethylpyri- 
dinium methosulfate, reaction with 
cyanide, 2: 35 

2.5-Dicarbomcthoxy- I-mcthylpyridinium 
methosulfate, oxidation, 3: 602 

1,3-Dicarbonyl compounds, reaction with 
mcthylcnic compounds, 1: 355 fT.. 
.?WJ. 

1,s-Uicarboxylic acids, glutarimidcs and 
glutaronimides from, 1: 292 ff.. 
321J., 329 ff. 

3,5-Dicarboxy-2-pyridincbutyric acid, 
triestcr, 3: 21 1 

1)ichloroacctic acid. from pyridinc, 2: 322 
5,5'-Dichloro-2,2'-bipyridine, synthesis, 

2: 225 
2,2-I>ichloro- 1.2-dihydro-1 -phenylpyridine, 

2-anilinopyridine from, 3: 30 
1,3-l)ichloro-5,6-dihydro-5ff-2-pyrindinc, 

rcduction, 2: 348 
~ichloro(2-dimerhylan1ino-j-pyridyl)arsine, 

from 2-dimc~hylaminopyridine. 4: 
442,445 

cthoxypyridine, 2: 339 

bipyridyl, bromination, 2: 314 

styrylphenyl kctimine dimer, 1: 271 

from 2-butylpyridine, 2: 171 

DichIoro(2-dimethylarnino-.~-pyridyl) 

4,5-l)ichloro-2-cthoxypyridinc. 2: 307 
2,6-Dichloro-3-cthyl-4-picolinc, 3-ethyl- 

4-picoline from, 2: 158 
4,6-Uichloro-2-hydroxynicotinon1trilc, 2- 

hydroxynicotinonitrilc from, 2: 348 

phosphinc, 4: 452 
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3,5-l)ichloro-4-hydroxypicolinic acid, rc- 
action with PCI,, 2: 331 

I)ichloro(2-hydroxy-3-pyridyl)arsinc, 4: 447 
Dichloro(2-hydroxy-5-pyridyl)arsine, 

hydrolysis, 4: 446 
reaction with mercuric chloride, 2: 441 

2,6-l)ichloroisonicotinaldehyde, synthesis, 

2,6-l)ichloroisonicotinic acid, reaction with 
3: 217 

HI, 2: 340 
reduction. 3: 203: 4: 5 

3.5-Dichloroisonicot inic acid, 3,5-dichloro- 
pyridine from, 2: 342 

synthesis, 3: 21 1 
2,6-Ilichloroisonicotinonitrile, reduction, 

3: 60, 235 
synthesis. 2: 332; 3: 230 

2,6-Dichloroisonicotinoyl chloride, 3: 21 7; 

4,6-Dichloro-5-methoxypicolinoyl chloride, 

2,4-Dichloro-6-methylnicotinonitrile, reac- 

2,4-I)icltloro-6-met hyl-5-nitronicot inonitrile, 

4: 128 

3: 204 

tion with H I ,  2: 340 

reaction with cuprous cyanide, 3: 
23 1 

2-llichloromethylpyridine, 4: 129 
picolinaldehyde from, 2: 367 
from 2-picoline, 2: 360 
from 2-trichloromethylpyridine, 2: 366 

4-Dichloromerhylpyridine, hydrolysis, 3: 
198 

2,6-Dichloro-4-met hyl-3-pyridinee:hanoI, 
cyclization, 4: 14 

2,6-l)ichloro-4-merhyl-3-pyridince1hyl 
acetate, 2: 4 

2,3-Uichloro-1,4-naphthoquinone. pyridin- 
ium compounds from, 2: 10 

5,6-l~ichloronicotinaldchyde, synthesis. 3: 
217 

S,6-l~ichloronicotinic acid, 2,3-dichloro- 
pyridine from, 2: 342 

synthesis, 2: 350; 3: 21 1 

ricinine from, 2: 131 
synthesis, 2: 131 

2,4-I)ichloronicotinonitrilc, 3: 250 

4.6-l~ichloronicotinonitrile, 2: 33 1 
.5,6-l)ichloronicotinonitrile, 3: 23 I 

5,6-~1ichloronicotinoyl chloride, in Rosen- 
mund reduction, 3: 217 

2,3-Dichloro-j-nitropyridine, 3-chloro- 
5-nitro-2-pyridinol from, 2: 346 

2,4-Dichloro-3-nitropyridine, arnmonolysis, 
3: 6, 60 

2-(cr,p-Dichlorophenethyl)pyridine, from 

2,6-Dichloro-3-phenylpyridine, from 
2-vinylpyridine. 2: 364 

3-phenyl-2,6-pyridinediol, 2: 309, 
330 

4,6-l~ichloropicolinaldehyde, 3: 217 
4,6-I~ichloro-2-picoline, reaction with 

benzaldehyde. 2: 202 
3,5-Dichloropicolinic acid, 3,5-dichloro- 

pyridine from, 2: 342 
synthesis 2: 348 

4,.~-Dichloropicolinic acid, from 5-chloro- 
4-iodopicolinic acid, 2: 339 

from 4,j,6-trichloropicolinic acid, 2: 343 
4,6-Dichloropicolinic acid, 3: 21 1 
4.6-Dichloropicolinoyl chloride, Rosen- 

mund reduction, 3.: 217 
2,3-Dichloropyridine, from 5,6-dichloro- 

nicotinic acid, 2: 342 
2,4-Dichloropyridinc, alcoholysis, 2: 351 

ammonolysis, 2: 346: 3: 6 
from 4-nirropyridine I-oxide, 2: 122, 

2,5-Dichloropyridine, 5-chloro-2-pyridinol 

from I-methyl-2(1f/)-pyridone, 2: 310 
2,6-Dichloropyridine, ammonolysis, 3: 6 

Irom pyridine, 2: 303 
3,j-l)icltloropyridine, from its carboxy 

306 

from, 2: 346 

derivatives, 2: 342 
from 3,5-pyridinedisulfonic acid, 2: 334 

2,6-L)ichloro-4-pyridinemethanol, from the 

from 2,6-dichloroisonicotinic acid, 3: 

reduction. 4 :  12 

amine, 4: 3 

203; 4: 5 

4,5-Dichloro-2-pyridinol, from 5-chloro-2,4- 
diethoxypyridine, 2: 329 

6,7-Dichloropyrido[2,3]pyrazines, 3: 64 
I)ichloropyridylnrsinc, arscnopyridines 

from, 4: 449 
from pyridinearsonic acid. 4: 444 
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L)ichloro-3-pyridylarsinc, chlorobis 
(3-pyridy1)arsinc from, 4: 445 

hydrolysis, 4: 451 
properties, 4: 445 
from 3-pyridylmcrcuric chloride, 2: 442 
reaction with NaOH, 4: 445 
synthesis. 4: 444ff. 

4,i-Dichloro-2-trichloromct hylpyridine, 
5-chloro-2-picolinc from, 2: 158 

2-Dichlorovinylnicotinic acid, from di- 
chloropyrindinonc. 1: 270 

3,5-Dicyano-1,4-dihydropyridine, 3: 234 
3,5-l)icyano-2,6-dimct hyl-l,4-dihydropyri- 

3,5-I)icyano-2,6-lutidine, reduction, 3: 234 
3,5-CJicyano-4-(o-nitrophenyl)-2,6-lutidine, 

2,4-Dicyanopyridine, 3: 231 
3,4-Dicyanopyridine, pyridoxol from, 4: 2 I 
3,5-l)icyanopyridine, reduction, 3: 234 
3,4-L)icyano-2-pyridinols, from &&y,y- 

tctracyanoketones, 3: 525 
Diels-Alder reaction, 2: 202ff., 21 1 
Dicne(s), reactions with nitrilcs, 1: 346 K., 

dine, 3: 234 

reduction, 3: 235 

351 B’. 
with 2-picoline, 2: 191, 202 

Dienone oximes. pyridincs from, 1: 345 
3,5-Dicthoxy-2,6-dinitropyridine, from 

3,s-diethoxypyridinc 1-oxide, 2: 476 
reaction with HBr, 2: 341, 478 

3,5-L)iethoxy-2-nitropyridine I-oxide, 

3,5-Dicthoxypyridine, 3: 573 
3,s-Diethoxypyridine 1-oxide, chlorination, 

2: 476 

2: 122 
nitration, 2: 123, 476 

2.2-l)iethylacetoacctamidc, reaction with 

2-(DiethylaminoethyI)pyridine, 3: 72 

3-(l>iethylaminomethyl)pyridinc, 3: 69, 

4-Diethylamino-1 -(2-pyridy1)-1-butanone, 

4-Dicthylamino-l-(3-pyridyl)-l -butanone, 

4-Diethylamino-l-(4-pyridyl)-l -butanone, 

4,4‘-Diethyl-2,2’-bipyridine, 2: 225 

3,5-Diethyldihydro- 1 -phenyl-2-propylpyri- 

formaldehyde, 1: 348 

220 8. 

3: 213 

3: 213 

3: 213 

dine, from butyraldehyde and ani- 
line, 1: 477 

,~;X’-Diethyl-.,V,.X’-diphenyl-2,3-pyridine- 
dicarboxamide, reduction, 3: 221 

3,5-Uiethyl-2,6-distyrylpyridine, 3: I90 
3,5-1)iethyl-2-(a-ethylphen&hyI)pyridine. 

from 3,5-diethyI-Z-propylpyridine, 
2: 170 

benzaldehyde. 3: 190 
3,5-l)iethyl-2,6-lutidine, reaction with 

.~;.,\l-I)iethylnicotinamide, reduction, 3: 
69, 220 

synthesis, 3: 218 
3,j-Diethyl- I -phenyl-6-propyl-2 ( 1 H)-pyri- 

dinethione, formation, 4: 348 
3,j-I)iethyl- 1 -phenyl-2-propylpyridinium 

acetate, from butyraldchyde and 
aniline, 1: 477 

picoline, 2: 167 

5-chloro-2,Z-diet hyl-3-oxovaleric 
ester, 1: 301 

from diethylacetoacctamide and form- 
aldehyde, 1: 348 

3,5-l.)iethyl-2-propyIpyridine, 3,5-diethyl- 
Z-(a-ethylphenethyI)pyridine from, 
2: 170 

1: 278 

4,5-r)icthyl-2-picoline, from 5-ethyl-2- 

3,3-13iethyl-2,4-piperidincdione, from 

2,6-[1iethylpyridine, from 3.7-nonadione, 

3,5-I)ihalo-4-pyridinesulfonic acids, 4: 370 
3,5-I)ihalo-2-pyridinois, .M-acetic acid 

3,5-l~ihalo-4-pyridinols, Xalkylation, 

Dihydric alcohols, containing one pyri- 

containing two pyridinc nuclci, 4: I6ff. 
rlihydrodiazepines, pyridines from, 1: 

Dihydro-2,6-dihydroxynicotinonitriles. Ste 

2,5-Dihydro-2,5-dimet hoxyfurfurylaminc, 

2,5-1)ibydro-2,5-dimethoxyfurfuryl methyl 

derivatives. 3: 634 

3: 635 

dine nucleus, 4: 14ff. 

268 fT. 

2-Cyanoglutarimides 

3-pyridinols from, 1: 157, 1MJ. 

ketone, 2,5-pyridincdiol oxides from, 
1: 158, 167 

1,4-Dihydro-2,6-dimethyl-4-mercapto- 
methyl-3,5-pyridincdicarboxylic 
ester, 4: 356ff. 
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I ,4-l)ihyrtro-2,6-dimethyl-4-o~(1- I -phcnyl- 
nicotinic acid, from acetoaretic 
ester with 3-anilinocrotonic ester. 
1: 387 

from acetoacetyl chloride, 1: 389 
from aniline, 3: 540 

Dihydro-2,6-dimethyl-3,5-pyridinedicar- 
boxylic ester, from 2,4-diacetyl- 
glutaric ester. 1: 274 

from 2-hydroxymethylcyclohexanone, 
with 3-aminocrotonic ester, 1: 467ff. 

1,4-l~ihydro-1-(2,4-dinitrophenyl)-4-imino- 
pyridinc, 3: 57 

I)ihydrofuran(s), pyridines from, 1: I57 K., 
Irio‘ 

reaction with hydrogen cyanide, 1: 157 

Dihydro-2,5-furandicarboxylic acid, 6-hy- 
droxypicolinic arid from, I: 157 

2,3-(2’,3’-lXhydrofurano)-4-mct hy l-6-pyri- 
dinol, rautomers, 3: 624 

Dihydro-6-hydroxynicotinic esters. See 
Tetrahydro-6-oxonicotinic esters, 

Dihydro-2-hydroxynicotinonitriles. See 
Tetrahydro-2-oxonicotinon1triles, 

1,4-Dihydro-3-hydroxy-4-oxopirol1nic acid, 
from comenic acid, 2: 337 

1 ,Z-L)ihydro-Z-imino-I -merhylpyridine, 
3: 13ff., .58 

2-methylaminopyridine from, 2: 42 
nitration, 2: 473 

1,4-Dihydro-4-imino-l -methylpyridine, 
3: 568. 

1,4-lXhydro-4-imino-I - (4-pyridyl )pyridine, 
3: 58 

1,4-IXhydro-5-methoxy- 1 -methyl-J-oxo- 
picolinic acid, 3: 204 

2,3-Dihydro-4-methylfuro[2,3-6]-py ridin- 
6-01, rcaction with POCI,, 2: 329 

Dihydro-2-methylnicotinic ester, from 
acrolein, with 3-aminocroronic estcr. 
1: 440ff. 

1,6-L)ihydro- 1 -methyl-6-nxonicotinamide, 

I ,4-Dihydro-2-methyI-3,.5-pyridine:licar- 

1,4-L)ihydro-2-methyl-3,~-pyridinc~.iimeth- 

3: 714 

boxylic acid, dimethyl ester, 3: 201 

anal, 3: 201 

Llihydronicotinic esters. from 2-hydroxy- 
metliylcyclohexanone, with 3-amino- 
crotonic ester, 1: 467ff. 

butyric ester, 1: 467 

crotonic ester, 1: 439, 450ff. 
1,2-Dihydro-2-0~0- 1 -methylnicotinonitrile, 

from 1,3-dioxo compounds, with 2- 
cyano-,\-methylacetamide, 1: 367 

1,4-l~ihydro-4-oxo- 1 -phenylnicotinic acid, 
3: 522 

1,4-Dihydr0-4-0~0-3-pyridinearsonic acids, 
1-substituted, 4: 455 

1,6-Dihydro-6-oxo-3-pyridinearsonic acids, 
I-substiturcd, 4: 4% 

5,6-Dihydro-5-oxo-6-(2-pyridylimino)benzo- 
[e]pyrido[a]bcnzimidazole, 3: 49 

lXhydro-6-phcnyl-2( I H )-pyridone, from 
4-benzoylbutyric acid, 1: 284 

Cram glutaronitrile and phenylmag- 
nesium bromide, 1: 299 

3,4-Dihydr0-2((I)-pyran-2-01, acetate, 
pyridine from, 1: 174 

Dihydropyran-2-oncs, dihydro-2-pyridones, 
from, 1: 178 

Dihydropyridirie(s), 

from a 3-ketoaldehyde, with 3-amino- 

from unsaturated ketones, with 3-amino- 

disproportionation of, 1: 2298.. 242, 
274ff.. 288ff.. 435ff.. 440ff. 

pyridines from, 1: 229K., 236f., 274K., 
287ff., 43.51., 4401., 444, Mtf., 

pyridinium compounds from, 2: 30ff. 
from pyridinium compounds, 2: 47ff. 
reactions 1: 81 K. 
relative stability of, 1: 77 
synthesis of, 1: 78tT. 

J%J. 

1,2-Dihydropyridines. 1: 8Y 
1,4-Dihydropyridines, 1: 90 
L)ihydro-3,5-pyridinedicarbonitriles, from 

2,4-dicyano-l.i-diimine~, 1: 279 
from 3-iminonitriles and ketoncs. 1: 

523H. 

dimrthyl ester, synthesis, 3: 201 
1.4-Dihydro-3,5-pyridinedicarboxylic acid, 

I)ihydr0-3.5-pyridincdicarboxylic esters, 
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from 3-iminoesters and aldehydes, 
1: 523 ff. 

imides 

5-aminoketone, 1: 301 

Dihydro-2,6-pyridinediols. See Glutar- 

Dihydro-2-pyridinemalonic ester, from a 

Dihydropyridinols, 3: 856ff. 
see also Dihydropyridones 

Dihydro-2-pyridinols, 3: 520ff., 539 
lXhydro-3-pyridinols, 3: 523 
Dihydropyridones, oxidation, 1: 231 ff.. 243 
Dihydro-2(1 H)-pyridones, from dihydro- 

pyran-2-ones, 1: 178 
from 5-oxoacids. 1: 284, 315 
from 5-oxoamides, 1: 286ff., 317 
from 5-oxonitriles, 1: 288ff., 318 

1,2-Dihydro-2-pyridonimines, 3: 152ff. 
1,4-Dihydro-4-pyridonimines, 3: 15.5 
3,4-Dihydro- I-(3-pyridyl)isoquinoline, 

synthesis, 3: 236 
Dihydropyridyl ketones, from 3-imino- 

ketones and aldehydes, 1: 523J. 
Dihydro-3-pyridyl ketones, from acetyl- 

acetonimine, with unsaturated 
ketones, 1: 439, 449 

2,3-Dihydropyrimidazole, 2: 74 
Dihydroquinolizinium iodide, 2: 73 
Dihydro-2,2,4,6-tetrmethylpyridine, from 

2,2'-Dihydroxy-5,5'-arsenopyridine, 4: 449 
2,4-Ditiydroxy-6-chloronicotinonitrile, 

hydroxymethylation, 4: 18 

2,2'-Dihydroxy-3,3'-diamino-5,5'-arseno- 
pyridine, formation, 4: 450 

2,6-Di(2-hydroxyet hyl-2-phenyl)pyridine, 
reduction, 4: 12 

2,6-Dihydroxyisonicotinamide, reaction 
with phosphorus halides, 2: 332 

2.6-Dihydroxyisonicotinic acid, 3: 51 4, 
559 

acetone, 1: 475, dW 

esterification, 3: 203 
reactions, with diazotized sulfapyridine, 

with phosphorus halides, 2: 332 
2,6-Dihydroxyisonicorinic acid and amide, 

2: 484 

3: 513 
from citric acid, 1: 293, 328 

2,3-Dihydroxy-6-methylisonicotinic ester, 

from oxalacetic ester, with chloro- 
acetone, 1: 471 

tion with phosphorus halides, 2: 
332 

iodination, 2: 320 

dioxime, 1: 283 

2,4-Dihydroxy-6-methylnicotinamide, reac- 

2,4-Dihydroxy-6-methylnicotinic ester, 

2,6-Dieihylpyridine, from 3,7-nonadione 

3,4-Diethylpyridine, 2: 161 
from 3-ethyl-4-pyridineethano1, 2: 160 

3,5-Diethyl-2,6-pyridinedicarboxylic acid, 

Diethylpyridophthalide, 3: 215 
3-(3,5-Dicthyl-2-pyridyl)heptanol4, 4: 2 
A',.&'-Dierhyl-2 (2-pyridyl)propylamine, 3: 72 
4,5-Diethyl-2-stilbazole, 2: 201 
5,5-Dihalobarbituric acids, in quaterniza- 

Dihalopyridines, ammonolysis, 3: 6 

2,6-Dihydroxy-4-methylnicotinonitrile, from 

3: 190 

tion, 2: 13 

synthesis, 3: 537 

acetoaretic ester, with cyanoacetic 
cster or cyanoacetamide, 1: 422, 
42.3; 3: 526 

from 3-aminocrotonic ester, with cyano- 
acetamide, I: 385 

2,4-Dihydroxy-6-met hyl-j-nitronicotin- 
amide, reaction with POCI,, 2: 332 

2,4-Dihydroxy- 1,8-naphthypyridine-3-car- 
boxylic acid, methyl ester, 3: 247 

Z,4-I)ihydroxynicotinic acid, 2.4-dibromo- 
nicotinic acid from, 2: 331 

4,6-Dihydroxynicotinic acid, bromination, 
2: 314 

2,4-Dihydroxynicorinic esters, from 
3-iminoestcrs, with malonic ester, 
1: 386, 426 

4,6-Dihydroxynicotinic ester, 3: 518, 548 
from ethoxymethylene-3-oxoglutaric 

from 3-oxoglutaric ester and ethyl ortho- 

reaction with HCI and H,O,, 3: 244 
2,6-Dihydroxynirotinonitriles, from enol 

ethers of 3-oxoesters, with cyano- 
acetamide, 1: 385, dZ.5 

from 3-iminoesters, with cyanoacetam- 
ide, 1: 385, 427 

ester, 1: 285, 316 

formate, 1: 349 
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2,(,-l)ihydroxynicoiinoni1 rilcs I ~ ~ j r / ~ w d :  

from 3-oxoamidcs, witti cyilnoact:t- 
amide, 1: 388, J.i/ 

with cyanoacetic ester, 1: 388, .#3/ 
from 3-oxoesters, with cyanoacetaniide, 

with cyanoacetic ester, 1: L?.?. 382 
2,6-I)ihydroxy-5-phcnylnicotinonitrilc, from 

3-merhoxy-2-~)henylacry~~c ester. 

with cyanoaceramide, 1: 385 
2.6-Dihydroxy-4-phenyl-3,j-pyridinedicar- 

bonitrile, from cyanoacetamide and 
henzaldehyde, 1: 504 

from 6-hydroxy-2.4-pyrandione, 

I: 383, J2.1 

2,6-1lihydroxy- I -phcnyl-J( 1 //)-pyt idone, 

I:  iSn 
2,6-lJihydroxy-4-pyridineacetaniidc. 3: 5 1.3 
2,~i-I)ihydroxy-3.5-pyridinedicarbonirrilc, 

from 2-styry Icyanoacctic rster, with 
cyanoacetic cstrr, 1: 468 

ester, 3: 5 13, 548 

kojic acid. 1: 182 

hcxoscs, 1: 164 

from 6-amino-2-oxo-2ff-pyrlntricar- 
boxylic ester, 1: 178 

247 

quinolinediols, 3: i67 

2.6-l)ihydroxy-3,5-pyridincdrcarboxylic 

4,j-I3iliydroxy-2-pyridincnicthanol, from 

5,6-l)ihydroxy-2-pyridinemerhanol, from 

Z,6-l)ihydrnxypyridinetricilrbox).lir ester, 

2.4-1)ihydroxypyrido(2,3-d~pyrimidinc. 3: 

4,6-L)ihydroxyquinolinic acid, from 2.4- 

2,6-l)iiodo-3-aminol,yridinc, 3: 38 
3,j-I)iiodocIielidamic acid, reaction with 

PCI,. 2: 331 
synthesis. 2: 310 

3,S-l)iiodo-3-chlt,mpir.oilnic acid, reaction 

3,j-13iiodo-2,4,6-collidine (?),  from 2.4.6- 

3,5-Iliiodo-4-hvdroxypirolinic acid. 2: 3 I 9  
3.5-lliiodo-l -met hyl-2( 1 I /  )-pyridonc, 

2.6-1)iiodopyridinc. from 3-amino-2,6-di- 

3,5-I)iiodopyridine, ammonolysis, :I: 6 I 

wirh HI-P, 2: 348 

collidine. 2: I01 

2: 319 

iodopyridine, 2: 343 

from pyridine. 2: 318 
from I-pyridiniumsulfonic acid, 2: 337 

3.5-l.)iiodo-2-pyridinethiol. alkylation, 
4: 358 

3,j-diiodo-2-pyridinol from, 4: 354. 358 
reactions with hydrogen peroxide, 4: 353 

with nirric acid, 4: 3.53 
with potassium permanganate. 4: 354 

synthrsis. 4: 351 

synthesis, 4: 3.51 

2: 310 

2: 319 

3.5-Diiodo-4-pyridinerhiol. oxidation, 4: 363 

3,5-l)iiodn-2-pyridinol, from 2-pyridinoI. 

3,i-I>iiodo-4-pyridinol, from 4-pyridino1, 

3,5-l)iiodo-4(l If)-pyridones, 3: 704 
(3.5-l)iiodo-3-pyridyir hio)acctic acid, 4: 360 
(3,.j-I)iiodo-4-pyridylthio)propionic: acid, 4: 

3,5-Uiisopropylpyridine, oxidation, 4: 2 
2.4-l)ikero-3,3-diaIkylpiperidines, 3: 696, $62 
2.6-I>iketo-3,.3-diaikylpiperidines, 3: Mijlp 
2,4-I)iketo-3.3-diaikylterrahydropyridine, 3: 

2.6-I>iketo-3.3-dialkvlte~rahydropyridines, 

1)ikeroncs. J i r  Ilioxo compounds 
2.4-lJiketo-3.j-tetrahydro~yridines, 3: X W f f .  
2,6-Ilimerraproisonic~tinic arid. from 2,6-di- 

chloroiscmicotinic acid, 4: 349 
L)imcrcnptopyridiriccarboxylic acids, 4: 355 
2,~-Dirnertioxynicorinonitrile, 3: 250 
2.4-1)inicthoxypyridine. from 6-bromo-2,4- 

360 

.5 I 8 

3: 51 I ,  

dinieili(rxypyridine, 2:  347 
reaction with DHr,?, 2: 318 

9. 1O-I)irnet hoxy-3- (2-pyridyl)-j,b-dihydro- 
benzogl~oxalocoline, 3: 223 

Dimerhyl .j-acetoxy-6-merhylcinchomero- 
narc, pyridoxol from. 4: 20 

2,2-l)iniet hylaceroacetic acid, reaction with 
ethyl formare, 1: 338 

2,2-L)imerhyl-3-nrcryl-5-(4-pyridyl)- 1,3,4- 
oxadiazoline, 3: 228 

llimcthyl 5-amino-6-merhylcinchon~eronate, 
pyridoxol from, 4: 20 

2-l)imcthylam1no-j-bromopyridine, 3: 37 
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2-Dimet hylamino- I -chloropropane, etherifi- 

2-p-(&Dimethylaminoethyl)benzylpyridine, 

Dimethylaminoethyl chloride, etherification, 

2-[a-(2-Dimethylaminoethylt hio)-a-methyl- 

h-Dimet hylaminomethylisonicotinamide, 

.hiDimethylaminomethylpicolinamide, 3: 

6-Dimethylaminonicotinic acid, 3: 195 
2- (4-Dimethylaminophenylazo) pyridine, 3: 

2-( p-DimethylaminophenyI)pyridine, 2: 425 
4-(pDimethylaminophenyl)pyridine, bro- 

cation, 4: 13 

2: 161 

4: 13 

benzyl]pyridine, 4: 362 

3: 221 

22 1 

35 

mination, 2: 223 
isonicotinic acid from, 2: 222 
nitration, 2: 223 

3-Dimethylaminopropiophenone, reaction 
with 1 -carbamoylmethylpyridinium 
chloride, 1: 287 

2-Dirnethylaminopyridine, alkylation, 2: 14 
arsonation, 4: 442 
bromination, 3: 37 
nitration, 2: 473; 3: 41 

synthesis, 3: 29tT. 
with phosphorus trichloride, 4: 452 

3-(2-Dimethylaminoethyl)pyridine. from 
3-(2-~hloroethyI)pyridine, 2: 369 

6-Dimethylamino-3-pyridinearsonic acid, 
4: 442 

6-Dimet hylamino-3-pyridinephosphonic 
acid, 4: 452 

6-l)imcl hylamino-3-pyridinephosphonous 
acid, 4: 452 

2,6-Dimethyl-3-amtno-4-pyridinol, ring con- 
traction, 3: 708 

1,3-Dimethyl-2-aza-5,6-benzAuorenone, 3: 
209 

1,3-Dimethyl-2-azafluorenone, 3: 208 
Dimethyl-2,2'-bipyridine(s). 2: 225 
4,4'-Dimethyl-2,2'-bipyridine, from 

2-bromo-4-picoline, 2: 348 
2-(3,4-Dimethyl-3-cyclohexmyl)pyridine, 

2: 202 
4,6-Dimet hyl-3,j-diphenyl-2-pyridinol, 

3: 542 

Dimethyl 5-hydroxy-6-methylcinchome- 
ronate, pyridoxol from, 4: 20 

4,6-Dimethyl-5-hydroxynicot inaldehyde 
thiosemicarbazone, 4: 131 

4,6-Dimet hyl-2-hydroxy-3-pyridinemeth- 
anol, 4: 24 

2,6-Dimethylisonicotinaldehyde, 4: 126 
2,6-Dimethyl-4-( 1 -naphthyl)-3,5-pyridine- 

2,4-Dimethylnicotinamide, 3: 233 
2,5-Dimethylnirotinic acid, 3: 185 
4,6-Dimethylnicotinic acid, reaction with 

anisaldehyde, 3: 207 

ester, 1: 378 

acetaldehyde, with acetoacetic ester, 
1: 357 

from 2-chlorovinyl methyl ketone, with 
3-aminocrotonic estei, 1: 376 

condensation with ethyl acetate, 3: 212 
from 3-ethoxycrotonaldehyde acetal, with 

3-aminocrotonic ester, 1: 373 
from 1,1,3,3-tetramethoxybutane, with 

3-aminocrotonic ester, 1: 361 
2,4-Dimethylnicotinonitrile, hydrolysis, 3: 233 
4,6-Dimethylnicotinonitrile. from 3-cyano- 

from 2-met hylthio-4,6-dimethylnicotino- 

dicarboxylic acid, cyclization, 3: 209 

from acctylacetaldimine, with acetoacetic 

2.6-Dimethylnicotinic ester, from acetyl- 

4,6-dimethylpyridinrsulfinic acid, 4: 366 

nitrile, 4: 361 
.,V, 1 -Dimethyl-2-nitroethylamine, reaction 

with a 3-ketoaldehydc, 1: 467 
4,6-Dimethyl-5-nitropicolinic acid, from 4,6- 

dimethyl-5-nitro-2-stilbazole, 2: 207 

4,6-I~imethyl-5-nitro-2-pyridinol, bromina- 

4,6-Dimethyl-5-nitro-2-stilbazole, 4,6-di- 

from 3-nitro-2,4,6-collidinc, 2: 185 

tion, 2: 315 

methyl-5-nitropicolinic acid from, 2: 
207 

from 3-nitro-2,4.6-collidinc, 2: 193,202 
2,6-Dimethyl-4-phenylnicotinic acid, cycliza- 

2,6-Dirnethyl-l-p.hcnylnicotinonitrile, from 
tion, 3: 208 

benzalacetone, with 3-aminocroto- 
nitrile, 1: 440 

2,6-l>imet hyl-4-phenyl-3,5-pyridinedicar- 
boxylic acid, cyclization, 3: 209 

oxidation, 3: 186 
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2,6-l)imethyl-4-phenyl-3,5-pyridinedicar- 
boxylic ester, non-coplanarity, 2: 22 1 

2,6-Dimethyl-a-phcnyI-4-pyridine~iethanol 
I-oxide, rearrangement, 4: 9 

4,4"-l)imethyl-4'-phenyl-2,2',6',2"-tripyri- 

4,6-J~imethylpicolinaldehydc, 4: 126 

3,5-llimethylpicolinic acid, synthesis, 3: I85 

dine, reagent for ferrous ion. 2: 229 

cyanohydrin, 4: 137 

ethyl ester, condensation with ethyl 

4,6-Dimethylpicolinic acid, in Hammick 
acetate, 3: 212 

reaction, 3: 207 
synthesis, 3: 191 

4,6-Dimcthylpicolinonitrile, 3: 232 
3,5-Dimethyl-2-propenylpyridinr, 2: 203 
3,5-Uimcthyl-2-propionylpyridine, 3,5-di- 

methyl-2-propylpyridinc from, 2: 
162 

arrangement, 4: 171 

3,5-dimethyl-2-succinoylpyridine, 
2: 162 

3: 185 

3: 185 

dimethyl ester, reduction, 3: 201 

6,6'-Dimet hyl-2,2'-pyridil, benzilic acid re- 

3,j-Dimet hyl-2-pyridinebutyric acid, from 

2.4-Dimet hyl-3.6-pyridinedicarboxy lic acid, 

2,S-Dimethyi-3.6-pyridincdicarboxy fic acid, 

2,6-Dimethyl-3,4-pyridincdicarboxylic acid, 

2,6-Dimethyl-3,5-pyridinedicarboxy lic acid, 

2,6-I~imcthyl-3,5-pyridinedicarbox~lic estcr, 
3: 1x5 

from acetoacetic ester and form- 
amide, 1: 503 

from aminomethyleneacetoacetic ester, 
with acetoacctic ester, 1: 377 

from 2,1-diacetylglutaconic ester, 1: 276 
from ethoxymcthylcnemalonic esier, with 

3-aminocrotonic ester, 1: 372 
from hydroxymethylencacetoacet ~c ester, 

with 3-aminocrotonic ester, 1: 359 
reduction, 3: 201; 4: 5 

2,6-Dimethyl-3,4-pyridinedimethanol, 3: 201 
2,6-lknethyl-3,5-pyridinedimethanol, 3: 201 
6,a-l)imethyl-3-pyridineglycolic acid, a-bro- 

mo-6,n-dimerhyl-3-pyridir:e~~c~tic 
acid from, 2: 361 

a,6-Dimethyl-3-pyridinemethanol, 4: 2 

4,6-I~imethyl-3-pyridinemeth~nol, 4: 24 
5,6-Dimethyl-3-pyridinemethanol, 4: 24 
2,6-l)imethyl-3-pyridinesulfonic acid, 4: 368 
2,6-Dimethyl-4-pyridinesulfonic acid, 4: 370 
2,6-Dimethyl-4-pyridincthiol, aikylation, 

4: 358 
iodinarion, 2: 319 
oxidation, 4: 370 
properties, 4: 353 
synthesis, 4: 349 

I-oxide, 4: 9 

acid, 1: 186K. 
from 2,4,6-heptanetrione, 1: 276, 30.5 
iodination, 2: 319 
2,6-lutidine from, 2: I60 

2,4-Ilimethyl-3-pyridinol, from 2,4-lutidine 

2,6-Dimcthyl-4-pyridinol, from dehydracetic 

4,6-Dirnethyi-2-pyridinoi, from acetoacetic 
ester, 1: 383 

bromination, 2: 189; 3: 660 
from 2-cyano-3-methyl-j-oxo-hexcne- 

nitrile, 1: 292 
1,4-l)imethyl-2( 1 If)-pyridonc, reaction with 

ethyl oxalate, 3: 698 
1,6-Uimethyl-2( I If )-pyridone, reactions 

with cthyl oxalate, 3: 698 
with m-nitrobenzaldehyde, 2: 202 

2,6-Dimcthyl-4-pyridones, from 2,s-hepta- 
diyne-4-one. 1: 300, 3.15 

Dimethylpyridophrhalide, 3: 21 5 
1,3-l)imethylpyrido(3,4-b]quinolinc, 

2,6-I)irnethyl-4-pyridyl methyl sulfone, 

2,.5-I)imcthylpyrrole. 3-bromo-2,6-lutidine 

2,j-Dimethyl-1 N-pyrrolo[3.2-bJpyridine, 

6,8-Dinwhylquinolinc, oxidation, 3: 188 
3,.5-L)imet hyl-2-succinoylpyridine, 3,j-di- 

synthesis, 3: 247 

4: 365 

from, 2: 339 

3: 46 

methyl-2-pyridinebutyric acid from, 
2: 162 

4,6-Dimethyl-n-(trichloromethyi)-2-pyridine- 
ethanol, dehydration, 2: 363 

ilimroth reaction. 2: 165, 227 
3,5-Dinitr0-4-aminopyridine, from 4-amino- 

pyridinc, 3: 51 
2-(2,4-Dinirroanilinojpyridine, synthesis, 

3: 57 
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o-Dinitrobcnzenc, pyridiniuin compounds 

5,jf-Dinitro-2,2'-bipyridine, 2: 225 
from, 2: 10 

from 2-chloro-5-nitropyridine, 2: 349 
from 2-iodo-5-nirropyridine, 2: 349 

2,4-Dinitrobromobenzene, reaction with 

2,4-Dinitrochlorobenzene, pyridinium com- 
alkylpyridines, 2: 176 

pound from, 2: 9 
reaction with alkylpyridines, 2: 176 

Dinitrodipyridylamines, synthesis, 2: 474 
Dinitrogen tetroxide, addition compounds 

with alkylpyridines, 2: 175 
3,5-Dinitroisonicotinonitrile, 3: 231 

2,4-Dinitrophenylpyridinium chloride, 
from 4-chloro-3,5-dinitropyridine, 2: 355 

arylpyridinium salts from, 1: 282, 31.3 
glutaconaldchydc dianil salts from, 1: 280 

1 -(2,4-Dinitrophcnyl jpyridinium salts, ring 
opening, 2: 58 

synthesis, 2: 9 
2,4-l)initrophcnyl4-pyridyl ether, 3: 680 
Dinitropyridines, displacement reactions. 

3.5-Dinitropyridine, 2: 477 8. 
2: 478 

from 2-hydrazino-3,5-dinitropyridine. 

from 2,2'-hydrazodi(3,5-dinitropyridine), 
2: 477 

2: 493 
Dinitro-2-pyridinols, 2: 474 ff. 
2,6-Dinitro-3-pyridinol, synthesis, 2: 475 
3,5-Dinitro-4-pyridinol, synthesis, 2: 476 
2,4-I)initro-3-(2-pyridyl)glutaric acid, 

3.5-Dinitro-2-thiocyanatopyridine, from 
dicthyl ester, 2: 495 

2-chloro-3,5-dinitropyridinc, 4: 377 
reduction. 4: 378 

Uiodone, 2: 319 
6( I fl)-l)ioxo-3,3'-;1rscno~~ridincs, I .  1 ' 4 -  

substiluted, symmetrical, 4: d61 
3..j-l)ioxocnrboxylic esters, 2.1-dioxotetra- 

hydropyridines from, I: 285, 3/.5 
1,3-l)ioxo compounds, acetals of, reactions 

with cyanoaretamide, 1: 366 

1: 360 

acetamide, 1: 375, .1/J 

reaction with 3-aminocrotonic ester, 

cnol acetates of, reaction with cyano- 

e n d  ethers of, reactions, with 3-amino- 

crotonic ester. 1: 372ff., 4!1 
rcacrion with cyanoacetamide, 1: 374 

reaction with cyanoacetic ester, 1: 374 
reaction with enamines, 1: 372tT., 411 
reaction with mcrhylenic compounds, 

imincs of, see Enamines; 3-Iminoketones 
reactions, with amidinoacctamide, 1: 367, 

with 3-aminocrotonic ester, 1: 358, 359 
with carberhoxyacetimidic ester, 1: 367, 

with cyanoacetamide, 1: 362ff., 400, 403 
with cyanoacetic ester, 1: 361,370,398, 

with 2-cyano-~V-mcthylaceramide, 1: 367 
with cnamincs, 1: 357 K., 394, 3% 
with malononitrile, 1: 368, 4gY 
with mcthylenic amides, 1: 362ff., J00, 

with methylenic compounds, 1: 356ff., 

with mcthylenic esters, 1: 361, 3018 
with methylcnic ketimines, 1: 357 K., 

with methylenic ketones and aldehydes, 

with methylenic nitriles, 1: 368ff., 'fO!l 

1,j-l)ioxo compounds, imines of, pyridines 

'f l'f 

1,37OK., 477 f. 

406 

.I08 

4" 

J0.I 

.my. 

.3!/4, 3% 

1: 356, 393 

self-condensation, 1: 356. .19.3 

and dihydropyridines Irom, 1: 279K., 
.%Wl[. 

oximes of, pyridines from, 1: 283, . I I . g  
pyridines and dihydropyridines from, 

1: 273fI., 322jj. 
see nlso Clutaconaldehydes; Glutaralde- 

hydes; I .3,5-Trikctones 
2~4-Dioxo-1,2,3,4-tcrrahydropyridines, from 

3,5-dioxocarboxylic esters, 1: 285, ,315 
2,6-I)ioxotetrahydr~~~yridines, 3: 695 
2,6-Diphenacylpyridinc, dioxime, Beckmann 

rearrangement. 4: I 7  I 
reduction, 4: 163 t i .  
synthesis, 2: 211; 4: 157. 

2,6-Diphcnoxypyridine, 3: 574 
2,1-l~iphcnylacctoacctic cstcr, reaction with 

formaldehyde, 1: 348 
2-l)iphenylaminopipcridine, 3: 17 
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2-Diphenylaminopyridinc, from 2-h romo- 

2-diphenylaminopiperidinc from, 3: 17 
pyridinc, 3: 31 

4,4’-Diphenyl-2,2’-bipyridine, synthesis, 

6,6’-Diphenyl-2,2’-bipyridine, from 2,2’- 

2,6-Di(phenylethynyl)pyridine, 2,6-distyryl- 

2: 225 

bipyridine, 2: 230 

pyridine from, 2: 214 
synthesis, 2: 213 

:V,N’-Diphenylisonicotinamidine, from 
4-picoline, 2: 186; 3: 196 

2-Diphenylmethyl-1 -methylpyridinium 
iodide, anhydro base from, 2: 37 

2,3-Diphenyl-6 (7 or 8)-methylpyridu[2,3]- 
pvrazine, 3: 64 

1,5-Diphenyl-1,4-pentadiyne-3-one, 2,6-di- 
phenyl-4-pyridones from, 1: 300, 31.5 

4,6-Diphenyl-2-picoline, from pyrylium salt. 
1: 210 

2,6-I)iphenylpyridine, 2: 425 
3,j-Diphenylpyridinc, from 3,s-diphenyl- 

4(1/1)-pyridonc, 2: 217 
from phcnylacetaldchydc, 1: 476 

2,6-Diphenyl-3.5-pyridinedicarboxylic acid, 
cyclization, 3: 209 

cr,~’-I)iphenyl-2,6-pyridincdimet hanol, 
synthesis, 2: 359 

a,a-Diphenyl-2-pyridinemethanol, reduc- 
tion, 4: 12 

a,a-DiphenylJt-pyridincmethanol, from 
isonicotinic acid, 3: 207; 4: 8 

2,6-I)iphcnyl-4-pyridinol, from 2-benzoyl- 
5-hydroxy-3-0x0-5-p henylpentenoic 
lactone, 1: 187 

methylpyridinium chloride, 1: 287 
4,6-IXphenyl-2-pyridinol, from 1 -carbamoyl- 

synthesis. 3: 550 
2,6-Diphenyl-4-pyridones, from 1 ,j-di- 

phcnyl-1,4-pcntadiync-3-one, 1: 300, 
33.5 

3,5-Diphcnyl-4( 1 H)-pyridone, 3, 5-diphenyl- 
pyridine from, 2: 217 

Diphenyl-2-pyridylarsine. 4: 448 
1,2-Diphcnyl-3-(2-pyridyl )cycloprorane 

(incorrect structure), 2: 201 
Diphenyl(pyridyl)mcthancs, 3: 193 
Diphenyl(2-pyridyl)methane, 2: 160 
Diphcnyl-2-pyridylphosphine. reaction with 

methyl iodide, 4: 453 

synthcsis. 4: 452 
Diphenyl-2-pyridylphosphine sulfide, 4: 453 
Diphosphopyridinc nuclcotide, reduction of, 

Dipicolinaldchyde, Cannizzaro reaction, 

Dipicolinic acid. Sec 2,6-Pyridinedi- 

Dipicolinoyl chloride, Friedel-Crafts reac- 

2,6-Dipiperidinopyridinc, synthesis, 3: 6 1 
Dipole moment, of alkylpyridincs, 2: 178 

ofpyridine I-oxide, 2: I18 
2,6-Dipropylpyridine, 2: 168 
Dipyridoylhydrazines, 3: 224 
Dipyridylalkanes and -alkencs, 2: 215 ff.. 

Dipyridylamines, 3: I O I  

Dipyridyl carboxylic acids, 3: 243 
Dipyridyl disulfides, 4: .fO3 
2,2’-Dipyridyl disulfite, from 2-pyridine- 

“Dipyridylene, ’’ from 4,4’-bipyridinium 

2,3’-Dipyridyl ether, nitration, 2: 475 
~’,.K’-Dipyridylformamidines, 3: 27, 147 
Dipyridylglycols, from pyridine aldehydes, 

1: 78 

4: 140 

carboxylic acid 

tion, 4: 151 

263J 

nitration, 2: 474 

sulfohydrazide, 4: 374 

salts, 2: .57 

4: 16 
from pyridylglvcolic acids, 4: 16 

2,2’-Dipyridylmethane, 2: 168 
Dipyridyl sulfides. 4: ,107 
Dipyridyl sulfones, 4: .I08 
Displacement, of stable ions from pyridine 

Disproportionat ion, of dihydropyridines, 

Dissociation constant, of pyridinecarboxylic 

2,6-Distyrylpyridine, from 2,6-bis(phenyl- 

nucleus, 1: 28 

1: 229 K., 242 

acids, 1: 75 

ethynyl)pyridine, 2: 214 
from 2,6-lutidinc, 2: 192, 201 

Distyrylpyrylium salts, pyridinium compounds 
from, 2: 22 

2,6-Disulfoisonicotinic acid, from 2,6-dimer- 
captoisonicotinic acid. 4: 370 

Dithioisonicotinic acid, reactions, 4: 120 

Ilithio-3-pyridinearsonous acid diphrnyl 
synthesis, 3: 237 

ester, from 3-arsenosopyridinc, 4: 446 
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I.)ivinylacetylcne. 2-picoline from, 1: 300 
Divinylamines, 6-methyl-3,4-pyridinedicar- 

boxylic esters from, 1: 5.3; 
2-(and 4-)-l)odecenylpyridines, 2: 200 
Doriden, 3: 697 
D P N ,  2,35ff., 51 ff. 

E 

Einhorn acylation procedure, 2: 7 1 
Electrolysis in pyridine, 2: 174 
Electrophilic reactions. of pyridine, 1: 22 
Emetine, pyridine bases from, 1: 132H. 
Enimert-Asendorf reaction, 4: 7 ff. 

wvith aldehydes, 4: 30 
with cyclic ketones, 4: 32 
mechanism, 1: 54 
with open-chain ketones, 4: 31.0: 

Enamines. reactions, with 2-chlorovinyl 
ketones, 1: 376, ,117 

.W, ,356 

pounds, 1: 372ff., . I l l  

with l,.)-dioxo compounds, 1: 357 ff.. 

with enol ethers of 1,3-dioxo com- 

with 1,3,3-triethoxypropenes, 1: 373, ,113 
with unsaturated esters, 1: 439ff., 455 
with unsaturated ketones, 1: 4398.. 

s t t  also 3-lminoesters; 3-Iminoketones; 
d,lY!/. 

3-lminonitriles 
Enol betairres, reactions, 2: 43 

En01 esters and ethers. See under parent com- 

Entrainment procedure, for Grignard 

Enzymes. pyridine, in nature, 1: 103 
Esterification, of pyridine alcohols, 4: 12tf. 
Ethanol. alkylpyridines from, 1: 48 1, JYl 
Ethers, cleavage by pyridinc hydrochlo- 

Etherification, of pyridine alcohols, 4: 12ff. 
a-(2-Ethoxethyl j-6-merhyl-2-pyridine- 

ethanol, cyclization, 4: 14 
Ethoxy-. see also Alkoxy- 
3-Ethoxyacetals, alkylpyridines from, 1: 470 
3-Ethoxyacrolein aceral. reactions, with 

synthesis, 2: 10 

pounds 

reagents, 2: 437 If. 

ride, 2: 70 

arnidinoacetamide, 1: 416 
with carbethoxyacerimidic ester, 1: ,116 

3-Ethoxycrotonaldchyde acctal, reactions, 
with carbethoxyacetimidic esier, 1: 
375 

with cyanoacetamidc, 1: 374 
with enamines, 1: 373, 41.3 

3-Ethoxy-2,6-diiodopyridine, from 3-amino- 

2-Ethoxy-4,6-diphcnyInicotinoiiitrile, 3: 521 
4-Ethoxyethyl-2-hydroxy-6-mcthyInicotinic 

2,G-diiodopyridine, 2: 343 

ester (and arnide), hromination, 2: 
315 

5-Ethoxyethyl-~-methyl-2,4-pyridinedi~~l, 
reaction with POCI,, 2: 330 

2-(2-Ethoxycthyl)pyridine, from 2-vinyl- 
pyridine, 4: 9 

5-E~hoxy-4-hydroxy-2-pyriclinemet hanol, 
4: 18 

Ethoxymethyleneacetoacetic ester,.reactions, 
with cyanoacetic ester, 1: 374,415 

with h., I-dirnethyl-2-nirroethylaminc, 
1: 467 

Ethoxymethylene derivatives, reaction with 
anhydro bases, 2: 38 

Ethoxymethylenemalonic ester, reaction 
with 3-aminocroronic ester, 1: 385 

5-Ethoxyrnethylftirfiiral, 5-hydroxy-2- 
pyridinemethanol from, 4: 18 

4-Ethoxymet hyl-2-hydroxy-6-met hylnicotin- 
aldehyde, synthesis, 3: 235 

4-Ethoxymct hyl-2-hydroxy-6-methylnicotin- 
amide, reaction with phosphorus 
halides, 2: 332 

6-Ethoxymet hyl-2-hydroxy-4-niethyl- 
nicotinic acid, 3: 233 

4-Ethoxyrnethyl-2-hydroxy-6-methylnico- 
tinonitrile, reduction, 3: 234 

6-Et hoxymethy1-2-hydroxy-4-methyInico- 
tinonitrile, hydrolysis, 3: 233 

6-EtI~oxym~thyl-4-met~ryl-2-pyridinol, 3: 
233 

2-Ethoxy-5-nitropyridinc, 3: 592 
3-Er hoxy-2-nirropyridinc, 3-amino-2-nitro- 

pyridine from, 2: 478 
reactions, 2: 478 ff, 
synthesis. 2: 475' 

ture), 2: 475 
3-Ethoxy-6-nitropyridine (incorrect struc- 

4-Erhoxy-3-nitropyridine. reduction, 2: 310 
2-Ethoxy-4-nitropyridine I-oxide, 4-amino- . .  

with enamines, 1: 373, d1.3 2-ethoxypyridine from, 3: 10 
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5-Ethoxy-2-picoline, reaction with 
benzaldehyde, 2: 202 

Ethoxypropylpyridine, from picolyl- 
sodium, 4: 7 

4-(Ethoxypropyl)pyridine, 3: 71 
2-Ethoxypyridine, 1 -methyl-2( 1 I-I)-pyridone- 

5-sulfonic acid from, 4: 369 
3-Ethoxypyridine, 3: 634 
2-Ethoxypyridine I-oxide, nitration, 2: 123 
3-Ethoxypyridine I-oxide, nitration, 2: 123 
4-Ethoxy-2-pyridinol,3: 604 
2-Ethoxyvinyl ketones. See 1 ,j-l)ioxo com- 

pounds, enol ethers of 
Ethyl-. See also Alkyl- 
3-(Ethylaminomethyl)pyridine, 3: 69, 220 
2-Ethyl-3,s-diphenylpyridine 1-oxide, re- 

Ethylene, alkylpyridines from, 1: 483, dY7 
Ethylene glycol, picolines from, 1: 481, 491 
Ethylene oxide, alkylpyridines from, 1: 483, 

arrangement, 4: 9 

497 
pyridinium compounds from, 2: 8 
reaction with 2-picolyllithium, 4: 7 

Ethyl ethers of pyridine alcohols, 4: 7dJ. 
2-Ethyl-6-hydroxyisonicotinic acid, 3: 205 K. 
6-Ethyl-2-hydroxyisonicotinic acid. 

2-chloro-6-ethylisonicotinic acid 
from, 2: 33 I 

3-Ethylisonicotinaldehyde, 4: 130 
2-Ethylisonicotinic acid, attempted de- 

3-Ethyl-2,6-lutidine, synthesis, 2: I61 
4-Ethvl-2,6-lutidine, oxidation, 3: 184 

carboxylation, 3: 206 

reaction with benzaldehyde, 2: 202; 3: 
191 

4-Ethyl-3,5-lutidine, oxidat ion, 3: 184 
Ethylmagnesium bromide, reaction with 

2-Ethyl-6-methoxyisonico1inic acid, 3: 205 

4-Ethyl-6-methylpicolinic acid, 3: 184, I91 
a-Ethyl-a-mectiyl-4-pyridinemetha:~ol, 4-1- 

butylpyridine from, 2: 160 

5-Ethyl-2-methyl-3-pyridinesulfonic: acid, 
from j-ethyl-2-picoline. 4: 348 

6-Ethyl-4-methyl-2-pyridinol, 2-chloro-6- 
ethyl-4-picoline frorn, 2: 329 

X-Ethylnicotinamide, 3: 69, 220 

1 -Ethyl-3-nicot inoylurea, 3: 22 1 

pyridine, 2: 1718. 

I-Ethylnipecorinic acid, ethyl ester, 3: 202 
2-($-Ethylnitramino)-4-picoIine, 3: 53 
5-Ethyl-6-nitramino-2-picoline, attempted 

rearrangement, 3: 52 
1 -Ethyl-2-nitrirnino- 1,2-dihydropyridine, 

3: 52 
Ethyl orthoformate, reaction with 3-0x0- 

glutaric ester, 1: 349, 473 
5-Ethyl-I -phenethyl-2(1 H)-pyridone, 2- 

chloro-5-ethyl- I -phenet hylpyridiniurn 
chloride from, 2: 327 

hydrin from, 4: 137 
5-Et hylpicolinaldehyde. pyridoin cyano- 

synthesis, 4: 126 
2-Ethyl-4-picoline, from 2-chloro-6-ethyl- 

4-picoline. 2: 15X 
3-Ethyl-2-picoline, 2: 159, 161 
3-Ethyl-4-picoline, from acetaldehyde, 1: 

475 K., d8dff. 
from 3-acetyl-4-picoline. 2: 161 
from alkaloids, 1: 133, 135, 137 
from crotonaldehydc, 1: 460, .I65 
from 2.6-dichloro-3-ethyl-4-picoline, 

reaction, with chloral, 2: 194; 4: 6 
* with formaldehyde, 4: 6 

2: 1 3  

4-Ethyl-2-picoline, from 2-picoline, 2: 167 
4-Ethyl-3-picoline, from 3-picoline, 2: 167 
5-Ethyl-2-picoline, from acetaldehyde, 

1: 475 K., . % . I f f .  
from acetylene, 1: 481 
5-(l-bromoethyl)-2-picoline from, 2: 

from crotonaldehyde, 1: 460, d65 
from crotonaldehyde acetal, 1: 470 
4,5-diethyl-2-picoline from, 2: 167 
6-ethylpyrrocoline from, 2: 198 
6-methylnicotinic acid from, 2: 184 

5-Ethyl-2-picoline, nicotinic acid from, 3: 

180, 360 

189 
oxidation, 3: I85 8. 
reactions, with benzaldehyde, 3: I91 

with chloral, 2: 365; 4: 6 
with formaldehyde, 4: 6 

5-(trichloroacetyl)-2-picolinc from, 2: 

from 1,1,3-triethoxybutane. 1: 470 
190, 4: 146 

5-Ethyl-3-picoline, 5-methylnicot inic acid 
from, 2: 184 
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6-Ethyl-2-picoline, from 6-(2-bromoethyl)- 
2-picolinc, 2: 365 

6-Ethyl-3-picolinc, from solanum and 
vcratrum alkaloids, 1: 138, 748 

4-Ethylpicolinic acid, ethyl ester, condcn- 
sarion with ethyl acetate, 3: 212 

5-Erhylpicolinic acid, 3: 185, 192 
2-Ethyl-4-1-propenylpyridine, from 2- 

mcthyl-5-1-propcnylcyclohexenone, 
1: 153 

3-Ethyl-4-z-propylpyridinc, 2: 160 
2-Ethylpyridine, from 2-acetylpyridine, 4: 

166 
from alkaloids, 1: 132 
1,3-glycols from, 4: 14 
reactions, with aldehydes, 2: 201 

with formaldehyde, 4: 6 
synthesis, 2: 161 ff., 171 8. 

chlorination, 3: 197 
from nicotinoylacctone, 2: 161 
from 3-picolinc, 2: 170 
3-(trichloroacctyl)pyridine from, 2: 190; 

3-Ethylpyridinc, from alkaloids, 1: 135, 137 

4: 146 
4-Ethylpyridine, 1,3-glycols from, 4: 14 

4-(1-methylpentyl)pyridine from, 2: 170 
oxidation, 3: 183 
from quinuclidine, 1: 234 
reactions with aldehydes, 2: 201 

synthesis, 2: 66, 165ff.. 171ff. 
with formaldehyde, 2: 193; 4: 6 

4-Ethyl-3,5-pyridinedicarboxylic acid, 
3: 184 

3-Ethyl-4-pyridineethano1, 3,4-diethyl- 
pyridine from, 2: 160 

5-Ethyl-2-pyridinepropano1, reduction, 
4: 12 

4-Ethyl-3-pyridinesulfonic acid, reaction 
with sodium formate, 3: 198 

5-Ethyl-5-(4-pyridyl)barbituric acid, 
4-propylpyridine from, 2: 173 

Ethyl 2-pyridyl ketone, reduction, 4: 4, 16 
6-Ethylpyrrocoline. from 5-ethyl-2- 

5-~thyl-2-quinuclidyl2-pyridyl ketone, 

j-Erhyl-2-stilbazolc, 2: 201; 3: 192 
4-Ethyl-6-styryl-2-picoline, 3: 191 
2-(Ethylthio)pyridine, 4: 349 

picoline, 2: 198 

reduction, 4: 3 

Ethynyl ketones. Set a,@-Acetylcnic 

3-Ethynylpyridine, from 3-(a-chlorovinyl)- 
ketones 

pyridine, 2: 214 

F 

Fischer indole synthesis, with 2-chloro-5- 
hydrazinopyridine, 2: 492 

9-Fluorcnylpyridinium bromide, anhydro 
base from, 2: 43 

Fluorine, reaction with pyridine, 2: 302 
3-Fluoroisonicotinic acid, 2: 335 
5-Fluoronicotinic acid, from 5-amino- 

2-Fluoro-5-nitropyridine, from 2-amino-5- 

5-Fluoro-3-picolinc, 2: 335 
Fluoropyridines, from aminopyridines, 

6-Fluoroqu1nolinc. ozonolysis, 3: 187 
1:olin and Dcnis reagent, 3: 631 
Formaldchydc, from methylcncbis- 

nicotinic acid, 2: 335 

nitropyridine, 2: 335 

2: 334f. 

pyridinium bromidc, 2: 46 
reactions, with alkylpyridincs, 2: 193,203 

with cyclohexanone, 1: 499 
with 3-oxoesten, 1: 348, 3.53 
with 2-picolyllithium, 4: 7 
with pyridinc mcthyl groups, 4: 14 

2-Formamido-3-cthylpyridine, 3-methyl-7- 

3-Formamido-2,6-lutidinc, cyclization, 3: 46 
2-Formamido-3-picoline, 7-azaindole from. 

3-Formamido-2-picoline, cyclization, 3: 46 
Formazans, 4: 140 
Formic acid, reaction with pyridinium 

Formylaminomet hylpyridines, cyclization, 

6-Formylnicotinic ester, from 6-styryl- 

4-Formyl-3-oxo-tcrrahydrofuran, pyridoxol 

Free radical reactions, in synthesis of alkyl- 

Free valence, 1: 14 
Fumaric acid, quatcrnization with, 2: 16 
Fumigants, alkylpyridines as, 2: 179 

azaindolc from, 2: 199 

2: 199 

compounds, 2: 47 

3: 46, 77 

nicotinic ester, 4: 125 

from, 4: 21 

and arylpyridines, 2: 173fT., 2178. 
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Furan derivatives, pyridincs irorn, 1: I54 fl',. 

E'urfural, reactions, with aromatic xnines. 
4: 2 

1: 162 ff., /iO,//. 
with hydroxylamine. 1: 163 

5-substituted, 3-pyridinols from, 1: 
160 It'. , / h S  

Furfuryl ketones, 3-pyridinols from, 1: I61 

Fusarinic acid, in fungi, I: 1 1 1  
IT., MiS,J. 

c 

(;enrianine. in plants. 1: I12 
Gcrniicidal pyridinium compounds. 2: 5 
Gibbs color test, for pyridoxol, 4: 21 
Gilsonitc, pyridinc biiscs irom. 1: 130 
Glutaconaldehyde, from pyridinc, 1: 57 

pyridines from, 1: 276. M); 3: 181 
C;luraconaldchydc dianil, 1 -arylliyridinium 

rcactions, with cyanoacctir ester, 2: 62 

Glutaconaldehyde dioxinie. pyridine 1 -oxidr 

Gluraconamic acid, imidc from, 1: 295 
C;lutnconamide, imide from, 1: 296 
Clutaconic acid, imidcs from. 1: 293, .j.?!)j. 

Glutaconic estersI imides from, 1: 2'15, .W[/. 
Glutaconimide. see 2.6-Pyridincdio 
C;lutacononirrilcs, 2,6-pyridinediols from. 

1: 29') 
Glutaniic acid, 2,6-pyridincdiol frorn. 1: 203  
Glutamides. 3: 550 
(;lutaraldehyde(s), pyridines from, 1: 275, 

Glutaraldehydc oximcs. pyridinee irom. 

Glutaramic acid, imide from, 1: 295, Q 1 . j  

salts from, 2: 29; 1: 280 f l . ,  .?/i/J. 

with malononitrile, 2: 62 

from, 2: 1 I6 

27X ff., ,912; 4: 2 

1: 284, J / J  

( " 1  ut,iriniidcs, . ' 3: 694 ff. 

from Slutaric acids, cstcrs. amidei, and 
nitriles, 1: 202 K., .L?/fl...ij.jfl.,343 

oxidation to pyridinediols, 1: 231 K., 2.1.1 

rcactions, with W r S ,  3: 6.17 
with IU5 ,  2: 337 

Glutaronitrile, reaction with phenyl- 
m;rgnesium bromidr, 1: 299 

Giutazinc, 3: 512 
Glycerol, alkylpyridines from, 1: 4X I .  .I!)/ 

3-picoline from, 1: 462, 470, ,172 

I,2-(;lycols, from olcfins, 4: 15  

(;old chloride. complexes with alkyl- 

Grignard compounds. failure ro react with 

1,3-(;lycols, 4: 14 

pyridincs, 2: 175 

pyridinium compounds, 2: 68 
preparation, 2: 437 
reactions, 2: 438ff., M/J, 

with pyridine, 1: 50 fl. 
(;uarcschi synthesis, 1: 361 K., 382 fl., 388; 

Guvacine, 3: 240 
3: 181 

H 

Haloaminopyridines, 3: X-lj]. 
l-ialochclidamic esters, rcaction with phos- 

phorus pentahalides, 2: 333 
Halogen addition compounds, 2: 321 ff., 

llalogen cxchangc, 2: 330 
Halohydrins, pyridiniuni compounds from. 

Halonicotinic acids, animonolysis, 3: 6 
tialonitropyridines, activation energies, 2: 

.i7/j). 

2: 6 

51 1 
aminripyridincs from. 3: 9 
dehalogcnatiori, 2: 177, 501 
hydrolysis. 2: 479 
reactivity, 2: 479 

3-tialo-j-nitro-2-pyridinethiol. from 2.3- 
dihalo-5-nitropyridinc: 4: 349 

I lalopyridinrs, from arninopyridines, 3: 771'. 
arnrnonolysis, 2: 352; 3: 5 
nitration, 2: 476 
poly- 2: .ji.i.\j. 
properties, 2: 344, 5Y5.n. 
pyridinearsonic acids from, 4: 441 ff. 
pyridinols and ethers from, 3: 574, j?6 
reactions, 2: 345fl. 

with active rnethylene compoiinds, 3: 
35 I ,  . j i / , [ f .  

with ciiprous cyanide. 3: 230 
reduction. 2: I57B. 
sclf-condensation. 2: 34.5 
sidc-chain, 2: 360 If., .i!,'S]]. 
sullnnes from, 4: 364 fl. 
synthesis, 2: 189, 1 0 1 ,  301 K., 342, J X J .  

3-€lalopyridines, front u-haloglutaconic di- 
aldehydes, 2: 337 



Cumulative Subject Index 669 

nitration, 2: 476 
from pyrrole, 2: 338 

4-Halopyridines, from 4-nitraminopyridine, 
3: 51 

reactivity, 1: 63 ff. 

ammonolysis, 3: 6 
Halopyridinecarboxylic acids, 3: 243. N.JJ. 

Halopyridinethiols. 4: 349 
Halopyridinols, 3: 659 ff., 701 
Halo-2-pyridinols, 3: 724ff. 
Halo-3-pyridinols, 3: 761)ff. 
Halo-2(1H)-pyridoncs, 3: 870 ff. 
Halo-4( I In-pyridones, 3: 8rUff. 
Haloquinoncs, pyridinium compounds 

Hammick reaction, 3: 207; 4: 8,.33 
Hantzsch synthesis, 1: 80, 500; 3: 181; 4: 

Harmine, isonicotinic acid from, 1: 139 
2,5-Heptadiyne-4-one, 2.6-dimethyl-4- 

2,4.6-Heptanetrione, 4-pyridones from, 

3-Heptcnylpyridine, 2: 203 
6-Heptyl-2-picolinc, 2: 159 
Heteroarylpyridincs, 2: 274f. 
Heterocycles, pyridines from, 1: 154 ff., 

1,5-Hexadien-3-yne, 2-picoline from, 

Hexoses, pyridinols from, 1: 164, 172 

from, 2: 10 

142 

pyridones from, 1: 300, 3.15 

1: 276, 3 5  

268 ff. 

1: 300 

5-Hexyl-2-picoline, reaction with benz- 
aldehyde, 3: 191 

synthesis, 2: 161 
5-Hexylpicolinic acid, 3: 192 
5-Iicxyl-2-stilbazole, 2: 201 ; 3: 192 
Hofmann reaction, of pyridinecarboxarnides, 

3: 7,612, 73,219 

Homarine, reduction, 3: 200 
Homoarylpyridines, 2: 26.5J. 
Hydantoins, 4: 162 
2-Hydrazino-3,5-dinitropyridine, 3.5- 

4-Hydrazino-3,5-dinitropyridine, from 

2-Hydrazino-3-iodopyridine. 3-iodopyridine 

Hydrazinonitropyridine(s), nirropyridines 

of pyridinecarboximides, 3: 241, 245 

dinitropyridine from, 2: 477 

4-chloro-3,5-dinitropyridine, 2: 488 

from, 2: 343 

from, 2: 5 0 1  

2-Hydrazino-j-nitropyridine, 3-nitro- 
pyridine from, 2: 477,490 

Hydrazinopyridines, properties, 2: 490, 
527ff. 

reactions, 2: 490R. 
synthesis, 2: 355,488ff. 
thiosemicarbazides from, 3: 27 

2-Hydrazinopyridine, 2: 355 
from 2-nitraminopyridine, 2: 472 
reactions, with aceroacetic ester, 2: 490 

3-Hydrazinopyridine, from 3-aminopyridine, 
3: 34 

4-Hydrazinopyridinc, from 4-chloro- 
pyridine, 2: 355 

2,2'-Hydrazobis(3,5-dinitropyridine), 3,s- 
dinitropyridine from, 2: 493 

Hydrazoic acid, reaction with aromatic 
hydrocarbons, 1: 154, 1.55 

Hydrazopyridines, 2: 492ff. 

Hydrogenation, of pyridine ring. 4: 12 
Hydrogen cyanide, reactions with butane- 

with levulinic ester, 2: 490 

azopyridincs from, 2: 486, .51XJ. 

diol or butenol, 1: 350 
with dimes, 1: 346 
with tetrahydrofuran, 1: 154 
with tetraphenylcyclopentadiene, 

1: 153 

4: 11  
Hydrogen iodide, reaction with alcohols, 

Hydrogenolysis, of pyridine, 1: 57 
Hydrogen peroxide, reaction with pyridine, 

Hydrolysis, of arninonitrosopyridines, 2: 
2: 115 

482 
of halonitropyridines, 2: 479 
of halopyridincs, 2: 346, 349ff., 367ff. 
of pyridine side-chain halides, 4: 2 

Hydropyridine ketones, 4: .32dJ. 
Hydropyridines, pyridines from, 1: 229 ff. 
Hydropyridinols, pyridones from, 3: 612 
Hydroquinone. halogenation in pyridine, 

2: 19 
H ydroxyacetophennnes, condensation with 

pyridine aldehydes, 4: 7 
1~ ydroxyacetylpyridines, sulfate esters, 

3: 216 
Hydroxyacid derivatives (side-chain), 4: 17 
3-(3-Hydroxy-3-amyl)isonicotinic acid lac- 

tone, 3: 24 1 
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4-(3-Iiydroxy-3-;wnyl)nico1inic acid lactone. 

tlydroxyazaquinones. 3: 686 
2-(a-Hydroxybenzyl)pyridine. from 

ttydroxybipyridyls, 3: 8M) 
2-Hydroxy-4,6-bis mcthoxymethy1)nicorino- 

nitrile, reaction with POCI,;, 2: 332 
4-Hydroxycinnolines. from 2'-amino- 

tolazolcs. 2: 215 
Z-Hydroxy-3-cyano--mctIiyl isonivot inic 

ester, pyridoxol from, 4: 21 
2-Hydroxy-6-cyclopropyInicotinoriitrilc, 

bromination, 3: 064 
O-I-~ydroxy-2,5-diiodoniro1inic acid, 

2: 319 
4-Hydroxy-3,5-diiodopirolinic acid. rcactitrn 

with PCI,, 2: 331 
2-~Iydroxy-4,6-dimethyIiiicotinald.hyde, 

3: 220 
2-Hydroxy-4,6-dimclthylnicotinam1de, 3: 233 

6-Hydroxy-2,4-dinieltiylnicorinamide, from 
acetoaccramide, 1: 388 

4-Hydroxy-2,G-dimet hylnicotinic acid, from 
dchydracetic acid. 1: 186 8. 

2-Hydroxy-4,6-dimechylnicorinic estcr, 3: 
201, 534, 536 

hydrazidc, 3: 229 
reaction with diairomcthane, 3: 20.5 
silver salt. reaction with bromine, 3: 21 I 
synthesis, I:  371) 

3: 241 

2-bcnzylpyridine. 2: 187 

4-t-iydroxy-2,6-dimcthylnlcorinir estcr, 
from 3-aminncro1onir estcr, 1: 387 

synthesis, 3: 536 
G-t-iydroxy-2,4-dimethyinicotinic ester, 

from 3-aminocrotonic ester, 1: 387;  
3: 5351f. 

3: 527 

I:  403 

2-Hydroxy-4,6-dimc1 hylnicorinonirrile. 

from acctylacetonc, with cyano;icelainitlr. 

with cyannacetic ester, 1: 361 
with malononitrile. 1: 368 

2-chloro-4,6-dimcl hylnirot inonitrilc 

hydrolysis; 3: 233 
from. 2: 331 

4-~lydroxy-2,6-dinicrhyl iiicotinmiirile, 
from acctoarrtic rstcr, wirh 
3-;~minacrotononitrile. 1: 384 

6-Hydroxy-2.4-dim~thylnicotinonitrile, from 
3-amiriocrotononitrilc. 1: 391, 4.34 

2-Hydroxy-4,6-dimethyl-.i-nirmnicotino- 
nitrile, reduction, 3: 234 

4-Hydroxy-2,6-dimer hyI-3,5-pyridinedi- 
carboxylic estcr. from dimethyloxo- 
pyrandicarboxylic cstcr, 1: 185 

2-Hydroxy-4,6-dimcr hyl-3-pyridine- 
methanol. 3: 201 

2-)(ydroxy-4,6-diphenylnicotinic ester, 2- 
bronio-4,6-diphcnylnicotinic ester 
from, 2: 341 

2-Hydroxy-1 ,Z-diphenyl-3-(2-pyridyl)-l- 
propanone, 4: 155 

.\:l-ivdroxyethylnicotinamidc, rcarranyc- 
nient, 3: 22 1 

.~~Hydroxyethylpicolinamide, rearrange- 
ment, 3: 221 

2-I~ydroxy~lutaconaldchydc, dianil salts, 
I -argl-3-hydroxypyridinium salts 
from, 1: 282, 311; 2: 30 
synrhcsis. 1: 281 

tctrachloropyridinc from, 1: 296 

3-Hydroxy-5-hydroxyrnethyl-2-met hyl -  
isonicorinaldehyde, 4: 131 

3-Hydroxy-.5-h) droxymcthyl-2-mettiyl- 
isonicorinic acid lacronc, 3: 192 

j-11ydroxy-4-hydroxymethyl-6-rncr hyl- 
nicotinaldehydc, 4: 131 

2-Hydroxy-6-hydroxyme~hyl-4-me~hyl- 
iiicorinamidc. 3: 233 

2-1 Lydroxy-6-hydrox~nicthvl-3-methyl- 
nicotinonitrile, 3: 233 

j-Hydrt,xy-2-hydroxyrnethyl-4 (/i)-pyran- 
+one. (kojic acid). 3: -558 

4,5-dihydroxy-2-pyridiiieniethanol 
from, 1: 182 

2-l-lydroxy-5-iodo- I -pyridincmcthane- 
sulfonic acid. from 2-pyridinol, 
4: 376 

3-Hydroxyglutaramide, 2-amino-3.4.5.6- 

2,6-pyridinediol from, 1: 296, .328 

2-Hydroxyisonicotinir acid. 3: 2.32 
3-tlydroxsisonicoti~iic acid. 3: 578 
5-1 l~drox~-6 - i sopro~ iy1-3 ,4 -~~r id inrd i -  

I I ~ d r o x ~ I ; i n i i n n ~ ~ y r i d i ~ ~ e s ,  2: ,182 f i . ,  5/f lJ .  

4-1 lydroxy-?-rriercapto~iyri~I~~i2,3-d]- 
pyrimidine, 3: 45, 247 

methanol. 3: 2102 
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4-Hydroxy-5-mcthoxypicolinic acid, reaction 
with thionyl chloride, 3: 204 

4-Hydroxy-5-methoxy-2-py-ridinemet hanol, 
oxidation, 3: 190 

5-Hydroxy-6-methyl-3,4-bis(acetoxymethyl)- 
pyridine hydrochloride, 4: 22 

6-H ydroxy-2-mcthyldihydronicotinic cstcr, 
from 2-acetylglutaric ester, 1: 284 

5-1~ydroxymcthyl-2,6-dimet hylnicotinic 
ester, 3: 201 

2-Hydroxy-5-mcthyl-4,6-diphenylnicotinic 
acid, 3: 232 

2-Hydroxy-5-methyl-4,6-diphenyl- 
nicotinonitrile, hydrolysis, 3: 232 

Hydroxymethylencacetoacetic ester, 
reaction with 3-aminocrotonic ester, 
1: 359 

actions with 3-aminocrotonic estcr, 
1: 358 

synthesis, 3: 190 

2-Hydroxynierhylenecyclohexanonc, re- 

with cyanoacctamide, 1: 364 
with cyanoacetic ester, 1: 361, 370 
with malononitrilc, 1: 369 

4-Hydroxymethyl-5-methoxy-6-methyl- 

2-Hydroxymethyl-5-methoxy- I-methyl- 

2-Hydroxy-6-methylnicotinic ester, 3: 

4-H ydroxy-Z-methylnicotinir ester, from 

nicotinic acid lactone, 3: 192 

4(llf)-pyridone, 4: 18 

201,205 

arninornethylenernalonic ester, with 
acctoacetic ester, 1: 387 

6-1 lydroxy-2-methylnicotinic ester, 
brornination, 2: 315 

2: 333 

diazepine, 2: 145 

3: 537 

nitrile, from benzoylacetone, with 
cyanoacetamide, 1: 365 

nitrile, from bcnzoylacetoneamine 
and ethyl cyanoacetate, 3: 537 

from benzoylacerone enol ether and 
cyanoacetamide, 1: 374 

6-chloro-2-methylnicotinic ester from, 

4-Hydroxy-5-methyl-6-phenyl-7H-l,2- 

2-H ydroxy-4-met hyl-6-phcnylnicotinamide, 

2-Hydroxy-4-met hyl-6-phenylnicotino- 

2-H ydroxy-6-met hyl-4-phenylnicotino- 

6-(Hydroxyrncthyl)picolinic acid, 3: 192 
2-(Hydroxyrncthyl)piperidine, 3: 202 
j-Hydroxy-6-methyl-2-piperidone, from 

Hydroxymethylpyridines, 3: 200 
6-Hydroxy-4-methyl-2-pyridineacetic ester, 

2-Hydroxy-6-methyl-3.5-pyridinedi- 

2-acetylfuran, 3: 565 

from 3-aminocrotonic ester, 1: 387 

carboxylic ester, from ethoxymethyl- 
enemalonic ester, with 3-amino- 
crotonic ester, 1: 385; 3: 538 

methanol, 4: 24 

methanol, 4: 24 

methanol. See Pyridoxol 

3: 189 ff. 

2-H ydroxy-6-met hyl-3,4-pyridincdi- 

j.Hydroxy-6-methyl-2,3-pyridinedi- 

5-Hydroxy-6-met hyl-3,4-pyridinedi- 

3-Hydroxy-6-met hyl-2-pyridinemcthanol, 

5-Hydroxy-6-mct hyl-3-pyridinemethanol, 

6-Hydroxy-4-met hyl-2-pyridinemethanol, 

5-H y droxy -6-met hyl-2,3,4-pyridinc- 

4-H ydroxy-2-met hylpyrido[2,3-d]- 
pyrimidine, 3: 45 

2-Hydroxy-6-methyl-l,2,3,4-tetrahydro- 
quinolizinium halide, from 4 2 -  
ethoxethyI)-6-methylS-pyridine- 
ethanol, 4: 14 

4-Hydroxy-l,5-naphthyridine-2,3di- 
carboxylic acid, synthesis, 3: 246 

2-Hydroxynicotinamides, from 3-imino- 
ketones, with malonamide, 1: 380, 
419 

2H-pyran-2-ones, 1: 177 ff., 189 ff. 

acetic ester, 1: 370, 4G9 

ester, 1: 381 

3: 713; 4: 351 

4: 24 

4: 24 

trimcthanol, 4: 24 

2-Hydroxynicotinic acid, from carbalkoxy- 

from 1,3-dioxo compounds, with cyano- 

from @-iminoketones, with malonic 

4-Hydroxynicotinic acid, reaction with P2SJ, 

synthesis, 3: 194,608 

6-Hydroxynicotinic acid, from carbalkoxy- 
ZH-pyran-2-ones, 1: 177 ff., 78!1J. 
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6-Hydroxynicotinic acid (cotrfinucd) 

6-rhloronicotinic acid from, 2: 331 
iodination, 2: 319; 3: 661 
nitration, 3: 669 
synthesis, 193, 244, 549,608 

6-Hydroxynicotinic ester, from carbalkoxy- 

2-I-t ydroxynicotinonitriles. from acetylenic 
2H-pyran-2-ones. 1: 177 ff.. IbYj. 

ketones, with cyanoacetamide, 1: 445, 
&a 

from 4,6-dichloro-2-hydroxynicc~tino- 
nitrile, 2: 348 

from 1.3-dioxo compounds, wirh cyano- 
acetamide, 1: 362ff., dOO,&U 

with cyanoacetic ester. 1: 361. 3YX 
with malononitrile, I: 368, &? 

from enol acetates of 1.3-dioxo com- 
pounds, with cyanoacetamide, 1: 375, 
J I3 

with cyanoacetamide, 1: 374, JIJ 

amide, 1: 380, J/ ! /  

frorn enol ethers of 1,3-dioxo compounds, 

from 3-iminoketones, with cyanoacet- 

with cyanoacetic ester, 1: 380, JIY 
from 1,3,3-triethoxypropenes, with cyano- 

acetamide, 1: 374. .1/.J 

acetic ester, wirh 3-iminonitriles, 1: 
384, 421 

pyridincs, 3: 231 

4-Hydroxynicotinonitriles, from aceto- 

6-Hydroxynicotinonicrile, from amino- 

from 6-iminonitriles, 1: 391, '13.1 
from unsaturated esters, with 3-imino- 

B-Hydroxy-.5-nitronicotinic acid, iodina- 
nitriles, 1: 440, .15$ 

tion. 2: 320 
reaction with phosphorus halides, 2: 333 

2-I-lydroxy-5-nitronicotinonit rile, from 
nitromalonaldehyde, with cyano- 
acetamide. 1: 364 

2-Hydroxy-3-nitro-5-pyridinearsonic acid, 
iodination, 3: 664 

5-Hydroxypentenoic acid lactone, lrom 
dihydro-2-pyridone, 1: 178 

1 -(&HydroxyphenethyI)pyridiniurn salts, 
2: 26 

2-H ydroxy-2-phenylethylaminopyr idine, 
3: 28 

1 -(2-Ilydroxy-2-phenylethyl)-2-pyridoni- 
mine, from 2-aminopyridine, 3: 58 

2-H ydroxy-6-phenylnicotinic acid, by 
oxidation ofquinolines, 1: 253 

4-@-~~ydroxyphrnyl)p).ridinediols. 3: 51 2 
3-Hydroxy- 1 -phenylpyridinium chloride 

from hydroxyglutaconaldehydc dianil, 

from Stenhouse dyes, 1: 163 

from furfural, 3: 560 

2: 30 

4-(p-Hydroxyphenyl)pyridinium com- 
pour.ds, anhydro bases from, 2: 37 

I-p-I-lydroxyphenylpyridinium salts, 
betaines from, 1: 21 I 

4-p-Hydroxyphenylpyridinium salts, 
quinones from, 1: 21 I 

1 -(Hydroxyphenyl)pyridones, halogenation, 
3: 664 

3-Hydrosypicolinic acid, 3: 190, 193 ff. 
4-Hydroxypicolinic acid, bromination, 

2: 314 
chlorination, 2: 308 
iodination, 2: 319 

5-Hydroxypicolinic acid, from 6-methyl-3- 
pyridinesulfonic acid, 4: 372 

from 3-pyridinol, 3: 193 ff. 

cattchols. 3: 569 

1: 1-57; 3: 561 

6-H ydrowypicolinic acid, from 3-amino- 

from rlihydrofurandicarboxylic acid, 

5-Hydroxy-2-piperidone, 2: I 1  7 
2-H ydroxy-6-propylnicotinic acid, 3: 232 
2-H ydroxv-6-propylnicot inonitrile, 

6-14ydroxy-2It-pyran-2,4(3H)-dione, 2,6- 
hydrolysis, 3: 232 

dihydroxy- 1 -phenyl-4( I i/)-pyridone 
from, 1: I88 

3-Hydroxypyrazines, 3: 363 
Hydroxypyridines, nuclear and side-chain, 

2-1 I ydroxy-3-pyridinearsonic acid, forma- 

separation from 6-hydroxy-3-pyridine- 

2-Hydroxy-.5-pyridinearsonic acid, 2: 355 8. 
6-Hydroxy-3-pyridiriearsonic acid, 4: 449 ff. 

2,2'-dihydroxy-5,.5'-arsenopyridine from, 

disodium salt. 4: 443 
halogenation, 4: 443 
nitration, 4: 444 
occurrence, 4: 447 

4: 18 

tion, 4: 442, 447 

arsonic acid, 4: 447 

4: 449 
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reduction, 4: 449 
synthesis, 4: 440 R‘. 

6-Hydroxy-3-pyridincarsonous acid, 
dehydration. 4: 446 

Hydroxypyridinecarboxylic acids (and 
derivativcs), 4: Xi$ 

3-I~iydroxy-2,6-pyridincdicarhoxyIic acid, 
3: 710 

4-Hydroxy-2,6-p~’ridinedicarboxylic acid, 
from chelidonic acid, 1: 182 

4-Hydroxy-3,j-pyridinedicarboxyIic 
acid, 3: 194 

6-Hydroxy-2,3-pyridincdicarboxylic 
acid, by oxidation of quinolines, 
1: 2.53 

from 2.4-his(crhoxymethylene)-3- 
oxoglutaric ester, 1: 276 

formatc. 1: 473 

bis(bromon~cthyl)-3-pyridinol from, 
2: 361 

4-1~ydroxy-3,5-pyridiiiedicarboxylic ester, 

from 3-oxogluraric ester and ethyl ortho- 

3-~1ydroxy-2,6-pyridinedimerhanol, 2,6- 

5-H ydroxy-3,4-pyridinedimcthanol, 4: 24 
4-tlydroxy-2-1)yridineethanol, from 4- 

bromo-2-picolinc, 4: 5 
a-H ydroxypyridinemethancsul fonic acids, 

biological activity, 4: 380 
synthesis, 4: 376 

3: I90 
3-t-lydruxy-2-pyridinemethanol. oxidation, 

from 3-pyridinol. 4: 18 
ultraviolet spectrum, 4: 10 

spectrum, 4: 10 

furfural derivatives, 4: 18 

3-Hydroxy-4-pyridincmethanol, ultraviolet 

5-Hytlroxy-2-pyridincmcthanol, from 

from hexoses, 1: I64 
3-Hydroxy-2-pyridinemethanol 1-oxide, re- 

Hydroxypyridine I -oxides, reduction, 3: 609 
0-1 tydroxy-3-pyridinepropionic ester, de- 

6-Hydroxy-3-pyridincstibonic acid, cleav- 

arranxement, 4: I) 

hydration, 4: 13 

age, 4: 4.52 
synthesis, 4: 451 

6-Hydroxy-3-pyridinesulfonamidc, 4: 375 
2-Hydroxy-5-pyridinesullonic acid, from 

2-aminopyridinesulfonic acid, 4: 369 

~-rlilnrop!.ridinesulfonyl chloridc from, 
4: 373 

Lpyridinol, 4: 369 

4-pyridinol. 4: 369 

3-1 lydroxy-2-pyridinesulfonic acid, from 

4-Hydruxy-3-pyridinesulfonic acid, from 

I-flydroxypyridinethione(s), 2i 136, 1JI 
I-t+ydroxy-2(1 If)-pyridincthione, 2: 136 
l-Hydroxy-4( 1 I/)-pyridinethionc, 4: 350 
ltydroxypyridonc(sj! 2: 134ff., 13Sf. 

Hydroxy-2( 1 f&pyridones, 3: 5 IS, 820$ 

l-lydroxy-4( 1 I/)-pyridones, 3: M i J .  
. reactions, 2: 142 

4-1-1 ydroxypyrido(2.3-d]pyrimidine, 
3: 241 

6-Hydroxy-3-pyridylarsinc: from 6-hydroxy- 
3-pyridine arsonic acid, 4: 447 

2-H ydroxy-3-pyridyl ketones, from acyl- 
2/f-pyran-Z-ones, 1: 177fT., 189~7. 

2-I-t ydroxy-j-pyridyl ketones, from acyl- 
2fl-pyran-2-ones, 1: 177 tT., lh!iJ. 

2-Hydroxy-5-pyridylmercurir acetate, 
2: 440 

5-Hydroxy-8-(2-pyridyl)c~tanoic acid, 
reaction with formaldehyde, 4: 18 

6-Hydroxyquinolinc. ring opening, 4: 18 

8-Hydrnxyquinoline, oxidation, 3: 187 

8-tlydroxy-2,4-quinolinedicarboxylic acid, 

6-Hydroxyquinolinic acid, halogenation, 

iiydroxyricinic acid, synthesis, 2: 350 

Hyperconjugation, in methylpyridines, 

ultraviolet spectrum, 3: 687 

from Zjlf/)-pyridone, 2: 136 

ozonolysis, 3: 187 

3: 663 

2: 1x2 

I 

Irnidazopyridines, 3: 48 tf. 

lmidic esters, methylenic, reactions, with 
I ,3-dioxo compounds, 1: 367, .I08 

reaction with 1,3,3-triethoxypropenes, 
1: 37.5, .jk 

3-lrnintxsters, reactions, with acetoacetic 
ester, 1: 387, .I28 
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3-lminoesters (confinued) 

with aldehydes, 1: 523 ff. 
with cyanoacetamide, 1: 385, ,127 
with malonic ester, 1: 386, JZri 
with methylenic compounds, 1: 385 ff., 

with unsaturated esters, 1: 439, 455 
with unsaturated ketones, 1: 4.59. J.5of. 

&!ti, ff. 

set also Enarnines 
3-lminoketoncs, reactions, with acetoacetic 

ester, I: 377 K., . 1 I N  
with aldehydes, 1: 5 3 J .  
with methylenic compounds, 1: 376 ff.: 

with methylenic esters, amides. or 

with mcthylcnic ketones. 1: 376K.. d16 
with unsaturated ketones, 1: 439, dd9 

dl8 ff. 

nitriles, 1: 379 ff., JIY 

self-condensation, 1: 379 
see also Enamines 

1: 2 7  
3-lminonitriles, reactions, with ketones, 

with unsaturated esters, 1: 440, 45,i 
with unsaturated ketones, 1: 440, 451.8. 

self-condensation, 1: 391, JY 
set also Enarnines 

4-lmino-2-pentanone. See Acetyl- 
acctonimine 

lndole alkaloids, pyridine bases from, 
1: 135 ff., 1.15 ff. 

Insecticidal activity, of stilbazoles, 2: 207 
Iodine, compounds of polyvalent, 2: 359 8. 
Iodine bromide, adduct with pyridine, 2: 

Iodine chloride, adducts with amino- 
323 

pyridines, 3: 37 ff. 
with pyridine, 2: 323 

3-lodo-2,4,6-collidinc, from 2,4,6-~0llidinc, 

Z-(Z-lodocthyl)pyridine, dehalogenation, 
2: 191 

2: 365 
from 2-pyridineethitnol. 2: 362 

pyridine from, 2: 362 
4-(2-lodoethyl)pyridine, 4-(2-chloroethyl)- 

4-vinylpyridine from, 2: 366 
5-lodo-2-methoxypyridine, from 2-chloro- 

3-( 1 -lodo-4-methylaminobutyl)pyri~~ine, 

5-iodopyridine, 2: 346 

nicotine from, 3: 76 

B-Iodomerhyl-/3-mcthy1-2-pyridinect hanol, 

6-lodonicotinic acid, 2: 340; 3: 244 
2-Iodo-j-nitropyridinc, 5,5'-dinitro-2,2'- 

3-lodo-4-picoline, from 4-picoline, 2: 191 
5-lodo-2-picolinc, from 2-picoline, 2: 191, 

4-lodopicolinic acid, from 4-chloropicolinic 

from 4-chloro-2,6-pyridinedicarboxylic 

synthesis, 2: 362 

bipyridine from, 2: 349 

318 

acid, 2: 340 

acid, 2: 340 

picolinc, 2: 344 
5-lodopicolinic acid, from 5-iodo-2- 

3-iodopyridine from, 2: 342 
Iodopyridine(s), from other halopyridines, 

2-lodopyridine, from 2-aminopyridine, 

3-lodopyridine, from 3-aminopyridine, 

2: 340 

2: 337 

3: 33 
from 2-hydrazino-3-iodopyridine. 2: 343 
from 5-iodopicolinic acid, 2: 342 
from pyridine, 2: 318 

3-lodopyridine dichloride, 2: 359 

2-Iodo-3-pyridinol. from 3-pyridinol, 
2: 319 

pyrolysis, 3: 616 

2: 355 
synthesis, 3: 574 

lodopyridones, 3: 703 

lodoxyl, 2: 319 

&lonone, reaction with 2-picolyllithium, 

Ipecac alkaloids, pyridine bases from, 

Isatin, reaction with methylpyridines, 

Isatogens, 2: 80 

4-lsobutyl-2,6-dimet hyl-3,s-pyridinedi- 
carboxylic acid, oxidation, 3: 184 

4-Isobutyl-6-methyl-2,3,5-pyridinetri- 
carboxylic acid, 3: 184 

4-lsobutyl-2-picoline, oxidation, 3: 189 
lsocinchomcronic acid, from 5-ethyl-2-pico- 

5-lodo-2-pyridinol, reaction with As,O,, 

2: 428 

1: 132 ff., Mi 

2: 192 

line, 2: 185 
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from 6-phenyl-3-picoline, 2: 222 
lsocinchomeronyl chloride, Friedcl-Crafts 

Isocyanatcs, reaction with anhydro bases, 

Isonicotinaldehyde, Cannizzaro reaction, 

rcaction, 4: 151 

2: 38 

4: 140 

glycol from, 4: 16 
hydroxysulfonic acid from, 4: 137 
isonicotinonitrile from, 4: 135 
oxidation, 4: 134 
from 4-picoline, 2: 187; 4: 126 
reactions, with acetic anhydridc, 4: 138 

with nitromethane, 2: 495; 4: 7 
with 4-picoline, 2: 201 

from 4-stilbazole, 4: 125 
lsonicotinaldehyde cyanohydrin, synthesis, 

4: 137 
diacetyl derivative, 4: 138 

Isonicotinaldehyde thiosemicarbazone, 
from 4-trichloromethylpyridine, 
4: 129 

from dithiosonicotinic acid, 4: 129 
Isonicotinamide, reactions, with formalde- 

hyde and dimethylarninc, 3: 221 
with sodium arnide, 3: 245 

1-lsonicotinamidopyrrole, 3: 228 
Isonicotinic acid, from alkylpyridines, 

2: 185 
chlorination, 2: 308; 3: 21 1 
decarboxylation, 3: 206 
from 4-(~-dirnethylaminophenyl)- 

ethyl ester, 3: 198, 205 
pyridine, 2: 222 

4-benzoylacccylpyridine from, 4: 173 
reactions, with acetophenone, 4: 150 
rcactions with aliphatic esters, 3: 212 8. 
reactions with pyridyllithium com- 

pounds, 3: 215 
reduction, 3: 200 

Hammick reaction, 3: 207; 4: 8 
hydrazidc, 3: 224 ff. 
isotopically labeled, 3: 194 
methyl betaine, reduction, 3: 200 
methyl ester. condensations, 3: 214 
4-picoline from , 2: 16 1 
rcactions, with benzophenone, 3: 207 

with sodium amide, 3: 245 

reduction, 3: 199, 203; 4: 5 
silver salt, 3: 21 1 
synthesis, 3: 182, 189ff.. 196, 198, 206 

Isonicotinonitrile, from isonicotinaldehyde, 
4: 135 

reaction with pyridyllithium compounds, 
3: 236 

reduction, 3: 68, 233 
synthesis, 3: 231 

Isonicotinonitrile 1-oxide, 3: 231 
Isonicotinoylacctic acid, ethyl ester, 3: 212 
lsonicotinoyl chloride, reactions, with 

alcohols, 3: 205 
with hydrazinc, 3: 226 
with isonicotinoylhydrazine, 3: 227 
with naphthalene, 3: 216 
with semicarbazide, 3: 227 

l-lsonicotinoyl-2.2-diacctylhydrazine, 3: 226 
a-lsonicotinoyl-~\-(3,4-dimcthoxyphcncthyl) 

4-(Isonicotinoylhydrazino) valeric acid, 

Isonicotinoyl-4-pyridylcarbinol, y-pyridil 

lsonicotinoylsemicarbazide, 3: 227 
Isanicotinoylthiosemicarbazide, cyclization, 

lsonicotinylhydrazones of pyridoxal. 4: 23 
Isonitriles, from methylpyridines, 2: 188ff. 
lsonitrosonicotinoylacetic estcr. hydro- 

genation, 4: 165 
8*-( 1sopropylidenc)-isonicotinic acid 

hydrazide, reaction with acetic 
anhydridc, 3: 228 

acetamide, 3: 223 

cyclization, 3: 227 

from, 4: 162 

3: 227 

6-Isopropyl-2, 3-lutidinc, oxidation, 3: 189 
reaction with benzaldehyde, 3: 191 

6-lsopropropyl-3-methylpicolinic acid, 

6-lsopropyl-3-mcthyl-2-stilbazole, 3: 191 

4-Isopropyl-2,6-pyridinediol, 3: 526 

Isoquinoline(s), oxidation, 1: 253 IT., 26.3; 

3: I91 

3: 186 ff. 

2: 171 
reaction with organolithium compounds, 

lsoquinoline alkaloids, pyridine acids from, 

ltaconic acid, quaternization with, 2: 16 

1: 138 ff., Ih ’J .  
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J 
Japp-Klingemann reaction, 3: 357 ff., 

4: I57 8. 

K 

Ketene, rraction with pyridine. 2: 6'7 
Ketoacids, amides, esters, nitriles, Szc 

a-Ketoaldehydes, from pyridinium salts 

3-Ketoaldchydes. Set  1,3-l)ioxo conipounds 
Ketones, lrom lithium compounds, 2: 427, 

Oxoacids, etc. 

2: 69 

4 . q  
reactions. with aldehydes, 1: 498 If., .507J. 

with 3-aminocrotononitrile, 1: 503, 527 
with cyanoacetamide, 1: 506, 5.l2 
with cyanoacetic ester, 1: 505 ff., 

with 3-iminonitriles, 1: 527 
selfsondensation, 1: 480. 4W 
scc also a, b-Acetylenic ketones 

.52Y ff. 

Ketoximes, 4: 171 IT. 
Kojic acid, 3: 558 

see also 5-Hydroxy-2-hydroxymethyl-4 (11)- 
pyran-4-one 

L 

Ladenburg rearrangement, 2: 163ff. 
Lead compounds, 2: 444 
Lead tetraacetate. in oxidation of pyridine 

Lepidine, Michael condensation with, 2: 195 

Leucenol (Ixucaenine). 2: 17ff.. 3: 689R. 

Leucknrt reaction, 3: 73; 4: 162 
Lignite, pyridine bases from, 1: 129 
Lithium aluminum hydride, additicn to 

alcohols, 4: I 1  

synthesis, 2: I61 

in plants, 1: 1 I I 

pyridine ring, 1: 52 
in reduction of alcohols. 4: 1 1 

Lithium compounds 
reactions, 2: 167H'., 42.5 If., Jl>fl. 
synthesis. 2: 422K. 

Lupin alkaloids, pyridine bases from, 

Lutidine(s), from coal, 1: 113ff. 
1: 132ff., 1.1.1 

from petroleum. 1: I25 

2,3-Lutidine, 3-meth~l-2-stilbazoles from, 
2: 192 

synthesis, 2: I59 
2,4-l2utidine, 2,4-bis(trichloromethyl)- 

pyridine from, 2: 190 
brominarion, 2: 189 
metallation with phenyllithium, 2: 168 
oxidation, 3: I X j f f . ,  189; 4: 126, 130 
pyrrocolines from, 2: 198 
reactions, with formaldehyde, 2: 193; 

with phenyllithium, 2: 424. 432 

2,4-I.utidine, Willgerodt reaction, 3: 196 
Z,.~-l.utidinc, reaction with formaldehyde, 

2,6-Lutidine, 4-amino-2,6-lutidine from, 

2,6-bis(trichloromethyl)pyridine from, 

from its 4-bromo or 4-chloro derivative, 

frbm casein, 1: 151 
chlorination, 3: 197 
lrom 2,6-dimethyl-4-pyridinal, 2: 160 
dipicolinic acid from, 2: 185 
2,6-distyrylpyridinc from. 2: 192,201 
6-methyl-2-stilbazoles from, 2: 201 
nitration, 2: 190, 471 
oxidation, 3: 186; 4: 126 
reactions, with chloral, 2: 365; 4: 6 

4: 6 

vapor-phase oxidation. 2: 186 

4: 6 

2: 191 

2: 190, 360 

2: 157 

with formaldehyde. 4: 6 
with phenyllithium, 2: 424. 430ff. 

stilbazoles from, 2: 193 
sulfonation, 4: 368 

3,4-Lutidine, 2: I59 
3,5-Lutidine, 2,3,j-collidine from, 2: 171 

from methacrylaldehyde, 1: 463 
rcaction with methyllithium, 2: 423 
synthesis, 2: 159 

2.6-l,utidine-3,5-dicarboxylic acid, 

2,3-l,utidine 1 -oxide, rearrangement, 4: 9 

2,J-Lutidine I-oxide, rearrangement, 4: 9 

2,6-Lutidine 1 -oxide, 4-ehloro-2,6-lutidine 

3,j-dibromo-2,6-lutidine from, 2: 343 

from, 2: 305 
nitration, 2: 123 

Lutidinium compounds, 2: 26 
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Lutidone, 3: 516 
Lutidonecarboxylic acid, 3: 557 

M 

Magnesium compounds. Sce Grignard com- 

Maleic acid, quaternization with, 2: 16 
Malonaldehyde, enol ether acetal of. See 

SEthoxyacrolein acetal 
Malonamide, reaction with 3-iminoketones, 

1: 380,419 
Malonic ester, reactions with 3-amine  

crotonic ester, I: 42G 

pounds 

with 3-imino-esters, 1: 386, 4.26 
with 3-iminoketones. 1: 381 

Malononitrile, reactions, with 1.3-dioxo 
compounds, 1: 368,409 

with ethoxyacetylacetonimine, 1: 381 
with glutaconaldehyde dianil, 2: 62 

hlannich bases, reaction with l-carbamoyl- 
methylpyridinium chloride, 1: 287, 
469 

Mannich reaction, 2: 196; 4: 168 
Matrinc, 2,3-pyridinedicarboxylic acid from, 

bleerwein-Ponndorf-Vcricy reaction, 4: 3 

Mercaptans, alkylation by pyridinium 

2-~Mercaptonicotinic acid, from 2-chloro- 

1: 139 

compounds, 2: 67 

nicotinic acid, 4: 349 
oxidation, 370 

4-Mercaptonicotinic acid, 4: 351 
6-Mercaptonicotinonitrile, alkylation, 4: 358 

from 6-~hloronicotinonitrilc, 4: 349 
3-.Mercaptopicolinic acid, from 3-amino- 

picolinic acid, 4: 352 
3-sulfopicolinic acid from, 4: 370 

5-Mercapto-2-pyridinol, from 5-amino- 

2-hfercaptoricinic acid, rcaction with chloro- 

Mercaptothioamides, from halonitriles, 

Mercuration, of pyridine, 1: 24 
Mercuric nitrate, complexes with alkyl- 

pyridincs, 2: 175 
Mercury compounds, 2: 124,440ff.. 4fiZJ. 

halopyridines from, 2: 342 

2-pyridinol,4: 352 

acetic acid, 4: 355, 358 

4: 349ff. 

Meroquinene, pyridine bases from, 1: 135 
iMesityl oxide. Sic 4-Methyl-3-penten-2-one 
Mctallopyridine compounds, carbonation, 

3: 350, 372 
pyridine ketones from, 4: 152 ff. 
reactions, with aldehydes, 4: 6 

with esters, 4: 6 
with ketones, 4: 6 

2-Met hacrylaldehyde, 3,s-lutidine from, 

3-(Methallyl)pyridine, ozonization, 4: 146 

Methides, 2: 36ff. 
Methoxy- See also Alkoxy- 
2-p-Methoxybenzamidopyridine, sodium salt, 

2-(p-iMethoxybenzylamino)pyridine, 

.2-(4-Methoxybutyl)pyridine, reduction, 

7-Methoxy-l,3-dimethyl-2-azafluorenone, 

2-hlcthoxy-4.6-dimethylnicotinic acid, 

3-Methoxy-2,6-dinitropyridine, 2: 475 
2-(2-Methoxycthyl)pyridine, oxidation. 

2- (7-M et hoxy hcptyl )pyridine, reduction, 

2-(6-Methoxyhexyl)pyridine, reduction, 

5-Methoxy-4-methoxymethyI-6-methyl- 

3-Met hoxy-4-methoxymethyIquinaldine, 

5-Methoxy-6-methylcinchomeronic acid, 

1: 463 

synthesis, 2: 200 

3: 24 

hydrolysis, 3: 12 

4: 12 

3: 209 

methyl ester, 3: 205 

4: I 1  

4: 12 

4: 12 

nicotinic acid, pyridoxol from, 4: 21 

pyridoxol from, 4: 21 

pyridoxol from, 4: 21 
synthesis, 4: 19 

3-,Methoxy-6-methylpicolinic acid, 3: I90 
5-M et hoxy-6-merhyl-3,4-pyridinedicar- 

boxylic anhydridc, 3: 239 
j-Methoxy-6-rnethyl-2,3,4-pyridine- 

tricarboxylic a!ihydride, 3: 239 
4-~Mcrhoxynicotinamide 1-oxide, 3: 250 
6-Mcthoxynicotinic acid, 3: 552 
4-Mcthoxynicotinic acid 1 -oxide, 

2,4-dichloronicotinonitrile from, 
3: 250 

from 4-nitronicotinic acid 1-oxide, 2: 131; 
3: 250 
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2-?vlethoxy-3-nitropyridine, 3: 577 
2-Xlcthoxy-i-nitropyridinc, lrom 5-nitro- 

2-chloropyridinc, 3: 576 
from pyridincsulfonic acid, 3: 592 

3-;Licthoxy-2-nitropyridinc, 2: 475 
4-Methoxy-3-nitropyridine, from 3- nitro- 

4-propylamino-3-nitropyridine from, 

reactions, 3: 6528. 

4-chloropyridinc, 3: 576 

2: 480 

4-( p-.llethoxyphenyl j-2,6-dimethylnicorinic 

2-( ph1ethoxyphenyl)pyridinc. from 

p-~lcthouyphenyl-2-pyridylcarbinol, reac- 

4-(3-~lcthoxypropyl)pyridine, reduction, 

2AIethoxypyridine, nitration, 2: 4’75 

3-Methoxypyridine, 3: 502 

acid. cyclizarion, 3: 209 

pyridine, 2: 217 

tion with phcnols, 4: 14 

4: 12 

reduction. 3: 658 

arylation, 3: 674 
nitration, 3: 665 
in plants, 1: 112 

rcduction. 3: 658 

thesis, 4: 18 

4-.lfethoxypyridine, 3: 610 

S-h.lethoxy-2,4-pyridinedirnethanol, syn- 

2-hlcthoxypyridine I-oxide. nitration, 2: 123 
3-hlethoxypyridine I-oxide, nitration, 2: 123 
4-hlcrhoxypyridinc I-oxidr. hydrolysis, 

2: 142 
reduction, 3: 609 

2-.llethoxy-5-pyridinesulfonamidc, from 
2-chloro-5-pyridinesulfonam ide, 
3: 579 

from l-merhyl-2( I II)-~~yridonc-5-sulft1r1- 
amidc, 4: 375 

I-Mcthoxypyridinium iotlidc. 2: 1 I 
iMethyl-. ree alro Alkyl- 
4-Met hyl-2-acetoxynicthylpyridinc 

rcarrangcnient, 4: 9 
6-.lle1liyl-2-acetoxyniet hylpyridinr 

rcarrangcmrnt, 4: 9 

-oxide. 

-oxide. 

c)-.CletIiyl;icridines, reaction with nitrohcnz- 

2 - X l e t t i y l ; i n i i 1 i ~ - 3 - b r o n i o - ~ - n 1 t r o j ,  

2-Mct hyl;iniino-j-bromo-3-1iitr~~~yridine. 

aldchydcs. 2: 193 

3: 37 

3: 37 

2-hlcthyl-3-(/3-aminoethyl) pyridine, 
2-methyl-3-pyridineethanol from, 4: 3 

2-Mcthyl-5-aminomcthyl-3-pyridinol, 3: 587 
3-~lethylamino-2-nitropyridine, from 

3-( -+let hylaminopropionyl)pyridine, 

2-i~lethylaminopyridine, alkylation, 2: 14, 

3-mcrhylaminopyridinc, 2: 474; 3: 42 

4: 150 

3: 30 
arsonation, 4: 442 
bromination, 3: 37 
from 1,2-dihydro-2-imino- I -methyl- 

pyridine. 2: 42 
nitration, 2: 473; 3: 41 
nitrosation, 3: 55 
reaction with mrthyl iodide, 2: 14 
synthesis, 3: 28 ff. 

3-h.lcthylaminopyridine, nitration, 2: 474; 
3: 42 

synthesis. 3: 3 
6-hlcthylamino-x-pyridinearsonic acid, 

4: 442 

I-blethylaminopyridinium salts, from 
pyryiium salts. 1: 21 1 

2-(3-hlcthylamyl)pyridine, 2: 161 

.,\.-hielhylanabasinc. amination, 3: 5 
2-hlethyl-7-aza-l,3-indanedionr. 4: 156H.. 

4-.l1cthylberizoquinoline, reaction with 
nitrobenzaldehydes, 2: 193 

6-Xlcthvl-2.4-bis( p-acetamidophenyl- 
sulfnnyl)pyridine. 4: 366 

1 -XlethyI-4-rliloropyridiniun~ chloride, 
from I.mcrhyl-4(1 If)-pyridone 2: 20 

2-Mcrhylcyanoacetamide, reactions, with 
1.3-dikrtoncs. 1: 367 

1: 374 

2-( l-.llcrhylryclopentyI)pyridine. from 
2-cyclopcntylpyridine, 2: 170 

1 -.Vcihyl-l, 6-dihydro-3-pyridine- 
sulfonamide 4: 375 

1 -.llcrhyl-3,5-dinitro-~( I I t )-pyridone, reac- 

with cthoxymethylencaccto;icctic ester, 

lions, with PCI,, 2: 3-41 
with SOC:l,, 3: 701 

-7-,\leth~ldiox~co~1nzalinc, 3:2 1 ‘J 

6-.llcthyl-2,J-diplie1iyl-3,5-pyridinc~li~~r- 

.~-,\leth~l-4,6-diphcnyl-2-pyridinol, 3: 232 
btrxylic acid. ryclization, 3: 209 
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Methylenebispyridinium dibromide, 
formaldehyde from, 2: 45 

Methylene dihalidcs, pyridinium compounds 
from, 2: 5 

a - ( 3 , 4 - ~  erhylenedioxyphenyl)-2-pyridine- 
methanol, oxidation, 4: 11 

2,2'-klethylencdipyridine, 2: 2 15 
Methyl ethers of pyridine alcohols, 4: 7Uff. 
3-Methylglutaraldehyde oximc, 4-picoline 

from, 1: 284 
3-1Licthyl-4-hydroxycoumarin, reaction with 

2-vinylpyridine, 4: 158ff. 
Methyl q-hydroxy-5-methoxy-6-methyl- 

2-pyridineoctanoate, oxidation, 4: 11  
6-Methyl-2-hydroxynicotinic acid, reduc- 

tion, 4: 5 
2-Methyl-6-hydroxynicorinic ester, alky- 

lation, 3: 637 
2-blethyl-3-hydroxy-4,5-pyridinediaIdehyde, 

dithioscmicarbazone, 4: 13 1 
2-Methyl-3-hydroxy-4,5-pyridinedicar- 

boxylic ester, 3: 523 
6-Methyl-5-hydroxy-3-pyridinemet hanol, 

reaction with bromine, 2: 317 
&.Met hyl-3-hydroxypyrido[2,3]pyrazine, 

3: 64 
2,2',2"-Methylidynetripyridine, 2: 2 15 
2-Methylimidazopyridine, 2: 76 
2-Methylisonicotinaldehyde, 4: 126 
2-hlethylisonicotinic acid, 3: 189 

ethyl ester, 3: 185 
Hydrazide, 3: 227 

I-hlethylisonipecotinic acid, 3: 200 
3-Methylisoquinoline, oxidation, 3: 188 
Methyllithium, metalacion with, 2: 423 
hlethylrnagnesium iodide, reaction with 

methylpyridines, 2: 182 
Mcthylmalonic ester, reaction with 3-imino- 

esters, 1: 386, .126 
3-Methyl-4-methoxyisoquinoline, pyridoxol 

from, 4: 21 
Methyl 1 -methyl-3-piperidyl ketone, 2,3- 

pyridinediol from, 1: 234ff., U 7  
2-Methylnicotinaldehyde, 3: 229; 4: 128 
5-M ethylnicotinaldehyde, 5-methyl- 

2-Methylnicotinamide, 3-amino-2-picoline 

6-Methylnicotinamide, 5-amino-2-picoline 

3-pyridineglycolic acid from, 4: 18 

from, 3: 7 

from, 3: 7 

,\-hlethylnicotinamide, reduction, 3: 220 
4-Methylnicotinic acid, 3: 232 

5-Methylnicotinic acid, 5-cthyl-3-picoline 
ethyl ester, 3: 212 

from, 2: 184 
synthesis, 3: 185,232 

from 5-erhyl-2-picoline, 2: 184 
reaction with benzaldehyde, 2: 202 
synthesis, 3: 185, 192 

6-Methylnicotinic acid, chlorination, 3: 197 

2-Methylnicotinic acid hydrazide, reduction, 

4-Methylnicotinonitrile, hydrolysis, 3: 232 

5-Methylnicotinonitrile, hydrolysis, 3: 232 
6-hlethylnicotinonitrile, synthesis, 3: 231 
2-(,N-Met hylnitramino)-3-nitropyridine, 

3-,Methylnitraminopyridine, 2: 474 
2-Methyl-5-nitronicotinic ester, from 

3: 229. 

synthesis, 4: 371 

3: 54 

nitromaionaldehyde, with 3-amino- 
crotonic ester, 1: 357 

reduction, 2: 470, 483 
synthesis, 2: 470; 3: 3 

5-Methyl-3-nitro-2-pyridinethiol, 6-mcthyl- 

6-Methyl-2-nitro-3-pyridinol, 2-chloro- 

l-Mcthyl-5-nitro-2(1 li)-pyridone, 2: 475 
from 2-chloro-5-nitropyridine, 2: 358 
reaction with phosgene, 2: 331 

Methyl 5-nitro-2-pyridyl sulfone, cleavage 
with ammonia, 4: 365 

2-Methylnitrosarninopyridinc, 2: 473 
4 '-hlerhyl-3'-nitro-2-stilbazole, picolinic 

4-Methyl-~V-r-octylthiopicolinamide, 3: 196 
4-Methyl-3-pcnten-2-one (mesityl oxide), 

pyrido[3,2-d]thiazole from, 4: 356 

6-methyl-3-pyridinol from, 2: 341 

acid from, 2: 207 

rcactions, with cyanoacetamide, 1: 444 
with cyanoacetic cstcr, 1: 442 
with methyl ethyl ketone, 1: 437 

4-( I-Methylpentyl)pyridine, from 4-ethyl- 
pyridine, 2: 170 

2-Met hyl-(,-phenyl-3,4-pyridinedicarboxyIic 
acid, reduction, 3: 200 

2-M ct hyl-6-phenyl-3,4-pyridinedicarboxylic 
ester, from benzoylpyruvic ester, with 
3-aminocrotonic ester, 1: 358 

a-h4ethyl-a-phenyl-2-pyridinemethanethiol, 
4: 357 



680 Cumulative Subject Index 

a-Methyl-a-phenyl-2-pyridinemethanol. 

3-h.lethyl-a-phenyl-2-pyridinemcthanol, 

4-.Methyl-5-phenyl-3-pyridinol. from 

reduction, 4: 12 

2: 359 

4-hydroxy-5-methyl-6-phenyl-7( H )- 
1,2-diazcpine, 1: 268; 3: 568 

l-Methyl-3-phenyl-6(1 If)-pyridone, 3: 599 
6-MethyI-J-phenyl-2(1 /I)-pyridone, 

2-Methyl-6-phenyl-3-pyridyl phenvl ketonc, 
4-phenyl-2-picoline from, 2: 217 

from benzoylacetaldehyde, with 
benzoylacetonimine, 1: 358 

4-Methylpicolinaldehyde, 4: 126, 130 
6-.Methylpicolinaldehyde, 4: 137 
4-Mcthylpicolinaldehyde cyanohydrin, 

6-h4ethylpicolinaldehyde cyanohydrin, 

Methylpicolinic acids, decarboxylation, 

2-Mcthylpicolinic acid, reactions, with 

4: 137 

4: 137 

3: 206ff. 

acetaldehyde, 4: 6 
with formaldehyde, 4: 6 

4-methylpicolinic acid, occurrence, 3: 185 
reactions with acetaldehyde, 4: 6 

with formaldehyde, 4: 6 
6-Methylpicolinic acid, chlorination, 3: 197 

1-Methyl-2-picolinium hydroxide, conduc- 
tivity, 2: 37 

I-Methyl-2-picolinium iodide, from stil- 
bazole methiodides, 2: 41 

1-Methyl-3-picolinoylsuccinimide, 4: 150 
2-Methyl-6-picolyllithium, 2: 424 
Met hylpiperidines, from methylpyridines, 

1-Methylpiperidine. 3: 200 

a-Methyl-2-piperidineethanol, from 

ethyl ester, 3: 186, 212 

2: 187 

a-(trichloromethyl)-2-pyridine- 
ethanol, 4: 12 

l-Methyl-3,5-piperidinedione, from 
diphenylacctoacet ic ester and 
formaldehyde, 1: 348 

a-Methyl-3-piperidinemethanol, from 
3-acetylpyridine, 4: 163 

3-Methyl-2-piperidone, 3: 202 

2-(2-MethylpropenyI)pyridine, 2: 201 

6-hlethyl-4-propylpicolinic acid, 3: 191 
Methylpyridine(s), hydrogenation to 

methylpiperidines, 2: 187 
isonitriles from, 2: 188ff. 
reactions, with methylmagnesium iodide, 

2: 182 

IIC afro Picolines 
with phthalic anhydride, 2: 196 

4-Methylpyridine-2,6-dialdehyde, 4: 126 
6-Yethylpyridine-2,4-dialdehyde, 4: 126 
Mcthyl-2,3-pyridinedicarboxylic acid, from 

methylquinolines, 1: 251 ff., 259fl. 
2-Methyl-3,4-pyridinecarboxylic acid, 3: 185 
2-?ulethyl-3,j-pyridinedicarboxylic acid, 

dimethyl ester, reduction, 3: 201 
2-Methyl-3,6-pyridinedicarboxylic acid, 

3: 186 
2-Methyl-4.6-pyridinedicarboxylic acid, 

decarboxylation, 3: 189 
4-Methyl-2,~-pyridinedicarboxylic acid, 

3: 186 
6-I\.lethyl-2,4-pyridinedicarboxylic acid, 

6-Mcthyl-3,4-pyridinedicarboxylic acid, 
ethyl ester, 3: 188, 201 

G-Methyl-3,4-pyridinedirncthanol, 3: 201 ; 
4: 24 

4-Methyl-2,6-pyridinediol, reaction with 
malic acid, 3: 676 

6-MethyI-2.4-pyridinedione. from 3-acct- 
amidocrotonic ester, 1: 535 

6-Methyl-2-pyridineethanesulfonic acid, 
from 6-methyl-2-vinyl pyridine, 
4: 375ff. 

- chlorination, 3: 197 

a-Methyl-2-pyridineethanol, esters, 4: 12 
from 2-ethylpyridine, 4: 6 
from 2-picoline, 4: 6 
reaction with w-bromoacetophenone, 4: 13 

a-Methyl-3-pyridineethano1, reduction, 4: 12 
~-Methyl-4-pyridineethanol, from 4-ethyl- 

2-iMethyl-3-pyridinecthanol, 4: 2ff. 
2-111erhyI-4-pyridincethano1, reduction, 4: 12 
4-Methyl-3-pyridineet hanol, reaction with 

5-Methyl-2-pyridincethanol, from cevine, 

a-Met hyl-2-pyridineethanol methosulfate 

pyridine, 4: 6 

chloral, 4: 2, 6 

4: 2 

reduction, 4: 12 
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5-.1~lethyl-3-~~yridineglycolic acid. from 
5-methylnicotinaldehyde, 4: 18 

a-IMethyl-2-pyridinemethanol, chelating 
ability, 4: 10 

hydrogenation, 4: 12 
oxidation, 4: 1 1  
synthesis, 4: 2 

a-1Iethyl-3-pyridinemethanol, from 
3-acetylpyridine, 4: 163 

esterification, 4: 3 
synthesis. 4: 3, 166 

a-Methyl-4-pyridinemethanol, synthesis, 

2-Xlethyl-4-pyridinemethanol, from 

4-Merhyl-2-pyridinemethanol, from 

4-Methyl-3-pyridinemethanol, oxidation, 

5-Methyl-3-pyridinernethanol, 4: 3 
6-1lethyl-2-pyridinemethanol, chelating 

ability, 4: 10 
3-Methyl-2-pyridinemethanol I-oxide, 

rearrangement, 4: 9 
6-hlethyl-2-pyridinemethyl acetate, 

2,6-diacetoxypyridine from, 2: 127 

2-hlethyI-3-pyridinepropano1, from aliphatic 
kero aldehydes, 4: 2 

I-hlethyl-2(1 f~)-pyridineselcnone, 4: 380 

2-Methyl-3-pyridinesulfonic acid, 4: 368 
2-iMethyl-~-pyridin~.sullonic acid, from 

2-picoline, 4: 368 
3-.llcthyl-5-pyridinesulfonic acid, from 

3-picoline, 4: 360 
4-Methyl-3-pyridinesulfonic acid, from 

4-picoline, 4: 368 
6-1lethyl-3-pyridincsulfonic acid, oxidation. 

4: 372 
l-Methyl-2(l/l)-pyridinethione, 2 chloro- 

pyridine from, 2: 328; 4: 355 

4-hlethyl-2,3,6-pyridinetricarboxylic acid, 

6-hlethyl-.3,4..i-pyridinetricarbxylic ester, 

1 -Methylpyridinium hydroxide, in animals. 

I-klethylpyridinium perhalides, 2: 326 

4: 3 

2,4-lutidine I-oxide, 4: 9 

2.4-lutidine I-oxide, 4: 9 

4: 1 1  

structure, 4: 347 

3: i n n  

from divinylamines, 1: 534, 537 

1: 113 

I-.1Icthylpyridinium salts, reaction with 

2-Methyl-3-pyridinoI, from 2-bromoniethyl- 
aldehydes, 2: 26 

3-pyridino1, 2: 365 
blannich reaction, 3: 73 

3-Methyl-2-pyridinol, from 3-picoline 
I-oxide, 2: 126; 3: 604 

3-Methyl-4-pyridino1, 3: 651 
4-Mcrhyl-3-pyridino1, from 4-picoline 

1-oxide, 4: 9 
S-hlethyl-3-pyridino1, from bis-2-hydroxy- 

propylamine, 1: 533 
from 3-picoline 1-oxide, 3: 607 

from 2-picoline 1-oxide, 2: 126 
reactions, with PBr,, 2: 317 

6-Mrthyl-2-pyridinol, bromination, 2: 31 3 

with triphenylchloromethane, 2: 173 
6->lcthyl-3-pyridinol, from 5-aminomethyl- 

furfuryl alcohol, 1: 160 
from hexoses. 1: 164 

6-hlethyl-3-pyridino1, reaction with form- 
aldehyde, 3: 190; 4: 18 

2-Methylpyrido[2,3]imidazole, 3: 66 
l-Methyl-2( 1 I!)-pyridone, arsonation, 

2-chloropyridine from, 2: 20, 310 
2,5-dichloropyridine from, 2: 310 
iodination. 2: 319 
nitration, 2: 475 

3: 669 

I -hlethyl-2(1 fi)-pyridone, reactions, with 
amines, 3: 651 

with triphenylcarbinol, 3: 670 
reduction, 3: 657 
sulfonation, 3: 669; 4: 369 
synthesis, 3: 595ff., 602 

1 -mcthyl-4-chloropyridinium chloride 

reduction, 3: 656 
I-iLlethyl-2( 1 /f)-pyridone-6-acetic acid, 

3: 103 
I -Xlerhyl-2( I Il)-pyridone-3-carboxylic acid, 

3: 599 
I-Xlerhyl-2( I ff)-pyridone-6-carboxylic acid, 

3: 193 
I -.1lethyl-2( 1 fl)-pyridone-6-pyruvic acid, 

ethyl ester, oxidation, 3: 193 
1 -Mcthyl-2( I f/)pyridone-5-sulfonamidc, 

isomerization, 4: 375 
1 -Mcthyl-2( I II)-pyridonc-5-~ulfonic acid, 

I-hIethyl-4(1ff)-pyridonc, 3: 518, 595 

from, 2: 20 
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I-Methyl-2( I If)-pyridone (ronfinurdj  

2-chloro-5-pyridinesulfonyl chloride 
from, 4: 373 

synthesis, 4: 369ff. 
2-Methyl-4H-pyridoI I ,2-a]pyrimidin-4-one, 

6-Methyl-2-pyridylacetone. reduction, 

2-(6-.\lethyl-2-pyridyl)acetophenone, 2: 43 I 
Methyl 2-pyridyl disulfide. 4: 363 
6-.Methyl-3-pyridylglyoxal, from 

5-(2-butenyl)-2-picoline. 4: 125 
Methyl 3-pyridyl ketone, 3-(a-chlorovinyl)- 

pyridine from, 2: 363 
2-Methyl-5-pyridylmercuric acetate, 

2: 440 
4-M ethyl-3-pyridylmercuric acetate, 

synthesis, 2: 440 
2-h~ethyl-5-(4-pyridyl)-1,3,4-oxadiazole, 

3: 228 
.%Met hyl-,l:(2-pyridyl)-n-phenylene- 

diamine, diazotization, 3: 47 
6-Methyl-3-pyridyl propyl ketone, 

reduction, 4: 4 
Methyl-2-pyridyl sulfide, react ion -it h 

hydrogen peroxide. 4: 364 
2.3, and 4-Methyl pyridyl sulfides, ultra- 

violet spectra, 4: 359 
Methyl-2-pyridyl sulfone: 4: 365 
I-h.iethylpyrrolc, pyridine from, I: 226 

2-Me:hylpyrrole, pyridine from, 1: 226 

5-Xiethyl-1 If-pyrrolo[3,2-b]pyridinc, 3: 46 

Methylquinoline(sj, isonitriles from, 

4-hlethylquinoline, reaction with nitrobenz- 
aldehydes, 2: 193 

4-Methylquinolinic acid, 3: 185 

2-hlethyl-3-stilbazoles, from 2.3-lutidine, 

1 -hf ethyl-2-sulfanilimido- I ,2-hydropyridine, 

l-Methyl-l.2,j,6-tetrahydronicotinii: acid. 

2: 353 

4: 164 

2: 18811. 

2: 192 

3: 26 

see Arecaidine, 3 
methyl ester, sce Arecoline 

l-Methyl-I,2,5,6-tetrahydropyridinc:, 3: 200 
2-ILlethylthiopyridine, oxidation, 4: 364 

quaternization, 2: 14 

6-Xl~thyl-2-tola~ole, 2: 2 I3 
Methyl 2,4,6-trimethyl-3-pyridyl ketone, 

from acetylacetone, 1: 357 
Xlichael reartion, 2: 21Off . ,  4: 158 
Michler's hydrol, reaction with 2,6-diamino- 

Mimosinc, 2: 17 ff. 
in plants, 1: I I 1  

A4onalkylpyridinemonocarboxylic acids, 

blonoalkylpyridinepolycarboxylic acids, 

Xlonoaminopyridines, 3: h'l 
Monoarylpyridinemonocarboxylic acids, 

Monoarylpyridinepolycarboxylic acids, 

4-Xlorpholinopyridine I-oxide, 2: 131 
hiuscopyridine. 1: 112 

pyridine, 4: 1 0  

3: B3j. 

3: 2wff. 

3: 28.3ff. 

3: 2wff. 

N 

1,4-Naph:hoquinonedibenzenesulfonimide, 
reactions. with 2-aminopyridine, 
2: 79 

with pyridine, 2: 19 
2-(and 4-)-( 1 -IVaphthylmethyl)pyridine, 

1-(2-NaphthyI)-3-nicotinoylurea. 3: 22 1 
Naphthylpyridines, from pyridine, 2: 217ff. 
Naphthyl pyridyl ketones, 3: 216 
2-Naphthyl4-pyridyl ketone, reduction, 4: 4 
Naphthyridines. 3: 43ff., 4: 6 
Narcotine, 3.4-pyridinedicarboxylic 

.%-methyl betaine from, 1: 139 
Natural products, degradation to pyridines, 

1: l13lT., 151 
Neopyrithiamine, 2: 81 
Niacin. .Sce Nicotinic acid 
Niacinamide. Set Er'icotinamide 
Xicotelline, in tobacco. 1: 1058. 
Nicotinaldehyde, from 3-(aminomethyl) 

pyridine, 3: 76 
from 2-(dimethylaminomethylene)-3- 

pentenediol, 4: 13 1 

cnediol acetate from, 4: 138 
from nicotinamide derivatives, 3: 220 
from nicotinic acid hydrazide, 3: 229 
from nicotinonitrile, 3: 234ff.; 4: 129 

2: 173 



Cumulative Subject Index 683 

from nicotinoyl chloride, 3: 217 
oxidation, 4: 134 
from picolylamine. 4: 131 
from 3-pyridinemcthanol, 3: 190 
reactions, 2: 494 

with ammonia, 4: 136 
with nitromethane, 4: 7, 16 
with sodium bisulfite, 4: 137 

Nicotinaldchydc thiosemicarbazone, 

Nicotinamidc, amination, 3: 5, 245 

synthesis. 4: 128 

oxidation, 4: 141 

brominatioit, 3: 38 
in enzymes, 1: 103 
quaternary salts, 2: 4XH:, 57; 3: 202 
reaction with isocyanatcs. 3: 221 
synthesis, 3: 218 

Nicotinamidc coenzymcs, 2: 51 K. 
Nicotinamidc 1 -oxide, 2-chloronicotino- 

nitrile from, 2: 122 
Nicotinamidine, reaction with tetrarncthyl- 

encdiamine, 3: 235 
2-Nicutinamidodiphenyl, cyclization, 3: 222 

Nicotine, amination, 3: S 
analogs. 3: /.it; 
isolation, 1: 110 
oxidation, 3: 183 
in plants, 1: 104R.. /OX 
synthesis, 3: 76 

Nicotine oxidc, in tobacco, 1: 107 
Nicotinic acid, amination, 3: 24s 

2-aminocthyl ester. 3: 221 
chlorination, 2: 308; 3: 21 1 
decarhoxylation, 3: 206 
dicthylamidc. reduction, 4: 5 
dipyridyl ketone from, 3: 2 1 1 
in enzymes, 1: 103 
ethyl ester, reactions, 4: 150 

derivatives. reduction, 3: 200, 202; 

hydrazidc, 3-aminopyridine from, 3: 8 
4: 5 

reduction, 3: 229 
tubcrcuiostatic activity, 5: 227 

hydrosenation, 3: 20.3 
isotopically labeled, 3: 194 

synthesis, 2: 426 
methiodide. 3: 202 
methyl betaine. .SPC l’riaoncllinc 
occurrencr, 3: 103, 197, 208, 237 

1-oxidc, acyliition, 4: I56 

from 3-picoline, 2: 185, 187 
production, 3: 218 
from quinolincs, 1: 2.51, 257fl. 
reactions, 3: 206. 208, 218 
reduction, 3: 199; 4: S 
silver salt. 3: 21 I 
synthesis, 3: 182ff., 187ff., 206 
in tobacco, 1: 107 
from 3-trichlorometliylpyridine, 2: I90 

Nicotinic acid pcrbromide, 2: 325 
Nicotinic esters, from 2-chlorovinyl ketones, 

with acctoacctic estcr, 1: 376, 417 
with 3-aminocrotonic estcr, 1: 376, 1 1 i  

reaction with PC:I,. 3: 244 

from 2-cyano-.5-oxocarboxylic esters, 
1: 291 

from 1,3-dioxo compounds, with 3-imino- 
esters, 1: 357 fl., &!, 

from enol ethers of I.3-dioxo conipounds, 
with .7-aminocrotonic ester, 1: 372 ff,, 
. 1 / /  

from 3-iminokrtoncs, with acctoacctic 
cstcr, 1: 377 t€.> ;l/S 

reactions, 3: 208, 212K. 
synthesis, 3: 205 fr. 
from 1,3,3-trictho~ypropenes, with 

3-aminocrotonic estcr, 1: 373, dl.? 
Nicotincinitrilc, 3-acetyl-4-propylpyridine 

from: 2: 172 
from 3-bromopyridine. 2: 347 
from 1.3-dioxo compounds, with 

from cnol ethers of 1.3-dioxo compounds, 

hydrogenation, 4: .5 
hydrolysis and reduction, 3: 68, 219, 233ff. 
reaction with organomctallic compounds, 

reduction, 4: 128ff. 
synthesis, 3: i.V, 231,241 
from 1,3,3-triethoxypropenes, with 

3-iminonitrilrs, 1: 360, ,195 

with 3-iminonitriles. 1: J / /  

3: 236; 4: 1.525. 

3-aminocrotononitrilc, 1: d1.3 
Nicotinonitrile I -oxide, attempted nitration, 

2: 123 
p-Nicotinotoluididc, 3: 218 
Nicotinoylacctic ester, 3: 212 

Nicot inoylacctone. kthylpyridine from, 
2: 161 
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o-Nicotinoylarninobcnzamidc. 3: 223 
o-Nicotinoylarninohenzoic acid, 3: 123 
Nicotinoyl chloride, brornination. 2: 31 5; 

3: 211 
ketones from, 4: 151  
reactions, with dipropylcadmiurn, 3: 217 

with naphthalene, 3: 216 
with potassium acid sulfide, 3: 237 

a-Nicotinoyl-,\.-(3,4-dirnethoxy-phrnerhyi) 

Nicotinoylhydrazones of pyridoxal, 4: 23 
3-Nicotinoyl-l-rnethyi-2-pyrrolidone, 4: 150 
a-(Nicotinoyl)phenylacetonitrilc, 3: 213 
1 -N icor inoyl-3-phcnylurea. 3: 22 1 
3-Nicotinoylpropionic acid, 4: 148 
y-Nicotinoylpropylarnine phenylhydrazone, 

Nicotyrine, in tobacco, 1: 105. 108 
Niket harnide. Sep .\.;.XiDiethylnicotinamide 
Nipecotinic ester, 3: 202 
6-Nitrarnino-S-ethyl-2-pi~:oline, 3: 4 I 
2-Nitrarnino-5-iodopyridine, 3: 4 1 
2-Nitrarninonicotinic acid, rearrangement, 

6-IVitraminonicot inic acid, rearrangement, 

2-Nitramino-S-nitro-4.6-luti~ine, 3: 41, 5 3  
2-Nitrarnino-5-nitro-3-picoline, hydrolysis. 

2-Nitramino-3-nirropyridine, rearrangement. 

2-Nitramino-5-nirropyridine. alkylation, 

reduction, 3: 217 

acetamide, 3: 222 

Fischer indole synthesis, 4: 170 

3: 246 

3: 41, 246 

3: 52 

3: 41 ,  52 

3: 54,58 
rearrangement, 3: 41 

4-Nitramino-J-nitropyridine, 2: 474; 3: 42, 

2-Nirrarnino-4-picoline, alkylation, 3: 53 

3-Nitraminopicolinic acid, 3: 245 

Nitrarninopyridines, 2: 471 If.. 489; 3: 

51 

40ff.. 50fT., 1LuiJ. 
pyridinols from, 3: 591 

aikylation, 3: 58 
from 2-iirninopyridinc, 3: 40 
reactions, 3: 52 
rcarrangemcnt, 3: .SO 
synthesis and rearrangement, 2: 42, 471fT. 

2-Nitraminopyridine, acylation, 3: 54R. 

3-Kitraminopyridine. 2: 474 
methylation, 3: 54 
reactions, 3: 51 

from 4-aminopyridine, 3: 40 
4-halopyridines from, 2: 336; 3: 51 
synthesis and rearrangement. 2: 474 

Nitration, of pyridine derivatives, 1: 238.; 

Nitriles, from halopyridines, 2: 355, 369 
pyridylation, 3: J21$ 
reactions with dienes, 1: 346K., 351 A. 

with tetraphcnylcyclopentadienone. 

4-Nitrarninopyridinc, 3: 42 

2: 470H. 

1: 1-53, 1.53 
self-condensation, 1: 482 K. 

Nitroalkoxypyridines, cleavage, 3: 679 
5-Nitro-2-arninopyridine, from 2-acetamido- 

pyridinc, 3: 40 
methylation, 3: 58 

5-Nitro-2-(arylseleno)pyridines. 4: 381 
I-Nitro-3-azaphenothiazine, 4: 362 
pNitrohcnzoyl chloride, reaction with 

2'-Ni1ro-5'-chloro-2-rolazolc, 2: 21 4 
3-Nitrocollidincs, reaction with form- 

3-Nitro-2,4,6-collidine, 4,6-dimethyl- 

pyridine, 2: 62 

aldehyde, 4: 6 

5-nitropicolinic acid from, 2: 185 
4,6-dimethyl-5-nitro-2-st ilbazole from, 

2: 193,202 
3-Nitro-2,5.6-collidine, 1,3-glycols from, 

4: 15 
5-Nitro-2,4.6-collidine, reaction with 

formaldehyde, 2: 193 
5-Nitrodihydronicotinic ester, from 

ethoxyrnethylcncacetoacetic ester, 
with .I, 1 -dirncthyl-2-nitroethyl- 
arninc, 1: 467 

aldehyde, with "\ ; I  -dimethyl-2-nitro- 
ethylamine, 1: 467 

3-Iiitro-2-dirnethylaminopyridinc, from 
2-dimethylarninopyridine, 2: 473 

5-Nitro-2,2'-dipyridylarnine, synthesis, 2: 474 
2-9itroct hylpyridincs, from vinylpyridines, 

Nitrohalopyridincs, thiocyanation, 4: 377 
3-Nitroisonicotinaldchyde, from 3-nitro-4 

3-Nitrodihydropyridines, from a &keto- 

3: 7.5 

picolinc, 4: 126 
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Nit romalonaldehyde, reactions, with ethyl 
@-aminocrotonatc, 1: 357; 2: 470 

with cyanoacetamide, 1: 364 
Nitrones, 2: 68ff. 
4-Nitronicotinic acid 1 -oxide, 4-methoxy- 

nicotinic acid 1-oxide from, 2: 131, 
3: 250 

from 4-nitro-3-picoline 1-oxide, 2: 131, 
3: 250 

4- (2-nitrosophenyl)pyridines from, 
2: 223 

a-( pNitrophcnyl)-2-pyridineethanol, 
oxidation, 4: 11 

3-Nitrophthalic anhydride, pyridinium 
compounds from, 2: 10 

Nitropicolines, oxidation, 3: 244 
3-Nitro-4-picoline, 3-nitroisonicotin- 

aldehyde from, 4: 126 
3-nitro-4-stilbazole from, 2: 202 

4-(2-Nitrophenyl)-l,4-dihydropyridines, 

4-Nitropicoline(s), from I-oxides, 2: 120 
5-Nirro-2-picolinc, from 6-chloro-5-nitro- 

reaction with phcnyllithium, 2: 424 
2-picoline, 2: 478 

4-Nitro-2-picoline 1-oxide, reduction, 2: 133 
4-Nitro-3-picoline I -oxide, 3,3'-ethylenebis- 

(4 nitropyridine) 1, I '  dioxide from, 
2: 480 

4-Nitronicotinic acid I-oxide from, 2: 131; 

5-Ni~ropicolinic acid, 3: 245 
5-NitropicolinonitriIc, hydrolysis, 3: 245 
5-Nitro-2-pirollyllithium, 2: 424 
Nitropyridines, aminopyridines from, 3: 8 

3: 250 

from aminopyridines, 2: 11 5, 133; 3: 14 ff. 
properties, 2: 478, 502tf. 
pyridinols from, 3: 582 
reactions, 2: 478fF., mxff., 5/70, 
relative reactiviticrs. 2: 507 
synthesis, 2: 190, 470ff., .Mjff. 

2-Nitropyridine, 2-hydroxylaminopyridine 
from, 2: 482 

from its I-oxide, 2: 120 
3-Nirropy ridine, from 2-hydrazino-5-nitro- 

from nitromalonaldehyde, with cyano- 

with 3-aminocrotonic ester, 1: 357 
4-Nitropyridine, from its 1-oxide, 2: 120ff. 

pyridine, 2: 490 

acetamide, 1: 364 

4-pyridinol from, 2: 479 
Kitropyridinecarboxylic acids, 3: 244, JOI, 
3-Nitro-2,4-pyridinediol, bromination, 

Nitropyridine 1 -oxides, 
2: 315 

reactions, 2: 122, 129, 5/30,  
reduction, 2: 131 ff., 476,493, 497ff.. 5UJ.  
synthesis, 2: 122ff., 476, 4Wff. 

2-Nitropyridine 1-oxide, from 2-amino- 
pyridine I-oxide, 2: 123 

4-Nitropyridine 1 -oxide, aminolysis, 2: 131 
4-aminopyridine from. 3: 9 
4-bromopyridine I-oxide from, 2: 130 
4-chloropyridine 1 -oxide from, 2: 130, 306 
2.4-dichloropyridinc from, 2: 122,306 
hydrolysis, 2: 131, 142 
reaction with HCI and HBr., 2: 341 
reduction, 2: 131, 133 

5-Nitro-2-pyridinesulfenyl chloride, from 

3-Nitro-5-pyridinesulfonic acid, reduction, 

5-Nitro-2-pyridinesulfonic acid, reactions, 

rcplacement of sulfo group, 4: 371 ff. 
synthesis, 3: 576; 4: 370 

5-Nitro-2-pyridinesulfonyl chloride, from 

3-Nitro-2-pyridinethiol, 4: 349ff. 
5-Nitro-2-pyridinerhiol, 4: 353 IT. 

5-nitro-2-pyridinethio1, 4: 353 

4: 368 

2: 480,489 

5-nitro-2-pyridinethio1, 4: 373 

arylation, 4: 358 ti'. 
2shloro-5-nitropyridine from, 2: 341 ; 

oxidation, 4: 3.54, 373 
properties, 4: 353 
reactions, with chlorine, 4: 353 

with diazomethanc, 4: 354 
replacement of mercapto group, 4: 355 

3: 349 

Nirropyridinols, 3: 665, 699 
Nitro-2-pyridinols, 2: 474; 3: 724ff. 
Nitro-3-pyridinols, 3: 769J. 
2-Nitro-3-pyridino1, 2: 475 
3-Nitro-2-pyridino1, from 3-nitropyridinc 

I-oxide, 3: 607 
occurrence, 4: 372ff. 

3-Nitr0-4-pyridino1, bromination, 2: 315 
from 3-nitro-4-aminopyridine, 3: 590 
from 3-nitro-4-chloropyridine, 3: 576 
from 4-pyridinol, 2: 476 
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j-Nirro-2-pyridinol. 2-chloro-5-nirropyridin~ 

from 2-chloro-5-nitropyridine, 2: 346, 350 
from 2-nitraminopyridine. 3: 50 

from, 2: 331 

Nirro-2(1 I!)-pyridones, 3: Xl2J. 
Nitro-4( 1 /I)-pyridones, 3: XZtf. 
7-Nitropyrido[ 1,2-d]tetrazole, 2,3-$-di- 

3-Nitro-4-pyridyl azide, 2: 493 
2-Nitro-3-pyridyl carbamic ester, 3: 42 
2-Nitro-I-pyridylethanols. 4: 7 
S-(S-Nitro-2-pyridyI)thiuronium chloride, 

nitrosopyridine from, 2: 481 

reaction with sodium hydrxoxide, 
4: 350 

5-Nitro-2-pyridyl prolyl sulfone. 4: 365 
6-h’itroquinoline, ozonolysis, 3: 187 
Nitrosoaminopyridines, 3: 50 K., I O i  
2-(~~-Nitrosoanilino)pyridine, 3: 55 
3-(N-Nitroso-1-butyramido)pyridinc, 3: 55 
PR’itrosodimethylanilitic, reactions. with 

aminopyridines, 2: 484 ff. 
with betaincs, 2: 44 
with 1 -phenacylpyridinium bromide, 

2: 68 
a-Nitrosoketones, reduction, 4: 4 
,V-Nitroso-2-methylaminopyridine, from 

4-(2-h’itrosophcnyl)pyridines, from 3-(2- 
2-methylarninopyridinc, 3: 41 

nitrophenyl)-l,4-dihydropyri~Iines, 
2: 223 

Nitrosopyridincs, 2: 481 ff., : i /b  
o-Nitrostilbazolc, cIr- and Irons-, 2: 206 
3-Nitro-4-stilbazole, from 3-nitro-4-picoline, 

2: 202 
5-Nitro-2-thioacetarnidopyridine, from 

2-chloro-5-nitropyridine, 3: 23 
3-Nitro-2-thiocyanatopyridine, from 

2-chloro-3-nitropyridine. 4: 3’77 
reduction. 4: 378 

from, 2: 215 
Z’-Nitro-2-tolazole, 2-(2-pyridyl)isatctgen 

synthesis, 2: 213ff. 
3,7-Nonadione, 2,6-diethylpyridine from, 

1: 278 
3,7-Nonadione dioxirne, 2.6-dict hvlpyridine 

from, 1: 283 
Norlobelanine, 4: 163 
Norlobelinc, 4: 163 
Nornicotine, in plants, 1: 105ff., 108 
Norricinine, from 6-chloronorricininc, 2: 348 
Nucleophilic reactions, of pyridine, 1: 26 

0 

Octahydroacridine, from cyclohexanone and 
formaldehyde, 1: 499 

Octahydrophenanthridine, from cyclohex- 
anone and formaldehyde, 1: 499 

Octahydropyrrocoline. from 2-pyridine- 
propanol, 4: 13 

.A-f-Octylpicolinamide. 3: 196 
4-Octylpyridine, 2: 166 
Olefin formation in quatcrnization, 2: 5 
Olefinic amides, esters, ketones. .Ye 

Optical activity, retention of in quaternization, 

Organolithium compounds, reaction with 

Organometallic compounds, 2: 42 I 8. 
alkenylpyridines from, 2: 1998. 
alkylpyridines from, 2: 167K. 
arylpyridines from, 2: 217 
from halopyridines, 2: 358ff. 
reactions, with pyridine aldehydes, 

a,&-Unsaturated amides, erc. 

2: 5 

pyridinc, 1: 51 

4: 6, Zff. 
with pyridine esters, 4: 6, 30 
with pyridine ketones, 4: 6, 28J. 

9-Oxa-1-azaanthrone. 3: 209 

Oxalacetic ester, reaction with chloro- 
acetone, 1: 47 I 

2-Oxalylcyclohcxanone, reaction with 
3-aminocrotonic ester, 1: 359 

Oxidation, of alkylpyridines, 1: 47 
of hydropyridines, 1: 229ff., 287, 435,444, 

J.Wf., 42jJ. 
of pyridine alcohols, 4: 10 
of pyridine ring, 1: 46 
of pyridine side chains, 4: 2 
of quinolines and isoquinolincs. 1: 251 ff., 

S-( 1 -0xido-4-pyridyl)t hiuronium chloride, 
1 -hydroxy-4-(1 H)pyridinethione from, 

25 7J. 

4: 350 

Oximes. Set parent aldehyde or ketone 

Oxindoles, reaction with glutaconaldchyde 
monoanil, 2: 63 

5-Oxoacids. dihydro-2-pyridones from, 
1: 284ff., 315 

3-Oxoamides, reactions, with cyano- 
acetamide, 1: 388, 4.31 
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with ketones, 1: 388, ,I;W 
with methylenic compounds, 1: 388ff.. 

4MJ. 
5-Oxoamides, pyridinols and dihydro- 

2-pyridones from, 1: 286@., ,317 
0 x 0  compounds, alkylpyridines from, 1: 5MJ. 
2-Oxocyclohexancglyoxylic ester. reaction 

3-Oxoesters, enol ethers of, reactions, with 
with 3-aminocrotonic ester, 1: 359 

3-aminocrotonic ester, 1: 385, 425 
with cyanoaceramide, 1: 385, 42.5 

imines or, see Enamines; 3-lminoesters 
rcactions, with amidinoacetamidc, 1: 384, 

with carbethoxyacctimidic ester, 1: 384, 

with cyanoacctic ester, 1: 382, 422 
with formaldehyde, 1: 348, 353 
with methylenic compounds, 1: 382ff., 

42.1 

.IZ..t 

.12/,f. 
5-Oxoesters, dihydro-2-pyridoncs from, 

1: 284ff., 31.5 
3-Oxoglutaraldchydc~ I ,5-dianil, I-phcnyl- 

4( 1 If )-pyridone from, 1: 280 
3-Oxoglutaric ester(s), oxoglutarimides 

from, 1: 294, .?.?Z 
reaction with ethyl orthoformate, 1: 349, 

473 
N-(2-<)~0-5-rnethyI- 1 -pyrrolidyl)isonicotin- 

amide, 3: 227 
3-Oxonitrilcs, cnol cthers of, reaction with 

cyanoacetamitle, 1: 391, 4.U 
irnines of, .see Enarnines; 3-lminonitriles 
reaction with ketones, 1: 3898., d.3” 
sclf-condensation, 1: 389ff.. d3iJ 

5-Oxonitriles, pyridincs, pyridinols. and 
dihydropyridoncs from, 1: 288 ff., 
202. .{/a 

fi-Oxo-3-pyridinepropionic cstcr, 4: 13 
Ozonolysis, of quinolincs and iso- 

quinolines, 1: 254 K., WJ. 

P 

PAM, 2: 81 
l’aoavcrinc, pyridine acid from, 1: 139 
Penicillin-,q. pyridine alcohol esters, 4: I3 

Pcntabrornopyridine. from pyridinc, 2: 3 I2 
Prntacliloropyridine, from pyridinc, 

1,4-Pcntadiyne-3-oncs, 4-pyridones Irom, 

Pentaiodopyridine, from pyridine, 2: 318 
Pcntamethylpyridine, 2: 159 
2,4-Pentanedione. ree Acet ylacerone 
2-(3-Pentenyl)pyridine, 2: 202 

2-amylpyridine from, 2: 162 
from 2-picoline, 2: 291 

2: 305 

1: 300, .?.I5 

Peracctic acid, reaction with pyridine, 

Pcrbenzoic acid, rcaction with pyridinc, 

Perfluoropiperidine. from pyridine, 2: 302 
Perphthalic acid, reaction with pyridine. 

Perscdon, 3: 694 
Petroleum, pyridine bases from, 1: 125 ff. 
2-Phenacyl- I-methylpiperidine, 4: 164 
Phcnacylpyridincs, from acetylenes. 4: I57 

alkylation, 4: 168 
2-Phenacylpyridine, hydrogenation, 4: 164 

oxime, Beckmann rearrangement. 4: 171 
2-phcnyl-3-(2-pyridyI)-indole from, 4: 147 
from 2-picolyllirhiurn, 4: 153 
synthesis, 4: IS7 
from 2-tolazole, 2: 214 

2: 115 

2 : 08 

2: 115 

4-Phenacylpyridine, 4-(a-bromo- 
phenacy1)pyridine from, 2: 360 

from 3-bromopyridinc, 2: 3.57; 3: 12 
1 -Phenacylpyridinium compounds, 2: 

7, 21 ff., 44, 68 
alkaline cleavage, 2: 45 
alkylation, 2: 29 
preparation, 2: 7 
reaction with aldehydes, 2: 27 

Phenanrhrolines, oxidation, 2: 227 
1,7-l’hcnanthrolinc, 2,3’-bipyridine from, 

;V-( Phcncthyl jnicotinamidinc, cyclization, 

Pheriethylpyridirie(s), synthesis, 2: 102 ff., 

2-Phencthylpyridinc, 2: 423 
nitration, 2: 190 
from 2-picolinc, 2: 167 

2: 227 

3: 2.36 

423 
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I-Phenethyl-2( 1 If)-pyridones, benzn. 
quinolizinium derivatives froni, 2: 77 

reaction with POCI,, 3: 674 
4-Phenethynylpyridine, 2: 367 
2-Phenoxynicotinic acid, cyclization, 3: 209 
2-Phenoxypyridine, cleavage, 3: 678 
4-Phenoxypyridines. reaction with amines, 

Phenylacetaldehyde, 2-benzyl-3.5-diphenyl- 
3: 680 

pyridinc and 3,s-diphcnylpyridine 
from, 1: 476 

Phenylacetonitrile, 4,6-dinmino-2-berizyI- 
3,5-diphenylpyridine from, 1: 482 

2-Phenyl-6-aza-l ,J-indandione, 4: 14Y 
4-Phenylazo-2,6-lutidine, 3: 35 
Phenylazopyridines. preparation, 3: if(/ 
2-Phenyl-5-benzoylpyridine, reduct ion, 

6-Phenyl-2,2‘-hipyridine, from 2,2’- 

Phenylbis(2-pyridyl)methane, 2: 173 
2-(4-Phenyl- 1.3-butadienyl )pyridine. 

from 2-picoline, 2: 200 
4-Phenyl-3-buten-2-cme (Benzalacetone), 

reaction with acetone, 1: 437 
1-Phenyl-4-chloropyridinium chloride, 

from 1 -phenyl-4( 1 If)-pyridonc, 2: 20 
1 -Phenyl-2,6-dihydroxy-4( 1 If)-pyridone, 

3: 558 
2-(Phenylethynyl)pyridine. 2-phenacyl- 

pyridine from, 4: 157 

4: 4 

bipyridinc, 2: 230 

synthesis, 2: 367 
Phenylglyoxal, from 1 -phenacylpyridinium 

4-Phenylhydrazino-2,6-lutidine, 3: 35 
2-Phenylimidazopyridine, 2: 76 
2-l’heny!nicotinic acid, 3: 186 
6-Phenylnicotinic acid, 3: 195; 4: 171 
,\i-Phenyl-3-oxoglutarimide, from 3-0x0- 

Phenyl6-phenyl-3-pyridyl ketone, from 

;\i-Phenylpicolinamidine, reaction with 

2-Phenyl-3-picoline, oxidation, 3: 186 
4-l’henyl-2-picoline, from 6-methyl-4- 

phenyl-2( Ill)-pyridone. 1: 231 ; 
2: 217 

bromide, 2: 68 

glutaric ester, 1: 294 

benzoylacctaldimine, 1: 379 

ammonia, 3: 235 

6-Phenyl-2-picoline, oxidation. 3: 186 
from 3-phenyl-2-cyclohexenone. 1: 152 
pyrrocolines from, 2: 198 
reaction with chloral, 2: 365; 4: 6 

6-Phenyl-3-picoline, 2: 432 
oxidation, 2:’222; 3: 186 
from 3-picolinc, 2: 217 

6-Phenylpicolinic acid, 3: 186 
Phenylpiperidines, from phenylpyridines, 

2-Phenylpiperidine, from 2-phenylpyridine, 

2-(3-Phenylpropyl)pyridine, from 2-picoline, 

Phenylpyridines, from ally1 alcohol, with 

2: 188 

2: 222 

2: 191 

acetophenone. 1: 470 
from benzonitrile, and acetylene, 1: 482 

and dienes, 1: 347, .jjlff. 
from 2-bromopyridine, 2: 356 
from 2-(~-carboxylphenyl)nicotinic acid, 

hydrogenarion, 2: 222 
nitration, 2: 223, 471 
oxidation, 3: 183 
phenylpiperidines from, 2: 188 
from pyridine, 2: 171, 217ff., 425 
from pyridine !-oxide, 2: 125, 220 

2: 217 

3-Phenylpyridine, from I -benzylpyrrole, 

from 0-(3-pyridyl)henzoic acid, 2: 217 
from pyrrole, 1: 226; 2: 338 

3-l’henylpyridine derivatives, from nitros- 

4-Phenylpyridine, from 1 -benzoylpyridinium 

1: 227 

amides. 3: 24 

chloride, 2: 220 
oxidation, 3: 184 

2-Phenyl-4-pyridineacetic acid, 3: 351 
a-Phenyl-2-pyridineacetonitrile. phenylbis- 

(2-pyridy1)methane from, 2: 173 
3-Phenyl-2,6-pyridinediol, 2.6-dichloro-3- 

phenylpyridine from, 2: 330 
reaction with PCI,, 2: 309 

a-Phenyl-2-pyridineethanol, reduction, 

cr-PhenyI-2-pyridinemethano1, reduction, 
4: 12 

4: 4 
rcsolution, 4: 4 
synthesis, 2: 3.59, 427. 438; 3: 207 
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a-Phenyl-3-pyridinemethanol from 3-(a- 
aminobenzyl)pyridine, 4: 2 

reduction, 4: 4 
resolution, 4: 4 
synthesis, 4: 3, 8 

2-Phenylpyridine 1 -oxide, nitration, 2: 123 
4-Phenyl-2,3,5,6-pyridinetetracarboxylic 

acid, 3: 186 
1-Phenylpyridinium chloridc, from glutacon- 

aldehyde dianil hydrochloride, 1: 280 

6-PhenyI-2-pyridino1, from 4-benzoylbutyro- 

6-chloro-2-phenylpyridine from, 1: 330 
from 3-dimethylaminopropiophenone, 

reaction with sodium amalgam, 2: 56 

nitrile, 1: 290 

with 1-carbamoylmethylpyridiniuni 
chloride, 1: 287 

carboxanilide, 1: 288 
from 2-phenoxypyridine, 3: 681 
from 2-pyridino1, 3: 643 

l-Phcnyl-4(1 If)-pyridone, nitration, 3: 668 
from 3-oxoglutaraldehyde dianil, 1: 280 
1 -phenyl-J-chloropyridiniurn chloride 

I-Phenyl-2( 110-pyridone, from 5-0x0- 

from, 2: 20 

2: 202 
l-Phenyl-l-(2- or 4-pyridyl)-2-arylethylenes, 

l-Phcnyl-2(2-pyridyl)ethylene glycol, 4: 15 
Phenyl-2-pyridyl~lyoxal, from a-stilba- 

2-Phenyl-3-(2-pyridyI)indole, 4: 147 
Phenyl pyridyl ketones, reduction, 4: 16 

Phenyl y-(2-pyridyl)propylcarbinol, 

Phenyl y-(Z-pyridyl)propyl ketonr 

a-Phenyl-a-(2-pyridyl)propynol, cleavage, 
4: 161 

PhenyL(4-pyridy1)pyruvic acid, Na salt, 
oxidation, 4: 162 

Phenyl(2-pyridyl)(2-thienyl)methane, 
2: 160 

;V-Phenyl-X'-2-pyridylthiourea, from 
2-pyridyl isothiocyanate, 3: 49 

2-Phenylpyrrocoline, from a-methyl-2- 
pyridineethanol, 4: 14 

4-Phenylquinolinc, oxidation, 3: 188 

zole, 4: 145 

synthesis, 3: 216 

4: 165 

reduction, 4: 164 8. 

4-Phenylquinolinic acid, cyclization, 3: 209 

Phenyl radicals, reaction with pyridine, 

3-(Phenylseleno]pyridine, 4: 381 
2-(Phenylthio)nicotinic acid, 9-thia-2- 

azaanthrone from, 4: 361 
4-(Phenylthio)pyridine, 4: 360 
Pheriyl 2,4,6-triphenylpyridyl ketone, 

Phosphorus compounds of pyridine, 4: 46.j. 

Phosphorus halides, reaction with pyridones, 

Photolysis, of alkylpyridines, 2: 189 
Phthalic anhydride, reaction with 2-amino- 

synthesis, 3: 188 

1: 25 

1: 271 

452 ff. 

1: 68 

pyridine, 3: 23 
with picolines, 2: 196 

Picolinaldehydes. cyanohydrins from, 
4: 18, 137 

decarbonylation, 4: 135 
diacetate, from 2-acetoxymerhylpyridine 

1-oxide, 4: 9 
from 2-picoline I-oxide, 4: 130 

from 2-dichloromethylpyridine, 2: 367; 
4: 129 

hydrogenation, 4: 3 
oxidation, 4: 134 
from 2-pyridinemerhyl acetate, 2: 127 
2-pyridoin from, 4: 138 
reactions, with ammonia, 4: 136 

with burylamine. 4: 135 
with nitroacetic ester, 2: 495 
with nitromethane, 2: 494; 4: 7 
with selcnium dioxide, 4: 381 
with sodium bisulfire, 4: 137 
with sulfur dioxide, 4: 137 

from 2-stilbazole, 4: I25 
synthesis, 2: 127; 3: 229; 4: 128 

Picolinaldoxime, methiodide, 2: 81 
Picolinamide, amination, 3: 245 

Hofman reaction, 3: 36 
reaction with formaldehyde and di- 

methylamine, 3: 221 
2-Picolinamide 1 -oxide, Hofmann 

degradation, 2: 131 
Picolinamidinc, 3: 235 
Picolines, from acetylene, 1: 481 IT., 493)31f. 

chlorination, 3: 197 
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Picolines ( ronf r t iud )  

from coal, 1: I13 H. 
mctalation and C.'-alkylation, 2: 167 H., 

from petroleum, 1: 12.5 
pyridine aldehydes from. 4: 126 
reactions, with 2-amino-4'-merhoxy- 

benzophenonc, 3: I95 
with carbonyl compounds, 3: 190, 

352 ti., J i i / ] .  
with diazoniurn compounds, 2: 193 t i .  
with sulfur, 2: 186 

423 8. 

sulfonation. 2: 190 
Willgcrodt rcaction, 3: I95 H. 

from acetaldehyde, 1: 475 H., .lS.l/j. 
acylation, 4: I55 
from alkaloids, 1: 131, 132 
2-(3-butenyl)~)yridine from, 2: LO(, 
2-i-butenylpyridine from. 2: 194 
chlorination, 3: I97 
from coal. 1: 1 I3 ti'. 
cyclohexcnonc dcrivativrs from, 2: 189 
diamincs from, 2: 191 
from divinylacctylenc, 1: 300 
4-ethyl-2-pir:olinc from, 2: 167 
5-iodo-2-picoline from. 2: 191. 318 
nitration. 2: 471 
oxidation, 3: 182 H.; 4: 126 
from pctroleum. 1: 125 
2-(4-phcnyl- I ,3-butadicnyl)pyridir,e 

from, 2: 200 
picolinic acid from, 2: I85 
2-picolyl ketones from, 2: 105 
2-[1iperoline from, 2: 187 
reactions, with acetaldehyde, 4: 6 

with acciic anhydride, 2: 194 

with acetylcnedic.arboxvlic ester, 2: X0 
with aromatic aldchydcs, 4: 6, 2,; 
with bcnzalacetophenonc. 2: 1% 
with bcnzatdchyde, 3: 191 

with bcnzenesulfonylbcrizisothiacolone, 

with chloral, 4: 6, 17 

with diethylaminocthyl chloridc, 3: 71 
with cthyl nicotinate, 3: 213 
with cthyl oxalate, 2: 19.5 

2-Picolinc, 3: 203 

2: 197 

with formaldchyde, 4: 5 
with ketones, 2: 104 
with lithium amidc, 2: 42.5 

sulfonation. 4: 36X 
~- tr~ch~oromethy ip?;r~d~nc  from, 2: 189 H 
cr-trichloromet h yl-2-pyridinccrhanol 

trio1 from, 4 :  I5  

acylation. 4: 155 
from alkaloids, 1: 131, 137 
4-alkyl derivatives from. 2: 167 
3-alkylpyridincs from, 2: I 7 0  
from ally1 alcohol. 1: 462, 470, Ji2 
from allylamine, 1: 470, ,172 
Z-omino-3-~iicolinc from, 2: I91 
3-bromomethylpyridine from. 2: 

1x9, 360 
chlorination. 3: 197 
from coal. 1: I13  ff. 
from glyccrol, 1: 462. 470. J72. 48 I ,  .I91 
from rnethylpyridincs. 2: 183 
nic'otinic acid from, 2: 185, 187 
oxidation, 3: 182 8. 
from petrtilcum, 1: 125 
3-picolyl ketones from, 2: 195 
reaction with butyllithiurn, 2: 171 
from 1,2,3-tribromopropan~, 1 : 470, J72 
3-trichlororncthylpyridinc from, 2: 190 
from I ,  I,.~-trielhoxypropanc, 1: 470 

from aceraldehydr. 1: 4?5 H., 'I8.l.fJ. 
bromination, 2: I89 
4-(3-butenyI)pyridinc from. 2: 200 
2-butyl-4-picolinc from, 2: 171 
from coal. 1: 113 8. 
from 2-ethoxy-3,4-dihydro-4-mcthyl- 

Z//-pyran, 1: 173, 17.i 
3-iodo-4-picoline from, 2: I 9 l  
isonicotinaldchydc from. 2: I87  
from j-mcthylaluraraldehyde. 1: 

from 3-mctliylglutaraldehyde oximc. 

from 3-nicthyl-2-pen1eiic-~-~nal. 1: 299 
oxidation. 3: 1x2 H. 
from pctrolcurn, 1: 125 
phenylation, 3: 353 

from, 2: 365 

3-Picolinr, from arrolein, 1: 462. . l f J . 5  

4-Picolinr. 3: 203 

27.5, 278 If. 

1: 2x1 

. .  
with ethyl picdinate, 3: 213 4-picolyi ketones froni, 4: 155 



Cumulative Subject Index 69 1 

reactions with aromatic aldehydes, 4: 6, 27 
with benzaldehyde. 3: 191 
with chloral, 4: 6 
with 8-chloroethyl ether, 4: I5 
with cinnamaldehyde, 2: 200 
with ethoxycthyl chloride. 3: 71 
with formaldehyde, 4: 6 
with isonicotinaldchyde, 2: 201 
with lithium diethylamide, 2: 424 
with nitrobenzaldehydes. 2: 193 
with phenyllithium, 2: 423 
with sulfur, 2: 201 

from toluene and azides, 1: 1 S4. 1.55 
u-trichloromctliyl-4-pyridineethanol 

trio1 from, 4: IS 
from, 2: 365 

2-Picoline methiodidc, picolinaldehyde 

Picoline 1-oxides, reactions, 2: 125ff. 
2-Picoline 1 -oxide, 2-chlororncthylpyridinc 

from, 2: 363 
2-chloromcthylpyridine I -oxide from, 

2: 305 
4-chloro-2-picoline from, 2: 122 
nitration, 2: 123 
2-pyridylaretone from, 4: 157 
reaction with acetic anhydride, 2: 126 
rearrangement, 4: 130 

3-Picolinc 1 -oxide, 3-mcthyl-2-pyridinol 
from, 2: 126 

from, 4: 126 ff. 

nitration, 2: 131; 3: 250 
3-pyridinemcthanol from, 2: 363 

4-Picoline I -oxide, 4-pyridinemethyl acetate 
frmi, 2: 126 

rearrangement, 4: 9 
Picolinic acid, 3: I90 tf. 

amination, 3: 24.5 
2-aminoerhyl ester, 3: 221 
from 2-bromopyridine, 2: 347 
crtyl ester. 3: 205 
chlorination, 2: 308; 3: 21 1 
from 4-chloropicolinic acid, 2: 340 
decarboxylation, 3: 206 ff. 
esterifcation, 3: 20.5 
ethyl estcr, reactions, with esters, 3: 

212ff.;4: 149ff. 
with orgiinometallic compounds, 3: 21 5 
with 2-[1icoline. 3: 213 
reduction, 3: 200, 202 

Hammick reaction, 3: 207 11:; 4: 8 
hydrazide, reduction, 3: 229 

tubcrculostatic activity. 3: 227 
mcthyl belaine (honiarine), 3: 200 
mcthyl cstcr, 3: 214 
I-oxidc, 3: 193 

3: 211 
reaction with p-toluenesulfonyl chloride, 

reduction, 3: 202 
2-picoline from, 2: 161 
from 2-picoline, 2: 185 
from 2-pyridoin, 4: 139 
reaction with cyclohexanone. 3: 207 
reduction, 3: 199, 203, 4: 5 
silver salt, reaction with bromine, 3: 21 1 
synthesis, 3: 182, I90 8.; 4: 162 

Picolinic acid 1-oxidc, Hammick reaction, 

2-Picolinium compounds, methyl activity in, 

4-Picolinium compounds. pyridylation of, 

Picolinonitrile, 2-acylpyridine from, 4: I53 
reaction with 4-pyridyllithium, 3: 236 
reduction, 3: 68, 233 
synthesis. 3: 230 If. 

4: 8 

2: 7 

2: 23 

I’iccilinoylacetic ester, 3: 212 
Picolinoyl chloride, 2-aroylpyridines from, 

4: 151 
reaction with naphthalene, 3: 216 

a-Picolinoyl-.~-(3,4-dimethoxyphcncthyl) 

I-Picolinoylpiperidinc, reduction. 3: 221 
y-l’icolinoylpropanol, 4: 150 
3-Picolinoyl-2-p).rrolidone, synthesis, 4: 150 
2-Picolyl ally1 ether. rearranqemcnt, 4: 147 
4-Picolyl ally1 ether, rearrangement, 4: 147 
3-Picolylamine, nicorinaldchyde from, 4: 131 
I’icolylazobenzcnes, 2: 493 
2-P’icolyldimerhylarsine, chelates with heavy 

metals, 4: 448 
Picolylisoquinolincs, 3: 361 
2-Picolyl krtoncs, from 2-picoline, 2: 195 
3-Picolyl krtones, from 3-picoline, 2: 195 

Picolyllithium. pyridine ketones from, 

acetamidc, 3: 223 

synthesis, 4: 155 

4: I53 

1,3-dioxane, 4: 15 
rcaction with 4-(bromoethy1)2,2-dimethyl- 
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2-l’icolyllithium, alkylation, 4: I31 
ethers from, 4: 7 
reactions, 4: 153ff. 

with acetaldehyde, 4: 7 
with acetyl chloride, 4: 7 
with benzyl chloride, 2: 423 
with &ethoxypropionaldehyde. 4: 15 
with ethylene oxide, 4: 7 
with formaldehyde, 4: 7 
with oxygen, 2: 428 
with tetraacetyglucosyl halide, 4: t i  
with triethylrin chloride, 2: 443 

4-Picolyllithium, ethers from, 4: 7 
2-Picolyl phcnyl ketone. diketone from, 

2-Picolylpotassium, ethers from, 4: 7 
4: 162 

reactions, with chlorotrimethylsilane, 
2: 444 

4: 7 

alkanes, 2: 436 

3-Picolylpotassium, reaction with aldehydes, 

4-Picolylporassium, reaction with dibromo- 

2-Picolyl-3-pyridylacrylic estcr. 2: 19.5 
2-Picolyl 2-pyridyl ketone. from 2-acetyl- 

Picryl chloride, reaction with betaines. 2: 44 
Pinacol rearrangement. 4: 17. 1668  
Pinacol reduction, 4: 16 
2-Pipecnlinr, from 2-picoline, 2: 187 
Pipecolinic acid. 3: 202 
Pipecolylbutylamine, 4: 135 
Piperidine alkaloids, pyridines from, 

Piperidinet:arboxylic acids, 3: 200 
2,4-Piperidinrtliones, from S-chloro-3- 

oxovaleric esters, 1: 301 

1: 348, A53 

pyridine, 4: 167 

1: 1 3 1 , 1/10 

from 3-oxoesters, with lormaldehyde, 

Piperidines, from alkylpyridines, 2: 187 
from nicotinic acid, 3: 203 
oxidation to pyridines, I: 233 H., U S J  
from pyridine, 4: 12 
from pyridinium compounds, 2: 46 

Piperidinols, pyridines from, 1: 250 
2-Piperidnnes, oxidation, to pyridinols, 1: 

232 fr., 2.16 
to pyridones. 1: 233, Zdli 

@-(4-Piperidyl)ethyl4-pyridyl ketone, 
synthesis, 4: 4 

2-(Piperidylmethyl)pyridine, synthesis, 

Polyal kylpyridinemonocarboxylic acids, 

Polyalkylpyridinepolycarboxylic acids, 

Polyarylpyridinemonocarboxylic acids, 

Polyarylpyridinepolycarboxylic acids. 

Polycycles. pyridine acids from, 1: 251 R., 

Polyhydric alcohols, containing one pyridine 

Polyhydroxyl compounds related to 

Polyhydroxypyridines, halogenation, 

Polymerization, of vinylpyridines, 2: 212 8. 
Polymefhylenebipyridines. 2: 21 5 
Polypyridinrs, 2: 221ff., ,2711. 
Polypyridylalkanes and -alkencs, 2: 

2 I i 11’. , Zt).jjf. 

Pomegranate alkaloids, pyridine bases from, 
132, 1: 1.11 

Potassium compounds, 2: 16Off.. 4358., 
JCY5.f. 

Potassium ferricyanide, reaction with 
pyridinium compounds, 2: 34 

Potassium persulfate, reaction with 
pyridinr, 2: 12 

Propane. reacrion wirh butadirne, 1: 350 
2-Propenyl-3,j-lutidine, reduction, 2: 208 
2-Propenyl-4,6-lutidine, 3: 191 
6-Propenyl-2,4-lukidine, 2: 201 
2-i-Propenylpyridine, 2: 203 
Propiolactone, pyridinium compounds 

Propionaldehyde. alkylpyridines from, 

3: 221 

3 : 292 ff. 

3 : 298Jf. 

3: 292,fl. 

3: ?!AYl,Y1J. 

2til fl. 

nucleus, 4: 14 ff. 

pyridoxol. 4: !J2j/. 

3: 662 

from, 2: 8 

1: 475 ff., JNJ.  
pyridine alcohol from. 4: 6 

Propionirrile, reaction with acetylene, 3: 3 

Propionylpyridines, 4: 148 
2-Propionylpyridine, reduction, 4: 166 
4-I’ropionylpyridine, 4: 150 

4-Prop~lamino-3-nitropyridine. from 4- 
methoxy-3-nitropyridine, 2: 480 

9-Propyl-R-azaflavine, synthesis, 3: 65 
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2-Propyl-8-hydroxyquinoline, oxidat ion. 

2-Propyl-3,5-lutidine, from 3,5-dimethyl-2- 
3: 188 

propionylpyridinc, 2: 162 
oxidation, 3: 185 

4-Propyl-2,6-lutidine, reaction with 
benzaldehyde, 2: 202; 3: 191 

6-i-Propyl-3-methyl-2-stilbazolc, 6-r- 
propyl-3-methylpicolinic acid from, 
2: 208 

synthesis, 2: 201 
6-Propylnicotinic acid, 3: 189 
2-(~~-Propylnitramino) pyridinc, 3: 53 
3-Propyl-2-picoline, 2: 159 
4-Propyl-.3-picoline, from 3-picolinc, 2: 167 
6-Propyl-2-picoline, from 6-acetonyl-2- 

4-Propyl-3-propionylpyridine, 4: 152 ff. 
2-Propylpyridine, from alkaloids, 1: 131 ff. 
4-Propylpyridinc, from ethyl 4-chloro-2,6- 

picoline, 2: 162 

pyridinedicarboxylatc, 2: 172 
from 5-ethyl-5-(4-pyridyl) barbituric acid, 

2: 173 
reaction with sulfur, 2: 186 
synthesis, 2: 166 

3-i-Propylpyridine, from 3-picoline, 2: 170 
Propyl2-pyridyl ketone, reduction, 4: 4, I6 
Propyl3-pyridyl ketone, 3: 21 I ,  217 
6-Propylquinolinic acid, 3: 188 ff. 
4-Propyl-6-stytyl-2-picoline, 3: 191 
Pseudo-bases, from quaternary compounds, 

Pseudooxynicotine, 4: 148 
Pseudopelletierine, pyridine bases from, 1: 

Pyracridone, 3: 568.675 
Pyrsn(s), pyridines from, 1: 172 ff. 
21f-Pyran-2,4 (3H)-dione, pyridinols 

from. 1: 186 ff., 2fN 
2ff-Pyran:2-ones, 2-pyridinols from, 

1: 177 fT., l(iY ff. 

2: 33 

132 

reaction with ammonia, 4: 2 
with hydraxines, 2: 147 

1-substituted-2 ( I N  )-pyridonas from, 1: 
177 ff., IWJ. 

4 ( H  )-Pyran-4-ones, 4-pyridinols from. 1: 

I-substituted-4 (1 H)-pyridoncs from, 
181 ff., r s j - .  

1: 181 8.. IYS'ff. 

Pyrazolo [3,4-b]pyridines, reaction with 

Pyribenzamine, 3: 31 
2-Pyridil,4: 138, 161 

Kaney nickel, 3: 246 

benzilic acid rearrangement, 4: 171 
decarbonylation, 4: 162 
oxidation, 3: 193 
from 2-pyridoin, 4: 140 
pyridotriazole from, 4: 140 
reaction with p-toluenesulfonylhydrazinc, 

4: 171 
4-Pyridi1, from isonicotinoyl-4-pyridyl 

carbinol, 4: 162 
Pyridinc(s), from acetylene, with three- 

carbon compounds, 1: 469 
from acrolein, with acetaldehyde, 1: 436 
acylation, 4: 161 
addition compounds, 2: 11, 70, 175. 

321 ff. 
from 2-alkoxy-3,4-dihydro-2 H-pyran, 1: 

173 
from 3-alkoxyglutaraldehydc acetals, 1: 

C-alkylation. 2: 164ff. 
from allylethylaminr, 1: 533 
aromatic substitution reactions, 1: 13 
arylimines, 2: 14Sff. 
base strength, 1: 29 
from benzene and azides, 1: 154, 1.55 
from bone oil and tar, 1: 151 
bromination, 1: 24 
from casein, 1: 151 
chemical reactivity, 1: 12 
from coal, 1: 1 13 fT. 
complexes, with halides, 1: 43 

with metal atoms, 1: 40ff. 
with thionyl chloride, 1: 45 

275 it-., .w 

from cotton seed, 1: 151 
from crotonaldehyde and methanol, 1: 350 
dehydrogenation, 2: 226 
in Diels-Alder reaction, 2: 17 
from dihydrofuran and hydrogen cyanide, 

1: 157 
dipole moment, I: 7 
discovery, 1: 4 
electrophilic reactions of, 1: 22 
from glutaconaldehyde, 1: 276 
from glutaraldehyde, 1: 275 
from glutaraldehyde dioxime, 1: 314 
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Pyridinejs) i c o n l i n u d j  

halogenation, 2: 301 ff. 
from its homologs, 2: 183 
from hydrogen cyanide and butanediol or 

butenol, 1: 350 
infrared spectrum, 1: I 1  
from 2-methylpyrrole, 1: 226 
from h’-methylpyrrole, 1: 226 
nitration, 1: 23ff.; 2: 471, .I!#) 
from plants, 1: 112 
from 2(1 I[)-pyridone hydrazone. 2: 161 
from pyrrole, 1: 226 
from pyrylium perchlorate, 1: 210 
reactions, with acetic anhydride and zirir, 

2: 66 
with chlorosulfonic acid. 2: 62 
with ethyl chloroformate, 3: I98 
with fluorine. 2: 302 
with fumaric acid, 2: 16 
with Crignard reagents. 2: 439 
with haloquinones, 2: 10 
with ketene. 2: 67 
with metals, 1: 53 
with per-acids, 2: 97ff. 
with potassium persulfare, 2: 12 
with quinones, 2: 19 
with sulfonazides, 2: 144 
with sulfur trioxide, 2: 62 
with thionyl chloride, 2: 12 
with vinyl sulfone, 2: 17 

from sewage sludge, 1: 152 
solubility, 1: 10 
from soybean cake, 1: 151 
structure, 1: 4, 5 
substituted, melting points, 1: 9 
sulfonation of, 1: 23 
from tetrahydrofuran and hydrogen 

cyanide, 1: I54 
from tetrahydropyran, 1: 173 
ultraviolet spectrum, I :  IOIf.  

Pyridineacetic acid derivatives, con- 
densations, 3: 356, .J!!/J. 

2-Pyridineacetic acid, decarboxylation, 
3: 357 

from 2-(2-methoxyethyl)pyridine, .t: 1 1  

3-Pyridineacetic acid. 3: 21 6 
3-pyridineacetone from, 4: 155 

2-Pyridineacetic acid I-oxide, syn- 
thesis, 2: I29 

2-Pyridineacetic ester, a-bromo-2-pyridine- 

reaction with hydrogen peroxide, 2: 1 15 
reaction with 3-phenoxypropyl bromide, 

acetic esrer from, 2 :  360 

4: 18 
3-Pyridineacetic ester. reduction, 4: 5 
Pyridineacetonirriles, alkylation, 3: dZG,f. 

2-Pyridineacetonitrilc, ketones from, 4: 153 
3-Pyridineacetonitrile, acylarion, 4: 155 

from 3-chloromethylpyridine, 2: 369 
Pyridineacetonitrile 1-oxides, 2: 128; 

3-Pyridineacrylamide, 3: 361 
Pyridineacrylic acids, 3: 352, 364 
2-Pyridineacrylic acid, B-bromo-2-pyridine- 

propionic acid from, 2: 364 
4-Pyridineacrylic ester, reaction with ethyl 

malonate, 3: 355 
Pyridinealanine. 2: 370 
Pyridine alcohols, esterification, 4: 12 8. 

etherification, 4: 12K. 
halides from, 4: 31 
reactions, 4: 108. 
synthesis, 4: 2 ff. 

hydrolysis, 3: J M j .  

4: 172 

Pyridine aldazines, metal complexes, 4: 174 
Pyridine aldehydes, 4: 1758. 

Canriizzaro reaction, 3: 192 
pinacols from, 4: 16 
reactions, 4: 1348. 

with methoxyacetophenones. 4: 7 
with nitromethane, 4: 7 
with organometallic compounds, 4: 28J. 
with phenylnitromethane, 4: 7 
with pyridylglycollic acids, 4: I6 

Pyridine aldehyde thiosemicarbazones, 4- 

Pyridine aldoximes, dehydration, 3: 231 

synthesis, 4: 125ff. 

thiazolines from, 4: 140 

metal complexes, 4: 173 
methiodides, biological activity, 4: 173 8. 
salts, 4: 173fT.. JZ8J. 

Pyridine amino carbinols, 4: 80j. 
Pyridinearsinic acids, 4: 46.2 
Pyridinearsonic acids, from aminopyri- 

dines, 3: 35; 4: 439K. 
halogenation, 4: 443 
from halopyridines, 4: 441 8. 
nitration, 4: 444 
properties. 4: 443 
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reduction, 4: 444, 447 
synthesis, 4: 4398., 449 

3-Pyridinearsonic acid, 4: 454j .  
from dichloro-3-pyridylarsine, 4: 445 
nuclear substituted, 4: 440 
properties, 4: 443 
reduction, 4: 445 
synthesis, 4: 440 

Pyridincarsonous acids, 4: 4&? 
3-Pyridinearsonous acid from dichloro-3- 

pyridylarsine, 4: 451 
from alkaloids, 1: 1308.. MUJ. 

Pyridine bases, from alkaloids, 1: 130ff., 

from amino acids and sugars, 1: 151 
in bone oil and tar, 1: 151 
from butadiene and propane, 1: 350 
from coal, 1: 1 13 8. 

from gilsonite, 1: 130 
from lignite, 1: 129 
from petroleum, separation of, 1: 125 
from sapropel, 1: 130 
from sewage sludge, 1: 152 
from shale oil, 1: 127, 128 
from soybean cake, 1: 151 
in tobacco, 1: 1048., I08 
see a h  Alkylpyridines 

“Pyridine bromide,” 2: 322 

4-Pyridinecaproic acid, 3: 350 
Pyridinecarboxamides. 3: 2 I8 K. 

Pyridinecarboxylic acids, acidity, 1: 74 

/4ffJ. 

separation of. 1: 1 15, 1 1<jJ. 

aminopyridines from, 3: 7, 241 

alkaloids derived from, 3: 249 
alkylpyridines from, 2: 160ff. 
anhydrides. 3: 217ff., 239 
azides, 3: 229ff. 
betaines, 3: 208 
bromination, 2: 315fI. 
chlorides, 3: 215ff. 

reaction with alkylcadmium halides, 
4: 153 

chlorination, 2: 308ff.; 3: 21 I 
decarboxylation. 1: 76; 3: 186ff., 206 
esterification. 3: 203, 205 
esters. condensation reactions, 3: 212, 

214. 356, JS8jT. 
reaction with organometallic com- 

pounds, 3: 2 I5 

reduction, 3: 200 
Hammick reaction, 3: 207 
hydrazides, 3: 2fiYff. 

aldehydes from, 3: 229 
reaction with nitrous acid, 3: 230 
synthesis, 3: 224 

hydrogenation, 3: 202 
metal complexes, 3: 199 
from (condensed) pyrido compounds, 

1: 251 ff., 2.ii9. 
reactions, 3: 199,210 
reduction, 3: 203 
synthesis, 3: 181 IT. 
thioamides, 3: 196, 235 
thioestcrs, 3: 237; 4: 5 

Pyridinecarboxylic acids, with both nuclear 
and side-chain hydroxyl groups, 4: 
1039. 

aldehydes from, 4: 12TfT. 

ganometallic compounds, 4: 30 

Pyridinecarboxylic acid derivatives, pyridine 

Pyridinecarboxylic esters, addition of or- 

2-Pyridinedecanoic acid, 3: 351 
Pyridine diazo ketones, 4: 160ff. 
Pyridinediazonium compounds. 3: 32 ff. 
Pyridinedicarboxaldehydes, from bis(.:V- 

methyl)anilides, 4: 129 
from quinolincs, 1: 254ff., 257j. 

2,4-Pyridinedicarboxaldehyde, 4: 126 
2,6-Pyridinedicarboxaldehyde, 3: 192 

Pyridinedicarboxamides, Hofmann reac- 

Pyridinedicarboximides, 3: 24 1 ff. 
Pyridinedicarboxylic acids, by oxidation, of 

in Cannizzaro reaction, 4: 140 

tion, 3: 219, 242 

alkylquinolines, 1: 251 IT., 2.5.9J. 
of isoquinolines. 1: 253ff.. Zfi3 

2.3-Pyridinedicarboxylic acid. ser Quino- 

2,4-Pyridinedicarboxylic acid, 3: 185 
linic acid 

decarboxylation, 3: 189 
reaction with p-toluenesulfonamide, 3: 230 

2,5-Pyridinedicarboxylic acid, chloride, re- 
action wirh benzene, 3: 216 

decarboxylation, 3: 189 
ethyl ester, reaction with ethyl acetate, 

synthesis, 3: 186, 189 
3: 212 

2,O-Pyridinedicarboxylic acid, chloride, 
reactions, 3: 2168. 
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2,O-Pyridinctlicarhoxylic acid ! ron~ lnurd )  
ethyl ester, reduction, 3: 201 
Hamniick reaction of, 3: 208 
synthesis, 3: 192. 198; 4: 134 

3,4-Pyridinedicarboxylic acid (cincho- 
meronic acid), from alkaloids, 1: 
138, 142 

anhydride, reactions, 3: 24OB. 
decarboxvlation, 3: 206 
esters, 3: 238, 230 

from narcotine, 1: 139 
reaction with o-phcnylenediamine, 3: 238 
synthesis, 3: l86B., 206 

ter, 3: 201. 211 

from acylpyruvic esters, 1: 358, .iN 

3,5-Pyridinedicarboxylic acid, methvl es- 

synthesis, 3: 189, 239 
2.6-Pyridinedimethanol, 3: 192, 201; 4: 9 
Pyridinediols, 3: MJJ. 

acidity, 3: 687 
alkylation, 3: 634, 641 
color tests, 3: 687 
coupling. 3: 670 
from dihydro derivative. 1: 231 ff., 261 

ethers, 3: X:i/,@. 
halopyridincs from, 3: 648 
nitration, 2: 476; 3: 667 
nitrosation, 3: 688 
reactions, 3: 687 
synthesis, 3: 685 
see a h .  2-C;yanoglutarimides; IXhydroxy- 

nicotinonitriles; Glutarimcdes 
ides 

2,3-Pyridinediol, 3: 612 
froni 2-bromo-3-ethoxypyridine, 2: 339 
from furans, 3: 563, 566 
from furfural and hydroxylamine, 1: I63 
from methyl I-methyl-3-piperidyl ke- 

tone. 1: 234 B., 217 
from tetrahydro-2,5-dimethoxyfuroic es- 

ter, 1: 156 
from xylose, 1: 164 

2,4-Pyridincdiol, 3: 612 
alkylation, 3: 692 
hrominiition, 2: 313; 3: 688 
2.4-dihromopyridine from, 2: 329 
from dikctopyrones, 3: 5.58 
ethers, 3: 688 

from 13-iminocsters, with malonic esters, 

2,3,4,.5-retrabromopyridine from, 2: 318 
1: 386, 426; 3: 537 

2,.5-Pyridinediol, synthesis, 3: 685 
2.6-Pyridinediol(s), from 6-bromo-2-ethoxy- 

from 4-cyanocrotonic acids and esters, 1: 

from 2,6-diaminopyridine, 3: 63 
from 2,6-dibromopyridine, 2: 349 
from I ,5-dicarboxylic acids, esters, 

from glutaconic acid derivatives, 3: 295, 

from glutacononitrile, 1: 299 
from glutarimides, 1: 232, 2.14 
from 3-hydroxyglutaramide, 1: 296 
from 8-iminoesters and rnalonamide, 3: 

nirrosation, 2: 481 
reactions, 3: 688 

pyridine. 2: 339 

297H., .iHfl. 

amides, and nirriles, 1: 293 

3?!),jf., 5 1 1 

538 

with PBq,  2: 318 
3,4-Pyridinediol, amination, 3: 5,673 

4-bromo-3-pyridinol from, 2: 329 
from Icucenol, 2: 18 

2.5-Pyridinediol oxides, from dihydro- 
dirncthoxyfiirfuryl methyl ketone, 1: 
158,167 

Pyridinedisulfonarnides, 4: 374, 421 
Pyridinedisulfonic acids, 4: dl.3 
3.5-Pyridinedisulfonic acid, reaction with 

3,5-Pyridinedisulfonyl chloride, 4: 373 H. 
2-Pyridineethanesulfonic acid, 4: .110 

4-l’yridineethanesulfonic acid, from 4-vinyl- 

2-Pyridineethanol, estcrification, 4: 12 
2-(2-iodoethyl)pyridine from. 2: 362 
from 2-picoline, 4: 5 
2-vinylpyridine from, 2: 203ff. 

YCl,, 2: 334 

from 2-vinylpyridine, 4: 375 

pyridinc, 4: 375 

3-Pyridineethano1, from 3-bromomerhyl- 

3-(2-~hloroethyl)pyridine from, 2: 361 
from n-(2-hydroxyethyl)gIutaraldehyde, 

pyridine. 4: 2 

2: 4 

4-Pyridincethanol. esterification. 4: 12  

2-Pyridineethanol I -oxide, rearransement, 

4-Pyridinccthanol 1 -oxide. rrarriinsement, 

l’yridinc ethers. from mrtallopvridines, 4: 7 

from 4-piwlinc. 4: 6 

4: 9 

4: 9 
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Pyridine ethyl ethers, 4: 7411. 
Pyridine glycols, 4: i6J. 
Pyridine hydrochloride perchloride, 2: 323 
Pyridine hydroxyl group, replacement by 

Pyridine ketoacids, carbonyl reactions, 
halogen, 4: 13 

3 : JdO$ 
quinazolones from, 4: 169 

Pyridine 8-ketoesters, reaction with nitrous 

Pyridine ketones, addition of organometallic 
acid, 4: I69 

compounds, 4: 28J. 

with nitrous acid, 4: 169 
reactions, 4: 162ff. 

synthesis, 4: 141 If. 
Wittig reaction, 4: 162 

2-Pyridine ketones, 4: 2Nff. 
2-Pyridine (side-chain) ketones, 4: 272J. 
3-Pyridine (side-chain) ketones, 4: 3UlJ. 
4-l’yridine (side-chain) ketones, 4: 3UlJ. 
Pyridine ketoxime salts, 4: 32b’f. 
Pyridinelactic acids, 3: 352 
2-Pyridinelact ic acid, a-bromo-2-pyridine- 

propionic acid from, 2: 362 

2: 368 
from a-trichloromcthyl-2-pyridincet hanol, 

2-Pyridinemalononitrile, 2: 429 
3-Pyridinemtthaneisothiuronium chloride, 

3-Pyridinemcthanethiol synthesis, 4: 357 
Pyridincmcthanols, from thioesters, 3: 237 
2-Pyridinernethanols, (I-carbon side- 

2-Pyridinemethanol, chelation, 4: 10 

3-pyridinemethanethiol from, 4: 357 

chain), 4: 35J. 

oxidation, 3: 190; 4: 11 
from picolinaldehyde, 4: 3 
from 2-picolyllithium, 4: 7 
synthesis, 2: 428; 3: 200,203; 4: 2ff. 

3-Pyridinemethanols, (1-carbon side- 

3-Pyridinemethanol, etherification, 4: 13 
from methyl thiolnicotinate, 4: 5 
from nicotinic’acid diethylamide, 4: 5 
from nicotinonitrile, 4: 5 
oxidation, 3: 190; 4: 10 
pharmacology, 4: 10 
from 3-picoline I-oxide, 2: 363 
synthesis, 3: 200,220,233; 4: 3 

4-Pyridinemethanols, (1-carbon side- 

chain), 4: 44 If. 

chain), 4: 46ff. 

4-Pyridinemethanoi, from 2,6-dichloro-4- 
pyridinemethanol, 4: 12 

etherification, 4: 13 
from ethyl thioisonicotinate, 4: 5 
from isonicotinaldehyde, 4: 3 
oxidation, 3: 190 
reduction, 4: 12 
synthesis, 3: 200,203; 4: 3 

2-Pyridinemethyl acetate, picolinaldehyde 
from, 2: 127 

from 2-picoline 1-oxide, 2: 126 
4-Pyridinemethyl acetate, from 4-picoline 1 - 

Pyridinemethyl ethers, rearrangement, 4: 13 
3-Pyridinemcthyl nicotinate, from 3- 

chloromethylpyridine, 2: 369 
Pyridinemonocarboxylic acids and de- 

rivatives, 3: 250ff. 
Pyridine nitriles. ketones from, 4: l52ff. 
Pyridine 1 -oxide(s), absorption spcctra, 

oxide, 2: 126; 4: 9 

2: 11.9, 120 
2.2’-bipyridine from, 2: 224 
chloropyridines from, 2: 121 
halogenation, 2: 305ff.. 341 ff. 
rnercuration, 2: 123 
nitration, 2: 122, 476, 4YiJ. 
2-phenylpyridine from, 2: 125, 220 
properties, 2: 99ff., 117ff. 
pyridine aldehyde from, 4: 130 
pyridinols from, 2: 125; 3: 604 
reactions, 2: Wdff., 120If. 

with 2-bromopyridine, 2: 125 
with phosphorus pentachloride, 2: 305 
with sulfuryl chloride, 2: 305 

reactivity, 1: 19 
reduction, 2: 120ff.. N7J. 
structure, 2: 1 IS 
sulfonation, 2: 124; 4: 369 
synthesis, 2: 988.. Wff., 10dJ. 

pyridine from, 2: 343 
Pyridineperitacarboxylic acid, Z,.S-dibromo- 

Pyridinepolycarboxylic acids, 3: X6J. 
anhydrides, in Friedel-Crafts reaction, 

decarboxylation, 3: 188 
preparation, 3: 186 
reactions, 3: 238 

3: 240 

Pyridine polykctones, 4: 310~4. 
2-Pyridinepropanol, from aliphatic keto 

aldehydes, 4: 2 
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2-l’yridincpr[ipantrl I c mtrnrrrd: 
cyclization, 4: I3 
cstcrs, 4: 12 
oxidation, 4: 1 1  
reduction, 4: 12 
synthesis. 2: 428 

3-l’yridincpropanol, from a-(3-hydrcixy- 

4-Pyridinepropanol. esters. 4: 1.3 
2-PyridincpropanoI I -oxide, rearrangc- 

ment, 4: 9 
2-P’yridincpropionaldchydc diethylac:etal. 

from 2-picolyllithium, 4: 131 
Pyridinepropionamides, 3: 73. 360 
2-Pyridinepropionir acid, from Z-pyridinc- 

Pyridine ring, etlect on substitucnt groups, 

Pyridine side-chain acids and derivativcs, 

propyl)glutaraldchyde, 4: 2 

propanol, 4: 1 1  

1: 60 

lrom aldehydes and ketones. 3: ,i%. 
.?Xdj/. 

amides, solvolysis, 3: .Mi 
amidincs, 3: JStjJ 
by Arndt-Eistcrt reaction, 3: 351, 3i.3 
chlorides, 3: &?(I 
dccarboxylation, 3: 357, dOllf . .  JO.iJ. 

hydrazidcs, 3: JUri[f. 
hydroxamic acids, 3: &3‘oJ. 
imides. 3: .lh‘tj[j. 
nitriles. 3: 361 

by Knncwnagel condensation, 3: d . j / j / .  

by Michael addition. 3: J&J. 
reaction with organonietallic corn- 

pounds, 3: ~l.)!/ 
reduction, 3: .f.W 
solvnlysis, 3: .l.i?j/. 

from n~inpyridine starting materials. 3: 

froni organometallic compounds, 3: 350. 

by rixidation, 3: 349ff., .&jSj,’. 
from picolincs, 3: 3hflj/. 
by reduction, 3: 356, 350, .i”lfl.. Jl$/// .  

arnidcs. 3: ,172J. 
cstrrs. 3: .l:Zj. 
riiiriles, 3: .IS<\://. 

aniidcs, 3: .l&V[l. 

348, &+[f. 

.ii? 

2-Pyridine side-chain acids, 3: ,Mi// 

3-Pyriciine side-chain acids, 3: .I.lb,/i. 

esters, 3: .lf>IJf. 

nitrilcs, 3: J!XJJ. 

arnidcs. 3: J A 4 j .  
csters, 3: ,I&‘$ 
nitrilcs, 3: J!t+//. 

4-l’yridine side-chain acids, 3: J5/$. 

t’yridine side-chain amines, 3: 67 
Pyridincsribonic acids, from aniino- 

pyridincs, 3: 35 

Pyridinesultinic acids, 4: 366 
2-Pyridinesulfinic acid, reaction with 

3-Pyridincsulfohydrazidcs. 4: JWJ. 
4-lJyridincsuIfohydrazides, 4: ;ll!/[/. 
2-Pyridinesulfonamidcs~ 4: J / . l l f .  
3-Pyridinesulfonaniides, 4: J/t</ / .  

j-Pyridinesullonamidc, as cvrotnxic agcnt, 

properties, 4: 452 

mercuric chloride, 2: 442 

4: 380 
synthesis, 4: 37 I ,  375 

tion, 4: 375 
3-Pyridincsulfonamide methiodide rcduc- 

Pyridincsulfonic acids, arnmonolysis, 3: 12 
biological activity, 4: 379 H. 
crystal structure, 4: 371 
propcrtics, 4: 371 
pyridinesulfonyl chlorides from, 4: 373 
pyridinols lrom, 3: 592 
reactions, 4: 37 I ti. 

with cyanide. 3: 230 
synthesis, 4: 367ff. 
ultravicilet spectra, 4: 37 I 

2-l’yridinesulfonic: acids. 4: . I / ( /  
from 3-amino-2-pyriclincsi1lf~inic acid, 3: 

2-hydrazinopyrldinc from, 2: 489 
occurrence, 4: 367 
reaction with hydrazinc, 2: 489; 4: 372 
synthesis, 4: 369H. 

39 

3-l’yridincsulfonic acids, 4: ,111 

4-amino-3,5-dibrorno~)yridiii~ Iriim, 

from 4-aminopyridine. 3: 30H. 
biological activity, 4: 379 
nicotinonitrilr from. 4: 371 
from piperidinc, 4: 368 
from pyridinc sulLtc, 4: 367 
3-pyridincsullonyl chloride from, 

2: 343 

4: 373 
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4-Pyridinesulfonic acid(s), 4: J I Z  
4-aminopyridine from, 4: 371 
esterification, 4: 371 
..V-methylbetaine from, 4: 37 I 
reaction with PCI,, 2: 334 
replacement of sulfo group, 4: 37 I 
synthesis, 4: 369ff. 

Pyridinesulfonyl chlorides, 4: d13, 373 fl’. 
2-Pyridinesulfonyl chloride, 4: 366, 373ff. 
3-Pyridinesulfonyl chloride. hydrolysis, 4 :374 

3-pyridinesulfohydrazides from. 4: 374 
3-pyridinesulfonamides lrom, 4: 374 
3-pyridinethiol from, 4: 352 
reduction, 4: 352. 374 
synthesis, 4: 373 

Pyridinetetracarboxylic acids, from sub- 
stituted quinoiines, 1: 252, 2W, 262; 
3: 187 

2,3,5,6-Pyridinetetracarbuxylic anhydride, 
3: 239.241 

2,3,5,6-Pyridinetetracarboxylic dianhydride, 
Friedel-Crafts reaction, 4: 152 

Pyridinet hiocarbohydrazides, biological ac- 
t ivi ty,  4: 378 

I’yridinethiols, absorption spectra, 4: 347 
acidity, 4: 347. 353 
alkylation, 4: 354 
as fungicides, 4: 378 
oxidation, 4: 353. 363, 369ff. 
reactions. 4: 353lf. 
substitutcd. 4: 3558., 3Hi 
synthesis, 4: 347ff. 

2-Pyridincthiols, 4: 573, .%’3Lr. 
alkylation, 4: 354 
as antithyroid agent, 4: 378 
bis(2-pyridyl) sulfide from, 4: 355, 359 

from 2-chloropyridine, 2: 350 
crystal structure. 4: 353 
hydrochloride, 4: 353 
oxidation, 4: 363, 370. 373 
1-oxide. biological activity, 4: 378 

synthesis. 4: 349ff. 
3-Pyridinethiols, 4: .I84 
3-Pyridinethio1, alkylation, 4: 354 

from 3-bromopyridine, 4: 347 
esrerificarion. 4: 354 
from 3-pyridinesulfonyl chloride, 4: 374 
synthesis, 4: 352 

4-I’yridinethiol(sj, 4: J8.j 
absorption spectra, 4: 347 
alkylation, 4: 354 
4-chloropyridine from, 2: 334 
oxidation. 4: 363, 370 
from 4-pyridino1, 4: 351 
from I-(4-pyridyl)pyridinium chloride, 

4: 3.52 
Pyradine thiolactones, 4: 3x7 
I’yridinethione(sj. Jet- Pyridinethiol(s) 
Pyridinctricarboxylic acids, 1: 252, 2fiO; 3: 

2,3.4-Pyridinetricarboxylic acid, from alka- 
3858.  

loids, 1: 138, I J P  
decarboxylation, 3: 206 

dccarboxylation, 3: 189 
2,3,S-Pyridinetricarhoxylic acid, 3: 185 

2,4.5-Pyridinvtricarhoxylic acid. from 

2.4.6-PyridinerricaIboxylic acid, 3: 198 

Yyridinvtriols and ethers. 3: 855 
2.3,4-PyridinetrioI. from 3-hydroxy-4 !I- 

from pyromeconic acid, 3: 560, 685 
reactions, 3: 688 

berberine, 1: 138 

reaction with $roliienesulfonamide, 3: 230 

pyran-4-one, 1: 188 

2,3,6-P~ridinetriol. 3: 685 
2,4,6-Pyridinctriol, 3: 685 
Pyridiniurn betaincs, 2: 4, 6, 44ff. 
Pyridinium compounds, alkylation by. 1: 

31 H.; 2: 67 
arylatioii of, 2: 219B. 
charge translrr complexes of, 2: 33, 36 
halogen addition compounds of, 2: 326, 

nitrones from, 2: 68 
preparation, 1: 21Off.. 2/7 j / . ;2 :  2ff. 
prolicrties, 2: I.5, 31 ff. 
pyridones from, 2: 32 
reactions, 2: 228., 31 H., 47, 163 
reducrion. 2: 46K., 55ff. 
ring opening, 2: 58ff. 

dine from, 2: 337 

6U, 69 

,372 

1 -Pyridiniumsulfonic acid, 3,Sdiiodopyri- 

Pyridinol(s), alkylaiion and acylation, 1: 

from aminopyridines, 3: i9 
carbonation, 3: 193 
from dihydro derivative, 1: 231 H., 2 3  
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Z-PyridinoI(s), from acyclic compounds, 3: 
510. 531 IT., 540ff. 

acylation, 3: 615, 644 
alkylarion. 3: 632, 636, 638, 640 
1-alkylsullonic acids from. 4: 370 
as ambidcnt ions, 3: 639 
amination, 3: 4, 673 
from 3-aminoketones, with l-carbamoyl- 

from 2-aminopyridine, 3: 585 
as amphoteric catalyst. 3: 629 
arsonation, 3: 669; 4: 442.4468, 
arylation, 3: 643 
carbonation. 3: 672 
2-chloropyridinc from, 2: 328 
from 2-chloropyridine, 2: 346. 349 
coupling. 3: 670 
deoxygenation, 3: 631 
from dihydropyridinols. 3: 61 2 
halogenation, 3: 650 
from 2-lialopyridines, 3: 5708. 
2-halopyridincs from, 3: 646 
hydroxylation, 3: 685 
mercuration, 3: 670 
nitration, 3: 666 
from nitraminopyridines, 3: 591 
from 2-nitropyridine, 3: 583 
from I-oxides, 3: 603 
from 3-oxoamides, with ketones, 1: 388, 

from 5-oxoamides, 1: 287, J17 
from 3-oxonitriles, with ketones, 1: 

by sclf-condensation, 1: 389ff. 
from 5-0xcinirriles, 1: 290, 2Y2, .3/8 
from 2-picolitie. 3: 6 I4 
from picolinic acid I-oxide, 3: 21 1 
from piperidones, 1: 232, Mi 
properties. 3: 6 18 R. 
from 2 I/-pyran-2-ones, 1: 1771f., 18Qff. 
from pyridine, 3: 61 1 
from pyridine I-oxide, 2: 125; 3: 6OL 
from 2-pyrones, 3: 549 ff. 
reactions 

methylpyridinium chloride, 1: 469 

L W  

389ff.. 112 

with a-bromoacrylic acid, 3: 675 
with P,Si, 3: 651 
with trimethylene iodidc, 3: 676 
with triphenylcarbinol, 3: 670 
with tripheriylchlorornethanc, 2: 173; 3: 

67 I 

reduction, 3: 657 
sulfonic acid from, 4: 369 
from unsaturated ketones. with l-carbam- 

oylmethylpyridinium chloride, 1: 
445. .I58 

from unsaturated, 5-oxonitrilcs, 1: 292 
.\."-Z-Pyridinol, 3: 549 
3-Pyridinol(s), acylation, 3: 643 

from acylfurans, 1: 1 6 1  K., 16SJ.; 3: 561 
from algae, 1: 152 
alkylation, 3: 631 ff., 643 
from 3-aminopyridines. 3: ,587 
bromination, 2: 313 
from 3-brornopyridine, 2: 350 
carbonation, 3: 194, 672 
3-chloropyridine from, 2: 329 
color test, 3: 631 
coupling. 3: 670 
deoxygenation, 3: 631 
from dialkanolarnincs. 3: 524 
2,G-diaminopyridine from. 3: 4 
from 2.5-dihydro-2.5-dirnethoxy- 

from furfural derivatives, 1: 160ff., 16'8; 

halosenation, 3: 659 
hydroxylation, 3: 685 
hydroxymethylation, 3: 672 
iodinarion, 2: 319 
Mannich reaction, 3: 73 
rnercuration, 3: 670 
from 3-nitraminopyridine, 3: 42 
nitration, 2: 475; 3: 665 
properties, 3: 614K. 
from pyridinc I-oxide, 3: 607 
from 3-pyridinesulfonic acid, 3: 592 
reaction, with formaldehyde, 4: 18 

reduction, 3: 654 
ring cleavage, 3: 674 
sulfonation, 3: 669 
from xylose, 1: 164 

4-Pyridinol(s), 3: 7YUJ. 
acylation, 3: 645 
alkylation. 3: 634, 641 

aniinarion, 3: 673 
from 4-aminopyridine, 3: 586 
4-bromopyridine from, 2: 328 
4-chloropyridine from, 2: 328 
deoxygenation, 3: 632 

furfurylamine, 1: 157, Mil\. 

3: 564 
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dipole moment, 3: 618 
halogenation. 3: 661 
4-halopyridines from, 3: 646 
mcrcuration, 3: 670 
nitration. 2: 476; 3: 666 
from 4-nitropyridine, 2: 479; 3: 583 
from 4-nitropyridine 1-oxide, 3: 609 
from its I-oxide, 2: 121 
from 1,4-pcntadiyne-3-ones, 1: 300, 335 
from 4(H)-pyran-4-ones, 1: 181 ff., Mff. 
4-pyridinesulfonic acid from, 4: 371 
from pyridylpyridinium halides, 2: 12; 

3: 594 
from 4-pyrones, 3: 552,556 
reduction, 3: 655 
sulfonation, 4: 369 
from triketoncs, 1: 276; 3: 516 

Pyridinolcarboxylic acids, 3: 710R. 
2-Pyridinolcarboxylic acids, 3: 728J. 

3-Pyridinolcarboxylic acids, 3: 778ff. 
Pyridinol 1-oxide(s), 2: 134ff., 738ff. 

4-Pyridinol I-oxide, 2: 137 
Pyridinols and pyridones, bromination, 2: 

ethers, 3: 7@J. 

tautomerism, 1: 67 

313K., 317 
chlorination. 2: 307 IT., 3 10 
halopyridines from, 2: 326ff. 
iodination, 2: 319ff. 
nitration, 2: 474ff. 
pyridinium compounds from, 2: 20 
from pyridinium compounds, 2: 32 
reaction with acrylic acid, 2: 18 
reduction, 2: 160 

Pyrido[2,3]imidazolcs, 3: 66 
Pyridoin condensation, 4: 16 
2-Pyridoin, 4: 137 ff. 

oxidation, 3: 193 
2-pyridil from, 4: 161 
reaction with diazoriium salts, 3: 192 

Pyridones, reactions, 1: 68ff. 
tautomerism, 1: 65 ff. 

2( I fl)-Pyridones. 3: W l J .  
dealkylation, 3: 649 
halogenation, 3: 663 
2-halopyridincs from, 3: 649 
nitration, 3: 667 
properties, 3: 620, 627 
from pyridinium salts, 3: 596, 603 
from pyridonimincs, 3: 595 

reaction with P2S,, 3: 651 
reduction, 3: 657 
synthesis, 3: 531 

4(1ff)-I’yridones, 3: 822fl. 
from diacetylenic ketones, 3: 518 
halogenation, 3: 663 
4-halopyridines from, 3: 649 
hvdrazones, 3: 629 
nitration, 3: 668 
from 1,4-pentadiyne-3-ones, 1: 30, 3/15 
properties, 3: 625. 627 
reaction with P2Sj, 3: 651 
reduction, 3: 655 

2(1 fl)-Pyridonecarboxylic acids, 3: 8lAff. 
4(1 H)-Pyridonecarboxylic acids, 3: 8.32ff. 

2 (1 I{)-Pyridonc hydrazone, pyridinc from, 

Pyridonimines, 2: 42; 3: 56ff. 
from aminopyridincs, 3: 28 
pyridones from, 3: 595 

decarboxylation, 3: 7 I I 

2: 161 

4-Pyridophthalone, 4-(2-carbethoxy- 

Pyridopyrazines, 3: 46, 64 K. 
Pyridopyrimidines, from 2-aminopyridine, 

Pyrido[l,2-o)pyrimidines, 2: 77 
1 1 (Il)-Pyrido[2,1 -6]quinazolin-l I-one, .$V- 

2-pyridylanthranilic acid from, 1: 270 

Pyrido[2,3-b]quinolin-5( lO/f)-onc, 3: 247 
Pyridoquinoxalines, 3: 49 
Pyridotetrazole, from 2-chloropyridinc, 2: 

Pyridothiazoles. 3: 48; 4: 356 
Pyridotriazoles, 2: 484, :j,”f. 

Pyridoxai, 4: 131, 1OljJ. 

phenacy1)pyridine from, 4: 149 

3: 20. 44H. 

synthcsis. 2: 353 

3.55 

from diaminopyridines, 3: 65 

biological activity, 4: 23 
codecarboxylase from, 4: 25 
fatty acid derivatives, 4: 22 
Occurrence in nature, 1: 103 
oximc, dehydration, 3: 231 
5-phosphate, sce Codecarboxylase 
from pyridoxol, 4: 23 
reactions, with amino acids, 4: 136 

with hydrogen peroxide, 4: 26 
with p-nitrobenzoyl chloride, 4: 24 

Schiff bases from, 4: 23 
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Pyridoxamine, and related amines. 4: gal/. 
biological activity, 4: 23 
occurrence i n  nature, 1: 103 
from pyridoxal oxime, 4: 23 

Pyridoxamine phosphate, 4: 26 
Pyridoxazines, 3: 49 
Pyridoxazoles, 3: 49 
Pyridoxine. rer Pyridoxol 
4-Pyridoxic acid hydrazide, 4: 23R. 
Pyridoxol (pyridoxine), 4: 108.. 92f. 

4-alkoxymethyl dcrivativcs, 4: 22 
aminomethyl analogs, 4: 23 
biological activity. 4: 23 
from 4,5-bis(aminomethyl)-2-metti~l-3- 

codecarboxylase from, 4: 25 
detection, 4: 21 8. 
diacetate, 3: 565 
fatty acid derivatives, 4: 22 
hydrogenation, 2: 160; 4: 22 
isopropylidene derivative, 4: 22 
metabolism, 4: 22 
3-mcrhyl ether, 3: 192 
occurrence, 1: 1038. 
oxidation. 3: 192; 4: 22 
I -oxide, 4: 2 I 
phosphate, 4: 26 
physical constants, 4: 19 
self-condensation, 2: 72 
stability, 4: 22 
synthesis, 1: l57R.; 3: 200, 367; 4: 2108 
toxicity, 4: 22 

pyridinol, 2: 363 

4-Pyridoxthiol, 4: 3.58 
2-Pyridylacetone, 2: 432, 434; 4: 157 

3-Pyridylacetone, 4: 146, I55 

Pyridylacridines. 2: 223 

&Pyridylacrylic esters, 4: I35 

I’yridylalanines, 4: 3; 3: 75 
Pyridylalkanolsulfonic acids. 4: .I-’/ 
b(2-Pyridyl jalkyl ketones. from 2-vinyl- 

pyridine. 4: 138 

3-l’yridyl alkyl ketones. 3: 214 
Pyridylalkyl sulfides, 4: . l / 2  

Pyridylalkyl sulfones. 4: JW 
Pyridylalkylsulfonic acids. 4: .f2/ 
.S-Pyridyl-(l-alkylthiocarbamatrs, 4: .I:’.? 

I’yridylaIkylthiols, 4: 387 
Pyridylalkyl rliiolacetates. 4: .a7 

.\lPyridylamidines, 3: 278. 

.\-2-Pyridylanthranilic acid, from pyrido- 
quinazolinone, 1: 270 

.\:(3-Pyridyl)anthranilic acid, 2: 353 

.\~‘-(2-Pyridyl)aralkylamidines, 3: 151 
Pyridylarsines, 4: 447ff.. Xi0 

from pyridinearsonic acids. 4: 444 
sulfides, 4: 459, 440 8. 

.~-Pyridylbenzamidines, 3: 14% 

2-Pyridyl benzoate, 3: 645 
Fries reaction, 3: 671 

*(3-Pyridyl)bcnzoic acid, 3-phenylpyridine 
from, 2: 217 

2-(2-Pyridyl)benzothiazole. from 2-pica- 
line, 2: 186; 3: 196 

2-(4-Pyridyl)benzothiazole, 3: 196 
2-(3-Pyridylj-3,1 (4II)-benzoxazine-4-onc, 

1 -(2-Pyridyl)biuret, 3: 2(> 
Pyridylbutanols, (4-carbon side-chain), 4: 

I-(3-lJyridvljbutylamine, 3: 70 
.\LPyridylcarbamic esters, nitration. 3: 23ff., 

.\~(2-Pyridyl)cyanolrmamidine, 3: 28 
1-(2-Pyridyl)cyclohexanol, 3: 207 
2-(4-Pyridyl)cyclohexanone, 4: 1 5 9  
2-(2-Pyridyl)cyclopropanecarboxylic acid, 

from 2-vinylpyridine. 2: 21 1 
1 -(3-Pyridyl)-2,7-diazacycloheptene, 3: 235 
1 -Pyridyl-3,4-dihydroisoquinolines. 3: 222 
Pyridyl 0-diketones, alcoholysis, 4: 162 H. 

I - (  3-Pyridyl)-4-dimethylamino-2-buranone, 

I-(2-Pyridylj-2,5-dimethylpyrrole, from 

Pyridyldiphpnylmrthanes. 3: 10.3 
Pyridyl disulfides. 4: 363. JWJ. 
l’yridyldithiocarbamic. acids, 3: 27; 4: 376, 

.~,.j-(a,~-i’)-ridylcne)norlupinane, oxidation, 

2-Pyritlyl esters, reduction. 3: 6 5 X  
3-Pyridyl esters. 3: 644. %’/,/I. 
n-(?-1’yridyl)ethanols. (2-carbon side- 

chain j ,  4: 4A’’f. 
a- (3-Pyridyl)et hands,  (2-carbon side- 

chain j ,  4: .i 

3: 223 

MJ. 

42 

hydrogenation, 4: I65 

reduction, 4: 164 

2-aminopyridine, 3: 18 

J.?J 

3: 1x8 
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a-(4-Pyridyl)ethanols (2-carbon side- 

&(Z-Pyridyl)ethanols, (2-carbon side- 

/3-(3-Pyridyl)ethanols, (2-carbon side- 

j3-(4-Pyridyl)ethanols, (2carbon side- 

Pyridyl ethers, nitration. 2: 474fl. 
2-Pyridyl ethers, 3: 7~37J., iJOff., 744J., 

chain), 4: 53 

chain), 4: 54j. 

chain), 4: 59 

chain), 4: ffi 

760)ff. 
cleavage, 3: 678 
intrared spectra, 3: 624 
nitration, 3: 666 
from picolinic acid I-oxide, 3: 21 1 
rearrangement, 3: 681 

3-Pyridyl ethers, 3: i83$ 
4-Pyridyl ethers, 3: 7 3 j .  

from halopyridines, 3: 574 
from pyridylpyridinium halides, 2: 12; 

rearrangement, 3: 681 
3: 594 

2-(2-Pyridyl)-5-ethoxy-2-pcntanol, reduc- 
tion, 4: 12 

2-(~-4-Pyridylethyl)benzothiazole, from 4- 
propylpyridine, 2: 186 

Pyridylethyl phenyl sulfones, 4: 366 
Pyridylethylphosphonic esters, 4: 452 
&'- Pyridyl-.\"-furylamidine derivatives. 3: 

.&-(3-Pyridyl)glycine, 3-hydrazinopyridine 
27 

from, 2: 489 
synthesis, 3: 18 

Pyridylglycollic acids, reaction with pyridine 
aldehydes, 4: 16 

Pyridylguanidines, 3: 28, 747 
Pyridylic acid rearrangement, 4: 17 
Pyridylindenes, from pyridyl glycols, 4: 15 
2-(2-Pyridyl)isatogen, from 2'-nitro-2-tola- 

zole, 2: 2 15 
Pyridyl isocyanates, 3: 27 
2-Pyridyl isothiocyanate, reaction with 

aniline;3: 49 
structure, 3: 49; 4: 377 

Pyridyl,!3-ketoesters. reaction with phos- 
phorus pentasulfide, 4: 170 

3-Pyridyl Bkctoesters, synthesis, 4: 149 
3-Pyridyl ketoncs. 4: Z26j. 

from acetylenic ketones, 1: 464, 466 

from I ,3-dioxo compounds. with 1.3-imino- 
ketones, 1: 358, .W, 3% 

by self-cdndensation, 1: 356,393 
from enol ethers of I .3-dioxo compounds 

with /3-iminoketoncs, 1: 477 
from 1.3,3-triethoxypropenes, with /3- 

iminoketones, 1: 413 
4-Pyridyl ketones, 4: Z.j!IJ. 
t'yridyllithium, ketones from, 4: 153 
2-Pyridyllithium, carbonation, 3: 194, 350 

reactions, with ethyl benzoate, 2: 427 
with ethyl picolinate, 3: 21 5 
with isonicotinonitrile, 3: 236 
with quinoline, 2: 427 

3-Pyridyllithium, carbonation, 3: 194 
dimethyl-3-pyridylarsine from, 4: 448 
reactions, with benzalacetophenone, 2: 

427 
wzith esters, 3: 215 
with nitriles, 2: 427 
with triphenyltin chloride, 2: 443 

4-Pyridyllithium, carbonation, 3: 194, 350 
reactions, with cyanopyridines, 3: 236 

2-Pyridylmagncsiuni bromide, reaction with 
diphenyllead diiodide, 2: 444 

2-Pyridylmagnesium iodide, reaction with 
ethyl picolinatc, 3: 215 

3-Pyridylmercuric acetate, 2: 440 
3-Pyridylmethyl esters, 4: 10 
6-(2-Pyridyl)-7-methyl-(5tl)-l -pyrindene, 

from 2-acctylpyridine, 4: 167 
3-Pyridyl 3-(N-methyl-2-pyrrolidonyl) ke- 

tone, 3: 214 
4-Pyridylmethyl p-tolyl sulfone, 4: 366 
3-Pyridylmorpholine, 4: 16 
2-(2-Pyridyl)naphthothiazole, 2: 186; 3: 

1 -(2-Pyridyl)-3-nitroguanidinest 3: 28 
5-(4-Pyridyl)- I ,3,4-oxadiazol-2-(3 If)-one, 

2-(3-Pyridyl)-A2-oxazoline, 3: 222 
2-(2-Pyridyl)pentano1-2, reduction, 4: 12 
5-(2-PyridyI)-Z-pentanone, reduction, 4: 3 

6-(2-Pyridyl)phenanthridine, 3: 236 
l-(2-Pyridyl)-4-phenyl-3-butene-2-ol, de- 

hydrogenation, 4: 1 I 

with esters, 3: 215 

196 

3: 228 

synthesis, 4:. 158 

reduction, 4: 12 
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2-(3-Pyridyl)-3-phenyl-4-quinazolone, 3: 

2-(2-Pyridyl)-4-phenylthiazole, 3: 223 
Pyridylphosphines, 4: 452 ff. 
3-Pyridylphosphonic acid, 4: 452 
;V-Pyridylphthalamic acids. 3: 23 
,\-Pyridylphthalirnides, 3: 23 
2-Pyridylpropanols (3-carbon side-chiiin), 4: 

3-Pyridylpropanols (3-carbon side-chain), 4: 

4-Pyridylpropanols (3-carbon side-chain), 4: 

.A’-(2-Pyridyl)-3-pyridinesul~onamide, bio- 

1-(4-PyridyI)pyridinium salts, 2: I I K. 
4-aminopyridines from. 3: 11  
4-pyridinesulfonic acid from, 4: 371 
4-pyridinethiols from, 4: 352 
reaction with thiophenol, 4: 360 

223 

0’1 ff. 

64 

ti5 

lo$cal activity, 4: 380 

1-(2-PyridyI)-2( 1 /I)-pyridonc, from pyri- 
dine 1-oxide, 2: 125, 128; 3: 610H. 

1-(4-PyridyI)-4(1 If)-pyridone. from 4- 
nitropyridine, 2: 479 

from 4-pyridinesulfonic acid, 3: 593 ff. 
from 4-pyridinols, 3: 677 
4-pyridinol From, 3: 593 8 .  

2-Pyridyl 4-pyridyl ketone, 3: 215, 236 
3-Pyridyl 4-pyridyl ketone, 3: 2 15, 23b 
2-Pyridyl 2-pyridylthiosulfinate I ,1 -dioxide, 

2-(3-PyritIyl)-4-quinazolonr, 3: 223 
2-(2-Pyridyl)quinoline, 2: 427 
2-Pyridyl-2-quinuclidinyl ketone, re- 

4-l’yridyl 2-quinuclidyl ketone, reductiin, 

2-(2-Pyridyl)selenonaphthene, 4: I45 
..t~(2-Pyridyl)succinimide, from 2-amino- 

.A’J-2-Pyridylsulfanilamidc, 2: 354 
Pyridyl sulfides, biological activity, 4: 3788. 

4: 364 

duction, 4: 3 

4: 4 

pyridine, 3: 20 

from diazonium compounds, 4: 359 
oxidation. 4: 360, 364 
properties, 4: 360 

2-Pyridyl sulfides, 4: AY8ff. 
3-Pyridyl sulfides, 4: 3Y7 
4-Pyridyl sullides, 4: &SJ. 

pounds, 2: 12 
from I -(4-pyridyI)pyridiniurn com- 

2-l’yridvl sulfide dibromide, hydrolysis, 4: 

Pyridyl sulfones, biological activity, 4: 379 
364 

reactions, 4: 3658. 
synthesis, 4: 364H. 

2-Pyridyl sulfones, 4: 405j. 
3-Pyridyl sulfoncs, 4: 4% 
4-Pyridyl sulfones, 4: 407 

Pyridyl sulfoxides, 4: 364. J f i I  
3-Pyridylthioacetic acid, 3: 34 
4-Pyridylthiohydroxamic acid, 3: 237 
a,F7-Pyridylthioindoxylic acid, methyl ester, 

4-(2-Pyridyl)thiosemicarbazide, 3: 27 
Pyridylthioureas. 3: 27, 1‘15J. 
.C(2-Pyridyl)thiuronium bromide, reaction 

.Y-Pyridylthiuronium halides, 4: 382 
3-(4-Pyridyl)-A2-1 ,2.4-1riazoline-5-thione, 

Pyridylureas, 3: 26 f ? . ,  Id.?.$ 

“Pyridyne,”l: 29; 2: 357; 3: 12 
Pyrimidazolcs, 2: 74 
y-l’yrindigo, 3: 47 
Pyrindinones. pyridinecarboxylic acids 

from, 1: 270 
7-Pyrisatin. 3: 350 
Pyrithiamine, 2: 81 
Pyrolysis of natural products, alkylpyridines 

from, 2: /&S 
Pyrones. scc ZII-Pyran-2-ones; IIl-Pyran-4- 

ones 
7-Pyroxindole, 3: 350 
Pyrrocolines, 2: 74, 197 

Pyrrole. 3-halopyridincs from, 2: 338 

2-Pyrrolidonc, reaction with ethyl picolinate, 

Pyrrolopyridincs, 3: 468. 
Pyrylium perchlorate, pyridine from, 1: 210 
Pyrylium salts, pyridiniurn compounds 

3: 213 

with sodium carbonate, 4: 350 

3: 221 

reaction with hydrogen peroxide, 2: 1 1  5 

pyridines from, 1: 2268. 

4: 150 

from, 1: 210K., Z I J J . ,  2: 21 
reaction with hydrazines, 1: 212; 2: I45ff. 

Q 

Quaternary pyridinium salts. Jer 
Pyridinium compounds 
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Quaternization, 2: 2tf. 
intramolecular, 2: 72 
selective. 2: 13 
steric effects in, 2: 3 

Quinaldine, reactions, 2: 194ff. 
Quinaminc, pyridine bases from, 1: 135 
Quinine, pyridine acids from, 1: 138 
Quinolinamide, Hofmann reaction, 3: 242 
Quinoline(s), oxidation, 1: 251 ff., 257J.: 2: 

reaction with organolithium compounds, 
185; 3: 186ff., 205 

2: 171 
Quinoline alkaloids, pyridine bases and 

acids from, 1: I42 
8-Quinolincarsonic acid, reaction with 6- 

hydroxy-3-pyridinearsonic acid, 4: 
449 

187 

2 70 

2: 121 

Quinolinecarboxylic acids, oxidation, 3: 

5,8-Quinolinedione, a picolinic acid from, 1: 

Quinoline 1 -oxide. 4-chloroquinoline from, 

reaction with 2-bromopyridine, 2: 357 
Quinolinic acid, from alkaloids, 1: 138B., 

142 
anhydride, 3: 240tf. 

dccarboxylation, 3: 188 
2.5-dibromopyridine from, 2: 343 
esters, 3: 215, 2388. 
in Hammick reaction, 3: 208 
reaction with o-phenylenediamine, 3: 238 
synthesis, 1: 251, 2.57ff.; 3: 186fT. 

3-benzoylpicolinic acid from, 4: 151 

Quinolinirnidc, 3: 205, 241 ff. 
6-Quinolino1, oxidation, 3: 349 
Quinolizidine derivatives, 3: 359, 4/31!, 
Quinolizinium salts, 2: 73, 77, 224 
Quinolizones. reaction with hydrogen 

.8V-Quinolylglycine, ethyl ester, 3: 242 
I-(2-Quinolyl)-2( 1 If)-pyridone, 2- 

chloropyridinc from, 2: 328 

Quinonc(s). reactions. with 2-aminopyri- 

peroxide, 2: I 15 

synthesis, 2: 3.57 

d im,  2: 79 
with pyridine, 2: 1 0 ,  19 

Quinuclidines, degradation to pyridines, 
1: l34ff. 

4-ethylpyridine from, 1: 234 

R 

Kaman spectra, of alkylpyridines, 2: 179 
Reduction, of pyridine acids, 3: 199ff.; 4: 5 

of pyridine alcohols, 4: 11 8. 
of pyridine aldehydes, 4: 3ff. 
of pyridine esters, 3: 20Off.; 4: 5 
of pyridine ketones, 4: 3ff. 
of i'yridinc ring, 1: 48ff. 
of quinolines and isoquinolines, 1: 255ff., 

267 
Kcformatsky reaction, 4: 17 
Keissert compounds, 1: 37 
Kicininc, 2: 122; 3: 250, 715lf. 

from 2,4-dichloronicotinonitrilc, 2: 131 
from dimethoxynicotinonitrilc, 3: 2.50 
occurrence in plants, 1: 1 I I ;  3: 250 

Ring cleava~e reactions, of pyridinc, 1: 57 8. 
Ring syntheses, classification of, 1: 272 
Rosenmund reaction, 3: 216: 4: 127 

S 

2-Salicylamidopyridine, 3: 22 
Sandmeyer reaction, 3: 231 
Sapropcl, pyridine bases from, 1: 130 
Scheller reaction, 4: 440fT., 449 
Schiff bascs. froni 2-aminopyridines. 3: 8 

Secondary aminopyridines, 3: 10~5 
Selectan, 3: 703 
Selenium compounds of pyridine, 4: 380ff.. 

.Q:iJ. 
Srmiquinoncs, 2: 57 
Scrnperviririe, tetraliyrine from, 1: I37 
.Sewase sludge, degradaiion to pyridine 

Shale oil, pyridinc bascs from, 1: 126ff. 
Side-chain. azo compounds, 2: 493 

from pyridoxal, 4: 23 

bascs, 1: 152 

carboxylic acids, 3: 347ff. 
dehalogenation.2: 204 ff. 
dehydration, 2: 2038: 
dehydrogenation, 2: 205 ff. 
dehydrohalogenatiun, 2: 204 fT. 
halogen compounds, 2: 208, 360fT., 3!/8J,, 

hydrogenation, 2: 208, 222 
metnla;ion, 2: 423fT.,.432H'., 436, 44 I 
nitro compounds, 2: 493 H., S&J. 

.lO/]J. 
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Side-chain ( c.mtt/rrcurd, 

oxidation. 2: 184ff.. 207ll., 222 
sulfonic acids, 2: 209; 4: 375 If.  

Silicon compounds, 2: 444 
Smiles rearrangement, 4: 362 
.%diomalonic ester, reaction with 2-vit1yl- 

pyridine, 2: 209 
Sodium, reaction with pyridtne. 1: 53; 2: 

224 fi. 
Sodium amalgam. reaction with pyridinium 

compounds. 2: 5 I ,  35 H-. 
Sodium amide, metalation with, 2: 169, 

432fi. 
reaction waith pyridinc, 2: 224 I K  

Sodium hisullitc, reaction with pyridirir, 

Sodium borohydride, reaction with 

Sodiuni compounds, 2: 4321f.. .l:j:jj. 

Sodium hydrosulfite, reaction with 
pyridinium compounds. 2: 47fi. 

Solanurn alkaloids. pyridine bases front, 
1: 138, IJS 

Sommelet reaction, 4: 131 
Soybean cake, pyrolysis to pyridinc bases. 

Spartcinc. 2: 74; 3: 35') 

Stilbazolc(s), halogenation, 2: Z(1Hn'. 

2: 62 

pyridinium compounds, 2: 4 9  11, 

1: 151 

Stenhouse dyes, 1: l62ff.. / 7 q /  

nzonolysis, 3: I91 
synthesis, 2: 192; 3: I91 
Jrr also Aralkenylpyridines 

dine from, 2: 364 
2-Stilbarole, 2-(a.~-dibromophenefhyl)pyri- 

osidation. 4: I45 
ozonolysis. 4: I25 
2-plicnethylpyridine from. 2: 162 
rcaction with chlorine. 2: 364 

4-Stilbazolc perbromide, 2: 364 
Strychnine, pyridinc bases from, 1: 137 
Sulfapyridine, 3: 24ff. 
Sullinic acids, alkylation by pyridiniuni 

3-Su1foisonici)tinic acid, biiilo~ic:al activity, 
compounds, 2: 67 

4: 380 
synthesis. 4: 372 

SuIfcin;ition ill' pyridine derivatives. 1: 23: 2: 

Sulfonazides, rcaction wirh pyritfinr. 2: I44 
3-Sulfopicolinic acid, from 3-mercaptopico- 

100; 4: 367ff. 

linic arid, 4: 370 

5-hIfopicolinir acid, 4: 372 
Sull'ur dioxide, addition compounds with 

alkylpyridines, 2: 175, 180 
Sulfiiryl azidc. reaction with aromatic hy- 

drocarhons, 1: 154, 15.i 
Sultones. pyridinium compounds from. 2: S 
Sydnones. 2: 44 

T 

'Tar. See Coal 
1 ertiary aminopyridincs. 3: 105 
I -~l'rtraacetylglucosidyl-3-~:arbamyl- 

r .  

pyridinium bromide, reduction. 3: 
202 

I -'I'etraacetylglucosidyl- 1.2-dihydronicot in- 
amide. 3: 202 

'I'etraacetyl-n-D-r;lucosyl bromide, reaction 
with 2-picolyllithium, 2: 432 

1,2,4,6-'I'ctraarylpyridinium salts, from 
pyryliurn salts. 1: .?17[1. 

2,3,5,6-'l'etr;1benzoylpyridtne, 3: 241 ; 4: 152 
l e t  rabromopyridine(s)! from pyridine, 2: 

2,3,4,5-'l'ei rahmmopyridine. ammonrilysis. 
312 

2: 346 
from 2,4-pyridincdiol, 2: 3 18 

pyridinedinl. 2: 318 
2.3,5.6-'l'errabromopyridine, from 2,6- 

?,3 ,~ .6-~letrabroni~~-4-}~yridinol ,  2: 3 13 
2.4.S.6-'I'etrahromo-~-pyridinol. 2: 3 I3 
Tetrahyrine, from indole alkaloids, 1: 137, 

l&i 
~,3,~,O-~l'rrrachloroisonicotinonitrile, reduc- 

tion, 3: 69 
2.4,i,6-~l'etracliIoro-3-phrnylpyridinr, from 

~-phenvl-2,6-pyridinediol. 2: 309 
3,4,~,6-~l'errachloro~iicolinic acid, 3.5- 

dichloropicolinic acid frc~m, 2: 348 
2,3,~~j.'l'ctrachloropyridirie. lrom &nitro- 

pyridine I-oxide. 2: 307 
from pyridinc, 2: :\0.5 

2.3,J,6-?trrachloropyridirre. from pyridine, 

2.3,.~~6-~Tetrachl~~ro-j-l,yridi1iol, 3: 575 
l'et rachloro-~-~iyridyI~irsinc, 4: 440, 444 
'l'etr;ichlorn-3-~Jyridylsti(,ine. 4: 4.5 I I f .  
I I ,3,3-.I'ctracyanopropenes. 3,S-diryano- 

2: 30.5 

pyridines from, 3: 232 
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'lctratiytlro-2.~-dirnet hoxyl'uroic cstcr. 2.3- 
Ijyridinrdiol from. 1: 156 

l'ctrahydro-4,4'-dipyridyl derivativcs, 
from pyridinium compounds, 2: 
55 ff. 

I'crrahydrofuran(s), pyridincs from, 1: 
154ff., 1 M  

reaction with hydrogcri cyanidc, 1: 1.54 
l'ctrahvdrofurfuryl alcohol, pyridinc from, 

Tctrahydroimidazoles, 4: 136 
Tctrahydro-6-mcthyl-2-oxo-4-phenyl-3,5- 

1: I56 

pyridincdicarboxylic ester, from 
benzylidcncmalonic cstcr, with fl- 
aminocrotonic ester, 1: 439 

3: 249 

tcr, from 4-bcnzoyl-2-cyano-3-ptienyl- 
butyric ester, 1: 288 

Tctrahydro-2-oxo-4,6-diphenyInicotino- 
nit rile, from bcnzalacctophcnonc, 
with cyanoacctamidc, 1: 443 

from 4-bcnzoyl-2-cyano-3-phenylbutyr- 
arnidc, 1: 286 

l'etrahydro-6-oxonicotinic esters (dihydro- 
6-hydroxynicotinic esters), from un- 
saturated esters, with &amino- 
crotonic ester. 1: 439, 35j 

Tctrahydro-2-oxonicotinonitriles (dihydro- 
2-hydroxynicotinonitrilcs), from un- 
saturated kctoncs, with cyano- 
acctamidc, 1: 443, J5fi 

'rctrahydro-2,2,4,6-pcritamet hylpyrimidine, 
2,2,4,6-tctramcthyldihydropyridinc 
from, 1: 268 

1.2,.5,6-l'ctrahydronicotinic acid, (guvacinc), 

T~trahydro-2uxo-4,6-diphcnylnicotinic cs- 

Tctrahydropyran, pyridinc from, 1: 173 
'I'ctrahvdropyridines. basicity, 1: 87 

lrom pyridinium compounds, 2: 47ff. 
reactions, 1: 86, 232K., 215 
structure, 1: 83 t i .  
synthesis, 1: 65 

1,2,3,4-1Ptrahydropyriditic, 1: !XI 
1.2,3,6~l'ctrahydro~iyridine, 1: 91 
2,3,4,5-1'ctrahydroliyridine, 1: 91 
'Tcrrahydropyridinc alkaloids, 1: 131,' Id0 
?.ctrahydropyridyl kctoncs, alkylpyridines 

Tctriihydroquinolines, horn quinolines, 1: 
from, 1: 232, 2Jti 

255ff.. 267 

3,.j,3'.j'-'l'etr~~hydrox~-~~2'-hil,yridinc, 2,2'- 

.Tecraiodophcnolphthalein, complexes with 

1,2,3,4-Tctrakis-(4-pyridyl)butanc, from 

bipyridinc tronr, 2: 224 

alkylpyridincs. 2: 175 

2,3.4,~-tctrakis(4-pyridyl)thiophctic, 
2: 216 

216 

and isoquinolines, 1: 255fT.. 267 

185 

2.3,4,5-'I'ctrakis(4-pyridyl)thiophenc, 2: 186. 

'I'ctramcthylcncpyridinc, from quinolines 

2,3,5.6-Tcrram~thylpyridinc, oxidation, 3: 

synthesis. 1: 499 
Tctranitro-2,2'-diamino-5,5'bipyridinc, 2: 

Tetraphcnylcyclopentadicnc, reaction 

I etraphcnylcyclopentadienonc, react ion 

2.3.4,5-?'etraphenyIpyridine, from tetra- 

474 

with HCN, 1: I53 ,. 
with nitrilcs, 1: 153, 153 

phenylcyclopentadienc and HCN, 1: 
153 

1.2,4.6-'l'ctraphenyIpyridinium salt, 1: 210 
Tetrazolium salts, synthesis, 4: l40fT. 
Thallium compounds, 2: 443 
9-Thia-l -azaanihrone, 3: 209 
9-'l'hia-3-azaanthronc, 3: 209 
Thiazolincs, 4: 140 
3-'I'hien0[3,2-b]pyridyl acetate, 3: 210 
3-'~'hioarscnosopicolinic acid, 4: 446 
l'hiocyanatopyridines, condcnsed, 4: 423 

monocyclic, 4: Cf22 
rcactions, 4: 378 
synthesis, 4: 377ff. 

5-'l'hiocyanatopyrido[3,2-d]thiamlc, from 

3-'l'hiocyanopyridine, 3: 34 
l'hiuindigo. pyridinc analog, 4: 361 
Thioisonicotinic acid hydrazidc. 3: 237 
'l'hioisonicotinoyl morpholine, 3: 196 
Thionyl chloride, reaction with pyridine, 

Thiopicolitiamidc, reaction with w-chloro- 

~l'hiopicolinanilidc, from 2-picolinc, 2: 186; 

Thiopicolinoyl morpholine. 3: I96 
Tin compounds, 2: 453 
Tobacco alkaloids. m Alkaloids 

3-aminopyridine, 4: 377 

2: 12 

acetophenone, 3: 223 

3: 196 
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‘rolazole(s), 2: 213ff., 3 2  
‘Toluene, reaction with azides. 1: 134, 155 
2-p-‘loluenesulConamidopyridine, 3: 25 
3-p-’l’oluyl~~icolinic acid, reaction with 

hydroxylarnine, 4: 172 
2-Tolylpyridines, from pyridinc, 2: 2 17 
‘ll’N, 2: 51 
2.3.6-7’riacetamidop).ridinc, 2: 484 

from 2,6-d1arnino-3-phenylazopyridine, 
2: 487 

Triaminopyridincs, 3: 59fl., A‘U, 118 
2,3,4-Triaminopyridine, 3: 65 R. 
2,4,6-7’riaminopyridine, 3: 4 
2,4.6-l‘riarylpyridines, from pyrylium 

salts, 1: 210, 214 
2,4,6-l‘riarylpyrylium perchlorates, 

pyridiniurn compounds from, 2: 21 
Triazafluorene, 3: 49 
2,5,6-l‘ribromo-3-ethoxypyridine, 5-bromo- 

2.6-dichloro-3-pyridinol from, 2: 330 

brorno-l-merhyl-2( 1 ff)-pyridone. 

3,j,6-l’ribromo-Z-picoline. from 6-met hyi- 

synthesis. 2: 314 

2: 314 

2-pyridino1, 2: 317 
oxidation, 3: 243 

3.5,6-’~ribromopicoIinic arid. from 3.5.6- 

1,2,3-l‘ribromoprop:1ne. 3-piroline from, 1: 

Tri,romolivridine(s), from pyridine, 2: 31 1 H 
2.3,4-Tribromopyridinc, from 2,4-dirnech- 

rribrorno-2-l)icolinc. 2: 344; 3: 243 

470, 472 

oxypyridine, 2: 318 
from 2,4-pyridincdiol. 2: 313 

2,3.6-l‘ribromopyridine, 2.3-dibromo- 
pyridine from, 2: 340 

from 2,b-pyridinediol, 2: 318 

ammonolysis, 2: 346 
2.6-dibromopyridirie from, 2: 346 
from 4-pyridinol. 2: 328 
reaction with sodium phenoxidc, 2: 351 

2,4,6-l’ribromopyridine, iilcoholysis. 2: 35 I 

2,4,6-‘rribromo-3-pyridinol: 2: 3 13 
Tricarbonyl compounds, reaction with 

enamines, 1: 359 R. 
3-(Trichloroacetyl)-2-picolinr. lrom 

5-ethyl-2-picoline, 2: 190; 4: 146 
3-(l‘richloroacetyl)pyridine, from 3-ethyl- 

?.j,6-’l’richloro-3-r~clo!,encyIp).ridine. 
3-cycloperirvlpyridine lrom, 2: 346 

O-~l‘richloromethvl)picolinic acid, 3: 198 

‘l‘richloromethyl~~yridincs, hydrolysis, 3: 
ester, 2: 367 

197 If. 
reaction with HI.’, 2: 302 

2-dichloromethyipyridinc from. 2: 366 
hydrolysis. 2: 367 
from 2-picoline, 2: 189 

from, 2: I90 
from 3-picolinc, 2: 100 

hloromethylpyridine, reaction with 
KSIt, 3: 237 

acid. 3: 198 

2-picoline, 2: 36.5; 4: 6 
2-pyridinelacric acid from, 2: 368 
reduction, 4: 12 
2-(3,3,3-rrichloropropenyl Jpyridine from, 

2: 363 
a-‘I‘richloromet hyl-4-pyridineethnnoI, from 

4-picoline, 2: 363; 4: 6 

2-’l’richloromethylpyridinr, 2: 360 

3-’l’richloromethylpyridinc.. nicotinic acid 

6-‘l‘richloromrrhyl-2,4-pyridinedicarbox~lic 

a-l’richlorometh~l-2-pvridinecthanol, from 

reduction, 2: 366 
2,4,6-l’ricliloronicotinonirrile, from 

6-chloronorricinine. 2: 333 
hydrolysis, 2: 350 
reaction xirh hydrazine. 2: 3% 

4,5,6-Trichloropicolinaldehyde, 3: 2 I 7  
3.4.i-l‘richloropicolinir acid, 3 5 d i -  

chloropicolinic acid from, 2: 348 
4,j,6-l’richloropicolinic acid. and ester, 

reaction with HI-P. 2: 340, 343 
4,j,6-?’richloropicolinoyl chloride. 

reduction, 3: 217 
2-(3,3,3-Trichloropropenyl)pyridine, from 

n-(~riclilorc~mrthtl)-?-pvrjdinr- 
cthanol. 2: 363,365 

2,3,4-Trichloropyridine, 3: 21 7 
2,3,j-’l‘richIoro~iyridirie. from 3,i-pyridine- 

disulfonic acid, 2: 334 
2.4,5-Trictiloropyridine. amrnonolysis, 3: 6 
3,3,6-‘rrichloro-2-pyridinol, 2: 307 

from 6-t)romo-3,~-dicl i lor~-Z-e~h~xy-  
pyridine, 2: 3.39 

pyridine, 2:-l90; 3: 1%‘; 4: 146 2,3,4-Trichloroquinolinc, oxidation, 3: 243 
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4,5,6-'l'richloroquinolinic acid, from 2,3.4- 
trichloroquinoline, 2: 344; 3: 243 

4,5,6-l'richloro-2-trichloromethyIpyridine, 
5-chloro-2-picoline from, 2: 158 

1 , I  ~3-'l'riethoxybutane, 5-ethyl-2-picoline 
from, 1: 470 

1,3,3-Triethoxybutane. 2,3,4-collidine from. 
1: 470 

1 , I  ,3-'Triethoxypropane, 3-picoline from, 
1: 470 

1,3,3-Triethoxypropenes. see 3-Ethoxy- 
acrolein acetal; 3-Ethoxycroton- 
aldehyde aceral 

acetonitrile, 2: 362 

3: 249 
reduction, 3: 200 
synthesis, 3: 208 

2-('I'riHuoromcthyl)pyridine, from rrifluoro- 

Trigonelline, occurrence in plants, 1: 110; 

Trihalopyridines, ammonolysis, 3: 6 
'Trihydric pyridine alcohols, 4: 86 
5,6,8-Trihydroxy-I, 10-diazanthracene, 3: 

7,9,10-Trihydroxy-l ,j-diazanthracene, 3: 

2,4,5-Trihydroxy-6-methylnicot inonitrile, 

2,4,6-Trihydroxynicotinic ester, from 2- 

247 

246 

3: 530,686 

cyano-4-ketoglutaric acid monoester, 
1: 297 

4,5,6-Trihydroxypicolinic acid, 3: 686 
I ,2,3-Trihydroxy-4 ( 1  if)-pyridone. from 

oxinie of 3-hydroxy-2,4-pyrandione, 
1: 188 

3.4, 5-Triiodo-2,6-lutidine, from 4-chloro- 

3.4 ,5-'l'riiodo-2,6-pyridinedicarboxylic 
3,jdiiodo-2,6-lutidine, 2: 340 

acid, from 4-chloro-3,5-diiodo-2,6- 
pyridinedicarboxylic acid, 2: 340 

pyridones from, 1: 276, .W 

J0,i 

1,3,5-Triketones, I-alkyl and I-aryl-4- 

I-arylamino-4-pyridones from, I: 277, 

2,4,6-l'rimcrcaptonicotinic acid, 4: 349 
Trimeraptopyridinecarboxylic acids, 4: 355 
2,2'-'Trimethylenebipyridine, 2: 192, 21.5 
4,4'-Trimethylencbipyridine, 2: 170, 192, 

3,4-'rrimethylene-2,6-pyridinediol, 3: 51 5 
215 

2,4,6-'l'rimerhylnicotinic acid, ethyl ester, 
reduction, 3: 201 

oxidation, 3: 185 
Trimethylpyridine. JCC Collidine 
2,4,6-?'rimethyl-3.5-pyridinedicarboxylic 

2,4,6-'Trimet hyl-3.5-pyridinedimethanol, 

3,4,5-Trimethyl-2,6-pyridinediol, 3: 51 4 
I ,3,3-l'rimethyl-2,4( 1 If, 3/I)-pyridinedione, 

ester, reduction, 3: 201 

3: 20i 

from 2,2-dimethylacetoacetate and 
ethyl formate, 1: 348 

2.3,6-lrimethyl-4-pyridinemethanol, 3: 201 
2,4,6-Trimethyl-2-pyridinemethanol, 3: 201 
1,2.6-Trimethyl-4( 1 /I)-pyridineselenone, 4: 

I ,2,6-Trimet hyl-4 ( 1 Il)-pyridinesullobetaine, 

2,4,5-'l'rimet hyl-3-pyridino1, from 4.5-bis- 

380ff. 

4: 370 

(bromomethy1)-2-1net hyl-3-pyridino1, 
2: 159, 366 

pyridinium compounds from, 2: 21 
2,4.6-Trimrrhylpyrylium perchlorate, 

2,4,8-Trimerhylquinoline. oxidation, 3: 188 
2,6,8-Trimethylquinoline, oxidation, 3: 188 
2,4,6-Trinitro-3-pyridinol, 2: 47.5 
2,4,6-Triphenoxypyridine, 2: 351 
2,4.6-Triphenyl-3,5-bis(phenylrhio)-l.4-di- 

hydropyridinc. 4: 348, 360 
2.4,6-TriphenyI-3,5-bis(phcnylthio)pyri- 

dine. 4: 348 
1,3,~-Triphenyl- I .j-penranedione 

(Wcnzaldiacctophenone), I-amino- 
dihydro-2.4.6-triphenylpyridine 
from, 1: 277 

?,6-diphcnyl-2-pyridinol from, with I -  
carbamoylmet hylpyridinium 
chloride. 1: 287 

2,4,6-triphenylpyridine from, 1: 275, 280 
3.4.6-7'riphenylpicolinic acid, 3: 195 
2,4,5-?'riphenylpyridine. from 2-bromo- 

3,4,6-triphenylpyridinc, 2: 359 
2,4,6-'I'riphenylpyridine, from acetophenone, 

with benzaldehyde. I:  500 
with benzylamine, 1: 4XOff. 

from I-anilino-2.4,6-triphenylpyridinium 

from benzalacetophenone. 1: 463, 499 
salt. 1: 212 

with acetophrnone, 1: 437 



710 Cumulative Subject Index 

2,4,6-Triphcnylpyridine [ c.otitinued) 
from benzaldiacetophenone, 1: 275 
from benzaldiacetophenone imine. 1: 280 
from styrylphcnyl ketimine dimer, 1: 271 

3,5,6-Triphenyl-2,4-pyridinediol, from 2- 
benzoyl-5-hydroxy-3-oxo-2,4,5-rri- 
phenylpentenoic acid lactone, 1: 188 

3,4,6-'I'riphenyl-2-pyridyllithium, carbona- 
tion, 3: I95 

synthesis, 2: 359 
Tripterygrum alkaloids, 1: 112 
Tripyridylamines, 3: I&/ 
2,2',2"-'I'ripyridylmethane. 2: 168 
Tris(2-pyridyl)amine, 2: 354; 3: 32 
~l'ris(2-pyridyl)arsinc, 4: 448 
Tris(3-pyridy1)arsinc oxide. 4: 446 
Tris(2-pyridyl)carbinol, 3: 215 
1,3,5-Tris(2-pyridyl)hcxahydro-s-triazine, 

from 2-aminopyridine, 3: 17 
I .2,3-'l'ris(4-pyridyl)propane. from 1- 

piroline, 2: 186, 216 
2.4,6-'l'ris(trichloromethyl)pyridine.2: 

3 60 
2,4,6-Tristyrylpyridine. from 2,4,6-c olli- 

dine, 2: 192 
Tropane alkaloids. pyridines from, 1: 132, 

I J I  
Tropinc. 2-ethylpyridine from. 1: 132 
TschugaefT reaction. with methylpyri- 

dines, 2: 182 

with cyanoacetic ester, 1: 441 ff., 456j. 
with methylenic amides, 1: 4438., 4568. 
with methylenic compounds, 1: 4358.. 

446 ff. 
a,&Unsaturated esters, reactions, with 

3-aminocrotonic ester, 1: 439, 455 
with cyanoacetamide, 1: 443, 459 
with cyanoacetic ester, 1: 468 
with 3-iminonitriles, 1: 440,455 
with methylenic ketimincs, 1: 439ff.. 

449 ff., 455 
a,@-Unsatiiraied ketones, cyclic inter- 

mediates in reaction with cyanoacet- 
amidc, 1: 443. J.56 

reactions, with acetylacetonimine, 1: 439, 
4" 

with 3-aminocrotonic ester, 1: 439, 

with 3-aminocrotononitrile. 1: 440, 
1.5 1.8. 

with I-carbarnoylmethylpyridinium 
chloride, 1: 445. 458 

with cyanoacetamide, 1: 443, 456 
with ketones, 1: 437, :146 
with methylenic amides, 1: 443, /cici 
with methylenic ketimines, 1: 439ff., 

.l.WJ. 

./:I!/"//. 
self-condensation, 1: 460fl., 4Mj 
see cilro n.,3-Acetylcnic ketones 

Urea. corri~ilcxrs with alkylpyridines. 2: 175, 
1 xo 

U 
V 

Ullmarin rcaclioii, in preprai ion of bipyri- 

a.Lf-ljnsaturatcd acetak, itlkylpyridines 

a. fl-llnsaturated aldchydcs: rcaciions with 

dines. 2: 225ff. 

from, 1: 470 

acetaldehyde, 1: 436, * / , l t j  

. F I 9  
with 3-aminocrotonic ester, 1: .14017'., 

self-condensation, 1: 460H.. :/fij 
a,&Unsaturated amides. reaction with 

a,p-Unsat uraicd carhonyl compounds. 
cyanoacetic ester, 1: 441, .f.5S 

reactions with aldehydes and ke- 
tones, I: 416 If., .!Jtjf/. 

Vcratruni alkaloids, pyridine bases from, 

d\-Vinylnmidcs, 4-amino-2-pyridinols from, 

2-( I -\iinyl-3-butenyl)pyridinc, synthesis, 

N-Vinylglycines, 3-hydroxypyridinium 

Vinyl ketoncs. see a,fi-Unsaturated ketones 
3-Vinyl-4-picoliiie. from 3-(2-chloroethyl)-4- 

Vinylpyridirie. ozonolysis, 4: 125 

1: 138, I48 

1: Ml 

2: 200 

salts from, 1: .5A' 

piculine, 2: 306 

polymrrization, 2: 2 I2 fi'. 
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reactions, 2: 209ff., 493tT. 
with amines. 3: 74ff. 
with esters, 3: 355, 383J. 

synthesis, 2: 203ff. 
2-Vinylpyridine, from acrylonitrile and 

butadiene, 1: 347 
2-(&azidoethyl)pyridine from, 2: 209 
chlorination, 4: 146ff. 
2-(2-ethoxyethyl)pyridine from, 4: 9 
Michael reaction with, 2: 210ff. 
from 2-picoline, 4: 5 
pyridineethanesulfonic acid from, 4: 375 
from 2-pyridineethanol, 2: 203B.; 4: 159 
&(Z-pyridyl)alkyI ketones from. 4: I58A. 
2-(2-pyridyl)cyclopropanecarboxylic acid 

pyridylethylphosphonic acids from, 4: 452 
reactions, with benzenesulfinic acids, 4: 

from, 2: 21 1 

366 
with diazonium salts, 2: 364 

3-Vinylpyridine, 2: 203 

4-Vinylpyridine. from 4-(2-iodoethyl)- 
from 3-( 1 -chloroethyl)pyridine, 2: 366 

pyridine, 2: 366 
oxidation, 4: 145 
pyridylethylphosphonic acids from, 4: 

reaction with benzenesulfinic acids, 4: 366 
452 

Vinyl sulfone, quaternization with, 2: 17 
Vitamin B,. Set Pyridoxol 

W 

Wibaut-Arens alkylation of pyridine, 2: 

Wilfordine, 2-(3-carboxy-3-hydroxy-2- 
165ff.. 358 

methylpropy1)nicotinic acid from, 
2: 4 

4: 162 
Willgerodt reaction, 2: 211; 3: 356ff., 397; 

Wittig reaction, 4: 162 
WolH-Kishner reduction, 2: 161 ff.; 4: 166 

X 

Xylylpyridines, azanthracenes from, 2: 199 

Y 

Ylides, 2: 43 
Yohimbine, tetrabyrine from, 1: 137 

Z 

Zinc chloride, complexes with alkyl- 
pyridines, 2: 175. 180 




