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The Chemistry of Heterocyclic Compounds

The chemistry of heterocyclic compounds is one of the most complex,
branches of organic chemistry. It 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. It 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 II irrespective of substitution. If the starting material 75 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 1X 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. 8. Long and Dr. ]. J. Leavitt of American Cyanamid for their patience.

ErwiIN KLINGSBERG
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A. PREPARATION

1. From Non-Pyridine Starting Materials

By the condensation of hydroxylamine with glutaraldehydes
carrying either an a-(2-hydroxyethyl) or an «-(3-hydroxypropyl)
group, Paul and Tchelitcheft (I) were able to prepare 3-pyridine-
ethanol and 3-pyridinepropanol. From the proper keto aldehydes,
in the same manner, were prepared 2-pyridinepropanol and 2-
methyl-3-pyridinepropanol.

The reaction of butyraldehyde with amonia furnished 3-(3,5-di-
ethyl-2-pyridyhheptanol-4 (2). 5-Methyl-2-pyridineethanol has been
isolated from cevine (3,4) and a product believed to be 2-(3-carboxy-
3-hydroxy-2-methylpropylnicotinic acid has been isolated from
wilfordine (3). Pyrones containing alcohol groups may be converted
to the corresponding pyridines by heating with ammonia (6-8,503,
504). In one case the product of a pyrone and hydrazine was treated
with HNO, 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 with 3%, permanganate solution (9).

8. Hydrolysis of Side-Chain Halides

Occasionally one prepares a pyridine alcohol by hydrolysis of a
side-chain halide, although the reverse reaction is more common.
Dehnel (10) hydrolyzed 3-bromomethylpyridine to the corresponding
alcohol, and Knudsen (12,507) hydrolyzed the bromination product
of aldehyde collidine to a.6-dimethyl-3-pyridinemethanol. 2-Methyl-
3-pyridineethanol has been prepared from the corresponding chlo-
ride (11,13,74). In the same way 2-pyridinemethanol (/5), a-methyl-
2-pyridinemethanol (508,509), and 4-methyl-3-pyridineethanol (/6)
have been prepared. In some cases replacement of halogen by acet-
oxy is followed by hydrolysis, as in the preparation of 2,6-dichloro-4-
methyl-3-pyridineethyl acetate (16,510).

4. From Side-Chain Amines and Nitrous Acid

LaForge (17) treated 3-(a-aminobenzyl)pyridine with nitrous acid
to prepare a-phenyl-3-pyridinemethanol. The reaction has since
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been used for the preparation of 2-pyridinemethanol, 4-pyridine-
methanol (18,19,622), 2,6-dichloro-4-pyridinemethanol, 2,6-dibromo-
4-pyridinemethanol (20,21), and some 3-hydroxymethylpyridines con-
taining carbocyclic rings fused at the 5,6 position (511).

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

2-Methyl-3-pyridineethanol was prepared by the reaction of
nitrous acid on 2-methyl-3-(8-aminoethyl)pyridine (74) and also by
reduction of the corresponding 4,6-dichloro compound (11,13).

5. Reduction of Aldehydes and Ketones

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

Ketones have been reduced by a number of methods. o-Methyl-
3-pyridinemethanol was prepared by catalytic hydrogenation (Adams
catalyst) and converted to the benzoate, p-nitrobenzoate, and p-
aminobenzoate for evaluation as local anesthetics (30). Nickel cata-
lyst may also be used and may give further reduction to the hexahy-
drocarbinol (3). Boekelheide and Mason (32) reduced 5-(2-pyri-
dyl)-2-pentanone to the corresponding alcohol. 2-Benzoylpyridine
has been hydrogenated to the alcohol over both nickel and platinum
catalysts (33,34) as has 4-benzoyl-2,6-lutidine (35). Rubtsov and Vol-
skova (36) reduced 5-ethyl-2-quinuclidyl 2-pyridyl ketone and 2-qui-
nuclidinyl 2-pyridyl ketone to the carbinols.

The Meerwein-Ponndorf-Verley reaction and catalytic hydro-
genation were used by Clemo and Hoggarth (37) to prepare g-
methyl-4-pyridinemethanol.  3-Acetyl-5-bromopyridine (38), 2-ben-
roylpyridine (39), and 4-benzoylpyridine (5/2) have likewise heen
reduced by aluminum i-propoxide. Kegelman and Brown (40) found
that reduction of 4-benzoylpyridine gave o-phenyl-4-pyridinemetha-
nol instead of the expected pinacol. Copper-bronze was used to
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convert 2-naphthyl 4-pyridyl ketone to the alcohol (#/). Zinc and
sodium ethoxide were used to prepare g-phenyl-4-pyridinemethanol
(#2) and a-phenyl-2-pyridinemethanol (43), and the tertiary alcohols
were resolved (623). Engler and Bauer (#4) found that ethyl 2-pyri-
dyl ketone could be reduced by zinc and alcohol to the carbinol
alone, while sodium amalgam in alcohol gave both the carbinol and
the pinacol. With sodium amalgam and propyl 2-pyridyl ketone,
these authors obtained the carbinol, while Engler and Majmon (45)
obtained both carbinol and pinacol. Palladium and hydrogen were
used to reduce 6-methyl-3-pyridyl propyl ketone to the carbinol (19).
Platinum catalyst was used for the reduction of 3-acetyl-4-picoline
(#6,#7). Benary and Psille (#8) used zinc to reduce 2-phenyl-5-ben-
zoylpyridine to the alcohol. 3-Acetylpyridine and a number of its
ring homologs have been reduced to the carbinols (49). Both zinc
with acid and lithium aluminuin hydride have been used to reduce
pyridine ketones (514,612).

The reduction of aminoketones of the pyridine series has been
used to prepare various aminoalcohols, including substitution
products of 2-aminoethanol (54,55), 3-aminopropanol (56), and 4-
aminobutanol (57). Aminoethanol derivatives have also been pre-
pared by the reduction of a-nitrosoketones (5§). In the reduction of
4-pyridyl 2-quinuclidyl ketone, hydrogen (N HCI) and palladium
catalyst gave two racemic carbinols, A and B, while aluminum i-
propoxide gave only one, A (59). This carbinol underwent hy-
dramine fission to give B-(4-piperidyl)ethyl 4-pyridyl ketone (XIII-
1).

CHOH—CH—N——CHg COCH,CHy{ NH
Zorpy | KemenOm
N é N

P

CH—CH—CH,

The reduction of the ketone XII1-2 was employed during the
synthesis of a pyridine analog of chloramphenicol (XIII-3); the final
product proved low in activity (60). Pyridine amino alcohols are
tabulated in Table XI1I-25 (p. 80).
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CO(|JHCH20H CHOH(I)‘HCH20H
ONHCOCgHa — O NHCOC ¢H
N N

(XII1-2) (XTI-3)

6. Reduction of Acids and Esters

3-Pyridinemethanol is obtained by the reduction of methyl thiol-
nicotinate with Raney nickel (61) or (in trace amounts) from nico-
tinic acid with tin and hydrochloric acid (62); the latter method also
reduces 2,6-dichloroisonicotinic acid to 2,6-dichloro-4-pyridinemeth-
anol (62). Both picolinic and isonicotinic acids are smoothly re-
duced to the alcohols with zinc in acetic acid (63). Reduction of
nicotinonitrile with hydrogen over palladium-charcoal in aqueous
mineral acid at 30° C. or below gave a 909, yield of 3-pyridine-
methanol (64).

Esters of all three nuclear pyridine acids (65-68) and 3-pyridine-
acetic acid (68,69) are reduced to the corresponding alcohols by
lithinum aluminum hydride. Nicotinic ester is covered in a number
of patents (69-71). 2,4-Bis(2-pyridyl)-1-butanol has also been pre-
pared in this manner from the corresponding ester (72). This type
of reduction proceeds normally with nuclear metiyl (73), phenyl,
and amino (74,515-518) derivatives of ethyl nicotinate. A single
ester group ot diethyl 2,6-dimethyl-3,5-pyridinedicarboxylate may be
reduced selectively (68), although pyridinedimethanols have also
been obtained by lithiuun aluminum hydride reduction (see page
14). 6-Methyl-2-hydroxynicotinic acid, but not its ester, could be
reduced to the methanol (75). The diethylamide of nicotinic acid
gave 3-pyridinemethanol as a by-product (76). 4-Pyridinemethanol
has been prepared by reductive desulfurization of ethyl thioisonico-
tinate over Raney nickel (19).

7. Aldol Condensation of Alkylpyridines with Aldehydes

The condensation of formaldehyde with 2-picoline at approxi-
mately 200° gives 2-vinylpyridine and di- and trihydric compounds
in addition to 2-pyridineethanol (68,72,77-85,594). 4-Bromo-2-pico-
line gave a mixture of 4-bromo-2-pyridineethanol and 4-hydroxy-2-
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pyrnidinecthanol (593). 4-Picoline gives 4-pyridineethanol (86-88)
and 2-cthylpyridine gives a-methyl-2-pyridineethanol. 4-Ethylpyri-
dine gives g-methyl-4-pyridineethanol and a diol (88). As would be
expected, 3-ethyl-4-picoline (89), 2.5-lutidine (618), and 5-ethyl-2-
picoline (90-92,599,625) react only at the methyl group. 2,6-Luti-
dine reacts once (88,93), or twice (94). 2,4-Lutidine reacts at the
2-methyl but also at the 4-methyl (91,95,96,596,624,626). s-Collidine
reacts at the 2-methyl (97) and to some extent at the 4-methyl (97,597,
598,627). 3-Nitrocollidines apparently react at a G-methyl rather
than a 2-methyl (97). 2-Benzylpyridine gave a diol and 4-benzylpyri-
dine gave both a mono- and diol (98). Low yields of g-methyl-2-
pyridineethanol have been obtained by several authors (77,79,99-
101) from acetaldehyde and 2-picoline. Propionaldehyde reacts
similarly (102,103). Both 2- and 4-m‘ethylpicolinic acid have been
condensed with formaldehyde and acetaldehyde to give alcohol de-
rivatives which were cyclized to naphthyridines (600,601). Chloral
condenses with 2-picoline to give a-(trichloromethyl)-2-pyridine-
ethanol (84,104-112), with 4-picoline to give a-(trichloromethyl)-4-
pyridinecthanol (#6,113-120), and similarly with 2,6-lutidine (121),
aldehyde collidine (/22), s-collidine (123,124), 3-ethyl-4-picoline
(114,125), 4-methyl-3-pyridincethanol (/6), and G-phenyl-2-picoline
(429) to give the corresponding trichloropropanols.

A large number of aryl-substituted pyridineethanols have been
prepared by the condensation of 2-picoline, 4-picoline, and various
homologs with aromatic aldehydes. This reaction is summarized in
Table XIII-1 (p. 27).

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

These addition reactions proceed normally, generally in good
yield, and offer a flexible source of pyridime alcohols. They are
sumnmarized in Tables X111-2 and XI1I-3 (pp. 28-30).

9. From Metallopyridine Compounds

A great many alcohols have been prepared by the normal addi-
tion reactions of metallopyridine compounds with aldehydes, ke-
tones, and esters.
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Similarly the expected substituted propanol is obtained from
ethylene oxide and 2-picolyllithium (126-128) or the sodium deriva-
tive of 2-benzylpyridine (129). Cyclohexene oxide reacts normally
(130). 3-Picolylpotassium with aldehydes gave the carbinols (579).
Neither Finkelstein and Elderfield (131) nor Gilman and Towle
(126) found any evidence for Tiffeneau rearrangement in the reaction
of 2-picolyllithium with formaldehyde, acetaldehyde, acetyl chloride,
or ethylenc oxide.

Ethers are obtained in the coupling reaction between metallo-
pyridine compounds and alkoxyalkyl halides. In this way, for ex-
ample, 2- and 4-picolylsodium are converted to the ethoxypropyl-
pyridine by reaction with 2-ethoxyethyl chloride (132). 2-Picolyl-
potassium has been used to prepare longer-chain ethers (/28). Similar
reactions have been described with 2-picolyllithium (153) and 4-
picolyllithium (734). The air oxidation of 2-picolyllithium to 2-
pyridinemethanol (135) should also be noted.

These reactions are tabulated in Chapter VII: Tables VII-1-3
(pp. 445 f£.) give the reactions of pyridyllithium compounds; Tables
VI1-4-9 (pp. 449 ft.) give the rcactions of picolyllithium compounds,
Tables VII-11, VII-12 and VII-13 give the reactions, respectively, of
2-, 3-, and 4-picolylsodium, Table VII-14-17 gives the reactions of
picolylpotassium compounds. The reactions of the Grignard com-
pounds are given in Table VII-17-18 (pp. 460 ft.).

10. Aldol Condensation of Pyridine Aldehydes

Nitromethane condenses with picolinaldehyde and isonicotin-
aldehyde to give 1-(2-pyridyl)-2-nitroethanol (136) and 1-(4-pyridyl)-
2-nitroethanol (137), respectively.  Nicotinaldehyde and other pyri-
dine aldehydes have also been condensed with nitromethane and
substituted nitromethanes (520,5271). Countrary to an earlier report
by Dornow and Boberg (523), Robertson (522) showed that phenyl-
nitromethane gives normal condensation products with pyridine
aldehydes. They also condense with hydroxy and methoxy aceto-
phenones (524). Cf. Chapter X1V (p. 141).

11. Emmert-Asendorf Reaction

In this reaction (138,139,629) secondary and tertiary pyridine
alcohols are prepared by condensing pyridine with aldehydes and
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ketones in the presence of mmercuric chloric and cither niagnesium or
aluminum (X1I1-4).  Generally the 2-pyridyl carbinols are the main

o)
O + R—b—g _MECL @ (X111-4)
N Mg or Al N* COHRR’

pProducts, althongh with aromatic ketones substantial amounts of the
4-pyridyl carbinols have been isolated. The yields are in the range
of 10-309;, based on the Ketones, with 2-picolines giving somewhat
lower yields.  3-Picoline gives both the 2,3- and the 2,5-1somers, with
the latter predominating (/40). Tables XIHI-4-6 (pp. 30-32) sum-
marize the literature on this method. Inasomewhat related reaction,
heating benzaldehyde with ¢butyl peroxide and pyridine gave the
benzoate of a-phenyl-4-pyridinemethanol and another compound
from which this carbinol couid be obtained by hydrolysis (I41).

12. Hammick Reaction

In this reaction, an acid s decarboxylated in the presence of an
aldehyde or ketone to give the corresponding alcohol (NITI-5). Tt

~ | A
' R—C—R’ ——- . .
[NjCOOH * @COHRR + 0z (XI-5)

was first applied to quinaldic and isoquinaldic acids (/42) and then
to picolinic acid (I43).  From isonicotinic acid, a,a-diphenyl-4-pyri-
dinemethanol has heen obtained in a yield of 3.5% of theoretical
(I#4). Cantwell and Brown (/45) have shown that the reaction fails
in the pyrimidine and thiazole series. that not all ketones and alde-
hydes react, and that solvents have a beneficial effect (7+46). Yields
are from 15 to 609, in the case of picolinic acid with aldehydes and
ketones that do react. Picolinic acid 1-oxide was found to undergo
the Hammick rcaction with acctophenone while neither the 3- nor
the 4-acid l-oxides showed the reaction (325). Table XII1-7 sum-
marizes the literature on this reaction (p. 338).

13. From Vinylpyridines

Ethers can be prepared by the addition of alcohols to vinylpyri-
dines. A reported example of this reaction is the addition of ethyl
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alcohol in the presence of sodium ethoxide to 2-vinylpyridine to
give 2-(2-cthoxyethyl)pyridine (147).

14. Rearrangement of Alkylpyridine 1-Oxides

Pyridine l-oxides, alkylated in the 2 and 4 position, rearrange
in refluxing acetic anhydride to the corresponding acetoxyalky-
pyridine (XIII-6), which is readily hydrolyzed to the alcohol (XIII-
7). The oxygen migrates to the carbon attached to the ring; in
other words, the major product is a pyridylcarbinol (I48-151).

H,0 S
@0}13 + A020 — @cnzom__’ (NDCHQOH + AcOH
|
o (XIII-8) (XI-T)
Berson and Cohen studied the rearrangement of 4-picoline 1-oxide
in detail, and found a 209, yield of the expected 4-pyridinemethyl
acetate, but also a 149, yield of 4-methyl-3-pyridinol (152).

Carrying this rearrangement a step further, the 2-acetoxymethyl-
pyridine l-oxide was converted in 469, yield to the diacetate of
picolinaldehyde; similar behavior was shown by 2-acetoxymethyl-3-
hydroxypyridine l-oxide (630), while G-methyl-2-acetoxymethylpyri-
dine l-oxide was converted to 2,6-di-(acetoxymethyl)pyridine, which
was hydrolyzed to 2,6-pyridinemethanol. The rearrangement appar-
ently proceeds by attack of acetoxy anion on the o-acetate of the
l-oxide (150,152). However, Boekelheide and Hamington favor a
free radical mechanism (753), but other suggestions have been offered
(532,533).

Fifty grams of 2,4-lutidine I-oxide was converted to 15 grams of
4-methyl-2-pyridinemethanol, 3 grams of 2-methyl-4-pyridinemetha-
nol, and I gram of 2,4-dimethyl-3-pyridinol (155). The reaction
with 2-pyridineethanol l-oxide, the corresponding propanol, and
4-pyridineethanol l-oxide has been patented (/56). In a similar way
4-benzyl-2,6-lutidine 1-oxide (157), 2-ethyl-3,5-diphenylpyridine
l-oxide (758) and 2,3-lutidine 1-oxide (/59) were rearranged to the
aleohols, while the acetates of 3-methyl-2-pyridinemethanol l-oxide
and 3-hydroxy-2-pyridinemethanol l-oxide were converted to the
aldehydes (159), as was 4-methyl-2-acetoxymethylpyridine 1-oxide
(531). 2,6-Dimethyl-a-phenyl-4-pyridinemethanol 1-oxide gave ketone
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as well as dicarbinol (/57) and a number of substituted pyridine
l-oxides of various kinds have been rearranged to alcohols (508,515,
526-530).

B. PROPERTIES

The properties of the pyridine alcohols are those to be expected
of alcohols containing a tertiary amino group. For physical prop-
erties, see Tables XI11-9-XII1-31 (pp. 37-105).

Fromherz and Spiegelberg (160) discuss the pharmacology of 3-
pyridinemethanol and list the boiling points of a number of its
esters and ethers. Scveral 3-pyridylmethyl esters of dibasic acids
have also been prepared (I67), and the phosphate salts have been
suggested as vasodilators (631). The chelating abilities of 2-pyri-
dinemethanol, 6-methyl-2-pyridinemethanol and a-methyl-2-pyridine-
methanol are reported by Evlemmeyer and co-workers (/49).

Bis(2-dimethylamino-5-pyridylyphenyl carbinol was prepared, but
had only a slight tendency to give the quinoid form, the pyridine
analog of malachite green (163). Bis(2-dimethylamino-5-pyridyl)-
carbinol was treated with aniline and sulfuric acid to give 4-amino-
phenyl-bis(2-dimethylamino-5-pyridylymethane, while Michler's hy-
drol and 2.6-diaminopyridine gave XIII-8 (164). The ultraviolet

/Q N(CH3z}2
AN

CH
HoN NH\zQN(CHS)Q
(X111-8)
spectra of 2- and 4-hydroxymethyl-3-hydroxypyridines have bheen re-

ported and discussed (734).

C. REACTIONS

1. Oxidation
3-Pyridinemethanol has been oxidized to the aldehyde in yields
of 70 and 779, by heating over silver or copper (165). Oxidation
by manganesc dioxide or seleninm dioxide has also proved 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 (517). The alco-
hols can be oxidized to the corresponding acids with permanganate,
as, for example, 2-pyridinepropanol to 2-pyridinepropionic acid
(9,169). Nitric acid has likewise been used to convert alcohols to
acids (9,170,504,633). In one case, NaOBr was used to oxidize a
secondary pyridine alcohol to the pyridinecarboxylic acid (530), and
in another case biological oxidation converted 2-(2-methoxyethyl)-
pyridine to 2-pyridineacetic acid (537). The preparation of side-
chain acids from alcohols is further discussed in Chapter XI (p. 349).

Both dehydrogenation and chromium trioxide oxidation have
been used to prepare ketones from alcohols such as a-(p-nitrophenyl)-
2-pyridineethanol (171) and various pyridyl alkyl (44,172) and
pyridyl aryl (#2,173) carbinols. Manganese dioxide oxidized methyl
n-hydroxy-5-methoxy-6-methyl-2-pyridineoctanoate to the ketone
(168). Delydrogenation over palladium converted 1-(2-pyridyl)-4-
phenyl-3-butene-2-ol to the ketone (I74). a-(3,4-Methylenedioxy-
phenyl)-2-pyridinemethanol was oxidized by acetone and aluminum
i-propoxide to the ketone (175).

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

The acetates of 2-pyridinemethanol, a-methyl-2-pyridinemethanol
(150), 2-pyridinepropanol, and other alcohols were oxidized to the
l-oxides (156,160,509,515,535).

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 (187).
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.,86,170,183) or ethoxyl (133) groups. Pyridine alcohols 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-Methyl-2-pyridinemethanol has been hydrogenated to the
piperidine alcohol over a nickel catalyst in alcohol (§4); the 3-pyri-
dine isomer could be hydrogenated only in the presence of hydro-
chloric actd (30). Platinum and hydrogen generally reduce the
pyridine to a piperidine (/84-186,540). Palladium on carbon or
barium sulfate has been the catalyst for ring reduction in several
cases (542,543). Using nickel at 200°, 2-pyridinepropanol was cy-
clized to octahydropyrrocoline (187). Rhodium on carbon with
hydrogen has been used to reduce the pyridine ring to piperidine
(341).

1-(2-Pyridyl)-4-phenylbutene-3-0l-2 was reduced at the double
bond with palladium and hydrogen in acetic acid (I74) while 1-(2-
pyridyl)cyclohexanol was reduced over Adams catalyst in glacial
acetic acid to 1-(2-piperidyl)cyclohexanol (140). The hydrogenolysis
of nuclear halogen is seen in the conversion of 2,6-dichlovo-4-pyri-
dinemethanol to 4-pyridinemethanol over platinum catalyst (62).

Replacement of side-chain methoxy by hydrogen has been accom-
plished with sodium amalgam (/88) or hydrogen iodide and phos-
phorus (189).

The following alcoliols and derivatives were reduced to the
corresponding piperidines: 2-pyridinepropanol (/28,187), 2-methyl-
4-pyridineethanol (790), 2,6-di(2-phenyl-2-hydroxyethyl)pyridine (33),
a-methyl-2-pyridineethanol methosulfate (101), 24-di(2-pyridyl)-1-
butanol (72), a-phenyl-2-pyridinecthanol (134), 2-(2-pyridyl)-5-ethoxy-
2-pentanol (191), a-methyl-3-pyridinemethanol (30), 4-pyridinemeth-
anol (62), 2-(2-pyridyl)pentanol-2 (192), a-methyl-a-phenyl-2-pyri-
dinemethanol (146), a,a-diphenyl-2-pyridinemethanol (/46), 2-(7-
methoxyheptyl)pyridine, 2-(6-methoxyhexyl)pyridine, 2-(4-methoxy-
butyl)pyridine. 4-(3-methoxypropyl)pyridine (128), and 5-cthyl-2-
pyridinepropanol (193). «-{Trichloromethyl)-2-pyridineethanol with
sodium in alcohol was reduced to a-methyl-2-piperidineethanol (89).

3. Esterification and Etherification

These reactions are carried out in the usual way. The diphenyl-
acetic esters and 9-fluorenecarboxylic esters of a number of pyridine
alcohols have been prepared (194). including 2-pyridineethanol, 2-
pyridinepropanol, a-methyl-2-pyridinecethanol, 4-pyridineethanot,
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and 4-pyridinepropanol.  Barnden prepared a number of pyridine
alcohol esters of penicillinG {/95), and many additional esters have
been prepared (544,545,634).

Ethers may be prepared by the action of sodium on the pyridine
alcohol, followed by treatment with a halide (198,546,547). In this
manner, ethers of 3-pyridinemethanol were prepared from the fol-
lowing halides (196): dimethylaininoethyl chloride, 2-dimethylamino-
I-chloropropane, 1-(chloroethyl)morpholine, 1-chlorocthylpiperidine,
and B-chloroethyl nicotinate (197). Certain 4-pyridinemethanol
ethers have been prepared (635). Sodium phenolate and 3-(a-chlor-
cthyl)-4-picoline gave an ether (#7). Sulfuric acid and methanol also
produce cthers in some cases (512). Some 2- and 4-pyridinemethyl
ethers have been rearranged to the secondary alcohols by heating
with sodamide (636).

As previously shown (p. 7), pyridine ethers can be prepared by
the action of alkoxyalkyl halides on pyridine organometallic com-
pounds.

4. Replacement of Hydroxyl Group by Halogen

This reaction proceeds normally with the usual reagents, and is
summarized in Table XIII-8 (p. 34). Cf. Chapter VI (p. $29).

5. Dehydration to Olefins

Several reagents have been used to dehydrate pyridine alcohols to
the olefins, including phosphorus pentoxide, (37,67 #48), potassium
acid sulfate (#48,507), zinc chloride (#22,507), phosphorus pentachlo-
ride (105), potassium hydroxide (46,85,92,117,551), aluminum oxide
(92), sulfuric acid (38,138,140,524,548), and plain heat (549,550).
This reaction is further discussed in Chapter V (pp. 203, 204).

Attempts to distill ethyl B-hydroxy-3-pyridinepropionate, ob-
tained by hydrogenation of ethyl B-oxo-3-pyridinepropionate, re-
sulted in dehydration to the acrylic ester (/199).

6. Synthesis of Polycyclic Systems
2-Pyridinepropanol has been cyclized with nickel at 200° to give
octahydropyrrocoline (187). a-Methyl-2-pyridinecthanol reacted with
w-bromoacetophenore to give the quaternary salt, which was cyclized
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to 2-phenylpyrrocoline (200,552). Ring closure of a-(2-ethoxethyl)-
6-methyl-2-pyridineethanol gave a 2-hydroxy-6-methyl-1,2,3,4-tetra-
hydroquinolizinium halide (XII1-9) (207). 2,6-Dichloro-4-methyl-3-

‘ \CH,,—(IJHOH ux & i OH
N CH, lj _
CHa CH3—OC,Hj CHs X
(X1I-9)

pyridineethanol was ring closed with potassium ferf-amylate to an
azadihydrobenzofuran (XI11-10) (202). Somewhat similarly a pyri-
dinodihydropyran was obtained (16,203) (X1II-11) and also a 3-pyri-

CHy CHy
# CHyCHOH ) S )
clllar ol \N,ILOEHQ (XTH-10)
(EtOOC)3HC

( AN
N
(XTI-11)

dylmorpholine (553). Condensation of p-methoxyphenyl-2-pyridyl
carbinol with phenols gave the triarylmethanes which were pharma-
cologically evaluated (554).

D. DIHYDRIC AND POLYHYDRIC ALCOHOLS
CONTAINING ONE PYRIDINE NUCLEUS

Compounds of this type are prepared by simple extensions of the
synthetic methods already discussed. Lithium aluminum hydride
has been used, for example, to prepare the isomeric pyridinedimeth-
anols (65,68,85,204,205,515) and their nuclear substitution products
(65,68,206,207) by reduction of the corresponding dicarboxylic
esters. Similarly the aldol condensation with aldehydes may engage
more than one nuclear methyl group (170,205), or formaldehyde may
react repeatedly at a single methyl group, giving rise to 1,3-glycols
of the type 2-PyCH(CH,OH), (209) or 4-PyCH(CH,OH), (86,181,

210). 2-Ethylpyridine (82}, 4-ethylpyridine (211,212), 2-benzylpyri-
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dine, and 4-benzylpyridine (98) have also been converted to the 1,3-
glycol by reaction of the a-carbon with two molecules of formalde-
hyde. 3-Nitro-2,5,6-collidine reacts with two molecules of form-
aldehyde at the 6-methyl group; the nitro group apparently inhibits
the reaction of the adjacent 2-methyl group (97). Reaction with
three molecules of formaldehyde converts both 2-picoline (80,81,
209) and 4-picoline (86,170) to the triol PyC(CH,OH);.

Other preparative methods that have been less widely applied
include the catalytic reduction of dicarbonyl compounds (25,31) and
the conversion of 2,6-dibromopyridine to the dimagnesium com-
pound, followed by reaction with benzaldehyde (213,214). Decar-
boxylation of pyridylglycolic acid in the presence of 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 g-ethoxypropionaldehyde
(215), the alkylation of 4-picoline with two moles of B-chloroethyl
ether in the presence of sodamide (/32) or the reaction of picolyl-
lithium with 4-(bromoethyl)-2,2-dimethyl-1,3-dioxane followed by
hydrolysis (216). 2-Picolyllithium reacted with tetracetylglucosyl
halide to give a crude product that was presumably an acetate of a
polyhydroxy ketone (217).

Olefins have been converted to 1,2-glycols by electrolysis (218),
the Prevost method (219), or by bromine followed by silver oxide
(220). 1-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 (555). 3,5-Dibromo-4,6-di(methoxymethyl)-
2-pyridinol was prepared by the action of sodium methylate on the
corresponding di(bromethyl) compound (221).

The reactions of these compounds require little comment. The
triol (XIII-12) may be oxidized to isonicotinic acid (I8) or converted
to the corresponding triiodide (XIII-13) (170).

COOH C(CH20H)4 C(CHal)g
S
SREcTo i

(XII-12) (XII-13)
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The partial hydrogenolysis of a diol is shown in Equation XIII-
14 (73).

CH,0H CH,0H
CH3OH H,. Pd CH, 14

The dehydration of the 1,3-glycol (XIII-15) occurred on distil-
lation at 10 mm. pressure (80,81,211). The pyridine-3-(2-amino)-
ethanol from the reduction of the product of nicotinaldehyde and
nitromethane was treated with ethylene oxide to give the aminogly-
col which could be cyclized to 3-pyridylmorpholine (556).

AN H2
@CH(CH20H)2 — [Njicazon (XII-15)

E. DIHYDRIC ALCOHOLS CONTAINING TWO
PYRIDINE NUCLEI

The pinacol reduction has heen performed on pyridine ketones
with various reagents. Electrolytic reduction converted 3-acetylpyri-
dine to the pinacol (222.557), while sodium amalgam has been used
with ethyl 2-pyridyl ketone and the corresponding propyl and phenyl
ketones (#4,45). 3-Benzoylpyridine ketone gives the pinacol on ex-
posure to sunlight in i-propyl alcohol solution (40).

All three pyridine aldehydes have been found to undergo bi-
molecular reduction by zinc to the glycol (XIII-16) {223). Starting

Y cuo 2. [ —>cHOH—cHOB—-- 01-16)
=2 (F £

with picolinaldehyde or its 6-methyl derivative, the :me result is
achieved in two stages, the pyridoin condensation fol: d by re-
duction (224,225). The action of potassium cyanide on 1eotin-
aldehyde gave the glycol directly, presumably by a crossed Cain:zzaro
reaction on the pyridoin, since isonicotinic acid was also formed
(226). Pyridylglycollic acids react with pyridine aldehydes to give
dipyridylglycols (558,637).

Vigorous oxidation of these 1,2-glycols gives the carboxylic acids
as would be expected; lead tetraacetate gives the aldehyde instead
(224,513).
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In the pinacol rearrangement, the 2-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 (XIII-17), which may be hy-
drolyzed to the lactic acid (XIII-18) (84,105,107). s-Collidine re-

R
@cna + CCl3CHO —~ (Njcngcnonccu

(XII-17)
@CHgCHOHCOOH (XTTI-18)

acts with chloral at the 2-methyl group; another unidentified product
was also obtained (91). Pyridylic acid rearrangement has been used
in two cases to obtain the hydroxy acids (560). The Reformatsky
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)
(XIII-19).

COCH;, COCH 3COOCHjp coccooc oHj
—_ — NOH _—
G — @ o
cnonincoocgn,, cnoniﬂcnzon
H
CHOHE.HCH;;OH
COCHCl, (XII-19)
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Addition of hydrogen cyanide to 5-methylnicotinaldehyde, 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 (166,638). (Cf. Chapter XIV, p. 137.)

The introduction ot a side-chain containing an ether linkage is
seen in the alkylation of ethyl 2-pyridineacetate at the a-carbon
atom by 3-phenoxypropyl bromide (233). Ring opening of 6-hy-
droxyquinoline produced compound (XI11-20) (234).

(yc00n
|y~ CHOHCHOHCOOH
(XT1-20)

These hydroxyacids shown the properties that would be ex-
pected. Replacement of hydroxyl by bromine (105,107) and dehy-
dration to unsaturated acids (84,105,199,228) 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 hydroxy groups are found to
activate the ring sufficiently to permit direct hydroxymethylation by
formaldehyde. Thus 3-pyridinol gives a 519, yield of 3-hydroxy-2-
pyridinemethanol; 6-methyl-3-pyridinol also gives the 2-methanol
(235,236). 2,4-Dihydroxy-6-chloronicotinonitrile hydroxymethylates
at the b position (237) and 5-hydroxy-8-(2-pyridyl)octanoic acid hy-
droxymethylates at the 6 position (238).

Most other compounds of this type have been prepared by appli-
cations of the nuclear synthetic methods discussed at length in
Chapter 11. Thus 5-butoxy-4-hydroxy-2-pyridinemethanol (239), 5-
ethoxy-4-hydroxy-2-pyridinemethanol (189), 5-methoxy-2,4-pyridine-
dinmiethanol, and 2-hydroxymethyl-5-methoxy-1-methyl-4(1H)-pyri-
done (188) have been prepared from the corresponding pyrone and
ammonia. 5-Hydroxy-2-pyridinemethanol has been obtained by the
action of ammonia and heat upon b-ethoxymethylfurtural or 5-
chiloromethyHurfural (240). A nuinber of pyridinols containing side-
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chain ether functions have been obtained by cyclization of appropri-
ately substituted starting materials (11,241-244).

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

The triol (XI11I-21) was cyclized to the dihydrofuran with loss of
the cyano group; this was then converted to the trichloride (XIII-
22) (243).

CH; CHj CH;

NC"NCH3CH,0H HCI Z CHy POCl CH;CH,Cl

HO! . JOH 1505 HO\py . CH, " allo
(XI-21) (XTI1-22)

2. Pyridoxol and Related Compounds. Codecarboxylase

Pyridoxol (pyridoxine, vitamin By, adermin) was isolated from
rice bran as the hydrochloride (C,H,,0,Cl, m.p. 204-206°) of a base
(CgH,;;O3N, m.p. 160°) by several groups of workers (245-248). Its
structure was shown by two groups to be 5-hydroxy-6-methyl-3,4-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.
It 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-methoxy-6-methyl-
cinchomeronic acid (252,25¢). 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 509, sulfuric acid to
the hydroxymethyl acid and its lactone (256) and the cyano group in
XI11-25 has been reduced to the aminomethyl group (257,564). The
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Merck & Company patents are covered in the bibliography (258-288,
565,566).

(H’ Y CH,0CqHj
cnaccngécnzoczn,, + CNCH,CNH, 2208 | [ "jCN _HNO,
Piperidine CHj, N Acy0
H
(XI11-24) (XI11-25)
CH,0C,H; CH,0C,H,
NOg CN PCly NOg CN H, + Pt.
CHg N)—O Chlorobenzene CHglN Cl 8%
H
(XTII-26) (XIII-27)
CH2,0CgH 5 CH30CqH 5
CN H + Pt NH,,(‘jCH,NH2 HCl
CH& N Cl + pd (}I—I3 HNO:
(55%)
(X1I-28) (X11-29)
CHQOCQHs CHQB!‘ CHQOH
OH CH,0H HBr HO CH3Br H,0 HO' CHo0RH XII1-23)
cHal 507 CHaly Feci  CHgly (
Htp~ P HYCI™
(X11-30) (Xm-31) (X11-32)

Starting with G-hydroxy-5-cyano-4-phenoxymethyl-2-methyl-nico-
tinic acid, converting the carboxy group to the carbethoxyamino
group by the Schmidt reaction, removing the 6-hydroxy group, and
reducing the cyano group in the usual manner gave G-methyl-5-
carbethoxyamino-4-phenoxymethyl-3-pyridinemethanol 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
of derivatives of the 5-substituted 6-methylcinchomeronic acids.
One approach of this kind was the use of lithium aluminum hydride
on the proper pyridine diester (290,291,571-57+4), and in this way the
following were reduced to pyridoxol directly or with the appropriate
second step: dimethyl 5-hydroxy-6-methylcinchomeronate, dimethyl
5-amino-6-methylcinchomeronate (292), dimethyl 5-acetoxy-6-methyl-
cinchomeronate, and ethyl b-amino-3-cyano-6-methylisonicotinate
(293,562,563).
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Another approach is the catalytic reduction of an appropriate 3,4-
dicyanopyridine (294). In one case 5-methoxy-6-methylcincho-
meronic acid, obtained in a series of reactions from 3-methyl-4-meth-
oxyisoquinoline, was converted to the diamide and dinitrile in the
usual manner, reduced t the di(aminomethyl) compound, and
treated with nitrous acid to give the di(hydroxymethyl) compound;
ether cleavage gave pyridoxol (295-297). A related synthesis is the
preparation of 5-methoxy-4-methoxymethyl-6-methylnicotinic acid
starting from an amino or hydroxy substituted 3-mecthoxy-4-meth-
oxymethylquinaldine, followed by conversion to pyridoxol through
the cyano derivative, reduction, nitrous acid treatment, and re-
moval of the ether groups in the conventional manner (298).

Similarly, Carlson converted ethyl 2-hydroxy-3-cyano-6-methyl-
isonicotinate to the 3,4-dinitrile which was nitrated, converted to
2-methyl-3-amino-4,5-di(aminomethyl)pyridine in the usual manner,
and treated with nitrous acid to give pyridoxol (299,300). In still
another related synthesis, N-alkylalanine esters are condensed with
a-formylsuccinic esters to give N-alkyl-N-(l-carbalkoxyethyl)amino-
methylenesuccinic esters which are cyclized to basic ketoesters and
dehydrogenated to pyridinium salts. Hydrogenolysis of the 1-benzyl-
pyridinum salts gave 5-hydroxy-6-methylcinchomeronates, 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 4-formyl-3-oxo-tetra-
hydrofuran with certain amino compounds to make cyclic ethers
which could be converted to pyridoxol.

Pyridoxol has been obtained in 769, overall yields from 2-(a-
acetamidoethyl)-3,4-bis(acetoxymethyl)furan in a three step process
(304,639), 2-(a-aminoethyl)3,4-bis(hydroxymethyl)-2,5-dimethoxy-2,5-
dihydrofuran also gave pyridoxol (305), and 3,4-bishydroxymethyl-
furan (568). Other attempts to obtain pyridoxol from furans were
unsuccessful (305). (Cf. Chapter II, pp. 154-172) In an attempt
to prepare pyridoxol, McElvain and co-workers unsuccessfully at-
tempted to replace a 4-chloro group by a cyano (306). The l-oxide
of the vitamin has been prepared and found to have only 159, ac-
tivity (642).

Pyridoxol has been quantitatively determined by means of the
Gibbs color test with 2,6-dichloroquinone chloromide (307-313).
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Other color reactions and chemical tests have been used but have not
acquired the importance of the Gibbs test (314-317).

Microbiological tests have been very useful for the determination
of pyridoxol and related compounds (313,318,319).

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

Hydrogenation of pyridoxol with Adams catalyst reduces its 4-hy-
droxymethyl group to methyl (324,325,538), whereas oxidation con-
verts the 5-hydroxymethyl 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-
oxymethyl compound (324,326), while acetic anhydride gave a tri-
acetate which was different from 6-methyl-5-hydroxy-3,4-di(acetoxy-
methyl)pyridine hydrochloride prepared from the corresponding 3,4-
di(bromomethyl) compound (32¢). Pyridoxol hydrochloride yields
an i-propylidene derivative with acetone (327,328). Methyl iodide
with silver carbonate gives the same N-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 zwitterion at pH 6.8 in aqueous so-
lution. The 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 (317,329).
The N-methylation of pyridoxol destroys its biological activity (329).
The alcoholic hydroxyl groups of pyridoxol have been 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 3- and 4-aminomethyl analogs of pyridoxol and showed
that the 4-isomer had the activity of pyridoxamine (XI1I-33).

CH,0CH; CH,0CH, CH,0CH;
HO "~ CH;OH 80CL, HONCH,Cl NH; HO " CH;NHgz
cHaly > CHaly " CHaly
lNH, HCl1
120-40° 1709
CH,NH, CH,0H
HO CHoOH HO CH3NHg XTI-
cHgly CHsly (XII-33)

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 XII11-29, p. 98.) Schiff bases are also obtained
(341,342,345,346,575,576). (Table XIII-30, p. 101.) Metal com-
plexes of Schiff bases are believed to be intermediate in transamina-
tion reactions (345-350,577,578); these reactions have been discussed
by Snell and co-workers in a series of papers (351-356). 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 (362), and specific
reaction rates for pyridoxal-5-phosphate with several hydrazides have
been determined (363). The action of p-nitrobenzoyl chloride on
pyridoxal gave a di-p-nitrobenzoate of the hemiacetal; mild hydroly-
sis gave the monoester of the hemiacetal (364).

The methyl group of pyridoxol, pyridoxal, and pyridoxamine
has been replaced by the ethyl group and the resulting compounds
examined for biological activity (365-368) . The methyl group has
also been replaced by i-propyl, phenyl, i-butyl (369,370), n-amyl
(370), and benzyl groups (371). 4-Desoxypyridoxol has been shown
to be an effective pyridoxol antagonist for some organisms but not
for others (372-376,588-590), and has likewise been modified by re-
placing the G-methyl groups by ethyl, i-butyl (365), and n-amyl (370,
377). 1t is reported that 5-desoxypyridoxol, 5-desoxypyridoxal, and
5-desoxypyridoxamine are less effective antagonists (378,379).

Numerous pyridoxol analogs have been prepared in which vari-
ous groups arc replaced, removed, or changed in position, including
5-hydroxy-3,4-pyridinedimethanol (591,592), 6-methyl-3,4-pyridine-
dimethanol (380), 5-hydroxy-6-methyl-3-pyridinemethanol (381),
4,6-dimethyl-3-pyridinemethanol (no activity), 5,6-dimethyl-3-pyri-
dinemethanol (weak antagonism) (382), G-hydroxy-4-methyl-2-pyri-
dinemethanol (383), a number of derivatives of 2-hydroxy-6-methyl-
3,4-pyridinedimethanol (383,593), 2-hydroxy-4,6-dimethyl-3-pyridine-
methanol (384), 4,6-di(methoxymethyl)-2-pyridinol (inactive) (385),
5-hydroxy-6-methyl-2,3-pyridinedimethanol (386), 4-amino-6-methyl-
2,5-pyridinedimethanol (386), 5-hydroxy-6-methyl-2,3,4-pyridinetri-
methanol (no activity, slicht antagonism), 5-amino-G-methyl-2,3-
pyridinedimethanol, 5-amino-6-methyl-2,3,4-pyridinetrimethanol,
5-amino-6-methyl-3,4-pyridinedimethanol (386), and various others
(387,388,640).

The antidermatitic eftects of a number of derivatives and analogs
have been determined (3%9).

Codecarboxylase (XIII-34) is a coenzyme in a number of impor-
tant enzymes (390-396). It was originally prepared by the action of
adenosine triphosphate on pyridoxal (397) and then by the use of
phosphorus oxychloride on pyridoxal (398) or its acetal (399). A
free aldehyde group was indicated (#00) and the structure further
shown by the difterence between codecarboxylase, and the nuclear
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phosphate of pyridoxal (#01-404). The question of phosphorylation
at the aldehyde or carbinol positions was finally decided by synthe-
sis, and the structure confirmed (405-708). Phosphorylation of pyri-
doxal oxime gave the oxime of codecarboxylase, which can also be
prepared from codecarboxylase itself (05).

The synthesis of codecarboxylase from pyridoxamine (XI11-35) is
shown (403,409,410).

CHyNH, CHgoNHo CHO
HO CH;0H P04 HO CHoOPOgHy MnO, HO l CH30PO3Hq
CHj N: H,Po, CHj; N CHj N
(X1I-35) (XI1t-34)
Codecarboxylase

It has also been synthesized from pyridoxal by an unambiguous
method (XI11-36) (707) and from pyridoxol (X111-37) (408).

CHO
HO™CH;0H , 4 ,NNHCOCH,N(CHy)y —~
CHal g
CH=NNHCOOCH2N(CH3 )2
HO™ CH,0H W@POy),
CHp\n. 60°
+
CH=NNHCOCH NH(CH3)2
HO CH0(P30gH )= —2ECl
CHy ' N HNO, (100°)
"t
CHO
HO " CH;0POgHj .
om (XTII-36)
C
- H
CH,0H CH/%QC 2
HO~CH,OH soetone 2 CHgOH _ P05
CHa‘ N CH, ‘ N H,PO,
then H,0
CH40H
HOl CH20PO3H,
CHjy N
1(0)
CHO

CHa‘N
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Magnesium, calcium (4171), and acridine (412) salts of codecar-
boxylase have been reported. Phosphates of pyridoxol, pyridoxa-
mine, and 4-deoxypyridoxine have also been prepared (#13,414).

In codecarboxylase as well as pyridoxal, the formyl group is re-
placed by a hydroxyl group on treatment with hydrogen peroxide
(#153).
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TABLE XIII-1. Condensation of 2- and 4-Picolines with Aromatic
Aldehydes PyCh, + RCHO — PyCH,CH,0HR

27

Py R Ref.
2-Py Ph 416,420
2-Py p-MeCH, 417,420
2-Py p-(i-Pr)C,H, 421
2-Py 0-NO,C.H, 416,417,420,422
Z'Py m'N02C6HQ 420
2-Py p-NO,CH, 171
2-Py PhCH : CH 174
2-Py 2-furyl 423
4-Py PhCH : CH 174
2-Pyridyl 1-methiodide Ph 425
4-Methyl-2-pyridyl p-MeC.H, 26
6-Methyl-2-pyridyl Ph 424,425
6-Methyl-2-pyridyl m-NO,CH, 426
6-Methyl-2-pyridyl PhCH : CH 426
G-Methyl-2-pyridyl p-NO,CsH, 427
6-Methyl-2-pyridyl 1-methiodide Ph 425
5-Ethyl-2-pyridyl Ph 426
5-Ethyl-2-pyridyl 0-NO,C.H, 417
5-Ethyl-2-pyridyl p-NO,C.H, 417
4,6-Dimethyl-2-pyridyl Ph 208
6-Phenyl-2-pyridyl p-MeC.H, 427
6-Phenyl-2-pyridyl o-NO,CH, 428
G-Pheny!l-2-pyridyl p-NO,CH, 429
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TABLE XIII-2. Addition of Organometallic Compounds to Pyridine
Aldehydes and Ketones PyCOR + R"M— PyC(OH)RR’

Py R R'M Ref,
2-Py H MeMgCl 149
2-Py H PhMgBr 628
2-Py H p-CI1C,H,MgBr 628
2-Py H PhCH,MgCl 419
2-Py H i-PtMgB: 136
2-Py H p-PrOC,H ,MgBr 136
2-Py H p-CH,OCH,MgBr 554
2-Py Me MeMgBr 38
2-Py Me EeMgCl 430
2-Py Me PrMgBr 431
2-Py Me EtOCH,CH,CH,MgBr 191
2-Py Me PhMgL} 67,432
2-Py Ph PhMgCl 179,186,512
2-Py o-NH,C;H, MeMgBr 438
2-Py 0-NH,C,H, PhCH,MgBr 438
2-Py Ph p-MeC,H,MgCl 186
2-Py Ph PhCH,MgCI 186
2-Py Ph p-MeOC,H,MgCl 186
2-Py Ph p-EtOC,H,MgCl 186
2-Py Ph B-indolyl-MgCl 186
2-Py Ph 4-methylcyclohexyl 186

MgCl
2-Py p-MeOCH, cyclopropyl-MgCl 186
2-Py Ph cyclopropyl-MgCl 186
2-Py Ph 0-MeCH,Li 186
2-Py Ph m-MeC,H,Li 186
2-Py Ph p-EtC,H,Li 186
2-Py Ph 2,5+(Me),C(H, Li 186
2-Py Ph 2,4,6-(Me),CH,Li 186
2-Py Ph 1-C,oH,Li 186
2-Py Ph m-CIC,H,Li 186
2-Py Ph p-(Me);NCH,Li 186
2-Py Ph p-(Me,SI)CH, 186
2-Py Ph cyclopropyl-Li 186
2-Py Ph 1-cycloheptenyl-Li 186
2-Py 2-Py EtMgCl 440
2-Py 2-Py 4-PyLi 605
2-Py 4-Py 4-PyLi 605
3-Py Me PhMgCl 432,433
3-Py Me PhCH,MgBr 436
3-Py Me 1-C,H,(C,H, )C : CHMgBr 434
3-Py Me p-MeC,H,MgCl 433
3-Py Et PhMgCl 433
3-py Me 1-C, H,MgCl 433
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TABLE XHI-2. (Continued)
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Py R R'M Ref.
3-Py Ph 4-biphenyl 606
3-Py 3-Py 3-PyLi 605
3-Py 3-Py 4-PyLi 605
3-Py 4-Py 4-PyLi 605
4-Py Me EtMgCl 177
4-Py Ph MeMgBr 146,435
4-Py Ph PhMgCl 177,436,437
4-Py o-NH,C,H, MeMgBr 438,439
4-Py o-NH,C,H, EtMgBr 438,439
4-Py 4-Py 4-PyLi 605
4-Py Me 4-biphenyl 606
4-Py Et 4-biphenyl 606
4-Py Pr 4-biphenyl 606
4-Py Ph 4-bipheny! 606
4-Py PhCH, 4-biphenyl 606
6-Methyl-3-pyridyl Me MeMgCl 176
2,4,6-Triphenyl- Ph MeMgBr 32

2,3,4,5-tetrahydro-
3-pyridyl
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TABLE XIII-3. Addition of Organometallic Compounds to Pyridine-
carboxylic Esters PyCOOR + R°M— PyC(OH)R;

Py R R'M Ref.

2-Py Et MeMgl 441
2-Py Et EtMgBr 136,440
2-Py Et PrMgBr 136
2-Py Et PhCh,MgBr 136
2-Py Et p-CH,C,H MgBr 186
2-Py Et p-CH,0C H MgBr 554
3-Py Me MeMgi 9,18
3-Py Et EtMgBr 441
6-Methyl-3-pyridyl Et MeMgl 176
4-Py Ft MeMgl 37
1-Methyl-4-(tetrahydro- Me PhMgB: 442

pyridyl)
2-Py Et o-Me CH,Li 186
2-Py Et p.EtOCH,Li 186
2-Py Et p~(Me),NC H,Li 186
6-Methy 1-2-pyridyl Et PhLi 186
Methyl-3,5-pyridine MeMgl 9

dicarboxylate
TABLE XIlI-4. Emmert-Asendorf Reaction with Aldehydes

CHOHR
A A
'\/Nj + RCHO — (NjCHOHR + @

Pyridine i

rg'actant R Yield, % Ref.
Pyridine Ph 22-39 (2-isomer) 146,175

19 (4-isomer)

Pyridine o-CICH, 23 (2-isomer) 146
Pyridine p-(i-Pr)CH, 14 (2-isomer) 146
Pyridine o0-MeOCH, 18 (2-isomer) 146
Pyridine p-MeOC,H, 51 (2-isomer) 146
Pyridine 2,3-(Me0),CH, 12 (2-isomer) 146
Pyridine 3,4(CH,0,)C H, 29-37 (2-isomer) 175
Pyridine PhCH,Me 6 (2-isomer) 146
4-Ethyl- Ph 19 (2-isomer) 186

pyridine
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TABLE XIII-5. Emmert-Asendorf Reaction with Open-Chain Ketones
PyH + RCOR’— 2-PyC(OH)RR’ (+ 4-PyC (OH)RR")

PyH R R’ Yield% Ref.
Pyridine Me Me 29 38,138,
140
Pyridine Me Et 10 138
Pyridine Me hexyl 69 (2-isomer) 146
Pyridine Me cyclopropyl 16 (2-isomer) 146
Pyridine Me cyclohexyl 56 (2-isomer) 146
Pyridine Me l-cyclohexenyl 16 (2-isomer) 146
Pyridine Me Ph 44,53 (2- 138,146
isomer)
12 (4-isomer) 439
Pyridine Me o-MeC¢H, 21 (2-isomer) 146
Pyridine Me m-MeC.H, 38 (2-isomer) 146
Pyridine Me p-MeC.H, 51 (2-isomer) 146
8 (4~isomer)
Pyridine Me 3,4-Me, C¢H, 31 (2-isomer) 146
Pyridine Me 2-Me-5-i-PtC,H, 40 (2-isomer) 146
Pyridine Me o-CICH, 146
Pyridine Me m-CIC.H, 26 (2-isomer) 146
Pyridine Me p-CICH, 15 (2-isomer) 146
7 (4-isomer)
Pyridine Me m-BrCH, 31 (2-isomer) 146
Pyridine Me 0-MeOC.H, 146
Pyridine Me m-MeOC,H, 28 (2-isomer) 146
Pyridine Me p-MeOC.H, 62 (2-isomer) 146
4 (4-isomer)
Pyridine Me 3,4-{Me0),C;H, 39 (2-isomer) 146
Pyridine Me 2-MeO-4-MeCH, 146
Pyridine Me 2-MeO-5-MeCH, 146
Pyridine Me 1-C, H, 25 (2-isomer) 146
Pyridine Me 2-C, H, 14 (2-isomer) 146
Pyridine Me 2-thienyl 16-17 (2-isomer) 146
Pyridine Me 5-bromo-2- 146
thienyl
Pyridine Et Ph 50 (2-isomer) 146
Pyridine i-Pr i-Pr 26 (2-isomer) 146
Pyridine i-Pr Ph 44 (2-isomer) 146
Pyridine Ph Ph 138
Pyridine PhCH, Ph 36 (2-isomer) 138
Pyridine PhCH, PhCH, 33 (2-isomer) 146
2-Picoline Me Me 2=3 (G-isomer) 140
2-Picoline Me Ph 13 (6-isomer) 146

(continued)
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TABLE XII-5. (Continued)

PyH R R’ Yield % Ref.
3-Picoline Me Me 8.5 (2~ and 6- 140
isomer)
4-Picoline Me Me 8.5 (2-isomer) 140
4-Picoline Me Ph 58 (2-isomer) 146
4-Picoline Ph Ph 38 186
4-Picoline p-Me C(H, p-Me C(H, 52 186
3-Chloropyridine Me Ph 138
3-Bromopyridine Me Ph 13 (2- or 6- 146
isomer)

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

PyH + 0 = C | — 2-Py—COH] + 4-Py—C—OH]

PyH Ketone Yield, % Ref.
Pyridine cyclopentanone 23 (2-isomer) 140,443,444
0.1 (4-isomer)
Pyridine cyclohexanone 29-55 (2-isomer) 140,146,443
0.25 (4-isomer)
Pyridine 2-cyclohexylidenecyclo- 24 (2-isomer) 146
hexanone
Pyridine I-indanone 35 (2-isomer) 146
Pyridine I-tetralone 23 (2-isomer) 146
Pyridine dl-fenchone 52 (2-isomer) 146
Pyridine dl-camphor 35 (2-isomer) 146,443
2-Picoline  cyclopentanone 2.3 (6-isomer) 140
0.56 (4-isomer)
3-Picoline  cyclopentanone 4 (2-isomer) 140

11 (G-isomer)
4-Picoline  cyclopentanone 23 (2-isomer) 140
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TABLE XIII-7. Hammick Reaction PyCOOH + RCOR"— PyC(OH)RR”

Py R R’ Yield, % Ref,
2-Py Ph H 49, 54 143,145,432
2-Py Ph Me 17, 50 143,145,432
2-Py Ph Ph 14.5, 48 143,145,432
2-Py m-MeCH, H 29 432
2-Py p-MeC,H, H 49 432
2-Py p-i-PrC,H, H 245 432
2-Py o-CICH, H 45 432
2-Py p-CIC H, H 37,58 145,432
2-Py p-CICH, Me 13 432
2-Py m-NO,C.H, H 48° 145
2-Py m-NO,C.H, Me 42 145
2-Py 0-MeQOC H, H 27 445
2-Py p-MeOCH, H 33,59 145,432
2-Py 3,4~(Me0),CH; H 2.4, 15 432,446
2-Py 3,4-(CH,0,)C¢H; H 26 432
2-Py —(CH,)s— 33 446
2-Py 2-Py Me 17 432
2-Py 2-thienyl Me 12 432
4-Py Ph Ph 3.5 144
3-Methyl-2-pyridyl p-MeOCH, H 35 145
4-Methyl-2-pyridy! p-MeOCH, H 353 145
5-Methyl-2-pyridyl p-MeOCH, H 47 145
5-Methoxy-G-methyl-  (CH,),CO,Me = H 25 168

2-pyridyl

6-Methyl-2-pyridyl p-MeOCH, H 57 145
6-Methyl-2-pyridyl (CH,)sMe H 24 168
6-Methyl-2-pyridyl (CH,),CO,Me H 9 168
4,6-Dimethyl-2-pyridyl p-MeOQOC.H, H 49 145

2-Py l-oxide

Ph cl,

m.p. 112-113° 525

®Product is m-nitrophenyl 2-pyridyl ketone.
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TABLE XIII-8. Side-Chain Replacement of Hydroxyl by Halogen

ROH—RX

ROH Reagent X Ref.
2-PyCH,OH POCl, Cl 447
2-PyCH,OH HBr Br 63,509
2-PyCHROH® SOCl, Cl 445
2-PyCH,CH,OH HBr Br 99
2-PyCH,CH,0H HI I 99
2-PyCOH(CH,), HBr Br 99
2-PyCOH(CH,), HI I 82
2-PyCOH(CH,)CH,CH, HBr Br 102,103
2-PyCH,CHOHCH,CH, HI I 102,103
3-PyCH,OH socl, Cl 65
3-Py CHOHCH,CH,CH,NHCH, HI I 57
4-PyCH,0H HBr Br 22,63
4-PyCH,CH,OH HCI Cl 86
0,,4-Dimethyl-3-pyridinemethanol HBr Br 47
Q,6-Diphenyl-3-pyridinemethanol SOCL, I 35
2,6-Dimethyl-a-phenyl-4-pyridinemethanol PCl, Cl 48

4R = Pheny! or, substituted phenyl.
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Pyridine Alcohols 53

TABLE XIII-14. o~(4-Pyridyl)ethanols (2-carbon side-chain)

4-PyCOHRCHR'R”

Py R R” R”  Physical properties, derivatives Ref.

4-Py 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 °

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

4-Py H H Ph picrate, m.p. 162-3° 636

4Py Ph H H m.p. 146-47°; b.p. 165-69°/0.5 mm.; 138,146,
hydrochloride, m.p. 186-89 °; pro- 435,
pionate, b.p. 147-51°/11 mm.; di- 439,
methylaminoethyl ether, b.p. 158- 461
60°/0.3 mm.; dihydrochloride, m.p.
282.5-84.5°

4-Py p-MeCiH, H H m.p. 165-70°; b.p. 162-68°/0.3 mm.; 146
hydrochloride, m.p. 173-75°

4-Py p-CICH, H H m.p.140° b.p. 165~68°/1.0 mm.; 146
hydrochloride, m.p. 224-26°

4-Py p-MeOCiH, H H  m.p. 130°; b.p. 185~88 °/0.4 mm.; 146
hydrochloride, m.p. 198-99 °

4-Py bipheny]l H H m.p. 217-18° 606

4-Py Ph H Ph m.p. 154° 607

4-Py p-CICH, H Ph m.p. 175-6° 620

4-Py biphenyl H Ph m.p.200° 606
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Pyridine Alcohols 61
TABLE XIII-18. 2-Pyridylpropanols (3-carbon side~-chain)
Compound Physical properties, derivatives Ref,
2-PyCHOHE: b.p. 213-16°, 135-36° /15 mm., 44,45,150,
94-98° /1 mm. 432,636
2-PyCH,CHOHMe b.p. 122=25°/20 mm., 110-11°/ 77,79,99-
10 mm. 101,112,
127,465,
612
2-PyCHOHCHNO,Me HCl, m.p. 136-49° 520
2-PyCH,CH,CH,0H b.p. 190-95° /20 mm.; phenyl- 1,126,127,
urethan, m.p. 155° 128,643
2-PyCHMeCH, OH picrate, m.p. 120-22° 82,89
2-PyC(OH)Me, m.p. 50=51°; b.p. 204-205°; 38,138,441
130/10 mm.
2-PyCHPhCH,CH,OH b.p. 201°/7 mm. 129,603,644
2-PyCH(p-CICH,)- b.p. 183-90° /3 mm.; ethyl 603,644
CH,CH,0H ether, b.p. 148-51°/1 mm.
2-PyC(OH)PhEt m.p. 80-81°; b.p. 134-40°/0.4 39,146,607,
mm.; hydrochloride, m.p. 142- 623
45°; picrate, m.p. 105-6°;
d-, m.p. 68°; o} + 65.9°%; I-,
m.p. 68°; A% — 66.2°; di-
methylaminoethyl ether, b.p.
150~53°/.09 mm.; hydrochlo-
ride, m.p. 201-2°
2-PyC(OH)PhC== CH m.p. 47° 607,617
2-PyCHOHCHPhMe m.p. 46-48°; b.p. 121-23°/0.3 146,465
mm.; hydrochloride, m.p.
196-98°; dimethylaminoethy!
ether, b.p. 146-55° /0.3 mm.;
hydrochloride, m.p. 144-46°
2-PyCHOHCH,CH,Ph b.p. 148-52°/1 mm. 432
2-PyC(OH)MeCH, Ph m.p. 68-72°, b.p. 129-34° /0.3 146
mm.; hydrochloride, m.p.
183-85°; diethylaminoethyl
ether, b.p. 146-155° /0.3 mm.;
hydrobromide, m.p. 118-20°
2-Py-C(OH)Ph(CH,}Ph  picrate, m.p. 148-9° 607

(continued)
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TABLE XIII-18. (Continuzd)

Compound Physical properties, derivatives Ref.
2-Py-C(OH)PhC==CPh m.p. 110° 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, m,p. 211~
12°; dimethylaminoethyl
ether, b.p. 175-80° /0.25 mm.,
dihydrochloride, m.p. 267-68°

2-PyCH,CHOHCC], m.p. 86-87° 230,234,285
288,302,
303,332,
544
Me b.p. 119-23.5°/23 mm. (mix-~ 140
@ C(OH)Me, + ture)
.
N#C(OH)Me,
Me b.p. 119-21°/23 mm, 140
@C(OH)Mez
5-Me-2-PyCH,(CH, )- b.p. 100~1°/3 mm.; acecate, 618
CH,0H b.p. 115-16°/3 mm.
5-Me-2-PyCH(CH,)CH,OH b.p. 110~12°/7 mm. 618
> b.p. 75-76° /3 mm. 552
cna[:.p CHy, CHo CHo OH
~ b.p. 98~100° /14 mm. 140
Me@ C(OH)Me,
6-Me-2-PyCHOHCHNO,Me HCI, m.p. 176-79° 520
7S m.p. 105.5°; hydrochloride, 121
Me" ' CH;CHOHCCl, m.p. 134°; chloroplatinate,
m.p. 210°; chloroaurate,
m.p. 165°
Me m.p. 139.5° 123,124
A
Me@ CH,CHOHCCl,
Et b.p. 98-110° /0.1 mm.; picrolon- 293,643
L+ CH2CHoCHoOH ate, m.p. 158~59°
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TABLE XIII-18. (Continued)

63

Compound Physical properties, derivatives Ref,
Et@ m.p. 86°; hydrobromide, m.p. 122
L/ CH,CHOHCC, 188°; hydroiodide, m.p.
174°; chloroplatinate, m.p,
208°; picrate, m.p. 150°
OCHzcaHT b.p. 99~-112° /high vac. 530
(G Mol | SN
OH
(jonie b.p. 105-25°/0.1 mm. 494
o C(OH)Me,
O m.p. 65°; chloroplatinate, m.p. 429
Ph{\~CHy CHOHCCly 201°
NOg ¢~ Me m.p. 96°; dibenzoate, m.p. 97

Mel 4 CH(CH, OH), 139°
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Chapter X1

TABLE XIlI-19. .3-Pyridylpropanols (3-carbon side-chain)

Compound Physical properties, derivatives Ref.
3-PyCH,CH,CH,OH b.p. 130-33%/3 mm.; picrate, m.p. 1,643
97°
3-PyC(OH)Me, m.p. 53°; b.p. 130°11 mm.; ben- 9,18
zoate, m.p. 53°; p-nitrobenzo-
ate, m.p. 157°; picrate, m.p.
112-23°
3-PyCHOHCHNO, Me HCl, m.p. 152-54° 520
3-PyCHMeCHOHPh b.p. 164-7%3 mm; picrate, m.p. 539
147.2-47.8
3-PyC(OH)MeCH,Ph b.p. 160~65%/2 mm. 432
3-PyC(OH)EtPh m.p. 104-106°; b.p. 171-72%/0.9 433,607
mm,; hydrochloride, m,p. 126-
27.5
3-PyC(OH)PhCH,CH,Ph m.p. 118.5-119°; chloroplatinate, 440
m.p. 160-62°
3-PyC(OH)PhC==CH m.p. 143° 607,617
3-PyC(OH)PhC== CPh m.p. 140° 607
3-PyC(OH)CMe,Py-3 m.p. 104-5° 550
3-PyCHMeCHOH(2-thienyl)  b.p. 160-4%/2 mm.; m.p. 98.4~ 539
98.8
3-PyCHOHCMe, Py-3 m.p. 104-105° 514
m,p. 61-62°; b.p. 138-40°/15 mm. 176,507
OC(OH)Meg
Mel N
6-Me-3-Py-C==CCOHME, m,p. 101-2° 614
b.p. 115°/3 mm. 38
ClOC(OH)Meg
b.p. 135-40°/3 mm.; methiodide, 38

N
Br C(OH)Me
N o

m.p. 208-10° (dec.)
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TABLE XIII-20. 4-Pyridylpropanols (3-carbon side-chain)

Compound Physical properties, derivatives Ref.
4-PyCH(Me)CH,OH b.p. 117°/0.35 mm. 37,212
4-PyC(OH)Me, m.p. 132°; b.p. 136°%/25 mm.; 37,461

picrate, m.p. 124.4-24.7°;
picrolonate, m.p. 236°; chloro-
platinate, m,p. 194°
4-Py(Ph)COHEt m.p. 153-55% 161° 39,607,
623
4-PyCHOH—CH,CH, b.p. 125-6°/6 mm.; picrate, m.p. 636
113-15°
4-PyCH,CH,CH,OH 643
4-PyCPh,CH,CH,0H
4-PyC(OH)Et(4-CIC,H,) m.p. 169-72° 620
4-PyCHEICHOH(biphenyl)  m.p. 180-2° 606
4-PyCH,CHOHCHCI, m.p. 134-36° 470
4-PyCH,CHOHCCI, m.p. 166°; chloraurate, m.p. 46,113~
189° (dec.); chloroplatinate, 119,
m.p. 250° (dec.) 121
4-PyCHOHCHENO, m.p. 149-51° 520
4-PyCHOHCHNO,Me m.p. 165-66°; HCI, m.p. 158~59° 520
4-PyC(OH)PhC==CH m.p. 165° 607,617
4-PyC(OH)PhC==CPh m.p. 206° 607
CHaCHOHCCl, m.p. 139°; hydrochloride, m.p. 125,502

@Et

105°; chloraurate, m,p. 173°
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TABLE XIII-21. Pyridylbutanols (4-carbon side-chain)

Compound Physical properties, derivatives Ref.
2-PyC(OH)MeEt b.p. 216-20°, 90.5-93.5°/10 138,430
mm,; chloroplatinate, m.p.
190°
2-PyCHOHP: b.p. 212-24° 45
2-PyCHOHCHMe, b.p. 116=17°/15 mm. 136
2-PyCH,CHOHE! b.p. 125-27°/18 mm. 102,103,
612
2-PyCH,CH,CHOHMe m.p. 83° 32
2-PyCH,COHMe, b.p. 64=66° /0.3 mm. 465
2-PyC(OH)PhCHMe, m.p. 66=68°; b.p. 138-42°/ 146

0.15 mm.; hydrochloride,
m.p. 156-58°; dimethyl-
aminoethyl ether, b.p.
158=62°/0.1 mm.; hydro-
chloride, m.p. 161~53°

2-PyCH,CHOHCH : CHPh m.p. 82-83° 174,535
2-PyCH,CHOHCH,CH,Ph picrate, m.p. 107=109° 174
2-PyCH,CH,CH,CHOHPy-2 69
2-PyCHOHCHNO,Et HCl, m.p, 137-45° 520
(2-PyCH,)C(OH)Me b.p. 175-78°/2.5 mm., 154- 126,173,
56°/1.9 mm.; picrate, m.p. 451,465,
216~18° 466,471,
472,473,
474
2-PyCH,CHOHCH : CH, b.p. 75°/.02 mm. 535
3-PyCHOHCHNO,Et HCl, m.p. 146-52°
3-PyC(OH)MeCH : CPh(1-C,,H,) m.p. 159-61° 434
(3-Py),CMeCHOHMe m.p. 165-6°; b.p. 140/0.1 514,550
mm.,
(4-PyCH,),C(OH)Me b.p. 130-40°/1 mm.; dipic- 471
rate, m.p. 214°
4-PyC(OH)MeEt m.p. 99.5-100.5°; b.p. 104~ 177
5°/3 mm.
4-PyCH,CHOHCH : CHPh m.p. 115=16°; picrate, m.p. 174
155=56° (dec.)
4-PyCH,CHOHCH,CH,Ph m.p. 109-10° 174
4-PyCHOHCH,CH: CH, b.p. 122-3/3 mm.; picrate, 636

m.p. 114-16°
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TABLE XIlII-21. (Continued)

67

Compound Physical properties, derivatives Ref.
4-PyCOHPr(biphenyl) m.p. 204-5° 606
4-PyCH(CH,)CH,CH,0H 643
4-PyCPh,CH,CHOHMe 644

N b.p. 120-40°/0.03 mm., pic- 174
Mel, ) CH3CHOHCH : CHPh rate, m.p. 162°
/\) picrate, m.p. 117-18° 174
Mel # CH2CHOHCH2CH2Ph
Et-\ Et b.p. 180-85°/26 mm. 2
N» CHEtCHOHPh
6-Me-3-Py-C= CCOHMe, m.p. 101=-2° 614
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TABLE XIII-23. Methy! and Ethyl Ethers of Pyridine Alcohols

Chapter XIII

Compound Physical properties, derivatives Ref.
2-PyCH,OMe b.p. 76~8°/18 mm. 538,636
2-PyCH,OEt b.p. 63-4°/5 mm. 636
2-PyCH,OCHCH,C,H, b.p. 73=5°/5 mm. 636
2-PyCH,OPh b.p. 140-3/5 mm. 636
2-PyCH,OCH,Ph b.p. 150~60/7 mm. 636
2-PyCH,CH,0Et b.p. 106=7°/19 mm.; hydro- 147

chloride, m.p. 83.5-84.5°;
pictate, m.p. 105=6°
2-PyCH,CH,CH,0Et b.p. 230°; picrate, m.p. 180~ 132
81°
2-Py(CH,),OMe b.p. 122-25°/18 mm.; picrate 128
m.p. 83-84°; chloroaurate,
m.p. 77-78°
2-Py(CH,);OMe b.p. 120-28°/5 mm. 128
2-Py(CH,),0Me b.p. 122-23°/2 mm. 128
2-Py(CH,),,OEt b.p. 143~49/0.2 mm. 133
2-PyC(OH)Me(CH,);0Et b.p. 116-20°/10 mm. 191
3-PyCH,OMe b.p. 92-4°/20 mm.; picrate, 538
m.p. 117-18°
3-PyCH,0OEt b.p. 77~8°/5 mm. 636
4-PyCH,OEt b.p. 78-80°/5 mm. 636
4-PyCH,OCHCH,C,H; b.p. 81=3°/5 mm. 636
4-PyCH,0Ph b.p. 145=50°/3 mm. 636
4-PyCH,0CH,Ph b.p. 153-8°/6 mm. 636
4-PyCH,0OMe b.p. 91-2°/19 mm.; picrate, 538,636
m.p. 108-9°
4-Py(CH,),OMe b.p. 121-30°/17 mm.; picrate, 128
m.p. 89-90°
4-Py(CH,),0OEt b.p. 242°; picrate, m.p. 61- 132
62°
(\ ii b.p. 155-58°/9.5 mm. 146
{ i/ —C—CH20Me
N
3
b.p. 135=37°/3 mm., n¥ 201

P
Mel NJ CH2CHOHCH 3CH 20Et

1.5009

D
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TABLE XI11-23. (Continued)

Compound Physical properties, derivatives Ref.
~NCH2CH3OEL b.p. 72=73°/0.5 mm. 11,13,482
[N//Me

al b.p. 98=99° /0.4 mm. 11,13,481,
‘ N CH2CHoOEL 482
C] -Ns‘)MB
CH20CH2CH20Et b.p. 265°; picrate, m.p, 75 ° 132
7 NEL

N
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Chapter XIII

TABLE XIII-24, Pyridine Glycols

Physical properties,

Compound derivatives Ref.

2-PyCH(CH,OH), m.p. 78 °; picrate, m.p. 80,81,83,646

108-10°
2-PyCHOHCH,OH m.p. 98° 218,558
2-PyCH,CH,CH(CH,OH), m.p. 58-59°; b.p. 163~ 85

65°/.01 mm.
2-PyC(Me)(CH,OH), b.p. 168-71°; picrate, 82

m.p. 116-17°
2-PyCH,CHOHCH, CH,OEt b.p. 130°/5.5 mm. 215
2-PyCH,CH,CHOHCH,OH m.p. 52.5°%; b.p. 154°/0.1 216

mm.; mercuric chloride,

m.p. 115°; acetone

ketal, b.p. 103°/0.1

mm.
2-PyC(OH)MeCH,CH,CH,OEt  b.p. 116~20°/10 mm. 82,98,191
2-Py(CH,),CHOHCHOHMe m.p. 87-87.5° 219
2-Py(CH,),(CHOHCH,OH m.p. 71.5-72° 219
2-PyCPh(CH,OH), m.p. 106-7° 98
2-PyCHOHCHOHPh m.p. 144-45°; hydro- 220,529,558

chloride, m.p. 186-

87 °; diacetate, m.p.

36-37°
2-PyCH(CH,OH)CH,CH,O0H 646
2PyC(CH,)OHCHOHPh HCl, m.p. 119-21° 558
2-PyCHOHCHOHCH, m.p. 101-3° 529
2-PyCHOHCHOHCCI, m.p. 120° 558,637
2-PyCCH,0OHCHOH- m.p. 209-10° 558

(2-quinolyl)
2-PyCCH,OHCHOH- m.p. 186-7° 558
(4-quinolyl)
2-PyCHOHCHOHPYy-2 m.p. 153.5-54° 223,224,225,
558,637

2-PyC(OH)EtC(OH)EtPy-2 m.p. 135-36° 44
2-Py-C(OH)PrC(OH)PrPy-2 m.p. 146° 45
2-PyCPh(OH)CPh(OH)Py-2 m.p. 129-30° 40
3-PyCH(CH,CH,OH), 646
p-CH,OCH,C(CH,)OHC(CH,  b.p. 162°/.001 mm. 555

OH-3Py

m.p. 78-80°
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TABLE XIlII-24., (Continued)
Physical ties,
Compound b hben e Ref
p-C1C¢H,C(CH,)OHC(CH,)- b.p. 160°/.001 mm. 555
OH-3Py m.p. 88-90°
C¢H;C(CH,)OHC(CH,)OH-3Py  b.p. 130-5°/.001 mm. 555
m,p. 118-120°
3-PyCHOHCHOHPy-3 m.p. 245° 223
3-PyCPh(OH)CPh(OH)Py-3 m.p. 187-88 ° 40
3-PyCMe(OH)CMe(OH)Py-3 m.p. 244-45° 222,514
3-PyCEt(OH)CEt(OH)Py-3 m.p. 188-9° 514,557
4-PyCH(CH,CH,OH), m.p. 64-66° 132,204,646
4-PyCH(CH,OH), 86
4-PyCMe(CH,OH), m.p. 93-95° 211,212
4-PyCPh(CH,OH), m.p. 194 °; chloroplati- 98
nate, m.p, 185°
4-PyC(CH,)OHCHOHPh m.p. 149.5-51° 558
4-PyCHOHCHOHCCI, m.p. 189-90.5° 558
HCl,206-7 °
4-PyCHOHCOH(CH,)-2-Py m.p. 93-5° 558
4-PyC(CH,)OHCHOH-3-Py m.p. 188.5 558
4-PyCHOHCHOHPy-4 m.p. 178° and 214 ° 223,226,611,
(two forms) 648,649
4-PyCMeOHCMeOHPy-4 m.p. 219-220° 514
Me b.p. 111-13°/.04 mm. 624
m m.p. 84-5°
N* CH(CH20H),
Meg b.p. 155-9°/4 mm. 618
@cn(cmon)z
Q
Me{)CHOHCHOH /jMe m.p. 235 513
>
N .p- 139-40° 224
) m ] m.p. 139
e \N CHOHCHOH\N Me
Ve m.p. 218-19° 557

Me® N'

OHMeCOHMe ]
L\N) Me

(continued)
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TABLE XIII-24, (Continued)

Physical properties,

Compound derivatives Ref.
7 S|COHMeCOHMe [ ™ m.p. 247-8° 557
MeoN by” N7NMes
0 .p. 155-6° 7,627
"/Ci\H.(CI{Q H)o m.p 55-6 59 ,
Mely/Me
Me m.p. 95-95.5; 597
Ry, o
i) b.p. 120-2° /.05 mm.
Me " ¥ CH(CH ,0H),
Et,[_l/f‘{‘;j
@NJCH«RQOHXHQCHzoh 646
CH(CH,0H),
Ef§jEt ditosyl ester, m.p. 181,210
N’ 95-96° and 107-8°
NOQ(\ Me (two forms)
Me"y# CH(CH20H), m.p. 86°; picrate, m.p. 97
PR 122.5°
HOCH2 [
“N7 CHo0H m.p. 157° 515
HOCH, !+ CH,0H m.p. 114.5-15°%; b.p. 25,150,170,
185-86° /15 mm.; 205,213,
acetate, b.p. 135- 214
39°/0.3 mm.
CH20H m.p. 129.5-30.5°; pi- 65
F CH0n crate, m.p. 144-45°
\N’
Me2C(OM)] C(OH)Me, m.p. 146° 9
\'N -
CHOHCCly m.p. 166.5-68 ° 16
[‘ﬁcngcu2on
\N:)
Me
m.p. 70-71° 597

Hocmq\j CH20H
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TABLE XIII-24, (Continued)
Physical properties,
Compound detivatiges Ref.
C\H2OH b.p. 121-2/.02 mm. 597
Me! N?CH0H
ICSOHP" m.p. 140° 157
Me LN/ CH20H
HOCH, 7 > CH ,OH S
Me]LN/ Me m.p. 141-42 68
Me m.p. 186° 206
HOCH2 o CH2OH
Me N/Me
CH,0H m.p. 182-83° 290,562
~ CH,0H
Me N/Me
CH,0H m.p. 95° 207
Ph\N/Me
B m.p. 219° 33

N
PhCHOHCH ¢ N»/' CH,CHOHPh
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TABLE XIII-26. Trihydric Pyridine Alcohols

Compounds Physical properties, derivatives Ref.
2-PyC(CH,OH), m.p. 68°; chloroplatinate, m.p. 167-68°; 77-84,
chloroaurate, m.p. 140°; picrate, m.p. 209
111.5-12.5°; rribenzoyl ester, m.p. 94°
2-PyCHOHCH,CH- triacetate, b.p. 171-73 °/0.5 150
(CH,OH)CH,0H
4-PyC(CH,OH), m.p. 156-57°; hydrochloride, m.p. 137-38° 86,170
C(CH20H)3 m.p. 150° 596

.
\Nf' Me
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TABLE XIII-27. Side-chain Hydroxypyridinecarboxylic Acids and

Derivatives

Compound

Physical properties,
derivatives Ref.

2-PyCHOHCOOH
2-PyCHOHCN

2-PyCHOHCONH,
2-PyCH,CHOHCOOH
2-PyC(CH,)OHCOOH

Q COHEtCH2COOC2H 5

@ COHEtCHMeCOOC:zH 5

2-Py—C(OH)PhCHPhCOOH

2-PyCH(CO,Et)CH,CH,CH,OPh
(2-Py),COHCOOH

3-PyCHOHCOOH

3-PyCHOHCN
3-PyCHOHCONH,
4-PyCHOHCN

4-PyCHOHCONH,
4-PyCHOHCH,COOE

4-PyCOHEtCH,COOC,H,
4-PyCOHEtCHCH,COOC,H,

m.p. 108°; methy! ester 621
m.p. 76°; Me ester-HCl
163°

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

Benzoyl, m.p. 100=2° 650
Benzoyl, m.p. 140=2° 650
m.p. 124-25° 84,105,107

HCl, m.p. 131°, nitrile, 621
m.p. 50=51°

m.p. 65-7° 561
m.p. 51-3° 561

m.p. 162.5° methyl ester, 561
m.p. 149-51°

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~

30
Benzoyl, m.p. 94° 650
Benzoyl, m.p. 163=4° 650
m.p. 144-46° 166,638
Benzoyl, m.p. 130-2° 650
Benzoyl, m.p. 196-8° 650

hydrochloride, m.p. 155~ 228
57°

m.p. 99-100° 561

m.p. 121-2° 561

(continued)
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TABLE XIII-27, (Continued)

Chapter X111

Physical properties,

Compound derivatives Ref.
4-PyC(OH)PhCHPhCOOH m.p. 209-13°; methyl 561
ester, m.p, 166-8°
COOH m.p. 153=-4°; ethyl ester- 526
lN CH20H acetate, b.p. 133-6°/3
mm.; lactone, m.p. 141~
20
CH2COOH ethyl ester-acetate, b.p. 526
anzou 171-3/7 mm.; lactone,
m.p. 118-19"; amide,
m.p. 154-5°
COOH amide, m.p. 146=7°; lac- 600
- CHaCH20H tone, m.p. 90-2°, b.p.
110-20/3 mm,
™~ COOH lactong-diacetate, m.p. 98- 600
“n” C(CH,0H), 100°, b.p. 100-10°/.06
mm,
(\ COOH lactone, m.p. 83-4°, b.p. 600
N)CHQCHOHCH;; 130-5/3 mm.; amide,
m.p. 157°
0O acetate, b.p. 140-50°/.01
@/’ \2 mm.
. _CH—
\QH’ CHs
‘CH20H
/\] methyl ester, m.p. 88°; 25,68
HOCH-.;ILNf COoOoH hydrazide, m.p. 185°
CH3CHCOOH acetate-ethyl ester hydro- 203
©0H20H20H chloride, m.p. 109-10°
CH=CHCOOH m.p. 202=25°; ethyl ester 16
['j CH2CH20H m.p. 100-1°; acetate
N ethyl ester m.p. 39-41°;

b.p. 145-47°/0.3 mm.;
hydrochloride, m.p.
140.5-141.5°
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TABLE XIiI-27. (Continued)

Compond P R
COOH lactone-acetate, m.p. 177°; 234
l N> CHOHCHOHCOOH lactone-ethyl ester, m.p.
135-36°; lactone-

(j methyl ester, m.p. 152°
NCCHOH 'N CHOHCN m.p. 105° 621
HO2C C(OHMegz 9

N~ CO2H
CH=C(COOH)3 methyl ether-diethyl ester- 230
OCHQCHzoﬂ hydrochloride, m.p.
98.5-99°; acetate di-
ethyl ester-hydrochlo-
ride, m.p, 111-12°; pic-
rate, m.p. 115~16°
m.p. 102°; acetate, m.p. 166
O 68.5°
CHOHCN
O m.p. 102-6°; HCI 138- 621
Me "~ CHOHCOOH 40°; nitrile, m.p. 134°
CMe(OH)CO2H m.p. 158-59°; hydrochlo- 232
O ride, m.p. 190-91°
chloraurate, m.p. 114°
methyl ester, b.p. 172- 168
Me@CHOH(CHg)COzH 73.5°/1.3 mm.
m.p. 166°; chloroplatinate, 121
Me(NjCHzCHOHCOz»H m.p. 185°; chloraurate,
m.p. 143-44°
Ete ™ m.p. 101° 166
@CHOHCN
m.p. 134°; acetate, m.p. 166
Me (NjCHOHCN 62°

MGOO methyl ester; b.p. 181.5- 168
CHOHCH2(CH2)5CO2H 82.5°/0.7 mm.

(continued)
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TABLE XIII-27. (Continued)

Chapter XII1

Physical properties,

Compound derivatives Ref.
Me hydrochloride, m.p, 179~ 91
81°
Me©0H20H0H002H
Me m.p. 130°; acetate, m.p. 166
0 50.5°
Me N CHOHCN
HOCHz2 COOH ethyl ester, m.p, 100-1° 68
Me N Me
(\‘ Na salt, m.p. 210-240° 560
Mefn-— |, COHCOOH m.p. 122-3°; acetate, m.p. 529
> 59-61°, b.p. 140-55°/
CHs CH20H 14-15 mm,
CHoOH lactone, m.p. 179° 256
X COOH
Me N’ Cl
CH20H lactone, m.p. 224-26°; 252,259
NHa OCOOH picrate, m.p. 229-30°
Me
N
CH20H lactone, m.p. 280-82° 252,281
NHz COOH
Me N Cl
CH20H lactone, m.p. 176-78° 252,256,
NO2 COOH 259,271
Me NfCl
CH20H ethyl ether, b.p. 160~ 380,383
CN 61°/12 mm.; m.p. 35.5-~ 490,491
Meln~7 Cl 36.5°; methyl ether,
m.p. 66-67°
CHq0H phenyl ether-ethy! ester, 289
HOOC ™, CN m.p. 155~57°
Me N Cl
CH20H ethyl ether, m.p. 146-48° 253,255,
NHz¢ ™ CN 258,256,
Me N’ Cl 289
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TABLE XIlI-27. (Continued)

Physical properties,

Compound derivatives Ret,
CH3aOH ethyl ether, m.p. 47-48°; 253,257
N02] N CN methyl ether, m.p. 70~
Me N? Cl 730
CH20H methyl ether, m.p. 56-57° 365
NOg CN
CH20H m.p. 77.5° 385
o
HOCHZ N/ Cl
COOH lactone-3-acetate, m.p. 571
HOr ™ CH20H 165-7°

Me N
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Chapter X111

TABLE XIl-28. Polyhydroxyl Compounds Related to Pyridoxol

Compound Physical properties, derivatives Ref,
CH,OH
HOg3 4 3 CH,0H m.p. 160% hydrochloride, 253,260,
Me l2 m.p. 208-9° diacetate-hy- 261,262,
drochloride, m.p. 160-61° 264,283,
triacetate m.p. 156~58%; 285,299
tribenzoate, 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
90°, 96-7°
3-benzyl ether, m.p. 117-20°; 561,562
HCl, 178°
4-benzyl ether, m.p. 166.5%; 290,291
hydrochloride, m.p. 194-5°
4-n-buty] ether-hydrochloride, 301,493
m.p. 127-8°
4-methyl ether-hydrochloride, 295,324,
m.p. 181° 326
5-methy] ether-hydrochloride, 296
m,.p. 135-6°
methiodide, m.p. 188-89° 329
acetone ketal-hydrochloride, 327
m.p. 217-18%; free base,
m.p. 113-15°
cyclohexanone ketal-hydro- 328
chloride, m.p. 219-21°
tripalmitate, m.p. 72=74°; wi- 332,584

linoleate, liquid; trioctano-
ate, liquid; widecanoate,
m.p. 47.5-48.5; 3,5-dipal-
mitate, m.p. 58-61°; 5-pal-
mitate, m.p, 72-76°; iso-
propylidene-5-palmitate hy-

drochloride, m.p. 132.5-33.5°

phosphonate esters

583
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TABLE XIII-28. (Continued)

Compound Physical properties, derivatives Ref.
CH,OH
NH, AN CH,0H m.p. 141.5-42°; dihydrochlo- 290,291,
MeI ride, m.p. 176=77° 574
N
CH20H R = i-propyl, m.p. 139°; hy-  369-371
HO CH30H drochloride, m.p. 192°
R R = i-butyl, m.p. 134°; hy-
N drochloride, m.p. 213~14°
R = phenyl, hydrochloride,
m.p. 185°
R = n-amyl, hydrochloride,
m.p. 186-87°
R = benzyl, hydrochloride,
m.p. 202°; 3-benzylether-
HCl
m.p. 179-80°
CH,0H R = i-butyl, m.p. 42-43° 370
O CH,OH R = neamyl, m.p. 42-43°
L Ja
N
CHZ_? m.p. 239-40° 264,538
HO¢” X—CH,
Mel
CH2OH hydrochloride, m.p. 202~-203°; 380
Ocuzoﬂ 4-ethyl ether, m.p. 94-95°
Me l
N
CH,OH hydrochloride, m.p. 192° 365
CH;0H
il
CH20H m.p. 170-71°; acetone ketal- 327,336

hydrochloride, m.p. 190~
91°; 4-methyl ether

{continued)
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TABLE XIII-28. (Continued)

Chapter X111

Compound Physical properties, derivatives Ref.
CH,0H m.p. 141-42° 386
HOCH,,l OH
HOCH,( |~ Me
.p. 154-54,5° 86
HOCH2| NH, mepr 154-54.5 >
HOCHy¢ X Me
CH,O0H m.p. 191~92° 386
HOCHzl NH,
HOCH. N Me
HOCH ol m.p..dl45—46°;6hgyc;r::hlo- 386
HOCHg Mo ride, m.p. 169~
CHoOMe m.p. 202.5° 385
A
MeOCH. N OH
CH,0H m.p. 189-91° 221
Bl‘l Br
HOCH3 OH
HOf~ CHOH m.p. 174=75° hydrochloride, 306,381
M m.p. 162-65°; diacetate,
NN m.p. 125-26°
CH,0H m.p. 181-82°; hydrochloride, 379,538
HOr™ Xy Me m.p. 143-43.5; 4-methyl
Me ether-hydrochloride, m.p.
N 152-53° and picrate, m.p.
138°
Me hydrochloride, m.p, 267-268°, 374,375,
o ‘0}120}1 264%, 274° 324,590,
Meks 588
hydrochloride, m.p. 267-68°; 324,325,
dipalmitate, m.p. 59.5-61° 332
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TABLE XIII-28. (Continued)

Compound Physical properties, derivatives Ref,
Me R = Et, hydrochloride, m.p. 365
HO” “)ZCH,0H 174-76°
R& l R = i-butyl, hydrochloride, 370,377
N m.p. 163-65°

R = n-amyl, hydrochloride, 414
m.p. 125-26°; 5-dihydrogen
phosphate, m.p. 251-52°;
S-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.,

HO m.p. 226-27°, 4-Phosphoric 415
HO@CHZOH acid, m.p. 233-34° (dec.);
Mel2 3-p-toluenesulfonate, 228~
N 29°; 3,5-di-p-toluenesulfo-
nate 140-41°
Me m.p. 211-12° 384
7 S CHoOH
Me OH
CHo0H m.p. 184-85°; 213-14°; 4- 75,241,244
N ethy] ether, m.p. 111-12°;
Mel OH 4-methyl ether, m.p. 129°;
4-benzyl ether, m.p. 208~
10°
3-ethyl ether, m.p. 290-93° 11,13,482

HO
‘ “X,CH,CH,0H
HO I\?’,JMe

(continued)
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TABLE XIlI-28. (Continuzd)

Chapter X111

Compound Physical properties, derivatives Ref,
HoOH m.p, 75=76° 593
CH,0H
CHg N OH
CH,0H m.p. 130-135° 591
HO, CH,0H
CH,O0H m.p. 176-8° 585
HO l CH,;0H
CH,
0 R = H, m.p. 237-38° (dec.) 7
R = CH,CH,0OH, m.p. 225~
HO, 26°
CH>;OH
R
0 R = H, m.p. 173-74° 6,188
A R = Me, m.p. 203-4° 7,188
MeO{\ ﬂ R = CH,CH,OH, m.p. 172-73° 7
_._~» CH0H R = CH,CH,NEt,, m.p. 62-63° 7
N R = CH,COH, m.p. 183-84° 7
R Yy P
(dec.)
(|") m.p. 57=58° (trihydrate), 7,188
[N 113°; (anhydrous); pic-
MeO I rate, m.p. 191°; methio-
CH,OMe dide, m.p. 116-18° (dec.)
Me

CH2=CHCH20

"N
H

CH,OH

hydrochloride, m.p. 178.5= 8
79°; picrate, m.p, 173-75°
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TABLE XIII-28. (Continued)

Compound Physical properties, derivatives Ref,
0 m.p. 150~51° 239
BuO
CH40H
H
OH HCl, m.p. 128° 595
©CH20H20H
CH0H HCI, m.p. 164-4.5° 613
Cl CH,0H
CHjy N
CH,0H HCI, m.p. 124-6° 613
H0©0H20H
N
CHo0H HCl, m.p. 164-5° 613

HaN CHL0H




98 Chapter XII1

TABLE XIII-29. Amines Related to Pyridoxamine

Compound Physical properties, derivatives Ref.
CH3NH2 m.p. 193-93,5°; hydrochloride, m.p. 279,336,
HOg ' 3 CH20H 226-27°; N-carbethoxy, hydrochlo- 410,
Me |2 ride, m,p, 115-18°; S-phosphoric
N acid, hydrochloride, m.p. 224° 538
(dec.); triacetate
Pyridoxamine tripalmitate, m.p. 102-3°; 3,4-di-p- 332,402,
toluenesulfonate, m.p. 187-89° 409,
413
N-carbamide picrate, m.p. 198-203°; 587
HCI, m.p. 205-8°; 3-acetate-HCI,
m.p. 203-6°
Schiff’s base with pyruvic acid 569,570
Pyridoxylamino Acids Amino Acid Residue of
CHy(NHCHRCOgH) DL-Phenylalanine, m.p. 233-34°; DL- 340,576
HO¢~ yCH3OH alanine, m.p. 213-14°; L-tyrosine,
Mel _ m.p. 242-50°; glycine, m.p. 228-
N

20°; pL-norleucine, m.p. 220-21°;
L-leucine, m,p. 228-29°; DL-leu-
cine, m.p. 232-33°; pI-i~leucine,
m.p. 222-23°; DL-valine, m.p. 245-
46°; pL-tryptophan, m.p. 240-41°;
DL-threonine, m.p. 239-40°; DL-
glutamic acid, m.p. 188-89°; L-glu-
tamic acid, m.p. 181-82°; DL-me-
thionine, m.p. 217-18°; DL-aspartic
acid, m.p. 227-28°; L-asparagine,
m.p. 209-10°; B-alanine, m.p. 212~
13°; L-lysine, m.p. 211~13°; L-tyro-
sine butyl ester, m.p. 141-42°; N-
benzoyl-dl-lysine, m.p. 220-21°;
DL-serine, m.p. 217-18°; DL-as-
partic diethyl ester hydrochloride,
m.p. 168-69°; DL-glutamic diethyl
ester hydrochloride, m.p. 155-56°;
DL-alanine ethyl ester hydrochlo-
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TABLE XIII-29. (Continued)

Compound Physical properties, derivatives Ref.

ride, m.p. 180-81°; DL-alanine hy-
drochloride, m.p. 202-3°; L-leucine
hydrochloride, m.p. 156-57°; L-
valine, copper chelates
NHR R = Ph hydrochloride, m.p. 230-32°
HO CH,0H R = Me hydrochloride, m.p. 208-209°
Me | P R = Et hydrochloride, m.p. 184~86°
N R = CH,CH,CH,Ph hydrochloride,
m.p. 180-81°
R = CH,CH,OH m.p. 174-75°
R = CH,CHMeOH, m.p. 194-96°
R = CH,CH,Ph hydrochloride, m.p. 339
227~28° (dec.)
R = 3-z-indolylethyl hydrochloride,
m.p. 222-23°(dec.)
R = CH,CH,C.H ,OH-p hydrochloride,
m,p. 238-39° (dec.)
R = i-Bu hydrochloride, m.p. 204-205°
(dec.)
R = CH,Ph hydrochloride, m.p. 220-
21°(dec.)
R = B-5-imidazolylethyl hydrochlo-
ride, m.p. 236-37° (dec.)
CH,0H m.p. 176-78°; dibydrochloride, m.p. 327,336
HOf  N\CHyNH; 197.5-99°; 4-methyl ether dihydro-
Me l P chloride, m.p. 170° (dec.); N,N-di-
N ethyl, dihydrochloride, m.p. 212~
14°; dipicrate, m.p. 174°

CH30H dihydrochloride, m.p. 214°; ethyl 365,564
Hol "CHgNHj ether-diHCl, m.p. 127°

Me
N/

CH3NH4 dihydrochloride, m.p. 164-16° 368
Ho| “\\CH,0H

Et y
N

(continued)
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TABLE XIII-29. (Continued)

Compound Physical properties, derivatives Ref.
CH3;0H hydrochloride, m.p. 265-67° 383
I CH3NH,
Me N/ OH
CH3OH dihydrochloride, m.p. 235-377; ethyl 253,255,
NH;, CHoNHg ether-dipicrate, m.p. 186-87°; 256,
Me ‘ P ethyl ether-dihydrochloride, m.p. 257,
N 195°; methyl ether hydrochloride, 264,
m,p. 149°; 3-carbethoxy-phenyl 289,
ether dihydrochloride, m.p. 238° 293
CHz0H m.p, 81-83° 380
\ “N\CHgNHg
Me N/
CHoOMe dihydrochloride, m.p. 270-72°%; 383
Ocngmg picrate, m.p. 183-84°
Me OMe
N/
CI,0OEt m.p. 223° 256
Br‘ “XN\CHyNH,
Me ~0H
N
CH3NH, Di-HCl, m.p. 262-3°; diacetate, m.p. 538
HO| “XN\CHj, 176-7°; ditosyl-HCl, m.p. 194-5°
Me v
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TABLE XIII-30. Aldehydes Related to Pyridoxal
Compound Physical properties, derivatives Ref.
CHO hydrochloride, m.p. 173-74°; 336,338,
HO (7 ) CH,0H (dec.); oxime, m.p. 225-26° 403,
Me 12 P (dec.); semicarbazone, m.p. 407,
N 235° (dec.); oxime triacetate, 569
m.p. 114.5-15°; oxime-methyl
ether, m.p. 159-60°; mono-
ethy! acetal, m.p. 142-43°
Pyridoxal monomethyl acetal, m.p. 169-70° 404,406,
and other acetals 582
nicotinoyl hydrazone, m.p. 235- 332,361

Schiff’s Bases

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

dipalmitate, m.p. 74°; 3-palmi-
tate-hydrobromide, m.p. 132°;
3-palmitate-monoethyl acetal,
m.p. 56-57°; diethyl mercap-
tal, m.p. 126°; dibenzoate,
m.p. 93°

monobenzoate, m.p, 116-17°;
ethyl cyclic acetal, acetate,
b.p. 125-27°/0.005 mm.

methylamine, m.p. 150~51°;
ethylamine, m.p. 108-9°; 3-
phenylpropylamine, m.p. 87~
89°; ethanolamine, m.p. 148~
49°; i-propanolamine, m,p.
112~14°

B-phenylethylamine, m.p. 101~
102°; tryptamine, m.p. 160~
61°; tyramine, m.p. 168-69°;
i=butylamine, m.p. 67-68°;
pyridoxamine, m.p. 232-33°;
benzylamine, m.p. 114=15°;
aniline, m.p. 178-79°

L-valine, copper chelates

D,L-alamine and Ni chelate

413

402

342

341

576
570

(continued)
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TABLE XHI-30. (Continued)

Compound Physical properties, derivatives Ref,
CHO oxime, m.p. 229-30° (dec.) 401,403,
HO” N\ CH,0PO3H, 407,
Me‘ .~ (codecarbox- 408
ylase) Schiff’s Bases, 575°; hydrazone, 586
m.p, 236-37°; azine, darkens,
195-280°
CHOH_? m.p. 210-11°; diphenylphos- 364
p-NO2CgH4CO0(  y—CHy phate, m.p. 130-40°; p-nitro-
1 _ benzoate, m.p. 99~102°
N
CHO hydrochloride, no definite m.p.; 368,370
HO¢ N\ CH,0H oxime, m.p. 225-36°; mono-
El ethyl acetal hydrochloride,
N7 m.p. 132-33°
HO m.p. 108-109°; oxime, m.p. 239~ 379
HO{ yMe 40°; hydrochloride, m.p. 191~
Me l 93°
N
CH40Me oxime, m.p. 198=99° (dec.) 336
HO(~ NCHO
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TABLE XIiI-31. Pyridine Catboxylic Acids and Derivatives with Both
Nuclear and Side-Chain Hydroxyl Groups

Compound Physical properties, derivatives Ref.
Oz — dec. 250° 591
HOO—--— =0
N7
Me m.p. 223=24° (dec.); side- 241
~COOH chain ethyl ether, m.p.
HOCH, i, JoH 177~79°; side-chai
~79%; side-chain
methyl ether, m.p, 200~
201°
Me m.p. 224-27° (dec.); side- 241
P “CN chain ethyl ether, m.p.
HOCI'If'3|\N’J OH 130°; side-chain methyl
ether, m.p. 152°
~ CN m.p. 127-28° 244
EtOCH3 N =)
(Me)
MeO Methyl ester, b.p. 181.5~ 168
Me'.y* CHOH(CH2)¢COOH  82.5/0.7 mm.
HO ™ ethyl ester picrate m.p. 113- 238
HOCHzE..N//’(Cﬁz)-;COOH 15°
CN side-chain monacetate, m.p. 338
HO;{'A“‘[ CH2OH 209-10°; diacetate, m.p.
Me' - 63-64°
CO2zH m.p. 258-58.5°; lactone, m.p. 338
Hoﬂ/ “CH20H 273-73.5° (dec.); hydro-
Me N~ chloride, m.p. 252-53°
(dec.)

lactone, 3-methyl ether, m.p. 336
116-16.5°; amide, m.p.
210-11° (dec.)
OH Salts isolated 237
NCCH;0H
HOl\/ Cl

(continued)
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TABLE XIII-31. (Continued)

Compound Physical properties, derivatives Ref.
CH20Ac m.p. 262-63° (dec.) 287
AcNH "> CN
Mel - OH
Me Salts isolated 243
NC{/“? CH2CH20H
HOU.N'JOH
CH2COOH hydrochloride, m.p. 146° 242
‘ > CH2CH20Ph
HO N* OH
OH m.p. 174=76° 11,13
EtOCOlf"\\ CH2CH20Et
HOL /Me
CH0H lactone, m.p. 280-81°; hy- 247,252,259,
HO/“\j COOH drochloride, 250-55° 266, 280,
MeLN’ (dec.); lactone-3-methyl 281, 496,
ether, m.p. 108-109° 497
CH;0H m.p. 330° (dec.); lactone, 241,252,276,
COOH m.p. 267-68°, > 320°; 4- 281,383,
Mel N~ OH monoacetate, m.p. 226°; 498
2-methyl ether, m.p. 163=
64°; 4-ethyl ether, m.p.
182-83°; 4-ethyl ether-
ethy! ester, m.p. 117-18°;
4-ethyl ether-amide, m.p.
266-67°
CH20H lactone, m.p. 279-80° 252
N02l  COOH
Mel OH
CH0H m.p. 202.5°%; 4-methyl ether, 241,244,252,
CN m.p. 226°; 2,4-dimethy! 253,256,
Mely~OH ether, m.p. 56-58°; 4-ethyl 257,263,
ether, m.p. 209-10°; 4- 268,281,
benzyl ether, m.p. 208-10° 383
CH20Me m.p. 254-56° 286

MeCO2 ™~ ON
Mely OH
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TABLE XII-31. (Continued)

Compound Physical properties, derivatives Ref.
CH30Ph m.p. 260° 289
HOOC (™ CN
Me N? OH
CH30Me m.p. 190-91° 365
CN
Etl - OH
CH20H lactone, m.p. 285° 365
COOH
EtlJOH
CH320Me m.p. 204-5° 370
CN
Me,CHCH2 () OH
CH20Me m.p. 131-32° 370
CN
CH3(CH2a)4 N OH
CHaOMe m.p. 171-72° 365
NOq CN
Et\~ OH
CH20Me m.p. 167-68° 370
NOQ”/‘jCN
Me2CHCH32 2 OH
CH30Me m.p. 161-62° 370
NOg ™~ CN
Me(CthQ OH
(HOCHQ)QCCH?O diacetate, m.p. 143~5° 601
—CO
N
CH2CH20H Lactone, m.p. 68-70°; 601
OCOOH amide, m.p, 152-4°
N?
CH2—CH—CHa Lactone, b.p. 150-60/3 mm.; 601
OH picrate, m,p. 140°

P

QTCOOH
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The first pyridine aldehyde was prepared about forty years ago.
It 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 as the ozonolysis of stilbazoles and cleavage of
the ozonides, and condensation of activated picolines 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 of the pyridine aldehydes more readily available. The direct
formylation of pyridine is of interest; this gives picolinaldehyde in
low yield (278).

Pyridine ketones, both simple and complex, have been known
for many years, and a variety of methods exists for their synthesis.
The older synthetic methods include the preparation from aliphatic
compounds and ammonia, the dry distillation of mixed calcium salts
of pyridine and aliphatic carboxylic acids, mixed ester condensa-
tions, and the Friedel-Crafts reaction of pyridine acid chlorides and
aromatic hydrocarbons. The 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. Oxidation of Unsaturaled Compounds 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 (138), for example, reported the
conversion of g-stilbazole to picolinaldehyde in 57 per cent yield by
modification of the ozonide decomposition; results were less satistac-
tory, however, when the process was attempted on anything but a
small scale (XIV-1). Wibaut and collaborators (401) applied this

) 2, ozonide 2°°; ) (XIV-1)
NACH=CHC¢H ) CHO

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

~CHoCH=CHCHjg 2z onization (\j COCHO 9
Me [Nj Mel (XIV-2)

Micovic and Mihailovic (273) have prepared pyridine 2-, 3-, and
4-aldehydes by a convenient route. The 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. Furakawa and Kurowia (/29) have prepared pyridine
aldehydes in high yields from the alcohols by a similar process
(XIV-3).

Pb(OAoc),

(Né—coom LiAH,, @—CHQOH OeMs (Né—cno (XIV-3)
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b. Oxidation of Methylpyridines

The oxidation of picolines in solution gives variable yields of
aldehydes. The products obtained by oxidation with selenium di-
oxide in amyl alcohol at 125°C. are for the most part carboxylic
acids (/69); 2-picoline, however, is converted in low yield to picolin-
aldehyde (#4). 3-Nitro-4-picoline, on the other hand, gives high
yields of $%-nitroisonicotinaldehyde (27). While - and s-picolines
are oxidized readily by this method, 8-picoline is apparently unreac-
tive (434).

The catalyzed gas-phase oxidation of methylated pyridines has
been investigated extensively during recent years. A variety ot pyri-
dine aldehydes can be obtained in this way, and some are produced
on a commercial scale. The method requires a vanadium pentoxide-
molybdenum oxide catalyst supported on silica gel. An aqueous
solution of the methylated pyridine is passed over the catalyst at ele-
vated temperatures, usually around 400°C., with carefully controlled
quantities of air. 2-Picoline gives picolinaldehyde or a-pyridoin,
depending on the air-to-picoline ratio (268). lsonicotinaldehyde is
formed similarly from 4-picoline. Although 3-picoline is more re-
sistant to oxidation, its conversion to nicotinaldehyde has been
indicated.

Polymethylated pyridines give a variety of oxidation products
under these conditions. 2,4-Lutidine thus yields 2-methylisonicotin-
aldehyde, 4-methylpicolinaldehyde, and pyridine-2,4-dialdehyde (264,
267). 2.,6-Lutidine affords G-methylpicolinaldehyde and dipicolin-
aldehyde, and aldehyde collidine (5-ethyl-2-picoline) gives 5-ethylpico-
linaldehyde (259) under similar conditions. Oxidation of 2,4,6-colli-
dine results in the formation of all possible mono- and dialdehydes:
6-methylpyridine-2,4-dialdehyde, 4-methylpyridine-2,6-dialdehyde,
4,6-dimethylpicolinaldehyde and 2,6-dimethylisonicotinaldehyde.
The corresponding trialdehyde, however, has not been reported
(265).

c. From Picoline Methiodide and p-Nitrosodimethylaniline

The first recorded preparation of picolinaldehyde, that of Kauf-
mann and Valette (/99), proceeds by condensation of p-nitrosodi-
methylaniline with 2-picoline methiodide, then conversion to the
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phenylhydrazone and subsequent cleavage to the aldehyde. Although
the phenylhydrazone is produced in good yield, the over-all efficiency
of the reaction is not stated (XIV-4),

NMeg
R piperidine
[/DCH; O ' @CH“———-NQNMeg 1~
. NO

Me 1~ Me'

\‘CG}ISI‘U'INF{z *HCI1
(quant,)

high vacuum dehydration

(j subiimation in vacuo
N2 CH=NNHCH; * ©0H=NNHC ¢H5(2HZ0) 1~
l Met

[D CHO (XIV-4)

d. Reduction of Pyridinecarboxylic Acid Dertvatives

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

chromous alr oxldation

[ > CN acetate [ CH,NH, (or) 80C1, | CHO (XIV-5)
N N N

The Rosenmund reduction of pyridine acid chlorides has also
been employed. Graf and associates (149,151) prepared a number of
chlorinated pyridine aldehydes in moderate yields by this method.
Decarbonylation occurs as a side reaction in some cases (XIV-6).

H,, catalyst

1 (refi.)
Cl ’jCOCI xyleue (re CIOCHO + Cly™ (XIV-6)
Cl N Cl N Cl N

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, isocinchomeronoyl, 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). Niemann, Lewis, and Hays (290) applied the reaction to

OCONHNH;; + CgH804C1 pyridine 88% [’jCONHNHSOgCGHg,
N N

Na,CO,
lethylene glycol, 60°
36% [ ) CHO (XIV-T)
N

picolinic and nicotinic hydrazides, with similar results. 2-Methyl-
nicotinaldehyde is obtained in 31 per cent yield by this reaction (95).

Work (#19) applied the Sonn-Miiller reaction to the synthesis of
nicotinaldehyde (XIV-8).

PCly, 8aCl,, HCl,
[’jCONHEt E40 OCHO . [’jCHgNHEt (XIV-8)
N N N

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

diethylcarbitol
» 1 =]
OCN + HoNNHCSNH, —oc 52Ch | (‘]CH NNHCSNH3 (3401, Complex)
N N
l hot water, HyS
CH—=NNHCSNH y
83% @ 2 (XIV-9)
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tuting aminoguanidine for thiosemicarbazide. The reduction of
nicotinonitrile with sodium triethoxyaluminum hydride, however,
gives the aldehyde directly and in good yields (XIV-10) (171).

NaAlH(OEt),
OCN tetrahydrofuran 83% OCHO (XIV-10)
N N

Weygand (394) has reported the synthesis of two pyridine dialde-
hydes by reduction of the bis(N-methyl)anilides with lithium alumi-
num hydride (XIV-11). Experimental details, however, are lacking.

Me

CONCgH, LiAIH, OCHO 2
(1‘3001,;0.,}1ls — Uy JcHO (XIV-11)
e

Dyson and Hammick (99) reported the preparation of picolin-
aldehyde from 2-dichloromethylpyridine. The 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 of 2-trichloromethylpyridine (XIV-12).

30% H,50,, reflux,
O SnCl, 417 or alcoholic AgNOi
N~ CCl3a ° @cucu Y

% .
38 (Njcno (XIV-12)

4-Trichloromethylpyridine reacts readily with thiosemicarbazide in
refluxing pyridine to give isonicotinaldehyde thiosemicarbazone in
609, 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 (216). The anil results on reduction of the anilide of this
acid, and this gives the aldehyde thiosemicarbazone (XIV-13).
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C8SK (1) H,NNHCSNH,, EtOH, refl. CH=NNHCSNH,

(2) dil. HCl
> (X1IV-13
@ @ \ )

CgHgNH,, HCI

l CsH;NHNH,, EtOH CSNHCgHy reduction CH:NCgHj
EtOH O Al-alloy ]
CH=NNHCg¢H 4 N N

46% @

e. From Pyridine Grignard Reagenls and Orthoformic Esters

2-, 3-, and 4-Pyridylmagnesium bromides react readily with ethyl
orthoformate to afford the corresponding pyridine aldehydes (765,
397,402,403 441). Yiclds were only moderate (X1V-14). (Cf. Chap-
ter VII, p. 461).

+ HC(OEt); —— 25-30% [ > — %ﬁ
@MgBr (OFVa | N~/CH(OE); 8% Jeno

(XIV-14)

mMgBl’ — 50-58% OCH(OEt)Q > 84% OCHO
N N N

. Acetylation of Pyridine-1-Oxides

2-Picoline l-oxide rearranges on refluxing with acetic anhydride
to give 2-acetoxymethyl-pyridine. Repetition of this reaction with
2-acetoxymethylpyridine l-oxide gives picolinaldehyde diacetate in
moderate yield (#0) (XIV-15). The method is useful in the synthesis
of 3-ethylisonicotinaldehyde (375). Oxidation occurs preferentially
at the 2 position when 2- and 4-methyl groups are available; 2,4-luti-
dine, for example, gives 4-methylpicolinaldehyde (297). 4-Benzyl-
2,6-lutidine, however, is oxidized at the 4 position (213).

0 HIO’—'AGOH m AO’O O (XIV']5)
| 4~/ CH3z0AC N~ CH30Ac N CH(OAC);

O



Pytidine Aldehydes and Ketones 131

g. Sommelet Reaction

8-Picolylamine reacts with hexamethylenetetramine under condi-
tions of the Sommelet reaction to give a 579, yield of nicotinaldehyde.
Gardner, Smith, Wenis, and Lee (132) prepared 2-methyl-3-hydroxy-
4,5-pyridinedialdehyde dithiosemicarbazone by a modification of this
reaction (XIV-16). Similarly, the synthesis of 4,6-dimethyl-5-hydroxy-

CHOEt (1) socl, CH=NNHCSNH,
HO("NCHzOH (3 (CHy)iN,, H,NNRCSNE, | HO( ) CH=NNHCSNH,
Meln Meln (XIV-16)

nicotinaldehyde thiosemicarbazone proceeds from 5-chloromethyl-
2,4-dimethyl-3-pyridinol under Sommelet conditions.

h. From Aliphatic Components

The synthesis of nicotinaldehyde from 2-(dimethylaminomethyl-
ene)-3-pentenedial and ammonium chloride has been reported to
take place in good yield (12).

i. From Picolyllithium and Haloacetals

The alkylation of 2-picolyllithium with bromoacetaldehyde di-
ethylacetal gives 2-pyridinepropionaldehyde diethylacetal. This
product alone is obtained with phenyllithium as the metallating
agent (XIV-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 corresponding
aldehydes are then obtained by hydrolysis.

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

Snell and co-workers (357) first demonstrated the existence of a
physiologically active metabolite of pyridoxine which was also pro-
duced by oxidation of this substance. Harris and co-workers (161,
162,173) elucidated the structure of this product (3-hydroxy-5-hy-
droxymethyl-2-methylisonicotinaldehyde = hemiacetal) and synthe-
sized it (XIV-17). The isomeric aldehyde (5-hydroxy-4-hydroxy-
methyl-6-methylnicotinaldehyde = acetal) was also prepared (X1V-
18); it possesses no growth-promoting properties (16/) and is a me-
tabolite of pyridoxine with certain bacteria (217,333).
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CH3;0H (1) KMnO, CH=NOH
HO N CH,0H (2) NH,0H  HO N CHzOH HNO,
Me N Me\N
HOCH—
CHO
HO CH,0H HO Ho
Moy = Moy (XIV-17)
CH30Me CH30Me
HO"™NCHCl (CH,)¢N, dil. alo. HO\CHO NH,OH
MO\N Me
N
CHz—0
CH;0Me HNO,, EtOH (_L,
HO CH==NOH __80° HOEt
Me N N
CH,OH
HO CHO
Mo N (X1V-18)

Me\ o Me\ 5 /

Me/"/ o Me/ \‘
ij__ CH3OH CrO,-Pyridine o, CHO
Me N Me N?

O0—CHOEt
! (1) POCl,, anhy. CyH,N, 25°
H,C- OH (2) Ba(OH),
N Me *
O—CHOEt
H HCl—Abs. EtOH
2 . OP0sBa e O, Freoacid (XIV-19)

Codecarboxylase (XI1V-21) is widely distributed in nature; it
functions as the coenzyme of tyrosine decarboxylase and in trans-
aminations. It 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). Heyl,
Luz, Harris, and Folkers (I74) demonstrated conclusively that the
coenzyme is phosphorylated in the b position. A number of syntheses
have been devised: (cf. Chapter XIII, p.24).

1. Visconti-Ebnother-Karrer synthesis

HOCH—O

CHO
HO CHO0H ____ HO‘ Hy H,;NNHCOCH,NMe,
Me N Me N "

+

CH=NNHCOCHNMe CH=NNHCOCH;NHMe 3
HOOCHQOH (HPOs)y  HO CHoO(P30gH o)™
Mel Me N

a+ \01
Codecarboxylase
2. Baddiley-Mathias synthesis /{ o
1
CH30H Me2go H,PO, anhyg
(0] Me,CO T days 25

I;IAGO CH,0H Me,CO jCHgOH Ba Salt

N
3. Wilson-Harris synthesis

(1) anhy. H,PO, (XIV-20)

CHgNH» (2) NaOH, pHé6 CHO
HOI CH,O0H (8) MO, HOO CH0PO3H, (as NH4+ salt)
Me N Me

CHO /

HO CHaOPO3H4
Me I N
(XIV-21)
Codecarboxylase
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(1) CgHsLi
(2) BrCH,CH(OE1), (j
ana |/ CH;CH3CH(OEL), (XIV-22)
/:Iil. HCI
()
NACH;CH3CHO (X1v-23)
(1) RLi

(j 2) BPCHICH(()EY.)L (j +
L/ CH, > L \JCH,CH,CH(OEY),

@ incnzcﬂ(om)z

R = butyl: 5.7% (X1V-24)
R = propyl: 6.8% (X1V-25)

3. Reactions

Pyridine aldehydes are typical aromatic aldehydes in most re-
spects. They give normal carbonyl addition reactions with hydrox-
ylamine, semicarbazide, phenylhydrazine, and other reagents; some
of these reactions are discussed below. They react with Grignard
reagents to give the expected secondary alcohols (230,328) (c¢f. Chap-
ter XIII, p. 28). The 2-and4-isomers undergo aldol condensation
with nitromethane; the products are dehydrated readily to pyridyl-
nitroethylenes (427). An aldol-like condensation has heen reported
with diethyl phosphite (56). Chapter XI, Table 10 (pp. 384 ff.)
summarizes the Perkin condensation and Table 25 (pp. 431 ff.) the
Knoevenagel reaction.

Oxidation to the corresponding acids occurs with great ease.
Picolinaldehyde discolors rapidly in air and is oxidized by hydrogen
peroxide. Nicotinaldehyde is even more labile. The oxidation of
isonicotinaldehyde with dilute hydrogen peroxide gives isonicotinic
acid. In like manner, dipicolinaldehyde and 6-carbomethoxypico-
linaldehyde afford dipicolinic acid and its monomethyl ester respec-
tively (261,265,267).
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Pyridine aldehydes react with carbethoxymethyl triphenylphos-
phonium bromide under conditions of the Wittig reaction to give
B-pyridylacrylic esters in almost quantitative yields (372).

Picolinaldehyde 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

The pyridine aldehydes react with primary amines to form azo-
methines, which give the expected secondary amines by reduction.
This process has been applied to the condensation of pyridine 2-, 8-,
and 4-aldehydes with 2-hydroxyethylamine; catalytic reduction of
the azomethines (XI1V-26) gives the amines (106). Profft (332) con-

(N\}CHO + HgNCHoCH,0H Ceer reflux (N @—CH=NCH;;CH30H

' (X1V-26)
IH,, Pd

@cngNHCHzcnzon

densed butylamine with picolinaldehyde in high yield. Hydrogena-
tion of the azomethine with Raney nickel afforded the secondary
amine, and further reduction with sodium and ethanol yields
pipecolylbutylamine (XIV-27). Azomethines of this type can be
reduced conveniently with sodium borohydride (287).

Raney Nickel,
H,, AcOH

@ BuNH, %% 90%
«nJcHo * BulHa "@CH=NBu

86% Na, abs, EtOH o XIV.
’ @CHgNHBu N~ CH2NHBu (XIV-27)

H

The condensation of pyridinealdehydes with chloramine gives
the expected N-chloroazomethines in moderate to good yields. The
product from chloramine and isonicotinaldehyde affords isonico-
tinonitrile in high yield on dehydrohalogenation with triethylamine
(317).
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Various condensation products have been obtained from pyridine
aldehydes and ammonia. Harries and Lenart (160) described the
formation 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-

Qo]

(XIVv-28)

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

Pyridoxal undergoes reductive condensation with a number of
amino acids (XIV-29). Cyclic products result in certain instances
(XIV-30) (448).

CHO
HO CH,0H NH, Pt, Hy(3 atm.), abs, MeOH
{ 2 + RCHCQOH
Me N
R
CH;NHCHCOOH
HO™ CH,0H (93%) (XIV-29)
Me N
CH30H
(XIV-30)
L.Cysteine — HOOG
OH Me

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

CgHj

N—
@-CHO + CgHzNHCH3CHaNHGCgH 5 ———m—" @—( ; (XIV-31)
N._J

CeHjy
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b. Addition of Bisulfite

Picolinaldehyde reacts readily with sodium bisulfite to give a
normal addition compound (99,160,257). The free acid possesses
exceptional stability and probably exists as a betaine (X1V-32); it

OH
(Jor™ _
+ H 808

(XIV-32)

forms in high yield, sublimes readily, and is difficultly soluble in
water. The free hydroxysulfonic acid is formed also by treating a
cold aqueous solution of the aldehyde with sulfur dioxide (257).
Isonicotinaldehyde and 6-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

KCN, pH 3.5 H H
O -10°) i JOH ( j " E j
—_ [ ]CH + 2 PyCHO
N~ CHO N"OB yC N N

(XTV-33)

exclusively, while nicotinaldehyde and the 4-methyl, 6-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 (258).

The cyanhydrins are hydrolyzed by warm water or alkali to the
corresponding pyridoins (XIV-34). Isonicotinaldehyde cyanhydrin
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gives a diacetyl derivative which has been formulated as (XIV-35).

(\J_EH_:E_O o, Q,_?*C __@ (XIV-34)

(Enediol form)
CH3C00_ ON

c

I
i

N

COCHj
(XIV-35)

The direct conversion of picolinaldehyde to 2-pyridoin occurs
with potassium cyanide, acetic acid, or merely by heating (53,168),
while boron trifluoride and boron trichloride give a mixture of
2-pyridoin and 2-pyridil (252). 2-Pyridoin is a remarkably stable
substance, and considerable evidence exists in support of a chelated
trans enediol structure (XIV-36).

(XIV-386)

Nicotinaldehyde yields the enediol diacetate (XIV-37) in acetic
anhydride solution. A vellow color is produced by reaction with
potassium cyanide in aqueous solution, but no pyridoin has been
isolated (255). Isonicotinaldehyde, in contrast, yields isonicotinic
acid and 1,2-bis(4-pyridyliglycol (185,263), the result of a Cannizzaro-

?cocn3

SR .

OCOCH;
(XIV-37)
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like reaction. No intramolecular stabilization of 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: 2-pyridoin > l-phenyl-2-(2-pyridyl)-1,2-ethene-
diol > 1-phenyl-2-(4-pyridyl)-1,2-ethenediol. Chelation evidently
tends to stabilize 2-pyridoin.

O O Pt 4 Hy(3 atm.)
N+ CH=CHC¢H; N~ COCOC gHjs

on
@—(I?=C—Ceﬂs (XIV-38)
OH

2-Pyridoin reacts as rapidly as the aldehyde with Tollens reagent
and also with 2,6-dichlorobenzenone-indophenol. It yields either a
mono- or diacetate according to conditions; reaction of the dipotas-
sium salt of the enediol with benzoyl chloride gives the dibenzoate
(51,86,100). 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 (100). The 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 (53,86.100). Reaction of 2-pyridoin with p-toluene
diazonium sulfate in aqueous solution gives picolinic acid and its
p-tolylhydrazide (107) (XIV-39).

@—c:&ﬁ*‘@ \HSO,” —
J)H Ng*

@coon t{yJoonany  XTV-39)

)

CH,
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2-Pyridoin is oxidized readily by air or concentrated nitric acid
to 2-pyridil (381), which enters normally into the benzilic acid re-
arrangement (207), and reacts with tosylhydrazine to give a pyrido-
triazole (50, 103).

d. Cannizzaro Reaction

The simple pyridine aldehydes give the expected products in the
Cannizzaro reaction, and pyridine 2,6-dialdehyde (XIV-40) reacts
normally (149,151,160,267) (XIV-41). Isonicotinaldehyde apparently
undergoes a similar reaction with catalytic amounts of aqueous
potassium cyanide (263) (XIV-42).

50% KOH + +
onc@ CHO HOOC@COOH HOCHg@CHgOH

(XIV-40)

HOCH, @cooa (XTV-41)
CHO trace of ag COOH CHOH—CHOH
O KCN beat i . (Lj KTV,

e. Reactions of Functional Derivatives

Ried and co-workers (331,332) and Seyhan (353) have prepared a
series of formazans and tetrazolium salts from substituted phenyl-
hydrazones of pyridine 2- and 4-aldehydes (X1V-43).

The pyridine aldehyde thiosemicarbazones react with a-haloke-
tones to give thiazolines. Two types of products are formed accord-
ing to conditions of acidity (XIV-44). Nicotinaldehyde thiosemi-
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NNHR
Va
GCH=NNHR +RN;TCIT — GC/
N N “N=NR’

l i-CyH,,0NOQ, HCI
N—NR+
(el || o cavas
N N==NR’

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

MeOH,
reflux
GCH=NNHCSNH + CICH,COCH (:}CH:N——N 8
N 2 2 8 N T j
HN. Me
(XIV-44)
MeOH, __-S
r:llnx HN_—I/__] Me

HCI salt + CICH3COCHy — || N CH=NN

f. Condensation Reactions with Ketones

Pyridine aldehydes condense with a variety of aliphatic and aro-
matic ketones and B-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-1 (p. 175 ff.).

B. PYRIDINE KETONES

1. Preparation

a. Ring Closure 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 a modified Hantsch synthesis to the preparation of
pyridine ketones. The reaction ol acetylacetone, formaldehyde, and
ammonia gives a dihydropyridine which is oxidized with nitric acid
to 3.5-diacetyl-2,6-lutidine (X1V-45). The yields in the reaction of

H3COGHCOCH,
CH,COCH,COCH; + HCHO &ieridine), CH,
CH3COCHCOCH,
lNH,
Hy
CH3CO ~COCH; _HNO; CH4CO; ) COCHj, :
MeQMe = el Ive (XIV-45)
H

aromatic aldehydes, acetylacetone, and ammonia are affected by the
substituents on the aromatic ring. Benzaldehyde, for example, gives
the lowest yield (329) and m-dimethylaminobenzaldehyde methio-
dide the highest (1009). Acetoacetic ester can serve as the ketonic
component (313) (XIV-46). Acetylpyruvic acid and ammonia

H
CHO . NH,0H—EtOH YCO COoY XIV-46)
R@ + YCOCHzCOMe reflux 3 hours MeSyn lMe (

Y = Me, OEt H

undergo an analogous reaction in ether solution to afford 3-acetyl-4-
methyldipicolinic acid (285) (XIV-47). Ketoaldehyde derivatives
react with ammonium acetate by a similar process to give pyridine
ketones in low yields (XI1V-48).

H3C

(0]

HoC + CH;COCHj3; NHy/Et,0
HOOCCO OCOOH

Me

@COCHa
HooC\JCOOH  (XTV-4T)

CH\
CH ONa

|
R—CO + /CHCOR m ROCOR (XIV-48)
NaO—OH N

C
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Appropriate aminoketones can be employed 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 2-amino-2-penten-4-one) give a
dihydropyridine which yields 3,5-diacetyl-4-phenyl-2,6-lutidine by
oxidation with dilute nitric acid (XIV-49). g-Aminocrotonic ester
and appropriate acetylacetone derivatives behave in a similar man-
ner (208) (XIV-50).

?eHs
CH CHCOCH
/ 8 CgHy
CH53COC + fCHs £, CH3COf™COCH;
CH43CO HoN Me N)Me
H
lDil. HNO,
60°
CgHpy
CH3CO™~COCH; V-49
Me‘N Me (XIV-49)
R
|
EtOBC(l]H (HJH o R oc
FtO5C ™~ COCH
H,CC + <|:cocng—’ f,elNlMe ¥ (XIV-50)
NH, OCCH, H

The bimolecular condensation of phenyl 2-aminovinyl ketone
with acid catalysis affords 3-benzoyl-6-phenylpyridine (28); benzoyl-
acetylene and ammonium carbonate react to give the same product
(49) (XIV-51). A similar ring closure occurs in the reaction of

2 CgH4COCH: CHNHg 25% Ococﬁm
CeHsl\y

. alcohol COCgH
2 CgH5COC CH + (NH{)3CO5 —-— CBH5@ 5 (XIV-51)
l-amino-1-hexene-3-one and 1-chloro-1-hexene-3-one to give 5-butyryl-
2-propylpyridine (758). In other modifications of the reaction the
syntheses of 3-acetyl-2,6-dimethylisonicotinic ester (294) (XIV-52)
and 3-acetyl-2,6-lutidine (92) (X1V-563) may be noted.
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TOOEt
/CO COOEt
[+]
CHa + HO—COCH 28 o0, . ggcna KIV-52)
H3N
/CH(OEt)2
?H H2C|2COCGH5 O COCH,
+ —_—
CH3C CCHj HyCl/CHy
AN /
OEt HN
/CH(OEt)g
L ¥ HgiCOCHs - o Jonos (av-s3)
CHBC CHs CHj3 N CH=x

\OEt }m/

Ring closure of methyl bis(benzoylethyl)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 to 3-benzoyl-
ethyl-2-bromo-6-phenyl-pyridine with bromine and acetic acid (X1V-
55).

Hg
éc v _COOCH3 aar, _coocH,
2 AcOH
o én ’ H3CH,COCgHj +
CeHsCO CNCHZCHQCOCGH" CeHjy ~Br abtla sHs
/O _/COOCH,
i ¥
‘ -
CaHiCO G CH3CH,COCgH;  (XIV-54)
HN Br
CH,
<N\
iHa iHCHaCHaCOCsHa cono. H,80, CH3CH,COCH3
CeHsCO N CeHy N 0]
lBr/AcOH H
CH,CH,COCgH st

CGH5 ' N Br
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Ring formation at other sites, as in the synthesis of Albers, Kal-
lischnegg, and Schmidt (5), gives dihydro- and tetrahydropyridine
ketones (XIV-56).

A more complete discussion of ring closure methods is found in
Chapter II (pp. 272 fL.).

(EtO)oCH
CHaCO(FHa CIIHQ HCl, 0° cnacoo
CHa CH, short time N
N COCgH} (XIV-56)
COCgHy
i Hey
M,
°atment CHaCO l
N
COCgH 4

b. Side-Chain Oxidation

The 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) (X1V-57). The method
has since received wide application in the synthesis of diverse aroyl-
pyridines (28,52,74,87,359,378,388). Selenium dioxide has been used
with success (242). 2-Benzylpyridine gives the ketone by irradiation
with a quartz mercury lamp (284).

(}CHgCeHu KMnO, or Or0s { OCeH; (XIV-5T)
N N

The oxidation of a-stilbazole with selenium dioxide at elevated
temperatures gives a mixture of phenyl-2-pyridylglyoxal and 2-(2-pyri-

dyl)selenonaphthene (54) (X1V-58). 4-Vinylpyridine gives the seleno-
naphthene exclusively.

SeO0,,
O 200—2;00
omecn(J) 5 a1
~,
+ 20% > XIV-58
Qooco (") % Qg cavso

e
2-PyCH=CHPh—»2-PyCOCOPh + 2-Py(<s I:]
cH
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The ozonization of 5-(2-butenyl)-2-picoline to give 2-methyl-5-
pyridylglyoxal has been mentioned earlier (p. 125). This reaction
gives 3-pyridylacetone from 3-(8-methallyl)pyridine (XIV-59) (148).

CHy,C=CH; O CH,COCH
{ 2( 2 = 0 2 8 (XIV-59)

Pyridine ketones can be prepared from the corresponding alco-
hols by oxidation with permanganate (67,381), chromic acid (209,
210,211), or N-bromosuccinimide (391), and by palladium black
dehydrogenation (36%).

Bis(6-dimethylamino-3-pyridyl)methane, prepared by the reduc-
tive methylation of 2-aminopyridine 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) (XTV-60).

SRsa®
@NH2+HCHO+HCOOH — eanly (e

J Sulfur, 190°
C dil. HC1 CS
Me N { Nj [ N]NMeg MezN(‘ Nj ‘QNMeg
(X1V-60)

3-Ethylpyridine is converted by side-chain chlorination and hy-
drolysis to 3-trichloroacetyl pyridine. Application of this reaction
to 5-ethyl-2-picoline gives 5-trichloroacetyl-2-picoline (425) (XIV-61).

(™
R N~

R = H, Me

COCCly XIV-61
R’L/Nj ( )

2-Vinylpyridine undergoes low temperature chlorination in metha-
nolic sodium hydroxide to afford 2-(a-methoxy-g-chloroethyl)pyri-
dine, which gives Z-acetylpyridine on hydrolysis (#24) (XIV-62).
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NaOH——-MeOH hydrolysis
R'qu CH=CH; __ 0-5°C ‘E jcncngm

R = 5-M

BB R_@ (XIV-62)

\ N~ COCH3
6-Me,

4 ,G-Me Q

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

80°,
O NaNH,
|y CHZOCH,CH=CH, @CHOHCHQCH —CH
11400
@ COCHy (XIV-63)

Ockenden and Schofield (300) have prepared 2-(o-aminobenzoyl)-
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 2,3-bond. The aminophenyl ketone follows
by hydrolysis (XI1V-64).

ngy-2
cc eHj

CHyPy-2 O
COCgH, NH—

—_’ O—Jcsﬂs
i

COPy-2 Qcopy-z

NH, NHCOCgH, Cav-64)
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The 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 of the result-
ing oxynicotine. The synthesis of Haines and Eisner (155) consti-
tutes a structure proof of pseudooxynicotine (XIV-65).

O COOEt — CcO
+ —— —
N o LNj Iy o’j\Nj
CHy CHj;

COCH,CH,CHgNHCH
||N| aCH3CH, 8 (x1v-65)

(Pseudooxynicotine)

Derivatives of 3-(y-aminobutyryl)pyridine result by reaction of
myosmine with carbonyl reagents (156) (XIV-66). N-Methylmyos-
mine, however, is resistant to such treatment.

\/j _ CO(CH3)3NH3 (XIV-66)
N Nj @
H

Myosmine

c. From Carboxylic Acids and Salts

Ketones can be prepared by dry distillation of mixed calcium
salts of aliphatic and pyridinecarboxylic acids. The process, how-
ever, is of little practical importance. Calcium nicotinate, for exam-
ple, reacts with calcium acetate, propionate and butyrate to give,
respectively, 3-acetyl, propionyl, and butyryl pyridines (/08). Simi-
lar conversions result with calcium picolinate and aliphatic acid
salts, although in unsatisfactory yields (109,112,113). Thermal de-
composition of calcium nicotinate gives low yields of bis(3-pyridyl)
ketone (229,239). Bis(2.6-diphenyl-4-pyridyl) ketone, however, forms
in a satisfactory manner by pyrolysis of calcium 2,6-diphenylnicotin-
ate in high vacuum (351).

The 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).

The condensation of cinchomeronic anhydride with phenylacetic
acid gives a lactone which rearranges with sodium methoxide to
2-phenyl-6-aza-1,3-indandione (117) (XIV-67). Cleavage of 4-pyrido-
phthalone with sodium hydroxide and diethylsulfate yields 4-(2-car-
bethoxyphenacyl)pyridine (422) (XIV-68).

GHCAH
co—0 c—g
co + CgHgCH,COOH —aan® ﬁ
| CeHyCH2 280710 min. Ly
N
NaOCH,,
Fa

(XIV-67)

(f gcen,,
O"E

CHgCOO

CH=—=C
SR (Y o o
[ N
N |
0

d. Ester Condensation

The Claisen ester condensation with its modifications is simple
and widely applicable for the preparation of pyridine ketones, usu-
ally in satisfactory yields. Cf. 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 (78,96,180,215,229,302,325,353,370). Webb
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and Corwin (392) prepared 3-acetyl-4-picoline by means of acid
catalysis.  4-Acetylpyridine results from the normal base-catalyzed
condensation (/97,215,229), the homologous 4-propionylpyridine in
poor vield (223).
Pyridine esters and o-(diethylamino)butyric ester give the amino-
propyl ketones (36) (XIV-69).
(1) base

@ COOEt + EtzNCH,CH;CH,COOEt 2215

@—comuz)aNEtg (XIV-69)

Ethyl picolinate gives a dicondensation product with diethyl suc-
cinate, while ethyl nicotinate and ethyl isonicotinate react in a 1:1
ratio (64,353,360) (XIV-70). Diethyl glutarate condenses similarly
with nicotinic ester (353).

CHCOOEt guee 2-PyC(;ZHCOOEt

2-PyCOOEt + |
CH,COOEt 2-PyCOCHCOOEt

(XIV-70)
H,COOEt PyCOCHCOOEt

C
3-(or 4-)-PyCOOEt + | —
CH,COOEL CH,COOEt

Nicotinic acid esters give pyridyl-g-diketones with alkyl and aryl
methyl ketones (78,224) in yields ranging from 42 to 72%,. Ethyl
isonicotinate reacts with acetophenone in an analogous manner (382).

The condensation of ethyl nicotinate and N-methyl-2-pyrrolidone
affords 3-nicotinoyl-1-methyl-2-pyrrolidone, which undergoes hy-
drolysis to 3-(y-methylaminopropionyl)pyridine (36f). An analogous
reaction between ethyl picolinate and 2-pyrrolidone gives 3-picolin-
oyl-2-pyrrolidone and 2-(y-aminopropionyl)pyridine (364); N-methyl-
succinimide reacts to give 1-methyl-3-picolinoylsuccinimide and the
v-keto acid (XIV-71).

Ethyl nicotinate and y-butyrolactone give the ketolactone, which
is converted to y-picolinoylpropanol in poor yield (13). Substituted
butyrolactones react similarly (414).
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Na, CgH, (j
L T Ay ! e
Qcoom 0={y—0 No—CO—

UL
Me O=t=0

Me
/ncx XIv-71)

@—coenzcnzcoon

e. Friedel-Crafts Synthesis

The pyridine ring cannot be acylated by means of the Friedel-
Crafts reaction (/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 8 position. Isonicotinoyl
chloride has apparently not been employed. Dipicolinoyl chloride
and isocinchomeronyl chloride react with benzene to give the ex-
pected disubstitution products (418).

The anhydrides of the pyridine dicarboxylic acids are of special
interest in regard to orientation effects. Quinolinic anhydride, for
example, reacts with benzene in the presence of aluminum chloride
to give 3-benzoylpicolinic acid; the more aromatic ring position thus
provides the ketone-forming group (XIV-72). Numerous examples
proceed in the direction shown (125,157,183,184,188,203,214). The
isomeric cinchomeronic acid was reported by Freund (123) to give
3-benzoylisonicotinic acid. Fulda (724) re-examined the product and

o

AlC1 COCH
o cane 201 (G4
Q,L——nlg + CeHle N+ COOH (XIV-12)
o
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assigned the isomeric structure 4-benzoylnicotinic acid; this corre-
sponds to the findings of Philips (312). Kirpal (202), however,
demonstrated the presence of both isomers and proved their struc-
tures by synthesis. The inductive effect of the hetero atom is much
more pronounced with quinolinic than with cinchomeronic an-
hydride.

The dianhydride of 2,3,5,6-pyridinetetracarboxylic acid reacts
with benzene to give a mixture of dibenzoyl dicarboxylic acids; the
corresponding diacid chloride gives 2,3,5,6-tetrabenzoylpyridine
(XIV-73) (245).

These reactions are also discussed in Chapter X (pp. 216 and
240 ff.).

(I) A1C1,—CgHy
?‘ 0 (2)socl,

€)) AlCla_CGH6 CGH 5CO COCgH5
() AICL,—CeHy XIV-T3
Oi—f;lz:o CoHsCOLyJCOCH, ¢ )

f. From Organomelallic Compounds and Pyridine Nitriles
or Acid Chlorides

Pyridine nitriles react with alkyl and aryl Grignard reagents to
give the corresponding ketones. The a-pyridine nitriles generally
react more readily than the g-isomers. Rith and co-workers (327,
329) first applied this method to the synthesis of 3-acetylpyridine
and 6-chloro-3-acetylpyridine in yields of about 30 to 359,. Prepara-
tion of the former compound, however, is more successful by the
procedure of La Forge (227). Homologous ketones can be obtained
in the same way (X1V-74).

I
G‘CN RMgX — G— h”d”’“‘s GCOR (XTV-T4)

Frank and Weatherbee (120) reported an interesting reaction be-
tween nicotinonitrile 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.

NMgBr + IﬁIMgB Pr NMgBr

f f
O CPr m CPr + PrMgBr OCPI- hydrolysis
N N N
MgBr

Pr
O COPr (XIV-T5)
N

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).

CfH 3 CHg
@‘C-CN + RMeX (Nj——é—con (XIV-T6)
eHs Ce¢Hp

Alkylcadmium halides react with pyridinecarboxylic acid chlo-
rides to give 3-acyl and 2,6-diacyl pyridines. Yields are somewhat
inferior to those of the normal Grignard reaction (14,120).

These reactions are also discussed in Chapter X; see pp. 217 and
236.

g. Acylation of Metallopyridine Derivatives

Metallopyridine derivatives, such as pyridylmagnesium bromide,
pyridyllithium, and picolyllithium, react with various reagents to
give pyridine ketones. The 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 (30,143,206,223,398,420).

The reaction of aromatic nitriles with 2-picolyllithium (XIV-77)
gives ketimines isolable by careful hydrolysis of the primary reaction
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products (X1V-78). An analogous reaction of aromatic esters and
anhydrides with 2-picolyllithium gives 2-phenacylpyridines; the use
of excess anhydride, however, may lead to diketone formation
(143,206 420) (XIV-79).

NLi NH
+ ArCN —. I B L/j I :
@CHgLi ToN @cnzcm L+ CHaCAr
(XIV-77) S
N/CHpcOAr (XIV-T8)

_ + (CgHsCO)30 —— (’j
@cngm sHsC0O)2 N~ CH2COCgH 5

l (CgHgCO),0

(NACH(COCEHy);  (XIV-79)

Gilman and Towle (139) have reported an interesting side reac-
tion which occurs in the acylation of 2-picolyllithium (X1V-80).
The mechanism of B-acylation of the pyridine ring has not been
established.

COCH
+ CH3COCl — + 0 3
@cngm CH5CO @CﬂchCHs |~/ CH3

1 2.PyCH,Li

Hg
@cm “(j
Hycl
H N (XIV-80)

The reader is referred to Chapter VII for further discussion.

h. Acylation of Picolines

2-Picoline undergoes an uncatalyzed acylation with benzoic anhy-
dride at elevated temperatures to give a mixture of mono- and di-
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benzoyl derivatives (5). The zinc chloride-catalyzed condensation of
2-picoline and homologs yields diketones (/57,160). Naphthalic an-
hydride (XIV-81), reacts with 2,4,6-collidine to form a cyclic g-dike-
tone (XIV-82). The reaction of phthalic anhydride and 2-and 4-
picolines is of special interest (¢f. Chapter V, p. 196).

Me o ° O Me i
g ZnCl, 0
+ 37%
Me@Me O‘ Me‘ N —CH (X1V-82)

(XIV-81) 0

The uncatalyzed 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-1,2-diphenyl-3-(2-pyridyl)-1-propanone (244) (XIV-83).

H;COCOCeH; == 54% ets
+ — o -
@Me CaHCOCOCsH, @Cchoﬂ (XTV-83)

COCgH;

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

The reaction of 2-acetylpyridine with benzaldehyde gives a
number of products according to the conditions (XIV-84). 2-Acetyl-
pyridine and o-nitrobenzaldehyde give a hydroxyketone which under-
goes dehydration with base to a chalcone isostere (£70) (XIV-85).
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10% NaOH
[;]COCHa*'C°H5CHO =

[;jCOCH=CHCﬁh

[;jc00H2
2[?) + CgH,CHO ‘22 NeOF CHCH
LyJcocn, T Ve x5

[ijCOCH{/
(;jcocnm\

CHCgH

10% Naon N COCH/
2 . CHO ——— XIV-84
ﬁDcomh'*lzc“” EJ N\ ¢ )

CHO NOg

Qs 5 —
N~ COCHj N» COCH;CHOH

|
[;jco%n

CH

oa

The acylation reaction of Boekelheide and Linn has been ex-
tended to the production of pyridine ketones. In an interesting
example, 4-benzyl-2,6-lutidine-l-oxide gives 4-benzoyl-2,6-lutidine
(213). Treatment of 4-benzoyl-2,6-lutidine-1-oxide with acetic anhy-
dride affords 4-benzoyl-3-hydroxy-2,6-lutidine.

Nicotinic acid l-oxide gives 2-acetylnicotinic acid l-oxide on re-
fluxing with acetic anhydride. A 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-1,3-indanedione
(17) (XIV-8ba). Similar reactions with isonicotinic acid l-oxide and
cinchomeronic acid 1-oxide were unsuccessful.

(X1V-85)
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COgH (EtCO),0 (o COzH (0]

N nA—cokr * L/ Mo aveesy

¥
0 o

2-Picoline 1-oxide reacts with ketene under acid catalysis to give
2-pyridylacetone in 509, yield (190).

i. Hydration of Acetylenes

The hydration of acetylenes constitutes an effective method for the
preparation of phenacylpyridines (34,250,279,356).  2-(Phenyl-
ethynyl)pyridine, for example, which is prepared readily from the
corresponding stilbazole, gives a high yield of 2-phenacylpyridine.
2,6-Diphenacylpyridine results in high yield by a similar process
(XIV-86). The hydration evidently proceeds in only one direction
(343, 433).

2.25 N Alc
KOH

& T
n» CHBrCHBrCgH s refl.

QCE CCgHy

85% H,50,
boil, 5 min.

Br,—CCl,
@CH =CHC 3H5

(anzcocaﬂ5
[> 80% over-all yield]

CeH 5CHBrCHBr@ CHBrCHBrCgHy —— CgH3C=C @CECCGH,,

lso% H,S0,

CgH ,,cocm@cmcocan,,
(XIV-86)

j- Japp-Klingemann 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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of carbon dioxide. Frank and Phillips (179) have prepared several
pyridine ketones by this method (XIV-87)

NNHAr

COOH 4., *
©-~(lJHR — @—("J OCOR (XTV-87)

k. Addition Reactions of Vinylpyridines

B-(2-Pyridylalkyl ketones form by Michael addition of ketones
to 2-vinylpyridine. A variety of ketonic compounds have been used
(6,39,237,407 4#26). Sodium and “Triton B are effective basic
catalysts.

Certain side reactions occur in these condensations. Acetylace-
tone and 2-vinylpyridine react in the presence of sodium, for exam-
ple, to give both the normal addition product and 5-(2-pyridyl)-2-
pentanone by cleavage (6) (XIV-88). Ethyl acetoacetate gives the
normal compound which can be hydrolyzed to the same substance

COCH,

Na
CH,COCH,COCH; — [Aj +
[:jCH==CH2 R b Ly CH,CHZCH
COCH,
XTV-88)
[;?CchHZCchOCHa (

(91). Another commou side reaction involves the introduction of
more than one pyridylethyl group into the carbonyl compound.
This occurs frequently with sodium and to a lesser extent with Tri-
ton B catalysis.

The formation of g-acetyl-a-(2-pyridyl)ethylbutyrolactone from
a-acetylbutyrolactone and 2-vinylpyridine occurs in 409, yield (39)
(XIV-89). An open chain ketone is obtained exclusively in the reac-
tion of 2-vinylpyridine with 3-methyl-4-hydroxycoumarin (XIV-90).

E“] 4_CH300—~" Na (‘] %ocna
= CHoCHg— -
N CH CH2 2 2 ) (XIV-B 9)

o]
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OH Pyridine
7 Me + 24 Hours (\} (‘EH3
L Jo IN CH=CH, ~ lN,cuzcnchgl:~@
i 7
(¢

(X1V-90)

2-Pyridineethanol has been employed as a source of 2-vinylpyri-
dine in reactions with substituted acetophenone: yields are low,
however (349) (X1V-91).

COCH; Na 0 XIV-91
©0H30H20H * O — [ Jon,cmon,cocgm, ¢ )

l. From Acylpyridinium Salts and Acyldihydropyridine
Derivatives

Claisen and Haase (76) obtained a yellow crystalline compound
by interaction of pyridine, acetophenone, and benzoyl chloride at
ordinary temperatures. Doering and McEwen (90) considered the
product to be I-benzoyl-4-phenacyl-1,4-dihydropyridine (XIV-92).

OH o
+ 25
_é 3 Months
O —_ m + CHy=C—CgHs
+N N
COCgH COCgHyg
HCHgCOCgH‘r,
13.3% | |
N
COCgHy
(X1V-92)

Cyclohexanone reacts in a similar way; the product (XIV-93) gives
2-(4-pyridyl)cyclohexanone by oxidation with iodine. Propiophe-
none gives the pyridine (X1V-94) directly.

The reaction product of acetic anhydride, pyridine, and acenaph-
thenone was assigned structure (XI1V-95) by Ghigi (135,/36), but
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=0
H ?COCGH(, CHsCO
m CHs'—'CZC‘—C 5H5 .It‘
N I J}
COCgHj5 N P OCHj,3
(X1V-93) (X1v-94) (X1IV-95)

Doering and McEwen (90) showed that the product is the 1-acetyl-4-
substituted tetrahydropyridine (XIV-96).

(XIV-96)

4,4’-Bis(1-acetyltetrahydropyridine) undergoes cleavage and rear-
rangement on prolonged boiling with methanol to give 4-acetylpyri-
dine. Cleavage results also by treatment with methanolic hydroxyl-
amine, but the product instead is a dihydropyridine (XIV-97) (107).

Methanol COCHj3

i j| E ] reftux, O + CsHgN + 4-PyEt
N N

! E (trace)
COCH3 OCHj

lNHzon

MeOH
CH;C=NOH
(L/lu
)
COCHg4q (XIV-97)

m. Diazoketones and Halomethyl Kelones

Pyridine diazoketones can be prepared by conventional means
from the acid chlorides and diazomethane and are useful intermedi-
ates for the preparation of diverse substituted ketones. 2-Diazo-
acetylpyridine, for example, gives the corresponding hydroxymethyl
ketone by hydrolysis with 5097, acetic acid (93,94 #16) (XIV-98). The
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(1) ¢cscl, 50% AcOH

(2) CH,N. reflux (j
(2) CH,Ny e (XIV-98)
@COOH @COCHNg | y~COCH,0H

3-diazomethyl isomer is prepared in low yield by a similar proce-
dure; treatment with hydrogen chloride yields 3-chloroacetylpyridine.
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 (189,274).

a-Bromoalkyl pyridyl ketones are readily available by direct
bromination. 2-Bromoacetylpyridine, thus, is formed from 2-acetyl-
pyridine (80); it is available, however, in much better yield by bro-
mination and hydrolysis of 2-carbethoxyacetylpyridine (#17). A
similar procedure affords 3-bromoacetyl- and 4-bromoacetylpyridine
(XIV-99).

(‘j Br,, AcOH (j
N-COCH3 > | JcocH,Br

HBr S
@ COCH3COOC,H iz #8% BT, @——cocngar (XIV-99)

n. Other Methods

Bachman and Schisla (15) have effected the direct acylation of
pyridine with N ,N-dimethylbenzamide in the presence of magnesium-
mercuric chloride. The mixed benzoylpyridines, which amount to
about 55%,, consist of 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 of a-phenyl-
a-(2-pyridyl)propynol with ethanolic potassium hydroxide to give
2-benzoylpyridine and acetylene (131) (XI1V-99a).

Ph
| KOH—EtOH

2-PyC—C=CH 82O by COPh+ HC=CH (XIV-99a)
| (10~80%)
OH

a-Pyridoin reacts with p-toluenesulfonyl chloride in pyridine to
give a-pyridil. Mixed diketones of this type may be obtained by
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other methods.  For example, selenium dioxide treatment of 2-pico-
lyl phenyl ketone gives the diketone, and isonicotinoyl-4-pyridyl-
carbinol affords y-pyridil (3017).

2. Properties and Reactions

The preparation and properties of nuclear pyridine ketones are
summarized in Tables XI1V-2-4 (pp. 206 ff.): side-chain ketones are
found in Tables XIV-5 and XIV-6 (pp. 272 fF). Table XIV-7 (p.
310) covers di- and polyketones, and Table XIV-8 (p. 324) covers
ketones with a hydrogenated pyridine nucleus.

Pyridine ketones give the expected reactions. Thus, they con-
dense with the usual carbonyl reagents to give well-defined deriva-
tives. The B-ketoesters, B-ketoaldehydes and g-diketones form pyra-
zoles with hydrazines and pyrimidines with amidines. Numerous
reactions have been reported with Grignard reagents to give tertiary
carbinols or their dehydration products. (Cf. Chapter XIIL) Hy-
dantoins form readily and in good yield, while the L.euckart reaction
gives the expected amines in variable yields. 3-Acetylpyridine reacts
with ethylene glycol and ethylene dithiol to give the cyclic ketal and
thioketal (371). The Elbs reaction, oun the other hand, has been
unsuccessful with various pyridine ketones (7/6). The Wittig
reaction with (carbethoxymethyhtriphenylphosphonium bromide
gives high yields of acrylic esters (372).

a. Oxidation and Hydrolysis

Pyridine ketones generally exhibit ordinary behavior on oxida-
tive treatment. 2-Acetylpyridine, for example, undergoes the normal
iodoform reaction (296). Oxidation of sodium phenyl-(4-pyridyl)-
pyruvate with hydrogen peroxide gives the corresponding acetic acid
(354). The Willgerodt reaction generally gives good yields of prod-
ucts.

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

The alcoholysis of aryl pyridyl and alkyl pyridyl B-diketones
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PbO Powd. KOH
Ococo@ 140° Ocom O * I coon
N N N N N N

(XTV-100;

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

b. Catalytic Hydrogenation

Pyridine ketones can be reduced conveniently with hydrogen and
noble metal catalysts; the products are pyridine carbinols, piperidine
ketones, or piperidine carbinols according to the conditions em-
ployed. 3-Acetylpyridine, for example, gives g-methyl-3-pyridine-
methanol with hydrogen and platinum; in the presence of hydro-
chloric acid the product is the 3-piperidyl carbinol (370).

Scheuing and Winterhalder examined 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).
Bachmann and Jenkins (/4) prepared a series of 2,6-diacylpyridines

O PtO,—BaS0,
CgH5COCHa y» CHaCOCgHj H,

CGH,,CHOHCHg@ CH3;CHOHCgH

/ Pt0,—BaS0,
H2

S
CgH3;CHOHCH, @CH,,CHOHCBH,,
H

Norlobelanidine

/

H,
S —_ 8
CBH5COCH2©CHQCOCGH5 CeH sCOCH3\y~ CH;CHOHCgHj5
H H

Norlobelanine Norlobeline (X1IV-101)
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which undergo catalytic reduction to the piperidine dialcohols.
1-(3-Pyridyl)-4-dimethylamino-2-butanone gives the pyridine alcohol,
with some reduction of the ring (358).

The addition of acids does not always lead to reduction of the
pyridine ring. Grael, Fredericksen, and Burger (146) found, for ex-
ample, that hydrogenation of 6-methyl-2-pyridylacetone in the pres-
ence of perchloric acid affects the side chain alone (XIV-102).

H,, Pd—BaS0,
HC10,—AcOH

Me@CHgCOCHa - Me(NjPr (XIV-102)

The hydrogenation of 2-phenacylpyridine and its methobromide
is of interest. The base gives the carbinol in the presence of plati-
num oxide or nickel. The methobromide, however, is transformed
first to 2-phenacyl-1-methylpiperidine and then to cyclohexyl 1-meth-
ylpipecolyl ketone (XIV-103) (177).

- . S — s
@CHgCOCsﬂg -Br (Njcngcocans angcocﬂn -
+

Me Me Me
(XIV-103)

Certain -(2-pyridyl)alkyl ketones are of value in the formation
of bicyclic systems, since hydrogenation is almost invariably accom-
panied by cyclization (X1V-104). For example, phenyl -(2-pyridyl)-
propyl ketone yields the corresponding phenylquinolizidine. Reduc-

0 >‘JH2 H,, PtO,(HCD) Hy
SAN

|
N CHe N
0 CHy PO @% (XIV-104)
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tion with lithium aluminum hydride, 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 3-pyridylpyrrole derivative (XIV-105). This also oc-
curs with zinc and acetic acid.

50 ol — (Tmoelon
iN [ CH, No Et02ClJCH,

+
EtO4CC=NOH O N
(XIV-105)

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

¢. Chemical Reduction

Chemical reductions generally proceed in a normal 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 (#74). Reduction with zinc and acid
sometimes converts the ketone to a methylene group (293,360).

Zn, HCI
100°
@COCH=CHCH20H20Et @ CHOHCH,;CHCHOHCH,0EL

(XIV-106)

The 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
(XTV-107).

Ar

COAr Zn—NH,O
() eoon = o cavaon
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The Clemmensen reduction has been employed in the reduction
of pyridine ketones. 2-Acetylpyridine, for example, gives 2-ethyl-
pyridine as expected. The reduction of 3-(acetoxyacetyl)pyridine,
on the other hand, gives a-methyl-3-pyridinemethanol (20).

Reduction with sodium or sodium amalgam affords cither mono-
molecular or bimolecular reduction products according to the nature
of the ketone emploved. Bis(6-dimethylamino-3-pyridyl) ketone
gives quantitative yields of the carbinol with sodium amalgam.
2-Benzoylpyridine and  3-benzoylpyridine yield simple carbinols,
while the 4-isomer gives the corresponding pinacol (200) with so-
dium amalgani. A further example of the variability of the reaction
is found in the reduction of 2-propionylpyridine. Sodium and amyl
alcohol reduction gives the carbinol, and sodium-ethanol reduction
the pinacol (109,112).

The Mcerwein-Ponndorf reaction has not been much employed
in the pyridine series; f-acetylpyridine gives the carbinol (77).

The Wolff-Kishner reaction has found rather extensive use in the
reduction of pyridine ketones (116,120,156,167,321,325 420). The
conversions are effected in moderate yields and without unusual be-
havior.

d. Bimolecular Reduction and Pinacol Rearrangement

Acetylpyridines undergo bimolecular reduction to the corre-
sponding pinacols under controlled conditions of electrolysis or
ultraviolet irradiation (29). Pinacol remrangement gives a variety
of products. 3-Acetylpyridine, for example, gives two isomers, XIV-
107a and X1V-107b, the former predominating.

Me Me
3-PyCO—C—Py-3 3-Py———é——COMe
hlde 3-Py
(X1V-107a) (X1v-107h)

2-Acetylpyridine gives the pinacol in normal fashion. Rearrange-
ment gives a complex mixture which yields three substances on
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chromatographic separation: 1,2-bis(2-pyridyl)-2-methyl-1-propanone
(XIV-107¢), 6-(2-pyridyl)-7-methyl-hH-1-pyrindene (X1V-107d), and
2-pyridyl 2-picolyl ketone (XIV-107e).

e N
2-PyCO—C—Py-2
I A —Py-2
Me ~ —_ 2-PyCOCH2Py-2

(X1Vv-107c) (X1Vv-107d) (XIV-10Te)

Rearrangement of the pinacol derived from 4-acetylpyridine gives
three products: 2,3-bis(4-pyridyl)-1,3-butadiene (XI1V-107f), 1,2-bis(4-
pyridyl)-2-methyl-1-propanone (X1V-107g), and 3,3-bis(4-pyridyl)-2-
butanone (XIV-107h).

CHa Me 4-Py
4-PyC—-—-Cl])———Py-4 4-PyCOC‘)—— Py-4 4-Py ———IC——COMe
ICIHz Pv‘{e l\ide
(X1v-107f) (X1v-107g) (X1IV-107h)

The major isomer resulting from rearrangement of 1,4-bis(3-pyri-
dyD)-2,3-butanediol possesses profound biological effects on the adrenal
cortex. It is a potent inhibitor of 11-8-hydroxylation of steroids in
man, and interferes with the synthesis and secretion of cortisol, corti-
costerone, and aldosterone (82).

e. Carbonyl-Activated Condensations

Pyridine ketones which possess an q-methyl or methylene group
undergo the usual base-catalyzed condensation. Among these, 2-ace-
tylpyridine reacts with isatin and substituted isatins in the Pfitzinger
reaction to afford quinoline derivatives (XIV-108) (27,254). Other

CO2H

Cl#™--CO + O KOH, EtOH Clm
< AnCO * cHzeoly AN ’N

Cl 4 Cl
(X1IV-108)



168 Chapter XIV

examples of bimolecular base-catalyzed reactions are found in the
condensation of aromatic o-aminoaldehydes and pyridine ketones
(XIV-109), and in the reaction of aniline and pyridine g-diketones
to give quinoline derivatives (/72) (XIV-110). Still another illustra-
tion is found in the formation of glyadic ester (XIV-111) from 3-
acetylpyridine (201).

R
! =
O~ o, O dir. KOH m (XIV-109)
NH; * cHacoly N N

Py-2
0=C\ P
-2 :
O . OHy  com, 8 y-2  (XIV-110)
NH, 0=C—CHj ©'\/1:]CH3
bile
@COCHs + BrCH,COOEt + NaOEt — m' —HCOOE
N N
(XIV-111)

Phenacylpyridines undergo either C- or O-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 halides react similarly in media of high di-
electric constants. Beckett and Kerridge (22) reported that dimethyl-
aminoethyl chloride gives O-alkylation. Sperber, Fricano, and Papa
(361), however, found that C-alkylation also occurred. Acetic an-
hydride gives O-acetylation, while benzoic anhydride gives C-benzo-
ylation.

The condensation of 2-acetylpyridine with aromatic aldehydes
leads to various products. o-Nitrobenzaldehyde, for example, reacts
with 2-acetylpyridine to give the hydroxy ketone, which undergoes
dehydration with aquecus alkali to the unsaturated ketone (110)
(XIV-112). The reaction of benzaldehyde with 2-acetylpyridine
yields a variety of products (X1V-84).

Acylpyridines participate in the Mannich reaction to give mono-
and di-(aminoalkyl) ketones (88,358).
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CHO
EtOH NO
@ * © N2 mco CHO \
N# COCH3 N# COCH,CHOH

l 10% NaOH (XIv-112)
Clooo—onl 3
i — .
N7 COCH=CH ./

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

f- Cyclization Reactions of Substituted Ketones

Structurally suitable pyridine ketoacids and derivatives react with
phenylhydrazine to give quinazolones (158,296) (XIV-113).

Me

co 4
O ® + CgHgNHNHg — [ ) E
N* COOH SN \? CgHj

0

I (XIV-113)
7 ) \0
SN

E o

HCOOR |
or 4 OQNGNHNHQ AcOH (IL\ E@NO’
COOR’ N">c=

| x~CcocH,CcooR CH,COOR

Kuhn and Muenzing (225) have described an interesting cycli-
zation reaction of 2-benzoylpyridine phenylhydrazone. The syn
(higher-melting) modification undergoes oxidative conversion to a
bicyclic triazolium salt; the anti form, however, does not react (X1V-

114). A similar transformation occurs with 2-acetylpyridine phenyl-
hydrazone.
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+
(1) Pb(OAc),—AcOH O
(] j (2) HCI 1;1 ﬁcﬁﬂb ol
N-—GCels N—N (XIV-114)
N
CeHs
06H5Nﬁ;

The Fischer indole synthesis with y-nicotinoylpropylamine phen-
ylhydrazone affords 3-(y-aminopropyl)-2-(3-pyridyl)indole (156).
3-Acetylpyridine o-nitrophenylhydrazone does not undergo this reac-
tion, however (178). Other examples of this reaction in the pyri-
dine series are known (199).

Kigi has reported an interesting extension of the Arndt-Eistert
reaction which leads to 8-azaoxindole (189) (XIV-115).

180° .
Oggcmz dimethylanilines ﬁj\ (XIV-115)
N NH2 methy N N-S0
H

3-Benzoylpicolinic acid reacts with thionyl chloride to give a
chlorolactone which yields methyl 3-benzoylpicolinate on reaction
with methanol and isomerization with alcoholic alkali (204) (X1V-
116).

Cs%i ,CBH!S
socl. OCH3
L/jCOCaH5 (sat. with HCI) (Iko Mo OH é<0
|/ coon ‘ P | P
N N (‘: N
|
o (XIV-116)
alcoholic
alkali
1
OCCGH,,
N~ COOCH,

The reaction of a number of pyridyl g-ketoesters with phosphorus
pentasulfide in xylene gives cyclic dithiolethiones (XTV-117) (232).
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P,S, —
PyCOCHR  xyfone Pycll————CIJR (XIV-117)
CO3Et 8 C=8
\g/

g. Biological Transformations

8-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 of the rate of pig-brain DPNase (XIV-118).

O COCH; O CONH; O COCH3 @ CONHj4 (XTV-118)
N N + N+ N
R R

R = Adenosine diphosphate moiety

3. Ketoximes and Their Reactions

Pyridine ketones form oximes readily under ordinary conditions;
in many cases both syn and anti forms can be isolated and their
structures proved by Beckmann rearrangement. Thus, Nienburg
(290a) showed that 3-benzoyl-6-phenylpyridine forms a mixture of
oximes. The a-form, m.p. 160°, undergoes partial transformation
into the other isomer during the Beckmann reaction. The B-oxime,
m.p. 183-184°, rearranges with phosphorus pentachloride to aniline
and 6-phenylnicotinic acid; the g-isomer yields the latter product,
benzoic acid and 3-amino-6-phenylpyridine. The configuration of
the a-oxime, therefore, is syn-phenyl, and that of the B-isomer, anti-
phenyl.

The oxime of 2-phenacylpyridine and the dioxime of 2,6-di-
phenacylpyridine undergo the Beckmann rearrangement to give
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2-pyridineacetic acid and 2,6-pyridinediacetic acid; both oximes,
therefore, must have the anti-phenyl configuration (304).

Chichibabin first prepared the oxime of 2-benzoylpyridine as a
mixture of two forms: (a) m.p. 150-152° and (b) m.p. 165-167°.
Tschugaeft (382a) 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 Walter (/79) investi-
gated the structures of these isomers by means of the Beckmann reac-
tion. The lower-melting form proved to be the anti-pyridyl and the
high-melting (noncomplexing) form, the syn-pyridyl. The assump-
tion of Tschugaeff thus was erroneous.

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

A M
OCOOMe NH,OH Csy ) xrv
Lx~coon ) (;If/é) 119
0

Adams and Miyano (/) prepared the oximes of various pyridine-
pyruvic ester l-oxides and converted these products to the correspond-
ing pyridineacetonitrile l1-oxides (XIV-120) with aqueous alkali.

The benzenesulfonyl esters of 2-, 3-, and 4-acetylpyridine ketox-

H,COCOOEt 29H

CH3QOOOE: ad. alkall G-CHZCN
N

| NOH N
)

o—2Z )

|

O (XIV-120)
imes react with potassium ethoxide to give the amino ketones (XIV-
121) by way of the aminoketals (79,385).

CHgNHj,
| OEt
CH3 C=NOSO QC 5H 5

C\
OEt COCH;NH,
1
l KOEt HC O . HC1
N N

N
(XIV-121)
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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).

/CH——""—‘CCGH5 ﬁH_CCG}l“
C\ ~
SN—-O0 O—N
1 ©0
N N
(XIV-122)

4. Quaternary Pyridinium Aldoximes and Ketoximes

Many organophosphorus compounds are powerful inhibitors of
acetylcholinesterase; among these may be found dialkylphosphofiuo-
ridates, tetraalkylpyrophosphates, and p-nitrophenylphosphates. Ex-
amples of exceedingly toxic compounds are isopropylmethylphos-
phorofluoridate (GB), N,N-dimethyl-O-ethylphosphonamidocyani-
date (GA) and tetraethylpyrophosphate. The mode of action of these
substances, which 1s 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 (75) studied the effects of iso-
nitro compounds, which are moderately strong acids, and oximes in
this connection. Wilson and Ginsburg (#05) found the pyridine
2- and 4-aldoxime methiodides to be among the most active com-
pounds. The quaternary 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-isomers. Alkylene-bis-pyridinium aldoximes are among
the most potent reactivators of phosphorylated acetocholinesterase
(176,316).

Certain quaternary pyridinium ketoximes likewise possess acetyl-
cholinesterase reactivating properties, for example, a-pyridil dioxime
dimethiodide (cf. Table XIV-9, p. 328).
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The pyridine aldoximes and aldazines are capable of complexing
with metals such as iron, platinum, palladium, nickel, cobalt, and
copper (158,218,240,350,368).
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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). The earlier

SH 5
(;j — (19 (XV-1)

workers in this field designated compounds of these types as possess-
ing either the thiol or the thione structure, but proof was lacking.
In recent years, Renault (141), Ross (/147), Spinner (296), Jones and
Katritzky (301), and Albert and Barlin (331) investigated the absorp-
tion spectra and ionization constants of a number of pyridinethiols
in an effort 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 Chemical Abstracts. With l-substituted derivatives, e.g.,
I-methyl-2(1H)-pyridinethione (XV-2), tautomerism is no longer
possible, and the pyridinethione nomenclature will be used.

@s (XV-2)

CH,4

2. Preparation

a. Nuclear Synthesis

The reaction of one equivalent cach of an aryl isothiocyanate
and cthyl acetonedicarboxylate was reported by Worrall (203,204) to
give complex pyridine derivatives (XV-3). With two equivalents
of isothiocyanate, the reaction was more complex and gave (XV-4),
which reacted with bromine in acetic acid to give (XV-5).
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Co
VAN
CyHs0,CCH, CHz  pa

CNCgH4CHg-p + i
SCNCeH4CHs-p o (CHO

CyH ;0O
OH
C3H04C _
ast . (XV-3)
CgH4CHg-p

OH OH 1(\5
cgnsozc(jgsmcemcns-at C3Hz0,C 'y CHj,
Hsly sy A, §

CgH4CH3-p CgH4CHg-p
(XV-4) (XV-5)

From the reaction of butyraldehyde and aniline, Craig et al. (38)
obtained a compound, C,;;H,;N, which, when heated with sulfur,
gave a compound of m.p. 127°, believed to be 3.5-diethyl-1-phenyl-6-
propyl-2(1H)-pyridinethione.

Cyanothioacetamide and B-diketones gave 3-cyano-2-thiopyri-
dones (XV-ba) (307). 4-Thiopyrones and monoalkylamines gave

CH,
~, CN
CH3COCH2COCH3 + NCCH2CSNH2 — . O (XV-58a)
3 2 3 C 2 2 Hac‘ N SH

l-alkyl-4-thiopyridones (305). Benzylidene bis(phenylphenacylthio-
ether) and ammonium acetate gave 2,4,6-triphenyl-3,5-bis(phenyl-
thio) 1,4-dihydropyridine; the latter, with nitrous acid, gave 2,4,6-
triphenyl-3,5-bis(phenylthio) pyridine (328). 1,1,3,3-Tetracyanopro-
pene and methylisothiourea gave 2-amino-3,5-dicyano-6-methylthio-
pyridine (329).

b. From Halopyridines

These are the most widely used precursors of pyridinethiols.
Sodium or potassium hydrosulfide have been reacted with a variety
of substituted and unsubstituted halopyridines, generally in meth-
anol or ethanol at reflux or in sealed tubes at higher temperatures
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(XV-6). In ethanol, 2-bromopyridine, and potassium hydrosulfide
yielded, in addition to 2-pyridinethiol, a small amount of 2-(ethyl-

@Br + NaSH —» @SH XV-6)

thio)pyridine (/0). Disulfide formation has also been reported (29).
Recently, propylene glycol has been used as a high boiling solvent
for the reaction of potassium hydrosulfide with 2-bromopyridine
(192) and 3-bromopyridine (205); in the latter case copper catalyst
was used and the yield of purified mevcaptan was only 149,

Alkyl groups do not interfere, as shown by the reaction of 4-
chloro-2,6-lutidine with potassium hydrosulfide to give 2,6-dimethyl-
4-pyridinethiol (107). Halogen in the 3 position is inert under the
relatively mild conditions required for the replacement of 2- or
4-halogen; a number of di- and trihalopyridines have thus been con-
verted to halopyridinethiols (#2,86.136).

3- and b-Nitro groups are also usually inert. For example, 2-
chloro-5-nitropyridine has been converted to 5-nitro-2-pyridinethiol
by means of sodinm sulfide in ethanol (57), potassium hydrosulfide
in ethanol (98,/27), thioacetamide (365), and potassium hydrosulfide
in methanol (36,136). 1In the last case, the formation of bis(5-nitro-
2-pyridyl) sulfide has also been observed (1/75). On the other hand,
2-chloro-3-nitropyridine gave 3-nitro-2-pyridinethiol together with
some of the corresponding disulfide (rather than the sulfide) (750).
Several 2,3-dihalo-5-nitropyridines have been converted normally to
the 3-halo-5-nitrothiol (136).

Reduction of a nitro group has however been observed with
2-chloro-3,5-dinitropyridine, which reacted with potassium hydro-
sulfide in methanol to give an aminonitropyridinethiol. Apparently
the 5-nitro group was reduced, since the product (XV-7) gave an
N-acetyl derivative (XV-8) rather than a thiazole, whereas the cor-
responding diamine (XV-9) gave a thiazole (XV-10) (188).

2-Chloronicotinic acid reacts normally to give 2-mercaptonico-
tinic acid (57). Similarly 2,6-dichloroisonicotinic acid (/5) and 2,4,6-
trichloronicotinic acid (148) have been converted to the correspond-
ing di- and trimercapto acids. Nitrile groups are sometimes inert,
as in the conversion of 6-chloronicotinonitrile to 6-mercaptonicotino-
nitrile (56,86), but have also been observed to add a molecule of



350 Chapter XV

OszN02 + KSH HgNmNOQ (CH3C0),0 cuacONH(‘jNog
N~ Cl N~ SH "

(XV-T) (XV-8)
l[H]
oN(jNHz (CH,C0),0 CHSCONH/TN
LN S/ JCH3
(XV-9) (XV-10)

hydrogen sulfide; the result is the conversion of a halonitrile to a
mercaptothioamide (136).

Thiourea has also been reacted with numerous halogenated pyri-
dines, generally in refluxing methanol or ethanol; the resulting
S-pyridylthiuronium halide is decomposed with aqueous alkali metal
hydroxide or carbonate to the pyridinethiol (XV-11). Small amounts

+ HoNCSNHy; —— (j
@Br 2 2 ’ N#SC(=NH)NH; - HBr

1 (XV-11)

()
N~ SH

of 2-pyridinethiol were obtained directly when the mixture of
2-bromopyridine, thiourea, and ethanol was refluxed for 24 hours
rather than the usual 2-3 hours (16). Renault (/41) veported that
the decomposition of S-(2-pyridyhthiuronium bromnide with aqueous
sodium carbonate on the stean bath gave equal amounts of 2-pyri-
dinethiol and bis(2-pyridyl) sulfide. When §-(1-oxido-4-pyridyl)-
thinronium chloride was decomposed with cold aqueous sodium hy-
droxide, -hydroxy-4(1H)-pyridinethione was obtained: however,
when the decomposition was carried out with aqueous ammonia on
the steam bath, bis(l-oxido-4-pyridyl) sulfide was the product (72,
156,211).

Forrest and Walker (56) decomposed S-(5-nitro-2-pyridyl)thi-
uronium chloride with aqucous sodium hydroxide and obtained,
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in addition to b-nitro-2-pyridinethiol, a small amount of bis(b-nitro-
2-pyridyl) disulfide.
Table XV-1 lists the known S-pyridylthiuronium halides (p. 382).

¢. From Pyridinols
Phosphorus pentasulfide reacts with 2- and 4-pyridinols to give

the corresponding thiols (66,302,319). 4-Pyridinethiol has been pre-
pared in this manner in 869, yield by fusion at 60-70° (XV-12) (80),

OH SH

Q + PySs — @ (XV-12)

and 2-pyridinethiol in 70-759, yield at 160° (I41). The 3,5-diiodo
derivatives of both 2-pyridinol and 4-pyridinol react smoothly in high
yield with phosphorus pentasulfide in pyridine solution (84,85). An
earlier attempt to react 5-iodo-2-pyridinol, apparently without sol-
vent, gave a resinous product from which only bis(2-pyridyl) disul-
fide was isolated, the iodine having been lost (136).
4-Hydroxynicotinic acid reacts with phosphorus pentasulfide in
pyridine to give the dithiolethione (XV-13); this was found highly
resistant to hydrolysis but could be converted to 4-mercaptonicotinic
acid (XV-14) in refluxing 309, sodium hydroxide (245). Subse-

OH S SH
0002}1 + Doy, SN m S Neon_ (’jcozﬂ
N N N
(XV-13) (XV-14)
f\ﬁl —-§
NS
s
(XV-15)

quently, the 2.3-isomer (XV-15) (m.p. 178°) was prepared from
phosphorus pentasulfide and bis(2-carboxy-3-pyridyl) disulfide (248,
cf. 307).

Substitution on the ring nitrogen does not appear to interfere
with the conversion of pyridones to thiopyridones. Thus, this re-
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action has been successfully performed with a series of 1-alkyl-2(1H)-
pyridones (141-144), with 1-(4-pyridyl)-4(1H)-pyridone (7), and with
I-phenylchelidamic acid diethyl ester (8), giving the corresponding
I-substituted pyridinethiones.

d. From Aminopyridines

The conversion of amines to mercaptans by means of diazotiza-
tion followed by reaction with a sulfur compound has thus far found
little application in the pyridine series. As might be expected, it
seems to be limited to the 3-amines. Diazotized 3-aminopicolinic
acid and 3-aminoisonicotinic have been successfully reacted with
sodium sulfide (169); the use of potassium ethyl xanthate, followed
by hydrolysis of the resulting xanthate ester (Leuckart reaction),
gave the corresponding disulfides. After esterification, the disulfide
linkage was then reduced with hydrazine, which also aminolyzed
the ester group to give the mercaptohydrazides. (XV-16) (245).

COqH CO.H COMe

(™ Gemeen || S | QT T

N 3> H%)H,O ! N 2 N 9
CONHNH,

OSH (XV-16)
N

According to a brief report in a patent, the xanthate reaction
has also been applied to the conversion of 5-amino-2-pyridinol to
5-mercapto-2-pyridinol (86).

e. From Pyridinesulfonyl Chlorides

3-Pyridinethiol has been prepared by the reduction of 3-pyri-
dinesulfonyl chloride with stannous chloride in concentrated hydro-
chloric acid (165,166).

f. From Pyridylpyridinium Chlorides

1-(4-Pyridyl)pyridinium chlorides (cf. Chapter 111, pp. 11 ff.) react
with hydrogen sulfide in pyridine to give 4-pyridinethiols (279).
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3. Properties

The pyridinethiols are generally obtained as colored crystalline
solids; for example, 2-pyridinethiol forms deep yellow, 2,6-dimethyl-
4-pyridinethiol yellow-brown, and 5-nitro-2-pyridinethiol red-brown
crystals. The 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 of acetic acid. In alkaline so-
lution, pyridinethiols are susceptible to oxidation. Nothing is
known of the effect of scructure and substitution in the pyridine
ring upon the acidity of the — SH group. The only reports con-
cerning the effects of structure and substitution upon the basicity of
the pyridinethiols are that 2,6-dimethyl-4-pyridinethiol forms a
stable hydrochloride, m.p. 258°, while 2-pyridinethiol forms an oily,
readily dissociated hydrochloride and forms no salt with picric acid
(107,141). The pyridinethiols form highly insoluble salts with the
heavy metals, ¢.g., mercury, copper, and silver.

Penfold (247) determined the crystal structure of 2-pyridinethiol
by means of electron-density projections on the (001) and (010)
planes. 2-Pyridinethiol molecules are linked in pairs across centers
of symmetry by what appear to be weak hydrogen bonds between
nitrogen and sulfur atoms.

4. Reactions
a. Oxidation and Reduclion

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. 116-118° C. (57); this seems to be the only
representative of this class of compounds in the pyridine series.

Interesting anomalies were observed by Dohrn and Diedrich
(#2) in the oxidation of 3,5-dihalo-2- and -4-pyridinethiols: Hydrogen
peroxide removed the sulfur reductively, giving the 3,5-dihalopyri-

dine. Nitric acid removed the sulfur hydrolytically, giving the di-
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halopyridone. Potassium permanganate gave the expected dihalo-
pyridinesulfonic acid (XV-17). The attempted oxidation, on the

SH
IOI H,0, IOI
N N

| mvo, \milno, (XV-17)
SO4H

OH
1@1 I@I

other hand, of H-nitropyridine-2-thiol to the corresponding sulfonic
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).

b. Acylation and Alkylntion

Two reports were found on the acylation of a pyridinethiol;
these were the esterification of 3-pyridinethiol and dimethylcarbamyl
chloride (205%) and 3-amino-5-bromo-4-pyridinethiol with p-nitro-
benzoyl chloride (276).

Pyridinethiols engage readily in the normal alkylation reactions
of mercaptans to sulfides. Not only the 3-thiol, but also the 2- and
4-isomers seem to give S-alkylation exclusively; this contrasts with 2-
and 4-pyridones, which tend to favor N-alkylation under normal con-
ditions. Typical of such alkylation reactions are the following: 2-
pyridinethiol with ethanol and hydrochloric acid or with ethyl
iodide (37), with ethyl bromide (I0), with allyl bromide and
powdered sodium hydroxide (197) with 1-bromo-4-diethylamino-2-
butanone hydrobromide in glacial acetic acid (251); 4-pyridinethiol
with methyl iodide in cthanol (80) or with chloroacetic acid (80);
5-nitro-2-pyridinethiol with diazomethane (I75). 3,5-Diiodopyri-
dine-4-thiol reacted normally with alkaline chloroacetic acid solu-
tion, but the i1someric 2-thiol lost sulfur under these conditions,
giving 3,b-diniodo-2-pyridinol: the silver salt of the 2-thiol also lost
sulfur when treated with ethyl bromoacetate in refluxing ethanol,
giving the pyridone-l-acetic ester (83).
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Preferential S- as against O-alkylation has been reported in the
reaction of 2-mercaptoricinic acid with chloroacetic acid (155; see
also ref. 203).

2-Pyridinethiol reacts with 2-chloropyridine in xylene to give
bis(2-pyridyl) sulfide (37).

The N-substituted pyridinethiones, which are not obtainable by
N-alkylation reactions, are prepared by the reaction of pliosphorus
pentasulfide with the corresponding N-substituted pyridone (7,8,
141-144), or from hydrosulfides and an N-substituted halopyridone
(XV-18, XV-19) (114). These compounds are reported to react

Qm + KSH —- Qr—s (XV-18)
VAN

¢H, 1 CHs
0 o
5 U §
HolJor * NeaS Hol  Jsu (XV-19)
CHj CH,

readily with ammonia to give l-alkyl-1,2-dihydro-2-iminopyridines
(224).  1-Methyl-2(1H)-pyridinethione has been quaternized with
various alkyl halides; 2-(methylthio)pyridine methiodide has been
pyrolyzed to 2-(methylthio)pyridine (60.114,250).

Pyridinethiols may be arylated to the aryl sulfide by reaction
with an active aryl halide such as 2-chloropyridine (37) or with an
aromatic diazo compound (36).

The only known pyridine derivatives containing more than one
mercaptan group are certain di- and trimercaptopyridinecarboxylic
acids, prepared from the corresponding halogenated acids and po-
tassium hydrosulfide; see Table XV-2 (p. 383) (15,148).

5. Sustituted Pyridinethiols

Most substitution products are prepared by application of the
syntheses described above to appropriately substituted starting ma-
terials, and requive no special comment. In a few cases, however,
the substitution modifies the chemistry significantly.

The mercaptan group in 5-nitro-2-pyridinethiol is highly acti-
vated and can De replaced by hydroxy, methoxy, amino, or chloro
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groups; oxidation to the sulfonic acid could not be effected unless
the nitro group was first converted to acetamido (21).
o-Aminopyridinethiols are readily converted into pyridothiazoles.
For example, a solution of 3-amino-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-thiol (213,214). The aminothiol may be formed in situ from
the corresponding nitrothiol, as in the reaction of 5-methyl-3-nitro-
2.pyridinethiol with 859, formic acid and iron filings to give 6-
methylpyrido[3,2-d]thiazole (XV-20) (29). Instead of a nitromer-

Fe+HCO,H H.CNNH Z
HaO e T | HOC G | — Moo oovaoy
N N N8

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).

NOg Na;8, H,S, CS, l NH, A~ -—N
@m N~SH <N g JsH

2,6-Diamino-3-pyridinethiol has been obtained by alkaline hy-
drolysis of 2,5-diaminopyrido [2,3-d] thiazole (XV-22) (187).

—8 SH
: — XV-22
HZNQN)Nﬂz HyNL I NH, ¢ )

The known isomeric pyridinethiols are listed in Tables XV-2-
XV-5 (pp. 383 ff.). The known l-substituted 2(1H)-pyridinethiones
are listed in Table XV-6 (p. 386).

B. PYRIDYLALKYLTHIOLS

The few known representatives of this class of compounds have
been prepared by one of two methods:

1. From Pyridylalkyl Halides

Benary (I13) reacted diethyl 4-chloromethyl-1,4-dihydro-2,6-di-
methyl-3,5-pyridinedicarboxylate with ethanolic potassium hydro-
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sulfide and obtained (XV-23), which was unaffected by hot aqueous

CH,CI CHoSH
CQH502C ICOQC2H5 C2H502C! I 02C2H5
H3Cl\~ CHy " H3Cl\~CHy
H H

(XV-23)

sodium hydroxide or hydrochloric acid. Under the same condi-
tions, diethyl 4-iodomethyl-2,6-dimethyl-3,5-pyridinedicarboxylate
and ethanolic potassium hydrosulfide gave (XV-24) which was hy-
drolyzed to (XV-25) by potassium hydroxide in ethanol. 3-Pyridine-

CHsS CH2sI
czﬂbozchwéo HOQCh—CO
HaC{N/CHy H3C{/CH;

(XV-24) (XV-25)

methanethiol was prepared via the decomposition of the isothiuron-
tum chloride with aqueous sodium hydroxide (256). 2-Methyl-4,5-
bis(bromomethyl)-3-pyridinol hydrobromide, via the isothiuronium
salt, gave G-methyl-7-hydroxythieno[3,4-c]pyridine (302).

2. From 2-Vinylpyridine

This is converted to 2-pyridineethanethiol either directly by the
addition of hydrogen sulfide (236), thiolacetic acid followed by hy-
drolysis (XV-26) (238), or thiourea followed by hydrolysis (323).

- _— XV-
@CH———CHz @cnzcnzscocns @cmcnzsn (XV-26)

Shelton and Tilford (233) utilized the same procedure for preparing
a-methyl-a-phenyl-2-pyridinemethanethiol (XV-27); it will be noted

(")H2 CH,COSH ! ?H3 C,HONa ' ?Ha xv-2T)
it hibuddeie TSt R [ ] XV-

N cll N (IJSCOCH‘«; C,H,OH N —SH
CeHjy CeHj eH 5

that in this reaction the thiolacetic acid added to the unsaturated
double bond in the reverse manner to that shown in (XV-26).
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3. From Alcohols

Pyridoxol and carbon disulfide in ethanolic sodium hydroxide
gave 4-pyridoxthiol (304): a “thiopyridoxal™ has been reported (315,
316).

The known pyridvlalkylthiols are given in Table XV.7, pyridine
thiolactones in Table XV-8 (p. 387).

C. PYRIDYL THIOKETONES

Kahn and Petrow (225) heated 3.3-methylenebis(6-dimethyl-
aminopyridine) and sulfur in cymene and obtained bis(6-dimethyl-
amino-3-pyridyl) thioketone; this is hydrolyzed by acid to the corre-
sponding kctone.

D. PYRIDYL SULFIDES

1. Preparation
a. From Pyridinethiols

As has been pointed out (p. 354), pyridinethiols are readily
alkylated to sulfides with typical alkylating agents. The most fre-
quently used solvents scem to be methanol and ethanol, with or
without added base. Nornmnal S-alkylation has been observed with a
variety of substituted pyridinethiols, such as 2,6-dimethyl-4-pyridine-
thiol (/07), 3-amino-6-ethoxy-2-pyridinethiol (187), 5-amino-3-nitro-
2-pyridinethiol (188). G-mercaptonicotinonitrile (56), and  2,6-di-
amino-3-pyridincthiol (187). On the other hand, 3-amino-6-chloro-
2-pyridinethiol could not be methylated with dimethyl sulfate; its
N-acetyl derivative reacted normally (187).

Anomalies have been observed with other thiols: 3,5-divodo-2-
pyridinethiol, as well as its silver salt, 1s reported to lose sulfur under
alkylating conditions. giving derivatives of the corresponding 2-pyri-
done (83). Preferential alkylation of the sulfur rather than oxygen
is reported in the reaction of chloroacetic acid with 2-mercaptoricinic
acid to give the S-acetic acid (XV-28) (I155). 5-Nitro-2-pyridinethiol

| [lj
NC NC
Y — XV‘2
nolJsn + CICH2CO,H nol Jscr,co,n (XV-28)

CH,4 CH,4
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has heen arylated by reaction with diazotized anthranihic acid (XV-

29) (36).

NoCl OQN(‘*J OgN -
Ocozn + L FsH [ Nj—s (XV-29)
CO.H

The ultraviolet spectra of the 2-, 3-, and 4-methylpyridyl sulfides
have been studied (348).

b. From Halopyridines

These have been converted to sulfides by reaction with a variety
of thiols (generally in the form of metal salts), including thiophenol
(133,177,17,291), p-thiocresol (126), p-nitrothiophenol (11,140), and
thioglycolic acid (35). The desired sulfide was not, however, obtained
in the reaction of p-nitrothiophenol with 4-chloropyridine (20) or
of thiophenol with 2-chloro-3,5-dinitropyridine (188). The reaction
of 4-chloro-3,5-ditodopyridine with thiosalicylic acid gave a complex
mixture of products (5).

The preparation of symmetrical dipyridyl sulfides is exemplified
by the reaction of 2-chloro-5-nitropyridine with sodium sulfide in
ethanol, giving bis(5-nitro-2-pyridyl) sulfide; this preparation is im-
proved by the use of thiourea instead of sodium sulfide (177). Bis-
(2-pyridyl) sulfide has been prepared from Z-pyridinethiol and 2-
chloropyridine (37).

. From Aminopyridines

Diazotized 3-aminopicolinic acid reacts with thioglycolic acid to

give the sulfide (XV-30) (131).

N,Cl HSCH H SCH,CO,H .
‘N COgH + HSCH;COgH —— |N CO,H (XVv-30)

d. From a Sulfenyl Halide

Direct substitution by p-nitrobenzensulfenyl chloride, rveported
by Burton and Davy (20), could presumably be extended to other
highly activated pyridine derivatives (XV-31).

OH
000202H5 + OoN SCl1 CGHSNOZ
H3C - OH 2 O il

OyN

OH

CO2CoHy  (yy.a
H,yCl N~ OH ( )
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e. From n Pyridylpyridinium Chloride
1-(4-Pyridyl)pyridinium chloride reacts with thiophenol to give
4-(phenylthio)pyridine, with hydrogen sulfide and allyl chloride to
give 4-(allylthio)pyridine, and with sodium sulfide to give bis(4-pyri-
dyl) suifide (279).

f. From Phenacyl Thioethers and Aldehydes

Phenyl phenacyl thioether, benzaldehyde, and ammonium acetate
give 2.4,6-triphenyl-3,5-bis(phenylthio)-1,4-dihydropyridine (328).

2. Properties

The pyridyl sulfides are obtained as colorless oils or yellow-
colored crystalline solids, insoluble in cold water but soluble in
alchol. They form stable salts with picric acid, chromic acid, and
the mineral acids, and highly insoluble double salts with chloro-
platinic acid. While pyridyl sulfides quaternized at the pyridine
nitrogen atom are known, no sulfonium derivatives have been pre-
pared, although one is postulated as an intermediate (37).

The known monopyridyl sulfides are listed in Tables XV-9-
XV-12, dipyridyl sulfides in Table XV-13 (pp. 388 f.).

Anomalous instability has been observed in (3,5-diiodo-4-pyridyl-
thio)acetic and -propionic acids, which lose the side chain under
mild conditions to give bis(3,5-diiodo-4-pyridyl) disulfide (83).
Longer chain S-aliphatic acids were found to be stable (5).

Mangini and Passerini (99,/00) have investigated the ultraviolet
spectra of certain 3-nitropyridyl sulfides.

3. Reactions

Pyridine sulfides are oxidized normally to sulfoxides and sulfones;
these reactions are discussed in detail in the sections of this chapter
devoted to these compounds.

2-Pyridylthioacetic actd loses the elements of water when heated
with acetic anhydride: the product was assigned the structure (XV-
32) by Koenigs and Geisler (87).  Chichibabin and Vorozhtzov (28).
by an unequivocal synthesis of {(XV-32), showed that the compound
in question had a different structure, for which they proposed (XV-
33).  More recently, Duflin and Kendall (47), on the basis of a study
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of the 2-quinoline analog, have favored the sydnone structure (XV-
84). The preparation of a G6-membered analog has been reported

0
| | | +
(Nj\;jﬂz N-SCH=CO Ry

=1
OC=CH

(XVv-32) (XV-33) (XV-34)

by Colonna (35). 2-Methylthio-4,6-dimethylnicotinonitrile, zinc and
acetic acid gave 4,6-dimethylnicotinonitrile (378).

The pyridine analog (XV-35) of thioindigo has been prepared
from 3-(carboxymethylthio)picolinic acid; it is described as some-
what deeper in shade than thioindigo itself (/31). The same start-
ing material, on treatment with acetic anhydride, gives the cycliza-
tion product 3-thieno-(3,2-b)-pyridyl acetate (XV-36) (157). 2-Vinyl-
pyridine and H,S gave trace amounts of thieno[3,2-b]pyridine (317).

8 2302:1 + HSCHCOgH —— QZ%I:ﬁCOzH
H,S0,

. . — &z'i
Siasnia® i

(XV-35) (XV-36)

Appropriately substituted pyridyl aryl sulfides can be condensed
to tricyclic systems, the sulfur atom entering into the new ring.
Thus 2-(phenylthio)nicotinic acid has been cyclized with phosphorus
oxychloride to give 9-thia-1-azaanthrone (XV-37) (101); 2-(o-carboxy-

Osom == C 1) (XV-37)
N7SCeHj NS

phenylthionicotinic acid did not react with phosphorus oxychloride
but its monomethyl ester (XV-38) gave 8-carbomethoxy-9-thia-1-aza-
anthrone (XV-39). 3-(Phenylthio)isonicotinic acid gave 9-thia-2-aza-
anthrone, 3-(phenylthio)picolinic acid gave 9-thia-4-azaanthrone
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0
Ouosry . LI
CHz0,¢ o N CHz0,6 O N
(XV-38) (XV-39)

(253), and 4-(phenylthio)nicotimic acid gave 9-thia-3-azaanthrone
(254).

I-Nitro-3-azaphenothiazine has been prepared from 4-chloro-3,5-
dinitropyridine by the steps shown (XV-40) (232), one of which in-

0N NO Wi
20 2 4+ [ )SH _.Q__C Rearr.
8 N, s— %

NHy; O,N
05N B No,
Q*NHA@T C[ % oovao

volves a Smiles rearrangement (246); a related series of reactions led
to other azaphenothiazines (261,283,299).

E. PYRIDYLALKYL SULFIDES

Prill et al. (132), Thompson et al. (236), Profft (280,295), and
Vinton (237) added various aliphatic, aromatic, and aralkylthiols to
2-vinylpyridine and obtained a series of sulfides (XV-41). Shelton

CgHsCHoSH ——u O
©0H=CH2 *oerst N7 CHzCH 8CH,CgH; — (XV-41)

and Tilford (233) reacted the sodium salt of g-methyl-a-phenyl-2-
pyridinemethanethiol with 2-dimethylaminoethyl ¢hloride in toluene
and obtained 2-[a-(2-dimethylaminoethylthio)-a-methylbenzyl]pyri-
dine (XV-42). Table XV-14 (p. 402) lists the known pyridylalkyl
sulfides.

CHg

IN é_SH + (CH3)sNCHpCHCl —»

C BH 5 ?H:‘)
Q?“‘SCH2CH2N(CH3)2 (XV-42)

CgHjy
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F. PYRIDYL DISULFIDES

1. Preparation

Pyridinethiols are readily oxidized to disulfides with a variety of
oxidizing agents. Thus 2- and 4-pyridinethiol have been oxidized
to the disulfide with iodine in the presence of aqueous sodium hy-
droxide (90,107); this method has also been used with 3,5-diiodo-4-
pyridinethiol (83). 4-Pyridinethiol has also been oxidized with
chlorine or hydrogen peroxide (80); the latter reagent has heen
used as well with b-nitro-2-pyridinethiol (136) and 5-acetamido-2-
pyridinethiol (21,136). Ferric chloride has been used to oxidize 3-
amino-6-chloro-2-pyridinethiol 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-pyridine-
thiol (187).

Saikachi (150) reports the formation of bis(3-nitropyridyl) disul-
fide from 2-chloro-3-nitropyridine and the lead salt of 3-nitropyri-
dinethiol in ethylene glycol.

Methyl 2-pyridyl disulfide has been prepared from 2-pyridine-
thiol and dimethyl sulfide; mixed disulfides are also prepared by an
exchange reaction from bis(4-pyridyl) disulfide (XV-43) (81,82).

5——=3 S—SC¢;H“
C/H,Li
() () + ©etipass S () (XV-43)
N N N

Bis(3,5-diiodo-4-pyridyl) disulfide is formed by the spontaneous
decomposition of (3,5-diiodo-4-pyridylthio)acetic and -propionic
acids (83).

The known pyridyl disulfides are listed in Tables XV-15 and
XV-16 (pp. 403 £.).

2. Reactions

These compounds undergo the normal oxidation and reduction
reactions of their class. For example, reduction with hydrazine to
the thiol 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. Bis(2-pyridyl) disulfide and hydrogen peroxide are
reported to give 2-pyridyl 2-pyridylthiosulfinate 1,1-dioxide (344).

G. PYRIDYL SULFOXIDES

These arve prepared by oxidation of the sulfide. Hydrogen
peroxide has been used to convert methyl 2-pyridyl sulfide (37) and
6-(methylthio)nicotinamide (56) to the respective sulfoxides. Bro-
mine oxidation of 2-pyridyl sulfide gave a dibromide which could
be hydrolyzed to the sulfoxide (XV-44) (37). In the perbenzoic

@‘3‘@& @smz@& @—so-@ (XV-44)

acid oxidation of benzyl 2-pyridyl sulfide, the sulfoxide was obtained
instead of the expected l-oxide (156).
The known pyridyl sulfoxides are listed in Table XV-17 (p. 404).

H. PYRIDYL SULFONES

1. Preparation

a. From Pyridyl Sulfides

These compounds are readily oxidized to sulfones. Potassium
permanganate has been commonly used, for example, with 2-(methyl-
thio)pyridine (37), 4-(mnethylthio)pyridine, 2,6-dimethyl-4-(methyl-
thio)pyridine (/07), bis(2,6-dimethyl-4-pyridyl) sulfide (107), G-
(methylthio)nicotinonitrile (56), 2,6-diacetamido-3-(methylthio)pyri-
dine (187), and 5-nitro-2-(4-nitrophenylthio)pyridine (178,240).

Hydrogen peroxide oxidation has been used with 2-(5-nitro-2-
pyridylthio)benzoic acid (139) and 3-(2,4-dinitrophenylthio)-6-nitro-
pyridine (/7). Dichromate oxidation has been used with 2-(5-nitro-
2-pyridylthio)benzoic acid (36), and bis(5-nitro-2-pyridyl) sulfide (35,
170).

b. From Halopyridines

Active halides react with benzenesulfinic acid salts to give sul-
fones (11,44,333); several sulfones have been made in this way from
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4-chloropyridine (20). Similarly, 3-pyridinesulfinic acid salts also
give sulfones (273).

An unusual preparation of 5-nitro-2-pyridyl p-tolyl sulfone in-
volved the reaction of 2-chloro-5-nitropyridine and p-tolylsulfonyl-

hydrazide (333).
2. Properties

The pyridyl sulfones are colorless oils or crystalline solids.  The
effect of nuclear methylation on the basic properties seems to be
similar to that observed in the pyridinethiols. Methyl 2-pyridy]
sulfone, for example, is a viscous oil, easily soluble in water, and
without basic properties; it forms no salts with hydrochloric acid,
picric acid, platinum tetrachloride, or gold chloride; with mercuric
chloride it forms a double salt.  In contrast, 2.6-dimethyl-4-pyridyl
wmethyl sulfone forms a chloroplatinate, a bichromate, and a picrate.

3. Reactions

Cleavage of a sulfone group has been reported by Forrest and
Walker (56); methyl 5-nitro-2-pyridyl sulfone reacted with ammonia
in methanol to give a mixture of 2-amino-5-nitropyridine and 2-
methoxy-5-nitropyridine (XV-45). In general, however, the group

Osz NH, 02N(j + OQNO KV-45
N SO9CHg CH,0H !N NH, !N OCHg ( )

is unaffected by ordinary reaction conditions. Thus 6-(methylsul-
fonyl)nicotinamide was converted successively to the nitrile, imido
ether, and amidine (XV-46). The stability of the sulfone group to

NCO KMnO, NCO POCI, Hchom
N~ SCHg N~ SO02CH3 ) N~SO3CH,

[CzHSOH (XV-486)
HC1

CyH50C(=NH) N/\ s B NC(=NH)(j
38 [N, SO,CH3 2 N#502CH3

reducing conditions makes it possible to reduce nitrated pyridyl
aryl sulfones to the corresponding amines (#4,140,170,178,240).
This reduction can also be done catalytically (55,56).
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The known 2-pyridvl sulfones are listed in Table XV-18, 3-pyri-
dyl sulfones in Table XV-19, 4-pyridyl sulfones in Table XV-20, and
dipyridyl sulfones in Table XV-21 (pp. 405 ff.). The only known
pyridine disulfone is 6-methyl-2,4-bis(p-acetamidophenylsulfonyl)-
pyridine, m.p. 275-276 (20).

I. PYRIDYLALKYL SULFONES

Most of the known compounds of this class have been prepared
by reaction (XV-47). The reacuon of 2- and 4-vinylpyridine with

NaNH m _
CIOCH280202H5 (e NaNBH, m@c}:n NS (XV-AT)

80,3C2H5

various benzenesulfinic acids gave a number of pyridylethyl phenyl
sulfones; 4-chloromethylpyridine and sodium p-toluenesnifinate gave
4-pyridylimethyl p-tolyl sulfone (27¢).  1-(4-Pyridyhpyridinium chlo-
ride and benzenesulfinic acid gave phenyl 4-pyridyl sulfone (290).
The rcaction of 4-methyl- and {-ethylpyridine with arylsulfonyl chlo-
rides has now been shown to involve attack at the alkyl group and
not in the nucleus (XV-47a) (309). These compounds arve listed in

Table XV-22 (p. 409).
CHSOg ™ (XV-472)

Et
(3 O — (3
N IN,,

J. PYRIDINESULFINIC ACIDS

4- and 3-Pyridinesulfonic acid hydrazide and carbonyl compounds
containing three or more carbon atoms, e.g., acetone, reacted to give
4- and 3-pyridinesulfinic acid, m.p. 140-141 and 161-163°, respec-
tively (273,326). Sulfoxides were prepared (a) by reaction of the acid
with 2- or 4-vinylpyridine or (b) by reaction of the alkali metal salt
of the acid with another compound containing an active halogen
atom. 2-Pyridinesulfonyl chloride and zinc dust gave 2-pyridinesul-
finic acid (249). The dry distillation of 3-cyano-4,6-dimethylpyri-
dinesulfinic acid sodium salt gave 4,6-dimethylnicotinonitrile (308).
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K. PYRIDINESULFONIC ACIDS

1. Preparation
a. Sulfonation of Pyridine and its Derivatives

(a) Pyridine. The earlier literature on the sulfonation of pyri-
dine to the 3$-sulfonic acid is rather confusing. Thus, Fischer and
his collaborators (53-55) obtained a 509, yield by heating pyridine
and concentrated sulfuric acid for extended periods of time (30-40
hours to several days or weeks) at 320-330° in sealed tubes. Weidel
and Murmann (202) used the procedure of Fischer, but added small
amounts of various metal sulfates, of which aluminum sulfate
proved the most effective catalyst, although with it the yields werve
only 45-509,. Mayer and Ritter (/13) and Craig (239) reported
that vanadyl sulfate also exerted a bencficial effect on the yield ob-
tained by distilling a mixture of dry pyridine sulfate and 1009,
sulfuric acid. Von Gastel and Wibaut (63) heated a mixture of
pyridine sulfate and fuming sutfuric acid at 350-390° and obtained
a 139, yield. By adding mercuric sulfate to the same mixture and
operating at 300-350°, these authors obtained a mixture of the 3-
(5%, yield) and 2-sulfonic acids (29, yield); at 340-350°, the same sul-
fonating mixture gave a 19, yield of the 2-isomer. Subsequently,
other workers (79,96,195,196,206) used mercury or its salts in the
sulfonation. den Hertog, Van der Plas, and Buurman obtained
mainly 3-sulfonic acid at 275°, some of the 4-isomer and 4-pyridinol
at 330° (287).

McElvain and Goese (102) in a classical paper, reported a de-
tailed study of the sulfonation reaction and found that the yield was
dependent upon (a) the catalyst (mercuric sulfate), (b) the presence
of one equivalent of sulfur trioxide in the fuming sulfuric acid,
and (¢) the duration of heating at 225-230°. From these studies,
optimum conditions were developed which gave 719, yields of 3-
pyridinesulfonic acid. This procedure has been used successfully
by others (74,201.218,310). Recently, Hope and del.eon (71) have
reported a 76.3%, yicld by heating a mixture of pyridine, fuming
sulfuric acid and mercuric sulfate at 225-230° under pressure. A
British patent (134) claiins a 639, yicld by the rearrangement of the
pyridine-sulfur trioxide addition product at 180-200° (XV-48).
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Q . QSOSH (XV-48)
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|
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Piperidine and sulfuric acid are reported to give small amounts
of 3-pyridinesulfonic acid: 3.5-pyridinedisulfonic acid has also been
obtained (70,97).

(b) Alkylpyridines. The sulfonation of a-picoline gave mainly
2-methyl-5-pyridinesulfonic acid along with some of the isomeric
3-sultonic acid (102,125,197,206,207,210); B-picoline gave 3-methyl-
5-pyridinesulfonic acid (102); and y-picoline gave 4-methyl-3-pyri-
dinesulfonic acid (46,102,199,201,206,210).  5-Ethyl-2-methylpyri-
dine is reported to give 5-cthyl-2-methyl-3-pyridinesulfonic acid (79,
206,210}, but this could not be reproduced (268). 2,6-Lutidine sulfo-
nates in the 3-position (370). Morel and Stoll (116) have reported
that 2-(2-methoxybenzyl)pyridine and 759, sulfuric acid at reflux
gave a monosulfonic acid of uncertain structure. The use of chloro-
sulfonic acid has also been reported (278). Brown and Kanner (18)
found that 2,6-di-tert-butylpyridine and sulfur trioxide in liquid sul-
fur dioxide at -- 10° gave a sulfonic acid believed to be a 4-isomer.
Under the same conditions, 2,6-lutidine gave only the sulfur trioxide
addition compound. The ease of substitution was attributed to the
blocking of the nitrogen atom by the tert-butyl groups; since coordi-
nation was not possible, the reagent attacked the heterocyclic nucleus.
Van der Plas and den Hertog (277,297,310) and Muller and Wallace
(294) have since shown that the product is actually the 3-sulfonic
acid; Van der Plas (310) has extended this reaction to other 2.6-di-
alkylpyridines.

(¢) Aminopyridines. The sulfonation product of 2-aminopyridine
has been assigned the H-sulfonic acid structuve (26,179,226).  The
sulfonation product of 3-aminopyridine is not the S-sulfonic acid
(which has been prepared by reducing 3-nitro-5-pyridinesulfonic); it
can be diazotized and reduced to 2-pyridinesulfonic acid.  Plazek
(129,130) inferred that the structure was 3-amino-2-pyridinesulfonic
acid, but the cevidence does not seem to exclude the G-sulfonic acid.
4-Aminopyridine has been sulfonated to 4-amino-3-pyridinesulfonic
acid, which can be diazotized and reduced to 3-pyridinesulfonic acid
(88). Sulfonation of 4-amino-2,6-lutidine gave only sulfone (370).
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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; the same product was obtained by diazotizing 4-
amino-3-pyridinesulfonic acid (88). Plazek (/28-130) 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 sulfo group is helieved
to be in the 5-position (119,26,27). A number of 1-methyl-2(1H)-
pyridones have been sulfonated with chlorosulfonic acid (153).
Haack (67) reports the preparation of the same compound, 1-methyl-
2(1H)-pyridone-5-sulfonic acid, by the reaction of methyl sulfate
with 1-methyl-2(1 H)-pyridone, 2-ethoxypyridine, or 2-chloropyridine
(XV-49).

O + (CH3)2504 —_— O
N~ Cl N4 C! ~s0,cH,
CH,

w‘

-~MeOEt
@ 0CgH, + (CH2S0, — [N+002§5 uoas(\j~
CH; SO,CHj N-=0

CH,
(XV-49)

(¢) Pyridine 1-Oxide. Pyridine l-oxide sulfonates principally in
the 3-position (349); the product may be hydrogenated over Raney
nickel to 3-pyridinesulfonic acid (258). Since the sulfonation con-
ditions for the oxide are as severe as for pyridine itself, there does
not seem to be any preparative advantage in this procedure.

b. From Pyridinethiols

The oxidation of pyridinethiols is advantageous in the prepara-
tion of 2- and 4-pyridinesulfonic acids, whicl are not accessible by
direct sulfonation. Thus, hydrogen peroxide has been used 1o oxi-
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dize 2-pyridinethiol (80), 4-pyridinethiol (370), 5-acetamido-2-pyri-
dinethiol (27), and 2,6-dimethyl-4-pyridinethiol (707). 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 disulfide (169).
5-Nitro-2-pyridinethiol (98), 2-mercaptonicotinic acid (169), and sev-
eral 3,b-dihalo-4-pyridinethiols (#2,43) have been oxidized to the
corresponding sultonic acids with alkaline permanganate. 2,6-Di-
mercaptoisonicotinic acid has been oxidized to 2,6-disulfoisonicotinic
acid with fuming nitric acid (I5). Hypochlorite oxidation of 1,2,6-
trimethyl-4(1 H)-pyridinethione gave a betaine (XV-50) (114); related
products have also been described (305).

S

805~
() . (XV-50)
H3C\ CHy H301N+CH3
CH, CH,4

c. From Halopyridines

Aqueous sodium sulfite has been to prepare sulfonic acids di-
rectly from various 4-chloropyridines, including 4-chloropyridine
itself (370), 4-chloro-2-picoline, 4-chloro-2.6-lutidine (244), and
4-chloro-3,5-dibromopyridine (#2,43).  2,5-Dichloropyridine and
methyl sulfate gave a H-chloro-1-methyl-2(1 H)-pyridone-x-sulfonic
acid (XV-b1); Z-chloropyridine gave 1-methyl-2(1H)-pyridone-5-sul-

SOgH
I g + (CHS0, —» C‘(’L + CHCl  (XV-51)
N~ C! N-—O

CH,

fonic acid (67). 4-Pyridinesulfonic acid has been obtained from

XV-52) (194).
( ) (194) s0,H

@—NDCIQ + NaHS03 — @
(XV-52)

3-Chloropyridine 15 inert to aqueous sodium sulfite, but the
N-oxide reacts (370).
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Aqueous sodium bisulfite converts 4-pyridinol to the 4-sulfonic
acid in low yield; the reaction of sodium sulfite with 1-(4-pyridyl)-
pyridinium chloride hydrochloride is suitable for large-scale prepara-
tive purposes (370).

2. Properties

The pyridinesulfonic acids are obtained as high melting crystal-
line solids, generally soluble in water and insoluble in ethanol. In
the free state they exist as inner salts. Crystallographic (6) and
ultraviolet absorption data (287) have been reported.

The known pyridinesulfonic acids are listed in Tables XV-23~
XV-26 (pp. 410 ff.).

3. Reactions

The sulfonic acids of the pyridine series show the normal func-
tional reactions of sulfonic acids. They form sulfonyl chlorides
with phosphorus pentachloride; 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 (193). With dimethyl sulfate, the sul-
fonic acids form N-methylbetaines (275). Hydrogen peroxide in
acetic acid gives the N-oxides (370).

The normal replacement reactions of aromatic sulfonic acids are
observed in the pyridine series. Thus alkaline fusion gives pyri-
dinols (#6,108,207-209); this reaction is discussed in Chapter XII
(p. 592). Sodium cyanide and sodium 3-pyridinesulfonate give nico-
tinonitrile (53,102,158); 4-methylnicotinonitrile has been obtained
similarly (201).

4-Pyridinesulfonic acid, concentrated aqueous ammonia and zinc
chloride, at 150-160°, gave 4-aminopyridine (338). The sulfo group
of 3,5-dibromo-4-pyridinesulfonic acid has also been replaced by
amino and anilino groups; refluxing with water gave 1-(3,5-dibromo-
4-pyridyl)-3,5-dibromo-4(1H)-pyridone (XV-53) (42). The sulfo

SOzH

Br Br
Br B =
¥ — OO (XV-53)
N Br Br
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group of 5-nitro-2-pyridinesulfonic acid has been replaced by ethoxy
and methylamino groups. 2-Pyridinesulfonic acid reacts with hydra-
zine to give 2-pyridylhydrazine (99).

Potassium 3-pyridinesulfonate reacts with methy! iodide to give
the betaine (XV-54); this proved inert to mineral acids and gave no

803K N8,C0y (‘jsoa
@ + CHaI (xv_54)
3

CH

complex with platinum tetrachloride, but did react with bases, pre-
sumably liberating methylamine (68,111,112).

4. Substituted Pyridinesulfonic Acids

The applicability of general synthetic methods to the prepara-
tion of various substituted sulfonic acids has been indicated above.

Carboxypyridinesulfonic acids may be obtained by the oxidation
of alkylpyridinesulfonic acids. Thus, the permanganate oxidation
of 6-methyl-3-pyridinesulfonic acid gives 5-sulfopicolinic acid (XV-
55), which may be converted to 5-hydroxypicolinic acid or 3-pyri-
dinesulfonic acid (XV-56) (¢6). Oxidation of 4-methyl-3-pyridine-

HOBSO XMnO, Hoas(’j NaOH HOO
CHjy CO5H used COqoH
V-55 XV-
(XV-55) X salt OSOsH (XV-56)
N

fused

sulfonic acid with barium permanganate gives 3-sulfoisonicotinic
acid (199).

3-Amino-4-hydroxy-2-pyridinesulfonic acid is obtained by dithio-
nite reduction of 3-nitro-4-pyridinol (371).

2-Amino-5-pyridinesulfonic acid is reported to brominate and
nitrate in the 3-position, and to give a small yield of 3-nitro-2-pyri-
dinol when treated with 459, phosphoric acid at 150° (136,226).
However, Czuba (325) has recently shown that nitration actually
gives the N-nitro derivative, and has described the preparation of
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the 3-nitro compound. 2-Amino-3-nitro-5-pyridinesulfonic acid gives
some 3-nitro-2-pyridinol when treated with phosphoric acid at 150-
200° (226).

5. Pyridinesulfonyl Chlorides

a. Prefaration

(a) From Pyridinesulfonic Acids. 3-Pyridinesulfonic acid and phos-
phorus pentachloride give the sulfonyl chloride, which may be re-
acted further in situ (92,97,145,218) or isolated as the hydrochloride
(I138). 2-Pyridinesulfonyl chloride has been prepared by the reac-
tion of an alkali metal 2-pyridinesulfonate with benzotrichloride:
sodium 3-pyridinesulfonate did not react (92). The sulfonyl chlo-
ride could not, however, be obtained from sodium 4-pyridinesulfo-
nate and phosphorus pentachloride; the product reacted with water to
give 1-(4-pyridyl)-4(1H)-pyridone (XV-57) and with ammonia to give
the corresponding pyridonimine (XV-58) (80). The sulfonyl chlo-

OO O-D-m
(XV-57) (XV-58)

ride could likewise not he obtained from 5-acetamido-2-pyridinesul-
fonic acid (21). 3,5-Pyridinedisulfonic acid and phosphorus penta-
chloride gave the disulfonyl chloride, which proved unusually stable
to hydrolysis (97).

Pyridonesulfonic acids react with phosphorus pentachloride to
give the chloropyridinesulfonyl chloride. This is seen in the for-
mation of 2-chloro-5-pyridinesulfonyl chloride from 2-hydroxy-5-
pyridinesulfonic acid (27,119,136) and 1-methyl-2(1H)-pyridone-5-
sulfonic acid (1,754} (XV-h9).

Hoz,s(j\0 01025(‘] HO38
1 — | -— ‘ (XV-59)
N n- Cl N~ OH

CH,4

(b) From Pyridinethiols. 2-Pyridinethiol and 5-nitro-2-pyridine-
thiol are oxidized by hypochlorite directly to 2-pyridinesulfonyl
chloride and 5-nitro-2-pyridinesulfonyl chl