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I. INTRODUCTION

By virtue of their valuable properties the pyridine bases
are acquiring an increasing importance in chemical industry.
Pyridine and its homologues are widely used as solvents,
and in the synthesis of rubber, plastics, and drugs. Interest
in the synthesis of pyridine bases has been stimulated by
the discovery that a -vinylpyridine, 2-methyl-5-vinyl-
pyridine, and other vinylpyridines may act as valuable co-
polymers in the manufacture of synthetic rubber and
plastics1"1 1. For instance, copolymers of butadiene and
2-methyl-5-vinylpyridine, and tripolymers of butadiene,
styrene, and 2-methyl-5-vinylpyridine are used as latex
for the impregnation of tyre cord because they increase the
strength of the resin bond with the cord by 80-100%.
Nicotinic and isonicotinic acids are of special significance.
The former is a constituent of vitamin PP, which prevents
and cures pellagra, and fortifies the nervous system. The
latter is the main starting material in the synthesis of a
series of antitubercular preparations of the isoniazid
type12.

Wider application of pyridine bases in organic synthesis
is limited by the fact that the starting alkylpyridines are
difficult to obtain.

The preparation of alkylpyridines has not been discussed
in sufficient detail, although there are several reviews on
the chemistry of pyridine derivatives13"19. We have there-
fore undertaken to describe systematically all the most
important methods for the synthesis of alkyl- and aryl-
-pyridines which had appeared up to 1959. We divided
these methods into two groups: (1) synthesis of pyridine
bases from compounds not containing a pyridine ring;
(2) synthesis from compounds containing a pyridine ring.

Compounds of the pyridine series can also be obtained
by pyrolysis. Pyrolysis of coals and shales yields tar
containing small quantities of a complex mixture of alkyl-
pyridines which are difficult to separate. Although
methods for the separation of individual compounds from
the mixture of bases have been studied for many years 2 0,
the problem is still not completely solved, and the prac-
tical use of mixtures of pyrogenic pyridines is still out of
the question.

Π. SYNTHESIS OF PYRIDINE BASES FROM COMPOUNDS
NOT CONTAINING A PYRIDINE RING

1. Synthesis Based on the Chichibabin Reaction

In 1869 Baeyer21»22 carried out one of the first syntheses
of pyridine, by passing acrolein through an aqueous solution
of ammonia. He identified 0-picoline in the reaction pro-
ducts by means of chloroplatinate. Dtirkopf ffl "2 5 carried out
an analogous reaction, at almost the same time, by heating
a mixture of aliphatic aldehydes and ammonium acetate in
sealed tubes to 200°, and obtained a mixture of pyridine
bases. He obtained the best results using paraldehyde,
when he isolated 2-methyl-5-ethylpyridine from the mix-
ture of reaction products.

Chichibabin and his collaborators carried out a good
deal of work in this field. They synthesised pyridine by
two methods: (1) heating aldehydes with aqueous ammonia
in sealed tubes; (2) passing a mixture of aldehyde vapours
and ammonia over a dehydration catalyst. Using the first
method27"30 they obtained a- and y-methylpyridines and
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2-methyl-5-ethylpyridine from acetaldehyde and ammonia,
and 3,5-dimethyl-2-ethylpyridine as the main product
from propionaldehyde and ammonia. The preparation of
2-methyl-5-ethylpyridine from acetaldehyde in 70—80%
yield31"39 stimulated an interest in the further develop-
ment of the Chichibabin reaction with a view to its use in
industry. Of special interest in this respect was the work
of Farberov and his associates 9 , who found a suitable
catalyst, giving high yields of 2-methyl-5-ethylpyridine
from paraldehyde and ammonia, and thus succeeded in
applying this process on an industrial scale.

From a mass of experimental data Chichibabin managed
to establish certain definite principles governing this re-
action. He showed that saturated aldehydes of the type of
acetaldehyde and its monosubstituted homologues can react
in two ways:

.CHO
R—CH2

R—CH2—CHO

R - C H ,

CHO

CH2—R N H ,

CHO ~*

CH2R
I

CHO

CH2R

CHO

R-

NH,

R \ / \ / R

(1)

CH2R

(2)

By using different aldehydes the reaction can be made
to proceed according to the following schemes:

,CHO
R - C H 2 CH3 CHOCHaR

R—CH2—CHO CHO
NH3

R-i

RCH,—

η
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I
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Although the mechanism of these reactions was studied
by Chichibabin27 and by other research workers40"43, it
has still not been completely elucidated. Opinions re-
garding the course of the reaction are rather controversial.
Some42 consider that aldehyde reacts primarily with
ammonia, whereby the resulting imine undergoes an aldol
condensation followed by an intramolecular cyclisation to
pyridine bases. For instance, the formation of a-picoline
from acetaldehyde is described by the following scheme:

CHJCHO+NH, • CH 3—CH=NH

CH 3 CH=NH+CH 3 CH=NH+CH 3 CH=NH • CH3CHCH,CHCH1CH=NH

NH a NH,

NH2

CH2 CH2

I I -NH,
CH CH—CH3 .

NHNHj
—CH 3

Others think that acetaldehyde is first condensed to
crotonaldehyde, which undergoes a 1,4-addition followed
by ring closure with the participation of nitrogen. They

do not think that ammonia plays any part in the first stage
of the reaction40"43:

CH3CHO+CH3CHO

CH3CH=CH—CHO+CH,—CHO

CH3CH=CHCHO

* CH 3CH=CH—CH=CH—CHO

II I
CH3—CH CHO

NH3

This reaction was later extended to the preparation of
arylpyridines from aromatic aldehydes41»44 or from a
mixture of aldehydes and ketones46»47. Weiss46 showed
that by simultaneously using aromatic aldehydes and
ketone s the reaction can be carried out simply by boiling
with ammonium acetate in acetic acid solution. Individual
products are obtained in good yields. For instance,
acetophenone and benzaldehyde gave 70% of 2,4,6-triphenyl-
pyridine. Weiss considers this reaction to proceed by the
following scheme:

CH3COC,H6+C,HBCHO • C,H6CH=CH—CO—C,H e

C,HSCOCH2—CH—CH,COC,H»

C.H,

A

C,H 5 CH=CH—CO—CHj+CHjCOCHa -

C,H6COCH2CHCH2COCeH6

C»H5

Weiss has failed as yet to extend this method to alkyl-
pyridines.

Frank and Seven40 obtained pentaphenylpyridine by boil-
ing benzaldehyde and phenyl benzyl ketone with ammonium
acetate, or benzaldeoxybenzoin and phenyl benzyl ketone
with ammonium acetate. Equal yields of pentaphenylpyrid-
ine in the two cases indicate that an aldol mechanism
operates:

C eH 5

I
CHO H 5C 0

C,H5—CH2
]

CeH6—CO

C H 2 - C , H 6 NH

CO—CeH6

C eH 5
1

CH

C,HB—C

II
II

Η C / \ N '

CHj—CeHs —

- C e H 5

C Η

3,Η6—CO CO—C eH6

NH,

Eliel et al.41 pointed out that the synthesis of aryl-
pyridines from aromatic aldehydes does not proceed
according to the Chichibabin reaction scheme. For
instance, instead of the expected 2-benzyl-3,5-diphenyl-
pyridine, the main reaction products from phenylacetalde -
hyde are 3,5-diphenylpyridine and toluene. In their opinion
the Chichibabin mechanism for the anomalous condensations
in the aliphatic series does not apply to aromatic compounds,
and is also doubtful in the case of aliphatic aldehydes. They
account for the formation of 3,5-diphenylpyridine by the
splitting off of toluene in the course of reaction from the
primary reaction product, viz. 2-(or 4-)benzyl-3,5-di-
pheny lpy ridine.

Chichibabin showed in his later studies45»48 that the
condensation of aldehydes with ammonia can be carried
out in the gas phase using various catalysts. Here it is
somewhat more difficult to control the course of the reac-
tion than if the synthesis is carried out in an aqueous
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medium. The reaction usually results in a complex mix-
ture of products in small yields. Only by careful selection
of the reaction conditions can the main reaction product be
obtained in satisfactory yield. For instance, by passing
a mixture of acetaldehyde and ammonia over alumina at
300°-330°, a mixture of pyridine bases consisting of 28%
a-picoline, 30% y-picoline, 33% 2-methyl-5-ethylpyridine,
and G% 4-methyl-3-ethylpyridine is obtained48 in 60%
yield. It should be noted that in aqueous medium 2-methyl -
-5-ethylpyridine is the main reaction product, while the gas
phase reaction yields this material accompanied by an
equal quantity of y-picoline. The formation of 4-methyl-
pyridine and 4-methyl-3-ethylpyridine can be accounted for
by the reaction schemes (2) and (4) given above, where R =
= H. The condensation of propionaldehyde with ammonia
over alumina at 310°-320° gave 40% of a mixture of pyrid-
ine bases, from which 2-ethyl-3,5 dimethylpyridine (60%),
small quantities of 4-ethyl-3,5-dimethylpyridine, and 18%
of 3,5-dimethylpyridine were isolated39.

To prepare 3,5-dimethylpyridine Chichibabin and
Oparina treated propionaldehyde with formaldehyde and
ammonia in the presence of an alumina catalyst50. The
condensation of butyraldehyde with ammonia over silica at
300°-330° gave 3,5-diethylpyridine and 2-propyl-3,5-di-
ethylpyridine51. The condensation of two moles of propion-
aldehyde and 1 mole of acetaldehyde in the presence of
alumina at 330°-340° yielded 2,3,5-trimethylpyridine49.
When aromatic aldehydes are used, aryl-substituted pyrid-
ine bases are obtained45»52.

Judging from experimental results5 3, the reaction in the
gaseous phase proceeds via the intermediate formation of
β-unsaturated aldehydes. This reaction scheme is con-
firmed by the fact that identical reaction products are ob -
tained from acetaldehyde and crotonaldehyde53,54:

CHO

CH3

CH

CH CH=CH—CH3

CHO CHO
NH,

CH,CHO

CHO

Similarly, the reaction of a, β -unsaturated aliphatic
aldehydes with ammonia at 300°-350° in the presence of
A l ^ , BPO4, etc. gave various alkylpyridines55»56. For
example, a -methylacrolein and ammonia, heated at 325°-
370° over boron phosphate, gave mainly 3,5-dimethyl-
pyridine, while a -ethylacrolein yielded 3,5-diethylpyridine
under the same conditions57.

In view of the importance of j3-picoline, the catalytic
preparation of this compound from acrolein and ammonia,
first carried out by Baeyer21, has been studied in great
detail. With the aim of applying this method to industrial
preparation, special studies were undertaken, in which
β-picoline was obtained in 45% yield58»59.

The reaction of ammonia with allylamine e o, glycerol61, or
allyl alcohol62~64 instead of acrolein, also yields β-picoline.
The alcohols are evidently dehydrogenated to acrolein, or
ally lamine is formed and subsequently undergoes ring-
-closure to form a pyridine ring.

The catalytic reaction of aldehydes with ketones and
ammonia affords pyridine by a series of reactions similar
to the above. For instance acetaldehyde and acetone,

heated at 340° in the presence of alumina, yield 2,4-di-
methylpyridine e 5 .

C H ,

CHO

CH 3 ^ ^ _ ^

~CH3

CH,

CHO CO—CH 3

NHo

ΑΙ,Ο.

Similarly, the catalytic reaction of 2 moles of acetone
and 1 mole of acetaldehyde with ammonia yields sym-
metrical collidine e e . Oparina showed that the simul-
taneous condensation of formaldehyde and acetone (or
methyl ethyl ketone) with ammonia yields 2,6-dimethyl-
pyridine (or 2,3,5,6-tetramethylpyridine)65>e7. A mixture
of 2-methyl-4-phenylpyridine and 4-methyl-2-phenyl-
pyridine was obtained68 by passing acetaldehyde and aceto-
phenone over alumina at 400°. Chichibabin synthesised
2,6-dimethyl-4-phenylpyridine in two ways: (a) from
ammonia and benzaldehyde and acetone, and (b) from
ammonia, benzylideneacetone, and acetone45. This was
another confirmation of the reaction mechanism:

CH 3
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CO
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3

NH

CH
3

CO—CH
3
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•* (i
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lC»
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3
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Heating a mixture of acetaldehyde, methyl-t-butyl ketone
and ammonia with alumina at 310° results in the formation
of 2,6-di-t-butyl-4-methylpyridine69.

The recent publications of Ishiguro and his co-
workers70»71 showed that pyridine s could be obtained by
passing over a catalyst a mixture of various ketones with
allyl alcohol and ammonia, the allyl alcohol being trans-
formed into acrolein in the course of reaction. They
showed that better yields of pyridine bases are obtained if
a cadmium phosphate catalyst is used7 0.

Similarly, by the catalytic reaction of various alkyl and
alkylaryl ketones with allyl alcohol and ammonia, Ishiguro
obtained a series of alkyl- and aryl -pyridine s in 20-25%
yield according to the scheme:

CH,

&
I
CH.OH

/\
CH,—R'

CO—R u— R '

— R

where R'= alkyl or Η; R = alkyl or aryl. 5,6,7,8-Tetra-
hydroquinoline was synthesised similarly from allyl alco-
hol, cyclohexanone, and ammonia.

Certain ketones, acetone72 and acetophenone73 in par-
ticular, react with ammonia to form 2,4,6-trimethylpyrid-
ine and 2,4,6-triphenylpyridine respectively. The reaction
with acetone was carried out at 110°-140° in the presence
of zinc chloride, but the yield of collidine was small and
some methane was liberated. This reaction proceeds in
the gas phase7 4 over a SiOa/A^Og catalyst at 400°-500°.

CH3COCH3

CH 3 CH 3

I I
CH 3—CO CO—CH,

NH,

CH 3

/v
+CH*+3H»O·
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The reaction of acetophenone with ammonia over
Ti(VO3)4 at 370°-380° gave 35% of 2,4,6-triphenylpy rid -
ine 7 3. Various alkyl- and aryl-pyridines can thus be
prepared by the reaction of aldehydes with ammonia, or of
aldehydes and ketones with ammonia, in liquid or gas
phase over different catalysts.

Since it yields mixtures of pyridines which are difficult
to separate, the Chichibabin reaction has found very
limited application in the preparation of pyridine bases of
specified structure.

Knoevenagel83»84 modified the original Hantzsch syn-
thesis. He isolated the intermediate product (VI) of the
condensation of acetoacetic ester and aldehyde, and treated
it with hydroxylamine in aqueous solution at 120°. Three
molecules of water were split off to give the pyridine, thus
avoiding the oxidation stage:

C 6 H 5

CHO
CjH.OCOCH, CH 2 COOCH 6

C H a - C O CO—CH 3

C e H 6

I
CH

C,H, OCOCH CHCOOC tH5

I I
CH 3—CO C O - C H 3

(VI)

2. Synthesis Based on the Hantzsch Reaction

The most widely used synthetic methods for the pre-
paration of individual pyridine derivatives start from
1,5-diketones or dialdehydes, or from compounds which
yield 1,5-dicarbonyl derivatives in the course of reaction.
The first method of this type was described by Hantzsch75

in 1882. It consisted in the condensation of one mole of
ammonia, two moles of a /3-keto-ester and one mole of
aldehyde to form a dihydropyridine (I), which was subse-
quently oxidised by nitric acid to form a 3,5-diethoxy-
carbonylpyridine (Π):

CHO—R'

C a H 5 OCO—CH 2

R—CO

CH 2COOC,H 6

CO—R

CjH.OCO—ι, , |—COOQH,

NH,

C,H5OCO-

R-

—COOC 2H 6

R

(II)

(i)

(III)

The conversion of 3,5-diethoxycarbonylpyridines into
alkylpyridines (ΠΙ) is readily accomplished quantitatively
by the usual methods. 2,6-Lutidine was obtained by this
method in 30-3θ% yield from formaldehyde and acetoacetic
ester 7 6. The mechanism of the Hantzsch reaction, like
that of the Chichibabin reaction, is still not completely
clear. The two most probable reaction schemes are
similar, and differ only in the sequence of reaction stages.
According to the first, only one molecules of acetoacetic
ester first reacts with the aldehyde, forming an alkylidene-
-(or arylidene-)acetoacetic ester (IV):

CH 3COCH 2COOC 2H 6+RCHO

COOQH5

CH3COC = C H - R + H , O

(IV)

Compound (IV) undergoes Michael condensation with
another molecule of acetoacetic ester, forming a 1,5-di·
ketone (V):

R
I

CH

C , H 5 O C O - C H ,

CH 3—CO

C H - C O O C , H 5

I
CO—CH 3

R

CH

C,H, OCOCH CHCOOQH5

CH 3—CO C O - C H 3

(V)

A number of authors7 7"8 2 have confirmed that ring-
-closure of 1,5-diketones to form a dihydropyridine deri-
vative (I) is possible. At this stage the 1,5-diketone
evidently reacts in the enolic form.

C,H,OCO— < ^ , —

H3C-I J-CH

The substitution of acetoacetic ester by acetylacetone 8 5

makes no difference to the course of the reaction. Acetyl-
acetone, formaldehyde, and ammonia react according to
the Hantzsch scheme to form 2,6-dimethyl-3,5-diacetyl-
dihydr opyridine :

CH2O

CH 3COCH 2 CH2COCH3

I I
CH3—CO CO—CH 3

CH a

CH3COCH CHCOCH3 N H j

CH 3—CO CO—CH 3

H,

H3C-1[ ji-CH3

By amination of the tetraketone (VII) with concentrated
ammonia at room temperature, Claisen 7 7 obtained 2,6-di-
methy 1 -3,5 -diacety lpy ridine:

CH3CO—,

H 3 C -

—COCH 3

- C H .

CH

y \

CH 3—CO—C CHCOCH3 N H j 26<

CH 3—CO CO—CH 3 48 h

(VII)

The alternative is equally probable. Here, one mole-
cule of acetoacetic ester is supposed to react first with
ammonia, to form β-aminocrotonic ester (vm):

CH3COCH2COOC2H5 + NH3 - CH 3—C—CH 2COOC,H 6

I]
NH

CH 3 —C-CH 2 COOC 2 H 6 t- CH 3 —C=CHCOOC,H 5

I! I
NH N H ,

(VIII)

The alkylidene- (or arylidene-)acetoacetic ester (IX)
formed in the Hantzsch reaction enters into the Michael
condensation with aminocrotonic ester. The resulting
ketoamine (X) undergoes ring-closure to give a dihydro-
pyridine:

R u

C,H, OCOCH
II

c
NH,

(VIII)

CCOOCjH,

CO—CH 3

(IX)

R \ c / H

C,H,OCOC CHCOOC tH5

II I
CH 3 —C CO—CH 3

NH2

(X)

R Η

C aH,OCO- —COOC,H5
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The formation of compound (X) was confirmed by the
work of Collie86, who succeeded in adding β-aminocrotonic
ester to alkylideneacetoacetic ester. Knoevenagel87

showed that heating β -aminocrotonic ester with ethylidene-
acetoacetic ester yields a dihydropyridine derivative:

CH,

C J H J O C O — C H

C H 3 - C .

NH,

C,H5OCO

CH 3 Η

V

C—COOCH 5

I
C.0-CH3

ΊΙ
\/

Ν
Η

- C O O C 2 H 5

- C H 3

The above data support the second mechanism for the
Hantzsch reaction. The reaction may, however, proceed
simultaneously by both paths, yielding the same reaction
product. This suggestion seems to be the most likely
one, since 2,6-dimethyl-4-phenyl-3,5-diethoxycarbonyl-
-1,4 -dihydropyridine may be obtained from the products
of preliminary amination, as well as by the subsequent
amination of 1,5-diketones87:

CHO

C2H5OCOCH2 CH2COOCjH5

I I \
CH3-CO CO-CH3 \

NH,

C6H6 Η

djH, OCO—/\—COOCjHs S

CH

C,H5OCOC

CH 3 —CO

H 3 C — CH,

NH,

CH2COOC2H6

CO—CH 3

C 4 H 6

CH

\

C,H,OCOC

CHj—CO

CjH.OCO—CH
II

CH,—C

NH,

NH 2

C e H 6

I
CHO

C H C O O C 2 H r
II
C—CH 3

C H - C O O C 2 H , -
II

C-CH3

NH,

The Hantzsch synthesis is the classical method for the
preparation of individual pyridine bases of strictly deter-
mined structure and in satisfactory yields. The main
feature of the Hantzsch synthesis and all its modifications
is the use of compounds containing active hydrogen atoms.
By appropriate selection of β-keto-esters (or other
1,3-dicarbonyl compound) and aldehydes, this method can
yield a great variety of pyridine derivatives **.

Subsequent modifications of this reaction were confined
to improvements in the yields and extension of its
scope78"82,89»90. For instance, if two moles of aldehyde
and one mole of acetoacetic ester are made to react 9 1

instead of the usual two moles of the ester of a β-keto -
-acid and one mole of aldehyde, pyridines with substi-
tuents in the β-position can be obtained. It should be
noted that in this case the dihydropyridine stage is by-
passed and the pyridine derivative is obtained directly,
the excess of aldehyde acting as an oxidising agent:

CH2R

R - C H 2

CHO

CH,R

CHO

CH2COOC,Hs

C O - C H 3

No aldehyde is used in the Guareschi-Thorpe modifi-
cation of the Hantzsch reaction; its part is played by one
of the keto groups in the ester of the keto-acid. This
reaction yields hydroxycyano-pyridines, which can easily
be converted to alkyl-pyridines90»92»93.

R—CH

C 2 H 6 O - C O

CH2—CN

CNH 3

Substituted pyridines are obtained from 1,5-diketones,
their oximes and other related compounds. The conden-
sation of benzaldiacetophenone with ammonia or hydroxyl-
amine in alcoholic solution yielded 2,4,6-tripheny lpyrid-
ine 7 9, 8 1:

C
e
H

6
 C«H5

c
1
»

CH
I

C
e
H

5
—CO

H CH2 H5C0—
I
CO—C

6
H

5

C
e
H,

NH
3

2,3,6-Phenylpyridine was synthesised in a similar
manner8 0. By heating the mono-oximes of the 1,5-diketone
to 80° with alcoholic hydrogen chloride, Knoevenagel78

prepared 2,3,4,6 -tetraphenylpyridine:

C,H 6

CH

CH2 CH—CgHs

C,H S —C CO—C,H 6

NOH

C«H6

/ \
CHg CH—CgH

1 1

C eH 5CO C—CoH5

HON
2,6-Diethylpyridine was obtained similarly in 60% yield82:

CH 2

CH9 CH2

C 2 H B - C C—C a H,

Λ /
HON NOH

H 6 C 2 - I -C 2 H 6

Scholtz prepared 2-methyl-6-phenylpyridine in 25%
yield by the destructive distillation of the oxime of
6-phenol-3,5-hexadien-2-one M :

CH

C e H 6 — C H C—CH 3

NOH

A series of other alkyl- and aryl-pyridines was obtained
similarly95.

Tanaka and Murata96 synthesised 2,6-dimethylpyridine
from acetoacetic ester and methyl vinyl ketone. This
synthesis is a clear confirmation of one of the routes pos-
tulated for the Hantzsch reaction:

CH 2 CH,

CH CH2COOC,H5 > CH 3 C H - C O O C 2 H 5

CH 3 — CO CO—CH 3 CH3CO C O - C H 3

(XI)

H,SO4HNOj

NH,

H 3 C - ^ _ C

Ν
Η

(XII)

100°, 30 min.

NH,. Γ.,Η,ΟΗ

20°, 48 h*

- C O O C , H 5

(XIII)
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The first stage of this reaction yields 3 -ethoxycarbonyl-
heptane-2,6-dione (XI) by Michael condensation in aqueous-
-alcoholic solution. On standing for 48 h at room tempera-
ture with alcoholic ammonia, (XI) yields 2,6-dimethyl-3-
-ethoxycarbonyl-l,4-dihydropyridine (ΧΠ), which is oxidised
by a mixture of sulphuric and nitric acid to 2,6-dimethyl-
-3 -ethoxycarbonylpyridine (ΧΙΠ).

Nesmeyanov and Kochetkov developed a preparative
method for dialkylnicotinic acids and dialkylpyridines. By
condensation of alkyl-/3-chlorovinyl-ketones with esters of
/3-keto-acids in the presence of ammonia 50-75% yields of
the esters of 2,6-dialkylnicotinic acids are obtained97)98:

CHCl

CH C H J C O O C J H S

I I
R—CO CO—R

NH,

CHCl

CH CHCOOC,HS

I il
R—CO C—R

NH,

- C O O C , H 5

They showed that the reaction proceeds via the inter-
mediate formation of the aminocrotonic ester, which sub-
sequently condenses with an alkyl-/3-chlorovinyl ketone into
a pyridine base. 2,6-Dimethyl-3-ethoxycarbonylpyridine
was thus obtained in 75% yield by heating methyl -/3-chlor ο -
vinyl ketone and aminocrotonic ester at 25°, followed by
heating on a water-bath.

An interesting modification of the Hantzsch synthesis "> 1 0 0

is afforded by heating alkylcyclohexen-2-ones to 250° in
the presence of an aqueous solution of ammonia and ammon-
ium acetate. Thus, 3,5-dimethyl-2-cyclohexen-l-one,
2-methyl-5-phenyl-2-cyclohexen-l-one, and 3-phenyl-2-
-cyclohexen-1-one yield 2,4,6-trimethylpyridine, 2,6-di-
methyl-4-pheny lpyridine, and 2-me thy l-»6-pheny lpyridine
respectively in yields up to 37%. The authors assumed
that during the reaction the cyclohexene ring was cleaved
at the double bond forming a 1,5-diketone intermediate.
This subsequently underwent normal ring-closure with
ammonia, forming a pyridine ring.

CH,

H,C-
= O NH.OH rCH 3COCH aCHCH 2COCH 3 l NHS

CH3
— C H 3

H 3 C Η
37%

Quite recently Bohlman and Rahtz101 synthesised
pyridine derivatives from acetylenic carbony 1 compounds
and vinylamines:

CH
IIIc

R—CO

CH—R'

NH,

C—R"

CH

CH C—R'

lR_CO C-R\

NH»

R—

- R '

- R "

where R = H, R' = COOC2H5, R" = CHg. Various pyridine
bases were obtained in good yield by this general scheme.

A particular case of the Guareschi-Thorpe synthesis is
the condensation of β -aminocrotonic ester with the ester
of acetylpyruvic acid. The reaction proceeds readily,

giving good yields of 2,6-dimethyl-3,4-diethoxycarbonyl-
pyridine102:

CH3

COOC,H6

I
CO

CH,

io I
CH—COOC t H 6

- C H 3

COOCjHs

—COOCjH6

NH,

This modified method can also use ethoxy methylene -
acetoacetic ester (XIV)103:

OC 2H 6

• C H

C2H5OCOC

CH 3—CO

(XIV)

CHCOOC2H5

CH,L
C,H,OCO—

H 3 C -

- C O O C , H 5

— C H 3

NH,

Finally, pyridine bases can also be obtained from glu-
taconic aldehyde, glutaconic acid, and their derivatives.
Glutaconic aldehyde reacts with ammonia to form pyridine:

CH

y \
CH u

I I ! II
CHOCHO CHO CH

CH

y y \
_ CH CH

OH

Pyridine is similarly formed from acetone dicarboxylic
acid, prepared from citric acid1 0 4.

OH COOH

CH 2 CH 2

I I
CO CO
I I

OH OH

CO CO
/ \ NH.OH / \

;H 2 C H l d . 3 t i l l a t ? o n C H 2 CH ;

CO CO

OH OH

I
C C—OH

/ \ II
OH NOH NOH

(XV)

Citric acid is first decarboxylated and oxidised by
oleum to form acetone dicarboxylic acid. Upon distilla-
tion with aqueous ammonia the latter yields the di-imide
(XV)t which is reduced by zinc at 500° to pyridine. The
yield, referred to citric acid, is 35%. Heating oximes of
glutaric aldehyde with an excess of hydrochloric and sul-
phuric acid also results in the formation of pyridine bases
in 50-70% yields 1 0 5>1 0 e. In spite of all their merits the
Hantzsch method and its modifications have the disadvan-
tage of starting, as a rule, from complex compounds dif-
ficult to obtain.

3. Synthesis from Acetylenic Hydrocarbons

The search for new starting materials for the prepara-
tion of pyridine bases has included compounds such as
acetylenic hydrocarbons. There are data in the literature
on the preparation of pyridines directly from acetylene and
ammonia, in the presence of various catalysts at high tem-
perature or in an autoclave under pressure.

In 1915 Chichibabin107 carried out the first experiments
on the synthesis of pyridine bases from acetylene and
ammonia by passing their vapours over alumina at 300"-
330°. In Chichibabin's own words "the bulk of the reaction
product consisted of pyridine bases". He succeeded in
isolating a- and y-picoline, 2-methyl-5-ethylpyridine, and

t An error occurs in the original at this point (Ed.
lation).
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pyrrole. This communication was followed by a series
(mainly patents) devoted to the catalytic preparation of
pyridine bases from acetylene108"123, which described in
detail its condensation with ammonia. It was established
that, depending on the conditions, pyridine bases or
acetonitrile are formed. In all cases the reaction was
carried out in a tube packed with granulated catalyst. A
mixture of acetylene and ammonia of fixed molar ratio was
passed over a layer of catalyst at 350°-500°, and the re-
action products were isolated in the usual manner. The
composition and the yield of the reaction products is
influenced mainly by the catalyst. The oxides of heavy
metals, e.g. molybdenum121»123, tungsten120'121»123, vanad-
ium1 2 3, chromium1 1 9"1 2 1, zinc110»111»119, cadmium119"122,
iron107»111, and thorium119, as well as aluminium
oxide 1 0 7>n i>1 1 9, were mainly used as catalysts. Catalysts
were usually deposited on carriers such as pumice, ful-
ler's earth, various clays, alumina or silica gel. Certain
authors used various salts of heavy metals, e.g. CdCrO4,
CdMoO4, CdWO4, Cd(VO4)2, deposited on acid clay, or
Cd3(PO4)2 deposited on fuller's earth 1 1 7. Others used
mixed oxide catalysts, for example ZnO/Cr2O5/Al2O3,

118

or V2O5/Mo2O5/pumice122. Cadmium phosphate deposited
on fuller's earth was found to be the most selective cata-
lyst. Ishiguro119 found that as compared with oxides of
cadmium, zinc, aluminium, and chromium, the use of this
catalyst considerably reduces the formation of acetonitrile
in the reaction. For instance, passing a 1:1 mixture of
acetylene and ammonia at 400° over zinc oxide gave up to
91% acetonitrile and 0.8% pyridine bases1 2 4, whereas when
Cd3(PO4)2 deposited on fuller's earth was used as catalyst
at 300°, only negligible quantities of acetonitrile were
formed, the main reaction product being pyridine bases.
The authors also observed that at temperatures above 350°
the relative content of acetonitrile in the reaction products
was increased119.

In the course of reaction, the catalyst becomes covered
by carbon and consequently inactivated. It can be re-
generated by passing through it purified air or steam at
400°-500°.

Pyridine bases obtained by the catalytic process consist
mainly of a- and y-picoline and 2-methyl-5-ethylpyridine.
For instance, by passing 1000 litres of acetylene - ammonia
mixture in 1:1 molar ratio over Cdg(PO4)2 on acid kaolin
at 300°-3 50°, 750-900 ml of product was obtained, from
which were isolated 48.4-52.2% crude α-picoline, 15.2-
23.2% crude y-picoline, and 7.3-10.9% 2-methyl-5-ethyl-
pyridine fraction125; when ZnOiCr-P-̂ ALjOg was used as
catalyst, in addition to the above compounds, small quan-
tities of 2,4-dimethylpyridine, 2,4,6-trimethylpyridine,
2-methyl-4-ethylpyridine, and other nitrogen bases were
also obtained118.

Thus, the pyridine bases obtained from acetylene and
ammonia are the same as those obtained under the same
conditions from acetaldehyde and ammonia. It is pro-
bable, as Chichibabin107 first suggested, that acetylene
is hydrated first to acetaldehyde, which is subsequently
condensed with ammonia to yield a. - and y -picoline and
2-methyl-5-ethylpyridine. The main drawkback of this
method is the formation of a mixture of pyridine bases
which are difficult to separate. This method can be ex-
tended by using in addition to acetylene and ammonia other
organic compounds, containing one to three carbon atoms,
e.g. CH3OH, CH2O, CH3CHO or acetone, when the reac-
tion product includes, beside a- and y-picoline, other
alkylpyridines whose structure depends on the structure of

the compound introduced 6 0> 1 2 5" 1 2 7 . Various salts of
cadmium, e.g. CdgiPOj-j,60,125,127 CdCrO4,

e 0,1 2 7,1 2 8

CdW04,
eo>127 CdTiO3, Cd(VO3)3,

127 CdMoO4,
128 and of

other metals, e.g. PbCrO4 and Zn3(PO4)2,
128 ZnCLj 1 2 e

on various carriers like fuller's earth, alumina, pumice,
and acid clay, were tested as catalysts. The catalytic
reaction was carried out under the same conditions as the
reaction between acetylene and ammonia. By passing an
equimolar mixture of acetylene, methanol, and ammonia
over zinc phosphate, deposited on acid clay, at 400° about
65% of pyridine bases was obtained, containing about
25.4% of acetonitrile, 31.2% of pyridine, 19.3% of picoline
isomers, and 14.5% of a mixture of 3,5-dimethylpyridine
and 2-methyl-5-ethylpyridine125.

Cislak128 made a thorough study of the catalytic reac-
tion of acetylene, methanol, and ammonia, and established
the correlation between the qualitative and quantitative
composition of the reaction products and the relative
quantity of methanol in the mixture of reactants. The re-
sults of his experiments, carried out over ZnFg/A^Og at
425°, are collected in the table. The molar ratio of
acetylene to ammonia was 1:1 in all cases.

The reaction between formaldehyde, acetylene, and
ammonia over ZnC /̂ALjOa seems to follow a similar
course, yielding a- and y-picolines in the reaction mix-
ture 1 2 5>1 2 6. Methylamine, acetylene, and ammonia react
over cadmium phosphate at 400° forming a mixture of
pyridine, α-, β-, and y-picolines, as well as acetonitrile
and high-boiling pyridine bases1 2 5. Addition of acetone
sharply changes the composition of the products. The
catalytic reaction of a mixture of acetone, acetylene, and
ammonia over zinc phosphate at 400° yields 38% of a mix-
ture of pyridine bases, consisting mainly of 2,4,6-tri-
methylpyridine60*125»126. There are grounds for supposing
that in this case it is the hydration product of acetylene
which enters the reaction. This is confirmed by the fact
that a- and y-picolines are obtained by the condensation of
crotonaldehyde with acetylene and ammonia126.

Of special interest is the liquid-phase catalytic conden-
sation of acetylene with ammonia, which yields 2-methyl-
-5-ethylpyridine, a valuable industrial product. The reac-
tion is carried out in an autoclave at high pressure and
temperature, and salts of cadmium129"131, mercury and
copper129, cobalt, nickel, and titanium132 are used as
catalysts.

Reppe132 patented the preparation of 2-methyl-5-ethyl-
pyridine from acetylene and aqueous ammonia at 140° in
the presence of CoCL;. A mixture of pyridines containing
75% of the main product is obtained. Nozu131 showed that
in addition to 2-methyl-5-ethylpyridine the liquid-phase
condensation over CdO/Al^ also yields acetonitrile,
α-picoline, y-picoline, 4-methyl-5-ethylpyridine, and a
small amount of ethylamine. The reaction can proceed133

in the presence of acetic acid at 180°-190° at 20 atm.

TABLE.
CH,OH content

In reactont
mixtures, moles

2
1
0.5
0.25
0.0

Content of pyridines in the mixture of bases

pyridine

14.5
21.0
14.5
11.0
0.0

^-picoline

22.5
18.0
17.5
17.0
0.0

opicoline

4.5
9.5

16.0
24.5
32.0

y-picoline

0.0
traces
17.5
17.0
28.0
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In 1877 Ramsey134 obtained traces of pyridine by passing
a mixture of acetylene and hydrocyanic acid through a hot
tube. Meyer135 later succeeded in repeating this experi-
ment.

The synthesis of pyridine bases from acetylene deriva-
tives has only been discussed in two papers, one of which
has already been mentioned101. The other publication was
a patent which only disclosed that "by passing a vapour-phase
mixture of divinylacetylene and ammonia over a freshly
prepared catalyst consisting of lead or cadmium deposited
on alumina, α-picoline was obtained containing small
admixtures of other products"1 3 6.

CH—C=;C—CH =

NH3

/ν

Finally, Cairns1 3 7 demonstrated the possibility of pre-
paring pyridines by the reaction of acetylene with benzo-
nitrile:

C H C — C 6 H 6

2 III + III
CH Ν — C « H 5

The reaction is carried out by treating benzonitrile with
metallic potassium in an autoclave followed by passing in
acetylene. The reaction temperature is kept at 175°-200°,
and the pressure at 8 atm. The yield of 2-phenylpyridine
is 1.8%; 29% of 2,4-diphenylpyridine is also obtained.

The authors of this review have recently developed138"143

a new method for the synthesis of pyridine bases of
specified structure consisting of the catalytic condensation
of tertiary vinylacetylenic alcohols of general formula
R'CH2C(R)OH-C = CCH = CH2 with ammonia. 2-Methyl-
-5-R'-6-R-pyridines, where R = alkyl or aryl, R' = alkyl
or hydrogen, were obtained as main reaction products. The
yields were not above 32% of the theoretical. The reac-
tion is carried out in the presence of aromatisation or
hydration catalysts based on alumina-supported chromic
oxide or cadmium salts at 350°-450°. Thus, dimethyl -
vinylethynylcarbinol and methylphenylvinylethynylcarbinol
gave with ammonia 2,6-lutidine (about 10%) and 2-methyl-
-6-phenylpyridine (14.4%) respectively. This method was
used for the preparation of various dialkyl- and alkylaryl-
-pyridines. The reaction mechanism has been studied. It
was shown that at 350°-450° tertiary vinylacetylenic alco-
hols decomposed under the influence of the hydration cata-
lyst into a ketone and vinylacetylene, and that the latter,
ih the presence of the catalyst and water, was hydrated to
form methyl vinyl ketone, which in its turn reacted with the
ketone and ammonia yielding pyridine bases:

R'CH r

R

R'CH r

R

R'CH,

; \ C O H — C ^ ^ C H ,

>CO+CH 3 CO—CH = CH,

NH,

HaC

Knowledge of the reaction mechanism has made possible
the synthesis, from ammonia and either vinylacetylene and a
ketone or methyl vinyl ketone and methylketones, of pyridine
bases in yields far higher than those obtained from vinyl-
acetylenic alcohols. From variousketones, vinylacetylene,
and ammonia over a cadmium phosphate/alumina catalyst,

at 400°, pyridine bases of the following general formula
were thus obtained in 29-49% yields:

A/

where R = alkyl or aryl, R' = hydrogen or alkyl. Simi-
larly, cyclohexanone and cyclopentanone gave with vinyl-
acetylene and ammonia 2-methyl-5,6,7,8-tetrahydro-
quinoline and 2-methyl-6,7-dihydropyridine, in 25% and
15.5% yields respectively.

The same pyridine bases were obtained similarly from
methyl vinyl ketone, aliphatic and aromatic ketones, and
ammonia.

4. Synthesis from Heterocyclic Compounds

Pyridines can be obtained by chemical transformations
of various heterocyclic compounds. However, most of
these reactions are of theoretical importance only. Passing
2-alkoxy-3,4-dihydro-2H-pyrans with ammonia in the
presence of steam at 275° over a copper - chromium cata-
lyst deposited on alumina results in the formation of
pyridine bases1 4 4. For example, pyridine of high purity
was obtained from 2-ethoxy-3,4-dihydro-2H-pyran:

R2
R3

NH.OH, 275°

R'O Ο R6

where R' = alkyl, R2-R5 = Η or alkyl.

Hydrofurylcarbinols and ammonia over a molybdenum
catalyst at 450°-500° gave 45-55% of pyridine bases1 4 5,
e.g.:

C H 2 — C H 2 MoO./AliO»

HOCH,-CH C H - C H 3 —CH3

One German patent146 claims the preparation of pyridines
from furfural (or its hydrogenation products) and hydrogen
and ammonia at 200° under pressure, in the presence of
hydrogenation catalysts such as platinum, nickel, cobalt,
or copper compounds. Kline and Turkevich147, however,
did not succeed in obtaining pyridines from furfural and
ammonia, either in liquid or the vapour phase, over

/

Pyridine can be synthesised147,148 from tetrahydrofur
fural over €τ2Ο3/Αΐρ3 at 600°.

CH a —CH t

CH, CH—CHO

/ \

26.4o/o

In 1904 Pictet1 4 9 found that by passing 1-methylpyrrole
through a heated tube, small quantities of pyridine are formed,
in addition to 2-methylpyrrole. It was shown later that Ν-
and a -substituted pyrroles are transformed into pyridine
bases on heating150. Pyridine bases were later obtained by
heating alkyl halides with pyrrole in the presence of alkali151.
Alexander1β5 made a thorough study of the ring -enlargement
of pyrrole by the action of CHCL, and CHBr3 on pyrrole -
potassium or pyrrole 1 5 2" 1 6 4 in the presence of alkali and
found that the yield of β -substituted pyridines depends

433



Vol.30 No.8 RUSSIAN CHEMICAL REVIEWS August 1961

on the nature of the halide and alkali used in the reaction.
He suggested the following general reaction scheme:

Η

+Z-C-X

\ N /
Η

C,H,ONa

— Ζ

where Ζ = halogen, hydrogen, or phenyl.

Putokhin166 studied the oxidation of a-pyrrolylmethyl-
amine by nitrous acid and found that at high dilution, in
the cold, ring-enlargement occurred and pyridine was
formed. He gave the following reaction scheme for the
formation of pyridine from a-pyrrolylmethylamine:

VCH2N=NOH
Γ7Ν\N/\/

υ CH2

\ N /
Η

On being heated with palladium on activated charcoal,
or with selenium, the bicyclic compounds of type 1-aza-
bicyclo-(2,2,1)-heptane and l-azabicyclo-(2,2,2)-octane
gave γ -methylpyridine and y-ethylpyridine respectively167.

The dehydrogenation of hexamethylenimine on platinised
asbestos at 320° yielded a -picoline168.

g—CH

I

Pyridine can also be obtained in good yields by the
ammonolysis of pyrylium salts1 6 9.

C 6 H 6

— C 6 H 5

NH 4 OH

C e H 6

I

H 5 C e -

5. Miscellaneous Methods for the Formation of the
Pyridine Ring

In addition to the above methods for the preparation of
pyridine bases there are a number of others. One of them
is the diene synthesis using nitriles, by the Diels-Alder
method170>171. This reaction proceeds in the vapour phase
over various oxide catalysts, the most successful being
Cr-jOa/ALjOg. 1 7 2,1 7 3 By passing a butadiene -benzonitrile
mixture over alumina at 400°, 50-60% of 2-phenylpyridine
was obtained. 2-Ethylpyridine, 2-methyl-6-phenylpyridine,
2-phenyl-4-methylpyridine, and 2-phenyl-4,6-dimethyl-
pyridine were obtained in a similar manner.

Passing a 1,1,3,5-tetra-alkoxypentane, containing iden-
tical or different lower alkoxy groups (CH3O, C2H5O, etc.),

or an alkoxypentane substituted in position 5 by an alkyl or
alkoxyl radical, with ammonia, over a dehydration cata-
lyst (AL.O3, Cr2O3, silica gel, etc.) at 300°-350° resulted
in the formation of 60% of pyridine or a -substituted
pyridines174.

OCH,

CH

/ \ N H S , 326°

CH 2 CH 2

I j Cr2O,/Al2Os

CH3O-CH CH—CH3

CH3O OCH3

-CH3+CH3OH

Similar liquid-phase syntheses of pyridine from alkoxy -
pentanes have been patented175,176. Treatment of
1,1,3,5,5-pentaethoxypentane with ammonia in a solution
of ammonium chloride at 80°-90° gave 54% of pyridine.

a-Picoline (60%) was obtained by the reaction of
ethylene and 25% aqueous ammonia in the presence of
mercuric acetate at 150°-300° and at 30-40 atm. 1 7 7

C H 2

CH 2

CH a

II

CH 2 C H 2 = C H ,

NH,

(CH,COO),Hg

150°-300°, 30-40 atm CH,

A number of patents have recently appeared dealing with
the synthesis of 2-methyl-5-ethylpyridine from alkyl vinyl
ethers and ammonia178"181. This reaction is carried out in
the liquid phase, at elevated temperature and pressure, and
in the presence of various catalysts [CuS, Cu3(PO4)2, CU-JCLJ,
Nil2, N ^ F , etc.].

Some methods for the preparation of individual pyridine
bases may also be mentioned. Thus, at 130°, vinyl acetate,
methanol, and ammonia gave 2-methyl-5-ethylpyridine182.
The treatment of isobutylene with formaldehyde and ammon-
ium chloride at 107°, followed by dehydrogenation of the
reaction products, gave y-picoline183. Passing butadiene
and ammonia vapours over a nickel or cobalt catalyst re-
sulted in the formation of pyridines and nitriles1 8 4. The
vapour-phase catalytic reaction of methanol with ammonia
over CdO/Al̂ Og also gave pyridine bases1 8 S,1 8 6. The vapour-
-phase reaction of butanediol with ammonia over alumina
catalyst gave lutidines in addition to indole and tetramethyl-
pyrazine187. The reaction of methyl vinyl ketone with
ammonia at 120°-140° resulted in small amounts of
2,3,4-trimethylpyridine188.

ΙΠ. SYNTHESIS FROM COMPOUNDS CONTAINING A
PYRIDINE RING

Pyridines can also be obtained by the chemical trans-
formation of compounds already containing a pyridine ring.
These reactions are generally similar to reactions in the
benzene series, although some are specific for the pyridine
ring.

1. Alkylation Methods

Although the Friedel - Crafts synthesis is the chief method
for alkylations in the aromatic series, it is entirely in-
applicable to pyridine compounds. The most important and
most widely used methods for alkylation in the pyridine series
involve the use of organometallic compounds. The first
synthesis of alkylpyridines using sodamide was carried out
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in 1936 by Chichibabin189. To alkylate a- and y-picolines
he used mostly the higher alkyl haUdes. In alkylations of
a- and y-methylpyridines, viz. compounds containing an
active methyl group, the action of alkyl halides results in
the extension of the methyl group by the number of carbon
atoms contained in the alkyl halide. Sodium, potassium,
and lithium amides can be used as condensing agents in this
reaction2 0 3. For instance, the treatment of α-picoline by
potassamide and an alkyl (or aryl) halide gives rise to the
substitution of a hydrogen in the methyl group of picoline by
an alkyl or aryl radical, as in the case of benzyl chloride,
when l-phenyl-2-(a-pyridyl)ethane is formed. Since the
resulting compound contains further active hydrogen atoms,
the reaction can continue, yielding, in the presence of an
excess of potassamide, 1,3 -diphenyl-2-(a -pyridyl)propane:

\ N :

C.H,CH,C1

- C H 3 \ N /
>—C Η 2^112^(10 5

68%

— C H
7 Ν

15%

The reaction of a -picoline with sodamide consists in the
substitution of a methyl hydrogen atom by sodium, viz. in
the formation of picolylsodium. Picolylsodium reacts
with an alkyl halide, yielding the alkylpyridine:

Rosenthal211 found that benzylmagnesium bromide reacts
with pyridine in ether solution forming 2-benzylpyridine.
It was later shown212"215 that the alkylation of pyridine
with organomagnesium compounds mainly yielded a mix-
ture of a- and y -substituted alkylpyridine s (40-50%).
Benzylpyridines can readily be prepared using dibenzyl-
magnesium in dioxane213.

\ N
20%

\ N :

The mixture contains 80% of the y-isomer. 2-Ethyl -
pyridine was also obtained by heating ethylmagnesium
bromide with pyridine in an autoclave215.

Ochiai and Arima216 showed that 2-phenylpyridine and
a small amount of 2,6 -dipheny lpy ridine are obtained by
treating phenylmagnesium bromide with pyridine 1-oxide:

C.H.MgBr

- C e H 6

- C H , - C H . N a

+NaX
- C H 2 R

Using this method, many different a - and y - alkyl -
and aryl -pyridine s were prepared in good yields from the
lower pyridines (picolines, lutidines, etc.), which are
relatively easy to obtain, and alkylaryl halides1 9 5"1 9 7.
Alkylcyclohexyl halides gave alkylcyclohexylpyridines198.
Notwithstanding their low reactivity, aryl halides also re-
act with picolines. Thus, as shown by Bergstrom, in the
presence of potassamide chlorobenzene reacted with
α-picoline to form 24% of benzylpyridine191.

For a long time it was thought that this method did not
apply to β -substituted alkylpyridines, since the methyl
group in β-picoline does not contain active hydrogen atoms.
Only recently was it shown192»199"202 that j3-alkylpyridines,
like the a - and y-substituted derivatives, readily undergo
alkylation with potassium or sodium amides, with yields
reaching 70%. For the alkylation of pyridines Ziegler
and Zeiser203»204 used organolithium compounds. They
prepared 2-butylpyridine by treating pyridine with butyl-
lithium in benzene solution at 90°-100° and then adding
water to the reaction mass.

This reaction was at first used only for the synthesis
of a -substituted pyridine bases2 0 5"2 0 9, but the method was
later extended to y-alkylpyridines. Thus, the reaction of
y-picoline with phenyllithium, followed by treatment with
ethyl bromide, gave y-propylpyridine as the main pro-
duct2 1 0:

w
Walters207 obtained 40% of 2-phenylpyridine by heating

phenyllithium with pyridine in a sealed tube. The appli-
cation of Grignard reagents has extended the possibilities
for the preparation of pyridine compounds, and simplified
the experimental procedure. In 1932 Bergman and

One of the older methods for the alkylation of the pyrid-
ine ring is that devised by Ladenburg217»218. He obtained
mixtures of a- and y-alky lpy ridine s by heating the simple
pyridine alkyl halides in a sealed tube to 300°. Chichi-
babin 2 1 9 improved this reaction and found that cuprous chlor -
ide or bronze catalyse the Ladenburg rearrangement and
increase the yield of benzylpyridines. As a result, this
method has become widely used in the laboratory for the
preparation of substituted pyridines.

A number of methods for the preparation of alkyl- and
aryl-pyridines are based on free-radical reactions. Thus,
arylpyridines can be obtained by arylation with aryldiazonium
salts. As early as 1893 a mixture of pheny lpy ridine iso-
mers, containing 18% of a -pheny lpy ridine, was obtained by
the reaction of benzenediazonium chloride with pyridine220.
Chichibabin221 later obtained "a very small" yield of a
phenylpyridine mixture by adding to acetic acid a mixture
of aniline, sodium nitrite, and pyridine. Heilbron222"224

recently extended this reaction to the synthesis of various
arylpyridines. The reaction is usually carried out by
running an aryl diazonium chloride into pyridine, followed
by heating and distilling off the unchanged pyridine. The
yield of the mixture of three arylpyridine isomers some-
times reaches 80%, the α-isomer predominating in the
mixture. The preparation of an arylpyridine from 1-aryl-
-3,3-dimethyltriazenes225 or benzeneazotriphenylmethane
proceeds likewise226:

C,H6

eo/o

| + C e H 6 - N - N - N (CH3), •
-C«H6

- C e H 6

In contrast to the previous reactions, the a -isomer is here
a minor product.

I + C 6 H 5 — N = N — C (C e H 6 ) 3 -»

C.H 6

I

- C e H 6

- C e H 5
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The Gomberg reaction can also be used for the prepara-
tion of pyridine bases. An example consists of heating
JV-(3-pyridyl)-JV-nitrosoisobutyramide with benzene to form
β -phenylpyridine 2 2 7.

XH3

- N - C O C H < C.H.

\ №
CH3-

— C O O H + N 2

30%

4^y-Pyridylbiphenyl was prepared similarly224:

</ X C O C H ,

The reaction of nitrosoacetanilide with pyridine yielded a
mixture of phenylpyridine isomers2 2 8.

NO / \ / \ -|| I C.H»

•-C.H,
+CH3COOH+N,

By electrolysis of various aliphatic acids in pyridine
solution a- and y-alkylpyridines, containing small amounts
of 2,4-dialkylpyridines, were obtained at the platinum
cathode229. 2-Methyl-, 2-ethyl-, and 2-propyl-pyridine
were obtained by this method from pyridine and acetic,
propionic and butyric acids, respectively, together with
small quantities of the corresponding y -isomers and
at, γ -derivatives. Benzoyl peroxides and pyridine gave a
mixture of a- and y-pheny lpyridines229»230.

A mixture of a - and y -pyridines is obtained by the re -
action of diacylperoxides with pyridines231, e.g. a- and
y-pheny lpyridines were obtained by heating dibenzoyl
peroxide with pyridine232. Heating a mixture of pyridine
with the lead salts of organic acids to 80°-120° gave a-
and y-alkylpyridines233. For instance, pyridine and lead
acetate in acetic acid solution gave a mixture of a - and
y-picolines. Heated to 110° with Pb3O4 in acetic acid,
3-butylpyridine gave in 45% yield a mixture of 2-, 4-, and
6-methyl-3-butylpyridines and 2,6-dimethyl-3-butylpyrid-
ine, with 2-methy 1-3-butylpyridine predominating234.

The Wibaut—Arens reaction, which consists in heating
pyridine with acid anhydrides in the presence of zinc powder,
can also be used for the preparation of the y-derivatives of
pyridine

CH.R

<RCO),O

IRCOOH+Zn

The authors made a thorough study of the mechanism of the
formation of y-alkylpyridines235. They established that
in acid media pyridine forms a salt (XVI), which, re-
acting in the l-acyl-l,4-dihydropyridine form (XVII), yields
N, JV-diacyltetrahydro-4,4-dipyridyl (XVm)

OCOR-

(RCOtjO
KCOOH + Zn* V

COR

(XVII)

(XVI)

On being heated (XVm) yields l,4-diacyl-l,4-dihydro-
pyridine (XIX), which is subsequently converted to 4-aDcyl-
pyridine (XX).

3-Methyl-4-ethylpyridine was obtained in 45% yield by
treating a mixture of acetic anhydride and 3 -picoune with
zinc powder at 35°-40°, followed by boiling. Various
4-alkylpyridines were prepared similarly 2 3 6> 2 3 8" 2 4 0 . In
the synthesis of 4-ethylpyridine iron powder could be used
instead of zinc2 4 1.

By passing a mixture of 2-methylpyridine and formal-
dehyde over alumina at 400°-550° high yields of 2-ethyl-
pyridine and a little 2-vinylpyridine are formed237.

2 -Methylpyridine gave higher alkylpyridines242"244 on
being alkylated with olefines in the presence of sodium at
120°-130° and elevated pressure.

CH3

C6H5CH=CH2

H 2 CH 2 CH 3

:CH2)3C,H5

CH2)jCeHs

/<>>-CH2CH=CH-CH3

An interesting reaction is observed on heating 3 -acetyl-
-1-methylpiperidines with selenium to 300° in a sealed
tube, when a high yield of 2,3-dimethylpyridine results2 4 5.

/ \ — C O C H J S e

\ №

— C H 3

- C H ,
+ C H 4 + H S O

Similarly, l,4-dimethyl-3-acetyl-l,2,5,6-tetrahydropyrid
ine gave 88.5% of 2,3,4-trimethylpyridine248:

CH 3

I
CH,

—COCHS se

I 300°

N^ICH,
' - C H 3

A complex mixture of isomeric picolines and lutidines
is obtained by passing pyridine and methanol vapours over
activated alumina at 400°- 500°.»" Cyclohexylpyridines
were obtained by the Diels-Alder reaction of vinylpyridines
with diene hydrocarbons. For example, xylene solutions
of a- and y-vinylpyridines and butadiene, heated in sealed
tubes to 170°, gave 60% of a -cyclohexenylpyridine and 44%
of y-cyclohexenylpyridine respectively 249,250. 2 -(4 -Pheny 1-
cyclohex-3 -enyl)pyridine was also obtained from a-vinyl-
pyridine and 2-pheny 1-1,3-butadiene in the presence of
pheny 1-β -naphthylamine251.

-CH

C H S = C H

+ CH—C.Hs •

CH2

ii •

(XX)

2. Miscellaneous Methods for the Preparation of Pyridine
Bases

Methods such as the hydrogenation of unsaturated oxy-
gen- and halogen-containing compounds, the decarboxyla-
tion of acids, the dehydrogenation of hydropyridines, and
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finally, the dealkylation of alkyl derivatives play a signifi-
cant part in the synthesis of various alkylpyridines.

The hydrogenation of alkenylpyridines is usually carried
out over Raney nickel catalyst, in alcoholic solution, at
room temperature, and small hydrogen pressure. Yields
of alkylpyridines are nearly theoretical. Unsaturated
pyridine bases can sometimes be reduced with iodine and
red phosphorus. For instance, 2-styrylpyridine was re-
duced to l-phenyl-2-(a-pyridyl)ethane252. The reduction
of alkyl pyridyl ketones is best carried out by the Wolff -
Kishner method, giving 80% yields248,253-257 T h e reaction
is carried out in the usual manner by heating a mixture of
alkyl pyridyl ketone and hydrazine in alcoholic-alkaline
media.

In his comparative study of various methods for the re -
duction of 2-acetylpyridine Furst 2 5 8 obtained the best
yields of ethylpyridine using the Clemmensen method.

Pyridine bases containing a hydroxyl group in the side-
-chain can readily be reduced by boiling in aqueous solu-
tion with hydroiodic acid and red phosphorus 2 5 9,2 β 0. 4-Iso-
propy lpyridine was obtained in this way from dimethyl-
-(y-pyridyl)carbinol281. Another general method for the
synthesis of pyridine is the catalytic reduction of 2- and
4-chloroalkylpyridines, using as a catalyst either pallad-
ium on activate charcoal2 6 2"2 6 6, barium sulphate, or cal-
cium carbonate267, or Raney nickel268»269. The yields of
the reaction products are nearly theoretical.

The preparation of pyridinecarboxylic acids followed by
decarboxylation is another important method for obtaining
pyridine bases. Pyridinecarboxylic acids can be obtained
not only by the oxidation of alkylpyridines, but also from
arylpyridines and benzylpyridines and in various other
ways. Although many pyridine alkaloids are readily oxi-
dised to pyridinecarboxylic acids, the oxidation of nicotine
to yield nicotinic acid is alone of any preparative impor-
tance.

Decarboxylation of pyridinecarboxylic acids is widely
used for the synthesis of pyridine bases because these
acids are easy to obtain and the reaction itself is very
simple. For instance, carboxyl groups in positions a
and γ are decarboxylated on heating, the a -carboxyl group
being eliminated at 180°, and γ -carboxyl groups at 240°.
Nicotinic acid is decarboxylated by heating with soda-lime.
The ease of decarboxylation of picolinic and isonicotinic
acid is explained by the shift of the electron cloud and the
lower electron density at positions 2 and 4 of the pyridine
ring. For the same reason 2-pyridylacetic acid is easily
decarboxylated (at 90°), while 3-pyridylacetic acid is
stable at 180°.270

Dehydrogenation of various hydropyridines is often used
in the synthesis of pyridines. Dehydrogenation of piperi-
dines and other hydropyridines is carried out over pal-
ladium41»271"273 or platinum274, on asbestos, activated
charcoal, or alumina. Selenium can also be used2 7 5. The
dehydrogenation is usually carried out by heating the
hydropyridine with the catalyst to 250°-300°, and the
yields can be as high as 90%. The dealkylation of alkyl-
pyridines is also a method of great potential importance:
it consists in passing an alkylpyridine at 300°-660° over a
catalyst of the nickel/alumina type276, or Zelinskii's nickel
catalyst277. For instance, passing the vapours of a -pico-
line and water over Ni/ALjOa at 415° yields 50% of pyridine.
High-temperature dealkylation of picolines and 2,6-lutidine
at 595°—666° and at high hydrogen pressure has also been
carried out2 7 8. The pyrolysis of α-picoline at 800° in a

stream of hydrogen containing some hydrogen sulphide
yields 21% of pyridine279. The catalytic oxidation of alkyl-
pyridines by air over a vanadium oxide/molybdenum oxide
catalyst deposited on pumice, at 580°, results in the for-
mation of 15.3% of pyridine280.

In addition to the methods discussed above, there are a
large number of particular multistage syntheses, which are
only applicable to individual pyridine bases 262-264>267>281~287.
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