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CRLIR 1
Project: 4-08-03-002

PREP ARATION OF 4-BENZYLPYRIDINE.

I. OBJECT.
The work reported herein was done under Froject
4-08=-03-002, Methods for Analysis of CW Agents, in order

to provide an lrmproved method for the syntheals of 4-benzyl-
pyridine, an intermediate in the preparation of DB3 (4-(p-
nitrobenzyl) pyridine).

IT. HISTORICAL.

The present procedure for the production of
DB3 Involves a four-step process starting from pyridine and
banzylchloride. The individual steps of this process are
1llustrated by the following segquence of equations:

+
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mixture of 2- and 4~bs derivative.
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The overall yleld of 4-benzylpyridine by this
procedure is only about 8% (based on pyridins) due to the
poor yleld obtained in the Ladenburg rearrangement (step b.)
of the benzylpyridinium chloride. The benzyl group migrates
in thls preaction ln preference to the 2-position of the
pyridine ring, and the mixture of 2~ and 4-benzylpyridine
obtained in step ¢. has to be separated by fractiomal dls-
tillation. The subsequent nitration of the 4-1somer affords
the desired DB3 in about 50% yield based on 4-benzylpyridine,
or in an overall yileld of approximately 4% based on pyridine.-

The well-known reactivity of the methyl groups
in & - and {-picoline suggests the use of the commercially
avalilable y-picoline (4-methylpyridine) as starting material
for the synthesls of 4-benzylpyridine avolding thus the
undesired formation of the & -lsomer.

One of several possible approaches to the
synthesis of 4-benzylpyridine from ) -vicoline, based on the
arylation of A =-picoline with bromobenzene in liquid ammonia
via & ~plcolyl potassium (Dirstine and Bergstrom, J. Org. Chem.
11, 55-59 (1946)) appeared to be promising and was investigated,
Therefore, in some detail.

III. EXPERIMENTAL.

The ¥ -picoline used throughout this investi-
gation weas procured from Rellly Tar & Chemical Corporation.

A. Reactlion of p-Picolyl Potassium and Chlorcbenzane.

To 500 e¢c. of 1iqulid ammonla condensed in a
1l liter 3-neck flask fitted with stirrer and air coocled con-
denser was added 0,1 g. of ferric oxlde and 6 g. (0.15 atom)
of metallle potassium, and the mixture stirred at the bolling
polnt of the ammonia untll the blue color of the dissolved
potassium disappeared. To the graylsh-white solution waz
then added slowly 14 g. (0.15 mol.) of Y=-picoline, followsd
by 28 g. {0.25 mol.) of chlorobenzene. The resulting resction
mixture had assumed a deep purple color. A solution of
potassium amide, prepared In the same manner as above 1in
separate equipment from & g. of posaasium and 250 ¢e. of
liquid ammonia, was then forced throush a glass tube into
the purple reaction mixture and the contents of“the flask
stirred for 1 hour at the boiling point of the ammonia. Sub-

- sequent addition of 32 g. of so0lid ammonlum chloride to the

well stirred mixture caused decolorization. The excess ammonia
was then allowed to evaporate, 100 co., of water added to the.
residues to di=solve the Iinorganic salt, and the mixture ex-
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tracted with 100 cc. of benzene. The two laysrs were filtered
to remove somae flocculent material, tho benzens layer was
separated, extracted with 100 cc. of 8N HCl, the HCl extract
made alkalines with strong NaOH, the oily layer taken up in
benzenes, washed with water, dried with solid NaJH, and the
benzene removed by diatillation. The brown oily residue was
distilled twice at atmospheric pressure to give 3.5 g. (13.7%)
of 4=benzylpyridine, as a pale-yellow oll, bolling at

260-288° (mostly at 280-282°) and 0.5 g. of a reddish liquid,
b.p. 290-325°, from which almost colorless crystals, m.p.
105-107*®, separated on standing for several days. This solid
material 13 presumably 4-benzhydryl pyridine (CgHg) CHCgH,N.

B. Reaction of ¥ -Picolylsodium and Chlorcbenczens.

To €00 cc. of ligulid ammonlia was added with
stirring 0.3 g« of ferric ammonium nitrate and 2-3 g. of
metallic sodium of a total of 11.5 g. (0.5 atom) to be added.
After the 1liguid had assumed the blue sodlum color, the re-
mainder of the sodium was added. The mixturs wesz stirred
until decolorizestion occurrad and then 23.2 g. (0.25 mol.)
of ¥ -picoline added slowly, followed after 20 minutes by
28,1 g. (0.25 mol.) of chlorobenzene. After stirring for
two houra the run was worked up az deacribed in the foregoling
section when using p-picolyl potassium. The yleld was
10.4 g+ (24.5%) of 4-benzylpyridine, b.o. 278-285° {mostly
281-282°),

C. Reaction of ¥ -Picolylsodium and Bromobaenzena.

A run smploying 0.25 mol. of bromobenzens
lnstead of chlorobenzene was carried out under exactly the
seme ccnditions as described feor experiment B, and ylelded
23% of 4-benzylpyridine. : :

D. Reaction of ¥ -Picoline, Sodamide, and Chlorobenzane,

To 500 e¢c. of liguid ammonie was added 39 g.
(1 mol.) of powdered, technical grads sodamide and then
46,5 g. {0 .5 mol.) of & =-picoline in one portion. The mixture
was stirred for 40 minutes at the beolling point of the ammonia
during which pericd. & red=brown color developed. Chloro-
benzene (56 g., 0.5 mol.) was then added rapidly to the
vigorously stirred mixture which assumed & black-brown color.
After a stirring period of 45 minutes w t sxternal cooling,
the mixture was decolorized with s um chloridy and
worked up as in the previocus 5 g. (25%)
of 4-benzylpyridine.
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Iv. DISCUSSION.

Ths phenylation of msthyl groups In 2-position
te heterocyclic N with chlorobenzane has besn investigated
by Bergstrom and co-workers (J. Org, Chem. 1, 179 (1939);
11, 55 (1946)) and found to be catalyzed by - potaasium amide.
T all instances, the phenylation was found to proceed beyond
the monoaubstitution stape, and di- and triphenylated pro-
ducts were obtsined gs well. The following sequence of
equations will serve to 1llustrate the gmeneral course of the

reactlon:
KNHy N CgHsC1 N KNHg
— [\ l T \ —
Hy g#-cuor  KNHp §/—CHoCgHg

I
csHs - n
HRC gHg KNHE H(CgHg), NZCE(CgHs)
CeHg01 7 |
11T ’

The potassium derivatives of the methyl-sub-
stituted N heterocyelics do net resct with halobenzenes in
the abaence of excess potassium amide. To effact the
phenylation reaction one equivalent of potassium amide 1s
required. However, the role of the amide 1s two fold; 1t
not only catalyzes the phenylation, but also reacts with the
monophsnylated product (I) to form ii{8 potassium derivative
which in turn 1s further phenylated to yleld the diphenyl
derivative (II). This contains still a replaceable methyl
H atom and undergoes phenylation to a triphenyl derivative (III).
As 2 result of this amide~catalyzed sequence of reactions a
mixture of subatlitution oroducts of thea type I, II, and III
is obtained with I as the maln reaction product.
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The application of Bergstrom's phenylation
resction to ¥ -picoline (sse experiment A) afforded the desired
monophenylated derivative, the 4-benzylpyridine, in about
14% yield together with a amall quantity of 4-benzhydryl-
pyridine. Throughout the investizatlon reported hereln no
effort was made te {solats the dl- and possaibly trisubstlituted
picoline derivatives, but only the 4~benzylpyridine was
separated by distillation from the crude reactlon product
a2z described in the experimantal sectlon.

It was found thet the technigue used by
Bargstrom can be simplified considerab.y by adding the amount
of alkall amide raquired to effect the condensation resction
together with that necassary te form the plecolyl alkall
dapivative, instead of adding an alkall amide suapension 1In
liquid ammonia to a mixture of the picolyl alkall derivative
and chlorobenzene in ammonia. It was shown that the phenylation
of ¥ =pleolyl with chlarobenzene procesds alsc via the sodium
devlvative and 18 egually well catalyzed by sodamide. A
further simplification of the method consiats in tha use of
technical =odamide {or the formation of the plcolyl sodlum
darivetive and its successful condenszation with chlorobeanzena,
instead of forming it by reaction of metallic sodium and
ammonia with the latter serving alsc as resctlion medium (see
experiment B}. A yleldd 25% of 4-benzylpyridine was thus
obtalin+d from X -picoline, scdamide, and chlorobenzene
{see axperiment D). No improvement over this yleld could be
obtained by substituting bromobenzene for the chlorine
derivative, a3 micht be expected (see experiment C).

An attemot to cut down the formation of higher
phenylated picolines by reducing the amount of scdamlide
necessary to catalyze the condensation from 1 to 0.3 squivalent
resulted in a decrease of the 4-benzylpyridine yield from
25 to 13%,

Several attempts to carry ocut the phenylation
of ¥ =plcoline with sodamide snd chlorobenzene in dry benzense
at reflux temperature were unsuccessful, Picoline reacts
with technical sodamlide in refluxing henzens to form the
violet plcolyl sodium derivative. 3y refluxing the mixture
with ehlorobenzens for 24 hours only tarry, undistillable
material was formed, whereaa mftar a reflux period of 8
hours most of the picolilie was recovered unreacted. In the
latter run only a minute amount of the tar>y product was formed.

Several other approaches to the synthesis of
4~-benzylpyridine have been undertaken during thia Iinvesti-
gatlion, t ia known that ¥ -picoline undergoes condensation
of its reactive methyl group with aldehyde carbonyl groups.

LONTEPNiilkie

-

-


http://sodamf.de

Based on this reactivity of the methyl group, which is not
shown by aromatic methyl substituents, an sttempt was made
to condense ¥ -piscoline with cyclohexanone according to the
following reactlion:

Wy
L4 M o
@.cas +0-<‘ '>4L—"> ©—cn :Oﬁv
v A 7,

A condensation product of this type might possibly be dehydro-
genatad to 4-benzylpyricdins. However, all attempts to effect
the condensation of plcoline and cyclohexanons in the

presence of catalyst, such as RaOCHz, ZnCly, Alp0z, AlCls,
ir sealed tubes at eleveted temperasture or by condensation

of the reactants Iin acetic anhydride in the presenca of
pyridine at reflux temperature, were unsuccessful and the
starting matserials were recovered.

Another attempt to synthesize 4-benzylpyridine
by sodium catalyzed addition of f-picoline to cyclohexene,
according to:

- ﬂf
+ C N —

and saubsequant dehydrogenation was also unsuccesaful, since
the desired addition reaction could not be effected; un-
reacted cyclohexene was reecovered.

v. SUMMARY .

An improved method for the synthesis of 4-banzyl-
pyridine in 25% yield from ¥ -plcoline, technical sodamide,
and ochlorobenzsene in liquid ammonia as reaction medlum is
describad.
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