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C R L I R  1 
P r o j e c t  : 4-08-03-002 

PREPARATIOU OF 4-PiENZYLPYRIDINE. 

OBJBCT. - I. 

The work r epor t ed  h e r e i n  was done under P r o j e c t  
4-08-03-002, Yethods for Analysis  of CW Agents, i n  o r d e r  
t o  provide an improved method for the synthesis of 4-benzyl- 
py r id ine ,  I n  in te rmedia te  i n  the  p repa ra t ion  of DE3  (4-(p-  
n i t r o b e n z y l )  p y r i d i n e ) .  

11. HISTORICAL. 

The p resen t  procedure for the  producti-on of  
DB3 involves  a four -s tep  process  s t a r t i n g  from pyr id ine  and 
beqzy lc t lo r ide .  The i n d i v i d u a l  s teps  of t h i s  process  a r e  
i l l u s t r a t e d  by the  f o l l o r i n g  sequence of equat ions :  

I- -T+ 

r i+ r i t  



The overall yield of 4-benzylp ridine by this 

poor yield obtained in the Lsdenburg rearrangement (step b.) 
of the benzylpyridinium chloride. The benzyl group migrates 
in this reaction in preference to the 2-position of the 
pyridine ring, and the mixture of 2- and 4-benzylpyridine 
obtained in step c. has to be separated by fractional ais- 
tillation. The subsequent nitration of the 4-isomer affords 
the desired DE3 in about 50% yield based on 4-benzylpyridine, 
or in an overall yield of approximately 4% based on pyridine.' 

The well-known reactivity of the methyl groups 
in A -  and I-picoline sugqesta the use of the commercially 
available y-picoline (4-methylpyridine) as starti7.g material 
for the synthesis of 4-benzylpyridine avoiding thus the 
undesired formation of the&-isomer. 

synthesis of 4-benzylpyridine from 8 -picoline, based on the 
arylation of 6-picoline with bromobenzene in liquid ammonia 
via &--picolyl potassium (Dirstine and krgstrom, J. Org. Chem. 
11, 55-59 (1946)) appeared to be promising and was investigated, 
%erefore, in some detail. 

procedure is only about 8% (based on pyridine T due to the 

Ore of several possible approaches to the 

111. EXPERIMENTAL. 

The g -picoline used throughout this investi- 
gation was procured f rom R e i l l y  Tar & Chemical Corporation. 

A .  Reaction of p-Picolyl Potassium and Chlorobenzene. 

To 500 cc. of liquid ammonia condensed in a 
1 liter &neck flask fitted wlth stirrer and air aooled con- 
denser was added 0.) g. 8f ferric oxide and 6 g. (0.15 atom) 
of metallic potassium, and the mixture stirred at the boiling 
point of the ammonia until the blue color of the dissolved 
potassium disappeared. To the gra ish-white Bolution wns 
then added slowly 14 g. (0.15 mol. 3 of f-picoline, followed 
by 28 g. (0.25 mol.) of chlorobenzene. The resulting reaction 
mixture had sssumed a deep purple color. A solution of 
potassium amide, prepared in the aame manner as above In 
aeparate equipment from 6 g. of po:assium and 250 CC. of 
liquid ammonia, was then forced through a glass .tube 'Into 
the purple reaction miiture and the contents of'the flask 
stirred f o r  1 hour at the boiling point of the ammonia. 
seqlrent addition of 32 g. of solid ammonium chloride to the 
well stirred mixture caused decolorization. The excess ammonia 
was then allowed to evaporate, 100 cc. of water added to the. 
residue to dissolve the inorganic salt, end the mixture ex- 

sub- 
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t r a c t e d  wi th  100 C C .  of benzene. The two layers were f i l t e r e d  
t o  remove some f l o c c u l e n t  m a t e r i a l ,  t h o  benzene l a g e r  was 
sepa ra t ed ,  e x t r a c t e d  w i t h  100 C C .  of 8 N  El, the  &IC1 e x t r a c t  
made a l k a l i n e  wi th  s t r o n g  NaOH, t h e  o i l y  l a y e r  t aken  up in 
benzene, weshed w i t h  water;  d r i e d  w i t h  s o l i d  Na38, tmd t h e  
benzene removed by d i s t i l l a t i o n .  The brown oily r e s i d u e  was 
d i s t i l l e d  twice  a t  atmospheric p r e s s u r e  t o  g ive  3 .5 g. (13.7%) 
of 4-benzylpyridine,  as a pale-yellow o i l ,  b o l l i n g  a t  
260-288O (most ly  a t  280-282O) and 0.5 g. of a r e d d i s h  l i q u i d ,  
b.p. 290-325.. from which almost c o l o r l e s s  c r y s t a l s ,  m.p. 
105-10?0, s e p a r a t e d  on s t a n d i n g  for s e v e r a l  dags. T h i s  s o l i d  
m a t e r i a l  is presumably 4-benzhydryl p y r i d i n e  (C6H5)2CHC5H4N. 

1 B. Reac t fon  of -Picolylsodium and Chlorobenzene. 
I To 600 C C .  of l i q u i d  ammonia,was added w i t h  

s t i r r i n u  0.3 g. of f e r r i c  ammonium n i t r a t e  and 2-3 g. of 
m e t a l l i c  sodium of  a t o t a l  of 11.5 g. (0.5 atom) t o  be added. 
Af t e r  the  l i q u i d  had assumed t h e  b lue  sodium c o l o r ,  t h e  r e -  
mainder of t h e  sodium was added. The mixture  w 0 s  s t i r r e d  
u n t i l  d e c o l o r i z n t i o n  occurred  and t h e n  23.2 g. (0.25 mol.) 
of  - p i c o l i n e  added slowly, fol lowed a f t e r  20 minutes by 
28.1 g. (0.25 mol.) of chlorobenzene. Af t e r  stirrinq for 
two hours t h e  run was worked up as descr ibed  in t h e  foreqoing  
s e c t i o n  when usinq p-p ico ly l  potassium. 
10.4 5. (24.5%) of 4-benzylpyridine,  b.o. 278-285' (most ly  

! 
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The y?.eld was 

A 281-2820). 

C.  React ion of g -Plcolglsodium And Bromobenzene. 
1 

A run emploaing 0.25 mol. of bromobenzene 
i n s t e a d  of chlorobenzene wss c a r r i e d  out  under e x a c t l y  t h e  
same c c n d i t i o n s  as desc r ibed  for experiment B, and y i e l d e d  
23% o f  4-benzylpyridine.  

D. React ion of Y -P ico l ine ,  Sodemide, and Chlorobenzene. 

To 500 C C .  of l i q u i d  ammonia was added 39 g. 
(1 mol.) of powdered, t e c h n i c a l  grade  sodamlde and then  
46.5 g. (0 .5 mol.) of i f -p i co l ine  i n  one p o r t i o n .  The mixture  
was s t i r r e d  for 4'J minutes a t  t h e  b o i l i n g  p o i n t  of t h e  ammonia 
dur ing  which period. a red-brown c o l o r  developed. Chloro- 
benzene (56 g., 0.5 mol.) was then  added rapid13 t o  t h e  
v igo rous ly  s t i r r e d  mixture  which assumed a black-brown c o l o r .  
A f t e r  a s t i r r i n g  pe r iod  of 45  minu e x t e r n a l  coo l ing ,  
t h e  mixture  WAS d e c o l a r i  m Chloridd and 
worked up as i n  t h e  prev 5 g. (2.5%) 
of  4-benzylpyridine.  



xv. D I S C U S S I O N .  

The phenylstion of methyl groups in 2-position 
t o  heterocyclic N with chlorobenzane haa been investlqated 
by Bergstrom and co-workers (J. Orp; .  Chem. 1, 179 (1939) ;  
11, 55 (1946))  and found to be catalyzed by-potassium amide. 
E all instances, the phenylation was found to proceed beyond 
the monosubstitution etaae, and di- and triphenylated pro- 
ducts were obtained 8s w e l l .  The followinp; sequence of 
equntions will serve to illustrate the general course of the 
react lon: 

I 

I1 

I11 

The potassium derlvatlves of  the methyl-sub- 
stituted N heterocyclics do not react with halobenzenes in 
the absence of excess potass!.um amide. To effect the 
phenylation reaction one equivalent of potassium amide la 
required. However, the r o l e  of the amide is two fold; it 
not only catalyzes the phenylation, but a l s o  reacts with the 
monophenylnted product (I) to form 1;s potassium derivative 
which in turn is further phenylated to yield the diphenyl 
derivative (11). This contains still a replaceable methyl 
H atom and undergoes phenylatlon to n triphenyl derivative (111). 
Aa a result of this amide-catalyzed aequencq of reactions a 
mixture of subetitution products of tha type I, 11, and I11 
is obtained with I as the main reaction product. 



The a p p l i c a t i o n  of  Bergstrom's phenyla t ion  
r e a c t i o n  t o  8 - p i c o l i n e  ( s e e  experiment A) a f fo rded  t h e  d e s i r e d  
monophenylated d e r i v a t i v e ,  t h e  4-benzylpyridine.  in about 
14% y i e l d  t o g e t h e r  w i t h  a small q u a n t i t y  of 4-benzhydryl- 
py r id ine .  Throughout t h e  l n v e s t i ? a t i o n  r epor t ed  h e r e i n  no 
e f f o r t  was made t o  i s o l a t e  t h e  d i -  and p o s s i b l y  t r i s u b s t i t u t e d  
p i c o l i n e  d e r i v a t i v e s ,  but  on ly  t h e  4-benzylpyridine was 
sepa ra t ed  by d i s t i l l a t i o n  from the  crude r e a c t i o n  product  
aa desc r ibed  in the  experimental  s e c t i o n .  

Bergstrom can be s i m p l i f i e d  cons iderabAy by addinq the amount 
of  alkali amide r z q u i r e d  t o  e f f e c t  t h e  condensat ion r e a c t i o n  
top;ether w i th  t h a t  necessary  t o  form t h e  p i c o l y l  alkali 
d e r i v a t i v e ,  i n s t e a d  of add inq  an  a l k a l i  amide suspension i n  
l i q u i d  a m o n i a  t o  a mixture of the  p i c o l y l  alkali d e r i v a t i v e  
and chlorobenzene i n  ammonia. It was shown t h a t  t h e  phenyla t lon  
of  - p i c o l y l  w i t h  chlorobenzene proceeds also v i a  t h e  sodium 
d e r l v a t i v e  and is e q u a l l y  well c a t a l y z e d  by sodamf.de. A 
f u r t h e r  s i m p l i f l c a t i o n  of t h e  method c o n s i s t s  i n  t h e  use of 
t e c h n i c a l  sodamide f o r  t h e  formatLon of the  p i c o l y l  sodium 
d e r i v a t i v e  and its s u c c e s s f u l  condensat ion w i t h  chlorobenzene, 
i n s t e a d  of forming i t  by r e a c t i o n  of m e t a l l i c  sodium and 
ammonia with the  l a t t e r  s e rv ing  also as r e a c t i o n  medium ( s e e  
experiment B) . 
obta innd  from I f -p ico l ine ,  sodamide, and chlorobenzene 
(800 experiment D). No improvement over  t h i s  y i e l d  could be 
ob ta ined  by s u b s t i t u t i n q  bromopnzene f o r  t h e  c h l o r i n e  
d e r i v a t i v e ,  as miqht be expected ( s e e  exper inent  C). 

phenylated p i c o l i n e s  by reducing t h e  amount of sodamide 
necessary  t o  c a t a l y z e  t h e  condensat ion from 1 t o  0.3 e q u i v a l e n t  
r e s u l t e d  i n  a decrease  of  the 4-benzglpyrldine y i e l d  from 
25 t o  13%. 

of r -p i co l ine  w i t h  sodamide and chlorobenzene in dry benzene 
a t  reflux temperature  qere unsuccess fu l .  Pico l ine  r e a c t s  
w i t h  t e c h n i c a l  sodamide i n  r e f l u x i n g  benzene t o  form t h e  
v i o l e t  p i c o l y l  sodium d e r i v a t i v e .  3s r e f lux inR t h e  mixture  
w i t h  chlorobenzene for 24 hours only  t a r r y ,  u n d i s t i l l a b l e  
m a t e r i a l  was formed, whereas a f t e r  a reflux per lod  of 0 
hours  most of the  p l c o l h e  was recovered unreacted.  I n  t h e  
l a t t e r  run only  a minute amount of t h e  tar;.y product was formed. 

S e v e r a l  o t h e r  approaches t o  t h e  s y n t h e s i s  of 
4-benzylp r i d l n e  have been undertaken during t h i s  i n v e s t i -  

of  i t s  r e a c t i v e  methyl group with aldehyde carbonyl  groups.  

It was found t h a t  t h e  technique used by 

A y i e l d d  25% of 4-benzylpyridine vas t h u s  

An at temut  t o  c u t  down t h e  format ion  o f  h igher  

Seve ra l  a t tempts  t o  c a r r y  out  t h e  phenyla t ion  

g a t i o n .  E t Is known thet f - p i c o l i n e  undergoes condensat ion 
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%sed on t h i a  r e a c t i v i t y  of t h e  methyl qroup, which i s  not  
ahown by aromatic methyl s u b s t i t u e n t s ,  an at tempt  was made 
t o  condense r - p i a o l i n e  wi th  cyclohexanone according t o  the  
fo l lowing  r e a c t i o n :  

A condensat ion product  of t h i s  type  might p o s s i b l y  be dehydro- 
genated t o  4-benzylpyridine.  Hoaever, a l l  a t tempt3  t o  e f f e c t  
t h e  condensat ion of p i c o l i n e  and cyclohexanone i n  t h e  
presence of  c a t a l y s t ,  such  a s  WaXH3, ZnC12, Al2O3, A l C l 3 ,  
ir. s e a l e d  tubes  a t  e l e v a t e d  tempers ture  o r  by condensa t ion  
of t h e  r e a c t a n t s  i n  a c e t i c  anhydrlde i n  the  presence  of 
p y r i d i n e  a t  r e f l u x  tempera ture ,  were unsuccessfu l  and t h e  
s t a r t i n g  m a t e r i a l s  were recovered.  

Another a t tempt  t o  syn thes i ze  4-benzylpyridine 
by sodium c a t a l y z e d  a d d i t i o n  of $ -p ico l ine  t o  cyclohexene, 
according t o  : 

i n d  subaequent dahydrogenation was a l s o  unsuccess fu l ,  s i n c e  
t h e  d e s i r e d  a d d i t i o n  r e a c t i o n  could not  be e f f e c t e d ;  un- 
r e a c t e d  cyclohexene was recovered.  

v. SUMMARY. 

An Improved method f o r  t h e  s y n t h e s i s  of 4-benzyl- 
p y r i d i n e  i n  25% y i e l d  from g - p i c o l i n e ,  t e c h n i c a l  sodamide, 
and chlorobenzene i n  l i q u i d  ammonia aa r e a c t i o n  medium 1s 
descr ibed .  
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