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New substituted 4-phenyl -2-benzyl -  and 2,4-dibenzylpyridines were  obtained, and some of 
their  t ransformat ions  were  studied. 

In one of our previous communications [1], we described the synthesis  of 3 ,6 -d imethy l -4 -phenyl -2-  
benzylpyridine (II) by means of the Ladenburg-Chich ibab in  react ion f rom 2,5-dimethyl-4-phenylpyridine 
(I). Continuing our study of s imi la r  substituted pyridine sys t ems ,  we used the same route to obtain 3,6- 
d imethyl -4-phenyl -2- (p-methylbenzyl ) -  and p-ethylbenzylpyridines  (III and IV) f rom I. Compounds of the 
a r y l - y - p y r i d y l m e t h a n e  type (V-VII), which we previously descr ibed in [2, 3], were  used as other subst i -  
tuted pyridine bases ,  in the case of which, the same benzylation of the c~-position of the pyridtne r ing was 
car r ied  out~ 
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I R=CGH5; II R=C6HS, R'=H; Ill R=C6HS, R'=CH3; IV R=CsHS, R'=C~HS; V R~C6HSCH2; 
Vl R=p-CH3C6H4CH2; VII R=p-C2HsC6H4CH2; VIII R=C6HsCH2, R ' - H ;  

IX R = p -  CH3C6H4CH 2, R ' =  H ; X R=po%HsC6H4C}I2, R'= H 

The IR spec t ra  of dibenzylpyridines IX and X contain bands in the region of the out-of-plane v ib ra -  
tions of the a romat ic  C - H  bonds at 747 and 707 cm - l ,  which a re  charac te r i s t i c  for a monosubstituted ben- 
zene ring. These bands are absent in the spectra of starting VI and VII. The PMR spectrum of VIII has a 
singlet at 6 6.59 ppm caused by the/3-hydrogen atom of the pyridine ring, singlets at 1.96 and 2.37 ppm 
(the/?- and c~-methyl hydrogens, respectively), and singlets at 3.73 and 4.07 ppm (the y- and ~-methylene 
hydrogens, respective ly). 

Benzyl-substituted pyridine II was introduced into condensation with benzaldehyde in acetic acid in 
the presence of acetic anhydride. The condensation occurs at both the c~,-methyl and ~'-methylene groups. 
We were able to identify distilbazole-l,2-diphenyl-l- [3'-methyl-4'-phenyl-6'-(fi-styryl)-2'-pyridyl]ethyl- 
ene (XI) in the form of the picrate. 3-Methyl-4-phenyl-2-benzoyl-6-carbethoxypyridine (XII) was obtained 
by the oxidation of XI (without isolation of the reaction products) under mild conditions with subsequent 
esterification of the keto acid formed in the process. The IR spectrum of XII in the region of the stretch- 

ing vibrations of the C -- O group contains two intense bands at 1736 and 1665 cm -I, which are related, re- 
spectively, to the ester grouping in the a position of the pyridine ring and to the stretching vibrations of a 
carbonyl group of the benzophenone type. (See scheme on the following page.) 

We attempted to accompl ish  the catalytic dehydrocycl izat ion of lI, as a resul t  of which we were able 
to obtain complex, ni t rogen-containing,  condensed, polynuclear  compounds~ The dehydrocycl izat ion of II 
can proceed in different directions depending on whether  the dehydrocyct iza t ion occurs  through the 6 -  
methyl group and the ortho hydrogen of the a -benzy l  radical ,  through the same methyl group and the ortho 

Patrice Lumumba University, Moscow. Translated from Khimiya Geterotsiklicheskilda Soedinenii, 
No. I, pp. 91-94, January, 1972. Original article submitted February 12, 1971. 

O 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 F('est 17th Street, New York, N. Y. I0011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic~ mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. :t 
copy of this article is available from the publisher for $15.00. 

85 



CoH5 C6H 5 ~6H5 
~ C | |  3 ~ C t I ~  ~CtI~ ~ C f l ~  CrHsCHO L KMnO 4 

ii II o 
C~lt~Ctl tfCC~H 5 

I I  XI XII 

hydrogen  of the ~/-phenyl r a d i c a l ,  o r  s imul t aneous ly  through the methyl  group and the ortho hydrogens  of 
the benzyl  and phenyl g roups .  The dehydrocyc l t za t ion  of II was c a r r i e d  out with a K-16 dehyd ra t ing  ca t a lys t  
a t  500-510~ Column c h r o m a t o g r a p h y  was used to i so la te  two subs tances  f rom the reac t ion  produc ts  - 
yellow c r y s t a l s  with mp 108-109 ~ and orange c r y s t a l s  with mp 172-173 ~ 

XI I I  I I  X IV  XV 

On the bas i s  of the s p e c t r a l  and ana ly t i ca l  da ta ,  the 6 -me thy l -7 - aza indeno [1 ,2 ,3 -d ,  e ]anthracene  s t r u c -  
ture  (XIV) can be ass igned to the subs tance  with mp 172-173% The IR s p e c t r u m  of XIV in the region  of the 
ou t -o f -p lane  v ib ra t ions  of the a r o m a t i c  C - H  bonds does not contain bands at 690-710 cm - t  that a r e  re la ted  
to the monosubst i tu ted benzene r ing .  This  reg ion  contains only a band at  879 cm - t ,  c h a r a c t e r i s t i c  for 
s ingle  C - H  bonds,  and bands at  715 and 742 cm - t ,  which a r e  re la ted  to four ad jacent  a r o m a t i c  bonds.  
Maxima at  242 nm (log e 4.34), 276 nm (log e 4.34), 288 nm (log ~ 4.40), 298 nm (log ~ 4.34), 369 nm (log 
3.86), and 395 nm (log e 3.62) a r e  observed  in the UV s p e c t r u m  of X-IV. As compared  with the UV s p e c -  
t r u m  of 3 ,8 -d ime thy l an th racene ,  a l l  of the bands a r e  shifted to the long-wave region.  A s ignal  c o r r e -  
spond ing to the  methylene  group (5 4.13 ppm) is not p r e s e n t  in the PMR s p e c t r u m  of XIV. The s ignal  at 
2~ ppm c o r r e s p o n d s  to the ce-methyl  group of the pyr id ine  r ing.  

The subs tance  with mp 108-109 ~ appa ren t ly  has the 2-methyl -4-phenylbenzo[g]quinol ine  s t r u c t u r e  
(XIII). Its m o l e c u l a r  weight ,  as  de te rmined  by mass  s p e c t r o m e t r y ,  is 269. The UV s p e c t r u m  of XIII is 
s i m i l a r  to the s p e c t r u m  of azaan th racene  and an thracene  s y s t e m s .  There  a r e  bands co r r e spond ing  to a 
monosubst i tu ted benzene r ing  and a methyl  group in the IR s p e c t r u m .  The pos i t ion  of the methyl group in 
the s t ruc tu r e  of XIII is indicated a r b i t r a r i l y .  The PMR s p e c t r u m  of XIII contains two proton  s ignals  at 
8~3 and 8.57 ppm, which can be ass igned  to the oe-hydrogen of the pyr id ine  r ing.  It is  poss ib le  that m i g r a -  
t ion of the methyl  r a d i c a l  occurs  dur ing the dehydrocyc l i za t ion .  

The dehydrocyc l i za t i on  of II at  620 ~ p roceeds  to a g r e a t e r  extent; in addi t ion to cyc l i za t ion  products  
XIII and XIV, a d a r k - r e d  c r y s t a l l i n e  subs tance  with mp 149-150 ~ was i so la ted .  On the bas i s  of ana ly t i ca l  
da ta  and the PMR s p e c t r u m ,  the 7 -aza indeno[1 ,2 ,3 -d ,e ]an th racene  s t ruc tu r e  (XV) can be con jec tu ra l ly  a s -  
signed to this  d a r k - r e d  subs tance .  Under  these condi t ions ,  dehydrocyc l i za t ion  is appa ren t ly  accompanied  
by c leavage of an or-methyl  group.  The m o l e c u l a r  weight of XV, as  de te rmined  by m a s s  s p e c t r o m e t r y ,  is 
253. The IR s p e c t r u m  of XV does not contain bands co r r e spond ing  to a monosubst i tu ted benzene r ing and 
a methyl  group.  The UV s p e c t r u m  of XV is c lose  to the UV s p e c t r u m  of the condensed XIV s y s t e m  and 
d i f fe rs  v e r y  much f rom the UV s p e c t r u m  of XIII. It was c h r o m a t o g r a p h i c a l l y  es tab l i shed  that XV is formed 
f rom XIV under  the s ame  condi t ions .  

E X P E R I M E N T A L  

3 , 6 - D i m e t h y l - 4 - p h e n y l - 2 - ( p - m e t h y l b e n z y l ) p y r i d i n e  (III). The method in [1] was used to obtain 5 g 
(50%) of III with bp 185-190 ~ (1 ram) f rom 10 g (54 mmole) of I and 8 g (57 mmole) of p -me thy lbenzy l  ch lo -  
r ide  i n t h e  p r e s e n c e  of 0.25 g copper  powder .  Found: C 88.0; H 7.5; N 5.0%. C2tH21N. Calcu la ted :  C 
87.9; H 7.3; N 4.9%. 

3 , 6 - D i m e t h y t - 4 - p h e n y l - 2 - ( p - e t h y l b e n z y l ) p y r i d i n e  (IV) o The reac t ion  of 20 g (110 mmole) of I,  9 .81g 
(63 mmole) of p -e thy lbenzy l  ch lo r ide ,  and 0.15 g of copper  powder  gave 5.5 g (40%) of IV with bp 195-200 ~ 
(1 mm) .  Found: N 4.7%. C22H23N. Calcula ted :  N 4~ 

86 



3 ,6 -Dime thy l -2 ,4 -d ibenzy lpy r id ine  (VIII). A mix ture  of 100.6 g (507 mmole) of V, 40.5 g (320 mmole) 
of f r e sh ly  dist i l led benzyt  ch lor ide ,  and 0.15 g of copper  powder  was held at  250-260 ~ for  7.5 h and at 280- 
290 ~ for 2 h. The hot r eac t ion  mass  was poured into 200 ml of sa tu ra ted  aqueous sodium hydroxide  so lu-  
t ion,  and the mixture  was heated for I h on a b o i l i n g - w a t e r  bath .  The mix ture  was  then cooled,  and the o r -  
ganic bases  we re  ex t rac ted  with e the r .  The organic  bases  we re  ex t rac ted  f rom the e x t r a c t  with 15% su l -  
fur ic  ac id .  The acid e x t r a c t  was brought up to pH 12 by means of sodium hydrox ide ,  and the organic  bases  
w e r e  ex t rac ted  with e the r .  Two d i s t i l l a t ions  of the e the r  ex t rac t  yielded 58.3 g (0.296 mole) of the s t a r t -  
ing" pyr id ine  V and the fotlowtng f r ac t ions :  the f i r s t  f rac t ion  (1.1 g) boiled at 180-186 ~ (1.5 ram), the s e c -  
ond f rac t ion (29.1 g) boi led at 186-196 ~ (1.5 mm),  and the third f rac t ion  (5.7 g) boi led at 196-220 ~ (1.5 ram). 
The s t i l l  r e s idue  was 26 g. 

A 4 .1-g  sample  of the second f rac t ion  was subjected to ch roma tog raph i c  s epa ra t i on  (with a 115 -cm-  
high column with a d i a m e t e r  of 1.5 cm,  packed with ac t iv i ty  1I A1203, with elut ion by pe t ro l eum e the r ,  g r a d -  
ual  addit ion of e t h e r  and,  a t  the end, pure  ether)  to give 1.96 g of a subs tance  with Rf 0.60 [act ivi ty II 
A1203, e t h e r - p e t r o l e u m  e the r  (2:1)] f rom which 2.35 g of the p e r c h l o r a t e  of VIII with mp 68-69 ~ (from a l -  
cohol) was obtained.  Found: N 3.8; C1 8.9%. C2iH21N �9 HC104. Calcu la ted :  N 3.6; CI 9.2%. The p e r c h l o -  
r a t e  yielded 1.3 g of f ree  base  VIII with bp 187-188 ~ (1.5 mm),  nD 2~ 1.6018, d42~ 1.070, and MRD 92.20. 
Found: C 87.7; H 7.2; N 5.1%. C21H21N. Calcula ted :  C 87.8; H 7.3; N 4.9%; MRD 92.31. The yield of VIII 
was 30% (based on the conver ted  V). 

The same  method was used to obtain 3 , 6 - d i m e t h y l - 2 - b e n z y l - 4 - ( p - m e t h y l b e n z y l ) p y r i d i n e  (IX) [in 32% 
yield with bp 196-198 ~ (1.5 ram), nD 20 1.5980, and d42~ 1.059]. Found: C 87.9; H 7.8; N 4.7%; MRD 96,95. 
C22H23N. Calcula ted:  C 87.7; H 7.6; N 4.6%; MRD 96.93 and 3 , 6 - d i m e t h y l - 2 - b e n z y l - 4 - ( p - e t h y l b e n z y l ) p y r i - -  
dine (X) [in 25% yield with bp 199-204 ~ (1.5 mm),  nD 2~ 1.5887, and d42~ 1o035]. Found: C 87.6; H 8.0; N 
4.6%; MR D 102.6. C23H2sN. Calcu la ted :  C 87.6; H 7.9; N 4.4%; MRD 101.6. 

3 - M e t h y i - 2 - b e n z o y l - 4 - p h e n y I - 6 - c a r b e t h o x y p y r t d i n e  (XII). A mix ture  of  5 g (16 mmole)  of  II,  5.82 g 
(55 mmole) of benza ldehyde ,  3.8 g of ace t i c  anhydr ide ,  and 2.2 g of ace t i c  acid was  heated at 185-190 ~ for 
20 h.  The unchanged benzaidehyde  was removed by s t e a m  d i s t i l l a t i on ,  and 100 ml of 40% sodium hydroxide  
was added to the r e s i d u e .  The organic  compounds w e r e  ex t rac ted  with e the r  to give 8.25 g of hyg roscop ic  
c r y s t a l s ,  f rom which the p i c r a t e  of pyr id ine  XI with mp 208-210 ~ (from alcohol) was obtained.  Found: N 
8.0~j. C34H27N-C6H3N~OT. Calcu la ted :  N 8.2%. 

P o t a s s i u m  pe rmangana te  (19.8 g) was added at  0 ~ to a solut ion of 5.37 g (11 mmole) of XI in 200 ml 
of ace tone .  Af ter  the so lu t ionwas  d e e o l o r i z e d ,  the manganese  dioxide was removed by f i l t ra t ion  and washed 
twice with hot w a t e r .  The aqueous solut ion was p a r t i a l l y  evapora ted  and neu t ra l i zed  with 50~ su l fur ic  ac id .  
The r e su l t i ng  p r e c i p i t a t e  (3.63 g) was dr ied  and heated for  8 h with 40 ml  of alcohol  and 5 ml of sul fur ic  
ac id .  The mix tu re  was  neu t ra l i zed  with sodium carbona te  solut ion.  The organic  bases  we re  ex t rac ted  with 
e the r ,  and the a l c o h o l - e t h e r  solut ion yie lded 3.14 g (76%) of e s t e r  XII with mp 171-173 ~ (from methanol) .  
Found: C 76.5; H 5.4; N 3.9%. C22H19NO 3. Calcu la ted :  C 76.5; H 5.5; N 4.0~.  

Dehydroeye l i za t ion  of 3 , 6 - D i m e t h y l - 4 - p h e n y l - 2 - b e n z y l p y r i d i n e .  A) A solut ion of 20 g of II in 60 ml 
of benzene was  passed  at a constant  ra te  for 5 h over  a K-16 c a t a l y s t  (100 ml) .  The t e m p e r a t u r e  in the 
c a t a l y s t  zone was 500-510 ~ A tota l  of 4.5 l i t e r s  of gas was co l l ec ted .  The ca ta lyza te  yie lded 9.4 g of a 
subs tance ,  which was vacuum d is t i l l ed  to give a f rac t ion  (4.1 g) with bp 185-210 ~ (1 mm).  This  f rac t ion  
was ch romatographed  with a column fi l led with ac t iv i ty  II a luminum oxide with elut ion by e the r  to give,  suc -  
c e s s i v e l y ,  0.54 g of XIII and 0.05 g of XIV. Compound XIII was obtained as yellow c r y s t a l s  with mp 108- 
109 ~ ( f rom ligroin) and Rf 0.82 (e ther) .  Found: C 88.5; H 6.3; N 5.1%. C20HIhN. Calcu la ted :  C 89.2; H 5.6; 
N 5~ The p i c r a t e  had mp 237-238 ~ (from alcohol) .  Found: N 11.4%. C20H15N �9 C~H3N3OT. Calcula ted:  
N 11.2%. Compound XIV was  obtained as orange c r y s t a l s  with mp 172-173 ~ (from ligroin) and Rf 0.72 
(e ther) .  Found: C 89.1; H 5.6; N 5~2%. C20HI3N. Calcu la ted :  C 89.9; H 4.9; N 5.2%. 

B) In this  ca se ,  21 g of II in 120 ml of benzene was allowed to r e a c t  for 4 h.  The t e m p e r a t u r e  in the 
c a t a l y s t  zone was  620 ~ and 7.75 l i t e r  of gas (96.4% H2, 3.6% CnH2n+ 2) was  co l l ec ted .  Chromatography  of 
the ea ta lyza te  gave 0~ g of s t a r t i ng  II,  5 g of XIII, 1.3 g of XIV, and at the end of the ch romatography ,  
1.01 g of XV as d a r k - r e d  c r y s t a l s  with mp 149-150 ~ (from l igro in) .  Found: C 89.8; H 5.6; N 5.0%. C~II1N.  
Calcula ted:  C 90.1; H 4.3; N 5 .5~.  The p i c r a t e  had mp 274-276 ~ (from alcohol) .  Found: N 11.1%. ClsHIIN �9 
C6H3N3OT. Calcu la ted :  N 11.5%o 
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C) A solut ion of 11.3 g of XIV and 100 ml of benzene was passed  over  the same  ca t a ly s t  at  620-640 ~ 
for  3 h.  A to ta l  of 7 l i t e r  of gas (97% H 2 and 3~ of CnH2n+2) was co l lec ted .  The ca ta lyza te  yielded 2.53 g 
of s t a r t i n g  XIV. The p r e s e n c e  of app rox ima te ly  equal amounts of XIV and XV was es t ab l i shed  in the r e s i -  
dual r eac t ion  produc ts  by means  of ch romatography  on ac t iv i ty  1I a luminum oxide with elut ion by e the r .  

The IR s p e c t r a  we re  measu red  with a UR-20 spec t ropho tome te r .  The s a m p l e s  were  p r e p a r e d  as  
m i n e r a l  oil p a s t e s .  The UV s p e c t r a  of absolute  a lcohol  solut ions were  measu red  with an SF-4A s p e c t r o -  
pho tomete r .  

The PMR s p e c t r a  w e r e  obtained with a Var ian  HA-100 s p e c t r o m e t e r  (100 MHz). The solvents  we re  
CC14 and CDC13, and the in te rna l  s tandard  was t e t r a m e t h y l s i l a n e .  
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