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The a position of the pyridine r ing is aryla ted by react ion of 2 ,5-d imethyl -4-phenylpyr id-  
ine with phenyll i thium and p-tolyl l i thium. Destruct ive  oxidation of the d iaryl -subs t i tu ted  
pyr idines  p r ima r i l y  affects  the pyridine ring.  

Arylat ion of the pyridine ring with organometal l ic  compounds has been previously  rea l ized  p r ima r i l y  
for  pyridine i tself  and the s implest  alkyl-subst i tuted pyr idines  [1, 2]. We addressed  ourse lves  to the a ry l a -  
tion of T-phenyl -subs t i tu ted  pyridine with alkyl substi tuents in the (~ and fi posi t ions of the ring using 
phenyll i thium and p- tolyl l i thium. The readi ly  access ible  2 ,5-dimethyl-4-phenylpyr id ine  {i) [3] was used as 
the object of our  investigations.  3 ,6-Dimethyl-2,4-diphenylpyridine (II) was obtained in 43% yield by t r ea t -  
ment of I with phenylli thium. 3 ,6-Dimethyl-4-phenyl-2-(p- to ly l )pyr id ine  (III) was s imi la r ly  obtained in 73% 
yield.  * 
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The l i t e ra tu re  contains compara t ive ly  l i t t le  data on the oxidation of a ry l -subs t i tu ted  pyr idines .  A 
compar ison  of the oxidation of a ry l - subs t i tu ted  benzenes and alkyI-subst i tuted pyridines  establ ished that 
the pyridine ring is more  res i s tan t  to oxidation than the benzene ring.  

However ,  depending on the conditions, e i ther  the aryl  or  pyridine r ings can undergo des t ruct ive  
oxidation. Chichibabin [4] has shown that a -phenylpyr id ine  can be converted by oxidation e i ther  to picol in-  
ic or  benzoic acid. Destruct ion of the benzene ring with the format ion  of isocinchomeronic  acid [5] occurs  
during oxidation of 5-methyl-2-phenylpyr id ine  with potass ium permanganate .  

We have examined the oxidation of d iaryl -subst i tu ted  pyr idines  II and III under var ious  conditions. 
2 ,4-Diphenylpyr id ine-3 ,6-dicarboxyl ic  acid (IV) is isolated in low yield (17%) on oxidation of II in an al-  
most  neut ra l  medium. Oxidation of II with chromic anhydride in acet ic  acid is accompanied by des t ruc t ion  
of the pyridine ring and format ion of benzoic acid, which was isolated in approximately  38~ yield. 
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Destruct ive  oxidation, which accompanies  oxidation of the pyridine ring of d iary l -subs t i tu ted  pyr id -  
ine HI, p roceeds  pa r t i cu la r ly  readi ly .  In this case,  terephthal ic  acid was obtained in about 100~c yield. It 
may  be assumed that the p re sence  in the pyridine ring in the a and T posit ions of aromat ic  rad ica ls  which, 
together  with the pyridine ring,  c rea te  a single conjugated sys tem,  promotes  destruct ion of the pyridine 
ring during oxidation. One must  apparent ly also consider  the effect  on the oxidation p roces s  of two e lec-  
t ron-donat ing methyl  groups in the pyridine ring.  

* Both yields are  based on the amount of I entering into react ion.  

Pa t r i ce  Lumumba Universi ty ,  Moscow. Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii, 
No. 10, pp. 1359-1361, October ,  1970. Original a r t ic le  submitted September  2, 1968. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West ]7th Street, New York, 
N. Y. 1001J. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1266 



A pecul iar i ty  of the pyridine sys tems  studied by us is the fact that one of the a posit ions of the py-  
ridine ring is occupied by a methyl group. It is well known that a -methy l - subs t i tu ted  pyridines undergo 
metal lat ion on react ion with organoli thium compounds; this is used in the synthesis of several  c~-substi- 

tuted pyridines  [6-8]. 

We also considered the possibi l i ty of metallation of the a - m e t h y l  group of I and H under the condi- 
tions of our experiments .  The fact that two p roces se s  - a r y l a t i o n  in the ~ '  position and metallation of the 
s - m e t h y l  group of I - occur  during react ion of I with phenyllithium is shown by the following t r an s fo rma-  
tions. A mixture of substances,  in which the presence  of 2 -me thy l - l - ( 5 -me thy l -4 -pheny l -2 -py r idy l ) -2 -  
propanol (V) was established by IR spectral  data, was isolated on t rea tment  of the products  of the react ion 
of I with phenyllithium and acetone. Subsequent dehydration of V gave 2 - m e t h y l - l - ( 5 - m e t h y l - 4 - p h e n y l - 2 -  
pyr idy l ) - l -p ropene  (V1),whichwas then converted to 1 , 2 -d ib romo-2 -me thy l - l - ( 5 -me thy l -4 -pheny l -2 -  
pyridyl)propane (VII). Arylat ion product ]I was also isolated f rom the indicated mixture of substances,  

along with alcohol V. 
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Both react ion direct ions - arylat ion and metallat ion of the a - m e t h y l  group - proceed quantitatively 
to an equal degree.  As for  the metal lat ion of the a -me thy l  group of II, it apparently does not occur  under 
the conditions of our  exper iments .  It was established that 3 ,6-dimethyl-2,4-diphenylpyridine is recovered  
quantitatively af ter  t rea tment  of II with phenyllithium and acetone. 

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

3,6-Dimethyl-2,4-dlphenylpyridine (l-I). Compound I [36.6 g (0.2 mole)] was added in the course  of 
1.5 h to phenyllitbJum obtained f rom 2.8 g (0.4 g-atom) of lithium and 31.4 g (0.2 mole) of bromobenzene in 
250 ml of ether .  The mixture was allowed to stand at room tempera ture  for 12 h. The react ion mass  was 
then t reated success ive ly  with 50 ml of water  and 18% hydrochlor ic  acid with Congo red as the indicator.  
The aqueous l aye r  was saturated with sodium hydroxide. The organic bases  were  extracted with ether  and 
distilled to give 20 g of start ing I and 10.2 g (43%) of II with bp 167-169 ~ (2 mm) and mp 62-63 ~ (from 
pet ro leum ether) : n4!~ 1.6045, d~ 9"4 1.0696, MR D 83.31, calc.  83.03. Found %: C 87.9; H 6.6; N 5.3. 
CigHITN. Calculated %: C 88.00; H 6.5; N 5.4. The picrate  of ]I had mp 185 ~ (from alcohol). Found %: 
N 11.7. C19H17N �9 C6H3N307. Calculated %: N 11.5. 

3 ,6-Dimethyl-4-phenyl-2-(p- to lyl )pyr idine  (IH). This compound was s imi la r ly  obtained in 73% yield 
f rom II and p-tolyl l i thium and had bp 186 ~ (2 mm) and mp 80-81 ~ (from pet ro leum ether).  Found %: C 
87.8; H 7.1; N 5.1. C20Hi9N. Calculated %: C 87.9; H 7.0; N 5.1. The picra te  of HI had mp 175-176 ~ (from 
alcohol). Found %: N 10.9. C20H19N �9 C6H3N307. Calculated %: N 11.1. 

Oxidation of 3 ,6-Dimethyl-2,4-diphenylpyridine.  A. A mixture of 3 g (0.01 mole) of 1I and 15 g 
(0.095 mole) of potass ium permanganate  in 250 ml of water  was heated at 100 ~ for 12 h. The result ing 
manganese dioxide was removed  by fi l trat ion and washed three t imes  with hot water .  The aqueous solution 
was evaporated to 100 ml and then t reated with sulfuric acid (1 : 1) with Congo red as the indicator.  The r e -  
sulting c rys ta l s  were isolated and washed with water  to give 0.62 g (20%) of IV with mp 199-200 ~ [from 
ethyl ace t a t e -hep tane  (1:10)].  Found %: C 71.2; H 4.9; N 4.2. Cigtti3NO 4. Calculated %: C 71.5; H 4.1; 
N 4.4. 

B. A solution of 15 g (0.15 mole) of chromic  anhydride in 50 ml of acetic acid was added gradual ly 
with constant s t i r r ing  and refluxing of the solution to a solution of 6 g (0.023 mole) of II in 150 ml of acetic 
acid. Benzoic acid (0.5 g) and 3.2 g of start ing pyridine II were isolated f rom the react ion products .  

Oxidation of 3 ,6-Dimethyl-4-phenyl-2-(p- to lyl )pyr idine .  A. Terephthalic acid (mp 275 ~ decomp.) 
was obtained in 65% yield by oxidation of ITI with potass ium permanganate  in water .  

B. Compound HI [1.7 g (0.006 mole)] was oxidized with chromic  anhydride in acetic acid. The r e s i -  
due obtained af ter  removal  of the acetic acid was dried at 120% Absolute methanol (50 ml) was then added 
to the res idue,  and the mixture was heated for 8 h under a constant s t r eam of dry  hydrogen chloride.  The 
methanol was removed and the residue was t reated with ether  to give 0.48 g (40%) of terephthalic acid 
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dimethyl  e s t e r  with rap 137-139 ~ T r e a t m e n t  of the aqueous solution with sodium carbonate  and ex t rac t ion  
with e ther  yielded 0.2 g of a substance  with mp 106-107 ~ (from alcohol),  the s t ruc tu re  of which has  not yet 
been es tab l i shed  (found %: C 81.6; H 5.4; N 4.0). 

2 - M e t h y l - l - ( 5 - m e t h y l - 4 - p h e n y l - 2 - p y r i d y l ) - 2 - p r o p a n o l  Hydrochlor ide  (V). A mix ture  of 18.3 g (0.1 
mole) of I and phenyl l i thium (0.1 mole) was s t i r r ed  for  2 h at r o o m  t e m p e r a t u r e .  Acetone [14.8 ml  (0.2 
mole)]  was  then added in the course  of 40 min.  After  12 h the mix tu re  was t r ea t ed  success ive ly  with 50 ml  
of wa t e r  and 18% hydrochlor ic  acid with Congo red  as the indicator .  The aqueous l aye r  was sa tu ra ted  with 
p o t a s s i u m  hydroxide,  and the organic  b a s e s  were  ex t rac ted  with e ther .  Dist i l lat ion of the e ther  solution 
yielded 7.51 g of s ta r t ing  I and 5.5 g of a f rac t ion  with bp 180 ~ (2 ram) in the f o r m  of a v i scous  liquid. A 
c rys ta l l ine  hydrochlor ide  with mp 195-197 ~ (from alcohol) was  obtained f rom this  f rac t ion  which, f r o m  the 
analyt ical  data,  co r r e sponds  to the hydrochlor ide  of V. Found %: C1 12.8. Ci6H19NO �9 HC1. Calculated %: 
C1 12.8. 

2 - M e t h y l - l - ( 5 - m e t h y l - 4 - p h e n y l - 2 - p y r i d y l ) - l - p r o p e n e  (VI). A mix tu re  of 6.86 g of the f rac t ion  with 
bp 180 ~ (2 mm) and 0.5 g of powdered po t a s s ium hydroxide was heated  in a Claisen f lask  in vacuo to give 
1.23 g (25%) of VI in the fo rm of a liquid with bp 123.5 ~ (2.5 mm) ,  n~  1.5845, d 2~ 1.037, MR D 72.01, calc .  
72.35. The p ic ra te  of VI had mp 169-170 ~ (from alcohol).  Found %: N 12.1. Ci6HiTN �9 C6H3N307. Calcu-  
lated %: N 12.4. In addition to VI, 1.5 g of II with mp 62 ~ (from pe t ro l eum ether) was isolated.  The p ic ra t e  
of II had mp  185 ~ 

1 , 2 - D i b r o m e - 2 - m e t h y l - l - ( 5 - m e t h y l - 4 - p h e n y l - 2 - p y r i d y l ) p r o p a n e  (VII). A mix ture  of 1.23 g (0.0055 
mole) of VI and 0.26 ml  (0.0055 mole) of b romine  in 2 ml  of benzene was i l luminated with a UV lamp for  
40 rain. Benzene was  r emoved  under  a slight vacuum.  The prec ip i ta ted  c r y s t a l s  were  separa ted  and 
washed th ree  t imes  with benzene to give 0.76 g (37%) of VII in the f o r m  of white c ry s t a l s  with mp 193-195 ~ 
[from a l c o h o l - b e n z e n e  (1:10)] which rap id ly  turned yellow in a i r .  Found %: N 4.4. C16H17Br2N. Calcu-  
la ted %: N 3.7. 
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