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2 -Benzy l -3 ,6 -d ime thy l -4 -pheny lpyr id ine  has  been  obtained f r o m  2 ,5 -d [me thy l -4 -pheny l -  
pyr id ine  by  the Ladenburg -Ch ich ibab in  reac t ion .  The compounds fo rmed  in i ts  oxidation 
have been studied.  

Continuing work  on the synthes is  of subst i tuted pyr idine b a s e s  which we shall  use subsequent ly  to 
obtain condensed ni trogen-contaLaing polycycl ic  s y s t e m s ,  we have turned  to the symthesis of 2 -benzy l -  
3 ,6 -d imethy l -4 -pheny lpyr id ine  (I~. The s ta r t ing  m a t e r i a l  used was 2 ,5 -d imethy l -4 -pheny tpyr id ine  (1), 
which we have desc r ibed  p rev ious ly  [1]. 

The t e t r a subs t i t u t ed  pyr idine base  II was  obtained f r o m  I and benzyl  chlor ide  by  the L a d e n b u r g -  
Chichibabin r eac t ion .  Copper powderwas  used as the ca t a lys t  [2]. Without a ca ta lys t  the r eac t ion  gives a 
v e r y  low yie ld .  As a ru l e ,  pa r t  of the initial pyridine I was r e c o v e r e d  f r o m  the reac t ion  mix tu re .  

Compound II  was  oxidized with po ta s s ium pe rmangana te  in an acid med ium [3]. Under these  condi-  
t ions the following subs tances  a re  fo rmed:  a product  of pa r t i a l  oxidation - 2 - b e n z o y l - 3 , 6 - d i m e t h y l - 4 -  
phenylpyridine (IV) - and a product  cor responding  to the oxidation of the two methyl  groups and the me th y l -  
ene group of the benzyl  r ad ica l  - 2 -benzoy l -4 -pheny lpyr id ine -3 ,6 -d ica rboxy l i c  acid,  which was  i so la ted  in 
the f o r m  of the diethyl e s t e r  I [ I -  and also benzoic  acid.  The l a t t e r  is f o r m e d  by  the oxidative degradat ion  
of the pyridine r ing  [4]. 

~6HS c~3-r c.3-fi~1 "~ ~~ 
c0,hco , c~ - 

l IV OH Vl 

~Hs C6H 5 
C2HsGOO-- ~ CH3- ~ " ~ 6H5 

CaHsCO--~N~--COOG2H$~ C6H5 CH2~N~'-CH 3 ~ ~_COC6Hs 
I l l  I I  V 

The isola t ion of 2 -benzoy l -4 -pheny lpyr id ine -3 ,6 -d ica rboxy l i c  acid i tself  is a s soc ia t ed  with cons ide r -  
able diff icul t ies .  Consequently,  its decarboxyla t ion  was c a r r i e d  out on the unpurified reac t ion  product .  
This gave 2 -benzoy l -4 -pheny lpyr id ine  (V). The keto group of the benzoy l - subs t i tu ted  pyr id ine  base  IV 
was r educed  with l i thium a luminum hydride.  This gave 3 ,6 -d imethy l -4 -pheny lpyr id ine -2 -y l (pheny l )methano l  
(VI}. The co r respond ing  c a r b a m a t e  was obtained f r o m  this alcohol and phenyl i socyanate .  
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The IR s p e c t r u m  of the subst i tu ted  pyridine b a s e  II  has bands with the m a x i m u m  absorp t ion  at 
3083, 3059, and 3025 c m  - I  due to the s t re tch ing  vibra t ions  of the C - H  a roma t i c  bonds [5]. Bands at 2954, 
2923, and 2867 c m  - i  r e l a t e  to the s t re tch ing  vibra t ions  of the al iphatic  C - H  bonds.  The p r e sence  of ben-  
zene r ings  is a lso  conf i rmed  by  bands at  1593, 1547, and 1498 cm -1 re la t ing  to the v ibra t ions  of the a r o m a t -  
ic C = C bonds and the p r e s ence  of CH 3 and CH 2 groups by  bands of deformat ion  v ibra t ions  at  1453 and 1384 
cm -1. In the reg ion  of nonplanar  de fo rmat ion  vibrat ions  of the a r o m a t i c  C - H  bonds there  a re  s t rong bands 
at 778, 750, and 704 em -1 caused  by  the v ibra t ions  of f ive adjacent  hydrogen a toms of benzene r ings .  This 
na ture  of the subst i tut ion in the r ing  is also conf i rmed  by the p r e s e n c e  of four  bands of the over tones  of 
these  v ibra t ions  at  1952, 1890, 1810, and 1760 cm -1, which a r e  c h a r a c t e r i s t i c  fo r  a monosubst i tu ted a r o -  
mat ic  r ing.  

It is imposs ib le  to say  definitely f r o m  the IR s p e c t r u m  of II whether  a methylene  group is p resen t  in 
i ts  molecu le .  An answer  to this quest ion is given by  a cons idera t ion  of the spec t rum of the product  of i ts  
oxidation,  HI. In the s p e c t r u m  of the d ie s t e r  HI there  is a wel l -def ined  doublet at 1723 and 1736 cm -1 and 
a band at 1683 cm -1 in the reg ion  of the v ibra t ions  of a carbonyl  group,  which is of the g r ea t e s t  in te res t .  

As we have shown p rev ious ly  [6] for  the case  of 2 ,5 -d ime thy l -4 -p -n i t robenzoy l  pyr id ine ,  the band at 
1683 cm -1 m a y  be ass igned  to the s t re tch ing  v ibra t ions  of the C- -O group of a s t ruc tu re  of the type of 
A r - C O - A r .  To conf i rm this a s s ignmen t ,  we studied the IR s p e c t r a  of compounds IV and V. An increase  
in the f r equency  of the s t re tch ing  v ibra t ions  of the carbonyl  group in the s e r i e s  of compounds V, IV, and HI 
(1657, 1672, and 1683 c m  -1, respec t ive ly)  is connected with a weakening of the conjugation of the CO group 
with the a r o m a t i c  r ings  which is  p robab ly  due to a d is turbance  of the coplanar i ty  of the sys t em.  The bands 
of the doublet  at 1736 and 1723 cm -1 r e l a t e  to the v ibra t ions  of the C = O  bonds of two e s t e r  groups p re sen t  
in posi t ions  2 and 5. This a s s ignmen t  is conf i rmed  b y  the IR s p e c t r a  of model  compounds - 3 -e thoxy-  
c a r b o n y l - 4 - p y r i d i n e ,  having one e s t e r  group in the fl posi t ion (~ C=O 1722 cm -1) and 2 -e thoxyca rbony l -5 -  
e thy l -4-phenylbenzoylpyr id ine ,  in which the C = O  group is p r e s e n t  in the ~ posi t ion (~ C=O 1736 cm-1).  

Thus,  the bands in the r eg ion  of the s t re tch ing  v ibra t ions  of the C = O  group at 1683, 1723, and 1736 
cm -1 in the IR s p e c t r u m  of compound HI mus t  be  a s c r i b e d  to the s t re tch ing  v ibra t ions  of the earbonyl  
group of a s t r u c t u r e  of the A r -  C O - A r  type and those  of e s t e r  groups  in posi t ions 5 and 2. 

F r o m  what  has been  sa id  it mus t  be  concluded that  the molecule  of compound II contains a methylene  

group.  

In the IR s p e c t r u m  of the carbinol  VI, the re  is a band at ~3330 cm -~ re la t ing  to the s t re tch ing  v i b r a -  
t ions of a bound OH group.  The p r e s e n c e  of a phenyl r ad ica l  is conf i rmed  by  the bands of the s t re tch ing  
v ibra t ions lof  a ro m a t i c  C - H  bonds at 3062 and 3030 c m  -i .  The f requency of 1596 cm -~ r e l a t e s  to the 
s t re tch ing  v ibra t ions  of a r o m a t i c  C--~ C bonds,  and those of 703, 754, 764, and 778 cm - I  to the nonplanar  
de fo rma t ion  v ibra t ions  of f ive adjacent  hydrogen a toms of a benzene r ing.  

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

2 -Benzy l -3 ,6 -d ime thy l -4 -pheny lpy r id ine  (I~. A mix tu re  of 50 g (0.27 mole) of 2 ,5 -d ime thy l -4 -pheny l -  
pyr id ine  (I~, 18.5 g (0.146 mole) of benzyl  ch lor ide ,  and 0.15 g of copper  powder  was  heated at 250~ for  
7 h and at 280~ fo r  1 h. Then it was  t r e a t ed  with caust ic  soda.  The r eac t i on  products  we re  ex t rac ted  with 
e ther .  After  drying (magnes ium sulfa te) ,  hydrogen chloride was pa s sed  into the e the rea l  solution. The 
hydroch lor ides  of the b a s e s  were  s e p a r a t e d  off and d isso lved  in wa t e r ,  and the solution was t r ea t ed  with 
caus t ic  soda and ex t r ac t ed  with e ther .  The res idue  f r o m  the dr ied  e therea l  ex t r ac t  was  dist i l led.  This 
gave 25.1 g of the ini t ial  I [bp 110-120~ (1 mm)] and 27.6 g of II  [bp 179-181~ (1 mm)] - a l ight yellow 
viscous  liquid. Yield 74~0 on the I that  had r eac ted .  Found, ~0: C 87.67; 87.72; H 6.99; 7.26; N 5.27; 5.37. 
C20H1sN. Calcula ted,  %: C 87.59; tI  6.95; N 5.12. P e r c h l o r a t e :  mp  160-162~ ( f rom ethanol).  Found, %: 
C1 9.06; 9.19; N 3.69; 3.52. C20tt19N �9 HC104. Calculated,  %: C1 9.46; N 3.74. 

2 -Benzoy l -3 ,6 -d ie thoxyca rbony l -4 -pheny lpyr id ine  (HI) and 2 -Benzoy l -3 ,6 -d ime thy l -4 -pheny lpy r id ine  
(IV). With v igorous  s t i r r i ng  and heating (100~ 40 g (0.22 mole) of po tass ium pe rmangana te  was slowly 
added to 5.4 g (0.019 mole) of II in 750 ml  of wa t e r .  In p ropor t ion  as the oxidizing agent was added to the 
reac t ion  mix tu re ,  100 ml  of 10% sul fur ic  acid  was added in 2 - m l  por t ions ,  and a f te r  this the dioxide was 
f i l t e red  off f r o m  the hot solution and was washed  with hot wa te r  and with e the r .  The e therea l  ex t r ac t s  
y ie lded 2.14 g of IV in the f o r m  of co lo r l e s s  c r y s t a l s  with mp 81-82~ ( f rom gasol ine) .  Found, %: C 84.06; 
84.30; H 6.04; 6.23; N 4.67; 4.59. C2~ttlTNO. Calculated,  %: C 84.32; H 5.92; N 4,87. P e r c h l o r a t e :  mp 195- 
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196~ (from ethanol). Found, %: C1 8.73; 8.57; N 3.33; 3.29. C20HI~NO �9 HC10. Calculated, %: C1 8.78; 
N 3.62. 2,4-Dinitrophenylhydrazone:  mp 199.5-200~ (from a mixture  of ethanol and acetone). Found, %: 
N 15.18; 14.87. C26H21N~O 4. Calculated, %: N 14.99. 

The aqueous solution was evaporated to 150 ml and t rea ted  with 50~o sulfuric acid to an acid r e a c -  
tion. The reac t ion  products  were  ext rac ted  with ether.  A mixture of the res idue  f r o m  the ethereal  ex t rac t  
(3 g), 40 ml of ethanol, and 4 ml of concentrated sulfuric acid was boiled for  12 h. Then 25 ml of water  was 
added to the mixture  and the ethanol was distilled off. The reac t ion  products  were  extracted f rom the r e -  
sidue with ether.  This gave 2.38 g of HI in the fo rm of color less  c rys ta l s  with mp 97-98~ (from gasoline 
o r  pe t ro leum ether). Found, %: C 71.72; 71.67; H 5.53; 5.50; N 3.53; 3.29. C24H21NO 5. Calculated, %: 
C 71.43; H 5.21; N 3.47. 

2-Benzoyl-4-phenylpyr id ine  (V). 5.4 g (0.019 mole} of II was oxidized as descr ibed  above. After 
the separat ion of the manganese dioxide and extract ion with e ther ,  the aqueous solution was acidified 
with sulfuric acid to Congo Red. The react ion products were repeatedly  extracted with ether .  The res idue  
f rom the ethereal  ext rac t  was boiled with water  (20 ml each time) twice. On cooling, the aqueous ext rac t  
deposited 0.29 g of benzoic acid (mp 120-121~ The res idue ,  insoluble in wate r ,  was heated with 25 ml 
of water  in an autoclave at 240-250~ for 4 h. Then the reac t ion  mixture was t rea ted  with caustic soda and 
the organic bases  were  ext rac ted  with ether.  This gave 0.54 g of V in the fo rm of a viscous liquid with 
mp 200-203~ (1 mm).  It c rys ta l l i zed  f rom gasoline, giving c rys ta l s  with mp 62-63~ Found, %: C 83.61; 
83.66; H 5.38; 5.06; N 5.43; 5.42. C18Hi3NO. Calculated, ~0: C 83.50; H 5.25; N 5.40. P ic ra t e ,  mp 161-163~ 
(from ethanol). Found, %: N 11.45; 11.26. C18Hi3NO �9 C6H3N307. Calculated, %: N 11.47. 

3,6-Dimeth~q-4-phenylpyridine-2-yl(phenyl)methanol  (VI}. A solution of 1.59 g (0.0055 mole) of IV 
in 20 ml of e ther  was gradually added to 0.16 g of li thium aluminum hydride in 50 ml of absolute ether .  
The mixture  was boiled for  1 h and was then t rea ted  success ive ly  with 20 ml of aqueous e ther ,  30 ml of 
10% sulfuric acid, and 40 ml of concentrated caustic soda solution. The ethereal  layer  was separa ted  off 
and the products were  twice extracted f rom the aqueous layer  with e ther .  The ethereal  ext rac t  yielded 
1.26 g of VI in the fo rm of co lor less  c rys ta l s  with mp 74-76~ (from gasoline). Found, %: C 82.94; 82.87; 
H 6.65; 6.78; N 4.93; 4.63. C20H19NO. Calculated, %: C 83.03; H 6.57; N 4.84. 

The IR spec t ra  of compounds descr ibed were  obtained on a UR-20 spect rophotometer .  The samples 
of compound II were p repared  in the fo rm of a liquid fi lm and those for  the other compounds in the fo rm of 
mulls in paraffin oil. 
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