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H O M O L Y T I C  C - M E T H Y L A T I O N  O F  

I M I D A Z  O L O  [ 4 , 5 -  c ] P Y R I D I N E  D E R I V A T I V E S  
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F o r  the f i r s t  t ime  we have demons t r a t ed  the poss ib i l i ty  of C-methyla t ton  of imidazo[4,5-c]pyr id ine  de-  
r iva t ives  (I) under  the conditions of s i l v e r  ion-ca ta lyzed  oxidative decarboxyla t ion  of acet ic  acid with a m m o n i -  
um pe r su l fa t e  [1]. Methylat ion init ially takes  p lace  in the 4 posi t ion of the imidazo[4 ,5-c]pyr id ine  r ing,  a f t e r  
which the ring is methyla ted  in the 2 posit ion.  Thus a mix tu re  of 1 ,4 -d ime thy l - I  (III) and 1 , 2 , 4 - t r i m e t h y l - I  (IV) 
is f o r m e d  f r o m  1 -me thyI -1H- imidazo[4 ,5 -c ]py r id ine  0I), whe rea s  methyla t ionof  3 - m e t h y l - 3 H - I  (V) leads  to 
3 ,4 -d ime thy l - I  (VI) and 2 , 3 , 4 - t r i m e t h y l - I  (VII). The 1,2- and 2 ,3-d imethyl  de r iva t ives  of I we re  not detected in 
the reac t ion  mix tu res .  In o ther  words ,  the homolyt ic  C-methy la t ion  of I de r iva t ives  p roceeds  quite se lec t ive ly  
and can be used fo r  the synthes is  of d i f f icu l t - to-obta in  4 -me thy l  de r iva t ives  of imidazo[4,5]pyridine.  The 
s t r u c t u r e s  of the compounds obtained were  conf i rmed  by the: r e su l t s  of e l emen ta ry  analys is  and the PMR and 
m a s s  spec t r a .  The cou r s e  of the reac t ions  and the separa t ion  of the methylat ion products  we re  moni tored  by 
g a s - l i q u i d  ch roma tog raphy  (GLC) with a PAKhV-0.5 p r e p a r a t i v e  ch romatograph  with a 2 m by 26 m m  column 
fi l led with Apiezon L on Chromaton  N-AW-DMCS and hel ium as the c a r r i e r  gas .  
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E X P E R I M E N T A L  

Methylat ion of 1 -Methy l -  and 3-Methyl imidazo[4 ,5-c ]pyr id ines  (II and V): A solution of 1.0 mmole  of 
(NH4)2S208 in 0.5 ml  of H20 was  added to a solution of 0.25 mmole  of II o r  V and 0.05 mmole  of AgNO~ in a mix -  
ture  of 1.0 m m o l e  of acet ic  acid and 0.5 ml  of 10% H2SO 4 solution, and the mix tu re  was s t i r r e d  at 75 ~ for  10 rain, 
a f t e r  which it was poured  o v e r  a mix tu re  of ice and ammonium hydroxide.  The resul t ing mix ture  was ex t rac ted  
with ch lo roform,  the ex t r ac t  was  dr ied  o v e r  Na2SO4, and the solvent  was  r emoved  by dist i l lat ion.  Compound II 
y ie lded a mix tu re  of III and IV, whe reas  V gave  a mix tu re  of VI and VII. The products  were  obtained in overa l l  
y ie lds  of 95 and 85%, re spec t ive ly .  The ra t io  of IV and V in the mix tu re  was 0.95, as compared  with a ra t io  of 
1.95 fo r  VI and VII. 

1 ,4 -Dime thy l - iH- imidazo [4 ,5 -c ]py r id ine  (iiI). The p ic ture  of this compound had mp 205-206 ~ (from a lco-  
hol). PMR spec t rum,  6 : 3 . 2 3  (s, 4-CH3) , 4.26 (s, 1-CH3) , 8.16 (s, 2.H), 8.63 (d, 7-H, J = 7.4 Hz), and 9.40 ppm 
(d, 6-H,  J = 7.4 Hz). 

3 ,4 -Dimethy l -3H- imidazo[4 ,5 -c ]pyr id ine  (VI). This compound had mp 159 ~ (from heptane). PMR spec-  
t rum,  6 : 4 . 6 1  (s, 3-CH3) , 3.46 (s, 4-CH3) , 8.44 (d, 7-H,  J = 6.0 Hz), 8.75 (d, 6-H, J = 6.0 Hz), and 9.78 ppm e - H ) .  

1 , 2 , 4 - T r i m e t h y l - l H - i m i d a z o [ 4 , 5 - c ] p y r i d i n e  (IV). The dihydrate  of this compound had mp 119-120 ~ (from 
heptane), and the p i c r a t e  had mp 215-216 ~ (from ethanol). PMR spec t rum,  5 : 3 . 1 3  (s, 2-CHa) , 3.23 (s, 2-CH3), 
4.20 (s, 1-CH3) , 8.21 (d, 7-H, J = 7.1 Hz), and 8.71 ppm (d, 6-H, J = 7.1 Hz). 
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2~3~4-Tr imethyl-3H-inl idazo[4 ,5-c]pyr id ine  (VII). This compound had mp 134-135 ~ (from heptane). PMR 
spec t rum,  6 : 2 . 5 5  (s, 2-CH3) , 3.00 (s, 4-CH3) , 4.01 (s, 3-CH3) , 7.88 (d, 7-H, J = 7.2 Hz), and 8.28 ppm (d, 6-H,  
J = 7.2 Hz). 
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The synthes is  of p y r r o l e s  f r o m  ke tox imes  and acetylene [1] could not be extended to subst i tuted ace ty l -  
enes (for example ,  see  [2 ]). However,  we have demons t r a t ed  that phenylacetylene is capable  of undergoing r e -  
act ion with var ious  ke tox imes  when the reagen ts  a r e  heated to 120-140~ with 30-50% KOH (based on the weight 
of the ketoxime) to give the expected ~ - p h e n y l p y r r o l e s .  

RCH2 \ C6HsC~.CH R 
R~/C=NO H R~NT~,~C6H 5 

H 

R=H, CH 3, C2H 5, n-C3HT; RI =CH3, C2H 5, C6H5. 

Thus we have demons t r a t ed  the poss ib i l i ty  of the use of subst i tuted ace ty lenes  in the react ion;  this makes  
the range  of appl icat ion of this synthes is  cons iderably  wider  than it was p r i o r  to this r e s e a r c h .  

Thus 2 - m e t h y l - 5 - p h e n y l p y r r o l e  was obtained f r o m  acetone oxime in 21% yield.  The produc t  was isola ted 
f r o m  the reac t ion  mix tu re  by s t e a m  dist i l lat ion and was obtained as white c r y s t a l s  with mp 95~ {from 50% 
aqueous methanol) .  Its IH and 13C NMR s pec t r a  and UV spec t r a  were  identical to those p rev ious ly  descr ibed ,  
and the r e su l t s  of ga s - l i qu id  ch roma tog raphy  (GLC) and the PMR spec t rum indicated that it was an individual 
substance .  S imi lar  reac t ion  of acetophenone oxime gave 2 ,5-d iphenylpyr ro le  (15% yield) as g r een i sh  c r y s t a l s  
with mp 143~ [isolated by ch romatography  on AI203 by elution with pe t ro leum e t h e r - h e x a n e - d i e t h y l  e t h e r -  
alcohol  (40 :32 .8 :26 .2 :1 ) ] .  PMR s p e c t r u m  (in CC14): s inglet  at  8.5 ppm (l-H),  doublet at 6.3 ppm ( J c H - C - N H  = 
2 Hz); 3 -H and 4-H), and a mul t ip le t  of phenyl protons cen te red  at  7.27 ppm. The r e su l t s  of e l e m e n t a r y  analy-  
s is  of both compounds were  in a g r e e m e n t  with the empi r i ca l  fo rmulas ,  and the IR spec t r a  contained the typical  
bands of p y r r o l e s .  
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