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Nitration of 1-methyl -2-pyr idone  with 70% nitric acid o r  fuming nitric acid at 0-20~ pro-  
ceeds in the 3 and 5 positions to give a mixture of mononitro i somers ,  the s t ruc tures  of 
which were proved by PMR spect roscopy.  Mainly 3 ,5 -d in i t ro - l -me thy l -2 -pyr idone  is 
formed by the action of fuming nitr ic  acid or  a nitrat ing mixture at 90 ~ 

Selective entry of substituents into the 3 or  5 position of the he teror ing  is observed in some e lec t ro -  
philic substitution react ions of 2-pyridones.  While chlorination of 2-pyridone [1], for example, proceeds 
(under the monosubsti tution conditions) only in the 5 position, the substituent enters  the 3 position in the 
ni trat ion of 6-phenyl-2-pyridone [2]. The possible stabilization of the transi t ion s t a te ,because  of the for -  
mation of a "chelate" bond between the hydroxy and nitro groups ,was  assumed to be the explanation for the 
indicated selectivity during nitrat ion [2, 3]. 

If the format ion of such bonds is excluded, one may expect nonselective reaction, for example, in the 
ni t rat ion of N-substi tuted 2-pyridones,  for  which the formation of such chelates is impossible.  In the p r e s -  
ent r e sea rch  we have investigated the action of nitric acid and a nitrating mixture (under various conditions) 
on l -me thy l -2 -pyr idone  II) (see Table 1), regarding the nitration of which contradic tory data are presented 
in [4-6]. 

According to our data, the ni trat ion of I under mild conditions (7070 ni t r ic  acid at 20~ leads to a 
mixture of 3- and 5 - n i t r o - l - m e t h y l - 2 - p y r i d o n e s  in a rat io of 2 : 1  [according to the resul ts  of g a s - l i q u i d  
chromatography (GLC)]. 
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Both i somers  (II and lid were isolated by chromatography.  Their  s t ructure  was confirmed by com-  
par i son  of their  PMR spect ra  with the spec t ra  described for 3- and 5 -n i t r o - l -me thy l -2 -py r idones  obtained 
by methylation of 3-n i t ro-2-pyr idone  and diazotization of 5-ni t ro-2-aminopyr id ine ,  respect ively [7]. 

TABLE 1. Conditions for the Nitration of l -Methyl -2-pyr idone  (I) 
and Composit ion and Yields of the Reaction Products  

........... Yield of nitration products, a]~ 

Nitrating agent 

HNOz(d 1,41; 70%) 
Same 

I~'NO'~ (d 1,50; 98o/0) 
Same 
H~SO4 (d 1,84) +HNOa (d 1,50) 
Same 

t, ~ 
time, h ~ 

20, 48 
20,240 
90, 1 

0, 3 
90, 3 

0, 3 
90, 3 

3-NO2 (II) 5-NO~ (III) 

35,0 
46,4. 
26,0 
24,0 

Traces 
28,5 

Traces 

3 ,5 -d i -NO 2 
(IV) 

17,0" 
17,6 27,0 
26,0 4,4 
16,0 Traces  

Traces  30,0 
14,~ 11,0 

Traces  41,0 

*A total of 4070 of the s tar t ing 1-methyl-2-pyr idone was isolated. 
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R a i s i n g  the t e m p e r a t u r e  in n i t r a t i o n  with  70% n i t r i c  a c id  to 90 ~ does  not  p r o m o t e  s e l e c t i v i t y  of the 
r e a c t i o n ;  i n c r e a s i n g  the r e a c t i o n  t i m e  l e a d s  to 3 , 5 - d i n i t r o - l - m e t h y l - 2 - p y r i d o n e  ( IV )a nd  m o n o n i t r o  i s o m e r s  
II and  III.  

N i t r a t i o n  of p y r i d o n e  T with  fuming  n i t r i c  a c i d  (sp. g r .  1.5) a t  0 ~ g i v e s  a m i x t u r e  of II and l i t  in a r a t i o  
of 3 : 2, wh i l e  the  a c t i o n  of th i s  r e a g e n t  at  90 ~ l e a d s  to d i n i t r o  compound  IV. 

HNO~(d 1.5)90 ~ O2N~/~N02 
l + II + III 

t 
CH 3 

IV 

We o b t a i n e d  3 - n i t r o  i s o m e r  II, 5 - n i t r o  i s o m e r  III, and d i n i t r o  compound  IV in the n i t r a t i o n  of I with a 
m i x t u r e  of c o n c e n t r a t e d  s u l f u r i c  a c i d  and fuming  n i t r i c  a c i d  at 0~ the c h i e f  p r o d u c t  at  90 ~ was  d i n i t r o p y r i -  
done IV a long  wi th  s m a l l  a m o u n t s  of the  3-  and 5 - n i t r o  i s o m e r s .  

The s t r u c t u r e  of 3 , 5 - d i n i t r o - l - m e t h y l - 2 - p y r i d o n e  (IV) is  c o n f i r m e d  by i t s  PMR s p e c t r u m ,  in which 
t h e r e  a r e  two d o u b l e t s  a t  8.81 and 9.40 p p m  ( s igna l s  f r o m  the p r o t o n s  in the  4 and 6 p o s i t i o n s ,  r e s p e c t i v e l y )  
wi th  a coupl ing  c o n s t a n t  (J) of 3 Hz. 

Thus  the n i t r a t i o n  of 1 - m e t h y l - 2 - p y r i d o n e  p r o c e e d s  n o n s e l e c t i v e l y  u n d e r  m o n o s u b s u b s t i t u t i o n  c o n d i -  
t i ons .  An i n c r e a s e  in the a c i d i t y  of the n i t r a t i n g  agent  is  not  r e f l e c t e d  s u b s t a n t i a l l y  in the r a t i o  of m o n o -  
n i t r o  p r o d u c t s .  An i n c r e a s e  in t e m p e r a t u r e  l e a d s  to the p r o d u c t i o n  of  p r i m a r i l y  d i n i t r o  compound  IV. 

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

The PMR s p e c t r a  of d i m e t h y l  su l fox ide  s o l u t i o n s  w e r e  r e c o r d e d  with a V a r i a n  T - 6 0  s p e c t r o m e t e r  
wi th  h e x a m e t h y l d i s i l o x a n e  ( H M D S ) a s  the i n t e r n a l  s t a n d a r d .  G a s - l i q u i d e h r o m a t o g r a p h y  ( G L C ) w a s  c a r r i e d  
out wi th  a Pa i  a n a l y t i c a l  a r g o n  c h r o m a t o g r a p h  with  a 1 - m - l o n g  c o l u m n  with a d i a m e t e r  of 4 m m  (QF 11%). 
The c a r r i e r  gas  was  a rgon ,  the f low r a t e  was  100 c m 3 / m i n ,  and the t e m p e r a t u r e  was  200 ~ 

N i t r a t i o n  with 70% Ni t r i c  Acid  at  20 ~ A 4.5-g  (0.041 mole)  s a m p l e  of p y r i d o n e  I was  added  d r o p w i s e  
wi th  s t i r r i n g  at  20 ~ to 45 ml  (0.72 mole )  of HNO 3 (sp. g r .  1.41) in the c o u r s e  of  80 min ,  a f t e r  which  the m i x -  
tu re  was  a l l owed  to s t and  f o r  2 d a y s .  It was  then p o u r e d  into ice  w a t e r ,  and the aqueous  m i x t u r e  was  neu-  
t r a l i z e d  with 40% s o d i u m  h y d r o x i d e  s o l u t i o n  and e x t r a c t e d  with c h l o r o f o r m ,  The s t a r t i n g  p y r i d o n e  (I), 5-  
n i t r o - l - m e t h y l - 2 - p y r i d o n e  (III), and 3 - n i t r o - l - m e t h y l - 2 - p y r i d o n e  {II) in a r a t i o  of 2 : 1 : 2 ( r e t en t ion  t i m e s  
of 1 ra in  30 s ec ,  2 ra in  10 sec ,  and 7 ra in  31 sec ,  r e s p e c t i v e l y )  w e r e  d e t e c t e d  in the d r i e d  (with m a g n e s i u m  
su l fa te )  c h l o r o f o r m  s o l u t i o n  by  GLC.  The s o l v e n t  was  e v a p o r a t e d ,  and the r e s i d u e  was  r e c r y s t a l l i z e d  f r o m  
benzene  to  g ive  3.3 g of a m i x t u r e  of II and III with mp 130- ]40  ~ and R f  0.60 and 0.78 (in c h l o r o f o r m )  in52% 
y i e l d .  

N i t r a t i o n  with  70~ Ni t r i c  Ac id  at  90 ~ A 3.5--g (0.032 mole)  s a m p l e  of I was  added  in the c o u r s e  of an 
hour  to  35 m l  (0.54 mole )  of 70~ HNO 3 (sp. g r .  1.41} at  40 ~ a f t e r  which  the m i x t u r e  was  hea t ed  on a b o i l i n g -  
w a t e r  ba th  f o r  1 h. I t  was  then coo l ed  and p o u r e d  into ice w a t e r ,  and the aqueous  m i x t u r e  was  n e u t r a l i z e d  
with  40% s o d i u m  h y d r o x i d e  s o l u t i o n  and e x t r a c t e d  wi th  c h l o r o f o r m  in an e x t r a c t o r .  T h i n - l a y e r  c h r o m a t o g -  
r a p h y  (TLC) of the d r i e d  c h l o r o f o r m  so lu t i on  on A1203 showed the p r e s e n c e  of t h r e e  s u b s t a n c e s  wi th  R f  
0.07, 0.60, and 0.78. C h r o m a t o g r a p h y  of th is  s o l u t i o n  with  a c o l u m n  f i l l ed  wi th  400 g of  A1203 y i e l d e d  the 
fo l lowing  m a t e r i a l s  s u c c e s s i v e l y :  1) 5 - n i t r o - l - m e t h y l - 2 - p y r i d o n e  (III) with mp  174-175 ~ [ f rom benzene ,  
1.26 g (26%), R f  0.78. PMR s p e c t r u m  (6, ppm) :  6.49 (H, d ,*  3-H),  8.10 (1H, q, 4-H) ,  9.11 (1H, q, 6-H).  
A c c o r d i n g  to [7], th is  s u b s t a n c e  has  mp  173-175~ 2) 3 - n i t r o - l - m e t h y l - 2 - p y r i d o n e  (II) with mp  175-176 ~ 
[ f rom benzene ,  1.26 g (26%), R f  0~ PMR s p e c t r u m  (6, ppm) :  6.36 (1H, t, 5-H),  8.20 (1H, t, 6-H),  8.32 
(1H, t,  4 -H) .  A c c o r d i n g  to [7], th is  compound  has  mp 175-177~ 3) 3 , 5 - d i n i t r o - l - m e t h y l - 2 - p y r i d o n e  with 
mp 177 ~ [ f rom e thano l ,  0.25 g (4.4%), R f  0.07. A c c o r d i n g  to [8], th is  compound  has  mp  175-177~ 

N i t r a t i o n  with  F u m i n g  N i t r i c  Ac id  a t  0% A 1.5 ml  (0.014 mole )  s a m p l e  of I was  added  d r o p w i s e  with 
s t i r r i n g  at  0 ~ to 15 ml  (0.35 mole )  of fuming  HNO 3 (sp. g r .  1.5), and the m i x t u r e  was  s t i r r e d  at  0 ~ fo r  a n -  
o t h e r  3 h, a f t e r  which  it was  p o u r e d  into  ice w a t e r .  The aqueous  m i x t u r e  was  n e u t r a l i z e d  with  40% s o d i u m  
hydroxi~ie s o l u t i o n  and e x t r a c t e d  with c h l o r o f o r m  in an  e x t r a c t o r .  The c h l o r o f o r m  s o l u t i o n  was  d r i e d  o v e r  
m a g n e s i u m  su l fa t e  and w o r k e d  up to g ive  0 . S g  (40%) of a m i x t u r e  of 3-  and 5 - m o n o n i t r o  i s o m e r s  TII and III 
in a r a t i o  of 2 : 1 a c c o r d i n g  to  GLC (the r e t e n t i o n  t i m e s  w e r e  7 ra in  31 s e c  and 2 m i n  11 sec ,  r e s p e c t i v e l y ) .  

*The fo l lowing  a b b r e v i a t i o n s  w e r e  adop ted :  d i s  double t ,  q i s  q u a r t e t ,  and t i s  t r i p l e t .  
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Nitrat ion with Fuming Nitric Acid at  90 ~ 3 , 5 - D i n i t r o - l - m e t h y l - 2 - p y r i d o n e  (IV). A 2.5-g (0.023 mole) 
sample  of the pyridone was added dropwise with s t i r r ing  to 25 ml (0.58 mole) of fuming HNO 3 (sp. gr .  1.5), 
a f te r  which s t i r r i ng  was continued and the mix ture  was heated at 90 ~ for  3 h. It was then cooled and poured 
into ice water .  The aqueous mix ture  was neut ra l ized  with 40~0 sodium hydroxide solution, and the p rec ip i -  
ta ted pa le -ye l low c r y s t a l s  were  r emoved  by f i l t ra t ion and washed with ice wa t e r  to give 0.8 g of 3 ,5-din i t ro-  
1 -me thy l -2 -pyr idone  [IV, mp 177 ~ (from ethanol), R f  0.07]. PMR spec t rum (6, ppm): 8.81 (1H, d, 4-H), 
9.40 (1H, d, 6-H). According to [8], this compound has mp 175-177 ~ The mo the r  l iquor was ex t rac ted  with 
ch lo ro fo rm to give yel low c ry s t a l s  (0.55 g) of the dinitro compound (IV, R f  0.07) containing a smal l  amount 
of mononi t ro  i s o m e r s  (Rf 0.60 and 0.78 in ch lo ro fo rm according to TLC). 
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