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SYNTHETIC COMMUNICATIONS, 2 1 ( 3 ) ,  4 2 7 - 4 3 3  ( 1 9 9 1 )  

A FACILE HIGH YIELDING METHOD FOR SYNTHESIS 

OF N-ALKYL-4-NITROIMIDALES 

A K S Bhujanga Rau, C Gundu Rao and B B Singh* 

R6D Centre ,  Recki t t  6 Colman of India  Limi ted ,  
Plot 176 ,  SIPCOT I n d u s t r i a l  Complex,  

Hosur-635 126 ,  Tamil Nadu, India  

Abs t rac t  : A high y ie ld ing  and fas t  reac t ion  for  t h e  s y n t h e s i s  
of a v a r i e t y  of N-alkyl 4-ni t roimidazoles  h a s  beon d e s c r i b e d .  
T h i s  method involves  reac t ion  of 2-methyl-4( 5)-ni t ro- lH- 
irnidazole with s u i t a b l e  o l k y l  h a l i d e s  in K 2 C 0 3 / D M F  a t  110- 
1200C. 

N-alkyl n i t ro imidazoles  a r e  important  in te rmedia tes  f o r  

t n e  s y n t h e s i s  of chemotherapeut ic  agents  and poten t ia l  b ioc ides  

for agr icu l tura l  u s e .  Metronidazole  and Tin idazole  s y n t h e s i z e d  

from 2-metnyl-5-nitroimidazole b y  s u i t a b l e  N1 -a lkyla t ion  h a v e  

been widely used i n  t h e  t reatment  of protozoal  infect ions l i k e  

trichomoniasis: i2 The N-alkylated 4-ni t roimidazoles  h a v e  been 

gaining pharmacological  significanc'e and show g r e a t  po ten t ia l  

a s  immunosuppresants .  a l d e h y d e  dehydrogenase  i n h i b i t o r s ,  

r a d i o s e n s i t i z e r s  and r a d i o t h e r a p y  s y n e r g i s t s .  3-6 

The N-alkylation of n i t ro imidazoles  is normally c a r r i e d  

out by  i t s  condensation with s u i t a b l e  a l k y l  h a l i d e s ,  s u l f a t e s  

or t o s y l a t e s .  Most of t h e s e  methods i n v a r i a b l y  r e s u l t  in  a 

* 'To whom correspondence should  be a d d r e s s e d .  
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420 B H U J A N G A  R A O ,  GUNDU R A O ,  A N D  S I N G H  

mixture of  4-nitro and 5-ni t ro  i somers  of  t h e  N-alkylated 

product ,  t h e  r a t i o  of i somers  being dependent  upon t h e  

react ion condi t ions.  I t  has been o b s e r v e d  t h a t  t h e  a c i d i c  

condi t ions favour  t h e  formation of 5-ni t roisomers  and b a s i c  

condi t ions 4 - n i t r o i ~ o r n e r ? ' ~  The y i e l d s  r e p o r t e d  in  l i t e r a t u r e  

by  using t n e s e  methods are genera l ly  low e x c e p t  for  one 

repor t  where high y i e l d  (84%) of l-benzyl-2-methyl-4-nitro 

imidazole  h a s  been obtained by  reac t ion  of 2-methyl-4-nitro 

imidazole  with benzyl  bromide? Some recent  methods r e p o r t e d  

for N-alkylation a l s o  suf fer  from t h e  s h o r t  comings l i k e  lovi 

y i e l d s  and complicated reac t ion  procedures .  'O'" These methods 

r e q u i r e  use of e i t h e r  t e t r a a l k y l  ammonium s a l t s  of 

n i t ro imidazoles  or s p e c i a l  reagents  l i ke  a l k o x y  phosphonium 

s a l t s .  

We h a v e  recent ly  r e p o r t e d  a method for  prepara t ion  of 

N-substituted 4-nitro-1H-imidazoles i n  near  quant i ta t ive  

Since t h i s  method i n v o l v e s  a d d i t i o n  of y i e l d s  . 
nit roirnidazole  to a Michael a c c c p t o r ,  t h e  N-alkylated product  

is a l w a y s  t h e  one where a l k y l  group c a r r i e s  a functional 

, group. This  method,  t h u s ,  h a s  a l imi ta t ion  t h a t  i t  cannot 

be used  for  t h e  s y n t n e s i s  of compounds with s i m p l e  N-alkyl 

12, 1.3 

groups.  

We now r e p o r t  here a s i m p l e  and f a c i l e  method for  

s y n t h e s i s  of N-alkyl 4-ni t roimidazoles  i n  e x c e l l e n t  y i e l d s .  

In some c a s e s  y i e l d s  are near  quant i ta t ive .  T h i s  method 

involves  t h e  reac t ion  of 4( 5) -n i t ro imidazole  with s u i t a b l e  a l k y l  
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N-ALKYL-4-NITROIMIDAZOLES 429 

c h l o r i d e  o r  bromide a t  e l e v a t e d  tempera tures  ( l i U - 1 2 O 0 C )  i n  

K 2  LO3 /DMF for a per iod  of '2-3 h .  The N-alkylation of 2 -  

.netnyl 4 (  b ) -n i t ro imidazole  with a v a r i e t y  of a l k y l  h a l i d e s  

h a s  b e j n  c a r r i e d  out using t n i s  mctilod giving exce l len t  y i e l d s  

which a r e  presented  in t h e  t a b l e .  

TABLE 

No27pJ CH3 

RX/K2C03/DMF 

110-120% 

I CH3 
R 

I 
H 

S1. Alkylat ing Agent Time Yield 
No. R X  h % 

3 87 

3 84 

3 85 

2 Y L  

3 83 

2 94 

2 35 

The  example  6 ,  from trie a b o v e  t a b l e  i l l u s t r a t e s  the 

s u p e r i o r i t y  of t h i s  method.  As compared wi th  t n e  bes t  y i e l d  

of 84% r e p s r t e d  i n  l i t e r a t u r e  with an e x p e n s i v e  c h e m i c a l ,  

benzyl bromide,  t n e  y i e l d  of 94% r e p o r t e d  h e r e  has been 

obtained witn a much c h e a p e r  mater ia l ,  benzyl  c h l o r i d e ,  jus t  

9 in 2 h as against  l i t e r a t u r e  r e p u r t  of l a  h .  
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430 BHUJANGA RAO, GUNDU RAO, AND SINGH 

EXPERIMENTAL 

Typical Procedures 

l-Benzyl-2-Methyl-4-Nitroimidazole 

A mixture of 2-mcti iyl-4(S)-ni t roini idazole  ( 1 2 . 7  p ,  

I U U  minol), benzyl c h l o r i d c  (15 .2  g ,  120 inmol) ,  putassium 

carboilate ( 2 0  g, 145 rnmol) and d imethyl  forrnarnidn (30  m l )  

was iientcd uiider s t i r r i n g  a t  l l c ) - l L U " C  for  2 h .  The react ion 

mass was c ~ . i p ~ ~ r a t c d  to  dryncs:; uridcr iwluccd  p r e s s u r o ,  and 

the r e s i d u e  was par t i t ioned  between 5c) ml water  5U rnl e t h y l  

ace ta te .  The  e t h y l  ace ta te  e x t r a c t  was concentrated and t h e  

r e s i d u e  on c r y s t a l l i s a t i o n  from e t n y l  acetate-hcxane gave 20.4 g 

( 9 4 % )  of t h e  product .  m . p . :  1U4-10udC (Li ty  m . p .  1U4-1053C), 

H I N M R  (CDC13) : 2.40 (S,3,CH3 ) *  5.15 ( S , 2 , - C H 2 - ) ,  7 .05-7.50 

( r n , 5 , P h ) ,  7 . 6 5  ( s , l , C 5 - t l ) ,  C 5 - H A $  (DMSO-dti-CDC13) U.55.  

1-(Cyclopropyl methyl)-2-Methyl-4-Nitroimidazole 

A mixture of 2-metnyl-4(5)-nitroimidazolc ( 5 . 1 9  g, 40 

rnrml) , cyclopropylmcthylbrornide ( 6 . 5  g, 48 mrnol) , annydrous  

potassium carbonate  (8  g, 58 rnrnol) and d imcthyl  formainide 

(15 rnl) was heated a t  llU-120dC for 3 h .  Work-up was done 

a s  d e s c r i o e d  in t n e  previous cxarnplc. R e c r y s t a l l i s a t i m  from 

e t h y l  acetate-hexane a f forded  6 . 0  g ( 8 3 % )  of t h c  product .  

m.p.  : 77-7Y°C, 'H N M R  (DMSO-d6 1 ,  0.30-0.8U (m,4 , -CH2 

- C H 2 - ) ,  1 . 3  ( r n , l , C H ) ,  2 . 4  ( s , 3 , C H 3  1 ,  3 . 9  (d,2,N-CH2 1 ,  8.30 

( s . 1 ,  C 5  - H )  I C5 -H A & ( DMSO-d6 - C D C l  ) : 0.60.  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sy

dn
ey

] 
at

 1
3:

09
 0

3 
O

ct
ob

er
 2

01
3 



N-ALKYL-4-NITROIMIDAZOLES 431 

Acknowledgement 

We tiiank P r o f .  K M Madyas tha ,  Indian I n s t i t u t e  of 

Science,  Bangalore, for useful d i scuss ions  and acknowledge 

t n e  s u p p u r t  from our  ana ly t ica l  l a b o r a t o r y .  

1. 

2 .  

3. 

4. 

3 .  

s .  

7 .  

Cosar .  C; 

238. 

Nord. C 

( Suppl  . A3 5 

Galanaud, 

REFERENCES 

Ju lou ,  L.  Ann. Ins t .Pas teur  ( P a r i s )  1959,  96,  

E . ,  J.Antirnicrob. 

P. Pharmacologie  

tnerapeut ique .  , Giroud, J .  P . ,  

E d s ;  Expansion Sc ien t i f ique  : 

Chemother  , 1982,  1 0  

Cl in ique .  Bases  d e  l a  

Mathe. G . ;  Meyniel, G .  

P a r i s ,  1Y78; p 1781-1795; 

Chem.Abstr .  1979, 90, B811c)l s. 

Klink ,  R.; P a c h l e r ,  K.G.R.;  Got t sch l ich ,  R. Arzneium.- 

F o r s m .  1985, 3 5 ( 8 ) ,  1220 .  

Morgenstern, J . ;  Otto, R . ;  Scha i thauner ,  S.  t i e r ( E a s t )  

DD 26c),Ob2, 14 Sept  1 9 8 d ;  Chem.Abst r .  1989, l l u ,  

LA1634 r .  

C h i b u e r ,  R .  ; S t r a t f o r d ,  I .  J .  ; Ahmed, I .  ; R o b b i n s ,  A . B .  ; 

Goodgame, D . ;  Led, 13. Int . J .  Radiat  . Oncol. , Biol .  

P h y s .  1984, Id, 1213. 

B u t l e r ,  K . ;  Howes. H . L . ;  Lynch ,  J . E . ;  P i r i e .  D.K. 

J.Med.Chem. 1967, 10 ,  891. Kajfez,  F . ;  Sunj ic ,  V . ;  

Kolban ,  D .  ; Fajd iga ,  T . ;  Oklobdzi ja ,  M .  J .Med.Chem.  

1968,  11, 167. Kajfsz ,  F . ;  Kolban,  D . ;  O k l o b d z i j s ,  

M . ;  Fa jd iga ,  T . ;  Slamnik,  M.; Surijic, V .  Croat .  Chern. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sy

dn
ey

] 
at

 1
3:

09
 0

3 
O

ct
ob

er
 2

01
3 



432 BHUJANGA RAO, GUNDU RAO, AND SINGH 

Acta 1967, 39 ,  199. C a v a l l e r i ,  B. Nitroimidazole  

C h e m i s t r y ,  S y n t h e t i c  Methods i n  Nitroimidazoles .  

C h e m i s t r y ,  pharmacology and  chemical a p p l i c a t i o n s  ; 

Brecc ia ,  A . .  C a v a l l e r i ,  B . .  Adams. G . E . ,  E d s . ;  NATO 

Adv. Study I n s t .  Ser.; Ser. A . ;  Plenum P r e s s :  N e w  

York,  1982; Vo1.42, pp 9-34. Boyer  , J. H . 
Nitroimidazoles  . In Nitroazoles  : The C-ni t ro  

d e r i v a t i v e s  of five-membered N and N ,O h e t e r o c y c l e s ;  

Henry,  F . ,  E d . ;  VCH P u b l i s h e r s  : Deerf ie ld  Beach,  FL, 

1986; Chapter  2 ,  p p  79-185. Grimmett, M.R. Imidazoles  

and t h e i r  benzo d e r i v a t i v e s .  In Comprehensive Hetero- 

c y c l i c  C h e m i s t r y .  The s t r u c t u r e ,  r e a c t i o n s ,  s y n t h e s i s ,  

and u s e s  of h e t e r o c y c l i c  compounds; P o t t s ,  K . T . ,  E d . ;  

K a t r i t z k y ,  A . R . ,  Chairman of Ed .  Board ;  Pergamon 

P r e s s :  England, 1Y84, Vo1.5, p p  345-456. 

8. E l l i s ,  G.P. ;  E p s t e i n ,  C . ;  F i tzmaur ice ,  C . ;  Gelberg,  L . ;  

Lord, G . H .  J .  Pharm . Pharmacol  . 1964,  1 6 ,  801. 

C o x ,  J.S.G. ; Fitzmaurice,  C .  ; K a t r i t z k y ,  A . R .  ; T i d d y ,  

G .  J .  T .  ; J. Chem.Soc. 1967, 1251. 

9. A l b r i g h t ,  J .  D .  ; Moran, D.B. J .Heterocyc1 .Chem. 2 3 ,  

913 (1986) .  

10. S e a r c e y ,  M . ;  Lee ,  J . B . ;  P y e ,  P .L .  Chem.Ind.  1989, 569. 

11. S e a r c e y ,  M . ;  Lee,  J . B . ;  P y e ,  P .L .  Synth.Commun. 1989, 

19 (  768) , 1309. 

12.  Rao, A.K.S.B. ;  P r a s a d ,  R . S . ;  Rao, C.G. ;  Singh,  B.B.  

J . C h e m  . SOC. P e r k i n  Trans .  1, 1989, 1352. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sy

dn
ey

] 
at

 1
3:

09
 0

3 
O

ct
ob

er
 2

01
3 



N-ALKYL-4-NITROIMIDAZOLES 433 

13. Rao, A . K . S . B . ;  Rao. C . G . ;  Singh,  B . B .  J.Org.Chem. 

1YY0, 55(11). 3702. 

(Received i n  UK 12 December, 1990) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sy

dn
ey

] 
at

 1
3:

09
 0

3 
O

ct
ob

er
 2

01
3 




