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The IR spectra of nitro- and polynitroimidazoles, and their salts 
are investigated. Salt formation with nitroimidazoles is shown to 
involve one nitro group, with conversion of the imidazole ring to 
an isoimidazole one. Assignment of frequencies to valence vibra- 
tions of NO in charged and uncharged NO 2 groups, and to skeleton 
vibrations of the ring, is made for nitroimidazoles, so that these 
data can be used to identify newly synthesized compounds. 

The IR spectra  of imidazole, some derivatives of 
it [1-4], benzimidazoles [5, 6], and heteroaromatic  
systems resembling them [7], have been described in 
the l i terature.  Regarding the Ill spectra  of nitro deriv-  
atives of imidazole, the l i terature records  only the 
spectra of 2-ni t ro-  and 4(5)-nitroimidazoles [8]. 

The present work is devoted to a study of the spec- 
t ra  of nitroimidazoles and the occurrence  of regular i -  
ties which can be used to identify nitro compounds of 
the imidazole ser ies .  In addition, work on the founda- 
tions of the part icular  IR spectra considers the s t ruc-  
ture of salts of mono- and polynitroimidazoles. 

It is known that when anions of imidazoles are 
formed, the negative charge does not remain on the 
nitrogen atom from which the proton disengages, but 
is distributed over the entire ring, due to the a roma-  
ticity of the anion. In imidazole nitro derivatives, 
nitro groups can also participate in distribution of the 
anion's negative charge, e. g: 

)N~'o "e 

However the imidazole r ing and the nitro group can 
participate to a grea ter  or  lesser  extent in this delo- 
calization. Then the s t ructure  of the salt will approx- 
imate one of the following s t ructures :  

, . . , .  ~----q = ,,~]e 
K (~ ~ . ~ N O  2 [ .e 

II III 

In the case of salt  formation by the r ing (II), only 
an insignificant shift of the N--O valence vibrations 
band would be expected, as for any conjugation with 
an uncharged nitro group [9]. The actual formation of 
salts  by the nitro group* (IH) must resul t  in the appear-  
ance in the spec t ra  of absorptionbands charac te r i s t ic  of 

the charged NO~ group (region ~1180 and 950 cm-i)  * 
[13, 14], and disappearance of N--O valence vibrations 
absorption bands in the uncharged nitro group. 

Fur thermore,  formation of a salt by the nitro group 
is connected with conversion of the imidazole ring to 
an isoimidazole one, which can give r i se  to changes in 
the Ill spectra.  

H 

H - -  H ~  - J 

H 

Bands charac ter i s t ic  of the imidazole and isoimidazole 
rings are  reported in [6]. The authors assign the band 
in the 1502 cm -1 region to imidazole r ing skeleton 
vibrations, and bands in the 1485 cm -1 region and 1594 
and 1563 cm -1 regions can be assigned to vibrations 
of 2N- and 4N-isoimdiazole r ings respectively.  

It is difficult to assign frequencies in the imidazole 
ser ies ,  due to the powerful effect of substituents in the 
imidazole r ing on the positions and intensities of many 
absorption bands. Obviously this indicates that imida- 
zole derivatives are not very  much character ized by 
absorption band frequencies.  

Careful analysis of the spectra  of a large number of 
nitro derivatives of imidazole, as well as of l i terature 
data, made it possible to assign frequencies to NO 
valence vibrations in the charged and uncharged nitro 
group, and to skeleton vibrations of the imidazole 
ring. Assignment of frequencies to NO valence Vibra- 
tions in the uncharged NO group is aided by the fact 
that these vibrations are  ra ther  intense. In addition, 
the ant isymmetr ic  valence vibration lies in the 1520- 
1650 cm -1 region, where there are  no other sufficient- 
ly intense absorption bands. The table gives frequency 
assignment data. 

Assignment of absorption bands to NO valence vi- 
brat ions in mononitroimidazoles (compounds nos. 2 -  
12) proceeded on the basis of comparison of spectra of 
free nitroimidazoles and their salts.  It can be seen 
f rom the figure that in the case of 4(5}-nitroimidazole 
and tabulated data for its derivatives, on passing from 
free ni troimidazoles to their salts, the NO valence vi-  
bration bands in the uncharged NO 2 group (regions 

*A s imilar  s t ructure  is put forward for  salts of 

n i t ropyrroles  [10, 11]. 

*The regions given are  charac ter i s t ic  of saturated 
aliphatic compounds. However, as was shown in a 
paper [12], conjugation is pract ical ly  without effect 
on the positions of bands due to N--O vibrations in the 

charged nitro group. 
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~1550 and ~1350 c m  -1) van ish ,  and NO v i b r a t i o n  ab -  
s o r p t i o n  bands  in the  cha rged  NO 2 g roup  (about 1180 
and 950 e r a - l )  a p p e a r .  

It should  be  noted that  with s a l t s  of m o n o n i t r o i m i d a -  
zo les ,  any  s e l e c t i v e  a b s o r p t i o n  i s  absen t  f rom the 
1550 and 1350 e m  -1 r e g i o n s ,  which at  about 1180 and 
950 c m  -1, weak  and m e d i u m  in t ens i t y  a b s o r p t i o n  bands  
a r e  s o m e t i m e s  s een  even with the  f r e e  compounds ,  
t h e s e  be ing  c o n s i d e r a b l y  s t r eng thened  on p a s s i n g  to 
the  s p e c t r a  of the  s a l t s .  

D i f f e r ences  found for  i m i d a z o l e  and i s o i m i d a z o l e  
r i n g s  in t h e i r  s p e c t r a  of aryl i r r r idaz01es  [6] did not  
a p p e a r  in the ca se  of m o n o n i t r o i m i d a z o l e s .  R e g a r d i n g  
the a n a l y t i c a l  f e a t u r e s  of d e r i v a t i v e s  of m o n o n i t r o i m i -  
da zo l e s  and t h e i r  s a l t s ,  i t  i s  to be men t ioned  tha t  they  
show a s t r o n g  s t ab l e  band in the 1000 c m  - I  r eg ion ,  
l ack ing  with a l l  p o l y n i t r o -  and 2 - n i t r o i m i d a z o l e s .  
F u r t h e r m o r e ,  in the  400-700  c m  - i  r e g i o n  (KBr 
p r i s m ) ,  m o n o n i t r o i m i d a z o l e s  have  two s t ab le  bands  
in the  655 (s t rong)  and 610 (medium) c m  -1 r e g i o n s ,  
which a r e  l ack ing  with the r e s t  of the  d e r i v a t i v e s .  * 

N - N i t r o i m i d a z o l e s  (compounds nos .  29 and 30), can 
be iden t i f i ed  by  the NO a n t i s y m m e t r i c  v i b r a t i o n s  band 
in the  n i t r o a m i n o  g roup  ( reg ion  1640 cm-1) .  In the  
r e g i o n s  ~1330 and 1280 c m  -1, the  band of s y m m e t r i c  
v i b r a t i o n s  i s  sp l i t  into two. 

A s s i g n i n g  a b s o r p t i o n  bands  in IR s p e c t r a  of p o l y -  
n i t r o i m i d a z o l e s  (2 o r  m o r e  n i t ro  g roups )  was  a l so  
c a r r i e d  out by  c o m p a r i n g  the  s p e c t r a  of  the  f r e e  n i t ro  
compounds  with t hose  of t h e i r  s a l t s .  On p a s s i n g  to 
the  s a l t s ,  one a b s o r p t i o n  band v a n i s h e s  in each  of the  
1550 and 1360 c m  -1 r e g i o n s ,  and bands  a p p e a r  in the  
s a m e  r e g i o n  as  in m o n o n i t r o  d e r i v a t i v e s  (compound 
15), o r  a r e  s o m e w h a t  d i s p l a c e d  (compounds nos .  18, 
22, 27, 28). 

In the  c a s e  of s a l t s  of d i n i t r o i m i d a z o l e s ,  i t  was  
a l so  i m p o s s i b l e  to find s p e c t r u m  i n d i c a t i o n s  of the  
i s o i m i d a z o l e  r i n g  [6]. A b s o r p t i o n  bands  c h a r a c t e r -  
i s t i c  of  the  i s o i m i d a z o l e  r ing ,  w e r e  found only with 
s a l t s  of d i n i t r o t r i n i t r o m e t h y l i m i d a z o l e  (compounds 
nos .  27, 28), and s a l t s  of t r i n i t r o i m i d a z o l e  (compound 
no. 22). F r e e  p o l y n i t r o i m i d a z o l e s  with the  o r d i n a r y  
i m i d a z o l e  r i n g  have a s t r o n g  a b s o r p t i o n  band of  r i n g  
s k e l e t a l  v i b r a t i o n  s o m e w h a t  above  1500 e m  - l ,  t h e i r  
s a l t s  be low 1500 c m  -1, s o m e t i m e s  sp l i t t i ng  into 2 
bands .  

A c h a r a c t e r i s t i c  p e c u l i a r i t y  of  the  s p e c t r a  of n i -  
t r o i m i d a z o l e s  i s  s p l i t t i n g  of  the  N--O a n t i s y m m e t r i c  
v a l e n c e  v i b r a t i o n s  a b s o r p t i o n  bands  in the  n i t r o  g roup  
into 2, and s o m e t i m e s  3 bands ,  independen t  of the 
n u m b e r  of  n i t ro  g r o u p s .  Hence  i t  is  i m p o s s i b l e  to 
judge  the n u m b e r  and p o s i t i o n s  of  n i t r o  g r o u p s  in the 
i m i d a z o l e  r i n g  f r o m  the IR s p e c t r a .  M e a s u r e m e n t  of  
the  to ta l  i n t e n s i t y  of  the  NO a n t i s y m m e t r i c  va l e nc e  
v i b r a t i o n s  would p r o b a b l y  be  an e f fec t ive  way of d e t e r -  
m i n i n g  the  n u m b e r  of n i t ro  g roups .  

*In the  c a s e  of 2 - n i t r o i m i d a z o l e ,  only  1 s t r o n g  band, 
at  665 c m  - i ,  is  found. 

The p r e s e n c e  of a t r i n i t r o m e t h y l  g roup  in the i m i  ~ 
dazo le  r i n g  l e a d s  to the  a p p e a r a n c e  of 3 a b s o r p t i o n  
bands  in the 1600-1630 e m  -1 reg ion ,  and as  a ru le ,  
two in the  r e g i o n  1300-1325 c m  -1, when the 1300 c m  -1 
band i s  c o n s i d e r a b l y  w e a k e r  than the 1325 c m  - I  one.  
The p r e s e n c e  of such  sp l i t t i ng  can  be used  to iden t i fy  
the  t r i n i t r o m e t h y l  group,  s ince  i m i d a z o l e  r i n g  ab -  
s o r p t i o n  bands  a r e  absen t  in th i s  r e g i o n  (1600-1630 
cm-1) .  

On the b a s i s  of the  a b s e n c e  of f r e q u e n c i e s  c h a r a c -  
t e r i s t i c  of the  uncha rged  NO 2 g roup  and a p p e a r a n c e  of 
f r e q u e n c i e s  of  the c h a r g e d  NO~ group  in the  s p e c t r a  
of s a l t s  of m o n o n i t r o i m i d a z o l e s ,  i t  can be  i n f e r r e d  
tha t  the  n i t ro  g roup  is  involved  in sa l t  fo rma t ion ,  e . g .  : 

N 

Hence salt  fo rmat ion  must involve fo rmat ion  of an 
i s o i m i d a z o l e  r ing ,  though as  has  a l r e a d y  been  poin ted  
out above,  i t  did not  p r o v e  p o s s i b l e  to de tec t  s igns  of 
the  i s o i m i d a z o l e  r i n g  with m o n o n i t r o i m i d a z o l e  s a l t s .  

By ana logy  with the  s t r u c t u r e  of s a l t s  of g e m -  
d in i t ro  compounds  [13, 23] (IV), i t  migh t  have been  
expec ted  tha t  both n i t ro  g roups  (V) would p a r t i c i p a t e  
in s a l t  f o r m a t i o n  with p o l y n i t r o i m i d a z o l e s ,  e s p e c i a l l y  
with 4, 5 - d i n i t r o i m i d a z o l e s .  

L o 
iv y 

In s t r u c t u r e  V, the equa l i za t i on  of the  two n i t r o  
g roups  should p r o c e e d  th rough  the r i n g  s y s t e m  of 
con juga ted  bonds,  but  a c t u a l l y  tha t  does  not t ake  p l ace .  
On p a s s i n g  f r o m  p o l y n i t r o i m i d a z o l e s  to t h e i r  s a l t s ,  
the  a b s o r p t i o n  bands  of only  1 n i t r o  g roup  vanish ,  the 
bands  of the o the r  o r  o t h e r s  r e m a i n ,  and at  the s a m e  
t i m e  bands  of the  c h a r g e d  n i t ro  g roup  a p p e a r .  Hence  
in s a l t  f o r m a t i o n  with p o l y n i t r o i m i d a z o l e s ,  one n i t ro  
g roup  i s  involved,  e . g .  : 

N------~ N 02 ] ~Me (~ 

~0-~o~' 

Further ,  the IR spect ra  of salts of some polynitro 
compounds  (compounds  nos .  22, 27, and 28) show 
(see  above) s p e c t r u m  f e a t u r e s  of i s o i m i d a z o l e s .  

Thus  f r o m  a s tudy  of  IR s p e c t r a  of n i t r o  d e r i v a -  
t i v e s  of i m i d a z o l e s ,  i t  i s  shown tha t  s a l t  f o r m a t i o n  
with  t h e s e  compounds  (at l e a s t  in the  c r y s t a l l i n e  s t a t e )  
a lways  t a k e s  p l a c e  at  one of  the  n i t ro  g roups ,  when 
the i m i d a z o l e  r i n g  c ha nge s  to an i s o i m i d a z o l e  one.  

The  IR s p e c t r a  of compounds  t a b l e t t e d  with KBr  
w e r e  r e c o r d e d  us ing  a UR-10 s p e c t r o p h o t o m e t e r .  

Af t e r  s e c u r i n g  cons t an t  m e l t i n g  point ,  a l l  c o m -  
pounds  fo r  s p e c t r o s c o p i c  i n v e s t i g a t i o n  w e r e  r e c r y s -  
t a l l i z e d  r e p e a t e d l y .  P o t a s s i u m  s a l t s  ( table,  nos .  9, 
15, 18, 22, 27) w e r e  p r e p a r e d  f r o m  the f r e e  c o m -  
pounds  by d i s s o l v i n g  in s o d i u m  c a r b o n a t e  solu t ion ,  
then s a t u r a t i n g  with p o t a s s i u m  c h l o r i d e .  The p o t a s s i -  
um s a l t s  p r e c i p i t a t e d  w e r e  s e p a r a t e d  off, and twice  

r e c r y s t a l l i z e d  f r o m  w a t e r .  
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IR spect ra :  
1) 4(5)-Nitroimidazole;  2) 1 -me thy l -4 -n i t ro imidazo le ;  

3) Na sal t  of 4(5)-ni troimidazole.  

The ammonium salt  of 2 ,5(4)-dini t ro-4(5)- t r in i t ro-  
methyl imidazole  (no. 28) was made by dissolving the 
f ree  compound in aqueous ammonia,  and purified by 
rec rys ta l l i za t ion  f rom water .  

Since the potass ium and sodium sal ts  of 2 -n i t ro -  
imidazole  a re  readi ly  soluble even in cold water,  the 
sodium sal t  of that compound (no. 12) was made thus: 
2-n i t ro imidazole  was dissolved in an equimoleeular  
amount of sodium ethoxide in solution, af ter  which 
the solution was evaporated to dryness  and dried over  
ca lc ium chloride.  
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