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As a continuation of our research in the imidazole-derivative field, we have prepared a series of 
previously undescribed esters and amides of nitroimidazolecarboxylic acids which may present interest 
as potential biologically active substances or intermediates for their synthesis. 

For the most part, unsubstituted amides of l-alkyl- and 1.2-dialkyl-4-nitroimidazole-5-carboxylie 
acids have been described inthe literature [1-6]; substituted amides of these acids are represented by a very 
small number of compounds [7, 8]. Esters of these acids have been studied to a still smaller degree [7]. 

The nitroimidazoleearboxylic acids needed for the synthesis of the amides and esters were prepared 
by acid hydrolysis of nitrocyanoimidazoles in the presence of sodium nitrite, according to the procedure 
of [7]. 

N----~O, , NaNO2) / ~ < N O  2 
i 7 2 ~ f l ! ] ~ O N  ~ HOH~HT_,SO4 ~ tR r I'4- OOOH 

I I 

Unsubsti tuted amides were  obtained upon incomplete hydrolys is  of the n i t r i les  in the absence of n i -  
t r i te  [1, 3, 5]. 

I I 

Synthesis of the s ta r t ing  n i t rocyanoimidazoles  was effected by cyanation [1] of n i t rochloro  (or bromo) 
imidazoles  [9 ], whose halogen atom is eas i ly  replaced by a CN group upon heatingwith alkali metal  cyanides in 
the p resence  of iodides of the same meta l s .  

 -ii 
i t ~ - - -  i 

F, N X I~ N C'~ 
i I 

The nitrochloroimidazoles were prepared by the Wallach reaction [i0] from dialkyloxamides, and 
with subsequent nitration of the alkyl (or dialkyl) chloroimidazoles formed [9]. 

R 7 c l  ~ ~ ~ c] 
C H z ~  OH21~ 

1 ,2 -Dimethy l -4 -n i t ro -5 -b romoimidazo les  were  synthesized by alkylation of 2 -methyl -4  (5)-ni t roimi-  
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d a z o l e  [11] with d imethyl  sulfate [12 ] and subsequent  
b romina t ion  in posi t ion 5 of  the imidazole  r ing [11]. 

Unsub sti tuted 4 (5) -n i t ro imidazo le -5  (4) - c a r b o x -  
lic acid was  synthesized by ni t ra t ion and oxidation of  
4 (5) -hydroxymethyl imidazo le  [13]. 

The n i t rocyanoimidazoles ,  n i t r o i m i d a z o l e c a r -  
boxamides ,  and n i t ro imidazo lecarboxyl ie  acids  not 
desc r ibed  in the l i t e ra tu re  we re  cha r ac t e r i z ed  b y t h e i r  
mel t ing  points  and e lementa l  ana lyses  (see Table  1)�9 

The n i t ro imidazo lecarboxyl ic  acids were  con-  
ve r t ed  to the cor responding  acid chlor ides  by the a c -  
t ion of thionyl chloride.  Substituted amides  of  the n i -  
t ro imidazo leca rboxy l i c  acids  we re  obtained by hea t -  
ing t h e a c i d  chlor ides  with amines  in benzene in the 
p r e sence  of t r i e thy lamine  o r  an excess  of the amine  
being acylated~ The p ipe raz ides  and d ie thylamino-  
e thylamides  were  obtained in the f o r m  of hydroch lo r -  
ide and appropr i a t e  amine.  

E s t e r s  of  the n i t ro imidazo lecarboxyl ic  acids 
w e r e  p r epa red  by the reac t ion  of the acid chlor ides  
with a lcohols .  Some n i t r o e s t e r s  (XXXIX, XLI -XLII I ,  
XLVII), which were  undist i l lable oils  (see Table 1), 
we re  l a t e r  conver ted  into a m i n o e s t e r s  without pu r i f i -  
cation. 

In the IR spec t r a  of the n i t ro  der iva t ives ,  taken 
in  vase l ine  oil on a UR-10 spec t rome te r ,  absorpt ion  
bands were  detected in the 1300-1350 cm - i  region,  
which co r r e sponds  to the s y m m e t r i c a l  s t re tching v i -  
bra t ion  of the NO r group�9 There  were  also c h a r a c -  
t e r i s t i c  absorp t ion  bands  at 2240 cm -1 for  n i t r i les ,  
1710-1720 cm -1 fo r  acids,  1725 c m  -1 f o r  e s t e r s ,  1675- 
1685 cm -1 fo r  p r i m a r y  amides ,  and 1645-1678 c m  -1 
fo r  secondary  amides .  

Biological  t e s t s  of the p repa ra t ions  (IX, XI, 
XIII-XXVII, XXIX-XXXI, and XXXIII-XXXV) for  an-  
t i t umor  action, p e r f o r m e d  in the cance r  c h e m o t h e r -  
apy l abora to ry  of the Novokuznets Sc ien t i f i c -Resea rch  
P h a r m a c e u t i c a l  Chemis t ry  Inst i tute under  the d i r e c -  
t ion of L. F. Mal ' t seva ,  showed that  individual r e p r e -  
senta t ives  (XVIII, XXV-XXVII, and XXX) display weak 

�9 act ivi ty  (a 32-60% retardat ion) ;  the remain ing  sub-  
s tances ,  however,  do not affect  the growth of e x p e r i -  
menta l  tumors~ 

Pha rmaco log ica l  study of the compounds syn-  
thes ized  (IX, XI, XIII-XIX, XXV-XXVII, and XXIX- 
XXXI) was  p e r f o r m e d  under  the d i rec t ion of Vo M. 
Kuri lenko in the l abo ra to ry  of pharmacology  and 
showed that  these  p r epa ra t i ons  exe r t  some  d e p r e s s -  
ive action on the cen t ra l  nervous  sys tem,  e x p r e s s e d  in 
a reduct ion in body t e m p e r a t u r e ,  breakdown in mo to r  
coordination,  and an inc rease  in drug- induced s leep.  
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EXPERIMENTAL 

The starting materials were prepared by the following literature procedures: 1,2-dimethyl-4-nitro- 

5-eyanoimidazole (I), [i]; 1,2-dialkyl-4-nitroimidazole-5-carboxamides (II-IV), [5]; and 1,2-dialkyl-4- 
nitroimidazole-5-earboxylic acids (V-VIII), [7]. 

Acid Chlorides of Nitroimidazolecarboxylic Acids. Thenitroimidazolecarboxylic 
acid was boiled with a 9-11-fold excess of thionyl chloride until a homogeneous solution was formed (from 
1 to 5 h). The excess thionyl chloride was distilled off under vacuum; dry benzene was added to the resi- 
due in an amount equal in volume to the thionyl chloride distilled off, and the benzene was distilled off. 
This operation was repeated two or three times. The acid chlorides obtained were used for synthesis of 
amides and esters without further purification. 

In the preparation of 4(5)-nitroimidazole-5 (4)-carbonyl chloride a solution in the thionyl chloride was 
not formed; therefore heating was carried out, with stirring, for 7 to 8 h. The acid chloride was filtered 
off and washed with benzene and petroleum ether. 

Substituted Amides of Nitroimidazolecarboxylic Acids (IX -- XXXV). A. Toaso- 
lution of the nitro acid chloride in dry benzene (in an amount of 50 ml per 0.01 mole of starting acid) was added, 
with stirring and cooling in an ice bath, a two to three-fold amount of the amine to be acylated. The reaction mix- 
ture was stirred for 1 or 2 h without heating, and was allowed to stand overnight. The benzene was evap- 
orated, and the crystalline residue was washed with cold dilute hydrochloric acid solution,water sodium 
carbonate solution, and water. It was dried and reerystallized from an appropriate solvent (see Tabel i). C ore- 
pounds XI-XIV, XVI, XIX, XX, XXII, XXIII, XXVI-XXVIII, XXX/I, and XXXIII were prepared by this method. B. 

To a solution or suspension (for 4(5)-nitroimidazole-5 (4)-carboxylic acid) of equimolar amounts of the ni- 
tro acid chloride and the amine in dry benzene (50 ml of benzene 0.01 mole of acid), with cooling and stir- 
ring, triethylamine was slowly added in an amount of 1.2-1.3 moles per mole of acid. Further operations 
were as in method A. Compounds IX, X, XVHI, XXII, XXV, XXX, XXXIV, and XXXV were prepared by 
this method. 

Nitroimidazolecarboxylic Acid Piperazide Hydrochlorides (XVII, XXXI). 
Piperazine (1.78 g) containing 4% water (1.72 g, 0.02 mole calculated as 100% piperazine) was boiled with 
50 ml of toluene which had been dried over metallic sodium, using a Dean and Stark water separator, until 
0.07 ml of water had distilled. To the solution, with cooling and stirring, was added, dropwise, a solution 
of the nitro acid chloride, prepared from 0.02 mole of acid, in 40 ml of toluene. The reaction mixture was 
stirred 2 or 3 h longer and was allowed to stand overnight. The precipitate was filtered off, washed with 
hot water and with hot alcohol, and was dried in air. The piperazide hydrochlorides do not dissolve in water 
or ordinary organic solvents, and are soluble in dimethylformamide. 

Nitroimidazolecarboxylic Acid Diethylaminoethylamide Hydrochlorides (XV, 
XXI V, an d XXI X). To a solution of the acid chloride in dry benzene, with cooling and stirring, was 
added an equimolecular amount of diethylaminoethylamine in benzene (3.6 ml of benzene/0.01 mole of 
amine). The suspension formed was stirred without heating for 1 or 2 h and allowed to stand overnight. 
The precipitate was filtered off and crystallized from absolute alcohol with charcoal. 

Esters of nitroimidazolecarboxylic acids (XXXVI-XLVII). Amixture of the acid 
chloride prepared from 0.02 mole of the corresponding nitroimidazolecarboxylic acid with 6 ml (0.i mole) 
of absolute ethanol or 4 ml (0.i mole) of methanol was boiled for i0 to 15 rain, and the mixture was poured 
into cold water. The nitroesters separated in the form of a precipitate or oil. The precipitate was filtered 
off, dried, and crystallized from aqueous alcohol (i:i). The oil esters were extracted several times with 
benzene or ether. The extract was washed with a sodium carbonate solution and water, and it was dried 
with anhydrous magnesium or sodium sulfate. The dried solution was filtered, and the solvent was distil- 
led off from the filtrate. The undistillable oil remaining was used for hydrogenation. 

1. 
2. 
3. 
4. 
5. 
6. 
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