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6 - ( l ' -Me thy l -4 ' - n i t ro imidazo ly l -5 ' ) -mercap topu r ine  (azathioprine, imurane) synthesized previously 
[1-5] has been widely used in the transplantation of organs as an efficient preparat ion for the suppress ion 
of reactions of t issue incomparability [4, 6-8]. For  the synthesis of new nitroimidazole derivatives of 
6-mercaptopur ine ,  potential immunosuppress ive  agents,  besides 4(5)-ni t ro-5(4)-chloroimidazoles  [1, 2, 4, 
5], 4~5)-nitro-5(4)-bromoimidazoles can be used [1, 2, 5]. But obtaining these compounds by nitrat ion of 
the sca rce  4(5)-bromoimidazoles  is complicated [9, 10]. Due to this fact we studied the bromination of 
the more  easi ly  available 2-a lkyl -4(5)-n i t ro- ,  1 ,2-d ia lkyl -4-n i t ro- ,  and 1 ,2-dia lkyl-5-ni t roimidazoles  (II, 
III, VI-XI). 

According to l i tera ture  data, bromination of 4(5)-ni t ro- imidazole (I) by bromine in alkaline medium 
leads to the formation of 2,4(5)-dibromo-5(4)-ni troimidazole [11]. We found that the 2-a lkyl-4(5)-ni t ro-  
imidazoles (II, III) in cold aqueous caustic soda solution are  also ve ry  easily brominated by bromine.  
High yields (87-98%) at 2-a lkyl -4(5)-n i t ro-5(4)-bromoimidazoles  (XII, XIII) are  obtained. This method of 
synthesizing ni t robromoimidazoles  [12] one stage shor ter  than the known method of nitration of b romo-  
imidazoles [9, 10]. 

The easiness of the bromination of 2-alkyl-4(5)-ni t roimidazoles  is apparently explained by the fact 
that in this instance, consistent  with the hypothesis of the transhalogenation of imidazoles [13, 15], the 
anion of ni troimidazole is subjected to bromination.  The intermediate N-bromoder ivat ive  forming initially 
is regrouped under the effect of the alkali catalyst  to the stable 4(5)-bromosubsti tuent of imidazole: 

1 - co -) Oz~[ HzO 15-Z0 ~ -NaBr - zN 

,~,~ 87-88% 

R = OH3, OzH5 

An indirect  confirmation of this reaction mechanism is the fact that the N-alkylsubsti tuents of imi-  
dazole (IV-XI) a re  not brominated under analogous conditions, since they are  not able to form anions. 
The brominating agent in the react ion studied is bromine and not the products of its interaction with NaOH 
(NaOBr, etc.), since with the change of the order  of charging the components - by dissolution of bromine 
in NaOH solution and subsequent addition of (I1) the react ion does not take place -- the initial compound 
r e fo rms .  

The bromination of ni t roimidazoles  by bromine also proceeds without an alkaline agent. In this case,  
apparently,  the usual react ion of electrophil ic  substitution takes place. Thus, the bromination of (II) in 
water  occurs  much more  slowly than in alkaline solution and leads to a much lower yield (52%) of the com- 
pound (XII). The bromination of 1 ,2-dia lkyl-4-ni t ro imidazoles  (VI, X) takes place more  easi ly owing to 
the presence  of the e lec t ron-donor  alkyl group at the nitrogen atom and leads to the formation of 1,2- 
d ia lky l -4 -n i t ro -5-bromoimidazo les  (XIV-XVI) with a good yield (80-92%): 
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R=OH}, CHzOHzOH, OHzOH(OH)OHz0H : 
13'=OH 3 

Brominat ion  by b romine  of 1 ,2 -d ia lky l -5 -n i t ro imidazo les  (VII, X) in wate r ,  aqueous caust ic  soda 
solution and organic solvents  (i .e. ,  in boiling dichloroethane) does not work; this is p r e sumab ly  due to the 
lower  e lec t ron  charge  density at posi t ion 4 of the imidazole  r ing of these  compounds than at posit ion 5 of 
1 ,2 -d ia lky l -4 -n i t ro imidazo les .  However,  one compound of this s e r i e s ,  namely  1 , 2 - d i m e t h y l - 4 - b r o m o - 5 -  
n i t ro imidazole  (XVII), was synthes ized by the methylat ion of (XII) with dimethyl  sulfate  in the absence  of a 
solvent .  This method had e a r l i e r  been used in the p repa ra t ion  of (V, VII) [16-18]: 

O~N--v--, -NH (OH3) ~ 804 0zN ,-17--N- OH 3 

7f  . ~  

It should be noted that in the l i t e ra tu re  no r ep resen ta t ive  of 1 , 2 - d i a l k y l - 4 - n i t r o - 5 - b r o m o -  or 1,2- 
d i a lky l -4 -b romo- 5 -n i t r o i m i dazo l e s  is descr ibed .  Only 1 - m e t h y l - 4 - n i t r o - 5 - b r o m o i m i d a z o l e  is known. This 
was obtained by ni trat ion of 1 -m e t hy l -5 -b romo imidazo l e  [19, 20] and methylat ion of 4 (5 ) -n i t ro -5 (4 ) -b romo-  
imidazole  [19]. 

An investigation of the act ivi ty  of the initial 4(5)-ni t ro imidazoles  (I-IX, XI) as well  as the synthesized 
n i t robromoimidazo les  (XII-XVII]) against  t r i chomas  was of in te res t  in connection with the high ant i -  
t r i chomonas  act ivi ty  of 1 - (# -hydroxye thy l ) -2 -me thy l -5 -n i t ro imidazo le  (X, metronidazole)  [21, 22], 1 -methy l -  
4 - ch lo ro -5 -n i t ro imidazo le  (chlomizole) [22] and s eve ra l  other  de r iva t ives  of 4(5)-ni t ro imidazole  [23]. 
The resu l t s  of the studies ca r r i ed  out in our institute by G. N. Pe r sh in  and N. A. Novi tskaya have shown 
that among these groups of compounds no p repara t ions  more  act ive than met ronidazole  exis t .  

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

4(5)-Ni t roimidazole  (I), 2 -Methy!-4(5) -n i t ro imidazole  (I1) and 2-Ethyl -4(5) -n i t ro imidazole  (III) a r e  
obtained by ni t ra t ion of imidazole  and its 2-a lkyisubst i tuents  by Sodium ni t ra te  in 75-80% H2SO t solution or  
in a mix tu re  of concentra ted HNO 3, 75-80% solution of H2SO 4 and Na2SO ~ according  to methods developed by 
us [21, 24, 25]; yield 72-73%. 

1 -Me thy l -4 -n i t ro - ,  1 -Me thy l -5 -n i t r o - ,  1 ,2 -Dime thy l -4 -n i t ro - ,  and 1 ,2 -d imethy l -5 -n i t ro imidazo les  
(W-VII) a r e  p r e p a r e d  according  to [16-18]. 

! - ( B - H y d r o x y e t h y l ) - 2 - m e t h y l - 4 - n i t r o - ,  l - ( # - H y d r o x y e t h y l ) - 2 - m e t h y l - 5 - n i t r o - ,  and 1-(f l ,T-Dihydroxy- 
p ropy l ) -2 -me thy l -4 -n i t r o i m i dazo l e s  (IX-XI) a re  obtained according to [21, 25]. 

2 -Methy l -4 (5) -n i t ro -5(4) -bromoimidazo le  (XII). A. To 63.5 g (II) dissolved in 500 ml  1N NaOH solu-  
t ion under  cooling and s t i r r i ng  within 35-40 rain 85 g b romine  is added, maintaining a t e m p e r a t u r e  of 20-25 ~ 
Bromine  is  decolor ized  a l m os t  instantly,  at  the s a m e  t ime  the prec ip i ta te  (XII) s e p a r a t e s .  After  comple -  
tion of the admixture  of b romine  the mix ture  is s t i r r e d  for 20 rain, the p rec ip i ta te  is f i l te red  off, washed 
with wa te r  and dr ied  at 80-!00 ~ Yield 89.7-91.2 g (87-88.6%), mp 267-268 ~ (decomp.).  According to the 
data of [9, 10]: mp 267-269 ~ 

B. To the w a r m  (30-35 ~ solution of 3.2 g (II) in 1.5 l i t e r  wa te r  4.4 g b romine  is added, the react ion 
mix tu re  is s t i r r ed  for  4 h at 30-35 ~ and let  stand overnight;  the prec ip i ta te  is f i l te red  off and washed with 
wa te r .  2.25 g (XII) with mp 260-261 ~ is obtained. By evapora t ion  of the mother  l iquor to a smal l  volume 
0.65 g XII with mp 255-260 ~ is addit ionally separa ted .  Total  yield 2.9 g (52%). 

2 -E thy l -4 (5 ) -n i t ro -5 (4 ) -b romoimidazo le  (XIII). It is obtained analogously  to XII (method A). Yield 
94-98%, mp 176-177 ~ a f t e r  r ec rys t a l l i za t ion  f r o m  wa te r  mp 180-181 ~ (decomp.).  According to the data of  
[10]: mp 180-181 ~ 
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1 ,2-Dimethy l -4-n i t ro -5-bromoimidazo le  (XIV). To the hot (45-55 ~ solution of 28 g (VI) in 3 l i ters  
water  31.4 g bromine is added within 10-15 rain, the solution is s t i r r ed  for 2 h at 50-60 ~ 400 ml saturated 
aqueous solution of sodium acetate is  added, the mixture is cooled to 10-15 ~ the precipi tate  is f i l tered off 
and washed with water .  Yield 22-30 g substance with mp 156-160 ~ 

By evaporation of the mother  liquor to a small  volume 6-13 g of this substance with mp 132-156 ~ is 
additionally separated.  The total yield of technical (XIV) is 35-36 g (79.5-81.9%). Colorless  c rys ta l s  with 
mp 161-161.5 ~ (from water),  difficultly soluble in the cold in water and ethanol. Found, %: C 27.61; 
H 2.80; Br 36.16; N 18.72. C~H6BrN302. Calculated, %: C 27.29; H 2.85; Br 36.32; N 19.10. 

1 - ( f l -Hydroxyethyl ) -2-methyl -4-n i t ro-5-bromoimidazole  (XV). To the hot (50-55 ~ solution of 19.7 g 
(IX) in 600 ml water  6.4 g bromine is added within 5-7 rain. The react ion mixture is heated and t reated as 
in the preparat ion of (XIV). Yield 26.9 g (92.1%), mp 141-143~ Colorless c rys ta l s  with mp 145-146 ~ (from 
water) ,  difficultly soluble in the cold in water  and ethanol. Found, %: C 28.71; H 2.96; Br 32.30; N 17.02. 
C6HsBrN303. Calculated,%: C 28.82; H3.22; Br31 .96;  N16.80.  

1-(f l ,~/-Dthydroxypropyl)-2-methyl-4-ni t ro-5-bromoimidazole  (XVI). To 4 g (XI) dissolved in 40 ml 
water  4.4 g bromine is added. The react ion mixture is s t i r r ed  for 2 h at room tempera ture ,  the water  is 
disti l led off in vacuo, the residue is dissolved in 5 ml hot water ,  5 ml saturated sodium acetate solution is 
added, the mixture is cooled, the precipi tate  is f i l tered off and washed with water .  Yield 4 g (71.7%), 
mp 158-159 ~ Colorless  c rys ta l s  with mp 160-161 ~ (decomp., f rom water) ,  soluble in organic solvents,  
difficultly soluble in cold water .  Found, %: C 30.19; H 3.66; Br 28.16; N 14.98. C7HIoBrN304. Cal- 
culated, ~0: C 30.34; H 3.64; Br 27.76; N 15.16. 

1 ,2 -Dimethy l -4-bromo-5-n i t ro imidazo le  (X~H): To 10 ml dimethyl sulfate 10.3 g (XII). To 10 ml 
dimethyl sulfate 10.~ g (XII) is added, the mixture is heated to 70 ~ under s t i r r ing  and cooled, 15 ml water  
is added, the mixture is neutral ized with 25% aqueous solution of ammonia to pH 8.0-9.0 and cooled, the 
residue is f i l tered off and washed with water .  Pale yellow crys ta ls  with mp 101-102 ~ (from aqueous meth-  
anol), soluble in most  organic solvents,  difficultly soluble in water .  The substance causes a depress ion  of 
the melting t empera tu re  af ter  mixing with XIV. Found, %: C 27.43, H 2.79; Br 36.58; N 18.82. 
CsH6BrN302. Calculated, %: C 27.29; H 2.75; Br 36.32; N 19.10. 

C O N C L U S I O N S  

The bromination of 2-a lkyl -4(5)-n i t ro- ,  1 ,2-d ia lkyl -4-n i t ro- ,  and 1 ,2-dia lkyl-5-ni t roimidazoles  was 
studied and at the same t ime a simple method was devised for obtaining 2-a lkyl -4(5) -n i t ro-5(4) -bromo-  
and 1 ,2-d ia lky l -4-n i t ro -5-bromoimidazoles .  1 ,2-Dialkyl-5-ni t roimidazoles  cannot be brominated.  1,2- 
Dia lky l -4 -bromo-5-n i t ro imidazo les  can be obtained by alkylation of 2-a lkyl -4(5) -n i t ro-5(4) -bromoimida-  
zoles by dialkyl sulfates.  
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