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We have synthesized a series o[" novel 2-amim)-6- 
with l-alkyl( l,2-dialkyl)-5-chh)ro-4-nitro-, 2-alkyl 
4-chloro-5-nitroimidazoles. 
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1,2-dialk3'l)-5-hromo-4-nitro-. and 1-alkyl(1,2-dialkyl)- 
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The reaction of thioguanine [11 and its nucleoside 12] with 5-chloro(bromo)-4-nitroimidazoles has been 
insufficiently studied, while the reaction with 4-chloro-5-nitroimidazoles has not been studied at all. The 
compounds described in the patents I1, 2] exhibit antitumor and immunodepressant activity. The compound 
2-amino-6-( l-methyl-4-nitro-5-imidazolyl)thiopurine (thiamiprine, guaneran) is especially interesting [3]: it has a 
stronger immunodepressant effect than azathioprine but is more toxic 14, 5 ]. 

With the objective of searching for less toxic compounds, we have studied the reaction of thioguanine (1) 
with various derivatives of imidazole: I-alkyl( 1,2-dialkyl)-5-chloro-4-nitro- (2-8), 2-alkyl-5(4)-bromo-4(5)-nitro- 
(9), I-alkyl(hydroxyalkyl, carboxyalkyl)-2-alkyl-5-bromo-4-nitro-(10, I l L  and I-alkyl(l,2-dialkyl)-4-chloro-5- 
nitroimidazoles ( 13, 14). 

According to patent data [1 I, the reaction of thioguanine 1 with halonitroimidazoles is carried out in the 
presence of base with heating in water, aqueous alcohol, or DMSO for 4-48 h (usually 18-2(I h). 
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2. 10, 13, 15, 18, 26 R = Me: 3, 16 R = Bu; 4, 14, 19, 27 R = Et; 5, 20 R = Pr; 6, 21 R = i-Bu; 7, 22 R = Am; 
8, 23 R = i-Am; 9, 17 R = H; 11, 24 R = CH2CH:OH; 12, 25 R = CH_,COOH; 2, 3, 13, 15, 16, 26 R' = H; 

4, 9-12, 14, 17-19, 24, 25, 27 R' = Me; 5, 20 R' = Et; 6,  21 RI = i-Pr; 7, 22 R' = Bu; 
8, 23 R' = i-Bu; 2-8 Hal = CI; 9-12 Hal = Br 
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TABLE 1. Characteristics of  2-amino-6-(nitroimidazolyl)thiopurines 15-27 
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Found, % 

C'alcutated, % 
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3.1)I__2 38.3(_/) 10.97 
2.76 38.34 10.t~7 
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* Obtained with the help of 1. S. Mikhailova. According to data in I I l, the 
decomposition temperature is 200~ 

Using TLC to monitor the course of  the process, we established that the reaction of  the thio compound 1 
with 5-chloro(bromo)-4-nitroimidazoles 2-12 occurs over a period of 1-6 h at boiling of  equimolar amounts of  the 
indicated reagents and sodium hydroxide in water, aqueous alcohol, or alcohol (ethanol, isopropanol) solutions. 
The yield of compounds  15-25 is 68% to 96%. The use o f  4-chloro-5-nitroimidazoles 13, 14 in this reaction 
requires an increase in the process time up to 5-6 h when carrying out the reaction in boiling ethanol, and the 
yields of  compounds 26, 27 are reduced to 58-78c/t. 

The structure of  compounds 16-27, which have not been described previously in the literature, was 
established based on elemental analysis data (Table I) and their IR spectra. In the IR spectra of  the investigated 
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v, cm +1 
Cumpound . . . . . . . . . . . . . . . . . .  

N( ) :  N i l  and Nil: 
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13411, 15511 

13611. 15511 
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1320, 15411 

3080. 3380. 34911 

30711, 32211. 33511, 34711 

31511.32H1, 33211. 34211 

31711. 32211. 33311, 341111 

31211. 32211. 3350, 34411 

32111, 33311. 3400, 351111 

31511, 32311, 33411 

* 1650 cm l (CO). 
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compounds (Table 2). we observe absorption bands of the NO, group in the region 1320-1370 cm '  and 
1530-1570 cm ', of the NH and NH, groups of the purine ring in the region 3070-3500 cm ' ,  In the 1R spectrum of 
acid 25, in addition there is a band for the stretching vibrations of the CO group at 165{) cm". 

EXPERIMENTAL 

The IR spectra of the compounds were taken on UR-I0 or Perkin Elmer 457 instruments in the solid state 
as suspensions in vaseline oil. The purity of the compounds was detemfined by TLC on Silulol UV-254 plates in 
the system butanol-acetic acid-water, 5:1:4. Visualization was by iodine vapor or in UV light. 

2-Amino-6-thiopurine (Thioguanine, I1 was obtained by the method 16]. Decomposition tempentture 
350~ (DMF-water). IR spectrum: 3120, 328(I c m '  (NH, NH,). 

l -Melhyk l-Butyl- ,  I-Elhyl-2-melhyl-,  2-Ethyl- l-propyl- ,  l - lsobutyl-2-isopropyl- ,  l -Amyl-2-butyl- ,  
and 5-Chloro-l- isoamyl-2-isobutyl-4-nitroimidazoles (2-8) were obtained by the methods [7, 8 ]. 

5(4)-Bromo-2-methyl-4(5)-nilro-+ 5-Bromo-l,2-dimelhyl-4-nilro-, and 5-Bromo-l-(13-hydroxyethyl)- 
2-melhyl-4-nitroimidazoles (9-1 !) were obtained by the method J9 ]. 

5-Bromo-I-earboxymethyl-2-methyl-4-ni t roimidazole  (12) was obtained by the method in [I 0 ]. 
4-Chloro- l -melhyl -  and 4-Chloro-l-elhyl-2-methyl-5-nitroimidiazoles 113, 14) were obtained by the 

method [ 7 ], 

2-Amino-6-lnitroimidazolyl)lhiopurines (15-27). A mixture of thioguanine ! (0.01 tool). NaOH (40% 
aqueous solution, ().01 tool) and (0.01 tool) chloro(bromo)nitroimidazole 2-14 in water ( 100 ml) (for synthesis of 
compounds 15, 17-21, 25), isopropanol (50 ml) (for synthesis of 16), 50% ethanol (130 ml) (for synthesis of 22, 
23), ethanol (65 ml) (for synthesis of 24, 26, 27) was boiled for I h (for synthesis of 17+ 19-21), 4 h (for synthesis 
of 15, 22, 23), or 6 h (for synlhesis of 24, 26, 27). The course of the reaction was monitored by TLC. At the end of 
the reaction, the mixture was cooled: the precipitate was filtered off'. washed with water, and dried. An additional 
amount of compound 27 ",,',,as isolated by evaporation of the alcoholic mother liquor down to a small volume. 

In synthesis of acid 25, we used NaOH (0.02 tool per 0.01 tool of the starting, bromonitroimidazole 12). The 
reaction mixture was neutralized by acetic acid to pH 5: the precipitate was filtered oft', washed with water, and dried. 

For analysis, the con]pounds were purified by crystallization from DMF (15, 17, 18), aqueous ethanol 
(16), water (19, 24, 26), methanol (20). DMF-waler 1:1 (21, 23), DMF-water 2:1 (221, DMF-water  3:1 (27) aqd 
reprecipitation by acetic acid from an aqueous sodium bicarbonate solution (25), 

Compounds 15-27: pale yellow or yellow crystalline materials, difficultly soluble in water and most 
organic solvents. Soluble in solutions of alkali hydroxides; in mineral acid solutions, they form unstable salts 
which are hydrolyzed to the free bases when these solutions are diluted with water. 
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