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A number of derivatives of mercaptomono~ and dinitroimidazoles were synthesized by the action
of potassium sulfide on the corresponding halonitroimidazoles. Mono- and dipotassium salts of
mercaptonitroimidazoles were obtained. It was established that the monopotassium. salts of mer-
captomono- and dinitroimidazoles react with 2,4,6-trinitrochlorobenzene to give picrylmercapto
derivatives, dipotassium salts of mononitromercaptoimidazoles give, depending on the ratio of
the components, picrylmercaptonitroimidazoles or S,N-dipicrylmercaptonitroimidazoles, and
dipotassium salts of mercaptodinitroimidazole give only picrylmercaptonitroimidazoles.

Of the mercaptoimidazoles, the syntheses of derivatives with an alkyl substituent in the 1 position have
been best described [1~4]. The aim of the present research was to develop methods for the preparation of
"pyrrole™ nitrogen-unsubstituted mercapto derivatives of mono- and dinitroimidazoles to estimate the nucleo~
philicities of their N and 8 reaction centers in substitution reactions. As a model, we investigated the reaction

of the synthesized compounds with 2,4,6-trinitrochlorobenzene.

The reaction of 2~iodo-4(5)-nitro~ and 4(5)~chloro~5(4)-nitroimidazoles (Ia, b) with potassium sulfide
gives the dipotassium salts of the corresponding mercaptonitroimidazoles (lla, b} in good yields. Regardless
of the reagent ratio, the reaction of 2-chloro-4 (5)-nitroimidazole (Ic) with potassium sulfide terminates with
the formation of a single product, viz., 2,2'-bis[4(5),4*(5")~dinitroimidazolyl] disulfide dipotassium salt (II).
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9.SK-4.5-(NOy)s, € 4(5)-SK-2.5(4)-(NOyz)s; 111 4(5),4'(5)-(NO2)2; IV a 2-SH-4(5)-NOs,

4(5) SH-5(4)-NO,, d 2-SH-4.5°(NOy); e 4(5)-SH-2,5(4)-(NOs)s; Vla, Vila, VIII
-SPic-4(5)-NOy; VIb, VIIb 4(5) -SPic-5(4)-NOy; VId 2-SPic-4.5(NQj)y; Vie; Vlle

4(5)-SPic-2.5(4)-(NOg);
2~Bromo-4,5-dinitro- and 4(5)~iodo-2,5(4)-dinitroimidazoles (Id, e) react with K,S so vigorously that

spontancous combustion of the reaction mixture occurs in some cases. The synthesis of the dipotassium salts
of mercaptonitroimidazoles (Ild, e) is therefore realized at low temperatures. Some characteristics of the di-

potassium salts of nitro derivatives of mercaptoimidazoles (IIa,b,d, e) are presented in Table 1.

Treatment of aqueous solutions of the dipotassium salts with strong acids leads to the production of free
mercaptonitroimidazoles IVa, b, d, e in satisfactory yields.
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TABLE 1. Characteristics of the Synthesized Compounds
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Monopotassium salts Va, b, d, e were obtained by the action of an equimolar amount of potassium hydrox-
ide on mercaptonitroimidazoles IVa, b, d,e (Table 1). Monopotassium salts Va, b, d, e react with 2,4,6-tri-
nitrochlorobenzene unambiguously, regardless of the ratio of the components: Only the corresponding picryl-
mercaptonitroimidazoles Vla, b, d, e were isolated in quantitative yields in this case.

The reaction of dipotassium salts Ila, b, e with 2,4,6-trinitrochlorobenzene in the case of an equimolar
ratio of the components terminates with the formation of the potassium salts of the corresponding picrylmer-
captonitroimidazoles VIiia, b, e, which, after treatment with mineral acids, undergo quantitative conversion to
free picrylmercaptonitroimidazoles Vla, b, e, Dipotassium salt Ile reacts with 2,4,6-trinitrochlorobenzene to
give only the potassium salt of picrylmercaptodinitroimidazole Vle, regardless of the ratio of the starting
components. Under these conditions dipotassium salt Tla gives S, N~dipicrylmercaptonifroimidazole (VIII),

The structure of VIIa, e was confirmed by alternative synthesis from the potassium salt of 2,4,6-tri-
nitrothiophenol and Ia, e, while VIII was synthesized by concensation of Vila with 2,4,6~trinitrochlorobenzene.

The data obtained indicate that of the two nucleophilic centers (S and N) in the mercaptonitroimidazoles,
the S center has greater reactivity. An increase in the number of nitro groups in the mercaptonitroimidazoles
leads to loss of nucleophilic activity by the "pyrrole® nitrogen atom in the investigated model reaction; this is
also observed in the case of dipotassium salt Ile.

EXPERIMENTAL

The IR spectra of KBr pellets of the compounds were recorded with a UR-10 spectrometer. The starting
halonitroimidazoles Ia-e were synthesized by the methods in [4-6]. The potassium salt of 2,4,6-trinitrothio-
phenol was obtained by the method in [7].

2-Mercapto-4(5)-nitroimidazole Dipotassium Salt (Ila). A 17.7-g (74 mmole) sample of Ia was added
with vigorous stirring at room temperature to a solution of 4.2 g (74 mmole} of KOH in 50 ml of methanol.
The mixture was stirred for 20 min, and a solution of 35 g (175 mmole) of methanol was added at 20°C to the
resulting solution, and the mixture was stirred for 20 h., The resulting precipitate was removed by filtration,
washed with methanol, and air dried to give 14.5 g (88%) of the dipotassium salt. Dipotassium salt IIb was
similarly synthesized from Ib.

4 (5)-Mercapto-2,5 (4)-dinitroimidazole Dipotassium Salt (Ile). A 10-g (35 mmole) sample of Ie was added
at 5°C to a methanol solution of 2 g (35 mmole) of KOH, and the mixture was stirred for 20 min. A solution of
7 g (35 mmole) of K,8*5H,0 in 40 m! of methanol was added at the same temperature in the course of 1 h, and
the mixture was stirred for another hour. The precipitate was removed by filtration, washed with methanol,
and dried to give 9.2 g (99%) of dipotassium salt Ile. Dipotassium salt IId was similarly obtained (Table 1).

2,21-Bis[4(5),4"(5")-dinitroimidazolyl] Sulfide Dipotassium Salt (II). A 1.9-g (13 mmole) of Ic was added
with vigorous stirring at room temperature to a solution of 0.7 g (13 mmole) of KOH in 15 ml of methanol.
After 20 min, a solution of 2.6 g (13 mmole) of K,S -5H,0 in 10 ml of methanol was added dropwise to the re~
sulting solution, and the mixture was maintained at 20°C for 20 h. The resulting precipitate was removed by
filtration, washed with methanol, and dried to give 1.8 g (84%) of dipotassium salt 1II. IR spectrum: 1350, 1545
(NOy); 720 cm™ (S—C). Found: C 21.9; H 0.6; N 25.2; § 9.5%. C H,K,N;0,S. Calculated: C 21.7; H 0.6; N
25.3; S 9.6%.
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2-Mercapto-4(5)-nitroimidazole (IVa). Hydrochloric acid (20%) was added with stirring at no higher than
20°C to a solution of 4.4 g (20 mmole) of dipotassium salt ITa in 20 ml of water until the mixture was slightly
acidic. The yellow precipitate was removed by filtration, washed with water, and air dried. Recrystallization
from ethyl acetate gave 2.3 g (81%) of free mercaptonitroimidazole IVa. Compounds IVh, d, e were synthesized
by the method described above (Table 1).

2-Mercapto-4 (5)-nitroimidazole Monopotassium Salt (Va). A solution of 1.1 g (20 mmole) of KOH in 10
ml of methanol was added slowly with vigorous stirring at 0°C to a solution of 2.9 g (20 mmole) of TVa in 30 ml
of dimethylformamide (DMF), and the resulting light-red reaction mixture was stirred at the same temperature
for 1 h. It was then diluted with 10 ml of ether, and the dark~red precipitate was removed by filtration, washed
with ethyl acetate and ether, and dried. The product was purified by reprecipitation from DMF by the addition
of ethyl acetate to give 2.6 g (70%) of product. Salts Vb, d, e were similarly synthesized (Table 1).

Reaction of Monopotassium Salts of Mercaptonitroimidazoles with 2,4,6-Trinitrochlorobenzene. A solu-
tion of 7 mmole of picryl chloride in 5 ml of DMF was added with stirring to a solution of 7 mmole of the mono-
potassium salt of the corresponding mercaptonitroimidazole (Va, b, d, e) in 25 ml of DMF, after which the mix-
ture was stirred at 50°C for 3 h. The KCI was removed by filtration, the mother liquor was diluted with water,
and the precipitate was removed by filtration, washed with a small amount of water, and air dried. All of the
reaction products were purified by recrystallization from ethyl acetate. The experimental results are pre-~
sented in Table 1 (VIa,b,d, e).

2-Picrylmercapto-4(5)-nitroimidazole (VIa). A) A solution of 1.7 g (7 mmole) of picryl chloride in 5 ml
of DMF was added with stirring to a solution of 1.5 g (7 mmole) of sait Ila in 25 ml of DMF, during which KC1
precipitated immediately. The mixture was stirred at 50°C for 3 h, and the precipitated KCl was removed by
filtration. The mother liquor was diluted with water, and the yellow precipitate was removed by filtration,
washed with a small amount of water, and air driedto give 1.95 g (72%) of product. Found: C 27.3; N 21.2;

S 8.0%. CyH;KN;O.S. Calculated: C 27.4; N21.3; S 8.1%.

This amount of the salt was dissolved in 50 ml of water at 50°C, and 50% H,S0, was added until the mix~
ture was slightly acidic. The precipitated substance was removed by filtration, washed with water, and dried.
Recrystallization from ethyl acetate gave 1.6 g (90% with respect to the salt) of VIa with mp 214-215°C (dec.).
IR spectrum: 1345, 1540 (NO,); 790, 680 em™! (C—8~C). Found: C 30.3; N 23.5; S 8.9%. CgH,;N;O,S. Calcu-
lated: C 30.3; N 23.65 S 9.0%.

No melting-point depression was observed for a mixture of this product with a sample obtained from
monopotassium salt Va.

B) A 1-g (4 mmole) sample of Ia was added with vigorous stirring at room temperature to a solution of
0.24 g ¢ mmole) of KOH in 15 ml of methanol. After the Ia had dissolved completely, a solution >f 2 g (7
mmole) of potassium 2,4,6-trinitrophenoxide in 100 ml of methanol was added, and the mixture was stirred
at room temperature for 10 h. The precipitate was removed by filtration, washed with methanol, and dried
to give 1 g (58%) of salt VIIa with mp 257-258°C (dec.). Found: C 27.3; N 21.4; S 8.1%. CgH;KN048. Calcu-
lated: C 27.4; N 21.3; S 8.1%.

4 (5)-Picrylmercapto~5{@)-nitroimidazole (VIb), This compound was obtained in the same way as Vla
by method A. The product had mp 210-211°C (dec., from ethyl acetate) and was obtained in 65%yield. IR
spectrum: 1350, 1545 (NO,); 785, 680 em~! ({C—S—C). Found: C 30.8; N 23.6; S 9.0%. CygH4N,O4S. Calcu-
lated: C 30.3; N 23.6; S 9.0%. Potassium salt VIIb was obtained in 47%yield and had mp 266-267°C (dec.).
Found: C 27.5; N 21.3; S 8.2%. CyH3KN;OgS. Calculated: C 27.4; N 21.3; 8 8.1%.

4(5)~Picrylmercapto-2,5(4)-dinitroimidazole (Vle). A) A solution of 0,95 g (3.8 mmole) of picryl chlo~
ride in 5 ml of DMF was added to a solution of 1 g (3.8 mmole) of dipotassium salt Ile in 16 ml of DMF, and the
mixture was stirred at room temperature for 24 h., The precipitated KCl was removed by filtration, the filtrate
was diluted with water, and the precipitate was removed by filtration, washed with ice water, and air dried to
give 0.65 g (40%) of potassium salt VIle with mp 315°C (dec.). Found: C 24.5; N 22.0%. CgH,KN;OS. Calcu-
lated: C 24.6; N 22.3%. The salt was decomposed by the method described above to give VIe with mp 279~280°C
(dec., from cthyl acetate) in 94%yield. IR spectrum: 1350, 1535 (NO,); 760, 680 em~! C=S—C). Found: C
27.1; N 24.4; 8 7.9%. CgHgN;Oy0S. Calculated: C 26.9; N24.4; S 8.0%. No melting~point depression was ob~
served for a mixture of this product with the substance obtained from monopotassium salt Ve.

B) a 1.4~g (5 mmole) sample of Ie was added with vigorous stirring at room temperature to a solution of
0.28 g (5 mmole) of KOH in 15 ml of methanol. After the Ie had dissolved completely, a solution of 2.8 g (10

618



mmole) of potassium 2,4,6~trinitrothiophenoxide in 120 ml of methanol was added, and the mixture was heated
to 50°C and stirred at this temperature for 1 h. The precipitate was removed by filtration, washed with metha-
nol, and dried to give 1.8 g (82%) of potassium salt Vile with mp 314-315°C (dec.). Found: C 24.5; N 22.0%.
CgH,KN;O;S. Calculated: C 24.6; N 22.3%. Decomposition of the indicated amount of the salt gave 1.5 g (92%
with respect to the salt) of VIe with mp 279-280°C (dec., from ethyl acetate). IR spectrum: 1350, 1535 (NOy);
760, 680 cm™! (C—S~C). Found: C 27.1; N 24.6; S 8.1%. CgH;N;04S. Calculated: C 26.9; N 24.4; 8 8.0%. No.
melting~point depression was observed for a mixture of this product with the product obtained by method A.

1-Picryl-2-picrylmercapto~4 (5)~-nitroimidazole (VIII). A) A solution of 5.0 g (20 mmole) of picryl chlo-
ride in 30 ml of DMF was added to a solution of 2.2 g (10 mmole) of dipotassium salt IVa in 40 mi of DM¥, and
the mixture was stirred at room temperature for 24 h. The KCI was removed by filtration, the mother liquor
was diluted with water, and the precipitate was removed by filtration, washed with hot water, and dried. It
was then refluxed thoroughly and successively in chloroform and alcohol and dried again to give 2.4 g (42%) of
a product with mp 317-318°C (dec.). IR spectrum: 1350, 1570 (NO,); 800, 685 em™ € —-S—C). Found: C 32.0;
N 22.4; 8 5.6%. CysH;NgOyS. Caleulated: C 31.7; N 22.2; S 5.6%.

B) A solution of 1.25 g (5 mmole) of picryl chloride in 10 ml of DMF was added at room temperature to a
solution of 2.5 g of 2-picrylmercapto-4(5)-nitroimidazole potassium salt (Vila) in 30 ml of DMF, and the mix-
ture was maintained at the same temperature for 24 h. All of the subsequent operations for the isolation of the
reaction product were similar to those in method A. The yleld of product with mp 317-318°C (dec.) was 2 g
(70%). IR spectrum: 1350, 1570 (NO,); 800, 685 cm™ (C~S—C). Found: C 31.7; N 22.2; S 5.5%. Cy5H; NgOy4S.
Calculated: C 31.7; N 22.2; S 5.6%. No melting-point depression was observed for a mixture of this product
with the substance obtained by method A.

LITERATURE CITED

K. Bhagwat and F. L. Pyman, J. Chem. Soc., 127, 1832 (1925).

L. Bennett and H. T. Baker, J. Am. Chem. Soc., 79, 2188 (1957).

H. Fisher, W. H. Nicholson, and R. S. Stuart, Can. J. Chem., 39, 501, 781 (1961).

M. Kochergin, Khim. Geterotsikl. Soedin., No. 5, 749 (1966).

Ipatieff, H. Pines, and B. Friedman, J. Am. Chem. Soc., 60, 2495 (1938).

S. 8. Novikov, L. I. Khmel 'nitskii, O, V. Lebedev, L. V. Epishina, and V. V. Sevost!yanova, Khim. Geterot-
sikl, Soedin., No. 5, 664 (1970).

7. G. P. Sharnin, V. V. Nurgatin, and B. I. Buzykin, Zh. Org. Khim., 3, 1245 (1967).

V.
L.
M.
P.
V.

S Ol WD e
P

619



