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Properties and reactions of 2-(2,4-dinitrophenylithio)benzimidazole with
mineral acids as well as alkylating and acylating reagents are described.
Antifungal and antimycobacterial tests with the prepared compounds are
presented.

B craThe ommchIBalOTCS CBOWHCTBA M peakuuy 2-(2,4-IMHUTPOdEHWI-
THO)OGeH3UMHa301a C MHUHEPANIbHBIMH KHCIIOTAMH, 2 TaKXKe C aJIKWIHpPYIO-
INMMH ¥ alMJIMPYIOLMMH peakTHBaMH. OfHOBpEMEHHO NMPUBOAATCS aHTH(DYH-
I'WibHblE M AaHTUMHUKOGAaKTEpHabHblE MPOBEPKH NMOJYYEHHBIX COEHHEHMH.

Preparation of 2-(2,4-dinitrophenylthio)benzimidazole (I) by the reaction of
2-mercaptobenzimidazole with 2,4-dinitrochlorobenzene in alkali media has been
described by three authors [1—3]. They reported for the compound I very different
melting points, 122°C [3], 181°C (2], and 233°C [1]. Pianka in [1] also drew
attention to this discrepancy. With regard to such different melting points we
assumed that there was not only one compound involved and attempted to prepare
and identify these compounds. Reproducing the experiments from [1—3], we
prepared and identified the individual products by elemental analysis as follows.
The compound with m.p. 233°C corresponded to 2-(2,4-dinitrophenylthio)benz-
imidazole (I). The compound II with m.p. 183°C contained 1/2 molecule of HCI,
and the compound III with m.p. 122°C contained 1 molecule of H,O. By heating

- the compounds II and IIT at 90—100°C for 1/2 h the compound I was obtained.

The reaction of 2-mercaptobenzimidazole with 2,4-dinitrochlorobenzene in
benzene under reflux in the absence of base resulted in 2-(2,4-dinitrophenyl-
thio)benzimidazolium chloride (compound IV, Table 1), the 2,4-dinitrophenyl
group being located on sulfur. We carried out several experiments in order to
substitute 2-mercaptobenzimidazole in the position 1 by 2,4-dinitrophenyl group
varying the reaction temperatures from 30 to 150°C either in the presence of base
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Table 1
Analytical data of the prepared compounds
NGO,
N—R
@qJ\s—@—Noz + HX
Formula . Calculated/found : M.p. N
Compound R HX M 2C %H %N % RE oo Vu(NO) v(NO:) v...(C=C)
I H — Ci:H:NLOS  49.136 255 17.77 10.13 — 233 1516 1330 1590
316.3 49.16 260 1791 1031
I H 1/2HCl C,Hi:NsOsCIS: 46.70 256 16.75 9.59  5.30 184 1510 1330 1587
668.6 4680 266 1672 935 5.10 1530
m H *  HO CiHiNOsS 4670  3.01 16.76  9.59 — 122 1518 1335 1595
3343 4642 287 1672  9.60
v H HCl Ci.HoNL,O.SCl 4426 257 1588 9.08 10.05 206—208 1520
352.7 4446 273 1564 886 10.16 1560 1350 1609
v, H HI Ci:HNL,OSI 3529 2,04 1240 721 2856 196—198 — — —
4442 3488 227 1229 7.19 2830
VI . H HBr Ci:H:BrN,O.S 3931 228 1410 8.07 20.11 226 — — —
397.2 3894 201 1432 842 2045
|21 H H.,SO:  C;;H,0N.OsS: 37.38 243 1352 1547 —  209—211 1520 1335 1595
4143 3791 218 1322 15.83
vir CH, — CiHi oONS 5091  3.02 1696  9.71 — 199—200 1514 1328 1590
330.2 50.69 275 16.87 9.54
IX C.H; — CisHi.N.O,S 5233 348 1627 931 — 162—163 1514 1328 1590
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Table 1 (Continued)

Formula Calculated/found M

Compound R M x> CP Vu(NO2) %(NO3) Varom(C=C)

J %C %H %N %S %X

X n-C:H, CiH.N.OS 5363 390 1563 895 — 148 1514 1330 1590
358.2 5348 361 1582 836

X1 n-CH, CoHWN.OS 5484 429 1505 861 — 136—138 1510 1330 1586
37222 5456 4.16 1498 829 1518

XII Benzyl CoH.WN.OS 5912 344 1378 7.89 — 232—234 1518 1335 1588
406.3 5905 3.16 1351  7.59 _

XxIr Benzoyl CoHN.OS 5715 285 1333 762 — 171—173 1507 1335 1590C=0
420.3 57.14 263 1324 731 ~ 1521 1688

XIv C.H,S0, CoHN.OS: 5000 265 1227 1405 — 186—188 1514 1328%  1157**
456.4 4981 296 1254 13.80 1586

XV  4-CH.C.H,SO: CoHN.OS, 51.05 299 1190 1363 — 160—162 1514 1342*  1149**
470.4 5132 281 1177 13.69 1595

* Intensive band for v.(SO:) and v,(NO.).

** Intensive band for v.(SO:).
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(pyridine, CH,COOK, K,COs) or without it. N-Isomer of the compound I has not
been formed.

We have found that 2-(2,4-dinitrophenylthio)benzimidazole in ether (benzene)
afforded with mineral acids stable salts which could be purified by crystallization.
These salts displayed different antimicrobial activities (Tables 2 and 3).

We have found further that 2-(2,4-dinitrophenylthio)benzimidazole can be
easily alkylated or acylated into the position 1 (compounds VIII—XV, Table 1). In
the literature neither the i.r. nor the '"H-n.m.r. spectra of the compounds I—III
have been reported. The compounds IV—XV are new. The 'H-n.m.r. spectra of
the compounds I—III have not revealed any evident difference. We failed to
record the signal of the proton on heterocyclic nitrogen. The signals of aromatic
protons of the synthesized compounds formed multiplets in the region 7.42—7.85
p-p-m. Ref. [4] gives for benzimidazole the value 7.22 p.p.m. The signals of protons
of 2,4-dinitrophenyl group have the following values of chemical shifts and
interaction constants: 8.82 p.p.m. (2 Hz) doublet; 8.27 p.p.m. (9 Hz) quartet;
7.10 p.p.m. (9 Hz) doublet. ,

The 'H-n.m.r. spectra proved unambiguously the substitution in the position 1.
With the compounds VIIT and IX the signals of protons of the methyl and ethyl
groups were recorded.

The aromatic protons of benzimidazole group in the compounds VIII and IX
have the same positions of chemical shifts, they form 2 multiplets at 7.85 and
7.42 p.p-m. The signals of chemical shifts and the interaction constants of protons

Table 2

Antimycobacterial activity (MIC in pg/cm®) of the prepared compounds

M. tuberculosis

Compound H.R. M. kansasii M. avium M. fortuitum
I 10 25 25 25
I 10 25 25 25
I 25 25 50 50
v 10 25 50 100
v 25 25 100 100
VII 10 25 25 25
VIII 5 25 50 25
IX 5 10 50 10
X1 5 100 100 100
X1 100 100 100 100
XIr 10 25 25 25
Isonicotinohydrazide 1 10 10 50
2-Ethylthioisonicotinamide 1 10 25 50
2-Mercaptobenzothiazole 10 50 25 25
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Table 3

Antifungal activity (MIC in pug/cm’) against dermatophytes

Trichophyton Microsporum Epidermophyton
Compound
g
g 2
5 é S & g
e £ 2 £ § § 8 g :
E ¥ 5 2 E o§ B % g
2 g E L S 5, § =
I 100 100 100 100 100 100 100 100 100
)i g 25 50 50 50 10 25 25 25 50
v 25 5 10 5 5 10 10 25 5
a 500 500 500 500 500 500 500 500 500
b 75 100 75 75 75 100 100 100 75
c 100 100 100 100 — 100 100 100 100

MIC of the compounds III and V—XII corresponds to the values of the compound 1.
a) Myco Polycid; b) 2-mercaptobenzothiazole ; c) Haloprogin.

of 2,4-dinitrophenylthio group in the compound VIII have the following values:
9.10 p.p.m. (2 Hz) doublet; 8.17 p.p.m. (9 Hz) quartet; 7.05 p.p.m. (9 Hz) doub-
let; CH; groups: 3.87 p.p.m. singlet; in the compound IX: 9.05 p.p.m. (2 Hz)
doublet; 8.15 p.p.m. (9 Hz) quartet; 7.07 p.p.m. (9 Hz) doublet; CH,;—
1.37 p.p.m. (6 Hz) triplet; —CH.— 4.37 p.p.m. (6 Hz) quartet.

The infrared spectra of the prepared compounds showed intensive absorption
bands of symmetric and asymmetric vibrations of NO, group in the region of
1310—1345 and 1510—1550 cm™". The bands of symmetric stretching vibration of
NO, group were more intensive. The absorption bands with the compounds
ITI—VII were wider and more complex.

The prepared compounds were tested for tuberculostatic and antifungal ac-
tivities. The active compounds against mycobacteria are presented in Table 2.
Their activities against atypical mycobacteria [5, 6] under the conditions of tests
were almost as high as MIC of antituberculostatics. The compounds I, II, VII, IX,
and XIII were more active than 2-mercaptobenzothiazole [7].

Against dermatophytes the compound IV was proved to be most active; its
activity was comparable to that of the used antifungal preparations [5]. The starting
compound and those substituted on nitrogen were practically inactive (Table 3).
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Experimental

Infrared spectra of the prepared compound were measured as suspensions in Nujol on
a Specord spectrophotometer in the region of 400—4000 cm™'.

"H-N.m.r. spectra of the prepared compounds (10% solutions in DMSO) were recorded
on a Tesla BS 487 A spectrophotometer at working frequency 80 MHz using tetramethyl-
silane as standard.

The method used for antimycobacterial tests has been described in [7] and for antifungal
tests in [8, 9].

The compounds I—IIT were prepared after [1—3].

2-(2,4-Dinitrophenylthio)benzimidazolium chloride

The mixture of 2-mercaptobenzimidazole (3 g; 0.02 mol) and 2,4-dinitrochlorobenzene
(4 g; 0.02 mol) in dry benzene (40 cm®) was refluxed for 1 h. After cooling, crystalline
precipitate was formed which on crystallization from benzene, toluene, etc. had the melting
point 206—207°C.

Salts of 2-(2,4-dinitrophenylthio)benzimidazole (IV—VII)

The mixture of 2-(2,4-dinitrophenylthio)benzimidazole (3.1 g; 0.01 mol), mineral acid
(0.03 mol), and ether (60 cm®) was refluxed under stirring for 30 min. The precipitate,
formed after cooling, was crystallized from ethanol.

1-Alkyl-2-(2,4-dinitrophenylthio)benzimidazole (VIII—XV)

To 0.01 M solution of sodium methoxide (40 cm®) in methanol 2-(2,4-dinitrophenyl-
thio)benzimidazole (0.01 mol) was added in small portions under stirring at 25°C for
20 min. The temperature of the reaction mixture increased gradually to 50°C, then the
alkylation or acylation reagent (0.011 mol) was added under vigorous stirring. After 1 h the
mixture was cooled and poured onto ice. The formed compound was crystallized from
chloroform or ethanol.
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