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es of 1someric 4 and S-alkylsuifonyl, alkylsulfinylimidazoles 9, 10 were prepared by (wo general

miethods. Chlorosulfonation of imidazole afforded 4(5)-chlorosulfonylimidazoles 2, 4, 5. The chlorosul-

fonyl derivatives were reduced, alkylated and oxidi

zed to give 9 and 10. In the second method 2, 4, § were

converted to sodium sulfinate 8 and reacted with alkyl halides to afford the title compound 9.

4 Heterooyelic Chen, 35, 141 (1998),

In view of the potential biological activity of com-
pounds incorporating an imidazole nucleus [[,2] the syn-
theses of the litle compounds as possible effective drugs
against tropical discases {3] were of interest to us.

4(5)-Imidazolethiols are a relatively little studied class
and a few methods of their construction have appeared.
Introduction of a sulfur substituent on Lo imidazole ring
has heen achicved by direct deprotonation and subsequent
thiation of resulting C-lithioimidazole [4]. Aliernatively, a
halide at C-4 or 5 activated by an electron withdrawing
substituent at C-5 or 4 may be displaced by a sulfur nucle-
ophile [5]. Direcl construction of an imidazole ring bear-

ing a 4-thiol group has been accomplished by the conden-
sation of imincs with ¢-oxothionoamide [6,7]. In addition
[-methyl-4-methylthioinidazole was prepared by the
reaction of methylmercaptan with 1,3-dimethyl-4-chloro-
imidazolium tosylate [8]. In the present work we have
prepared alkylthioimidazoles as shown in Scheme 1 [9].
Reaction of I,2-dimethylimidazole with chlorosulfonic
acid and thionyl chloride gave [,2-dimethyl-4-chlorosul-
fonylimidazole 2 [10]. In addition chlorosulfonation of
2-methylimidazole gave 2-methyl-4(5)-chlorosulfonyl-
imidazole 4 which was methylated with dimethyl sulfate
in formic acid to give 1.2-dimethyl-5-chlorosulfonylimid-
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azole 5. Chlorosulfonyl drivatives 2, 4, § were reduced
with stannous chloride, concentrated hydrochloric acid,
and subscquently alkylated with alkyl halides to afford
compounds 7. Oxidation ol compounds 7 with m-chloro-
perhenzoic acid [I1] or hydrogen peroxide gave com-
pounds 9 and 1} (method A). In method B, compounds 2,
4, 5 reacted with sodium sulfite to give sodium sulfinate
derivatives 8 [12,13], which was reacted with different
alky! halides to give alkylsulfonylimidazoles 9.

Assignment of structures of 4-alkylsulfonylimidazoles
and S-alkylsulfonylimidazoles, (e.g. 9e and 9i) were made
by spectroscopic data. In the uv spectra of compounds 9e
and 9i, because of linear conjugated system of compound
9i over the non linear conjugalted system in compound 9e,
the position of the Tonger absorption maximum of 9i
would be in a higher wave length than in 9e. In fact, com-
pound 9% had a distinct maximum at 274 nm whereas e
had a maximum at 217 nm,

In the 'H nmr spectrum, the & value of the 1-methyl
group in the 5-nitroimidazoles is greatcr than that in the
4-nitroimidazoles because of the greater deshielding
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cffect of the 5-nitro group as compared with that in 4-po-
sition [14-16], thus we expected similar results with the
clectron acceptor characteristic of sulfonyl group. In fact,
the N-methyl proton of compounds 91 and 9e appeared at
3.77 and 3.63 ppin respeclively.

The structure of all compounds (Table 1) were con-
firmed by elemental analysis, uv, nmr and mass spec-
roscopy.

EXPERIMENTAL

Melting points were taken on a Kofler hot stage apparatus and
arc uncorrccted. The uv spectra were oblained using a
Perkin-Elmer Modc! 550 SE. The ir spectra were obtained using
a Perkin-Elmer Model 781 or Nicolet FT-IR Magna 550 spectro-
araphs. The 'H nmr spectra were obtained using Bruker FT-80
or Varian 400 Uunity plus spectrometers and chemical shifts (8)
are in ppm relative to internal tetramethylsilane. Mass spectra
were oblained using a Finnigan TSQ 70 Mass spectrophotometer
at 70 ev,

Table |
N
RI(O}nS_lk J\
N7 eH,
Compound  R! R2 n Mp."C  Yield Formula Caled.  Found Caled.  Found Caled.  Found
(%) Ch H% N
Ta H Me 0 153-[585 97 CHgN,§ 46.88 47.04 6.25 6.17 21.88 2149
h H Et 0 7880 902 CyHygN,S 5070 5091 704 698 1972 1957
e H aPr 0 6365 89 C7H|2N,S 5385 5394 7.69 756 1795 18.0%
7d H Bz 0 - 39 CH2N;S8 064.71 6165 5.88 594 1373 13.64
Te Me 4-Mu 0 - 93 CsH LS 50.70 50.51 7.04 7.08 19.72 19.90
i Me 4-E1 0 - 90 CoH|2M4S 5385 53.99 7.69 7.66 17.95 17.78
g Me 4nPr 0 - 33 CsH yN3S 5647 6.6 8.24 831 1647 16.53
7h Me 4Bz 0 - 35 €l NS 66.06 6630  6.42 641 1284 1290
7 Me SMe 0 . 84 CeHyoNS 5070 S0.76 7.04 700 1972 19.63
7 Me SE 0 - 80 C7H|2N5S 5185 5370 7.69 777 1795 1785
7& Me Sn-Pr 0 - 75 CyHiN,S 5647 S6.66 §.24 821 1647 1632
Tl Me 5-Bz 0 - 30 CaH3N:S 66.06 66.16 6.42 6.53 12.84 12.68
10¢ Me aMe 1 . 45 CeHigN,0S 4557 4542 633 648 1772 1177
10i Me SMe - 42 CeHgN,08 4557 4566 6.33 644 1772 17466
%a H Me 2 - 32 (b] CsHyN,O,8 37.50 37.82 5.00 5.19 17.50 17.11
9b H Et 2 ; 3S[] CHpN,0;8 4138 4130 5.15 564 1609 1608
9¢ H nPr 2 ; 38la] CoH|N,O,S 4468 4465 638 624 1489 1494
9d H Bz 2 140042 46[a] € HpN,0,8 5593 S5l 5.08 496 1186 1199
9¢ Me 4Me 2 151152 MI[b] CeHN,058 4138 4119 5.75 568 1609 1597
9f Me 4B 2 105-107  d2[a]  CjH;pN,0,8 4408 4450 638 619 1489 14.93
9g Me dn-Pr 2 98100 45[b]  CgHN,0,8 4752 47.69 6.93 675 1386 1372
9b Me 4-Bz 2 141-143 50 [a] C;H 4N;048 57.60 57.45 5.60 553 11.20 11.08
9§ Me SMe 2 115117 SS[al  CeHpN;0.8 4138 4124 575 SS9 1609 1627
9] Me SEt 2 8082 40[a)  CoHpEN,O,S 4468 4472 6.38 654 1489 1494
9k Me SaPr 2 8991 36[b]  CgH N0 d47.S2 4735 693 710 1386 14.00
9 Me 5-Bz 2 96-98 50 [a] CaH | iN-O,S 57.60 57,72 5.60 5.78 11.2¢ 11.27

(] Method A; [b] Method B.
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2-Mcthyl-4(5)-chlorasulfenylimidazole {4).

2-Methylimidazole (5 g, 61 mmoles) was added portionwisc
to stirring chlorosulfonic acid (30 ml} in an ice bath. The mix-
lure was heated gradually to 150, stirred at this temperature {or
3 hours and then cooled to room temperalure. Thionyl chloride
(10 mly was added and the mixture heated for 3 hours at [00°.
After cooling to room temperature, the mixture was added cau-
liously to ice-water. The solution was neutralized with sodium
carbonate. The resulting selid was filtered, washed with water
and recrystallized from chloroform to give 3.5 g (50%) of 4. mp
124-125%; ir (potassium bromide): v 3430 (N-H), 3150 (H-C
imidazeole), 1620 (C=N), 1378, 1160 cm™! (80,); 'H nnir (deu-
teriochloroform): & 7.71 {s, 1H, aromatic), 2.55 ppm (s, 3H,
CHa), ms: mvz (%) 180 (M*, 27),145 (100), 81 (35), 42 (45).

1.2-Dimethyl-5-chlorosulfonylimidazole (§).

To & stirring solution of compound 4 (5 g, 27.7 mmoles} in
78% formic acid (7 nl) was added dimethyl sulfate (2.8 ml) at
room temperature, The mixture was sticred overnight at 45°.
After cooling the mixture was diluted with water, neutralized
with sodium carhonate, extracted with chloroform and the
organic layer was dried {sodium sulfate). After evaporation of
the ehloroform in vacue, the residue was purified with column
chromatography on silica gel (5% ethanol-chloroform) and the
desired compound was crystallized from chloroform to give 1.72 g
(32%) of § mp 95-97°; ir (potassium bromide): v 3110 (H-C
imidazole), 2970 (H-C aliphatic), 1380, 1165 ecm! (805, 'H nmr
(Qeuteriochloroform): & 7.72 (s, 1H, Hy). 3.86 (s, 31, N-CHy),
2.5} (s, 3H, CHy).

2-Methyl-4(5)-methylthioimidazole (7a).

To a selution of 4 (2 g, 11 mmoles) in acetic acid (64 ml),was
added a solution of stannous chloride dihydrate (13 g, 57
mmoles) in concentrated hydrochloric acid (11 ml) with surring
at 65°. After healing at 65-75° (or 45 minutes, the reaction mix-
ture was concentrated in vacwo. The crude yellow percipitate
2-methyl-d{3)-mercaptoimidazole 6a was dissolved in minimum
quantity of water and the solution was basified with 20% aque-
ous solution of sodium hydroxide; methyliodide (2.3 g, 16.2
mmotes} was then added 1o the stirring solutien. The progress of
the reaction was monitered by le. When compound 6a was fin-
ished, the mixture was extracted with chloroform, dried (sodium
sulfate) and concentrated in vacuwo to give 1.38 g (97%) of 7a,
mp 153-155% uv (ethanol): A, 217.2 (log & = 2.48); ir (potas-
sium bromide): v 3040 (H-C aromatic), 2960 (H-C aliphatic),
1375 cin! (CH3): TH nmr (duteriochloroform): § 9.98 (s, IH,
N-H), 6.97 (s, 1H, aromatic), 2.43 (s. 3H, CH3), 2.36 ppm (s,
3H. §-CH1): ms: m/z (%) 128 (M*, 100), 113 (50), 95 (58}, 81
(12), 72 (35), 54 (20}, 45 (29), 42 (44).

1.2-Dimethyl-4-methylsulfinylimidazole (10e),
Method A.

To a stiring solution of compound Te (0.7 g, 4.9 mmeles) in
acetic acid (8.2 ml} was added 30% hydrogen peroxide (8 drops)
at room temperalure. Two additional portions of 30% hydrogen
peroxide (8 drops), were added after 2 and 4 hours. The reaction
was continued ovemnight, the mixture diluted with water (16 ml)
and neutralized with 10% agueous solution of sodium hydrox-
ide. The resulling aqueous mixture was continuously extracted
with chloroform, The organic layer was dricd (sodiun sulfate)
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and concentraied i vaero to give 0.35 g (45%) of 10e as a yel-
low oil; ir (potassium bromide): v 3140 (H-C aromalic), 2920
(H-C aliphatic), 1375 (CHa), 1020 em™! (80); *H nmr (deuterio-
chloroform): & 7.31 (s, 1H, H5), 3.62 (s, 3H, N-CH;), 2.89 (s,
3H, CH;-80), 2.41 ppm (s, 3H, CH3): ms: nvz (%) 159 (100),
158 (M*, 37), 143 (40), 101 (43), 142 (20), 109 (7).

1.2-Dimethyl-5-methylsulfonylimidazole ($h).

m-Chloroperbenzoic acid (1.6 g, 9.2 mmoles) and sodium
bicarbonate (1.5 g, 17.8 mmoles) were added to a stirring mix-
ture of 7i (0.5 g, 3.5 mmoles) in dichloromethane (52.5 ml) at
0°. The mixture was stirred at this temperature foc 2 hours and
reaction was continued overnight al room (emperature, m-chlo-
roperbenzoie acid (0.19 g, 1.1 mmoles) was added and slirming
continued for 4 hours. A 10% agueous solution of sedium
hydroxide (2 x 50 ml) were added and vigorously stirred for 30
minutcs. The organic layer was dried {sodium sulfate), and evap-
orated under reduced pressure. The residue was erystallized
Irom chloroform-ethanol 1o give 0.34 g (55%) of %i, mp
115-117°% uv (ethanol): A, 210 (Jlog e = 4.29), 2742 (log € =
2.72); ir (potassium bromide): v 3020 (H-C aromatic), 2960
(H-C aliphatic). 1375 (CH4), 1320, 1125 el (SO5); HH nmr
(deuteriochloroform): & 7.56 (s, [H, H4), 3.77 (s, 3H, N-CHj3),
3.12 (s, 3H, CH3-503), 2.44 ppm (s, 3H, CH3).

1,2-Dimethyl-4-methylsulfonylimidazole {9e).
Method B.

To a stirring solution of sodium sulfite (3.24 g, 25.7 mmoles)
in water (15 mi), compound 2 (5 g, 25.7 mmoles) was added and
the mixture was stirred for 2 hours. The reaction mixiure was
kept slightly alkaline by the addition at intervals of small por-
tens of 10% agqueous selution of sodium hydroxide, Afier the
mixture was stirred for 2 hours, 20% aguceous solution of sodium
hydroxide {5 ml) and the methyl iodide (3.7 g, 26 mmoles) was
added and stirring continued . The progress of the reaction was
monilored by tle. When compound 8b was consumed, the mix-
re was extracted with chleroform and the organic layer was
dried (sodium sulfate), cvaporated in vacue and crystallized
from chloroform-cthanot to give 1.52 ¢ {34%) of %e mp 151-152%,
uv (cthanol): A, 216.6 (log € = 2.61); ir (potassium bromide):
v 3140 (H-C aromatic), 2960 (H-C aliphatic), 1375 (CH;), 1320,
1120 enr! (5O,); 'H nmr ¢deuteriochloroform); & 7.45 (s, 1H,
M), 3.63 (s, 3t N-CH3), 3.10 {5, 3H, 50;-CHy), 241 {s. 3H,
CHa s miz (%) 175 (57), 174 (M*, 100), 159 (20), 95 (43, 79
(8), 63 (12), 42 {23).
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