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Heterocyclic compounds containing an amide group
are used in the synthesis of biologically active substances
[1, 2]. We previously developed a simple procedure for
the preparation of monothiooxamides [3] and showed that
they are convenient starting compounds for the synthe-
sis of various difficultly accessible heterocyclic
carboxamides, e.g., dihydroimidazolecarboxamides [4],
1,2,4-oxadiazolecarboxamides [5], 1,3,4-oxadiazolecarb-
oxamides [6], furoxandicarboxamides [6], and 1,2,4-tri-
azolecarboxamides [7]. We also showed that oxidation
of compounds in which monothiooxamide fragments are
linked to a benzene ring or heteroring results in forma-
tion of fused heterocycles in good yields. Benzothiazole-
carboxamides were synthesized just in such a way [8].
Using 4-amino-2-methylthiophene as initial compound,
we obtained previously unknown thieno[3,2-d|thiazole-
2-carboxamides [9] (Scheme 1).

It should be emphasized that known methods for the
synthesis of thienothiazoles [10, 11] are very laborious;
they include many steps and cannot be applied to the
preparation of thieno[3,2-d|thiazoles having a carb-amoyl
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group. For example, the overall yield of 2-methyl-
thieno[3,2-d|thiazole did not exceed 1.5%, calculated on
the initial thiophene [10].

In the present communication we report on a new
convenient synthesis of thieno[2,3-d|thiazole-2-carbox-
amides, which is based on the reaction of the correspond-
ing amine with chloroacetamides and sulfur in the pres-
ence of triethylamine, followed by cyclization of inter-
mediate monothiooxamides by the action of K3Fe(CN)g.

The starting compound, 5-amino-2-methylthiophene,
was synthesized from accessible 5-methylthiophene-2-
carboxylic acid by the procedure described in [12]. The
amine was mixed with sulfur and triethylamine in DMF,
chloroacetamide Ila—Ilc was then added at 20°C, and
(after 8 h) monothiooxamides IIIa—III¢ were isolated in
51-60% yield (Scheme 2).

The mass spectra of Illa—IIlc contained peaks from
the molecular ions. In the 'H NMR spectra of these com-
pounds we observed signals from protons of the 5-me-
thyl group, aromatic protons, protons in the thiophene
ring (as two singlets at 8 6.70—6.72 and 7.08-7.12 ppm),
and also protons of the amide and thioamide groups at
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5 10.10-10.15 and 11.65—11.78 ppm, which are typical
of monothiooxamides. The elemental analyses of com-
pounds ITIa—ITIe were consistent with the assumed struc-
ture.

The cyclization of monothiooxamides IIIb and
IIlc to thienothiazoles, respectively, IVa and IVb,
occurred at 0°C in a 2% solution of sodium hydroxide
(Scheme 3). Products IVa and IVb were isolated in sat-
isfactory yields.

The structure of N-substituted thieno[2,3-d|thiazoles
IVa and IVb was confirmed by the data of elemental
analysis, '"H NMR spectroscopy, and mass spectrometry.
Compounds I'Va and IVb showed the molecular ion peaks
in the mass spectra. In the "H NMR spectra of IVa and
IVb, signal from the thiophene ring proton (6-H) appeared
at 8 6.50 ppm, and the amide proton signal was observed
at & 8.90-9.00 ppm; also, signals from protons of the
methyl group and aromatic ring were present.

Monothiooxamides Illa—IIlc (general procedure).
Appropriate chloroacetamide, 5.3 mmol, was added to
a mixture of 0.64 g (5.7 mmol) of 2-amino-5-methyl-
thiophene (I), 0.7 g of elemental sulfur, and 1 ml of tri-
ethylamine in 5 ml of DMF [3]. The mixture was stirred
for 8 h at 20°C and diluted with water, and the precipi-
tate was filtered off, washed with water, dried, and dis-
solved in 10 ml of acetone. The undissolved material was
filtered off, the filtrate was evaporated, and the residue
was recrystallized from 95% ethanol. The yields were
calculated on the initial chloroacetamide.

2-(5-Methyl-2-thienylamino)-2-thioxoacetamide
(IIa). Yield 55%, mp 155—157°C. Mass spectrum: m/z
200 [M]". "TH NMR spectrum, 8, ppm: 2.50 s (3H, CH;),
5.78 s (1H, NH,), 6.70 d (1H, thiophene, J = 3.85 Hz),
7.08 d (1H, thiophene, J = 3.74 Hz), 8.00 s (1H, NH,),
11.65 s (1H, NH). Found, %: C 42.03; H 3.95; N 14.05;
S 31.97. CsHgN,OS,. Calculated, %: C 42.00; H 4.00;
N 14.00; S 32.00.

N-(4-Chlorophenyl)-2-(5-methyl-2-thienyl-
amino)-2-thioxoacetamide (IIIb). Yield 60%, mp 184—

186°C. Mass spectrum: m/z 310 [M]". '"H NMR spec-
trum, 8, ppm: 2.49 s (3H, CHy), 6.72 s (1H, thiophene),
7.12 s (1H, thiophene), 7.40 d (2H, Hyom, J = 7.97 Hz),
7.73 d (2H, Hyom, J=6.10 Hz), 10.15 s (1IH, NH), 11.75 s
(1H, NH). Found, %: C 50.26; H 3.50; N 9.04; S 20.62.
C13H11C1N2082. Calculated, %: C 5024, H 354, N 902,
S20.61.

N-(4-Fluorophenyl)-2-(5-methyl-2-thienyl-
amino)-2-thioxoacetamide (Illc). Yield 51%, mp 175—
177°C. Mass spectrum: m/z 294 [M]". "H NMR spec-
trum, o, ppm: 2.50 s (3H, CH3), 6.70 s (1H, thiophene),
7.10 m (3H, 2H,,,, *+ thiophene), 7.70 m (2H, H,y),
10.10 s (1H,NH), 11.78 s (1H, NH). Found, %: C 53.07;
H 385, N 941, S 21.60. C13H11FN2082. Calculated, %:
C 53.06; H3.74; N 9.52; S 21.77.

Thieno|2,3-d|thiazole-2-carboxamides IVa and
IVb (general procedure). Monothiooxamide IIIb or Ilc,
0.2 mol, was dissolved in a 2% solution of sodium hydr-
oxide (1.68 mol), the solution was filtered and was added
dropwise under stirring at 0°C to a solution of 0.44 mol
of KsFe(CN)y in 4.4 ml of water. The mixture was stirred
for 2 h at 0°C and allowed to warm up to room tempera-
ture. The precipitate was filtered off, washed with water,
dried, and recrystallized from 95% ethanol.

N-(4-Chlorophenyl)-5-methylthieno|[2,3-d][1,3]-
thiazole-2-carboxamide (IVa). Yield 41%, mp 156—
158°C. Mass spectrum: m/z 308 [M]". "H NMR spec-
trum, 8, ppm: 2.50 s (3H, CH3), 6.50 s (1H, 6-H), 7.37 m
(2H, Hyom), 7.68 m (2H, Hypom), 8.90 s (1H, NH). Found,
%: C 50.50; H 3.00; N 9.06; S 20.78. C;3HoCIN,OS,.
Calculated, %: C 50.57; H2.92; N 9.08; S 20.75.

N-(4-Fluorophenyl)-5-methylthieno[2,3-d]-
[1,3]thiazole-2-carboxamide (IVb). Yield 40%, mp 190—
192°C. Mass spectrum: m/z 292 [M]". "H NMR spectrum,
o, ppm: 2.50 s (3H, CH3), 6.50 s (1H, 6-H), 7.10 m (2H,
Harom)s 7.70 m (2H, Hyop), 9.00 s (1H, NH). Found, %: C
53.50; H3.10; N 9.50; S21.84. C;3H¢FN,OS,. Calculated,
%: C 53.42; H3.08; N 9.59; S 21.92.

The 'HNMR spectra were recorded on a Bruker AC-
300 spectrometer at 300 MHz using CDCl; as solvent.
The mass spectra (70 eV) were obtained on a Kratos in-
strument with direct sample admission into the ion source
(accelerating voltage 1.75 kV). Commercial reagents
(from Acros) were used.

This study was performed under financial support
by the International Scientific and Technical Center
(project no. 2117).

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 40 No. 1 2004



SYNTHESIS OF THENO[2,3-d]THIAZOLE-2-CARBOXAMIDES 139

REFERENCES

1. EP Patent no. 064 763, 1995; Chem. Abstr., 1996, vol. 121,
no. 9761d.

2. DE Patent no. 4233195, 1994; Chem. Abstr., 1994, vol. 120,
no. 323579m.

3. Zavarzin, 1.V., Yarovenko, V.N., Martynkin, A.Yu., and
Krayushkin, M.M., Abstracts of Papers, The [8th Int.
Symp. on the Organic Chemistry of Sulfur, Florence (Italy),
1998, p. 106.

4.Yarovenko, V.N., Kosarev, S.A., Zavarzin, 1.V., and
Krayushkin, M.M., Izv. Ross. Akad. Nauk, Ser. Khim., 1999,
p. 753.

5.Yarovenko, V.N., Kosarev, S.A., Zavarzin, 1.V., and
Krayushkin, M.M., Izv. Ross. Akad. Nauk, Ser. Khim.,2002,
p. 1708.

6.Yarovenko, V.N., Kosarev, S.A., Zavarzin, I.V., and Krayu-

shkin, M.M., Izv. Ross. Akad. Nauk, Ser. Khim., 2002,
p. 1387.

7.Yarovenko, V.N., Kosarev, S.A., Zavarzin, [.V., and Krayu-
shkin, M.M., Izv. Ross. Akad. Nauk, Ser. Khim., 2000,
p. 1487.

8. Yarovenko, V.N., Stoyanovich, F.M., Zolotarskaya, O.Yu.,
Chernoburova, E.I., Zavarzin, 1.V., and Krayushkin, M.M.,
Izv. Ross. Akad. Nauk, Ser. Khim., 2002, p. 136.

9.Yarovenko, V.N., Smirnova, N.G., Bulgakova, V.N.,
Zavarzin, 1.V., and Krayushkin, M.M., Russ. J. Org. Chem.,
2003, vol. 39, p. 1161.

10. Hill, B., De Vleeschauwer, M., Houde, K., and Belley, M.,
Synlett, 1998, p. 407.

11. Zhiryakov, V.G., Khim. Nauka Prom-st., 1959, p. 680.

12. Dinder, D., Habison, G., and Noe, C.R., Synthesis, 1977,
p. 255.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 40 No. 1 2004



