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Di- and trisubstituted ureas possessing a thiazole
or benzothiazole fragment are known to exhibit pro-
nounced herbicide activity [1-4]. N-(2-Thiazolyl)ureas
are generally synthesized by reaction of 2-aminothia-
zoles with isocyanates or carbamoyl chlorides [1-7].
However, some carbamoylating agents of these series
are difficultly accessible, and there are certain limita-
tions concerning extension of the above procedure to
the synthesis of new thiazolyl-substituted ureas. In the
recent time, development of an alternative approach
has been initiated. This approach implies preliminary
modification of 2-aminothiazoles with chloroformyl
derivatives, such as phenyl chloroformate [8],
N-(chlorocarbonyl)imidazole [9], or N-(chlorocar-
bonyloxy)succinimide [10, 11], followed by reaction
of the modified compounds with amines. While devel-
oping this approach, we found that N-(2-thiazolyl)-
ureas can be synthesized using the most accessible
2-aminothiazole derivatives, ethyl 2-thiazolylcarba-
mates Ia—Ie. Compounds Ia—Ie reacted with various
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aliphatic, aromatic, and heterocyclic amines Ila—I1l on
heating in boiling xylene (mixture of isomers) to give
substituted ureas IIIa—IIIl in 76-93% yield.

Ethyl (4-R'-5-R*-1,3-thiazol-2-yl)carbamates Ia—
Ie (general procedure). A mixture of 20 mmol of the
corresponding 2-aminothiazole and 2.39 g (22 mmol)
of ethyl chloroformate was heated in 25 ml of boiling
xylene until it became homogeneous (4-5 h). After
cooling, the precipitate was filtered off, washed with
hexane, and dried.

Ethyl (1,3-thiazol-2-yl)carbamate (Ia). Yield 77%,
mp 151-153°C; published data [12]: mp 150-153°C.

Ethyl [4-(4-methoxyphenyl)-5-methyl-1,3-thia-
zol-2-yl|carbamate (Ib). Yield 79%, mp 184—186°C.
IR spectrum, v, cm ': 1725 (C=0), 3210 (N-H).
'H NMR spectrum, &, ppm: 1.27 t (3H, CH;), 2.39 s
(3H, CHj3), 4.14 q (2H, CH,), 3.78 s (3H, CHj5), 6.93 d
(2H, Hyom), 11.22 br.s (1H, NH). Found, %: N 9.39;
S 11.21. C14H6N»O5S. Calculated, %: N 9.58; S 10.97.

R! R2
S__N
—_—
—EtOH
HN NR3R*
0
la-1i

I, R' =R*=H (a); R' = Me, R? = 4-MeOC4¢H, (b); R' = MeC(0), R* = Me (c); R'R? = (CH,), (d); R'R? = CH,CH(CH;)(CH,), (e);
II, R® = H, R* = 3-morpholinosulfonylphenyl (a), 1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydropyrazol-4-yl (b), 4-methylpyridin-2-yl (c);
R’R*N = 3,5-dimethylpiperidino (d); R = H, R* = 3-CF;C4H, (e); R’'R*N = 4-methylpiperazin-1-yl (f), R*R*N = 3-ethoxycarbonyl-
piperidino (g); R® = H, R* = 2-furylmethyl (h), 4-CHF,C¢H, (i), Ph(CH,);CH(Me) (j). 3-morpholinopropyl (k), 3-pyridyl (I);
III, R! = R* = R? = H, R* = 3-morpholinosulfonylphenyl (a), 1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydropyrazol-4-yl (b); R! = Me,
R? = 4-MeOC¢H,, R® = H, R* = 4-methylpyridin-2-yl (c); R' = Me, R? = 4-MeOC¢H,, R’R*N = 3 5-dimethylpiperidino (d); R' =
MeC(0), R? = Me, R? = H, R* = 3-CF;CgH, (e); R' = MeC(0), R* = Me, R°R*N = 4-methylpiperazin-1-yl (f), 3-ethoxycarbonyl-
piperidino (g); R'R* = (CH,),, R® = H, R* = 2-furylmethyl (h), 4-CHF,C¢H, (i); R'R? = CH,CH(CH;)(CH,),, R* = H, R* =
Ph(CH,);CH(Me) (j), 3-morpholinopropyl (k), 3-pyridyl (I).
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Ethyl (5-acetyl-4-methyl-1,3-thiazol-2-yl)carba-
mate (Ic). Yield 84%, mp 169-170°C. IR spectrum, v,
ecm': 1680, 1730 (C=0); 3210 (N-H). '"H NMR spec-
trum, 3, ppm: 1.30 t 3H, CH;), 2.43 s (3H, CH3), 2.53 s
(3H, CHs), 4.22 q (2H, CH;), 11.98 br.s (1H, NH).
Found, %: N 12.45; S 14.12. CoH3N,O5S. Calculated,
%: N 12.27; S 14.05.

Ethyl (4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)-
carbamate (Id). Yield 78%, mp 188—190°C. IR spec-
trum, v, cm ': 1725 (C=0); 3215 (N-H). '"H NMR
spectrum, &, ppm: 1.27 t (3H, CHj3), 1.76-1.80 m (4H,
CH,), 2.57-2.62 m (4H, CH,), 4.18 q (2H, OCH,),
11.26 br.s (1H, NH). Found, %: N 12.23; S 14.04.
C1oH14N,0O,S. Calculated, %: N 12.38; S 14.17.

Ethyl (6-methyl-4,5,6,7-tetrahydro-1,3-benzo-
thiazol-2-yl)carbamate (Ie). Yicld 83%, mp 193—
194°C. IR spectrum, v, cm ': 1725 (C=0); 3210
(N-H). "H NMR spectrum, 5, ppm: 1.07 d (3H, CH3),
1.27 t 3H, CH;), 1.43-2.68 m (7H, CH,, CH), 4.16 q
(2H, OCH,), 11.29 br.s (1H, NH). Found, %: N 11.83;
S 13.50. Cy;H6N,O,S. Calculated, %: N 11.66; S 13.34.

N-(4-R'-5-R%-1,3-Thiazol-2-yl)ureas IIIa—IIIl
(general procedure). A mixture of 10 mmol of carba-
mate Ia—Ie and 11 mmol of amine Ila—IIl in 20 ml of
xylene was heated for 4 h under reflux. The solvent
was distilled off, 15 ml of ethanol was added to the
residue, the mixture was heated for 0.5 h under reflux
and cooled, and the precipitate was filtered off.

N-(3-Morpholinosulfonylphenyl)-V'-(1,3-thiazol-
2-ylurea (Illa). Yield 90%, mp 219-220°C. IR spec-
trum, v, cm : 1710 (C=0); 3220-3330 (N—H).
"H NMR spectrum, 8, ppm: 2.49 s (3H, CH3), 3.08—
3.12 m (4H, NCH,), 3.60-3.64 m (4H, OCH,), 7.08 d
(1H, thiazole), 7.30 d (2H, Huom), 7.35 d (1H, thia-
zole), 7.58 d.d (1H, Hyom), 7.99 s (1H, Hyom), 8.85 s
(1H, NH), 10.76 br.s (1H, NH). Found, %: N 15.01;
S 17.47. C14H16N4O,4S,. Calculated, %: N 15.21; S 17.41.

N-(1,5-Dimethyl-3-o0xo0-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)-N'-(1,3-thiazol-2-yl)urea (I1Ib). Yield
77%, mp 297-300°C. IR spectrum, v, cm™': 1680,
1710 (C=0); 3280-3350 (N-H). "H NMR spectrum, &,
ppm: 2.23 s (3H, CHj3), 3.08 s (3H, CH3;), 6.98 d (1H,
thiazole), 7.28—7.51 m (6H, Hyom), 7.80 s (1H, NH),
10.57 br.s (1H, NH). Found, %: N 21.21; S 9.50.
C15sHsN5sO,S. Calculated, %: N 21.26; S 9.74.

N-[4-(4-Methoxyphenyl)-5-methyl-1,3-thiazol-2-
yl]-N'-(4-methylpyridin-2-yl)urea (Illc). Yield 86%,
mp 250-252°C. IR spectrum, v, cm': 1685 (C=0),
32803350 (N-H). 'H NMR spectrum, &, ppm: 2.27 s

(3H, CH3), 2.44 s (3H, CH3), 3.80 s (3H, OCH;),
6.95 d (2H, H,om), 7.38 br.s (1H, NH), 7.51-7.56 m
(4H, Hyrom), 8.12 s (1H, Hyrom), 9.71 br.s (1H, NH).
Found, %: N 16.05; S 9.18. C;3H;3N4O,S,. Calculated,
%: N 15.81; S 9.05.

N-[4-(4-Methoxyphenyl)-5-methyl-1,3-thiazol-2-
yl]-3,5-dimethylpiperidine-1-carboxamide (IIId).
Yield 82%, mp 105-106°C. IR spectrum, v, em™': 1690
(C=0); 3300 (N-H). '"H NMR spectrum, J, ppm: 0.73—
2.22 m (12H, CH;, CH,), 2.38 s (3H, CH5), 3.79 s (3H,
OCH3), 4.16—4.20 m (2H, CH), 6.93 d (2H, Hyom),
7.52 d (2H, Haiom), 10.65 br.s (1H, NH). Found, %:
N 11.89; S 9.05. C19Hy5N50,S. Calculated, %: N 11.69;
S 8.92.

N-(5-Acetyl-4-methyl-1,3-thiazol-2-yl)-V'-(3-tri-
fluoromethylphenyl)urea (Ille). Yield 93%,
mp >300°C. IR spectrum, v, cm : 1690, 1740 (C=0);
3190-3280 (N-H). "H NMR spectrum, 5, ppm: 2.44 s
(3H, CHs3), 2.54 s (3H, CHj3), 7.32 d (1H, Hyom), 7.51°t
(1H, Huom), 7.63 d (1H, Hurom), 7.99 s (1H, Harom), 9.27 s
(1H, NH), 11.08 br.s (1H, NH). Found, %: N 12.07;
S 9.25. C14H;F5N50,S. Calculated, %: N 12.24; S 9.34.

N-(5-Acetyl-4-methyl-1,3-thiazol-2-yl)-4-methyl-
piperazine-1-carboxamide (IIIf). Yield 80%,
mp 195-197°C. IR spectrum, v, cm : 1695, 1745
(C=0); 3260 (N-H). '"H NMR spectrum, J, ppm:
2.21 s (3H, CH;), 2.29-2.32 m (4H, CH»), 2.40 s
(3H, CHj3), 2.53 s (3H, CH3;), 3.50-3.53 m (4H, CH,),
11.53 br.s (1H, NH). Found, %: N 20.03; S 11.14.
C1oHgN4O,S. Calculated, %: N 19.84; S 11.36.

Ethyl 1-(5-acetyl-4-methyl-1,3-thiazol-2-ylcarba-
moyl)piperidine-3-carboxylate (IIIg). Yield 73%,
mp 222-224°C. IR spectrum, v, cm ': 1665, 1690,
1740 (C=0); 3270 (N-H). '"H NMR spectrum, §, ppm:
1.21 t (3H, CHs;), 1.44-1.96 m (4H, CH,), 2.39 s (3H,
CHs), 2.48-2.51 m (1H, CH), 2.53 s (3H, CHj5), 2.99-
3.16 m (2H, CH,), 3.99—4.06 m (1H, CH), 4.07 t (1H,
CH), 4.09—4.17 m (1H, CH), 11.37 br.s (1H, NH).
Found, %: N 12.61; S 9.35. C;5H,;N30,4S. Calculated,
%: N 12.38; S 9.45.

N-(4-Difluoromethoxyphenyl)-N'-(4,5,6,7-tetra-
hydro-1,3-benzothiazol-2-yl)urea (Illi). Yield 89%,
mp >300°C. IR spectrum, v, cm ': 1700 (C=0), 3290—
3330 (N-H). '"H NMR spectrum, 3, ppm: 1.71-1.77 m
(2H, CH,), 2.36-2.60 m (2H, CH,), 3.10-3.18 m (4H,
CH,), 7.09 t (1H, CHF,), 7.11 d (2H, Hyom), 7.84 d
(2H, Hyom), 8.62 br.s (1H, NH), 11.05 br.s (1H, NH).
Found, %: N 12.53; S 9.66. C;sH;5F;N50,S. Calcu-
lated, %: N 12.38; S 9.45.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 1 2006



NON-ISOCYANATE SYNTHESIS OF N-(1,3-THIAZOL-2-YL)UREAS

N-(1-Methyl-4-phenylbutyl)-N'-(6-methyl-
4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)urea (IIIj).
Yield 76%, mp 148—150°C. IR spectrum, v, em™': 1705
(C=0), 3270-3310 (N-H). "H NMR spectrum, 5, ppm:
1.02-2.12 m (19H, CHj;, CH,, CH), 3.64-3.68 m (1H,
CH), 6.52—6.54 m (1H, NH), 7.20-7.36 m (5H, Hyrom),
9.76 br.s (1H, NH). Found, %: N 11.72; S 9.14.
CyHy7N50S. Calculated, %: N 11.75; S 8.97.

N-(6-Methyl-4,5,6,7-tetrahydro-1,3-benzothia-
zol-2-y1)-N'-(3-morpholinopropyl)urea (II1k). Yield
82%, mp 153-155°C. IR spectrum, v, cm ' 1690
(C=0), 3250-3310 (N-H). "H NMR spectrum, 5, ppm:
1.06-3.15 m (20H, CHj;, CH,, CH), 3.54-3.57 m (4H,
CH,), 6.54 br.s (1H, NH), 9.97 br.s (1H, NH). Found,
%: N 16.50; S 9.31. C;4H26N4O,S. Calculated, %:
N 16.55; S 9.47.

N-(6-Methyl-4,5,6,7-tetrahydro-1,3-benzo-
thiazol-2-yl)-N'-(3-pyridyl)urea (IIIl). Yield 91%,
mp >300°C. IR spectrum, v, cm ': 1695 (C=0), 3270~
3350 (N-H). '"H NMR spectrum, o, ppm: 1.04 d (3H,
CHs), 1.10-2.49 m (7H, CH,, CH), 7.28 t (1H, H.om),
7.96 d (1H, Haom), 8.17 d (1H, Harom), 8.56 s (1H,
Harom), 8.91 s (1H, NH), 10.76 br.s (1H, NH). Found,
%: N 19.62; S 10.93. C4H(N,OS. Calculated, %:
N 19.43; S 11.12.

The IR spectra were recorded in KBr on a UR-20
spectrometer. The '"H NMR spectra were obtained on
a Varian Gemini instrument (300 MHz) from solutions
in DMSO-d; using TMS as internal reference.
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