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Monothiooxamides containing aminonitrobenzene and aminonitropyridine fragments have
been synthesized. A possibility to synthesize thioesters and fused imidazole and diazepine
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Earlier, we have suggested methods for preparing a
number of monothiooxamides and studied their reactivity.1

Monothiooxamide nitro derivatives are of significant
interest due to the fact that many bioactive compounds
contain a nitro group, which can be also used in various
transformations, including heterocyclization reactions.

The purpose of our work consisted in the synthesis
of new monothiooxamides of the aminonitrobenzene and
aminonitropyridine series and design of benzimidazole
and dibenzodiazepine derivatives on their basis.

The monothiooxamides were synthesized based on
aromatic vicinal nitro amines 1a—d using a method
developed by us earlier1 consisting in the reaction of
α�chloroacetamides with pre�prepared solution of sulfur
in amines.

The starting chloroacetamides 2a—d were obtained
by the reaction of chloroacetyl chloride with aminonitro�
benzenes 1a—c and aminonitropyridine 1d in dimethyl�
formamide. The nitro group does not affect the acylation
process, the reaction proceeds smoothly in quantitative
yield (Scheme 1).

A pre�prepared solution of elementary sulfur in amines
kept for 30 min was used in the S�functionalization reac�
tions of chloroacetamides. The process smoothly pro�
ceeds at room temperature with morpholine; when weaker

* Dedicated to Academician O. N. Chupakhin on the occasion
of his 75th birthday.

base (aniline) has been used, the addition of triethylamine
or pyridine was necessary (see Scheme 1).

Scheme 1

Compound R X
a H CH
b Cl CH
c Me CH
d H N
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When all the components were mixed simultaneously,
the reaction is not that smooth and, along with mono�
thiooxamides 4a,b, there are formed amines 5a,b in the
ratio 1 : 5, respectively (Scheme 2).

Scheme 2

R = H(a), Cl (b)

Thus, the sulfurization of nitro derivatives proceeds
similarly to the reactions with chloroacetamides described
by us earlier1 and can be used in designing heterocyclic
compounds.

We have shown that the reaction of chloroacetamides
2a,b,d with a pre�prepared mixture of diphenyl�2,2´�di�
amine, triethylamine, and elementary sulfur leads to
carbamoyl�containing 5H�dibenzo[d,f][1,3]diazepines
6a,b,d. The process apparently proceeds through the for�

mation of monothiooxamides, which then are converted
to dibenzodiazepines (Scheme 3).

Modification of thioamide and nitro groups in the
monothiooxamide derivatives obtained allows one to syn�
thesize various compounds. Note that the nitro group in
monothiooxamides 4a—c does not considerably affect the
nucleophilicity of the thiocarbonyl group, which is con�
firmed, in particular, by a possibility to obtain monothio�
oxamic S�esters 7a—c from monothiooxamides. The
former were synthesized by the reaction of monothio�
oxamides with dimethyl sulfate and subsequent treatment
of isothioamides formed with water (Scheme 4).

Scheme 4

R = H(a), Cl(b), Me(c)

Reduction of the nitro groups in ortho�position to the
monothiooxamide fragment leads to the heterocyclization
with the formation of imidazole ring (Scheme 5).

In conclusion, the nitro group in monothiooxamides
creates additional possibilities for the synthesis of various
derivatives and can be involved into the heterocyclization
reaction.

Scheme 3

Compound a b d
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Experimental

1H NMR spectra were recorded on a Bruker WM�200
(200 MHz) and Bruker WM�250 (250 MHz) spectrometers in
DMSO�d6. Mass spectra were obtained on a Varian MAT CH�6
instrument with direct inlet of the sample into the ion source,
the energy of ionization, 70 eV, directing potential, 1.75 kV.
Melting points were determined on a Boetius heating stage and
are uncorrected. Analysis of reaction mixtures and monitoring
of isolated product purities were performed by TLC on Merck
UV�254 plates.

N�(2�Nitrophenyl)�2�chloroacetamide (2a). Chloroacetyl
chloride (0.4 mL (4.8 mmol) was slowly added to amine 1a
(0.5 g, 4 mmol) in DMF (3 mL) with stirring and ice�cooling in
such a way that to keep temperature below 5—7 °C, then, the
mixture was stirred for 1.5 h, poured into water, a precipitate
formed was filtered off to obtain compound 2a (0.76 g, 98%),
m.p. 109—111 °C (agrees with the data in Ref. 2). 1H NMR, δ:
4.33 (s, 2 H, CH2); 7.60 (m, 2 H, Ar); 7.78 (m, 1 H, Ar); 8.80
(m, 1 H, Ar); 11.6 (s, 1 H, NH). MS, m/z: 214 [M]+. Found (%):
C, 44.67; H, 3.35; N, 13.10; Cl, 16.58. C8H7ClN2O3. Calcu�
lated (%): C, 44.77; H, 3.29; N, 13.05; Cl, 16.52.

N�(4�Chloro�2�nitrophenyl)�2�chloroacetamide (2b) was
obtained from 1b (0.5 g, 2.9 mmol) similarly to compound 2a,
the yield was 0.68 g (97%), m.p. 140—141 °C (agrees with the
data in Ref. 3). 1H NMR, δ: 4.30 (s, 2 H, CH2); 7.30 (m, 1 H,
Ar); 8.35 (m, 1 H, Ar); 8.60 (m, 1 H, Ar); 11.35 (s, 1 H, NH).
MS, m/z: 249 [M]+. Found (%): C, 38.62; H, 2.50; N, 11.16;
Cl, 28.50. C8H6Cl2N2O3. Calculated (%): C, 38.58; H, 2.43;
N, 11.25; Cl, 28.47.

N�(4�Methyl�2�nitrophenyl)�2�chloroacetamide (2c) was
obtained from 1c (0.5 g, 3.3 mmol) similarly to compound 2a,
the yield was 0.72 g (96%), m.p. 199—121 °C (agrees with the
data in Ref. 4). 1H NMR, δ: 2.4 (s, 3 H, CH3); 4.35 (s, 2 H, CH2);
7.55 (d, 1 H, Ar, J = 8.36 Hz); 7.65 (d, 1 H, Ar, J = 8.3 Hz); 7.85

(s, 1 H, Ar); 10.55 (s, 1 H, NH). MS, m/z: 229 [M]+. Found (%):
C, 47.34; H, 3.82; N, 12.20; Cl, 15.48. C9H9ClN2O3. Calcu�
lated (%): C, 47.28; H, 3.97; N, 12.25; Cl, 15.51.

N�(2�Nitropyridin�3�yl)�2�chloroacetamide (2d) was obtained
from 1d (0.5 g, 3,6 mmol) similarly to compound 2a, the yield
was 0.73 g (95%), m.p. 178—179 °C. 1H NMR, δ: 4.38 (s, 2 H,
CH2); 7.85 (m, 1 H, Py); 8.30 (m, 1 H, Py); 8.42 (m, 1 H, Py,);
10.68 (s, 1 H, NH). MS, m/z: 215 [M]+. Found (%): C, 39.06;
H, 2.80; N, 19.43; Cl, 16.48. C7H6ClN3O3. Calculated (%):
C, 39.00; H, 2.81; N, 19.49; Cl, 16.44.

N�(2�Nitrophenyl)�2�phenylamino�2�thioxoacetamide (3a).
Chloroacetanilide 2a (0.1 g, 0.47 mmol) was added to a suspen�
sion of sulfur (0.045 g, 1,4 mmol), amine (aniline or morpholine,
0.94 mmol), triethylamine (in the case of aniline, 0.94 mmol) in
DMF (1 mL) that has been kept for 30 min. The reaction mix�
ture was stirred for 7 h at room temperature, then the mixture
was poured into water, a precipitate was filtered off. To purify
the product from unreacted sulfur, it was dissolved in acetone,
the acetone solution was separated, the solvent was evaporated
in vacuo. The solid residue was recrystallized from ethanol to
obtain compound 3a (0.13 g, 93%), m.p. 158—160 °C. 1H NMR,
δ: 7.34 (m, 1 H, Ar); 7.46 (m, 3 H, Ar); 7.90 (m, 3 H, Ar); 8.22
(d, 1 H, Ar, J = 8.41 Hz); 8.51 (d, 1 H, Ar, J = 8,31 Hz); 12.10
(s, 1 H, NH); 12.45 (s, 1 H, NH). MS, m/z: 301 [M]+. Found(%):
C, 55.65; H, 3.74; N, 13.80; S, 10.85. C14H11N3O3S. Calcu�
lated (%): C, 55.80; H, 3.68; N, 13.95; S, 10.64.

N�(4�Chloro�2�nitrophenyl)�2�phenylamino�2�thioxoacet�
amide (3b) was obtained from 2b (0.1 g, 0.4 mmol) similarly
to compound 3a, the yield was 0.12 g (90%), m.p. 161—163 °C.
1H NMR, δ: 7.30 (m, 1 H, Ar); 7.56 (m, 3 H, Ar); 7.65 (m, 2 H,
Ar); 8.16 (m, 1 H, Ar); 8.60 (d, 1 H, Ar, J = 8.26 Hz); 11.95 (s,
1 H, NH); 12.3 (s, 1 H, NH). MS, m/z: 335 [M]+. Found (%):
C, 50.15; H, 2.87; N, 12.42; S, 9.60; Cl, 10.55. C14H10ClN3O3S.
Calculated (%): C, 50.08; H, 3.00; N, 12.51; S, 9.55; Cl, 10.56.

N�(4�Methyl�2�nitrophenyl)�2�phenylamino�2�thioxoacet�
amide (3c) was obtained from 2c (0.1 g, 4.4 mmol) similarly
to compound 3a, the yield was 0.11 g (80%), m.p. 111—113 °C.
1H NMR, δ: 2.37 (s, 3 H, CH3); 7.32 (m, 1 H, Ar); 7.45 (m, 3 H,
Ar); 7.68 (m, 2 H, Ar); 8.10 (m, 2 H, Ar); 12.05 (s, 1 H, NH);
12.40 (s, 1 H, NH). MS, m/z: 315 [M]+. Found (%): C, 57.33;
H, 3.99; N, 13.40; S, 10.12. C15H13N3O3S. Calculated (%):
C, 57.13; H, 4.16; N, 13.33; S, 10.17.

N�(2�Nitropyridin�3�yl)�2�phenylamino�2�thioxoacetamide
(3d) was obtained from 2d (0.1 g, 4.6 mmol) similarly to
compound 3a, the yield was 0.09 g (65%), m.p. 163—165 °C.
1H NMR, δ: 7.39 (d, 1 H, Ar, J = 7.27 Hz); 7.46 (t, 2 H, Ar,
J = 7.24 Hz); 7.90 (m, 2 H, Ar); 7.95 (m, 1 H, Py); 8.45 (m, 1 H,
Py); 8.79 (d, 1 H, Py, J = 8.02 Hz); 11.85 (s, 1 H, NH); 12.50
(s, 1 H, NH). MS, m/z: 302 [M]+. Found (%): C, 51.54;
H, 3.26; N, 18.63; S, 10.83. C13H10N4O3S. Calculated (%):
C, 51.65; H, 3.33; N, 18.53; S, 10.61.

N�(2�Nitrophenyl)�2�morpholino�2�thioxoacetamide (4a) was
obtained from 2a (0.1 g, 0.47 mmol) similarly to compound 3a,
the yield was 0.1 g (70%), m.p. 137—138 °C (agrees with the
data in Ref. 5). 1H NMR, δ: 3.8 (m, 6 H, CH2); 4.15 (m, 2 H,
CH2) ; 7.5 (m, 1 H, Ar); 7.75 (m, 2 H, Ar); 8.0 (d, 1 H, Ar,
J = 8.13 Hz); 11.0 (s, 1 H, NH). MS, m/z: 295 [M]+. Found (%):
C, 48.61; H, 4.56; N, 14.35; S, 10.74. C12H13N3O4S. Calcu�
lated (%): C, 48.80; H, 4.44; N, 14.23; S, 10.86.

N�(4�Chloro�2�nitrophenyl)�2�morpholino�2�thioxoacet�
amide (4b) was obtained from 2b (0.1 g, 0.4 mmol) similarly to

Scheme 5

Compound R Х

8а H

8с Me

9а H

9b Cl

9с Me



Monothiooxamides Russ.Chem.Bull., Int.Ed., Vol. 58, No. 6, June, 2009 1279

compound 3a, the yield was 0.1 g (80 %), m.p. 155—156 °C.
1H NMR, δ: 3.75 (m, 6 H, CH2); 4.15 (d, 2 H, CH2, J = 8.34 Hz);
7.74 (d, 1 H, Ar, J = 8.74 Hz); 7.85 (d, 1 H, Ar, J = 8.71 Hz);
8.15 (s, 1 H, Ar); 11.0 (s, 1 H, NH). MS, m/z: 329 [M]+.
Found (%): C, 43.61; H, 3.52; N, 12.8; S, 9.91; Cl, 10.6.
C12H12ClN3O4S. Calculated (%): C, 43.71; H, 3.67; N, 12.74;
S, 9.72; Cl, 10.75.

N�(4�Methyl�2�nitrophenyl)�2�morpholino�2�thioxoacet�
amide (4c) was obtained from 2c (0.1 g, 4.4 mmol) similarly
to compound 3a, the yield was 0.1 g (80%), m.p. 150—152 °C.
1H NMR, δ: 2.4 (s, 3 H, CH3); 3.75 (m, 6 H, CH2); 4.15 (s, 2 H,
CH2); 7.65 (t, 2 H, Ar, J = 7.98 Hz); 7.85 (s, 1 H, Ar); 10.85 (s,
1 H, NH). MS, m/z: 309 [M]+. Found (%): C, 50.36; H, 4.98;
N, 13.43; S, 10.6. C13H15N3O4S. Calculated (%): C, 50.47;
H, 4.89; N, 13.58; S, 10.37.

N�(2�Nitropyridin�3�yl)�2�morpholino�2�thioxoacetamide
(4d) was obtained from 2d (0.1 g, 4.6 mmol) similarly to
compound 3a, the yield was 0.08 g (60%), m.p. 159—161 °C.
1H NMR, δ: 3.75 (t, 6 H, CH2, J = 10.35 Hz); 4.15 (t, 2 H, CH2,
J = 9.63 Hz); 7.87 (m, 1 H, Py); 8.25 (d, 1 H, Py, J = 8.1 Hz);
8.45 (m, 1 H, Py); 11.15 (s, 1 H, NH). MS, m/z: 296 [M]+.
Found (%): C, 44.43; H, 3.87; N, 18.99; S, 10.89. C11H12N4O4S.
Calculated (%): C, 44.59; H, 4.08; N, 18.91; S, 10.82.

N�(2�Nitrophenyl)�2�morpholinoacetamide (5a). Chloro�
acetanilide 2a (0.25 g, 1.2 mmol) in DMF (2 mL) was added to a
mixture of sulfur (0.1 g, 3.6 mmol) and morpholine (1.3 mmol).
The reaction mixture was stirred for 4 h at room temperature
(TLC monitoring showed formation of a mixture of products 4a
and 5a). Then the mixture was poured into water, a precipitate
was filtered off; to purify from the unreacted sulfur, the residue
was dissolved in acetone, the acetone solution was separated,
the solvent was evaporated in vacuo. The mixture of products
obtained was separated by preparative TLC (eluent, light petro�
leum—ethyl acetate, 3 : 1) to obtain compound 4a (0.05 g, 14%),
m.p. 137—138 °C, MS, m/z: 295 [M]+ and compound 5a
(0.26 g, 82%), m.p. 133—135 °C (agrees with the data in Ref. 6).
1H NMR, δ: 2.1 (s, 2 H, CH2); 2.4 (s, 2 H, CH2);
3.2 (s, 2 H, CH2); 3.7 (d, 4 H, CH2, J = 3.72 Hz); 7.30 (t, 1 H,
Ar, J = 7.59 Hz); 7.8 (t, 1 H, Ar, J = 7.55 Hz); 8.2 (d, 1 H, Ar,
J = 8.23 Hz); 8.6 (d, 1 H, Ar, J = 8.26 Hz); 11.5 (s, 1 H, NH).
MS, m/z: 265 [M]+. Found (%): C, 54.21; H, 5.75; N, 15.76.
C12H15N3O4. Calculated (%): C, 54.33; H, 5.70; N, 15.84.

N�(4�Chloro�2�nitrophenyl)�2�morpholinoacetamide (5b)
was obtained from 2b (0.25 g, 1 mmol) similarly to compound
5a. There were isolated compound 4b (0.06 g, 18%), m.p. 155—
156 °C, MS, m/z: 329 [M]+ and compound 5b (0.24 g, 80%),
m.p. 265—267 °C. 1H NMR, δ: 3.21 (s, 2 H, CH2); 3.70 (s, 4 H,
CH2); 3.95 (s, 4 H, CH2); 7.20 (m, 2 H, Ar); 7.40 (m, 1 H, Ar);
12.18 (s, 1 H, NH). MS, m/z: 300 [M]+. Found (%): C, 47,89;
H, 4,86; N, 14.17. C12H14ClN3O4. Calculated (%): C, 48.09;
H, 4.71; N, 14.02.

N�(2�Nitrophenyl)�5H�dibenzo[d,f][1,3]diazepin�6�carbox�
amide (6a). A suspension of 2,2´�diaminobiphenyl (0.22 g,
1.2 mmol), sulfur (0.19 g, 6 mmol), triethylamine (0.3 g,
3 mmol) in DMF (5 mL) was stirred at room temperature for
20 min, followed by addition of chloroacetanilide 2a (0.21 g,
1 mmol). The reaction mixture was heated for 6 h at 60—70 °C,
cooled to room temperatures, poured into water (100 mL), a
precipitate was filtered off, dissolved in acetone, and concen�
trated in vacuo. The residue was recrystallized from ethanol or
purified by column chromatography in the ethyl acetate—hex�

ane (1 : 3) solvent system to obtain compound 6a (0.23 g, 65%),
m.p. 233—235 °C. 1H NMR, δ: 7.05 (d, 2 H, Ar, J = 7.67 Hz);
7.15 (m, 3 H, Ar); 7.3 (m, 3 H, Ar); 7.45 (m, 1 H, Ar); 7.85
(m, 1 H, Ar); 8.2 (d, 1 H, Ar, J = 8.14 Hz); 8.65 (d, 1 H, Ar,
J = 8.38 Hz); 9.8 (s, 1 H, NH); 10.4 (s, 1 H, NH). MS, m/z:
358 [M]+. Found (%): C, 67.20; H, 3.85; N, 15.69. C20H14N4O3.
Calculated (%): C, 67.03; H, 3.94; N, 15.63.

N�(4�Chloro�2�nitrophenyl)�5H�dibenzo[d,f][1,3]diazepin�
6�carboxamide (6b) was obtained from 2b (0.25 g, 1 mmol)
similarly to compound 6a. The yield was 0.26 g (66%),
m.p. 220—222 °C. 1H NMR, δ: 7.05 (d, 2 H, Ar, J = 0.026 Hz);
7.2 (t, 2 H, Ar, J = 0.024 Hz); 7.35 (d, 3 H, Ar, J = 0.025 Hz);
7.4 (d, 2 H, Ar, J = 0.026 Hz); 7.9 (m, 1 H, Ar); 8.25 (m, 1 H,
Ar); 9.95 (s, 1 H, NH); 10.35 (s, 1 H, NH). MS, m/z: 393[M]+.
Found (%): C, 61.04; H, 3.47; N, 14.20; Cl, 9.16. C20H13ClN4O3.
Calculated (%): C, 61.16; H, 3.34; N, 14.26; Cl, 9.03.

N�(2�Nitropyridin�3�yl)�5H�dibenzo[d,f][1,3]diazepine�
6�carboxamide (6c) was obtained from 2c (0.23 g, 1 mmol)
similarly to compound 6a. The yield was 0.22 g (60%),
m.p. 245—247 °C. 1H NMR, δ: 6.75 (m, 1 H, Ar); 6.9 (m, 1 H,
Ar); 7.2—7.35 (m, 6 H, Ar); 7.9 (m, 1 H, Py); 8.45 (m, 1 H, Py);
8.9 (m, 1 H, Py); 9.8 (s, 1 H, NH); 10.25 (s, 1 H, NH). MS,
m/z: 359[M]+. Found (%): C, 63.41; H, 3.54; N, 19.60.
C19H13N5O3. Calculated (%): C, 63.51; H, 3.65; N, 19.49.

S�Methyl 2�(2�nitrophenylamino)�2�oxothioacetate (7a).
Freshly distilled dimethyl sulfate (0.2 g, 1.5 mmol) was added
to compound 4a (0.26 g, 1 mmol). The mixture was heated for
40 min at 100 °C, then, cooled to room temperature followed by
addition of water (2 mL). A precipitate formed was filtered off,
washed with cold water and recrystallized from ethanol to ob�
tain product 7a (0.18 g, 87%), m.p. 132—135 °C. 1H NMR, δ:
2.4 (s, 3 H, CH3); 7.48 (m, 1 H, Ar); 7.82 (m, 1 H, Ar); 8.15 (m,
2 H, Ar); 11.25 (s, 1 H, NH). MS, m/z: 240 [M]+. Found (%):
C, 45.16; H, 3.25; N, 11.60; S, 13.30. C9H8N2O4S. Calcu�
lated (%): C, 45.00; H, 3.36; N, 11.66; S, 13.35.

S�Methyl 2�(4�chloro�2�nitrophenylamino)�2�oxothioacetate
(7b) was obtained from 4b (0.33 g, 1 mmol) similarly to com�
pound 7a, the yield was 0.23 g (85%), m.p. 129—131 °C.
1H NMR, δ: 2.4 (s, 3 H, CH3); 7.95 (d, 1 H, Ar, J = 8.69 Hz);
8.0 (t, 1 H, Ar, J = 8.77 Hz); 8.2 (s, 1 H, Ar); 11.3 (s, 1 H, NH).
MS, m/z: 274 [M]+. Found (%): C, 39.15; H, 2.68; N, 10.12;
S, 11.78; Cl, 13.12. C9H7ClN2O4S. Calculated (%): C, 39.35;
H, 2.57; N, 10.20; S, 11.67; Cl, 12.91.

S�Methyl 2�(4�methyl�2�nitrophenylamino)�2�oxothioacetate
(7c) was obtained from 4c (0.31 g, 1 mmol) similarly to
compound 7a, the yield was 0.22 g (87%), m.p. 187—189 °C.
1H NMR, δ: 2.45 (s, 6 H, CH3); 7.6 (d, 1 H, Ar, J = 7.92 Hz);
7.95 (t, 2 H, Ar, J = 7.11 Hz); 11.2 (s, 1 H, NH). MS, m/z:
254 [M]+. Found (%): C, 47.12; H, 4.06; N, 11.06; S, 12.69.
C10H10N2O4S. Calculated (%): C, 47.24; H, 3.96; N, 11.02;
S, 12.61.

N�Phenyl�1H�benzoimidazole�2�carboxamide (8a). Com�
pound SnCl2•2H2O (1.2 g, 5 mmol) was added to monothio�
oxamide 3a (0.3 g, 1 mmol). The mixture was refluxed in ethanol
(7 mL) for 1 h, then cooled to room temperature, and the
solvent was evaporated in vacuo. Water (5 mL) and 15%
aq. NaOH were added to the residue. The mixture obtained was
extracted with ethyl acetate; the solvent was evaporated, the
residue was purified by preparative TLC (silica gel, eluent: ethyl
acetate—light petroleum 1 : 3) to obtain compound 8a (0.14 g,
58%), m.p. 234—235 °C (agrees with the data in Ref. 7).
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1H NMR, δ: 7.10 (m, 1 H, Ar); 7.20 (m, 3 H, Ar); 7.3 (m, 2 H,
Ar); 7.55 (m, 1 H, Ar); 8.15 (d, 2 H, Ar, J = 7.96 Hz); 10.8 (s,
1 H, NH); 12.4 (s, 1 H, NH). MS, m/z: 237 [M]+. Found (%):
C, 70.9; H, 4.61; N, 17.80. C14H11N3O. Calculated (%):
C, 70.87; H, 4.67; N, 17.71.

N�Phenyl�6�methyl�1H�benzimidazole�2�carboxamide (8c)
was obtained from 3c (0.32 g, 1 mmol) similarly to compound
8a, the yield was 0.14 g (55%), m.p. 137—139 °C. 1H NMR, δ:
2.4 (s, 3 H, CH3); 6.5 (m, 1 H, Ar); 7.2 (m, 2 H, Ar); 7.3 (m,
2 H, Ar); 7.5 (m, 1 H, Ar); 7.65 (m, 2 H, Ar); 9.4 (s, 1 H, NH);
10.6 (s, 1 H, NH). MS, m/z: 251[M]+. Found (%): C, 71.57;
H, 5.33; N, 16.80. C15H13N3O. Calculated (%): C, 71.70;
H, 5.21; N, 16.72.

1H�Benzimidazole�2�carboxmorpholide (9a) was obtained
from 4a (0.3 g, 1 mmol) similarly to compound 8a, the yield was
0.14 g (60%), m.p. 129—131 °C. 1H NMR, δ: 3.1 (m, 2 H,
CH2); 3.7 (m, 2 H, CH2); 3.85 (m, 2 H, CH2); 4.05 (m, 2 H,
CH2); 7.2 (m, 2 H, Ar); 7.8 (m, 2 H, Ar); 11.2 (s, 1 H, NH).
MS, m/z: 231 [M]+. Found (%): C, 62.26; H, 5.80; N, 18.08.
C12H13N3O2. Calculated (%): C, 62.33; H, 5.67; N, 18.17.

6�Chloro�1H�benzimidazole�2�carboxmorpholide (9b) was
obtained from 4b (0.33 g, 1 mmol) similarly to compound 8a,
the yield was 0.15 g (57%), m.p. 135—137 °C. 1H NMR, δ: 3.05
(m, 2 H, CH2); 3.58 (m, 2 H, CH2); 3.75 (m, 2 H, CH2); 4.0 (m,
2 H, CH2); 7.25 (m, 1 H, Ar); 7.6 (m, 1 H, Ar); 7.86 (m, 1 H,
Ar); 10.8 (s, 1 H, NH). MS, m/z: 265 [M]+. Found (%):
C, 54,45; H, 4.44; N, 15.96; Cl, 13,26. C12H12ClN3O2. Calcu�
lated (%): C, 54.25; H, 4.55; N, 15.82; Cl, 13.34.

6�Methyl�1H�benzimidazole�2�carboxmorpholide (9c) was
obtained from 4c (0.31 g, 1 mmol) similarly to compound 8a,
the yield was 0.15 g (60%), m.p. 176—179 °C. 1H NMR, δ: 2.4

(s, 3 H, CH3); 3.1 (m, 2 H, CH2); 3.56 (m, 2 H, CH2); 3.8 (m,
2 H, CH2); 3.9 (m, 2 H, CH2); 7.07 (m, 1 H, Ar); 7.5 (m, 1 H,
Ar); 7.65 (m, 1 H, Ar); 11.3 (s, 1 H, NH). MS, m/z: 245 [M]+.
Found (%): C, 63.56; H, 6.27; N, 17.0. C13H15N3O2. Calcu�
lated (%): C, 63.66; H, 6.16; N, 17.13.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 07�03�12112)
and the Russian Federation President Council for Grants
(Program for the State Support of Leading Scientific
Schools, Grant NSh�9178.2006.3).

References

1. M. M. Krayushkin, V. N. Yarovenko, I. V. Zavarzin, Izv.
Akad. Nauk, Ser. Khim., 2004, 53, 491 [Russ. Chem. Bull., Int.
Ed., 53, 517].

2. H. Fuerst, J. Prakt. Chem., 1962, 17, 299.
3. N. Hall, A. Tumer, J. Chem. Soc., 1948, 1909.
4. H. Beckurts, G. Frerichts, Ark. Kemi, 1915, 253, 246.
5. A. K. M. S. Hug, A. C. Markides, J. Electrochem. Soc., 1965,

112, 756.
6. Ger. Offen 2129960; Chem. Abstr., 1972, 76, 72281.
7. P. A. Petyunin, A. M. Choudry, Chem. Heterocyclic. Compd.

EN, 1982, 519.

Received July 26, 2007;
in revised form January 13, 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


