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Bis�3�(α�bromoethyl)quinoxalin�2�ones with 3�oxapentane or 3,6�dioxaoctane spacer
binding two heterocyclic fragments react with thiourea to give the corresponding bis�spirothia�
zolоquinoxalines, which upon treatment with acetic anhydride can be converted to podands
with terminal thiazolоannulated quinoxaline fragments. X�Ray data for 2´�amino�4�ethyl�5�
methyl�1,2,3,4,4´,5´�hexаhydrospiro[quinoxaline�2,4´�thiazol]�3�one indicate for this com�
pound a potentiality to form clathrate structures with various  solvate molecules.
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Heterocyclic compounds with endo� and exocyclic
functional groups are convenient starting materials in the
synthesis of their fused derivatives. For example, 3�(α�
haloethyl)quinoxalin�2�ones, containing alkyl halogenide
fragment, imine and carbamoyl groups, allow one to syn�
thesize various pyrrolo[a]�, pyrrolo[b]�, azolо[a]�, and

azolо[b]�annulated fused quinoxaline derivatives depend�
ing on the bifunctional reagent used.2—8 Such an ap�
proach is also used for the synthesis of other heterocyclic
systems, first of all, quinoxalines showing a wide range of
biological activity.9—13 It is well known that compounds
containing spirocarbocyclic and spiroheterocyclic frag�

n = 1 (1a), 2 (1b), 3 (1c)

* For Part 17, see Ref. 1.
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ments, which are the structural components of many bio�
logically active natural compounds,14—16 can be synthe�
sized by means of rather uncommon reactions.

As to the spiro derivatives of quinoxaline, methods for
the synthesis of only few their representatives are known,
for example, spirocyclopentane� (1a),17 spirocyclohex�
ane� (1b),17,18 spirocycloheptаne� (1c),17 spiropyrimi�
dine� (2),19 spiroimidazole� (3),20,21 and spirobenzоpyr�
anquinoxalines (4),22 as well as spiroindole� (5)19,23 and
spiropyridinepyrrolo[1,2�а]quinoxalines (6),24 in which
the carbon atom in position 2 or 3 of the quinoxaline
system serves as the spiro�atom, and only in case of spiro�
morpholine derivative (7),25 it is the nitrogen atom. The
syntheses of these compounds are mainly based on the
intramolecular cyclization of о�phenylenediаmine deriv�
atives,18,19,21,26 on the recyclization of the more compli�
cated heterocyclic systems containing quinoxaline frag�
ment,20,21,23 on the reaction of benzоfuroxan with various
ketones,17 and only in one case, on the reaction of qui�
noxaline derivative with salicylaldehyde and its benzо de�
rivative.24

Earlier, we found that 3�(α�bromoethyl)quinoxalin�
2�ones (8а,b) reacted with thiourea through the forma�
tion of the intermediate compounds 9a,b to give spiroqui�
noxalinethiazoles (10а,b), which upon a short�time
heating in acetic anhydride were converted to thiazo�
lо[3,4�a]quinoxalines 11а,b27 (Scheme 1).

Thiazolо[3,4�a]quinoxalines can be also obtained in
good yields without isolation of the intermediate spiro�
quinoxalinethiazoles 10а,b.

Scheme 1

R = H (a), Et (b)

Results and Discussion

The present work deals with the application of the
new approach to the synthesis of thiazolо�4,2´�
spiro[quinoxaline�2,4´�thiazoles] and thiazolо[3,4�a]quin�
oxalines for the preparation of their bis�analogs with
3�oxapentane and 3,6�dioxaoctane spacers, since, as a
rule, they are not inferior to the corresponding mono�
systems in biological activity,28 whereas methods for their
preparation are few.29,30 In this work, the structure of
spiro compounds is also studied in more details.

Bromination of bis�3�ethylquinoxalin�2�ones 12а,b
under conditions similar to the bromination of 3�eth�
ylquinoxalinones with the complex of bromine with diox�
ane in a dioxane solution, proceeds smoothly to form the
corresponding α�bromoethyl derivatives of bis�quinox�
alinones 13a,b (Scheme 2). It can be seen from the disap�
pearance of triplet and quartet signals of the ethyl group at
δ 1.30 and 2.90, respectively, in the 1Н NMR spectra of
compounds 12а,b and from the appearance of doublet
and quartet signals of the —CH(Br)—CH3 group at δ 2.10
and 5.60, respectively, in the spectra of bis�alkyl bro�
mides 13a,b.

In the reaction of bis�quinoxalinones 13 with thio�
urea, the presence of two α�bromoethyl fragments in their
structure suggests the formation not only of bis�spiroqui�
noxalines 14 similarly to the mono(α�bromo�
ethyl)quinoxalinone 8, but also of compounds 15 and 16
or their tautomeric forms (Scheme 3). However, in the
1Н NMR spectra of the products of the reaction of com�
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pounds 8а,b with thiourea, positions and multiplicity
of signals of the aromatic protons and protons of the
—CHCH3 group virtually are similar to those in the

1Н NMR spectra of the spiroquinoxalines 10а,b, which
indicates the formation of bis(spiroquinoxalinethiazolyl)�
alkanes 14a,b as a result of these reactions. In the
13С NMR spectra of compound 14b, the presence of a
signal of the spiro carbon atom at δ 88 (along with signals
of 14 carbon atoms) confirms the formation of compounds
14a,b.

Similarly to spiroquinoxalinethiazole 10, bis�thiaz�
olоspiroquinoxaline 14a upon treatment with acetic an�
hydride readily undergoes recyclization to form bis�thiaz�
olо[3,4�a]quinoxaline 17 (Scheme 4).

Thiazolо[a]annulation, apparently, proceeds through
the open�chain acylated isothioureide tautomeric form
9а (or 15а), formed as a result of the spiro compound
opening with acetic anhydride. This form undergoes fur�
ther acylation at the most nucleophilic isothioureide ni�
trogen atoms to give diacyl derivatives of 3�(α�isothi�
oureido)ethylquinoxalin�2�one containing highly electro�
philic isothioureide carbon atom. A nucleophilic attack of
the nitrogen atom of the pyrazine ring at the isothioureide
carbon atom leads to the thiazole ring closure at the а side
of the quinoxaline. This thiazolо[a]annulation can
proceed with elimination of NH3, AcNH2, or Ac2NH
(Scheme 5).

The upfield shift by ~1 ppm of signals of the benzо
fragment of the quinoxaline system in the 1Н NMR spec�
tra and the presence of a signal characteristic of the spiro
atom at δ 89 in the 13С NMR spectra31,32 testify to spiro�

Scheme  2

n = 1 (a), 2 (b)

i. Br2, dioxane, 8—12 °C, 4 h.

Scheme 3

n = 1 (a), 2 (b)
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quinoxalinethiazoles formation, whereas the formation of
1�iminothiazolо[3,4�a]quinoxaline system is indicated by
the presence of a signal of Н(9) proton in the 1Н NMR
spectrum, which is diagnostic of the azolо[а]annulation
of quinoxalines and is observed in the relatively downfield
part (δ 9.9)18,33 as compared with the other aromatic
protons.

Analysis of the 1Н NMR spectra of compounds syn�
thesized shows that positions of signals and their multi�
plicity for each type of compounds (3�α�bromoethylquin�

oxalin�2�one and its bis�analog, spiroquinoxalinethiazole
and its bis�analog, thiazolо[3,4�а]quinoxaline and its bis�
analog) remain virtually unchanged. For example, methyl
and methyne protons of the ethylidene СH3CH= group
in the 1Н NMR spectra of compounds 8 and 13a,b, 10a,b
and 14a,b resonate at δ 2.1 and 5.7, 1.4 and 4.9, respec�
tively. Protons of the methyl groups of the thiazole ring
and of the iminoacyl group in thiazolо[3,4�a]quinoxalines
11a,b and their bis�analogs 17 resonate at δ 2.3 and 2.7,
respectively. It should be noted that the breaking of aro�
maticity of the pyrazine ring in spiroquinoxalinethiazoles
10a,b and 14a,b results in the upfield shift of signals of the
protons of the benzene ring by ~1.0 ppm as compared
with signals of the protons of aromatic derivatives of qui�
noxaline 8, 11a,b, 13a,b, and 17. Signals of Н(9) protons
of thiazolо[3,4�a]quinoxaline systems 11a,b and 17, be�
ing diagnostic for these systems,6,8,29,33,34 are observed in
the region δ 9.0—10.1, whereas signals of Н(5) protons of
quinoxalines 8, 11a,b, 13a,b, and 17 and spiroquinoxa�
linethiazoles 10a,b and 14a,b, at δ 7.87 and 6.7—7.1,
respectively.

Furthermore, the presence of two and four asymmet�
ric centers in compounds 10a,b and 14a,b, respectively,
suggests the formation of other diastereomers in addition
to the isolated ones. However, a comparison of the

Scheme 4

Scheme 5
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1Н NMR spectra of the crude products and the samples,
obtained after rеcrystallization, showed the presence of
only one diаstereomer in every case, which point out the
high stereoselectivity in the spiro system formation.

The structure of spiroquinoxalinethiazole 10b was also
established by X�ray analysis. Molecule 10b is located in a
general position of a rhombic cell (Fig. 1) and crystallizes
with participation of DMSO molecule. The solvate mole�
cule in the crystal is disordered over two positions with
relative occupancies being 0.7 : 0.3. Though molecule of
10b is chiral, it forms racemic crystals. The relative con�
figurations of С(2) and С(25) carbon atoms are S and R,
respectively. The thiazole ring of the molecule is in the
envelope conformation with the angle between the plane
fragments С(2)—С(25)—S(21) and С(2)—N(23)—
С(22)—S(21) being 152°, whereas quinoxaline system is
in the twisted envelope conformation with the deflection
of С(2) and С(3) atoms from the plane (within 0.036(2) Å)
fragment formed by the fused benzene ring and N(1) and
N(4) nitrogen atoms being –0.674(3) and –0.116(3) Å,
respectively. Carbon atom С(9) of the ethyl substituent is
also deflected from this plane by 0.342(3) Å.

The presence of the spiro fragment in molecule 10b
prevents formation of the π—π interaction in the crystal,
characteristic of the crystal packing of the thiazolоqui�
noxaline systems.2 However, strong intermolecular hy�
drogen bonds of various types (N—H...O, N—H...N,
C—H...O) are formed in the crystal of 10b. Analysis of the
crystal packing shows that a bilayers, bordered from both
sides with the solvate molecules of DMSO, are formed in
the crystal owing to classical hydrogen bonds. The
N—H...N interaction in pairs with participation of one

hydrogen atom of the amino group leads to the formation
of dimeric molecules with center of symmetry (Fig. 2)
with parameters of N(22)—H(222)...N(23″) interaction
as follows: H(222)...N(23″) is 2.15 Å, N(22)...N(23″) is
3.039(3) Å, the angle N(22)—H(222)...N(23″) is 166°,
operation of symmetry is –x, –y, –z.

The second hydrogen atom of the amino group inter�
acts with the oxygen atom of the carbonyl group of the
neighboring molecules to form N(22)—H(221)...O(3´)
bond (H(221)...O(3´) is 2.08 Å, N(22)...O(3´) is 2.952(3)
Å, the angle N(22)—H(221)...O(3´) is 168° (1/2 – x,
–1/2 + y, z)). Since each molecule of the dimer partici�
pates in two such interactions (as the donor and as the
acceptor), the H�dimers of the molecules are bound in
two directions in endless double layer parallel to the crys�
tallographic plane 0ab (Fig. 3). The solvate molecules of
DMSO, disordered over two positions, are located on the
external sides of this bilayer. The disordering of the mole�
cules does not prevent participation of their oxygen atom
in N(1)—H(1)...O(1) hydrogen bond with the hydrogen
atom of the NH group (H(1)...O(1) is 1.95 Å, N(1)...O(1)
is 2.965(3) Å, the angle N(1)—H(1)...O(1) is 155°). Such
bilayers are anti�parallel so that cylindrical cavities are
observed in the crystal, filled with DMSO molecules in
our case (see Fig. 3).

Taking into account the presence of the strong inter�
molecular hydrogen bonds between the compound mole�
cules in the crystal and special conformations of the mol�
ecules, together leading to the formation of the supramo�
lecular structure described, one can suggest that this com�
pound rather belongs to the clathrate type of structures, in
which guest molecules are located in the already formed

Fig. 1. ORTEP Diagram of molecule 10b in a crystal. Ellipsoids
of thermal vibrations of nonhydrogen atoms are shown with
probability of 30%,  hydrogen atoms are shown by spheres of
arbitrary radii. Molecules of DMSO are not shown.
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cavities of the crystal lattice of host compounds than to
inclusion compounds or inclusion complexes. These data
indirectly indicate the potential possibility of cocrystalli�
zation of this compound with solvate molecules of other
types without significant changes of the crystal pack.

Experimental

Melting points were determined on a Boetius heating stage.
IR spectra were recorded on a Bruker Vector�22 Fourier spec�
trometer in Nujol. 1Н NMR spectra were recorded on a Bruker
MSL�400 spectrometer (400.13 MHz), 13С NMR spectra
were recorded on a Bruker Avance�600 Fourier spectrometer
(150.86 MHz) at 35 °С. Chemical shifts are given in δ scale.
Signals of residual protons of the corresponding solvents were
used as the internal standard.

Analysis of a monocrystal of 10b was carried out at the X�ray
Crystallography Department of the Center for Community Use
on the basis of Laboratory of the Diffractional Research
Methods, A. E. Arbuzov Institute of Organic and Physical Chem�
istry of the Kazan Research Center, Russian Academy of
Sciences. The experiment was performed on a Nonius B.V.
CAD�4 automatic X�ray diffractometer.

Crystals of 10b are rhombic, C13H16N4OS•C2H6OS. At
20 °С, а = 10.249(2), b = 13.9868(6), c = 24.391(2) Å,
V = 3496(1) Å3, dcalc = 1.35 g cm–3, Z = 8, space group Pbca.
The unit cell parameters and the intensities of 4015 reflec�
tions, 2893 of which are with I ≥ 3σ, were measured at 20 °С
(graphite monochromator, λ(Cu�Кα), ω/2θ�scanning technique,
θ ≤ 74.20°). The intensities of three control reflections showed
no decrease in the course of the experiment, the absorp�
tion correction was made by the azimuthal scan method
(µ(Cu) = 28.33 cm–1). The structure was solved by direct method
with the use of the SIR program35 and refined first isotropically
and then anisotropically. The hydrogen atoms were revealed
from differential electron density maps. Their contribution to

the structure amplitudes were taken into consideration with the
fixed positional and isotropic temperature parameters. The final
R factors were R = 0.060 and Rw = 0.090 based on 2893 indepen�
dent reflections with F2 ≥ 3σ. All the calculations were carried
out with the use of the MOLEN programs,36 analysis of the
intermolecular interactions and figures of the molecules were
performed with the use of the PLATON program.37 The X�ray
diffraction data for compound 10b were deposited with the Cam�
bridge Structural Database (CCDC 635520).

3�(ααααα�Bromoethyl)quinoxalin�2(1Н)�one (8а),38 3�(ααααα�bromo�
ethyl)�1�ethylquinoxalin�2(1Н)�one (8b),27 and 1,n�bis(3�ethyl�
2�oxoquinoxalin�1�yl)alkanes 1239,40 were obtained according to
the procedures published earlier.

1,n�Bis[3�(ααααα�bromoethyl)�2�oxoquinoxalin�1�yl]alkanes 13.
A solution of bromine (0.22 mL, 4.32 mmol) in dioxane (10 mL)
was added to a stirred mixture of compound 12 (2.21 mmol) and
dioxane (30 mL) at 8—12 °С. The reaction mixture was stirred
at this temperature for 4 h. The crystals formed were filtered off,
washed with aqueous soda and water to obtain analytically pure
compounds 13.

1,5�Bis[3�(ααααα�bromoethyl)�2�oxoquinoxalin�1�yl]�3�oxapen�
tane (13a). The yield was 70%, m.p. 186—188 °C. Found (%):
C, 50.20; Н, 4.25; N, 9.72. C24H24Br2N4O3. Calculated (%):
C, 50.00; Н, 4.17; N, 9.72. IR, ν/cm–1: 463, 760, 1066, 1132,
1172, 1312, 1343, 1603, 1656. 1H NMR (CDCl3), δ: 2.09 (d,
6 Н, Me, J = 6.8 Hz); 3.85 (t, 4 H, ОCH2, J = 5.6 Hz); 4.43 (t,
4 H, NCH2, J = 5.6 Hz); 5.57—5.74 (m, 2 H, BrСН); 7.34 (dd,
2 Н, Н(6) or Н(7), quinoxaline, J = 7.6 Hz, J = 7.6 Hz); 7.37 (d,
2 Н, Н(8), quinoxaline, J = 8.6 Hz); 7.48 (dd, 2 Н, Н(6) or
Н(7), quinoxaline, J = 8.1 Hz, J = 7.6 Hz); 7.87 (d, 2 Н, Н(5),
quinoxaline, J = 7.8 Hz).

1,8�Bis[3�(ααααα�bromoethyl)�2�oxoquinoxalin�1�yl]�3,6�di�
oxaoctane (13b). The yield was 78%, m.p. 183—185 °C.
Found (%): C, 50.44; Н, 4.76; N, 9.07. С26H28Br2N4O4. Calcu�
lated (%): C, 50.34; Н, 4.55; N, 9.03. IR, ν/cm–1: 463, 500, 538,
602, 614, 671, 761, 871, 891, 968, 1006, 1064, 1082, 1120, 1137,
1170, 1256, 1307, 1561, 1603, 1652. 1H NMR (CDCl3), δ: 2.09
(d, 6 Н, Me, J = 6.9 Hz); 3.54 (s, 4 Н, ОСН2СН2О); 3.76 (t,
4 Н, NСН2СН2O, J = 5.8 Hz); 4.41 (t, 4 Н, NСН2СН2O, J =
5.8 Hz); 5.70 (q, 2 Н, BrСН, J = 6.9 Hz); 7.32 (dd, 2 Н, Н(6) or
Н(7), quinoxaline, J = 7.9 Hz, J = 7.2 Hz); 7.44 (d, 2 Н, Н(8),
quinoxaline, J = 8.4 Hz); 7.52 (dd, 2 Н, Н(6) or Н(7), quinoxa�
line, J = 8.6 Hz, J = 7.2 Hz); 7.85 (d, 2 Н, Н(5), quinoxaline,
J = 7.9 Hz).

4�R�2´�Amino�5´�methyl�1,2,3,4,4´,5´�hexаhydrospi�
ro[quinoxaline�2,4´�thiazol]�3�ones 10 and ααααα,ωωωωω�bis[2´�amino�
5´�methyl�3�oxo�1,2,3,4,4´,5´�hexаhydrospiro[quinoxaline�
2,4´�thiazol�4�yl]oxaalkanes 14 (general procedure). Thiourea
(1.5 or 3 mmol, respectively) was added to a solution of com�
pound 8 or 13 (1.25 mmol) in dioxane (10 mL). The reaction
mixture was stirred for 5 h at ~20 °C and left for ~14 h, then the
tar�like matter formed was separated from the solvent, dissolved
in water, and treated with 5% aq. NaHCO3. The crystals formed
were filtered off and washed with water. Compounds 10a,b were
described in our letter to the Editor.27

2´�Amino�5´�methyl�1,2,3,4,4´,5´�hexаhydrospiro�
[quinoxaline�2,4´�thiazol]�3�one (10a). The yield was 85%, m.p.
183—185 °C. Found (%): C, 53.44; Н, 4.76; N, 22.80; S, 12.78.
C11H12N4OS. Calculated (%): C, 53.21; Н, 4.87; N, 22.56;
S, 12.91. IR, ν/cm–1: 435, 709, 740, 822, 858, 972, 1148, 1184,
1274, 1315, 1505, 1578, 1606, 1633, 1691, 2500—3445. 1H NMR

Fig. 3. Formation of the bilayer supramolecular structure in a
crystal of compound 10b. View along 0а axis, only hydrogen
atoms participating in hydrogen bonds are shown (dotted lines).
Nonhydrogen atoms of DMSO molecule (in position with occu�
pancy of 0.7) are given in large spheres.
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(DMSO�d6), δ: 1.37 (d, 3 H, Me, J = 6.9 Hz); 4.89 (q, 1 Н,
SCH, J = 7.0 Hz); 6.35 (s, 1 H, NH), 6.49 (br.s, 2 H, NH2);
6.59—6.66 (m, 1 H, H(6) or H(7)); 6.71—6.79 (m, 2 H, H(7) or
H(6), H(5) or H(8)); 6.89 (d, 1 H, H(5) or H(8), J = 6.9 Hz);
10.33 (s, 1 H, NHC(O)). 13С {1Н} NMR (DMSO�d6), δ: 14.88,
49.82, 89.03, 114.64, 114.85, 118.24, 122.63, 126.09, 133.89,
159.95, 165.51.

2´�Amino�4�ethyl�5´�methyl�1,2,3,4,4´,5´�hexаhydrospi�
ro[quinoxaline�2,4´�thiazol]�3�one (10b). The yield was 79%,
m.p. 170—173 °C. Found (%): С, 56.38; Н, 5.75; N, 20.40;
S, 11.53. C13H16N4OS. Calculated (%): С, 56.50; Н, 5.84;
N, 20.27; S, 11.60. IR, ν/cm–1: 723, 993, 1140, 1173, 1256,
1308, 1350, 1403, 1508, 1582, 1657, 2600—3100, 3305, 3363.
1H NMR (DMSO�d6), δ: 1.39 (t, 3 Н, СН3СН2, J = 7.0 Hz); 1.37
(d, 3 Н, CH3CH, J = 6.6 Hz); 3.80—4.10 (m, 2 H, CH2CH3);
4.93 (q, 1 Н, CH3CH, J = 6.6 Hz); 6.46 (s, 1 H, NH); 6.77 (dd,
1 H, H(6) or H(7), J = 8.0 Hz, J = 6.6 Hz); 6.81 (dd, 1 H, H(7)
or H(6), J = 8.0 Hz, J = 7.32 Hz); 6.97 (d, 1 H, H(5) or H(8),
J = 7.6 Hz); 7.01 (d, 2 H, H(5) or H(8), J = 7.3 Hz). 13С {1Н}
NMR (DMSO�d6), δ: 12.77, 14.74, 37.15, 49.86, 88.67, 113.98,
115.51, 118.61, 122.84, 127.11, 135.12, 160.06, 164.34.

1,5�Bis{2´�amino�5´�methyl�3�oxo�1,2,3,4,4´,5´�hexа�
hydrospiro[quinoxaline�2,4´�thiazol]�4�yl}�3�oxapentane (14a).
The yield was 79%, m.p. >180 °C (decomp.). Found (%):
С, 55.44; Н, 5.15; N, 19.80; S, 11.23. C26H28N8O3S2. Calculat�
ed (%): С, 55.30; Н, 5.00; N, 19.84; S, 11.36. IR, ν/cm–1: 467,
678, 722, 752, 991, 1060, 1126, 1126, 1160, 1220, 1308, 1378,
1459, 1504, 1600, 1654, 2400—2435. 1H NMR (DMSO�d6),
δ: 2.50 (d, 6 Н, Me, J = 7.2 Hz); 3.55—3.65 (m, 4 Н, ОCH2);
3.9—4.15 (m, 4 Н, NСН2); 4.80—4.95 (m, 2 Н, CHS); 6.65
(br.s, 2 Н, 2 NH, quinoxaline); 6.77 (dd, 2 Н, 2 Н(6) or 2 Н(7),
quinoxaline, J = 7.4 Hz, J = 7.0 Hz); 6.80—6.87 (m, 2 Н, 2 Н(6)
or 2 Н(7), quinoxaline); 6.97 (d, 2 Н, 2 Н(5) or 2 Н(8), quinox�
aline, J = 7.9 Hz); 7.08 (m, 2 Н, 2 Н(5) or 2 Н(8), quinoxaline).

1,8�Bis{[2´�amino�5´�methyl�3�oxo�1,2,3,4,4´,5´�hexа�
hydrospiro[quinoxaline�2,4´�thiazol]�4�yl}�3,6�dioxaoctane (14b).
The yield was 73%, m.p. 146—148 °C. Found (%): С, 55.07;
Н, 5.17; N, 18.50; S, 10.45. C28H32N8O4S2. Calculated (%):
С, 55.25; Н, 5.30; N, 18.41; S, 10.53. IR, ν/cm–1: 750, 992,
1111, 1219, 1309, 1507, 1601, 1655, 2750—3450. 1H NMR
(DMSO�d6), δ: 1.37 (d, 6 Н, Me, J = 6.8 Hz); 3.54—4.15 (m,
12 Н, СН2(СН2ОСН2)2СН2); 4.91 (q, 2 Н, SCH, J = 7.1 Hz);
6.58 (s, 2 H, NH, quinoxaline); 6.75 (dd, 2 H, H(6) or H(7),
quinoxaline, J = 7.7 Hz, J = 7.4 Hz); 6.87 (dd, 2 H, H(7) or
H(6), quinoxaline, J = 7.7 Hz, J = 7.4 Hz); 6.97 (d, 2 H, H(5) or
H(8), quinoxaline, J = 7.7 Hz); 7.09 (d, 2 H, H(5) or H(8),
quinoxaline, J = 7.7 Hz). 13С {1Н} NMR (DMSO�d6), δ: 14.77,
42.21, 49.84, 66.72, 70.24, 88.28, 114.72, 115.48, 118.66, 123.15,
127.55, 134.92, 160.81, 164.74.

1,5�Bis(1�acetylimino�3�methyl�4�oxothiazolо[3,4�а]�
quinoxalin�5�yl)�3�oxapentane (17). А. Thiourea (0.15 g, 2 mmol)
was added to a mixture of compound 13 (0.48 g, 0.83 mmol) in
THF (20 mL), the mixture was stirred for 6 h at ~20 °C and left
for ~14 h. Then acetic anhydride (10 mL) was poured in, the
reaction mixture was refluxed for 10 min and cooled. The crystals
formed were filtered off, washed with THF, 5% aq. NaHCO3,
and water.

B. A mixture of compound 14а (0.24 g, 0.42 mmol) and
acetic  anhydride (1 mL) was refluxed for 10 min. The reaction
mixture was cooled, the crystals formed were filtered off, washed
with PriOH. The yield was 23%, m.p. 262—264 °C (DMSO).

Found (%): С, 58.47; Н, 4.47; N, 13.52; S, 10.48.
C30H28N6O5S2. Calculated (%): С, 58.43; Н, 4.58; N, 13.63; S,
10.40. IR, ν/cm–1: 460, 555, 573, 645, 665, 709, 721, 729, 758,
852, 874, 891, 943, 978, 1011, 1037, 1061, 1075, 1127, 1171,
1250, 1284, 1346, 1505, 1585, 1616, 1653. 1H NMR
(DMSO�d6), δ: 2.35 (s, 6 H, MeC(O)); 2.67 (s, 6 H, C(3)Me);
3.80 (t, 4 H, OCH2, J = 5.6 Hz); 4.24 (t, 4 H, NCH2, J = 5.6 Hz);
7.13—7.18 (m, 2 H, H(6) or Н(7), or Н(8)); 7.20—7.26 (m, 2 H,
H(6) or Н(7), or Н(8)); 7.38—7.43 (m, 2 H, H(6) or Н(7), or
Н(8)); 9.96 (d, 2 Н, Н(9), J = 9.7 Hz).

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos. 07�03�
00613�а and 05�03�33008�а).

References

1. V. A. Mamedov, N. A. Zhukova, T. N. Beschastnova, Ya. A.
Levin, A. T. Gubaidullin, and I. A. Litvinov, Izv. Akad.
Nauk, Ser. Khim., 2007, 2230 [Russ. Chem. Bull., Int. Ed.,
2007, 56, 2308].

2. V. A. Mamedov, A. A. Kalinin, A. T. Gubaidullin, I. Z.
Nurkhametova, I. A. Litvinov, and Ya. A. Levin, Khim.
Geterotsikl. Soedin., 1999, 1664 [Chem. Heterocycl. Compd.,
1999, 35 (Engl. Transl.)].

3. V. A. Mamedov, A. A. Kalinin, I. Kh. Rizvanov, N. M.
Azancheev, Yu. Ya. Efremov, and Ya. A. Levin, Khim.
Geterotsikl. Soedin., 2002, 1279 [Chem. Heterocycl. Compd.,
2002, 38 (Engl. Transl.)].

4. V. A. Mamedov, A. A. Kalinin, A. T. Gubaidullin, I. A.
Litvinov, and Ya. A. Levin, Khim. Geterotsikl. Soedin., 2003,
101 [Chem. Heterocycl. Compd., 2003, 39 (Engl. Transl.)].

5. V. A. Mamedov, A. A. Kalinin, N. M. Azancheev, and Ya. A.
Levin, Zh. Org. Khim., 2003, 39, 135 [Russ. J. Org. Chem.,
2003, 39 (Engl. Transl.)].

6. A. A. Kalinin and V. A. Mamedov, Khim. Geterotsikl. Soe�
din., 2004, 133 [Chem. Heterocycl. Compd., 2004, 40 (Engl.
Transl.)].

7. V. A. Mamedov, A. A. Kalinin, A. T. Gubaidullin, I. A.
Litvinov, N. M. Azancheev, and Ya. A. Levin, Zh. Org.
Khim., 2004, 40, 123 [Russ. J. Org. Chem., 2004, 40 (Engl.
Transl.)].

8. A. A. Kalinin, V. A. Mamedov, I. Kh. Rizvanov, and V. A.
Levin, Zh. Org. Khim., 2004, 40, 557 [Russ. J. Org. Chem.,
2004, 40 (Engl. Transl.)].

9. US Pat. 4440929; Chem. Abstr., 1984, 101, 7202.
10. EP Pat. 344943 A1; Chem. Abstr., 1990, 112, 216962.
11. US Pat. 5541324; Chem. Abstr., 1996, 125, 195687.
12. J. Ohmori, M. Shimizu�Sasamata, M. Okada, and S. Saka�

moto, J. Med. Chem., 1997, 40, 2053.
13. I. R. Ager, A. C. Barnes, G. W. Danswan, P. W. Hairsine,

D. P. Kay, P. D. Kenновell, S. S. Matharu, P. Miller, P.
Robson, D. A. Rawlands, W. R. Tully, and R. Westwood,
J. Med. Chem., 1991, 31, 1098.

14. J. He, X.�Z. Feng, Y. Lu, and B. Zhao, J. Nat. Prod., 2003,
66, 1249.

15. J. J. Fernandez, B. Suarez�Gomez, M. L. Souto, and
M. Norte, J. Nat. Prod., 2003, 66, 1294.

16. M. Hirotani, S. Hirotani, H. Takayanagi, K. Komiyama,
and T. Yoshikawa, Tetrahedron Lett., 2003, 44, 7975.



Mamedov et al.2478 Russ.Chem.Bull., Int.Ed., Vol. 56, No. 12, December, 2007

17. K. Heyns, E. Behse, and W. Francke, Chem. Ber., 1981,
114, 246.

18. S. V. Kurbatov, N. I. Vikrishchuk, V. I. Simakov, D. N.
Kuznetsov, Yu. A. Zhdanov, and L. P. Olekhnovich, Zh.
Org. Khim., 2001, 71, 1012 [Russ. J. Org. Chem., 2001, 71
(Engl. Transl.)].

19. J. W. Clark�Lewis, K. Moody, and M. J. Thompson, Austr.
J. Chem., 1970, 23, 1249.

20. M. Iwata, T. C. Bruice, H. L. Carell, and J. P. Glusker,
J. Am. Chem. Soc., 1980, 102, 5036.

21. T. C. Bruice and A. Miller, J. Chem. Soc., Chem. Commun.,
1980, 693.

22. Ger. Offen. Pat. 2230225; Chem. Abstr., 1974, 80, 83061.
23. H. I. Mager, Tetrahedron Lett., 1979, 3549.
24. US Pat. 3939159; Chem. Abstr., 1976, 84, 180293.
25. V. Bieksa, A. Kersulis, and J. Degutis, Liet. TSR Morslu

Akad. Darb., 1973, 97; Chem. Abstr., 1974, 81, 37523.
26. R. K. Grantham and O. Meth�Cohn, J. Chem. Soc., Chem.

Commun., 1968, 500.
27. A. A. Kalinin, O. G. Isaikina, and V. A. Mamedov, Khim.

Geterotsikl. Soedin., 2004, 1741 [Chem. Heterocycl. Compd.,
2004, 40 (Engl. Transl.)].

28. J. Guillon, P. Grellier, M. Labaied, P. Sonnet, J.�M. Leger,
R. Deprez�Poulain, I. Forfar�Bares, P. Dallemagne,
N. Lemaýtre, F. Pehourcq, J. Rochette, C. Sergheraert, and
C. Jarry, J. Med. Chem., 2004, 47, 1997.

29. S. Raines, S. Y. Chai, and F. P. Palopodi, J. Het. Chem.,
1976, 13, 711.

30. K. Nagarajan, V. Ranga Rao, and A. Venkateswarlu, Ind. J.
Chem., 1972, 10, 344

31. E. Breitmaier and W. Voelter, Carbon�13 NMR Spectroscopy
(High�Resolution Methods and Application in Organic Chemis�
try and Biochemistry), Third, Completely Revised Ed., VCH

Verlagsgesellschaft mbH, D�6940 Weinheim (Federal Re�
public of Germany), 1989, 277; 467.

32. G. W. H. Cheeseman and B. Tuck, J. Chem. Soc., 1967,
13, 1164.

33. V. A. Mamedov and Ya. A. Levin, Khim. Geterotsikl. Soedin.,
1996, 1005 [Chem. Heterocycl. Compd., 1996, 32 (Engl.
Transl.)].

34. V. A. Mamedov, I. Z. Nurkhametova, S. K. Kotovskaya,
A. T. Gubaidullin, Ya. A. Levin, I. A. Litvinov, and V. N.
Charushin, Izv. Akad. Nauk, Ser. Khim., 2004, 2462 [Russ.
Chem. Bull., Int. Ed., 2004, 53, 2368].

35. A. Altomare, G. Cascarano, and C. Giacovazzo, Acta Crys�
tallogr. (A), 1991, 47, 744.

36. L. H. Straver and A. J. Schierbeek, MOLEN. Structure De�
termination System, Program Description, Nonius B. V., 1994,
Vol. 1, 180 p.

37. A. L. Spek, Acta Crystallogr. (A), 1990, 46, 34.
38. V. A. Mamedov, A. A. Kalinin, A. T. Gubaidullin, O. G.

Isaikina, and I. A. Litvinov, Zh. Org. Khim., 2005, 41, 609
[Russ. J. Org. Chem., 2005, 41 (Engl. Transl.)].

39. F. G. Valeeva, A. V. Zakharov, M. A. Voronin, L. Ya. Za�
kharova, L. A. Kudryavtseva, O. G. Isaikina, A. A. Kalinin,
and V. A. Mamedov, Izv. Akad. Nauk, Ser. Khim., 2004,
1504 [Russ. Chem. Bull., Int. Ed., 2004, 53, 1563].

40. A. A. Kalinin, O. G. Isaikina, and V. A. Mamedov, Khim.
Geterotsikl. Soedin., 2007, 1539 [Chem. Heterocycl. Compd.,
2007, 43 (Engl. Transl.)].

Received June 14, 2007;
in revised form October 17, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


