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3�Aryl�1´H�spiro[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�ones, easily available by the
reaction of 3�(2�aryl�2�oxoethylidene)�3,4�dihydroquinoxalin�2(1H)�ones with hydrazine
hydrate (and phenylhydrazine), in boiling acetic acid undergo new acid�catalyzed rearrange�
ment with the contraction of pyrazine ring of the quinoxaline system to form 2�(pyrazol�
3�yl)benzimidazoles. Possible mechanisms of this rearrangement are considered.

Key words: 3�(2�aryl�2�oxoethylidene)�3,4�dihydroquinoxalin�2(1H)�ones, benzimidazole,
pyrazine→imidazole ring contraction, 2�(pyrazol�3�yl)benzimidazoles, X�ray diffraction analysis.

Benzimidazole derivatives are parts of various biologi�
cally active compounds possessing antiviral, antihyper�
tensive, and antitumor activity.8,9 Compounds having a
benzimidazole fragment exhibit pronounced activity
against such viruses, as HIV,10,11 herpes (VSV�1),10,12

human cytomegalovirus (HCMV),12 and flu virus.13 Bis�
benzimidazoles are the DNA�binding agents with anti�
tumor activity.14

Scheme 1

* For Parts 1—7, see Refs 1—7.
** Dedicated to Professor  I. A. Nuretdinov on his 75th birthday.

Earlier, we have found that the reactions of 3�(aroyl)�
and 3�(alkanoyl)quinoxalin�2(1H)�ones1—5 with 1,2�di�
aminobenzenes (1,2�DAB) and 3�(α�chlorobenzyl)�
quinoxalin�2(1H)�ones6,7 with α�picoline (α�Pic) proceed
with a ring contraction and formation of 2�(benzimidazol�
2�yl)�3�substituted quinoxalines and 2�(3�phenylindolizin�
2�yl)benzimidazoles, respectively, due to the rearrange�
ment of intermediate spiro compounds5—7 (Scheme 1). It
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was shown that in both cases a key step leading to benz�
imidazole derivatives is the formation of spiro compounds
of the type 2a and 2b, respectively, and a sequence of
several�step processes resulted in conversion of these com�
pounds to benzimidazole derivatives 3a,b, which contain
heterocyclic substituents being one of the spiro�jointed
fragments in the intermediate compounds 2a and 2b (see
Scheme 1).

These results allowed us to suggest a hypothesis on
ability of any quinoxalin�3(4H)�one spiro derivative at
least with one labile hydrogen atom in the spiro forming
component to undergo rearrangement to the benzimid�
azole derivative, bearing one of the jointed fragments
of the starting compound as a substituent at position 2
(Scheme 2).

Scheme 2

To show a generality of this hypothesis, which may be
a method for the synthesis of benzimidazoles through
spiro compounds, it is not necessary to use only either
3�aroyl�, or 3�alkanoyl� (1a), or chloroalkyl (1b) quinoxalin�
2(1H)�one derivatives. Other derivatives capable to form
spiro compounds of the type 2a,b can be used as well.

The present work is devoted to the study of a possibility
to use 3�(2�aryl�2�oxoethylidene)�3,4�dihydroquinoxalin�
2(1H)�ones 4a—f as the starting compounds for the syn�
thesis of benzimidazole derivatives through the corre�
sponding spiro compounds and, thereby, an evidence of
the hypothesis suggested. The presence of an aroylvinyl�
idene group in compounds 4a—f allows one to introduce
a spiropyrazole fragment in them by the method of
pyrazole ring construction with the use of hydrazine
hydrate, which is most widely used for this purpose.

The reaction of 3�(2�aryl�2�oxoethylidene)�3,4�dihydro�
quinoxalin�2(1H)�ones 4a—f,15 easily obtained from
4�aroyl�3�hydroxy�2(5H)�furanones, with hydrazine
hydrate in boiling butanol leads to 3�aryl�1´H�spiro�
[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�ones 5a—f in
good yields (Scheme 3).

Formation of spiro[2�pyrazoline�5,2´�quinoxalin]�
3´(4´H)�ones can be recognized by characteristic upfield
shift of the signals for the phenylene protons in the 1H
NMR spectrum, for example, to the region δ 6.70—6.85
for compound 5a, as compared to the signals for the pro�
tons of the phenylene fragment (δ 7.54—7.61) in the start�
ing compound 4a,7 which is an evidence of involvement
of the sp2�hybridized C(3) carbon atom of the quinoxaline
system into the interaction, which results in its transfor�

mation to the sp3�hybridized spiro carbon atom.5—7 The
spiro cyclization can be also recognized by the presence
of two typical doublet signals for the AB�system at δ ~3.00
and ~3.90 with the constant 2J ≈ 17.4 Hz in the 1H NMR
spectrum, characteristic6 of quinoxalin�2(1H)�one spiro
derivatives. The IR spectral data also indicate formation
of spiro compounds 5a—f (see Experimental) in the reac�
tion considered. Structures of the spiro compounds were
unambiguously established by X�ray diffraction of one of
them and comparison of its spectral (IR and 1H NMR)
characteristics with the data for other compounds formed
by the reaction of 3,4�dihydroquinoxalin�2(1H)�ones
4a—f with hydrazine hydrate.

Molecular geometry of spiro compound 5c in the crys�
tal is shown in Fig. 1. The chlorine atom in the molecule
is disordered over two positions with relative populations
0.845 and 0.155.

Scheme 3

R1 = R2 = H, Ar = Ph (a); R1 = R2 = Me, Ar = Ph (b);
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Fig. 1. Molecular geometry of compound 5c in the crystal.
Nonhydrogen atoms are represented by probability ellipsoids of
thermal vibrations (p = 30%), hydrogen atoms, by spheres
of arbitrary radii. The chlorine atom is shown in the position
with higher population.
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Planarity of the quinoxaline fragment of the mole�
cule in crystal is disturbed, the six�membered diazine
heterocycle is in the distorted boat conformation, the
N(1)C(8A)C(4A)N(4) fragment fused with the benzene
ring is planar within 0.027(3) Å, the C(2) and C(3) atoms
come out of this plane on the same side by 0.637(3) and
0.183(4) Å, respectively. The dihedral angle between the
plane of the pyrazole ring and the plane of the quinoxaline
fragment is 85.5(2)°, whereas the phenyl substituent is
virtually in the plane of the pyrazole ring (dihedral angle
is 4.0(2)°). It should be noted that the compound under
study is crystallized in the noncentrosymmetric space
group P212121. Thus, the crystal studied is optically active
and contains only molecules of the diastereomer with the
established configuration of the chiral atom (R)�C(2).

The presence of three N—H groups in the molecule of
this compound leads to their active involvement into the
hydrogen bonds N—H...O and N—H...N and formation
of 2D�supramolecular structures, viz., two�dimensional
layers of hydrogen�bound molecules parallel to the crys�
tallographic plane 0ab (Fig. 2, a). Parameters of hydrogen
bonds are given in Table 1. Such a packing of the mol�
ecules in the crystal resulted in the formation of "pseudo�
channels" from chlorine atoms, which have a zigzag�like
location along the crystallographic axis 0a with the Cl—Cl
distances equal to 3.470(2) Å (Fig. 2, b).

It should be noted that the conditions indicated, i.e.
reflux of the corresponding 3,4�dihydroquinoxalin�2(1H)�
ones 4a—f with hydrazine hydrate in butanol, are the
optimum for accomplishing this reaction. Its carrying out
directly in hydrazine hydrate (though shorter time is re�
quired for its completion in this case) is accompanied by
various side processes, including partial reduction of the
carbonyl group of substituent and cleavage of 3�(2�aryl�
2�oxoethylidene)�3,4�dihydroquinoxalin�2(1H)�ones at
the C(3)—Cα bond to form, for example in the case of
quinoxalin�2(1H)�one 4a, 3�phenylethylenequinoxalin�
2(1H)�one 6a and quinoxaline�2,3(1H,4H)�dione 7a,
respectively, which is confirmed by the presence of
the multiplet signals for the protons —CH2CH2— of
the AA´BB´�system of compound 6a in the region
δ 3.05—3.11 and the protons of the AA´BB´�system of
the benzene ring of quinoxalin�2,3(1H,4H)�dione 7a
in the region δ 6.37—6.52.

Table 1. Parameters of hydrogen bonds in the crystal of compound 5c

D—H...A d/Å Angle Operation

D—H H...A D...A
D—H—A/deg of symmetry

N(1)—H(1)...O(3´) 0.90(3) 2.16(3) 3.016(4) 159(3) 1 – x, 1/2 + y, 3/2 – z
N(1B)—H(1B)...O(3″) 0.90(3) 2.07(3) 2.907(4) 155(3) –x, 1/2 + y, 3/2 – z
N(4)—H(4)...N(2B″) 0.91(3) 2.26(3) 3.143(4) 162(3) –x, –1/2 + y, 3/2 – z
C(4B)—H(4B(2))...O(3) 0.97 2.41 2.848(4) 107 —

b

c

O(3)
N(4)

N(1)
H(1)

N(1B)
H(1B)

a

Fig. 2. (a) System of hydrogen bonds in the crystal of compound
5c: the view is approximately along the 0c axis. The hydrogen
atoms involved into the H bonds are only shown (dashed lines).
(b) Perspective view of the 5c crystal packing. The chlorine
atoms are shown in the Van der Waals radii to highlight
pseudochannels formed by them (the view is along the 0a axis).
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Reflux of spiro[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�
ones 5a—f in acetic acid for 8 h leads to the corresponding
2�(pyrazol�3�yl)benzimidazoles 8a—f in quantitative
yields, which resulted from the acid�catalyzed rearrange�
ment proceeding with the liberation of the water mol�
ecule (Scheme 4). As it is seen from the structures of
compounds 8a—f, formation of two new heterocyclic rings
involves the C(2)—C(3)=CH—C(O)—Ar fragment of
quinoxalin�2(1H)�ones 4a—f and hydrazine hydrate. The
1H NMR spectra of rearrangement products 8a—f are
characterized by the presence of a singlet signal for the
proton H(4) of the pyrazole ring at δ 7.27—7.36 together
with other signals for the protons of the phenylene
fragment of the benzimidazole system at δ 7.21—8.16
and aryl substituent at position 5 of the pyrazole ring
at δ 7.32—7.90. The IR spectroscopic and mass spectro�
metric data (see Experimental) do not contradict a sug�
gestion on the formation of 2�(pyrazol�3�yl)benzimid�
azoles 8a—f either, rather than isomeric to them
2�(pyrazol�5�yl)benzimidazoles 8´a—f.

Scheme 4

The structure of compound 8f was established by
X�ray diffraction study (Fig. 3). Molecules of 8f crys�
tallize with molecules of acetic acid in the ratio 1 : 2.

Benzimidazole fragment of the molecule is planar
within 0.009(5) Å, whereas the planes of the pyrazole ring
and its phenyl substituent form dihedral angles with the

plane of the bicycle of 7.2(2) and 6.1(2)°, respectively.
Thus, a molecule of 8f on the whole is planar within 0.1 Å.

Due to the "classic" N—H...O and O—H...N hydro�
gen bonds in the crystal of pyrazolylbenzimidazole 8f,
centrosymmetric H�associates are formed, consisting of
two molecules of 8f and four molecules of acetic acid
(Fig. 4). One of two independent molecules of acetic acid
is involved in two hydrogen bonds only with one
molecule of pyrazolylbenzimidazole ("intramolecular"
H�bond), whereas the second molecule of acetic acid
binds two molecules of 8f due to the bridged H�bonds.
Parameters of these hydrogen bonds are given in Table 2.

Table 2. Parameters of hydrogen bonds in the crystal of compound 8f

D—H...A d/Å Angle Operation

D—H H...A D...A
D—H—A/deg of symmetry

O(1)—H(1)...N(1) 0.91(9) 1.75(8) 2.658(6) 180(11) —
O(3)—H(2)...N(8) 1.05(6) 1.69(6) 2.732(6) 173(5) —
O(3)—H(2)...N(12) 1.05(6) 2.48(6) 3.420(6) 148(5) —
N(3)—H(3)...O(4) 0.87(2) 1.93(2) 2.797(6) 171(3) —
N(12)—H(12)...O(2´) 0.88(3) 1.92(3) 2.791(6) 172(5) 2 – x, 1 – y, 1 – z
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Fig. 3. Molecular geometry of compound 8f in the crystal.
Nonhydrogen atoms are represented by probability ellipsoids
of thermal vibrations (p = 50%), hydrogen atoms, by spheres of
arbitrary radii. Solvate molecules of acetic acid are not shown.
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Fig. 4. Hydrogen�bound associates in the crystal of compound
8f. Hydrogen atoms of solvate molecules and those involved in
the H bonds are only shown (dashed lines).
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Apparently, solvate molecules of acetic acid interfere
close contacts of planar molecules. As a consequence, the
distances between aromatic fragments are larger than the
sum of Van der Waals radii of carbon atoms by 0.1—0.2 Å.
The packing of the crystal of 8f can be described as a
parallel stacking of planar layers along the crystallographic
axis 0a, but the distances between layers are >3.4 Å, that
excludes the π—π�interactions between the aromatic sys�
tems. A low value of packing coefficient in the crystals of
8f, 66.8%, should be also noted.

Proceeding from chemical properties of hydrazines,16,17

ketones,18,19 and quinoxalin�2(1H)�ones,20,21 formation
of spiro[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�ones 5
can be represented by Scheme 5. The initial step consists
in nucleophilic addition of hydrazine to the carbonyl group
of 3�(2�aryl�2�oxoethylidene) fragment of quinoxalin�
2(1H)�one 4 with the formation of 3�(2�aryl�2�oxo�
ethylidene)�3,4�dihydroquinoxalin�2(1H)�one hydrazone,
the intermediate A. Tautomerization of the latter leads to
the intermediate B, 5�exo�trig�cyclization of the interme�
diate B with subsequent nucleophilic attack by the amino
group of the hydrazine fragment on the C(3) atom of
quinoxalin�2(1H)�one gives spiro compound 5.

Scheme 5

Formation of the rearranged product from spiro�
[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�ones 5 can be re�
presented as a pyrazine ring contraction to imidazole ring
resulting from the processes including a) the acid�cata�
lyzed pyrazine ring opening in the intermediate com�
pound C with the cleavage of the N(1)—C(2) bond and
formation of pyrazole derivative D, b) intramolecular nu�
cleophilic addition of the amine nitrogen atom to the
carbonyl group with the formation of hydroxy derivative
E, and c) elimination of water (Scheme 6).

It should be noted that formation of spiro compounds
5a—f can be also explained by the Michael addition reac�
tion of hydrazine hydrate22 to more electrophilic carbon
atom C(3) of the quinoxalinone in the first step with the

formation of intermediate A´, also capable to exist in the
keto form B´, in which nucleophilic attack by the amino
group of the hydrazine fragment on the carbon atom of
the carbonyl group of 2�aryl�2�oxoethylidene fragment
takes place (Scheme 7).

The scope of the reaction studied is not limited to the
use of only hydrazine hydrate as a nucleophilic agent,
since 3�(2�aryl�2�oxoethylidene)�3,4�dihydroquinoxalin�

Scheme 6

Scheme 7
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2(1H)�ones 4a—f also react with phenylhydrazine, which
is less strong base (рКa = 5.27)23 than hydrazine (рКa =
= 7.95),23 but in this case higher temperature is required
for the reaction to reach completion (Scheme 8). Carry�
ing out the reaction in phenylhydrazine at ~130 °C is the
optimum condition. Since the first step of these reactions
can involve not only carbonyl carbon atom of the aroyl
groups, but also imine carbon atom of the quinoxalin�
2(1H)�one ring,22 in the case when phenylhydrazine is
used (as nonsymmetric reagent, in contrast to hydrazine
hydrate), formation of two regioisomeric products of the
type 9 and 9´ can be expected.

Scheme 8

Ar = Ph (a), C6H4Cl�p (f)

The presence of two doublet signals for the AB�system
at δ ~3.45 and ~3.95 with the constant 2J ≈ 17.5 Hz in the
1H NMR spectra of crude and purified products and
absorption bands of stretching vibrations for the C=O and
C=N groups with the frequencies 1683 and 1666 cm–1,
respectively, together with stretching vibrations of differ�
ent NH groups at 3367 and 3314 cm–1 in the IR spectra,
allows us to exclude structures 9´a,f from consideration,
since these compounds would have been characterized by
the presence of the singlet signal for the CH proton of the
pyrazoline fragment and three singlet signals for the NH
groups in their 1H NMR spectra.

The rearrangement of spiro[2�pyrazoline�5,2´�quinox�
alin]�3´(4´H)�ones 9a,f to the corresponding 2�(pyrazol�

5�yl)benzimidazoles 10a,f was carried out under condi�
tions analogous to the rearrangement of spiro compounds
5a—f to 8a—f (Scheme 9).

Scheme 9

In the 1H NMR spectra of compounds 10a,f, forma�
tion of the pyrazole ring as a result of the rearrangement is
characterized by the presence of a singlet signal for the
phenylene proton H(4) in the same regions (δ 7.33 and
7.56) as in the spectra of compounds 8a—f (δ 7.33, 7.28,
7.34, 7.40, 7.27, and 7.36).

The structure of compound 10a was additionally con�
firmed by X�ray diffraction study (Fig. 5).

The benzimidazole fragment of the molecule is planar
within 0.021(3) Å, whereas the plane of the pyrazole ring
has a dihedral angle of 31.4(1)° with it. The planes of the
phenyl substituents C(8)—C(17) and C(10A)—C(22) have
dihedral angles of 52.2(1) and 17.3(1)°, respectively, with
the plane of the central pyrazole ring of the molecule.

Due to the classic hydrogen bond of the type N—H...N,
molecules of 10a in the crystal form spirals along the
screw axis 41 (Fig. 6, a). Parameters of the hydrogen
bond N(3)—H(3)...N(1´): d(N(3)—H(3)) is 0.94(3) Å,
d(H(3)...N(1´)) is 1.86(3) Å, d(N(3)...N(1´)) is 2.799(2)
Å, the angle N(3)—H(3)...N(1´) is 171(2)°, operation of
symmetry is 1/4 + y, 5/4 – x, 1/4 + z. The aromatic
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Fig. 5. Molecular geometry of the molecule of 10a in the crystal.
Nonhydrogen atoms are represented by probability ellipsoids of
thermal vibrations (p = 50%), hydrogen atoms, by spheres of
arbitrary radii.
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fragments of the molecule are positioned on the external
sides of the spiral cylinder supramolecular structures
(Fig. 6, a, b). On the whole, the packing in the crystal is a
parallel stacking of cylinders by a tetragonal type. Despite
that calculations show no cavities in the crystal poten�
tially available for additional molecule of a solvent, a
coefficient of crystal packing has proved extremely low,
viz., 64%.

No expected intramolecular cyclization of the inter�
mediately formed phenylhydrazones 11A´, analogous to
hydrazones A (see Scheme 5), according to the scheme of
the Fischer reaction24 to yield indole derivative 12 occurs
(Scheme 10).

In conclusion, we have developed simple and efficient
method for the synthesis of 2�(pyrazol�3�yl)benzimid�
azoles based on the new acid�catalyzed rearrangement of
3�aryl�1´H�spiro[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�
ones, easily available by the reaction of 3�(2�aryl�2�
oxoethylidene)�3,4�dihydroquinoxalin�2(1H)�ones with
hydrazine hydrate and phenylhydrazine.

Experimental

Melting points were measured on a Boetius heating stage.
IR spectra were recorded on a Bruker Vector�22 Fourier
spectrometer (KBr pellets). Mass spectra MALDI for compounds
8a,b,c,e,f were recorded on an UltraFlex III MALDI TOF/
TOF mass spectrometer (Bruker) using 2,5�dihydroxybenzoic
acid as a matrix. 1H NMR spectra for compounds 4b—e, 5a,b,
8a—d, and 9f were recorded on a Bruker MSL�400 spectrometer
(400.13 MHz), for compounds 5c—f, 8b,e,f, 9a, 10a,f, on a
Bruker Avance�600 spectrometer (600.13 MHz) (solutions in
DMSO�d6). Residual signal of DMSO (δH 2.50) was used as a
reference.

3�(2�Aryl�2�oxoethylidene)�3,4�dihydroquinoxalin�2(1H)�
ones 4a—f were synthesized according to the known procedure,15

with compounds 4b—e being obtained for the first time.
3�(2�Oxo�2�phenylethylidene)�3,4�dihydroquinoxalin�2(1H)�

one (4a) was obtained from 4�benzoyl�3�hydroxy�2(5H)�furanone
and o�phenylenediamine. The yield was 83%, m.p. 270—272 °C
(cf. Ref. 15: 278—280 °C (ethanol)).

6,7�Dimethyl�3�(2�oxo�2�phenylethylidene)�3,4�dihydro�
quinoxalin�2(1H)�one (4b) was obtained from 4�benzoyl�
3�hydroxy�2(5H)�furanone and 4,5�dimethyl�1,2�phenylene�
diamine. The yield was 81%, m.p. 298—299 °C. Found (%):
C, 74.09; H, 5.46; N, 9.38. C18H16N2O2. Calculated (%):
C, 73.95; H, 5.52; N, 9.58. IR, ν/cm–1: 3444, 3153, 3100, 3062,
2936, 2916, 1685, 1608, 1583, 1538, 1459, 1402, 1358, 1309,
1248, 1062, 1025, 1005, 895, 863, 812, 786, 745, 707, 639, 596.
1H NMR, δ: 2.21 (s, 3 H, C(7)CH3); 2.22 (s, 3 H, C(6)CH3);
6.78 (s, 1 H, H(1´)); 6.92 (s, 1 H, H(5)); 7.27 (s, 1 H, H(8));
7.51—7.60 (m, 3 H, Hm, Hр); 7.97 (d, 2 H, Ho, J = 7.2 Hz);
11.94 (s, 1 H, NH).

7�Chloro�3�(2�oxo�2�phenylethylidene)�3,4�dihydroquinox�
alin�2(1H)�one (4c) was obtained from 4�benzoyl�3�hydroxy�
2(5H)�furanone and 4�chloro�1,2�phenylenediamine. The yield
was 63%, m.p. 302—303 °C. Found (%): C, 64.46; H, 3.63;
Cl, 11.92; N, 9.33. C16H11ClN2O2. Calculated (%): C, 64.33;
H, 3.71; Cl, 11.87; N, 9.38. IR, ν/cm–1: 3473, 3112, 3065, 1688,
1600, 1537, 1496, 1462, 1399, 1368, 1313, 1249, 1224, 1089,
1064, 1023, 946, 845, 815, 784, 706, 633, 603. 1H NMR, δ:
6.84 (s, 1 H, H(1´)); 7.13—7.18 (m, 2 H, benzo fragment);
7.52—7.61 (m, 4 H, Hm, Hр, benzo fragment); 7.98—8.00 (m,
2 H, Ho); 12.06 (s, 1 H, NH).

a

b

Fig. 6. Two projections of H�spiral formed in the crystal of
compound 10a. The hydrogen atoms involved into the H bonds
are only shown (dashed lines): the view is along the 0b (a) and
0c (b) axes.

Scheme 10
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6�Nitro�3�(2�oxo�2�phenylethylidene)�3,4�dihydroquinox�
alin�2(1H)�one (4d) was obtained from 4�benzoyl�3�hydroxy�
2(5H)�furanone and 4�nitro�1,2�phenylenediamine. The yield
was 59%, m.p. 304—306 °C. Found (%): C, 62.28; H, 3.51;
N, 13.61. C16H11N3O4. Calculated (%): C, 62.14; H, 3.58;
N, 13.59. IR, ν/cm–1: 3433, 3379, 3082, 2939, 1696, 1623,
1603, 1536, 1494, 1464, 1441, 1338, 1247, 1225, 1160, 1090,
1060, 1024, 875, 831, 807, 784, 746, 709, 573. 1H NMR, δ: 6.89
(s, 1 H, H(1´)); 7.24 (d, 1 H, H(8), J = 8.8 Hz); 7.56—7.58 (m, 2 H,
Hm); 7.62 (t, 1 H, Hр, J = 6.9 Hz); 7.97—8.02 (m, 3 H, Ho, H(7));
8.61 (s, 1 H, H(5)); 12.41 (s, 1 H, NH); 13.29 (s, 1 H, NH).

3�[2�Oxo�2�(p�tolyl)ethylidene]�3,4�dihydroquinoxalin�2(1H)�
one (4e) was obtained from 3�hydroxy�4�(4´�methylbenzoyl)�
2(5H)�furanone and 1,2�phenylenediamine. The yield was 74%,
m.p. 252—253 °C. Found (%): C, 73.46; H, 4.99; N, 10.10.
C17H14N2O2. Calculated (%): C, 73.37; H, 5.07; N, 10.07.
IR, ν/cm–1: 3440, 3044, 3007, 2966, 2922, 2884, 1678, 1607,
1582, 1547, 1370, 1336, 1270, 1248, 1183, 1060, 801, 746, 570.
1H NMR, δ: 2.40 (s, 3 H, Me); 6.82 (s, 1 H, H(1´)); 7.14—7.16
(m, 3 H, H(5), H(7), H(8)); 7.36 (d, 2 H, Hm, J = 8.2 Hz);
7.50—7.52 (m, 1 H, H(6)); 7.91 (d, 2 H, Ho, J = 8.2 Hz); 12.01
(s, 1 H, NH).

3�[2�(p�Chlorophenyl)�2�oxoethylidene]�3,4�dihydroquinox�
alin�2(1H)�one (4f) was obtained from 4�(4´�chlorobenzoyl)�
3�hydroxy�2(5H)�furanone and 1,2�phenylenediamine. The
yield was 66%, m.p. 285—286 °C (cf. Ref. 15: m.p. 285—286 °C
(ethanol)).

3�Phenyl�1´(H)�spiro[2�pyrazoline�5,2´�quinoxalin]�3´(4´H)�
one (5a). A solution of 3,4�dihydroquinoxalin�2(1H)�one 4a
(0.13 g, 0.5 mmol) and NH2NH2•H2O (0.28 g, 5 mmol) (90%)
in BunOH (10 mL) after reflux for 16 h was kept for ~14 h.
Crystals formed were filtered off, washed with EtOH (2×10 mL),
and dried in air. The yield was 0.07 g (51%), m.p. 310—312 °C.
The filtrate was half concentrated and kept for ~14 h at ~20 °C.
Crystals of 5a formed were filtered off, washed with EtOH
(2×5 mL), dried in air. After recrystallization from MeCN, spiro�
quinoxaline 5a was obtained (0.04 g, 30%). Found (%):
C, 69.13; H, 4.92; N, 20.19. C16H14N4O. Calculated (%):
C, 69.05; H, 5.07; N, 20.13. IR, ν/cm–1: 3445, 3318, 3261,
3080, 2960, 1664, 1617, 1604, 1504, 1446, 1413, 1377, 1356,
1312, 1218, 1062, 1002, 915, 871, 755, 735, 687. 1H NMR, δ:
3.03 (d, 1 H, CHAHB, J = 17.4 Hz); 3.93 (d, 1 H, CHAHB,
J = 17.4 Hz); 6.70 (dd, 1 H, H(6'), J = 7.5 Hz, J = 7.5 Hz);
6.74 (d, 1 H, H(8'), J = 7.2 Hz); 6.84 (dd, 1 H, H(7'), J = 7.5 Hz,
J = 7.5 Hz); 6.85 (d, 1 H, H(5'), J = 7.5 Hz); 7.32 (br.s, 1 H,
NH); 7.35 (t, 1 H, Hp, J = 7.5 Hz); 7.42 (dd, 2 H, Hm, J = 7.9 Hz,
J = 7.2 Hz); 7.67 (d, 2 H, Ho, J = 7.2 Hz); 7.98 (br.s, 1 H, NH);
10.64 (br.s, 1 H, NH).

6´,7´�Dimethyl�3�phenyl�1´(H)�spiro[2�pyrazoline�5,2´�
quinoxalin]�3´(4´H)�one (5b) was obtained similarly to 5a
from 3,4�dihydroquinoxalin�2(1H)�one 4b (0.3 g, 1 mmol) and
NH2NH2•H2O (0.55 g, 10 mmol) (90%). The yield was 0.232 g
(76%), m.p. 237—240 °C. Found (%): C, 70.70; H, 5.88;
N, 18.13. C18H18N4O. Calculated (%): C, 70.57; H, 5.92; N, 18.29.
IR, ν/cm–1: 3440, 3308, 3264, 3104, 3054, 2968, 2916, 1679,
1660, 1605, 1516, 1448, 1401, 1356, 1308, 1245, 1062, 1003,
857, 753, 686. 1H NMR, δ: 2.10 (s, 6 H, 2 Me); 3.01 (d, 1 H,
CHAHB, J = 17.4 Hz); 3.90 (d, 1 H, CHAHB, J = 17.1 Hz); 6.54
(s, 1 H, H(8')); 6.63 (s, 1 H, H(5')); 7.04 (br.s, 1 H, NH); 7.34
(t, 1 H, Hp, J = 7.5 Hz, J = 7.2 Hz); 7.42 (dd, 2 H, Hm, J = 7.5 Hz,
J = 7.2 Hz); 7.66 (d, 2 H, Ho, J = 7.2 Hz); 10.47 (br.s, 1 H, NH).

6´�Chloro�3�phenyl�1´(H)�spiro[2�pyrazoline�5,2´�quinox�
alin]�3´(4´H)�one (5c) was obtained similarly to 5a from
3,4�dihydroquinoxalin�2(1H)�one 4c (0.12 g, 0.4 mmol) and
NH2NH2•H2O (0.22 g, 4 mmol) (90%). The yield was 0.08 g
(64%), m.p. 243—246 °C. Found (%): C, 61.52; H, 4.10;
Cl, 11.30; N, 17.79. C16H13ClN4O. Calculated (%): C, 61.45;
H, 4.19; Cl, 11.34; N, 17.91. IR, ν/cm–1: 3443, 3304, 3274,
3112, 2924, 1680, 1663, 1615, 1601, 1498, 1446, 1387, 1369,
1353, 1307, 1221, 1083, 1059, 1001, 871, 852, 812, 757, 688.
1H NMR, δ: 3.05 (d, 1 H, CHAHB, J = 17.1 Hz); 3.91 (d, 1 H,
CHAHB, J = 17.5 Hz); 6.73—6.75 (m, 1 H, H(8')); 6.86—6.88
(m, 2 H, H(7), NH); 7.35 (t, 1 H, Hp, J = 7.7 Hz, J = 7.2 Hz);
7.42 (dd, 2 H, Hm, J = 8.1 Hz, J = 7.2 Hz); 7.50 (s, 1 H, H(5'));
7.67 (d, 2 H, Ho, J = 7.2 Hz); 8.07 (br.s, 1 H, NH); 10.77 (br.s,
1 H, NH).

7´�Nitro�3�phenyl�1´(H)�spiro[2�pyrazoline�5,2´�quinoxalin]�
3´(4´H)�one (5d) was obtained similarly to 5a from 3,4�dihydro�
quinoxalin�2(1H)�one 4d (0.15 g, 0.5 mmol) and NH2NH2•H2O
(0.28 g, 5 mmol) (90%). The yield was 0.116 g (73%),
m.p. 235—238 °C. Found (%): C, 59.57; H, 3.94; N, 21.52.
C16H13N5O3. Calculated (%): C, 59.44; H, 4.05; N, 21.66.
IR, ν/cm–1: 3444, 3306, 3274, 1684, 1669, 1602, 1533, 1496,
1475, 1448, 1409, 1330, 1089, 880, 763, 744, 690. 1H NMR, δ:
3.11 (d, 1 H, CHAHB, J = 17.6 Hz); 3.96 (d, 1 H, CHAHB,
J = 17.5 Hz); 7.03 (d, 1 H, H(6'), J = 8.5 Hz); 7.38 (t, 1 H, Hp,
J = 7.2 Hz); 7.44 (dd, 2 H, Hm, J = 7.7 Hz, J = 7.2 Hz); 7.60
(s, 1 H, H(8')); 7.68—7.70 (m, 3 H, Ho, H(5')); 7.97 (s, 1 H,
NH); 8.21 (s, 1 H, NH); 11.30 (s, 1 H, NH).

3�(p�Tolyl)�1´(H)�spiro[2�pyrazoline�5,2´�quinoxalin]�
3´(4´H)�one (5e) was obtained similarly to 5a from 3,4�dihydro�
quinoxalin�2(1H)�one 4e (0.4 g, 1.4 mmol) and NH2NH2•H2O
(0.77 g, 14 mmol) (90%). The yield was 0.315 g (77%),
m.p. 230—231 °C. Found (%): C, 69.98; H, 5.43; N, 19.05.
C17H16N4O. Calculated (%): C, 69.85; H, 5.52; N, 19.16.
IR, ν/cm–1: 3447, 3314, 3261, 3212, 3171, 3122, 3085, 3044,
2962, 2917, 1669, 1605, 1505, 1415, 1373, 1311, 1247, 1215,
1116, 1073, 1035, 1000, 916, 871, 812, 736. 1H NMR, δ: 2.34
(s, 3 H, Me); 3.01 (d, 1 H, CHAHB, J = 17.1 Hz); 3.90 (d, 1 H,
CHAHB, J = 17.1 Hz); 6.70 (dd, 1 H, H(6'), J = 7.7 Hz,
J = 7.7 Hz); 6.74 (d, 1 H, H(8), J = 7.7 Hz); 6.83 (dd, 1 H,
H(7), J = 7.7 Hz, J = 8.1 Hz); 6.85 (d, 1 H, H(5), J = 7.7 Hz);
7.23 (d, 2 H, Hm, J = 7.7 Hz); 7.29 (s, 1 H, NH); 7.56 (d, 2 H,
Ho, J = 8.1 Hz); 7.83 (s, 1 H, NH); 10.60 (s, 1 H, NH).

3�(p�Chlorophenyl)�1´(H)�spiro[2�pyrazoline�5,2´�quinoxalin]�
3´(4´H)�one (5f) was obtained similarly to 5a from 3,4�dihydro�
quinoxalin�2(1H)�one 4f (0.6 g, 2 mmol) and NH2NH2•H2O
(1.1 g, 20 mmol) (90%). The yield was 0.454 g (73%), m.p.
235—237 °C. Found (%): C, 61.49; H, 4.09; Cl, 11.31; N, 17.84.
C16H13ClN4O. Calculated (%): C, 61.45; H, 4.19; Cl, 11.34;
N, 17.91. IR, ν/cm–1: 3445, 3314, 3249, 3171, 3126, 3081,
1668, 1666, 1619, 1605, 1505, 1374, 1311, 1090, 999, 824, 741,
647. 1H NMR, δ: 3.02 (d, 1 H, CHAHB, J = 17.3 Hz); 3.91 (d,
1 H, CHAHB, J = 17.3 Hz); 6.71 (dd, 1 H, H(6'), J = 7.2 Hz,
J = 7.7 Hz); 6.74 (d, 1 H, H(8'), J = 7.7 Hz); 6.84 (dd, 1 H,
H(7), J = 7.2 Hz, J = 7.2 Hz); 6.86 (d, 1 H, H(5), J = 7.7 Hz);
7.32 (s, 1 H, NH); 7.47 (d, 2 H, Hm, J = 8.6 Hz); 7.68 (d, 2 H,
Ho, J = 8.6 Hz); 8.12 (s, 1 H, NH); 10.64 (s, 1 H, NH).

2�(5�Phenyl�1H�pyrazol�3�yl)�1H�benzimidazole (8a).
A solution of spiroquinoxaline 5a (0.2 g, 0.7 mmol) in acetic
acid (10 mL) after reflux for 8 h was kept for ~14 h. The solvent
was evaporated in vacuo, a crystalline precipitate formed was
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dried in air. The yield was 0.180 g (99%), m.p. 316—317 °C.
Found (%): C, 73.96; H, 4.58; N, 21.50. C16H12N4. Calcul�
ated (%): C, 73.83; H, 4.65; N, 21.52. IR, ν/cm–1: 3427, 3212,
3167, 3110, 3026, 2605, 2526, 1693, 1566, 1499, 1456, 1438,
1419, 1363, 1280, 1267, 1196, 1025, 968, 889, 806, 762, 749.
1H NMR, δ: 7.20—7.23 (m, 2 H, H(4), H(7)); 7.33 (s, 1 H,
H(4´)); 7.40 (t, 1 H, Hp, J = 7.2 Hz, J = 7.5 Hz); 7.51 (dd, 2 H,
Hm, J = 7.8 Hz, J = 7.2 Hz); 7.60 (br.s, 2 H, H(5), H(6)); 7.87
(d, 2 H, Ho, J = 7.5 Hz). MS MALDI, m/z: 261 [MH]+.

5,6�Dimethyl�2�(5�phenyl�1H�pyrazol�3�yl)�1H�benz�
imidazole (8b) was obtained similarly to 8a from spiroquin�
oxaline 5b (0.15 g, 0.49 mmol). The yield was 0.147 g (99%),
m.p. 264—265 °C. Found (%): C, 75.11; H, 5.51; N, 19.37.
C18H16N4. Calculated (%): C, 74.98; H, 5.59; N, 19.43. IR,
ν/cm–1: 3444, 3153, 3100, 3063, 2916, 1686, 1609, 1583, 1537,
1458, 1402, 1358, 1308, 1247, 895, 862, 812, 785, 745, 706, 638.
1H NMR, δ: 2.34 (br.s, 6 H, 2 Me); 7.28 (s, 1 H, H(4´); 7.37
(br.s, 2 H, H(4), H(7); 7.39 (t, 1 H, Hp, J = 7.6 Hz, J = 7.2 Hz);
7.50 (dd, 2 H, Hm, J = 7.6 Hz, J = 7.6 Hz); 7.87 (d, 2 H, Ho,
J = 7.2 Hz). MS MALDI, m/z: 289 [MH[+.

6�Chloro�2�(5�phenyl�1H�pyrazol�3�yl)�1H�benzimidazole
(8c) was obtained similarly to 8a from spiroquinoxaline 5c
(0.1 g, 0.32 mmol). The yield was 0.092 g (98%), m.p. 305—307 °C.
Found (%): C, 65.29; H, 3.73; Cl, 12.05; N, 19.05. C16H11ClN4.
Calculated (%): C, 65.20; H, 3.76; Cl, 12.03; N, 19.01. IR,
ν/cm–1: 3146, 3119, 3022, 1701, 1628, 1567, 1497, 1451, 1398,
1365, 1267, 1196, 1059, 1019, 966, 925, 807, 766. 1H NMR, δ:
7.23 (dd, 1 H, H(5), J = 7.3 Hz, J = 2.1 Hz); 7.34 (s, 1 H,
H(4´)); 7.41 (t, 1 H, Hp, J = 7.5 Hz); 7.52 (dd, 2 H, Hm, J = 7.8 Hz,
J = 7.5 Hz); 7.58—7.62 (m, 2 H, H(4), H(7)); 7.87 (d, 2 H, Ho,
J = 7.5 Hz). MS MALDI, m/z: 295 [MH]+.

5�Nitro�2�(5�phenyl�1H�pyrazol�3�yl)�1H�benzimidazole
(8d) was obtained similarly to 8a from spiroquinoxaline 5d (0.035 g,
0.1 mmol). The yield was 0.032 g (96%), m.p. 295—296 °C.
Found (%): C, 63.11; H, 3.58; N, 22.88. C16H11N5O2. Calcul�
ated (%): C, 62.95; H, 3.63; N, 22.94. IR, ν/cm–1: 3377, 3145,
1699, 1627, 1600, 1522, 1472, 1447, 1404, 1364, 1338, 1221,
1191, 1123, 1068, 1009, 964, 815, 760, 741, 692. 1H NMR, δ:
7.41—7.44 (m, 2 H, H(4´), Hp); 7.53 (dd, 2 H, Hm, J = 7.8 Hz,
J = 7.2 Hz); 7.71 (br.s, 1 H, H(7)); 7.90 (d, 2 H, Ho, J = 7.5 Hz);
8.16 (br.s, 2 H, H(4), H(6)); 8.55 (s, 1 H, NH); 11.93 (s, 1 H,
NH). MS MALDI, m/z: 306 [MH]+.

2�[5�(p�Tolyl)�1H�pyrazol�3�yl]�1H�benzimidazole (8e)
was obtained similarly to 8a from spiroquinoxaline 5e (0.2 g,
0.68 mmol). The yield was 0.186 g (99%), m.p. 309—310 °C.
Found (%): C, 74.55; H, 5.08; N, 20.36. C17H14N4. Calcul�
ated (%): C, 74.43; H, 5.14; N, 20.42. IR, ν/cm–1: 3231, 3145,
1690, 1510, 1448, 1422, 1366, 1280, 1267, 1190, 1025, 969, 887,
821, 798, 751, 625. 1H NMR, δ: 2.37 (s, 3 H, Me); 7.21—7.22
(m, 2 H, H(4), H(7)); 7.27 (s, 1 H, H(4´)); 7.32 (d, 2 H, Hm,
J = 8.1 Hz); 7.59 (br.s, 2 H, H(5), H(6)); 7.76 (d, 2 H, Ho,
J = 8.1 Hz). MS MALDI, m/z: 275 [MH]+.

2�[5�(p�Chlorophenyl)�1H�pyrazol�3�yl]�1H�benzimidazole
(8f) was obtained similarly to 8a from spiroquinoxaline 5f (0.2 g,
0.6 mmol). The yield was 0.160 g (85%), m.p. 343—345 °C.
Found (%): C, 65.27; H, 3.62; Cl, 11.99; N, 18.97. C16H11ClN4.
Calculated (%): C, 65.20; H, 3.76; Cl, 12.03; N, 19.01. IR,
ν/cm–1: 3435, 3228, 3159, 1701, 1648, 1492, 1448, 1415, 1352,
1272, 1194, 1092, 1014, 964, 830, 800, 754. 1H NMR, δ: 7.22
(br.s, 2 H, H(4), H(7)); 7.36 (s, 1 H, H(4´)); 7.57 (d, 2 H,
Hm, J = 7.9 Hz); 7.61 (br.s, 2 H, H(5), H(6)); 7.90 (d, 2 H, Ho,
J = 7.9 Hz). MS MALDI, m/z: 295 [MH]+.

1,3�Diphenyl�1´(H)�spiro[2�pyrazoline�5,2´�quinoxalin]�
3´(4´H)�one (9a). Phenylhydrazine (2 mL) was added to
3,4�dihydroquinoxalin�2(1H)�one 4a (0.1 g, 0.38 mmol) and
the mixture was kept for 16 h at 130 °C, then treated with 10%
aqueous HCl, and extracted with CH2Cl2 (2Ѕ15 mL). The
organic layer was concentrated to obtain spiroquinoxaline 9a.
The yield was 0.13 g (49%), m.p. 186—188 °C. Found (%):
C, 74.62; H, 5.07; N, 15.70. C22H18N4O. Calculated (%):
C, 74.56; H, 5.12; N, 15.81. IR, ν/cm–1: 3449, 3315, 3058—2851,
1682, 1666, 1599, 1509, 1492, 1445, 1381, 1252, 1163, 1060,
757, 749, 691. 1H NMR, δ: 3.47 (d, 1 H, CHAHB, J = 17.5 Hz);
3.96 (d, 1 H, CHAHB, J = 17.5 Hz); 6.63 (d, 1 H, H(8),
J = 8.1 Hz); 6.66 (dd, 1 H, H(6), J = 7.7 Hz, J = 7.7 Hz);
6.80—6.84 (m, 3 H); 7.14—7.16 (m, 4 H); 7.40 (m, 2 H,
H(p�NPh), NH); 7.46 (dd, 2 H, H(m�Ph), J = 7.7 Hz, J = 7.7 Hz);
7.77 (d, 2 H, H(o�Ph), J = 7.2 Hz); 10.86 (s, 1 H, NH).

3�(p�Chlorophenyl)�1�phenyl�1´(H)�spiro[2�pyrazoline�5,2´�
quinoxalin]�3´(4´H)�one (9f) was obtained similarly to 9a
from 3,4�dihydroquinoxalin�2(1H)�one 4f (0.1 g, 0.34 mmol)
and phenylhydrazine (2 mL). The yield was 0.09 g (72%),
m.p. 195—197 °C. Found (%): C, 68.08; H, 4.38; Cl, 9.23;
N, 14.27. C22H17ClN4O. Calculated: (%): C, 67.95; H, 4.41;
Cl, 9.12; N, 14.41. IR, ν/cm–1: 3425, 3055, 2922, 2852, 1671,
1599, 1493, 1379, 1251, 1091, 1010, 830, 748, 692. 1H NMR, δ:
3.46 (d, 1 H, CHAHB, J = 17.8 Hz); 3.96 (d, 1 H, CHAHB,
J = 18.1 Hz); 6.62—6.85 (m, 4 H); 7.13—7.17 (m, 5 H); 7.43
(s, 1 H, NH); 7.51 (d, 2 H, H(o�Ar), J = 8.5 Hz); 7.78 (d, 2 H,
H(m�Ar), J = 8.5 Hz); 10.90 (s, 1 H, NH).

2�[1,3�Diphenyl�1H�pyrazol�5�yl]�1H�benzimidazole (10a).
A solution of spiroquinoxaline 9a (0.036 g, 0.1 mmol) in acetic
acid (10 mL) after reflux for 8 h was kept for ~14 h. The solvent
was evaporated in vacuo, a crystalline precipitate formed was
dried in air. The yield was 0.029 g (86%), m.p. 164—167 °C.
Found (%): C, 78.39; H, 4.71; N, 16.72. C22H16N4. Calcul�
ated (%): C, 78.55; H, 4.79; N, 16.66. IR, ν/cm–1: 3430, 3060,
2929, 2670, 1596, 1499, 1452, 1400, 1358, 1275, 1230, 1072,
958, 765, 746, 691. 1H NMR, δ: 7.17 (br.s, 2 H, H(4), H(7));
7.33 (s, 1 H, H(4´)); 7.33—7.35 (m, 2 H, H(5), H(6)); 7.39
(dd, 2 H, H(m�NPh), J = 7.7 Hz, J = 7.2 Hz); 7.42 (dd, 2 H,
H(m�Ph), J = 7.2 Hz, J = 8.1 Hz); 7.48—7.49 (m, 4 H); 7.89 (d,
2 H, H(o�Ph), J = 7.2 Hz); 7.95 (s, 1 H, NH).

2�[3�(p�Chlorophenyl)�1�phenyl�1H�pyrazol�5�yl]�1H�benz�
imidazole (10f) was obtained similarly to 10a from spiroquin�
oxaline 9f (0.06 g, 0.17 mmol). The yield was 0.047 g (75%),
m.p. 233—235 °C. Found (%): C, 71.14; H, 4.02; Cl, 9.61;
N, 15.03. C22H15ClN4. Calculated (%): C, 71.25; H, 4.08;
Cl, 9.56; N, 15.11. IR, ν/cm–1: 3434, 3057, 2963, 1597, 1498,
1451, 1419, 1353, 1275, 1229, 1091, 1014, 958, 805, 746, 691.
1H NMR, δ: 7.24—7.26 (m, 2 H, H(4), H(7)); 7.44—7.51 (m,
5 H); 7.56 (s, 1 H, H(4´)); 7.57—7.59 (m, 4 H); 7.98 (d, 2 H,
H(m�Ar), J = 8.0 Hz).

X�ray diffraction analysis of monocrystals of compounds 5c,
8f, and 10a was performed in the Division of X�ray diffraction
studies of the Community Center TsKP SATs on the basis of
Laboratory of Diffraction Research Methods in the Institute
of Organic and Physical Chemistry of the Kazan Scientific
Center of the Russian Academy of Sciences. Crystallographic
characteristics of compounds, parameters of experiments and
structural refinements are given in Table 3. The X�ray diffraction
experiment of crystals of 5c and 8f was carried out on a SMART
Apex II automatic three�circle diffractometer (graphite mono�
chromator, λ(Mo�Kα) = 0.71073 Å, at the temperature of
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296 K), of crystal of 10a, on a Kappa Apex automatic four�
circle diffractometer (graphite monochromator, λ(Cu—Kα) =
= 1.54184 Å, at the temperature of 293 К). Collection and
processing of the data and refinement of parameters of a unit
cell were performed using the APEX2 program,25 allowance for
absorption was made using the SADABS program.26 The
structures were solved by the direct method and refined by the
least squares method first in isotropic, then in anisotropic
approximation (for all the nonhydrogen atoms) using the
SHELXTL (see Ref. 27) and WinGX programs.28 Hydrogen
atoms of the hydroxy and amine groups were found from
differential raws of electron density and refined in isotropic
approximation. Coordinates of the rest of hydrogen atoms were
calculated based on stereochemical criteria and refined using
the corresponding riding models. Analysis of intermolecular
interactions and figures were performed using the PLATON
program.29 Atomic oordinates of structures 5c, 8f, and 10a and
their temperature parameters were deposited with the Cambridge
Structural Database (http://www.ccdc.cam.ac.uk; the deposit
numbers are CCDC 740339, 740340, and 740341, respectively).
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