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Abstract—Cyclocondensation of 3-amino-5-methylpyrazole with 2-arylmethylidene-5,5-dimethylcyclohexane-
1,3-diones or 9-aryl-3,3,6,6-tetramethyl-2,3,4,5,6,7,8,9-octahydro- 1 H-xanthene-1,8-diones, as well as with syn-
thetic precursors of the latter (para-substituted benzaldehydes and dimedone), in dimethylformamide or
methanol gives the corresponding 4-aryl-3,7,7-trimethyl-2.4,6,7,8,9-hexahydropyrazolo[3,4-b]quinolin-5-ones.
The structure of 4-(4-methoxyphenyl)-3,7,7-trimethyl-2,4,6,7,8,9-hexahydropyrazolo[3,4-b]quinolin-5-one was

proved by the X-ray diffraction data.
DOI: 10.1134/S1070428006070141

Fused heterocyclic systems containing a 1,4-dihy-
dropyridine or pyrimidine fragment attract interest due
to their structural analogy to the known calcium chan-
nel modulators which have been used over the last two
decades in medical practice as effective vasodilators
and antihypertensive agents [1, 2]. Partially hydro-
genated azolopyrimidines and quinazolines synthe-
sized by cyclocondensation of 3-amino-1,2,4-triazoles
[3-10], 2-aminobenzimidazole [11-14], and 5-substi-
tuted 3-aminopyrazoles [15—19] with o,B-unsaturated
ketones, their synthetic precursors and equivalents
[20], Mannich base hydrochlorides [21, 22], and deriv-
atives of oxo [23-28] and unsaturated aromatic acids
[29-34] were reported previously. Some of the cyclo-
condensation products were shown to exhibit cardio-
vascular [23, 24], neurotropic [12], analgetic [7, 34],
and antiphlogistic [34] activity.

The goal of the present work was to determine the
reaction direction of 3-amino-5-methylpyrazole (I)
with 2-arylmethylidene-5,5-dimethylcyclohexane-1,3-
diones IIa and IIb, 9-aryl-3,3,6,6-tetramethyl-2,3,-
4,5,6,7,8,9-octahydro-1H-xanthene-1,8-diones Illa
and ITIb, and synthetic precursors of the latter, para-
substituted benzaldehydes IVa—IVe and dimedone (V),
under different conditions.

By heating equimolar amounts of amine I and aryl-
methylidene derivatives Ila and IIb in DMF for 15—
20 min or in methanol for 1 h we obtained 4-aryl-
3,7, 7-trimethyl-2.,4,6,7,8,9-hexahydropyrazolo[ 3,4-b]-
quinolin-5-ones VIa and VIb, respectively, in high
yield (Scheme 1). According to the TLC data, com-
pounds VIa—VIe were the only products formed in the
three-component condensations of amine I with para-
substituted benzaldehydes IVa—IVe and dimedone (V).
Likewise, the reaction of enaminoketone X with benz-
aldehyde IVa in the presence of a catalytic amount of
an acid gave compound VIa. In the condensation of
3-amino-5-methylpyrazole (I) with xanthenediones
IIIa and IIIb as bielectrophile component we isolated
the corresponding pyrazoloquinolinones VIa and VIb
together with dimedone (V). Taking into account non-
equivalence of the endocyclic reaction centers (N* and
C") in the aminopyrazole molecule and different elec-
trophilic properties of unsaturated carbonyl com-
pounds Ila, IIb and IIIa, IIIb, the reactions under
study could give rise to four isomeric products VI-IX.
Nevertheless, no alternative products VII-IX were
detected.

Compounds VIa—VIe were identified by spectral
and analytical methods, and the structure of pyrazolo-
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quinolinone VIc was proved by the X-ray diffraction
data (Tables 1, 2; see figure). The IR spectra of VIa—
Vle contained carbonyl absorption bands in the region
15801588 cm™' and a broad band at 2650-3400 cm™,
the latter originating from superposition of bands be-
longing to stretching vibrations of the N—H and meth-
ylene and methyl C—H bonds. However, the IR data
did not allow us to distinguish between possible iso-
mers VI-IX. Derivatives of the quinoline (VI, VIII)
and quinazoline series (VIL, IX) may be identified by
analysis of the '"H NMR spectra. The isolated products
showed in the "H NMR spectra signals from aromatic
protons, AB systems from two methylene fragments,
and singlets from CH; protons. The presence of a sing-
let from 4-H and signals from two NH protons and the

absence of signal from pyrazole CH proton may be
regarded as evidences in favor of structures VI and
VIII. The choice between the latter was made on the
basis of the results of NOE experiment for compound
VIa. Irradiation at a frequency corresponding to
resonance of the 3-CHj protons (6 1.89 ppm) gave
a response on the NH proton in the pyrazole ring
(6 11.70 ppm), ortho-protons in the benzene ring, and
CH proton in the dihydropyridine ring (& 4.89 ppm),
which appear spatially close to the 3-CHj; group in
structure VI. Therefore, compound VIa was assigned
the structure of pyrazolo[3,4-b]quinolin-5-one existing
in DMSO as N”H tautomer.

Unambiguous proofs for the product structure were
obtained by X-ray analysis of a single crystal of com-
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pound VlIc (see figure; Tables 1, 2). The 1,4-dihydro-
pyridine ring in pyrazolo[3,4-b]quinolin-5-one VlIe
adopts a sofa conformation with the following pucker-
ing parameters: S = 0.28, 6 = 62.2, y = 3.9° [35]. The
C® atom deviates by —0.29 A from the mean-square
plane formed by the other atoms of the dihydropyri-
dine ring. The cyclohexene ring also has a sofa con-
formation (puckering parameters: S = 0.70, 6 = 38.9,
v = 0.6°) with the C* atom deviating by —0.65 A from
the mean-square plane passing through the other ring
atoms. One methyl group at C* occupies axial position,
and the other is equatorial: the torsion angles
c'c'c*’c™ and C'°c'c*C'" are equal to 69.3(2) and
—170.9(2)°, respectively. The methoxyphenyl substit-
uent on C° is disordered by two positions (4 and B)
with a population ratio of 60:40. These positions are
characterized by different torsion angles C'°C’C°C"
[-98.1(3) (4) and 115.4(5)° (B)] and C’céc!c"®
[-52.2(7) (4) and —44.0(1)° (B)].

Shortened intramolecular contacts H'*---C'? 2.77,
H"C--C* 2.76, H"*"---C’ 2.84, and H"*"---C'"? 2.80 A
(the sum of the corresponding van der Waals radii is
2.87 A [36]) were found in molecule VIe. Molecules
VIe in crystal give rise to pleated layers via inter-
molecular hydrogen bonds N°-H*N:--0" (—x — 0.5,
y+0.5, —z+0.5), (H---02.01 A, ZNHO 165.0°)
and N'-H™--'N? (x - 1, -y + 1, —2), (H--"N 2.10 A,
ZNHN 153.6°). As a result, the O'-C* bond extends to
1.238(2) A against standard value 1.210 A [37], the
C°-C'"" bond extends to 1.369(3) A, (1.330), and
C—C®, to 1.528(3) A (1.507).

The structure of compounds VIa—VIe implies that
amine I reacts with compounds IT and III in a way
different from that observed by us previously in its
reactions with a,B-unsaturated ketones [16, 17] and
arylmethylidenecycloalkanones [6]. In the latter cases,
electrophilic attack by the B-carbon atom of unsatu-
rated ketone was directed at the endocyclic nitrogen
atom in molecule I to form dihydropyrimidine rather
than dihydropiridine ring. The formation of quino-
linones VI in the reaction of I with arylmethylidene-
cyclohexanediones Ila and IIb involves attack by the
B-carbon atom in IT on C*, and the carbonyl carbon
atom reacts with the amino group of L.

It is known that dimedone (V) reacts with benzalde-
hydes to give arylmethylidene derivatives II together
with xanthenediones III [38, 39]. The latter may
undergo retro condensation. Taking into account that
the above reactions give identical products, one could
presume that these processes are not independent but
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Table 1. Bond lengths in the molecule of 4-(4-methoxy-
phenyl)-3,7,7-trimethyl-2,4,6,7,8,9-hexahydropyrazolo-
[3,4-b]quinolin-5-one (VIc)

Bond d A Bond d, A
N'-C" 1.367(2) N'-C’ 1.392(2)
NZ-C’ 1.329(2) N2-N? 1.370(2)
c'-c" 1.509(3) c'-c? 1.530(3)
c=-C’ 1.532(3) cc" 1.536(3)
c*—c* 1.538(3) c-ct 1.510(3)
c'-C’ 1.448(3) c-c" 1.370(3)
c-C® 1.528(3) co—C# 1.502(5)
co-C’ 1.517(3) o' 1.530(4)
c’-c? 1.380(3) c’-¢’ 1.400(3)
ctch 1.495(3) o*-c® 1.356(4)
o¥-c'™ 1.372(5) c_ch 1.434(7)
ci_cwA 1.442(6) Cc_cled 1.375(5)
cld_crA 1.413(5) cl_ci#4 1.347(5)
c'¥_c 1.455(3) o0*-c® 1.406(6)
ctct® 1.320(1) c'¥_c®® 1.330(1)
chEc 1.440(1) c'¥_c® 1.370(8)

include intermediate formation of o,B-unsaturated di-
ketones II. In fact, TLC analysis of the reaction mix-
ture obtained from benzaldehyde (IVa) and dimedone
(V) in DMF revealed the presence of both benzylidene
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Structure of the molecule of 4-(4-methoxyphenyl)-3,7,7-tri-
methyl-2,4,6,7,8,9-hexahydropyrazolo[3,4-b]quinolin-5-one
(VIc) according to the X-ray diffraction data.
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Table 2. Bond angles in the molecule of 4-(4-methoxy-
phenyl)-3,7,7-trimethyl-2,4,6,7,8,9-hexahydropyrazolo-
[3,4-b]quinolin-5-one (VIc)

Angle o, deg Angle o, deg
C'N'c? 118.1(2) || C*N°N? 102.7(2)
C*NPN? 11292) || c'c'c? 113.4(2)
c'cc’ 107.2(2) || c'c*c! 108.9(2)
ccict 111.42) || c'c*c® 110.9(2)
c’cich 109.6(2) | c''c*c® 108.8(2)
o'c*c? 119.32) || c’c*C? 118.8(2)
ccct 119.42) || c'cc® 123.5(2)
c'cct 117.12) || c"*8cec’ 115.1(5)
c'¥cse’ 120.6(5) || c’cc’ 107.7(1)
c’cect 108.7(3) || c¥ct*c® 123.4(5)
c’coct 108.6(3) | ctc’c’ 103.8(2)
cic’ct 134.52) | c°C’ct 103.8(2)
cxc’c? 118.5(2) || c**C'C’ 118.8(2)
Neci 106.92) || N°cdc® 121.4(2)
c’cich 131.7(2) || N*C°N! 123.6(2)
N*C°C’ 113.72) || N'c°C’ 122.7(2)
N'c'c? 122.5(2) || N'c'c! 114.6(2)
c’c'c! 122.92) || c*o*'c'™ 116.1(3)
cHCe® | 111.1@) || et 125.5(4)
ClAc164174 121.0(4) Cl#A174 164 121.8(4)
C17AC18AC19A 1 1 56(3) C14BC19BC183 1200(7)
CPBCHECs | 125.6(6) || CPctEct 113.6(7)
cBcBce 120.8(7) || C*#cEC®® | 116.0(7)

derivative Ila and xanthenedione IIla. On the other
hand, no new compounds were formed on prolonged
heating of IIla in DMF. These data suggest that the
reaction of aminopyrazole I with xanthenediones III
occurs directly, i.e., without preliminary decomposi-
tion of compound III into unsaturated diketones II and
dimedone (V).

Presumably, the first stage in the heterocyclization
with xanthenediones III is attack by the exocyclic
amino group of aminoazole I on one electrophilic
center in the a-position with respect to the bridging
oxygen atom in III. As a result, the pyran ring is
opened, and dimedone molecule is released. Closure
of the dihydropyridine ring occurs via interaction
between C* in I and electrophilic carbon atom in the
B-position, leading to pyrazoloquinolinones VI. Three-
component condensations of aminopyrazole I with al-
dehydes IV and diketone V may follow both mechan-
isms, as indicated by the presence of the enone and
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xanthenedione simultaneously in the reaction mixture.
However, we cannot rule out alternative heterocycliza-
tion paths, e.g., through initial formation of enamino-
ketone X and its subsequent reaction with aldehyde.

To check the possibility for the latter path, we syn-
thesized compound X by heating dimedone (V) with
amine I in boiling DMF. The structure of X was con-
firmed by spectral data. Its IR spectrum character-
istically contained absorption bands due to stretching
vibrations of the carbonyl and associated NH groups.
In the "H NMR spectrum of X, signals from the methyl
and methylene protons, singlets from two NH groups,
and signals from the CH= protons in the pyrazole ring
and enone fragments were present, in keeping with the
assumed structure.

Enaminoketone X was heated with benzaldehyde
(I'Va) in boiling DMF in the absence and in the
presence of a catalytic amount of hydrochloric acid.
Pyrazoloquinolinone VIa was isolated only from the
reaction mixture containing HCI. According to the
TLC data (CHCl;-MeOH, 10:1), compound X in
DMEF in the presence of acid undergoes decomposition
into initial amine I and dimedone (V). Provided that
benzaldehyde (IVa) is present in the reaction mixture,
its condensation with dimedone gives arylmethylidene
derivative Ila or xanthenedione ITla, and the process
then follows one of the mechanisms described above.
Thus our experimental data indicate that the formation
of pyrazoloquinolinones VI through intermediate en-
aminoketone X is improbable.

EXPERIMENTAL

The IR spectra were recorded in KBr on a Specord
M-82 spectrometer. The '"H NMR spectra were
measured from solutions in DMSO-ds on a Bruker
DRX-500 instrument using TMS as internal reference.
Thin-layer chromatography was performed on Kiesel-
gel 60 Fys4 plates (Merck). The melting points were
determined on a Kofler melting point apparatus.

2-Arylmethylidene-5,5-dimethylcyclohexane-1,3-
diones IIa and IIb were synthesized by the procedure
described in [38]. 9-Aryl-3,3,6,6-tetramethyl-2,3,4,5.-
6,7,8,9-octahydro-1H-xanthene-1,8-diones IIla and
IIIb were reported in [39].

4-Aryl-3,7,7-trimethyl-2,4,6,7,8,9-hexahydropyr-
azolo[3,4-b]quinolin-5-ones VIa—Vle (general proce-
dure). a. A mixture of 1 mmol of 3-amino-5-methyl-
pyrazole (I) and 1 mmol of 2-arylmethylidene-5,5-
dimethylcyclohexane-1,3-dione ITa or IIb in 1 ml of
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SYNTHESIS OF PARTIALLY HYDROGENATED PYRAZOLO[3,4-b]QUINOLINONES

DMF was heated for 15-20 min under reflux. The mix-
ture was cooled and diluted with 5-7 ml of propan-2-
ol, and the precipitate was filtered off and recrystal-
lized from DMF—propan-2-ol, 1:2.

3,7,7-Trimethyl-4-phenyl-2,4,6,7,8,9-hexahydro-
pyrazolo[3,4-b]quinolin-5-one (VIa). Yield 61%,
mp 295-296°C. IR spectrum, v, cm ' 3350-2650
(NH), 1584 (CO), 1556 (C=N). 'H NMR spectrum, 9,
ppm: 0.94 s and 1.00 s (3H each, 7- CH3), 1.89 s (3H,
3-CH;), 1.94 d and 2.12 d (1H each, 6-H,, 8-H,, J3 =
—16.5 Hz), 2.40 d (2H, 6-Hp, 8-Hp, J,53 = —11.1 Hz),*
4.92 s (1H, 4-H), 7.02-7.10 m (5H, Hyom), 9.70 s (1H,
9-H), 11.70 s (1H, 2-H). Found, %: C 74.36; H 6.90;
N 13.72. C19H21N30. Calculated, %: C 7427, H 684,
N 13.68.

4-(4-Chlorophenyl)-3,7,7-trimethyl-2,4,6,7,8,9-
hexahydropyrazolo[3,4-b]quinolin-5-one (VIb).
Yield 59%, mp >300°C. IR spectrum, v, cm ': 3400—
2800 (NH), 1580 (CO), 1556 (C=N). 'H NMR spec-
trum, J, ppm: 0.93 s and 1.00 s (3H each, 7-CH3),
1.89 s (3H, 3-CH3;), 1.94 d and 2.12 d (1H each, 6-H,
and 8-HA, JAB =-16.5 HZ), 242 d (2H, 6-HB, 7-HB,
Jup = -7.8 Hz),* 494 s (1H, 4-H), 7.10-7.21 d (4H,
Harom, /= 7.8 Hz), 9.71 s (1H, 9-H), 11.81 s (1H, 2-H).
Found, %: C 66.74; H 5.91; Cl 10.39; N 12.35.
C19H,0CIN;O. Calculated, %: C 66.76; H 5.86;
C110.40; N 12.30.

b. A mixture of 1 mmol of amine I and 1 mmol of
compound IIIa or IIIb in 1 ml of DMF was heated for
20 min under reflux. The products were isolated as
described above in a. The yields of pyrazoloquino-
linones VIa and VIb were 47 and 53%, respectively.
Dimedone (V) was extracted from the filtrate into
chloroform. The solvent was removed from the extract
under reduced pressure, and the oily residue was
crystallized from methanol; mp 149-151°C; published
data [40]: mp 148-150°C.

¢. A mixture of 1 mmol of amine I, 1 mmol of
dimedone (V), and 1 mmol of substituted benzalde-
hyde IVa—IVe in 5 ml of methanol was heated for 1 h
under reflux until a solid precipitated. The precipitate
was filtered off and recrystallized from DMF-MeOH
(1:2). The yields of pyrazoloquinolinones VIa and
VIb were 60 and 62%, respectively.

4-(4-Methoxy-phenyl)-3,7,7-trimethyl-2,4,6,7,-
8,9-hexahydropyrazolo[3,4-b]quinolin-5-one (Vlc).
Yield 67%, mp 290-292°C. IR spectrum, v, cm
3228-2924 (NH), 1588 (CO), 1556 (C=N). '"H NMR

* Partially overlapped by the signal from residual protons in the
deuterated solvent.
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spectrum, §, ppm: 0.94 s and 1.00 s (3H each, 7- CHj3),
1.90 s (3H, 3-CHj5), 1.94 d and 2.10 d (1H each, 6-H,,
8-HA, JAB =-17.7 HZ), 241 d (2H, 6-H3, 8-HB, JAB =
—-9.0 Hz),* 3.70 s (3H, OCH5), 4.89 s (1H, 4-H), 6.74—
7.12 d.d (4H, C¢Hy, J = 8.0 Hz), 9.71 s (1H, 9-H),
11.72 s (1H, 2-H). Found, %: C 71.29; H 6.89;
N 12.44. Cy0H»3N30,. Calculated, %: C 71.22; H 6.82;
N 12.46.

4-(4-Dimethylaminophenyl)-3,7,7-trimethyl-4-
phenyl-2,4,6,7,8,9-hexahydropyrazolo|3,4-b]quino-
lin-5-one (VId). Yield 73%, mp >300°C. IR spectrum,
v, cm 't 3192-2956 (NH), 1584 (CO), 157 (C=N).
"H NMR spectrum, 8, ppm: 0.94 s and 1.03 s (3H each,
7-H), 1.90 s (3H, 3-CHj3), 2.00 d and 2.11 d (1H each,
6-HA, 8-HA, JAB =-15.6 HZ), 240 d (2H, 6-HB, 8-HB,
Jup=-8.4 Hz),* 2.79 s [6H, N(CH3),], 4.81 s (1H,
4-H), 6.53-6.94 d.d (4H, C¢H,4, J = 8.2 Hz), 9.62 s
(1H, 9-H), 11.69 s (1H, 2-H). Found, %: C 72.06;
H 7.33; N 15.97. C51H6N,4O. Calculated, %: C 72.00;
H 7.39; N 16.00.

3,7,7-Trimethyl-4-(4-nitrophenyl)-2,4,6,7,8,9-
hexahydropyrazolo[3,4-b]quinolin-5-one (Vle).
Yield 68%, mp >300°C. IR spectrum, v, cm ': 3260—
2952 (NH), 1588 (CO), 1540 (C=N), 1340 (NO,).
"H NMR spectrum, 8, ppm: 0.94 s and 1.01 s (3H each,
7-CH;), 1.88 s (3H, 3-CHj3), 1.96 d and 2.13 d (1H
each, 6-HA, 8-HA, JAB =-114 HZ), 245d (2H, 6-HB,
8-Hp, J45=-7.3 Hz),* 5.10 s (1H, 4-H), 7.41-8.10 d.d
(4H, C¢Hy, J = 8.2 Hz), 9.90 s (1H, 9-H), 11.90 s
(1H, 2-H). Found, %: C 64.85; H 5.74; N 15.96.
C19H20N403. Calculated, %: C 6477, H 568, N 15.91.

d. A mixture of 1 mmol of enaminoketone X and
1 mmol of benzaldehyde (IVa) in 1 ml of DMF con-
taining a catalytic amount of hydrochloric acid was
heated for 30 min under reflux. The product was
isolated as described above. Yield of VIa 53%.

5,5-Dimethyl-3-(5-methyl-2H-pyrazol-3-yl-
amino)cyclohex-2-en-1-one (X). A solution of 3 mmol
of amine I and 3 mmol of dimedone (V) in 2 ml of
DMF was heated for 1.5 h under reflux. The mixture
was cooled and diluted with 7 ml of propan-2-ol, and
the precipitate was filtered off. Yield 62%, mp 251-
253°C. IR spectrum, v, cm ': 3400-2800 (NH), 1588
(CO), 1540 (C=N). '"H NMR spectrum, &, ppm: 1.00 s
(6H, 5-CH3;), 2.19 s (3H, 5'-CH3;), 2.02 s (2H, CH,),
2.34 s (2H, CH,), 5.72 s (1H), 5.96 s (1H), 8.91 s (1H,
NH), 12.11 s (1H, NH). Found, %: C 65.72; H 7.73;
N 19.15. C;H17N50. Calculated, %: C 65.75; H 7.76;
N 19.18.

X-Ray analysis of a single crystal of compound
(VIc). Monoclinic crystals; CpoHy3N30,; unit cell pa-
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rameters (20°C): a = 8.742(3), b = 14.848(6), ¢ =
14.623(6) A; B =106.32(3)°; V= 1821.6(12) A*; My =
337.41; Z = 4; space group P2(1)/n; deye = 1.230 gx
cm ;3 w(MoKy) = 0.081 mm™'; F(000) = 720. The unit
cell parameters and intensities of 3187 reflections
(2989 of which were independent with R;,, = 0.07)
were measured on a Siemens P3/PC automatic four-
circle diffractometer (MoK, irradiation, graphite mono-
chromator, 26/6 scanning to 26,,,x = 50°). The structure
was solved by the direct method using SHELX97
software [41]. The positions of hydrogen atoms
(except for those in the disordered fragment) were
determined by the difference synthesis of electron
density; the positions of hydrogen atoms in the dis-
ordered fragment were calculated from the geometry
considerations. The positions of all hydrogen atoms
were refined by the rider model assuming Uy, = nUgq
for a non-hydrogen atom linked to a given hydrogen
atom (n = 1.5 for CH; group, n = 1.2 for the other
hydrogen atoms). In the structure refinement, the bond
lengths in the disordered fragment were limited to
1.51(1) (Cy3—Carom) and 1.40(1) A (Carom—Carom)- The
structure was refined with respect to F* by the full-
matrix least-squares procedure in anisotropic approxi-
mation for non-hydrogen atoms; the final divergence
factors were wR, = 0.172 (from 2989 reflections)
and R, = 0.59 [from 2373 reflections with F' > 4c(F),
S=1.077].

This study was performed under financial support
by the Foundation for Basic Research of Ukraine
(project no. 0307/00154).
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