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Abstract

Reactions of 3-methyl-1-phenyl-4,6-dihydroimidazo[4,5-c]pyrazole-5(1H)-thione with
carbonyl compounds gave the arylidene derivatives 2 and 3, with recinoleic acid, phosphorus
oxychloride/phosphorus pentachloride mixture and copper bronze gave the adduct 4, the
chloro derivative 5 and the dimer with desulfurization 7. The behaviour of the
chloroderivative towards hydrazine and primary amines have also been studied. On the other,
reaction of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one with aromatic aldehydes gave
the arylidene derivatives 8a-d, which on reaction with thiourea gave the
pyrazolopyrimidinethione derivatives 9. The behaviour of compounds 9 towards copper
bronze, sodium nitrite/acetic acid mixture, acrylonitrile and formaldehyde/ morpholine and its
reaction with compound 1 in presence of copper bronze have also been taken into
consideration.
Keywords: Pyrazoloimidazole, pyrazolopyrimidine, pyrazolone

A large number of pyrazoles are reported to exhibit CNS depressant’,
antibacterial®, antitumor® and antagonists* activities, while imidazoles exhibit
antimicrobial®, antitumor® and antiproliferative’ activities. On the other hand,
pyrazolopyrimidine derivatives exhibit anti-inflammatory, antitumor,

antimycobacterial, antifungal and antiviral activities®".

In view of these reports and in continuation of our recent works"** we
synthesized new imidazopyrazole and pyrazolopyrimidine derivatives.

Experimental

All melting points are uncorrected. IR spectra (KBr) were recorded with a Pye
Unicam SP3-200 spectrophotometer. 'H-NMR were measured with a Varian EM60
and Jeol-9 MHz instrument using TMS as internal standard and mass spectra were

measured with a FINNI-Gas 3300 mass spectrometer.

The synthesis of various compounds are outlined in Schemes 1 and 2.
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Synthesis of 3-[2-(4-chlorophenyl) ethenyl] -1-phenyl -3a ,4-dihydreimidazo
[4,5-c]pyrazole-5(1H)thione (2) and 4-methyl-5-(1-phenyl-5-thioxo-1,3a,4,5-
tetrahydroimidazo[4,5-c]pyrazol-3-yl]-4-penten-2-one (3)

A mixture of 1 (0.01 mol), p-chlorobenzaldehyde and/or acetyl-acetone (0.01
mol) was added in a course of 30 minutes to a well stirred solution of sodium
ethoxide [prepared from sodium metal (0.11 gm in absolute ethanol (30 ml)].
Stirring was continued for further 3 h, then the reaction mixture was left overnight.
The excess alcohol was removed under reduced pressure and the residue was treated
with water, acidified with dil. HCI and extracted with ether. The ethereal layer was
washed with aqueous sodium carbonate, water and dried. The ether was removed
under reduced pressure and the pale yellow solid obtained was crystallized from
ethanol (2 m.p. 176°C, 3 m.p. 198°C). Analysis for C1sH13N4SCl (%): Calcd. C 61.30,
H 3.70, N 15.90, S 9.10, Cl 10.10); found C 61.00, H 3.50, N 15.70, S 9.00, Cl
10.00 ; for Ci6H1sN4OS (%): Caled. C 61.50, H 5.10, N 17.90, S 10.30; found C
61.30, H 5.00, N 17.70, S 10.00 .

Synthesis of 11-hydroxy-9-[(3-methyl-1-phenyl-1,3a-dihydroimidazo [4,5-
clpyrazol-5-yl)sulfonyl]Jhexadecanoic acid (4)

A mixture of 1 (0.01 mole) and recinoleic acid (0.01 mol) in dry benzene (50 ml)
containing few drops of piperidine was shaken vigorously, then left overnight. After
removal of solvent under reduced pressure, the residue was triturated with light
petrol (b.p. 40-60°C) and crystallized from benzene to give (4) (m.p. 70°C). Analysis
of Cy7H4N4OsS (%): Caled. C 64.80, H 8.00, N 11.20, S 6.40; found C 64.78, H
8.20, N 11.00, S 6.20.

Synthesis of 5-chloro-3-methyl-1-phenyl-1,3a-dihydroimidazo[4,5-c] pyrazole
()]

A mixture of 1 (0.01 mol), phosphorus oxychloride (3 ml) and phosphorus
pentachloride (0.5 g) was heated on a water bath for 2 h., cooled then poured onto
ice. The solid obtained was filtered off and crystallized from ethanol to give (5)
(m.p. 232°C). Analysis for C;1HsN4Cl (%): Calcd. C 56.80, H 3.90, N 24.10, Cl
15.30; found C 56.60, H 3.70, N 24.00, S 15.00.

Synthesis of 5-substituted-3-methyl-1-phenyl-1,3a-dihydroimidazo [4,5-c]
pyrazole (6a-d)
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A mixture of 5 (0.01 mol), hydrazine hydrate and/or primary amine namely

ethylamine, 2-aminopyridine, aniline (0.01 mol) in ethanol (30 ml) was refluxed for
3 h. The solid obtained after concentration and cooling was crystallized from
petroleum ether (b.p. 60-80°C) (6a m.p. 120°C, 6b m.p. 135°C), propanol (6¢ m.p.
183°C) or ethanol (6d m.p. 160°C). Analysis for C;1H;2Ng (%): Caled C 57.90, H
5.30, N 36.80; found C 57.70, H 5.00, N 36.60; for Ci3HsNs (%): Calcd. C 64.70, H
6.20, N 29.00; found C 64.50, H 6.00, N 29.20; for Ci6H;4Ns (%): Caled. C 66.20, H
4.80, N 29.00; found C 66.00, H 4.60, N 29.20; for Ci7H;sNs (%): Calcd. C 70.60, H
5.20, N 24.20; found C 70.40, H 5.00, N 24.00.

Synthesis of 5,5 -bis [3-methyl-1-phenyl-4,6-dihydroimidazo[4,5-c] pyrazole (7)
and bis 4-(2-hydroxy phenyl)-3-methyl-1-phenyl-1,5-dihydro-6H-pyrazolo|[3,4-
d]pyrimidine-6-thione (10)

To a solution of 1 and/or 9 (0.01 mol) in dry xylene (50 ml), copper bronze (3 g)
was added and the reaction mixture was refluxed for 10 h. The solid obtained after
filtration the reaction mixture while hot, concentration and cooling was crystallized
from benzene (7 m.p. 137°C) or butanol (10 m.p. 272°C). Analysis for C,,H2»Ns (%):
Calcd. C 66.30, H 5.50, N 28.10; found: C 66.60, H 5.30, N 28.00; for C5sH2sNsO:
(%): Calcd. C 71.80, H 4.30, N 18.60; found: C 71.60, H 4.00, N 18.40.

Synthesis of the arylidene derivatives (8a-d)

To a solution of 1-phenyl-3-methyl pyrazolone (0.01 mol) in sodium ethoxide
solution [from sodium 0.02 mol in absolute ethanol (20 ml)], aromatic aldehydes
namely salicylaldehyde, p-chlorobenzaldehyde, furfural and/or vanillin (0.01 mol)
was added with stirring . Stirring was continued for further 3 h, then left overnight.
The excess alcohol was removed under reduced pressure and the residue was treated
with water, then acidified with dil HCI and extracted with ether. The solid obtained
after removing ether under reduced pressure was crystallized from ethanol (8a m.p.
187°C, 8b m.p. 205°C, 8¢ m.p. 197°C, 8d m.p. 170°C). Analysis for Ci,H4N,0; (%):
Calcd. C 73.40, H 5.00, N 10.10; found C 73.20, H 5.20, N 10.00; for C;7H;3N,OCl
(%): Calcd. C 68.80, H 4.40, N 9.40, Cl 12.00; found C 68.60, H 4.80, N 9.20, Cl
12.20; for C15H12N,0; (%): Caled. C 71.40, H 4.80, N 11.10; found C 71.20, H 4.60,
N 11.00; for CigH1N2O3 (%): Calcd. C 70.13, H 5.20, N 9.10; found C 70.10, H
5.19, N 9.09.

Synthesis of 4-(arylidene-3-methyl-1-phenyl-1,5-dihydro-6H-pyrazolo [3,4-
d]pyrimidine-6-thione (9a-d)
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To a solution of 8a-d, 10% sodium hydroxide (10 ml), absolute ethanol (30 ml),
thiourea (0.01 mol) was added and the reaction mixture was refluxed for 6 h. The
solid obtained after removal of solvent was washed with water and crystallized from
ethanol (9a m.p. 133°C, 9b m.p. 150°C, 9¢ m.p. 140°C, 9d m.p. 128°C). Analysis for
CisH14N4SO (%) Calcd: C 64.70, H 4.20, N 16.80, S 9.60; found: C 64.50, H 4.00, N
16.60, S 9.40; for C;sH13N4SCI (%): Caled C 61.28, H 3.69, N 15.89, S 9.10, Cl
10.7; found C 61.30, H 3.70, N 15.90, S 9.07, CI 10.10; for C16H1:N4SO (%): Calcd
C 62.30, H 3.90, N 18.20, S 10.40; found C 62.50, H 3.70, N 18.00, S 10.20; for
Ci1sH1sN4SO; (%): Caled C 62.60, H 4.40, N 15.40, S 8.80; found: C 62.40, H 4.20,
N 15.20, S 8.60.

Synthesis of 5-(6-{[4-(3-hydroxy-4-methoxyphenyl)-3-methyl-1-phenyl-5,6-
dihydro-1H-pyrazolo[3,4-d]pyrimidine-6-yl]disulfonyl}-3-methyl-1-phenyl-5,6-
dihydro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-2-methoxyphenol (11).

To a cooled well stirred suspension of 9 (0.01 mol) in ethanol (25 ml) was added
portionwise a cooled aqueous solution of sodium nitrite (0.04 mol in 25 ml of water)
and acetic acid (2 ml). Stirring was continued for 3 h while keeping the temperature
of the reaction mixture below 5°C. The obtained product was filtered off, washed
with water and crystallized from ethanol to give (11) (m.p. 230°C). Analysis for
CssH30N304S, (%): Caled C 62.80, H 4.10, N 15.40, S 8.80; found C 62.60, H 4.00,
N 15.20, S 8.60.

Synthesis of 3-{[4-(2-hydroxyphenyl)-3-methyl-1-phenyl-5,6-dihydre-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]sulfonyl}propanenitrile (12)

To a solution of 9a (0.01 mol) in pyridine (20 ml), acrylonitrile (0.02 mol) was
added and the reaction mixture was refluxed for 6 h. After cooling, the reaction
mixture was poured into cold 10% HCI. The separated product was filtered of,
washed with water and crystallized from ethanol to give (12) (m.p. 122°C). Analysis
for C»1Hi;NsOS (%): Caled C 65.12, H 4.40, N 18.10, S 8.30; found C 65.10, H
4.42,N 18.12, S 8.32.

Synthesis of 4-(2-furyl)-3-methyl-5-(4-morpholinyl methyl)-1-phenyl-1,5-
dihydro-6H-pyrazolo[3,4-d]pyrimidine-6-thione (13).

A mixture of 9a (0.01 mol), formaldehyde (40%, 0.7 ml), morpholine (0.02 mol)
in a mixture of methanol-acetone (2:1) (50 ml), was refluxed for 18 h. The residue
obtained after removing of the solvent under reduced pressure, was triturated with
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petroleum ether (b.p. 40-60°C), then crystallized from ethanol to give 13 (m.p.
240°C). Analysis for C»1H21N50.S (%): Calcd. C 61.90, H 5.20, N 17.20, S 7.90;
found C 61.70, H 5.00, N 17.00, S 7.70.

Synthesis of 4-(2-furyl)-3-methyl-6-(3-methyl-1-phenyl)-1,3a,4,5-
tetrahydroimidazo[4,5-c]pyrazolo-5-yl)-1-phenyl-1H-pyrazolo[3,4-d]
pyrimidine (14).

To a solution of 9¢ (0.01 mol) and 1 (0.01 mol) in dry xylene (50 ml), copper
bronze (3 g) was added and the reaction mixture was refluxed for 10 h. The solid
obtained after filtration the reaction mixture while hot, concentration and cooling
was crystallized from butanol to give 14 (m.p. 260°C). Analysis for C2;H»1 N0 (%):
Calcd. C 68.50, H 4.43, N 23.70; found C 68.50, H 4.40, N 23.72.

Results and Discussion

3-Methyl-1-phenyl-4,6-dihydroimidazo[4,5-c]pyrazole-5(1H)-thione (1)** was
used as key intermediate for the preparation of several imidazo[4,5-c]pyrazole
derivatives.

Thus, reaction of 1 with carbonyl compounds namely p-chloro-benzaldehyde
and/or acetyl acetone in the presence of sodium ethoxide (under Claisen reaction
conditions) gave the condensed products 2 and 3, respectively. The structure of
compound 2 was derived from correct analytical data and from the mass spectrum
which showed the parent ion peak at m/z 352 (78.95%) (calculated for the isotope
(1), while the structure of compound 3 was derived from correct analytical data
and from the IR spectrum which showed bands at 1693, 1597, 1257, 3423 cm™ for
C=0, C=N, C=S and NH.

Compound 1 exists on a thione-thiol tautomerism. The existence of the thiol
form was proved by the study of its behaviour towards unsaturated fatty acid namely
recinoleic acid in dry benzene and in the presence of few drops of piperidine to give
the adduct 4. Its IR spectrum was devoid of C=S band and showed bands at 1729,
1616, 3324 cm™ (broad) for C=0 (acid), C=N, NH and OH. Its mass spectrum
showed the parent ion peak at m/z 500 (63.36%).

The reaction of the nucleophilic reagent phosphorus oxychloride with compound
1, also supports the presence of the thiol form. Thus, compound 1 reacts with
POCIy/PCls to give the corresponding chloro derivative 5. Its IR spectrum showed
the characteristic bands for C=N and C-Cl at 1600 and 492 cm™, respectively. Its
mass spectrum showed M — 2]" at m/z 230 (61.9%).
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The chloro compound 5 was used to prepare the hydrazine and substituted amino
derivatives, by its reaction with hydrazine hydrate and primary amines namely
ethylamine, 2-aminopyridine and/or aniline in boiling ethanol to give compounds
6a-d. The reaction proceeds through the nucleophilic attack at the carbon atom
bearing the more electronegative chlorine atom, with one molecule of the NH,
component with the elimination of one molecule of HCI. The IR spectrum of 6c
showed bands for C=N and NH at 1594 and 3423 cm™.

Dimerization of compound 1 has also been taken into consideration. Thus,
reaction of 1 with copper bronze in boiling xylene gave compound 7. Its IR
spectrum showed bands at 1600, 3338 (broad) cm™ for C=N and NH.

CHj

|
C]—@—CH=CH NH H3CCO-CH,-C=CH NH
LTI X S
N\
N N S S
| H
Ph

Tz

NH

|
Ph
1
J POCI,/PClg

Tz

H;C N H,C N
| | [ | | [ H,C I N N I CH,
Sy e NSNS Yy
) H S 1}1 a SN N N N”
Ph | Ph | H H |
CH;(CH,),—CH-CH,~CH(CH,),COOH 5 Ph Ph
OH lRNHz 7
4
H3C N
|
N
N N NHR
| H

aR=NH, b;R=CsH,N
c;R=CHs; d; R=CgHs

Scheme 1

Interestingly, reaction of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one with
aromatic aldehydes, namely salicylaldehyde, p-chloro benzaldehyde, furfural and/or
vaniline in the presence of sodium ethoxide (Claisen conditions) affords the
corresponding arylidene derivatives 8a-d. The IR spectra of 8a-c showed bands at
1701-1680, 1601-1598 cm™ for C=0 and C=N, in addition a band at 3404 cm™ for
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OH for compound 8a. The 'H-NMR (DMSO-ds) spectrum of 8b exhibited signals at
0 (ppm): 7.84-7.10 (10H, m, ArH + =CH) and 2.20 (3H, s, CHs). The mass spectrum
of 8a showed peak at m/z 261 M — OH]" (78.33%), while the mass spectrum of 8b
showed the parent ion peak at m/z 296 (44.40%).

As stated above pyrimidine derivatives displayed a wide spectrum of
pharmacological activities. In the present work, reaction of compounds 8a-d with
thiourea gave the pyrazolopyrimidine derivatives 9a-d, which is in accordance with
previous result'. The IR spectrum of 9c showed bands at 1620, 1227, 3417 cm™ for
C=N, C=S and NH.

Compound 9 was used for the preparation of several new pyrazolo-pyrimidine
derivatives. Thus, treatment of 9a with copper bronze in boiling xylene gave the bis-
compound 10, the reaction is accompanied by desulfurization with dimerization of
the thione 9a. The structure of compound 10 was derived from correct analytical
data, from its IR spectrum which showed bands at 1594, 3122 cm™ for C=N and OH.
Its 'H-NMR (DMSO-ds) spectrum exhibited signals at & (ppm) 7.82-7.17 (18H, m,
Ar-H), 2.14 (6H, s, 2 x CH3) and 11.52 (2H, s, 2 x OH).

Interestingly, dimerization of compound 9 can also occur but without
desulfurization, when 9d was treated with sodium nitrite/acetic acid mixture to give

11, which is in accordance with a previous result."

Structure of compound 11 was derived from correct analytical data, its IR
spectrum showed bands at 1640, 1340 and 3446 for C=N, -S-S-, OH. Its mass
spectrum showed the parent ion peak at m/z 726 (40%).

Reaction of 9a with acrylonitrile in boiling pyridine afforded the corresponding
S-cyanoethylated product 12. Its mass spectrum showed ion peak at m/z 372 (M —
CHs]") (74%).

Reaction of 9¢ with formaldehyde and morpholine (Mannich reaction) gave the
Mannich base 13. Its IR spectrum showed bands at 1594 and 1240 cm™ for C=N and
C=S, while its mass spectrum showed the parent ion peak at m/z 407 (50%).

As a point of interest this investigation deals with the reaction of the

pyrazolopyrimidine thione 9c and the pyrazoloimidazole thione 1 in boiling xylene
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in presence of copper bronze. The reaction proceeds through desulfurization and
formation of compound 14. Its infrared spectrum was devoid of vC=S and showed
bands at 1616 and 3452 cm™ for C=N and NH, while its 'H-NMR (DMSO-ds)
spectrum exhibited signals at d (ppm): 7.81-7.13 (13H, m, Ar-H), 2.13 (6H, s, 2 x
CHa), 11.50 (1H, s, NH).

Ar Ar
HaC ‘ H,C ‘ Z ‘N ]\T X ‘ CH,
NS N N )—K = N
e TN N
Ph Ph 10 Ph
Ar = 0-HOCgHy
ArCHO Cu bronze
Xylene
CHAr s Ar
H,C I
N H,N—C—NH, H,C / NH NaNOZ
ST ‘ TCH,COOH /K )\

a; Ar = 0-HOCgH, b; Ar = p-CICgH, HO OCHj

HO OCH;, Compound 1

/ \ AL Cu bronze’
G Ar=/Q d; Ar= @ CH,0 NH o} Xylene

Ar
HyC Z N e Z SN—CHyN 0 mc Z>N N CH
LA AL T LT
N B N° N B NN N~ N7
| \ Ho
Ph

Ph 1 Ph Ph 14
Ar = 0-HOCGH. Ar= / \ = / \
64 /Q Ar /Q
Scheme 1
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