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A New Approach to the Synthesis of Fused Pyrazoles:
The Synthesis of New Pyrazolo
[4,3-€l[1,2,4]triazolo-[4,3-alpyrimidine-4(5H)-imines

A. Davoodnia

R. Zhiani

M. Roshani

M. Bakavoli

M. Bashash

Department of Chemistry, Islamic Azad University, Mashhad, Iran

A new route for the synthesis of pyrazolo[4,3-e][1,2,4]triazolo[4,3-a]pyrimidine-
4(5H)-imines has been delineated through heterocyclization of suitably function-
alized pyrazoles with phenylisothiocyanate followed by methylation, nucleophilic
displacement with hydrazine, and finally cyclocondensation with orthoesters.

Keywords Fused pyrazoles; orthoesters; phenyl isothiocyanates; pyrazolotriazolo-
pyrimidines

INTRODUCTION

In recent years pyrazolotriazolopyrimidines have been the subject
of intense research due to the interesting pharmacological activities
found for several of their derivatives.!”®> Among the various pyra-
zolotriazolopyrimidine ring systems, pyrazolo[4,3-¢][1,2,4]triazolo[4,3-
alpyrimidines have been little explored, and there are very few reports
on the synthesis and chemical properties of these compounds.*® Deriva-
tives of pyrazolo[4,3-e][1,2,4]triazolo[4,3-a]pyrimidines have solely
been prepared from suitably functionalized pyrimidines. Other routes
to these compounds still remain to be explored. Inspired by these facts
and due to our interest in the synthesis of heterocyclic compounds
with potential biological activities,5 19 we were interested to look for
specific routes to new derivatives of pyrazolo[4,3-¢][1,2,4]triazolo[4,3-
alpyrimidines.
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RESULTS AND DISCUSSION

Our synthesis started from suitably functionalized pyrazoles 1a,b,!!
which were converted directly to 6H-pyrazolo[3,4-d]pyrimidine-6-
thiones 2a,b when heated at reflux temperature with phenylisoth-
iocyanate in the presence of potassium tert-butoxide in fert-butanol.
Pyrazolopyrimidothiones 2a,b were transformed smoothly to their
thiomethyl derivatives 3a,b using methyl iodide in the presence of
potassium hydroxide at r.t. Displacement of the thiomethyl group
with hydrazine hydrate furnished hydrazino derivatives 4a,b. The
latter compounds subsequently underwent cyclocondensation with
triethylorthoesters in ethanol on heating to reflux to give the de-
sired tricyclic products, pyrazolo[4,3-e][1,2,4]triazolo[4,3-a]pyrimidines
5a—e (Scheme 1).

1 NH 1 NH

R! R R
CN Ph
)\/lE PhNCS / _Mel,KOH _ T\{/ | N~
N\N {-BuOK, -BuOH \N /& N /)\
) NH, ] ) N~ “SMe
Ph Ph Ph
1a,b 2a,b 3a,b
lNHzNHz
R! NH R! NH
Ph Ph
7 INg R°C(OE); 7 N~
N | * EtOH N | /)\
NNy N7 N7 TNHNH,
/
Pho )= Ph
R2
Sa—e 4a,b
pl _ 2 _
sa.R =HR =H 1-4: R! = H (a), Me (b)
s5h:R'=H,R*=Et
5¢:R'=Me, RP=H
5d: R' = Me, R* = Me
5¢:R' = Me, R = Et
SCHEME 1

The structural assignment of compounds 5a-e was based upon spec-
tral data and elemental analysis. For example, the 'TH NMR spectrum
of 5¢ showed the disappearance of two broad signals belonging to NH,
and NH moieties of compound 4b. The mass spectral analysis showed
the expected molecular ion peak at m/e 341 for compound 5c.
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In conclusion, the reaction of 1a,b with phenylisothiocyanate in the
presence of potassium tert-butoxide in tert-butanol proceeded smoothly
to give the corresponding pyrazolopyrimidothiones 2a,b. Methylation
of these compounds was followed by treatment with hydrazine gave
4a,b, which were converted to tricyclic products 5a-e.

EXPERIMENTAL

Melting points were recorded on an Electrothermal type 9100 melting
point apparatus. 'H NMR (100 MHz) spectra were recorded on a Bruker
AC 100 spectrometer. Mass spectra were obtained with a Varian CH-7
instrument at 70 eV. Elemental analyses were performed by Ferdowsi
University, Mashhad, Iran.

General Procedure for 2a,b

To a solution of the 5-amino-1-phenyl-1 H-pyrazole-4-carbonitrile 1a,b
(10 mmol) and potassium tert-butoxide (20 mmol) in tert-butanol (50
mL), phenylisothiocyanate (12 mmol) was added. The reaction mixture
was heated under reflux for 7 h. After completion of the reaction, the
mixture was cooled to r.t. The precipitate was collected and washed with
ethanol and chloroform to give compounds 2a and 2b as yellow powder
in 72% and 76% yields, respectively.

4-Imino-1,5-diphenyl-1,4,5,7-tetrahydro-6 H-pyrazolo[3,4-
dJ]pyrimidine-6-thione (2a)

M.p. 242-244°C; 'H NMR (dg-DMSO): § 7.2-8.1 (m, 11H, arom-
H), 10.3 (br, 2H, NH); MS, m/z: 319 (M"); anal. caled. for C17H13N5S
(319.38): C,63.93;H,4.10; N, 21.93; S, 10.04%. Found: C, 63.89; H, 4.07;
N, 21.89; S, 10.08%.

4-Imino-3-methyl-1,5-diphenyl-1,4,5,7-tetra-hydro-6 H-
pyrazolo[3,4-d] pyrimidine-6-thione (2b)

M.p. 235-237°C; 'H NMR (dg-DMSO): § 2.4 (s, 3H, CH3), 7.1-8.2
(m, 10H, arom-H), 9.3 (br, 2H, NH); MS, m/z: 333 (M™); anal. caled. for
C1sH15N5S (333.41): C, 64.84; H, 4.53; N, 21.01; S, 9.62%. Found: C,
64.79; H, 4.58; N, 20.98; S, 9.63%.

General Procedure for 3a,b

4-Imino-1,5-diphenyl-1,4,5,7-tetrahydro-6 H-pyrazolo[3,4-d]pyrimidine-
6-thiones 2a,b (5 mmol) and methyl iodide (5 mmol) were dissolved
in EtOH (40 mL) and H;O (15 mL) containing KOH (10 mmol).
The reaction mixture was stirred at r.t. for 5 h. After this time, the
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crude product was collected and recrystallized from ethanol to give
compounds 3a and 3b as a white and a yellow powder in 80% and 86%
yields, respectively.

6-(Methylthio)-1,5-diphenyl-1,5-dihydro-4H-pyrazolo[3,4-
djpyrimidin-4-imine (3a)

M.p. 162-164°C; 'H NMR (dg-DMSO): § 2.7 (s, 3H, CH3), 7.0-8.2 (m,
11H, arom-H), 9.9 (s br, 1H, NH); MS, m/z: 333 (M*); anal. calcd. for
C1sH15N5S (333.41): C, 64.84; H, 4.53; N, 21.01; S, 9.62%. Found: C,
64.87; H, 4.48; N, 20.97; S, 9.65%.

3-Methyl-6-(methylthio)-1,5-diphenyl-1,5-dihydro-4H-
pyrazolo[3,4-d Jpyrimidin-4-imine (3b)

M.p. 147-149°C; 'THNMR (CDCls): 6 2.4 (s, 3H, CH3), 2.7 (s, 3H, CH3),
7.2-8.3 (m, 10H, arom-H), 10.0 (s br, 1H, NH); MS, m/z: 347 (M™"); anal.
caled. for C19H17N5S (347.12): C, 65.68; H, 4.93; N, 20.16; S, 9.23%.
Found: C, 65.64; H, 4.98; N, 20.12; S, 9.21%.

General Procedure for 4a,b

6-(methylthio)-1,5-diphenyl-1,5-dihydro-4 H-pyrazolo[3,4- d]pyrimidin-
e-4-imines 3a,b (1 mmol) and hydrazine hydrate (2 mL) were heated
at 45°C in ethanol (15 mL) for 10 h. Then the precipitate was collected
and recrystallized from ethanol, to give compounds 4a and 4b as a
white powder in 62% and 87% yields, respectively.

6-Hydrazino-1,5-diphenyl-1,5-dihydro-4H-pyrazolo[3,4-
d]pyrimidin-4-imine (4a)

M.p. 221-223°C; 'H NMR (dg-DMSO): § 4.7 (s br, 2H, NHy), 6.8-8.3
(m, 11H, arom-H), 9.0 (s br, 1H, NH), 9.2 (s br, 1H, NH); MS, m/z: 317
(M™); anal. caled. for C17H15N7 (317.14): C, 64.34; H, 4.76; N, 30.90%.
Found: C, 64.37; H, 4.73; N, 30.85%.

6-Hydrazino-3-methyl-1,5-diphenyl-1,5-dihydro-
4H-pyrazolo[3,4-d ]pyrimidin-4-imine (4b)

M.p. 239-241°C; 'H NMR (dg-DMSO): § 2.6 (s, 3H, CHj), 5.9 (s br,
2H, NHs,), 7.4-8.0 (m, 10H, arom-H), 9.3 (br, 1H, NH), 10.1 (br, 1H, NH);
MS, m/z: 331 (M™); anal. caled. for C;3H17N7(331.37): C, 65.24; H, 5.17;
N, 29.59%. Found: C, 65.21; H, 5.22; N, 29.53%.

General Procedure for ba-e

To a solution of the 6-hydrazino-1,5-diphenyl-1,5-dihydro-4 H-
pyrazolo[3,4- d]pyrimidin-4-imine 4a,b (5 mmol) in ethanol (40 mL),
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the respective triethylorthoester (7 mmol) was added. The reaction
mixture was heated under reflux for 10 h. After completion of the
reaction, the mixture was cooled to r.t. The crude product was collected
and recrystallized from ethanol to give compounds 5a-e as white
powders.

1,5-Diphenyl-1H-pyrazolo[4,3-e][1,2,4]triazolo[4,3-a]-
pyrimidin-4(5H)-imine (5a)

Yield 75%; m.p. 334-336°C; 'H NMR (dg-DMSO): § 7.4-8.5 (m, 11H,
arom-H), 9.7 (s, 1H, CH of triazole ring), 10.3 (s br, 1H, NH); MS, m/z:
327 (M™); anal. caled. for C1gH13N7(327.34): C, 66.04; H, 4.00; N, 29.95%.
Found: C, 66.09; H, 3.96; N, 29.90%.

8-Ethyl-1,5-diphenyl-1H-pyrazolo[4,3-e][1,2,4]triazolo[4,3-
ajpyrimidin-4(5H)-imine (5b)

Yield 74%; m.p. 319-321°C; 'H NMR (dg-DMSO): § 1.2 (t, 3y =
7.0 Hz, 3H, CHs), 3.8 (q, 3Jun = 7.0 Hz, 2H, CHy), 7.0-8.4 (m, 11H,
arom-H), 9.9 (s br, 1H, NH); MS, m/z: 355 (M*); anal. caled. for
Co0H17N7(355.40): C, 67.59; H, 4.82; N, 27.59%. Found: C, 67.65; H,
4.80; N, 27.52%.

3-Methyl-1,5-diphenyl-1H-pyrazolo[4,3-e][1,2,4]triazolo[4,3-
alpyrimidin-4(5H)-imine (5c)

Yield 77%; m.p. 329-331°C; 'H NMR (dg-DMSO): § 2.6 (s, 3H, CHs),
7.4-8.1 (m, 10H, arom-H), 9.5 (s, 1H, CH of triazole ring), 10.2 (s br, 1H,
NH); MS, m/z: 341 (M*); anal. caled. for C19H15N7 (341.37): C, 66.85;
H, 4.43; N, 28.72%. Found: C, 66.88; H, 4.41; N, 28.67%.

3,8-Dimethyl-1,5-diphenyl-1 H-pyrazolo[4,3-
ell1,2,4]triazolo[4,3-a]pyrimidin-4(5H)-imine (5d)

Yield 85%; m.p. 312-314°C; 'H NMR (dg-DMSO): § 2.55 (s, 3H, CHj),
2.26 (s, 3H, CH3), 7.2-8.1 (m, 10H, arom-H), 9.9 (s br, 1H, NH); MS,
m/z: 355 (M™); anal. caled. for CooH17N7 (355.40): C, 67.59; H, 4.82; N,
27.59%. Found: C, 67.63; H, 4.78; N, 27.54%.

8-Ethyl-3-methyl-1,5-diphenyl-1-pyrazolo[4,3-
ell1,2,4]triazolo[4,3-a] pyrimidin-4(5H)-imine (5e)

Yield 78%; m.p. 307-309°C; 'H NMR (dg-DMSO): § 1.2 (t, 3Jgu = 8.0
Hz, 3H, CH3), 2.7 (s, 3H, CH3), 3.7 (q, 3Jun = 8.0 Hz, 2H, CHy), 7.0-8.2
(m, 10H, arom-H), 9.9 (s br, 1H, NH); MS, m/z: 369 (M™"); anal. calcd.
for Co1H19N7 (369.42): C, 68.28; H, 5.18; N, 26.54%. Found: C, 68.32; H,
5.15; N, 26.49%.



18: 01 27 January 2011

Downl oaded At:

1224

A. Davoodnia et al.

REFERENCES

(1
(2]

(3]
[4]

[5]
(6]

(7
(8]
[9]
(10]

(11]

U. D. Treuner and H. Breuer, US 4,C124,764 (1976); Chem. Abstr., 90, 87508b.
(1976).

F. Russo, S. Guccione, G. Romeo, L. M. Scolaro, S. Pucci, A. Caruso, V. Cutuli, et al.,
Eur. J Med. Chem., 27, 73 (1992).

S. Guccione, A. Raffaelli, and G. Barretta, Eur. J. Med. Chem., 30, 333 (1995).

A. M. El-Reedy, S. M Hossain, and A. S. Ali, Phosphorus, Sulfur, and Silicon, 42,
231 (1989).

S. A. El-Assiery and M. A. Al-Haiza, J. King. Saud Univ. Sci., 10, 101 (1998).

M. Bakavoli, A. Davoodnia, M. Rahimizadeh, M. M. Heravi, and M. Ghasemzadeh,
J. Chem. Res. S, 1(4) 178 (2002).

M. Bakavoli, A. Davoodnia, M. Rahimizadeh, and M. M. Heravi, Phosphorus, Sulfur,
and Silicon, 177, 2303 (2002).

M. Rahimizadeh, A. Davoodnia, M. M. Heravi, and M. Bakavoli, Phosphorus, Sulfur
and Silicon, 177, 2923 (2002).

M. Bakavoli, M. Bakherad, M. Rahimizadeh, and M. M. Heravi, Phosphorus, Sulfur
and Silicon, 178, 1157 (2003).

M. Roshani, A. Davoodnia, M. Sh. Hedayat, and M. Bakavoli, Phosphorus, Sulfur,
and Silicon, 179, 1153 (2004).

C. C. Cheng and R. K. Robins, J. Org. Chem., 21, 1240 (1956).



