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SERIES of pyrimidine and fused triazolopyrimidine derivatives

were newly synthesized using aminopyrazole carbonitrile 1 as a had
starting material and compounds 14 and 16 are intermediates. Initially, the
acute toxicity of the compounds was assayed via the determination of
their LDsg, and all compounds were interestingly less toxic and had lower
ulcerogenic activities than Diclophenac® as a reference drug. Regarding
the protection against Carrageenan induced edema; the pharmacological
screening showed that compounds 17, 11, 13 and 5 have good anti-
inflammatory activities comparable to the reference drug. On the other
hand, in searching for COX-2 inhibitor, the inhibition of plasma
prostaglandine (PGE,) for the compounds was determined and the same
four compounds were found the more potent agents. The detailed
synthesis, spectroscopic data, pharmacological screening and acute
toxicity LDsg for the synthesized compounds were reported.

Keywords: Pyrazole, Pyrimidine and Anti-inflammatory .

Non-steroidal anti-inflammmatory drugs (NSAIDs) have been used to treat
various ailments for over 100 years. As a class, these drugs possess anti-
inflammatory, anti-allergy, analgesic and antipyretic activity and are widely
used to treat chronic inflammatory states such as arthritis, psoriasis and
asthma. All of NSAIDs are approximately equivalent in terms of anti-
inflammatory efficacy but also cause untoward side effects (like in
gastrointestinal), in a significant fraction of treated patients and this
frequently limits therapy @.

Pyrazolo[3,4-d]pyrimidines are a class of naturally occurring fused
uracils that possess a wide range of biological activity®®. An example of
these biologically active isomeric purine analogues is allopurinol (pyrazolo
[3,4-d] pyrimidin-4-one), which inhibits xanthine oxidase and subsequently
is used for the treatment of hyperuracemia and gouty arthritis®.
Furthermore, the allopurinol 1-ribo-nucleotide-like 6-azauridine-5"-
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phosphate is a potential antiviral and antitumor agent. Several reports are
available which suggest that 4-aminopyrazolo [3,4-d] pyrimidine
nucleosides and related compounds may function as substrates for anabolic
and catabolic enzymes®®. Recently, it was reported that some pyrazolo
[3,4-d]pyrimidine derivatives as a new class of ant-inflammatory and anti-
platelet agents(lo). Starting from these observation and in continuation to our
interest in the synthesis of pyrazolo [3,4-d] pyrimidines™ and exploring
novel anti-inflammatory candidates™>**, we report herein the synthesis and
pharmacological evaluation of some new compounds conserving the
pyrazolo [3,4-d] pyrimidine nucleus.

Results and Discussion

5-Amino-3-methylthio-1-(4"-nitrophenyl)pyrazol-4-carbonitrile (1), the
key starting material of the present investigation, was prepared in good yield
by stirring a mixture of 1,1 -dicyano-2,2°-dithiomethylmethylene and 4-
nitrophenylhydrazine in dioxane and a catalytic amount of piperidine,
according to Tominaga et al. method*® (Scheme 1). The reaction of 1 with
formamide in the presence of acetic anhydride under reflux afforded the
fused 4-aminopyrimidine 2 (Table 1). The '"H NMR showed the CH-
pyrimidine signal at 8= 8.69 ppm and its IR spectrum showed the absence of
a C=N group band present in 1 and the presence of the amino group as
indicated by bands at v= 3417, 3325 cm™ (Table 2).

Compound 1 reacted with formic acid to afford the pyrazolo[3,4-
d]pyrimidin-2-one derivative 3. The structure of compound 3 was
confirmed with spectral data, where its IR spectrum showed bands at v=
3227 cm™ (NH) and at v=1669 cm™ (C=0), its *"H NMR spectrum showed
signals at 6= 7.79 and 8.1 ppm for the pyrimidine and NH protons,
respectively. Also, its mass spectrum showed the molecular ion peak (M”,
34%) at m/z= 303 corresponding to its molecular formula C;,HgNsO3S.
Meanwhile, 1 was converted to the pyrimidine-4(5H)-thione derivative 4
when subjected to the action of triethyl orthoformate in the presence of
acetic anhydride followed by treatment with an ethanolic solution of sodium
hydrogen sulfide®®. The products obtained from the reaction of 1 with
carbon disulfide are varied according to the reaction medium. In pyridine,
the 6-imino-1,3-thiazine-2(1H)-thione (5) was formed, whereas in aqueous
potassium hydroxide the pyrimidine dithione 6 was obtained. Under the
action of aqueous potassium hydroxide, compound 5 was rearranged to 6 via
a 1,3-thiazine-pyrimidine rearrangement in accordance with previous
findings“”. These results indicate that the formation of 6 proceeded via the
1,3-thiazine (5) which is irreversibly isomerized to the corresponding
dithione under the reaction condition (Scheme 1).
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TABLE 1. Physical data of the prepared compounds 1-13, 15 and 17 .
Compd. | Yield Mp°C Mol. Formula EI?&?Q;?'QE?]%SIS
No. solvent (M. Wt.)
C H N S
1 85 232-234 CuHgNs0,S 47.99 | 3.30 | 25.44 | 11.65
dioxane (275.29) 4795 | 3.27 | 2553 | 11.62
2 53 265-267 C12H10Ng0,S 4768 | 3.33 | 27.80 | 10.61
dioxane/ (302.31) 4776 | 3.37 | 27.68 | 10.67
H,0O
3 75 273-275 C1,HgN505S 4752 | 2.99 | 23.09 | 10.57
dioxane (303.30) 4758 | 3.04 | 22,98 | 10.64
4 87 287-289 C1,HgN50,S, 4513 | 2.84 | 21.93 | 20.08
AcOH (319.36) 4521 | 2.88 | 22.85 | 20.16
5 69 249-251 C1oHgN50,S; 4101 | 2.58 | 19.93 | 27.37
dioxane/ (351.43) 41.11 | 2.66 | 19.83 | 27.46
H,0O
6 59 (A) | 301-303 C1HgN50,S5 41.01 | 258 | 19.93 | 27.37
65(B) | AcOH/ (351.43) 41.09 | 259 | 19.87 | 27.41
H,O
7 85 172-174 C14H13Ns03S 50.75 | 3.95 | 21.14 9.68
EtOH (331.26) 50.67 | 3.92 | 21.23 | 9.62
8 65 233-235 (d) C12H11N;0,S 45.42 | 3.49 | 30.90 | 10.10
EtOH / (317.33) 4548 | 3.54 | 30.78 | 10.18
H,0
9 95 (A) 296-298 CyoH11N;O,S 4542 | 3.49 | 30.90 | 10.10
67 (B) DMF (317.33) 4534 | 3.45 | 31.03 | 10.16
10 84 205-207 C1,HgCIN50,S 4480 | 251 | 21.77 9.97
EtOH (321.74) 4472 | 247 | 21.83 | 10.04
11 73 (A) | 253-255 C13HgN;0,S 47.70 | 2.77 | 29.95 | 9.80
53 (B) dioxane (327.32) 4784 | 2.83 | 29.83 | 9.72
12 65 216-218 C1sH11N703S 4521 | 321 | 2839 | 9.29
EtOH (345.34) 47.13 | 3.25 | 29.47 9.32
13 65 267-269 C13HgN;0O5S 4770 | 2.77 | 29.95 9.80
dioxane (327.32) 4762 | 2.71 | 30.07 9.92
15 59 224-226 C18H15NgO,S 53.46 | 2.99 | 27.71 7.93
dioxane/ (404.41) 5338 | 291 | 27.85 | 7.87
H,0O
17 52 289-291 C19H14NgO,S 5454 | 3.37 | 26.78 7.66
DMF/ H,0 (418.43) 54.62 | 3.45 | 26.66 | 7.75
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TABLE 2. Spectral data of the prepared compounds 1 - 13, 15and 17 .

Compd. IR 'HNMR BCc NMR MS

No. v (cm?) 3 (ppm) 3 (ppm) m/z

(1, %)

1 3360, 3300|2.55 (s, 3H, SCHg), 7.02 275 (M",100).
(NH,), 2200|(bs, 2H, NH, D, O-

(C=N). exchangeable), 8.1 (d,
2H, Ph), 8.45 (d, 2H, Ph).

2 3417, 3325[2.59 (s, 3H, SCHs), 5.74|14.4 (1C, SCH,), 113.4| 302 (M",100).
(NH,). (s, 2H, NH, D,O-|{(1C, C,), 1252 (2C,

exchangeable), 7.8 (d,|Ph), 1253 (2C, Ph),

2H, Ph), 823 (d, 2H,|1438 (1C, Cy), 1469

Ph), 8.69 (s, 1H, CH-|(1C, Ph), 1478 (1C,

pyrimidine). Ph), 1495 (1C, Cy),
1579 (1C, CH-
pyrimidine), 158.3 (1C,
C-NHy).

3 3227 (NH), [2.57 (s, 3H, SCH,), 7.83|13.4 (1C, SCH,), 108.1| 303 (M",100).

1679 (C=0). | (d, 2H, Ph), 8.19 (d, 2H, | (1C, C,), 1251 (2C,
Ph), 852 (s, 1H, CH-|Ph), 1253 (2C, Ph),

pyrimidine), 10.43 (s,|143.2 (1C, Cj), 1436

1H, NH, D,O-|(1C, Cy), 1466 (1C,
exchangeable). Ph), 1468 (1C, CH-

pyrimidine), 147.8 (1C,

Ph), 161.8 (1C, C=0).

4 3370 (NH) |2.57 (s, 3H, SCH3), 7.82|14.4 (1C, SCH,), 108.4| 319 (M*, 42),

1183 (C=S). |(d, 2H, Ph), 8.21 (d, 2H, | (1C, C,), 1251 (2C, 275(32)
Ph), 8.78 (s, 1H, CH-|Ph), 1253 (2C, Ph), 216 (57)
pyrimidine), 9.3 (s, 1H,|1424 (1C, C;), 143.6| 122(100).
NH, D,O-exchangeable). | (1C, C,), 146.7 (1C,
Ph), 1469 (I1C, CH-
pyrimidine), 147.8 (1C,
Ph), 181.3 (1C, C=S).

5 3432 (NH), | 259 (s, 3H, SCHs), |144 1c, SCH,), 100| 350 (M",3),
3336 (NH) | 7.74-7.77 (m, 3H, Ph + | (1C, Cy), 125.1 (2C, Ph), 277 (14)
1228 (C=S). | NH,D,Oexchangeable), [125.3 (2C, Ph), 135.6 248 (35)

8.20 (d, 2H, Ph), 8.45 |(1C, Cy), 1375 (1C, Cy), 78 (100).
(s, 1H, NH, D,O- 1466 (I1C, Ph), 147.2
exchangeable). (1C, Ph), 155.7

(C=NH), 193.6 (C=S).

6 3367 (NH), | 2.59 (s, 3H, SCHs), | 154 (1C, SCHs), | 350 (M*, 17),
3343 (NH) 7.65 (d, 2H, Ph), 8.01 | 1004 (1C, Cy), 125.1 229 (45)
1206 (C=S). | (d, 2H, Ph), 8.45 (brs, | (2C, Ph), 1253 (2C, 78 (100).

2H, 2 NH, D,0-
exchangeable).

Ph), 1355 (I1C, Cy),
1375 (1C, Cy), 146.8
(1C, Ph), 1478 (IC,
Ph), 167.3 (1C, C=S),
1788 (1C, C=S).
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TABLE 2. (Continued).
Compd. IR 'HNMR BCNMR MS
No. v (cm?) 3 (ppm) 3 (ppm) m/z
(1,%)
7 2218 1.42 (t, 3H, CH,), 331 (M", 100).
(C=2N). 2.54 (s, 3H, SCHy),
434 (g, 2H, CH,),

7.97 (d, 2H, Ph), 8.45
(d, 2H, Ph).

8 3370, 3300 | 2.55 (s, 3H, SCHa), | 14.6 (1C, SCH3), 108.4 | 318(M™+,
(NH,), 495 (br s, 2H, NH,, | (1C, C4), 125.1 (2C, 100).
3150 D,0-exchangeable), Ph), 125.3 (2C, Ph),
(NH). 7.77 (d, 2H, Ph), 7.85 | 142.3 (1C, C3), 143.6
(s, 1H, =NH, D,O- | (1C, Cq), 146.2 (1C,
exchangeable), 8.17 | Ph), 146.3 (1C, Ph),
(d, 2H, Ph), 8.23 (s, | 158.3 (1c, CH-
1H, CH-pyrimidine). pyrimidine), 161.4 (1C,
C=NH).
9 3376, 3317 | 257 (s, 3H, SCHs), | 14.4 (1C, SCHy), 113.4 | 317 (M", 32),
(NH,), 457 (br s, 2H, NH,, | (1C, C,), 1251 (2C, | 287(96),
3195 D,0-exchangeable), Ph), 1253 (2C, Ph), | 122(100).
(NH). 7.85 (d, 2H, Ph), 8.28 | 142.7 (1C, C;), 146.4
(d, 2H, Ph), 9.25 (s, | (1C, Ph), 146.5 (1C,
1H, CH-pyrimidine), | Ph), 149.5 (1C, Cy),
9.65 (s, 1H, NH, D,O- | 1544 (1c, CH-
exchangeable),. pyrimidine), 167.9 (1C,
C-NHNH,).
10 1615 2.57 (s, 3H, SCHy), 321 (M, 100).
(C=N). 7.85 (d, 2H, Ph), 8.21
(d, 2H, Ph), 9.48 (s,
1H, CH-pyrimidine).
11 1622 254 (s, 3H, SCHj), | 15.2 (1C, SCH3), 113.5 |327 (M", 12),
(C=N). 7.85 (d, 2H, Ph), 8.15 | (1C, C,4), 125.1 (2C, | 69 (100).

(d, 2H, Ph), 8.44 (s,
1H, CH-triazole), 9.29
(s, 1H, CH-pyrimidine).

Ph), 125.3 (2C, Ph),
143.6 (1C, Cj), 143.9
(1C, CH-pyrimidine),
146.1 (1C, Ph), 146.2
(1C, Ph), 147.6 (1C, C-
pyrimidine), 149.5 (1C,
Cy), 1518 (1C, CH-
triazole).
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Compd. IR 1H NMR 13C NMR MS
No. v (cm-1) & (ppm) & (ppm) m/z
(1, %)
12 3221 (NH) | 2.55 (s, 3H, SCH3), .
1628 777 (d, 2H, Ph), 34533(6'\’('15%’)6)’
(C=N). 785 (s, 1H, =NH, '
D,0-exchangeable),
8.17 (d, 2H, Ph),
843 (s, 1H, CH-
pyrimidine), 9.1 (s,
1H, NH, D,0-
exchangeable).
13 1635 255 (s, 3H, SCHy), | 15.1 (1C, SCH,), 1135 .
(C=N). 787 (d, 2H, Ph) | (1. Co). 1251 (2C, Phy, |27 M 100)
8.14 (d, 2H, Ph), | 1253 (2C, Ph), 1432
8.45 (s, 1H, CH- | (1C, CH-triazole), 143.6
triazole), 9.30 (s, 1H, | (1C, Cy), 144.6 (1C, CH-
CH-pyrimidine). pyrimidine), 146.1 (1C,
Ph), 1462 (1C, Ph),
1495 (IC, Co), 1517
(CH-triazole).
151 (1C, SCH5), 110.2 (1C, 405 (M*+1, 7)
15 | 1639 82.57 (s, 3H, SCHs), |0y 1251 (2C, Ph), 1253| 359 (85),
(C=N). 7.87 (d, 2H, Ph), | oc ph) 120.1 (2C, CoCsr| 209 (58),
816  (d,  2H, \nriding), 1336 (1C, C,| 78(100).
pyridine-Hs,Hs), 8.57 [ ridine), 1425 (1C, Cy),
(d, 2H, Ph), 8.82 (d, | 1438 (1C, CH-pyrimidine),
2H, pyridine-H2He), |1467 "(1C, Ph), 147.8
9.41 (s, 1H, CH-|c phy 1494 (IC, C-
pyrimidine). pyrimidine), 149.5 (1C,
Cy), 150.2 (2C, CyCes
pyridine), 162.4 (1C, C-
triazole).
17 | 3145 254 (s, 3H, SCHy), | 151 (IC, SCH,), 110 |418(M",3),
(NH). 7.47-853 (m, 9H, | (1C, Cy), 1194 (2C, Ph), | 331(100).
Ph), 8.58 (s, 1H, NH, | 120.1 (1C, Ph), 125.1
D,0-exchangeable), | (2C, Ph), 125.3 (2C, Ph),
9.23 (s, 1H, CH- | 1304 (2C, Ph), 1425
pyrimidine). (1C, Cy), 1438 (1C, CH-
pyrimidine), 145 (1C,
Ph), 1461 (1C, Ph),
1462 (1C, Ph), 149.4
(1C, C-pyrimidine), 149.5
(1C, Cg), 1583 (1C, C-
triazole).
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NH

S KOH

/& (Method B)
S

CS,/ pyridine

|
R HCONH,
2
HaCS CN
H3CS :CN RNHNH, | | CS,/ KOH

N (Method A)
~
HsCS CN 'l\l NH,
R
1 i.HC(OEt),
o
H4CS
NH
R= CgH4NO,-4
Scheme 1.

The reaction of the aminocyanopyrazole 1 with a mixture of
triethylorthoformate and acetic anhydride afforded 5-ethoxymethylidene-amino-
3-methylthio-1-(4"-nitrophenyl)-pyrazole-4-carbonitrile (7) . The latter underwent
cyclocondensation reaction by the action of hydrazine hydrate, when its
ethanolic solution was stirred at room temperature to give the aminoimino
derivative 8. Meanwhile, 7 underwent cyclocondensation reaction by the action
of hydrazine hydrate in refluxed ethanol to give the hydrazino derivative 9, in a
95% vyield. This may proceeded via Dimroth-like rearrangement, in which
thermal rearrangement of the aminoimino derivative 8 to its thermodynamically
more stable hydrazine isomer 9 took place, in accordance with previous
investigations"®. The *H NMR spectrum of 8 showed the pyrimidine proton at
6= 8.23 ppm and that of 9 is more deshielded at 9.25 ppm, which could be due
to long range effect of the hydrazino group rather than that of the imine one.
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The structure of 9 was proved by its independent synthesis, by chlorination
of the pyrazolo [3,4-d]pyrimidin-4-one derivative 3 using phosphorous
oxychloride to give the pyrazolo[3,4-d]pyrimidin-4-chloro derivative 10.
Product 10 underwent nucleophilic displacement of chlorine atom when
subjected to the action of hydrazine hydrate to give the corresponding hydrazino
derivative 9 (Method B), as identified by its melting point and TLC behavior
(Scheme 2). As described in Scheme 2, reaction of 8 with triethyl orthoformate
afforded the corresponding 9-methylthio-7-(4 -nitrophenyl)pyrazolo [4,3-€]
[1,2,4] triazolo [1,5-c] pyrimidine 11. Product 11 was also obtained by the
reaction of 8 with ethyl formate, which gave the formylamino intermediate 12
which underwent ring closure in refluxing phosphoryl chloride to give 11, in
accordance with an other investigation®™. Meanwhile, the reaction of the
hydrazino derivative 9 with refluxed formic acid afforded the unsubstituted
isomer 9-methylthio-7-(4 -nitrophenyl) -pyrazolo [4,3-e] [1,2,4] triazolo [4,3-c]
pyrimidine (13) in 65% yield.

HyCS cN
HC(OC,Hg)3 ‘ ‘
1] —
N =
\T N/\OC2H5
R
7
HoNNH, HoNNH, / H,NNH,
EtOH EtOH/ A EtOH /A

NH

HaCS HaCS

HC(OC,Hs)s HCOOH

R= CgH,NO,-4

Scheme 2
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As shown in Scheme 3, the ethoxymethylidene-amino derivative 7 was
reacted with the less nucleophilic isonicotinic acid hydrazide (INH) in refluxed
dioxane, in the presence of triethylamine, to afford pyrazolo[4,3-e] [1,2,4]-
triazolo[1,5-c]pyrimidine derivative 15. The formation of 15 is predominated
rather than the hydrazone derivative 14, which may be formed as an
intermediate. The structure of 15 was based on analogy®”, correct analytical
and spectral data. The El mass spectrum of 15 identified the molecular ion peak
at 404 (M*, 100%), which is corresponding to the exact mass of its molecular
formula C15H1,N50,S. Its *H NMR showed the pyrimidine proton as a singlet at
8 9.41 ppm and its IR spectrum lacks any band corresponding to primary or
secondary amines.

INH ‘ PhNCS

14

Scheme 3.

On the other hand, the amino-imino derivative 8 was treated with
phenylisothicyanate in refluxing pyridine to afford the 2-phenylamino
derivative 17. This could be preceded via the thiourea intermediate 16 followed
by dehydrosulfurization. The EI mass spectrum and elemental analysis showed
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that 17 had the same formula, C1gH14NgO,S. Its *H NMR showed the pyrimidine
proton as a singlet at 8 9.23 ppm and the presence of one exchangeable proton
at & 8.58 ppm assigned for one NH proton. The *C-NMR spectrum of the same
compound exhibited the characteristic carbons at & 15.1, 110, 119.4, 120.1,
125.1, 125.3, 130.4, 142.5, 143.8, 145, 146.1, 146.2, 149.4, 149.5, 158.3 ppm.

Pharmacology

Random screening of compounds and reference drug, Diclophenac®, was
performed at two dose levels 2.5 and 5 mg kg™ p.o. Compounds 17, 11, 13 and 5
showed potent anti-inflammatory activities with potent prostaglandin inhibition at
the two dose levels tested. For these compounds, a similar activity profile was
realized for the inhibition of plasma prostaglandine (PGE2) (Table 3).

The tested compounds of this series showed LD, values above 1100 mg kg™
p.o., except 2, 9, 15 and 17 with maximum in compound 7 (2457.98 mg kg™
p.0). The ulcerogenic activity (UDs, mg kg™ i.p.), showed that compounds 3, 7,
8, 9, 10 and 17 are safer than Diclophenac®, due to high ulcerogenic causing
doses that were above 200 mg kg™ i.p.

Conclusion

A series of pyrazolo [3,4-d] pyrimidine and pyrazolo [3,4-e] [1,2,4] triazolo
[1,5-c] pyrimidine derivatives were newly synthesized using aminopyrazole
carbonitrile 1 as a starting material and compounds 14 and 16 are intermediates.
The obtained pharmacological screening results of the products showed that
compounds 17, 11, 13 and 5 have better anti-inflammatory activities
comparable to the reference drug Diclophenac® and high selectivity against
COX-2. All tested products manifested highly LDs, values, so they are
considered to be of high safety margins.

Experimental

Melting points were determined in open glass capillaries using an
Electrothermal 1A 9000 SERIES digital melting point apparatus
(Electrothermal, UK) and are uncorrected. Microanalyses were performed
with all final compounds on an Elementar-Vario EL (Elementar-Vario EL,
Germany) (Micro-analytical Unit, Central Services Laboratory, National
Research Centre, Cairo, Egypt). The *H and *C NMR spectra were recorded
on a Varian Mercury VX-300 NMR spectrometer (Varian, USA). *H-NMR
spectra were run at 300 MHz in DMSO-ds as solvent using tetramethylsilane
as internal standard. Mass spectra were recorded on a Shimadzu GCMS-QP
1000EX (EI, 70 eV) (Shimadzu, Japan) and Hewlett-Packard (El, 70 eV)
(Hewlett-Packard, USA). IR spectra were obtained with a Brucker-Vector 22
(Bruker Rhein-Stetten, Germany). All the reactions were monitored using thin
layer chromatography (TLC) using silica gel aluminum sheets 60F 54 (Merck).
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TABLE 3. Anti-inflammatory, ulcerogenic activity and acute toxicity data of the
prepared compounds 2-13, 15 and 17 .

Compd. Acute Ulcerogenic Anti-inflammatory activity
No. toxicity activity
(ALDE,Ql (UD501
mg Kg mg Kg’
p.o.) i.p.)
Dose % %
mg kg p.o. | inhibition inhibition
of oedema of
plasma
PGE,
2 1079.98 191.80 25 00.00 00.00
5 46.75 58.24
3 1422.99 228.90 25 00.00 00.00
5 44.82 46.98
4 1513.67 198.70 25 68.06 72.89
5 71.44 75.09
5 1166.98 195.90 25 80.55 90.98
5 89.35 96.89
6 1833.44 144.90 2.5 73.38 71.07
5 79.24 82.63
7 2457.98 211.09 25 00.00 00.00
5 36.60 49.62
8 1213.55 201.16 25 47.50 58.68
5 50.62 60.07
9 998.98 234.00 25 62.78 54.66
5 64.88 69.79
10 1805.86 208.60 25 00.00 00.00
5 38.42 46.54
11 1613.89 113.20 25 85.32 83.98
5 91.06 90.00
12 1118.42 164.80 25 48.60 57.76
5 51.55 63.00
13 1970.48 188.40 25 82.98 77.98
5 87.98 86.00
15 987.67 199.40 25 67.98 65.15
5 77.98 71.32
17 1079.14 223.89 25 94.20 85.31
5 95.88 92.09
Diclofenac ~ 2345.87 66.70 25 81.09 75.89
potassium 5 85.44 84.87
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5-Amino-3- methylthio-1-(4"-nitrophenyl)pyrazole-4-carbonitrile (1)

Sodium hydride (50%) (9.6 g, 200 mmol) was added to DMSO (100 ml)
during external cooling (ice-bath) and vigorous stirring over a period of 15 min.
Malononitrile (13.2 g, 200 mmol) was then added and the reaction mixture was
stirred for 1lhr. Carbon disulfide (20 ml, excess) was added at the same
temperature over 30 min (color became vyellow), then stirred at room
temperature for 45 min. The reaction mixture was cooled in an ice-bath and
methyl iodide (14 ml, 200 mmol) was drop-wisely added (color became red),
then stirring was continued for 1hr at room temperature. The reaction mixture
was poured onto water and kept overnight in a refrigerator and the obtained
brownish precipitate was collected by filtration, dried and used without further
purification.

To a solution of 1,1°-dicyano-2,2 -dithiomethylethylene (17 g; 100 mol) and
piperidine (3 ml) in dioxane (250 ml), p-nitrophenylhydrazine (15.3 g; 100
mmol) was added in portions, during vigorous stirring, over 1hr. The stirred
mixture was left at room temperature overnight, and the formed solid was
separated by filtration, crystallized from dioxane (decolorized with charcoal) to
afford 1.

3-(Methylthio)-1-(4-nitrophenyl)-1H-pyrazolo[3,4-d] pyrimidin-4-amine (2)

A solution of 1 (1.1 g; 4 mmol) in formamide (10 ml) and acetic anhydride
(5 drops) was heated on sand bath at 150°C for 10hr. The solvent was distilled
off in vacuum, and the oily dark residue was triturated with water and left at
room temperature. The formed solid was filtered off, dried and crystallized to
give 2.

3-(Methylthio)-1-(4-nitrophenyl)-1H-pyrazolo[3,4-d] pyrimidin-4(5H)-one (3)

A mixture of 1 (1.1 g; 4 mmol) and formic acid (15 ml, 85%) was refluxed
for 5hr, cooled, and poured onto ice/water mixture. The formed white
precipitate was separated by filtration, washed thoroughly with water, dried and
crystallized to give 3.

3-(Methylthio)-1-(4-nitrophenyl)-1H-pyrazolo[3,4-d] pyrimidine-4(5H)-thione (4)

A solution of 1 (1.1 g; 4 mmol) in a mixture of ethyl orthoformate (15 ml)
and acetic anhydride (1 ml) was refluxed for 3hr. Excess solvent was distilled
off in vacuum; the oily residue was dissolved in ethanolic NaSH solution (25
ml, 1M), refluxed for 6hr and left overnight. The reaction mixture was
concentrated to its % volume, treated with cold water and acidified with acetic
acid (pH = 2). The separated solid was collected by filtration to give 4.

4-Imino -3-(methylthio) -1- (4-nitrophenyl) pyrazolo [3,4-d] [1,3] thiazine-6
(1H,4H,7H)-thione (5)

A solution of 1 (1.1 g; 4 mmol) in dry pyridine (5 ml) and carbon disulfide
(15 ml) was refluxed on a water bath at 80°C for 10 hr and left at room
temperature overnight. The excess solvent was distilled off under reduced
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pressure, the residue was triturated with water and ethanol and the formed solid
was separated by filtration to afford 5.

3-(Methylthio) -1- (4-nitrophenyl)-1H-pyrazolo [3,4-d] pyrimidine-4,6(5H,7H)-
dithione (6)

Method A

To a solution of 1 (1.1 g; 4 mmol) in 10% alcoholic potassium hydroxide
(12 ml), carbon disulfide (12 ml) was added. The reaction mixture was refluxed
for 3hr, cooled, poured onto ice/water mixture and neutralized with 1N
hydrochloric acid. The formed solid was filtered off, washed with water and
dried to give 6.

Method B

A solution of 5 (0.35 g, 1 mmol) in 10% alcoholic potassium hydroxide
(5 ml) was refluxed for 1hr. The reaction mixture was cooled, poured onto
ice/water mixture and neutralized with 1N hydrochloric acid. The formed solid
was filtered off, washed with water and dried to give 6 as identified by its
melting point, mixed melting point and chromatographic behavior in
comparison with an authentic sample from method A.

5-Ethoxymethylideneamino -3- methylthio-1- (4 -nitrophenyl)pyrazole -4
carbonitrile (7)

A mixture of 1 (41.25 g; 150 mmol), triethyl orthoformate (25 ml; 150 mmol)
and acetic anhydride (25 ml) was refluxed for 5hr. The solvent was removed
under reduced pressure and the residue was treated with water. The obtained
solid was filtered off, dried and crystallized from ethanol to give 7.

3-Amino-4-imino-7-(4"-nitrophenyl)-5-methylthiopyrazolo[3,4-d] pyrimidine (8)

To a cold suspension (5-10°C) of 7 (33.1 g; 100 mmol) in absolute ethanol
(500 ml), hydrazine hydrate (30 ml, 85%) in ethanol (100 ml) was added over
1hr while vigorous stirring, at the same temperature. Then, the reaction mixture
was stirred at room temperature for 3hr, and the obtained solid was filtered off,
washed with aqueous ethanol, dried to afford 8.

1-[3-methylthio-1-(4"-nitrophenyl)-1H-pyrazolo[3,4-d] pyrimidin-4-yl] hydrazine (9)
Method A
A mixture of 7 (3.31 g, 10 mmol) and hydrazine hydrate (5 ml, excess) in
ethanol (50 ml) was heated under reflux for 3hr. The formed yellowish white
precipitate was filtered off dried and re-crystallized to afford 9.

Method B

A suspension of 3 (2.12 g, 7 mmol) in phosphorous oxychloride (15 ml) was
refluxed for 3hr. The reaction mixture was cooled, poured onto ice/water
mixture and the greenish yellow solid so formed was separated by filtration and
crystallized from ethanol to give 4-chloro-3-methylthio-1-(4"-nitrophenyl)-1H-
pyrazolo[3,4-d]-pyrimidine (10).
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A mixture of 10 (1.6 g, 5 mmol) and hydrazine hydrate (2 ml, excess) in
ethanol (25 ml) was heated under reflux for 3hr. The formed yellowish white
precipitate was filtered off and dried, re-crystallized from DMF to afford 9 as
identified by its melting point, mixed melting point and chromatographic
behavior in comparison with an authentic sample from method A.

9-Methylthio-7-(4"-nitrophenyl)-pyrazolo [4,3-€] [1,2,4] triazolo[1,5-c] pyrimidine (11)
Method A
A mixture of 8 (0.95 g, 3 mmol) and triethyl orthoformate (0.5 ml, 33 mmol)
in dioxane (75 ml) was refluxed for 8hr. On cooling, the formed solid was
separated by filtration and crystallized to afford 11 as a tan yellow powder.

Method B

A mixture of 8 (0.95 g, 3 mmol) and ethyl formate (5 ml, excess) in DMF
(5 ml) was refluxed for 5hr. After cooling, the formed solid product was filtered
off, washed with water, dried and crystallized to afford 3-formylmino-4-imino-
7-(4"-nitrophenyl)-5-methylthiopyrazolo[3,4-d] pyrimidine (12) as white crystals.

A mixture of 12 (0.35 g, 1 mmol) in POCI; (5 ml) was heated under reflux
for 3hr. After cooling, the reaction mixture was poured onto ice/water mixture
and neutralized with ammonia solution. The formed solid was filtered off, dried
and crystallized to afford 11, as buff crystals.

9-Methylthio-7-(4 " -nitrophenyl)-pyrazolo[4,3-€] [1,2,4]triazolo[4,3-c] pyrimidine (13)

A mixture of 9 (1.59 g; 5 mmol) and formic acid (25 ml, 85%) was refluxed
for 5hr, cooled, and poured onto ice/water mixture. The formed greenish yellow
precipitate was separated by filtration, washed thoroughly with water, dried and
crystallized to give 13.

9-Methylthio-7-(4"-nitrophenyl)-2-(4™"-pyridyl) pyrazolo[3,4-e] [1,2,4] triazolo-
[1,5-c]pyrimidine (15)

A mixture of 7 (0.99 g, 3 mmol), isonicotinic acid hydrazide (0.41 g, 3
mmol) and TEA (2 ml) in dioxane (25 ml) was refluxed for 6hr. After cooling,
the obtained solid was filtered off, and crystallized from DMF to afford 15 as a
yellow powder.

9-Methylthio-7-(4"-nitrophenyl)-2-phenylpyrazolo [3,4-€][1,2,4] triazolo-[1,5-c] -
pyrimidine (17)

A suspension of 8 (0.95 g, 3 mmol) and phenylisothiocyanate (0.4 g ~ 0.36 ml,
3 mmol) in pyridine (12 ml) was heated under reflux for 5hr. After cooling the
reaction mixture was poured onto ice/water and neutralized with 1N HCI. The
formed solid was filtered off, washed with water, dried and crystallized to
afford 17.
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Pharmacology

Animals

Animals were obtained from the animal house colony of the National
Research Center, Cairo, Egypt. All animals were allowed free access to water
and were kept on a constant standard diet. All procedures involving animals
were carried out in accordance with the guide for the care and use of laboratory
animals (National Academy of Science of Egypt) and were approved by the
Animals Studies Committee at Washington University. Adult male albino rats,
weighing 150-180 g, fasted for 12 hr and used for determining the anti-
inflammatory activity and LDsj.

Evaluation of anti-inflammatory activity

The inhibitory activity of the studied compounds on carrageenan-induced
rat’s paw edema was carried out according to the method of Winter et al.®* %2,
Groups of rats, each of 8 animals were orally dosed with the test compounds at
a dose level of 2.5 and 5 mg/kg an hour before carrageenan challenge. Foot paw
edema was induced by sub planter injection of 0.05 ml of 1% suspension of
carrageenin in saline into the planter tissue of one hind paw. An equal volume
of saline was injected to the other hind paw and served as control. Four hours
after drug administration the animal was decapitated, blood was collected and
the paws were rapidly excised.

The average weight of edema was estimated for the treated as well as the
control group and the percentage inhibition of weight of edema was also
evaluated; then percentage protection against edema was estimated (Table 3).

Diclophenac® (2.5 and 5 mg/kg) was employed as standard reference against
which the test compounds were compared.

Estimation of plasma prostaglandin E, (PGE,)

Heparinized blood samples were collected from rats (n= 8), plasma was
separated by centrifugation at 12 000 x g for 2 min at 4°C and immediately
stored frozen 20°C until use.

The designs correlate-EIA prostaglandin in E, (PGE,) kit is a competitive
immune assay for the quantitative determination of PGE, in biological fluids.
The kit uses a monoclonal antibody to PGE, to bind, in a competitive manner,
the PGE; in the sample. After a simultaneous incubation at room temperature
the excess reagents were washed away and the substrate was added. After a
short incubation time the enzyme reaction was stopped and the yellow color
generated was read on a micro plate reader (DYNATCH, MR 5000) at 405 nm.
The intensity of the bound yellow color is inversely proportional to the
concentration of PGE, in either standard or samples. The percentage inhibition
of plasma PGE, for each compound was estimated® 29 (Table3).
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Evaluation of acute toxicity study

The test compounds were administered orally at different dose levels in
separate groups of animals. After 24 hr of drug administration percent mortality
in each group was observed. From the data obtained, the lethal dose (LDso) was
calculated by the method of Smith®®.

Evaluation of ulcerogenic activity

Ulcerogenic activity was determined according to the method of Verma et al.
In this method®®, adult albino rats, fasted 24 hr prior to the administration of
drugs, were divided into groups of ten animals each.

Water was allowed ad libitum to the animals. The test compounds and
standard drugs were given intraperitoneally and the animals sacrificed 8 hr after
drugs treatment. The stomach, duodenum and jejunum were removed and
examined with a hand lens for any evidence of (a) shedding of epithelium (b)
petechial and frank haemorrhage and (c) erosion or discrete ulceration with or
without perforation. The presence of any one of these criteria was considered to
be an evidence of ulcerogenic activity.
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