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ABSTRACT

A series of five 3-methyl-1-phenyl-4-substituted pyrazol o[ 3,4-d] pyrimidin-6-ones(l 5.¢) and five 3-
methyl-1-phenyl-4-substituted pyrazolo [3,4-d] pyrimidin-6-thiones (I1,) were prepared and
some of them were subjected to aminolysis as well as hydrazinolysis. The reaction of the 6-
chloro derivatives (1V) with amino acids to give pyrazolo pyrimidine derivatives (IX) was
investigated. A few of the pyrimidin-6-thiones were cyanoethylated under drastic conditions to
give (XI), and some of them were also hydroxyethylated (1 X).

Keywords: Pyrimidines, pyrazolopyrimidines, synthesis, nuplates, electrophiles.

INTRODUCTION

A large number of pyrimidine derivatives are repdrtto exhibit antimycobacterial[1],

antitumor[2], antiviral[3] anticancer[4], anti-idinmatory[4], analgesic[4], antifolate[5],

antimicrobial[6], anti-fungal[7], antiproliferatiy8] and antihistaminic[9] activities. They are
also effective as antiplatelet agents with anatgaestivity [10] and as a new drug for treatment
of insomnia [11].

In view of these reports and as continuation ofregent studies [12-13]; the syntheses of a new
series of compounds containing the pyrimidine nyogge now reported. The one-pot reaction of
4-arylidene-3-methy-I-phenyl pyrazolin-6-ones wittea afforded the corresponding 3-methyl-
1-phenyl-4-substituted pyrazolo[3,4-d] pyrimidineGes(1l..e) Those derivatives have elicited a
good deal of attention as they exhibited antimi@abhctivity[14-16]. Their mode of reaction
with some nucleophiles has also been studied iaildghce the products are themselves very
useful as synthetic intermediates.
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(XI)  Ar=CgHNO,2
a; Ar=CgH,NO,-2, R =CHj m; Ar = 2-C4H3NH, R = benzothiazolyl-2-yl
b; Ar= CgH4NO,-2, R =CgH5CH, n; Ar= CgH,OCH3-2, R=-NH,
C; Ar=CgHy4NO,-2, R =benzothiazolyl-2-yl  o; Ar = C¢H40CH3-2, R =-NHCgH;
d; Ar= CgH,NO,-2, R = pyridine-2-yl p; Ar = CgH,OCH5-2, R =-NHCgH,NO,-4
e; Ar= C6H4OCH3'2, R= (CH2)3'CH3'n g, Ar = C6H4OCH3'2, R= 'NHC6H3(NOZ)2'2,4
f; Ar = CgH40CH3-2, R = CgH4NO,-3 r; Ar = CgH,OH-2 R =-NHCg¢Hsg
g; Ar = C6H4OCH3-2, R= CBH5 S; Ar= C6H4OH-2 R= -NHCGH4N02-4
h; Ar= CgH4OCH3-2, R = benzothiazolyl-2-yl t; Ar = 2-C4H3NH R =-NHCgH5
i; Ar=CgH,OCH;-2, R =CgH,CI-4 u; Ar = 2-C4H3NH R =-NHCgH3(NO,),-2,4
j; Ar = CgH,OH-2, R = CgH4NO,-2 V; Ar = CgH,NO,-2, R =-NHCSNH,
k; Ar = CgH,OH-2, R = CgHs w; Ar = CgH,OCH3-2, R =-NHCONH,
I, Ar = 2'C4H3NH, R= C6H5CH2

Scheme 1
EXPERIMENTAL SECTION

All melting points are uncorrected and measurechpillary tubes. The IR spectra were recorded
on a Shimadzu FTIR 8201 PC in KBr discs (wafer méphe). The'H NMR spectra were
measured on a 300-(300 MHz) BRUKER proton NMR-Awaimt DMSO-¢ as a solvent and
TMS as internal reference. The mass spectra (M# measured on a Varian (70 eV) MAT 112
Spectrophotometer.

3-Methyl-1-phenyl-4-substituted phenyl pyrazolof8pyrimi-din-6-ones(l ,.¢) and 3-methyl-1-
phenyl-4-substituted phenyl pyrazolo [3,4-d] py«ini6-thioneg(l1,.¢) were prepared according
to Abd El-Ghaffar et al[13].

The mass spectrometry off, showed ion peaks at/e 332 (1.9%) m/e 210 (2.4%),n/e 168
(2.2%),m/e 143(4) and 77 (100%) (c.f.Chart 1).
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3-Methyl-(1-phenyl-4-substituted phenyl pyrazolo[34-d]pyrimidin-6-amino-(I114my), 6-
hydrazino(l11,.,), 6-thiocarbamoyl (11V), and 6-carbamoyl! (11w).

A mixture of lae, llae, 1Vac (0.01 mol) and the appropriate amine such as nuaatiigke,
benzylamine, 2-amino-thiazole, 2-aminopyridine, ytamine, 3-nitroaniline, aniline, 4-
chloroaniline and 2-nitroaniline (0.01 mol) in 30 of ethanol, benzene and/or xylene was
heated under reflux for 6-18 hours. The mixture \ilsred while hot, left to cool and the
products that separated were recrystallized froenpttoper solvents to gilld ... A mixture of
la-es ae, [Vac (0.01 mol) and the hydrazines namely, hydrazindrdite, phenyl hydrazine, 4-
nitrophenyl hydrazine, 2,4-dinitrophenyl hydrazif@®01 mol) in 30 ml of ethanol, benzene or
xylene and thiosemicarbazide or semicarbazide (@61 dissolved in 1 ml of water) in 30 ml of
ethanol was refluxed for 6 hours. The products separated after concentration and cooling
were collected and recrystallized from the prodvent to givelll,.,andlll,.

The IR stretching absorption of compourgtid ».) Showedabsorption bands around 3440¢m
vNH and 1620cnt for vC=V cyclic.

I11,, recrystallized from ethanol as pale yellow crystahp 177°C, 72% vyield, 1gH16N6O2
(360), C, 63.4;H, 4.4; N, 23.2%: IR (KBrNH, 3436, 3260pC=N 1620;v ring 1606.'H-
NMR oppm: 1.01 (s, 3H, C§j, 2.47 (d, 3H, NH=CHh), 4.4 (q, 1H, NH-CH), 6.46-8.14 (m, 9H,
Ar-H); °C NMR &ppm: 164(C=N), 158, 147.9, 146.3, 146.1, 134.8, 11&D.6, 128.9 127.3,
121, 118.8, 116.3, 29.1 (GHN), 18.2 (CH-C). MS: M+2T- 3.62(2.1%), I\/ﬂ*- 360 (27.1%).

Iy, recrystallized from petroleum ether (bp 60-80°€)pale yellow crystals, mp 162 °C, 69%
yield, GsH2oNgO, (436), C, 68.8; H, 4.6; N, 19.3%; IR(KBOQNH, 3442, 325.5pC=N 1619,u
ring 1600."H-NMR &ppm: 1.03 (s, 3H, Ch), 3.81 (d, 2H, Ck-NH), 4.6 (t, 1H, NH), 6.49-8.15
(m, 14H, Ar—H).2*C NMR &ppm: 164(C=N), 158, 147.9, 146.3, 146.1, 136.5,8,3430, 129.6,
128.9, 128.6, 128, 127.3, 127.1, 121, 118.8, 71813,47.7 (CHNH), 18.2 (CH-C). MS:
M+2 | * 437 (9.2%), 436 (29.3%).

* 438 (3.6%), M+1]

11, recrystallized from ethanol as yellow crystalgy 108 °C, in 78% yield, ££H;7/N;O,S
(479), C, 62.6; H, 3.5; N, 20.5; S, 6.7%. IR(KBo)\H, 3428, 3235pC=N 1620;u ring 1600.
'H-NMR sppm: 1.08 (s. 3H, Ch), 4.95 (s, 1H, NH), 6.48-8.16 (m, 13H, Ar—HYC—NMR
Sppm: 174.5 (C-S), 164(C=N), 158, 149, 147, 1464%.1, 134.8, 130, 129.6, 128.9, 127.3,
125.9, 125.2, 124.5, 121.9, 121.8, 121, 118.8,31181, 86.9 (C-NH), 18.2 (GHC). MS:
M+2 | 481(1.2%), M+1]* 480 (4.7%), M|* 479(22.9%).

[114, recrystallized from benzene as yellow crystals, 188 °C, 69% vyield, &H17/N;O, (423),
C, 65.2; H, 4.1; N, 23.2%. IR (KBrpNH, 3438, 3230pC=N 1620;u ring 1606."H-NMR
Sppm: 1.01 (s, 3H, CH, 4.89 (s, 1H, NH), 6.62-8.11 (m, 13H, Ar—HYC-NMR &ppm:
164(C=N), 158.6, 158, 148.2, 147.9, 146.3, 1463B.3, 134.8, 130, 129.6, 128.9, 127.3, 121,
118.8, 116.3, 113.3, 109.9, 91, 87.2, 18.2 4GF). MS: M+2|* 425 (3.2%); M+1]* 424(3.1%);

M ]* 423 (37.9%).

I, recrystallized from benzene as pale yellow crystalp 164 °C, 81% vyield, £gH2sNsO
(387), C, 71.3; H, 6.5; N, 18.1%; IR(KBrxNH 3440, 3230uC=N 1620;v ring 1590. MS:
M+2 | ' 387 (42.9%).

* 389 (1.9%), M+1" 388 (2.1%), M
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[11;, recrystallized from ethanol as yellow crystaly 802 °C, 87% yield, £&H20NsO5(452), C,
66.4; H, 4.4; N, 18.6%. IR (KBruNH 3448, 32350C=N 1619;u ring 1599.'"H-NMR ppm:
1.08 (s, 3H, CH), 3.73 (s, 3H, OCHEH-Ar) 4.99 (s, 1H, NH), 6.47-7.85 (m, 13H, Ar—HjC—
NMR oppm: 164(C=N), 158, 157.7, 149.2, 148.5, 147.9,348630.5, 129.6, 129, 127.4, 121,
119.6, 118.8, 116.3 114.2, 109.5, 109.5, 107.4,21®4, 87.2 (C-N), 56.3 (GHO), 18.2 (CH)

MS: M+2 |* 454 (2.2%), M+1]* 453 (4.8%), M|* 452 (47.4%).

I14: recrystallized from pet. ether (bp 60-80°C) aboyesh white crystals, mp 151 °C, 84%
yield, GsH21NsO (407), C, 73.7; H, 5.2; N, 17.2%. IR (KBONH 3440, 3230pC=N 1620;v
ring 1589."H-NMR &ppm: 0.99 (s, 3H, CH), 3.47 (s, 3H, OCH), 4.65 (s, 1H, NH), 6.46-7.19
(m, 14H, Ar-H) MS: M+2|* 409 (3.6%), M+1*408 (28.9%), M|* 407 (37.9%).

[y, recrystallized from ethanol as yellow crystals, 204 °C, 77% vyield, &H20NsOS (464), C,
67.3; H, 4.3; N, 18.1; S, 6.9%; IR (KBONH 3394, 3235pC=N 1618;v ring 1590."H NMR
Sppm: 1.01 (s, 3H, Ch), 3.71 (s, 3H, OCH), 4.86 (s, 1H, NH), 6.62-8.13 (m, 13H, Ar-H3C
NMR éppm: 174.5 (N=C-S-), 164(C=N), 158, 157.5, 149,.94146.3, 129.6, 129, 127.4,
125.9, 125.2, 124.5, 121.9, 121.8, 121, 118.8,3,16.4.2 , 107.2, 91, 86.9 (N=C-N), 56.3(0O—
CHjs), 18.6(CH). MS: M+2 |* 466(1.4%), M+1]* 465(4.9%), M|* (29.2%).

[11;, recrystallized from ethanol as dark yellow crystalsip 213 °C, 88% yield,
C2sH20NsONsOCI (441.5), C, 68.0; H, 4.5, N, 15.9; ClI, 8.1%.(KBr): uNH3440, 3230pC=N

1616,u ring 1599."H-NMR &ppm: 1.11 (s, 3H, Ch), 3.75 (s, 3H, OCH), 4.59 (s, 1H, NH),
6.94-7.95 (m, 13H, Ar-H), MS: M+8 444 (1.3%), M+2* 443 (5.8%), M+1]* 442 (28%),
M | 441(29)

I11;: recrystallized from ethanol as gray crystals, 6@ 1C, 88% yield, &H1sNsOs (438), C,
65.8; H, 4.1; N, 19.2%. IR (KBrpNH 3404, 3260pC=N 16150 ring 1590."H-NMR ppm:
1.09 (s, 3H, Ch), 4.95 (s, 1H, NH), 6.86-7.83 (m, 13H, Ar—H), 1¢s5 1H, OH), MS: M+2]*
440 (1.2%), M+1]* 439 (3.3%) M|* 438 (28.3%).

[y, recrystallized from ethanol as light green crigstenp 189 °C, 89% yield, 4H19Ns0(393),
C, 73.3; H, 4.8; N, 17.8%. IR (KBrpNH 3436, 3255pC=N 1620,0 ring 1599.'H-NMR
dppm: 0.91 (s, 3H, C¥), 4.39 (s, 1H, NH), 6.43-7.13 (m, 14H, Ar-H), 19.3, 1H, OH). MS:

M+2 |* 395 (1.8%), M+1]* 394 (4.1%), M|* 393 (26.2%).

[11: recrystallized from benzene as yellow crystals 26f °C, 77% vyield, &H2oNg (380), C,
72.6; H, 5.3; N, 22.1%. IR (KBrpNH 3432, 3255p C=N 1618,u ring 1590.*H-NMR sppm:
0.90 (s, 3H, CH), 2.83 (s, 2H, CR-Ph), 4.15(s, 1H, NH), 5.31(s, 1H, NH), 6.69-7.&¥, (3H,
Ar-H). MS: M+2 |* 382 (3.0%), M+1]* 381 (27.7%), M|* 380 (42.1%).

11y, recrystallized from benzene as dark yellow crgstap 212 °C, 76% vyield, &H;7N;S
(423), C, 65.3; H, 4.0; N, 23.2; S, 7.6. % IR (KBsSINH 3428, 3255pC=N 1618,u ring 1600.
'H-NMR 8ppm: 1.01 (s, 3H, C#), 4.73 (s, 1H, NH), 5.51 (s, 1H, NH), 6.94-8.12, (tl2H, Ar—
H). MS: M+2T- 425 (3.2%), M+ﬂ+- 424 (25.1%), WT 423 (39.4%).

[11,: recrystallized from pet. ether (bp 60-80 °C) ale pallow crystals, mp 128 °C, 71% vyield,
C19H18N6O (346) C, 65.9; H, 5.5; N, 24.3%. IR (KBONH 3332, 3135pC=N 1606,u ring
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1588.*"H-NMR dppm: 0.91 (s, 3H, CH), 3.73 (s, 3H, OCH), 4.95 (t, 1H, NH), 6.46-7.19 (m,
9H, Ar—H), 9.15 (d, 2H, Nb). ¥*C NMR Sppm: 164(C=N), 158(C=N-N), 157.7; 147.9, 146.3,
129.6, 129, 127.4, 121, 118.8, 116.3, 114.2, 10912,89.2, 56.3 (OCH), 18.2 (CH). MS:
M+2'|* 348 (1.9%), M+1]* 347 (12.7%), M|* 346 (19.4%).

I11,: recrystallized from benzene as orange crystals1l@®°C, 73% vyield, &H..NeO (422), C,
71.1; H, 5.2; N, 20.0%. IR (KBrNH 3392, 3139pC=N 1608,u ring 1599."H-NMR ppm:
1.06 (s, 3H, Ch), 3.73 (s, 3H, OC}J, 4.95 (d, 1H, NH), 5.01 (d, 1H, NH), 6.96-7.92, (b4H,
Ar—H).

I1,: recrystallized from ethanol as dark orange crgstal mp 212 °C, 89% yield,
CosH21N7O3(467), C, 64.2; H, 4.5, N, 21.0%. IR (KBONH 3414, 3157pC=N 1618,u ring
1602.*H-NMR 8ppm: 1.19 (s, 3H, C#), 3.74 (s, 3H, OCH), 4.86 (d, 1H, NH), 5.16 (d, 1H,
NH), 6.99-8.15 (m, 13H, Ar—H)**C NMR sppm: 164 (C-N), 158 (C=N-N), 157.7, 157.1,
147.9, 146.3, 138.9, 129.6, 129.0, 127.4, 121.4,012118.8, 116.3, 114.2, 114.1, 107.2, 91,

68.6, 56.3, 18.2. MS: M+¥ 469(2.6%), M+1]* 468 (4.9%), 467(31%).

I114 recrystallized from ethanol as reddish crystalg, 188 °C, 91% yield, £&H>0NgOs (512), C,
58.6; H, 3.9; N, 21.9%. IR (KBrpNH 3419, 3310pC=N 1618;v ring 1604.*H-NMR Sppm:
1.31(s, 3H, ChH); 3.73 (s, 3H, OCH), 4.90 (d, 1H, NH), 5.18 (d, 1H, NH), 6.95-8.15, (12, H,

' 513 (6.4%), M|* 512 (30.1%).

Ar—H). MS: M+2* 514 (4.7%), M+1

[I1r: recrystallized from ethanol as green gray crystals 161°C, 72% yield, £H20NeO (408),
C, 70.6; H, 4.9; N, 20.6%. IR (KBrpNH 3340, 32200C=N 1616:v ring 1599."H-NMR
Sppm: 1.01 (s, 3H, CH), 4.15 (d, 1H, NH), 4.65 (d, 1H, NH), 6.66-7.18, (tdH, Ar—H). MS:
M+2 |* 410(2.2%), M+1]* 409(4.1%), M|* 408 (26.9%).

[11s, recrystallized from ethanol as orange crystals, 18§ °C, 83% vyield, &H1oN7O3 (453), C,
63.6; H, 4.2; N, 21.6%. IR (KBrpOH 3483;uNH 3269, 3135pC=N 1620;v ring 1601.H-
NMR dppm: 1.24 (s, 3H, C¥J; 4.34 (d, 1H, NH), 4.95 (d, 1H, NH), 6.95-8.11, (b8H, Ar—H);

* 454 (3.3%); M|* 453 (28.7%).

10.19 (s, 1H, OH). MS: M+2' 455 (1.3%); M+1

[, recrystallized from benzene as dusty crystals, mp°C, 69% vyield, &HigN; (381), C,
69.3; H, 5.0; N, 25.7% IR (KBruNH 3448, 3130pC=N 1599;u ring 1589'H-NMR ppm:
0.95 (s, 3H, CH), 4.13 (d, 1H, NH), 4.92 (d, 1H, NH), 5.0 (d, INH), 6.12-7.04 (m, 13H, Ar—
H). MS: M+2|* 383 (3.1%) M+1]* 382 (2.2%); M|* 381 (24.2%).

[11,: recrystallized from ethanol as dark red crystalg, 183 °C, 94% yield, £H17/NgO4 (471),
C, 56.1; H, 3.6; N, 26.8. IR (KBrpNH 3484, 3235pC=N 1620;v ring 1599.*H-NMR sppm:
1.35 (s, 3H, CH), 4.65 (s, 1H, NH), 5.35 '(d, 1H, NH), 5.67 (d,,1NH), 7.01-8.36 (m, 11H,

Ar—H). MS: M-2 |*. 478 (1.3%); M+1]* 472, (3.4%), 471(37.3%).

[11,: recrystallized from pet. ether—-benzene (bp 60-80&€)dusty crystals, mp 142°C, 69%
yield, GgH16NgO,S (420), C, 54.3; H, 3.8; N, 26.7; S, 7.7%. IR (KBMNH 3440, 3394, 3255
VC=N 1618, ring 1601*H-NMR Sppm: 1.19 (s, 3H, Ck 4.61 (d, 1H, NH), 5.01 (d, 1H, NH),

_S
7.01-8.14 (m, 9H, Ar—H), 9.89 (s, 2H, NH**C-NMR ppm: 182.6 ¢, ), 164 (C=N), 158,
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147.9, 146.3, 146.1, 134. 8, 130.0, 129.6, 1289,3, 121.0, 118.8, 116.3, 91 (C=N-N), 85.6,
18.2 (CH). MS: M+2]* 422 (4.2%), M+1* 421 (4.5%), M|* 420 (70.1%).

[y, recrystallized from ethanol as gray crystals, b 1C, 71% vyield, gH19N-;O, (389), C,
61.7; H, 4.9; N, 25.2%. IR(KBruNH 3442, 3398, 3258)C=N 1620uv ring 1605.'H-NMR
dppm: 1.29 (s, 3H, C¥), 3.47 (s, 3H, OCHJ, 4.69(d, 1H, NH), 5.13 (d, 1H, NH), 7.12-8.15 (m,

9H, Ar—H), 9.95 (s, 2H, NbJ, MS: M+2 |* 391 (4.3%), M+1]* 390 (6.1%), M|* 389 (38.7%).

3-Methyl-1-phenyl-4-substituted phenyl-6-chloro-pyazolo-[3,4-d]pyrimidine (1Va.)

A suspension ofa-c (0.01 mol) in 5 ml of POGland phosphorous pentachloride (0.01 mol) was
heated on a steam-bath for 2 hours. After coolingas poured on to 50 ml of cooled ice water,
stirred well, and the separated product was celtectvashed well with cold water and
recrystallised from ethanol &&a-c

Triazolo[4',3'-b]pyrazolo[3,4-d]pyrimidine (Va):

A mixture of 1V, (0.01 mol) and acetyl hydrazine (0.01 mol) in 5Dahn-butanol was heated
under reflux, filtered while hot and left to coollhe product that separated was recrystallized
from acetic acid as yellowish brown needless, mp@ 2, 70% yield. Cacld. for: gH150,N~
(385); req.: C, 62.33; H, 3.89; N, 25.45. Found6€.,3; H, 3.9; N, 25.5. IR: 1636 ¢h(vC=N
cyclic), 2880, 2940, 2950, 3044 ¢rtvC-H). 'H NMR: & 2.79 ppm (s, 3H, C§), & 2.35(s, 3H,
CHa-triazolo), 5 6.5-7.59 (m, 9H, Ar-H).”*C-NMR sppm: 163.4, (pyrimidine —C), 152.5
(tirazole—C), 149.3, 146.9, 144.3, 139.7, 135.4,.63129.7,129.4, 128.7, 128.4, 126.3, 121.6,

120.2, 115.2, 15.6 (G 14.4(CH). MS: M+2]* 387 (1.2%), M+1* 386 (2.1%), M
(21.6%).

+

Triazolo[4',3'-b]pyrazolo[3,4-d]pyrimidine ( Vy) :

A mixture oflc (0.01 mol), phosphorus pentasulfide (0.05 mol3@nml of xylene was heated
under reflux for 6hrs, decanted and the productweshed well with petroleum ether (bp 60-80
°C). The crude produdtic) (0.01 mol) was heated with acetylhydrazinenibutanol for 72
hours. The reaction mixture was cooled and the ymbdas collected and recrystallised from
isopropyl alcohol to give/, in 45% vyield, mp 213 °C Calcd. for¢El160Ns (356); Req.: C,
67.41; H, 4.49; N, 23.59. Found: C, 67.4; H, 4.528.6%, IR: (KBr) 1626 cih (vC=N), 2858,
2923 and 3020 cih(vC-H) and 3420 ci (vOH). *HNMR: & 2.53 ppm (s, 3H, -C§), § 2.75
ppm (s, 3H, Chtriazolo),s 6.7-8.9 ppm (m, 9H, Ar-H) and &at11.1 ppm (s, 1H, OH-Ar)}:*C—
NMR éppm : 163.4 (pyrimidine—C), 155.3(triazolo-C), 1%,7149.6, 144.3, 139.7, 130.2, 129.4,

128.9, 128.7, 126.3, 121.9, 120.6, 120.2, 116.4.21115.6(CH), 15.4(CH). MS: M+2

' 357(2.1%), M|* 356 (27.9%).

+

358(2.3%) M+1

Tetrazolo[5',4'-b]pyrazolo[3,4-d]pyrimidine (VI)

A mixture of1V, (0.01 mol) and sodium azide (0.53 g) in 25 ml diBPwas heated under reflux
for 6 hours the solvent was removed by distilla@o the product that separated was collected,
washed well with dilute alcohol and recrystallidenin absolute ethanol as yellow crystals mp
133 °C (35% vyield). Calcd. for:1gH;,0,Ng (372) :C, 58.06, H, 3.22; N, 30.107. Found: C158.
H, 3.2; N, 30.1%. IR: 1615 cm(v C=N), 1430 crit (v C=N-N) and 3080 cth (v C-H aromatic).
'H-NMR ppm: 2.79 (s, 3H, Ch, 7.31-8.25 (m, 9H, Ar—H).*CNMR &ppm: 163.4
(pyrimidine—C), 154.3, 148.4, 144.3 (tetrazole-@39.7, 139.2, 129.4, 128.7, 128.4, 126.3,

121.6, 120.2, 115.2 (pyrazole-C), 15.6@EHVS: M+2]* 374(1.8%), M+1]* 373(3.0%), M
372 (29.2%).

+
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a) Alkylation with dimethyl sulphate. Formation of VI|

To a suspension of (0.01 mol) in agueous NaOH (10 ml of 10% solutiaas added dropwise
dimethyl sulphate with occasional shaking whilegkeg the solution alkaline (by adding excess
NaOH) then the mixture was heated on a steam loatBhrs. after cooling it was diluted with
water then extracted with ether and the ethergar lavas dried over anhydrous Mg&S@en
evaporated and the solid that separated was rattizstl from ethanol agll, mp. 231°C (yield
61%). Calcd. for @sH1503Ns (361). Req.: C, 63.15; H, 4.15; N, 19.35. Found6&2; H, 4.2; N,
19.4. IR: 1616 c (vC=N), 1668 crit (vC=0 amide), 3030 cth(vC-H ring). ‘H-NMR Sppm:
1.90 (s, 3H, Ch), 2.74(s, 3H, N—-Ch), 6.62-8.14 (m, 9H, Ar—H)**C NMR &ppm: 155.3 (N-
C=0), 151.8, (N-C=N), 147.9, 146.3, 146.1, 14580.Q, 129.6, 128.9, 127.3, 121.0, 118.9,
116.3, 93.0 (C=N-N), 32.9 (N-GH 18.2(CH) MS: M+2|* 363 (1.8%), M+1]* 362(2.0%),

M ]* 361 (20.2%).

b) With sodium methoxide. 3-Methyl-1-phenyl-4-substuted phenyl pyrazolo [3, 4-d]
pyrimidin-6-methyl ether (VIII)

A mixture of V4 (0.01 mol) and sodium methoxide (0.01 mol, pregpdrem 0.52 g of sodium
metal in 32 ml of methanol) was stirred well anfét ®vernight at room temperature. It was
poured into 50 ml of water and the product was eocbdld, washed well with water.
Recrystallization from petroleum ether (bp 60-8Q &@veVlll as brown crystals, mp 101 °C
(60% yield). Calcd. for: GH150Ns (305). Req.: C, 66.88; H, 4.91; N, 22.95. Found6€&9; H,
4.9; N, 23.0. IR: 2860, 2930, 2960, 3000 and 30md ¢vC-H ring); methyl CH stretching at
2960, 2850 ci, 1600-1498 cil (vC= ring stretch), 1247 cth(vC-O-C asymmetric), 1040 ¢
(vC-O-C symmetric) and at 1610 eénvC=N, ring).*H NMR (Sppm): 2.53 (s, 3H, Ciipyrazolo
ring), 6 3.39 ppm (3, 3H, OC¥), 6 4.91 (s, 1H, NH-cyclic) and 7.18-8.15 ppm (m, 8H, Ar-H).
13C NMR sppm: 167.4, 164.6, 164 (N-C—N), 150.1 (~C=N), 14731.9, 130.0, 118.9, 116.4,
46.9 (OCH), 36.3, 23.0 (CH).

N-[3-Methyl-1-phenyl-4-(2-methoxyphneyl)pyrazolo[3,4d]pyri-midin-6-yl) amino acids
(I Xap)

An aqueous solution of glycine (0.09 mol; 6.9gxatanine (0.09 mol, 8.0g) dissolved in 5 ml of
water and sodium carbonate (0.05 mol) and the psladusted at 9-9.5 thep (0.04 mol) was
added gradually while stirring. The reaction migtuvas vigorously stirred at 100°C for 6 hours,
adjusted the pH at 9-9.5 then left 12 hours at reemperature. It was acidified with formic
acid; the product that separated was collectedh&dhsvell with water and recrystallized from
ethanol to givd X, and X, respectivelyl X,;, mp 196 °C (63% vyield). Calcd. for,{El1903Ns
(389). Req.: C, 64.78; H, 4.88; N, 17.99. Found6&8; H, 4.9; N, 18.0. IR: 3488 ch{vOH),
3432 cnt (VNH), 2870, 2924, 2950, 3010, 3060 tifvCH) and at 1700 cth(vC=0).*HNMR:

o ppm: 2.79 (s, 3H, C¥), 3.73 (s, 3H, OCHJ, 4.01 (d, 2H, CbNH), 6 4.65-4.75 (t, 1H,
NHCH,), 6 6.85-8.05 (m, 9H, Ar-H) and at9.3 ppm (s, 1H, COOH) Xy, m.p. 274°C in 45%
yield. Calcd. for: G;H2;03N5 (403). Req. C, 65.508; H, 5.21; N, 17.36. Found6®&5; H, 5.2;
N, 17.4. IR 3462 cih (vOH), 3430 crit (vNH), 2870, 2924, 2957, 3013, 3062 tifvC-H) and
at 1701 crit (vC=0). '"HNMR (Sppm ):1.23 (d, 3H, CECH), & 2.79 ppm (s, 3H, CH
pyrazoline),6 3.73 ppm (s, 3H, OCHAr), 6 3.9 (q, CH-CH), 6 4.7 ppm (d, 1H, NH-CH),
86.71-7.8 ppm (m, 9H, Ar-H); and &t 11.0 ppm (s, br, 1H, COOH)*CNMR 8ppm:
174.9(COOH), 165.7 (pyrimidine—c), 162.1, 157.40.55(pyrazole-C), 144.3, 139.7, 129.8,
129.4, 128.5, 126.3, 121.6, 120.2, 119.6, 115.2,8,156.2(OCH), 53.1 (C-CH-C=0), 17.0
(CHs—CH), 15.6(CH-C—pyrazole). MS: M+2* 405 (1.8%), M+1]* 404 (2.5%), M|* 403
(389%).
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Cyclization of | Xa,b:Formation of imidazole derivatives(Xap).

A mixture of compound§l X,) or (1X) (0.01 mol), acetic anhydride (15 ml) and sodiuretaie
(0.01 mol) was refluxed at 120-130 °C for 3 hours product that separated was collected,
washed well with water then recrystallized fromagtbl asXap. Xa, mp 220 °C as red crystals
(21% vyield). Calcd. for &H170-N5 (371). Req. C, 67.92; H, 4.58; N, 18.86. Found6T9; H,
4.6; N, 18.9. IR: 2820, 2950, 2990, 3030 tivC-H), 1640 crit (vC=0O cyclic amide) and
devoid ofvNH. *H NMR: § 2.5 ppm (s, 3H, Ckpyrazoline),s 3.4 ppm (s, 3H, OCHAr), §
5.23 ppm (s, 1H, N-CHCO in imidazolo ring),6.7-7.9 ppm (m, 9H, Ar-H)**C NMR &ppm:
163.0 (C=N-C), 160.5 (C=N-C), 159.0 (N-C=0), 154.47.8 (pyrazole-C), 141.0, 139.7 (N—

N=C), 132.1, 130.2, 129.4, 126.3, 122.9, 121.2,42014.4, 95.0, 92.3:(c_ ), 55.9 (OCH),
N
18.1 (CH). MS: M+2* 373 (2.5%), M+1]* 372 (1.8%), M|* 371 (29.8%).

Xp, mp 281 °C as orange crystals (31% vyield). CdlmdC,,H;40:N5 (385). Req. C, 68.57; H,
4.93; N, 18.18. Found C, 68.6; H, 4.9; N, 18.2.2827, 2960, 2970, 2993, 3030 tifvCH) and
devoid ofyNH. *H NMR: & 1.25 ppm (d, 3H, CEHCH imidazolo),8 2.5 ppm (s, 3H, CH
pyrazoline),6 3.4 ppm (s, 3H, OCHAr), 6 3.99ppm (g, 1H, CH-CHin imidazolo ring) and

7.1-8.75 ppm (m, 9H, Ar-H). MS: M+I 386 (2.7%); M|* 385 (23.8%).

Cyanoethylation of 3-methyl-1-phenyl-4-(substitutedphenyl)-pyrazolo[3,4-d] pyrimidine-6-
thione. Formation of (XI)

a) Using sodium hydroxide

The thione derivativél ; (3.6 g, 0.01mol) was finely grounded with solidigon hydroxide (1.5
g) and then suspended in 8 ml of acrylonitrile.e Thaction mixture was maintained at 40-50°C
on a water bath for 10 hrs, then it was dilutechwli® ml of water and the excess of acrylonitrile
was removed by distillation. The product that safet was recrystallised from ethanol to give
XI, mp 121 °C (30% yield). Calcd. for2{:60:NeS (416). Req.: C, 60.55; H, 3.84; N, 20.15; S,
7.65. Found: C, 60.6; H, 3.8; N, 20.2; S, 7.70%.2B28, 2950, 2990, 3010 €nfvC-H), 2210
cm® (vC=N), 1214 crit (vC=S) and 670 cih (vYNO,).*C NMR sppm: 177.0 (N-C=S), 159.0
(C=N-N) 151.8 (N-C=N), 147.9 (C=N-N), 147.6, 146130.4, 129.6, 127.3, 121.0, 118.8,
117.7 (&N), 116.3, 91.0, 47.3 (CHCN), 18.2 (CH). 17.3 (CH-CH,).

b) Using anhydrous potassium carbonate.

A mixture ofll, (0.01 mol) in 50 ml of dry acetone containing @rol) of anhydrous ¥CO3;

and acrylonitrile (0.015 mol, 8 ml) was heated ateam bath for 36 hrs then filtered while hot,
and the excess solvent was removed (reduced pegsdire product was diluted with water,
collected and recrystallised from benzenexdgdmp and mixed mp measurements showed no
depression) MS: M+3" 419 (1.1%), M+2* 418(4.5%), M+1|* 417 (22.7%), M* 416

(31.8%).

Hydroxyethylation of 3-methyl-1-phenyl-4-(substituedphenyl)-pyrazolo[3,4-d]pyrimidin-6-
thiones (XI14p).

Compound (4 or 11,) (0.01 mol) suspended in 30 ml of acetic acid s@sled to 0-5 °C, then
treated dropewise with 10 ml of ethylene oxide wluboling. The reaction mixture was kept at 5
°C while stirring with a magnetic stirrer then l&t 48 hrs. The solvent was removed (reduced
pressure) and the residue was diluted with waten tmeutralized with ammonia. The product
that separated was collected, washed well andstadliyed from ethyl acetate X$1, andXl .
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Xlla, mp 170 °C (23% yield). Calcd. forfEl1003N5S (421). Req. C, 59.85; H, 4.51, N; 16.62; S,
7.6. Found C, 59.9; H, 4.5; N, 16.6; S, 7.6. IR6@4m" (v OH), 2860, 2880, 2970, 2990, 3030
cm* (vC-H ring), 1248 crit (vC=s).*H-NMR 8ppm: 0.99(s, 3H, Ch), 2.45 (q, 2H, Ch), 2.74

(q, 2H, CH), 3.53 (g, 2H, Ch), 6.71-8.14 (m, 9H, Ar—H), 11.10(q, 1H, OH)

XI1p mp 138 °C (21% vield). Calcd. forEl,,0.N,S (406). Req. C, 65.02; H, 5.41; N, 13.79; S,
7.88. Found: C, 65.0; H, 5.4; N, 13.8; S, 7.9.3866 cni (vOH), 2877, 2920, 2989, 3030 &¢m
(vC-H ring), 1244crit (vC=S). *H NMR &ppm: 1.01 (s, 3H, C¥), 2.45 (dd, 2H, Ch), 2.65(dd,
2H, CH), 3.25 (dd, 2H, Ch), 3.73(s, 3H, OCH), 6.46-7.19 (m, 9H, Ar—H), 10.09 (t, 1H, OH).
3¢ NMR & ppm: 177.0 (N-C=S), 158.0 (C=N-N), 157.7, 151.87.9, 146.3, 129.6, 129.0,
127.4, 121.0, 118.8, 116.3, 114.2, 107.2, 91.0) 6CH~OH), 56.3 (OCH), 46.6 (CH), 30.5
(CH,CH,), 18.4(CH). MS: M+3]" 409(1.1%), M+2|* 408(2.7%), M+1|* 407 (23.8%), M*
406(47.91%)

RESULTS AND DISCUSSION
Compounds of typé) were subjected to thionation and the resulting &ile productgll), as

well as the parent compound$), were found to be highly active against peniaitiu
chrysogenum and mucor pasillius in animals and &®jn[

H3C Ar
ZANH
NE I
N™ °N" o
Ph
(la-e)
a, Ar = CgH4NO, 2 d,Ar:—Q
b, Ar = CgH,OCHj3™ H

c, Ar = CgH,0H2 e, Ar = /_‘N

The pyrazolo[3,4-d]pyrimdin-6-oned..¢) have shown a dynamic keto-enol equilibrium. This
phenomenon allowet,.. to be attacked by a variety of nucleophiles, ali as an interesting
series of interconversions.

Thus, starting with the premise that the exotic boration of groups obtainable from thionation
of (I) may lead to the possibility of encountering areraitl spectrum of reactivity, a series of
five 3-methyl-1-phenyl-4-substituted pyrazolo[3 Ypytimidin-6-thiones(l1,.¢) were prepared
according to procedure described by Abd EI-Ghadfad co-workers[13]. Compared to their oxo
analoguegl ..c), compoundglla-e) were found to be more stable and less reactiteGhart 1).
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+
OCHs

T
C6H4OCH3—|
el 0,
mle = 107 (7.9%) |,

. + T
\\‘- -_-—', L] . = NH
7~~~ "NH -CH 7
e A GdECae
/ \ » N
/'K' N \N/&O -15 N /&
Ph

N, N7 o
N™ "N o Ph
Ph m/e = 332 (1.9%) m/e = 210 (2.4%)
(Ib; CygH16N4O5 332) "
m/e = 332 (1.9%) -NCO| -
+ H -
/ : e
- N en N@
N = 26 \N . N
ot N7
Ph Ph

T
N q
N

m/e = 66 (4.9%)
Chart 1

The molecular ion of compound Ilb has shown its 888(1.9%) on fragmentation it gave two
molecular ions m/e 332(1.9%)o0fE1gN,O and other fragment of m/e 107(7.9%) oHgO then

it gave a molecular ion peak of £sN,O-CHsz of m/e 210(2.4%) followed by loss of isocyanate
radical of m/e 42 to give the molecular ion apldsN3 with m/e 168(2.2%) which loses a cyano
fragment of m/e 26 to give a molecular ions orelBl, with m/e 143(4.9%) which gives two
molecular ion one the phenyl radical of m/e 77(1D@base peak) and the pyrazole radical of
m/e 66 for GH>N.,.

It is well known that addition of nucleophiles tgrazolo-[3,4-d]pyrimidines at position 4 is

easier than position 6 [17-19]. Thus, nucleophdisplacement by nitrogen nucleophiles at
position 6 necessarily needs higher reaction teatpexr and prolonged reaction time. Thus,
compounds(lae), and the 6-chloro derivative§lV,.) were subjected to aminolysis and
hydrazinolysis in boiling ethanol, benzene and/gteme with various aliphatic, aromatic,

amines, and heterocyclic amines namely, as welhyakazines, such as hydrazine hydrate,
phenyl hydrazine, 4-nitrophenyl hydrazine, 2,4-dophenyl hydrazine, thiosemicarbazide
and/or semicarbazide to give the corresponding B@3methyl-1-phenyl-4-substituted| -

m)s 6-hydr-azino-3-methyl-1-phenyl-4-substitufgd,.,),3-methyl-1-phenyl-4-substituted-6-

thiocarbamoyl(lll ), and 6-carbam-oylH{ ), pyrazolo[3,4-d]pyrimidines respectively.

A comparison of the IR spectra of., Il andlll 5, has shown considerable differences.
Compoundgla-e) revealed the presencev@@=0 band as a sharp peak in the region 1700-1680
cm* and VNH/OH in the region 3444-3240¢h while for compoundqll .., revealed the
presence ofC=S in the region 1249-1240 ¢nand a weak'SH in the region 2600-2565 ¢m
However, compound§lll ,.,), revealed the presence @flH in the region 3448, 3260-3320,
3130 cnt', vC=N cyclic in the region 1620-1602 €nandvC=C ring in the region 1606-1589
cm-,
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The structure of compound$ll,,) was further proved by their preparation in a siepw
fashion. Thus]a-e were treated with PgPOCE on a steam bath to give 6-chloro-3-methyl-1-
phenyl-4-substituted pyrazolo[3,4-d]pyrimidiiBé.c) respecti-vely. WhernV,.. were treated
with primary amines as well as hydrazines in bgilethanol they yielded the corresponding 6-
amino (I11,p and g) and the 6-hydrazifidll,, and I11;) derivatives respectively. They were
identified via melting point and mixed melting pbmeasurements).

The mass spectrum of Jlhas taken its fragmentation pattern via two paths:

path (a) in which a loss of GHadical to give the molecular ion4El1gN7O3 with m/e 452(10%)
which looses another free radical of m/el5 to givaolecular ion of m/e 438(27%) then two
fragments of GHsO (m/e 94, 20.8%) and;@&H:3N;O, m/e 347 (65 %) then two molecular ions
of m/e 77(100%) (base peak) and m/e 270 (27%) AHBN702. The molecular ion of;gHgNg
m/e 224 (23%) gave three fragments gH&m/e 65(13.4%), m/e52 (55%) andHzNs m/e 132
(76%).

The latter fragment was readily obtained from twenfer molecular ion of £H1gN;O;3 by a loss

of the radical GHsN>O, m/e 137(13.2%) O m/e 94 (20.8%) and the base peagk{n/e 77
(100%). The path (b) on fragmentation gave thefithg fragments: €3N m/e55 (63%), 6Hs
m/e 77(100%), eHsO m/e 94 (20.8%) and a fragment of m/e 236 which @GgHsNsO, (1.2%)
which gave the molecular ion of m/e 132(7.6%) andet GHsNH, m/e 93(34%)and
Oy(c.f.Chart 2).
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N NO.
=
N
p
PEV mle 467 (319%) —Path a
- CHy

+ +

; . CHy | -
C10HgN50> +CL + O + /( m/e 452(10 %)
m/e 236(1.2%) ° N _
m/e77 (100%) N
- m/e 94 (20 %) m/e55(63%)
sNH]

Ph/

CGH

T»]

m/e132 (76%)

m/e 438 (27 %)
-HCN, N / \
N _—.
N :
7 . 7
$= SSilien RS
Sy /N N NHNH 0
Ph N
m/e93 (67%) m/e 347(65 %) m/e 94 (20 %)

/l-NN ' / \ \'CO
- g - Qf =l iy
m/e80(13.1%) "\ )\NHNHO

m/e77 (100%) m/e 65 (13%)

-CH l' mle 270 (27%)
LCH
m/e67(27 3%) ] -
m/e54(66%) m/e 52(55%)

Chart 2

Treatment of compounf VVa) with acetylhydrazine in boiling-butanol affected cyclization to
the corresponding triazolo-[4', 3'-b] pyrazolo F8lpyrimidine (V,); whereas compoun{Vy)
was achieved by thionation bf followed by treatment of the thio product with adleydrazine
in boiling n-butanol (long period).

The reaction ofl Va with sodium azide in refluxing DMF vyielded a pratdudentified as
tetrazolo[5',4'-b]pyrazolo[3,4-d]-pyrimdin&1).

Alkylation of la with dimethyl sulphate in aqueous NaOH afforde& ¢brrespondingl-methyl

derivative(VII). The site of alkylation was determined by comparisb its IR spectrum with
that of 6-methoxy-3-methyl-1-phenyl-4-substitutegrgzolo-[3,4-d]pyrimidine(VII) obtained
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by treatment of Vc with sodium methoxide in methanol (Scheme 1). TRepectrum oiVi|
revealed the presenced®=0 at 1668 cf an intense peak 1620 crt for vC=N, and absence
of uC=0.

The behaviour of 6-chloropyrazolo [3,4-d]pyrimidir{eVy) towards amino acids was also
investigated. Thus, the reactionldf, with the sodium salt of glycine and/or alanine emigflux

at pH adjusted (9-9.5) afforded the correspondiH@-methyl-1-phenyl-4-(-4-methoxyphenyl)
pyrazolo[3,4-d]pyrimidin-6-yl) amino acid$X,p) respectively.

Compounds(l X,p) were cyclized by acetic anhydride in the preseoicanhydrous sodium
acetate to give the corresponding pyrazolo[3,4-dfamolo[3',2'-b]pyrimidines (Xap) Vvia
dehydration of one molecule of water and interiyalization.

Unlike other azaheterocyclic systems as pyrazd@3, [thia-zoles [21] or pyri-midinethiones
[22] where a lot of work has been done on cyandatip, the pyrazolo [3, 4-d]
pyrimdinethiones have not been studied in this neegaAttempted cyanoethylation of, with
acrylonitrile in aqueous ammonium chloride [23]imalkaline solution [24] was not successful,
however, a finely ground mixture of, and anhydrous potassium carbonate, with acrylitr
[25] in dry acetone yielded the required cyanoetted productéXl).

The pyrazolo [3,4-d] pyrimidin-6-thione@l,,) were also condensed with ethylene oxide to
affect hydroxyethylation at the 5-position. Reawtiat 5°C for 48 horsr dfi 5 dissolved in
glacial acetic acid with ethylene oxféfé gave the corresponding 5-hydroxy ethyl-pyrazold{3,
d]pyrimidin-6-thione(Xl14p).

The IR absorption bands at 3460 trmnd 3620 cil in their IR spectra were assigned to the
hydroxy stretching vibrations while the bands a#@4m® and 1219 cm could only be
compatible with a thione structure.

CONCLUSION

It can be concluded from this work that the intrcttion of nucleophiles at position-6 which well
known to be difficult of the pyrazolo pyrimidineng system was easier in case of the presence
of a highly electronegative atoms (such as O,Stwden)via nucleophilic displacement.
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