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INTRODUCTION

Theheterocyclicfusion of pyrimidineand pyrazole
ringsresulted information of pyrazol opyrimidines, the
structural analogs of biogenic purine class.
Pyrazolopyrimidinesand rel ated fused heterocyclesare
of interest as potential bioactive molecules. Also, due
to the presence of pyrazolopyrimidine moiety in some
important drugs, interest in the construction of such
mol ecul es has been aroused. Inthelast few decades,
an enormous number of papersand reviewshave been
reported dealing with the chemi stry and appli cations of
thisclassof compounds**l.

STRUCTURE OF PYRAZOLOPYRIMIDINES

The four fundamental structures of
pyrazolopyrimidineare:
N
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\rl\l N \N 2
g !

Pyrazolo[3,4-d]pyrimidine Pyrazolo[4,3-d]pyrimidine

N
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Pyrazolo[1,5-a]pyrimidine Pyrazolo[1,5-c]pyrimidine

IMPORTANCE OF
PYRAZOLOPYRIMIDINES

Undoubtly, pyrazolopyrimidineshave high signifi-
canceinthefield of pharmaceutica and biotechnologi-
ca scienceswith wide spectrum of biologicdl activities
and several applicationswerereported for thesefour
typesas.

1- Numerouspyrazolo[ 3,4-d]pyrimidinederivatives
have been found to possess considerabl e biol ogi-
cd activities, which stimulated theresearch activity
inthisfidd. They haveahighsignificanceinthefidd
of pharmaceutical and biotechnological sciences
withwidespectrum of biologicd activities.

2- Oneof themost important pharmacol ogica appli-
cationsof pyrazolo[4,3-d] pyrimidinederivativesare
theuseof Sildenafil (Viagra®), aselective phos-
phodiesterase’5 (PDES), asoral agent for thetresat-
ment of male erectiledysfunction. Recently, ase-
riesof Sildendfil andlogs(R=Me, Et; R, =Me, Et,
-CH,CH,0OH) was prepared and their in vitro
PDES inhibitory activitieswere eval uated and the
resultsreved edimproved activity and selectivity!”.
Moreover, Yuan et al®®, described the synthesis of

3-arylpyrazol o[4,3-d] pyrimidines aspotential corti-

cotropin-releasing factor (CRF-1) antagonistsand the
effectsof substitution on CRF-1 receptor binding were
investigated. Inaddition, aseriesof nove pyrazolo[4,3-

d] pyrimidin-7-oneswere synthesized and their invitro
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sildenafil structure sildenafil analogs

bronchodilatory activitiesweretested inguinea-pigsand
it wasfound that compound (1) hasmore potent activ-
ity than aminophylline®. Also, pyrazolo[4,3-

3- Recently, the chemistry of pyrazolo[1,5-
a]pyrimidinesattracted great attention assyntheti-
cally important class of compounds*?. They rep-
resent abiologically important compounds of pu-
rineana ogsand thisclasshavedtracted wide phar-
maceuticdl interest asinhibitorsof lymphocyte-spe-
cifickinase (Lck) with enzymatic, cellular andin
vivo potency™®. Also, they considered as novel
PDE-4inhibitord¥, sdlective Peripherd Benzodi-
azepine Receptor (PBR) ligands®™, COX-2 sdlec-
tiveinhibitorg®l, AM P phosphodiesterase inhibi-
torgd'", and as antianxiety agents®®. In 2003, are-
search group from NRC synthesized some
pyrazol o[ 1,5-a] pyrimidinesand studied their bio-
logica effectsasanti-inflammatory, analgesic and
antipyretic drugs in comparison to Novalgin*9.
Other pharmaceutical activity hasbeen reported as
somenove pyrazolo 1,5-a] pyrimidinederivatives
werescreened for their antimicrobia propertiesand
showed significant activity when compared with

= M jcroreview

d] pyrimidines demonstrated potential anticancer prop-
erties, where 6-arylcarboxamidopyrazolo[4,3-
d]pyrimidin-7-onederivative (2) was synthesized and
showed activity against colon cancer cell lines(HT-29)
and human prostate cell lines (DU-145)9, Moreover,
a new potent CDK2 inhibitor with pyrazolo[4,3-
d] pyrimidine scaffol d has been synthesi zed, character-
ized, and evaluated in cellular and biochemica assays
as a bioisostere of the well-known CDK inhibitor
Roscovitine. Importantly, astheanticancer activitiesof
thepyrazol o[ 4,3-d] pyrimidinederivativesexceed those
of itshioisostere Roscovitine and may be preferable
for cancer therapy!™.

known standard drugs®.

Also, anove seriesof pyrazol o] 1,5-a] pyrimidines
bearing a3-hydroxyphenyl group at C(3) and sub-
dtituted tropanesat C(7) hasbeenidentified ashigh
potent B-Raf inhibitorg?Y. In addition, Shaaban et
al® prepared pyrazol o[ 1,5-a] pyrimidinesystems
incorporating phenylsulfonyl moiety and analgesic,
anti-inflammatory activitieswereinvestigated in
vivo. The studies revealed that 3-bromo-2-phe-
nyl-6-(phenylsulfonyl)-7-(4-methylphenyl)-
pyrazolo[1,5-a] pyrimidine(3) wasfoundto have
an excd lent analgesic activity in comparison with
indomethacin asareferencedrug.

4- Pyrazolo[1,5-c]pyrimidinesknown to possesssig-
nificant hypnotic, tranquilizing, fungiadd, insscticidd
and antibacterial activities=>!. Also, the coordi-
nation of pyrazol o] 1,5-c]pyrimidinestotransition
metal ions such as Cu*? and Ni*2 enhances their
biologicd activities?2. Moreover, Gudmundsson
et all®, studiedtheantiviral activity of somesub-
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stituted pyrazol o[ 1,5-c] pyrimidinederivativesand

thetested compoundsdemonstrated potent activ-

ity against herpessmplex viruses (HSV-1, 2).

However, itisnot feasibleto discussthechemistry
and applicationsof all thesetypesinthisreport, since
each typeneeds and deserves aseparate trestment and
presentation. So, the scope of the present work will be
confined to thefirst type: pyrazol o[ 3,4-d]pyrimidine
derivatives.

SYNTHESISOF SOME PYRAZOL O[3/4-
d]PYRIMIDINE RING SYSTEMS

Synthesisof pyrazol o 3,4-d] pyrimidinederivatives
was performed according to thefollowing genera dtrat-
egies
(1) Annulationsof the pyrimidineon apyrazolering

system
(i) Annulations of the pyrazoleon apyrimidinering

system
(i) Fromacyclicintermediates
i-Annulationsof pyrimidineon pyrazolering sys-
tem

Paulsen et all?®?, synthesized 4-amino-1-
phenylpyrazol o[ 3,4-d] pyrimidinone derivative (5) via
thereaction of -enaminonitrile (4) with benzoyl iso-

NH

2
] i) PACONCO, DMF, | Z" NH
N = N ~ /J%
\T NH, ii) NH,OH, heat \l‘l.l NT o
Ph Ph
4 5

R = CH,CN

cyanatein the presence of ammonium hydroxideasa
base.
Also, treatment of 5-amino-3-cyanomethyl-1-phe-

nyl-1H-pyrazole-4-carbonitrile (4) with triethyl
orthoformate in acetic anhydride afforded the
methanimidate (6) which was converted to the
pyrazol o] 3,4-d] pyrimidin-4-ylaminederivative(7) upon
trestment withammonid®.

5-Amino-1H-pyrazol o[ 3,4-d] pyrimidinederivative
(9) could be obtained directly by treatment of the 5-
aminopyrazole-4-carbonitrile (8) for mamidinein ace-
ticacid®Y.

N-Methylformamide converted 5-amino-1-methyl-
1H-pyrazole-3,4-dicarbonitrile (10) totheimineinter-
mediate (11). Thelatter intermediate underwent ring
opening by a typical Dimroth rearrangement and
recyclized tofurnishthepyrazol o 3,4-d] pyrimidine(12)
carrying amethylamino group at 4-position2.

Compound (8) was converted to the correspond-
ing carboxylic acid amidederivative (13) by hydrolysis
of thenitrilegroup with sulphuricacid. Subsequent fu-
sion of (13) with thiourea provided 4-hydroxy-6-
mercaptopyrazol o 3,4-d] pyrimidine (14)&,

Moreover, 5-amino-1H-pyrazole-4-carbonitrile (8)
wasfused with ureaor thioureato givethecorresponding
4-amino-1H-pyrazol o[ 34-d]pyrimidinederivatives (15)
and (16), respectively*,

Also, 5-amino-1H-pyrazol-4-carbonitrile deriva
tive (17) wasrefluxed with carbon disulfidein pyridine
to givethe corresponding 4,6-dithioxopyrazol o[ 3,4-
d]pyrimidine derivative (18) through subsequent rear-
rangement of thethiazineintermediate by the action of
akait®,

5-Amino-1H-pyrazole-4-carbonitrile (8) wasre-
acted with phenyl isothiocyanatein dimethylformamide
to furnish pyrazol o[ 3,4-d] pyrimidine-6-thione (19)1.

Recently, Kandeel et al®*, have prepared
pyrazol o 3,4-d] pyrimidin-4(5H)-onederivative (21) by
treatment of 5-amino-3-methyl-1H-phenylpyrazole-4-
carbonitrile(20) withformicacid.

R CN R CN
| ‘ TEOF, Ac,0, | ‘ NH,, heat
N - N
N NH, N N=CHOEt
| heat |
Ph Ph
4
9 7
R = CH,CN
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Compound (4) (R=H) waseasily converted to the

CN corresponding chloroamidine (22) on treatment with
| | NH=C-NH,, AcOH phasgenemethyliminium chloride. Compound (22) was
N > cyclized, in the presence of hydrochloric acid, to
'Tl NH, heat pyrazol o[ 3,4-d] pyrimidine (23)=,
H Moreover, when pyrazolyl carbothiohydrazide (24)
8 wastreated with formic acid or triethyl orthoformate, it
. - " NHCH,
N| | HCONHCH3= )N ’CH?’ Dimroth rearrangment
\PI\I NH, heat “ -
CH,
10
CN CONH,
| ‘ sulfuric acid, r.t. | | thiourea, heat
N - N -
\ITJ NH, \r|\| NH,
H H
8 14
or with benzyl amine in the presence of triethyl
CN _ orthoformateto produce the 5-substituted derivatives
| | urea or thiourea, (27) and (28), respectively.
N\ NH In addition, reaction of derivative (29) with
N > heat NT N7 X .
Ili | | formamideat 200 °C for 8 h afforded the pyrazolo[3.4-
; H H d] pyrimidin-4-one (30)1,
15: X = 0O Moreover, El-Enany et al*Z, treated 5-amino-3-
16: X = S methylsul phanyl-1-phenyl-1H-pyrazol e-4-carboxylic

gave 3-methylsulfanyl-1-(1,3,4-thiadiazolyl-2-

ypyrazol o[ 3,4-d] pyrimidin-4(5H)-one (25)1*.
Ghorab et al®, treated ethyl 5-amino-1-phenyl-

1H-pyrazole-4-carboxylate (26) with hydrazinehydrate

R1

CN
NI\ | Cs,
N™ “NH, ”
H
17

acid amide(31) with propionic anhydride, chloroacetyl
chlorideor 3-chloropropionyl chloridetofurnishthe6-
substituted pyrazol o] 3,4-d] pyrimidin-4(5H)-one de-
rivatives (32a-c), respectively.

R1

alkali, heat

—_—

R1= @SOQNHE/N o
Me
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H,C CN
| | PhNCS, DMF, HCI, | | HCOOH, heat
N \ Rk
T NH, heat \'fl NH,
H Ph
8 19 20 21
R CN A CONH,
W Cl,CNMe,, (CH,),Cl,. ] HCI, (CH,),Cl,.
N - N —_—
\ril NH, heat \ril N=CCINMe, "
Ph Ph
4 R=H
CH,S
CH,S SN : COOEt
| | HCOOH, heat | | N,H,, TEOF, heat
NN N N\N NH N~ °N
| 2 or TEOF, heat | 2 or PhCH,NH,, TEOF, |
R Ph heat Ph
=4 26 27 :R1=NH,
R= CSNHNH, 25 28 - R1= CH.Ph
. 2
- Also, pyrazol [ 3,4-d] pyrimidine-4,6-dionederiva
] HCONH,, heat tive(34) wassynthes zed from the reaction of 5-amino-
N._ . 1-phenyl-1H-pyrazole-4-carboxylic acid hydrazide
’f i | (33) with ureaiin decaling,
CH,CHOHPh CH,CHOHPh Ontheother hand, 5-benzamido-1H-pyrazol o[ 3,4
2 30 d] pyrimidin-4-one (36) has been prepared by reacting
CH,S CONH,
(CH,CH,CO0),0, heat
T .
~
'l\‘ NH, or  CICH,COCI, heat
Ph or CICH,CH,COCI, heat Ph
31 R
32a : CH,CH,
32b : CH,CI
32¢c : CH,CH,CI
5-amino-1H-pyrazol e-4(N-benzoyl)carbohydrazide
CONHNH, (35) andtriethyl orthoformate .
urea, decaline, heat . . L .
Nl | - ii- From annulationsof pyrazoleon pyrimidinering
\[’\J NH, o system
Ph In 2012, Evanes et al', have described an effi-
2 u cient synthesisof 1-phenylpyrazol o[ 3,4-d] pyrimidine
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CONHNHCOPHh __NHCOPh
| TEOF, heat
N -
\ril NH, g
H
35 36
(|3503H
CHO AN 2
“ | X ? 1) Phane, BN & | P g Naon, @ | X
NN 2) NH,080;H, CH,CN NN H,0/ CH,Cl, NN
37 38 39
CN H,N /N\ _H (39) starting with 4,6-dichloropyrimidine-5-
ol N carba dehyde (37), anilineand hydroxylamine-O-sul-
X N,H,. H,0, N fonic acid. Thekey step wasacyclization reaction of
Nl _N —’heat the oxime (38) to form the N—N bond of the product.
N NN Ingenerd, 3-aminopyrazol o3 4-d] pyrimidine (41)
was prepared by heating of 4-chloropyrimidine-5-
40 41 carbonitrile (40) with hydrazine hydrate“,
O
* Ph
Hac\N | PhCHO, heat, HSC\N | Y
)\ irri ] )\\ /
H,C \N NHNH, NBS, stirring H,C N N\
H
42 43
o o Ar
H,C— Ar o Ar H,C—p
S DR o o '
o N cl N—N o N A
C|:H3 CH,
44 45 46
Ar = Ph
Me N
Cl SN, —Ph
2 COPh
N | MeNHNH,, EtOH, NZ
k\ heat k\ |
N styryl
v N styryl
47 48

ey, Onganic CHEMISTRY

Au Tudian Yournal



230

The chemistry of pyrazolopyrimidines and their applications

OCAIJ, 10(6) 2014

Mieroreview =
O

Ar
H,C— PhNCO, dry DMF H,C—
3 )N\ | R )N\ |
/
o T NHNH, o T N
CH, CH,
49 46
Ar = NHPh
9 0 NHR 4-Hydrazinopyrimidine (42) (having an adjacent ac-
" tivated hydrogen in position 5) isreadily converted to
)\ | RNCO, heat  Hil | YW the corresponding substituted pyrazolo[3,4-
o N NHNH, g O%I\N N d] pyrimidine (43) via condensation with benzal dehyde
H H : inthe presence of N-bromosuccinamide (NBS)™4.
= 51a-c Photolysisof 6-chloro-1,3-dimethyluracil (44) with
a;R=Me 1,3,4-oxadiazole (45) afforded pyrazolo[3,4-
b:R = Ph d] pynrmdme derivative (46). (Ar = Ph), with
© R=CHPN photoedlimination of benzoyl chloride*".

CH,NHNH

0
NC
NHCSSC,H,

PhNHNH

54

Gomtsyan et al*®, reported that when compound
(47) wastreated with methyl hydrazinein ethanal, it
gavethedesired pyrazol o] 3,4-d] pyrimidinederivative
(48).

bromination

X =HorNH,

@)u;anic CHEMISTRY —

@)
NC H)LN A N
| NHCHO  heat H | N | —— K | N
I / x /
H,N N N I\ll
52

0 (0]

heat HN

CH, CH,
o 53
0]

heat HN \
. | /N

S N N
Ph

55

Also, an efficient one-pot synthesisof pyrazol o 3,4-
d]pyrimidine-4,6-dione (46) (Ar = NHPh) inexcellent
yield wasachieved by thereaction of 6-hydrazino uracil
(49) with phenyl i socyanate®.

Similarly, Abu EImaati®™, reported that the reac-
tion of 6-hydrazinopyrimidine-2,4-dionederivative (50)
with akyl or aryl isocyanatesresulted inanovel and
facilesynthesisof pyrazol o] 3,4-d] pyrimidine-4,6-diones
(51a-c) ingoodyields.

iii- From acyclicintermediates
Thevinyl hydrazinederivative (52) wascyclizedon
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o
S-CN [l
o:s~<j%cm3
TSCN, THF,
NaH
59 "
=N ) OMe  \(a0H. MeOH =N - X
a . e
MeO N N\C/N 4 \ - X N N\C/N 74 \
| H, N or NHOH | k NQ/N
X
61 62a: OH
62b: NH,

heeting to pyrazolecarboxylic acid amideintermediate;
whichwas not i sol ated and underwent intramol ecul ar
cyclization on further heating to give pyrazol o[ 3,4-
d] pyrimidin-4(5H)-onederivative (53)51.

Similarly, heating of thedithioester (54) resultedin
intramolecular cyclization giving pyrazolo[3,4-
d]pyrimidinonederivative (55)5Y.

REACTIONSOF PYRAZOLO[3,4-
d|PYRIMIDINES

i- Electrophilicsubstitution reactions

It wasnoticed that, the e ectrophilic subgtitution re-
actionsof pyrazolo[ 3,4-d] pyrimidinesoccur mainly at
C-3. Thus, bromination of 4-substituted pyrazol o[ 3,4-
d] pyrimidine (56) (X = H or NH,) afforded 3-bromo-
1-H-pyrazol o[ 3,4-d] pyrimidine derivative (57)52.

Meanwhile, dectrophilic cyanation of pyrazolo[3,4-
d]pyrimidine-4-thiol (58) with p-toluene sulfonyl cya
nide (TSCN) in THF in the presence of sodium hy-
dride, gave the corresponding thiocyanate derivative
(59), which reactsthrough nucl eophilic displacement
with p-toluene sulfonate to afford the 4-p-
tosylpyrazol o[ 3,4-d] pyrimidine (60)5.

ii- Nucleophilic substitution reactions
Nucl eophilic displacement of the 4-methoxy group

63

66a-c

a, R=R1=CH,
b, R = CH,, R1= OC,H,
¢, R=R1=0C, H,
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Cl

SN

2-furic acid hydrazide,

N /)\ .
lil N Cl TEA, dioxane, heat
CH,
67
S NHNH,
R! R?
AN
NH N
| /K N,H,, heat Nl | /g
Ny \'Tj NT s
L o
18 69

R1= NH~<;>fSOiNH-—|//iOK
Me

OH

)

POCI,,

N,N-dimethy! aniline |

70 7

S 0
N\I‘lﬂ N/) N\ITI N/

74 27
rivatives (64) and (65), respectively™,
Whiletreatment of (63) with acetyl acetone, ethyl
acetoacetate or diethyl malonateyielded pyrazol o[ 3,4-
d] pyrimidinederivatives (66a-c), repective i3,
Recently, Baraldi et al’®, havereported that nu-
cleophilic displacement of chlorine atom in 4-
chloropyrazolopyrimidinederivative (67) with 2-furoic

@W CHEMISTRY —

68

of the methylenebis(4-methoxy-pyrazol o[ 3,4-
d]pyrimidines) (61) by 1IN NaOH/MeOH (1:1) gave
the corresponding methylenebis-(allopurinol) (62a) (X
= OH). Even aweaker nucleophile such asammonia
(25 % ag. NH,) is able to substitute the 4-methoxy
group of compound (61), yielding compound (62b) (X
= NHZ)[54]'

Compound (63) was reacted with active methyl-
ene compounds like: malononitrile and ethyl
cyanoacetateto afford pyrazol of 3,4-d] pyrimidinede-

Ph Ph
[Nj
Cl N
/N Ph
N HN N
J = 1)
/ N )
N SN
Et,N, EtOH, heat |
H

72

73

acid hydrazideafforded pyrazol of 3,4-d] pyrimidine (68).
Pyrazol o[ 3,4-d] pyrimidine-4,6-dithionederivative
(18) wasconverted to the4-hydrazinyl derivative (69)
by refluxingwith hydrazinehydrate.
Meanwhile, chlorination of allopurinol (70) with
phosphorous oxychloridein N,N-dimethyl anilineun-
der reflux gave the 4-chloroderivative (71). Nucleo-
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OH
etk
E\L | N\, CH.Cl, CH,Br,
/
\N N
i NaOH
H
70
NH NH
_Ph _Ph
| | N KOH or EtONa, | | N
N\T ,\Il/gs EtOH, RBr N\'I\‘ N/J\SR
CH, H CH,

75 : R = CH,CH=CH-Ph
76 © R = CH,CH=CH,

CH,CH,CHBrCONH,,

= Microreview

=N ';“f OH
HO N
| H, N\/N
N\\///N
62a

philicsubgtitutionof thelatter compoundwith benzhydryl
piprazine gave compound (72)57,

iii- Thionation reactions

Thionation of the5-amino derivative (27) with phos-
phorous pentasulfidein pyridine gave the unexpected
pyrazol opyrimidotetrazine (73). While, onrepeating the

pyridine

81

samereectionin xylenethemonothionederivative (74)
was obtai ned“.,

iv-Alkylation reactions

Liquid-liquid phase transfer alkylation of
pyrazol o[ 3,4-d]pyrimidine (70) with a mixture of
dichloromethane/dibromomethane afforded the N(1)-
N(1)-, methylene-bridged dimeric heterocyd es(62a)™4.

Alkylation of pyrazol o] 3,4-d] pyrimidine-6-thione
(74) with akyl bromide using KOH or sodium ethoxide
in ethanol were used to give the thioethers (75) and
(76)18.

When pyrazolopyrimidinederivative(77), indry py-
ridine, wastreated with 2-bromoamide derivative, it
afforded a-substituted pyrazol o[ 3,4-d] pyrimidine de-
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H,SO,
82 — >
!Ti N
Ph
83
@)
—~NH
I G
e e
Ph Ph

84

N—N=CH-OEt

A/

rivative (78).

Reaction of pyrazol o[ 3,4-d] pyrimidine (79) with 3-
bromopropyne, in K,CO,, afforded the corresponding
N*-propynyl derivative (80)%.

Treatment of (81) with 2-chloroacetophenone, in
acetonein the presence of sodium carbonate at room
temperature, gave substituted pyrazolo[3,4-
d] pyrimidinederivative (82)1.

0

EIOH [ || N/N\>

== L
Ph

P

H

85

PhCOCI, pyridine

v- Sidechain reactions

Treatment of pyrazol o[ 3,4-d] pyrimidinederivative
(82) with 98% sulphuric acid yielded the
pyrazol othiazol opyrimidin-4-one derivative (83)Y.

On the other hand, 1,3,4-oxadiazolopyra-
zolopyrimidinone (86) was obtained via reaction of

@Wu'c CHEMISTRY —

heat

87
Ph
yﬂ
N 4 —N
S
- N >:
N
A\N N
NAH\I
/H\f N
Ph
Ph
89
compound (84) with triethyl orthoformate asonecar-
bon cyclizing reagent. Compound (86) was produced
viainitial formation of intermediate (85) followed by
intramolecular cydizationwithdiminaion of ethanol“?,
Treatment of 2-(1-phenyl pyrazol o[ 3,4-d] pyrimidin-

4-ylidene)-maononitrile (64) with hydrazinehydratein
ethanol furnished the 4-(1-phenylpyrazolo[3,4-
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PhCOCI, pyridine
heat

@)

MNQT—f:[%KNH
e

N\ —
N N CH,
Ph
N
|

A

N xH\
Ph
Ph

91
d] pyrimidin-4-yl) -4H-pyrazole-3,5-diamine (87).

Treatment of 3,4-diaminopyrazolo[3,4-
d] pyrimidine-6-(7H)-thione derivative (88) with ben-
zoyl chloride, in pyridine, afforded the pyrazol opyrimi-
dopyrimidinederivative (89)2.

In addition, heterocyclization of 4-
hydrazi nopyrazol o] 3,4-d] pyrimidine derivative (90)
with benzoyl chlorideor sodium pyruvate, afforded the
corresponding polynud ear heterocyc espyrazol otriazo-
lopyrimidine and pyrazol opyrimidotriazine derivatives
(92) and (92), respectivel y©2,

vi- Synthesisof somepyrazolotriazolopyrimidine
ring systems

The imidate (93) gave 2-arylpyrazolo[ 3,4-
d][1,2,4]triazol o[ 1,5-c] pyrimidine systems (94-96)

CH,COCOONa,
EtOH, H,SO,, heat

HgC)\[(N /)\

"NT °NT TCH,
~ N

O
N

92

when reacted with 2-furancarboxylic acid hydrazide,
2-thiophenecarboxylic acid hydrazide and 4-
pyridinecarboxylic acid hydrazide, respectively'®3.
Reaction of 5-amino-4-iminopyrazolol 3,4-
d] pyrimidine (97) withtriethyl orthoformate or carbon
disulfide, afforded the corresponding pyrazolotria-
zolopyrimidines(98a,b) (R,=H or SH), respectively!®l.
Recently, Nassar et al'®, alowed compound (99)
to react with carbon disulfide, in dry ethanol, to afford
7-tosyl-3,7-dihydro-2H-pyrazolo[ 4,3-€][ 1,2,4]
triazol o] 1,5-c] pyrimidine-2-thione (100). Thereeaction
proceeds via addition of onemole of carbon disulfide
on theimine group followed by elimination of one
mole of H,Sto produce the triazolo-pyrimidine
moiety®l. Moreover, compound (100) was reacted
with methyl iodide or ethyl bromidein ethanol and
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sodium acetate to afford 2-(alkylthio)-7-tosyl-7H-
pyrazolo[4,3-€][1,2,4]triazol o] 1,5-c] pyrimidine (101)
and (102), respectivel yi®l,

vii- Formation of somepyrazolopyrimidineacyclic
and cyclicnucleosides

Formation of azol oazinenucleosidesiswidey re-
ported in the literature®!. When 4,6-dimethylthio-
pyrazolo[ 3,4-d] pyrimidine (103) wastreated with 1-
chloromethyl-2-bezoyl oxyethane (104), it afforded the
N-acyclic nucleoside (105)7.

Quintela et al®®®, reported that 4-methoxy-
pyrazol o[ 3,4-d] pyrimidine (106) wasribosylated with
1-O-acetyl-2,3,5-tri-O-benzoyl - 5-D-ribofuranose
(107) in the presence of SnCl, to afford the B-N'-
coupled nucleoside (108).

Similarly, reaction of pyrazol o] 3,4-d]pyrimidinede-
rivative (109) with 1-O-acetyl-2,3,5-tri-O-benzoyl-4-
D-ribofuranose (107) and BF, gave 3-methoxy-6-

= Microreview

OMe

N
N AL
SnCl,, CH,CN, N7 OUNT TNMe,

— > BzO
stirring w

BzO OBz

108

methylthio-1-(2,3,5-tri-O-benzoyl-g-D-
ribofuranosyl)pyrazol o 3,4-d] pyrimidin-4-(5H)-one
(110)%8, The latter nucleoside was converted to 3-
methoxy-6-amino-1-4-D-ribofuranosyl)-pyrazol o 3,4-
d] pyrimidin-4(5H)-one (111) by treatment with 3-
chloroperoxybenzoic acid followed by methanolicam-
monia®,

Coupling of 4-methoxypyrazol o[ 3,4-d]pyrimidine
(112) with 2-fluoro-3,5-di-O-benzoyl-a-D-
arabinofuranosyl bromide (113) gave a-D/f-D-mixture
of N*- and N?-coupled products (114) and (115), re-
spectively. Debenzoylation of (114) and (115) with
MeONa/MeOH, produced thefree nucleosides (116)
and (117),

The amino group on pyrazolopyrimidineallowed
modificationsof the moleculesthrough bindingto sug-
ars or amino acids. Thus, alkylation of the
pyrazol opyrimidine (118) with a-bromoacetoglucose
(119) in DM SO in the presence of triethylaminewas

O MeO-_ /l I\ NH
MeO JJ BzO—, OAc N| | J
e, | / \._NH / \.- BF3. CH3N02. \..N,( \N'i \SMe
N I' Py - \ B20— J
NTOONT T [ heat \ O\
N" 'N" "SMe BzO OBz Y
H _'
109 107 BzO OBz
0 110
Me O ~—— JJ\‘ N H ’
| | /I\ 3-chloroperoxybenzoic acid
N N
“NT N7 OUNH, NH,, EtOH
BzO—,
"(/O\I‘
Bzd sz
111
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carried out to afford the N-4-D-glycoside (120)[.

Inaddition, treatment of the persilylated 4-chloro-
6-methyl-pyrazol o 3,4-d] pyrimidine (121) with tetra-
O-acetylribofuranose (122) provided 4-chloro-6-me-
thyl-1-(2,3,5-tri-O-acetyl-4-D-ribofuranosyl)
pyrazol o[ 3,4-d] pyrimidine (123).

Ammonolyssof thelatter compound gave4-amino-
6-methyl-1-4-D-ribofuranosylpyrazolo[ 3,4-
d] pyrimidine (124). While, treetment of nucleosde (123)
with thioureafollowed by deacetylation, provided 6-
methyl pyrazol o[ 3,4-d] pyrimidine-4(5H)-thioneribo-
nucleoside (125)1"Y.

viii- Rearrangement and ring cleavage

@)u;anic CHEMISTRY —

120

2-Benzyl-4,6-dimethyl-2H-pyrazol o[ 3,4-
d]pyrimidinedione-1-oxide (126) afforded
pyrimido[ 5,4-d] pyrimidinederivative (127) upontreat-
ment with EtON&a"7,

While, treatment of pyrazolo[3,4-d]pyrimidine
(128) with sodium ethoxide in dimethyl sulfoxidere-
sulted in pyrazolering cleavage andyiel ded the pyrimi-
dinederivative (129)",

CONTRIBUTIONSOFOUR LABORATORY

Thechemidry of pyrazolopyrimidinederivativeshas
prompted many authorsin the National Research Cen-
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tre to study the synthesis and reactions of such com-
pounds. Particularly, our research group gaveaconsid-
erableattention for construction of new derivatives of
pyrazol o 3,4-d] pyrimidineson theaccount of their re-
ported biologicd activities. Thus, Shamroukh et all™,
prepared compounds(130) and trested their sodium sdts
with 2-chloroethyl methyl ether to givethe correspond-
ing acyclic nucleosides(131) and (132), respectively.
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Also, Rashad et al™, synthesi zed some new sub-
stituted pyrazol o 3,4-d] pyrimidine derivatives (133-
135) and their acyclic Snucleosides (136) viathere-

@)u;anic CHEMISTRY —
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OMe’

action of pyrazol o[ 3,4-d] pyrimidine-4(5H)-thionede-
rivative (135) with someacyclic sugars.

Moreover, when compound (134) wasrefluxed with
glucosamine hydrochloridein the presence of triethy-
lamine, the reaction afforded N-pyrazolo[3,4-
d] pyrimidine-4-glucosamine (137)8,

Also, our research group prepared another new
subdtituted pyrazol o] 3,4-d] pyrimidinederivatives (138-
140). Compound (140) wasisomerized by Dimroth
rearrangement, upon refluxing in ethanal, inthe pres-
ence of few drops of hydrazine hydrate to the corre-
sponding morethermodynamically stablepyrazol o[ 3,4-
d] pyrimidin-4-ylhydrazine (141)1"7.
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Inaddition, the preparation of sugar hydrazonede-
rivatives (142a,b) and their annulated C-nucleosides
(143a,b) were described by condensation of
pyrazol o[ 3,4-d] pyrimidin-4-ylhydrazine (141) with
somemonosaccharides: namely, D-glucoseor D-ribose
in the presence of acatal ytic amount of glacial acetic
acid™,

On the other hand, our research group reported
theformation of pyrazolotriazolo[4,3-c]pyrimidines
(144) and their trandformationto pyrazolotriazol o[ 1,5-

c]pyrimidineregioisomers(145) indifferent reaction con-
ditiond™. Actually, our observations revealed that
[1,2,4]triazolo[4,3-c] pyrimidine canisomerize by a
Dimroth rearrangement under the effect of acid, base,
or by heat to the more thermodynamically stable
[1,2,4]triazol o] 1,5-c]pyrimiding™.

Whenthe siloxy derivative (146) wasribosylated
(with 1-O-acetyl-2,3,5-tri-O-benzoyl-4-D-
ribofuranose) and glycosylated (with f-D-
glycopyranose pentaacetate) in the presence of SnCl,
it afforded the corresponding N-riboside (47) and N-
glycoside (148), respectively. Deprotection of thelat-
ter nucdleosides, in ethanolic ammonia, produced thefree
nucleosides (149) and (150), respectively™.

Similarly, another series of new S-cyclicand acy-
clicnucleosdes of pyrazol o[ 3,4-d]pyrimidinederiva
tives (151-155) were synthesized by trestment of com-
pound (135) with various cyclic sugarsand alkyl ha-
lides®,

On the other hand, Swelam et al®, prepared
pyrazol o[ 3,4-d] pyrimidines (156) and pyrazolo[4,3-
e]triazolo[ 1,5-c] pyrimidinederivative (157) and the
structures of these productswereidentified inlight of
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their elemental analyses and spectral data. Also,
Shamroukh et al’®?, have been prepared some novel
pyrazol o[ 3,4-d] pyrimidines of structure (158).
Recently, Swelam et al®, have described the syn-
thesisof some pyrazol o] 3,4-d]pyrimidinederivatives
using reedily availablestarting materias. A one-pot multi
component cyclocondensation reaction was used to
prepare 3-methyl-4-chlorophenyl-1-phenyl-1H-
pyrazol o[ 3,4-d] pyrimidine-6-thiol (159)1&3,

N/NHZ ’i(kf\] R
|
N l/) N‘N N’gs
NT N I H
o Ar

156 157

Ar= Ph, R=H, CH;or Ph
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Findly, Sayed et al’®, prepared pyrazol opyrimidine
derivative (160) and treated it with chloroaceticacid to
afford pyrazol othiazolopyrimidinonederivative(161) in
goodyidd.

APPLICATIONS

Biological and medicinal applications

Pyrazol o] 3,4-d] pyrimidinederivaivesreceived con-
Siderableattention dueto their pharmaceutica impor-
tance2808l, |n the last few decades, the synthesis of
pyrazol o[ 3,4-d] pyrimidine derivativeshad reported as
away todeve op new ssimpleroutefor synthesisof func-
tionally substituted heterocyclic of anticipated biologi-
cal activity aspotential therapeutic agents. Some ex-
amples of the biological activity of pyrazolo[3,4-
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i-Asantitumor agents

Pyrazol o[ 3,4-d] pyrimidine derivatives have con-
siderable potentia inthefield of cancer chemotherapy,
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asthey werefound to exhibit their antitumor activity
by inhibiting different typesof enzymessuch ascyclin-
dependent kinase®%81 (GSK -3) glycogen synthase
kinase-387, adenosine deaminase’®, adenosineki-
naseinhibitorg®, p70S6K inhibitors®, and epider-
mal growth factor receptor protein tyrosine kinasg®Y.
Recently, a series of 3-substituted-1-isopropyl-
pyrazol o[ 3,4-d] pyrimidin-4-amines hasbeen designed,
synthesized, evaluated asRET protein kinaseinhibi-
tors and compound (162) inhibited MCF-7 breast
cancer cells at low concentrations (as low as 100
nM)®2, Furthermore, the synthesis, SAR evauation
of 1,6-disubstituted- 1H-pyrazol o[ 3,4-d] pyrimidine
(163) asdua inhibitorsof AuroraKinasesand CDK 1
werereported®,
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Thepyrazolof 3,4-d]pyrimidinederivativeshavebeen
discovered as antitumor agents by the NCI (National
Cancer Ingtitute, USA) on human colontumor cdl line
HCT116,“>™ invitro anticancer potentia against hepa:
tocdlular carcinomaHepG2 and cervical carcinoma
HelaS3 cell lines®. In addition, several substituted
pyrazol o 3,4-d]pyrimidines (164) and (165) (substituted
Ph) werereported as potent antitumor gentsg“%,

In addition, a new series of pyrazolol[3,4-
d]pyrimidines hasbeen tested for their antitumor activ-
ity on 60 different cdll linesand someof thetested com-
poundswerefound to have potent antitumor activity. In
particular, 2-hydroxybenza dehydd] 1-(4-chlorophenyl)-
3-methyl-1H-pyrazol o] 3,4-d] pyrimidin-4-yl]hydrazone

@W CHEMISTRY —

1 10
? N—H N
Et \ \ | |
N7 N N..
| >N NJ\@ N N/J\CH
3 O,N al =

Me

CF

171

(166) wasfound to be the most effective among the
other derivatives, showing IC50 vauesof 0.326t04.31
UM on 57 different cell linest®7.

Also, our research group hasidentified theinvivo
antitumor eval uation of some prepared pyrazol o[ 3,4-
d]pyrimidine, pyrazolotriazol opyrimidineand derivetives
(167), (168) reveded promising activity in comparison
tothat of Cisplatin™.

Recently, our research group prepared a series of
novel subgtituted pyrazol o[ 3,4-d] pyrimidinesweresyn-
thesized and their in vitro cytotoxicity against human
breast adenocarcinoma (M CF-7) cell lineshasbeen
investigated. M ost of thetested compoundsexploited
potent cytotoxic activity against MCF-7 cell linescom-
parableto theactivity of thecommonly used anticancer
drug Cisplatin. Ingenerd, acydic nucleosidederivative
(155) revea ed the highest anticancer activity among
the other tested compounds®.

ii- Asantimicrobial agents

New derivativesof 6-methyl-1-phenyl-5-subgtituted-
1H-pyrazol o] 3,4-d]pyrimidine (169) wereprepared and
their preliminary screening reved ed that severa of the
synthesized compoundsexhibited invitrogrowthinhibi-
tory activity against gram pogitiveand gram negative bac-
teriaand yeast!®, Also, anew seriesof pyrazolo[3,4-
d]pyrimidinederivatives(170) waspreparedinasingle
step andtheir antibacterid activity comparableto Strep-
tomycin asareference drug waseval uated®.

Moreover, Hollaet al™®, synthesized pyrazol o[ 3,4
d] pyrimidinescontaining 8-(trifluoromethyl)quinoline
(171) andtheantimicrobia activity of the newly syn-
thesized pyrazol o 3,4-d] pyrimidinering system was
promisng.

Recently, theantimicrobid activitiesof sdectivesyn-
thesized pyrazol o 3,4-d] pyrimidines have been evalu-
ated and compound (159) wasfound to have moder-
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atetostrong antimicrobid activity incomparisontothe
reference drugs. Molecular modeling of themost bio-
logically active new compound (159) compared to the
reference drugs Tobramycin and Fluconazolewas car-
ried out using Field-align 2.0 software®,

Also, Karthikeyan et al*®, synthesized 4-amino-
1-[8-(trifluoromethyl)quinolin-4-yl]-1H-pyrazol o[ 3,4-
d] pyrimidine (172); which exhibited good activity

against A. flavus, A. fumigatus and T.mentagrophytes
ascompared to srtandard drug Flucanazole.

Our research group identified theantimicrobial ac-
tivity for a series of substituted pyrazolo[3,4-
d]pyrimidines (132), (173-175) which showed more
significant activity than some known drugs (stan-
dards)!™!,
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iii-Asantiviral agents

Severa pyrazol o[ 3,4-d] pyrimidine-4(5H)-selone
ribonucleosides were prepared and tested in vitro
againg certain virusesand exhibited significant activity
against HSV-2 with avery low toxicity!*°4, Another
pyrazol o 3,4-d] pyrimidine derivativeswere prepared
and evauaedfor ther inhibitory effectsagaing therep-
lication of Human Immunodeficiency Viruses (HIV-1,
HIV-2) and various DNA viruses'®d, Moreover, some
derivatives proved to be highly effectiveininhibiting
enterovirusreplication at nanomolar concentrationsand
SAR studiesreved ed that the phenyl group at theN-1
position was identified as potentia entienteroviral
agent™®@, Also, 4-oxo-1-4-D-ribofurano-sylpyrazolo
[ 3,4-d] pyrimidine-3-thiocarboxamide (176) waseva u-
atedin cell cultureand in animalsfor antiviral activity
against DNA and RNA viruses. Thelatter compound
was highly active against strains of adeno-, vaccinia,
influenzaB, paramyxo-, picorna-, and reoviruses, with
50% inhibition of virus-induced cytopathology at 1 to
10 pmiod,

Inthelast few years, our research group identified
the antiviral activity for a series of substituted
pyrazol o] 3,4-d]pyrimidinederivativesand someof their
acyclicand cyclicN, S, C-nucleosides. Plague reduc-
tion infectivity assay was used to determinevirus count
reduction as aresult of treatment with tested com-
pounds, and titled compounds (138), (139) and (167)
observedto beactiveasantivira agentsonvirusrepli-
cationfor HAV, HSV-1. Moreover, addition of sugar
moi etiesto the pyrazol opyrimidinederivativeincreases
theantivira activity (compounds 142 and 143) in com-
parisonwith Amantadineand Acyclovir ascontrolg7677,

Inaddition, our research group carried out the anti-
H5N 1 bioassays for some substituted pyrazol o[ 3,4-
d] pyrimidines. The concentrationsof thetested com-
pounds, which exhibited 50% cytotoxicity (LD50) and
the 50% effectiveantiviral concentration (EC50), were
determined in additionto the cytotoxicity (CT) and the
therapeuticindex (T1). Structura activity correlations
of theobtained resultsindicated that substituted acyclic
nucleoside analogsof pyrazol o[ 3,4-d]pyrimidinere-
vealed more anti-H5N1 activity than the parent
pyrazol o[ 3,4-d] pyrimidin-4-onederivative (133). In
generd, thefreecyclic N-nucleosidesof pyrazol o] 3,4-

@Wu'c CHEMISTRY co—

d] pyrimidine (derivatives(149) and (150)) showed the
highest anti-H5N1 activity among the other tested com-
pounds™,

iv-Asanalgesicand anti-inflammatory agents

Pyrazol o[ 3,4-d]pyrimidines were early docu-
mented asanti-inflammatory agentsand someof these
compoundsinhibited COX-1 and COX-2in human
monocyteswith selectivity for COX-2 inhibition®,
Alcaro et all*® reported a small library of
pyrazol o[ 3,4-d] pyrimidines endowed with virtual
screening against two COX isoformsand compounds
of type (177) wereidentified as potentially selective
COX-2 inhibitorswith potency and sel ectivity com-
parableto known drugs. Also, the molecular modeling
studies confirmed that 5-benzamido-pyrazolo[ 3,4-
d] pyrimidin-4-onederivative (36) has potential anti-
inflammatory activity with superior inhibitory profile
against COX-2, when compared to that of reference
standards NS398 and indomethacin*¥,

Recently, a novel series of pyrazolo[3,4-
d] pyrimidineswas prepared, screened for theanti-in-
flammatory activity and eval uated for ul cerogenic po-
tential and 3-substituted-1-aryl-5-phenyl-6-
anilinopyrazol o[ 3,4-d] pyrimidin-4(5H)-one (178) ex-
hibited superior anti-inflammatory activity in compari-
sonwith Diclofenac sodium and comparable activity
with Celecoxib at adose of 25 mg/kg™7.

v- Asantihistaminic agents

A seriesof 1H-pyrazol o[ 3,4-d] pyrimidines (179-
181) substituted at positions 1 (R,= Ph, H, tert-butyl),
4(R,=chlorine, nitrogen and oxygen nucleophiles), and
6 (dimethylamino) hasbeen synthesized and their effect
onthereleaseof hisaminefromrat peritoned mast cells
was measured®®. After chemical stimulation, severa
compounds (i.e. (179b), (180a), (180b), (180c),
(180d), (181a)), produceinhibition two to threetimes
higher (40-60%) than DSCG. (180b) (R =Ph,
R,=NHCH,Ph) and (181a) (R, = OMe) arethe most
activeonesin both experiments. Moreover, compounds
(180d) (R, =t-butyl, R,= OMe) and (180c) (R, =t-
butyl, R,= piperidino) areinducers of the release of
histamine (60 and 150% increase).

vi- Other applications
It was proved that, some pyrazolo[3,4-
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d] pyrimidines are potent and sel ective inhibitors of
PDE1 and PDE5 GM P phosphodiesterasein vitro*™.
Severa 3-substituted pyrazol o 3,4-d] pyrimidine de-
rivativeshavexanthineoxidaseinhibitor activity liked-
lopurinol whichwasfirst synthesized by Robing™®, and
still thedrug for the treatment of hyperuracemiaand
gouty arthritic diseasd™?. Itseffeciency wasattributed
to xanthineoxidaseinhibition, whichisrespons ble of
purinesconversioninto uric acid. Also, pyrazol o[ 3,4-
d]pyrimidinesareknownto exhibit pharmacogica ac-
tivities such as CNS depressant™Y, neurol eptici*!?,
potent oral antihypertensive**¥, tubercul ostatic and
antidiabetic activity™4, Moreover, someacydlic nucleo-
sdeof pyrazol o] 3,4-d] pyrimidinederivativesexhibited
inhibition of amastigotes of leishmaniadonovani tothe
extent of 89% at 30 pg/mL in vitro. The maximum
inhibitory response against amastigotesmultiplication
was observed to be 94% at 50 mg/kg singledosefor 5
consecutive days®.

CONCLUSIONS

Theheterocyclicfusionof pyrimidineand pyrazole
ring resulted information of pyrazolopyrimidines. The
structure and several applications of theknown four
types of pyrazolopyrimidineswere stated. Moreover,
the synthesis, reactions, and applications of
pyrazol o[ 3,4-d] pyrimidineswerediscussed including
anticancer, antimicrobid, antiviral, analgesic and anti-
inflammeatory, antihistaminic and other biologica gppli-
cations. The results revealed that pyrazolo[3,4-
d]pyrimidineshaveahigh significanceinthefield of
pharmaceutical and biotechnol ogcal scienceswithwide
spectrumof biologicd activities. Furthermore, the SAR
evauation of substituted pyrazol o[ 3,4-d]pyrimidinere-
ved ed that the acyclic nucleos desand the variation of
substituentseither on the pyrazole (especialy at the N-
1 position) or pyrimidineringsenhancethebiological
potency.
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