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WORK



{- Summarv of the original work

Synthesis of some new purine-related compounds

1.1 _Regioselective ane-pot synthesis of novel tetrazole[1.5-4]-

pyrimidine derivatives:

Tetrazolopvrimidines play an essential role in several biological
processes and have very important chemical and phannacological
importance. [n this work, we described an casy and efficient route for the
synthesis of tetrazolopyrimidines by the reaction of S-aminotetrazole and
the carly-synthesized sodivm salts of formyl ketones (2}, Thus, treatment
of 5-amino-1H-tetrazole hyvdrate (4) with the sodium formyl salts of
cyelic ketones, namely sodium (2-oxocycloalkylidine)methenoates (2) in
the presence of agueous piperidine acctate and acctic acid as a one-step
reaction. afforded in a good yield  the evcloalkane ring-fused
tetrazelo|1.5-a]pyrimidines (6) as outlined in chart (1).

The characterization of the reaction products was confirmed by
using the available elemental analysis and spectral data {IR. Ms, 'H

NMR).

1.2 Svnthesis of pyvrazolefl,5-¢jpyrimidine derivatives as purine

analogues:

Pyrazolopyrimidine systems arc reported in literatures as inhibitors

for the synthesis of DNA and RNA in the cells of some Kinds of cancers



and viruses and generally possess a potent biological and pharmaceutical
effect.

In this part, sn intercsting scries of pyrazolopyrimidines were
prepared through the reaction of aminopstazoles with the sodium formyl
salts of cyelic and acyclic ketones. Thus, the reaction of 3.4-disubstitucd
5-aminopyrazoles (9) with the tormyl salts (2} afforded in an excellent
yigld the pyrazolof1,5-a|pyrimidine derivatives {10a-y) under the sume
reaction condition and following the same reaction mechanism discussed
in the preparation of tetrazolopyrimidines (6).

‘The structures of compounds {10} were confirmed using their

clemental analysis and spectral data (IR, Ms, "1 NMR).

The behavior of aminepyrazoles towards the sodium formyl sals
of aliphatic and aromatic acyclic ketones was also investigated. Thus,
some selected derivatives of the S-aminopyrazoles (9} were condensed
with sodium formylacetone (11) in piperidine acetate and acetic acid to
afford  the  2-anilino-7-methyl-A-arvlpyrazolo[1 .5-a]pvyrimidine-3-
carboxamides (12). Other derivatives of the aminopyrazoles (9) were
allowed to react with sodium formyl acetophenone (13} as acyclic
aromatic ketone to give the 2-anilino-7-phenyi-A-arylpyrazelo[1.5-a}-
pyvrimidine-3-carboxamides {14) as shown in chart (2).

The structures of the newly synthesized compounds were confirmed

by using the clemental analysis and the spectral duta (IR, Ms, 'H NMR).

1.3 Novel synthesis of 3H-pyvrimido|1.6-a]pyrimidine derivatives :

Pyrimidopyrimidines are an important class of annulated uracil
and thiouracil of biological importance. Recently. pyrimidopyrimidincs,

analogues of folic acid (one of the B vitamins that are a key factor in the



synthesis of nucleic acids RNA and DNA) have been screened for anti-
lumor activity. Thus, fusion of 6-aminuthiouracil with the formyl salts of
eyelic ketones (2) in piperidine acetate und acetic acid afTorded 1n
considerable vields the cyclocondensed pyrimido[1,6-g]pyrimidines (16a-
d}as outlined in  chan (3).

The identity of compounds {16) was proven on the basis of their
clemental analysis and spectral data (IR, Ms. '"H NMR},

A successlul trying lor cstablishment of the phenomenon has been
carried out by the reaction of 6-aminothiojuracil with the sodium salts of
acyelic ketones (11) and (13) under the same reaction conditions 10 afford
4-methyl-6-thioxo-6, 7-dihydro-8H-pyrimido{1.6-a]pyrimidin-§-one  (17)
and  4-phenyl-6-thioxo-6,7-dihydro-8f{-pyrimido[ 1 .6-a]pyrnmidin-8-one
(18) respectively. Chart (3).

The structures of the reaction products were confirmed using their

elemental analysis and spectral data (1R, Ms. "H NMR).

iii



CH,ON .
[(}l + HCOOCH, —2 “ ONa
n R T
{1}a, n=1 (2)
b, n=2
e, 0=4
d, n=4 Hlﬂ
“ "OH =0
(-} (L) l
0 3 nooton
NH,
=
Ny NH
N
l # 4
OH
= 0N 4 H N
(b, /{““‘{;‘ I wy=n
Ho N7 -V (5l "~ouuN_ N
H N N
(7) (3
1- 211,0 l H,0
= NN

| |
NN

(0)u, n=i
b, n=32
sonmd
d, n=§

Chart (1)



j\ff\- ¥ R NH,
Ph O Na —
(i) R \WW’NTI
(9)
{2)
1

. |
R Ny Ny
) I"‘-N,-"*I' P \-.N,.\' e

Ph
(14) (10)

(9] r R'

a | NHPh CONEIh

b| NHPH CONHFPhMe-p

¢| NHPh CONHPRCl-p

¢| NnPh CONHPhOMe-p

e| NHPh CONHEPhBr-p

f| NHPaCl-p CONHI'BM e-p

g| NHPWCHp  CONHPRClp

h| NHCOPR CONHPh

Chart (2}

,afleh;;ﬁ?“xycirq:“

(11)

]
K
HM
I‘N b T~
R™ N7
CH,

(12)
(| r r'
a MHFh CONHPh
b | NHPh  CONHPbMep
£ | NHFh CONEPRCl-p



(10) R R (10 R R
N NI Ph CONIPh q NHPh CONHPh
b NHPh CONHPRMe-p r NHPh CONEHPhMe-p
e NHPh CONHPhCl-p s NEIPh CONHPKC)-p
d NI CONHPEOMe-p | 1 NHPHCl-p  CONHPHCEp
c NHIh CONHEPhBr-p u NHCOPh  CONHPh
¢ NHPRClLp  CONHPBMep | NHPh CONHPh
. NHPhCHp  CONHPHCl-p N NHPh CONHPRMep
" NHCOPh  CONHPh . NH#*h CONHEBCY-g
; NIl CONHPh y NHCOPh  CONHPW
i NHPh CONHPhMe-p
) NHPh COPNEHPHClp
1 NEED CONHPROMe-p
_ NIHPh CONHPRDBr-p
NHPhCHp  CONHPhMe-p
' NHPEClp  CONHPRCHp
’ NHCOPR  CONHPh




HN NH
g

(15)

QTffx&1,,Nlh ,fuugjﬁ?ﬂx

H,C
(11)

+
FPh O Na

(13)

Chart(3)

Y
8 (-,
(16) a,n=1
h,on=12
c,n=4
d¢n=3



INTRODUCTION



2, Introduction

2.1 Synthesis and chemistry of pyrazolopyrimidines and

their biological activitics

. Chemistry associated with genes has attracted a great public
interest during the last two decades. Nucleotides are the backbone of the
nucleic acid molecules. The common pyrimidine bases in nucleotides are
cylosing, thymine and uracil.

The two common purine bascs in nucleic acids are adenine and
guunine. Pyrazolopyrimidine derivatives are very important in the fields
of medicinal chemistry and chemotherapy as they have antimetabolic,
{(anticancer, antiviral and  antimmor}, microbiclogical  and
pharmacological ef fects'*?, Consequently, the search for new molecules
which exhibit high therapeutic indexes is today of great interests for
research.

Pvrazolopyrimidines may be divided into:
pyrazolo[1,5-al. [1.3-c}. {2.3-d]. [3.4-d]. [4,3-d) and [5.4-d] pyrimidincs.

The following comains an up to date survey of most important
preparations, chemical propertics and biological activitics of the different

categories pyrazolopyrimidines.

2.1.1 _Pvrazolol1,5-¢| pyrimidine derivatives:

It has been reported that 7-anipyrazolo]l.5-a|pyrimidines 3a-c
could be constructed through the reaction of 4-cyane-3-aminopyrazole 1
with aryl enaminones 2a-¢ in refluxing acetic acid. The cyano compound
3a could be hydrolyzed to the amide 4. Sodium cyanoborohydride in

acetic acid converted compounds 4 into 4.5-dihydropyrazolo|l.3-al-



pyrimidines 5, which could be reacted with carbonyl diimidazole

refluxing dioxan to give the diones 6-8.%'%
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Cvclocondensation of the substituted aminopyrazoles % with

benzylidene Keto esiers 10 followed by oxidaiion with manganese oxide

resulted in the preparation of pyrazolopyrimidine derivatives 12

[ 2]
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Flgemeie et al, ™ reported that the reaction of bis(methylthio)-
methylene malononitrile 13a und ethyl 2-cyano-3,3-bis(methylthio)-
acrylate 13b with pyrazole derivatives 14 afforded the 7-methylthio-

pyrazolo[1.5-a}pyrimidines 16a.b through the intermediates 15a,h.



R o~ H f

s - X i
HOS_ ON _ €, H0OH / pip f

— + — - . | e
uJ(:H} I\z N, ANH N N CN

I

132 2=CN 14 15 a,b
b, 4= OO0 H,

SCH,

16w, x = NI,
b, N = OH

Similarly, Zaharan et al., has reported that the reaction of
[bis(methylthio) methylenc]malenonitrile 13a with aminopyrazoles 17a,b
afforded the corresponding pyrazolo[1,5-¢]pyrimidines 19a,b through the
imermediacy of 18, Fusion of 19 with aromatic amines 20 at 140°c
furnished the corresponding anilino derivatives 21a,b. Also, the reaction
of amincpyrazoles17a,b  with  |(arylamino}methylthio)methylenc]-

malononitriles 22a,b gave the same pyrazolopyrimidines 21a,b.*™*
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The reaction of aroylacetonitriles 23 with N N-diethytchloro-
acetamide 24 in alkaline medium produced N, N-diethyl-butanamides 25,
which were reacted with hydrazine hydrate to give the correspending
N, N-diethyl-{3-amino-5-arylpyrazol-4-yDacctamides 26. Condensation of
26 ;»'ith the suitable electrophilic reagents (such as: S-diketones, f-

ketoaldehydes or their acetals) led to the closure of the pyrimidine ring

ArsH

s _l

19 a.b

affording the pyrazolo[1,5-a]pyrimidine-3-yl-acetamides 278
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The reaction of pyrazole derivative 28 with an equimelar amount
of a-substituted cinnamonitriles 29a-e provided pyrazolopyrimidine
deri';'atircs 30u-c, 31 and 32. Also. compound 28 could be condenscd
with ethy! acetoacctate, diethyl acctonedicarboxylate and acetylacetone
to yield different pyrazolo[1,5-a]pyrimidine derivatives 33, 34 and 35

. &
respectively. 2
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Condensation of S-amino-4-arvlidenepyrazoles 36a,b with cthyl

cyanoacelate afforded the pyrazolo[l.5-a]pyrimidine derivatives 37a,b.



the reaction of 5-amino-2-antipyrinylpyrazole 38a with ethyl a-methyl
acetoacetate in glacial acetic acid to give the pyrazolo[1.5-g]pyrimidines

39 was also reported.”
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Similarly, compound 38a reacted with the cyclic fi-ketoester 40,
acetoacetanilides 41 in glacial acetic acid and 2-acetyindan-1,3-dione 42
in  cthanol catalyvzed by acetic acid under reflux to  afford
pyrazolopyrimidine derivatives 43, 44 and 45 respectively. Also,
compound 38a could be reacted with 3-dimethylamino-2-(benzimidazol-

2-y|)propenenitrile 46 or 3-(dimethylamino)-2-benzoy] propenonitrile 47



in refluxing cthanol catalyzed by acetic acid to give the pyrazolo[1,5-a]-

pyrmidine derivatives 48 or 49 respectively.®
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49

Filyakova et al.,® studied the reaction of lithium enolates of
fluorine-comtaining  B-diketones 50 with 3-aminopyrazoles S1 that

afforded (7-polyiluoroalkyl)pyrazolo[1,3-a]pyrimidines 52.
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However. it was reporied that the reaction of aminopyrazole derivatives
=3 with tritlcoromethyl diketones 54 resulted in the synthesis of a mixiure of

pyrazolo[1,5-a]pyrimidine derivatives 55a and 55b.""
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Reluxing of ethyl S-amino-({{/}-pyrazolc-4-carboxylate §6 with a-
cyanocinnamenitriles 57a or ethyl a-cyanocinnamates 57b in pyridine led to
the formation of ethyl 7-amino-5-aryl-6-cyanopyrazolo[1,5-a]pyrimidine-3-
carboxylates 58 or cthyl 3-arvl-6-cyano-7-exo-(4H).(7H}-pyrazolo[1,5-a]-

pyrimidine-3-carboxylates 39 rtSpeCIi\.'cI}'.”“'

10
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59
Raslan et al..* reinvestigated some earlier works thut discussed the
reaction ol 5- aminopyrazoles derivative 60 with cinnamonitriles 57 and
has reported that the reaction of the aminopyrazole derivative 6¢ with
57a-g afforded 7-amino pyrazolo[l,5-glpyrimidine derivatives 6la-f.
Also, compound 60 was found to react with 62a-d 10 vield the
pyrazolo[1,5-a]pyrimidine derivatives 63a-d. Whereas. the reaction of 60

with 62¢,f was reported to afford the 3-aminopyrazolo[}.5-a]pynmidine

derivatives 64a,b %%
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£ Ar = Yothienyd; X = {8,Eq MeS COOEL
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Moreover, compound 60 reacted with acrylonitrile in basic
medium to vield the pyrazole-4-carboxylate derivative 65. Cyclization of
65 in acidic medium afferded the pyrazolopyrimidine derivative 66

which could be obtained from the reaction of compound 60 with ethyl

acrylate %
H.CS COOE H,CS COOFt
,C )
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66



It has been found that 3,5-diamino-4-nitropyrazole 67 ™ reacted
with ethy] acetoacetate in the presence of methanotic hydrochlaric acid
1o form pyrazelo[1.5-a]pyrimidine derivative 68. Compound 68 was
reacted  with  dimethylformamide  dicthylacetal 69 10 yield
pyrazolopyrimidine derivative 70. In u similar manner, compound 67
reacted with pcnzoylacctic ester to yicld compound 71, which en reacting
with acctal 69 transformed to compound 72. Also, the reaction of
compound 67 with a-dimethylaminoethylidene acetophenones 73a,b
vielded the bicyclic compounds 74, which were converted into amidines
75 by the reaction with acetal 69.717¢
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\I_I ]l o9 ;..l\ _ j _
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/]\)\ =
Ph o R Ph R

74 75 a,R=CH,
b R=II



Similarly, aminopyrazole derivative 67 reacted with 2-dimethyl-
aminomethylene dimedone 76 to afford the pyrazolopyrimidine
derivative 77. The latter on reaction with the acetal 69 afforded the
amidine 78. Also, compound 67 could be reacted with 5-dimethyl-
uminumethy]ene-Z,Z-dimmh}-'i-l,3—diuxane-4=6-diunu 79 and ethoxy-

mcthylenemalonic  ester 81 1o give compounds 80 and 82

respectively. #0.74-16
O NMe, HN NQ, {Me),N-CH=N NO,
o
e ,NL I -J 1
Ll
e 0 N r Me NCIEOLD NN
T i |
- i - Sl
HCUMeOH 69
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e @Y I
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79 .
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h‘t;L\D
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— H,N AN
Er(d gy COKt | | :
L N 1
HCIMeON N o
H 4]
TR OFt
82 COOE:

It has been found that the reaction of 3-amino-3-phenylpsrazole
38b with malononitrile or ethyl cvanoacetate diamers 83a or 83b gave
the intermediates 84a,b, which were cyclized to the pyrazolo{l,5-4]-

pyrimidine derivatives 85a and 85b respectively. The latters reacted with

14



aromatic diazonium chlorides or benzaldehydes to give compounds 86 or
87 respectively. When 38b reacted with 83¢ or 2-hydroxy-acctophenonce

88, compounds 89 or 90 were produced respectively.” 7
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When 9a reacted with cyclic ketene dithioacetals 31b and 9lc the
expected 5-methylthio-6.7,8,9-tetrahydropyrazolo[1,5-g]-quinazoline 93
and cyclohepiae]pyrazolopyritmidine 94 were produced respectively.
While, the dithicacetal 91a derived from cyclopentanone yielded o
mixture of angular and linearly fused pyrimidines 92 and 95 respectively.
Similacly. the reactions of 9 with ketene dithioacetals 96 and 57a.b
derived from benzocyclic ketones were reported to give a serics of
benzeeyelo and benzoheterocyclopyrazolopyrimidines 98, 99a and 99b

respectively,”
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(9a} 94, X=5CH,6=23

| 1
98, R=R=H \

1
= =Ph
b, R=SCH,, R " o8

MeS Ha
{%a} '
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Moreover, cyclocondensation of 3-aminopyrazole derivatives %a,b

with a-oxoketene  dithioacetals 100°!  afforded 5-methylthio-6.7-
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disubstituted pyrazolo[1.3-alpyrimidines 101. Also. the poly subsituted
pyrazolo}}.5-a)pyrimidines 103 were performed by the reaction of the

respective enoylketene dithioacetals 102a,b with 9a,b, 528

(CH=CH)  Ar 4
R’ i L

Ales SMe )
: Mes S¥e
R H:"N
AcOH/pip i . '
l R NH, AcOH/{pip
%a.b
[CII-CH}. Ar FI‘.‘
KN v’ #
ﬁ_”\ = R \'-h_,ﬁ,)j“
3 , ';: 1 — o
R N SMhle " N S
103 101

Kurasawa et al, has reporied the synthesis of novel 6-
quinoxalinyldihvdropyrazolo[1,5-g]pyrimidin-7-ones  107a-d by the
reaction of 3-(V, ¥N-dimethylcarbamoy)furo[2,3-b]quinoxaline
hydrochloride 105 with S-amino-(/H)-pyrazeles 104a-d. Whereas, the
reaction of 105 with 5-amino-!-methylpyrazoles 108a,b in the presence
of pyridine did not afford the expected 3-[N-(1-methyl-pyrazol-5-
vl)earbamyol |furo[2,3-b]quinoxalines 109, but also recovered the free

hase 107.5+%
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‘The synthesis of 4,7-dihydro-3,6-disubstituted pyrazolo[1,5-a]-
pyrimidine-7-ones 112 were performed by a one-step reaction between
3(5)-amino-4-arylpyrazoles 110 and ethyl 2-aryl-3-hydroxypropenoates
1.
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The rteaction of 3-(benzothiazol-2-v1)-2-{N,N-dimethylamino)-
methylene-3-oxopropanenitrile 113 with 5-amino-3-aryl-({£)-pyrazoles
[14a,b or 2-aminobenzimidazole 115 afforded the pyrazolo[l,3-
a|pyrimidine derivatives 116a,b and the pyrimido [1,2-a|benzimidazole

derivative 117 respectively.”

N NH, x_l/-"‘-\.‘
ol 0 —_———— = N Lk
g * ,[x SN ArT NT CN
= L H Ar ™
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MMe,

113 LI wAr=Fn 116 a,b

b, Ar = C,H,CHl,-p
N
@:}““! 115

H, .
S LY

' o
@1%’1\' 5 !
N T3
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C ALY
{Me),N “N B1
COBT F 117
( BT = @F )
s’}\

It has been found that pyrazolo[l,5-a]pyrimidine derivatives 118

reacted with DMF-DMA to give the corresponding 7-(2-dimethyl-
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aminovinyl)pyrazolo[1,5-alpyrimidines 119, which reacted with excess

ammonium acetate to give 2,3-disubstituted pyrazolo[1.5-a]-pyrido[3.4-

e|pyrimidin-6-ones 1 20 %%

R
1
N R
: o N ch, DMF / DMA / pip ==
R - ' '
| % No_ CH=CHN{Me),
N & R ‘ }
_ CO,Ex N
COOE:
118 119
ALCDNH,‘_
1
l:(
1 N
R | \
N NH
y)

When (N-tosyl)-3-aminopyrazoline derivative 121 treated with
acrylonitrile,  the  corresponding  1-{p-tosyl}-3-amino-f-cyano-
ethylpyrazole 122 was obtained, which was cyclized to pyrazolo[1,5-
a|pyrimidine derivative 123 by the action of concentrated sulphuric acid.
Also, cﬂmpnﬁnd 123 could be obtained directly upon treatment of 121
with cthy! acrvlate. Compound 121 reacted with dicthyl malonate 124 or
its ethoxvethvlene derivative 125 to vield the pyrazolo|1.5-g]mrimidine

derivatives 126 and 127 respectively.”
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" Moreover, condensation of compound 121 with ethyl 3-amingo-3-
trichloromethvl-2-cyanopropencate 128a in refluxing ethano! yielded the
pyrazolo[1,5-aJpyrimidine 129, In addition, the reaction of 121 with
phenacyl  cyanide 128b, cthyl  benzylidenccyanoacetate  128c,
benzylidenemalononitrile 128d or a-cyanochalcone 128e gave the

p}'raznlﬂpyriﬁiidinc derivatives 130, 131, 132 or 133 respectively.”
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2.1.2 Pvrazolo|1,5-¢] pyrimidine derivatives:

. ‘The reaction of 1-phenyl-3-anylpent-1-yne-3,5-diones 134a-¢ with
thiosemicarbazide or with thiosemicarbazide hydrochloride afforded the
respeclive 2-arvl-5-phenyl-(6H)-pyrezolo| 1.5-c]pyrimidine-7-thiones
135a-c. ilowever. under identical conditions 134d.e gave 135d.e
alongside with their isomers 136d.e a5 minor products. On the other
hand, 5-furyl-9-hydroxy-2-phenyl-(3H).(6H)-pyrazolo[1,5-c]pyrimidine-
7-thionc 137 was formed from 1341 under the same conditions, The latter
could be converted into its thione 136f on heating in xylenc. Also, by
oxidation of 135a-e with sodium nitrite in glacial acetic acid or with
benzene  diazonium  chloride  gave the  7.7-bis-(2-aryl-3-phenyl
pyrazolo[1.5-c]pyrimidinyl)disulfide 138a-c or pheny! azodisulfide

derivatives 139a-¢ respectively**'"!
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Also, bromination and iodination of 135u-c¢ afforded the
mrréspﬂnding 3-bromo 140a-¢ and 3-iodo 141a-e derivatives
respectively. Morever, nitration of 135a-e with nitric and sulfuric acids in
glacial acetic acid led to the formation of the corresponding 3-nitro
derivatives 142u-e. While, on treatment of 135a-¢ with alkaline hydrogen

peroxide gave pyrazolo[1,3-¢c]pyrimidine-7-ones 143a-¢,%
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In a similar manner, the reaction of 1-aryl-5-phenylpent-1-yne-3,3-
diones 144 with thiosemicarbazide gave 5-aryl-2-phenylpyrazalo[1,5-¢)-

pyrimidin-7-thiones 145.%"

Ph Ar j\ C,H,0l Sl
. HNO AL N

N NH
0 0 N NHy Ph” N7 \n’
H S

14 145 i Ar= 4,
b, Ar = C01,-00N,-p
coAr = H ClHyp

2.1.3 Pyrazolold.4-d] pyvrimidine derivatives:

Cyclization of 3-amino-3-methylthiopyrazole denvatives 136a,b
with formamide afforded 4-amino- or 4-hydroxy-3-methylthio-
pyrazolo[3.4-dlpyrimidines 147a,b. The latters on glycosylatien followed

by hydrolysis afforded the nucleasides 148.19%%
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Recently, it has been reported that the cyclization of 3-[4-(benzo-

1.3-dioxolylmethylene)-5-oxo0-3-pyrazolyl]-4-hydroxy-1-methylquinolin-

2(IH)-one 149 with guanidine hydrochloride led to the formation of the
0.\

biologically interested tused pyrazolopyrimidine 13

NH

L

1N NI ,HCI

DMF { pip

149 154)
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Gata ‘et al., described the synthesis of several pyrazolo-
pyrimidines. Thus, the reaction of S5-amino-1-(2,4-dichlorobenzyl)-
pyrazole-4-carboxylic acid hydrazides 151 with triethylorthoformate
gave 3-gmino-1-(2,4-dichlotobenzyl)-4.5-dihydropyrazolo|3.4-d]-
pyrimidin-4-ones 152, The laiters were reacted with S-nitrofurfural 133
to give the Schiff bases 154./%1%

. 0
R. RI ..-F'NHI
e, CH{DEY), I j
\x j ¥ Z
T NH2 H? Y
) R
. 152
. O, -NO,
H Y
. 153
T NDI
0
\

154a,h

Also, the reaction of 4-aminopyrazole[3.4-d]pyrimidine derivative
155b with bromomalondialdehyde in aqueous dioxane gave the expected
cnmlpaund 156b, while the reaction of 155a and 155¢ yielded only the
corresponding imidazolylpyrazoeles 157a,¢. Compounds 157a,¢ could be

evelized with triethylorthoformate to give 156a,¢.'%%
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Morcover, refluxing 1-(2.4-dichlorobenzyl)-(5/{}-pyrazoloi3.4-d]-
p:,'rimidin-‘i-émes 158 with phosphorus oxychloride fellowed by the
reaction with ethanolic hydrazine hydrate gave the 1-(2,4-
dichlorobenzyl)-4-hydrazinopyrazolo{3,4-d]pyrimidincs 159, which were
found to react with S-nitrofurfural, triethylorthoformate or orthoacetate,
with refluxing formic or acetic acid and with sodium nitritc in
h}-'drluuhlﬂriu acid to give compounds 160, 161, 162, and 163

respectively. '
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Refluxing of 3-amino-t-phenyl-4-pyrazolecarbohydrazide 164
with levulinic acid 165 furnished 1-phenyl-7-methyl-8,9-dihydro-
pytizolo[3.4"4.5]pyrimido[3,6-b]pyridazin-d-one  166. When  3-(p-
chlorobenzoyDpropionic acid was applied, the reaction yielded the aryl-
substituted analogue 167, while with aroyl butyric acid the tricycle
containing a seven-membered ring 168 was formed. On other hand, using
of cis-2-toluoyleyelohexane carboxylic acid 169, the reaction resulted in

. . |
the cvelohexanc cis-condensed tetracvelic compound 170. @
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Similarly, the acetyl hyvdrazide demvative 171 reacted with
levulinic acid 172 to vield a mixture of the pyrazoloazepinone derivative

173 and the pyrrolopyrazolopyrimidinone derivative 174,/

]
NHNHAC COOH
J"'\‘IIf \" * a -
"‘T— NH,
I'h CH,
171 172

Treatment of M-substinuted 5-amino-4-cvanopyrazoles 175a,b with
phosgene iminium chloride afforded the corresponding chloroamidines

[76a,b, which on cyclization yielded the pyrazolo[3.4-dfpyrimidines
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177a,h. The latters were converted into a variety of pyrazolo[3.4-
dlpyrimidines  178a-h by nucleophilic halide displacement with
nucleophiles such as primary and secondary amines. Cleavage of the 1-Bu
group 178 with formic acid gave 179 that were subsequently glvcositated
by the reaction with I-O-acetyl-3.4,5-tri-O-benzoylribofuranose to give

the nucleosides 180."'¢""*
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Cyclization of the aminopyrazole 1 with formamide followed by
iodination at C3 gave the pvrazolopyrimidine derivative 181, which
under Mitsunobu coupling with the ketal-alcohol 182 followed by ketene

unmasking gave compound 183,74'*1%
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Condensation  of  l-aryl-4-cyano-S-aminopyrazeles 183 with
agqueous {ormic acid and subscquent trealment with phosphorous
oxychloride guve the 4-chloropyrazolo[3 4-d]pyrimidines  186.
Displacement of the chloride with hydrazine and final condensation with

aromatic aldehvdes gave the GSK-3 inhibitors 187"

32



CN EtOH H,N.__.N.

ArNHAH, o+ = - [ q

Et0 CN N

184 185

iy HCOOQH
iy POCI, f DMF

Ar
N rlq Ar
” N NN
N ! i) NH,NH,.H,0 / E1OH “ | [\
N ii) Ar' CHO / EtOH { pip. Ny
H L &

.*irl
187 186

It has been reporied that condensation of pyrazole derivatives
188a.b with -DMF and dimethyl acetal afforded 3,5-bis{(dimethylamino-
methylene)umino-4-methoxycarbonyl and 4-cyanopyrazoles 189a,b. ¥
Heating of dismidino-4-methoxycarbonyl pyrazole 18%a with p-anisidine
gave 3-amidine derivative 194, while with the more basic bengylamine a
mixture of 3-amino, 3-amidine derivatives 191,192 and N-
dimethylaminomethylenebenzylformamidine 193 were  produced
respectively. Also, the reaction of pyrazole 189a with ammoniy led to the
formation of 3-aminopyrazolo[3.4-d]pyrimidine derivative 194. Also,
pyrazolopyrimidine 195 could by obtained by the reaction of 18%a with

. .
hydroxyethylhydrazide, ™%
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However. the reaction of the diamidine 189b with ammonia and p-
anisidine is different. Thus. heating of 189b with methanoiic ammonia
gave a mixture of 3,3-diaminopyrazolo[3,4-d]pyrimidine 196 and the
diamino derivative 188b, while with p-anisidine 3-dimethylamino-
methylencamino-4-p-anisidinopyrazolo[3.4-d]pyrimidine  was  formed
(97122
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Condensation  of  5-aminopyrazole nitriles  198a-¢  with
tricthylorthoformate afforded the intermediate ethoxymethyleneamino
derivatives 199a-¢. The latters on treatment with cold aqueous alcoholic
ammonia }'ié!ded 4-aminopyrazelo[3,4-d]pyrimidines 200a-¢, which
could be synthesized directly by treating the pyrazoles 198a-c with
formamide. When compounds 199a-¢ were stired with hydrazine
hydrate, the S5-amino-4-iminepyrazolo[3,4-d]pynimidines 201a-¢ were
produced in good yields. Compounds 199a-c¢ gave 2-arylpyrazolo|3,4-4}-
l,2,4-lriazoi{:[5,l-f]pyrimidim: systems 203 when rcacted with the acid
hydrazides 202.'*
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Also, the pyrazole derivatives 198a-¢ undergo cyclization to afford
several new pyrazolo[3,4-d]pyrimidines 204-207 when reacted with
formic acid,. carbon disulfide, phenylisocyanate, phenylisothiocynnate,

. Lo . 125
urea, thiourea and guanidine respectively.
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Treatment of arvlmethylidenehydrazones 208a-¢ with ethylortho-
formate gave the pyrazolopyrimidines 209a-e. Treatment of 208a with
carbpn disulfide in pyridine gave pyrazolothiazinethjone 210,
Pyrazolopyrimidinethione 211 could be obtained from the reaction of
aminopyrazole 212 with carben disulfide or by treatment of 210 with

. ¥,
ammonium acetate.
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Moreover, the S-ester 213 could be obtained from the reaction of
compound 211 with ethyl chloroacetate. Also, compound 210 reacted
with aromatic amines or hydrazine hydrate 10 afford the
pyrazolopyrimidine derivatives 214a-¢. The S-alkylaied derivatives 215a-
¢ were produced through the reaction of 210 with a-haloesters.'*
Whereas, treatment of 214c¢ with aromatic aldehydes afforded the

pyrazolopyrimidine derivatives 216.'*'%
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It was reported that plycosylation of 4,6-bis(methylthio)-{/H)-
pyrazolo[3,4-djpyrimidine 217 with 1,2-di-O-acety!-3.5-di-0-henzoyl-D-
xylofuranose 218 gave N-2-8-isomer 219 as the major product along with

N-1-a-isomer 220,'%%
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The reaction of 4-mercaptopyrazolo[3,4-dJpyrimidine 221 with
acctoxvhydrargyvriobenzol afforded 4-(phenylhydrargyriothio)pyrazolo-
[3,4-d]pyrimidine 222, Also, compound 221 could be treated with
mercuric  acetate to afford bis-{d4-pyrazolo[3.4-d]pyrimidylthio)-

hydrargyrium 223,31
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The reaction of 4-(methyl and benzyljthio-1-propargyl-(H)-
pyrazolo[3,4-/]pyrimidines 224a,b with azido-compound 225 afforded
a mixtore of lwo possible regioisomers (226a.h and 227a,b) which by
treatment with a solution of methanol saturated with ammonia affording

the acyclic nucleosides 228a,b and 229a,b.*""*
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2.1.4 Pvrazolo]4,3-4] pyrimidine derivatives:

Qar OB2
227a.b

NH,/ CH,OH

N,:.N,H\i
0

OH OH

222%a.b

The synthetic reactions of pyrazolo[4,3-d]pyrimidine are very rare

in letratures and few reactions are reported. Thus, nitration of 1-methyl-

4-(2-n-propoxybenzamido)-3-n-propylpyrazole-5-carboxamide 230

afforded mono-nitroproduct 231. Cyclization of 231 under basic

condition afforded the corresponding pyrazolopyrimidinone 232, which

was reduced to the amino derivative 233, The lalter vn acylation afforded

the target phosphodiesterase 3 inhibitors 234a-e.
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Treatment of aminopyrazoles 235 with benzyl thioacetimidate
hydrobromide % in retluxing pyridine afforded the pyrazolepyrimidinone
236, which on heating with phosphorus oxychloride in the presence of

:"l.’,N:dif:th}']ani]ine gave the corresponding chlorides 237. Displacement
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of 237 with the appropriate amine afforded the target 7-amino substituted
pyrazolo(4,3-d]pyrimidines 238."'""*
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u,N Ar 5 0O Me N A
135 236
POCI,
R'\. ..-*'RIl
N RR' NH
. — — i
/l\' E'OH! ﬂ
Me” N Ar retiun
138

5.4-dipyrimidine derivatives:-

It has been found that hydrazinolysis of 4-cvanoethylmercapto-
pytimidine 239 using hydrazine hydraie afforded the pyrazolof3.4-d]-
pyrimidine derivative 240."

Me
o OH
N COOR NH,NH, . i,0 NN
A A~ ) \r)\'\'/ N
.!"Ll' N S 1 * il
239 240

{ Ar=CH,Cl-p)
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2.2 Biological activity of pyrazolopyrimidines:-

2.2.1 Pyrazolo[1,5-a] pyrimidine derivatives:

Suzki et al., studied that the five-member ring-fused nitrogen-
containing pyrimidine compounds that can be used as a surrogate for the
stucturally complex hexahydronaphthalene ring that present in the
nutu;‘ally occurring HMG-CoA reductase inhibitors which is the major
rate {imiting cnzyme in chelesteral biosynthesis und hence, pyrazolo[1,5-
a)pyrimidine ranked as hypocholesterolemics and so become important
reageni for prevention of atherosclerotic diseases.™

[t has been found that pyrazolo{1.5-a]pyrimidines are of
considerable chemical and pharmacological Importance s purine
analogues. The purine analogue  4-hydroxypyrazolopyrimidine
(allopuring), used in the treatment of hyperuricemia and gout, inhibits de
novo puring biosynthesis and xanthine oxidase. Also, it was found that
pyrazolof1,3-a]pyrimidines possess various antimicrobial activities with
minimal inhibitory concentration (MIC) values 100-125 ug / ml.*

Moore et al., noticed that zaleplon is pyrazolopyrimidine derivative
hvpnotic, whose chemical structure is unrelated 1o benzediazepines or
other known hypnotics. Zaleplon interacts with the GABA-BZ receptor
complex which is thought to be responsible for the sedative, anxiolytic,
muscle relaxant and anticonvulsive properties of the benzodiazepines so,

it is used for insomnia (ditficulty falling asleep) treatment, %1%

Zuafeplon
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Yasuda et al., suggested that O1-7100 is a new type of analgesic
compound named, 5-n-butyl-7-(3.4,5-trimethoxybenzoylaminopyrazelo-
|1.5-a]pyrimidinc) with the effect of normalizing the nociceptive
threshold in peripheral neuropathic hyperalgesia.'®'

Elagamey ct al.."” noticed the biological and medicinal activities of
p}'mzolﬂpyrir‘nidines as adenine analogues. antagonists and antitumor
agents as these ring systems inhibit cAMP-phosphodiesterase. Robins
found that pyrazolo]1,5-g]pyrimidines  are  potential  drugs  for
schistosomiasis which is one of the most difficult discases and is

1 i e TRIG2
anational problem in many countries.”'¢% ¢

2.2.2 Pvrazolo|2.3-d] pyrimidine derivatives:

It was found that Src. tyrosine Kinase is a therapeutic target for
bone diseases and Src has a positive regulatory role in Qsteoclasts and
anegative regularty role in osteablasts. The potential use of Sre inhibitors
for osteoporosis therapy has been shown by novet bone-targeted ligands
of the Src SH; and non-bone-targeted, ATP-based inhibitors of Sre
kinase. Recently novel analogues of pyrazelopyrimidine template-based
Sre kinase inhibitors that incorporate bone-targeting group maedifications
designed to provide tissue (bone) selectivity and diminished side

168,170
effects. ™

2.2.3 Pyrazolo|34-dipyvrimidine derivatives:

Mercaptopyrazolopyrimidine derivatives 148 were tested in vitro
apainst certain viruses. (umor cells and the parasite leishmania tropica

and some of these compounds showed significant activity against para 3
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viruses and were found to be potent inhibitors of growth of L1210 and

P388 leukemia ' as shown in table (1) :

|
E

N~ | |
NN

HO—] o

HO OH

148
Table (1) Antiviral activity of mercaptopyrazolopyrimidines 148a-¢:

Virus rating

R? | Toxic
1
Compd.| R Level
Parad| VSV | VV | HSV I
A 3 Not
.]483 OH SMe | 5XI10 0.11 ested 0 0.16

MNon
148h 5H CHN toxic 1.10 0.56 1.24 1.00

148¢ OH | CSNH; | 5x107 1.15 0 0.40 0

Seela ct al., noticed that a slight destabilization of the parallel-
stranded (Ps) DNA duplexes is observed when the 8-aza-7-
deazaadenosine pyrazolo[3.4-d]pyrimidine derivative is introduced while
the amino-8-aza-2.7-deazpurine nuclcoside pyrazolo{3.4-d] pyvrimidine
derivative led to a strong decrease of the Tm-value, but incorporation of
8-aza-7-deaza-2 6-diaminopurine nucleoside increases the stability of the

Ps-duplex while it did not alter the stability ol a Ps-hybrid.'™
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HQ

HO

mRLNHPHLH
b; R=T1, RENH,
c;RLRLNIl1
+ tt was found that several pyrazolopyrimidine derivatives show an
important effect in treatment of asthma, as they acted as new drugs uscful
as inhibitors of the release of histamine and other vasoactive mediators,
such as leukotrienes and  prostaglandins. Tt was found that
pyrazolopyrimidine  derivatives  show  inhibition similar 10 DSCG
(disodium cromoglycatc) which is one of the most extensively used drugs

for this purpose,''*!7

Bz0 OBz

150

A series of 1-arvl+( Hﬂ-p;.*razn[n[3.4-d]p;,'rimidin--t-arylhydrazoncs
were discovered as novel inhibitors for glvcogen svnthase Kinase-3

(GSK-3) which is responsible for phosphorylation of glycogen synthase
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(GS) (the rate-limiting step for glvcogen svnthesis). Also, it was found
that GSK-3 activity and expression levels were significantly higher in the
skeletal muscle from Type 2 diabetic humans ihan those in healthy
subjects. So, this gave an evidenee that GSK-3 activity may contribute to
diabetes & Alzheimers disease (AD), 12173175

Ar

Ny

T n

Chaftq vt al.. has reported that some acyelic pyrazelo[3 4-df}-
pyrimidine nucleosides were evaluated for their cytotoxicity and their
inhibitory effects on HIV-1(11IB) and HIV-2 (ROD) replication in MT-4

137
cells.

OH OH

228,229 2, R=Me
b, R = CH,C,H,
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2.2.4_Pyrarolo]4,3-d] Pyrimidine derivatives;

It was found that 3-arylpyrazoio[4,3-d/] pyrimidine derivatives act
as functional antagonist at the corticotrophin-releasing (actor {CRF-1)
receptor, CBF 15 a modulator of the body's responses to stress and
overstimulation of it causes several diverse neuropsychiatric diseases
inctuding depression, anxiety and stress-related disorders, 176177

Thus, 5-phcn}'l-l,ﬁ-dih}-'dm-(?Hj-pyramI0[4,3-djp}'rimidinc-?-unc
was found to act as potent agent in the trestment of mule crectile
dysfunction (MED) via its inhibition for phosphodiesterase Lype 5
(PDES) activity so leading to enhanced relaxation of smoeoth muscle.
increased arterial flow, venous congestion and so, resulting in improved

. . ' . . . 9,178,
penile erection in men with erectile dysfunction, 17817

Me
d
Et HN
U‘Sf“‘N
k/”\. N
CH_,, citrate
Viagra 234a-¢

30



ORIGINAL WORK



RESULTS AND

DISCUSSION



3. Results and Discussion

Synthesis of Some New Purine-Related Compounds

3.1 Regioselective one-pot synthesis of novel tetrazotol1,5-a|-

pyrimidine derivatives:

It has been declared from literature survey that articles for synthesis

(5959 byt to some extent, 4 large number

of tetrazolopyrimidines are rare,
of patents were [ound in their vital blological activities in the last few
vears.'"" 1% Tetrazole compounds. specially tetrazolopyrimidines play an
essential role in several biolopical processes and have very important
chemical and pharmacological importance. They are usced in the treatment
of obesity, diabetes, atherosclerosis, hypertension, coronary heart discase,
hypercholesterolemin, hyperlipidemia, thyroid discase, thyroid cancer,
hypothyroidism, depression, glaucoma, cardiac arrhythmias, and
congestive heart failure, "™ 19

Since the direct introduction of some specific substances for
construction of tetrazolopyrimidines nuecleus is not always easy, new
methods for direct synthesis of these compounds from readily available
starling materials have been ol a great interest. In the present work, we
described an  easy and efficient route for the synthesis of
tetrazolopytimidines by the reaction of 3-aminotetrazole and the early-
synthesized sodium salts of formyl ketones (2)'*?. Thus. treatment of 5-
amino-1H-tetrazole hydrate {4) with the sodium formyl salts of cyclic
ketones, namely sodium {2-oxocycloalkylidine)methenoates (2) in the
presence of aqueous piperidine acetate and acetic acid as a one-step

reaction, afforded in a good yield (69-73 %) the solid reaction products,



The reaction products were suggested to be cvclealkane ring-fused
tetrazolo[1,5-a]pyrimidines (6} and not the isomeric tetrazolopyrimidines
(8) as outlined in chart (1).

The reaction mode or the formation ol the products is suggested to

T_r B QO | -

Ns NH (CHy,
N HO
{4) {3}
N—T N
iy - 2H,0
\‘-."N-f‘ s -
Wiy
(6} (5)

proceed through the initial nucleophilic attack by the exocyclic aming
group at the formy] group of compound (3), that formed in sitn dug 1o the
reaction of the formyl salts (2) with water, followed by cyclization
through the elimination of two water molecules leading 10 the formation
of the reaction producis {6).

The suggestion of the formation of the alternative isomeric planer
products {8) is based on the probability of the initial attack of the
indocyclic NH of the tetrazole ring, which is expected to be more
nucleophlic at the lormyl group in (3) followed by cyclization and
climination of water, "This suggestion is principally excluded due to the
more streic hindrance around the endocyclic nitrogen atom than the
exocvelic one that can easily attack the unhindered and the electronically

faveured formyl group of compound (3).
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NH, O N0
rr—( - h,0 ff—I/I|II.\Hf
- + - *
NQN,NH HO . £ {CHy) NQN,N - (CHy),

) 3 I

N N
IF—|/ o - H,0 qu
N,bN,.N - CHY Nao N2 ICH,!,

(8)

The characterization of the reaction products was confirmed by
using the available elemental analysis and spectral data (IR, Ms, 'H
NMR). Thus, the structure of compound {6b) was established accarding
to the following data:

a) Correct clemental analysis that compatible with the compound's
chemical formula CgHgNs.

b) The IR (KBr} spectrum of compound (6b) showed the abscnce of the
peaks related to NH or NH, of the start and revealed bands at 0 =
2948 Cm™, (paraffinic CH), 1655 Cm’' (C=N), and at 1619 Cm"
(C=C). (fig.3).

¢) The '"H NMR spectrum (300 MIly, CDCLL) revealed the presence of
signals at & = 1.96-2.11 ppm (m, 41, 2CH;); 2.91-3.33 {m, 4H, 2CH,),
8.70 (s, 1H, pyrimidine proton). (fig. 4).

d- The mass spectrum of this compound showed a molccular ion peak at
m/z = 175 (32.8%) coincident with the molecular weigh of the
compound {175.19) and revealed the base peak at 107 (100%). (fig. 5).

e- The fragmentation pattern of {6b) has been shown in scheme [1].
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_N, (28) - CH,=CIi, (28)
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= | =" |

miz=E75{32.8 %) miz= 175
l \ or

NQN,H
miz = 147 (7.10%) [M* - 1 = 146] {§0.4%) miz = 147 (7.10%)
. \\ -N; (28)
- HCN (27) - CH,=CH, (28)
“+
el >
)] “};
N N
N’—
m/z =120 (11.8%) miz = L1Y (16.2%)
- CH,=CH, {24} - CH,=CH, (28
i r v+
Ne—— | v ™S |
SE| <
N [\ e
m/z =92 (16.8%) m/z =91 (11.6%)
I- N, (18} 1 N, (28}
-+ .t
2l =l
m/fz = 64 (17.5%) miz =63 (1 1.5%)

Fragmentation pattern of compound {6h)

scheme [1)
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3.2 Synthesis of pyrazololl.5-glpyrimidine derivatives as new purine

analogues:

Pyrazolopyrimidine systems, as they are structurally related to
purine, are considered typical cxamples for purine analogues that are
reported in literatures as inhibitors for the synthesis of DNA and RNA in

{

U and viruses

the cells of some kinds of cancers 02 31 Also, purine

analogucs are widely used in the CNS stimulation in vivo!'"™™ 16133

L1186} 172} 135)

antagonists'' ', antibacterial'”® and in the treatment of gout™. Many

patents in  the field of synthesis and biological activity of

pyrazolopyrimidines have been reportedt™- 1,

In this part, an interesting series of pyrazolopyrimidines were
prepared through the reaction of aminopyrazeles with the sodium formyl
salts of cyvcloalkanones. Thus, the reaction of 3.4-disubstitued 3-
aminopyrazoles {9) with the formyl| salts (2) afforded in an excellent vield
(78-89 %) the products that were assumed to be the pyrazolo[l,5-
a|pyrimidine derivatives (10a-y) under the same reaction condition and
following the same reaction mechanism discussed in the preparation of
tetrazolopyrimidings (6). Chan (2},

‘The structures of compounds (10) were confirmed using their
clemental analysis and spectral data (iR, Ms, 'Il NMR). Thus, the
structure of compound (10b ) was cstablished as follows:

a) The compound has a correct elemental analysis compatible with its
chemical formula Cy15 N4,

b) The IR (KBr) spectrum of compound (10b} showed the absence of the
peaks related to NH; of the staning pyrazole and revealed bands at 0 =
3307 Cm' (NH), 2920 Cm’', (paraffinic CH), and at 1650 Cm™' (
enolic C=0). (fig. 12).
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¢) 'The "TH NMR spectrum (300 MHz, CDCl;) revealed singlet peak at § =
1.56 ppm. related to the p-CH; group; 2.31.2.38 ppm. (m, 2H, CH2).
3.08-3.13 {m, 2H, CH2); 3.77-3.3.43 (m, 2H, CH2); 6.96-7.76 (m, SH,
aromatic protons); 8.35 {s, 111, pyrimidine proten); 9.59 (s, 1H, NH);
9.87 (s, IH, NH). {fig. 13).

d- 'The mass spectrum of compound (10b) showed the molecular ton peak
at m/z = 383 (35.6%) coincident with the molecular weigh of the
compound {383.46) with the base peak at m/z = 277 (100%). (Ag. 14).

¢- The fragmentation pattern of (10b) has been shown in scheme [2].
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-CO (28)
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- C,H, (26)
T

‘%

miz= |16 (1.2 %}

Fragmentation pattern of compound {10h)

Scheme [2]
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The behavior of aminopyrazoles towards the sodium formyl salts
of aliphatic and aromatic acyclic ketones was also investigated. Thus,
some sclected derivatives of the 5-aminopyrazeles (9) were condensed
with sodium formvlacetone (11) in piperidine acctate and acetic acid to
afford  the  Z-anilino-7-methyl-M-arylpyrazolo| 1, 5-a]pyrimidine-3-
carboxamides {12}. Other derivatives of the aminopyrazoles (%) were
allowed to react with sodium formv! acetophenone (13) as acyclic
aromatic ketone to give the 2Z-anilino-7-phenyl-N-arvlpyrazelo[1.5-
a)pyrimidine-3-carboxamides { 14) as shown in chart (2).

The structure of compound (12a) was confirmed through the
following data;

a) Correct elemental analysis for the molecular formula CgoH N0,

b) The IR {(KBr) spectrum of {12a) showed the absence of the peaks
related to NH; of the starting pyrazole and revealed bands at v = 3304
Cm™ (NH), 2923 Cm’', (paraffinic CH). and at 1653 Cm™' ( enolic
C=0}, 1597 Cm™ (C=N. (fig. 47).

¢) The ' NMR spectrum (300 MHz, CDCls) revealed a singlel at § =
2.77 ppm. related to the Clly group and at & = 6.68-7.76 ppm. (m,
10H, aromatic protons); 8.32 (s, 1H, pyrimidine C=<CH): 8.34 (s, 1H,
pyrimidine N=CH); 9.54 (s. 1H. NH); 9.88 (s, 1H, NH}. {fig. 48).

d- The mass specirum of this compound revealed & molecular ion peak at
mfz = 343 (38.7%) coincident with the molecular weigh of the
compound (343.39) and showed the base peak at m/z = 251 (100%).
(fig. 49).

¢- The [ragmentation patiern of {12a) has been shown in scheme [3].
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Also, the structure of compound (14a} was confirmed as follows:

") Correct elemental analysis for the molecular formula CasHyoNs O,

b) The IR (KBr) spectrum of (14a) showed bands at 5 =3311 Cm’ (NH);
1648 Cm”' ( enolic C=0), 1597 Cm”' (C=N): 1555 Cm" (C=C).
(Nig.52).

¢) The *H NMR spectrum of compeund (14a) (300 MHz, CDCl;} showed
peaks at & = 6.98-8.22 ppm. (m, 1314, aromatic protons): 8.33 (s, 1H,
pyrimidine C=CH); 8.55 {d, 11, pyrimidine N=CH};, 9.65 (s, 1H,
NH); 10.14 (s, 1H, NH). (fig. 33).

d- The mass spectrum of (14a) revealed a molecular ion peak at mfz =
405 (59.7%) coincident with the molecular weigh of the compound
(405.46) and showed the base peak at m/z = 313 (100%). (fig. 54).

e- The fragmentation pattern of (14a) has been shown in scheme [4],
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3.3 Novel synthesis of Mf-pyrimido[l,6-alpyvrimidine derivatives :

Herc, the construction of some new and interesting
pyrimidopyrimidines, the ring systems that can be found in marine—

19 and batzelladine''*®

derived natural products such as crambescidin
alkaloids has been achieved. Pyrimidopyrimidines are an important class
of annulated uracil and thiouracil of biolegical importance'”” because of
their connection with purine pteridine systems.“m Several patents have
been reported for the preparation of these fused heterocycles, derivatives

200

o .
l’, Vasodilators™ ',

of which are uscful as bronchodilatorst

antiallergic®™", antihypertensive™”

., and anticancer' ™ agents,
Recently, pyrimidopyrimidines, analogues of folic acid (on¢ of the
I3 vitamins that is a key factor in the synthesis of nucleic acids RNA and
DNA) have been screencd for anti-tumor activity,®™ as they exhibit
obscrvable inhibition of the human Epidermal Growth Factor Receptors
{1XGFRs) thut occurs frequently in human cancers and is associated with
aggressive tumor hehavior and poor patient prognosis, 2
In fact, a great number of articles has been reporied in literatures
on the synthesis of different pyrimidopyrimidine ring sysiems, but a few
of them has been found for the synthesis of pyrimido[1.6-a]pyrimidines,
and the most promising methods for the synthesis of these systems are

almostly multistep synthesis'?®*%,

However, our synthetic sirategy
commences from the easily available compound, 6-aminothiouracil and
the sodium salts of formyl ketones, which led to the construction of the
requested pyrimido[1,6-g]pynmidine nucleus.

Thus, fusion of 6-aminothiouracil with the fonmy! salts of cvelic

ketones (2) in piperidine acetate and acetic acid afforded in considerable
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vields the cyclocondensed pyrimido[l.6-a)pyrimidines (16a-d) as
cutlined in chart {3).

The identity of compounds (16) was proven on the basis of their
clemental analysis and spectral data (JR, Ms, 11 NMR).

However, the nucleus of pyvrimido[1.6-a}pyrimidine has more than
one resonating forms must be taken in consideration while we discuss
their spectral data. This ring system may be found in the fellowing

resonating forms:

O N NN HGWN‘“
0L — T "0
5 “1n {~)

SH e s .

A B C

Considering these resonating forms, the structure of compound (16¢)

was supported by the following:

a) Correct elemental analysis that compatible with the chemical formula
C3HsN;0S.

b} The IR {(KBr) spectrum revealed bunds at © = 3427 Cm™' (NLL); 2927
(paraffinic CH): 1680 (C=0): 1135 (C=S5). 1541 (C=N). (fig. 67).

¢) The "H NMR spectrum (300 MHz, DMSO) showed signals at § = 1.29-
1.67 ppm (m, 4H, 2CH;); 2.42-2.92 (m. 4H, 2CH;); 3.22-3.41 {m, 4H,
2CH;), 7.99 (s, LH, pyrimidine N=C.I1); 801 (s, 1H, pyrimidine
C=CH); 12.39 (brs, 1H, OH); 12.91 (br s, 1H, SI). (fig. 68)

d- The mass spectrum of this compound showed a molecular ion peak at
mfz = 261 (1(0%), the base peak. coincident with the molecular weigh
of the compound (261.33). {fig. 69).

¢) The mass frugmentation pattern of compound (16¢) is shown in

scheme [5].
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A successful trying for establishment of the phenomenon has been
carried out by the reaction of 6-aminothioiuracil with the sodium salts of
acyclic ketones (11) and (13) under the same reaction conditions to afford
4-methyl-6-thioxo-6. 7-dihydro-8 H-pyrimido[ 1 ,6-a]pyrimidin-8-one (17)
and  4-phenyl-6-thioxo-6,7-dihydro-&//-pyrimido[ 1,6-a]pyrimidin-§-onc
(18) respectively.

The structures of the reaction producls were confirmed using their
clemental analysis and spectral data ([R. Ms, 'H NMR). Thus. the
structure compound (17} was established as {ollows:

a) lts elemental analvsis is correct and compatible with its molecular
formula CgHoN:OS.

b} The IR (KBr) spectrum revealed bands at 0 = 3427 Cm-1 (enelic OH);
3325 {(NH); 1627 (C=0); 1552 (C=8). (fig. 72)

¢) ‘The mass spectrum of compound {17) showed a molecular ion peak at
m/z = 193 (37.4%) coincidem with its molecular weigh (193.23} and
the base peak appeared at m/z = 186 (100 %). (fig. 73).

The structure compound (18) was confirmed by:

a) [1s correct elemental analysis that compatible with its molecular
formula C;HgN;0S.

b) Ihe IR {KBr) spectrum reveated bands at v = 3434 Cm-1 {enolic OH);
3325 (NH); 1630 (C=0); 1552 (C=8). {fig. 74).

¢} The mass spectrum of compound (18) showed the molecular ion peak
at mfz = 255 (0.7%) coincident with its molecular weigh (255.30).
(fig. 75).
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4. BIOLOGICAL ACTIVITIES

4.1 Preliminary Antimicrobial Screenin

Test organisms:

Ten selected compounds were screened for their antimicrobial
activity using five sclected standard isolates which have been chosen as
representative examples of different types of microorganisms as follows:
Gram's positive both non sporulated bacteria as Staphylococus areus and
sporulated as Bacillus subtilis, Gram’s negative as Escherichia coli and

Pseudomonas aeruginosa and a fungus as Candida albicans.

Method: Agar Dilution Technique: ¥

'The used Agar Dilution Method is a recent technique for testing the
antimicrobial activities of drugs against Gram's positive and Gram's
negative bacteria and also against fungi.

Procedure:

The appropriate volumes of membrane filtered stock solution of 0.05
gm/Smi of each compound were prepared by the two-fold dilution
method to obtam the concentrations: 400, 200, 100, 50 and 25 (ug/ ml).
The volumes were added to the molten LB agar (about 50°C). After
mixing, the media were allowed to harden and dry by placing in an

incubator at 37°C for 10 minules,
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Platcs containing serial dilutions of each compound were inoculated
with 2 sterile multiinculator onto the surface of the agar medium so that
the final inocutum of each isolate on the agar surface was in order of 10*
to 10° CFU/spot.

Ciprofloxacin and Triflucan were used as positive controls and the
solvent, dimcthylsulfoxide (DMSO) as negative control. Minimum
inhibitory concentrations (MIC’s) were read after 18 hours incubation at
37°C for bacteria and 25°C for fungus. The MIC is reported as the lowest
concentration of the compound that prevents the growth of visible

colonies.
Results and discussion:

‘The obtained MIC's of ten representative examples were presented in

table (1).

67



Table {1):

Compd. no. | S.aureus | B. subtilis | E. coli aeru};;ﬂsa a!bf;cns
18 >1600 =800 =800 >800 =800
10w =1600 =800 =800 >800 =800
16d =>1600 >800 =300 =300 =300
6a >1600 2800 >B00 >800 =800
12b =>1604 >300 =800 =300 400
16b >1600 =800 >800 =800 =800
12¢ >1600 =800 >BO0 >R800 =800
{6c =1600 =800 =800 =800 =800
162 >160Q >800 =800 =800 >800
10g >1600 =800 =800 >800 =800
DMSO >1600 >300 >800 >300 =800
Ciprofloxacin <100 <25 <25 400 >800
Triflucan >BO0 >800 =800 =800 <25

As shown from the 1able, there is variability in the susceptibilitics of the

different organisms to the different tested compounds. Staphylococus aureus

68



were the most resistant organism. Some compounds showed antibacterial
activity, while others showed antifungal activity.
On conclusion. the tested compounds exhibited a moderate to low

activity against the tested bacteria and fungus as shown in table (1),

4.2 Specific Biological Artivities:

Two selected compounds are chosen for some important biological
aclivitics in vive and in vitro treatments.

A) 6,7.8.9-Tetrahvdrotetrazolo[ | 5-alquinazoline (6b):

(6b)
The following biological activities were carried out for this compound
and afforded very interesting results summarized as follows:

i} Toxicity studics:

The doses was dissolved in 10% DMSO and imjected orally to the
animals and the results were found:-
200 mg/kg. body weight was injected crally into mice (6 weeks old)

cansed the death of one animal of the sample (16 animals}).
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1000 mg/kg. body weight was injected orally into mice caused death
of all animals of the tested sample, From these results the LDsg for this

substance was calculated and was found to be 520 mg/kg. body weight.

i} Anti Carcinogenic effect in vive:

a) ‘The effect of the compound {6b) on Ehrilch Ascites volume in tumor-

bearing mice:

The effect of the tetrazolopyrimidine derivative (6b) on Ehrilch
Ascites volume in tumor-bearing mice was studied. The experiments showed
a decrease in the average volume of the tumor-bearing mice cells from
(5.3375 £ 0.449 ml) in the contro) mice sample (6 in number) to (2,25 *
(.368 ml) after treating the animals {0 mg tetrazolopyrimidine / kg. body
weight give orally for two weeks.

1.¢.. The volume of the tumor cells has been decreased by 47.2 % after
treating the tested animais by the reagent (6b) for 14 days.

In a parallel experiment the % mortality of animals (mice) in the
control tumor-bearing mice was calculsted and was found to be 33.33 %.
While the % mortality of the treated mice (lumor-bearing mice tested) was
found to be 16.66 %.

[ % Montality = (no. of dead animals / total no. of animals} x 100 |
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Also, the survival rate of the animals in the control (EAC) was
calculated and was found to be 66.666. while the survival rate in the treated
animals was found to be 83.333.

[ Survival rate = (no. of survived animals / total no. of gnimals) x 10C )

b) Bhrilch Ascites burden:

Here the number of the tumor cells were counted in the contrel tumor-
bearing mice and in the mmor-bearing mice treated with the
tetrazolopyrimidine {6b) and then the % of the dead cells (of the tumor) in
each case was calculated. The experiments showed that the % of the dead
cells has obviously increased in the treated mice than in the control mice.
i.e.: The tested compound was found to has potent effect on the tumor cell of

the Ehrlich Ascites type.

iiiYAnti Carcinogenic effect in vitre:

The anti-tumor activity of the reagent {6b) using the EAC in vitro wus
also studicd and the experiments afforded the fellowing net results:
The % inhibition of ¢ell viability against the concentration of the

solution of the reagent in the treatment afforded the following results:
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Concentration 25 pg/ml 50 pg/ml | 100pg/ml

% Inhibition of cell viability 10 20 30

B) 1-Thioxo-1.2,7.8.9,10-hexahvdro-(3H}-pyrimido] 1,6-a|quinazolin-

(}Y.\\\]/Nx
]IN\IrI\'
5

(16b)

3-pne (16b}:

The following biological activities were carried out for this substance
and afforded very interesting results summarized as follows:

i’ Toxicity studies:

200 mg/kg. body weight was injected orally inte mice (6 weeks old)
caused no death of any animal ef the sample (16 animals).
1200 mg/kg. body weight was injecled orally inte mice caused death of all
animals of the tested sample. From these results the LDy« for this substance

was found to be 766 mg/kg. body weight.
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ii) Hypoglycemic effect:

'The tested agent (16b) at o dosc level of 10 mg/ks. bedy weight
injected orally into rats induced significant improvement in the oral glucose
tolerance curve of the experimentally-induced streptozotonic diabetic rats.

i.c. the tested compound has a significant positive effect as a

hypoglycemic agent.

iii} Hypolipidemic effect:

Compound (16b) produced significant decreases of the ¢levated serum
total lipids, total cholesterol, LDI.-cholesterol triglycerides in the previously

deseribed animal models at the same dose,

iv)Anti Carcinogenic effect:

The tested compound showed a positive effect against Ehrlich Ascites

Carcinoma in vitro.

13
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5. EXPERIMENTAL

All melting points were determined on an elecirothermal apparatus
and are uncorrected. IR spectra were recorded (KBr discs) on a BRUKER
IF$-25 F1-IR spectrophotometer at the region 400-4000 cm™. 1H NMR
spectra were recorded in CDCly and (CD4)SO solutions on a Varian
Gemini 300 MHz spectrometer and chemical shifts are expressed in §
units using TMS as an internal reference. Mass spectra were recorded on
a GC-MS QP 1000 EX Shimadzu. Elemental analyses were carried out at
the Microanalytical Center of the Cairo University, Giza, Egypt,

The preliminary antimicrobial screening was carried out at the
Faculty of Pharmacy, Bani-Suef University. ‘The other biological
aclivities studies were performed at the Zoology Department, Faculty of
Science, Bani-Suef University. Bani-Suef, Egypt.

Aminopyrazoles (9) were prepared according to the literature
procedure %™ Piperidine acetate was prepared by addition of 5 ml

piperidineg (o a mixture of 4 ml acetic acid and 10 ml water''™.
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3.1 _Svnthesis of tetraznlo}1,5-alpyrimidine derivatives (6a-d):

General procedure:

A mixture of sodium salts (2) (0.012 moie} was refluxed with 5-
aminotetrazole monchydrate (4) (0.0} mole) in 2 solution of piperidine
acetate { Iml} for 3-5 minutes. 1.5 ml acetic acid was added to the reaction
mixture while boiling, then the mixture was cooled and solid product was
collected by filtration and recrystallized from ethanol.

The resuits are tabulated in table {1}.

Tuble {1}
Compd. | M.P°C Color Mol Elemental analysis
No, Solvent Yield% Formuiq cale. / found
(M. W) C H N
6a 182-183 | Pale brown CaHyN; 52171 438 | 43.45
litoH 69.1 (161) 52.22 | 4.19 | 43.66
6b 119-121 Orange CgHaNs | 54.85 | 5.18 | 39.97
EtoH 13.3 {173) 34.88{ 3.00 | 39.78
bc 103-106 White CipHlisNg | 59.10 ) 645 | 34.46
EtoH 71 {203) 58.89 1 6.65 |34.45
6d 110-112 White CradigNs | 6534 | 744 | 2721
EtoH 734 {257 ) 65.47 | 741 | 27.00
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5.2 Svnthesis of pyrazolo]l.5-alpyrimidine derivatives {10a-vy) :

‘The same general procedure described for preparation of (6). The

products were recrystallized from the appropriate solvent.

The results are listed tn table {23

Table {2}
Compd. | M. P’c Color Mol. Formula | Elemental analysis
No. Solvenyt Yield% { M1} calc. / found%
C H N
100 209212 Yellow CyHigONs | 71.53 | 5.18 | 18.96
Dioxan 797 [ 369 ) 71.09 | 5.01 | 19.01
il 224-226 | Pale yellow | CaHy ONs | 72.04 | 5.52] 18.26
Dioxan 8l.6 (384) 72,11 | 5.36 | 18.41
10c 239-242 | Pale yellow | C;HjgONSCl {6543 | 449 17.34
Dioxan 81 (403.5) R [ ———-
10d 225-227 | colourless Ca3HzONs | 69.16 | 530 | 17.53
EtOH 20 {399) |- |- —————
10e 244-245 | Pate vellow | CyH gONsBr | 58.94 | 4.05 | 15.62
Dioxan 79.5 (448) | - | —- ——
LOF 230-232 white CaHpONSCl | 66.11 | 4.82] 16.76
Dioxan/ 80.5 (417.5) | = |- | -
EtOH
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10g 241-244 | Pale brown | CpH;0ONLCl; | 60.29 [ 3.91 | 1598
Dioxan 80.9 (438) | — | -—- e
10h 276-278 | Pale brown Cullg02Ng | 69.51 | 4.82] 17.62
Doxan ¥1.8 (397) 69.44 | 5.02 | 17.60
10i 240-241] White CyHyON; 72.04 | 552 18.26
E1OH 83 (383) 72.11 1559 18.21
10j 248-250 | Pale yellow | CyyHpsON; 7252|583 | 17.62
Dioxan 82.2 (398) | -~ | | ---
10k 239.240 | Pale vellow | CyulpONSCl | 66.11 [ 4.82 | 16.76
EtQH 4.6 (417.5) 6398 | 4.80 | 17.22
101 240-241 | Yellowish CuHzuONs | 6972 | 5.61 | 16.94
Dioxan while (413)y | - |- —
83.5

10m 243.245 While CaalgONgBr | 59.75 [ 4.36] 15.15
[Dioxun 85 (462) | - ||
10n 246-247 | Pale yellow | CuHpONGCL | 66.74 | 5.13 ] 16.21
Dioxan 84 (4315) | - SUR [——
100 249-251 White Caub1yONSCly | 61.07 |1 4.23 ] 15.48
Dioxan/ 82.5 (452)y | e || -

EiQH
10p 284-286 | Pale brown | CyuHy;OyNg | 70.06 | 5.14 | 17.02
Doxan 85.4 (411) | —emem fomemn | -

[k




10q 209-211 While CasT135s0ON; 72971612 17.02
E1OH 91.1 (411) 73.02 | 6.20| 17.31
10r 212-213 | Pale yellow CaeH27 0N 73.39 1640 16.46
Dioxan 89.7 (425 | —- el
105 208-210 | Pale vellow | CpsHpONGCH | 67.33 | 542 15.70
Dioxan 90 (4455) | ——-- || -----
10t 243-244 White CasHpONSCly | 62,51 [4.83 F 14.58
EtGH 90.4 (480 ) 63.00 | .66 14.57
10y 288-291 | Pale brown C5H7602N5 710557311593
Dioxan 90.7 (43%) | e | e |-
10v 221-222 | Yellowish Cagl [530N; 7481 |6.71 | 15.04
Dioxan white (467) | e | [ -
9i.%
How 229-232 | Pale yellow Csgl360ON5 7513 16.94 | 14.60
Dioxan 91.5 (481) | wemm | e | e
10x 227-229 White Caoll5;ONsCl | 69.66 | 6.05 | 14.01
Dioxan 92.3 (501.5) | --er |-
10y 278-280 | Palec brown | CigHz;O:Ns | 73.00 [ 6.33 | 14,19
Dioxan 0928 {(495) | - { ommm ] e
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5.3 Svynthesis of

rimidine derivatives (12a-¢):
The same general procedure described above by using an

equimolar amounts the suitable aminopyrazole (9) and the sodium

formylacctone {(11). The products were recrysiallized from ethanol.

The resalts are listed in 1able {3}.

Table {3}
Compd. | M.P.°C Color Mol Formiila | Elemental analysis
No. Solvent Yietd% { MWL) cale. / faund%
C H N

124 185-190 | Pale yellow CagH70N; 69.56 | 4.99 | 20.39
EtOH 89 (343} 69.84 14,49 | 20.64

12b 182-18Y Yellow Ca HisONs | 70.57 | 5361 19.59
EtOH 84.7 {357) 70.52 1 5.29 | 19.50

12¢ 187-200 orange CyHsONsC1 | 63.58 | 4.27 | 18,54
E1OH 89,5 (377.5) | - | oween | oeme

5.4 Swvnthesis of pyrazolo]l.5-alpyrimidine derivatives { 14a-h):

The same general procedure described above by using an
equimolar amounts the suvitable aminopyrazole (%) and the sodium
formylacetophenone (13). The preducts were recryvsiallized from the
appropriate selvent.

The resulis are listed in tuble {4},
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Table {4}

Compd. | M.P.°C Color Mol Formula | Elemental analysis

No. Soivent Yield% { MWL) calc. / found?%

C H N
14a 190-207 Reddish CysHONs | 74.060 | 4.72 17.27
Dioxan yellow {403) 74.21 | 4.66] 17.54

88.2
14b 250-256 | Yellowish CagHyONs | 74.45]15.05] 16.69
Dioxan Orange {419y | - | -] -
86

14¢ 260-263 | Pale yellow | CasHigONsCl | 68.26 [4.12 | 15.92
Dioxan 87.8 (439.5) ———— -1 -
14d 225-234 Orange CagHyO:Ns | 71.71 | 4.86 | 16.08
Dioxan 87.3 (435) 71.28 | 4.89] 16.18
14¢ 238-244 Yellow CasH 3ONsBr | 62.0013.75 | 14.46
Dioxan 85.8 (484) Y - |- —----
14f Over265 | Pale orange | CagHapONSCl | 68.80 | 4.44 1 15.43
Dioxan 86.7 (453.5) | - |- R
14g 252-261 Crange CasH7ONsCly | 63.30 | 3.01 | 14.76
Dioxan 87 {474) 63.00 13,111 14.54
14h 164-173 Orange CaH1gO3Ns | 7204 | 442 | 16.16
Dioxan 88.2 (433} 72.22 14.32] 16.27
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55 Synthesis of pyrimido]1,6-alpyvrimidine derivatives (16a-d}:

A mixture of equivalent amounts of sodium salts (2). (11) or (13)
{0.012 mole) and 6-aminothiouracil was refluxed with a solution of
piperidine acetate (1.5 ml} for 15-20 minutes, The reaction mixture is
then diluted with 20 mi cthano! and refluxed for another 1 hr. the reaction
was quenched by the addition of 1.5 ml acetic acid, then the mixture was
cooled and solid product was collected by filtration and recrystallized
from the appropriate solvent to afford the reaction product (16), (17), (18}

respectively. The results are listed in 1able {5].

Table {5}
Compd | M.P°C Color Mol. Elemental analysis
Na, Sulvent Yield% Formnula calc. / found?%

(Mwe) | c [u| N S

16a | 275-277 Pule C1oHsON;S | 54.78 [ 4.14 | 19.16 | 14.6]
Ctoid brown (219) 54.88 |1 4.22 | 19.00 | 14.60
80.6

16b | 225-232 | Yellow |Cy,H,ON;S|356.63[4.75|18.01]13.73
Etol] 89.2 (233) | woeee | omemn | oo | e

16¢ | 245-258 | Yellow [CisHsON,S|59.7515.79] 16.08 | 12.27
EtoH 81 (261) 5935 |5.89 | 1599 12.26

(6d | 210-231 | Yellow |CitlON;S|64.73|6.71 [ 13.32] 10.16
EtoH] 83.3 (315) | -mmm | e | o |
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17 266-268 Pale CyH;ON;S | 49.73 | 3.65121.73 | 16.58
IBGIE yellow {193) 49.58 13.6]1 | 21.65 | 16.65

79.1
18 287-289 | Yellowish | C;3HgON3S [ 61.16 | 3.55 | 16,46 | 12.55
EtoH green {255) 6144 | 342 16.45]12.34

70.5
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