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ABSTRACT

A series of new pyrazolopyrimidines was synthesized. Antimicrobial
screening was done for the novel molecules to discover their activity
against some test organisms, Saphylococcus aureus (ATCC 25923) (as
example for Gram-positive bacteria), Escherichia. coli (ATCC 25922),
Enterobacter cloacae (ATCC 23048), Klebsiella (ATCC 23495), Salmonella
typhimurium (as examples for Gram-negative bacteria) and Candida
albicans (asexamplefor fungi). The antimicrobial screening results showed
that some of these compounds exhibited asignificant antimicrobial activity,
where, compounds (5¢) and (5€) showed the highest antimicrobial activity
with MIC of 16 pg/mL,whilst, compounds (4d), (50) and (5h) displayed
antifungal activity against Candida albicans. Besides, eight of the newly
synthesized compounds were selected by National cancer Institute NCI
(U.S.A) to be screened for their cytotoxic activity. The test compounds
showed limited cytotoxic activity. The cytotoxicity results suggested that
substitution at position 4 of pyrazolo [3, 4-d] pyrimidine with aryloxy or
substitutedanilino moietieswas preferred to aralkylamino moiety. Besides,
introduction of small lipophilic group like methyl group in the para position
of aryloxy or anilino moiety enhanced the cytotoxic activity. Theresults of
cytotoxic screening were in good agreement with the calculated log P of
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the test compounds.

INTRODUCTION

Thediscovery of nove antimicrobia agentsrepre-
sent one of the most important advancesin therapeu-
tics, antibioticsrepresent themain strategy for control -
ling bacterid infectiong® In spite of thelargenumber of
antibioticsintroduced to the market, resistance devel-
oped by many bacteria strainslimited thetreatment
optionsfor patientsand representing athreat to public
health?3.For example, Saphyl ococcus aureus devel -
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oped resistanceto penicillin and methicillin®, There-
fore, thediscovery of new synthetic antimicrobiasis
important, especially to control hospital infectionsby
suchmultidrug-res stant srains. Inthiscontext, thechem-
igtry of fluorinebearing compounds, aminobenzoicacid
fragments, pyrimidinesand fused pyrazolopyrimidine
ring is of particular interest since these compounds
present a variety of antimicrobial activities. Some
pyrimidinoneswerereported to possess promising an-
tibacterid and fungicidd activities™*2. Especidly againgt
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the gram positive (Gr+) pathogens Saphylococcus
aureusthrough inhibition of DNA polymerase |CI*Y,
H uorine containing compounds possess promi s ng anti-
infectiveactivitieswhich originatefromtheir uniqudy
high lipophilicity!**'71, P-Aminobenzoic acid (PABA)
displayed an important role in the biosynthesis of
tetrahydrofolic acid, whichisabas c growth factor es-
sentia for themetabolic processof bacteria,, many syn-
thetic moleculesarereported tointerferewith thispro-
cessasantagonist for PABA[1819,

Moreover, cancer isconsidered asoneof the most
common devastating diseasesthat affect millions of
peopleevery year. It iscons dered asthe second |ead-
ing causeof deathin humans. Therefore, thereisacon-
tinuous need for the devel opment of novel anti-cancer
agentsto combet the diseasd?. Many chemicd classes
have beenreported to exhibit cytotoxic activity. In par-
ticular, 4-aminopyrazol o 3,4-d] pyrimidinesreceived
consderable attention and many research articleshad
been publishedin thelast decade describing their effect
as cytotoxic agents. In fact, 4-aminopyrazol o[ 3,4-
d]pyrimidinecoreisanisogtericto adeninenucleus, this
may bethereal causefor the ATP-competitiveinhibi-
tion of many kinaseenzymesby 4-amino pyrazol o[ 3,4-
d] pyrimidinederivatives?. N-substitutedpyrazol o 3,4-
d] pyrimidin-4-aminederivetiveswerereported asstrong
cytotoxic agentswhich inhibited p384 MAP kinase!?Y.
Srckinase??%, EGFR and erbB2(%63% cyclin-depen-
dent kinase 2 (CDK 2)4, Or antagonize Adenosine
receptor2%, Besides, the presence of 3-methylsul
phanyl group on pyrazolo [ 3,4-d]pyrimidinering was
reported to enhance the antimicrobial aswell asthe
anti-proliferative activity!®3. Ontheother hand, little
datahad been published on theinfluence of subtitution
with phenoxy moiety on the anticancer activity of
pyrazolo [3,4-d]pyrimidine ring. Recently, 6-(2,4-
diflourophenoxy)-pyrazol of 3,4-d] pyrimidinederivatives
were reported to show potent anticancer activity due
toinhibition of p384 kinase®. Nevertheless, up to our
knowledge, theeffect of subgtitution of aryloxy group
at 4-positionin the presence of 3-methylsulphanyl on
the antimicrobial or the cytotoxic activity of
pyrazolopyrimidine had not been studied before.
Prompted by these claims, we initiated a work to
synergizetheantibacteria or antitumor activity pyrazolo
pyrimidinesby preparing hybrid moleculeshaving the
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features of pyrazol opyrimidinering, methylsul phanyl
group and either aryloxy fragmentsor aminosubstiuted
aryl moieties(in particular, p-aminobenzoic moiety) in
an effort to discover antibacteria or antitumor agents
(Chart 1).
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General structural hybrid
for thedesigned molecules

Chart 1: Thestructural hybrid for thedesigned molecules

Inthiswork, novel seriesof 4-aryloxy (4a-d), 4-
(substitutedanilino),(5a-j) and 4-(aralkyl amino)-3-
methyl sul phanyl pyrazol o] 3,4-d] pyrimidines(6a,b) were
synthesized and assearching for new antimicrobia can-
didates, antimicrobia screening wasdoneto estimate
theantimicrobia activity of the synthesized compounds.
Representative derivativesof each serieswere screened
by National Cancer Institute (NCI) U.S.A for their
possi ble anticancer activity.

RESULTSAND DISCUSSION

Chemistry

The synthesisof thetarget compoundsisoutlined
in Scheme 1 and 2. Thestarting and i ntermediate com-
pounds 3-amino-3-methylsul phanyl-1-phenyl-1H-
pyrazole-4-carbonitrile (1)*¥, 3-methyl sulphanyl-1-
phenyl-1H-pyrazol o[ 3,4-d] pyrimidin-4(5H)-one (2)1
and 4-chloro-3-methyl sulphanyl-1-phenylpy
razol o[ 3,4-d] pyrimidine (3)!* were prepared accord-
ing to the reported methods. Thetarget 4-aryloxy de-
rivatives (4a-d) were obtai ned through reacting the 4-
chloro derivative 3with phenol or cresolsin ethanol in
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the presence of equimolar amount of NaOH toinitiate  of (4a-d) together with the appearance of signals of
the phenoxideions (Scheme 1). The presence of the  extraaromatic protonsin their *H NMR spectracon-
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corresponding molecular ion peaksinthemassspectra  firmed the structure of (4a-d)
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Reagents& conditions : i) HCOOH,; ii) POCl3; iii)R106H4OH, NaOH,
ethanol, stirr at R.T.3h.
Scheme1: Synthesisof intermediatesand 4-aryloxy-1-phenylpyrazolopyrimidinederivatives (4a-d)

Ontheother hand, the 4-substitutedanilino deriva
tives(5a-j) and the4-aralkylamino derivatives (6a,b)
weresynthesized viarefluxing the4-chloroderivative 3
with theappropriateaminein ethanol and triethylamine.
(Scheme 2). The appearance of NH band in the IR
spectraof (5a-j) and (6a,b) proved the chloro substi-
tution. Besides, the'H NMR spectraof 5a-j and (6a,b)
reved ed the presence of exchangeablesinglet signals
at 6 6.99-8.96 ppm corresponding to NH proton. Fur-

thermore, themass spectraof (5a-j) and (6a,b) showed
the corresponding molecular ion peaks.

Antimicrobial activity
Antimicrobial susceptibility testing

Inthiswork, compounds (4a-d), (5a-i) and (6a,b)
were screened for their possibleantimicrobia activity
using thedisc diffusion technique®. The compounds
were tested against Saphylococcus aureus (ATCC
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n=1(-CH,-)} n —2(-CH2-CH2-)

Reagents&conditions : iv) R2CgH4NH,, ethanol, TEA,
reflux,4h; v) CgHs5(CH,),NH,, ethanol, TEA,reflux,2 h

Scheme 2 : Synthesis of 4-arylamino-1-phenylpyrazolopyrimidine derivatives (5a-j) and 4-arylalkylamino-1-
phenylpyrazolopyrimidinederivatives(6a-b)
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25923) (asexamplefor Gram-positive bacteria), Es-
cherichia. coli (ATCC 25922), Enterobacter cloacae
(ATCC 23048), Klebsdla(ATCC 23495), Salmonella
typhimurium (asexamplesfor Gram-negative bacteria)
and Candidaalbicans(asexamplefor fungi), Tobramycin
and Fluconazolewere used asreference standard. The
resultsreved ed that most of the synthesi zed compounds
showed variabledegreesof inhibition against test organ-
ismswhere Saphylococcusaureus (ATCC 25923) was
themost susoeptibledrainand thezoneof inhibition. varied
from7to 18 (mm). Theresultsagaingt Saphyl ococcus
aureusweredisplayed in (TABLE 1) and represented
grgphicdlyin(Fgurel).

TABLE 1: Theresultsof organisms susceptibility test for

the prepar ed molecules (conc. 10 mg/disc). Data represent
themean of threereplicates.

Test microor ganisms

Cpd. No Zone of Inhibition (mm)
Sa St E.c Ks Enc C.a
4a 10+ 0.6 -
4b 7+0.3 -
4c 9+1. - -
4d 12 +1 - 7+0.4
5a 7+04 - -
5b 12+1 - 9+1
5c 18+1 7+0.4 9+0.8
5d 12+0.8 - 7+0.3
5e 15+1 7+0.3 -
5f 8+0.6 - 13+0.8
59 - - 7+0.3
5h - - 7+0.6
5i 10+ 0.4 -
6a - -
6b 12 +1 -

No inhibition; Sa-Staphylococcus aureus (ATCC 25923); St-
Salmonellatyphimurium ; Ec-Escherichia coli (AT CC25922); Ks-
Klebsiella (ATCC 23495); En.c.-Enterobacter cloacae (ATCC
23048); Ca- Candida albicans

From the results obtained in (TABLE 2), it was
found that compounds (4a-d), (5a-f), (5i) and (6b)
exhibited sdlectiveantibacterid activity against Saphy-
lococcusaureus (ATCC 25923) Compounds (5¢) and
(5e) displayed antibacterid activity against Salmondla
typhimurium, while four compounds, namely (5b),
(5¢), (5d) and (5f) showed antibacterid activity against
Enterobacter cloacae (ATCC 23048). None of the
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test compounds showed antibacterial activity against
Escherichia coli (ATCC 25922) or Klebsidla (ATCC
23495). On the other hand, only compounds (4d), (59)
and (5h) showed potential antifungal activity against
Candida albicans.

Minimum inhibitory concentration (MIC)

Theminimum inhibitory concentration (MIC) of
compounds (4a-d), (5a-f), (5i) and (6b) against Sa-
phylococcusaureus (ATCC 25923) were then deter-
mined using broth dilution method“?. (TABLE 2) dis-
played theresults of MIC determination. Theresults
showed that both 4-ethylanilino (5¢) and 3-methylanilino
(5€) derivativesexhibited thelow MIC (16 pg/mL).
Besides, 4-chloroanilino (5b) and 2-flouroanilino de-
rivatives (5d), and 4-aminobenzoic derivative (5i) ex-
hibited moderate MIC (32 ug/mL). In addition, com-
pounds (4a-d) and (5a) high MIC (64 ug/mL).
TABLE 2: Theresultsof minimum inhibitory concentration

(MIC) in (ug/ml) for the synthetic molecules against
staphylococcusaurous (AT CC 25923).

RS
SCHy
7
i
N N
E :
pd.No Z R® MIC (ug/ml)
4a -O- CeHs. 64
4b -O- 2-CH3CgH,- 64
4c -0 3-CH3CgHs- 64
4d -O- 4-CH3CeHy4- 64
5a -NH 2-ClCeHg4- 64
50  -NH- 4-CICeHy4 32
5c  -NH- 4-C;HsCHs- 16
5d  -NH- 2-FCgHs- 32
5¢  -NH- 3-CH3CgHs- 16
5f -NH 4-CH3CeHy- 64
5i -NH 4-HOOC CgHy- 32
6b  -NH- (CHy); CeHa- 64

In vitro cytotoxic activity

Eight compounds(4a,b,d), (5a,b,f,g) and (6a) were
selected by the NCI Developmenta Therapeutic Pro-
gram (www.dtp.nci.nih.gov) to betested in vitro for
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their possibleanticancer activity. Theanticancer assays
were performed according to the protocol of the Drug
Evaluation Branch, NCI, Bethesdd*+. A 48 hdrug
exposure protocol was used and sulforhodamine B
(SRB) protein assay was applied to estimate the cell
viability and growth*!. The sel ected compoundswere
evaluated at one dose (concentration 10" M) primary
anticancer assay towardsapanel of approximately 60
cancer lines. Thehuman tumor cell lineswerederived
from ninedifferent cancer types: leukemia, melanoma,
lung, colon, central nervous system (CNS), ovarian,
renal, prostate and breast cancers. Results for each
compound were expressed in termsof the percentage
growth of thetreated cells compared to the untreated
control cdls, and presented as mean graph of thegrowth
percent. Thescreening resultsaredisplayedin (TABLE
3). From the obtained results, it wasfound that al the
test compoundsshowed limited cytotoxicactivity. Nev-
ertheless, thetest compounds showed moderateto high
cytotoxicactivity againgt specific cdl linesand themost
sengitive panel sweretherend cancer, theovarian can-
cer andthenon-small cdll lung cancer. Structuraly, the
test compounds belong to three series: 4-aryloxy, 4-
substitutedanilino and 4-aralkyl amino series. Better
activity wasdisplayed by the4-aryloxy seriesthan by
4-subdtitutedanilino series. While, theleast activity was
exhibited by the4-ara kylamino series. Compound (6a)
(4-benzylamino) displayed the highest mean growth
percentagewith limited cytotoxic activity against d most
al pand sscreened. Regarding theinfluence of the sub-
dtituentson the phenoxy ring onthecytotoxic activity, it
wasfound that 4-(4-methyl phenoxy) derivative showed
better cytotoxic activity than 4-phenoxy or 4-(2-
methyl phenoxy). Similarly, careful examination of the
effect of subgtitution onthe anilino moiety showed that
the order of potency was 4-CH, > 4-CH,O > 4-Cl >
2-Cl. Thisorder might reflect theimportanceof thepres-
enceof smdl lipophilicgroupintheparapostion. Thus,
investigation of the subgtitution effect on 4-phenoxy and
the 4-substitutedanilino serieson the cytotoxic activity
highlighted thefollowing remarks:
e Inboth series, substitution at para position was
favored over substitution at ortho position.
e Incaseof parasubstitution, smal lipophilic group
likemethyl group gave better resultsthan methoxy
or chloro groups.

@Wu'c CHEMISTRY co—

Inorder to explain theeffect of lipophilicity oncy-
totoxic activity, log Pof thetest compoundswas cal cu-
lated and theva ueswere presented in (TABLE 3). In-
deed, the screening resultswerein good agreement with
log P except for compounds (5a) and (5b) whoselog P
valueswerevery high (in fact, the highest) and their
mean growth percentagewere high too. For therest of
compoundstested, increasing the hydrophobicity, re-
duced the mean growth percentage and thusincreased
thecytotoxic activity probably duetoincreasein mem-
brane permeability. Compound (6a) had the smallest
log P vaueand the highest mean growth percentage. It
isworth noting that the NCI antitumor drug discovery
screen hasbeen designed to distingui sh between broad-
spectrum antitumor and subpand -sel ective compounds.
Inthiswork, it wasfound that renal cancer cell lines
(UO-31, A498, 786-0 and RXF 393) were the most
sensitive cell lines affected by the 4-phenoxy deriva
tives. Whil<t, the ovarian cancer cdll line(OVCAR-4)
andthenon-small cell lung cancer cell line(NCI-H522)
were the most sensitive cell lines affected by 4-
subgtitutedanilino derivatives. Themost potent cytotoxic
activitiesinthisstudy wereexhibited by 4-aryloxy de-
rivative (4a) against therenal cancer cell lineUO-31
(mean growth %=7.79) and 4-(4-methyl phenoxy) de-
rivative4d against theovarian cancer cdll lineOVCAR-
4 (mean growth %=9.15).

CONCLUSION

In summary, aseries of new 4-aryl oxy,4-(substi-
tute danilino) and 4-(aralkylamino) pyrazolo[3,4-
d]pyrimidineswas synthesized. Antimicrobid evaua
tionwasdonefor thenove moleculesagaingt sometest
organismsto discover their activity. Compounds (5c)
and (5e) showed the highest activity withMIC of 16
ug/mL, whilst, compounds (5b), (5d) and (5i) exhib-
ited moderateantimicrobial activity with MIC 32 pg/
mL. against Saphylococcus aureus (ATCC 25923)
Moreover, compounds (4d), (5g) and (5h) displayed
potent antifungd activity against Candidaalbicans. The
resultsreveal ed that the newly synthesized molecules
represent potential antimicrobial agents. Eight of the
newly synthesized compounds were selected by NCI
to be screened for their cytotoxic activity. All thetest
compounds showed limited cytotoxic activity. There-
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sults suggested that substitution at position 4 of
pyrazol o[ 3,4-d] pyrimidinewith aryloxy or substitute
danilino moietieswas preferred to aralkylamino moi-
ety. Besides, introduction of smdl lipophilicgroup like
methyl group inthe para position of aryloxy or anilino
moiety enhanced the cytotoxic activity. Theresultsof
cytotoxic screening werein good agreement with the
calculated | og P of thetest compounds. Rena cancer
cell lines (UO-31, A498, 786-0 and RXF 393) were
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themost sensitive cell lines affected by the 4-aryloxy
derivatives. Whilst, the ovarian cancer cell line
(OVCAR-4) and the non-small cell lung cancer cell
line (NCI-H522) werethe most sensitivecell lines af -
fected by 4-substitutedanilino derivatives. The most
potent cytotoxic activitiesin thisstudy wereexhibited
by 4-aryloxy derivative4aagainst therena cancer cell
line UO-31 and 4-(4-methyl phenoxy) derivative (4d)
against the ovarian cancer cell lineOV CAR-4.
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Figurel: Theresultsof organism susceptibility test for the synthetic moleculesagainst staphylococcusaureus (ATCC

25923) using tobramycin asr eferenceand DM SO ascontr ol

EXPERIMENTAL

General

Mélting pointsweredetermined usng aGriffin ap-
paratus and were uncorrected. IR spectra were re-
corded on Shimadzu IR 435 spectrophotometer and
vaueswererepresentedincm **H NMR werecarried
out on Varian Gemini 300 M Hz spectrophotometer,
Cairo University, Cairo, Egypt, usng TMSasaninter-
nal standard and chemical shiftswererecordedin ppm
on ¢ scaleand coupling constants (J) aregiveninHz.
BC NMR werecarried out on Varian Gemini 300 MHz
spectrophotometer, Main Defense Chemical Labora-
tory, Cairo, Egypt, Thedectronimpact (El) mass spec-
trawererecorded on Hewlett Packard 5988 spectrom-
eter Microanalytical center, Cairo University, Cairo,
Egypt. Elemental microanalyses were performed at
Microanalytical center, Cairo University, Theresults
within+0.4%. Analytical thin layer chromatography
(TLC) onslicagd platescontaining UV indicator was
employed routinely to follow the course of reactions
and to check the purity of products. All reagentsand

solvents were purified and dried by standard tech-
ni ques.5-A mino-3-methyl sul phanyl-1-phenyl-1H-
pyrazole-4-carbonitrile (1), 3-methyl sulphanyl-1 -
phenyl-1H-pyrazol o[ 3,4-d] pyrimidin-4(5H)-one (2)1
and 4-chloro-3-methyl sulphanyl-1-phenyl
pyrazol o 3,4-d] pyrimidine (3)* were synthesized ac-
cording to the published methods.

General procedure for the synthesis of 3-
(methylsulfanyl)-1-phenyl-4-(substituted aryloxy)-
1H-pyrazolo[3,4-d]pyrimidines(4a-d)

A mixture of 4-chloro-3-methylsulphanyl
pyrazol o[ 3,4-d]pyrimidinederivative(3) (0.28 g, 0.001
mol), appropriate phenol (0.001 mol) and sodium hy-
droxide (0.04 g, 0.001 moal) in absol ute ethanol (20
mL) was stirred at room temperaturefor 3 h. The ob-
tained solid wasfiltered, washed with water (50 mL),
dried and crystallized from ethanal .
3-(Methylsulfanyl)-4-phenoxy-1-phenyl-1H-
pyrazol o[ 3,4-d]pyrimidine (4a)

Yield: 0.13g (38 %); mp: 114-116 °C; Ana.%
caed. For C ;H, ,N,OS: (334.39) :C, 64.65; H, 4.22,

18" 14

N, 16.75; Found: C, 64.81; H, 4.33; N, 16.80 ; I R
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(cm1): 2916, 2854 (CH-aliphatic), 1589 (C=N); H
NMR (DMSO-d)) 6: 2.75 (s, 3H, SCH,), 7.32-8.20
(m, 10H, Ar-H), 8.60 (s 1H, CH-6); *C NMR
(DMSO-d,) 6:14.1(s,CH,),105.3(s), 120.2.(s),
122.2(s),124.0(s)125.6(s),124.4(s), 130.1 (s),
141.2(s), 149.1(s),152.1(s), 155.3(s), 156.3(s),
158.2(s); MSm/z : 334 [M*, 62.0%)], 333 [(M-1)*,
10.2%], 77 [C,H.", 100%].

4-(2-M ethylphenoxy)-3-(methylsulfanyl)-1-phe-
nyl-1H-pyrazolo[ 3,4-d]pyrimidine (4b)

Yield: 0.12 g (34%); mp: 120-122 °C; Ana.%
calcd. For C H, N,0S(348.42): C, 65.50; H, 4.63;
N, 16.08, Found, C,65;40,H, 4.38; N, 16.20;IR (cm
1:2920, 2854 (CH-dliphatic), 1597 (C=N);*H NMR
(DMSO-d,) 6 : 2.35 (s, 3H, CH,), 2.74 (s, 3H,
SCH,), 7.10-8.19 (m, 9H, Ar-H), 8.60 (s, 1H, CH-
6); MSm/z: 348 [M*, 61.5%], 347 [(M-1)*,19.2%)],
77[CH,",61.5%], 76 [CH,",34.6%], 58 [100%].
4-(3-M ethylphenoxy)-3-(methylsulfanyl)-1-phe-
nyl-1H-pyrazolo[ 3,4-d]pyrimidine (4c)

Yield: 0.13g (37%); mp: 89-90°C; Ana.% calcd.
ForC H,.N,0S(348.42): C, 65.50; H, 4.63; N, 16.08
; Found: C,64.90,H, 4.31; N, 15.82; IR (cm'%): 2920,
2854 (CH-diphatic), 1593 (C=N); *H NMR (DM SO-
d,) 6: 213 (s, 3H, CH,), 275 (s, 3H, SCH,), 7.25-
8.19(m, 9H, Ar-H), 8.58 (s, 1H, CH-6); MSm/z: 348
[M*, 100%], 347 [(M-1)*,12.9%], 91 [CH,CH ",
53.0%)], 77 [CH,",87.5%], 76 [CH,", 10.2%)].
4-(4-M ethylphenoxy)-3-(methylsulfanyl)-1-phe-
nyl-1H-pyrazolo[3,4-d]pyrimidine (4d)

Yield: 0.15g (39%); mp: 140-142 °C; Anad.%
calcd. For C H, N,0S:(348.42): C, 65.50; H, 4.63;
N, 16.08 Found: C,65.81,H, 4.83; N, 16.28;IR (cm
1): 2920, 2854 (CH-dliphatic), 1593 (C=N); *HNMR
(DMSO-d,) 6: 2.35(s, 3H, CH,), 2.74 (s, 3H, SCH,),
7.18-8.19 (m, 9H, Ar-H), 8.58 (s, 1H, CH-6); **C
NMR (DMSO-d,) 6: 13.7(q,CH,),22.7 (s, CH,),
105.5(s), 121.1. (), 123.6 (), 125.7 (s), 139.2(9),
135.2(s), 130.4(s), 131.2(s), 149.1(s), 152.1(s),
154.3(s), 155.3(s), 171.2(s); MS m/z: 348 [M*,
100%)], 347 [(M-1)*,40.9%], 91[CH,C.H,*,62.1%],
77[CH,",89.4%], 76 [CH,*, 24.2%].

General procedurefor thesynthesisof N-substi-
tuted-3-(methylsulfanyl)-1-phenyl-1H-
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pyr azol o[ 3,4-d]pyrimidin-4-amines(5a-j) and (6a,b)

A mixtureof 4-chloro-3-methylsulphanyl pyraz
0lo[3,4-d] pyrimidinederivative(3) (0.28g,0.001mal),
gppropriateamine (0.001 mol) andtriethylamine (0.001
mol) in absoluteethanol (20 mL) was heated under re-
flux for 2 - 4 h. Thereaction mixturewas cooled and
thesolid formed wasfiltered, dried and crystdlized from
ethanal.
N-(2-Chlorophenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazol o[ 3,4-d]pyrimidin-4-amine(5a)

Yield: 0.11g (30%); mp: 137-139°CAnd.%cacd.
For CH,,CIN.S (367.86): C, 58.77; H, 3.84; N,
19.04; Found: C,58.92;H, 4.04; N, 19.24; IR (cm'Y):
3363 (NH), 2947, 2866 (CH-diphatic); *H NMR
(DMSO-d,) :2.75 (s, 3H, SCH,), 7.23-8.41 (m, 9H,
Ar-H), 8.54 (s, 1H, CH-6), 8.73 (s, 1H, NH, D.,O
exchangeable); MSm/z: 369 [(M+2)*, 10.0%)], 367
[M*,22.6%], 332 [(M- Cl)*,100%], 331 [(M- HCI)*,
83.8%], 77[CH,",61.6%)], 76 [CH,*, 23.6%)].
N-(4-Chlorophenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazolo[ 3,4-d] pyrimidin-4-amine(5b)

Yidd: 0.29 (54%); mp: 162-164°C; Anal .% calcd.
For C H,,CIN,S (367.86): C, 58.77; H, 3.84; Cl,
9.64; N, 19.04 Found : C,58.97;H,4.00; N, 19.20;
IR (cmr): 3325 (NH), 2924, 2850 (CH-dliphatic); H
NMR (DMSO-d,) §:2.73 (s, 3H, SCH,), 7.32-7.58
(m, 5H, Ar-H), 7.73 (d, 2H, J=8.4 Hz, Ar-H), 8.15
(d, 2H, J=8.4Hz,Ar-H), 8.49 (s, 1H, CH-6), 8.76 (S,
1H, NH, D, O exchangeabl€); *C NMR (DMSO-d,)
98:15.1(s,CH,), 106.2(s), 122.1(s), 122.4(s), 123.2(s),
125.8 (s), 127.6 (s), 130.(s), 140.5(s), 141.2 (9),
149.1(s), 152.1 (), 155.3(9s), 159.2(s); MSm/z: 369
[(M+2)*, 35.1%], 367 [M*, 98.4%], 77 [CH.",
100%], 76 [CH,*, 27.9%].
N-(4-ethylphenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazol o[ 3,4-d]pyr imidin-4-amine (5¢)

Yield: 0.18g (50%); mp: 188-190°C; Ana .% calcd.
For C,,H,,N.S(361.46). C, 66.46; H, 5.30; N, 19.37,
Found: C, 66.74;H,5.60 ; N, 19.67; IR (cm™): 3344
(NH), 2962, 2870 (CH -aliphatic); *H NMR (DM SO-
dy) 6 :1.13 (t, 3H, J=7.2Hz, CH,CH,), 251 (q, 2H,
J=72Hz, CH,CH,), 2.74 (s, 3H, SCH,), 6.99-8.28
(m, 9H, Ar-H), 8.35 (s, 1H, CH-6), 8.47 (s, 1H, NH,
D,0 exchangeable); MS m/z: 361 [M*, 82.4%], 360
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[(M-1)*,88.2%], 359[(M-2)*,41.2%], 347 [(M-CH,)",
88.2%], 346 [(M-CH,)*, 88.2%], 91 [(CH,CH,)",
58.8%)], 77 [C,H,",100%)], 76 [C.H,", 52.9%].
N-(2-Flour ophenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazol o[ 3,4-d] pyrimidin-4-amine(5d)

Yield: 0.19g (54%); mp: 136-138 °C; Ana.%
calcd. For C H, FN.S(351.40): C, 61.52; H, 4.02;
F, 5.41; N, 19.93, Found: C,61.12,H,4.32 ; N,
20.10;IR (cm?): 3394 (NH), 2924, 2854 (CH-ali-
phatic); *H NMR (DM SO-d,) 5: 2.74 (s, 3H, SCH,),
7.24-8.18 (m, 9H, Ar-H), 8.48 (s, 1H, CH-6), 8.66
(s, 1H, NH, D,0 exchangeabl€);*C NMR (DM SO-
d,) 6 :15.1(q, CH,), 106.2 (s), 119.2(s), 121.1(s),
123.5(s), 123.6(s), 126.4 (s), 126.4(s), 129.7(s),
131.2(s), 141.2(s), 149.1(s), 152.1(s), 154.8 (9),
55.3(s), 161.2(s); MSm/z: 351 [M*, 43.9%], 350 [ (M-
1)*, 50.9%], 332 [(M- F)*, 70.4%)], 95 [(FCH,)",
23.0%], 77 [CH.*, 100%)].
N-(3-Methylphenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazol o[ 3,4-d]pyrimidin-4-amine(5€)

Yield: 0.2g (58%y); mp: 141-143°C; And.% cal cd.
For C;H NS (347.44). C, 65.68; H, 4.93; N,
20.16; Found: C, 65.40;H, 4.82; N, 19.96; IR (cnmr
1): 3325 (NH), 2920, 2800 (CH-aliphatic); *H NMR
(DMSO-d,) 6 :2.34 (s, 3H, CH,), 2.74 (s, 3H,
SCH,), 7.00-8.46 (m, 10H, Ar-H), 8.56 (s, 1H, NH,
D,O exchangeable); MS m/z: 347 [M*, 93.6%],
346[(M-1)*, 100%], 91 [(CH,CH,)", 35.1%], 77
[CH,",51.5%].

N-(4-M ethylphenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazol o[ 3,4-d] pyrimidin-4-amine (5f)

Yield: 0.26g (75%); mp: 167-169 °C; Ana.%
calcd. For C H NS (347.44): C, 65.68; H, 4.93;
N, 20.16 Found: C,65.70;H 5.13; N, 20.24; IR (cm
1): 3341 (NH), 2924, 2854 (CH-aliphatic); *H NMR
(DMSO-d)) 6 : 2.31 (s, 3H, CH,), 2.74 (s, 3H,
SCH,), 7.02-8.47 (m, 10H, Ar-H), 8.56 (s, 1H, NH,
D,0 exchangeable); *C NMR (DMSO-d,)
6:14.5(s,CH,), 21.9(s,CH,), 105.2(s), 120.6 (),
122.1(s), 123.5(s), 126.2 (s), 130.2 (s), 132.1(s),
139.4(s), 141.3(s), 149.1(s), 152.1(s), 155.3(s), 171.2
(9); MSm/z: 347 [M*, 100%], 346[(M-1)*,75.7%],
345[(M-2)*, 36.4%], 91 [(CH,CH,)*, 30.8%)], 77
[CH.",64.5%], 76 [CH,", 33.6%)].

51 4!
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N-(4-M ethoxyphenyl)-3-(methylsulfanyl)-1-phe-
nyl-1H-pyrazol o] 3,4-d]pyrimidin-4-amine (59)

Yidd: 0.29 (55%); mp: 138-140°C; Anal .% calcd.
For C,H,,N.OS (363.44): C, 62.79; H, 4.71; N,
19.27; Found: C,62.90;H,4.92 ; N, 19.30,IR (cm™):
3356 (NH), 2997, 2800 (CH-diphatic); *H NMR
(DMSO-d,) 6 ppm 2.74 (s, 3H, SCH,), 3.77 (s, 3H,
OCH.,), 6.69-8.42 (m, 10H, Ar-H), 8.53 (s, 1H, NH,
D,0O exchangeable);*C NMR (DMSO-d,) 6 :13.5
(s,CH,), 57.6(s,CH,), 104.4(s), 116.2(s), 121.2(s),
122.3(s), 123.7(s), 126.4(s), 134.5(s), 141.3(s),
149.1(s), 152.1(s), 155.3(s), 156.2(s), 160.2 (s);M S
m/z : 363 [M*, 100%)], 362 [(M-1)*, 35.0%)], 77
[CH,",58.0%], 76 [C.H,*, 15.0%)].
N-(3-Nitrophenyl)-3-(methylsulfanyl)-1-phenyl-
1H-pyrazolo[ 3,4-d]pyrimidin-4-amine(5h)

Yidd: 0.29 (53%); mp: 187-189°C; Anal .% calcd.
For C H,,N.OS (378.41): C, 57.13; H, 3.73; N,
22.21 Found: C,57.43;H,4.00 ; N, 22.53; IR (cmY):
3387 (NH), 2924, 2835 (CH-aliphatic), 1531, 1354
(NO,); 'H NMR (DMSO-d,)s: 2.76 (s, 3H, SCH,),
7.37-8.74 (m, 9H, Ar-H), 8.75 (s, 1H, CH-6), 9.18
(s, 1H, NH, D, O exchangeable); MSm/z: 378 [M*,
100%], 377 [(M-1)*, 45.5%)], 332 [(M- NO,),
10.7%], 331 [(M- HNO,)*, 34.6%], 77 [CH.",
92.0%], 76 [CH,", 68.6%)].
4-{[3-(methylsulfanyl)-1-phenyl-1H-pyrazol o[ 3,4-
d]pyrimidin-4-ylJamino}benzoicacid (5i)

Yield: 0.33g (88%); mp: 290-292 °C; Ana.%
calcd. For C H,.N.O,S(377.42): C, 60.46; H, 4.01;
N, 18.56 Found: C, 60.23;H,4.21 ; N,18.82, IR (cmr
1): 3325 (NH/OH), 2989, 2877 (CH-aliphatic), 1689
(C=0); '"HNMR (DM SO0-d,)5 : 2.75 (s, 3H, SCH,),
7.35-8.20 (m, 9H, Ar-H), 8.66 (s, 1H, CH-6), 8.97
(s, 1H, NH, D,O exchangeabl€), 12.80 (br s, 1H, OH,
D,O exchangeable); *C NMR (DMSO-d,)i
:13.9(s,CH,), 104.9(s), 114.3(s), 122.1(s), 122.6(s),
123.2(s), 126.2(s), 133.2(s), 142.1(s), 149.1(s),
149.3(s), 152.1(s),155.3(s), 159.2 (), 174.2(s); MS
m/z: 377 [M*, 100%)], 376 [ (M- 1)*,84.3%)], 375 [(M-
2)*,52.9%], 77 [CH,", 78.4%)], 76 [CH,", 35.3%].
Ethyl 4-{[3-(methylsulfanyl)-1-phenyl-1H-
pyr azolo[3,4-d]pyrimidin-4-yl] amino} benzoate(5))

Yield: 0.34g (84%); mp: 196-198 °C; Ana.%
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calcd. For C, H ;N .O,S(405.47): C,62.21; H, 4.72,
N, 17.27; Found: C, 62.50;H, 5.02; N, 17.40;IR (crm
1: 3321 (NH), 2931, 2800 (CH-aiphatic), 1701
(C=0); 'H NMR (DMSO-d,) 6:1.31 (t, 3H, J=7.5
Hz, OCH,CH,), 2.75 (s, 3H, SCH,), 4.28 (q, 2H, J=
7.2 Hz, OCH,CH,), 7.35-8.19 (m, 9H, Ar-H), 8.65
(s, 1H, CH-6), 8.96 (s, 1H, NH, D,O exchangeable);
C NMR (DMSO-d)) 6:14.8(s,CH,),14.3(s,CH,),
61.2(s,CH,), 104.7 (s), 114.7(s), 121.3(s), 121.1(s),
124.2(s), 125.2(s), 132.4(s), 142.1(s), 147.3(s),
149.1(s), 152.1(s), 155.3(9), 161.2(s), 166.1(s); MS
m/z: 405 [M*, 31.4%], 404 [(M-1)*, 23.3%)], 187
100%], 77 [C,H.", 18.4%], 76 [CH,", 8.5%].
N-Benzyl-3-(methylsulfanyl)-1-phenyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine(6a)

Yield: 0.1g (29%); mp: 234-236°C; And .% calcd.
For (CH,/N.S) (347.44): C, 65.68; H, 4.93; N,
20.16 Found: C, 65.38;H, 5.03; N, 19.92; IR (cm):
3380 (NH), 2924, 2835 (CH-diphatic); *H NMR
(DMSO-d,) 5:2.83 (s, 3H, SCH,), 4.72(d, 2H, J=5.4
Hz, CH,CH,), 7.12-8.44 (m, 11H, Ar-H), 8.17 (s,
1H, NH, D,0 exchangeable); *C NMR (DMSO-d,)
6 :13.9(s,CH,), 50.2 (s,CH,), 104.6(s), 122.1(s),
124.2(s), 126.2(s), 126.1(s), 126.8(s), 129.1(s),
141.2(s), 142.1(s), 149.1(s), 152.1 (s), 155.3(s),
171.2(s); MS m/z: 347 [M*, 41.2%], 346 [(M-1)*,
29.4%],106 [(NHCH,CH,)*, 41.2%], 91
[(CH,CH,)",23.5%)], 77[C.H,", 70.6%], 65 [100%].

6 57
3-(Methylsulfanyl)-1-phenyl-N-(2-phenylethyl)-
1H-pyrazol o[ 3,4-d] pyrimidin-4-amine(6b)

Yidd: 0.16 g (46%); mp: 234-235°C; And.%ca cd.
For C,,H,,N.S (361.46) :C, 66.46; H, 5.30; N, 19.37
Found: C, 66.63;H,5.42 ; N, 19.51; IR (cm™): 3387
(NH), 2924, 2877(CH-dliphatic); 'H NMR (DM SO-
d) 8: 2.62 (s, 3H, SCH,), 2.78 (t, 2H, J=7.0 Hz,
CH,CH,CH,),2.93(t, 2H, J=7.0Hz, CH,CH,CH)),
6.99 (br s, 1H, NH, D,0O exchangeable), 7.13-8.26 (t,
11H, Ar-H); ;MS m/z: 361 [M*, 28.0%], 91
[(CH.CH,)",64.0%], 77 [CH,",84.0%], 57 [100%)].
Antimicrobial activity
Antimicrobial susceptibility testing

Antimicrobid activity of thetested compoundswas
carried out using thedisc diffusion susceptibility testing™.
whichinvolved severd stepsand wasdoneasfollow:

@Wu'c CHEMISTRY co—

Platesemployed for disk susceptibility testing
Muller Hintonagar (MHA, oxoid) isdispensadinto
glassculture platesto yield auniform depth of 4 mm.
For platesof internal diametersof 9 or 15cmor 60 ml
of mediawere dispensed, respectively toyied thede-
sired depth. MHA plateswere stored at 4t0 8 °C.

Disk employed for susceptibility testing

Thenewly synthesized compoundsweredissolved
in DM SO at aconcentration 10 mg/mL, (6 mm) filter
paper Whatman no. 1wassoaked in 50 L of eech dis-
solved compound. Both positive and negative control
discs were applied using Tobramycin (10 mg/mL),
Hucanazole(10mg/mL) and DM SO 10 mg respectively.
I noculum prepar ation and standar dization

Thetest microorgani smsinclude Saphylococcus
aureus (ATCC 25923) (asexamplefor Gram-positive
bacteria), Escherichia. coli (ATCC 25922),
Enterobacter cloacae (ATCC 23048), Klebsiella
(ATCC 23495), Salmonella typhimurium (as ex-
amples for Gram-negative bacteria) and Candida
albicans. (asexamplefor fungi) were picked from sub-
cultureplate. All microorganismswerekindly provided
from culture collection of the Mi crobiol ogy department,
Faculty of pharmacy, Cairo University, Cairo, Egypt.
Thewireloop was used to touch each colony, and was
then immersed in about 5 ml of Tryticase Soyabroth
(TSB). Thebrothwasincubated at 35 until it equalsor
exceedsthe correct turbidity, generally 2-6 hoursfor
rapidly growing pathogens. The broth wasthen diluted
withafresh TSB until therequiredturbidity wasreached.
Inoculate were calibrated to 0.5 M cFarland turbidity
standard. A photometer was used to achievethiscali-
bration. For instance, at awavelength of 550 nm, a5
ml glasstubewith 2 ml of theinoculum suspensonwith
an optical density of 0.1-0.12 approximates a 0.5
M cFarland barium sulfate standard.

Inoculation of plates

Plasareinoculated by streak method, whereaster-
ilecotton swab was dipped into theinoculum (108cfu/
ml) and the excessis removed by rotating the swab
severd timesagainst theinsidewall of thetubeabove
thefluid level. The surface of MHA isinocul ated by
streaking the swab over the surface. Streakingisin-
ocul ated by stresking the swab over the surface. Streek-
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ing isrepeated threetimesand each timetheplateis
rotated 60°

Application of disks

Not morethan 15 minutesafter inoculaion of plates,
thediscscontaining thetested synthes zed productswere
applied using aseptic technique on the surface of agar
and plates. The discswere applied with aforcepsto
ensure compl ete contact of the disk with the agar sur-
face.

I ncubation of plates

Inoculated plateswereincubated immediately at
35°C for 14-19 hours (overnight) in an inverted posi-
tion.

Reading of disk tests

Manud reading of result wasdone. Thediameters
of themeasured zones showing completeinhibitionwere
record to thenearest millimeter (mm).

I nter pretation of results

Thetest wasrepeated 3timesand themeansof the
zoneof inhibition for the synthesized moleculeswere
tabulatedin (TABLE 1).

Deter mination of theminimum inhibitory concen-
tration (MI1C)

MIC vauesof thesynthesized compoundswith Sa-
phylococcus aureus (ATCC 25923) were determined
using broth dilution method“?. Thetested compounds
weredissolvedin DM SO and further dilutionsinMuller
Hinton broth were prepared to make 256, 128, 64,
32,16, 8,4, 2,1 ug/mL. Both negative and positive
control were prepared to ensurethe sterility of theme-
dium andviability of thetested strain respectively, a so,
acontrol test was carried out using inocul ated broth
with DM SO to test the sol vent effect which wasfound
to beinactivein culturemedium. Theresultsobtained
areshownin (TABLE 2).

I n vitro cytotoxic activity®
Materialsand methods

The operation of thisscreen utilized 60 different
human tumor cell lines, representing leukemia, mela
nomaand cancersof thelung, colon, brain, ovary, breet,
prostate, and kidney. Thescreeninginvolvedtheeva u-
ation of thesdected compoundsagaingt the60 cell lines
at asingledose of 10 uM. The data was reported as a
mean graph of the percent growth of treated cells.

= Fyl) Paper

M easurement of potential cytotoxicity

Thehumantumor cell linesof the cancer screening
panel weregrownin RPMI 1640 medium containing
5% fetal bovineserum and 2 mM L-glutamine. For a
typical screening experiment, cellswereinoculated into
96 well microtiter platesin 100 uL at plating densities
ranging from 5,000 to 40,000 cdlls'well depending on
thedoublingtimeof individua cell lines. After cdll in-
oculation, the microtiter plateswereincubated at 37°
C,5%CO0,, 95%air and 100 % rel ative humidity for
24 h prior to addition of test compounds. After 24 h,
two plaesof eechcdl linewerefixedinstuwithtrichlo-
roacetic acid (TCA), to represent ameasurement of
thecell populationfor each cell lineat thetimeof test
compound addition (Tz). The test compounds were
solubilized indimethyl sulfoxideat 400-foldthedesired
find maximumtest concentration and stored frozen prior
touse. At thetime of compound addition, an diquot of
frozen concentratewasthawed and diluted to twicethe
desired fina maximum test concentrationwith complete
medium containing 50 pg/mL gentamicin. Additional four,
10-fold or /4 log serial dilutions were made to provide
atotd of fivedrug concentrationspluscontrol. Aliquots
of 100 pL of the different test compounds dilutions were
added to the appropriate microtiter well sa ready con-
taining 100 puL of medium, resulting in the required final
drug concentrations. Following compound addition, the
plateswereincubated for an additional 48 hat 37°C, 5
% CO,, 95 % air, and 100 % relative humidity. For
adherent cells, the assay was terminated by the addi-
tion of cold TCA. Cellswerefixedinstu by thegentle
addition of 50 uL of cold 50 % (w/v) TCA (final con-
centration, 10 % TCA) and incubated for 60 minutes
at 4°C. The supernatant was discarded, and the plates
werewashed fivetimeswith tap water and air dried.
Sulforhodamine B (SRB) solution (100 uL) at 0.4 %
(w/v) in 1 % acetic acid was added to each well, and
plateswereincubated for 10 minutesat roomtempera:
ture. After ganing, unbound dyewasremoved by wash-
ing fivetimeswith 1 % acetic acid and the plateswere
ar dried. Bound stainwas subsequently solubilized with
10 mM trizmabase, and the absorbancewas read on
an automated plate reader at awavel ength of 515 nm.

For sugpension cdlls, themethodol ogy wasthesame
except that the assay was terminated by fixing settled
cellsat the bottom of thewellsby gently adding 50 uLL
of 80% TCA (final concentration, 16 % TCA). Using
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the seven absorbance measurements[time zero, (Tz),
control growth, (C), and test growth inthe presence of
thetest compoundsat thefive concentrationleve s(Ti)],
the percentage growth was cal cul ated at each of the

Synthesis, antimicrobial and cytotoxic activity of novel OCAIJ, 9(9) 2013

test compounds concentrations levels. Percentage
growthinhibition wasca culated as.

[(Ti-T2)/(C-T2)] x 100for concentrationsfor which Tie”Tz
[(Ti-T2)/Tz] x 100 for concentrationsfor which Ti<Tz.

TABLE 3: Theresultsof cytotoxic activity of the selected synthetic moleculesE in concentration (10° M) against 60 cell
cancer linesand their calculated log P values.

R?
SCHs
N 7
s L
N N

Mean growth %

(log P)

Range of
growth %

The most sensitive cell lines (panel), Growth % of the

most sensitive cell lines

4b

4d

b5a

5b

5f

59

6a

NH

NH-

NH

NH

NH-

C6H5'

2-CH3CgHy4-

4-CH3CeHs-

2-CICgH,4-

4-CICgH,-

4-CH4CoHa-

4-H;0CeH-

-CH,CeHs

95.25 (3.96)

90.35 (4.36)

87.05 (4.40)

94.98 (4.82)

92.33 (4.87)

85.32 (4.64)

92.11 (4.25)

99.76 (3.46)

7.79-148.26

44.36-133.41

9.15-113.08

63.48-112.26

70.23-107.32

49.26-113.43

61.33-136.40

70.25-120.98

NCI-H522 (Non-Small Cdll Lung Cancer), 72.57
SNB-75 (CNS Cancer), 70.14

UO-31 (Renal Cancer), 7.79

MDA-MB-435 (Melanoma), 44.36

SNB-75 (CNS Cancer), 55.15

A498 (Renal Cancer), 66.94

UO-31 (Renal Cancer), 69.11

HOP-62 (Non-Small Cell Lung Cancer), 67.52
OVCAR-4 (Ovarian Cancer), 9.15

OVCAR-8 (Ovarian Cancer), 50.74

786-0 (Renal Cancer), 65.44

A498 (Renal Cancer), 67.76

RXF 393 (Rena Cancer), 68.88
MDA-MB-231/ATCC (Breast Cancer), 66.85
OVCAR-4 (Ovarian Cancer), 63.48

NCI-H522 (Non-Small Cell Lung Cancer), 72.16
OVCAR-4 (Ovarian Cancer), 70.23

A498 (Renal Cancer), 70.90

K-562 (Leukemia), 66.10

RPMI-8226 (Leukemia), 68.51

SR (Leukemia), 62.18

NCI-H522 (Non-Small Cell Lung Cancer), 62.29
HCT-15 (Colon Cancer), 62.55

SK-MEL-5 (Melanoma), 68.94

A498 (Renal Cancer), 72.45

SN12C (Rend Cancer), 72.65

UO-31 (Renal Cancer), 68.55

PC-3 (Prostate Cancer), 49.26

T-47D (Breast Cancer), 53.44

MDA-MB-468 (Breast Cancer), 61.53
NCI-H522 (Non-Small Cell Lung Cancer), 61.33
SNB-75 (CNS Cancer), 65.79

OVCAR-4 (Ovarian Cancer), 73.31

PC-3 (Prostate Cancer), 70.43

T-47D (Breast Cancer), 70.66

MDA-MB-468 (Breast Cancer), 69.18

SNB-75 (CNS Cancer), 70.25
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Determination of calculated log P values of the
test compounds

The log P Figures were obtained from Online
Cheminformatics Servicesprovided by Molinspiration
Cheminformaticd*. Theresultsare summarizedin
(TABLE?3).
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