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ABSTRACT

Malonitrile was coupled with substituted aromatic amines to afford
compounds (1-3). Compounds (4-5) were prepared through the reaction of
compounds (1-3) with phenyl hydrazine but the reaction of substituted
phenyl hydrazono-malononitrile compounds (1-3) with hydrazine hydrate
afforded diamino compounds (7-9). The diaminocompounds (7-9) were
condensed with different substituted aromatic aldehydes to give
compounds (10-18). The structure of newly synthesized compounds was
confirmed by IR, *H NMR, M S spectral dataand elemental analysis. All the
compounds (4-6) and (10-18) were screened for their anticancer activities
against breast carcinoma (T47D)and human hepatocarcinoma cell lines
(Huh-7) compared with Doxorubicin positive control. The detailed
synthesis, spectroscopic data and anticancer activities of the synthesized
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compounds were reported.

INTRODUCTION

Cancer till remainsathrest to men’s health, repre-
senting the second | eading cause of death worldwide™.
Itisestimated that 12 million peoplewill diefrom can-
cer in 20302, Recently, many effortshave been made
to develop for finding safeand effectiveways of treat-
ing thisdiseasewhich includeanincreasedin theun-
derstanding of thebiologica processinvolvedin can-
cer cell survival and a so the search for novel chemo-
therapeutic agentd. In thiscontext, the mgor chal-
lengeisthe development of more effective and safe
drugsfor thetreatment of cancer. Through searchingin
theliterature,it wasfound thatbenzothiazole derivatives
play animportant role on designing of new drugs, snce
they present aninteresting pharmacol ogical profile?,
indudingantiadlergic, anti-inflammatory™®, antitumort®,
analgesicl”, antimicrobial®, anthel mintict*9,
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antileishmania™, anticonvulsant™ activity dsowith
cons derabl e fficacy askinase, topoisomerase /11 and
trans-retinoic acid metabolisminhibitorg. Pyrazole
nucleusisimportant pharmacophorewith awiderange
of therapeuticd activitiessuch asantitumor*3, antibac-
terid, anti-inflammeatory*, hypotensive¥ and ligands
for benzodiazepinereceptors®®. Also, benzoxazole or
benzimidazolehavevariable pharmacol ogica activities
likeantitubercull osi§*® antioxidant, anthe mintic*” an-
timicrobia!® anticancer™™. Kegpingthisinmind, it was
amedinthiswork to synthesizeanew seriesof hetero-
cyclic compounds bearing pyrazole nucleus linked
tobenzothiazole, benzoxazoleor benzimidazolenudeus.

RESULTSAND DISCUSSION

Chemistry
The synthesisof the target compoundswas sum-
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marized in schemes 1 and 2.The substituted phenyl
hydrazono-ma ononitrile(1-3) weresynthesized by dia-
zotization of different subgtituted aromatic amines(l a
c¢) followed by coupling theirdiazonium salt with
mal ononitrileinthe presence of sodium acetate (Scheme
1). Thestructureof compounds(1-3) wasconfirmed with
theald of spectroscopic dataand dement anayss, their
IR spectrashowed the appearance of cyano group at
2221-2224 cm™,

i o] S
HasRsoRes
Scheme 1 : Reagent and conditions a) HCI, NaNO,, b)
CH_(CN),, Na acetate, aqueousethanol, stirringat 0°C, c)
Phenyl hydrazine, dropsof glacial aceticacid, DM F, reflux

for 10h

Condensation of substituted phenyl hydrazono-
mal ononitrile(1-3) with phenyl hydrazineafforded com-
pounds (4-6) For the preparation of the
diaminopyrazol e derivatives(7-9); therespective sub-
stituted phenyl hydrazonomal ononitrile (1-3) was
heated under reflux with hydrazine hydrate (Scheme
2). The structure of compounds 4-9 was confirmed
by the disappearance of CN group peak in IR spec-
traof them.

Heati ng equimolaramounts of the pyrazolederiva-
tives (7-9) with the corresponding aromatic aldehyde
indimethyl formamide containing catal ytic amount of
gladid acdticacidyid dedN-benzylidinepyrazolediamine
10-(Scheme 2).Thestructure of the synthesized com-
poundswas confirmed using microanal ysesand spec-
tral data. *H NM R spectraof compounds (10-18) in-
dicated the presence of azomethineproton asasinglet
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Anti-tumor cytotoxicity

For theevd uation of theanti-tumor cytotoxicity 12x
of thesynthes zed compounds, two different human can-
cer cell lineswere used: Huh-7 (liver carcinomacel|
line), T47D (breast carcinomacell line). Cytotoxicity
of pyrazol-3-ylamine derivatives (4-6) and pyrazole-
3,5-diaminederivat (10-18) against Huh-7 and T47D
isshowninfigures 1and 2 respectively. ThelC_ val-
uesarefound associated with each figure.

1-3
HN~ N

A w
H
N N /(

|
N:é

\
10-18 Al

D S SO e -0 O O
Scheme 2 : Reagent and conditionsa) Excesshydrazinehy-

drate99%, reflux for 6h, b) substituted ar omatic aldehydes,
DMF, dropsof glacial aceticacid, reflux for 12h

Based on the dataobtained, all thetested pyrazol -
3-ylamineand pyrazole-3,5-diaminederivativeshave
anti-proliferative potentialson Huh-7 cell linesto vari-
ousdegrees. Ingeneral, pyrazole-3,5-diaminederiva
tives (10-18). seemed to be more effectivein decreas-
ingthesurviva percent than pyrazol-3-ylaminederiva:
tives (4-6). Based ontheir cytotoxicefficacy and IC,,
the compoundsare arranged in adescending order as
follows: compounds (11) (IC_= 16.22 pg/ml), (10)
(29.85 pug/ml), (12) (34.20 pg/ml), (13) (34.87 pg/ml),
(16) (38,57 pug/ml), (17) (53.71 ng/ml), (18) (87.70
ug/ml), (4) (96.00 ug/ml), (15) (100.78 pug/ml), (14)
(100.90 pg/ml), (5) (120.22 pg/ml) and (6) (IC =
127.17 pg/ml) (Figure 1).

Figure 2 reveal ed that compound 4 exhibited the
most potent effect in decreasing thesurvival percent of
T47D breast carcinomacell lines (IC_ = 37.02ug/ml).
The other tested derivatives are arranged, based on
their cytotoxic potenciesagainst T47D and on the ob-
tained IC_ ., in the following order: derivatives (14)
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Figurel: Anti-tumor cytotoxicity of different concentr ations(ug/ml) of pyrazol-3-ylamine and pyrazole-3,5-diamine derivatives
against human hepatocar cinoma cell lines (Huh-7) in vitro.
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Figure2: Anti-tumor cytotoxicity of different concentr ations (ug/ml) of pyrazol-3-ylamine and pyrazole-3,5-diamine deriva-
tivesagainst human breast cell lines(T47D) invitro
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(1C,,=72.93 ng/ml), (12) (77.39 pg/ml), (15) (80.11
pg/ml), 10 (83.79 pg/ml), (17) (85.35 pg/ml), (18)
(99.27 pg/ml), (16) (156.80 pg/ml), (5) (165.78 pg/
ml), (6) (174.16 pg/ml), (13) (201.30 pg/ml) and (11)
(IC,,= 233.05 ug/ml). Thus, derivative 4 followed by
(14) to (12) seemed to have the most cytotoxic effects
againgt breast carcinomacell lines(Figure2).

EXPERIMENTAL

Chemigtry

Reactionswereroutinely monitored by thin-layer
chromatography (TLC) on silica gel sheets that
precoated with UV fluorescent silica(MERCK 60 F
254) and spotswere devel oped using | vapour / UV
light asvisualizing agents. Solvent systemwaschloro-
form: methanol (in different ratio). *H NMR spectra
weredeterminedin CDCI,,, or DM SO-d, solvent with
Varian Gemini 300 MHZ Spectrometer. Peak positions
were given in parts per million (6) downfield the
tetramethylsilane asinternal standard. IR spectrawere
recorded on a Shimadzu 435 Spectrometer, using KBr
discsand valueswererepresented incm?*. GC Mass
spectrawere run on Shimadzu QP-2010 spectrometer
and M ass spectrawere run on Hewl ett Packard 5988
spectrometer at theMicroandyticd Center, CairoUni-
versity, Egypt. Melting pointswere determined on a
Griffininstrument and are uncorrected. All reported
products showed *H NMR spectrain agreement with
the assigned structures. Elemental analysiswas per-
formed at the Micro-analytical Center, Cairo Univer-
sity, Egypt. Compounds|la-c were prepared according
to reported methods 224,

General methodsfor preparation of compounds
(1-3)

To an ice cooled solution of the corresponding
amino compoundsla-c (0.01moal) in hydrochloric acid
(2.5ml) and ditilled water (5ml), asol ution of sodium
nitrite (0.013mol) indistilled water (5ml) was added
portion-wise to a well-stirred cold solution of
malononitrile(0.01mol) in 50% agueousethanol (10ml)
contai ning sodium acetate (0.9g, 0.011moal). Thereac-
tion mixturewaskept inicefor 2 h and then filtered.
The product wasdriedand crystallized from ethanal.

= Fyl) Paper

2-{[4-(1H-Benzoimidazol-2-yl)-phenyl]-
hydrazono}-malononitrile(l)

Yellow color solid; yield, 80%; m p 180-182°C;
IR (KBr, cmr?): 3408, 3218(2NH), 3055 (CH aro-
matic), 2221 (CN),1610(C=N);*H-NMR (DM SO-
d6) 6: 4.44 (s, H, NH, D,0O exchangeable); 7.53 (d,
2H, ArH protons,J , .= 9Hz); 7.71(s,1H,NH, D,O
exchangeable); 7.74-7.83 (m, 4H, Ar H);8.34 (d, 2H,
ArH protons, J , .=9Hz); MS(m/z): 286 (M™*, 80%)
208(100%); Anal. Found: C, 67.10%; H, 3.60%; N,
29.30% ,C H, N Cadcd. C, 67.12%; H, 3.52,%; N,
29.35%.
2-[(4-Benzoxazol-2-yl-phenyl)-
hydrazono]malononitrile(2)

Yellow color solid; yield; 70%; m.p. 183-185°C;
IR (KBr,cm?): 3425 (NH),3045 (CH aromatic), 2224
(CN),1608 (C=N); 'H-NMR (DM SO-d6) ¢: 4.99 (s,
H, NH, D,O exchangeable); 7.43 (d, 2H, ArH pro-
tons, J .= 8.7 Hz); 7.62-7.78 (m, 4H, Ar H); 8.25
(d, 2H, ArH protons, J .= 8.7Hz); MS (m/z): 287
(M*, 68%),195 (100%); And . Found: C, 66.90%; H,
3.40%; N, 24.30% ; C H,N.OCalcd. C, 66.89%;
H, 3.16,%; N, 24.38%
2-[2-(Benzothiazol-2-yl-phenyl)-hydrazono]-
malononitrile(3)

Yellow color solid; yield; 46%; m.p. 186-188°C;
IR (KBr, cm™): 3444 (NH),3050 (CH aromatic), 2221
(CN), 1599(C=N);*H-NMR (DM SO-d6): 67.37-
7.57(m, 4H, Ar H);7.60(d, 1H, ArH,J , . = 6.9H2);
7.77(d, 1H, ArH, J . = 8.4Hz), 8-8.08(m,
1H,ArH);8.17(d, 1H,ArH,J , . = 7.8H2),15.15 (S H,
NH, D,O exchangeable)ppm; MS (m/z): 303 (M*,
100%); Anal.Calcd.for C HN.S; C, 63.35%; H,
2.99%; N, 23.09%.; Found: C, 63.40%; H, 3.10%;
N, 23.20%.

General method for preparation of compounds

A mixtureof compound (1-3) (0.01moal) and phe-
nyl hydrazine(0.011mol) in DMF (20ml) wasrefluxed
for 6 h. The reaction mixture was evaporated under
reduced pressure. Theresiduewaswashed with water,
dried and crystallized from DMF/H,O mixture.
4-{[4-(1H-Benzoimidazol-2-yl)-phenyl]-
hydrazono}-5-imino-1-phenyl-4,5-dihydro-1H-
pyrazol-3-ylamine (4)

Red color solid; yield; 75%; m.p. morethan 300
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°C;, IR (KBr, cm™): 3395,3344 (NH,), 32073167
(NH), 1614(C=N);*H-NMR (DM SO-d6) 4: 3.30 (s,
2H, NH,, D,O exchangeable), 7.19-7.35(m, 6H (4H,
ArH protons and 2H, D ,O exchangeable), 7.47-
7.60(m,6H (5H,Arhand 1H, D ,O exchangeable), 7.93
(d,2H,J ,.=9Hz),8.24 (d, 2H, ArH protons, J , .
=9Hz) ; MS(m/z): 394 (M*, 80%), 77(100%); Andl.
Calcd.forC,,H N, C, 66.99%; H, 4.60%; N,
28.41% ; Found: C, 67.20%; H, 4.70%; N, 28.20%;

4-[(4-Benzoxazol-2-yl-phenyl)hydrazono]-5-imino-
1-phenyl-4,5-dihydr o-1H-pyrazol-3-ylamine(5)

Red colour solid; yield; 75%; m.p. morethan 300
°C; IR (KBr, cm™): 3424, 3346 (NH,),3209, 3168
(NH),1608(C=N), 'H-NMR (DM SO-d6) 4: 6.25 (s,
2H, NH,, D,O exchangeable); 7.29-7.47 (m, 6H (4H,
ArH protonsand 2H, D ,O exchangeable); 7.50-7.60
(m,4H,ArH); 7.93(d, 2H, J , . = 8.7Hz); 8.05(d,1H,
ArH,J , .=8.7Hz);8.13(d, 2H,ArH protons, J , .=
8.4Hz); MS(m/z): 395 (M*, 100%); Anal.Calcd.for
C,,H,,N.O; C, 66.82%; H, 4.33%; N, 24.80%,;
Found: C, 67.10%; H, 4.50%; N, 24.70%.

4-[(2-Benazothiazol-2-yl-phenyl)-hydr azono]-5-
imino-1-phenyl-4,5-dihydr o-1H-pyrazol-3-ylamine
(6)

Red color solid; yield; 65%; m.p. more than 300
°C; IR (KBr, cm™): 3463, 3280(NH,), 3222, 3169
(2NH),1600(C=N);*H-NMR (DM SO-d6): 6 6.65 (s,
2H, NH,, D,O exchangeable); 7.31-7.54 (m, 5H (3H,
ArH and 2H, D,O exchangeable); 7.59 (d, 2H,
ArHJ_.=84),793(d, 2H,J . = 87Hz), 8.03-
8.11(m,4H, ArH); 8.13 (d, 2H, ArH protons, J .
=7.5);, MS (m/z): 411 (M*, 73%), 77(100%);
Anal.Calcd.for C,_H,N_S: C, 64.22%; H, 4.16%; N,
23.83% ; Found: C, 64.20%; H, 4.30%; N, 23.90%.

General method for preparation of compounds(7-9)

A mixture of compound (1-3) (0.01mol) and 99%
hydrazine hydrate (20mL ) was heated under reflux for
6 h. Thereaction mixturewas cooled and theformed
solid wasfiltered, washed with water, dried and crys-
tallized from DMF methanol (1:1).
4-{[4-(1H-Benzoimidazol-2-yl)-phenyl]-
hydrazono}-4H-pyrazole-3,5-diamine(7)

Red color solid; yield; 85%; m.p. morethan 300
@Wu'c CHEMISTRY co—

°C; IR (KBr, cm): 3393, 3297 (NH,), 3182(NH)
1617 (C=N);!H-NMR (DMSO-d6) o:
3.34(1H,NH,D,O, exchangeable);6.33(4H, 2NH,,
D, 0O exchangeable); 6.69(1H, NH, D,0, exchange-
able); 7.20 (d, 2H, ArH, J , . = 8.7Hz), 7.51-7.60
(m, 2H, ArH), 7.61-7.66(m,2H,ArH),
8.20(d,2H,ArH,J , . = 8.7Hz);MS (m/z): 318 (M*,
26%0),129(100%);Anal.Calcd.for C H N, :C,
60.37%; H, 4.43%; N, 35.20% ; Found: C, 60.20%;
H, 4.30%; N, 35.10%.

4-[ (4-Benzoxazol-2-yl-phenyl)-hydrazono]-4H-
pyrazole-3,5-diamine(8)

Red color solid; yield; 65%; m.p. morethan 300
°C;IR (KB, cm): 3394, 3297 (NH,),1617 (C=N);'H-
NMR (DM SO-d6) 4: 3.34(1H,NH,D,O exchange-
able); 6.30(4H, 2NH,, D,0O exchangeable);7.40 (d,
2H, ArH, J . = 6.6H2);7.74-7.87 (m, 4H, ArH);
8.20(d,2H,ArH,J , .=6.6 Hz);10.80 (1H,NH, D.,O
exchangeable);MS(m/z): 319 (M*, 5,45%),55 (100%),
Anal. Calcd.for C H ,N.O: C, 60.18%; H, 4.10%;
N, 30.70% ; Found: C, 60.10%; H, 4.20%; N,
30.60%.

4-[(2-Benzothiazol-2-yl-phenyl)-hydrazono]-4H-
pyrazole-3,5-diamine(9)

Red color solid; yield; 70%; m.p. morethan 300
°C; IR (KBr, cm™): 3330, 3210 (NH,);"H-NMR
(DMSO-d6): 66.40(4H, 2NH,, D,O exchange-
able);7.42 (d, 2H, ArH, J , _ = 7.2 Hz);7.50-7.58
(m, 2H, ArH); 7.81-8.05 (m, 2H, ArH); 8.12
(d,2H,ArH,J . = 7.2HZ);10.80 (1H,NH,D,0 ex-
changeable); MS (m/z): 335 (M*, 45%),225(100%);
Anal. Calcd.for C H N_S: C, 57.30%; H, 3.91%;
N, 29.23%; Found: C, 57.10%; H, 4.10%; N,
29.50%.

General proceduresfor synthesis of compounds
(10-18).

A mixture of compound 6-9 (0.005mol) and the
appropriate aromatic aldehyde (0.005 mol) in DMF
(25 mL) was treated with glacial acetic acid (2-3
drops) and heated under reflux for 8-12 h. Thereac-
tion mixture was poured into ice-cooled water. The
formed precipitate wasfiltered, dried and crystallized
from DMF/ethanol (1:1) to give compounds (10-18).
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4-{[4-(1H-Benzoimidazol-2-yl)-phenyl]-
hydrazono}-N(4-fluor o-benzylidine)-4H-pyr azole-
3,5-diamine(10)

Red color solid; yield; 45%; m.p. more than 300
°C; IR (KBr, cm?): 3418 (broad band)(NH,
NH,),1629 (C=N);'"H-NMR (DM SO-d6): 4 3.60 (s,
1H, NH, D,O exchangeable); 7.43(d, 2H,ArH, J .
=7.2Hz); 7.44 (d, 2H, ArH, J_, . = 6.9H2); 7.74-
7.94(m, 4H,ArH); 7.99(d, 2H,ArH,J , .= 7.2H2);
8.20 (d, 2H, ArH,J . = 6.9Hz);8.95 (s, 2H, NH,,
D, 0O exchangeable); 9.99(s, H, N=CH); 10.65(s, 1H,
NH, D,O exchangeable) ppm; MS (m/z): 424 (M*,
14%) 57(100%); Anal.Calcd.for CH,, FN,: C,
65.09%; H, 4.04%; N, 26.40%; Found: C, 65.10%;
H, 4.10%; N, 26.30%.

4-[ (4-Benzoxazol-2-yl-phenyl)-hydrazono]-N(4-
fluoro-benzylidine)-4H-pyrazole-3,5-diamine (11)

Red color solid; yield; 50%; m.p. more than 300
C; IR (KBr, cm™): 3408 (broad band, NH, NH,),
1605 (C=N);*H-NMR (DM SO-d6): 03.40 (s,
1H,NH,D,0 exchangeable);7.41(d, 2H,ArH, J .=
6.9Hz);7. 44(d 2H,ArH, J , .= 6.6H2),7.74-7.94(m,
4H,ArH); 7.99 (d,2H ,ArH,Jvajue= 6.9HZ);8.20 (d, 2H,
ArHJ . = 6.6Hz);8.90 (s, 2H, NH,,
D, Oexchangeable), 9.96(s, H, N=CH) ppm;M S (m/
2):425(M*, 18%), 125(100%); Anal. Cacd.for C,H,
FN_O: C, 64.94%; H, 3.79%; N, 23.05%; Found: C,
65.10%; H, 3.90%; N, 23.20%.

4-[(2-Benzothiazol-2-yl-phenyl)-hydrazono]-N-(4-
fluor o-benzylidine)-4H-pyrazole-3,5-diamine(12)

Red color solid; yield; 40%; m.p. morethan 300
°C; IR (KBr, cm™): 3276 (broad band, NH, NH,),
1596 (C=N);'H-NMR (DM SO-d6): 67.47 (d, 2H,
ArH,J,, = 7.2H2);7.53(d, 2H,ArH, J , . = 6.9Hz);
7.81-8.00 (m, 4H, ArH);8.09 (d, 2H, ArH,J . =
7.2Hz); 8.17 (d, 2H, ArH,J , . = 6.9HZ2);9.10(s, H,
N=CH); 10.40(s, 2H, NH,, D,O exchangeable); 11.60
(s, 1H, NH, D, O exchangeable) ppm;M S (m/2): 441
(M*, 11%) 60 (100%); Anal.Calcd. C,H, .FN_S: C,
62.57%; H, 3.65%; N, 22.21%;Found: C, 62.70%;
H, 3.80%; N, 22.40%.
4-{[4-(1H-Benzoimidazol-2-yl)-phenyl]-
hydrazono}-N-(4-chlor o-benzylidine)-4H-pyrazole-
3,5-diamine(13)

Red color solid; yield; 40%; m.p. more than 300

—= Pyl Peper

°C; IR (KBr, cm™): 3309 (broad band, NH, NH,),
1585 (C=N);'"H-NMR (DM SO-d6): ¢ 3.88 (s, NH.,
D, 0 exchangeable); 4.40(s,1H, D,Oexchangeable);
7.31(d, 2H,ArH,J .= 7.8Hz); 7.67 (d, 2H, ArH,
3= 72 H2); 7.75-7.84 (m, 4H, ArH); 7.94(d, 2H,
ArH,J .= 7.8Hz); 8.31 (d, 2H, ArH,J . =
7.2Hz);8.65(s, 1H, NH, D, O exchangeable);9.95 (s,
H, N=CH)ppm; MS (m/z): 440 (M*, 9%) 403(100%);
Anal. Caledfor C,H,  CIN,; C, 62.66%; H, 3.89%;
N, 25.42%; Found: C, 62.70%; H, 3.90%; N, 25.40%.
4-[ (4-Benzoxazol-2-yl-phenyl)-hydrazono]-N-(4-
chlor o-benzylidine)-4H-pyrazole-3,5-diamine(14)

Red color solid; yield; 45%; m.p. morethan 300
°C; IR (KBr, cm?): 3438,3268 (broad band, NH,
NH,), 1592 (C=N);*H-NMR (DM SO-d6): 6 4.38 (s,
NH,, D,O exchangeable); 7.41(d, 2H, ArH, J , =
5.7H2); 7.78 (d, 2H, ArH, e = 7-2H2); 7.94-7.99
(m, 4H,ArH); 8.22(d, 2H,ArH,J , . =5,7 Hz); 8.25
(d, 2H,ArH,J . =7.2H2); 9 (s, H, N=CH); 10.40
(s, 1H, NH, D,O exchangeabl€);11.60 (s, 1H,NH,D,0O
exchangeable) ppm; MS (m/z): 441 (M*, 14%)
403(100%); Anal.Calcd.for CH,.CIN.O; C,
62.52%; H, 3.65%; N,22.19%; Found: C, 62.40%;
H, 3.70%; N, 22.20%.

4-[(2-Benzothiazol-2-yl-phenyl)-hydrazono]-N-(4-
chloro-benzylidine)-4H-pyrazole-3,5-diamine(15)

Red color solid; yield; 45%; m.p. morethan 300
°C; IR (KBr, cm™): 3283 (broad band, NH, NH,),
1598 (C=N), *H-NMR (DM SO-d6):6 7.44 (d, 2H,
ArH,J . = 6.6Hz); 7.53 (d, 2H,ArH, J , .= 8.7
Hz);8.04-8.11 (m, 4H, ArH); 8.13 (d, 2H,ArH,J__ .
=8.7Hz);8.16(d, 2H,ArH,J , .=6.6H2);8.98 (s, H,
N=CH); 10.50(s, 2H, NH, D,O exchangeable); 11.65
(s, 1H, NH D,O exchangeabl€e) ppm; MS (m/z): 457
(M*, 35%) 157(100%);And. Cacd.for C,H, CIN_S,
C, 60.32%; H, 3.52%; N, 21.41% ; Found: C
60.50%; H, 3.60%; N, 21.40%.

4-{[4-(1H-Benzoimidazol-2-yl)-phenyl]hydr azono}-
N-(4-nitro-benzylidine)-4H-pyr azole-3,5-diamine
(16)

Red color solid; yield; 45%; m.p. morethan 300
°C; IR (KBr, cm™): 3410 (broad band, NH, NH,),
1628 (C=N);'H-NMR (DM SO-d6): 63.53 (s, NH,
D,Oexchangeable); 7.22(d, 2H,ArH, J , .= 5.4H2);
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7.61(d,2H,ArH,J , .=54Hz);7.857.94 (m, 4H,
ArH); 8.14(d, 2H,ArH,J , .= 6.6 Hz); 8.22(d, 2H,
ArH,J  =6.6Hz);8.83 (s, H, N=CH); 10.30 (s, 2H,
NH,, D,O exchangeable); 11.40 (s,1H, NH
D, Oexchangeabl€e) ppm;M S (m/z): 451 (M*, 10%),
57(100%); And.Calcd.for C,H N O,: C, 61.19%;H,
3.80%; N, 27.92% ; Found: C, 61.30%; H, 3.90%;
N, 27.80%.

4-[(4-Benzoxazol-2-yl-phenyl)-hydrazono]-N-(4-
nitro-benzylidine)-4H-pyrazole-3,5-diamine (17)

Red color solid; yield; 55%; m.p. more than 300
°C; IR (KBr, cm™): 3408 (broad band, NH, NH,),
1610 (C=N);*H-NMR (DM SO-d6): ¢ 7.39 (d, 2H,
ArH,J . =87Hz); 7.63 (d, 2H,ArH, J , .= 6.9
Hz); 7.65-7.96 (m, 4H,ArH); 8.17 (d, 2H,ArH,J .
=8.7Hz); 8.30(d, 2H, ArH,J , . = 6.9H2);9 (s, H,
N=CH); 10.60(s, 2H, NH,, D,O exchangeable); 11.60
(s, 1H, NH,D,0 exchangeable) ppm;M S (m/z): 452
(M*, 13%), 55(100); Anal. Calcd.for C,H,.N,O, C,
61.06%; H, 3.56%; N, 24.77%; Found: C, 61.10%;
H, 3.50%; N, 24.80%;

4-[(2-Benzothiazol-2-yl-phenyl)-hydrazono]-N-(4-
nitro-benzylidine)-4H-pyrazole-3,5-diamine(18)

Red color solid; yield; 50%; m.p. more than 300
°C IR (KBr, cm™): 3398 (broad band, NH, NH,),
1604 (C=N);'H-NMR (DM SO-d6) o: 7.44 (m, 4H,
ArH); 7.75(d, 2H,ArH, J , . =8.4 Hz);8.06 (d, 2H,
ArH, J . = 8.4Hz); 8.14 (d, 2H, ArH,J , . = 8.7
Hz); 8.34 (d, 2H, ArH,J , . = 8.7H2);8.90 (s, H,
N=CH); 10.20 (s, 2H, NH,, D,O exchangeable); 11.30
(s, 1H, NH D,O exchangeable) ppm;M S (m/z): 468
(M*, 18%), 80(100); Anal. Cacd.for CH,.N.O,S;
C, 58.97%; H, 3.44%; N, 23.92%; Found: C, 59.10%;
H, 3.40%; N, 23.80%.

Anticancer activity
Materials
Human tumor cell lines

Human hepatocarcinomacell lines (Huh-7) and
breast carcinomacell lines(T47D) usedin thisstudy
were obtained from the American Type Culture Col-
lection (ATCC, Minisota, U.S.A.) through the Tissue
Culture Unit, the Egyptian Organization for Biological
Productsand Vaccines, Vacsera, 51 Wezaret El Zeraa
St., Agouza, Giza, Egypt. Thetumor cell lineswere
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maintained at Center for Genetic Engineering, Al-Azhar
Univergty, Cairo, Egypt by serid sub-culturing.

Prepar ation of newly synthesized compounds

Thetested derivatives 1-10 and standard antican-
cer drug, doxorubicin were prepared by dissolvingin
dimethylsulfoxide (DM SO) and the prepared stock was
stored at -20°C. Different concentrations of the com-
pounds 0O, 6.25, 12.5, 25, 50, 100 and 200ug/ml in
culture medium were used.

Chemicals

Thefollowing chemicdsareobtained from:

a Sigma Aldrich Chemica Co., St. Louis, Mo,
U.SA., wasthesourceof thefollowing chemicals:
Dimethylsulphoxide (DM SO), Dulbecco’s Modi-
fied Eagle Medium (DMEM), trypan blue, Fetal
Bovine Serum, Penicillin/ Streptomycin antibiotic
and Trypsn-EDTA.

b) Applichem, Germanywasthesource of Trisbuffer.
All chemicalsand reagantsused in thisstudy are of

highest andyticd grade.

Methods

Cellsand cultureconditions

() Reagantsand buffers

1 Cellswere maintained in Dulbecco’s Modified
Eagle Medium (DMEM) with 10% foetal calf se-
rum, sodium pyruvate, 100 U/ml penicillinand 100
mg/ml streptomycin at 37 °C and 5% CO2.

2 Trypan bluedye: 0.05 % of thedyewas prepared
and usedfor viability counting.

3 Fetd BovineSerum (FBS): 10% concentrationwas
prepared and used for supplementation of
Dulbecco’s Modified Eagle Medium (DMEM)
prior to use.

4 Penicillin/ Streptomycin: 100 units ml Penicillin/2
mg/ml Streptomycin were used for the supplemen-
tation of Dulbecco’s Modified Eagle Medium
(DMEM) prior to use.

5 Trypsin-EDTA: 0.25 % solution containing2.5g
Porcinetrypsinwasused for theharvesting of cdlls.

(i) Procedures

(@) Maintenanceof thehuman cancer cell linesin
thelaboratory

1 A cryotubecontaining frozen cellswastaken out of
theliquid nitrogen container and thenthawedina
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water bath at 37°C.

2 Thecryotubewasopened under strict aseptic con-
ditions and its contents were supplied by 5 ml
supplemented medium drop by dropinaS50 ml ger-
ilefacontubes.

3 Thetube wasincubated for 2 hours then centri-
fuged at 1200 rpm for 10 minutesand the superna-
tant was discarded.

4 Thesupernatant was discarded and the cell pellet
was suspended and Seeded in 5 ml supplemented
mediuminT25 Nunclon gteriletissuecultureflasks.

5 Thecdl suspension wasincubated and followed
up daily the supplemented medium wasreplaced
every 2- 3days.

6 Incubation wascontinued until aconfluent growth
wasachieved and the cdlswerefreshly subcultured
before each experiment to bein the exponential
phase of growth.

(b) Collection of cellsby trypsinization

1 Themediumwasdiscarded.

2 Themonolayer cell waswashed twicewith5ml
phosphate buffered saline.

3 All the adherent cellswere dispersed from their
monolayer by theaddition of 1 ml trypsin solution
(0.25%trypsinw/v) for 2 minutes.

(¢) Determination and countingof viablecells

1 50ulof0.05 % trypan blue solution was added to
50 ul of the singlecell suspension.

2 Thecdlswereexamined under theinverted micro-
scope usingthe haemocytometer.

3 Nonstained (viable) cellswere counted and the
following equation was used to cal cul atethe cell
count /ml of cell suspension.

Viablecells/ml = (number of cellsin 4 quartersx 2

(dilution factor) x 104/ 4

4 Thecdlswerethendilutedto givetherequired cell
number for each experiment.

(d) Cryopreservation of cells

Toavoidthelossof thecdll line, excesscelswere
preservedinliquid nitrogen asfollows:

1 Equd partsof thecdl suspensionand freezingme-
dium (10% DM SO in supplemented medium) were
dispersed to cryotubes.

2 Thecryotubeswererackedinappropriately labeled

—= Pyl Peper

polystyrene boxes, gradualy cooledtill reaching -
80 °C.

3 Thenthecryotubeswerestoredinaliquid nitrogen
(-180°C) till use.

Determination of potential cytotoxicity of drugon
human cancer cdl line
(i) Principle

The cytotoxicity was carried out using
Sulphorhodamine-B (SRB) assay following the method
reported by Vichai and Kirtikara, (2006)?2. SRBisa
bright pink aminoxanthrene dye with two sulphonic
groups. Itisaprotein stainthat bindsto theamino groups
of intracellular proteinsunder mildly acidic conditions
to provideasengtiveindex of cellular protein content.

(i) Reagantsand buffers

1 CGladd aceticacid: 1% wasused for dissolvingthe
unbound SRB dye.

2 Sulphorhodamine-B (SRB): 0.4 % concentration
was dissolved in 1 % acetic acid was used as a
protein dye.

3 Trichloroacetic acid (TCA): 50 % stock solution
was prepared, 10 % solution wasused for protein
precipitation.

4 10 mMtrisbase (PH 7.4) was used for SRB dye
solubilization. It wasprepared by dissolving 121.1
gm of trisbasein 1000 ml distilled water and pH
was adjusted by 2M HCI.

(iii) Procedure

1 Cdlswill beseededin 96 wdl microtiter platesat a
concentration of 1000-2000 celIs'well, 100 pl/well.

2 After 24 h, cellswill beincubated for 72 hwith
variousconcentrationsof drugs (0, 6.25, 12.5, 25,
50, 100 and 200pg/ml).

3 For each derivative concentration and doxorubi-

cin, 3wellswereused. The plateswereincubated

for 72 hours.

Themediumisdiscarded.

5 Thecdlswerefixed with 150 pl cold trichloroace-
ticacid 10%final concentrationfor 1 hour at 4°C.

6 Theplateswerewashedwithdistilled water using
(automatic washer Tecan, Germany) and stained
with 50l 0.4 % SRB dissolved in 1 % acetic acid
for 30 minutesat room temperaturein dark.

7 The plates were washed with 1 % acetic acid to
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remove unbound dyeand air-dried [24 h].

8 Thedyewas solubilized with 150 pl/well of 10
mMtris base (PH 7.4) for 5 min on a shaker at
1600 rpm.

9 Theoptica density (OD) of eachwell will bemea-
sured spectrophotometrically at 490 nm with an
EL ISA micropl ate reader. The mean background
absorbancewas automati cally subtracted and mean
vauesof each derivativeand doxorubicin concen-
tration was calculated. The experiment was re-
peated 3times.

Calculation

The percentageof cell survival wascalculated as
follows

Surviving fraction=0.D. (treated cells)/ O.D. (control cells)

ThelC_, values(the concentrations of derivatives
and doxorubicin required to produce 50% inhibition of
cell growth) wered so calculated using ssgmoidal con-
centration-response curve fitting models (SigmaPlot
software).
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