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Abstract: In a wide search program toward new anticancer agents, a series of Aromatic chalcones have been synthesized
by condensing benzaldehyde derivatives with arylmethylcetone in potassium hydroxide ethanol according to the Claisen-
Schmidth condensation at room temperature. The synthetic chalcones have been determined by IR spectroscopy and 1H-
NMR spectroscopy. The anticancer activitiesof the compounds were evaluated against in vitro using human tumour cell
lines of Jurkat and HL-60 cell lines and MTT assay. From the series, two compounds(4,15) exhibited potent growth inhibi-
tory effects against the proliferation of human T-lymphocyte leukemia compared to the parent unsubstitutedchalcone. The
result shows that the electron donating groups moiety may increase anticancer activity. Aromatic chalcones with hydroxyl
group,methoxy group on A ring at positions 2 or 3 are considered as lead compounds for generation of new potential anti-
cancer drugs in future.Similarly,the compounds(7,12) exhibited potent growth inhibitory effects against HL-60 cells. The
results are very encouraging. Future studies include testing the compounds in vivo with and without radiation. Docking

studies with INKP have shown that the compound 17 has highest IC50 against human leukemia cells (HL-60).
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1. Introduction

At present, there is a growing interest in the discovery of
new anticancer agents to bate against inhibition of MCF-7
human breast cancer cells growth[1] , inhibition of cyc-
looxygenase-2 in RAW264.7 cells[2]and inhibition of iN-
OS protein expression.Chalcones(1,3-diphenyl-propene-1-
one) pertaining to the flavanoid family both natural as well
as synthetic products have been revised for their wide bio-
logical activities such as anticancer [3-9] antiinva-
sive[ 10]antituberculosi[11]antifungal[12],antibacterial[13],
antitmour[ 14],antiinflammator[ 15],antioxidant[ 16].Studies
on the bioavailability of Aromatic chalcones from natural
sources are limited, but synthetic Aromatic chalcones have
been reported to have a wide range of biological properties,
especially anticancer ,antibacterial[17-19]and antifungal
activities[20].In an effort to develop potent anticancer
agents a series of Aromatic chalcones we have reported the
process synthesis of Aromatic chalcones as well as their
inhibitory activity against the human tumour cell lines of

Jurkat and HL-60. Many efforts are being made to treat
different types of cancer over the past few decades.Cancer
is treated either by removing the excess growth or radiation
therapy or by chemotherapy. The last alternative, i.e., the
chemotherapy is gaining increasing attention due to ease of
administration. To facilitate the chemotherapy, there is a
relentless march to invent new drugs. In this thrust, mole-
cules with alkenone moiety as integral part of the molecule
hold potential in the treatment of cancer. In the light of
this,chalcones hold promise as a class of natural molecules
bearing anticancer activity.Earlierinvestigations have re-
vealed that 2’-oxygenated chalcone derivatives have been
shown to possess a wide variety of activities like prostag-
landin E2 production inhibition in rat peritoneal macro-
phages [21].Recent studies have thrown light on some 2’-
aminochalcone derivatives which exhibit antitumor activi-
ty[22] and 2-hydroxy chalcones are reportedas inhibitors of
peroxynitrile-mediated oxidation of low-density lipoprote-
ins (LDL) [23] and also to possess antileishmanial activity
[24].Furthermore, cytotoxic effects of 2’-oxygenated chal-
cone derivatives on human tumor cells such as Jurkat and
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novel pyrimidine fused indazole derivatives on U937 cell
lines wasreported.The present article throws light on the
synthesis of specific chalcones, their interactions on acute
T-cell leukemia (Jurkat) and human leukemia (HL-60) cell
lines.The data is further compared with docking studies
with the crystal structure of (1NKP) protein.

2. Methods and Materials
2.1. Synthesis

Reagents and solvents were purchased from commercial
sources and used without further purification unless other-
wise specified. Air-and moisture-sensitive liquids and solu-
tionswere transferred via syringe or stainless steel cannu-
la.Organic solutions were concentrated by rotary evapora-
tion below 450c at approximately 20 mm
Hg.Allnonaqueous reactions were carried out under an-
hydrous conditions using flame-dried glassware within an
argon atmosphere in dry freshly distilled solvents, unless
otherwise noted.Yields referred to chromatographical sepa-
ration, unless other-wise stated. Reactions were monitored
by thin-layer chromatography carried out on 0.15-0.20mm
silica gel platestMERCK company)using UV light as the
visualizing agent. Chromatography was performed on
Merck silica gel 60F254 aluminum plates mesh,(Merck
separation materials pvt company limited) using petroleum
ether and acetone as the eluanting solvent. IH-NMR spec-
tra were determined on a Bruker Ultra shield 500 spectro-
meters using tetramethylsilane(TMS) as an internal refer-
ence.IR spectra were recorded with a FT Perkin Elmer 16
PC spectrometer on KBr disks. Chemical shifts were rec-
orded in parts per million downfield from tetramethylsi-
lane(TMS).J-values were given in
Hertz(Hz).Abbreviationsused were sing-
let(s),doublet(d),triplet(t),quartet(q),broad(b),and  multip-
let(m). The cooled solution of the different substituted ace-
tophenone, aromatic aldehyde in ethanolic solution treated
with potassium hydroxide solution, undergoing condensa-
tion forms different Aromatic chalcones. 1H NMR, IR
spectra were consistent with the assigned structures. Com-
pounds(1-19) were synthesized different Aromatic chal-
cones with different substituents on Aromatic rings
A,B(Table 1).

Table 1. Structure and analytical data of the chalcone analogues.

No. Ri R, R; Ry Rs Rg R; Ry Formula Yield (%)

1 OH OMG OMGH H Cl H H C17H15C10470

2 OH OMe OMeH H F H H C;H;sFO4 87
3 OH OMe OMeH H H H ClI C;7H;5sCl0489
4 OMG OMG OMGH H H H Cl C18H17C10467

5 OMe OMe OMeH H OMe H H CjoHyOs 43

6 OMeOMe OMeH H NMe),H H  CyHx;NO454

7 OH OMe OMeH Br H H OH C,;H;sBrOs67
8 OMe OMe OMeH Br B H OH C13H17BI'0564
9 OH OMe OMeH H OMe H H CiHisOs 72

10 OH OMe OMeH OMe OBz H H  Cy;H;Os 41

11 OMe OMG OMGH OMC OBZ H H CZ(,HZ(,Oé 40

12 OH OMG OMGH H H H OH C17H1505 72

13 OH OMe OMeH H H H H CiHs04 81
14 OH OMe OMeH NO, H H H  Ci7HisNOs 21
15 OMe OMe OMeH NO, H H H  CisHiyNOg 22
16 OH OMe OMeH OMe OH H H  CjgH;sOs 46

17 OMe OMe OMeH H H H OH C;sH;3s0s 58
18 OMG OMG OMGH H CH3 H H C19H2004 76

19 OH OMe OMeHH 3-(2-furfuryl)HH CisHuOs 52

2.2. ExperimentsGeneral Synthetic Method of Aromatic
chalcones

The melting points (mp) were taken in open capillary
tubes using Galenkampt apparatus and are uncorrected.
The IR spectra were recorded on Schimadzu FTIR 8201PC
Spectrophotometers.IH-NMR spectra were determined on
a Bruker Ultra shield 500 spectrometers using tetramethyl-
silane (TMS) as an internal reference.All the starting mate-
rials are commercially available. A number of known and
novel (1-19)Aromatic chalcone derivatives were prepared
by a Claisen-Schmidth condensation[25]of the appropriate
aldehyde and acetophenone derivatives(scheme 1).General
procedure for the synthesis of chalcones: a solution of
substituted acetophenone(SmM) and aromatic alde-
hyde(S5mM) in ethanol(15mM) was cooled to 5-100c in a
nice bath. The cooled solution was treated with adding a
small portion of pulverized potassium hydrox-
ide(10mM).The reaction mixture was magnetically stirred
for 60 minutes and then left overnight or longer, monitored
by thin layer chromatography using developing solvent n-
hexane-acetone(5:1).The resulting dark solution was di-
luted with ice water and carefully acidified using dilute
hydrochloric acid. Thechalcone which separated as a yellow
solid was collected by filtration after washing with water
and further purified by crystallization from methanol. The
residues were purified and the yield of chalcones was 45-
87%.The structures of the chalcones were characterized by
IR and 1H NMR spectral data.
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Scheme 1. Claisen-Schimidt condensation,(1)KOH(1.5eq),substituted
acetophenone(leq), substituted benzaldehyde(1 eq);EtOH, room tempera-
ture; (2)10%HCI solution.

Rs
Ry R Re Re
(L,
R, l) Rg
Compound 1: (E)-3-(4-chlorophenyl)-1-(2-hydroxy-
4,6-dimethoxyphenyl)prop-2-en-1-one
This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and4-chlorobenzaldehyde
(1.4g.) as starting materials. IR (KBr) 1630 (C=0), 1566
(C=C) cm™."H NMR (CDCl;), 8 14.23 (s, 1H), 7.87 (d, 1H
J =15.52 Hz),7.71 (d, 1H J = 15.52 Hz),7.53 (d, 2H, ] =
8.49 Hz),7.37 (d, 2H, J = 8.49 Hz),6.11 (d, 1H J =2.26
Hz), 596( d, 1H J = 2.26 Hz),3.91 (s, 3H),3.84 ( s,
3H).Yield = 70%; mp = 173-175°C; Anal. Calcd.for
C17H5Cl104:C, 64.06,H,4.74;found:C, 64.26;H, 4.69.
Compound 2: (E)-3-(4-fluorophenyl)-1-(2-hydroxy-4,
6-dimethoxyphenyl) prop-2-en-1-one
This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and4-fluorobenzaldehyde
(1.24g.) as starting materials.IR(KBr)1632 (C=0),1572
(C=C)em™."H NMR (CDCl;), 814.19(s, 1H),7.51-7.78 (m,
3H), 7.02-7.31(m, 3H)6.08 (d, 1H J = 2.22 Hz),5.98(d, 1H
J = 2.22 Hz),3.97(s, 3H),3.81(s, 3H).Yield = 87%;mp =
140-141°C;Anal. Calcd.for
C,7H,5F04:,67.54;H,5.00;found:C, 67.50;H, 5.04.
Compound 3: (E)-3-(2-chlorophenyl)-1-(2-hydroxy-
4,6-dimethoxyphenyl)prop-2-en-1-one
This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and2-chlorobenzaldehyde
(1.4g.) as starting materials.IR (KBr)1630 (C=0),1556
(C=C)cm™."H NMR (CDCly), 814.12(s, 1H),8.18(d, IH J =
15.67 Hz),7.81(d, 1H J = 15.67 Hz),7.20-7.69(m,
4H),6.08(d,1H J = 2.36 Hz),5.88(d,1H J = 2.36 Hz),3.91 (s,
3H),3.82(s, 3H).Yield = 89%; mp = 136-137°C; Anal.
Calcd.for
C17H,5C104:C,64.06;H,4.74;found:C,63.87;H,4.80.
Compound 4: (E)-3-(2-chlorophenyl)-1-(2,4,6-
trimethoxyphenyl)prop-2-en-1-one
This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone (2.10g.) and2-chlorobenzaldehyde
(1.4g.) as starting materials.IR (KBr)1632 (C=0),1560
(C=C)em™.'H NMR (CDCls), 67.76 (d, 1H J = 16.20
Hz),7.2-7.4 (m, 4H),6.85 (d, 1H J = 16.20 Hz),6.15 (d, J =
2.33 Hz),3.88 (s, 3H),3.78 (s, 3H).Yield = 67%;mp = 111-
1 120C;Anal. Calcd.for C,3H;7Cl04:C,64.90;H,
5.10;found:C, 64.98;H,5.22.

Compound 5: (E)-1-(2,4,6-trimethoxyphenyl)-3-(4-
methoxyphenyl)prop-2-en-1-one

This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone (2.10g.) and 4-
methoxybenzaldehydel.36g.) as starting materials.IR (KBr)
1636 (C=0), 1586 (C=C) cm™"."H NMR (CDCl), & 7.56
(m 2H,).7.41 (s 1H,),7.25(d, 2H, J = 8.27 Hz), 6.22(d, 2H J
=2.26 Hz), 3.9(s, 3H), 3.7(s, 6H). Yield = 43%;mp = 120-
1210C; Anal. Calcd.forC,9H,;05:C, 69.43;H, 6.09;found:C,
70.06;H,6.03.

Compound 6: (E)-3-(4-(dimethylamino)phenyl)-1-
(2,4,6-trimethoxyphenyl)prop-2-en-1-one

This compound is synthesized  using2,4,6-
trimethoxyacetophenone (2.10g.), and 4-
dimethylaminobenzaldehyde(1.49 g.) as starting mate-
rials.IR (KBr) 1624 (C=0), 1588 (C=C) cm.'"H NMR
(CDCl3), 07.38(d, 1H, J = 16.10 Hz),6.58(d, 1H, J = 16.10
Hz),7.2(d, 2H J = 1.88 Hz),6.68(d, 2H, J = 1.88 Hz), 6.08(d,
2H J =2.32 Hz), 3.7-3.85(s, 9H),2.98(s, 6H). Yield = 54%;
mp = 149—1500C;Anal. Caled for C,yH»;NO,:C,
70.29;H,6.73;found:C,70.03;H,6.87.

Compound 7: (E)-3-(5-bromo-2-hydroxyphenyl)-1-(2-
hydroxy-4,6-dimethoxyphenyl)prop-2-en-1-one

This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone  (1.96g.) and 2-hydroxy-5-
bromobenzaldehyde(2.01g.) as starting materials.IR
(KBr)1638 (C=0), 1584 (C=C) cm-1.1H NMR (CDCI3),
014.30(s, 1H),9.7(s, 1H),7.9(d, 2H, J = 8.36 Hz),7.6(s, 1H),
7.2(d, 1H, J = 16.2 Hz),6.8(d, 1H, ] = 16.2 Hz), 5.9(d, 1HJ
= 8.26Hz), 3.9(s, 3H), 3.8(s, 3H). Yield = 67%; mp = 177-
1780C;Anal. Calcd.for
C17H15Br05:C,53.79;H,3.95;found:C,54.02°H, 3.87.

Compound 8: (E)-3,(4,5-dibromo-2-hydroxyphenyl)-
1-(2,4,6trimethoxyphenyl)prop-2-en-1-one

This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone (2.10g.)and 2-hydroxy-5-
bromobenzaldehyde(2.01g.) as starting materials. IR (KBr)
1630 (C=C),1580 (C=O)cm™."H NMR (DMSO), 510.18(s,
1H),7.56(m, 2H),7.41(s, 1H), 7.25(d, 2H J = 8.27 Hz),6.2(d,
2H J = 2.26 Hz), 3.9(s, 3H),3.7(s, 6H).Yield = 64%;mp =

164-1 650C; Anal. Calcd.forC,gH,;BrO5:C,54.93; H,
4.32;found:C,54.72;H,4.46;
Compound 9: (E)-1-(2-hydroxy-4,6-

dimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one

This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and4-
methoxybenzaldehyde (1.36g) as starting materials.IR
(KBr) 1630 (C=0), 1584 (C=C) cm'.'H NMR
(CDCl;),014.40(s, 1H),7.9(d, 2H J = 8.26 Hz),7.6(d, 2H ] =
8.26 Hz),7.7(d, 1H J = 16.32 Hz),6.97(d, 1H J = 16.32
Hz),6.1(d, 1H J = 2.36 Hz),5.9(d, 1H J = 2.36 Hz),3.9( s,
3H),3.8(s, 6H).Yield = 72%; mp = 109-110°C; Anal.
Calcd.for CgH;305:C,68.72;H,5.72;found:C,69.12;H,5. 34.

Compound 10: 4-((E)-3-(2-hydroxy-4,6-
dimethoxyphenyl)-3-oxoprop-1-enyl)-2-methoxyphenyl
benzoate

This compound is synthesized wusing 2-hydroxy-
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4,6dimethoxyacetophenone (1.96g.) and 4-benzyloxy-3-
methoxybenzaldehyde (2.42 g.) as starting materials.IR
(KBr) 1624 (C=0),1582 (C=C) cm'.'H NMR
(CDCL;),06.89-7.80(m, 10H),6.11(d, 1H J = 2.36
Hz),5.90(d, 1H J =2.36 Hz),5.21(s, 2H),3.94(s, 6H),3.82(s,
3H).Yield = 41%; mp = 123-124°C; Anal. Calcd.for
C,5H,,04:C, 71.34;H, 5.70;found:C, 72.11;H,5.23.
Compound 11: 2-methoxy-4-((E)-3-(2,4,6-
trimethoxyphenyl)-3-oxoprop-1-enyl)phenyl benzoate
This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone  (2.10g.)and  4-benzyloxy-3-
methoxybenzaldehyde (2.42 g.) as starting materials.IR
(KBr) 1626 (C=0);1580 (C=C) cm.'"H NMR (CDCl;),d
7.40-6.83(m, 10H),6.15(d, 2H J = 2.26),5.19(s, 2H),3.95(s,
3H),3.85(s, 3H),3.76(s, 6H).Yield = 40%; mp = 116-117°C;

Anal. Calcd.for CysHys06:C, 71.80;H,5.98:found:C,
72.42;H,5.72;
Compound 12: (E)-1-(2-hydroxy-4,6-

dimethoxyphenyl)-3-(2-hydroxyphenyl)prop-2-en-1-one

This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and2-hydroxy benzalde-
hyde (1.22g.) as starting materials.IR (KBr)1640
(C=0),1560(C=C) cm'.'"H NMR (CDCL),0 14.30(s,
1H),9.62(s, 1H),8.1(d, 1H J = 16 Hz),7.9(d, 1H J = 16
Hz),7.5(d, 1H J =2.26 Hz),7.13(d, 1H J = 2.26 Hz),6.82(m,
2H),6.10(d, 1H J = 2.32 Hz),5.9(d, 1H J = 2.32 Hz),3.90(s,
3H),3.78(s, 3H).Yield = 72%; mp = 159-160°C; Anal.

Calcd.for C,7H,6052:C,68.00;H,5.33;found:C,
67.68;H,5.52.
Compound 13: (E)-1-(2-hydroxy-4,6-

dimethoxyphenyl)-3-phenylprop-2-en-1-one

This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and benzaldehyde (1.06g.)
as starting materials.IR (KBr) 1628 (C=0),1586 (C=C)cm
'"H NMR (CDCly),0 14.20(s, 1H),7.92(d, 1HJ = 15.34
Hz),7.78(d, 1HJ = 15.34 Hz),7.5(d, 2H J = 8.16 Hz),7.38(m,
3H),6.12(d, 1H J =2.36 Hz),5.98(d, 1H J = 2.36 Hz),3.90(s,
3H),8.81(s, 3H).Yield = 81%; mp = 89-90°C; Anal.
Calcd.for C7H,604:C,71.83;H,5.63;found:C,71.62;H,5.74;

Compound 14: (E)-1-(2-hydroxy-4,6-
dimethoxyphenyl)-3-(3-nitrophenyl)prop-2-en-1-one

This compound is synthesized using2-hydroxy-4,6-
dimethoxyacetophenone (1.96g.) and 2-nitrobenzaldehyde
(1.51g) as starting materials.IR (KBr)1640
(C=0),1580(C=C)em.'"H ~ NMR  (CDCl;),014.05(s,
1H),8.46(s, 1H),8.22(d, 1H J= 7.75 Hz),7.98(d, 1H J =
15.68 Hz),7.74(d, 1H J = 15.68 Hz),7.84-7.78(m, 2H),
6.12(s, 1H),5.98(s, 1H),3.94(s, 3H),3.85(s, 3H).Yield =
21%; mp = 169—1700C;Ana1. Calcd.for
C;7H;5NO4:C,62.00;H, 4.59;found:C, 61.98;H, 4.56.

Compound 15: (E)-1-(2,4,6-trimethoxyphenyl)-3-(3-
nitrophenyl)prop-2-en-1-one

This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone (2.10g.) and 2-nitrobenzaldehyde
(1.51g.) as starting materials.IR (KBr)1642 (C=C) em'H
NMR (CDCl,),08.70(s, 1H),8.21(d, 1H J = 8.32 Hz),7.82(d,

1H J = 8.32 Hz),7.58(m, 1H), 7.42(d, 1H J = 16.2 Hz),7.05

d, 1H J = 162 Hz),6.18(s, 2H),3.85(s, 3H),3.75(s,
6H).Yield = 22%; mp = 157-158°C; Anal.
Calcd.forC,sH,7;NOg:C, 62.97;H,4.95;found:C,
62.78;H4.89.

Compound 16: (E)-3-(4-hydroxy-3-methoxyphenyl)-
1-(2-hydroxy-4,6-dimethoxyphenyl)prop-2-en-1-one

This compound is synthesized using 2-hydroxy-4,6 -
dimethoxyacetophenone (1.96g.) and 3-methoxy-4-
hydroxybenzaldehyde (1.52g.) as starting materials.IR
(KBr) 1622 (C=0),1586 (C=C) cm'.'H NMR
(CDCl3),014.4 (s, 1H),7.75-7.8(m, 2H),7.22(m, 1H),7.05(s,
1H),6.90(m, 1H),6.15(s, 1H),598( d, 1H, J = 2.26
Hz),5.8( d, 1H, J = 2.26 Hz),3.90-4.15(s, 6H),3.8( s,
3H).Yield = 46%; mp = 73°C; Anal. Calcd.for
C,sH;504:C,65.45;H,5.45.found:C,65.14;H,5.57.

Compound 17: (E)-3-(2-hydroxyphenyl)-1-(2,4,6-
trimethoxyphenyl)prop-2-en-1-one

This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone (2.10g.) and2-
hydroxybenzaldehyde(1.22g.) as starting mate-
rials.IR(KBr)1632 (C=0),1568 (C=C) cm'.'H NMR

(CDCl3),07.62(d, 1HJ = 16.2 Hz),7.42(d, 1H J = 8.32 Hz),
7.18-7.34(m, 2H),6.8-6.98(m, 3H),3.85(s, 3H),3.72(s, 6H).
Yield = 58%; mp = 113-1140C;Anal. Calcd.for
C,sH,305:C,68.78;H,5.72;found:C,68.43;H,5.94;

Compound 18: (E)-1-(2,4,6-trimethoxyphenyl)-3-p-
tolylprop-2-en-1-one

This compound is synthesized wusing 2,4,6-
trimethoxyacetophenone (2.10g.) and4-
methylbenzaldehyde(1.20g.) as starting mate-

rials.IR(KBr)1624 (C=0),1588 (C=C) cm'.'H NMR
(CDCl;),07.48(d,, 1HJ = 16.30 Hz), 7.38(d, 2H J =
8.16Hz),7.17(d, 2H J = 8.16Hz),6.92(d, 1H J = 16.30
Hz),6.15(d, 2H J = 2.36 Hz), 3.84(s, 3H),3.75(s, 6H),2.32(s,
3H).Yield = 76%; mp = 128-129°C; Anal. Calcd.for
C9H,00,4:C,73.07;H,6.41;found:C,73.42;H,6.27.

Compound 19: 3-(4-((E)-3-(2-hydroxy-4,6-
dimethoxyphenyl)-3-oxoprop-1-enyl)phenyl)furan-2-
carbaldehyde

This compound is synthesized using 2-hydroxy-4,6 -
dimethoxyacetophenone  (1.96g.) and2-furfuraldehyde
(0.96g.) as starting materials. IR (KBr) 1626 (C=0). 1586
(C=C) em.'"H NMR (CDCl;),67.79(d, 1H J = 15.37 Hz),
7.57(d, 1H J = 15.37 Hz),7.51(s. 1H),6.67(d. 1H J = 3.31
Hz),6.5(t, 1H),3.91(s. 3H),3.83(s, 3H).Yield =52%; mp =
93-94°C; Anal. Calcd.for
C,5H,405:C,65.69;H,5.1;found:C,65.76;H,5.18.

3. Biological Screening Methodolo-
gy:Assay Method of Cytotoxic Activi-
ty in Vitro

In this study, it was aimed to evaluate the growth inhibi-
tory effect of synthesized constituents of Aromatic chal-
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cones on human cancer cells. Acute T cell leukemia (Jurkat)
and human leukemia (HL-60) cell lines were obtained from
cell line bank of National Center for Cellular Sciences
(NCCS), Pune, India. These cells were cultured in RPMI -
1640 media containing 10% fetal bovine serum at 37° C,
CO, incubator in the presence or absence of test com-
pounds.Cytotoxicty was measured using the MTT [3-(4, 5-
dimethylthiazol-2-yl)- 2,5-diphenyl tetrasolium bromide]
assay, according to the method of Mossman (1983).Briefly:
the cells (2x104) were seeded in each well containing 0.1
mL of RPMI medium in 96 well plates. After 24h different
test concentrations (1 to 100 pg/ml) were added and cell
viability was assessed after 2 days, 10ul per well of MTT
(3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl tetrasolium
bromide; 5 mg/ml; stock solution, Sigma) was added to the
wells. The plates were incubated at 37°C for additional
four hours. The medium was discarded and the formazan
blue, which formed in the cells, was dissolved with 100 pl
of DMSO. The rate of color production was measured at
570 nm in a spectrophotometer (Spectra MAX Plus; Mole-
cular Devices; supported by SOFTmax PRO-3.0). All ex-
periments were conducted under the standard laboratory
illumination. The percent inhibition of cell viability was
determined with reference to the control values (without
test compound). The data was subjected to linear regression
analysis and the regression lines were plotted for the best
fit. The ICso (inhibition of cell viability) concentrations
were calculated using the respective regression equation.

4. Results and Discussions

Table 2 summarizes the results obtained in the assay for
the inhibitory activities on human cancer cells. Cell viabili-
ty assays were performed (in vitro)cytotoxic activity ana-
lyzed by MTT assays) using two human cancer cell lines. A
concentration dependent decrease in cell number was ob-
served in all tested samples demonstrated by IC50 values.
This decreased cell growth in cultured human cancer cells
(Jurkat and HL-60) in a concentration dependent manner is
evident from table 2 and table3. All the analogues were
compared with the basic unsubstitutedchalcone to derter-
mine the cytotoxic activity. The present results demonstrate
that the chalcones and their analogues inhibit the prolifera-
tion of Jurkat (human T-lymphocyte leukemia) cells by
triggering apoptosis.Among them the analogues 4 and 15
exhibited most potent cytotoxicity than the parental basic
chalconemolecule[26]. All the test compounds have also
shown cytotoxic activity (in a concentration dependent
manner) against HL-60 cells [27].The most active analo-
gues 4 and 15 on Jurkat cells exhibited activity similar to
the parental molecule against HL-60.In this case, the ana-
logues 7 and 12 have shown the more significant activity
against HL-60 cells than the parental compound, but they
were not more active than the parent molecule in the case
of Jurkat cells. Among the synthesized chalcones,the most
active compounds were 4,15 and their IC50 values on T
cell leukemia (Jurkat) cells were 1.6x10-2 mM,1.7x10-2

mM respectively.

Table 2. In vitro Cytotoxicity of chalcones and its analogues against acute
T cell leukemia (Jurkat) cells by MTT assay.( Based on mM).

S.No Test compound IC50 (ng/ml) Relative Toxicity
1 Parental com-) ¢ 102mM 1,00
pound
2 4 1.6x10°mM 0.88
3 8 5.2x10”mM 2.88
4 9 4.1x10”°mM 227
5 12 3.2x10”mM 1.77
6 14 4.0x10”°mM 222
7 15 1.7x10”°mM 0.94
8 18 13.1x10”mM 7.27
9 19 3.3x10”mM 1.83

[a] ICs, is defined as the concentration, which results in
a 50% decrease in cell number as compared with that of the
control cultures in the absence of an inhibitor. The values
represent the mean + SE of four individual observation.

Table 3. In vitro Cytotoxicity of chalcones and its analogues against hu-
man leukemia (HL-60) cells by MTT assay.(Based on mM).

S.No Test compound ICs (ng/ml) Relative Toxicity
1 Egﬁgal oMy sx107mM  1.00
2 4 2.7x10”mM 1.08
3 5 5.6x10”mM 2.24
4 7 0.47x10°mM  0.19
5 8 3.4x10”mM 1.36
6 9 2.9x10”mM 1.16
7 12 1.8x102mM 0.72
8 15 3.4x10”mM 1.36
9 18 8.3x10”mM 332
10 19 4.1x10”mM 1.64

[b] ICs is defined as the concentration, which results in
a 50% decrease in cell number as compared with that of the
control cultures in the absence of an inhibitor. The values
represent the mean = SE of four individual observation.
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5. Docking Studies of ChalconeAnalo-
gues

5.1. Docking with GOLD (Genetic Optimization for Li-
gand Docking)

An attempt was made to dock the inhibitors using the
superimposition of the Aromatic chalcone molecules with
that of X-ray crystal structure of INKP for 50 times. Then,
using the knowledge of the active site, an atom was defined
representing the center of the active site residues, that is
ARG 712 in E chain and the atom number used for docking
is 2198(taken from the protein atomic coordinates of all the
active site molecules). From this point, the search was car-
ried out in 15 A0 radius (since this was found to be the
optimum). The annealing parameters for Vander waals and
hydrogen bonding were set to 4.0 A0 and 2.5 A0 respec-
tively. The parameters used for genetic algorithm were
population size (100), selection pressure (1.1), number of
operations (1,00,000), number of islands (5), niche size (2),
migrate (10), mutate (95) and cross-over (95) (all default
values). In the INKP complex, the binding interactions of
the 3D conformation of shows that the inhibitors are lo-
cated in the center of the active site, and are stabilized by
Vader Waals interactions, hydrogen bonding and hydro-
phobic interactions.A total of 17 ligands were docked into
the active site of the INKP site by using GOLD2.1.2
[28,29].The calculated binding Gold score are given in
table 4 and type of interactions in best molecules are given
in table 4.The interactions of ligands with protein are max-
imum byVander Waals interactions.The GOLD score val-
ues are very similar in all the five top solutions.The differ-
ence between the consecutive best five runs of a particular
ligand is less and this indicates the stabilization of a partic-
ular ligand at the active sites.The docking studies of the
molecules are showing good fitness score and Vander
Waals interactions.

Table 4. Docking scores from GOLD.

Compound Fitness S(hb_ext) S(vdw_ext) S(hb_int) S(vdw_int)
Compound 1 28.40 3.04 25.01

Compound 2 27.63  3.39 25.12

Compound 3 26.66 3.13 26.54

Compound 4 29.18 3.43 26.17

Compound 5 28.19 295 25.81

Compound 6 25.86 4.36 24

Compound 7 2576 3.22 24.52 0.00 -11.18

Compound 8 28.35 291 26.41
Compound 10 26.01  0.00 27.13
Compound 11~ 25.7 0.00 25.77
Compound12  24.08 0.00 25.43
Compound 13 26 0.00 26.43 0.00 10.33
Compound14  25.96  0.00 26.33 0.00 -10.24
Compound15 26.16  0.00 26.45
Compound 16  26.43  0.00 27.41 0.00 11.25
Compound 18  24.63  0.00 25.97 0.00 -11.08
Compound 19  24.02  0.00 25.59 0.00 -11.17

6. Conclusions

To prepare new compounds with enhanced anticancer
properties against human cancer cells, a series of 19 chal-
cone derivatives were synthesized and characterized.They
were evaluated for their cytotoxicity against Jurkat (human
T-lymphocyte leukemia)and HL-60 human cancer cell
lines.The results demonstrate that the Aromatic chalcones
and their analogues inhibit the proliferation of Jurkat (hu-
man T-lymphocyte leukemia) cells by triggering apopto-
sis.Among them, the analogues 4 and 15 exhibited most
potent cytotoxicity than the parental molecule.The analo-
gue 18 possessed little activity and the activity of the re-
maining are of intermediate range.In the case of HL-60
cells, the analogues 7 and 12 have shown more significant
activity. The present study throws light on the fact that
these chalcones are potent antiproliferative agents against
human cancer cells without being significantly cytotoxic to
normal cells.This study may lead to development of new
therapeutic agents in our fight against cancer.
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