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ABSTRACT: A series of novel heterocyclic curcumin analogues (substituted cinnamoyl-4-hydroxy-6-methyl-2H-
pyran-2-one derivatives 3-24), were designed and synthesized via condensation of different benzaldehydes and de-
hydroacetic acid. A new way for modification of curcumin has been described in order achieves enhanced pharma-
cological properties. Synthesized derivatives were also evaluated for their inhibitory activity against filarial topoi-
somerase Il enzyme. All the compounds screened against Topoisomerase 11 exhibited excellent inhibition upto per-
centage inhibition more than 95%. Further the structure—activity relationships of the cinnamoyl-4-hydroxy-6-
methyl-2H-pyran-2-one derivatives (3-24) reveals that among the synthesized compounds, the nitro substituted chal-
cones derivatives 5 and 8 were the most active compounds by showing significant inhibition of S. cervi Topoisom-

erase Il activity upto more than 95%.
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INTRODUCTION: Curcumin is the active constitu-
ent of Indian traditional medicine turmeric and is very
well known for its diverse range of pharmacological
properties particularly anti-inflammatory and anti-
cancer. Due to its pharmacological importance
Curcumin is very fascinating molecule for organic and
medicinal chemist. Walking on similar track we have
proposed here a new way of modifying the curcumin
nucleus to get anticancer property. Cancer is one of
the major challenges for medicinal chemists and cause
for millions of deaths worldwide. In spite of the recent
progress and the development cancer chemotherapy,
there is still need for new compounds of therapeutic
interest to bring this disease under control. In the
world of caner chemotherapeutics natural products are
very valuable molecules. A large number of modern
drugs have been developed from natural sources, es-
pecially from plants." A variety of naturally occuring
compounds such as curcumin, paclitaxol, vinblastin,
combretastatin A-4, desmosdumotin C and colchicine
are well known anticancer agents. Natural product
derived or an inspired molecule forms a large group of
compounds with anticancer activity. Among them
curcumin is the compound possessing a large number
of biological activities and is most abundant in nature.

AlE

E RESEARCH CO

It is the yellow pigment extracted from the rhizoma of
Curcuma longa, is the pharmacologically active sub-
stance of turmeric. By tradition, turmeric has been
used for many ailments, particularly as an anti-
inflammatory agent, and curcumin has been identified
as the active principle of turmeric.? Curcumin is non-
toxic and has a variety of positive pharmacological
effects as anti-inflammatory, anti-oxidative and anti-
septic properties have been reported and displayed
good pharmacological effect in cardiovascular diseas-
es, sporadic Alzheimer's disease (AD), sarcopenia,
type Il diabetes, arthrosis and arthritis among others.**

Regardless of its important place in field of drug dis-
covery, curcumin has not yet been approved as a ther-
apeutic agent, and the relative bioavailability and sol-
ubility of curcumin has been highlighted as a major
problem behind this issue.® Eventually this drawback
render this molecule a possible anti-cancer drug, as
both chemo preventive and chemotherapeutic. This
evidence has strongly suggests that curcumin can be
considered a promising tool for cancer therapy and
need some modification in order to overcome theses
drawbacks.
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Among the various natural anticancer molecules,
chalcones contains potentially important group of
structurally effective feature bearing ketone function-
ality and an unsaturated group.”® These are in conju-
gated arrangement among the various naturally occur-
ring as well as synthetic anticancer agents. These class
of compounds are well known for their tumor-
reudcing and antiproliferative activities.”® Any
change in the three carbon propenone skeleton is
known to lose the biological activities. Incorporating
heterocyclic rings in chalcone core structure has been
employed by medicinal chemists to enhance the
pharmacological properties,"*? viz. some coumarin-
based compounds psorospermin (b), have been re-
ported to display a good cytotoxic activity, exerting a
googl3 anticancer and topoisomerase Il inhibitor activ-
ity.

DNA topoisomerase Il is a enzyme that controls DNA
topology by transient cleavage of the DNA double
helix. The non covalent interaction of protein with
DNA is the key step in the topoisomerase Il catalytic
cycle. Under physiological conditions, DNA replica-
tion, repair, and transcription processes are signifi-
cantly controlled by Topoisomerase Il. Among the
various enzymes identified as target against parasitic
diseases, DNA topoisomerases have attracted medici-
nal chemists as a novel target for antifilarial drug de-
velopment.™ DNA topoisomerases are the enzymes
required for the replication, transcription and recom-
bination of DNA.' These enzymes play crucial roles
in the organization of DNA within the cell nucleus as
well as in its structure and function.

Now a days in the design of new drugs, the develop-
ment of hybrid molecules through the combination of
different pharmacophores may lead to compounds
with interesting biological profiles.**™® Original cur-
cumin molecule mainly has two pharmacophoric re-
gions as indicated by A and B (Figure 1). Earlier stud-
ies in modification of curcumin revealed broadly 4
types of modification separately in part A and B (Fig-
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ure 1). A careful survey of literature reveals that the
curcumin nucleus has been modified in many ways.
One way to modify curcumin structure was achieved
by replacing 1,3-dicarbonyl with cyclic ring (path
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the aromatic ring with heterocyles (path B).?* In vitro
studies showed that these compounds had better in-
hibitory properties against AP aggregation than cur-
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Figure 1: Various sites of modification in curcumin
nucleus.

This combination rationale has been used in our la-
boratory to synthesized 3-cinnamoyl-4-hydroxy-6-
methyl-2H-pyran-2-one analogues by incorporating
conjugated 1,3 dicarbonyl group from curcumin and
pyran-2-one moiety from different biologically active
natural product nucleus as novel class of cytotoxic
agents. (Figure 2) We thought to synthesize the
chalcone analogue consisting of both the
phrmacophore and to see their cytotoxic activity in
various in vitro cancer cell lines and filarial topoiso-
merase-l1 activity.
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Figure 2: (a) Designing of curcumin type chalcone analogues. (b) Some naturally occurring biologically
important chalcones.
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MATERIAL AND METHODS: Unless otherwise
specified all the reagents and catalysts were purchased
from Sigma-Aldrich and were used without further
any purification. The common solvents were pur-
chased from Ranbaxy. Organic solutions were concen-
trated under reduced pressure on a Bichi rotary
evaporator. Chromatographic purification of products
was accomplished using flash chromatography on
230-400 mesh silica gel. Reactions were monitored by
thin-layer chromatography (TLC) on 0.25mm silica
gel plates visualized under UV light, iodine or KMnQO4
staining. *H and **C NMR spectra were recorded on a
Brucker DRX-200 MHz Spectrometer. Chemical
shifts (3) are given in ppm relative to TMS and cou-
pling constants (J) in Hz. IR spectra were recorded on
a FTIR spectrophotometer Shimadzu 8201 PC and are
reported in terms of frequency of absorption (cm™).
Mass spectra (ESIMS) were obtained by micromass
quattro Il instrument.

General procedure for synthesis of chalcone ana-
logues (3-22): Chalcone analogues (3-22) were syn-
thesized via aldol condensation of substituted benzal-
dehyde and dehydro acetic acid. In dry chloroform
substituted benzaldehyde (1.0 mmol), dehydroacetic
acid (1.0 mmol) in the presence of catalytic pyrroli-
dine (20 mol %) was taken. Reaction was stirred at
room temperature for 2 hrs leading to generation of
chalcone. Progress of reaction was monitored by TLC.
After completion of reaction solvent was evaporated
under the reduced pressure and residue was extracted
with ethyl acetate and water. The organic layer was
separated and dried over anhydrous Na,SO,4 and fil-
tered. The filtrate was evaporated under vacuum on a
rotary evaporator.

Estimation of DNA Topoisomerase Il inhibitory
activity of compounds: The reaction catalyzed by
DNA topoisomerase Il was estimated as reported ear-
lier (Pandya et al. 1999)." The reaction mixture in a
final volume of 20 ul contained 50 mM Tris. HCI (pH
7.5), 50 mM KCI, 10 mM MgCl,, 1 mM ATP, 0.1 mM
EDTA, 0.5 mM dithiothreitol (DTT), 30 pg/ml bovine
serum albumin (BSA), 0.25 pg pBR322 DNA and
enzyme protein. The reaction was carried out at 37° C
for 30 min. and stopped by adding 5 ul stop buffer.
The samples were subjected to electrophoresis on 1%
agarose gel in Tris-acetate buffer for 18 h at 20 V.
Gels were stained with ethidium bromide (0.5 pg/ml)
and visualized and photographed on a GDS 7500 UVP
Trans illuminator (Ultraviolet Products, UK). The
effect of inhibitors on the enzyme activity was meas-
ured by incubating enzyme with the inhibitor for 10
min. at 37 ° C and starting the reaction by addition of
pBR322 DNA. The percentage inhibition was meas-
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ured by micro densitometry of the gel with the gel
base/gel blot Progel analysis software program

Spectroscopic and analytical details of 3-
cinnamoyl-4-hydroxy-6-methyl-2H-pyran-2-one
(3): White solid; mp 146°C; vma(KBr) 3424, 3083,
1725, 1626, 1326, 1236 cm™; '"H NMR (CDCls, 300
MHz): & 8.36 (1H, d, J= 15.75Hz); 8.01 (1H, d, J=
15Hz); 7.27-7.69 (2H, m), 7.45-7.42 (3H, m), 5.98
(1H, s); 2.30 (3H, s); *C NMR (CDCls, 75 MHz): &
191.0, 182.4, 166.5, 162.1, 150.5, 148.6, 131.6, 129.8,
127.5, 123.21 120.6, 116.1, 111.4, 103.1, 98.9, 20.7;
MS (ES): m/z (%) = 257 (100) [M+1]"; Ana. calcd.
for C1sH1,04: C, 70.31; H, 4.72; Found: C, 70.28; H,
4.69%

RESULTS AND DISCUSSION:

Chemistry: In present work, we describe the synthesis
as well as Filarial Topoisomerase Il inhibitory activity
of 22 substituted natural product inspired chalcone
type analogues (Table 1 & 2). Synthesized analogues
bearing different functional groups at phenyl ring in
an attempt to optimize the anticancer activity and
potentially gain insight into the structure activity rela-
tionship of  3-cinnamoyl-4-hydroxy-6-methyl-2H-
pyran-2-one and its derivatives. The reaction scheme
for the synthesis of designed analogue is shown sche-
matically in Figure 2. Compounds (3-22) were synthe-
sized from dehydroacetic acid (1) and substituted
benzaldehydes (2) via condensation reaction using
pyridine as base. Both the reactants were mixed in
anhydrous chloroform and reaction was allowed to
reflux for appropriate time period upto completion of
reaction. After completion of reaction desired prod-
ucts were isolated by only filtration. Negligible or no
chromatography required for purification. All the
compounds synthesized were confirmed by spectro-
scopic (*H NMR and **C NMR) and spectrometric
(mass) data."’

OH O H 0 OH 0 R!
2
AN R’ Plperidine ‘ N 7 R
| + chloroform ,
R0 R R2 refluing o0 , R
R® (3:22) R

1 2
Scheme 1: synthesis of various chalcones deriva-
tives.

Biological activity:

Topoisomerase-11 inhibitory activity: The ten com-
pounds (4, 5, 6, 7, 8, 14, 16, 17, 18 and 19) selected
on the basis of maximum inhibitory effect against
cancer cell lines were biologically screened against S.
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cervi Topoisomerase Il enzyme. Results indicated that
compounds screened were found to be active against
Topoisomerase Il enzyme (Figure 3) with percentage
inhibition in range of 30-95%. Inhibition of Topoiso-
merase |l activity was examined by studying the en-
zyme-mediated supercoiled pBR322 relaxation.

10 11 12

1 2 3 4 5 6 7 8

Figure 3: Gel mobility shift assay of S. cervi topoiso-
merase Il. Lane 1: pBR322 (0.25ug) alone; lane 2:
pBR322 + S. cervi Topo IlI; Lane 3: pBR322 + S. cervi
Topo Il + Comp. 7 (40 pug); Lane 4: pBR322 + S. cervi
Topo Il + Comp. 4 (40 pug); Lane 5: pBR322 + S. cervi
Topo Il + Comp. 6 (40 pug); Lane 6: pBR322 + S. cervi
Topo Il + Comp. 8 (40 ug); Lane 7: pBR322 + S. cervi
Topo Il + Comp. 5 (40 pug); Lane 8: pBR322 + S. cervi
Topo Il + Comp. 9 (40 pug); Lane 9: pBR322 + S. cervi
Topo Il + Comp. 18 (40 pg); Lane 10: pBR322 + S. cervi
Topo Il + Comp. 14 (40 pg); Lane 11: pBR322 + S. cervi
Topo Il + Comp. 19 (40 pg); Lane 12: pPBR322 + S. cervi
Topo Il + Comp. 23 (40 pg).

Table 1: Topoisomerase Il inhibitory activity of test
compounds against filarial parasite Setaria cervi.

Table 2: Synthesis and in vitro anticancer activity
of synthesized 3-cinnamoyl-4-hydroxy-6-methyl-
2H-pyran-2-one derivatives.

Com-

R! R? R® R* |Yield
pound
3 H H H H 88
4 H H OCHj H 91
5 H OCHj H H 90
6 H OCH, OCH, H 90
7 H H NO, H 89
8 NO, H H H 83
9 H H | N,N-(CH5), H 92
10 H Cl H H 91
11 H H Cl H 92
12 H Cl H 3-Cl | 90
13 H OH OCHj H 86
14 H H OCH,Ph H 87
15 H OH H H 84
16 H H OH H 82
17 H H F H 94
18 | OCH, H H H 90
19 3-Cl H H H 92
20 H Br H H 90
21 | OCH;, H H OCH; | 88
22 | OCH; | OCH;, H OCH, | 86
23 H NO, H H 91
24 H OCH; | OCH,Ph H 90

Structure activity relationship of all the 10 screened
compounds have given clear indication that nitro sub-
stitution at phenyl ring and methoxy substitutions are
very crucial in exerting topoisomerase Il inhibitory
activity against filarial parasite Setaria cervi. Most of

Lane Lane contents e the active compounds (8, 11, 12, 13 and 14) either
no. inhibition | paying nitro group or methoxy substitution at phenyl
1 PBR 322 DNA only (Control) - ring. ldentification of these novel and chemically di-
o | PBR32Z DNA only + S. Cervi DNA ; verse Topoisomerase Il enzyme inhibitors provides
pol. I (Experimental) initial leads for optimization into more potent and

3 PBR 322 DNA only + §. Cervi DNA 95 efficacious drug candidates to treat filarial infection

pol. 11 + Comp. 7 (40 pg) '
4 | PR ?020% [I)II\LAC%%%_JQS(Z%E;;I)DNA 50 CONCLUSION: In conclusion, we have designed
5 | PBR322 DNA only + S. Cervi DNA 50 and synthesized 22 heterocyclic curcumin c'_ma_logues
pol. 11 + Comp. 6 (40 pg) and they were screened for topoisomerase inhibitory
6 pBR 322 DNA only + S. Cervi DNA 95 activity. All the analogues were synthesized via con-
pol. 1l + Comp. 8 (40 ug) densation reaction using piperidine as organic base.
7 | PBR322 DNA only + S. Cervi DNA 95 Ten coumpounds which were tested against filarial
pol. Il + Comp. 5 (40 pg) topoisomerase-1l are found to be posses promising
g | PBR322DNAonly +S. Cervi DNA 75 activity with percentage inhibition of more than 95%.
pol. Il + Comp. 9 (40 pg) We further established SAR study to rationalize the
g | PBR322DNAonly+S. Cervi DNA 95 biological activity. Our findings suggest that the pres-
pol. 11 + Comp. 18 (40 j1g) ence of nitro and methoxy group in phenyl ring of
pBR 322 DNA only + S. Cervi DNA L .
10 pol. 11+ Comp. 14 (40 pg) 30 chalcor_we_ moiety is prime factor for thg pharmacolo_gl-
1L | PBR 322 DNA only + S. Cervi DNA " cal activity of com_poungjs. Our study is very eﬁec’glve
pol. 11 + Comp. 19 (40 ug) preliminary study in anticancer drug discovery project
1, | PBR322DNAonly + S. Cervi DNA % and these results can help to search for a potential

pol. 11 + Comp. 23 (40 ug) drug candidate in future.
2
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