article H .J.D.Med.vol.3 (2), October, 2011, pp.48-56.

HYGEIA
Joul or Druge & edicnss
JOURNAL FOR DRUGS AND MEDICINES
October 2011-March 2012
B
A half yearly scientific international open accegssirnal for drugs and medicines. Research article section: Pharmiaea chemistry, /Drug design

Design, Synthesis and Biological evaluation of Pgla analogues of Natural
Piperine

Anny Mathew*, Mary Sheeja T.E, Arun Kumar.?, K.Radh&

1, 2, 4. College of Pharmaceutical Sciences, Govt. Medical college, Thiruvananthapuram,, Kerala, India ,695011 .
3. Department of Molecular Biology, Rajiv Gandhi Centre for Biotechnology, Jagathy, Thiruvananthapuram,, Kerala, India

Article history: Received: Jrevised: Jaccepted? JAvailable online:

Abstract

A series of pyrazole analogues of natural piperine were synthesized by removing the basic piperidine moiety from the piperine
nucleus. Piperine upon hydrolysis and oxidation, converted to piperonal and allowed to condense with substituted acetophenone
gave chalcone derivative and cyclized finally with thiosemicarbazide to form pyrazole derivatives of piperine. Docking studies
were carried out against different targets like Cyclooxygenase, farnasyl transferase receptors. Majority of the synthesized
chemical compounds showed good fit with the active site of all the docked targets.Compound 6a have shown significant anti
inflammatory activity and 6d and 6¢ have shown significant anticancer activity when compared with standard drugs.
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1. Introduction

Piperine has received enormous attention indbetlvo decades as a versatile bioactive moleghle.
structure consists of three important componerits miethylene dioxy phenyl (MDP) ring, side chain
with conjugated double bond and basic piperidineetyoattached through a carbonyl amide linkage.
Piperine is also known to posses anti-inflammatanalgesic, anti neoplastic, and anxiolytic adeit
Pyrazole also posses anticancer and anti-inflanmnatotivities. Thus we become interested in the
synthesis of piperine analogues that contains ple@amoiety. Here we also take the advantage of
microwave technique and evaluation of biologicdhdtes. Microwave assisted reaction have received
great interest because of their simplicity in ofiera enhanced reaction rates, product with higfitypu
and better yield compared to those conducted byertional method.

For correspondence.

kirjoanu@gmail .com, annaserahs@yahoo.com

Contact: +919446369945

Anny Mathew*, Mary Sheeja TL, Arun Kumar T, K Radha, H.J.D.Med., Vol. 3 (2), October 2011, pp.48-56.
© 2011Hygeia journal for drugs and medicines, all rights reserved. 2229 3590, 0975 6221

48



Anny Mathew et al., H.J.D.Med. Vol. 3 (2), October 2011, 48-56.

2. Materials and methods

2.1 Anti inflammatory activity:

The anti inflammatory activity of the synthesizesimpounds was determined by Human Red Blood
Cell (HRBC) membrane stabilization method at dasfe$00 ugm, 500ugm and 100Quigm. Diclofenac
sodium was used as standard drtfg'" *? Control group was given Dimethyl sulphoxide (DMSThe
results obtained are reported in table no.8.

2.2.Anticancer activity:

The anticancer activity of the synthesized conmgsu were determined by MTT(3-(4,5-
Dimethylthiazol-2-yl)-2,5-di phenyl tetrazolium bmide, a yellow tetrazole) assay MetfibdVe have
investigated the cytotoxic activity of the compoand various cancer cell lines such as HelLa (Catvic
cancer cell line), A375 (Skin cancer cell line), H.6 (Colon cancer cell line), MCF7 (Breast cancer
cell line). This study was carried out in the déypent of Molecular Biology, Rajiv Gandhi Centre for
Biotechnology, Thiruvananthapuram, Kerala. Theltesre reported in table no.7.

3. Experimental

Melting points of the compounds were found outinopen capillary tube by electrically heated imglt
point apparatus were uncorrected. The synthesiaegounds were purified brgcrystallisation and Thin
Layer ChromatographylR spectra of the compounds were recorded using lets in the range of
4000- 500 crit on a Jasco FTIR model 6200 in the College of Phaemtical Sciences, Medical College,
Thiruvananthapuram. TheH NMR of the compounds were recorded in CP@hemical shifts were
reported in parts per million downfield with refape to internal standard Tetra Methyl Silane (TMS)o
Bruker Ultra Sheild DPX 400 in the Institute ofénsive Research in Basic Sciences, Mahatma Gandhi
University, Kottayam. SMILES and C Log P valuesy$tbo Chemical Properties, Analysis of Lipinski
rule of five, Drug Likeness Analysis, prediction attivity spectra (PASS) of the Novel proposed
analogues were carried out by using Chemsketchrenidspiration software.

Insico ADME properties were screened by using the applinaikprop in maestro molecular
modeling software. Docking studies were carried against different targets like Cycloxygenase and
farnasyl transferase receptors using Schrodingenae in College of Pharmaceutical sciences, Madic
college, Thiruvananthapuram. The reactions wengethout in catalyst synthetic microwave oven apd b
conventional method. The physical and spectral dathe synthesized compounds were reported in the
table No. 4,5and 6.

3.1.Synthesis of piperic acid (2) from piperine (1):

Piperine 1 (11.4 g, 0.04 mol) was refluxed witlkethanolic KOH (20%, 500 ml) for 24 hrs. After
completion of hydrolysis, methanol was distilleddanreduced pressure. The resulting reaction naxtur
was suspended in hot water and acidified with FQiH less than 1.
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Yellow precipitate obtained was collected by filioa, washed with cold water and recrystallizedhfro
methanol to yield crystals of piperic acid: ®Yield: 59%, mp 215-21°¢.

3.2.Synthesis of piperonal (3) from piperic acid:

Piperic Acid 2.18g (0.01 mol) was suspended iBnil5boiling H0, containing 4.2g (0.05 mol) sodium
bicarbonate. To this hot solution, 3.16g (0.02 nkdnO, in 75ml warm HO added with a dropper over
about 40 min, with constant stirring. Added 25ml Isbpropyl alcohol. (To remove any remaining
oxidizer) The warm brown solution was filteredléave a slightly yellow solution. This was chilled
overnight and recrystalliz&d. 75% vyield,mp 36-3&.

3.3.Procedurefor the Synthesis of 3-(1, 3-Benzodioxol-5-yl)-1-phenylpr op-2-en-1-one (chalcone):

Into a 10 ml Erlenmeyer flask placed 0.24 g @®oles) of acetophenone, 0.30 g (2.0 mmoles) of
piperonal, 1 ml of 95% ethanol, and 1 ml of 10%isodhydroxide solution. The mixture was stirred for
30 minutes during which time a solid forms. Thectem mixture was cooled and suction filtered using
Hirsch funnel, and recrystallized from a small amto(< 1mL) of 95% boiling hot ethanol and then
allowed to cool slowly to room temperattire

3.4. Synthesis of 5-(1, 3-Benzodioxol-5-yl)-3-(substituted) phenyl-4, 5-dihydro-1H-pyrazol-1-
car bothioamide (6a-h):
Conventional methods:

To a solution of NaOH (1 g, 0.025 mol) and chatderivatives (5a-h)0.01 mol) in ethanol (25 ml),
thiosemicarbazide (0.92 g, 0.01 mol) was addedIglander stirring. After addition was completede th
reaction mixture was refluxed for 1 h and the sotutvas added to crush ice. The resulting solid was
washed with ether and water, then filtétethe crystals were washed thoroughly with ice-oghter,
dried and recrystallized from appropriate solvergivve 6a-h in 70% yield.

3.4.1.Microwave method:

A mixture of the chalcone 5a{B.2 mmol) and thiosemicarbazide (2 mmol) was d&sbin acetone (5
ml) and ethanol (5ml), then,KO; (4.0 g) was added and stirred vigorously. Aftenif, the solvent was
removed under vacuum and the dry powder was irtedlia a microwave oven for 3 min at 650 W. After
completion of reaction as followed by T.L.C. exaation, chilled water was added to the reaction
mixture. The solid product (6a-h) was obtained, chivas filtered, dried and crystallized from hot
ethanof.
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4. Result and discussion

Insilico molecular analysis of different pyraz@ealogues of piperine were done, all these congsoun
obeyed “Lipinski rule of five”. These analogues a¢aken for computing molecular descriptors and the
for synthesis. The designed analogues were symttbdly conventional and microwave procedures.
Microwave procedure was simple efficient and showetter yield. The purity of the synthesized
molecules was ascertained routinely by TLC, andintepoint determinations were noted with an open
capillary tube method and are uncorrected.

Docking studies were carried out against differeargets like Cycloxygenase, farnasyl transferase
receptors. Majority of the synthesized chemical poomds showed good fit with the active site oflad
docked targets. Compounds 6e, 6h, which showedxammuen G-score were taken out for wet laboratory
validations for their anti-inflammatory activitie€ompound 6d and 6¢ showed highest Glide score with
anticancer drug targefarnasyl Transferase.

Purity of the compound was done routinely by TLQI anelting points. Acetone: Chloroform (3: 1)
system was found to be ideal system for the dewedop of compounds in TLC. The characterizations of
the derivatives were carried out by various spectipic methods such as FTIR and NMR spectroscopy.

4.1.Cytotoxicity Study:

MTT assay was validated best method for screenitgtaxicity. The synthesized compound which
shows good G-score was evaluated for the activitjiffeerent concentration 10-100uM. The drugs are
administered as solution in DMSO and a DMSO contrad also used. The drugs showed good cytotoxic
behaviour and can be considered being potent cytodgents.

4.2.Anticancer activity of the compounds against various cancer cell lines:

We have investigated the cytotoxic activity of tompounds in various cancer cell lines such dsaHe
(Cervical cancer cell line), A375 (Skin cancer digle), HCT116 (Colon cancer cell line), MCF7 (Bsea
cancer cell line). Compound 6d, 6¢, 6b, 6f and 6asiive to HCT116 (Colon cancer cell line), and
compound 6g Sensitive to MCF7 (Breast cancer iced) |

4.3.HRBC Membrane Stabilization M ethod:

Anti inflammatory activities of the proposed asmle was carried out by using HRBC membrane
stabilization method at doses of 10§m, 500ugm and 100Qugm. Diclofenac was used as the standard
drug. Control group was given Dimethyl sulphoxi@#SO). The analysis of the result shows that the
compound 5-(1,3-benzodioxol-5-yl)-3-phenyl-1H-pykez 1-carbothioamide (6a) at doses of 1@Mn,
500 ugm, 1000ugm shows significant activity. Study of the biologi activity showed that the title
compound is having significant anti inflammatorfeet similar to that of Standard drug Diclofenac.
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5. Summary and conclusion

This research work was focused on design andaj@vent of pyrazole analogues of piperine as novel
anticancer and anti inflammatory drugs. The preseséarch work involved the preliminary insilico
screening of various synthesized analogues for tdviag their drug likeness using molinspiration
software. Eight analogues were synthesized in #tdab by conventional and microwave procedures and
comparative study for yield and reaction time wéso aarried out. Purity of the compounds were
ascertained by consistency in melting point &idalue and characterized by IR atdNMR spectral
studies.

The analogue also showed good binding affinity v@ytloxygenase and farnasyl transferase receptors,
which was proved from the docking studies. The gmestudy also highlights the importance of the
structural features and C log P responsible foattiities.

Among the newly synthesized analogues 5-(1,3-béaxol5-yl)-3-phenyl-1H-pyrazole-1-
carbothioamide (6ajas screened for anti inflammatory and showed gamivity when compared with
standard diclofenac.

The compound having best Glide score -8.16, atilig good binding affinity with anticancer target,
showed good activity in colon cancer cell lines [HT6) which was proved from cytotoxic MTT assay.
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5-(1,3-benzodioxol-5-yl)-3-(substituted)phenyl-4,5-dihydro-1H-pyrazole-1-car
bothioamide (6 a-h)
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affle 1: Characterization data of synthesized dives

Compound Code Molecular formula Molecular Weight mp €C) R value
6a C17H15N3028 323.377 226-229 0.56
6b ClgH17N3038 355.410 222-225 0.72
6C C17H15N3028 338.392 227-230 0.41
6d Cl7H15N3OZS 338.392 219-222 0.61
6e ClgH17N3038 355.410 223-226 0.73
6f Ci9H19N30,S 385.436 220-223 0.63
69 C17H14N4O,S 370.382 225-228 0.77
6h C17H14N4O4,S 370.382 241-243 0.75
Table 2: Comparison of Different Synthetic Methods.
Compound Code Conventional Microwave
Time(hr) Yield % Time(min) Yield%
6a 6 70 3 91
6b 6 73 3 86
6C 6 76 3 89
6d 6 75 3 90
6e 6 80 3 92
6f 6 77 3 88
69 6 75 3 87
6h 6 78 3 85
Table 3: Glide score of synthesized compounds basds-score
Targets PDB ID Compounds G-Score
Cycloxygenase 3KK6 6a -12.41
6d -10.51
6b -10.47
Farnasyl Transferase 3E33 6d -8.16
6¢c -7.68
6b -7.68
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Fig. 1: Compounds Showing Stronger Binding with the Reaspto

|

Compound (6¢) WitBE33

Table 4: Characteristic IR peaks of the Synthesechpounds

Compounc IR (KBr v cm?)
Piperonal(3 2985(ArCH), 1601.59(Ar C=C), 1037.52(syn-0-C), 126122(asym (-O-C),1686.44(C=0), 2820,2720(C
5¢ 2956(A-CH) 1659.45(C=0), 1590.32(-C=C), 1018.23(Sym -O-C Str), 1253.5, 1105.98(asyn-O-C).
5b 2956(A-CH)1652.7(C=0),1583.27(-C=C),1018.23(Sym-O-CStr), 1253.5, 1105 .98(asyn-0-C),1098.26(A-OCH)
5¢ 1642(C=0), 1597.73(C=C), 3457.74, 3346.85(ArNH}34.02(sym (:O-C), 1243(asy m -O-C).
5d 3424.96(A-CH),1655.59(C=0),1580.38(C=C),1036.55(sy-O-C),1267.97(asym -O-C)
5f 2925.1(A-CH)1652.7(C=0),1583.27(-C=C), 1018.23(Sym -O-C Str), 1253.5,1105 {asym (-0-C),1495.38(A-OCH)
50 2956(A-CH)1659.45(C=0),1590.32(-C=C), 1018.23(Sym -O-C Str), 1253.5,1105.98(asyn-0-C).1521.41(A-NO,)
6z 2925(CH Str)3343.96(NH),2360.44, 1100 (C=S)146-1579.41(C=N,I-N combined vib)1247.72( asyn-O-C),1040.41(smC-O-C),
6 3337.21(M-H), 1173.47,2361.41(C=S)1356.6¢-N),1579.41(C=N)1469.49,1579(C=N\-N combined vib)1248.68(asyn-O-C), 1038.48(sym -O-C),100(-1248.68(s, m Aryl ¢
CH3)
6¢ 2362.37,1050.11(C=S),1483.96,1595.81(C=-N combined vib)1234.22syn-0-C),1250.10(asym+-O-C)
6d 3330.46(NH), 2360.44(C=5)1484.92,1572.66(C=-N combined vit
6f 3337.21()-H),1173.47,2361.41(C=S)1356.6¢N),1579.41(C=N)1469.49,1579(C=N-Ncombinedvib) 1248.68 (asyn-O-C),1038.48(sym-O-C),100(-1475.49(AryIC-CH3)
60 3237.14(CFStr)3343.96(NH),2360.44,1459.57(C=S)146-1579.41(C=N,I-N combined vib)1247.72( asyn-O-C),1040.41(sym-O-C),

Table 5: Characteristiti NMR peaks of the synthesized analogues

compound *H NMR(CDCL) § ppm
6a 6.5-7(8H, Ar-H), 5.9(2H,CH), 3.9(1H,CH), 1.5-2.2(4H,CiNH,)
6b 6.5-7(7H, Ar-H), 5.9)2H, C)3.9-4(4H, CH, Ar-OCHj), 1.8-2(4H(CH,NH,).
6c 6.5-7(7H, Ar-H), 5.9(2H, Ch), 3.9-4.2(3H, CH,Ar-NH), 1.8-2(4H,CH,NH,).
6d 6.5-7(7H, Ar-H), 5.9(2H, CH2), 3.9-4(3H,CH,Ar-NH 1.8-2(4H,CH,NHy).
6f 6.5-7(7H, Ar-H), 5.9)2H,CK3.5-4.1(6H,CH, Ar-OCh), 1.8-2(4H(CHNH,).
69 6.5-7(7H, Ar-H), 5.9(2H,CH), 3.9(1H,CH), 1.5-2.2(4H,CHNH,)
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Fig: 2 .Relative cell viability in various canceglidines.

Table 7: Cells and their IC50 based on seritsitiv

1M
Compound- 6b «25uM
S0uM
120 <100, M

Relative Cell Viability
(%, Abs at 570nm)

10uM
25uM
aS0uM
o100uM

Compound- 6g

»
o

Compound IC50 (uM)

Hela A375 HCT116* MCF7*
6d 37.57 36.32 11.59** 102.58
6C 96.46 175.37 68.42* 112.94
6b 100.76 154.08 73.20* 124.40
69 372.57 309.40 166.44 54.32*
6f 94.80 70.10 44.42* 111.45
6a 78.36 137.40 68.45* 161.29

* Sensitive cells and their IC50.

Table 8: Anti-inflammatory study of 5-(1, 3-benzoxidl-5-yl)-3-phenyl-1H-pyrazole-1-carbothioamidej@&ompared with Diclofenac.

Treatment Concentration img/ml Absorbance % inhibition of Membrane lysis
100 0.888 + 0.012 50*
Compound 6a
500 0.592 + 0.025 66.66*
1000 0.273 +0.017 84.62**
Diclofenac 100 0.202 £ 0.02 88.62

* P <0.01 compared to Diclofenac.
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Anti-inflammatory activity

100
30
80
£
E 60 m control
= ig W 6a100
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§ 30 6a500
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control 6a 100 6a500 6al000 standard

Treatment mcg/ml

Fig: 3: Anti-inflammatory study of 5-(1, 3-benzoga-5-yl)-3-phenyl-1H-pyrazole-1-carbothioamide Y@@ampared with Diclofenac.
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