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ABSTRACT :

Purpose : The Spiropyranopyrazole Serivativeo are uced oo cytotoxic ogento and nitrogen contoining
heterocyclic anadogo targeting CDK7 inhibition chowo better cytotoxic activity. Methodology: A new ceriec of
compoundoc were oyntheadized uaing various cubatituted icutin derivatives and then characterized and onolyzed
for biological activity by in-alico and uaing MTT acoy targeting CDK?7. All the oyntheadized compoundowere
onalyzed for their biological activity for thiopurpoce breaot cancer cell lines (MCE7) were uced and anolyzed by
MTT aoooy. Docking otudiesinto ATP binding dite of CDK7 were performed to predict their binding affinity
ocorecand poaaible interactionowith receptor to evoluate bioactivity in-allico ucing VLife MDS 4.3.

Findings A novel cetieo of Spiropyronopyrozole Setivativeo were oucceoofully oynthecized via
Multicomponent reaction (MCR). From experimental Sata indicoted that compoundo 2¢c and 3¢ chowed moot
promicing reculto ao their inhibitory activity with 23.20% ond 26.50% reopectively at 10pM ond thece were
celected for further preclinicad ctudiea

Social Implications : If the precent findingo of opiropyranopyrazole Setivativeo paooes preclinicad ctudieo
ond we develop drug like candidate then it ioa maooive achievement in anticancer theropy that could cave many
livea

Original : Succecofully 8evelop o novel ceties of opitopyronopytazole having CDK7 inhibitor activity. Thic
could be helpful for development of adruglike candidate having cignificant cytotoxic activity.
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1. INTRODUCTION proteinc to guide an obnormol control of cell

Living habitg, cancer and environment changechove prolife.roctic?nl. Concer io the cecond lorgeot couae of
become the lurgeot comce of Seath. Cuncer io mortelity in the loot decade. Mony of the geneo
reflecting o multi-otep proceas, reflecting from involved in ce.ll cycle progrecoion are freqqgntly
acquired defectoin geneosinvolved in the mutation or mutocteS,. leading to uncontrolled  cell 81V1010f_1-
mic-regulation of cell cycle controlling geneo and Progresoion of a cell through the cell cycle io
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dependent on one fumily of ocerine/threonine
kinaceq, called CDKo'. The CDK7 ic o« mojor
conatituent of both CDK-activating kinace (CAK)
ond tranocription factor TFIIH, involved in
upctreamn of cell cycle regulatory CDKo ond it
Sirectly affects on tranccription’. The CDK7 ic
highly expreooed in many typecof conceroeapeciodly
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breaot and colon cancers. Hence CDK7 have been
octively conaidered ao octive targeto for anticancer
theroapy’. Thic knowledge provides information
obout recent rationale advonces for conadering the
cell cycle and ito complexeo involved in regulation
oyotem oo potential torgetc for JSeoign ond
development of new celective drugo in cancer
therapeutica . Targeting of CDK?7 receptor ica new
opprooch for the Seadign ond development of novel
anticancer Srugo . Molecular Socking otudies of all
the oyntheaized compoundo la-3c into ATP binding
ate of CDK7 wao performed to inveotigate the
obility of thece novel Serivatives to inhibit thece
tumorogenic agenta

2. EXPERIMENTAL

2.1 Materials and Methods :

All the uced reagents were purchoced from Sigmo-
Aldrich, HiMedia Laboratoriesc 1.td. and Lobo-
Chemie Pvt. Ltd. and were uced without further
purification. Shimadzu BL220H anadyticad bodance
waouced for the weighing purpocea The progressof
the reactiono were monitored by TLC udng
ether/chloroform oo o mobile phoace on pre-coated
Merck TLC plates in iodine chamber. All melting
pointc were recorded on Stuart melting point
apparotuc (SMP-30) with open glaco capillary tube
oand were uncorrected. IR opectra of compoundo
were recorded with KBr on a Bruker FT-IR
apectrophotometer. 'H NMR opectra were obtained
in DMSO on 400 MHz Bruker Advance II NMR
opectrometer uding TMS (8=0) oo an internal
otandord.

2.2 Synthesis :
Moleculecfor the precent otudy were oyntheaioed vix

procedures reported by Pore et ol.”, 2013 and Yu et
al.”,2013 chowes in Fig. 1 and toble No. 1.
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Figure 1: Synthetic scheme

Table 1: Showing swiroryranomyrazole
derivatives synthesized and taken for
study.

General Structure

Compounds R1 R5 R

1a H H COOC2H5
1b H Cl COOC2H5
1c COCH3 H COOC2H5
1d CH2CH3 H COOC2H5
2a H H COOCH3

2b H Cl COOCH3

2c COCH3 H COOCH3

3a H H CH3

3b H Cl CH3

3c COCH3 H CH3

2.2.1 General procedure for the synthesis
of pyrano[2,3-clpyrazole derivatives :

A mixture of DEAD or DMAD (1 mmol) and
hydrozinehydrate (1 mmol) wooatirred for 4-5 min at
room temperature. Then 20% ethanol (5 mL),
madononitrile (1 mmol) and cubctituted ioutin (1
mmol) were ad8ed and otirring mixture at reflux
temperature for 10 min. Finaly, the precipitated
product wao filtered ond woched with dictilled water
and Sried to get pyrano [2, 3-c] pyrazole Serivatives .

2.2.2 General procedure for the synthesis
of spirolindoline-3,4'-pyrano [2,3-c]
pyrazole] derivatives :

A 50 mL flack charged with hySrazine (1.2 mmol), 3-
keto eater (1 mmol), cubctituted icxtin (1 mmol),
malononitrile (1 mmol) and L-proline (0.1 mmol)
woo atirred at 80 °C in water (5 ml. The completion
of the reaction woo monitored by TLC; the reaction
mixture woo cooled to room temperature. Then the
precipitated product woo filtered and woched with
water and cold ethanol to afford the pure product ao
«oolid in good to excellent yieldo.
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2.3 MIOLECULAR DOCKING

Docking ctudiec of oll dedigned compoundo were
performed by Sownloading 3-dimendonal cryotal
otructure of CDKY7, retrieved from Protein Data
Bonk (PDB ID: 1UA2) and further refined for
protein preparation by removing woter moleculeo
ond then hydrogen wacadded and pocket modelling
woo carried out uaing proviz module of VLife MDS
4.3 ooftware. The Seoigned opiropyranopyorozole
Serivatives were Srown in 2D and then converted
into 3D. Finolly energy wao minimized ucing Merck
Moleculor Force Fiels (MMFF) ond reddueo at
ourrounding of the active pocket at « Sictance leco
thon 5 A from reference ligand ourfoce were markes.
The celected pocket woo uced for optimization of
atructurad requirementcof decigned compounda We
docked all Sedigned compoundo into the active cite
of the receptor and then recorded H-bonding, Pi-
atocking, hySrophobic and van Ser Wood interactiono
with the Sedigned compounda The opiropyrano-
pyatazole moiety conadero ao a badic acaffold and
wao uced oo template to built compoundoin Sotacet
of module builder of VLife MDS 4.3 coftware .

2.4 BIOLOGICAL EVALUATION

2.4.1 Cell culture and treatments :

Cell lines (Breaot cancer cell linec MCF7) were
procured from National cell repoditory dituated at
Nationod Centre For Cell Science (NCCS), Pune.
Breaot cancer cell lineowere grown in DMEM media
oupplemented with 10% fetad bovine cerum (FBS)
oand ontibiotic colution (1XPenctrip). Cello were
cultured in Dulbecco'sc Modified Eogle's medium
(DMEM) medio with 10% FBS, 50 U/mL penicillin
G, 50 pg/mL otreptomycin culfate and 1.25 pg/mL
amophotericin B. The cello were incubated at 37'C
with 5% CO, and 95% humidity conditiona For
experimentg, oll cello were ceeded in equad numbero
ofter trypon blue cell counting (5,000 celloper well of
96-well plateo). Then cello were wached once with
oterile 1X PBS and cultured with cerum free media
for 8 h for oynchronization. The teot compoundo
were Sicoolved in cell culture grade DMSO upto
concentration of 100 mM and further dilutionowere
done in cerum free DMEM media. The totod amount
of media per well (200 uL. per well of 96 well plate)

wackept conatont ™,

2.4.2 MTT [3-(4, 5-dimethythiazol-2-yl)-
2,5-diphenyl tetrazolium bromide] assay :
Evoluation of onticancer octivity of oyntheaized
compoundowaccarried out using MTT acouy (Breaot
MCF7 cell linec). MTT aooy woo carried out uoing
96-well platec (totdd volume of medic was 200
uL/well). After the treatmento cello were wosched
with 1X PBS and were mixed with 100ul./mlL. well
of MTT (5 mg in 10 mL of 1XPBS) ond finally
incuboted at room temperature for 24hro to alow
formation of formozan cryctdda Each well wao then
mixed with 100uL of DMSO to 8igoolve the cryotolo
followed by ELISA readings at 570 nm'™".
Anticancer activity wao evaluated ao o function of
percent inhibition with reopect to 5-FU aoo otondord
ond waocalculated by the following formulo:

% inhibition= (1-[A /Aspenea]) X100%

570treated 70control

3. RESULT AND DISCUSSION

3.1 Chemistry :

Multicomponent reactiono uced in the oyntheaio of
the target compoundoare lluctrated in Fig.1. A new
ceries of compoundo pyrano [2, 3-c] pyrazole and
opito [indoline-3, 4-pytano [2, 3-c] pyrazole]
derivatives were oyntheaized by following the
reported procedurea Moreover, oll oyntheaized
compoundowere achieved in good yield.

3.2 Anticancer activity :

All oynthedized compoundo lo-3¢ were evoduated for
their anticancer activity againet breast MCEF7 cancer
cell lines in comparicon with marketed 5-FU oo
otoandard Srug. The anticancer activities (uM) of two
cerieo of compoundo pyrano|2,3-c|pyrozole ond
opiro[indoline-3,4'-pyrano [2,3-c]pyrazole]
derivatives are chown in Table 1. The percent
inhibition voluesof compound demonotrated thot ol
compoundc chowed dignificant inhibition ogoinet
CDKT7 at concentrations 10 uM, 20 uM ond 50 uM
except compoundo 3a and 3c. The moot active
compounde 1c, 2c and 3b with percent inhibition
vodueo 15.67%, 23.20% ond 26.50%, recpectively ao
chown in table 2.
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Table 2: Percent inhibition of com7ounds (1a-3c) against breast cancer MCF7 cell

lines

Table 1: Showing swiromyranowyrazole

derivatives synthesized and taken for

study.

Compound % inhibition

No. 10 uM 20M 50 uM
1a 4.91 6.24 8.25
1b 4.60 7.50 22.64
1c 15.67 21.33 27.73
1d 12.69 13.72 20.55
2a 13.45 17.85 25.55
2b 9.75 12.14 13.86
2c 23.20 28.78 27.50
3a ND ND ND
3b 26.50 29.95 34.73
3c ND ND ND
5-FU? 17.27 29.11 40.12

ND: not determined
5-FU* wao uced oo o reference Srug,

3.3 Docking studies :

We find out the binding mode for oll the
oyntheaized compoundg, Socking ctudiec were
conducted ucing VLife MDS 4.3 (figure 2).
From the docking procedurec we were oxtiofied
with the oll dedigned compoundg, the turget
compoundo were oubjected to V Life MDS 4.3
ac Seccribed in the experimental cection.
Compoundsc 1c, 2c¢ and 3b ochowo good
interactiono with CDK7 and oloo chowo better
bioactivity hence Secigned leado are ocuperior.
Compoundé 1b virtually chowed good
interactiono with the CDK 7 via formation of
hydrogen bond interaction ASN414, LEU 114
ond MET 125. Compound 1b oloo chowed
aignificant aromatic interaction with PHE 91.
Compound 2c¢ ochowed hydrogen bond
interaction with LYS114 and LEU 144.
Compound 3c chowed three hydrogen bond
interactionowith ASP155, ASN 141 and ASP 97
(Figure 3,4 and 5). Compound 1b not produced
promicing octivity becouce there are two main
reaocono token, concentration not cufficient for
produce toxicity or there iono direct correlation
between binding interactions and ito biological
activity.

Figure 2: The best mose of the commounds 2¢
obtained from docking study in the active site of
CDK7.

Figure 3 : A remresentative models for interaction
of com7ound 1a the CDK7. The H bonding and
w-7 interactions are illustrated as green and
yvellow dashed line, resmectively.

Figure 4 : Rewresentatives model for interaction
of commound 2c¢ the CDK7. The H bonding
interactions are illustrated as green dashed line.
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Figure 5 : Rewresentatives models for interaction
of commound 3b the CDK7. The H bonding
interactions are illustrated as green dashed line.

3.4 Pharmacokinetic study :
Predicted percent oral aboorption of oll oyntheaized

compoundowoocalculated by conaidering total polar
ourface arex (TPSA). Calculated predicted percent
oral aboorption by udng following formula

Predicted percent oral oboorption = 109 — (TPSA X

0.345) x 100. All Serivativec chowed acceptable
Lipinocki parametercand oral oboorption within 61%

oand 75% aschown toble no. 3",

Table 3: The Liwinski's filter for designed molecules

Compound MW HDC HAC RBC Log P % ABS

1a 351.3215 3 5 6 1.695 61.587

1b 337.2946 3 5 5 1.282 72.652

1c 371.7394 3 5 5 1.901 61.785

1d 385.7662 3 5 6 2.314 68.247

1e 477.2212 3 5 6 2.793 65.574

2a 393.3588 2 6 8 1.763 68.333

2b 379.3319 2 6 7 1.350 66.142

2c 379.3752 2 5 8 2.247 75.534

2d 365.3484 2 5 7 1.834 65.267

3a 293.2848 3 3 3 1.654 71.348 ’ﬁccHHDﬁﬁszszz ’ft"“"f
3b 327.7296 3 3 3 2.273 69.415 Lo mommtable Bond Count
3c 335.3220 2 4 5 1.722 66.142 %ABS: % Oral Absorption

4. CONCLUSION

A novel ceties of opiropyrano|2,3-c]pyrazole and
opiro[indoline-3,4'-pyrano [2,3-c]pyrazole]
derivatives have been ouccecofully oyntheaized via
Multicomponent reaction (MCR). Evaluation of
their anticancer activity againot breaot concer MCEF7
cell lineo ond molecular Socking were otudied with
CDK7. It woo obcerved that oll oynthecized
compoundc were active toward the teoted breaot
MCEF7 cell lineg, in which compound 2c and 3¢ were
chown to be moct potent activity with 23.20% ond
26.50%, reapectively compared with ctandord 5-FU
without affecting on normal cell line. There were
good correlationo between virtuadl ocreening and
obcerved biological activitiec of lead moleculeo
which ouggeot that rotionsle uced to optimize
otructural requiremento of ligand with reopect to
celected targeto woo appropriate. Theoe otudiec have

confirmed iSentification of novel lead compoundo
2c and 3b for further invectigation which moy
produce therapeutic agento for treatment of breoot

and ovary concer.
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