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ABSTRACT

An efficient microwave assisted one pot protoca been developed to synthesize four spirocarbasfizatives
from few vinyl malononitriles, substituted aldehydand indandione. The synthesized compounds were
characterized using IRH NMR,*C NMR, mass spectral studies and elemental analjsis-cancer studies were
carried out for compounds 4a-d using (MCF-7) and tocking study of these compounds was also pestbim
order to verify the efficiency and binding inteliact with BRCA1 protein with the PDB ID: 1IJNX. Fdretanti-
cancer activity compound 4d showed a maximum &ctivith an IC50 value of Compounds 4d (4.0240.98mlyg

4c (3.8940.82 pg/ml) and 4a (4.4240.98 pg/ml) westgowed almost close activity when compare with the
satandard doxorubicin (3.3640.38). The least bimgdenergy in docking study was found for the comgod6.03
kcal/mol was best among all tested compounds.

Keywords: Spirocarbocycle, Vinyl malononitriles, Multi compemt reaction, MCF-7, Anticancer activity,
Molecular docking.

INTRODUCTION

Spirooxindole signifies vital frames for the syrglseof biologically essential synthetic and naturampounds in
drug discovery [1, 2]. Specifically spiro compourade found in number of biologically active natusald synthetic
assets and find application in antimicrobial [384,16] anticancer [3, 5-7, 9, 10, 15, 19-21] and-mflammatory
[5, 25] activities. The literature survey revediattthere has been a wide range of active resémioly carried out
in the synthesis of spirooxindoles for the past tlgeades. The multi component reactions (MCR) arg flexible,
atom economic in nature and proceed through a seguef reaction equilibrium yielding highly substid
derivatives without formation of other byproduct g 10, 11, 24, 25]. The development of one-potRd@ttracted
considerable attention due to the various advastagiserved in the synthesis5such as simple proggdminimum
time and energy efficiency, high product yields d&md cost [24]. The earlier records reported thademange of
compounds like 1,3,4-thiodiazole-2-amide derivatite4-benzodioxan [15], peptide modified thymopenfi8],
domino reaction of spirocarbocycleShave been switbd by following one-pot methodology. As microwav
promoted organic synthesis is an efficient and remvhent friendly synthetic route in modern syntbeatrganic
chemistry as well as in green chemistry [22, 28,dh attempt is taken in this present work to lsgaize a set of
novel compounds from vinyl malononitriles, subgttl aldehydes and indandione and to investigatieaster
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activity. In the present study, the synthesis afabtive compounds was carried out using green ctgmand
microwave assisted which is acting as a powerferaative method to the conventional synthesis.[24mpounds
4a-d were synthesized for the evaluation of cyticitk using the MTT assay [26]. For the silico studies, the
Lamarckian Genetic Algorithm is the primary and mising method for conformations searching [27] and
AutoDock have been proved to be a valuable tooalskgpof accurate prediction of the binding confations and
binding energies of ligands with macromoleculagess [28-30].

MATERIALS AND METHODS

CHEMISTRY

Melting points were determined on Gallen kamp mgltpoint apparatus and are uncorrected. Analyfital was
performed on pre-coated aluminium sheets of siiea60F254 of 0.2 mm thickness (Merck, Germanyiyaied
(IR) spectra were recorded on a PerkinElmer FTpBcsometer using KBr pelletd4-NMR (400 MHz) an&C-
NMR (100 MHz) spectra were recorded in DMS@ablution using TMS as an internal standard on ak&r
Advance DPX-400 MHz instrument. Proton chemicaftshid) are relative to tetramethylsilane (TM&:0.00) as
internal standard and expressed in parts per millldie number of protons (n) for a given resonamae indicated
as nH. Coupling constants (J) are given in Herfn $nultiplicities are given as s (singlet), d (btat), t (triplet)
and m (multiplet). Mass spectra were recorded ukliRMS (ESI) using Thermo Scientific Exactive Orlhji mass
spectrometer and Thermo Finnigan LCQ Advantage MM®RO0 ESI mass spectrometer and Perkin-Elmer GC-MS.
Elemental analysis data were recorded using Thétimregan FLASH EA1112 CHN analyzer.

Synthesis of spirocarbocycle derivatives

The mixture of indandione (1 mmol), substitutedefigdes (1mmol) and alkylidene malononitrile (1 mmeére
stirred in MeOH in the presence of L-proline (20I%pand allowed microwave irradiation at 600 Watt 6-10
minutes. The reaction mixture was stand at roonp&ature and it was treated with cold water. THil svoduct
was filtered, washed with water and recrystallimethg methanol.
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Figure 1. Proposed scheme and achieved compoundisttures
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Figure 2. Achieved compound structures 4a-d

3'-Amino-1,3-dioxo-1'-p-tolyl1,3,6',7',8',8a'-hexalydro-1'Hspiro[indene-2,2'naphthalene]-4'carbonitrile  (4a)
Yellow solid; mp: 224-226 °C (Decomposes); IR Ym755, 1246, 1589, 1661, 1704, 1742, 2205, 292463
3345, 3408'H-NMR(400 MHz,DMSO-¢): 8.0.71 (g, 1H, J =12.4 Hz),1.32-1.42 (m, 2H), 1.6@6{m, 1H), 1.99
(s, 3H), 2.08-2.20 (m, 2H), 2.98 (d, 1H,J = 12.8,B94-3.07 (m, 1H), 5.59-5.61 (m, 1H), 6.12 (I, -NH,,D,O
exchangeable), 6.61 (d, 1H, J = 7.6 Hz), 6.72-6m@93H), 7.67 (d,1H, J = 7.6 Hz), 7.75-7.77 (m, 3BEC-NMR
(100 MHz, DMSO-¢):8 20.0, 22.1, 25.4, 27.9, 33.5, 52.2, 63.6, 82.9,4,118.1, 123.1, 123.7,126.6, 129.0, 129.2,
129.2, 131.4, 131.8, 133.1, 136.4, 136.6, 142.734851.9, 199.7, 200.2. HRMS (ESI): Mass calcualafer
CaeH2oN,O,Na [M+Na] 417.1573, found, [M+NA&#17.1573. Anal. Calcd. For: ¢g,-N,0,) C, 79.16; H, 5.62; N,
7.10 Found: C, 79.05; H,5.73; N, 7.01.
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6-Amino-4-(2-fluorophenyl)-1',3'-dioxo-1',2,3,3a,3'4hexahydro2,5'spirobi[indene]-7-carbonitrile (4b). Yellow
solid; mp222-225 °C (Decomposes); IR (§m761, 1245, 1573, 1646, 1708,1742, 2199, 2828833359, 3445;
'H-NMR (400 MHz, DMSO-g):5 0.25 (g, 1H, J = 11.6 Hz), 1.03-1.04 (m, 1H), 11566 (m, 2H), 2.42(d, 1H, J =
12.4 Hz), 2.91-2.97 (m, 1H), 4.71-4.72 (m, 1H),&(Brs,2H, -NH, D,O exchangeable), 6.09 (t, 1H, J = 9.2 Hz),
6.16-6.20 (m, 1H), 6.27-6.34 (m, 2H), 7.00-7.01 {iH), 7.08 (d, 3H, J = 2.9 HZJC-NMR (100 MHz, DMSO-¢):

8 35.0, 36.0, 47.2, 48.9, 69.5, 83.4,120.1, 12128.64, 128.1, 128.3, 129.6, 133.9, 135.1, 141.6,7141U2.2,147.0,
147.6, 159.2, 163.2, 203.5, 204.0; MS m/z = 385 Ii{f+ Anal. Calcd. for GH1/FN,O,: C, 74.99; H, 4.46; N, 7.29.
Found: C, 75.17; H, 4.35; N, 7.38.

3'-Amino-1'-(4-bromophenyl)-1,3-dioxo-1,3,6',7',8'8a'hexahydro-1'Hspiro[indene 2,2 naphthalene]
4'carbonitrile (4c). Yellow solid; mp 254-256 °C (Decomposes); IR (§m805, 1243,1589, 1636, 1696, 1738,
2200, 2948, 3250, 3361, 345H-NMR(400 MHz, DMSO-¢): 6 0.72 (q, 1H, J = 12 Hz), 1.30 (d,1H,J ¥=11.2
Hz),1.39-1.42 (m, 1H),1.65 (d, 1H, J = 9.2 Hz),&22007 (m, 1H), 2.15-2.20 (m,1H), 3.03 (d, 1H, 12 Hz)
3.34-3.41 (m, 1H),5.60-5.62 (m, 1H), 6.18 (brs,2HH,,D,Oexchangeable), 6.70 (d,1H, J =7.6 Hz), 7.17 (d,JH
8.4 Hz), 7.69 (d, 2H, J = 8.4 Hz), 7.69 (d,1H, 7.6 Hz),7.74-7.81 (m, 3H)’C-NMR (100 MHz, DMSO-¢):5
22.0, 25.3, 27.7, 33.3, 51.8, 63.4, 82.8, 117.8.,1120.9, 123.3,123.8, 129.0, 131.4, 131.5, 1315.6, 136.7,
136.8, 142.5, 143.2,151.6, 199.5, 200.0; MS m/z984%H]"; Anal. Calcd. for GsH;4BrN,O,: C, 65.37; H, 4.17;
N, 6.10. Found: C, 65.26; H, 4.27; N, 6.20.

3'-Amino-1'-(furan-3-yl)-1,3-dioxo-1,3,6',7',8',8ahexahydrol'Hspiro[indene-2,2'-naphthalene]-
4'carbonitrile(4d). Yellow solid; mp 247-248 °C (Decomposes); IR {§m1243, 1589,1660, 1704, 2206, 2923,
3253, 3347,34224-NMR(400MHz,DMSO-@): & 0.79 (q, 1H, J = 12 Hz),1.41-1.43 (m, 2H), 1.6821(m, 1H),
1.94-2.19 (m, 2H), 2.87-2.92 (m, 1H), 2.98 (d, I+ 12.4 Hz),5.57-5.59 (m, 1H),5.87 (s, 1H) 6.1/ (I2H, -
NH,,D,0 exchangeable),7.13 (s, 1H), 7.20 (s, 1H), 7.89-{m, 1H), 7.84-7.85 (m, 1HJC-NMR (100 MHz,
DMSO-d): 6 26.7, 30.1, 32.6, 38.2, 47.6, 67.5,87.6, 122.2,82125.1, 128.1, 128.6, 136.2, 141.5, 146.5,4147.
148.1,148.9, 156.3, 204.7, 204.9; MS m/z =371 [M+Hnal. Calcd. for GH1gN,Os: C, 74.58; H, 4.90; N, 7.56.
Found: C, 74.48; H, 4.79; N, 7.65.

PHARMACOLOGY

In vitro Cytotoxicity studies:

Cell line Culture

MCF-7 (Michigan Cancer Foundation-7), a human lreascer cell line was used for the cytotoxicitydiées. Cells
were cultured and preserved as we reported ef8llér Normal breast (MCF-7) cells were culturedlid mixture
of DMEM and Ham's F12 medium with 20 mg/ml of epidal growth factor (EGF), 100g/ml cholera toxins, 0.01
mg/ml insulin and 50Qug/ml hydrocortisone, and 5% chelex treated horsensel ml of homogenized cell
suspension was allowed in microtiter plate welld &apt in desiccator under 5% g@mosphere for bio-assay.
Cells were observed in an inverted microscope d&®ehours of incubation. 0.05 ml of the drug wassdived in
4.95 ml of DMSO to get a working concentration ahgj/ml. Drug concentrations were filtered using4b0micron
filter before bioassay.

MTT Assay

The anticancer activity of compounds 4a-d on MCegells was determined by the MTT (3-(4, 5-dimetthyazol-
2yl) -2, 5-diphenyl tetrazolium bromide) assay tygotoxicity. Approximately 5000 cells were seede®6-well,
flat-bottom titer plates and incubated for 24, 48d 72 hours at 37C in 5% CQ atmosphere. Different
concentrations of compounds 4a-d (50 — 500 pg/meevadded and incubated further for various tinéogs.
After completion of incubation, the medium was rem The wells were washed with Phosphate BufféutBm
(PBS). To this 100 pL of the working MTT dye in DMEmMedia was added and incubated for 2 hours. MEBSly
buffer (100 pL) was added and incubation continfsed? hrs more. The absorbance was measured abrs7énd
the cell viability was calculated using the follogifarmula,

Cell viability (%) = Mean OD/Control OD x 100%
Molecular docking studies
In order to get more insight into the binding maafethe compounds, docking studies were performedgus

Autodock version 4.2.6, Autodock Tools (ADT) versi@.5.6. and the Arguslab version 4.0.1. The stirast of
compounds 4a-d were generated as ligands as weedmarlier for isoquinoline derivatives in ouepious studies
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[32] using Chemdraw ultra 10.0 version of Cambriddmeiversity. Their 3D atomic coordinates were ceéat
utilizing the ACD/Labs — Chemsketch 12.0 softwa@@mpound geometries were cleaned and generatelieas t
correspondingpdb. files using the Argus lab software. The three disienal structure of human BRCAL enzyme
(PDB ID: 1JNX) was retrieved from the protein datnk (PDB) (Source: www.rcsb.org/pdb/). The prateamd
ligands in the docking tests were treated usingutiited-atom approximation and only polar hydrogeese added
to the protein, and Kollman united-atom partial rgjes were assigned. Unless stated otherwise, adrsvavere
removed [17]. Thepdbqt files for protein and ligands preparation and dvimk creation were completed using
Graphical User Interface program AutoDock Tools (BDAutoGrid was used for the preparation of thig gnap
using a grid box. The grid size was set to 60 @D xyz points with grid spacing of 0.375 A andigrenter was
designated at dimensions (X, y, and z): 1.234,41881 1.964. The ligands 4a-d was docked into thigeasites of
BRCA1. The results less than 2.0 A in positionaltnmean-square deviation (RMSD) was clustered tegeand
represented by the result with the most favorat#e £nergy of binding. The docked poses with Loviasding
Energy, Hydrogen bonet;x interaction and-cation interaction results were recorded (Tabl@)Ll&nd validated.

Statistical analysis

All biological in vitro andin silico experiments results were expressed as percentageade with respect to control
values and compared by one-way ANOVA with Dunngtiist test was performed. GraphPad Prism version 6.
for Windows, GraphPad Software, San Diego CalifotdSA, www.graphpad.comvas used for statistical analysis.
A difference was considered statistically signifitaf p<0.05. The 50% inhibitory concentration EHC was
calculated from the dose response curve obtaingidbyng percentage inhibition versesncentrations.

RESULTS AND DISCUSSION

Synthesis of spirocarbocycle derivatives

One-pot multi component reaction of substitutecelidies with vinyl malononitriles was carried ouheTmethod
of microwave assisted synthesis affords the adgentan the convention of getting maximum yield of
spirocarbocycle compounds, whereas in the convegltimethod only using moderate level of yield wobl
produced. The structure of all the synthesized eaamgs was elucidated with the aid of fRI-NMR, *C-NMR,
mass spectroscopy and elemental analysis. Thed&rspn of all the compounds show peaks at 22001208 cnt
corresponds to -NH stretching of -MNigroup and —HC=0 group of nitrile and amide groupspectively which
clearly indicating the incorporation of both mogstiin the product, which was further supported*HyNMR
spectroscopy. Comparing our previous report [51this microwave assisted synthesis the compoundsyiwere
much improved and also the methods is totally gaemistry.

I n vitro anti—cancer activities

The human breast carcinoma cells (MCF-7) were iatet with different doses (50 to 500 pg/ml) of connpds
4a-d to evaluate the cytotoxic activity using the earlier methodology repoted using doxorubicirthes standard
[26]. According to the results depicted in the €alb] it was recognized that all compounds 4a-d atde to inhibit
the proliferation of the cancer cells (MCF-7) sd®alues indicate that some of the tested compowmds as active
as doxorubicin. Compounds 4d (4.02+0.98 pg/ml)(3189+0.82 pg/ml) and 4a (4.42+0.98 pg/ml) werevadd
almost close activity when compare with doxorubi3r86+0.38). While considering percentage inhdlitiit was
70.42+7.18 for doxorubicin. Among all the testednpounds, 4d showed (66.81+9.25) comparable % itiitbto
doxorubicin. Rest of the compounds were showed demade activity. The least activity was found in Alone of
the compounds showed activity as like as or mondeostandard doxorubicip-value was remakably best for the
compound 4d (<0.0001) when comparing to the stahdaxorubicin (0.0126).

Table 1. Inhibitory percentage results of MCF7 cellines*

Entry % Inhibition Mean+tSD Rvalue p-value  **IG,(ug/ml)

4a 55.56+7.28 0.9124  0.0176 8.82+1.24
4b 33.14+6.61 0.9371  0.0204 10.32+2.54
4c 60.41+6.2" 0.9151  0.008¢ 5.84+2.7¢
4d 66.81+9.2¢ 0.9103  0.009¢ 4.02+0.9¢
Std” 70.42+7.18 0.9062  0.0126 3.36+0.38

“Standard-Doxorubicin, *Data were expressed as med@b (n = 4), statistically significant differencese at P < 0.05, ** Data were expressed
as mean +SD (n =4).
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Molecular docking studies

Molecular docking studies of 4a-d were carried ¢witpredict the anticancer activity. Crystal struetwf
doxorubicin was used as the standard for dockiradyais. The binding free energy for 1JNX was folnetiveen -
16.03 and -5.62 kcal/mol. These free energy vaindisating that the newly synthesized compounds stamvn a
fortunate selectivity towards BRCAL. The 2D view mbtein-ligand interactions of the best poses gead by
1JINX studied routines are shown in Figure 1-6. thié top docked poses generated by each dockingneout
exhibited well-established bonds with one or manén® acids in the binding pocket of 1INX.

Table 2. Docking results of 4a-d with BRCA1 (PDB ID1JNX) protein

Entity BE LE AA* residue H-bond A m-minteraction  m-cation interaction
(kcal/mol)

4a -8.23 -0.32 Serl755 2.961A - Argl1762 to Ar-2
Ser1755 1.869A

40 562 038 51846, Arg1751 Invisible i Arg1762 to Ar-2
Glu1754 2.991A

4c -10.56 -0.42 GIn1546 5ge7A Phel76lto Ar-3
Asp1840 0.159A

4d -16.03 -0.64 Leu1831 16414 - Arg1699 to Ar-3

Figure 3. 4c interaction with BRCA1 Figure 4. 4d interdon with BRCA1
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‘—‘__‘

‘ ARG1761

Figure 5. 4c in the binding pocket of 1INX Figure 6. 4d in the binding p&et of 1INX
CONCLUSION

Bioactive spirocarbocycle compounds namely (4a,#4band 4d) were synthesized using substitutedngthes,
alkylidene malononitrile through Michael additioraction by microwave assisted synthesis method. ridve
synthetic route developed is found to be efficiantl environmentally benign as it involves minimumoant of
solvent and there was no formation of byproduce Bloassay of the compounds was investigated andesults
revealed that all the compounds are effective ayydMCF-7 cell lines for breast cancer. In particutompound 4d
is found to be more efficiency among all the compmisu To authenticate the biological activity andofable

interaction sites docking study of all the compaumés performed against the protein 1IJNX (breastara using
Auto dock tools. The result obtained from the asialyshowed that the compound 4d is the best doligadd

against the target site with the binding energyl6f03 kcal/mol.
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