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Objective: In an effort to etablish new candidates with improved antineoplastic activity,
4—cycloalkylidineamino 1,2-naphthoquinone semicarbazones were synthesized, characterized
and evaluated for anticancer activity. Method: The desired compounds were synthesized by
condensation of 4— aminol, 2—naphthoquinone with cyclic ketones and further subsequent
reaction of this product with semicarbazide hydrochloride. Compounds were characterized by
FT-IR, 1H NMR, 13C NMR, elemental analysis and screened for antiproliferative activity against
three human cancer cell lines (HepG2, MG—63 and MCF-7) by MTT assay using doxorubicin

ﬁeey:_t)(r;dzs as stimdard. Docking was performed by using the Glide 5.7 integrated with Maestro 9.2
MG—63 (Schrodinger, LLC, 2011) to understand the binding preference of synthesized compounds with
MCF—7 target enzyme topoisomerase—II. Results: 4—(cyclohexylideneamino) [1, 2] naphthoquinone
anticancer activity 2—semicarbazone was found to be most active cytotoxic agent against all cancer cell lines with
docking. IC;, values in the range of 5.58 — 6.31 IM. Results of molecular docking were also well correlated

in vitro cytotoxicity assay. Insilico ADME studies revealed the drug likeliness of compounds.
Conclusions: The synthesized compounds were found to have significant anticancer activity and
able to enter in higher phases of the drug development process due to favorable pharmacokinetic
properties.

1. Introduction

Cancer treatment has been a major endeavor of research
and development in academia and pharmaceutical industry
from the last many years as it is one of the leading causes
of death [1-3]. Although major advances have been made by
medicinal chemists in the chemotherapeutic management
but the medical need is still largely unmet due to many
factors among which the lack of selectivity of conventional
drugs leading to toxicity, the metastatic spreading, and
multi—drug resistance; MDR [4-6]. Therefore, the search for
novel and selective anticancer agents is urgently required
due to problems associated with currently available
anticancer drugs. The National Cancer Institute (NCI),
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Bethesda, USA, is still playing an articular role in this field
and identified the quinone as an important pharmacophore
for anticancer activity [7-8.

Literature survey revealed that large number of naturally
occurringl, 2—naphthoquinones like rhinacanthone [9-11],
beta lapachone [12-13], mansonones [14-15] etc.(Fig.1.a, b,
¢) and synthetic 1, 2-naphthoquinones including prenyl
1,2—naphthohydroquinone [16], 1,2—naphthoquinone
semicarbazone, 1,2—furanonaphthoquinones and
1,2—pyranonaphthoquinones are found to have anticancer
activity [17-19] (Fig.1.d, e, f). Several 1, 2—napthoquinone
derivatives act as topoisomerase II inhibitor and induce the
DNA-TOPO II-mediated cleavages of DNA, this effect is
crucial for the cytotoxicity of these compounds [20-22].

Semicarbazones also received considerable attention due
to anticancer potential associated with them [23-24] and in
combination with 1, 2—naphthoquinone they are found to
have synergestic action [251. In our earlier study, we also
reported the synthesis and evaluation of antiproliferative



Shubhanjali Shukla et al ./Asian Pacific Journal of Tropical Biomedicine (2012)S1040—S1046

activity of 1, 2—naphthouinone and its derivatives [26]

In continuation of our previous efforts we aimed to
synthesize 4—cycloalkylidineamino 1, 2—naphthoquinone
semicarbazones and their dose dependant antiproliferative
efficiency is determined in MCF-7, Hep—G2 and MG—
63 cell lines. Further to simulate their binding preference
with target enzyme (ATPase domain of Topoisomerase—
1), molecular docking was conducted and in silico
pharmacokinetic properties were also predicted to check the
drug likeliness of synthesized compounds.
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Figure 1. Structures of some naturally occurring and synthetic 1, 2-naphthoquinones.

2. Materials and Methods
2.1 Chemicals

All the chemicals and reagents used to carry out the
research work were procured from Merck Genei (Bangalore),
S.D. Fine and Sigma Aldrich.

2.2 Synthesis of 4-Cycloalkylidineamino 1,

2—-naphthoquinone semicarbazone

4—aminol, 2—naphthoquinone(ANQ), the key intermediate
for the synthesis of target compounds was synthesized
by the method previously described in our recent
published paper [26]. Condensation of ANQ with cyclic
ketones (cyclopentanone and cyclohexanone) by
refluxing with ethanol & conc. H,SO, as catalyst afforded
the 4—cycloalkylidineamino 1, 2—naphthoquinone
(CYANQ). Further reaction of 4—cycloalkylidineamino 1,
2—naphthoquinone with semicarbazide hydrochloride leads
to synthesis of desired compounds.

2.3 Characterization

Melting points were determined by BARNSTEAD/
Electrothermal Stuart—SMP10, open capillary melting point
apparatus and were uncorrected. IR spectra’s were recorded
on KBr disks using SHIMADZU Infrared—spectrophotometer,
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FTIR-8400S. The 1H-NMR and 13C NMR spectra’s were
measured by JEOL, AL300, FT-NMR spectrophotometer with
Operating frequency, 300 MHz at temperature 25 C using
DMSO-d6 as solvent containing TMS as internal standard
and reported chemical shift in 8 values (ppm). Elemental
analysis has been performed with Exeter Analytical Inc.,
USA, CE-440 elemental analyzer.

General procedure for synthesis of 4-Cycloalkylidineamino
1, 2—naphthoquinone (CYANQ):

A mixture of equimolar quantities of cyclic ketones
(0.01 mol) and 4—amino 1, 2—naphthoquinone (0.01 mol) in
ethanol (20 ml) was refluxed on a water bath for 8-10 h in
the presence of few drops of conc. H,SO, as catalyst. The
progress of reaction was monitored by TLC at appropriate
time interval. After completion of reaction, the solution was
cooled, separated solid was filtered and washed with ice—
cold water and dried. Finally, the product thus obtained was
recrystallized from ethyl acetate and ethanol in different
proportions.

General procedure for synthesis of 4-Cycloalkylidineamino
1, 2—naphthoquinone 2—semicarbazones:

Semicarbazone derivatives of CYANQ were synthesized
by refluxing the boiling solution of 4—cycloalkylidineamino
1, 2—naphthoquinone (0.01mol) with semicarbazide
hydrochloride (previously dissolved in 10 ml of water, 0.01
mol) in 50 ml of ethanol for 7-9 h. After cooling the solid
product is filtered off and recrystallized with methanol.
4—(cyclohexylideneamino) [1. 2] naphthoquinone
2—-semicarbazone (Scz A)

Yield: 59.1 %.M.P. 209-211 ‘C; IR (KBr, VU max cm—1I):
3371.82(-NH2 str.), 3259.72(-NH str.), 3093.71 (Aromatic
C—H str.), 2963.56—2882.22(C—H
group), 1702.30,1673.22(C=0 str. of semicarbazone and
quinone),1622.39, 1581.89 (C=N str.); 1H NMR (DMSO—-ds, 300
MHz) § (ppm): 13.74 (s,1H,NH), 8.75,8.42 (2s,2H,NH2), 1.25—
1.50 (m,10H, cyclohexylidene—H), 7.08—7.62 ( m, 4H, Ar — H);
13C NMR (DMSO-d6) & (ppm): 15.48—21.35(Cyclohexyl —C),
117.45—123.94(Aromatic—C),153.41, 148.18 (=C=N), 165.11(C=0
of semicarbazone), 179.13 (C=0 of quinone); anal. calcd. For
C.H,N,0, @) C, 65.79; H, 5.85; N, 18.05. Found (%): C, 65.75;
H, 5.89; N, 18.01.

4—(cyclopentylideneamino) [1. 2] naphthoquinone

str. of cylohexyl

2—semicarbazone (Scz B)

Yield: 44.5 %.M.P. 217-218 °C; IR (KBr, VU max cm’):
3388.18(—NH2 str.), 3221.23(—NH str.), 3054.59 (Aromatic
C-H str.), 2961.23—2878.13(-C—H str. of cylopentyl group),
1703.76, 1674.12(C=0 str. of quinone),1628.84,1585.54 (C=N
str.);1H NMR (DMSO-d6, 300 MHz) 8 (ppm):13.71 (s,1H,NH),
8.91,8.62(2s,2H,NH2),1.33—1.75(m, 8H, cyclopentylidene—H),
7.10~7.51 (' m, 4H, Ar — H); “C NMR (DMSO-d6) & (ppmy):
22.10-27.65 (Cyclopentyl-C), 118.49—134.26 (Aromatic—C),
153.13,147.10 (C=Ngroup), 167.49 (C=0 of semicarbazone),
178.67 (C=0 of quinone); anal. caled. For C,(H,\N,0, (%): C,
64.85; H, 5.44; N, 18.91. Found (@): C, 64.88; H, 5.39; N, 18.88.
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2.4. Biological activity

2.4.1. Cell lines and culture medium

The cell lines MCF-7 (human breast cancer), Hep—G2
(liver sarcoma), MG—63 (Osteosarcoma) were procured from
National Centre for Cell Sciences Repository, Pune, India.
The cells were maintained in Dulbecco’s minimum essential
medium supplemented with 10% heat—inactivated fetal calf
serum and 0.1% antibiotic solution (complete medium—
CM) at 37 C in humidified air containing 5% CO, in the CO,
incubator.

2.4.2. In vitro anticancer activity

The synthesized compounds were screened for their
cytotoxic activity against a panel of three cancer cell lines
(MCF-7 for human breast cancer, Hep—G2 for liver sarcoma,
and MG-63 for Osteosarcoma) by MTT assay. Doxorubicin, a
quinonoidal drug was used as positive control. These cells
were seeded in 96 well plates at the density of approximately
20,000 cells per well and incubated for 24 h to get a uniform
monolayer of cells. Compounds were dissolved in DMSO and
then diluted with complete medium—-CM to obtain various
concentrations of the compounds (1, 2.5, 5, 10, 15, 20, 25 ©M).
Each concentration of compound was added to triplicate in
all cancer cell lines and incubated at 37 °C in a CO, incubator
for 48h. After completion of treatment, 30 1 of 5 mg/ml MTT
solution was added to the monolayers and incubated for 4hr
at 37 C.

The MTT reaction was terminated by the addition of 0.04N
HCI in isopropanol. The absorbance of MTT formazan formed
was measured on ELISA plate reader at 540 nm.

2.4.3. Statistical analysis

Statistical analysis was performed using Graph Pad prism
software, version 5 (Graph Pad software) by using nonlinear
regression analysis. IC,, values were calculated from dose—
response curves for triplicate dose of each compound. Level
of significance checked by using one way ANOVA followed
by Dunnett’s t test.

2.5 Molecular docking

The computation was carried out using Schrodinger
2011 molecular modeling software package. Docking was
performed by using the Glide 5.7 integrated with Maestro
9.2 (Schrodinger, LLC, 2011) interface on the linux operating
system. The structure of the human topoisomerase—II (TP—
II) co—crystallized with AMP—PNP complex [PDB: 1ZXM] was
retrieved from the Protein Data Bank (www.rcsb.org) and
the protein (TP-II complex) was modified with the “protein
preparation wizard” by deleting the substrate cofactor
and crystallographically observed water molecules. The
protein with least energy (0.6 kcal/mol) was selected for
docking calculations and receptor grid was generated at the
active site of protein. Then single low energy 3D structure
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of ligands with correct chiralities was docked with the
binding site using the ‘extra precision” Glide algorithm in
Schrodinger.

2.6 In silico ADME predictions

Pharmacokinetic properties of synthesized compounds
were predicted by QikProp 3.4 (V34111) program to get an
idea whether the compounds are able to enter higher phases
of the drug development process or not.
3. Results
3.1 Synthests of compounds

The synthetic route of the target compounds is illustrated in
Figure 2 and revealed the reaction of 4—cycloalkylidineamino

1, 2—naphthoquinones (2a and 2b) with semicarbazide
hydrochloride afforded the synthesis of desired compounds.

(i <r;’° _w itferNHcoNH.
1@ ~

L, T o
MH; b .0 i) i NNHCONH;
O~ oy

b Sez B

d-amino 1,2 Naphthoguinone
{1. ANGQ)

Figure 2. Scheme for synthesis of 4-Cycloalkylidineamino 1, 2-naphthoquinone
semicarbazones, Reagents and conditions (i) a. Cyclohexanone, conc.H,S0,/ Ethanol,
reflux, 8.5 h (i) b. Cyclopentanone, conc.H,S0,/Ethanol, reflux, 9.5 h (i) NH,NHCONH,.
HCl,Ethanol,7-9hr.

3.2 Characterization of compounds

Substitution of one of the quinone carbonyl oxygens
in 4-cycloalkylidineamino 1, 2—naphthoquinone with
semicarbazide side chain is confirmed by the presence of
additional peaks in the range of 3221-3259 and 3371-3388
em ' in the IR spectrum of synthesized compounds which
reveals the asymmetric and symmetric stretches of the
amino group. Strong imine absorption at 1581-1585 cm ™' due
to C=N linkage also confirms the successful derivatization.
Compounds are showing bands in the range of 2878—2963
cm—1 which confirms C—H stretching of cycloalkyl group.

In 1H NMR spectrum, multiplet observed in the range of
1.25-1.75 ppm confirms the presence of cycloalkyl group in
the compounds which are further confirmed by peaks at 15—
27 ppm in 13C NMR spectra.

3.3 In vitro anticancer activity
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All the compounds having cycloalkylidine group are
showing significant cytotoxicity against all the cancer cell
lines. The results are represented graphically in Figure 3, 4,
5 and 6 and IC,, values are shown in Table 1.

Table 1
Docking score and IC,, of compounds in MCF-7, Hep—G2 and MG-63
cell lines.
Compounds Docking score 1C,, (M)

MCF-7 Hep-G2 MG-63
1(ANQ) -5.23 14.8 15.68 24.6
2a =5.35 9.3%% 7.37%% 11.52%
2b —5.45 9.64%%* ToTT> 11.88%
Scz A =7.63 5.58%% 5.74%% 6.31°%%
Scz B =7.45 6.21%% 7.29%* 6.07*+%
Dox —8.06 2,67 1.69%%* 3.17%%*

1G5, (+M): dose of the compound which caused 50% reduction of cell
survival. Values were calculated from dose—response curves for
triplicate dose of each compound. Level of significance checked by
using one way ANOVA followed by Dunnett’s t test .

* P<0.05, ** P<0.01, *#% P<0.001, ns: non significant
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Fig. 3. Effect of concentrations (1M to 25 M) of compounds 2a, 2 b,
Sez A, Sez B & doxorubicin on viability of human breast cancer MCF—
7 cell line.
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Fig. 4. Effect of concentrations (1M to 25 #M) of compounds 2a, 2 b,
Scz A, Scz B & doxorubicin on viability of liver sarcoma (Hep—G2) cell

line.
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Fig 5. Effect of concentrations (1M to 25 M) of compounds 2a, 2 b,
Sez A, Sez B & doxorubicin on viability of Osteosarcoma (MG-63) cell
line.

Activity data revealed that conversion of 4—aminol,
2-napthoquinone into 4-cycloalkylidineamino 1,
2—naphthoquinone drastically reduces the 1Cy, (almost 509%)
values of compounds. Incorporation of semicarbazide side
chain in one of the quinone carbonyl group further improves
the activity of synthesized compounds and enhances its
selectivity towards MG—63 cell lines.

3.4 Molecular docking

Molecular basis of interactions between target enzyme
and synthesized ligands can be understand with the help
of docking analysis and docking scores were summarized
in Table 1. It is pertinent to note that the more active
compounds Sez A and Scz B are showing nice docking (glide)
scores, —7.63 & —7.45 respectively. Glide predictions revealed
that semicarbazone derivatives are having greater binding
affinity within the ATPase domain of topoisomerse II in
comparison to 4—cycloalkylidineamino 1, 2—naphthoquinone.
These dry lab findings are well supported by results of in
vitro anticancer activity. The binding pattern of Scz A with
topoisomerase Il was depicted in Fig.7 and clearly revealed
that the semicarbazide side chain showed major binding
interactions with Gly 161, Lys 378 and Asn 163. The oxygen
of free carbonyl group of 1, 2—naphthoquinone also showed
hydrogen bond interaction with tyrosine 165.

30
25

20 7

1C50 (12 M)

ANQ 2a 2b

SczA  SczB Dox

Fig.6. Comparative IC,, values of compound ANQ, 2a, 2 b, Scz A, Scz B
& doxorubicin against MCF-7, HepG2 and MG—63 cell lines.
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Fig 7. Glide predicted binding pose for compound Scz A within the
ATPase domain of Topoisomerase—II, i.e. Oxygen of semicarbazide
side chain bind with the Glycine(GLY) 161, Lysine(LYS) 378 and
Asparagine (ASN) 163 as well as oxygen of free carbonyl group bind
with the Tyrosine (TYR) 165.

Fig 8. Glide predicted binding pose for standard drug doxorubicin
which shows binding interaction with Arginine (ARG) 98, Tyrosine
(TYR) 186, Serine (SER) 148 and Serine (SER) 149 residue at the active

site of ATPase domain of Topoisomerase—II.

Table 2

Pharmacokinetic prediction of the synthesized compounds by QikProp 3.4
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The standard drug doxorubicin showed binding interactions

with Arg 98, Tyr 186, Ser 148 and Ser 149 with glide score
—8.06 (Fig.8) which is close to docking scores of Scz A and
Scz B.

3.5 In silico ADME predictions

The main objective of drug discovery is the development
of new molecular scaffolds having high binding affinity
towards the target with significant absorption, distribution,
metabolism and excretion (ADME) profile and having less
toxicity. The application of computational technology
during drug discovery and development offers considerable
potential for reducing the number of experimental studies
required for compound selection and development. The
QikProp program of Schrodinger, LLC, 2011 software was
used to obtain the ADME properties of the ligands. Tt predicts
both physically significant descriptors and Pharmaceutically
relevant properties with a detailed analysis of the log P
(Octanol/Water), % human oral absorption, CNS activity
and permeability through MDCK (Madin—-Darby Canine
Kidney) cells in nm/sec etec. (MDCK cells are considered
to be a good mimic for the blood-brain barrier) (cf. Table
2). All the compounds were found to be non toxic for CNS,
value of permeability through MDCK Cells is < 500 in all
cases so the compounds will not cross blood—brain barrier
which is desirable. The predicted drug likeliness of the
synthesized compounds follow the Lipinski “Rule of Five”,
all four parameter values for a compound i.e. Log P <5,
H-bond donors <5 , H-bond acceptors <10 and molecular
weight < 500 suggested that the compounds might have good
absorption or permeability properties [271.

4. Discussion
Proposed compounds were synthesized and characterized

successfully. All the synthesized compounds gave

satisfactory analytical and spectroscopic data, which were

Comp code % Human oral absorption’ QPlogPo/w”  QPPMDCK®  CNS' M.wi®  donorHB' accptHB® Rule of fiveviolation"
2a 88.76 2.70 151.81 0 253 0 5 0
2b 86.04 2.41 142.02 0 239 0 5 0
SczA 75.89 2.26 53.8 -2 310 2 3.5 0
Scz B 74.67 2.07 52.2 =) 296 2 3.5 0

a. % Human oral absorption: <25% is poor absorption. b. QPlogPo/w: Partition coefficient; recommended range —2.0 — 6.5. ¢. QPP MDCK:

apparent MDCK permeability (nm/second) (<25 poor, >500 great). d. CNS: Predictive Central Nervous Activity —2 (inactive) to +2 (active). e. M.wt.:

Molecular weight of the molecule < 500 is preferred. f. donor HB: Estimated number of hydrogen bonds that would be donated by the solute to

water molecules in an aqueous solution, recommended range 0.0 — 6.0 g. acept HB: Estimated number of hydrogen bonds that would be accepted

by the solute from water molecules in an aqueous solution, recommended range 2 — 20. h. Rule of five: Number of violations of Lipinski’s rule of

five; recommended range 0 — 4
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according to their depicted structures. In 1H NMR spectrum
of semicarbazone derivatives a singlet is observed in the
range of 13.71-13.74 ppm due to NH proton of semicarbazone
and presence of 2 singlet at 8.75-8.91 and 8.42-8.62 ppm
revealed that 2 protons of NH2 group are magnetically
inequivalent. In 13C NMR of semicarbazone derivatives peak
was observed in the range of 165-167 which is due to C=0
group of semicarbazide side chain.

The potency of synthesized compounds as anticancer
agents has been evaluated against three human cancer
cell lines (MCF-7, Hep G2 and MG—63). Semicarbazone
derivatives of 4—cycloalkylidineamino 1, 2—naphthoquinone
were found to be more active than 4—cycloalkylidineamino
1, 2—naphthoquinones. The pharmacological data indicated
that semicarbazone derivatives of 4—cycloalkylidineamino
1, 2—naphthoquinone Scz A and Scz B showed approximate
1.5-2 fold improvement in cytotoxicity against MCF-7 and
MG—-63 cell lines (IC50 5.58—6.31 M) as compared with
4—cycloalkylidineamino 1, 2-naphthoquinones 2 a and 2 b
(IC,, 9.3—11.88 1+ M).The results of antiproliferative activity are
supported by docking analysis. The nice docking scores of
semicarbazone derivatives reveals that these compounds are
well accommodated in active site of enzyme and the binding
pattern of compound Scz A shows that semicarbazide
side chain is strongly interact within the active site of
topoisomerse—II.

In silico pharmacokinetic prediction revealed that
synthesized compounds are showing drug likeliness with
marked lipophilicity, oral absorption and lack of CNS
toxicity. None of compound is violated from Lipinski
rule of 5, so they are able to enter in next phase of drug

development.
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