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Synthesis of 3-(4-methoxyphenyl)-1-(pyridin-2-ylmethyl)thiourea
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Synthesis, Characterization, Cytotoxicity, cell cyle analysis of 3-(4-methoxyphenyl)-1-
(pyridin-2-ylmethyl)thioureaand Quantum chemical analyses
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Abstract:  Thiourea derivative,3-(4-methoxyphenyl)-1-(pyne2-ylmethyl)thiourea, was
synthesized. The structure of the synthesized camgp@3) was elucidated by IR, UV-visible,
'H-NMR, mass Spectrometry, and X-ray single crystalicture. The computational quantum
chemical studies like, IR, UV, NBO analysis werefpened by DFT with Becke-3-Lee-Yang-
Parr (B3LYP) exchange-correlation functional in damation with 6-311++G(d,p) basis sets. It
was observed experimentally and theoretically tlcaimpound (3) exhibited syn-anti-
conformation around sulphur atom. The DNA-bindimmstant K was found3.3x 10 Lmol™.
The docking energy of compourtd) with 1BNA was found 6.2 Kcal/mol. MTT-assay against
HepG2 (Cso = 140.39 and Siha ICso = 119.87uM) cell lines revealed that compound (3)
wasnon-toxic up tb40.39uM against HepG2 antl19.8uM against Siha cells respectively. It
was also found that compound (3) is non-toxic agamormal human cell line HEK-298]5 =
148.6uM). Cell cycle analyses displayed that treated Hep&8f2 at 4QuM and 80uM showed
65 % and 70 % arrest in GO/G1with respect to utgckaontrols (60%) and Siha cells at the
same concentration displayed 59 % and 65 % arréht nespect to GO/G1 as compared to
untreated control (45%).
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1. Introduction

Molecules possessing thiourea moiety are promisingtural units and have great significance
in modern medicinal chemistry. Thiourea is a conmabgeomposed of nitrogen and sulphur.
They have been known to display various biologamivitiesvizantibacterial [1], anti-fungal[2]
anti-tubercular[3] anti-thyroid[4], anti-helminti], rodenticidal[6] insecticidal[7], herbicidal[8],
and plant growth regulator [9] activities. Thioumarivative is one of the most promising groups
of anti-cancer agents associated with a wide rarigectivities against various leukemia and
solid tumors [10-19]. They exhibit a significanieas anti-cancer agents due to its inhibitory
activity against protein tyrosine kinases (PTKs)-I1B] DNA repair synthesis [18].Recently,
Camacho et.al synthesized a series of novel congsoassociated with urea and thiourea of
kynurenamine each with different substituents asrdened against neural nitric oxide synthase
(nNOS) and inducible nitric oxide synthase activ{iilOS), and he found that thiourea
derivatives demonstrated the potent activity asvshio Fig.1(a-b)20]. Moreover Pingaew et.al
synthesized some urea and thiourea derivativesciassd with 2-picolyl amine and aromatic
compounds and observed that compounds(2a& 2b) iadhipotent cytotoxic effects against
HepG2 and MOLT-3 cell lines as shown kig2.(a-b)[21]. In the view of versatile report on
different biological activities of thiourea derinats, we here report the synthesis 3-(4-
methoxyphenyl)-1-(pyridin-2-ylmethyl)thiourea deaitive, and molecular docking of the
compound with known receptor of DNA (PDBID:IBNA)né DNA-binding constant(Ct-DNA)
by UV-Visible spectrophotometer method, and MTTagsagainst HepG2, and Siha cancer cell
linesand normal human(HEK-293) cell line to ensite cytotoxic efficacy. Additionally,
guantum chemical studies have also been performemtder to explore its physico-chemical
properties.

2. Result and discussion

Chemistry

Compound (3), 1-(4-methoxyphenyl)-3-(pyridine-2-giyl)thiourea was synthesized by
reported method[22-24]as shownscheme(1).The compound3) was characterized by FT-IR,
UV-Visible,"H-NMR and mass spectrophotometer. Moreover, thecsire was also confirmed

by X-ray single crystal structure. The melting foiras recorded 18Q and is uncorrected.



The presence and absence of significant bands ensfiectra confirm the formation of
compound. The formation of compound (3) was camdd by IR spectrum. The appearance of
characteristic bands at 3300-3480tand 748 crit were assigned to N-H and C=S bond groups
which confirmed the formation of compout®). In *H-NMR, chemical shift resonated at higher
value the in range 9.651-9.258 ppm and 8.336-8#8 as broad singlet due to presence of (-
NH) and (S=CNH) protons confirmed the formationcoimpound(3).The compound (3) was
also confirmed by mass spectrophotometer. The appea of m/z; [M+H] peak at 275
confirmed the formation of compoun@3). Furthermore, the structure is confirmed by X-ray
single crystal structure as shown in tke&.(3), and the values have been given in the
experimental section.

2.1. Discussion of crystal structure

ORTEP diagram for the compound 1-(4-methoxypheBy(pyridine-2-ylmethyl)thiouread) is
showed inFig. (3).The compound3) crystallizes in the monoclinic system, with;R2space
group. The asymmetric unit & only contains one molecule of the thiourea denatiThe
thiourea moiety [N (2)-C1(S))-N1] form dihedral d&g with the rings of the compound. A
dihedral angle of 40.33(4)° with the benzene rind af 88.34(5)° with the pyridine ring are
present in the compound. The thiourea group isgpjarm.s. deviation from plane 0.0040(5) A.
The distances corresponding to N-C and C-S bondsei thiourea moiety, are indicative of the
Presence of amide-type resonance between the bbk@¢=S), [N-C distances, C(1)-
N(1),1.401(2) A and C(1)-N(2), 1.354(2) A, and GdBtance, C(1)-S(1), 1.9040(17) A], and
they are agree with the values found in litera{@f. The bond angles and bond lengths have
been given inTable (TS1) In the crystal packing, hydrogen atoms of theosdary amine
groups participate in intermolecular interactiomsth nitrogen atoms of pyridine groups and
with the sulphur atoms, through the typical N—H-hy8rogen bond in this type of compounds
(seeTable (TS2)andFig.(4).

3. Computational details

The ground state geometry optimizations have beened out using DFT with Becke-3-Lee-
Yang-Parr(B3LYP) exchange-correlation functiond,[26] in combination with 6-311++G(d,p)
basis sets using Gaussian09 package [27] withoyt symmetry constraint. To have a
comparative data analysis an isolated moleculehiolutea has also been optimized with the

same level of theory. The simulated IR spectrum @en analyzed using GAUSSVIEW and



VEDA 4 program to assign vibrational frequency witigh degree of accuracy. The NBO and
Mullikan population analysis are also reported foe local minima of title molecule. For
electronic excited state calculations TD-DFT/B3LYikethod has been employed with same
basis set considered for ground state optimizatidifee TD-DFT calculations for titled
compound3) are made in the background of chloroform using R@ddlel [28, 29].

3.1 Conformational analyses

Several thiourea derivatives displayesgn-anti-conformations [30-31]. In quest of stable
structure and configuration, different structurdscompound(3) have been optimized and
frequencies were calculated using 6-311++G (d, gmisbsets, and the structures have been
demonstrated irig.5 (a-c). From geometry optimization and frequency calcalsj it was
found that the configuration of structure 5(a) h@sal minima at potential energy surface as
evidenced by no imaginary frequency. The relativergy of structure 5(a) was fouiid0719.21
kcal/mol. Furthermore, the structures 5(b) ang &¢nfigurations have local minima at potential
energy surface as displayed no imaginary frequenbg. relative energy of structure 5(b) was
found-740720.98cal/mol, However, relative energy of structure )5(was obtained -
740723.94acl/mol. Thus, it can be concluded that struct&e) has minimum energy,
confirming most stable configuration, and exhibisgd-anti-configuration around sulphur atom.
This theoretical configuration was supported by élkperimental configuration as obtained by
X-ray single crystal structure and was show#im(3).

3.2 Charge analysis

The atomic charges are reported both in terms ocON#\d Mulliken’s population analysis.
These charges have been shown Tiable (TS3)Qualitatively, electronic charges on
constituent’s atoms are same in nature for diffeteaoretical analyses but, quantitatively, they
are different. NBO analysis is fit to the chemiassit is based on localized orbital and leads to
Lewis concept behavior, however, Mulliken analysisresult of canonical molecular orbital
distribution which is highly delocalized and losks significance in chemical dynamics of
molecule [32]. So, further analyses have been mad&rms of NBO for betterment of
understanding of charge distributions. The NBO Ehdliken charges have demonstrated in the
the supporting informatiomable (TS3). From the analysis, it was found that For the redmtart

of thiourea there was a significant change in ghatharacter of dangling sulphur atom, it has

been changed from 0.07e (for isolated thiouread 286e compound(3). The N-atoms of central



thiourea region suffer electronic charge decremémn -0.86e (thiourea) to-0.6ecompound
(3).Consequently, enhancement of polarity of bamjth -C=S takes, resulting in the increment
of its bond length.

3.3 IR analysis

The 1-(4-methoxyphenyl)-3-(pyridine-2-ylmethyl)toi@a consists of 34 atoms which
consequences to 96 normal modes of fundamentahtiobs. This molecule belongs to
Clsymmetry. Up to the best of our knowledge noneshaported the quantum chemical study
for molecular structure and IR-spectrum of 1-(44moalyphenyl)-3-(pyridine-2-ylmethyl)
thiourea.The observed and calculated IR-spectra haen presented kig. 6(a-b) The rigorous
analysis for fundamental modes of vibration withLB® has been demonstratedTiable (TS4)
and Veda 4 Programme[33-36] has been used to assigbrational frequency. In our study we
have scaled B3LYPcalculation with 0.98 to corréet theoretical error[37].

C-H vibrations

The theoretical C-H stretching modes of vibratibe@mpound (3) were calculated in the range
of 3000-3229cri. The C-H terminal of methyl group displayed asyrrinevibration at 3058
cm™ and symmetric vibration at 3000 ntheoretically, however, its experimental counterpa
were observed at 3000 €nand 2931 cm. Theoretical C-H vibrations associated with berezen
were found at 3229 ¢ 3202 cnit, 3195 critt and 3157 ci with more than 88% contributions.
C-H vibrational peak associated pyridine was mgjéolind at 3184 cih, 3168 cni and 3163
cm’. The in-plane bending vibrations of H-C-C was ukdted in the region of 1129-1660 ¢m
and particularly, wave numbers were 1129'cmi135 crit, 1171 cnif, 1175 cn, 1194 cm
11250 cnt and 1467 ci, 1478 crit, 1491 cnit, 1637 crit and 1660 cm. The plane torsional
bending of H-C-C-C was at 751 €m840 cnt, 949 cnt, 953 cnt and 1014 cm. Calculated
wave number at 1478 ¢hwas assigned to bending vibration of H-C-H whichsvef methoxy
group, however, its experimental value was fouridi@4 cn. Other modes of vibration have
been given imable (TS4).

O-C vibrations

The theoretical ethereal (-O-C) wave numbers ofhmet group were observed at 1506 tm
1491 cm', 1065 cnit, 1171 cnit, and 521 cil. But its experimental values were observed at
1498 cnt', 1171 crit, 841 cni and544 cit. The bending vibration of C-O associated with C15-
018-C19 was observed at 533 tifhe torsion associated with H33-C19-018-C15 of @Ath



57% contributions was observed at1171.0'cifhe stretching vibration of C-O associated with
018-C19 with 75 % contribution was found at 1065'cmhe wave numbers associated with
H32-C19-018-C15, H34-C19-018-C15 and H33-C19- 018-Gt 1506 cm and 1491crof
C-O were found torsional in nature.

N-H vibrations

Normally, N-H stretching vibrations are observedtfie region of 3500-3200¢ The band
observed at 3481 chin FT-IR spectrum was assigned to N-H and its tigzal values were
assigned at 3602 ctand 3563crl. The rest of vibrations associated with nitrogewenbeen
displayed given infable [TS4]. Saeed et.al [38] reported for free -NBroup, symmetric and
asymmetric stretching were observed at 3324 amd 3114cm respectively. Lower value of
symmetric stretching was due to intramolecular bgen bonding. However, in our reported
compound (3), -NH stretching was observed at 3481.8aeed et.al also reported the intense
peak of -NH deformation at 1619 &mand 1547 cm. But inour case, NH deformation was
observed at 1593 ¢

C-N vibrations

The stretching vibrations and including other vilona modes of C-N were found in the range of
1062-1407crit. However, the most effective wave numbers assetiafith C-N were observed
at 982 crif, 1014 cnit, 1067 cnit, 1296 crit and 1637 ci. The out of plane mode of vibration
of CN associated with C7-C6-N4-C5 was calculatdd&tcm'. Rest modes have been given in
Table (TS4).

C=Svibrations

The experimental stretching vibration of C=S of gmund (3) was at 758 ¢hhowever, its
theoretical values was found at 748tm

3.4 NBO analysis

NBO analysis depicts the role of inter and intragoalar bonding. It is suitable to find charge
transfer or hyper conjugative interactions in malac systems. The energy of interacting orbital
differences is proportional to the stabilization afbital interactions. Thus, the prominant
interactions of stabilization occur between domtrndonors (i) and acceptors (j). Quantatively,
the interactions between bonding anti-bonding albifire interpreted in terms of NBO basis,
and is expressed by means of second order peiturbateraction energy, E(2)[39]. This energy



describes an estimate of off diagonal NBO Fock matement. The stabilization energy is

calculated by following mathematical expression.

E2=AEi j=qi "2 1)

ci—gj
Where qi is donor orbital occupaneyandegj are diagonal elements (orbital energy) and F(i, j
Is off diagonal Fock matrix. In our studied compdurSecond lone pair electron of S11 is
strongly disperses into anti-bonding orbitai*(N8-C9) and o* (C9-N10) through
hyperconjugation, resulting hyperconjugative stahilon energy 10 and 13 Kcal/mol. Lone pair
of electron of oxygen resonated to anti-bonding ewalar orbital n*(C14-C15) and gave
stabilization energy 30 Kcal/mol. Furthermore, Lopair electrons from N8 and N10 are
strongly interacted ta-anti-bonding orbital of C9-S11 but the electroolarge and hence C9-
S11 loses its double bond character which is algdeat in terms of its bond length value
of1.35A instead of 1.37A for pristine thiourea. Tiséabilization energy for such hyper
conjugation is 77 and 68kcal/mol. However, F. Weidhreported that lone pair of electron of
nitrogen of formamide showed strong hyperconjugatio anti-bonding orbital oft*(N-CO)
which led to conjugative stabilization 60 Kcal/n#f)] which is less than our title compound. It
was also reported that the nitrogen around thi@radte, urea and thioester occupied planar
structures[41-42] which are important for the sgoresonance and exhibiting conjugative
stabilization energy. Saeed et. al found conjugaginergy of urea and thiocarbamate 56 and 41
kcal/mol,due to the intreraction of lone pair diroagen to the anti-bonding orbital of(CO [43]
and are not greater than our studied compoundhé&umiore, lone pair of electron present on
nitrogen of pyridine dispersed into anti-bondinglacalar 7*(C5-C6) through intramolecular
charge transfer, causing stabilization energy 18l/wl. However, Saeed et. al found [44] that
lone pair of electron on nitrogen interacted withti4oonding #* (C=C) orbital through
resonance and conjugative stabilization energy eserved to 35 Kcal/mol which is almost
three times higher than our title compound. Addislly, The bonding molecular orbital af
(C14-C15) interacted with anti-bonding molecuta¢C12-C13) through intramolecular charge
transfer and gives stabilization energy 22 Kcall.mbe stabilization energy has been given in
Table (TS5).
3.5 UV-Visible analysis
In order to describe the nature of electronicdit@ons within 1-(4-methoxyphenyl)-3-(pyridine-

2-yImethyl)thiourea, TD-DFT calculation was perfathin chloroform solvent background. The
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theoretical wavelength was obtained from UV-Visibfectra with B3LYP/6-311G++(d,p) level
of theory for twelve lowest singlet state. The eipental and theoretical electronic spectra are
shown inFig.7(a-b). The comparative theoretical and experimentalteda transitions are
given in Table (TS6). The inter-frontier orbitals obtained from TDFFT calcidms at the
contour value of 0.02, as shown HKig.(8), are used to analyze the nature of electronic
transitions. The first theoretical electronic trigine was obtained at 276 nm wavelengkhf).
However, its experimental wavelength was observe@78 nm. This transition is majorly
contributed from HOMO-1 to LUMO+3 which is primarih—=* in nature. This transition takes
place from bonding orbital of suphur to anti-borgdiorbital of 4-methyl benzyl ring as
evidenced fronFig.(8). The second theoretical electronic transition waseoked at 236 nm
wavelength Xmay and experimental transition was found at 214 fims transition involves
HOMO to LUMO+4 and LUMO+5 molecular orbitals. Thatare of transition ist—n* in
nature. The transition takes place frarbonding orbitals of 4-methyoxy benzyl group toiant
bonding orbitals of the same group and pyriding &8 is cleared from tH&g.(8).

3.6 Frontier Molecular Orbital

In order to know the physico-chemical behavior amgrgy associated with compound(3),
HOMO and LUMO energy and energy gap are calculatsihg optimized geometry with
B3LYP/6-311++G(d,p) basis set and is representdegr(9). The positive and negative phases
of the molecular orbitals have been shown in red green color respectively. The chemical
reactivity and biological efficacy depend upon éngen value of HOMO and LUMO energy and
energy gap [45]. The molecule possessing smalkerfiontier orbitals are chemically more
active and have lower kinetic stability [23-24]. Mover, the electrical and optical properties
and electronic transition and chemical reactiomsdmscribed by HOMO and LUMO molecular
orbitals[46,47]. They also signify the electron dbng and accepting abilities. They are also
helpful in interpreting the electronic transitiam ground state to first excited state [45]. From
Fig.(9), it can be observed that HOMO molecular orbitalamprised of C(17, 14, 13) and C(12,
15 & 16), N(10), C(9), S(11) and N(8) and LUMO nmiéar orbital is spread over pyridine ring.
HOMO-1 orbital is spread over thiourea part of comnpd (3). However, HOMO-2 is spread
over entire molecule except pyridine ring. But HOM@nd HOMO-2 participate in electronic
transition as shown iRig.(8).



Some new chemical descriptors have been propageohization energyl(E), electron
affinity (E.A), electronegativityf), chemical potentigl), global harnesgj, softnessf) and
global electrophilicity index¢) to understand the various aspects associated with
pharmacological sciences, drug design and possiueoxicological features of the drugs. All
these are calculated using HOMO and LUMO energye Blructure and reactivity of a
compound can also be understood by them. The matiehexpression and calculation of the
studied compound@3) are given inTable (1). From the calculation, the ionization energy and
electron affinity were found5.31 eV and 1.40 eV However, the chemical potential,
electronegativity, softness and global electropitylindex were found3.35eV, 3.35eV, 0.26eV
1 and 2.88eVrespectively.The energy gap between HOMO and LUMO was foBr&il eV.
This energy gap explains the charge transfer ictiewas with the molecule, and affects
biological activity of the compound. The conceptgtdbal electrophilicity index was proposed
by Parr et al[48] and is used to calculate theilstabon energy when an extra electronic charge
is transferred to the molecular system from envirtent. It also explains the ability of an
electron to gain additional electronic charge aesistance of the molecule to exchange the
electronic charge with surroundings. The chemicdéptial and hardness are useful for global
chemical reactivity. The chemical potential of camapd(3) is negative which clearly indicates
that compound is stable and can not decomposeapEmisly. Hardness offers resistance to the
molecule so that electron cloud could not deformedier the influence of perturbations
encountered during the chemical reactions. Lafgernergy gap between HOMO and LUMO,
greater would be the hardness and would be mopéestad less reactive and is less polarizable
and vice-versa.

Aswathy et.al reported 1-(3,4-dichlorophenyl)-3(BfHuoromethyl)phenyl]thiourea
derivative[49]. He found that the chemical potentiithe reported compound was.934 eV.

On the other, War et.al also reported 1-[3-(1H-euiol-1-yl)propyl]-3-phenylthiourea derivative
and it was found that chemical potential of commbwas-3.3475 eV[50]. Furthermore, in our
previously reported compound, 1-(4-methoxypheny{pyidine-3-ylmethyl)thiourea derivative,
chemical potential was reporte8.37 eV [23]. But in our studied compound (3), chemical
potential is-3.35 e\ As we know that higher the negative chemical pidé& greater is the
reactivity. On the on the basis of this fact, ordéreactivity can be compared. Thus, studied

compound (3) is less reactive than 1-(3, 4-diclpbemyl)-3-[3-(trifluoromethyl)phenyl]thiourea



derivative and our previous reported compoundl-éhoxyphenyl)-3-(pyridine-3-
ylmethyl)thiourea. However, the reactivity of conupal (3) is comparable with 1-[3-(1H-
imidazol-1-yl)propyl]-3-phenylthiourea derivative.

4. Pharmacology

DNA-binding

Nowadays, DNA has become widely used target fargel number of pharmaceutical active and
anti-cancer compounds. Many organic metal complexes organic compounds are known to
bind with DNA in a various ways [51-52]. So, theidy of interactions with new compounds
with DNA is a crucial step for developing new drulysthis context, UV-visible spectroscopy is
one of the most commonly working techniques [53jroligh, UV-Visible spectrophotometric
titration, hypochromic and hyperchromic shifts wathange in wavelength, absence or presence
of isosbestic points are observed, which are tlagadteristics of interactions of compounds with
DNA[54-55]. Classically, hypochromism and bathochiem display a non-covalent binding,
however, hyperchromism shows covalent binding[$3]our experiment, the significant peak
appeared in the range of 200-420 nm showed theagttens of a compound (3) with ct-DNA
and has been demonstratedFig. 10(a&b). It was also observed that the second band was
shifted slightly, and it was because of intra ligar->=* transitions [54, 56]. The presence of
band at the range of 218-250 nm indicated thatetheasr—nz* transition. The second band
appeared at 250-350 nm which exhibiteehnt transition. These experimental data suggested
the bathochromic shift, due to interactions of coomd (3) with DNA. It was also observed that
with the addition of different concentrations of BN0.45-3.8x 10 M], the absorption peaks
underwent hypochromicities for the target compo@By thus, pointing out the formation of
DNA-compound adducts [57]. Furthermore, the bindiogstant of compoui(8) was found to
be(Ky) 3.3x10 Lmol*which is in good agreement with molecular docking.

4.2 Cell cycle perturbation

Result & discussion

To insure the effects of compourfd@) on cell cycle perturbation, the flow cytometry ags
techniqgue was performed against HepG2 and SihalineB. In present work, treated HepG2
cells at concentration ranges 0 and 80 uM exhibited the cell cycle phase distribution
65%and 70% respectively arrest in GO/G1 as compareahtreated control (60%) as shown in

Fig. 11 (a-c).However, at concentrations 401, and 80uM, treated Siha cells displayed cell
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cycle distribution 59% and65 % respectively ariasG0/G1 as compared to untreated control
(45%) as inFig.11 (d-f). Thus, it can be concluded from data that compd@hthduced the cell
cycle arrest GO/G1 in both HepG2 and Siha celkline

4.3 MTT Assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazmfih bromide (MTT) is an important dye
reduced by succinate dehydrogenase enzyme of roitdcial living cells to produce water
insoluble purple formazan crystals[58-59]. MTT askas widely been used to find the cytotoxic
effects of the synthetic /Natural compounds/Ex{ff:61]. The cytotoxicity of compoun(B)
was performed against HepG2, Siha and HEK-293 &&lld8 hours treatment at concentration
range 0-25@M as shown irFig.12(a-c) In the present study, it was observed that comg¢a)
displayed non-cytotoxic effect against both thecawaus cell lines, HepG2 (4 140.39uM)
and Siha (IG= 119.87M). Compound3) was also found non-cytotoxic against HEK-293(IC
= 148.67M). Hence, compounB) was non-cytotoxic againstHepG2 Cells and Siha @lthe
concentration ranges 0-14M and 0-120uM respectively, and also non-toxic against HEK-293
up to the concentration range 0-144.

4.4Molecular docking

Virtual screening and computational study has becaonost commonly used tool for drug
development [62]. This may be fast outcomes ofliost®n of binding sites, low expenses and
free availability of much software [63]. In ordey €xamine, our experimental results, DNA
docking study has been carried out through AutokPdioal tool [64-65]. The docking study of
the compound (3) was performed with DNA dodecam{@&LCGAATTCGCG)2 (PDB ID:
1BNA). The binding energy of the docked compoBywas found to be6-2 Kcal/mol. It was
observed that molecule preferred to interact wakebpair of DNA as shown irig. (13), and
made polar and several no-polar interactions asglalfed inFig.(FS1), and data have been
presented iMable (TS7). This molecular orientation of compou(®) confirmed formation of
two H-bonds hydrogen bonds with chain B: ©C’21/02::N of thiourea(0.244) and chain
A(A: DA’5/04:: N of pyridine(0.356) Thus, docking study supported our experimentllits.
4.5 Mechanism of action at supramolecular level

UV-visible spectroscopic data, it was observed toapound3) formed adducts with DNA due
to covalent and non-covalent bindings. The docldéhglies also suggested that compo(8)d

bound with DNA bases and a compou(®) behaved as intercalating agent. The intense
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evaluation and 3-D visualization of compou(8) showed that 4-Methoxy-substituted phenyl
ring and pyridine rings were present in between dhains Aand B as shown inFig. (13)
Nitrogen of pyridine formed one hydrogen bond wihanine-cytosinebase pair of DNA, and
however nitrogen of thiourea associated with 4-methoxy lea@ezformed hydrogen bondwith
Adenine-thymine base pairs of DNA as depicted Tiable (TS7).It can be said that the major
force for the interactions of compourf@) with DNA is hydrogen bonding. Steric effects and
Vander Waal's force also played vital role in bimgliof compound(3) with DNA. Thus,
compound(3) has an affinity towards DNA, which is in accordandgéh the experimental UV—
visible spectroscopic data [23].

5. Conclusion

From our experimental results, it can be conclutleat compound(3) adopted syn-anti-
conformation. The ionization and electron affiniere found to beb.31eV and 1.40eVThe
DNA-binding constant was fourl3 x 16 Lmol™. Compound3) displayed binding energ.2
Kcal/mol. Cell cycle phase distribution demonstuatieat treated HepG2 cells showed 65 % and
70% arrest in GO/G1in comparison with untreatedrabdi60%). However, Siha cells, displayed
59 % and 65 % arrest in GO/G1 as compared to usttezontrol (45%). From MTT-assay, it
was found that compound (3) displayed non-cyctatogture against cancerous cell lines, HeG2
(ICs0 = 140uM), and Siha(IGy = 119.67uM), and also normal human cell lines HEK-293(C
= 148.87uM). Hence, compound3) was toxic at concentrations greater than g¥Dagainst
HepG2 cells and against Siha at 120.

6. Experimental protocol: All the required chemicals were purchased from Menmad Aldrich
Chemical Company (USA). Precoated aluminium shi&liea gel 60 F254, Merck Germany)
were used for thin-layer chromatography (TLC) apdts were visualized under UV-light. FT-
IR spectra were recorded on Perkin Elmer model 6DOR RX1 spectrophotometer as KBr
discs'H-NMR and**C-NMR spectra were recorded on Bruker Spectrositix BOO MHz using
CDCl; as a solvent and trimethylsilane (TMS) as an n@kstandard. Splitting patterns are
designated as follows; s,singlet; d, doublet; mitiplet. Chemical shift values have been given
in ppm. The ESI-MS was recorded on micrOTOF-Q IB3® Electronspray ionization mass
spectrometer (Bruker). X-ray data were collectedBouker SMART Apex CCD diffractometer
(SAI, Universidade daCoruiia).

6.1 Synthesis of thiourea derivative
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one mole of picolylamine was taken in 10 ml of tate in round bottom flask. To it, 1 mole of
4-methoxy phenylisothiocynate was slowly added amaction mixture was stirred at room
temperature. The Progress of reaction was monitbyedLC (5% Chloroform and Methanol).
Solid white product was obtained with 30 minutele oroduct was filtered and washed with
toluene and recrystallized in chloroform which giedl light white crystalline solid.
6.1.1 1-(4-methoxyphenyl)-3-(pyridine-2-ylmethyl)tiourea (m.p. 130°C): (Yield: 90 %): IR
(max) cm:; 3467.14(-NH-Ar), 3341.80(-NH-), 3147.68 (Ar-H), 989.67(OCH),
1519.67(CN),1242.69(C=SfH-NMR(DMSO-d6):9.651(bs, 1H, NH-Ar), 8.058(bs, 1H\H-
C=S), 8.511(d,1H, J = 3.3 Hz, Ar-H), 7.792(t, 1H; 4.5 Hz, Ar-H), 7.339-7.257(m, 4H, Ar-H),
6.932 (d, 2H, J= 6.6 Hz, Ar-H), 4.799 (d, 2H, J # %z, CH2N-), 3.745(s, 3H, OCH3);
m/z;[M+H]+= 275
6.2 X-Ray crystal structure determination

Three-dimensional X-ray data were collected on mk8 Kappa Apex CCD
diffractometer at low temperature 8iby the ¢ ascan method. Reflections were measured from
a hemisphere of data collected from frames, eadhevh covering 0.3° imu A total of 28849
reflections measured were corrected for Lorentz poidrization effects and for absorption by
multi-scan methods based on symmetry-equivalentrapdated reflections. Of the total, 2314
independent reflections exceeded the significaecel I(FLV ol F[]) > 4.0. After data collection,
in each case an multi-scan absorption correcti®&dD@EBS)[66] was applied, and the structure
was solved by direct methods and refined by fultrindeast-squares oR? data using SHELX
suite of programs[67]. Hydrogen atoms were locatedifference Fourier map and left to refine
freely, except for C(8), were included in calcuatiposition and refined in the riding mode. A
final difference Fourier map showed no residualsitgrin the crystal 0.371 and -0.231 &AA
weighting scheme w = Bf(F,?) + (0.054100 P)+ 0.515500 P] was used in the latter stages of
refinement. Further details of the crystal struetdetermination are given ifable (2). CCDC
1448611 contains the supplementary crystallogragdiia for the structure reported in this paper.
These data can be obtained free of charge via/lpwv.ccdc.cam.ac.uk/conts/retrieving.html,
or from the Cambridge Crystallographic Data Cert&lnion Road, Cambridge CB2 1EZ, UK;
fax: (+44) 1223 336 033; or e-mail: deposit@ccdn.ee.uk. Supplementary data associated
with this article can be found, in the online versiat doi: $$$$3.

6.3 Cytotoxicity studies (MTT assay)
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Cell culture

Human hepatocellular carcinoma cell line (HepG2vwi&al cancer cell line (Siha, Hela), Breast
cancer cell (MCF-7) and Human Embryonic Kidney dele (HEK-293) were procured from
National Curator of Cell Sciences (NCCS) Pune, dndiCells were cultured in
Dulbecco’smodified Eagle’s medium (DMEM) with 10 fédal bovine serum with 100 units/mL
penicillin, 100 ug/mL streptomycin, and 2.hg/mL amphotericin B, at 37 OC in a relative
humidity 80 % , 5% CO2[68].

MTT assay

Cytotoxicity of compound (3) was evaluated throldi T (3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyl tetrazolium bromide, M2128 Sigma Aldriggsay onHepG2, Siha, and HEK-293 cells.
MTT is a validated assay for the vitro cytotoxicity of any natural, synthetic compoundsl an
extracts [69-70]. The cell count 1.2X1€ells/well was seeded in 96 well plate (1@0well).
After overnight incubation, cells were treated wdiifferent concentrations of compound (3) for
48 hours. After 48 hours treatment, medium was k@daand incubated with 20L of MTT
solution (5 mg/mL in Phosphate saline buffer) fonaurs. The formazan crystals were formed
by mitochondrial enzyme reduction, finally solulelizin DMSO (15QuL/ well) and absorbance
was recorded at 570 nm through the Microplate neéitikark, BIORAD, S/N 10321). Percent
viability was defined as the relative absorbanceested versus untreated control cells.
6.4DNA-binding

The stock solution of disodium salt of Ct-DNA wagpared in tris-HCI buffer (pH 7.2—7.3) and
stored at 2C temperature. Once prepared, the stock solutios wsed within 4 days. The
concentration of the solution was determined speamttrically. The ratio of absorbance at 260
and 280 %1.8) indicated that DNA was sufficiently free ofopgin. The concentration of DNA
was measured using its extinction coefficient 8 a6 (6600 M cm™ after dilutions. For the
titration purpose, DNA stock solution was dilutesing tris-HCI buffer. The compoun@) was
dissolved in minimum amount of DMSO (2.0 x1®M). UV-visible absorption spectra were
recorded after each addition of different conceitns of DNA. Absorption titration was
conducted by adding varying concentrations (0.3xXLT0° M) of DNA. The intrinsic binding
constant (K)was determined by Eq. (1), which was originallyokm as Benessi—Hilderbrand
equation and further modified by Wolfe et al[71].

[DNA]/(€a— & ) = [DNA]/(ga— & )+ 1/Kb (ep— & ) (1)
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Where the apparent absorption coefficiemi%: ande, correspond to A obs/[compounds], the
extinction coefficient for compoui(d), and the extinction coefficient for compou®) in the

fully bound form. In plots of [DNA]/{a—«f ) versus [DNA], Kb is given in the ratio of thiope

to intercept.

6.5 DNA docking studies

Docking studies were performed at Intel(R) Core(TK) CPU (2.3 GHz) with XP-based
operating system (Windows 2007). 3D Structure ompgound (3) was drawn by Mercury
software using CIF file of crystal structure andeshin pdb file format. The preparation of the
compounds was done by assigning Gastegier chargagjng non-polar hydrogens, and saving
it in PDBQTfile format using AutoDock Tools (ADT)2[64-65]. The X-ray crystal structure of
DNA (PDB ID:1BNA) was obtained from the Protein Bd&ank [Protein Data Bank. Available
online at:http://www.rcsb.org/pdb]. Using ADT 4RNA was saved in PDB file format leaving
heteroatoms(water). Gastegier charges were asstgnetlA and saved in PDBQT file format
using ADT. Preparation of parameter files for gaitd docking were done using ADT. Docking
was performedwith Auto-Dock4.2 (Scripps Researchtitite, USA), considering all the
rotatable bonds of ligandas rotatable and recextaigid[72] Grid box size d80 x 80 x 60A
with 0.375A spacing was usedthat included whole DNA. In thespnt work, we describe a plug
in for PyMOL which allow scarrying out molecular aang, virtual screening and binding site
analysis with PyMOL. The plug inrepresents an fam between PyMOL and two popular
docking programs, Autodock [64-65], AutodockVin&]and also the extensive use of a Python
script collection (Autodock Tools) [73].

6.6 Methodology of Cell cycle analysis

Flow cytometry was performed for analysis of cejcle arrest according to the standard
method[74]. The effects of compourfd) on cell cycle on Siha and HepG2 cell lines were
analyzed by flow cytometry. After reaching 70% doahcy, cells were serum starved overnight
and treated with compour{@) for 48 h in complete medium. The cells were trgpsd, washed
two times with chilled PBS and centrifuged at 150 for 5 minutes. Further, 1ml chilled 70%
ethanol was added drop wise to the cell pellet\artexed gently. The cells were incubated for
1 h at 4°C. The cells were centrifuged at 2000 fpmb minutes, and the pellet was washed
twice with PBS. The cells were re-suspended in d®BS, added 10 ribonuclease(1Q®@/ml

final concentration) and incubated for30 min at@7Cells were stained with propidium iodide
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(50 pg/ml final concentrations) and incubated for 15 .miow cytometry analysis was
performed with FACS (Becton Dickinson). A minimurh1®,000 cells were acquired. Further,
histogram was analyzed by Flowjo software for cgtlle analysis.
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Fig.1(a-b): Thiourea derivatives displaying nNOS ativity(a) and inducible activity against
INOS activity
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20



ylmethyl)thiourea

Fig.7: (a-b) Experimental & (b) theoretical UV-visible spectra of 3-(4-methoxyphenyl)-1-
(pyridin-2-ylmethyl)thiourea

Fig.(8):Frontiermolecular orbitals of 3-(4-methoxymenyl)-1-(pyridine-2- ylmethyl)thiourea
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Fig. 10(a): DNA binding spectra of 3-(4-methoxypheyl)-1-(pyridine-2-yl methyl)thiourea
Fig.10 (b): DNA binding spectra of compound in thegresence of increasing amount of Ct-
DNA. Inset: plots of [DNA]/(ea— £f ) (M2 cm™) versus [DNA] for the titration of CT DNA
with compound. Experimental data points; full lines linear fitting of the data (Compound)
2.0 x 10* M, [DNA] 0.3-1.5 x 10° M

Fig.11(a-c): Cell cycles phase distribution againdlepG2 cells at 4aM & 80 pM.
Fig.11(d-f): Cell cycles phase distribution againsiha cells at 4aM & 80 uM

Fig.12(a-c): Cytotoxic effects of 3-(4-methoxyphemyl-(pyridine-2-yl methyl)thiourea
against (a)Siha(b) HepG2 (c) HEK-293 Cell

Fig. (13):3D-image of interactions of between DNA@®BID: 1BNA) and ligand3-(4-

Caption Tables
Table(1): Frontier molecular orbital descriptors of 3-(4-methoxyphenyl)-1-(pyridin-2-
ylmethyl)thiourea at B3LYP/6-311++G(d,p) level
Table(2): Crystal Data and Structure Refinement forthe compound 1-(4-methoxyphenyl)-
3-(pyridine-3-ylmethyl)thiourea
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Fig.2(a-b):Thiourea derivatives showing promising gtotoxicity against HepG2 and
MOLT-3 cell lines.

Fig. (3): X-ray single crystal structure of 1-(4-méhoxyphenyl)-3-(pyridine-2-

ylmethyl)thiourea
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Fig. (4): Part of the crystal packing in the compouad 1-(4-methoxyphenyl)-3-(pyridine-2-
ylmethyl)thiourea (3). Hydrogen bonds between nitrgen atoms of secondary amines with

nitrogen atoms of pyridine groups and sulphur atomsare presented in dark dashes lines

Fig.5(c)
Fig.5 :(a-c):Optimized structure of 3-(4-methoxyphayl)-1-(pyridine-2-ylmethyl) thiourea
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Fig.(8): Molecular orbitals of 3-(4-methoxyphenyl)1-(pyridine-2-ylmethyl)thiourea.
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Fig.(9): Energy gap between HOMO and LUMO molecularorbitals
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Fig.10(a): DNA binding spectra of 3-(4-methoxypheny-1-(pyridine-2-yl methyl)thiourea
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Fig. 11(a-c): Cell cycles phase distribution again$lepG2 cells at 4@M & 80 uM.
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Fig.12(a-c): Cytotoxic effects of 3-(4-methoxyphemyl-(pyridine-2-yl methyl)thiourea
against (a)Siha(b) HepG2 (c) HEK-293 Cell

30



Fig.(13):3D image of interactions of between DNA(PBID: 1BNA) and ligand3-(4-
methoxyphenyl)-1-(pyridine-2-yl methyl)thiourea

Table(1): Frontier molecular orbital descriptors of 3-(4-methoxyphenyl)-1-(pyridin-2-
ylmethyl)thiourea at B3LYP/6-311++G(d,p) level

Molecular Parameters Mathematical expression B3BYF/1++G(d,p)
Enomo(eV) 7 -5.31
ELumo(eV) - -1.40
E.Gap(H-L) (eV) H-L 3.91
lonization energy(l.E) = - lomo(€V)  L.LE = - Biomo(eV) 5.31
Electron affinity(E.A) = - Eymo(eV) E.A=-EKumo -1.40
Electronegativity(y) (eV) x=(+A)/2 3.35
Chemical potential( (eV) u=-y -3.35
Chemical hardneqy) (eV) n=(~1-A)/2 1.95
Chemical softness(s)(&Y s=1/2y 0.26
Global electrophilicity Indexd) (€V) o = p%/2y 2.88
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Table(2):Crystal Data and Structure Refinement forthe compound 1-(4-methoxyphenyl)-3-

(pyridine-2-ylmethyl)thiourea (3)

Compound
Formula
Formula weight
T,K
Wavelength, A
Crystal system
Space group
alA

/A

c/A

BI°

VIA®

Z

Fooo

Deaidg cm”
mm*

a(°)

Rint

Crystal size/ mrh
Goodness-of-fit on £
Ru[I>20(1)] °

WR; (all data)

3

GaHisN3 O S
273.35

100(2)
0.71073
Monoclinic
Rz

9.8888(13)

13.3522(18)

11.0985(15)

111.325(2)

1365.1(3)

4

576

1.330

0.233

2.2110 29.50

0.0391

0.49 x 0.42 x 0.39

1.028

0.0349

0.0956

Largest differences peak and hole @A 0.371 and -0.231

%Ry = 50 Fol -| Fe [IVZ 060 "WR, = { [W(L Fo P 4 Fe P VZ[W(F,D T} 2



N NCS

Schemel: (a) Toluene, room temperature
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compound(3) adopted syn-anti-conformation
DNA-binding const K, = 3.3 x 10° Lmol™

Docking energy= -6.2 Kcal/mol
ICso values against HeG2,Sha & HEK-293 = 140 uM, 119.67& pM 148.87 uM



