Available online at www.scholarsresearchlibrary.com

0(\a\ Metho t7

(/’Q

S(/m/u/s Re suu(lz

Library

ISSN : 2231- 3176
CODEN (USA): JCMMDA

%,

Scholars Research Library

Scholars Research
J. Comput. Method. Mal. Design, 2011, 1 (3):11-23
(http://scholar sresear chlibrary.com/ar chive.html)

\)‘“a\ of C"’hp
<,

1o
s, \!\
9@ 1g)n>2\°

Molecular Docking of Dichlorodiorgano
[N-(2-pyridylmethylene)arylamine]tin(IV) Complexes with Some Enzymes

Tushar S. Basu Baut *, Pooja Vermd, Palwinder SingH ™
4Department of Chemistry, North-Eastern Hill University, NEHU Permanent Campus,

Umshing, Shillong, India
PDepartment of Chemistry, Guru Nanak Dev University, Anritsar, India

ABSTRACT

The molecular structures of some dichlorodiorgano[ N-(2-pyridyl methylene)arylamine] tin(1V)
(ReNCl,.L) complexes were determined using the PM3 method and their geometries have been
optimized. The Sh atom in the complexes adopt a trans-R,Sh octahedral geometry. The
mechanism for cytotoxic activities of some diorganotin(lV) compounds, R,.SCl,.L (R = Me (1),
Et (2), Ph (4)) is discussed in relations to their docking in some of the cancer associated
enzymes such as ribonucleotide reductase (RNR), thymidylate synthase (TS), thymidylate
phosphorylase (TP) and topoisomerase |1 (topoll). The docking studies revealed that compound
1 docked in the active site of enzymes by virtue of hydrophobic interactions and comparable
interactions were also noted for compound 2. On the other hand, compound 3 exhibited
hydrogen bonding, hydrophobic and z-z interactions when docked to enzymes RNR, TS and

topoll, respectively. None of the compounds entered the active site pocket of thymidylate
phosphorylase (TP).

Keywords: diorganotin(lV), NN donor Schiff base, docking seg] enzymes

INTRODUCTION

Diorganotin(lV) compounds, f8nC}L are often tetrahedral, and when appropriate reimeg
chelating ligands are coordinated to the centralamectahedral complexes, 8 Cb-L (L =
bidentate ligand) are obtained structural correlation with biological activityof these
diorganotin(lV) complexes has shown that activecigseare associated with complexes having
Sn—N bonds longer than 2.39 [A]. Based on this assumption, a series of diorgafigdin
dichloride complexes dfl-(2-pyridylmethylene)arylamine (NN chelating ligés) L) have been
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synthesized and characterized on the basis of MR N'°Sn-Méssbauer studi¢] and a few of
them were analyzed bygingle crystal X-ray crystallography [3,4]ln line with these
developments, the anti-proliferative and cytotoaditects of complexeR,SnChL.L (R = Me @),

Et (2), Bu (3)) have been investigated both in vivo and in vjg@,5]. The data suggest tHat
shows better antiproliferative and antitumor atyivthan the other two but it shows higher
toxicity to mice [3]. It was shown earlier that the antitumor activify2owas improved after
depleting endogenous glutathione (GSH) by buthersalfoximine (BSQ [5], however, such
treatment did not show any effect wiB3]. Further, this study was extended in combination
with X-rays (1.5 Gy) in human peripheral lymphosy/nd the antitumor activity was assessed
in Dalton’s lymphoma cell§6]. Complex 3 showed better antiproliferative and antitumor
activity thanl and2, both as alone and in combination with X-rays. ®&goently, thecytotoxic
potential of these diorganotin(lV) complexesSRCL.L (Fig. 1) were investigated in human
tumor cell lines in vitro [7], which indicated thtte high cytotoxic activity is dependent on the
Sn-R groups and Sn-N bond lengths. Comg@evas found to exhibit stronger cytotoxic activity
in vitro particularly for A498 (renal cancer), IGRQovarian cancer), MCF-7 (breast cancer),
and WIDR (colon cancer) human tumour cell lines #ral results are far superior to standard
reference drugs e.g., doxorubicin, cisplatin, ®fauracil, methotrexate, etoposide including
paclitaxel.

Recently, organotin(lV) 2-/4-H)-2-(aryl)-1-diazenyllbenzoates have shown verynpsing
cytotoxic activities [8-10] and consequently the ctmnistic role of these compounds were
investigated using docking studies with some of ke enzymes, such as ribonucleotide
reductase, RNR (pdb ID: 4R1R), thymidylate synthab8 (pdb ID: 2G8D), thymidylate
phosphorylase, TP (pdb ID: 1BRW) and topoisometgs®poll (pdb ID: 1QZR), which take
part in the synthesis of raw materials for DNA datsdreplication [11]. The docking studies
indicated that the azo group nitrogen atoms anehygrcarbonyl and ester oxygen atoms in the
ligand moiety play an important role, and exhibytllogen bonding interactions with the active
site of amino acids of the aforementioned enzyr8eR0]. In view of this and as a result of the
promising cytotoxic activities of dichlorodiorgdiNe(2-pyridylmethylene)arylamine]tin(lV)
compounds, e.g.,B8nCb.L (R = Me (), Et @), Ph @)) (Fig. 1), it is planned to investigate the
mechanistic role of these compounds with aforemaertl enzymes using docking studies. It is
should be noted that the molecular modeling by ohacktudies provides most detailed possible
view of drug-receptor interaction and has creategwa rational approach to drug design where
the structure of drug is designed based on it® fihree dimensional structures of receptor site,
rather than by analogy to other active structurasiadom leads.

/ ]
N
\ \ — = N ‘!,(n N
_ / Sn =L 1?0rL?
N \ / VN /
N £ d N
R
[R'=3-Me (L'); =4-Me (L?); =4-OMe (L*) ] [R=Me (1); = Et (2); = "Bu (3); = Ph (4) ]

(a) (b)
Figure 1. (a) Structure of the ligands (b) Structure of the ¢brganotin(lV) complexes
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MATERIALS AND METHODS

Computational methods

The molecular structures and geometries of thegdimtin(lV) compoundsl( 2 and4) were
fully optimized using the semiempirical quantum rmigry method (PM3). Dockings of
compoundd, 2 and4 in the active sites of various enzymes are perorosing ArgusLab 4.0.1
[12-15]. This program was also applied for visuaian and molecular modeling of the
compounds. The three dimensional coordinates oétlagmes such as RNR, TS, TP and topoll,
were obtained through the Internet at the Rese@ailaboratory for Structural Bioinformatics
(RCSB) Protein Data BanK.he dockingprogram implements an efficient grid-based docking
algorithm, which approximates an exhaustive seaiithin the free volume of the binding site
cavity. The conformational space was explored k& geometry optimization of the flexible
ligand (rings are treated as rigid) in combinatwath the incremental construction of the ligand
torsions. Thus, docking occurs between the fledigends part of the compounds and enzymes.
The ligand orientation is determined by a shapeisgdunction based on Ascore and the final
positions are ranked by lowest interaction energiyes. Prior to docking, the ground state was
optimized using the PM3QNmplemented in the geometry optimizatiomodule of program
package to confirm that no significant divergencehie conformations of the complexes due to
crystal packing effects.

Syntheses of diorganotin(lVV) complexes

The synthetic details for the preparations of diobdliorganoN-(2-
pyridylmethylene)arylamineltin(IV)compounds, e.g., M8nCh.L* (1), EtSnCh.L* (2) and
PhSnChb.L® (4) are described in ref. 2.

Experimental protocol and cytotoxicity tests

The in vitro cytotoxicity test of diorganotin(IV)ompoundsl, 2 and4 was performed using the
SRB test for the estimation of cell viability [1&]ytotoxicity studies were carried out on human
tumor cell lines A498 (renal cancer), EVSA-T (mannynaancer), H226 (non-small-cell lung
cancer), IGROV (ovarian cancer), M19 MEL (melanomsCF-7 (mammary cancer) and
WIDR (colon cancer) and the results have been tep@isewhere [7].

RESULTS AND DISCUSSION

DichlorodiorganoN-(2-pyridylmethylene)arylamine]tin(IVompoundg1, 2 and 4) have been
characterized earlier on the basis of IR, NMR Hi8n-Mdssbauer studigg]. Complexesl and

2 were also characterized by single crystal X-raystailography[3,4]. The crystallography
results indicated that the tin atom in diorgandtiji(complexeshave atrans-R,Sn octahedral
geometry where thBl-(2-pyridylmethylene)arylamine acts as bidentagadid (Fig. 1 b). X-ray
crystallography results show that the Sn—N(1) améN§2) bond lengths in structures of
complexesl and 2 are2.427 (8) A and 2.500 (7) A [4], and 2.452 (6) Ada2.559 (6) A [3],
respectively, which are > 2.39 A, as observedterwttahedral BSnCh-L (L = a-diimine; NAN
bidentate chelatinigandsligand) complexes [1]. Thigrompted us to carry out the molecular
structure of the diphenyltin(lV) compound, for which the X-ray diffraction data is not
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available, using the semiempirical quantum chemistrethod. In addition, the molecular
structures of the other two compounds, vit.,and 2 were also determined using the
semiempirical quantum chemistry method and theltesd 2 was compared with that found
from single crystal X-ray crystallography (Table. 1)The structures of diorganotin(lV)
complexesy, 2 and4) were used subsequently for molecular modelintkygee below).

Quantum chemical calculations

The geometries of the diorganotin(lV) complex&s and4) were fully optimized using the
guantum mechanical method (PM3). Harmonic frequeratgulations were performed for all
the stationary points to characterize their natumd to ensure that the optimized structures
correspond to global minima. The molecular striegunfl, 2 and4 are shown in Figs. 2-4
respectively, while the optimized geometric paraarsetre listed in Table 1.

Figure 3. The structure of E&SnCl,.L (2) obtained after full geometry optimization
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Figure 4. The structure of PhSnCl,.L (4) obtained after full geometry optimization
Table 1Selected bond lengths (A) and angles (°) for energyinimized structures of the diorganotin(IV)

complexes 1, 2 and 4

Bond lengths (A) and 1 2 4
angles f) X-ray @

Sn-CI(1) 2.402 2.413 2.516(2) 2.406
Sr-Ci(2) 2.401 2.41¢ 2.480(2 2.41:
Sn-N(1) 2.588 2.573 2.452(6) 2.547
Sn-N(2) 2.67 2.663 2.559(6) 2.669
Sr-C(21) 2.117 2.15¢ 2.187(9 2.0¢
Sr-C(31) 2.11¢ 2.1¢ 2.156(8 2.08¢
N(1)-C(5) 1.372 1.371 1.341(9) 1.37
N(2)-C(6) 1.298 1.3 1.276(8) 1.301
CI(1)-Sr-Cl(2) 107.3: 108.9¢ 96.45(8 114.8¢
CI(1)-Sn-N(1) 169.77 167.06 173.0(2) 160.35
CI(1)-Sn-N(2) 105.21 101.88 106.6(1) 95.23
Cl(1)-Sn-C(21) 92.95 95.94 94.4(3) 94.07
Cl(1)-Sn-C(31) 93.37 93.46 92.9(3) 92.53
CI(2)-Sn-N(1) 82.83 83.99 90.2(2) 84.61
CI(2)-Sr-N(2) 147 4 149.1¢ 156.9(1 149 .8
Cl(2)-Sn-C(21) 98.07 94.18 96.2(3) 94.31
Cl(2)-Sn-C(31) 98 96.77 96.5(3) 94.57
N(1)-Sr-N(2) 64.6¢ 65.1¢ 66.8(2 65.
N(1)-Sr-C(21 86.6¢ 82.3¢ 82.7(3 86.45
N(1)-Sn-C(31) 83.77 85.19 88.5(3) 83.03
N(2)-Sn-C(21) 78.81 82.61 84.0(3) 81.34
N(2)-Sr-C(31 81.3¢ 80.9¢ 80.9(3 85.2:
C(21)-Sn-C(31) 160.12 162.42 164.6(4) 165.52
Sn-N(1)-C(1) 122.44 122.36 123.9(6) 121.95
Sr-N(1)-C(5) 118.0¢ 117.9¢ 117.5(5 118.3¢
Sr-N(2)-C(6) 116.¢ 116.2: 114.6(5 115.3¢
Sn-N(2)-C(7) 122.9 123.19 127.4(4) 125.08

2 Data taken fromref. 3.

Scholars Research Library

15



Tushar S. Basu Baukt al J. Comput. Method. Mal. Design., 2011, 1 (3):11-23

The geometric parameters f@ obtained from the X-ray diffraction technique aalkso
included in Table 1 for comparison. The experimergaometrical parameters fo?
correspond closely with that of calculated valuesZ, as expected. Most of the geometric
parameters foll, 2 and4 are found to be insensitive to the nature of tesstuents R’ (see
Fig. 1). The optimized geometrical parametersifo? and4 show that bond lengths, bond
angles and torsion angles remain virtually unchdn@alculated results indicate that the
diorganotin(lV) complexes 1, 2 and 4 have a six-coordinate structure where té2-
pyridylmethylene)arylamine ligand acts as bidentdtelating agents. The basal plane around
the tin atom is completed by two chlorine atoms twal nitrogen atoms of the ligand while
the two R groups occupy the axial positions to poeda distorted octahedral structure (Fig. 1
b; Figs. 2-4)). The R groups are approximateins to each other as reflected in the bond
angles (C(21)-Sn-C(31)) 4f(R = Me; 160.12), 2 (R = Et; 162.42) and4 (R = Ph; 165.52).

The Sn—N(1) and Sn—N(2) bond lengths in structofesomplexesl, 2 and 4 are2.588 A
and 2.67 A, 2.573 A and 2.663 A and, 2.547 A aB62 A, respectively, which are2.39A.
Since the basic structures and coordination gegneétthe diorganotin (IV) complexeq,(2
and 4) are similar for the differently substituted ligkm it can be expected that the ligand
properties may have direct influences on the stalof the corresponding diorganotin (1V)
complexes, as well as on their cytotoxic actiygige below).

Docking study

The results of the in vitro cytotoxicity tests perhed with diorganotin(lV) compounds
(R2SNCb.L; 1, 2 and4) are already described in our earlier communicafi§. In general, the
cytotoxic activities for the complexds 2 and4 are cell lines specific. Complekwas found to
exhibit stronger cytotoxic activity in vitro partitarly for A498, IGROV, MCF-7, and WIDR
human tumor cell lines and the results are far sopeo standard reference drugs e.qg.,
doxorubicin, cisplatin, 5-fluorouracil, methotregatetoposide including paclitaxel. Under
identical conditions, the activity df is more pronounced for the A498 (14 fold), IGRQR6 (
fold), MCF-7 (1.6 fold)and H226 (1.7 fold) cell lines compared to packfaxOn the other hand,
1 displayed over all very good activity and bettsuits were noted for EVSA-T, M19 MEL and
MCEF-7 cell lines. Theappreciable cytotoxic activitys correlated to the structural features such
as Sn-N bond lengths and R group attached tddm §/].

The encouraging cytotoxic activity for the test gmundsl, 2 and4 across a panel of cell lines
prompted us to perform molecular docking studies utederstand the complex-protein
interactions. Dockings of compountis2 and4 in the active sites of enzymes RNR, TS, TP and
topoll have been determined since these enzymegrangising targets for cancer therapy [18-
25] and the results of docking studies are showirigs. 5-13 The docking programme is
validated by docking ADP in the active site of emeyRNR, with a close overlap between the
docked ligand and the native ligand being obsef9elD].

The docking studies revealed that compoundocked in the active site of enzymes RNR
(4R1R), TS (2G8D) and topoll (1QZR) by virtue ofdngphobic interactions (Figs. 5-7). In
RNR, a ligand phenyl ring is held in the hydroplwobegion of L464 amino acid residue and
such interactions are also noted between the ligduethyl ring and alkyl chain (Sn-methyl) of
L195 in TS while in topoll, the ligand phenyl ringé compoundLl lies in the hydrophobic sub-
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pocket constituted by F121, 1120, Y415 and V197ramacid residues. Like wise, comparable
interactions were noted for compoukdnd are shown in Figs. 8-10. In RNR, the ligandhghe

N437

439 1438

Figure 5. Me,SnCl,.L (1) docked into the active site of ribonucleotid reductase. One of the phenyl rings of
compound 1 is held in the hydrophobic region of L44 amino acid residue.

P196,

L195

Figure 6. Me,;SnCl,.L (1) docked in the active site of thymidylate syihhase showing the hydrophobic
interactions between the phenyl ring of 1 and alkythain of L195 amino acid residue.
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Figure 7. MeSnCl,.L (1) docked into the active site of topoisomeradé The phenyl rings of compound 1 lies
in the hydrophobic sub-pocket constituted by F1211120, Y415and V197 amino acid residues.

ring is present in the vicinity of P621 amino aoididue. The alkyl part of the L195 in TS was
found to interact with the ligand phenyl ring ofngpound2 whereas in topoll, the aromatic part
is held in the region constituted by Y415, 1120 &1@1 amino acid residues. On the other hand,
compound4 exhibits hydrogen bonding, hydrophobic interactiaandz-n interactions when
docked to enzymes RNR, TS and topoll, respectijelgs. 11-13). In RNR, oxygen atom of
methoxy group exhibits hydrogen bonding with T208 8624 amino acid residues while in the
case of TS, one of the tin-phenyl ring of compodrapproaches L195 amino acid residue and
exhibits hydrophobic interactions. The tin-pheniylgs of compound are oriented towards
Y415 and F121 residues and are heldayinteractions. However, none of the compounds enter
into the active site of enzyme TP. Therefore, anlthsis of docking studies, it is inferred that
the anticancer activities of compourid® and4 might be emanating from their interactions with
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Figure 8. ELSNCLL.L (2) docked into the active site of ribonucleotide reduase. The phenyl ring of compound
2 is held in the vicinity of P621 amino acid reside!.

Figure 9. Et;SnCL.L (2) docked into the active site of thymidylate synthaselhe alkyl part of L195 is held
perpendicular to the phenyl ring of compound 2.

19
Scholars Research Library



Tushar S. Basu Baukt al J. Comput. Method. Mal. Design., 2011, 1 (3):11-23

Figure 10. E&SnCl,.L (2) docked into the active site of topoisomerase Il. Tlharomatic part of compound 2 is
held in the region constituted by Y415, 1120 and FA1 amino acid residues.

L43

Figure 11. PhSnCl.L (4) docked into the active site of ribonucleotide reduase. Oxygen atom of methoxy
group exhibits hydrogen bonding interactions with 209 and T624 amino acid residues.
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Figure 12. PhSnCl,.L (4) docked into the active site of thymidylate synthaseOne of the phenyl rings of
compound 4 approaches L195 amino acid residue andeaheld by hydrophobic interaction.

V197

Figure 13. PhSnCl,.L (4) docked in the active site of topoisomerase Il. Thghenyl rings of compound 4 are
oriented towards Y415 and F121 amino acid residuesnd are held byz-n interactions.

enzymes RNR, TS and topoll. The docking studies mdicate that the imino nitrogen atom of
the ligand do not play any role during the dockiofishe diorganotin(lV) compounds into the
active sites of various enzymes unlike that obskrfer organotin(lV) complexes of

arylazocarboxylates where azo group nitrogen atpm{scated hydrogen bonding interactions
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with various amino acid residue [9,10]. This furtlvedicate that the mechanism of action of
dichlorodiorgandf-(2-pyridylmethylene)arylamine]tin(lV) complexes gkesent investigation
could be different than that of organotin(lV) amdaarboxylates [9,10]Nevertheless, the
possibility of coordination through tin beyond thetive site of the enzymes can not be ruled out
completely. It is very difficult to envisage thelgoof such atoms in binding (interactions)
proteins in relation to improved cytotoxic activity is well known that many drugs with anti-
proliferative activity act either by interfering thi the bases and/or nucleotides of the double
helix of DNA or with the metalloenzymes that areessary for the rapid growth of malignant
cells [26-28]. In conclusion, these preliminaryules suggest that the dichlorodiorgaNep-
pyridylmethylene)arylamine]tin(IV)compounds of the type ,BnCbL.L merits more detailed
investigation.
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