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Abstract—Dibenzyltin(IV)dichloride and dibenzyltin(IV)diisothiocyanate derivatives with N,S-donor ligands show significant
cytotoxic activities against human cancer cell lines, and are well compared to analogous dialkyltin(IV) derivatives. CoOMFA models
were generated for the first time for these organotin derivatives using the cytotoxic activities (against two human tumor cell lines,
MCF-7, a mammary carcinoma and WiDr, a colon carcinoma) of 21 complexes. High 2 and 2, values for both CoMFA models

indicate good predictive power for the models. © 2001 Published by Elsevier Science Ltd.

Following the path-breaking success of cisplatin and
carboplatin as effective anticancer drugs, attempts have
been made to design other transition and non-transition
metal complexes as cytotoxic agents.! In the past two
decades, a large number of organotin(IV) complexes
have been developed chiefly by Crowe et al. and Gielen
et al., with promising in vitro and in vivo antitumor
activities.>* Such compounds are either modeled as
analogues of cisplatin, or have novel tetracoordinated
structures. In particular, organotin(IV) complexes of the
formula R,SnX,.L,, where R represents Me, Et, Pr, Bu,
c-hexyl, and Ph groups; X represents a halogen; and L
represents mono- (n=2) or bidentate (n=1) ligands
having N or O donor atoms, were shown to display
significant antitumor activity against P388 lymphocytic
leukemia in mice.>® The above studies have further
revealed that: (a) diethyl and/or diphenyltin complexes
posses higher activities; (b) there is no real link between
the Lewis acidity of the parent organotin halide and the
P-388 inhibition activity; (c) the mode of DNA-binding
for these complexes must have a different mechanism
than that of cisplatin; (d) a pre-dissociation of the
bidentate ligand may be the rate determining step in
vivo; and (e) several complexes show poor activity
against human cancer cell lines. In short, a structure
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versus tumor inhibition activity relationship in this par-
ticular group of complexes is yet to emerge.

In continuation of our studies’ on the chemical and
biological role of organotin, we present herein cyto-
toxicity studies of a series of new dibenzyltin(IV) com-
pounds of general formula Bn,SnX,L, (where
Bn=benzyl, X =halide, pseudohalide, L=mono (n=2)
or bidentate (n=1) N,S-donor ligands). The organotin
complexes showed promising in vitro antitumor activ-
ities against several human cancer cell lines. Further-
more, a QSAR analyses have been performed from the
cytotoxic activity against two human tumor cell lines,
MCF-7 (a mammary carcinoma) and WiDr (colon car-
cinoma). The complexes that were included in such
analyses were part of those reported here as well as
found in the literature.® The new organotin derivatives
were synthesized from dibenzyltindichloride, and
dibenzyltindiisothiocyanate by complexing with N,S-
donor ligands in 1:2 (monodentate) or 1:1 (bidentate)
stoichiometry. They are fully characterized by 'H, 13C,
119Sn NMR, IR, X-ray crystallography and satisfactory
elemental analysis.

In Vitro Cytotoxicity and In Vivo Mammalian Toxicity

The dibenzyltin(IV) complexes (Scheme 1) have been
subjected to in vitro antitumor screening against human
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cancer cell lines. Tests were conducted on six cell lines
using SRB-assay technique, and on 60-cell lines panel
under NCI developmental therapeutics program.” The
data (Table 1) strongly suggest the superior in vitro
cytotoxic activity of a number of dibenzyltin(IV) com-
plexes over cisplatin and carboplatin. Qualitatively, the
cytotoxicity is found to be cell line as well as ligand
specific. Thus, for chloride complexes the overall toxi-
city against renal, ovarian, and breast cancer cell lines
are higher as compared to melanoma, colon, and non-
small cell lung cancer. No activity whatsoever was
found for leukemia cell line. It is further interesting to
note that the dibenzyltin(IV) complexes offer excellent
selectivity against all the six sub-panels of renal cancer
cell lines. This is particularly encouraging since the pla-
tinum compounds exhibit poor activities against renal
cancer.

With respect to ligand effects, thiophene complex 3 is
most cytotoxic. Indole 4, phenanthroline 6, and bipyr-
idyl 7 complexes show similar toxicity, while pyridine
complex 1 is inactive. Limited data prevents a compar-
ison between chloro versus isothiocyanate complexes.
Influence of dissociating behavior of Sn—Cl versus Sn—
NCS bond on cytotoxicity is underway. The in vivo
mammalian toxicity (LDso, mg/kg) of compounds 6 and
7, determined in Swiss albino mice by peroval route
using the staircase method followed by pubit scale
analysis!® are found to be 630 and 960 respectively.

Table 1. IDs, values (uM) of dibenzyltin(IV) complexes against
human cancer cell lines

Code? MCF-7 WIDR IGROV MEL 19 A498 H226
1 11,000 11,000 150 11,000 11,000 11,000
2 19 63 63 29 19 25
3 1.3 10 0.9 4.6 2 7.4
4 2 14 1.8 6.6 33 33
4> 552 1000 502 100 67.5 1000
sb 57.7 100 150 100 75.5 >10,000
6 1.6 10 0.9 4.5 2 7.2
7 2.3 15 1.5 6.1 3 6.6
7° 59.1 100 450 1000 240 414
8 61.5 1000 450 1000 414 1000
Cisplatin 467 450 75 260 400 1052
Carboplatin 2828 943 646 1481 4848 6734

4For compound code, refer to Table 1.
®Data from NCI-screening.

Under similar conditions, the LDsq values of carbopla-
tin and cisplatin are found as 150 and 31, respectively.
This result augments the fact that organotin compounds
can reduce the toxic side effects generally associated with
platinum drugs. The high cytotoxicity and reduced in
vivo mammalian toxicity of the dibenzyltin(IV) complex
make them potential candidate for further bioevaluation.

3-D QSAR Studies

Comparative molecular field analysis (CoMFA) studies
has been used regularly to produce the three dimen-
sional models which indicate the regions that effect the
biological activity with a change in the chemical sub-
stitution. CoMFA method operates on a set of com-
pounds superimposed to reflect their anticipated
common bonding orientation.!! CoMFA models
describe the relative change in magnitude of the elec-
trostatic and steric fields as a function of compound,
sampled as function of spatial position around the
compound set, and accounts for the variance in mea-
sured biological activity.

Data sets

In a total of 21 diorganotin complexes used for the
CoMFA study, 14 complexes are selected from litera-
ture® (L1-L14, Scheme 2) and the remaining seven (2-8)
from the present set (Scheme 1). In each analysis, the
training sets constitute 18 complexes and the remaining
three complexes are part of test sets (Table 2).
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Structure generation

Complexes L1 to L8 and L14 were generated from the
X-ray structure of complex (4,7-N,N-diphenylphen-
anthroline)dibutyltindichloride.'?> Complexes L9 to L13
were generated from the X-ray structure of (2,2'-bipy-
ridyl)diethyltindichloride.!? The X-ray crystal structural
analyses of the new dibenzyltin(IV) complexes 7 and 8
are carried out by us. Utilizing the latter, the structures
of complexes 2—-6 were generated. All structures were
initially minimized in Sybyl with Gasteiger charges and
further minimization was performed with MOPAC-6.0
using the PM3 method.!%!> The optimized structures
and MOPAC charges were considered for the further
calculations. The octahedral geometry is maintained in
all the structures.

Alignment

Two alignment rules were used for the superimposition
of all complexes. In alignment-1, Sybyl database align-
ment method of ‘AS_IS’ was used along with highly
active 3 as reference. A fragment containing Sn and two
connected C-atoms (angle C-Sn—C ~180°) was con-
sidered as a substructure for the alignment (Fig. 1). In
alignment-2, Sybyl field fit was used to realign the
molecules that were aligned with method alignment-1.
The steric and electrostatic fields of L1 to L13 were fit-
ted to the respective fields of L14. The fields of 2, 4-8
were fitted to the fields of 3. The molecular super-
imposition is nearly very similar in the both alignments.

CoMFA methods

CoMFA partial least square (PLS) analysis was per-
formed using two different cytotoxic activities. The

Table 2. Actual and calculated antitumor activities (—logIDsp) (uM)
of complexes comprising of training and test sets of molecules

Code MCEF-7* WiDrb
Actual Calculated Actual Calculated

2 —1.28 —1.28 —1.80 -1.79
3 —0.11 —0.11 —1.00 —1.00
4 —0.30 —0.31 —1.15 —1.15
5 -1.76 —1.73 —2.00 —-1.97
6 -0.20 —0.08 -0.99 —0.99
7 —0.36 —0.36 —1.18 —1.19
8 -1.79 —1.81 —3.00 —3.02
L1 —3.48 -3.39 -3.20 -3.15
L2 —3.31 —3.33 -3.16 —3.18
L3 —-3.22 —3.33 -3.10 -3.12
L4 —3.54 —-3.42 -3.18 —3.26
L5 —3.42 —3.41 —3.14 -3.17
L6 -3.25 -3.29 —3.13 -3.16
L7 -3.29 -3.29 -3.23 —3.22
L8 -3.29 -3.26 -3.20 —3.21
L9 —4.47 —4.42 —4.48 —4.43
L10 —4.34 —4.33 —-4.39 —4.40
L11 —4.45 —4.38 —4.25 —4.26
L12 —4.45 —4.49 —4.45 —4.46
L13 —4.45 —4.47 —4.44 —4.20
L14 —2.46 —2.43 -2.59 —2.58

aTest set =14, L9, 6; the rest are included in the training set.
bTest set =14, L13, 6; the rest are included in the training set.

observed IDsy, (uM) values were converted into
—log(IDs) values and are reported in Table 2. All other
default settings were used unless otherwise indicated.
The steric and electrostatic fields were calculated using
an sp® C-atom with +1 charge. The CoMFA grid spa-
cing was considered as 2.0 A within the defined region,
which extended beyond the Van der Walls envelopes of
the superimposed complexes at least 9.0 A. For each
cross-validated CoMFA analysis, the column filtering
was set to 2.0 kcal/mol and set to 0.0 for the non-cross-
validated analysis. The optimal number of components
was designated such that cross-validated > was highest
and standard error of prediction was lowest.

CoMFA studies using MCF-7 activity

Complexes L4, L9 and 6 constitute the test set, and the
remaining as training set. COMFA analyses were per-
formed on both the aligned data sets. For alignment-1,
r2, of 0.874 and standard error of 0.646 is obtained,
while alignment-2 produced r2, of 0.833 and standard
error of 0.663. Thus, alignment-1 with maximum r2, was
considered for the final PLS analysis, which yielded very
good conventional r?> with a very low error of estimate
(Table 3). The ratio of steric and electrostatic field con-
tributions is nearly 3:2. This CoOMFA model was used to
calculate the activity of three complexes in the test set.
The actual and calculated activities of all complexes are
given in Table 2. CoMFA steric (green and yellow) and
electrostatic (red and blue) contours along with complex
7 are shown in Figure 2. The CoMFA model exhibited a
very good ability not only to calculate the biological
activity of training set complexes but also it is able to
accurately predict the activity for the complexes in the
test set.

Figure 1. Stereoview of the superimposed complexes (training set)
based on Alignment-1.

Table 3. Results of the COMFA PLS analyses of the training sets

Parameters MCF-7 WiDr
Cross-validated >~ (12,) 0.874 0.758
Standard error of predictions 0.646 0.683
Conventional 2 0.999 1.000
Standard error of estimate 0.054 0.030
Number of components 6 6

F test values 2098 4022
Relative steric contributions 0.595 0.656
Relative electrostatic contribution 0.405 0.344
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Figure 2. Stereoview of the CoMFA fields (MCF-7) along with com-
plex 7. The electrostatic fields are shown in red (negative) and blue
(positive) polyhedra while the steric fields are shown in green (more
bulky) and yellow (less bulky) polyhedra.

Figure 3. Stereoview of the CoMFA fields representing the WiDr
biological activity. The nature of the fields is similar as in Figure 2.

CoMFA studies using WiDr activity

Complexes L4, L13 and 6 constitute the test set while
the remaining as training set. In the case of alignment-1,
r2, of 0.726 and standard error of 0.734 is obtained and
in the case of alignment-2, these values are 0.758 and
0.683, respectively. Hence, PLS analysis was carried out
using the alignment-2 as it is having higher 2, and lower
standard error. The PLS run without cross validation
produced very good conventional r> and s (Table 3).
Biological activities of test set complexes were predicted
using the CoMFA fields, and compared with experi-
mental data (Table 2). CoMFA steric and electrostatic
contours are given in Figure 3. It is interesting to note
that for both the cell lines, magnitudes of steric and
electrostatics fields contributions are similar (Figs. 2, 3).
This indicates perhaps a similar mode of action in the
two cell-lines. It would be interesting to explore whether
the hypothesis can be extended to other cell-lines also.

Structure-activity relationship

The outside region of bidentate ligand shows a greater
flexibility for more bulky substitution (shown by green
polyhedra in Figs. 2 and 3) compared to the similar
region of Cl, Br or NCS substituents (shown by yellow
polyhedra). This indicates the probable site of interac-
tion. The stereoelectronic effect of alkyl groups on the
interaction site is expected to be greater in a trans—trans
dialkyl geometry as compared to cis—cis gecometry. Even
though they are in trans—trans geometry, the dibenzyl

groups are significantly away from the interaction site,
by virtue of the m—mr stacking interaction of the benzyl
aromatic ring with the ligand aromatic residue. The
observed higher cytotoxic activities of the dibenzyltin
complexes as compared to other dialkyl derivatives
might well arise from such a phenomenon. The little red
polyhedra along the Sn—Cl or Sn—NCS bonds indicate
the higher activity for the groups with more negative
charge and it is consistent with the general observation
that Cl-substituted complexes are more active than
either Br- or NCS-analogues. Any other groups which
are less sterically bulky, and more negative will have a
positive effect on the biological activity.
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