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Abstract

A series of some new diorganotin(IV) complexes [R,SnLCl] was synthesized by the reaction of 2-(3-methylbutanoyl)-
1H-indene-1,3(2H)-dione and 4-substituted anilines (p-OCHj, p-NO,, p-CHj;, p-Cl) with R,SnCl,, (R=Me, Et, n-Bu, Ph)
in 1:1 molar ratio. The structure of the Schiff bases and their complexes were characterized by IR, 1*C, 'H, 1'°Sn NMR, and
mass spectral techniques. The synthesized ligands and derived organotin complexes were evaluated in vitro against some
bacterial strains, viz., Escherichia coli, Pseudomonas aeruginosa, Bacillus cereus, Staphylococcus aureus and fungal strains,
viz., Aspergillus flavus, Aspergillus niger, and Candida albicans by serial dilution method. The antimicrobial results revealed
that organotin complexes showed a distinct escalation in biocidal activity. Phenyl and butyl complexes were found to be more
intoxicating. Furthermore, we performed QSAR studies which explained the different factors affecting the enhancement in
the bioactivity of the complexes.
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Introduction
Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00706-018-2308-6) contains Since the last few years, the major problem has arisen due
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to the expression of resistance by microorganisms against
54 Sonika Asija the marketed drugs; therefore, there is a great need for
Sonika_ic2001 @yohoo.co.in the discovery of innovative efficacious therapeutic drugs

with better and new mechanisms against microbes [1-3].
To develop potential drugs, efforts have been done by sci-
' ) entists in various fields. In particular, Schiff bases play an
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In recent times, the Schiff bases coordinated with the met-
als have been studied extensively in bioinorganic chemistry.
The Schiff bases metal complexes are of great importance as
they act as potential drugs which possess a wide spectrum
of potential activity such as antimicrobial [4, 5], anticancer
[6, 7], anti-inflammatory [8], antiparasitic [9], and antivi-
ral [10]. From the detailed literature survey on condensed
heterocyclic ring systems, it is evident that indenopyra-
zoles have also played a significant role due to their wide
biological activities, viz., analgesics, antitubercular, anti-
inflammatory agents, etc. An huge literature revealed that
organotin(IV) complexes appeared as biologically potent
moieties having antitumor [11, 12], antitubercular [13-15],
antifertility [16, 17], antimicrobial [18-20], antiviral [21],
antinematicidal, antiinsecticidal [22], antilieshmanial [23],
anti-inflammatory [24], antidiabetic [25], antihypertensive
[26], antioxidant [27], antimalarial [28] activity, etc. The
bioactive metal complexes have enormous chemotherapeutic
importance due to their ability to bind and degrade DNA
of the microorganisms [29-33]. By considering the above
facts and in continuation of our work towards the synthesis
of bioactive compounds, we report herein the convenient
synthesis, characterization, biological evaluation, and QSAR
studies of Schiff bases containing oxygen and nitrogen donor
atoms and their organotin (IV) complexes.

Results and discussion

The prior knowledge available for condensed heterocyclic
ring systems indicated that indenopyrazoles have attained
significant attention because of their synthetic utility and
enormous biological potential. Indenopyrazoles have been
found to be potent analgesics, antitubercular and anti-inflam-
matory agents, etc. Indenopyrazoles consist of indanedione
moiety which may be responsible for their biological activi-
ties [34, 35]. The Schiff bases have also been reported to be
good complexing agents. The Schiff base scaffolds play a
vital role in the synthetic and medicinal chemistry as they
are the core structure of numerous bioactive compounds.
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Hence, these types of moieties are getting attraction due to
immense clinical importance [36, 37]. Therefore, based on
the facts discussed above and continuing our research work,
the synthesis, spectral characterization, in vitro antimicro-
bial potential and QSAR studies of diorganotin(IV) com-
plexes of Schiff bases derived from, 2-(3-methylbutanoyl)-
1H-indene-1,3(2H)-dione with 4-substituted anilines are
discussed in this section.

Chemistry

The starting triketone required for the synthesis of Schiff
bases, i.e., 2-(3-methylbutanoyl)- 1 H-indene-1,3(2H)-dione
is synthesized by Claisen condensation of diethyl phthlate
and 4-methylpentan-2-one in the presence of sodium meth-
oxide as described in the literature [38, 39] (Scheme 1). The
purity of the compound was confirmed by TLC and its melt-
ing point.

Further, the triketone 2-(3-methylbutanoyl)-1H-indene-
1,3(2H)-dione was condensed with 4-substituted anilines
(p-methoxyaniline, p-nitroaniline, p-methylaniline, and
p-chloroaniline) in methanol in an equimolar ratio which
gave the desired Schiff bases in excellent yield. The con-
densation took place on side chain as reported in the lit-
erature. These Schiff bases were subsequently treated
with dialkyl/aryltin(IV) dichloride to give respective
diorganotin(IV) complexes in good yields. The synthetic
protocol of Schiff bases derived from 2-(3-methylbutanoyl)-
1H-indene-1,3(2H)-dione with 4-substituted anilines and
their diorganotin(IV) complexes is given in Scheme 2. All
the diorganotin(IV) complexes were colored solids, stable,
and soluble in CDCl;, DMSO, and MeOH. The Schiff base
ligands and their diorganotin(IV) complexes were well char-
acterized by elemental analysis, molar conductance, Iy, B¢,
119Sn NMR, and mass spectral studies. The ligands behaved
as monobasic bidentate (O—/N-) and coordinated to the cen-
tral tin atom with the oxygen atom of enol form. The molar
conductance of these complexes was found in the range
10-17 Q' cm? mol~! in DMSO, signifying the nonelec-
trolytic nature of complexes. The derived compounds were

O 0 OH 0
keto-enol
tautomerism ‘
H
o o)

2-(3-Methylbutanoyl)-1H-indene-1,3(2H)-dione
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subjected to evaluation of their in vitro antimicrobial poten-
tial by serial dilution method. Quantitative structure—activity
relationship (QSAR) analysis was performed using the linear
free energy relationship model (LFER).

FT-IR spectra

The FT-IR spectra of all the synthesized compounds were
recorded using KBr. The IR spectral data are given in the
experimental section. The IR spectra of the Schiff bases dis-
played characteristic sharp absorption bands at 1720-1710
and 1597-1587 cm™! due to C=0 and C=N, respectively.
By comparing the IR spectra of ligands and complexes,
the coordination sites of the ligands were assigned. In the
IR spectra of the complexes, absorption band due to C=N
was shifted to lower frequency by 10-25 cm™!, which
showed coordination through the azomethine nitrogen.
The appearance of new band in the spectra of complexes at
1243-1069 cm™! was due to C—O stretching confirmed that
the coordination had occurred through the carbonyl oxygen
to the tin after deprotonation. The new absorption bands in
the complexes due to Sn—C, Sn—0, and Sn—N at 723-627,
553-531, and 475-451 cm™!, respectively, also confirmed
the formation of the complexes [40, 41].
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R' = Ph, n-Bu, Et, Me
Pentacoordinated diorganotin(lV) complexes

NMR spectra

The binding sites (O—/N-) of Schiff bases were further con-
firmed by comparing the 'H and '*C NMR spectra of ligands
and complexes. The NMR spectra were recorded in CDCl,
and DMSO-dj. The spectral data are described in “Experi-
mental” section.

TH NMR

In the '"H NMR spectra of the ligands, the signal due to
enolic proton of the five membered ring of 1,3-indan-
edione moiety of Schiff base appeared as a singlet at
0=12.47-12.28 ppm. The disappearance of this signal
in the '"H NMR spectra of the complexes suggested the
coordination mode of the carbonyl oxygen with central
tin atom through enolization. In the '"H NMR spectra of
ligands and complexes, isobutyl group exhibited a doublet
in the region 3.41-2.96 ppm due to CH, protons, a multi-
plet in the region 2.27-1.82 ppm due to CH proton, and a
doublet for six protons of CH; groups at 1.04-0.83 ppm.
In the ligand HlL1 and its complexes, a singlet was
observed due to three protons of OCHj; at 3.94-3.86 ppm
due to electronegative oxygen atom, in ligand H1L3 and
its complexes, three protons of CH; appeared as a sin-
glet in the region 2.32-2.30 ppm. The other aromatic
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protons appeared in the expected region. However, in the
diorganotin(IV) complexes, some new signals appeared
in the region 8.08-6.93 ppm due to phenyl group,
2.78-0.74 ppm due to butyl group, 1.75-0.83 ppm due to
ethyl group, and 1.71-1.66 ppm due to methyl groups as
expected [42].

3C NMR

The '*C NMR spectral data of all the synthesized com-
pounds were found to be in the expected regions and fur-
ther supported the data obtained from IR and 'H NMR. The
characteristic signals in ligands due to carbonyl carbons and
azomethine carbon were appeared at 6=194.01-170.63 ppm
and 159.02-148.66 ppm, respectively. The signal due to the
C-H carbon of the five membered ring of 1,3-indanedione
moiety of Schiff bases appeared at 103.69-100.83 ppm for
ligands and complexes supporting the tautomerization of the
proton attached to the carbon. In '*C NMR spectra of ligands
and complexes signals due to carbons of OCH; and CHj;
were observed at 57.35-55.54 ppm and 39.63-34.72 ppm,
respectively. The three signals of isobutyl moiety appeared in
the range 38.96-35.45, 29.09-22.96, and 22.69-21.23 ppm
can be assigned to CH,, CH, CHj; carbons, respectively. The
signals due to carbonyl carbon, azomethine carbon and the
carbon directly attached to the central metal were shifted
downfield on complexation owing to decrease in electron
density on these groups and electropositive nature of tin
metal. The data supported the coordination modes through
azomethine nitrogen and carbonyl carbon. In the '3C spectra
of the complexes, the new signals due to carbon of methyl,
ethyl, butyl, and phenyl group directly attached to central tin
atom appeared in the expected region [43].

119¢n NMR

The pentacoordinated environment of the diorganotin(IV)
complexes was confirmed by '°Sn NMR spectra. In '°Sn
spectra of complexes, a sharp singlet was observed indi-
cating the formation of a single tin species. In ''Sn NMR
spectra signal in the range §=—397.48 to —378.32 ppm,
—298.21 to —273.18 ppm, —233.60 to —203.17 ppm, and
—189.66 to — 178.30 ppm was due to phenyl, butyl, ethyl,
and methyl complexes which were in accordance with the
literature and supported the pentacoordinated environment
and distorted trigonal bipyramidal geometry around the tin
atom [44, 45].

@ Springer

Mass spectra

The ESI-mass spectra of all the synthesized compounds fur-
ther confirmed the formation of the compounds as the data
were found to be in good agreement with their molecular for-
mula (vide experimental). The fragmentation patterns were
analysed and base peaks were found due to [L]* and the peak
due to [M+H]" ion of the diorganotin(IV) complexes was
found with very low abundance in some cases. In the mass
spectra of the complexes, the fragment ions were observed
due to the [M+H]*, [R’,SnL]*, [L]*, [R’SnL]*, [SnL]*,
[Sn]" which were in accordance with literature [46]. The
molecular ion and base peaks of Ph,SnCIL' were appeared
at m/z=644.50 and 336.00 due to [M+H]* and [L]*, respec-
tively, which were found in agreement with the theoretical
values. The ESI-mass spectrum of diorganotin(IV) complex
1 is shown in Fig. 1.

In vitro antimicrobial activity

The Schiff bases derived from 2-(3-methylbutanoyl)-1H-in-
dene-1,3(2H)-dione with 4-substituted anilines and their
diorganotin(IV) complexes were tested for their potential
against Gram-positive bacterial strains, viz., Staphylococ-
cus aureus, Bacillus cereus, Gram-negative bacterial strains,
viz., Escherichia coli, Pseudomonas aeruginosa, and fungal
strains, viz., Aspergillus flavus, Aspergillus niger, and Can-
dida albicans using serial dilution technique and ciprofloxa-
cin and fluconazole as standard drugs. The potential regard-
ing the antibacterial and antifungal activity is presented in
Table 1 and Fig. 2. The presence of C=N group in the Schiff
bases and central tin atom plays a vital role in biological
activity. Among the tested compounds, most of the com-
plexes were found more potent against microbial strains as
the R’, group increases the lipophilicity of the complexes as
they can easily bind with biological molecules by n—r inter-
actions which boost up their bioactivity. The diorganotin(IV)
complexes were found to be more potent as compared to the
Schiff base ligands against the same strains as explained by
the chelation theory [47], which is responsible for the aug-
mentation of the biocidal activity. The compounds penetrate
through the cell wall and bind with the DNA of the microor-
ganism which leads to deactivate the respiration process of
the microorganisms. The hydrogen bond formation between
oxygen and nitrogen atom with active centers of cell con-
stituents may alter the mode of action at cell processes [48,
49]. Further, the derived compounds had higher potential
against Gram-positive bacterial strains as compared to Gram
negative due to the presence of outer complex cell mem-
brane, containing lipopolysaccharides. The data revealed
that the complexes 13 (MIC 0.0048 pumol/cm?) against
E. coli and 1 (MIC 0.0024 umol/cm?®) against P. aerugi-
nosa, 5 (MIC 0.0047 umol/cm3) against B. cereus, 1 (MIC
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Fig. 1 ESI-mass spectrum of diorganotin(IV) complex 1

0.0024 pmol/cm?) against S. aureus, 1 (MIC 0.0024 pumol/
cm?®) against A. flavus, 5 (MIC 0.0024 umol/cm?) against
A. niger and 1 (MIC 0.0024 umol/cm?®) against C. albicans
(MIC 0.0024 pmol/cm?®) were found to be most potent.

QSAR studies

In the present study, data set of twenty compounds (H,L'-H
1L4 and diorganotin(IV) complexes 1-16) was submitted for the
regression analysis to correlate the molecular descriptors of these
compounds with the observed in vitro antimicrobial activities.
During the regression analysis study, it was observed that the
results of the two compounds, viz., 1 and 16 were outside the
limits of whole data set and being outliers were not included in the
regression analysis for the generation of mathematical models for
the prediction of antimicrobial activities. The relationship between
molecular descriptors and biological potential was accessed by
regression analysis and correlation matrix constructed for anti-
bacterial activity against P. aeruginosa is presented in Table 2
(supplementary section). The interrelationship of various struc-
tural descriptors with antimicrobial potential is presented in
Table 3 (supplementary section). In general, going through the
whole data set, high colinearity (r>0.8) was observed between

different parameters, i.e., molecular descriptors. The active inter-
relationship was observed between zero-order molecular con-
nectivity index, % and electronic energy (r=0.999), nuclear
repulsion energy, and zero-order molecular connectivity index,
Oy (r=0.998), and least interrelationship was found between Bala-
ban index (J), and dipole moment, i (r=0.007) and third-order
molecular connectivity index, *y and energy of highest occupied
molecular orbital, HOMO (r=0.009). The correlation matrix
pointed the role of kappa shape indices, Randic parameter, and
molecular connectivity indices in the expression of antibacterial
and antifungal activity by the synthesized complexes [50, 51].

The assessment of antimicrobial potential of synthesized
compounds against P. aeruginosa revealed that topological
descriptor first-order kappa shape index (k) was effectively
controlling the antibacterial activity (Eq. 1).

QSAR model for antibacterial activity against P. aerugi-
nosa is

pMIC,, = 0.0623k, + 0.518, 1)
n=18, r=0963, »=0928 ¢*=0910,
s =0.065, F =205.616,

@ Springer
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Tab.le 1 T_he in VitrO. Compounds Minimum inhibitory concentration (MIC)/pmol/cm3
antibacterial and antifungal
activity of Schiff bases derived Gram-negative bacteria ~ Gram-positive bacteria Fungi
from 2-(3-methylbutanoyl)- - - - -
| H-indene-1,3(2H)-dione with E.coli P aeruginosa B.cereus S.aureus A.niger A.flavus C. albicans
3;2‘;;;;‘;‘:;3\a,r)“igl;;i“;i;he‘r H,L' 0.0186  0.0186 00373 00373 00093 00093  0.0186
HlL2 0.0357 0.0178 0.0178 0.0178 0.0089 0.0045 0.0089
H1L3 0.0783  0.0196 0.0391 0.0391 0.0196 0.0098 0.0196
H1L4 0.0368 0.0184 0.0184 0.0368 0.0046 0.0092 0.0092
thanlL1 (1) 0.0097  0.0024 0.0097 0.0024 0.0097 0.0024 0.0024
BuZSnClL1 2) 0.0104  0.0052 0.0104 0.0052 0.0052 0.0026 0.0052
EtzanlL1 3) 0.0229 0.0114 0.0114 0.0057 0.0114 0.0114 0.0114
MeZSnCILl “) 0.0241 0.0121 0.0121 0.0060 0.0121 0.006 0.0121
thanle 5) 0.0095  0.0047 0.0047 0.0011 0.0024 0.0095 0.0047
Bu25nC1L2 6) 0.0101  0.0050 0.0101 0.0051 0.0051 0.0051 0.0101
EtZSnCle (@) 0.0223  0.0111 0.0111 0.0111 0.0111 0.0111 0.0056
MeZSnCIL2 ®) 0.0234 0.0117 0.0117 0.0058 0.0117 0.0058 0.0058
PhZSnClL3 (C)) 0.0050  0.0050 0.0050 0.0100 0.0025 0.0050 0.0050
BuZSnCIL3 (10)  0.0107  0.0053 0.0053 0.0107 0.0053 0.0053 0.0053
Et,SnCIL? (11) 0.0118 0.0118 0.0236 0.0118 0.0118 0.0118 0.0118
Me,SnCIL? (12)  0.0124 0.0124 0.0249 0.0031 0.0124 0.0062 0.0124
Ph,SnCIL* (13)  0.0048  0.0048 0.0048 0.0097 0.0048 0.0048 0.0048
Bu,SnCIL* (14)  0.0103  0.0051 0.0103 0.0051 0.0051 0.0051 0.0103
Et,SnCIL* (15) 0.0227 0.0113 0.0227 0.0113 0.0113 0.0057 0.0113
Me,SnCIL* (16)  0.0239  0.0060 0.012 0.006 0.012 0.006 0.0120
Ciprofloxacin 0.0047  0.0047 0.0047 0.0047 - - -
Fluconazole - - - 0.0102 0.0102 0.0102
24 The QSAR model for antibacterial activity against P. aer-
- ® uginosa (Eq. 1) demonstrated the role of first-order Kappa
' shape indices (x;) in modulating the activity. According to
2.24 ® Kier, “the shape of a molecule may be partitioned into attrib-
© utes, each described by the count of bonds of various path
QQ' 219 e lengths. The basis for devising a relative index of shape is
2 50l ® given by the relationship of the number of path of length
B @ [ in the molecule i, lPi, to some reference values based on
% 1.9+ @ molecules with a given number of atoms, n, in which the
o gl ® @ values of 'P are maximum and minimum, leaX and 'P_. .
The first-order shape attribute, «,, is given by the following
1.74 ° o expression”:
" Ky =n(n—12/(PY.

1.6 1.7 1.8 1.9 2.0 21 22 23 24
Observed pMICpa

Fig.2 Plot of observed pMIC,, against the predicted pMIC,, for the
QSAR model developed by Eq. (1)

where r is the correlation coefficient, n is the number of
data points, 7 is the squared correlation coefficient, ¢ is the
cross-validated > obtained by leave one out method, s is the
standard error of the estimate and F is the Fischer statistics.
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It can be seen from the results of antimicrobial activity
in Table 4 (supplementary section) that compounds 1 and 5§
have the highest antibacterial potential against P. aeruginosa
and they have high «; values (Table 5, supplementary sec-
tion) which are in concordance with the model expressed by
Eq. (1) in which there is a positive correlation between anti-
bacterial potential of synthesized compounds and topologi-
cal descriptors k;. The best use of QSAR models is in their
ability to predict the activity potential of similar compounds
and this assessing potential is measured by testing the validity
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of derived QSAR models. The validity of the models was
measured by the leave one out (LOO) method and q2 value
was found to be 0.910. The QSAR model is valid if value of
¢*>>0.5; hence, the model represented by Eq. (1) was consid-
ered as a valid one. Further, the mathematical model (Eq. 1)
was also tested for its predictability and the results of predicted
antibacterial activity are presented in Table 6 (supplementary
section).

The comparison of in vitro observed and predicted antibac-
terial activity indicated that the model represented by Eq. (1)
was valid as it gave low residual values, hence supporting the
validity of the derived model. Further, to confirm the predict-
ability and validity of derived QSAR model a plot of observed
and predicted antibacterial activity against P. aeruginosa was
drawn which also supported the validity of model represented
by Eq. (1) (Fig. 2). The plot of observed antibacterial activity
against residual antibacterial activity (pMIC,,) demonstrated
the nonexistence of systematic errors in development of QSAR
model (Fig. 3) [52].

The other important QSAR models derived are as repre-
sented below.

QSAR model for antibacterial activity against E. coli is

pMIC,, = 0.112' y +0.103, 2)
n=16, r=0913, > =0.833,

¢ =0.767, s=0.115, F=69.621.

QSAR model for antibacterial activity against E. coli is
pMIC,, =0.112R + 0.103, 3)
n=16, r=0913, > =0.833,

¢ =0767, s=0.115, F=69.621.

2
11
8
O
=l
o 0.0 l >
>
3 J l
¥
=14
-2

1.6 1.7 1.8 1.9 2.0 21 22 23 24
Observed pMICpa

Fig.3 Plot of residual pMIC,, against the observed pMIC,, for the
QSAR model developed by Eq. (1)

QSAR model for antifungal activity against A. niger is

pMIC,, = 0.119x, + 0.957, @)
n=16, r=0907, r*=0.822,
¢ =0.771, s=0.083, F =64.505.

QSAR model for antibacterial activity against B. cereus
is

pMIC,, = 0.099' ¥ +0.414, 5)
n=16, r=0.899, > =0.809,
¢ =0.749, s=0.127, F=59.121.

QSAR model for antibacterial activity against S. aureus
is

pMIC,, = 0.142% y + 0.007, (6)
n=16, r=0862, r>=0.743,
¢> =0.636, s=0.191, F=4093.

QSAR model for antifungal activity against C. albicans
is

pMIC,, = 0.083? 1 + 0.869, (7
n=16, r=0847, r*=0717,
¢* =0.639, s=0.118, F =35509.

The above models have been discussed in detail in the
supplementary section.

Conclusion

Diorganotin(IV) complexes were obtained by the reac-
tion of 2-(3-methylbutanoyl)-1H-indene-1,3(2H)-dione
and 4-substituted anilines (p-OCHj;, p-NO,, p-CH;, p-Cl)
with R,SnCl,, (R=Me, Et, n-Bu, Ph). The synthesized
complexes have been characterized by different spectro-
scopic (IH, 13C, 119Sn NMR, IR, mass) and other physi-
cal techniques. The Schiff base ligands were found to be
bidentate coordinated with tin metal with (N—/O-) donor
sites having pentacoordinated tin(IV) complexes. These
compounds were further screened for their in vitro anti-
microbial activity against different bacterial and fungal
strains. The activity varies with the substitution on the tin
atom, and the phenyl complexes were found to be more
potent than other compounds. The presence of chlorine
atom showed superior biocidal activity. Furthermore, the
QSAR analysis revealed that the antimicrobial activity was
controlled by topological indices which indicated that the
complexes were more prolific than the parent ligands.

@ Springer



214

P. Khatkar et al.

Experimental

All the reactions were carried under inert atmosphere.
The starting materials, i.e., dimethyltin(IV) dichloride,
diethyltin(IV) dichloride, di-n-butyltin(IV) dichloride, and
diphenyltin(IV) dichloride were of analytical grade supplied
by Sigma-Aldrich and used as such without any further puri-
fication. The elemental analysis (C, H, and N) was carried
on a Perkin-Elmer 2400 instrument and the measured data
were found to be in accordance with the calculated data. The
Fourier transform infrared (FTIR) spectra (4000-400 cm™h)
were recorded on a Perkin-Elmer spectrum RX1 instrument.
The NMR spectra were recorded on a Bruker Avance II
400 MHz NMR spectrometer in CDCl; or DMSO-dj using
tetramethylsilane (TMS) as an internal standard. The mass
spectra were recorded on an LCMS MS 6410 Agilent Tech-
nologies spectrometer with an electron impact quadropole
analyzer. Tin was estimated gravimetrically as SnO,.

General procedure for the synthesis of Schiff base
ligands H,L'-H,L*

The 2-(3-methylbutanoyl)-1H-indene-1,3(2H)-dione needed
for the synthesis was prepared by the Claisen condensation
of diethyl phthlate and 4-methylpentan-2-one in the presence
of sodium methoxide as described in the literature. procedure
[38, 39]. Schiff base ligands H,L'-H,L* were prepared in
good yield by the reaction of 1.151 g 2-(3-methylbutanoyl)-
1H-indene-1,3(2H)-dione (5 mmol) and 0.615 g p-meth-
oxyaniline (5 mmol) or 0.690 g p-nitroaniline (5 mmol) or
0.535 g p-methylaniline (5 mmol) or 0.637 g p-chloroaniline
(5 mmol) in 1:1 molar ratio in 30 cm® methanol by adding
3—4 drops of glacial acetic acid. The progress of reaction
was monitored by TLC analysis of the reaction mixture
withdrawn at different interval of time. The reaction mix-
ture was refluxed for 67 h and after the completion of reac-
tion, contents were allowed to cool and stand overnight at
room temperature. The products thus obtained were filtered,
washed with methanol, and recrystallized from methanol and
chloroform solution to furnish the pure products.

(E)-2-[1-(4-Methoxyphenylimino)-3-methylbutyl]-1H-in-
dene-1,3(2H)-dione (H1L1, C,,H,;NO) White solid; yield:
93%; m.p.: 174-176 °C; IR (KBr): v=1716 (C=0), 1587
(C=N) cm™'; 'TH NMR (CDCl,): §=12.28 (s, 1H), 7.72 (d,
2H), 7.59 (d, 2H, J=8 Hz), 7.14 (d, 2H, J=8 Hz), 6.95 (d,
2H, J=8 Hz), 3.86 (s, 3H), 2.97 (d, 2H, /=8 Hz), 2.00-1.90
(m, 1H), 0.86 (d, 6H, J=4 Hz) ppm; '*C NMR (CDCl,):
6=195.0, 190.4, 166.0, 158.9, 139.9, 138.9, 133.2, 132.8,
129.1, 127.7, 121.4, 120.9, 114.6, 103.6, 55.5, 35.5, 29.0,
22.4 ppm; ESI-MS: m/z calcd. for C,,H,NO ([M+H]")
336.16, found 336.10.
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(E)-2-[3-Methyl-1-(4-nitrophenylimino)butyl]-1H-in-
dene-1,3(2H)-dione (H1L2, C,H5N,0,) White solid; yield:
89%; m.p.: 178-181 °C; IR (KBr): v=1720 (C=0), 1590
(C=N) cm™'; 'TH NMR (CDCl): §=12.61 (s, 1H), 8.07
(d, 2H), 7.84 (d, 2H, J=8 Hz), 7.41 (d, 2H, J=8 Hz),
6.63 (d, 2H, J=8 Hz), 2.86 (d, 2H, J=8 Hz), 2.27-2.18
(m, 1H), 1.04 (d, 6H, J=8 Hz) ppm; '*C NMR (CDCl,):
6=191.4, 189.4, 157.7, 148.9, 142.6, 134.6, 132.3, 126.3,
124.5, 101.5, 38.9, 24.4, 22.7 ppm; ESI-MS: m/z calcd. for
C,oH sN,O, ((IM+H]*) 351.3, found 351.60.

(E)-2-[3-Methyl-1-(p-tolylimino)butyl]-1H-in-
dene-1,3(2H)-dione (H1L3, C,,H;;NO,) White solid; yield:
87%; m.p.: 201-203 °C; IR (KBr): v=1718 (C=0), 1595
(C=N) cm™'; 'TH NMR (CDCl,): §=12.47 (s, 1H), 7.87 (d,
2H), 7.62 (d, 2H, J=8 Hz), 7.33 (d, 2H, J=8 Hz), 7.15 (d,
2H, J=8 Hz), 2.31 (s, 3H), 2.96 (d, 2H, /=8 Hz), 1.93-1.82
(m, 1H), 0.91 (d, 6H, J=8 Hz) ppm; '*C NMR (CDCl,):
6=193.7, 188.3 (C=0), 153.6 (C=N), 140.2, 134.5, 132.4,
128.6, 127.8, 126.7, 100.8, 39.6, 30.7, 22.9, 21.5 ppm; ESI-
MS: m/z caled. for C,H, NO, ((M+H]") 320.17, found
320.20.

(E)-2-[1-(4-Chlorophenylimino)-3-methylbutyl]-1H-in-
dene-1,3(2H)-dione (H1L4, C,oH,5CINO,) White solid; yield:
91%; m.p.: 191-193 °C; IR (KBr): v=1710 (C=0), 1597
(C=N) cm™'; '"H NMR (CDCl,): §=12.31 (s, 1H), 7.73 (m,
2H), 7.61 (m, 2H, J=8 Hz), 7.23-7.13 (m, 4H), 2.97 (d,
2H, J=8 Hz), 1.98-1.89 (m, 1H), 0.86 (d, 6H, /=8 Hz)
ppm; 3C NMR (CDCly): §=192.6, 189.6, 156.7 (C=N),
145.5, 132.8, 130.3, 129.7, 128.8, 127.4, 101.3, 35.5, 23.6,
22.4 ppm; ESI-MS: m/z calcd. for C,,H,4CINO, (IM+H]*)
340.11, found 340.20.

General procedure for the synthesis
of diorganotin(lV) complexes 1-16

For the synthesis of diorganotin(IV) complexes firstly
sodium salt of the ligands by the reaction of 1.67 g H,L!,
1.75 g H,L?% 1.59 g H,L3, or 1.69 g H,L* (5 mmol each)
and 0.23 g sodium metal (5 mmol) in 20 cm? dry metha-
nol was prepared. To the reaction mixture, the metha-
nolic solution of 1.71 g diphenyltin(IV) dichloride, 1.51 g
dibutyltin(IV) dichloride, 1.23 g diethyltin(IV) dichloride,
or 1.09 g dimethyltin(IV) dichloride was added dropwise
with constant stirring and then refluxed at 40-50 °C for
6-7 h. Thereafter, the reaction mixture was cooled and kept
overnight at room temperature. Then, the reaction mixture
was filtered to remove sodium chloride salt thus formed.
Consequently, the excess solvent was evaporated over rotary
evaporator under reduced pressure to separate out the solid.
The solid thus obtained was washed with dry hexane and
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recrystallized with methanol and chloroform mixture to get
the pure products.

(E)-3-[(Chlorodiphenylstannyl)oxyl-2-[1-(4-methox
yphenylimino)-3-methylbutyl]-1H-inden-1-one (1,
C5;3H;,CINO;Sn) Yellow solid; yield: 76%; m.p.: 187-189 °C;
IR (KBr): v=1708 (C=0), 1568 (C=N), 1172 (C-0), 692
(Sn—C), 541 (Sn-0), 471 (Sn-N) cm™'; 'H NMR (CDCl,):
6=7.90-6.99 (m, 18H), 3.87 (s, 3H), 2.97 (d, 2H, /=8 Hz),
1.98-1.91 (m, 1H), 0.86 (d, 6H) ppm; '3*C NMR (CDCl,):
6=195.0, 190.4, 169.0, 158.0, 139.8, 138.9, 136.1, 133.2,
132.8, 129.1, 127.7, 121.4, 121.0, 114.6, 103.6, 55.6, 35.4,
29.0, 22.4 ppm; 'Sn NMR (CDCl,): §=—379.47 ppm;
ESI-MS: m/z calcd. for C33H;,CINO;Sn ([M+H]*) 644.10,
found 644.40.

(E)-3-[(Dibutylchlorostannyl)oxyl-2-[1-(4-methoxyphenylimi
no)-3-methylbutyl]-1H-inden-1-one (2, C,4,H;,CINO;Sn) Yel-
low solid; yield: 78%; m.p.: 182183 °C; IR (KBr): v=1718
(C=0), 1571 (C=N), 1109 (C-0), 627 (Sn—C), 537 (Sn-0),
462 (Sn-N) cm™!; 'TH NMR (CDCl,): 6=7.57 (d, 2H), 7.31 (d,
2H, J=8 Hz), 7.09 (d, 2H, J=8 Hz), 6.92 (d, 2H, J=8 Hz), 3.91
(s, 3H), 3.41 (d, 2H, J=8 Hz), 2.78-2.47 (m, 6H), 2.11-2.03
(m, 1H, CH), 1.48-0.83 (m, 18H) ppm; *C NMR (CDCl,):
5=194.0,189.6, 168.6, 157.7, 139.4, 137.1, 135.6, 133.3, 131.3,
129.2,101.0, 56.5, 35.4,30.1,26.7,25.5,23.1,22.7, 15.9 ppm;
1198n NMR (CDCls): §=-287.19 ppm; ESI-MS: m/z calcd. for
C,oH35CINO;Sn ([M+H] ") 604.16, found 604.40.

(E)-3-[(Diethylchlorostannyl)oxyl-2-[1-(4-methoxyphenylimino)-3
-methylbutyl]-1H-inden-1-one (3, C,;H;,CINO;Sn) Yellow solid;
yield: 72%; m.p.: 189-191 °C; IR (KBr): v=1709 (C=0), 1573
(C=N), 1075 (C-0), 671 (Sn—C), 539 (Sn-0), 473 (Sn-N) cm™';
"HNMR (CDClLy): §=7.79 (d, 2H, J=8 Hz), 7.71-7.63 (m, 2H),
7.19 (d, 2H), 7.05 (d, 2H, J=8 Hz), 3.93 (s, 3H), 2.94 (d, 2H,
J=8Hz),2.13-2.02 (m, 1H), 1.73-1.63 (m, 4H), 1.21-0.83 (m,
12H) ppm; *C NMR (CDCl,): 6=193.1, 189.0, 168.8, 158.6,
141.0,137.7,133.5, 131.4, 130.2, 129.7, 102.8, 56.7, 36.1, 29.6,
25.3,21.5, 15.2 ppm; ''°Sn NMR (CDCl,): 6=—203.17 ppm;
ESI-MS: m/z caled. for C,5H4CINO;Sn ([IM+H]*) 548.10,
found 548.90.

(E)-3-[(Chlorodimethylstannyl)oxy]-2-[1-(4-methox
yphenylimino)-3-methylbutyl]-1H-inden-1-one (4,
C,3H,cCINO;Sn) Yellow solid; yield: 78%; m.p.: 185—
187 °C; IR (KBr): v=1721 (C=0), 1572 (C=N), 1069
(C-0), 679 (Sn—C), 538 (Sn-0), 469 (Sn—-N) cm™'; 'H
NMR (CDCl,): §=7.80 (m, 2H), 7.70-7.65 (m, 2H), 7.22
(d, 2H, J=8 Hz), 7.03 (d, 2H, J=8 Hz), 3.94 (s, 3H), 3.05
(d, 2H, J=8 Hz), 2.07-2.00 (m, 1H), 1.66 (s, 6H), 0.94 (d,
6H, J=8 Hz) ppm; '*C NMR (CDCl,): §=194.39, 190.0,
171.7,157.0, 140.8, 138.3, 134.4, 132.1, 131.7, 129.1, 99.2,
57.3, 35.5, 26.7, 21.2, 15.2 ppm; '"?Sn NMR (CDCl,):

0=—189.66 ppm; ESI-MS: m/z calcd. for C,;H,CINO;Sn
([M+H]") 520.07, found 520.60.

(E)-3-[(Chlorodiphenylstannyl)oxy]-2-[3-methyl-1-(4-nitro-
phenylimino)butyl]l-1H-inden-1-one (5,
C5,H,;CIN,0,Sn) Yellow solid; yield: 90%; m.p.: 172 °C;
IR (KBr): v=1716 (C=0), 1577 (C=N), 1191 (C-0), 701
(Sn—C), 546 (Sn-0), 474 (Sn-N) cm™'; 'H NMR (CDCl,):
6=8.08 (d, 2H, J=8 Hz), 7.81-6.93 (m, 16H), 2.96 (d, 2H,
J=8 Hz), 1.92-1.87 (m, 1H), 0.83 (d, 6H, /=8 Hz) ppm;
3C NMR (CDCl,): §=193.5, 189.0, 162.9, 147.2, 139.4,
138.3, 137.8, 136.2, 133.0, 132.2, 129.1, 127.9, 122.6,
116.7, 101.0, 35.7, 27.8, 22.1 ppm; ''?Sn NMR (CDCl,):
0=-393.89 ppm; ESI-MS: m/z calcd. for C;,H,,CIN,0,Sn
(IM+H]") 659.08, found 659.40.

(E)-3-[(Dibutylchlorostannyl)oxy]-2-[3-methyl-1-(4-nitrophe-
nylimino)butyl]-1H-inden-1-one (6, C,gH;5CIN,0,5n) Yellow
solid; yield: 82%; m.p.: 198-200 °C; IR (KBr): v=1719
(C=0), 1572 (C=N), 1088 (C-0), 665 (Sn—C), 544 (Sn—
0), 468 (Sn—N) cm™!; "H NMR (CDCl,): §=8.06 (d, 2H,
J=8 Hz), 7.87 (d, 2H, J=8 Hz), 7.42 (d, 2H, /=8 Hz),
6.73 (d, 2H, J=8 Hz), 3.31 (d, 2H, J=8 Hz), 2.51-2.48 (m,
3H), 1.52-0.84 (m, 21H) ppm; *C NMR (CDCl,): §=192.8,
188.2, 159.0, 146.9, 139.1, 137.4, 135.6, 133.4, 132.4,
129.0, 100.0, 36.5, 28.1, 25.2, 22.1, 21.7, 20.1, 13.3 ppm;
119Sn NMR (CDCl,): §=—273.18 ppm; ESI-MS: m/z calcd.
for C,gH;5sCIN,O,Sn ([M+H]*) 619.14, found 619.60.

(E)-3-[(Chlorodiethylstannyl)oxyl-2-[3-methyl-1-(4-nitrophe-
nylimino)butyl]l-1H-inden-1-one (7, C,,H,,CIN,0,5n) Yellow
solid; yield: 90%; m.p.: 172 °C; IR (KBr): v=1714 (C=0),
1568 (C=N), 1092 (C-0), 688 (Sn—-C), 531 (Sn—0), 460
(Sn-N) cm™'; 'TH NMR (CDCl,): 6=8.07 (d, 2H, J=8 Hz),
7.79 (d, 2H, J=8 Hz), 7.41 (d, 2H), 6.93 (d, 2H, /=8 Hz),
2.99 (d, 2H, J=8 Hz), 2.07-1.98 (m, 1H), 1.75-1.68
(m, 4H), 1.23-0.88 (m, 12H) ppm; *C NMR (CDCI,):
5=194.4, 190.6, 158.6, 147.5, 141.9, 139.2, 137.1, 133.3,
131.2, 128.4, 100.2, 35.7, 28.8, 26.1, 21.7, 15.5 ppm; !*°Sn
NMR (CDCl,): §=—213.70 ppm; ESI-MS: m/z calcd. for
C,,H,,CIN,0,Sn ([IM+H]") 563.08, found 563.10.

(E)-3-[(Chlorodimethylstannyl)oxyl-2-[3-methyl-1-(4-nitro-
phenylimino)butyl]-1H-inden-1-one (8,
C,,H,3CIN,0,Sn) Yellow solid; yield: 81%; m.p.: 191-
193 °C; IR (KBr): v=1711(C=0), 1573 (C=N), 1093
(C-0), 657 (Sn—-C), 538 (Sn-0), 475 (Sn-N) cm™!; 'H
NMR (CDCly): §=8.03 (d, 2H, /=8 Hz), 7.86 (d, 2H,
J=8 Hz), 7.44 (d, 2H, J=8 Hz), 6.83 (d, 2H, /=8 Hz),
3.01 (d, 2H, J=8 Hz), 2.08-1.99 (m, 1H), 1.68 (s, 6H), 0.93
(d, 6H, J=8 Hz) ppm; '*C NMR (CDCl,): §=193.4, 189.7,
158.4, 146.0, 140.8, 139.2, 138.6, 134.4, 133.4, 129.5,
99.9, 36.2, 29.7, 23.3, 14.5 ppm; ''?Sn NMR (CDCl;):
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0=-182.36 ppm; ESI-MS: m/z calcd. for C,,H,;CIN,O,Sn
([M+H]") 535.04, found 535.60.

(E)-3-[(Chlorodiphenylstannyl)oxy]-2-[3-methyl-1-(p-tol-
ylimino)butyl]-1H-inden-1-one (9, C;5H;,CINO,Sn) Yellow
solid; yield: 90%; m.p.: 197-199 °C, IR (KBr): v=1721
(C=0), 1582 (C=N), 1171 (C-0), 723 (Sn-C), 542 (Sn—
0), 461 (Sn-N) cm™'; '"H NMR (CDCl,): §=7.79-6.97
(m, 18H), 2.94 (d, 2H, J=8 Hz), 2.32 (s, 3H), 1.90-1.79
(m, 1H), 0.89 (d, 6H, J=8 Hz) ppm; '*C NMR (CDCl,):
5=194.7, 189.3, 162.0, 142.9, 137.5, 136.4, 133.1, 132.2,
130.9, 129.7, 128.3, 127.3, 122.1, 115.47, 100.6, 36.9, 31.1,
22.3, 21.2 ppm; ''?Sn NMR (CDCl,): §=—397.48 ppm;
ESI-MS: m/z caled. for C;3H;,CINO,Sn ([IM+H]*) 628.11,
found 628.40.

(E)-3-[(Dibutylchlorostannyl)oxy]-2-[3-methyl-1-(p-tolylim-
ino)butyll-1H-inden-1-one (10, C,gH;3CINO,Sn) Yellow
solid; yield: 89%; m.p.: 210-212 °C; IR (KBr): v=1699
(C=0), 1578 (C=N), 1243 (C-0), 705 (Sn—C), 553 (Sn—
0), 467 (Sn—N) cm™!; "H NMR (CDCl,): §=7.73 (d, 2H,
J=8 Hz), 7.64 (d, 2H, J=8 Hz), 7.31 (d, 2H, J=8 Hz),
7.18 (d, 2H, J=8 Hz), 3.37 (d, 2H, J=8 Hz), 2.48-2.38 (m,
5H), 2.31 (s, 3H), 2.11-2.01 (m, 1H), 1.42-0.81 (m, 19H)
ppm; °C NMR (CDCl): §=194.3, 188.7, 159.4, 140.0,
138.2, 135.5, 133.6, 131.9, 130.5, 128.9, 100.0, 38.7, 30.2,
27.1,25.7,23.6,22.5,21.1, 14.1 ppm; '*Sn NMR (CDCl,):
0=-298.21 ppm; ESI-MS: m/z calcd. for C,qH;3CINO,Sn
(IM+H]*) 588.17, found 588.40.

(E)-3-[(Chlorodiethylstannyl)oxyl-2-[3-methyl-1-(p-tolylim-
ino)butyl]-1H-inden-1-one (11, C,;H;,CINO,Sn) Yellow
solid; yield: 82%; m.p.: 198-200 °C; IR (KBr): v=1712
(C=0), 1587 (C=N), 1108 (C-0), 692 (Sn—C), 548 (Sn—
0), 471 (Sn—N) cm™!; '"H NMR (CDCl,): §=7.78 (d, 2H,
J=8Hz), 7.66 (d, 2H, J=8 Hz), 7.33 (d, 2H), 7.24 (d, 2H,
J=8 Hz), 2.99 (d, 2H, J=8 Hz), 2.32 (s, 3H), 2.15-2.04
(m, 1H), 1.77-1.69 (m, 4H), 1.32-0.91 (m, 12H) ppm; °C
NMR (CDCl,): 6=193.4, 189.3, 158.6, 141.2, 138.2, 136.7,
133.3, 130.1, 126.7, 129.4, 100.2, 35.3, 27.6, 25.4, 22.1,
21.5, 15.5 ppm; '°Sn NMR (CDCl,): 6= —233.60 ppm;
ESI-MS: m/z calcd. for C,5H;,CINO,Sn ((M+H]*) 532.11,
found 532.70.

(E)-3-[(Chlorodimethylstannyl)oxy]-2-[3-methyl-1-(p-tol-
ylimino)butyl]-1H-inden-1-one (12, C,;H,,CINO,Sn) Yellow
solid; yield: 90%; m.p.: 201-203 °C; IR (KBr): v=1709
(C=0), 1588 (C=N), 1073 (C-0), 689 (Sn—-C), 543 (Sn—
0), 463 (Sn—-N) cm™!; '"H NMR (CDCl,): §=7.79 (d, 2H,
J=8 Hz), 7.68 (d, 2H, J=8 Hz), 7.34 (d, 2H, J=8 Hz),
7.21 (d, 2H, J=8 Hz), 2.98 (d, 2H, J=8 Hz), 2.30 (s, 3H),
2.11-2.01 (m, 1H), 1.69 (s, 3H), 0.87 (d, 6H, J=8 Hz) ppm;
13C NMR (CDCl5): 6=195.1, 189.8, 159.4, 140.8, 139.2,
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138.6, 136.7, 133.4, 130.4, 128.7, 100.9, 34.7, 28.8, 24.3,
21.6, 15.0 ppm; ''?Sn NMR (CDCl,): 6=~ 183.06 ppm;
ESI-MS: m/z caled. for C,3H,,CINO,Sn ([M+H]*) 504.08,
found 504.90.

(E)-3-[(Chlorodiphenylstannyl)oxyl-2-[1-(4-chlorophenylimino)-
3-methylbutyl]-1H-inden-1-one (13, C;,H,,Cl,NO,Sn) Yel-
low solid; yield: 85%; m.p.: 232-234 °C; IR (KBr): v=1722
(C=0), 1577 (C=N), 1196 (C-0), 683 (Sn—C), 535 (Sn-0),
458 (Sn-N) cm™'; 'TH NMR (CDCl,): §=7.63-7.12 (m,
18H), 2.96 (d, 2H, J=8 Hz), 1.91-1.82 (m, 1H), 0.81 (d, 6H,
J=8 Hz) ppm; '*C NMR (CDCl,): 6=193.8, 189.0, 158.5,
144.0, 139.9, 136.1, 133.7, 133.2, 129.3, 128.9, 128.5, 125.6,
122.4,117.4,100.9, 35.7,29.2, 22.3 ppm; '°Sn NMR (CDCl,):
0=-391.47 ppm; ESI-MS: m/z calcd. for C;,H,,Cl,NO,Sn
(IM+H]") 648.05, found 6438.40.

(E)-2-[1-(4-Chlorophenylimino)-3-methylbutyl]-3-[(dibutylch
lorostannyl)oxyl-1H-inden-1-one (14, C,gH;;CI,NO,Sn) Yel-
low solid; yield: 76%; m.p.: 211-213 °C; IR (KBr): v=1718
(C=0), 1568 (C=N), 1201 (C-0), 678 (Sn—C), 543 (Sn-0),
472 (Sn—N) cm™'; 'TH NMR (CDCl,): §=7.64-7.42 (m, 5H),
7.31-7.13 (m, 2H), 6.88-6.78 (m, 1H), 3.19-2.94 (m, 7H),
2.71 (d, 2H, J=8 Hz), 2.13-2.04 (m, 1H), 1.82-0.74 (m,
17H) ppm; *C NMR (CDCl,): 6=193.7, 188.3, 159.6,
145.0, 137.2, 136.5, 133.2, 132.1, 130.9, 129.4, 98.0, 37.7,
28.7,26.8,25.4,21.5,20.4, 13.8 ppm; ''°Sn NMR (CDCl,):
0=—273.46; ESI-MS: m/z calcd. for C,gH;5C1,NO,Sn
(IM+H]") 608.11, found 608.60.

(E)-3-[(Chlorodiethylstannyl)oxy]-2-[1-(4-chlorophenylimino)-
3-methylbutyl]-1H-inden-1-one (15, C,,H,,Cl,NO,Sn) Yel-
low solid; yield: 86%; m.p.: 202-204 °C; IR (KBr): v=1720
(C=0), 1567 (C=N), 1166 (C-0), 702 (Sn—C), 543 (Sn-0),
461 (Sn—N) cm™'; 'TH NMR (CDCl,): §=7.61-7.39 (m, 4H),
7.22 (d, 2H, J=8 Hz), 6.90 (d, 2H, /=8 Hz), 2.97 (d, 2H,
J=8 Hz), 2.27-2.19 (d, 2H), 2.09-1.74 (m, 1H), 1.64-1.52
(m, 4H), 1.30-0.90 (m, 12H) ppm; '*C NMR (CDCI,):
6=192.4, 187.5, 157.1, 144.0, 139.2, 138.5, 134.1, 133.4,
129.3, 125.7, 100.8, 35.9, 29.6, 25.2, 21.6, 15.4 ppm; '1°Sn
NMR (CDCly): 6=-203.38 ppm; ESI-MS: m/z calcd. for
C,,H,;,C1,NO,Sn ([M+H]™) 552.05, found 552.70.

(E)-3-[(Chlorodimethylstannyl)oxyl-2-[1-(4-chlorophenylimino)-
3-methylbutyl]-1H-inden-1-one (16, C,,H,;Cl,NO,Sn) Yel-
low solid; yield: 82%; m.p.: 189—191 °C; IR (KBr): v=1709
(C=0), 1562 (C=N), 1189 (C-0), 697 (Sn—C), 552 (Sn-0),
451 (Sn-N) cm™'; 'H NMR (CDCl,): §=7.62-7.38 (m,
4H), 7.22 (d, 2H, J=8 Hz), 6.89 (d, 2H, J=8 Hz), 2.96 (d,
2H, J=8 Hz), 2.01-1.91 (m, 1H), 1.71 (s, 6H), 0.93 (d, 6H,
J=8 Hz) ppm; 3C NMR (CDCl,): 6=194.3, 189.1, 159.9,
140.2, 139.0, 136.1, 133.6, 131.5, 128.2, 126.1, 102.1, 35.9,
25.1,21.7,16.3 ppm; '°Sn NMR (CDCl,): §=—178.30 ppm;
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ESI-MS: m/z caled. for C,,H,;CLNO,Sn ([M+H]Y) 524.02,
found 524.70.

Pharmacology

All the newly synthesized compounds were assessed for
their in vitro antimicrobial activity against Gram positive
bacterial strains, viz., B. cereus (MTCC 10072), S. aureus
(NCIM 2901) and Gram negative bacterial strains, viz., E.
coli (IMTCC 732), P. aeruginosa (MTCC 424), and fungal
strains, viz., A. flavus (ATCC 76801), A. niger (MTCC
9933), and C. albicans (MTCC 227) at different concentra-
tions under the standard set of conditions. Minimum inhibi-
tory concentration (MIC, umol/cm?®) was calculated by serial
dilution method.

QSAR studies of the Schiff bases and their
diorganotin(IV) complexes

For QSAR study a data set of synthesized compounds with
different antimicrobial activities excluding outliers were
used. The antimicrobial activity was calculated in MIC
(umol/cm?®) and it was converted into the corresponding
pMIC (—1ogMIC). The structures of the molecules were
optimized by using Marvin Sketch. The molecular param-
eters including one-, two-, and three-dimensional descrip-
tors were calculated. The pre-optimization of the structures
of test compound was performed by molecular mechanics
force field (MM) process of Hyperchem 6.03 [53] and the
resultant geometries were further developed by means of
the semiempirical method PM3 (Parametric Method 3). A
gradient norm limit of 0.01 kcal/A was used for the geom-
etry optimization. The minimum energy structure of every
molecule was taken for the calculation of physicochemical
parameters using TSAR 3.3 software for Windows [54].
The regression analysis was done using the SPSS software
package [55]. Predictive power and model’s corpulence were
assessed by means of cross-validation coefficient ¢.
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