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A series of tris-(para-substitutedphenyltins (X — C4H4)3SnY, where X = Cl, F, CH; and SCH3 and
Y = Cl, OH and OAc, was synthesized. The structures of the compounds were primarily characterized
by Méssbauer spectroscopy. Based on the spectroscopic data, the chloride derivatives were determined
to be four-coordinated monomers and the acetate and hydroxide compounds were found to be five-
coordinated polymers. The compounds were screened against the second larval instar of the Anopheles
stephensi and Aedes aegypti mosquitoes. For the An. stephensi larvae, the compounds that had the
highest toxicity were those that contained a single atom substituent on the phenyl ring, and the
least effective compounds contained the SCHj3 substituent. Toxicity was more dependent on the ring
substituent than on the anion attached to the tin atom. Quantitative structure—activity relationships
could be generated between the toxicity of the compounds and the surface area of the molecule,
indicating that the toxicity was related to the size of the substituent on the ring. In the case of the
Ae. aegypti, the toxicity was also more dependent on the ring substituent than on the anion group.
However, the size of the substituent on the ring was not found to be the dominant factor in the toxicity

of these compounds. Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Triorganotins are a class of organometallic compounds
with known biocidal activities.> They have been used in
agriculture for controlling various pests and as a wood
preservative.l? Organotins have also been found to be
effective against mosquitoes and their larvae. For example,
Kumar Das et al.* observed that this class of compounds was
effective against the larvae of the Aedes aegypti mosquito.
Another study involving the mosquito, as well as the house
fly and flea, also concluded that triorganotins were the
most effective organotin in achieving 100% mortality.* The
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insecticidal aspects of triorganotins against several species of
mosquito has been discussed in a recent review.

Recently, several series of organotins were found to have
effective larvicidal activity against both the Anopheles stephensi
and Ae. aeqypti mosquitoes.®~® For example, a number of
triorganotin dithiocarbamates were found to be an effective
larvicide against both types of mosquito.?

Mosquitoes are responsible for the transmission of diseases
such as malaria and yellow fever to humans. Malaria is one of
the most widespread infectious diseases in the world. More
than 40% of the world’s population lives in tropical areas
where they are at risk of malaria transmission.” Each year,
approximately 400 million people are infected with malaria,
with approximately 1-2 million cases resulting in death,’
mainly among children of 5 years of age or less.” The Ae.
aegypti mosquito is the vector of several arboviral diseases.
Two that are important to man and usually occur in epidemic

form are yellow and dengue fevers.10-12
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Insecticides still remain the primary method of most
countries’ mosquito control programs. Thus, the development
of a more effective larvicide to combat these two species of
mosquito would be of worldwide interest. The synthesis,
structural characterization and the larvicidal activities of
several tris-(para-substitutedphenyl)tins are being reported,
since this series of compounds has been found to be effective
against the larvae of the Ae. aegypti mosquitoes.®

EXPERIMENTAL

Materials

Anhydrous tin tetrachloride was obtained from J. T.
Baker Chemical Co., Phillipsburg, NJ, USA, and used
as received. Ph3SnCl, Ph3SnOH and Ph3;SnOAc obtained
from Alfa Aesar, Ward Hill, MA, USA, were also
used as received, since their melting points were
within experimental literature values. The para-substituted
benzenes, 4-bromothioanisyl, 4-bromochlorobenzene, 4-
bromofluorobenzene and 4-bromomethylbenzene were
obtained from Aldrich Chemical Co., Inc., Milwaukee, WI,
USA, and used without further purification. All the sol-
vents were obtained from Fisher Scientific Inc., Pittsburgh,
PA, USA, and stored over molecular sieves, with the excep-
tion of anhydrous ether and tetrahydrofuran, which were
distilled over sodium just prior to use. All other reagents
were reagent grade and were used as purchased without any
further purification.

Preparation of the tetraaryltins
The tetrakis-(para-substitutedphenyl)tins were prepared
according to standard literature procedure.’® The melting
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points of the tetraaryltins are as follows: tetrakis-(para-
chlorophenyl)tin, 192-194°C (lit* 195-196°C); tetrakis-
(para-methylphenyl)tin, 235-236°C (lit."® 238°C); tetrakis-
(para-fluorophenyl)tin, 138-140°C (lit.'* 137-139°C); and
tetrakis-(para-thioanisyl)tin, 165-166°C (lit.'” 169-170°C).

Preparation of the triaryltin compounds

The triaryltin chlorides were prepared by the Kocheshkov
redistribution reaction.’® Their melting points are listed in
Table 1. The triaryltin hydroxides and acetates were prepared
according to literature procedures.>? and their respective
melting points are listed in Tables 2 and 3 respectively. The
theoretical and observed carbon and hydrogen analyses of
the two new compounds, tris-(para-thioanisyl)tin hydroxide
(found: C, 50.16; H, 4.46 Calc.: C,49.92; H, 4.42%.) and acetate
(found: C, 50.47; H, 4.42 Calc.: C, 50.17; H, 4.39%.) are within
acceptable limits.

Spectral studies

The Mossbauer spectra were measured at 80 K on a Ranger
spectrometer Model MS-900 in the acceleration mode with a
moving-source geometry using a liquid-nitrogen cryostat.
The source was 5mCi Ca'’®™SnO; and the velocity was
calibrated at ambient temperatures using a composition
of BaSnO; and tin foil (splitting 2.52mms™'). The 'H
NMR spectra were recorded at 300 K on a JEOL GSX270
spectrometer at 27.17 MHz. The samples were recorded in
CDCl; or acetone-ds using tetramethylsilane as the internal
standard.

Mosquito larvae
Ae. aegypti eggs were hatched in a tray of tap water and after
2-3 days the second instar stage was attained. The larvae

Table 1. Melting points and spectral data of tris-(para-substitutedphenyl)tin chlorides (4-XCgH4)3SnCl

Mossbauer parameters

Compound X M.p. (°C) QS (mm ™) IS (mm s~1) o

H 108 2.53 1.31 1.93
Cl 103-105 (108—109") 2.58 1.30 1.99
CH; 96-98 (96.5-97.0%%) 2.39 1.26 1.90
F 114-116 (116-117%Y) 242 1.26 1.92
SCH; 102-103 (102-103%) 243 1.17 2.08

Table 2. Melting points and spectral data of tris-(para-substitutedphenylitin hydroxides (4-XCgHz)3SnOH

Mossbauer parameters

Compound X M.p. (°C) QS (mms™) IS (mm s~1) P

H 124-126 2.84 1.18 2.41
cl 158-160 (156-1572) 271 1.23 220
CH, 106-108 (108%2) 2.75 115 2.39
F 134-135 (135-136%?) 2.72 1.12 2.43
SCH;3; 124-126 2.76 1.14 2.42

Copyright © 2004 John Wiley & Sons, Ltd.
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Table 3. Melting points and spectral data of tris-(para-substitutedphenylitin acetates (4-XCgH4)3SNOAC

Mossbauer parameters

Compounds X M.p. (°C) QS (mms™) IS (mm s71) 0

H 118-122 3.35 1.28 2.62
Cl 148-150 (148-149%) 2.93 1.16 2.53
CH; 110-112 (113-114??) 291 1.03 2.82
F 132-134 (135-136%?) 2.94 1.06 2.77
SCHj; 118-120 2.96 1.14 2.60

were maintained in an environmental chamber at 27-28°C
with a humidity of 60-90%. The An. stephensi larvae were kept
in the same environment chamber under the same conditions.
Both species of larvae were fed with ground dog-food.

Toxicity assay
Stock solutions of the triorganotins, which ranged from 25
to 1000 mg 1!, were prepared by dissolving them in 95%
ethanol, acetone or dimethyl sulfoxide (DMSO), depending
on the solubility. The dissolution of the triorganotins
in the organic media was to facilitate the dispersion of
the compounds in water. The acetone and DMSO was
spectrograde quality, and the 95% ethanol was reagent grade.
The toxicity studies were performed in 15 mm x 100 mm
diameter disposable Petri dishes using 10 larvae in the
second instar. The An. stephensi or Ae. aegypti larvae were
transferred into the Petri dishes using a 100 ul micro-pipetter.
An additional 15ml of deionized water was then added.
No turbidity was observed upon the addition of the water.
Aliquots of the triorganotin solution were then added to
the Petri dish containing the larvae and deionized water to
give the desired concentration of triorganotin. The total assay
volume in each case was 20 ml. Both positive and negative
controls were used in the assay. The larvae were exposed to
the triorganotin compounds for 24 h, and the mortality rates
for the mosquito larvae were determined by visual counting.
Mosquito larvae that showed a slight reflex to disturbance
were considered alive. A minimum of three trials was used
for each assay. Probit analyses® were used to determine the
LCs (concentration at which the test compounds killed 50%
of the organisms tested).

Quantitative structure-activity relationship

The QSARIS program was used to generate the quantitative
structure—activity relationships (QSARs). The program was
obtained from SciVision, Burlington, MA, USA.

RESULTS AND DISCUSSION

Spectra studies

Determination of structures of triaryltin chlorides using
various spectroscopic techniques is well documented in
the literature. Mdossbauer spectroscopy has proven very

Copyright © 2004 John Wiley & Sons, Ltd.

useful for determining the coordination and bonding in
organotin compounds.? Méssbauer spectroscopy yields two
parameters, the isomer shift (IS) and quadrupole splitting
(QS) values. The former is primarily sensitive to changes
in s-electron density at the tin nucleus and the latter to
the stereochemistry about the tin atom. The ratio of the
QS to IS values (p = QS/IS) has been used to determine
the coordination number of the central tin atom. Tin
compounds that are four-coordinated have p < 1.8, whereas
p > 2.1 is indicative of compounds with greater than four-
coordination.?* As can be seen in Table1, all the tris-
(para-substitutedphenyl)tin chlorides have p values in the
range 1.90-2.05, which would indicate that the chlorides are
tetrahedral. These results are in agreement with other similar
compounds cited in the literature.?

In addition, QS values have been used to determine
the coordination number of trialkyltin and triphenyltin
carboxylates. For example, pentacoordinated tin complexes
were found to have QS values between 2.6 and 4.0 mm s/,
whereas compounds with QS < 2.6 mm s~! were assigned to
compounds that were four-coordinated.® All the tris-(para-
substitutedphenyl)tin chloride compounds have QS values
between 2.4 and 2.7 mm s}, supporting the conclusion of
a tetrahedral geometry. Furthermore, R3SnX compounds
with bulky groups, such as cyclohexyl and phenyl, have
been reported to have a tetrahedral geometry.?® Thus, the
structures assigned based on the Mossbauer data agree with
other triaryltin chlorides; cited in the literature.?

The spectra data for the tris-(para-substitutedphenyl)tin
hydroxides and acetates are given in Tables2 and 3. As
observed, the p values are in the range 2.20-2.82, indicating
a coordination number of greater than four around the tin
atom for both series of compounds. This is in agreement with
other triorganotin hydroxides and acetates reported in the
literature.>*

The 'H NMR data for tris-(para-thioanisyl)tin hydroxide
recorded in acetone-ds showed the following peaks: 8, 2.46
(s, 9H, SCH3), 7.14 (d, 6H, J(H-H) 7.5Hz, Ar), 7.30 (d,
6H, J(H-H) 7.5 Hz, Ar); the tris-(para-thioanisyl)tin acetate
recorded in CDCl; had the following resonances: 8, 2.16 (s,
3H, CHs), 2.44 (s, 9H, SCH3), 7.12 (d, 6H, J(H-H) 7.6 Hz,
Ar), 7.28 (d, 6H, J(H-H) 7.5 Hz, Ar). The observed chemical
shifts with the corresponding coupling constants are in good
agreement with the expected structures of the compounds.

Appl. Organometal. Chem. 2004; 18: 363-368
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Toxicity studies

Table 4 lists the individual toxicities and their standard
deviations for each series of compounds screened against
the second larval instar stage of the An. stephensi mosquitoes.
Low toxicities against the An. stephensi larvae were observed
for the compounds that contained a single atom substituent
on the phenyl ring. They ranged from a low of 0.04 ppm
for triphenyltin acetate to a high of 1.03 ppm for tris-(para-
chlorophenyl)tin hydroxide. This was followed by the methyl
substituents, and the SCHj; substituents showed the least
activity. The efficacy of the compounds was found to be
related to the size of the para substituent attached to the
phenyl ring rather than on the anionic X group attached to
the tin atom. The observed order of toxicity based on the para
substituent of the phenyl ring is H > F > Cl > CH; > SCHj.
These results are similar to an earlier study indicating that the
toxicity for a series of triorganotins containing simple anion
groups against An. stephensilarvae also depended more on the
type of organic group than the anionic X substituent attached
to the tin atom.”

A common method used for relating toxicological activities
to structures of molecules is QSARs. A QSAR is a regression
equation that relates some measurable biological activity
to a physicochemical or biochemical property or properties
related to the molecule.?”” In general, an acceptable QSAR is
one in which for every descriptor there should be a minimum
of five data points. It was possible to develop QSARs using the
QSARIS program for this series of triorganotins. Individual
QSARs between the LCs values and a single descriptor of the
molecule (ovality) could be generated for each anion. Ovality
in the QSARIS program is equal to surface/4nr?, where

Table 4. Toxicity of the tris-(para-substitutedphenyljtins,
(X-CgHy4)3SnY, against the second instar stage of the An.
Stephensi and Ae. aegypti mosquito larvae

(X-CgHy)3SnY 24 h LCs (ppm)

X Y An. stephensi Ae. aegypti
H cl 0.25 4+ 0.02 2.53 +0.29
H OH 0.14 +£0.02 1.49 £0.35
H OAc 0.04 £0.01 2.30+0.76
CH; Cl 3.48+0.50 1.04 +0.08
CH; OH 2.444+0.25 0.78 £0.15
CH; OAc 4.36 +0.40 1.19+0.22
F cl 0.69 +0.13 0.83 +£0.03
F OH 0.82£0.10 0.50 +0.02
F OAc 0.62 £ 0.06 0.41+0.03
Cl Cl 0.86 +£0.10 1.62 +0.01
Cl OH 1.03+£0.10 1.07 £0.03
cl OAc 0.79 £0.15 1.68 +£0.08
CH;S cl 8.56 &+ 0.39 >20?
CH;S OH 5.07 +£0.05 >202
CH;S OAc 6.67 £0.12 >202

2 At higher doses, the solvent killed the larvae in the control set.

Copyright © 2004 John Wiley & Sons, Ltd.
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r = (3 x Volume/4r)'/? and surface is defined as the surface
area. Both constraints are related to the surface area of the
molecule, thereby supporting the earlier conclusion that the
toxicity of the compounds correlates well with the size of the
para substituent on the phenyl ring. Correlations between
the total surface area (TSA) of triorganotin compounds
and their toxicity towards biological species are not new.
A high correlation was reported between the TSA for a
series of triorganotins and Escherichia coli and Selenastrum
capricornutum.?® Another study indicated that two series of
organotins had a high correlation between their TSA values
and the compounds’ toxicity towards several cell types.” The
QSARs generated are: LCsp = 82.84 x Ovality — 122.218 with
a multiple R? of 0.990 and a cross-validation of 2.39 for the
chlorides LCsy = 39.48 x Ovality — 56.844 with a multiple R?
of 0.951 and a cross-validation of 1.93 for the hydroxides;
and LCsp = 98.02 x Ovality — 154.048 with a multiple R? of
0.953 and a cross-validation of 3.89 for the acetates. All
three training sets were well described by the regression
equations, which is statistically very significant. In addition,
the cross-validations for all three sets showed that the model
constructed can be used to predict the LCs values.

An attempt to generate a QSAR using all 15 compounds
was also completed. In this case, a correlation was found
between the LCsy values and two descriptors of the
molecules, the ovality and knotp. Knotp is related to the
skeletal branching of the molecule. The equation generated
was LCsp = —5.351 x kntop + 25.52 x Ovality — 50.555 with
a multiple R*> = 0.830 and a cross-validation of 28.61. The
training set is very well described by the regression equation
and is statistically very significant. The cross-validation shows
that the model constructed can be used to predict the LCs
values. The inability to generate a QSAR using the ovality
descriptor alone would suggest that the anionic X group in
the molecule plays a role in the toxicity of the compounds.
The role is probably minor in nature. However, it is most
likely that the overall size, shape and/or conformation of the
molecule govern the toxicity of the compounds. Although it
is generally accepted that the anionic X group on triorganotin
compounds exerts little or no influence on their activities, 33
there have been reports in the literature where investigators
have concluded that the X group does have some effects on
the biological properties of organotins within a particular
series.®% A limited order based on the anion X group was
reported by Nguyen et al.* in their studies on the tolerance
of Ae. aegypti larvae to a series of triorganotins, as well as a
study of triphenyltins and the diamondback moth.*

Also listed in Table 4 are the individual toxicities and their
standard deviations for each series of compounds screened
against the second larval instar stage of the Ae. aegypti
mosquitoes. Compounds with the fluorino substituent on the
para position were the most effective again, and compounds
containing the SCHj groups were also the least effective.
Similar to the An. stephensi, the toxicity correlates better to
the substituent on the phenyl ring than to the anion group of
the tin atom. Within experimental error, the order observed

Appl. Organometal. Chem. 2004; 18: 363-368
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is F > CH; > Cl > H > SCHj5. Thus, it appears that the size
of the substituent on the phenyl ring is not the dominant
factor in the toxicity of the compounds, as is the case for
the An. stephensi mosquito larvae. The fact that a qualitative
correlation is obtainable with the substituents suggests that it
may be another property that controls their toxicity. Similar
to the An. stephensi case, the toxicity of the compounds may
be related to the size, shape and/or conformation of the
molecules.

The development of a QSAR was attempted to test
this hypothesis. For the Ae. aegypti, an overall QSAR was
generated with the exclusion of the SCH3; compounds, since
those substituents yielded uncertain results. In addition,
owing to the limited number of compounds when excluding
the CH3S compounds, no QSAR was attempted for each series
of compounds. It was possible to develop a QSAR using 12
compounds. A QSAR was generated between the LCs, values
for the compounds and two descriptors of the molecules, the
kappa shape index (k1) and the kappa alpha shape index
(ka2), which is a modified version of the kappa shape index.
Both of these indices are attributes related to the molecular
shape encoded in the molecules. The equation generated was
LCsp = 2.388 x ka2 — 0.9808 x k1 +2.56986 with a multiple
R? 0£ 0.7379 and a cross-validation of 4.36. Again, the training
set is very well described by the regression equation and
is statistically significant. Cross-validation shows that the
model constructed can be used with care to predict the LCs
values. The ability to generate an accepted QSAR using shape
indices supports the earlier hypothesis that the toxicities of
the compounds correlates with the shape of the molecule.

A comparison of the toxicity data for both species of
mosquito indicates that the efficacy of the compounds
towards a particular species, in general, can be correlated to
the ring substituent. For example, compounds that contained
H, Cl and CHj3S substituents were more effective towards
the An. stephensi, with a possible exception of tris-(para-
chlorophenyl)tin hydroxide, whereas compounds with F and
CHj; substituents were more effective against the Ae. aegypti
species, with the exception of tris-(para-fluorophenyl)tin
chloride. Even these two compounds would fall within the
array if the outer experimental error values were used. Thus,
it appears that the effectiveness of this series of compounds
towards these two species of mosquito larvae is dependent
on both the compound and species of mosquito involved.
Compounds having different toxicities towards different
species of mosquito have been reported in the literature.®
For example, a similar finding was reported in a recent study
involving triorganotin dithiocarbamates and these same two
species of mosquito.® Furthermore, it has also been reported
that the same compound had different effectiveness against
different strains of the same mosquito larvae.?

In view of the results from the present study, para-
substituted triphenyltin compounds as a class, excluding
the SCHj3, can be considered a potential larvicidal candidate
against both An. stephensi and Ae. aegyptilarvae. Furthermore,
the advantages of triorganotins as potential larvicides are the

Copyright © 2004 John Wiley & Sons, Ltd.
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fact that triorganotins are biodegradable in the environment
and there is no reported resistance of these two species of
mosquito towards triorganotins. In addition, some of the
compounds have activities better than or comparable to the
LCs values reported for the natural product, dioncophylline
A, a naphthylisoquinoline alkaloid,®® which was tested
against the first to the fourth larval states of the An. stephensi
mosquito.
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