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INTRODUCTION

Organotin compounds are currently one of the most studied
organometallic systems in terms of industrial and agricultural
applications, which involve such widely divergent fields as
stabilizers for poly(vinylchloride), industrial catalysts and
agricultural agents.!”® In addition, tributyltin compounds
display a large array of biocidal properties and are used
in wood preservatives and in marine antifouling paints.?
Owing to their wide range of biocidal activities, triorgano-
tins have also been screened as possible larvicides against
various species of mosquito.>¢ For example, tributyltin com-
plexes were screened against the fourth larval instar stage
of the Aedes aegypti mosquito and were found to be more
effective than the triphenyltin derivatives.” Consequently,
a series of azo-butyltin compounds, viz. tributyltin 5-[(E)-
2-(aryl)-1-diazenyl]-2-hydroxybenzoates and tributyltin 2-
[(E)-2-(3-formyl-4-hydroxyphenyl)-1-diazenyl]benzoate have
been investigated and have shown moderate® and better’
activities respectively. In view of the overall effectiveness of
the tributyltins, and in search of better candidates for the
control of various mosquito larvae, the present investiga-
tion evaluates the toxicity of a series of tributyltin azo-Schiff
base complexes derived from 4-[((E)-1-{2-hydroxy-5-[(E)-2-(2-
carboxyphenyl)-1-diazenyl]phenyl}methylidene)amino]aryls
against the Ae. aegypti and An. stephensi mosquito larvae.
These two species of mosquito are responsible for the trans-
mission of yellow fever and malaria respectively.

The preparation of the ligands L'HH' (Fig. 1) and L* °HH’
(Fig.2) and their tributyltin complexes, BusSnL'H (1),
BusSnL*H (2), BusSnL*H (3), BusSnL*H (4) and BusSnL°H
(5), has been described in an earlier report,9 along with the
characterization of the compounds by carbon, hydrogen and
nitrogen analyses, IR, 'H, BC and Sn NMR, and "“Sn
Mossbauer spectroscopy. The crystal structures of complexes
1 and 4 were also reported,” and together with the “Sn
Mossbauer data revealed that the tributyltin complexes
form single-stranded polymeric structures, in which the
carboxylate oxygen atoms of each aryl ligand bridge two
tin atoms and the tin atoms have a slightly distorted trigonal
bipyramidal coordination geometry.

0
OH
—0
N
\\N OH

Figure 1. Generic structure of the ligand L"HH’, where H and
H’ represent hydroxyl and carboxyl protons respectively.
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Figure 2. Generic structure of the ligand. L?HH': R = CHjg;
L°HH:R Br, L*HH:RCl; L°HH:R OCHg, where H and H’
represent hydroxyl and carboxyl protons respectively.

In addition to the results of the toxicity studies, the
current report now extends the previous work by describing
the crystal structure of complex 5 and the results of an
investigation by electrospray ionization mass spectrometry
(ESI-MS). Before the advent of ESI-MS, conventional electron
ionization (EI) was the only choice for the mass spectrometric
analysis of organotin compounds. Unfortunately, EI can
be used only for compounds with sufficient volatility and
the compounds analysed undergo significant fragmentation,
frequently leading to the absence of molecular ions, which is
very important for the spectra interpretation. EI was restricted
to similar species, such as tributyltin, triphenyltin and so
on.!®!! ESI-MS makes possible the analysis of non-volatile
compounds from medium polarity to ionic species, including
the organometallic compounds.!?!? It was shown in previous
studies of our group'*~1” and others'®-% that the combination
of the positive- and negative-ion ESI spectra together with
tandem mass spectrometric (MS") experiments on the ions
of interest can yield valuable information for the structure
characterization. The presence of unexpected adducts in
mass spectra for tributyltin complexes have already been
reported.?’ The novelty of this work is the measurement of
polymeric tributyltin compounds with m/z values higher
than m/z 1000 or even 1500 followed by detailed MS" studies
of observed fragment ions.

EXPERIMENTAL

Materials
Compounds 1-5 were prepared as described earlier.’

Mass spectrometry

Positive-ion and negative-ion ESI mass spectra were mea-
sured on an ion trap analyser (Esquire 3000, Bruker Daltonics,
Bremen, Germany) in the range m/z 50-2000. The samples
were dissolved in 100% acetonitrile (HPLC grade, Merck) and
analysed by direct infusion at a flow rate of 5 ul min~'. The
selected precursor ions were further analysed by MS-MS
analyses under the following conditions: isolation width
m/z = 8 for ions containing one tin atom and m/z = 12 forions
containing more tin atoms; collision amplitude in the range
0.7-1.0 V, depending on the precursor ion stability; ion source
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Table 1. lons observed in the first-order and MS—MS using ESI both in positive-ion and negative-ion modes for compound 1
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Observed ions in
MS-MS spectra®®

Relative

m/z Summary formula abundance (%)

Positive ions

1739 [2xM+2 x SnBu;z —2 x H+K]* Cr6H124N4O0g5n, K 1 889

1723 [2xM+Na—2x H+2 x SnBuz]* Cr6H124N4OgSnyNa 4 873

1449 [2 x M + K—-H + SHBU3]+ C64H98N4OSSH3K 2 889, 599, 583

1433 [2 xM+Na—-H+ SHBU3]+ C64H98N4OSSH3N3 17 873, 583

1159 [2x M+ K]+ Cs,H72N4OsSn, K 3 889; 599

1143 [2 x M+ Na]*™ Cs,H7,»N,OgSnyNa 27 873; 583

963 [2 x M — butene — CO, — Bu]* C43Hs55N,045n, 9 583; 403

889 [M +K-H+ SI'IBllg]Jr C38H62N204SH2K 11 —d

873 [M +Na—-H+ SHBU3]+ C38H62N204sn2Na 10 —d

851 [M + SnBu;]* Cs8He3N2045n; 46 793; 583; 525; 503; 485;
459; 373; 345; 253

599 M +K]J* Co6H36N2045nK 39 291; 177

583 [M + Na]* Co6H36N,0O45nNa 100 275;234;177

561 [M +H]*" Ca6H37N2045n 21 485; 291

403 [M — butene — CO, — Bu]* C17H19N20,5n 20 345

Negative ions

1409 [2 x M+ SnBus — 2 x H]~ CesHoyN4OgSnj3 3 559; 515

1119 [2 xM — H]7 Cs,H71N4Og5n;, 2 559

911 [M —H + HOSIIBLI3 + COz]_ C39H63N207SI\2 6 559

621 [M —-H+H,O+ COz]_ CyyH3z7N,O75n 6 559; 269

575¢ [Mearboxyt — H]~ Co6H3sN2055n 4 531; 487

559 [M—H]~ Ca6H35N,045n 27 515; 401; 344

269 [M — SnBu;]~ C1aHoN,O4 100 225

225 [M — SnBuj; — C02]7 C13H9N,O, 5 —d

3 Interpretation of observed ions in positive-ion MS—-MS: m1/z 793 [M + H + SnBus — butane]™; m/z 525 [M + Na — butane]*; m/z 503 [M + H —
butane]™; m/z 485 [M + H — butane — H,O]"; m/z 459 [M + H — butane — CO;]*; m/z 373 [M + H — butane — 2 x butene — H,O]*; m/z 345
[M +H — 2 x butane — butene — CO,]*; m/z 291 [M + K — HOSnBus]™; m/z 275 [M + Na — HOSnBus]*; m/z 253 [M + H — HOSnBu3|*; m/z
177 [SnBu]*.

b Interpretation of observed ions in negative-ion MS—MS: m/z 531 [Mcarboxyt — H — CO2]7; m/z 515 [M — H — CO2]~; m/z 487 [Mcarboxy1 — H —

2 x COz]~;m/z401 [M — H — CO; — butane — butene]~; m/z 344 [M — CO, — 3 x Bu] .

¢ Aldehyde group is oxidized to carboxyl group.
4 Not observed.

temperature of 300 °C; tuning parameter compound stability
of 100%; flow rate and pressure of nitrogen of 41 min™" and
10 psi respectively. The ions observed in the first-order and
MS" spectra, both in positive-ion and negative-ion modes, are
summarized in Tables 1-5 for compounds 1-5 respectively.

X-ray crystallography

Crystals of compound 5 suitable for an X-ray crystal-structure
determination were obtained from chloroform—hexane (1:1
v/v). All measurements were made at low temperature
on a Nonius Kappa-CCD diffractometer’® with graphite-
monochromated Mo Ke radiation (A = 0.71073 A) and an
Oxford Cryosystems Cryostream 700 cooler. Data reduction
was performed with HKL Denzo and Scalepack.? The
intensities were corrected for Lorentz and polarization
effects, and an empirical absorption correction based on
the multi-scan method® was applied. Equivalent reflections
were merged. The data collection and refinement parameters

Copyright © 2005 John Wiley & Sons, Ltd.

are given in Table 6. The structure of 5 was solved by
SHELXS97,%* which revealed the positions of all non-
hydrogen atoms. There are two symmetry-independent
repeats of the principal chemical unit in the asymmetric
unit of this one-dimensional polymeric structure. The atomic
coordinates were tested carefully for a relationship from a
higher symmetry space group using the program PLATON,?
but none could be found. The terminal methyl group of one
butyl ligand on one of the unique tin atoms is disordered
over two conformations, as are all atoms of one butyl
ligand on the other tin atom and one of the methoxy
methyl groups; refinement of constrained site occupation
factors for the two orientations of these groups yielded
values of 0.57(9), 0.659(6) and 0.519(9) respectively, for the
major conformations. Similarity and bond-length restraints
were applied to the chemically equivalent bond lengths
and angles involving disordered carbon atoms, whereas
neighbouring atoms within and between each conformation

Appl. Organometal. Chem. 2005; 19: 935-944
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of the disordered groups were restrained to have similar
atomic displacement parameters. The non-hydrogen atoms
were refined anisotropically. All of the hydrogen atoms were
placed in geometrically calculated positions and refined using
a riding model where each hydrogen atom was assigned a
fixed isotropic displacement parameter with a value equal
to 1.2 Ueq of its parent atom (1.5 Ueq for the methyl and
hydroxy groups). The orientation of the hydroxy O-H vector
was optimized to correspond with the direction that would
bring the hydrogen atom closest to the nearest hydrogen bond
acceptor. Refinement of the structure was carried out on F2
using full-matrix least-squares procedures, which minimized
the function Tw(F,2—F.2)2. A correction for secondary
extinction was applied. Two reflections, whose intensities
were considered to be extreme outliers, were omitted from
the final refinement. All calculations were performed using
the SHELXL97 program.?

Biological tests

Preparation of the organotin stock solution

Stock solutions of the tributyltin compounds 1-5 were
prepared by dissolving the complexes in 95% ethanol. The
dissolution of the organotin compounds in the organic media
was to facilitate the dispersion of the compounds in water.

Mosquito larvae

Dried Ae. aegypti mosquito eggs and An. Stephensi larvae
were obtained from the laboratory of Dr Daniel Strickman,
Entomology Department at the Walter Reed Army Institute
of Research, Washington, DC. Ae. aegypti eggs were hatched
in a tray of tap water and after 2—3 days the second larval
instar stage was attained. The larvae 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.

Larval toxicity studies

The toxicity studies were performed in 100 mm x 15 mm dis-
posable Petri dishes using 10 larvae in the second instar stage.
The Ae. aegypti or An. stephensi larvae were transferred into
the Petri dishes using a 100 pl: micro-pipetter. An additional
15 ml 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 con-
taining the larvae, along with 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 assays. 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
LCsy (concentration at which the test compounds killed 50%
of the tested organisms).

Copyright © 2005 John Wiley & Sons, Ltd.
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Figure 3. ESI| mass spectra of compound 2: (a) positive-ion
first-order spectrum; (b) positive-ion MS-MS of m/z 672;
(c) negative-ion first-order spectrum; (d) negative-ion MS—-MS
spectrum of 648.

RESULTS AND DISCUSSION

The synthetic, analytical and spectroscopic data for complexes
1-5 were reported in our earlier communication.’

ESI mass spectra, both in the positive- and negative-
ion modes, were measured using acetonitrile solutions
of complexes 1-5 and the results are summarized in
Tables 1-5. The interpretation of the mass spectra is based
on previous studies on ESI-MS measurements of organotin
compounds.*~77 A typical example of an identification
approach is illustrated for compound 2 in Fig.3. In the
positive-ion mode (Fig. 3a), the presence of [M + H]*, [M +
Na]* and [M + K]* enables the unambiguous determination

Appl. Organometal. Chem. 2005; 19: 935-944
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Table 2. lons observed in the first-order and MS—MS using electrospray ionization both in positive-ion and negative-ion modes for

compound 2
Summary Relative Observed ions in
m/z formula abundance (%) MS-MS spectra®®
Positive ions
1337 [2xM+K]* CeeHgsNO6Snpr K 1 978; 688
1321 [2 x M+ Na]*™ CesHssNgOgSnyNa 4 962; 672
978 [M + K — H + SnBus]"™ Cy5HegoN3035n,K 1 d
962 [M + Na — H + SnBu;]*™ Cy5sHgoN3035n,Na 4 808; 790; 656; 570; 458
940 [M + SnBu;]*™ Cy45sH79N3035n, 8 610; 592; 574; 548; 534; 478;
462; 434; 406; 342; 298
688 [M +K]* C33Hy3N3035nK 33 380
672 [M + Na]*™ C33Hy43N3055nNa 100 500; 364
650 [M + H]Jr C33H44N303Sn 19 342; 314; 298, 197
Negative ions
682 [MZXOH — H]_ C33H44N305Sl’1 5 358; 314
648 [M—H]~ C33HpN3035n 12 604; 490; 433
575 [BusSnOCOC¢H4N,CsH3(OH)COO]~ Cy6H35N,055n 14 —d
358 [M — SnBus]~ Cy1Hi16N303 100 314
314 [M — SnBuz — CO,]~ CyoH1sN3;O 11 209
197 — C;oHoN,O 9 —d

2 Interpretation of observed ions in positive-ion MS—-MS: m/z 808 [M + Na — H + SnBuz — 2 x butane — butene + H>O]*; m/z 790 [M + Na —
H + SnBuj — 2 x butane — butene]™; 1/z 656 [M + Na + SnBus — OSnBus]™; m/z 610 [M — Bu + H,Ol*; m/z 592 [M — Bul*; m/z 574 [M — Bu —
H,0]*;m/z570 [M + Na — butane — CO,]*;m/z548 [M — Bu — CO]*;m/z534[M — Bu — butane]™;m/z 500 [M + Na — 2 x butane — butene]*;
m/z 478 [M — Bu — butane — butene]*; m/z 462 [M + H — butane — 2 x butene — HyO]*; m/z 458 [M 4+ Na — CO; — 2 x butene — butane]*; m/z
434 [M — Bu — butane — butene — CO,]*; m/z 380 [M + K — HOSnBuz]™; m/z 364 [M + Na — HOSnBus|*; m/z 342 [M + H — HOSnBu3]*; m/z
314 [M — HOSnBu3 — COJ*; m/z 298 [M 4+ H — HOSnBuz — CO5] ™.

b Interpretation of observed ions in negative-ion MS-MS: m/z 604 [M — H — CO;]~; m/z 490 [M — H — butane — butene — CO,]~; m/z 433

[M — H — 2 x butane — butene — CO2]™"; m/z 209 [M — SnBuz — CO; — N — benzene] .

¢ Not identified.
d Not observed.

of the molecular weight (MW) for all compounds studied.
The presence or absence of a tin atom in individual ions
can easily be recognized on the basis of 10 characteristic
natural tin isotopes with the most abundant ?°Sn isotope.
All m/z values in Tables1-5 are related to the '*Sn
isotope. The low-mass ions at m/z 288 and 316, shown
in Fig.3a, do not contain a tin atom and they belong to
background impurities not related to the main compound,
as confirmed in the subsequent MS" experiments, where
these ions are missing, e.g. the MS5-MS spectrum of m/z
672 (Fig.3b). The fragment ion [M + Na — HOSnBus]* at
m/z 364 is the only ion in the MS-MS spectrum of
[M + Na]*. The first-order negative-ion ESI mass spectrum
(Fig. 3c) shows the deprotonated molecule [M — H]~ and
also some fragment ions (see Table 2 for details). The other
neutral logical losses are found in the MS-MS spectrum
of [M —H]~ at m/z 648 (Fig. 3d), such as [M —H — CO,]~
at m/z 604, [M — H — butane — butene — CO,]~ at m/z 490
and [M — H — 2 x butane — butene — CO,]~ at m/z 433. The
detailed explanation of all fragment ions identified is given
in Tables 1-5 with several common features. The [M + Na]*
ion is the base peak in all first-order positive-ion ESI mass
spectra, which makes possible an easy MW determination.

Copyright © 2005 John Wiley & Sons, Ltd.

In all cases, the less abundant adduct ions with SnBus are
observed. The [M — SnBus]~ ion is the base peak of all first-
order negative-ion mass spectra, accompanied by the less
abundant [M — H]~ ion. For compounds 1-3, the adduct ion
with two hydroxyl groups [My,on — H]™ is observed with
a lower relative intensity than the [M — H]~ ion. The other
neutral logical losses in the MS" are butane, butene, CO,,
HOSnBus, H,O, etc. The mass spectra of all compounds are
in accordance with the suggested structures.

The crystal structure of 5 shows that the compound has
a one-dimensional polymeric structure (Fig. 4) very similar
to the structures of (BuzSn[O,CCqH4{N=N(CsH3-4-OH-5-
CHO)}-O])n (1) and (BU3SH[OQCC6H4{N=N(C6H3-4-OH(C
(H)=NCsH,Cl-4))}-0]), (4), which were reported earlier.’
The asymmetric unit contains two repeats of the principal
chemical unit and the structure is built from adjacent SnBus
moieties bridged by the two carboxylate oxygen atoms
of a single aryl ligand, with the pattern then continuing
indefinitely, as illustrated in Fig.5. The two symmetry-
independent tin atoms have slightly distorted trans-R3SnO,
trigonal bipyramidal coordination geometry with equatorial
butyl groups and carboxylate oxygen atoms occupying
axial positions, the two oxygen atoms being from different

Appl. Organometal. Chem. 2005; 19: 935-944



940

T. S. Basu Baul et al. Speciation Analysis and Environment m

Table 3. lons observed in the first-order and MS—MS using ESI both in positive-ion and negative-ion modes for compound 3

Relative Observed ions in
m/z Summary formula abundance (%) MS-MS spectra®®
Positive ions
1465 [2x M +K]*™ CssHgoNgOsSn, Bro K 0.4 1042; 752
1449 [2 x M + Na]* CssHgoNOsSn,BroNa 3 1026; 736; 428
1026 [M + Na — H + SnBus]* Cy4HegN3O35n,BrNa 4 968; 872; 854; 810; 720; 634;
550; 522
1004 [M + SnBus]* CyuHgyN3055n,Br 6 946; 674; 656; 638; 612; 406
752 M+ K]* C32HyN3035nBrK 8 —d
736 [M + Na]* C3,HyN3035nBrNa 100 520; 428; 298
177 [SnBu]* C4HySn 5 —d
Negative ions
746 [MZXOH — H]_ C32H41N305SHBI' 2 422, 378
712 [M—H]~ C32H39N3035nBr 14 668; 554; 497; 417; 298
422 [M — SnBus]~ CoH13N30;3Br 100 378; 273
378 M — SnBujz — C02]7 C19H13N30Br 17 273
197 —¢ C12HoN,O 4 —d

3 Interpretation of observed ions in positive-ion tandem mass spectra: m/z 1042 [M + K — H+ SnBus]*; m/z 968 [M + Na — H + SnBuz —
butane]*; m/z 946 [M + SnBus — butane]*; m/z 872 [M + Na — H + SnBuz — 2 x butane — butene + H,O]*; m/z 854 [M + Na — H + SnBuz —
2 x butane — butene]*; m/z 810 [M + Na — H 4+ SnBuj — 2 x butane — butene — CO,]*; m/z 720 [M + Na + SnBuz — OSnBus|*; m/z 674
[M — Bu + H,0]*; m/z 656 [M —Bu]™; m/z 638 [M —Bu—H,0]"; m/z 634 [M+ Na — butane — CO,]*; m/z 612 [M — Bu — CO,]*; m/z
550 [M + Na + SnBuz — OSnBuz — 2 x butene — butane]™; m/z 522 [M + Na — CO; — 2 x butene — butane]*; m/z 520 [M + Na — 2 x butane —
butene — CO,]*; m/z 428 [M + Na — HOSnBus]™; m/z 406 [M + H — HOSnBus]*.

b Interpretation of observed ions in negative-ion tandem mass spectra: m/z 668 [M — H — CO,]~; m/z 554 [M — H — butane — butene — CO,]~;
m/z497 [M — H — 2 x butane — butene — CO;]~";m/z417 [M — H — 2 x butane — butene — HBr — CO;]~; m/z298 [M — SnBuz — HBr — CO;]~;
m/z 273 [M — SnBuz — CO; — N, — benzene] .

¢ Not identified.

4 Not observed.

Table 4. lons observed in the first-order and MS—MS using ESI both in positive-ion and negative-ion modes for compound 4

Relative Observed ions in
m/z Summary formula abundance (%) MS-MS spectra®®
Positive ions
1361 [2 x M + Na]* CesHgoNgOsSn,>ClpNa 5 982; 692
982 [M + Na — H + SnBu;]"™ C44HggN3035n,CINa 3 828; 810; 766; 676; 590; 504; 478
960 [M + SnBu;]*™ CyuHgN3035n,Cl 6 630; 612; 594; 568; 498; 482;
454; 426; 362
747 —¢ —¢ 12 —d
708 [M + K]+ C32H40N30351’1C1K 12 —d
692 [M + Na]* C3,HyN3035nCINa 100 384; 310
179 [HZSnBu]+ C4H118n 2 —d
Negative ions
668 [M —H]~ C32H39N3035nCl 54 624; 510; 453; 298
378 [M — SnBu3]‘ C20H13N303C1 100 334, 229
334 [M — SnBuz — CO,]~ C19H1;3N;3;0C1 68 297, 229
197 —c C12HoN,O 11 —d

3 Interpretation of observed ions in positive-ion MS-MS: m/z 828 [M + Na — H + SnBuz — 2 x butane — butene + H>O]*; m/z 810 [M + Na —
H + SnBus — 2 x butane — butene]t; m/z 766 [M + Na — H + SnBuz — 2 x butane — butene — CO,]*; m/z 676 [M + Na + SnBuz — OSnBus]™*;
m/z 630 [M — Bu + H,Ol*; m/z 612 [M — Bult; m/z 594 [M — Bu — H,Ol*; m/z 590 [M + Na — butane — CO;]*; m/z 568 [M — Bu — CO,]*;
m/z 554 [M — Bu — butane]*; m/z 504 [M + Na + SnBuz — OSnBusz — 2 x butane — butene]"; m/z 498 [M — Bu — butane — butene]*; m/z 482
[M + H — butane — 2 x butene — HyO]*; m/z 478 [M + Na — 2 x butene — butane — CO»]*; m/z 454 [M — Bu — butane — butene — CO,]*; m/z
400 [M + K — HOSnBu3]"; m/z 384 [M + Na — HOSnBu3]"; m/z 362 [M + H — HOSnBus]™".

b Interpretation of observed ions in negative-ion MS-MS: m/z 624 [M — H — CO,]~; m/z 510 [M — H — butane — butene — CO;]~; m/z 453
[M — H — 2 x butane — butene — CO»]™"; m/z 298 [M — SnBuz — HCl — CO,]~; m/z297; m/z 229 [M — SnBuz — CO, — N, — benzene] .

¢ Not identified.

d Not observed.
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Table 5. lons observed in the first-order and MS—MS using ESI both in positive-ion and negative-ion modes for compound 5

Mass spectrometry of larvicidal tributyltin(IV) complexes 941

Summary Relative Observed ions in
m/z formula abundance (%) MS-MS spectra®®
Positive ions
1369 [2 x M+ K]* CesHssNeOgSnpy K 1 994; 704
1353 [2 x M + NaJ* CesHssNeOgSnyNa 4 978; 688; 380
978 [M + Na — H + SnBus]|* Cy5HgoN3045n,Na 4 920; 824; 806; 762; 672; 586; 500; 472
956 [M + SnBus]* CysHeoN3045n, 8 626; 608; 590; 564; 550; 478; 450; 422;
358
745 — — 15 —4
704 M +K]* C33Hy3N3045nK 21 —d
688 [M + Na]* C33HyN3045nNa 100 380
666 [M+H]J* Ca3HusN3O45n 14 358; 330; 314
Negative ions
664 [M—-H]" C33HpN3O045n 30 620; 506; 449
374 [M — SnBus]~ Cy1H16N304 100 330; 315
330 [M — SnBus — CO, ]~ CyoHi6N30, 9 315
197 — C12HgN,O 2 —d

3 Interpretation of observed ions in positive-ion MS-MS: m/z 994 [M + K — H + SnBus]*; m/z 920 [M + Na — H + SnBus — butane]*; m/z
824 [M + Na — H + SnBuz — 2 x butane — butene + H,O]™; m/z 806 [M + Na — H + SnBug — 2 x butane — butene]*; m/z 762 [M + Na — H +
SnBusz — 2 x butane — butene — CO>]*; m/z 672 [M + Na + SnBuz — OSnBusz|*; m/z 626 [M — Bu+ H,O]*; m/z 608 [M — Bult; m/z 590
[M — Bu — H,Ol*; m/z 586 [M + Na — butane — CO;]*; m/z 564 [M — Bu — CO,]"; m/z 550 [M — Bu — butane]"; 500 [M + Na + SnBuz —
OSnBujz — 2 x butane — butene]*; m/z 478 [M + H — butane — 2 x butene — H,O]*; m/z 472 [M + Na — 2 x butane — butene — CO,]*; m/z 450
[M — Bu — butane — butene — CO,]*; m/z 380 [M + Na — HOSnBus|*; m/z 358 [M +H — HOSnBuz]*; m/z 330 [M + H — HSnBus — CO,]*;
m/z 314 [M + H — HOSnBuz — CO,]*.

b Interpretation of observed ions in negative-ion MS-MS: m/z 620 [M — H — CO.]~; m/z 506 [M — H — butane — butene — CO]~; m/z 449

[M — H — 2 x butane — butene — CO;]~; m/z 315 [M — SnBuz — CHy — CO,] .

¢ Not identified.
d Not observed.

carboxylate ligands. Selected geometric parameters are given
in Table 7. One of the carboxylate oxygen atoms in each aryl
ligand (O(1) and O(5)) can be considered to be coordinating
asymmetrically to both adjacent tin atoms in the chain,
because, in addition to an Sn—-O distance of about 2.42 A,
each of these oxygen atoms is also involved in a much
longer intrachain Sn - - - O interaction with a distance of about
3.20 A. A similar property was observed in the structures
of 1 and 4. Although these long distances are well inside
the sum of the van der Waals radii of the tin and oxygen
atoms (ca 3.6 A), there does not appear to be any significant
distortion of the trigonal bipyramidal coordination geometry
as a result of this contact. Nonetheless, the interaction may
be responsible for the observed length of the formal Sn—-O
bond involving these oxygen atoms, because the Sn-O
distances of about 2.42 A are about 0.2 A longer that the
Sn—-O distances involving the carboxylate oxygen atoms
(O(2) and O(6)) that do not have an additional Sn---O
interaction.

The hydroxy group in each carboxylate ligand of 5 forms
an intraligand hydrogen bond with the adjacent imino
nitrogen atom. Some of the butyl groups in the structure
are disordered, as is common for complexes involving the
Bu3Sn core (see Experimental section). The methoxy methyl
group of one of the two symmetry-independent carboxylate

Copyright © 2005 John Wiley & Sons, Ltd.

ligands is also disordered over two conformations, which
differ by an approximately 180° rotation about the C(ring)-O
bond.

As with the structures of 1 and 4, the structure
of 5 corresponds with the type II polymeric motif
described by Willem et al.® for related R3SnO,CR’' com-
pounds. As in related structures,?® the polymeric chain
in the structure of 5 propagates in a 2; screw fashion,
although it is a non-crystallographic pseudo—2; screw
axis on this occasion. The Sn---Sn distances in 5 are
5.3520(3) and 5.3200(3) A, which agree very well with the
mean repeat distance found in other type II carboxylate-
bridged triorganotin species”®?% and further confirms
that the repeat distance is essentially independent of
the nature of the tin-bound substituents and carboxylate
residues.

The polymeric structures of 1, 4, and 5 contrast with the
ESI-MS data, where the polymeric ions have only low relative
abundances in the positive ion ESI-MS and are totally absent
in the negative ion ESI-MS, which may be caused by easy
fragmentation of polymeric species and decomposition of
polymers upon dissolution.

Larval toxicity studies
The LCs, values, in parts per million, and their standard
deviations for the tributyltin complexes 2—5 screened against

Appl. Organometal. Chem. 2005; 19: 935-944
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Table 6. Crystallographic data and structure refinement

parameters for 5

Empirical formula
Formula weight
Crystal size (mm)

C33H43N304Sl’1
664.32
0.15 x 0.20 x 0.27

Colour and morphology Orange, prism
Temperature (K) 160(1)
Crystal system Triclinic
Space group P1

a(A) 10.2502(2)
b(A) 13.2405(2)
c(A) 23.4197(4)
a(°) 88.548(1)

B () 86.0704(9)
y () 88.992(1)
V(A" 3169.6(1)

V4 4

Deale(g cm™2) 1.392
Linear absorption coefficient (mm™!) 0.845
Transmission factors (min, max) 0.739, 0.888
2emax (O) 55
Reflections measured 62292
Independent reflections (Rint) 14479 (0.056)
Reflections with I > 20 (I) 11074

No. of parameters 810

No. of restraints 114

R(F) (I > 20 () reflns) 0.041
wR(F?) (all data) 0.088
GOF(F?) 1.07

Max, min Ap(eA ™) 117, —0.77

~
A

uBu

Sn—O OH

Figure 4. A line diagram showing the polymeric structure of
[BugSnL°H], (5).

the second larval instar stage of both the Ae. aegypti and
An. stephensi mosquitoes are given in Table 8. The data
indicate that the complexes are effective larvicides against
these two species of mosquito. They range from a low
of 0.36 ppm to a high of 0.69 ppm against the Ae. aegypti
larvae, and between 0.82 and 1.17 ppm against the An.
stephensi larvae. The larvicidal activities for the present
compounds are similar to those that have been reported
in the literature.”#%3! Furthermore, in general, the larvicidal
activities are comparable to or better than the reported results

Copyright © 2005 John Wiley & Sons, Ltd.
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Figure 5. A segment of the polymeric [BusSnL®H], chain in
5 showing the asymmetric unit plus one additional [BuzSnL®H]
unit (560% probability ellipsoids; only one of the disordered
conformations of the ligands is shown).

for the natural product dioncophylline A, which was tested
against the first to the fourth larval states of the An. stephensi
mosquito.® However, these compounds were not as effective
as Malathion or Temephos, which were screened against the
fourth instar of the Ae. aegypti.’

A comparison of the two larvae indicates that the
An. stephensi larvae were more tolerant to the compounds.
This finding is in agreement with an earlier study involving
the sensitivity of these same two species of larvae towards
a series of triorganotin dithiocarbamates.?? The earlier study
reported that, similar to the present study, the An. stephensi
larvae were more tolerant to the dithiocarbamates than the
Ae. aegypti larvae. This would further support the view that
the same compound may have a different toxicity on different
species of mosquito larvae.?

Appl. Organometal. Chem. 2005; 19: 935-944
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Table 7. Selected bond lengths A and angles (°) for 52

Mass spectrometry of larvicidal tributyltin(IV) complexes

Sn(1)-O(1) 2.425(2)
Sn(1)-0O(6)! 2.218(2)
Sn(1)--- O(5)! 3.172(2)
Sn(1)-C(43a) 2.150(4)
Sn(1)-C(43b) 2.149(5)
Sn(1)-C(47) 2.145(3)
Sn(1)-C(51) 2.133(3)
O(1)-Sn(1)-0(6)* 173.89(7)
O(1)-Sn(1)- - - O(5)! 142.62(6)
O(1)-Sn(1)-C(43a) 83.6(3)
O(1)-Sn(1)-C(43b) 84.8(7)
O(1)-Sn(1)-C(47) 91.1(1)
O(1)-Sn(1)-C(51) 86.0(1)
0O(6)'-Sn(1)- - - O(5)! 44.37(7)
0O(6)'-Sn(1)-C(43a) 90.4(3)
O(6)'-Sn(1)-C(43b) 89.1(7)
O(6)'-Sn(1)-C(47) 93.0(1)
O(6)'-Sn(1)-C(51) 95.6(1)
C(43a)-Sn(1)-C(47) 119.4(2)
C(43a)-Sn(1)-C(51) 117.1(2)
C(43b)-Sn(1)-C(47) 127.6(4)
C(43b)-Sn(1)-C(51) 109.3(3)
C(47)-Sn(1)-C(51) 122.6(1)

Sn(2)-0(2) 2.227(2)
Sn(2)-0(5) 2.411(2)
Sn(2). - - O(1) 3.221(2)
Sn(2)-C(55) 2.134(3)
Sn(2)-C(59) 2.144(3)
Sn(2)-C(63) 2.155(3)
0(2)-Sn(2)-0(5) 172.93(7)
0(2)-Sn(2)- - -O(1) 43.63(7)
0(2)-Sn(2)-C(55) 95.9(1)
0(2)-Sn(2)-C(59) 91.8(1)
0(2)-Sn(2)-C(63) 90.2(1)
0(5)-Sn(2)- - -O(1) 143.43(6)
0(5)-Sn(2)-C(55) 88.1(1)
0(5)-Sn(2)-C(59) 91.2(1)
0(5)-Sn(2)-C(63) 82.8(1)
C(55)-Sn(2)—-C(59) 120.2(1)
C(55)-Sn(2)-C(63) 117.8(1)
C(59)-Sn(2)-C(63) 121.5(1)
C(1)-O(1)- - - Sn(2) 72.0(2)
Sn(1)-O(1)- - - Sn(2) 142.49(8)
C(21)' —O(5) - - -Sn(2) 72.8(2)
Sn(1)i ~O(5)' - - -Sn(2) 144.38(8)

2 Atom labels with superscript ‘i’ refer to atoms from the next symmetry-related ligand in the polymeric chain.

Table 8. Toxicity of the ligand and the tributyltin complexes
against the second instar larval stage of the Ae. aegypti and
An. stephensi mosquito larvae

Toxicity (ppm)

Ligand/compound® Ae. aegypti An. stephensi
L'HH’ >20° >20

1 0.27 +0.02° 0.47 £0.01
2 0.55 £ 0.04 1.17£0.01
3 0.36 £0.02 0.82 £0.02
4 0.69 £0.01 1.10 £ 0.02
5 0.57 £0.03 0.88 = 0.04

a Refer to Figs 1 and 2 for the ligand framework (L'HH' to L’HH').

A quantitative structure—activity relationship (QSAR) is a
useful tool for correlating toxicological activities of molecules
to their structures. The development of QSARs between
organotin and toxicological activities is not new.*® For
example, QSARs have been developed between several series
of triorganotins and their larvicidal activities.>>3* Attempts
to develop QSARs in the present study were not fruitful. The
inability to generate acceptable QSARs is most likely due to
the fact that the small size of the substituent, compared with
the overall size of the ligand, had little influence on various
molecular descriptors of the molecule, such as size, shape

Copyright © 2005 John Wiley & Sons, Ltd.

and surface area. These and other molecular descriptors are
typical parameters used in developing QSARs.

Also listed in Table 8 are the LCs values for the precursor
tributyltin complex (compound 1) screened against the
An. stephensi larvae, as well as the ligand (L'HH') used in
the precursor complex. The previously reported data for the
Ae. aeqypti larvae® have also been included for comparison.
The data clearly show that the toxicity of the tin complex
against the An. stephensi larvae is substantially higher than
that of the ligand alone, as was previously reported for the
Ae. aegypti larvae. This result supports the earlier finding that
the tributyltin portion of the molecule is responsible for the
toxicity of the complex.

In addition, the An. stephensi larvae were more tolerant
to the precursor complex (1) than the Ae. aegypti. This is
in agreement with the results of the present study. It is
further noted that the precursor complex is more toxic to
both species of larvae than for the current series of complexes
reported. The decrease in activity of the current series of
complexes may be due to the increase in size of the ligands,
since the precursor ligand is smaller. Smaller complexes may
improve the toxicity due to their ability to penetrate the
organisms better. This observation would suggest that there
is an optimum size needed for maximum toxicity. This finding
may give investigators a basis for designing new toxicants
against these two species of larva. Although the tributyltin
complexes are not as effective as other insecticides, such as

Appl. Organometal. Chem. 2005; 19: 935-944
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Malathion or Temephos®, their advantages lie in the fact that
triorganotins biodegrade in the environment to a non-toxic
species, and there is no reported resistance of this class of
compounds towards these two species of mosquito.

Supplementary material

CCDC-257402 contains the supplementary crystallographic
data for complex 5. These data can be obtained free of
charge via http:/ /www.ccdc.cam.ac.uk/data_request/cif (or
from the Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: +44,1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).
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