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The nature of the products obtained on reacting
R3SnCl (R = Me, Bu and Ph), Ph2SnCl2 and
Bu2SnO with amino acids having nitrogen-
containing heterocyclic rings; i.e. L-histidine
and DL-tryptophan, is shown to depend upon
the reaction conditions. Ten new organotin(IV)
derivatives of these amino acids have been
synthesized and characterized by elemental
analyses, molar conductance and electronic
spectra, and the bonding in these complexes is
discussed in terms of their infrared, far-infra-
red, 1H and 13C NMR, and 119Sn Mössbauer
spectra. The complexes soluble in DMSO have
been testedin vitro against a wide spectrum of
bacteria and fungi and found to be active. Two
complexes, Ph3SnL-1 and Ph3SnL-2, have been
found to be slightly activein vivo against a multi-
infection fungal model in mice. Copyright #
1999 John Wiley & Sons, Ltd.
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INTRODUCTION

Knowledge of specific or selective bonding of
metal and organometal species to donor sites in
biological structures and also in simple biologically
relevant oligofunctional molecules is still incom-

plete. Although organotin compounds find many
practical applications, their coordination by biolo-
gical molecules is not well understood.1 Part of our
work in this field concentrates on studies of organo
compounds of Group IV elements and amino acids,
their derivatives and appropriate model com-
pounds. The effects of organotins in biological
systems include inhibition of mitochondrial phos-
phorylation1 and the function of the nervous
system.2 Study of triethyltin binding to rat-liver
mitochondria has led to the assignment of two
binding sites in the membrane: one of high affinity,
the other of low affinity.3 These binding sites are
considered to involve histidine and thiol groups,
respectively.3 Triorganotin(IV) derivatives have
recently received considerable attention due to
their high antifungal activities againstCeratocystis
ulmi, which causes Dutch elm disease,4,5 Phyto-
phthora palmivora (Butler) isolated from black
pepper and coca leaves,6 Aspergillus nigerand
Helminthosporium taulosum7 and Candida albi-
cans, Cryptococcus neoformansandA. fumigatus.8

A considerable amount of work on organotin
derivatives of amino acids and peptides has been
reported.9–24 Little definite information exists,
however, concerning the reactions of organotin
compounds with heterocyclic-ring-containing
amino acids. Accordingly, we have studied some
new organotin derivatives of amino acids having
heterocyclic rings such asL-histidine and DL-
tryptophan.

EXPERIMENTAL

All the reactions were carried under an anhydrous
and oxygen-free nitrogen atmosphere. Solvents
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werepurified,driedandstoredundernitrogen.The
di- andtri-phenyltinchloride(E.Merck),tributyltin
chloride (E.Merck), trimethyltin chloride (Aldrich
Chemicals),dibutyltin oxide (Fluka), L-histidine
and DL-tryptophan (E.Merck) were used as re-
ceived.

Syntheses

Synthesisof diphenyltin complexesof amino
acids
The amino acid (6.00mmol) wasdissolvedin the
minimumamount(25ml) of absolutemethanol.To
this was added sodium methoxide,preparedby
dissolvingsodium(6.50mmol) in absolutemetha-
nol (10ml) under dry nitrogen,and the resulting
solution was refluxed for 2–3h with constant
stirring. A hot methanolicsolution of diphenyltin
chloride(3.00mmol) in 1:2 (organotin/aminoacid)
molarratio wasaddedto thesolutionof thesodium
salt of the amino acid. The mixture was again
refluxed with constantstirring for 5–6h. It was
centrifuged and filtered to remove the sodium
chloride, and any excessof solventwas removed
under reducedpressure.The semi-solid product
thus obtained was solidified by trituration with
petroleumether (b.p. 40–60°C). The complexes
were recrystallizedfrom a 1:2 (v/v) mixture of
methanolandpetroleumether(b.p.40–60°C).

Synthesis of triorganotin
complexes of amino acids

The amino acid (4.00mmol) wasdissolvedin the
minimumamount(25ml) of absolutemethanol.To
this was added sodium methoxide,preparedby
dissolvingsodium(4.20mmol) in absolutemetha-
nol (10ml) under dry nitrogen,and the resulting
solution was refluxed for 2–3h with constant
stirring. A hot methanolicsolution of trimethyl-,
tributyl- or triphenyl-tin chloride (4.00mmol) in
approx1:1 molarratio wasaddedto thesolutionof
the sodium salt of the amino acid. It was again
refluxed with constant stirring for 5–6h and
crystallizationof the complex was carried out as
describedabove.

Synthesis of dibutyltin complexes
of amino acids

The complexeswere preparedunder anhydrous
conditions by dropwise addition of a dry, hot
benzene–methanol(3:1v/v, 100ml) solutionof the
dibutyltin(IV) oxide (4.00mmol) in a 1:2 molar

ratio to theaminoacid(8.00mmol) in hotmethanol
(25ml). The mixture was refluxed with constant
stirring giving a clear solution after 10–30min.
Refluxingwascontinuedfor 9–10h with azeotropic
removal of water. Any excessof solvent was
removedunderreducedpressure.The oily product
thus obtained was solidified by trituration with
petroleumether(b.p.40–60°C), andrecrystallized
from a1:2(v/v) mixtureof methanolandpetroleum
ether(b.p.40–60°C).

Melting pointsweredeterminedon a Toshniwal
capillary melting-pointapparatusandwereuncor-
rected. Tin and nitrogen in the complexeswere
determinedby gravimetricandKjeldahl’smethods,
respectively.25,26 Infrared and far-infrared spectra
were recorded on an FTIR spectrophotometer
model FTS 165, at 4000–400cmÿ1 in KBr discs
and600–200cmÿ1 in CsIdiscs,respectively,at the
Instituteof ExplorationandPetroleum,Dehradun,
India.1H and13C NMR spectrawererecordedon a
Bruker VM-400,MHz spectrophotometer at the
CentralDrugResearchInstitute(CDRI), Lucknow,
India, using DMSO-d6 as the solvent and tetra-
methylsilaneastheinternalstandard.Experimental
details of the 119Sn Mössbauerspectra26,27 and
antimicrobial activity27 of the complexes were
similar to thosereportedpreviously.

Antimicrobial activity

A multi-infection (Cand. albicans—vaginal and
systemic;Crypt. neoformans—lungs; and Tricho-
phytonmentagrophytes—skin infection) model in
Balb/c mice was usedfor rapid screeningof the
compounds.28 The mice were pretreated with
estradiol (500mg/mouse) on day 4, and the
compound was evaluated five after days of
inoculation. The evaluation was based upon
culture,cfu from tissuehomogenates-kidney,lung,
vaginaandskin.

RESULTS AND DISCUSSION

Reactionsof R3SnClandPh2SnCl2 with thesodium
salt (formedby Eqn[1]) of theaminoacidshaving
nitrogen-containingheterocyclicrings; i.e. L-histi-
dine (HL-1) andDL-tryptophan(HL-2), in 1:1 and
1:2molarratio,respectively,ledto theformationof
the complexesaccording to Eqns [2] and [3].
Reactionsof dibutyltin(IV) oxide with the amino
acids in a benzene–methanol(3:1, v/v) mixture
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afforded the complexesin a 1:2 molar ratio with
azeotropicremovalof water(Eqn [4]):

HL-1/HL-2� NaOMe

! Na(L-1/L-2)�MeOH �1�
R3SnCl� Na(L-1/L-2)

! R3Sn(L-1/L-2)� NaCl �2�
Ph2SnCl2� 2Na(L-1/L-2)

! Ph2Sn(L-1/L-2)2 � 2NaCl �3�
Bu2SnO� 2(HL-1/HL-2)

! Bu2Sn(L-1/L-2)2 � H2O �4�
where

Theabovereactionswerefoundto be facile and
were complete within 9–10h of refluxing. The
resulting complexeswere obtainedin good yield
(45–90%)andwerecolouredsolids,except3,5 and
6, which were viscous semi-solids.They were
soluble in methanol and sparingly soluble in
chloroform,dimethyl sulphoxideanddimethylfor-
mamide.Satisfactoryelementalanalyses(Table1)
havebeenobtainedfor all the complexes,in good
agreementwith the proposed1:1 or 1:2 stoichio-
metrybetweentheorganotinmoietyandtheamino
acids.Thelow valuesof themolarconductancesof
10ÿ3 M solutions of the complexesin methanol
(37.30–78.01
ÿ1 cm2 molÿ1) indicatedtheir non-
electrolyticnature(Table1).

Structural proposalsare based on vibrational
data, which are collected in Table 2; additional
information camefrom Mössbauermeasurements
of thecomplexes.InfraredNH2 stretchingfrequen-
cieswereusedto distinguishcoordinatedfrom free
aminogroups.Theaminoacidsthemselvesexist in
a zwitterionic form RCH (NH3

�)COOÿ, in the
solidstate.FreeNH2 groupsarefoundin theamino-
acid saltsandmatrix isolatedspecies.Comparison
of the n(NH)amino of the sodium salts (3200 and
3228cmÿ1 for NaL-1 andNaL-2, respectively)or
of matrix isolatedaminoacids(HGly: 3414cmÿ1)
with thoseof the solid compounds1–10 (2861–
2969cmÿ1; Table 2) shows a shift to lower
frequenciesfor the latter compounds,indicating
coordinationof the aminogroup to the centraltin
atom.10 Similar results have been reported for
R3SnAA (AA = amino acid)10 and R2SnL
(H2L = dipeptide).23,24 The zwitterionic forms of
the aminoacidsin the solid statehavesymmetric
anionic carboxylategroups,as do their salts.The
nas (COO) and ns (COO) in the compounds1–10
wereobservedat 1660� 16 and1412� 24cmÿ1,
respectively,indicating that nas (COO) moved to
higherfrequenciesandns (COO)to lower frequen-
cies than in the amino acids themselves.Strong
interactionsbetweenthe carboxylatecarbonyland
the tin atom were ruled out on this basis.10 The
band positions and also Dn values [nas(COO)ÿ
ns(COO)]werein therange235–260cmÿ1 (Table2)
and were comparablewith those obtained for
R3SnAA10 andR3Sn(AcGlyO),R3Sn(AcAlaO)and
R3Sn(AcMetO),13 indicating that the carboxylate
groups act as monodentate;ionic as well as
bridging or chelated(COO) groups,which would
give Dn< 200cmÿ1, were excluded.13 The con-
clusionsdrawn abovewere further supportedby
the presenceof new bandsin the far-IR spectraof
all the complexes, at ca 447� 27 and

Table 1 Analytical andphysicaldataof organotin(IV)complexesof aminoacids

Analysis(%): Found(Calcd)
Molar conductance

Complex(empirical formula) Yield (%) Colour M.p. (°C) Sn N (
ÿ1 cm2 molÿ1)

1 Ph3SnL-1 (C24H23N3O2Sn) 67 Cream 248–249(d) 23.08(23.54) 8.00(8.33) 38.02
2 Ph3SnL-2 (C29H26N2O2Sn) 87 Light brown 212–215(d) 21.25(21.45) 5.01(5.06) 70.43
3 Me3SnL-1 (C9H17N3O2Sn) 45 Cream Semi-solid 36.98(37.33) 13.18(13.22) 37.30
4 Me3SnL-2 (C14H20N2O2Sn) 71 Brown 207–210(d) 32.08(32.34) 7.50(7.63) 50.02
5 Bu3SnL-1 (C18H35N3O2Sn) 50 Cream Semi-solid 26.61(26.72) 9.32(9.46) 47.50
6 Bu3SnL-2 (C23H38N2O2Sn) 75 Dark brown Semi-solid 23.98(24.06) 5.61(5.67) 60.57
7 Ph2Sn(L-1)2 (C24H26N6O4Sn) 60 Light yellow 235–236(d) 20.12(20.42) 14.35(14.46) 40.05
8 Ph2Sn(L-2)2 (C34H32N4O4Sn) 76 Light grey 219–222 17.02(17.47) 8.13(8.25) 78.01
9 Bu2Sn(L-1)2 (C20H34N6O4Sn) 69 Light brown 209–210(d) 20.98(21.93) 15.49(15.53) 53.02

10 Bu2Sn(L-2)2 (C30H40N4O4Sn) 90 Dark brown 180–183(d) 18.21(18.56) 8.72(8.76) 60.00
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554� 16cmÿ1, which may be assigned to
(Snÿ!N) and n(Sn-O), respectively.26,27 The
presenceof both stretchingvibrations,nas (Sn-C)
and ns (Sn-C), in the IR spectraof the triorgano-

tin(IV) compoundsin thesolidstate(Table2) ruled
out an exactlyplanararrangementof the threeSn-
C bonds (i.e. an exactly symmetrical trigonal-
bipyramidal arrangementaround the central tin

Table 2 Characteristicinfraredfrequencies(cmÿ1) of organotin(IV)complexesof aminoacids

Amino-acid
complex

n(N-H) of heterocyclic
ring/of aminogroup nas(COO) ns(COO) Dn nas(Sn–C) ns(Sn–C) n(Sn–O) n(Snÿ!N)

HL-1 3494s 1633w 1450m 183 — — — —
3379s
2883w

HL-2 3567vw 1662vs 1453s 209 — — — —
3397vs
3301w
3038vs

NaL-1 3500s 1580s 1453s 127 — — — —
3382m
3200m

NaL-2 3563w 1661sh 1468m 115 — — — —
3422vs 1583s
3287s
3228w

Ph3SnL-1 3485s 1647vs 1407vs 240 266s 245m 555m 467w
3412s
3257m
2967w

Ph3SnL-2 3472w 1676vs 1420s 256 267s 238s 540s 431s
3424vs
3072vs
2880w

Me3SnL-1 3456w 1644m 1388vs 256 544vs 525w —a 420w
3070s
2912s

Me3SnL-2 3404vs 1664vs 1418vs 246 540s 529s 583vs 426vs
3329m
3042m
2861m

Bu3SnL-1 3467sh 1644vs 1407w 237 572m 516w 545w 456w
3408s
3328s
2954s

Bu3SnL-2 3421brm 1670m 1435m 235 575m 520w 556w 473w
2954w
2923vs

Ph2Sn(L-1)2 3366m 1645m 1402vs 243 274m 246brs 538w 420w
3074w
2950m

Ph2Sn(L-2)2 3470m 1670m 1410s 260 270m 240m 550m 424m
3425s
3250m
2969w

Bu2Sn(L-1)2 3448s 1653m 1394m 259 580m 516s 540w 420w
3410m
3010m
2925m

Bu2Sn(L-2)2 3407m 1648vs 1403vs 245 602w 520w 569w 422w
3063w
2955s
2930s

Abbreviations:vs, very strong;s, strong;m, medium;w, weak;sh,shoulder;br, broad.
a Mergewith nas (Sn–C).
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atom.10) Sincethe nas (Sn-C)bandswerenot split,
a T-shapedgeometrycould be ruled out aswell.10

Thepresenceof bothn (Sn-C)stretchingvibrations
in the diorganotin(IV) derivatives excluded the
presenceof a linearC–Sn–Cbondin theoctahedral
diorganotin derivativeswith two trans–axial or-
ganic groups.One Sn-C band only in the 500–
610cmÿ1 regionhasbeenreportedin the dialkyl-
tin(IV) complexesof N-acetylaminoacidsindicat-
ing two alkyl groupsin trans–axialpositions.29

The chemical shifts (d ppm) of the various
protons in the organotin compoundswhich are
sufficientlysolublein DMSO-d6 aregivenin Table
3. 1H NMR spectraof all othercomplexescouldnot
berecordeddueto their low solubility in CDCl3 and
DMSO-d6. Theabsenceof a signaldueto the -OH
protonatd = 12.00–13.00ppmsuggestsdeprotona-
tion of the carboxylic oxygenatom of the amino
acids on complexation.30 The NH signal of the
amino group is shifted to higher field, d =
6.85� 0.1ppm, indicating the coordinationof the
NH2 group to tin. Similarly the -NCH< signal is
shiftedupfield (d = 3.30ppm for compound1 and
= 3.70� 0.1ppm for compounds2, 4 and 10) on
complexationin comparisonwith the free zwitter-
ionic form (-NCH< at d = 3.97ppm for HL-1 and
at d = 4.04ppm for HL-2 in D2O).31 The 13C
chemicalshifts of the variouscarbonatomsin the
compounds1, 2, 4 and10 in DMSO-d6 aregivenin
Table 4. The resonancesof COO for the amino
acidsareobservedat largerd on complexationas

comparedwith those of free amino acids; HL-1
shows COO at d = 173.7ppm and HL-2 shows
COOat d = 174.7ppm.31 Theshiftsobservedin Ca

(C-7 for compound1 andC-11for compounds2, 4
and10) andCb (C-6 for compound1 andC-10 for
compounds2, 4 and10) resonancesof aminoacids
in the organotin derivatives are due to the
coordinationof the amino acids throughthe NH2
andCOOgroupsto tin. The 13C chemicalshiftsof
phenyl,butyl andmethylgroupsattachedto tin are
observed at positions comparable with other,
similar compounds.32–34 Due to insufficient solu-
bility of the organotin complexesin CDCl3 and
DMSO-d6, their 119Sn NMR spectracould not be
recorded.

Whether the coordination of the amino-group
nitrogen atom tends to lead to chelation or
polymerizationcanbe discussedwith referenceto
the 119Sn Mössbauerdata listed in Table 5. The
chemicalshift (C.S.)valuesindicatethepresenceof
tin in the �IV oxidation state and quadrupole
splitting (Q.S.)showsthattheelectricfield gradient
aroundthe tin nucleusis producedby the inequal-
ities in the tin–aminoacidss-bonds.The r(Q.S./
C.S.)values(>2.1 in all thecomplexes)indicatea
coordinationnumbergreaterthanfour. A possible
geometryaroundthe tin in R3SnL (whereR = Me,
Bu, Ph and L = anion of HL-1 and HL-2) is a
distortedtrigonal bipyramid in which the amino-
acid anion is monofunctionaland bidentateco-
ordinatingthroughan ON donor set derivedfrom
the carboxylic oxygenand amino nitrogen atoms
(as revealed from infrared spectra). All the

Table 3 1H NMR dataof organotin(IV)derivativesof amino
acids

Complexa d (ppm)b

1 8.01,s, 1H (H-3); 7.05–7.90,m, 17H (15H of
3(-C6H5) of tin� H-2, H-4); 3.15,d, 2H (H-6);
3.30,m, 1H (H-7); 6.85,m, 2H (H-9)c

2 7.90,s, 1H (H-1); 7.10–7.85,2m centredat 7.28,
7.70,20H [15H of 3(-C6H5) of tin� H-2, H-4,
H-5, H-6, H-7]; 3.50,d, 2H (H-10); 3.60,m, 1H
(H-11); 6.95,brm, 2H (H-13)c

4 7.89,s, 1H (H-1); 7.30,m, 2H (H-2, H-5);
7.50–7.70,m, 3H (H-4, H-6, H-7); 3.25,d,
2H (H-10); 3.70,m, 1H (H-11); 6.75,brm,
2H (H-13)c; 0.50,t, 9H [3(-CH3)of tin]

10 8.05,s, 2H [2(H-1)]; 7.05,m, 4H [2(H-2,H-5)];
7.35–7.80,m, 6H [2(H-4, H-6, H-7)]; 3.25,d, 4H
[2(H-10)]; 3.75,m, 2H [2(H-11)]; 6.80,brm, 4H
[2(H-13)]; 1.25–1.85,brm, 12H [2(-CH2CH2CH2)
of tin]; 0.65,t, 6H [2(-CH3) of butyl of tin]

a As indicatedin Table1.
b Abbreviations:s,singlet;d,doublet;t, triplet; m,multiplet; br,
broad.
c d(NH), concentration-dependent.

Table 4 13C NMR dataof organotin(IV)derivativesof amino
acids

Complexa d(ppm)

1 C-2, 135.95;C-4, 127.57;C-5, 103.94;C-6, 28.82;
C-7, 53.05;C-8, 175.35;C-a, 137.20;C-b, 134.10;
C-g, 128.71;C-d, 129.95

2 C-2, 123.50;C-3, 96.38;C-4, 121.25;C-5, 118.45;
C-6, 111.20;C-7, 128.05;C-8, 136.35;C-9,
120.00;C-10,29.85;C-11,55.10;C-12,176.10;
C-a, 136.80;C-b, 134.21;C-g, 128.50;C-d,
129.80

4 C-2, 123.46;C-3, 95.34;C-4, 120.60;C-5, 118.00;
C-6, 111.15;C-7, 127.55;C-8, 136.19;C-9,
118.38;C-10,29.97;C-11,55.34;C-12,176.21;
C-a, 1.54

10 C-2, 123.52;C-3, 96.20;C-4, 120.75;C-5, 118.02;
C-6, 111.25;C-7, 127.57;C-8, 136.20;C-9,
118.45;C-10,29.95;C-11,55.41;C-12,176.34;
C-a, 21.67;C-b, 26.82;C-g, 26.51;C-d, 13.62

a As indicatedin Table1.
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triorganotinderivativesexhibitC.S.andMössbauer
Q.S. values in the range 1.15–1.27 and 2.54–
3.02mmsÿ1, respectively,and pronouncedline-
intensity asymmetry (the Goldanskii–Karyagin
effect), suggestingan intermolecularlyassociated
lattice.10 Each of the three isomers (Fig. 1) of
R3SnLhasbeenreported35,36to havedifferentQ.S.

values:Q.S.for isomer(a) 1.7–2.3mmsÿ1; for (b)
3.0–3.9mmsÿ1; and for (c) 3.5–4.1mmsÿ1. The
observedvaluesof thechemicalshiftsin Ph3SnL-1,
Ph3SnL-2andMe3SnL-2lie in therangetypical of
triorganotin(IV) carboxylates,whereasquadrupole
splittingvaluesareslightly lower thanthosetypical
for transtrigonal-bipyramidalcoordinationof tin in
R3SnO2 fragments(3.00–4.00mmsÿ1), but sub-
stantially higher than that for cis trigonal-bipyr-
amidal (1.70–2.40mmsÿ1) and pseudotetrahedral
(1.00–2.40mmsÿ1) arrangements.37 Q.S.valuesin
the region of 2.8–3.0mmsÿ1 were also found in
triorganotinderivativesof amino acidswith trans
trigonal-bipyramidalgeometryaroundthe tin atom
with an amino-bridged intermolecular interac-
tion,10 andfor othertriorganotincarboxylateswith
an O�Sn(R3)O intermolecular interaction.38 The
observedQ.S.valuesof R3SnLsupportstructure(b)
with an oxygen and a nitrogen atom from an

Table 5 119SnMössbauerspectroscopicdataof organotin(IV)
derivativesof aminoacids

Complex
Q.S.

(mm sÿ1)
C.S.

(mm sÿ1) r t1 t2

Ph3SnL-1 2.74� 0.03 1.18� 0.01 2.32 1.21 1.18
Ph3SnL-2 2.52� 0.03 1.15� 0.01 2.19 0.72 0.88
Me3SnL-2 3.06� 0.02 1.27� 0.01 2.41 0.58 0.63
Ph2Sn(L-1)2 2.35� 0.03 1.07� 0.01 2.20 0.89 1.06
Ph2Sn(L-2)2 2.40� 0.02 1.02� 0.00 2.35 0.88 1.05
Bu2Sn(L-2)2 2.46� 0.02 1.15� 0.01 2.14 0.84 0.95

Table 6 Antimicrobial activity of organotin(IV)derivativesof aminoacids

Minimum inhibitory concentration(MIC)a in (mg mlÿ1) against

Bacteriab Fungib

Complexa 1 2 3 4 5 6 7 8 9 10

Ph3SnL-1 < 12.5 25 < 12.5 25 < 12.5 < 12.5 < 12.5 25 12.5 25
Ph3SnL-2 < 12.5 25 25 25 < 12.5 < 12.5 < 12.5 25 25 < 12.5
Me3SnL-2 25 50 I I I I 50 50 50 50
Bu2Sn(L-2)2 25 < 12.5 25 12.5 25 12.5 12.5 25 25 50
Ph3SnCl I I 12.5 I 6.25 12.5 1.56 6.25 3.125 3.125
Bu2SnO 50 I I I I I 50 50 I 50
AmphotericinB — — — — — 0.20 0.39 1.00 0.42 0.76
Flucytosine — — — — — 1.20 0.59 I 0.39 I
Sofaclonzo — — — — — I I I I 0.78
Norfloxacin I 12.5 6.2 12.5 3.0 — — — — —
Cap.flox 1.5 3.1 1.5 0.78 0.78 — — — — —

a Thesampleswerenot screenedbelow12.5mg mlÿ1; I, inactive;solventused,DMSO.
b Key: 1, Streptococcusfaecalis; 2, Klebsiella pneumoniae; 3, Escherichiacoli; 4, Pseudomonasaeruginosa; 5, Staphylococcus
aureus [penicillin resistance(2500 units)]; 6, Candida albicans; 7, Cryptococcusneoformans; 8, Sporotrichumschenckii; 9,
Trichophytonmentagrophytes; 10, Aspergillusfumigatus.

Figure 1 Structureof R3 SnL.
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adjacentmoleculeoccupyingaxial positions(Fig.
2). This arrangementis the conventional,one (ie.
the most electronegativeaxial structure)found in
organotin chemistry. Hence all the trioganotin
derivatives have been proposedto have amino-
bridgedlinear polymericstructures,similar to that
reportedfor Me3SnGly10, andthis is alsoconsistent
with their low solubility. Thereis thepossibilityof
hydrogenbonding betweencarbonyl oxygen and
amino N–H moieties, along and between the
chains.10

Octahedral,cationic,39 neutral39,40andanionic41

tin complexescontainingtwo organicresiduesand
four electronegativeligands possessa mutually
transgeometryfor thetin–carbonbonds(with afew
exceptions).In this context,the magnitudeof the
119SnMössbauerQ.S.is a usefulparameter.Point-
charge calculations42 for octahedral diorganoti-
n(IV) derivativeswith two organicgroupspredict
that the Q.S. for the trans isomer will be twice
(�4 mmsÿ1) that of the cis isomer (�2 mmsÿ1).
However, the organotin(IV) derivatives reported
herein have observedC.S. values of ca 1.11�
0.04mmsÿ1 anda Q.S.of ca 2.41� 0.06mmsÿ1.
Thesedatacannotbedirectly interpretedin termsof

the structure, since other diorganotin(IV) com-
plexeswith similar parametershavebeenassigned
as five-coordinatewith monodentatecarboxyl in
R2SnL (L = dianionof tridentatedipeptides)23,24or
cis octahedralstructures.43–45 Indeed where the
other ligandshavehigh electronegativity,the Q.S.
is governedmainly by theC–Sn–Cbondangle44,45

and distortion from regular six-coordinationcan
give valuessimilar to thosefor five-coordination,46

thevaluesobservedherecorrespondto bondangles
of 99.5–104.4°. TheC.S.valuesarealsosomewhat
lower than trans analogues (C.S.= 1.35–
1.50mmsÿ1)29,44,45 due to a decreasein the 5s
characterof theSn–Cbonds.However,in the light
of theotherdata,theMössbauerparametersarebest
interpreted in terms of distorted cis octahedral
configurations(Fig. 3). Intermolecularhydrogen
bonds between the carbonyl oxygen of one
moleculeand the amino group of anothercannot
be ignored,however.

Antimicrobial activity

In vitro antimicrobialresults(minimum inhibitory
concentration,MIC, in mg mlÿ1) against a wide

Figure 2 Structureof trioganotin(IV) complexes.
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spectrumof bacteriaand fungi are presentedin
Table 6 for compounds1, 2, 4 and 10, which are
soluble in DMSO, as well as the MIC valuesof
Ph3SnCl,Bu2SnOandsomereferencecompounds.
Due to their insufficientsolubility in DMSO, none
of the other compound could be screened.In
comparisonwith the parent tin compoundsi.e,
Ph3SnCl and Bu2SnO, all the four organotin(IV)
amino-acidderivativesexhibited good activities.
Further,asis evidentfrom thedatashownin Table
6, fungicidal and bactericidal activities of the
organotin complexesunder experimentalcondi-
tions decreased in the order: triphenyltin>
dibutyltin> trimethyltin.

Becauseof the high antifungal activities of
Ph3SnL-1 andPh3SnL-2, they havebeenscreened
in vivoagainstamulti-infectionmodelin mice.The
compoundswere testedat 100 and 50mgkgÿ1,
p.o.,for four daysfor antifungalefficacy.However,
at 100mgkgÿ1 thecompoundsweretoxic asmost
of theanimalsdiedduring theexperimentalperiod
andthey did not showpromisingactivity. Both of
thecompoundswerefoundto beactiveat adoseof
50mgkgÿ1, but they were not found active as
compared(cfu) with thecontrols.
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