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The compounds [SnR2X2(Hmimt)] (R = Et, Bu;
X = Cl, Br; Hmimt = 1-methyl-2(3 H)-imidazoli-
nethione) and [SnEt2X2(Hmimt) 2] (X = Cl, Br)
have been prepared and characterized by
elemental analysis, mass spectrometry and IR,
Raman, Mössbauer and NMR (1H, 13C and
119Sn) spectroscopy. An X-ray study of the
crystal structure of [SnEt2Cl2(Hmimt) 2] shows
all-trans octahedral stereochemistry with the tin
atom coordinated to two ethyl carbon atoms, two
chlorine atoms and the sulfur atoms of the two
Hmimt ligands. Hmimt exhibits antibacterial
activity against Bacillus subtilis (MIC =
6.25mg mlÿ1), and all the complexes inhibit the
growth of Escherichia coli and Staphylococcus
aureusas well asB. subtilis, with MIC values of
12.5mg mlÿ1, 6.25mg mlÿ1 and 3.12mg mlÿ1

respectively, for the most active complex,
[SnBu2Cl2(Hmimt)]. Only [SnEt 2Cl2(Hmimt)]
shows activity againstPseudomonas aeruginosa
(MIC = 50 mg mlÿ1). Copyright # 2001 John
Wiley & Sons, Ltd.
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INTRODUCTION

Sn—S bonds are featured by the complexes of
organotin species with a number of biologically
important thiols1 and by several compounds with
industrial2 or pharmaceutical3,4 applications. Ac-
cordingly, significant effort is being devoted to
synthesizing organometallic compounds with
Sn—S bonds and characterizing their structures.5

In our work in this field we have previously6

studied the structures of compounds of the types
[SnR2Cl2(Hmimt)] and [SnR2Cl2(Hmimt)2] pre-
pared by reaction of the sulfur-donor ligand
1-methyl-2(3H)-imidazolinethione (Hmimt) with
dimethyl- and diphenyltin dichlorides in CH2Cl2
{[SnMe2Cl2(Hmimt)] and [SnPh2Cl2(Hmimt)2]
were later prepared by Pettinariet al.7 in diethyl
ether}. We have now prepared compounds
[SnR2X2(Hmimt)] (R = Et, Bu; X = Cl, Br) and
[SnEt2X2(Hmimt)2] (X = Cl, Br) and determined
the crystal structure of [SnEt2Cl2(Hmimt)2]; and
since tin-bonded ethyl and butyl groups are
biologically active (as is Hmimt, to a small extent8),
we have characterized these compounds not only
spectroscopically but also with regard to their
antibacterial activities againstEscherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus
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andBacillussubtilis. Thecompoundsdescribedare
all new except [SnBu2Cl2(Hmimt)], the crystal
structureof which hasbeenreportedpreviously9.

EXPERIMENTAL DETAILS

Materials and measurements

Diethyltin dichloride, diethyltin dibromide, di-
butyltin dichloride and dibutyltin dibromide (all
from Ventron and/or Aldrich) and Hmimt (from
Ega-Chemieand Aldrich) were usedas supplied.
Solventswerepurifiedby standardmethods.

Analytical datawere obtainedwith Carlo Erba
1108 and Perkin Elmer 240B apparatus,and
melting points with Büchi equipment.Electron
impact (EI) mass spectra (70eV, 250°C) were
recorded on a Kratos MS50 TC spectrometer
connectedto a DS90 operatingsystem;nominal
values were calculatedconsidering the isotopes
120Sn,79Br and35Cl. TheIR spectraof Nujol mulls
or KBr pellets and the Ramanspectraof poly-
crystallinesampleswererecordedonaBrukerIFS-
66V spectrometerwith a RamanFRA 106 acces-
sory.Mössbauerspectrawererecordedat 80.0K in
a Harwell cryostat;theCa119SnO3 source(15mCi,
New England Nuclear) was moved at room
temperaturewith constantacceleration,giving a
triangularvelocity waveform,and Lorentzianline
shapeswere fitted to the experimentaldata. The
molar conductivitiesof 10ÿ3 M acetonitrile solu-
tionsweremeasuredwith a WTW LF-3 conductiv-
ity meter. 1H, 13C and 119Sn NMR spectrawere
recorded on Bruker WM-250 and AMX-300
spectrometers;chemical shifts are statedrelative
to externalSiMe4 for 1H and13C, andto SnMe4 for
119Sn.

Antibacterial activity

Four bacteria were employed: E. coli (ATCC
25922),P. aeruginosa(ATCC 27853),S. aureus
(ATCC 292135) and B. subtilis (ATCC 6633).
Antibacterial activity was initially assayedby
Muller–Hinton agar diffusion methods.Discs of
paper5 mmin diameterwereloadedwith 20ml of a
2 mgmlÿ1 solution of the product to be tested
{Hmimt, SnR2X2 or [SnR2X2(Hmimt)n] (n = 1, 2)}
in 9:1 ethanol–water;control discs were loaded
with solventalone.Thediscswereplacedondishes
of Muller–Hinton agarinoculatedwith E. coli, P.
aeruginosa,S.aureusor B. subtilis, andafter 24h

incubation at 37°C the diameterof the zone of
bacterial growth inhibition was measured.Mini-
mum inhibitory concentrations(MICs) for those
productswhichshowedactivity in thediffusion test
were determinedusing serial dilutions in Muller–
Hinton broth in microwell plates(200ml of culture
perwell).

Synthesis

General procedure
Thecompoundswerepreparedby slow additionof
a solution of the appropriate diorganotin(IV)
dihalide (ca 20ml) to ca 20ml of a solution of
Hmimt in thesamesolvent{dry benzene[safety—
caution] for [SnEt2Cl2(Hmimt)], dry CH2Cl2 for all
theothercompounds}.Themixturewasstirredfor
4 days,the solventwas evaporatedoff, the oil or
solidsoobtainedwasstirred(theformer)or washed
(the latter) with dry benzene,and final filtration
extracteda solid thatwasdried in vacuo.

[SnEt2Cl2(Hmimt)]
From0.502g of SnEt2Cl2 (2.03mmol) and0.231g
of Hmimt (2.03mmol). Anal. Found:C, 26.5; H,
4.4;N, 7.8%.C8H16Cl2N2SSnrequires:C, 26.6;H,
4.5; N, 7.7%. M.p. 90°C. �M (MeCN, 10ÿ3 M)
1.2Scm2molÿ1. Themassspectrumshowedpeaks
at m/z (ion, intensity):114(Hmimt, 69.5),120(Sn,
26.7), 149 (SnEt, 13.8), 155 (SnCl, 100.0), 184
(SnEtCl, 26.1), 190 (SnCl2, 17.8), 213 (SnEt2Cl,
37.1), 219 (SnEtCl2, 95.5), 233 (Sn�mimt, 4.9),
248(SnEt2Cl2, 16.3),268(SnCl�mimt, 2.5),297
(SnEtCl�mimt, 2.5). IR and Raman (in
parentheses),cmÿ1: 510w (510w), nas(Sn—C);
489m (492vs), nsym(Sn—C); 352m (351m),
n(Sn—S); 276sh (270sh), n(Sn—Cl). Mössbauer
spectrum(mmsÿ1): d 1.76;D 3.28;ÿ 0.96.

[SnEt2Cl2(Hmimt) 2]
From0.820g of SnEt2Cl2 (3.31mmol) and0.756g
of Hmimt (6.62mmol). Anal. Found:C, 30.0; H,
4.7;N, 11.8%.C12H22Cl2N4S2Snrequires:C, 30.3;
H, 4.7; N, 11.8%. M.p. 100°C. �M (MeCN,
10ÿ3 M) 1.0Scm2 molÿ1. The mass spectrum
showedpeaksat m/z (ion, intensity): 81 (Hmimt-
SH, 12.4),114 (Hmimt, 100.0),120 (Sn,4.7), 155
(SnCl, 41.1), 184 (SnEtCl,8.4), 190 (SnCl2, 5.5),
213 (SnEt2Cl, 12.4), 219 (SnEtCl2, 46.0), 233
(Sn�mimt, 0.6), 248 (SnEt2Cl2, 10.6), 268
(SnCl�mimt, 1.7), 297 (SnEtCl�mimt, 1.8). IR
and Raman(in parentheses),cmÿ1: 518m (518w),
nas(Sn—C); 466w (466vs), nsym(Sn—C); 231s,
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195m(225w, 204m),n(Sn—Cl). Mössbauerspec-
trum (mmsÿ1): d 1.91;D 3.96;ÿ 1.18.

[SnEt2Br2(Hmimt)]
From0.754g of SnEt2Br2 (2.24mmol) and0.256g
of Hmimt (2.24mmol). Anal. Found:C, 21.7; H,
3.8;N, 6.6%.C8H16Br2N2SSnrequires:C, 21.3;H,
3.6; N, 6.2%. M.p. 105°C. �M (MeCN, 10ÿ3 M)
2.9Scm2 molÿ1. Themassspectrumshowedpeaks
at m/z (ion, intensity): 81 (Hmimt-SH, 10.4), 114
(Hmimt, 100.0), 199 (SnBr, 3.1), 263 (SnEt �
Hmimt, 0.4), 307 (SnEtBr2, 5.0), 313 (SnBr �
Hmimt,0.9),336(SnEt2Br2, 0.4).IR andRaman(in
parentheses),cmÿ1: 515w (515w), nas(Sn—C);
485m (485vs), nsym(Sn—C); 349m (348m),
n(Sn—S).Mössbauerspectrum(mmsÿ1): d 1.82;
D 3.21;ÿ 0.87.

[SnEt2Br2(Hmimt) 2]
From0.814g of SnEt2Br2 (2.42mmol) and0.552g
of Hmimt (4.84mmol). Anal. Found:C, 25.8; H,
4.0;N, 10.2%.C12H22Br2N4S2Snrequires:C, 25.5;
H, 3.9;N, 9.9%.M.p. 100°C. �M (MeCN,10ÿ3 M)
6.8Scm2 molÿ1. Themassspectrumshowedpeaks
at m/z (ion, intensity): 81 (Hmimt-SH, 14.8), 114
(Hmimt, 100.0),120 (Sn, 9.2), 199 (SnBr, 52.2),
263 (SnEt� Hmimt, 8.7), 278 (SnBr2, 7.0), 307
(SnEtBr2, 60.5), 312 (SnBr�mimt, 1.0), 313
(SnBr� Hmimt, 10.0), 336 (SnEt2Br2, 5.3). IR
and Raman(in parentheses),cmÿ1: 517m (518w),
nas(Sn—C); 460w (462vs), nsym(Sn—C). Möss-
bauerspectrum(mmsÿ1): d 1.97;D 3.91;ÿ 1.14.

[SnBu2Cl2(Hmimt)]
From0.466g of SnBu2Cl2 (1.53mmol)and0.175g
of Hmimt (1.53mmol). Anal. Found:C, 33.3; H,
6.2;N, 6.0%.C12H24Cl2N2SSnrequires:C, 34.5;H
5.8, N, 6.7%. M.p. 71°C. �M (MeCN, 10ÿ3 M)
2.5Scm2 molÿ1. Themassspectrumshowedpeaks
at m/z (ion, intensity): 81 (Hmimt-SH, 10.1), 114
(Hmimt, 100.0), 120 (Sn, 8.3), 155 (SnCl, 63.4),
190 (SnCl2, 5.2), 212 (SnBuCl, 47.5), 233 (Sn�
mimt, 7.1), 247 (SnBuCl2, 57.1), 325 (SnBuCl�
mimt, 2.4). IR andRaman(in parentheses),cmÿ1:
(604m), nsym(Sn—C); 346m (345m), v(Sn—S);
260sh (259m), v(Sn—Cl). Mössbauerspectrum
(mmsÿ1): d 1.75;D 3.22;ÿ 0.90.

[SnBu2Br2(Hmimt)]
From0.845g of SnBu2Br2 (2.15mmol)and0.246g
of Hmimt (2.15mmol). Anal. Found:C, 28.7; H,
5.0; N, 5.6%. C12H24Br2N2SSnrequires:C, 28.4;
H, 4.8; N, 5.5%.M.p. 67°C. �M (MeCN, 10ÿ3 M)
2.5Scm2 molÿ1. Themassspectrumshowedpeaks

at m/z (ion, intensity): 81 (Hmimt-SH, 8.7), 114
(Hmimt, 100.0),199(SnBr,14.9),233(Sn�mimt,
1.9), 256 (SnBuBr,4.8), 335 (SnBuBr2, 22.4). IR
and Raman (in parentheses),cmÿ1: (600m),
nsym(Sn—C);345m(345m),n(Sn—S).Mössbauer
spectrum(mmsÿ1): d 1.80;D 3.16;ÿ 0.86.

Crystal structure determination

X-ray data collection and reduction
Crystalssuitablefor X-ray diffraction studieswere
obtainedby diffusionof n-hexaneinto asolutionof
[SnEt2Cl2(Hmimt)2] in benzene–chloroform.The
X-ray diffraction pattern was recordedat room
temperatureon a SiemensCCD Smart apparatus
using Mo Ka radiation (l = 0.71073Å), and was
correctedwith SADABS (Siemensarea detector
absorptioncorrection).10 The crystal data,experi-
mentaldetailsandrefinementresultsaresummar-
ized in Table1.

Structure solution and refinement
The crystal structure was solved by direct
methods,11 which revealedthe positionsof all the
non-hydrogenatoms,and was refinedon F2 by a
full-matrix least-squaresprocedureusing aniso-
tropic displacementparametersfor non-hydrogen
atoms.11 All the hydrogenatomsexceptonewere
assignedcalculated positions that were refined
usinga rigid model; the exception(the hydrogen-
bonding hydrogen on N2) was located from a
difference Fourier map and refined isotropically.
Atomic scattering factors were taken from the
International Tablesfor X-ray Crystallography,12

and graphicswere producedusing the programs
ORTEPIII13a andPLUTO.13b

RESULTS AND DISCUSSION

Synthesis

The complexes[SnR2X2(Hmimt)] were prepared
by reacting the appropriatediorganotin dihalide
with Hmimt in 1:1 moleratio in non-coordinanting
solvent CH2Cl2, except that [SnEt2Cl2(Hmimt)]
waspreparedin dry benzenebecausethe1:1 reac-
tion in CH2Cl2 afforded[SnEt2Cl2(Hmimt)2], (Eqn
[1]):

SnR2X2� Hmimt → [SnR2X2(Hmimt)]

(R = Et, Bu; X = Cl, Br) [1]
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Whenthereactionswerecarriedout in 1:2 mole
ratio in CH2Cl2, the dibutyltin dihalides gave
Hmimt solvatesof the1:1 complex{the elemental
analysescorrespondedto 1:2 complexes,but the
Mössbauerand vibrational data clearly indicated
non-coordinationof the secondHmimt molecule;
for example, for the chloro derivative d = 1.79,
D = 3.32, ÿ = 1.17 and the diagnostic IR and/or
Ramanbandslie at 603m[R, nsym(Sn—C)],346m
[R = 345m, n(Sn—S)] and 260sh [R = 259m,
n(Sn—Cl)]} (Eqn2):

SnR2X2� 2Hmimtÿ! �SnR2X2�Hmimt�2�
�R� Et; X � Cl;Br�

ÿ!�SnR2X2�Hmimt�� � Hmimt

�R� Bu; X � Cl;Br�
�2�

The non-formationof the 1:2 butyl complexes
may be attributed to the relatively low acceptor
capacity of the butyl derivatives14 and the low
basicity of the ligand. Even the 1:1 complex
SnBu2Cl2 wasnot isolatedwhenits synthesiswas
attempted in the weakly coordinating solvent
diethyl ether.7

All the complexeshave melting points below
105°C and are soluble in the usual organic
solvents.The absenceof signalsfor the molecular
ion in their mass spectra is attributable to fast
fragmentationof thesespeciesunderEI conditions
and/or to their thermal decomposition.The pre-
senceof an intenseHmimt ion signal (in most of
these spectra the most intense signal) indicates
extensivedissociationof the Sn—Sbonds,which
mustthereforebe relatively weak.

Crystal structure of
[SnEt2Cl2(Hmimt)2]

Atomic coordinatesfor [SnEt2Cl2(Hmimt)2] are
reportedin Table2, andbondlengthsandanglesin
Table3. The moleculeis centrosymmetric,and in
the crystal lattice the tin atom occupiesa special
positionat a crystallographic inversioncentre.

The tin atomis coordinatedto two ethyl carbon
atoms,two chlorineatomsandthe sulfur atomsof
two Hmimt ligands in an all-trans distorted
octahedralarrangement(Fig. 1). The Sn—C and
Sn—Cl bond lengthsare in the rangesfound for
relatedsystemsin the CambridgeCrystallographic
Data Base, 2.099–2.158Å and 2.575–2.759Å,

Table 1 Crystal,intensityandstructurerefinementdatafor [SnEt2Cl2(Hmimt)2]

Empirical formula C12H22Cl2N4S2Sn
Formulaweight 476.05
Temperature(K) 293(2)
Wavelength(Å) 0.71073
Crystalsystem/spacegroup Monoclinic/P21/n
Unit cell dimensions

a (Å) 9.6113(4)
b (Å) 10.0125(3)
c (Å) 10.0762(4)
b (°) 101.125(1)

Volume(Å3) 951.44(6)
Z 2
Density(calculated)(Mg mÿ3) 1.662
Absorptioncoefficient(mmÿ1) 1.841
F(000) 476
Crystalsize(mm)/Colour 0.10� 0.25� 0.30/colourless
� range(°) 2.68to 28.39
Index ranges ÿ12� h � 12,ÿ10� k � 13,ÿ12� l � 13
Reflectionscollected 6235
Independentreflections 2371(Rint = 0.0510)
Criterion for observation I > 2s(I)
Refinementmethod Full-matrix least-squareson F2

Data/restraints/parameters 2371/0/101
Goodness-of-fiton F2 0.960
Final R indices[I > 2s(I)] R1 = 0.0380,wR2 = 0.0926
Largestdiff. peakandhole (e� Åÿ3) 1.548andÿ0.865
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respectively.15 The Sn—S bond is the longest
found in [SnR2X2(Hmimt)] or [SnR2X2(Hmimt)2]
compounds.6,9 The deviation from octahedral
symmetry is apparentin the slight skew of the
‘equatorial’ plane SClS#1Cl#1Sn [Cl—Sn—S=
93.48(3)°] and its slight tilt with respectto the
C—Sn—Caxis [C(6)—Sn—S= 90.15(14)°].

As in its complexeswith other SnR2X2 species
Hmimt is sulfur-monodentate. TheC(2)—Sbondis

longer and the C(2)—N(2) bond shorterthan the
corresponding average distances in the free
ligand,16 indicatingthat,aspreviously,6,9 coordina-
tion reducesC—SbondorderandincreasesC—N
bondorder.

The orientation of the two Hmimt ligands
[C(6)#1—Sn—S—C(2)= 53.38(18)°; Sn—S—
C(2)—N(1)= 92.7(3)°] allows the formation of
intermolecularhydrogenbonds (Table 3), which
createthe polymeric lattice shown in Fig. 2. In
this, [SnEt2Cl2(Hmimt)2] differs from [SnPh2Cl2
(Hmimt)2], which has only an intramolecular
hydrogenbond.Thedifferenceis dueto therelative
rotations of Hmimt about the Sn—S and C—S
bonds,asin cationicdiorganotin(IV)complexesof
type [SnR2(Hmimt)4]

2�.17

Vibrational spectra

Thespectralpatternof thecoordinatedligandin the
range3200–600cmÿ1 is similar to that found for
similar complexesin which, as was confirmedin
this work for [SnEt2Cl2(Hmimt)2], it is sulfur-
monodentate.6,17 For the ethyl derivatives, both
n(Sn—C)vibrationswere identified in the IR and
Ramanspectra,but rigorous identification of the
asymmetricvibration of the butyl derivativeswas
not possible.Identificationof n(Sn—S)waspossi-
ble only for the 1:1 compounds,for which it was

Table 2 Atomic coordinates(Å � 104) andequivalent
isotropic displacement parameters (Å2� 103) for
[SnEt2Cl2(Hmimt)2]

Atom x y z Ueq
a

Sn 0 0 0 34(1)
S 697(1) 1353(1) ÿ2159(1) 49(1)
Cl 1520(1) 1577(1) 1795(1) 57(1)
C(2) 865(3) 3008(3) ÿ1718(3) 38(1)
N(1) 2054(3) 3667(3) ÿ1144(3) 44(1)
N(2) ÿ172(3) 3920(3) ÿ1944(3) 43(1)
C(1) 3462(4) 3073(5) ÿ759(5) 65(1)
C(4) 353(5) 5157(3) ÿ1509(5) 54(1)
C(5) 1745(5) 4989(3) ÿ1010(5) 54(1)
C(6) 1736(4) ÿ1340(4) 7(6) 79(2)
C(7) 3123(4) ÿ908(5) ÿ84(5) 77(1)

a Ueq is definedasone-thirdof the traceof the orthogonalized
Uij tensor.

Table 3 Bond lengths (Å) and angles (°) in [SnEt2Cl2(Hmimt)2]. E.s.d.s in
parenthesesrefer to the last significantdigit

Sn—C(6) 2.140(3) N(1)—C(5) 1.368(4)
Sn—Cl 2.6226(8) N(1)—C(1) 1.461(5)
Sn—S 2.7532(9) N(2)—C(4) 1.377(4)
S—C(2) 1.715(3) C(4)—C(5) 1.345(6)
C(2)—N(2) 1.338(4) C(6)—C(7) 1.421(5)
C(2)—N(1) 1.349(4)

C(6)#1—Sn—C(6) 180.0 C(2)—S—Sn 107.2(1)
Cl#1—Sn—Cl 180.0 N(2)—C(2)—N(1) 106.3(3)
S#1—Sn—S 180.0 N(2)—C(2)—S 125.8(2)
C(6)—Sn—Cl 92.6(1) N(1)—C(2)—S 127.8(2)
C(6)—Sn—Cl#1 87.4(1) C(2)—N(1)—C(5) 109.5(3)
C(6)—Sn—S 90.2(1) C(2)—N(1)—C(1) 125.4(3)
C(6)—Sn—S#1 89.9(1) C(5)—N(1)—C(1) 125.1(3)
Cl—Sn—S 93.48(3) C(2)—N(2)—C(4) 110.1(3)
Cl—Sn—S#1 86.52(3) N(2)—C(4)—C(5) 106.5(3)
C(7)—C(6)—Sn 123.3(3) C(4)—C(5)—N(1) 107.6(3)

D—H…A d(D—H) d(H…A) d(D…A) D—H—A
N(2)—H(111)…Cl#2 0.88(4) 2.35(4) 3.227(3) 174(4)

Symmetrytransformationsusedto generateequivalentatoms:#1ÿ x,ÿ y,ÿ z; #2xÿ 1/2,
ÿ y + 1/2, zÿ 1/2.
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located close to its positions in the spectraof
analogousmethyl and phenyl derivatives.6 For
[SnEt2Cl2(Hmimt)2] n(Sn—Cl) was found at a

slightly higher wavenumber than in all-trans
complexeswith ligands with greaterdonor capa-
city.18,19In the1:1 compoundn(Sn—Cl) is located
at a higherwavenumberthanin the 1:2 compound
asa resultof the lower coordinationnumber.The
complexityof the ligand spectraat low wavenum-
berspreventedrigorousassignmentof the metal–
halogen stretching bands for the bromide com-
plexes.

MoÈ ssbauer spectra

Theisomershiftsandline widthsof thecomplexes
are typical of a single tin site in eachcase.Like
theirmethylanalogues,6b the1:2complexeshaveD
valuesslightly lessthan4.0mmsÿ1 thataretypical
of the all-trans octahedralgeometryconfirmedby
X-ray diffractometry for [SnEt2Cl2(Hmimt)2] in
this work. The1:1 complexes,all havequadrupole
splittingsof about3.2mmsÿ1 thatareindicativeof
pentacoordination.Since[SnMe2Br2(Hmimt)] also

Figure 1 Molecularstructureandatomicnumberingscheme
for [SnEt2Cl2(Hmimt)2]. Atoms are representedas displace-
mentellipsoidsdrawnat the30%probability level.

Figure 2 A view of the hydrogen-bondedpolymericstructureof [SnEt2Cl2(Hmimt)2].

Copyright# 2001JohnWiley & Sons,Ltd. Appl. Organometal.Chem.2001;15: 204–212

Diethyl- anddibutyltin dichloridecomplexes 209



T
ab

le
4

1 H
,1

3 C
an

d
1

1
9 S

n
N

M
R

pa
ra

me
te

rs
fo

r
S

nR
2

fr
ag

m
en

ts
(d

in
pp

m
,J

in
H

z)

1 H
a

1
3 C

1
1

9 S
n

C
om

po
un

d
d(

C
H

3
)

d(
C

H
2)

d(
C

H
2
)

d(
C

H
2)

2
J

b
3 J

b
d(

C
H

3)
d(

C
H

2
)

d(
C

H
2
)

d(
C

H
2)

1
J

c
2 J

c
d

S
nE

t 2C
l 2

1.
43

t
1.

79
q

50
.3

13
5.

9
9.

1
18

.3
43

0.
9

39
.8

12
0.

0
[S

nE
t 2C

l 2
(H

m
im

t)
]

1.
44

t
1.

86
q

57
.3

14
5.

6
9.

5
22

.1
48

8.
3

—
58

.0
[S

nE
t 2C

l 2
(H

m
im

t)
2]

1.
43

t
1.

89
q

60
.7

15
1.

4
9.

8
24

.3
52

9.
8

44
.0

16
.9

S
nE

t 2B
r 2

1.
40

t
1.

85
q

45
.6

13
7.

1
9.

9
18

.6
41

2.
5

—
—

[S
nE

t 2B
r 2

(H
m

im
t)

]
1.

41
t

1.
90

q
49

.7
14

2.
4

10
.0

20
.7

—
—

—
[S

nE
t 2B

r 2
(H

m
im

t)
2
]

1.
40

t
1.

94
q

54
.4

14
8.

8
10

.3
23

.3
46

4.
2

41
.6

—
S

nB
u 2

C
l 2

0.
96

t
1.

42
m

1.
74
ÿ1

.8
0m

—
—

13
.4

26
.2

26
.9

26
.9

42
1.

2
43

.0
12

6.
2

[S
nB

u 2
C

l 2
(H

m
im

t)
]

0.
93

t
1.

43
m

1.
79

m
1.

89
m

—
—

13
.4

26
.2

27
.0

28
.8

46
6.

6
—

76
.0

S
nB

u 2
B

r 2
0.

96
t

1.
43

m
1.

79
m

1.
89

m
—

—
13

.4
26

.0
26

.9
27

.6
39

1.
8

—
—

[S
nB

u 2
B

r 2
(H

m
im

t)
]

0.
94

t
1.

41
m

1.
77

m
1.

93
m

—
—

13
.4

26
.0

27
.6

28
.4

—
—

—

a
t=

tr
ip

le
t;

q
=

qu
ar

te
t;m

=
m

ul
tip

le
t.

b
J(

1
H

–1
1

9 S
n)

.
c

J(
1

3 C
–1

1
9 S

n)
.

Copyright# 2001JohnWiley & Sons,Ltd. Appl. Organometal.Chem.2001;15: 204–212

210 J. S. Casaset al.



has a D value strongly suggestiveof trigonal
bipyramidalcoordination(3.13mmsÿ1),6b theonly
[SnR2X2(Hmimt)] compoundin which thetin atom
achieveshexacoordination(by formation of an
Sn…X—Snbridgewith a neighbouringmolecule)
is [SnMe2Cl2(Hmimt)],6b for which X-ray diffrac-
tometry shows a severely distorted octahedral
coordinationpolyhedronwith a C—Sn—C angle
of 144.2(3)° in keeping with the quadrupole
splitting of 3.63mmsÿ1. Thus hexacoordination
in the [SnR2X2(Hmimt)] series(R = Me, Et, Bu)
appearsto requirebothagoodbridginghalogen(Cl
is betterthanBr in this respect)andanR groupthat
is small enoughfor C—Sn—Cdistortion and the
approach of a neighbouring molecule to be
sterically feasible,Me being apparentlythe only
R groupsatisfyingthis criterion.

Characteristics in solution

Themolarconductivitiesof 10ÿ3M solutionsof the
complexesin acetonitrileshowthemall to benon-
ionogenicin this solvent.20

1H, 13C and 119Sn chemicalshifts andcoupling
constantsfor the SnR2 fragmentsof the acceptors
and complexesin CDCl3 are reportedin Table 4.
Chemicalshifts for the Hmimt moietieshavebeen
omittedbecausetheydiffer very little from thoseof
the free ligand. This absence of significant
modificationof theHmimt spectrum,togetherwith
the similarity betweenthe SnR2 fragmentsignals
and thoseof the free acceptors,suggeststhat the
complexessignificantly dissociatein solution, as
do the Hmimt complexes of SnMe2X2 and
SnPh2X2

6 andothercompoundswith monodentate

ligands.18,21 This is corroboratedby the 119Sn
chemicalshifts6b,6c and by the observedcoupling
constants[for the butyl derivativesthe complexity
of the 0–2 ppm zoneof the 1H spectrumand the
10–30ppm zone of the 13C spectrumprevented
measurementof 2J(1H–Sn)and1J(13C–Sn)].

Antibacterial activity

Table5 showstheantibacterialactivitiesof Hmimt,
the diethyl- anddibutyltin(IV) dihalides,andtheir
complexes.In our hands,Hmimt was only active
against B. subtilis, despite a previous report of
slight activity against E. coli.8 All the assayed
diorganotin(IV) dihalidesand complexesshowed
activity against the Gram-negativebacterium E.
coli andtheGram-positivebacteriaS.aureusandB.
subtilis, with MIC valuesthatweregenerallylower
for the butyl than the correspondingethyl deriva-
tives. Bearing in mind the slightly different
experimental conditions, the MICs of the di-
organotin dihalides were in accord with those
previouslyreported.22,23Only SnEt2Cl2, [SnEt2Cl2-
(Hmimt)] and SnBu2Br2 showeda slight activity
againsttheGram-negativeP.aeruginosa, with MIC
valuessimilar to thosefoundby NathandGoyal24

for somediorganotincomplexesof Schiff bases.
Complexationwith Hmimt marginallyincreased

the activity of SnEt2Cl2 against E. coli and S.
aureus, but reducedor hadno effecton theactivity
of theotherdiorganotindihalides.In thosecasesin
whichactivity wasunaltered,thislackof effectmay
be attributed to the dissociationdiscussedabove
and the low or zero activity of Hmimt. The MIC
values found in this caseshow a comparableor

Table 5 Antibacterial activities of Hmimt, diorganotin(IV) dihalidesand
their complexes

MIC (mg mlÿ1)

Compound E. coli P. aeruginosa S.aureus B. subtilis

Hmimt — — — 6.25
SnEt2Cl2 25 50 25 6.25
[SnEt2Cl2(Hmimt)] 12.5 50 25 6.25
[SnEt2Cl2(Hmimt)2] 12.5 — 12.5 6.25
SnEt2Br2 12.5 — 12.5 6.25
[SnEt2Br2(Hmimt)] 25 — 25 6.25
[SnEt2Br2(Hmimt)2] 25 — 25 6.25
SnBu2Cl2 12.5 — 6.25 3.12
[SnBu2Cl2(Hmimt)] 12.5 — 6.25 3.12
SnBu2Br2 6.25 50 6.25 6.25
[SnBu2Br2(Hmimt)] 12.5 — 6.25 6.25
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greater antibacterial activity against E. coli, S.
aureusandB. subtilis thanthosefound previously
for the complexesof theseacceptorswith ligands
like hydrazones22,23,25or thio Schiff bases.24

In a previous paper26 we reported that some
triphenyltin(IV) sulfanylpropenoateswere more
active againstGram-positivethan againstGram-
negativebacteria.Thecompoundslistedin Table5
were almost all more active against the Gram-
positiveB. subtilis thanagainstthe Gram-negative
E. coli, andmostof the butyl compounds(but not
theethyl derivatives)werealsomoreactiveagainst
S. aureus than E. coli, but the differencesare
generally less marked than with the triphenyltin
derivatives.
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