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The compounds [SnBX,(Hmimt)] (R = Et, Bu; Mdssbauer spectroscopy; NMR spectroscopy;
X =Cl, Br; Hmimt = 1-methyl-2(3 H)-imidazoli-  antibacterial activity
nethione) and [SnEbX,(Hmimt) ] (X =CI, Br)
have been prepared and characterized by Received 17 May 2000; accepted 14 September 2000
elemental analysis, mass spectrometry and IR,
Raman, Mossbauer and NMR ¢H, °C and
1195n) spectroscopy. An X-ray study of the
crystal structure of [SnEt,Cl,(Hmimt) 5] shows
all-trans octahedral stereochemistry with the tin
atom coordinated to two ethyl carbon atoms, two INTRODUCTION
chlorine atoms and the sulfur atoms of the two
Hmimt ligands. Hmimt exhibits antibacterial ~ Sn—S bonds are featured by the complexes of
activity against Bacillus subtilis (MIC = organotin species with a number of b|olog|cally
6.25pg mi~ ), and all the complexes inhibit the ~ important thiols and by several compounds with
growth of Escherichia coliand Staphylococcus industriaf or pharmaceuticdf* applications. Ac-
aureusas well asB. subtilis, with MIC values of ~ cordingly, significant effort is being devoted to
12.5ugml™, 6.25pgml™* and 3.12ugml~*  synthesizing organometallic compounds with
respectively, for the most active complex, SN—S bonds_and _charactenzmg their str_uctﬁres.
[SNBU,Cly(Hmimt)]. Only [SnEt ,Cl,(Hmimt)] In our work in this field we have preV|ou§3Iy
shows activity againstPseudomonas aeruginosa Studied the structures of compounds of the types
(MIC =50 pgml™Y). Copyright © 2001 John [SNRClx(Hmimt)] and [SnRClx(Hmimt);] pre-
Wiley & Sons, Ltd. pared by reaction of the sulfur-donor ligand
_ i o 1-methyl-2(3)-imidazolinethione (Hmimt) with
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1-methyl-2(3H)-imidazolinethione  complexes; {[SnMe,Cl,(Hmimt)] and [SnPQCI%(Hmimt)z]
crystal structure; vibrational spectroscopy;  \ere later prepared by Pettinagt al.” in diethyl
ether}. We have now prepared compounds
[SNRX,5(Hmimt)] (R=Et, Bu; X=ClI, Br) and
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andBacillussubtilis Thecompoundslescribedare
all new except [SnBwCl,(Hmimt)], the crystal
structureof which hasbeenreportedpreviously'.

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.
Solventswere purified by standardnethods.
Analytical datawere obtainedwith Carlo Erba
1108 and Perkin Elmer 240B apparatus,and
melting points with Bichi equipment. Electron
impact (El) massspectra(70eV, 250°C) were
recorded on a Kratos MS50 TC spectrometer
connectedto a DS90 operating system; nominal
values were calculated consideringthe isotopes
12051, "Br and>°Cl. The IR spectraof Nujol mulls
or KBr pellets and the Ramanspectraof poly-
crystallinesamplesvererecordedon a Bruker IFS-
66V spectrometewith a RamanFRA 106 acces-
sory.Mdssbauespectravererecordecat 80.0K in
aHarwell cryostat;the Ca*°Sn0; 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 10 ° M acetonitrile solu-
tionsweremeasuredvith aWTW LF-3 conductiv-
ity meter.’H, °C and **°Sn NMR spectrawere
recorded on Bruker WM-250 and AMX-300
spectrometerschemical shifts are statedrelative
tﬁggxternaISiMe“ for *H and*3C, andto SnMe, for
n.

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
papers mmin diametemwereloadedwith 20 ul of a
2mgml~— solution of the product to be tested
{Hmimt, SnR:X, or [SnRX,(Hmimt),] (n=1, 2)}
in 9:1 ethanol-water;control discs were loaded
with solventalone.Thediscswereplacedondishes
of Muller—Hinton agarinoculatedwith E. coli, P.
aeruginosaS. aureusor B. subtilis, andafter24 h
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incubationat 37°C the diameterof the zone of
bacterial growth inhibition was measured Mini-

mum inhibitory concentrationgMICs) for those
productswhich showedactivity in thediffusiontest
were determinedusing serial dilutions in Muller—
Hinton brothin microwell plates(200ul of culture
perwell).

Synthesis

General procedure

The compoundsvereprepareddy slow additionof

a solution of the appropriate diorganotin(lV)
dihalide (ca 20ml) to ca 20ml of a solution of

Hmimt in the samesolvent{dry benzendsafety—
caution] for [SNELClx(Hmimt)], dry CH,CI, for all

the othercompounds}.The mixture wasstirredfor

4 days, the solventwas evaporatedff, the oil or

solid soobtainedwasstirred(theformer)or washed
(the latter) with dry benzene,and final filtration

extracteda solid thatwasdried in vacua

[SNELCl(Hmimt)]

From0.502g of SnEtCl, (2.03mmol) and0.231g

of Hmimt (2.03mmol). Anal. Found:C, 26.5; H,

4.4;N, 7.8%.CgH16CI.N>SSnrequires:.C, 26.6;H,

4.5: N, 7.7%. M.p. 90°C. Ay (MeCN, 102 wm)

1.2Scnmol ™. The massspectrumshowedpeaks
atm/z (ion, intensity):114 (Hmimt, 69.5),120(Sn,

26.7), 149 (SnEt, 13.8), 155 (SnCl, 100.0), 184

(SnEtCl, 26.1), 190 (SnCh, 17.8), 213 (SnELCI,

37.1),219 (SnEtC}, 95.5), 233 (Sn+ mimt, 4.9),

248 (SnEwCl,, 16.3),268 (SnCl+ mimt, 2.5), 297

(SnEtCHmimt, 2.5). IR and Raman (in

parenthesesym = 510w (510wW), vadSn—C);

489m  (492vs), vey(Sn—C); 352m (351m),

v(Sn—S); 276sh (270sh), v(Sn—Cl). Mdssbauer
spectrum(mms %): § 1.76;A 3.28;T" 0.96.

[SNEtCl(Hmimt) 5]

From0.820g of SnEtCl, (3.31mmol) and0.7569g

of Hmimt (6.62mmol). Anal. Found: C, 30.0; H,

4.7;N, 11.8%.C;-H»,ClN4S,Snrequires:C, 30.3;
H, 4.7; N, 11.8%. M.p. 100°C. Ay (MeCN,
10 M) 1.0Scm?mol t. 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 (SnCh, 5.5),
213 (SnECl, 12.4), 219 (SnEtCh, 46.0), 233
(Sn+ mimt, 0.6), 248 (SnEtCl,, 10.6), 268
(SnCl+ mimt, 1.7), 297 (SnEtCI+ mimt, 1.8). IR

and Raman(in parenthesesym *: 518m (518w),
vadSN—C); 466w (466Vs), vsym(SN—C); 231s,
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195m (225w, 204m), v(Sn—Cl). Mdssbauerspec-
trum (mms ): § 1.91;A 3.96;T" 1.18.

[SnEt,Br»(HMimt)]

From0.754g of SnELBr» (2.24mmol) and0.256g
of Hmimt (2.24mmol). Anal. Found:C, 21.7; H,
3.8;N, 6.6%.CgH1¢BrN-SSnrequiresC, 21.3;H,
3.6: N, 6.2%. M.p. 105°C. Ay (MeCN, 10 3m)
2.9Scn? mol™t. Themassspectrunmshowedpeaks
at m/z (ion, intensity): 81 (Hmimt-SH, 10.4), 114
(Hmimt, 100.0), 199 (SnBr, 3.1), 263 (SnEt +
Hmimt, 0.4), 307 (SnEtBg, 5.0), 313 (SnBr +
Hmimt, 0.9),336(lSnE'§Br2, 0.4).IR andRaman(in
parenthesesgm *: 515w (515w), vo{Sn—C);
485m (485vs), vgy(Sn—C); 349m (348m),
v(Sn—S).Méssbauerspectrum(mmsY): § 1.82;
A 3.21;T 0.87.

[SNEt,Br »(HmMimt) 5]

From0.814g of SnELBr, (2.42mmol) and0.552g

of Hmimt (4.84mmol). Anal. Found:C, 25.8; H,

4.0;N, 10.2%.C,5H5,BroN4S,SnrequiresC, 25.5;
H, 3.9;N, 9.9%.M.p. 100°C. Ay (MeCN, 103 m)

6.8S cm? mol~t. Themassspectrunmshowedpeaks
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 (SnBx, 7.0), 307
(SnEtBp, 60.5), 312 (SnBr+ mimt, 1.0), 313
(SnBr+ Hmimt, 10.0), 336 (SnEtBr,, 5.3). IR

and Raman(in parenthesesym *: 517m (518w),
vadSN—C); 460w (462vs), vsyn(SN—C). MGss-
bauerspectrum(mms1): 6 1.97;A 3.91;T 1.14.

[SNBu,Cly(Hmimt)]

From0.466g of SnByCl, (1.53mmol)and0.175g

of Hmimt (1.53mmol). Anal. Found:C, 33.3; H,

6.2;N, 6.0%.C12H24C|2NZSSnrequireSC, 34.5;H

5.8, N, 6.7%. M.p. 71°C. Ay (MeCN, 10 3m)

2.5Scm? mol~t. Themassspectrunshowedpeaks
at m/z (ion, intensity): 81 (Hmimt-SH, 10.1), 114
(Hmimt, 100.0), 120 (Sn, 8.3), 155 (SnCl, 63.4),
190 (SnCb, 5.2), 212 (SnBuCl, 47.5), 233 (Sn+

mimt, 7.1), 247 (SnBuC}, 57.1), 325 (SnBuCl +

mimt, 2.4). IR and Raman(in parenthesesym *:

(604m), veyn(SN—C); 346m (345m), V(Sn—S);
260sh (259m), v(Sn—Cl). Mdssbauerspectrum
(mms™): 6 1.75;A 3.22;T 0.90.

[SnBu,Br »(Hmimt)]

From0.845g of SnBwBr, (2.15mmol)and0.246g

of Hmimt (2.15mmol). Anal. Found:C, 28.7; H,

5.0; N, 5.6%. C;5,H»4BroN>SSnrequires:C, 28.4;
H, 4.8;N, 5.5%.M.p. 67°C. Ay (MeCN, 103 m)

2.5Scm? mol~t. Themassspectrunshowedpeaks

Copyright© 2001JohnWiley & Sons,Ltd.

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 (SnBuB%, 22.4).IR
and Raman (in parenthesesgm ™ (600m),
Vsym(SN—C); 345m (345m), v(Sn—S).M0Ossbauer
spectrum(mmsY):  1.80;A 3.16;T 0.86.

Crystal structure determination

X-ray data collection and reduction
Crystalssuitablefor X-ray diffraction studieswere
obtainedby diffusion of n-hexanento a solutionof
[SNELCI>(Hmimt),] in benzene—chloroformThe
X-ray diffraction pattern was recordedat room
temperatureon a SiemensCCD Smart apparatus
using Mo Ko radiation (4 =0.71073A), and was
correctedwith SADABS (Siemensarea detector
absorptioncorrection)*® The crystal data, experi-
mental detailsand refinementresultsare summar-
izedin Tablel.

Structure solution and refinement

The crystal structure was solved by direct
methods;* which revealedthe positionsof all the
non-hydrogeratoms,and was refinedon F? by a
full-matrix least-squaregprocedureusing aniso-
tropic displacementparametergor non-hydrogen
atoms'* All the hydrogenatomsexceptone were
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'?
and graphicswere producedusing the programs
ORTEPIIFandPLUTO 3P

RESULTS AND DISCUSSION

Synthesis

The complexes[SnRX(Hmimt)] were prepared
by reacting the appropriatediorganotin dihalide
with Hmimtin 1:1 moleratio in non-coordinantig

solvent CH,Cl,, except that [SNELCI,(Hmimt)]

waspreparedn dry benzenebecausehe 1:1 reac-
tion in CH,CI, afforded[SnELClo(Hmimt),], (Egn
[1]):

SnNRX, + Hmimt - [SNRXx(Hmimt)]

(R=Et,Bu; X=CI, Br) [1]

Appl. OrganometalChem.2001;15: 204-212
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Table 1 Crystal,intensityandstructurerefinementdatafor [SnELCI,(Hmimt),)

Empirical formula
Formulaweight
TemperaturdK)
Wavelength(A)
Crystalsystem/spacgroup
Unit gell dimensions

a(4)

b (A)

c(A)

BEO) ..
Volume (A°)
z

Density (calculatedMg m~3)
Absorptioncoefficient(mmY)
F(000)

Crystalsize (mm)/Colour

0 range(®)

Indexranges
Reflectionscollected
Independenteflections
Criterion for observation
Refinemenimethod
Data/restraints/parameters
Goodness-of-fibn F2

C12H25ClIoNL4S,Sn
476.05

293(2)

0.71073
Monaoclinic/P2,/n

9.6113(4)

10.0125(3)

10.0762(4)

101.125(1)

951.44(6)

2

1.662

1.841

476

0.10x 0.25x 0.30/colourless
2.68t0 28.39
—-12<h<12,-10<k<13,-12<1<13
6235

2371(Rin =0.0510)

I > 20(1)

Full-matrix least-squaresn F?
2371/0/101

0.960

Final R indices[l > 2¢(1)] .
Largestdiff. peakandhole (e A™3)

R1=0.0380,wR, =0.0926
1.548and —0.865

Whenthe reactionswverecarriedoutin 1:2 mole
ratio in CH,CI,, the dibutyltin dihalides gave
Hmimt solvatesof the 1:1 complex{the elemental
analysescorrespondedo 1:2 complexes,but the
Mdssbauerand vibrational data clearly indicated
non-coordinationof the secondHmimt molecule;
for example, for the chloro derivative 6 =1.79,
A=3.32,I'=1.17 and the diagnosticIR and/or
Ramanbandslie at 603m[R, vsym(Sn—C)], 346m
[R=345m, v(Sn—S)] and 260sh [R =259m,
v(Sn—CDN]} (Eqn 2):

SnRX3 + 2Hmimt — [SnRXz(Hmimt),]
(R=Et;X =Cl,Br)
—[SNRX2(Hmimt)] - Hmimt
(R=Bu; X = CI,Br)
2

The non-formationof the 1:2 butyl complexes
may be attributedto the relatively low acceptor
capacity of the butyl derivatives* and the low
basicity of the ligand. Even the 1:1 complex
SnBWyCl, wasnot isolatedwhenits synthesisvas

attempted in the weakly coordinating solvent
diethyl ether’

Copyright© 2001JohnWiley & Sons,Ltd.

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

Crystal structure of
[SnEt>Cl>(Hmimt),]

Atomic coordinatesfor [SnELCly(Hmimt),] are
reportedin Table2, andbondlengthsandanglesin
Table 3. The moleculeis centrosymmetricandin
the crystal lattice the tin atom occupiesa special
positionat a crystallograpkt inversioncentre.
Thetin atomis coordinatedo two ethyl carbon
atoms,two chlorine atomsandthe sulfur atomsof
two Hmimt ligands in an all-trans distorted
octahedralarrangementFig. 1). The Sh—C and
Sn—Cl bond lengthsare in the rangesfound for
relatedsystemsn the CampbridgeCrystallographic
Data Base, 2.099-2.15&\ and 2.575-2.75%,

Appl. OrganometalChem.2001; 15: 204-212
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Table 2 Atomic coordinates(,& x 10% andequivalent
isotropic  displacement parameters (A% x 10°) for
[SNELCIly(Hmimt),]

Atom X y z Ueq
Sn 0 0 0 34(1)
S 697(1) 1353(1) —2159(1)  49(1)
cl 1520(1) 1577(1) 1795(1)  57(1)
c2) 865(3) 3008(3) —1718(3)  38(1)
N(1) 2054(3) 3667(3) —1144(3)  44(1)
N(2) —172(3)  3920(3) —1944(3)  43(1)
c(1) 3462(4) 3073(5) —759(5)  65(1)
C(4) 353(5) 5157(3) —1509(5)  54(1)
C(5) 1745(5) 4989(3) —1010(5)  54(1)
c(6) 1736(4) —1340(4) 7(6)  79(2)
c(7) 3123(4) —908(5) —84(5) 77(1)

& Ugq is definedasone-thirdof the traceof the orthogonalized
U;; tensor.

respectively:> The Sn—S bond is the longest
found in [SNRX,(HmMimt)] or [SNRX»(Hmimt),]
compound$:® The deviation from octahedral
symmetry is apparentin the slight skew of the
‘equatorial’ plane SCISCI*'Sn [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 SnR.X, species
Hmimt is sulfur-monodentatelrhe C(2)—Sbondis

longer and the C(2)—N(2) bond shorterthan the
corresponding average distances in the free
ligand;'® indicatingthat,aspreviously®® coordina-
tion reducesC—S bondorderandincrease<C—N
bondorder.

The orientation of the two Hmimt ligands
[C(6)"—Sn—S—C(253.38(18f;  Sn—S—
C(2)—N(1)=92.7(3)°] allows the formation of
intermolecularhydrogenbonds (Table 3), which
createthe polymeric lattice shownin Fig. 2. In
this, [SNnELCI,(Hmimt),] differs from [SnPhCl,
(Hmimt),], which has only an intramolecular
hydrogerbond.Thedifferenceis dueto therelative
rotations of Hmimt about the Sn—S and C—S
bonds,asin cationicdiorganotin(lV)complexesof
type [SnRy(Hmimt),]?".*

Vibrational spectra

Thespectrapatternof thecoordinatedigandin the
range3200-60&cm ™ is similar to that found for
similar complexesin which, as was confirmedin
this work for LSnEtZCIz(Hmimt)ﬂ, it is sulfur-
monodentat&’ For the ethyl derivatives, both
v(Sn—C) vibrationswereidentified in the IR and
Ramanspectra,but rigorous identification of the
asymmetricvibration of the butyl derivativeswas
not possible.ldentificationof v(Sn—S)was possi-
ble only for the 1:1 compoundsfor which it was

Table 3 Bond lengths (A) and angles (°) in [SnELCI(Hmimt),]. E.s.d.sin
parentheserefer to the last significantdigit

Sn—C(6) 2.140(3)
Sn—Cl 2.6226(8)
Sn—S 2.7532(9)
S—C(2) 1.715(3)
C(2)—N(2) 1.338(4)
C(2)—N(1) 1.349(4)
C(6)"*—Sn—C(6) 180.0
Cl**—sn—cl 180.0
L_sn—s 180.0
C(6)—Sn—Cl 92.6(1)
C(6)—sn—cft* 87.4(1)
C(6)—Sn—S 90.2(1)
c(6)—sn—g* 89.9(1)
Cl—Sn—S 93.48(3)
Cl—Sn—g* 86.52(3)
C(7)—C(6)—Sn 123.3(3)
D—H...A d(D—H)
N(2)—H(111)...Cf? 0.88(4)

N(1)—C(5) 1.368(4)
N(1)—C(1) 1.461(5)
N(2)—C(4) 1.377(4)
C(4)—C(5) 1.345(6)
C(6)—C(7) 1.421(5)
C(2)—S—Sn 107.2(1)
N(2)—C(2)—N(1) 106.3(3)
N(2)—C(2)—S 125.8(2)
N(1)—C(2)—S 127.8(2)
C(2)—N(1)—C(5) 109.5(3)
C(2)—N(1)—C(1) 125.4(3)
C(5)—N(1)—C(1) 125.1(3)
C(2)—N(2)—C(4) 110.1(3)
N(2)—C(4)—C(5) 106.5(3)
C(4)—C(5)—N(1) 107.6(3)
dH...A) d(D..A) D—H—A
2.35(4)  3.227(3) 174(4)

Symmetrytransformationsisedto geneateequivalentatoms#1 — x, — y, — z; #2x — 1/2,

—y+12,2- 172,

Copyright© 2001JohnWiley & Sons,Ltd.
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Figure 1 Molecularstructureandatomic numberingscheme
for [SnELCI(Hmimt),]. Atoms are representedhs displace-
mentellipsoidsdrawnat the 30% probability level.

located close to its positionsin the spectraof
analogousmethyl and phenyl derivatives® For
[SnELCI,(Hmimt),] v(Sn—Cl) was found at a

slightly higher wavenumber than in all-trans
complexeswith ligandswith greaterdonor capa-
city.*®*%In the 1:1 compound/(Sn—Cl)is located
at a higherwavenumbethanin the 1:2 compound
asa resultof the lower coordinationnumber.The
complexity of the ligand spectraat low wavenum-
bers preventedrigorous assignmenbf the metal—
halogen stretching bands for the bromide com-
plexes.

Mossbauer spectra

Theisomershiftsandline widths of the complexes
are typical of a singletin site in eachcase.Like
their methylanalogue$P the 1:2 complexesaveA
valuesslightly lessthan4.0mms ™ thataretypical
of the all-trans octahedralgeometryconfirmedby
X-ray diffractometry for [SnELCI,(Hmimt),] in
this work. The 1:1 complexesall havequadrupole
splittingsof about3.2mms™* thatareindicative of
pentacoordinationSince[SnMeBr,(Hmimt)] also

Figure 2 A view of the hydrogen-bondegolymeric structureof [SnELClo(Hmimt),].

Copyright© 2001JohnWiley & Sons,Ltd.
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has a A value strongly suggestiveof trigonal

bipyramidalcoordination(3.13mms%),% theonly

[SNRX>(Hmimt)] compoundn whichthetin atom

achieves hexacoordination(by formation of an

Sn...X—Snbridgewith a neighbouringmolecule)
is [SnMe,Cl,(Hmimt)],%° 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 3.63mms *. Thus hexacoordination
in the [SNRX,(HmMimt)] series(R =Me, Et, Bu)

appearso requirebotha goodbridginghalogen(Cl

is betterthanBr in thisrespectiandanR 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

Themolar conductivitiesof 10 3m solutionsof the
complexesn acetonitrileshowthemall to be non-
ionogenicin this solvent®°

H, 13C and **°Sn chemicalshifts and coupling
constantsor the SnR, fragmentsof the acceptors
and complexesin CDCl; are reportedin Table 4.
Chemicalshifts for the Hmimt moietieshavebeen
omittedbecause¢heydiffer very little from thoseof
the free ligand. This absence of significant
modificationof the Hmimt spectrumtogethemwith
the similarity betweenthe SnR, fragmentsignals
and thoseof the free acceptorssuggestghat the
complexessignificantly dissociatein solution, as
do the Hmimt complexes of SnMeX, and
SnPBX,° andothercompoundsvith monodentate

ligands®2* This is corroboratedby the ''°Sn
chemicalshift?"%¢ and by the observedcoupling
constantgfor the butyl derivativesthe complexity
of the 0-2 ppm zoneof the *H spectrumand the
10-30ppm zone of the *3C spectrumprevented
measuremenof 2J(*H-Sn)and*J(**C-Sn)].

Antibacterial activity

Table5 showstheantibacteriahctivitiesof Hmimt,
the diethyl- and dibutyltin(IV) dihalides,andtheir
complexesIn our hands,Hmimt was only active
againstB. subtilis despite a grevious report of
slight activity againstE. coli.® All the assayed
diorganotin(IV) dihalides and complexesshowed
activity againstthe Gram-negativebacteriumE.
coli andthe Gram-positivebacteriaS.aureusandB.
subtilis, with MIC valuesthatweregenerallylower
for the butyl thanthe correspondingethyl deriva-
tives. Bearing in mind the slightly different
experimental conditions, the MICs of the di-
organotin dihalides were in accord with those
previouslyreported??220nly SNE.Cl,, [SNELC,-
(Hmimt)] and SnBwBr, showeda slight activity
againsthe Gram-negativé. aeruginosawith MIC
valuessimilar to thosefound by Nath and Goyaf*
for somediorganotincomplexesof Schiff bases.
Complexatiorwith Hmimt marginallyincreased
the activity of SnEHCl, againstE. coli and S.
aureus but reducedor hadno effecton the activity
of the otherdiorganotindihalides.In thosecasesn
whichactivity wasunalteredthislack of effectmay
be attributedto the dissociationdiscussedabove
andthe low or zero activity of Hmimt. The MIC
valuesfound in this caseshow a comparableor

Table 5 Antibacterial activities of Hmimt, diorganotin(IV) dihalides and

their complexes

MIC (ugml™)
Compound E.coli P.aeruginosa S.aureus B. subtilis
Hmimt — — — 6.25
SnECl, 25 50 25 6.25
[SnELCly(Hmimt)] 12.5 50 25 6.25
[SNELCI(Hmimt),] 125 — 125 6.25
SnE&Br, 125 — 125 6.25
[SNELBry(Hmimt)] 25 — 25 6.25
[SnELBry(HMimt),] 25 — 25 6.25
SnBuCl, 12.5 — 6.25 3.12
[SnBw,Cly(Hmimt)] 125 — 6.25 3.12
SnBwBr, 6.25 50 6.25 6.25
[SnBw,Bry(Hmimt)] 125 — 6.25 6.25

Copyright© 2001JohnWiley & Sons,Ltd.
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greater antibacterial activity againstE. coli, S.
aureusandB. subtilis thanthosefound previously
for the complexesof theseacceptorswith ligands
like hydrazone®?3%°or thio Schiff bases”

In a previous papef® we reportedthat some
triphenyltin(IV) sulfanylpropenoatesvere more
active againstGram-positivethan againstGram-
negativebacteria.The compounddistedin Table5
were almost all more active againstthe Gram-
positive B. subtilis thanagainstthe Gram-negative
E. coli, andmostof the butyl compoundgbut not
the ethyl derivativeswerealsomoreactiveagainst
S. aureusthan E. coli, but the differencesare
generally less marked than with the triphenyltin
derivatives.

Acknowledgements We thank the Xunta de Galicia, Spain,
for financial support.

REFERENCES

1. Musmeci MT, MadoniaG, Lo Giudice MT, Silvestri A,
Ruisi G, Barbieri R. Appl. OrganometChem1992;6: 127—
138.

2. DeaninRD, DeshmukhSR. Polym.Mater. Sci. Eng. 1995;
73 479-480.

3. Eng G, WhalenD, ZhangYZ, TierneyJ, JiangX, May L.
Appl. OrganometChem.1996;10: 495-499.

4. Cagnoli M, Alama A, Barbieri F, Noveli F, Bruzzo C,
Sparatoreg-. Anti-CancerDrugs 1998;9: 603-610.

5. (a) Huber F, Schmiedge R, Schiumann M, Barbieri R,
Ruisi G, Silvestri A. Appl. Organomet.Chem.1997; 11
869-888(b) CasaslS,CastiteirasA, CouceMD, PlayaN,
RussoU, SanchezA, SordoJ, VarelaJM. J. Chem.Soc.
Dalton Trans. 1998; 1513-1521(c) AupersJH, Choham
ZH, Cox PJ, Doidge-HarrisonSMSV, Howie A, Khan A,
SpencerGM, Wardell JL. Polyhedron1998; 17: 4475-
4486.

6. (a) Valle G, Sanchez-GonZzez A, Vettori U, EttorreR. J.
Chem. Soc. Dalton Trans. 1989; 927-929. (b) Garce-
MartinezE, Sanchez-GonZez A, CasaslS,SordoJ, Valle
G, RussoU J. Organomet.Chem.1993; 453 47-52.(c)
Garca-Martnez E, Sanchez-GonZaz A, CasaslS, Sordo
J, CasellatoU, GrazianiR, RussoU J. OrganometChem.
1993;463 91-96.

Copyright© 2001JohnWiley & Sons,Ltd.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

.Bacchi A, Bonardi A, Carcelli M, MazzaP, PelagattiP,

26.

Pettinari C, Pellei M, Santini C, Natali I, Accorroni F,
LorenzottiA. Polyhedron1998;17: 4487-4496.

. FoyeWO, Lo JR.J. Pharm.Sci.1972;61: 1209-1212.
.Bandoli G, Dolmella A, PeruzzoV, PlazzognaG. J.

OrganometChem.1993;452 47-53.

Sheldrick GM. SADABS. An Empirical AbsorptionCor-
rection Program for Area Detector Data. University of
Gottingen: Germany,1996.

SheldrickGM. SHELX97.An IntegratedSystenfor Solving
and Refining Crystal Structuresfrom Diffraction Data.
University of Géttingen: Germany,1997.

International Tablesfor X-ray Crystallography,Vol. IV.
Kynoch Press, Birmingham, 1974. (Presentdistributor:
Kluwer AcademicPublishersDordrecht).

(a) BurnettMN, JohnsorCK. ORTEPIIl, ORNL-6895,0ak
Ridge National Laboratory, TN, USA, 1996.(b) SpekAL.
PLATON UtrechtUniversity: The Netherlands1999.
Davies AG, Smith J In ComprehensiveOrganometallic
Chemistry,vol. Il, Wilkinson G (ed.). PergamonPress:
Oxford, 1982;562-627.

Allen FH, KennardO. ChemicalDesignAutomationNews
1993;8: 1 and31-37.

(a) VampaG, BenvenutiS, SeveriF, MalmusiL, Antolini
L. J. Heterocycl.Chem.1995;32 227-234.(b) RaperES,
CreightonJR, OughtredEE, Nowell IW. ActaCrystallogr.
1983;Sect.C 39: 355-360.

Casas JS, Castiteiras A, Garén-Marfnez E, Sanchez
GonZdez A, Sordo J, Vazquez Lopez EM. Polyhedron
1996;15: 891-896.

Sanchez-GonZiaz A, Alberte B, CasasJS, Sordo J,
Castiteiras A, Hiller W, Strénle J. J. Organomet.Chem.
1988;353 169-176.

Pettinari C, Marchetti F, Cingolani A, Bartolini S.
Polyhedron1996;15: 1263-1276.

GearyWJ. Coord.Chem.Rev.1971;7: 81-122.
Sanchez-GonzZigz A, CasasJS, Sordo J, Valle G. J.
OrganometChem.1992;453 29-35.

BergamaschG, BonardiA, LeporatiE, MazzaP, Pelagatti
P,PelizziC, PelizziG, Rodfguez-ArgiellesMC, ZaniF. J.
Inorg. Biochem.1997;68: 295-305.

MazzaP, OrcesiM, PelizziC, PelizziG, PredieriG, Zani F.
J. Inorg. Biochem.1992;48: 251-270.

Nath M, Goyal S. Metal-BasedDrugs 1995;2: 297-309.

Pelizzi C, Pelizzi G, SolinasC, Zani F. J. Inorg. Biochem.
1998;69: 101-112.

CasasJS, CastiteirasA, CouceMD, JorgeML, RussoU,
Sanchez A, Seoane R, Sordo J, Varela JM. Appl.
OrganometChem.2000; 14: 421-431.

Appl. Organometal Chem.2001;15: 204-212



