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The compounds [SnR2X2(bmimt)] (R = Me, Et,
Bu; X = Cl, Br; bmimt = bis(1-methyl-2-imida-
zolylthio)methane) have been prepared and
characterized by conductivity measurements
and by IR, Raman, mass, Mössbauer and 1H
NMR spectroscopy. The structures of the
diethyldibromo- and dibutyldichlorotin(IV) de-
rivatives were determined by X-ray crystal-
lography. The crystals consist of two slightly
different types of discrete [SnR2X2(bmimt)] unit
with the metal atom octahedrally coordinated to
the two halogen atoms, two alkyl carbons and
the two nonmethylated nitrogen atoms of the
ligand. This coordination mode, which the
spectroscopic data suggest is also present in all
the other complexes studied, results in the
formation of an eight-membered CS2C2N2Sn
ring. The Sn– N distances in [SnEt2Br2(bmimt)]
(2.53 and 2.42 A˚ ) and [SnBu2Cl2(bmimt)] (2.52
and 2.47 Å), suggest that these compounds may
have antitumour activity. Copyright # 1999
John Wiley & Sons, Ltd.
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INTRODUCTION

Compounds of the type [SnR2X2(L-L)], where L–L
is a bidentate N,N'-donor ligand, have been
extensively studied and screenedin vivo and in
vitro for antitumour activity, usually against P388
lymphocytic leukaemia.1 The mechanism of this
activity is still under discussion. However, studies
of structure–activity relationships show that the Sn–
N distance is important, the average Sn–N bond
length being�2.39 Åamong active complexes and
<2.39 Å among inactive complexes. It has been
suggested1 that the more stable complexes have
lower activities, which in turn implies that predis-
sociation of the bidentate ligand may be an
important step in the mode of action of these
complexes.

In previous work we synthesized [SnR2X2(L-L)]
compounds whose activityin vitro was deter-
mined2,3 or for which the Sn–N distance suggested
low activity.4,5 In these compounds, as in the
majority of those whose structures have been
studied,6 the N,N'-coordinate ligand originated a
five-membered SnN2C2 ring, but recently a six-
membered SnN4C ring with Sn–N bond dis-
tances> 2.39 Å has been reported in the adduct
of dichlorodimethyltin(IV) with bis(4-methylpyr-
azol-l-yl)methane.6 This, and our general interest in
the study of compounds with ligands which are
potentially able to form large rings with long Sn–N
bonds, led us to prepare the ligand bis(1-methyl-2-
imidazolylthio)methane, bmimt (I ), and its com-
plexes with the dialkyltin dihalides SnR2X2
(R = Me, Et and Bu; X = Cl, Br). This paper
describes their synthesis, their conductimetric and
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spectroscopicpropertiesin thesolid stateand/orin
solution,andthe crystalstructuresof [SnEt2Br2(b-
mimt)] and [SnBu2Cl2(bmimt)], which contain
eight-memberedCS2C2N2Sn rings in which the
Sn–Ndistancessuggestpossibleantitumouractiv-
ity.

EXPERIMENTAL DETAILS

Materials and measurements

Diorganotin dihalides (Alfa and Aldrich) and 1-
methyl-2(3H)-imidazolinethione (Aldrich) were
usedassupplied.Solventsweredried by standard
methods.

Elementalanalysiswasperformedwith a Carlo–
Erba 1108 apparatus.Melting points were mea-
suredwith a Büchi apparatus.IR spectra(in Nujol
mulls or KBr discs) and Raman spectra(poly-
crystalline samples)were recordedon a Bruker
IFS66V FT-IR spectrometerequipped with a
Bruker FRA 106 accessory.Mass spectrawere
recorded on a Kratos MS50 TC spectrometer
connectedto a DS90 or MACH3 system and
operating under EI conditions (direct insertion
probe,70eV, 250°C); all ions were identified by
DS90 or MACH3 software. Mössbauerspectra
wererecordedat80K usingaHarwell cryostat;the
Ca119SnO3 source(15mCi, New EnglandNuclear)
was moved at room temperaturewith constant
accelerationgiving a triangularvelocity waveform,
and Lorentzian line shapeswere fitted to the
experimentalspectra.Conductivity measurements
weremadeusinga WTW-LF3 conductivitymeter.
1H and13C NMR spectrain CDCl3 wererun on a
Bruker AMX 300 apparatus at 300.14 and
75.48MHz respectively;chemical shifts, in ppm,
arereferredto TMS via thesolventpeak.

Synthesis

The bmimt ligand
1-Methyl-2(3H)-imidazolinethione (Hmimt)
(2.984g, 26.1mmol) was addedto a solution of

NaOH (1.045g, 26.1mmol) in 40ml of absolute
ethanol.After one day’s stirring the solvent was
evaporatedoff andthesodiumsaltsoobtainedwas
suspendedin CH2Cl2, andthis mixture wasstirred
for six daysand then refluxedfor 12h. The solid
wasfilteredoff andthefiltrate wasconcentratedin
vacuo, affording an orangeoil which waspurified
on a silica gel columnusingethyl acetate/methanol
aseluent.

General procedure for [SnR2X2(bmimt)]
All thecompoundswerepreparedby slow addition
of a solution of the appropriatediorganotin(IV)
derivativein dry CH2Cl2 (ca20ml) to asolutionof
bmimt in ca20ml of thesamesolvent.Themixture
wasstirredfor oneday,andafter refluxing for 4 h
thesolventwaspartiallyevaporatedandthesolidso
obtainedwasfiltered off anddried in vacuo.

[SnMe2Cl2(bmimt)]
From 0.543g SnMe2Cl2 (2.5mmol) and 0.594g
bmimt (2.5mmol).Analysis:Found:C 28.3,H 3.8,
N 11.5, S 13.6; Calcd for C11H18Cl2N4S2Sn: C
28.7, H 3.9, N 12.2, S 13.9%. M.p. 187°C. �M
(CH3CN) = 21.7Scm2 molÿ1. The massspectrum
showed peaks at m/z (ion, intensity, based on
isotope120Sn): 114 (Hmimt, 24.4); 120 (Sn, 4.6);
127 (Hmimtÿ H�CH2, 100); 155 (SnCl, 17.6);
185 (SnMe2Cl, 9.0); 194 (C8H10N4S, 47.0); 205
(SnMeCl2, 35.2);220(SnMe2Cl2, 1.4).

[SnMe2Br2(bmimt)]
From 0.424g SnMe2Br2 (1.4mmol) and 0.331g
bmimt (1.4mmol).Analysis:Found:C 24.0,H 3.3,
N 9.9,S11.2;Calcdfor C11H18Br2N4S2Sn:C 24.1,
H 3.3, N 10.2, S 11.7%. M.p. 175°C. �M
(CH3CN) = 26.7Scm2 molÿ1. The massspectrum
showedpeaksat m/z(ion, intensity):114 (Hmimt,
27.9); 120 (Sn, 18.5); 127 (HmimtÿH�CH2,
96.0);194(C8H10N4S,38.3);199(SnBr,61.3);229
(SnMe2Br, 22.3);278(SnBr2, 4.3);293(SnMeBr2,
100.0);308 (SnMe2Br2, 9.9).

[SnEt2Cl2(bmimt)]
From 0.075g SnEt2Cl2 (0.3mmol) and 0.073g
bmimt (0.3mmol).Analysis:Found:C 32.3,H 4.6,
N 11.3, S 13.4; Calcd for C13H22Cl2N4S2Sn: C
32.0, H 4.5, N 11.5, S 13.1%. M.p. 162°C. �M
(CH3CN) = 12.5Scm2 molÿ1. The massspectrum
showedpeaksat m/z(ion, intensity):114 (Hmimt,
25.3); 120 (Sn, 8.1); 127 (HmimtÿH� CH2,
100.0); 155 (SnCl, 53.0); 184 (SnEtCl, 8.4); 194
(C8H10N4S, 47.8); 219 (SnEtCl2, 43.5); 248
(SnEt2Cl2 5.4).
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[SnEt2Br2(bmimt)]
From 0.562g SnEt2Br2 (1.7mmol) and 0.401g
bmimt (1.7mmol).Analysis:Found:C 26.9,H 3.9,
N 9.4,S10.6;Calcdfor C13H22Br2N4S2Sn:C 27.1,
H 3.8, N 9.7, S 11.1%. M.p. 145°C. �M
(CH3CN) = 24.3Scm2 molÿ1. The massspectrum
showedpeaksat m/z(ion, intensity):114 (Hmimt,
13.0); 120 (Sn, 30.0); 127 (Hmimtÿ H�CH2,
51.2); 194 (C8H10N4S, 18.0); 199 (SnBr, 100.0);
228(SnEtBr,7.6);278(SnBr2, 9.9);307(SnEtBr2,
66.1);336 (SnEt2Br2, 5.3).

[SnBu2Cl2(bmimt)]
From 0.676g SnBu2Cl2 (2.2mmol) and 0.535g
bmimt (2.2mmol).Analysis:Found:C 37.5,H 5.5,
N 10.0, S 11.7; Calcd for C17H30Cl2N4S2Sn: C
37.5, H 5.6, N 10.3, S 11.8%. M.p. 148°C. �M
(CH3CN) = 25.9Scm2 molÿ1. The massspectrum
showedpeaksatm/z(ion, intensity):57(Bu,100.0);
114(Hmimt, 18.2);127(Hmimtÿ H� CH2, 73.2);
155 (SnCl, 15.5); 194 (C8H10N4S, 36.9); 212
(SnBuCl,8.7);247(SnBuCl2, 10.3);269(SnBu2Cl,
2.2).

[SnBu2Br2(bmimt)]
From 0.425g SnBu2Br2 (1.1mmol) and 0.260g
bmimt (1.1mmol).Analysis:Found:C 32.0,H 5.0,
N 8.4, S 9.3; Calcdfor C17H30Br2N4S2Sn: C 32.2,
H 4.8, N 8.8, S 10.1% M.p. 125°C. �M

(CH3CN) = 29.6Scm2 molÿ1. The massspectrum
showedpeaksatm/z(ion, intensity):57(Bu,100.0);
114 (Hmimt, 3.2); 120 (Sn, 10.9); 127
(HmimtÿH� CH2, 12.0); 177 (SnBu, 4.9); 194
(C8H10N4S, 3.9); 199 (SnBr, 49.6); 278 (SnBr2,
4.2);313(SnBu2Br, 3.7);335(SnBuBr2, 44.0);392
(SnBu2Br2, 1.6).

Crystal structure determination

X-ray data collection and reduction
Crystalssuitablefor X-ray diffraction studieswere
obtained by slow concentrationof solutions of
[SnEt2Br2(bmimt)] and [SnBu2Cl2(bmimt)] in
chloroform. Cell constants and an orientation
matrix for data collection were obtainedwith an
Enraf–NoniusCAD-4 automaticdiffractometerby
least-squaresrefinement of the diffraction data
from 25 reflectionsin the range22.8°< � < 42.2°
for theethylderivativeand8.5°< � < 12.0° for the
butyl derivative.7 Datawerecollectedby !-scanat
293(2)K usingCuKa radiation(l = 1.54184Å) for
the ethyl derivative and MoKa radiation
(l = 0.71073Å) for the butyl derivative,andwere
correctedfor Lorentzandpolarizationeffects.8 An
empiricalabsorptioncorrectionwasalsomade.9 A
summaryof the crystal data,experimentaldetails
andrefinementresultsarelisted in Table1.

Table 1 Crystaldataandstructurerefinementfor [SnEt2Br2(bmimt)] and[SnBu2Cl2(bmimt)]

Empirical formula C13H22Br2N4S2Sn C17H30Cl2N4S2Sn
Formulaweight 576.98 544.16
Temperature 293(2)K 293(2)K
Wavelength 1.54184Å 0.71073Å
Crystalsystem,spacegroup Monoclinic, P21/c Monoclinic, P2/n
Unit cell dimensions a = 16.406(2)Å a = 15.560(13)Å

b = 13.934(2)Å b = 9.604(5)Å
c = 18.790(2)Å c = 16.055(13)Å
b = 110.94(1)° b = 103.06(2)°

Volume 4011.9(9)Å3 2337(3)Å3

Z, density(calcd) 8, 1.910Mg mÿ3 4, 1.546Mg mÿ3

Absorptioncoefficient 16.753mmÿ1 1.510mmÿ1

F(000) 2240 1104
Crystalsize 0.35mm� 0.15mm� 0.10mm 0.25mm� 0.25mm� 0.15mm
� rangefor datacollection 2.88– 74.63° 3.29– 28.95°
Index ranges ÿ19� h� 20, 0� k� 17,ÿ23� l � 0 0� h� 21, 0� k� 6,ÿ21� l � 21
Reflectionscollected/unique 8477/8214[Rint = 0.0187] 4111/3984[Rint = 0.0674]
Absorptioncorrection Empirical Empirical
Max. andmin. transmission 1.000and0.075 0.8052and0.7040
Refinementmethod Full-matrix andleast-squareson F2

Data/restraints/parameters 8214/0/406 3984/0/265
Goodness-of-fiton F2 1.088 1.023
Final R indices[I > 2s(I)] R1 = 0.0661,wR2 = 0.1876 R1 = 0.0493,wR2 = 0.1094
R indices(all data) R1 = 0.0997,wR2 = 0.2108 R1 = 0.0974,wR2 = 0.1267
Largestdiff. peakandhole 1.221andÿ1.505e Åÿ3 0.571andÿ0.923e Åÿ3
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Structure solution and refinement
Both structureswere solved by direct methods,10

which revealed the positions of all the non-
hydrogenatoms,andwererefinedon F2 by a full-
matrix least-squaresprocedureusing anisotropic
displacement parameters for non-hydrogen
atoms.11 For the ethyl derivative, the hydrogen
atoms of the imidazole ring were located in
calculated positions (C–H= 0.93 – 0.97Å) and
were refined using a rigid model; for the butyl
derivative, the hydrogenatoms of the imidazole
ring werelocatedfrom differencemapsandrefined
isotropically, and other hydrogen atoms were
locatedandrefinedasfor the ethyl derivative.For
this lattercompoundrelatively largepositivepeaks
werefoundin thefinal differenceFouriermap,but
thesewereall error peakslocatednearthe Sn and
Br atoms. Atomic scatteringfactors were taken
from the International Tables for X-ray Crystal-
lography12 and graphicswere producedusing the
programsZORTEP13 andPLATON.14

RESULTS AND DISCUSSION

Crystal structure of
[SnEt2Br2(bmimt)]

Figure1 showsa ZORTEPview of thetwo slightly
different types of [SnEt2Br2(bmimt)] molecule
present in the asymmetric unit of the crystal
[molecule 1 contains Sn(1) and molecule 2
Sn(2)]. Table 2 lists positional parametersand
Table3 selecteddistancesandangles.

In both molecules the tin atom has slightly
distortedoctahedralcoordinationto two transethyl
C atoms,two cisBr atomsandtwo cisN atoms(the

non-methylatedN atomsof the bidentatebmimt
ligand). The Sn–C and Sn–N bond lengths are
longer in 2 than in 1, but while oneof the Sn–Br
distancesis longerin 1 thanin 2, theotheris longer
in 2 thanin 1. In both moleculesthe longerSn–N
bondis trans to the shorterSn–Brbond.A recent
review of similar SnR2X2N2 structures6 found
reportsof Sn–Cdistancesrangingfrom 2.047(32)
to 2.22(1)Å, Sn–N from 2.270(26)to 2.608(5)Å
and Sn–Br from 2.643(3)to 2.767(2)Å (although

Figure 1 Perspectiveview of [SnEt2Br2(bmimt)] showingthe
atomnumberingscheme.

Table 2 Atomic coordinates (� 10ÿ4) and equivalent
isotropic displacement parameters (Å2� 10ÿ3) for
[SnEt2Br2(bmimt)]a

x y z U(eq)

Sn(1) 8044(1) 7873(1) 116(1) 67(1)
Sn(2) 3043(1) 7457(1) ÿ1389(1) 77(1)
Br(11) 6964(1) 6936(1) ÿ1107(1) 94(1)
Br(12) 8908(1) 8759(1) ÿ690(1) 88(1)
Br(21) 2286(1) 5855(1) ÿ1178(1) 106(1)
Br(22) 3715(1) 7748(1) 170(1) 94(1)
S(11) 8433(2) 6697(2) 2167(1) 78(1)
S(12) 8087(2) 8829(2) 2215(2) 77(1)
S(21) 2131(2) 8961(2) ÿ3371(2) 96(1)
S(22) 4098(2) 8733(2) ÿ2868(2) 95(1)
N(11) 7201(5) 7118(6) 786(5) 76(2)
N(12) 6670(6) 6595(6) 1628(5) 77(2)
N(13) 9700(5) 9445(6) 2368(4) 75(2)
N(14) 9018(5) 8754(6) 1263(5) 76(2)
N(21) 2440(6) 7158(7) ÿ2755(6) 87(2)
N(22) 1838(6) 7178(9) ÿ4015(6) 95(3)
N(23) 4461(5) 10210(6) ÿ1835(5) 77(2)
N(24) 3824(6) 8971(6) ÿ1526(5) 79(2)
C(11) 6303(7) 7116(9) 469(7) 90(3)
C(12) 5974(7) 6800(9) 978(7) 89(3)
C(13) 7394(7) 6788(7) 1495(5) 71(2)
C(14) 8418(7) 7734(7) 2744(5) 77(3)
C(15) 8954(6) 9012(7) 1932(5) 70(2)
C(16) 10251(7) 9477(9) 1972(6) 91(3)
C(17) 9827(8) 9051(9) 1294(7) 90(3)
C(21) 2329(9) 6251(10) ÿ3021(9) 109(4)
C(22) 1949(10) 6258(11) ÿ3793(9) 107(4)
C(23) 2134(8) 7705(9) ÿ3365(7) 89(3)
C(24) 3118(9) 9201(9) ÿ3567(7) 99(4)
C(25) 4111(7) 9331(8) ÿ2048(6) 82(3)
C(26) 4387(8) 10425(8) ÿ1159(7) 87(3)
C(27) 3994(7) 9659(8) ÿ976(7) 84(3)
C(120) 6607(8) 6218(10) 2329(6) 94(3)
C(130) 9906(8) 9804(9) 3149(6) 96(3)
C(220) 1436(10) 7539(13) ÿ4779(8) 123(5)
C(230) 4868(8) 10816(10) ÿ2233(8) 99(4)
C(1) 7238(7) 9120(7) 0(6) 76(2)
C(2) 6548(8) 9320(10) ÿ749(7) 101(4)
C(3) 8991(8) 6737(9) 462(6) 88(3)
C(4) 9124(12) 6119(13) ÿ94(10) 153(8)
C(5) 4246(8) 6795(9) ÿ1367(8) 94(3)
C(6) 4501(9) 5893(10) ÿ949(8) 107(4)
C(7) 1959(7) 8431(8) ÿ1527(7) 83(3)
C(8) 1064(8) 8003(10) ÿ1852(9) 109(4)

a U(eq)is definedasone-thirdof thetraceof theorthogonalized
Uij tensor.
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no Sn–Br distanceconcerneda diethyldibromoti-
n(IV) derivativeof similarstructureto [SnEt2Br2(b-
mimt)]). The Sn–C,Sn–NandSn–Brdistancesin
[SnEt2Br2(bmimt)] fall within the range found
hithertofor SnR2Br2N2 complexes.

Molecules1 and2 differ slightly asregardsthe
angles betweencoordinatebonds. In particular,
Br(11)-Sn(1)-Br(12)= 93.45(4)° asagainstBr(21)-
Sn(2)-Br(22)= 89.75(5)°, and C(1)-Sn(1)-C(3)=
168.3(4)° whereas C(5)-Sn(2)-C(7)= 165.4(5)°,
althoughthe N-Sn-N anglesin the two molecules
havesimilarvalues.Notethatin bothmoleculesthe
non-equivalenceof the Sn–N bonds affects the
orientationof the C-Sn-Cdistortion; for example,
C(1)-Sn(1)-N(11)= 87.7(4)° whereasC(1)-Sn(1)-
N(14)= 82.6(4)°.

Therearealsoslightdifferencesbetweenthetwo
moleculesas regardsthe coordination mode of
bmimt.Theimidazoleringsareessentiallyplanarin
both [for example,w2 = 0.002for N(11)C(11)C(12)
N(12)C(13)], and the methyl C and S atomsare
closeto the least-squaresimidazoleplane[C(120)
andS(11)lie respectively0.012and0.082Å from
it] but the Sn atom is somewhatfarther away
[0.350Å in the most extremecase,thatof Sn(1)].
Theanglebetweentheimidazolering andtheleast-
squaresplane through its coordinatedN, the Br
trans to it and the two coordinatedethyl carbon
atoms ranges from 49.8° for [N(11)C(11)C(12)
N(12)C(13)]/ [C(1)Br(12)C(3)N(11)] to 56.2° for
[N(21)C(21)C(22)N(22)C(23)] / [C(5)Br(22)C(7)
N(21)]. The remaining ligand parametersare
similar in the two molecules.

Crystal structure of
[SnBu2Cl2(bmimt)]

As in the ethyl derivative,thereare two different
types of molecule in the crystal of [SnBu2Cl2(b-
mimt)]. Figure 2 shows a view of molecule 1
[containingSn(1)]andFig. 3 a view of molecule2
[containingSn(2)]; the asymmetricunit comprises
onehalf of eachmolecule.Table4 lists positional
parametersand Table 5 selecteddistancesand
angles.

In both molecules the tin atom has slightly
distortedoctahedralcoordinationto two transbutyl
C atoms,two cis Cl andtwo cis N atoms(thenon-
methylatedN atomsof thebidentatebmimt ligand).

Table 3 Selectedbondlengths(Å) andangles(°) for [SnEt2Br2(bmimt)]

Sn(1)–C(1) 2.147(9) Sn(2)-C(5) 2.165(11)
Sn(1)–C(3) 2.149(10) Sn(2)-C(7) 2.177(10)
Sn(1)–N(11) 2.417(8) Sn(2)-N(21) 2.435(10)
Sn(1)–N(14) 2.498(8) Sn(2)-N(24) 2.529(9)
Sn(1)–Br(11) 2.686(1) Sn(2)-Br(21) 2.652(2)
Sn(1)–Br(12) 2.713(1) Sn(2)-Br(22) 2.765(2)
C(1)-Sn(1)-C(3) 168.3(4) C(5)-Sn(2)-C(7) 165.4(5)
C(1)-Sn(1)-N(11) 87.7(4) C(5)-Sn(2)-N(21) 88.4(4)
C(3)-Sn(1)-N(11) 90.5(4) C(7)-Sn(2)-N(21) 88.5(4)
C(1)-Sn(1)-N(14) 82.6(4) C(5)-Sn(2)-N(24) 82.3(4)
C(3)-Sn(1)-N(14) 86.0(4) C(7)-Sn(2)-N(24) 83.7(4)
N(11)-Sn(1)-N(14) 94.2(3) N(21)-Sn(2)-N(24) 93.7(3)
C(1)-Sn(1)-Br(11) 96.5(3) C(5)-Sn(2)-Br(21) 96.4(3)
C(3)-Sn(1)-Br(11) 94.9(3) C(7)-Sn(2)-Br(21) 97.8(3)
N(11)-Sn(1)-Br(11) 84.8(2) N(21)-Sn(2)-Br(21) 88.7(2)
N(14)-Sn(1)-Br(11) 178.6(2) N(24)-Sn(2)-Br(21) 177.1(2)
C(1)-Sn(1)-Br(12) 90.0(3) C(5)-Sn(2)-Br(22) 91.5(4)
C(3)-Sn(1)-Br(12) 92.2(3) C(7)-Sn(2)-Br(22) 92.0(3)
N(11)-Sn(1)-Br(12) 176.9(2) N(21)-Sn(2)-Br(22) 178.5(2)
N(14)-Sn(1)-Br(12) 87.5(2) N(24)-Sn(2)-Br(22) 87.8(2)
Br(11)-Sn(1)-Br(12) 93.45(4) Br(21)-Sn(2)-Br(22) 89.75(5)

Figure 2 View of molecule1 of [SnBu2Cl2(bmimt)] showing
the atomnumberingscheme.
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TheSn–Cbondlengthsarepracticallyequalin the
two SnC2Cl2N2 kernels,but Sn–N is shorterand
Sn–Cllongerin 2 thanin 1. For similar SnR2X2N2
structures Sn–C ranges from 2.047(32) to
2.22(1)Å, Sn–N from 2.270(26) to 2.608(5)Å
and Sn–Cl from 2.440(1) to 2.609(10)Å;6 in
particular, for the three dibutyl derivatives pre-
viously studied Sn–C ranges from 2.09(1) to
2.22(1)Å, Sn–N from 2.35(2) to 2.43(1)Å and
Sn–Cl from 2.451(2) to 2.561(1)Å. Whereasthe
Sn–Cand Sn–Cl distancesin [SnBu2Cl2(bmimt)]
are within the ranges found in the dibutyl
complexesstudiedpreviously,the Sn–Nbondsare
longer,althoughthey fall within the generalrange
found for SnR2Cl2N2 complexes.In both mole-
cules, as in the ethyl derivative, the Sn–N bond
lengths are >2.39Å, which suggeststhat these
compoundsmayhaveantitumouractivity.1

The environmentsof Sn in molecules1 and 2
differ notonly in thebondlengths(Table5) butalso
in the angles. Cl(1)a-Sn(1)-Cl(1)= 92.35(11)°
whereas Cl(2)b-Sn(2)-Cl(2)= 97.14(11)°, and
N(11)a-Sn(1)-N(11)= 100.9(3) whereas N(21)b-
Sn(2)-N(21)= 92.7(3)°. The greaterN-Sn-N angle

Table 4 Atomic coordinates(�10ÿ4) andequivalentisotropic
displacementparameters(Å2� 10ÿ3) for [SnBu2Cl2(bmimt)]a

x y z U(eq)

Sn(1) 7500 8464(1) 7500 32(1)
Cl(1) 6472(1) 10271(2) 6703(1) 48(1)
S(1) 7330(1) 4520(2) 6518(1) 46(1)
N(11) 8653(3) 6786(8) 8294(3) 36(2)
N(12) 5541(3) 4901(8) 6290(3) 36(2)
C(1) 7500 3523(13) 7500 47(3)
C(11) 6364(4) 5461(10) 6527(4) 34(2)
C(12) 9548(6) 7063(12) 8435(6) 47(3)
C(13) 4967(5) 5954(10) 6337(5) 49(2)
C(14) 5296(5) 3487(10) 6046(6) 63(3)
C(31) 6871(4) 8132(8) 8536(4) 40(2)
C(32) 6193(6) 9156(11) 8636(5) 76(3)
C(33) 5726(5) 8796(12) 9372(5) 76(3)
C(34) 6292(5) 8961(11) 10196(5) 75(3)
Sn(2) 2500 5712(1) 7500 34(1)
Cl(2) 2097(1) 3955(2) 8540(1) 51(1)
S(2) 3505(1) 9632(2) 7615(1) 45(1)
N(21) 2126(3) 7491(7) 8477(3) 33(2)
N(22) 3418(3) 9250(7) 5910(3) 38(2)
C(2) 2500 10651(13) 7500 42(3)
C(21) 3261(4) 8720(9) 6654(4) 34(2)
C(22) 2227(5) 7231(11) 9332(4) 41(2)
C(23) 3108(4) 8271(9) 5281(4) 43(2)
C(24) 3852(5) 10532(9) 5792(5) 52(2)
C(41) 1158(4) 5863(9) 6792(5) 51(2)
C(42) 723(5) 4454(11) 6541(6) 82(3)
C(43) ÿ239(5) 4437(11) 6276(7) 79(3)
C(44) ÿ628(5) 3039(11) 6068(7) 92(4)

a U(eq)is definedasone-thirdof thetraceof theorthogonalized
Uij tensor.

Table 5 Selectedbondlengths(Å) andangles(°) for [SnBu2Cl2(bmimt)]

Sn(1)–C(31) 2.136(6) Sn(2)-C(41) 2.144(6)
Sn(1)–Cl(1) 2.507(2) Sn(2)-Cl(2) 2.550(2)
Sn(1)–N(11) 2.531(7) Sn(2)-N(21) 2.476(6)
C(31)a-Sn(1)-C(31) 162.9(4) C(41)b-Sn(2)-C(41) 172.3(5)
C(31)a-Sn(1)-Cl(1) 93.3(2) C(41)b-Sn(2)-Cl(2) 93.0(2)
C(31)-Sn(1)-Cl(1) 98.6(2) C(41)-Sn(2)-Cl(2) 92.2(2)
C(31)-Sn(1)-N(11) 84.8(2) C(41)-Sn(2)-N(21) 87.1(2)
C(31)-Sn(1)-N(11)a 84.3(2) C(41)-Sn(2)-N(21)b 87.6(2)
Cl(1)a-Sn(1)-Cl(1) 92.35(11) Cl(2)b-Sn(2)-Cl(2) 97.14(11)
Cl(1)-Sn(1)-N(11)a 83.45(17) Cl(2)-Sn(2)-N(21)b 177.80(15)
Cl(1)-Sn(1)-N(11) 174.77(16) Cl(2)-Sn(2)-N(21) 85.05(16)
N(11)a-Sn(1)-N(11) 100.9(3) N(21)b-Sn(2)-N(21) 92.7(3)

Symmetrytransformationsusedto generateequivalentatoms:aÿx� 3=2; y; ÿz� 3=2
b ÿx� 1=2; y; ÿz� 3=2

Figure 3 View of molecule2 of [SnBu2Cl2(bmimt)] showing
theatomnumberingscheme.
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in 1 correlateswith a greaterSn–N distance.The
angulardistortion from regularoctahedralgeome-
try is, except for the Cl-Sn-Cl angle, greater in
molecule 1 than in molecule 2: for example,
C(31)a-Sn(1)-C(31)= 162.9(4)°, whereas C(41)b-
Sn(2)-C(41)= 172.3(5)°.

As in theethylderivative,thecoordinationmode
of bmimt is similar in bothmolecules,but thereare
neverthelessdifferencesthatareworth mentioning.
The imidazole rings are planar as in the ethyl
derivative (for example, w2 = 0.1819 for
N(11)C(11)C(12)N(12)C(13)), but the methyl C,
the S and the Sn atoms lie farther from the
imidazole plane than in [SnEt2Br2(bmimt)]
[0.8341,0.0911and 1.2292Å for C(14),S(1)and
Snrespectively].Theorientationsof the imidazole
ringswith respectto theleast-squaresCXCN planes
are,asin theethyl derivative,different in 1 and2:
for example, the angle between the
N(11)C(11)C(12)N(12)C(13) and C(31)Cl(1)
C(31)aN(11) planesis 73.68°, whereasthe corre-
spondinganglein 2 is 68.79°. In both[SnBu2Cl2(b-
mimt)] moleculestheseanglesarewider thanin the
ethyl derivative.Thesmallerbite of theligandin 2
(92.7° as against 100.9° in 1) is achieved by
narrowingC-S-C-N[90.9° for C(2)S(2)C(21)N(21)
asagainst104.8° for C(1)S(1)C(11)N(11)] andC-
S-C[99.8° for C(2)S(2)C(21)asagainst102.8° for
C(1)S(1)C(11)],and showsthe flexibility of this
ligand.

A final noteworthydifferencebetweenmolecules
1 and 2 concernsthe butyl groups.The torsion
angles about C(31)–C(32) and C(32)–C(33) are
176.6° and70.2° respectively,whereasthoseabout
C(41)–C(42) and C(42)–C(43) are 163.4° and
ÿ178.0° respectively,i.e. in 1 the butyl groups
aremorecompressedthanin 2.

Vibrational spectra

The vibrations of the free ligand in the 4000–
600cmÿ1 range undergoonly small shifts upon
coordination. The shifts of the imidazole ring
stretchingvibrations(1600–1300cmÿ1) aresimilar
to those previously found upon coordination of
imidazoleor 2,2'-bisimidazoleligands,2–5,15–17and
arein all thenewcomplexes,in keepingwith theN-
coordination found in [SnEt2Br2(bmimt)] and
[SnBu2Cl2(bmimt)] by theX-ray diffraction study.

Table6 lists selectedinfraredandRamandatain
therange700–100cmÿ1. Thetwo Sn–Cvibrations
arefoundat positionscloseto thosefound in other
complexesof N,N'-bidentateligandswith a trans
C–Sn–Cstructure2–5 (in previouspapersa different

assignmentwasproposedfor the butyl derivatives
in the absenceof Ramanspectrasupportingthe
assignmentnow made).The presenceof ns(Sn–C)
in boththeIR andRamanspectraof thecompounds
is in keeping with the non-linearity of C–Sn–C
foundin theX-ray studyof thediethyldibromoand
dibutyldichloro derivatives,and togetherwith the
Mössbauerdata(seebelow) suggeststhat C–Sn–C
is non-linear in all the new complexes.The cis-
SnX2 structureshouldgive rise to two IR andtwo
Ramanbands;however,for two compoundsthereis
only a singlebroadbandin theIR spectrumandall
theRamanspectrashowonly very weakbandsfor
which rigorousidentificationandassignmentwere
not possible.

MoÈ ssbauer spectra

TheMössbauerdatalisted in Table7 aretypical of
hexacoordinate diorganotin(IV) derivatives in
which the two organic groupsoccupy the apical
positions of a nearly regular octahedron. As
expected,the isomershift is greaterfor the bromo
thanfor thechloroderivatives,andalsoincreasesin
the order methyl< ethyl< butyl; in fact, the s-
electrondensityat the Sn atomis in generalmore
affectedby variationof the inductiveeffect of the
alkyl moiety thanby variation of the electronega-
tivity of thehalogenion.

The spectrumof [SnBu2Cl2(bmimt)] was initi-
ally fitted with a single doublet, which afforded
reasonablespectralparametersandagoodw2 value.
However,asthe X-ray studyshowedthe presence
of two slightly different tin sites,a two-doubletfit
was also performed. Reasonablevalues were
obtainedfor both the doublets(Table 7), but no

Table 6 Significant IR and Raman(R) bandsin the 700–
100cmÿ1 rangea

Compound nas(Sn–C) ns(Sn–C) n(Sn–X)

[SnMe2Cl2(bmimt)] IR 576m 497sh 237s,b
R — 490s —

[SnMe2Br2(bmimt)] IR 573m 500sh 144s,131s
R — 483s —

[SnEt2Cl2(bmimt)] IR 536m 500m 244s,233s
R 523m 507s —

[SnEt2Br2(bmimt)] IR 530m 500m 165s,148s
R — 509s —

[SnBu2Cl2(bmimt)] IR 630w 591w 237s,222s
R 629w 592m —

[SnBu2Br2(bmimt)] IR 630w 585m 189s,b
R 629w 585m —

a Abbreviations:s,strong;m,medium;w, weak;sh,shoulder;b,
broad.
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significantreductionin thestandarddeviationof the
fit. A similar two-doublet fit for the analogous
bromide adduct likewise afforded inconclusive
results(not shown).Optimizationof the p.q.s.for
thenitrogenatomsof [SnBu2Cl2(bmimt)] by using
the single-doublet results and the experimental
bond anglesafforded a value very close to that
reportedfor phenanthroline,ÿ0.04mm sÿ1, sug-
gesting that the two ligands have similar donor
abilities with respectto tin.

The isomershiftsof thesecompoundsarelarger
thanthosereportedfor compoundscontainingother
N,N'-bidentate ligands with aromatic nitrogen
donoratoms.For instance,the valuesreportedfor
analogous2,2'-bipyridine (bipy) and1,10-phenan-

throline (phen) compounds18 are about 0.20mm
sÿ1 smallerthan thoselisted in Table 7, although
[SnR2Cl2(H2BIm)] (H2BIm = 2,2'-bisimidazole)
and [SnR2X2(MBIm)] (MBIm = N-methyl-2,2'-bi-
simidazole)2,3 havevaluescloserto thoseobtained
in this work.

Characteristics in solution

Themolarconductivitiesof 10ÿ3 M solutionsof the
complexesin acetonitrileshowthemall to benon-
ionogenicin this solvent.19

Table 8 lists the chief featuresof the 1H NMR
spectraof thedonorandits adductsin CDCl3. Since
the methyl complexesare only poorly soluble in
CDCl3, spectrawerealsorun in DMSO-d6, but the
results are not included in Table 8 becausethe
chemical shifts and 2J(117/119Sn–1H) coupling
constantsin DMSO-d6 are similar to thoseof the
freedonorandacceptorin this solvent.This shows
that,asfor [SnR2X2(Hmimt)n] complexes(n = 1 or
2),20,21thehigh donorcapacityof thesolventleads
to its displacing the ligand to form
[SnR2X2(DMSO-d6)n] compounds.In the weaker
donor CDCl3 the chemical shifts and coupling
constantsof thecomplexesdiffer from thoseof the
freeacceptoranddonorspecies.

The 1H NMR spectrumof bmimt in CDCl3 is
similar to that of the parentligand Hmimt in the
samesolvent(3.61s-CH3; 6.67d,-CH; 6.71d,-CH;
11.36s,b,-NH), exceptthatthereis no-NH signal,a

Table 7 Mössbauerspectralparameterscollectedat 80.0K

Compound
d

(mm sÿ1)a
DEQ

(mm sÿ1)
ÿ

(mm sÿ1)
A2/1

[SnMe2Cl2(bmimt)] 1.62 4.01 0.92 1.23
[SnMe2Br2(bmimt)] 1.70 4.09 0.95 0.90
[SnEt2Cl2(bmimt)] 1.73 4.12 0.98 1.04
[SnEt2Br2(bmimt)] 1.81 4.01 0.95 1.24
[SnBu2Cl2(bmimt)]b 1.75 3.99 0.80 1.16
[SnBu2Cl2(bmimt)]c 1.74 3.83 0.80 1.14

1.78 4.16 0.80 1.14
[SnBu2Br2(bmimt)] 1.84 4.02 0.80 1.26

a Relativeto room-temperatureSnO2.
b Single-doubletfitting procedure.
c Two-doubletfitting procedure:ÿ andA2/1 wereconstrainedto
havethesamevaluefor the two doublets.

Table 8 1H NMR parameters(d in ppm,J in Hz) in CDCl3

Compound SnR2
nJ(119/117Sn–H) N(1)-CH3 -CH2- H(5,5') H(4,4')

bmimta — — 3.60(s) 4.61(s) 6.91(d) 7.06(d)
[SnMe2Cl2(bmimt)] 1.33(s) 87.5/84.4(n = 2) 3.75(s) 4.50(s) 7.09(s,b) 7.33(s,b)
[SnMe2Br2(bmimt)] 1.43(s) 74.3/71.1(n = 2) 3.73(s) 4.63(s) 7.05(d) 7.24(d)
[SnEt2Cl2(bmimt)] 1.39(t) 161.0/153.9(n = 3) 3.75(s) 4.43(s) 7.10(d) 7.34(d)

1.89(q) 73.6/70.5(n = 2)
[SnEt2Br2(bmimt)] 1.40(t) 154.6/147.7(n = 3) 3.72(s) 4.58(s) 7.08(d) 7.25(d)

1.96(q) 71.4/68.3(n = 2)
[SnBu2Cl2(bmimt)] 0.88(t) — b 3.71(s) 4.57(s) 7.09(d) 7.23(d)

1.36(m)
1.77(m)
1.86(m)

[SnBu2Br2(bmimt)] 0.94(t) — b 3.67(s) 4.67(s) 6.98(d) 7.13(d)
1.42(q)
1.80(m)
1.90(m)

a Numberingscheme:
b Not observed.
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new singlet appearsat 4.57ppm due to the -CH2-
group, and the other signalsare deshielded.The
signalsfor H(4,4') andH(5,5') wereassignedonthe
basis of a NOE experiment. The 13C NMR
spectrumwas interpretedby meansof a 1H–13C
HMQC experiment[33.4,-CH3; 40.0,-CH2-; 122.8,-
C(5,5'); 129.8,-C(4,4'); 140.1,-C(2,2')]; the C(2,2')
signal showsconsiderableshielding with respect
to C(2) in Hmimt (d = 160.2ppm), shifting close
to its position in N-methyl-2-methylthioimidazole
(141.7ppm)22 as a consequenceof thione-thiol
evolution.

In the complexes,the bmimt protonsignalsare
shifted downfield, especially those of H(4) and
H(4'), the protonsclosestto the donoratomsN(3)
andN(3'). In general,thedeshieldingis greaterthan
in thecomplexes[SnR2X2(Hmimt)n] (n = 1, 2),20,21

in which Hmimt is coordinatedvia theexocyclicS
atom.On thebasisof theseshiftsandthecoupling
constants,which are larger than thoseof the free
acceptors,15,16 it may be concluded that in the
methyl andethyl derivativesthe Sn–Ninteraction
persists,at leastpartially, in CDCl3 solution.The
low solubility of the butyl complexesprevented
analysis of their coupling constants, but the
chemical shifts of the bmimt signals in these
complexesagainsuggestthat coordinationpersists
in solution.
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