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Reaction of mepirizole (M) with diorganotin(IV)
dihalides yielded compounds of type
[SnR2X2(M)] (R, X = Et, Cl; Et, Br; Bu, Cl; Bu,
Br; Ph, Cl). The structure of dichlorodiphenyl
(mepirizole)tin(IV) was determined by X-ray
diffractometry. The crystal consists of discrete
[SnPh2Cl2(M)] units in which an N,N'-bidentate
mepirizole, the trans phenyl rings and the cis
chlorine atoms define a pseudo-octahedral co-
ordination polyhedron around the tin atom.
Mössbauer and vibrational spectroscopic data
suggest similar structures for the other com-
pounds prepared. The 1H NMR spectra show
that the mepirizole ligand is largely dissociated
in CDCl3. The most active compounds against
the human carcinoma cell line KB were the butyl
derivatives. Copyright # 2001 John Wiley &
Sons, Ltd.
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INTRODUCTION

Attempts to obtain compounds with greater anti-
tumour activity and lower toxicity than platinum
complexes have involved the synthesis and char-
acterization of a considerable number of metal-
based compounds, including many organotin deri-

vatives.1 Among diorganotin complexes of type
[SnR2X2(LL)], where LL is an N,N'-bidentate
ligand, anti-tumour activity is influenced by
Sn—N distance, the average Sn—N bond length
being >2.39 Å among active complexes and
<2.39 Å among inactive ones.2 This suggests that
an important step in the mechanism of action of
these compounds is cleavage of the Sn—(LL)
bond.2

Guided by the results of early studies,3 in
previous work4 we obtained Sn—N distances
>2.39 Å by using a semi-rigid ligand, bis(1-
methyl-2-imidazolylthio)methane (bmimt), which
by forming an eight-membered CS2C2N2Sn ring led
to long Sn—N bond distances. We have now
selected a ligand in which steric hindrance by
substituents close to the donor atoms prevents tight
binding to metals, namely mepirizole [4-methoxy-
2-(5-methoxy-3-methyl-pyrazol-1-yl)-6-methyl-
pyrimidine, hereinafter M], a biologically active
compound used as an anti-inflammatory agent.5

In this paper we report the synthesis of the
compounds [SnR2X2(M)] (R, X = Et, Cl; Et, Br;
Bu, Cl; Bu, Br; Ph, Cl), their characterization by
vibrational, NMR and Mo¨ssbauer spectroscopy, the
crystal structure of [SnPh2Cl2(M)] as determined
by X-ray diffractometry, andin vitro cytostatic
activities against the human carcinoma cell line
KB.

EXPERIMENTAL SECTION

Materials

Diethyltindichloride, diethyltindibromide, dibutyl-
tindichloride, dibutyltindibromide, diphenyl-
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tindichloride (all from Ventron) and mepirizole
(from ICN BiomedicalsInc.)wereusedassupplied.
Solventswerepurifiedby theusualmethods.

Preparation of compounds

Generalprocedure:a solutionof SnR2X2 in 10ml
of CH2Cl2 was addeddropwise to a solution of
mepirizole in 10ml of the same solvent. After
refluxingandstirring, thesolutionwasrefrigerated.
The solid formed was filtered out and dried in
vacuo.

[SnEt2Cl2(M)] . As above,from 0.247g (1 mmol)
of SnEt2Cl2 and 0.234g (1 mmol) of mepirizole.
Anal. found: C, 37.8; H, 5.3; N, 11.6%.Calc. for
C15H24Cl2N4O2Sn:C, 37.8;H, 5.0;N, 11.6%.M.p.
119°C. Mössbauer:d 1.81,DEQ 3.95,ÿ 0.81,A2/1
1.06. �M 2.17Scm2 molÿ1. IR and Raman (in
parentheses),cmÿ1: 1607vs, v(C=N); 1000m,
v(ring); 541m (545w), vas(Sn—C); 491m (488s),
nsym(Sn—C);268s,255s(273m),v(Sn—Cl).

[SnEt2Br2(M)] . As above,from 0.336g (1 mmol)
of SnEt2Br2 and 0.234g (1 mmol) of mepirizole.
Anal. found: C, 32.3; H, 4.2; N, 10.3%.Calc. for
C15H24Br2N4O2Sn: C, 31.6;H, 4.2; N, 9.8%.M.p.
116°C. Mössbauer:d 1.86,DEQ 3.93,ÿ 1.32,A2/1
0.97. �M 3.83Scm2 molÿ1. IR and Raman (in
parentheses),cmÿ1: 1607s, v(C=N); 999m,
v(ring); 542m (545w), vas(Sn—C); 478m (477s),
vsym(Sn—C);180s,br(184m),v(Sn—Br).

[SnBu2Cl2(M)] . As above,from 0.303g (1 mmol)
of SnBu2Cl2 and 0.234g (1 mmol) of mepirizole.
Anal. found: C, 42.4; H, 6.0; N, 10.7%.Calc. for
C19H32Cl2N4O2Sn:C, 42.4;H, 5.9;N, 10.4%. M.p.
77°C. Mössbauer: d 1.76, DEQ 3.84, ÿ 0.81, A2/1
0.90. �M 2.71Scm2 molÿ1. IR and Raman (in
parentheses),cmÿ1: 1608s, v(C=N); 1005m,
v(ring); 624m (620w), vas(Sn—C); 592w (588s),
vsym(Sn—C);270sh,255s,b(268m),v(Sn—Cl).

[SnBu2Br2(M)] . As above, from 0.392g
(1 mmol) of SnBu2Br2 and 0.234g (1 mmol) of
mepirizole.Anal. found: C, 36.6;H, 5.1; N, 9.1%.
Calc. for C19H32Br2N4O2Sn: C, 36.4; H, 5.1; N,
8.9%.M.p. 72°C. Mössbauer:d 1.87,DEQ 3.85,ÿ
0.87, A2/1 0.99. �M 3.09Scm2 molÿ1. IR and
Raman (in parentheses),cmÿ1: 1608s, v(C=N);
1005m,v(ring); 617w (615w), vas(Sn—C); 586w
(586s),vsym(Sn—C);223m,b,(213m),v(Sn—Br).

[SnPh2Cl2(M)] . As above, from 0.343g
(1 mmol) of SnPh2Cl2 and 0.234g (1 mmol) of
mepirizole.Anal. found: C, 46.8;H, 4.1; N, 9.4%.
Calc. for C23H24Cl2N4O2Sn: C, 47.8; H, 4.2; N,
9.7%.M.p. 182°C. Mössbauer:d 1.49,DEQ 3.55,ÿ
0.81, A2/1 0.99. �M 10.84Scm2 molÿ1. IR and

Raman (in parentheses),cmÿ1: 1612s, v(C=N);
1001m,v(ring); 287s(288m),v(Sn—C);264s,230s
(263m,230m),v(Sn—Cl).

Physical measurements

Elementalanalyseswere performedwith a Carlo-
Erba 1108 apparatus.Melting points were mea-
suredon a Gallenkampapparatus.IR spectrawere
recordedin Nujol mulls, and Ramanspectrain
capillary tubes, on a Bruker IFS-66V FT-IR
apparatusequipped with an FRA-106 Raman
module. Conductivities (10ÿ3 M, CH3CN) were
measuredin a CRISONmicro CM 2200conducti-
meter. Mössbauer spectra were determined at
80.0K in a constantaccelerationapparatuswith a
Ca119mSnO3 source,with d referredto SnO2.

1H
NMR spectra at 250.13MHz were recorded in
CDCl3 at roomtemperatureon a BruckerWM-250
spectrometer,andwerereferredto TMS.

Determination of the structure of
[SnPh2Cl2(M)]

Well-formed crystalsobtainedby slow concentra-
tion of asolutionof [SnPh2Cl2(M)] in CH2Cl2 were
selectedand used for X-ray analysis.Data were
collected at 293K on an Enraf–NoniusCAD-4
four-circle diffractometerusingMo K a radiation.
Unit cell dimensionsweredeterminedandrefined
by least squaresusing the setting angles of 25
automatically centred reflections (2.4<�<26.3°),
and are listed in Table 1. The intensitiesof two
standard reflections were essentially constant
throughouttheexperiments.

Thestructuresweresolvedby thestandardheavy
atomPattersonmethodfollowed by normaldiffer-
enceFourier techniques.Full matrix leastsquares
anisotropicrefinementwasperformedfor all non-
hydrogen atoms, the positional parametersand
equivalentisotropic temperaturefactors of which
are listed in Table 2. Mepirizole hydrogenatoms
were included as fixed contributors at positions
calculated on stereochemicalgrounds and were
treatedusinganoverallisotropictemperaturefactor
that refined to 0.073(12)Å2. The function mini-
mized was � w(|Fo| ÿ |Fc|)

2 with the weighting
scheme w = 1/[s2(Fo)

2� (0.0218P)2� 5.99P];
P = (Fo

2� 2Fc
2)/3 The programs used were

SHELX76,6 SHELXL93,7 andORTEP.8

In vitro cytostatic activity

Cytostaticactivity was assayedagainstthe estab-
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lished cell line KB, which derivesfrom a human
oral epidermoid carcinoma.Stock cultures were
grownin 25cm3 flaskscontaining10ml of buffered
Eagle’s Minimum Essential Medium (MEM)
supplementedwith glutamine,non-essentialami-
noacids(1%) and newborncalf serum(10%), as
previouslydescribed.9 Thecell populationdoubling
time wasca 24h. The cells weredissociatedwith
0.05% trypsin solution, plated at a density of
5� 105 cells per well in 24-well cell culture
clusters(Costar) containing 1.0ml of MEM per
well, andpreincubatedfor 24h to allow adhesionto
thesubstrate.

Subsequentlythe agentsto be testedwereadded.
The compoundsweredissolvedimmediatelybefore
usein dimethylsulfoxide, and these solutionswere
diluted with the growth medium to the desired
concentrations. At leastfive concentrationsof each
compound were used,with eight cell culture wells
for eachconcentration. Eachagentwasassayedonat
leastthreeseparateoccasions.Eachassayincludeda
blank containingcompletemedium without cells.

The cells were incubatedwith the compounds
beingtestedat 37°C in anatmospherethatwas5%

CO2 and had a relative humidity of 100%. The
incubationtime was72h, during which periodthe
control cells showedexponentialgrowth.

Cell growth was terminatedby in situ fixation
and followed by stainingwith the protein-binding
dye sulforhodamineB (SRB).10 Specifically, ad-
herentcell cultureswerefixed in situby additionof
250ml of cold 50% (w/v) trichloroacetic acid
(TCA) and were kept for 60min at 4°C. The
supernatantwasthendiscardedandtheplateswere
washedthreetimeswith deionizedwateranddried.
SRBsolution(500ml, 0.4%w/v in 1% aceticacid)
wasaddedto eachwell, andthecellswereallowed
to stain for 20–30min at room temperature.
Unbound SRB was removed by washing three
timeswith 1%aceticacid,theplateswereair-dried,
boundstain was solubilized with unbufferedTris
base[tris(hydroxymethyl)aminomethane],and op-
tical densitiesat 565nm were read on a Perkin-
Elmer 550SEspectrophotometer.

TheSRBassaywasalsousedto measurethecell
populationdensityat time zero(the time at which
the testcompoundswereadded).

Cytostatic activity was evaluated from the

Table 1 Crystaldataandstructurerefinementfor [SnPh2Cl2(M)]

Empirical formula C23H24Cl2N4O2Sn
Formulaweight 578.05
Temperature(K) 293(2)
Wavelength(Å) l = 0.71073
Crystalsystem monoclinic
Spacegroup P21/n

Cell constants
a (Å) 11.5843(10)
b (Å) 15.6967(10)
c (Å) 14.4207(10)
b (deg) 104.650(10)
Volume(Å3) V = 2536.9(3)
Moleculespercell Z = 4
Density(calcd.)(gcmÿ3) Dc = 1.513
Absorptioncoeff. (mmÿ1) m = 1.244
F(000) 1160
Thetarange(deg) 2.40to 26.30
Index ranges ÿ14� h� 13,ÿ19� k� 0, 0� l � 17
Reflectionscollected 5350
Independentreflections 5143
Absorptioncorrection Psi-scans
Max./min. transmissionfactors 0.881/0.725
Refinementmethod Full-matrix leastsquareson F2

Data/restraints/parameters 5143/0/269
Goodnessof fit on F2 1.076
Final R indices[I>2s(I)] R1 = 0.0343,wR2 = 0.0689
R indices(all data) R1 = 0.0812,wR2 = 0.1003
Largestdiff. peakandhole (e Åÿ3) 0.675andÿ0.478
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inhibition of cell growthin thetreatedcultureswith
respectto the controls.IC50, the concentrationof
testcompoundat which cell proliferationwas50%
of thatobservedin controlcultures,wasdetermined
by linear regressionanalysis.The statistical sig-
nificanceof theseresultswasestimatedby meansof
Student’st test(P<0.01).

RESULTS AND DISCUSSION

Description of the structure of
[SnPh2Cl2(M)]

Figure 1 showsan ORTEPview of the structure

of the compound, with the numbering scheme
used, and Table 3 lists selecteddistancesand
angles.

Thecrystalconsistsof discreteunitsin whichthe
metal is coordinatedto two chlorine atoms(Sn—
Cl = 2.4359(14),2.4829(13)Å), two phenylgroups
(Sn—C= 2.135(2),2.144(3)Å) andtwo mepirizole
nitrogenatoms(Sn—N= 2.581(4),2.430(4)Å) in a
pseudo-octahedralconfiguration.The Sn—C and
Sn—Cl bond lengthsare in the rangesfound for
otherdiphenyltindichloridecomplexeswith biden-
tate N,N'-donor ligands,11 but one of the Sn—N
distances,2.581(4)Å, is outsidethe corresponding
range,being the longestSn—N distancefound in
this type of compound.The N—Sn—N angle,
64.28(12)°, is narrowerthan in theseother com-
plexes or complexes of mepirizole with other
metals.12–20 The mepirizole ligand, in its usualA
form,21 is bidentate, coordinating through its
pyrimidine N(1) and pyrazole N(4) atoms. The
pyrimidineandpyrazoleringsareessentiallyplanar
and make an angle of 12.46° with each other.
Coordinationdoesnot significantlychangethering
parametersfrom the values found for the free
ligand,22 evenaroundthedonoratom(for instance,
C(6)—N(1)= 1.320(5), 1.339(5)Å; N(1)—C(1)=
1.346(6), 1.356(6)Å; N(3)—N(4)= 1.376(4),
1.392(5)Å; C(6)—N(3)= 1.405(5), 1.396(6)Å;
C(6)—N(1)—C(1)= 115.9(4), 115.5(4)°; N(3)—
N(4)—C(10)= 105.6(3), 105.8(4)° for the free
ligandandthecomplexrespectively).

Comparisonof this structurewith thoseof the
similarly octahedral complexes of dichlorodi-
phenyltin(IV) with bipyridyl23,24 and 2,2',6,6'-

Table 2 Atomic coordinates(Å � 104) andequivalent
isotropic displacement parameters (Å2� 103) for
[SnPh2Cl2(M)]. U(eq) is definedasone-thirdof the trace
of theorthogonalizedUij tensor

Atom x y z U(eq)

Sn 246(1) 1640(1) 2352(1) 37(1)
Cl(1) 1823(1) 2211(1) 3654(1) 58(1)
Cl(2) 1294(1) 1878(1) 1070(1) 60(1)
O(1) ÿ5347(3) 1122(3) 79(3) 67(1)
O(2) ÿ4173(3) 1708(3) 3175(3) 69(1)
N(1) ÿ1829(3) 1103(2) 1418(3) 36(1)
N(2) ÿ3863(4) 1324(3) 1445(3) 44(1)
N(3) ÿ2343(3) 1460(3) 2827(3) 40(1)
N(4) ÿ1153(3) 1337(3) 3312(3) 39(1)
C(1) ÿ2198(4) 899(3) 476(3) 40(1)
C(2) ÿ1273(5) 643(4) ÿ24(4) 64(2)
C(3) ÿ3376(4) 900(3) 7(4) 48(1)
C(4) ÿ4185(4) 1125(3) 525(4) 47(1)
C(5) ÿ6187(5) 1351(5) 620(5) 75(2)
C(6) ÿ2697(4) 1301(3) 1843(3) 36(1)
C(7) ÿ3013(5) 1592(4) 3478(4) 51(1)
C(8) ÿ4810(6) 1733(6) 3917(6) 110(3)
C(9) ÿ2246(5) 1553(4) 4372(4) 59(2)

C(10) ÿ1117(5) 1394(3) 4231(4) 49(1)
C(11) 25(6) 1276(5) 4982(4) 68(2)
C(21) 807(3) 336(2) 2533(3) 46(1)
C(22) ÿ5(3) ÿ330(2) 2448(3) 65(2)
C(23) 399(5) ÿ1167(2) 2559(3) 86(2)
C(24) 1614(5) ÿ1338(2) 2754(3) 94(3)
C(25) 2425(3) ÿ673(3) 2839(3) 94(3)
C(26) 2022(3) 164(3) 2729(3) 74(2)
C(31) ÿ706(3) 2814(2) 2051(2) 40(1)
C(32) ÿ1130(3) 3101(2) 1115(2) 54(1)
C(33) ÿ1762(4) 3861(2) 935(2) 71(2)
C(34) ÿ1970(4) 4335(2) 1691(3) 82(2)
C(35) ÿ1545(4) 4048(2) 2627(3) 76(2)
C(36) ÿ913(3) 3288(2) 2807(2) 57(1)

Figure 1 Themolecularstructureof [SnPh2Cl2(M)], showing
thenumberingscheme.
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bipyrimidine25 shows differences that, although
possiblyduein part to the crystalpacking,26 seem
to be mainly attributable to the asymmetry of
mepirizole.The differencebetweenthe two donor
atomsleadsto significantdifferencesbetweenboth
the two Sn—N distancesand the two Sn—Cl
distances(and to smallerdifferencesbetweenthe
two Sn—C distances).However,both the Sn—N
distances(2.581(4) and 2.430(4)Å) are longer
thanin, for example,[SnPh2Cl2(bipy)] (monoclinic
form, 2.344(6)and 2.375(6)Å;23 tetragonalform,
2.325 and 2.333Å)24 and, in accordance
with a trend previously discussedin detail,25 the

C—Sn—C angle is narrower (166.95(14)° as
against 173.5(3)° in [SnPh2Cl2(bipy)]). The
small Cl—Sn—Cl angle (96.11(5)°) is probably
due to both the long Sn—N distance and the
influenceof the methyl groups,in particular the
C(2) methyl: the angle N(1)—Sn—Cl(2)
(103.11(9)°) is wider than N(4)—Sn—Cl(1)
(96.35(10)°) eventhoughtheSn—N(1)distanceis
longer than Sn—N(4), presumably becauseof
differencesbetweenthe relevantN—C—C angles
(N(4)—C(10)—C(11)= 121.1(5)°, N(1)—C(1)—
C(2)= 117.8(4)°) and the different orientationsof
thepyrimidine andpyrazolerings.

Table 3 Selectedbondlengths(Å) andangles(deg)in [SnPh2Cl2(M)] with esdsin parentheses

Tin environment
Sn—C(31) 2.135(2) Sn—C(21) 2.144(3)
Sn—N(4) 2.430(4) Sn—N(1) 2.581(4)
Sn—Cl(1) 2.4359(14) Sn—Cl(2) 2.4829(13)
Cl(1)—Sn—N(1) 160.06(9) Cl(2)—Sn—N(1) 103.11(9)
C(31)—Sn—N(4) 84.28(13) C(21)—Sn—N(4) 88.20(14)
C(31)—Sn—Cl(1) 94.98(10) C(21)—Sn—Cl(1) 96.44(11)
N(4) —Sn—Cl(1) 96.35(10) C(31)—Sn—Cl(2) 92.51(10)
C(21)—Sn—Cl(2) 92.54(10) N(4)—Sn—Cl(2) 167.36(10)
Cl(1)—Sn—Cl(2) 96.11(5) C(31)—Sn—N(1) 79.12(13)
C(21)—Sn—N(1) 88.02(13) N(4)—Sn—N(1) 64.28(12)
N(3)—N(4)—Sn 113.8(3) C(22)—C(21)—Sn 122.0(2)
C(6)—N(1)—Sn 113.2(3) C(26)—C(21)—Sn 118.0(2)
C(1)—N(1)—Sn 128.0(3) C(10)—N(4)—Sn 134.7(3)
C(32)—C(31)—Sn 121.0(2) C(36)—C(31)—Sn 119.0(2)
C(31)—Sn—C(21) 166.95(14)

Mepirizoleligand
N(3)—C(6) 1.396(6) N(3)—N(4) 1.392(5)
N(4)—C(10) 1.318(6) O(2)—C(7) 1.317(6)
O(1)—C(4) 1.337(6) O(1)—C(5) 1.438(6)
N(1)—C(6) 1.339(5) C(7)—C(9) 1.370(8)
C(1)—C(3) 1.362(7) C(3)—C(4) 1.384(7)
N(1)—C(1) 1.356(6) C(9)—C(10) 1.396(7)
N(2)—C(4) 1.322(6) C(10)—C(11) 1.495(8)
N(2)—C(6) 1.328(6) N(3)—C(7) 1.377(6)
O(2)—C(8) 1.445(7) C(1)—C(2) 1.489(6)
C(7)—O(2)—C(8) 115.4(5) C(4)—N(2)—C(6) 115.2(4)
C(7)—N(3)—C(6) 130.4(4) C(7)—N(3)—N(4) 109.6(4)
C(6)—N(3)—N(4) 119.1(4) C(10)—N(4)—N(3) 105.8(4)
O(2)—C(7)—C(9) 133.0(5) C(4)—O(1)—C(5) 118.4(5)
O(2)—C(7)—N(3) 120.0(5) N(1)—C(1)—C(3) 121.3(4)
C(9)—C(7)—N(3) 107.0(5) N(1)—C(1)—C(2) 117.8(4)
N(4)—C(10)—C(9) 111.5(5) C(3)—C(1)—C(2) 120.9(5)
N(4)—C(10)—C(11) 121.1(5) C(1)—C(3)—C(4) 117.6(5)
C(9)—C(10)—C(11) 127.4(5) N(2)—C(4)—O(1) 118.5(4)
C(6)—N(1)—C(1) 115.5(4) N(1)—C(6)—N(3) 116.4(4)
N(2)—C(4)—C(3) 123.0(5) O(1)—C(4)—C(3) 118.5(5)
N(2)—C(6)—N(1) 127.4(4) N(2)—C(6)—N(3) 116.1(4)
C(7)—C(9)—C(10) 106.2(4)
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Vibrational spectra

The mepirizole v(C=N) and v(pyrimidine ring)
bands, located at 1603 and 980cmÿ1 in the
spectrumof the free ligand,shift to slightly higher
wavenumbersin thoseof all the complexes(see
Experimental Section). These shifts and other
minor changesin the vibrations of the pyrazole
and pyrimidine rings are similar for all the
complexes,and are in keeping with the N,N'-
bidentatecoordinationshownfor [SnPh2Cl2(M)] by
X-ray diffractometry.

Thetwo Sn—Cbandsarecloseto thosefoundin
the spectraof other complexesof N,N'-bidentate
ligands with trans C—Sn—C structures.4 Both
appearin both the IR and Ramanspectra,which,
like theMössbauerdata,suggeststhattheC—Sn—
C fragmentis bent.The v(Sn—X) bandsareclose
to their positions in the spectra of similar
compounds,4 but, as in the caseof some of the
latter,only oneof thetwo stretchingbandsexpected
for a non-linear X—Sn—X fragment can con-
fidently be identified.

MoÈ ssbauer spectra

With the exception of [SnEt2Br2(M)], all the
compoundshave a Mössbauerspectrumshowing
a single quadrupolesplit doublet with a narrow
linewidth (0.81–0.87mmsÿ1) suggestingthe pre-
senceof asingletin site.For [SnEt2Br2(M)] avalue
of 1.32mmsÿ1 wasfound andthe high degreeof
symmetry betweenthe two peakssuggestedthe
possiblepresenceof two doubletsin 1:1 arearatio,
butsinceall attemptsto fit thespectrumwith sucha
model failed, the anomalousÿ value can only be
ascribed to structural disorder. The hyperfine
parameters(isomershift andquadrupolesplitting)
are in all casestypical of diorganotin(IV) deriva-
tives.Theisomershiftsdiffer asexpectedgiventhe
electronegativitiesof theligands(presenceof Cl or
Br, alkyl or aryl groups)andtheir inductiveeffects
(in the caseof the ethyl and butyl derivatives).4

Quadrupole splitting reflects the field gradient
generatedaroundthe tin nucleusby the s and p
bonds formed with the six donor atoms. The
observedvaluesarevery similar to eachotherand
typical of octahedralcoordination,althoughslight
deviationsfrom theoreticalvalues indicate small
distortions from ideal geometry; for the phenyl
derivativethesediscrepanciesarein full agreement
with the results of the X-ray study. Since the
deviationsfrom idealgeometryaresmall,thepoint
charge model can be used. Using the angles

observed by X-ray diffractometry, the partial
quadrupolesplitting for the nitrogendonor atoms
in [SnPh2Cl2(M)] was optimized to make the
calculatedand observedDEQ values equal. The
resulting value (ÿ0.07mmsÿ1, similar to the

Table 4 1H NMR parameters(d in ppm)

Compound d(SnR2) d(Ligand)a

Mepirizole — 2.30(CH3 3,s)
2.51(CH3 6',s)
3.94(CH3O 5,s)
4.01(CH3O 4',s)
5.51(H 4,s)
6.42(H 5',s)

[SnEt2Cl2(M)] 1.42(CH3,t) 2.34(CH3 3,s)
1.75(CH2,q) 2.54(CH3 6',s)

3.95(CH3O 5,s)
4.01(CH3O 4',s)
5.53(H 4,s)
6.43(H 5',s)

[SnEt2Br2(M)] 1.39(CH3,t) 2.31(CH3 3,s)
1.83(CH2,q) 2.52(CH3 6',s)

3.94(CH3O 5,s)
4.00(CH3O 4',s)
5.51(H 4,s)
6.42(H 5',s)

[SnBu2Cl2(M)] 0.90(CH3,t) 2.31(CH3 3,s)
1.37(CH2,q) 2.51(CH3 6',s)
1.77(CH2,m) 3.93(CH3O 5,s)
1.80(Sn—CH2,m) 3.98(CH3O 4',s)

5.51(H4,s)
6.40(H5',s)

[SnBu2Br2(M)] 0.93(CH3,t) 2.29(CH3 3,s)
1.39(CH2,q) 2.49(CH3 6',s)
1.75(CH2,m) 3.93(CH3O 5,s)
1.86(Sn—CH2,m) 4.00(CH3O 4',s)

5.50(H4,s)
6.41(H5',s)

[SnPh2Cl2(M)] 7.50(3,4,5,m) 2.32(CH3 3,s)
7.70(2,6,m) 2.52(CH3 6',s)

3.95(CH3O 5,s)
4.01(CH3O 4',s)
5.53(H 4,s)
6.43(H5',s)

s= singlet; t = triplet; q = quadruplet;m = multiplet.
a Numberingscheme:

Copyright# 2001JohnWiley & Sons,Ltd. Appl. Organometal.Chem.2001;15: 75–81
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ÿ0.04mmsÿ1 reportedfor phenanthrolinein the
samestructuralsituation)implies C—Sn—Cbond
anglesof 170° and 163° for the ethyl and butyl
derivativesrespectively.

Solution studies

Themolarconductivitiesarein all caseslower than
for 1:1 electrolytes in acetonitrile27 (120–
160Scm2 molÿ1), showing the essentially non-
conductingbehaviourof the compoundsin solu-
tion. In the 1H NMR spectraof the complexesthe
mepirizole signalsare either unalteredor shifted
slightly downfield from their positions in the
spectrumof the free ligand,20 even the methyl
signals,the groupsclosestto the nitrogen atoms
coordinatingto themetal(Table4). Thesmallness
of the shifts andthe fact that the SnR2 signalsare
very closeto thoseof free SnR2X2 in this solvent
(e.g. SnEt2Cl2, 1.43(t), 1.79(q);SnEt2Br2, 1.40(t),
1.85(q))28 suggestthat the complexesare largely
dissociated, even though CDCl3 is a poorly
coordinating solvent. Unfortunately, the poor
solubility of the complexespreventeddetermina-
tion of thevalueof thecouplingconstant,which is
usefulfor decidingon thepersistenceof theSn—N
bondin solutionin similar systems.4

In vitro cytostatic activity

Table 5 lists the IC50 values of the compounds,
togetherwith that of cis-[PtCl2(NH3)2] for compar-
ison. The butyl derivativeswere the most active,
even more than cis-[PtCl2(NH3)2], and the ethyl
derivativesthe least. This behaviourparallels that
foundpreviouslyin complexesof type[SnR2X2(LL)]
where LL is 2,2'-bisimidazole3 or N-methyl-2,2'-
bisimidazole.29 However,the natureof the halogen
boundto themetalatomdoesnotseemto havemuch
influence on activity, whereas[SnBu2Cl2(LL)] is
significantlymoreactivethan[SnBu2Br2(LL)] when
LL is N-methyl-2,2'-bisimidazole.
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Table 5 Resultsof in vitro cytostaticassaysagainstcell
line KB

Compound IC50 (mg/ml medium) IC50 (mM)

[SnEt2Cl2(M)] 1.01 2.09
[SnEt2Br2(M)] 1.62 2.84
[SnBu2Cl2(M)] 0.09 0.17
[SnBu2Br2(M)] 0.06 0.10
[SnPh2Cl2(M)] 0.33 0.57
cis-[PtCl2(NH3)2] 0.11 0.37
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