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Diorganotin(IV) dichloride complexes of the
type R2SnCl2�L (R = methyl, ethyl, vinyl, t-butyl,
n-butyl or phenyl; L = N-(2-pyridylmethyl-
ene)arylamine) have been synthesized and char-
acterized on the basis of IR, NMR and119Sn
Mössbauer studies. Investigation of the com-
plexes indicated that N-(2-pyridylmethyl-
ene)arylamines form distorted trans-octahedral
complexes with R2SnCl2 similar to the well-
known R2SnCl2�L. Cytogenetic toxicology test-
ing has been performed for Et2SnCl2�L4 [L 4 = N-
(2-pyridylmethylene)-4-toluidine] in mouse
bone-marrow cells in vivo since such testing is
a regulatory requirement before new drugs are
released. This tin compound induced delay in
cell-cycle kinetics and sister chromatid ex-
changes (SCEs) significantly. The effect of
Et2SnCl2�L4 was greater when endogenous
glutathione (GSH) was depleted by buthionine
sulphoximine (BSO). It seems that Et2SnCl2�L4

induces SCEs due to formation of adduct by
binding on DNA which could interfere in DNA
synthesis and cause delay in cell proliferation.

Depletion of GSH could reduce the shielding
effect of GSH on chromatin and allows more
Et2SnCl2�L4 to bind on DNA. # 1998 John
Wiley & Sons, Ltd.
Appl. Organometal. Chem.12, 503–513 (1998)
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INTRODUCTION

Diorganotin(IV) compounds, R2SnCl2 (X = anion)
are often tetrahedral, and when appropriate nitro-
gen-chelating ligands are co-ordinated to the
central metal, octahedral complexes R2SnCl2�L
(L = bidentate ligand) are obtained.1,2 These com-
plexes structurally resemble the active platinum
compounds, i.e.cis-diamminedichloroplatinum(II)
(cisplatin) and cis-diammine(cyclobutane-1,1-di-
carboxylato)platinum(II) (carboplatin), and conse-
quently a large number of such complexes have
been tested for antitumour and anticancer activity.
A structural correlation with biological activity for
diorganotin complexes has shown that active
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speciesareassociatedwith complexeshavingSn–N
bondslonger than2.39Å which in turn determine
the formation of a tin–DNA complex.3 Recently,
the action of R2SnCl2�L (R = ethyl and L = 1,10-
phenanthroline)towards DNA has been investi-
gated.4

In view of that,andfollowing our studieson the
organotin(IV) complexes of nitrogen chelating
ligand,5,6 we reporthereon a seriesof diorganotin
dichloride complexesof N-(2-pyridylmethylene)-
arylamines(Fig. 1) and their characterizationby
spectroscopictechniques.In addition,the complex
Et2SnCl2�L4 hasbeentestedfor mutagenicitysince
there is a regulatoryrequirementfor suchtesting
beforenew drugsare released.7 Theseregulations
generallyrequirethata packageof assaysbedone,
usinganumberof differentend-points,beforeit can
be concludedthat a chemical is non-mutagenic.
Cytogenetic end-points in bone marrow and
unscheduledDNA synthesisin rodent liver are
requiredfor mutagenecitytesting;theseassaysmay
besupplementedby others,suchassisterchromatid
exchanges(SCEs).7

Therefore,in thepresentstudywe havemadean
attempt to determine the mutageneticeffect of
Et2SnCl2�L4 in mousebone-marrowcells in vivo.
Organotin compoundshave varying degreesof
toxicological properties,dependingon the nature
andnumberof alkyl groupsbondedto thetin atom.
Et2SnCl2 is known to interactwith cellular mem-
branessuchasrat liver mitochondria,erythrocytes
of humanandox.8,9 It also interactswith proteins
like ATPaseand hexokinaseof trout, feline and
humanerythrocytes.10 The possibleinteractionof
this organotincompoundwith nativeDNA hasstill
to be investigated.In this presentinvestigation,
establishedend-points such as sister chromatid
exchanges(SCEs)andcell-cyclekineticsareused.
Moreover,we havetried to determinetheeffecton

cytotoxic potentialities of this new organotin
compoundin relation to the cellular glutathione
(GSH) level since it plays an important role in
cellular defencemechanisms.11 It is known that
GSH protectscells againstradiation12 andvarious
toxic effects of xenobiotics13 but not against
radiomimeticdrugs like bleomycin.14,15 Recently
it hasbeenshownthat the effect of GSH on the
cytotoxicity of cisplatinandiproplatin in a human
melanomacell line was not a consequenceof
differencesin GSH–Ptconjugation,but ratherthat
it could be attributableto somethingelse,suchas
effects on DNA repair, apoptosis, free-radical
scavenging or other unknown mechanisms.16

Therefore,an assessmentof the influenceof GSH
ontheactivitiesof Et2SnCl2�L4 andotherorganotin
compoundsis warranted,in order to definebetter
the compoundswhoseactivity may be potentiated
throughappropriatemodulationsof GSH.

EXPERIMENTAL

Materials

Dimethyltin dichloride (Fluka), diphenyltin di-
chloride, di(t-butyl)tin dichloride (Aldrich), di-
vinyltin dichloride and di(n-butyl)tin dichloride
(Streamchemicals)were usedas such;diethyltin
dichloridewaspreparedusingstandardprocedure.

Measurements

Carbon, hydrogen and nitrogen analyses were
performed with a Perkin-Elmer 2400 Series II
instrument.IR spectrawereobtainedon a Perkin-
Elmer1720XFT spectrophotometerin KBr discsin
therange4000–400cmÿ1. 1H and13C NMR spectra
in CDCl3 solutionwererecordedon a BrukerACF
300 spectrometer measured at 300.13 and
75.47MHz, respectively.The1H And 13C chemical
shifts were referredto Me4Si set at 0.00ppm and
CDCl3 set at 77.0ppm, respectively.119Sn NMR
spectrawererecordedusinga JEOLGX 270MHz,
FT NMR spectrometerat 100.75MHz, with an
inversegatedpulsedelayof 2 s. 119Sn Mössbauer
spectraof diorganotincomplexeswererecordedon
an Elscient–Labenspectrometerequippedwith an
AERE cryostatat liquid-nitrogentemperature.The
Ca119mSnO3 Mössbauersource (10mCi; Radio-
chemical Centre, Amersham, UK) moved with
constantaccelerationandtriangularwaveform.The
velocity calibration was made using a 57Co

Figure 1 The ligands used in coordination with R2SnCl2
compounds.R = H (L1), 2-CH3 (L2), 3-CH3 (L3), 4-CH3 (L4),
2-OCH3 (L5), 3-OCH3 (L6), 4-OCH3 (L7), 4-C6H4NH2 (L8) or
4-N=N-C6H5 (L9).
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Mössbauersource(10mCi). An iron foil enriched
to 95% in 57Fe (DuPont PharmaItalia, Firenze,
Italy), wasusedasthe absorber.Intensitydatafor
thecrystalsweremeasuredat roomtemperatureon
a Rigaku AFC6R four-circle diffractometer.The
other conditions and parametersare described
elsewhere.17

Syntheses

A typical procedureis describedbelow.

Me2SnCl2�L1

A stirred solution of aniline (aminobenzene,
C6H5NH2; 0.50g, 5.37mmol) in dichloromethane
(50ml) was treatedwith a solution of Me2SnCl2
(1.18g, 5.37mmol) in dichloromethane(50ml).
The stirring wascontinuedandthe resultingwhite
suspensionwastreatedwith a solutionof pyridine-
2-aldehyde (0.575g, 5.37mmol) in dichloro-
methane(40ml). After additionwascomplete,the
reaction mixture was stirred for another 30min
underambientconditions.A brown microcrystal-
line solid wasobtainedwhich wasfiltered,washed
with petroleum ether (60–80°C), recrystallized
from thesamesolventanddried in vacuo.

The other diorganotindichloride complexesof
N-(2-pyridylmethylene)arylamine were prepared
analogouslyusingappropriateR2SnCl2 andligands
asdescribedin Fig. 1).

Biological tests
Male Swiss albino mice, aged 2–3 months and
weighingabout25–30g [maintainedin the labora-
tory in communalcagesin room undercontrolled
temperature(20� 2 °C) and lighting (12h light/
12h dark)conditionsonstandardmousediet(NMC
Oil Mills Ltd, Pune,India) and water ad libitum]
were usedin all experiments.DL-Buthionine-S,R-
sulphoximine (BSO) and Hoechst 33258 were
purchasedfrom Sigma Chemical Co. (USA). 5-
bromodeoxyuridine(BrdU) tablets (50mg) were
obtainedfrom Boehringer–Mannheim,Germany.

Et2SnCl2�L4 (2 mg) was dissolvedin 0.1ml of
ethanol and further diluted to 2 ml with double-
distilled water to makea working solution. From
the working solution 15 and 30mgkgÿ1 was
injected intraperitoneally(i.p.) 30min after sub-
cutaneousimplantationof a BrdU tablet(50mg).

In orderto investigatethe effect of Et2SnCl2�L4

in glutathione depleted condition, BSO
(200mgkgÿ1) wasdissolvedin phosphatebuffered
solution(pH 7.4)andtheorganotincompoundwas
injected 10h after BSO treatment(i.p.). Before

cellswerefixedat20h afterEt2SnCl2�L4 treatment,
they werepretreatedwith colchicine(15mgkgÿ1)
for 2 h.Animalswerekilled by cervicaldislocation.
The femurs were dissectedout and the bone-
marrow cells (BMCs) were obtainedby injecting
2 ml of 0.075M KCl (prewarmedat 37°C, hypo-
tonic solution). Cells were treated in hypotonic
solution for 15min and fixed in acetic acid/
methanol (1:3). Slides were prepared by the
flame-dryingmethodandfluorescenceplusGiemsa
stainingwasperformedaccordingto Goto et al.18

Slideswerecodedat random.Metaphasecellswith
differentially stainedsister chromatidsfrom each
mouse were studied for evidenceof SCEs. For
scoringcell-cyclekinetics,metaphaseswereclassi-
fied as being in the first (M1%), second(M2%)
subsequentdivision (M3%) cycle, basedon their
differential staining pattern. The cell-cycle data
werepresentedasaveragegenerationtime (AGT),
whichis aratioof BrdU duration(h) andreplicative
index (RI), where RI = (1�M1� 2�M2� 3�
M3)/number of cells. For analysis of SCEs,
metaphasecells with differentially stainedsister
chromatidsfrom eachmousewere studied.Data
weresubjectedto parametricstatisticalanalysis.

RESULTS AND DISCUSSION

The physical properties of the diorganotin(IV)
complexesare listed in Table 1. The elemental
analysesclearlyindicatetheformulationof product
asR2SnCl2�L.

TheunsymmetricalN-(2-pyridylmethylene)aryl-
amine ligands (Fig. 1, L1–L9) are not planarand
their conformationdependson the position of the
nitrogenatomsasrevealedby electronicexcitation
spectra,21 preliminary CNDO/2 calculation with
standardgeometries22 and X-ray structuralanaly-
sis.23 This classof ligandsexist in thestabletrans-
isomeric form and possesspyridine and imine
nitrogenatoms,both able to coordinateto a metal
centre (electronacceptor);the situation is analo-
gous to that of 2-(arylazo)pyridine.6 Further, the
p*-acceptororbital of the —HC=N— groupin an
N-(2-pyridylmethylene)arylamine has a higher
energy than that of the —N=N— group in the
corresponding2-(arylazo)pyridinedue to the less
electronegativecharacterof —HC=N— as com-
pared with that of —N=N—. Hence, the
—HC=N— group will less readily accept the
electron density when bonded to the metal.
However,theeffectivenessof a ligandis a function
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Table 1 Thephysicalandanalyticaldataof thecomplexes

ElementalanalysisFound(calcd)(%)

Complexa Colour M.p. (°C) Yield (%) C H N Sn

1 Me2SnCl2�L1 Yellow 178–179 28 41.50 4.02 7.18 29.50
(41.82) (3.98) (6.97) (29.54)

2 nBu2SnCl2�L1 Paleyellow 111–112 46 49.39 5.68 5.78 24.30
(49.41) (5.76) (5.76) (24.43)

3 Ph2SnCl2�L1 Yellow 163–164 76 54.69 3.85 5.25 22.61
(54.78) (3.80) (5.32) (22.57)

4 Me2SnCl2�L2 Yellow 173–174 81 43.30 3.98 6.80 28.40
(43.29) (4.33) (6.73) (28.55)

5 nBu2SnCl2�L2 Yellow 100–101 90 —b —b —b 23.60
(23.78)

6 Ph2SnCl2�L2 Paleyellow 99–100 75 55.70 4.20 5.00 21.50
(55.58) (4.07) (5.18) (21.99)

7 Me2SnCl2�L3 Yellow 173–174 82 —b —b —b 28.30
(28.59)

8 Ph2SnCl2�L3 Peach 110–111 79 —b —b —b 22.10
(22.02)

9 Me2SnCl2�L4 Yellow 198–199 81 43.30 4.50 6.50 28.20
(43.29) (4.32) (6.73) (28.59)

10 Et2SnCl2�L4 Paleyellow 196–197 46 45.91 4.85 6.11 26.65
(45.97) (4.95) (6.31) (26.75)

11 Vi2SnCl2�L4 Yellow 193–194 40 46.30 4.09 6.32 26.50
(46.39) (4.09) (6.36) (26.99)

12 nBu2SnCl2�L4 Straw 119–120 68 50.36 5.85 6.01 23.50
(50.41) (6.00) (5.60) (23.78)

13 tBu2SnCl2�L4 Yellow 70–71 42 50.20 6.19 5.70 23.60
(50.41) (6.00) (5.60) (23.78)

14 Ph2SnCl2�L4 Paleyellow 175–176 92 —b —b 5.21 21.97
(5.18) (22.02)

15 Me2SnCl2�L5 Yellow 165–166 79 41.20c 4.26c 6.22c 27.60c

(41.69) (4.16) (6.48) (27.53)
16 Vi2SnCl2�L5 Yellow 183–184 45 46.30 4.00 6.13 26.80

(46.39) (4.09) (6.36) (26.99)
17 nBu2SnCl2�L5 Yellow 139–140 36 49.00 5.86 5.00 22.90

(48.86) (5.81) (5.42) (23.01)
18 Ph2SnCl2�L5 Dark peach 75–76 76 —b —b 4.87 21.10

(5.03) (21.39)
19 Me2SnCl2�L6 Brown 209–210 78 41.76 4.30 6.58 27.10

(41.68) (4.16) (6.48) (27.53)
20 Ph2SnCl2�L6 Yellowish green 186–187 78 —b —b —b 21.10

(21.39)
21 Me2SnCl2�L7 Paleyellow 186–187 76 41.70d 4.30d 6.40d 27.40d

(41.68) (4.16) (6.48) (27.53)
22 Vi2SnCl2�L7 Yellow 176–177 48 —b —b 6.10 25.90

(6.14) (26.04)
23 nBu2SnCl2�L7 Greenishyellow 105–106 48 48.80 5.79 4.38 22.89

(48.86) (5.81) (4.42) (23.01)
24 Ph2SnCl2�L7 Yellow 194–195 71 53.67 4.02 5.00 21.10

(53.98) (3.95) (5.03) (21.39)
25 Me2SnCl2�L8 Peach 136–137 72 48.50 4.36 8.52 23.97

(48.69) (4.26) (8.52) (24.12)
26 Me2SnCl2�L9 Dark brown 126–127 56 47.10 3.95 11.10 23.50

(47.44) (3.95) (11.06) (23.50)

a L1 – L9 asdescribedin Fig. 1; Me = methyl, Et = ethyl, Vi = vinyl, Bu = butyl andPh= phenyl.
b Not analysed.
c,d Datatakenfrom Refs19 and20, respectively.
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of both its p-acceptorand its s-donorabilities. In
sucha case,both n(C=N) (of pyridine andimine)
vibrationsareexpectedto besensitiveto coordina-
tion. On this basis, we discuss the interaction
betweenR2SnCl2 andN-(2-pyridylmethylene)aryl-
aminederivatives.

IR spectra

A strongIR bandin theregion1620–1600cmÿ1 for
the uncomplexedligand is characteristicof the
azomethinegroup—HC=N—. Thebanddueto the
pyridine n(C=N) is also reportedto occur in this
region.Owingto this,normallyastrongbroadband
is observedfor the ligand, possiblyoverlapped,at
1600–1580cmÿ1, insteadof two separatebands.
However,two distinctbandshavebeendetectedin
thecaseof L2, dueto n(C=N). Thebandappearing
at the higher wavenumber,at �1630cmÿ1, is
assigned to n(C=N) (imine) whereas the one
appearingat �1600cmÿ1 is assignedto n(C=N)
(pyridine).24 With this background,the mode of
coordination is assessedfor n(C=N) from IR
spectroscopic data of the complexes. In the

complexes,both the bandsdueto n(C=N) (imine)
and n(C=N) (pyridine) have been detectedand
thesefrequenciesareloweredby �10cmÿ1. How-
ever,in thecaseof complexes2, 5, 19 and20,only
onebroadbandis observedat �1613cmÿ1. Such
shifts of n(C=N) frequencies are due to the
coordinationof both imino and pyridine nitrogen
atomsto tin. In the low-frequencyinfraredregion,
thebandsdueto n(SnÿR) andn(SnÿCl) havebeen
detected(where possible),they are presentedin
Table2.

NMR spectra

In general,the 1H and 13C NMR spectraof the
complexesdisplayedthe expectedresonancesdue
to both the N-(2-pyridylmethylene)arylamine
skeletonand the SnÿR skeleton.The integration
values correspond to the formulations of the
products.Efforts to assignthe individual 1H and
13C NMR signalswerenot madesincethe signals
do not provide any useful information about the
co-ordinationowing to the direct coordinationof
the DMSO solvent,as expected.However,in the

Table 2 CharacteristicIR bands(cmÿ1) of the complexes

n(C=N) n(SnÿR) n(SnÿCl)

Complex Imine Pyridine nas ns nas ns

1 Me2SnCl2�L1 1622 1590 574 522 275 237
2 nBu2SnCl2�L1 1613a 1613a —b —b —b —b

3 Ph2SnCl2�L1 1621 1592 —b —b —b —b

4 Me2SnCl2�L2 1625 1588 568 505 308 258
5 nBu2SnCl2�L2 1616a 1616a —b —b —b —b

6 Ph2SnCl2�L2 1651 1599 262 233 —b —b

7 Me2SnCl2�L3 1627 1591 567 492 312 254
8 Ph2SnCl2�L3 1638 1599 266 229 —b —b

9 Me2SnCl2..L
4 1622 1589 569 524 300 246

10 Et2SnCl2�L4 1623 1589 —b —b —b —b

11 Vi2SnCl2�L4 1624 1590 —b —b —b —b

12 nBu2SnCl2�L4 1624 1590 —b —b —b —b

13 tBu2SnCl2�L4 1622 1586 —b —b —b —b

14 Ph2SnCl2�L4 1622 1598 270 233 —b —b

15 Me2SnCl2.. L5 1625 1589 571 502 308 246
16 Vi2SnCl2�L5 1640 1590 —b —b —b —b

17 nBu2SnCl2�L5 1631 1592 —b —b —b —b

18 Ph2SnCl2�L5 1622 1592 —b —b —b —b

19 Me2SnCl2�L6 1613a 1613a 558 518 270 —b

20 Ph2SnCl2�L6 1613a 1613a —b —b —b —b

21 Me2SnCl2�L6 1623 1597 574 516 279 242
22 Vi2SnCl2�L7 1623 1597 —b —b —b —b

23 nBu2SnCl2�L7 1621 1595 —b —b —b —b

24 Ph2SnCl2�L7 1622 1596 283 231 —b —b

25 Me2SnCl2�L8 1590 1590 570 501 283 242
26 Me2SnCl2�L9 1646 1586 —b —b —b —b

a Vibrationsdueto both imine andpyridine andappearedasbroadpeak.
b Not identifiedwith reasonablecertainty.
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caseof Me2SnCl2�L complexes,a sharpsinglet at
�1.2ppm along with two doublet satellite reso-
nancesappearat a relative intensity of �4% of
the main ÿCH3 resonance,due to coupling of
methyl protonswith 117Sn and 119Sn nuclei with
a coupling constantof 2J(117Snÿ1H)� 93Hz and
2 J(119Snÿ1H)� 98Hz. The observedincreasein
the above coupling constants compared with
those in Me2SnCl2[

2J(117Snÿ1H] = 66Hz;
2J(119Snÿ1H) = 70Hz] is suggestedto be due to
an increasein the coordinationnumberof tin asa
resultof complexformation.25 Themagnitudeof 2J
is comparablewith thoseobservedfor the com-
plexes with octahedral geometry in solution.26

Furthermore,theobservationof only a singlesharp
resonance,and only set of spin–spin coupling
constantsbetweentin nuclei and methyl protons
indicatesthat only oneisomer,probablythe trans-
form, existsin solution27 (seethediscussionunder
X-ray results, below, for additional support).
Similarly, in 13C NMR spectra, a signal at
�18.0ppm is observedin CDCl3 and DMSO-d6
(1:4) mixture (Me2SnCl2: �6.45ppm(CDCl3) and
10.60ppm(DMSO-d6)). Thus,asubstantialshift of
around7.0ppmis couldbedueto thecoordination
effect.119SnNMR spectraof Me2SnCl2 complexes
show a broad signal at approximately
ÿ240� 10ppm. The observedvaluesarecloseto
thatof theMe2SnCl2�2DMSOcomplex(ÿ246ppm
in DMSO-d6) andhencecoordinationeffectscould
not be determined.

119Sn MoÈ ssbauer spectra

In orderto obtainadeeperinsightinto thestructure,
119Sn Mössbauerspectraof the complexeswere
recordedin the solid state.Since this technique
precludesa solvent effect on the complexes,a
precise interpretationconcerningthe structure is
possible;the resultsarepresentedin Table3.

The quadrupolesplitting parameters(QS), with
the application of the results of point-charge
calculations,28 haveprovedusefulin distinguishing
between cis and trans configurations in the
R2SnX4–type complexeswith octahedralgeome-
tries. The QS values29 for diorganotincomplexes
are 1.7–2.2and 3.5–4.2mm sÿ1 for cis and trans
octahedralcomplexes,respectively.The observed
QS values for the complexes of the present
investigation lie inside the range delimited for
trans-R2Snoctahedralgeometry.The slight differ-
encein QSvaluesof thecomplexescanarisefrom
differencesin the electron-donationpropertiesof
the ligandsand the chargedistributionaroundthe
metal atom, which can originate in the steric
demands of the ligands. This causes the
N—Sn—Nbite angleto deviatefrom 90° andthus
distortsthegeometryfrom theidealsix-coordinated
structure. Further, the non-linearity of the
C—Sn—C group has been calculatedusing the
Parishequationandthevaluesaregivenin Table3.
It is alsonoteworthythatthedecreasesin s-electron
densityat the tin nucleusandin the asymmetryof

Table 3 119SnMössbauerparameters(mm sÿ1)a of somecomplexes

119SnMössbauerspectra

Complexb IS QS ÿ1 ÿ2

C—Sn—C
(°)b

1 Me2SnCl2�L1 1.48 3.93 0.96 0.98 164
2 nBu2SnCl2�L1 1.51 3.45 0.94 0.93 143
3 Me2SnCl2�L2 1.29 3.55 0.94 0.95 156
4 Me2SnCl2�L2 1.38 4.00 1.95 0.94 164
6 Ph2SnCl2�L2 1.50 3.47 0.93 0.96 152
7 Me2SnCl2�L3 1.41 3.84 0.94 0.97 159
9 Me2SnCl2�L4 1.43 3.99 1.02 1.03 170

10 Et2SnCl2�L4 1.53 3.87 1.01 1.17 161
12 nBu2SnCl2�L4 1.57 3.91 0.84 0.83 163
14 Ph2SnCl2�L4 1.28 3.47 0.84 0.84 152
15 Me2SnCl2�L5 (1.46) (4.32) (— ) (— ) (— )
17 nBu2SnCl2�L5 1.55 4.04 0.92 0.93 180
21 Me2SnCl2�L7 1.49(1.49) 3.95(3.99) 0.94(— ) 0.85(—) 166(— )
24 Ph2SnCl2�L7 1.30 3.30 0.93 0.95 145
25 Me2SnCl2�L8 1.37 3.74 0.94 1.09 154
26 Me2SnCl2�L9 1.38 3.76 0.93 1.10 155

a Values in parenthesesare taken from Refs 19 and 20 for complexes15 and 21,
respectively.
b C—Sn—Canglesarecalculatedusingthe Parishequation:QS= 4[R] (1ÿ 3

4) sin 2�] 1
2
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the p-orbital populationobservablein the pairsof
complexes(Me and Ph) are consistentwith the
decreasinginductiveeffectof phenylin comparison
with methyl. The isomer shifts of the complexes
vary from 1.3to 1.5mmsÿ1, comparewell with the
precedentliteratureandaretypical of quadrivalent
tin in organometalliccompounds.6

Thus, the spectroscopicdata of the complexes
suggesta distortedoctahedralgeometrywith a cis
arrangementof the chloro ligands and a trans
arrangementof the R2Sn groups; the equatorial
positionsarecompletedby the two nitrogenatoms
of the ligand.

X-ray results

The molecularstructuresof the complexes2, 4, 7,
9, 10 and 17 were determinedby X-ray crystal-
lographyand the resultsare reportedelsewhere.17

Selected bond distances and bond angles of
Me2SnCl2�L2 (4), Me2SnCl2�L3 (7) and
Me2SnCl2�L4 (9) are given in Table 4 along with
thedataof closelyrelatedknownsystem(s).

The structureof Me2SnCl2�L (L = L2 – L4) is
essentiallymolecularandfeaturesanoctahedralSn
atom which is co-ordinatedby two methyl sub-
stituents, two chloride atoms and two nitrogen-
donor atoms derived from the ligand, L. For
convenience, the discussion is based on the
parametersof complex4. The arrangementof the
donor atoms is such that the two organic sub-
stituentsoccupy positionsapproximatelytrans to
eachother [C(21)—Sn—C(31) is �171.5(5)°; see
Table 4 for specificvalues].The major distortion

from theregularoctahedralgeometryis manifested
in the N(1)—Sn—N(2), i.e., chelate, angle of
69.3(3)° arising from the restrictedbite distance
of L. Thefive-memberedchelatering is essentially
planar,as seenin the two Sn/N(1)/C(5)/C(6)and
Sn/N(2)/C(6)/C(5)torsion angles of ÿ2(1)° and
ÿ9(1)°, respectively.Chemically non-equivalent
N(1) andN(2) atomshaveSn–Nbonddistancesof
2.429(9)Å [Sn–N(1)] and 2.444(8)Å [Sn–N(2)],
which are equal within experimentalerror, and
Sn–Cl separationsof 2.486(3)Å [Sn–Cl(1)] and
2.507(3)Å [Sn–Cl(2)].Thesequenceof C(5)–C(6),
C(6)–N(2) and C(7)–N(2) bond distances of
1.47(1)Å, 1.28(1)Å and 1.44(1)Å indicatesthat
there is relatively little conjugation over this
chromophoredespitethe planarityof the constitu-
entatoms;theN(1)/C(5)/C(6)/N(2)andC(5)/C(6)/
N(2)/C(7) torsion anglesare 7(2)° andÿ172(1)°,
respectively. It is noteworthy that the o-tolyl
residueis not coplanarwith the remainingportion
of L, as seenin the C(6)/N(2)/C(7)/C(8)torsion
angle of ÿ124(1)°. The parametersobtainedfor
complex 4 are very close to thoseof three other
derivatives,i.e.7, 9 and15, andthusthecomplexes
all are isostructuralin the solid state.A changein
thering substituentsonthearyl moietyof theligand
doesnotnormallychangethefundamentalstructure
of thecomplex.

Selectedbonddistancesandbondanglesof the
rest of the complexes, i.e. Et2SnCl2�L4 (10),
nBu2SnCl2�L1 (2) andnBu2SnCl2�L5 (17) aregiven
in Table 5 along with the dataof closely related
knownsystem(s).

The structureof R2SnCl2�L (R = ethyl and n-

Table 4 Selectedbonddistances(Å) andbondangles(°) in thecomplexesof Me2SnCl2
with NN chelatingligandsa

Complexa

Parameter 4 7 9 15
Reference This work This work This work Ref. 19

Bonddistances
Sn–Cl(1) 2.486(3) 2.508(2) 2.503(2) 2.496(2)
Sn–Cl(2) 2.507(3) 2.486(3) 2.495(2) 2.519(2)
Sn–N(1) 2.429(9) 2.427(8) 2.444(5) 2.456(5)
Sn–N(2) 2.444(8) 2.500(7) 2.484(5) 2.459(5)
C(5)–C(6) 1.470(1) 1.470(1) 1.475(8) 1.454(9)
C(6)–N(2) 1.280(1) 1.300(1) 1.261(7) 1.274(9)
C(7)–N(2) 1.440(1) 1.430(1) 1.440(7) 1.425(8)

Bondangle
C(21)-Sn-C(31) 171.5(5) 171.7(4) 171.6(3) 172.8(4)
Cl(1)-Sn-Cl(2) 101.2(1) 101.6(1) 99.04(6) 101.2(6)
N(1)-Sn-N(2) 69.3(3) 67.8(3) 68.0(2) 68.1(2)

a Complexesarenumberedasin Table1.
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butyl; L = L1, L4 or L5) is molecularandfeaturesan
octahedralSnatomwhich is co-ordinatedby two R
substituents,two chloride atomsand two chemi-
cally non-equivalentnitrogen donor atomsin the
ligand. The structure is similar to that of
Me2SnCl2�L. In the complexes10, 2 and 17, the
organic substituentsassume positions approxi-
mately trans to each other and C(21)–Sn–C(31)
bondanglesare164.6(4)°, 164.8(4)° and174.8(6)°,
respectively. In complexes10 and 2, the bond
anglesC(21)–Sn–C(31) are of the sameorder of
magnitudewithin experimentalerror, thus reflect-
ing the fact that the ring substituentson the aryl
moiety of L andtheethyl or butyl groupsattached
to thetin donotaffectthestructuralfeatures.In the
caseof complex17, theobservedC(21)–Sn–C(31)
bondangleis 174.8(6)° andis higherwith respectto
the other two complexes.In general, the com-
plexation does not change the bite angles of
N(1)–Sn–N(2)in anyof thesecases.

Mutagenicity tests

It was possible to distinguish unequivocally the
numberof divisions in the presenceof BrdU, as
well as the numberof SCEsin second-replication
cyclecells.Table6 showsthatbothconcentrations
of Et2SnCl2�L4 induceda significantdelay in the
cell cycle in bone-marrowcells.Thepercentageof
first-cyclemetaphases(M1) washigher,indicating
a delay in cell-cycle progression.Comparedwith
the control, the AGT was significantly increased
afterorganotin-compoundtreatment.Theextentof
delay was increasedfurther after organotintreat-

ment of BSO-treatedmice. This enhancementin
delay in cell-cycle kinetics was prominent for
30mgkgÿ1 of Et2SnCl2�L4 where 97% or more
cellswerein M1. However,it is worth mentioning
that 67% of mice failed to survive treatmentwith
plusBSO30mgkgÿ1 Et2SnCl2-L

4. Fromthedatait
is clearthatthemortality rateof micewasincreased
whenorganotincompoundwastreatmentwasgiven
to BSO-treatedmice.

Table 6 also shows that Et2SnCl2�L4 induced
SCEsin a dose-dependent mannerin mousebone-
marrowcells harvestedat 20h, sinceat 17h fixa-
tion time not many cells were availablefor SCE
study due to induction of delay in the cell-cycle
kinetics. The frequencyof SCEswas further in-
creasedwhenorganotin(15mgkgÿ1) wasinjected
in to BSO-treatedmice.

Theeffectof BSOalonehasbeenstudiedin two
mice only. Significant induction of SCEs was
observedwithout showing any significant rise in
AGT values.

SCEshaveprovedto be a sensitiveindicatorof
DNA damage.31 Although most of the anticancer
drugscurrentlyin theclinic areeffectivein causing
chromosomaldamage,there is considerablevari-
ability in theirability to induceSCE.32 Formanyof
thealkylatingagents,includingcisplatin,SCEdoes
indeedoccurat lowerconcentrationsandappearsto
bea moresensitiveassaythandirect measurement
of chromosomeaberrations.33 Thepresentstudyin
vivo showsthatexogenousadditionof Et2SnCl2�L4

inducesSCEsand delay in cell-cycle kinetics in
mousebone-marrowcells. However, the present
bone-marrowcell systemmight becomean inap-

Table 5 Selectedbonddistances(Å) andbondangles(°) in the complexesof R2SnCl2
(R = ethyl or n-butyl) with NN chelatingligands

Complexa

Parameter 10 Et2SnCl2�Bipy 2 17
Reference This work Ref. 30 This work This work

Bonddistances
Sn–Cl(1) 2.516(2) 2.529(1) 2.467(3) 2.518(4)
Sn–Cl(2) 2.480(2) 2.545(1) 2.499(2) 2.524(3)
Sn–N(1) 2.452(6) 2.368(4) 2.506(6) 2.450(1)
Sn–N(2) 2.559(6) 2.382(4) 2.575(6) 2.490(1)
C(5)–C(6) 1.470(1) 1.507(10) 1.460(1) 1.470(2)
C(6)–N(2) 1.276(8) 1.340(12) 1.280(1) 1.260(1)
C(7)–N(2) 1.443(9) — 1.432(9) 1.45(2)

Bondangles
C(21)—Sn—C(31) 164.6(4) 175.8(2) 164.8(4) 174.8(6)
Cl(1)—Sn—Cl(2) 96.45(8) 104.2(3) 101.24(8) 102.0(1)
N(1)—Sn—N(2) 66.8(2) 69.0(1) 66.2(2) 67.2(3)

a Complexesarenumberedasin Table1.
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propriatetissueto samplefor cytogeneticanalysis
of new organotin compoundswhich could be a
potential antitumour drugs in future. This could
leadto a problemin selectingthemostappropriate
end-point(s)for testing in vivo. Virtually all the
drugsusedclinically docausechromosomalevents,
and therefore, this is a logical end-point for
mutagenecitytests in vivo which could easily be
studiedin bone-marrowsystem.7

The present findings of cell cycle delaying
effects of Et2SnCl2�L4 doessupport the previous
observationregardingtheantiproliferativeeffectof
di- and tri-alkyltin compounds.34 Such antiproli-
ferationpropertiesmayinduceSCEs.35 Two forms
of SCE induction are known: (1) by damaging
DNA36 and (2) by inhibiting DNA synthesis.35 It
seemsthat in thepresentcaseEt2SnCl2�L4 induces
SCEsthroughformationof anadductby bindingon

DNA which could interfere in DNA synthesis,
causing delay in cell proliferation. It is worth
mentioning that the bond lengths Sn–N(1) and
Sn–N(2)of Et2SnCl2�L4 are much higher than in
other reportedorganotincompoundsandtherefore
this complexcould easilybind on DNA.

A novelaspectof thepresentstudyis theanalysis
of the influence of BSO on the effect of
Et2SnCl2�L4. The rationale for BSO treatmentis
basedon the premisethat GSH servesasa major
endogenouscellular defenceagainstvarioustoxic
effectsof xenobiotics,37 and GSH depletionitself
may lead to significant sensitization.The present
observedBSO-mediatedincreasein Et2SnCl2�L4

sensitivity could be attributed to depletion of
endogenousGSH. The total GSH in the mouse
bone marrow (eight mice in eachcategory)was
estimatedby following the methodof Theodorous

Table 6 Effect of Et2SnCl2�L4 andBSOaloneor in combinationon cell-cyclekineticsandthefrequencyof SCEsin mousebone-
marrowcells in vivo

Experimental
conditions

Fixation
(h)

No. of
treatments

(No. of dead)c
Total

metaphases
M1
(%)

AGTd

(h)
Mean
AGT

Cell
score SCE/Me

SCE/Mper
mouse(� SEM)

Untreated 17 6 (0) 302 49 10.62 44 2.52
160 34 0.83 09.37b 41 2.80 2.66� 0.10b

20 178 08 08.56 37 2.37
080 28 09.92 35 2.77
156 24 09.62 65 2.38
130 29 09.62 09.43b 41 2.90 2.60� 0.12b

BSO 20 2 (0) 352 45 11.39 59 4.47
287 52 11.88 11.64b 51 4.60 4.54� 0.10a

Et2SnCl2�L4 17 10 (1) 403 94 16.66
(15mgkgÿ1) 299 90 16.05

246 89 15.90
102 90 15.13 15.93b

20 253 79 16.80 32 3.57
306 66 15.07 45 3.45
276 88 18.30 20 3.80
166 71 15.89 26 4.25
134 63 14.96 16.20b 24 4.75 3.96� 0.24a

BSO� Et2SnCl2�L4 17 10 (5) 211 86 17.90
(15mgkgÿ1) 458 66 15.20 16.55b

20 326 38 12.57 114 6.48
406 45 13.22 164 7.20
135 78 16.80 14.20b 19 5.70 6.96� 0.43b

Et2SnCl2�L4 17 09 (4) 310 82 14.80 14.80b

(30mgkgÿ1) 20 354 63 14.66 85 4.50
274 40 12.20 68 5.30
275 44 12.89 71 4.48
213 68 12.00 12.94b 94 5.78 5.02� 0.03b

BSO� Et2SnCl2�L4 20 09 (6) 125 100 20.50
(30mgkgÿ1) 180 100 20.50

102 97 20.10 20.30b

a P< 0.01,bP< 0.001comparedwith the respectivecontrol,Student’st-test.
c Numberof mice treated(Numberof mice that failed to survive).
d Averagegenerationtime.
e Metaphase.
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et al.37 The data indicate that 10h of incubation
with BSOcoulddepletetheGSHlevelsignificantly
(52%of the control value).38 Treatmentwith BSO
producesa rapiddecreasein theGSHlevelsof the
varioustissues.39 Intermediateratesof depletion40

wereseenin the bonemarrow,with a nadir at 8–
12h. Therefore, the incubation period of BSO
treatmentwaskeptat 10h in thepresentstudy.

BSO-mediatedGSH depletion exacerbatedthe
mutageniceffectof Et2SnCl2�L4; this couldbedue
to a reducedshieldingeffectof GSHon chromatin.
It seemsthatboththestructuralarrangementof the
chromatinandthepresenceof DNA-boundprotein
offer a far more efficient protection against
mutagen-inducedDNA damagesthan intracellular
scavengersof radicals.41,42 Although the produc-
tion of reactiveoxygenspeciesandfreeradicalsby
Et2SnCl2�L4 is not known, being structurally
similar to complexes of platinum, Et2SnCl2�L4

could disruptthe DNA helix by cross-linkingwith
DNA and interfering with replication. Such an
adduct-formingability by R2SnX2�L2 compounds
hasalreadybeenreported.43 Therefore,depletionof
GSH by BSO reducesthe shieldingeffect of GSH
on chromatinandallowsmoreEt2SnCl2�L4 to bind
on DNA. In fact, it is known that protein-bound
GSH amountsto 60% of the cellular free GSH
content and 35% of the total cellular GSH.44

Evidencewas obtainedthat at least two peptides,
onebeingGSH,wasboundto thenucleoproteins,as
mixed disulphides.45 Moreover,aminothiol radio-
protectors,in general,havebeenreportedto bind
andslow downDNA strandseparationfor replica-
tion.46 Thus BSO-mediatedGSH depletioncould
lead more binding of Et2SnCl2�L4 on DNA.
However,in additionto thismechanismonecannot
rule out the possibility of Et2SnCl2�L4 conjugation
with GSH since this is an important route for
detoxificationof severalcompoundsof exogenous
origin.47 Thiscouldbethereasonwhy thepresence
of BSOpotentiatesEt2SnCl2�L4-mediateddeathof
mice. Although the exact reasonfor the deathof
mice by Et2SnCl2�L4 treatmentis not known, it
could be due to its neurotoxicpotentiality, since
Et2SnCl2 exhibitsneurotoxicproperties.48

BSO alone induced SCEs significantly with
respectto the untreatedcontrol. It was reported
previouslythat BSO could induceSCEsin mouse
bone-marrowcells.49 This observationis an indi-
cationof the importantprotectiverole of endogen-
ousGSHin cellsagainstperoxidesandfreeradicals
whichareformedby normalmetabolicpathways.50

It has been shown that organotin compounds
seemto havea vastpotentialfor useasantitumour

agent.2,51 Unfortunately,evenfor the mostwidely
used anticancer drugs, there are gaps in the
literaturethatmakeit difficult to assesstherelative
mutagenic potential of different types of com-
pound.32 The present compound, Et2SnCl2�L4,
showsability in blocking cell proliferation,which
is a positive effect of severalanticancerdrugs.52

Moreover,beingstructurallysimilar to cisplatin,it
is expectedthat the mode of action of the tin
complexescould be similar to that of cisplatin2.
Therefore,the presentblock in cell proliferation
couldbedueto cross-linkingof Et2SnCl2�L4 to the
N7 positionof two consequtiveguaninemolecules
in DNA, thusdisruptingtheDNA helix. It hasbeen
proposed that the N7 position of guanine is
importantfor chemotherapy,53 andthereforemuch
information is neededregarding the mutagenic
potential of this and other organotin compounds
beforeit is consideredasanantitumouragent.
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