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3Institut für Physik, Medizinische Universita¨t Lübeck, Ratzeburger Allee 160, D-23538 Lu¨beck, Germany

Complexes Me2SnCl(SPy) and Me2SnCl(SPym)
(HSPy = 2-mercaptopyridine; HSPym = 2-mer-
captopyrimidine), from ethanol solutions, inter-
act with aqueous calf-thymus DNA yielding
condensed phases with probable Me2Sn(SPy,-
SPym) (DNA monomer) stoichiometries of 1:1;
the condensation of DNA is inferred originated
from electrostatic bonding between complex
cations Me2Sn(SPy,SPym)� and the phosphate
oxygen of the phosphodiester groups. Octahe-
dral-or trigonal-bipyramidal tin environments
are inferred from the point-charge model treat-
ment of the 119Sn Mössbauer parameter nuclear
quadrupole splitting, considering the bonding by
S and N, or only S donor atoms from the ligand,
as well as possible coordination by H2O mol-
ecules. The dynamics of tin atoms in the
condensed systems Me2Sn(SPym) (DNA mono-
mer), in both gel and lyophilized phases, have
been investigated by variable-temperature119Sn
Mössbauer spectroscopy, obtaining evidence of a
general correspondence as reported in the
literature for the lyophilized condensates Al-
k2Sn(DNA monomer)2; possible analogies for
Me2Sn(SPym) (DNA monomer) and Al-
k2Sn(DNA monomer)2 in DNA bonding, and
structures of tin environments, are discussed.
‘Neutral’ complexes, such as Me2Sn(SPy)2,
neither induce DNA condensation, nor bind to

DNA in solution phases. Copyright# 1999 John
Wiley & Sons, Ltd.
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INTRODUCTION

The structure of tin environments, and the
dynamics of tin nuclei in condensed phases (gelled
and lyophilized), obtained by the interaction of
calf-thymus deoxyribonucleic acid (DNA) with
MeSnCl3, R2SnCl2, R3SnCl (R = alkyl,aryl), have
previously been investigated by119Sn Mössbauer
spectroscopy;1–4 model systems in aqueous phases
have been studied.5 Research in the field, reported
in the present paper, has been extended to the
interaction of DNA with dimethyltin(IV) moieties
coordinated by 2-mercaptopyridine (HSPy) and 2-
mercaptopyrimidine (HSPym) (footnotes a and b in
Table 1), the complexes being characterized by
chelation of tin by S,N donor ligand atoms.6–8

These heterocycles belong to the same class as the
nucleic acid bases, and the occurrence of HSPym
has been detected in RNA.9

Triorganotin(IV) in an oligodeoxyribonucleo-
tide,10 and thiobases in relation to nucleosides,
nucleotides and nucleic acids,11,12 have recently
been investigated.

Thiol sulfur–tin bonds in Me2Sn(IV) complexes
with ÿSPy andÿSPym are expected to persist even
in water and ethanol solutions, and in the ternary
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systemsdimethyltin(IV)–ÿSPy,ÿSPym–DNAcon-
densates,accountingfor the large stability con-
stantsshownby Sn–Sbondsdetectedfor example
in Me3Sn(IV)–SRderivatives.13

The interactionof metalcomplexeswith nucleic
acids,polynucleotides,and constituentmolecules,
hasbeenwidely investigated.14–20In thecontextof
organotin(IV)coordinationchemistry,the binding
of Et2SnCl2(o-phenanthroline)to nucleotidesand
plasmidDNA hasrecentlybeenreported.21 Results
concerningsuchternarysystemswould help in the
interpretationof structure–activityrelationshipsin
thecontextof antitumorpropertiesof organotin(IV)
derivatives.22

EXPERIMENTAL

Me2SnCl2 waspreparedby literaturemethods(see
Refs6 and8), or wasobtainedfrom Schering;2-
mercaptopyridineand 2-mercaptopyrimidine were
from FlukaChemieAG. Calf thymusDNA, mol.wt
' 106, was from ServaFeinbiochemica,and the
buffer tris(hydroxymethyl)aminomethane [Tris;
(HOCH2)3C(NH2)] from Sigma. Other reagents
andsolventswereCarloErbaproducts.

Thecomplexesformedby Me2Sn(IV) with ÿSPy

and ÿSPym (Table 1) were obtained by the
proceduresreportedin Refs6 and8.

The concentrationof solutions of calf-thymus
DNA employed in the present work, in triply
distilled water, was in the range 15–20mM (in
monomerunits, mol.wt = 315);23 they were buf-
fered to pH � 8 by 1 mM Tris, in the presenceof
0.1mM ethylenediaminetetra-acetate(EDTA).

The DNA monomerconcentrationswere deter-
mined by UV spectrophotometry ("260=
7000Mÿ1 cmÿ1).23

The systemsandabsorbersamplesfor studying
the interactionsof dimethyltin(IV) complexesand
DNA (Table 1), were obtainedby addingethanol
solutionsof Me2Sn(IV) 2-mercaptopyridinatesand
2-mercaptopyrimidinatesto DNA in aqueousTris–
EDTA, the molar ratios of complex and DNA
monomerbeingheldat1:1.Systems2 and4 (Table
1) yieldedcondensedphases,whichwereseparated
by centrifugation, the pellets and supernatants
being submittedto Mössbauerspectroscopy.Sys-
tem6 yieldeda solution,from which a DNA pellet
was obtainedby addition of NaCl (0.1M in the
resultingsolution) and C2H5OH (2 vols), i.e., the
conditions for obtaining gelled DNA by salting-
out.24

The119SnMössbauerparametersdeterminedfor
thecondensedphasesof systems2 and4 (Table1),

Table 1 119SnMössbauerhyperfineparametersfor complexesof Me2Sn(IV)with 2-mercaptopyridine(HSPy)a and2-
mercaptopyrimidine(HSPym)b in frozenethanolsolutions,andin pellets(gel) or supernatantsobtainedby interaction
with calf thymusDNA (seeExperimentalsection)(T = 77.3K)

No. Compoundor system dc(mmsÿ1) DEd (mmsÿ1) ÿe (mmsÿ1)

1 Me2SnCl(SPy)in EtOH 1.31 2.98 1.01
2 Me2Sn(SPy)(DNAmonomer)f

DoubletA 1.25 4.29 0.75
DoubletB 1.15 3.11 0.97

3 Me2SnCl(SPym)in EtOH 1.31g 3.22g 0.92g

4 Me2Sn(SPym)(DNAmonomer)f

DoubletA 1.31 4.43 0.79
DoubletB 1.22 3.13 0.97

5 Me2Sn(SPy)2 in EtOH 1.35 2.58 0.82
6 Me2Sn(SPy)2� DNA, supernatant 1.34 2.68 0.77

a Thiol form

b Thiol form

c Isomershift with respectto room-temperatureCaSnO3. Averagedata.
d Nuclearquadrupolesplitting. Averagedata.
e Full width at half heightof the resonantpeaksÿ1 = ÿ2 imposedin thefit. Averagedata.
f GelledDNA condensatesobtainedfrom Me2SnCl(SPy)� DNA andMe2SnCl(SPym)� DNA, r = 1.0.
g Ref. 8.
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from spectrasuch as that shown in Fig. 1, were
independentof the procedureof addition of the
ethanolic solutions of the complexes to DNA
(dropwise, or addition in one or two steps).
Moreover,it hasbeendeterminedthat: (i) ethanol
solutionsof thecomplexes(1, 3, 5 in Table1) were
not influencedby addition of H2O (up to 50% by
volume) with respect to the solubility of the
complexes;(ii) DNA in Tris–EDTA solutionsdid
not undergocondensationby additionof C2H5OH
up to �50%by volume.

The formation of dimethyltin(IV) complex–
DNA condensates(2 and 4 in Table 1) was
monitoredby UV spectrophotometryof the super-
natants,as well as of the pellets redissolvedin
aqueousTris–EDTA (�max= 260nm, " = 7000 for
DNA monomer23), the occurrenceof Me2SnIV in
the two phasesbeingmonitoredby theabsorption,
", of the Mössbauer spectral lines, and also
accountingfor the UV spectraof the Me2Sn(IV)
–ÿSPy and ÿSPymcomplexes(M. Rossi,unpub-
lished results). In fact, the ÿSPy complexesof
Me2Sn(IV) and MeSn(IV) showed, inter alia,
absorptionbands with lmax � 269–273 and �
340–346nm, while the relatedÿSPymcomplexes
gave �max � 272–273nm, in 1 mM Tris–0.1mM
EDTA–1% C2H5OH (M. Rossi, unpublishedre-
sults. A. Barbieri Paulsen,unpublishedresults.);
theseabsorptionbandscorrespondto datareported
for aqueoussolutionsof theligands(H)SPy(aswell
as for N-methylpyridine-2-thione), pH = 3.1–
7.0,25,26and(H)SPym,pH = 13.27,28

Theapparatus,procedures,anddatareductionfor
119SnMössbauerspectroscopyat 77.3K aswell as

in the studies of 119Sn dynamics by variable-
temperaturemeasurements(vtMs) were as pre-
viously described.3 The UV–Vis spectra were
measuredwith a Perkin-ElmerLambda15 spectro-
photometer.Measurementsof pH were effected
with a Crison 2002 instrument,equippedwith an
Ingold glass electrode. The conductancesand
molecular weights of the Me2Sn(IV)–ÿSPy and
–ÿSPymcomplexesin ethanolsolutions(1, 3, 5 in
Table1) weremeasuredwith a conductivitymeter
(RadiometerCDM 83) and with a vapor pressure
osmometer(GonotecOsmomat070). Lyophilized
samplesemployedin dynamicsstudiesof Me2Sn-
(SPym)–DNAcondensates(Table2) wereobtained
with Heto lyophilizers.

RESULTS AND DISCUSSION

First, solutions of complexes Me2SnCl(SPy),
Me2SnCl(SPym)andMe2Sn(SPy)2 in ethanolwere
investigated,in order to interpret correctly their
possible interaction with DNA in ethanol–water
solutions.

Molar conductances�M (correctedfor solvent
conductivity) at 25°C, andvan’t Hoff i factorsat
37°C (by vapor pressureosmometry),have been
determined. Representativeranges of the data
obtainedwe reportbelow.

(a) Me2SnCl(SPy),7.08–0.18mM in C2H5OH:
�M = 0.61–4.20Scm2 molÿ1. Me2SnCl
(SPy), 3.93–8.18mM in C2H5OH: i = 1.10–
1.44.

Figure 1 The 119Sn Mössbauerspectrumof Me2Sn(SPy)(DNAmonomer),system2 in Table1, andfitting with two symmetric
doublets.
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(b) Me2SnCl(SPym),6.85–0.27mM in C2H5OH:
�M = 0.67–3.00Scm2 molÿ1. Me2SnCl
(SPym), 5.81–8.61mM in C2H5OH:
i = 1.08–1.17.

(c) Me2Sn(SPy)2, 5.91–0.19mM in C2H5OH:
�M = 0.07–1.63Scm2 molÿ1. Me2Sn
(SPy)2, 4.59–7.65mM in C2H5OH: i = 0.99–
1.75.

Fromthedataunder(a)and(b), it is inferredthat
molecular, undissociated,speciesare essentially
presentin C2H5OH solutions,the �M valuesbeing
consistentlylower than thosefor organotinchlor-
idesin C2H5OH, for example.2 Moreover,i values
indicatecorrespondencebetweenexperimentaland
calculated(monomeric)molecularweights;this is
in analogyto findingsfor CHCl3 solutions.6–8

Theconfigurationof the tin environmentsin the
(frozen)ethanolsolutions(a)–(c) (vide supra) has
been inferred from 119Sn Mössbauer spectro-
scopy,29 thestructuresin theglassyphasereflecting
those in solution at room temperature.2,5,29 The
measuredMössbauerparametersare reported in
Table 1 (1, 3, 5, 6), and relatedstructuralassign-
mentsare in Fig 2. The latter concernthe point-
chargemodel treatment29 of DE, nuclearquadru-
polesplitting parameters,by the ‘literal’ version,29

idealizedregularstructuresbeingassumedto occur.

Thenarrownessof the linewidths,ÿ (Table1, 1, 3,
5, 6), indicates the occurrenceof a single tin
coordination site in each complex. Taking into
accountalso that: (i) a large seriesof ÿSPy and
ÿSPymcomplexesof RnSn(IV) moietiesin CDCl3
and (CD3)2SO solutionsmaintainchelationof tin
by S andN donoratoms,accordingto IR and1H,
13C- and119Sn-NMRspectroscopicdata;6–8 (ii) the
complex Me2SnCl(SPym),3 in Table 1, possibly
polymeric in the solid state (Ib, Fig. 2), is
monomericin CDCl3 solution;8 in comparisonwith
solid-state structures, it is assumed that the
structuralvariationsoccurringin ethanolsolutions
of thecomplexes1, 3 and5 (Table1) concernonly
thepossiblecoordinationof C2H5OH moleculesto
tin centers(II andIII, Fig. 2). The latter would be
expectedto take place especiallyfor tin species
being five-coordinatedin the solid state, e.g. as
detectedfor Ph2SnCl(SPy)in (CD3)2SO solution,
by 13C- and 119Sn-NMR.6 The ethanol solution
structuresII and III (Fig. 2), are consequently
assumedto occur,andarealso in accordwith the
rule of Clark et al.,30 i.e. (jDEcalcdjÿjDEexpj)�0.4
mmsÿ1; then, these species would eventually
interact with DNA in the condensationprocess
(seetheExperimentalsection).

Multivalent cations cause DNA condensation
‘in vitro’ by counterionassociationto phospho-

Table 2 119Sn Mössbauerhyperfineparametersand moleculardynamicsdata functions for Me2Sn(SPym)(DNA
monomer)determinedby variable-temperature119SnMössbauerspectroscopy(vtMs) on pellets(DNA condensates)

Absorbersamplea
db

(mmsÿ1)
DEc

(mmsÿ1)
ÿ1, ÿ2

d

(mmsÿ1)
102d ln (AT/

A77.3)/dTe (Kÿ1)
#D

f

(K)
No. of datapoints

(T range,K)g

Gel, doubletA 1.342 4.443 0.791
(�0.016) (�0.031) (�0.028)

ÿ1.228 54.9 10
Gel, doubletB 1.195 3.526 0.945 (0.989) (77.3–140.5)

(�0.028) (�0.120) (�0.044)
Lyophil., doubletA 1.347 4.409 0.708

(�0.009) (�0.016) (�0.037)
ÿ1.309 53.2 8

Lyophil., doubletB 1.183 3.268 1.039 (0.996) (77.3–240.75)
(�0.010) (�0.033) (�0.030)

a DNA pellet; gel= gelledcondensate;lyophil = lyophilized (freeze-dried)condensate.A, B: seeFig. 1 andTable1.
b–d Seefootnotesc–e,Table1; averagedover datain the temperaturerange77.3–119.27K (gel) and77.3–181.59K (lyophil). d
ÿ1 = ÿ2, imposedin the fitting of the two-line spectra.
e Slopesof functionsof normalizedtotal areasundertheresonantpeaks[Lorentzian,A = (p/2), " ÿ, " beingthepercentageresonant
effect] vs T; correlationcoefficientsin parentheses.Total areasmeanthesumof theareasof doubletsA � B (Fig. 1) at anygiven
temperaturedeterminationin the ranges77.3K–Tmax in eachseries.
f Debyetemperaturesobtainedfrom theslopesof thecollectiveln (AT/A77.3) vsT functions(Fig.3 andEqn1).Theeffectivevibrating
massEVM = 575 is assumedto correspondto the Me2Sn(SPym):DNA monomerstoichiometry1:1, M = 315 for DNA monomer
unit. Seetext, ResultsandDiscussionsection.
g The total numberof spectradetermined,on two seriesof gelsandlyophilized absorbers,respectively,obtainedfrom individual
preparationsandsubmittedto vtMs.
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Figure 2 Point-chargemodel idealized regular structuresfor the environmentof tin in complexesMe2SnCl(SPy,SPym)and
Me2Sn(SPy)2 in thesolid stateandin solutionphases(1, 3, 5, 6 in Table1), andfor gelledcondensatesMe2Sn(SPy,SPym)(DNA
monomer)(2 and4 in Table1). Partialnuclearquadrupolesplittings,pqs,employedin thecalculationsarefrom Refs3, 6–8and29.
Thepqsvalue([CH3OH]–[Hal])oct =�0.16mmsÿ1, Ref.40,hasbeenemployedfor C2H5OH.DEcalcddataarein mmsÿ1. Nhet, Sth:
Table1, footnotesa, b.
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diestergroups;31 condensedDNA phaseshavebeen
obtainedby additionof organotin(IV)chlorides,in
aqueous(acidic) or ethanolsolutions,to aqueous
calf-thymus DNA.1–4 In this context, DNA con-
densation by ethanolic Me2SnCl(SPy) and
Me2SnCl(SPym),systems2 and 4 in Table 1, is
analogouslyinterpretedin terms of electrostatic
interactionof complex cationsMe2Sn(SPy)� and
Me2Sn(SPym)� with a phosphodiestergroup of
calf-thymusDNA, in line with Clÿ dissociationin
ethanolsolution (althoughquite limited) detected
by conductivity and osmometry(vide supra); the
Clÿ dissociationwould be expectedto increase
consistentlyin the final solutionsof the organotin
complex and DNA in �50% EtOH in H2O,
considering the dissociation of Me2SnCl2 and
Me3SnCl in water.32 The condensedDNA phases
wouldthenconsistof Me2Sn(SPy)(DNAmonomer)
and Me2Sn(SPym)(DNA monomer) species,re-
spectively.Theseshowfour-line 119Sn Mössbauer
spectra,asexemplifiedin Fig. 1.

Theassumptionsabovecorrespondto hypotheses
advancedfor theinterpretationof theinteractionof
thecomplexEt2SnCl2(o-phenanthroline)with DNA
in aqueoussolution,21 whereafter dissociationof
Clÿ the resultingcomplexcation would bind to a
phosphodiestergroup of DNA,21 in line with the
principlesof counterionassociation.33

The complex Me2Sn(SPy)2 does not provoke
DNA condensation;by salting-outof DNA from the
Me2Sn(SPy)2� DNA solution, and separationof
thegelledDNA condensate,it hasbeendetermined
thatthecomplexremainsessentiallyin thesolution
phase,the119SnMössbauerparameterscorrespond-
ing to thevaluesshownin ethanolsolutionaswell
as in the solid state(5 and6, Table1 andFig. 2).
Consequently,structureVIII (Fig. 2) is inferredto
be maintainedin the solid state and in ethanol
solution,without interactingwith DNA.

Studiesare underway in our laboratoryon the
nature of the ‘neutral’ complexesMe2SnL2 and
MeSnL3 (L = ÿSPy,ÿSPym)by interactionof DNA
in solutionphase.Thecomplexescould intercalate
into the DNA double helix through ÿSPy and
ÿSPym, which would be in accordancewith the
observedlack of DNA condensation.34 Besides,
intercalationinto DNA by ligandscoordinatedto
metal centershas been detectedin a number of
systems,16,18–20includingEt2SnCl2–(o-phenanthro-
line)–DNA.21 Anyway, in the case of Me2Sn-
(SPy)2–DNA, no variations of Mössbauerpara-
metersoccurwith respectto datafor solid-stateand
ethanolsolutions(e.g. Table 1, 5 and 6; Fig. 2,
VIII). This suggestslack of anytypeof interaction,

including intercalationof the coordinatedligand
into theDNA doublehelix; in thelattercasetheC–
Sn–C moiety would be expected to undergo
distortion due to steric hindranceeffects, which
would provoke variations, at least in the 119Sn
MössbauerDE parameters.29

According to the assumedpersistenceof struc-
ture VIII (Fig. 2) for Me2Sn(SPy)2 in ethanol,as
well asin water–ethanolsolutionin thepresenceof
buffered DNA (5 and 6 in Table 1), analogous
structuralfeaturesconcerningthe persistenceof S
andN chelationto Snmaybeexpectedto occurin
the systems2 and 4 (Table 1). In fact, the Lewis
acidity of tin in Me2SnCl(SPy) and Me2SnCl-
(SPym) should be greater than in Me2Sn(SPy)2,
also in the presenceof DNA. This assumption
is in line with X-ray crystallographicdata.Thus,
Sn–N bond lengths decrease,as in the series
Ph2Sn(SPy)2,

35 Ph2SnCl(SPy)6 � PhSn(SPy)3,
7

Sn(SPy)4�2HSPy,36 SnCl2(SPy)2,
37 the Sn–Sbond

lengths being practically constant.6,7,35–37 On
the other hand, when dissociationof tin–ligand
bondsoccursin the courseof the DNA condensa-
tion process,thiswouldconcernonly N→Snbonds,
e.g.in line with thestability constantsreportedfor
Me3Sn(IV) complexes,13 Sn–Sthiol > tin-phosphate
(including mononucleotides)> Sn–Nhet (from
pyridine).13 Lastly,H2O coordinationto tin centers
would possiblyoccur.

On these grounds, accounting also for the
preferentialcis configurationfor two phosphodie-
ster groups bound to tin in intra-chain interac-
tions,2,3 thepossiblepoint-chargemodelstructures
for tin environmentsin systems2 and4 (Table1),
obtainedasdescribedabove,arereportedin Fig. 2
(IV–VII), according to Clark’s rule.30 These
trigonal-bipyramidalstructures(obeyingtheMuet-
terties and Schunn rule, with the most electro-
negativegroupsbeinglocatedin apicalpositions38)
andalsotheoctahedralstructuresarein accordwith
generally establishedgeometriesof tin environ-
mentsin R2Sn(IV) complexes.29

The occurrenceof two tin sites in the gelled
condensatesMe2Sn(SPy,SPym)(DNA monomer)
(2 and4 in Table1; Fig.1; structuresIV–VII in Fig.
2), hasbeendetectedalso in Alk2Sn(DNA mono-
mer)2 freeze-driedcondensates,3 which has been
interpretedin termsof the persistenceof the same
type of structurefor the tin environment,differing
only in the C–Sn–Cangle.3 The latter could be
assumedalso for the ternarysystemsinvestigated
here.Instead,condensatesobtainedby interaction
of DNA with Alk2SnCl2 andPh2SnCl2 in C2H5OH
solutions are reported to show two-line 119Sn
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Mössbauerspectra, i.e. one doublet, in the gel
phases,1,2 analogousto R3SnCl–DNA systemsin
bothgels2 andfreeze-driedspecimens.3

Additional information on the nature of the
interactionof complexesMe2SnCl(L) (L = ÿSPy,
ÿSPym)with DNA (Table1 andFigs1, 2) hasbeen
extractedfrom the dynamicsof tin by variable-
temperatureMössbauerspectroscopy(vtMs) as
determinedfor the representativesystemMe2Sn(-
SPym)(DNAmonomer)ongelledaswell asfreeze-
dried condensates.

ThevtMs parametersAT (thetotal areaunderthe
resonant peaks at variable temperature) were
treated according to the ‘relative’ recoil-free
fraction (fa

rel) approach,3,29,39 accordingto which
the Lamb–Mössbauerfactors (fa) are estimated
through the slope of the function ln AT(T)
(Eqn1):3,29,39

d�ln AT�
dT

� �d ln fa�
dT

� ÿ3E2



Mc2k�2
D

�1�

whereAT is thetotal areaundertheresonantpeaks
at a given temperatureT, Eg is the energyof the
Mössbauer transition, M is the mass of the
molecularunit takenastheeffectivevibratingmass
(EVM), k is the Boltzmannconstantand @D the
Debyetemperature.3,29,39The mean-squaredispla-
cementof the Mössbaueratom,<x2>, is obtained

by Eqn2 3,29,39

fa � exp�ÿk2hx2i� �2�
k beingthewavevectorof g-rays.

The results obtainedare reported in Table 2;
functions ln (AT/A77.3) vs T, fa

rel(T) and<x2>(T)
are shown in Fig. 3 and Fig. 4. The following
inferencesaremade,beingdiscussedin connection
with data reportedfor Alk2Sn(DNA monomer)2,
Alk3Sn(DNA monomer) and MeSnCln(DNA
monomer)3ÿn:

3,4

(i) In the T rangesinvestigated(Table 2 and
Figs 3 and 4), parametersd, DE and ÿ are
invariant (Table 2) and functions ln AT(T),
ln fa(T) and<x2>(T) arelinear(Figs3 and4),
which excludesphaseand glasstransitions3

for Me2Sn(SPym)(DNAmonomer) in both
gelled and lyophilized condensedphases;
thesetrends are in line with data reported
for Alk2Sn(DNA monomer)2 and Al-
k3Sn(DNA monomer) in lyophilized3 and
gelled4 phases,respectively,as well as for
gelledandlyophilizedMeSnCln(DNA mono-
mer)3ÿn.

4

(ii) Theslopesof functionsln AT(T), themagni-
tudesof the Debyetemperature@D, andthe
valuesof ln fa(T) and<x2>(T) (Table2 and
Figs 3 and 4), concerning gelled and

Figure 3 Functionsln (AT/A77.3) vs T for Me2Sn(SPym)(DNAmonomer)condensates,gel (&) and lyophilized (*). A = total
Lorentzianareaunderthe119SnMössbauerpeaks(Table2 andFig. 1); all datapointsdeterminedarereported(Table2). Linesare
least-squaresfits y = ax� b whereslopesa arein Table2 [a = 102 d ln (AT/A77.3)/dT] andinterceptsb areasfollows: (&) 0.938;(*)
0.997.
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lyophilized condensates[Me2Sn(SPym)(D-
NA monomer)],are almost mutually coin-
cident. Thesefindings correspondto trends
detected for MeSnCln(DNA monomer)3ÿn
condensates4 [e.g. slopesln AT(T) =ÿ0.866
to ÿ0.944Kÿ1 for gelled and lyophilized
phases4].

Thecorrespondenceof thehyperfineparameters
for Me2Sn(SPym)(DNAmonomer)in the gel and
lyophilizedcondensedphases(Tables1 and2) then
impliesthepersistenceof structuressuchasIV–VII
(Fig. 2), independentlyof the water contentand
temperatureof the system.These trends are at
variance with findings concerningAlk2Sn(DNA
monomer)2 systems,where freeze-dryingof the
condensatescreatesa secondtin coordinationsite,
with respectto thesinglesiteoccurringin thegelled
phases,1–3 and causesvariationsin the dynamical
functionsandparameters[e.g.theslopeln AT(T) in
Et2Sn(DNA monomer)2 is ÿ1.724Kÿ1 in gelled4

and ÿ1.250Kÿ1 in lyophilized3 condensates,
analogoustrends being detectedfor Et3Sn(DNA
monomer)3,4].

CONCLUSIONS

Me2SnCl(SPy,SPym) and Me2Sn(SPy)2 in
C2H5OH solutionsmaintaintheir respectivesolid-

statestructuresasfar aschelationof tin by SandN
donor ligand atoms is concerned; a limited
dissociationinto Me2Sn(SPy,SPym)� and Clÿ is
inferredto takeplace,producingacationiccomplex
species.

Tin atomsin thecationiccomplexspecieswould
be coordinatedby DNA phosphodiesteroxygen,
with organotin/DNA monomer stoichiometry of
1:1,causingtheDNA condensation.Thelatterdoes
not occurwith Me2Sn(SPy)2, presumablydueto its
insufficient dissociation. A close analogy with
DNA condensationby Alk2Sn(IV), Alk3Sn(IV)
andMeSn(IV) is theninferred.1–4

Tin coordinationsitesin the gelled and lyophi-
lized Me2Sn(SPy,SPym)(DNA monomer)conden-
satesshow the same119Sn Mössbauerhyperfine
parameters,i.e. correspondingto the structuresof
tin coordinationenvironments:from a point-charge
model treatmentof the quadrupolesplittings DE,
inherentin theexperimentalfour-line spectra(Fig.
1), ligands ÿSPy and ÿSPym would chelate Sn
throughSandN atomsin coordinationtypeB (Fig.
2; trigonal-bipyramidal or cis-Me2 octahedral
structuresVI and VII), while only S–Sn bonds
would persist in coordination type A (Fig. 2;
octahedralstructuresIV andV), accordingto data
in Tables1 and2. Thepartial liganddissociationof
type A compoundsmay be a consequenceof the
occurrenceof interactionof tin-coordinatedÿSPy
andÿSPymligandswith an adjacentDNA double
helix in the toroidal3 condensates.

Figure 4 Recoil-freefractionsof theabsorber119Snnuclei,fa
rel, andthecorrespondingmean-squaredisplacementsof 119Sn,<x2>,

asa function of temperature,for Me2Sn(SPym)(DNAmonomer)condensates,gel (- - -) andlyophilized (—). Seetext.
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The dynamics of tin in the ternary systems
ligand–organotin(IV)species–nucleicacid investi-
gated here, in both gelled and lyophilized DNA
condensates,show a strict similarity with data
inherent to lyophilized Alk2Sn(DNA monomer)2
condensates,3 which suggestsa correspondencein
the mode of binding to DNA, as well as in the
possibletoroidal DNA3 interchain interaction, in
the two classesof DNA condensates.

The structureanddynamicsof tin environments
in the ternarysystemsarethenindependentof the
H2O content in the DNA condensedphases,
analogouslyto findings4 inherentin MeSnCln(DNA
monomer)3ÿn, and contrary3 to Alk2Sn(DNA
monomer)2 and Alk3Sn(DNA monomer)conden-
sates.
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