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Complexes MeSnCI(SPy) and MeSnCI(SPym)  DNA in solution phases. Copyright© 1999 John
(HSPy = 2-mercaptopyridine; HSPym=2-mer- Wiley & Sons, Ltd.
captopyrimidine), from ethanol solutions, inter-
act with aqueous calf-thymus DNA yielding
condensed phases with probable M&n(SPy,-
SPym) (DNA monomer) stoichiometries of 1:1;
the condensation of DNA is inferred originated
from electrostatic bonding between complex
cations Me;Sn(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- INTRODUCTION
ment of the 11%Sn Massbauer parameter nuclear
quadrupole splitting, considering the bondingby  The structure of tin environments, and the
S and N, or only S donor atoms from the ligand, dynamics of tin nuclei in condensed phases (gelled
as well as possible coordination by HO mol-  and lyophilized), obtained by the interaction of
ecules. The dynamics of tin atoms in the calf-thymus deoxyribonucleic acid (DNA) with
condensed systems M&n(SPym) (DNA mono- MeSnCk, R,SnCh, RsSnCl (R = alkyl,aryl), have
mer), in both gel and lyophilized phases, have previously been investigated by°Sn Méssbauer
been investigated by variable-temperature*®Sn  spectroscopy;* model systems in aqueous phases
Mdssbauer spectroscopy, obtaining evidence of a have been studietiResearch in the field, reported
general correspondence as reported in the in the present paper, has been extended to the
literature for the lyophilized condensates Al- interaction of DNA with dimethyltin(IV) moieties
koSn(DNA monomer); possible analogies for coordinated by 2-mercaptopyridine (HSPy) and 2-
Me,Sn(SPym) (DNA monomer) and Al- mercaptopyrimidine (HSPym) (footnotes a and b in
koSn(DNA monomer), in DNA bonding, and  Table 1), the complexes being characterized by
structures of tin environments, are discussed. chelation of tin by S,N donor ligand atorfi$
‘Neutral’ complexes, such as MegSn(SPy},  These heterocycles belong to the same class as the
neither induce DNA condensation, nor bind to  nucleic acid bases, and the occurrence of HSPym
has been detected in RNA.
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Tablel *'%n Mdssbauehygerfineparameterfnr complexe®f Me,Sn(IV) with 2-mercaptopyridingHSPy} and2-

mercaptopyrimidindHSPym

in frozenethanolsolutions,andin pellets(gel) or supernatantebtainedby interaction

with calf thymusDNA (seeExperimentalsection)(T = 77.3K)

No. Compoundor system %(mms ) AEY (mms ™) ¢ (mms %)
1 Me,SnCI(SPy)in EtOH 1.31 2.98 1.01
2 Me,Sn(SPy)(DNAmonomer)
DoubletA 1.25 4.29 0.75
DoubletB 1.15 3.11 0.97
3 Me,SnCI(SPym)in EtOH 1.38° 3.274 0.97%
4 Me,Sn(SPym)(DNAmonomer)
DoubletA 1.31 4.43 0.79
DoubletB 1.22 3.13 0.97
5 Me>Sn(SPyj) in EtOH 1.35 2.58 0.82
6 Me,Sn(SPy) + DNA, supernatant 1.34 2.68 0.77
& Thiol form (1
N SH
P Thiol form Ci
N NsH

¢ Isomershift with respecto room-temperatur€aSnQ. Averagedata.

9 Nuclearquadrupolesplitting. Averagedata.

€ Full width at half heightof the resonanpeaksI'; =I', imposedin the fit. Averagedata.
" Gelled DNA condensatesbtainedfrom Me,SnCI(SPyH DNA andMe,SnCI(SPym)# DNA, r =1.0.

9 Ref. 8.

systemglimethyltin(IV)—SPy,” SPym—-DNAcon-
densatesaccountingfor the large stability con-
stantsshownby Sn—Sbhondsdetectedor example
in MezSn(IV)-SRderivatives'?

The interactionof metalcomplexeswith nucleic
acids, polynucleotidesand constituentmolecules,
hasbeenwidely investigated-*~?°In the contextof
organotin(lV) coordinationchemistry,the binding
of Et,SnCh(o-phenanthroline)o nucleotidesand
plasmidDNA hasrecentlybeenreported? Results
concerningsuchternarysystemswvould helpin the
interpretationof structure—activityrelationshipsin
thecontextof antitumorpropertieof organotin(1V)
derivatives?

EXPERIMENTAL

Me,SnChL waspreparedoy literaturemethods(see
Refs 6 and 8), or was obtainedfrom Schering;2-
mercaptopyridineand 2-mercaptopyrimidie were
from FlukaChemieAG. Calf thymusDNA, mol.wt
~ 1P, was from ServaFeinbiochemicaand the
buffer tris(hydroxymethj)aminomethane [Tris;
(HOCH,)sC(NH,)] from Sigma. Other reagents
andsolventswere Carlo Erbaproducts.
Thecomplexedormedby Me,Sn(1V) with ~“SPy

Copyright© 1999JohnWiley & Sons,Ltd.

and ~SPym (Table 1) were obtained by the
procedureseportedin Refs6 and8.

The concentrationof solutions of calf-thymus
DNA employedin the presentwork, in triply
distilled water, was in the range 15-20mm (in
monomer units, mol.wt=315)?° they were buf-
feredto pH ~ 8 by 1 mm Tris, in the presenceof
0.1mm ethylenediaminaetra-acetaté EDTA).

The DNA monomerconcentrationsvere deter-
mined by UV spectrophotometry (es60=
7000M tcm 1.2

The systemsand absorbersamplesfor studying
the interactionsof dimethyltin(IV) complexesand
DNA (Table 1), were obtainedby addingethanol
solutionsof Me,Sn(1V) 2-mercaptopyridiatesand
2-mercaptopyrimidiatesto DNA in aqueousTris—
EDTA, the molar ratios of complex and DNA
monomelbeingheldat 1:1. Systems and4 (Table
1) yieldedcondenseghaseswhich wereseparated
by centrifugation, the pellets and supernatants
being submittedto MdssbauerspectroscopySys-
tem 6 yieldeda solution,from which a DNA pellet
was obtained by addition of NaCl (0.1m in the
resulting solution) and C,HsOH (2 vols), i.e., the
conditions for obtaining gelled DNA by salting-
out?*

The *°SnMéssbaueparametersieterminedor
thecondenseghase®f systems and4 (Tablel),

Appl. OrganometalChem.13, 595-603(1999)
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Figure 1 The'%n Méssbauespectrumof Me,Sn(SPy)(DNAmonomer),system2 in Table 1, and fitting with two symmetric

doublets.

from spectrasuch as that shownin Fig. 1, were
independentof the procedureof addition of the
ethanolic solutions of the complexesto DNA
(dropwise, or addition in one or two steps).
Moreover,it hasbeendeterminedthat: (i) ethanol
solutionsof thecomplexeq1, 3,5in Tablel) were
not influencedby addition of H,O (up to 50% by
volume) with respectto the solubility of the
complexesj(ii) DNA in Tris—EDTA solutionsdid
not undergocondensatiorby addition of C;HsOH
up to ~50% by volume.

The formation of dimethyltin(IV) complex—
DNA condensateg2 and 4 in Table 1) was
monitoredby UV spectrophotometrgf the super-
natants,as well as of the pellets redissolvedin
aqueousTris—EDTA (Amax=260nm, £ = 7000 for
DNA monomef?), the occurrenceof Me,Sn" in
the two phaseseing monitoredby the absorption,
g, of the Mdéssbauerspectral lines, and also
accountingfor the UV spectraof the Me,Sn(IV)
— SPyand “SPymcomplexes(M. Rossi,unpub-
lished results). In fact, the “SPy complexesof
Me,Sn(IV) and MeSn(lV) showed, inter alia,
absorptionbands with Anax = 269-273and =
340-346nm, while the related " SPymcomplexes
gave \pax ~ 272-273m, in 1mM Tris—0.1mm
EDTA-1% C,HsOH (M. Rossi, unpublishedre-
sults. A. Barbieri Paulsen,unpublishedresults.);
theseabsorptiorbandscorrespondo datareported
for aqueousolutionsof theligands(H)SPy(aswell
as for N-methylpyridine-2- tIane) pH=3.1-

7.02526and (H)SPym,pH = 132’

Theapparatusgproceduresanddatareductionfor

nMossbauespectroscopyt 77.3K aswell as

Copyright © 1999JohnWiley & Sons,Ltd.

in the studies of '°Sn dynamics by variable-
temperaturemeasurementgvtMs) were as pre-
viously described The UV-Vis spectra were
measuredvith a Perkin-Elmer_ambdal5 spectro-
photometer.Measurementof pH were effected
with a Crison 2002 instrument,equippedwith an

Ingold glass electrode. The conductancesand
molecular weights of the Me,Sn(IV)— SPy and
— SPymcomplexesn ethanolsolutions(1, 3, 5in

Table 1) weremeasuredvith a conductivity meter
(RadiometerCDM 83) and with a vapor pressure
osmometer{GonotecOsmomat070). Lyophilized

samplesemployedin dynamicsstudiesof Me,Sn-
(SPym)-DNAcondensatefTable2) wereobtained
with Hetolyophilizers.

RESULTS AND DISCUSSION

First, solutions of complexes Me,SnCI(SPy),
Me,SnCI(SPymandMe,Sn(SPyj) in ethanolwere

investigated,in order to interpret correctly their

possibleinteraction with DNA in ethanol-water
solutions.

Molar conductances\y, (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) Me,SnCI(SPy), 7.08-0. 18nM in CoHsOH:
Ay = 0.61—4.2G5 cn? mol~* Me,SnCl
(SPy), 3.93-8.18mM in C,HsOH: i = 1.10—
1.44.

Appl. OrganometalChem.13, 595-603(1999)
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Table 2 1'%Sn Méssbauehyperfine parametersand moleculardynamicsdata functions for Me,Sn(SPym)(DNA
monomer)determinedby variable-temperatur&®Sn MéssbauespectroscopyvtMs) on pellets(DNA condensates)

5P AE® Iy, IO 10°dIn (A/ 9" No. of datapoints
Absorbersamplé (mms™?) (mms™?) (mms Y AnddTe (K™Y (K)  (TrangeK)?
Gel, doubletA 1.342 4.443 0.791
(0.016) (40.031) (40.028)
—-1.228 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)
—1.309 53.2 8
Lyophil., doubletB 1.183 3.268 1.039 (0.996) (77.3-240.75)
(0.010) (0.033) (0.030)

2 DNA pellet; gel = gelled condensatelyophil = lyophilized (freeze-dried)condensateA, B: seeFig. 1 andTable 1.

b—d Seefootnotesc—e, Table 1; averagedver datain the temperaturgange77.3-119.2°K (gel) and77.3-181.5XK (lyophil). d
T'; =T, imposedin thefitting of the two-line spectra.

¢ Slopesof functionsof normalizedtotal areasundertheresonanpeaksLorentzian,A = (n/2), e T, ¢ beingthe percentageesonant
effect] vs T, correlationcoefficientsin parentheseslotal areasmeanthe sumof the areasof doubletsA + B (Fig. 1) atany given

temperaturaleterminationin the ranges77.3K—Tax in €achseries.
" Debyetemperaturesbtainedrom theslopesof thecollectiveln (Ar/A77 3 vs T functions(Fig. 3 andEqn1). Theeffectivevibrating
massEVM =575is assumedo correspondo the Me,Sn(SPym).DNA monomerstoichiometryl:1, M = 315 for DNA monomer

unit. Seetext, Resultsand Discussionsection.

9 The total numberof spectradeterminedpn two seriesof gelsand lyophilized absorbersrespectively obtainedfrom individual

preparationsand submittedto vtMs.

(b) Me,SnCI(SPym)6.85-0.27mM in C,HsOH:

The narrownes®f thelinewidths,I" (Tablel, 1, 3,

Am =0.67-3.066 cn? mol 2. Me,SnCl 5, 6), indicates the occurrenceof a single tin
(SPym), 5.81-8.6Imvm in C,HsOH: coordinationsite in each complex. Taking into
i=1.08-1.17. accountalso that: (i) a large seriesof “SPy and

(c) Me,Sn(SPy), 5.91-0.19mM in C,HsOH:
Apm =0.07-1.655cm? mol 2. Me,Sn
(SPy), 4.59-7.65mM in C,HsOH: i =0.99—
1.75.

Fromthedataunder(a) and(b), it is inferredthat
molecular, undissociated speciesare essentially
presentn C,HsOH solutions,the Ay, valuesbeing
consistentlylower than thosefor organotinchlor-
idesin C,HsOH, for examplez. Moreover,i values
indicatecorrespondencketweerexperimentabnd
calculated(monomeric)molecularweights;this is
in analogyto findingsfor CHCI; solutions®®

The configurationof thetin environmentsn the
(frozen) ethanolsolutions(a)—(c) (vide suprg has
been inferred from n Mdssbauer spectro-
scopy>? thestructuresn theglassyphasaeflecting
those in solution at room temperaturé:>2° The
measuredMéssbauerparametersare reportedin
Table 1 (1, 3, 5, 6), andrelatedstructuralassign-
mentsare in Fig 2. The latter concernthe point-
chargemodel treatmert® of AE, nuclearquadru-
pole splitting parametershy the ‘literal’ version®®
idealizedregularstructuredeingassumedo occur.

Copyright© 1999JohnWiley & Sons,Ltd.

~SPymcomplexesof R,Sn(IV) moietiesin CDCls
and (CD3),SO solutionsmaintain chelationof tin
b%/ S andN donoratoms,accordingto IR and*H,
13C- and**®sn-NMR spectroscopidata®2 (ii) the
complex Me,SnCI(SPym),3 in Table 1, possibly
polymeric in the solid state (Ib, Fig. 2), is
monomeridn CDCl; solution®in comparisorwith
solid-state structures, it is assumed that the
structuralvariationsoccurringin ethanolsolutions
of thecomplexesl, 3 and5 (Tablel) concernonly
the possiblecoordinationof C,HsOH moleculesto
tin centers(ll andlll, Fig. 2). The latter would be
expectedto take place especiallyfor tin species
being five-coordinatedin the solid state, e.g. as
detectedfor PhSnCI(SPy)in (CD53),SO solution,
by *C- and **®Sn-NMR® The ethanol solution
structuresll and Il (Fig. 2), are consequently
assumedo occur,andare alsoin accordwith the
rule of Clark et al.,*® i.e. (|AEcaicd —|AEexp) <0.4
mms % then, these species would eventually
interact with DNA in the condensationprocess
(seethe Experimentalsection).

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

Appl. OrganometalChem.13, 595-603(1999)
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AEcalcd = -2.94 AEcaicd = 3.42, 3.50 AEcaicd = -2.91 AEcgicq =-3.14
(solid state: (solid state:
AEexp = 2.78) AEexp = 3.20-353)

Complexes 1 and 3, Table 1: solids such as (1 a), (1b) tumnto (Il) or (Ill), or
assume structure (l a), in ethanol solution
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L2 = (RO)QPOz': Lo = H,0:
AEt:alcd =410 AEcach =-278
L1 =(RO)2POy", L4 = H50,
Lz = H20: L = (RO),PO =
ABcaicq = 412 AEgaoq = -2.82

Systems 2 and 4, Table 1: (IV) or (V), doublet A; (V1) or (VII), doublet B
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Nhet~_ | _-Nhet

v /Sn\ .

Sth” | Sth
Me

(VI (Ref. 6)

AEcacq = 2.80
(solid state: AEg,, = 2.55)

Systems 5§ and 6, Table 1

Figure 2 Point-chargemodel idealizedregular structuresfor the environmentof tin in complexesMe,SnCI(SPy,SPympand
Me,Sn(SPyj) in the solid stateandin solutionphaseg1, 3, 5, 6 in Table 1), andfor gelled condensateMe,Sn(SPy,SPym{DNA
monomer)2 and4 in Table1). Partialnuclearquadrupolesplittings,pgs,employedn the calculationsarefrom Refs3, 6-8and29.
Thepgsvalue ([CH;OH]-[Hal])°®'= +0.16mms™*, Ref. 40, hasbeenemployedfor C,HsOH. AE.,cqdataarein mms™™. Nygy S
Table 1, footnotesa, b.

Copyright © 1999JohnWiley & Sons,Ltd. Appl. Organometal Chem.13, 595-603(1999)
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diestergroups®! condense®NA phasehavebeen
obtainedby additionof organotin(V)chlorides,in
agueoug(acidic) or ethanolsolutions,to aqueous
calf-thymus DNA.*™ In this context, DNA con-
densation by ethanolic Me,SnCI(SPy) and
Me,SnCI(SPym),systems2 and 4 in Table 1, is
analogouslyinterpretedin terms of electrostatic
interactionof complex cations Me,Sn(SPy) and
Me,Sn(SPymJ with a phosphodiestegroup of
calf-thymusDNA, in line with CI™ dissociationin
ethanolsolution (althoughquite limited) detected
by conductivity and osmometry(vide suprg; the
CI~ dissociationwould be expectedto increase
consistentlyin the final solutionsof the organotin
complex and DNA in ~50% EtOH in H,0,
considering the dissociation of Me,SnChL and
MesSnClin water3? The condensedNA phases
wouldthenconsisiof Me,Sn(SPy)(DNAmonomer)
and Me,Sn(SPym)(DM monomer) species,re-
spectively.Theseshowfour-line **°Sn Méssbauer
spectraasexemplifiedin Fig. 1.

Theassumptionabovecorrespondo hypotheses
advancedor theinterpretatiorof theinteractionof
thecomplexEtZSnC%go-phenanthroline\)vith DNA
in aqueoussolution;™ where after dissociationof
CI™ the resultingcomplex cation would bind to a
phosphodiestegroup of DNA,?! in line with the
principlesof counterionassociatior?>

The complex Me,Sn(SPy) does not provoke
DNA condensationyy salting-outof DNA from the
Me,Sn(SPy) + DNA solution, and separationof
thegelledDNA condensatdt hasbeendetermined
thatthe complexremainsessentiallyin the solution
phasethe'**SnMéssbaueparametersorrespond-
ing to the valuesshownin ethanolsolutionaswell
asin the solid state(5 and 6, Table1 andFig. 2).
ConsequentlystructureVIll (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’ complexesMe,SnL, and
MeSnlL; (L = ~SPy,” SPym)by interactionof DNA
in solutionphase.The complexesouldintercalate
into the DNA double helix through “SPy and
~SPym, which would be in accordancewith the
observedlack of DNA condensatiori* Besides,
intercalationinto DNA by ligands coordinatedto
metal centershas been detectedin a number of
systems->¥-2%ncluding EL,SnCh—(o-phenanthro-
line)-DNA2* Anyway, in the case of Me,Sn-
(SPy}»-DNA, no variations of M&ssbauerpara-
metersoccurwith respecto datafor solid-stateand
ethanol solutions (e.g. Table 1, 5 and 6; Fig. 2,
VIII). Thissuggestsack of anytype of interaction,

Copyright© 1999JohnWiley & Sons,Ltd.

including intercalation of the coordinatedligand
into the DNA doublehelix; in thelatter casethe C—
Sn—C moiety would be expected to undergo
distortion due to steric hindranceeffects, which
would provoke variations, at least in the **°Sn
MéssbauerAE parameters?

Accordingto the assumedersistenceof struc-
ture VIII (Fig. 2) for Me,Sn(SPy) in ethanol,as
well asin water—ethanaolutionin the presencef
buffered DNA (5 and 6 in Table 1), analogous
structuralfeaturesconcerningthe persistencef S
andN chelationto Sn may be expectedo occurin
the systems2 and 4 (Table 1). In fact, the Lewis
acidity of tin in Me,SnCI(SPy) and Me,SnCl-
(SPym) should be greaterthan in Me,Sn(SPy3),
also in the presenceof DNA. This assumption
is in line with X-ray crystallographicdata. Thus,
Sn—N bond lengths decrease,as in the series
PhSn(SPy),*® PhSnCI(SPY§ ~ PhSn(SPy’
Sn(SPy)-2HSPy?*® SnChL(SPy},*’ the Sn—Sbond
lengths being practically constanf”*>3" On
the other hand, when dissociationof tin—ligand
bondsoccursin the courseof the DNA condensa-
tion processthiswould concerronly N — Snbonds,
e.g.in line with the stability constantgeportedfor
MesSn(IV) complexes® Sn—Sio > tin-phosphate
(including_mononucleotides)> Sn—N,e (from
pyridine).” Lastly, H,O 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*> the possiblepoint-chargemodelstructures
for tin environmentsn systems2 and4 (Tablel),
obtainedasdescribedabove,arereportedin Fig. 2
(IV-VI), according to Clark’s rule3° These
trigonal-bipyramidaktructuregobeyingthe Muet-
terties and Schunnrule, with the most electro-
negativegroupsbeinglocatedin apicalpositions®)
andalsotheoctahedraktructuresarein accordwith
generally establishedgeometriesof tin environ-
mentsin R,Sn(1V) complexes?®

The occurrenceof two tin sitesin the gelled
condensateMe,Sn(SPy,SPymJDNA monomer)
(2and4in Tablel; Fig. 1; structuresV-VII in Fig.
2), hasbeendetectedalsoin Alk,Sn(DNA mono-
mer), freeze-driedcondensate$,which has been
interpretedin termsof the persistencef the same
type of structurefor the tin environmentdiffering
only in the C-Sn—Cangle® The latter could be
assumeadalso for the ternary systemsinvestigated
here.Instead,condensatesbtainedby interaction
of DNA with Alk,SnClL andPh,SnCh in C2H§OH
solutions are reported to show two-line '%n

3

Appl. OrganometalChem.13, 595-603(1999)
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Figure 3 Functionsin (At/A77.9 vs T for Me,Sn(SPym)(DNAmonomer)condensategyel ((J) and lyophilized (O). A=total
Lorentzianareaunderthe 11°Sn Mossbauepeaks(Table 2 andFig. 1); all datapointsdeterminecarereported(Table2). Linesare
least-squarefits y = ax+ b whereslopesa arein Table2[a= 107 d In (A1/A+7 9/dT] andintercepts areasfollows: ([7) 0.938;(Q)

0.997.

Mdossbauerspectra,i.e. one doublet, in the gel
phases;? analogousto R;SnCI-DNA systemsin
both gels* andfreeze-driedspecimens.

Additional information on the nature of the
interaction of complexesMe,SnCI(L) (L =~ SPy,
“SPym)with DNA (Tablel andFigs1, 2) hasbeen
extractedfrom the dynamicsof tin by variable-
temperature Mossbauer spectroscopy(vtMs) as
determinedfor the representativesystemMe,Sn(-
SPym)(DNAmonomerpngelledaswell asfreeze-
dried condensates.

ThevtMs parameterg\; (thetotal areaunderthe
resonant peaks at variable temperature) were
treated according to the ‘relative’ recoil-free
fraction (f."") approach?°° accordingto which
the Lamb—Mtssbauerfactors (f)) are estimated
through the slope of the function In A(T)
(Eqn 1):3,29,39

dinA;) (dInf)  —3E2 L
dT dT M c2k6?, 1

whereA; is thetotal areaunderthe resonanpeaks
at a given temperaturel, E, is the energyof the
Md&ssbauer transition, M Is the mass of the
molecularunit takenasthe effectivevibratingmass
(EVM), k is the Boltzmann constantand Jp the
Debyetemperaturé:?°*°The mean-squareispla-
cementof the Méssbaueatom, <x*>, is obtained

Copyright © 1999JohnWiley & Sons,Ltd.

by Eqn 2 3,29,39
fa = exp(—k*(x2)) 2

k beingthe wave vectorof y-rays.

The results obtained are reportedin Table 2;
functionsIn (Ar/A779 vs T, £7°(T) and <x*>(T)
are shownin Fig. 3 and Fig. 4. The following
inferencesaremade beingdiscussedn connection
with datareportedfor Alk,Sn(DNA monomer),
Alk3Sn(DNA monomer) and MeSnCL(DNA
monomer}_,:>*

() In the T rangesinvestigated(Table 2 and
Figs 3 and 4), parameters), AE andI" are
invariant (Table 2) and functions In A¢(T),
In f(T) and<x*>(T) arelinear (Figs3 and4),
which excludesphaseand glasstransitions$
for Me,Sn(SPym)(DNAmonomer)in both
gelled and lyophilized condensedphases;
thesetrends are in line with data reported
for Alk,Sn(DNA monomer) and Al-
ksSn(DNA monomer) in lyophilized® and
gelled phasesrespectively,as well as for
gelledandlyophilized MeSnC},(DNA mono-
mery_n.*

(i) The slopesof functionsin A¢(T), the magni-
tudesof the Debyetemperaturedp, andthe
valuesof In fi(T) and <x*>(T) (Table2 and
Figs 3 and 4), concerning gelled and

Appl. OrganometalChem.13, 595-603(1999)
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Figure 4 Recoil-freefractionsof theabsorbet**Snnucleif,

250

, andthecorrespondingnean-squardisplacementsf 1*%Sn, <x>,

asa function of temperaturefor Me,Sn(SPym)(DNAmonomer)condensategel (- - -) andlyophilized (—). Seetext.

lyophilized condensategMe,Sn(SPym)(D-
NA monomer)],are almost mutually coin-
cident. Thesefindings correspondo trends
detectedfor MeSnCL(DNA monomer}_,
condensatés|e.g. slopesin Ar(T) = —0.866
to —0.944K~* for gelled and lyophilized
phase§.

The correspondencef the hyperfineparameters
for Me,Sn(SPym)(DNAmonomer)in the gel and
lyophilizedcondenseghhasegTablesl and2) then
impliesthe persistencef structuresuchasIV-VII
(Fig. 2), independentlyof the water contentand
temperatureof the system. Thesetrends are at
variance with findings concerning Alk,Sn(DNA
monomer) systems,where freeze-dryingof the
condensatesreatesa secondtin coordinationsite,
with respecto thesinglesiteoccurringin thegelled
phases; 2 and causesvariationsin the dynamical
functionsandparameterge.g.theslopeln Ar(T) in
Et,Sn(DNA monomer) is —1.724K ' in gelled
and —1.250K ! in lyophilized® condensates,
analogoustrends being detectedfor Et;Sn(DNA
monomerj.

CONCLUSIONS

Me,SnCI(SPy,SPym) and Me,Sn(SPy) in
C,HsOH solutionsmaintaintheir respectivesolid-

Copyright© 1999JohnWiley & Sons,Ltd.

statestructuresasfar aschelationof tin by SandN
donor ligand atoms is concerned; a limited
dissociationinto Me,Sn(SPy,SPyni) and CI~ is
inferredto takeplace producingacationiccomplex
species.

Tin atomsin the cationiccomplexspeciesvould
be coordinatedby DNA phosphodiesteoxygen,
with organotin/DNA monomer stoichiometry of
1:1, causinghe DNA condensationThelatterdoes
not occurwith Me,Sn(SPyj), presumablydueto its
insufficient dissociation. A close analogy with
DNA condensationby AIKZSnngV), Alk3Sn(1V)
andMeSn(IV) is theninferred?~

Tin coordinationsitesin the gelled and lyophi-
lized Me,Sn(SPy,SPym)DNA monomer)conden-
satesshow the same**“Sn Méssbauerhyperfine
parametersi.e. correspondingo the structuresof
tin coordinationenvironmentsfrom a point-charge
model treatmentof the quadrupolesplittings AE,
inherentin the experimentafour-line spectra(Fig.
1), ligands “SPy and “SPym would chelate Sn
throughSandN atomsin coordinationtypeB (Fig.
2; trigonal-bipyramidal or cis-Me, octahedral
structuresVI and VII), while only S—Snbonds
would persist in coordination type A (Fig. 2;
octahedraktructuredV andV), accordingto data
in Tablesl and2. Thepartial liganddissociatiorof
type A compoundsmay be a consequencef the
occurrenceof interactionof tin-coordinated SPy
and ~ SPymligandswith an adjacentDNA double
helix in the toroidaf condensates.

Appl. OrganometalChem.13, 595-603(1999)
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The dynamics of tin in the ternary systems
ligand—organotin(lV)species—nucleiacid investi-
gated here, in both gelled and lyophilized DNA
condensatesshow a strict similarity with data
inherentto I%/ophilized Alk,Sn(DNA monomer)
condensateswhich suggests correspondencen
the mode of binding to DNA, as well asin the
possibletoroidal DNA? interchaininteraction, in
thetwo classef DNA condensates.

The structureand dynamicsof tin environments
in the ternarysystemsare thenindependenbf the
H-,O content in the DNA condensedphases,
analogouslyo findings' inherentin MeSnCJ,(DNA
monomer)_,, and contrary to Alk,Sn(DNA
monomer) and AlksSn(DNA monomer)conden-
sates.
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