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Several complexes of RSnCl,_, (R =Me, Ph,n
=1-3; R=nBu, n=2, 3) with phosphocholine
and dimyristoyl-L-a-phosphatidylcholine (phos-
pholipid) have been synthesized and character-
ized by means of M@sbauer spectroscopy and
NMR. Triorganotin chlorides form complexes of
(R3sSNnCl),-L stoichiometry with a trigonal bipyr-
amidal pentacoordinate tin environment, while
the others form 1:1 complexes with an octahe-
dral hexacoordinate tin environment, with the
ligands coordinating through anionic phospho-
diester moieties in all cases. Copyrightc) 2000
John Wiley & Sons, Ltd.
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INTRODUCTION

This is supported by the prevalence of these
fragments in different kinds of biomolecules:
phospho- and phosphono-lipids, ATP, nucleic acids
etc. The reactions of organotin compounds with
mono-nucleotides and DNA have been extensively
investigated™ The effects of organotin com-
pounds on model biological membrafigs and
inhibition of ATP synthesis have been studret.
can be suggested that the interaction of organotin
compounds with cellular phosphorus-containing
molecules, resulting in inhibition of phospholipid
synthesis and intracellular phospholipid transport
and metabolism finally leading to inhibition of
DNA synthesis, is responsible for antiproliferative
activity of organotin compound$:**

This work deals with the possible modes of
interaction of organotin compounds with phospho-
lipids which, being the main structural components
of cell membranes, are the first possible target of
organotin biocidic activity. This has been suggested
earlier, during the investigations of trialkyltin
antimicrobial activity*? and the reaction products
of the trialkyltin chlorides with phospholipids have
been obtainelf but their structures have not been
studied in detail. On the other hand, previous

Organotin compounds are widely used productsnvestigation of organotin chloride complexation
possessing toxicity towards biological targetswith O-ethyl(N-ethyl-N,N-dimethylammonio-
which depends substantially on the structure ofmethyl)phosphonaté revealed the strong donor
organotin toxicants. On the basis of the known activity of the anionic phosphonomonoester moiety
electron-acceptor properties of these compounds itowards organotin chlorides. It could be proposed
can be proposed that their toxicity is related to theirthat related phosphodiester anionic fragments
interaction with electron-donor groups in biologi- contained in phospholipids will interact with
cally important molecules. Phosphoryl-containing organotin chlorides in an analogous way, leading
fragments, e.g. anionic phosphodiester groups, arto the formation of molecular complexes with Sn—
considered to be important from this point of view. O—P coordination bonds. In order to study this
interaction we have synthesized several molecular
complexes of mono-, di- and triorganotin chlorides
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and phosphocholine (PC)—the short-chain phos-
pholipid analogue (Scheme 1)
The following complexes have been obtained.
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o
XOlll’OCH2CH2NMe3 PC: X=H
DWCIXZCH3(CH2)]2MZ
CH;(CHy), 5
CH2""
Schemel PCandDMPC.
(RsSnCly-PC R=Me (1), Ph(2)
R,SnChL-PC R =Me (3), nBu (4)
RSnCk-PC R=Me (5), Ph(6)
(RsSnCl),-DMPC R=Me (7), nBu (8), Ph(9)
R,SnCL-DMPC R=Me (10), nBu (11), Ph(12)
RSnCk-DMPC R=Me (13), Ph(14)

Their structurehavebeenstudiedin the solid state
and in solution by meansof Mdssbauerspectro-
scopyandNMR.

EXPERIMENTAL

All organotin chlorides used were purchasedor
synthesizedand purified by normal methodsto
purity of not less than 98%. Dimyristoyl-L-o-
phosphatidylcholinewas purchasedfrom Sigma
and used as delivered. Phosphocholinevas pre-
paredfrom phosphocholinechloride calcium salt
(Sigma)asdescribed with the exceptionthat the
Amberlite CG-50resinwas usedin the C&" ion-
exchangestep.

Preparation of the phosphocholine
(PC) complexes

A solutionof PC (1 mmol) in a minimal amountof
dry methanol was mixed with the calculated
amount of organotin chloride dissolvedin dry
chloroform or methanol. The following isolation
stepswereused:

(MesSnClI),-PC (1)

After evaporatiorof thesolventgheoily colourless
residue was washed with petroleum ether and
vacuum-driedTheproductcrystallizeduponstand-
ing: m.p.99-102°C. Analysis:Found:C, 22.74;H,
5.29; N, 2.12. Calcd for: C]3]1H32C|2NO4PSI} C,
22.70; H, 5.50; N 2.41%. >*P NMR (CDsOD):
6=—7.6ppm.***SNNMR (CD5OD): 6 = 19ppm.

Copyright© 2000JohnWiley & Sons,Ltd.

(PhsSnCl),-PC (2)

The productprecipitatedimmediatelyasa viscous
massand crystallizedslowly. The white solid was
filtered, washedsubsequentlyith chloroformand
petroleumetherandvacuum-driedDecomposition
took placeat230°C. Analysis:Found:C, 51.50;H,
4.76; N, 1.90. Calcd for Ci1H44C|2NO4PS|}: C,
51.58;H, 4.61; N, 1.47%.%'P NMR (DMSO-d):
5=—3.7ppm. The ***Sn NMR chemical shifts
havenotbeendeterminediueto the poorsolubility
of the adduct.

Me,SnCl,-PC-MeOH (3)

The productwas precipitatedupon standing.The
solution was diluted with chloroform and an
additional portion of a white solid precipitated.
The productwasdecantedywashedwith petroleum
etherandvacuum-dried.The complexcrystallized
with one moleculeof methanol:m.p. 155-16C°C.
Analysis:Found:C, 22.25;H, 5.48;N, 3.35.Calcd
for CgH,4CILNOsPSN:C, 22.08;H, 5.52;N, 3.22%.
31pNMR (D,0): 6 = —7.2ppm. 1*SnNMR (D,0):

=—-313ppm.

nBUZSnCIZ'PC (4)

After evaporationof the solvents,the oily residue
was washedwith petroleum ether and vacuum-
dried. The product becamea viscous massupon
standing.Analysis: Found: C, 32.19; H, 6.46; N,

1.99%.Calcdfor C13H32C|2NO4P8n:C, 32.04;H,

6.57;N, 2.88%.3'PNMR (CD;0D): § = —8.0ppm.
1951 NMR (CD50D): § = —169ppm (bz).

MeSnCls-PC (5) and PhSnCkL-PC (6)
The products were precipitated immediately as
white solids.Bothdecomposedt220°C. Analysis:

Appl. Organometal Chem.14, 443-448(2000)
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Found(5): C, 16.62;H, 4.05; N, 3.23. Calcd for
CeH17CIsNO4PSN: C, 17.00; H, 4.01; N, 3.31%.
Found(6): C, 27.12;H, 3.97;N, 2.84%.Calcdfor
C11H1oCIsNO4PSN: C, 27.19; H, 3.91; N, 2.88%.
3IPNMR (DMSO-d): § = —4.2ppm(5); —4.1ppm
(6). **°%Sn NMR chemical shifts have not been

determinediueto poorsolubility of thecomplexes.

Preparation of the dimyristoyl
phosphatidylcholine (DMPC)
complexes

A solution of DMPC (1 mmol) in dry chloroform
wasmixedwith the calculatedamountof organotin
chloride dissolved in the same solvent. After
evaporatiorof chloroformthe residuewaswashed
with petroleum ether and vacuum-dried. The
complexeswere obtainedas white solids. In the
caseof PhbSnCh the complex separatedmmedi-
ately as a white gel, which was isolated upon
additionof acetoneThecomplexwasdecantecnd
vacuum-dried, and appearedas a thin white
powder. The complexesl3 and 14 were precipi-
tated as amorphouswhite solids from chloroform
solutionuponstandingovernight.The productshad
the following analyticalandspectroscopiclata:

(Me3SnCl),-DMPC (7)

M.p. 48-50°C. Analysis:Found:C, 47.23;H, 8.41;
N, 1.19.Calcdfor C4,HgoClo.NOgPSR: C,46.82;H,
8.36;N, 1.30%.3'P NMR (CDCly): 6 = —9.1ppm.
1951 NMR (CDCly): 6 = 79ppm (br).

(nBusSnCl),-DMPC (8)

M.p. 55-58°C. Analysis:Found:C, 54.15;H, 9.79;
N, 1.08.Calcdfor CGOH%E,CIZNOSPSQ: C, 54.18;
H, 9.48; N, 1.05%. **P NMR (CDCl): 6=
—6.0ppm. SN NMR (CDCly): 6 = 133ppm (br).

M.p. 108-11C°C. Analysis: Found: C, 59.74; H,
7.35; N, 0.99. Calcd for C3712H102CI2N08PSQ: C,
59.63;H, 7.04; N, 0.97%.°"P NMR (CDCls): 6 =
—11ppm.***SNNMR (CDCly): 6 = —296ppm (br).

Me,SnCl,-DMPC (10)

M.p. 103-10&C. Analysis: Found: C, 50.19; H,

888, N, 1.38. Calcd for C3§H78C|2N08PSI’1: C,

50.80; H, 8.69; N, 1.56%. **P NMR (CDCly):
=—12.0ppm. %Sn NMR (CDCly): extremely

broadenednot detectable.

nBu,SnClL-DMPC (11)
M.p. 74-76°C. Analysis:Found:C,53.71;H, 9.51;

Copyright© 2000JohnWiley & Sons,Ltd.

N, 1.38.Calcdfor C44H90C|2N08PSHZC, 5378,H,
9.17:N, 1.43%.3'P NMR (CDCly): 6 = —9.7ppm.
1957 NMR (CDCly): 6§ = —126ppm (br).

Ph,SnClL,-DMPC (12)

M.p. 143-145°C. Analysis: Found: C, 56.43; H,
7.89; N, 1.34. Calcd for C,sgHg>CI,NOgPSN: C,
56,38;H, 8.03; N, 1.37%.NMR spectrahave not
beenobtaineddueto poor solubility.

MeSnCls-DMPC (13)

M.p. 140-145°C. Analysis: Found: C, 47.11; H,
8.15; N, 1.26. Calcd for C37H,5CIsNOgPSn: C,
48.34; H, 8.17; N, 1.52%. NMR spectra are
discussedelow.

PhSnCk-DMPC (14)

Decomposesabove 120°C. Analysis: Found: C,
50.41; H, 7.92; N, 1.31. Calcd for
C42H77CIsNOgPSN: C, 51.41; H, 7.85; N, 1.43%.
NMR spectraare discussedelow.

Spectroscopic measurements

19" Méssbauerspectrawere measuredwith
a multichannel analyser (TAKES Model 269;
Ponteranica, Bergamo, Italy, and an MWE
WissenschaftlicheElectronik system, Munchen
Germany)consistingof an MR 250 driving unit,
an FG 2 digital function generatoandan MA 250
velocity transducer moved at linear velocity,
constantaccelerationin a triangular waveform.
The liquid-nitrogen temperature spectra were
obtainedusinga Cryo Industriesof AmericaModel
NRD-1238-DMB (Atkinson, NH, USA) liquid-
nitrogen cryostatwith sampleholder and Model
ITC 502 temperature controller from Oxford
InstrumentgOxford, UK). Thetemperatureontrol
wasbetterthan+0.1K.

The multichannel calibration was performed
with anenrichediron foil (°'Fe=95.2%,thickness
0.06mm; DuPont,MA, USA) at roomtemperature
by usinga *’Co—Pdsource(10 mCi; DuPont,MA,
USA), while the zeropoint of the Dopplervelocity
scalewasdeterminedat roomtemperaturghrough
the absorption spectra of natural CaSnQ
(***sn=0.5mgcm 2 and a Ba''®sn0; source
(10mCi; AmershamUK).

NMR spectra*H, 13C, 3'P, *%Sn)wereobtained
at 300K using a Varian VXR-400 instrument
operatingat 400.0, 100.6, 161.9 and 149.1MHz
respectively.

Appl. Organometal Chem.14, 443-448(2000)
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Table 1 Mdssbaueparameter®f tri- anddiorganotinchloride adductswith PC (1-4) andDMPC(7-12)

Compound IS* (mms ™) QS (mms ™Y ¢ (mms?) I, (mms
1 1.27 3.58 0.93 0.93
2 1.28 3.08 0.90 0.90
3 1.22 3.99 1.00 1.00
4 1.45 3.60 0.91 1.16
7 1.36 3.71 0.89 0.91
8 1.52 3.57 0.90 0.87
9 1.23 3.22 0.89 0.89

10 1.41 4.33 1.02 0.88

11 1.54 4.22 0.90 0.80

12 1.22 3.81 0.82 0.83

& |somershifts with respecto CaSnQ, +0.03mms 2.
P Nuclearquadrupolesplitting, +0.03mms 1.

¢ Full width at half-heightof the resonanpeaks,+0.05mms ™1,

RESULTS AND DISCUSSION

Phosphocholineand phospholipid readily form
complexeswith organotinhalidessincetheir mol-
eculescontainthe anionic phosphodiestefOPO")
moiety possessinga potentially strong donor
ability. As the complexesbtainedcontaincharged
fragments their solubility in non-polarsolventsis
significantly lowered.Neverthelesshe phospholi-
pid complexeshavinglong hydrocarborchainsare
readily solublein commonsolvents.Triorganotin
chlorides form 2:1 complexeswith the ligands
while di- and monoorganotinchloridesform 1:1
complexesevenwhen mixed at a 2:1 component
ratio. Phosphocholindoesnotreactwith nBusSnCl
underthe conditionsused.The commonprocedure
leadsto aseparablenixtureof startingcomponents.
The reactionof diphenyltin dichloride and phos-
phocholine gave an unreproducible mixture of
unstableproductsaccordingto NMR, Mdssbauer
spectroscopi@andanalyticaldata.

Mossbauer spectra

The''*"SnMéssbaueparametergisomershifts|S
and quadrupolesplittings QS) of the tri- and di-
organotin complexes with phosphocholineand
phospholipidare givenin Table 1. The QS values

RO
\P/OR
Cl—$ne-07 @\O—>S|n—C]
€x F R

Scheme2 Structureof triorganotincomplexesl, 2 and 7-9.
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for triorganotin chloride complexes(1, 2, 7-9)
suggesta trigonal- blpyramldal t|n environment
with an equatorialR;Sn moiety® the phospholi-
gandsbeingbridging bidentateandconnectingwo
tin centreghroughOPOfragmentsScheme2).

Relatively high QS valuesfor the diorganotin
chloride complexes (3, 4, 10-12) suggestan
octahedratransRZSnX4 tin coordinationenviron-
ment® for all theseadductslt canbe proposedhat
the adjacenttin atomsare connectecby bidentate
bridging OPO anionic moietiesforming an oligo-
meric structure (Scheme3; the possible cyclic
dimeric structureis shown). The QS values for
phosphocholinecomplexes are lower than the
correspondingvalues for phospholipid ones, in-
dicating the greater extent of distortion of the
coordination octahedra in the phosphocholine
complexes.

NMR spectra

The *H and **C NMR spectraof the complexes
dlspla¥ a significant increaseof *°SnH and
3C spin couplingvaluescomparedwith the

RO ORr-
\
P/

O o O\I
8. /l \c1

\f,/

RO/ \OR

Cl\ *
a” | \

Scheme3 A possiblecyclic dimeric structureof diorganotin
chloridecomplexes3, 4 and10-12.
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Table 2 3P and''®SnNMR parametersf MeSnCh-DMPC (13) and PhSnC4-DMPC (14), CDCl,, +30°C

Complex o (3*P) (ppm) 5(**°Sn) (ppm) 2J(**%sn-3p) (Hz)
13 -11.0 —507 (t)? 233

14 -9.7 —571(t) 210

2, triplet.

organotinchlorides,dueto the existenceof penta-
and hexacoordinatedin speciesin solution. This
fact alsocauseghe high-field shift andbroadening
of 11%Sn signals(seethe Experimentalsection).In
the caseof phosphocholineomplexessolubleonly
in polarsolventsthis effectis stronglyenhancedby
involving donorsolventmoleculesin coordination
equilibriaandanincreasegbopulationof penta-and
hexacoordinatéin complexes.

The 3P and *'°Sn NMR spectraof the adducts
exceptfor 13and14 displayno ***Sn='P coupling
atroomtemperatureThis indicateshigh lability of
thesecomplexesn solutionleadingto fast (on the
NMR timescale) exchange processesinvolving
specieswith different tin coordination numbers.
In contrast, the phospholipid complexes with
monoorganotirtrichlorides, MeSnCk-DMPC (13)
and PhSnC}-DMPC (14), exhibit ***Sn=>'P cou-
pling in chloroform solution even at room tem-
peraturg(Table?2). The*'P NMR spectrunof both
13 and 14 consists of a broad singlet with
overlapping*®*%Sn satellites while a triplet with
a corresponding"**sn-'P coupling constantap-
pearsin the ***SnNMR spectrum.

The 5(**°Sn) valuescorrespondo hexacoordi-
nated methyl- and phenyltin trichloride”*° The
2J(**°sn-3'P) values suggestan octahedral tin
coordination environmentwith PO groupsin a
trans position relative to eachother or relative to
chlorineatoms!”*8Themultiplicity of ***SnNMR
signalscorrespondso a structureof thetypeshown
in scheme3 with one of the R groupsat eachtin
atom replacedby a chlorine atom. The observed
spectrasuggesthatthe phospholipidcomplexeof
methyl- and phenyltin trichloridesexistin chloro-
form solution in hexacoordinatedorm, even at
room temperature.lt indicatesthe strong donor
ability of anionic phosphodiestermoieties of
phospholipidg¢owardsorganotincompoundsom-
paredwith analogousneutral phospho-and phos-
phono-estergroups, and the remarkablekinetic
stability of the complexesobtainedin chloroform
solution.

Onthe basisof anNMR studyof the interaction
of trialkyltin derivativeswith syntheticphospholi-

Copyright© 2000JohnWiley & Sons,Ltd.

pid membranesn aqueoudnedia,an electrostatic
type of interactionbetweentrialkyltin cationsand
anionicphosphodiestegroupshasbeenproposed.
Takinginto accountheaboveresults,coordination
betweentrialkyltin compoundsand the phospho-
diester moieties of membranelipids cannot be
completelyruledout. Indeed,in agueousnediathe
complexesarisingareinvolvedin ligand-exchange
equilibria with water moleculesand other donor
groups, resulting in the observedloss of spin
couplingandbroadeningof the NMR signals.

CONCLUSIONS

Organotin(lV) chlorides readily participate in
donor—acceptorinteractions with phospholipids
throughanionicOPOfragmentsTheseinteractions
can serve as modelsfor the effect of organotin
compoundsn phospholipidscontainedin biologi-
calmembranesyith therestrictionthatthemedium
usedin this studyis notbiological.Neverthelesthe
information obtainedsuggestghat the key stepin
the interaction of organotincompoundswith cell
membraness their complexatiorwith phosphodie-
sterfragmentsof thelipid bilayers.The strengthof
theseinteractionss governedby the Lewis acidity
of organotincompoundswhich decreasess the
number of organyl substituentsat tin increases.
However, the known trendsin organotintoxicity
suggesanoppositedependencen this parameter-
The explanationgelow can be offered, providing
that one of the following possibilitiesis taking
place.

(a) The interaction between organotin com-
poundswith membranephospholipidsand
the changesn membranepropertiescaused
by theseinteractionsprovide aninsignificant
contribution to toxicity. In this case the
membranephospholipidsplay a protective
role, preventingorganotinsfrom penetrating
the cells. However, organotin compounds
possessingelatively low Lewis acidity and

Appl. Organometal Chem.14, 443-448(2000)
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high lipophilicity, such as triorganotins,
appearo be ableto penetratethe cells more
easily. Inside the cells they interact with
intracellular phosphoryl-containing mol-
ecules,resulting in the observedorganotin
toxicity trends At this stagetheLewis acidity
is still significant since tetraorganotinsare
muchlessactive thantriorganotins.

(b) The toxicity of organotin compoundsde-
pendsstronglyontheir ability to interactwith
cell membranesthereforemono-organotins
and, hypothetically, tin tetrahalidesare the
most toxic amongstorganotin compounds.
(Attemptto preparephospholipidcomplexes
of SnCl, led to destructionof phospholipid
molecules.)However, their high ability to
undergohydrolysisin biological conditions
leading to non-active and insoluble forms
decreasegheir activity towards membrane
phospholipids, resulting in the observed
reversedorder of toxicity of the organotin
compounds.Further studiesshould help to
makea definite choice betweenthesepossi-
bilities.
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