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The complexes formed between the diorganoti-
n(IV) moieties, R2Sn(IV), and the ligand 2-
mercaptopyrimidine, (H)SPym, were investi-
gated. Complexes R2SnHal(SPym) and
R2Sn(SPym)2 [R = Me, iPr, nBu, iBu, tBu, cyclo-
hexyl(Cy), Ph] were synthesized, and character-
ized by elemental analysis. In the solid state,
chelation of SPym through S and N donors was
established by IR spectroscopy, and the nature
of the environment of tin centers was investi-
gated by 119Sn Mössbauer spectroscopy. From
the dynamics of 119Sn nuclei determined by
variable-temperature measurements on repre-
sentative compounds [Me2SnCl(SPym) and Cy2-
SnBr(SPym)], as well as by point-charge model
treatment of nuclear quadrupole splitting para-
meters, it was inferred that Me2SnCl-
(SPym) may assume atrans-Me2 octahedral
coordination geometry around tin in a mono-
dimensional polymer, or a monomeric trigonal-
bipyramidal structure (distorted). The latter
type of structure was assigned to the other
R2SnHal(SPym) species, while R2Sn(SPym)2
complexes assume atrans-octahedral, or skew
trapezoidal, tin environment. In CHCl 3–CDCl3
solutions, monomeric species occur (according
to vapor-pressure osmometry), where1H and
13C NMR spectroscopic parameters of SPym
indicate the persistence of Sn chelation by S and
N donor atoms. The Me2SnCl(SPym) species
assume trigonal-bipyramidal structures with a
chelating SPym ligand, in CDCl3 and C2H5OH
solutions, according to the coupling constants
1J(119Sn,13C), as well as IR and119Sn Mössbauer
spectroscopic data.119Sn NMR parameters fully
correspond with data for the homologous com-

plexes with 2-mercaptopyridine.# 1998 John
Wiley & Sons, Ltd.
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Mössbauer; IR; NMR

Received 26 January 1998; accepted 4 May 1998

INTRODUCTION

Continuing our studies on tin(IV) coordination by
thiol sulfur, we have recently investigated,inter
alia, bonding and structure in a series of mono-
organotin(IV) complexes with 2-mercaptopyrimi-
dine, (H)SPym, i.e. RSn(SPym)3, RSnCl(SPym)2,
RSnCl2(SPym) (R = alkyl, aryl), as well as in
SnCl2(SPym)2 and Sn(SPym)4;

1 evidence was
obtained for tin chelation by thiol sulfur and one
heterocyclic nitrogen atom1 (Fig. 1), in line with the
crystal and molecular structure (by X-ray diffrac-
tometry) of nBuSn(SPym)3

2 as well as with the
dynamics of tin nuclei in MeSnCl(SPym)2,
SnCl2(SPym)2 and Sn(SPym)4 as determined by
variable-temperature119Sn Mössbauer spectro-
scopy.3 The second nitrogen atom of theÿSPym
ligand (Fig. 1) in the complexes mentioned above is
not involved in coordination to tin.1–3

The studies have been extended toÿSPym
complexes of R2Sn(IV) moieties, R2SnCl(SPym)
and R2Sn(SPym)2; the results obtained are reported
in the present paper, and discussed in relation to
earlier work on R2Sn(SPym)2

4 and R2SnCl(SPy)5

and R2Sn(SPy)2
5 complexes [(H)SPy = 2-mercap-

topyridine)].
Metal coordination by ÿSPym is of some

biochemical interest. In fact, the presence of 2-
mercaptopyrimidine nucleotides has been detected,
e.g. in E. coli sRNA and yeast tRNA, and
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participatein hydrogenbondsin thenucleicacid.6–9

Due to the large stability constantsof RnSn–Sthiol
complexes, e.g. for Me3Sn(IV),10 bonding of
organotinsto thesethiolatednucleotideswould be
expectedin biological systems.Moreover,coordi-

nationof RnSn(IV) moietiesby thiolatedligandsis
expectedto reduce the physiological action of
organotins, as detected for e.g. the antitumor
activity in vitro of R2Sn(SPy)2 complexes.11

EXPERIMENTAL

Diorganotin(IV) dihalides were synthesizedby
literature methods.12–15 (H)SPym was a product
from Fluka Chemie AG. Other reagents and
solvents were commercial products which were
purified and dried according to standardproce-
dures.16 Syntheseswereeffectedin a dry nitrogen
atmosphere,understirringandusingdriedsolvents.
Methodsemployedin the synthesisof R2SnHal-
(SPym) and R2Sn(SPym)2 complexes,Table 1,
wereasfollows.

(A) R2SnCl2 in CHCl3 solution [4 mmol for the
synthesisof R2SnCl(SPym);[2 mmol for R2Sn-
(SPym)2] wasaddedto 4 mmol of NaSPymin
CHCl3–CH3OH; theprocedurereportedin Ref.

Figure 1 2-Mercaptopyrimidine,thiol conformer:labelingfor
NMR assignments.

Table 1 Analytical datafor diorganotin(IV)-2-mercaptopyrimidine complexes

Compounda Methoda

andyield M.
Mol. wt.c

Found
Analytical data:Found(calcd)%

No. Formula (%) (°C)b (calcd) C H N Hal

1 Me2SnCl(SPym) A 75 147(dec.) 306(295.36) 24.2(24.4) 3.0 (3.1) 9.4 (9.5) 11.9(12.0)
2 iPr2SnCl(SPym) B 99 120 365(351.47) 33.2(34.2) 4.9 (4.9) 7.7 (8.0) 10.2(10.1)
3 nBu2SnCl(SPym) A 62 62 383(379.52) 37.5(38.0) 5.5 (5.6) 7.3 (7.4) 9.2 (9.3)
4 iBu2SnCl(SPym) A 89 122 373(379.52) 37.7(38.0) 5.8 (5.6) 7.4 (7.4) 9.2 (9.3)
5 tBu2SnCl(SPym) A 46 197(dec.) 369(379.52) 38.2(38.0) 6.0 (5.6) 7.5 (7.4) 9.4 (9.3)
6 Cy2SnCl(SPym) C 77 209(dec.) 448(431.60) 44.3(44.5) 6.0 (5.8) 6.5 (6.5) 8.3 (8.2)
7 Cy2SnBr(SPym) A 75 200 485(476.05) 40.2(40.4) 5.4 (5.3) 5.8 (5.9) 17.1(16.8)
8 Ph2SnCl(SPym) D 74 115 431d (419.50) 45.8(45.8) 3.0 (3.1) 6.7 (6.7) 8.6 (8.5)
9 Me2Sn(SPym)2 A 59 239(dec.)e 366(371.05) 31.8(32.4) 3.2 (3.3) 14.8(15.1) —

10 iPr2Sn(SPym)2 A 65 223 449(427.16) 39.2(39.4) 4.9 (4.7) 13.0(13.1) —
11 nBu2Sn(SPym)2 A 57 158f 443(455.21) 42.8(42.2) 5.4 (5.3) 12.6(12.3) —
12 iBu2Sn(SPym)2 A 72 196 458(455.21) 41.7(42.2) 5.4 (5.3) 11.8(12.3) —
13 tBu2Sn(SPym)2 A 74 211 465(455.21) 41.6(42.2) 5.3 (5.3) 12.2(12.3) —
14 Cy2Sn(SPym)2 A 65 263(dec.) 480(507.29) 48.0(47.4) 5.9 (5.6) 11.1(11.0) —
15 Ph2Sn(SPym)2 A 81 216g 485h (495.19) 48.0(48.5) 3.2 (3.3) 11.2(11.3) —

a HSPym = 2-mercaptopyrimidine,C4H3N2SH; thiol conformerin Fig. 1. Me = methyl; Pr= propyl; Bu = butyl; Cy = cyclohexyl;
Ph= phenyl;n = normal; i = iso; t = tertiary. Methodsof synthesisaredescribedin the Experimentalsection.Datafor 1 refer to a
representativesyntheticbatch(seeTable3 andtext).% Sfound(calcd):(1a) 11.2(10.9);(1c) 11.35(10.9);(2) 9.2(9.1);(3) 8.7(8.5);
(4) 9.5 (8.5); (5) 8.8 (8.5); (7) 6.9 (6.7); (8) 7.98(7.6); (9) 17.1(17.3);(10) 15.2(15.0);(12) 14.6(14.1);(13) 14.3(14.1); (14) 12.4
(12.6); (15) 13.5(13.0).
b Dec.= melting with decomposition.Uncorrecteddata.
c Determinedby vaporpressureosmometryin CHCl3 solutions.
d Mol.wt = 466 in dimethyl sulfoxide(DMSO) solutions.
e Ref. 5: m.pt= 247°C.
f Ref. 5: m.pt= 161°C.
g Ref. 5: m.pt= 196°C.
h Mol.wt. = 501 in DMSO.
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5, Method A (preparationof SPy complexes)
was followed. After stirring at room tempera-
ture,thesolventwasremovedat 20°C, andthe
residueextractedwith CHCl3. Uponadditionof
petroleumether,the productwas obtainedby
crystallizationatÿ30°C.5

(B) iPr2Sn(SPym)2 was reacted with iPr2SnCl2
(1:1) in CHCl3 solution, accordingto Ref. 5,
methodD.

(C) Analogous to method A above, with the
differencethat theextractwastakento dryness
(Ref. 5, methodB).

(D) Ph2Sn (SPym)2 1 mmol was reacted with
1 mmol of Ph2SnCl2 in 50ml of CCl4 under
reflux for 24h. The solventwasthenremoved
in a rotary evaporator,the solid product ob-
tainedwastreatedwith 10ml of Et2O, filtered
off anddriedundervacuum.

Elementalanalysesfor C, H, N wereeffectedby
a 1106analyzer(Carlo Erba,Milano, Italy). Data
for S (Table1, footnotea) weredeterminedat the
Department of Inorganic, Organometallic and
Analytical Chemistry,University of Padova,Italy.
The analysis of halogens was carried out by
potentiometry,following reactionof thecomplexes
with sodiumperoxideandethyleneglycol in a Parr
bomb.17 Melting points were measuredwith a
Büchi SMP 20 instrument, and decomposition
temperaturesby DTA/TG employing a Mettler
vacuum thermoanalyzerT1 (reference: Al2O3,
25°C; N2, 6 °C minÿ1; Pt/PtRh thermoelement).
Molecular weights were measuredby a Knauer
vapor-pressureosmometer.The IR spectrawere
takenby aBrukerFTIR IFS113Vspectrometerfor
solid samples(KBr pellets),andby a Perkin-Elmer
PE580Bgratinginstrumentfor solutions(cell with

KBr windows, 25mm). 119Sn Mössbauerspectra
were measured,at liquid-nitrogen temperature
(solid or frozen solution absorbers)as well as in
variable-temperatureexperiments,by theapparatus
and procedurespreviously reported.18,19 NMR
spectrawere determinedby Bruker AM 300 or
BrukerAC 200spectrometersat 37°C.

RESULTS AND DISCUSSION

The analyticaldatain Table1 are fully consistent
with the stoichiometriesR2SnHal(SPym)(com-
plexes1–8) and R2Sn(SPym)2 (complexes9–15).
Results of elementalanalysesfor complexes1,
Me2SnCl(SPym),obtainedfrom a seriesof syn-
theticbatches(Table3,below),correspondedto the
data in Table 1. The occurrenceof monomeric,
undissociated,speciesin CHCl3 solutions(aswell
as in dimethyl sulfoxide(DMSO) for 8 and15) is
generallyinferredfrom theosmometricdata.

Complexes1–15 are colorlessor light-yellow
solids,which whenstoredat 0 °C did not showany
decompositionover several months. The com-
pounds are soluble in CHCl3 and DMSO, and
moderatelysolublein CH3OH andC2H5OH.

Theinfraredspectraof thesolid-statecomplexes
1–15(Table2) correspondstrictly1 to literaturedata
determined for RSn(SPym)3, RSnCl(SPym)2,
RSnCl2(SPym), SnCl2(SPym)2 and Sn(SPym)4,
which have been interpreted in terms of the
occurrenceof chelationof tin centersby N andS
donorsof theSPymligands.1 Thesamewould then
be inferred for the R2Sn(IV)–SPym complexes
investigatedhere,accordingto earlierassumptions
for R2Sn(SPym)2 species(R = Me, nBu, Ph).4

Table 2 Infraredspectraldatafor diorganotin(IV)complexesof 2-mercaptopyrimidine:a collectiveranges of valuesb (cmÿ1)

n(C–N/C–C) d(C–H)c
Ringd

Compd Formulaa A B C D E F G

1–8 R2SnHal(SPym)e 1566–1576
(vs, s, m)

1546–1549
(vs, s)

1366–1386
(vs, s)

800–821
(s, m, w)

769–773
(vs, s, m)

748–749
(vs, s, m, w)

645–649
(vs, s, m)

9–15 R2Sn(SPym)2
f 1560–1565

(vs, s, m)
1541–1545

(vs, s)
1361–1378
(vs, s, sh)

794–807
(s, m, w)

770–775
(s, m, w)

746–748
(vs, s, m)

638–641
(vs, s, m)

a Solid-statesamples.Structureof 2-mercaptopyrimidinein Fig. 1. R, Hal in classesof complexes:seeTable1.
b Determinedin Nujol mulls, betweenKBr discs; s= strong,v = very, m = medium, w = weak, sh= shoulder.A–G: classesof
vibrationalbands.
c Out-of-planedeformation.
d Ring deformation.
e Compound1 CDCl3 solutionin KBr cuvettes:A, 1572vs; B, 1550vs; C, 1381vs.
f Vibrational datafor Nos9, 11, 15 (seeTable1), reportedin Ref. 4, essentiallyinsertinto the rangesreportedhere.
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The structureof the bondingenvironmentof tin
atoms may be extracted from 119Sn Mössbauer
spectroscopyparameters.20–22The datainherentto
the complexesinvestigatedhere are reported in
Table3, andtheresultsof studieson thedynamics
of tin nuclei by variable-temperatureMössbauer
spectroscopy(vtMs)23–25aregiven in Table4 and
Figs2, 3 and4. Thequalityof themeasuredspectra
is shownin Fig.2.By fingerprint,from thevaluesin
Table 3 it is inferred that: (i) the isomer shift
parameters,d, lie in the zone for R2Sn(IV)
species;20–22 and (ii) the quadrupole splitting

parameters,DE, are within ranges typical for
trigonal-bipyramidal and trans-R2 octahedral
R2Sn(IV) derivatives.20–22 Comparisonof the d
andDE valuesfor theSPymcomplexesin Table3
with data inherent to complexes of R2Sn(IV)
moietieswith ligandsL characterizedby Sthiol and
Nhet donor atoms,belongingto the sameclassas
ÿSPym,showsthegeneralcorrespondencebetween

values, as well as betweenDE parametersof
R2Sn(SPym)2 and -(L)2, and Ph2SnCl(SPym)and
-(L) [L = anionsof 2-mercaptopyridine (SPy); 2-
mercaptopyridine-5-carboxylic acid, methyl, ethyl

Table 3 119SnMössbauerparametersof diorganotin(IV)-2-mercaptopyrimidine complexes

Compounda

No. Formula db (mmsÿ1) DEc (mmsÿ1) ÿ1;ÿ2
d (mmsÿ1)

Solid state
1a Me2SnCl(SPym) 1.43 3.22 0.83

1.427� 0.003e 3.202� 0.007e 0.900� 0.038e

1b Me2SnCl(SPym) 1.48 3.39 0.96
1c Me2SnCl(SPym) 1.47 3.53 0.92

1.455� 0.004e 3.471� 0.009e 0.895� 0.017e

2 iPr2SnCl(SPym) 1.65 3.19 0.92
3 nBu2SnCl(SPym) 1.49 3.08 0.92
4 iBu2SnCl(SPym) 1.50 3.01 0.83
5 tBu2SnCl(SPym) 1.73 3.08 0.93
7 Cy2SnBr(SPym) 1.65 3.10 0.90;0.87

1.694� 0.004e 3.155� 0.010e 0.851� 0.027;0.883� 0.035e,f

8 Ph2SnCl(SPym) 1.31 2.53 0.83
9 Me2Sn(SPym)2 1.32 2.47 1.02

1.30g 2.46g 0.91g

10 iPr2Sn(SPym)2 1.65 2.86 0.82
11 nBu2Sn(SPym)2 1.51 2.87 0.79

1.51g 2.90g 1.00g

12 iBu2Sn(SPym)2 1.51 2.77 0.79
13 tBu2Sn(SPym)2 1.71 2.73 1.12
14 Cy2Sn(SPym)2 1.63 2.93 0.97
15 Ph2Sn(SPym)2 1.36 2.53 0.80

1.27g 2.53g 1.04g

Frozenethanolsolutions.
1b Me2SnCl(SPym)h 1.23 3.15 0.99
1c Me2SnCl(SPym)i 1.39 3.29 0.85

a Abbreviations:seefootnotea to Table1. Nos1a–1c:samplesfrom differentsyntheticbatches;analytical
dataandmol.wtscorrespondto the representativevaluesin Table1.
b–dDeterminedat77.3K (unlessotherwisestated)onfinely powderedsolidabsorbersamples,or in frozen
solutions.Averagevaluesfor datadeterminedon samplesfrom individual syntheticbatchesaregenerally
quoted.
b Isomershift with respectto room-temperatureCa119SnO3.
c Nuclearquadrupolesplitting.
d Full width at half heightof the resonantpeaksat higherandlower velocity thanthe spectrumcentroid
respectively;spectrawith ÿ1 = ÿ2 werefitted assymmetricaldoubletswith the NORMOSprogram.
e Valuesof hyperfineparametersfrom variable-temperatureMössbauerspectroscopyexperiments(Table
4) Dataaveragedover thewhole temperatureranges,with standarderror.
f Slightly asymmetricpeaks;fitting with two linewidth values.
g Datafrom Ref. 4.
h, i Approx.2 ml of solutionsin polyethylenesamplesholders,frozenby immersionin liquid N2; (h) 6.8mM
and(i) 7.1mM solutions.
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and isopropyl esters(TNME, TNEE, TNIPE); 2-
thiocytosine (TCy); 8-thioquinoline (TOx):
R2SnHal(L), R = alkyl, phenyl: d = 1.22–1.71
mmsÿ1 3,5,9,24–26

R2Sn(L)2, R = alkyl, phenyl; d = 1.30–1.71
mmsÿ1

Alk2Sn(L)2: DE = 2.55–2.95mmsÿ1

Ph2Sn(L)2: DE = 2.30–2.40mmsÿ1

Ph2SnCl(L):DE = 2.35–2.58mmsÿ1

In contrast, the magnitudeof DE values for
Alk2SnCl(SPym), particularly for Alk = CH3
(Table 3), are consistently larger than data for
Alk2SnHal(L),DE = 2.78–3.03mmsÿ13,5,26

It shouldthenbeconcludedthatPh2SnCl(SPym)
assumes the trigonal-bipyramidal (distorted)
structure which has been determinedby X-ray

crystallography for Ph2SnCl(SPy)5,27 and
Ph2SnCl(TNEE),27 aswell asfor Bz2SnCl(TOx);29

moreover, the structures of the R2Sn(SPym)2
complexeslisted in Table 3 would correspondto
the trans-octahedral(or skew-trapezoidal,some-
times definedalso as distortedtetrahedral)X-ray
structuresreportedfor Me2Sn(SPy)2,

30 Me2Sn-and
nBu2Sn-(TNEE)2,

31,32
nBu2Sn(SPy-5-NO2)2,

33

Cy2Sn(SPy)2
11 and Ph2Sn(SPy)2.

34 According to
the magnitudeof the 119Sn Mössbauerparameters
DE (Table 3), the complexesAlk2SnHal(SPym)
(1–7) would instead assumestructuresdiffering
from those reported for Me2SnCl(TNEE) and
Et2SnBr(TNIPE), which show distorted tbp tin
environmentsaccordingto X-ray crystallographic
data;26 the largest structural difference would
concernthecomplexMe2SnCl(SPym).

The 119Sn Mössbauerparametersof the latter
species,1a–1cin Table3, showseveralinteresting
features.Samples1a, 1b, 1c refer to independent
synthetic batches, effected in order to check
stoichiometriesand propertiesof the product. In
all casesthe same compoundwas obtained, as
shown by the analytical data (Table 1); the
practicallyconstantisomershifts,d, andlinewidths,
ÿ1,2, whicharenarrowenoughto allow fitting of the
experimentalpeakswith only onedoublet,indicat-
ing a single type of tin coordinationenvironment.
On the other hand, the quadrupole splitting
parameters(DE) vary within about 0.3mmsÿ1,

Figure 2 The quality of 119Sn Mössbauerspectra:data for
Me2SnCl(SPym),1a (seeTables3 and4).

Figure 3 Temperaturedependenceof the normalizedtotal
Lorentzianareas,A, underthe119SnMössbauerpeaksfor: (*)
Me2SnCl(SPym)(1a), (~) Me2SnCl(SPym)(1c), (&) Cy2-

SnBr(SPym)(7). SeeTable4. Linesaretheleast-squaresfits to
theexperimentaldatapoints,therelatedexpressionsfor ln (AT/
A77.3) being as follows: 1.148ÿ 1.430� 10ÿ2 T (*);
1.073ÿ 1.370� 10ÿ2 T (~); 2.086ÿ 2.605� 10ÿ2 T (&).
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which would suggestvariations,althoughlimited,
in thestructures.

The only structural feature possibly yielding
increasesin |DE| is the enlargementof C-Sn-C
angles,21,35 other parametersbeing constant(e.g.
angles S-Sn-N and S-Sn-Cl, taken from
Me2SnCl(TNEE) and Et2SnBr(TNIPE))26.
Possibly the increase of C-Sn-C reflects the
coordinationto tin by N(3) of 2-mercaptopyrimi-
dine (Fig. 1) thus obtaining monodimensional
polymeric specieswith octahedral-typetin envir-
onments.In order to check the latter hypothesis,
vtMs measurements23–25havebeenperformed,and
theresultsarereportedin Table4 andFigs3 and4;
samplesof Me2SnCl(SPym)with the lesserand
largerDE at 77.3K, 1a and1c (Table3) havebeen

selected,and the complex Cy2SnBr(SPym)(7),
with a lower DE, has been investigated for
comparisonpurposes.From vtMs parametersand
functionsit is inferredthat:3,19,36

(i) d andDE parametersarepracticallyinvariantin
the temperaturerangesinvestigated(Tables3
and4) which rulesout theoccurrenceof phase
transitionsaswell asof second-orderDoppler
shifts;

(ii) areasundertheresonantpeaksaresymmetricat
eachtemperaturefor 1a, 1c, which indicates
isotropic lattice dynamics of the recoil-free
fraction (seefor exampleFig. 2); the reverse
wouldoccurfor 7, asinferredfrom asymmetric
areas(seefor exampleÿ1, ÿ2 in Table3);

Figure 4 Therecoil-freefractionof absorber119Snnuclei, fa, andthemeansquaredisplacementof 119Sn,< x2 >, asfunctionsof
temperature.Lines are fa

rel(T) and< x 2> functionsextractedfrom slopesd(ln A)/dT (Table4 andtext); datapointsare fa
absand

corresponding< x 2> values.—— *, Me2SnCl(SPym)(1a); ……… ~, Me2SnCl(SPym)(1c); - - - - Cy2SnBr(SPym)(7); seeTable
4.

Table 4 119Sndynamicsdatafunctionsfrom variable-temperatureMössbauerspectroscopy(vtMs)

Compound
Samplethickness 102d(ln A)/dTc #D

d ñD
d Temp.range

No.a Formulab (mg 119Sncmÿ2) (Kÿ1) (K) (cmÿ1) 10ÿ6M #D
2e (K)

1a Me2SnCl(SPym) 0.97(6) ÿ1.430(0.998) 71.0(72.2) 49.3(50.1) 1.49(1.54) 77.3–181.7
1c Me2SnCl(SPym) 0.67 ÿ1.370(0.993) 72.6(68.6) 50.4(47.7) 1.56(1.39) 77.3–165.0
7 Cy2SnBr(SPym) 0.46 ÿ2.605(0.991) 41.4(50.5) 28.8(35.1) 0.82(1.22) 77.3–140.8

a SeeTable3.
b Abbreviations:seefootnotea to Table1.
c A = (p/2) e ÿ mmsÿ1, is thetotal (Lorentzian)areaundertheresonantpeaks,e% beingtheresonanteffect;correlationcoefficientsin
parentheses.
d Debyetemperature,#D, andcut-off frequency,ṽnD, calculatedfrom d(ln A)/dT, assumingthemolecularmassof thecomplexto be
thevibrating mass.
e Parameterof intermolecularforce constant;M = molecularmass(amu).
d,e ‘Absolute’ dataarein parentheses(seetext).
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(iii) the narrownessof the ÿ valuesthroughoutthe
temperaturerange(Table 3), and the lack of
discontinuities for functions A(T) (Fig. 3),
indicate the occurrenceof single solid-state
phasesin eachcomplex,as well as harmonic
motionsof Snnuclei,at leastin 1a, 1c.

Consequently,the following fingerprint criteria
maybeaccountedfor:

(a) Slopesd(ln A)/dT (Kÿ1) for R2Sn(IV) deriva-
tives:36 borderzoneÿ1.63� 10ÿ2 to ÿ1.69�
10ÿ2 Kÿ1; polynuclear speciesin the range
ÿ0.49� 10ÿ2 to ÿ1.63� 10ÿ2 Kÿ1 (where
five mononuclearspecies are also located,
possiblycharacterizedby weakintermolecular
bonding, within a total of 26 compounds36);
mononuclear species, ÿ1.69 � 10ÿ2 to
ÿ2.87�10ÿ2 Kÿ1 (one polynuclear species
among nine compounds36); the border zone
could be then extended to the range
ÿ1.20� 10ÿ2 to ÿ1.95� 10ÿ2 Kÿ1.22,36

(b) Debye temperature,#D:37 21.6–68.5K for
mononuclear; 58.6–105.7K for polynuclear
species.

(c) Parameterof theintermolecularforceconstant,
M#D

2:37 0.74� 106–1.77� 106 for mononu-
clear; 1.07� 106–3.24� 106 for polynuclear;
1.07� 106–1.60� 106 for polynuclear,mono-
dimensionalspecies.

(d) Functions<x2>/T, where<x2> is the mean
squaredisplacementof Sn atoms:38 borderline
is located at <x2> �0.8� 10ÿ2 Å2 (T =
77.3K); �2.0� 10ÿ2 Å2 (T = 200K); �2.8�
10ÿ2 Å2 (T = 280K).

On these grounds, the following conclusions
could be drawn for compoundsMe2SnCl(SPym),
1a, 1c and Cy2SnBr(SPym)(7) from the data in
Table 4 and Fig. 4: Me2SnCl(SPym):polynuclear
from d(ln A)/dT and#D; polynuclear(monodimen-
sional) or mononuclearfrom M#D

2 and<x2>(T);
Cy2SnBr(SPym):essentiallymononuclearfrom all
parametersandfunctions

The vtMs parametersand functions inherentto
the homologouscomplexesMe2SnCl(TOx) and
Me2Sn(TUr)(TUr = 2-thiouracil)lie in thezonefor
mononuclear, or borderline, species,3 although
nBu2Sn(TUr) has been assigned a polymeric
structure from IR studies.39 Moreover, vtMs
parametersfor Me2Sn(TCy)2, which is expected
to assumea monomerictrans-Me2 octahedral-type
structure,3 correspond to values reported for
Me2SnCl(TOx) and Me2Sn(TUr).3 On the other
hand, nBu2Sn(SPym)2 shows4 d(ln A)/dT =

ÿ1.4� 10ÿ2 Kÿ1, which surprisinglycorresponds
to datafor Me2SnCl(SPym)in Table4. Complexes
Me2SnCl(SPym)behaveasDebyesolids,asshown
by thecorrespondenceof parametersandfunctions
(Table4 andFig. 4) extractedfrom theslopesd(ln
A)/dT (‘relative’), as well as from the recoil-free
fraction of the source(‘absolute’).3,36 The latter
doesnot hold for Cy2SnBr(SPym),as shown for
exampleby the large differencebetweenrelative
andabsolutevalues3,36 of #D andṽnD in Table4.

From the dynamicsof 119Sn nuclei, a trans-R2
octahedral-typestructure in a monodimensional
polymer would then be inferred, at least for
Me2SnCl(SPym),since the limited incrementsof
DE from 1a–1c (Table 3) are paralleled by
analogouschangesin vtMs parametersand func-
tions towardsdata for polynuclearspecies(Table
4).

Assignmentof the structureof tin environments
by calculationsof DE accordingto thepoint-charge
model formalism20–22 is attemptedhere for both
trans-R2 octahedraland trigonal-bipyramidalcon-
figurationsaccordingto the rule by Clark et al.,40

(jDEexpj ÿ jDEcalcdj)� 0.4mmsÿ1. Partial nuclear
quadrupolesplitting parametersreported in the
literature3,5 are employed in the estimates of
DEcalcd; DEexp datafor ÿSPymcomplexesarefrom
Table3, while datafor R2SnHal(L) andR2Sn(L)2
havebeenlisted above.The occurrenceof regular
(idealized) tin environmentsis assumedfirst; the
following would be inferred:

(i) Trigonal-bipyramidalstructures,3,5 equatorial
R, R, Sth: R=alkyl, DEcalcd=ÿ2.94mmsÿ1;
R = phenyl,DEcalcd=ÿ2.57mmsÿ1;3,5 attribu-
table to Me2SnCl(SPym)(1a), R2SnCl(SPym)
(2–8), R2SnHal(L).

(ii) Octahedral structures,3,5 trans-R2, cis-Sth,
Sth, cis-Nhet,Nhet: R = alkyl, DEcalcd= �2.80
mmsÿ1; R = phenyl, DEcalcd= �2.48mm
sÿ1;3,5 attributable to R2Sn(SPym)2 (9–15),
R2Sn(L)2.

Accordingto Clark’s rule, theenvironmentof tin
in Me2SnCl(SPym)(1b and1c, Table3), cannotbe
assigneda trigonal-bipyramidal structurefrom the
dataextractedfrom idealizedregularconfigurations
(vide supra). Calculationswith bond anglesfrom
X-ray crystallographydeterminationsare reported
in Fig. 5 I (a–c) and show, for representative
species, DEcalcd data in agreement with the
correspondingDEexp (vide supra) (a word of
cautionis necessaryin this context:pqsparameters
employedin the calculationsare reliable only for
nearlyregularstructures[20–22,40]).StructureI(a)

# 1998JohnWiley & Sons,Ltd. Appl. Organometal.Chem.12, 861–871(1998)

DIORGANOTIN(IV)–2-MERCAPTOPYRIMIDINE COMPLEXES 867



(Fig. 5) could be attributedto Me2SnCl(SPym)1a
and1b (Table3), from Clark’s rule, but not to 1c;
additionaldistortionsonI(a), openingtheanglesC-
Sn-Cto about134°, 141° and145°, areneededin
order to reproducethe DEexp data for DEcalcd.
Me2SnCl(SPym)(1a–1c, respectively).On similar

grounds,the C-Sn-Canglesin Alk2SnHal(SPym)
(2–7) would lie between ca 128° and 132°.
Distortions of the regular trigonalÿ bipyramidal
structuresreportedin Refs3 and5 yield analogous
results.Lastly, the trans-R2 octahedral-typestruc-
turesII (Fig. 5), asextractedfrom thedynamicsof

Figure 5 Point-chargemodel simulation20–22 of tin environments.I: DEcalcd for structuresfrom X-ray diffractometry;5,26,27

Alk = Me, Hal = Cl, L = TNEE; Alk = Et, Hal = Br, L = TNIPE; SPyÿ = 2-mercaptopyridine;TNEEÿ and TNIPEÿ = 2-mercapto-
pyridine-5-carboxylicacid,ethyl ester(TNEE) andisopropylester(TNIPE). Seetext. II: Me2SnCl(SPym),1a–1c, Table3, on the
assumptionof polymeric speciesby intermolecularinteractionsthroughthe nitrogenatomsof the ligand (seeFig. 1); idealized
octahedral(regular)seestructuresareassumed.Seetext.

Compound
DEcalcd

(mmsÿ1) Ref. Compound
DEcalcd

(mmsÿ1)

I(a) Alk2SnHal(L) ÿ3.05 26 II(a) trans-N,N R = Alk; R = Ph 3.42;3.10
I(b) Ph2SnCl(SPy) ÿ2.59 5,27 II(b) cis-N,N R = Alk; R = Ph 3.50;3.19
I(c) Ph2SnCl(TNEE) ÿ2.42 27

Table 5 1H and 13C NMR spectraldata for diorganotin(IV) complexesof 2-mercaptopyr-
imidine:a collectiverangesof d (ppm)valuesb in CDCl3 solutions

CompoundNo. Formulaa d (ppm)
1H NMR H(4,6)a H(5)a

1–8 R2SnHal(SPym) 8.38–8.42(d)c 7.08–7.14(t)d

9–15 R2Sn(SPym)2 8.24–8.46(d)c 6.83–7.01(t)d

13C NMR C(2)a C(4,6)a C(5)a

1–8 R2SnHal(SPym) 174.5–176.6e 156.9–157.4f 115.9–116.7g

9–15 R2Sn(SPym)2 174.5–176.5e 156.5–156.8f 115.4–115.8g

a SeeFig.1, labelingof H andC atomsfor NMR assignments.R,Hal in classesof complexes:see
Table1. d = doublet;t = triplet.
b Tetramethylsilaneasinternalstandard.
c,d d (ppm) in DMSO-d6 solutionsfor compounds5, 8, 9, 11, 13, 15: (c) 8.48–8.70d; (d) 7.12–
7.39t. This work, andRef. 4 for complexes9, 11, 15.
e,f,g d (ppm) in DMSO-d6 solutionsfor compounds5, 8, 9, 13, 15: (e) 172.4–174.0;(f) 157.2–
158.5;(g) 116.3–117.0.Ref. 4, complexes11 and15: C(2), 157.4;C(4,6),120.4,128.2;C(5),
116.3,116.7.
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tin nuclei (vide supra), are attributable to
Me2SnCl(SPym)accordingto Clark’s rule; struc-
tures II cannot be assignedto Ph2SnCl(SPym),
while II(a) could be assumed to occur for
Alk2SnHal(SPym)(2–7, Table 3), being on the
otherhandinconsistentwith thedynamicsof tin in
Cy2SnBr(SPym)(vide supra, Table4).

It is concludedthat the solid-statestructuresof
the R2Sn(IV)–SPymcomplexesinvestigatedhere,
wheretheligandwouldchelateSnthroughSandN
donor atoms according to infrared spectroscopic
data, are trans-Me2 octahedralor trigonal-bipyr-
amidal in Me2SnCl(SPym)species,and trigonal-
bipyramidalin R2SnHal(SPym)(R = iPr, nBu, iBu,
tBu, Cy, Ph).The complexesR2Sn(SPym)2 would
generally assumetrans-R2 octahedral-typestruc-
tures. Further work is obviously needed for
definitive assignments.

Information on structuresin solution for com-
plexes1–15 are extractedfrom 1H and 13C NMR
(Table5), aswell as1J(119Sn,13C) and119SnNMR
(Table 6); moreover, from IR data in CDCl3
solution, and 119Sn MössbauerDE values in
C2H5OH, frozen solutions, for Me2SnCl(SPym)
(Tables2 and3).

The d (ppm) values for ligand hydrogenand
carbon atoms in complexesR2SnHal(SPym)and
R2Sn(SPym)2 (Table5 andFig. 1) correspondfully
to data determined for RSn(SPym)3 and
RSnCl(SPym)2 (R = Me, nBu, Ph), as well as
RSnCl2(SPym)(R = Me, nBu), reportedin Ref. 1
[H(4,6), d = 8.35–8.49ppm; H(5), d = 6.91–
7.25ppm; C(2), d = 172.3–176.9ppm; C(4,6),
= 156.4–157.5ppm; C(5), d = 115.7–117.5ppm].
Structuralassumptionsextractedfor RSn(IV) com-
plexes,on thebasisof comparisonwith datafor the
disulfide PymSSPym, then hold also for the
R2Sn(IV) speciesinvestigatedin thepresentpaper:
in particular, SPymÿ would chelate tin centers
throughS→Sn andN→Sn coordinationin CDCl3
solutions,aswell asin DMSO.1

Furtherstructuralinformation is extractedfrom
data inherent to Me2SnCl(SPym).A monomeric
undissociatedspeciesoccurs in CHCl3 solution,
accordingto the experimentallydeterminedmole-
cular weight (Table 1; the same holds for
complexes2–8); chelationof tin by SPymÿ persists
in the solution phase (CDCl3), where the IR
spectrum shows n(C–N/C–C) vibrational bands
correspondingto solid-statedata (footnote e to
Table2). As a consequence,a trigonal-bipyramidal
structureof type I (Fig. 5) would occurin CHCl3–
CDCl3 solutions. The magnitudeof the C-Sn-C
angle(#) may be estimatedas123.9° throughthe

coupling constant1J(119Sn,13C) in CDCl3 solution
(Table 6), accordingto the treatmentby Lockhart
andManders(Eqn [1]):41

j1J�119Sn,13C�j � 10:7� #ÿ 778 �1�
The samespecieswould occur also in (frozen)

C2H5OH solution, as extracted from the point-
chargemodel treatmentof the 119Sn Mössbauer
parameterDEav = 3.22mmsÿ1 (Table 3). In fact,
by assuminga trigonal-bipyramidalstructurefor
Me2SnCl(SPym),from Parish’sequation(Eqn2):21

�E � ÿ4[R]f1ÿ 3
4

sin2#g1=2 �2�

the value # = C-Sn-C= 125.9° is calculated,
[R] = 1.13mmsÿ1 being the partial nuclearquad-
rupolesplitting for equatorialalkyl groups.21

Analogousstructurescouldbeassumedto occur
in CDCl3 solutionsfor compounds2–8, according
to thevaluesof thecouplingconstants1J(119Sn,13C)
(Table 6), which, inter alia, correspondstrictly to
datafor SPyÿ complexes.5

Values of d (ppm) in 119Sn NMR spectraof
R2SnHal(SPym)and R2Sn(SPym)2 complexesin
CDCl3 solutions(Table6) arein therangesdetected
for thecorrespondingSPyÿ complexes,asreported

Table 6 Couplingconstants1J (119Sn,13C), and119Sn NMR
chemical shifts, d of diorganotin(IV)-2-mercaptopyrimidine
complexesin CDCl3 solution

Compound(a) 1J (119Sn,13C)(b) d (119Sn)(c)

No. Formulaa (Hz) (ppm)

1 Me2SnCl(SPym) 548 ÿ48
2 iPr2SnCl(SPym) 491 ÿ66
3 nBu2SnCl(SPym) (d) ÿ53
4 iBu2SnCl(SPym) 491 ÿ62
5 tBu2SnCl(SPym) (d) ÿ83
6 Cy2SnCl(SPym) 470 ÿ93
7 Cy2SnBr(SPym) 453 ÿ90
8 Ph2SnCl(SPym) 847 ÿ193
9 Me2Sn(SPym)2 (d) ÿ107

10 iPr2Sn(SPym)2 539 ÿ129
11 nBu2Sn(SPym)2 (d) ÿ111
12 iBu2Sn(SPym)2 514 ÿ113
13 tBu2Sn(SPym)2 (d) ÿ57
14 Cy2Sn(SPym)2 496 ÿ155
15 Ph2Sn(SPym)2 (d) ÿ227

a Abbreviations:seefootnotea to Table1.
b From 13C NMR spectra.
c With respectto tetramethyltinas internalstandard.d(119Sn),
(ppm) in DMSO-d6 solutions:1, ÿ114,ÿ138,ÿ224;5, ÿ102;
8, ÿ261. In CDCl3–DMSO-d6: 9, ÿ150;13, ÿ100;15, ÿ259.
d Not observed.
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in Ref.5 (R2SnCl(SPy),R = alkyl andCy, d =ÿ61
to ÿ102ppm; R = Ph,d =ÿ201ppm; R2Sn(SPy)2,
R = alkyl and Cy, d =ÿ83 to ÿ163ppm; R = Ph,
d =ÿ300ppm). Shift of d to higher fields for
R2SnHal(SPym)with respectto R2Sn(SPym)2 then
reflectsthedecreasingcoordinationnumberat tin in
the first species,as inferred for the corresponding
SPyÿ complexes,5 althoughthe d rangesdo not fit
thevaluesreportedin theliteraturefor five- andsix-
coordinatedtin derivatives,possiblyowing to the
largeelectron-donorability of sulphuratomsbound
to tin.5 Shiftsto lower fieldsdetectedin DMSO-d6,
as well as DMSO-d6–CDCl3, solutions(Table 6,
footnotec) couldbeinterpretedin termsof DMSO
coordinationto tin, accordingto trendsreportedfor
(119Sn)parametersin relationto theincreaseof the
coordination number.5,42 The occurrenceof the
speciesPh2SnCl(SPym)�DMSOis suggestedby the
experimentallydeterminedmolecular weight for
complex 8, Ph2SnCl(SPym),in DMSO solution
(Table1 andfootnoted).

CONCLUSIONS

The solid-statestructureof complexesR2SnHal-
(SPym), (R = iPr, nBu, iBu, tBu, Cy, Ph) are of
trigonal-bipyramidaltype,distorted,with anglesC-
Sn-C larger than 120° for Alk2Sn(IV) and
Cy2Sn(IV) derivatives.ComplexesR2Sn(SPym)2
havetrans-R2 octahedral,or betterskew-trapezoi-
dal, structures,with cis-S,Sand cis-N,N atomsin
theequatorialplane.ThecomplexMe2SnCl(SPym)
could be assumedboth as a monomeric,trigonal-
bipyramidal,specieswith theC-Sn-Canglearound
134–145°, or asa monodimensionalpolymerwith
a trans-R2 octahedral-typetin environment.These
assumptionsare extractedfrom IR, 119Sn Möss-
bauer, and vtMs studies of tin dynamics. In
solution,essentiallywith CDCl3 assolvent,mono-
meric speciesoccur, accordingto vapor pressure
osmometry; ligand chelation would persist in
solution,andsolid-statestructureswould be main-
tained, with the exception of Me2SnCl(SPym),
which would assumea distortedtrigonal-bipyrami-
dal tin environmentfor monomericspecies.Solu-
tion structuresareinferredfrom 1H,13C,119SnNMR
spectroscopicdata,aswell asfrom IR in CDCl3 and
119SnMössbauerin frozenC2H5OH for Me2SnCl(-
SPym).
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troscopy, Dickson, D. P. E. and Berry, F. J. (eds.),
Cambridge University Press,Cambridge, 1986, Ch. 6,
p. 219.

26. M. D. Couce,G. Faraglia,U. Russo,L. Sindellari andG.
Valle, J. Organomet.Chem.513, 77 (1996).

27. M. D. Couce, V. Cherchi, G. Faraglia, U. Russo, L.
Sindellari, G. Valle and N. Zancan, Appl. Organomet.
Chem.10, 35 (1996).

28. F. P. Mullins, J. Inorg. Nucl. Chem.41, 463 (1979).
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