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The complexes dimethyldi(pyrimidine-2-thio-
lato)tin(IV) (1) and diphenyldi(pyrimidine-2-
thiolato)tin(IV) (2) have been structurally
characterized by means of X-ray crystallogra-
phy. Complex 1 exhibits strong p–p stacking
interactions and adduct 2 is self-assembledvia
intermolecular hydrogen bonds, C—H–p and
p–p stacking interactions. Partial solvolysis
occurs in organic solvents for 1 and 2. Copyright
# 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Organotin compounds show a large spectrum of
biological activities. In recent years, several
investigations to test their antitumour activity have
been carried out. It has been observed that several
organotin complexes are effective antineoplastic
and antiviral agents; therefore, much attention has
been focused on their antitumour properties and
their implications in antioncogenesis.1 Also, they
are used commercially as bactericides, fungicides,
acaricides, and industrial and agriculture biocides.2

The presence of 2-mercaptopyrimidine nucleotides
has been detected inEscherichia colisRNA and
yeast tRNA; it was found to inhibit the synthesis of
tRNA, and thus it acts as an antitumour and

antithyroid agent.3 A similar inhibitory effect has
been found for pyrimidine-2-thione (Hpmt), and the
compound also shows pronouncedin vitro bac-
teriostatic activity.4

Continuing our studies on the co-ordination
chemistry of heterocyclic thiones (specifically
pyrimidine-2-thione) with transition metal ions5

and organotin(IV),6 we report here on the crystal
and molecular structure of dimethyl(pyrimidine-2-
thiolato)tin(IV), SnMe2(Spym)2 1, and diphenyl-
di(pyrimidine-2-thiolato)tin(IV), SnPh2(Spym)2 2,
complexes.

EXPERIMENTAL

The complexes1 and2 were prepared according to
the procedure proposed in Ref. 6a. Colourless
crystals suitable for X-ray diffraction study were
formed by slow evaporation of a methanol/
acetonitrile (1:1) solution prepared by dissolving
of the title products. X-ray diffraction data were
collected on KUMA KM4 k-geometry diffracto-
meter.7a Crystal data and experimental conditions
are listed in Table 1. The structures were solved by
direct methods using SHELXS86 software7b and
the refinements were carried out using SHELXL93
software7c minimizing on the weightingR factor
Rw. Anisotropic thermal parameters were used for
all non-hydrogen atoms, whereas hydrogen atoms
were inserted in calculated positions and treated as
a ‘riding model’.

RESULTS AND DISCUSSION

Interatomic distances and bond angles for1 and2
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arecompiledin Tables2 and3. A perspectiveview
of 1 is shownin Fig. 1.7d Thecrystalstructureof 1
consistsof a monomerunit in which tin(IV) is co-
ordinatedto two methyl groupsand to two sulfur
and nitrogen atoms from the two deprotonated
ligands(Spym).TheSn—Cdistances[2.17(1)and
2.25(1)Å] and Sn—S distance [2.466(4)Å] are
similar to thosefound in [SnR2(Spy)2] [2.133(9)–
2.13(1)Å and 2.487Å respectively.The Sn—S
distanceis close to the typical length of a single
covalentbond.8a The Sn—Ndistance,2.83(2)Å is
longerthanthatfoundin [SnR2(Spy)2], 2.702(5)Å.
TheSn—Nbonddistance,thoughlessthanthesum
of the van der Waalsradii, 3.75Å,8b is oneof the
largestreportedfor organotincompounds,although
longer bonds have been reported in other tin
species.8c The bite angle S(2)—Sn—N(3) of

compound1 [58.5(2)°] is reconcilablewith skew-
trapezoidal bipyramid geometry. This geometry
canbeconsideredasa distortionof a trans regular

Table 1 Crystaldataandexperimentalconditionsfor complexes1 and2

Compound 1 2

Empirical formula C10H12N4S2Sn C20H16N4S2Sn
Formulaweight 371.07 495.22
Crystalsystem Monoclinic Orthorhombic
Spacegroup Cm Pbca
a/Å 7.1360(10) 12.661(3)
b/Å 17.858(4) 17.230(3)
c/Å 6.2210(10) 37.683(8)
a/deg 90 90
b/deg 117.88(3) 90
g/deg 90 90
V/Å3 700.8(3) 8221(3)
Z 2 16
Dcalc/g cmÿ3 1.758 1.600
F(000) 364 3936
�(Mo Ka)/cmÿ1 21.0 14.6
Crystalsize/mm 0.10� 0.20� 0.20 0.20� 0.20� 0.30

Data collection
Temperature(K) 293 293
Radiation/Å Mo Ka 0.71073 Mo Ka 0.71073
� range/deg 2.3,27.0 1.1,23.0
Rangeh; k; l 0 to 8; ÿ22 to 22;ÿ7 to 7 ÿ13 to 0; ÿ18 to 0; ÿ41 to 0
Total data 1641 5590
Uniquedata,R(int) 850,0.181 5587,0.011
Observeddata[I > 2.0�(I)] 793 3361

Refinement
No. of reflections 839 4544
No. of parameters 80 487
R 0.0655 0.0390
Rw 0.1548 0.1340
S 0.97 1.07
Min., max.residualdensity ÿ1.60,2.03 ÿ0.78,0.56
e/Åÿ3

Figure 1 An ORTEP representationof 1 with the atom
numberingscheme.
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octahedronand it is favoured if the chelatebite
angle is small. This structureis also favoured if
asymmetric bidentate ligands, such as Spy and
Spym, are used in place of symmetric bidentate
groups.The samestructurewas observedin the
adductSnMe2(OAc)2, wheretheacetatogroupsare
anisobidentate,with Sn—O distancesof 2.106(2)
and 2.539(2)Å and a bite angle of 55.14(7)°.9a

Kepert9b predictedtheskew-trapezoidalbipyramid
structure from ligand–ligand repulsion energy
calculationsand showed that the one end of a

bidentate ligand experiencesa greater repulsion
than the other. This accounts for the gross
asymmetry observedin the bidentate ligands.9b

TheS—Cbonddistance,1.72(2)Å, is shorterthan
that found in [SnR2(Spy)2], 1.751(7)Å, and is
consistentwith increasedsingle-bondcharacter.
These values suggestthat the ability of HSpy,
comparedwith HSpym, to transformits thione to
the thiol form is higher.The pyrimidine rings (1)
and(2) areplanar,asis theequatorialplaneformed
by the two pyrimidine rings andthe Sn1atom(3).

Table 2 Bond lengths(Å) for 1 and2

Compound1
Sn(1)—C(11) 2.17(1) N(1)—C(5) 1.35(2)
Sn(1)—C(12) 2.25(1) C(5)—C(6) 1.35(2)
Sn(1)—S(2) 2.466(4) N(3)—C(2) 1.34(2)
Sn(1)—N(3) 2.83(2) C(4)—C(6) 1.39(3)
S(2)—C(2) 1.72(2) N(3)—C(4) 1.36(3)
N(1)—C(2) 1.35(2)

Compound2
Molecule1 Molecule2
Sn(1)—C(41) 2.089(8) Sn(1)—C(31) 2.101(9)
Sn(1)—C(31) 2.112(8) Sn(1)—C(41') 2.103(9)
Sn(1)—S(12) 2.464(2) Sn(1)—S(12') 2.466(3)
Sn(1)—S(22) 2.466(2) Sn(1')—S(22') 2.474(2)
Sn(1)—N(11) 2.639(6) Sn(1')—N(21') 2.666(7)
Sn(1)—N(21) 2.948(8) Sn(1')—N(11') 2.688(7)
C(12)—S(12) 1.730(9) C(12')—S(12') 1.739(9)
N(13)—C(12) 1.33(1) N(13')—C(12') 1.32(1)
N(23)—C(22) 1.32(1) N(23')—C(22') 1.33(1)
C(24)—C(25) 1.37(2) C(24')—C(25') 1.36(1)
C(32)—C(33) 1.37(2) C(32')—C(33') 1.39(2)
C(41)—C(42) 1.38(1) C(41')—C(42') 1.36(1)
C(44)—C(45) 1.36(2) C(44')—C(45') 1.37(2)
S(22)—C(22) 1.739(9) S(22')—C(22') 1.737(9)
N(13)—C(14) 1.32(1) N(13')—C(16') 1.30(1)
N(23)—C(24) 1.33(2) N(23')—C(24') 1.334(1)
C(25)—C(26) 1.37(2) C(25')—C(26') 1.35(2)
C(33)—C(34) 1.36(2) C(33')—C(34') 1.34(2)
C(41)—C(46) 1.36(1) C(41')—C(46') 1.33(1)
C(45)—C(46) 1.40(1) C(45')—C(46') 1.37(2)
N(11)—C(12) 1.33(1) N(11')—C(12') 1.33(1)
N(21)—C(22) 1.31(1) N(21')—C(22') 1.32(1)
C(14)—C(15) 1.37(2) C(14')—C(15') 1.36(2)
C(31)—C(32) 1.36(1) C(31')—C(32') 1.37(1)
C(34)—C(35) 1.36(2) C(34')—C(35') 1.31(3)
C(42)—C(43) 1.38(1) C(42')—C(43') 1.37(2)
N(11)—C(16) 1.31(1) N(11')—C(14') 1.31(1)
N(21)—C(26) 1.31(1) N(21')—C(26') 1.35(1)
C(15)—C(16) 1.38(1) C(15')—C(16') 1.39(2)
C(31)—C(36) 1.37(1) C(31')—C(36') 1.36(1)
C(35)—C(36) 1.37(1) C(35')—C(36') 1.38(2)
C(43)—C(44) 1.36(1) C(43')—C(44') 1.32(2)

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 727–734(2000)

ORGANOTIN ADDUCTS WITH PYRIMIDINETHIONE 729



Table 3 Bondangles(deg)for 1 and2

Compound1
S(2)—Sn(1)—C(11) 116.0(3) S(2)—Sn(1)—C(12) 106.6(2)
C(11)—Sn(1)—C(12) 120.6(5) C(11)—Sn(1)—S(2)a 116.0(3)
Sn(1)—S(2)—C(2) 95.1(6) C(2)—N(1)—C(5) 117(2)
S(2)—C(2)—N(1) 120(1) S(2)—C(2)—N(3) 116(1)
N(3)—C(4)—C(6) 119(2) N(1)—C(5)—C(6) 121(2)
S(2)—Sn(1)—S(2)a 85.3(1)
C(12)—Sn(1)—S(2)a 106.6(2)
C(2)—N(3)—C(4) 118(2)
N(1)—C(2)—N(3) 124(2)
C(4)—C(6)—C(5) 120(2)

Compound2
S(12)—Sn(1)—S(22) 87.09(8) S(12')—Sn(1')—S(22') 89.81(9)
S(22)—Sn(1)—C(31) 106.3(2) S(22')—Sn(1')—C(31') 106.2(2)
Sn(1)—S(12)—C(12) 90.1(3) Sn(1')—S(12')—C(12') 91.0(3)
C(12)—N(13)—C(14) 114.2(8) C(12')—N(13')—C(16') 115.2(9)
S(12)—C(12)—N(11) 116.0(6) S(12')—C(12')—N(11') 116.3(6)
N(13)—C(14)—C(15) 125(1) N(11')—C(14')—C(15') 123(1)
S(22)—C(22)—N(21) 117.7(6) S(22')—C(22')—N(21') 115.8(6)
N(23)—C(24)—C(25) 123(1) N(23')—C(24')—C(25') 123.5(8)
Sn(1)—C(31)—C(32) 118.5(7) Sn(1')—C(31')—C(32') 122.1(7)
C(31)—C(32)—C(33) 122(1) C(31')—C(32')—C(33') 119(1)
C(34)—C(35)—C(36) 122(1) C(34')—C(35')—C(36') 122(1)
Sn(1)—C(41)—C(46) 119.4(7) Sn(1')—C(41')—C(46') 121.9(7)
C(42)—C(43)—C(44) 120.1(9) C(42')—C(43')—C(44') 120(1)
S(12)—Sn(1)—C(31) 108.8(2) S(12')—Sn(1')—C(31') 110.1(2)
S(22)—Sn(1)—C(41) 107.4(2) S(22')—Sn(1')—C(41') 110.3(2)
Sn(1)—S(22)—C(22) 96.9(3) Sn(1')—S(22')—C(22') 90.6(3)
C(22)—N(21)—C(26) 117.1(8) C(22')—N(21')—C(26') 116.7(8)
S(12)—C(12)—N(13) 118.5(7) S(12')—C(12')—N(13') 117.7(7)
C(14)—C(15)—C(16) 116(1) C(14')—C(15')—C(16') 114(1)
S(22)—C(22)—N(23) 116.3(7) S(22')—C(22')—N(23') 117.1(7)
C(24)—C(25)—C(26) 116(1) C(24')—C(25')—C(26') 117.8(9)
Sn(1)—C(31)—C(36) 124.2(6) Sn(1')—C(31')—C(36') 119.9(7)
C(32)—C(33)—C(34) 120(1) C(32')—C(33')—C(34') 121(1)
C(31)—C(36)—C(35) 120.3(9) C(31')—C(36')—C(35') 120(1)
C(42)—C(41)—C(46) 117.6(8) C(42')—C(41')—C(46') 116.5(9)
C(43)—C(44)—C(45) 121(1) C(43')—C(44')—C(45') 120(1)
S(12)—Sn(1)—C(41) 106.6(2) S(12')—Sn(1')—C(41') 106.6(2)
C(31)—Sn(1)—C(41) 131.6(3) C(31')—Sn(1')—C(41') 127.4(3)
C(12)—N(11)—C(16) 118.9(8) C(12')—N(11')—C(14') 116.6(8)
C(22)—N(23)—C(24) 115.7(9) C(22')—N(23')—C(24') 114.1(8)
N(11)—C(12)—N(13) 125.5(8) N(11')—C(12')—N(13') 126.0(8)
N(11)—C(16)—C(15) 120.7(9) N(13')—C(16')—C(15') 124(1)
N(21)—C(22)—N(23) 126.0(8) N(21')—C(22')—N(23') 127.1(8)
N(21)—C(26)—C(25) 122(1) N(21')—C(26')—C(25') 120.7(9)
C(32)—C(31)—C(36) 117.2(9) C(32')—C(31')—C(36') 118.0(9)
C(33)—C(34)—C(35) 118(1) C(33')—C(34')—C(35') 119(1)
Sn(1)—C(41)—C(42) 123.0(6) Sn(1')—C(41')—C(42') 121.5(7)
C(41)—C(42)—C(43) 120.9(8) C(41')—C(42')—C(43') 122(1)
C(44)—C(45)—C(46) 118(1) C(44')—C(45')—C(46') 119(1)
C(41)—Sn(1)—C(31) 131.6(3) C(31')—Sn(1')—C(41') 127.4(3)
S(12)—Sn(1)—S(22) 87.08(8) S(12')—Sn(1')—S(22') 89.81(8)
S(12)—Sn(1)—N(11) 61.2(2) S(22')—Sn(1')—N(21') 60.6(2)
S(22)—Sn(1)—N(21) 57.1(2) S(12')—Sn(1')—N(11') 60.8(2)
N(11)—Sn(1)—N(21) 154.4(2) N(21')—Sn(1')—N(11') 149.0(2)

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 727–734(2000)

730 S. K. HADJIKAKOU ET AL.



The largest deviation from the best plane (3) is
ÿ0.032(5)° and 0.027(7)° for S(2) and N(1)
respectively. The dihedral angles between the
planesof ring (1) and the equatorialplane (3) is
1.2(8)°, indicating that the equatorialplane as a
wholedoesnot deviatefrom planarity.

The observed bond angle of C—Sn—C is
120.6(5)°. This compareswith a predictedvalue
of 110° basedon Mössbauerdata (isomer shift

1.30mmsÿ1, quadrupolesplitting 2.46mmsÿ1)6b

and the point-charge approach given by the
equationDEQ = 4[R](1ÿ 3 sin2 � cos2 �)1/2, where
(180ÿ 2�) is the C—Sn—C bond angle and the
partial quadrupolesplitting (PQS) contributions
from ligandsotherthanR groupsareconsideredto
be negligible.The low calculatedvalue (110°) is
dueto the fact that sulfur andnitrogenatomshave
non-zeroPQSvaluesand that contributionsother

Figure 2 Packingdiagramof complex1 viewedalongthec axisof the unit cell, showingp–p stackinginteractions.

Figure 3 An ORTEPrepresentationof 2 with theatomnumberingscheme.
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than from the R group are not negligible.10 From
the coupling constant[2J(119/117Sn—C—H)], the
angleC—Sn—Cwasalsocalculatedto be133° in
DMSO-d6 solution, suggestingSn–DMSO inter-
action.6b

The crystal structureof 1 showsring-stacking
interactions;eachSpym group is arrangeface-to-
faceat a distanceof 3.66Å andshowssignificant
p–p stacking interactions.11,13 The orientation is
suchthat the heterocyclicring substituents‘face’
other heterocyclic rings on neighbouringmono-
mers.A view of the extendednetworkalongthe c
axis is shownin Fig. 2.

The molecularstructureof compound2 andthe

atom numberingschemeis shown in Fig. 3. The
unit cell containstwo crystallographicallyindepen-
dentmolecules.The ligand behavesasa bidentate
speciesandchelatesthe tin atomby meansof the
aromaticnitrogenandthethiolatosulfur.TheSn—
C distances[2.089(8)–2.112(8)Å] and the Sn—S
distances[2.464(2)–2.474(2)Å] aresimilar to those
foundin other[SnR2(chelate)2] systems.12 Thefour
Spym ligands(consideringboth molecules)differ
distinctly from eachotherwith regardto their Sn—
N bond distances[2.639(6),2.948(8)Å] and S—
Sn—Nbite angles[57.1(2)–60.8(2)°], whereasfor
SnPh2(Spy)2 therespectivevalues[Sn—N(mean)is
2.67(4)Å, S—Sn—N is 60.7(8)°] are almost
identical.12b This co-ordinationgeometry is also
describedas skew-trapezoidalbipyramidal. The
basal plane is definedby the four atoms (S2N2)
derivedfrom the two chelatingSpym ligandsand
the axial positionsareoccupiedby the two phenyl
groups. The S—C bond distances [1.730(9)–
1739(9)Å] are consistentwith increasedsingle-
bond character. The pyrimidine rings and the
phenyl rings are planar. The dihedral angles
betweenthe planesof the heterocyclicrings are
12.4(5)° and 8.5(5)° for molecules 1 and 2
respectively,indicating that the equatorialplane
as a whole deviatessignificantly from planarity.
Also, the dihedral angles between the phenyl
groupsare23.4(5)° and14.7(5)° respectivelyfor
the two molecules.

The crystal structureof 2 showsring-stacking
interactions. The orientation is such that the
heterocyclicring substituentsof molecule1 ‘face’
theheterocyclicring of molecule2 at a distanceof
3.665Å andshowsignificantp–p stackinginterac-
tions.Furthermore,C—H–p interactionsandinter-
molecularhydrogenbondsstabilize this structure
(Table4). In this case,complex2 is self-assembled
via intermolecularhydrogenbonds,C—H–p and
p–p stackinginteractions;consequently,adifferent
packingarrangementthancomplex1 results.11,13A
view of the crystal packing along the a axis is
shownin Fig. 4.

Theco-ordinationschemeof 1 and2 is similar to
that found in di-n-butylbis(5-nitropyridine-2-thio-
lato)tin(IV) by Domazetiset al.8d, who describedit
as a distortedoctahedron.However, Ng et al.12a

considerthat the co-ordinationpolyhedraof this
andsimilar compoundsarebestdescribedasbeing
skew-trapezoidalbipyramidal.

The observed C—Sn—C bond angles are
127.4(3)–131.6(3)°, whereasthe predictedvalue
basedon Mössbauerdata is 112° (isomer shift
1.27mmsÿ1, quadrupolesplitting 2.53mmsÿ1).6b

Figure 4 Packingdiagramof complex2 viewedalongthe a
axis of the unit cell, showing C—H–p and p–p stacking
interactions.
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The structuresof 1 and2 from spectroscopicdata
were assumedto be trans-octahedral,cis-S, cis-N
or skew trapezoidalin the solid stateor in solu-
tion.6b,14aValuesof d (ppm)in 119SnNMR spectra
for 1 and 2 have been reportedin Ref. 13 (� =
ÿ107 andÿ150 in CDCl3 and in CDCl3–DMSO-
d6 respectively for 1 and � =ÿ227 and ÿ259
7shy;inthesamesolventsrespectivelyfor 2). Shifts
to morenegotionsfieldsin CDCl3–DMSO-d6 could
be interpretedin termsof DMSO co-ordinationto
tin or to apartialsolvolysis.14b Shiftsof d to higher
fields for 1 compared with 2 reflect the de-
creasingco-ordinationnumberat tin in 1; dissocia-
tion probablyoccursin both solventsfor 1 and2.
The fact that 1 interacts more strongly with
DMSO-d6 could be due to a steric effect: methyl
groups for 1 instead of phenyl groups for 2.
DMSO-d6 presumablyapproaches1 to the tin
centreandthe valueof the C—Sn—Cbondangle
increasesfrom 121.1to 133°.
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Cg(1)→ Cg(4) 3.655 3.455 5.81
Cg(5)→ Cg(7)iii 4.779 5.004 65.03
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2� y, 1

2ÿ z; (v) ÿ1
2� x, y, 1

2ÿ z; (vi) ÿx,
1
2� y, 1

2ÿ z; (vii) 1
2ÿ x,ÿ 1

2� y, z.
a Cg(1)andCg(2)arethecentroidsof the two ringsof compound1.
b Cg(1) and Cg(2) are the rings N(11)—C(12)—N(13)—C(14)—C(15)—C(16)and N(11')—C(12')—N(13')—C(14')—C(15')—
C(16') respectively;Cg(5) and Cg(6) are the phenyl rings C(31)—C(32)—C(33)—C(34)—C(35)—C(36)and C(31')—C(32')—
C(33')—C(34')—C(35')—C(36') respectively;Cg(7)andCg(8)arethephenylringsC(41)—C(42)—C(43)—C(44)—C(45)—C(46)
and C(41')—C(42')—C(43')—C(44')—C(45')—C(46') respectively; Cg(4) is the pyrimidine ring N(21')—C(22')—N(23')—
C(24')—C(25')—C(26').
c Cg–Cgis thedistancebetweenring centroids.
d CgJ_perpis theperpendicular distanceof Cg(J) on ring I.
e A is thedihedralanglebetweenplanesI andJ.
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HuberF, SchürmannM, PreutH. ActaCrystallogr.Sect.C
1993;49: 1735.

13. Ye B-H, ChenX-M, XueG-Q,Ji L-N. J. Chem.Soc.Dalton
Trans.1998;2827.

14. (a) SchmiedgenR, HuberF, SilvestriA, Ruisi G, RossiM,
Barbieri R. AppliedOrganomet.Chem.1998;12: 861; (b)
TauridouP,RussoU, MartonD, Valle G, Kovala-Demertzi
D. InorganicaChim.Acta 1995;231: 139.

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 727–734(2000)

734 S. K. HADJIKAKOU ET AL.


