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The diorganotin(IV) compound Ph,Sn(S,CNMe,)(NCS) (3) was
obtained by reacting either Ph,Sn(SCN), (1) or
Ph,Sn(S,CNMe;)Cl (2) with sodium dimethyldithiocarbamate, in
a 1:1 molar ratio, in CH,Cl,. Multinuclear ("H, '*C and '"°Sn)
NMR spectroscopy and mass spectrometry were used to
characterize the new complex. Single-crystal X-ray diffraction
studies revealed a bidentate behaviour of the dithiocarbamato
ligand and a monodentate coordination of the NCS moiety
through its nitrogen atom, thus resulting in a pentacoordinated
C,SnS;)N core. A 3D supramolecular network built through weak
intermolecular S-S and S---H interactions was evidenced in the
crystal of 3.

Sni

INTRODUCTION

Diorganotin(IV) complexes with similar or
different anionic ligands attached to tin, attracted
an increased interest during the last decades due to
the valuable potential of such compounds in
biology, catalysis and nanomaterials."” Among
such compounds those containing at least one
dithiocarbamato ligand attached to tin were
intensively studied®’ and they proved to be
promising agents with anti-proliferative® and anti-
microbial activity,” powerful insecticides,'® or
valuable precursors for nanomaterials, i.e. SnS
nanoparticles and thin films.'""

* Corresponding author: anca.silvestru@ubbcluj.ro

Our interest in the chemistry of organotin(IV)
compounds was focused basically on complexes
containing organophosphorus(V) ligands, e.g.
diorganodichalcogenophosphinates and -phos-
phates,” or tetraorganodichalcogenoimidodi-
phosphinates.*'* It is well-known that such ligands
usually act as bidentate (chelating) moieties,
although other coordination patterns were also
reported, thus increasing the coordination number
and enlarging the number of electrons around the
main group metal centre beyond the octet rule.

Although in some aspects the structural
chemistry of organotin(IV) dithiocarbamates
showed similarities to that of the related 1,1
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dithiophosphorus ligands, i.e. a strong coordination
ability of such ligands for tin, only seldom
intermolecular associations by bridging
dithiocarbamato units were observed, e.g. a
bimetallic triconnective pattern of the 1,1-dithio
ligand resulting in dimeric
[(HzC:CH)Z Sn {SzCN(cyclo—Hexyl)z } 2]2 via
secondary Sn--S [3.662(5) A] intermolecular
interactions and a distorted pentagonal bipyramidal
C,SnSs core,*" or the polymeric
[Me,Sn{S,CN(CH,)s} Cl], built through secondary
Sn--S [3.750(1) A] intermolecular interactions and
a distorted octahedral C,SnS;Cl core.®!® On the
other hand, even if the sulfur atoms in species as
RR'Sn(dtc); and RR'Sn(dtc)X (X = halogen,
dtc = dithiocarbamato ligand) are usually not
involved in intermolecular secondary bonding, the
use of 1,1-dithio ligands bearing functionalities
with O or N donor atoms, capable for further
intermolecular hydrogen bonding, resulted in
extended supramolecular networks.*

We have extended our studies on complexes
with dithiocarbamato ligands in order to
investigate their structural features and we reported
recently on several diorganotin(IV) compounds of
type RR'Sn(S,CNR",), [R = Me, Bu", Ph; R' = 2-
(Me,NCH,)C¢Hy, R" = Me, Et), as well as on

Ph,Sn(SCN), + NaS,CNMe, - 1.5 H,0

species of type R,Sn(S,CNR',)Cl [R = Me, Bu",
Ph, 2-(Me,NCH;)C¢Hs, R' = Me, Et] or
R,Sn(S,CNR,)(NCS) [R = Me, Bu", 2-
(Me;NCH,)CeH,, R' = Me, Et].''"® It should be
mentioned here that in contrast with the large
number of diorganotin(IV) compounds containing
both a dithiocarbamato group and a halido ligand
on tin, only few reports were dedicated to related
mixed diorganotin(IV) complexes with
dithiocarbamato/pseudohalido ligands.

As a continuation of our studies, we report here
on the new compound Ph,Sn(S,CNMe,)(NCS),
emphasizing the structural characteristics at
molecular and supramolecular level.

RESULTS

The diorganotin(IV) compound 3 was prepared
by two methods based on salt metathesis reactions
between either (i) Ph,Sn(SCN), (1) and sodium
dimethyldithiocarbamate, or (ii)
Ph,Sn(S,CNMe;,)Cl (2) and KSCN, respectively, in
1:1 molar ratio, as depicted in Scheme 1, using a
solvent mixture of methanol/dichloromethane.

-NaSCN |
1 -1.5H0 —> Ph,Sn(S,CNMe,)(NCS)
Ph,Sn(S,CNMe,)CI + KSCN 3
5 - KCl
Scheme 1

Ph,Sn(S,CNMe,)(NCS) (3) was isolated as a
microcrystalline, colourless solid. The identity and
the purity of this compound were confirmed by
elemental analysis and multinuclear (IH, Be,
"Sn)  NMR spectroscopy. The ESI+ mass
spectrum  shows as  base peak the
[Ph,Sn(S,CNMe,)"] cation.

The FT-IR spectrum of 3 displays bands of
strong intensity at 2035 cm’ [v(CN)] and at
731 em™ [v(CS)], which support an isothiocyanato
behavior of the NCS ligand." Bands of strong or
medium intensity in the range 1240-1550 cm’
suggest a C-N bond of a strength intermediate
between single C—N and double C=N bonds, while
the bands at 970 and at 1244 cm™ were assigned to
vs(CS,) and to v,5(CS,), respectively.20

The crystal and molecular structure of 3 was
determined by single-crystal X-ray diffraction.

DISCUSSION

Spectroscopic characterization in solution

The multinuclear NMR spectra, recorded in
CDClI; solution at room temperature, are consistent
with the formulation of compound 3. According to
the 'H and "C NMR spectra, the two phenyl
groups attached to tin are equivalent in solution, as
are the two methyl groups attached to nitrogen
also. The 'H NMR multiplet resonance
characteristic for the Cg¢Hs-ortho protons is
accompanied by 117/119 tin satellites (3J, 19SnH =
96.2, °J;17san = 80.8 Hz) and the °C NMR singlet
resonances given by the CgHs-ortho, meta and
para carbons are accompanied by tin satellites, as
well. In the *C NMR spectra of Ph,Sn(SCN), used
as starting material, as well as in that one of 3, a
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characteristic resonance for the NCS carbon was
not observed. At low field, the ?C NMR spectrum
of 3 displays only one resonance (6 = 196.1 ppm)
assigned to the S,C in the dimethyldithiocarbamato
ligand. The '”Sn NMR spectrum shows only a
singlet, broad resonance, at 6 = -387.5 ppm. The
broad aspect of this resonance might be determined
by an isothiocyanato behaviour of the NCS ligand
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in solution, as it was observed also in other related
tin(IV) complexes.”'

X-Ray diffraction studies

The molecular structure of 3 is depicted in
Figure 1 and relevant interatomic distances and
angles are given in Table 1.
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Fig. 1 — Molecular structure of Ph,Sn(S,CNMe,)(NCS) (3).

Thermal ellipsoids are drawn at 50% probability (hydrogen atoms are omitted for clarity).

Table 1

Selected interatomic distances (A) and angles (°) for Ph,Sn(S,CNMe,)(NCS) (3)

Sn(1)-C(1) 2.138(4) N(D)-Sn(1)-S(3) 157.51(11)
Sn(1)-C(7) 2.123(4) C(1)-Sn(1)-C(7) 129.20(16)
Sn(1)-N(1) 2.199(4) C(1)-Sn(1)-S(2) 115.18(11)
C(7)-Sn(1)-S(2) 115.60(11)
N(1)-Sn(1)-C(1) 92.06(16)
N(1)-Sn(1)-C(7) 92.41(15)
N(1)-Sn(1)-S(2) 86.57(11)
Sn(1)-S(2) 2.4582(12) S(3)-Sn(1)-S(2) 71.12(4)
Sn(1)-S(3) 2.6347(11) S(3)-Sn(1)-C(1) 94.86(12)
S(3)-Sn(1)-C(7) 99.64(11)
Sn(1)-S(2)-C(14) 87.65(16)
Sn(1)-S(3)-C(14) 82.59(16)
C(14)-N(2) 1.321(6) C(14)-N(2)-C(15) 123.0(4)
C(15)-N(2) 1.464(7) C(14)-N(2)-C(16) 121.4(4)
C(16)-N(2) 1.466(7) C(15)-N(2)-C(16) 115.5(4)
C(14)-S(2) 1.739(5) S(2)-C(14)-S(3) 118.3(3)
C(14)-S(3) 1.715(4) S(2)-C(14)-N(2) 120.0(3)
S(3)-C(14)-N(2) 121.8(4)
N(1)-C(13) 1.179(7) Sn(1)-N(1)-C(13) 152.9(3)
C(13)-S(1) 1.604(5) N(1)-C(13)-S(1) 178.5(4)
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Fig. 2 — View of a polymeric chain built through intermolecular S-S interactions in the crystal of 3. Hydrogen atoms are omitted for
clarity [symmetry equivalent atoms (—x, /-y, —z) and (/—x, /-y, I-z) are given by “prime” and “double prime”, respectively].

Fig. 3 — View along axis c of the 3D supramolecular network in the crystal of 3 (only hydrogens involved in intermolecular contacts are
shown) [symmetry equivalent atoms (—/+x, y, z) and (x, 1.5-y, —0.5+z) are given by “triple prime” and “quadruple prime”, respectively].

The dimethyldithiocarbamato ligand behaves as
an asymmetric bidentate, chelating moiety with
slightly different Sn—S bonds [Sn1-S2 2.4582(12)
A, Sn1-83 2.6347(11) A; c.f Zre(Sn,S) = 2.44
A Zraw(Sn,S) = 431 A*], while the second
anionic ligand acts as an isothiocyanato NCS
group, being coordinated to tin through the
nitrogen atom [Sn1-N1 2.1994) A, cf

Yreod(Sn,N) = 2.10 A**]. In this way a distorted
trigonal bipyramidal coordination geometry is
realized about tin (C,SnS,N core), with the
nitrogen atom and the sulfur atom weaker bonded
to tin in axial positions [N1-Sn1-S3 157.51(11)°].
The distortion of the coordination geometry is
reflected by a t value of 0.82, where 1 is a
parameter which characterizes the pentacoordinated
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complexes, i.e. T = 0 for an ideal square pyramid
(SP) and T = 1 for an ideal trigonal bipyramid
(TBP).** The observed Sn—S interatomic distances
are similar to those observed in the related
Ph,Sn(S,CNMe,)Cl [2.4718(10)/ 2.6834(10) A]"
or  Me,Sn(S,CNMe,)  (NCS)  [2.4596(13)/
2.6688(13) A],'"® which also exhibit a distorted
trigonal bipyramidal coordination geometry with 1
values of 0.85 and 0.77, respectively. The two
carbon-sulfur interatomic distances in the
dithiocarbamato ligand of 3 are of similar length
and they correspond to intermediate values
between single C—S and double C=S bonds, as was
found in the related species Me,Sn(S,CNMe;)X (X

CL” NCS"™), Me,Sn(S,;CNEL)CL*®  or
PhZSn(82CNMez)Cl.17 The NCS ligand is almost
linear in 3 [NI-C13-S1 178.5(4)°] and the
magnitude of the NI-C13 and the S1-C13
interatomic distances suggest a N=C=S structure
for this ligand.

A closer look to the crystal revealed no
Sn---SCN intermolecular interactions, as was
observed in the related Me,Sn(S,CNR,)(NCS) (R
= Me, Et),'® but intermolecular S-S contacts
between the sulfur atoms of the Me,NCS, ligands
in neighbour molecules [S2--S2" 3.54, S3--S3’
327 A, cf ZIraw(S,S) = 3.78 A*] result in
polymeric chains (Fig. 2). Such intermolecular
S-S secondary interactions (S-S 3.64 A), weaker
than in 3, were observed previously in the
hypercoordinated  mercury(Il) complex [2-
(Me,NCH,)C¢H,JHgS(S)CNMe,.”’

Further weak H:-S intermolecular contacts
SI"™-H3 293 A and S2™--H5 295 A, cf
Traw(H,S) = 3.09 A*] between the C¢Hs-meta
hydrogens in one phenyl group and the sulfur
atoms of the isothiocyanate and the 1,1-dithio
ligands of neighbouring molecules of 3,
respectively, connect the polymeric chains in a 3D
supramolecular network (Fig. 3).

EXPERIMENTAL

The starting materials Ph,Sn(SCN), (1),®® and
Ph,Sn(S,CNMe,)Cl  (2),7  were prepared according to
literature procedures, while NaS,CNMe,'1.5 H,O and KSCN
were commercially available and used as received from
Aldrich. The melting point was measured on an
Electrothermal 9200 apparatus. The ESI+ mass spectrum was
recorded on a Thermo Scientific LTQ-Orbitrap XL
spectrometer equipped with a standard ESI/APCI source. The
'H, BC{'H} and "Sn{'H} NMR spectra were recorded on a
BRUKER Avance Il 400 instrument. The 'H and "“C
chemical shifts are reported in J units (ppm) relative to the

residual peak of solvent (CHCls, 7.26 ppm) in the '"H NMR
spectra and to the peak of the deuterated solvent (CDCls,
77.16 ppm) in *C{'H} NMR spectra.”’ The '°Sn{'H} NMR
resonance is reported in J units (ppm) relative to Me,Sn. The
NMR spectra were processed using the MestReNova
software,”® and the mass spectrum was processed with the
Thermo Xcalibur software.’’  Elemental analysis was
performed on a Flash EA 1112 analyzer and FT-IR spectra
were recorded on a Jasco FTIR-610 machine in the range
4000-500 cm™.

Synthesis of Ph,Sn(S,CNMe,)(NCS) (3)

Method a: A solution of NaS,CNMe,'1.5 H,0O (0.22 g,
1.28 mmol) in methanol (10 mL) was added dropwise, under
stirring, to a solution of Ph,Sn(SCN), (0.498 g, 1.28 mmol) in
CH,Cl, (10 mL). After 3 hours of stirring, the solvents were
removed in vacuum and CH,Cl, (15 mL) was added to the
reaction mixture. NaSCN was filtered off and, after removing
CH,Cl, from the remained clear solution, the title compound
resulted as a colourless microcrystalline solid. The product
was washed with n-hexane (5 mL) and dried under reduced
pressure. Yield: 0.48 g (83%).

Method b: A solution of KSCN (0.13 g, 1.35 mmol) in
methanol (10 mL) was added dropwise, under stirring, to a
solution of Ph,Sn(S,CNMe,)Cl (0.578 g, 1.35 mmol) in
CH,Cl, (10 mL). After 2 hours of stirring, the solvents were
removed in vacuum and CH,Cl, (15 mL) was added to the
reaction mixture. KCl was filtered off and the solvent was
removed from the remained clear solution, affording isolation
of 3 as a solid which was worked-up as above. Yield: 0.47 g
(78%). M.p. 139-140 °C. Anal. Found: C, 42.48; H, 3.66; N,
6.33%. Calc. for C;¢HsN,S;Sn (Mw = 451.21): C, 42.59; H,
3.57; N, 6.21%; '"H NMR (CDCls, 400.131 MHz), 6 [ppm]:
343 [s, N(CH;),], 7.45-7.54 (m, 6H, SnC¢Hs-meta+para),
7.96 (dd, 4H, SnCeHs-ortho, *Jyn = 7.6, *Ju = 2.2, *J; 195mm =
96.2, *J;;7sa1 = 80.8 Hz); *C NMR (CDCl;, 100.61 MHz), 6
[ppm]: 46.13 [s, N(CH3),], 129.17 (s, SnC¢Hs-meta, snc =
87.9 Hz), 130.72 (s, SnCsHs-para, *Jsac = 18.1 Hz), 135.64 (s,
SnC¢Hs-ortho, “Jg,c = 60.4 Hz), 139.63 (s, SnCsHs-ipso),
196.1 (s, S,C); 'Sn NMR (CDCl;, 149.2 MHz): J = -387.5
(s, br). MS (ESI+, MeOH), m/z (%): 393.95 (100) [M —
NCS]". FT-IR (v, em™): 731s, 970m, 1157m, 1244m, 1394s,
1543s, 2035s.

Crystal structure determination

Single-crystals of 3, suitable for X-ray diffraction were
obtained from a mixture of chloroform/n-hexane (1:3, v:v).
Details of the crystal structure determination and refinement
are given in Table 2. Data were collected at room temperature
on a Bruker D-8 Venture diffractometer, using graphite-
monochromated Mo-Kao. radiation (A = 0.71073 A) from a IuS
3.0 microfocus source with multilayer optics, at low
temperature (100 K). The structure was refined with
anisotropic thermal parameters for non-H atoms. Hydrogen
atoms were placed in fixed, idealized positions and refined
with a riding model and a mutual isotropic thermal parameter.
For structure solving and refinement the Bruker APEX3
Software Package was used.’” Intermolecular secondary
bonding interactions were found with PLATON.** The
drawings were created using the Diamond program.*
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Table 2

Crystal data and structure refinement for Ph,Sn(S,CNMe,)(NCS) (3)

Empirical formula
Formula weight, g/mol
Temperature, K
Wavelength, A
Crystal system

Space group

a,

b, A

c,

o
i

o
5

o

Volume, A3

zZ

Density (calculated), g/cm’
Absorption coefficient, mm "
F(000)

Crystal size, mm

Theta range for data collection, ©
Reflections collected / unique data
R(int)

Refinement method

Data / restrains / parameters
Goodness-of-fit on F

Final R indices [I > 2sigma(I)]
R indices (all data)

R

C16H16N283Sn

451.20

100(2)

0.71073

monoclinic

P2,/c

10.2097(8)

18.7988(13)

10.0744(8)

90

105.937(2)

90

1859.3(2)

4

1.612

1.708

896

0.08 x 0.09x 0.13
2.1t028.3

38266/ 4630

0.104

Full-matrix least-squares on F*
4630/0/204

1.04

R1=0.0444, wR2 = 0.0700
R1=0.0861, wR2 =0.0834

Largest diff. peak and hole, /A’ 0.80 and -0.90
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(NCS) (3) was prepared and structurally
characterized, both in solution and in solid state.
The 'H and "C NMR spectra suggest the
equivalence of the phenyl groups attached to tin
and the methyl groups attached to nitrogen,
respectively. The single-crystal X-ray diffraction
determination of its molecular structure revealed a
distorted trigonal bipyramidal C,SnS,N core. In the

crystal weak S-S and H--S intermolecular
contacts resulted in a 3D supramolecular
architecture.

Supplementary material

CCDC 2046959 contains the supplementary
crystallographic data for compound 3. The data can
be obtained free of charge from The Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/ data_request/cif.
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