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Synthesis and Crystal Structure of the Dimeric Organotin
CompleX {[(n'C8H17)zsn(02cCH2CSZNC4H80)]20}2

YIN Han-Dong® GAO Zhong-Jun LI Gang XU Hao-Long HONG Min
(Department of Chemistry, Liaocheng University, Liaocheng, Shandong 252059)

Abstract: The title complex {[(n-CgH;),Sn(0,CCH,CS,NC,H50)],0}, has been synthesized by the reaction of (mor-
pholinylthiocarbamoylthio)acetic acid with the di-n-octyltin oxide in 1:1 molar ratio. The complex was character-
ized by elemental analysis, IR and "H NMR. The crystal and molecular structure of complex was determined by
X-ray single crystal diffraction. The crystal belongs to triclinic system with space group P1 and unit cell dimen-
sions: @=1.2015(9) nm, 6=1.4818(11) nm, ¢=1.894 1(14) nm, a=72.485(10)°, B=88.586(10)°, y=66.893(9)°, and
Z=1, u=1.034 mm™, V=2.941(4) nm’, D,=1.295 g-em™, F(000)=1 196, R,=0.058 8, wR,=0.155 8. The complex is a
centrosymmetric structure with a four-membered central endo-cyclic Sn,0, unit in which two bridged oxygen
atoms both connect with an exo-cyclic tin atom. The endo-cyclic tin atoms and the exo-cyclic tin atom are all
five-coordinate and have coordination geometry of distorted trigonal bipyramid with an additional weak coordina-
tion carboxylate oxygen. Four carboxylate ligands are divided into two types. And two of them are monodentate
and connecting to each of exo-cyclic tin atoms by using one oxygen atom, whereas the others bridge to each pair

of exo-and endo-cyclic tin atoms utilizing one oxygen atom. CCDC: 277048.
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0 Introduction activities and structural elucidation of various organ-
otin derivatives of carboxylic acid have appeared, re-

Organotin derivatives of carboxylic acid have  vealing new structural possibilities®™?. In particular,
been extensively studied due to their biological activi- diorganotin (V) derivatives of carboxylic acid attract
ties!" . In recent years, several reports of the synthe- considerable interest in structural studies because of
sis, antitumour activities, biocidal activities, antibioic many possible bonding modes between carboxyl group
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and tin atom. Studies on diorganotin(lV) derivatives of
carboxylic acid containing carboxylate ligands with
additional donor atom, such as nitrogen and sulfur
have revealed new structural types which may lead to
complexes with different activity. As an extension of
our studies of organotin (IV) derivatives of carboxylic

=11 we now report the synthesis of a new com-

acid
plex {[(n-CgH,7),5n (O,CCH,CS,NC,Hs0)],0},. The ele-
mental analysis, TR and "H NMR spectroscopic char-
acterization and crystal structure of the new complex
have been carried out. And the results of this study

are reported herein.
1 Experimental

1.1 General procedure
The sol-

vents used in this work were dried before employing.

All reactants were of analytical grade.

Infrared spectra were recorded on a Nicolet-460 spec-
'H NMR spectra
were obtained on a Mercury Plus-400 NMR spectrom-

trophotometer using KBr as discs.
eter, chemical shifts were given in parts per million
relative to Me,Si in CDCl; solvent. Elemental analyses
were performed with a PE-2400 II elemental appara-
tus.
1.2 Preparation of the title complex

The solution of (morpholinylthiocarbamoylthio)
acetic acid (2.0 mmol) in benzene was added to a sus-
pension of (n-CgH;),Sn0 (2.0 mmol) in benzene. Then
the mixture was refluxed for 5 h with water formed
during the reaction being removed azeotropically with
a Dean and Stark apparatus. The clear solution ob-
tained after filtration was evaporated in vacuum to
give a white solid. The products were recrystallized
from benzene-ether to give a colorless crystal 0.826 g,
yield 72%, m.p. 112~113 °C, IR (KBr) »: 2956,2 926,
2849, 1664,1616, 1370, 1326, 782, 681, 620, 574,
521, 483, 443 cm™. 'H NMR (CDCL;, 400 MHz) &:
0.87(t, 12H, J=13 Hz, CH;), 0.93(t, 12H, J=7 Hz,
CHs), 1.25~1.72 (m, 112H, SnCH,CH,CH,CH,CH,
CH,CH,), 3.50 (s, 16H, NCH,), 3.79 (m, 16H, OCH,),
4.18 (s, 8H, SCH,CO); Anal. Caled. for CoH, N,
0.,5Sn, (%): C 48.18, H7.73, N 244, S 11.18;
Found (%): C 48.24, H 7.78, N 2.41, S 11.22.

1.3 Crystallographic measurement

A single crystal having approximate dimensions
0.53 mm x 0.48 mm X 0.38 mm was selected for the
experiment. All measurements were made on a Bruker
Smart-1000  CCD  diffractometer  with
monochromatized Mo Ka radiation (0.071 073 nm). A
total of 15 151 reflections were collected in the range
of 1.85°<0<25.03° and 10 054 reflections were inde-
pendent (R;,=0.038 4). The crystal belongs to a triclinic

graphite

system with space group Pl and unit cell dimensions:
a=1.2015(9) nm, b=1.4818(11) nm, ¢=1.894 1(14) nm,
a=72.485(10)°, B=88.586(10)°, y=66.893(9)°, and Z=
1, ©=1.034 mm~, V=2.941(4) nm®, D,=1.295 g-cm?,
F(000)=1 196, R,=0.058 8, wR,=0.155 8. The structure
was solved by direct method using SHELXS-97 pro-
gram.  All non-hydrogen atoms were refined on F?
anisotropically by full-matrix least-squares method.
Hydrogen atoms were located from the difference
Fourier map and added to the structure calculations.
The weighting scheme was w=1/[c? (F2)+(0.117 7P)* +
3.635 4P] where P=(F}? + 2F2?/3. The refinement was
converged to the final R=0.058 8, wR=0.1558, (A/0),u
=0.000 and S=1.000. The largest difference peak and
hole were 1512 e-nm™ and -1 174 e-nm?, respective-
ly.
CCDC: 277048.

2 Results and discussion

2.1 IR spectrum

In the complex, a strong band in the 620 em™ is
attributed to »(Sn-O-Sn) indicating a Sn-O-Sn link for
the complex!", a band in 483 cm™ is assigned to the
stretching mode of the Sn-O linkage. The difference Av
of v,(CO,) and v,(CO,) had been used to determine the
type of bonding between metal and carboxyl group™. In
the complex, the presence of two values for each of
7,(CO,) and v,(CO,) indicates that there are two types
of carboxylate groups. The two bands which occur at
1664 cm™ and 1616 cm™ were assigned to v,,(CO,),
whereas the bands at 1370 cm™ and 1326 cm™ were
assigned to v,(CO,). The magnitudes of Av, [v,, (CO,)
-, (COyJ is 294 em™ and Av, [v,., (CO,) — v,, (CO,)]
is 290 cm™.

The Av, values and Av, values are much
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larger than the Av reported for bidentate carboxylates,
indicating the monodentate chelating of two different
types of bonding of the carboxylate ligands.
2.2 Crystal structure analysis

The molecular structure of the title complex is
shown in Fig.1.  Fig.2 shows the packing of the
molecules in the unit cell as seen in a projection on
to its face. The selected bond lengths and angles are

listed in Table 1.

Fig.1 Molecular structure of the title complex

As can be seen from Fig.1, the title complex is a
tortuous ladder structure with five-coordinate tin
atoms. It can be viewed as a centrosymmelric dimer,
where one half of the molecule comprises the crystal-

lographic asymmetric unit and another half is generat-

Fig.2  Projection of the unit cell of the title complex

ed by an inversion center located at the center of the
oxo-bridging quadrilateral (SnO), ring. The centrosym-
metric  (n-CgH,7),Sn,0, core are attached to two (n-
CsH7)-:Sn units, making the O(7) and O (7)#1 atoms
three-coordinate. The four carboxylate ligands are di-
vided into two different types according to their coor-
dinating fashion. Two of them are monodentate and
connect with each of exo-cyclic tin atoms by using
one oxygen atom. Whereas the others are bridging to
each pair of exo- and endo-cyclic tin atoms by utiliz-
ing one oxygen atom. The bond distances of Sn(2)-
0(4) is 0.2117(5) nm, Sn(1)-O(1) and Sn(2)-O(1) are
0.2239(5) nm and 0.246 7(5) nm, respectively.

The geometry around the endo-cyclic tin atom
Sn (1) is five-coordinate distorted trigonal bipyramid,
with atoms C(15), C

positions as indicated by the sum of the bond angles

(23) and O(7) occupying equatorial

Selected bond distances (nm) and angles (°) for the title complex

Table 1

Sn(1)-0(7) 0.205 2(5) Sn(1)-0(2)

Sn(1)-C(23) 0.210 9(8) Sn(1)-0(@)#1

Sn(1)-C(15) 0.210 9(9) Sn(2)-0(7)

Sn(1)-0(7)# 0.215 2(2) Sn(2)-0(4)

Sn(1)-0(1) 0.223 9(5) Sn(2)-C(39)
0(7)-Sn(1)-0(7)#1 72.9(2) C(15)-Sn(1)-0(2)
C(23)-Sn(1)-0(7)#1 97.7(3) C(7)#1-Sn(1)-0(2)
C(15)-Sn(1)-0(7)#1 98.5(3) 0(7)-Sn(1)-C(23)
0(7)-Sn(1)-0(1) 73.16(18) 0(7)-Sn(1)-C(15)
C(15)-Sn(1)-0(1) 96.8(3) €(23)-Sn(1)-0(1)
O(7)#1-Sn(1)-0(1) 145.94(18) C(31)-Sn(2)-0(1)
0(7)-Sn(1)-0(2) 117.86(18) 0(7)-8n(2)-0(1)
C(23)-Sn(1)-C(15) 134.5(3) €(39)-Sn(2)-0(1)

0312 3(6) Sn(2)-C(31) 0.213 2(9)
0.316 0(5) Sn(2)-0(1) 0.246 7(5)
0.200 7(5) Sn(2)-0(5) 0.289 8(5)
0211 7(5)
0.210 6(9)

77.6(3) 0(4)-Sn(2)-0(1) 149.98(19 )
169.23(16) 0(1)-8n(2)-0(2) 44.81(17)
113.03) 0(7)-8n(2)-0(4) 81.00(19)
112.3(3) 0(7)-5n(2)-C(39) 115.2(3)

92.8(3) C(39)-Sn(2)-0(4) 102.3(3)

88.4(3) 0(7)-n(2)-C(31) 111.3(3)

68.99(18) 0(4)-Sn(2)-C(31) 103.8(3)

90.1(3) C(39)-Sn(2)-C(31) 129.3(4)

Symmetry transformation codes: #1: —x+2, —y+1, —z+2.
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(359.8°) around the tin atom involving these atoms, Yong(E ), etal. Jiegou Huaxue(Chinese J. Struct. Chem.)

which show that the Sn(1), C(15), C(23), O(7) atoms
are in the same plane. The axial positions are occu-
pied by the bridging oxygen atom O(7)#1 and the O(1)
atom from the bidentate carboxlate ground. The axial
bond angle, O(1)-Sn(1)-O (7)#1, of 145.94(18)° devi-
ates significantly from linearity owing to the tendency
of O(1) to bridge the Sn(2) atom. In addition, Sn(1)
atom makes a close contact of 0.312 3(6) nm with the
0(2) atom. The contact is considerably less than 0.368
nm, the sum of the van der Waals radii for Sn and O
atoms®?", Therefore the Sn(1) atom best described as
monocapped trigonal bipyramid geometry.

The exo-cyclic tin atom, Sn(2) is also five-coordi-

with atoms C(31),
C(39) and O(7) occupying equatorial positions. The

nate distorted trigonal bipyramid.

sum of the equatorial angles (355.8°) at the tin atom
by the two coordinated carbon atoms and one oxygen
atom [O (7)-Sn (2)-C (39) 115.2°, O(7)-Sn(2)-C (31)
111.3°, C(39)-Sn(2)-C(31) 129.3°] deviates by 4.2°
from 360°.
bridging oxygen atom O(4) and the O(1) atom from the

The axial positions are occupied by the

bidentate carboxlate ground. The axial bond angle, O
(4)-Sn (2)-O (1), of 149.98 (19)° deviates significantly
from linearity owing to the tendency of O(1) to bridge
the Sn(1) atom. In addition, Sn(2) atom makes a close
contact of 0.289 8 nm with the O(5) atom. The contact
is significantly less than 0.368 nm, the sum of the van
der Waals radii for Sn and O atoms™? so the Sn(2)
atom best described as monocapped trigonal bipyra-

mid geometry.
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