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Abstract: A new organotin complex [Ph;Sn(0,CC,Ho)(CH;0H)],+ CH;0H has been synthesized by the reaction of
triphenyltin hydroxide with 9-anthroic acid in methanol. It was characterized by IR, 'H and “C NMR, elemental
analysis and X-ray crystal diffraction. Crystal structure shows a distorted trigonal bipyramidal configuration with
five-coordination for the central tin atom. In the crystal, O—H---O hydrogen-bond interactions exist between the
methanol O atom and the carbonyl O atom in an adjacent complex molecule, and between the neighboring
methanol O atoms, resulting in the formation of a 1D S-shaped chain. Due to the C-H---7 interactions between
anthryl-H and anthracene ring, the obtained chain is further linked to form 1D ladderlike structure. Finally, a 2D
network has been generated by the C—H---7 interactions between methyl-H and benzene ring in the neighbouring
1D ladderlike chains. Fluorescence spectra of the complex reveals a strong emission band at 460 nm when

excited with 360 nm radiation at room temperature. Thermogravimetric analysis shows that the complex is stable
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up to 240 °C. The stability of the complex, the orbital energies and composition characteristics of some frontier
molecular orbitals have been investigated at LANL2DZ level with GO3W software. CCDC: 899826.
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0 Introduction

Organotin complexes have attracted great interest
due to their remarkable structural diversity!", potential
therapeutic activities”, industrial and agricultural app-
lications®. They have extensive application prospects,
such as biocides™, catalysts”, stabilizers™ and wood
preservatives’. In recent years, they have also been
and anti-tuberculosis

investigated as anti-tumor®

agents”. Moreover, they have shown anti-fouling!’,

M and anti-microbial activities!™ as

anti-inflammatory
well. However, only a few reports regarding organotin
complexes as electroactive™ and  photoactive!™
materials during the past decade, which is precisely
what we are interested in. To continue our interest in
this field, we chose 9-anthroic acid as ligand, and we
have obtained a new organotin complex by means of
this ligand with triphenyltin hydroxide. Herein we
report the synthesis and characterization of the

complex.
1 Experimental

1.1 Materials and measurements

All reagents were of analytical grade obtained
from commercial sources and used without further
purification. The melting point was obtained on an X-
apparatus and is

4 microscopic melting point

uncorrected. IR spectra (KBr pellet) was recorded on
(4 000~400

range). 'H and "C NMR spectra were measured

a Shimadzu IRPrestige-21 spectrometer
cm™
at 400.13 and 100.62 MHz, respectively, in CDCl; on
a Bruker Avance 400 spectrometer using TMS as
internal standard. Elemental analysis of C, H was
performed with a Perkin-Elmer 2400 II elemental
analyser. Fluorescence

measured using a HITACHI F-7000 fluorescence

spectrophotometer. Thermal stability was measured on

(FL) emission spectra were

a Netzsch TG 209 F3 thermogravimetric analyzer at a

heating rate of 20 “C+min™ under N, atmosphere.
1.2 Synthesis

A mixture of Ph;SnOH (0.367 g, 1 mmol), 9-
anthroic acid (0.222 g, 1 mmol) and CH;0H (20 ml)
was stirred and heated at reflux for 1 h. After cooling
down to room temperature, the solution was filtered.
Straw yellow crystals were obtained by the slow
evaporation of methanol solution at room temperature
after a week. Yield: 0.561 g (90.6%). M.p. 138~140
°C. Anal. Caled. for CeHgO-Sny: C, 66.91; H, 4.88.
Found: C, 66.89; H, 4.83. IR (cm™): 3 377.5 (b, vox);
3049.6 (w, vam); 1 525.8 (s, v,CO0); 1 320.3 (m,
v,C00); 556.5 (W, vs,.0); 459.1 (W, vg.0).- 'H NMR (ppm):
8.46 (s, 1H, 10-anthracene-H), 7.85~8.03 (m, 8H, 1~
8-anthracene-H), 7.35~7.51 (m, 15H, Ph-H). *C NMR
(ppm): 12530, 125.75, 126.62, 128.47, 128.54,
128.81, 129.14, 129.46, 130.43, 131.18, 136.93,
137.17, 137.41, 138.32 (Ar-C), 176.06 (COO).
1.3 Determination of crystal structure

X-ray diffraction data for the crystal was
performed with graphite monochromated Mo Ka
radiation (A=0.071 073 nm) on a Bruker Smart Apex
Il CCD diffractometer, and collected by the ¢-w scan
technique at 296(2) K. Multi-scan absorption correction
was applied to the data. The crystal structure was
solved by direct methods and refined by full-matrix
least-squares on F2. All the non-hydrogen atoms were
located in successive difference Fourier syntheses and
then refined anisotropically. H3A and HO6A were
located in successive difference Fourier syntheses, but
the other hydrogen atoms were placed in calculated
positions, and then all of which were refined
isotropically with the isotropic vibration parameters
related to the parent atom. All calculations were
performed with SHELXTL-97 programs!®. Fig.1 and
Fig.2 were obtained from the DIAMOND 3.1c software
package. The crystal data and structure refinement

parameters of this complex are listed in Table 1.
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Table 1 Crystal data and structure refinement parameters of the complex

Empirical formula CeHgO75n, Absorption coefficient / mm™ 0.892

Formula weight 1238.55 F(000) 2 520

Temperature / K 296(2) Crystal size / mm 0.21x0.17x0.13

Wavelength / nm 0.071 073 0 range for data collection / (°) 2.22 10 25.05

Crystal system Monoclinic Limiting indices -2<h<11,-32<k<36-22<[<23
Space group P2/c Reflections collected / unique 33 465/ 10 502 (R;,=0.028 3)
a/ nm 1.014 84(4) Completeness to 6 / % 99.7

b/ nm 3.054 41(14) Data / restraints / parameters 10 502 /222 / 685

¢/ nm 1.933 89(7) Goodness-of-fit on F* 1.156

B/ 96.880(2) Final R indices (I>207(])) R=0.046 4, wR,=0.128 2
Volume / nm? 5.951 4(4) R indices (all data) R,=0.060 4, wR,=0.136 5

A 4 Largest diff. peak and hole / (e*nm™) 748 and -503

D./ (g-em™) 1.382

CCDC: 899826.
1.4 Quantum chemistry calculation

According to the method described in reference!”,
quantum chemistry calculation of the complex was
performed with Gaussian03W program at B3LYP/
LANL2DZ level on a P4 personal computer. For
modeling the initial guess of title complex was
obtained from the X-ray refinement data. In order to
save time, a complex molecule was used in the

calculation. The frontier molecular orbital surfaces are

visualized by GaussView Molecular Visualization
program.
2 Results and discussion
2.1 IR and NMR spectra
The absorption frequencies of interest are

v(COO0), ¥(Sn-C) and v(Sn-0). The absence of a broad
band in the range 3 100~2 500 cm™ appearing in the
ligand acid, as »(OH) vibrations, indicating metal-
ligand bond formation through this site. Similarly,
weak absorption appear at 556.5 and 459.1 cm ',
assigned to Sn-C and Sn-O bonds, respectively, also
support the formation of complex!™. The shift in v(COO)
vibrations to lower frequencies as compare to ligand

of Av(COO) (205.5 cm™)

indicating a monodentate nature of the carboxylate

acid and magnitude

towards the Sn atom!".

This assumption is consistent
with the result of X-ray diffraction.
The 'H NMR spectra of the complex exhibits

multi signals at 7.35~8.46 corresponding to the aromatic

protons. In the "C NMR spectra, the chemical shifts
of the carboxylic carbon are observed at 176.06 ppm,
while the aromatic carbons give signals in the range
125.30~138.32.
2.2 Description of the structure

The asymmetric unit of the complex is shown in
Fig.1, Selected bond lengths and angles are given in
Table 2. The asymmetric unit of the complex contains
two independent complex molecules and one free
methanol molecule. As we can see, the two complex
molecules show similar structures, each of the two tin
atoms has a coordination number of five and is
surrounded by three phenyl groups, one methanolic O
and one carboxylate O atom in a trigonal-bipyramidal
geometry. Three Ph-C atoms are in the equatorial
plane (C1, C7 and C13 for Snl; C35, C41 and C47
for Sn2), the sums of the C-Sn-C angles are not 360°

296 C30
c21. / C64 C44
C28 b
25 el C31 col, C43
[ \c33 -

32 C59

C68

Cl4

c1s ‘
‘ ci8

Cl6 c17
Hydrogen atoms are omitted for clarity
Fig.1 Asymmetric unit of the complex with 15%

probability ellipsoids
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Table 2 Selected bond lengths (nm) and angles (°) for the complex
Snl-Cl 0.210 6(4) Snl-C7 0.212 7(5) Snl-C13 0.211 2(6)
Snl-01 0.213 74(17) Sn1-03 0.248 0(3) Sn2-C35 0.210 3(5)
Sn2-C41 0.213 7(5) Sn2-C47 0.210 9(5) Sn2-04 0.214 3(4)
Sn2-06 0.241 92(18) Snl---02 0.314 9 Sn2---05 0317 3
C1-Sn1-C7 120.7(2) C1-Sn1-C13 121.71(18) C7-Sn1-C13 114.2(2)
01-Sn1-C1 93.98(14) 01-Sn1-C7 92.47(15) 01-Sn1-C13 102.13(17)
03-Sn1-C1 81.17(16) 03-Sn1-C7 86.11(17) 03-Sn1-C13 84.39(19)
01-Sn1-03 173.31(11) (€35-Sn2-C41 118.4(2) (€35-Sn2-C47 126.83(19)
C41-Sn2-C47 113.4(2) 04-Sn2-C35 93.4(2) 04-Sn2-C41 89.59(18)
04-Sn2-C47 98.30(19) 06-Sn2-C35 83.92(18) 06-Sn2-C41 90.06(16)
06-Sn2-C47 84.84(16) 04-Sn2-06 176.71(12)

but 356.61° for Snl, 358.63° for Sn2, so that the Sn
atom and the three Ph-C atoms bonded to which are
not contained in the same plane. The two O atoms
occupy the apical positions (01 and O3 for Snl, 04
and 06 for Sn2), the axial O-Sn-O angles are not 180°
but 173.31° for 01-Sn1-03, 176.71° for 04-Sn2-06,
it proves the distortion of the geometry. The Sn-C
bond lengths lie in the range of 0.210 3~0.213 7 nm,
which are consistent with those reported in other
triphenyltin(@V) complexes®™. The Sn-O (methanolic
oxygen atom) (O3 for Snl; 06 for Sn2) bond lengths
are 0.248 0 and 0.241 92 nm, respectively, which are
slightly longer than the Sn-O covalent bond length
(0.216 nm)?" but considerably shorter than the sum of
the van der Waals radii of the two atoms (0.368 nm)*.
It indicates that the methanolic oxygen atom and tin
atom form a stable intermolecular coordinative bond.
The Sn-O (oxygen atom of carboxylate ligand) (O1 for
Snl; 04 for Sn2) bond lengths are 0.21374, 0.2143
nm, which shows that the carboxylate O atom is
coordinated to the tin atom by a strong chemical
bond. However, the carbonyl O atoms have weak
interactions with Sn = (02 for Snl; OS5 for Sn2): Snl---
02 0.314 9 nm, Sn2--- 05 0.317 3 nm. If this weak

interaction is taken into account, the geometry of tin
atoms is best described as distorted octahedron.

As shown in Table 3, in the crystal, O-H--- O
hydrogen-bond  interactions  exist  between  the
methanol O atom and the carbonyl O atom in an
adjacent complex molecule, and between the
neighboring methanol O atoms, resulting in the
formation of a 1D S-shaped chain. Due to the C-H---
7 interactions (de-ino...cqn=0.298 96 nm, £ C29-H29
---Cg(A)=123.275°, Cg(A) (Centroid: 0.029 60, 0.530
08, —0.140 55) is the anthracene ring composing of
C54*, C55", C56", C57", C58", C59", C60", C61",
C62", C63™, Co4™, C65", C66" and COT", ™ —x, 1—y, —2)
between anthryl-H and anthracene ring, the obtained
chain is further linked to form 1D ladderlike structure
(Fig.2a). Finally, a 2D network (Fig.2b) has been
generated by the C—H---7 interactions (dcuipu..cam=
0.346 45 nm, £ C34-H34A---Cg(B)=147.327°, Cg(B)
(Centroid: —0.305 25, 0.482 32, 0.620 57) is the
benzene ring composing of C7', C8", C9", C10', C11*
and C12, ¥ —x, 1 -y, 1-z) between methyl-H and
benzene ring in the neighbouring 1D ladderlike

chains.

Table 3 Distances and angles of hydrogen bonding for the complex

D-H--A d(D-H) / nm d(H--A) / nm d(D-+A) / nm £DHA / ()
03-H3A---07 0.081 98 0.186 76 0.266 43 163.673
07-H7A---05" 0.082 00 0.185 78 0.267 07 170.980
06"—H6A#---02 0.081 92 0.189 85 0.269 19 162.780

Symmetry codes: ' 1-x, 1-y, 1-z; " —x, 1-y, 1-z; ™ —x, 1/2+y, 1/2-z.
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Fig.2 (a) 1D ladderlike structure of the complex by O-H---O and C-H---7 interactions; (b) 2D supramolecular

structure of the complex by O-H-+-O and C-H---7r interactions

2.3 Fluorescence Property

Fluorescence behaviours of the ligand and
complex have been studied at room temperature with
sample concentration of 1.0x10™ mol - L™ in methanol.
The results show the emission spectrum of the
complex is a broad band peaking at 460 nm with the
excitation wavelength of 360 nm, which is similar to
that of the ligand excited at 340 nm. This could be
due to intraligand 77-7* transitions. As shown in Fig.
3, Remarkable enhancement in fluorescence intensity
was observed in the complex. The reason may be that

the electron-attractive ability of carboxyl group is

reduced after complexation with triphenyltin.

5000+
Complex
4000
3
<
= 3000+
é
8
= 2000+

450 500 550 600 650
Wavelength / nm

Fig.3 Emission spectra of the complex and ligand

2.4 Thermal analysis

Thermogravimetric analyse was carried out for
the complex, in order to investigate its thermal
stability (Fig.4). The thermogravimetric curve shows

that the complex is stable up to 240 °C, and then a

noticeable weight loss up to 445 °C is seen (nearly
79.4%). After this, no weight loss occurs. Assuming
that the residue corresponds to SnQO,, the observed
weight of residue is basically in agreement with the
calculated value (Caled. 24.3%). Thus, the organotin

complex described herein show good thermal stability.
1004
80 1

60 A

Weight / %

40

204

O " 100 200 300 400 500 600
T/C
Fig.4 Thermogravimetric analysis curve of the complex
2.5 Quantum chemistry study
The calculation covered 66 atoms, 397 basis
130 alpha
electrons and 130 beta electrons. For this complex,
the total molecular energy is —1 540.677 418 56 a.u.,
the energies of HOMO and LUMO are —0.179 87 and
-0.045 07 a.u., AE(Eymo—Evowo)

value is 0.134 8 a.u., which shows the title complex is

functions, 1 049 primitive gaussians,

respectively. The

stable in the ground state.
In order to explore the bonding characteristics of
the complex, the molecular orbitals were investigated

systematically. The sum of the square of atomic
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Fig.5 (a) Molecular orbitals composition of the complex at LANL2DZ level; (b) Schematic diagram of

frontier MO for the complex

Table 4 Calculated some frontier molecular orbitals composition (%) of the complex at Lanl.2DZ level

MO E [ au. Sn (0] C H
13040m0 -0.179 87 0.18 3.65 96.10 0.04
13110v0 -0.045 07 0.35 1.23 98.37 0.04

orbital ~coefficient was used to represent the
contribution of each type of atom to molecular orbital
and normalized. The atoms of the complex were
divided into four groups (Sn; O; C; H).

Molecular orbitals composition of the complex is
shown in Fig.5a, the frontier molecular orbitals
component of the complex is shown in Fig.5h, the
contribution of C, H, O and Sn atoms to HOMO and
LUMO are listed in Table 4. We can see that the
HOMO is composed chiefly of O and C atoms, and so

is the LUMO. Certainly when electron transfer occurs

from ground state to excited state, electrons mainly
transfer from the carboxyl O atoms to the anthryl C

atoms to generate a charge transfer complex.
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