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A series of organotin(IV) complexes with 0,0-diethyl phosphoric acid (L'H) and 0,0-diisopropyl phospho-
ric acid (L?H) of the types: [RsSn- L], (L=L', R=Ph 1, R=PhCH, 2, R=Me 3, R=Bu 4; L=1? R=Ph 9,
R=PhCH, 10, R=Me 11, R=Bu 12), [R,Cl Sn-L], (L=L!, R=Me 5, R=Ph 6, R=PhCH, 7, R=Bu §;
L=L2 R=Me 13, R = Ph 14, R = PhCH, 15, R = Bu 16), have been synthesized. All complexes were charac-
terized by elemental analysis, TGA, IR and NMR ('H, '3C, 3'P and ''9Sn) spectroscopy analysis. Among
them, complexes 1, 2, 3, 5, 8,9 and 11 have been characterized by X-ray crystallography diffraction anal-
ysis. In the crystalline state, the complexes adopt infinite 1D infinite chain structures which are generated
by the bidentate bridging phosphonate ligands and the five-coordinated tin centers.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Recently, metal-directed self-assembly has become a powerful
tool for the complexes possessing intrinsic physical and chemical
properties that are promising for the creation of new materials
and new metal-based drugs [1]. Among them, organotin(IV) com-
plexes have been intensely studied owing to their potential biolog-
ical activities as well as their wide industrial applications [2]. Many
organotin(IV) carboxylates or substituted carboxylates have been
prepared and structurally characterized [3]. In our previous work,
through self-assembly of organotin(IV) moieties with appropriate
multifunctional ligands we obtained numerous novel and interest-
ing complexes. For example, we have reported the macrocycle con-
taining six tin nuclei with O-mercaptobenzoic acid and the
hexanuclear macrocycle containing a four-numbered Sn,0, ring
with m-mercaptobenzoic acid and 18-tin-nuclear 48-member
macrocycle with 2-mercaptonicotinic acid [4a,4b]. We also have
reported some organotin(IV) carboxylates containing 1D chain,
2D network and trinuclear macrocyclic structures with 2-pyrazin-
ecarboxylic acid and triorganotin moieties based on mixed ligands
of 2,3,4,5-tetrafluorobenzoic acid and 4,4’-bipy, triphenylphos-
phine oxide or phen [4c,4d].
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Organotin(IV) derivatives that involve phosphates or phospho-
nates have also been reported in the literature [5]. As we known,
the phosphorus moieties have wide agricultural applications be-
cause of their potent biocidal effect [6]. The self-assembly of the
organotin(IV) moieties and phosphorus moieties in a single molec-
ular could produce a still more powerful and lasting effective
complex. Several model organotin(IV) derivatives that involve
thiophosphorus acid have also been reported. Molloy et al. have re-
ported the crystal structure of bis(dimethyldithiophosphina-
to)dimethyltin(IV) and bis(0,0’-diisopropyl dithiophosphato)
diphenyltin(IV), and the two molecules are six-coordinated in a
distorted octahedral geometry with the four sulfur atoms of the
anisobidentate chelating dithiophosphinato ligands lying in a
plane with the central tin atom [7]. Thus, it is interest to examine
the structure of the oxygen phosphate ester ligand to test whether
typical oxygen or sulfur behavior would predominate in determin-
ing the solid-state structure. In the paper, we report the syntheses
of a series of organotin(IV) complexes with 0,0-diethyl phosphoric
acid (L'H) and 0,0-diisopropyl phosphoric acid (L2H) of the types:
[RsSn- L], (L=L', R=Ph 1, R=PhCH, 2, R=Me 3, R=Bu 4; L=12,
R=Ph 9, R=PhCH, 10, R=Me 11, R=Bu 12), [R,Cl Sn - L], (L=L1,
R=Me 5, R=Ph 6, R=PhCH, 7, R=Bu 8; L=12 R=Me 13, R=Ph
14, R = PhCH; 15, R = Bu 16) and characterize them by elemental,
IR and NMR ('H, 3C, 3'P, 1'Sn) analyses. X-ray crystallography
analyses of the complexes 1, 2, 3, 5, 8, 9 and 11 have also been
given in present paper.
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2. Results and discussion
2.1. Syntheses of complexes 1-16

The triorganotin(IV) phosphates 1-4 and 9-12 were synthe-
sized by the reaction of triorganotin(IV) chloride with 0,0-diethyl
phosphoric acid (L'H) or 0,0-diisopropyl phosphoric acid (L?H)
with the mole ratio of 1:1 when sodium ethoxide was added,
and the synthesis procedures are given in Scheme 1. The diorgano-
tin(IV) phosphates 5-8 and 13-16 were synthesized by the reac-
tion of diorganotin(IV) dichloride with 0,0-diethyl phosphoric
acid (L'H) or 0,0-diisopropyl phosphoric acid (L?H) with the mole
ratio of 1:1. It is worth noting that, when the mole ratio is 1:2, we
also obtained the complexes 5-8 and 13-16. It is probable that the
spatial resistances of the coordinated phosphate group are strong
enough to prevent another ligand chelating to the central tin atom
[8]. The synthesis procedures are given in Scheme 2.

2.2. Spectra

22.1. IR

Comparing the IR spectra of the free ligand with complex 1-16,
the band at 3100-3550 cm~! which appear in the spectra of the
free ligand as the v(O-H) vibration, are absent in those of com-
plexes 1-16, thus indicating metal-ligand bond formation through
these sites. The typical absorptions for P-0, O-C and Sn-C vibra-
tions in these complexes are all located in the normal range of sim-
ilar organotin(IV) complexes. The strong absorption appears at
about 448-460 cm™! in the respective spectra of complexes 1-
16, which is absent in the free ligand, is assigned to the Sn-O
stretching mode of vibration. Some obvious differences among
the spectra of the compounds are also observed. A strong band at
about 270cm™! for 5-8 and 15-18 are assigned to v(Sn-Cl)
stretching mode of vibration.

2.2.2. NMR

TH NMR data shows that the signal of the ~-OH proton in the
spectrum of the ligand is absent in all of the complexes, indicating
the removal of the -OH proton and the formation of Sn-O bonds.
The structural changes occurring in the ligand upon deprotonation
and coordination to the Sn atom should be reflected by the changes
in the '3C NMR spectra of our complexes. The '*C NMR spectra of
all complexes show a significant downfield shift of all carbon res-
onance, compared with the free ligand. The shift is a consequence
of an electron cloud transfer from the ligand to the acceptor. In the
31P NMR spectra, the chemical shift is observed at about 18 ppm.
The downfield chemical shift in comparison to that of free acid
indicates a considerable drift of electron density from the phospho-
rus to the tin atoms through the oxygen atoms [9].

As reported in the literature, value of §(''°Sn) in the ranges
—210 to —400, —90 to —190 and 200 to —60 ppm has been associ-
ated with six-, five- and four-coordinate tin centers, respectively
[10]. The ''°Sn NMR data of complexes 1-16 (from —140.0 to

7
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Fig. 1. Molecular structure of complex 1.

—173.0) show only one signal, typical of five-coordinated tin
complexes.

2.3. Crystal structures of {{[Ph3SnO,P(OCoHs)z]2)n 1,
[(PhCH>)35n02P(0C:Hs )5, 2 and {[MesSnO,P(OCzHs)z]20n 3

The molecular structures are illustrated in Figs. 1-3, respec-
tively. The 1D infinite chains are shown in Figs. 4-6, respectively.
Selected bond lengths and angles are listed in Table 3. In the crys-
talline state, these complexes adopt an infinite 1D polymeric chain
structures with a five-coordinated tin center, which are generated
by the bidentate bridging phosphate ligands and the Sn center.
The Sn atom exists in a ideal trigonal bipyramidal environment

Fig. 2. Molecular structure of complex 2.
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Fig. 4. 1D chain of complex 1.

with two O atoms and three C atoms, which exhibits a trans-R;Sn0,
geometry [11]. The axial positions are occupied by the O atoms of
the ligands [axial angles: O(6)-Sn(1)-0(1)=178.9(3)°, O(2)#1-
Sn(2)-0(5)=177.3(3)°, #1 x, y + 1, z, for complex 1; O(2)-Sn(1)-
O(3)#2=176.14(16)°, #2 x — 1/2,y, —z + 1/2, for complex 2; O(1)-
Sn(1)-0(5)=177.6(4)°, 0O(2)-Sn(2)-0O(6)#1 =176.0(5)°, #1 —x+1,
y—1/2, —z+1, for complex 3]. The O atoms of the phosphate
bridges two Sn atoms and gives rise to the almost equal Sn-0O bond
lengths [Sn(1)-0(1)=2.201(7)A, Sn(1)-0(6) =2.198(6) A; Sn(2)-
0(5)=2.205(7)A, Sn(2)-O(2)#1=2.183(7)A, for complex 1;
Sn(1)-0(2)=2.191(4) A, Sn(1)-0(3)#2 =2.286(4) A, for complex
2; Sn(1)-0(1)=2.155(10)A, Sn(1)-0(5)=2.162(11)A, Sn(2)-
0(2)=2.197(11)A, Sn(2)-0(6)#1=2.209(11) A, for complex 3].
These Sn-0 bond lengths are a little longer than the Sn-0 covalent
bond lengths [2.038-2.115A] [12]. The Sn-C bond lengths
[2.045(13)-2.147(5) A] are consistent with those reported in other
organotin(IV) complexes. The phosphorus atoms, of which there is
only one kind, are found at the center of a distorted tetrahedron
with four oxygen atoms as nearest neighbors [5d].

2.4. Crystal structures of {[Me,CISnO,P(OC;Hs)z]2}, 5 and
{[Bu,CISnO,P(0CoHs )2} 8

The crystal structures are shown in Figs. 7 and 8. The 1D infinite
zigzag chains are shown in Figs. 9 and 10, respectively. Selected
bond lengths and angles are listed in Table 4. As can be seen from
Figs. 7 and 8, only one Cl atom of the diorganotin dichloride was
substituted by the O atoms of the ligand because of the spatial
resistances [8,13]. The center tin atom is five-coordinated with
the two O atoms occupying the axial sites [axial angles: O(1)-

Sn(1)-0(5) = 174.0(4)°, O(6)#1-Sn(2)-0(2) = 172.0(4)°, #1 x +1/2,
-y +3/2, z, for complex 5; O(6)#1-Sn(1)-0(1)=167.7(5)°, #1
x+1,y,z,0(2)-Sn(2)-0(5) = 170.6(5)°, for complex 8]. One Cl atom
and two C atoms define the equatorial plane. For the complex 5,
the sum of the angles subtended at the Sn(1) in the equatorial
plane is 359.8°, so the atoms Sn(1), CI(1), C(9) and C(10) are almost
in the same plane; the sum of the angles of the Sn(2) in the equa-
torial plane is 359.9°, so the atoms Sn(2), CI(2), C(11) and C(12) are
almost coplanar. In the complex 8, the sums of the angles of the tin
atoms in the equatorial plane are 359.9° [Sn(1)] and 359.8° [Sn(2)],
so that the atoms Sn(1), CI(1), C(9), C(13) and Sn(2), Cl(2), C(17),
C(21) are almost coplanar, respectively. The Sn-O bond lengths
of the complexes 5 and 8 are similar to these of complexes 1-3,
which are a little longer than the Sn-O covalent bond lengths.
The bond lengths of Sn-Cl [Sn(1)-Cl(1)=2.351(7)A, Sn(2)-
Cl(2)=2.399(7) A, for complex 5; Sn(1)-CI(1) = 2.425(6) A, Sn(2)-
Cl(2) =2.430(5) A, for complex 8] lie in the range of the normal
covalent radii (2.30-2.60 A) [14]. The phosphorus atoms are found
at the center of a distorted tetrahedron with four oxygen atoms as
nearest neighbors [5d].

2.5. Crystal structures of {{[PhsSnO,P(OCsH7)>[3}, 9 and
[MegsnOZP(OC3H7)2]n 11

The crystal structures are shown in Figs. 11 and 12. The 1D infi-
nite zigzag chain of complex 11 is shown in Fig. 13. Selected bond
lengths and angles are listed in Table 5. As can be seen form Figs.
11-13, the structure of complexes 9 and 11 are similar to the com-
plexes 1-3. The complexes 9 and 11 also adopt an infinite 1D poly-
meric chain structures with a five-coordinated tin center, which
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Fig. 5. 1D chain of complex 2.

Fig. 6. 1D chain of complex 3.

Table 1
Crystal data and structure refinement parameters for complexes 1-3 and 5

Complex 1 Complex 2 Complex 3 Complex 5
Empirical formula C44H5003P25I12 C25H3104P5n C14H3303P25n2 C12H32C1203P25n2
Formula weight 1006.16 545.16 633.76 674.60
Wavelength (A) 0.71073 0.71073 0.71073 0.71073
Crystal system Triclinic Orthorhombic Monoclinic Orthorhombic
Space group P-1 Pnma P21 Pna2(1)
a(A) 9.8041(14) 12.2897(18) 9.9410(10) 18.984(2)
b (A) 12.8982(18) 20.474(2) 14.3150(15) 7.809(2)
c(A) 18.552(3) 10.2000(17) 9.9460(10) 17.292(2)
o (°) 100.616(5) 90 90 90
B(°) 93.739(5) 90 90.154 90
7 (®) 102.819(5) 90 90 90
V (A3) 2234.6(5) 2566.5(6) 1415.4(3) 2563.5(8)
z 2 4 2 4
Deaic (Mg/m?3) 1.495 1.411 1.487 1.748
u (mm—') 1.238 1.084 1.905 2.312
F000) 1016 1112 632 1328
Crystal size (mm) 0.40 x 0.36 x 0.28 0.46 x 0.40 x 0.32 0.58 x 0.52 x 0.45 0.18 x 0.15 x 0.10
Reflections collected 20781 10010 6626 11776
Unique reflections [R;n] 7739 [Rine = 0.1426] 2320 [Rin: = 0.0290] 4505 [Rin: = 0.0430] 4124 [Ripe = 0.0722]
Data/restraints/parameters 7739/1034/504 2320/0/152 4505/623/235 4124/1140/254
Goodness-of-fit on F? 1.001 1.000 1.027 1.070

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

R, = 0.0693, WR, = 0.1162
Ry =0.1916, wR; = 0.1549

Ry =0.0321, WR; = 0.0904
Ry =0.0526, WR, = 0.1223

R, = 0.0780, wR, = 0.1816
Ry = 0.1802, wR; = 0.2349

Ry =0.0733, wR, = 0.1171
Ry =0.1107, wR, = 0.1305

are generated by the bidentate bridging phosphate ligands and the
Sn center. The primary bond lengths [Sn(1)-O(1)=2.221(8),
Sn(1)-0(2) = 2.198(8), Sn(1)-C(1)=2.103(13), Sn(1)-C(7)=2.113
(13), Sn(1)-C(13)=2.121(13), for complex 9; Sn(1)-0(1)=2.223
(10), Sn(1)-0(2)#1 =2.230(11), #1 x — 1/2, —y + 1/2, z, Sn(1)-C(7) =
2.040(17), Sn(1)-C(8) = 2.049(17), Sn(1)-C(9) = 2.043(17), for com-
plex 11] are nearly equal to these corresponding bond lengths of
complexes 1-3. The phosphorus atoms are also found at the center

of a distorted tetrahedron with four oxygen atoms as nearest
neighbors.

2.6. TGA studies
To study the stability of these polymers, thermogravimetric

analysis (TGA) was performed for complex 1-16. The TGA curve
of these complex exhibits one primary continuous weight loss
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Table 2 Table 3
Crystal data and structure refinement parameters for complexes 8, 9 and 11 Selected bond lengths (A) and angles (°) for complex 1-3
Complex 8 Complex 9 Complex 11 {[Ph3Sn0,P(0OC3Hs)5]2}n 1
Empirical formula  Co4HaoCLOsP>SN;  CroHsO1oPsSns  CoMasO4PSn gﬁgi:gﬂ) ;??ggﬁg SHEZ; gg;g ;}};Eg;
Formula welgpt 842.91 1593.40 344.93 Sn(1)-C(17) 2.099(13) Sn(2) C(39) 2129(12)
Wavelength (A) 0.71073 0.71073 0.71073 Sn(1)-0(1) 2201(7) Sn(2)-0(2)#1 2183(7)
Crystal system Triclinic Monoclinic Orthorhombic $n(1)-0(6) 2.198(6) $n(2)-0(5) 2‘205(7)
Space group P-1 ST Pna2(1) P(1)-0(1) 1.479(7) P(2)-0(5) 1.465(8)
a(A) 9.7868(17) 18.9483(10) 11.517(8) P(1)-0(2) 1.452(7) P(2)-0(6) 1.463(7)
b (A) 10.3971(19) 12.0165(7) 9.515(7) P(1)-0(3) 1.584(10) P(2)-0(7) 1.659(10)
c(A) 19.2134(13) 33.3415(18) 15.283(11) P(1)-0(4) 1.442(12) P(2)-0(8) 1.544(9)
; E; S;g;igg?) gg 026(2) gg C(5)-Sn(1)-C(11) 126.1(5) C(27)-Sn(2)-C(33) 122.2(5)
) 76'2970(10) &) 50 C(5)-Sn(1)-C(17) 113.8(5) C(27)-Sn(2)-C(39) 116.6(4)
\//(A3) | 6(5) 7517.2(7) 1675(2) C(17)-Sn(1)-C(11) 120.0(5) C(33)-Sn(2)-C(39) 121.1(5)
7 5 4 4 0(6)-Sn(1)-0(1) 178.9(3) 0(2)#1-Sn(2)-0(5) 177.3(3)
Dcaic (Mg/m?) 1.480 1.408 1.368 [(PhCH>)3Sn0>P(0C>Hs)2], 2
u (mm—') 1.583 1.109 1.616 Sn(1)-C(3) 2.147(5) Sn(1)-0(3)#2 2.286(4)
F(000) 856 3240 696 Sn(1)-C(3)#1 2.147(5) 0(1)-P(1) 1.565(4)
Crystal size (mm) 021 x 0.18 x 0.16 0.15 x 0.10 x 0.08 0.42 x 0.28 x 0.14 Sn(1)-C(10) 2.140(6) 0(2)-P(1) 1.500(4)
Reflections 8245 81841 7354 Sn(1)-0(2) 2.191(4) 0(3)-P(1) 1.471(4)
collected C(3)-Sn(1)-C(3)#1 127.2(3) C(10)-Sn(1)-C(3)#1 116.03(14)
Unique reflections 5587 12888 2307 C(10)-Sn(1)-C(3) 116.03(14) 0(2)-Sn(1)-0(3)#2 176.14(16)
[Rint [Rine = 0.0876] [Rine=0.1291] [Rint = 0.0475] C(10)-Sn(1)-0(2) 94.5(2) C(1)-0(1)-P(1) 124.1(4)
Data/restraints/ 5587/545/351 12888/3684/812  2307/317/136 C(3)-Sn(1)-0(2) 92.05(16) P(1)-0(2)-Sn(1) 141.2(3)
[PETETCISE {{Me3Sn0,P(0C,Hs), ]} 3
Goodness-of-fit on 1.0 1.003 0.979 B n(]j_c(f) i 2.062(13) s n(2) ) 2.062(13)
= Sn(1)-C(2) 2.078(13) Sn(2)-C(5) 2.064(13)
Final R indices =0.0693, R; =0.0321, =0.0794, Sn(1)-C(3) 2.045(13) Sn(2)-C(6) 2.064(13)
[I>24(1)] WR; =0.1162 WR; = 0.0904 WR, = 0.1875 $n(1)-0(1) 2.155(10) $n(2)-0(2) 2.197(11)
R indices (all data) R, =0.1916, Ry = 0.0526, R, =0.1478, $n(1)-0(5) 2.162(11) Sn(2)-0(6)#1 2.209(11)
WR; = 0.1549 WR; = 0.1223 WR, = 0.2573 o(1)-P(1) 1.468(8) 0(5)-P(2) 1.470(8)
0(2)-P(1) 1.495(8) 0(6)-P(2) 1.480(8)
0(3)-P(1) 1.472(8) 0(7)-P(2) 1.502(8)
. . 0(4)-P(1) 1.494(8) 0(8)-P(2) 1.482(9)
stages in the range of 200-350 °C (two typical TGA curves of com- C(1)-Sn(1)-C(2) 131.8(12) C(4)-Sn(2)-C(5) 125.8(10)
plexes 1 and 5 are shown in Figs. 14 and 15, respectively). In gen- C(3)-Sn(1)-C(1) 122.4(11) C(4)-Sn(2)-C(6) 121.8(10)
eral, all these complexes exhibit good thermal stability [15]. C(3)-Sn(1)-C(2) 105.8(11) €(5)-Sn(2)-C(6) 112.1(10)
0(1)-Sn(1)-0(5) 177.6(4) 0(2)-Sn(2)-0(6)#1 176.0(5)

3. Conclusions

In summary, a series of organotin(IV) complexes based on 0,0-
dialkyl phosphoric acid have been synthesized and characterized.
Both the spectra and crystal structures show that when the 0,0-
dialkyl phosphoric acid react with triorganotin(IV) chloride they
can form 1D infinity chain through substituting the chloride atom;
whereas when the 0,0-dialkyl phosphoric acid react with diorga-
notin(IV) dichloride they also can form 1D infinity chain through
substituting only one chloride atom because of the steric con-
straints. Comparing with the thiophosphates, the oxygenated
derivatives have a greater propensity for employing the potentially
bidentate phosphorus ligand fully, to chelate the central tin atoms
or bind the tin atoms into an associated polymer. The geometry of
the tin atom in each complex is five-coordinated and displays a tri-
gonal bipyramid geometry. All these complexes exhibit good ther-
mal stability from the TGA.

4. Experimental section
4.1. Materials and measurements

Triphenyltin(IV) chloride, tri-n-butyltin(IV) chloride, trimethyl-
tin(IV) chloride, dimethyltin(IV) dichloride, di-n-butyltin(IV)
dichloride, diphenyltin(IV) dichloride, 0,0-diethyl phosphoric acid
and 0,0-diisopropyl phosphoric acid were commercially available.
Tribenzyltin(IV) chloride and dibenzyltin(IV) dichloride were pre-
pared by a standard method reported in literature [16]. The melt-
ing points were obtained with an X-4 digital micro-melting-point
apparatus and were uncorrected. Infrared-spectra were recorded
on a Nicolet-5700 spectrophotometer using KBr discs. 'H, '3C, 3'P
and '°Sn NMR spectra were obtained on a Varian Mercury Plus

Symmetry code for complex 1: #1 x, y + 1, z. Symmetry code for complex 2: #1 x,
-y +1/2,z; #2x — 1/2,y, —z + 1/2. Symmetry code for complex 3: #1 —x+ 1,y — 1/2,
—z+1.

400 MHz NMR spectrometer. The chemical shifts are reported in
ppm with respect to the references and are quoted relative to
external tetramethylsilane (TMS) for 'H and '*C NMR. 3'P chemical
shifts are quoted relative to 85% H3PO,4 and ''°Sn chemical shifts
are quoted relative to tetramethyltin. TGA was carried out with a
Perkin-Elmer Pyris-1 instrument with a heating rate of
10 °C min~"! from 50 to 500 °C and with a 20.0 cm® min~! nitrogen
gas flow. Element analyses were performed with a PE-2400II
apparatus.

4.1.1. {[Ph3Sn02P(OC2H5)2]2}n 1

The 0,0-diethyl phosphoric acid (0.154 g, 1 mmol) and EtONa
(0.068 g, 1 mmol) were added to the solution of benzene (30 ml)
in standard Schlenk technique, and the mixture was stirred for
10 min. Triphenyltin(IV) chloride (0.385¢g, 1 mmol) was then
added to the mixture, and the reaction was refluxed for 12 h. After
cooling down to the room temperature, the solution was filtered
and the solvent of the filtrate was gradually removed by evapora-
tion under vacuum until solid product was obtained. The solid was
then recrystallized from ether/petroleum to give colorless crystals
of complex 1. Yield, 78%. m.p. 201-203 °C. Anal. Calc. for C44Hs0o-
OgP,Sn,: C, 52.52; H, 5.01. Found: C, 52.15; H, 4.86%. IR (KBr,
cm™'): 2988, 1600, 1585, 1430, 1180, 1045, 825, 576, 456. 'H
NMR (CDCls, ppm): § 0.88 (t, 12H, -CH3), 1.30 (m, 8H, -CH,-),
7.78-7.95 (m, 30H, Sn-C¢Hs). '3C NMR (CDCl;, ppm): 6 13.5
(-CH3), 26.2 (-CH,-), 129.5, 130.8, 131.1, 136.5, 137.2, 153.6
(Ar-C, 'Jsn_c =572 Hz). 3'P NMR (CDCls, ppm): 18.7. ''®Sn NMR
(CDCl3, ppm): —163.1.
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Fig. 7. Molecular structure of complex 5.

Fig. 8. Molecular structure of complex 8.

4.1.2. [(PhCH,)3Sn0,P(0C,Hs)5], 2

Complex 2 was synthesized by the same procedure as 1 with
0,0-diethyl phosphoric acid (0.154g, 1mmol) and EtONa
(0.068 g, 1 mmol) and tribenzyltin(IV) chloride (0.427 g, 1 mmol).

[

Fig. 9. 1D zigzag chain of complex 5.

Yield, 66%. m.p. 158-160°C. Anal. Calc. for C;5H3;04PSn: C, 55.08;
H, 5.73. Found: C, 55.39; H, 5.56%. IR (KBr, cm™!): 2982, 1598,
1560, 1491, 1451, 1191, 1126, 1061, 830, 575, 450. '"H NMR (CDCl5,
ppm): 6 0.89 (t, 6H, -CHs), 1.29 (m, 4H, -CH,-), 3.18 (s, 6H, Sn-
CH,CgHs), 7.30-7.51 (m, 15H, -CgHs). *C NMR (CDCls, ppm): &
13.6 (—CHg), 26.1 (—CHz—), 38.2 (SH—CH2C5H5, 1_]5n_c=485 HZ),
117.1, 128.2, 130.3, 136.9, 138.5, 150.1 (Ar-C). >'P NMR (CDCls,
ppm): 18.2. 19Sn NMR (CDCls, ppm): —158.2.

4.1.3. {[M93SHOZP(OC2H5)2]2}H 3

Complex 3 was synthesized by the same procedure as 1 with 0,0-
diethyl phosphoric acid (0.154 g, 1 mmol) and EtONa (0.068 g,
1 mmol) and trimethyltin(IV) chloride (0.200 g, 1 mmol). Yield,
85%. m.p. 145-147 °C. Anal. Calc. for Cy4H3g0gP>Sn,: C, 26.53; H,
6.04. Found: C, 26.20; H, 5.83%. IR (KBr, cm™!): 2985, 1387, 1201,
1156, 992, 827, 572, 451. '"H NMR (CDCl;, ppm): 6 0.91 (m, 30H,
-CHs), 1.31 (m, 8H, -CH,-). '3C NMR (CDCls, ppm): 6 13.6 (-CH3),
14.8 (-CHs, YJs,_c = 465 Hz), 26.5 (-CH,-). >'P NMR (CDCl;, ppm):
18.5. '19Sn NMR (CDCls, ppm): —143.3.

4.14. [n—BU3STl02P(OC2H5)2]n 4

Complex 4 was synthesized by the same procedure as 1 with 0,0-
diethyl phosphoric acid (0.154 g, 1 mmol) and EtONa (0.068 g,
1 mmol) and tri-n-butyltin(IV) chloride (0.325 g, 1 mmol). Yield,
72%. m.p. 123-125°C. Anal. Calc. for C;gH3,04PSn: C, 43.37; H,
8.42. Found: C, 43.02; H, 8.25%. IR (KBr, cm™'): 2983, 2959, 1230,
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Selected bond lengths (A) and angles (°) for complex 5 and 8

{[MeCISnO;P(0CzHs)[2}n 5

Sn(1)-C(9)
Sn(1)-C(10)
Sn(1)-Cl(1)
Sn(1)-0(1)
sn(1)-0(5)
P(1)-0(1)
P(1)-0(2)
P(1)-0(3)
P(1)-0(4)
€(9)-Sn(1)-C(10)
€(9)-Sn(1)-Cl(1)
€(10)-Sn(1)=CI(1)
0(1)-Sn(1)-0(5)

{[Bu>CISnOP(0CHs)>]>}n 8

Sn(1)-C(9)
Sn(1)-C(13)
Sn(1)-Cl(1)
sn(1)-0(1)
Sn(1)-0(6)#1
P(1)-0(1)
P(1)-0(2)
P(1)-0(3)
P(1)-0(4)
C(13)-Sn(1)-C(9)
C(9)-Sn(1)-CI(1)
C(13)-Sn(1)-Cl(1)
0(6)#1-Sn(1)-0(1)

2.104(16)
2.126(15)
2.351(7)
2.200(9)
2211(11)
1.528(6)

2.073(19)
2.028(19)
2.425(6)
2.377(13)
2.289(14)
1.418(13)
1.230(15)
1.580(13)
1.568(14)
142.7(9)
108.1(6)
109.0(6)
167.7(5)

Sn(2)-C
Sn(2)-C(12)
Sn(2)-Cl(2)
Sn(2)-0(2)
Sn(2)-0(6)#1
P(2)-0(5)

(11)

12)-Sn(2)-C(11)
11)-Sn(2)-Cl(2)
C(12)-Sn(2)-Cl(2)
0(6)#1-Sn(2)-0(2)

Sn(2)-C
Sn(2)-C(21)
Sn(2)-Cl(2)
Sn(2)-0(2)
Sn(2)-0(5)
P(2)-0(5)

(17)

21)-Sn(2)-C(17)
17)-Sn(2)-CI(2)
C(21)-Sn(2)-Cl(2)
0(2)-Sn(2)-0(5)

2.073(14)
2.055(15)
2.399(7)
2.206(10)
2.166(8)

2.306(15)
2.379(13)
1.430(13)
1.286(14)
1.605(14)
1.612(14)
143.8(8)
108.2(6)
107.8(6)
170.6(5)

Symmetry code for complex 5: #1 x + 1/2, —y + 3/2, z. Symmetry code for complex

8: #1x+1,y,z

C69

ce7

l.’
ce8 012

=l g\ )

Fig. 10. 1D zigzag chain of complex 8.

Fig. 12. Molecular structure of complex 11.

1139,1109,1058,832,567,450. '"HNMR (CDCls, ppm): §0.91 (t, 15H,
-CHs), 1.28-1.41 (m, 22H, -CH,-). *C NMR (CDCl;, ppm): 6 13.8
(~CH3), 14.6 (-CHy-, YJsp_c = 502 Hz), 26.8 (-CH,-), 30.1 (~CH,-).
31p NMR (CDCls, ppm): 17.8. ''°Sn NMR (CDCls, ppm): —148.5.

4.1.5. {[MeZClSnOZP(OC2H5)2]2}n 5

Complex 5 was synthesized by the same procedure as 1 with
0,0-diethyl phosphoric acid (0.154g, 1mmol) and EtONa
(0.068g, 1mmol) and dimethyltin(IV) dichloride (0.220g,

Fig. 11. Molecular structure of complex 9.
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\

Fig. 13. 1D chain of complex 11.

Table 5
Selected bond lengths (A) and angles (°) for complex 9 and 11

{[Ph3Sn0O>P(0C3Hz)2]3}n 9

Sn(1)-C(1) 2.103(13) Sn(2)-C(19) 2.123(12)
Sn(1)-C(7) 2.113(13) Sn(2)-C(25) 2.101(12)
Sn(1)- C(13) 2.121(13) sn(2)-C(31) 2.107(13)
Sn(1)-0 2.221(8) Sn(2)-0(4) 2.221(8)
Sn(l) (2) 2.198(8) Sn(2)-0(6) 2.229(8)
Sn(3)-C(37) 2.123(12) P(1)-0(2) 1.458(8)
Sn(3)-C(43) 2.128(12) P(1)-0(3) 1.548(9)
Sn(3) C(49) 2.121(12) P(1)-0(4) 1.484(8)
Sn(3)-0(9) 2.208(7) P(1)-0(5) 1.559(9)
Sn(3)-0(10) 2.213(7) P(2)-0(6) 1.480(8)
P(2)-0(7) 1.554(8) P(2)-0(8) 1.576(8)
P(2)-0(9) 1.488(8) P(3)-0(1)#1 1.485(8)
P(3)-0(10) 1.482(8) P(3)-0(11) 1.568(8)
C(1)-Sn(1)-C(7) 118.4(5) C(25)-Sn(2)-C(19) 117.8(5)
C(1)-Sn(1)-C(13) 119.7(5) C(25)-Sn(2)-C(31) 126.9(5)
C(7)-Sn(1)-C(13) 121.8(5) C(31)-Sn(2)-C(19) 115.2(5)
0(2)-Sn(1)-0(1) 178.0(3) 0(4)-Sn(2)-0(6) 178.5(3)
C(37)-Sn(3)-C(43) 121.1(5) C(49)-Sn(3)-C(43) 114.8(5)
C(49)-Sn(3)-C(37) 124.1(5) 0(9)-Sn(3)-0(10) 176.7(3)
[MesSn0,P(0C;Hy)], 11
Sn(1)-C(7) 2.040(17) Sn(1)-0(2)#1 2.230(11)
Sn(1)-C(8) 2.049(17) P(1)-0(1) 1.440(9)
Sn(1)-C(9) 2.043(17) P(1)-0(2) 1.449(9)
Sn(1)-0(1) 2.223(10) P(1)-0(3) 1.441(9)
P(1)-0(4) 1.470(10)
C(7)-Sn(1)-C(8) 117.0(13) 0(1)-Sn(1)-0(2)#1 175.4(5)
C(7)-Sn(1)-C(9) 112.5(14) 0(1)-P(1)-0(2) 113.0(7)
C(9)-Sn(1)-C(8) 130.3(12) 0(1)-P(1)-0(3) 110.1(7)

Symmetry code for complex 9: #1 x + 1, y, z. Symmetry code for complex 11: #1
x—1/2, -y+1/2,z.

1 mmol). Yield, 80%. m.p. 207-209 °C. Anal. Calc. for Ci3Hs35-
Cl,08P,Sn,: C, 21.36; H, 4.78. Found: C, 21.67; H, 4.95%. IR (KBr,

~1): 2980, 1255, 1168, 1112, 1066, 820, 663, 563, 449, 265. 'H
NMR (CDCls, ppm): & 0.90 (m, 24H, —-CH3), 1.31 (m, 8H, -CH,-).
13C NMR (CDCls, ppm): 6 13.7 (-CH3), 145 (-CHs, Ysyp_c=
460 Hz), 27.2 (-CH,-). 3'P NMR (CDCls, ppm): 18.2. ''°Sn NMR
(CDCl3, ppm): —140.5.

4.1.6. {[thClSHOQP(OC2H5)2]2}n 6

Complex 6 was synthesized by the same procedure as 1 with
0,0-diethyl phosphoric acid (0.154g, 1mmol) and EtONa
(0.068 g, 1 mmol) and diphenyltin(IV) dichloride (0.344 g, 1 mmol).
Yield, 77%. m.p. 221-223 °C. Anal. Calc. for C33H40Cl;0gP2Sn;: C,
41.64; H, 4.37. Found: C, 41.29; H, 4.18%. IR (KBr, cm™'): 2985,
1637, 1590, 1158, 1110, 1073, 835, 580, 457, 267. "H NMR (CDCl3,
ppm): 5 0.88 (t, 12H, -CH3), 1.29 (m, 8H, -CH,-), 7.81-7.96 (m,
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Fig. 14. TGA curve of complex 1.
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Fig. 15. TGA curve of complex 5.
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20H, Sn-CgHs). '*C NMR (CDCls, ppm): 6 13.6 (-CH3), 26.8 (-CH,-),
128.8, 130.3, 131.2, 138.4, 138.6, 149.2 (Ar-C, "Js,_c = 580 Hz). 3'P
NMR (CDCls, ppm): 18.0. ''°Sn NMR (CDCls, ppm): —172.6.

4.1.7. {[(PhCHz)ZClSn02P(0C2H5)2]2}n 7

Complex 7 was synthesized by the same procedure as 1 with
0,0-diethyl phosphoric acid (0.154g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and dibenzyltin(IV) dichloride (0.372 g, 1 mmol).
Yield, 75%. m.p. 213-215 °C. Anal. Calc. for C3gH45Cl,05P,Sn,: C,
44.16; H, 4.94. Found: C, 44.53; H, 4.76%. IR (KBr, cm™'): 2986,
1620, 1595, 1220, 1078, 826, 578, 459, 273. 'H NMR (CDCls,
ppm): 6 0.89 (t, 12H, -CH3), 1.28 (m, 8H, -CH,-), 3.17 (s, 8H, Sn-
CH,CgHs), 7.31-7.50 (m, 20H, -CgHs). >C NMR (CDCls, ppm): &
13.8 (—CH3), 26.2 (—CHQ—), 38.2 (SH—CHQCGHs, 1JSn—C=487 HZ),
117.0, 128.0, 131.2, 135.8, 139.2, 152.0 (Ar-C). 3P NMR (CDCls,
ppm): 18.3. 1'9Sn NMR (CDCls, ppm): —166.5.

4.1.8. {[n-BuzClSn02P(OC2H5)2]2}n 8

Complex 8 was synthesized by the same procedure as 1 with 0,0-
diethyl phosphoric acid (0.154¢g, 1 mmol) and EtONa (0.068 g,
1 mmol) and di-n-butyltin(IV) dichloride (0.304 g, 1 mmol). Yield,
72%. m.p. 177-179 °C. Anal. Calc. for Cy4HsgCl;0gP2Sn,: C, 34.20;
H, 6.70. Found: C, 33.90; H, 6.96%. IR (KBr, cm™'): 2983, 2968,
2930, 1320, 1255, 1100, 829, 569, 452, 270. 'H NMR (CDCls, ppm):
5 0.90 (t, 24H, -CH3), 1.30-1.40 (m, 32H, —-CH,-). '3C NMR (CDCl;,
ppm): 6 13.7 (-CH3), 14.6 (-CHy—, 'Jsp_c =511 Hz), 26.9 (-CH,-),
31.3 (-CH,-). 3'P NMR (CDCl3, ppm): 18.2. ''°Sn NMR (CDCls,
ppm): —146.9.

4.1.9. {[PthnOZP(OC3H7)2]3}n 9

Complex 9 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182 g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and triphenyltin(IV) chloride (0.385 g, 1 mmol).
Yield, 77%. m.p. 186-188 °C. Anal. Calc. for C;,Hg;012P3Sns: C,
54.27; H, 5.50. Found: C, 54.59; H, 5.23%. IR (KBr, cm™'): 3001,
2932, 1635, 1586, 1430, 1099, 1075, 823, 575, 454. 'H NMR (CDCls,
ppm): § 0.89 (d, 36H, -CH3), 1.76 (m, 6H, CH), 7.80-8.01 (m, 45H,
Sn-CgHs). 13C NMR (CDCls, ppm): & 23.6(-CHs), 28.9 (CH), 127.8,
130.8, 131.0, 136.6, 137.2, 153.5 (Ar-C, 'Jsp_c = 571 Hz). 3'P NMR
(CDCl3, ppm): 18.5. ''9Sn NMR (CDCls, ppm): —163.0.

4.1.10. [(PhCH>)3Sn0,P(0C3H5)5], 10

Complex 10 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and tribenzyltin(IV) chloride (0.427 g, 1 mmol).
Yield, 79%. m.p. 175-177 °C. Anal. Calc. for C,;H3504PSn: C,
56.57; H, 6.15. Found: C, 56.23; H, 5.90%. IR (KBr, cm~!): 2996,
1640, 1610, 1429, 1208, 1132, 1003, 820, 570, 450. 'H NMR (CDCl3,
ppm): 6 0.90 (d, 12H, -CH3), 1.75 (m, 2H, CH), 3.20 (s, 6H, Sn-
CH,CgHs), 7.33-7.56 (m, 15H, -CgHs). '*C NMR (CDCls, ppm): &
23.5 (~CH3), 28.7 (CH), 38.2 (Sn-CH,CgHs, Jsn_c = 486 Hz), 117.6,
129.3, 129.8, 137.7, 138.5, 151.2 (Ar-C). 3'P NMR (CDCl5, ppm):
18.2. 11950 NMR (CDCl5, ppm): —158.9.

4.1.11. [M93STIOZP(OC3H7)2]” 11

Complex 11 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and trimethyltin(IV) chloride (0.200 g, 1 mmol).
Yield, 85%. m.p. 153-155 °C. Anal. Calc. for CgHp304PSn: C, 31.34;
H, 6.72. Found: C, 31.69. H, 6.51%. IR (KBr, cm™'): 2986, 1438,
1427, 1383, 1186, 1175, 1069, 821, 569, 448. '"H NMR (CDCls,
ppm): 6 0.91 (m, 21H, -CH3), 1.74 (m, 2H, CH). '*C NMR (CDCls,
ppm): & 14.8 (-CHs, YJsu_c =463 Hz), 23.5 (-CH3), 28.7 (CH). 3'P
NMR (CDCls, ppm): 18.2. 1'9Sn NMR (CDCls, ppm): —143.0.

4.1.12. [n-Bu3SnO,P(OCsH7),], 12

Complex 12 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182 g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and tri-n-butyltin(IV) chloride (0.325 g, 1 mmol).
Yield, 75%. m.p. 119-121 °C. Anal. Calc. for C;gH4;04PSn: C, 45.88;
H, 8.77. Found: C, 45.57; H, 8.59%. IR (KBr, cm™'): 2990, 2977,
1372, 1369, 1208, 1198, 1001, 830, 783, 573, 455. "H NMR (CDCl;,
ppm): 6 0.89 (t, 21H, -CH3), 1.29-1.38 (m, 18H, -CH,-), 1.75 (m,
2H, CH). 3C NMR (CDCls, ppm): 6 13.7(-CH3), 14.7 (-CH,-,
Ysn_c =504 Hz), 23.6 (-CHs), 28.7 (CH), 31.0 (-CH,-). 3'P NMR
(CDCls, ppm): 17.8. 119Sn NMR (CDCls, ppm): —148.3.

4.1.13. {{[Me,CISnO,P(0C3H7)2]2}, 13

Complex 13 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182 g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and dimethyltin(IV) dichloride (0.220 g, 1 mmol).
Yield, 82%. m.p. 183-185 °C. Anal. Calc. for C;gH40Cl;0gP>Sn;: C,
26.30; H, 5.52. Found: C, 26.00; H, 5.25%. IR (KBr, cm™!): 2999,
2986, 1300, 1170, 1100, 819, 566, 451, 263. 'TH NMR (CDCls, ppm):
5 0.88 (m, 36H, —-CHs), 1.75 (m, 4H, CH). '*C NMR (CDCls, ppm): 6
14.9(-CHs, YJsn_c = 463 Hz), 23.6 (-CH3), 28.8 (CH). >'P NMR (CDCls,
ppm): 17.9. ''Sn NMR (CDCls, ppm): —140.7.

4.1.14. {[thClSﬂOzP(OC3H7)2]2}n 14

Complex 14 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182¢g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and diphenyltin(IV) dichloride (0.344 g, 1 mmol).
Yield, 76%. m.p. 209-211 °C. Anal. Calc. for C3gH45Cl,05P,Sn,: C,
44.16; H, 4.94. Found: C, 44.52; H, 4.67%. IR (KBr, cm~'):2990,
1630, 1599, 1320, 1207, 1113, 822, 575, 455, 268. 'H NMR (CDCls,
ppm): § 0.91 (d, 24H, -CH3), 1.74 (m, 4H, CH), 7.81-8.03 (m, 20H,
Sn-CgHs). 13C NMR (CDCls, ppm): 6 23.5(-CH3), 28.9 (CH), 128.9,
131.3, 131.5, 139.2, 139.9, 151.7 (Ar-C, "Jsp_c = 573 Hz). 3'P NMR
(CDCls, ppm): 18.3. 119Sn NMR (CDCls, ppm): —173.0.

4.1.15. {[(PhCH2)2CIST102P(OC3H7)2]2}n 15

Complex 15 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182¢g, 1 mmol) and EtONa
(0.068 g, 1 mmol) and dibenzyltin(IV) dichloride (0.372 g, 1 mmol).
Yield, 83%. m.p. 198-200 °C. Anal. Calc. for C4oHs56Cl,0gP,Sn,: C,
46.41; H, 5.45. Found: C, 46.07; H, 5.18%. IR (KBr, cm™'): 2987,
1625, 1587, 1300, 1198, 1103, 829, 570, 452, 273. 'H NMR (CDCls,
ppm): 6 0.92 (d, 24H, -CHs), 1.76 (m, 4H, CH), 3.18 (s, 8H, Sn-
CH,CgHs), 7.32-7.49 (m, 20H, -CgHs). >*C NMR (CDCls, ppm): &
23.6 (-CH3), 28.7 (CH), 38.3 (Sn-CH,CgHs, Ysn-c =490 Hz), 117.0,
128.6, 129.0, 137.5, 138.2, 152.3 (Ar-C). 3'P NMR (CDCl;, ppm):
18.5. 1'9Sn NMR (CDCls, ppm): —166.6.

4.1.16. {[n-BuZClsn02P(0C3H7)2]2}n 16

Complex 16 was synthesized by the same procedure as 1 with
0,0-diisopropyl phosphoric acid (0.182g, 1 mmol) and EtONa
(0.068 g, 1mmol) and di-n-butyltin(IV) dichloride (0.304 g,
1 mmol). Yield, 70%. m.p. 170-172 °C. Anal. Calc. for C;gHg4Cl,0g-
P,Sn,: C, 37.41; H, 7.17. Found: C, 37.02; H, 7.45%. IR (KBr, cm™'):
2989, 2979, 1340, 1310, 1200, 1138, 1009, 825, 571, 451, 272. 'H
NMR (CDCl3, ppm): § 0.89 (t, 36H, -CH3), 1.30-1.37 (m, 24H,
—CH,-), 1.76 (m, 4H, CH). '>C NMR (CDCls, ppm): & 13.5(-CHs),
14.4 (-CH5-, Jsn_c = 506 Hz), 23.7 (-CH3), 28.8 (CH), 32.6 (-CH,-).
31p NMR (CDCls, ppm): 17.9. 119Sn NMR (CDCls, ppm): —141.5.

4.2. Crystal structures of complexes 1-3, 5, 8, 9 and 11

Diffraction data were collected on a Smart CCD area-detector
with graphite monochromated Mo Ko radiation (1 =0.71073 A). A
semiempirical absorption correction was applied to the data. The
structure was solved by direct methods using sHELxs-97 and refined
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against F? by full-matrix least squares using sueLxs-97. Hydrogen
atoms were placed in calculated positions. Crystal data and exper-
imental details of the structure determinations are listed in Tables
1 and 2.
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Appendix A. Supplementary material

CCDC 644062, 643935, 661000, 643933, 656164, 643931 and
643936 contain the supplementary crystallographic data for 1, 2,
3, 5, 8,9 and 11. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.cam.a-
c.uk/data_request/cif. Supplementary data associated with this arti-
cle can be found, in the online version, at doi:10.1016/j.jorganchem.
2008.04.036.
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