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Abstract 

An X-ray diffraction study of p-oxalatobis(tricyclohexyltin) has revealed the presence of two symmetry-independent molecules, 
each of which contains a pair of tin atoms in an isomeric cis-, rrans-C,SnOz trigonal bipyramidal configuration arising from the 
quadridentate (chelating and bridging) behavior of the oxalato ligand. 
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1. Introduction 

Triorganotin carboxylates generally form linear car- 
boxylate-bridged chains with the five-coordinate tin 
atoms occupying truns-C,SnO, trigonal bipyrainidal 
sites [l]. This geometry is also found in bis(triorgano- 
tin) dicarboxylates, but these adopt three-dimensional 
network structures arising from the linking of the tri- 
organostannyl groups to all four carboxyl oxygen atoms 
of the dicarboxylato unit; examples are bis(trimethyl- 
tin) malonate [2] and bis(triphenyltin) succinate (which 
crystallizes as a l/l complex with N,N-dimethylfor- 
mamide) [3]. The crystal structure of CL-oxalatobis(tri- 
cyclohexyltin) is described below. 

2. Experimental details 

CL-Qxalatobis(tricyclohexyltin), CL-(O,CCO,)[(c-C,- 
H,,),Sn],, was obtained in the attempt to prepare 
[(CH,),N]+[(c-C,H,,),SnO,CCO,]- by the reaction 
of [(CH,),NlCl, (c-C,H,,),SnCl and Ag,02CC02 in 
methanol. The mixture was stirred for several hours 
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and then filtered while hot. Slow cooling of the 
methanol solution gave large transparent crystals, m.p. 
178°C (decomp.). Analysis. Found: C, 54.90; H, 8.13%. 
Calc. for C,,H,O,Sn,: C, 55.37; H, 8.07%. Carbon-13 
NMR in CDCl, [S(“J1119Sn-‘3CI in Hz)]: C, = 34.4 
(‘J = 328.0), C, = 30.0 (‘J = 13.51, CT = 28.8 c3J = 65.4), 
C, = 26.7, -CO, = 165.6 ppm. The tm-119m Miissbauer 
Isomer Shift (IS) and Quadrupole Splitting (QS) (line- 
width at half-height) values at 80 K for the two dou- 
blets are IS = 1.44, QS = 2.96 U’, 0.90, r, 0.93) and 
IS = 1.54, QS = 3.87 (r, 0.83, r, 0.89) mm s-l. 

In the crystallography study 10924 reflections were 
measured at room temperature on an Enraf-Nonius 
CAD4 diffracoometer (graphite-monochromatized MO 
KU, 0.71073 A) by w-28 scans (28,,,, 45”; 0 I h s 15, 
- 15 < k I 15, - 22 I I < 22) in shells of about 2000 
reflections per shell since the crystal underwent consid- 
erable decay in the X-ray beam. Peak profiles were 
calculated [4] and a non-linear intensity correction was 
applied. The structure was solved by a combination of 
direct and heavy-atom methods and the data were then 
corrected for absorption [53 following isotropic refine- 
ment. Further calculations were performed with the 
SHELXTL-PC package on a 486DX personal computer 
161. Blocked-matrix least-squares refinements on F for 
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TABLE 1. Atomic coordinates and equivalent a isotropic tempera- 
ture factors 

Atom x Y .z u ell 

Snla 
Sn2a 
Ola 
02a 
03a 
04a 
Cla 
C2a 
C3a 
C4a 
C5a 
C6a 
C7a 
C8a (50%) 
C8aa (50%) 
C9a 
ClOa 
Clla 
C12a (50%) 
C12aa (50%) 
C13a 
C14a 
C15a 
C16a 
C17a 
C18a 
C19a 
C20a 
C21a 
C22a 
C23a 
C24a 
C25a 
C26a 
C27a 
C28a 
C29a 
C30a 
C31a 
C32a 
C33a 
C34a 
C35a 
C36a 
C37a 
C38a 
Snlb 
Sn2b 
Olb 
02b 
03b 
04b 
Clb 
C2b 
C3b 
C4b 
C5b 
C6b 
C7b 

0.59736(g) 0.78478(8) 0.34936(6) 0.0782(5) 
0.78980(6) 0.45172(7) 0x26687(5) 0.0577(4) 
0.6836(7) 0.6513(8) 0.3212(6) 0.096(6) 
0.6640(6) 0.4902(7) 0.3055(4) 0.068(4) 
0.5066(6) 0.6487(7) 0.3419(5) 0.066(4) 
0.4719(7) O&381(7) 0.3176(5) 0.070(4) 
0.480(l) 0.8500) 0.3813(9) o.lolt5) 
0.385(2) 0.829(2) 0.3300) 0.150(S) 
0.302(2) 0.876(2) 0.3540) 0.164(9) 
0.294(2) 0.851(2) 0.4170) 0.168(9) 
0.386(2) 0.8742) 0.468(l) 0.180) 
0.465(2) 0.824(2) 0.441(l) 0.130(7) 
0.608(2) 0.816(2) 0.2573(g) 0.137(7) 
0.611(3) 0.734(l) 0.203(l) 0.15(2) 
0.543(3) 0.755(2) 0.192(2) 0.15(2) 
0.579(2) 0.769(2) 0.136(l) 0.25(2) 
O&8(2) 0.862(2) 0.136(l) 0.24(2) 
0.653(2) 0.941(2) 0.192(2) 0.27(2) 
0.692(2) 0.899(2) 0.2560) 0.243) 
0.618(3) 0.9220) 0.2460) 0.110) 
0.732(l) 0.824(l) 0.4256(g) 0.090(5) 
0.7570) 0.9310) 0.443(l) 0.121(6) 
0.860(2) 0.959(2) 0.492(l) 0.139(8) 
0.8600) 0.920(l) 0.5540) 0.123(7) 
0.8342) 0.816(2) 0.5370) 0.160(9) 
0.736(2) 0.781(2) 0.483(l) 0.127(7) 
0.636(l) 0.565(l) 0.3162(7) 0.061(6) 
0.5282(9) 0.567(l) 0.3262(6) 0.060(6) 
0.798(l) 0.3430) 0.3284(7) 0.080(4) 
0.778(2) 0.242(2) 0.2900) 0.157(9) 
0.777(2) 0.163(2) 0.342(l) 0.200) 
0.881(2) 0.188(2) 0.387(l) 0.190) 
0.901(2) 0.285(2) 0.422(l) 0.161(9) 
0.8940) 0.3560) 0.3770(9) 0.113(6) 
0.895(l) 0.581(l) 0.2987(l) 0.100(S) 
0.922(l) 0.628(l) 0.3693(7) 0.112(6) 
1.006(l) 0.7160) 0.3874(7) 0.140(8) 
0.997(2) 0.784(l) 0.33649) 0.27(2) 
0.9950) 0.727(l) 0.2703(8) 0.144(g) 
0.902(2) 0.6480) 0xX7) 0.170(9) 
0.701(l) 0.415(l) 0.1655(7) 0.097(5) 

0.652(2) 0.501(l) 0.1440) 0.29(2) 

O&02(2) 0.471(2) 0.0690) 0.37(3) 

0.5150) 0.387(2) 0.0617(9) 0.155(9) 
0.559(2) 0.3OOw 0.0870) 0.26(2) 
0.614(2) 0.330(l) 0.1600) 0.200) 

- 0.04110(7) 0.19198(8) 0.08647(5) 0.0696(5) 
0.29257(6) 0.44197(7) 0.29271(5) 0.0593(4) 

0.0999(7) 0.2939(g) 0.1703(5) 0.084(5) 

0X255(6) O-3992(7) 0.26245) 0.076(4) 
- 0.0927(6) 0.2966(7) 0.1434(5) 0.068(4) 
- 0.0710(7) 0.4040(7) 0.2314(5) 0.083(5) 

-0.192(l) 0.1520) 0.0264(8) 0.096x5) 
- 0.196(2) O.lOl(2) -0.038(l) 0.160(9) 
- 0.302(2) 0.067(2) - 0.0840) 0.140(8) 
- 0.367(2) O.OOs(2) - 0.0490) 0.153(8) 
- 0.370(2) 0.064(2) 0*015(l) 0.164(9) 
- 0.261(2) 0.097(2) 0.0600) 0.130(7) 

0.047(l) 0.238(2) 0.024(l) 0.118(6) 

TABLE 1 (Continued) 

Atom x Y z u,ll 

C8b 
C9b 
ClOb 
Cllb 
C12b 
C13b 
C14b 
C15b 
C16b 
c17b 
C18b 
C19b 
C20b 
C21b 
C22b 
C23b 
C24b 
C25b 
C26b 
c27b 
C28b 
C29b 
C3Ob 
C31b 
C32b 
C33b 
C34b 
C35b 
C36b 
C37b 
C38b 

0.032(2) 0.332(2) 
0.098(2) 0.361(2) 
0x38(2) 0.326(2) 
0.192(2) 0.2342) 
0.133(2) 0.203(2) 

- 0.008w 0.0810) 
- 0.0400) 0.091(l) 
- 0.017(2) 0.014(2) 

0.088(1) 0.002(2) 
0.113(l) - ~0.020(1) 
0.094(l) 0.060(l) 
0.0740) 0.3480) 

- 0.0399(9) 0.3510) 
0.282(l) 0.5100) 
0.374(2) 0.529(2) 
0.355(2) 0.578(2) 
0.278(2) 0.514(2) 
0.185(Z) 0.503(2) 
0.194(2) 0.460(2) 
0.2900) 0.5340) 
0.202(l) 0.5900) 
0.208(2) 0.658(2) 
0.225(2) 0.622(2) 
0.314(2) 0.573(2) 
0.317(2) 0.504(2) 
0.324(l) 0.3000) 
0.391(l) 0.2t3Ow 
0.416(2) 0.179(2) 
0.454(2) 0.157(2) 
0.393(2) 0.173t2) 
0.372(l) 0.2760) 

0.002(l) 
-0.050(l) 
- 0.04Of2) 
- 0.027(2) 

0.0210) 
0.1435(7) 
0.2086(8) 
0.0249w 
0.2600) 
0.1952(9) 
0.1553(9) 
0.2105(9) 
0.194X8) 
0.3856(g) 
0.4400) 
0.505(l) 
0.5190) 
0.4700) 
0.405(l) 
0.2186(8) 
0.2113(3) 
0.159(l) 
0.101(l) 
0.110(l) 
0.161(l) 
0.2834(7) 
0.3461(9) 
0.3370) 

0.2&1(l) 
0.2230) 
0.2267(9) 

0.19(l) 
0.19(l) 
0.230) 
0.20(l) 
0.210) 
0.081(4) 
0.102(5) 
0.131(7) 
0.124(7) 
0.110(6) 
0.111(6) 

0.066(7) 
0.062(6) 
0.087(S) 
0.131(7) 
0.167(9) 
0.165(9) 

0.20(l) 
0.18(l) 
0.091(5) 
0.110(6) 
0.16Of9) 
0.162(9) 
0.156(9) 
0.137(7) 
0.076(4) 
0.115(6) 
0.164(9) 
0.143(8) 
0.144(8) 
0.111(6) 

a .!Jes is defined as one third of the trace of the orthogonaliaed U 
tensor. 

the 441 variables with 6801 unique F r 4~1 F 1 data 
converged to R = 0.076; R, = 0.010 (W = [al F I2 + 
0.0012( F, (“I-‘). The Sn, 0 and oxalato-C atoms were 
refined anisotropically. The C-atoms of the cyclohexyl 
rings were refined isotropically; three cyclohexyl rings 
that did not refine well (C7a to C12a, C27a to 
C32a, C33a to C38a) were subjected toodistance con- 
straints of 1.55 f 0.01 and 2.50 f 0.01 A for pairs of 
1,2- and 1,3-related C-atoms, respectively. Two C-atoms 
in one cyclohexyl ring were two-fold disordered and 
were represented by CXa, C8aa and C12a, C12aa of 
half site occupancy. H-atoms in the well-behaved cyclo- 
hexyl rings were placed at calculated positions (C-H = 
0.95 A, U = 0.14 A2 for the H-atom bonded to the C, 
atom and U = 0.20 A2 for the methylene C-atoms) and 
allowed to ride on the parent C-atoms. Fractional 
atomic coordinates are listed in Table 1 and the molec- 
ular structure is depicted in Fig. 1. A ful1 list of bond 
lengths and angles, hydrogen atom coordinates and 
thermal parameters has been deposited at the Cam- 
bridge Crystallographic Data Centre. 
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Fig. 1. Molecular structure of CL-oxalatobis(tricyclohexyltin). Selected 
bond distances and angles: Snla-Cla = 2.20(2), Snla-C7a = 2.09(2), 
Snla-C13a = 2.13(l), Snla-Ola = 2.48(l), Snla-03a = 2.119(9), 
Sn2a-C21a = 2.14(2), Sn2a-C27a = 2.11(l), Sn2a-C33a = 2.18(l), 
Sn2a-02a = 2.22(l), Sn2a-04b’ = 2.40(l), Snlb-Clb = 2.15(2), 
Snlb-C7b = 2.10(2), Snlb-C13b = 2.14(2), Snlb-Olb = 2.471(8), 
Snlb-03b = 2.12(l), Sn2b-C21b = 2.14(2), Sn2b-C27b = 2.15(z), 
Sn2b-C33b = 2.13(2), Sn2b-04a = 2.410(9), Sn2b-02b = 2.242(8) A; 
Cla-Snla-C7a = 111.4(8), Cla-Snla-C13a = 108.6(6), Cla-Snla- 
Ola = 155.7(5), Cla-Snla-03a = 87.7(5), C7a-Snla-C13a = 
115.9(7), C7a-Snla-Ola = 82.7(7), C7a-Snla-03a = 111.1(6), 
C13a-Snla-Ola = 80.6(5), C13a-Snla-03a = 118.6(5), Ola-Snla- 
03a = 68.5(4), C21a-SnZa-C27a = 117.7(5), C21a-Sn2a-33a = 
119.2(6), C21a-Sn2a-02a = 87.9(5), C?la-Sn2a-04b’ = 88.3(5), 
C27a-Sn2a-C33a = 121.3(6), C27a-Sn2a-02a = 101.0(5), C27a- 
Sn2a-04b’ = 79.9(5), C33a-Sn2a-02a = 94.3(5), C33a-Sn2a-04b’ 
= 88.5(5), 02a-Sn2a-04b’ = 176.0(4), Clb-Snlb-C7b = 105.8(7), 
Clb-Snlb-13b = 109.2(6), Clb-Snlb-Olb = 155.9(6), Clb-Snlb- 
03b = 87.4(5), C7b-Snlb-C13b = 121.6(8), C7b-Snlb-Olb = 
81.9(5), C7b-Snlb-03b = 118.9(6), C13b-Snlb-Olb = 84.4(4), 
C13b-Snlb-03b = 108.0(5), Olb-Snlb-03b = 69.2(3), C21b-Sn2b- 
C27b = 115.3(7), C21b-Sn2b-C33b = 119.5(6), C21b-Sn2b-04a = 
94.2(5), C21b-Sn2b-02b = 89.2(5), C27b-Sn2b-C33b = 124.7(6), 
C27b-Sn2b-04a = 85.5(5), C27b-Sn2b-02b = 91.4(5), C33b-Sn2b- 
04a = 83.6(5), C33b-Sn2b-02b = 96.4(5), 04a-Sn2b-02b = 
176.2(4)“. Translational code (‘): 1 + x, y, z. 

Crystal data: C,,H,O,Sn,, FW = 824.33, triclinic, 
Pi (No. 2), a = 13.967(l), b = 14.215(2), c = 21.237(2) 
A, (Y = 96.!92(9), p = 103.364(7), y = 98.460(g)“, V= 
4009.8(7) A3, D = 1.365 g cmm3, F(OO0) = 1074, CL = 
12.83 cm-i for Z = 4. 

3. Results and discussion 

The tin-119m Miissbauer spectrum of CL-oxalato- 
bis(tricyclohexyltin) exhibits two quadrupole-split dou- 
blets of almost equal intensities, implicating the pres- 
ence of two tin sites in the molecule. A trans-trigonal 
bipyramidal site accounts for the quadrupole splitting 
of 3.87 mm s-l, but either a tetrahedral or a ck-trigo- 
nal bipyramidal site is in accord with the smaller QS of 

2.96 mm s-l as the QS/IS ratio for this latter site is 
less than 2.1 [71. The crystal structure determination 
resolved this ambiguity. 

Figure 1 shows the two symmetry-independent (a 
and b) molecules of p-oxalatobis(tricyclohexyltin). In 
each molecule, anisobidentate chelation of a tricyclo- 
hexyltin group by the oxalato unit renders this tin atom 
five-coordinate in a crktrigonal bipyramidal configura- 
tion (molecule a: Sn < -0, = 2.48(l), Sn-O,, = 
2.119(g) A, 0, > - Sn-O,, = 685(4&molecule b: Sn 
< - 0, = 2.471(8), Sn-O,, = 2.12(l) A, 0, - > Sn - 
O,, = 69.2(3)“). Chelation permits the remaining two 
oxygen atoms of the oxalato ligand to bind axially to 
two adjacent planar tricyclohexyltin girdles, one of 
which is half of the molecule under consideration and 
the other is the corresponding half of the symmetry-in- 
dependent partner (molecule a: Sn-0 = 2.22(l), Sn < 
-0 = 2.40(l) A, 0-Sn < -0 = 176.0(4)“; molecule b: 
Sn-0 = 2.242(8), Sn < - 0 = 2.410(g) A, 0-Sn < - 0 
= 176.2(4)“). This leads to a linear chain structure 
parallel to the u-axis. 

In chloroform solution, p-oxalatobis(tricyclohexyl- 
tin) dissociates into a molecule having two magneti- 
cally-equivalent four-coordinate tin centers, as indi- 
cated by the observation of only one set of tin-carbon 
couplings in the i3C NMR spectrum. The spectrum 
yields a ‘J value of 328.0 Hz, which is fairly close to 
that (352.7 Hz) reported for tricyclohexyltin hydroxide 
[8], a compound that has a tetrahedral structure in 
solution. 
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