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Abstract 

Dimethyltin dichloride-dibenzylsulfoxide, [(CH,),SnCl* . O=S(CH,C,H,),], 
crystallizes in the orthorhombic P2,2,2, space group with a sub-structure of 
dimensions a 8.0?7(2), b 12.134(3), c 19.595(5) A; 2 = 4. A superstructure lattice 
with a 64.06(2) A (a X 8) could not be fully characterized. The geometry of the 
five-coordinated tin atom is cis-trigonal bipyramidal with the methyl groups equa- 
torial [Sn-C 2.109(16), 2.128(15) A; C-Sn-C 136.4(9)“], and the sulfoxide [Sn-0 
2.319(10) A] and one chloride [Sn-Cl 2.464(6) A] apical [Cl-Sn-0 173.9(4)“]. The 
complex is an unusual example of a monomeric five-coordinate 1 : 1 adduct of a 
dialkyltin dichloride with a monodentate Lewis base. 

Introduction 

In the solid dialkyltin dichlorides [l-5] normally form infinite chains with the tin 
atom unsymmetrically bridged by two chlorine atoms, whereas diaryltin dichlorides 
[6-91 are present as discrete molecules. However, steric and electronic factors can 
influence the overall structure, and thus one modification of crowded dicyclohexyl- 
tin dichloride consists of only weakly linked molecules [lo], and methylphenyltin 
dichloride forms a tetrameric chain [ll]. The tin-chlorine bridges in diorganotin 
dichlorides are expected to be disrupted upon complexation with neutral monoden- 
tate nitrogen- or oxygen-donor ligands, and crystal structure determinations have 
revealed a five-coordinate geometry for the 1 : 1 adducts of diphenyltin dichloride 
[12-141. The 1 : 1 adducts of dimethyltin dichloride with O.Spyrazine [14,15], water. 
l&crown-6 [16], diphenylcyclopropenone [17], tetramethylurea [18,19], 2,6-lutidine 
N-oxide [20] and methylphenylsulfine [21] are, in fact, six-coordinate [22] chlorine- 
bridged dimers. Other dialkyltin dichlorides form monomeric 1 : 1 adducts with bi- 
or tri-dentate ligands [23-261, with a coordination of six or seven, and a monomeric 
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five-coordinate 1 : 1 adduct of a dialkyltin dichloride has not been observed until 
now [27,28]. 

Both dimethyltin dichloride and diphenyltin dichloride form 1 : 1 and 1 : 2 
adducts with monodentate sulfoxides [29-311, and it seemed to us possible that 
structural determination of a 1 : 1 adduct of dimethyltin dichloride with a sulfoxide 
ligand might reveal novel behaviour, and this expectation was realized in the case of 
dimethyltin dichloride-dibenzylsulfoxide, whose crystal structure is described be- 
low. 

Experimental 

Single crystals of dimethyltin dichloride-dibenzylsulfoxide [30] were obtained by 
slow evaporation of a chloroform solution containing dimethyltin dichloride and 
dibenzylsulfoxide in l/l molar ratio. Diffraction data were collected on a Nicolet 
R3 automated four-circle diffractometer. Crystals of [(CH,)zSnCl, . O=S(CH,C, 
H5)2] were coated with epoxy cement to prevent hydrolysis. Initial photographic 
characterization revealed the presence of a super-structure lattice with an eight-fold 
increase in the a-axis. However, the sub-structure so dominated the diffraction 
pattern that it proved impossible to collect sufficient super-structure data to process 
the true structure, which contains eight independent complex molecules. Hence, the 
structure reported represents the composite of eight independent molecules. The 
structural parameters reported are subject to errors inherent in averaging over eight 
molecules. While it is certain that the structure is correct in terms of the intramolec- 
ular connectivity, individual parameters should be regarded as only approximate. 

Table 1 

Crystallographic data for [(CH,),SnCI,.O=S(CH,C,H,),J 

Crystal daru 
Formula 

Formula wt 

Crystal system 

Space group 

C,,H,,Cl,OSSn 

449.97 

orthorhombic 

%2,21 
8.007(2) ” 

12.134(3) 

19.595(5) 

1903.8(10) 

Z 4 

D(calcd), g cm ~’ 1.570 
Color colorless 

Size, mm 0.31 x 0.31 x 0.34 

~(Mo-K,), cm- ’ 17.3 

T, K 294 

L, / L, 1.163 

Dura collection 
Diffractometer Nicolet R3m Rflns collected 

Radiation MO-K, Observed rflns 

Wavelength, A 0.71073 Std rfns 

26’ limits, deg 4528552 Decay, % 

Re/inement 

R(F). % 7.73 A/o 
R( wF), % 8.94 A(p), e k” 
GOk 1.579 NO/NV 

” Sub-structure value (super-structure a axis is 64.06(Z) A). See text. 

1969 

1034 (304)) 

3 stds/197 rflns 

<1 

0.13 

1.06 

9.89 
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Table 2 

Atomic coordinates (X 104) and isotropic thermal parameters (A2 X 103) 

Atom x Y t u 

Sn 2201(4) 770(4) 213(2) 110(2) ” 
s 
Cl(l) 
cw 
0 

C(1) 
cm 
C(3) 

C(4) 

C(5) 

C(6) 
C(7) 

C(8) 

C(9) 
C(l0) 
CUT) 

C(12) 

CG3) 

C(14) 

CW) 

C(l6) 

5554(13) 
1450(12) 

- 647(21) 

4884(39) 

2256(63) 

3231(82) 
7007(77) 

7158(67) 
5501(41) 

4600 

4215 

4850 

5751 

6077 

5508(50) 
4799 

4923 

5757 

6466 

6342 

-1139(19) 
- 1058(15) 

144408) 
80(54) 

894(41) 
1567(53) 

- 1486(51) 

- 864(44) 
- 956(21) 

- 1225 

- 2326 

-3158 

- 2890 

- 1789 

- 1221(30) 
-935 

144 

938 

652 
-428 

- 35(6) 

524(7) 
442(10) 

8406) 
- 923(25) 

990(30) 
686(26) 

- 639(26) 
1725(16) 

2311 

2466 

2035 
1449 

1294 

- 1727(23) 
- 2353 

- 2592 

- 2206 

- 1580 
- 1341 

122(9) a 

128(7) a 

172(10) a 

159(25) a 

lll(16) 

159(26) 

130(20) 
114(17) 

139(22) 
105(16) 

90(14) 

121(19) 

90(14) 

48(8) 
148(25) 

140(22) 

157(24) 

257(49) 

162(26) 
112(18) 

a Equivalent isotropic U defined as one third of the trace of the orthogonalized U,, tensor. 

Corrections for absorption were applied to the data. The structure was solved by 
heavy-atom methods. Chemically sensible phenyl rings could be refined only with 
rigid hexagonal constraints (C-C = 1.395 A). The Sn, Cl, S and 0 atoms were 
refined anisotropically, the C atoms isotropically, and the H atoms were treated as 
idealized contributions (C-H = 0.96 A). SHELXTL (5.1) software was used for all 
computations (G. Sheldrick, Nicolet XRD, Madison, WI). Crystallographic data are 
listed in Table 1. Table 2 gives the atomic coordinates, and Table 3 the bond 
distances and angles. Structure factor tables, anisotropic thermal parameters and 
hydrogen atoms coordinates are available from the authors. 

Table 3 

Bond distances (A) and angles (“) for [(CH,)2SnC12~O=S(CH&,H,),] ’ 

Sn-Cl( 1) 

Sn-Cl(2) 

Sn-0 

Sn-C(1) 

Cl(l)-Sn-CI(2) 

Cl(l)-%-0 
Cl(Z)-Sn-0 

Cl(l)-Sn-C(1) 

0-Sn-C(1) 

Cl(l)-G-C(2) 
C1(2)-Sn-C(2) 

2.392(6) 

2.464(6) 

2.319(10) 

2.128(15) 

91.6(3) 

83.6(4) 
173.9(4) 

108.2(6) 

87.8(9) 
113.0(6) 

95.3(7) 

Sn-C(2) 

s-o 

S-C(3) 

S-C(4) 

0-Sn-C(2) 
C(l)-Sn-C(2) 

O-S-C(3) 

O-S-C(4) 

C(3)-S-C(4) 
Sn-O-S 

2.109(16) 

1.488(21) 

1.876(21) 

1.779(19) 

83.3(9) 
136.4(9) 

105.5(7) 

104.6(8) 

94.6(9) 
135.6(6) 

u The parameters shown are those obtained by sub-structure averaging over eight independent molecules. 
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Results and discussion 

Dimethyltin dichloride forms with dibenzylsulfoxide a discrete 1 : 1 adduct, 
whose structure is depicted in Fig. 1. No intermolecular tin-chlorine or tin-oxygen 
contacts of < 4 p\ are present in the unit cell. The tin atom is five-coordinate and its 
geometry is crs-trigonal bipyramidal; the tin-carbon bonds [2.109(16), 2.128(15) 41 
subtend an angle of 136.4(9)” at the metal. The axial tin-chlorine bond [2.464(9) A] 
is longer than the equatorial bond [2.392(6) A], but the bond lengths are otherwise 
not much different from those of the tin-chloride bonds in other diorganotin 
dichloride Lewis acids [l-l l] and their 1 : 1 complexes [12--271. The sum of angles in 
the equatorial plane is 357.6(21)“, and the tin atom is displaced from the plane in 
the direction of the axial chlorine by 0.22 A; some distortion from idealized 
geometry is also seen in the non-linear Cl-Sn-0 skeleton [173.9(4) o ]. 

Dimethyltin compounds have been much studied because of the simplicity of the 
(CH,),Sn unit, and tin is frequently six-coordinate in dimethyltin compounds 
[27,28]. For example, the 1 : 1 adducts of dimethyltin dichloride [14--211 are six-coor- 
dinate, as are [32] the dimethylchlorotin monochelates [33--351; indeed, chlorine 
bridging invariably helps to complete the coordination sphere of tin. There are a few 
unambiguous examples of monomeric, five-coordinated dimethyltin compounds: 
they include dimethyltin glycylmethionate [36], dimethylchlorotinethyl-r.-cysteinate 
[37,38] and two dimethylstannoles [39,40]. The dimethyltin angles found in the 
glycylmethionate (123.8” [36]). cysteinate (119.5 o [37,38]) and in 2.2-dimethyl-1.3- 
dithia-2-stannacyclopentane (121.73” [40]) are close to the ideal sp’ angle of 120”, 
and the inability of tin to expand its coordination number to six can be associated 
with its decreased Lewis acidity arising from the sulfide linkage. The title compound 
is also monomeric as its chlorine atoms do not engage in bridging; bond distances 
and angles involving the tin atom are normal, but an important difference between 
this and the five-coordinate dimethyltin mercaptides is in the size of the dimethyltin 
angle. The 136.4(9)O angle in the title adduct is larger than that in the parent Lewis 
acid (123.5’ [l]), but smaller than that in its six-coordinate adducts, viz., 153.2, 
154.4 o (water * l&crown-6 [16]), 142.2 o (diphenylcyclopropenone [ 17]), 146.6 o (te- 
tramethylurea [l&19], 145.3” (2,&dimethylpyridine N-oxide [20]) and 153.4” 

Fig. 1. Dimethyltin dichloride-dibenzylsulfoxide. 
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Table 4 

Structural data for organotin-sulfoxide complexes 

Complex Sn.. ‘0 0-S s-c Sn-O-S O-S-C C-S-C Ref. 

(A) (A) (A) (“) (“) (“) 

Me,SnCl,.20SMe, 2.32 1.61 1.75, 1.85 117 100,103 98 51,52 

2.38 1.51 1.78, 1.84 112 102.103 97 
Me, SnCl 2’ 20SMe, 2.27 1.56 1.77, 1.82 125.2 103.5, 104.9 100.4 41 

2.31 1.58 1.81, 1.81 119.0 103.3, 103.8 
Me,SnBr,.20SMez 2.22 1.56 1.74, 1.85 125 100,101 97 41 

MeSnCl ,CH,CI ,SnMe 
.OSMe, a 2.555 1.527 1.79, 1.79 131.1 105.3, 105.8 97.1 53 

MeSnCl ,CH,CISnMe, 

. OSMe, n 2.572 1.526 1.80, 1 .x2 130.6 103.4, 106.3 97.1 53 
CI,SnCH,SnCI, 2.109 1.550 1.770, 1.784 128.7 100.5, 103.0 100.2 53 

.40SMe, 1.547 1.726, 1.753 123.0 102.7, 105.1 97.1 
Ph SnCl ,.ZOSMe, 2 5455 

Form I 2.280 1.521 1.75,1.77 126.5 104.4, 105.9 98.5 
2.355 1.539 1.81, 1.81 142.0 101.1, 106.2 100.6 

Form II 2.281 1.521 1.75, 1.77 124.5 104.2, 104.9 99.1 
2.295 1.503 1.75, 1.80 133.7 104.3, 105.1 97.7 

[Ph,SnCI],.“PrSOCH 2.447 1.448 1.887. 1.985 128.8 102.7, 105.9 103.8 56 
=CHSOPr ” 1.901 100.5 

2[Ph2SnNO~.0S”Prz]C 2.178 1.430 1.80, 1.86 147.4 108.2, 109.6 101.8 57 
c*o,2 - 1.409 1.69, 1.84 158.3 104.4. 114.7 103.0 

[PhzSnN03-30SMe,J+ 2.19 1.55 1.80,1.80 136.3 102.7, 106.7 99.9 58 
NO,- 2.17 1.54 1.78, 1.80 122.1 101.2, 104.9 100.5 

2.24 1.55 1.75, 1.78 129.1 102,108 99 

1.47 1.65,1.80 139.9 105,118 101 

(CH,),SnCI, 2.319(10) 1.488(21) 1.779(19), 135.6(6) 104.6(8), 94.6(9) this 

.OS(CH,C,H,), 1.876(21) 105.5(7) work 

’ The Me,SO ligand bridges the Sn-CH,-Sn unit in the adduct. 

(methylphenylsulfine [21]). The angle in these six-coordinate adducts is, in turn, 
smaller than that in the 1 : 2 oxygen- [41-471 and the weakly-basic sulfur-donor [48] 
adducts. The dimethyltin angles thus increase in the sequence (CH,),SnCl, (123.3”), 
(CH,),SnCl, . 0=S(CH,C,H,)2 [136_4(9)O], [(CH,)2SnCl,. L], (142.2-153.4”) 
and (CH,),SnCl, .2L (ca. 180 “), where L = oxygen-donor ligand. 

A sulfoxide can be represented by two canonical forms, R,S=O and R,S+ . . - O-. 
Coordination to a metal or the presence of electron-releasing R groups would favor 
the dipolar form. The crystal structure of dibenzylsulfoxide is unknown, but the 
sulfur-oxygen bond [49] of the related sulfoxide, diphenylsulfoxide is 1.47 A [50]. 
Coordination to an organotin compound would be expected to lengthen the 
sulfur-oxygen bond, and if the structure of diphenylsulfoxide is taken as the basis 
for comparison, such shortening is observed in a majority of organotin-sulfoxide 
complexes [41,51-581 (Table 4). The long sulfur-oxygen bond of 1.488(21) A in the 
title adduct suggests some contribution from the R2S+ . . . O- form. 
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