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The crystal structure of dichlorobis(ethyl3oxo- 
butanoato)tin,‘IV), ClzSn(CeH~03)2, has been deter- 
mined from three-dimensional X-ray diffraction data. 
Unit-cell dimensions are a = 11.818(5), b = 10.408- 
(4), c = 14.155(6) A, space group Pbcn, 2 = 4, D, = 
1.71 g cm-’ and D, = 1.74 g cm-‘. The structure 
was solved by the heavy-atom method from intensity 
data collected by diffractometric methods and 
refined by fill-matrix least-squares methods to R = 
0068 for 1299 observed reflections. The coordination 
about the Sn atom is a slightly distorted octahedron. 
The ethyl 3oxobutanoate acts as a bidentate ligand 
bonding to the tin atom through the oxygen atoms. 
The chloro groups are in cis positions and the 
molecular symmetry is C,. Sn-O(eq) bond length is 
2.101(15) A The Sn-O(ax) and Sri-Cl distances are 
2.066(15) and 2.347( 7) A respectively. The Cl-Sri-Cl 
angle is 98.1(l)‘. 

Introduction 

The reaction between tin(N) halides and acetyl- 
acetone (acacH) has been the subject of a number of 
publications [l-4]. A recent X-ray diffraction study 
[5] established unambiguously the crystal structure 
of dichlorobis(acetylacetonato) (C12Sn(CSH702)2) 
and confirmed the cis configuration for the chloro 
groups predicted by various authors. 

Apparently no particular attention has been paid 
to the properties of ClzSn(etac)z where etacH = 
acetoacetic ethyl ester (CH3COCHZCOOEt). However 
fl-diketones and /I-ketoesters have two C=O groups in 
&position and we may expect an analogy between 
them. Is the complex Cl&(etac)Z cis or trans? Do 
ethoxy groups occupy ‘axial’ or ‘equatorial’ positions 
or both? In order to answer, we describe herein the 
solid state structure of ClzSn(etac)s and draw some 
conclusions from comparison with the parent com- 
pound Cl,Sn(acac)l. 

Experimental 

Preparation 
Into a 250 ml 3-neck flask fitted with a nitrogen 

inlet and mechanical stirrer was placed 30 ml of 
benzene and 5 g (0.02 mol) EtOTl. To this was added 
dropwise a solution of 2.6 g ethylacetoacetate (0.02 
mol) in 30 ml benzene. After the addition of the 
ligand was completed, the reaction mixture was 
stirred for 15 minutes at room temperature. The 
solution of tin(IV) chloride (0.01 mol in 30 ml 
benzene) was added. TlCl was filtered out (Mlllipore 
0.45~ filter). Cl#n(etac)s crystallized by slow 
evaporation. Crystals were recrystallized from chloro- 
form or benzene. M.p. 134-136 “c. Calcd for 
Cr2Hra0&12Sn: C, 32.1; H, 4.0; Cl, 15.8; Sn, 26.5. 
Found: C, 31.7; H, 4.1; Cl, 16.1; Sn, 26.7. 

Crystal Lkzta 
Preliminary precession and Weissenberg photo- 

graphs revealed Iaue symmetry mmm. The observed 
systematic extinctions, Okl for k # 2n, h01 for 1 # 2n 
and hk0 for h + k # 2n are compatible with space 
group Pbcn. The crystal was a parallelepiped of 
approximate dimensions 0.16 X 0.18 X 0.20 mm. It 
was bounded by (001) faces perpendiculary to the 
great dimension and by all forms of (110). Intensity 
data were collected on a Philips four-circle diffracto- 
meter using the crystal such that the c axis was 
parallel to #. The setting angles of twenty reflections 
were used to determine least-squares values of the 
unit cell parameters. The results are: a = 11.818(5), 
b = 10.408(4), c = 14.155(6) A at 20 f 1 “C. The 
density calculated on the basis of four molecules of 
Sn(C6H903)2C12 per unit cell is 1.71 g cmb3, which 
is in good agreement with the observed value of 1.74 
g crnd3 measured pycnometrically in cyclohexane. 
Intensity measurements utilized monochromatized 
MoKar radiation @ = 0.7107 A) and the O-213 scan 
technique (scan rate = l”/min). 





Structure of Tin(W) Complex 

of a molecular unit related by the center of symmetry 
in (000) to their homologues of another molecular 
unit. This relative proximity should explain the 
cleavage observed in a direction normal to [OOl] . 

The coordination about the tin atom is best 
described as a distorted octahedral coordination. The 
chloro groups are in cis positions. Of the remaining 
four octahedral positions two are occupied by the 
keto-oxygen atom of the ester group (equatorial 
position) and the other two are occupied by the keto- 
oxygen of the ligand (axial position). This is shown in 
Fig. 1. 

Two least-squares planes have been calculated. As 
in the dimethyl [9] and dichloro [5] analogs, the 
ethyl 3oxobutanoate ligand is nearly planar with the 
maximum deviation being 0.304 A (O(1)) from the 
plane of equation -2.34 x t 4.92 y t 12.15 z - 4.18 
= 0. The tin atom is only -0.107 A from this plane. 
The equation of the second plane through the two 
chloro groups, Sn atom and the two keto-oxygen 
atoms of the ester groups was 10.67 x t 6.08 z - 
1.52 = 0. The maximum deviation of any atom from 
this plane was 0.01 A. The ligand containing *plane 
makes an angle of 79’ with this latter plane. A view 
of the unit cell is shown in Fig. 2. The intramolecular 
distances are presented in Fig. 1. 

Selected bond distances and angles are given in 
Table IV. In contrast to the compound Cl#n- 
(CsH,O&, the %-O(2) distance (2.066 A) is some- 
what shorter than the Sn-O(l) distance (2.101 A). 
This difference is significant from the standard 
deviations (Table IV). They agree with the sum of the 
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Fig. 1. Molecular geometry and bond distances (in A) for 

Cl2Sn(C&9%)2. 

covalent radii for tin and oxygen (2.11 A) [lo] . The 
ethyl 3-oxobutanoate bond distances are C(3)+(2) 
(1.32 A), C(2)+(3) (1.33 A), C(2)+(1) (139 A) 
and C(l)+(l) (1.29 A) compared with 1.29, 1.37: 
1.40, 1.27, respectively, in the compound C12Sn- 
(C5H,02)2. The conjugate C-C distances are slightly 

Fig. 2. View of the unit cell. 



I48 J. Angenault, C. Mondi and A. Rimsky 

TABLE IV. Intramolecular Distances and Angles. covalent radii (2.39 A) [IO] found in SnC14*2 HMPA 
[ Ill, where the four Cl atoms are coplanar (2.38- 
2.40 A) and Sn on a pseudocenter of symmetry. The 
intrachelate ring angles at C(l), C(2), and C(3) 
(124”-129”) are, as in SnClz(CsH70a)a, indicative 
of some opening of these angles on chelation. The 
structures of SnC12(CSH702)2 and SnC12(C6H903)2 
are thus closely related. It should be pointed out that 
SnC12(C6H903)2 has been assigned the cis stereo- 
chemistry on the basis of previous dipole moment 
study in benzene (U = 5.73 f 0.03 D) 1121, as 
compared with SnC12(C5H702)2 [4]. 

Distances (.k) Angles (deg.) 

Sn-CI 
Sn-O(l) 
Sn-O(2) 
0(1)-w) 
0(2)-C(3) 
Cflwx3) 
C(l)-w) 
w-~(3) 
C(3w.x4) 
C(S)_O(3) 
C(5)-C(6) 
Cl-Cl 

2.34 7(7) 
2.101(15) 
2.066(15) 
1.293(17) 
1.322(18) 
1.334(17) 
1.394(21) 
1.333(21) 
1.517(24) 
1.501(20) 
1.519(24) 
3.544(14) 

Cl-Sri-Cl 
Cl-Sn-O(l ) 
Cl-Sn-O(2) 
O(l)-Sn-D(l) 
O(l)-Sn-O(2) 
O(2)-Sn-O(2) 
Sn-O(1FC(1) 
0(1)c(1>-0(3) 
Sn--W2K(3) 
C(l)-c(2)-U3) 
D(w(3k-c(2) 
0(2)c(3)c(4) 
0(3)c(5k’Z6) 
C(lW(3kU5) 
C(2)-c(3K(4) 
WFw)-c(2) 

98.1(l) 
90.8(l) 
96.2(l) 
80.4(l) 
86.7(l) 

168.1(9) 
123.1(2) 
116.2(2) 
126.5(3) 
124.4(4) 
126.4(3) 
111.1(l) 
107.0(l) 
119.8(2) 
122.4(3) 
129.0(4) 

different and may be explained by a larger contribu- 
tion of structure (I) than of structure (II) in the 
equilibria: 

CH,-y=CH-$-OEt = CHa-$CH=y-OEt 

“\,P (1) 
d, 0 

LH/ (II) 

and this results in a greater shortening of the bonds 
C(3)--C(2) and C(l)-O(l). In accordance with this 
explanation the C(2)-C(l) distance is, as observed, 
longer than the C(3)-C(2) distance. The C(1)--0(3) 
distance (1.33 A) presents a double-bond character 
and the conjugation of bonds should explain the 
planarity of all the ligand. The Sri-Cl distance of 
2.347 A is comparable to that of 2.345 A in SnClz- 
(CSH702)2, somewhat shorter than the sum of the 

PMR and 13C NMR studies on the compound were 
performed in CDC13 solution and showed a great 
complexity of the spectra [13] . This may be 
accounted for by configurational rearrangements of 
dichlorobis(ethylacetylacetato)tin complex, as 
described earlier for the dichlorobis(acetylacetonato)- 
tin complex [3]. The influence of changing the 
nature of the ligand on the spectra is under active 
investigation. 
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