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second tetragonal phase below room temperature. A 
sequence of phase transitions (Table 4) with decreasing 
temperature from tetragonal through orthorhombic and 
a second tetragonal phase to a monoclinic structure is 
reported for (CH3NH3)2CdC14 and (CH3NH3)2MnC14 
(Heger et al., 1975). The low temperature structure of 
tetrachlorocadmate (Chapuis et al., 1976) is described 
in space group B2Ja allowing for a direct comparison 
with high temperature phases. The transformation of 
positional parameters from B21/a to P2Ja reveals that 
the room temperature structure of ( C H a N H 3 ) 2 C u C I  4 is 
isostructural to the low temperature phase of the 
tetrachlorocadmate. The low temperature form of 
(CH3NH3)2MnC14 is reported to be monoclinic but no 
space group is given in the literature. 

Support of this work by the Deutsche Forschungs- 
gemeinschaft is gratefully acknowledged. 
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Abstract. [Sb(CsH302S)2(CH3)3]  , M r = 421.1, ortho- 
rhombic, Pbca, a=11.197(7) ,  b=26 .026(9 ) ,  c =  
11.224 (7) A, V = 3270.8 t13, Z = 8, D x = 
1- 710 Mg m -3, 2(Ag K~t) = 0.56083 A, ~ = 
1.01 mm -~, F(000)= 1664, T =  293 (1)K. Final R 
= 0.039 for 1555 unique observed X-ray diffractometer 
data and 174 variables. The thiophene ring with the 
atoms C(5) to C(8) and S(1) is disordered. The 
positions S(1) and C(6) have been refined with the 
scattering power of 0.5 S and 0.5 C. Sb is surrounded 
by three equatorial C(methyl) and two apical O atoms, 
one from each carboxylate group. The trigonal 
bipyramid is distorted by weak interaction with the 
second O of each carboxylate group, both approaching 
Sb to widen C(1) -Sb-C(2)  to 125.11 (4) °. 

Introduction. Only two X-ray diffraction studies of 
triorganoantimony dicarboxylates have been reported: 
diacetatotriphenylantimony (Sowerby, 1979) and bis- 
(benzoato)triphenylantimony (Lebedev, Bochkova, 
Kuzubova, Kuz'min, Sharutin & Belov, 1982) have a 
distorted trigonal-bipyramidal arrangement of ligands 
around Sb, the covalently bonding O atoms of the 
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essentially unidentate carboxylate groups being in 
apical positions. The distortion was explained by weak 
interaction between Sb and the carbonyl O atoms of 
each acetate ligand. In the following a first example of a 
structure of a trimethylantimony dicarboxylate as well 
as of a triorganoantimony derivative of a heterocylic 
carboxylic acid is described. One object of this study 
was to examine whether weak coordinative interaction 
occurs also in a trimethylantimony carboxylate and 
whether this is similarly accomplished by O atoms or 
by the heteroatom of the ring in the latter type of ligand 
as recently found in (2-furoato)trimethyllead (Preut, 
R6hm & Huber, 1986). 

Experimental. Title compound prepared from (CH3) 3- 
Sb(OH)2 and 2-thenoic acid in chloroform. Crystals 
obtained from CHC13/petroleum ether (b.p. 313- 
333 K). Crystal size: 0.38 × 0-22 × 0.11 mm. 03/20 
scan. Scan speed: 6.7 ° min -~ in 0. Nonius CAD-4 
diffractometer, graphite-monochromated Ag Kct 
radiation; lattice parameters from least-squares fit with 
20 reflexions up to 20=  25.1°; standard reflexions 
recorded every 2.5 h, only random deviations; 6938 
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reflexions, 1 < 0_< 20 °, (sinO/~,)ma x = 0"61 A -1, 0 _< 
h <_ 13, 0 _< k _< 13, -31  _< l < 31; after averaging 3095 
unique reflexions, Rim = 0.026, 1555 with I > 33(I), 
Lorentz-polarization correction and absorption correc- 
tion via ~ scans, max./min, transmission 1.00/0.88; 
systematic absences conform to space group Pbca (No. 
61), structure solution via direct methods, AF syntheses 
and full-matrix least squares on F with 1555 reflexions; 
174 refined parameters, anisotropic temperature factors 
for all non-H atoms and the disordered positions S(la), 
S(lb), C(6a), C(6b), common isotropic temperature 
factor for all H atoms, H atoms in geometrically 
calculated positions ( C - H  0.95 A); w-X= [t:r2(I) + 
(0.095Fo2)2] 1/2, S = 0.87, R = 0.039, wR = 0.053, 
max. A/a= 0.24, largest peak in final AF map = 
+0.7 (2)elk-3; complex neutral-atom scattering fac- 
tors from International Tables for X-ray Crystal- 
lography (1974); programs: SDP (Frenz, 1981), 
OR TEPII (Johnson, 1976), MULTAN82 (Main et al., 
1982). 

nating O atoms deviates distinctly less from 120 ° than 
does the corresponding angle in the two triphenyl- 
antimony dicarboxylates [diacetate: 148.2 (2); diben- 
zoate: 150 (1)°]. This can be correlated to reduced 
acceptor strength of Sb which is caused by the +I  effect 
of the methyl groups. The thiophene ring at C(4) shows 
orientational disorder. Interaction of the heteroatom in 
the ring of the carboxylate ligand with the central atom 
as observed in (2-furoato)trimethyllead (Preut et al., 
1986) does not occur. 

Table 1. Fractional atomic coordinates and isotropic 
temperature factors (A 2 × 103) 

Sb(l) 
s(2) 
O(1) 
0(2) 
0(3) 
0(4) 

Discussion. The structure of the title compound is C(l) 
shown in Fig. 1. Positional parameters and equivalent c(2) 
values of the anisotropic temperature factors are given c(3) 

C(4) 
in Table 1,* bond lengths and angles in Table 2. As in c(5) 
diacetatotriphenylantimony (Sowerby, 1979) and bis- c(7) 
(benzoato)triphenylantimony (Lebedev et al., 1982) the c(8) C(9) 
coordination around the central Sb is a distorted c(1o) 
trigonal bipyramid and there is an interaction between c(11) 

C(12) 
Sb and the second O of each carboxylate group. In the C(13) 
title compound these interactions are less pronounced S(la) 
than those in diacetatotriphenylantimony and bis- c(6a) 
(benzoato)triphenylantimony in which the correspond- S(lb) C(6b) 
ing S b - O  distances are 2.779(4), and 2.70(2), 
2.81 (2) A, respectively, whereas in the title compound 
these distances are markedly longer and the equatorial 
angle C(1)-Sb(1)-C(2) facing the weakly coordi- 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom positions have been deposited with the British Library 
Document  Supply Centre as Supplementary Publication No. SUP 
43436 (22 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH l 2HU, England. 

° -'o 

Fig. 1. General view of the molecule, showing atom numbering. 

Ueq = (1/6~ 2) ~l~j~ljal.aj. 

x y z UeJU 
0.09690 (5) 0.06830 (2) 0.67351 (5) 37 
0.0822 (3) -0.1292 (1) 0.8781 (3) 71 
0.1584 (6) 0.1411 (2) 0.6108 (6) 48 
0.3102 (7) 0.1385 (3) 0.7379 (6) 59 
0.0123 (6) --0.0027 (2) 0.7135 (5) 43 
0.1622 (6) --0.0228 (3) 0.8339 (6) 58 
0.0776 (9) 0.0941 (4) 0.8494 (8) 53 
0.2482 (9) 0.0317 (4) 0.6052 (9) 55 

-0.043 (1) 0.0781 (4) 0.5548 (8) 56 
0.2555 (8) 0.1597 (3) 0.6545 (7) 43 
0.2968 (8) 0.2075 (3) 0.6065 (8) 44 
0.329 (1) 0.2819 (4) 0.487 (1) 62 
0.413 (1) 0.2832 (4) 0.570 (1) 59 
0.0680 (8) -0.0331 (4) 0.7858 (7) 41 
0.0086 (9) --0.0839 (4) 0.7999 (7) 45 

--0.1123 (7) --0.0984 (3) 0.7580 (7) 31 
--0.1226 (9) --0.1521 (4) 0.805 (1) 64 
--0.032 (1) --0.1710 (4) 0.8667 (9) 64 

0.4155 (4) 0.2366 (2) 0.6668 (4) 60 
0.398 0.240 0.646 65 
0.2354 (4) 0.2338 (2) 0.4855 (4) 53 
0.256 0.239 0.502 66 

Positions S(la),  S(lb), C(6a) and C(6b) were isotropically refined 
and positions C(6a) and C(6b) fixed to S( la)  and S(lb) respectively. 

Table 2. Bond distances (A) and bond angles (o) with 
standard deviations 

Sb(1)-C(1) 2.096 (9) 
Sb(1)-C(2) 2-09 (1) 
Sb(I)-C(3) 2.07 (1) 
Sb(1)-O(l) 2.136 (6) 
Sb(1)-O(2) 3.093 (7) 
Sb(l)-O(3) 2.124 (6) 
Sb(1)-O(4) 3.066 (7) 
O(1)-C(4) 1.29 (I) 
O(2)-C(4) 1.25 (1) 

C(1)-Sb(I)-C(2) 125-1 
C(1)-Sb(1)-C(3) 119.3 
C(2)-Sb(I)-C(3) 115.6 
O(1)-Sb(1)-O(3) 170.1 
C(I)-Sb(1)-O(I) 93.4 
C(1)-Sb(1)-O(3) 91.9 
C(2)-Sb(1)-O(I) 91.3 
C(2)-Sb(1)-O(3) 92.5 
C(3)-Sb(l)--O(l) 85.5 
C(3)-Sb(1)-O(3) 84.6 
Sb(1)-O(1)-C(4) 118.6 
O(I)-C(4)-O(2) 122.4 

O(3)-C(9) 1.29 (1) 
O(4)-C(9) 1.22 (1) 
C(4)-C(5) 1.44 (1) 
C(9)-C(10) 1.49 (1) 
S(2)-C(I0) 1.69 (1) 
S(2)-C(13) 1.68 (1) 
C(IO)--C(I I) 1.48 (I) 
C(I 1)-C(12) 1-50(1) 
C(12)-C(13) 1.33 (2) 

(4) Sb(1)-O(3)-C(9) 116.7 (5) 
(4) O(3)-C(9)-O(4) 124.2 (8) 
(4) O(I)-C(4)-C(5) 117.0 (7) 
(2) O(2)-C(4)-C(5) 120.5 (8) 
(3) O(3)-C(9)-C(I0) 113.3 (7) 
(3) O(4)-C(9)-C(10) 122.4 (8) 
(3) C(9)-C(10)-C(I 1) 126.9 (8) 
(3) C(9)-C(10)-S(2) 117.4 (7) 
(3) C(10)-C(11)-C(12) 101.3 (7) 
(3) C(11)-C(12)-C(13) 118.1 (9) 
(5) C(12)-C(13)-S(2) 112.4 (8) 
(8) C(13)-S(2)-C(10) 92.4 (5) 

S(2)-C(10)-C(I 1) 115.7 (6) 
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Abstract. [Th(CH3)2(CsH5)2(C6H16P2) ] (1), M r =  
542.44, monoclinic, P21/n, a =  18.485 (4), b =  
14.118(4), c = 8 . 2 5 8 ( 2 ) A ,  f l = 9 1 . 0 5 ( 2 )  o, V =  
2154.7A 3, Z = 4 ,  D x = l . 6 7 2 g c m  -3, 2 ( M o K a ) =  
0.71073 ]k, p = 73.0 cm -1, F(000) = 1040, T =  296 K, 
R = 0.026 for 2521 unique reflections with F 2 > 20(F2). 
Distances (A) are: Th-C(Cp)  2 . 8 4 + 0 . 0 3 ;  T h -  
C(methyl) 2.562 (8), 2.583 (7); T h - P  3.146 (2), 
3.147 (2); T h - C p  2.59, 2.57. [Th(C5Hs)2C12(C6HI6- 
P2)] (2), M r = 5 8 3 . 2 8  , monoclinic, P21/n, a =  
18.268 (2), b =  14.237 (6), c =  7.996 (3)A, /3= 
92.27 (4) °, V =  2078.0 A 3, Z = 4, D x = 1.864 gcm -3, 
2(Mo Ks) = 0.70173 A, /z = 78.3 cm -~, F(000) = 
1104, T =  296 K, R = 0 . 0 2 0  for 2361 unique reflec- 
tions with I >  a(/). Distances (A) are: Th-C(Cp)  
2-80_+0.02; Th -CI  2.707 (2), 2.708 (2); T h - P  
3.121 (2), 3.122(2); T h - C p  2.56, 2.54. The struc- 
tures of (1) and (2) are crystallographically iso- 
morphous and were investigated to study their six- 
coordinate stereochemistry. The cyclopentadienyl rings 
are trans to the bidentate ligand. 

Introduction. Compounds of the type (C5H5) 2- 
M(X)2(L) where M is thorium or uranium, X is an 
anionic ligand such as halide or alkyl, and L is a neutral 
bidentate phosphine ligand were prepared in order to 
examine the details of inter- and intramolecular ligand 
exchange in solution. The stereochemistry of these 
six-coordinate compounds (defining the centroid of the 
cyclopentadienyl ring as occupying a coordination site) 
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in the solid state was essential since two idealized 
geometries are possible for MX2Y2-(bidentate ligand), 
that is either the X ligands or the Y ligands are trans 
to the bidentate ligand. For comparison the 
X-ray structures of (CsHs)2Th(X)2.[(CHa)2PCH2- 
CH2P(CH3) 2] where X =  C1, CH 3 (this paper) and 
where X =  CH2C6H 5 (Zalkin, Brennan & Andersen, 
1987) are described. 

~ " ~  ]Th CH3 CH3 x N / 

/ ~ P \  CH 2 

~ p / C H 2  

/ N  
CH3 CH 3 

X = CH 3 or CI 

Experimental. The dimethyl complex (1) was made by 
the reaction of (2) with methyUithium at 228 K 
(Brennan, 1985). Colorless crystals suitable for X-ray 
studies were picked from the crystals obtained by 
crystallization from a toluene:pentane (1:4)solution at 
203 K. The dichloro complex (2) was synthesized from 
the reaction of sodium cyclopentadienide with 
ThCI4.(CHa)2PCH2CH2P(CH3) 2 in a tetrahydrofuran 
solution at 203 K and crystallized from toluene. 
Crystals suitable for X-ray studies were grown from 
toluene:diethyl ether (6:4) at 253 K. The air-sensitive 
crystals were sealed inside quartz capillaries under 
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