
2362 4CloH8Ss.[Cu(C204)2] 

BEDT-TTF  is 3-07 ( 2 ) A  for O(2)...S(22B) (see also 
Table 4). 
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tion to the Alexander  von Humbo ld t  Founda t ion  for 
her scholarship in Germany.  
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Abstract. [(CloH14OsP)MoHg(CsHloNS2)], Mr = 
689.99, monoclinic,  P21/n, a = 8 . 8 5 3  (1), b =  
9.873 (2), c = 2 5 . 2 3 1 ( 4 )  A, fl = 9 7 . 0 9 ( 1 )  °, V =  
2188.2 A 3, Z = 4, Dx = 2.094 Mg m -3, A(Mo Kay) = 
0.71073/~, /~ = 7.277 m m  -1, F(000) = 1320, T =  
296 (1 )K,  final R = 0.029 for 2676 observed reflec- 
tions and 235 parameters.  The structure is built  of  
discrete molecules without  the intermolecular  Hg...S 
interactions which are generally observed in the 

* To whom correspondence should be addressed. 
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crystal structures of  compounds  containing Hg and S 
atoms. The M o - - H g  bond length is 2.680 (1)/k and 
the Mo-- -Hg- -S  unit  deviates slightly from linearity 
[170.47 (6)°]. A large H g - - M o - - P  angle [131.50 (5) °] 
is observed. 

Introduction. For  some years we have been interested 
in systematic quali tative N M R  studies of  metall ic 
nuclei in carbonyl  cyclopentadienyl  complexes 
involving the m o l y b d e n u m - - m e r c u r y  bond (Kubicki,  
Kergoat,  Le Gall,  Guerchais,  Douglade & Mercier, 

© 1991 International Union of Crystallography 
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1982; Kubicki, Le Gall, Pichon, Salaun, Cano & 
Campo, 1988). The complexes of the type 
Cp'(CO)2LMoHgX are plausible for such a study by 
allowing the variation of the natures of the Cp' 
ligand by different substitutions, of the donor ligand 
L replacing one CO acceptor and of the ligands X 
bound to mercury. A number of structural studies 
have been performed on the RHgSR' compounds 
(Wong, Carty & Chieh, 1977; Taylor & Carty, 1977; 
Canty, Raston & White, 1979; Kuz'mina, Bokii, 
Struchkov, Kravtsov & Rokhlina, 1974) and on the 
mercury dithiocarbamates (Iwasaki, 1973; Iwasaki, 
Ito & Kobayashi, 1978; Ito & Iwasaki, 1979; Chieh 
& Leung, 1976; Tiekink, 1987; Kubicki, Kergoat, 
Guerchais, Mercier & Douglade, 1981; Kergoat, 
Kubicki, Guerchais, Norman & Orpen, 1982). The 
well developed systems of intermolecular Hg...S 
secondary interactions were recognized in these 
studies. In dithiocarbamate compounds the ligand is 
bound to mercury in an asymmetrical fashion with 
one short and one long Hg--S intramolecular bond. 
The long intramolecular interaction varies from one 
compound to another, so it may be expected that the 
different chelating forces of the dithiocarbamate 
ligand can give rise to different electronic structures 
of the Hg atom. In order to give a more quantitative 
treatment of metallic NMR resonances we need the 
accurate geometrical parameters for the complexes 
studied. The crystal structure of an unsubstituted 
complex Cp(CO)3MoHg(dtc) (2) [dtc = diethyldithio- 
carbamate, S2CN(C2Hs)2] has already been 
determined (Kubicki, Kergoat, Le Gall, Guerchais, 
Douglade & Mercier, 1982). Here we report the 
X-ray structure of its substituted derivative 
Cp(CO)2P(OMe)3MoUg(dtc) (1). 

Experimental. Complex (1) was synthesized as 
previously described (Kubicki, Kergoat, Le Gall, 
Guerchais, Douglade & Mercier, 1982). Crystal was 
grown from CH2Cl2/heptane solution. Crystal 0.3 x 
0.2 × 0-2 mm. CAD-4 diffractometer. Unit cell: 25 
reflections, 20 range 20-32 ° . Intensities measured by 
to-28 technique, ( s i n O ) / A m a x  = 0-61 A -1 Ranges of 
h, k, l: - 1  to l l ,  0 to 12, - 3 2  to 32, respectively. 
Three standard reflections monitored every hour: 
variation on I = - 4 . 6 % ,  thus corrected for linear 
decay, 3992 unique reflections, 2676 observed with I 
> 3or(l), w = [OrE(F) q- 0"0023F 2] -1, R = 0"029, wR = 
0"035, S = 0"930. Structure solved by heavy-atom 
method. H atoms of cyclopentadienyl ring and of 
ethyl groups calculated after isotropic refinement, 
those of P(OMe)3 not located. All non-H atoms 
refined with anisotropic temperature factors (least 
squares on F). (A/Or)max = 0.02. Peaks in final AF 
map +0.55 to - 1 . 2 e , ~  -3 (mostly located in a 
bimetallic fragment). Atomic scattering factors from 
International Tables for X-ray Crystallography (1974, 

Vol. IV). Computing programs: Structure Determina- 
tion Package from Enraf-Nonius (1979) and 
SHELX76 (Sheldrick, 1976). 

Discussion. Atomic positional parameters and 
equivalent isotropic temperature factors are listed in 
Table 1.* Selected bond lengths and angles are given 
in Table 2. The molecular structure of (1) is shown in 
Fig. 1 and the packing in the unit cell in Fig. 2. 

The structure is built of discrete Cp(CO)EP(OMe)3- 
MoHg(dtc) molecules without intermolecular Hg...S 
interactions. The shortest intermolecular distance 
between Hg and S atoms is Hg...SI' (1 - x ,  1 - y ,  1 

- z) = 6.12 ,~. However, the secondary Hg...S inter- 
actions seem to be a general property of the solid- 
state structures of thiolates, dithiocarbamates and 
xanthates of mercury, and to our knowledge (1) is 
the first example of such a structure where these 
interactions are lacking. We think that it may be due 
to the presence of the bulkier phosphite ligand in (1), 
which substitutes one of the carbonyl ligands in (2), 
and to its weaker electron-acceptor property. 

The Cp(CO)EPMoHg portion of the molecule has 
the usual irregular 'four-legged piano-stool' 
arrangement with the dihedral angle HgMoP/ 
C1MoC2 equal to 90.7 (2) °. The Hg- -Mo- -P  angle 
of 131.50 (5) ° is greater than the trans Hg- -Mo- -  
C(CO) angle [122.7(9) ° in (2)], whereas the 
C1--Mo--C2 angle of 105.5 (2) ° is far less obtuse 
and smaller than in (2) [113 (1)°]. The Mo--Hg 
bond length of 2.680 (1)/~ in (1) is shorter than in 
(2) [2.714 (3) ,~] and in the mercury-bridged 
[Cp(CO)aMo]2Hg complex [2.746 (2)/~] (Mickiewicz, 
Raston, White & Wild, 1977), but it is close to the 
values found in Cp'(CO)2(AsPhMeE)MOHgI 
[2.685 (3) ,~] (Cp' = CsH4Me) (Mickiewicz, Raston, 
White & Wild, 1977), in Cp'(CO)aMoHgC1 
[2.680 (2) A] (Cano, Criado, Gutierrez-Puebla, 
Monge & Pardo, 1985) and in Cp(CO)aMoHgC1 
[2.683 (1) /~] (Bueno & Churchill, 1981). This 
indicates a higher electron density in the Mo--Hg 
bond in (1) than in (2), as expected on the basis of 
the donor-acceptor properties of P(OMe)3 versus CO 
ligands. The Hg--S1 bond length of 2.440 (2)/~ is 
also short. Analogous bonds are 2.510 (9)/~ in (2), 
2.50 (2) A in CpEMo(Hgdtc)2 (Kubicki, Kergoat, 
Guerchais, Mercier & Douglade, 1981) and fall in 
the range of 2.51-2.53A in CpENb(Hgdtc)3 
(Kergoat, Kubicki, Guerchais, Norman & Orpen, 
1982). On the other hand, the secondary intra- 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters, least-squares planes and a complete list of 
bond lengths and angles have been deposited with the British 
Library Document Supply Centre as Supplementary Publication 
No. SUP 54375 (24 pp.). Copies may be obtained through The 
Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, England. 



2 3 6 4  [ (CIoH14OsP)MoHg(CsHIoNS2) ]  

Table 1. Atomic positional parameters and equivalent 
isotropic temperature factors for (1) 

Bi~o = (8*r2/3)Y-, Y-j U~ja,*aj*a,.aj. 
x y z si~o(A ~) 

Hg 0-50652 (4) 0"26897 (3) 0"53385 (1) 2-906 (9) 
Mo 0.61351 (7) 0.25933 (5) 0.43909 (2) 1.94 (2) 
P 0.8616 (2) 0.2239 (2) 0-41642 (7) 2.53 (5) 
S1 0.3715 (3) 0.2597 (2) 0.61245 (8) 4.20 (6) 
$2 0.7086 (3) 0-2427 (2) 0-63641 (9) 3.88 (6) 
O1 0.2913 (6) 0.0066 (5) 0.4982 (2) 4.0 (1) 
02 0-7745 (6) 0.5040 (5) 0.5004 (2) 3.9 (1) 
O3 0.8756 (6) 0.0792 (5) 0.3896 (2) 3.6 (1) 
04 0.9231 (6) 0.3168 (5) 0.3712 (2) 3.4 (1) 
05 1.0080 (7) 0-2363 (5) 0.4605 (2) 3.9 (2) 
N 0.516 (1) 0.2018 (7) 0.7074 (3) 4.8 (2) 
C1 0.6754 (8) 0.0969 (6) 0.4800 (3) 2.8 (2) 
C2 0.7169 (8) 0-4104 (6) 0.4793 (2) 2.7 (2) 
C3 1.0202 (9) 0.0297 (8) 0.3736 (3) 4.5 (2) 
C4 0.951 (1) 0.4569 (8) 0-3817 (3) 4.6 (2) 
C5 1-013 (I) 0.2138 (8) 0.5145 (3) 3.9 (2) 
C6 0.537 (1) 0.2323 (6) 0-6581 (3) 3.0 (2) 
C7 0.647 (1) 0.1794 (8) 0.7481 (3) 5.0 (2) 
C8 0.691 (1) 0.0326 (8) 0.7525 (3) 5.4 (2) 
C9 0-357 (1) 0.169 (1) 0.7225 (4) 7.3 (4) 
C10 0-293 (2) 0.303 (2) 0.7383 (5) 10.9 (6) 
Cll  0-352 (1) 0-2643 (7) 0.4068 (3) 3.6 (2) 
C12 0-4181 (9) 0.1522 (8) 0.3841 (3) 3.9 (2) 
C13 0.524 (1) 0.198 (1) 0.3524 (3) 4.5 (2) 
C14 0.526 (1) 0.340 (1) . 0.3550 (3) 4.8 (2) 
C15 0.421 (1) 0-3798 (7) 0.3884 (3) 3.9 (2) 
Cpt 0.4483 0-2666 0.3773 

t Cp is the gravity center  of  the C1 l -C15 cyclopentadienyl ring. 

Table 2. Selected bond lengths (A) and angles (°) 
f o r ( l )  

Hg--Mo 2.6798 (6) Mo---Hg--S1 170.47 (6) 
Hg--Sl 2.440 (2) Mo---Hg--S2 122-20 (5) 
Hg---S2 2-970 (2) Mo---Hg--P 131.50 (5) 
Mo--CP 2.002 Hg--Mo--CP 112.9 
Mo--C1 1.948 (6) Hg---Mo--CI 70.3 (2) 
Mo--C2 1"965 (6) Hg---Mo----C2 72-9 (2) 
Mo--P 2.363 (2) P--Mo--CP 115.3 
SI---C6 1.771 (9) P--Mo---CI 78-3 (2) 
$2---C6 1.678 (9) P--Mo---C2 81-4 (2) 
N--.426 1.32 (2) C1--Mo---C2 105.5 (2) 
N---C7 1.47 (1) Hg--SI---C6 94.8 (3) 
N--C9 1.54 (2) S1--C6---$2 119.3 (4) 
C7---C8 1.51 (1) SI--C6---N 116.5 (7) 
C9---C10 1.51 (2) $2---C6---N 124-2 (7) 
P---O3 1.592 (5) C6---N---C7 120.2 (8) 
P---O4 1.611 (5) C6--N---C9 121.5 (7) 
P--O5 1-606 (5) C7--N---C9 117.8 (7) 
C l i O 1  1-181 (8) Mo---C1--OI 175.4 (5) 
C2---O2 1-154 (8) Mo---C2---O2 175.9 (5) 
O3--C3 1.47 (1) Mo---P----O3 111.0 (3) 
(M---C4 1.423 (9) Mo---P---O4 119-5 (3) 
O5--C5 1-374 (9) Mo-,-P--O5 121.1 (2) 

molecular weak bond Hg...S2 of 2-970 (2) A is longer 
than the corresponding bonds in (2) [2.737 (7) A], in 
CpENb(Hgdtc)3 [mean value 2.831 (15)A] and in 
HgE(dtc)4 [2.662 (6) to 2.698 (6)/~] (Iwasaki, 1973) 
but similar to the values observed in Cp~Mo(Hgdtc)2 
[2-940 (3)A], in ng(dtc)2 [2-965 (4) A] (Iwasaki, 
1973; Iwasaki, Ito & Kobayashi, 1978; Ito & 
Iwasaki, 1979), in MeHg(dtc) [2.964 (7)A] and in 
PhHg(dtc) (mean value 2.95 A) (Tiekink, 1987). This 
indicates once more that in the presence of the 

S I . ~  u 

oZa 
Fig. 1. Molecular  structure o f  (1). 

Fig. 2. Packing in the unit cell o f  (1). 

weaker acceptor P(OMe)a and with the strong 
primary Hg--S1 bond the Hg atom does not look 
for supplementary electron density. The Mo--P 
bond length of 2.363 (2) A in (1) is also short. It is 
shorter than the Mo--P distance of 2.549 (2)A 
found in another complex with a molybdenum-- 
main-group metal bond [Cp(NO)(CO)(PPha)- 
MoSnCl3] + (Ginzburg, Aleksandrov, Struchkov, 
Setkina & Kursanov, 1980). In this last complex 
the Sn~MomP angle is equal to 139.24 (6) versus 
131.50 (5) ° in (1). Both the Mo--P and M'- -Mo--P 
parameters in (1) are smaller than in the triphenyl- 
phosphine molybdenum-2tin bonded cation which 
should be primarily attributed to the smaller value of 
Tolman's cone angle of P(OMe)3 (107 °) than that of 
PPh3 (145 °) (Tolman, 1977). The dithiocarbamate 
ligand is roughly planar with the largest deviations 
from the best least-squares plane observed for C9 
[0. l 0 (1) A] and for S2 [0.081 (2)/~]. 
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Structure of 2,2-Bisl3-(dimethylamino)propyll-l,l,l,3,3,3-hexaphenyltristannane- 
(2Sn-Sn) 
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Fachbereich Chemie, Martin-Luther-Universitdt Halle-Wittenberg, Postfach, D-0-4010 Halle ( Saale), 
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(Received 14 January 1991; accepted 17 May 1991) 

Abstract. [Sn3(C6Hs)6(CsHI2N)2], C46H54N2Sn3, M r  
= 991"1, orthorhombic, Pbca, a = 16.835 (5), b = 
21.834 (7), c = 24.720 (8) A, V= 9086 (4) A 3, Z = 8, 
Dx = 1.45 g cm -3, A(Mo Ka) = 0.71069 ,~, /z = 
16.8cm-1, F(000)=3952, T = 2 9 3 K ,  final R =  
0.050 (wR = 0-051) for 3392 observed reflections. The 
Sn--Sn distances are 2.772 (1) and 2.777 (1)A and 
the Snl--Sn2--Sn3 angle is 111.31 (3) °. There are no 
intra- or intermolecular Sn--N interactions; all three 
tin atoms are tetrahedrally coordinated. 

Introduction. Since the synthesis of [(Me3Si)2CH]zSn 
as the first stable carbon bonded stannylene with 
coordination number two (Davidson & Lappert, 
1973) the chemistry of this class of compounds has 
attracted more and more interest. In recent papers it 
has been shown that not only bulky substituents 
stabilize monomeric tin(II) compounds but also 
intramolecular donor-acceptor interactions or a 
combination of both (Angermund, Jonas, Kr/iger, 
Latten & Tsay, 1988; Jastrzebski, van der Schaaf, 
Boersma, van Koten, Zoutberg & Heijdenrijk, 1989; 
Engelhardt, Jolly, Lappert, Raston & White, 1988; 
Jurkschat, Klaus, Dargatz, Tzschach, Meunier-Piret 
& Mahieu, 1989). Within our studies on this subject 
(Jurkschat et al., 1989) we have prepared (Me2- 
NCH2CH2CH2)2SnC12 (1) and performed its reduc- 
tion with sodium/naphthalene. However, this 

* To whom correspondence should be addressed. 
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reaction did not give, as might be expected, the 
monomeric stannylene (Me2NCH2CH2CH2)2Sn (2) 
but only a mixture of oligomers which have not been 
isolated and identified. Neumann and co-workers 
have shown that stannylenes R2Sn can also be gener- 
ated by thermolysis or photolysis of polystan- 
nanes (Neumann & Schwarz, 1975). However, anal- 
ogous investigations on the title compound 
(Me2NCH2CHzCH2)2Sn(SnPh3)2 (3) did not provide 
evidence for a stable stannylene (2) or related definite 
oligomers (Klaus & Jurkschat, 1988). To our knowl- 
edge, (3) is only the second known oligostannane 
containing a functional substituent in the form of the 
dimethylaminopropyl group (cf. the survey of litera- 
ture referring to this given by Adams & Drfiger, 
1988). We report here the X-ray analysis of (3) which 
does not indicate any intramolecular Sn--N interac- 
tion. This might explain the above mentioned failure 
of (3) to give the stannylene (1) by thermolysis or 
photolysis. 

Experimental. The title compound (3) was prepared 
by reaction of (Me2NCH2CHECH2)2Sn(NEt2)E with 
Ph3SnH (Klaus & Jurkschat, 1988). The colorless 
crystals obtained by recrystallization from toluene 
decomposed slowly by X-ray treatment; therefore, 
the crystal selected for the diffraction experiments 
with dimensions 0.28 × 0.39 x 0.41 mm was covered 
with a thin protective film of shellac and then moun- 
ted on a Huber four-circle diffractometer; graphite- 

© 1991 International Union of Crystallography 


