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reflections accessible for 0 scans with the helium tunnel in 
place, and the crystal did not have sufficiently well defined 
faces for indexing for a numerical correction. The positions 
and anisotropic displacement parameters for the Br and Ci 
atoms at each site were constrained to be the same. H atoms 
were included in calculated positions using the riding model, 
with displacement parameters 1.2 times Ueq of the atoms 
to which they were bonded. The largest peaks on the final 
difference map were close to the Re atom. 

Data collection: MSC/AFC Diffractometer Control Soft- 
ware (Molecular Structure Corporation, 1988). Cell refine- 
ment: MSC/AFC Diffractometer Control Software. Data reduc- 
tion: TEXSAN (Molecular Structure Corporation, 1989). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1985). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: ORTEPII (Johnson, 1976). Soft- 
ware used to prepare material for publication: TEXSAN. 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1176). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The title complex molecule, [ M o 2 ( C I o H I 7 O S i ) 2 ( C O ) 6 ] ,  

lies on a crystallographic inversion center. Each Mo 
atom exhibits 'four-legged piano-stool' bond geometry, 
with the other Mo atom at a basal position [Mo---Mo 
3.219 (1),&]. 

Comment  

We have shown (Covert et al., 1992) that the cage effect 
for the photogenerated radical pair [(MeCp)(CO)3Mo, 
Mo(CO)3(MeCp)] is smaller than for the heavier tung- 
sten analogue (MeCp is methylcyclopentadienyl). In 
order to separate changes due to difference in rad- 
ical mass from changes due to bond energies or 
spin-orbit coupling, we have synthesized and studied 
the title molecule, (CpCH2CH2OSiMe3)2Mo2(CO)6, (I). 
This molecule has a similar mass to (MeCp)2W2(CO)6. 
The -CH2CH2- spacer insulates the Cp ring from sub- 
stituent electronic effects. A comparison of the cage 
effects for the three molecules has allowed us to con- 
sider the influence of different M - - M  bond energies. 

co  
O. / - ~  _ OC ( '0  

Me3Si It \\ Mo 

OC ~ ~ C O ~ o  ~SiMc3 

CO 

(I) 

The molecule lies on a crystallographic inversion 
center. The side chain in each moiety is directed away 
from the M02(CO)6 region in such a way that one 
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944 [Mo2(CloH17OSi)2(CO)6] 

me thy l  group (C 1 l)  is 3 .456(8 )A,  above  the Cp ring 
in a di rect ion 5.1 (4) ° f rom the normal  to the ring at the 
centroid.  The  ' four - legged  p iano-s tool '  bond  geome t ry  
about  m o l y b d e n u m ,  with the second  Mo a tom at one  
basal posi t ion,  is identical  to that in the synthet ic  
precursor  (CpCH2CH2OH)2Mo2(CO)6  (Tenhaeff  et al., 
1991) and in (MeCp)2Mo2(CO)6 (Tyler & Weakley,  
1995). Cor re spond ing  bond  lengths  and angles  in these 
three molecu les  are very similar. In particular, the Mo-- -  
Mo  bond  lengths  in the title mo lecu le  [3.219 (1)A,] and 
in (MeCp)2Mo2(CO)6 [3.220 (1) ,~,] are identical ,  and 
so are the energ ies  of  the e lect ronic  absorpt ion bands 
ass igned  to the M o - - - M o  a-o-*  transit ions.  As d iscussed  
by Lindfors  et al. (1997),  these features suggest  that 
the M o - - M o  bond  is not  s ignif icantly per turbed by the 
change  in the side chain and that therefore  the M o - - - M o  
bond  energies  are essent ial ly  the same. 

13 

04  ~'¢ o, o ~  

~ . . . , 0  C8 C7 

0 

Fig. 1. The molecular structure of (rr%Me3SiOCH2CH2CsH.~)2Mo2 - 
(CO)6 (30% probability ellipsoids). 

Experimental 

The title complex was synthesized according to Lindfors et 
al. (1997). The data crystal (recrystallized from hexane) was 
cleaved under hydrocarbon grease and sealed in a capillary. 

Crystal data 

[Mo2 (C I oH Iv OSi)2 (C0)6 ] 
M~ = 722.60 

Mo Ko: radiation 
A = 0.71073 ,~ 

Triclinic 
P i  
a = 7.863 (3) 
b = 8.171 (2) ,~ 
c = 13.415 (3) 
ci = 78.11 (2) ° 
3 = 74.40 (3) ° 
"> = 85.12 (3) ° 
V = 812.0 (9) ,g3 
Z = I  
D, = 1.478 M g  m -3 
D,,, not measured 

Cell parameters from 25 
reflections 

0 = 12- 14 ° 
/~ = 0.865 m m -  
T = 294 K 
Tablet 
0.29 × 0.25 × 0.08 mm 
Red 

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

,:/20 scans 
Absorption correction: 

u scan (North et al., 
1968) 
Tmi, = 0.836, To .... = 0.933 

3080 measured reflections 
2849 independent reflections 

24 ! 0 reflections with 
1 > or(1) 

Riot = 0.022 
0 .... = 25.0 ° 
h = 0---~ 9 
k =  - 9  ~ 9  
1 = - 14 ~ 15 
3 standard reflections 

frequency: 60 min 
intensity decay: 11.5% 

Refinement 

Refinement on F w =  4F]/[~2(/) + (0.02/) -~] 
R = 0.031 (Z~/~) .... = 0.036 
wR = 0.033 Apm~ = 0.53 e ~,-3 
S = 1.48 Apmm = -0 .48  e A, -3 
2410 reflections Extinction correction: none 
204 parameters Scattering factors from 
H atoms treated by a Cromer & Waber (1974) 

mixture of independent 
and constrained refinement 

Table 1. Selected geometric parameters (A, 

Mo--Mo' 3.219 I11 O I - - C I  
Mo--C I 1.969 (41 O2--C2 
Mo---C2 1.979 141 O3--C3 
Mo--C3 1.932 {41 O4---C I 0 
Mo--C4 2.320 (4) C 4 ~ 5  
Mo--C5 2.34(I {4) C4--C8 
Mo--C6 2.364 (4) C5--C6 
Mo----C7 2.348 (41 C6--C7 
M¢~---C8 2.306 141 C 7 ~ 8  
Si--O4 1.632 C3 I 

C 1 - - M o ~ ' 2  106.7 12) O4--Si - -C 13 
C I - - M o ~ 3  78.(I (21 Si - -O4--C I0 
C 2 - - M o ~ 3  78.(I (2) Mo---C 1--O 1 
O4--Si - -CI  1 111.3 (21 M o ~ 2 - - 0 2  
O4--Si--C12 112.6(2) M o ~ ' 3 - - O 3  

Symmetry  code: (i) I - x ,  I - y, 1 - z. 

o) 

.152 (5) 

.143 (4) 

.161 (5) 

.419 (5J 

.407 { 5 

.419 t5J 

.407 (5) 

.384 (6) 

.407 (6) 

103.3 13) 
126.0 (3) 
172.8 (41 
174.3 (4) 
1790 (4) 

The data were corrected for decay and for absorption (North et 
al., 1968). The Mo atom was located from the Patterson map. 
The methyl groups showed considerable apparent thermal 
motion, but there were no clear indications of alternative 
partially occupied positions. H atoms were located and refined, 
except for those of methyl groups, which were included at 
calculated positions [C--H 0.95 A and U(H) = 1.2Ucq(C)]. The 
value of a secondary extinction parameter (Stout & Jensen, 
1968) was predicted to be negative and was fixed at zero. 

Data collection: CAD-4/PC Software (Enraf-Nonius, 1993). 
Cell refinement: CAD-4/PC Software. Data reduction: 
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TEXSAN (Molecular Structure Corporation, 1989). Program(s) 
used to solve structure: TEXSAN. Program(s) used to refine 
structure: TEXSAN. Software used to prepare material for pub- 
lication: TEXSAN. 

respectively. The electron-donating substituent on the 
para position of the arylthiolate lengthens the Co--S 
bond. 

We thank the National Science Foundation for sup- 
port. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FR1100). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The Co--S distances in the title compounds, [Co- 
(C4H7N202)2(C9HI3N)(C6HsS)] and [Co(C4HvN202)g- 
(CgHI3N)(CTH7OS)], are 2.2800 (8) and 2.2885 (15)A, 

Comment  
A Co---S coordination is one of the possible mod- 
els of coenzyme Bi2 involvement in biological methyl 
transfer from a tetrahydrofolate coenzyme to homosys- 
tein, which is mediated by coenzyme B~2 (Matthews, 
1984; Taylor, 1982). Model studies using cobaloxime, 
Co(DH)2, as a coenzyme Bi2 model showed that a vari- 
ety of reaction schemes are envisaged for the reaction of 
the cobalt complex and thiol (Schrauzer & Windgassen, 
1967; Jacobsen et al., 1993; Polson et al., 1997). Al- 
though the crystal structures of cobaloxime derivatives, 
Co(DH)2LIL 2, have been widely investigated and re- 
viewed (Pahor et al., 1985; Randaccio et al., 1989), 
only a few compounds involving sulfur ligands have 
been reported (L I and/or L 2 = SR; Poison et al., 1997, 
and references therein). 

As a model reaction of biological methyl transfer 
from methyltetrahydrofolic acid to coenzyme M, we 
studied the methyl transfer from the N5-methyltetra- 
hydropteridinium ion to arylthiocobaloxime. The reac- 
tion simulated the methyl transfer from the ammonium 
ion to the arylthio group to give methyl aryl sulfide, 
and the relative reactivity of the arylthiocobaloximes de- 
creased in the order p-methoxyphenylthio-, phenylthio-, 
p-chlorophenylthio- and p-cyanophenylthiocobaloxime 
(Tada et al., 1998). 

If the alkyl transfer starts by the initial homolysis 
of the Co--S bond, the reactivity must follow the 
bond strength and hence the bond distance of the C o -  
S bond. The crystal structures of [Co(DH)z(4JBuPy)- 
(PhS)], (1), and [Co(DH)2(4-tBuPy)(4-MeO-PhS)], (2), 
were investigated on this premis. 

R 

H3C N% ,,,~N CH 3 

6 N HO " 

t B u  

( I ) R = H  
(2) R = O C H  3 

The geometries around the cobaloxime moiety 
[Co(DH)2] are normal in both crystals. The deviation 
of cobalt from the best plane of the four eguatorial 
N atoms (N I-N4) is 0.050 (1) and 0.059 (2)A in (1) 
and (2), respectively, while the twisting of the two DH 
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