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Abstract 

Reactions of [Co,@-RSCH,GCCH,SRXF-dppmXCO).,I (dppm = bis(diphenylphosphino)methane) with [M(CO).,nbdl (nbd = 
norbornadiene) afford [COZ{CL-C2(CH2SR)2M(C0)4KCL-dppmXC0)41 (M = MO, W; R = Me, Et, “Bu, ‘Bu, Bz and M = Cr; 
R = Me, Et). The molecular structure of [Co,{~-C,(CH,SMe)2MdCO~~H~-dppmXCO~~l has been established by X-ray diffrac- 
tion, and comprises a Co,&-dppm)(CO), unit transversely bridged by 2,7-dithio-4-octyne co-ordinated through the thioether 
sulphur atoms to a molybdenum tetracarbonyl moiety. The chelation of P.32(~-MeSCH,GCCH2SMeXCc-dppmXCO)41 to the 
molybdenum centre produces a seven-membered ring which adopts a chair conformation, and the thiomethyl groups adopt a ci.~ 
configuration with respect to the plane defined by the molybdenum and the two sulphur atoms. The mass spectra and NMR spectra 
of the new compounds are reported. The compounds display dynamic NMR behaviour which can be interpreted in terms of alkyne 
rocking and sulphur inversion. 

1. Introduction 

In previous studies, we showed that co-ordination of 
the acetylenic bond of bis(diphenylphosphino)acetylene 
(dppa) to a mononuclear tungsten centre produces 
sufficient distortion of the dppa skeleton to allow the 
two phosphorus centres to chelate a M(CO), (M = Cr, 
MO, W> fragment [$I. We describe below the chelation 
of Group 6 tetracarbonyl moieties by a recently pre- 
pared range of dicobalt alkyne complexes, [Co,&RS- 
CH,(3=-CCH2SRX~$ppmXCO),] (R = Me, Et, “Bu, 
‘Bu and Bz) [2,3]. 

The chelatipp of Group 6 tetracarbonyl fragments 
by dithioethers . has been studied in some detail. An 
extensive series of dithioethane complexes is known, 
[M(CO),(RSCH,CH,SR)] (R-Me, Et, iPr, ‘Bu [4], 
Ph [51, Bz 161, C,H,X (X = H, Me, Cl, NO,) [7]), and 
the complexes [W(CO),{tB~S(CH,),StBu)l (n = l-5) 
[8] have been studied in order to assess the effect of 
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backbone length on the rate of substitution of the 
dithioether. In general, the ease of displacement in- 
creases with chain length. Cyclic systems such as 
2,5,8,11-tetrathia[12K2,5)thiophenophane 191 and 2,6, 
15,19-tetrathia[7,7]paracyclophane (TTPH) [lo] have 
been found to co-ordinate to Group 6 tetracarbonyl 
fragments, as has c&1,4-cyclohexadienebisepisulphide 
[ll]. Studies have been made of complexes with 
dithioether systems containing unsaturated backbones, 
for example, [M(CO),(&-RSCH=CHSR)] (M = Cr, 
MO, W; R = Me, ‘Bu) 14,121. Similar complexes can 
also be prepared from tetrakis(thioalkyl)ethenes in 
which one pair of cti sulphur centres co-ordinates to 
the transition metal [131. The unsaturated backbone 
can also incorporate an aromatic system such as ben- 
zene, as in [M(CO),{C,(SMe)&l [14,15] or [W(CO),{o- 
(MeS),C,H,]] [16], or a cyclopentadienyl ring as in 
[Mn(CO),{C,(SMe),]MoCO),l 1171. 

The low activation energy for sulphur inversion in 
co-ordinated thioethers results in observation of inter- 
conversion of invertomers on the NMR timescale 
[l&19]. The solid state structures of several derivatives 
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have been determined by X-ray crystallography and 
normally represent the dominant invertomer observed 
in solution [4]. Structural data for the chelate systems 
containing a CH,CH, linkage show a preference for 
the thioether substituents to adopt a trans geometry 
with respect to the plane defined by the two sulphur 
atoms and the metal [20-221, while the structure of 
[W(CO),{‘BuS(CH,),S’Bu]] has a ci.r conformation 
[22]. It has been suggested for the ethylene systems 
that the geometry is controlled by non-bonded interac- 
tions between the alkyl groups on the sulphur atoms 
[4]. This contrasts with the structures of the com- 
pounds containing unsaturated backbones, in which 
the CLS invertomers predominate [15-17,231, and it has 
been suggested in the case of [Mo(CO),(&‘BuSCH= 
CHS’Bu)] that this is due to alkyl-group carbonyl-group 
interactions [271. 

2. Results and discussion 

Reactions of [Co,@-RSCH,GCCH,SRXp-dppm) 
(CO),] (R = Me, Et) with [M(CO),nbdl (M = Cr, MO, 
W) in refhrxing CH,CI, afford compounds 1 and 2, 
and analogous reactions of [Co,(p-RSCH,GCCH, 
SRXP-dppmXCO),] (R =” Bu, ‘Bu, Bz) with 
[M(CO),nbd] (M = MO, W) afford compounds 3-5. 
The bridging dppm is crucial to the success of the 
reactions as it suppresses the Pauson-Khand reaction 
between the norbomadiene and the dicobalt alkyne 

complexes [241. All the compounds except for 2c gave 
satisfactory analytical data (see Table l), and it was 
observed that the chromium derivatives were apprecia- 
bly less stable than the molybdenum and tungsten 
derivatives. Fast atom bombardment (FAB) mass spec- 
tra were recorded for selected compounds (see Table 
21, and all show isotope envelopes assigned to the 
respective molecular ions, [M+], or [M + H]+ and a 
series of carbonyl-loss peaks down to [M - 8CO]+. In 
addition, the spectra of la, lc and 5a show isotope 
envelopes assigned to [M - M(CO),]+. The IR and 
NMR spectra of l-5 (see Tables 1 and 3) will be 
discussed after the crystal structure of la. 

Suitable crystals of la were obtained by slow crystal- 
lization from CH ,Cl,/ light petroleum. Selected struc- 
tural parameters are listed in Table 4 and the molecu- 
lar structure is shown in Fig. 1. The molecular struc- 
ture consists of a Co,(p-dppmXCO), unit transversely 
bridged by 2,7-dithio-4-octyne co-ordinated via the 
thioether sulphur atoms to a molybdenum tetracar- 
bony1 moiety. The dppm occupies two equatorial sites 
as has been observed previously in [Co,&-alkyneXp- 
dppmXCO),] complexes [25]. The chelation of [Co& 
MeSCH,C=CCH,SMeXp-dppmXCO),l to the molyb- 
denum centre results in the formation of a seven-mem- 
bered ring, which adopts a chair conformation in order 
to minimize steric interactions between the axial 
molybdenum and axial cobalt carbonyl ligands. The 
thiomethyl groups adopt a cis conformation with re- 

TABLE 1. Analytical a and physical data 

Compound Appearance 

la Pink solid 

lb Pink solid 

lc Pink/orange solid 

2s Red solid 

2b Orange solid 

2c Red solid 

3a Red/orange solid 

3b Red/orange solid 

4a Red solid 

4b Red/purple solid 

5a Orange solid 

sb Purple solid 

Yield 

(%I 

48 
47 
43 
64 

54 
49 
84 

68 

72 

64 

78 

79 

v,,(CO) (cm- ‘1 

2032m, 2023m, 2003s, 1979m, 1913s, 1866m b 
2028m, 2017s 1998vs, 1965s, 1876s, 1847~ b 
2022m, 2019s, 1995vs, 1966s, 1895m, 18Xhv b 
2029m, 2021m, 1999vs, 1955w, 1973m, 1908s 

1850rn ’ 
2025s, 2015(sh), 1999s, 1973m, 1885s, 1843m ’ 
2027m, 2012m, 1998s, 1973m, 1899s, 1847m ’ 
2029m, 202On1, 1999vs, 1973m, 1954w, 1897s, 

1893s, 185Om ’ 
2029m, 2014m, 1999s, 1973m, 1956w, 1893s, 

1843m ’ 
2027m, 202Om, 1998vs, 1972m, 1955(sh), 1908s 

189Os, 1844m ’ 
2027m, 2015m, 1998s, 1972m, 1956(sh), 1897s, 

1885m, 1839m ’ 
2029m, 2022m, 2OOOvs, 1974m, 1957w, 1913s, 

1893m, 1852m ’ 
2029m, 2017m, 1999vs, 1975m, NOls, 1889s, 
1845m ’ 

Analysis (%) 

C H 

47.8 (48.4) 3.2 (3.3) 
43.6 (44.4) 3.5 (3.1) 
51.1 (50.7) 4.0 (3.5) 

48.7 (49.4) 3.5 (3.6) 

44.9 (45.4) 3.3 (3.4) 

50.8 (51.3) 

_ 

4.0 (4.2) 

47.4 (47.4) 3.8 (3.4) 

51.5 (52.4) 4.2 (4.1) 

47.7 (47.4) 3.8 (3.4) 

54.6 (54.6) 4.0 (3.6) 

51.4 (50.7) 3.5 (3.3) 

a Calculated values are given in parentheses. b In light petroleum. ’ In dichloromethane. 
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one invertomer is detected at low temperature, and 
this is presumeably the cis invertomer, in accord with 
the solid-state structure. The slowing of alkyne rocking 
results in two acetylenic carbon resonances at 93.6 and 
81.9 ppm, and two methylene resonances at 51.0 and 
47.6 ppm. From determination of the coalescence tem- 
peratures, 223 f 5 and 213 f 5 K, the activation energy 
for this process can be estimated as ca. 40 kJ mol-‘. 
This can be compared with that determined for 
[Co,(p-PhCzCPhXp-dppmXCO),] of ca. 48 kI mol-’ 
[28]. The equatorial molybdenum carbonyls give rise to 
only one resonance even at 183 K, while the axial 

carbonyls appear as a pair of peaks at 206.7 and 206.3 
ppm possibly reflecting a greater asymmetry in their 
environments in the static structure. The cobalt car- 
bonyls produce three resonances, at 205.4, 203.6 and 
201.5 ppm, the first peak having double intensity. In 
the r3C-(rH) NMR spectrum of lc at 183 K four 
distinct resonances are observed for the cobalt car- 
bonyls, while as for la, the equatorial chromium car- 
bonyls give rise to a single resonance and the axial 
carbonyls produce a pair of peaks. The 31P-(1H} NMR 
spectra of 2a-c were found to contain single reso- 
nances, which were broadened by quadrapolar interac- 

TABLE 4. Selected internuclear distances (A) and angles (“) for complex la 

CdlKd2) 2.473(l) 

MO-S(~) 2.547(l) 

MO-S(~) 2.588(l) 

CdlHW 2.227(l) 

Cd2)-P(2) 2.231(l) 

MO-C(I) 2.032(7) 

C(l)-o(l) 1.126t7) 

MO-C(~) 1.9547) 

C(2)-O(2) 1.141(7) 

MO-C(~) 1.968(6) 

C(3)-O(3) 1.151(6) 

MO-C(~) 2.030(6) 

P(2)-Co(2)-Cdl) 
C(7K.o(2)-Co(l) 

C(7)-Cd2bP(2) 

C(8bco(2)-Cdl) 
c(8)-Cd2)-P(2) 

c(8)-‘%2)--C(7) 
c(lO)-Cd2bCoW 
C(lO)-Cd2)-p(2) 

C(lO)-Cd2)-c(7) 

c(lO)-Cd2KW 
c(l5bCd2Xo0) 
CXl5bCd2bH2) 
CX15)-Cd2)-C(7) 
C(15)-Cd2)-c(8) 
C(15)-Co(2)-C(lO) 

C(13)-W-MO 
C(14)-S(l)-MO 
C(14)-S(l)-C(13) 

C(llbS(2bMO 
CX12)-S(2)-MO 
c(12k-S(2)-C(l1) 

c(9)-P(l)-Cdl) 
(X26)-P(l)-Cdl) 
c(26)-HlbC(9) 
(X36)-P(l)-Cdl) 
c(36)-P(l)-C(9) 
c(36bP(l)-C(26) 
C(9bP(2)-Cd2) 
C(46bP(2)-Cd2) 
C(46bP(2bC(9) 
C(56)-P(2)-Cd2) 

98.40) 
149.9(2) 
103.2(2) 
97.7(2) 

100.1(2) 
98.8(2) 
50.3(l) 

104.90) 
103.2(2) 
141.5(2) 
50.6(l) 

142.0(l) 
100.6(2) 

105.0(Z) 
40.2(2) 

108.2(2) 

111.1(2) 
97.5(2) 

111.4(l) 
107.4(2) 

98.3(3) 
110.7(l) 
117.7(l) 
106.4(2) 
118.3(2) 
101.4(2) 
100.8(2) 
110.40) 
119.0(2) 
103.9(2) 
118.2(2) 

c(4)-o(4) 
Cdlbcx5) 
c(5)-o(5) 
C&)-c(6) 
c(6)-o(6) 
'X2)-c(7) 
C(7)-o(7) 
cd2)-c(8) 
C(8)-o(8) 
cdl)-c(lO) 
Cd2bc(lO) 
Ct11)-c(10) 

S(2)-MO-W) 

c(l)-MO-W) 
c(l)-MO-S(~) 
C(2)-MO-SW 

cX2H4o-S(2) 
C(2)-MO-C(~) 
C(3)-MO-SW 

C(3)-MO-S(~) 
C(3)-MO-C(~) 
C(3)-Mo-C(2) 
C(4)-MO-SW 

C(4)-MO-S(~) 
C(4)-MO-C(~) 

C(4)-MO-C(~) 
c(4)-Mo-C(3) 

~PWCdl)-co(2) 

C(SKWXd2) 

c(5)_Cdl)-P(1) 
C(6)-CdlXd2) 

c(6WoW-P(l) 
c(6Wdl)-c(5) 

c(1ob-Cow-w2) 
CtlOXdl)-P(1) 

c(1owdl)-c(5) 
c(lObcO(lbcI6) 
c(15)-Co(lbCd2) 
c(15)-Cdl)-P(1) 

c(15~-wlbcX5) 
C(15)-C&)-C(6) 
C(lS)-CdlbC(l0) 

1.142(6) S(2HXll) 1.833(4) 
1.779(5) 
1.141(5) 
1.782(6) 
1.122(6) 

1.769(6) 
1.136(6) 
1.790(6) 
1.134(6) 
1.945(4) 
1.974(4) 
1.480(6) 

87.3(l) 
’ 88.9(2) 

89.7(2) 
176.5(2) 

93.7(2) 
87.8(3) 
93.9(2) 

178.8(2) 

89.9(2) 
85.1(2) 
90.8(l) 
87.7(l) 

177.4(2) 

92.6(2) 
92.7(2) 
96.2(l) 

151.7(2) 
102.5(2) 

98.2(2) 
102.6(2) 

98.2(2) 
51.4(l) 

100.0(1) 
103.9(2) 

143.9(2) 
50.4(l) 

137.5(l) 
102.5(2) 
107.1(2) 
40.5(2) 

c(lO)-Cw 
s(2bC02) 
S(lbc(13) 
SW-c(14) 
CdlHX5) 
Cd2kC(15) 

c(lO)-c(15) 
c(14)-c(15) 
PWC(9) 
P(2bC(9) 

c(56)-P(2)-c19) 
Ct56)-P(2)-CGl6) 
o(l)-c(l)-MO 
o(2)-c(2)-MO 
o(3)-c(3)-MO 
O(4)-C(4)-Mo 

o(5)-c(5)-co(l) 

0(6)-c(6)-co(l) 
0(7)-c(7wd2) 
0(8)-ci8)-co(2) 
P(Z)-c(9)-P(1) 
Cd2)-cy10Kd1) 
c(11)-cX10)-co(1) 

Ct11)-cX10)-cd2) 
c(15)-~10)-co(1) 
C(15)-C(lO)-Cd21 

c(l5)-cUo)-cXl1) 
c(loww-s(2) 

Ct15bcX14)-s(1) 

Cd2)-c(15~-wl) 
c(10)-cX15)-Cd1) 

c(10HX15bCd2) 
Ct14)-C(15)-Cdl) 

c(14)-c(15)-Cd2) 
cX14)-c(15)-c(10) 

1.480(6) 
1.790(5) 
1.819(5) 
1.827(4) 

1.949(4) 
1.942(4) 
1.346(6) 
1.483(6) 
1 X47(4) 
1.832(4) 

102.7(2) 
100.6(2) 

177.0(6) 
178.4(6) 
178.4(6) 
175.3(5) 
177.9(4) 

177.5(5) 
177.4(5) 

177.7(5) 
111.6(2) 

78.3(2) 
134.7(3) 

136.6(3) 
69.9(3) 

68.6(3) 
140.0(4) 
110.7(3) 
112.2(3) 

79.0(2) 
69.6(3) 
71.2(3) 

135.4(3) 
130.4(3) 

143.8(4) 
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tion with the 59Co nuclei, at 33.7, 42.3 and 35.9 ppm, 
respectively. The spectrum of 2a remains unchanged at 
223 K. In contrast, the spectra of la-c at room temper- 
ature all contain two broad resonances (la 32.8, 30.8; 
lb 33.8, 32.3; lc 34.1, 32.2 ppm), indicating that sul- 
phur inversion is slow on the NMR timescale. This is in 
accord with the presence of less bulky methyl sub- 
stituents which raises the barrier to inversion [4]. 

3. Experimental details 

The general experimental procedures have been de- 
scribed previously [3]. ‘H NMR spectra were recorded 
with a JEOL PMX 60 instrument, which was found to 
give better resolution for the cobalt containing com- 
pounds than a JEOL GX 270 instrument used to 
record the 13C-{lH} NMR spectra. The FAB mass 
spectra were obtained by the SERC mass spectrometry 
service with a VG ZAB-E instrument. The compounds 
[Co*(p-RSCH*CkCCH*SRXp-dppmXCO),l [3l and 
[Mo(CO),(nbd)] [29] were prepared by published meth- 
ods. Analytical and other data for the new compounds 
are given in Tables 1 and 2. 

3.1. Preparation of [CO,(~L-C,(CH,SR),M(CO)~~(~- 
dppm) (CO), I 

Compounds 1-5 were prepared by the same general 
procedure, which will be described in detail only for 
la. To [Co*@-MeSCH*C=CCH*SMeX~-dppmXCOI,l 
(0.20 g, 0.26 mmol) and [Mo(CO),(nbdIl (0.08 g, 0.27 
mmol) was added CH*Cl* (50 cm31. The resulting 
solution was heated to reflux for 3.5 h, and the solvent 
was then removed in uacuo. The residue was chro- 
matographed on a Florisil column (10 X 1.5 cm*), with 
light petroleum/CH*Cl* (1: 1) as eluent, to give a red 
band. Crystallization (CH*Cl*/ light petroleum) af- 
forded [Co*{p-C*(CH*SMe)*Mo(CO),l(~-dppm)- 
(CO),] (0.122 g, 0.12 mmol). 

3.2. Crystal structure determination 
Crystals of la were obtained by solvent diffusion 

from CH*Cl*/light petroleum as red prisms with crys- 
tal dimensions cu. 0.33 X 0.25 x 0.05 mm. Data were 
collected using a Enraf-Nonius CAD4 diffractometer 
(293 K, MO ,Ka X-radiation, graphite monochromator, 
= 0.710 69 A). Of the 7137 data collected (w/28 scan 

Fig. 1. The molecular structure of la showing the atom labelling 

system. 
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TABLE 5. Atomic positional (fractional coordinates) parameters 
(X 104) with estimated standard deviations in parentheses, for com- 

pound la 

Atom x Y .? 

rected for Lorentz, polarization and X-ray absorption 
effects, the latter by a method based upon azimuthal 
t&scans. 

W2) 
S(l) 
S(2) 
P(1) 
P(2) 
c(1) 
o(1) 
C(2) 
o(2) 
C(3) 
o(3) 
C(4) 
o(4) 
C(5) 
o(5) 
C(6) 
o(6) 
C(7) 
O(7) 
C(8) 
o(8) 
c(9) 
c(10) 
c(11) 
c(12) 
C(13) 
c(l4) 
C(l5) 
C(21) 
c(22) 
c(23) 
c(24) 
C(25) 
C(26) 
cc311 
C(32) 
c(33) 
cc341 
c(35) 
C(36) 
CC411 
C(42) 
CC431 
c(44) 
cc451 
c(46) 
C(51) 
C(52) 
C(53) 
cc541 
c(55) 
c(56) 

0.21737(4) 
0.20615(5) 
0.07556(5) 
0.3438(l) 
0.1213(l) 
0.0959(l) 

-0.0575(l) 
0.3317(6) 
0.3952(5) 
0.1281(6) 
0.0783(5) 
0.2891(5) 
0.3287(5) 
0.1002(5) 
0.0336(4) 
0.2976(4) 
0.3587(3) 
0.3028(5) 
0.3663(4) 
0.0035(5) 

- 0.0396(4) 
0.1499(5) 
0.2002(4) 

- 0.0036(4) 
0.1009(4) 
0.0316(4) 
0.0130(5) 
0.4334(5) 
0264x41 
0.1876(4) 

- 0.098Ot4) 
- 0.1553(5) 
- 0.1061(6) 

0.0010(5) 
0.0588(4) 
0.0105(4) 
0.1000(5) 
0.1520(5) 
0.2640(6) 
0.3252(5) 
0.2747(4) 
0.1613(4) 

- 0.2074(4) 
- 0.3055(5) 
- 0.3856(5) 
- 0.3674(5) 
- 0.2703(4) 
- 0.1885(4) 
- 0.1329(5) 
- 0.1800(6) 
- 0.2072(5) 
- 0.1843(6) 
- 0.1363(6) 
-0.1127(4) 

0.15872(3) 
0.15118(4) 
0.03286(4) 
0.0975(l) 
0.2436(l) 
0.2262(l) 
0.0758(l) 
0.2508(4) 
0.3011(3) 
0.2096(4) 
0.2393(4) 
0.0959(4) 
0.0587(3) 
0.0696(4) 
0.0215(3) 
0.2269(3) 
0.2747(2) 
0.1057(3) 
0.0766(3) 

- 0.0392(3) 
- 0.0853(3) 
- 0.0381(3) 
- 0.0815(3) 

0.1593(3) 
0.1272(3) 
0.1781(3) 
0.3043(4) 
0.0199(4) 
0.0281(3) 
0.0736(3) 
0.327X3) 
0.3910(4) 
0.4352(4) 
0.4168(3) 
0.3532(3) 
0.3074(3) 
0.3087(3) 
0.3513(4) 
0.3707(4) 
0.3454(4) 
0.3017(3) 
0.2834(3) 
0.1121(3) 
0.1430(4) 
0.1792(4) 
0.1842(4) 
0.1525(4) 
0.1173(3) 

- 0.0779(3) 
-0.1353(43 
-0.1141(4) 
- 0.0370(5) 

0.0212(4) 
0.0016(3) 

0.04549(2) 
0.28933(3) 
0.27173(3) 
0.13610) 
0.12690) 
0.3448(l) 
0.3298(l) 
0.0402(3) 
0.0346(3) 

- 0.0254(3) 
- 0.0675(2) 
- 0.0178(3) 
-0.0555(Z) 

0.0540(2) 
0.0628(2) 
0.2622(2) 
0.2462(2) 
0.3479(3) 
0.3832(2) 
0.2206(3) 
0.1863(2) 
0.3246(3) 
0.3580(2) 
0.3819(2) 
0.2168(2) 
0.1706(2) 
0.0855(3) 
0.1053(3) 
0.1823(2) 
0.2200(2) 
0.3178(3) 
0.2867(3) 
0.2415(3) 
0.2283(2) 
0.2597(2) 
0.3043(2) 
0.4599(2) 
0.5103(3) 
0.5120(3) 
O&53(3) 
0.4149(2) 
0.4116(2) 
0.2276(2) 
O.l%8t3) 
0.2302(3) 
0.2938(3) 
0.3241(3) 
0.2912(2) 
0.3630(3) 
0.4007(3) 
0.4580(3) 
0.4797(3) 
0.4425(3) 
0.3835(2) 

mode, 28 I 50”, scan width from 0.75 + 0.35 tan 01, 
4506 unique data had F 2 5a(F), and only these were 
used for the structure refinement. The data were cor- 

3.2.1. Crystal data for la 

C,,H,,Co,MoW’,S,, M = 968.6, monoclinic, 
space grotp P2,/n, a = 11.930(3), b = 16.181(4), c = 
21.595(4) A, /3 = 95.08(2)“, U = 4152.2 A3, 2 = 4, 0, = 
1.55 g ~II-~, F(OO0) = 1952, p = (MO Ka) = 12.3 cm-‘. 

The structure was solved by conventional heavy atom 
methods and successive difference Fourier syntheses 
were used to locate all non-hydrogen atoms. All non- 
hydrogen atoms were refined with anisotropic thermal 
parameters. All hydrogen atoms. were included in cal- 
culated positions (C-H = 0.96 A> with fixed isotropic 
thermal parameters (U = 0.08 A2). A weighting scheme 
of the form w-l = [a2(F) + 0.0005 I F I 2] gave a satis- 
factory analysis of variance. Refinement by full matrix 
least squares using a Digital Vax 8800 computer with 
the SHELX system of programs led to R = 0.034 (R, = 
0.037) [30]. Scattering factors with corrections for 
anomalous dispersion were taken from [31]. Atomic 
co-ordinates are listed in Table 5. 

References 

A.K. Powell and M.J. Went, 1. Chem. Sot., Dalton Trans., (1992) 
439. 
A. Gelling, J.C. Jeffery, D.C. Povey and M.J. Went, J. Chem. 
Sot., Chem. Commun., (1991) 349. 
SC. Bennett, A. Gelling and M.J. Went, J. Organomet. Chem., 
439 (1992) 189. 
E.W. Abel, K.G. Orrell, I. Moss and V. Sik, J. Organomel. 
them., 326 (1987) 187. 
P.S. Braterman, V.A. Wilson and K.K. Joshi, 1. Chem. Sot. A., 
(1971) 191. 
R.J. Cross, G. Hunter and R.C. Massey, 1 Chem. SQC., Dalton 
Trans., (1976) 2015. 
J.A. Connor and G.A. Hudson, J. Chem. Sot., Dalton Trans., 
(1975) 1025. 
G.R. Dobson and J.E. Cot&, Inorg. Chem., 28 (1989) 539. 
H. Wu and C.R. Lucas, lnorg. Chem_, 31(1992) 2354. 

10 B.K. Balbach, A.R. Koray, A. Okur, P. Wtdknitz and ML. 
Ziegler, J. Organomet. Chem., 212 (1981) 77. 

11 E.W. Abel, N.A. Cooley, K. Kite, K.G. Orrell, V. &k, M.B. 
Hursthouse and H.M. Dawes, Polyhedron, 8 (1989) 887. 

12 H.H. Awad, C.B. Dobson, G.R. Dobson, J.G. Leipoldt, K. 
Schneider, R Van Eldik and H.E. Wood, Inorg Chem, 28 (1989) 
1654. 

13 M.F. Lappert, D.B. Shaw and G.M. McLaughin, J. Chem. Sot., 
Dalton Trans., (1979) 427. 

14 J.A. Connor and G.A. Hudson, J. Organomet. Chem., 97 (1975) 
c43. 

15 M.E. Peach and C. Burschka, Can. J. Chem., 60 (1982) 2029. 
16 R. Ros, M. Vidali and R. Graziani, Gazz. Chem. Ital., IOU (1970) 

407. 
17 K. Sunkel, A. Blum, K. Polburn and E. Lippman, Chem. Ber., 123 

(1990) 1227. 



210 A. Gelling et al. / Chelation of Group 6 metal tetracarbonyl fragments 

18 E.W. Abel, KG. Orrell and SK. Bhargava, Frog. Inorg. Chem., 
32 (1984) 1. 

19 E.W. Abel, Chem. Br., 26 (1990) 148. 
20 E.N. Baker and N.G. Larson, J. Chem. Sot., Dalton Trans., (1976) 

1769. 
21 G.M. Reisner, I. Bernal and G.R. Dobson, Inorg. Chim. Acta, 50 

(1981) 227. 
22 G.M. Reisner, I. Bernal and G.R. Dobson, J. Organomet. Chem., 

1.57 (1978) 23. 
23 D.E. Halverson, G.M. Reisner, G.R. Dobson, I. Bernal and T.L. 

Mulcahy, Inotg. C/tern., 21 (1982) 4285. 
24 I.U. Khand, G.R. Knox, P.L. Pauson, W.E. Watts and M.E. 

Foreman, J. Chem. Sot., Perkin Trans. I, (1973) 977. 
25 P.H. Bird, A.R., Fraser and D.N. Hall, Inorg. Chem., 16 (1977) 

1923. 

26 B.F.G. Johnson, J. Lewis, P.R. Raithby and D.A. Wilkinson, J. 
Organomet. Chem., 408 (1991) C9; W. Sly, J. Am. Chem. Sot., 81 
(1959) 18; D.A. Brown, J. Chem. Phys., 33 (19601 1037; D. 
Gregson and J.A.K. Howard, Acta Crystallogr., Sect. C, 39 (1983) 
1024; F.A. Cotton, J.D. Jamerson and B.J. Stults, J. Am. Chem. 
Sot., 98 (1976) 1774. 

27 E.W. Abel, D.E. Budgen, I. Moss, K.G. Orrell and V. Sik, J 
Orgarwmet. Chem., 362 (1989) 105. 

28 B.E. Hanson and J.S. Mancini, Organometallics, 2 (1983) 126. 
29 R.B. King, Organometallic Synthesb, Vol. 1, Academic Press, 

1965. 
30 G.M. Sheldrick, SHELX76 System of Computing Programs, Eng- 

land, 1976. 
31 International Tables for X-Ray Crystallography, Vol. 4, Kynoch 

Press, Birmingham, 1974. 


