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Abstract 

The thermal decarbonylation of metal-metal singly bonded complexes [a”-RC,H,W(CO),I, in diglyme affords, in 23-34% yields, 

the corresponding triply bonded dimer [n5-RC,H,W(CO),], (1) (R = MeCO, MeO,C, and EtO,C). Further reaction of 1 
(R = MeCO and MeO,C) with Co,(CO), in toluene at ambient temperature produces the heterobimetallic compounds n5- 

RC,H,(CO),WCo(CO), (2) (R = MeCO and MeO,C) in 51 and 40% yields, respectively. Structures for all these compounds have 

been deduced from elemental analysis, IR, ‘H NMR and MS spectroscopies and the structure of 1 (R = EtO,C) has been 

unequivocally confirmed by single crystal X-ray diffraction analysis. 

1. Introduction 

Although metal-metal bonded bimetallic com- 
pounds containing a Cp*(CO),M fragment (Cp* = Cp 
and alkyl substituted Cp; YE = 2, 3; M = Cr, MO, W) 
have been extensively studied [l-4], no compounds of 
the types [$-RC,H,M(CO),l, (MzM) and $- 
RC,H,(CO),MCo(CO), (M-Co) (R = functionally 
substituted group) have been known up to now. In a 
previous paper we reported the synthesis and charac- 
terization of the metal-metal singly bonded com- 
pounds of the type [T~-RC~H~M(CO)~I~ (R = MeCO, 
MeO,C or EtO,C; M = MO, WI [5]. Therefore, it would 
be interesting to investigate the possibility of preparing 
unknown triply bonded compounds of the type [q5- 
RC,H,M(CO),], (M=M) through thermal reaction of 

the singly bonded complex [ns-RCSH,M(CO>,l,. Ad- 
ditionally, we have found that the complexes of [qs- 
RC,H,M(CO),], (R = MeCO or MeO,C; M = WI (11, 
in contrast to [q5-MeC,H,W(COI,], [61, reacted with 
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Co,(CO), to give heterobimetallic complexes of the 
type $-RC,H,(CO),WCo(CO), (2) without any 
isolable cluster compound containing an M,Co, clus- 
ter core. We describe here the synthesis and character- 
ization of the above two types of complex with general 
formulae [n’-RC,H,W(CO),], (1) and n5-RC,H,- 
(CO),WCo(CO), (2) and the single crystal structure of 

[775-Et0,CC,H4W(C0)212. 

2. Results and discussion 

2.1. Synthesis and characterization of [$-RC5 H4 W- 
(CO),l, (la-c) 

Three triply bonded dimers la-c, which are air-sta- 
ble in the solid state but air-sensitive in solution were 
prepared by thermal decarbonylation in diglyme at 
140°C for 12 h of the corresponding singly bonded 

complexes [$-RC,H,W(CO)& (eqn. (1)). 
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(1) 

(1) 
Compound 1 a h c 

R MeCO MeOZC’ EtO,C 

The structures of la-c were characterized by C/H 
analysis, IR, ‘H NMR and mass spectroscopies. All 
show in their IR spectra the absorptions of the coordi- 
nating carbonyls in the range 1018-1827 cm I, besides 
exhibiting the carbonyl absorptions in the substituents. 
Such low frequencies for the carbonyis coordinated to 
the metals in la-c. as compared to typical terminal 
carbonyl absorption frcqucncies, can be attributed to 
their linear semibridging structure (r%/e infin ). 

The ‘H NMR spectra of la-c posscsa the proton 
resonance signals of the respective organic groups. For 
example, signals between 6 S--6 are ca~~scd by four 
hydrogen atoms of each cyclopcntadienyl ring. Such 
four hydrogen atoms of la-c show two sets of apparent 
triplets. The triplet upfield can bc assigned to Hi and 
H” whereas the triplet downfield is assigned to H’ and 
H’, since the suhstituents on the ring arc electron- 
withdrawing groups. 

The MS spectra of la-c have parent ion peaks 
and/or the fragment peaks consequent on successive 
loss of a given number of CO. Furthermore, they also 
have the fragment peaks arising from the breaking of 
the metal-metal bond of corresponding species. 

2.2. Crystal structure of Ic 

In order to confirm the structures of la--c we deter- 
mined the crystal structure of lc by X-ray diffraction. 
The molecular structure of lc is given in Fig. 1 and the 
final positional parameters for the atoms are given in 
Table 1. The bond lengths and angles arc listed in 
Tables 2 and 3, respectively. 

As seen in Fig. 1, the molecule consists of two 
identical moieties qs-EtO,CC,HJW(CO)~ dimerized 

Fig. 1. Perspective view of lc showing the atom numbering schemr. 
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by a bond between two tungsten atoms. ‘The W-W 
bond length of 2.5063(6) 4 is much shorter than those 
of the metal-metal0 single bonds in Jimers [ -qi-c’,H <- 
WCCO,,], (3.311 t\) j71, I _r7i-Iioocc’il-1,w~~‘o~,;]~ 
(3.115 X&I 181. and j775-Me0,CC,H~W(CO):], (I.216 A) 
[9]. but it is almost the same as that (2.50.3 41 in 
L.,W,(COJ, il.. = [(C’iH.)Co(P(0)(oC’?Hi)~}i] f [lo]. 
On the basis of thcsc facts and the IX-electron rule. a 
WrW triple bond should be assigned to the bonding 
between two rrrngstcn atoms crt‘ Ic. In addition. as 
required from it5 space group PZ , /,'c. Ic is ccntrosym- 
metric and two cyciopentadicnyl rings arc‘ parallel with 
t-cspcct 10 each other. For the carbonyls. the avcragc 
VU.‘--0 angle is 17.t.5.. which is cl[,se to IXO” and the 
average W--‘&--C lxmd angle is 7h.6’. So the four 
carbonyls arc bent hack o~cr the W-W triple bond, 
forming a linear hcmibridging structure. This kind ot 
carbotlyl structure ii &AI obs~‘r~ed in the chromium 
[ 1 1.12] and molybtfcnum [ 13 - 151 analoguca. In I’act. 
these semibridging carbonyls acting as two electron 
ligands donate their lone clcctron pairs on carbon 
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TABLE 3. Bond angles (“) for lc 

W’-w-*cp(l) 159.1(2) C(12bC(13)-C(14) 109.7(7) 

W’-w-cm 81.9(2) C(13)-C(14)-C(15) 108.4(7) 
W’-W-C(2) 71.3(2) C(ll)-C(15bC(14) 108.2(7) 
*cp(lbw-c(l) 115.7(2) C(ll)-C(16)-O(11) 124.5(6) 

*cp(l)-w-c(2) 118.2(3) C(ll)-C(16)-O(12) 111.0(6) 

C(lbW-C(2) 87.6(4) O(llb-C(M-O(12) 124.5(6) 

C(12)-C(ll)-(~(15) 108.4(6) C(16)-0(12)-C(17) 115.1(5) 

C(12)-C(ll)-C(16) 126.9(6) 0(12)-C(17)-C(18) 104.7(5) 

C(15)-C(llbC(16) 124.6(6) W-C(lbO(1) 174.9(6) 
C(ll)-C(12)-C(13) 105.6(7) W-C(2)-O(2) 172.2(6) 

atoms to the nearby metal and concurrently use their 
r*-orbitals to accept rr-electrons from M=M [14]. The 
asymmetric parameter (Y of this semibridge equals 0.31, 
which is greater than those of Cp,Cr,(CO), and 
Cp,Mo,(CO), [12,13]. It is interesting to note that the 
angle of q5-RCgH4,,,,,,- W-W of lc is 159.1”, which 
indicates that its configuration is bent, this being con- 

trary to that of Cpcentre- MO-MO in Cp,Mo,(CO), [13l 
and the same as those of Cp$ntre-Cr-Cr in 
Cp;Cr,(CO), (Cp* = Cp, $-C,Me,) [11,121 and of 

CPL,,,,- MO-MO in Cp;Mo,(CO), (Cp* = $-C,Me,) 
[15]. For the bent and linear configurations in corre- 
sponding Cr and MO complexes Curtis and Hall pro- 
posed two explanations on the basis of either electronic 
[13] or steric factors [14]. Obviously, in terms of the 
steric factor suggested by Hall the bent configuration 

of GRCgH4,,,,,,- W-W in lc cannot be explained 
according to the magnitude of the metal atom, since 
the tungsten atom is larger than the molybdenum atom. 
In such a case we believe that both electronic and 
steric factors of the functionally substituent EtO,C 
would play an important role in deciding the configura- 
tion of v~-RC~H~,,~,,-W-W in lc. 

2.3. Reaction of [qs-RC5 H4W(CO)2/2 la or lb with 

Co,(CO), 
la and lb reacted with Co,(CO), in toluene at room 

temperature for 4 h to give the new heterobimetallic 
compounds 2a and 2b as well as Co,(CO),, and [$- 
RC,H,W(CO),], 151 (eqn. (2)). This result is appar- 

(FO,, ZO,* 
+ co,(co)s s 

0 OR 
-CO(CO), + COJCO)~~+ [775-~~j~4~(~~)3], 

ZO,, 

(2) 
(2) 

Compound 2 a b 

R MeCO MeO,C 

ently similar to that of the reaction between 
[CpMo(CO),], and Co,(CO), reported by Curtis and 
Klingler [16], but quite different from Chetcuti’s result 
[6] which showed the reaction of [$-MeC,H,W(CO),], 
with Co,(CO), to give not only the heterobimetallic 
complexes of type 2 but also the cluster compound with 
a W,Co, cluster core. From these results it appears 
that Curtis’s mechanism involving an M,Co, tetrahe- 
dral core intermediate is quite plausible for this kind of 
reaction. However, it might not explain why the elec- 
tron-releasing methyl substituent on the cyclopentadi- 
enyl ring may stabilize the W,Co, intermediate to 
make it isolable, while it may not if the electron- 
withdrawing MeCO and MeO,C or the hydrogen atom 
in the case of parent cyclopentadienyl are on the ring. 
So the detailed mechanism still needs further study. It 
is worth pointing out that the carbonyls of 2a and 2b, 
in contrast to those semibridging carbonyls of la-c 
(de supru), are typical terminal carbonyls due to their 
much higher frequencies of 2082-1909 cm- ‘. However, 
the ‘H NMR and MS behaviours of 2a and 2b are 
similar to those of la-c. For instance, the four hydro- 
gen atoms on the cyclopentadienyl ring exhibit two sets 
of peaks, one upfield attributed to H3 and H4, and the 
other downfield (H2 and H’). The MS data of 2a and 
2b indicated the presence of the fragment ions by the 
successive losses of CO from parent ions and by break- 
ing the metal-metal bond of the corresponding inter- 
mediate ions. 

3. Experimental section 

All reactions and manipulations were carried out 
under highly prepurified N, using Schlenk or vacuum- 
line techniques. Diglyme and toluene were vigorously 
dried by distillation from Na/benzophenone ketyl. 
Chromatographic silica gel was about 300-400 mesh. 
Petroleum ether and CH,Cl, were deoxygenated by 
bubbling N, for about 15 min prior to use. Co,(CO), 
was purchased from Strem. [TV-RC,H,W(CO),], (R = 
MeCO, MeO,C, EtO,C) were prepared by published 
procedures [5]. The IR spectra were recorded on a 
Nicolet FT-IR 5DX spectrophotometer and the ‘H 
NMR spectra on a Jeol JNM-PMX 60SI NMR spec- 
trometer. Elemental analysis, MS and melting point 
determinations were performed with a Perkin-Elmer 
model 240C analyzer, an HP5988A spectrometer and a 
Yanako MP-500 Apparatus, respectively. 

3.1. Preparation of [~5-MeCOC5H,W(CO),], (la) 
A 100 ml two-necked flask equipped with a mag- 

netic stir-bar, an air-tight septum and a reflux con- 
denser fitted with a N, inlet was charged with 0.6 g 
(0.8 mmol) of [ns-MeCOC,H,W(CO),], and 25 ml of 
diglyme. The solution was stirred and heated at 140°C 



for 12 h. Solvent was removed under vacuum and the 
residue dissolved in 5 ml CH,Cl, which was subjected 
to chromatographic separation on an air-free silica gel 
column with CH,Cl, as eluent. The first red band 
consisted of recovered starting material. The second 
brown band, after removal of solvent and drying under 
vacuum: gave 0.126 g (23%)) of [ q5-MeCOC,H,W- 
(CO)z], (la) as a brown solid, m.p. 207-210°C (dec.). 
Anal. Found: C, 31.13; H, 1.88. Calc. for C,,Hl,O,Wz: 
C, 31.15; H, 2.03%. IR (,KBr disc): &GO), 1892.8s, 
1868.4s cm-‘; v(C=O), 16715s cm~ ‘. ‘H NMR (CD&, 
6, ppm): 2.30 [s, 6H, 2(CH,)], 5.56 [t. 4H, 2(H’. H’)], 
5.86 [t. 4H, 2(H’, H”)]. Mass spectrum (El), nz/z 
(relative intensity): 638 (M’- 2C0, 24.7). 610 (M’ .-.- 
3C0, 19.6), 582 (M ’ - 4C0, 72.9). 291 (MeCOC,H,- 
WA. 6O.S), 248 (C’,H,W +, 22.3). 

3.2. Preparation of /r15-MeOzCC,H,W(CO),I, (lb) and 

[$-Et02CCS r-i, W(CO), 1, (Icl 

lb and lc were prepared similarly, using 0.626 g (0.8 
mmol) of [~~‘-McO,CC~H,W(CO),], and 0.648 g (0.8 
mmol) of [~5-Et0,CC,H,W(CC)),]2. respectively. They 
are all brown solids. 

[v’-MeO,CC,H,W(CO),], (lb), 0.199 g (340/c), m.p. 
136-138°C. Anal. Found: C, 29.79; H, 1.82. Calc. for 
C,,H,,O,W>: C, 29.78; H, 1.94%. IR (KBr disc): 
v(GO), I91 7.6s 1827.3s, cm ‘; Y(C=O), 1720.7s cm ‘. 
‘H NMR (CDCI,. ri. ppm): 3.83 [s. 6H, 2(0-I,)], 5.50 
[t, 4H, 2(H’, H’)]. 5.89 [t. 4H, 2(H-. H’l]. Mass spec- 
trum (EI), m/z (relative intensity): 726 iM ‘, 91, 670 
CM+ - 2C0, 7). 642 (M - - 320, lO), 614 (M ’ -- 4C0, 
9): 639 CM.‘- CO - MeO,C, 4). 611 (M _ ~- X0 - 

MeO,C, 41, 583 CM’- 3C0 - Mc02C, 6). 555 (M ’ - 
4C0 - MeO,C, 13), 5.52 (M’ - 2C0 -- 2MeO,C, I l), 
524 (M+- 3C0 - 3MeO,C, 121, 496 [(CiH,W’,z’. 81. 
363 (1/2M+, 121, 335 (1/2M+- CO, 75). 307 (1/2M L 

- X0, 58), 304 (1,‘2M’-- MeO,C. X), 276 !1/2M- - 
CO --- MeO,C, S8), 248 (C,H,W -, 311, 1X3 (W’, 3). 64 
(C,H;+-. 1). 

[775-Et0,CC,H,W(CO):?], (lc), 0.137 g (23%), m.p. 
95°C. Anal. Found: C, 3 1.79; H. 2.38, Calc. for 
C,,,H,,O,W,: C, 31.86; H, 2.41%. IR (KBr disc): 
v(C=O), 1909.4s; 1851.9s cm-‘; v(C=O). 1712.5s cm ‘. 
‘H NMR (CDCI,, 6, ppm): 1.33 [t. 6H. 2(CH,)], 4.30 
[q, 4H, 2(CH2)], 5.50 [br s, 4H 2(H’. H’)]. 5.89 [br s, 
4H, 2(H”, H5)]. Mass spectrum (EI), m/z (relative 
intensity): 754 (M+, 171, 726 (M- CO. 3). 698 (M * 
2C0. 81, 670 (M *-- 3C0. 181, 642 (M * - 4CO, 331, 625 
CM+- 2C0 - EtO,C. 3), 608 (M+- 2EtOJ, 2!, 597 
CM+- 3C0 - EtO,C, 6), 569 (M - - 4CO -- EtO,C, 17). 

496 KC,H,W),', 191, 349 [EtO$C,H,W(CO)‘; 111. 
321 (EtO,CC,H,W ‘, 10). 304 [CsH3W(CO), +, 31, 276 
[C,H,W(CO)‘, 31. 248 tC,H,W . . 15). 184 (W-. 1). A4 
(C,H, +. 6). 

3.3. Reaction qf la or lb with Co,(COI, 

,4 100 ml two-necked flask equipped with a mag- 
netic stir-bar and an air-tight septum was charged with 
25 ml toluene. 0.383 g (0.552 mmol) [v’-MeCOC,H, 
W(c’O),l: (la) and Ct.378 g (1.105 mm00 Co,(CO), or 
0.200 g (0.276 mmol) [II.~-MeO,CC,H,W(CO),], (lb) 
and 0.150 g (ii.339 mmol) Co,(CO),. The reaction 
mixture was srirrcd I’or about 5 h at room temperature 
until TLC showed that no starting material remained. 
Solvent was removed under reduced pressure and the 
residue dissolved in I(1 ml CH,Cl,. which was sub- 
jected to chromatography on air free silica gel column. 
Three bands were observed on the column using 
petroleum ethc:r,i’C’I-I,C12 (v/v =- Z/3) as cluent. The 
first black band is C’O,(COJ,~ and the third red band is 
singly bonded dimer j~c-RC,H,W(CO),];, CR = MeCO, 
MeO,C), which are confirmed by IR spectrum. The 
second pink band, after removal of srjlvent and drying 

under vacuum. gave 2a or 2b. 
ir7’-MeCOC,H,(CO).iW-C’o(CO),,l (2a). 0.152 g, 

50% yield, rt1.p. 91--92°C. Anal. Found: C. 30.40; H. 
1.25. Caic. for C,,H,CoO,W: C, 30.80; H, 1.299. IR 
(KBr disc): v(CzO). 2073.4s, 2007.8s. 197S.Ovs. 1934.Ovs, 
190% cm ‘: 1’((1=0). 1687.0s cm ‘. ‘H NMR (CDCl?. 
ii. ppm): 2.33 is, 3H, U-l;), 5.83 (br s, 2H. H3. H’), 
5.97 (br s. 71-1, IH’, H’). Mass spectrum (El). m/z 
(relative intensity): 390 (M * - ZCO. 0.4). 462 (M‘--- 
3C0, 0.5). 434 (M ’ - 3CO. 1.6). 406 (M’ ---5(‘O, 1.3). 
378 tM ’ -- #Xl. 1.71, 350 (M * -- 7C0. 3.7). 375 
fMeCOC,H,W(CO)i. 1.11. 347 [MeCOC,H,W(CO), ‘, 
3.11, 319 [MeCC)(‘,~I,W(C(I))~. 0.81, 201 (MeCOC,H,- 
W ‘., 6.3). 23Xi(.‘,H,;w-‘, l.I), 184(W’,O.5), G4(CSH,‘, 
0.2). 171 [C‘o((‘O~,~, 10.51, 133 Ic’o(CO); +, 33.9], 115 
[Co(COiz ‘. 27.S], 87 [ColCO)‘. (31.71, 59 (Co-~, 100). 

[ rl”-MeO,C’C’,I-I,ICO),W-Co(C’O),] (2b). 0.0h2 g. 
40% yield, m.p. X7.-88°C‘. Anal. Found: C’. 29.76: H, 
1.44. Calc. for C ,,I-1 -,<“oO,,W: (‘. 29.011; H, 1.26%. IR 

! KBr disc): ~(0 1. 208 1 .Os. 2031.4s. ~983.3~. 10 17.6~ 
cm ‘. Y(C=O), 1728.9s cm ‘, ‘FI NMR (CDCI?. 6. 
ppm): 3.79 (s, 3H, CH1). 5.69 (br s, 7H. H’. H”). 5.96 
(hr s. ?H, H’. I-1’). Mass spectrum (EI), n?,/z (,relative 
intensity): 500 (%I-’ ‘CO. 11.7). 178 iM ’ - 320, 6.6). 

450 (M - --- 4CO. 20.2). 472 (M ’ -- SC<). l&2), 394 (M ’ 

---- hC0. 22.4). 3hh (M’ --- ?CO. 16.0). 391 [MeO,C- 
C,H,W(CO), _, 7.91. 363 EMcOICC,iH,W(CO& ‘. 2.81, 
335 [MeO,C‘C,IH,W(COf~. 13.51. 307 (McOZCC,H,- 
W‘> l4.h), 238 (C,H,W *. 4.61, I71 [Co(CO),~‘. 1.X], 
143 [Co(CO); . h.01. 115 fCO(CO).“” 11.91, 517 
[Co(CO)‘, lO.Ol, 59 (c‘o +, 13.3). 

3.4. Single-crystui structure determination of lc 

Crystals of lc suitable for X-ray diffraction were 
obtained by recrystallization from mixed solvents of 
CH lC’l,/petroleum ether at -- 20°C. A red crystal 
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measuring 0.1 x 0.2 X 0.2 mm was mounted on a glass 
fibre and placed on an Enraf-Nonius CAD4 diffrac- 
tometer equipped with a graphite monochromator. A 
total of 1614 independent reflections was collected at 
room temperature, with MO Ka (A = 0.71073 A> by 
w-28 scan mode and in the range of 2” < 0 I 23”. Of 
the total reflections, 1344 with I> 3a(I) were consid- 
ered to be observed and used in subsequent refine- 
ment. Data were corrected for Lorentz and polariza- 
tion effects, and an empirical absorption was applied 
on the intensities. The crystal is monoclinic, of space 
group P2,/oc, with a = 6.847(l), b = 11.644(2), c = 
13.541(4) A, p = 101.02(2)“, V= 1043.4 A3, M, = 
750.03, Z = 2, D, = 2.38 g/cm3, p = 113 cm-‘, F(000) 
= 692. The structure was solved by the heavy atom 
method and the position of the tungsten atom was 
located by Patterson analysis. Remaining non-hydrogen 
atoms were found in succeeding difference Fourier 
syntheses. The final refinement by full matrix least- 
squares method with anisotropic thermal parameters 
for non-hydrogen atoms converged to unweighted and 
weighted agreement factors of 0.025 and 0.029. The 
highest peak on the final difference Fourier map had a 
height of 0.65 e/A3. All calculations were performed 
on a PDP I l/44 computer using the SDP-PLUS program 
system. 
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