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Transition-metal cyclopentadienyl complexes constitute a vast
area of study in current organometallic chemistry.! The metal-
metal bonded carbonyl dimers [M,(CO),Cp,] (x = 2-6) and the
monomers [M(CO),Cp] (x = 2-4), (Cp = »»-CsH;, M =
transition metal) form an important class within this great family
of compounds, and much effort has been made to establish their
chemical behavior. Loss of CO from these species can generate
reactive unsaturated dimers with metal-metal bonds of orders
up to 3.2 However, although the primary processes in these
reactions have been extensively studied,? they are still the object
of current research.* Unsaturated dimetal carbonyl complexes
are attractive synthetic reagents, as they are very reactive toward
a great variety of molecules under mild conditions.” We are
interested in the chemistry of these species, stabilized with bridging
phosphorus—donor ligands such as dppm (Ph,PCH,PPh,).6 Our
previous work on [Mo,(CO)4(u-dppm)Cp,] revealed that in-
tramolecular oxidative addition of a P-C(sp?) bond of dppm occurs
along with the loss of two CO molecules.” Here we report that
a reversible and intramolecular C-H oxidative addition of a
cyclopentadienyl ligand occurs as an intermediate step upon
decarbonylationin the ditungsten analogue [W,(CO),(u-dppm)-
Cp.] (1) under thermal or photochemical conditions, a reaction
leading finally to the triply bonded [W,(u-CO),(u-dppm)Cp;]
(3). Toourknowledge, this is the first time that an intramolecular
cyclopentadienyl C-H oxidative addition has been observed in
transition-metal complexes. Moreover, further experiments
indicate that such an addition does not require special thermal
or photochemical activation in the above tungsten dimers. Finally,
the reversibility of the oxidative additions here reported led us
toconsider the possibility that related processes could be involved
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more generally than suspected as intermediate steps in reactions
leading to unsaturated cyclopentadienyl transition-metal dimers.
To check this hypothesis, we decided to reinvestigate the
extensively studied?%-d photochemical decarbonylation of the
dimers [M,(CO),Cp;] (M = Cr, Mo, W). Remarkably, a new
finding emerged: cyclopentadienyl C-H activation steps are
involved in the decarbonylation of [W,(CO)¢Cp,].

Compound 18 was prepared by a procedure similar to that used
for its molybdenum analogue.® UV irradiation of 1at 0 °C gives
the hydrido cyclopentadienylidene complex [W,(u-H) (u-nl, n5-
CsH4)(CO);3(u-dppm)Cp] (2) in 95% yield.!1® The oxidative
addition of a cyclopentadienyl C-H bond involved in the formation
of 2 can be reversed through either carbonylation or decarbo-
nylation processes. Thus, 2 reacts instantaneously with CO at
room temperature to regenerate 1. On the other hand, further
irradiation of 2 at 15 °C gives [W,(u-CO),(u-dppm)Cp,] (3).1!
The molecular structure of 3 has been determined through an
X-ray study.!2 The short W-W distance (2.515(1) A) is similar
to those found for the triply metal-metal bonded dimers [Mo,-
(CO)u(n>-L)2] (L = Cp,'* CsMes,!® CoH;1%*) and [Wy(u-
C0)2(CO) (n*-C,Phy) (7°-CsPh,R)Cp]. 14

Compound 3 is more conveniently prepared by refluxing an
octane solution of 1. IR and NMR monitoring of this thermal
reaction revealed again the presence of 2 as an intermediate in
the formation of 3. Because of this, it was thought that the C-H
oxidative addition leading to 2 does not require special thermal
or photochemical activation. Instead, it could be a spontaneous
way of relieving the electronic unsaturation in the primary
intermediate [W,(CO);(u-dppm)Cp;], generated from 1 after
(thermally or photochemically induced) ejection of a CO molecule.

The above hypothesis was indirectly confirmed by the reac-
tion of 3 with ‘BuNC at room temperature, which gave the
hydrido cyclopentadienylidene complex [W,(u-H)(u-n',9%-
CsH4)(CO)(CN'Bu)(u-dppm)Cp] (5) in quantitative yield.
Spectroscopic data for 55 indicate a close structural analogy
with 2. During the formation of 5, an intermediate species can
be detected. The corresponding spectroscopic datalé support its
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formulation as [W(u-1!,92-CN'Bu)(CO),(u-dppm)Cpz] (4),
which can be related to the known complexes [W,(u-nl,n%
CNR)(CO).Cp;] (R = 'Bu, Me).!” Compound 4 transforms
completely into § within 2 h at room temperature. Interestingly,
although the u-n!,n? coordination of the isocyanide makes the
ditungsten center electron precise, just as cyclopentadienyl C-H
oxidative addition does, thermodynamics seems to favor the latter.
The structure of 5 has been confirmed through an X-ray study!?
except for the presence of the bridging hydrido ligand, which
could not belocated. The W-W length (3.179(2) A) is consistent
with the presence of a single metal-metal bond (for example,
W-W = 3.222(1) A in [W,(CO)¢Cp.]'®). On the other hand,
C-C and C-W lengths in the bridging cyclopentadienylidene
ligand support its ¢',5° formulation and are similar to those found
for related Mo, complexes.!?

Although cyclopentadienylidene complexes are not unusual
species,?® the formation of 3 or 5§ by intramolecular cyclopen-
tadienyl C-H oxidative addition differs from previous methods.
The closest ones involve intermolecular hydrogen?! or methane??
elimination, intramolecular hydridocomplex elimination,? or more
complicated processes.!?6:20.24 With one exception,222 al] these
C-H cleavage reactions cannot be reversed. It is interesting to
note that cyclopentadienyl C-H oxidative addition has been
postulated on some occasions as a transient stepin these reactions.

The above results prompted us to reinvestigate decarbonylation
reactions on [W,(CO)sCp,]. UYV irradiation of this compound
in toluene at -50 °C yielded a mixture containing, as major
products, the dihydride [W,(u-H),(CO),Cp,]?* and a new brown
compound, tentatively formulated as [W;(u-9',7°-CsH4)(CO)--
Cp.] (6). Spectroscopic data for 62¢ do not allow a complete
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a (i) ho, N; purge, THF, 0 °C, 2 h. (ii) CO, CH,Cl;, 20 °C, 5 min.
(iii) Octane, N; purge, 120 °C, 1 h. (iv) h», N, purge, THF, 15 °C, 1
h. (v) CN'Bu (1 equiv), THF, 0 °C, 30 min. (vi) THF, 20 °C, 2 h.

characterization but clearly establish the presence of a cyclo-
pentadienylidene ligand in the molecule. This result is quite
remarkable, as the photochemical reactions of the dimers
[M2(CO)sCp2] (M = Cr, Mo, W) have been extensively
studied.?4cd Surprisingly, it seems that C-H oxidative addition
processes have never been detected nor even postulated in these
reactions. However, our findings about the easy reversibility of
these processes (ii and iv in Scheme I) suggest that they could
have passed undetected in a number of occasions, and this is the
origin of the question mark contained in the title of this paper.
Further studies are now in progress to test the generality of the
above cyclopentadienyl activation reactions.
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(26) This compound can be fairly separated from the other products by
chromatography on alumina at -30 °C. However, slow decomposition of its
solutions occurs at —20 °C. Attempts (so far unsuccessful) are being made
to grow crystals of 6. Selected spectroscopic data: »(CO) (toluene) 1977 s,
1925vs, 1909 m, 18755, 1833 m; '"H NMR (C;Dy, -40°C) 6 5.55,4.61,4.51,
3.88 (4 m, 4 H, C;H,), 4.75 (s, 5 H, Cp), 4.69 (s, 5 H, Cp).



