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The role of heteroatom-stabilized group 6 metal-carbene
complexes as stable carbene sources has been extensively
investigated.1 In fact, the cyclopropanation of olefins was one
of the earliest reactions reported for Fischer-type carbene
complexes.2 On the other hand, thermal decomposition (T > 130
°C) of carbene complexes leads to carbene dimers. TheE/Z ratio
of the olefinic products is metal dependent, which excludes the
participation of free carbenes in at least some of these processes.3

C-H insertion processes have also been reported for group 6
Fischer-carbene complexes.4 Apart from intramolecular cyclo-
propanation reactions,5 which take place at room temperature or
below, the carbene transfer from heteroatom-stabilized group 6
metal-carbene complexes usually needs temperatures over 80
°C to occur. We report here that dimerization and intramolecular
C-H insertion reactions of alkoxychromium(0) carbenes can be
effected at room temperature or below, in the presence of catalytic
amounts of Pd(OAc)2, and that the formal insertion of aminochro-
mium(0) carbenes into olefinic C-H bonds is also catalyzed by
Pd(OAc)2.

The first assays to determine the viability of metal-catalyzed
carbene transfer from group 6 stabilized metal-carbene com-
plexes were carried out by reacting pentacarbonyl[(methoxy)-
(phenyl)carbene]chromium(0) (1a) and catalytic amounts of
Rh2(OAc)4 at different temperatures.6 We observed that self-
dimerization of complex1aoccurred at temperatures around 100
°C, high enough to not be clearly advantageous over the
uncatalyzed process. We then turned our attention to Pd catalysts.
Addition of Pd(OAc)2 (10% molar ratio) to a THF solution of
carbene complex1a and Et3N, at room temperature, resulted
within 1 h in areaction mixture containing exclusively carbene

dimer 2a (2:1 E/Z mixture),7 and a crystalline white solid
identified as Cr(CO)6.8,9 Analogous results were obtained when
the reaction was carried out at 0°C, in other solvents (hexane,
Cl2CH2, and Et2O), or when lower catalyst loads (2% molar ratio)
were used. The reaction of pentacarbonyl[(p-bromophenyl)-
(methoxy)carbene]chromium(0) (1b) gave similar results (Scheme
1). Complex 1b also dimerized at room temperature in the
presence of Pd(PPh3)4 (3% and 0.6% molar ratios) to yield olefin
2b. The olefinE/Z ratios were identical to those obtained with
Pd(OAc)2/Et3N, although a longer reaction time was needed when
0.6% of catalyst was employed. Even when carbene complex
1b was reacted with Pd(OAc)2 under the above conditions but in
the presence of methyl acrylate, styrene, and 1-hexene, dimer2b
was obtained exclusively and no traces of cyclopropane products
were observed.10

The reactivity of Cr(0) carbenes3a,b was tested next. Both
metal carbenes3a,b reacted at room temperature in the presence
of 10% Pd(OAc)2/Et3N to give vinyl ethers4a,b and Cr(CO)6,
as the exclusive reaction products.11 Dimers analogous to2a,b
were not observed. Compound4a was unstable and could not
be obtained analytically pure, while product4b could be isolated
in 65% yield (Scheme 2). Clearly, the nature of the substituent
at the carbene carbon set the nature of the reaction products. To
determine the feasibility of intramolecular self-dimerization, we
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studied the reaction of bis-carbene complex5. By stirring a
solution of complex5 and Et3N with Pd(OAc)2 (10% molar ratio)
at room temperature, cyclic carbene6 was obtained (40% yield)
after column chromatography (Scheme 2).11 Compound6 should
arise from the intramolecular insertion of one carbene ligand into
the acidic methyl group12 bonded to the second carbene carbon.

Pentacarbonyl[(N,N-dimethylamino)(p-bromophenyl)carbene]-
chromium(0) (7a) did not react at room temperature in the
presence of Pd(OAc)2 (10% molar ratio)/Et3N. Increasing the
temperature resulted in the formation ofN,N-dimethyl-p-bro-
mobenzamide (8) andp-bromobenzaldehyde (9) after prolonged
reaction times.13 Complex 7a was then reacted with methyl
acrylate and acrylonitrile in the presence of Pd(OAc)2 (10% and
2% molar ratio)/Et3N in boiling THF. γ-Ketoester10a (75%)
andγ-ketonitrile10b (40%) were obtained, respectively.9 Small
amounts of amide8 and aldehyde9 were obtained in both cases.
Reaction of complex7b with methyl acrylate and Pd(OAc)2 (2%)/
Et3N gaveγ-ketoester10c (80%) (Scheme 3).14 The reaction of
complex7a with methyl acrylate, using Pd(PPh3)4 (10% molar
ratio) as the catalyst gave results analogous to those obtained in
the reaction with Pd(OAc)2.15

The observed reactivity of the Cr(0)-carbene complexes may
be explained by the initial formation of intermediate Pd carbenes
11.16 Thus, for aryl-substituted alkoxycarbenes, double trans-
metalation would form bis-carbene12, which evolves to olefins
2 by elimination of Pd0 regenerating the catalyst.17 The presence
of a â-hydrogen in complex11 would allow its transfer to the
metal center to occur, leading to13apparently faster than transfer
of a second carbene moiety from a Cr complex would produce
the bis-carbene12. With the dicarbene complex5, transmetalation
of one of the carbene moieties to Pd leads to a heterobimetallic
intermediate14. Insertion of the Pd center in a methyl C-H
bond of the remaining Cr-carbene moiety followed byâ-hydro-
gen elimination would lead to the observed carbene product6.

For aminocarbenes the transmetalation to Pd seems to be
productive only when a carbene acceptor is present. The observed
products16 would result from cyclization of the Pd carbene and
carbene acceptor followed by transfer of aâ-H to the metal center
(15) and reductive elimination.18 Hydrolysis of16during workup
would account for the obtainedâ-keto derivatives10 (Scheme
4).

In conclusion, unprecedented new catalytic processes of alkoxy-
and aminochromium carbene complexes have been observed.
Reactions leading to self-dimerization,â-elimination, and alkyl
and vinyl C-H insertion can be carried out with the above
complexes in the presence of Pd(AcO)2 at room temperature or
below (for alkoxy-substituted complexes) or with shorter reaction
times than the uncatalyzed processes with amino-substituted
complexes. Efforts to obtain other reaction products by employ-
ing modified catalysts and to develop new catalytic processes to
prepare novel Cr(0) carbenes are now under way in our
laboratories.
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