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The use of transition metal complexes in organic
synthesis has increased dramatically in the past 25 years,
and the utilization of nucleophilic attack on transition
metal π-complexes1 in complex synthetic schemes has
contributed significantly to this increase. Rhodium- and
copper-initiated metallocarbenoid reactions2 have also
found acceptance among the practicing organic com-
munity as useful transformations that can be extremely
valuable in organic synthesis. In each case, the ability
to form carbon-carbon bonds selectively, often with both
regio- and stereocontrol, has been examined in detail and
demonstrated in a variety of systems. It appears,
however, that the literature contains few examples3-5

where the combination of these two valuable synthetic
schemes has been demonstrated. Our approach to the
merger of the chemistry of transition metal π-complexes
and transition metal-mediated metallocarbenoid reac-
tions involves the strategy outlined in Scheme 1. Thus,
it is envisioned that utilization of the propensity of
transition metal π-complexes to undergo nucleophilic

attack, combined with the ability of metallocarbenoids
to form carbon-carbon bonds via intramolecular C-H
insertion or cyclopropanation, will allow for the prepara-
tion of a variety of useful bicyclic and tricyclic substrates.
We report here the first results of our examination of this
approach employing the well-known chemistry of tricar-
bonyl(η5-cyclohexadienyl)iron complexes.6
In order to generate an iron π-complex that incorpo-

rates an R-diazo carbonyl tether, nucleophilic attack on
tricarbonyl(η5-cyclohexadienyl)iron cation 1 was exam-
ined. Reaction of iron cation 1 has been reported with a
wide variety of nucleophiles, including ketone and ester
enolates, Grignard and organolithium reagents, mal-
onates and acetoactates, amines, and alkoxides.6 In this
case, a two-step approach, with nucleophilic attack to
provide the tether followed by elaboration of the tether
to include the sensitive diazo functionality, proved to be
the most effective route to the desired substrate. Reac-
tion of tricarbonyl(η5-cyclohexadienyl)iron complex 1with
the dianion of methyl acetoacetate, followed by diazoti-
zation using the Davies reagent,7 provided the desired
complex 3 in 59% overall yield (eq 1). Complex 3 is

purified readily by chromatography on silica gel and is
stable for extended periods of time if stored at 0 °C.
Attempts to prepare complex 3 by reaction of the lithium
enolate of methyl 2-diazoacetoacetate with iron complex
1 also provided complex 3, but in only moderate yields.
The 1H nuclear magnetic resonance spectra of complexes
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Oxford, U.K., 1994; Vol. 12, Chapters 6.1, 6.3, 8.2, and 9.1.
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Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon Press:
Oxford, U.K., 1994; Vol. 12, Chapters 5.1 and 5.2.

(3) The reaction of ethyl lithiodiazoacetate with both [(arene)Cp]-
iron complexes and tricarbonyl(η6-arene)manganese has been reported
to give the expected addition products. In this case, however, diazo
decomposition to form the metallocarbenes initiates a 1,2-hydrogen
migration (see below). See: (a) Motallebi, S.; Muller, P.Organometallics
1993, 12, 4668. (b) Reau, R.; Reed. R. W.; Dahan, F.; Bertrand, G.
Organometallics 1993, 12, 1501.

(4) The decomposition of ethyl diazoacetoacetate in the presence of
tricarbonyl(η4-cycloheptatriene)iron has been reported to provide the
cyclopropanation product as is shown below. See: (a) Goldschmidt, Z.;
Antebi, S.; Goldberg, I. J. Organomet. Chem. 1984, 260, 105. (b) See
also: Taylor, G. A. J. Chem. Soc., Perkin Trans. 1 1979, 1716.
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Winling, A. Tetrahedron Lett. 1995, 36, 8213.

(6) For a recent review of this chemistry see: Pearson, A. J. Iron
Compounds in Organic Synthesis; Academic Press: San Diego, 1994;
Chapter 5.
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Org. Synth. 1991, 70, 93.
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2 and 3 provide evidence for the expected exo nature of
the nucleophilic attack. Thus, the chemical shifts of
H5endo at δ 2.3-2.5 in both complexes 2 and 3, respec-
tively, correspond well to values reported for a variety
of 5-exo-substituted tricarbonyl(η4-cyclohexadiene)iron
complexes.8

Reaction of complex 3 with rhodium(II)acetate in
refluxing dichloromethane generates a new (η4-diene)-
iron complex, whose 1H NMR, 13C NMR, and IR spectra
fit that expected for C-H insertion2,9 product 4. In
particular, the 1H NMR signal corresponding to the exo
methylene hydrogen (H6exo) in complex 3, which appears
as a broad doublet at δ 1.04 (J ) 15.5 Hz), is absent from
the spectrum of complex 4, as is the diazo absorption in
the infrared spectrum. Single-crystal X-ray data col-
lected for complex 4 confirms the cis ring fusion and the
proposed enol tautomer (Figure 1).12 It appears therefore
that the iron moiety not only functions to induce nucleo-
philic attack, allowing attachment of the desired tether,
but also acts as a protecting group,10 preventing the
metallocarbenoid species from cyclopropanating the un-
saturated portion of the cyclohexadiene.11

This overall transformation demonstrates the potential

of the combination of the chemistry of transition metal
π-complexes with diazodecomposition reactions of R-diazo
carbonyl species for the facile preparation of functional-
ized bicyclic skeletons. Continued investigation of this
transformation, including examination of the effect of
diazodecomposition catalyst choice, transition metal com-
plex ring size and hapticity, and diazo tether length and
substitution currently is in progress.
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Figure 1. X-ray structure of complex 4.
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