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reaction between tricarbonyliron-complexed cyclohexadiene
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Abstract—Stereospecific intramolecular coupling of a cyclohexadiene–Fe(CO)3 complex with pendant dienes, to form cycloocta-
dienes, is described.
� 2005 Elsevier Ltd. All rights reserved.
Transition metal promoted (or catalyzed) cyclocoupling
reactions of alkenes and alkynes have a rich history, and
occupy an important place in organic synthesis method-
ology. These processes often complement their more
traditional organic counterparts in terms of
stereochemistry and our ability to carry out reactions
that are symmetry forbidden or those that are compro-
mised by more facile competing processes. While such
transformations in the coordination sphere of a metal
are often not concerted single-step processes, they are
nevertheless usually stereospecific, a result of continual
attachment to the metal of the reacting ligands as the
key bond-forming steps proceed. A number of recent
studies have focused on transition metal promoted high-
er order cycloaddition reactions.1 For example, Rigby
has developed methods for achieving [6p+4p], as well
as [6p+2p] cycloadditions that utilize triene-chromium
tricarbonyl complexes as the reactive 6p component.2

An interesting variation that delivers ring systems with
much higher levels of complexity are the multicompo-
nent processes in which alkynes are coupled with the tri-
ene-chromium system, a reaction that has been used as a
key step in a synthesis of 9-epi-pentalenic acid.3

Dimerization of butadiene, catalyzed by Ni(COD)2, to
afford 1,5-cyclooctadiene (96% yield) is one of the earli-
est examples of transition metals being used to effect
symmetry forbidden pericyclic reactions, in this case a
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[4p+4p] cycloaddition (of course, not a concerted pro-
cess).4 Wender has used an intramolecular variant of
this reaction (Eq. 1) to afford dicyclopenta[a,d]cyclooc-
tene 5-8-5 ring systems that are found in natural product
structures such as ophiobolins C and F, as well as al-
bolic acid and ceroplastol II.5 In this letter, we describe
a related [4+4] coupling reaction that occurs using a pre-
formed cyclohexadiene–Fe(CO)3 system as one of the 4p
components.
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Several years ago, we reported an intramolecular cyclo-
coupling reaction between a cyclohexadiene–Fe(CO)3
complex and a pendant alkene, which produces spirocy-
clic molecules.6 One example is shown in Scheme 1. The
overall conversion corresponds to a [6+2] ene reaction.
While the process has been shown to be stereospecific,7

a subsequent rapid rearrangement of the initial product
2, under the reaction conditions, leads to the isolation of
a mixture of epimeric complexes 2 and 3.
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More recently, we showed that if a pendant 1,3-diene is
used, the methyl group that is produced on 2 (circled on
the structure) is now an allyl which can undergo a sec-
ond [6+2] ene-type reaction to afford tricyclic struc-
tures.8 Moreover, because of the stereochemical
requirements for the reaction, only the isomer related
to 2 can undergo a second coupling, and the equilibrium
between 2 and 3 promotes the formation of a single ste-
reoisomer in high yield (Scheme 2). Removal of the me-
tal using standard procedures, followed by hydrolysis of
the dienol ether (for R = OMe), leads to the formation
of tricyclic organic structures.

We present here a variation on this cyclocoupling reac-
tion in which an overall (stereospecific) [4+4] cycloaddi-
tion between two dienes occurs to generate a
cyclooctadiene derivative. This discovery was made
when we attempted a tandem double [6+2] ene sequence
on substrate 4a, but using trimethylamine-N-oxide as
the promoter of the reaction. In our early work,6 we
had shown that this reagent could be used to effect the
ene cyclocoupling between a diene-Fe(CO)3 system
and a pendant mono alkene, but we had not studied
the procedure in any detail. However, it offers the possi-
bility of conducting the reaction at lower temperature,
and might provide an approach for improving yields
for the conversion when thermally sensitive iron com-
plexes are used. Trimethylamine-N-oxide can be used
to liberate one CO ligand from a variety of metal carbo-
nyls, a reaction that requires 2 equiv of the amine
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oxide.9 In view of the fact that our ene-type reaction re-
quires loss of a CO ligand for its initiation, we consid-
ered the use of an amine oxide to be an alternative to
thermal or photoinduced dissociation.

Treatment of substrate 4a (R 0 = Me) with 2.2 equiv of
Me3NO, added in four portions over 12 h in acetonitrile
at room temperature, afforded a quantitative yield of 12
as a single stereoisomer. This reaction is exceptionally
clean; filtration of the reaction mixture followed by
evaporation to dryness affords essentially pure 12, with
no detectable byproducts. The structure of 12 was estab-
lished by NMR COSY (H9 M H12 correlation), HMBC
(C9 M H12 correlation), and NOESY (H5 M H13;
H8 M H12; H10 M CH3 correlations), which distinguish
it from possible [4+2] cycloadducts that might result
after demetallation of 4a.10

A plausible mechanism is outlined in Scheme 3 that ac-
counts for this conversion and its stereochemical out-
come. At this stage only a tentative explanation can be
offered for the divergent reaction pathways of Schemes
2 and 3, apparently depending on temperature. For a
second ene cyclization to occur, complex 9, an interme-
diate that is common to both the tandem double ene
reaction of Scheme 2 and the [4+4] cyclocoupling shown
in Scheme 3, must undergo a hydrogen transfer from the
g3-cyclohexenyl ligand to the metal. This appears to be
a higher energy process than the alternate conversion
9 ! 10, which at room temperature proceeds forward
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to 16e intermediate 11 that is in turn demetallated to
afford 12. At higher temperature, the reversibility of
9 ! 10 allows eventual hydrogen shift on 9, followed
by irreversible reductive elimination to generate the
ene product 5.
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This mechanism is supported by our observations on
the same reaction using complex 4a (R 0 = CO2Me).
At room temperature, essentially no cyclocoupling
reaction occurred when this complex was treated with
Me3NO. When the reaction was carried out at 50 �C,
a complex mixture of products was obtained, from
which the bis(p-allyl) complex 13 (analogous to inter-
mediate 10) was isolated in ca. 5% yield (diagnostic
NMR data is included on the structure). The electron
withdrawing ester substituent clearly has an effect on
this cyclocoupling, and it is likely that the greater sta-
bility of 13 versus 10 is a result of the known stabilizing
effects of electron-withdrawing groups on olefin–iron
complexes.11

Conclusions: Cyclohexadiene iron tricarbonyl complexes
can be induced to undergo cyclocoupling with appended
dienes to afford cyclooctadiene structures, an equivalent
of a [4+4] cycloaddition reaction. To the best of our
knowledge, this is the first example of such a reaction
using cyclohexadienes, which adds a level of molecular
complexity to the overall process that might be useful
in constructing highly substituted cyclooctane deriva-
tives. Future work will address the full scope of this
reaction, as well as its potential applications in organic
synthesis.
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