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In CH2Cl2, [Rh(BINAP)]BF4 catalyzes the isomerization of
4-alkynals to dienals with excellent regio- and stereoselectiv-
ity; this new process compares favorably with previously
reported methods for the synthesis of this class of com-
pounds; a possible pathway for this unusual rearrangement
is provided.

Dienals such as 1 represent interesting targets for synthesis, due
in part to their use in perfumes and flavorings.1 Of the existing
approaches to the generation of these dienals, the hydro-
formylation of enynes is perhaps the most straightforward.
Unfortunately, this process typically furnishes a mixture of
regioisomeric aldehydes, as well as products arising from over-
reduction (hydrogenation).2

During a recent study of rhodium-catalyzed intramolecular
hydroacylations of 4-alkynals to provide cyclopentenones [eqn.
(1)],3 we surveyed a variety of reaction conditions. Inter-
estingly, the fate of the 4-alkynal is very dependent on the
choice of conditions—in the presence of Rh/BINAP and in
CH2Cl2, we instead observe an intriguing isomerization of the
alkyne to a diene, with concomitant migration of the formyl
group [eqn. (1)]. As we describe in this Communication, this
unique rearrangement process has proved to have significant
generality.

(1)

We have established that a variety of 4-alkynals can be
rearranged in moderate to good yield by 5–10% [Rh(BI-
NAP)]BF4 in CH2Cl2 (Table 1).4,5 The 5 position of the alkyne
can be substituted with an alkyl (entry 1), benzyl (entry 2),
alkenyl (entry 3), aryl (entry 4), or silyl group (entry 5), and the
3 position can bear either an alkyl (entries 1–4) or an aryl (entry
5) substituent. In no instance have we detected any regioisomers
or E/Z olefin isomers. Since 4-alkynals are easily accessed

through 1,4-addition of alkynylmetals to a,b-unsaturated alde-
hydes,6 this new rhodium-catalyzed rearrangement provides an
expeditious, completely regio- and stereoselective two-step
synthesis of dienals from readily available starting materials.

A possible mechanism for this intriguing rearrangement is
outlined in Fig. 1.7,8 In the first step, the rhodium catalyst
oxidatively inserts into the aldehyde C–H bond, affording
rhodium acyl hydride A. Cis hydrometalation of the pendant
alkyne furnishes metalacyclopentane B, which undergoes a de-
insertion reaction to produce metalacyclobutane C. a-Mi-
gratory insertion then leads to ring-expanded, conjugated
metalacycle D. b-Hydride elimination, followed by reductive
elimination, then generates the dienal. The result of the
deuterium labeling study illustrated in eqn. (2) is consistent with
the proposed pathway.

(2)

In conclusion, we have discovered a novel rhodium-catalyzed
rearrangement of 4-alkynals to dienals, a process that simulta-

† Electronic supplementary information (ESI) available: experimental
details. See http://www.rsc.org/suppdata/cc/b2/b200208f/

Table 1 [Rh(BINAP)]BF4-catalyzed rearrangement of 4-alkynals to
dienals

Entry Substrate Product Yield (%)a

1 50

2 57

3 72

4 58

5b 87

a Isolated yields, average of two runs. b Solvent: acetone; temperature: 60
°C.
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neously effects isomerization of an alkyne to a 1,3-diene and
migration of a formyl group. Relative to previous approaches to
the synthesis of dienals, this new method compares favorably
with respect to brevity, regioselectivity, and stereoselectivity.
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Fig. 1 A possible mechanism for the [Rh(BINAP)]BF4-catalyzed rearrange-
ment of 4-alkynals to dienals.
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