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Directintroduction of carbon monoxide (CO) intoan acetylenic
sp carbon by transition-metal complexes is an important process
to construct a«,8-unsaturated carbonyl functions in organic
chemistry.! The syntheses of a variety of cyclopentenone
derivatives have been demonstrated on the basis of such a process
where one COincorporation into the sp carbon is almost invariably
featured.? To the best of our knowledge, however, no effort has
been recorded so far to vicinally introduce two COs into both sp
carbons in a stepwise manner by a Pd(0) species® in which the
second CO triggers cyclopentenone ring closure. To our delight,
we have succeeded in realizing, for the first time, single-pot vicinal
carbonylation-carbacyclization of the 4-en-2-ynyl carbonates 2
by Pd(0) catalyst providing the 4-oxo-5-alkylidene-2-cyclopen-
tenecarboxylates (1) via the conjugated enallenes 3 (Scheme I).
The cyclpentenone ring closure triggered by the second CO
proceeds in such a way that the carbonyl carbon links to the
allenyl central and alkenyl terminal carbons.
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9 (a) (1) EtMgBr, (2) aldehyde; (b) EtMgBr then CICO:Me; (c)
Pd(PPh3)4/CuI.

The starting 4-en-2-ynyl carbonates 2a—h were synthesized via
a series of routine reactions, as shown in Scheme II. The
carbonylation process has smoothly proceeded in a mixed solvent
system such as CgHg—CH;CN-MeOH (4:2:1) in the presence of
Pd(OAc); (10 mol %) and a bidentate phosphine such as 1,3-
bis(diphenylphosphino)propane (DPPP) or 1,2-bis(diphenylphos-
phino)ethane (DPPE) (10 mol %)* at room temperature during
4-24 h under atmosphere of CO (5 kg/cm?) to give 1a-h in high
yields, which are listed in Table I, while a monodentate ligand
such as triphenylphosphine was not effective at all.

The structures of 1a-h were indicated by IR, UV, and NMR
spectroscopy and elemental analyses. The following information
obtained with regard to 1a is representative. The 13C NMR
clearly pointed to the appendage of one more carbon to 2a, with
a signal at 194.8 ppm strongly suggesting the presence of an
a,8-unsaturated ketone function in 1a. This deduction was
supported by the IR6 and, further, by the UV” analyses. The 13C
NMR also indicated the presence of three unprotonated and one
protonated olefinic carbons, the latter of which was revealed to
be positioned adjacent to the methine carbon of the isopropyl
group on the basis of both COSY and HETCOR information.
The HMBC and ROESY experiments of 1a led to a final
confirmation that 1a should bear a cross-conjugated dienone
backbone with an exocyclic double bond of (E) geometry, as
indicated below.

NOE (ROESY)

Major long-range C—H correlations
observed (HMBC);

C(1)—H(1"); C(2)—H(1); C(2)—H(1');
C(3)—H(4); C(4) (C=O)—H(1");
C(5)—H(1); OC—H(1);

C(1"—CHg; C(2")—CHs.

In order to gain more insight into the present reaction with
regard to not only a mechanism but also scope and limitation, the
following reactions have been conducted (Scheme III). Firstly,
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Table I. Vicinal Carbonylation-Carbacyclization of the Carbonates
2a-h7
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% Conducted at room temperature in CsHe—CH3;CN-MeOH (4:2:1)
under CO atmosphere (5 kg/cm?) in the presence of Pd(OAc),-DPPP
(1:1) (10 mol %). # R = CO;Me. ¢ Diastereomeric mixture (1:1) with
regard to the C* centers. ¢ For purified product by SiO; column
chromatography, yields obtained by using DPPE were essentially the
same (within £1%) as these values.

to attest to the structure of the first-stage products 3,8 we have
attempted their isolation, which, however, for most entries in
Table I, was unsuccessful even if the reactions were intermitted
at the initial stage. Fortunately, as an only exception, the
carbonate 2e provided a mixture of 3e (64%) and 1e (22%) after
4 h, the former of which indeed afforded le (60%) on further
exposure to the carbonylation conditions (room temperature, 22
h). This result led us to the definite conclusion that the allene
carboxylates 3should undoubtedly be a precursor for1. Secondly,
the carbonylations of the 1,4-enyne 4 terminated at the allene
ester § (79%) and did not pattern after the conversion 3 — 1,
never leading to the cyclized products 6 and 7 to an any extent
even under higher CO pressure (15 kg/cm?); the 1,3-diene ester
8 was also recovered intact under the same conditions.® These
data imply that a conjugated enallene system is a necessary
requirement for the incorporation of the second molecule of carbon
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(5) The reaction of 2a, for instance, employing Pd(OAc).—Ph,P (1:2) (10
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being recovered intact.

(6) »(C=0): 1740 and 1700 cm-!. »(C=C): 1683 and 1661 cm™!.

(7) Observed Amgx = 255 nm (e 15 900); Apax = 254 nm calculated on the
basis of the structure.
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monoxide, perhaps via an oxidative addition of the intermediate
3to Pd(0) species to probably afford a palladacycleintermediate.
The rationalization of this point, however, must await future
mechanistic studies.

In summary, the newly developed Pd(0)-mediated vicinal
carbonylation can be executed in a single pot at room temperature
under atmosphere of CO (5 kg/cm?) without any serious problem
and leads to products of high chemical purity after conventional
column chromatography. It should be emphasized that selection
of an appropriate phosphine ligand is crucial to the success of our
approach, though therealization of the present process has indeed
arisen, in part, from the confluence of several interesting known
elementary reactions mediated by transition-metal complexes.!-3:
In any event, the reaction has significant synthetic value because
the molecular architecture of this type has not been involved
within the scope of previous methods for the synthesis of related
structures employing transition-metal complexes.210 In addition,
a broad range of substitution patterns is tolerated, coupled with
ready availability of starting materials and simplicity of their
conversion to 2; therefore, the vicinal carbonylation-carbacy-
clization would promise much profit to organic synthesis.
Biological assays of 1 are currently another of our concerns because
of their structural similarity to the clavulone family!! or
sarkomycin,!2 and investigation of such assays is in progress.!3
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