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PtII-Catalyzed Intramolecular Reaction of
Furans with Alkynes**
Bele¬n MartÌn-Matute, Diego J. Ca¬rdenas, and
Antonio M. Echavarren*

The coordination of electrophilic PtCl2 to the C�C bond of
an enyne (I, Scheme 1) promotes intramolecular reaction of
the alkene to form a cyclopropyl Pt carbene intermediate
II.[1, 2] Subsequent attack of an alcohol or water at the
cyclopropyl carbon atoms Ca and Cb of II leads to the
formation of five- or six-membered carbo- or heterocyclic
rings under catalytic conditions.[1]
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Scheme 1. Metal-induced reaction of enynes to yield five- or six-
membered rings.

These cyclizations are also catalyzed by AuCl3 and some
RuII complexes.[1] In this regard, the recent finding that the
intramolecular reaction of furans with alkynes can be
catalyzed by AuCl3 to afford phenols is of considerable
interest.[3, 4] The reaction was proposed to proceed by a [4�2]
cycloaddition of the furan to the alkyne followed by cleavage
of the resulting oxabicyclic adduct.[3] Although this mecha-
nistic proposal is reasonable, the related intramolecular
reaction of arenes with alkynes with catalysis by PtII or RuII[5]

was proposed to take place by electrophilic aromatic sub-
stitution with an (�2-alkyne)metal electrophile.

We have found that 5-furyl-1-alkynes are also cyclized by
PtCl2 as catalyst. Several intermediate products could be
obtained by conducting the reaction in an aqueous solvent. A
clearer picture of the mechanism was obtained by performing
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density functional calculations (DFT) on the intramolecular
reaction of a furan with an alkyne coordinated to PtCl2.

The cyclization of 2-furylmethyl propargyl ether (1) was
carried out in the presence of PtCl2 (5 mol%) as catalyst in
refluxing acetone to give phenols 2 (44%) and 3 (16%)
(Scheme 2).[6] Malonate 4 gave a mixture of phenols 5 (54%)
and 6 (16%). Similar results were obtained with
[PtCl2(MeCN)2] as catalyst. The cyclization of ether 1 with
AuCl3 (3 mol%) as catalyst in MeCN at room temperature
also afforded a mixture of 2 and 3, although the yields were
lower (30 and 1.5%, respectively). Cyclization of 7 led
selectively to phenol 8 (75%).[7]

When these reactions were performed in the presence of
water, in addition to the phenols, 2,5-dihydrofurans were also
obtained in variable yields. Thus, 7 reacted in 10% aqueous
acetone under reflux with PtCl2 (5 mol%) to furnish a mixture
of phenol 8 (38%), and ketoaldehydes 9 (4%) and 10 (11%).
On the other hand, ether 11with a terminal phenyl group gave
ketoaldehyde 12 (24%).

The formation of dicarbonyl compounds 9, 10, and 12
cannot easily be accounted for by a [4�2] cycloaddition
pathway. To determine the nature of the reaction profile for
the intramolecular reaction of alkynes and furans, we there-
fore performed DFT calculations on a model compound.
Several pathways can be envisaged in principle, starting with
coordination of the alkyne to the metal center (V), which was
assumed to be also coordinated by a water molecule. First, a
Diels ±Alder reaction between the furan and the coordinated
alkyne could give intermediate VI.[3] Alternatively, formation
of a cyclopropyl Pt carbene[1] VII by reaction of the alkyne
with the C2�C3 double bond of furan could occur. A third

plausible mechanism involves a Friedel ±Crafts-type reaction
of the electron-deficient alkyne at C2 of the furan via VIII.[5]
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We searched for different reaction products that could be
formed from V.[8, 9] The Diels ±Alder endo adduct VI (Fig-
ure 1) was located as a minimum of higher energy than V
(�8.5 kcalmol�1). The corresponding transition state TSV-VI

shows relatively short C�C distances for the bonds that are
being formed, especially for that involving the alkyne terminal
C atom (2.025 ä) and lies 30.2 kcalmol�1 aboveV. The carbon
atoms of the coordinated alkene in VI are substantially
pyramidalized, and the structure resembles a platinacyclo-
propane. The Cl-Pt-Cl angle diminishes fromV toVI (171.6 to
161.9�) bacause of the steric hindrance imposed by the side
chain. Alternatively, the internal C atom of the alkyne might
react with the nucleophilic C2�C3 bond of the furan to give
the cyclopropylcarbene VII. This complex shows a very short
C(sp2)�Pt distance (1.890 ä), in accord with the carbene
character. The formation of VII is exothermic
(�3.4 kcalmol�1), and the activation energy to reach tran-
sition state TSV-VII is much lower (9.4 kcalmol�1) than that of
the Diels ±Alder reaction. The attack of the furan takes place
on the opposite side to the metal atom through an early

asymmetric transition state with very different
C�C distances (2.293 and 2.528 ä for Pt-C2� and
Pt-C3�, respectively). This would be the prefer-
red pathway for both thermodynamic and
kinetic reasons. The formation of intermediate
VIII was also considered, but the only mini-
mum-energy structure that could be located
when trying to obtain a minimized Friedel ±
Crafts complex was again VII. Apparently, the
delocalization of the positive charge in VIII is
not enough to compensate for the stability of
the Pt cyclopropylcarbene.

These findings led to a mechanistic proposal
summarized in Scheme 3. The initially formed
complex IX would evolve exothermically to
form key intermediate X. Cleavage of the
cyclopropane and the dihydrofuran rings would
form XI, which could be trapped by water to
form dicarbonyl compounds such as 9, 10, and
12.[10] An intramolecular [2�2] cycloaddition of
the platinum carbene with the carbonyl group
could then give XII, which would undergo
reductive elimination to give epoxide XIII.[11]

This last intermediate, which explains the for-
mation of the isolated phenols, has also been
proposed in the AuIII-catalyzed synthesis of
phenols.[3]
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Scheme 2. Intramolecular reaction of furans with alkynes in the absence and in the presence
of water.
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Figure 1. Reaction coordinate for two alternative reaction pathways of PtII

complexV to giveVI orVII. Energies in kcalmol�1 at the B3LYP/6-31G(d)
level including ZPE correction.
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Attaching the alkyne-containing chain at C3 of the furan
was therefore expected to give XIV, which might evolve to
form XV by cleavage of the cyclopropyl ring, followed by
rearomatization (Scheme 4). Alternatively, XV could be
formed by a direct electrophilic aromatic substitution path-
way. In fact, treatment of 3-furylmethyl propargyl ether (13)
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Scheme 4. Reactions with a 2-substituted furan.

with PtCl2 (5 mol%) led to 14 as the only new product,
although the yield of isolated product was low because of its
ready polymerization. For this reason, the crude product was
immediately hydrogenated to give 15. Curiously, the best
result (34% overall yield) was realized in the presence of allyl
chloride, although the role of this additive is not yet known.[12]

In contrast, the use of [PdCl2(MeCN)2] (5 mol%) as catalyst
(Et2O, reflux) led only to the chloroallylation of the terminal
alkyne to give 16.[13]

In summary, the intramolecular reaction of furans with
alkynes catalyzed by PtCl2 is mechanistically related to that of
enynes in polar solvents[1] and is initiated by the nucleophilic
attack of the furan on an (�2-alkyne)platinum(��) complex to
form a cyclopropyl platinum carbene. This work suggests that
similar transformations could be carried out with other
electron-rich heterocycles and alkynes.
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Catalytic Enantioselective Isomerization of
Silacyclopentene Oxides: New Strategy for
Stereocontrolled Assembly of Acyclic
Polyols**
Dong Liu and Sergey A. Kozmin*

Creation of molecular chirality by desymmetrization of
readily available prochiral precursors is a powerful synthetic
strategy.[1] This approach is particularly attractive when a
substoichiometric amount of chiral catalyst is utilized to
mediate such transformations with high efficiency and enan-
tioselectivity.[2] We have been engaged in the development of
new catalytic desymmetrization approaches based on the use
of cyclic silicon-containing templates. Herein, we disclose a
highly enantioselective base-promoted rearrangement of
silacyclopentene oxide, which resulted in the development
of a novel strategy for the preparation of acyclic polyol-
containing motifs. To our knowledge, enantioselective de-
symmetrization of cyclic silanes has not been documented
prior to this work.[3, 4]

Pioneered by Whitesell and Felman,[5] base-mediated
epoxide isomerization utilizing chiral lithium amides has
become a valuable method for the preparation of allylic
alcohols.[6] With this as a precedent, we devised a strategy for
desymmetrization of meso-silane A (Scheme 1). Enantiose-
lective deprotonation, followed by �-elimination would result
in the formation of enantiomerically enriched allylic alcohol
B. Importantly, the use of a catalytic amount of chiral base in
combination with an appropriate agent capable of regenerat-

Scheme 1. General strategy for the desymmetrization of meso-silane A to
give enatiomerically enriched allylic alcohol B.
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