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We recently reported that molybdenum pentacarbonyl will
cyclize 1-alkyn-4-ols to the isomeric 2,3-dihydrofurans.2? Al-
though the generation of Mo(CO)s from trimethylamine N-oxide
and molybdenum hexacarbonyl produces a modestly catalytic
reagent for this cycloisomerization, we have found that Et;N:
Mo(CO)s is best prepared by photolysis of Mo(CO)gin a mixture
of diethyl ether and triethylamine (Rayonet lamp, 350 nm, pyrex
filter, eq 1).4 Subsequent addition of alkynol 15 (dark reaction)
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and stirring for ca. 18 h gives dihydrofuran 29 (89% optimized
yield from 26 mol % Mo(CO)s, eq 2). This reaction system is
critically dependent on the presence of a tertiary amine, in that
photogenerated molybdenum pentacarbonyl—diethyl ether leaves
1 unchanged. A practical advantage of supplanting trimethyl-
amine N-oxide decarbonylation with the photochemical method
isthatcyclic products are more effectively removed from inorganic
byproducts, thus resulting in higher isolated yields.

Attempts to follow the mechanistic course of this reaction by
deuterium-labeling of either the alcohol or alkynyl hydrogens of
1 were complicated by equilibration of the deuterium atom
between these two moderately acidic functional groups upon
standing in the absence of triethylamine or molybdenum car-
bonyls.” However, our current evidence for the intermediacy of
molybdenum carbene anion 4 asa catalyticintermediate includes
the isolation of the apparent aldol condensation—dehydration®
products 5 and 6 (Scheme 1). Reaction of 1 with 1 equiv of
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Scheme 1. Proposed Mechanism for Alkynol
Cycloisomerization
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Table 1. Cycloisomerization of Epoxyalkynes to Furans®

furan
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@ Representative procedure: Mo(CO)¢ (0.3 mmol) was placed in an
18- X 150-mm borosilicate test tube. Freshly distilled Et3N (3 mL) and
Et,0 (10 mL) were added, and the contents were dissolved with stirring.
The reaction mixture was then photolyzed for 20 min under N,. The
reaction vessel was removed from the light source, epoxyalkynes 12-16
(2.0 mmol) in Et,0 (2 mL) were added, the reaction mixture was left
to stir for 18 h. Furan products 17-20 were isolated by evaporation of
solvent followed by flash chromatography on silica gel (pentane:Et,0).

Et;N:Mo(CO);s in the presence of benzaldehyde gives the stable,
blood-red molybdenum carbene § (35% yield) along with
dihydrofuran 2 (37%), while the catalytic reaction with enolizable
acetaldehyde® gives the conjugated diene 6 as an inseparable
mixture with 2.

We also found that epoxyalkyne 12 (prepared by m-CPBA
epoxidation!® of enyne 7!!) reacts with a catalytic amount (11
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Scheme 2. Proposed Mechanisms for Cycloisomerization of Epoxyalkynes 12-16
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mol %) of triethylamine-molybdenum pentacarbonyl to give the
furan product 17'213in good yield (entry 1, Table 1). Our selection
of subsequent epoxyalkyne substrates 13—-16!%!! was designed in
part to test various mechanistic issues. For example, the
mechanistic possibility of base-induced elimination of the epoxide
to an alkynyl allylic alcohol intermediate!® is precluded in
substrate 13, which provides furfuryl alcohol 18 (entry 2) under
the same reaction conditions used to convert epoxyalkyne 14 to
furan 19 (entry 3). For compound 15! (entry 4), which has the
alcohol and alkynyl groups cis-substituted on the oxirane ring,
the only product observed is 19.!5 However, when the hydroxyl
group is placed in a homopropargylic position (16, entry 5), we
observe only the product 20,6 in which the furan oxygen arises
from the alcohol, while the exocyclic secondary alcohol results
from epoxide opening.

We propose that the Et;N:Mo(CO)s-catalyzed isomerization
to furans generally proceeds by way of a concerted rearrange-
ment!?1% of epoxyvinylidenecarbenes 21 to the cyclic a,8-
alkenyloxacarbene intermediate 22 (mechanism a, Scheme 2).
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Vinylogous deprotonation of 22 and subsequent protonation!® of
the molybdenum-furan bond of 23 (possibly by reductive
elimination of a furylmolybdenum hydride) will yield furans 17—
19. In the case of hydroxylated epoxyalkyne 16 (entry 5, Table
1), the vinylidenecarbene 24 is rapidly trapped by the pendant
hydroxyl group to give anionic 25. The equilibrium between 24
and 25 is presumably driven by epoxide opening to the cyclic
a,B-alkenyloxacarbene intermediate 26 (mechanism b). The
divergence between mechanisms a and b is probably due to the
relative differences in the irreversible rate-determining steps,
where k; < k;, and so mechanism b dominates mechanism a
when a homopropargylic alcohol is present to trap the vinyli-
denecarbene intermediate before it can rearrange to cyclic a,8-
alkenyloxacarbene. We have observed that primary homopro-
pargylicalcohols such as 3-butyn-1-oland enynol 11 are generally
unreactive under Et;N:Mo(CO);catalysis, but the relief of strain
energy gained by epoxide opening (25— 26) drives this otherwise
unfavorable example to the furan 20.

We have also found that the secondary hydroxyenyne 2720 will
cyclize to give the furan product 28 (64% yield, eq 3) as a result
of migration of the exo-methylene to give the aromatic furan.

EtaN:Mo(CO) Crs
3 ‘Mo
Hf{_\‘ __3__5_5- A (3)
i = EtsN, Et,0 0"\
27 28

Note that the allyl side chain does not migrate into conjugation
with the furan ring under these mild reaction conditions. Further
studies on the scope of molybdenum pentacarbonyl-catalyzed
cyclizations are in progress.
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