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Tandem syn-oxidative polycyclizations of acyclic hy-
droxypolyenes represent efficient and possibly bio-
mimetic! strategies for the chemical synthesis of poly-
ether natural products. Hydroxyl-directed syrn-oxidative
cyclizations of bishomoallylic alcohols provide access to
trans-tetrahydrofurans, whereas hydroxyl-directed ep-
oxidation strategies generally produce cis-tetrahydro-
furans?® upon acid-catalyzed anti-cyclization.? Although
chromium(VI)-induced syn-oxidative cyclizations are lim-
ited to tertiary alcchols,* Kennedy has developed a
dirhenium heptoxide-mediated syn-oxidative cyclization
method which produces predominantly trans-tetrahydro-
furanyl alcohols and is compatible with primary and
secondary hydroxyalkenes.? More recently, Sinha et al.
have reported that mixtures of Re20; and periodic acid
promote tandem syn-oxidative bicyclization of a wvic-
disubstituted diene to give synthetically useful yields of
a trans,trans-bis-tetrahydrofuran product.® However, we
found that application of these published rhenium oxide
methodologies’® to trisubstituted diene substrates 6 and
10 (vide infra) gave complex reaction mixtures including
oxidative cyclization and acid-catalyzed (nonoxidative)
cyclohydration byproducts, even in the presence of an
amine base.

A plausible mechanism for hydroxyl-directed syn-
oxidative cyclization (Scheme 1) requires formation of
perrhenate ester 3 from the alcohol and Re,0; (1),” which
also generates 1 equiv of perrhenic acid (pK, —1.25)8
presumably responsible for nonoxidative cyclohydration
of trisubstituted alkene substrates via tertiary carbenium
ion intermediates. We hypothesized that a more general
reagent for syn-oxidative cyclization might require chang-
ing the leaving group from perrhenate (O3Re0™) to a less
acidic organic carboxylate (RCO;™), as in the acylper-
rhenates 2.

Reaction of aeyclic hydroxydienes 6—12° with (trifluo-
roacetyl)perrhenate (2, R = CF;)!° gave good yields (65—
90%) of monocyclic trans-tetrahydrofurfuryl alcohols 13—
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Table 1. Acylperrhenate-Induced Hydroxyl-Directed
syn-Oxidative Cyclizations
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2 Key: (A) (CF3CO2)ReOs, 2,6-lutidine, CH:2Clz, 20 °C; (B)
(ClzCHCOz)ReOa, (ClzCHCO)zO, CHchQ, 20 °C.
19 with excellent stereoselectivity (Table 1, procedure A).
In the presence of amine base (both pyridine and 2,6-
lutidine are satisfactory) monocyclization proceeds cleanly
and without formation of acid-catalyzed cyclohydration
products, even with the acid-sensitive substrates 8, 7, and
10—12. The absence of bicyclic products is presumably
due to a coordinative interaction between the Lewis acidic
rhenium atom of the perrhenate ester and the tetrahy-
drofuran oxygen of monocyclic products 13—19. Al-
though we reasoned that the trifluoroacetic acid byprod-
uct produced in perrhenate ester formation might break
up this interaction, we observed that omission of base
resulted in complex reaction mixtures, possibly due to
trace amounts of perrhenic acid still present. We then
found that additional trifluoroacetic anhydride appar-
ently traps perrhenic acid (regenerating triflucroacetyl-
perrhenate) and the trifluoroacetic acid byproduct pro-
motes formation of bicyclic trans,trans-tetrahydrofurfuryl
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Scheme 1. Mechanism of ReVi-Induced
syn-Oxidative Cyclizations
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alcohol product 20 from tetrahydrofuran-containing hy-
droxyalkene 15 in 22% yield.

The optimal reagent combination for bicyclization was
determined by correlating yields of bis-tetrahydrofuran
alcohol products with carboxylic acid pK,. We have found
that (dichloroacetyl)perrhenate (2, R = Cl,CH)!! com-
bined with excess dichloroacetic anhydride is a more
effective reagent for cyclization of tetrahydrofuranyl
hydroxyalkene 15 to the corresponding bistetrahydro-
furan alcohol 20 (Table 1, procedure B).12 Although these
reaction conditions with the vic-disubstituted alkene 18
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still give acid-catalyzed cyclohydration and alkene isomer-
ization byproducts in addition to a low yield of the bicyclic
alcohol 21,13 the more electron-rich trisubstituted alkene
19 gives satisfactory conversion to 22. Note that the
overall conversion of 12 to 22 represents a more relevant
model for biomimetic polyether synthesis than does a less
substituted substrate (i.e., 10 or 11).

Although both [2 + 2] and [3 + 2] mechanisms have
been proposed for syn-oxidative cyclizations,>d we cur-
rently favor a [3 + 2] cyclization of perrhenate 3 with
the pendant alkene to give the tetrahydrofuranyl alcohol
product complexed with rhenium(V) (5, Scheme 1). The
consistently high degree of trans-stereoinduction is also
compatible with a [3 + 2] mechanism, suggesting that
the stereoinducing center must be relatively near the
stereocenter being formed. Examination of space-filling
models indicates that the [3 + 2] adduct leading to cis-
tetrahydrofuran products suffers severe steric congestion
relative to the isomeric [3 + 2] adduct providing trans-
tetrahydrofurans. In contrast, models of the rhenia-
oxetanes 4 do not exhibit much discrimination between
the isomers leading to cis- or trans-products.

In summary, acylperrhenate reagents provide a more
general solution to the problem of tandem syn-oxidative
cyclizations of acid-sensitive hydroxydiene models for
biomimetic synthesis routes to chain polyethers. We are
currently exploring applications of acylperrhenate-
induced cyclizations to the chemical synthesis of polycy-
clic ether natural products.

Acknowledgment. We gratefully acknowledge fi-
nancial support for this research provided by North-
western University. F.E.M. thanks the Camille and
Henry Dreyfus New Faculty Award program and the
Alfred P. Sloan Foundation for additional support.
T.B.T. was a Shell Oil Graduate Fellow for the 1993—
1994 academic year.

Supporting Information Available: Representative ex-
perimental procedures and tabulated spectral data for com-
pounds 6—22 (7 pages).

J0951386C

(12) Reaction of 15 with Re,07/H;sI104 (refs 5¢, 6) gave a 32% yield
of bis-tetrahydrofuranyl alcohol 20. However, reaction of 15 with
(CF3C0O2)Re0y/H;510¢ gave a low-yielding mixture of 20 and the
monotetrahydrofuranyl ketone resulting from simple alcohol oxidation.

(13) Reaction of 18 with Re;O+/HsIO¢ resulted in rapid formation
of the acid-catalyzed (non-oxidative) cyclohydration product ii (61%
yield); the desired product 21 was not observed by 'H NMR or GC
analysis of the crude product mixture.
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