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Abstract. : 2-(w-(OH)-Alkyl)cyclic enol ethers react with thenium(VII)-oxide to directly provide spiroketal alcohols resulting from
an intramolecular syn oxidation of the enol ether double bond.

A number of natural products, e.g., phyllanthocin (I}, comprise a spirocyclic skeleton with oxygenated
stereocenters ¢ to the spirocyclic junction.! Although methodology exists for construction of these natural
products,? none achieves both spirocyclization and stercospecific introduction of the hydroxy! group in a single
operation. The ability of rhenium(VI)-oxide to intramolecularly direct oxidation of carbon-carbon double
bonds has been used in the synthesis of 2-hydroxymethyl tetrahydrofurans3 (equation 1). Herein we report the
spirocyclization and a-oxidation of 2-(w-(OH)-alkyl)-cyclic enol ethers in a stexeospecific syn fashion utilizing
the above described reagent (equation 2).
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Substrates 1a through 8a, prepared by alkylation of metallated cyclic enol ethers,72.b were treated with
rhenium(VID)-oxide® and 2,6-lutidine in methylene chloride at room temperature for 12 hours. Rhenium was
removed by oxidation with basic hydrogen peroxide, and the product spiroketals 1b through 8b were isolated as
single diastercomers with the exception of entries 5 and 6. All products resulted from a syn-oxidation of the
enolic double bond (i.e., the newly formed CO spiro bond and adjacent C-OH bonds were cis.) Stereochemistry
was verified by a combination of IH NOE and COSY spectra, and equilibration studies of cis and trans forms
in several products shown in Table 1. In each of entries § and 6 two products were formed; the major
diastereomers 5b and 6b had equatorial methyl groups at C3 and the minor diastereomers 5¢ and 6¢ had axial
methyl groups as determined by 1H NMR spectroscopy. The data in Table 1 shows that cyclizations to six
membered rings proceed in higher yield than those leading to five membered rings.
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Table 1. Results of Oxidative Spiroketalization

Entry Substrate {a)
K 1 Q\/\/OH
2 2 Q\MO
H
3 3a @\/\/‘3’H
4 4a @/\/\)
H
5 5a @/\r\)
H
8) 8a
H
7 7a DMS
H
MOM
8) 8a
,:0: N~ T “OH
*yield of isolated acetate derivative

Product (b) Yield (%)
1b 18
H
2 w ag™
H
36 @ se*
H
4p
78
H
“ 63.
5.8:1
H
6b 78*
551
TBDMS
7o 48
H
MOM 25+

EES

** yield of three steps, MOM protection, debenzylation and Rez07 cyclization ™

““known compound*
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A model for the synthesis of phyllanthocin was constructed? and in the event resulted in a single
diastereomer 8b (shown as A in Scheme 2), which was again fully characterized. Both substituents on the
forming ring were equatorial and the CO spiro bond of the five membered ring was axial to the 6 membered
ring. The remote stercocenters at C-3 and C-4 appear to now exert full control’ over the emergent centers at
the spirojunction. Critical to assignment of stereochemistry was the observation in the NOESY spectrum of a
cross peak between protons H10 and H5a and H5e. However, none was observed between H10 and H2a or
H2e, as would have been expected in the event of formation of isomer B. The anomeric effect and minimization
of nonbonded repulsions are expected to account for the observed stereoselectivity.

Scheme 2. The phyllanthocin model

The mechanism of oxidative addition of alkenes to d0 high valent oxo transition metals such as osmium
tetroxide has been the object of recent attention. Both [3+2]68.b and [2+2]6¢ mechanisms have been proposed.
Our carlier work generated data in support of the latter hypothesis in which a metallaoxetane most closely
approximated the geometry of the apparently irreversible event. However the observed pattern of stereocontrol
here leads to the conclusion that the more electron rich and reactive enol ether double bond effectively shifts the
mechanism from a [2+2] configuration toward a [3+2] geometry (Scheme 3).
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Scheme 3. Mechanism of oxidative cyclization

We have developed a one step construction of a-hydroxy spiroketals that exploits the ability of
rhenium(VII)-oxide to intramolecularly oxidise enol ether double bonds in a stereoselectively syn fashion and
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with remote stereocontrol. Application of this methodology to the synthesis of phyllanthocin is under way and
results will be reported in due course,
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9. Substrate 8a was prepared by the reaction of the cuprate derived from lithiated dihydrofuran (by deprotonation of dihydrofuran
with tBuLi) with the epoxide shown in 38% isolated yield.
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Secondary alcohol protection as a MOM-cther and dissolving metal debenzylation gave 8a.
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