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Polyepoxide cascade cyclizations? form the basis of an
appealing strategy for the synthesis of oligo(tetrahydrofurans)
common to many polyether ionophore natural products. Un-
fortunately, the diastereomerically pure polyepoxide precursors
for these cyclizations are not easily accessible. Several optically
pure polyepoxides have been prepared using the Sharpless
asymmetric epoxidation, either in a stepwise fashion? or through
a two-directional chain synthesis approach.* An alternative
strategy based on face-selective epoxidation of macrocyclic
polyenes has been used in synthesis of monensin-like fragments’
and was recently used as a key step in the synthesis of emericid.®
The most desirable approach, direct enantioselective epoxidation
of a linear polyene, has not been achieved. Sharpless’ recent
demonstration of a related polyene oxidation in his enantiose-
lective dihydroxylation of squalene’ shows that this type of
direct enantioselective oxidation is possible, but no cascade
cyclization has been reported using these optically pure polyols.®
We report the first examples of cascade cyclizations using cyclic
sulfates derived from optically pure polyols.

While searching for an epoxide equivalent that would favor
a 6-endo-tet cyclization over the normally preferred 5-exo-tet
cyclization, we investigated the solvolysis of the cyclic sulfates
la—e. These substrates all favored a 5-exo-tet cyclization, but
led unexpectedly to the free alcohol 3 rather than the expected
sulfate esters 2a—e as shown in Table 1. The 5-exo-tet
selectivity was lowered to 3:1 in the case of the methyl ether
1e, but the ratio was never reversed.” To clarify the mechanism
of the reaction, the benzyl ether of 1-decanol was added to a
cyclization reaction of benzyl ether la and was recovered
unchanged, showing that the benzyl ether itself cyclizes rather

than hydrolyzing to the corresponding alcohol before cycliza- -

tion.!® In analogous reactions, the MOM, fert-butyldimethylsilyl
(TBS), and tert-butyl ethers of 1-decanol were all partially
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Table 1. Cyclization and in Situ Hydrolysis of Sulfate Ethers 17
o} 803 H*
0~YLo OP CHiCN, H0 Q
CeHm)\ﬁ;\) reflux CGH”)\O
o) (o]
1 2
OH o
—_— CeH13)\Q + CeHi
o OH
3 4
sulfate P 3/4 % yield (3 + 4)
1la Bn >50° 97¢
1b MOM 32¢ 90
1c TBS 10¢ 98
1d tert-butyl 3204 91
1¢/ Me 3¢ 18

“ Standard reaction conditions: A 0.1 M solution of 1 in CH3CN
containing 50—100 equiv of H,O was refluxed under a N, atmosphere
for approximately 12 h until the starting material was no longer observed
(TLC). ® GC ratios of corresponding acetates. ¢ Determined by 'H NMR
integration. ¢ Reaction carried out on a 2.0 g scale. ¢ Yield is for
cyclization and acetylation. None of 4 was isolated. /In addition to 3
and 4, 81% of 4-methoxyundecane-1,5-diol was isolated from the
reaction of le.
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hydrolyzed under the reaction conditions. The most interesting
feature of these reactions is that alcohol 3 was isolated directly
from the reaction instead of the expected sulfate ester 2. The
sulfate ester was presumably hydrolyzed by acid produced in
the course of the reaction in an autocatalytic process.!! When
the reaction was buffered with pyridine, the cyclization still took
place with all ethers, but the sulfate ester 2 was isolated rather
than the free alcohol. The unexpected in situ hydrolysis leaves
the alcohol free to participate in further reactions, suggesting
the possibility of a polysulfate cascade cyclization. The cascade
cyclization reaction was reduced to practice as described below.
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The cascade cyclization was investigated using alcohol §,
which was prepared by iterative Johnson ortho-ester Claisen
rearrangements. The cyclization sequence is illustrated in
Scheme 1. Formation of the fert-butyl ether and Sharpless
asymmetric dihydroxylation gave hexaol 6 as a single isomer
in good yield. The tris(sulfate) 7 was prepared by a modification
of the Sharpless procedure!? using thionyl bis(imidazole).!?
Refluxing 7 (0.01 M) in acetonitrile with 50 equiv of H,O for
12 h gave the tris(tetrahydrofuran) 8 as a single isomer in 93%
yield.! This remarkably efficient cyclization apparently pro-
ceeded by a series of cyclizations and ir situ sulfate hydrolyses
and was almost completely free of side reactions.

The cascade cyclization was further tested in the construction
of the C17—C32 fragment of ionomycin, Scheme 2."* Cyano-
hydrin acetonide 9 was prepared from mannitol by way of
Mulzer’s polypropionate fragment.!® The 3,7-dimethyl-9-iodo-
2,6-nonadiene (10) was prepared from geraniol'® and then
coupled with the anion of cyanohydrin 9 in 95% yield.
Reductive decyanation set the configuration at C23 and cleaved
the benzyl ethers.!” Reprotection as a bis{acetonide) gave diene
11. Sharpless asymmetric dihydroxylation of 11 using the
(DHQ),-DP-PHAL ligand gave tetraol 12 as a 2.5:1 mixture of
isomers at C26—C27 positions in 90% yield.!®® The isomers
were carried through the cyclization reaction as a mixture and
were separated after acetonide formation in the correlation
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sequence. Preparation of the disulfate of 12 and cyclization
gave bis(tetrahydrofuran) 13 (along with the minor isomer) in
65% yield. Reprotection®® and separation of the major and
minor isomers arising from the dihydroxylation reaction gave
bis(tetrahydrofuran) 14, which showed NMR spectra identical
with those of the C17—C32 fragment of ionomycin previously
used by both Hanessian and Evans in their total syntheses.!3:2!
The cyanohydrin coupling, Sharpless asymmetric dihydroxy-
lation, and disulfate cyclization sequence provides a very direct
route to the C17—C32 fragment of ionomycin and demonstrates
the utility of polysulfate cascade cyclizations in the synthesis
of poly(tetrahydrofuran) natural products.
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