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Polyepoxide cascade cyclizations2 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 fashion3 or through 
a two-directional chain synthesis approach.4 An alternative 
strategy based on face-selective epoxidation of macrocyclic 
polyenes has been used in synthesis of monensin-like fragments5 

and was recently used as a key step in the synthesis of emericid.6 

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 squalene7 shows that this type of 
direct enantioselective oxidation is possible, but no cascade 
cyclization has been reported using these optically pure polyols.8 

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 
Ie, but the ratio was never reversed.9 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.10 In analogous reactions, the MOM, ferf-butyldimethylsilyl 
(TBS), and fert-butyl ethers of 1-decanol were all partially 

(1) New address: Department of Chemistry, University of California, 
Irvine, CA 92717-2025. 

(2) For a recent review, see: Koert, U. Synthesis 1995, 115. 
(3) (a) Nakata, T.; Schmid, G.; Vranesic, B.; Okigawa, M.; Palmer, T. 

S.; Kishi, Y. J. Am. Chem. Soc. 1978, 100, 2933. (b) Dolle, R. E.; Nicolaou, 
K. C. J. Am. Chem. Soc. 1985, 107, 1691. (c) Paterson, L; Craw, P. A. 
Tetrahedron Lett, 1989, 30, 5799. (d) Russell, S. T.; Robinson, J. A.; 
Williams, D. J. J. Chem. Soc, Chem. Commun. 1987, 351. 

(4) (a) Hoye, T. R.; Suhadolnik, J. C. J. Am. Chem. Soc. 1985, 107, 
5312. (b) Hoye, T. R.; Suhadolnik, J. C. Tetrahedron 1986, 42, 2855. (c) 
Hoye, T. R.; Hanson, P. R.; Kovelesky, A. C; Ocain, T. D.; Zhuang, Z. J. 
Am. Chem. Soc. 1991, 113, 9369. (d) Hoye, T. R.; Hanson, P. R. 
Tetrahedron Lett. 1993, 34, 5053. 

(5) (a) Still, W. C; Romero, A. G. J. Am. Chem. Soc. 1986,108, 2105. 
(b) Schreiber, S. L.: Sammakia, T.; Hulin, B.; Schulte, G. J. Am. Chem. 
Soc. 1986, 108, 2106. 

(6) Evans, D. A.; Ratz, A. M.; Huff, B. E.; Sheppard, G. S. J. Am. Chem. 
Soc. 1995, 117, 3448. 

(7) Crispino, G. A.; Ho, P. T.; Sharpless, K. B. Science 1993, 259, 64. 
(8) For alternative approaches to poly(tetrahydrofurans) which also use 

asymmetric dihydroxylation, see the following: (a) Wagner, H.; Koert, U. 
Angew. Chem., Int. Ed. Engl. 1994, 33, 1873. (b) Taber, D. F.; Bhamidipati, 
R. S.; Thomas, M. L. J. Org. Chem. 1994, 59, 3442. (c) Sinha, S.; Keinan, 
E. J. Am. Chem. Soc. 1993, 115, 4891. (d) Sinha, S. C; Sinha-Bugchi, A.; 
Keinan, E. J. Am. Chem. Soc. 1995, 117, 1447. (e) Hoye, T. R.; Tan, L. 
Tetrahedron Lett. 1995, 36, 1981. 

(9) The major product, anri-4-methoxyundecane-l,5-diol, resulted from 
nucleophilic opening of the cyclic oxonium ion intermediate by water. 

Table 1. Cyclization and in Situ Hydrolysis of Sulfate Ethers 1° 
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" Standard reaction conditions: A 0.1 M solution of 1 in CH3CN 
containing 50-100 equiv of H2O was refluxed under a N2 atmosphere 
for approximately 12 h until the starting material was no longer observed 
(TLC). * GC ratios of corresponding acetates.c Determined by 1H NMR 
integration. •* Reaction carried out on a 2.0 g scale. " Yield is for 
cyclization and acetylation. None of 4 was isolated, f In addition to 3 
and 4, 81% of 4-methoxyundecane-l,5-diol was isolated from the 
reaction of Ie. 
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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 5, 
which was prepared by iterative Johnson ortho-ester Claisen 
rearrangements. The cyclization sequence is illustrated in 
Scheme 1. Formation of the /erf-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 procedure12 using thionyl bis(imidazole).13 

Refluxing 7 (0.01 M) in acetonitrile with 50 equiv of H2O for 
12 h gave the tris(tetrahydrofuran) 8 as a single isomer in 93% 
yield.14 This remarkably efficient cyclization apparently pro
ceeded by a series of cyclizations and in 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 2.15 Cyano-
hydrin acetonide 9 was prepared from mannitol by way of 
Mulzer's polypropionate fragment.16 The 3,7-dimethyl-9-iodo-
2,6-nonadiene (10) was prepared from geraniol16 and then 
coupled with the anion of cyanohydrin 9 in 95% yield. 
Reductive decyanation set the configuration at C23 and cleaved 
the benzyl ethers.17 Reprotection as a bis(acetonide) gave diene 
11. Sharpless asymmetric dihydroxylation of 11 using the 
(DHQ)2-DP-PHAL ligand gave tetraol 12 as a 2.5:1 mixture of 
isomers at C26-C27 positions in 90% yield.1819 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. Reprotection20 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.15,21 

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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