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ABSTRACT

The asymmetric synthesis of 2,7-cis-disubstituted oxepanes bearing a sulfoxide is achieved from commercially available precursors in only
five steps. The key step is the highly diastereoselective Et3SiH/TMSOTf-promoted reductive cyclization of enantiopure hydroxysulfinyl aryl or
alkyl ketones.

Seven-, eight-, and nine-membered medium ring ethers are
a common structural unit of many ladder ether marine toxins
and simplerLaurenciaacetogenins metabolites,1 but they are
generally difficult to synthesize via standard cyclization
methodologies.2 Nevertheless, the challenge of their efficient
construction has led to the development of several strategies
for their synthesis,1,3,4 mainly in racemic form.

(+)-Isolaurepinnacin (1)5 and (+)-neoisoprelaurefucin (2)6

are representative members of theLaurencia-derived C15
acetogenins containing anR,R′-cis-disubstituted oxepane

ring. Although synthetic investigations toward the stereose-
lective construction of racemic cis-2,7-disubstituted-4,5-
oxepenes and oxepanes have resulted in several reports,7 only
a few have dealt with nonracemic derivatives such as (+)-
isolaurepan (3),8 the fully saturated core of (+)-1, as well
as other nonracemic oxepene9 and oxepane10 derivatives.

In connection with a program devoted to asymmetric
synthesis mediated by sulfoxides,11 we have recently reported
a highly stereoselective approach to cis-2,5-disubstituted
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tetrahydrofuran and 2,6-disubstituted tetrahydropyran sys-
tems12 based on the reductive cyclization of the correspond-
ing enantiopure hydroxysulfinyl ketones using the Et3SiH/
TMSOTf system.13 In this paper, we extend this methodology
to the enantioselective synthesis of 2,7-cis-disubstituted
oxepanes illustrating its usefulness with the short formal
synthesis of (+)-isolaurepan (3).

The synthesis began with the condensation of the lithium
anion derived from (SR)-methyl-p-tolylsulfoxide14 and di-
methyl (4) or diethyl adipate (5) to give enantiopureâ-keto
sulfoxides (SR)-6and (SR)-7 in 70% and 79% yield,
respectively (Scheme 1). Reduction of derivative4 with
DIBAL-H in the presence of ZnBr2 affordedâ-hydroxysulf-
oxide (6R,SR)-8in 73% yield with an excellent diastereo-
selectivity (de>98%). When DIBAL-H alone was used to
reduce the ketosulfinyl ester5, compound (6S,SR)-9 was
exclusively formed in 88% yield. The synthesis of Weinreb’s
amides (6R,SR)-10and (6S,SR)-11was, respectively, achieved
by treatment of esters8 (76% yield) and9 (86% yield based
on 23% recovered starting material) withN-methyl meth-
ylhydroxylamine in the presence of an excess of AlMe3.15

Without protection of the OH group, amide10 reacted
with an excess of phenylmagnesium bromide in THF
affording enantiopure aryl ketone (6R,SR)-12in 83% yield,
whereas alkyl derivative (6S,SR)-13was obtained from11
by treatment withn-hexylmagnesium bromide in THF/Et2O
in 78% isolated yield.

With hydroxysulfinyl ketones in hand, we tried the
reductive cyclization conditions to access the cis-2,7-
disubstituted oxepane ring. Thus, when phenyl ketone12
was treated with 10 equiv of triethylsilane followed by 1.5
equiv of trimethylsilyl triflate in CH2Cl2 at 0 °C, oxepane
(2S,7R,SR)-14was formed in only 30 min as the exclusive
diastereoisomer and isolated in 83% yield (Scheme 2). The
relative cis configuration of this derivative was initially
assigned from the NOESY enhancements observed between
H2 and H7 protons in14and later by the chemical correlation
with racemic known compound15.

Finally, the treatment of sulfoxide14 with Raney nickel
in EtOH at room temperature gave rise to (2S,7S)-7-methyl-
2-phenyloxepane (15) [[R]20

D ) -53 (c1, CHCl3)], in 90%
yield. This compound was shown to be identical, except in
the R value, to the racemic derivative described by Nico-
laou,13 allowing us to confirm the cis stereochemistry of
compound14.
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Castañeda, A.; Kucera, D. J.; Overman, L. E.J. Org. Chem.1989,54, 5695-
5707. (e) Kurth, M. J.; Olmstead, M. M.; Rodrı́guez, M. J.J. Org. Chem.
1990,55, 283-288. (f) Davies, M. J.; Moody, Ch. J.J. Chem. Soc., Perkin
Trans. 11991, 9-12. (g) Fotsch, Ch. H.; Chamberlin, A. R.J. Org. Chem.
1991,56, 4141-4147. (h) Carling, R. W.; Clark, S. J.; Holmes, A. B.J.
Chem. Soc., Perkin Trans. 11992, 83-94. (i) Berger, D.; Overman, L. E.
Synlett1992, 811-813. (j) Gil, J. F.; Ramón, D. J.; Yus, M.Tetrahedron
1993,49, 4923-4938. (k) Brunel, Y.; Rousseau, G.J. Org. Chem.1996,
61, 5793-5800. (l) Rychnovsky, S. D.; Dahanukar, V. H.J. Org. Chem.
1996,61, 7648-7649. (m) Evans, P. A.; Manangan, T.J. Org. Chem.2000,
65, 4523-4528. (n) Zhang, Y.; Reynolds, N. T.; Manju, K.; Rovis, T.J.
Am. Chem. Soc.2002,124, 9720-9721.

(8) Kotsuki, H.; Ushio, Y.; Kadota, I.; Ochi, M.J. Org. Chem.1989,
54, 5153-5161.

(9) (a) Crimmins, M. T.; Emmitte, K. A.Synthesis2000, 899-903. (b)
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When we applied the same Et3SiH/TMSOTf conditions
for the reductive cyclization ofn-hexyl ketone13, a 92:8
mixture of diastereoisomers (2S,7S,SR)-16and (2R,7R,SR)-
17 was obtained after 1 h, from which major isomer16 was
isolated in 85% yield. The relative cis configuration of both
derivatives was again assigned from the NOESY enhance-
ments observed between H2 and H7 protons in16 and 17.
Moreover, them-CPBA oxidation of a 50:50 mixture of16
and17afforded in 95% yield a unique sulfone18, confirming

again the same relative configuration for the stereogenic
carbons of16 and17.

The absolute configuration of derivative16was ascertained
after transformation into the known compound (-)-19. Thus,
the treatment of16 under the classical Pummerer reaction
conditions16 ((i) TFAA, 2,4,6-collidine; (ii) K2CO3) followed
by reduction with NaBH4 gave rise to the corresponding
alcohol (2S,7S)-2-hexyl-7-(hydroxymethyl)oxepane (19) [[R]20

D

) -6.5 (c 1, CHCl3)], in 79% yield. This compound was
shown to be identical to that described in the literature8

[[R] 20
D ) -6.47 (c 1, CHCl3)]. This synthetic sequence can

be considered as a formal synthesis of (+)-isolaurepan (3),
the fully saturated skeleton of the natural compound (+)-
isolaurepinnacin (1), because derivative (-)-19had been
previously transformed, after two steps, into compound (+)-
3.8

In summary, the Et3SiH/TMSOTf-promoted reductive
cyclization of the corresponding hydroxysulfinyl aryl or alkyl
ketones is an excellent pathway for the enantioselective
construction of the cis-2,7-disubstituted oxepane core. The
usefulness of the methodology has been demonstrated with
the formal synthesis of (+)-isolaurepan (3) through the
enantioselective preparation of the advanced intermediate
(-)-19 in only six steps from commercially available diethyl
adipate with 31% overall yield.

Further applications of this method to the asymmetric
synthesis of eight- and nine-membered medium ring ethers
are now in progress.
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