Asymmetric synthesis of 2,3-disubstituted oxepanes via
acetalization—cyclization of an enantioenriched functionalized allylsilane with

aldehydes
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According to the protocol for the acetalization—intra-
molecular allylsilane cyclization, a new enantioenriched
allylsilane, (R)-(E)-7-(dimethylphenylsilyl)undec-5-en-1-ol,
in the presence of a variety of aldehydes provided en-
antioenriched trans-2,3-disubstituted oxepanes stereoselec-
tively.

Allylsilanes bearing hydroxylated alkyl groups have been
utilized for the efficient synthesis of cyclic ethers via an acetal
formation with adehydes, followed by an intramolecular
cyclization of the alylsilane with an oxonium ion generated
from the acetal in the presence of an acid catalyst.1.2 Moreover,
an asymmetric version of the acetalization—intramolecular
alylsilane cyclization (AIAC) protocol was recently estab-
lished by us with use of enantioenriched alylsilanes, which
were synthesized via a highly stereoselective intramolecular
bis-silylation of enantioenriched alylic alcohols.3 Although the
AIAC protocol was successfully applied to the stereoselective
synthesis of five- and six-membered cyclic ethers, attempt at the
seven-membered ring formation has never been reported. In the
light of the synthetic importance of the oxepane derivatives, itis
highly desirable to develop a new methodology for the
stereoselective construction of oxepanes. Herein, we report
stereoselective synthesis of enantioenriched seven-membered
cyclic ethers through the AIAC protocol by use of a new
enantioenriched alylsilane 1, which was readily available from
d-vaerolactone in a multigram scale.4

Reaction of d-valerolactone with 1-lithiohex-1-yne followed
by THP protection (THP = tetrahydropyranyl) of the resulting
hydroxy group provided the ynone 2 (Scheme 1). Ruthenium-
catalyzed enantioselective reduction of the carbonyl group
afforded the propargy! acohol 3 with high optical purity.s After
the conversion of 3 to the corresponding alylic acohol 4, the

enantiomeric excess was determined to be 97.1%. Compound 4
was then subjected to our protocol for the synthesis of
enantioenriched allylsilanes.® The palladium-catalyzed intra-
molecular bis-silylation of the disilanyl ether 5 and subsequent
treatment with BuL.i followed by THP deprotection with PPTS
afforded the enantioenriched alylsilane (R)-1 with a hydroxy-
butyl chain.” The enantiomeric purity of 96.3% ee was
confirmed by chira HPLC anaysis after the appropriate
derivatization.3 Note that the procedure was efficient enough to
enable us to prepare (R)-1 on a 10 g scale without difficulty.

With the enantioenriched alylsilane (R)-1 in hand, the AIAC
reaction with acetaldehyde was examined in the presence of
TMSOTT (2 equiv.). Under essentially the same conditions that
we reported previously for the six-membered ring formation,
the cyclization took place to give the seven-membered cyclic
ether 6a in 63% yield (Table 1, entry 1).

It is noteworthy that only the trans-2,3-disubstituted seven-
membered ring ether with E olefin geometry was selectively
produced.8 The enantiomeric excess of 6a was determined to be
not lessthan 92%; finding the chiral GC or HPL C conditionsfor
the compl ete separation of the enantiomers 6a proved difficult.
Also, the cyclizations with some aliphatic aldehydes proceeded
with agood level of chirality transfer (>96%) (entries 2—4).9.10
As observed for the reaction of acetaldehyde, only the trans-E-
oxepanes 6b—d were selectively obtained in the cyclization. The
amount of the TMSOTT could be reduced to 1.1 equiv. without
adecrease in the yield or stereoselectivity (entry 3).

Reaction with benzaldehyde aso proceeded in good yield
with high stereoselectivity (entry 5). A trace amount (2%) of
cis-oxepane was detected by 'H NMR, however, the enantio-
meric excess of the trans-oxepane 6e was found to be 95.6%.
This high stereoselectivity in the seven-membered ring forma-
tion with benzal dehydeisin sharp contrast with the correspond-

Table 1 Synthesis of enantioenriched 2,3-disubstituted oxepanes through cyclization of (R)-1 (96.3% ee) with aldehydes?

OH
i TMSOTf O R
- SiMePh | ccho — Q\/\
~ HClp
Bu —78°C Bu
(R)-1 (96.3% ee) 6
Stereo

Product conservation
Entry R (% yield)P trans: cis® E:Zzc Ee (%) (%)e
1 Me 6a (63) >99:1 >00:1 92f 96
2 n-Hex 6b (71) >99:1 >09:1 93.6 97
30 Pri 6¢ (94) >09:1 >09:1 925 96
4 But 6d (71) >009:1 >09:1 93.9 98
5 Ph 6e (82) 50:1 >09:1 95.6 99
6 p-MeCgHa 6f (70) 40:1 >09:1 93.3 97
7 p-NO,CgHy4 69 (74) 20:1 >99:1 90.9 94

a The reactions were carried out at —78 °C in CH.Cl, for 2 h in the presence of TMSOTf (2.0 equiv.) unless otherwise noted. P Isolated yields.
¢ Determined by *H NMR. d Determined by chiral HPLC unless otherwise noted (ref. 9). e (Ee of the product 6)/[ee of (R)-1]. f Determined by chiral GC
(Chrompack Cyclodextrine-p-236M-19) with incomplete separation of signals for enantiomers. 9 Use of 1.1 equiv. of TMSOTT.
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Scheme 1 Reagents and conditions: i, THF, 0 °C; ii, DHP, TsOH, CH,Cl,,
room temp.; iii, |, [RuCl,(p-cymene)], (cat), KOH, PriOH, room temp.,
41% for 3 steps; iv, Red-Al, THF, 0 °C to reflux, 95%; v, CIPh,SiISiMe,Ph,
EtsN, DMAP (cat), THF, room temp., 87%; vi, Pd(acac),, ButCH,-
CMesNC, toluene, reflux; vii, BuLi, THF, 0 °C; viii, PPTS, EtOH, 60 °C,
72% for 3 steps.

ing non-stereosel ective six-membered ring formation, where all
four possible diastereomers were formed. Reaction of 1 with p-
tolualdehyde also gave trans-E-oxepane 6f stereoselectively
(entry 6). Interestingly, benzaldehydes bearing electron-donat-
ing or -withdrawing substituents at the p-positions presented
contrasting results in the reactions with 1. Thus, p-nitro-
benzal dehyde successfully afforded the corresponding oxepane
69 of 91% ee with slightly lower diastereoselectivity (entry 7),
while no reaction occurred with p-anisal dehyde.

In summary, a new and highly stereoselective synthesis of
oxepanes has been developed on the basis of the stereoselective
preparation of the enantioenriched allylsilane. The success in
the practical synthesis of 1 may lead to the synthesis of related
functionalized allylsilanes, which can be used as enantio-
enriched building blocks in organic synthesis.
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Culture, Japan for a Grant-in-Aid for Scientific Research
(11650873).
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