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ABSTRACT

Asymmetric 1,3-dipolar cycloadditions of a sulfur-containing 1,3-dipole and r,â-unsaturated camphorsultam amides as dipolarophiles are
described. The cycloaddition products, trans-3,4-disubstituted tetrahydrothiophenes, were obtained in high diastereomeric ratios (up to 90:10)
and in high yields. Chromatographic removal of the minor diastereomer followed by cleavage of the chiral auxiliary furnished either the
enantiomerically pure corresponding alcohol or carboxylic acid.

Ylide equivalents containing heteroatoms such as nitrogen1

or sulfur2 are useful intermediates for the addition to
dipolarophiles such asR,â-unsaturated acyl derivatives. Such
1,3-dipolar cycloaddition reactions can result in the formation
of five-membered rings (for example, pyrrolidine or tetrahy-
drothiophene derivatives) in one single step. Moreover,
dipolarophiles linked to chiral auxiliaries react with nitrogen
ylides to form cycloaddition products in favor of one
diastereomer.3 However, auxiliary-induced diastereoselective
cycloadditions between thiocarbonyl ylides and dipolaro-
philes have to our knowledge not been investigated.

Recently we reported the asymmetric 1,3-dipolar cyclo-
addition between nitrogen-containing 1,3-dipoles and chiral
dipolarophiles. Thus,R,â-unsaturated acyl derivatives linked
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to various chiral auxiliaries were studied and we found that
camphorsultam is the most efficient auxiliary among those
investigated.4

We now wish to present a similar approach to the
preparation of enantiomerically puretrans-3,4-disubstituted
tetrahydrothiophenes.

CsF-catalyzed5 decomposition of chloromethyl trimethyl-
silylmethyl sulfide 3 furnishes the thiocarbonyl ylide3#
(Scheme 2). This adds to a variety of dipolarophiles in a
stereoselective manner forming substituted tetrahydrothiophene
rings.6 Thus, when starting from dipolarophiles of the
â-substituted (E)-R,â-unsaturated acyl type, the resulting
products aretrans-3,4-disubstituted tetrahydrothiophene de-
rivatives.6 We found that a number of such dipolarophiles
linked to camphorsultam underwent highly diastereoselective
thiocarbonyl ylide additions.

The enantiomerically pure dipolarophiles, i.e., (E)-R,â-
unsaturated sultam amides2a-c, were prepared according
to Scheme 1. In the presence of the CsF catalyst, the dipole

precursor3 reacted with compounds2a-c to give exclusively
the two diastereomerictrans-3,4-disubstituted tetrahydro-
thiophenes4 and5 (Scheme 2) in excellent yields and high
diastereoselectivities (Table 1).

(1S)-(-)-2,10-Camphorsultam was found to be very ef-
ficient as a chiral inducer for this type of cycloaddition
sequence. High diastereoselectivities were observed for all

three dipolarophiles2a-c. When the reaction temperature
was increased, a small decrease in selectivity was observed
while the yields remained practically constant. However, at
elevated temperature, the dipolarophile2b gave the cyclo-
addition products in very low yield and the reaction became
very sluggish (entry 9). When the temperature was kept at 0
°C, all three dipolarophiles reacted cleanly during 4 days to
give the products4 and5 in high isolated yields (up to 95%)
and high diastereomeric ratios (up to 90:10), see entries 1,
4, and 7. In all cases, the diastereomers4 and5 were easily
separated by liquid chromatography. For example, diastereo-
merically pure4a was obtained in 84% overall yield.

Nondestructive removal of the chiral auxiliary to give the
corresponding enantiomerically pure carboxylic acid or
alcohol along with recovered camphorsultam was accom-
plished using LiOH in refluxing THF:H2O or LiAlH4,
respectively (Scheme 3). To confirm the configurations at

positions 3 and 4 of the tetrahydrothiophene ring,6a-c were
transformed to their corresponding desulfurized, known
compounds7a-cusing Ra-Ni in refluxing EtOH (Scheme
3). The [R]D values of these compounds were used for the
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Scheme 1. Preparation of Chiral Dipolarophiles2a-c

Scheme 2. 1,3-Dipolar Cycloaddition between2a-c and3

Table 1. Diastereomeric Ratio (dr) in the 1,3-Dipolar
Cycloaddition between2a-c and the Dipole Precursor3

entrya dipolarophile
temp
(°C) time

yield
(%)b

product,
dr 4:5c

1d 2c 0 4 days 89 89:11
2e 2c 20 2 days 95 86:14
3e 2c 80 1 h 94 82:18
4d 2a 0 4 days 92 90:10
5e 2a 20 2 days 91 89:11
6e 2a 80 3 h 84 86:14
7d 2b 0 3 days 95 90:10
8e 2b 20 2 days 88 87:13
9e 2b 80 1 h 40 f

a To one of the dipolarophiles2a, 2b or 2c (1 molar equiv) in CH3CN
(8 mL/mmol dipolarophile) were added the dipole precursor3 (1.3 molar
equiv) and CsF (2-3 molar equiv) under an atmosphere of argon. Quenching
with H2O (20-40 mL/mmol dipolarophile), extractions with EtOAc (3×
20-40 mL/mmol dipolarophile), and drying (MgSO4) gives the two
diastereomers4 and5 after chromatography.b Isolated total yield of4 and
5 after liquid chromatography.c Calculated on the crude products by1H
NMR. d Performed on a 3 mmol scale.e Performed on a 0.1 mmol scale.
f Not measured.

Scheme 3. Cleavage of the Camphorsultam Auxiliary and
Subsequent Reductive Desulfurization
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confirmation of the absolute configurations at C-3 and C-4:
7a [R] 25

D ) -38.1 (lit.7 for ent-7a [R] 23
D ) +40.65); 7b

[R] 25
D ) -55.9 (lit.8 [R] 20

D ) -41.7); 7c [R] 25
D ) -63.1

(lit.7 for ent-7c[R] 21.5
D ) +53.1).

We also prepared the enantiomerically pure oxazolidinone
dipolarophiles of type2, where XC in the amides were
derived from 4(S)-tert-butyl- and 4(R)-phenyl-2-oxazolidi-
none. The CsF-catalyzed cycloaddition reactions of these
dipolarophiles with compound3 were not successful. Al-
though the yields were high, the diastereomeric ratios
obtained were unsatisfactory: 55:45.

In conclusion, enantiomerically puretrans-3,4-disubsti-
tuted tetrahydrothiophenes6 were obtained via asymmetric
cycloaddition reactions between a sulfur-containing 1,3-

dipole (3#) andR,â-unsaturated (1S)-(-)-camphorsultam
amides as chiral dipolarophiles. We have also demonstrated
that a dipolarophile containing a vinyl ether moiety (i.e.2b)
can be used as the reactive partner in the cycloaddition
sequence resulting in the enantioselective introduction of a
4-hydroxy equivalent in the tetrahydrothiophene ring.
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