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Abstract: The reaction mechanism of f-elimination in @-sulfinyl acetals was investigated using
the chiral 3-oxo-thiochroman-1-oxide derivatives 1a and 1b. Our results show that the reaction is
kinetically controlled with the C—CO bond syr to the sulfinyl oxygen being cleaved exclusively.
This reaction seems to proceed via six-membered ring chelation intermediates.

Asymmetric desymmetrization of mese diols has been studied as a powerful method for obtaining useful
chiral building blocks from readily available materials.' Recently, we reported a novel chemical asymmetric
desymmetrization of a o-symmetrical diol using diastereoselective B-elimination caused by the chiral a-sulfinyl
carbanion, and concluded that the diasteroselectivity in our reaction was due to kinetically controlled S-
elimination (Scheme 1).**' However, we could not exclude the possibility of a thermodynamically controlled
reaction mechanism.s* In addition, we were also interested in the stereochemical aspects of the reaction.
Although considerable effort has been made to identify the reaction mechanism due to the unique characteristics
of the chiral o.-sulfinyl carbanion,’ this research has focused on the reaction with electrophiles. To the best of our
knowledge. this is the first report regarding a reaction mechanism involving B-elimination caused by the chiral ¢-
sulfinyl carbanion.

To elucidate the reaction mechanism, we synthesized the cyclic a-sulfinyl acetals 1a and 1b, in which
methylene protons adjacent to the sulfinyl group are conformationally restricted. If this reaction mechanism is
kinetically controlled, we should expect that different products would be preferentially produced from 1a and 1b
via diastereoselective f-elimination. On the other hand, if it is thermodynamically controlled, the same stable
product would be obtained from both 1a and 1b via equilibrium between the closed form A and B and the
cleaved form C (Scheme 2).

Scheme 1
o}
4

o O T

OH

29



30 N. MAEZAKI et al.

Scheme 2

[ Kinetic control |}

0 _ o 0
Q *S/ H SLI/ /e 4
Ty R — o
1a i A )
/ - L0 #
Ty, AR — ool
"o ”‘G - O"“OH
1b ) B }

| Thermodynamic control |

o (o]
5/ */
AB  —— GZCG - q:%
C

The chiral o-sulfinyl acetals 1a and 1b were synthesized as follows (Scheme 3). Thiochroman-3-one’

was acetalized with cis-1,2-bis(trimethylsiloxy)cyclopentane and a catalytic amount of trimethylsilyl
trifluoromethanesulfonaie (TMSOTH)* to give the sulfide 2 as a 1 : | diastereomeric mixture. The mixture of 2
was oxidized with ~-(phenylsulfonyD(3,3-dichlorocamphoryljoxaziridine (Davis’ reagent)® to give the chiral
sulfoxides la and 1b, each in 4 : 1 enantioselectivity. After the diastereomeric isomers were scparated with
column chromatography, their major enpantiomeric

Fig. 1 ORTEP Drawing of 1a isomers were purified by chiral HPLC (DAICEL:
Chiralcel OB) (o give sulfoxides 1a and 1b with high
enantiomeric ¢xcess. The configurations at the spiro
center of acetals La and 1b were determined based on
the observation of the nuclear Overhauser effect (NOE)
between the angular methine protons of the bicyclic
ring and the methylene preotons at the a- or y-position
of the sulfinyl group. This was also unambiguously
confirmed by single-crystal X-ray analysis of the
racemic la (Fig. 1). The absolute stereochemistry of
the sulfoxide of acetals 1a and 1b was detern.ned

to be the R-configuration.® Diasiereoselective -
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elimination was then carried out by treating 1a and 1b with 3 equivalents of lithium diisopropylamide (LDA) at
—78%C to give exclusively the diastereomeric isomers 3a and 3b accompanied by migration of the olefin to the
B. y-position, respectively. The absolute configuration of the cyclopentane rings was determined to be (1R, 25)
for 3a and (15, 2R) for 3b afier respective conversion into the known compounds 4a and 4b. "

Scheme 3
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i. ¢is-1,2-Bis(trimethylsiloxy)cyclopentane, TMSOTI (0.1 equiv.). CH;Cl3. room (emp.: ii. Davis' reagent,
CH;Cl;. room temp.; fii, separation; iv, LDA (3equiv.), THF, -78°C; v, (+)-MTPACI, EnN, DMAP, CH5Cls,
—50°C; vi, O3. MeOH, ~78°C; vii, Raney Ni(W2), EtOt, room temp.

These results show that these reactions are kinetically controlled rather than thermodynamically controlled
and the C—O bond syn to the sulfiny]l oxygen is selectively cleaved. We propose the mechanism shown in
Scheme 4. In this mechanism, the lithium cation coordinates to the sulfinyl oxygen and one of the acetal oxygens
lo give stable six-membered ring chelation intermediates I} and E. The proton syz to the sulfinyl oxygen is syn to
both of the C—~0 bonds in the chelation intermediates, thereby being difficult to cause elimination. Therefore, the

stercoelectronically favored frans elimination proceeds selectively to give 3a and 3 b, respectively.

Scheme 4

3a

1b 3b




32

N. MAEZAKI et al.

Acknowledgment: This work was supported by a grant-in-aid from the Ministry of Education, Science and
Culture (No. 03771926).

References and Notes

1 For chemical methods: (a) N. Maezaki, M. Soejima, M. Takeda, A. Sakamoto, T. Tanaka, and C. lwata, /.

Chem. Soc., Chem. Commun., 1994, 1345; (b) K. Ishihara, M. Kubota, and H. Yamamoto, Syalers, 1994,

611;(c) K. Sakai and H. Suemune, Tetrahedron: Asymmeiry, 1993, 4, 2109; (d) H. Suemune, K. Watanabe,

K. Kato, and K. Sakai, ibid., 1993, 4, 1767; (¢) C. Iwata, N. Maezaki, K. Hattori, M. Fujita, Y. Moritani, Y

Takemoto, T. Tanaka, and T. Imanishi, Chem. Pharm. Bull., 1993, 42, 339 and 946; (f) C. Twata, N.

Maezaki, M. Murakami, M. Soejima, and T. Tanaka, J. Chem. Soc., Chem. Commun., 1992, 516:(g) R. S,

Ward, Chem. Soc. Rev., 1990, 19, I; (h) C. Iwata, M. Fujita, Y. Moritani, K. Hattori, and T. Imanishi,

Terrahedron Ler.. 1987, 28, 3135; (1) C. Iwata. M. Fujita, Y. Moritani, K. Sugiyama, K. Hanori, and T.

Imanishi, ibid., 1987, 28, 3131; () M. Nara, 8. Terashima, and S. Yamada, Terrahedron, 1980, 36, 3161

and 3171 and references cited in ref. le. For enzymatic methods: reviews, (k) J. Mulzer. H.-J. Adenbach, M.

Braun. K. Krohn, and H.-U. Reissing, in Organic Synthesis Highlight, VCH, New York, 1991, p. 224; (1)

L.-M. Zhu and M. C. Tedford, Tetrahedron, 1990, 46, 6587, (m) Z.-F. Xie, Tetrahedron: Asymmetry, 1991,

2, 733; (n) D. Seebath, Angew. Chem. Int. Ed. Engl., 1990, 29, 1320; (o) M. Ohno and M. Otsuka, Org.

Reaci., 1989, 37, 1.

K. Ogura, in Comprehensive Organic Synthesis, ed. by B. M. Trost and [. Fleming, Pergamon Press, 1991,

vol. 1. p. 505 and references cited therein.

3 W. C. Lumma, Jr. and G. A. Berchtold, J. Org. Chem., 1969, 34, 1566,

4 T. Tsunoda, M. Suzuki, and R. Noyori, Tetrahedron Lett., 1980, 21, 71.

5 F. A. Davis, R. T. Reddy, W. Han, and P. J. Carroll, J. Am. Chem. Soc., 1992, 114, 1428.

6 The absolute configuration was determined by comparing the specific rotation of the diol (+)-5 transformed
from 3a or 3b with that of the diol (—)-5 transformed from 6 with a known $-configuration on a sulfur atom.

O, - -, .
NS /«f}/ / O‘~. ’
iV -
n 0 0 0
H H MegN

(+)-5 )5
[a]p +161.5 {ee]p —179.8
(a)J. F. Bowerand J. M. J. Williams, Terrahedron Lerr., 1994, 35, 7111; (b) M. Shimazaki, M. Takahashi,
H. Komatsu, A. Ohta, K. Kajii, and Y. Kodama, Svnthesis, 1992, 555.

=]

(Received in Japan 14 October 1995)



