Tetrahedron Letters, Vol. 35, No. 52, pp. 9733.9736, 1994
Elsevier Science Ltd

Printed in Great Britain

0040-4039/94 $7.0040.00

@ Pergamon

0040-4039(94)02170-8

ENANTIOSELECTIVE PUMMERER-TYPE REARRANGEMENT BY
REACTION OF O-SILYLATED KETENE ACETAL WITH ENANTIOPURE
o-SUBSTITUTED SULFOXIDES

Yasuyuki Kita*, Norio Shibata, Seiji Fukui, and Shigekazu Fujita

Faculty of Pharmaceutical Sciences, Osaka University, 1-6 Yamada-oka, Suita, Osaka 565, Japan

Abstract: Chiral non-racemic o-substinited sulfoxides were reacted with O-silylated ketene acetal in the
presence of a catalytic amount of ZnI in THF to give chiral non-racemic ¢t-siloxysulfides in >99% ee.
This is the highest enantioselectivity reported to date for the Purnmerer reaction.

Although the asymmetric Pummerer rearrangement is of significant importance due to the sicreogenicity
transfer from optically active sulfoxides to the a-carbon of the sulfur, the extent of asymmetric induction in
acyclic systems was quite low,!) probably due to the formation of a sulfurane intermediate with the generated
acetate anion. The enantioselectivity was considerably improved by the addition of 1,3-dicyclohexyl-
carbodiimide (DCC) as an effective acetate anion scavenger, but the chemical yield signiﬁbantly decreased.2)
Recently, we reported the first highly enantioselective silicon-induced Pummerer-type rearrangement in acyclic
chiral non-racemic sulfoxides (1) using O-methyl-O-tert-butyldimethylsilyl ketene acetal (2), which gave chiral
non-racemic o-siloxysulfides under mild conditions in high yield.3? The extent of asymmetric transformation,
however, never exceeded 90% ece. To develop the optimal asymmetric transformation of 1, it is quite

important to determine in which step(s) racemization occurs (Scheme 1).
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Scheme 1

Very recently, we have shown that the silicon-induced Pummerer rearrangement of 1 proceeded with

highly diastereoselective deprotonation of the a-methylene proton in step 1 and anti elimination of the siloxy
group in step 2 using the detailed deuterium-labeling experiment.#) We describe here a highly selective
Pummerer rearrangement of chiral non-racemic sulfoxides (Scheme 2).
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Since we learned thﬁt the deprotonation step of the a:-methylene protons plays a significant role in the
stereoselectivity, we selected the compounds (3, 4) which have two stereogenic centers: the o-carbon and
sulfur atom. The starting chiral non-racemic 3, 4 were easily prepared in stereoselective form using the
reported method.5) Surprisingly, a high stereogenicity transfer was observed in the reaction of 3 and 4 with
2. Thus, treatment of (C§55)-(-)-anti-3, 4 with 2 in the presence of a catalytic amount of Znl2 in THFS)

gave enantiomerically p
gave pure R-6, 77-8) res

effect on the configuration of the product.

This high stereocon

a-siloxysuifide (R-6, 7),7-8) and the reaction of (CSSR)-(-)-syn-3, 4 with 2
tively (Table 1, runs 1-4). Interestingly, the stereochemistry of sulfoxide had no

The introduction of a stereogenic center « to a sulfoxide
dramatically improved the enantioselectivity from 88% ee to >99% ee.
1 of the reaction is explained as follows: In both isomers ((-)-anri-3, 4, (-)-syn-3,

4), the deprotonation step is completely controlled and the deprotonated hydrogen has the aari-periplanar
orientation with S-O bond. The deprotonation step of the a-methylene proton proceeds via an E2-type

elimination to give the yli
5-O group. This results
not the racemization step
(step 1).

intermediates A and B.%) The siloxy anion then rearranged on the same face of the

uggest that the rotational step of ylide (step 2, i.c. between A and A', B and B') is

ig. 1) and at least the racemizatton must have occurred in the deprotonation step!®
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Table 1 Asymmetric Pummerer-type Rearrangement by O-Silylated Ketene Acetal”
Run Sulfoxide” [o]p (CHChK) Product Yield (%) [ojp (cyclohexane) Ee (%)°
o(s) 2-Py.__S=-pTol
1 (sY S=p-Tol .235 > ol 70 -23.3 >99
BU'MBzSiO Me (c =1 .2,
Cs Ss) ( )-anti-3 A6
O(R)T I
2 -pTo
2 (sY i 236 R-6 ag -22.6 >98
c=0.9
Cs SA 115y 3 (c= 08l
o
H = (S} | -
3 2-Py. __S-pTol 276 2Py, S=pTol 4, 54.1 »99
Y Bu'Me,SiO" Et (c=086)
Cs Ss)-( )-ant-4 R7
Z(R)T i
- L]
4 (sY i -138 At 72 -54.0 >99
c=12
(Gs SA)( )5y (c=12)
,9m) 2-Py__S-p-Tol
5 2-Py._ ts—p-Tol +277 P 57 +56.2 >99
(R )\’ Et” “OSiMe,Bu' ©=1.1)
{Cn SR) (+) -anii-4 57
s(S] T
2- —p-Tol
6 Py\" ” +138 s7 75 +54.1 >99
Et =186
{Cr Ss)-(+)-syn4
° -251 2.y S—p-Tol 288 79
7 Z-W\;é—pTol t:)SiMe Bt (acetone, ¢ = 0.9)
S5 sg g6° 30.2 83
(acetone, ¢ = 0.5)
o 2-Py.__.S—p-Tol
8 2Py, *&—nTol +251 Y 819 +29.6 82
Py~ _-S-p-To OSiMe,But {acetone, c = 1.0)
RS A8

a. All reactions were carried out in THF.

b. Starting sulfoxides (3-5) were prepared by reported methods.

¢. Ee values were determined by TH-NMR {CDCl3 and CgDg) with Eu(hfc)z.
d. Reactions were carried out in MeCN.

In conclusion, the deprotonation step (step 1} is the most important step for high enantiomeric purity and
an optimal asymmetric Pummerer reaction of chiral non-racemic acyclic sulfoxides was accomplished to
control the step 1.
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In our silicon-induced Pummerer reaction, if the rotation step of ylide (step 2) is the racemization step, the
produced 6, 7 should have the opposite sign of the [olp value from (-)-anti-3, 4 and (-)-syn-3, 4.

10. As expected, the extent of asymmetric induction of the chiral sulfoxides (§-and R-5), which have two -
profons never ex ed 83 % (Table 1, runs 7 and 8). The absolute stereochemistry of 8 was tentatively
assigned from references 3 and 4.
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