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NOVEL SILYL TRIFLATE-MEDIATED "[2,3]WITTIG" SIGMATROPIC REARRANGEMENT.
THE POSSIBLE INTERVENTION OF AN OXYGEN YLIDE

Koichi Mikami, Osamu Takahashi, Tatsuya Tabei, and Takeshi Nakai*

Department of Chemical Technology, Tokyo Institute of Technology, Meguro, Tokyo 152, Japan

SUMMARY: A novel silyl triflate-mediated [2,3)sigmatropic rearrangement of (allyloxy)acetates
and their ketene silyl acetals is described, which is proposed to proceed via rarely preced-
ented oxygen ylides. The formal [2,3]Wittig shift is characterized by the unique stereoselec-
tivity, i.e., the rarely precedented Z-selectivity and the high erythro-selectivity.

In the course of studies on enolate [2,3]Wittig rearrangements,l we made the
unanticipated observation that treatment of (allyloxy)acetates L with trimethylsilyl triflate
(TMSOTf)2 under usual silylation conditions gave rise to the [2,3]sigmatropic product 2 (eq
1). The mechanistic and stereochemical features of this novel formal [2,3]Wittig

rearrangement are the subject of this communication.
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The rearrangement was carried out by simply adding TMSOTf (1.2 equiv) to a mixture of
ester 1 and triethylamine (1.1 equiv) in dichloromethane at 0 °C and stirring the mixture at
25 °C for 5-10 h. Hydrolytic workup afforded the hydroxy ester z in high yields (Table 1). A
similar rearrangement of acids l (R=H) was effected with 2.2 equiv of TMSOTf. The TMSOTf-
mediated rearrangement is characterized by exclusive [2,3]regioselectivity and unique stereo-—
selectivity. Particularly revealing is the Z stereoselectivity observed in the rearrangements
creating a di~ or trisubstituted olefin; this is in direct contrast to the high E selectivity

widely observed for [2,3]sigmatropic processes3

including the dianionic [2,3]Wittig process of
1 (R=H).la In the rearrangements creating vicinal chiral centers the (E)-substrate provides a
high-to-moderate erythro selectivity (depending on the R group), while the (Z)-substrate does
not show an appreciable selection. Both the sense and degree of diastereoselection are
consistent with those reported for the dianionic [2,3]Wittig process of 1 (rR=H), 12 suggesting

that the mechanism of the rearrangement concerned may resemble the carbanionic concerted path.
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Table I. Rearrangements of 1 -with TMSOTf/NEt3

product 2 (X=H)

substrate %yield—a~ stereose]ectivity-tl
1a: R=CHy, R'=CHy, RZ,R7=H 93 E/Z =31 : 69
la': R=HE 85 43 : 57
1b: R=CHj, R',RZ=CHy, RO=H 98 31 : 69
(E)-1c: ReCHy, R',R%=H, R=cH g 83 E/18-92: 8
(E)-1¢': R-HSd 92 88 : 12
(2)-1g = R=cH 2 86 53 : 47
()-1d: R=i-Pr, RUR%=H, R%=cid 95 : 5
()-1g: Ret-Bu, R',R%=H, R%=cu.d 56l 8g : 128

2 Isolated yields (not optimized yet). b petermined by 3¢ nmr and/or GLC
analysis after conversion of the product to the corresponding methyl ester 2
(R=CH3). For the stereochemical assignments, see: ref la. £ The actual
substrate should be the silyl ester } (R=SiMeg). 4 The geometric purity was of
93%. £ E/T = erythro : threo. £ The product obtained was the hydroxy acid
which arises obviously from the rearrangement of the silyl ester Lz': (R=SiMe3)

once formed via the known elimination of t-Bu with TMSOTf (ref 4a).

Any mechanisms advanced for the novel rearrangement must be initiated by the O- (and
C-)silylation of 1 with TMSOTf.Z’Z‘ In fact, we found that the ketene silyl acetal (2)

independently derived from }.5 underwent the [2,3]-shift even with a catalytic amount of TMSOT{

at -72 °C to provide a higher degree of either Z or erythro selectivity (eq 2). Taken as a

whole these observations, coupled with the known reactivity of TMSOTf,6 lead us to suggest a
rarely precedented oxygen ylide7 such as 3 as a reasonable rearranging species which would be

generated from the silyloxonium salt 4 (Scheme 1).8
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Scheme | 3 ’T 1 2 (X=SiMe3)

TMSOTy £2.31shift

(

+ha »anrranaoames + A~
e realrangeineiic O

(g) with L—BuMeZSiOTT (1.5 equiv) at =95 °C for 30 min and then at -65 °C for 3 h (monitored
by GLC). We found that the Y-methylallyl derivative (%E) afforded the [2,3]}-rearranged
product 2c (X=SiMe2Bu—£) as the sole product, whereas the O-methylallyl derivative (ég) did
not definitely due to a large steric interaction between the &-methyl in §§ and entering bulky
silyl group. These finding strongly suggest that the formation of the oxonium salt 3 is
essential for the rearrangement.

Finally, it should be emphasized that the proposed mechanism nicely accomodates the
stereochemical outcomes described above, especially the unusual Z stereoselectivity. Of the
two possible conformations A and §9 where SiMeB occupies the sterically favorable exo orienta-
tion, the former should be sterically less constrained, since the latter suffers the large

eclipsing interaction of RLF>SiMe3.

H 1
Me3Six +>.__./C§2F" Me 35.;\\?9——-/(13\2&?

A — (2)-olefin B — (E)-olefin

In summary, we have established an entirely new type of "enolate [2,3]Wittig" rearrange-
ment that is promoted by silyl triflates. We believe that this involves the unprecedented
silyloxonium ylide as the key species. Compared with the conventional catbanionic methodology,
the TMSOTf-mediated methodology has the advantage of avoiding strongly basic conditions. We
are continuing to explore the synthetic and mechanistic aspects of the present sigmatropic

methodology.
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