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[3,3]Claisen vs. [2,3]Wittig Shift in Thermal and Fluolide Ion-Promoted

Rearrangements of the O- and C-Silylated Forms of a-Allyloxy Esters!)

Osamu TAKAHASHI, Toshihiko MAEDA, Koichi MIKAMI, and Takeshi NAKAI*
Department of Chemical Technology, Tokyo Institute of Technology,
Ookayama, Meguro-ku, Tokyo 152

Thermolysis of the O-silylated forms of a-allyloxy esters
is shown to afford exclusively the [3,3]Claisen products with
high stereocontrol. 1In direct contrast, the fluoride ion-promoted
rearrangement of the a-silylated esters gives exclusively the

[2,3]Wittig products with moderate stereocontrol.

The sigmatropic rearrangement of metal enolates of a-allyloxy carbonyls (A)
has been the controversial subject of current studies since the two competing
modes of sigmatropic shifts are conceivable as depicted in Scheme 1. While con-

2) we

flicting observations have been reported for ketone enolate rearrangements,
have reported that the lithium enolates geherated from acid ﬁ'(X=OH)3) and amide A
(X=NR§)4) with LDAS) in THF undergo exclusively the [2,3]Wittig shift at ca. -80
Oc, whereas the lithium enolate of ester A (X=OR) generated in the same way does

not undergo the [2,3]Wittig nor the [3,3]Claisen shift under similar conditionsﬂ)

~ N

[3,3]Claisen
2

Scheme 1.

In order to obtain an insight into the rather unexpected behavior of the
ester enolate terminus, we have now investigated the thermal and fluoride ion-
promoted rearrangement of the O- and C-silylated forms of methyl (a-allyloxy)-
acetates (1) which may be considered as structurally well-defined "ester
enolates". This report discloses that the O-silylated forms (2) on thermolysis

undergo exclusively the [3,3]Claisen shift,ﬁ)

whereas the C-silylated forms (3) on
treatment with tetrabutylammonium fluoride (TBAF), by contrast, undergo exclusive-

ly the [2,3]wittig shift (Scheme 2).
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The O- (2) and C-silylated forms (3) were selectively prepared according to
the procedure of wissner’) and Rathke,8) respectively. Thus, 1 was treated with
LDA in THF at -78 ©C and trapped with either trimethylsilyl or t-butyldimethyl-
silyl chloride to afford a nearly quantitative yield of the corresponding acetal 2
with the (Z)-geometry (>95%). The exclusive formation of the (2)-isomer is expli-
cable in terms of the well-known chelation control by the a-alkoxy in the lithia-
tion step.9) When the lithiation-silylation sequence was performed in HMPA-THF
(1 : 4), on the other hand, the C-silylated esters (3) were obtained, along with a
small amount of the [2,3]Wittig products Q,(10—15%L10’11)

With the two silylated forms in hand, we first carried out thermolysis of the
O-silylated forms (2) under various conditions. Thus, a CDC13 solution of 2 was
heated in a sealed tube at 110 ©C to afford an essentially gquantitative yield of
the corresponding [3,3]Claisen product (4) with no evidence of the [2,3]Wittig
shift (monitored by Tw NMR). Table 1 shows representative examples, which reveal
the high (E)-selectivity with respect to the newly formed double bond and the high

12) The high degree of

diastereoselectivity over the newly created chiral centers.
stereocontrol is best explained by essentially the same arguments used to ration-
alize the comparable stereoselectivity observed for the Ireland-Claisen rearrange-
ment.13) Thus, this novel Claisen variant permits the otherwise difficult pre-
parations of a variety of the protected a-keto aldehydes (4).

Next, we studied the fluoride ion-promoted rearrangement of 2 and 3 using
TBAF as the F~ source. Thus, 2910) was treated with TBAF (1.0 equiv.) in THF at
-85 ©°C to afford a quantitative yield of the [2,3]Wittig product (5a) in a modest
(E)-selectivity (E/Z = 78 : 22). A similar reaction of 3910) provided 5b in a
relatively low diastereoselectivity (erythro/threo = 70 : 30). In contrast,
however, similar treatments of 2 with TBAF did not give the [2,3]Wittig nor the
[3,3]Claisen product and, after hydrolytic workups, resulted in the complete
recovery of 1:14) These observations suggest that the anionic hypervalent C-
silicon species (6) can undergo the [2,3]Wittig shift by virtue of its carbanionic
character, whereas the QO-silicon counterpart (7) cannot. It thus appears very
unlikely that the free enolate anion (8) would be formed to an appreciable extent

from 2 via the 0-Si bond cleavage with fluoride ion.14)
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Table 1. The [3,3]Claisen Rearrangement of ga)
Substrate (2) ) c) d) Diastereo-
(_E/.Z_)b) Time /h Product (4) selectivitye)
CHW CH
0SiMe 0SiMe . £)
0 0CH.> 3 0 o 3 97 : 3
3 3
22 H 42
f%’% SiRy = SiMe, 3 ) CHs 85 : 15 )
0SiR3 (72)9 0 0SiRy (93 : 7)°
0\&\0 ‘2,
™3 iR, = siMe,Bu-t 3 7 “0CH, 80 : 20
(E)-2b (93 :7) Erythro-4b

' SiRg = SiMe, 5 wCH3 80 : 20
3 0SiR
OS1R3 0 A 3
0\%0% SiR, = SiMe,Bu-t 5 “OCH, 80 : 20
‘E)'Z. (7 : 93) H Threo-gg

a) Unless otherwise noted, the reaction was run at 110 °C in a sealed tube to provide 4 in an
essentially quantitative yield (by lH NMR assay). b) Refers to the geometric ratio of crotyl
alcohol used. c) Refers to the time required for the completion. d) The 14 and 13c NMR data were
in accord with the assigned structure. For the stereochemical assignment of 4b, see : Ref. 12.
e) Determined by 13C NMR analysis. f) Refers to the E/Z-selectivity. g) The reaction was run

at 28 °C. 1In this case 4b was isolated in 78% yield.
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In summary, this work has demonstrated that the O-silylated forms of a-allyl-
oxy esters undergo the [3,3]Claisen rearrangement at 110 °C, whereas the c-
silylated forms on treatment with fluoride ion undergo the [2,3]Wittig rearrange-
ment at -85 ©C. The results of this work not only reveal the stereochemical
features of the two sigmatropic processes, but also point out the great importance
of the "enolate" structure in dictating the operating mode of sigmatropic shift.
We are further investigating sigmatropic rearrangements involving different
(transition) metal enolates as the migrating termini.
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