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Since its introduction in 1972, the Ireland protocol' has
remained preeminent among the numerous methods for effecting
Claisen rearrangements.? The utility of this procedure stems
largely from the availability of O-silyl ketene acetals, prepared
from allyl ester or lactone enolates, and the facility of their
rearrangement to silyl esters. We became interested in the
possibility of replacing the trialkylsilyl group of O-silyl ketene
acetals with other groups, primarily for the purpose of varying
the degree of bond breaking and bond making in the transition
state and thereby affecting the rate and, potentially, even the
diastereoselectivity of the rearrangement.’

Initially, the Claisen rearrangements of enol phosphates* were
selected in view of their well-precedented stabilities® and acces-
sibilities from ester or lactone enolates.® Moreover, theanticipated
rearrangement products, mixed carboxylic dialkylphosphoric
anhydrides, are synthetically useful acylating agents.” Herein it
isreported that the rearrangements of dialkoxyphosphinylketene
acetals (1) are more facile than their trialkylsilyl counterparts,
(2) provide direct access to a variety of carboxylic acid derivatives,
and (3) can proceed with improved diastereoselectivity.

The various esters 1 that have been subjected to this new
rearrangement procedure are collected in Table I. The derived
enol phosphate 2 was not isolated for any of these examples since
rearrangement took place either at the temperature required for
phosphorylation (-78 to-10 °C) or upon warming of the solution
toroom temperature in the presence of an appropriate nucleophile.
As expected, the intermediate mixed anhydrides’ smoothly
participated in acylation reactions with a variety of nucleophiles
including N-methoxy-N-methylamine and ethanethiol, the prod-
ucts® of which can be easily converted to ketones®** and/or
aldehydes.% Itshould be noted that the products of entries 8 and
9 were obtained as an erythro/threo mixture of diasterecomers in
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Table I. Claisen Rearrangements of Enol Phosphates
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entry R! R? R3 Nu yield 4 (%)
1 H H H OMe 78
2 H H Me OMe 81
3 Me H Me OMe 76
4 Me H Me OPr 70
5 Me H Me Ot-Bu 54
6 Me H Me SEt 79
7 Me H Me N(OMe)Me 81
8 Me Me H OMe 82
9 Me Me H N(OMe)Me 84

an 83:17 ratiothat was identical to that obtained using the Ireland
protocol (82:18), which indicates that the integrity of the enolate
stereochemistry is preserved during phosphorylation as well as
silylation.

Lactone § represents a useful substrate for evaluating the
relative rates of rearrangement of trialkylsilyl ketene acetals vs
dialkoxyphosphinyl ketene acetals (Scheme I). Previously, the
half-life of the rearrangement of the terz-butyldimethylsilyl ketene
acetal derivative of lactone § was determined to be 58 min at 65
°Cinchloroform.!® The enol phosphate 6 was prepared, purified
by silica gel chromatography (77%), and rearranged (CHCl;, 4
equiv of MeOH, 4 equiv of NEt;, 65 °C) with a half-life of ca.
10 min to the chrysanthemate ester 7 (83%).!! Additional
examples examined in this laboratory, vida infra, support the
conclusion that the rearrangements of phosphinyl ketene acetals
are more facile than silyl ketene acetals. The factors responsible
for this rate acceleration are not clear; however, the fact that the
bis(trichloroethyl)phosphinyl ketene acetal analogous to 6 re-
arranges at or below room temperature is suggestive that these
ketene acetals rearrange through a transition state with allyl
cation/enolate anion character rather than one with allyl radical/
oxallylradical character, which has been proposed for silyl ketene
acetal rearrangements.!2

A final example, rearrangement of lactone 8, serves toillustrate
that the diastereoselectivity of an ester enolate rearrangement is

(10) Funk, R. L.; Munger, J. D,, Jr. J. Org. Chem. 1988, 50, 707.

(11) The rate of rearrangement was measured by following the disap-
pearance of the proton resonance at 6 1.44 for the methyl substituents on the
allylic oxycarbon of 6 and the appearance of the proton resonances for the
vinyl methyl substituents of 7 at 4 1.69 and 1.73.

(12) Gajewski, J. J.; Emrani, J. J. Am. Chem. Soc. 1984, 106, 5733.
Alternatively, ground-state destabilization may be responsible for this rate
effect as proposed for a trifluoromethyl group at C(2) of allyl vinyl ether, see:
Gajewski, J. J.; Gee, K. R.; Jurayj, J. J. Org. Chem. 1990, 55, 1813. However,
the rate of the Claisen rearrangement is accelerated by a factor of only 73
over the parent system (allyl vinyl ether) when a trifluoromethyl group is
present at C-2, in contrast to a factor of at least 10 for a C(2) dialkoxy-
phosphate.
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28 R = SiMe,t-Bu 72
" R = PO(OE), 89
6 R = PO(OCH,CCls), 94

sensitive to the enolate oxygen substituent (Scheme II). Silylation
of the enolate of lactone 8 gave a single silyl ketene acetal,
presumably the (E) stereoisomer 9 (R = t-BuMe,Si),! which
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rearranged upon thermolysis in toluene (100 °C, 10 h), prefer-
entially through a boatlike transition state (9b) rather than the
alternative chair-like transition state (9a). The resulting mixture
of silyl esters was hydrolyzed (PPTS, MeOH, 45 °C, 12 h) and
esterified (CH;N,) to provide a 72:28 mixture (57%) of methyl
cyclooctenoates 11 and 10, respectively.!® In contrast, rear-
rangement of the enol phosphate 9 [R = PO(OEt),] proceeded
at room temperature (THF, 4 equiv of NEt;, 2 equiv of MeOH,
2 h) with improved stereoselectivity to provide an 89:11 mixture
of diastereomers (R = Me, 65%). Moreover, additional stereo-
control (94:6) could be realized by rearranging the bis(trichlo-
roethyl)phosphinyl ketene acetal 9 [R=PO(OCH,CCls),, 70%
yield] using conditions identical to those employed for the
diethylphosphinyl ketene acetal. This trend suggests that elec-
tronic factors, as opposed to steric effects, are responsible for the
markedly improved diastereoselectivity, especiaily since the ketene
acetal bearing the larger bis(trichloroethyl)phosphinyl substituent -
prefers to rearrange through the presumably more sterically
congested boatlike transition state.

In conclusion, the Claisen rearrangement of an ester or lactone
enolate as the dialkoxyphosphinyl ketene acetal merits consid-
eration when a derivative of the product v,é-unsaturated car-
boxylic acid is desired or when diastereotopic transition states
are likely to compete and, consequently, are subject to this
stereocontrol element.
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(13) Thestereochemical assignments are assigned on the basis of an observed
C(1)-C(2) (taxane numbering) proton coupling constant of J = 11.03 Hzand
a C(2)—C(3) proton coupling constant of J = 2.63 Hz for the major atropisomer
of 11 (product conformer analogous to 9b, 300 MHz, —40 °C), in agreement
with the calculated values of J = 12.5 and 4.6 Hz, respectively. In addition,
an NOE was observed for the C(9g, 6%), the vinyl (3.5%), and two of the three
methyl (3.9 and 2.3%) proton resonances upon irradiation of the C(2) proton
resonanceaté 2.75. The observed broad singlet for the C(2) proton resonance
for 10 (product conformer analogous to 9a, 300 MHz,—40 °C) isin agreement
with the calculated values of J = 1.22 and 3.45 Hz for the C(1)-C(2) and
C(2)—C(3) proton coupling constants, respectively. Inaddition,an NOE was
observed for the C(9g, 9.8%), C(1, 7.1%) and two of the three methyl (8.9 and
5.5%) proton resonances upon irradiation of the C(2) proton resonance at §
3.00.



