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Summary: A novel Ireland-type [3,3] rearrangement
which utilizes a catalytic amount of a trialkylphosphine
with allylic acrylates has been developed as a synthetic
entry into a-methylene-v,é-unsaturated carboxylic acids.

Since the significant breakthrough by Ireland, the ester
enolate Claisen rearrangement has been a synthetically
useful process for the construction of carbon—carbon bonds
especially in a stereospecific manner.12 For thegeneration
of ester enolates, the following methods have so far been
employed: (i) deprotonation of esters by strong bases, (ii)
conjugate addition of alkylmetal reagents to «,8-unsat-
urated esters, and (iii) reduction of a-halo esters or a,8-
unsaturated esters by chemical or electrolytic methods.2
In all cases, however, stoichiometric quantities of reagents
are required. We report here a novel trialkylphosphine-
catalyzed Ireland-type [3,3] rearrangement of allylic
acrylates in which the corresponding ester enoate inter-
mediate is catalytically generated by the conjugate addition
of trialkylphosphine under neutral conditions.

In connection with our recent interest in phosphonium-
substituted ester enolates as potentially useful synthetic
intermediates,> we planned to use them as new precursors
for the Ireland rearrangement: Nucleophilic attack of
trialkylphosphine to the 8-carbon of an allylic acrylate (1)
followed by silylation of the resulting phosphonium-
substituted enolate would produce the corresponding
ketene silyl acetal A, which then undergoes a [3,3]
sigmatropic rearrangement to give the new intermediate
B. The deprotonation of B by a base should afford the
trialkylsilyl a-methylene-v,d-unsaturated carboxylate (2)
with liberation of the trialkylphosphine to be recycled as
a catalyst (Scheme I).

According to the above working hypothesis, allylic
acrylates 1a—c were treated with tricyclohexylphosphine
(PCys, 0.1 equiv), TESCI (3.0 equiv), and DBU (2.5 equiv)
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Table I. Trialkylphosphine-Catalyzed [3,3] Rearrangement
of Allylic Acrylates
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2 Condition A: PCy; (0.1 equiv), TESCI (3.0 equiv), DBU (2.5
equiv), CH;CN, 50°C, 24 h. ConditionB: PCys; (0.05 equiv), TMSC1
(5.5 equiv), DBU (0.9 equiv), diisopropylethylamine (1.5 equiv),
CH,CN, 80 °C, 24 h. ® A major isomer is shown. The minor one is
the corresponding regioisomer concerning the 2-olefinic double bond,
a-endo or a-exo. ¢ Determined by 'H NMR (270 MHz) analysis.
¢ Combined isolated yield. ¢ The reaction was conducted at 80 °C.
fThe ratio is based on the weight of the separated isomers.
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¢ Key: (i) condition A, 80%; (ii) I3, CH3CN, 0 °C, 1 h, 92%; (iii) "BuzSnH, PhH, 55 °C, 15 h, 63%.

in acetonitrileat 50 °C for 24 h (condition A).% Asexpected,
the reactions proceeded cleanly to exclusively afford the
desired a-methylene-+,6-unsaturated carboxylic acids 2a—c
in good yields (Table I).* The addition of TESCI was
found to be indispensable for the rearrangement,!® and
DBU turned out to be the best base for the deprotonation
of the rearranged phosphonium salt B. In the reactions
of 1d and le, partial isomerization of the double bonds of
the primary a-methylene compounds occurred to give the
fully conjugated carboxylic acids under the conditions,
and the isomerized acid became the major product in the
case of an allylic benzylic acrylate 1f. However, such

(8) The following procedure is representative. To a solution of 1a
(24.3 mg, 0.13 mmol) in dry acetonitrile (2.6 mL) were added DBU (49.8
uL, 0.33 mmol), TESCI (67.2 uL, 0.40 mmol), and PCy; (25% w/w in
toluene purchased from Kanto Chemical Co, 16.8 uL, 10 mol %) at room
temperature under argon. The reaction mixture was then heated to 50
°C for 24 h. Usual extractive workup followed by purification by
preparative TLC (silicage), ether/hexane = 1/1) afforded (E)-2-methylene-
4-decenoic acid (2a, 20.5 mg, 84%).

(9) A limitation of the present method was, however, recognized in the
reactions of (E)-2-octen-4-yl acrylate and 2-cyclohexen-1-yl acrylate, in
which the rearrangement did not take place under the stated conditions.

(10) In the absence of TESC], no rearrangement was observed while
gimerization of acrylates occurred to produce a-methyleneglutaric acid

erivatives.

isomerization was considerably suppressed using a limited
amount of DBU and diisopropylethylamine (condition B).

As shown in Scheme II, the conditions for the rear-
rangement are so mild as to permit the coexistence of
another ester function in the molecule. The synthetic
utility of this process was further demonstrated by
converting a rearranged product 3 to the corresponding
a-methylene-y-butyrolactone 41! (Scheme II).

While mechanistic details of the rearrangement remain
to be explored, the whole process (including the prepa-
ration of allylic acrylates) provides a synthetically unique
routetoalz;methylene--y-butyrolactones from aldehydesand
ketones.

Supplementary Material Available: Spectral and analyt-
ical data for all reaction products (5 pages). This material is
contained in libraries on microfiche, immediately follows this
article in the microfilm version of the journal, and can be ordered
from the ACS; see any current masthead page for ordering
information.
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