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ABSTRACT

An efficient method for the B(C6F5)3-catalyzed allylation of secondary propargylic alcohol derivatives with allylsilanes has been developed.
This method allows for the facile synthesis of a variety of 1,5-enynes in good to high yields with a number of functionalities, such as nitro,
chloro, ester, and boronic ester, being tolerated under the reaction conditions.

Lewis acid-induced coupling of propargyl halides, alcohols,
and their derivatives with allylsilanes is an important
transformation, as it provides a direct approach to syntheti-
cally valuable 1,5-enynes.1 Reactions of this type that are
stoichiometric in Lewis acids have been developed by Müller
and Green, on propargylic acetates,2 and Schreiber, on
propargylic ethers.3 Such methods, however, are limited to
the employment of substrates possessing strong cation-
stabilizing groups: (arene)Cr(CO)3 in the former case and
dicobalt complexes in the latter two. Catalytic Lewis acid
procedures are limited to Mayr’s coupling of allylsilanes with
propargylic halides,4 and single examples by Hayashi on a
propargylic ether5 and by Saito on a mixed benzylic-
propargylic silyl ether (R2 ) Ar).6 Very recently, Toste
described an efficient coupling of allylsilane and propargylic
alcohols in the presence of catalytic amounts of a Re

catalyst.7 The reaction is high yielding when applied to highly
stabilized substrates possessing both an alkynyl and aryl
substituent at the reactive center (R2 ) Ar). However,
secondary propargylic alcohol with Me at R2 gives a low
yield (Scheme 1).8 Herein, we wish to report a highly
efficient method for coupling allylsilanes with propargylic
acetates in the presence of a catalytic amount of B(C6F5)3.9

A wide range of secondary propargylic acetates possessing
methyl, aryl, or alkynyl substituents at R2 can effectively be
employed under these reaction conditions.

We have recently developed a highly efficient B(C6F5)3-
catalyzed coupling of allylsilanes with benzylic alcohols and
their derivatives.10 Naturally, we intended to extend this
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method to the analgous propargylic systems en route to 1,5-
enynes. Initial experiments on allylation of propargylic
alcohol 1a in the presence of B(C6F5)3 failed. The corre-
sponding silyl ether,1b (Scheme 2), was formed instead.11

Accordingly, we began searching for an appropriate leaving
group, which we thought would allow for the allylation
reaction (Table 1). We were pleased to find that acetate1c
participated in the allylation reaction to give2a in 95% yield
(entry 3). The reaction, however, was rather slow, requiring

Scheme 1. Known Methods for Allylation of Propargyl
Systems

Scheme 2. Silyl Ether Formation via Allylsilane

Table 1. Optimization of Leaving Group

leaving
group (X)

reaction
time

2a,
yield, %

1 OH 1a 1 day NR
2 OTMS 1b 1 day NR
3 OCOCH3 1c 5 days 95
4 OCOC(CH3)3 1d >7 days ∼70a

5 OCOCF3 1e <2 min 50
6 OCOCCl3 1f <5 min 30
7 OCOCH2Cl 1g 1 h 95
8 OCO2Ph 1h 1 h 80

a About 20% of1d was recovered.

Table 2. Allylation of Secondary Propargyllic Acetates

a Isolated yield.b NMR yield in parentheses.c 3 equiv of allylsilane was
used.
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5 days for completion. Pivalate1d reacted even more
sluggishly, resulting in incomplete reaction, probably due
to deactivation of the catalyst. In contrast, trifluoroacetate
1e and trichloroacetate1f underwent the transformation
almost instantaneously. In these cases, however, the reactions
also lead to the formation of somewhat Lewis acidic
byproducts3e and3f, causing isomerization and polymeri-
zation of the forming enynes.12 Gratifyingly, we found that
monochloroacetate1g and carbonate1h reacted smoothly
under these conditions to give the desired product2a in high
yields, with no aforementioned side processes detected. With
suitable leaving groups established, we began an investigation
of the scope of the B(C6F5)3-catalyzed allylation reaction
(Table 2).13

Chloroacetate1g underwent smooth allylation with allyl-
trimethylsilane and with methallylsilane to give2a and2b
in 95 and 70% yield, respectively (entries 1 and 2).14

Allylation of 1gwith methallylsilane gave2b in good yield,
as well (entry 2). Reaction of carbonate1i produced the rather
unstable unsaturated hydrocarbon2c in 63% NMR yield.
Chloroacetates1j and1k, possessing further functionalizable
moieties, were allylated in high yields, 91% and 84%,
respectively (entries 4 and 5). Boronic ester-containing1l, a

potential synthon for Suzuki coupling, was allylated in 70%
yield (entry 6). Chloroacetates1m, 1n, and carbonate1o,
possesing electron-withdrawing groups at the aryl ring, were
successfully allylated in good yields as well (entries 7-9).
Remarkably, substrates possesing ester and nitro function-
alities were also successfully employed in the reaction to
give the allylated products2i and2j in high yields (entries
10 and 11). Allylation of 2-naphthyl derivative1r proceeded
uneventfully, providing2k in 75% yield (entry 12). Chlo-
roacetate1s smoothly reacted with methallylsilane to give
2l 81% yield (entry 13).

We also examined the allylation of propargylic acetates
possessing a phenyl subsituent4 (Scheme 3). We were
pleased to find that benzylic-propargylic acetates4a-c gave
the desired 1,5-enynes5a-c in very high to good yields.

Likewise, bis-propargylic acetates6 underwent smooth
allylation to furnish the enediyne products7aand7b in good
yield (Scheme 4). It should be noted that the allylation of
all substrates (1, 4, and6) led exclusively to formation of
propargyllic products, and no traces of allenic side products
were detected by GC/MS or NMR analysis of the crude
reaction mixtures.15

In summary, we have developed an effective protocol for
the allylation of secondary propargylic acetates and carbon-
ates with allylsilanes in the presence of a catalytic amount
of B(C6F5)3. The synthesis of a number of 1,5-enynes and
enediynes, possessing various functionalities, has been ac-
complished by virtue of this method.
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Scheme 3. Allylation of Phenyl-Substituted Propargylic
Acetates

Scheme 4. Allylation of Bis-propargylic Acetates
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