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The stereospecific epoxide-opening reactions of 1,1-dibromo-3,4-epoxy-1-alkenes with allyltributylst-
annane and with ketene silyl acetals in the presence of a Lewis acid are described. Both the reactions
occurred regioselectively at the allylic position via an SN2 process giving rise to a single product, respec-
tively. Treatment of the products by the latter reaction with p-TsOH afforded various 3,4-anti- and 3,4-
syn-disubstituted c-lactones in a highly stereoselective manner and high yields.

� 2008 Elsevier Ltd. All rights reserved.
The stereoselective carbon-carbon bond-forming reaction of an
epoxide with a carbon nucleophile is one of the most important
transformations in organic synthesis, inter alia, in the synthesis of
biologically important target molecules in natural product and
pharmaceutical research.1 In this context, the substitution reac-
tions of vinyl epoxides and their analogues with carbon nucleo-
philes have been particularly focused upon due to the merit of
the ease to control regioselectivity in the epoxide-opening
reactions.

In connection with our studies of new acyclic stereocontrol
based on the stereospecific epoxide-opening reactions,2 we were
interested in the reaction of 1,1-dibromo-3,4-epoxy-1-alkenes
with carbon nucleophiles and its reaction mode (Scheme 1), be-
cause not only such a substitution reaction is unknown,3 but also
1,1-dibromo-1-alkenes themselves are extremely useful synthetic
intermediates in organic synthesis. For example, 1,1-dibromo-1-al-
kenes can be easily converted to alkyne derivatives by treatment
ll rights reserved.
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n the substitution reaction of a 1,1
with a base,4 to (Z)-1-bromo-1-alkenes by the use of Pd[(PPh3)4]
catalyst and Bu3SnH,5 to (E)-1-bromo-1-alkenes with methyllith-
ium,6 and further to various functionalized alkenes by combination
of organometallics or cross-coupling reactions.7 Therefore, if the
stereoselective epoxide-opening reaction of 1,1-dibromo-3,4-
epoxy-1-alkenes with a carbon nucleophile is newly developed, it
will probably provide a potentially useful methodology in organic
synthesis.

We report herewith two types of stereospecific epoxide-open-
ing reactions of 1,1-dibromo-3,4-epoxy-1-alkenes with allyltribu-
tylstannane and with ketene silyl acetals in the presence of a
Lewis acid.

Initially, we chose trans-5-benzyloxy-1,1-dibromo-3,4-epoxy-
1-pentene (1) as a model substrate and examined the allylation
reaction of 1 with an allylmetal reagent in the presence of a Lewis
acid. As a result, although the reaction of 1 with allyltrimethyl-
silane was unsuccessful in the presence of various Lewis acids,
f Engineering, Kogakuin University, Tokyo 192-0015, Japan.
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Scheme 2. The Lewis acid-mediated reaction of 1 with allyltributylstannane.
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the substitution reaction of 1 with allyltributylstannane (1.5 equiv)
was found to occur successfully in the presence of a Lewis acid,
same as the reaction of vinyl epoxides with allyltrimethylstannane
reported by Naruta and Maruyama.8 Toward the new reaction, var-
ious Lewis acids such as TiCl4, TiCl2(OEt)2, Ti(OEt)4, Me2AlCl,
BF3�OEt2, and MgBr2�OEt2 were surveyed and BF3�OEt2 (1.5 equiv)
proved to be the reagent of choice for this particular reaction
(Scheme 2).9

The excellent preliminary result prompted us to investigate the
scope of the methodology and the results are summarized in Table
1. It is noteworthy that BF3�OEt2 gave the best results in the case of
epoxides bearing an alkoxy side chain (Scheme 2 and Table 1, entry
1),9 while Me2AlCl was the reagent of choice for the substrates
without an alkoxy substituent (entries 2 and 3). The results imply
that the epoxide-opening reaction of the substrates bearing an alk-
oxy side chain occurred more smoothly in higher yield due to che-
lation of the Lewis acid by the oxygen atoms of the epoxide and the
ether moiety, whereas the epoxides without an alkoxy substituent
required a stronger Lewis acid than BF3�OEt2 for completion of the
reaction. As shown in Scheme 2 and Table 1, the Lewis acid-med-
iated allylation reaction of 1,1-dibromo-3,4-epoxy-1-alkenes with
allyltributylstannane occurred regioselectively at the allylic posi-
Table 1
The reaction of 1,1-dibromo-3,4-epoxy-1-alkenes with allytributylstannanea

R
O

Br

Br CH2Cl
–78 ˚C

Lewis a

Sn

Entry Substrate Lewis acid

1
O

BnO
Br

Br
BF3�OEt2

2 Pr
O

Br

Br
Me2AlCl

3
O

Pr

Br

Br
Me2AlCl

a The reaction was carried out with allytributylstannane (1.5 equiv) and Lewis acid (1
b Isolated yield by silica gel column chromatography.
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Scheme 3. The Lewis acid-promoted reaction of 1 wi
tion, regardless of the stereochemistry of the epoxides, giving rise
to the corresponding 3-allyl-4-hydroxy derivatives stereospecifi-
cally in high yields. These results are in contrast to those of the
allylation reaction of vinyl epoxides with allyltrimethylstannane
by Naruta and Maruyama, which occurred via an SN2 or SN20 pro-
cess depending on the substituents at the olefinic terminus.8

The extremely high regioselectivity in the present reaction is
evidently due to the effect of the dibromoethylene group to stabi-
lize cationic species at the allylic position by its remarkable elec-
tron-donating character, because the Me2AlCl-mediated allylation
reaction of ethyl trans-4,5-epoxy-(E)-2-octen-1-carboxylate with
allyltributylstannane did not occur under similar conditions and
the starting material was recovered unchanged.

Next, we focused on the reaction of 1,1-dibromo-3,4-epoxy-1-
alkenes with a ketene silyl acetal to synthesize 3,4-disubstituted
c-butyrolactones bearing a dibromoethylene side chain in a stere-
oselective manner.10 Toward this end, upon treatment of the trans-
epoxide 1 with ketene silyl acetal 3 (5 equiv)11 in the presence of
BF3�OEt2 (1.5 equiv) in CH2Cl2 at �78 �C, anti-4-hydroxy ester 4
was produced as a single product in quantitative yield (Scheme
3). As anticipated, the reaction occurred regioselectively at the
allylic position, and interestingly, BF3�OEt2 gave the best result in
this case, too. When the product 4 was warmed with a catalytic
amount of p-TsOH in (CH2Cl)2 at 40 �C, 3,4-syn-disubstituted c-
butyrolactone 5 with a dibromoethylene side chain was formed
in nearly quantitative yield.

Similarly, the substitution reactions of other 1,1-dibromo-3,4-
epoxy-1-alkenes with the ketene silyl acetal 3 proceeded stereo-
specifically as shown in Table 2, wherein the reactions of cis-epox-
ides gave a mixture of 4-hydroxy ester and 3,4-anti-disubstituted
c-butyrolactone (entries 1 and 3). Therefore, the crude products
R
Br

Br
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cid

Bu3

Product Yieldb (%) dr
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th ketene silyl acetal 3 followed by lactonization.



Table 2
The reaction of 1,1-dibromo-3,4-epoxy-1-alkenes with 3 leading to c-butyrolactonesa

CH2Cl2, –78 ºC
1)

2) p-TsOH, (CH2Cl)2
40 ºC

O
Br

Br
O

O

R Br

Br

3, BF3·OEt2

R

Entry Substrate Product Yieldb (%) dr

1
O

BnO
Br

Br O

O

Br

Br
BnO

100 >99:1

2c
Pr O

Br

Br
O

O

Pr Br

Br 64 >99:1

3c
O

Pr

Br

Br
O

O

Pr Br

Br 63 >99:1

a The reaction was carried out with 3 (5 equiv) and BF3�OEt2 (1.5 equiv).
b The yield for two steps.
c The reaction temperature with 3 was �78 to �50 �C, and that with p-TsOH was

50 �C.
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obtained by the latter reactions were directly converted to c-
butyrolactones by treatment with p-TsOH.

It should be noted that all the BF3�OEt2-mediated allylation
reactions of 1,1-dibromo-3,4-epoxy-1-alkenes with the ketene silyl
acetal 3 exclusively occurred at the allylic position. It is also note-
worthy that the substrates bearing an alkoxy substituent gave
much higher yield of the products in comparison with those having
no alkoxy substituent (Scheme 3 and entry 1 vs entries 2 and 3).
These results apparently demonstrate that chelation of the Lewis
acid by the oxygen atoms of the epoxide and the ether moiety pro-
moted the epoxide-opening reaction very effectively.

To gain an insight into the reaction of 1,1-dibromo-3,4-epoxy-
1-alkenes with an alkyl-substituted ketene silyl acetal, we exam-
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Scheme 5. Further transformati
ined the reaction of 1 with ketene silyl acetal 6 derived from ethyl
propionate in the presence of BF3�OEt2. As shown in Scheme 4, the
two-step reaction sequence proceeded very efficiently, although
the stereochemistry of the new asymmetric carbon center at the
a-position of the ester group was not controlled well.

In order to demonstrate the synthetic potential of the new
methods, further transformation of the products was examined
(Scheme 5). Thus, the chemoselective cross olefin-metathesis reac-
tion of 2 with methyl acrylate leading to unsaturated ester 7 was
successfully performed by the use of the Grubbs’ 2nd-generation
catalyst (8).12 On the other hand, conversion of 5 to c-butyrol-
actone 9 having a (Z)-vinylbromide moiety5 and that to c-butyrol-
actone 10 with a terminal alkynyl group was achieved,
respectively, in high yields.

In summary, we have developed the stereospecific epoxide-
opening reactions of 1,1-dibromo-3,4-epoxy-1-alkenes with allyl-
tributylstannane and with ketene silyl acetals in the presence of
a Lewis acid. Both the reactions occurred regioselectively at the
allylic position via an SN2 process giving rise to a single product,
respectively. Treatment of the crude products by the latter reaction
with p-TsOH afforded various 3,4-anti- and 3,4-syn-disubstituted
c-lactones in a highly stereoselective manner and high yields. To
the best of our knowledge, this is the first report on the stereospe-
cific substitution reactions of 1,1-dibromo-3,4-epoxy-1-alkenes
with carbon nucleophiles. The new methods will provide useful
tools in organic synthesis including natural product synthesis.
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