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Abstract—The chemoselective ring opening of alkynyl epoxides in the co-existence of the corresponding alkyl epoxides is achieved
in the Me3Al mediated reaction with alkynyllithium reagents. The observed interesting chemoselectivity is most probably a
reflection of bidentate complexation of the Lewis acid to an n-electron of an oxygen atom of the epoxide and �-electrons of the
C�C triple bond. © 2001 Elsevier Science Ltd. All rights reserved.

Lewis acid-mediated chelation control is one of the most
fundamental and efficient methodologies for effecting the
selective carbon�carbon bond formation in modern
organic synthesis.1 It is well accepted that the chelation-
controlled reactions proceed through the coordination of
a lone pair of heteroatoms, such as an oxygen of an
aldehyde or a nitrogen atom of an imine, to a Lewis acid,
which is recognized as a �–� type chelation. Recently,
we reported that chemo- and regioselective reactions of
certain alkynyl and alkenyl aldehydes were accomplished
through a �–� chelation between a lone pair of the
carbonyl compounds and �-electrons of the C�C multiple
bond.2,3 Now, we report that the chemoselective ring
opening of alkynyl epoxides in the co-existence of the
corresponding alkyl epoxides is achieved in a Me3Al-
mediated reaction with alkynyl lithium reagents; this
interesting chemoselectivity is most probably a reflection
of bidentate complexation to an n-electron pair of the
oxygen atom of the epoxide and �-electrons of the C�C
triple bond (Eq. (1)).

The reactions of a 1:1 mixture of alkynyl epoxides 1 (1
equiv.) and their saturated analogues 2 (1 equiv.) with
alkynyllithiums (1.2 equiv.) were examined in the pres-

ence of Lewis acids (1.2 equiv.) in toluene (Eq. (2)) and
the results are summarized in Table 1. The reaction of
phenyl-substituted epoxides 1a and 2a with lithium
phenylacetylide in the presence of BF3·OEt2 proceeded
smoothly and 4a was obtained predominantly over 3a
(3a:4a=23:77) (entry 1). However, the reverse chemosel-
ectivity was observed when we used Me3Al as a Lewis
acid; 3a was obtained in 77% yield along with recovered
1a (9% yield), and 4a was obtained only in 2% yield
together with recovered 2a (84% yield) (entry 2).4 The
selective alkynylation reaction of 1a was also observed
when the reaction was carried out using Et3Al instead of
Me3Al, though the selectivity slightly decreased (entry 3).
Other alkynyllithium reagents, such as hexyl- and
trimethylsilyl-substituted lithium acetylide, also reacted
chemoselectively with 1a in the presence of 2a (entries 4
and 5). Not only substrate 1a but also decyl- and
trimethylsilyl-substituted alkynyl epoxides, 1b and 1c,
underwent chemoselective ring opening reactions in the
presence of Me3Al (entries 6 and 7). In all the above
reactions, the material balance of substrates was high;
large amounts of 2 (49–90%) were recovered in entries
2–7, and small amounts (9–37%) of 1 were recovered in

(1)
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(2)

Table 1. Lewis acid-mediated competitive ring opening reactions of 1 and 2 with alkynyllithiuma

Entry YieldbSubstrate Ratio 3:4Alkynyl lithium Lewis acid Yieldb

2 R2 3 % 4 %R1 1

BF3·OEt2 3a 18 4a2a 59Ph 23:771aPh1
2a Ph Me3Al 3a 77 4a 2 97:32 Ph 1a

Et3Al 3a 69 4a 6Ph 92:82a3 Ph 1a
Me3Al 3b 78 4b 84 91:9Ph 1a 2a C6H13

Me3Al 3c 54 4c 5Me3Si 92:85 2a1aPh
2b Ph Me3Al 3d 72 4d 6 92:8C10H236 1b

Me3Al 3c 75 4e 11 87:13Ph1cMe3Si7 2c

a The reaction was performed in the following molar ratio at −78°C to rt; 1:2: alkynyl lithium:Lewis acid=1:1:1.2:1.2.
b Isolated yield.

the case where the yields of 3 were not as high (for
example, entry 5).

Recently, we studied systematically the substituent
effect on the BF3·OEt2-mediated electrophilic reactions
of carbonyl compounds; for example, the allylation
reaction of aldehydes using allyltributylstannane, the
Diels–Alder reaction of aldehydes with cyclopentadi-
ene, and the reduction of aldehydes using Bu3SnH. We
found that aldehydes 5 bearing an electron-donating
group reacted with nucleophiles in the presence of
BF3 ·OEt2 much faster than aldehydes 6 having an
electron-withdrawing group (Eq. (3)).5 The above unex-

(3)

pected results are understandable if the coordination
ability of more electrophilic carbonyl compounds 6 to
Lewis acids is weaker than that of less electrophilic
analogues 5. This concept can explain clearly why the
selective reaction of 2a was observed in the competitive
reaction of 1a and 2a with phenylethynyllithium in the
presence of a monodentate BF3·OEt2 (entry 1). Com-
pound 1a having an electron-withdrawing alkynyl
group is less reactive to the nucleophile in the presence
of BF3·OEt2 than 2a having an electron-donating alkyl
group. On the other hand, the selective reaction of 1 in
the bidentate Me3Al-mediated reaction is ascribed most
probably to the preferred bidentate chelation shown in

9 derived from 1 rather than the monodentate coordi-
nation shown in 10 from 2 (Fig. 1).6–9

However, the above chemoselectivity might be
explained by a selective nucleophilic substitution of
epoxides by an aluminum ate complex formed from
Me3Al and alkynyllithium reagents, which might attack
1 rather than 2 selectively since the aluminum ate
complex would attack directly the more electrophilic
epoxide due to its nucleophilic character. In order to
clarify this issue, we examined the reactions using 1d
and 1e (Eq. (4)). The Me3Al-mediated reaction of 1d
with lithium phenylacetylide proceeded smoothly to
give the corresponding alcohol 3e in 67% yield. In
contrast, alcohol 3f was obtained only in 19% yield in
the reaction of 1e under the same reaction conditions.
If the nucleophilic character of the aluminum ate com-
plex is responsible to the chemoselectivity, 3f should
have been obtained in higher yield than 3e. Therefore,
the observed higher reactivity of 1d in comparison with
1e is due to the preferred formation of a �–� chelation
in the case of 1d rather than the formation of an
aluminum ate complex.

(4)

Figure 1.
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It is now clear that the Lewis acid-mediated �–� chela-
tion between n- and �-electrons is operative not only in
the alkyne–aldehyde system2,3 but also in the alkyne–
epoxide analogue. Further studies on this new type of
chelation control are ongoing in our laboratory.
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