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ABSTRACT

Diamine-ligand-assisted direct hydrogen −lithium exchange allows the generation of nonstabilized (H-substituted) oxiranyllithium species and
their subsequent trapping by Bu 3SnCl and carbonyl-based electrophiles. This reaction provides a new concise route to r,â-epoxystannanes
and substituted epoxides.

In contrast to chemistry exploiting the electrophilicity of
epoxides, the utility of lithiated epoxides as nucleophiles
(oxiranyl anions, e.g.,1-Li), first studied by Eisch and Galle,1

is far less developed, even though such reactions can provide
a very direct way to assemble substituted epoxides.2 Until
recently, this latter strategy required epoxides possessing an
activating substituent (electron-withdrawing, trialkylsilyl,
trialkylstannyl, or sulfinyl group). Although such reactions
illustrate the value of oxiranyllithiums in the elaboration of
epoxides, they also indicate the potential limitation of
requiring a prefunctionalized epoxide precursor in order to
perform the chemistry. Recently, we demonstrated a new
approach to substituted epoxides by enantioselective lithia-
tion-electrophile trapping, at epoxide functionality fused to
eight- and seven-membered rings.3 This followed a report
in which we showed that direct lithiation of simple terminal
epoxides1, followed by electrophile trapping of the non-

stabilized (H-substituted) oxiranyl anion intermediates, was
possible in the presence of a diamine ligand.4 However, the
latter reaction was restricted to silylation (Me3SiCl present
during generation of the oxiranyl anion)5 and deuteration
(CD3OD as external electrophile). Here we communicate a
significant advance in the area of direct epoxide function-
alization: direct deprotonation of unactivated terminal ep-
oxides and subsequent trapping with a range of (external)
electrophiles, including C-C bond formation.

Compared to lithiation-electrophile trapping using ep-
oxides of medium-sized cycloalkenes, terminal epoxides
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Scheme 1. Terminal Epoxide Lithiation
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represent a greater challenge due to comparatively reduced
epoxide C-H acidity,6 combined with a higher propensity
of both the starting andR-lithiated epoxides to undergo ring-
opening reactions leading to alcohols3, alkenes4,7 and
alkenediols58 as byproducts. In our original screen of
diamine ligands,4 the use of 3,7-dibutyl-3,7-diazabicyclo-
[3.3.1]nonane (dibutylbispidine, DBB)9/s-BuLi (2.5 equiv)
in the lithiation-deuteration of1 (R ) C10H21) in hexane at
-90 °C for 15 min had afforded 82% recovered epoxide
with only 45% D incorporation; as other bispidine-type
ligands were more efficient,4 DBB was not studied in more
detail at the time. However, subsequent extensive investiga-
tions with DBB have revealed that, by applying the above
conditions but using a reduced reactant concentration (0.025
M rather than 0.050 M) together with a longer lithiation
period (1-1.5 h), DBB becomes the preferred ligand for
minimizing byproduct formation and achieving electrophile
incorporation into terminal epoxides. For example, if Bu3-
SnCl (2.5 equiv) was added neat, after 1.5 h, to epoxide1
(R ) C10H21) under the above conditions,10 trans-R,â-
epoxystannane6 (R ) C10H21, Table 1) was obtained in good
yield (78%, after column chromatography on Florisil).11 R,â-
Epoxystannanes are useful for indirect oxiranyl anion
generation via transmetalation8 and may also allow subse-
quent introduction of other electrophiles using cross-coupling
techniques;12 therefore, the scope of stannylation was as-
sessed with a range of epoxides (Table 1).

As shown in Table 1, stannylation of 1,2-epoxyhexane
(entry 2), as well as a range of epoxides bearing additional
functionality (entries 3-7), was successful (67-83%
yields).13,14 Isopropyl andtert-butyl oxiranes gave the best

yields of epoxystannanes (90% and 87%, respectively, entries
8 and 9). Lithiation of a 2,2-disubstituted epoxide (entry 11)
was significantly slower than for the other monosubstituted
epoxides, requiring a 4-h lithiation period to afford the
corresponding epoxystannane in good yield (64%). Com-
mercially available (S)-propylene oxide was successfully
stannylated (54%, entry 12), and (S)-1,2-epoxydodecane
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Table 1. Direct Stannylation of Terminal Epoxides

a Solution of epoxide1 in hexane was added tos-BuLi/DBB (2.5 equiv)
in hexane at-90 °C, and then stirred at-90 °C for 1 h (1.5 h, entry 1; 4
h, entry 11) before addition of Bu3SnCl. b Isolated yield after column
chromatography on Florisil (neutral alumina, entry 11).c Epoxide added
neat tos-BuLi/DBB (2.5 equiv) at-100 °C, and then reaction continued
at -90 °C.
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(readily available by hydrolytic kinetic resolution)14f,15 gave
a similar yield (65%, entry 13) to that of the racemate.

An examination of lithiation-electrophile trapping to
achieve C-C bond formation was then carried out. Lithiation
of 1,2-epoxydodecane for 1.5 h, followed by addition of
benzaldehyde, gave a mixture of chromatographically sepa-
rable diastereoisomeric epoxy alcohols (75% combined yield,
dr 1:1, Table 2, entry 1). The lack of diastereoselectivity is
consistent with that observed for other oxiranyl anions.16 The
methodology was successfully extended to the trapping of a
range of aromatic aldehydes (Table 2, entries 2-4). Simi-
larly, nonenolizable aldehydes (cinnamaldehyde and pival-
dehyde) were trapped in good yields (73% and 70%,
respectively, entries 5 and 6). Potentially enolizable carbonyl
electrophiles (isobutyraldehyde and 3-pentanone) were also
incorporated, albeit in slightly lower yields (56 and 63%,
respectively, entries 7 and 8). Acylation using a compara-
tively unreactive amide (N,N-dimethylbenzamide) also pro-
ceeded (50%, entry 9).17

In conclusion, we have demonstrated a new, concise, and
stereocontrolled conversion of terminal epoxides toR,â-
epoxystannanes. Furthermore, we have shown that terminal
epoxides can be deprotonated and trapped with a variety of
carbonyl-based electrophiles. Compared to epoxides of
medium-sized cycloalkenes, the pool of potential terminal
epoxide substrates is considerably larger and the resulting
substituted epoxides products are of significantly greater
utility. Further studies in the area of direct epoxide func-
tionalization and the synthetic utility of the substituted
epoxide products are currently underway.
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Table 2. Direct C-C Bond Formation Using
1,2-Epoxydodecane

a Solution of epoxide1 (R ) C10H21) in hexane was added tos-BuLi/
DBB (2.5 equiv) in hexane at-90 °C and then stirred at-90 °C for 1.5
h before addition of electrophile.b Secondary alcohols obtained with dr 1:1.
c Isolated yields after column chromatography (combined yields for dia-
stereomeric epoxy alcohols that, with the exception of entry 4, were largely
chromatographically separable).
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