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ABSTRACT

Geminal bis(silyl) enal 2a is shown to be a useful scaffold for anion relay chemistry (ARC) aimed at the stereoselective synthesis of
C3,O1-disilylated allylic alcohols. The ARC reaction is initiated by the addition of an alkyllithium to the aldehyde and features a CuCN-promoted
Csp2-to-O 1,4-silyl migration to generate a vinylcuprate that reacts with activated electrophiles.

Geminal bis(silanes) 1 are a special type of organosilane
in which two silyl groups are attached to one carbon
center.1 Although these molecules show potential as syn-
thons invarious contexts, so far theyhavebeenusedprimarily
because of their bulkiness to prepare sterically demanding
ligands for transition metal complexes.2 To explore potential
new reactivities and applications of this valuable species,
we recently launched a series of investigations on geminal

bis(silanes).3 Our results so far show that these compounds
exhibit attractive bifunctional reactivity, suggesting that
they can contribute to a much broader range of reactions
than previously thought.

Brook rearrangement,4 which is the intramolecular mi-
gration of a silyl group from a carbon to an oxygen atom,

Scheme 1. General Structure of Geminal Bis(silane) (left);
CuCN-Promoted Anion Relay Chemistry of Geminal Bis(silyl)
Enal (right)
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could potentially offer a very powerful method for the
functionalization of organosilanes, if initiated by a nearby
lithium alkoxide, which generated an organolithium or
cuprate, to set up a subsequent trapping with an electro-
phile. Recent work with this reaction has led to many
significant achievements in both areas of synthetic meth-
odology and natural product synthesis.5 For example, the
group of Smith has developed a series of elegant reactions
involving anion relay chemistry (ARC) over the past
decade. In this approach, diverse organosilanes serve as
linchpins in rapid multicomponent couplings that give
complex molecules in a single step.6 Herein we describe
geminal bis(silyl) enal 2a as a new type of scaffold that can
undergo ARC via CuCN-promoted Csp2-to-O 1,4-silyl
migration7 (Scheme 1). This approach provides an efficient
starting point for the stereoselective synthesis of trisubsti-
tuted vinylsilanes, which canbe further transformed into 1,1-
disubstituted (E)-crotylsilanes. Crotylsilanes, in turn, can
serve as useful synthons in the Sakurai reaction with acetals.
The required geminal bis(silyl) enals were synthesized by

twodifferentmethods, routesAandB (Scheme 2). In route
A, 3,3-bis(triethylsilyl) benzyl enol ether 43a,d underwent

deprotonation and regioselective thiolation to give 5,8

which was transformed viam-CPBA oxidation9 into gem-
inal bis(triethylsilyl) enal 2a in 54% overall yield. In route
B, the known 3-iodide-substituted 3-trimethylsilyl allylox-
ysilane 6 first underwent a retro-Brook rearrangement to
generate geminal bis(trimethylsilyl) allylic alcohol 7,10

which was then oxidized by IBX to provide enal 2b in
75% overall yield.

Using geminal bis(triethylsilyl) enal 2a as a scaffold, we
examined an ARC reaction involving 2.0 equiv of n-BuLi
as the nucleophile and allyl chloride as the electrophile
(Table 1). While 4.0 equiv of HMPA promoted silyl
migration of the initially formed lithium alkoxide of 9a,
no further allylation occurred in the absence of any Cu(I)
or in the presence of 1.0 equiv of CuI. Only protonated
product 8a was formed in ∼40% yield (entries 1 and 2).
Replacing CuI with CuCN led to the desired allylated
product 3a, but the yield was only 34% and 8a was
generated in parallel in 17% yield (entry 3). Interestingly,
using a large excess of HMPA appeared to suppress silyl
migration to a certain extent, giving 9a in 28%yield (entry 4).
IncorporatingDMF as a cosolvent remarkably improved
both the selectivity and yield of the reaction (entry 5).

Scheme 2. Synthesis of Geminal Bis(silyl) Enals 2a and 2b

Table 1. Screening of Reaction Conditions

aReaction conditions: 2a (0.14 mmol) and n-BuLi (0.28 mmol) in
THF (0.6 mL) at �78 �C for 30 min, followed by CuCN (0.28 mmol) in
DMF (1.8 mL) at 0 �C for 30 min, and finally allyl chloride (0.42 mmol)
at rt for 2 h. bThe E-configuration was assigned based on NOE
experiments on the corresponding allylic alcohol of 3c. c Isolated yields
after purification by silica gel column chromatography.
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Moreover, increasing the loading of CuCN from 1.0 to
2.0 equiv led to 3a in an even higher yield of 85%, with no

byproducts 8a and 9a detected (entry 6).11 Decreasing the
loading of n-BuLi to 1.2 equiv still gave complete addition

Table 2. Scope of Nucleophilesa

aReaction conditions: 2a (0.14mmol) andNuLi (0.28mmol) in THF
(0.6 mL) at�78 �C for 30 min, followed by CuCN (0.28 mmol) in DMF
(1.8mL) at 0 �C for 30min, and finally allyl chloride (0.42mmol) at rt for
2 h. b Isolated yields after purification by silica gel columnchromatography.

Table 3. Scope of Electrophilesa

aReaction conditions: 2a (0.14mmol) and n-BuLi (0.28mmol) in THF
(0.6 mL) at �78 �C for 30 min, followed by CuCN (0.28 mmol) in DMF
(1.8 mL) at 0 �C for 30 min, and finally allyl chloride (0.42 mmol) at rt for
2 h. b Isolated yields after purification by silica gel column chromatography.
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but only partial subsequent silyl migration (entry 7).12 In
addition, the silyl group in enal 2 dramatically affected
the reaction efficiency: using trimethylsilyl-substituted 2b

gave 3b in only 36% yield (entry 8).
The scope of this ARC approach was further evaluated

using 2a and allyl chloride (Table 2). The reaction could be
applied to a wide variety of organolithiums, including ones
that were alkyl (entries 1 and 2), vinyl (entries 3�5), aryl and
heterocyclic (entries 6�9), and alkynyl (entries 10 and 11).
Interestingly, the reactiongenerating3d in 70%yield (entry 2)
showed selectivity for 1,4-triethylsilyl migration over 1,3-
trimethylsilyl migration. This selectivity is surprising given
that 1,3-silyl migration is thought to be much faster than the
corresponding 1,4-migration,13 and the SiMe3 group mi-
grates more easily than does the SiEt3 group.

14 A possible
explanation for theobserved selectivity is that 1,4-triethylsilyl
migration generates a silicon-stabilized15 vinyl carbon anion,
which has greater anionic stability than the primary anion
generated in the competing 1,3-trimethylsilyl migration.
The ARC reaction also proved suitable for coupling a

wide range of 2- or 3-substituted allyl electrophiles in good
to excellent yields (Table 3, entries 1�7). Moreover, the
leaving group was not limited to halides. Sulfonated
electrophiles, which are easier to synthesize and isolate
than halides, gave similarly good results. Using propargyl
electrophiles altered the regioselectivity of the reaction
(entries 8 and 9). While the reaction involving SiEt3-
substituted propargyl tosylate led to normal R-propargy-
lation to produce 3u in 94% yield (entry 8), using phenyl-
substituted propargyl tosylate led to a reaction in which
γ-allenylationdominated, affording3v in72%yield (entry9).
In addition, phenyl disulfide also proved to be a good
coupling partner, generating 3w in 40% yield (entry 10).

In order to demonstrate the bifunctionality of geminal
bis(silane), the resulting vinylsilane 3c was further trans-
formed by selective desilylation on the oxygen and sub-
sequent Johnson�Claisen rearrangement (Scheme 3). The
resulting 1,1-disubstituted (E)-crotylsilane 10

16 was pro-
duced in 80% overall yield. Crotylsilane 10 is a valuable
synthon in Sakurai reactions17 involving diverse acetals.
The reaction gave rise to a range of highly functionalized
homoallylic methyl ethers 11 in good yield and with high
E-syn-selectivity.18

In summary,wehave demostrated that geminal bis(silyl)
enal 2a is a newanduseful scaffold forARC that allows the
stereoselective synthesis of trisubstituted vinylsilanes. The
reaction features a CuCN-promoted Csp2-to-O 1,4-silyl
migration and can be implemented with a wide range of
nucleophiles and electrophiles. The resulting vinylsilanes
can be converted into 1,1-disubstituted (E)-crotylsilanes,
which are valuable synthons for the Sakurai reaction with
diverse acetals. More extensive studies on other applica-
tions of this reaction are underway.
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Scheme 3. Transformation of 3c to 1,1-Disubstituted
(E)-Crotylsilane 10, followed by Sakurai-Type Allylation
of 10 with Acetals
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