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ABSTRACT

The reactions of 1-silyl-3-boryl-2-alkenes with various electrophilic reagents (Selectfluor, N-halosuccinimides, benzhydryl, and propargylic
alcohols in the presence of a Lewis acid, N-alkoxycarbonyliminium ion) have been investigated as new routes to r-substituted allylboronates.
Further functional transformations, including allylboration, Suzuki coupling, protodeboronation, and cycloisomerization, have been carried out to
illustrate the synthetic potential of these γ-borylallylsilanes.

Allylboronic esters and allylsilanes have been proven to
be highly versatile carbon nucleophiles, usually showing
very good levels of chemo-, regio-, and stereocontrol in
various reactions with electrophiles. Both of them can add
to carbonyl derivatives in the presence, or absence, of a
Lewis acid activator.1 In addition, allylboronic acids can
also be engaged in palladium-catalyzed cross-couplings2

and conjugate allylation of electron-deficient alkynes.3

Regarding allylsilanes, they are prone to halogen addi-

tion, dihydroxylation, epoxidation, cyclopropanation, and

Lewis acid mediated [2þ 2]- and [3þ 2]-annulation or free

radical additions.4

Reagents 1�5 possessing both trialkylsilyl and boronic
ester groups have enhanced synthetic potential when one
of them is in an allylic position (Figure 1).5�9
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The reactions of these bifunctional reagents with car-
bonyl compounds have been well documented, with some
specificity according to the location of the boron and
silicon atoms. For example, an interesting switch of selec-
tivity was observed when allylic compounds 1 were added
to aldehydes upon use of an acidic catalyst,10 while the
rhodium-catalyzed conjugate addition of 5 to enones
provided an efficient access to functionalized allylsilanes.9e

In natural product synthesis, allylboronic esters 4 have
found remarkable applications as building blocks for
amphidinoline E,11 hemibrevetoxin B,12mycalamine,13

dictyostatin,14 and bullatacin.15

Our interest in three-component reactions involving
organoboronreagents16promptedus to explore the reactivity
of configurationally stable γ-borylallylsilanes 5 toward var-
ious electrophilic species.This couldopenefficientnewroutes
to R-substituted allylboronates 6, complementary to that
usually employed involving SN2 (or SN2

0) reactions on allyl
(or vinyl)boranes possessing a leaving groupXR (orγ) to the
boron (Scheme 1).10,17 The resulting products could further
react with aldehydes or be involved in a cyclization process.

We started by studying the stereocontrolled synthesis
of (Z)-1-fluoro-1-alkenes 8 from 5 (Scheme 1, R = F,
Table 1).Fluorinatedmolecules have essential applications
in the life sciences, medicine, medical imaging, agrochem-
icals, and materials.18 A literature survey revealed several
methods for the synthesis of 1-fluoro-1-alkenes, including
Wittig type olefination, elimination reactions, addition
to alkynes, electrophilic addition, or metathesis.19 SN2

0

Displacement of an allylic fluoride atom of 3,3-difluoro-
propenes with organolithium reagents was also reported
recently.20 Herein, we disclose an alternative approach
based on a tandem electrophilic fluoration/allylation se-
quence from compounds 5 (Table 1).
The synthesis of starting allylsilanes featuring a boronic

ester group at the extremity of the double bond was
first carried out according to literature procedures: 5a by
Zr-catalyzed hydroboration of propargyltrimethylsilane
with pinacolborane (57%);21 5b by hydrogenation of
[3-(trimethylsilyl)-1-propyn-1-yl] boronic ester in the pre-
sence of theLindlar catalyst in combinationwith quinoline
(77%);22 5c by bromoboration of 1-hexyne followed by
Pd-catalyzed cross-coupling with trimethylsilylmethylzinc
bromide (28%);23 and 5d by Pt-catalyzed diboration of
propargyltrimethylsilane (81%).24

Electrophilic fluorodesilylation of 5 was carried out
using Selectfluor in acetonitrile in the presence of sodium
bicarbonate (Table 1).25 Due to the moderate stability of
the expected allyl fluoride 7,26wedecided toperformaone-
pot fluorodesilylation/allyboration sequence from 5.
The corresponding homoallylic alcohols 8�16 were

obtained in moderate to good yields (35�71%, two
steps) with high stereocontrol. The structures of the major

Scheme 1. Access to R-Substituted Allylboronates

Figure 1. Allylic reagents containing a trimethylsilyl and a
boronic ester group in an allylic position.
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(Z)-isomers were determined by 1H NMR analysis:
JHCdCH = 4.5�4.7 Hz for 8�15, 1H�1H NOESY and
19F�1H HOESY experiments for 16. The stereochemical
course of the allylation step resulted from a preferred
transition state where the F-atom adopts a pseudoaxial
position, as mentioned in the literature for polar
R-substituents.27 Best results in terms of yield and isomeric
purity were obtained with electron-deficient aldehydes,
such as 4-nitrobenzaldehyde or ethyl glyoxylate (entries 4
and 6). All attempts to extend these results to the enantioen-
riched homoallylic alcohols failed, either from an (S,S)-1,2-
dicyclohexylethanediol boronate 5a0 or by carrying out the

fluorination in the presence of hydroquinidine-2,5-diphenyl-
4,6-pyrimidinediyldiether as a chiral additive.28

The presence of two boronic ester groups significantly
increases the synthetic potential of 1-silyl-3-boryl-2-
alkenes. In the case of 5d, the fluorodesilylation/allyboration
sequence can be followed by a Suzuki coupling or a borono-
Mannich condensation to afford the alcohol 18 or the
aminoester 19. The coupling can also be directly carried out
regio- and stereoselectively at the terminal over the internal
B-pin.29 A second coupling with another aryl bromide then
provided the allylsilane 23, a precursor of the allylic fluoride
24. The same groups were directly introduced if 2 equiv of
aryl bromide were engaged in the first step (Scheme 2).

In a similar way, other halosuccinimides can be used to
achieve electrophilic halogenations of 5a. The reaction
with N-iodosuccinimide was completed within 30 min to
give 25 which slowly isomerized to the rearranged allylic
iodide 26 (X = I) (20% after 1 h at rt) (Scheme 3). In the
presence of an aldehyde, the homoallylic alcohol 27 was
obtained in a low yield due to this competitive isomeriza-
tion phenomenon. With N-bromosuccinimide, due to a
slower 1,3-bromine migration, 1-bromoalkene 28 was
produced in a better yield (43%, two steps, Z/E: 92/8).
With the chloro derivative, the reaction proceeded to
completion for 5 d at 60 �C without any trace of the
corresponding allylic chloride 26 (X = Cl).30

Regarding carbon electrophiles, these can also be used
in similar desilylation processes. With benzhydryl alcohol
or propargylic alcohols, in the presence of 10 mol % of
iron trichloride in methylene chloride, 5a afforded the

Scheme 2. Access to Vinylic and Allylic Fluorides from 5e

Table 1. Electrophilic One-Pot Fluorodesilylation/Allylboration

a Isolated yields after column chromatography. bMeasured by 19F
NMR on the crude product. cMixture of anti/syn isomers (55:45). dThe
Z/E ratio was determined by 1H NMR on the crude product.
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corresponding allylboronates 30�32 in 62�85% yields
(Scheme 4).31,32

These compounds canbe used in further functional trans-
formations. The addition of benzaldehyde to 30 afforded
thehomoallylic alcohol33asa25/75mixtureofE/Z isomers
in 60% yield, while 34 was obtained with high Z-selectivity
(93/7) following the protodeboronation procedure recently
reported by V. K. Aggarwal (Scheme 5).33 Since 1,5-enynes
constitute an interesting class of substrate, where cyclo-
isomerization under transitionmetal catalysis leads to highly
functionalized carbocyclic structures,34 we also investigated
the behavior of 31�32 in the presence of metal catalysts.35

Complex mixtures were produced with (Ph3P)AuCl,
Au(OAc)3, NaAuCl4 3 2H2O, and Na2PdCl4. By contrast,
upon moving to PtCl2, the boronated bicyclic products
35�36 were isolated in moderate yields (Scheme 5).
Other carbon electrophiles can also be involved in

similar desilylation processes. Thus, acyliminium, formed
in situ by mixing butyraldehyde and benzylcarbamate in
the presence of boron trifluoride etherate,36,37 led to a

mixture of diastereoisomeric N-protected allylamine 37 in
a modest unoptimized 35% yield, a N-protected boron
analogue of β-amino carboxylic ester38 (Scheme 6). Addi-
tion to benzaldehyde afforded the N-protected amino
alcohol 38 as a mixture of four stereomers.

In summary, we have shown that 1-silyl-3-boryl-2-
alkenes 5 are valuable precursors of diverselyR-substituted
allylboronates. Electrophilic fluorodesilylation can be ap-
plied as an efficient entry to (Z)-1-fluoro-1-alkenes and
allyl fluorides, while their addition to activated alcohols in
the presence of a Lewis acid afforded bicyclic compounds
after platinum dichloride cyloisomerization. Studies are un-
derway to expand this chemistry to enantioselective allylation
reactions of other differently substituted γ-borylallylsilanes.
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