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Abstract
A novel mode of regiochemical control over the allylic [1,3]-transposition of silyloxy groups
catalyzed by Re2O7 has been developed. This strategy relies on a cis-oriented vinyl boronate,
generated from the Alder ene reaction of homoallylic silyl ethers and alkynyl boronates, to trap out
the allylic hydroxyl group. The resulting cyclic boronic acids are excellent partners for cross coupling
reactions. High chirality transfer is observed for the rearrangement of enantioenriched allylic silyl
ethers.

In the context of manipulating synthetic intermediates, the efficient [1,3]-transposition of
allylic heteroatom functionalities is an important goal in synthetic chemistry.1 One of the most
direct and atom-economical methods for this transformation is a transition metal-catalyzed
rearrangement of an allylic hydroxyl group.2 Although the rhenium catalyst-based
rearrangement developed by Osborn and coworkers3 is the most efficient method, it generally
suffers from low regioselectivity, giving equilibrium mixtures of two isomers (eq 1). Efforts
to control the regioselectivity have focused on introducing stereoelectronic biasing elements
around the allylic double bond2c such as

(1).

(2).
conjugation or by taking advantage of the steric environment of the allylic hydroxyl group.
2a,c,4 To further improve the scope of this rearrangement, we envisioned a new approach
where the equilibrium can be shifted toward the desired direction by introducing certain
functionality within the molecule that can interact with the [1,3]-transposed hydroxyl group
(eq 2).

In search of a suitable platform that allows us to test this concept, we became interested in
boron's unique affinity for hydroxyl group. The cis-vinyl boronate generated from the
ruthenium-catalyzed Alder ene reaction5 between homoallylic alcohol derivatives and alkynyl
boronates nicely sets the stage for testing the subsequent allylic [1,3]-transposition, after
removal of the hydroxyl protecting group (eq 3). Herein we report a successful implementation
of a two-step protocol for an efficient synthesis of cyclic vinyl boronic acids via a novel mode
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of regiochemical control in the allylic [1,3]-transposition induced by boronate trapping of
hydroxyl and silyloxy groups.

(3).
Having recognized the critical role of the protecting group in the Alder ene reaction as well as
in the deprotection step, particularly due to the unstable nature of the boronate both under basic
and acidic conditions, we tested several common protecting groups on the substrate
homoallylic alcohol (Table 1). First, an ethyl carbonate and an acetate group were used (entries
1 and 2), which gave a good yield of the Alder ene reaction product 1a and 1b, respectively.
However, deprotection of these protecting groups under typical mildly basic conditions gave
only low yield of free alcohol 2. Again, ethereal protecting group MOM is suitable for the first
step but its removal under acidic conditions led to rapid protodeboronation (entry 3). To avoid
both basic and acidic aqueous conditions for the deprotection, the Troc
(trichloroethyloxycarbonyl) protecting group was used. Although the deprotection was nicely
accomplished in Zn/AcOH as expected, the first coupling step gave low yield of 1d probably
due to the ionization of the allylic C–O bond with the highly activated Troc group.6 A silyl
protecting group such as TBS (1e) was found to be problematic for its removal in the presence
of the boronate functionality (entry 5).

Having allylic alcohol 2 in hand, we next tried the allylic [1,3]-transposition. The
rearrangement was found to be very efficient to give an excellent yield of the singly allylic
[1,3]-transposed product in <5 min using either Ph3SiOReO3

7 or Re2O7 at room temperature.
Surprisingly, the identity of the rearranged product is not the expected vinyl boronate with the
transposed hydroxyl group but instead the cyclic vinyl boronic acid 3.8 Despite the efficient
allylic transposition, the significance of this overall transformation was compromised by
unacceptably low yields for the three-step sequence caused by the protecting group
incompatibility in the first two steps.

At this juncture, we turned our attention to the possibility of direct rearrangement of the
protected form of hydroxyl functionality. Based on examples of the allylic [1,3]-transposition
of silyl ethers3b,9 in combination with their efficient preparation, we chose 1e as the model
substrate for the rearrangement. Gratifyingly, treatment of 1e with Re2O7 (CH2Cl2, 25 °C, 2
h) provided silyl group-free product, which was identical to vinyl boronic acid 3, the structure
of which was confirmed after conversion to 4 via Suzuki coupling (eq 4).10

(4).
Encouraged by this observation, a variety of cis-vinyl boronates were synthesized via the Alder-
ene reaction in order to test the generality of the rearrangement (Table 2). Substrates 5a–d were
obtained in good yield and moderate selectivity for the Z-isomer.11 Under typical conditions
(Re2O7; CH2Cl2 or Et2O, 25°C), these substrates provided the rearrangement products 6a–d
in excellent yields.12 Unexpectedly, products 5e and 5f were not obtained from the Alder-ene
reaction. Instead, the reaction directly lead to the [1,3]-transposed products 6e and 6f in 43%
and 54% yields respectively (entries 5 and 6).10,13 This tandem Alder ene reaction followed
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by allylic transposition is probably due to the activated nature of the benzylic silyl ether toward
the cationic ruthenium catalyst employed.6

The rearrangement of 5d renders the important issue of chirality transfer during the reaction
(entry 4). Because the assessment of the diastereomeric ratio of 6d14 was not trivial,
enantioenriched substrates 5b and 5c were tested. Interestingly, when the rearrangement was
performed in CH2Cl2, significant loss of stereochemical information was observed for 6b and
6c (Table 3). However, when the reaction was run in ether, the stereochemical integrity was
preserved.15 The efficiency of chirality transfer from 5b to 6b and 5c to 6c was determined
by analysis of the Mosher ester derivates after conversion to 7b and 7c.

The cyclic vinyl boronic acids 6a–f were found to be excellent coupling partners in Suzuki
couplings.14,16 Compounds 6a–c and 6e–f underwent coupling with cis-ethyl-β-iodoacrylate
to give the corresponding coupled products 7a–c and 7e–f, representative examples of which
are illustrated in Scheme 1.

In conclusion, we have developed a highly efficient protocol for the synthesis of cyclic vinyl
boronic acid. This novel mode of regiochemical control in the allylic [1,3]-transposition was
achieved by using the oxygen affinity of a cis-oriented vinyl boronate to trap out the hydroxyl
and silyloxy group. Application of this consecutive Alder ene reaction followed by allylic
transposition to natural products synthesis is underway.
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Scheme 1.
Suzuki Coupling of Cyclic Vinyl Boronic Acids
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