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Carbon–carbon bond formation via substitution of an allylic

hydroxide with stereodefined alkenyl groups using alkenyl-

boron dihalides in the absence of transition metals.

Transition-metal catalyzed allylic alkylation (especially asymmetric

alkylation, AAA) of allylic halides, carbonates, and carboxylates is

a very active topic in organic synthesis.1 Numerous studies have

been reported describing ligands2 and transition metal complexes3

designed to enrich the regio- and/or enantioselectivities of these

reactions. In this context, reactions with soft nucleophiles have

been well-studied. However, reactions involving hard nucleophiles

have not been developed as well due to the stability of the carbon–

metal bond in the transient p-allyl intermediates.4 To achieve

allylic substitution using hard nucleophiles, the transmetallation of

Grignard or organozinc reagents to the more reactive copper

reagents is often required.5,6 For organoboron nucleophiles,

transformation of boronic acids to more reactive lithium borates7

or zinc borates8 is generally required. Until now, only the coupling

of arylboronic acids with allylic halides,9 and carbonates9a,10 has

been described. For example, the RuCl3 catalyzed coupling of

allylic alcohols with arylboronic acids was recently achieved.11

Subsequently a successful sealed tube, Pd(PPh3)4 catalyzed

reaction was reported.12 Recently, Genet reported a [Rh(cod)Cl]2
catalyzed reaction of Baylis–Hillman adducts with arylboronic

acids.13 The reaction afforded formal Suzuki coupling products

through an unusual 1,4-addition/b-hydroxy elimination sequence.

Interestingly, the coupling of a vinyl group to an alcohol in the

absence of a transition metal has never been reported. Herein, we

wish to report the first transition metal free, formal Suzuki-type14

allylic alkenylation using allylic alcohols and alkenylboron

dihalides. From the point of organic synthesis, this novel allylic

alkenylation is quite attractive because it allows the attachment of

stereodefined alkenyl groups to an existing carbon skeleton. The

direct use of allylic alcohols as electrophiles makes the reaction

atom-efficient and more environmentally friendly.

We have focused on the chemistry of boron halide derivatives

for many years and have developed a number of novel reactions.15

Examples include the Grignard-like alkylation of aryl aldehydes

using alkylboron dihalides, and the BX3/PhBX2 mediated reac-

tions of styrene and aryl aldehydes leading to either 1,3-dihalo-1,3-

diarylpropanes or 3-halo-1,3-diarylpropanols. Recently we

reported a BX3 mediated reaction between aryl acetylenes and

aryl aldehydes (Scheme 1).16 Stereodefined 1,3,5-triaryl-1,5-

dichloro-1,4-pentadienes were isolated. At that time we proposed

that the reaction proceeded through a 2-halovinyl(allyoxy)boron

halide intermediate A. The migration of the 2-halovinyl group

from boron to carbon then generated the final product. This led us

to investigate whether the migration of alkenyl groups could,

indeed, occur under these reaction conditions.17

The reaction shown in Scheme 2 was designed to probe the

feasibility of such an alkenyl group migration. Reaction of allylic

alcohol 1 and alkenylboron dihalide 2 in the presence of base

(BuLi or NaH) would generate intermediate B which is similar in

structure to the earlier proposed intermediate A. Based on the

suggested migration, Scheme 1, intermediate B should rearrange to

the desired product 3. It is well-known that the reaction of terminal

alkynes with one equivalent of boron trihalide generates the

stereodefined (Z)-2-halo-1-alkenylboron dihalide, 2, in quantitative

yield.18 Due to its readily availability 1,3-diphenyl-prop-2-en-1-ol

(1, R 5 R1 5 Ph) was chosen as a model compound to evaluate

the feasibility of the proposed alkenylation reaction. Fortunately,

in the presence of base (BuLi or NaH), the reaction proceeded

smoothly using (Z)-2-chloro-2-phenyl-1-alkenylboron dichloride at

room temperature19 and the desired product (Z,E)-1-chloro-1,3,5-

triphenyl-1,4-pentadiene (3a) was isolated in 83% yield. The

reaction is highly stereoselective. The resonances observed at

4.94 ppm (dd) in the 1H NMR spectrum and at 48.5 ppm in the
13C NMR spectrum demonstrate that only a single isomer forms

in the reaction.20

The method provides stereodefined 1,4-pentadienes starting

from readily available allylic alcohols. To evaluate the scope of this

new allylic alkenylation reaction, a variety of allylic alcohols 1 and

alkenylboron dihalides 2 were prepared and subjected to the

reaction. The results are presented in Table 1. For both

alkenylboron dichlorides and alkenylboron dibromides derived

from aryl alkynes, the reactions produce the expected products in

moderate to high yields. The isolated yields are somewhat lower

when alkenylboron dibromides are utilized. For alkenylboron

dihalides derived from aliphatic alkynes, the allylic alkenylation

reaction requires the use of alkenylboron dibromides.

Unsymmetrical allylic alcohols also produce pure products; no

regioisomers were detected by NMR analysis. Transition-metal

catalyzed allylic substitution reactions often afford mixtures of

regioisomers from the p-allylic intermediates.9,10 Further investiga-

tion revealed that substituents R and R1 are not limited to aryl

groups. In this respect, the new allylic alkenylation reaction is more

general than the reaction shown in Scheme 1. Interestingly, we

found that monosubstituted allylic alcohols do not lead to the

desired products.

In summary, we have developed a novel method to prepare

stereodefined 1-halo-1,3,5-substituted-1,4-pentadienes using readily
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available allylic alcohols and alkynes (the precursor to the

(Z)-alkenylboron dihalides). The reaction conditions are mild

and the reaction is highly stereo- and regioselective. Because the

reaction involves alkenylboron dihalides and the products are

identical to those obtained in Suzuki coupling reactions, this new

reaction can be viewed as a formal transition metal free Suzuki

reaction.
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