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Reaction of [(Z)-1-bromo-1-alkenyl]dialkylboranes with
N-halogeno compound in THF–DMF: a novel synthesis of

1,2-disubstituted (E)-vinyl bromides
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Abstract

DMF-induced reaction of [(Z)-1-bromo-1-alkenyl]dialkylboranes with anN-halogeno compound results in 1,2-
migration of an alkyl group from the dialkylboryl group to the�-carbon atom without elimination of the bromine
atom, followed by�-elimination to provide 1,2-disubstituted (E)-vinyl bromides stereoselectively in good yields.
© 2000 Elsevier Science Ltd. All rights reserved.
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Alkenylboranes are known to be quite useful intermediates in organic synthesis, especially in the
case of carbon–carbon bond formation such as the Zweifel-type reaction1 and Suzuki–Miyaura coupling
reaction.2 Among various alkenylboranes, [(Z)-1-halo-1-alkenyl]dialkylboranes have been usually used
as precursors of [(Z)-1-alkenyl]dialkylboranes3 and internal (E)-alkenylboranes4 which are unavailable
via hydroboration of alkynes. Thus, the reaction of [(Z)-1-halo-1-alkenyl]dialkylboranes with nucleo-
philes, such as hydride3 and methoxide,4a causes elimination of the halogen atom and simultaneous
migration of the nucleophile or the alkyl group on the boron atom to the�-carbon atom with inversion
of configuration via the corresponding ate-complexes. However, there are very few reports of organic
synthesis using [(Z)-1-halo-1-alkenyl]dialkylboranes without elimination of the halogen atom.4a,5 Very
recently, we have reported that treatment of [(Z)-1-bromo-1-alkenyl]dialkylboranes (1) with DMSO,
which would act as a nucleophilic activator, in a nonpolar solvent such as ClCH2CH2Cl or CCl4,
gives 1,2-disubstituted (E)-vinyl bromides (2) stereoselectively.6 We now report here a new and general
access to2 using DMF-induced reaction of1 with anN-halogeno compound where DMF would play an
important role as a polar solvent and theN-halogeno compound would act as an electrophilic promoter.
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We chose [(Z)-1-bromo-1-hexenyl]dicyclohexylborane (1a), prepared by hydroboration of 1-bromo-1-
hexyne with dicyclohexylborane, as a substrate and examined the reaction withN-halogeno compounds.
When the reaction withN-chlorosuccinimide (NCS) was carried out in a mixed solvent of THF–DMF, the
formation of (E)-1-bromo-1-cyclohexyl-1-hexene (2a)7 was observed (Eq. (1)). The results performed
under several reaction conditions are summarized in Table 1. The highest yield was obtained in the
reaction carried out in THF–DMF (1:1) at�50°C to room temperature. Thus, the reaction of1a with
1.75 equiv. of NCS gave 84% yield of2a with high stereoselectivity (E:Z=98:2) (entry 4). It should be
noted that in the absence of DMF the reaction gave only a trace amount of2a (entry 1). Although the
desired reaction also proceeded in the presence of other co-solvents under similar conditions (entries
8–10), DMF was superior to other co-solvents employed in terms of both yield and stereoselectivity
(entry 3).

(1)

Table 1
Effects of co-solvent and amount of NCSa

The reaction of a variety of1 with anN-halogeno compound was carried out in the presence of DMF,
and the results are summarized in Table 2. The present reaction could be applied to various alkyl groups
(R1) ranging from the relatively hindered 1,2-dimethylpropyl group to the less hindered hexyl group,
and is tolerant of functional groups such as chloro, ether, ester and silyl function (entries 4–7 and 15).
The yields of2 were improved by making a choice of theN-halogeno compound, for example, using
N-bromosuccinimide (NBS) instead of NCS (entry 3) andN-bromoacetamide (NBA) instead of NBS
(entries 6 and 9). In the case of1j, however, changing NCS for NBA did not lead to a significant
increase in yield. In all cases examined, 1,2-disubstituted (E)-vinyl bromides (2) were formed in a highly
stereoselective fashion and obtained in good yields. The reaction of1d, 1eand1f with NBA proceeded
smoothly to give the corresponding products2d, 2e8 and2f, respectively (entries 6, 7 and 9). On the
other hand, the reaction of1d and1ewith DMSO gave2d and2e in poor yields, respectively, and the
reaction of1f with DMSO could hardly proceed under the conditions described in Ref. 6. The result of
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the former reaction is due to the decomposition of1d and1ecaused by removal of THF, and in the latter
reaction is probably due to the steric hindrance between the 1,2-dimethylpropyl group on the boron atom
and DMSO.9 The present reaction thus overcame the disadvantages of the protocol using DMSO.

Table 2
DMF-induced reaction of [(Z)-1-bromo-1-alkenyl]dialkylboranes withN-halogeno compounda

We envisage the reaction mechanism for the formation of2 as shown in Scheme 1. DMF probably
plays an important role in the initial stage of the present reaction. The reaction appears to be initiated by
the electrophilic attack of theN-halogeno compound. It is assumed that the formation of a halonium ion
across the carbon–carbon double bond followed by 1,2-migration of an alkyl group from the boron atom
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to the�-carbon atom would take place to form intermediateA, which would undergotrans-elimination
of the alkylaminoboryl and halogeno groups to yield2.

Scheme 1. Proposed mechanism for the formation of disubstituted (E)-vinyl bromides

In conclusion, we have demonstrated for the first time that DMF induces the reaction of [(Z)-1-
bromo-1-alkenyl]dialkylboranes (1) with anN-halogeno compound to provide 1,2-disubstituted (E)-vinyl
bromides (2), where a wide range of alkyl substituents are permitted to participate in the conversion of1
into 2, as compared to the reaction with DMSO.
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