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Reaction of [£)-1-bromo-1-alkenyl]dialkylboranes with
N-halogeno compound in THF—=DMF: a novel synthesis of
1,2-disubstitutedE)-vinyl bromides
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Abstract

DMF-induced reaction of f)-1-bromo-1-alkenyl]dialkylboranes with athalogeno compound results in 1,2-
migration of an alkyl group from the dialkylboryl group to thecarbon atom without elimination of the bromine
atom, followed by -elimination to provide 1,2-disubstitute&)-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 rekatidrSuzuki—Miyaura coupling
reaction? Among various alkenylboranesZ)¢1-halo-1-alkenyl]dialkylboranes have been usually used
as precursors of f)-1-alkenyl]dialkylboranesand internal E)-alkenylboraneswhich are unavailable
via hydroboration of alkynes. Thus, the reaction &f){(-halo-1-alkenyl]dialkylboranes with nucleo-
philes, such as hydrideand methoxidé2 causes elimination of the halogen atom and simultaneous
migration of the nucleophile or the alkyl group on the boron atom to trearbon atom with inversion
of configuration via the corresponding ate-complexes. However, there are very few reports of organic
synthesis using H)-1-halo-1-alkenyl]dialkylboranes without elimination of the halogen atémVery
recently, we have reported that treatment &){{-bromo-1-alkenyl]dialkylboranesl) with DMSO,
which would act as a nucleophilic activator, in a nonpolar solvent such as LQB4#CI or CCl,
gives 1,2-disubstituted=j-vinyl bromides @) stereoselectivel§.We now report here a new and general
access t@ using DMF-induced reaction dfwith anN-halogeno compound where DMF would play an
important role as a polar solvent and thidhalogeno compound would act as an electrophilic promoter.
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We chose [£)-1-bromo-1-hexenyl]dicyclohexylborangd), prepared by hydroboration of 1-bromo-1-
hexyne with dicyclohexylborane, as a substrate and examined the reactidi-hétlogeno compounds.
When the reaction withl-chlorosuccinimide (NCS) was carried out in a mixed solvent of THF—DMF, the
formation of €)-1-bromo-1-cyclohexyl-1-hexen@4)’ 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) at50°C to room temperature. Thus, the reactioriafwith
1.75 equiv. of NCS gave 84% yield @ with high stereoselectivitye:Z=98:2) (entry 4). It should be
noted that in the absence of DMF the reaction gave only a trace amogat(eftry 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).

<:>—)QB>C=C<H NCS / THF-DMF Br>C=C<H (1)
Br 1a C4Hg-n <___> 2a C4Hg-n
Table 1
Effects of co-solvent and amount of NES
Entry Co-solvent Ratio (v/v) NCS Yield of 2a  Isomer®
THF : co-solvent  (equiv to 1a) (%)'J E:Z
1 none 1:0 1.0 trace —
2 DMF 1:1 52 99:1
3 1.5 72 98:2
4 1.75 84 98:2
5 2.0 80 98:2
6 1:05 1.75 80 97:3
7 1:2 77 99:1
8 DMI 1:1 L5 43 93:7
9 DMA 59 92:8
10 NMP 65 94:6

# Reactions were carried out at -50 °C to room temperature. bGLC yields based on
1-bromo-1-hexyne employed.  Determined by GLC analysis.

The reaction of a variety df 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
(RY) 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 tikehalogeno compound, for example, using
N-bromosuccinimide (NBS) instead of NCS (entry 3) atdbromoacetamide (NBA) instead of NBS
(entries 6 and 9). In the case f, however, changing NCS for NBA did not lead to a significant
increase in yield. In all cases examined, 1,2-disubstituEdifiyl bromides R) were formed in a highly
stereoselective fashion and obtained in good yields. The reactibd, 4 and 1f with NBA proceeded
smoothly to give the corresponding produ2ts 2€® and 2f, respectively (entries 6, 7 and 9). On the
other hand, the reaction 4 and 1e with DMSO gave2d and2ein poor yields, respectively, and the
reaction oflf 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 decompositioddfind1lecaused 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? The present reaction thus overcame the disadvantages of the protocol using DMSO.

Table 2

DMF-induced reaction of f)-1-bromo-1-alkenyl]dialkylboranes witK-halogeno compourid

1

/

Ty ———— e,
B ; R RV , R
Entry R' R? X-N<® Product Yield (%)°

1 c-CeHy, n-C;Hy  NCS 2a 82
2 ¢CeHy, CeHs NCS 2b (41)
3 NBS 2b 77
4 CgHy, (CHp;Cl  NCS 2¢ 74
5  c-CeHy, CH,OCH; NBS 2d (41)
6 NBA  2d 82
7 cCeHy CH,0Ac NBA 2 88
8  (CH,),CHCHCH; n-CjHy  NBS 2f (54)
9 NBA 2 80
10  (CH;),CHCHCH; CHs NBA  2g 58
11 n-CeHys n-CH, NCS* 2n 71
12 n-CeHys CeHs NBA 2i 75
13 C¢H;CH(CH;)CH, nCHy  NCS*  2j 65
14 NBA  2j (72)
15 (CH;),SiCH,CH,CH, n-CjHy  NCS* 2k 65
16  ¢-CsHy n-C4H, Ncst 2 71
17 Lbi nCgH,  NCS'  2m 63°

# All reactions were carried out in THF-DMF (1 : 1) at -50 °C to room temperature.

® Unless otherwise stated, 1.75 equiv of NCS, 3.0 equiv of NBS, or 2.5 equiv of NBA
was used. © Isolated yields based on 1-bromo-1-alkyne employed. Isomeric purities are
>99—98%. GLC yields are given in parentheses. 4225 equiv of NCS was used.

¢ Isomeric purity is 95%.

We envisage the reaction mechanism for the formatio@ a$ 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 thN-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 intermediatenvhich would undergdrans-elimination
of the alkylaminoboryl and halogeno groups to yigld
5

\N/
. R! G\N_ R SN—
"X o/ N s/
1 A R'—B. (X\ H B X
RzB = H AN /@\ Re “, /
Neic”/ C—C’\ _— Br-—/C—C s H
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]
X \/N—
Br H trans-eliminati Br By )
\C=C/ ans-elimination R
v , \g2 R2 H
R1

Scheme 1. Proposed mechanism for the formation of disubstitBjedr{yl bromides

In conclusion, we have demonstrated for the first time that DMF induces the reactior)-df- [(
bromo-1-alkenyl]dialkylboraned) with anN-halogeno compound to provide 1,2-disubstitutegd\inyl
bromides ), where a wide range of alkyl substituents are permitted to participate in the convergion of
into 2, as compared to the reaction with DMSO.
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