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Abstract: Reaction of alkenyl boronic acids with halosuccinimides (NIS, NBS or NCS ) gives the
corresponding alkenyl halides with the same geometry. This method is suitable for the synthesis of
geometrically pure (E) and (Z) alkenyl halides, as well as 1,1- and 1,2-dihaloalkenes.

Alkenyl boronic acids are readily available and synthetically useful intermediates that are
configurationally stable and easy to handle.1 They are usually prepared in geometrically pure form
by several methods,! including the hydroboration or haloboration of alkynes (1) and via the
hydrozirconation of alkynes2 (1¢) or alkynyl borates3 (2). Since most reactions involving migration
from boron to another atom proceed with complete retention of configuration, alkeny! boronic acids
are useful for the preparation of several types of geometrically pure alkene derivatives.! Thus, we
have recently shown that these intermediates can be used for the synthesis of geometrically pure
allylamines.4 Herein we report the mild conversion of several types of alkenyl boronic acids (4-6)
to geometrically pure alkenyl halides (7-9), using N-iodo-, N-bromo- or N-chloro- succinimides.
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The conversion of alkeny! boronic acids® or boronates5.6 to alkenyl iodides,5:6 bromides5 or
chlorides5:7 has been performed with the corresponding halogen (lo, Bra or Clp) in the presence of
a base. Other procedures include the initial conversion to alkenylmercury intermediates followed by
a mercury-halogen exchange,8 and the use of iodine monochloride for the conversion of
alkenylboronic acids? or alkenyl boronates10 to alkenyl iodides.

The procedure reported herein, involving the use of halosuccinimides, is complimentary to
the above methods, and in some cases is milder, more convenient and more efficient. Table 1
shows some representative examples for the synthesis of (E) and (Z) alkenyl halides with various
substitution patterns. The conversion of alkenyl boronic acids to chiorides was best carried out in
chloroform in the presence of triethylamine.11 The analogous conversion to alkenyl iodides or
bromides can take place more efficiently in acetonitrile without an external base.12 In addition to
alkenyl boronic acids the corresponding boronates can also be used in this reaction (entry 12).

Unlike previous procedures,® this method allows the conversion of alkenyl boronic acids to
alkenyi bromides with the same geometry (entries 2, 4 6). Also, some of the compounds prepared
in this manner are not readily available with other methods. Noteworthy is the formation of
geometrically pure alkenyl chlorides without the use of chlorine (entries 3, 7, 11), and the efficient
synthesis of internal alkenyl halides (entries 5-7, 13) as well as mixed 1,2-dihaloalkenes3 (entries
10,11) and 1,1-dihaloalkenes (entry 12).

In contrast to procedures involving halogens, that are believed to involve the electrophilic
addition to the alkene followed by a base-promoted elimination,S the retention of configuration
during the reaction with N-halosuccinimides suggests that it probably proceeds via a direct
migration of the alkeny! moiety from boron to halogen. Similarly to the proposed mechanism for the
protonation of alkenylboron derivatives by carboxylic acids! (10), this boron to halogen exchange
may be assisted intramolecularly by the carbonyl group of the succinimide moiety (11).
Alternatively, the conversion of boron to a borate species via the addition of an external nucleophile
may lead to an intermolecular transfer of the alkenyl moiety to the electrophilic halogen (12).
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Overall, the reported procedure gives geometrically pure alkenyl halides without requiring
the use of highly reactive halogens, strong bases, oxidizing agents or mercury salts and, therefore, it
is experimentally convenient and practical.
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Table 1
Entry  Boronic acid or boronate Conditions (at 25°) Product Yield
Ph\/\B,OH Ph\/\x
1 OH NIS, MeCN X=I 86%
2 NBS, MeCN X =8r 85%
3 NCS, CHCl3, EtgN X=Cl 82%
4 KB/OH NBS, MeCN ~ B 81%
1 °
Ph  OH » e Ph
Me Me
Ph Ph
= B,OH / X
5 OH NIS, MeCN X=| 83%
6 NBS, MeCN X =Br 84%
7 NCS, CHCI3, Et3N X =Cl 77%
8 /\/\/\?/OH NIS, MeCN i 73 %
OH , Ve ()
HO\B,OH

9 NIS, MeCN /\/\/\) 68%

W

/\/\/\B /\/\/\X
1
Br OH Br
10 NiS, MeCN X=1 71 %
11 NCS, CHCI3, EtsN X=Cl 76 %
Br Br
12 /\/\/\B,OMe NIS, MeCN PN 62%
i
OMe
HQ Ph I

13 Ph. B-OH NIS, MeCN 68%
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