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(E)-(2-Bromoethenyl)diisopropoxyborane is a useful precursor
for the synthesis of (E)-olefins by the stepwise cross-coupling
reaction with organozinc chlorides and then with organic halides

in the presence of a base, both catalyzed by Pd complex.

Most recently we reportedz) that the stepwise cross-coupling reaction of
(E)-(2-bromoethenyl)dibromoborane (1) with an organozinc chloride and then with
an organic halide is effectively catalyzed by a palladium complex to provide the
corresponding (E)-olefin stereoselectively as shown in Eq. 1.
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However, when alkenylzinc compounds such as 2 having no substituent at the
a-carbon to zinc were employed, the desired products were obtained only in low
yields, and the formation of monoene (3) was observed. Although 3 is a coupling
product between 2 and an organic halide, R'X, such coupling cannot be expected
under the present protic conditions, because 2 should be decomposed.
Consequently, the possible mechanism of the formation of 3 is considered as
follows. In the first step, 2 attacked non-catalytically boron part of 1 to
form the alkenylborane (4), which then reacted with R'X to give 3 (Eq. 2).

/g/ZnCI + 1 —_— JVIBW\Br —B,x—>)§/R, (2)
2

From this hypothesis, we attempted to employ (E)-(2-bromoethenyl)dialkoxy-

3)

boranes (5), in place of 1, to prevent the formation of the undesired by-

product. Such results in the reaction with 2 are shown in Table 1. When
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dibromide 1 was used, the desired diene product (6) was obtained only in 7%
yield together with the formation of monoene 7 in 84% yield. Among the
dialkoxyboranes, the (E)-(2-bromoethenyl)diisopropoxyborane (5c) provided an
excellent result, namely the expected diene (6) in 92% yield with a small amount
(8%) of 7. 1In the reaction with other organozinc compounds, the yield of the

products could be also improved by the use of 5c instead of 1.

Table 1.
Pdcat  PhI?
)§,ch| . Braz~px, — A?, Ph )7\\/Ph
Borane Mole. equiv. of 2 to borane  Yieldof 6/ %°)  Yield of 7 | %°)

Brs~per, 2.0 7 84
Br~p(oEY), (5a) 15 54 14

Bro~ L0 (5b)

B, 15 78 13

BrZ~B(OPH); (50 15 77 7
Br\é\B(OPr-i)z 2.0 92 8

a) One equivalent of Phi to borane was used. b) GLPC yield based on borane.

The representative results for the preparation of (E)-olefins using (E)-(2-

4)

bromoethenyl)diisopropoxyborane (5c), are summarized in Table 2. This reagent

(5c) has advantages for the synthesis of (E)-olefins, compared with conventional
5,6) 7) i)

precursors such as 1,2-dihaloethenes and 1-bromo-2-phenylthioethene.

The unsymmetrically substituted olefins can be prepared readily without

isolation of monoalkylated compound.8)

ii) The same palladium catalyst is
employed in the both alkylation steps. 1ii) Relatively unstable conjugated
trienes can be also prepared stereoselectively. (Entries 2,3,5, and 6 in Table
2).9) iv) As the different type of reactants, an organozinc chloride and an
organic halide, are used in each alkylation step, a variety of substituents can
be introduced into the both side of (E)-double bond. v) Substituents with
functional groups such as ketone, which are difficult to introduce as metallic
reagents, can be readily introduced without any difficulty (Entry 16 ).

The following procedure for the preparation of (E)-5-phenyl-2-trimethyl-
silyl-1,3-pentadiene is representative. To a mixture of 5c (235 mg, 1.0 mmol)
and (PPh3),PdCl, (35 mg, 0.05 mmol) in dry THF (3 mL) was added at 0 °C under an
argon atmosphere, a THF solution of 1-(trimethylsilyl)vinylzinc chloride (1.5
mmol) prepared by treatment of the corresponding Grignard reagent (3.0 mL of 0.5
M solution, 1.5 mmol) with zinc chloride (1.6 mL of 1 M THF solution, 1.6 mmol).
The reaction mixture was stirred at room temperature for 3 h. Aqueous lithium
hydroxide (10 mL of 2 M solution, 20 mmol) and benzyl chloride (127 mg, 1.0



Chemistry Letters, 1988 811

Table 2. Synthesis of (E)-Olefinsa)

Entry RZnCl RXP) Product Yield ) 1ped)

™S ™S

1 Achl PhCH,CI PN 89 99
™S

2 Hex_~ A Hex 79 96

| T™MS Hex

3 Hex _J AL 79 96
™S

4 Phl A~pr 81 97

”
5 )\zm Hex~ A )\N\Hex 65 97
|
6 ” Hex\) M
Ph Ph
7 )\an ABF M 62 99

— Ph
8 Bl ‘zncl  PhCHCI f\é\/ 76 96

g )§,an| Phl MPh @°® 99

14 97

10 ~~InCl Phl AN Ph 65 97

11 HexC=CZnCl.  Phl HexC=C-X~Ph g3f)  gs

12 PhznCl AN Pha X (82) 99

13 % Phl Ph A ~Ph @9 97

14 BuZncCl Phl Bu-Xx—Ph 79 96

15 sec-BuZnCl Phl sec Bu-Xx—Ph 77 97
o

(o]
" Vel
16 PhZnCl Q Ph" X 85 99
cl

a) Unless otherwise noted, 1.5 equiv. of RZnCl to 5c¢ was used.

b) Equimolar amount of R'X with 5¢c was used. c¢) Isolated yield
based on Sc and in parenthesis, GLPC yield. d) Isomeric purity
determined by GLPC. e) Two equiv. of RZnCl was used. £f) Three
equiv. of RZnCl was used.
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mmol) were added successively and the mixture was stirred under reflux for 15 h.
After cooling to room temperature, the reaction mixture was guenched with
aqueous solution of ammonium chloride. After extraction with hexane, the titled
compound was isolated by column chromatography (silica gel/ hexane) in 89%
yield (193 mg).
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