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Treatment of [2-(1-propynyl)phenyl]methanol with 1-alken-
yl Grignard reagents under nickel catalysis results in carbomag-
nesiation across the alkynyl part. The 1-alkenylation reaction
proceeds in a syn fashion to yield the corresponding 1,3-buta-
dienyl-substituted benzyl alcohol.

Transition-metal-catalyzed carbometalation of alkynes is a
powerful tool for the synthesis of multisubstituted alkenes.1

However, 1-alkenylation reaction of alkyne with 1-alkenylmetal
reagents is difficult to achieve, while there are many examples
of addition reactions of aryl-,2 allyl-,3 alkynyl-,4 and alkylmetal5

reagents to alkynes. Here, we report an example of 1-alkenyla-
tion reaction of an alkyne, [2-(1-propynyl)phenyl]methanol
(1), with 1-alkenylmagnesium bromide.

Treatment of 1 with an excess of vinylmagnesium bromide
in the presence of NiBr2(PPh3)2 in THF at 20 �C for 5 h provided
the vinylated product 2a in good yield (Table 1, Entry 1).6

The vinylation reaction proceeded to completion within 1 h at
50 �C (Entry 2). The alkenylation reactions with Grignard re-
agents bearing a substituent R1, R2, or R3 did not proceed at
20 �C. The reaction of 1 with isopropenylmagnesium bromide
provided the adduct 2b in good yield (Entry 3). However, a
trimethylsilyl or a phenyl group as R1 considerably retarded
the reaction (Entries 4 and 5). The reaction is sensitive to the
steric factor at the 1 positions of the 1-alkenyl Grignard reagents.
The reaction with 1-propenylmagnesium bromide (E/Z = 2:8)7

afforded the product 2e in good yield in a 1E, 3E/1E, 3Z ratio
of 25:75 (Entry 6). The stereochemistry of the product reflects
that of the Grignard reagent. Interestingly, the reaction with
2-trimethylsilylethenylmagnesium bromide yielded the 1E, 3E
isomer exclusively (Entry 7). The exclusive formation indicates
that (E)-2-trimethylsilylethenylmagnesium bromide would
be more reactive than its Z form because of the steric hindrance.
The use of a 1:1 mixture of (E)- and (Z)-styrylmagnesium
reagent provided the E adduct predominantly (Entry 8). A
1-alkenyl Grignard reagent, 2-methyl-1-propenylmagnesium
bromide, reacted smoothly with 1 under the nickel catalysis
(Entry 9).

The reactions of other alkynes were unsatisfactory. The
methyl ether 3 was much less reactive (eq 1). Replacement of
the methyl group of 1 with a butyl group resulted in significant
decrease in reaction efficiency (eq 2). The reaction of 1-phenyl-
propyne (7) having no heteroatom for 12 h provided 1,3-diene 8
in a similar yield (eq 3). A diphenylacetylene derivative 9 under-
went the vinylation slowly, providing a mixture of regioisomers
10 and 11 (eq 4). The reactions of other alkynes shown in
Figure 1 resulted in failure.

The syn mode of the carbometalation was confirmed by
NOE analysis of 2b. Irradiation of the methyl group at the 3

position enhanced the signal of the proton at the 1 position,
geminal to the aromatic ring. We also performed spectroscopic
comparison of 8 with an authentic sample prepared by the Wittig
methylenation reaction of (E)-�-methylcinnamaldehyde.
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OMe

C
C

Me

BrMg

OMe

Me
+

THF, 20 °C, 10 h
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Then H3O+
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Table 1. 1-Alkenylation of [2-(1-propynyl)phenyl]methanol
(1) with 1-alkenyl Grignard reagents under nickel catalysis

10 mol %
NiBr2(PPh3)2

OH

C
C

Me

R1BrMg

R3 R2

OH

Me
R1

R2R3

+
THF, 50 °C, 2 h

1 2
Then H3O+

(6 equiv.)

Entry R1 R2 R3 2 Yield

1a H H H 2a 72%

2b H H H 2a 70%

3 Me H H 2b 63%

4 Me3Si H H 2c <20%

5 Ph H H 2d <5%

6 H Me (H) H (Me) 2e 75%

(2:8)c (25:75)d

7 H Me3Si (H) H (Me3Si) 2f 74%

(8:2)c (>99:1)d

8e H Ph (H) H (Ph) 2g 74%

(5:5)c (83:17)d

9 H Me Me 2h 74%

aPerformed at 20 �C for 5 h. bPerformed for 1 h. cE/Z ratio of the
Grignard reagent. d1E, 3E/1E, 3Z ratio of 2.
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cat. NiBr2(PPh3)2
OH

C
C
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BrMg
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+
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5 6 34%
Then H3O+

(2)

cat. NiBr2(PPh3)2

C
C
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+
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7 8 47%
Then H3O+
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(4)
cat. NiBr2(PPh3)2

OH

C
C

Ph

BrMg

OH

Ph

+
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Then H3O+

ca. 20% combined yield

OH
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+

The vinylmagnesiated adduct 12 was trapped with
CD3COOD or iodomethane in the presence of CuCN.2LiCl
(Scheme 1). Unfortunately, many attempts to trap the intermedi-
ate 12 with I2, allyl bromide, benzoyl chloride, benzaldehyde,
and iodobenzene resulted in failure. The intermediate is not
reactive probably because of the proximal alkoxide moiety and
steric hindrance.

In summary, we have found examples of carbometalation
with 1-alkenylmetal reagents. The reaction proceeds in a syn
fashion, yielding 1,3-butadiene skeleton.

Dedicated to the memory of the late Prof. Yoshihiko Ito.
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