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This paper highlights Ni-catalyzed allylation of electron-rich aryl

bromides with a variety of substituted allylic carbonates using

zinc as the terminal reductant, affording E-alkenes regioselectively

in good to excellent yields by the addition of aryl to the less hin-

dered allylic carbon. The electron-deficient aryl bromides and

chlorides are also highly efficient coupling partners.

Introduction

Allylic arylation is generally achieved via transition-metal-cata-
lyzed coupling of aryl-metallic reagents with allylic electro-
philes and allyl-metallic reagents with aryl electrophiles;1–4

numerous well-established synthetic methods, in particular
asymmetric versions, have been developed.3 On the other
hand, reductive coupling of two electrophiles5–7 including ally-
lation of aryl halides with allylic electrophiles affords an
alternative choice by its facile carbon–carbon bond formation
without pre-preparation of organometallic nucleophiles.8–10

Although recent years have seen significant progress in advan-
cing the nickel and cobalt-catalyzed reductive allylic aryla-
tion,8,9 the present methods still suffer from limited substrate
scope and a lack of enantioselective studies on the 1,3-disub-
stituted allylic electrophiles.

For instance, our previous studies have disclosed an
efficient method for the coupling of electron-rich and electron-
deficient aryl bromides with unsubstituted allylic acetate
(Scheme 1, method A).9a The Ni-catalyzed conditions seem to
be more effective than the analogous Co-catalyzed reductive
and Fe-catalyzed domino Kumada methods.8,9 However, low or

trace amounts of yields result when this method is applied to
substituted allylic acetates.

Recently, Weix and co-workers reported a similar Ni-cata-
lyzed protocol in which a variety of substituted allylic acetates
undergo highly efficient coupling with mainly aryl iodides
(Scheme 1, method B).9b Allylation of aryl bromides, however,
appears to be limited to those bearing electron-withdrawing
groups with a much reduced coupling efficiency. In addition,
no examples of the corresponding coupling of aryl chlorides
have been reported. Therefore, systematic studies of the coup-
ling of substituted allylic acetates with aryl halides, particularly
less reactive aryl bromides and chlorides with varying elec-
tronic properties, are still in need.

In this paper, we present our continuing efforts toward
efficient Ni-catalyzed reductive allylation of aryl halides with
emphasis on the coupling of electron-deficient and electron-
rich aryl bromides and activated aryl chlorides with various
substituted allylic acetates (Scheme 1, method C). The use of
pyridinylimidazole ligand 3a (Fig. 1) and additives is critical in
the present study. In addition, we disclose the first asymmetric
version of the allylic arylation through the coupling of two
electrophiles, although the coupling efficiency and enantio-
selectivity are still low.

Scheme 1 Ni-catalyzed coupling of allylic acetates with aryl halides.8,9
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Results and discussion

Our initial allylation of aryl bromides with unsubstituted allyl
acetate suggests that 4,4′-di-tBuBipy 1a was optimal
(Scheme 1). However, when the same reaction conditions were
used for the reaction of 8 with 2 equiv. of 1-ethyl allylic
acetate, only 20% of the allylated arene 9 was isolated. The
coupling with methyl 4-bromobenzoate only produced trace
amounts of the desired product. To improve the coupling
efficiency, we screened a variety of ligands for the coupling of
electron-rich arylbromide 8 with 1.5 equiv. of allylic acetate
(Table 1), and eventually determined that ligand 3a was able to
generate the coupling product 9 in 76% yield at 60 °C (Table 1,
entry 2). By the use of 2 equiv. of allylic acetate, the allylated
aryl product was obtained in 87% yield (entry 1). Other nickel

sources (e.g., Ni(acac)2, entry 17) were not satisfactory. It was
interesting that without Bu4NBr, a significant decrease of the
yield was observed (entry 18). We speculated that the role of
MgCl2 and Bu4NBr is possibly to activate zinc powder by
removal salts on its surface.9a

With the optimized conditions in hand, coupling of
4-methoxy-1-bromobenzene with a variety of substituted allylic
acetates gave allylated products 10–16 in fairly good yields
(Table 2). The electron-deficient methyl 4-bromobenzoate also
demonstrated high reactivity with the substituted allylic acet-
ates, giving products 18–24 in excellent yields (Table 2). The
addition of aryl groups to the less substituted carbon terminus
of the allylic acetates accounted for the regioselectivity of the
coupling process. However, coupling of the sterically more hin-
dered 1-methyl-3-phenyl-allylic acetate with both 4-methoxy-1-
bromobenzene and methyl 4-bromobenzoate generated pro-
ducts 17 and 25 in moderate yields (entry 8).

Extension of the allylation approach to other aryl halides
was also pursued via coupling with various substituted allylic
acetates, generating products 26–35 (Table 3). The reaction tol-
erated a wide array of functional groups, including amide, aryl
chloride, aldehyde, ether, ester, and even arenol. In general,
high coupling yields were observed regardless of the electronic
properties of the aryl halides and the substitution patterns of
the allylic acetates (entries 1–10). Whereas the coupling of elec-
tron-deficient 1-(4-bromophenyl)ethanone with 2 equiv. of
allylic acetate delivered the product 33 in 89% yield, the use of
1.5 equiv. of allylic acetate only resulted in 52% yield (entry 8).
Aryl chlorides bearing electron-withdrawing groups were also
effective. The coupling of methyl 4-chlorobenzoate with
3-phenyl allylic acetate delivered the product 22 in 82% yield

Fig. 1 Structures of the ligands.

Table 1 Optimization for the coupling of 1

Entrya Variation from the “standard” conditions Yieldb (%)

1 None 87
2 1.5 equiv. of allylic acetate 76
3 1.5 equiv. of allylic acetate; 3b instead of 3a 74
4 1.5 equiv. of allylic acetate; 3c instead of 3a 73
5 1.5 equiv. of allylic acetate; 3b instead of 3a 66
6 1.5 equiv. of allylic acetate; 5a instead of 3a 76
7 1.5 equiv. of allylic acetate; 5b instead of 3a 60
8 1.5 equiv. of allylic acetate; 5c instead of 3a 73
9 1.5 equiv. of allylic acetate; 1a instead of 3a 67
10 1.5 equiv. of allylic acetate; 1b instead of 3a Trace
11 1.5 equiv. of allylic acetate; 1c instead of 3a 50
12 1.5 equiv. of allylic acetate; 4a instead of 3a 63
13 1.5 equiv. of allylic acetate; 4b instead of 3a Trace
14 1.5 equiv. of allylic acetate; 4c instead of 3a 10
15 1.5 equiv. of allylic acetate; 6 instead of 3a 45
16 80 °C, instead of 60 °C 72
17 Ni(acac)2, instead of NiI2 63
18 No Bu4NBr 63

a Reaction conditions: 8 (100 mol%, 0.15 M in DMA, allyl acetate
(200 mol%), NiI2 (10 mol%), Zn (200 mol%), ligand (10 mol%), MgCl2
(0.15 mmol)–pyridine–Bu4NBr (1 : 1 : 1), DMA (1 mL). b Isolated yields.

Table 2 Scope of the allylic acetates

Entrya Allylic acetate Product

Yieldb for R =

MeO MeOOC

1 10 (86%) 18 (87%)

2 11 (81%) 19 (75%)

3 12 (83%) 20 (91%)

4 13 (83%) 21 (85%)

5 14 (87%) 22 (90%)

6 15 (94%) 23 (86%)

7 16 (80%) 24 (94%)

8 17 (40%) 25 (45%)

a Reaction conditions: as in Table 1, entry 1. b Isolated yields.
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(entry 11). It was interesting to note that the coupling of
methyl 4-chlorobenzoate with 1,3-disubstituted allylic acetates,
e.g., 1-methyl-3-phenyl allyl acetate, generated the desired
product 25 in 61% yield (entry 12).

Finally, we investigated whether it was possible to achieve
enantioselectivity for the coupling of methyl 4-bromobenzoate
and (E)-4-phenylbut-3-en-2-yl acetate using a chiral tridentate
pybox ligand 7. Although a moderate yield was obtained, 10%
of enantiomeric excess was observed. To the best of our knowl-
edge, this is the first time that enantioselectivity was observed
from direct reductive coupling of aryl halides with allylic elec-
trophiles (Scheme 2).

To understand the details of the reaction, we first examined
whether an in situ Negishi process is possible. Coupling of an
organozinc reagent prepared from dimethyl 4-bromophthalate
with cinnamyl acetate in the absence of zinc powder did not
give an allylation product.11 In addition, coupling of methyl
4-bromobenzoate and cinnamyl acetate as in Table 2, entry 5,
but in the absence of ligand mainly gave recovered starting
materials. These results suggest that in situ formation of orga-
nozinc/Negishi process is not likely to occur.

According to the stoichiometric studies of allylic-Ni(I) with
aryl halides reported by Corey and Heghdus, a Ni(I) to Ni(III)
process may account for the catalytic pathways in the present
study.12,13 Similar to the Ni-catalyzed reductive allylic alkylation
in our previous studies,7b we propose the following catalytic
pathways. One electron reduction of the π-allyl-Ni(II) formed
from oxidative addition of allyl acetate to Ni(0) generates allyl-
Ni(I) intermediate.14 Oxidative addition of aryl bromide to allyl-
Ni(I) species results in allyl-Ni(III)-Ar. Subsequent reductive
elimination gives the product and generates a Ni(I) intermedi-
ate which can be reduced to Ni(0) by Zn (Scheme 3).

Conclusions

In conclusion, an efficient Ni-catalyzed method for the allyla-
tion of aryl halides has been developed using the unprece-
dented 3a as a ligand. The reaction demonstrates excellent
functional group tolerance and broad substrate scope for a
variety of substituted allylic acetates and aryl halides including
electron-rich aryl bromides and electron-deficient aryl bromides
and chlorides. The allylation method displays excellent regio-
selectivities by the addition of aryl groups to the less hindered
allylic carbon. In addition, although low ee was observed for
the 1,3-disubstituted allylic acetate, it represents the first asym-
metric version of direct reductive coupling of two electrophiles
wherein in situ organometallic reagents may not be involved.
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Table 3 Scope of the aryl halides

Entrya
Allylic
acetate Product Yieldb

1 26, R = 4-CHO 80%
2 27, R = 2-CO2Me: 89%
3 28, R = 2-Cl: 91%
4 29: 79%

5 30: 82%

6 31: 82%

7 32: 73%

8 33: 89%
(52%)c

9 34: 44%

10 35: 71%

11d 22: 82%

12d 25: 61%

a Reaction conditions: as in Table 1, entry 1. b Isolated yields. c 1.5
equiv. of allylic acetate was used. d Aryl chloride was used.

Scheme 2 Asymmetric coupling of 1,3-disubstituted allyl acetate.

Scheme 3 The proposed mechanism.
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