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ABSTRACT

A nickel-catalyzed aromatic C�H alkylation with tertiary or secondary alkyl�Br bonds for the construction of indolones was demonstrated.
Various functional groups were well tolerated. Moreover, the challenging secondary alkyl bromides were well introduced in this transformation.
Radical trapping and photocatalysis conditions exhibited that it is most likely to be a radical process for this aromatic C�H alkylation.

Transition-metal-catalyzed C�H functionalization has
become a hot topic in recent years.1 Many efforts have
been devoted to replace C�M by using C�H as nucleo-
philes in the area of transition-metal-catalyzed cross-
couplings between nucleophiles and electrophiles. Until
now, the mainly applied electrophiles have been aryl halides
and aryl pseudo halides.2 Another group of electrophiles,
alkyl halides, have been utilized less to cross-couple with aro-
matic C�H bonds in which primary alkyl halides were
mainly applied.3Only isolated examples have beendemon-
strated in the cross coupling of secondary or tertiary alkyl

halides with aromatic C�H bonds.4 This may be mainly

due to the sluggish oxidative addition of secondary or

tertiary alkyl halides and also the facile β-hydride elimina-

tion of the related alkyl�metal species generated via a

general oxidative addition pathway.
Compared with alkyl�metal species, the alkyl radicals

do not tend to undergo β-hydride elimination. Moreover,
it is also possible for aromaticC�Hactivation via a radical
addition process. Consequently, the aromatic C�H alkyl-
ation via a radical process has a high likelihood of success
for both secondary and tertiary alkyl halides, which has
always been challenging.

Scheme 1. Interaction between R-Carbonyl Alkyl Bromide and
Nickel Species
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Recently, we have demonstrated a Heck-type alkenyla-
tion of R-carbonyl alkyl halides in the presence of a nickel
catalyst.5 The R-carbonyl alkyl radical was believed to be
generated via the SET reduction of R-carbonyl alkyl
bromides in the presence of a low valent nickel species
(Scheme 1). We envisioned that this R-carbonyl alkyl
radical might effect intramolecular radical addition to
the aromatic rings (whenR is anaromatic group, Scheme1)
to realize aromatic C�H alkylation.6 Herein, we demon-
strated a nickel-catalyzed aromatic C�H alkylation with
secondary or tertiary alkyl�Br bonds for the construction
of indolones (eq 1).7

With the above idea in mind, the following reactions
were first tested (Scheme2).WhenanarylR-bromoester 1a
was applied as substrate under the conditions of 5 mol %
of Ni(PPh3)4/6 mol % of dppp, 2 equiv of K3PO4, in
toluene at 100 �C for 24 h, no product 2a was detected.
When 1b, in which the O-atom was replaced by an NH
group, was tested, no product 2b was detected either. To
our delight, when 1c (Z = NMe) was applied, the corre-
sponding C�H alkylation product 2c was obtained in an
86% isolated yield.These results indicated that theZgroup
has a significant influence on the reactivity of the aromatic
rings for the C�H alkylation process.8

Then, other aryl R-bromoamides were further tested
for this aromatic C�H alkylation process with tertiary alkyl�Br bonds following the same reaction conditions

(Table 1). Various substituents on the aromatic rings were
well tolerated. Electron-donating groups such as p-NMe2-
and p-OMe-containing substrates afforded the corre-
sponding products 2d and 2e in good to excellent yields,
respectively. Electron-withdrawing groups p-Acyl (2f),
p-CN (2g), and p-NO2 (2h) were also well tolerated. The
aromatic C�Cl bond was remained untouched, and the
corresponding cyclization product 3i was obtained in an
isolated yield of 84%. When a N-benzyl-containing sub-
strate was applied, the selective C�H alkylation on the
N-Ph ring to form the corresponding indolone 2j was
observed, and no C�H alkylation on the N-benzyl ring
was detected. Furthermore, the R2 group was changed to
beaphenyl group (2k) oranelectron-deficientacylgroup (2l).

Scheme 2. Reactions of Aryl R-Bromoester and Amides

Table 1. Nickel-Catalyzed Aromatic C�H Alkylation with
Tertiary Alkyl�Br Bondsa
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The corresponding products 2k and 2l were obtained in
moderate to good yields. An ortho-substituted aromatic
ring has one reactive site, and the corresponding C�H
alkylation product 3m was obtained in 72% yield. When
meta-substituent-containing substrates were utilized, two
different reactive sites (R, β) were available for the cycliza-
tion. Two isomers were obtained in a total yield of 95%
(2n) and 65% (2o), respectively. The ratio of the two
isomers is 2:1 (R/β). Similarly, when β-naphthyl amide
was applied, both isomers of the cyclization on the R and
βpositionswere obtained, inwhich theR-position alkylation
isomer was dominant (2p). The total yield was 98%.When
1,4-diaminobenzene-derived diamide was subjected to this
transformation, the corresponding dicyclization product
2q was obtained in a good yield.
Compared to the tertiary alkyl radical, the secondary

alkyl radical is less stable, whichmakes this aromatic C�H
alkylation with secondary alkyl�Br bonds more challeng-
ing. To the best of our knowledge, only one compound
was successfully reported to achieve the aromatic C�H
alkylation with a secondary alkyl�X bond for the con-
struction of the corresponding indolones.9 Thus, sub-
strates with secondary alkyl�Br were further tested in
this aromatic C�H alkylation process. To our delight, the
cyclization proceeded well to generate the corresponding
indolones (Table 2, 2r�x). Electron-neutral (2r), electron-
rich (2s, 2t), and electron-deficient (2u) aromatic rings
could all be alkylated to generate the cyclization products.
Furthermore, aromatic carbon halide bonds were well
tolerated (2v, 2w, 2x). In particular, the tolerance of the
C�Br (2w) andC�I (2x) bonds allows further transforma-
tion to introduce the indoloneunit into complexmolecules.
As stated above, this transformation is most likely to

proceed via a radical process. To establish this possibility
further, a radical scavenger TEMPO (2,2,6,6-tetramethyl-
piperidine 1-oxyl) was added in the reaction of 1cunder the
standard conditions (eq 2).As a result, only a trace amount
of the desired product was observed, indicating that it is
likely to be a radical process.

Furthermore, it is well-known that visible light-promote
organic transformation usually proceeds via a radical
process.10 We have previously shown that the iridium
complex Ir(bpy)3 could activate R-carbonyl alkyl bromide
via a radical process in the presence of visible light.11 To
establish the SET process for this transformation further,
the reaction conditions of the photocatalysis were applied

for the cyclization of substrate 1e (eq 3). The correspond-
ingC�Halkylation product 2ewas obtained in 88%yield.
This promising result further indicates the radical process
of this nickel-catalyzed C�H alkylation.

Scheme 3. Proposed Mechanism

Table 2. Nickel-Catalyzed Aromatic C�H Alkylation with
Secondary Alkyl�Br Bondsa

aReactions were carried out with 1 (0.5 mmol), Ni(PPh3)4
(0.025 mmol), dppp (0.030 mmol), and K3PO4 (1.0 mmol) in toluene
(2 mL) at 100 �C for 24 h. Yields shown were of isolated products.
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Moreover, it has been suggested that Ni0 reacts with alkyl
halides via a single-electron-transfer process to generate
a NiI species, which could further react with alkyl halide
to generate alkyl radical and a NiII species.5,12 Here, a
mechanism involving NiI/NiII catalytic cycle was believed
to proceed (Scheme 3). First, the active NiI species C1was
generated by the reaction of alkyl halide 1with Ni(PPh3)4.
The catalytic cycle starts from the further reaction of C1
with alkyl halide 1 via a SETprocess. The radical species 2-
I and a NiII species C2 are generated. Then, the intramo-
lecular radical addition of the carbon radical to the aro-
matic ring affords intermediate 2-II, which is further
oxidized by the NiII species C2 to afford the final product
2. Meanwhile,C2was reduced to regenerate the active NiI

species C1.
In summary, we have demonstrated a nickel catalyzed

aromaticC�Halkylationwith tertiaryor secondary alkyl�Br

bonds for the construction of indolones. Various func-
tional groups were well tolerated. In particular, the chal-
lenging secondary alkyl bromides were well introduced in
this transformation. Radical trapping and photocatalysis
conditions showed that this aromatic C�H alkylation is
most likely a radical process.
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