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ABSTRACT: Arylboration and arylsilylation reactions of N-(2-
iodoaryl)acrylamides with bis(pinacolato)-diboron (B2pin2) or
PhMe2Si-Bpin are developed by using simple CuOAc as the sole
catalyst. A range of boron- or silane-bearing 3,3′-disubstituted
oxindoles are obtained in moderate to excellent yields. The
reaction is proposed to proceed via a domino sequence involving intermolecular olefin borylcupration or silylcupration followed by
intramolecular coupling of an alkyl-Cu intermediate with aryl iodide.

Transition-metal-catalyzed olefin difunctionalization repre-
sents an efficient strategy for rapid assembly of complex

molecules by forming two chemical bonds in one single step.1

Among, 1,2-carboboration of alkenes2 is particularly attractive
as the resulting organoboranes allow further transformations to
access functional molecules, such as oxidation to form alcohols
and Suzuki−Miyaura cross-coupling to create new C−C
bonds. Currently, 1,2-arylboration of olefin with B2pin2 and
arylhalides relied on the use notable palladium catalyst (for
Heck/borylation domino reactions),3 nickel catalyst,4 and Pd/
Cu-5 or Ni/Cu-6 cocatalysts. In the latter case, alkyl-Cu
species, generated by olefin borylcupration,7 acts as an
organometallic reagent to couple with arylhalides in the
presence of Pd- or Ni-based catalysts (Scheme 1a). Whereas in
2014, Brown and co-workers demonstrated in an elegant
copper-catalyzed diarylation of alkenes with arylborates and
aryl iodides that the alkyl-Cu species could directly couple with

iodoarene to form a new C−C bond (Scheme 1b).8 Inspired
by this result, we envisioned that the use of copper as a sole
catalyst might enable olefin 1,2-arylboration through couplings
of alkenes, aryl iodides, and borates. If true, it would avoid the
use of notable Pd-catalyst or dual-metal catalysis in the olefin
1,2-arylboration reaction.
3,3′-Disubstituted oxindole represents a privileged building

block that frequently occurred in natural products, pharma-
ceuticals, and bioactive molecules.9 A number of synthetic
transformations have been developed toward the construction
of such a unique structural unit.10 Nevertheless, it is still highly
desirable to develop efficient methods to install functionalities
(e.g., boryl or silyl) possessing potential transformations to the
oxindole core. We herein communicate an efficient arylbora-
tion reaction of N-(2-iodoaryl)acrylamide with B2pin2 by using
simple CuOAc as the sole catalyst, which achieves a number of
borylated 3,3′-disubstituted oxindoles in moderate to excellent
yields with a high reaction rate (Scheme 1c). It is noted that
the same transformation has been realized by the group of
Vachhani and Eycken using Pd-catalyst under microwave.3f

Gratifyingly, the present process is further extended to 1,2-
arylsilylation11 with PhMe2Si-Bpin, delivering a range of
silylated 3,3′-disubstituted oxindoles in good yields.
We commenced the study of arylboration reaction by using

N-(2-iodophenyl)-2-phenylacrylamide 1a and B2pin2 as model
substrates. Initial testing found the reaction completed in 5
min by employing the complex CuI/1,10-Phen as a catalyst
and KOtBu as a base in toluene at 100 °C, which delivered
oxindole 2a in 95% yield (Table 1, entry 1). The effect of the
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Scheme 1. Arylboration and Arylsilylation of Alkenes
Involving Cu-Based Catalyst
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copper salt was then investigated. CuBr and CuCl resulted in
comparable yields (entries 2 and 3), while CuOAc proved to
be the best choice to produce 2a in 97% yield (entry 4).
Changing the base to NaOtBu or LiOtBu diminished the yield
to 90% or 50%, respectively (entries 6 and 7). The influence of
the solvent was examined. Lower yields were observed in 1,4-
dioxane and THF (entries 8 and 9). Other solvents, such as
DMF, NMP, or CH3CN, failed to give the target product.
Several other ligands, such as 2,2′-bipy, pyridine, PPh3, and
dppf, were also tested in this reaction, whereas all these ligands
led to 2a in moderate yields (entries 10−13). In addition,
lowering the temperature to 80 °C and the catalyst loading to 5
mol % resulted in decreased yields (entries 14 and 15).
Product 2a was not detected in the absence of CuOAc, which
implied a radical pathway is not likely (entry 16).12

With the optimal conditions in hand, the scope of the
arylboration reaction was then investigated. A slightly lower
yield of 94% was obtained in a 1.0-mmol-scale reaction of 2a.
As shown in Scheme 2, a variety of N-(2-iodoaryl)acrylamides
reacted smoothly with B2pin2 in the presence of the CuOAc
catalyst, affording the corresponding oxindoles in moderate to
excellent yields. Substituents attached at C4−C5 on the aniline
ring, either electron-donating (2c, 2g, 2h) or electron-
withdrawing (2d−2f, 2i−2k, 2m), were well tolerated, and
the products were achieved in the yields ranging from 60% to
85%. Note that bromine can survive from the reaction to afford
2f and 2k in 65% and 85% yields, respectively. N-Benzyl and 6-
Cl-substrates were also suitable for this reaction to give the
products 2b and 2l in 94% and 88% yield. In addition, the aryl
group attached on the alkene moiety was also investigated.
Products 2n−2s having different aryl substituents were
achieved in moderate to excellent yields. The para- and
ortho-methyl groups on the benzene ring resulted in products
2n and 2s in lower yields. Moreover, a number of 2-
methylacrylamide derived substrates were treated to the

reaction, which led to the desired products 2u−2z in 57−
87% yields. Acrylamide with no substituent (R′′ = H) could
also be converted to 3-monosubstituted oxindole 2t, albeit in a
lower yield of 24%. It is noteworthy that all the reactions could
complete in 5−35 min, showing a fast reaction rate for this Cu-
catalyzed arylboration process.
To our delight, this copper-catalyzed difunctionalization

process was further extended to a 1,2-arylsilylation reaction.
Therefore, a range of silylated 3,3′-disubstituted oxindoles
were obtained by the reaction of acrylamides 1 with PhMe2Si-
Bpin. As displayed in Scheme 3, several substrates having
substituents, such as −OMe, −F, −Cl, and −Br, attached at

Table 1. Optimization of the Reaction Conditionsa

Entry [Cu] Ligand Base Solvent Yield (%)b

1 CuI 1,10-Phen KOtBu toluene 95
2 CuBr 1,10-Phen KOtBu toluene 96
3 CuCl 1,10-Phen KOtBu toluene 94
4 CuOAc 1,10-Phen KOtBu toluene 97
5 Cu(OTf)2 1,10-Phen KOtBu toluene 90
6 CuOAc 1,10-Phen NaOtBu toluene 90
7c CuOAc 1,10-Phen LiOtBu toluene 50
8 CuOAc 1,10-Phen KOtBu 1,4-dioxane 96
9 CuOAc 1,10-Phen KOtBu THF 78
10 CuOAc 2,2′-Bipy KOtBu toluene 43
11d CuOAc Pyridine KOtBu toluene 35
12d CuOAc PPh3 KOtBu toluene 70
13 CuOAc dppf KOtBu toluene 63
14e CuOAc 1,10-Phen KOtBu toluene 90
15f CuOAc 1,10-Phen KOtBu toluene 85
16 − 1,10-Phen KOtBu toluene ndg

aReaction conditions: 1a (0.2 mmol), B2pin2 (0.3 mmol), [Cu] (10
mol %), ligand (10 mol %), base (1.5 equiv), and solvent (2.0 mL) at
100 °C (oil bath) for 5 min. bIsolated yields. cFor 1 h. dLigand (20
mol %). eAt 80 °C. fCuOAc (5 mol %), 1,10-Phen (5 mol %). gNot
detected.

Scheme 2. Substrate Scope for the Arylboration Reactiona

aReaction conditions: 1 (0.2 mmol), B2pin2 (0.3 mmol), CuOAc (10
mol %), 1,10-Phen (10 mol %), and KOtBu (1.5 equiv) in toluene
(2.0 mL) at 100 °C (oil bath) for 5−35 min. b1.0 mmol scale.

Scheme 3. Substrate Scope for the Arylsilylation Reaction

aReaction conditions: 1 (0.2 mmol), PhMe2Si-Bpin (0.6 mmol),
CuOAc (10 mol %), 1,10-Phen (10 mol %), KOtBu (1.2 equiv), and 4
Å MS (100 mg) in toluene (2.0 mL) at room temperature for 1 h.
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C4−C6 on the aniline ring were examined. The desired silane-
containing 3,3′-disubstituted oxindoles 3a−3h were formed in
52−90% yields in the presence of CuOAc catalyst at room
temperature.
A tentative reaction mechanism is depicted in Scheme 4.

The active species CuOtBu is first formed by the reaction of

CuOAc with KOtBu. Subsequently, organocopper intermedi-
ates of CuI−Bpin or CuI−SiMe2Ph are generated through the
transmetalation of CuOtBu with B2pin2 or PhMe2Si-Bpin. The
following borylcupration or silylcupration via the insertion of
the CC bond to CuI−Bpin or CuI−SiMe2Ph leads to alkyl-
Cu species I. The intramolecular coupling of alkyl-Cu with the
CAr−I bond affords either borylated or silylated 3,3′-
disubstituted oxindoles 2 or 3 and releases catalyst precursor
CuI.8 Finally, the catalytic cycle is finished by the conversion of
CuI to CuOtBu through an anionic exchange. Two possible
pathways are as follows: (1) the oxidative addition of alkyl-Cu
to CAr−I followed by reductive elimination of the Cu(III)
species generated and (2) the nucleophilic aromatic sub-
stitution of alkyl-Cu with iodoarene might account for the
conversion of intermediate I to product. The detailed
mechanism could not be concluded at this stage, although an
oxidative addition/reductive elimination sequence is more
likely.13

In summary, we have developed a highly efficient copper-
catalyzed arylboration and arylsilylation reaction of alkenes. A
range of borylated or silylated 3,3′-disubstituted oxindoles are
obtained in moderate to excellent yields in the reaction of N-
(2-iodoaryl)acrylamide with B2pin2 or PhMe2Si-Bpin. The
present protocol provides an alternative access to function-
alized oxindoles, which featured high efficiency, a broad scope,
and mild reaction conditions by using a simple copper salt as
the sole catalyst.
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