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ABSTRACT: A mild, regiocontrolled coupling of aromatic and
vinylic amides with α-allenols to form γ-lactams via rhodium(III)-
catalyzed C−H activation has been demonstrated. This [4 + 1]
annulation reaction provides an efficient method for the synthesis of
isoindolinones and 1,5-dihydro-pyrrol-2-ones bearing a tetrasub-
stituted carbon atom α to the nitrogen atom with good functional group tolerance. The hydroxyl group in the allene substrate is
essential in controlling the chemo- and regioselectivity of the reaction probably by coordination interaction with the rhodium
catalyst.

The construction of heterocyclic scaffolds from simple and
readily available starting materials is important in view of

their prevalence in bioactive molecules.1 Among a broad range of
synthetic methods, the heteroannulation of allenes2 has proven
to be a versatile strategy.3 In recent years, allenes have been used
as the coupling partners in transition metal catalyzed C−H
functionalization,4 which provides a step- and atom-economical
route to various heterocycles from less functionalized sub-
strates.5,6 A variety of heterocycles can be accessed through this
protocol to furnish dihydroisoquinolinone,5a,d,i dihydro-
pyridone,5i indolo[2,3-c]pyrane-1-one,5b dihydrofuran,5c eight-
membered lactam,5e chromane,5f,h and phthalide.5g Despite
impressive progress, the development of new types of reactions
between C−H and allenes affording privileged heterocycles is
still in demand.
Compared with alkynes and alkenes,7 allenes are less explored

in C−H functionalization. A major challenge existed in the C−H
functionalization with allenes arises from the difficulty to achieve
high chemo- and regioselectivity, which is usually controlled by
electronic and steric effects of allenes. Normally, carbometalation
of allenes forms a new C−C bond at the central carbon atom of
the allene moiety to produces a π-allyl metal species I (Scheme
1a, eq 1), which potentially enables the subsequent reaction
occurring at either side of the allylic carbon.5a,d,f−h The
regioselectivity can be switched in some cases, in which
carbometalation takes place at the less substituted CC bond
giving vinyl metal species II (Scheme 1a, eq 2).6a,d,e,i Taking
advantage of different substitued allenes, diversified reaction
modes of C−H functionalization can be achieved. Herein, we
present a regiocontrolled [4 + 1] annulation5f−h of N-
methoxybenzamides or N-methoxyacrylamides with α-allenols
(Scheme 1b), in which the hydroxyl group in the allene is crucial
for the chemo- and regioselectivity probably by coordination
with rhodium catalyst to form a regioselective η1-allyl rhodium
species III. In this transformation, allenes act as the one-carbon

component5f−h to construct isoindolinones and 1,5-dihydropyr-
rol-2-ones bearing a tetrasubstituted carbon atom. Since both
isoindolinones8 and pyrrol-2-ones9 contain the γ-lactam skeleton
and present in many bioactive natural products and drug
candidates, this transformation should have profound potential
in synthetic chemistry.
At the outset of our investigation, we tested the reactions ofN-

methoxybenzamide (1a) with 1-phenylbuta-2,3-dien-1-ol (2a)
under rhodium(III) catalyzed conditions (Table 1). The 3,3-
disubstituted isoindolin-1-one product 3aa could be obtained via
a [4 + 1] annulation, in which a stoichiometric amount of silver
acetate was inevitable (Table 1, entries 1 and 2). Preliminary
experiments indicated that acetonitrile was an optimal solvent.10
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Scheme 1. Diversified Reaction Modes of C−H
Functionalization Tuned by Different Substituted Allenes
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Increasing the amounts of the external oxidant and α-allenol 2a
significantly improved the yield to 73% (Table 1, entry 4). Other
external oxidants were also examined but gave inferior results
compared with AgOAc (Table 1, entries 5−8). Moreover, the
addition of K2CO3 or acetic acid decreased the yield of the
desired product (Table 1, entries 9 and 10). A control
experiment showed that the absence of a rhodium catalyst
resulted in no reaction.11

Further exploration of the scope of N-methoxybenzamides
was next conducted under the optimized reaction conditions. By
using 2a as the coupling partner, a variety of isoindolinone
derivatives were constructed effectively (Scheme 2). Fortunately,
various commonly encountered functional groups, such as

methyl (3ba), methoxyl (3ca), phenyl (3da), and halogens
(3ea−3ha), were well tolerated in this transformation, furnishing
the corresponding products in moderate to good yields. The
reaction was also compatible with N-methoxybenzamides
bearing electron-withdrawing groups (3ia and 3ja), which
reacted smoothly to give the desired products in moderate
yields. In addition, ortho methyl-substituted N-methoxy-
benzamide was also a good reactant for this transformation
affording 3ka in a yield of 68%. When meta-substituted N-
methoxybenzamide was employed, selective C−H functionaliza-
tion at the less hindered site was observed (3la). Of note, N-
methoxy-1-naphthamide resulted in a good yield of the desired
isoindolinone derivative under standard conditions (3ma, 74%).
Having developed a rhodium(III)-catalyzed coupling reaction

of N-methoxybenzamides for the synthesis of isoindolinones, we
were next intrigued to explore the feasibility of an olefinic C−H
functionalization for the construction of the pyrrol-2-one
skeleton. To our delight, this transformation proceeded
smoothly to afford the desired products with a lower loading
of α-allenol 2a at 80 °C.12 It is noteworthy that a substituent at
the α position of N-methoxyacrylamide was helpful for this
olefinic C−H functionalization (3na−3qa), while the acryl-
amides without an α-substituent (3ra and 3sa) seemed to be less
effective (Scheme 3).13 Moreover, the cyclic olefinic substrate

(3ta) and α,β-dimethyl N-methoxyacrylamide (3ua) readily
participated in this annulation, leading to the corresponding
products in good yields. However, when α-methyl-β-phenyl N-
methoxyacrylamide was subjected to the reaction conditions,
only a 33% yield of desired product 3va was obtained. The
electronic property of the phenyl substituent close to the vinylic
C−H bond might result in the low reactivity of 1v.
We subsequently extended the scope of this transformation by

employing a variety of substituted α-allenols 2 (Scheme 4). The
reaction is compatible with both electron-donating and -with-
drawing group substituted 1-phenylbuta-2,3-dien-1-ols (3ab and
3ac). Buta-2,3-dien-1-ol and 1-alkyl-substituted buta-2,3-dien-1-
ols were also tolerated to deliver the corresponding isoindoli-
nones and pyrrol-2-ones in moderate yields (3ad−3ai). Notably,
when 4-alkyl substituted buta-2,3-dien-1-ols were employed, the
specific regioselectivity14 was also observed furnishing the
expected pyrrol-2-ones with a carbonyl group (3ak and 3al).

Table 1. Reaction Conditions Screeninga

entry oxidant (equiv) additive (equiv) yield (%)b

1 − CsOAc (0.5) <5
2 AgOAc (1) − 48
3c AgOAc (1) − 53
4c,d AgOAc (2) − 73
5c,d Cu(OAc)2 (2) − 13
6c,d Ag2CO3 (2) − 44
7c,d (PhCO2)2 (2) CsOAc (0.5) 52
8c,d PhI(OAc)2 (2) − 49
9c,d AgOAc (2) K2CO3 (1) 65
10c,d AgOAc (2) HOAc (1) 57

aReaction conditions: 1a (0.1 mmol), 2a (0.14 mmol), [Cp*RhCl2]2
(2.5 mol %), oxidant and additives in solvent (0.2 M) at room
temperature for 24 h under air. b1H NMR yield based on 1a. cCH3CN
(0.1 M). d2a (0.3 mmol).

Scheme 2. Reaction Scope for Aromatic C−H
Functionalization with α-Allenol 2aa

aReaction conditions: 1 (0.2 mmol), 2a (0.6 mmol), [Cp*RhCl2]2
(2.5 mol %), AgOAc (2 equiv) in CH3CN (0.1 M) at room
temperature for 24 h under air; isolated yield was reported.

Scheme 3. Reaction Scope for Olefinic C−H
Functionalization with Allenyl Alcohol 2aa

aReaction conditions: 1 (0.2 mmol), 2a (0.3 mmol), [Cp*RhCl2]2
(2.5 mol %), AgOAc (2 equiv) in CH3CN (0.1 M) at 80 °C for 24 h
under air; isolated yield was reported.
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We suspected the coordination of the hydroxyl group to rhodium
was mostly involved in controlling the regioselectivity.
To gain more insight into the effect of the hydroxyl group in α-

allenol, a series of controlled experiments were then carried out.
When benzyl substituted allene 2m or benzyl protected buta-2,3-
dien-1-ol 2nwas subjected to the reaction with 1a under standard
conditions, the reaction turned out to be complicated, resulting
in an inseparable mixture of complex products (eq 3). These

results indicate that the free hydroxyl group is essential for the [4
+ 1] annulation. Considering that an amide group could also
potentially chelate with the Rh center, substrate 2owas subjected
to the reaction. The expected product 3ad could be constructed
in a relatively low yield (eq 4), which proves the importance of a
coordinating substituent in the allene substrate.
To further test our hypothesis that the hydroxyl group greatly

influenced regio- and chemo-selectivity control by chelating the
Rh, various allenes bearing a hydroxyl group at different positions
(4a−c) were synthesized and subjected to the reaction (Scheme
5). Delightfully, under the standard conditions, the [4 + 1]
annulation proceeded smoothly to yield the mixture of γ-lactam
(5a−5d) and iminolactone (5a′−5d′). The formation of
iminolactone was probably due to the attack of the oxygen
atom rather than the nitrogen atom from the directing group
during the annulation step.15

On the basis of our experimental results and the previous
literature,5,6 a plausible catalytic cycle is proposed for this
transformation (Scheme 6). Initially, an active catalyst Cp*Rh-

(OAc)2 is likely generated by anion exchange in the presence of
AgOAc, followed by a facile amide directed C−H activation to
afford intermediate A. The regioselective insertion of an allene
double bond into the C−Rh bond provides a seven-membered
rhodacycle intermediateB. We envisioned that hydroxyl group in
the allene may provide the binding affinity to Rh,16 which would
guide the regioselective migratory insertion to form the η1-allylic
rhodium intermediate B6g and disfavor the formation of the π-
allyl rhodium species B′. Next, β-H elimination followed by
enol−keto tautomerism gives intermediate C′, from which two
possible mechanistic pathways are envisioned. In path a, the
double bond in intermediate C′ might insert into the Rh−H
bond leading to intermediate D, which undergoes reductive
elimination to yield product 3 together with RhI species.
Alternatively, intermediate C′ undergoes reductive elimination
to deliver RhI species and o-alkenyl benzamide intermediate E.
Subsequently, intramolecular hydroamination of an alkene might
take place to deliver the desired product 3.17 Finally, the RhI

Scheme 4. Reaction Scope for α-Allenolsa

aReaction conditions: 1 (0.2 mmol), 2 (0.6 mmol), [Cp*RhCl2]2 (2.5
mol %), AgOAc (2 equiv) in CH3CN (0.1 M) at room temperature for
24 h under air; isolated yield was reported. bReaction was conducted
at 80 °C with 1.5 equiv of α-allenol 2.

Scheme 5. Further Investigation on the Effect of Hydroxy
Group in the Allenesa,b

aReaction conditions: 1 (0.2 mmol), 4 (0.4 mmol), [Cp*RhCl2]2 (2.5
mol %), AgOAc (2 equiv) in CH3CN (0.1 M) at room temperature for
24 h under air; isolated yield was reported. bReaction was conducted
at 80 °C.

Scheme 6. Proposed Mechanism
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species could be oxidized by AgOAc to regenerate the RhIII active
catalyst.
In summary, by using α-allenols as the coupling partners, we

have developed an efficient RhIII-catalyzed C−H functionaliza-
tion of aromatic and vinylic amides for the synthesis of
isoindolinone and 1,5-dihydro-pyrrol-2-one skeletons. The
hydroxyl group in the allene substrate is essential in controlling
the chemo- and regioselectivity of the reaction probably by
coordination interaction with the rhodium catalyst. Further
investigations on the synthetic application of this transformation
are in progress.
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