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A novel approach to functionalized isoindolinone derivatives 3 is presented. It is based on a cascade pro-
cess, consisting of PdI2/KI-catalyzed oxidative monoaminocarbonylation of secondary 2-ethynylbenza-
mides 1 with nucleophilic secondary amines 2, followed by intramolecular conjugate addition of the
arylamido group to the alkynylamido group of the intermediate alkynylamides. Products have been
obtained in high to excellent yields starting from different N-alkyl 2-ethynylbenzamides and amines,
under relatively mild conditions (100 �C under 40 atm of a 4:1 mixture of CO–air), working in a
MeCN–amine mixture (2:1, v/v) for 5–15 h.

� 2012 Elsevier Ltd. All rights reserved.
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Scheme 1. Formation of carbonylated heterocycles through sequential PdI2-cata-
lyzed oxidative monoaminocarbonylation of the triple bond—intramolecular con-
jugate addition.
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PdI2/KI-catalyzed oxidative monoaminocarbonylation of
1-alkynes with nucleophilic secondary amines is a powerful meth-
od for the direct synthesis of 2-ynamides starting from simple
building blocks (Eq. 1).1 When applied to suitably functionalized
substrates, it can allow the direct synthesis of carbonylated hetero-
cycles through a sequential process involving oxidative aminocarb-
onylation of the terminal triple bond followed by intramolecular
conjugate addition (Scheme 1).2
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In this Letter, we report a novel application of this kind of reactiv-
ity to the direct synthesis of functionalized isoindolinone deriva-
tives,3 that are, 3-[(dialkylcarbamoyl)methylene]isoindolin-1-ones
3, starting from N-substituted 2-ethynylbenzamides 1 (available
in four steps from 2-iodobenzoic acid)4 and nucleophilic secondary
amines 2, according to Scheme 2. To our knowledge, this is the first
example of synthesis of this class of compounds by direct
carbonylation of acyclic precursors. A non-carbonylative route to
3-[(carbamoyl)methylene]isoindolin-1-ones and 3-[(alkoxycarbon-
yl)methylene]isoindolin-1-ones, involving an oxidative Pd-
catalyzed reaction between N-methoxybenzamides and
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acrylamides or alkyl acrylate, has been recently developed.5

3-[(Alkoxycarbonyl)methylene]isoindolin-1-one derivatives were
also obtained in low to moderate yields (25–55%) by Pd-catalyzed
oxidative alkoxycarbonylation of 2-alkynylbenzamides bearing an
internal triple bond, through a completely different reaction course
(nucleophilic attack by the amido group to the coordinated triple
bond followed by alkoxycarbonylation).6
O
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Scheme 2. Synthesis of 3-[(dialkylcarbamoyl)methylene]isoindolin-1-ones 3 from
secondary 2-ethynylbenzamides 1 and nucleophilic secondary amines 2 through
sequential PdI2-catalyzed oxidative monoaminocarbonylation of the triple bond—
intramolecular conjugate addition.
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Table 1
Synthesis of 3-[(dialkylcarbamoyl)methylene]isoindolin-1-ones 3 by PdI2/KI-catalyzed oxidative carbonylation of secondary 2-ethynylbenzamides 1 with nucleophilic secondary
amines 2a
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Entry 1 2 Time (h) 3 Yield of 3b (%) Z/E ratio
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a All reactions were carried out in a 2:1 MeCN–amine mixture as the solvent (substrate concentration = 0.05 mmol of 1 per mL of solvent, 0.7 mmol scale based on 1) at
100 �C under 40 atm (at 25 �C) of a 4:1 mixture of CO-air, in the presence of PdI2 (2 mol %) in conjunction with KI (KI/PdI2 molar ratio = 10). Substrate conversion was
quantitative in all cases.

b Isolated yield based on starting 1.
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The first substrate we tested was N-butyl-2-ethynylbenzamide
1a, which was allowed to react with morpholine 2a, CO, and O2

using a 2:1 MeCN–morpholine mixture as the solvent under
40 atm of a 4:1 mixture of CO–air,7 in the presence of PdI2

(2 mol%) in conjunction with KI (KI:PdI2 molar ratio = 10). Under
these conditions, after 15 h a 2.0 Z/E mixture of 2-butyl-3-(2-mor-
pholino-2-oxoethylidene)isoindolin-1-one 3aa was obtained, with
a total isolated yield of 83% (Table 1, entry 1).

The aminocarbonylation reaction was then extended to other
differently substituted substrates 1b–d with morpholine 2a as
the nucleophile. Thus, under the same conditions reported above,
N-benzyl-2-ethynylbenzamide 1b led to the formation of the cor-
responding 2-benzyl-3-(2-morpholino-2-oxoethylidene)isoindo-
lin-1-one 3ba in 83% yield after 5 h reaction time (Z/E ratio = 2.2,
entry 2). Interestingly, only the E isomer of 2-tert-butyl-3-(2-mor-
pholino-2-oxoethylidene)isoindolin-1-one 3ca was obtained in
excellent yield (94%) starting from N-tert-butyl-2-ethynylbenza-
mide 1c, bearing a bulky substituent on the triple bond (Table 1,
entry 3). This high stereoselectivity is probably due to the steric
effect exerted by the tert-butyl group, which directs the
dialkylaminocarbamoyl group on the opposite site with respect
to the tert-butyl substituent. As expected in view of the signifi-
cantly lower nucleophilicity of a phenyl-substituted amido group,
the reaction led to less satisfactory results in the case of
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N-phenyl-2-ethynylbenzamide 1d, which was converted into 2-
phenyl-3-(2-morpholino-2-oxoethylidene)isoindolin-1-one 3da in
only 35% yield (Z/E ratio = 9.7, Table 1, entry 4). On the other hand,
the use of 1a with other nucleophilic secondary amines, such as
dibutylamine 2b, pyrrolidine 2c, and piperidine 2d, led to high to
excellent yields (80–91%) of the corresponding 3-[(dialkylcarba-
moyl)methylene]isoindolin-1-ones 3ab, 3ac, and 3ad, as shown
in Table 1, entries 5–7.8–11

In conclusion, we have reported a convenient and direct
approach to the synthesis of 3-[(dialkylcarbamoyl)methylene]iso-
indolin-1-ones 3 by a novel cascade process, involving PdI2-cata-
lyzed oxidative monoaminocarbonylation of the triple bond of
N-alkyl-2-ethynylbenzamides 1 followed by 5-endo-dig intramo-
lecular conjugate addition. Our method represents an interesting
example of direct synthesis of functionalized heterocyclic deriva-
tives through the sequential multicomponent assembling of simple
building blocks.
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