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A Pd-Catalyzed one-pot dehydrogenative
aromatization and ortho-functionalization
sequence of N-acetyl enamides†

Jinhee Kim, Youngtaek Moon, Suhyun Lee and Sungwoo Hong*

The one-pot dehydrogenation and ortho-functionalization sequence

provides access to highly functionalized arylamine-containing deriva-

tives from readily accessible cyclic N-acetyl enamides.

Aniline derivatives are common and important structural
motifs in numerous natural products and pharmaceuticals.1

The introduction of functional groups at the meta position of
anilines represents a key challenge because electrophilic aromatic
substitutions of anilines are generally limited to ortho- and para-
positions because of strong electron directing effects. Recently, the
Pd(II)-catalyzed dehydrogenation of imines or enamines has been
demonstrated to be an attractive alternative synthetic approach for
generating various aniline derivatives because meta-substituted
cyclohexanone precursors can be readily prepared starting from
cyclohexenones.2 Furthermore, Stahl and co-workers identified the
Pd(II)-catalyzed aromatization of cyclohexenone oximes to yield
primary arylamines.3 Despite advances in this area, substituents
of the enamine (imine) moiety have been mostly confined to aryl or
alkyl groups, thereby limiting the potential for further functionaliza-
tion or one-pot sequential reactions of the resulting anilines.

We speculated that the appropriately substituted anilines4

generated in situ from the Pd(II)-catalyzed dehydrogenation
reactions could be utilized for further cross-coupling with
suitable alkenes, or arylating agents via a Pd–Ar complex
to afford diversely functionalized anilines (Scheme 1). In this
study, the N-acetyl enamide group5,6 was selected with a view
to developing a one-pot sequential transformation. N-Acetyl
enamides are easily prepared via condensation of cyclohexa-
nones and acetamides. Herein, we describe the first example
of Pd(II)-catalyzed dehydrogenative aromatization of cyclic
N-acetyl enamides and reaction conditions compatible with
the sequential cross-coupling.

We initially focused on the dehydrogenation reaction of
N-acetyl enamide 1a; representative catalyst screening data for the
conversion are listed in Table 1. The catalytic system consisting
of Pd(OAc)2, O2, Bu4NBr, and molecular sieves in a toluene–DMSO
co-solvent, which was employed previously in the dehydrogenation
of imines,2 allowed the isolation of acetanilide 2a but only in 22%
yield (Table 1, entry 1). Addition of an acid such as pivalic acid, TFA
or TsOH resulted in lower yields, presumably due to the sensitivity
of the N-acetyl enamide group to acidic conditions. Among the
palladium sources tested, Pd(OAc)2 displayed the best catalytic
reactivity. After screening a variety of (co)solvents, we found that
DME gave improved results with minimal by-product formation.
A variety of oxidizing agents, including Cu(II), K2S2O8, 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), PhCO3

tBu and (2,2,6,6-
tetramethyl-piperidin-1-yl)oxy (TEMPO), were evaluated, and
PhCO3

tBu was found to be the most effective and economical
oxidant. No beneficial effects were observed in the presence of
ligands such as PPh3, Xanphos, pyridine, or 4,5-diazafluorenone,
which have been used in other Pd-catalyzed reactions (entry 6).
Further screening studies revealed that the optimal result could
be obtained with the addition of a catalytic amount of iPr2S7

Scheme 1 Strategy for the synthesis of functionalized arylamines through
a one-pot dehydrogenation/ortho-functionalization sequence.
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(entries 8 and 9) by minimizing the precipitation of palladium
black. Under the optimized reaction conditions, the dehydrogena-
tive aromatization of 1a (1 equiv.) in the presence of Pd(OAc)2

(0.2 equiv.), PhCO3
tBu (2 equiv.), and iPr2S (0.025 equiv.) in DME at

100 1C, afforded the product 2a in the highest yield (82%). When
Pd(OAc)2 (0.1 equiv.) was employed, 73% yield of 2a was obtained
after prolonged reaction time (16 h, Table S1, ESI†).

It was found that when the dehydrogenation reaction was
conducted using AgOAc as the oxidant instead of PhCO3

tBu, the
desired acetanilide 2a was produced in comparable yield (78%,
entry 11). The ability to convert cyclohexenylacetamide into the
corresponding acetanilide by using either PhCO3

tBu6 (entry 10)
or AgOAc (entry 11) as the oxidant prompted us to explore the
feasibility of further sequential catalytic cross-coupling.

We next evaluated the potential of the proposed one-pot
dehydrogenation/arylation sequence by investigating the reactivity
of 4-phenylcyclohexenylacetamide (1a) and phenyl iodide (2a) as
substrates. Unfortunately, however, we did not detect any trace of
the coupling product resulting from cross-coupling under the
optimized reaction conditions for the dehydrogenative aromatiza-
tion step. Through screening experiments, we found that the in situ
addition of Cu(OTf)2 was crucial in arylating the resulting
acetanilide, thus demonstrating that the sequential process
was indeed operating.8 When PhCO3

tBu was used as the
oxidant instead of AgOAc in this sequence, no ortho-arlyation
product was isolated. The optimal conditions were then applied
to a variety of substituted substrates (Table 2).

We next investigated the Pd-catalyzed sequential dehydro-
genation–alkenylation9 process. Under slightly altered reaction
conditions in which PhCO3

tBu was employed instead of AgOAc,
the one-pot process could be utilized to produce the desired
product 4, albeit in only 10% yield. Optimization studies disclosed
that a variety of substrates underwent rapid alkenylation with the
in situ addition of an acid such as TsOH�H2O.6 Having identified
suitable reaction conditions, a variety of alkenes were tested and
shown to react well, as illustrated in Table 3. For example, alkene

substrates conjugated with ester, lactone, phosphonate or
sulfone groups all coupled smoothly. Moreover, a variety of
styrene substrates were compatible with the sequential reaction
conditions. The substrate scope of cyclohexenylacetamides was
subsequently examined, and a relatively broad range of func-
tional groups (e.g., alkyl, fluoro, methoxy, phenyl, and acetyl)
were found to be compatible with the reaction conditions.

The synthetic utility of the one-pot sequence was further
demonstrated by our finding that it provides convenient access

Table 1 Optimization of dehydrogenative aromatization of N-cyclo-
hexenylacetamide 1aa

Entry Pd Oxidant (equiv.) Additive (equiv.) Yieldb (%)

1c Pd(OAc)2 O2 Bu4NBr (2) 22
2 Pd(OAc)2 K2S2O8 (2) — 10
3 Pd(OAc)2 PhCO3

tBu (2) — 55
4 Pd(OPiv)2 PhCO3

tBu (2) — 53
5 Pd2(dba)3 PhCO3

tBu (2) — 53
6 Pd(OAc)2 PhCO3

tBu (2) Xanphos (0.2) 53
7 Pd(OAc)2 PhCO3

tBu (2) DMSO (14) 80
8 Pd(OAc)2 PhCO3

tBu (2) iPr2S (0.05) 81
9 Pd(OAc)2 PhCO3

tBu (2) iPr2S (0.025) 82
10 Pd(OAc)2 AgOAc (4) — 63
11 Pd(OAc)2 AgOAc (4) iPr2S (0.025) 78

a Condition A: reactions were conducted with N-cyclohexenylacetamide,
Pd(OAc)2 (0.2 equiv.), iPr2S (2.5 mol%) and oxidant in DME (0.1 M) at
100 1C for 3.5 h. b Isolated yields. c Reaction was conducted in a
toluene–DMSO co-solvent. DME = 1,2-dimethoxyethane.

Table 2 One-pot dehydrogenation/arylation sequence of N-cyclo-
hexenylacetamidesa

a Condition B: reactions were conducted with N-cyclohexenylacetamide,
Pd(OAc)2 (0.2 equiv.), AgOAc (4 + 1 equiv.) and iPr2S (2.5 mol%) in DME
(0.1 M) at 100 1C for 3.5 h and then ArI (3–5 equiv.) and Cu(OTf)2

(2.0 equiv.) for 12–18 h.
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to the quinolinone moiety, which constitutes the core of a wide
variety of naturally occurring compounds and privileged
medicinal scaffolds.10 Indeed, the sequential dehydrogenation–
alkenylation process followed by in situ acid-mediated

cyclization allows the rapid generation of the corresponding
quinolinones (Table 4).

In summary, we have developed a Pd(II)-catalyzed dehydrogena-
tive aromatization of cyclic N-acetyl enamides and a sequential
cross-coupling process. This simple and efficient approach
offers an unprecedented one-pot route to highly functionalized
arylamines and their derivatives. The synthetic utility of the
one-pot sequence was further demonstrated by its ability to
provide convenient access to quinolinone derivatives.

This research was supported by the National Research
Foundation of Korea (NRF) through general research grants
(NRF-2011-0016436) and the Institute for Basic Science (IBS).
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