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ABSTRACT

A synthetic method of isoquinolines from aryl ketone O-acyloxime derivatives and internal alkynes has been developed using [Cp*RhCl2]2-NaOAc
as the potential catalyst system. The present transformation is carried out by a redox-neutral sequence of C-H vinylation via ortho-rhodation
and C-N bond formation of the putative vinyl rhodium intermediate on the oxime nitrogen, where the N-O bond of oxime derivatives could
work as an internal oxidant to maintain the catalytic cycle.

Chemical transformation via catalytic C-H bond activation
by various transition metal complexes is a powerful and
attractive tool in organic synthesis.1 In the process of the
C-H functionalization, suitable heteroatoms in the substrates
are commonly utilized to direct a metal complex to the
specific proximal C-H bond. Among such directing groups,
an sp2 nitrogen atom of the imine derivatives has played a
crucial role in numerous examples of the C-H bond
activation with the rational catalyst design,2 while these
nitrogen atoms have rarely been involved for a new bond
constructed in the reaction processes.3 In recent elegant
precedents, Fagnou4 and Miura-Satoh5 have independently
reported the Rh(III)-catalyzed oxidative isoquinoline syn-
thesis using N-t-Bu aryl aldimines and benzophenone N-H
imines, respectively, as a nitrogen containing source via
ortho-aryl C-H rhodation followed by internal alkyne

insertion and C-N reductive elimination, where stoichio-
metric use of Cu(OAc)2 as an external oxidant is indispen-
sable to regenerate the active Rh(III) catalyst.

To achieve the catalytic process for the synthesis of
isoquinolines that bears flexibility on the functional groups
and proceeds under milder reaction conditions, our attention
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has been drawn to the potential chemical reactivity of readily
available aryl ketoxime derivatives.6 Herein, we wish to
report the preliminary result of an efficient C-C and C-N
bond formation sequence7 to prepare highly substituted
isoquinolines utilizing aryl ketone O-acetyloximes and
3-phenylisoxazol-5-ones with internal alkynes under the
catalytic redox-neutral8,9 [Cp*RhCl2]2-NaOAc system, where
the N-O bond of oxime derivatives could work as an internal
oxidant to maintain the catalytic cycle.

We embarked on the investigation with reactions of
acetophenone O-acetyloxime (1a) and diphenylacetylene
(2a), and Table 1 lists representative data using [Cp*RhCl2]2

as a catalyst.10 Although no reaction was observed with only
[Cp*RhCl2]2 in MeOH (entry 1), addition of a metal acetate
as a cocatalyst (30 mol %) resulted in the formation of
isoquinoline 3aa in good yields at 60 °C (entries 2 and 3).11

Other solvents such as t-BuOH and DMF were not viable

for this transformation (entries 4 and 5). The reaction of
O-methyloxime 1a′ was sluggish, affording isoquinoline 1aa
in 13% yield with 64% recovery of oxime 1a′ even after
19 h (entry 6). This indicates that the leaving group reactivity
(as -OR1) is essential for this isoquinoline formation.

By utilizing the [Cp*RhCl2]2-NaOAc catalytic system
(Table 1, entry 2), the scope of the isoquinoline formation
was investigated (Table 2).12 The present process showed
wide substrate tolerance with internal alkynes (entries 1-5).
Insertion of an unsymmetrical alkyne, 1-phenyl-1-propyne
(2b), occurred regioselectively to provide 4-methyl-3-phe-
nylisoquinoline 3ab as a sole product (entry 1). Similarly,
3-phenyl-2-propyn-1-ol (2c) afforded isoquinoline 3ac with
high regioselectivity albeit in moderate yield that was
improved by protection of a hydroxy group with TBS (entries
2 and 3). The reactions with dialkyl-substituted alkynes also
proceeded smoothly (entries 4 and 5). As substituents on
the benzene ring of acetophenone O-acetyloxime 1, both
electron-donating and -withdrawing groups could be intro-
duced. This process could keep a C-Br bond intact (entries
8, 11, and 12). In the case of meta-substituted substrates,
regioisomeric mixtures were obtained where the sterically
less hindered C-H bond was preferentially cleaved (marked
in blue) (entries 12 and 13). This method allowed construc-
tion of a thieno[2,3-c]pyridine structure (entry 14). At the
C(1) position of isoquinolines 3, phenyl and alkenyl groups
as well as a methoxycarbonyl moiety could be installed
(entries 15-17). R-Tetralone O-acetyloxime (1n) was suc-
cessfully applied for preparing tricyclic isoquinoline 3na
(entry 18).

To obtain detailed mechanistic information of the present
catalytic process, several reactions were performed as shown
in Scheme 1. When O-acetyloxime 1a was treated in MeOD
in the absence of alkynes, deuteration of the ortho-positions
was observed with deacetylation (Scheme 1a). On the
contrary, the reaction in MeOD in the presence of alkyne
2a afforded isoquinoline 3aa-d without deuterium incorpora-
tion at the C(8) position (Scheme 1b). These results could
suggest that the C-H rhodation initiates the catalytic cycle
and is most likely the rate-determining step. It was rather
interesting that deuterium was incorporated into the methyl
group of isoquinoline 3aa-d (Scheme 1b), whereas it was
confirmed that treatment of isoquinoline 3aa under the
present catalytic conditions in MeOD did not result in
deuteration of the methyl group. These observations indicated
that deuterium incorporation into the methyl group of
isoquinoline 3aa might have occurred during the catalytic
ring formation process.13

Based on these results, a potential mechanistic possibility
was outlined in Scheme 2. It commences with ortho-C-H
activation of aryl ketone O-acetyloximes 1 with the aid of
the oxime sp2 nitrogen to give arylrhodium intermediate A,
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Table 1. Optimization of Reaction Conditions

entry oximes additive solvent conditions yield of 3aab

1 1a none MeOH 60 °C, 7 h 0c

2 1a NaOAc MeOH 60 °C, 6 h 82
3 1a CsOAc MeOH 60 °C, 4 h 80
4 1a CsOAc t-BuOH 80 °C, 7 h 14c

5 1a CsOAc DMF 80 °C, 23 h 4c

6 1a′ NaOAc MeOH 60 °C, 19 h 13 (64)d

a Reactions were carried out on the scale of 0.3 mmol of 1a and 2a in
MeOH (0.2 M) under a N2 atmosphere. b Isolated yields. c NMR yields
from the crude mixture. d Recovery yield of 1a′.
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which undergoes insertion to alkynes 2 to afford vinyl
rhodium species B. Formation of seven-membered ring
rhodacyclic iminium cation intermediate C followed by C-N
reductive elimination would provide N-acetoxyisoquino-
linium cation D,14 the reduction of which by the resulting

Rh(I) species could form isoquinolines 3 along with regen-
eration of the Rh(III) catalyst (path a). Alternatively, direct
formation of isoquinolines 3 and Rh(III) species from
rhodacycle C via a concerted redox process could also be
proposed (path b). Deuterium incorporation into the methyl

Table 2. Synthesis of Isoquinolines from Aryl Ketone O-Acetyloximes and Alkynesa

a The reactions were carried out by treatment of a mixture of oxime 1 (0.5 mmol) and alkyne 2 (1.2 equiv) with [Cp*RhCl2]2 (2.5 mol %) and NaOAc
(30 mol %) in MeOH (0.2 M) at 60 °C under a N2 atmosphere for 4-10 h. b Isolated yields. c Regioselectivity determined by 1H NMR. The strucutre of the
major isomer was described.

Scheme 1. Investigation of the Reaction Mechanism Scheme 2. Proposed Mechanistic Possibility
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moiety of isoquinoline 3aa in MeOD (see Scheme 1b)
strongly supported the presence of the iminium cation C or
isoquinolinium cation D bearing acidic R-protons (R2 ) Me)
in the reaction course.15

Although aryl ketone O-acetyloximes 1 were found to be
promising precursors for the present Rh(III)-catalyzed iso-
quinoline formation with internal alkynes, the stereochemical
requirement of oximes 1 (i.e., the N-O bond of oximes
should be anti to the aryl moiety)16 might be a hurdle for
the process especially in the case of the substrates bearing a
bulky substituent as R2.17 Isoxazol-5-one derivatives 5 are
easily accessible from the corresponding �-keto esters by
the reaction with hydroxylamine, where even two alkyl
groups (R5 and R6) could easily be introduced at the C(4)
position of isoxazol-5-ones (Scheme 3).18 Stimulated by the
structural analogy of isoxazol-5-ones 5 with anti-O-acety-
loximes 1, we turned our attention to investigating the
chemical reactivity of several 3-phenylisoxazol-5-ones 5 with
alkynes 2.

It was found that the reaction of 4,4-dimethyl-3-phenyl-
isoxazol-5(4H)-one (5a) with diphenylacetylene (2a) pro-
ceeded smoothly under the present reaction conditions (2.5
mol % [Cp*RhCl2]2, 30 mol % NaOAc, MeOH, 60 °C),
providing 1-isopropylisoquinoline 6aa via decarboxylation
in 91% yield (Table 3, entry 1). Deuteration of the methine
carbon of the isopropyl moiety was observed when the
reaction was conducted in MeOD (entry 2). Unsymmetrical

alkyne 2b and dialkyl-substituted alkyne 2e could also be
coupled with 5a in good yields albeit in relatively longer
reaction times (entries 3 and 4). 3-Phenylisoxazol-5-ones 5
bearing a monosubstituent and no substituent at C(4) could
be utilized for this transformation (entries 5 and 6).

Further investigation of the detailed mechanism, reaction
scope, and synthetic application of these reactions for the
preparation of a variety of azaheterocycles is currently
underway and will be reported in due course.
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Scheme 3. O-Acetyloximes 1 and Isoxazol-5-ones 5

Table 3. Synthesis of Isoquinolines from
3-Phenylisoxazol-5-ones and Alkynesa

a Unless otherwise noted, the reactions were carried out by treatment
of a mixture of isoxazol-5-one 5 (0.5 mmol) and alkyne 2 (1.0 equiv) with
[Cp*RhCl2]2 (2.5 mol %) and NaOAc (30 mol %) in MeOH (0.2 M) at 60
°C under a N2 atmosphere for 4-6 h. b Isolated yields. c The reaction was
performed in MeOD. d 5a was recovered in 38% yield. e The reaction time
was 28 h.
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