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Dehydrogenative aromatization of cyclohexanone imines to arylamines has been achieved using a palladium catalyst under aerobic conditions.
The reaction is applicable to a variety of imines that are either preformed or generated in situ from cyclohexanone derivatives and aryl or

alkylamines.

Arylamines are common core structures of a wide variety
of functional molecules with biological activities and opto-
electronic properties relevant to pharmaceuticals and materi-
als science, respectively. Consequently, efficient and selective
preparation of arylamines has received considerable atten-
tion. The most powerful and versatile contemporary syn-
thetic method for arylamines is undoubtedly the transition-
metal-catalyzed C—N cross-coupling between aryl halides
and amines, as represented by the palladium-catalyzed
Buchwald—Hartwig coupling and the copper-catalyzed
Ullmann-type coupling reactions.' > Nevertheless, the
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development of conceptually different and complementary
synthetic methods, those not employing halogenated starting
materials and basic reaction conditions in particular, remains
an important subject.*

Recently, we developed a palladium-catalyzed aerobic
oxidative cyclization reaction of N-aryl imines to indoles.’
During this study, we noted that an imine derived from
a-tetralone and p-anisidine underwent dehydrogenation
rather than oxidative cyclization to afford an amino-
naphthalene derivative (Scheme la). This finding, together
with the recent development of aerobic palladium catalysis®
for dehydrogenation of cyclohexanones to phenols’ and
a,fB-dehydrogenation of alkyl ketones and aldehydes,® '
prompted us to explore the feasibility of the aerobic dehy-
drogenative approach for the synthesis of arylamines. Here,
we report that a variety of cyclohexanone imines, either
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preformed or formed in situ from the corresponding ketones
and amines, undergo dehydrogenative aromatization to
afford arylamines in moderate to good yields under aerobic
palladium catalysis (Scheme 1b).'!!?
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We commenced our study with a brief optimization of
the dehydrogenation reaction of imine 1a prepared from
4-methylcyclohexanone and aniline (Table 1). The cataly-
tic system consisting of Pd(OAc), (10 mol %), BuyNBr
(2 equiv), O, (1 atm), and DMSO, which we employed
previously,” promoted the reaction at 90 °C to afford the
diarylamine 2a in 23% yield (entry 1). The addition of
BuyNBr was critical as the reaction became very sluggish in
its absence (entry 2). The yield of 2a was improved slightly by
the addition of 3 A molecular sieves (MS3 A) (entry 3) and
significantly by the change of the solvent from DMSO to
toluene (entry 4). An additional improvement was achieved
by the use of a toluene/DMSO (9:1) mixed solvent, resulting
in the formation of 2a in 79% isolated yield (entry 5).

Table 1. Dehydrogenative Aromatization of Cyclohexanone
Imine 1a“

Pd(OAc), (10 mol %)

additive NHFPh
02 (1 atm)
solvent (0 2 M)
90 °C,12h Me
1a 2a
entry additive (equiv) solvent yield (%)°

1 BuyNBr (2) DMSO 23
2 None DMSO <3
3 Bu,NBr (2), MS3A DMSO 30
4 BuyNBr (2), MS3 A toluene 73
5 BuyNBr (2), MS3 A toluene/DMSO (9:1) 79¢

“Reaction st performed on a 0.2 mmol scale. The amount of MS3
A was 100 mg. ®Determined by GC using n-tridecane as an internal
standard. ¢ Isolated yield.

With the above catalytic system, we explored the dehy-
drogenative aromatization reaction of a series of six-
membered cyclic imines (Scheme 2). A variety of imines
derived from cyclohexanone or a-tetralone derivatives and
aniline derivatives participated in the reaction to afford the
corresponding diarylamines 2a—2m in good yields, with a
tolerance to functional groups such as ester, cyano, bromo,
and nitro groups. Unfortunately, the reaction of the imine
derived from 2-methylcyclohexanone was rather sluggish,
presumably because of steric reasons (see 2m). An imine
derived from n-hexylamine and an enamine derived from
morpholine were also amenable to the dehydrogenation
reaction, affording the products 20 and 2q in 85% and
52% yields, respectively.'® Furthermore, an electron-poor
imine bearing the N-tosyl group also participated in the
reaction to give the product 2p in 54% yield.

Scheme 2. Dehydrogenative Aromatization of Six-Membered
Cyclic Imines”
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“Reaction was performed on a 0.2 mmol scale. Isolated yields are
shown. ® The reaction was performed in DMSO at 60 °C. ¢ Yield
estimated by GC. ¢ The starting material was an enamine derived from
cyclohexanone and morpholine.
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Having achieved dehydrogenative aromatization of var-
ious preformed imines, it was natural for us to attempt
direct synthesis of arylamines from cyclohexanones and
amines via condensation/dehydrogenative aromatization
in one pot. Thus, we again performed a screening of
reaction conditions using 4-methylcyclohexanone and
p-anisidine as starting materials (Table 2). Using the
combination of Pd(OAc),, BuyNBr, and MS3 A in DMSO
(0.2 M), an equimolar mixture of the ketone and the amine
afforded the diarylamine 2b in 76% yield (entry 1), which
was comparable to the yield obtained from the preformed
imine (see Scheme 2). For the one-pot reaction, DMSO
was clearly superior to toluene as well as to other polar
solvents such as DMF and acetonitrile (entries 2—5). While
OctyNBr and Et;NBr had similar effects to BuysNBr
(entries 6 and 7), the use of BuyNI or BusNCl led to lower
yields (entries 8 and 9). An elevated reaction temperature
(110 °C) or a higher concentration (0.5 M) had only
negative effects (entries 10 and 11). Attempts to reduce
the catalyst loading have not been successful.

Table 2. One-Pot Synthesis of Arylamine 2b’
/©/OMG
HN

d(OACc), (10 mol %)

addmve
02 (1 atm)
solvent (0.2 M)
90°C,12h

Me 2b
entry additive (equiv) solvent yield (%)°

1 BuNBr (1.5), MS3 A DMSO 76°
2 BuNBr (2) DMSO 64°
3 BuyNBr (2) toluene 8

4 Bu,NBr (2) DMF 34
5 BuNBr (2) MeCN 30
6 Oct,NBr (1.5), MS3 A DMSO 74
7 Et,NBr (1.5), MS3 A DMSO 68
8 Bu,NI (1.5), MS3 A DMSO 46
9 Bu,NCl(1.5), MS3 A DMSO 56
10¢ Bu,NBr (1.5), MS3 A DMSO 16
11¢ BuyNBr (1.5), MS3 A DMSO 24

“Reaction was performed on a 0.2 mmol scale using a 1:1 mixture of
4-methylcyclohexanone and p-anisidine. The amount of MS3 A was
100 mg. ® Determined by GC using n-tridecane as an internal standard.
“Isolated yield. “ The reaction temperature was 110 °C. ¢ The concentra-
tion was 0.5 M.

We then explored the scope of the one-pot arylamine
synthesis (Scheme 3). The parent aniline and electron-rich
anilines such as p-anisidine and p-toluidine afforded the
diarylamine products in reasonable yields (see 2a, 2b,
2s, 2z, and 2aa), while the reaction became slower with
halogenated anilines (see 2r, 2u, and 2v). The reaction also
became slower with ortho-substituted anilines (see 2w—2y).
Benzylamines such as veratrylamine and furfurylamine
participated in the reaction to afford the products 2ab
and 2ac in moderate yields. Primary alkylamines such as
n-dodecylamine, isopropylamine, and cyclohexylamine
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were also amenable to the one-pot reaction, affording the
products 2ad—2af in 50—60% yields.

The efficiency of the one-pot reaction appeared to be
greatly influenced by the ketone/amine condensation step.
Thus, less nucleophilic anilines bearing electron-withdraw-
ing para-substituents such as ester, cyano, and nitro groups
did not afford the products (Scheme 3 inset), while the
imines derived from these anilines were good substrates for
the dehydrogenation reaction (Scheme 2). Likewise, mor-
pholine and a-tetralone did not afford the desired products
because of the slow condensation of these substrates. These
observations suggest that the formation of the imine
intermediate is the rate-limiting step of the reaction. In
addition, 2-substituted cyclohexanones were unreactive,
presumably because both the condensation and dehydro-
genation steps were sterically inhibited.

Scheme 3. One-Pot Synthesis of Arylamines”
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“Reaction was performed on a 0.2 mmol scale using a 1:1 mixture of
ketone and amine. Isolated yields are shown.

Scheme 4 shows a possible catalytic cycle for the present
dehydrogenative aromatization reaction, which is analo-
gous to the mechanism proposed for the dehydrogenation
reaction of cyclohexanone to phenol.” Enamine 1’ generated
through tautomerization of imine 1 would undergo electro-
philic palladation (A) to afford, through elimination of

c



Scheme 4. Possible Catalytic Cycle
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cyclohexenone imine goes through a corresponding dehy-
drogenation catalytic cycle to afford cyclohexadienone
imine 2', which should quickly tautomerize to the aniline
product 2. A possible role of the ammonium salt is to
stabilize the catalytically active Pd species, which could be
in the form of nanoclusters or nanoparticles.'*

In summary, we have developed a palladium-catalyzed
aerobic dehydrogenation reaction for the synthesis of aryl-
amines. A variety of cyclohexanone imines, either pre-
formed or generated in situ, participated in the reaction to
afford the corresponding arylamines in moderate to good
yields. The tolerance to functional groups such as an aryl—
Br bond implies potential applicability of the present reac-
tion as a method orthogonal to the Buchwald—Hartwig and
the Ullmann-type coupling reactions. Further studies will be
focused on the expansion of the substrate scope and the
search for more robust and efficient catalytic systems.
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