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Abstract:

A simple, totally catalytic, and environmentally benign process
for the synthesis of 3-amino-2-cyclohexen-1-one using 10%
Pd/C-catalyzed hydrogenation has been developed.

3-Amino-2-cyclohexen-1-ondlj, a cyclic enaminone, is

(Scheme 1). The first type of applicable methods is conden-
sation of relatively expensive 1,3-cyclohexandioBgwith
ammonia or ammonium acetate under refluxing conditions
with azeotropic removal of water using hazardous sol-
vents such as benzeh&. 24 These procedures usually re-
quire a large excess of ammonia or ammonium acetate. The

a useful intermediate in organic synthesis as a synthon forsecond type of methods entails two-step procedures, viz.,
the construction of biologically active compounds (such as the Pd/C-catalyzed hydrogenation of 1,3-phenylenediamine

dopamine autoreceptor agonisegetylcholinesterase inhibi-
tors? oxytocin antagonistdanticonvulsanté and Karp chan-
nel opener® and functionally interesting heterocyclic com-
pounds (such as pyridines or quinolirfe$® azaazulene¥),
sesquiterpené$,tetrahydro-1,3-oxaziné$,and angucycili-
none 5-aza-analogués The generally and industrially em-

(3) and subsequent hydrolysis of the resulting 3-amino-2-
cyclohexen-1-imine4) under strong basic conditioA3The
third type of methods is the intramolocular cyclization of
5-oxohexanenitrile (5) under drastic (high heat and strong
basic) conditiong® however, these methods involve some
problems such as the relatively low selectivity of the

ployed synthetic methods for the preparation of 1,3-amino- cyclization and the cost of the substra%}. (Since environ-
2-cyclohexen-1-one (1) are classified into three categoriesmentally benign synthetic procedures have been the focus
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of attention in recent years, development of an entirely
catalytic, selective, mild, inexpensive, and new synthetic
method of1 to overcome all the problems of conventional
method&*"~2¢is an important goal.

We have recently developed a selective and reductive
monoN-alkylation method of amines using nitriles as an
alkylating reagent under Pd/C- or Rh/C-catalysed hydrogena-
tion conditions (Scheme 2J.During our efforts to extend
the applicability of the mond-alkylation?” we observed
that an unexpected reduction of an aromatic ring was pro-
ceeded by the use of 3-aminophend) és a substrate, and
the expected 3-ethylaminophen®d) &nd unexpected 3-ethyl-
amino-2-cyclohexen-1-one8) and 1 were obtained as a
mixture (Scheme 3). This led us to test whether the
hydrogenation conditions without MeCN can produce only
the reduced products, 3-amino-2-cyclohexen-1-dneWe
now disclose that the 10% Pd/C-catalyzed hydrogenation of
3-aminophenol®) in MeOH is quite efficient in the synthesis
of 1.
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Our protocol (Scheme 4) consists of stirrirsg with
commercial 10% Pd/C (Aldrich, 10% of the weightDfin

tion of 1.517-26 The waste disposal of the process was greatly
diminished compared with those of conventional methods.

Experimental Section

Materials. Reagents and solvents were obtained from
commercial suppliers and were used without further purifica-
tion. The 10% Pd/C was from Aldrich; other reagents were
purchased from TCI or WakéH and*3C NMR spectra were
recorded in CDGlat 400 and 100 MHz, respectively, on a
JEOL spectrometer. Chemical shifts are expressed in ppm
using TMS signal (= 0.00) as internal reference. Mass
spectrometry was performed on a JMS-SX 102A mass
spectrometer in electron ionization mode. GC analyses were
performed using a SHIMADZU GC-17A gas chromatogra-
phy (DB-624 column, 60 mx 0.25 mm, df= 1.4 um)
equipped with a flame ionization detector with helium as
the carrier gas. The following conditions were used in the
GC analysis: injector temperature 280, 200°C (hold 5
min) to 255°C (hold 25 min) at 20°C/min temperature
program. Thin-layer chromatography used 0.25 mm thick
silica gel 60 ks4 plates (Art 5715, Merk) using UV light.

10% Pd/C-Catalyzed Hydrogenation of 3-Aminophe-
nol in MeOH in the Presence of MeCN?" After two
vacuum/H cycles to remove air from the reaction tube, a
mixture of the 3-aminophenol (109 mg, 1.00 mmol), MeCN
(216 uL, 5 mmol), 10% Pd/C (10.9 mg, 10 wt % of the
substrate) in MeOH was stirred at room temperature under
ambient pressure of hydrogen (balloon). The reaction was
filtered through a membrane filter (Millipore Dimex-13, 0.22
um), and the filtrate was concentrated under reduced
pressure. The ratio of the 3-ethylamino phenol (7), 3-(ethyl-
amino)-2-cyclohexen-1-on@&), and 3-amino-2-cyclohexen-
1-one (1) was confirmed biH NMR of the crude mixture
in CDC|3

Preparation of 3-Amino-2-cyclohexen-1-one (1)After
two vacuum/H cycles to remove air from the reaction tube,
a mixture of the 3-aminophenol (5.46 g, 50.0 mmol), 10%
Pd/C (546 mg, 10 wt % of the substrate) in MeOH (50 mL)
was stirred at 60C under ambient pressure of hydrogen

MeOH under hydrogen atmosphere_ Within 11 h Stirring (balloon). The reaction was filtered through a Celite cake,
at 60 °C the hydrogenation was complete by TLC and and the filtrate was concentrated under reduced pressure to
GC-FID, while the hydrogenation at room temperature was afford analytically pure 3-amino-2-cyclohexene-1-orig (
incomplete even after 32 h stirring. After the reaction mixture (5.23 g, 94% yield)R: (CHCl;:MeOH = 5:1) 0.31.'H NMR

was cooled to room temperature, the catalyst was filtered (400 MHz, DMSO-d): 6 1.76 (m, 2H), 1.98 (tJ = 6.3
through a Celite cake or a membrane filter (Millipore Dimex- Hz, 2H), 2.25 (tJ = 6.3 Hz, 2H), 4.90 (s, 1H), 6.66 (brs,

13, 0.22um), and the productl) was isolated by simple

NH,). 13C NMR (100 MHzs, DMSO-¢): 9 194.3, 167.0,

solvent evaporation. As shown in Scheme 4, the desired97-5, 35.9, 27.9, 21.5. MS (EI): 111 (34), 84 (84), 83 (55),
3-amino-2-cyclohexen-1-one (1) was prepared in 94% iso- 66 (100), 55 (23); GC 100.0, AUGR = 16.66 min.

lated yield from commercially availableé. Over-reduction
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In summary, a simple and totally catalytic process for the
synthesis of 3-amino-2-cyclohexen-1-on&) (has been
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