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Imines and secondary amines were synthesized selectively
by controlling reaction conditions for the Pd-catalyzed one-
pot reactions of benzyl alcohols with primary amines. The
reactions did not require any additives and were effective
for a wide range of alcohols and amines.

The carbon—nitrogen bond-forming reaction is one of the
significant transformations in organic synthesis.' In particular,
imines are highly desirable, owing to their applications as
electrophiles in many organic reactions such as reduction,
addition, condensation, and cycloaddition.2 Traditionally, imines
are synthesized via the addition of amines and carbonyl
compounds with azeotropic distillation to expel the liberated
water.> Furthermore, condensation reactions carried out in the
presence of Lewis acids have also been documented in the
literature.* As a related C—N coupling reaction, Taylor and co-
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workers have reported the direct conversion of activated alcohols
into imines and amines using stoichiometric amounts of MnO,
(oxidizing agent) and polymer-supported cyanoborohydride
(reducing agent).”> On the other hand, the borrowing hydrogen
approach is a strategy for the N-alkylation of amines since there
is no net hydrogen gain or loss.® In this regard ruthenium’ and
iridium® catalysts have been successfully employed to achieve
this oxidation, imination, and reduction sequence. However,
these methods are mainly focused on the synthesis of amines
even though imines are the intermediates. We have recently
developed a heterogeneous palladium catalyst, Pd/AIO(OH)
(1),”* that is composed of palladium nanoparticles entrapped in
boehmite nanofibers. The catalyst has shown high activity and
excellent efficiency in the aerobic oxidation of alcohols and
racemization of amines for chemoenzymatic dynamic kinetic
resolution and a-alkylation of ketones with alcohols.” During
the course of our investigation, we found that this system could
be effective for the C—N coupling reaction of various alcohols
with amines to couple imines or amines without any additives.
Moreover, this reaction promises an attractive green chemistry,
as water is the only byproduct. We first examined the reaction
of benzyl alcohol (1.0 mmol) with 2-phenylethylamine (1.2
mmol) in the presence of 1 (2.0 mol % of Pd) for 20 h at 90 °C
under oxygen atmosphere and obtained N-benzylidene-2-phen-
ethylamine in 90% yield.'® Meanwhile, the same reaction under
argon gave a 80:20 mixture of N-benzyl-2-phenylethanamine
and N-benzylidene-2-phenethylamine after 12 h. Subsequently,
we could convert the mixture to pure N-benzyl-2-phenyletha-
namine (92% yield) at 25 °C under hydrogen atmosphere
(Scheme 1).

The efficacy of 1 for the coupling of benzyl alcohol with
2-phenethylamine was compared with those of various com-
mercial catalysts (Table 1). The catalyst 1 exhibited the highest
activity among the commercial palladium catalysts such as Pd/
C, Pd/Al,O3, Pd/CaCO;, Pd/BaCOs, and PdEnCat (entries 2—6).
Other metal catalysts such as Ru/Al,O; and Rh/ALL,O; were
found to be feeble under the same conditions (entries 7 and 8).
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SCHEME 1. Palladium-Catalyzed Coupling of Benzyl
Alcohol and 2-Phenylethylamine

2
1 atm O, 90%
1 | argon
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80 : 20 92%

TABLE 1. Comparison of Catalytic Activities”

entry catalyst yield (%)®

1 1 90 (57)°
2 5% Pd/C 19

3 5% Pd/AlO4 42

4 5% Pd/CaCO; 3

5 5% Pd/BaCO; 13

6 4.3% PdEnCat 5

7 5% Ru/Al,O5 8

8 5% Rh/A1,O; 0

“ A solution of benzyl alcohol (1.0 mmol) and 2-phenylethylamine
(1.2 mmol) in heptane (5.0 mL) was heated in the presence of catalyst
(2.0 mol % of Pd or Ru) at 90 °C under 1 atm of O, for 20 h.
® Determined by '"H NMR with an internal standard. ¢ After 10 h.

The generality of this methodology has been investigated with
different types of benzyl alcohols and amines to produce
corresponding imines under oxygen atmosphere (Table 2). The
electronic effect on the aromatic ring was not significant; the
reactions of benzyl alcohol were similar to those of 4-meth-
oxybenzyl alcohol and 4-fluorobenzyl alcohol (entries 1—6).
However, the reactions with aniline required more catalyst than
those with aliphatic amines (entries 4—6). Meanwhile, the
reactions with primary aliphatic amines were not affected by
the steric bulkiness of the alkyl groups (entries 7—11); even
2,4, 4-trimethylpentan-2-amine was reacted successfully with a
benzyl alcohol to give the expected imine in high yield (entry
11). A diimine was obtained also successfully when 1,4-
phenylenedimethanol was employed (entry 10). However, the
reactions employing 1-octanol and 1-phenylethanol were not
successful. The expected imine was produced only in about 8%
in the reaction of 1-octanol with 2-phenylethylamine (entry 12).
In the reaction of 1-phenylethanol, acetophenone was formed
in 11%, but the corresponding imine was not detected.

Having established conditions for the in situ oxidation—imine-
formation, we envisaged the one-pot production of secondary
amines from primary alcohols and amines through oxidation—
imine formation and imine hydrogenation (Table 3). The initial
investigation on benzyl alcohol (1.0 mmol) and 2-phenylethy-
lamine (1.2 mmol) with 1 (2.0 mol % of Pd) in n-heptane at 90
°C under argon for 12 h, followed by hydrogen atmosphere for
6 h at room temperature, led to N-benzyl-2-phenylethanamine
in 84% yield. The hydrogenation was carried out after checking
the complete consumption of benzyl alcohol by TLC. Secondary
amines, which correspond to the imines in Table 2, were isolated
in 75—92% yield by column chromatography.

We also attempted the one-pot aza Diels—Alder reaction of
imines (Scheme 2). After the coupling reaction of primary
benzyl alcohols and aniline under aerobic conditions, Danishef-
sky’s dienes were reacted with the resulting imines. Purification
of the aza Diels—Alder products by column chromatography
provided 1,2-diphenyl-2,3-dihydropyridin-4-one and 2-(4-meth-
oxyphenyl)-1-phenyl-2,3-dihydro-1H-pyridin-4-one through des-
ilylation in 88% and 85% yields, respectively.
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SCHEME 2. One-Pot Aza Diels—Alder Reaction.
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TABLE 2. Synthesis of Imines from Benzyl Alcohols and Amines®
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Time Product Yield

Entry Alcohol Amine (h) (%)b

o

1 2a 3a 20 @N 90
2 2b 3a 20 OAN«/Q 92
Me(’
3 2¢ 3a 24 \N~/© 92
o
4° 2a 3b 20 OA\N/Q 90
5¢ 2b 3b 24 /@A\NQ 91
MeO’
6 2¢ 3b 24 /@/*NO 92
F
~
7 2a 20 (VT 9
x> J\/\
8 2a 3d 20 ©/\N 90
9 2b 3e 20 QA\NO 93
MeO
104 24 4 VY &
11 2e 3 24 o \NX_F 98
g .ol
12 2 3 AN@ 8
13 2 3b 24 Y 2 0

“ A solution of alcohol (1.0 mmol) and amine (1.2 mmol) in heptane
(5.0 mL) was heated in the presence of 1 (2.0 mol % of Pd) at 90 °C
under 1 atm of O, ” Determined by 'H NMR with an internal standard.
“4.0 mol % of Pd was used. ¢ Excess of isobutylamine (4.8 mmol) was
used.

In conclusion, we have demonstrated a simple and efficient
one-pot synthesis of imines and secondary amines from benzyl
alcohols and amines highly selectively using a heterogeneous
palladium catalyst without any additives under aerobic and



TABLE 3. One-Pot Synthesis of Secondary Amines”

Time Yield
(h)” Product Y

RO

Entry Alcohol Amine

1 2a 3a 12 @ﬂ

2 2b 3a 12 N«/Q 92
MeO/CIAH

3 2 3a 16 N/\/© 81

H

JoR

44 2a 3b 20 OA”/Q 84

57 2b 3b 24 /@/\HO 84
MeQ'

6 2¢ 3b 20 O 75

©/\”J\/\ 88

8 2a 3 12

9 2b 3¢ 20 /@/\H/O 86
MeQ’

10° 2d st 24 VY g

11 2e 3g 20 <°j©ﬁﬁ><_‘, 84
s}

“ A solution of alcohol (1.0 mmol) and amine (1.2 mmol) in heptane
(5.0 mL) was heated in the presence of 1 (2.0 mol % of Pd) at 90 °C
under argon followed by 1 atm of H, for 6 h at 25 °C. ” Reaction time
for the coupling of amine and alcohol. ¢ Isolation yield. ¢ 4.0 mol % of
Pd was used. © Excess of isobutylamine (4.8 mmol) was used.

anaerobic conditions, respectively. Extrapolation of this study
to other reactions involving imines will enhance the opportunity
of discovering new avenues.

Experimental Section

Reaction of Benzyl Alcohol with 2-Phenylethylamine
under 1 atm of O,. Benzyl alcohol (108 mg, 1.00 mmol),
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2-phenylethylamine (146 mg, 1.20 mmol), 1 (2 mol % Pd), and
n-heptane (5 mL) were placed in a 50 mL flask (glass tube) and
allowed to react under an O, balloon at 90 °C for 20 h (Caution:
be cautious in the use of oxygen with the catalyst and organic
solvents). The catalyst was separated by filtration and the filtrate
was concentrated under reduced pressure. Cyclohexene (102 uL,
1.01 mmol) as an internal standard was added in the reaction
mixture and analyzed by '"H NMR spectroscopy. The peak at 5.66
ppm was selected as the standard. '"H NMR (300 MHz, CDCl;,
ppm) 6 3.00 (t, 2H, J = 7.5 Hz), 3.86 (t, 2H, J = 6.3 Hz),
7.17—7.38 (m, 10H), 8.2 (s, 1H).

Reaction of Benzyl Alcohol with 2-Phenylethylamine
under Argon Atmosphere. Benzyl alcohol (108 mg, 1.00 mmol),
2-phenylethylamine (146 mg, 1.20 mmol), 1 (2 mol % of Pd), and
n-heptane (5 mL) were placed in a 50 mL flask (glass tube) and
allowed to react under argon at 90 °C for 12 h. After purging argon
gas, the reaction mixture was stirred at 25 °C for 6 h under a
hydrogen balloon. The catalyst was separated by filtration, and the
filtrate was purified by column chromatography to give N-benzyl-
2-phenylethanamine (178 mg) in 84% yield. '"H NMR (300 MHz,
CDCl;, ppm) O 1.4 (br, 1H), 2.77—2.92 (m, 4H), 3.78 (s, 2H),
7.14—17.34 (m, 10H); '*C (75 MHz, CDCl;_ppm) 6 36.5, 50.7, 54.0,
126.3, 127.1, 128.2, 128.6, 128.6, 128.9, 140.2, 140.3.

One-Pot Synthesis of 1,2-Diphenyl-2,3-dihydropyridin-4-
one. Benzyl alcohol (108 mg, 1.00 mmol), aniline (112 mg, 1.20
mmol), 1 (4 mol % of Pd), and n-heptane (5 mL) were placed in
a 50 mL flask (glass tube) and allowed to react under argon at 90
°C for 20 h. After the solution had cooled to room temperature,
trans-1-methoxy-3-trimethylsiloxy-1,3-butadiene (400 xL, 2.0 mmol)
and methanol (2 mL) were added and the mixture was stirred for
6 h at 25 °C. The catalyst was separated by filtration, and the filtrate
was purified by column chromatography to give 1,2-diphenyl-2,3-
dihydropyridin-4-one (220 mg, 88% yield). 'H NMR (300 MHz,
CDCl5, ppm) 6 2.79 (ddd, 1H, J, = 16.4 Hz, J, = 3.0 Hz, J; = 1.0
Hz), 3.30 (dd, 1H, J; = 16.4 Hz, J, = 7.2 Hz), 5.30 — 5.27 (m,
2H), 7.13—7.00 (m, 3H), 7.32—7.26 (m, 7H), 7.68 (dd, 1H, J, =
7.8 Hz, J, = 1.0 Hz); '3C (75 MHz, CDCl;, ppm) 6 43.6, 61.9,
103.2, 118.7, 124.6, 126.3, 128.0, 129.2, 129.7, 138.1, 144.9, 148.4,
190.4.
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