
COM
M

UNICATION

J. Chem. Soc., Perkin Trans. 1, 1998, 4043–4044 4043

Easy and partial hydrogenation of aromatic carbonyls to benzyl
alcohols using Pd/C(en)-catalyst
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Although 10% Pd/C catalyzed hydrogenolysis of aromatic
ketones and aldehydes readily affords methylene com-
pounds via intermediary benzyl alcohols, the employment
of 10% Pd/C–ethylenediamine complex [Pd/C(en)] as a
catalyst eased the formation of benzyl alcohols.

The preparation of alcohols through reduction of ketones and
aldehydes is among the most fundamental subjects in organic
synthetic chemistry. This significant transformation has been
mainly accomplished by stoichiometric metal hydride reagents.1

In contrast to a large number of effective stoichiometric
reagents and some catalytic homogeneous hydrogenation cat-
alysts 2–4 available for carbonyl reduction, few heterogeneous
hydrogenation catalysts for reduction of aldehydes and ketones
to alcohols have been developed.1 Although the heterogeneous
hydrogenation of aliphatic carbonyls does not occur easily as
a rule, aromatic carbonyls hydrogenolyze to methylene com-
pounds smoothly via formation of the intermediate benzyl
alcohol (Scheme 1, 1→3).5,6 Therefore, it is extremely difficult to

isolate the intermediate benzyl alcohol selectively when hydro-
genating aromatic carbonyl compounds using a palladium cata-
lyst.7 While Ram and Spicer reported a transfer hydrogenation
method for the partial reduction of aromatic carbonyls using
10% Pd/C and ammonium formate,8 the main reduction tends to
be accompanied by a reductive amination reaction with nucleo-
philic ammonia released from ammonium formate. Therefore,
the development of heterogeneous palladium catalysts with
excellent chemoselectivity between aromatic carbonyls and
intermediary benzyl alcohols is highly desirable because of a
series of practical benefits.5

We have recently established that a Pd/C catalyst formed an
isolable complex with ethylenediamine (en) employed as a cata-
lytic poison and the complex catalyst [Pd/C(en)] selectively cata-
lyzed the hydrogenation of various functional groups (e.g. ole-
fin, nitro, benzyl ester, or azido) without the hydrogenolysis of
the O-benzyl protective group or the N-Cbz protective group of
aliphatic amines.9 We are now in a position to disclose that the
Pd/C(en) catalyst is very efficient for the partial reduction of
aromatic carbonyl compounds (Scheme 1, 1→2).

First, the catalytic hydrogenation of 1-tetralone was carried
out smoothly using the 10% Pd/C(en) catalyst† (10% of the
weight of the substrate) in MeOH under a hydrogen atmosphere
(balloon) for 24 h to provide partially reduced 1-hydroxytetralin
in 91% isolated yield without formation of the fully hydrogen-

Scheme 1 Reagents and conditions: i, 10% Pd/C(en), H2 (balloon),
MeOH, 24 h; ii, 10% Pd/C, H2 (balloon), MeOH, <24 h.

ated tetralin (run 1 in Table 1). In addition, a competition
experiment using a 1 :1 mixture of 1-tetralone and cyclohex-
anone as a substrate indicated that only 1-tetralone was reduced
to the corresponding 1-hydroxytetralin and the non-aromatic
ketone, cyclohexanone, was quantitatively recovered
unchanged. However, upon using a 10% Pd/C catalyst such a

Table 1 Pd/C(en)-catalyzed partial hydrogenation of aromatic ketones
and aldehyde to benzyl alcohols

Entry

1

2

3

4

5

6

7

8

9

10

Substrate Product Yield (%) a,b

91

93

99

97

98

89

90

86

86

94

a The reaction was carried out using 0.5 mmol of the substrate in
MeOH (2 mL) with 10% Pd/C(en) (10% of the weight of the substrate)
under a hydrogen atmosphere (balloon) for 24 h and the structures of
all the new compounds were determined by their IR, MS, and 1H NMR
spectra and HRMS or elemental analyses. b Upon the use of com-
mercial 5 or 10% Pd/C instead of 10% Pd/C(en), the hydrogenolysis of
the aromatic carbonyl compounds readily proceeded to give fully
hydrogenolyzed methylene products in excellent yields.
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selective hydrogenation failed and tetralin was readily formed in
92% yield. To investigate the synthetic utility of this new find-
ing, the selective hydrogenation of aromatic carbonyl groups to
hydroxy groups was conducted on a variety of substrates (Table
1). The results show that the aromatic carbonyl compounds can
be readily converted to the corresponding benzyl alcohols in
excellent yields. In addition, the reactions of the mono-aromatic
carbonyl group (runs 1–5 and 10) were very clean, and no
chromatographic separation was required to obtain spectrally
pure products. Although the resulting products from di-
aromatic ketones (runs 6–9) were contaminated by a trace
quantity of over-reduction product, the less polar methylene
contaminant could be removed easily by simple flash column
chromatography.10 The reaction conditions were compatible
with the hydrogenation of an olefin functionality (run 3). On
the other hand, the O-benzyl protective group of 4-
(benzyloxy)benzophenone, which possesses an electron with-
drawing benzoyl group at the p-position, did not survive under
these conditions (run 9).9

The chemoselectivity of the hydrogenation could be attribut-
able to the difference of the coordination affinity between
longer-conjugated aromatic carbonyls and benzyl alcohols to
ethylenediamine-coordinated palladium. In Pd/C(en) catalyst,
the original affinity of palladium for π-electrons should be
reasonably reduced by ethylenediamine.

In summary, we have developed an efficient chemoselective
hydrogenation of aromatic carbonyl groups to benzyl alcohols
using the heterogeneous and easily handled Pd/C(en) catalyst
under neutral conditions. The hydrogenolysis of the intermedi-
ate benzyl alcohols to methylene compounds could be mostly
overcome. The chemoselectivity observed for aromatic carbonyl
groups over intermediate benzyl alcohols and the general utility
of this methodology will make this simple technique an attract-
ive addition to the range of procedures already known for this
general transformation.1

Experimental
General procedure for the partial hydrogenation of aromatic
carbonyls

A mixture consisting of aromatic carbonyl compounds (1.0
mmol), 10% Pd/C(en) (10% of the weight of the substrate) and
methanol (2 ml) was stirred at room temperature under a
hydrogen atmosphere for 24 h. The reaction mixture was
filtered using a membrane filter (Advantec DISMIC-13CP)

and the filtrate was concentrated in vacuo to give in most
cases an analytically pure product. If the product were not
analytically pure, the residue was purified by flash column
chromatography.10
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