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Abstract—The chemoselective catalytic hydrogenation of acetylene, olefin and azido derivatives bearing benzyl ester and N-Cbz
functionalities using a Pd-fibroin (Pd/Fib) catalyst was investigated. Perfect selectivity was accomplished, and the benzyl ester and
N-Cbz functionalities are tolerated under the reaction conditions.
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Despite numerous literature precedents, chemoselective
reduction of reducible functionalities such as alkynes
alkenes and azides remains a challenge in organic syn-
thesis.! Especially, while benzyl ester or N-Cbz protec-
tive groups are widely used in organic synthesis, they
are labile under hydrogenation conditions, and it is
extremely difficult to keep such groups intact during a
synthetic process involving hydrogenation steps.”> In
order to solve this problem, Misiti et al. have reported
3% Pd/C-catalyzed selective hydrogenation of a di-sub-
stituted olefin of y-amino-a,B-unsaturated (conjugate)
esters in the presence of a benzyl ester or N-Cbz
protective group.® However, the method has limitation
with regard to generality, and the stability of the benzyl
esters and N-Cbz groups under the conditions was
time-dependent.®* Recently, we reported the Pd/C-
ethylenediamine [Pd/C(en)] catalyzed chemoselective
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Scheme 1. Influence of catalysts on the hydrogenolysis of 1.
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hydrogenation with retention of the N-Cbz protective
group of aliphatic amines although the chemoselective
hydrogenation with retention of the aromatic N-Cbz
groups or benzyl esters could not be accomplished.>¢

We have also recently established that Pd(OAc),
formed an isolable Pd(0) complex with silk fibroin as a
stationary phase using methanol as a solvent and a
reductant, and the resulting fibroin-supported catalyst
(Pd/Fib) selectively catalyzed the hydrogenation of
olefins and azides without hydrogenolysis of the aro-
matic carbonyl, aromatic halogen and benzyl ether
functionalities.”®

During our efforts to extend the applicability of the
Pd/Fib catalyst, we found that Pd/Fib indicates almost
no catalytic activity towards the hydrogenolysis of benz-
yl ether, benzyl ester and N-Cbz functionalities, com-
pared with Pd/C and Pd/C(en).’ The hydrogenolysis of
4-benzyloxyphenylacetic acid benzyl ester (1) catalyzed
by 2.5% Pd/Fib resulted in no reaction even after 24 h
at ordinary hydrogen pressure (Scheme 1).

On the other hand, the use of 5% Pd/C (Aldrich) as a
catalyst resulted in the hydrogenolysis of both the
benzyl ether and the benzyl ester of 1 to give the
corresponding 4-hydroxyphenylacetic acid (2) in 99%
isolated yield. 5% Pd/C(en) catalyzed chemoselective
hydrogenation of only the benzyl ester of 1 with reten-
tion of the benzyl ether to give the corresponding
4-benzyloxyphenylacetic acid (3) in 94% isolated yield.>
Judging from these results so far obtained, we are now
in a position to disclose that the Pd/Fib catalyst is very
efficient for chemoselective hydrogenation with reten-
tion of the benzyl ester within a molecule.


mailto:sajiki@gifu-pu.ac.jp

8438 H. Sajiki et al. / Tetrahedron Letters 44 (2003) 8437-8439

Table 1. Chemoselective hydrogenation of the olefin or azido functionality with retention of the benzyl ester or aromatic
N-Cbz protective group using 2.5% Pd/Fib catalyst®

Entry Substrate Solvent® Time (h) Product Yield (%)°

1 2> co,Bn THF-d 7 ~>c0,Bn 91

2 )\ THF-ds 7 )\ 93¢
COan COan
3 \)\ MeOH 18 \)\ 77
CO,Bn CO,Bn

4 O~ COaBN MeOH 8 O~ COaBN 99

5 o 00BN THF 24 o~ -C02BN o8

CO,Bn CO,Bn
6 MeOH 6 97
A
CO,Bn COZBI']
7 MeOH 17 100
N3 HoN

Ph

8 g\ THF 26 recovery 91

CbzHN CO,Bn

=
9 THF 5 92
NHCbz NHCbz
10 ©\N/\/ MeOH 48 ©\N/\/ 97

| |
Cbz Cbz

0 0
1 07 A" THF 34 0" " pn 99
NHCbz NHCbz
o (o]
12 NN MeOH 2 0NN 100
CbzHN CbzHN

138 cmw—@—: MeOH 32 CszN@T 92

“Unless otherwise specified, the reaction was carried out using 1.0 mmol of the substrate in solvent (5 mL) with 2.5% Pd/Fib (10% of the weight of the
substrate) under hydrogen atmosphere (balloon) for the given reaction time.

®The reaction performed with THF as a solvent when the formation of a certain amount of the over-reduced product was observed in MeOH.
“Isolated yield unless otherwise noted.

“Determined by 'H NMR.

“Under 5 atm pressure of Ha.

fUnder 10 atm pressure of Ha.

€Under 3 atm pressure of Ha.

To explore the scope of the 2.5% Pd/Fib catalyst, the chemoselective hydrogenation could be accomplished
hydrogenation of a number of substrates containing a by employing benzyl ester derivatives including o,f-
benzyl ester was investigated (Table 1, entries 1-8). The unsaturated benzyl esters with terminal and internal
results shown in entries 1-7 demonstrated that the olefin and azido functionalities. On occasions when the
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partial hydrogenolysis of the benzyl ester of the substrate
occurred in MeOH, the use of THF as a solvent gave
satisfactory results (entries 1, 2, 5 and 8).5%!9 A similar
tolerance was observed in the 2.5% Pd/Fib-catalyzed
hydrogenolysis of an aliphatic N-Cbz protected phenyl-
alanine (entry 8). There is no report in the literature
where an N-Cbz protective group? of aromatic amines
was not hydrogenolyzed under the palladium-catalyzed
hydrogenation conditions although we have recently
reported the N-Cbz group of aliphatic amines is inert
toward the Pd/C(en)-catalyzed hydrogenolysis.® Accord-
ingly, this background encouraged us to examine the
chemoselective hydrogenation of various aromatic N-
Cbz compounds possessing other reducible functionali-
ties within a molecule. The chemoselective hydro-
genation of olefin (entries 9-12) and acetylene (entry 13)
functionalities was completely achieved and the desired
products were obtained in excellent isolated yields. It is
noteworthy that the hydrogenolysis of the benzyl ester
and aromatic N-Cbz functionalities is also entirely
depressed under 3-10 atm pressure of hydrogen condi-
tions (entries 3, 11 and 13).

The chemoselectivity of the hydrogenation could be
attributable to the catalyst poison effect of the coordi-
nated silk fibroin support toward the zero valent palla-
dium metal. In the Pd/Fib catalyst, the original affinity
of palladium for benzyl esters and N-Cbz protective
groups'™? was drastically reduced by fibroin.!!

In summary, we have developed a mild and chemoselec-
tive hydrogenation method using 2.5% Pd/Fib as a
catalyst, which is widely applicable to the selective
hydrogenation of a variety of olefin, azido and acetylene
functionalities leaving intact the benzyl esters and aro-
matic N-Cbz protective groups. The hydrogenolysis of
the extremely reducible benzyl ester and aromatic N-Cbz
protective groups could be completely suppressed. We
believe that the present method should find broad
application in organic synthesis.
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Scheme 2. Hydrogenation of 4 and 7 using commercial 5%
Pd/C catalyst in THF.
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