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Abstract: A mild and chemoselective hydrogenation method using 5% Pd/C for olefin,
N-Cbz, benzyl ester and nitro functionalities distinguishing from the benzyl protective group

for the phenohc hydroxyl group has been developed by ‘the employment of 2,2'- dlpyrxdyl
as an additive. The suppressive effect on the benzyl ether hydrogenolysis was strongly
influenced by the sorts of nitrogen-containing bases employed as an additive. © 1998 Elsevier

Science Ltd. All rights reserved.

An O-benzyl protective group has been very useful in contemporary organic synthesis"’ and is one of the

it is stable under a variety of reacti
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hydrogenolysis.?! There is currently extensive interest in controlling the Pd/C-catalyzed hydrogenoly51s of the
O-benzyl protective group in an organic compound containing other reducibie functional groups.

While amines and nitrogen—containing bases have been well known as catalyst poisons of the palladium (0)
catalyst for hydrogenation, only few general methods using the catalyst poisons to gain the chemoselectivity
have appeared.” Recently, we have reported the addition of a catalytic amount of ammonia, pyridine or

ammonium acetate to the hydrogenation system remarkably sup d the Pd/C—catalyzed hydrogenolysis of

tence with other reducible functionalities, e.g., olefin, N-
Cbz, benzyl ester or azide."! However, the selective suppression of hydrogenolysis was not applicable to the
benzyl protective group for phenolic hydroxyl functions.*®  The problem has been temporarily solved by the
employment of a 4-methoxybenzyl (MPM) protective group instead of the more reducible benzyl group for
phenolic hydroxyl functions.”  During the course of our further study on the Pd/C—catalyzed chemoselective

ound large difference in the suppressive effect on the hydrogenolysis of O-benzyl
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a genecral procequre for the selective suppressmn of the Pd/C catalyzea nyarogenoxyms of the pnenonc DCDZ}’I

vl

group and the structural factors of the additives that affect the suppression of the hydrogenolysis.
At the beginning, we attempted a Pd/C-catalyzed hydrogenolysis of N-Boc-O-benzyl-L-tyrosine methyl ester
(1) to N-Boc-L-tyrosine methyl ester (2) in the presence of various sorts of amines in MeOH at ordinary

pressure and temperature. 'When ammonia, methylamine, triethylamine and pyridine were used the reactions
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the benzyl / suppressed.
To explore this suppressive effect, some alkylenedxamines were examined as the additive (Table 1). 1,4-
Butanediamine and 1, 10-decanediamine did not indicate any significant suppressive effect on the hydrogenolysis
to afford a large amount of deprotected product (2) after 2 h. The length of the C-C chain between two
nitrogen atoms plays a crucial role in these inhibitions and the addition of ethylenediamine (C-2) as the ambident

amine gave the best suppressive effect among the alkylenediamines. An analogous experiment with
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diethylenetriamine which possesses three nitrogen atoms gave much better results. On the basis of these
observations, o-phenylenediamine, 8-aminoquinoline, 2,2’ -dipyridyl and I, 10-phenanthroline were investigated
(Table 1).®7 It is noteworthy that the debenzylation of 1 was completely blocked by utilizing Pd/C-2,2'-
dipyridyl or 1,10-phenanthroline combinations.

2§/ 5% Pd/C, Hyp, for2h 8‘\\/
n!!fnman_rnntaminn base

BocHN™ “COzMe o BocHN” “COzMe
1 2
Amine or base Recovery (%) Amine or base Recovery (%)

None 0 1,4-Butanediamine 5
Ammonia 0 1,10-Decanediamine 2
Methylamine 0 Diethylenetriamine 93
Triethylamine 0 o-Phenylenediamine 81
Pyridine 0 8-Aminoquinoline 89
Ethylenediamine 72 2,2'-Dipyridyl 100
1,3-Propanediamne 59 1,10-Phenanthroiine 100

The present inhibition procedure for the deprotection of the phenolic benzyl group can be applied to the
selective hydrogenation of some substrates which possess other reducible functionalities (N-Cbz, olefin or nitro
functions) within the molecule. 2,2'-Dipyridyl was chosen as an additive for its high performance and the
stability under the reaction conditions.”” As shown in Table 2, the hydrogenation of N-Cbz (entries 1 and 2),

le ag er {entrv 5) and nitro {entrv '7\ functions proceeded chemoselectively
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hydrogenated only the olefinic moiety (84%, entry 6). Long period hydrogenation (24 h) reduced both olefin
and nitro functionalities to provide 4-amino-4' -benzyloxybibenzyl in 86% yield (entry 7). No debenzylation of
the O-benzyl ethers was observed in all cases.
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*Yieids referto productsisolated. Ali compounds were characterizedby ‘H NMR, MS and elemental analysis or HRMS.  ®Although

the reaction was completed within 2-5 h, the hen7vl nrnmrhvp group remai intact even after the shown time.
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At present, detailed mechanistic studies have not been undertaken and the exact process of the occurrence of
the inhibitory effect is unclear. The structural parameter of the additive for the perfect suppression of the
debenzylation seems to be the m-electron of the aromatic ring systems and the 1,2-ambident base moiety. The
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itate nitrogen-containing base was employed as a catalyst poison

our knowledge, it is unprecedented that a bide
to control the Pd catalyzed hydrogenation.

In conclusion, we have developed a mild and chemoselective hydrogenation method for olefin, N-Cbz,
benzyl ester and nitro functionalities distinguishing from the benzy! protective group for the phenolic hydroxyl
group by the employment of 2,2'-dipyridyl as an additive. This finding would increase the utility of the O-

benzyl protective group in organic synthesis. We shall use 5% Pd/C as a catalyst for the hydrogenation with
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catalyst suppresses the hydrogenolysis of only an aliphatic O-benzyl protective group™ and by use of 5%
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and 2,2'-dipyridyl combination, the aliphatic and the phenolic O-benzyl protective groups can be retained.
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at ordinary pressure (balloon) and temperature (ca. 20 C) with 5%
presence of 0.5 equiv. of amine or nitrogen—containing base .
1,10-Phenanthroline could also be partially hydrogenated under the reaction conditions.
Needless to say, no competitive reduction of an almhatu: benzyl ether was observed

General procedure. After two vacuum/H, cycles to remove air from the reaction tube, the stirred mixture
of the substrate (0.2 mmol), 5% Pd/C (10 weight %) and 2,2'-dipyridyl (0.1 mmol) in MeOH or 1,4-
dioxane (1 ml) was hydrogenated at ordinary pressure (balloon) and temperature (ca. 20 C) for the
appropriate time. The reaction mixture was filtered (Celite® cake), the filtrate was concentrated and the
residue was partitioned between CHCI, or AcOEt and water. The organic layer was washed with dilute
NaHSO, solution and brine (see ref. [12]), dried (MgSO,) and concentrated to provide the product
without any by-product. The resuiting product was purified by flash silica gel column chromatography,
if necessary.
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