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The benzyl group is often used in organic synthesis, especially in carbohydrate
chemistry, as one of the most useful of the hydroxyl protecting groups. Benzyl ethers are
stable to basic conditions and the benzyl group is removed easily by hydrogenolysis or
under Birch reduction conditions. Alternatively, the benzyl ether group is oxidized to
benzoyl ester and removed under basic conditions. A few oxidation methods have been
reported using more than a stoichiometric amount of chromium reagents such as CrO3-
H2S04 (Jones reagent)! or CrO3-AcOH.2 Here we report a new and mild oxidation of
benzyl ether to benzoyl ester with a catalytic amount of RuO4 derived from RuCl3 and
NalO4. This method has proved effective in removing benzyl ether groups
chemoselectively in the presence of benzylidene acetal and benzyl glycosidic functions.

This oxidizing reagent has been used for oxidation of secondary alcohols of
carbohydrates to the corresponding uloses3 and RuQy has also been reported to oxidize the
a-position of tetrahydrofuran effectively.4 We have applied this oxidation to various
carbohydrate benzyl ethers.
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Table 1.
Oxidation of benzyl ethers of carbohydrates
Entry Starting  RuCl3+3H20 NalO4 Product Yield

Material (equiv) (equiv) (%)

1 1a 0.2 4.2 1b 72

2% 1a 0.2 4.1 1b T2

K 1a 1.7 3.0 1b 65

4 2al0 0.3 17.9 2b1l 32

5 3a 0.2 9.0 3b 82

6* 4a 0.4 12.5 4b 76

7 5a 0.2 8.6 5b 41

8 6a 0.2 4.2 6b 65

9 7a 0.2 4.0 7b 54

10 812 0.2 4.3 no reaction

11 9al3 0.2 12.4 9pl4 37
12 10 0.2 129 decomposition -

* Basic condition in the presence of NaHCO3
** This reaction was complete within 3 hours.
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In a typical experiment,> RuC13+3H206 (10 mg, 0.04 mmol) and NalO4 (activity :
0.96) (53mg, 0.25mmol) were added to a solution of the benzyl ether 1a (62 mg, 0.21
mmol) in CCl4 (0.8 mL), CH3CN (0.8 mL) and H20 (1.2 mL) with stirring at 0 °C. This
solution was stirred at 16 °C and NalO4 (138mg, 0.65mmol) was added portionwise for 1
day. When la disappeared on TLC, excess isopropyl alcohol was added. After addition
of several mL of H20, this solution was extracted with CHCI3, and the extract was
washed with aq NaHCO3 and brine, and dried with MgSO4. Crude residue obtained by
evaporation of solvent was purified on a silica-gel column (n-hexane-ethyl acetate) to yield
1b (47 mg, 72%).

Various carbohydrate benzyl ethers were examined under the above oxidation
conditions and the results are summarized in Table 1. The structures of products were
confirmed by !H and 13C NMR.7 This method has some important features. Although
the reaction mixture was slightly acidic, isopropylidene and benzylidene groups as well as
1,6-anhydropyranose structures were stable to these conditions (enfries 1, 3~5, 7, 8, and
11). In the oxidation mechanism it is proved that dehydrogenation occurs at the a-position
of ether in the first step.8 Acetyl and benzoyl groups present on the carbohydrate retarded
the reactivity (entries 5, 7, 8, and 10). The yield and the rate of the reaction was found to
be unchanged in the presence of NaHCO3 (entry 2), and trimethylsilyl ether was stable to
the reaction conditions (entry 6). In the case of 9a, non—anomeric benzyl ethers were
oxidized chemoselectively in the presence of anomeric benzyl ether as well as benzylidene
acetal. The allyl ether group was unstable under the reaction conditions (entry 12). The
oxidation was complete within a few hours when the amount of RuCl3+3H20 was
increased (entry 3).

Solvent also has an important role in this reaction. While 1b was obtained in moderate
yields in the standard solvent system (CCl4 : CH3CN : H20 =2:2: 3), in other solvent
systems {CCl4 : HQO=4:3, CH3CN: H20=4:3,and (CH3)2CO: H20=3:2} 1b
was obtained in 18, 31, and 37% yields, respectively, with debenzylation and further
oxidation occuring to yield 1,6-anhydro-2,3-O-isopropylidene-B-D-lyxo-hexopyranos-4-
ulose.? These yields were improved by addition of NaHCO3 to 70 and 77%,
respectively, in the latter two solvent systems, but the first one was not altered.

This oxidative conversion of benzyl ether groups into benzoyl esters followed by
benzoate deprotection seems to be promising for synthetic organic chemistry and especially
synthetic carbohydrate chemistry.
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