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ABSTRACT

A triphenylmethyl (trityl) ether was reductively and instantaneously cleaved by triethylsilane in the presence of a catalytic amount of TES- (or
TMS)-triflate. The reaction conditions are mild enough to achieve reduction in the presence of a variety of acid-sensitive functional groups.
Upon a mild acidic treatment of the crude product, the corresponding alcohol is obtained in high yield.

A trityl ether is often employed in carbohydrate chemistry
due to its usefulness for the selective protection of primary
alcohol in the presence of a secondary or tertiary alcohol.1

However, as rather strong acidic conditions are required for
hydrolytic cleavage, some of the acid-sensitive functional
groups cannot survive under the reaction conditions. Al-
though several milder processes for the cleavage of a trityl
group have been developed recently, more effective proce-
dures are still required.2-6 During our synthetic study using
trehalose derivative1, we encountered difficulty in achieving
selective cleavage of a trityl group without causing damage
to the acid-sensitive 1,1-glycosidic linkage.7 We examined
a reductive condition that was developed for reductive
etherification in our group in 19948 and found a mild process
to achieve novel TES- (or TMS)-triflate-catalyzed reductive

cleavage of a trityl ether under neutral conditions with very
high chemoselectivity. When the crude product was treated
with weak acid (aqueous acetic acid-THF at room temper-
ature),9 the corresponding alcohol was obtained in excellent
yield. The cleavage process of the trityl group is not
hydrolysis but reduction and is particularly characteristic in
its quick reaction and color change.

The reaction should involve an equilibrium between trityl
ether3 and triethylsilyl ether4 together with trityl cation5.
The yellow cation5 should be quickly reduced to triphenyl-
methane (6) by triethylsilane, and triethylsilyl triflate should
be regenerated at the same time to accomplish the catalytic
cycle. Since trityl cation5 is characteristic in its yellow color,
the reaction is simply monitored by its disappearance.
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Generally, the reaction is completed very quickly within a
few minutes after the addition of TESOTf (or TMSOTf).9,10

We were interested in the chemoselectivity of this novel
reductive cleavage and prepared a variety of 1,10-decanediol
derivatives8a-g. The acetyl group of8a was entirely inert
against the reaction conditions, and the reaction of8a was
completed within 2 min by treatment with 0.02 equiv of
TESOTf and 1.2 equiv of Et3SiH in CH2Cl2 at room
temperature. The crude extract was treated with 80% aqueous
acetic acid in THF at room temperature for 30 min and,
following column chromatography on silica gel, afforded diol
9a in 95% yield (entry 1 of Table 1).7 Using 0.01 or even

0.005 equiv of TESOTf completed the reaction within 3 or
13 min, respectively (entries 2 and 3). TMSOTf is also useful
for the cleavage of the trityl group and afforded alcohol9a
in excellent yield (entry 4). The pivaloyl group of8b and
the benzoyl group of8cwere also inert and afforded alcohols
9b and 9c, respectively, in excellent yields (entries 5 and

6). The trityl groups of8d-f were also cleaved without
causing any damage to the benzyl, MPM, and TBDPS
protecting groups, respectively, under similar reaction condi-
tions. Selective cleavage of trityl ether in the presence of
the MOM group required lower reaction temperatures, and
the yellow color disappeared after 24 min at-48 °C.
Furthermore, TBAF/THF was required for selective cleavage
of the TES group to obtain alcohol9g in excellent yield
(entry 10). The drying operation7 is critical for preparing
TES ethers4 in excellent yield since significant quantities
of alcohols were detected by using an ordinary reaction
system.

Therefore, we applied our procedure to a variety of sugar
derivatives by using 0.01 equiv of TMSOTf and 1.2 equiv
of Et3SiH. Sugar derivatives generally required a rather
longer reaction period; however, 30 min is sufficient for most
cases. The trityl group of tribenzyl methyl glucoside10was
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Table 1. TESOTf-Catalyzed Reductive Cleavage of Trityl
Ether

entry R
TESOTf
(equiv) temp timea

yield
(%)b

1 Ac (8a) 0.02 25 1 min, 10 sec 95
2 Ac (8a) 0.01 25 2 min, 28 sec 98
3 Ac (8a) 0.005 25 13 min, 00 sec 91
4 Ac (8a)c 0.005 25 4 min, 30 sec 96
5 Piv (8b)c 0.02 25 2 min, 00 sec 99
6 Bz (8c) 0.01 25 3 min, 30 sec 95
7 Bn (8d) 0.01 25 1 min, 20 sec 93
8 MPM (8e) 0.01 25 1 min, 16 sec 93
9 TBDPS (8f) 0.01 25 4 min, 00 sec 89

10 MOM (8g) 0.01 -48 24 min, 00 sec 93d

a Time until the disappearance of the yellow color.b Isolation yield after
acidic treatment using 80% AcOH and THF at room temperature for 30
min. c Reaction was carried out using TMSOTf instead of TESOTf.
d Isolation yield after hydrolysis of TES group by using TBAF in THF at
room temperature for 1 h.

Table 2. TESOTf-Catalyzed Reductive Cleavage of Trityl
Ether

a TESOTf was employed as the catalyst.b Employed 3.6 equiv of Et3SiH.
c Employed 2.5 equiv of Et3SiH. d Employed 2.5 equiv of Et3SiH and 0.01
equiv of Et3SiOTf.
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cleaved in 11 min and converted to the corresponding
primary alcohol in 88% yield after acidic hydrolysis using
aqueous AcOH in THF at room temperature for 30 min.
Methyl galactoside11 also afforded the corresponding
primary alcohol in 89% yield after 5 min of reaction and
acidic hydrolysis. The trityl group ofN-acetylglucosamine
derivative12 was also selectively cleaved after 32 min by
using 0.01 equiv of TMSOTf and the following aqueous
hydrolysis. TESOTf can also be applied to the reaction of
12, but a longer reaction period is required. The correspond-
ing acetate13 was also smoothly converted to the corre-
sponding primary alcohols in 87% yields. Three trityl groups
of sucrose derivative14 were also selectively cleaved and
afforded a triol in 86% yield.11 Finally, we applied our
procedure to a 2 gscale of trehalose derivative1, and diol
2 was obtained in 96% yield by 40 min of reaction and the
following aqueous hydrolysis.

Therefore, we have established extremely mild conditions
to cleave a trityl ether and will now be able to choose trityl
protection of alcohols in the presence of a variety of acid-
sensitive functional groups. In our synthetic study using
trehalose derivative1, we have employed an expensive
TBDPS group for the selective protection of the primary
alcohols of trehalose. Now we can substitute trityl protection
in the methodology since the price of trityl chloride is 1/10
of that of TBDPS chloride in commercial catalogs.10
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