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Abstract—The primary silyl ethers of TBDMS-protected saccharides were regioselectively cleaved in excellent yields (71-95%) by
treating the silyl ethers with a catalytic amount of CBr, in methanol under photochemical reaction conditions. © 2002 Elsevier

Science Ltd. All rights reserved.

Although many studies have reported selective depro-
tection of protected hydroxyl groups,'-? there remains a
great need to explore a simple and effective selective
deprotecting method for carbohydrate chemistry. Silyl
ethers have attained a position of prominence in the
area of hydroxyl group protection due to their ease of
formation and removal and their stability to a wide
range of reagents and reaction conditions.!> However,
the selective deprotection of a particular silyloxy func-
tionality requires the use of different silyl protecting
groups for the various OH groups>® present in saccha-
rides. Such methodology demands many synthetic steps
and tedious deprotection work, resulting in low overall
yields. Thus, we found it necessary to develop a method
using one trialkyl silyl group to protect hydroxyl func-
tionalities on a saccharide and then regioselectively
deprotecting the requisite silyloxy group without affect-
ing the other silyloxy groups.

Among silyl ethers, terz-butyldimethylsilyl (TBDMYS) is
the most popular and commonly used protecting group
because it can be easily installed in high yields under
mild conditions and is robust to a variety of reaction
conditions.” ! Although numerous methods for depro-
tecting TBDMS groups have been reported,!> only a
few selective deprotections of silyl ethers'>™!¢ on carbo-
hydrate molecules have been achieved.'”° In our previ-
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ous studies,”’ we have successfully deprotected
trialkylsilyl ethers by using CBr,/MeOH under reflux-
ing conditions. Herein, we report a mild, highly efficient
and selective desilylating method for  tert-
butyldimethylsilyl protected carbohydrate molecules by
modifying our previous method.

The TBDMS-protected saccharides starting materials 1,
3-9, and 17-25 were obtained in high yields by treating
the corresponding saccharides with  fert-butyl-
dimethylsilyl trifluoromethane sulfonate (TBDMSOTY)
in the presence of 2,6-lutidine.?> Our initial investiga-
tions of regioselective deprotection of primary TBDMS
ethers in the presence of secondary TBDMS ethers are
shown in Table 1. The desilylation of compound 1
proceeded smoothly by treatment with a catalytic
amount of CBr, in MeOH or EtOH under either ultra-
sonic or photochemical reaction conditions.>> The
results showed that the starting material persisted after
sonication for 4 h (entry 1) whilst compound 2 was
obtained in high yield under photo-irradiation reaction
conditions (entries 2—4). It was found that under photo-
chemical reaction conditions solvents played an impor-
tant role, and that methanol was a more effective
solvent for regioselective deprotection than ethanol.
Only a small amount of diol was obtained under photo-
chemical reaction conditions.

Encouraged by these promising results, we then pro-
ceeded with different types of TBDMS-protected sac-
charides using 5 mol% of CBr, in MeOH. As shown in
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Table 1.
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OTBDMS OH

o . o
TBDM%gg&\,SPhCHs TBDM?ggéb\/sphCHa

Tolo Tolo

1 2
. - R of .
Entry Reaction Conditions Yield(%) sw’“‘.’:;’mm (%) Diol%)
1 CCls/MeOH (1:1),) (39kHz),4h 73 25
2 CBrgy/MeOH (S5mol% /5mL), vO.5hthenrt10h 92 <3
3 CBrg/ EtOH (S5 mol% /5mL), hv 0.5 hthenrt 52 h 56 39
4 CBrg/EtOH (10mol% /SmL), hv0.5 hthenrt24 h 87 8

Tol = p-methylbenzoyl

Table 2, the regioselective deprotections of primary
TBDMS ethers of galactosides were achieved in high
yields (71-94%).2* The results showed that the depro-
tection rates were influenced by other protecting groups
on the saccharides. In general, the desilylation rates of
primary silyl ethers of methyl glycosides were faster
than those of saccharides with other substituents at
their anomeric centers (Table 2, entries 1, 3-5 and 7). In
the presence of ether protecting groups at secondary
hydroxyls, the desilylation rates were faster than those
of saccharides with ester protecting groups at the same

Table 2.

positions (Table 2, entries 5 and 6). The longer reaction
time needed for deprotection of 8 may be due to its low
solubility in MeOH. Interestingly, the presence of a free
hydroxyl group near the primary silyl ether accelerated
the deprotection rate (Table 2, entries 1 and 2). It
should be noted that no silyl group migration was
observed in any cases. More diversified examples are
illustrated in Table 3.2° The results showed that regard-
less of the various orientations of the hydroxyl groups
on the saccharides, the primary TBDMS ethers were
successfully deprotected in high yields (82-95%). It was

Entry Substrate® Time® (h) Product Yield (%)
TBDMSO _oOTBDMS TBDMSO _oH
o
1 Tal.':Msoéﬁ,sphcwa3 20 TBI::MSO&,SMCH3 0] 7
TBDMSO TBDMSO
HO _oTBDMS HO _OH
o o
2 | TBDMSO SPhCH, 4 1 TB|:>MSO§S,SWC|-|3 " 87
: TBDMSO TBDMSO
\ TBOMSO _OTBDMS TBDMSO og
o o TBDMSO 12 o4
Tebmso TBDMSO,
TBOMSOJ,,,. OMe
TBOMSO _OTBDMS TBDMSO °E‘,
4 g.:‘o 28 13| 90
TBDMSO 6 TBDMS$BDMSO
TBDMSO, N oA
TBDMSO _OTBDMS TBDMSO _oH
5 o 7 12 O 14| 93
Bno&\,SPhCHs B"O&’Sphcm
BnO BnO
TBDMSO _OTBDMS TBDMSO _OH
o o
6 Toloéﬁ,sphcm 8 | 39 TolOéS,SPhCH;, L
Tolo Tolo
TBDMSO __OTBDMS TBDMSO _oOH
7 0 ° 5 16| 85
BnO BnO
BnO%me BnOoMme

2TBDMS = tert-butyldimethyisilyl; Tol = p-methylbenzoyl

Pirradiated for 0.5 h then stirred at room temperature
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Table 3.

Entry Substrate® Time® (h) Product Yield (%)
OTBDMS OH
TBDMSO O
1 T?ggﬁgg&,sphcm 17| 28 TBDMSO&\/S%CH;,ZS 83
TBDMSO TBDMSO
OTBDMS OH
HO
2 Tsuﬂgo—&\/sphcm 18 TBDMSO SPhCH; 27| 95
TBDMSO TBDMSO
OTBDMS OH
TBDMSO
TBDMSOL,, TBOMSO/,,
TBDMS H
4 | TBDMSO o 29| 90
BnO SPhCHz 20 19 TBDMSngﬁzsphCHa
BnO BnO
TEDMSO (T)BDMS TBDMSO _oH
5 21 12 89
Bzogg/onaops BZO&,OTBDPS 30
N3 "
3
ogaoms OH
TBDMSO o 31
® TBDMSO—&S/SP“CHS 2 T?Egﬁggég,smcm 82
TrocHN TrocHN
TBDMSO _OTBDMS TBDMSO _OH
7 32| 90
TBDMSO B 20 TBDMSO&’
N3SePh N3gepn
TSDMSO—, OTBDMS HO—, OTBDMS
8 TBDMSO O 24| 13 TBDMSO O 33| 83
TBDMSO TBDMSO
O~ (o)
X ~
TBOMSO_  OTBDMS_ o HO__ P TBPMSc6.8n
2 34 86
9 TBDM\SMSPhCH? TBOMSOuN 707 ~SPhCH;
N3
TBDMSO TBOMSO

3TBDMS = tert-butyldimethylsilyl; Tol = p-methylbenzoyl; Troc = 2,2,2-trichloroethoxycarbonyl

Plrradiated for 0.5 hthen atirred at room temperature

also observed that the trend in deprotection rates of
glucosides was similar to that of galactosides except for
entry 2 of Table 1 and entry 4 of Table 3.

The typical procedure for deprotection of a primary
tert-butyldimethylsilyl ether is as follows: A solution of
saccharide (1.0 equiv.), CBr, (0.05 equiv.) and anhy-
drous MeOH (10 mL/1.0 mmol saccharide) in a Pyrex
round flask was irradiated by a TLC lamp (Uvltec
Limited, 245 nm, 8§ W) for 0.5 h, followed by stirring
without irradiation at room temperature. After the
reaction was complete (TLC), the organic solvent was
removed under reduced pressure. Further purification
was achieved by flash chromatography on silica gel
with ethyl acetate/hexane.

In conclusion, our present studies achieved highly
regioselective deprotections of primary TBDMS ethers
in the presence of secondary TBDMS ethers on saccha-

rides. This highly selective deprotection method could
have a wide application in organic synthesis, particu-
larly in carbohydrate chemistry.?® Further application
of this selective desilylation method for the synthesis of
glucan is in hand.
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NMR data for compound 2: '"H NMR: 6 -0.20 (s, 3H),
0.05 (s, 3H), 0.75 (s, 9H), 2.33 (s, 3H), 2.34 (s, 6H), 2.69
(br, 1H), 3.54 (m, 1H), 3.77 (m, 1H), 3.93-3.99 (m, 2H),
4.90 (d, J=9.9 Hz, 1H), 5.26 (dd, J=9.7, 9.7 Hz, 1H),
5.58 (dd, J=9.7, 9.7 Hz, 1H), 7.09-7.13 (m, 6H), 7.32—
7.35 (m, 2H), 7.76-7.81 (m, 4H).

Selective data for compound 12: 'TH NMR: § 0.05 (s, 3H),
0.07 (s, 3H), 0.08 (s, 3H), 0.09 (s, 3H), 0.11 (s, 6H), 0.87
(s, 9H), 0.88 (s, 9H), 0.89 (s, 9H), 3.39 (s, 3H), 3.58-3.62
(m, 2H), 3.76-3.82 (m, 3H), 4.14 (m, 1H), 4.65 (d, J=2.9

25.

26.

Hz, 1H). For compound 13: 'H NMR: 6 0.05 (s, 3H),
0.06 (s, 3H), 0.07 (s, 3H), 0.10 (s, 3H), 0.12 (s, 3H), 0.13
(s, 3H), 0.90 (s, 9H), 0.91 (s, 9H), 0.94 (s, 9H), 1.94 (br,
1H), 3.62 (d, J=6.3 Hz, 1H), 3.86-3.91 (m, 2H), 3.94-
3.99 (m, 4H), 4.22 (dd, J=13.2, 49 Hz, 1H), 4.85 (d,
J=1.8 Hz, 1H), 5.1 (dd, J=10.4, 1.0 Hz, 1H), 5.31 (d,
J=13.8, 1.3 Hz, 1H), 591 (m, 1H). For compound 14:
'H NMR: 6 0.05 (s, 3H), 0.07 (s, 3H), 0.90 (s, 9H), 2.33
(s, 3H), 3.45 (dd, J=9.4, 2.5 Hz, 1H), 3.48 (dd, J=7.8,
4.3 Hz, 1H), 3.60 (dd, J=11.1, 4.3 Hz, 1H), 3.80 (t,
J=9.4 Hz, 1H), 3.91 (dd, J=11.1, 7.8 Hz, 1H), 4.04 (d,
J=2.5 Hz, 1H), 4.55 (d, /J=9.4 Hz, 1H), 4.71 (s, 2H),
4,72 (d, J=10.3 Hz, 1H), 4.76 (d, /J=10.3 Hz, 1H), 7.09
(d, J=8.0 Hz, 2H), 7.26-7.40 (m, 8H), 7.48 (d, J=8.0
Hz, 2H). For compound 16: 'H NMR: 6 0.09 (s, 3H),
0.11 (s, 3H), 0.92 (s, 9H), 2.66 (br, 1H), 3.40 (s, 3H),
3.72-3.89 (m, 5H), 4.06 (m, 1H), 4.67-4.86 (m, SH),
7.28-7.42 (m, 10H).

Selective data for compound 26: 'TH NMR: § 0.06 (s, 3H),
0.08 (s, 3H), 0.10 (s, 3H), 0.11 (s, 3H), 0.13 (s, 6H), 0.88
(s, 9H), 0.89 (s, 9H), 0.91 (s, 9H), 2.32 (s, 3H), 3.68-3.79
(m, 3H), 3.80-3.89 (m, 3H), 4.90 (d, /=6.7 Hz, 1H), 7.09
(d, J=8.1 Hz, 2H), 7.37 (d, J=38.1 Hz, 2H). For com-
pound 30: 'H NMR: 5 —0.18 (s, 3H), —0.08 (s, 3H), 0.91
(s, 9H), 1.14 (s, 9H), 3.20 (dd, J=7.6, 6.1 Hz, 1H), 3.27
(dd, /=10.9, 6.1 Hz, 1H), 3.50 (dd, J=10.8, 7.6 Hz, 1H),
3.99 (dd, J=10.9, 7.6 Hz, 1H), 4.06 (d, J=2.7 Hz, 1H),
4.68 (d, J=7.6 Hz, 1H), 4.75 (dd, J=10.8, 2.7 Hz, 1H),
7.36-7.50 (m, 8H), 7.59 (m, 1H), 7.70-7.80 (m, 4H),
8.05-8.08 (m, 2H). For compound 32: 'H NMR: § 0.08
(s, 3H), 0.17 (s, 3H), 0.19 (s, 3H), 0.22 (s, 3H), 0.90 (s,
9H), 0.98 (s, 9H), 3.53 (dd, J=11.3, 4.2 Hz, 1H), 3.73
(dd, J=11.3, 7.9 Hz, 1H), 3.86 (dd, /=9.8, 2.1 Hz, 1H),
394 (d, J=2.1 Hz, 1H), 4.12-4.18 (m, 2H), 6.01 (d,
J=4.8 Hz, 1H), 7.24-7.29 (m, 2H), 7.61-7.64 (m, 2H).
For compound 34: 'H NMR: 6 0.00 (s, 6H), 0.01 (s, 3H),
0.07 (s, 3H), 0.13 (s, 3H), 0.20 (s, 3H), 0.87 (s, 9H), 0.88
(m, 1H), 0.88 (s, 9H), 0.98 (s, 9H), 1.73 (dd, J=11.6, 9.2
Hz, 1H), 2.34 (s, 3H), 2.69 (dd, J=7.6, 3.5 Hz, 1H), 3.09
(dd, J=9.5, 1.8 Hz, 1H), 3.30 (dd, J=7.2, 1.8 Hz, 1H),
3.51-3.59 (m, 3H), 3.83 (m, 1H), 4.03 (br, 1H), 5.03 (d,
J=2.2 Hz, 2H), 7.10 (d, J=7.8 Hz, 2H), 7.23-7.27 (m,
3H), 7.34-7.38 (m, 4H).
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