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A convenient methodology has been developed for the regioselective removal of primary trimethylsilyl
group (TMS) of various per-O-TMS-protected carbohydrates by inexpensive ammonium acetate. After
acetylation and trichloroacetimidation of 6-hydroxyl sugar 1b, other TMS groups of 1d and 1c were inert
to ammonium acetate in the same conditions, and this approach was also successfully applied in TMS-

© 2013 Elsevier Ltd. All rights reserved.

Regioselective modification of carbohydrates has always been a
focus in research of glycochemistry and glycobiology.!> However,
the achievement of this goal is often complicated, because the car-
bohydrate molecules contain a number of hydroxyl units which are
difficult to manipulate selectively.® Single hydroxyl sugar deriva-
tives in 6-position and suitably protected 6-hydroxy sugars*> are
useful glycosyl acceptors for the preparation of several bioactive
molecules® and some very important oligosaccharides.” In the
early days, the synthetic routes of 6-hydroxy sugars need numer-
ous, wasteful manipulation processes. Usually the bulky groups
selectively hold up the 6-hydroxy position and are removed under
certain conditions after the other hydroxies have been protected.®
Therefore, an alternative approach is obligatory.

Per-O-TMS-protected glycosides were so sensitive to acid that
they can be readily deprotected via acidic methanolysis.®!° The
TMS group, which is an unusual protecting group, did not get much
more attention for further research in earlier works. However, the
value of TMS in carbohydrate research has been significantly
increasing in recent years. Hung et al. have reported their regiose-
lective one-pot protection of mono-saccharides from per-O-trim-
ethylsilylated glycosides.!' Witschi and Gervay-Hague revealed a
method of regioselective nonenzymatic acetylation of mono-
saccharides.'?
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Currently we have applied considerable effort towards the con-
struction of galactosylceramide (a-GalCer) with per-O-TMS galac-
tosyl iodide.'> We accidentally observed the removal of the TMS
group at 6-position when per-O-trimethylsilylated galactose was
treated with ammonium acetate in methanol. Concerning salt cat-
alyst of detrimethylsilylation, Klaus and co-workers'# reported
that 6-0O-TMS could be removed by potassium carbonate in meth-
anol at 0°C in 1994, but Hai and co-workers'® stated that this
method did not always work.

We herein disclose our findings on the detrimethylsilylation of
carbohydrates under mild conditions (Scheme 1).

As a model system, per-O-trimethylsilylated o-p-galactose was
treated with varying amounts of ammonium acetate and reaction
solvent at room temperature. 2.0 equiv of NH4OAc in co-solvent
of CH,Cl, and CH30H (v/v = 1/1) at rt afforded 6-detrimethylsilylat-
ed galactose 1b in good to excellent yield.'® In order to explore
the application range, a series of TMS-protected mono and
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Scheme 1. 6-Detrimethylsilylation of carbohydrates.
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Table 1
6-Detrimethylsilylation of carbohydrates using NH4OAc?
Entry Substrates Products Time (h) Yield® (%)
TMSO _OTMS TMSO _OH
o o
1 TMSO TMSO 9 91
™SOOTMS  1a ™SO5tms 1
OTMS OH
TMSO o TMSO o
2 TMSO TMSO 9 86
T™MSOGTMS 24 T™MSOotMs 4
TMSO _OTMS TMSO _OH
o o
3 TMSO TMSO 9 85
TMSOOMe 3a TMSOOMe 3b
OTMS OH
TMSO o TMSO (o]
4 BnO BnO 9 90
TMSOOTMS da TMSOOTMS 4b
OTMS OH
TMSO o TMSO (0]
5 TMSO O\Ph TMS&/O\Ph 9 85
TMSO 5a TMSO 5b
™ OTMS
TMSO oTMsO
6 TMSO &O o) o TMSO& \_O 9) 12 65
TMSO OTMS 6a TMSO OH 6b
OTMS OH
TMSO o TMSO (0]
TMSO TMSO
7 ™SO oTMs TMSOq OH 10 71
TMSO%OTMS TMSOWOTMS
OTMS Ta OTMS b
TMSO _OTCA
O c
8 TMSO nr 24 0
TMSOOTMS 1d°
TMSO OAc
o
9 TMSO nr 24 0
TMSOOTMS 1c
TMSO _OAc
(0]
10 TMSO nr 24 0
TMSOOM e 3¢
TMSO
o
11 TMSO nr 24 0
TMSOOTMS 8a

nr: No reaction.

2 With 2.0 equiv of NH4OAc in the co-solvent of CH,Cl, and CH30H (v/v =1/1) at rt.

b Isolated yield.

¢ TCA = trichloroacetimidate.

disaccharides were subjected to the detrimethylsilylation reactions

and the results are presented in Table 1.

To our delight, only 6-O-TMS of per-O-trimethylsilylated
mono-saccharides (entries 1-5) were selectively removed with
good to excellent yields. Even the 3-O-Bn group (3a) did not have
any influence on the selectivity of removing 6-O-TMS (entry 4).
Additionally, we wanted to know whether the same results could
be observed when disaccharides were treated under the same con-
ditions. Per-O-trimethylsilylated lactose and trehalose (entries 6
and 7), both consist two primary O-TMS, were subjected to the

same condition. Likewise, the primary O-TMS groups of disaccha-
rides were selectively removed by ammonium acetate. Product
6b and 7b were separated in yield of 65% and 71%, respectively.
To confirm the position of free hydroxyl, 1b was then added
with Ac,0 in the presence of pyridine to afford 1c in high yield
(Scheme 2). All proton assignment was accomplished using COSY,
and the position of Ac was determined via HMQC NMR data.
Now that ammonium acetate could selectively remove the
primary O-TMS, what about secondary O-TMS? Firstly the free hy-
droxyl of 1b reacted with CI3CCN in the presence of NaH to afford
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Scheme 2. Reagents and conditions: (a) Ac,0, pyridine, 2 h, rt 87%; (b) ClsCCN, NaH
(60%), CH,Cl,, t 2 h, 91%.
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Scheme 3. Reagents and conditions: (c) TMSCI, HMDS, pyridine, 90%; (d) 2.0 equiv
of NH40Ac, MeOH/CH,Cl,, 10 h, rt, 82%.

1d. Compound 3c was obtained with the same process of 1c. Then
1c, 1d and 3c (entries 8-10) were treated, respectively, in the co-
solvent of CH,Cl, and CH3;OH with ammonium acetate at rt for
24 h. To our surprise, no reaction was detected by TLC. As well,
per-O-trimethylsilylated arabinose (8a) (entry 11) was stirred with
ammonium acetate, and also no reaction was monitored via TLC.

Does this methodology selectively remove primary O-TMS in a
molecule which is not a sugar? The experiment was extended to
per-silylated sphingosine (9a) (Scheme 3). The sphingosine was
per-silylated by trimethyl chlorosilane. Sequentially, only the pri-
mary O-TMS was removed in the presence of ammonium acetate
in good yield to afford 9b, which is known as a key intermediate
for the preparation of a-GalCer.

In summary, we have developed a method for the regioselective
removal of primary O-TMS from an array of mono and disaccha-
rides in mild conditions and the new method has been successfully
applied to the building of sphingosine intermediate (9b). The
ammonium acetate could be easily removed by aqueous workup
and the reaction is highly scalable due to the inexpensive cost of
ammonium acetate. This approach offers high versatility that the

deprotected free hydroxyl could be used as glycosyl acceptor or
nucleophile for further chemical transformation.®
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