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Combining triflic acid-catalyzed acetalation, benzylation, reductive
ring opening of benzylidene acetal and glycosylation in one-pot
transformations leads to a wide range of p-glucosamine building
blocks for assembling oligomers.

The construction of complex carbohydrate oligomers is a challenging
task as it often requires high degrees of functionalization." Synthesis
of both glycosyl donors and acceptors may be readily achieved by
means of one-pot processes, decreasing the number of synthetic
and purification steps.”> One-pot Lewis acid catalyzed reactions
were developed by our group® (Cu(OTf),, FeCl;-6H,0) and by
Hung and coworkers® (TMSOTY). These protocols have been
successfully applied to persilylated monosaccharides (glucose,
mannose, galactose),>® disaccharides (trehalose, maltose),*” and
unprotected glucosides.®

Glucosamine containing oligosaccharides are in high
demand because of their wide biological properties.” The above
procedures, promoted by TMSOTY, are however presently limited.®
Our preliminary attempts using Cu(OTf), or FeCl;-6H,0 as a catalyst
on various N-protected substrates were either heterogeneous,
depending on the N-protecting group [Cu(OTf),],* or inefficient
(FeCl;-6H,0).*” The major problem associated with these substrates
is that the catalysts are sequestrated by some of the N-containing
functionalities on carbohydrates, making the catalysis unproductive.
In our effort to explore complementary catalysts, we report here a
solution using trifluoromethanesulfonic acid as a catalyst, asso-
ciated with molecular sieves (Scheme 1).

Electrophilic activation of organic substrates by protic acids,
including triflic acid (TfOH), has been extensively studied.’
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In carbohydrate chemistry, TFOH was notably used in glycosylations®
or with alkylsilanes to promote 4,6-O-benzylidene reductive
ring opening to the C-4 alcohol.**>'*

Our study started with thiophenylglycosides, attractive
building blocks as both glycosyl donors or acceptors,"” with
the participating amino protecting halogen acetamides 1 and 2
and carbamates 3" and 4 (Fig. 1).

It was completed by the N-protected f-thioarylglycosides 5-9
prepared from odorless 2-methyl-5-tert-butylthiophenol,"*"> as well
as by o-methyl glycoside 10" and B-O-silyl compounds 11 and 12.
The O-silylated substrates 1a-12a were obtained in high yield
(89-97%) from the triols 1-12 by treatment with hexamethyldisilazane
(HMDS, 2 equiv.) and TMSOTY (10 mol%) in CH,Cl, at t.*”

The acetalation-etherification procedure, initially examined
on O-silylated trichloroacetamide 6a with benzaldehyde (3 equiv.)
and triethylsilane (1.1 equiv.) in the presence of 1 mol% of Cu(OTf),
under the previously optimized solvent conditions (CH,Cl, : CH;CN,
ratio of 4: 1),>* afforded the expected 3-O-benzyl-4,6-O-benzylidene 6b
(66%) together with the 4,6-O-benzylidene 6¢ (33%, entry 1, Table 1).
This result is representative of the limitation observed with these
N-protected derivatives of glucosamine. The same loading of TfOH
(1 mol%) in CH,CI, provided similar results (entry 2). Increasing the
amount of TfOH to 5 mol% (entry 3) enhanced significantly the
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Scheme 1 Selective one-pot transformations of glucosamine derivatives
catalyzed by triflic acid.

Chem. Commun., 2014, 50, 1067-1069 | 1067


http://dx.doi.org/10.1039/C3CC48078J
http://pubs.rsc.org/en/journals/journal/CC
http://pubs.rsc.org/en/journals/journal/CC?issueid=CC050009

Published on 15 November 2013. Downloaded by Universidade de Brasilia on 05/05/2014 19:02:11.

Communication

OH OH
0 o
Hﬁoéypsph Hﬁoévs
H H
o= o=

R R
1R =CF; 5R=CF;
2R =CCly 6 R=CCl;
3 R = 0-2,2,2-trichloroethyl 7 R = O-2,2,2-trichloroethyl
4 R = O-allyl 8 R = O-allyl
9 R =0CH;
OH OH
Q (0]
Hﬁoéwl Hﬁoévosm-su)wz
H H
CHs
(0] [¢]
:<CF3 _ﬂ/CF3
10 11 R'=CHj
12 R'=Ph

Fig. 1 Starting sugars for the one-pot regioselective protection of the
N-protected glycosides.

Table 1 Copper triflate versus triflic acid-catalyzed transformation of
O-silylated trichloroacetamide 6a

MSO OSMS PhCHO, 3 equiv Ph/VO o
TMSO SMbp Et3;SiH, 1.1 equiv RO SMbp
HCOCCly ———(————— > HCOCCl,

catalyst, rt

6a 6b, R=Bn
6¢c,R=H
Entry Catalyst Solvent Time 6b“ (%) 6¢“ (%)
1 Cu(OTf),%, 1 mol% CH,Cl,:CH,CN, 4:1 16 h 66 33
2 TfOH,1mol%  CH,Cl, 16h 62 30
3 TfOH, 5 mol% CH,Cl, 15 min 76 23
4°  TfOH, 5 mol% CH,Cl, 10 min 98 —

“Yields were determlned by NMR spectroscopy with 4-nitro-
benzaldehyde as standard. ” Catalyst was added in solution in aceto-
nitrile. ¢ With 3 A molecular sieves. Mbp = 2-methyl-5-tert-butylphenyl.

conversion rate into 6b (15 min versus 16 h) but with a similar 6b/6c
ratio. Adding powdered 3 A molecular sieves (3 A MS, 1 g per g of
substrate) induced a remarkable improvement with the quick
formation (10 min) of only 6b (98%, entry 4).

This drastic change in the reaction course could be understood as
the in situ formation of an active solid-like catalyst."” This was
confirmed by the *H- and "F-NMR spectra of a TfOH solution in
CD,Cl, at the catalyst concentration (10 mM). The 'H-signal at
10.58 ppm and the '°F-signal at —79.9 ppm completely disappeared
after adding 3 A MS to the NMR tube (see ESIT).*® This qualitatively
demonstrated that TfOH has been adsorbed at the surface of the
solid to provide an apparently better performing solid acid catalyst.

The transformation of the O-silylated substrates 1a-12a under
these optimized conditions proceeded fast and cleanly to the target
products (Table 2, entries 1-12)."° The silyl anomeric substituents in
11b (92%) and 12b (72%) were notably stable (entries 4 and 5),
showing the mildness of the reaction conditions.}

Finally, persilylated a-methyl glucose*® subjected to this procedure
(20 min at 0 °C) provided the 3-O-benzyl-4,6-O-benzylidene product™
in good yield (76%). This result underlines the ability of the triflic
acid-molecular sieves system to catalyze the one-pot transformation,
which could be applied to other carbohydrate series or polyol
compounds.

We next examined a subsequent one-pot reductive ring opening
of the 4,6-O-benzylidene acetal. The triflic acid-triethylsilane system
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Table 2 Triflic acid-catalyzed one-pot regioselective protection of
O-silylated 1la—-12a

OTMS
TMSO Q
TMSO X
RH

PhCHO, 3 equiv

Et;SH, 1.2equv T 020
TfOH, 5 mol% BRO X

3A MS, CH,Cl,

1a-12a 10-30 min 1b-12b
Entry Substrate, R, X T Product, yield* (%)
1 1a, TFA, B-SPh rt 1b, 92
2 5a, TFA, B-SMbp 0°C 5b, 85
3 10a, TFA, 0-OMe 0°C 10b, 80
4 11a, TFA, B-OTBDMS 0°C 11b, 92°
5 12a, TFA, p-OTBDPS It 12b, 72
6 2a, TCA, B-SPh 0°C 2b, 78
7 6a, TCA, B-SMbp It 6b, 83
8 3a, Troc, B-SPh rt 3b, 85
9 7a, Troc, B-SMbp rt 7b, 90
10 4a, Alloc, B-SPh rt 4b, 83
11 8a, Alloc, B-SMbp rt 8b, 93
12 9a, CO,Me, B-SMbp rt 9b, 79

“11a and 11b were isolated after silica gel chromatography, other
products were isolated by precipitation in hexanes. ? The reaction was
carried out at a gram scale. Mbp = 2-methyl-5-tert-butylphenyl.

is well known for achieving this reaction,'®”'* with, however, no

example reporting catalytic amounts of the acid. The above “hetero-
geneous” acid catalysis was not favorable to effect this transforma-
tion as seen with the silylated substrate 10a. Treatment with the
above procedure (entry 1, Table 3), followed by further addition in
the same pot of Et;SiH (5 equiv.) and TfOH (10 mol%), induced only
partial opening of the 4,6-O-benzylidene, giving a mixture of 10b
(28%) and C4-alcohol 10d (24%) (entry 1, Table 3).

Clear improvement occurred by adding CH3;CN as a co-solvent
and using acid washed molecular sieves AW300.*° Under these
conditions, the reductive ring opening to 10d (67% yield, entry 2)

Table 3 Regioselective one-pot transformations to 4-alcohol glucosamine
derivatives

OTMS Procedure? OBn
TMSO Q ——————————> HO Q
TMSO X then Et3SiH (5 equiv)  BnO X
RH TfOH (x equiv) RH

CH4CN

5a-12a 5d-12d

Added TfOH Product,
Entry Substrate, R, X (mol%) Time yield? (%)
1 10a, TFA, 0-OMe 10 4h 30 min®  10d, 24¢
2 10a, TFA, a-OMe 5 2 h* 10d, 67
3 5a, TFA, B-SMbp 10 2 h° 5d, 72
4 6a, TCA, B-SMbp 10 2 h 30 min®  6d, 72
5 7a, Troc, B-SMbp 10 4h30min/ 7d, 67
6 8a, Alloc, B-SMbp 15 3 h 30 min® 8d, 60
7 9a, CO,Me, B-SMbp 15 5 h# 9d, 49
8 12a, TFA, B-OTBDPS 10 1 h 45 min® 12d, 21
9 12a, TFA, B-OTBDPS — 1h 10 min™ 12d, 56
10 12a, TFA, B-OTBDPS — 0.8 h/ 12d, 68

¢ Procedure: PhCHO (3 equiv.), Et;SiH (1.2 equiv.), TfOH (5 mol%),
AW300 molecular sieves, CH,Cl,, 20 min. After completion of the
acetalatlon—etherlﬁcatlon CH;CN was added to give a final CH,Cl,/CH3;CN
solvent ratio of 4/1.° Yields obtained after silica gel chromatography.
¢ Conditions: PhCHO (3 equiv.), Et;SiH (1.2 equlv) TfOH (5 mol%), 3 A
molecular sieves, CHZCIZ, 4h 30 min at 0 °C to rt. ¢ 28% of the benzylidene
10b was also isolated. ¢ At 0 °C.7 At rt. £ At 0 °C to rt. " The reaction
was performed with 2.2 equiv. of benzaldehyde.® Without CH,CN at
0 °C.” Reductive ring opening was carried out with 2 equiv. of CF;CO,H.
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Scheme 2 One-pot synthesis of chitobiosyl building blocks 13 and 14
catalyzed by triflic acid.

was complete. As seen with 3 A MS, the 'H- and "°F-signals of TfOH
in solution in CD,Cl, also disappeared in the presence of AW300
MS.'® These conditions, applied to the silylated 2-methyl-5-tert-
butylphenyl thioglycosides 5a-8a, gave good results but not with
the methyl carbamate 9a (entries 3-7).>' The anomeric O-TBDPS
product 12d was isolated in poor yield (21%, entry 8) due to the
competing cleavage of the anomeric silyl ether. However, without
additional TfOH, this conversion of 12a to 12d was increased to a
56% yield (entry 9) or by replacing TfOH by an excess of CF;CO,H>>
(68% yield, entry 10).

In a further step, this could be combined, in a modular
approach, with an acid catalyzed glycosylation step, to prepare
N-differentiated chitobiosyl building blocks. Thus, silylated 6a and
7a were transformed to donors 6b and 7b under the optimized
conditions (Table 2) in CH,Cl, at rt, after which acceptor 12d
(Table 3, 0.8 equiv.) and promoter N-iodosuccinimide (1.5 equiv.)
were added to the reaction mixture (Scheme 2). This gave the
disaccharides 13 and 14 (70-73% yield) with, as expected, only the
B-linkage due to the N-neighboring group participants.

In summary, it has been demonstrated that different trans-
formations, combined in one-pot procedures catalyzed by triflic
acid on molecular sieves,” furnish various glucosamine building
blocks useful in oligosaccharide synthesis. This includes the
one-pot synthesis of N-differentiated chito-disaccharides and the
methodology can be further extended to other oligomers of interest.
Triflic acid in catalytic amounts combines with molecular sieves
providing in situ a valuable “solid” acid catalyst. It is to be expected
that, in large scale preparation, this procedure can be amenable to
the design of a continuous flow process.
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