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GLYCOSYLATION REACTION UNDER HIGH PRESSURE
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Abstract: Glycosylation of various alcohols with 2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl
bromide (1) in the presence of hindered amines under conditions of high pressure gave
o-glycosides in good yield with high selectivity.

Stereocontrolled glycosylation reactions are one of the most important topics in
oligosaccharide synthesis and a large number of methods have been reported.! However, there
still remains a strong demand to develop simple, mild, and efficient methods for the
stereoselective construction of O-glycoside bond.2

The present study demonstrates that elevated pressures accelerate the condensation
reaction of 2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyl bromide (1) and various alcohols in the
presence of hindered amines to afford a-glycosides in good yield with high selectivity.

The reaction of cholesterol (2) with 1.2 equivalent of the bromide 1 and 1.2 equivalent of
triethylamine at 25 °C under a pressure of 8 kbar for 20 h afforded cholesteryl
2,3,4,6-tetra-0-benzyl-D-glucopyranoside (3) in 23 % yield as a mixture of a- and f-anomers (c::B
= 93:7). The low yield is ascribed to low reactivity of the intermediate,
2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl triethylammonium, readily obtainable from 1 by
treating with triethylamine at room temperature under ambient pressure.3 On the other hand,
the replacement of triethylamine to hindered amines accelerated the reaction. Among various
amines tested, 2,6-lutidine gave the most favorable results with respect to the yield and
stereoselectivity (Table 1). The same reaction was carried out at room temperature under
ambient pressure and only a 20 % yield of 8 was obtained. These results are very different from
the effect of hindered amine observed under ambient pressure.4 Incidentally, inorganic bases
(potassium carbonate, cesium fluoride, etc. ) were not effective in the reaction. When the
glycosylation was pérformed with 1.5 equivalent of 1, the yield was increased up to 88 %.
Unfortunately, further improvement of the yield and stereoselectivity could not be realized
though the pressure was elevated up to 13 kbar.

We next undertook the glycosylation of a variety of alcohols in the presence of 2,6-lutidine
under a pressure of 8 kbar. The results are summarized in Table 2. Good yields and high
selectivity were obtained when the procedure was applied to primary, unhindered secondary,
and even tertiary alcohols. A drawback of the present method, however, was that it was
inapplicable to the glycosylation of hindered secondary alcohols. For example, methyl
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Table 1 Glycosylation of cholesterol (2) under high pressure.?

4805,
amine, MS4A Bgnoo
CHoClp
high pressure
run molar ratio® amine pressure temperature % yield® a/p ratiod
(kbar) )
1 A 'Eth 8 25 23 93:.7
2 A i-Pr;NEt 8 25 59 90:10
3 A T™U® 8 25 60 95: 5
4 A 2,6-lutidine 8 25 67 94: 6
5 A 2,6-lutidine 8 40 73 94: 6
6 B 2,6-lutidine 8 40 88 92: 8
7 A 2,6-lutidine 13 40 78 93:7
8 A 2,6-lutidine 0.001 25 20 94: 6

a) All reactions were carried out on 0.25 mmol scale.
b)A:1/2/base=12/1/12;B:1/2/base=1.5/1/1.5. c)Isolated total yield. d) Determined by HPLC
analysis. e) TMU=1,1,3,3-tetramethylurea

2,3,6-tri-0-benzyl-a-D-glucopyranoside5 failed to undergo the high pressure-mediated
glycosylation.

A typical procedure is described for the glycosylation of cholesterol (2): A solution of
2,3,4,6-tetra-O-benzyl-a-D-glucopyranosyl bromide (1) (229.4 mg, 0.380 mmol), cholesterol (2)
(97.4 mg, 0.252 mmol), 2,6-lutidine (45 ml, 0.386 mmol), and molecular sieves 4A (activated
powder, ca. 100 mg) in dry dichloromethane (2 ml) was placed in a sealed teflon tube. The tube
was pressurized at 8 kbar in a high pressure equipment,® and allowed to stand for 20 h at 40 °C.
After being cooled to room temperature, the reaction mixture was depressurized, filtered
through a pad of Celite, and concentrated under reduced pressure. The residue was purified
with column chromatography on silica gel to afford cholesteryl
2,3,4,6-tetra-0O-benzyl-D-glucopyranoside (3) (202.1 mg, 88% yield). The anomer ratio was
determined to be a:p = 92:8 by HPLC analysis (Wakogil 5SIL column, 4.0 x 300 mm; eluent 8 %
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Table2  Glycosylations under a pressure of 8 kbar”

_ temperature o .
nn alcohol molar ratiob °C) % yield a / p ratio
1 Q A 25 79 90:8d

OH
2 tert-BuOH A 25 59 93:74
CO2Bn
Ho” Y e
3 B 40 85 93:7

NHCO2Bn

OH

. )
4 e B 40 95 90:109
5 Ogﬁ B " 94 93:79

Bn 40 69 91‘9d

a) All reactions were carried out on 0.25 mmo! scale in the presence of MS4A in dichloromethane.
b) A: alcohol /1/2,6-Iutidine =1 /1.2/1.2; B: alcohol /1/2,6-lutidine=1/1.5/15.

c) Isolated total yield. d) Determined by HPLC analysis using Walosil 5SIL column.

¢) Determined by 13C NMR spectroscopic analysis.

w

ethyl acetate in hexane; UV 254 nm; flow rate 1 mL/min).

In conclusion, we have described a simple glycosylation of less hindered alcohols with
2,3,4,6-tetra-O-benzyl-o-D-glucopyranosyl bromide (1) in the presence of hindered amines under
high pressure affording 1,2-cis-glycosides in good yield with high selectivity without any use of
heavy metal salts. Further application of this procedure to the synthesis of complex
oligosaccharides are in progress.
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