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Observations on Silver Trifluoromethane Sulfonate-promoted

Syntheses of 1,2-trans-Glycosides from Acylated Glycosyl

Bromides

PER J. GAREGG and THOMAS NORBERG

Department of Organic Chemistry, Arrhenius Laboratory, University of Stockholm,

S-106 91 Stockholm, Sweden

Efficient silver trifluoromethane —sulfonate-
promoted syntheses of f-D-galactopyranosides,
B-D-glucopyranosides and B-D-xylopyranosides
starting from benzoylated «-D-glycopyranosyl
bromides are described.

The use of trifluoromethanesulfonyl as leaving
group in the 1-position, and the use of silver
triflate-promoted glycosylation starting from
glycosyl halides have received considerable
attention.”® In 1,2-trans-glycoside synthesis,
high stereoselectivity has resulted from the
reaction of acylated glycosyl halides with al-
cohols (e.g. suitably protected monosaccharide
derivatives) or other nucleophiles in the pres-
ence of silver triflate and 2,6-lutidine,? 2,4,6-
collidine,? 1,1,3,3-tetramethylurea * or a pyrim-
idine base.®

We now report that in this type of 1,2-trans-
glycoside synthesis, improved yields are ob-
tained starting from benzoylated rather than
from acetylated glycosyl halides. The presence
of base may often be unnecessary and even lead
to a deterioration of the yield of desired product.

In a recent synthesis of O-p-D-galactopy-
ranosyl-(1-»4)-0-8-D-xylopyranosyl-L-serine,
we required high-yield, stereospecific 1,2-trans-
glycoside formation of the two glycosidic
bonds.® Silver triflate-promoted glycosidation
appeared most promising and we thus reacted
2,3,4,6-tetra-O-acetyl-«-D-galactopyranosyl bro-
mide with the alcohol 7a under the conditions
described by Hanessian and Banoub.* A multi-
component mixture was obtained. Substituting

1,1,3,3-tetramethylurea with 2,4,6-collidine ®
gave as product mainly the orthoester 13.
However, when benzobromogalactose (I) was
allowed to react with the alcohol 7a in the
presence of silver triflate and 2,4,6-collidine in
nitromethane, the required disaccharide 7b
was obtained in an 80 9, yield. This result led
us to explore the same conditions for the forma-
tion of the required B-D-xylosyl linkage. In-
deed, in the glycosylation of N-benzyloxycar-
bonyl-I-serine benzyl ester with 4-O-(8-D-
galactopyranosyl)-«-D-xylopyranosyl bromide
hexabenzoate, the required g-D-xylosyl linkage
was formed in a 72 9, yield; the presence of
2,4,6-collidine was, however, found to be un-
necessary. These facts have led us to investigate
the use of silver triflate-promoted 1,2-trans-
glycoside formation in both the absence and
presence of collidine as base, using various
benzoylated glycosyl bromides. The results are
summarized in Table 1. Starting materials
and products are shown in Fig. 1.

The yields obtained vary from 67 to 93 9%,.
In four of the examples 2,4,6-collidine was
absent. In the condensation of 2,3,4,6-tetra-O-
benzoyl-«-D-glucopyranosyl bromide (3) with
methyl 2,3,4-tri-O-acetyl-8-D-glucopyranoside
(11a), the amount of 2,4,6-collidine present was
critical for the outcome of the reaction in that
the presence of 1 mol equivalent or more of the
base promoted the formation of orthoester in
addition to the formation of glycoside. This
may indicate the presence of orthoesters as
intermediates in these glycosylations and that,
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Table 1. Disaccharide syntheses.

Glycoside Syntheses

117

Bromo Aleohol Mol ratio Solvent Temperature Mol ratio Reaction Product Yield
sugar bromo sugar/ (°C) 2,4,6-colli-  time %
alcohol dine/alcohol (min)

1 7a 1.1 CH,;NO, —20to —25 1.1 15 7b 80

2 7a 1.1 CH,NO,/C H, —20to—30 1.3 10 7e 92
1:1

2 8a 1.1 CH;,NO,,/C H, —25t0o—30 0 3 8b 93

1 9a 1.1 C, H ~b5to—10 0 5 9b 77

1 9a 1.1 CH,,NO, —20to —30 1.1 15 9b 87

3 9a 1.1 C,H, —b5to—10 0 5 9c 75

3 10a 1.1 CHCL,/C,HB —5to—10 0 10 10b 90

3 1la 1.0 CH,NO,/C H; —20to—30 0.9 10 11b 90
1:1

1 12a 1.1 CH;NO,/C,H, —20to —30 0.85 10 12b 67
1:1

at least in some reactions, weakly acidic con- EXPERIMENTAL

ditions are required to obtain high yields of
disaccharides.
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Fig. 1. Starting materials and products.
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General methods were the same as those
reported before.”»* Preparative separations were
performed on 175 g silica gel columns (Merck
Kieselgel 60, 0.040 — 0.063 mm) using toluene —
ethyl acetate (4:1 or 9:1) as eluent. Reagents:
Spectrograde nitromethane and chloroform
were distilled from phosphorus pentaoxide im-
mediately before use. Sodium-dried toluene
was used. All new substances gave 'H and
13C NMR spectra in agreement with the pos-
tulated structures.

General glycosylation procedure. A solution of
the appropriate benzoylated halide (2.0 mmol)
and the alcohol (1.8—2.0 mmol) in solvent
(10 ml, see Table 1) was cooled in an ethanol —
dry ice bath. Silver triflate (2.3 mmol) and,
where indicated in Table 1, 2,4,6-collidine (1.5 —
2.3 mmol) dissolved in solvent (10 ml) was
added through a dropping funnel with cooling
and magnetic stirring. After the appropriate
reaction time (3 — 15 min), pyridine (1 ml) was
added to neutralize any liberated acid in those
reactions in which excess 2,4,6-collidine was
not used. The solution was diluted with diethyl
ether, filtered, washed successively with aque-
ous sodium thiosulfate, water, 2 M aqueous
sulfuric acid, and saturated aqueous sodium
bicarbonate, dried (MgSO,), filtered and con-
centrated to a syrup from which the main
sugar component was obtained by chromatog-
raphy. In syrups that were hard to dry, traces
of residual solvents were estimated from
'H NMR integrals, and the yields determined
by weighing were corrected accordingly.

Characterization of disaccharides. Benzyl 2,3-
anhydro-4-0-(2,3,4,6-tetra-0-benzoyl- -D-galac-
topyranosyl ) - B-D-ribopyranoside (7b). The phys-
ical constants were in agreement with those
previously reported.®
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Benzyl 2,3-anhydro-4-0-(2,3,4-tri-O-benzoyl-
B-D-zylopyranosyl ) - B-D-ribopyranoside (7c). Syr-
up, [«]p —40° (CHCI,). Debenzoylation (sodium
methoxide — methanol) and acetylation (acetic
anhydride — pyridine) afforded benzyl 2,3-an-
hydro-4-0-(2,3,4-tri-O-acetyl- f-D-xylopyrano-
syl)- B-D-ribopyranoside, m.p. 134 °C, [«];, — 55°
(CHCl,) [lit.°, m.p. 131—132 °C, [a]p —48°
(CHCL,)].

N-Benzyloxycarbonyl-3-0-(2,3,4-tri-O-benzo-
yl- B-D-zylopyranosyl ) -L-serine benzyl ester (8b).
M.p. 106—-108 °C, [«]p —36° (CHCl;). NMR
(CDCly, 6 in ppm downfield from internal
TMS): 'H: 6 4.84, J~6 Hz (1H, H-1, xylose
residue), 2*C: ¢ 99.85, Jo g 166.0 Hz (C-1,
xylose residue). Anal. C,H,NO,,;: C, H, N.

1,2:3,4-Di-O-isopropylidene-6-0-(2,3,4,6-tet-
ra-0-benzoyl- B-D-galactopyranosyl ) -«-D-galacto-
pyranose (9b). Syrup, [«]p +45° (CHCI,).
Debenzoylation and acetylation as for 7c af-
forded 1,2:3,4-di-O-isopropylidene-6-0-(2,3,4,6-
tetra-O-acetyl- §-D-galactopyranosyl)-«-D-galac-
topyranose, [alp —42° (CHCl,) [lit.!%Y, [«]p
—47° (CHCl,)].

1,2:3,4-Di-O-1is0propylidene-6-0-(2,3,4,6-tet-
ra-0-benzoyl- f-D-glucopyranosyl ) -«-D-galactopy-
ranose (9c). Syrup, [«]p — 18° (CHCI;). Debenzo-
ylation and acetylation as for 7c afforded
1,2:3,4-di-O-isopropylidene-6-0-(2,3,4,6-tetra-
O-acetyl- -D-glucopyranosyl)-«-D-galactopyra-
nose, m.p. 140—141 °C, [«]p —56° (CHCly)
[lit.1, m.p. 141 °C, [«]p — 55° (CHCl,)].

Methyl 4,6-O-benzylidene-2-O-(p-tolylsulfon-
yl)-3-0-(2,3,4,6-tetra-0-benzoyl- f-D-glucopy-
ranosyl ) -a-D-glucopyranoside (10b). Syrup, [«]p
+ 38° (CHCl,). Debenzoylation and acetylation
as for 7¢ afforded methyl 4,6-O-benzylidene-2-
O-(p-tolylsulfonyl)-3-0-(2,3,4,6-tetra-O-acetyl-
B-D-gluco iyra.nosyl)~a-D-glucopyranoside, [e]p
+5° (CHCL,) [lit., [a]p +9° (CHCly)).

Methyl-6-O-(2,3,4,6-tetra-O-benzoyl- -D-glu-
copyranosyl ) -2,3,4-tri-O-acetyl- B-D-glucopyrano-
side (11b). Syrup, [«]p + 9° (CHCL,), deacylated
(sodium methoxide —methanol) to give methyl
6-0-f-D-glucopyranosyl- 8-D-glucopyranoside,
[«]p —32° (H,0) [lit.1* — 36° (H,0)].

1,2:6,6-D3-O-tsopropylidene-3-0-(2,3,4,6-tet-
ra-0-benzoyl- p-D-galactopyranocsyl ) -a-D-galacto-
Suranose (12b). Syrup, [«]y, + 64° (CHCl,;). De-
benzoylation (sodium methoxide—methanol)
and mild acid hydrolysis (80 9% aqueous acetic
acid, 70°C, 4 h) afforded 3-0-§-D-galactopyrano-
syl-D-galactose, m.p. 161—164 °C, [«]p + 83°
(56 min)— + 61° (equilibrium value, H,0) [lit.!?,
11311()) 163 — 170 °C, [a]p + 60° (equilibrium value,

10)].
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