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Abstract

The use of acetylated phenyl 1-seleno-b-D-galactofuranoside as a glycosyl donor for the synthesis of protected
D-Galf-b-(1�3)-a-D-Manp as its methyl or ethylthio glycoside has been demonstrated. Activation of the selenogly-
coside over a thioglycoside acceptor by NIS/TfOH is extremely selective and gives the ethylthio disaccharide in 91%
yield. The parent disaccharide is found as a terminal and branched unit in the lipopeptidophosphoglycan oligosac-
charides of the protozoan Trypanosoma cruzi, the causative agent of Chagas’ disease. © 1998 Elsevier Science Ltd.
All rights reserved.
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1. Introduction

The presence of galactofuranosyl units in
polysaccharides is restricted to lower organ-
isms, such as bacteria [1], protozoa [2] or fungi
[3]. The potential for taking advantage of this
anomaly in drug therapy or immunological
applications is a topic of current investigation.
Oligosaccharide synthesis involving furanosyl
glycosyl donors has been studied only spar-
ingly compared with pyranosyl donors, but
methods have been demonstrated for thiogly-
cosides [4], n-pentenyl glycosides [5], anomeric

benzoates [6] and anomeric xanthates [7].
Most recently, McAuliffe and Hindsgaul [8]
have described an indirect approach to galac-
tofuranosyl-containing disaccharides involving
acyclic glycosyl donors. A recent communica-
tion regarding the use of phenyl 1-selenoribo-
furanosides as furanosyl donors [9] has
prompted us to report our preliminary find-
ings using a phenyl selenogalactofuranosyl
donor.

The lipopeptidophosphoglycan (LPPG)
oligosaccharides of Trypanosoma cruzi, the
protozoan responsible for Chagas’ disease, in-
clude O -b - D - galactofuranosyl - (1�3) -a - D -
mannopyranosyl disaccharides as terminal or
branched components [10]. As an extension of
our previous studies of the selective activation
of selenoglycoside glycosyl donors in the pres-
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ence of thioglycoside glycosyl acceptors [11], we
now report the synthesis of phenyl 2,3,5,6-tetra-
O-acetyl-b-D-selenogalactofuranoside (2) and
its use as a galactofuranosyl donor for glycosy-
lation of the 3-OH position of methyl- and
ethylthio-a-D-mannopyranosides 3 and 5.

Reaction of 1,2,3,5,6-penta-O-acetyl-a-D-
galactofuranose (1) [12] with benzeneselenol
and boron trifluoride-etherate [11] gave a virtu-
ally quantitative yield of the phenyl b-D-seleno-
furanoside (2). The anomeric configuration of
2 was confirmed by a 1H NMR NOESY spec-
trum which showed substantial H-1/H-3 and
H-1/H-5 NOE contacts and a lack of such a
contact between H-1 and H-4. The H-1 reso-
nance in the 1H NMR spectrum of 2 appeared
as a closely spaced multiplet at d 5.77 instead
of the expected doublet. This was proven to be
the result of the long-range coupling of H-1
with H-3 and H-4, as evidenced by the presence
of weak correlations of H-1 with both H-3 and
H-4, in addition to the stronger H-1/H-2 cross-
peaks, in the COSY spectrum of 2. There was
no evidence by 1H NMR for the presence of
more than 5% of the a-anomer in the crude
reaction mixture. Purification by chromatogra-
phy gave 2 as a syrup, which could not be
induced to crystallize, but which was homoge-
neous by TLC and NMR, and is stable for
months in the freezer.

Reaction of the furanosyl donor 2 with
methyl 2-O -benzyl -4,6-O -benzylidene-a -D-
mannopyranoside (3) [13] using our previous
conditions [11] for activation of selenogly-
cosides (excess AgOTf/K2CO3) was unsuc-
cessful due to decomposition of the acid-
sensitive furanoside product. The alternative
promoter system N-iodosuccinimide/triflic acid
(NIS/TfOH) developed by van Boom
and co-workers [14] was more suitable in this
case and reaction at room temperature (TfOH:
NIS:2:3=0.04:1:1:1) gave disaccharide 4
(69%), which was isolated as a crystalline solid.

The reaction of an excess of 2 with ethyl
2-O-benzoyl-4,6-O-benzylidene-1-thio-a-D-
mannopyranoside (5) [15] at room temperature,
with the assistance of NIS/TfOH, was ex-
tremely rapid, and gave an excellent yield of
disaccharide 6 (91% based on 5). A similar
reaction without inclusion of a catalytic
amount of triflic acid demonstrated that, al-
though NIS alone will activate selenogly-
cosides, the major product in this case was the
sensitive orthoester derivative 7, which was
isolated in only moderate yield due to hydrol-
ysis during processing and chromatography.
We have occasionally isolated orthoester
derivatives from selenoglycoside glycosylations
and implicated them as intermediates by show-
ing their Lewis-acid-catalyzed rearrangement
to glycosides [11]. The disaccharides 4 and 6
and the orthoester 7 exhibited unexceptional
NMR spectra which were assigned completely
through application of two-dimensional tech-
niques.

In summary, the selenoglycoside 2 has been
synthesized and shown to have potential as a
versatile galactofuranosyl glycosyl donor. The
selective activation of a selenofuranoside in the
presence of a thiopyranoside using NIS/TfOH
has been demonstrated and applied to the
synthesis of a disaccharide 6 that may be used
directly as a glycosyl donor for the elaboration
of higher-order oligosaccharides. Attachment
of an appropriate linker-arm can also lead to
the synthesis of glycoconjugates [16]. Com-
pound 6 is a protected form of the natur-
ally occurring disaccharide moiety in the
LPPG of T. cruzi. Further applications of 2
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and 6 in the preparation of other galactofura-
nosyl oligosaccharides of biological impor-
tance are underway.

2. Experimental

General methods.—TLC was performed us-
ing aluminum plates, precoated with Merck
Silica Gel 60F254, using appropriate mixtures
of hexanes–EtOAc or toluene–EtOAc for de-
velopment. Visualization was by exposure of
the dried plates to UV light or by spraying
with a solution of 1% ceric sulfate and 1.5%
molybdic acid in 10% aqueous H2SO4 and
heating. Column chromatography was per-
formed using Silica Gel 60 (E. Merck, 230–
400 mesh).

Optical rotations were measured at 21 °C
with a Rudolph Research Autopol II polar-
imeter. Melting points were determined with a
Fisher–Johns melting-point apparatus and are
uncorrected. 1H and 13C NMR spectra were
obtained using a Bruker AMX-400 spectrome-
ter operating at 400.13 and 100.6 MHz for
proton and carbon, respectively. Chemical
shifts in CDCl3 are reported relative to exter-
nal Me4Si. All assignments were confirmed
with the aid of two-dimensional 1H/1H
(COSYDFTP) or 1H/13C (INVBTP) experi-
ments using standard Bruker pulse programs
and an inverse-detection, 1H/X double-reso-
nance probe. Chemical shifts and coupling
constants were obtained from a first-order
analysis of the spectra.

Phenyl 2,3,5,6-tetra-O-acetyl-1-seleno-b-D-
galactofuranoside (2).—A solution of 1,2,
3,5,6-penta-O-acetyl-b-D-galactofuranose [12]
(7.81 g, 20.0 mmol) and benzeneselenol (4.0 g,
25 mmol) in CH2Cl2 (70 mL) was stirred with
BF3:etherate (2.5 mL, 20 mmol) at room tem-
perature for 75 min. The mixture was diluted
with CH2Cl2 (100 mL) poured into a mixture
of ice/saturated NaHCO3 (�75 mL each) and
stirred until the bubbling stopped. The
aqueous phase was extracted with more
CH2Cl2 (2×30 mL) and the combined ex-
tracts were washed with saturated aq
NaHCO3 solution (30 mL) and water (30 mL),
dried over anhydrous MgSO4 and concen-
trated to give the crude selenoglycoside (2) as

a yellow oil. Chromatography on silica gel
(2:1 hexanes–EtOAc) gave pure 2 as a very
pale-yellow syrup (9.64 g, 99%); [a ]D −152°
(c 1.0, CHCl3);

1H NMR: d 7.62–7.58 (m, 2
H, aromatic), 7.33–7.27 (m, 3 H, aromatic),
5.78 (m, 1 H, J1,2 1.6, J1,3 0.8, J1,4 0.6 Hz,
H-1), 5.43 (ddd, 1 H, J4,5 4.0, J5,6a 4.5, J5,6b 7.1
Hz, H-5), 5.30 (dd, 1 H, J2,3 3.6 Hz, H-2), 5.06
(ddd, 1 H, J3,4 5.6 Hz, H-3), 4.48 (ddd, 1 H,
H-4), 4.31 (dd, 1 H, J6a,6b 11.8 Hz, H-6a), 4.17
(dd, 1 H, H-6b), 2.12, 2.11, 2.09, 2.04 (4s, each
3 H, 4 COCH3);

13C NMR: d 170.44, 169.97,
169.79, 169.54 (4 COCH3), 134.51 (2
C),129.13 (2 C),128.77,128.13 (Ar), 86.30 (C-
1), 82.07 (C-2), 80.61 (C-4), 76.52 (C-3), 69.01
(C-5), 62.54 (C-6), 20.76, 20.70, 20.67 (2 C), (4
COCH3). Anal. Calcd for C20H24O9Se: C,
49.29, H, 4.96. Found: C, 49.11; H, 4.72.

Methyl 2-O-benzyl-4,6-O-benzylidene-3-O-
(2,3,5,6-tetra-O-acetyl-b-D-galactofuranosyl)-
a-D-mannopyranoside (5).—The selenogly-
coside 2 (120 mg, 0.246 mmol) and the selec-
tively protected mannopyranoside 3 [13] (89
mg, 0.24 mmol) were dissolved in a mixture of
CH2Cl2 (5 mL) and Et2O (1 mL). The solution
was stirred with freshly activated powdered 4
Å molecular sieves (0.5 g) under a nitrogen
atmosphere at room temperature for 15 min.
N-Iodosuccinimide (56 mg, 0.25 mmol) was
added followed, after 5 min, by triflic acid (1
mL, 0.01 mmol) via syringe. An immediate
reaction to produce a dark purple–brown
color ensued. After 40 min, triethylamine
(0.020 mL) was added to quench the reaction
and the mixture was filtered through Celite
with the aid of additional CH2Cl2 (50 mL).
The filtrate was washed with 10% aq NaS2O3

(10 mL) and saturated NaHCO3 (15 mL),
dried (MgSO4), and concentrated give a yel-
low syrup. TLC (3:2 hexanes–EtOAc) indi-
cated that 2 had been completely consumed
and that a slightly more polar product had
been formed. Chromatography on silica gel
(3:2 hexanes–EtOAc) gave 4 as a colorless
solid (116 mg, 69%). An analytically pure
sample was obtained by crystallization from
CH2Cl2/hexanes: m.p. 160–161 °C; [a ]D −24°
(c 0.5, CHCl3);

1H NMR: d 7.50–7.27 (m, 10
H, aromatic), 5.59 (s, 1 H, PhCH), 5.29 (ddd,
1 H, J4%,5% 3.4, J5%,6a% 7.6, J5%,6b% 4.1 Hz, H-5%),
5.07 (s, 1 H, H-1%), 5.04 (d, 1 H, J2%,3% 1.4 Hz,
H-2%), 4.91 (dd, 1 H, J3%,4% 5.8 Hz, H-3%), 4.85,



B.D. Johnston, B.M. Pinto / Carbohydrate Research 315 (1999) 356–360 359

4.72 (2d, each 1 H, Ja,b 12.2 Hz, PhCH2O),
4.70 (d, 1 H, J1,2 1.8 Hz, H-1), 4.36 (ddd, 1 H,
J4,5 3.4 Hz, H-4%), 4.26 (dd, 1 H, J5,6a 4.5, J6a,6b

9.9 Hz, H-6a), 4.18 (dd, 1 H, J2,3 3.1, J3,4 10.1
Hz, H-3), 4.10 (dd, 1 H, J4,5 8.9 Hz, H-4), 4.09
(dd, 1 H, J6a%,6b% 11.9 Hz, H-6a’), 3.91 (dd, 1 H,
H-6b%), 3.86 (dd, 1 H, J5,6b 10.1 Hz, H-6b),
3.82–3.74 (m, 2 H, H-2, H-5), 3.34 (s, 3 H,
OCH3), 2.11, 2.08, 1.93, 1.91 (4s, each 3 H, 4
COCH3);

13C NMR: d 170.39, 170.05, 169.98,
169.73, (4 COCH3), 138.07, 137.69, 128.97,
128.41 (2 C), 128.18 (2 C), 128.03 (2 C),
127.78, 126.02 (2 C) (12 C aromatic), 102.27
(C-1%), 101.70 (PhCH), 100.52 (C-1), 81.66
(C-2%), 80.06 (C-4%), 76.85 (C-4), 76.75 (C-3%),
74.86 (C-2), 73.91 (PhCH2), 71.88 (C-3), 69.28
(C-5%), 68.89 (C-6), 64.20 (C-5), 62.83 (C-6%),
54.90 (OCH3), 20.78 (2 C), 20.57, 20.47 (4
COCH3). Anal. Calcd for C35H42O15: C, 59.82;
H, 6.02. Found: C, 59.88; H, 5.98.

Ethyl 2-O-benzoyl-4,6-O-benzylidene-3-O-
(2,3,5,6-tetra-O-acetyl-b-D-galactofuranosyl)-
1-thio-a-D-mannopyranoside (6).—The seleno-
glycoside 2 (223 mg, 0.458 mmol) and the
selectively protected ethylthio mannopyra-
noside 4 [15] (106 mg, 0.254 mmol) were dis-
solved in a mixture of CH2Cl2 (7 mL) and
Et2O (1.5 mL). The solution was stirred with
freshly activated powdered 4 Å molecular
sieves (0.5 g) under a nitrogen atmosphere at
room temperature for 15 min. N-Iodosuccin-
imide (104 mg, 0.462 mmol) was added fol-
lowed, after 5 min, by triflic acid (2 mL, 0.02
mmol) via syringe. An immediate reaction to
produce a dark purple–brown color ensued.
After 15 min, triethylamine (0.050 mL) was
added to quench the reaction and the mixture
was filtered through Celite with the aid of
additional CH2Cl2 (100 mL). The filtrate was
washed with 10% aq NaS2O3 (10 mL) and
water (10 mL), dried (MgSO4), and concen-
trated give an orange oil. TLC (3:1 toluene–
EtOAc) indicated that 2 had been completely
consumed and that a slightly more polar
product had been formed. Chromatography
(3:1 toluene–EtOAc) gave 6 as a colorless
foam (172 mg, 91%): [a ]D −5° (c 0.6, CHCl3;
1H NMR: d 8.12–7.32 (m, 10 H, aromatic),
5.64 (dd, 1 H, J1,2 1.1, J2,3 3.5 Hz, H-2), 5.63
(s, 1 H, PhCH), 5.41 (d, 1 H, H-1), 5.31(ddd,
1 H, J4%,5% 3.1, J5%,6a% 7.1, J5%,6b% 4.7 Hz, H-5%),

5.26 (s, 1 H, H-1%), 4.97 (d, 1 H, J2%,3% 1.9 Hz,
H-2%), 4.86 (dd, 1H, J3%,4% 5.8 Hz, H-3%), 4.34
(ddd, 1 H, J4,5 9.7, J5,6a 4.8, J5,6b 10.0 Hz,
H-5), 4.33 (dd, 1 H, J3,4 10.0 Hz, H-3), 4.28
(dd, 1 H, J6a,6b 10.0 Hz, H-6a), 4.27 (dd, 1 H,
H-4%), 4.12 (dd, 1 H, J6a%,6b% 12.0 Hz, H-6a%),
4.08 (dd, 1 H, H-4), 4.07 (dd, 1 H, H-6b%),
3.92 (dd, 1 H, H-6b), 2.75–2.60 (m, 2 H,
SCH2CH3), 2.09, 2.07, 1.93, 1.81 (4s, each 3
H, 4 COCH3), 1.32 (t, 3 H, J 7.4 Hz,
SCH2CH3);

13C NMR: d 170.37, 169.95,
169.87, 169.14, (4 COCH3), 165.52 (COPh),
137.41, 133.37, 129.94 (2 C), 129.71, 129.10,
128.48 (2 C), 128.25 (2 C), 126.02 (2 C) (12 C
aromatic), 102.33 (C-1%), 101.82 (PhCH),
83.48 (C-1), 80.83 (C-2%), 80.29 (C-4%), 77.43
(C-4), 76.84 (C-3%), 70.84 (C-2), 70.00 (C-3),
69.14 (C-5%), 68.70 (C-6), 64.65 (C-5), 62.68
(C-6%), 25.62 (SCH2CH3), 20.76, 20.70, 20.61,
20.29 (4 COCH3), 14.87 (SCH2CH3). Anal.
Calcd for C36H42O15S: C, 57.90; H, 5.67.
Found: C, 57.97; H, 5.73.

3,5,6-Tri-O-acetyl-1,2-(ethyl 2-O-benzoyl-
4,6-O-benzylidene-1-thio-a-D-mannopyranos-
3-yl)-a-D-galactofuranose orthoacetate (7).
—The selenoglycoside 2 (150 mg, 0.308 mmol)
and the selectively protected ethylthio
mannopyranoside 4 (102 mg, 0.245 mmol)
were dissolved in a mixture of CH2Cl2 (7 mL)
and Et2O (1.5 mL). The solution was stirred
with freshly activated powdered 4 Å molecular
sieves (0.5 g) under a nitrogen atmosphere at
room temperature for 15 min. N-Iodosuccin-
imide (70 mg, 0.31 mmol) was added. A slow
reaction to produce a purple color ensued.
After 7 h, TLC (3:1 toluene–EtOAc) indicated
that 2 had been consumed and a less polar
component had formed. The reaction mixture
was processed as described in the preparation
of 6. Purification by chromatography on silica
gel (3:1 toluene–EtOAc) gave 7 as a colorless
foam (102 mg, 56%). Significant hydrolysis of
the orthoester 7 had occurred during process-
ing and chromatography to regenerate 4 (33
mg) which was also isolated. Compound 7 was
isolated as a pure diastereomer: [a ]D +44° (c
0.6, CHCl3;

1H NMR: d 8.12–7.32 (m, 10 H,
aromatic), 5.84 (d, 1 H, J1%,2% 4.3 Hz, H-1%),
5.61 (s, 1 H, PhCH), 5.52 (d, 1 H, J1,2 1.4, J2,3

3.4 Hz, H-2), 5.33 (d, 1 H, H-1), 5.18(ddd, 1
H, J4%,5% 9.3, J5%,6a% 3.7, J5%,6b% 5.5 Hz, H-5%), 5.08
(d, 1 H, J2%,3% �0, J3%,4% 1.3 Hz, H-3%), 4.82 (d,
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1 H, H-2%), 4.41 (dd, 1 H, J6a%,6b% 12.4 Hz, H-6a%),
4.33 (ddd, 1 H, J4,5 9.8, J5,6a 5.0, J5,6b 10.1 Hz,
H-5), 4.28 (dd, 1 H, J3,4 10.1 Hz, H-3), 4.27 (dd,
1 H, J6a,6b 10.1 Hz, H-6a), 4.15 (dd, 1H, H-4%),
4.08 (dd, 1 H, H-6b%), 4.07 (dd, 1 H, H-4), 3.90
(t, 1 H, H-6b), 2.75–2.60 (m, 2 H, SCH2CH3),
2.07, 2.06, 2.03 (3s, each 3 H, 3 COCH3), 1.72
(s, 3 H, orthoester CH3), 1.32 (t, 3 H, J 7.4 Hz,
SCH2CH3);

13C NMR: d 170.49, 169.92, 169.59,
(3 COCH3), 165.68 (COPh), 137.25, 133.46,
129.94 (2 C), 129.58, 129.04, 128.51 (2 C),
128.24 (2 C), 126.04 (2 C) (12 C aromatic),
123.97 (orthoester C), 106.04 (C-1%), 102.04
(PhCH), 84.83 (C-4%), 84.32 (C-2%), 83.61 (C-1),
77.83 (C-4), 76.40 (C-3%), 74.03 (C-2), 69.99
(C-5%), 68.94 (C-3), 68.67 (C-6), 65.01 (C-5),
62.83(C-6%), 25.62 (SCH2CH3), 22.10, 20.86,
20.67 (2 C) (3 COCH3, orthoester CCH3), 14.89
(SCH2CH3). Anal. Calcd for C36H42O15S: C,
57.90; H, 5.67. Found: C, 57.81; H, 5.62.
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