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Abstract

Pent-4-enyl 2,3,5,6-tetra-O-acetyl-D-glycofuranosides were synthesized in a one-pot reac-
tion by a ferric chloride-promoted glycosylation of 4-penten-1-ol with D-glucose, D-mannose,
and D-galactose, respectively, in heterogeneous media, followed by in situ acetylation. These
n-pentenyl glycosides are efficient glycofuranosyl donors and have therefore been used for the
subsequent synthesis of various furanosyl-pyranoside type or furanosyl—furanoside type
disaccharides related to archaebacterial glycolipids and protozoa glycoconjugates. © 1997

Elsevier Science Ltd. All rights reserved.
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1. Introduction

Galactofuranosyl residues have been characterized
in oligosaccharides and glycoconjugates present in
protozoae [1-3], fungi [4], bacteriae [S], and archae-
bacteriae [6] either as terminal non-reducing units
[1,4], as part of the core oligosaccharides [1-3], or as
repeating units in the backbone of polysaccharides
[5]. Since mammalian cells do not biosynthesize
glycoconjugates containing these structural units,
galactofuranosyl compounds are strongly antigenic
[7]. The synthesis of oligosaccharides containing gly-
cofuranoses may therefore be useful: (i) for under-
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standing the role of such unusual carbohydrates in
microorganisms; (ii) for the study of the biosynthesis
of furanosyl containing glycoconjugates; and (iii) for
the design of antiparasitic drugs and the treatment of
diseases caused by trypanosoma or leishmania
species [1].

Some results of our research in the synthesis of
simple alkyl furanosides have already been published
[8] and we recently described preliminary studies
concerning an improved synthetic route to n-pentenyl
furanosides as glycosyl donors for the synthesis of
analogs of archaebacterial glycolipids [9].

We now report full experimental details of the
preparation of furanosyl donors and an extension of
this work to the synthesis of original disaccharides
containing one or two glycofuranose units.
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2. Results and discussion

Synthesis of n-pentenyl furanosides.—Until now,
the formation of an anomeric linkage between a
furanose and an aglycone has been difficult to achieve,
mainly due to: (i) the lack of an efficient method for
obtaining donors in the furanosidic form; and (ii) the
instability of furanosyl halides [10]. The recent appli-
cation of n-pentenyl glycoside (NPG) chemistry [11]
to galactofuranosides has revealed new perspectives
on this synthetic problem [12]. Nevertheless, the Fis-
cher conditions used by Fraser-Reid et al. to prepare
n-pentenyl galactofuranosides proved some limitation
since they led to mixtures of furanosidic and pyrano-
sidic donors which were difficult to purify [12].
Herein, we report the mild coupling of various aldo-
hexoses with 4-penten-1-ol in order to produce n-
pentenyl glycosides exclusively in the furanoside
cyclic form.

The coupling of 4-penten-1-ol with D-glucose, D-
galactose, and D-mannose was investigated by using
ferric chloride as promoter under heterogeneous con-
ditions in order to avoid self-condensation of the
unprotected carbohydrate (Scheme 1).

Glycosylation of 4-penten-1-ol by D-glucose (0.5
equiv) was carried out in acetonitrile at room temper-
ature for 3 h in the presence of ferric chloride (1.5
equiv). The 4-pentenyl glucosides are water-soluble
compounds, and work-up of the unprotected glyco-
sides appeared to be difficult. Acetylation was there-
fore performed in situ. For this purpose, the reaction
mixture was quenched with an excess of pyridine (20
equiv); acetic anhydride (6 equiv) was then added
and the mixture was stirred for an additional 12 h at
room temperature (Scheme 1). After work-up, the
peracetylated glucofuranoside 1 was isolated by col-
umn chromatography as an inseparable mixture of
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Scheme 1. Preparation of the glycofuranosyl donors 1-3.
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Scheme 2. Synthesis of furanosyl-pyranoside type disac-
charides.

anomers (75% overall yield; a:B=35/65 from 'H
NMR spectra).

The next step was to ascertain whether this strat-
egy was of general application, particularly in the
D-mannose and D-galactose series. The ferric chloride
promoted glycosidation of D-mannose in acetonitrile
was unsuccessful, as several products were detected.
After experimentation, we found that the reaction
could be at best performed in tetrahydrofuran at room
temperature for 40 h followed by in situ acetylation
(vide supra) (Scheme 1). The n-pentenyl mannofura-
noside 2 was isolated in 56% overall yield (a:B =
90/10). The major anomer 2a was obtained by
column chromatography.

When an analogous procedure was applied to D-
galactose, the reaction afforded, after 54 h at room
temperature and in situ acetylation, a mixture of
furanosides 3 (53%) and of the corresponding pyra-
nosides 4 (8%) with, however, a net preference for
the B-furanoside and the o-pyranoside derivatives,
3B and 4a, respectively. We, and others, have pre-
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Table 1
“C NMR (100 MHz) chemical shifts for the glycosyl moieties of 7-12 and 15
Compound 8 (ppm) *

C-1 C-2 C-3 C-4 C-5 C-6 C-1 c2 Cc3 Cc4 Cc5  Cce
7° 978 800 8138 77.4 69.8 662 1054 804 734 778 68.8  63.1
g " 97.8 79.7 81.4 76.1 69.5 69.0 105.8 75.7 70.5 76.0  68.1 62.7
9" 97.9 79.8 82.0 77.7 69.9 66.4 105.7 81.1 76.3 79.6  69.1 62.7
10" 980 79.7 80.7 76.2 695 683 107.7 804 731 779 68.1 628
1"’ 98.0 798 819 77.4 69.8  67.1 1052 759 706 760 682 628
12° 98.1 80.0 799 * 735 69.9 68.3 105.0 81.6 76.6 80.5 694 631
15 106.0 88.3 82.6 80.4 76.2 65.8 105.8 81.1 76.5 80.2 694 627

&

Recorded in CDCl,; Signals marked with * may be interchanged.

" 8 CO 170.7-169.2 ppm. & Ar 139.0-127.0, 8 CH,Ph 75.1-71.4 ppm, 8 CH,CO 20.9-20.3 ppm. & OCH; 55.1 ppm.

¢ See " except for & OCH; which is replaced by OCH 68.2 ppm. 8 CH, 31.8-22.6 ppm. & CH,

viously shown that ring expansion from the kineti-
cally favored furanosidic products to the thermody-
namically more stable pyranosides could be pre-
vented by complexation of cations from the second
row of the periodical classification [8,13]. Accord-
ingly, glycosylation of 4-penten-1-ol with D-galactose
(0.5 equiv) was performed in tetrahydrofuran by us-
ing ferric chloride (1.5 equiv) as promoter and cal-
cium chloride (0.5 equiv) as additive (Scheme 1).
After acetylation, the r-pentenyl D-galactofuranoside
3 was isolated in 54% yield as a mixture of anomers
(a:B=40/60). It is noteworthy that no pyranosides
could be evidenced in the reaction mixture. On the
basis of NMR studies, we assume that complexing of
calcium ions with 5-OH, 6-OH, and the endocyclic
oxygen atom of n-pentenyl galactofuranoside in an
’E conformation may prevent any ring expansion to
the corresponding pyranoside [14].

In conclusion, the aforementioned results describe
a general entry into glycofuranoside donors for gly-

Table 2

14.1 ppm

cosidic synthesis. This methodology compares favor-
ably with the recently reported method of Fraser-Reid
[12] since: (i) it gives exclusively peracetylated n-
pentenyl furanosides in a one-pot synthesis from
various aldohexoses; (ii) it avoids the use of a large
excess of the expensive 4-penten-1-ol; and (iii) it
represents, to our knowledge, the first synthesis of
the gluco and the manno derivatives 1, 2.

Svnthesis of disaccharides bearing furanose units.
—In order to extend the scope of our methodology,
we next explored the synthesis of disaccharides con-
taining furanosyl units. Glycosidation reactions with
monosaccharide acceptors were carried out by use of
standard NPG coupling conditions (NIS, 1.3 equiv;
TESOTHY, 0.3 equiv) [11]. Glycosylation of the 6-OH
free acceptor 5 [15] with n-pentenyl furanoside donors
1, 2, and 3 (Scheme 2) was first checked. The
reactions proceeded smoothly and quickly (10-15
min) at room temperature in dichloromethane to pro-
vide exclusively B-linked disaccharides 7 (60%) and

'"H NMR (400 MHz) chemical shifts for the glycosyl units of 7-12 and 15

Compound & (ppm) *

H-1 H-2 H-3 H-4 H-5 H-6 H-I H-2” H-3 H-4 H-5 H-6
7° 472 354 3.99 3.54 3.71 3.83,3.72 500 498 538 454 539 457,420
8 ° 458 3.50 4.00 3.50 3.73 392,3.67 519 519 557 434 525 455,400
9 ° 4.60 349 4.00 3.49 3.76 3.87.3.62 503 508 499 427 537 431,4.19
10 ° 458 3.53 3.93 3.84 3.75 3.75,3.64 533 495 528 433 520 435,397

1’ 460 350 3.85-398 3.54-3.68 3.68-3.81 3.68-3.81, 561 516 549 419 520 4.50,
3.54-3.68 3.85-3.98

12° 459 3.58 3.79-393 3.79-3.93 3.75 3.75,3.66 5.17 490 495 427 514 4.03,
3.79-3.93
15 © 5.05 398 4.00 4.08 3.76 3.66,338 506 508 499 424 537 431,419

Recorded in CDCl,.

" & Ar 7.40~ 725ppm 6 CH,Ph 5.00-4.50 ppm, 6 CH,CO 2.02-1.92 ppm, 6 OCH, 3.36 ppm.

¢ See ” except for & OCH, which is replaced by & OCH 3.74-3.60 ppm, 6 CH,

1 60-1.19 ppm, § CH; 0.87 ppm.



10 R. Velty et al. / Carbohydrate Research 299 (1997) 7—14
Table 3
"H NMR (400 MHz) 'H-'H coupling constants for the furanosyl moiety of disaccharides 7-12 and 15
Compound  J (Hz)
Jyy Sy Jya Jos Js 6 Js 6'b Jea6b
7 <1? <1* 53 9.8 1.9 3.8 12.4
8 38 nd ° 4.6 8.6 20 6.1 12.2
9 <1® 23 6.1 3.6 42 7.4 11.9
10 <1¢® <1? 4.2 9.6 23 4.3 12.5
11 3.6 5.1 4.1 8.6 2.5 6.1 12.2
12 <1?* 1.0 5.1 4.1 5.6 8.1 12.2
15 0.6(1.6) ° 19@.5) ¢ 56(3.0 ° 39(7.0) ¢ nd * (nd) ° 7.3(nd) ® 11.9 (nd) ®

* Broad signals.
® Not determined.

¢ Coupling constants in brackets of the furanosyl reducing unit of 15.

9 (58%), respectively, in the gluco and the galacto
series whereas an a-linked disaccharide 8 was ob-
tained from the mannosyl donor 2 (63%). All reac-
tions resulted therefore in the specific formation of
1,2-trans glycosides, probably due to the C-2 ester
neighboring group participation and independently of
the anomeric configuration of the donor.

The glycosylation of the more sterically hindered
C-4 hydroxyl group of the acceptor 6 [16] was next
investigated (Scheme 2). In the same conditions as
previously described, disaccharides 10, 11, and 12
were produced with exclusive 1,2-frans anomeric
configuration and in yields (70-80%) slightly higher
than obtained from the primary alcohol 5. The suc-
cessful preparation of disaccharide 12 will permit
investigation into the synthesis of lecythophorin and
chaetiacandin [4].

2D-COSY 'H NMR and "H-">C correlation spec-
tra allowed the assignment of most of 'H and "C
signals, allowing to ascertain the anomeric configura-
tion of the furanoid rings (Tables 1-3). The low field
resonances (8 105.0-107.7 ppm) observed for the
anomeric carbon C-1' of 7-12 were similar to previ-
ously published data [8,17,18]. Moreover, the values
obtained for J,,, <1 Hz for 7, 9, 10, 12 and J, ,
3-4 Hz for mannofuranosides 8 and 11 are indicative
of a trans relationship between H-1" and H-2'. To our
knowledge, compounds 7, 8, 10, and 11 are the first
examples of synthetic disaccharides possessing a
gluco- or manno-furanose moiety as non-reducing
unit.

In order to extend the scope of this methodology,
disaccharides composed of two galactofuranose units
were then prepared. A (1 — 6) B-D-galactofuranoside
dimer was found in natural products, notably as a
constituent of archaebacterial lipid membranes [6] or

as the terminal unit in the highly immunogenic ara-
binogalactans [19]. Octyl B-D-galactofuranoside 13
[8] was selected as an appropriate precursor for 15
(Scheme 3). Thus, 13 was converted into octyl 2,3,5-
tri-O-benzyl-B-D-galactofuranoside 14 via the known
tritylation—benzylation—detritylation sequence [20].
Coupling of 3 and 14 in the presence of NIS (1.3
equiv) and TESOTT (0.3 equiv) at room temperature
for 15 min afforded, after purification by column
chromatography, the disaccharide 15 in 55% yield.
No trace of the a-isomer could be observed. The °C
NMR spectrum of 15 showed (Table 1), in the low
field region, two close signals (& 105.8 and 106.0
ppm). In the '"H NMR spectra (Tables 2 and 3), the
anomeric protons H-1 and H-1" appeared, respec-
tively, at 6 5.05 (J,, 1.6 Hz) and 5.06 ppm (J,
0.6 Hz). These results confirmed the presence of two
furanose rings having the B-anomeric configuration

[20].

0-(CHz);-CHg O-{CHz)y-CH3

OBn

0OBn ©Bn

OH 14

- (CHp);- CHy

OBn

[o}:]
14 b N o 0OBn L8N

o
OAc
0OAc OAc 15
OAc

(a) iy 4-Anisylchlorodiphenylmethane, pyridine, DMAP, 50°C; ii) BnBr, NaH, DMF, r..; iiij HOAe, Ha0,

70°C; (b) NIS, TESOT!, CHsCla, 1.

Scheme 3. Synthesis of a furanosyl-furanoside type disac-
charide.



R. Velty et al. / Carbohydrate Research 299 (1997) 7—14 11

3. Experimental

General methods.—All reactions were performed
under nitrogen in an oven-dried glassware. For the
coupling reactions, the carbohydrate derivatives were
dissolved in a small quantity of toluene and placed
under vacuum for 2 h prior to use. All melting points
were determined using a Kofler apparatus and are
uncorrected. Elemental analyses were made by the
Service de Microanalyse de I’ENSCR, Rennes
(France). Thin layer chromatography (TLC) was per-
formed on Silica Gel 60 F,5, non-activated plates (E.
Merck). UV light and a soln of 5% H,SO, in EtOH
were used to develop the plates. For column chro-
matography, 60H (5-40 wm) Silica Gel (E. Merck)
was used. Optical rotations were measured using a
Perkin—Elmer 341 polarimeter. 'H and 'C NMR
spectra were recorded, respectively, at 400 and 100
MHz using a Bruker ARX 400 spectrometer. All
reagents were purchased from Acros or Fluka
Chemika Co. Acceptors 5, 6, and compound 13 were
prepared as described previously [8,15,16].

Pent-4-enyl 2,3,5,6-tetra-O-acetyl-a, B-D-gluco-
furanoside (1).—To a suspension of D-glucose (0.45
g, 2.5 mmol) in dry MeCN (7.5 mL) was added
4-penten-1-ol (0.5 mL, 5 mmol). The soln was cooled
to 0 °C before FeCl, (1.22 g, 7.5 mmol) was added in
small portions. The mixture was stirred for 3 h at
room temperature under nitrogen followed by the
addition of dry pyridine (8 mL, 97.5 mmol) at 0 °C.
After stirring for 15 min at room temperature, acetic
anhydride (2.8 mL, 30 mmol) was introduced into the
reaction mixture at 0 °C. The resulting soln was
maintained at room temperature under vigorous stir-
ring overnight before being diluted with CH,Cl, (30
mL), washed with water (20 mL), 5% aq HCI (until
discoloration), and satd ag NaCl (20 mL), succes-
sively. The organic phase was dried over MgSO, and

concentrated under reduced pressure. Purification of

the residue by column chromatography (7:3 petroleum
ether—EtOAc) afforded 1 (0.78 g, 75%) as a colorless
ol containing an inseparable mixture of anomers
(a:B=35/65 determined from H-3 signal integra-
tion), R, 0.56 (3:2 petroleum ether—EtOAc).

la: H NMR (CDCl,): 8 5.87-5.74 (m, 1 H,
=CH), 554 (dd, 1 H, J,, 5.1, J5, 2.8 Hz, H-3),
527(d, 1 H, J,, 4.6 Hz, H-1), 5.28-5.24 (m, 1 H,
H-5), 507-4.95 (m, 2 H, =CH,), 492 (dd, 1 H,
H-2), 454 (dd, 1 H, J, ¢, 12.2, Jo, 5 2.4 Hz, H-6a),
438 (dd. 1 H, J,5 8.9 Hz, H-4), 4.17-4.10 (m, 1 H,
H-6b), 3.75-3.44 (m, 2 H, OCH,), 2.13 (m, 2 H,
CH,), 2.11-2.00 (4 s, 12 H, CH,CO), 1.71-1.63 (m,

2 H, CH,); ""C NMR (CDCl,): & 170.4-169.1
(CO), 137.7 (=CH), 114.9 (=CH,) 100.1 (C-1), 78.2
(C-2), 744 (C-3), 739 (C-4), 68.0 (C-5), 67.9
(OCH,), 62.8 (C-6), 29.9 and 28.5 (CH,), 20.6-20.3
(CH;CO).

18: 'H NMR (CDCl,): 6 5.87-5.74 (m, 1 H,
=CH), 536 (d, 1 H, J;, 5.1 Hz, H-3), 5.23-5.21
(m, 1 H, H-5), 5.07-4.95 (m, 2 H, =CH,), 5.00 and
498 (25,2 H, H-1, H-2), 462 (dd, 1 H, Jg ¢, 12.3.
Jous 2.3 Hz, H-6a), 4.49 (dd, 1 H, J,5 9.4 Hz, H-4),
4.14 (dd, 1 H, Jg, s 4.9 Hz, H-6b), 3.75-3.44 (m, 2
H, OCH,), 2.13 (m, 2 H, CH,), 2.11-2.00 (4 s, 12
H, CH,CO), 1.71-1.63 (m, 2 H. CH,); "C NMR
(CDCl,): & 170.4-169.1 (CO). 137. 8 (~CH), 114.9
(=CH,), 106.2 (C-1), 80.1 (C-2), 77.9 (C-4), 73.2
(C-3), 68.6 (C-5), 67.5 (OCH,), 63.1 (C-6), 29.9
(CH,), 28.4 (CH,), 20.6-20.3 (CH,CO). Anal.
Calcd for CgH,30,, (mixture of anomers): C, 54.80;
H, 6.78. Found: C, 54.40; H., 6.77.

Pent-4-enyl 2,3,5,6-tetra-O-acetyl- a-D-manno-
To a suspension of b-mannose (0.45
g, 2.5 mmol) in dry THF (9 mL) was added 4-penten-
1-0l (0.5 mL, 5 mmol) and FeCl, (1.22 g, 7.5 mmol)
at 0 °C. The mixture was stirred for 40 h at room
temperature under nitrogen followed, as for 1, by the
addition of dry pyridine (8 mL, 97.5 mmol) and
Ac,0 (2.8 mL, 30 mmol) at 0 °C. The same proce-
dure (stirring overnight, work-up, and column chro-
matography) was then applied to give anomer 2«
(0.52 g, 50%) as a colorless oil; [a]} +102° (c 1
CH,Cl,); R, 0.4 (3:2 petroleum ether—EtOAc);
NMR(CDCI ): 6 5.80 (m, 1 H, =CH). 5.57 (t, 1 H
H-3), 527(ddd 1 H, H-5), 5.18 (dd, 1 H, J,; 5.1
Hz, H-2), 5.10(d, 1 H, J,, 2.9 Hz, H-1), 5.02-4.97
(m, 2 H, =CH,), 456 (dd, 1 H, J,, ¢ 122, Jg,5 2.3
Hz, H-6a), 4.38 (dd, 1 H, J,; 8.8 Hz, H-4), 4.14 (dd,
1 H, Jos 5.6 Hz, H-6b), 3.69-3.47 (2 dt, 2 H,
OCH,), 2.11 (m, 2 H, CH,), 2.07-2.01 (4 s, 12 H,
CH,CO), 1.71-1.64 (m. 2 H. CH,); “C NMR
(CDCl,): 8 170.2-169.0 (CO), 137.6 (=CH), 114.7
(=CH,), 104.7 (C-1), 76.0 (C-2), 75.3 (C-4), 70.3
(C-3), 67.9 (C-5), 67.7 (OCH,), 62.6 (C-6), 29.8
(CH,), 28.3 (CH,), 20.4-20.0 (CH,CO). Anal.
Calcd for C,H,,0,,: C, 54.80: H. 6.78. Found: C,
55.01; H, 6.96.

Pent-4-enyl 2,3,5,6-tetra-O-acetyl-a, B-D-galacto-
furanoside (3).—To a suspension of D-galactose (0.9
g, 5 mmol) and CaCl, (0.56 g, 5 mmol) in dry THF
(7.5 mL) was added 4-penten-1-ol (1 mL, 10 mmol).
The soln was cooled to 0 °C before adding FeCl,
(2.43 g, 15 mmol) by small portions. The mixture
was stirred for 62 h at room temperature under
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nitrogen followed by the addition of dry pyridine (16
mL, 195 mmol) at 0 °C and, after stirring for 15 min
at room temperature, Ac,0 (5.7 mL, 60 mmol) was
added. The resulting soln was maintained at room
temperature under vigorous stirring overnight. Fol-
lowing the same work-up as described for 1, com-
pound 3 (1.12 g, 54%) was isolated after column
chromatography (7:3 petroleum ether-EtOAc) as a
colorless oil and as an inseparable mixture of anomers
(a:B=40/60 from H-5 signal integration) [12], R,
0.46 (3:2 petroleum ether—EtOAc).

3a: 'H NMR (CDCl,): & 5.86-5.75 (m, 1 H,
=CH), 5.60 (dd, 1 H, H-3), 5.21 (m, 1 H, H-5), 5.17
(d, 1 H, J,, 4.6 Hz, H-1), 5.06-4.94 (m, 3 H, H-2,
=CH,), 434 (m, 1 H, H-62), 4.15 (m, 1 H, H-6b),
3.75-3.34 (m, 2 H, OCH,), 2.15-2.08 (m, 2 H,
CH,), 2.14-2.05 (4 s, 12 H, CH,CO), 1.73-1.61 (m,
2 H, CH,); “C NMR (CDCl,): & 170.2-169.4
(CO), 137.7 (=CH), 114.7 (=CH,), 99.4 (C-1), 77.3
(C-4), 76.5 (C-2), 734 (C-3), 70.5 (C-5), 675
(OCH,), 62.0 (C-6), 29.8 (CH,), 28.3 (CH,), 20.6-
20.3 (CH,CO).

3B: 'H NMR (CDCl,): 6 5.86-5.75 (m, 1 H,
=CH), 5.38 (m, 1 H, H-5), 5.06-4.94 (m, 4 H, H-1,
H-2, =CH,), 4.36-4.32 (m, 1 H, H-6a), 4.26-4.19
(m, 2 H, H-4, H-6b), 3.75-3.34 (m, 2 H, OCH,),
2.15-2.08 (m, 2 H, CH,), 2.14-2.05 (m, 12 H,
CH,CO), 1.73-1.61 (m, 2 H, CH,); "C NMR
(CDCl,): 8 170.2-169.4 (CO), 137.7 (=CH), 114.8
(=CH,), 105.2 (C-1), 81.1 (C-2), 79.6 (C-4), 76.3
(C-3), 69.0 (C-5), 66.7 (OCH,), 62.4 (C-6), 29.9
(CH,), 283 (CH,), 20.6-20.3 (CH,CO). Anal.
Calcd for C,gH 30, (mixture of anomers): C, 54.80;
H, 6.78. Found: C, 54.69; H, 6.84.

General procedure for the synthesis of disaccha-
rides 7-12 and 15.—To a soln of the glycosyl
acceptor (0.1 M, 0.8 equiv) and of the pentenyl
glycoside (1.0 equiv) in dry dichloromethane at room
temperature was added N-iodosuccinimide (NIS, 1.3
equiv) followed by triethylsilyl triftuoromethanesul-
fonate (TESOTT, 0.3 equiv). The mixture was stirred
under nitrogen until TLC analysis indicated complete
disappearance of the starting acceptor (10—15 min).
Several drops of Et;N were added to the reaction
mixture until it turned into a yellow soln. The result-
ing soln was diluted with CH,Cl, and was washed
successively with 10% aq Na,S,0,, 0.5% aq HCl
(until neutral pH), and satd aq NaCl. The combined
organic layers were dried over MgSO, and the sol-
vent was removed in vacuo. The crude residue was
then subjected to flash column chromatography.

Methyl 6-0-(2,3,5,6-tetra-0-acetyl- B-D-gluco-

furanosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (7).
—From 5 (0.4 g, 0.86 mmol) and 1 (0.45 g, 1.08
mmol). The crude product was subjected to flash
column chromatography using a 3:2 to 1:1 petroleum
ether-Et,O step-gradient mixture to provide disac-
charide 7 (0.4 g, 60%) as a colorless oil; [« ]2 +16°
(c 1, CH,Cl,); R, 0.3 (2:3 petroleum ether—Et,0).
Anal. Calcd for C,,H,O,5: C, 63.47; H, 6.34. Found:
C, 63.10; H, 6.44.

Methyl 6-0-(2,3,5,6-tetra-O-acetyl-a-D-manno-
furanosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (8).
—From 5 (0.4 g, 0.86 mmol) and 2 (0.45 g, 1.08
mmol). The crude product obtained after work-up
was subjected to flash column chromatography using
7:3 petroleum ether-Et,O to provide disaccharide 8
(0.43 g, 63%) as a white amorphous solid; [a]¥
+99° (¢ 1, CH,Cl,); R, 0.34 (3:7 petroleum ether—
Et,0). Anal. Caled for C,,H;,0,5: C, 63.47; H,
6.34. Found: C, 63.42; H, 6.37.

Methyl 6-0-(2,3,5,6-tetra-O-acetyl- B-D-galacto-
Sfuranosyl)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (9).
—From 5 (0.42 g, 0.91 mmol) and 3 (047 g, 1.13
mmol). The crude product was subjected to flash
column chromatography using a 3:2 to 1:1 petroleum
ether—Et,O step-gradient mixture to provide disac-
charide 9 (0.58 g, 58%) as a colorless oil; [a]¥
+11° (¢ 1, CH,Cl,); R, 0.24 (2:3 petroleum ether—
Et,0). Anal. Caled for C,,H,,0,5: C, 63.47; H,
6.34. Found: C, 63.69; H, 6.43.

Methyl 4-0-(2,3,5,6-tetra-0-acetyl- B-D-gluco-
furanosyl)-2, 3,6-tri-O-benzyl- a-D-glucopyranoside
(10).—From 6 (0.4 g, 0.86 mmol) and 1 (0.45 g,
1.08 mmol). Chromatography of the crude residue
using 1:1 petroleum ether—Et,O provided the disac-
charide 10 (0.48 g, 70%) as an amorphous solid;
[a]) +28° (c 1, CH,Cl,); R, 0.29 (2:3 petroleum
ether-Et,0). Anal. Caled for C,,H4,0,5: C, 63.47;
H, 6.34. Found: C, 63.27; H, 6.40.

Methyl 4-0-(2,3,5,6-tetra-O-acetyl- a-D-manno-
furanosyl)-2, 3, 6-tri-O-benzyl- a-D-glucopyranoside
(11).—From 6 (0.45 g, 0.96 mmol) and 2 (0.5 g,
1.20 mmol). Chromatography of the crude residue
using 19:1 CH,Cl,-acetone provided the disaccha-
ride 11 (0.61 g, 80%) as a white solid; mp 162—165
°C; [aly +99° (c 1, CH,Cl,); R, 0.23 (3:7 petro-
leum ether—Et,0). Anal. Caled for C,,H,0,5: C,
63.47; H, 6.34. Found: C, 63.20; H, 6.40.

Methyl 4-0-(2,3,5,6-tetra-O-acetyl- B-D-galacto-
furanosyl)-2, 3,6 -tri-O-benzyl- a-D-glucopyranoside
(12).—From 6 (0.18 g, 0.38 mmol) and 3 (0.2 g,
0.48 mmol). Chromatography of the crude residue
using 2:3 petroleum ether—Et,O provided disaccha-
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ride 12 (0.24 g, 80%) as a yellow oil; [a ] +28° (¢
1. CH,Cl,); R, 0.28 (2:3 petroleum ether-Et,0).
Anal. Calcd for C ,,H4,0,4: C, 63.47; H, 6.34. Found:
C, 63.27; H, 6.33.

Octyl 2,3,5-tri-O-benzyl- B-D-galactofuranoside
(14).—Octyl B-p-galactofuranoside (13) [8] (0.4 g,
1.37 mmol) and DMAP (0.02 g, 0.14 mmol) were
dissolved in dry pyridine (10 mL). 4-Anisylchloro-
diphenylmethane (MMTrCl) (0.46 g, 1.50 mmol) was
added at 0 °C and the reaction mixture was stirred at
room temperature for 64 h. The soln was coevapo-
rated with toluene and the residue was subjected to
column chromatography (4:1 CH,Cl,~acetone) to
afford the corresponding 6-O-tritylated compound
(0.43 g, 56%). To a soln of this compound (0.37 g,
0.66 mmol) in dry DMF (6 mL), was added sodium
hydride (60% dispersion in mineral oil, 0.16 g, 3.96
mmol) at 0 °C. After stirring for 15 min, benzyl
bromide (0.47 mL, 3.96 mmol) was introduced drop-
wise. The reaction mixture was stirred for 3 h. MeOH
(2 mL) was added and the mixture was evaporated to
dryness. The residue was redissolved in CH,Cl, (150
mL), extracted with water (3 X 20 mL) and brine (20
mL), dried (MgSO,), evaporated, and chromato-
graphed on silica gel using a 19:1 to 85:15 petroleum
ether—Et,O step-gradient mixture to give a vellow oil
(0.46 g, 84%). Part of this oil {0.20 g, 0.24 mmol)
was dissolved in AcOH (2 mL) and heated to 70 °C.
Water (0.5 mL) was then added dropwise. This soln
was stirred at 70 °C for 5 h, coevaporated with EtOH
(4 X 5 mL) and chromatographed on silica gel using
CH,Cl, and then a 49:1 CH,Cl,-acetone mixture to
provide 14 (0.096 g, 71%) as a yellow oil; [« ]¥
--46° (¢ 1, CH,Cl,); R, 0.21 (CH,Cl,); '"H NMR
(CD;0D): & 7.36-7.21 (m, 15 H, CH-Ar), 5.00 (s,
I H, H-1), 4.69-4.30 (m, 6 H, CH,Ph), 4.11 (dd, 1
H. J,5 6.8, J,; 3.7 Hz, H-4), 3.98-3.94 (m, 2 H,
H-3, H-2), 3.74-3.64 (m, 3 H, H-5, OCH,), 3.60
(dd, 1 H, J,5 5.8 Hz, H-6a), 3.39 (m, 1 H, Jg, ¢, 9.6,
Jeps 6.4 Hz, H-6b), 1.60-1.53 (m, 2 H, CH%), 1.36-
1.28 (m. 10 H, CH,), 0.89 (1, 3 H, CH,); "C NMR
(CD,0D): & 139.7-128.7 (Ar), 107.3 (C-1), 89.4
(C-2), 84.2 (C-3), 82.0 (C-4), 80.1 (C-5), 74.3-72.8
(CH,Ph), 685 (OCH,), 62.8 (C-6), 33.0-23.7
(CH,), 14.5 (CH;). Anal. Calcd for CyH,Oq: C,
74.70; H, 8.24. Found: C, 75.04; H, 8.47.

Octyl 6-0-(2,3,5,6-tetra-O-acetyl- B-p-galacto-
Sfuranosyl)-2,3,5-tri-O-benzyl- B-D-galactofuranoside
(15).—From 14 (0.11 g, 0.19 mmol) and 3 (0.10 g,
0.24 mmol) as previously described. The crude prod-
uct was purified by flash chromatography using a 3:2
to 2:3 petroleum ether—Et,O step-gradient mixture to

provide disaccharide 15 (0.1 g, 55%) as a pale yellow
oil; [aly —50° (¢ 1, CH,CL,); R, 045 (2:3
petroleum ether—Et,0). Anal. Caled for C,4H,0,s:
C, 65.90; H, 7.22. Found: C, 66.30; H, 7.39.
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