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Abstract: An efficient method for the synthesis of 2,6-branched ga-
lacto-oligosaccharides has been developed by using 6-O-Ac-2,3,4-
tri-O-Bz-u-D-galactopyranosy! trichloroacetimidate, 2,6-di-O-Ac-
3,4-di-O-Bz-0-D-galactopyranosy! trichloroacetimidate and 2-O-
Ac-3,4,6-tri-O-Bz-u-D-galactopyranosyl trichloroacetimidate as
synthons. Three tetrasaccharides and a hexasaccharides related to
AGs from plants were readily prepared using this method.

Key words:. arabinogalactan, oligosaccharides, synthesis, glyco-
sides, glycosylations

Increased appreciation of the role of carbohydratesin the
biological and pharmaceutical science resulted in areviv-
a of interest in carbohydrate chemistry. However, com-
pared with other biopolymers such as peptides and nucleic
acids, therole of saccharide structure in function has been
minimally studied. This can be attributed mainly to the
difficulty of synthesizing saccharides. Unlike peptides
and nucleic acids, oligosaccharides are typically branched
rather than linear. In addition, the monosaccharide units
can be connected by o or B linkages. Furthermore, oli-
gosaccharide synthesis requires multiple selective protec-
tion and deprotection steps. Although over the past few
decades, considerable progress has been made in this
field,! there still is no general solution for oligosaccharide
synthesis. Maybe, owing to this structural complexity, the
preparation of saccharides will never achieve the same
level of ease as the preparation of peptides and nucleic ac-
ids, but we can create relatively general procedureswhich
are effective for certain types of oligosaccharide. As our
continuous efforts dedicated to the synthesis of oligosac-
charides, we have developed highly efficient strategiesfor
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the construction of 3,6-branched gluco-oligosaccharides,?
2,6-branched manno-oligosaccharides,® 3,6-branched and
5,6-branched gal acto-oligosaccharides.*®

2,6-Branched D-Galp residues like 2-O-arabinofurano-
sylated-B-D-(1—6)-linked galacto-oligosaccharides are
common structural components of AGs from plants in-
cluding traditional herbal medicines such as Acer pseudo-
platanus,® Angelica acutiloba and Bupleurum falcatum.”
Researches shown that the pharmacologica activities of
these herbal plants are mainly attributed to AGs. So far,
the presence of 2,6-branched B-D-Galp residuesin AGsis
well defined, however, the exact structure of these saccha-
rides remains to be established. For detailed characteriza-
tion of AGs, especialy, for further elucidation of the
molecular structure responsible for their biological activ-
ity, it would be necessary to synthesize 2,6-branched ga-
lacto-oligosaccharides. Several methods for preparation
of 2,6-branched galacto-oligosaccharides have been de-
scribed in literatures.® Here we disclose an efficient strat-
egy for synthesis of this kind of oligosaccharides.
Constructions of three tetrasaccharides and a hexasaccha
ride related to AGs from plants have been presented as
typical examples using the method developed (Figure 1).

In our synthesis, 6-O-Ac-2,3,4-tri-O-Bz-a-D-gal actopyra-
nosyl trichloroacetimidate (8), 2-O-Ac-3,4,6-tri-O-Bz-a-
D-galactopyranosy! trichloroacetimidate (13) and 2,6-di-
O-Ac-3,4-di-O-Bz-a-D-galactopyranosyl  trichloroace-
timidate (17) were the key synthons. Tritylation of galac-
tose (5) followed by benzoylation in a one-pot manner
gave 1,2,3,4-tetra-O-Bz-6-O-Tr-D-gal actoyranose, selec-
tive acetolysis of which using CH,Cl,—AcOH-Ac,0—
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H,SO, inaratio of 1:1:0.6:0.175 afforded the correspond-
ing 1,6-diacetate 6 in 70% yield (for three steps). The di-
acetate 6 was selectively deacetylated at the anomeric
position with benzylaminein THF in high yieldto givethe
corresponding 6-O-Ac-2,3,4-tri-O-Bz-D-gal actopyranose
(7). Subsequent reaction of 7 with CCI;CN/DBU in
CH,CI, afforded the glycosyl donor 8 (Scheme 1). Ben-
zoylation of 1,2-O-ethylidene-u-D-galactopyranose® (9)
followed by hydrolysis with 90% CF,COOH afforded
3,4,6-tri-O-Bz-D-gal actopyranose (10), subsequent acety-
lation with Ac,O in pyridine furnished the diacetate 11.
Selective 1-O-deacetylation of 11 and then treatment with
CCI,CN/DBU in CH,CI, afforded the glycosyl donor 13
(Scheme 2). Tritylation of 1,2-O-ethylidene-p-D-galacto-
pyranose (9) followed by benzoylation in a one-pot man-
ner gave the 3,4-di-O-Bz-6-O-Tr-1,2-O-ethylidene-D-
galactopyranose (14) (Scheme 3). Acetolysis of 14 af-
forded  1,2,6-tri-O-Ac-3,4-di-O-Bz-D-gal actopyranose
(15). The triacetate 15 was selectively deacetylated at the
anomeric position with benzylaminein THF in high yield
to give the corresponding 2,6-di-O-Ac-3,4-di-O-Bz-D-ga-
lactoyranose (16). Subsequent reaction of 16 with
CCI,CN/DBU in CH,CI, afforded the glycosyl donor 17.

Coupling of 8 with dodecy! alcohol followed by selective
6-O-deacetylation in MeOH solution containing 0.5%
HCI gave the glycosyl acceptor 19 in 87% yield for two
steps.® The disaccharide glycosyl acceptor 21 was ob-
tained from condensation of 17 and 19 followed by 2,6-
di-O-deacetylation in 71% yield (Scheme 4). Coupling
of 21 with 2,3,4,6-tetra-O-Bz-a-D-galactopyranosy! tri-
chloroacetimidate'® using TMSOTTf as catalyst and 4 A

molecular sieves in CH,CI, at —45 °C regio- and stereo-
specifically afforded the trisaccharides 22 in 82% vyield.
No (1—2)-linked trisaccharide was detected from *H
NMR and TLC. Condensation of 22 with 2,3,5-tri-O-Bz-
a-L-arabinofuranosyl trichloroacetimidate* afforded the
tetrasaccharide block 23 in 84% yield. Coupling of com-
pound 8 with the glycosyl acceptor 19 followed by 6-O-
deacetylation gave the disaccharide glycosyl acceptor 25
in 87% yield. The trisaccharide glycosyl acceptor 27 was
obtained from condensation of 25 and 13 followed by 2-
O-deacetylation in 72% yield. Condensation of 27 with
2,3,5-tri-O-Bz-a-L-arabinofuranosyl trichloroacetimidate
afforded the tetrasaccharide block 28 in 85% yield.
Deprotection of 23 and 28 using NH; in CH;OH gave the
free tetrasaccharides 1 and 2 as amorphous white solidsin
high yields.

The glycosyl acceptor 30 was obtained from coupling of
compound 17 with dodecy! alcohol followed by 2,6-di-O-
deacetylation with MeOH solution containing 0.5% HCI
in 76% yield for two steps (Scheme 5). Coupling of 30
with 8 using TMSOTT as catalyst and 4A molecular sieves
in CH,CI, at 45 °C regio- and stereospecifically afforded
the disaccharide 31 in 84% yield. Condensation of 31 with
2,3,5-tri-O-Bz-a-L-arabinofuranosyl trichloroacetimidate
afforded the trisaccharide 32 in 85% yield. Selective re-
moval of the 6-O-acetyl group of the trisaccharide 32 gave
the glycosyl acceptor 33 in 93% vyield. Coupling of 17
with 33 gave the tetrasaccharide 34. Selective removal of
the acetyl group of 34 gave the glycosyl acceptor 35 in
94% yield. Coupling of 35 with 2,3,4,6-tetra-O-Bz-a-D-
galactopyranosyl trichloroacetimidate regio- and stereo-
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Schemel Reagentsand conditions: (@) i. Trityl chloride (1.2 equiv), pyridine, 50 °C, 32 h; ii. PhCOCI (4.8 equiv), < 40 °C, 24 h; iii. CH,Cl —
HOAc-Ac,0-H,SO, = 1:1:0.6:0.175 (v/v), r.t., 20 h, 70% (for three steps). (b) Benzylamine (3.2 equiv.), THF, r.t., 24 h, 85%. (c) CCI,CN (2.3

equiv), DBU (0.18 equiv), CH,Cl,, r.t., 5 h, 84%.
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Scheme 2 Reagents and conditions: (a) i. PhCOCI (3.3 equiv), pyridine, <40 °C, 24 h, 95%; ii. F;CCOOH (90%), r.t., 4 h, 89%. (b) Ac,0,
pyridine, r.t., 5 h, 100%. (c) Benzylamine (4.0 equiv), THF, r.t., 24 h, 88%. (d) CCI;CN (3.3 equiv), DBU (0.3 equiv), CH,Cl,, r.t., 5 h, 86%.
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Scheme 3 Reagentsand conditions: (a) i. Trityl chloride (1.2 equiv ), pyridine, 50 °C, 32 h; ii. PhCOCI (4.8 equiv), < 40 °C, 24 h; 71% (for
two steps). (b) CH,Cl,—HOAc-Ac,0-H,SO, = 1:1:0.6:0.175, r.t., 20 h, 83%. (c) Benzylamine (4.0 equiv), THF, r.t., 24 h, 88%. (d) CCI;CN
(3.3 equiv), DBU (0.3 equiv), r.t., 5 h, 86%.
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Scheme4 Reagents and conditions. (a) Dodecy! acohol (2 equiv), TMSOTT (0.05 equiv), CH,Cl,, r.t., 3 h, 89%. (b) MeOH-0.5% HCI, r.t.,
12-14 h, 93-96%. (c) 17 (1.4 equiv), TMSOTf (0.02 equiv), MS 4 A, CH,Cl,, r.t., 2 h, 86%. (d) 2,3,4,6-Tetra-O-Bz-a-D-gal actopyranosy! tri-
chloroacetimidate (1.0 equiv), TMSOTf (0.02 equiv), MS 4 A, CH,Cl,, 45 °C, 2 h, 82%. (€) 2,3,5-Tri-O-Bz-o-L-arabinofuranosyl trichloroa-
cetimidate (1.3 equiv), CH,Cl,, TMSOTf (0.02 equiv), r.t., 2 h, 84% for 23, 85% for 28. (f) 8 (1.4 equiv), TMSOTf (0.02 equiv), MS 4 A,
CH,Cl,, r.t., 2 h. 87%. (g) 13 (1.4 equiv.), TMSOTT (0.02 equiv.), MS 4 A, CH,Cl,, r.t., 2 h. 85%. (h) CH,OH sat. with anhyd NH,, r.t., 72 h,
95% for 1, 96% for 2.
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Scheme5 Reagents and conditions: (a) Dodecy! alcohol (2 equiv), TMSOTf (0.05 equiv), CH,Cl,, r.t., 3 h, 91%. (b) MeOH-0.5% HCI, r.t.,
12-14 h, 93-96%. (c) 8 (1.0 equiv), TMSOTf (0.02 equiv), MS 4 A, CH,Cl,, —45 °C, 2 h, 84%. (d) 2,3,5-Tri-O-Bz-a-L-arabinofuranosyl tri-
chloroacetimidate (1.3 equiv), CH,Cl,, TMSOTf (0.02 equiv), r.t., 2 h, 85% for 32, 81% for 37. (e) 17 (1.3 equiv), TMSOTf (0.02 equiv), MS
4 A, CH,Cl,, rt., 2 h, 86%. (f) 2,3,4,6-Tetra-O-Bz-a-D-galactopyranosyl trichloroacetimidate (1.0 equiv), TMSOTf (0.02 equiv.), MS 4 A,
CH,Cl,, 45 °C, 2 h, 83%. (g) CH3OH sat. with anhyd NH, r.t., 72 h, 94% for 3, 97% for 4.
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specifically afforded the pentasaccharide 36 in 83% yield.
Condensation of 36 with 2,3,5-tri-O-Bz-a-L-arabino-
furanosyl trichloroacetimidate afforded the blocked hexa-
saccharide 37 in 81% yield. Deprotection of 34 and 37
gave the free tetrasaccharides 3 and hexasaccharide 4 as
amorphous white solids.

All new compoundsinvolved in this study wereidentified
by optical rotations, *H NMR or/and **C NMR spectros-
copy, and elemental analyses or MALDI-TOF MS. Se-
lected physical datafor some key compounds are givenin
references.!t

In summary, an efficient method for the preparation of
2,6-branched galacto-oligosaccharides has been devel-
oped by regio- and stereoselective glycosylation using
glycosyl trichloroacetimidates as the donors and partially
protected sugars as the acceptor. This method can be used
to synthesize both homo- and hetero- saccharide struc-
tures, which are used for the further assembly of advanced
bioactive sugar chains. The sole use of acyl groupsin the
synthesis substantially simplified the procedure.
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For 8: [a]p +20.9 (¢ 1.0, CHCI5). *H NMR (400 MHz,
CDCl,): $ =8.66 (s, 1L H, CNHCCI,), 8.08-7.26 (m, 15H, 3
x PhH), 6.89 (d, J; , = 3.6 Hz, 1 H, H-1), 6.06 (dd, 1 H, H-
4), 6.05 (dd, 1 H, H-3),5.94 (dd, 1 H, H-2), 472 (m, 1 H, H-
5),4.28-4.26 (m, 2H, H-6a,6b), 1.99 (s, 3H, CH,CO). Anal.
Calcd for C4H,sNO,Cl5: C, 54.84; H, 3.86. Found: C,
54.69; H, 3.98.

For 13: [0]p +21.2 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCl,): 6 =8.71 (s, 1 H, CNHCCl,), 8.06-7.33 (m, 15H, 3
x PhH), 6.79 (d, J,, = 3.6 Hz, 1 H, H-1), 6.11 (dd, 1 H, H-
4),5.86 (dd, 1 H, H-3), 5.72 (dd, 1 H, H-2), 4.80 (m, 1 H, H-
5), 4.58 (dd, 1 H, H-64), 4.40 (dd, 1 H, H-6b), 1.98 (s, 3H,
CH4CO). Anal. Calcd for C;,H,¢NO,Cl4: C, 54.84; H, 3.86.
Found: C, 54.72; H, 3.90.

For 17: [a]p +55 (¢ 1.0, CHCI,). 'H NMR (400 MHz,
CDCl,): 6 =8.73(s, 1 H, CNHCCl,), 8.04-7.31 (m, 10H, 2
x PhH), 6.76 (d, J,, = 3.6 Hz, 1 H, H-1), 6.00 (dd, 1 H, H-
4),5.81 (dd, 1 H, H-3), 5.68 (dd, 1 H, H-2), 4.65 (m, 1 H, H-
5), 4.22 (m, 2 H, H-6a,b), 1.98, 1.97 (2 x s, 6 H, 2 CH;CO).
Anal. Calcd for C,H,,ClsNO,: C, 50.63; H, 3.92. Found: C,
50.79; H, 3.85.

For 19: [a], +67.8° (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 6 =8.13-7.25(m, 15H, 3x PhH), 5.85 (dd, 1 H, H-
2),5.81(dd, 1H, H-4),5.58(dd, 1H, H-3),4.79(d, J,,=7.9
Hz, 1H, H-1), 4.03 (m, 1 H, H-5), 3.97-3.54 (m, 4 H, H-
6a,6b, CH,C,;H,3), 1.56-0.86 (m, 23 H, CH,C,;H.;). Anal.
Calcd for C3qH,50,: C, 70.89; H, 7.32. Found: C, 70.51; H,
7.39.

For 21: [a]p +85.3 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 6 =8.04-7.22 (m, 25 H, 5x PhH), 6.00 (dd, 1 H, H-
4),5.74(dd, 1 H, H-2), 5.62 (dd, 1 H, H-4), 5.56 (dd, 1 H, H-
3),5.29(dd, 1H, H-3),4.77(d, J;, = 7.9Hz, 1H, H-1), 4.52
(d,J;,=7.6Hz,1H, H-1),1.60-0.81 (m, 23 H, CH,Cy;H,5).
Anal. Calcd for CgqHgsO46: C, 68.72; H, 6.45. Found: C,
68.49; H, 6.52.

For 22: [a]p +83.8 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 6 =8.10-7.22 (m, 45 H, 9x PhH), 5.99 (dd, 1 H, H-
4),5.90 (dd, 1 H, H-4), 5.78-5.74 (m, 2 H, H-2,4), 5.68 (dd,
1H, H-2),5.59 (dd, 1 H, H-3), 5.53 (dd, 1 H, H-3), 5.24 (dd,
1H,H-3),479(d,J;,=7.9Hz, 1H, H-1),4.63(d, J,,= 7.8
Hz, 1H, H-1), 446 (d, J,, = 7.6 Hz, 1 H, H-1), 1.60-0.86
(m, 23 H, CH,C,;H,3). Anal. Calcd for Cg3Hg,0,5: C, 69.39;
H, 5.76. Found: C, 69.62; H, 5.81.

For 23: [a]p +48.6° (¢ 1.0, CHCI,). *H NMR (400 MHz,
CDCl,):  =7.98-7.12 (m, 60 H, 12 x PhH), 6.02 (dd, 1 H,
H-4),5.86 (dd, 1 H, H-4), 5.77 (dd, 1 H, H-4), 5.70 (dd, 1 H,
H-2), 5.64 (dd, 1 H, H-2), 5.58-5.52 (m, 3 H, 3 x H-3), 5.49
(s, 1H,H-1),5.37(d, J,3=1.5Hz,1H, H-2),5.35(dd, 1 H,
H-3),4.70(d, J;,=8.0Hz, 1 H, H-1), 459 (d, J,, = 7.6 Hz,
1H,H-1),4.53(d, J;,=7.9Hz, 1H, H-1), 1.36-0.86 (m, 23
H, CH,C;;H,3). *C NMR (100 MHz, CDCl,): § = 166.19,
165.77, 165.48, 165.47, 165.41, 165.28, 165.23, 165.19,
165.16, 165.11, 165.0, 164.96 (12 PhCO), 106.51, 101.68,
101.44, 100.86 (4 C-1). Anal. Calcd for C;;gH,1,04,: C,
69.58; H, 5.50. Found: C, 69.23; H, 5.59.

For 25: [a]p +75.5 (¢ 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 6 =8.13-7.23 (m, 30 H, 6 x PhH), 5.92 (dd, 1 H, H-
4),5.80(dd, 1 H, H-2), 5.76 (dd, 1 H, H-4), 5.68 (dd, 1 H, H-
2),5.53(dd, 1H, H-3),5.50(dd, 1H, H-3),4.83(d, J,,=7.9
Hz, 1H, H-1), 4.63(d, J,, = 8.0 Hz, 1 H, H-1), 1.39-0.87
(m, 23 H, CH,C,;H,3). Anal. Calcd for CgH,40,7: C, 69.83;
H, 6.21. Found: C, 69.91; H, 6.37.

For 27: [a]p +86.5 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 6 =8.05-7.15(m, 45H, 9x PhH), 5.94 (dd, 1 H, H-
4),5.86 (dd, 1 H, H-4), 5.83 (d, 1 H, H-4), 5.77 (dd, 1 H, H-
2),5.68(dd, 1 H, H-2), 5.55 (dd, 1 H, H-3), 5.52 (dd, 1 H, H-
3),5.32(dd, 1H, H-3),4.87(d, J;, = 7.9Hz, 1H, H-1), 4.67
(d,J,=79Hz,1H,H-1),4.52(d, J,,=7.7Hz, 1 H, H-1),
1.40-0.86 (m, 23 H, CH,C,;H,3). Anal. Calcd for CogHg,0ss:
C, 69.39; H, 5.76. Found: C, 69.48; H, 5.81.

For 28: [a]p +56.0 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCl,):  =8.07-7.20 (m, 60 H, 12 x PhH), 6.01 (dd, 1 H,
H-4),5.88 (dd, 1 H, H-4),5.79 (dd, 1 H, H-4), 5.70 (dd, 1 H,
H-2), 5.68 (dd, 1 H, H-2), 5.54-5.49 (m, 3H, 3 x H-3), 5.46
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(dd,1H, H-3),5.45(s, 1H, H-1),5.36 (d, J,3=1.2Hz, 1 H,
H-2),4.65(d,1H,J;,=8.2Hz H-1),4.63(d, 1H,J;,=8.2
Hz, H-1),451(d, 1H, J;,=7.6 Hz, 1 H, H-1). 1.35-0.85
(m, 23 H, CH,C;;H,3). 3C NMR (100 MHz, CDCly): § =
166.21, 165.73, 165.47, 165.43, 165.40, 165.33,165.33,
165.29, 165.21, 165.07, 165.07, 164.98 (12 PhCO), 106.27,
101.46, 101.19, 100.93 (4 C-1). And. Calcd for Cy;gH11,03,:
C, 69.58; H, 5.50. Found: C, 69.74; H, 5.46.

For 1: [a]p—6.5 (c 1.0, H,O). *H NMR (400 MHz, D,0): § =
5.26 (s, 1H, H-1), 448 (d, J,, = 6.0 Hz, 1 H, H-1), 4.39 (d,
J,=7.6Hz, 1H, H-1),4.30(d, J;,=6.0Hz, 1 H, H-1),
1.58-0.83 (m, 23 H, CH,C,;H,;). MALDI-TOF MS: m/z
calcd for CysHgsO40: 804.88 [M] , found: 827.54 (M + Na)*.
For 2: [a]p—8.6 (¢ 1.0, H,0). IH NMR (400 MHz, D,0): § =
5.33(s, 1 H, H-1), 455 (d, J;, = 6.0 Hz, 1 H, H-1), 4.46 (d,
J,=6.0Hz,1H, H-1),438(d, J,,=6.0Hz, 1 H, H-1),
1.66-0.92 (m, 23 H, CH,C,,H,;). MALDI-TOF MS: m/z
calcd for CysHg,O40: 804.88 [M], found: 827.81 (M + Na)*.
For 30: [a]p +82.7 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 8 =8.08-7.26 (m, 10 H, 2x PhH), 5.71 (dd, 1 H, H-
4),5.38(dd, 1H, H-3),4.51(d, J,,=7.7Hz,1H, H-1),4.13
(dd, 1H, H-2), 3.98(dd, 1 H, H-6a), 3.93 (m, 1H, H-5), 3.78
(dd, 1 H, H-6b), 3.64-3.59 (m, 2 H, CH,C,,H,3), 1.36-0.86
(m, 23 H, CH,C,;H,3). Anal. Calcd for C;,H,,0g: C, 69.04;
H, 7.97. Found: C, 69.19; H, 8.04.

For 31: [a]p +88.3 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 8 =8.07—7.24 (m, 25H, 5x PhH), 5.83 (dd, 1 H, H-
4),5.78(dd, 1 H, H-4), 5.73(dd, 1 H, H-2), 5.50 (dd, 1 H, H-
3),5.29(dd, 1H, H-3),4.84(d, J;, =7.9Hz, 1H, H-1), 4.37
(d,J;,=7.7Hz,1H, H-1), 1.35-0.86 (M, 23H, CH,Cy;Hy).
Anal. Calcd for C4HegO47: C, 68.27; H, 6.39. Found: C,
68.19; H, 6.35.

For 33: [a]p +73.4 (c 1.0, CHCI;). *H NMR (400 MHz,
CDCly): 8 = 8.01-7.13 (m, 40 H, 8 x PhH), 5.87 (dd, 1 H, H-
4),5.78 (dd, 1H, H-2), 5.74 (dd, 1 H, H-4), 5.52-5.47 (m, 3
H,3xH-3),5.36 (s, 1H, H-1),5.21(d, J;,=0.9Hz, 1 H, H-

Synlett 2003, No. 14, 2208-2212 © Thieme Stuttgart - New York

2),4.80(d, J;,=79Hz,1H,H-1),451(d,J;,=7.8Hz 1
H, H-1), 1.4-0.86 (m, 23 H, CH,C,,H,3). Anal. Calcd for
CgsHgsOys: C, 69.19; H, 5.87. Found: C, 69.44; H, 5.91.
For 34: [a]p +77.6 (c 1.0, CHCl,). *H NMR (400 MHz,
CDCl;): 8 =8.01-7.13 (m, 50 H, 10 x PhH), 5.89 (dd, 1 H,
H-4), 5.85(dd, 1 H, H-4),5.72 (dd, 1 H, H-4), 5.70 (dd, 1 H,
H-2), 5.55-5.47 (m, 3H, 3x H-3), 5.43 (s, 1 H, H-1), 5.36
(d,J;,=1.1Hz, 1H, H-2),5.35(dd, 1 H, H-3), 5.25 (dd, 1
H, H-3),4.82(d, J,,=7.8Hz, 1H, H-1),4.52(d, J,,=7.8
Hz,1H,H-1),4.46 (d, J,,=7.9Hz,1H, H-1), 1.89, 1.88 (2
xS, 6 H, 2x CH;CO), 1.36-0.86 (M, 23 H, CH,Cy;H,;). *C
NMR (100 MHz, CDCl,): § = 170.18, 169.23 (2 x CH,CO),
166.08, 165.57, 165.44, 165.44, 165.40, 165.27, 165.20,
165.11, 165.04, 164.87 (10 x PhCO), 106.03, 101.98,
100.94, 100.22 (4 x C-1) 20.53, 20.44 (2 x CH,CO). Anal.
Calcd for CypgH;005,: C, 67.83; H, 5.64. Found: C, 67.68;
H, 5.69.

For 37: [a]p +37.5 (¢ 1.0, CHCl). *H NMR (400 MHz,
CDCl,): 6 =5.41 (s, 1 H, H-1), 5.30 (s, 1 H, H-1), 4.65 (d,
J,=7.6Hz,1H,H-1),447(d,J,,=7.7Hz,1H, H-1),4.39
(d,J,=77Hz,1H,H-1),4.32(d, J,, =7.5Hz, 1 H, H-1).
13C NMR (100 MHz, CDCly): & = 106.17, 106.02, 101.92,
101.22, 100.90, 100.82 (6 x C-1). Anal. Calcd for
Cie5H150046: C, 69.08; H, 5.27. Found: C, 69.54; H, 5.17.
For 3: [a]p —17.5 (c 1.0, H,0). *H NMR (400 MHz, D,0):
8=5.22(s,1H, H-1), 438, 4.36, 4.11 (d, 3H, 3x H-1),
1.54-0.79 (m, 23 H, CH,C,,H,;). MALDI-TOF MS: m/z
calcd for Cy5He,O,0: 804.88 [M], found: 827.65 (M + Na)*.
For 4: [a]p —6.8 (c 1.0, H,O). *H NMR (400 MHz, D,0): § =
525(s, 1H, H-1),5.23(s, 1 H, H-1),4.52 (d, J; , = 6.8 Hz,
1H, H-1), 4.01-4.39 (m, 3 H, H-1), 1.56-0.84 (m, 23 H,
CH,C1;H,3). ®*CNMR (100 MHz, D,0): § =108.23, 108.23,
103.45,103.45, 103.25,102.17 (6 x C-1). MALDI-TOFMS:
m/z calcd for CugHg,O,9: 1099.14 [M], found: 1122.26 (M +
Na)*.
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