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Arylboronic compound 1 that has intramolecular coordination promotes highly regioselective 3-O- and/or 6-O-glu-
cosidation and -galactosidation of methyl fucopyanoside, methyl galactopyranoside, methyl mannopyranoside, p-meth-
ylphenyl 1-thiogalactopyranoside, and p-methylphenyl 1-thiomannopyranoside with peracetylated glucopyranosyl bro-
mide or galactopyranosyl bromide as a glycosyl donor in the presence of Ag,CO;, Et4NI, and molecular sieves 4A in
THE. Glycosyl acceptors and promoter 1 form cyclic boronates at cis-vicinal diol (3,4-diol or 2,3-diol) and/or 4,6-diol
moieties with concomitant activation of the less hindered 3-O (equatorial) and/or 6-O (primary) nucleophiles via in-
tramolecular O — B coordination. This reaction provides a novel method of simultaneous one-pot 3,6-O-double glyco-

sidation (glucosidation and galactosidation) to give trisaccharides.
lated mannopyranosyl bromide only gives rise to orthoesters.

Selective functionallization, especially glycosidation, of un-
protected sugars remains a challenge in synthetic glycochemis-
try. The protection/deprotection procedure in common use is
essentially based on selective deactivation of all but one partic-
ular OH group. An alternative approach may rely on selective
activation of a specific OH group, as demonstrated in the use
of elegant Sn reagents.' In a preliminary study,” we have intro-
duced a diarylborinic derivative 1 that undergoes Ag*-assisted
C-B bond cleavage to gives an arylboronic derivative 2
(Scheme 1). As such, it forms 5-membered and/or 6-mem-
bered boronates with cis-vicinal diol and/or 4,6-diol moieties,
respectively, of a sugar.> Boronic acids are rather known as
protective groups.® In the present case, however, the intramo-
lecular O — B coordination of the ortho substituent gives an
anionic tetracoordinated intermediate 3 (Scheme 1). This re-
sults in nucleophilic activation of coordinating sugar OH
groups. In the presence of a glycosyl bromide as a glycosyl
donor under appropriate conditions (Ag,CO; + Et,NI + mo-
lecular sieves (MS) 4A in THF), selective glycosidation takes
place at the less hindered equatorial (vs axial) OH group or pri-
mary 6-OH (vs secondary 4-OH) group. Selective 3-O- and/or
6-O-glucosidation of alkyl fucoside, galactoside, and manno-
side with peracetylated glucosyl bromide was reported in the
preliminary communication, as shown in Scheme 1 for the gly-
cosyl transfer from glucosyl bromide (9) to methyl fucoside
(4a) to give disaccharide 4b. The present work is intended to
shed more light on the scope and limitation, in reference to
glycosyl donors and acceptors, of this reaction. We report here
that galactosidation does work but mannosidation does not.

However, attempted mannosidation with peracety-
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Scheme 1. Selective 3-O-glycosidation of methyl fucoside

(4a) via arylboronic intermediate.

Successful use of thioglycosides as glycosyl acceptors is also
noted.

Results and Discussion

Glycosyl transfer from donor to acceptor occurs in THF in
the presence of promoter 1, Ag,CO;, Et;NI, and MS 4A. Two
types of glycosyl acceptors investigated are O-glycosides and
S-glycosides otherwise having unprotected OH groups. The
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Table 1. Glycosidation of Various Acceptors (A) with Various Donors (D)
Enry A D D/A Products (Yield/%)" Recovery of A%

1 4a 9 3.5 4b (93) ~0

2 10 35 4c¢ (96) ~0

3 11 35 4d (60) 40

4 12 3.5 4e (32) 64

5 Sa 9 1.1 5b (35) 5¢ (19) 41

6 9 7.1 5b (< 1) Sc (84) ~0

7 10 7.1 5d (18)? Se (44) 28

8 6a 9 1.1 6b (32) 6c (12) 47

9 9 7.1 6b (9) 6¢c (84) ~0
10 10 7.1 6d (4) 6e (90) ~0
11 7a 9 7.1 7b (80) ~0
12 8a 9 7.1 8b (84) ~0

a) A (0.42 mmol), Et,NI (0.48 mmol), and MS 4A (1.5 g) in THF (20 cm?) at 50
°C for 2048 h with a molar ratio of A:D:1:Ag,CO3 = 1:3.5:1.1:1.1 for entries
1-4; 1:1.1:1.1:1.1 for entries 5 and 8; or 1:7.1:2.1:2.1 for entries 6, 7, 9, 10, 11

and 12. b) Isolated yields.

¢) Analytical (HPLC) yields.

d) 6-O-Monogalac-

tosidated product was obtained in < 2% yield.

former includes methyl o-L-fucopyranoside (4a), methyl o-D-
galactopyranoside (5a), and methyl o-~D-mannopyranoside
(6a) and the latter involves p-methylphenyl 1-thio-S-D-galac-
topyranoside (7a) and p-methylphenyl 1-thio-o-D-mannopyra-
noside (8a). Glycosyl donors, on the other hand, are peracylat-
ed glycosyl bromides, i.e., peracetylated o-D-glucopyranosyl
bromide (9), peracetylated o-D-galactopyranosyl bromide
(10), and peracetylated and perbenzoylated a-D-mannopyrano-
syl bromides (11 and 12, respectively). All the results of gly-
cosidation are shown in Table 1 as well as in Schemes 2, 3, 4,
and 5 for the reactions of focoside 4a, galactoside Sa, manno-
side 6a, and thioglycosides 7a and 8a, respectively.

Methyl Fucoside. The reactions of fucoside 4a are shown
in Scheme 2. It has a cis-vicinal 3,4-diol moiety as the sole
site of boronate formation.’ It in fact forms a 3,4-O-boronate
and, as reported, undergoes exclusive glucosidation with gluc-
osyl bromide 9 at the equatorial 3-O nucleophile to give -
linked disaccharide 4b (Scheme 1) in high yield at a donor/ac-
ceptor ratio of 9/4a = 3.5 (entry 1). Galactosidation of fuco-
side 4a with galactosyl bromide 10 occurs in a similar manner
and gives rise to 3-O-galactosidated disaccharide 4c again in
an excellent yield (entry 2). In marked contrast, however, at-
tempted mannosidation with mannosyl bromide 11 or 12 only
leads to the formation of orthoester 4d or 4e and no glycosida-
tion product is obtained (entries 3 and 4).° Glycosidation is in
competition with orthoester formation. The acyloxonium ion
intermediate can be attacked by a glycosyl acceptor either on
the anomeric carbon to lead to glycosidation or on the acyl car-
bon to give an orthoester. In the case of mannosyl intermediate
13, acyl participation occurs from the equatorial direction. In
order to be glycosidated, a glycosyl acceptor should attack the
anomeric carbon from the endo direction which is highly
crowded due to the presence of axial hydrogen atoms on 3-C
and 5-C.” On the contrary, the glucosyl and galactosyl inter-
mediates 14 have acyl participation in the axial position to al-
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tion.

Methyl Galactoside and Methyl Mannoside. Scheme 3
shows the reactions of galactoside Sa. It has two sites of bor-
onate formation,® i.e., 3,4-diol and 4,6-diol moieties where 3-O
(equatorial) and 6-O (primary) are the less hindered nucleo-
philic centers. Glucosidation at a low donor/accepter ratio (D/
A = 1.1) affords 6-O-monoglucosidated disaccharide 5b to-
gether with a smaller amount of 3,6-O-diglucosidated trisac-
charide Sc (entry 5). The latter (5¢) in a good yield becomes
practically the sole isolable product at a higher D/A ratio of 7.1
(entry 6). It is reasonable to assume that galactoside Sa prefer-
entially undergoes glucosidation at 6-O and then further at 3-
O. Galactosidation is slower and, even at D/A = 7.1, leaves a
significant amount of unreacted acceptor Sa together with 3,6-
O-digalactosidated trisaccharide Se and disaccharide S5d
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which, in marked contrast to the glucosidation regioselectivity,
is 3-O-galactosidated (entry 7). Thus, it seems that the prima-
ry site (3-O vs 6-O) of glycosidation of galactosided Sa de-
pends on the type of donors (glucosyl 9 vs galactosyl 10), the
reason for which is not clear at present.

Mannoside 6a has 2, 3-diol and 4, 6-diol moieties capable of
forming boronates. Referring to Scheme 4, glucosidation at D/
A = 1.1 gives 3-O-monoglucosidated disaccharide 6b and
3,6-O-diglucosidated trisaccharide 6¢ (entry 8). Preferential
6-O-glucosidation of galactoside 5a and 3-O-glucosidation of
mannoside 6a makes an interesting contrast.” Trisaccharide
product 6c¢ is obtained in a good yield at D/A = 7.1 (entry 9),
as expected. This is also the case for galactosidation (entry
10).

Thioglycosides. Thioglycosides are an interesting class of
acceptors, since they can subsequently serve as glycosyl do-
nors under particular conditions for further elongation of gly-
cosidic chains.!® p-Methylphenyl 1-thiogalactoside 7a and 1-
thiomannoside 8a react smoothly with glucosyl donor 9 under
the present conditions at D/A = 7.1 and afford 3,6-O-diglu-
cosidated trisaccharides 7b and 8b, respectively (entries 11
and 12 and Scheme 5).

Conclusions

The present boronic-activation method allows highly regi-
oselective 3-O- and/or 6-O-glucosidation and -galactosidation
of unprotected sugars under classical glycosidation conditions
with glycopyranosyl bromides as donors in the presence of a
Ag” ion. As for the generality, the following points may be
noted. (1) In addition to alkyl glycosides, thioglycosides can
also be used as glycosyl acceptors. (2) The reactivities of vari-
ous cyclic boronates, i.e., those derived from 3,4-diols in fuco-
side and galactoside, 2,3-diol in mannoside, and 4,6-diols in
galactoside, mannoside, and glucoside are not uniform and
even depend on the type of attacking glycosyl donors. (3) In
marked contrast to glucosidation and galactosidation, man-
nosidation under otherwise identical conditions does not work
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and only affords orthoesters. (4) Thus, the present method
may find its most unique application in the one-pot preparation
of 3,6-O-diglucosidated or -digalactosidated galactoside and
mannoside with B-glycosidic linkages.

Experimental

Materials. 2,3,4,6-tetra-O-acetyl-o~-D-mannopyranosyl bro-
mide (11)," 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl bro-
mide (12), p-methylphenyl 1-thio-fB-D-galactopyranoside (7a),
and p-methylphenyl 1-thio-o-D-mannopyranoside (8a)'? were pre-
pared by known methods. All other sugars used for glycosidation
were commercial products: 2,3,4,6-tetra-O-acetyl-o-D-glucopyra-
nosyl bromide (9) and 2,3,4,6-tetra-O-acetyl-o-D-galactopyrano-
syl bromide (10) from Fluka, methyl a-D-galactopyranoside
monohydrate (5a) and methyl o-D-mannopyranoside (6a) from
Nacarai tesque, and methyl a-L-fucopyranoside (4a) from TCI.

Instruments and Measurements. 'H, '3C, and "B NMR
spectra were recorded with a JEOL JNM EX-400 spectrometer at
400 MHz, 100 MHz, and 128 MHz, respectively. External NaBF,
(0g = —20.4 ppm) in D,O was used as reference for 8. Yields of
glycoside products were obtained by '"H NMR with indole as a
reference. Recovery of unreacted acceptors were determined by
HPLC constructed with a Jasco 830-RI detector and a Shodex
Asahipak NH2P-50-4E column with elution of acetonitrile—water
(75/25). Methyl S-L-arabinopyranoside was used as internal stan-
dard.

Preparation of Compound 1. Butyllithium (1.6 M solution
in hexane (1 M = 1 mol dm™?); 135 cm?) was added dropwise into
a solution of o-bromo-1-methyl-1-phenylethanol (22.68 g, 105
mmol) in ether (80 cm?) under nitrogen at —70 °C. The mixture
was stirred for 4 h at —70 °C and for an additional 1 h at room
temperature. Into the resulting mixture was added dropwise a so-
lution of trimethyl borate (24.0 g, 231 mmol) in ether (50 cm?) at
—70 °C. The mixture was allowed to warm up gradually to room
temperature under stirring over night. Aqueous 1 M H,SO, was
added to acidify the mixture and the crude product was extracted
with ether. The boron compound was extracted from the ether
phase three times with aqueous 1% KOH. The combined alkaline
extract was acidified with 1 M H,SO, and saturated with NaCl.
Resulting precipitates were then extracted with ether. The extract
was washed with brine, dried with Na,SO,, and evaporated to give
colorless crystals of 1 (7.17 g, 49%): mp 182-184 °C; 'H NMR
(CDCl3) 67.21-7.13 (6H, m, Ar), 6.99 (2H, d, Ar), 1.49 (12H, s,
CH;); *C NMR (CDCl3) § 151.1, 129.5, 127.0, 126.9, 119.5,
85.2,31.0; ''B NMR (CDCl;) 6 —5. Found: C, 76.98; H, 7.55%.
Calcd for C]gHz]BOzZ C, 7717, H, 7.55%.

Typical Glycosidation Procedure (entry 1). A mixture of
promoter 1 (0.46 mmol), acceptor 4a (0.42 mmol), donor 9 (1.48
mmol), and MS 4A (1.5 g) in dry THF (20 cm?®) was refluxed un-
der nitrogen for 1 h. Et;NI (0.48 mmol) was added at 0 °C with
stirring. After 30 min, Ag,COj; (0.87 mmol) was added to initiate
the reaction. The mixture was stirred at room temperature for 48 h
and at 50 °C for 20 h, diluted with dichloromethane, and filtered to
remove insoluble salts. Dichloromethane was evaporated and the
residue was chromatographed on silica gel with acetone—dichlo-
romethane (3/7) as eluent. Elutions of donor 2 used in excess and
of 1-methyl-1-phenylethanol derived from promoter 1 were fol-
lowed by that of product disaccharide 4b (0.39 mmol, 93%). In
every case, more than 80% of excess amount of donor was recov-
ered. Glycosidations using other substrates were carried out in es-
sentially the same manner. The progress of the reactions was
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readily monitored by TLC.

Assignment of Structures of Disaccharide and Trisaccha-
ride Products. The disaccharide and trisaccharide products
were isolated by chromatography on silica gel and further convert-
ed to peracetyl derivatives when necessary for identification. The
sites of glycosidation were assigned on the basis of 'H-'H and
"H-'>C COSY spectra in reference to the glycosidation-induced
shifts in &'* and the acetylation-induced shifts in &;.!* The Hl-
H2 coupling constants (Jy; g = 8 Hz) indicate that all the newly
formed glycosidic linkage have f-stereo chemistry. The detailed
'"H NMR assignments of the 3-O- and 6-O-glycoside moieties
were based on NOE measurements.

Methyl 3-0-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosyl)-o-
L-fucopyranoside (4b): TLC R, 0.43 (3/7 acetone—dichlo-
romethane); 'H NMR (CDCl3) 6 3.37 (OCH3), 4.77 (H1', J,, =
3.9 Hz), 3.94 (H2"), 3.79 (H3"), 3.67 (H4"), 3.87 (H5"), 1.25 (H6"),
4.65 (H1", J,, = 7.7 Hz), 4.99 (H2"), 5.18 (H3"), 5.03 (H4"), 3.72
(H5™), 4.19 and 4.13 (H6"), where I and II refer to the fucoside and
glucoside moieties, respectively; *C NMR (CDCl;) & 55.20
(OCH3), 99.33 (C1Y), 66.96 (C21), 82.23 (C3"), 70.75 (C4"), 65.13
(C5h, 15.86 (C6"), 100.54 (C1™) 71.37 (C2M), 72.26 (C3M), 68.11
(C4M, 71.99 (C5"), 61.58 (C6™. Found: C, 49.77; H, 6.42%.
Calcd for CH3,0,4: C, 49.61; H, 6.34%. HRMS Found: m/z
531.1689. Calcd for (M + Na)™: 531.1690.

Methyl 3-0-(2,3,4,6-Tetra-O-acetyl-B-D-galactopyranosyl)-
o-L-fucopyranoside (4c): TLC R; 0.50 (3/7 acetone—
dichloromethane); 'H NMR (CDCl;) § 3.43 (OCH;), 4.83 (H1',
Ji2 = 3.9 Hz), 4.00 (H2"), 3.84 (H3"), 3.72 (H4"), 3.93 (H5"), 1.31
(H6", 4.66 (H1", J,, = 8.3 Hz) 5.24 (H2"), 5.05 (H3"), 5.40
(H4"), 4.00 (H5"Y), 4.16 (H6M), where I and 1I refer to the fucoside
and galactoside moieties, respectively; *C NMR (CDCl;) 6 55.13
(OCHj3), 99.27 (C1Y), 66.92 (C2Y), 82.29 (C3Y), 70.71 (C4Y), 65.11
(C5h, 15.81 (C6Y, 101.07 (C1") 69.01 (C2M), 70.38 (C3"), 66.72
(C4M, 71.04 (C5"), 61.20 (C6"). Found: C, 49.74; H, 6.31%.
Caled for C,;H3,044: C, 49.61; H, 6.34%. HRMS Found: m/z
531.1694. Calcd for (M + Na)*: 531.1690.

Methyl 3-0-[1-(3,4,6-Tri-O-acetyl-B-D-mannopyranose-1,2-
di-O-yl)ethyl]-o-L-fucopyranoside (4d): TLC R;0.30 (3/7 ace-
tone—dichloromethane); 'H NMR (DMSO-d¢) & 3.24 (OCH>),
4.49 (H1',J,, = 3.4 Hz), 3.62 (H2"), 3.67 (H3"), 3.52 (H4"), 3.70
(H5Y, 1.06 (H6Y, 5.56 (H1", J,, = 2.5 Hz), 4.60 (H2"), 5.28
(H31Y), 5.04 (H4"), 3.89 (H5Y), 4.09 and 4.02 (H6"), where I and I
refer to the fucoside and mannose moieties, respectively; B¢
NMR (DMSO-dg) § 54.44 (OCH;), 100.14 (C1Y), 65.60 (C2Y,
72.67 (C3Y), 70.86 (C4Y), 65.56 (C5Y), 16.37 (C6H, 96.74 (C1M)
75.62 (C2"), 69.68 (C3™M), 65.45 (C4™), 69.97 (C5M), 61.92 (C6™),
123.55 (CH3COs). Found: C, 48.79; H, 6.19%. Calcd for
C21H32014' 1/2 HzoZ C, 4874, H, 6.42%.

Methyl  3-0-[0~(3,4,6-Tri-O-benzoyl-f-D-mannopyranose-
1,2-di-O-yl)benzyl]-o-L-fucopyranoside (4e): TLC Ry 0.43
(2/8 acetone—dichloromethane); 'H NMR (CDCls) §3.21 (OCHj3),
4.63 (H1', J,, = 3.9 Hz), 3.83 (H2Y, 3.73 (H3), 3.24 (H4Y), 3.60
(H5Y, 1.11 (H6Y, 5.85 (H1Y, J,, = 2.9 Hz), 5.39 (H2Y), 5.67
(H3"), 5.88 (H4™), 4.10 (H5"), 4.47 and 4.32 (H6"), where I and 1I
refer to the fucoside and mannose moieties, respectively; B¢
NMR (CDCls) § 55.16 (OCH3), 99.62 (C1Y), 67.14 (C2Y), 74.31
(C3Y, 71.04 (C4YH, 65.22 (C5YH, 15.94 (C6YH, 97.87 (C1Y) 75.72
(€21, 71.13 (€31, 66.49 (C4Y), 71.97 (C5Y), 62.99 (C61), 122.43
(C¢HsCO3). Found: C, 65.30; H, 5.56%. Calcd for C4;HyoO14: C,
65.07; H, 5.33%.
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6-0-(2,3,4,6-Tetra-O-acetyl-B-d-glucopyranosyl)-a-D-galac-
topyranoside (Sb): TLC R, 0.17 (1/1 acetone—dichlo-
romethane). Found: C, 48.14; H, 6.21%. Calcd for C,;H3,0,5: C,
48.09; H, 6.15%. HRMS Found: 547. 1627. Calcd for (M +
Na)*: 547.1639. Preacetyl derivative (5b-Ac): TLC R;0.53 (1/9
acetone—dichloromethane); '"H NMR (CDCls) §3.34 (OCH3), 4.91
(H1Y, J,, = 3.4 Hz), 5.07 (H2Y), 5.27 (H3"), 5.36 (H4"), 4.12 (H5"),
3.74 and 3.60 (H6"), 4.50 (H1", J,, = 7.8 Hz), 4.91 (H2"), 5.13
(H3M), 5.01 (H4™), 3.66 (H5™), 4.21 and 4.08 (H6"), where I and 1I
refer to the galactoside and glucoside moieties, respectively; '*C
NMR (CDCl3) & 55.26 (OCHj3), 96.97 (C1'), 68.11 (C2"), 67.51
(C3h, 68.61 (C4Y, 67.40 (C5Y, 67.98 (C6Y, 100.65 (C1M) 71.02
(C2M, 72.61 (C3"), 68.20 (C4™), 71.75 (C5"), 61.73 (C6M).

Methyl 3,6-Di-0-(2,3,4,6-tetra-O-acetyl-B-D-glucopyrano-
syl)-o-D-galactopyranoside (5¢): TLC R, 0.48 (3/7 acetone—
dichloromethane). Found: C, 49.25; H, 5.93%. Calcd for
Ci5Hs0004: C, 49.18; H, 5.90%. HRMS Found: 877.2595. Calcd
for (M + Na)*: 877.2590. Peracetyl derivative (Sc-Ac): TLC Ry
0.28 (1/9 acetone—dichloromethane); 'H NMR (CDCl;) § 3.34
(OCHs), 4.85 (H1, J,, = 3.9 Hz), 5.10 (H2Y), 4.15 (H3), 5.34
(H4Y, 3.49 (H5"), 4.06 and 3.87 (H6'"), 4.63 (H1", J,, = 7.8 Hz),
4.87 (H2%), 5.13 (H3"M), 5.02 (H4"), 3.61 (H5Y), 4.15-4.11 (H6")
4.49 (H1", J,, = 7.8 Hz), 4.96 (H2™), 5.16 (H3™), 5.04 (H4™),
3.68 (H5™M), 4.26 and 4.08 (H6™), where I, I, and I refer to the
galactoside, 3-O-glucoside, and 6-O-glucoside moieties, respec-
tively; *C NMR (CDCl3) § 55.11 (OCH3), 96.86 (C1Y), 70.21
(C2YH, 72.23 (C3Y), 70.29 (C4Y), 69.17 (C5Y), 68.44 (C6Y), 100.34
(C1M 71.15 (C2M), 72.50 (C3™M), 68.15 (C4™M), 71.77 (C5™), 61.38
(C6™M 100.94 (C1™) 71.09 (C2™), 72.57 (C3™), 68.20 (C4™), 71.73
(C5™M, 61.63 (Co™).

Methyl 3-0-(2,3,4,6-Tetra-O-acetyl-B-D-galactopyranosyl)-
a-D-galactopyranoside (5d): TLC R;0.14 (1/1 acetone—dichlo-
romethane). Found: C, 48.01; H, 6.14%. Calcd for C,;H3,0,5: C,
48.09; H, 6.15%. HRMS Found: 525.1833. Calcd for M + H)*:
525.1819. Peracetyl derivative (5d-Ac): TLC R, = 0.91 (1/1 ace-
tone—dichloromethane) 'H NMR (CDCl;) 6 3.40 (OCHS>), 4.92
(H1',J,, = 3.4 Hz), 5.16 (H2"), 4.22 (H3"), 5.45 (H4"), 4.18-4.10
(H5"), 4.18—4.02 (H6"Y), 4.65 (H1", J,, = 7.8 Hz), 5.09 (H2"), 4.94
(H3"), 5.35 (H4"), 3.87 (H5"), 4.18—4.10 (H6"), where I and I re-
fer to the methyl galactoside and 3-O-galactoside moieties, re-
spectively; *C NMR (CDCl;) § 55.24 (OCH3), 97.03 (C1%), 70.36
(C2h, 71.70 (C3Y), 69.52 (C4"), 66.85 (C5"), 62.37 (C6'), 100.65
(C1% 68.77 (C21, 70.56 (C3Y), 66.70 (C4%), 70.69 (C5Y), 60.94
(cah.

Methyl 3,6-Di-0-(2,3,4,6-tetra-0O-acetyl-B-D-galactopyrano-
syD-o-D-galactopyranoside (Se): TLC R, 0.42 (3/7 acetone—
dichloromethane). Found: C, 48.67; H, 5.85%. Calcd for
Cs5Hs0004: C, 49.18; H, 5.90%. HRMS Found: 877.2590. Calcd
for (M + Na)*: 877.2590. Peracetyl derivative (Se-Ac): TLC Ry
0.20 (1/9 acetone—dichloromethane); 'H NMR (CDCls) & 3.38
(OCH5), 4.88 (H1, J,, = 3.9 Hz), 5.14 (H2"), 4.20 (H3"), 5.38
(H4Y, 4.12 (H5%), 3.93 and 3.50 (H6"), 4.64 (H1", J,, = 7.8 Hz),
5.08 (H2"), 4.94 (H3"), 5.34 (H4"), 3.87 (H5"), 4.11 (H6") 4.49
(H1™, J,, = 7.8 Hz), 5.20 (H2™), 5.00 (H3™), 5.38 (H4™), 3.92
(H5™), 4.15 (H6™), where I, II, and III refer to the methyl galacto-
side, 3-O-galactoside, and 6-O-galactoside moieties, respectively;
13C NMR (CDCls) § 55.07 (OCH3), 96.81 (C1Y), 70.42 (C2Y,
71.93 (C3Y), 70.25 (C4"), 68.37 (C5Y), 69.06 (C6), 100.68 (C1M)
68.73 (C2"), 70.53 (C3M), 66.72 (C4™M), 70.65 (C5M), 60.96 (C6™M)
101.32 (C1™ 68.61 (C2™M), 70.62 (C3™M), 66.83 (C4™), 70.56
(C5™), 60.96 (C6™).

Bull. Chem. Soc. Jpn., 75, No. 6 (2002) 1323

Methyl 3-0-(2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosyl)-o-
D-mannopyranoside (6b): TLC R; 0.40 (1/1 acetone—dichlo-
romethane); 'H NMR (CDCl3) 6 3.32 (OCHs3), 4.69 (H1', J,, =
1.5 Hz), 3.80 (H2"), 3.70 (H3"), 3.89 (H4"), 3.49 (H5"), 3.81 (H6"),
4.60 (H1", Jy» = 7.8 Hz), 4.98 (H2"), 5.18 (H3"), 5.00 (H4"),
3.76 (H5"), 4.14 (H6"), where I and II refer to the mannoside and
glucoside moieties, respectively; *C NMR (CDCly) & 54.76
(OCHa), 100.41 (C1Y), 69.58 (C2Y), 83.58 (C3Y), 65.41 (C4Y), 71.68
(C5h, 61.80 (C6Y, 101.07 (C1M), 71.33 (C2M), 72.28 (C3M), 68.37
(C4M, 71.95 (C5"), 61.93 (C6™. Found: C, 47.90; H, 6.31%.
Calcd for CyH3,0,5: C, 48.09; H, 6.15%. HRMS Found: m/z
547.1613. Calcd for (M + Na)*: 547.1639.

Methyl 3,6-Di-0-(2,3,4,6-tetra-O-acetyl-B-D-glucopyrano-
syD)-o-D-mannopyranoside (6¢): TLC R, 0.66 (3/7 acetone—
dichloromethane). Found: C, 49.20; H, 6.05%. Calcd for
Cs5Hs50004: C, 49.18; H, 5.90%. HRMS Found: 877.2592. Calcd
for (M + Na)*: 877.2590. Peracetyl derivative (6c-Ac): TLC Ry
0.34 (1/9 acetone—dichloromethane): 'H NMR (C¢Dg) & 3.11
(OCH3), 4.65 (H1', J;, = 1.5 Hz), 5.40 (H2"), 4.17 (H3Y), 5.47
(H4Y, 3.93 (H5"), 4.08 and 3.59 (H6"), 4.16 (H1", J,, = 7.8 Hz),
5.08 (H2M), 5.28 (H3"), 5.15 (H4"M), 3.07 (H5"), 4.28 and 3.84
(H6M, 4.34 (H1™, J,, = 7.3 Hz), 5.35 (H2™), 5.41 (H3™), 5.24
(H4™), 3.22 (H5™), 4.24 and 3.98 (H6™), where I, II, and I refer to
the mannoside, 3-O-glucoside, and 6-O-glucoside moieties, re-
spectively; *C NMR (C¢Dg) & 54.70 (OCHs3), 98.58 (C1Y), 73.25
(C2Y, 75.88 (C3Y, 67.01 (C4"), 70.30 (C5"), 68.73 (C6"), 100.18
(C1M 71.88 (C2M), 73.39 (C3M), 68.16 (C4Y), 71.94 (CS"), 61.47
(C6™M 101.37 (C1™M) 71.69 (C2™), 69.59 (C3™), 68.73 (C4™), 72.13
(C5™), 61.63 (C6™).

Methyl 3-0-(2,3,4,6-Tetra-O-acetyl-B-D-galactopyranosyl)-
o-D-mannopyranoside (6d): TLC R;0.45 (1/1 acetone—dichlo-
romethane); 'H NMR (CDCl3) § 3.39 (OCH3), 4.76 (H1', J,, =
1.0 Hz), 3.84 (H2"), 3.74 (H3"), 3.94 (H4"), 3.57 (H5"), 3.87 (H6"),
4.61 (H1Y, J,, = 8.2 Hz), 5.22 (H2Y), 5.06 (H3"), 5.41 (H4"), 4.03
(H5"), 4.19-4.10 (H6"), where I and I refer to the mannoside and
galactoside moieties, respectively; '*C NMR (CDCl3) & 54.73
(OCH3), 100.30 (C1"), 69.69 (C2Y), 83.68 (C3"), 65.68 (C4"), 71.57
(C5YH, 61.99 (C6Y, 101.62 (C1Y) 69.05 (C21Y), 70.40 (C3Y), 66.83
(C4M, 71.13 (C5"), 61.49 (C6"). Found: C, 48.30; H, 6.11%. Cal-
cd for C,;H3,045: C, 48.09; H, 6.15%. HRMS Found: m/z
525.1794. Calcd for (M + H)*: 525.18109.

Methyl 3,6-Di-0-(2,3,4,6-tetra-O-acetyl-f-D-galactopyrano-
syl)-o-D-mannopyranoside (6e): TLC R, 0.63 (3/7 acetone—
dichloromethane). Found: C, 48.99; H, 5.88%. Calcd for
C35Hs50004: C, 49.18; H, 5.90%. HRMS Found: m/z 877.2590.
Calcd for (M + Na)*: 877.2590. Peracetyl derivative (6e-Ac):
TLC R; 0.21 (1/9 acetone—dichloromethane); "H NMR (C¢Dg) &
3.13 (OCH3), 4.69 (H1, J,, = 1.5 Hz), 5.39 (H2"), 4.23 (H3"),
5.52 (H4"), 3.94 (H5"), 4.15 and 3.56 (H6"), 4.15 (H1", J,, = 7.8
Hz), 5.41 (H2"), 5.06 (H3"), 5.44 (H4"), 3.34 (H5"), 4.04 (H6")
4.31 (H1"™, J,, =7.8 Hz), 5.67 (H2"), 5.17 (H3™), 5.49 (H4™),
3.39 (H5™), 4.09 (H6™), where I, I and III refer to the mannoside,
3-O-galactoside, and 6-O-galactoside moieties, respectively; *C
NMR (C¢Dg) & 54.72 (OCHj3), 98.54 (C1Y), 69.79 (C2Y), 75.84
(C3Mh, 67.23 (C4"), 70.25 (C5"), 68.51 (C6"), 100.70 (C1™) 69.30
(C2M), 71.47 (C3"), 67.08 (C4™), 70.78 (C5M), 61.10 (C6") 101.74
(C1%y 69.13 (C2M), 71.31 (C3M), 67.40 (C4™M), 70.96 (C5M), 61.32
(ce™m.

p-Methylphenyl 3,6-Di-0-(2,3,4,6-tetra-O-acetyl-B-D-gluco-
pyranosyl)-1-thio-B-p-galactopyranoside (7b): TLC R; 0.57
(2/8 acetone—dichloromethane). Found: C, 51.43; H, 5.78%.
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Calcd for Cy4;Hs40235:1/2H,0: C, 51.51; H, 5.80%. Peracetyl de-
rivative (7b-Ac): TLC R, 0.69 (2/8 acetone—dichloromethane); 'H
NMR (C¢Dg) 62.14 (SC¢H,CHs), 4.56 (H1, J;, = 10.3 Hz), 5.60
(H2"), 3.69 (H3"), 5.41 (H4"), 3.57 (H5"), 3.87 and 3.74 (H6"), 4.53
H1Y, J,, = 7.8 Hz), 5.12 (H2"), 5.36 (H3"), 5.18 (H4"), 3.36
(H5"), 4.30 and 4.16 (H6"), 4.33 (H1™, J, , = 7.8 Hz), 5.33 (H2"),
5.34 (H3™), 5.27 (H4™), 3.21 (H5™), 4.21 and 4.06 (H6™), where I,
II, and III refer to the galactoside, 3-O-glucoside, and 6-O-gluco-
side moieties, respectively; '?*C NMR (C¢Dg) & 18.96 (SC¢H,CHj3),
85.22 (C1"), 67.66 (C2"), 75.98 (C3"), 68.34 (C4"), 75.56 (C5"),
67.21 (C6YH, 99.14 (C1%) 69.80 (C21), 71.03 (C3Y), 66.82 (C4Y),
70.46 (C5M), 59.51 (C6" or C6™), 99.06 (C1™) 69.93 (C2™), 71.54
(C3™M), 66.73 (C4™), 70.26 (C5™), 59.58 (C6™ or COM).

p-Methylphenyl 3,6-Di-0-(2,3,4,6-tetra-0-acetyl-B-p-gluco-
pyranosyl)-1-thio-o-D-mannopyranoside (8b): TLC R; 0.53
(2/8 acetone—dichloromethane); 'H NMR (CDCl;) & 2.35
(SCeH4CH3), 5.46 (H1', J,, = 1.5 Hz), 4.08 (H2"), 3.72 (H3"),
3.80 (H4'), 4.23 (H5Y), 4.11 and 3.90 (H6Y), 4.66 (H1", J,, = 7.8
Hz), 5.02 (H2"), 5.27 (H3"), 5.07 (H4"Y), 3.83 (H5"), 4.29-4.15
(H6M), 4.64 (H1™, J,, = 7.8 Hz), 4.98 (H2™), 5.17 (H3™), 5.07
(H4™), 3.63 (H5™), 4.29-4.15 (H6™), where 1, II, and III refer to
the mannoside, 3-O-glucoside, and 6-O-glucoside moieties, re-
spectively; °C NMR (CDCl3) & 21.00 (SCH,CH3), 87.95 (C1Y),
71.15 (C2Y), 83.49 (C3"), 65.66 (C4"), 72.87 (C5Y), 68.45 (C6Y,
100.98 (C1M 71.31 (C2"), 72.12 (C3"), 68.30 (C4" or C4™), 72.17
(C5M, 61.75 (C6" or C6™M), 100.98 (C1™M) 71.42 (C2M), 72.79
(C3™M), 68.41 (C4™ or C4"M), 71.64 (C5™), 61.82 (C6™ or C6™).
Found: C, 51.72; H, 5.75%. Calcd for C4;Hs,0,3S: C, 52.00; H,
5.75%. HRMS Found: m/z 969.2676. Calcd for (M + Na)*:
969.2674.
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