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Abstract: We describe here a rational design and synthesis @-(&rboxymethyl)8-p-galactopyranosyb.-b-
mannopyranoside which is 5 times as active as sialyl Lewis X in binding to E-selectin and also effective against P-
and L-selectin. A new method for the 1,1-glycosidic bond formati@ncoupling of protected trimethylsily$-p-
galactoside and-mannosyl fluoride in the presence of BEt,O is described.

Sialyl Lewis X (SL¢&, 1) is a terminal tetrasaccharide found oe
at the nonreducing end of glycoconjugates expressed especially HOoy
on the surface of tumor cells and neutrophils. The interaction S0 e M Ho OH \SoXOH
between SLeon neutrophils and E- or P-selectin on the surface oo 2 0‘3?6r R e Ogo o on
of endothelial cells occurs at the early stage of inflammatory OH 055 i OH
responsé. This finding has led to the development of large- Ho )
scale synthesiof SLet as a potential therapeutic agent for the HgNHA‘ZH Sialyl Lewis x (1)
treatment of such acute symptoms as repurfusion irfjury. HO

Recently, however, many mimetics of SLéave been Figure 1. Structure of SL&showing the essential functional groups
reported as potential alternative anti-inflammatory agents for binding to E-selectin®), P-selectin @), and L-selectin{l) and
because of the high cost associated with the synthesis of SLe the designed mimetig.
and its weak activity, low stability, and poor oral activity. As ] _ _ _
part of our interest in the development of oligosaccharide N the same orientation and relative through-space distance as
mimetics?>—d we have designed a novel disaccharide to mimic that of the fucosyl and the galactosyl groups in the active
the active conformatici of SLe (see2 in Figure 1). Inthis  conformation of SL& A carboxymethyl group was then
des|gned Structure’ aa_mannosyl group was ||nked to the incorporated |nt0 the 3'OH gI’OUp Of the ga|aCtOS_e residue. The
anomericﬁ_oH group of galactose, resulting in the formation reason to use this flexible Carboxymethyl group Is based on the

of a 1,1-linked disaccharide with all OH groups expected to be Observation that only the carboxyl group of sialic acid is essential
for bindingP? and that the orientation of this negative charge in

' The Institute of Physical and Chemical Research (RIKEN). the bound comple% appears to be different from that in the
* Sandoz Pharma Preclinical Research. free form (Figure 2?
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Figure 2. Three overlaid structures showing the bound conformégtion
(yellow) and the free conformatiér{white) of SLe& determined by
NMR, and a stable conformation (green)fA systematic grid search
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about the glycosidic bonds was performed using the Amber parameterFigure 3. A dihedral energy contour plot showing the conformational

set in Insight/Discover to determine likely stable conformergfdtive

energies about the angleB and W of the NeuAc-Gal glycosidic

low-energy conformations were detected, and the one consistent withlinkage in SL& as determined by the Amber force field. The letters A,

NOE measurements in solution was used hérg.f = 59.2; ®ga =
174.3).

D-mannose (entries-13) and the other ist-D-mannosylation

of 2,3,4,6-tetrad@-protecteds-p-galactose (entry 4). Neighbor-
ing group participation is expected in the former reaction, and
anomeric effect is expected to assist in formingdhglycosidic
bond in the latter reaction. 2,3,4,6-Tettaacetylp-galactosyl
trichloroacetimidate3)® and 2,3,4,6-tetr®-benzylo-mannopy-
ranosyl fluoride 4)87 were used initially as galactosyl and
mannosyl donors, respectively, in this investigation.

AcO OAC B0, ROoR Bno OBn
OB OR o
Acogol Woan ‘?ES/\OR AcO oTMs
AcO ©OR F OH BnO
3 R = C(=NH)CCl, 4 5 R=Bn 18
10 R=H 6 R=Ac
16 R =TMS (a)
17 R=TMs
BnO— OBn AcO _OAc BnOyg,
BnO: O o} OR OBn
B"O/% 0Bn Acogﬁ OB "2 9=omn
o OBn 25 A=A 0
o) [e)
OR
7 OBn 8:R=Bn OR
9:R=Ac 11 (B-linkage) a: R = Ac, b: R = Bn

BnO 12 (a-linkage) a: R = Ac, b: R = Bn

As shown in Table 1, glycosylation between the galactosyl
donor 3 and mannosyl accepto and 6 in the presence of
TMSOTTf or BR*Et,O afforded the unexpectegtp-mannosyl
o-mannoside7 and/or fully protectedo-p-mannopyranosyl-
(1—2)-p-galactopyranose®and9. Mannosylation of 2,3,4,6-
tetraO-acetylgalactoselQ) using4 as mannosyl donor, acti-
vated with SnG—AgCIlO,,” gave a mixture of 2,3,4,6-tet@-
acetyl$-p-galactopyranosyl 2,3,4,6-tet@-benzyla-b-manno-
pyranoside 118 and 2,3,4,6-tetr&-acetyla-p-galacto-
pyranosyl 2,3,4,6-tetr®-benzyla-p-mannopyranosidel@a).

The disaccharidel1la with the desired configuration was

B, C, and D denote conformations which were previously predicted
by the HSEA force field to be possible candidates for the solution
phase structure of SkeConformations Aand B are local minima of

A and B, respectively, as determined by the MMS force field, and both
are consistent with the NMR analy3i@' is about 1.4 kcal/mol more
stable than B. The conformation of Sewhen bound to E-selectin is
indicated in re@° Stated energies are relative, with the global minimum
at{® = —60°, ¥ = 0°} asE = 0.

6.5
kcal

Solution
Conformation

Bound
Conformation

Figure 4. An energy diagram showing the conformation reorganization
pathway between the solution phase structure of*§R¢) and the
structure of SL&€when bound to E-selectin determined by constrained
computer minimizationn vacua It indicates a probable 5 kcal barrier
to the interconversion between the two forms.

To further investigate the stereoselectivity and yield in the
glycosylation reaction, we exploited the use of trimethylsilyl
glycosides as acceptors (entries% in reaction witho-man-
nosyl fluoride4. It is interesting that onlyx-galactosidel2a
was obtained with the use af-galactosidel6, and ano/f
mixture of galactoside was obtained with the use ofcdfi
mixture of acceptorl7. Reaction of the trimethylsilyB-ga-
lactoside1l8 with 4 under various conditions, however, did not
give the desire@-isomer as the sole product, though a relatively
high -selectivity was obtained at low temperature. Perhaps
some anomerization occurs during the activation. In any case,

deacetylated and the exposed 3,4-hydroxy groups were protecte@ompoundl1b obtained in this reaction can be more easily

as acetonide followed by benzylation to affodd. After
cleavage of the acetonide, the prodidtwas reacted with di-
n-butyltin oxide and alkylated with methyl-bromoacetate to
afford lactone 15. Hydrogenation on Pearlman’s catalyst
followed by saponification with sodium hydroxide yield@d
(Scheme 1).

(6) Hall, L. D.; Manville, J. F.; Bhacca, N. £an. J. Chem1969 47,
1. Schmidt, R. RAngew. Chem., Int. Ed. Endl986 25, 212.
(7) Mukaiyama, T.; Murai, Y.; Shoda, £hem. Lett1981, 431.

converted ta2 (Scheme 2).

In a cell-free assa¥,compound2 was found to be 5-fold
better than Sleas an inhibitor of E-selectin (Kg = 0.1 mM)
(Figure 5). The increase in activity f@compared to Sleis
perhaps due to the increase in the conformational stability as
there is only one glycosidic bond i@, and the NOESY
experiment shows NOE’s between Man-Bind Gal-H, and

(8) Weitz-Schmidt, G.; Stokmaier, D.; Scheel, G.; Nifantev, N. E.;
Tuzikov, A. B.; Bovin, N. V.Anal. Biochem.in press.
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Table 1. Formation of the 1,1-Glycosidic Linkage betweeiMannose and-Galactose

entry acceptor donor (amt, equiv) promoter (amt, equiv) solvent té@p ( time (min)  product (yield, %)
1 5 3(1.4) TMSOTf (0.1) CHCl, -78—0 60+ 120 7(28)
8(23)
2 5 3(2.0) BR-Et,O (3.0) CHCl, -20 75 8 (40)
3 6 3(1.4) TMSOTf (0.1) CHCI, —-20 50 9(55)
4 10 4(1.2) SnC}—AgClO, (1.2) EO—CHCI»(3:1) —20 150 12a(30)
11a(27)
5 16 4(1.3) TMSOTf (0.3) CHCI, -20 45 12a(63)
6 17 (a:f = 1:1.3) 4(1.3) TMSOTTf (0.3) CHCl, —-20 30 12a(36)
11b(32)
7 18 4(1.3) TMSOTf (0.3) CHCI, —-20——-10 60 12b (46)
11b(32)
8 18 4(1.3) BR-Et,O (0.3) CHCI, -20 30 12b(15)
11b(30)
9 18 4(1.3) BR-Et,O (0.6) CHCl, -50——-10 1230 12b(16)
11b(68)

a For the synthesis @, see: Koto, S.; Morishima, N.; Miyata, Y.; Zen, Bull. Chem. Soc. Jpri976 46, 2659. For6 and10, see: Klotz, W.;
Schmidt, R. RJ. Carbohydr. Cheml994 13, 1093. For7, see: Yoshimura, J.; Hara, K.; Sato, T.; HashimotoCHem. Lett1983 319. Forl6
and 17, see: Nashed, E. M.; Glaudemans, C. R1.Org. Chem1989 54, 6116.
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aKey: (a) TMSNEg/toluene; (b) DDQ, CHCI/H,O (20:1); (c)
AcO/pyridine; (d) BR-Et,O (0.6 equiv),—50 to~—10°C, 21 h; (e)
NaOMe, MeOH-CHCls, 95%; (f) AgO, Kl, BrCH.CO,Me, DMF; (9)
(1) Pd(OHY/C, MeOH, H; (2) 0.25 M NaOH.

between Man-K and Gal-H. Another NOE was observed
between Man-kH and Gal-H, indicating the existence in
equilibrium of a different glycosidic conformatior2€) which

is perhaps influenced by the exoanomeric effect of Man-1-O.
Work is in progress to prepare a rigid structure to midand

a multivalent SL& mimetic in order to further improve the
inhibition potency.

Note Added in Proof. Compouna? is also effective against
P- and L-selectin, showing 77% and 71% inhibition, respec-
tively, with 3 mH 2, compared to 0% and 50% inhibition with
3 mH SLe.
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Figure 5. Inhibition of SLeé—polymer binding to E-selectin: &)
compound?; (a) SLe tetrasaccharide. Each point is the meaisD
of three experiments.

Experimental Section

General Methods. Melting points were measured with a Yanaco
MP-S3 micro melting point apparatus and are uncorrected. Dried
solvents were used for all reactions. Solutions were evaporated under
diminished pressure at a bath temperature not exceedif@.5@ptical
rotations were measured in a 1.0 dm tube with a Horiba SEPA-200
polarimeter, using chloroform as solvent, unless stated otherdise.
NMR (270 MHz) and**C NMR (67.5 MHz) spectra were recorded
with a JEOL EX-270 spectrometer for solutions in CR@hless stated
otherwise, using M£Si as the internal standard. Some key compounds
were measured with JEOL 400 and 600 MHz spectrometers as
indicated. Column chromatography was performed on silica gel (Merck
Kieselgel 60). Inhibition analysis was carried out according to the
procedure described previouslyComputer modeling was performed
using the Insight/Discover program (Biosym, San Diego, CA) installed
in a Silicon Graphics 4D/35 computer. The conformational energy
associated with the dihedral angles about the NeuBal glycosidic
linkage was evaluated by Insight/Discover using the Amber forcefield
in yacua An energetic minimum was determined at’ 20crements
about anglesb andW to generate a grid of 324 minimized conforma-
tions. To obtain the conformational energy at each point, a few ring
atoms within the galactos#l-acetylglucosamine, and fucose residues
were fixed and an energetic force was applied to constrain the two
dihedral angles of the neuraminic aeigalactose glycosidic linkage
to a set value. The molecule was minimized under these conditions
for 10 000 steps using a VAO9A minimization algorithm to resolve
steric clashes. The pattern of energies so obtained revealed a series of
three local minima at¥ = 0, ® = {60, 180, 300). These were
consistent with the four structures previously predi¢tegthe GESA
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(HSEA) force field. (Conformations A and B determined by the HSEA  suitable temperature, this solution was kept for-80 min as shown

force field belong to the same well.) The bound conformatiawhich
is almost identical to conformation GESA2Qyas within error limits
of the global minimum.
2,3,4,6-TetraO-acetyl-p-galactopyranosyl 2,3,4,6-tetra©-
benzyl-a-p-mannopyranoside (11a). To a solution of 2,3,4,6-tetra-

O-acetylp-galactopyranosel() (610 mg, 1.75 mmol) and 2,3,4,6-tetra-

O-benzylp-mannopyranosyl fluoridedj (1.14 g, 2.1 mmol, 1.2 equiv)

in Table 1 to complete the reaction. Triethylamine (0.5 mL) was added
to this solution. The mixture was poured into cold aqueous sodium
hydrogen carbonate and extracted with chloroform. The extract was
washed with water, dried over anhydrous sodium sulfate, and evapo-
rated. The residue was subjected to column chromatography on silica
gel to give 3-p-galactopyranosidd.la or 11b and/or a-b-galacto-
pyranosidel2aor 12b. Reaction conditions and yields are shown in

in dry ether (15 mL) and dichloromethane (5 mL) were added under Table 1.

N2 at —20 °C silver perchlorate (AgCL&) (435 mg, 2.1 mmol) and

stannous chloride (SnGL(398 mg, 2.1 mmol), and the mixture was

Trimethylsilyl 2,4,6-Tri- O-benzyl-3-O-[(p-methoxyphenyl)methyl]-
p-p-galactopyranoside. 'H-NMR (CDCly): 6 7.39-7.20 (m, 17H,

stirred for 150 min at the same temperature. The reaction mixture was 3Ph, MPh), 6.89-6.80 (m, 2H, MPh), 4.93, 4.60 (ABd,= 11.7 Hz,
diluted with dichloromethane and filtered through Celite. The filtrate PhCH,), 4.89, 4.76 (ABg,J = 11.2 Hz, PhCH), 4.67, 4.62 (ABq,
was washed with aqueous sodium hydrogen carbonate and saturate®®hCH), 4.60 (d,J; . = 7.3 Hz, H-1), 4.44, 4.38 (ABgJ = 11.6 Hz,
NaCl, and dried over anhydrous sodium sulfate, and then the solventPhCH,), 3.84 (d,J; 4= 3.0 Hz, H-4), 3.80 (s, 3H, OMc), 3.74 (dd 3
was evaporated. The residue was subjected to column chromatography= 9.9 Hz, H-2), 3.66-3.51 (m, 3H, H-5,6a,6b), 3.47 (dd, H-3), 0.17

on silica gel to gives-p-galactopyranosidéla o-b-galactopyranoside
123 and the unreacted acceptd@. The yields are shown in Table 1.
1H-NMR (CDCL): ¢ 7.48-7.09 (m, 20H, 4Ph), 5.33 (dk+ = 3.3
Hz, H-4), 5.09 (ddJy > = 7.6 Hz,J» 3 = 10.6 Hz, H-2), 4.98 (d,J1 2
= 2.3 Hz, H-1), 4.96 (dd, H-}, 4.86, 4.48 (ABg,) = 10.9 Hz, PhCH),
4.77,4.64 (ABqJ = 12.5 Hz, PhCH), 4.69, 4.62 (ABgJ = 12.1 Hz,
PhCH), 4.66 4.50 (ABq,J = 11.9 Hz, PhCh), 4.57 (d, H-1), 4.09
(dd, Js.64 = 7.3 Hz, Jgem = 11.2 Hz, H-68), 4.05 (brd, 2H, H-4, 5),
3.99 (dd,Js 6y = 6.1 Hz, H-6b), 3.91 (dd,J>3 = 3.0 Hz,J3, = 9.2
Hz, H-3), 3.85 (brt, H-5, 3.78 (brdd Jyem= 10.6 Hz, H-6a), 3.65 (d,
H-6b), 3.61 (dd, H-2), 2.14, 1.97, 1.84 (each s, 12H, CQCHC-
NMR (CDCl): ¢ 170.21, 170.04, 169.06 ¢€0), 138.42, 138.35,
138.22 (Ph), 128.41127.49 (Ph), 100.56 {J4 = 159 Hz, C-1), 100.43
(Je-n = 159 Hz, C-1), 100.43 (3-n = 173 Hz, C-1), 80.00 (C-3),
75.10, 73.39, 72.69 (PhGH 74.57 (C-4), 73.89 (C-2), 72.60 (C-5),
70.93 (C-5), 70.77 (C-3, 69.00 (C-2), 68.73 (C-6), 66.79 (C*% 61.03
(C-6), 20.63, 20.58, 20.54, 20.49 (CO@H Anal. Calcd. for
CugHs4015. C, 66.20; H, 6.25. Found: C, 65.89; H, 6.26x]{% =
+38.8 (c = 1.0, CHC}).
2,3,4,6-TetraO-acetyl-o-D-galactopyranosyl  2,3,4,6-Tetra©-
benzyl-a-p-mannopyranoside (12a).*H-NMR (CDCly): o 7.48-7.08
(m, 20H, 4Ph), 5.40 (brs, H*45.32 (d,Jy > = 2.6 Hz, H-1), 5.22 (dd,
Jyz = 10.9 Hz, H-2), 5.18 (dd,J3'v4' = 2.3 Hz, H-3), 5.06 (d,\]l,z =
2.0 Hz, H-1), 4.88, 4.52 (ABq] = 10.9 Hz, PhCH), 4.76, 4.66 (ABq,
J = 12.5 Hz, PhCH), 4.74, 4.62 (ABqg,J = 11.7 Hz, PhCH), 4.60,
4.50 (ABq,J = 12.2 Hz, PhCH), 4.03 (dd,Js 64 = 6.9 Hz, Jgem =
10.9 Hz, H-6§, 3.97-3.87 (m, H-6b), 3.93 (t,J34 = 9.6 Hz, H-4),
3.87 (dd,J,3 = 3.0 Hz, H-3), 3.85 (t, H-9, 3.76-3.60 (m, 3H, H-5,

6a, 6b), 3.53 (dd, H-2), 2.14, 2.04, 1.99, 1.98 (each s, 12H, G{CH

13C-NMR (CDCk): 6 170.21, 170.10 (€0), 138.33, 138.20, 137.84
(Ph), 128.43-127.49 (Ph), 94.20 &)y = 173 Hz, C-1), 92.26X% 4
= 179 Hz, C-1), 89.10 (C-3), 75.10, 73.44, 72.89, 72.76 (Phi;H
74.93 (C-2), 74.63 (C-4), 73.11 (C-5), 69.02 (C-6), 67.66 (V.39
(C-3), 66.94 (C-2), 66.60 (C-5), 61.46 (C-6), 20.61 (COCH). Anal.

Calcd for GgHs4O15. C, 66.20; H, 6.25. Found: C, 65.97; H, 6.25.

[0]%6p = +106.3 (c = 1.0, CHCE}).

3-O-Acetyl-2,4,6-tri-O-benzyl#-p-galactopyranosyl 2,3,4,6-Tetra-
O-benzyl-o-p-mannopyranoside (11b). *H-NMR (CDCly): 6 7.42—
7.07 (m, 35H, 7Ph), 5.14 (dy . = 1.3 Hz, H-1), 4.89 (ABq, 1HJ =
10.2 Hz, PhCH), 4.85 (dd J»z = 10.9 Hz,Jz 4 = 3.6 Hz, H-3), 4.68-
4.43 (m, 10H, PhCHh), 4.53 (d,Jr> = 7.6 Hz, H-1), 4.39 (ABq, 1H,
J = 12.2 Hz, PhCH), 4.35, 4.30 (ABg,J = 12.5 Hz, PhCH), 4.11
(brd, H-5), 4.03 (t, H-4), 3.9%3.89 (m, 2H, H-2,3), 3.763.51 (m,
6H, H-6a,6b,24',5 ,64), 3.47 (dd Js,65 = 6.1 Hz,Jyem= 9.1 Hz, H-6b),
1.84 (s, 3H, COCh). C-NMR (CDCk): ¢ 170.21 (G=0), 138.74,
138.53, 137.26, 138.11, 137.74, (Ph), 128:327.31 (Ph), 102.90¢ -+
= 161 Hz, C-1), 99.68 (c-+ = 179 Hz, C-1), 79.57 (C-3), 75.01 (C-
2" or C-B), 74.90, 74.77, 73.23, 73.11, 72.49 (PhH4.72 (C-4),
74.29 (C-4), 74.28 (C-3), 72.36 (C-5), 68.92 (C-6), 67.75 (§-80.76
(COCHp).

General Method of Glycosylation for the Synthesis of Unsym-
metrical 1,1-Linked Disaccharides Using Trimethylsilyl Galactoside
in the Presence of a Lewis Acid. Silylated galactosidé6, 17, or 18
(0.11 mmol) and mannosyl done¥ (0.14 mmol, 1.3 equiv) were

dissolved in dichloromethane (1 mL). After the addition of TMSOTf
or BRs-OEt (0.04 mmol, 0.3 equiv) in dichloromethane (0.1 mL) at a

(s, 9H, SiCH x 3).

Trimethylsilyl 3- O-Acetyl-2,4,6-tri-O-benzyl#-p-galactopyrano-
side (18). To a stirred solution of 2,4,6-t®-benzyl-3O-[(p-meth-
oxyphenyl)methyllp-galactopyranose (1.24 g, 2.12 mmol) in dry
toluene (4 mL) was adddd-(trimethylsilyl)diethylamine (0.5 mL), and
the solvent was evaporated at 4D. This manipulation was repeated
three times until starting material disappeared on TLC, and then the
mixture was driedin vacua To the residue dissolved in dichlo-
romethane (40 mL) were added water (2 mL) and DDQ (621 mg, 2.60
mmol). The resulting mixture was stirred vigorously at room temper-
ature for 1 h, poured into cold aqueous sodium hydrogen carbonate,
and extracted with dichloromethane. The extract was washed with
brine, dried over anhydrous sodium sulfate, and concentrated. The
residue was acetylated using & (2 mL) and pyridine (3 mL) and
purified on a column of silica gel with hexanethyl acetate (8:1) to
give silyl g-galactoside (917 mg, 75%) apdacetate (113 mg, 10%).
H-NMR (CDCl): ¢ 7.42-7.18 (m, 15H, 3Ph), 4.87 (dp3 = 10.4
Hz, J;. = 3.1 Hz, H-3), 4.85, 4.64 (ABq] = 11.8 Hz, PhCH), 4.66
(d, J12. = 7.3 Hz, H-1), 4.59, 4.50 (ABg] = 11.4 Hz, PhCH), 4.50,
4.42 (ABq,J = 11.2 Hz, PhCH), 3.93 (d, H-4), 3.71 (dd, H-2), 3.66
(t, H-5), 3.61-3.54 (m, 2H, H-6a,6b), 1.88 (s, 3H, COgHO0.19 (s,
9H, SICH; x 3).

3,4-O-Isopropylideneff-p-galactopyranosyl  2,3,4,6-TetraO-
benzyl-a-pD-mannopyranoside. To a solution ofl1a (239 mg, 0.34
mmol) in dry methanol (3 mL) and chloroform (0.5 mL) was added
powdered sodium methoxide (2 spoons by microspatel), and the mixture
was stirred at room temperature for 1.5 h. The mixture was neutralized
with 1 M HCI and extracted with chloroform. The extract was washed
with water and dried over anhydrous sodium sulfate, and the solvent
was evaporated. The residue was dissolved in 2,2-dimethoxypropane
(1 mL) and treated with a catalytic amountmfcamphorsulfonic acid.
The resulting mixture was stirred at room temperature for 1 h, and
then the solvent wasevaporated. The residue was dissolved in methanol
(3 mL), stirred for 5 min, and neutralized with triethylamine, the solvent
was evaporated, and the residue purified on a column of silica gel with
hexane-ethyl acetate (1:1) to give isopropylidene galactoside (109 mg,
43%) and unreacteftp-galactopyranosyl 2,3,4,6-tett@benzyle-p-
mannopyranoside (119 mg, 50%}H-NMR (CDCly): 6 7.42-7.02
(m, 20H, 4Ph), 5.17 (dJ; .= 1.7 Hz, H-1), 4.83, 4.40 (ABq] = 10.9
Hz, PhCH), 4.75, 4.68 (ABq,) = 12.2 Hz, PhCH), 4.66, 4.61 (ABq,
J=11.9 Hz, PhCH), 4.64, 4.48 (ABq,) = 12.9 Hz, PhCH), 4.36 (d,
Jrz = 8.6 Hz, H-1), 4.15 (t, H-8), 4.07 (s, H-4), 4.05 (m, H-3),
3.92 (d,J23 = 3.0 Hz,J34 = 9.2 Hz, H-3), 3.973.82 (m, 2H, H-5,
OH-6), 3.75 (t, H-2), 3.73-3.60 (m, 2H, H-6a,63 3.69 (t, H-4), 3.56
(ddd, H-2), 3.47 (dd,Js 65 = 8.3 Hz,Jgem = 9.9 Hz, H-6b), 3.40 (dd,
Js.60 = 2.3 Hz, Jgem = 10.6 Hz, H-6b), 2.72 (dJ> o1 = 3.3 Hz, OH-
2),1.52,1.33 (each s, 3K 2, CCH). 3C-NMR (CDCh): ¢ 138.29,
137.99, 137.39 (Ph), 128.3227.64 (Ph), 110.42 (CMg 102.09
(C-1), 98.29 (C-1), 79.62 (C-3), 79.05 (C}375.31 (C-4), 75.08, 73.16,
72.74, 72.38 (PhCh, 74.93 (C-5), 74.56 (C-2), 73.77 (C)473.10
(C-2), 72.38 (C-H), 69.65 (C-6), 62.43 (CH 28.20, 26.29 (CMg.
FAB MS for CsHs1011: caled 743.3431, found 743.3431a)fp =
+54.9 (c = 1.5, CHC}).

2,6-di-O-benzyl-3,40-isopropylidenef-p-galactopyranosyl 2,3,4,6-
Tetra-O-benzyl-o-p-mannopyranoside (13). To a suspension of NaH
(60% oil dispersion, 67 mg, 1.68 mmol) rinsed with hexane two times
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in DMF (0.5 mL) was added dropwise 3@isopropylidengs-p-
galactopyranosyl 2,3,4,6-tet@benzyla-p-mannopyranoside (415 mg,
0.56 mmol) in DMF (2.5 mL), and the mixture was stirred at room
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2.10, 2.04, 1.96, 1.94 (each s, 12H, COEHC-NMR (CDCE): &
170.43, 170.19, 170.15, 170.06<0), 138.58, 138.20, 138.15, 138.04
(Ph), 128.43-127.39 (Ph), 95.08, 89.51 (C-1,179.30 (C-3), 74.84,

temperature overnight (17 h). The reaction mixture was added to benzyl 73.33, 72.29, 71.90 (PhGH 74.38, 73.89, 72.22, 68.95, 68.16, 67.61,

bromide (0.2 mL, 1.68 mmol), stirred at room temperaturelfo and
at 70°C for 1 h, and then poured into cold water and extracted with

67.51 (C-2,3,4,5/24' 5), 69.42, 61.44 (C-6!p 20.94, 20.65, 20.33
(COCH).

ether. The extract was washed with brine, dried over anhydrous sodium  0-(2,3,4,6-TetraO-acetyl-o-p-mannopyranosyl)-(+-2)-1,3,4,6-
sulfate, and concentrated. The residue was purified on a column of tetra-O-acetyl-a-p-galactopyranose (9). H-NMR (CDCl): ¢ 5.92

silica gel with hexaneethyl acetate (5:1) to giv&3 (326 mg, 63%).
H-NMR (CDCl): 6 7.41-7.10 (m, 30H, 6Ph), 5.17 (dh, = 1.3
Hz, H-1), 4.88, 4.50 (ABgJ = 10.9 Hz, PhCH), 4.68, 4.59 (ABq,J
= 11.8 Hz, PhCH), 4.66 (s, 2H, PhCh), 4.58, 4.32 (ABgJ = 12.4
Hz, PhCH), 4.48 (s, 2H, PhCh), 4.43 (d,Jy> = 8.3 Hz, H-1), 4.17-
4.06 (m, 4H, H-4,5,34'), 3.96-3.87 (m, 1H, H-3), 3.91 (br t, H'}
3.75 (dd,Js = 3.0 Hz, H-2), 3.73-3.57 (m, 4H, H-6,8, 3.77-3.37
(m, 1H, H-2), 1.38, 1.32 (each s, 3tk 2, CCH;). *C-NMR
(CDClg): 6 138.81, 138.56, 138.51, 138.15, 138.10 (Ph), 128.27
127.38 (Ph), 109.87 (CMp 101.47 (C-1), 99.41 (C-1), 79.77 (C-3),
79.64 (C-2), 79.25 (C-3), 74.84, 73.33, 73.12, 72.33, 72.27 (PhgH
74.59 (C-4), 74.45 (C-2), 73.59 (C)472.44 (C-5), 72.50 (C*% 69.15,
68.63 (C-6,6, 27.87, 26.31 (CMg. Anal. Calcd for GHe011: C,
74,165; H, 6.77. Found: C, 73.80; H, 6.870]%% = +43.8 (c =
1.1, CHCE}).

2,6-Di-O-benzylf-p-galactopyranosyl 2,3,4,6-Tetra©-benzyl-o-
p-mannopyranoside (14). A solution of 13 (240 mg, 0.26 mmol) in
acetic acid (5 mL) and water (1.3 mL) was stirred at°@for 3 h,

(d, 312 = 5.0 Hz, H-1), 5.40 (brtJs5s = 2.3 Hz, H-4), 5.33 (ddJ> 3 =
3.3 Hz,J3.4 = 9.9 Hz, H-3), 5.26 (t, H-4), 5.26 (d,Jv> = 2.0 Hz,
H-1'), 5.13 (br t, H-2), 5.02 (dd,J;3 = 6.8 Hz,J;4 = 3.5 Hz, H-3),
4.32 (dd, H-2), 4.294.02 (m, 6H, H-5,6,56'), 2.17, 2.12, 2.11, 2.10,
2.07, 2.05, 2.00 (each s, 24H, COgH*C-NMR (CDCk): ¢ 170.49,
170.44, 170.01, 169.94, 169.86, 169.76, 169.76-Q7, 98.11 (C-1),
91.56 (C-1), 73.14 (C-2), 71.12 (C-3), 69.76 (C}269.13, 69.00 (C-
5, 5), 68.79 (C-3), 65.97 (C-4), 65.57 (C-4), 62.52, 61.39 (C-6))6
20.81, 20.70, 20.61, 20.49 (COGH
3-O-acetyl-2,4,6-tri-O-benzyl-a-p-galactopyranosyl) 2,3,4,6-Tetra-
O-benzyl-a-p-mannopyranoside (12b). 'H-NMR (CDCly): 6 7.42—
7.09 (m, 35H, 7Ph), 5.29 (dy > = 3.6 Hz, H-1), 5.14 (d,J;,= 1.7
Hz, H-1), 5.09 (ddJ>z = 10.7 Hz,J3 » = 3.2 Hz, H-3), 4.86,4.48
(ABqg, 1H, J = 10.9 Hz, PhCH), 4.68, 4.61 (ABq,J = 11.2 Hz,
PhCH), 4.48, 4.40 (ABq,J) = 12.0 Hz, PhCH), 4.56, 4.45 (ABgJ =
11.6 Hz, PhCH), 4.69-4.45 (m, 6H, PhCh), 4.07-3.93 (m, 5H,
H-3,4,5,2,4), 3.79 (br t, H-5), 3.64-3.58 (m, 2H, H-6), 3.56 (br s,
H-2), 3.50 (ddJs 64 = 7.3 Hz,Jgem = 9.1 Hz, H-61), 3.39 (dd,Js ey

and then the solvent was evaporated. The residue was purified on a= 6.9 Hz, H-6b), 1.96 (s, 3H, COCH). 3C-NMR (CDCk): 6 170.49

column of silica gel with hexaneethyl acetate (1:2) to givé4 (201
mg, 88%). 'H-NMR (CDCl): ¢ 7.44-7.11 (m, 30H, 6Ph), 5.14 (d,
Ji2= 1.7 Hz, H-1), 4.90, 4.51 (ABq] = 10.9 Hz, PhCH), 4.67, 4.55
(ABg, J = 12.9 Hz, PhCH), 4.66, 4.56 (ABg,J = 11.5 Hz, PhCH),
4.58, 4.38 (ABq,J = 12.2 Hz, PhCH), 4.48 (d,Jy > = 7.9 Hz, H-1)
4.46 (s, 2H, PhCh), 4.27-4.09 (m, 1H, H-5), 4.06 (t)34= Js5= 8.9
Hz, H-4), 3.99 (t,J3.4 = Json = 3.0 Hz, H-4), 3.94 (dd,J,53 = 3.0
Hz, H-3), 3.71 (ddJs6a= 3.5 Hz,Jgem = 10.8 Hz, H-6a), 3.723.51
(m, 5H, H-6a,35,6'), 3.66 (m, H-2), 3.44 (dd}» 3 = 9.2 Hz, H-2),
2.69 (d, 4-OH), 3.40 (d,Jz.04 = 5.3 Hz, 3-OH). 3C-NMR (CDCE):
0 138.74, 138.47, 138.19, 138.11, 137.63 (Ph), 128 B%.37 (Ph),
102.89 (C-1), 99.7 (C-1), 79.50 (C-3), 79.37 (C)274.90, 74.68, 73.50,
73.17, 72.51, 72.42 (PhGH 74.90 (C-2), 74.79 (C-4), 73.33, 72.51
(C-5,8), 73.08 (C-3), 69.13, 68.93 (C-6,p, 68.93 (C-4). FAB MS
for CsqHs¢O11: calcd 883.4057, found 883.40580]f% = +40.2 (c
= 1.25, CHC}).
3,4-0-(2-Carbonylethylene)-2,6-diO-benzyl-f-p-galacto-
pyranosyl 2,3,4,6,-TetraO-benzyl-a-pD-mannopyranoside (15). Diol
14 (76 mg, 0.09 mmol) was refluxed in dry toluene (3 mL) with
dibutyltin oxide (23 mg, 0.09 mmol) in a Dean-Stark apparatus for 1
h. The solvent was evaporated, and the residue was @iriedcuq
dissolved in dry toluene (3 mL), and then refluxed wiHBusNI (32

(C=0), 138.69, 138.44, 138.35, 138.13, 138.06, 138.02, 137.83 (Ph),
128.41-127.37 (Ph), 93.84, 92.99 (C-1),179.55 (C-3), 75.33, 75.17,
74.86, 73.48, 73.33, 72.76, 72.49, 72.40 (PhCH4.81, 72.81, 72.54,
72.36, 69.29, 69.17, 68.39 (C-6,620.97 (COCH).

Allyl 3- O-[(p-methoxyphenyl)methyl]-a-p-galactopyranoside. Al-
lyl o-p-galactopyranosidg4.64 g, 21 mmol) was refluxed overnight
in dry methanol (100 mL) with dibutyltin oxide (5.75 g, 23 mmol) in
a Dean-Stark apparatus. After methanol was removed, the residue was
dried in vacuq dissolved in dry toluene (200 mL), and stirred with
n-BuNI (8.5 g, 23 mmol) angb-methoxybenzyl chloride (6.0 mL, 11.1
mmol) at 80°C for 3 h. The solvent was evaporated, and the residue
was purified by chromatography (hexane:ethyl acetat&1) to give
allyl 3-O-[(p-methoxyphenyl)methyl:-p-galactopyranoside (5.0 g,
70%). []® = +127.# (c 1.0, CHCE). Mp: 62—-63.5°C (from
EtOAc). *H-NMR (CDCl): ¢ 7.30 (d, 2H,J = 8.58 Hz, Ph), 7.97 (d,
2H, Ph), 5.93 (dddd] = 17.3 Hz, 5.8 Hz), 5.30 (dq, 1H,= 1.65 Hz,
=CH,-trans), 5.22 (dq, 1H,=CH,-cis), 5.02 (d,J.> = 4.0 Hz, H-1),
4.70, 4.64 (ABg,) = 11.4 Hz, PhCH), 4.22 (ddt, 1HJgem= 12.9 Hz,
OCH,), 4.20-3.76 (m, 4H, H-5, 6a,6b, OCH 4.07 (br d, H-4), 3.98
(dd, J,3 = 9.6 Hz, H-2), 3.81 (s, 3H, OMe), 3.65 (dd .4 = 3.5 Hz,
H-3), 2.6-1.8 (br, 3H, 30H). *3C-NMR (CDCk): 6 159.51 CMe),
134.00 (HG>), 129.79, 129.52 (Ph), 118.06:CH,), 114.03 CHCOMe),

mg, 0.09 mmol) and a large excess amount of methyl 2-bromo acetate97.77 (C-1), 77.93, 69.53, 68.70, 68.43, 68.36, 63.06 (9CH..95
(0.3 mL) for 1 h. The concentrated residue was purified by chroma- (PhCH), 55.29 (OMe). Anal. Calcd for GH2407: C, 59.99; H, 7.11.

tography (hexane:ethyl acetate2:1) to givel5 (64 mg, 80%). *H-
NMR (CDCl): ¢ 7.41-7.11 (m, 30H, 6Ph), 5.14 (d, = 1.7 Hz,
H-1), 4.90, 4.51 (ABgJ = 10.9 Hz, PhCH), 4.72, 4.64 (ABqJ =
11.5 Hz, PhCHhj), 4.70, 4.60 (ABgJ = 11.9 Hz, PhCH), 4.70 (d J3 «
= 4.0 Hz, H-4), 4,57, 4.47 (ABqJ = 11.7 Hz, PhCH)), 4.57, 4.38
(ABg, J=12.0 Hz, PhCh), 4.52 (d,Jy > = 7.6 Hz, H-1), 4.46, 4.37
(ABq, J = 12.2 Hz, PhCH), 4.16, 3.63 (ABgJ = 18.1 Hz, OCH),
4.07-4.02 (m, 2H, H-4,5), 3.973.89 (m, 1H, H-3), 3.86 (ddl; 3 =
9.9 Hz, H-3), 3.78-3.55 (m, 6H, H-2,6,56'), 3.48 (dd, H-2). C-
NMR (CDCl): 6 166.59 (G=0), 138.58, 138.45, 138.38, 138.00,
137.61, 137.32 (Ph), 128.50.27.39 (Ph), 102.75 (C 100.02 (C-
1), 79.55 (C-3), 74.92, 74.68, 73.48, 73.16, 72.58 (PH)CHL.72 (C-
2,4), 73.73 (C-Y, 72.87 (C-2), 72.57 (C-5), 71.97 (C} 71.81 (C-
5'), 68.86, 66.45 (C-6,§ 60.20 (OCH). [0]? = +35.2 (c = 1.2,
CHCL).
0-2,3,4,6-tetraO-benzyl-a-p-mannopyranosyl)-(+-2)-1,3,4,6-
tetra-O-acetyl-a-p-galactopyranose (8).*H-NMR (CDCly): 6 7.49—
7.04 (m, 20H, 4Ph), 6.44 (di;2 = 3.3 Hz, H-1), 5.44 (dJs4 = 3.1
Hz, H-4), 5.18 (ddJ, 3= 10.7 Hz, H-3), 5.08 (dJy > = 1.7 Hz, H-1),
4.93-4.40 (m, 8H, PhCH), 4.33 (dd, H-2), 4.07 (d, 2Hlss= 6.9 Hz,
H-6), 3.91-3.59 (m, 6H, H-5,34,5,6'), 3.55 (dd J» 3 = 3.0 Hz, H-2),

Found: C, 59.74; H, 6.93.

Allyl 2,4,6-Tri- O-benzyl-3-O-[(p-methoxyphenyl)methyl]-a-b-ga-

lactopyranoside. To a suspension of NaH (55% oil dispersion, 980
mg, 22.45 mmol) rinsed with hexane two times in DMF (3 mL) was
added dropwise allyl ®-[(p-methoxyphenyl)methyljx-p-galacto-
pyranoside (1.7 g, 4.99 mmol) in DMF (8 mL), and the mixture was
stirred at room temperature for 4 h. The reaction mixture was added
to benzyl chloride (2.6 mL, 22.45 mmol), stirred at room temperature
overnight, poured into cold water, and extracted with ether. The extract
was washed with brine, dried over anhydrous sodium sulfate, and
concentrated. The residue was purified on a column of silica gel with
hexane-ethyl acetate (10:1) to give allyl 2,4,6-t0-benzyl-3O-[(p-
methoxyphenyl)methyl-p-galactopyranoside (2.21 ¢, 73%)H-
NMR (CDCl): ¢ 7.42-7.18 (m, 17H, Ph), 6.87 (d, 2H,= 8.9 Hz,
Ph), 5.93 (dddd) = 17.3 Hz,J = 10.2 Hz,J = 5.8 Hz, CH=), 5.29
(dg, 1H,J = 1.65 Hz,=CH,-trans), 5.18 (dqg, 1H,=CH_-cis) 4.94,
4.66 (ABq,J = 11.5 Hz, PhCH), 4.87 (d,J;» = 3.3 Hz, H-1), 4.81,
4.66 (ABg,J = 12.2 Hz, PhCH), 4.77, 4.56 (ABq,J = 11.6 Hz,
PhCH), 4.47, 4.39 (ABg,) = 11.9 Hz, PhCH), 4.15 (ddt, 1HJgemn=

(9) Lee, R. T.; Lee, Y. CCarbohydr. Res1974 37, 193.



9270 J. Am. Chem. Soc., Vol. 118, No. 39, 1996

12.9 Hz, OCH), 4.08-3.91 (m, 4H, H-2, 3, 4, 5, OCH}, 3.81 (s, 3H,
OMe), 3.51 (d,Jss = 6.6 Hz, H-6). 3C-NMR (CDCk): & 159.07
(CMe), 138.72, 138.65, 138.02, 131.02, 129.09 (3Ph), 134.06<{IC
128.34-127.48 (Ph), 117.86%CH,), 113.73 CHCOMe), 96.32 (C-

Hiruma et al.

2.04, 1.96, 1.94 (each s, 12H, COgH=C-NMR: 6 170.43, 170.19,
170.15, 170.06 (€0), 138.58, 138.20, 138.15, 138.04 (Ph), 128:43
127.39 (Ph), 95.08, 89.51 (C-1),179.30 (C-3), 74.84, 73.33, 72.29,
71.90 (PhCH), 74.38, 73.89, 72.22, 68.95, 68.16, 67.61, 67.51 (C-

1), 78.87,77.21,76.43, 75.22, 74.68, 73.41, 73.32, 72.92, 69.38, 69.04,2,3,4,5,24,5), 69.42, 61.44 (C-6,5 20.94, 20.65, 20.33 (COGH

68.21, 55.24 (OMe).
2,4,6-Tri-O-benzyl-3-O-[(p-methoxyphenyl)methyl]-0-galacto-
pyranose. To a solution of allyl 2,4,6-tr©-benzyl-3O-[(p-methoxy-
phenyl)methyl]e--p-galactopyranoside (1.99 g, 3.25 mmol) in dimethyl
sulfoxide (25 mL) was addedBuOK (912 mg, 8.13 mmol), and the
mixture was stirred at 130C for 10 min. The mixture was poured

2,4,6-Tri-O-benzyl#-p-galactopyranosyl 2,3,4,6-Tetra©-benzyl-
a-D-mannopyranoside. To a solution ofl1b (100 mg, 0.10 mmol)
in dry methanol (3 mL) and chloroform (0.5 mL) was added powdered
sodium methoxide (2 spoons by microspatel), and the mixture was
stirred at room temperature for 1 h. The mixture was neutralized with
1 M HCI and extracted with chloroform. The extract was washed with

into cold water and extracted with ether. The extract was washed with water and dried over anhydrous sodium sulfate, the solvent was

brine, dried over anhydrous sodium sulfate, and concentiateatua
The residue was dissolved in acetone (16 mL), addetl M HCI (2
mL) and water (2 mL), and then refluxed for 30 min. After acetone

evaporated, and the residue was purified on a column of silica gel with
hexane-ethyl acetate (3:1) to give the title compound (91 mg, 95%).
H-NMR: ¢ 7.43-7.08 (m, 35H, 7Ph), 5.14 (br s, H-1), 4.89 (ABq,

was removed, the concentrated mixture was dissolved in chloroform 1H,J= 10.9 Hz, PhCH), 4.71 (ABq, 1H,J=11.6 Hz, PhCH), 4.75~
and washed with water, and then the solvent was evaporated. The4.30 (m, 12H, PhCh), 4.46 (d,Jr» = 7.6 Hz, H-1), 4.12 (br d, H-5),

residue was purified on a column of silica gel with hexaathyl acetate
(5:2) to give 2,4,6-tr©-benzyl-30-[(p-methoxyphenyl)methylp-
galactopyranose (1.66 g, 89%)H-NMR (CDCly): 6 7.42-7.16 (m,
17H, Ph), 6.92-6.79 (m, 2H, Ph), 5.27 (ddj; . = 3.3 Hz,J;0n = 2.3
Hz, H-1a), 4.94, 4.92, 4.90,, 4.83, 4.80, 4.71, 4.69, 4.66 (each ABq,
= 11-12 Hz, PhCH), 4.63 (d,J1» = 7.6 Hz, H-13), 4.58, 4.57 (each
ABq, J = 11.6 Hz, PhCH), 4.47, 4.39 (ABqJ = 11.9 Hz, PhCHh),
4.14 (br t,Js5 = 6.6 Hz, H-5), 4.01 (ddJ,3 = 9.7 Hz, H-2v), 3.91
(dd, J34 = 2.3 Hz, H-3x), 3.94-3.78 (m, 2-3H), 3.81, 3.80 (each s,
3H x 2, OMe), 3.73 (ddJz 3= 9.6 Hz, H-2), 3.63-3.45 (M, 4-5H,
H-6), 3.47 (d,Jgem = 9.4 Hz, H-6), 3.24-3.13 (br, OHB), 2.98-2.92
(br, OHa); mp 81—-82 °C (from ether-ethyl acetate). Anal. Calcd
For GsH3s07: C, 73.66; H, 6.71. Found: C, 73.29, H, 6.65.
3-O-(Carboxymethyl)-f-p-galactopyranosylo-b-Mannopyrano-
side (2). Lactonel5 (36 mg, 0.04 mmol) was dissolved in methanol
(1.5 mL), and then a catalytic amount of 20% Pd(@d) carbon was

4.04 (t,J34= 9.0 Hz, H-4), 3.93 (ddJ.3= 2.8 Hz, H-3), 3.84 (dJz 4

= 3.3 Hz, H-4), 3.73 (dd Js 6p = 3.8 Hz,Jgem= 11.0 Hz, H-6), 3.67

3.47 (m, 6H, H-2,6,356'), 3.46 (dd,J» 3 = 9.6 Hz, H-2), 2.11 (d,

Jz on= 5.6 Hz, OH-3). 3C-NMR: § 138.72, 138.51, 138.33, 138.26,

138.13, 137.74 (Ph), 128.46.27.31 (Ph), 102.98 (C31 99.64 (C-1),

79.89, 79.53, 75.49, 74.90, 74.81, 73.91, 73.48 (C-2,3/4354.,5),

75.06, 74.90, 74.68, 73.26, 73.10, 72.47, 72.35, (PH(8.89, 68.11

(C-6,8).
3-O-(carboxymethyl)-2,4,6-tri-O-benzyl-p-galactopyranosyl

2,3,4,6-Tri-O-benzyl-a-p-mannopyranoside (16). To a stirred mixture

of the above compound (29 mg, 0.03 mmol), silver oxide (121 mg,

0.53 mmol), and potassium iodide (42 mg, 0.26 mmol) in DMF (1

mL) was added BrCRCOOMe (87 mg, 0.57 mmol), and the mixture

was stirred at room temperature for 3.7 days. The reaction mixture

was diluted with ether and water and then passed through Celite. The

organic layer was washed with brine, dried over anhydrous sodium

added. To the reaction mixture was supplied hydrogen through a sulfate, and concentratéd vacua The residue was purified on a

balloon. After the reaction was complete in 4 h, the mixture was filtered
and concentrateith vacuoand then dissolved in 0.25 N agueous NaOH
(0.5 mL). After 10 min, the reaction mixture was neutralized and
purified by Sephadex LH-20 chromatography.(H and lyophilized
to give 2 (14 mg, 89%). H-NMR (25 °C, HDO 4.80 ppm, 600
MHz): 6 5.178 (d,J;>. = 1.70 Hz, H-1), 4.638 (dJr» = 8.12 Hz,
H-1'), 1.115 (d,J3 » = 3.13 Hz, H-4), 4.103 (s, OCHh), 3.61 (dd,J>3
= 3.10 Hz, H-2), 3.974 (dddly 5 = 10.04 Hz,Js 6a = 2.42 Hz,J5 6=
6.54 Hz, H-5), 3.904 (dd]; » = 9.83 Hz, H-3), 3.900 (dJgem= 12.18
Hz, H-6a), 3.807 (ddJs ¢a = 8.11 Hz,Jgem= 11.53 Hz, H-6a), 3.764
(dd, H-6b), 3.753 (ddJs g = 5.13 Hz, H-6b), 3.724 (t, H-5), 3.708
(dd,J> 3 = 9.83 Hz, H-2), 3.688 (t, H-4), 3.535 (dd, HB 13C-NMR
(dioxane, 67.4 ppm, 100 MHz)) 170.32 (G=0), 103.48 (C-1), 102.30
(C-1), 82.69 (C-3, 76.04 (C-H), 74.31 (C-5), 71.05 (C-3), 70.56, 70.53
(C-2, 2), 69.19 (OCH2), 67.52 (C-4), 66.02 (C}461.92, 61.76 (C-6,
6). [a]?p = +43.6° (c=0.22, MeOH:HO = 1:1). When galacosyl
imidate3 instead of was used as a glycosyl donor in the same reaction,
a migration was observed.
1,3,4,6-TetraO-acetyl-2-0-(2,3,4,6-tetraO-benzyl-a-p-manno-
pyranosyl)-o-p-galactopyranose (8). *H-NMR: & 7.49-7.04 (m,
20H, 4Ph), 6.44 (d);, = 3.3 Hz, H-1), 5.44 (dJs4 = 3.1 Hz, H-4),
5.18 (dd,J; 3 = 10.7 Hz, H-3), 5.08 (dJy > = 1.7 Hz, H-1), 4.93-
4.40 (m, 8H, PhCH), 4.33 (dd, H-2), 4.07 (d, 2Hls s = 6.9 Hz, H-6),
3.91, 3.59 (m, 6H, H-5;3',5,6), 3.55 (dd J» 3 = 3.0 Hz, H-2), 2.10,

column of silica gel with hexanreethyl acetate (3:1) to givé6 (13
mg, 43%). 'H-NMR (CDCl): 6 7.41-7.12 (m, 35H, Ph), 5.13 (d,
Ji2= 1.3 Hz, H-1), 4.93, 4.66 (ABq] = 11.7 Hz, PhCH), 4.87, 4.48
(ABq, J = 10.9 Hz, PhCH), 4.69-4.48 (m, 6H, PhCh), 4.57, 4.34
(ABq, J = 12.2 Hz, PhCH), 4.44 (d,Jy > = 7.9 Hz, H-1), 4.29, 4.22
(ABq, J= 16.5 Hz, OCH), 4.28 (s, 2H, PhC}), 4.11 (brd, H-5), 4.05
(t, J=9.2 Hz, H-4), 4.05 (dJ3 4+ = 3.6 Hz, H-4), 3.93 (dd,J,3= 3.1
Hz, H-3), 3.66-3.80 (m, 5H, H-6a,2 OMe), 3.63 (dd, H-2), 3.62
3.42 (m, 4H, H-6b,56'), 3.39 (dd J> 3 = 9.6 Hz,J34= 3.0 Hz, H-3).
3C-NMR: 6 171.12 (G=0), 138.85, 138.67, 138.56, 138.44, 138.24,
137.92 (Ph), 128.45-127.30 (Ph), 102.98 ({-99.66 (C-1), 83.49
(C-3), 79.89 (C-2), 79.61 (C-3), 75.13 (C-2), 74.77 (C-4), 74.22 (C-
4'), 73.62 (C-5), 72.54 (C-5), 74.93, 74.83, 74.57, 73.24, 73.10, 72.33
(PhCH), 69.13 (OCH), 68.77, 68.56 (C-6,%
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