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ABSTRACT

Regioselective protection of N -acetyllactosamine with triphenylmethy! (trityl) and
pivaloyl groups afforded the corresponding 3, 2', 4'-tri- and 2',4'-dihydroxyl derivatives
in a few steps, respectively; these derivatives were used efficiently for the syntheses of the
title compounds from A -acetyllactosamine in 46% (7 steps) and 19% (8 steps) overall
yields, respectively.

INTRODUCTION

N-Acetyllactosamine (1, Galpl-4GlcNAc) is one of the important components
commonly occurring in oligosaccharides, and is biologically essential and of interest from
the mechanistic viewpoint of structural biology such as intermolecular recognition in living
systems. Hitherto, N-acetyllactosamine has been merely available by chemical synthesis
from monosaccharides,? and from lactal.>  Recently, an efficient synthesis of 1 has been
cstablished through the enzymatic trans-g-D-galactopyranosylation from lactose to the  4-
position of 2-acetamido-2-deoxy--D-glucopyranose,* and 1 is now easily available.
Thercfore, the authors undertook the present investigation on the chemical syntheses of the

title oligosaccharides by the use of 1 as the starting material, which was expected to show
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unique regioselectivity on the introduction of protecting groups, and enable us to develop a
novel stratcgy in the synthesis of N-acetyllactosamine-derived oligosaccharides. The

results thus obtained will be described in full herein.

RESULTS AND DISCUSSION

Regioselective Protection of Allyl O-(B-D-Galactopyranosyl)-(1 —4)-2-acetamido-
2-deoxy- p-D-glucopyranoside (4): Compound 1 was converted into 4, by way of O-(2,3,
4,6-tctra-O-acctyl--D-galactopyranosyl)- (1—> 4) -2-acetamido-1,3,6-tri-O-acetyl-2-deoxy -
a-D-glucopyranose (2) and the oxazoline intermediate (3).> The resulting 4 was then
subjected to regioselective triphenylmethylation and pivaloylation reactions under controlled
conditions. (Figure 1)

Triphenylmethylation of methyl A-D-galactopyranoside with the bis(tributyltin)
oxide [(Bu3Sn)20] - triphenylmethyl chloride (TrCl) system has been reported by Ogawa et
al.® to give the corresponding 2,6-di-O-triphenylmethyl derivative in 72% yield. This
approach was of interest to us in connection with triphenylmethylation of 4, which was
thus treated with (Bu3zSn)20 (2.25 equiv) and TrCl (4.5 equiv) in toluene to give 6,3",6'-
tri-O-triphenylmethyl derivative 5 and 6,2',6'-tri-O-triphenylmethyl derivative in 58 and
14% yields (ca. 4:1), respectively. Their structures were confirmed by formation of the
corresponding 3,2',4'-triacetate 6 and 3,3',4'-triacetate in quantitative yields on acetylation
in the usual manner.  The formation of § likely reflects the steric effect of 2-acetamido-2-
deoxy-D-glucopyranos-4-yl moiety on the 2'-position of 4.

In view of the bulkiness of the pivaloyl group, moreover, regioselective
pivaloylation of 4 was performed by treatment with (BuzSn)20 (5.0 equiv) and pivaloyl
chloride (7.0 equiv) in 1:1 acetonitrile-benzene, to give the corresponding 6,3',6'-tri-O-
pivaloy! derivative 7 in 56% yield as the main product along with three by-products. The
more polar by-product (based on 7) seems to be di-O-pivaloyl derivative and two less polar
products seem to be tri- and tetra-O-pivaloyl products. IH NMR data of one of the less
polar products is identical with that of 3,6,3',6'-tetra-O-pivaloyl derivative 8. The ratio
of the by-products was ca. 1:1:3 in order of the polarity (less = more) on TLC. On the
other hand, it was interesting to have found that pivaloylation of 4 with pivaloyl chloride
(5.0 cquiv) in a mixture of dichloromethane - pyridine at 0 °C gave 8 in 60% yield.
Compound 8 was also expected to be one of the most useful intermediates for the synthesis
of Manfl1-4GIcNAc unit 10 in view of the efficient chemical conversion of A-D-
galactopyranosides 2,4-bis(triflate) into the corresponding A-D-mannopyranosides by way

of simultancous inversion reactions at both the 2- and 4- positions.’
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Figure 1

Similar to 4, the bis(tributyltin) oxide-mediated regioselective pivalovlation reaction
of the corresponding benzyl #-D-lactosaminide 11 resulted in the formation of 6,3',6'-tri-
O-pivaloyl derivative 12 in 73% yield. Compound 12, on treatment with 2.,2,2-
trichloroethoxycarbonyl chloride (TrocCl) in dichloromethane - pyridine at 0 °C, gave the
corresponding 3-O-Troc derivative 13 in 70% yield. Compound 13 obtained here is a
potential candidate as the substrate for the 3-O-L-fucopyranosylation reaction to give the
LeX unit.
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Incidentally, the above experiments provided us with insight into the reactivity
order of the secondary hydroxyl groups of 4 as 3'-OH > 3-OH > 2'-OH, 4'-OH, although
that reported for those of g-D-lactoside derivative in a benzoylation reaction was 3'-OH > 2-
OH > 2'-OH, 4'-OH > 3-OH.® Moreover, these products, bearing free hydroxyl groups
at 2'- and 4'- or 3-, 2'-, and 4'- positions are potentially practical material for the synthesis
of Manf1-4GIcNAc and LeX units, respectively.

Efficient Chemical Conversion of 1 into Manfl-4GlcNAc: In view of the
occurrence of a A-D-mannopyranosidic structure in tumor-associated oligosaccharides,”
construction of the A-D-mannopyranosidic linkage at the 4-position of 2-acetamido-2-
deoxy-D-glucopyranose (GlcNAc) has been investigated through a variety of multi-step
methodologies involving oxidation-reduction, 019 intramolecular aglycon delivery,2V-25
SN2 reaction at C-2-position,26-29 direct glycosylation by the use of mannosyl halide,30
mannosyl sulfoxide,3! or mannosyl 1,2-O-stannylenc acetal,32 and glycosidasc-catalyzed
transglvcosylation.3334  Further elaboration of this construction is now feasible on the
basis of our present results.

On the other hand, the formation of 8 in the regioselective pivaloylation as
described above prompted us to explore its possibility in chemical conversion of its 4-O-g-
D-galactopyranosyl moicty into the A-D-mannopyranoside structure by the simultancous
SN2 reaction at both the 2'- and 4'-positions. This strategy starting from 1 scems to
provide us an alternative cfficient synthetic approach to Manp1-4GlcNAc.

Compound 8 was first converted into the corresponding 2'.4'-bis(triflatc)
quantitatively by trcatment with trifluoromethanesulfonic anhydride (2.1 equiv) in the
presence of pyridine in dichloromethane at ) °C. Compound 9 was then subjected to the
simultancous nucleophilic substitution reaction at both 2'- and 4'- positions with cesium
acctate or tetrabutylammonium acetate; the results thus obtained are summarized in Table 1.
Among the reactions as scen from Entry 1, cesium acetate (6.0 equiv) gave allyl O- (2,4-di-
O-acetyl-3, 6-di-O-pivaloyl--D-mannopyranosyl)-(1—> 4)-2-acetamido-2-deoxy-3, 6-di-O-
pivaloyl-f-D-glucopyranoside (10) (93% yield) when the rcaction was conducted in
combination with 18-crown-6 (6.0 equiv) in toluene3 under reflux for 1 h.  Moreover, it
was of Interest that ultrasound irradiation by the usc of an ordinary sonicator (reaction
timc: 12 h) facilitated the reaction to give a competitive yield of 10 (92%) even at room
temperature (Entry 2). A comparative experiment using tetra-butylammonium acctate?” was
confirmed to give 10 in 43% vicld (Entry 7).

The cfficiency of the ultrasound irradiation observed in the chemical conversion of
9 into 10 (Entry 2 in Table 1) led us to investigate the potential effect of protecting groups
on the neighboring hydroxyl groups at the 3- and 6- positions by the use of benzyl
3,6-di-O-allyl- (22), -pivaloyl- {(23), -benzyl- (24), and -aliyloxycarbonyl- (25) S-D-



07:50 23 January 2011

Downl oaded At:

MANBI-4GIcNAc AND Le* UNITS 707

) OPiv
oTf OPl\(/) oo NHAC ORs 1 o NHAC
3% v
PNON ~ owo/\u ———— AZO7 ommn

OoTf OPiv OPiv

9 10

Table 1.  Effects of reaction conditions on Sx2 reaction of 9 into 10?2

Entry Acetate Additive Solvent Temp Time (h)  Yield (%)

1 CsOACc 18-crown-6  Toluene reflux 1 93
2 CsOAc  18-crown-6  Toluene b 2 92
3 CsOAc 18-crown-6 DMF i 10 39
4 CsOAc 18-crown-6 DMSO It 10 62
5 CsOAc — DMF 1t 24 36
6 CsOAc - DMSO r 24 39
7 n-BuyNOAC - Toluene rt 24 43

a. The reaction was carried out under following conditions : 9 (.13 - 0.16 mmo] ;
Acetate 3.6 - 6.3 equiv ; Additive 5.7 - 6.0 equiv ; Solvent 5.0 - 6.0 mL.
b. Under ultrasonication in a water bath.

galactopyranosides 2,4-bis(triflates) (Scheme 1) toward the SN2 reaction with cesium
acetate; the results thus obtained are summarized in Table 2. The protection  with acyl
groups (Entry 2,4), in contrast with that with ether-type groups (Entry 1,3), is likely to
accelerate the SN2 reaction judging from the yields of the resulting 2,4-diacetates 26 (69%
yicld), 27 (88% yield), 28 (62% yield), and 29 (89% yield). In particular, the rcactions
of 22 and 24 were not completed after 12 h judging from their TLC, and thus they were
further continued under reflux for another 12 h.  Monitoring these rcactions by TLC
demonstrated the practical advantage of ultrasound irradiation over conventional reflux
conditions giving rise to a rather neat profile on TLC.

Svathesis of a Tumor Associated Antigen Lewis X (Le'): The Led unit
{GalK1—4)[Fuca(1—>3)]GlcNAc} has been well known as a prominent tumor-associated
antigen3® and an interesting target in synthetic carbohydrate chemistry.?7-30

Compound 13, which was obtained by the reaction of 12 with TrocCl, was
converted into the corresponding 2',4'-diacctate by treatment with acetic anhydride in
pyridine in the usual manner, and the diacetatc was then trcated with zinc powder in
aqueous acetic acid to give benzyl O-(2,4-di-O-acetyl-3,6-di-O-pivaloyl-f#-D-galacto-
pyranosyl)-(1—4)-2-acctamido-2-deoxy-6-O-pivaloyl--D-glucopyranoside (14) in 96%

overall yield from 13. In the present study, for the first time, 3-O-L-fucopyranosylation of
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22 R=All Y. quant.
23 R=Piv y. 98%

24 R=Bn y. quant,
25 R=CO,All Y. quant,
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Table 2.  Simultancous Sx2 reactions of 2,4-bis(triflates) 22 - 25 into 26 - 292

Entry  Substrate Temp Time (h) Product Yield (%)
1 22 R=All 1t — reflux 24 26 69
2 23 R=Piv it 12 27 88
3 24 R=Bn it — reflux 24 28 62
4 25 R=COAll n 12° 29 89

a. The reaction was carried out under following conditions : Substrate (.16 - 1.35
mmol ; CsOAc 2.8 - 3.0 equiv ; 18-crown-6 2.8 - 3.2 equiv ; toluene

10 - 20mL.

b. Under ultrasonication in a water bath for 12 h, then reflux for 12 h.

¢. Under ultrasonication in a water bath,
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14 was performed by the use of 2,3,4-tri-O-benzyl-1-O-(phenylcarbamoyl)-g-L-fuco-
pyranose (16; wB = 1:3; 1.2 equiv) in the presence of trimethylsilyl trifluoromethane-
sulfonate (TMSOTY) in dichloromethane at 0 °C, The glycosylation of 14 with 16 is
mechanistically characterized by the concomitant formation of 15 and N-phenylcarbamic
acid, latter of which is casily decomposed into carbon dioxide and aniline; the aniline thus
formed recacts with the acidic catalyst and loses its nucleophilicity by the formation of
anilinium  triflatc.528  This is in contrast with the reaction of an alcohol with a 1-O-
phenyloxycarbonyl sugar derivative as a glycosylating agent, which gives a phcnyl
glycoside as the by-product in addition to an objective alkyl glycoside.>!> 526 This
approach was found to give the 3-0-(2,3,4-tri-O-benzyl-a-L-fucopyranosyl) derivative of
14 (15) in 58% yield, as expected.>® Although formation of the corresponding f-L-
fucopyranosyl derivative was deduced via TLC of the resulting mixture, another smaller
product spot with higher polarity but very close to that from 15, was observed. However,
separation of the minor product in pure form from 15 was impossible in spite of repeated

chromatography.

EXPERIMENTAL

General Methods. All melting points were determined using a Yanagimoto
apparatus and are uncorrected. Solvents were evaporated under reduced pressure at a bath
temperature not exceeding 40 °C. Optical rotations were measured in a 0.5 dm tube with a
JASCO DIP-140 polarimeter. 1H NMR spectra were recorded in chloroform-d unless
otherwise stated, with a JEOL FX-200, JEOL EX-270, or JEOL A-500 spectrometer. IR
spectra were recorded with a Hitachi 270-30 spectrometer.  Elemental analyscs' were
performed on a Perkin-Elmer 240C or 2400 II elemental analyzer. The chemical shifts,
coupling constants, and IR frequencies were recorded in 6, Hz, and cm-l units,
respectively. Column chromatography was performed on silica gel (Silica gel 60, 70 - 230
mesh, Merck) unless otherwise stated. Thin-layer chromatography (TLC) on silica gel
(Silica gel 60F254, Merck) was used to monitor the reactions and to certify the purity of the
reaction products.

0-(2,3,4,6-Tetra-0O-acetyl-g-D-galactopyranosyl)- (1 — 4) -2-acetam-
ido-1,3,6-tri-O-acetyl-2-deoxy-a-D-glucopyranose (2). A mixture of 1 (500
mg, 1.31 mmol), acetic anhydride (6.0 mL) , and 4-dimethylaminopyridine (30 mg) in
pyridine (8.0 mL), was stirred at room temperature for 18 h. The reaction mixture was
diluted with chloroform, washed with water, dried over anhydrous magnesium suifate,

filtered, and concentrated to give a residue, which was purified on a column of silica gel
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(Wakogel C-300) with hexane/ethyl acetate (1:3 v/v) to afford 2 (861 mg, 97%): mp 222 -
223 °C (ethanol-hexane); IR 1758 ecm-l (C=0), 1677 ecm-1 (amido); [ajp?® + 62 ° (¢ 1.2,
CHCI3); lH NMR (FX-200) 66.10 (d, 1H,J1,2 = 3.7 Hz, H-1), 5.69 (d, 1H, J2, NH
=9.3 Hz, NH), 5.36 (d, 1H, J3' 4' = 3.7 Hz, J4', 50 =0Hz, H-4'), 5.23 (dd, 1H, J2, 3
=11.5Hz, J3, 4= 9.3 Hz, H-3), 5.13 (dd, 1H, J1', 2' = 7.8 Hz, J2', 3' = 10.5 Hz, H-
2", 4.97 (dd, 1H, H-3"), 4.53 (d, 1H, H-1"), 4.38 (ddd, 1H, H-2), 4.44-4.04 (m, 4H,
H-64, H-6b, H-6"a, H-6'd), 3.93-3.87 (m, 3H, H-4, H-5, H-5"), 2.19, 2.16, 2.12, 2.10,
2.07, 1.97, 1.94 (each s, 7x 3H, 7 x OAc), 1.94 (s, 3H, NAc).

Anal. Calcd for C2gH39NO18: C, 49.63; H, 5.80; N, 2.07. Found: C, 49.46; H,
5.78; N, 1.96.

0-(2,3,4,6-Tetra-0O-acetyl-f-D-galactopyranosyl)- (1— 4) -2-methyl-
(3,6-di-O-acetyl-1,2-dideoxy-a-D-glucopyrano)-[2,1-d]-2-oxazoline (3).
To a solution of 2 (1.34 g, 1.98 mmol) in 1,2-dichloroethane (23 mL), trimethylsilyl
trifluoromethanesulfonate (.40 mL) was added at O °C, and kept at 50 °C for 5 h. The
reaction mixture was neutralized with triethylamine at room temperature and concentrated to
give a residue, which was purified on a column of silica gel (Wakogel C-300) with
hexane/cthyl acetate/triethylamine (100:200:1 v/v/v) to afford 3 (1.05 g, 86%): amorphous
powder; IR 1746 cm-! (C=0), 1536 cm-l (C=N); [a]p?® +17.0 ° (¢ 1.1, CHCI3); I1H
NMR (FX-200) 65.92 (d, 1H, J1, 2 = 7.3 Hz, H-1), 5.66 (d, 1H, J2, 3 = 2.2 Hz, J3 4
= 0Hz, H-3),5.38 (d, 1H,J3' 4' = 3.2 Hz, J4' 5 =0 Hz, H-4"), 5.19 (dd. 1H, Jy' 2
=8.1 Hz, J2' ) 3' = 10.3 Hz, H-2"), 5.01 (dd, 1H, H-3'), 4.65 (d, 1H, H-1"), 4.24-4.02
(m, 5H, H-2, H-6a, H-6b, H-6'a, H-6'b), 3.96 (dd. 1H,J5' ¢'a =J5' ¢'b = 6.8 Hz, H-
5", 3.66 (d, 1H, J4, 5 = 9.3 Hz, H-4), 3.53 (m, 1H, H-5), 2.17, 2.12, 2.10, 2.03, 2.04,
1.96 (each's, 6 x 3H, 6 x OAC), 1.71 (s, 3H, Me).

Anal. Caled for C2gH335N016: C, 50.56; H, 5.71; N, 2.27. Found: C, 50.23; H,
5.80; N, 2.21.

Allyl O-(B-D-Galactopyranosyl)-(1-»4)-2-acetamido-2-deoxy-8-D-
glucopyranoside (4). To a stirred solution of allyl 0-(2,3.4,6-tetra-O-acctyl-f3-D-
galactopyranusyl)-(l->4)-2-acctamido-3,6-di-()-acctyl-2-de()xy-/J—D-glucopyranosideb_ (200
mg, 0.315 mmol) in MeOH (30 mL), NaOMe/McOH (Na, 90 mg/MeOH, 5.0 mL) was
added dropwise, and kept at room temperature until the disappearance of the starting
compound (for 3 h). The reaction mixture was neutralized with Dowex S0W-X8 (H1),
then the resin was filtered off, and the filtrate was concentrated to give 4 (133 mg, quant.):
mp 269 - 270 °C (cthanol-hexane); []p?* - 35.0 ° (¢ 0.3, MeOH); IR 3268 cm-l (OH),
1653 cm-1 (amido C =0); lH NMR in D20 (FX-200) 6 5.28 - 5.11 (m, 1H, -CHp-
CH=CH3y), 4.65 - 4.54 (m, 2H, CH2-CH=CH}), 3.90 and 3.76 (each d, 2 x 1H, J1, 2
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=/1', 2'= 7.6 Hz, H-1 and H-1"), 3.67 - 3.41 (m, 2H, -CH2-CH=CH2), 3.33 - 2.79 (m,
12H, H-2 - H-6b, H-2' - H-6b'), 1.34 (s, 3H, NAc).

Anal. Caled for C17H29NO11: C, 48.22; H, 6.90; N, 3.31. Found: C, 48.28; H,
6.82; N, 3.29.

Allyl 0-(2,4-Di-0O-acetyl-3,6-di-O-triphenylmethyl-g-D-galacto-
pyranosyl)- (1-+4) -2-acetamido-3-O-acetyl-2-deoxy-6-O-triphenylmethyl-g8-
D-glucopyranoside (6). A mixture of 4 (210 mg, 0.496 mmol) and bis(tributyltin)
oxide (664 mg, 2.24 equiv) in toluene was refluxed for 6 h by the use of a Dean-Stark
apparatus (with Molecular Sieves 4A). To this reaction mixture, triphenylchloromethane
(620 mg, 4.48 equiv) was added at room temperature, and the reaction mixture was stirred
at 60 °C for 46 h, then concentrated to give syrupy crude allyl O-(3,6-di-O-
triphenylmethyl-f-D-galactopyranosyl)- (1 —4) -Z-acetamido-2-deoxy-6-O-triphenylmethyl-
B-D-glucopyranoside (8) and its 6,2',6'-tri-O-triphenylmethyl derivative. The crude
mixturc was converted into the corresponding acetyl derivatives (acetylated with acctic
anhydride-pyridine, quantitative yields) for purification. The crude acetylated products
were purified on a column of silica gel (Wakogel C-300) with benzene/acetone (3:1 v/v) to
afford 6 (367 mg, 58%) and its 6,2',6'-tri-O-triphenylmethyl derivative (88 mg, 14%):
syrup; [at]p®* - 74.1 ° (¢ 0.6, CHCI3); IR 1755 cm-l (C=0), 1677 cm~! (amido C=0);
'H NMR ( FX-200) 6 7.39 - 7.07 (m, 9 x 5H, 3 x Tr), 5.94 - 5.87 (m, 1H, -CH»>-
CH=CH» ). 5.40 - 5.37 (m. 2H, NH and H-4'), 5.30 - 5.18 (m, 2H, -CH2-CH=CH)?),
3.20-5.12 (dd, 1H, H-2"), 4.54 (dd, 1H,J 2 3=10.7Hz,J 3 4 = 9.4 Hz, H-3), 4.40
-4.36 (m, 1H, -CH2-CH=CH)), 4.25 (d, 1H,J 1, 2 = 8.6 Hz, H-1), 4.19 (dd, 1H. J4_ 5
= 9.4 Hz, H-4), 4.15(d, IH,J {", 2' = 7.6 Hz, H-1"), 4.15 - 4.08 (m, 2H, H-2 and
-CH2-CH=CHp), 3.62 - 3.59 (dd, 1H, H-3"), 3.55(dd, IH,J 5, 6b=1.9 Hz. J 6a, 6b
= 10.7 Hz, H-6b), 3.47 (dd, 1H, J §', ¢'a = 3.8 Hz, J ¢'4, 6'b = 8.3Hz, H-6'a), 3.35
(dd. 1H, J5', 6'b = 5.3 Hz, H-6'b), 3.30 (dd, 1H, J5 64 = 2.1Hz, H-6a), 2.94 - 2.89
(m, 1H, H-3"), 2.73 - 2.67 (m, 1H, H-5), 2.16 (cach s, 3 x 3H, 3 x OAc), 1.93 (s, 3H,
NACc).

Anal. Caled for CgpH77NO14: C, 73.27; H, 6.08; N, 1.10. Found: C, 75.72; H,
6.23; N, 1.39.

Allyl 0-(3,4-Di-0O-acetyl-2,6-di-O-triphenylmethyl--D-galacto-
pyranosyl)-(1 — 4)-2-acetamido-3-O-acetyl-2-deoxy-6-O-triphenylmethyl-§-
D-glucopyranoside: 1H NMR (FX-200) 6 7.39-7.07 (m, 9 x 5H, 3 x Tr), 5.94-5.87
(m, 1H, -CH2-CH=CH2), 5.37 (d, 1H, J2, NH = 9.1 Hz, NH), 5.30-5.18 (m, 3H,
-CH2-CH=CH? and H-4"), 4.73 (dd, 1H, J2', 3' = 10.7 Hz, J3' 4 = 2.7 Hz, H-3"),
4.57 (dd, 1H, J2 3 = 10.7 Hz, J3 4 = 9.4 Hz, H-3), 4.40-4.36 (m, 1H, -CH)-
CH=CH»), 4.29(d, 1H, J1', 2' = 7.6 Hz, H-1"), 4.28-4.21 (m, 2H, H-2 and H-4), 4.15-



07:50 23 January 2011

Downl oaded At:

712 SATO ET AL.

4.08 (m, 2H, H-1 and -CH2-CH=CH3y), 3.59-3.51 (m, 2H, H-6a and H-6'a), 3.39-3.28
(m, 2H, H-6b and H-6'b), 2.94-2.87 (m, 2H, H-2' and H-5"), 2.73-2.67 (m, lH, H-5),
2.16 {cach s, 3 x 3H, 3 x OAc), 1.93 (s, 3H, NAc).

Allyl O-(3,6-Di-O-pivaloyl-g-D-galactopyranosyl)-(1—>4)-2-acetam-
ido-2-deoxy-6-0O-pivaleyl-8-D-glucopyranoside (7). A mixture of 4 (40 mg,
).094 mmol) and bis(tributyltin} oxide (0.24 mL, 5.0 cquiv) in a mixed solvent of
acetonitrife/benzene (1:1 v/v, 6.0 mL) was refluxed by the use of a Dean-Stark apparatus
with Molccular Sieves 4A for 3 h. To this rcaction mixture, pivaloyl chloride (0.08 mL.,
7.0 cquiv) was added at room temperature, and the reaction mixturc was heated at 90 °C for
19 h. The reaction mixture was concentrated to give a residuc, which was purified on a
column of silica gel (Wakogel C-300) with hexane/ethyl acctate (1:5 v/v) to afford 7 (36
mg, 56%): syrup; [@]p®® + 23.1 ° (¢ 0.9, CHCI3); IR 1722 em~l (C=0), 1659 cm-!
(amido C=0); 1H NMR (A-500) 5 5.98 (d, lH, J2, NH = 7.3 Hz, NH), 5.88 (m, 1H,
-CH2-CH=CH2?), 5.28 - 5.17 (m, 2H, -CH2-CH=CH?}), 4.81 (dd, 1H, J2' 3' = 10.1
Hz, J3' 4' = 3.1 Hz, H-3"), 4.70 (d, 1H, J1, 2 = 8.2 Hz, H-1), 4.68 (bs, IH, 3-OH),
4.60 (dd, 1H, H-6a), 4.38(d, 1H,J1' 2' = 7.9 Hz, H-1'), 4.31 and 4.07 (cach m, 2 x
1H, -CH»-CH=CH3), 4.31 (dd, 1H, Jg§'a,6'b = 11.0 Hz, H-6'a), 4.28 (dd, 1H, H-6'b),
4.18 (dd, 1H, Joa,6b = 12.2 Hz, J5 b = 6.1 Hz . H-6b), 3.99 (dd, IH, J4' OH = 4.6
Hz, H-4"). 3.97 (dd, 1H, H-3), 3.93 (ddd, 1H. H-2"), 3.83 (dd, 1H, J5' 6'a =./5'.6'b
= 6.1 Hz. H-5"), 3.75 (d, 1H, J2' OH = 4.3 Hz, 2'-OH), 3.61 (ddd, 1H, J5.64 = 1.2
Hz, H-3), 3.48 (ddd, 1H,J2, 3 = 10.1 Hz, H-2), 342 (dd, 1H, J3 4 =J1 5= 8.9 Hz,
H-4), 2.84 (d, 1H, 4'-OH), 1.26, 1.21, and 1.20 (cach s, 3 x 9H, 3 x OPiv). v

Anal. Caled for C32H53NO4: C, 56.87; H, 7.91; N, 2.07. Found: C, 56.54;
H, 7.93; N, 1.80.

Allyl 0-(2,4-Di-O-acetyl-3,6-di-O-pivaloyl-B-D-galactopyranosyl)-
(1=+4)-2-acetamido-3-0-acetyl-2-deoxy-6-O-pivaloyl-8-D-glucopyranoside
(7a). The structure of 7 was confirmed from its acctyl derivative 7a (acetylation with
acctic anhydride-pyridine, quantitative yield): Syrup; [a]p?® - 17.1 °(¢ 1.1, CHCI3); IR
1734 ecm-1 (C=0), 1671 em-! (amido C=0); lH NMR (A-500) 6 5.84 (m, 1H, -CH»-
CH=CH3), 5.59 (d, IH, J2 NH = 9.5 Hz, NH), 5.41 (dd, 1H, J3' 4' = 3.7 Hz, J4' 5
=0.9 Hz, H-4'), 5.27 - 5.17 (m, 2H, -CH2-CH=CH}), 5.17 (dd, 1H, H-2"), 5.07 (dd,
LH,J2 3=9.5Hz, /3 4=8.2 Hz, H-3), 4.94 (dd, 1H, J2', 3' = 10.4 Hz, H-3'), 4.53
(dd, 1H, J6a, 6b =11.9 Hz, J5 64 = 3.1 Hz, H-6a), 4. 49 (d, 1H, J1, 2 = 7.3 Hz, H-1),
4.48 (d, 1H, J1', 2' = 7.9 Hz, H-1"), 4.29 and 4.03 (each m, 2 x 1H, -CH2-CH=CH»?).
4.13 (dd, 1H, J¢'a, 6'b = 11.0 Hz, H-6'a), 4.10 (dd, 1H, Jga, 6b = /5, 6b = 5.5 Hz, H-
6b), 4.05 (dd, 1H, H-6'b), 4.02 (ddd, 1H, H-2), 3.89 (ddd, IH, J5' ¢ =J5' 6'b=06.7
Hz, H-5'), 3.74 (dd, 1H, J4, 5 = 8.2 Hz, H-4), 3.63 (ddd, 1H, H-3), 2.13, 2.08, and
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2.03 (cach s, 3 x3H, 3 x OAc), 1.97 (s, 3H, NAc), 1.24, 1.19, and 1.10 (cach s, 3 x 9H,
3 x OPiv).

Anal. Caled for C3gH59NO17: C, 56.92; H, 7.42; N, 1.75. Found: C, 56.89; H,
7.42; N, 1.44.

Allyl 0-(3,6-Di-O-pivaloyl-B-D-galactopyranosyl)-(1—+4)-2-acetam-
ido-2-deoxy-3,6-di-O-pivaloyl-8-D-glucopyranoside (8). To a solution of 4
(310 mg. 0.732 mmol) in pyridine (3.0 mL) was added dropwise a solution of pivaloyl
chloride (479 uL, 5.4 equiv ) in dichloromethane (1.0 mL) at 0 °C with stirring. The
reaction mixture was stirred for 12 h at room temperature, then diluted with chloroform,
and washed with aqueous sodium hvdrogen carbonate and water. The organic layer was
dried over anhydrous magnesium sulfate, concentrated under reduced pressurc to give a
residuc, which was purificd on a column of silica gel (Wakogel C-300) with hexane/ethyl
acctate (1:2 v/v) to afford 8 (334 mg, 60%): mp 106 - 108 °C (cthanol-hexanc); [at]p?* +
15.2 ° (¢ 0.9, CHCI3 ); IR 3395 cm-! (OH) and 1725 cm™1 (C=0), 1668 cm-1 (amido
C=0); IH NMR (FX-200) 6 5.91 (d, 1H, J2, NH = 9.2 Hz, NH), 5.88 - 5.80 (m, 1H,
-CH32-CH=CH?), 5.30-5.14 (m, 2H, -CH2-CH=CH)), 5.14 (dd, 1H, J2_ 3 = 9.8 Hz,

J3. 4 = 8.9 Hz, H-3), 4.76 (dd, 1H, J2', 3 = 10.1 Hz, J3', 4' = 3.4 Hz, H-3'), 4.69 (dd,

IH, /'y, 6'b= 2.4 Hz, J5', 'y = 11.9 Hz, H-6'a), 450 (d, LH, J1' 2' = 7.6 Hz, H-
1, 4.32 - 4.27 (m, 2H, H-6a and -CH2CH=CH?), 4.25 - 4.16 (m, 2H, H-6'b and H-
6b), 4.09 - 4.03 (m, 2H, H-2 and -CH2CH=CH?), 3.93 (d, 1H, H-4"), 3.88 (dd, 1H, J4,
5 =9.2 Hz, H-4), 3.78 (dd, 1H, H-2'), 3.71 - 3.68 (m, 2H, H-5 and H-3"), 3.11 (bs,
1H, 2'-OH), 2.35 (bs, 1H, 4'-OH), 1.92 (s, 3H, NAc), 1.23, 1.22, and 1.20 (cach s, 4 x
9H, 4 x OPiv).

Anal. Calcd for C37Hg1NO15: C, 58.48; H, 8.09; N, 1.84. Found: C, 58.96;
H, 8.32; N, 1.69.

Allyl 0-[3,6-Di-O-pivaloyl-2,4-bis(O-trifluoromethylsulfonyl)-8-D-
galactopyranosyl}-(1-—+4)-2-acetamido-2-deoxy-3,6-di-O-pivaloyl-$-D-gluc-
opyranoside (9). A solution of trifluoromethanesulfonic anhydride (700 uL, 10.8
equiv) in dichloromethane (2.0 mL) was added dropwise to a mixed solution
(dichloromethane, 2.0 mL and pyridine, 613 uL, 19.2 equiv) at -15 ~ -18 °C with stirring,
and kept for 5 min. To the reaction mixture, a solution of 8 (300 mg, 0.395 mmol) in
dichloromethane (5.0 mL) was added dropwise at - 18 °C and kept for 6 h. The reaction
mixture was diluted with dichloromethane, washed with an aqueous solution saturated with
sodium hydrogen carbonate, 1% hydrochloric acid, and then cold water. The organic

solution was dried over magnesium sulfate, filtered, and concentrated to give 9 (404 mg,
quant.}: mp 148 - 149 °C (ethanol-hexane); [a]p?? - 8.9 ° (¢ 0.8, CHCI3); IR 1743 cm-]
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(C=0), 1668 cm™ (amido C=0); lH NMR (FX-200) 6 5.87 - 5.79 (m, 1H, -CH2-
CH=CHp), 5.71 (d, 1H, J2, NH = 9.4 Hz, NH), 5.30 (d, 1H, J3' 4' = 2.8 Hz, H-4"),
5.27-5.16(m, ZH, -CH2-CH=CH?), 5.17 - 5.15 (m, 1H, H-3"), 5.03 (dd, 1H, J2, 3 =
10.2 Hz, /3, 4 = 9.0 Hz, H-3), 4.81 - 4.78 (m, 2H, H-1' and H-2), 4.51 (dd, 1H, J5, 6b
= 2.1 Hz, Jga, 6b = 12.2 Hz, H-6b), 4.46 (d, 1H, J1, 2 = 7.9 Hz, H-1), 4.38 (dd, 1H,
Js' 6'a=6.4Hz, Jo'y, 6'b = 11.3 Hz, H-6'a), 4.35 - 4.26 (m, 1H, -CH2-CH=CH3),
4.15 - 4.09 (m, 2H, H-2 and H-6a), 4.07 - 4.03 (m, 3H, H-5', H-6'b, -CH2-CH=CH2),
4.00 (dd, 1H, J4, 5= 8.8 Hz, H-4), 3.97 - 3.94 (m, 1H, H-6'a), 3.63- 3.6(0 (m, 1H, H-
5), 1.92 (s, 3H, NAc), 1.28, 1.27, 1.22, and 1.18 ( each s, 4 x 9H, 4 x OPiv).

Anal. Caled for C3gH59FgNO19S2: C, 45.74; H, 5.81; N, 1.37. Found: C,
46.10; H, 5.72; N, 1.34.

Allyl 0-(2,4-Di-0-acetyl-3,6-di-O-pivaloyl-8-D-mannopyranosyl)-
(1= 4)-2-acetamido-2-deoxy-3,6-di-O-pivaloyl-B-D-glucopyranoside (10).
A mixture of 9 (150 mg, 0.146 mmol), cesium acetate (170 mg, 6.07 equiv), and 18-
crown-6 (233 mg, 6.04 equiv) in toluene (6.0 mL) was refluxed for 1 h (Entry 1 in Table
1). The reaction mixturc was concentrated under reduced pressure to give a residue, which
was purificd on a column of silica gel (Wakogel C-300) with benzene/acetone (5:1 v/v) to
afford 10 (115 mg, 93%): mp 102 - 104 °C (ethanol-hexane); [a]p®* - 28.2° (¢ 0.6,
CHCI3); IR 1737 em™! (C=0), 1668 cm™] (amido C=0); IH NMR (FX-200) 6 5.87 -
5.79 (m, 1H, -CH2-CH=CH»), 5.50 (d, 1H, J2, NH = 9.5 Hz, NH), 5.42 (dd, 1H, J21,
3'=3.7Hz,J1' 2 =0Hz H-2'), 5.26 - 5.17 (m, 2H, -CH2-CH=CH}), 5.19 (dd, 1H,
J3r 4=9.7Hz,Jg' 5 =9.7Hz, H-4"),5.09 (dd, 1H,J3 4= 8.5 Hz, J2, 3= 9.5 Hz,
H-3), 4.97 (dd, 1H, H-3"), 4.69 (s, 1H, H-1'), 4.49 (dd, 1H, H-6a), 4.47 (d, 1H, J1, 2
= 7.3 Hz, H-1), 4.30 - 4.26 (m, 1H, -CH>-CH=CH2), 4.20 (dd, 1H, Jg'a, ¢'b = 11.9
Hz,J5' ¢'a = 2.5 Hz, H-6'a), 4.15 (dd, 1H, H-6b), 4.12 (dd, 1H, H-6'D), 4.06 - 3.98
(m, 2H, -CH2-CH=CH? and H-2), 3.90 (dd, 1H, J4, 5 = 8.8 Hz, H-4), 3.70 - 3.64 (m,
2H, H-3 and H-5"), 2.08, 2.02, and 1.92 (each s, 3 x 3H, 2 x OAc, 1 x NAc), 1.25,
1.24, 1.21, and 1.11 {cach s, 4 x YH, 4 x OPiv).

Anal. Calcd for C41HgsNO17: C, 58.35; H, 7.76; N, 1.66. Found: C, 58.06; H,
7.59; N, 1.71.

Examinations of the reaction conditions for acetoxylation of 9
(Table 1). A mixturc of 9 (150 mg, 0.146 mmol), cesium acetate (170 mg, 6.07 equiv),
and 18-crown-6 (233 mg, 6.04 cquiv) in toluene (6.0 ml) was stirred under
ultrasonication for 12 h. It was then treated in a similar manner as mentioned above to give
10 in 92% yield. (Entry 2) A mixture of 9 (155 mg, (0.151 mmol), cesium acetate (176
mg, 6.07 equiv), and 18-crown-6 (241 mg, 6.04 equiv) in N, N-dimethylformamide

(DME, 5.0 mL) was stirred for 10 h. [t was then treated in a similar manner as mentioned
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above to give 10 in 59% yield. (Entry 3) A mixture of 9 (150 mg, 0.146 mmol), cesium
acetate (156 mg, 5.57 equiv), and 18-crown-6 (233 mg, 6.04 equiv) in dimethyl
sulfoxide (DMSO, 5.0 mL) was stirred for 10 h. It was then treated in a similar manner as
mentioned above to give 10 in 62% yield. (Entry 4) A mixture of 9 (138 mg, 0.134
mmol} and cesium acetate (161 mg, 6.26 equiv) in DMF (5.0 mL) was stirred for 24 h. It
was then treated in a similar manner as mentioned above to give 10 in 36% yield. (Entry 35)
A mixture of 9 (163 mg, 0.159 mmol) and cesium acetate (185 mg, 6.06 equiv) in DMSO
(5.0 mL) was stirred for 24 h. It was then treated in a similar manner as mentioned above
to give 10 in 39% yield. (Entry 6) A mixture of 9 (152 mg, 0.148 mmol), tetrabutyl-
ammonium acetate (250 mg, 5.60 equiv), and 18-crown-6 (221 mg, 5.66 equiv) in toluene
(6.0 mL) was stirred for 24 h. It was then treated in a similar manner as mentioned above
to give 10 in 43% yield (Entry 7).

Benzyl O-(B-D-Galactopyranosyl)-(1-+4)-2-acetamido-2-deoxy-p-D-
glucopyranoside (11). A mixture of 3 (1.93 g, 3.1 mmol), benzy! alcohol (1.6 mL,
5.0 equiv), and a catalytic amount of pyridinium p-toluenesulfonate (ca. 50 mg) in 1,2-
dichlorocthane was refluxed for 1.5 h. The reaction mixture was neutralized with pyridine
at room temperaturc and concentrated to give a residue, which was purified on a column of
silica gel (Wakogel C-300) with hexane/ethyl acctate (1:8 vAv) to afford benzyl 0-(2,3,4,6-
tetra-(-acetyl-f-D-galactopyranosyl)-(1—=4)-2-acetamido-3,6-di- O-acetyl-2-deoxy-f3-D-gl-
ucopyranoside (2.05 g, 91%): amorphous powder; []p® - 37.0 ° (¢ 1.1, CHCI3); IR
1746 cm-1 (C=0), 1671 cm! (amido C=0); 1H NMR (A-500) 6 7.41 - 7.28 (m, 5H,
Ph), 5.51 (d, 1H, J2, NH = 9.6 Hz, NH), 5.35 (d, IH, J3' 4' = 3.3 Hz, H-4'), 5.10
(dd, tH,J1, 2" =7.9 Hz, J2' 3" =10.2 Hz, H-2"), 5.00 (dd, 1H,J2, 3= 9.6 Hz, J3 4
= 8.2 Hz, H-3), 4.96 (dd, 1H, H-3"), 4.86 and 4.56 (ABq, 2H, JA, B = 12.2 Hz, -CH-
Ph), 4.53 (dd,1H, J5, 6b = 2.9 Hz, Jga, 6b = 11.6 Hz, H-6b), 4.50 (d, 1H, H-1'), 4.42
(d, 1H,J1, 2=7.9 Hz, H-1), 4.19 - 4.09 (m, 4H, H-2, H-6'a, H 6'b, and H-6a), 3.69
(ddd, 1H, H-5"), 3.81 (dd, 1H, J4, 5 = 8.2 Hz, H-4), 3.59 (ddd, 1H, H-5), 2.14, 2.06,
2.03,1.97, and 1.94 (cach s, 7 x 3H, 6 x OAcand 1 x NAc).

Anal. Caled for C33H43NO017: C. 54.61; H, 5.97; N, 1.93. Found: C, 534.50; H,
6.01; N, 2.04.

The hexa-O-acetylated derivative of 11 was stirred with a catalytic amount of
sodium methoxide in methanol (ca. pH 9) at room temperature for 30 min, the solution
was neutralized with ion exchange resin Dowex S0W-X8 (H*), filtered, and concentrated
to give 11 (1.33 g, quant.), which was used for the next step without further purification.

Benzyl O-(3,6-Di-O-pivaloyl-g-D-galactopyranosyl)-(1—4)-2-aceta-
mido-2-deoxy-6-O-pivaloyl-8-D-glucopyranoside (12). A mixture of 11 (100
mg, (.211 mmotl) and bis(tributyltin} oxide (378 mg, 3.0 equiv) in a mixed solvent of
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benzene/actonitrile (1:1 v/v, 15.0 mL) was refluxed by the use of a Dean-Stark apparatus
and Molecular Sieves 4A for 3 h, then pivaloyl chloride (183 UL, 7.1 equiv) was added at
room temperature. The reaction mixture was again heated at 90 °C for 24 h and
concentrated to give a residue, which was purified on a column of silica gel (Wakogel C-
300) with hexane/ethyl acetate (1:5 v/v) to afford 12 (112 mg, 73%): mp 133 - 134 °C
(ethanol-hexane); [a]p® + 2.4 °(c 1.0, CHCI3); IR 3490 cm-! (OH), 1728 cm™1 (C=0),
1662 cm-1 (amido C=0); 1H NMR (A-500) & 7.36 - 7.28 (m, 5H, Ph), 6.00 (d, 1H, J2,
NH = 7.3 Hz, NH), 4.87 and 4.54 (ABq, 2H, JA, B = 12.8 Hz, -CH2-Ph), 4.81 (dd,
1H,J2' 3'=10.3 Hz, J3' 4' = 3.3 Hz, H-3"), 4.68 (d, 1H, J1, 2 = 6.5 Hz, H-1), 4.65
(bs, 1H, 3-OH), 4.62 (dd, 1H, J5, 6b = 1.6 Hz, Jga, 6b = 11.9 Hz, H-6b), 4.38 (d, 1H,
J1', 21 =79 Hz, H-1'), 4.30 (dd, 1H, J5'  6'a = 7.7 Hz, Jg'a, 6'b = 11.6 Hz, H-6'a),
4.27 (dd, 1H, J5' 6'b = 5.4 Hz, H-6'b), 4.22 (dd, 1H, J5 64 = 6.1 Hz, H-6a), 3.99
(dd. tH, H-4"), 3.93 (dd, 1H, H-2'), 3.91 (dd, 1H,J2, 3= 10.4 Hz, J3, 4 = 8.9 Hz, H-
3), 3.83 (bs, 1H, 2'-OH), 3.83 (dd, 1H, H-5"), 3.63 (ddd, 1H, J4, 5= 8.9 Hz, H-5),
3.57 (ddd, 1H, H-2), 3.45 (dd, 1H, H-4), 3.03 (bs, 1H, 4'-OH ), 1.95 (s, 3H, NAc),
1.25, 1.22, and 1.19 (ecach s, 3 x 9H, 3 x OPiv).

Anal. Caled for C3gHssNO14: C, 59.57; H, 7.64; N, 1.93. Found: C, 59.40;
H, 7.58; N, 1.96.

The structure of 12 was further confirmed by derivation into its acetyl
derivative. Downfield shifts of H-3, H-2', and H-4' were observed. 1H NMR (A-
500) 6 7.36 -7.17 (m, 3H, Ph), 5.46 (d, 1H, J2, NH = 9.2 Hz, NH), 5.40 (dd, 1H, J3',
4'=3.7 Hz, H-4"), 5.15 (dd, 1H, J1' 2 = 7.9 Hz, J2'| 3' = 10.3 Hz, H-2'), 5.00 (dd,
IH,J2, 3= 10.8 Hz, J3, 4 = 8.2 Hz, H-3), 4.94 (dd, 1H, H-3"), 4.85 and 4.56 (ABq,
2H,JA, B = 12.8 Hz, -CH)-Ph), 4.56 (dd, 1H, J5 ¢b = 2.4 Hz, Jea, 6b = 11.3 Hz, H-
6b), 4.48 (d, 1H, H-1"), 4.43 (d, 1H,J1,2 = 7.9 Hz, H-1), 4.13 (dd, 1H, J5' g'b =
6.4 Hz, J&'a, 6'b = 11.3 Hz, H-6'b), 4.11 (dd, 1H,J5, 6a = 5.2 Hz, H-6a), 4.08 (ddd,
1H, H-2), 4.04 (dd, 1H, J5'  ¢'a = 7.0 Hz, H-6'a), 3.88 (ddd, 1H, H-5"), 3.75 (dd, 1H,

J4, 5 = 8.2 Hz, H-4), 3.60 (ddd, 1H, H-5), 2.12, 2.06, 2.02, and 1.93 (cach's, 4 x 3H, 3

x OAcand 1 x NAc), 1.26, 1.19, and 1.19 (each s, 3 x 9H, 3 x OPiv).

Benzyl O-(3,6-Di-O-pivaloyl-g-D-galactopyranosyl)-(1—+4)-2-aceta-
mido-2-deoxy-6-0O-pivaloyl-3-0-(2, 2, 2-trichloroethoxycarbonyl)-S-D-gluc-
opyranoside (13). To asolution of 12 (46 mg, 0.063 mmol) in pyridine (0.5 mL) was
added dropwise a solution of 2,2,2-trichloroethyl chloroformate (10uL, 1.1 equiv) in
dichloromethane (0.3 mL) at 0 °C, and the reaction mixture was kept for 30 min. The
reaction mixture was quenched with MeOH and concentrated to give a residue, which was
purified on a column of silica gel (Wakogel C-300) with hexane/ethyl acetate (1:1 v/v) to
afford 13 (40 mg, 70 %): mp 190 - 191 °C (ethanol-hexane); [a]p® + 9.9 ° (¢ 1.3,



07:50 23 January 2011

Downl oaded At:

MANpBI1-4GIcNAc AND Le* UNITS 717

CHCI3); IR 3520 cm~1 (OH) , 1731 em~1 (C=0), 1665 cm~1 (amido C=0) ; 1H NMR (A-
500) & 7.36 - 7.28 (m, 5H, Ph), 5.68 (d, 1H, /2 NH = 8.6 Hz, NH), 5.24 (dd, 1H, J2
3 = 10.7 Hz, J3 4 = 8.6 Hz, H-3), 5.02 and 4.60 (ABq, 2H, JA, B = 11.9 Hz,
-CH2CCl3), 4.85 and 4.56 (ABq, 2H, JA B = 12.2 Hz, CH2Ph), 4.80 (d, IH, J1, 2 =
8.3 Hz, H-1), 4.77 (dd, 1H, J2', 3' = 10.1 Hz, J3', 4' = 3.4 Hz, H-3'), 4.69 (dd, 1H,
J5, 6b = 1.8 Hz, Jg4, 6b = 12.2 Hz, H-6b), 4.36 (d, 1H, J1' 2' = 7.7 Hz, H-1'), 4.28
(dd, 1H,Js' 6'a = 7.7 Hz, Jg'a, 6'b = 11.3 Hz, H-6'a), 4.25 (dd, 1H, J5 64 = 5.5 Hz,
J6a, 6b = 12.2 Hz, H-6a), 4.13 (dd, 1H,J5' 'b = 5.8 Hz, H-6'D), 3.92 (d, IH, H-4'),
3.81 (ddd, 1H, H-2"), 3.75 (ddd, 1H, H-2), 3.75 (dd, 1H, J4, 5 = 8.6 Hz, H-4), 3.70
(ddd, 1H, H-5), 3.69 (ddd, 1H, H-5"), 3.04 (d, 1H, 2'-OH), 2.29 (d, 1H, 4'-OH), 1.85
(s, 3H, NAc), 1.24 and 1.19 (each s, 3 x YH, 3 x OPiv).

Anal. Caled for C39H356CI3NOj4: C, 51.97; H, 6.26; N, 1.55. Found: C.
51.70; H, 6.28; N, 1.81.

Benzyl 0-(2,4-Di-0O-acetyl-3,6-di-O-pivaloyl-$-D-galactopyranesyl)-
(1—+4)-2-acetamido-2-deoxy-6-O-pivaloyl-3-0-(2,2,2-trichloroethoxycarbo-
nyl)-B-D-glucopyranoeside (13a). Compound 13 was acetylated (acctic anhydride /
pyridine) and worked up in the usual manner to give the corresponding acetyl derivative
13a, in quantitative yicld: syrup; [a]p® - 18.3 ° (¢ 1.0, CHCI3); IR 1758 cm-l (C=0),
1668 cm~1 (amido C=0); H NMR (A-500) ¢ 7.37 - 7.28 (m, 5H, Ph), 5.51 (d, 1H,
J2, NH = 8.8 Hz, NH), 5.41 (d, 1H, J3', 4 = 3.6 Hz, H-4'), 5.19 (dd, 1H, /' 2" = 8.0
Hz, /2! 3' =10.4 Hz, H-2"), 5.16 (dd, 1H,J2, 3 =10.1 Hz, J3 4 = 8.5 Hz, H-3). 4.97
and 4.67 (ABq, 2H, JA, B = 11.9 Hz, -CH2CCl3), 4.85 and 4.55 (ABq, 2H, JAB =
11.9 Hz, -CH2Ph), 4.95 (dd, 1H, H-3"), 4.72 (d, 1H, J{ 2 = 7.8 Hz, H-1), 4.54 (d.
1H, H-1"), 4.52 (dd, 1H, J5, 6b = 2.5 Hz, J6a, 6b = 11.3 Hz, H-6b), 4.11 (dd, 1H, J5
6a = 5.2 Hz, H-6a), 4.09 (dd, 1H, J5' ¢'b = 6.1 Hz, Jo'a, 6'b = 11.0 Hz, H-6'd), 4.02
(dd, 1H, J5'  g'a = 8.0 Hz, H-6'a), 3.90 (ddd, 1H, H-5"), 3.85 (ddd, 1H, H-2), 3.79
(dd, 1H, J4, 5 = 8.5 Hz, H-4), 3.67 (ddd, 1H, H-5), 2.12, 2.04, and 1.89 (cach s, 3 x
3H, 2x OAc and 1 x NAc), 1.26, 1.17, and 1.10 (each s, 3 x 9H, 3 x OPiv).

Anal. Caled for C43Hg(CI3NO18: C, 52.42; H, 6.14; N, 1.42. Found: C, 52.29,
H, 6.22; N, 1.49.

Benzyl O0-(2,4-Di-O-acetyl-3,6-di-O-pivaloyl-S-D-galactopyranosyl)-
(1—+4)-2-acetamido-2-deoxy-6-O-pivaloyl-B-D-glucopyranoside (14). A
mixturc of the above mentioned acetyl derivative 13a (32 mg, 0.032 mmol), a catalvtic
amount of zinc powder, and a small amount (0.1 mL) of water in acetic acid (0.3 mL) was
stirred at room temperature for 1 h. The reaction mixture was poured into chloroform,
washed with saturated aqueous sodium hydrogencarbonate, then with water, dried over

anhydrous magnesium sulfate, and concentrated to give 14 (25 mg, 96%): mp 158 - 160
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°C (cthanol-hexanc); [t )= - 9.9 ° (¢ 1.0, CHCI3); 3490 cm™! (OH), 1737 em™! (C=0),
1668 cm! (amido C=0); LH NMR (A-500) & 7.36 - 7.28 (m, SH, Ph), 5.48 (d, 1H, J2,
NH = 7.9 Hz, NH), 5.45 (d, 1H, J3' 4' = 3.4 Hz, H-4"), 5.28 (dd, 1H, J1', 2' = 7.9
Hz, J2', 3' = 10.4 Hz, H-2'), 4.97 (dd, 1H, H-3"), 4.86 and 4.55 (ABq, 2H, JA, B =
12.8 Hz, -CH2-Ph), 4.80(d, 1H,J1, 2 = 8.2 Hz, H-1), 4.58 (d, 1H, H-1"), 4.39 (dd,
1H, /5, 6b = 1.7 Hz, Jaa, 6b =11.9 Hz, H-6b), 4.14 (dd, 1H, J5' 6 = 5.8 Hz, Jg'a,
6'b = 11.6 Hz, H-6'b), 4.13 (bs, 1H, 3-OH), 4.09 (dd, 1H, J5' ¢'a = 7.0 Hz, H-6'a),
4.02 (dd, 1H, J5, 64 = 5.5 Hz, H-6a), 4.02 (ddd, IH, H-5'), 4.01 (dd, (H, J2, 3= 1.6
Hz,J3. 4 = 8.6 Hz, H-3), 3.65 (ddd, 1H, J4, 5 = 8.3 Hz, H-5), 3.48 (ddd, 1H, H-2),
3.45(dd, TH, H-4), 2.14, 2,05, and 1.97 (cach s. 3 x 3H, 2 x OAc und 1 x NAc), 1.25,
1.18. and 1.11 (cachs, 3 x 9H. 3 x OPiv).

Anal. Caled for C40H359NO146: C, 59.32; H, 7.34; N, 1.73. Found: C, 39.11;
H, 7.42; N, 1.93.

Benzyl O-(2,4-Di-O-acetyl-3,6-di-O-pivaloyl-8-D-galactopyranosyl)-
(1= 4)-0-[(2, 3, 4-tri-O-benzyl-a-L-fucopyranosyl)-(1—> 3)]-2-acetamido-2-
deoxy-6-0O-pivaloyl-B-D-glucopyranoside (15). A mixture of 14 (31 mg, 0.038
mmol), 16 (25 mg, 1.2 equiv), and Molecular Sieves 4A (20 mg) in dichloromethanc (1.5
mL) was stirred for 30 min. To the reaction mixture, trimethylsilyl trifluoromethanc-
sulfonate (9.0 uL, 1.3 cquiv) was added dropwise at 0 °C, and stirred for 2 h.  The
rcaction mixture was then neutralized with triethylamine and concentrated to give a residue,
which was purified on a column of silica gel (Wakogel C-300) with toluene/acetone (4:1
v/v) to afford 15 (27 mg, 58%): mp 96 - 97 °C (ethanol-hexane); [a]p® - 43.5 ° (¢ 1.0,
CHC!3); IR 1758 cm™1 (C=0), 1668 cm-! (amido C=0); IH NMR (A-500) 6 7.37 - 7.22
(m, 4x 5H, 4x Ph), 5.98 (d, 1H, J2, NH = 8.2 Hz, NH), 5.43 (d, 1H,J3' 4' = 3.3 Hz,
H-4%, 5.18 (dd, 1H, J1', 2' = 7.9 Hz, J2' 3' = 10.7 Hz, H-2'), 5.08 (d, 1H, J1,2= 3.7
Hz, Fuc-H-1), 5.00 (dd, 1H, H-3"), 4.97 - 4.50 (m, 4 x 2H, 4 x -CH2-Ph), 4.91 (d, 1H,

J1,2 =52 Hz, H-1), 4.63 (dd, 1H, J5, 6b = 3.7 Hz, Jea, 6b = 11.6 Hz, H-6b), 4.51 (d,

1H, H-1'), 4.32 (dd, 1H, J5, 6a = 5.8 Hz, H-6a), 4.21 (dq, 1H, Fuc-H-5), 4.14 (dd, 1H,

J2,3=064 Hz, J3, 4 = 6.4 Hz, H-3), 4.08 (dd, 1H, J2, 3 = 10.1 Hz, Fuc-H-2), 4.10-

4.07 (m, 2H, H-6'a and H-6'b), 3.90 (dd, 1H, J3, 4 = 3.1 Hz, Fuc-H-3), 3.89 (ddd, 1H,
H-3"), 3.76 (ddd, 1H, H-2), 3.75 (dd, 1H, H-4), 3.63 (dd, 1H, Fuc-H-4), 2.02, 2.00,
and 1.81 (eachs, 3x 3H, 2 x OAcand 1 x NAc), 1.23, 1.17, and 1.11 (each s, 3 x 9H, 3
x OPiv), 1.17 (d, 3H, Fuc-H-6).

Anal. Caled for C7H8TNO2(: C, 65.61, H, 7.15; N, 1.14. Found: C, 65.43;
H, 7.29; N, 1.43.

2,3,4-Tri-O-benzyl-1-O-(phenylcarbamoyl)-f-L-fucopyranose (16).
A mixture of 2,3,4-tri-O-benzyl-a-L-fucopyranose>* (1.0 g, 2.3 mmol), phenyl isocyanate
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(300 pL, 1.2 cquiv), and 4-dimethylaminopyridine (50 mg) in dichloromethane (20 mL)
was stirred at room temperature for 1 h. The reaction mixture was diluted with
dichloromethane, quenched with 10% aqueous citric acid solution, washed with water,
dricd over anhydrous magnesium sulfate, filtered, ‘and concentrated to give a residue,
which was purified on a column of silica gel (Wakogel C-300) with hexane/ethyl acetate
(+:1 vA) to afford 16 containing some a-anomer (1.2 g, f/a = 3:1, 94%). The
product was recrystallized from ethanol to give pure 16: mp 175 - 176 °C (ethanol-hexane);
[al?? + 5.7 °(¢ 0.6, CHCI3); IR 1716 cm™! (C=0); 1H NMR (EX-270) 6 7.37 - 7.04
(m, 4x35H. 4x Ph), 6.45 (s, lH, NH), 5.57 (d, 1H, J1, 2 = 8.2 Hz, H-1), 5.02 - 4.68
(m, 3x 2H. 3x-CH2-Ph), 3.96 (dd, 1H, J2, 3 = 8.2 Hz, H-2), 3.67 - 3.61 (m, 3H, H-3,
H-4, and H-3), 1.19 (d, 3H, H-6).

Anal. Caled for C34H35NOg: C, 73.76; H, 6.37; N, 2.53. Found: C, 74.10; H,
6.27; N, 2.58.

Benzyl 3,6-Di-0-allyl-8-D-galactopyranoside (18). A mixture of benzyl
B-D-galactopyranoside (17) (1.67 g, 6.18 mmol) and bis(tributyltin) oxide (4.7 mL, 1.5
cquiv) in acctonitrile (15 mL) was refluxed by using a Dean-Stark apparatus with Molecular
Sicves 4A for 12 h. To the reaction mixture, allyl bromide (3.7 mL, 6.9 equiv) and 1-
methylimidazole (0.5 mL, 1.0 equiv) were added at room temperature, and the reaction
mixturc was refluxed for 20 h. The reaction mixture was cooled, diluted with ethyl acetate,
stirred with saturated aqueous sodium hydrogencarbonate - potasium fluoride, filtered, and
the layers scparated. The aqueous layer was extracted twice with ethyl acetate. The
combined organic layers were washed with brine and water, dried over anhydrous
magnesium sulfate, filtered, and concentrated to give a residue, which was purified on a
column of silica gel with hexane/ethyl acetate (3:2 v/v) to afford 18 (1.56 g, 72%): syrup;
[a]p? - 48.1 (¢ 0.9, CHCI3); LH NMR (FX-200) 6 7.39 - 7.26 (m, 5H, Ph), 5.98 -
5.89 (m, 2 x 1H, 2 x -CH2-CH=CH?), 5.33 - 5.21 (m, 2 x 2H, 2 x -CH2-CH=CH3),
4.94 and 4.04 (ABq, 2H, JA, B = 11.9 Hz, -CH-Ph), 4.33 (d, 1H, J1, 2 = 7.6 Hz, H-
1), 4.24 - 4.07 (m, 2 x 2H, 2x -CH2-CH=CH?3), 4.03 (bs, 1H, H-4), 3.80 (dd, 1H, H-
2), 3.80(dd, 1H,J5 6=5.9 Hz, Jg ' = 9.9 Hz, H-6), 3.72 (dd, 1H, J5 ¢ = 5.8 Hz,
H-6"), 3.59 (dd, 1H, H-5), 3.36 (dd, 1H, J2,3=9.5Hz, J3 4 = 3.4 Hz, H-3 ), 2.52
(bs, 1H, 4-OH), 2.45 (bs, 1H, 2-OH).

Anal. Caled for C19H2606: C, 65.12; H, 7.48. Found: C, 64.91; H, 7.30.

Benzyl 2,4-Di-O-acetyl-3,6-di-O-allyl-8-D-galactopyranoside (18a).
The structure of 18 was further confirmed by derivation into its acetyl derivative 18a:
syrup; [@]p® - 33.6 °(c 1.3, CHCl3); IR 1743 cm~! (C=0); lH NMR (FX-200) § 7.37
- 7.26 (5H, m, 5H, Ph), 595 - 5.69 (m, 2 x 1H, 2 x -CH2-CH=CH3), 5.46 (1H, dd,
tH, /3, 4=2.3 Hz, H-4), 5.33 - 5.12 (m, 2 x 2H, 2 x -CH2-CH=CH3}), 5.25 (dd, 1H,
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J2, 3= 10.1Hz, H-2), 491 and 4.62 (ABq, 2H, JA B = 12.5 Hz, -CH2-Ph), 4.44 (d,

1H,J1, 2 = 8.3 Hz, H-1), 4.15 - 3.85 (m, 2 x 2H, 2 x -CH»-CH=CH3), 3.70 (ddd, 1H,
H-5),3.59 (dd, IH, J5, ¢ = 6.3 Hz, J§, ¢' = 9.6 Hz, H-6), 3.51 (dd, 1H, J5 &' = 6.3
Hz, H-6"), 3.47 (dd, 1H, J2 3 = 10.1 Hz, H-3), 2.15 and 2.04 (each s, 2 x 3H, 2 x
0OAc¢).

Anal. Calcd for C23H3()0g: C, 63.58; H, 6.96. Found: C, 63.51; H, 6.72.

Benzyl 3,6-Di-O-pivaloyl-f-D-galactopyranoside (19). A mixture of
17 (2.14 g, 7.92 mmol) and bis(tributyltin) oxide (6.0 mL, 1.5 equiv) in tolucne (15 mL)
was refluxed by using a Dean-Stark apparatus with Molecular Sieves 4A for 3 h. To the
reaction mixture, pivaloyl chloride (2.9 mL, 3.0 equiv) was added at 0 °C, and the reaction
mixture was refluxed for 24 h. The reaction mixture was cooled, diluted with ethyl acetate,
stirred with saturated aqueous sodium hydrogencarbonate - potassium fluoride, filtered,
and the organic layer separated. The aqueous layer was extracted twice with ethyl acetate.
The combined organic layers were washed with brine and water, dried over anhydrous
magnesium sulfate, filtered, and concentrated to give a residue, which was purified on a
column of silica gel with hexane/ethyl acetate (2:1 v/v) to afford 19 (2.99 g, 86%): mp 138
- 13Y °C (ethanol-hexane); [¢]p> + 22.0 ° (¢ 1.0, CHCI3); IR 3452 ecm-l (OH), 1716
cm-1 (C=0); 1H NMR (A-500) 8 7.37 - 7.29 (m, 5H, Ph), 4.93 and 4.63 (ABq, 2H, Ja,
B = 11.9 Hz, -CH-Ph), 4.82 (dd, 1H,J2 3 = 10.1 Hz, J3, 4 = 3.4 Hz, H-3), 4.40 (d,
1H,J1,2=7.6 Hz, H-1), 4.35 (dd, 1H, J5, ¢ = 6.1 Hz, Jg, ¢' = 11.6 Hz, H-6), 4.32
(dd, 1H, Js, ¢' = 6.7 Hz, H-6"), 3.96 (dd, 1H, H-4), 3.89 (ddd, 1H, J2, OH = 3.3 Hz,
H-2), 3.74 (dd, 1H, H-5), 2.31 (d, 1H, 2-OH), 2.18 (d, 1H, J4, OH = 5.5 Hz, 4-OH),
1.25 and 1.22 (each s, 2 x 9H, 2 x OPiv).

Anal. Calcd for C23H3408: C, 62.99; H, 7.82. Found: C, 63.24; H, 8.30.

Benzyl 2,4-Di-O-acetyl-3,6-di-O-pivaloyl-B-D-galactopyranoside
(19a). The structure of 19 was further confirmed by derivation into its acetyl derivative
19a: mp 117 - 119 °C (ether-hexane); [a)p® - 42.8 ° (¢ 1.1, CHCl3); IR 1738 cm-l
(C=0); 1H NMR (FX-200)  7.33 - 7.27 (m, 5H, Ph), 5.42 (d, 1H, H-4), 5.33 (dd, 1H,

J1, 2 =8.1 Hz, J2, 3 = 10.3 Hz, H-2), 4.98 (dd, 1H, J3 4 = 3.4 Hz, H-3), 491 and

4.63 (ABy, 2H, JA, B = 12.5 Hz, -CH-Ph), 4.53 (d, 1H, H-1), 4.23 (dd, 1H, J5, ¢ =
6.8 Hz, Jg ' = 11.2 Hz, H-6), 4.11 (dd, 1H,J5, 6' = 6.6 Hz, H-6'), 3.92 (dd, 1H, H-
5), 2.15 and 2.00 (each s, 2 x 3H, 2 x OAc), 1.21 and 1.11 (each s, 2 x 9H, 2 x OPiv).
Anal. Calcd for C27H38010: C, 62.05; H, 7.33. Found: C, 61.85; H, 7.45.
Benzyl 3,6-Di-O-benzyl-g8-D-galactopyranoside (20). A mixture of 17
(606 mg, 2.24 mmol) and bis(tributyltin) oxide (1.71 mL, 1.5 equiv) in toluene (30 mL)
was refluxed by using a Dean-Stark apparatus with Molecular Sieves 4A for 12 h. To the
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reaction mixture, benzyl bromide (0.8 mL, 3.0 equiv) and 1-methylimidazole (0.54 mL,
3.0 equiv) were added at room temperature, and the reaction mixture was refluxed for 20
h. The reaction mixture was cooled, diluted with ethyl acetate, stirred with saturated
aqueous sodium hydrogencarbonate - potassium fluoride, filtered, and the organic layer
separated. The aqueous layer was extracted twice with ethyl acetate. The combined
organic layers were washed with brine and water, dried over anhydrous magnesium
sulfate, filtered, and concentrated to give a residue, which was purified on a column of
silica gel with hexanc/ethyl acetate (2:1 v/v) to afford 20 (768 mg, 76%): syrup; [a]p®
-35.6 °(c 1.1, CHCI3); IR 3450 cm™! (OH); 'H NMR (500 MHz) 6 7.38 - 7.25 (m, 3 x
2H, JA, B = 12.2 Hz, -CH2-Ph), 4.59 (s, 2H, -CH-Ph), 4.32 (d, 1H, J1, 2 = 7.9 Hz,
H-1), 4.02 (d, 1H, H-4), 3.85 (ddd, 1H, J2 3 = 9.2 Hz, H-2), 3.82 (dd, 1H, J5, ' =
5.8 Hz, Jg 6' = 9.9 Hz, H-6'"), 3.76 (dd, 1H, J5 ¢ = 6.1 Hz, H-6), 3.57 (dd, 1H, H-5),
3.40 (dd, 1H, J3, 4 = 3.1 Hz, H-3), 2.50 (bs, 1H, 4-OH), 2.41 (bs, 1H, 2-OH).

Anal. Caled for C27H3()06: C, 71.98; H, 6.71. Found: C, 71.67; H, 6.54.

Benzyl 2,4-Di-0-acetyl-3,6-di-O-benzyl-8-D-galactopyranoside
(20a). The structure of 20 was further confirmed by derivation into its acetyl derivative
20a: syrup; [a]p® - 7.9 ° (¢ 1.2, CHCI3); IR 1746 cm~l (C=0); lH NMR (FX-270) ¢
7.36 - 7.23 (m, 3 x 5H, 3 x Ph), 5.59 (dd, 1H, J3 4 = 3.4 Hz, J4, 5 = 1.0 Hz, H-4),
5.18 (dd, 1H, J1, 2 =8.1 Hz,J2 3=10.1 Hz, H-2), 4.89 and 4.53 (ABq, 2H, JA, B =
11.9 Hz, -CH2-Ph), 4.69 and 4.37 (ABq, 2H, JA, B = 12.5 Hz, -CH2-Ph), 4.58 and
4.49 (ABq, 2H, JA, B = 12.2 Hz, -CH-Ph), 4.39 (d, 1H, H-1), 3.71 (ddd, 1H, J5, ¢ =
5.6 Hz, Js, ¢' = 7.1 Hz, H-5), 3.62 (dd, 1H, J6, ' = 9.2 Hz, H-6), 3.55 (dd, 1H, H-
6'), 3.48 (dd, 1H, H-3), 2.10 and 1.98 (each s, 2 x3H, 2 x OAc).

Anal. Caled for C31H3408: C, 69.65; H, 6.41. Found: C, 69.38; H, 6.59.

Benzyl 3,6-Bis(O-allyloxycarbonyl)-g-D-galactopyranoside (21). A
mixture of 17 (200 mg, 0.74 mmol) and bis(tributyltin} oxide (0.57 mL, 1.5 equiv) in
toluenc (25 mL) was refluxed by using a Dean-Stark apparatus with Molecular Sieves 4A
for 3 h. To the reaction mixture, allyl chloroformate (0.24 mL, 3.0 equiv) was added at
room temperature, and the reaction mixture was stirred for 24 h. The reaction mixture was
cooled, diluted with ethyl acetate, stirred with saturated aqueous sodium
hydrogencarbonate - potassium fluoride, filtered, and the organic layer separated. The
aqueous layer was extracted with ethyl acetate twice. The combined organic layers were
washed with brine and water, dried over anhydrous magnesium suifate, filtered, and
concentrated to give a residue, which was purified on a column of silica gel with
hexanc/cthyl acetate (2:1 v/v) to afford 21 (251 mg, 81%): syrup; [¢]p® - 17.3 ° (¢ 2.3,
CHCI3); IR 3532 cm-l (OH), 1742 cm~l (C=0); IH NMR (A-500) 6 7.37 - 7.23 (m,
5H, Ph), 6.02 - 5.87 (m, 2 x 1H, 2 x -CH2-CH=CH3), 5.42 - 527 (m, 2 x 2H, 2 x
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-CH2-CH=CH?2), 4.94 and 4.63 (ABq, 2H, JA, B = 11.5 Hz, -CH2-Ph), 4.70 (dd, 1H,
J2,3=10.2 Hz, J3 4 = 3.2 Hz, H-3), 4.68 - 4.62 (m, 2 x 2H, 2 x -CH2-CH=CH»),
4.44 (dd, 1H, Je, 6' = 11.2 Hz,J5 6 = 6.6 Hz, H-6), 4.39 (dd, 1H, J5 ¢' = 6.3 Hz, H-
6'), 4.41(d, IH,J1, 2 =79 Hz, H-1), 4.13 (ddd, IH, J4 5= 1.0 Hz, J4 OH = 5.0 Hz,
H-4), 3.94 (ddd, 1H, /2, OH = 3.0 Hz, H-2), 3.77 (ddd, 1H, H-5), 2.48 (d, 1H, 2-OH),
2.38 (d, 1H, 4-OH).

Anal. Caled for C21H26010: C, 57.53; H, 5.98. Found: C, 57.61; H, 5.87.

Benzyl 2,4-Di-O-acetyl-3,6-bis(0-allyloxycarbonyl)-g-D-galacto-
pyranoside (21a). The structure of 21 was further confirmed by derivation into its
acetyl derivative 21a: syrup; [a]p® - 22.3 ° (¢ 2.7, CHCI3); IR 1746 cm-! (C=0); 1H
NMR (A-500) 6 7.38 - 7.26 (m, SH, Ph), 6.01 - 5.82 (m, 2 x H, 2 x -CH32-CH=CH»),
5.51(dd, 1H,J3, 4= 3.6 Hz, J4 5= 1.0 Hz, H-4), 5.4]1 - 5.24 (m, 2 x 2H, 2 x -CH>-
CH=CH3)), 5.31 (dd, 1H, J1, 2 = 7.9 Hz, J2, 3 = 10.6 Hz, H-2), 4.92 and 4.63 (ABq,
2H,JA, B = 12.5 Hz, -CH?-Ph), 4.82 (dd, 1H, H-3), 4.66 - 4.59 (m, 2 x 2H, 2 x -CH2-
CH=CH3), 4.51 (d, 1H, H-1), 4.30 (dd, 1H, J5, ¢ = 6.6 Hz, J6 6' = 11.2 Hz, H-6),
4.23(dd, 1H, Js5, 6' = 5.6 Hz, H-6"), 3.91 (ddd, 1H, H-5), 2.25 and 2.01 (cach s, 2
x 3H, 2 x OAc).

Anal. Caled for CosH3()012: C, 57.47; H, 5.79. Found: C, 57.46; H, 5.75.

2,4-Bis(O-trifluoromethylsulfonyl) Derivatives of 18, 19, 20, and
21.

General Procedure: Synthesis of Benzyl 3,6-Di-O-pivaloyl-2,4-
bis(O-trifluoromethylsulfonyl)-8-D-galactopyranoside (23). To a solution of
19 (2.21 g, 5.04 mmol) in pyridine and dichloromethane (6:1, 17.0 mL), trifluoro-
methanesulfonic anhydride (2.5 mL, 2.9 equiv) was added under argon at - 19 °C, and the
rcaction mixture was stirred at room temperature for 30 min, monitoring by TLC
[hexanc/ethyl acetate (2:1 v/v)]. It was then poured into a saturated aqueous sodium
hydrogencarbonate solution, and separated. The aqueous layer was extracted thrice with
dichloromethane. The combined organic layers were washed with brine and water, dried
over anhydrous magnesium sulfate, and concentrated to give a residue, which was purificd
on a short column of silica gel with hexane/ethyl acctate (3:1 v/v) to afford 23 (3.47 g,
98%): mp 142 - 144 °C (cthanol-hexanc); [a]p® - 43.5 ° (¢ 1.3, CHCI3); IR 1743 cm-!
(C=0); lH NMR (EX-270) 6 7.38 - 7.31 (m, 5H, Ph), 5.29 (d, 1H, J3_ 4 = 2.6 Hz, H-
4),5.12 (dd, 1H, J2, 3= 10.6 Hz, H-3), 4.99 (dd, 1H, J1, 2 = 7.6 Hz, H-2), 4.91 and
4.70 (ABq, 2H, JA, B = 11.2 Hz, -CH)-Ph), 4.69 (d, 1H, H-1), 4.41 (dd, LH, J5 ¢ =
9.6 Hz, Jo, 6' = 14.2 Hz, H-6), 4.01 (dd, 1H, J5, ' = 7.6 Hz, H-6'), 4.01 (dd, 1H, H-
3), 1.28 and 1.22 (each s, 2 x YH, 2 x OPiv).
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Anal. Caled for C25H32F012S2: C, 42.73; H, 4.59. Found: C, 43.20; H,

Benzyl 3,6-Di-0-allyl-2,4-bis(O-trifluoromethylsulfonyl)-g-D-gala-
ctopyranoside (22). In a similar manner as mentioned above, 22 was obtained in
quantitative yield: svrup; [a]p® - 15.2 °(c 1.1, CHCI3); LH NMR (A-300) ¢ 7.38 - 7.26
(m, 5H. Ph), 5.99 - 5.83 (m, 2 x 1H, 2 x -CH2-CH=CH2), 5.35 - 5.23 (m, 5H, 2 x
-CH2-CH=CH? and H-4), 4.90 and 4.68 (ABq, 2H, JA, B = 11.7 Hz, -CH»-Ph), 4.77
(dd, 1H,J1,2=17.9 Hz, J2, 3 = 9.9 Hz, H-2), 4.57 (d, 1H, H-1), 4.30 - 3.95 (m, 2 x
2H, 2x-CH? -CH=CHp), 3.79 (dd, 1H, J5 6 = 7.9 Hz, Jg, ' = 9.5 Hz, H-6), 3.70
(dd, 1H, J5 ' = 9.2 Hz, H-6'), 3.64 (dd, 1H, J3 4 = 3.0 Hz, H-3), 3.55 (dd, 1H, H-
5).

Anal. Caled for C21H24F6010S2: C, 41.04; H, 3.94. Found: C, 41.33; H,
3.99.

Benzyl 3,6-Di-O-benzyi-2,4-bis(O-trifluoromethylsulfonyl)-ﬂ-D-gal-
actopyranoside (24). In a similar manner as mentioned above, 24 was obtained in
quantitative yield: mp 88 - 89.5 °C (diethyl ether-hexane); [a]p® + 4.6 ° (¢ 1.0, CHCI3),
IH NMR (A-500); 8 7.40 - 7.25 (m, 3 x 5H, 3 x Ph), 5.44 (dd, 1H, J3, 4=2.4 Hz, H-
4), 4.86 and 4.64 (ABq, 2H, JA, B = 11.6 Hz, -CH2-Ph), 4.83 and 4.55 (ABq, 2H, JA,
B = 10.7 Hz, -CH?-Ph), 4.81 (dd, 1H, J1, 2 = 7.9 Hz, J2, 3 = 9.9 Hz, H-2), 4.65 and
4.44 (ABq, 2H, JA, B = 11.3 Hz, -CH2-Ph), 4.53 (d, 1H, H-1), 3.74 (dd, 1H, J5 6 =
6.1 Hz, Jo, 6' = 12.5 Hz, H-6), 3.73 (dd, 1H, J5, ¢' = 6.1 Hz, H-6"), 3.67 (dd, 1H, H-
3), 3.63 (ddd, 1H, H-5).

Anal. Caled for CogH28F6010S2: C, 48.74; H, 3.95. Found: C, 48.28; H,
3.83.

Benzyl 3,6-Bis(0O-allyloxycarbonyl)-2,4-bis(O-trifluoromethylsulfo-
nyl)-B-D-galactopyranoside (25). In asimilar manner as mentioned above, 25 was
obtained in quantitative yield: mp 49 - 51.5 °C (diethy! ether-hexane); [@]p® - 5.3 ° (¢ 1.7,
CHCIR); IR 1758 cm~! (C=0); 1H NMR (A-500) 8 7.39 - 7.34 (m, 5H, Ph), 6.00 - 5.83
(m, 2H, 2 x -CH2-CH=CH?2), 5.43 - 532 (m, 2 x 2H, 2 x -CH2-CH=CH)), 5.29 (dd,
IH,J3 4=2.6Hz,Jg4 5=1.0Hz, H-4),5.00 (dd, 1H, /2 3=8.9 Hz, J3, 4 = 2.6 Hz,
H-3), 4.92 (dd, 1H, J1, 2 = 7.3 Hz, H-2), 4.91 - 4.73 (ABq, 2H, JA, B = 11.9 Hg,
-CH-Ph), 4.64 (d, 1H, H-1), 4.42(dd, 1H,J5 6 =6.3 Hz, J6, ' = 11.2 Hz, H-6),
4.22 (dd, 1H, J5, ¢' = 6.6 Hz, H-6"), 3.99 (ddd, 1H, H-5).

Anal. Calcd for C23H24F6014S2: C, 39.32; H, 3.44. Found: C, 39.75; H,
3.57.

Benzyl 2,4-Di-0O-acetyl-3,6-di-O-allyl-f-D-mannopyranoside (26).
A mixturc of 22 (832 mg, 1.35 mmol), cesium acetate (735 mg, 2.8 equiv), and 18-
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crown-6 (1.15 g, 3.2 cquiv) in dry toluene (20 mL) was kept for 12 h under ultrasonication
in a watcr bath. At this time the reaction was not completed, so was refluxed further for 12
h. The reaction mixture was poured into a saturated aqueous sodium hydrogencarbonate
solution and scparated into two phases. The aqueous layer was extracted thrice with cthyl
anhydrous magnesium sulfate, and concentrated to give a residue, which was purified on
a column of silica gel with hexane/ethyl acetate (4:1 v/v) to afford 26 (406 mg, 69%): mp
119 - 121 °C (cthanol-hexane); [a]p? - 94.2 ° (¢ 1.4, CHCI3); IR 1738 cm~1 (C=0); 1H
NMR (A-300) 6 7.38 - 7.26 (m, 5H, Ph), 5.95 -5.73 (m, 2 x 1H, 2 x -CH2-CH=CH?2),
5.50 (dd, 1H, J2, 3 = 3.3 Hz, H-2), 5.32 - 5.13 (m, 2 x 2H, 2 x -CH2-CH=CH)?), 5.07
(dd, 1H,.J3, 4=J4, 5=9.8 Hz, H-4), 4.89 and 4.66 (ABq, 2H, JA, B = 12.2 Hz, -CH?-
Ph), 4.52 (d, 1H, J1,2 = 1.3 Hz, H-1), 4.14 - 3.85 (m, 2 x 2H, 2 x -CH2-CH=CH2),
3.62(dd, I1H, J5, ¢ = 6.4 Hz, J6, 6' = 10.7 Hz, H-6), 3.58 (dd, 1H, J5 ¢' = 3.0 Hz, H-
6"), 3.52 (ddd, 1H, H-5), 3.49 (dd, 1H, H-3), 2.17 and 2.05 (eachs, 2 x 3H, 2 x OAc).
Anal. Caled for C23H3008: C, 63.58; H, 6.96. Found: C, 63.58; H, 6.70.
Benzyl 2,4-Di-0-acetyl-3,6-di-O-pivaloyl- 8-D-mannopyranoside
(27). A mixture of 23 (300 mg, 0.43 mmol), cesium acetate (235 mg, 2.8 equiv), and
18-crown-6 (322 mg, 2.8 equiv) in dry toluecne (10 mL) was kept for 12 h under
ultrasonication in a water bath until the disappearance of 23 on TLC. The reaction mixture
was poured into a saturated aqueous sodium hydrogencarbonate solution and separated into
two phases. The aqueous layer was extracted thrice with ethyl acetate. The combined
organic layers were washed with brine and water, dried over anhydrous magnesium
sulfate, and concentrated to give a residue, which was purified on a column of silica gel
with hexane/ethyl acetate (3:1 v/v) to afford 27 (196 mg, 88%): mp 138 - 139 °C (ethanol-
hexane); [at]p26 - 40.4 ° (¢ 1.0, CHCI3); IR 1752 ecm-1 (C=0); 1H NMR (FX-200) 9
7.36 - 7.34 (m, SH, Ph), 5.49 (dd, 1H,J1,2 = 0.9 Hz, J2 3 = 3.4 Hz, H-2), 5.30 (dd,
1H,J3, 4=J4, 5 =10.0 Hz, H-4), 4.96 (dd, 1H, H-3), 4.88 and 4.65 (ABq, 2H,JA, B
= 12.3 Hz, -CH-Ph), 4.62 (d, 1H, H-1), 4.31 (dd, 1H, J5, 6= 2.7 Hz, J6, 6¢' = 12.2
Hz, H-6), 4.18 (dd, 1H, J5, ¢' = 6.1 Hz, H-6"), 3.64 (ddd, 1H, H-5), 2.16 and 2.01
(eachs, 2 x 3H, 2 x OAc), 1.26 and 1.12 (eachs, 2 x 9H, 2 x OPiv).
Anal. Caled for C27H38010: C, 62.05; H, 7.33. Found: C, 61.82; H, 7.23.
Benzyl 2,4-Di-O-acetyl-3,6-di-O-benzyl-f-D-mannopyranoside (28).
A mixture of 24 (206 mg, 0.29 mmol), cesium acetate (166 mg, 3.0 equiv), and 18-
crown-6 (228 mg, 3.0 equiv) in dry toluenc (20 mL) was kept for 12 h under
ultrasonication in a water bath. At this time the reaction was not completed, so was
refluxed for 12 h until the disappearance of 24 on TLC. The reaction mixture was
poured into a saturated aqueous sodium hydrogencarbonate solution and separated into two

phases. The aqueous layers were extracted thrice with ethyl acetate. The combined organic
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layers were washed with brine and water, dried over anhydrous magnesium sulfate, and
concentrated to give a residue, which was purified on a column of silica gel with
hexane/ethyl acetate (4:1 v/v) to afford 28 (96 mg, 62%): amorphous; [a]p® - 95.1 ° (¢
1.4, CHCI3); IR 1744 cm~! (C=0); 1H NMR (EX-270) 6 7.32 - 7.18 (m, 3 x 5H, 3 x
Ph), 5.60 (dd, 1H,J2,1=0.8 Hz, J2, 3= 3.3 Hz, H-2), 5.13 (dd, 1H, J3 4 = 9.7 Hz,
J4,5=9.8 Hz, H-4), 4.90 and 4.67 (ABq, 2H, JA, B = 12.3 Hz, -CH2-Ph), 4.67 and
4.37 (ABq, 2H, JA, B = 12.2 Hz, -CH2-Ph), 4.55 (s, 2H, -CH2-Ph), 4.51 (d, 1H, H-1),
3.67(dd, 1H, Js, ¢ = 6.1 Hz, Jg, ¢' = 10.7 Hz, H-6), 3.62 (dd, 1H, J5, ' = 3.1 Hz, H-
6", 3.51 (dd, 1H, H-3), 3.50 (ddd, 1H, H-5), 2.19 and 1.92 (each s, 2 x 3H, 2 x OAc).

Anal. Caled for C31H3408: C, 69.65; H, 6.41. Found: C, 69.21; H, 6.29.

Benzyl 2,3-Di-0O-acetyl-3,6-bis(0-allyloxycarbonyl)-$-D-mannopyr-
anoside (29). A rcaction mixture of 25 (111 mg, 0.16 mmol), cesium acetate (91 mg,
3.0 equiv), and 18-crown-6 (125 mg, 3.0 equiv) in dry toluene (10 mL) was kept for 12 h
under ultrasonication in a water bath until the disappearance of 25 on TLC. The reaction
mixture was poured into a saturated aqueous sodium hydrogencarbonate solution and
separated into two phases. The aqueous layer was extracted thrice with ethyl acetate.
The combined organic layers were washed with brine and water, dried over anhydrous
magnesium sulfate, and concentrated to give a residue, which was purified on a column of
silica gel with hexane/ethyl acetate (3:1 v/v) to afford 29 (74 mg, 89%): syrup; [ot]p®
-67.4 ° (¢ 0.6, CHCI3); IR 1758 cm™! (C=0); IH NMR (FX-200) 6 7.38 - 7.28 (m, 5H,
Ph), 6.02 - 5.82 (m, 2x 1H, 2 x -CH2-CH=CH?2), 5.56 (dd, 1H, J2, 3 = 3.3 Hz, H-2),
5.41-5.24 (m, 2x 2H, 2x -CH2-CH=CH?), 5.23 (dd, 1H, J3, 4 = 9.9 Hz, H-4), 4.88
and 4.64 (ABq, 2H, JA B = 12.2 Hz, -CH»-Ph), 4.83 (dd, 1H, H-3), 4.68 - 4.60 (m. 2
x 2H, 2 x -CH?2-CH=CH}), 4.60 (d, 1H, H-1), 4.36 (dd, 1H, J5, ¢ = 6.3 Hz, Jg, ¢’
11.6 Hz, H-6), 4.26 (dd, 1H, J5, ¢' = 3.6 Hz, H-6'), 3.64 (ddd, 1H, J4 5= 9.9 Hz, H-
5), 2.18 and 2.05 (each s, 2 x 3H, 2 x OAc).

Anal. Caled for CosH3()012 : C, 57.47; H, 5.79. Found: C, 57.47; H, 5.67.

H
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