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ABSTRACT 

A trimeric Lewis X derivative, p-trifluoracetamidophenylethyl O-(p-D- 
galactop yranosyl)-(l~4)-0-[3-0-(a-~-fucopyranosyl)-2-aceta~do-2-deoxy-~-D- 
glucopyranosyll-(1 -G)-O-(~~galactopyranosyl)-(l+4)-O-[3-O-(a-~-fucopyranosyl)- 
2-acetamido-2-deoxy-~-D-glucopyranosyl]-(l+3)-O-(f3-D-galactopynosyl)-(l+4~-3- 
O-(cr-L-fucopyranosyl)-2-acetamido-2-deoxy-~-D-glucopyranoside corresponding to 
the tumor-associated glycolipid in Figure 1 (n=2), and a trimeric derivative of N- 
acetyl lactosamine, p-trifluoracetamidophenylethyl O-(fbD-galactopyranosyl)- 
(1 +4)-O-(2-acetamido-2-deoxy-~-D-glucopyranosyl~-~l+3)-O-(~-D-galactopyrano- 
sy1)-( 1 +4)-0-(2-acetamido-2-deoxy-PDglucopyranosy1~-~1-+3)-0-(~-D-galacto- 
pyranosyl)-(l+4)-2-acetamido-2-deoxy-~-D-glucopyranoside, were synthesised from 
thioglycoside building blocks. The synthesis was based on intermediates earlier 
reported. 

INTRODUCI'ION 

Isolation and characterization of glycolipids from adenocarcinoma LL- 

having the general structure shown in Figure 1, was reported in 1984 by Hakomori 

613 

Copyright @ 1989 by Marcel Dekker, Inc 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



614 

FUC FUC 

NILSSON AND NORBERG 

1 ~ 1 4 '  Caamide B B 

n 

n =  1 or2. 
FIG. 1 

ef. a1.2 These structures were regarded as tumor-associated since they were not 

present in any appreciable extent in corresponding normal tissues. The interest in 

the carbohydrate part of these glycolipids3 is due to their potential usefulness in 

cancer diagnosis and treatment. 

As part of a program aimed at synthesizing tumor-associated carbohydrate 

structures, we have earlier synthesized a dimeric Lewis X hexasaccharide derivative.1 

Other derivatives related to the structure in Figure 1 have also been reported.4X~ 

We now report the synthesis of the nonasaccharide 12 and the linear trimer of N- 
acetyllactosamine 7, both carrying a p-trifluoracetamidophenylethyl linking arm 

that makes possible attachment to proteins, lipids or solid matrixes via the 

corresponding isothiocyanate der i~a t ive .~  Synthesis of di-, tri- and tetrameric N- 

acetyllactosamine derivatives has been reported earlier by Alais and Veyrieres.*pg 

RESULTS AND DISCUSSION 

The synthesis was based on building blocks used in synthesis of the dimeric 

Lewis X hexasaccharidel derivative. Our strategy was to use the disaccharide ethyl 4- 

0-(2-0-acetyl-4,6-0-benzylidene-3-O-chloroacetyl-~-~ga~c topyranosyl)-6-O-ben- 

zyl-2-deoxy-3-O-p-methoxybenzyl-2-phthalimido-l-thio-~-D-glucopyranoside (111 

and the suitable protected tetrasaccharide 2l. Compound 2 was after selective 
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SYNTHESIS OF CARBOHYDRATE DERIVATIVES 615 

deblocking glycosylated with 1, giving a linear hexasaccharide 4, which after 

deprotection gave the trimeric N-acetyllactosamine derivative 7. Selective removal 

of the p-methoxybenzyl groups in 4 gave a triol hexasaccharide, which was 

trifucosylated. The obtained nonasaccharide was then deblocked to give the target 

structure 12. The following steps were performed: 

p-Nitrophenylethyl 0-(2-0-acetyl-4,6-0-benzylidene-3-O-chloroacetyl-~-D- 

galactopyranosyl)-(l~4)-0-(6-0-benzyl-2-deoxy-3-O-p-methoxybenzyl-2-phthali- 

mido-~-~glucopyranosyl)-(l~3~-0-~2-0-acetyl-4,6O-benzyliden~~-D-galacto- 
pyranosyl)-(l~4)-0-(60-benzyl-2~eoxy-3-O-p-methoxybenzyl-2-ph~halimido-~- 

D-glucopyranoside)' (2) was treated with hydrazine acetate giving the OH-3 

compound 3 in 95% yield. Glycosidation of 3 with ethyl 4-0-(2-0-acetyl-4,6-0- 

benzylidene-3-O-chloroacetyl-~-~galactopyranosyl~-~O-benzyl-2~~xy-3-O-~ 

methoxybenzyl-2-phthalimido-l-thio-~-D-glucopyranoside (l)', using dimethyl- 

(methy1thio)sulfonium triflate (DMTST)lo as the promoter and 2,6-di-tert-butyl-4- 

methylpyridine (DTBMP) as the acid acceptor, gave the hexasaccharide 4 in 75% 

yield. The phthalimido groups and the 0-acetyl groups in 4 were removed by 

refluxing with hydrazine acetate in 2:3 toluene-ethanol giving free amino groups 

which were N-acetylated with acetic anhydride in 1:l dichloromethane-methanol 

giving compound 5 in 72% yield. Reduction of the nitro group in 5 by treatment 

with aluminum amalgam, followed by trifluoroacetylation and then treatment with 

methanolic sodium methoxide gave compound 6 in 65% yield. Hydrogenolysis of 6 

over Pd/C gave the deprotected N-acetyllactosamine derivative 7 in 79% yield. 

The three p-methoxybenzyl groups in 4 were removed by treatment with 

2,3-dichloro-5,6dicyano-1,4-benzoquinone (DDQ) in water-dichloromethane to give 

the triol 8 in 87% yield. Trifucosylation of 8 with 2,3,4-tri-O-benzyl-a-L-fuco- 

pyranosyl bromidell, using silver triflate-collidine as promotor, gave the nona- 

saccharide 9 in 68% yield. No mono- or difucosylated compounds were observed in 

the purified product (NMR, HPTLC). 

Dephthalimidization and N-acetylation of 9, in the same way as described 

above, gave 10 in 82% yield. Reduction of the nitro group in 10, followed by 

trifluoroacetylation and deacylation gave 11 in 81 % yield. Finally, 11 was hydrogeno- 

lyzed over Pd/C giving the deblocked nonasaccharide 12 in 91% yield. 
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NPhlh 

ClAcO 

OA C OBn 

1 

2 R = OClAc 
3 R = O H  

Ph 

Ph Ph 

4 R I  = NO,, R2 = NPhth, R3 = OpMBn, R 4  = OAc, Rs = OClAc 
5 R '  = NO,, R2 = NHAC, R3 = OpMBn, R4 = R5 =OH 
6 R I  = NHCOCF,, R2 = NHAc, R3 = OpMBn, R4  = R5 = O H  
8 R '  = NO,, R 2  = NPhth, R3 = O H ,  R 4  = OAc, R5 = OClAc 

EXPERIMENTAL 

General methods. - Melting points are corrected. Concentrations were per- 

formed under reduced pressure at c 40 "C (bath). Optical rotations were recorded for 

0.4-1.0% solutions at room temperature (22-25 "C) using a Perkin-Elmer 241 polari- 

meter. NMR spectra were recorded at 25 "C for solutions in CJXl3, using JEOL GX- 
270 and Bruker AM 500 MHz instruments, and chemical shifts are given in ppm 

relative to internal tetramethylsilane, unless otherwise stated. All '€3 assignments 

were based on 2D experiments. NMR spectra recorded for all new compounds, were 
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618 NILSSON AND NORBERG 

in agreement with the postulated structures, and only selected data are reported. For 

some compounds IH shift values and coupling constants (values in parentheses) are 

given in table form. In these tables the sugar residues are given as GlcNA, GlcNB, 

GlcNC, GalA, GalB, GalC, FucA, FucB and FucC where A,B and C designations are 

arbitrary. TLC was performed on Silica Gel Fs4 (Merck) with detection by W and/or 

by charring with sulfuric acid. Column chromatography was performed on silica gel 

(Matrex Silica Si 60A, 35-7Op, Amicon). Organic solutions were dried over 

magnesium sulfate. Molecular sieves (4A, Fluka) were desiccated at 300 "C over- 

night. Hydrazine acetate was prepared by mixing hydrazine hydrate (10 mL, 0.2 
mmol) and acetic acid (11 mL, 0.2 mmol) in methanol (20 mL) at room temperature. 

Crystallization was obtained by addition of diethyl ether (30 mL) followed by storage 

at -20 "C overnight. Elemental analyses were not obtained for some amorphous 

compounds. These were purified by column chromatography and the purity was 

ascertained by TLC and by NMR spectroscopy. The FAB-MS spectra were recorded 

with a VG ZAB-SE mass spectrometer. The primary beam consisted of xenon atoms 

with a maximum energy of 8 KeV. The samples were dissolved in thiogfycerol and 

positive ions were extracted and accelerated over a potential of 10 kV. 

p-Nitrophenylethyl O-(~-O-acetyl-4,6-O-benzyIidene-~-D-galactopyranosyl~- 

(1~)-0-(6-O-benzyl-2aeoxy-3-O-p-me thoxybenzyl-2-phthalimido-fl-D-gluco- 

pyranosyl)-~l+3~-O-~2-O-ace~l~~-~-be~lidene-~~ala~op~anosyl~-~l~~-O- 

(6-O-benzyl-2-deoxy-3-O-p-me thoxybenzyl-2-phthalimido-~D-glucopyranos~de~ 

(3). - Hydrazine acetate (0.55 g, 6.0 mmol) in methanol (20 mL) was added to a 

stirred solution of p-nitrophenylethyl 0-(2-0-acetyl-4,6-0-benzylidene-3-0- 

chloroacetyl-~-Pgalactopyranosyl)-(l-+4)-0-(6-0-benzyl-2-deoxy-3-O-pmethoxy- 
benzyl-2-phthalimido-~-D-glucopyranosyl)-(l+3)-0-(2-0-acetyl-4,6-O-benzylidene- 

~t?-galactopyranosyl)-(1+4~0-(6-0-benzyl-2-deoxy-3-O-p-methoxybenzyl-2- 
phthalimido-P-D-glucopyranoside) (211 (1.18 g, 0.64 mmol) in dichloromethane-ethyl 

acetate (l:l, 40 mL) at room temperature. The reaction was stirred for 2 h and then 

concentrated. The residue was partitioned between dichloromethane and water. The 

dichloromethane layer was dried and concentrated. Precipitation from dichloro- 

methane-isooctane gave 3 (1.07 g, 0.61 mmol, 95%), [a1578 -30" (c 0.6, chloroform), RF 
0.39 (toluene-ethyl acetate, 1:2). NMR data: 13C, 6 20.3,21.1 (2 Me acetyl), 35.3 (CH2 

PNOzPh), 54.66, 54.74 (2 MeO), 55.4, 55.6 (C-2 GlcNA, C-2 GlcNB), 98.1 (C-1 GlcNA), 
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SYNTHESIS OF CARBOHYDRATE DERIVATIVES 619 

99.2 (C-1 GlcNB), 100.5 (C-1 GalA, C-1 GalB), 100.7, 101.5 (2 PhCH), 112.9, 113.1 (2 

aromatic C p-methoxybenzyl), 122.5-138.1 (aromatic C), 146.7 (aromatic C pN02Ph), 

158.3,158.5 (2 aromatic C p-methoxybenzyl), 168.4,170.2 (2 C=O acetyl); IH NMR data 

are shown in the table; 

H-1 H-2 H-3 H-4 H-5 

GlcNA 4.93 (8.2) ND ND 3.90 3.35 
GlcNB 5.25 (8.2) 4.15 (10.7) 4.27 (8.1) 3.99 3.68 
GalA 4.26 (8.1) 4.99 (10.1) 3.46 (3.6) 4.20 3.72 
GalB 4.60 (8.1) 5.09 (9.8) 3.59 4.13 3.95 

Anal. Calcd for C96HgsN302g: C, 65.7; H, 5.5; N, 2.4. Found C, 65.3; H, 5.5; N, 

2.3. 

p-Nitrophenylethyl O-(2-0-acetyl-4,6-O-benzylidene-3-O-chloroacetyl-~-D- 

galactopyranosyl)-~l~4)-0-(6-0-benzyl-2-deo~-~O-pmetho~be~l-2-phthal- 

imido-~D-gIucopyranosyl)-~l~3)-0-~Z-O-ace~l~~-O-benzyl~den~~D-gala~o- 

pyranosyl)-(1~4)-0-(6-0-benzyI-2-deoxy3-O-pme thoxybenzyl-2-phthalimido-0- 

~-glucopyranosyl)-(l~3)-O-(2-O-ace~l~~-O-be~yl~dene-~~gala~op~~osyl~- 

(1~)-0-(6-0-benzyl-2-deoxy-3-O-p-methoxybe~yl-2-phthalimido-~D-gluco- 

pyranoside) (4). - A solution of DMTST (1.15 g, 4.5 mmol) in dry dichloromethane 

(10 mL) was added to a stirred mixture of 3 (516 mg, 0.29 mmol), ethyl 4-042-0- 

acetyl-4,6-O-benzylidene-3-O-chloroacetyl-~-~ga~ctopyranosyl~-6-O-benzyl-2- 
deoxy-3-O-p-methoxybenzyl-2-phthalimido-1-thio-~-D-glucopyranoside (111 (764 

mg, 0.82 mmol), DTBMP (930 mg, 4.5 mmol) and molecular sieves (4A) in dichloro- 

methane at 0 "C under nitrogen. The mixture was stirred for 2 h at room 

temperature and then triethylamine (1 mL) was added. After 30 min at room 

temperature the mixture was filtered through celite and concentrated. Column 

chromatography using chloroform-ethyl acetate (1:l) as the packing-solvent and 

chlorofonn-dichloromethane-ethyl acetate (1:l:l) as the eluent gave 4 (580 mg, 0.22 
mmol, 75%) having -21" (c 0.6, chloroform), RF 0.62 (toluene-ethyl acetate, 1:2h 

NMR data: 13C, 6 20.2,20.4,20.9 (3 Me acetyl), 35.3 (CH2 pNOzPh), 40.6 (CH2C11, 54.6, 

54.71,54.74 (3 M a ) ,  55.35,55.45 (C-2 GlcNA, C-2 GlcNB), 55.55 (C-2 GlcNC), 66.0 (C-5 
GalC), 66.3 (C-5 GalA), 66.4 (C-5 GalB), 69.2 (C-2 Gal C), 70.4 C-2 GalA), 70.6 (C-2 Gal C), 

74.6 (C-3 GalC), 74.9 (C-5 GlcNC), 74.97 ((2-5 GlcNA), 75.03 (C-5 GlcNB), 77.7 (C-3 GalB), 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



6 20 NILSSON AND NORBERG 

77.8 (C-3 GalA), 98.1 (C-1 GlcNA), 99.09, (C-1 GlcNB), 99.11 (C-1 GlcNC), 100.4 (C-1 

GalC), 100.5 (C-1 GalA), 100.66, 100.71 (2 PhCH), 100.8 (C-1 GalB), 101.2 (PhCH), 

112.9J13.0, 113.1 (3 aromatic C p-methoxybenzyl), 122.8-138.0 (aromatic C), 146.7 

(aromatic C pNOzPh), 158.26, 158.30, 158.4 (3 aromatic C p-methoxybenzyl), 167.1 

(C=O) chloroacetyl), 168.4,168.5, 169.0 (3 C=O acetyl); IH Nh4R data are shown in the 

table; 

H-1 H-2 H-3 H-4 H-5 

GlcNA 4.91 (8.0) ND ND 3.87 3.32 
GlcNB 5.15 (7.9) ND 4.08 3.82 3.49 
GlcNC 5.27 (8.1) 4.15 (10.6) 4.25 (8.0) 4.02 (9.8) 3.63 
GalA 4.21 (8.0) 4.94 (10.1) 3.38 4.13 3.01 
GalB 4.36 (8.0) 5.06 (10.0) 3.57 (3.4) 4.21 3.14 
GalC 4.64 (8.1) 5.38 (10.2) 4.88 (3.6) 4.31 (1.5) 3.30 

FAB-MS showed a molecular ion cluster centered around m/z 2265, as 
predicted by isotope calculation. 

Anal. Calcd for C142H13&1N4043: C, 65.0; H, 5.4; N, 2.1. Found C, 64.2; H, 5.2; 

N, 2.2. 

p-Nitrophenylethyl O-(4,6-O-benzylidene-~~D-galactopyranosy1~-~1~4~-0- 

(2-acetamido-6-O-benyl-2-deoxy-3- O-p-methox ybenz y l-fl-D-glucop yranos y 1)- 

(143)- O-(4 ,6-O-benyl~dene-~-D-gakdopyranosyl ) - ( l~) -O-(2-acet~~d~-~-  

benzyl-2~eoxy-3-O-p-methoxybenyl-PD-glucop~ranosyl~-~l~3~-O-~4,6-O-ben- 

zylidene-fl-D-galadopyrranosyl~-~l~~-O-~2-acet~ido~-O-be~yl-2deo~-3-O-p 

methoxybenzyl-P-D-glucopyranoside) (5). - Hydrazine acetate (690 mg, 7.5 mmol) 

was added to a mixture of 4 (135 mg, 51 pmol) in toluene-ethanol (2:3, 15 mL). The 

mixture was refluxed overnight and then concentrated. The product was dissolved 

in dichloromethane-ethanol l:l, washed with water and concentrated. The residue, 

having RF 0.58 (ethyl acetate-methanol-water, 20:3:2), was then dissolved in 

dichloromethane-methanol (l:l, 10 mL) and treated with acetic anhydride (1 mL) at 

room temperature. After 2 h the reaction mixture was concentrated and co- 

evaporated with ethanol. Column chromatography (toluene-ethyl acetate-methanol, 

5:5:1) gave 5 (80 mg, 37 pmol, 72%) having RF 0.64 (ethyl acetate-methanol-water, 

20:3:2). NMR data (CDCl3-CD30D, 1:U: I3C, 6 23.0, 23.1 (3 Me N-acetyl), 36.1 (CH2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF CARBOHYDRATE DERIVATIVES 621 

pN02Ph), 101.5, 101.8, 102.7, 102.8, 103.6, 103.7, 103.8 (6 C-1 and 3 PhCH), 114.0 (3 

aromatic C p-methoxybenzyl), 147.0 (aromatic C pNOzPh), 159.6, 159.7 (3 aromatic C 

pmethoxybenzyl), 172.1,172.9 (3 C=O N-acetyl). 

p-Trifluoracetamidophenylethyl 0-(4,6-O-benzylidene-P-D-galactopyrano- 
syl)-(14)-0-(2-ace tamido-6-O-benzyl-2-deoxy-3-O-p-methoxybenzyl-~D-gluco- 

pyranosyl)-(1~3)-O-(4~-O-benzylidene-&D- 

amido-6-O-benzyl-2~eoxy-3-O-p-methoxybenzyl-~-D~lucop~anosyl)-(l~3~-O- 

~4,6-O-benzylidene-~D-galadopyranosyl~-~l~~-O-~2-acet~~d~6-O-benzyl-2- 

deoxy-3-O-p-~ethoxybenzyl-~-D-glucopyranos~de~ (6). - A solution of 5 (61 mg, 28 

pmol) in tetrahydrofuran-water (9:1, 10 ml), was treated with aluminum amalgam at 

room temperature for 4 h. The mixture was filtered through celite and concentrated. 

The residue, having RF 0.60 (ethyl acetate-methanol-water, 20:3:2), was dissolved in 

dichloromethane (10 mL) and treated with pyridine (64 pL, 790 pmol) and 

trifluoroacetic anhydride (55 pL, 400 pmol) at 0 "C. After 1 h at room temperature, the 

reaction mixture was treated with sodium methoxide in methanol for 10 min, 

neutralized with acetic acid and concentrated. Column chromatography (toluene- 

ethyl acetate-methanol, 5:5:1) yielded 6 (40 mg, 18 pmol, 65%) having RF 0.66 (ethyl 

acetate-methanol-water, 20:3:2). NMR data (CDC13-CD3OD, 1:l): I3C, 6 22.95, 23.12, 

23.15 (3 Me N-acetyl), 35.9 (CHz ethyl), 101.52, 101.77, 102.61, 103.48, 103.66, 103.73, 

103.9 (6 C-1 and 3 PhCH), 113.9, 114.0 (3 aromatic C p-methoxybenzyl), 159.58, 159.61 
(3 aromatic C pmethoxybenzyl), 172.2, 172.77,172.80 (3 C=O N-acetyl). 

p-Trifluoracetamidophenylethyl 0-(~-D-galactopyranosy1)-(1+4~-0-(2-acet- 
am~do-2~eoxy-~D-glucopyranosyl)-(l~3~-O-~~D-gala~op~anosyl)-(l~~-O-(2- 

ace tam~do-2-deoxy-~D-glucopyranosyl~-~l~3~-O-~~D-g~a~op~~osyl~-~l~4~ -2- 

acetamido-2-deoxy-P-D-glucopyranoside (7). - A solution of 6 (39 mg, 18 pmol) in a 

mixture of ethyl acetate-acetic acid-ethanol-water (10:3:3:2) was hydrogenated over 

Pd/C at  400 kPa overnight, then filtered and concentrated. The residue was purified 

on a Biogel P-2 column, using water as the eluent, giving compound 7 (19 mg, 14 

pmol, 79%) having [a1578 7" (c 0.3, water), RF 0.40 (ethyl acetate-acetic acid-methanol- 

water, 43:3:2). The purity and homogeneity of the material was confirmed by HPTLC 

and gel filtration. Only a single band was detected on HPTLC (two different systems) 

and a single band was collected from gel filtration, using a refractometer as detector. 

Furthermore, the N M R  spectra required a high degree (> 90%) of purity. NMR data 
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6 22 NILSSON AND NORBERG 

(D20; Me2CO,%=2.225; 6&3.2): 13C, 6 22.8, 23.0 (3 Me N-acetyl), 35.2 (CH2 ethyl), 

55.7, 56.0 (3 C-2 GlcN), 60.7, 60.9, 61.77, 61.84 (3 C-6 GlcN, 3 C-6 Gal), 69.1, 69.4, 70.8, 

71.0, 71.8, 73.0,73.2,73.3,75.4,75.5,75.7,76.2 (ring C), 79.0, 79.3 (3 C-4 GlcN), 82.9, (C.3 

Gal, C-3 GalB), 101.7 (C-1 GlcNA), 103.6,103.7 (3 C-1 Gal, C-1 GlcNB, C-1 GlcNC), 123.1, 

130.4, 133.7,138.8 (aromatic C), 175.0, 175.7 (3 C=O N-acetyl); IH NMR data are shown 

in the table; 

H-1 H-2 H-3 H-4 

GlcNA 4.46 3.66 ND ND 
GlcNB 4.70 (8.5) 3.81 ND ND 
GlcNC 4.71 (8.5) 3.81 ND ND 
GalA 4.44 (7.9) 3.57 (10.0) 3.71 (3.2) 4.15 
GalB 4.47 (7.8) 3.58 (10.0) 3.73 (3.2) 4.16 
GalC 4.48 (7.8) 3.54 (9.8) 3.67 (3.4) 3.93 (1.1) 

Positive ion FAB-M!3 showed an M+H ion at m/z 1329 and an M+Na ion at 

m/z 1351. 

p-Nitrophenylethyl 0-(2-0-acetyl-4,6-0-benzylidene-3-O-chloroacetyl-~-D- 

galactopyranosyl)-(l~)-0-(6-O-benzyl-2-deo~-2-ph~alimido-~D~lucop~an~ 

sy l ) - (1~3)-0- (2-0-ace~l~~-O-benzyl idene-~D-galactop~anosyl~-~l~~-O-~6-O-  

benzyl-2-deoxy-2-phthalimido-a-D-glucopyr~osy~~-~l~3~-O-~2-O-ace~l~~-O-ben- 

z y l i d e n e - ~ ~ g a l a d o p ~ ~ o s y l ~ - ~ 1 ~ ~ - 0 - ~ 6 - 0 - b e n z y l - 2 - d e o x y - 2 - p h t h a l i m i d ~ ~ ~  

glucopyranoside) (8). - DDQ (150 mg, 660 pmol) was added to a stirred solution of 4 

(289 mg, 110 pmol) in dichloromethane (15 mL) saturated with water. After 3 h at 

room temperature the reaction was complete and the organic layer was washed with 

aqueous sodium hydrogencarbonate and water, dried and concentrated. Column 

chromatography (chloroform-dichloromethane-ethyl acetate, 1:l:l) gave 8 (218 mg, 

96 pmol, 87%), having [a1578 -56" (c 0.6, chloroform), RF 0.54 (toluene-ethyl acetate, 

1:2). NMR data: 13C, 6 20.2,20.3,20.8 (3 Me acetyl), 35.4 (CH2 pN02Ph), 40.6 (CH2C1), 

98.0, 98.99, 99.01, 100.4, 100.5, 100.9, 101.1, 101.4 (6 C-1 and 3 PhCH), 122.8-138.1 

(aromatic C), 146.8 (aromatic C pNOZPh), 167.0 (C=O) chloroacetyl), 168.4, 168.5, 169.0 

(3 C=O acetyl) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF CARBOHYDRATE DERIVATIVES 623 

FAB-MS showed a molecular ion cluster centered around m/z 2625, as 

predicted by isotope calculation. 

Anal. Calcd for C118H115ClN4040: C, 62.6; H, 5.1; N, 2.5. Found: C, 61.8; H, 5.0; 

N, 2.3 

p-Nitrophenylethyl 0-~2-0-acetyl-4,6-O-benzylidene-3-O-chloroacetyl-~-D- 

g a l a c t o p y r a n o s y l ~ - ~ l ~ - O - [ 6 - 0 - b e n z y l - 2 ~ e o ~ - ~ O - ~ 2 ~ ~ t r i - O - b e ~ y l u - ~ - ~ c ~  

pyranosyl)-2-phthaliido-&D-glucopyranosyl]-~l~3~-O-~2-O-acetyl~~-O-benzyli- 

d e n e - ~ ~ - g a l a c t o p y r a o s y l ) - ~ l ~ ~ - 0 - [ 6 - O - b e ~ y l - 2 ~ e o x y - ~ O - ~ 2 ~ ~ ~ - O - b e n z y l -  

a-L-f u c o p y r a n o s y l ~ - 2 - p h t h ~ ~ i d o - ~ D ~ l u c o p y r ~ o s y l ~ - ~ l ~ 3 ~ - O - ~ 2 - O - a c e t y l ~ ~ - 0 -  
benzy1idene-~Dgalactopyranosy1~-~1~~-0-[6-0-be~y1-2-deo~-3-0-~2~~-~-0-  

benzyl-a-~-fucopyraosyl)-2-phthalimido-~-~-glucop~anosideJ (9). - A solution of 

silver triflate (817 mg, 3.2 mmol) and 2,4,6-trimethylpyridine (423 pL, 3.2 mmol) in 

dichloromethane-toluene (32, 5 mL) was added to a stirred mixture of 2,3,4-tri-O- 

benzyl-a-L-fucopyranosyl bromide11 (1.32 g, 2.7 mmol), 8 (400 mg, 0.18 mmol) and 

molecular sieves (4A) in dry dichloromethane (10 mL) at -30 "C under nitrogen. 

Stirring was continued for 10 min, then aqueous sodium thiosulfate (lo%, 5 mL) was 

added, and the mixture was allowed to attain room temperature. Dichloromethane 

(10 mL) was added and the mixture was filtered through celite. The organic layer was 

washed with water, dried and concentrated. Column chromatography (toluene-ethyl 

acetate, 21) of the residue gave 9 (422 mg, 0.12 mmol, 68%) having [a1578 -104" (c 0.5, 
chloroform), RF 0.73 (toluene-ethyl acetate, 1:l). NMR data: 13C, 6 15.4, 16.1 (C-6 

FucA, C-6 FucB, C-6 FucC), 20.2, 20.4, 20.8 (3 Me acetyl), 35.2 (CH2 pN02Ph), 40.6 

(CH2C1), 55.9 (C-2 GlcNA), 56.3 (C-2 GlcNB), 56.4 ((2-2 GlcNC), 66.2 (C-5 GalC, C-5 

FucA), 66.3 (C-5 FucB, C-5 FucC), 66.5 (C-5 GalA), 66.7 (C-5 GalB), 68.5 (C-2 GalC), 70.3 

(C-2 GalA), 70.6 (C-2 GalB), 71.3 (C-3 GlcNC), 71.4 (C-3 GlcNB), 71.5 (C-3 GlcNA), 73.0 

(C-4 GalC), 73.7 (C-3 GalC, C-2 FucA, C-2 FucB, C-2 FuCC), 74.3 ((2-4 GlcNA), 74.7 (C-4 

GlcNB), 75.3 (C-4 GlcNC), 75.4 (C-5 GlcNC, C-4 GalA), 75.6 (C-5 GlcNA, C-5 GlcNB, C- 

4 GalB), 76.3 (C-3 GalB), 76.6 (C-3 GalA), 78.8 (C-3 FucA, C-3 FucB, C-3 FuK, C-4 FucA, 

C-4 FucC), 79.0 (C-4 FucB), 97.5 (C-1 FucA), 97.6 (C-1 FucB, C-1 FucC), 98.0 (C-1 

GlcNA), 98.9 (C-1 GlcNB, C-1 GlcNC), 99.5 (C-1 GalA, C-1 GalC), 99.7 (C-1 GalB, 3 
PhCH), 122.9-139.6 (aromatic C), 146.6 (aromatic C pN02Ph), 167.1 (C=O chloro- 

acetyl), 167.9,168.1,168.7 (3 C=O acetyl); IH N M R  data are shown in the table; 
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624 NILSSON AND NORBERG 

H-1 H-2 H-3 H-4 H-5 

GlcNA 
GlcNB 
GlcNC 
GalA 
GalB 
GalC 
FucA 
FucB 
FucC 

~ ~~ 

4.86 (8.2) 
5.06 (8.1) 
5.19 (8.2) 
4.32 (7.9) 
4.41 (8.0) 
4.68 (8.0) 
4.40 (3.8) 
4.54 (3.7) 
4.65 (3.8) 

~ 

4.24 (10.7) 
4.38 (10.8) 
4.46 (10.7) 
4.84 (10.0) 
4.92 (9.9) 
5.36 (10.0) 
3.45 (10.6) 
3.51 (10.6) 
3.58 (10.6) 

4.37 (8.8) 
4.52 (8.8) 
4.70 (8.9) 
3.41 (3.7) 
3.60 (4.0) 
4.81 (3.8) 
3.75 (3.3) 
3.77 (3.1) 
3.82 (3.5) 

4.01 (10.3) 
3.96 (10.1) 
4.11 
4.11 
4.19 
4.28 (1.6) 
2.95 
3.00 
3.11 

3.29 
3.42 
3.58 
2.95 
3.08 
3.12 
4.51 
4.55 
4.71 

p-Nitrophenylethyl O-~4,6-O-benzylidene-~-D-galactopyranosyl~-~l~4~-0- 

[z-ace tamido-6-O-benzyl-2-deoxy-3-O-(2~~~-O-benzyl-~-L-~cop~~0syl)-~-D- 

glucopyranosyl]-(1~3)-O-(4,~O-benzylidene-fbD-g~a~op~~osyl~-~l~4)-0-~2- 

acetamido-6-O-benzyl-2-deoxy-3-0-(2~~-~i-O-benzyl~-L-f ucop yranosy1)- fbD- 

glucopyranosyl]-(l~3)-0-~4,~O-benzyliden~fb~~ala~op~~osyl~-~l~~-O-[2- 

acetamido-6-O-benzyl-2-deoxy-3-0-(2~~-~i-O-benzy~~-L-fucopyr~osyl)-fbD- 

glucopyranoside] (10). - Hydrazine acetate (690 mg, 7.5 mmol) was added to a 

mixture of 9 (197 mg, 56 pmol) in toluene-ethanol (2:3, 15 mL). The mixture was 

refluxed overnight and then concentrated. The residue was partitioned between 
dichloromethane and water. The organic layer, which contained the product, having 

RF 0.20 (toluene-ethyl acetate-methanol, 5:5:1), was concentrated. The residue was 

dissolved in dichloromethane-methanol (l:l, 10 ml) and treated with acetic 

anhydride (1 ml) at room temperature. After 2 h the reaction mixture was 

concentrated and co-evaporated with ethanol. Column chromatography (toluene- 

ethyl acetate-methanol, 5:5:1) gave 10 (140 mg, 45 Fmol, 82%) having RF 0.27 

(toluene-ethyl acetate-methanol, 5:5:1). NMR data: 13C, 6 16.2, 16.4 (C-6 FucA, C-6 

FucB, C-6 FucC), 23.0, 23.18, 23.22 (3 Me N-acetyl), 35.7 (CH2 pNOzPh), 66.35, 66.39, 

66.45 ((2-2 GIcNA, C-2 GIcNB, C-2 GlcNC), 97.8,98.2 (C-1 FucA, C-1 FucB, C-1 FucC), 

99.3, 99.8, 100.9, 101.1, 101.8, (6 C-1 and 3 PhCH), 123.2-139.4 (aromatic C), 147.2 

(aromatic C pN02Ph1, 170.3,170.4 (3 C=O N-acetyl). 

p-Trifluoracetamidophenylethyl 0-(4,6-0-benzylidene-f3-D-galactopyrano- 
syl)-(1~)-0-[~-acetamido-6-O-benzyl-2-deo~-3-0-~2~~-~i-O-be~l~-~-~c~ 

pyranosyl)-&Dglucopyosyll-(l~3)-O-(4~-O-benzyliden~~D-g~a~op~anosyl~- 
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SYNTHESIS OF CARBOHYDRATE DERIVATIVES 625 

~l~)-O-[2-acetamido-6-O-benzyl-2-deo~-~O-~2~,4-tn-O-be~yl-a-~-~copyrano- 

syl~-&D-glucopyranosyll-~l~3~-O-~4~-O-be~l~dene-&D-g~a~op~~osyl)-~l~~- 

O-~2-acetamid~-O-benzyI-2-deoxy-3-0-~2~~-~i-O-be~yl~-~-~copyr~osyI)-~ 
D-glucopyranosidel (11). - A solution of 10 (125 mg, 41 pmol) in tetrahydrofuran- 

water (9:L 10 mL), was treated with aluminum amalgam at room temperature for 4 

h. The mixture was filtered through celite and concentrated. The residue, having RF 

0.22 (toluene-ethyl acetate-methanol, 5:5:1), was dissolved in dichloromethane (5 

mL) and treated with pyridine (65 pL, 810 pmol) and trifluoroacetic anhydride (56 p1, 

400 pmol) at 0 "C. After 1 h at room temperature, the reaction mixture was treated 

with sodium methoxide in methanol for 10 min, neutralized with acetic acid and 

concentrated. Column chromatography (toluene-ethyl acetate-methanol, 5:5:1) 

yielded 11 (104 mg, 33 pmol, 81%) having RF 0.26 (toluene-ethyl acetate-methanol, 

5:5:1). NMR data: 13C, 6 16.2,16.4 (C-6 FucA, C-6 FucB, C-6 FucC), 22.9,23.0,23.1 (3 Me 

N-acetyl), 35.3 (CH2 pNOZPh), 97.7-101.8 (9 C-1 and 3 PhCH), 170.6, 171.4 (3 C=O N- 
acetyl). 

p-Trifluoracetamidophenylethyl O-(~-D-ga~actopyranosyl)-(1+4)-0-[3-0- 

(a-L-f ucopyranosyl~-2-acetatnido-2-deoxy-~D-glucopyr~osyll-~l-+3~-O-~~-D-galacto- 

pyranosyl)-(1+4)-0-[3-O-(a-L-f ucopyranosyl)-2-acetamido-2-deoxy-~-D-gluco- 

pyranosy~]-~l+3)-O-(&D-galadopyranosy~~-~~~~-~-~~-~~-L-~copyranosy~~-2- 

acetamido-2-deoxy-~-D-glucopyrmoside (12). - A solution of 11 (104 mg, 33 pmol) in 

a mixture of ethyl acetate-ethanol-water (12:3:2) was hydrogenated over Pd/C at 400 

kPa overnight, then filtered and concentrated. The residue was purified on a Biogel 

P-2 column, using water as eluent, giving compound 12 (54 mg, 31 pmol, 91%) 

having [ a ] ~ , ~  -73" (c 0.5, water), RF 0.30 (ethyl acetate-acetic acid-methanol-water, 

23:3:2). The purity and homogeneity of the material was confirmed by HPTLC and 

gel filtration. Only a single band was detected on HPTLC (two different systems) and 

a single band was collected from gel filtration, using a refractometer as detector. 

Furthermore, the NMR spectra required a high degree (> 90%) of purity. NMR data 

(D2O; Me2C0, &=2.225; 6c=23.2): 13C, 6 16.12, 16.15, 16.18 (3 C-6 Fuc), 22.9,Z.I (3 Me 

N-acetyl), 35.3 (CH2 ethyl), 56.4 (C-2 GlcNA), 56.8 (C-2 GlcNB, C-2 GlcNC), 60.5, 60.7, 

62.28,62.30,62.35 (3 C-6 GlcN, 3 C-6 Gal), 67.6 (3 C-5 Fuc), 68.5 (C-2 FucA), 68.6,68.7 (C- 

2 FucB, C-2 FucC), 69.1 ((2-4 GalA, C-4 GalB), 69.2 (C-4 GalC), 70.1 (3 C-3 Fuc), 71.1 (CH2 

ethyl), 71.4 (C-2 GalA, C-2 GalB), 71.9 (C-2 GalC), 72.7 (3 C-4 Fuc), 73.4 (C-3 GalC), 73.7, 
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626 NILSSON AND NORBERG 

73.9 (3 C-4 GlcN), 75.6 (C-3 GlcNB, C-3 GlcNC), 75.8 (C-3 GlcNA), 82.5 (C-3 Gal& C73 

GalB), 99.5 (C-1 FucC), 99.6 (C-1 FucA, C-1 FucB), 101.6 (C-1 GlcNA), 102.6 (3 C-1 Gal), 

103.3 (C-1 GlcNB, C-1 GlcNC), 123.2,130.5,133.7,138.8 (aromatic C), 174.4,174.8 (3 C=O 
N-acetyl); IH NMR data are shown in the table; 

H-1 H-2 H-3 H-4 H-5 

GlcNA 
GlcNB 
GlcNC 
GalA 
GalB 
GalC 
FucA 
FucB 
FucC 

4.49 
4.70 (8.5) 
4.70 (8.5) 
4.42 (7.8) 
4.44 (7.9) 
4.47 (7.8) 
5.01 (4.0) 
5.12 (3.9) 
5.13 (3.9) 

3.80 
3.95 (10.2) 
3.97 (10.4) 
3.49 (9.9) 
3.51 (9.9) 
3.50 (9.9) 
3.64 (10.2) 
3.68 (10.1) 
3.69 (10.1) 

3.76 
3.87 
3.85 
3.68 (3.4) 
3.69 (3.4) 
3.66 (3.3) 
3.85 (3.5) 
3.89 (3.4) 
3.90 (3.4) 

3.87 ND 
3.95 ND 
3.97 ND 
4.08 (1.4) ND 
4.09 (1.4) ND 
3.89 (1.5) ND 
3.75 (1.7) 4.78 (6.6) 
3.77 (1.9) 4.81 (6.6) 
3.79 (1.9) 4.83 (6.6) 

Positive ion FAB-MS showed an M+H ion at m/z 1768 and an M+Na ion at 

m/z 1790. 
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