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Synthesis of GleNAcp-B-(1-3)-Galp-a-(1-2)-6-deoxy-altroHepp-a-(1-0-propyl,
an O-Antigenic Repeating Unit from C. jejuni O:23 and O:36
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A trisaccharide. GleNAcp-B-(1-3)-Galp-o-(1—2)-6-deoxy-alfroHepp-c~(1 —»O-propyl. as an (-antigenic
repeating unit of . jejuni serotype ©O:23 and O:36 was synthesized. Coupling of the GlcNPhth-(1—3)-Gal
disaccharide donor with allyl 6-deoxy-a/froHep acceptor in the presence of iodonium dicollidine perchlorate
(IDCP) promoter afforded the -galactosidic trisaccharide with high stereoselectivities. Subsequent
deacetalation. dephthaloylation. A-acetylation. and hydrogenolytic debenzylation furnished the title

compound.
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Introduction

Campylobacter jejuni (C. jejuni) 18 a group of gram-
negative bacteria that cause human gastroenteritis’~ and
their importance as pathogens is being recogmized due to
their possible relation to neuropathy known as the Guillain-
Barre syndrome (GBS) and Miller-Fisher Syndrome (MFS).**
In previous investigation of serotyping system developed by
Penner, their serological differentiation relates to the
structures of lipopolysaccharides (LPSs) from C. jejuni.’
Investigations on their chemical structures by Aspinall ef
al.”? showed that C. jejuni have low-molecular weight LPSs
beanng N-acetyIneuraminic acid residues and a minority of
serotypes (0:23 and O:36) possess both low-molecular
weight LPSs and high-molecular weight LPSs. Serotypes
0:23 and O:36 are cross-reacting and their core regions of
LPS are the indistinguishable but O-glvcan structures are
vanied from batch to batch. O-Antigens, a potential basis of
the serological classification of C. jejumi. consisted of
trisaccharide repeating units of four closely-related types. in
which the variable heptose residues differed in the presence
or absence of oxvgenation at C-6 and methylation at O-3

— 3)-BD-GlepNAc-(1 — 3)--D-Galp-(1 — 2)-6d-ce-D-afr-Hepp-
(1l—,

= 3)3B-D-GlepNAc-(1 = 3)-o-D-Galp-(1 = 2)-6d-3-Me-0-D-ait-
Hepp-(1 = .

= 33B-D-GlepNAc-(1 = 3)-D-Galp-(1 = 2)-D-ghcero~o-D-ait-
Hepp~(1 — . and

= 3)3B-D-GlepNAc-(1 = 3)o-D-Galp-(1 = 2)3-Me-D-ghcero-
o-D-aft-Hepp-(1 = |

Figure 1. Chemical structures of O-antigens from Campyiobacter
jejuni (0:23 and O:36.
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(Fig. 1). Differences mn ability to vary the proportions of
heptose components may constitute a basis for serotypic
discrimination, or evading the mmmune response of the host,
which 1s permutting infection to continue.

In order to evaluate the immunological specificity and
elucidate the role of aliroheptopyranosyl residues in
serotypic differences, it was necessary to syntheses various
oligosaccharides having different reading frame with their
size. This report describes the synthetic approach for
trisaccharide 1 contaming a/rroheptose which is rarely found
In nature as its comresponding propyl glvcoside. f3-D-
GlepNAc-(1 — 3)-0-D-Galp-(1 — 2)-6-deoxy-o-D-aitroHepp-
(1 — O-propyl (Scheme 1).

Results and Discussion

Trisaccharide 1 can be divided into two synthetic building
blocks. a benzylated glycosyl donor 6 and allyl 6-deoxy-c-
D-aitroHepp acceptor 7."° The benzylated thio-galactosyl
donor 6 was obtamed by coupling of an N-phthaloyl glucos-
aminyl bromide 3 and a thio-galactopyranoside 2. The
monosaccharide units 2 and 3 were synthesized as described
earlier.''-

Regio and stereoselective glycosylation of 2 with core-
sponding bromide 3 in the presence of silver triflate'~!" as a
promoter. s-collidine as an acid acceptor. and molecular
sieve (4 A) in CH-Cl» at -25 °C gave GleNPhth-g-(1—3)-
Gal-SEt 4 as one product in 60% vield. Subsequent
deacetyvlation of 4 with 0.1 N sodium methoxide in methanol
afforded 3, and perbenzylation of 3 with benzyl bromide and
sodium hydride m DMF gave 6 in 88% and 32% vield,
respectively. It 1s noteworthy that benzylation proceeded
sluggishly due to the phthalimido N-protecting group.

Because of the ranty of altroheptose n nature, its
glvcosidation has not been reported vet. Therefore, before
attempting the 1,2-cis-glvcosidation between disaccharide
donor 6 and acceptor 7 employving armed thioglycosides-
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Scheme I, (1) AgOTi=toluene. collidine, MS 4A, -25 °C. 30 min,
60%: (b 0.1 M NaOMe-McOIH. MceOIH. rt. 2 h. 88%: (¢) BnBr.
NaH. DMF. 1. 2 h. 32%; (d} IDCP. CH.Cl>-EtzO. MS 5A.rt. 2 h
60%: (e} aq. HOAc. 50 °C. 7 h. 69%: (1) NH:NH-H.0. FtOH. 70
°C. 4 hand then ACQ. CHaCl-MeOI L vt 2 hy 71%: (g) PAiC-1 1,
LtOl-AcOLH. rt. 3 days. 70%.

IDCP promoter,™'” it was necessary to investigate the
effects of remote OH protecting groups to the anomeric
center not only on the reactivity of thiogalactoside donors
but also on the o-stereoselectivity. For the purpose, IDCP
promoted glvcosidations of methyl 3-O-benzyl-4,6-0-
benzylidene-o-D-altropyranoside  (14)'" acceptor were
examined with various thioglucoside donors L1, 12, and 13
containing different OH protecting groups {Scheme 2). It
was found o-stereoselectivity of 1.2-glycosidation was
highly dependent on the nature of OH blocking groups
remote to the anomeric center of galactosyl donor
molecules. Glycosidation of 14 with perbenzylated thio-3-
D-glucopyranoside L1 afforded o~ and S-disaccharides 15a
and 158 in 58% and 10% yield. Coupling of 14 with 12 and
13 provided only a-Gal-Alt disaccharides 16 and 17 in 65%
and 26% yield. respectively. This result clearly shows that
perbenzylated glycosy! donor is not imperative for the IDCP
mediated 1,2-cisglycosidation of thiogalactoside.

[t is also interesting to note that a galactosyl donor having
4.6-0O-benzylidene group shows the best result in terms of o~
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Scheme 2. General glycosidation reaction condition: [DCP MS
SAL CHACla-Li O, 1t

stereoslectivity and yield, while the presence of benzoyl
esters in a glycosy! donor shows the lowest yield.

Therefore, 4,6-O-benzylidene protected GleNPhth-Gal
glycosyl donor 6 was chosen for stereocontrolled o-
glycosidation with allyl 6-deoxy-o-D-altroHep glycosyl
acceptor 7. The coupling reaction was performed in the
presence of IDCP at room temperature for 2 hours and the
desired o-glycosylated trisaccharide 8 was obtained as one
product in 60% yield. Successive treatment of compound 8
with 70% aqueous acetic acid, hydrazine hydrate in ethanol
followed by AcyQ in CHCly-methanol, and finally Pd/C-H>
(g) in ethanol yielded the title compound 1.

In summary, the first synthesis of trisaccharide repeating
unit of C. jejuni serotypes 0:23 and 0:36 containing 6-
deoxy-o-D-altroheptopyranoside was efficiently achieved
by stereospecific glycosidation between  GleNPhth-Gal
disaccharide donor having 4,6-O-benzylidene group and
allyl 6-deoxy-o-D-altroHep acceptor.

For the further studies, azido or amino group would be
introduced into the allyl group of 8 to prepare the
trisaccharide which has a linker arm for the conjugation with
proteins,

Experimental Section

General, Organic solvents were dried and purified before
use. Concentrations were performed under reduced pressure
at below 40 “C. Thin layer chromatography (tlc) was
performed using precoated silica gel plates (60F-254, E.
Merck) and the spots were detected by charring with 5%
sulfuric acid in ethanol. Column chromatography was
performed on silica gel (E. Merck, Art 9385, 230-400 mesh
in the flash mode). Optical rotations were measured with a
PerkinElmer 241 polarimeter, using a 10 cm, 1 mL cell. IR
spectra were recorded on Mattson 3000 FI-[R spectrometer
using thin film on KBr plates. 'H and '“C NMR spectra were
recorded with a Varian VXR-200 or JEOL JNM-LA 400
spectrometer on solutions in CDCl; with tetramethylsilane
as the internal standard. FAB mass spectra were obtained on
a JEOL JMS-AXS05WA instrument using glycerol as a
matrix, Matrix-assisted laser desorption ionization time-of-
flight (MALDI-TOF) spectra were obtained on a Voyager-
DE™ mass spectrometer using 2,4-dihydroxybenzoic acid
(DHB) in H20 as a matrix. Melting points were determined
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with an Edmund Buhlen 7400 SPA-1 and are uncorrected.

Ethyl 4,6-O-benzylidene-3-0-(3,4,6-tri-O-acetyl-2-deoxy-
2-phthalimido-B-D-glucopyranosyl)-1-thio-B-D-galacto-
prranoside (4). The suspension of 3'" (2.4 g. 4.8 mmol), 4.6-
O-benzvlidene derivative 2> (165 ¢. 5.27 mmole), and
molecular sieve 4 A in methvlene chloride (30 mL) was
cooled to -25 °C. Silver triflate (1.85 g. 7.2 mmole) in
toluene (24 mL) and 2,4.6-trimethyIpyridine (0.76 mL. 5.75
mmole) were added. After sturing 30 min at -25 °C.
methylene chloride was added. and the reaction mixture was
filtered through Celite bed. The organic laver was washed
with | M sodium thiosulfate solution. | M sulfuric acid, and
sodium hydrogencarbonate solution. The collected organic
laver was dried and concentrated. Column chromatography
(toluene/EtOAc, 5/3) of the residue gave disaccharide 4
(2.12 g, 60%) having Ry 0.2 (toluene/EtOAc, 5/3). [o]p -20°
(¢ 1.3, methylene chloride): 'H NMR (CDCl;) for 4 6 7.83-
7.65 (m, 4H, NPhth aromatic H). 7.45-7.25 (m. 5H, aromatic
H). 5.82 (dd, 1H, H-3"), 5.76 (d, 1H, Jr» = 85 Hz, H-1").
5.50 (s, 1H, PhCH). 5.21 (dd, 1H, H-4"), 3.41 (s, 1H, 2-OH).
2.72-2.52 (m, 2H, SCH-CHa). 2.05, 2.00. and 1.85 (3 s. each
3H, CHsCO»), 1.18 (t. 3H, SCH-CH3): '*C NMR (CDCls)
for 4 & 1708, 170.1, 1695, 1679 (C=0). 138.0. 134.5.
128.8, 128.1, 126.1. 123.7 (NPhth, CHPh aromatic C), 100.9
(CHPh). 99.3 (C-1). 855 (C-1). 8L.3, 75.8. 71.95. 70.8.
70.2,69.3,69.2,67.7,61.8 (C-6). 54.8 (C-2), 23.2 (SCH-CHa),
20.8, 20.7, and 20.5 (CHsCO»). 15.2 (SCH-CH;). FABMS
Anal. Caled. for C3sH3:NO5S 729.75, found m/z 729.

Ethyl 4,6-O-benzylidene-3-0-(2-deoxy-2-phthalimido-B-
D-glucopyranosyl)-1-thio-B-D-galactopyranoside  (3).
Methanolic sodium methoxide (0.1 M. 8.2 mL) was added to
a solution of 4 (2.93 g. 4.0]1 mmole) i methanol (95 mL).
The reaction muxture was stired for 2 hours at room
temperature. then neutralized by an ion-exchange resin
{Dowex-50. H™ form), and concentrated. Column chromato-
graphy (toluene/EtOAc, 1/1) of the residue gave § (2.14 g.
88%) having R, 0.24 (toluene/EtOAc/EtOH. 5/5/2), mp 152-
154 °C (ether): 'H NMR (MeOH-d;) 6 7.90-7.74 (m. 4H.
NPhth aromatic H), 7.58-7.30 (m. 3H. PACH), 5.58 (s, |H.
PhCH). 5.54 (d. 1H, Ji» = 84 Hz, H-1". 446-3.30 (m.
12H). 2.74-2.54 (m, 2H. SCH-CH3), 1.23 (t, 3H, SCH-CH3):
BC NMR (MeOH-ds) § 168.9 (NPhth C=0). 138.9-123.2
(Aromatic C). 100.9 (PhCH), 100.5 (C-1. 86.1(C-1). B1.7.
773, 76.7. 716, 70.3. 69.3, 683, 62.0 (C-6", 57.6 (C-2").
23.4 (SCHA-CH3). 14.6 (SCH2(CH3). FABMS Anal. Caled. for
C-sH33NOy, S 603.64. found mi/z 604.

Ethyl 2-O-benzyi-4,6-0-benzylidene-3-0-(3,4,6-tri-O-
benzyl-2-deoxy-2-phthalimido-p-D-ghicopyranosyl)-1-thio-
B-D-galactopyranoside (6). A solution of compound 5 (1.36
g, 2.25 mmole) in drv DMF (43 mL) was cooled to 0 °C, and
sodium hydnde (486 mg. 20.3 mmole, 60% dispersion in
oil) was added over 30 min. After stiring 1 hour at room
temperature. benzyl bromide (1.18 mL. 9.9 mmole) was
added and stired for 2 hours at room temperature. The
mixture was cooled to 0 °C and methanol was added slowly
in order to destroy the excess of sodium hydride, and then
the muxture was partitioned between toluene and water. The

Bull. Korean Chem. Soc. 2004, Vol. 25, No. 2 291

organic laver was washed with water. dried. and concen-
trated. Column chromatography (toluene/EtQAc, 10/1) of
the residue gave 6 (695 mg. 32%) having Ry 0.4 (toluene/
EtOAc, 5/1): 'H NMR (CDCly) & 7.56-6.81 (m, 29H,
aromatic H). 549 (d. |H. Ji-» = 7.8 Hz, H-1". 543 (s. |H.
PhCH), 5.05-4.13 (m, 13 H). 3.81-3.61 (m. 7H), 3.26 (m,
LH). 2.76-2.52 (m, 2H, SCH>CH:). 1.16 (t, 3H, SCH-CH3):
»C NMR (CDCly) & 167.4 (Nphth C=0), 1384-123.0
(aromatic C), 100.6 (PhCH). 99.1 (C-1"), 84.1 (C-1), 82.5,
79.7.793.757.754. 74.9. 74.7. 74.6. 74.5, 73.3, 69.6, 69.5,
69.0. 23.5 (SCH-CH.,), 14.8 (SCH-CH;). FABMS Anal.
Caled. for Cs7HssNO(; S 964.02. found m/z 962,

Allpl O-(3,4,6-tri-O-benzyl-2-deoxy-2-phthalimido-§-D-
glucopyranosyl)-(1-3)-0-(2-O-benzyl-4,6-O-benzylidene-
a-D-galactopyranosyl)-(1-2)-7-O-benzpl-3,4-O-isoprop-
vlidene-6-deoxy--D-altro-heptopyranoside (8). A solution
of 6 (766 mg. 0.79 mmole) and allyl 7-O-benzyl-3.4-0O-
isopropylidene-6-deoxy-a-D-a/iro-heptopyranoside!” (7.
220 mg. 0.608 mmole) m methylene chloride-diethy] ether
(2:5. v/v. 49 mL) was stured with powdered molecular
sieve 5 A for 30 min at room temperature. and then IDCP
(1.1 g 237 mmole) was added. After sturing 2 hours at
room temperature, the reaction mixture was filtered and
diluted with methvlene chloride. The organic laver was
washed with 1| M sodium tluosulfate solution and water,
dried over magnesium sulfate, and concentrated. Column
chromatography (toluene/EtOAc. 7/1) of the residue gave 8
(460 mg, 60%) having Ry 0.32 (toluene/EtOAc, 5/1). 'H
NMR (CDCla) 6 7.62-6.84 (m. 34H, aromatic H), 5.9-5.7
(m. |H. CH=CH-), 5.45 (d. 1H, J;-» = 83 Hz. H-1"), 5.43
(s. IH. PhCH), 531 (d. I1H.J; »=3.7Hz. H-1"). 5.24-5.1 (m,
2H. CH=CH>). 4.9-3.54 (m. 3 H), 2.15-1.96. 1.86-1.67 (2m.
each 1H. H-6a, 6b). 1.37. 1.23 (=C(CH;)): “C NMR
(CDCl;) & 167.8 (NPhth C=0), 138.4-123.0 (aromatic C),
134.1, 133.5 (NPhth aromatic C). 1315 (CH=CH-). 123.0
(NPhth aromatic C). 116.6 (CH=CH2>), 110.2 (C(CHa)»), 99.3
(C-1"), 98.7 (C-1), 97.1 (C-1"). 79.7, 79.3. 773. 76.7. 74.9,
74.7.74.5.738.73.4.729.72.3.69.5. 69.2, 68.3, 68.0, 66.3,
62.3. 56.2 (C-2"), 34.0 (C-6). 27.3. 25.0 (C(CHa)-). FABMS
Anal. Caled. for C:H7NOy7 1266.27, found mv/z 1267.

Alvl  O-(3,4,6-tri-O-benzyl-2-deoxy-2-phthalimido-B-D-
glucopyranosyl)-(1-3)-0-(2-O-benzyl-a-D-galactopyranos-
yh-(1-2)-7-0O-benzyl-6-deoxy-ar-D-alfro-heptopyranoside
(9. A solution of 8 (104 mg, 0.082 nunole) in 70% acetic
acid solution (10 mL) was stirred for 7 hours at 50 °C. The
reaction mixture was concentrated and coevaporated with
toluene. Colunn chromatography (toluene/EtOAc, 5/3) of
the residue gave 9 (63 mg. 69%) having Ry 0.13 (toluene/
EtOAc, 1/1): '"H NMR (CDCly) & 7.62-6.84 (m, 29H,
aromatic H). 3.78-3.74 (m. |H. CH=CH-), 533 (d. 1H, J;- »-
=8.0 Hz, H-1"), 5.18-5.13 (m. ZH. CH=CH>). 4.88-3.46 (m,
32H), 2.28-2.19, 1.78-1.7]1 (2m. each 1H. H-6a. 6b); '%C
NMR (CDCls) § 168.0 (NPhth C=0), 138.2-123 2 (aromatic
(), 133.8. 1329 (NPhth aromatic C), 131.3 (CH=CH-),
123.2 (NPhth aromatic C). 1182 (CH=CH-). 99.1. 99.0
(C-1, 1"). 973 (C-1"). 80.0,79.5,79.1. 77.1, 75.1. 74.9. 74.7,
739.734.73.1.73.0.69.9. 69.4. 69.0. 68.7, 68.3, 68.2, 66.4,
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659, 63.1. 55.8(C-2"), 32.0 (C-6).

Propyl  O-(2-ucetamido-3,4,6-tri-O-benzyl-2-deoxy-B-D-
glucopyranosy)-(1-3)-O-(2-O-benzyi-o-D-galactopyranos-
¥-(12)-7-O-benzyi-6-deoxy-a-D-altro-heptopyranoside
{10)., Hydrazine monohvdrate (57 uL. 1.16 mmole) was
added to a solution of 9 (24.5 mg. 0.0215 mole) in ethanol (2
mL). After refluxing 4 hours, the reaction mixture was
concentrated and coevaporated with toluene. The residue
was dissolved in methvlene chloride-methanol (1/1. v/v. 2
mL) and treated with acetic anhvdnde (0.5 mL) at room
temperature. After stirming 24 hours. the reaction muxture
was concentrated and coevaporated with toluene. Column
chromatography (toluene/EtOAc. 5/1) of the residue gave 10
(14 mg, 71%) having Ry 0.36 (toluene/EtOAc/EtOH. 5/5/1):
IR (KBr) 3270 em™ (acetamide NH). 1650 cm™ (acetamide
C=0): '"H NMR (CDCly) & 4.87 (s. 1H, Ji» < 1 Hz, H-1).
4.84-4.79 (m. 3H). 4.71 (d. 1H, Ji-~ = 7.6 Hz, H-1"), 4.65-
4.50 (m, 6H), 4.14-4.13 (m, 1H), 3.90-3.56 (m, 16H), 3.32-
3.29 (m. 2H, CH;CH-CH-O), 2.29-2.25. 1.86-1.7] (2m.
each LH. H-6. 6", 1.62 (s. 3H, NHCOCH?3), 1.57-1.52 (m.
2H. CH;CH-CH-0). 0.86 (t. 3H. CH:CH-CH-0). '*C NMR
(CDCly) 6 170.7 (NHAc C=0), 138.2-127.6 (aromatic C).
101.6 (C-1"). 98.6 (C-1%, 98.2 (C-1), B1.L. 79.3, 784, 76.1.
749, 74.7. 74.6. 74.56, 73.4. 73.3. 73.0. 70.2. 69.7, 69.69.
69.2, 688, 68.4. 66.5 (CH;CH-CH-O), 65.6, 63.2 (C-6").
558 (C-2"), 32.1 (C-6), 23.3 (CO-NHCH3). 22.5, and 10.5
(CH;CH-CH-O) .

Propyl O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-
(1—23)-0-a-D-galactopyranosyl-(1-2)-6-deoxy-o-D-altro-
heptopyranoside (1), Compound 10 (21.9 mg. 0.019 mmol)
in EtOH (1 mL) and acetic acid (0.5 mL) was hvdrogenated
in the presence of 10% Pd/C for 3 davs at room temperature.
The reaction mixture was filtered over Celite-bed and
concentrated to dryness. Celite column chromatograph (water-
gradient EtOH) of the residue gave 1 (8.1 mg, 70%) having
Ry 0.35 (BuOH/EtOAc/HAC/H-O, 37/37/7/21), [o]p +58.6°
(¢ 0.6, HYO): 'TH NMR (D-0) 6 4.92. 4.73 (25, 2H, H-1. I").
4.5]1 (dd, 1H), 4.02 (s. 1H). 3.88-3.47 (mn. 16H), 3.41-3.27
(mi, 4H). 1.95-1.85 (n. LH. H-6). 1.86 (5. 3H. NHCOCH),
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1.61-1.52 (m, lH, H-6", 1.43 (m, 2H. CH:CH-CH-Q). 0.72
(t. 3H. CHCH-CH-0): '’C NMR (D-0) § 1759 (NHAc
C=0), 103.7(C-1").99.97,99.2 (C-1,C-1"). 79.8. 76.7. 74.7.
72.1.71.2. 70.8. 70.2. 69.2. 69.1. 69.08, 68.2, 66.5, 62.1,
61.5. 539.2 (CH;CH-CH-0), 56.7 (C-2"), 34.2 (C-6), 23.2
(CO-NHCHa). 22.9. and 10.8 (CH:(H-CH-O). MALDI-
TOF MS Anal. Caled. for C-;HaNOj<Na (M* + Na) and (M~
+K) 624.6 and 640.7. found m/z 624.3 and 640.3.

Acknowledgements, This work was supported by
Soongsil University Resarch Fund.

References

- Penner. J. L. Clin. Aicrobiol. Rev. 1988 1. 137,
. Sahay. P. West. D.. Birkenhead. A. P. Hawkev. P. M. J Aed

Aicrobiol 1995, 43.75.

3. Skirrow. M. B. Br: Med J 1977. 2. 20.

4. Nam Shin. I. E: Ackloo. S Mainkar, A. S.. Monteiro, M. A
Pang, H.: Penner. J. L.: Aspmmall. G. O. Carbohivdr Res. 1998.
305.225.

5. Salloway. S.. Mermel. L. A Seamans. M. Aspinall. G. O.. Nam
Shin. I. E. Kurjanczyk. L. A Penner. J. L. Infect. Imnin. 1996,
64.2945.

6. Aspinall, G. O.: McDonald. A. G.; Ryju. T. S.; Pang, H.: Moran.
A.P: Penner, ). L. Eur J. Biochem, 1993, 213. 1017,

7. Aspinall, G. O., McDonald, A. G, Raju, T. S: Pang, H.
Kunanczyk. L. A Penner. J. L.. Moran. A. B Ewr: J Biochent.
1993. 213. 1029.

8. Aspinall. G. O.. McDonald. A. G.. Pang. H Carboliydr Res.
1992. 231, 15.

9. Aspinall, G. O.: McDonald, A. G.; Raju, T. S.: Pang. H.; Mills. S,
D.. Kurjanczyk. L. A Penner, J. L. J. Bacteriof. 1992, 1741324,

10. Shin. Y.: Chun. K. H.. Nam Shin. I. E. Bull Koreanr Chent. Soc.
1995. 16. 625.

11. Norberg. T:. Ritzen. H. Glycoconjugate J. 1986. 3. 135.

12. Nilsson. S.: Lonn, H.; Narberg. T. Ghecoconjugare J. 1991, 8, 9.
13, Garegg, P 1. Norberg, T. J. Chem. Soc. Ferkin Trans. I 1982.
2973.

14. Lemieux. R. U.: Motgan. A. R. Can. J. Chem. 1965. 43.2190.

15. Veeneman. G. H.. van Boom. T. H. Tetraliedron Lew. 1990. 31.
275,

16. Lee. W. Afasters Thesis, Soongsil University: 1994,

to —




