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Abstract

and 4-methoxybenzyl protective groups have been attached to the amino acid 5-hydroxy-L-norvaline. The
resulting glycosylated building blocks were used in Fmoc solid-phase synthesis of glycopeptides related to a
fragment from type II collagen which is immunodominant in a mouse model for rheumatoid arthritis. The
protective groups used for the carbohydrate moieties were completely removed during acid catalyzed cleavage of
the glycopeptides from the solid phase under conditions which left the O-glycosidic bonds intact. © 1998 Elsevier
Science Ltd. All rights reserved.
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1 Introduction

In a cellular immune response T-cells recognize processed protein antigens as short
peptides bound to major histocompatibility complex (MHC) molecules on the surface of
antigen presenting cells [1-4]. Even though most eucaryotic proteins are glycosylated it has
not been established if glycoproteins can be processed to glycopeptides that are recognized
by T cells when complexed by MHC molecules [5,6]. In collagen-induced arthritis, a mouse
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model for rheumatoid arthritis [7,8], autoimmune helper T cells are elicited by antigens
obtained by processing of type II collagen (CII), the major glycoprotein of joint cartilage. T
cell recognition of CII was recently revealed to involve a determinant encompassed within
the fraqment CII(256-270) and it was st 1ggested that the recognition was dependent on the
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susceptible to posttranslational modifications [11], i.e. hydroxylatlon and subsequent
glycosylation with either §-D-galactose or o-D-glucosyl-(1—2)-B-D-galactose moieties (cf.
1). Glycopeptides with different levels of giycosylation are required in order to investigate
the binding of CII(256-270) to the class II MHC molecule and the subsequent recognition of
the complexes by helper T cells. As a first step in such efforts we now report the synthesis of
glycopeptide analogues of CII(256-270) in which amino acids 264 and 270 have been
replaced by 5-hydroxy-L-norvaline (Hnv) carrying GalB- and Glca(1—-2)GalB- residues
[12].
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The use of glycosylated amino acids as building blocks in a stepwise assembly of
glycopeptides on solid phase is an efficient method for preparation of O-linked glycopeptides
[13,14,5,15]. The most frequently used protective group pattern for the glycosylated
bu11d1ng blocks involves the fluoren-9- ylmethoxyn,drbonyl (Fmoc) group [16] for the a-

sucn as lllbl)blut:b L I,
conditions used for cleavage of the glycopeptide from the solid phase and deprotectlon of the
amino acid side chains [5]. Unfortunately the use of acetyl and benzoyl protective groups has
some drawbacks. During coupling of the glycosylated amino acid to the peptide-resin O —
N acyl migration may occur and terminate the growing peptide chain [19,20]. Base-mediated
deprotection of O-acyl groups, especially debenzoylation of O-glycosylated serine and
threonine residues may be accompanied by B-elimination, as well as epimerization of peptide
stereocenters [21-24]. Other side-reactions have also been reported during deacylation of

olvnnpppgdp s, e.8. Cystgjn induced degradation [25] and hydrﬂ zide formation of ayx)aruc acid
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of a N-linked peracetylated chitobiosyl building block made handling of the compound
difficult [26] Benzyl ethers, which are commonly used in synthetic carbohydrate chemistry,
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have recently found use also for building blocks employed in solid-phase glycopeptide
svnthesxs [27- 291 However, deprotection of the benzyl groups by hydrogenolysis is
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-containing residues, i.e. cystei.
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O- benzyiated lycopcptldes from the sohd support leads to several partially de-O- benzylated
products. Alternative strategies have utilized glycosylated amino acids in which the sugar
hydroxyl groups were either left unprotected [31,32,23,33] or carried TMS protective
groups [34]. Such strategies, however, severely restrict the possibilities for further synthetic
manipulations of the glycosylated building blocks. Assembly of the glycosylated amino acid
from carbohydrate moieties carrying protective groups which are removed during acidic
cleavage of the target glycopeptide from the resin, but that are still sufficiently stable t
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w1thstand conditions encountered in carbohydrate and peptide synthesm constltutes a more
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his approachn to prepare giycosyiat d derivatives of 5-
which have isopropylidene, feri-butyldiphenylsilyl, teri-
butyldimethylsilyl and 4-metoxybenzyl ether protective groups for the carbohydrate moiety.
The resulting glycosylated amino acids were then used in solid-phase synthesis of some O-

linked glycopeptide analogues of CII(256-270).

hydroxy-L-norvaline

2 Results and Discussion

The 5-hydroxy-L-norvaline derivate 3, required for the synthesis of glycopeptides related
to type II collagen, was prepared from N%-Fmoc-giutamic acid benzyl ester (2) {35]
(Scheme 1). Treatment with isobutyl chloroformate converted 2 into a mixed carbonic
anhydride, and subsequent reduction [36,37] with sodium borohydride in methanol gave the
alcohol 3.

Galactosyl donors that have participating and orthogonally cleavable protective groups at
0-2 were first investigated in attempts to link a B-D-galactose moiety to acceptor 3. These
donors, 6-8, which have levulinyl (Lev) [38], allyloxycarbonyl (Aloc) [39], and chloroacetyl

(A~CIY TANT nratartiva aranne at ). wara nronarad in twn ctane fraom nhanyl 2 A__
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tommenmtlidana 1 skl o O™ alaé~ ~osAs FAN TATT RA cn el lmasnae A F ol 121 L o2l o
150pPIOpYIIAC lC'l'l[llU—p p-gaiaciopyranosiae (4) [41]. vionosiyiation O in€ aiol witn Zeri-

anhydride [43], allyl chloroformate and chloroacetyl chloride, respectively, gave the
galactosyl donors 6-8 (84-94% overall yields). However, treatment of donors 6-8 with
different thiophilic promotors [44] and acceptor 3 led to poor results. The desired B-
glycosides 9-11 were formed in less than 10% yields due to extensive decomposition or

formation of the corresponding orthoester/orthocarbonate.
Alternatively, o-1,2-anhy d osugars, formed by epoxidation of glycals, can be used as
glycosyl donors in the synthesxs of B-gly0051des [45,46]. Epoxidation of 6-O-tert-
| PR I Lo Py . .-.. 1.1 2 n :n,\_i- vliAdama anlantal 12 TA71 xith Aismathes l.«l Avienma anga tha
Outy1aipaenyisiiyi-3,4 ISOpropyiiaceiic -D- gaiacidl 14 |4/ wiln AimewyiGaioxXirane gave ui
corresponding O-1,2-anhydr osug ar 13 which was immediately used for giycosylation of 3 (1
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equivalent) using zinc chioride as promoter and THF as soivent in the presence of moiecuiar
sieves. The desired P-glycoside 14 was obtained in 50% yield together with the
corresponding o-glycoside (6%), both of which had unprotected hydroxyl groups at C-2 of
the galactose moiety. When dichloromethane was used as solvent instead of THF both yield
and selectivity dropped (33%, o/f 2:1). The Fmoc group is known to be slowly cleaved

during hydrogenolysis but use of ethyl acetate as solvent and adjustment of the amount of
Pd/C allowed selective removal [48] of the more reactive benzyl ester in 14 to give the
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ClAcCl, 2,4,6-collidine, DMAP, CH»Cly, -5 °C, 96% (g) dimethyldioxirane, acetone, CH2Cl2, 0 °C; (h) ZnCl,, THF,
AW-300, -50 °C — RT, 50% (two steps); (i) Hp, 10% Pd/C, EtOAc, 93%; (j) solid phase peptide synthesis, 45%.

A first approach for attaching an «-glucosyl residue to OH-2 of 14 employed glycosyl
donors protected with the terz-butyldimethylsilyl (TBDMS) group (Scheme 2). Donors
18a,b were prepared from 4-methylphenyl 1-thio-B-D-glucopyranoside (16) [49] in two
steps. Treatment of 16 with fert-butyldimethylsilyl trifluoromethanesulfonate in the
presence of a catalytic amount of 4-dimethylaminopyridine in pyridine gave 17 which was

then oxidized with 3-chloroneroxyvbenzoic acid to egive a diastereomeric mixture (7.8:1) of
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the pyranose ring in 17 and 18a,b [50,51]. The vicinal proton-proton coupling constants
(Table 1) and long-range proton coupling constants (4J2 4 and 4J3 5 = 1 Hz) for the
thioglucoside 17 and the minor sulfoxide 18b indicated a 35 skewed boat conformation of
the pyranose ring. In the case of the major sulfoxid 18a, which has 4J; 3 and 419 4=1Hz,

the vicinal proton-proton coupling pattern agreed well with that calculated for an 0§,
skewed boat [521
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Scheme 2. (a) TBDMSOTf, DMAP, pyridine, 87%; (b) MCPBA, CH2Cly, -78 — -40 °C, 93%, *(diastereomeric ratio
7.8:1); (c) Tf20, 2,6-di-tert-butyl-4-methylpyridine, PhMe, -78 °C, 28%; (d) Hp, 10% Pd/C, EtOAc, 83%; (e) solid
phase peptide synthesis, 26%.

Table 1.
Vicinal Proton - Proton Coupling Constants (Hz)
Compd 312 33 334 Mas
17 7.8 1.0 3.1
i3a i.0 3.1 ~0.8 7.3
i8b 7.7 1.1 2.8
TBDMS TBDMS
TBDMSO LR SophMe OTBDMS
L\ﬁ A I\ 0
) TeomMsT,/ ~Lsophue
1BUMSY o0TBDMS OTBDMS
18a os, 18b 38,

Treatment [53] of sulfoxide 18a or 18b with trifluoromethanesulfonic anhydride and 2,6-
di-tert-butyl-4-methylpyridine, followed by acceptor 14 in toluene, gave the desired o.-
glycoside 19 (28%), the corresponding B-glycoside (28%) and acceptor having a TBDMS
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group at O-2 of the galactose moiety (~10%). An attempt to improve the stereoselectivity of
the glycosylation by using a mixture of dichloromethane and diethyl ether (1:4) as solvent
did not affect the a:P ratio, but reduced the total yield to 28% due to increased formation of
the silylated acceptor. In contrast, o-selective glycoside synthesis using the skewed boat
galactosyl donor, phenyl 6-O-acetyl-2-0-tert-butyldiphenylsilyl-3,4-O-isopropylidene-1-
thio-B-D-galactopyranoside sulfoxide, has recently been achieved by others [54]. Attempted
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of the benzyl ester in 19 by catalytic hydrogenolysis in ethyl acetate then gave the
diglycosylated 5-hydroxy-L-norvaline 20 in 83% yield.

In order to improve the a-selectivity in attaching a glucose moiety to 14 alternative
protecting group patterns for the glucosyl donor were investigated (Scheme 3). These relied
on the sensitivity of 4-methoxybenzyl (Mpm) ethers [56] towards acid, which was recently
utilized in oligosaccharide synthesis [57]. The tetra-O-Mpm protected glucoside donor,

nrpnnrpd from 16, was however prone to form the corresnonding 1 ﬁ-a_nhydggsu

A--.-.,rv...n..--.b 1,

grnnine at £ 2 and A wag nrannrn/‘ Cilylatin FaY
51U PD at UL, J, Al T wad plitpaivu. pliylauvll v
A

and subsequent metoxybenzylation with 4-methoxybenzyl chioride and sodium hydride gave
donor 22 (62% ylelcl over two steps) togetner with the tetra—U—Mpm protected donor.
Coupling of donor 22 with acceptor 14 promoted by N-iodosuccinimide and silver
trifluoromethanesulfonate [58] in dichloromethane improved the a-selectivity and gave the
o-linked 23 (71%) and a small amount of the corresponding B-glycoside (9%). To avoid

removal of the Mpm-ethers during catalytic hydrogenolysis of the benzyl ester of 23,
ammonium acetate was used to poison the palladium catalyst [59], allowing building block 24
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[: 24:R=H
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Scheme 3. (a) TBDPSCI, pyridine, 98%; (b) MpmCl, NaH, DMF, 63%; (c)
°C, 71%; (d) Hp, 10% Pd/C, NH40Ac, EtOAc, 87%; (e) solid phase peptide synthesis, 38%.

\Pn A N



r n IR I T Y S I | £ 4 71NN0 TAN 4~ 1A
J. Droaaejalk er ail. / fetranedron 04 (1998) [LU4/—12

The target type II collagen glycopeptide analogues 25, 26, and 27 were synthesized in an
automatic peptide synthesizer on a polystyrene resin grafted with polyethylene glycol spacers
(TentaGelTM resin). Glycopeptides 25 and 26, which are glycosylated at position 264,
correspond to CII(256-270) and were prepared using a 4-alkoxybenzyl alcohol linker.

Esterification of this linker requires use of a large excess of activated amino acid in order to
reach completion and avoid racemization. Synthesis of a CII(256-270) analogue, glycosylated
also at position 270, would thus require use of substantial amounts of glycosylated 5-
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antities. In order to circumvent this
problem we instead chose to prepare the extended CII fragment 256-271, which aliowed
incorporation of the building block 24 via the more efficient formation of an amide bond.
Since the CII(256-271) glycopeptide 27 has a C-terminal glycine it was prepared using a
trityl linker to avoid potential diketopiperazine formation [60] after incorporation of 24 and
subsequent Fmoc-cleavage. In the peptide synthesizer N®-Fmoc amino acids (4 equivalents,

as compared to the capacity of the resin) having standard side-chain protective groups (i.e. t-

) were activated as benzotriazolvl esters
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1.2 equivalents) and the diglycosylated buiiding blocks 20 (1.0 equivalents) and 24 (1.
equivalents) were activated as azabenzotriazolyl esters due to the higher coupling efficiency
displayed by such esters as compared to benzotriazole esters in peptide synthesis [62].
Coupling of activated 15, 20, and 24 was performed manually after removal of the peptide-
resin from the synthesizer in order to allow use of a minimal volume of DMF as solvent.
After mcorDoratmn of the glycosylated building blocks, and capping of unreacted amino
i 1eses of 20 and 24, the resins were reinserted in the
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spectrophotometrically with b omophenol blue as an indicator [63] of unacylated amino
groups. N%-Fmoc deprotections were effected with piperidine in DMF and were monitored
using the absorbance of the dibenzofulvene-piperidine adduct [64]. Cleavage from the resins
after completion of the syntheses was performed with trifluoroacetic acid containing water,
thioanisole, and ethanedithiol as scavengers. These conditions also removed the protective
groups used both for the peptide and saccharide moieties without effecting the glycosidic
bonds. Inspection of the analytical reversed-phase HPLC chromatograms for crude

glycopeptides 25-27 (Figure 1) indicated that more biproducts were formed in the synthesis
ati

of 28 fram 18 than in nrenaration of 26 and 27 Thic i nrohahlv due to that olvci
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Purification by reversed-phase HPLC furnished glycopeptides 25, 26, and 27 in 45, 26, an
38% overall yields, respectively, based on the resin capacity. All glycopeptides were
characterized by lH NMR spectroscopy, FAB MS, and amino acid analysis.
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Figure 1. Analytical reversed-phase HPLC chromatograms of crude glycopeptides 25 (a), 26 (b), and 27 (¢)
HPLC conditions are described in the general procedure for solid-phase giycopeptide synthesis in the experimental
section.

3 Conclusions

Three O-linked glycosylated amino acid building blocks, 15, 20, and 24, carrying acid
labile nmte(‘nve groups have been assembled and used in solid nhaqe lec'(mennde svnthesis
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of three analogues of an immunodominant fragment from type II collagen The protective

group pattern for the carbohydrate moieties involved isopropylidene, tert-
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these protective groups were compatibie with synthetic transformations such as o- and B-



selective glycoside synthesis. Moreover, they were completely removed during acidic
cleavage of the glycopeptide from the solid support under conditions which left the O-
glycosidic bonds intact.

4 Experimental Section
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was distilled from calcium hydride. THF and toluene were distilled from sodium-
benzophenone. Pyridine was dried over 4 A molecular sieves, DMF was distilled and then
sequentially dried over two portions of 3 A molecular sieves. TLC was performed on Silica
Gel 60 F254 (Merck) with detection by UV light and charring with aqueous sulfuric acid or
phosphomolybdic acid/ceric sulfate/aqueous sulfuric acid. Flash column chromatography was
performed on silica gel (Matrex, 60 A, 35-70 um, Grace Amicon) with distilled solvents.

(')rgamc solutions were dried over NapSQO4 before hemg concentrated.

The 'H and 13C NMR spectra were recorded th a Bruker DRX 360, Bruker DRX-400
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or CD30D ( .0 ppm) as internai standard] or in a 1:1 mixture of CD30D and (,i‘)(,13
[residual CD2HOD (8 3.35 ppm) or CD30D (8¢ 49.0 ppm) as internal standard] at 300 K.
The 1H NMR spectra of glycopeptides 25, 26, and 27 were recorded with a Bruker ARX-
500 spectrometer for solutions in a 9:1 mixture of H2O and D20 [H20 (dH 4.98 ppm) as
internal standard] at 278 K. First-order chemical shifts and coupling constants were obtained
from one-dimensional
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and resonances that could not be assigned are not reported Optrcal rotations were measured

spectra and proton resonances were assiened from CQOSY [65]
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with a Perkin-Elmer l’+1 or a PCI"KIH mmer 240 pordrlmcu:r fons for pOSl[lVC fas
bombardment mass spectra (FAB MS) were produced by a beam of Xenon atoms (6 keV
from a matrix of glycerol and thioglycerol. In the amino acid analyses, 5-hydroxy-L-
norvaline was not determined and glutamine was determined as glutamic acid.

Analytical normal phase HPLC was performed on a Kromasil silica column (100 A,5pum
4.6 x 250 mm) with a flowrate of 2 mL/min and detection at 254 nm. Preparative
purrfrcatrom were performed on a Kromasil silica column (100 A, 5 um, 20 x 250 mm)
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butyldiphenylsilyl-3,4-O-isopropylidene-D-galactal (12) [47], and 4-methylphenyl 1-thio-]-
D-glucopyranoside (16) [49] has been described previously.
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General Procedure for Solid-Phase Glycopeptide Synthesis.—Glycopeptides 25, 26, and
27 were synthesized in a custom made, fully automatic continuous flow peptide synthesizer
constructed essentially as described [69]. A resin consisting of a cross-linked polystyrene
backbone grafted with polyethyleneglycol chains was used for the syntheses. The Resin
carried the C-terminal lysine on a p-hydroxymethylphenoxy linker (TentaGel S PHBTM,
Rapp Polymere, Germany) in the synthesis of 25 and 26, and C-terminal glycine on a trityl

WiwWEe SN 111 LIN Allll &40, dllll A2 222222840 ~aeANs NSaa

linker (TentaGel S TrtTM, Rapp Polymere, Germany) in the synthesis of 27. N®-Fmoc-

~ ol ~ <

amino acids (Bachem, S‘W“th rland) with the following side-chain protective groups were
p thyl (Trt) for glutamine; fert-butyl for glutamic acid and hydroxyproline;
tert-butoxycarbonyl (Boc) for lysine. DMF was distilled before being used.
In the synthesis of glycopeptide 26 68 [tmol of resin was used in the peptide synthesizer.
The N®-Fmoc-amino acids were activated as 1-benzotriazolyl esters [61]. These were
prepared in situ by reaction of the appropriate N®-Fmoc-amino acid (0.272 mmol), I-

hydroxybenzotriazole (HOBt) (0.408 mmol) and 1,3-diisopropylcarbodiimide (0.265 mmol)

a.'

in DMF (1.3 mL). After 45 min bromophenol blue (51 nmol, 0.4 mL of a 0.15 mM solution

v TYNAMADTN\  evrn g % i | ey oo 1 Lo a2 o 1,1 VIS TP A cxsmes AL P &

in DMF) was added to the 1-benzotriazolyl ester solution which was then recirculated
1 -

through the column containing the resin. The acylation was monitored [63] using the
absorbance of bromophenol blue at 600 nm, and the peptide-resin was automatically washed
with DMF after 1 h or when monitoring revealed the coupling to be complete. N®-Fmoc
deprotection of the peptide resin was performed by a flow of 20% piperidine in DMF (2
mL/min) through the column for 12.5-27.5 min, and was monitored [64] using the
absorbance of the dibenzofulvene-piperidine adduct at 350 nm. After com pletion of the NO-

Fmoc deprotection the peptide-resin was again washed automatically with DMF. The
alsrnmncerlatad Avreienn At s 71 W E A * BT ETOu G NP PR | sle: Zox TARAYY 71 N T\ o
glycosylated amino acid 20 (68 pimol) was activated separately in DMF (1.2 mL) 00m

temperature during 35 min by addition of 1,3-diisopropylcarbodiimide (68 pmol) and 1-
hydroxy-7-azabenzotriazole [62] (HOAt, 0.17 mmol). Compound 20 was then coupled
manually to the peptide resin which had been removed from the synthesizer. The coupling of
20 was performed in a mechanically agitated reactor during 23 h, and it was monitored by
bromophenol blue as described above. After coupling of 20 unreacted amino groups were
capped by addition of acetic anhydride and the glycopeptide resin was reinserted in the
synthesizer and coupling of the remaining amino acnds was nerfnrmcd as outlined above.
sin
pmol of resin, respectively. In he synthesis ()f 25 and 27, the g ‘ycosyl
15 (60 pmol) and 24 (72 pmol) were activated as 1-(7-
were then coupled manually to the peptide resins durlng 23 h, as described above for the
synthesis of 26. After coupling of 24 unreacted amino group were capped by addition of
acetic anhydride.

After completion of the synthesis, the resins carrying the protected glycopeptides 25, 26
and 27 were washed with CH2Cly and dried under vacuum. For each glycopeptide-resin the

glycopeptide was then cleaved from a portion of the peptide-resin (c.f. details given for each

D

\
\J
-
)
fa ]
]



glycopeptide), the amino acid side chains were deprotected, and acid-labile carbohydrate
protective groups were removed, by treatment with trifluoroacetic
acid/water/thioanisole/ethanedithiol (87.5:5:5:2.5, ~20 mL/200 mg of glycopeptide resin) for
2 h followed by filtration. Acetic acid (5 mL) was added to the filtrate, the solution was
concentrated, and acetic acid (2 x 5 mL) was added again followed by concentration after
each addition. The residue was triturated with diethyl ether (15 mL) which gave a solid

I8 R A A LIyl 233 RAAWRARY RAlE 24 2217 Wil u SRILaNAy

crude glycopeptide which was dissolved in a mixture of acetic acid and water (10 mL) and

freeze dried. Purification by preparative HPLC gave pure 25, 26, and 27.
[y o T SPE . TN S RIS 7 o Tinos F1IVWA R NN
The glycopeptides were analyzed on a Kromasil C-8 column (100 A, 5 um, 4.6 x 250
o 'aYaYsrd Vo

mm) using a linear gradient of 0— 100% of B in A over 60 min with a flow rate of 1.5
mL/min and detection at 214 nm (solvent systems A: 0.1% aqueous trifluoroacetic acid and
B: 0.1% trifluoroacetic acid in CH3CN). Purification of the crude glycopeptides was
performed on a Kromasil C-8 column (100 A, 5 pm, 20 x 250 mm) using the same eluant
and a flow rate of 11 mL/min.

The peptide content of the purified glycopeptide, as determined
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has been taken into account in calculating the final yields for the glycvnﬁrvpudes For example,
23.4 mg of 25 with a peptide content of 79% was obtained and the yield was therefore based
on 18.5 mg (23.4 mg x 0.79)

NO@-(Fluoren-9-ylmethoxycarbonyl)-5-hydroxy-L-norvaline benzyl ester (3).—4-
Metylmorpholine (303 pl, 2.75 mmol) and isobutyl chloroformate (360 ul, 2.75 mmol) were
added to a solution of 2 (1.26 g, 2.75 mmol) in THF (15 mL) at -10 °C and the mixture was
stirred at -10 °C for 30 min. The precipitate was filtered off (Celite) and washed with cold
THF (0 C 8 mL). Sodium borohydride (142 mg, 3. 75 mmol) was added to the filtrate i

a mL). The aqueous phase was
extracted with EtOAc (50 mL) and the combined organic phases were washed with saturated

)
aqueous NaHCO3 (70 mL), dried, and concentrated. Flash column chromatography
(toluene—MeCN, 5:1) of the residue gave 3 (1.03 mg, 84%): [a]p -4° (¢ 3.0, CHCl3); 'H
NMR (400 MHz (“D(‘h\ﬁﬁﬁél (d, 1 H, J =79 Hz, NH), 523 (ABd, 1 H, J = 12.2 Hz,

‘‘‘‘‘‘ MY AYRZIL, RN S LY 131/s LA

PhCH70), 5.18 (ABd, 1 H, J = 12.1 Hz, PhCHzO) 449 (m, 1 H,J =54, 7.

I
N
XL,
5
; '.e.
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¥

(d,2H,J=7.0Hz, OCOCHCH), 423 (bt, 1 H, J = 7.0 Hz, OCOCH2CH), 3.67-3.63 (m, 2
H, H8), 2.03-1.94 (m, I H, HP), 1.85-1.76 (m, 1 H, HP), 1.61-1.55 (m, 2 H, Hy); 13C NMR
(101 MHz, CDCI3) 6 172.3, 156.0, 143.9, 143.7, 141.3, 135.2, 128.6, 1285 128.3, 127.7,

127.0, 125.1, 120.0, 120.0, 67.2, 67.0, 62.0, 53.6, 47.1, 29.3, 28.0; HRMS (FAB): calcd for
Co7H28NOs5 446.1967 (M+H*), found 446.1964. Anal. Calcd for C27H27NO5. C, 72.8; H,

6.1; N, 3.1. Found: C, 72.6; H, 6.1; N, 3.2.
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Phenyi 6-O-tert-butyldiphenylisilyl-3,4-O-isopropylidene- I -thio-B-D-galactopyranoside
(5).—tert-Butyldiphenylsilyl chloride (916 puL, 3.52 mmol) was added to a solution of 4
(1.00 g, 3.20 mmol), 4-dimethylaminopyridine (16 mg, 0.13 mmol), and triethylamine (535
puL, 3.84 mmol) in CH2Cl; (10 mL) at room temperature. After 17 h the mixture was
diluted with CH2Cl3 (60 mL) and washed with saturated aqueous NH4Cl (60 mL) and water
(60 mL). The organic layer was dried, concentrated, and subjected to flash column

chromatoeranhv (hentane—FEtOAc. 3:1) to oive 8 (1.72 o. OR%):- 1H NMR (260 MH»

HACPILY LAV P LAY LIRS LA, el ) W gLV & (LT & gy SOV AR 1INIVIIN \(JUV I1ViilL,
CDCIYR 440 (4 1 IT=102 H7y H. 1N A2 (dd TH T -1Q S AL LT A A 19 744 1
ALY YV TESTTO (U, L L, I LVLL LA, 1151, T JL UG, L XL, I = 1.0, JT RRL, Il ), radl \UU,
T 7 _ K&K £ 0Ll T2\ 2£h 7311 1 17 7 A TN I\YY ¥ N AM 73 1 XX ~
n,J = 4.3, V.0 114, I't~o), J.vU U4, 1 1, J = L., /.U L4/ O, 1 N, J =4O

o 135.6, 133.3, 132.4, 132.3, 129.7, 129.9, 127.9, 127.7, 127.6, 110.1, 88.3, 78.9, 77.2,
73.3,71.6, 62.9, 28.1, 26.7, 26.3, 19.2.

Phenyl 6-O-tert-butyldiphenylsilyl-3,4-O-isopropylidene-2-O-levulinyl-1-thio-B-D-
galactopyranoside (6).—A solution of levulinic anhydride [43] (311mg, 1.45 mmol) in
pyridine (2 mL) was added to a solution of 5 (400 mg, 0.726 mmol) and 4-

5] amnno-n 1140 A fear

dimethy uuulqu:y ri mg, .0 ) in pfyu uxL) at room t iCimperawre. After
AN L. WA MNITY 72 T N\ SR, 5 [ | PRI S e S < Py o .
LU Il vieurn (O 1iL.) wdds dadcd 4dhna e

T mixture was concentrated. The residue was
coevaporated with toluene, dissolved in CHCly (40 mL), and washed with saturated aqueous
NaHCO3 (40 mL) and water (40 mL). The organic layer was dried, concentrated, and
subjected to flash column chromatography (heptane—EtOAc, 3:1) to give 6 (420 mg, 89%):
[oc]f;u +23° (¢ 1.0, CHCl3); IH NMR (360 MHz, CDCI3) 8 5.05 (dd, 1 H, /= 7.1, 10.1 Hz, H-
2),4.64 (d, 1 H,J=10.1 Hz, H-1),4.32 (dd, 1 H, J =

"1('\1"[,-. T2y Y012

A o IV % V4 A o 2 LI MMMy
D4, 7.0 0OZ, ni-3j, £.75-2.05 (i, 4 1, U
1

, dn, \,Ubﬂj), 1.
(2 s, each 3 H, CH3), 1.09 (s, 9 H, iBu); 13C NMR (91 MHz, CDCl3) 0 206.2, 1 5
135.6, 133.7, 133.2, 131.8, 131.6, 129.7, 128.9, 127.7, 127.7, 127.6, 110.4, 86.1, 77.
77.0, 73.4, 71.8, 62.9, 38.0, 29.9, 28.1, 27.6, 26.8, 26.3, 19.2.

Phenyl 2-O-allyloxycarbonyl-6-O-tert-butyldiphenylsilyl-3,4-O-isopropylidene- 1 -thio--
D-galactopyranoside (7).—Allyl chloroformate (926 pL, 8.71 mmol) was added to a
solution of § (400 mg, 0.726 mmol) and 4-dimethylaminopyridine (18 mg, 0.15 mmol) in

1iigyy B A R e e 2ANeR2 =D 2i:n 27 2322238027

ridine (5 mL. 3:2) at 0 °C. The reaction mixture was stirred at 0 °C for 40 min
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and then at room temperature for a further 11 h. The mixture was then diluted with CH2Cl,

(40 mL) and washed with water (40 mL) and saturated aqueous NaHCO3 (40 mL). The
organic phase was dried, concentrated, and subjected to flash column chromatography

(heptane—EtOAc, 3-1) to give 7 (397 mg, 86%): [alp +27° (¢ 1.0, CHCIl3); 'H NMR (360
MHz, CDCI3) 8 6.00 (ddt, 1 H, 7 = 5.7, 10.5, 17.2 Hz, CHoCHCH0), 5.43 (dg, 1 H, J = 1.5,

...... 5 Wil LS & L 15 J

17.2 Hz, C.‘?_C“C;QO), 5.33(dq, 1 H,J = 1.2, 10.5 Hz, CHCHCH0), 486 (dd, 1 H, J =
71 10D e I A7TA (ARAAL 1 LI I—14 5§87 121 H7z CHLACHCH-O)) 468 (ARAdt 1
fely IV V1L, K174 ), ST 70U \ODNDJDUML, 1L L1, J L5y J.dy MU0 LAy Nl AN AN R SN Jy THJO (L RAFUIL, )
H,J=1.4,5.7,13.1 Hz, CHzCHCHzO) 463, 1H,J=102Hz, H-1),434(dd, 1 H, J =
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1.8, 5.3 Hz, H-4), 4.27 (dd, 1 H, J = 5.3, 7.0 Hz, H-3), 1.55 and 1.37 (2 s, each 3 H, CH3),
1.09 (s, 9 H, fBu); 13C NMR (91 MHz, CDCl3) § 154.2, 135.6, 135.6, 133.3, 133.2, 132.1,
131.4, 129.7, 128.9, 127.7, 127.7, 118.9, 110.5, 86.0, 77.0, 76.9, 75.6, 73.5, 68.9, 62.8,

27.7, 26.8, 26.3, 19.2.

Phenyl 6-O-tert-butyldiphenylsilyl-2-O-chloroacetyl-3,4-O-isopropylidene- 1-thio-f-D-
o1 lagtgnvrnn side (8).—A solution of chloroacetvl chloride (87 ul, 1 mmol) in CHACly
O AN 4 SR V“VV\J A WALAWV L AN \V rbu, PR lquA\ll, ARE “WoR l‘\d“
(1 I\ wag And dromrion to a4 o e NVTNE el DA ey
(11 u,} was aaaed mupwmc toas i 2,4 (o4

mL) and washed with water (40 mL) and saturated aqueous NaHCO3 (40 mL). The organic
layer was dried, concentrated, and subjected to flash column chromatography (heptane—

EtOAc, 3:1) to give 8 (439 mg, 96%): [oc]D +28° (¢ 1.0, CHCI3); lH NMR (360 MHz,

CNCIAYRA S 1IN (A4 1 I =72 1N2H: HONY A65(d TH 7T =104 Hz TI_1\ A 24 144
LSS AT N YA  RE P SV AR LN LD YOS I B PRV Fedy AVULWT 114, 1174 ), TTUJ (U, L 11, v — 1UT 114, 1171}, 1.0 (Uuu,
117 T . 1 A &£21Y, IYT AN A2 711 117 F_ &9 ,-,,-, 1Y 11 2\ 1»1 fo A YY MUY I 1 £
10, J = 1.4,)5.2 0Z, 11-4), 4.£5(04, 1 11,4 =3.3, /.2 0Z, n-3), 4.17 (8, 2 i1, COCUR2(1j, 1.05
and 1.36 (2 s, each 3 H, CH3), 1.10 (s, 9 Bu); 13C NMR (91 MHz, CDCl3) § 166.1,
135.6, 135.6, 133.2, 131.9, 129.8, 129.0, 127 8 127.7, 127.7, 110.7, 85.7, 77.1, 76.9, 73.5,
73.3, 62.8, 40.9, 27.7, 26.8, 26.3, 19.2.
N&-(Fluoren-9-ylmethoxycarbonyl)-5-0-(6-O-tert-butyldiphenylsilyl-3,4-O-

isopropylidene-B-D-galactopyranosyl)-5-hydroxy-L-norvaline benzyl ester (14).—A
solution of dimethyldioxirane [70] in acetone (20.5 mL, ca 0.07M, 1.44 mmol) was added to

the glucal 12 (339 mg, 0.798 mmol) in CH2Cl2 (8 mL) at 0 °C and the mixture was
protected from light and stirred at 0 "C for 60 min. Concentration of the reaction mixture
under reduced pressure yielded the o-1,2-anhydrosugar 13: 1H NMR (400 MHz, CDCI3) &
494 (t, 1H,J=18 Hz, H-1),4.58 (dd, 1 H, 7 =0.8, 6.1 Hz, H-3),4.29 (dt, | H, J= 1.2, 6.1
Hz, H-4), 4.05-4.02 (m, 1 H, H-5), 3.89 (dd, 1 H, J =8.2, 9.6 Hz, H-6), 3.83 (dd, 1 H, J =
6.0, 9.6 Hz, H-6), 2.89-2.88 (m, 1 H, H-2), 1.47 and 1.41 (2 s, each 3 H, CH3), 1.06 (s, 9 H,
tBu). A solution of 3 (317 mg, 0.712 mmol) in THF (10 mL) and crushed molecular sieves

(AW-300, 600 mg) were added to 13 and the mixture was stirred for 1h at room

temperature and then cooled to -50 °C. Zinc chloride (854 pL, 1.0 M in Et20, 0.854 mmol)
wwwww addad and tha ecan~t |nn m;vf::wq ag allawvwad tn atftain ranm fnmﬁnrqhirn nvar 12 h T‘f\n
wad AdUluTu dilu LT 1Cavilvll L111AlULG W aAd AlluUwolu LU atialii 1vviil L\Jlllwl UL Uveld 10 11. 11
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(100 mL). The aqueous phase was extracted with EtOAc (2 x 50 mi) and the combined
organic phases were dried and concentrated. Flash column chromatography (heptane—
EtOAc, 3:2 and toluene—MeCN, 6:1) and purification by normal phase HPLC (linear
gradient 0—15% EtOH in hexane fraction during 160 min) of the residue gave 14 (313 mg,

inomer (36 mg, 6%). Compound 14 had: f(x]n +4° (¢ 0.64,

T DS T s
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A 1
= 12.3 Hz, PhCH70), 4.49 (dt, 1 H, J = 6.1, 7.5 Hz,



Ha), 4.41 (ABdd, 1 H, J = 7.1, 10.7 Hz, OCOCH>CH), 4.35 (ABdd, 1 H, J =12, 10.6 Hz,
OCOCH>,CH), 426 (dd, 1 H,J=2.1, 5.4 Hz, H-4), 4.19 (bt, 1 H, J 6.9 Hz, OCOCH,CH),
4.10(d, 1 H, J = 8.3 Hz, H-1), 4.05 (dd, 1 H, J = 5.6, 7.2 Hz, H-3), 3.97 (dd, 1H,J =174,
9.8 Hz, H-6), 3.94-3.90 (m, | H, HJ), 3.90 (dd, 1 H, J = 6.2, 9.8 Hz, H-6), 3.85-3.82 (m, 1

H, H-5), 3.50 (bt, 1 H, J = 7.8 Hz, H-2), 3.46-3.42 (m, 1 H, HJ), 3.13 (bs, 1 H, OH), 1.93-

}

1.88 (m, 1 H, HB), 1.88-1.80 (m, 1 H, HB), 1.71-1.67 (m, 1 H, Hy), 1.61-1.57 (m, 1 H, HY),

1.48 and 1.34 (2 s, each 3 H, CH3), 1.05 (s, 9 H, fBu); 13C NMR (101 MHz, CDCl3) §

172.2, 156.0, 143.8, 143.7, 141.3, 135.6, 135.5, 135.2, 133.4, 133.3, 129.7, 128.6, 128.5,

128.3, 127.7, 127.6, 127.1, 125.1, 120.0, 119.9, 109.9, 102.3, 78.7, 73.7, 73.5, 73.1, 68.5,

67.2, 67.0, 62.6, 53.4, 47.1, 29.6, 28.2, 26.7, 26.3, 24.9, 19.2; HRMS (FAB): calcd for

Cs52HeoNO10S1 886.3987 (1 +H+), found 88’.3946 Anal. Calcd for C5o0Hs9NO10Si: C, 70.5;
d:

N&-(Fluoren-9-ylmethoxycarbonyl)-5-O-(6-O-tert-butyldiphenylsilyl-3,4-O-
isopropylidene-B-D-galactopyranosyl)-5-hydroxy-L-norvaline (15).—A solution of 14 (150

mg, 0.169 mn'\nl\ in FtOAc (1ﬂ ml, \ was Subj"v ed to hvdrngpnnlvctc (1 atm) over 10% P4d-
C (150 mg) at room temperature for 3 h. The catalyst was then filtered off (Celite) and

v .. IYalil PR I 3 e A A

'dencu Wllﬂ EI.UAL dﬂ(l EtOH. T I]C combined flitl'aleb were LOI]LCHU'd[C(l dﬂ(l Ilabn commn
chromatography (toluene—EtOH, 15:1—3:1) of the residue gave 15 (125 mg, 93%): [a]D

+5° (¢ 1.0, CHCl3); 1H NMR (500 MHz, CD30D) 8 4.33 (d, 2 H, J = 7.0 Hz, OCOCH,CH),
4.28 (dd, 1 H, J=2.0, 5.4 Hz, H-4), 4.21 (bt, 1 H, J = 7.0 Hz, OCOCH;CH), 420 (d, | H,J

=82 Hz, H-1),4.19-4.15 (m, | H, Ho), 4.02 (dd, 1 H, J = 5.5, 7.2 Hz, H-3), 3.98 (dt, L H, J
=1.7,6.6 Hz, H5)390(dd1HJ 6.2, 10.0 Hz, H-6), 3.89-3.85 (m, 1 H, H§), 3.86 (dd,
I H,J =68, 100 Hz, H-6), 3.56-3.52 (m, 1 H, H8), 3.40 (dt, 1 H, J = 7.8 Hz, H-2), 1.99-
1.92 (m, i H, Hp), 1.80-1.74 (11H B 1.74-1.67 (m, 2 H, Hy), 1.45 and 1.32 (2 s, each
3 H, CH3), 1.03 (s, 9 H, tBu); 13C NMR (101 MHz, (,D3Ol))5 176.4, 158.7, 145.4, 145.2,

142.6, 136.7, 136.7, 134.5, 134.5, 130.9, 128.8, 128.8, 128.2, 126.3, 120.9, 110.9, 103.7,
80.8, 74.9, 74.7, 74.5, 70.0, 67.9, 64.1, 55.4, 48.4, 29.7, 28.5, 27.2, 27.1, 26.6, 20.0; HRMS
(FAB): calcd for C45H53NO109SiNa 818.3336 (M+Nat), found 818.3353.

4-Methylphenyl 2,3,4,6-tetra-O-tert-butyldimethylsilyl-1-thio-B-D-glucopyranoside
{17\ A cnhitinn nf 1T& (700 ma D A4 mmal) and A_dimeaethvlaminanuridina (2N ma N 2A
(47 ). SULUUULL Ul 10 (/ UV g, &.59% 11Ul alll -UnuCuly 1diiiiivp yliuliiue (Jv ilig, V.45
il i muridina (16 m wag traatad at N °0 with torr.huntuldimathyleilyl
lllllUl} i ]:}_yllu.luc \lU 1 ad tivawu auv v | - wWwilll Ccri Uul)’ 1UilL Ullly 10911 x

L) w
trifluoromethanesulfonate (4.49 mL, 19.6 mmol). The mixture was stirred at 0 °C for 20
min and then at room temperature for a further 48 h. MeOH (5 mL) was then added and the
reaction mixture was concentrated. The residue was partitioned between CH2Cly (100 mL)
and saturated aqueous NaHCO3 (100 mL). The organic phase was washed with water (100
mL), dried, and concentrated. Flash column chromatography (heptane—toluene, 4:1) of the

25 o
residue gave 17 (1.59 g, 87%): [alp -25° (¢ 1.0, CHCl3); IH NMR (400 MHz, CDCl3) &
AODM 731 1 TY 7 7O TIT, TIT 1N 2077 rd« 1 I T _ 1 A 21 ¥ LI AN 2 077 2 QL (s 1Y LI 2\
4¥y/a,1n,y=r7.010%,11-1), 3.7/ 0, 111,J = 1.4, 5.1 114, 11-4), 2.0/-3.00 i1, i 11, -3,



3.84-3.81 (m, 1 H, H-5), 3.77 (dt, 1 H, J = 1.0, 7.7 Hz, H-2), 2.33 (s, 3 H, CH3Ph), 0.91,
0.91, 0.90, and 0.89 (4 s, each 9 H, rBu), 0.12, 0.12, 0.11, 0.10, 0.09, 0.09, 0.07, and 0.06
(8 s, each 3 H, SiCH3); 13C NMR (101 MHz, CDCl3) § 136.3, 132.1, 130.5, 129.4, 86.5,
83.2, 78.0, 75.9, 70.0, 64.2, 26.0, 26.0, 25.8, 25.8, 21.1, 18.4, 18.1, 17.9, 17.9, -4.0, -4.1,
-4.3, -4.4, -4.7, -4.7, -5.2; HRMS (FAB): calcd for C37H7405SSigNa 765.4232 (M+Nat),
found 765.4208. Anal. Calcd for C37H7405S8Si4: C, 59.8: H, 10.0. Found: C, 59.8: H, 9.9.
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mmol) in CH2Cl, (44 mlL) was added aropw1se aunng 40 min to a solution of 17 (500 mg,
0.673 mmol) in CH2Cl; (12 mL) at -78 °C. The reaction mixture was allowed to attain -40
°C over 7.5 h. The mixture was then diluted with CH2Cly (40 mL) and washed with
saturated aqueous NaHCO3 (80 mL) and water (80 mL). The organic phase was dried,
concentrated, and subjected to flash column chromatography (heptane—EtOAc, 20:1-510:1)

1nn Ra hod- rn‘l‘%s 1&82° f~ 1 N

0 give 18a (421 mo. R29%) and 18b (52 ma 11%) Comnon 1

W HIVW AFER TTal dlpg, U /Uy alild 20U \JJ g, 11/0). L Ullipuuiiu aoa nad. (wjjy TJJ9 L 1.y,
CHCi3), 'H NMR (400 MHz, CDCl3)  4.48 (dt, 1 H, /= 1.1, 3.1 Hz, H-2), 431 (t, 1 H,J =
1.0 Hz, H-1), 4.03-3.99 (m, 1 H, H-4), 3.93-3.91 (m, 1 H, H-3), 2.42 (s, 3 H, CH3Ph), 0.95,

0.90, 0.90, and 0.88 (4 s, each 9 H, rBu), 0.24, 0.17, 0.17, 0.16, 0.13, 0.09, 0.03, and -0.01
(8 s, each 3 H, SiCH3); 13C NMR (101 MHz, CDCI3) 8 141.2, 140.7, 129.3, 125.4, 97.5,
78.3, 76.2, 70.8, 68.6, 62.2, 25.9, 25.8, 25.8, 25.8, 21.4, 18.2, 18.0, 18.0, 17.9, -3.8, -3.9,

-4.6, -4.7, -4.9, -5.4, -5.5; HRMS (FAB): calcd for C37H7406SSisNa 781.4181 (M+Nat),
25

. T~ e A e PR
d: [alp -70° (¢ 1.0, CHCl3);

\a
CDCl3) 84.40 (d, 1 H, J = 7.7 Hz, H-1), 4.11 (dt, 1 H, J = 1.1, 7.7 Hz, H-2), 3.98 (m, | H,
H-4),391 (dt, 1 H,J=1.0,2.8 Hz, H-3), 3.76 (dd, 1 H, J = 7.9, 10.3, H-6), 3.68 (dd, J =
5.2, 10.3 Hz, H-6), 3.56-3.51 (m, 1 H, H-5), 2.42 (s, 3 H, CH3Ph), 0.93, 0.90, 0.87, and 0.86
(4 s, each 9 H, rBu), 0.16, 0.13, 0.12, 0.11, 0.09, 0.04, 0.03, and 0.02 (8 s, each 3 H,
SiCH3); 13C NMR (101 MHz, CDCI3) d 141.0, 138.1, 129.5, 125.3, 93.8, 83.2, 78.6, 71.4,

69.9, 63.3, 259, 258, 21.4, 18.3, 18.0, 17.8, -3.7, -3.8, -4.4, -4.6, -4.8, -4.9, -5.3, -5.4,
HRMS ”:?An\ caled for p')"l”"IAOCQQI 4Na 781 4181 (T\/T.LNQ"}'\ found '7521‘ 4177
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NO-(Fiuoren-9-yimethoxycarbonyl)-5-O-[6-O-tert-butyidiphenyisilyi-2-0-(2,3,4,6-
tetra-O-tert-butyldimethylsilyl-o-D-glucopyranosyl)-3,4-O-isopropylidene-p-D-
galactopyranosyl]-5-hydroxy-L-norvaline benzyl ester (19).—To a solution of 18a (514
mg, 0.677 mmol) and 2,6-di-tert-butyl-4-methylpyridine (278 mg, 1.35 mmol) in toluene
(15 mL) at -78 °C was added trifluoromethanesulfonic anhydride (114 puL, 0.677 mmol).
After 8 min at -78 °C, 14 (300 mg, 0.339 mmol) in toluene (5 mL) was added dropwise

over a 7 min neriod. The reaction mixture was stirre r 60 min at -78 °C and was then
er a / min period. 1he reacthion mixture was sfirred for 60 min W hen

anenched hy additinon of triethylamine (471 llT 2 20 mmol). After 5 min. the mixture was
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LU diasil Lol ViHUHIalLgTapily UiCpldinC—iituAc, 1U01) 10 give a 111 Gp- mixture (£¥1 1Ing,

57%). Flash column chromatography (toluene—MeCN, 70:1) of the mixture gave 19 (144
5

mg, 28%): [OL] 8° (¢ 0.50, CHCI3); 'H NMR (500 MHz, CDCl3)  5.24 (d, 1 H, J = 8.6

Hz, NH)514(ABd H, J = 12.2 Hz, PhCH70), 5.09 (ABd, 1 H, J = 12.3 Hz, PhCH70),
5.03(d, 1 H,J=3.5 Hz, H1)442436(m 2 H, Ho, OCOCH>CH), 4.26 (dd, 1 H, J = 2.0,

H,J=

5.8 Hz, H-4),4.24 (d, 1 H, J = 7.3 Hz, H-1), 4.22 (t, | H, J = 6.1 Hz, H-3), 4.18 (bt,

T292Hs OCOYMHACEN 205 (dd T H T —-772 QQR Uy HH_AY 2 R0Q 7AA ¥ 71.. 41 ~ LI
Fol DLy NONNUCKLN AL ), D70 \UU, 1 KL, = /.0, 7.0 114, 1170}, J.07 (U, .l_ I, J = U.4, L, n-
LN 2 771 1.1t 1LY T . £ 77D 1T, TT AN 2D AQ 7 A 7. 1 YT TISH 1T NN 1 OA 7. 1T rY wwdn
0), 3.71 {aq, 1 n, J =0.2, /.2 nZ, n-2), 5.46-3-45 (m, 1 0, 09o), 1.90-1.84 (m, 1 H, HP),
1.74-1.59 (m, 3 H, HP, v), 1.50 and 1.33 (2 s, each 3 H, CH3), 1.04, 0.90, 0.86, 0.86, and

0.84 (5 s, eachQH tBu), 0.09, 0.08, 0.07, 0.07, 0.05, 0.05, 0.03, and 0.02 (8 s, each 3 H,
SiCH3); 13C NMR (101 MHz, CDCI3) & 172.1, 155.9, 143.9, 143.8, 141.2, 135.6, 135.6,
135.2, 133.5, 133.3, 129.6, 128.6, 128.4, 128.2, 127.7, 127.6, 127.1, 125.2, 119.9, 109.5,
103.2, 96.1, 78.1, 76.5, 76.2, 74.2, 73.2, 73.0, 71.3, 71.1, 68.4, 67.2, 67.1, 62.6, 62.4, 53.8,
47.1, 29.1, 28.1, 26.7, 26.2, 26.0, 25.9, 25.8, 25.7, 19.2, 18.3, 18.3, 18.0, 17.8, -3.8, 4.1,

44, -45, -47, -4.8, -4.8, -5.3; HRMS (FAB): calcd for Cgo IQSNVISSiS‘Na 1526.7793
(M+Nat), found 1526.7815. Anal. Calcd for Cg2H125N015Si5: C, 65.4; H, 8.4; N, 0.93.

Found: C, 65.4; H, 8.3; N, 0.99.

NO-(Fluoren-9-ylmethoxycarbonyl)-5-O-[6-O-tert-butyldiphenylsilyl-2-O-(2,3,4,6-
tetra-O-tert-butyldimethylsilyl-o-D-glucopyranosyl)-3,4-O-isopropylidene-p-D-
galactopyranosyl]-5-hydroxy-L-norvaline (20).—A solution of 19 (135 mg, 0.090 mmol) in
EtOAc (5 mL) was treated with 10% Pd-C (135 mg) under hydrogen (1 atm) at room
temperature for 4.5 h. Additional 10% Pd-C (135 mg) was then added and the reaction was

continued for another 4.5 h. The mixture was filtered (r'phh:-\ concen pd and subiected

LICILELA GXIU MW A LIV LISAAVULW VYD LLIIVWAWMG (W Wiiiw Jy Vllvvll““&\/ Vwviwas

FaS & 4

to flash column chromatography (toluene—EtOH, 40:1) to give 20 (105 mg, 83%): {(1]1235
4+29° (¢ 0.50, CHCl3); 1H NMR (500 MHz, CDCl3) 6 5.32 (d, 1 H, J = 7.3 Hz, NH), 5.09 (d,
1 H,J=3.0Hz, H-1"), 4.41-4.35 (m, 2 H, Ha,, OCOCH,CH), 4.30 (d, 1 H, J = 7.0 Hz, H-1),
425(dd, 1 H,J=1.9,59Hz H-4),423 (t, 1 H, J=5.8 Hz, H-3),4.19 (bt, 1 H, J = 7.2 Hz,
OCOCH»CH), 3.77 (dd, 1 H, J = 5.8, 6.8 Hz, H-2), 3.53-3.48 (m, 1 H, Hd), 2.01-1.93 (m, 1

H, HP), 1.86-1.78 (m, 1 H, HB), 1.71-1.62 (m, 2 H, Hy), 1.50 and 1.32 (2 s, each 3 H, CH3),
104 0OaN nQ’7 NR7T and N RA (5 ¢ e2ach Q R N 10 0 NQ ﬂﬂR ﬂﬂR nm nnﬁ ﬂﬂA
L.UT, Vo J7U, V.U 7y U.O 7y QLI U.OU (U 5y WAVIL 7 X3y bE70 7, U1y UalU sy WUy e [ACLV PRV

e A NNY 7Q o nnnl 2 LT Qi LI-N. 137 NIMD 71N1 NMLIs» TV S 174N 18&N 142 Q 1A2 Q
ana u.us (0 §, €alin b i, divrn3y), U INWVIR (ivl vinZ, vivei3d) o 1749, 199V, 145.06, 143.0,

141.3, 135.6, 135.6, 133.4, 133.3, 129.7, 127.7, 127.6, 127.1, 125.1, 120.0, 109.5, 103.0,
95.5, 77.7, 76.4, 76.2, 74.1, 73.1, 72.9, 71.4, 71.3, 68.0, 67.1, 62.7, 62.4, 53.4, 47.1, 28.6,
28.0, 26.7, 26.1, 26.0, 25.9, 25.9, 25.2, 19.2, 18.3, 18.0, 17.9, -3.6, -4.0, -4.3, 4.5, 4.7,
-4.7, -4.9, -5.3; HRMS (FAB): calcd for C75H119NO15Si5Na 1436.7284 (M+Nat), found

1436.7284.

4-Methylphenyl 6-O-tert-butyldiphenylsilyl-1-thio-B-D-glucopyranoside (21).—tert-
Butyldiphenylsilyl chloride (999 pL, 3.84 mmol) was added to a solution of 16 (1.00 g, 3.49
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mmol) in pyridine (10 mL) at room temperature. After 17.5 h the mixture was concentrated
and the residue was partitioned between EtpO (100 mL) and saturated aqueous CuSOg4 (100
mL). The organic phase was washed with water (100 mL), dried, and concentrated. Flash

. 25
column chromatography (toluene—EtOH, 12:1) of the residue gave 21 (1.79 g, 98%): [alp
-23° (¢ 0.70, CHCl3); 1H NMR (400 MHz, CDCI3) 84.67 (d, 1 H 06 Hyz H_1) 307

AT WUy NoRANLY ), LA LYAVRIN \FFUv A A NS § DJUTUJ \\4y 1 11, J = JUlalL, 11~k ), J.77/

(ABdd, 1 H, J=4.5, 11 2H7 H-6), 3.94 (ABdd, 1 H, J=4.6,11.3 Hz, H-6),3.64 (bt, 1 H, J
=9(‘JHZ H-4), 3.60 (bt, 1 H, J = .9n H-3), 3.45 (dt, 1 H, J = 4.5, 9.1 Hz, H-5), 3.32 (bt,
1 H, /= 8.8 Hz, H-2), 3.21, 3.09, 2.7: s, each 1 H, OH), 2.33 (s, 3 H, CH3Ph), 1.08 (s, 9
H, tBu); 13C NMR (101 MHz, CDCl3) & 138.4, 135.6, 135.6, 133.3, 132.9, 132.8, 129.9,
1299, 1298, 127.8, 127.8, 127.6, 879, 78.8 77.7, 71.4, 71.2, 64.3, 26.8, 21.1, 19.2; HRMS
(FAB): calcd for Co9H3605SSiNa 547.1950 (M+Na*), found 547.1942. Anal. Calcd for

C29H36055Si1: C, 66.4; H, 6.9. Found: C, 66.4; H, 6.6.
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added to a solution of 21 (1.00 g, 1.
mmol) in DMF (10 mL) at O °C. The mixture was stirred at 0 °C for 10 min and then at
room temperature for a further 19 h. MeOH (5 mL) was then added and the mixture was
partitioned between toluene (200 mL) and saturated aqueous NH4Cl (200 mL). The organic
phase was washed with saturated aqueous NaCl (200 mL) and water (2 x 200 mL), dried,
and concentrated. Flash column chromatography (toluene—EtOAc, 40:1 and heptane—

EtQAc. 3D of the ragidne cava 22 (1 06 o K304 rm1%5 AB° (o 10 CHOLY LT NMDR 7400
BEIUAC, 501) O In€ 1é81aGue gave 44 (1.U0 g, 0570 [OD -10 (€ 1.V, Lrili3)] 11 iNIVIR (9UV

MHz, CDCl3) 6 4.85 (ABd, 1 H, J = 10.5 Hz, MeOPhCH?0), 4.82 (d, 1 H, J = 9.8 Hz,
MeOPhCH>0), 4.81 (ABd, 1 H, J = 10.6 Hz, MeOPhCH70), 4.81 (d, 1 H, J = 10.4 Hz,
MeOPhCH>0), 4.68 (d, 1 H, J = 9.9 Hz, MeOPhCH;0), 4.61 (d, 2 H, J = 9.8 Hz, H-1,
MeOPhCH70), 3.99 (dd, 1 H, J = 1.4, 11.0 Hz, H-6), 3.92 (dd, 1 H, J = 3.8, 11.3 Hz, H-6),
3.83,3.82, and 3.80 (3 s, each 3 H, OCH3),3.75(, 1 H, /=93 Hz, H-4),3.68 (dd, 1 H,J =
8.6, 9.2 Hz, H-3), 3.50 (dd, 1 H, J = 8.7, 9.7 Hz, H-2), 3.35 (ddd, 1 H, J = 1.6, 3.6, 9.5 Hz,
H-5), 2.31 (s, 3 H, CH3Ph), 1.11 (s, 9 H, rBu); 13C NMR (101 MHz, CDCl3) 8 159.3, 159.2,

1317 SA S A ~i5, % 1J7 e

159.2, 137.4, 135.9, 135.7, 133.5, 133.0, 132.4, 130.7, 130.5, 130.3, 130.2, 129.8, 129.6,
129.6, 129.6, 129.6, 129.5, 127.7, 127.6, 113.9, 113.8, 113.8, 87.8, 86.6, 80.5, 79.9, 77.1,
75.6, 74.9, 74.7, 62.6, 55.3, 26.9, 21.1, 19.3; HRMS (FAB): calcd for C53He00O8SS1Na
907.3676 (M+Nat), found 907.3693

NO-(Fluoren-9-ylmethoxycarbonyl)-5-O-[6-O-tert-butyldiphenylsilyl-2-O-(6-O-tert-
butyldiphenylsilyl-2,3,4-tri-O-{4-methoxybenzyl}-0-D-glucopyranosyl)-3,4-O-
isopropylidene-B-D-galactopyranosyl]-5-hydroxy-L-norvaline benzyl ester (23).—A

mi of 14 (73 mg, 82 u N 22 (88 mo. 99 umol). and nowdered molecular sieves
111k = 9 Si AW -/ lllb’ NJ da Mlllvl}, - \\JU Allb’ - r‘wlllv VAl r’

(AR 100 meo) in CHACl, (78 mI) was stirred at room temperature for 10 min. N-
\—rn, FRVAW ) 1115] ir AL R YA S W \ &tans iiiza) L 2N DUVELAWAE NSNS RRA vvlllrvl\-&\vuav ANA ARARR
Iodosuccinimide (22 mg, 99 umol) was added and the mixture was cooled to -45 °C and



protected from light. Silver trifluoromethanesulfonate (5 mg, 20 umol) was added and the
reaction mixture was allowed to attain -15 °C over 3 h. Triethylamine (57 pL, 0.41 mmol)
was then added and the mixture was diluted with CH2Cl2 (25 mL), filtered (Celite), and
washed with 10% aqueous Na2S203 (25 mL) and saturated aqueous NaHCO3 (25 mL). The
organic layer was dried, concentrated, and subjected to flash column chromatography

(toluene—EtOAc, 40:1—14:1) and purification by normal phase HPLC (linear gradient

0—55% tert-butvl methvl ether in ("'I—an‘lq durine 140 min) to mvn 22 (Q6 mo T1%) and the

J & RRAV ALY 1 wuIA A N ARLNL g Ulillg A7TU Liiiiiy Y\ dnt \ ST 1116 1 /Uy Gingd v

corresponding § anomer (12 mg, 9%). Compound 23 had: [ocJD +21° (c 0.68, CHCl3); IH
NMR (400 MHz, CDCl3) 6 5.38 (d, 1 H, J = 3.7 Hz, H-1"), 5.28 (d, 1 H, J = 8.2 Hz, NH),
5.14 (ABd, 1 H, J = 12.3 Hz, PhCH70), 5.10 (ABd, 1 H, J = 12.2 Hz, PhCH>0), 493 (d, 1
H, J = 10.2 Hz, MeOPhCH?0), 4.89 (d, 1 H, J = 10.2 Hz, MeOPhCH70), 4.78 (d, 1 H, J =
10.2 Hz, MeOPhCH70), 4.74 (d, 1 H, J = 10.2 Hz, MeOPhCH70),4.72(d, 1 H, J = 11.4 Hz,

AL N SN L Y V.o 117, YICA ST LI T 1 /N

MeOPhCH;0), 4.57 (d, | H, J = 11.4 Hz, MeOPhCH70), 4.42-4.37 (m, 1 H, Ha), 4.37 (d, 1
H,J=84Hz H-1),436 (dd, 1 H, J =7.1, 10.5 Hz, OCOCH;CH), 4.25 (dd, 1H, /=71,
10.5 Hz, CGCHQCH), 4.17 (dd, 1 H, J = 1.9, 5.3 Hz, H-4), 4.15 (bt, 1 H, J = 7.1 Hz,
OCOCH2CH), 4.0 (dd 1 H,J=54,7.1 Hz, H-3), 3.82 3.82, and 3.74 (3 s, each 3 H,

OCH3), 3.59 (dd, 1 H, J = 3.7, 9.1 Hz, H-2'), 3.57 (t, | H, J = 7.7 Hz, H-2), 3.50-3.44 (m, 1
H, H3), 1.89-1.80 (m, 1 H, HB), 1.74-1.60 (m, 3 H, HP, ¥, 1), 1.15 (s, 3 H, CH3), 1.08 (s, 9
H, /Bu), 1.07 (s, 3 H, CH3), 1.05 (s, 9 H, /Bu); 13C NMR (101 MHz, CDCl3) & 172.0, 159.1,
155.8, 143.8, 143.7, 141.2, 135.9, 135.6, 135.6, 135.5, 135.2, 133.9, 133.4, 133.2, 133.1,
131.2, 131.0, 130.4, 129.7, 129.5, 129.5, 129.0, 128.6, 128.5, 128.2, 127.7, 127.6, 127.5.
127.0, 125.1, 125.1, 119.9, 113.8, 113.8, 113.8, 109.5, 102.7, 96.4, 81.8, 80.1, 78.0, 77.1,

2.0, 55.3, 55.2, 53.7, 47.0, 29.2,

. Y’ 9
~NO N NL O L T NLD NE M 10 A 109 ITDAMC /I A Ne ~nlAAd €A~ M _ LY. ML O AT
20.U, £0.¥, £0.7, 20.2, £23.7, 19.4, 17.2;, NIRIVID (IFAD). caica 10f \,951‘11111\1\1130 2iNa
1668.7237 (M+Nat), found 1668.7251. Anal. Calcd for CogH111NO18S12: C, 71.5; H, 6.8;
N, 0.8. Found: C, 71.5; H, 6.6; N, 0.8.

N-(Fluoren-9-ylmethoxycarbonyl)-5-O-[6-O-tert-butyldiphenylsilyl-2-O-(6-O-tert-
butyldiphenylsilyl-2,3,4-tri-O-{4-methoxybenzyl}-0.-D-glucopyranosyl)-3,4-O-
tsopropyltdene B-D-galactopyranosyl]-5-hydroxy-L-norvaline (24).—Methanolic
IIIII was added to a sol"uon of 23 (407 mg, 0.247
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Pd C (407 mg) at room temperature for 5 h. The catalyst was then filtered off (Celite) and

washed with EtOAc and EtOH. The combined filtrates were concentrated and flash column
chromatography (toluene—EtOH, 40:1 and toluene—EtOH, 25:1) of the residue gave 24

(334 mg, 87%): [a]p +27° (¢ 0.56, CHCIl3); IH NMR (400 MHz, CDCl3—CD30D, 1:1) 8

540(d, 1 H,J =37 Hz, H-1"), 4.85 (d, 1 H, J = 10.4 Hz, MeOPhCH70), 4.82 (d, 1 H, J =
104 Hz. MeQPhCH-O). 472 (d, 1 H, J=103 Hz MeQPhCH-O), 471 (d, 1 H, J=11.2Hz
LVUT LR,y AVEUNTE AN d A JNT Jo "Tad &u \My 1 L1y o AW ed RRliy IVAUNIL RINCAR LNT ]y 7 XL \My X Aky W A R ek KRy
AMMANDRAOLI. M ALO A 1T 7T - 1N2 T MaNDWOCITAMOWNY A& A 1T T — 119 U
vieurnuernizUj, 405 (4, 1 n, v = 1U.5 ni, MeUrn i), 454 \G, 1 11, v = 11.£ 117,
MeOPhCH;,0), 437 (d, 1 H, J = 8.4 Hz, H-1), 427 (dd, 1 H, J = 7.1, 10.4 Hz,
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OCOCH,CH), 4.‘19 (dd, 1 H,J=17.1, 10.3 Hz, OCOCH,CH), 4.16 (dd, 1 H, J = 1.6, 5.4 Hz,
H-4), 4.10 (bt, 1 H, J = 7.2 Hz, OCOCH;CH), 4.07 (dd, 1 H, J = 5.5, 6.9 Hz, H-3), 3.78,
3.78, and 3.71 (3 s, each 3 H, OCH3), 3.55(dd, 1 H, J = 3.5,9.0 Hz, H-2"),3.54 (t, 1 H, J =
7.7 Hz, H-2), 3.51-3.45 (m, 1 H, Hd), 1.89-1.80 (m, 1 H, HB), 1.77-1.60 (m, 3 H, HB, v, V),
1.12 (s, 3 H, CH3), 1.04 (s, 9 H, rBu), 1.04 (s, 3 H, CH3), 1.01 (s, 9 H, tBu); 13C NMR (101

MHz, CDCl3—CD30D, 1:1) 8 174.9, 159.9, 159.8, 157.4, 144.5, 144.4, 141.9, 136.5,
136.2, 136.1, 136.1, 134.4, 133.8, 133.7, 133.6, 131.6, 131.4, 130.8, 130.3, 130.3, 130.3,
130.2, 130.1, 130.0, 129.8, 128.3, 128.3, 128.2, 128.1, 127.6, 125.7, 125.6, 120.4, 114.3,
110.2, 103.2, 96.9, 82.3, 80.6, 78.6, 77.2, 76.0, 75.4, 73.9, 73.8, 72.5, 71.5, 69.4, 67.4,
63.2, 62.6, 55.6, 55.5, 54.3, 47.6, 29.2, 28.4, 27.3, 27.0, 26.6, 26.5, 19.8, 19.6; HRMS
(FAB): calcd for C91H195NO18Si12Na 1578.6768 (M+Nat), found 1578.6738. Anal. Calcd
for C91H105sNO18Siz: C, 70.2; H, 6.8; N, 0.9. Found: C, 70.2; H, 6.5; N, 0.9.

Table 2.

'H NMR Data (8, ppm) for Glycopeptide 25 in Water Containing 10% D04

Residue NH H-ou H-p H-y H-5 Others

Gly256 3.72, 3.57

Glu257  8.69  4.57 1.94,1.73  2.200

Hyp258 4.43 225,198  4.54 3.76b

Gly259 866  3.840

Ne260 803  4.09 1.78 1.32,1.08 0.72 0.81 (B-CH3)

Ala26! 861 4.18 1.29

Gly262 779  3.83, 3.74

Phe263  R.11  4.50 3.00, 2.98 7.24, 7.14 (arom.)

Hnv264 842 421 1.80, 1.61 155,148 380,353  Galfi

Gly265  8.40  3.79%

Glu266 838  4.18 1.96, 1.82  2.200

GIn267  8.60  4.26 2.05,1.88  2.28P 7.55, 6.87 (CONH3)

Gly268  8.36  4.06, 3.86

Pro269 4.31 217, 1.87  1.91% 3.50b

Lys?70  8.14  4.05 1.72, 1.60  1.32b 1.560 2.880 (He), 7.49 (¢-NHp)

4Qbtained at 500 MHz, 278 K and pH = 5.4 with HO as internal standard (6y 4.98 ppm).

bDegeneracy has been assumed.

COhaminal chific (] wmnm) for tha oalactnee maiety: 4 26 (H_1Y 23 1 (H-4) 3 660 (H.6Y 356 (H-5)
CHTHHVAL DU \U, PPl UL Uiv BdalaVivde HHUIVLY . T.4U (L1171 J, UL 17T, 2oV NARTVU Jy CedU \XETOU ),
A £ FIT AN 7 2Q LTIT AN
3.53 {H-3), 3.38 (H-2)

Glycyl-L-glutam- 1 -yl-trans-4-hydroxy-L-prolyl-glycyl-L-isoleucyl-L-alanyl-glycyl-L-
phenylalanyl-5-O-(B-D-galactopyranosyl)-5-hydroxy-L-norvalyl-glycyl-L-glutam-1-yl-L-
glutaminyl-glycyl-L-prolyl-L-lysine (25).—Synthesis, cleavage of the resin-bound
glycopeptide (169 mg, 25 umol) with simultaneous deprotection, and then purification by



reversed-phase HPLC (linear gradient 0—100% B in A during 60 min), according to the
general procedure, gave 25 (23.4 mg, 79% peptide content, 45% overall yield): 1H NMR
data, see Table 2; MS (FAB): calcd 1638 (M+H*), found 1639; amino acid analysis: Ala 1.00
(1), Glu 2.91 (3), Gly 4.97 (5), Hyp 0.96 (1), Ile 1.15 (1), Lys 1.00 (1), Phe 1.00 (1), Pro
1.01 (1).

resin-bound glycopeptide (87 mg, 14 umol) with simultaneous deprotection, and then
purification by reversed-phase HPLC (linear gradient 0—100% B in A during 60 min),
according to the general procedure, gave 26 (9.5 mg, 70% peptide content, 26% overall
yield): 1TH NMR data, see Table 3; MS (FAB): calcd 1799 (M+Ht), found 1799; amino acid
analysis: Ala 1.00 (1), Glu 3.00 (3), Gly 4.95 (5), Hyp 1.02 (1), Ile 1.00 (1), Lys 1.01 (1),

Phe 1.01 (1), Pro 1.01 (1).

=
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1 iNLWVIN pJala (O, PPI 1)

Residue NH H-o H-B H-y H-8 Others

Gly?256 3.76, 3.62

Glu257 873  4.63 2.00,1.78  2.28b

Hyp238 4.47 230,202  4.58 3.816

Gly259 870  3.89b

11e260 807 4.14 1.82 137, 1.12 0.77 0.86 (B-CH3)
Ala26l 865 422 1.32

Gly262 791 3.87,3.79

Phe263 8.12  4.54 3.04, 3.01 7.26, 7.17 (arom.)
Hnv264 848 4.22 1.84, 1.64 1.60, 1.53  3.86, 3.58  Gicoi,2Gaipc
Gly265 843  3.83%

Glu266 836  4.24 202,185 2290

Gln267 863 4.31 2.09, 1.92 2.32b 7.59, 6.91 (CONH>)
Gly268 840  4.10, 3.91

Pro269 4.36 221, 1.91 1.95b 3.54b

Lys270 819  4.11 1.77, 1.65 1.360 1.60b 2.92b (He), 7.53 (e-NH>)
4Q0btained at 500 MHz, 278 K and pH = 5.4 with H2O as internal standard (5 4.98 ppm).

bDegeneracy has been assumed.

¢Chemical shifts (8, ppm) for the disaccharide moiety; Gal: 4.44 (H-1), 3.85 (H-4), 3.710 (H-6), 3.65
(H-3), 3.60 (H-5), 3.55 (H-2); Glc: 5.26 (H-1), 3.97 (H-5), 3.72 (H-6), 3.67 (H-3), 3.66 (H-6), 3.43 (H-
2), 3.37 (H-4).



Glycyl-L-glutam-1-yl-trans-4-hydroxy-L-prolyl-glycyl-L-isoleucyl-L-alanyl-glycyl-L-
phenylalanyl-5-O-(2-O-a.-D-glucopyranosyl-B-D-galactopyranosyl)-S-hydroxy-L-norvalyl-
glycyl-L-glutam- 1-yl-L-glutaminyl-glycyl-L-prolyl-5-O-(2-O-a-D-glucopyranosyl-f-D-
galactopyranosyl)-5-hydroxy-L-norvalyl-glycine (27).—Synthesis, cleavage of the resin-
bound glycopeptide (164 mg, 20 Lmol) with simultaneous deprotection, and then purification
by reversed-phase HPLC (linear gradient 0—100% B in A during 60 min), according to the

general procedure, gave 27 (19.4 mg, 85% peptide content, 38% overall yield): 1H NMR
data, see Table 4; MS (FAB): calcd 2166 (M+H™), found 2167; amino acid analysis: Ala 1.02
(1), Glu 2.93 (3), Giy 5.93 (6), Hyp 1.02 (1), Iie 1.08 (1), Phe 1.01 (1), Pro 1.02 (1)
Table 4.

!H NMR Data (8, ppm) for Glycopeptide 27 in Water Containing 10% D202

Residue NH H-a H-B H-y H-8 Others

Gly?256 3.74, 3.59

Ghi257  8.70  4.59 196, 1.75  2.22b

Hyp258 4.45 227,200 456 3.78b

Giy25% 8.68  3.86%

1260 804  4.12 1.80 134, 1.10  0.75 0.84 (B-CH3z)

Ala261 863  4.20 1.30

Gly262 785 386, 3.77

Phe263 811  4.52 3.02, 2.99 7.26, 7.15 (arom.)

Hnv264 845 421 1.82, 1.62 1.57, 1.51  3.83,3.56  Glcal,2Galp¢

Gly265 842  3.80%

Glu266 837  4.20 198, 182 2220

Gin207 862 427 2.06, 1.91 2316 7.58, 6.89 (CONH;)
Giy268 840  4.10, 3.88

Pro269 4.35 221, 1.87 1.93b 3.53h

Hnv270  g8.58  4.28 1.90, 1.7t 1.68, 1.61  3.87, 3.60  Glcol,2Galpd

Gly27l  8.05 3.67°

aQbtained at SO0 MHz, 278 K and pH = 5.4 with H2O as internal standard (84 4.98 ppm).

bDegeneracy has been assumed.

¢Chemical shifts (8, ppm) for the disaccharide moiety; Gal: 4.42 (H-1), 3.83 (H-4), 3.67P (H-6), 3.63
(H-3), 3.58 (H-3), 3.51 (H-2); Glc: 5.24 (H-1), 3.95 (H-5), 3.75 (H-6), 3.68 (H-6), 3.64 (H-3), 3.41 (H-

M\ 12 2K (LI_AN

L)y 3.5 (i~

dem Sl 4 N Lo slia Aiommrbiet o el Ml A AA (IT 1Y 2 Q2 /(LI AN 2 67h /I £y 242

Chemical shifts {0, ppm) TOr € daisaccnariac moicty, wvdl. 4.44 (-1, J.07 ii-a), 2.07/7 (1-Yj, 2.92
~ - YT BN Y =P ~ — m oM FTT 4N A A YT - - wT £ A O YY LN A LS /T AN N AN /YT

(H-3), 3.58 (H-5), 3.52 (H-2); Gle: 53.26 (H-1), 3.95 (H-3), 3.7 (H-0), 3.08 (11-0), 5.05 {1-3), 3.45 (-

8
2), 3.35 (H-4).
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