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Abstract—Derivatives of lactose with the galactose ring substituents replaced by deoxy or acylamino functions were prepared. The
2'-, 3’-, 4~ and 6’-deoxy, 3’-acetamido and 3’-benzamido derivatives of phenyl 4-O-(B-p-galactopyranosyl)-B-p-glucopyranoside
(phenyl B-lactoside) were synthesized from disaccharide or monosaccharide precursors. The derivatives were tested as substrates
for the N-acetylglucosaminyltransferase from Neisseria meningitidis, which uses lactosyl derivatives as acceptors and UDP-GIcNAc
as the donor in a B-(1—3) glycosylation reaction. The 6’-deoxy derivative was nearly threefold as active as phenyl B-lactoside,
whereas the 2’- and 4’-deoxy derivatives were less active. The other derivatives were inactive, as expected.
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1. Introduction

Glycosyltransferases are important enzymes, both from
a biological and chemical standpoint. Biologically, they
are essential components in the post-translational
machinery of the cell that decorates proteins and other
molecules with carbohydrate structures. In bacteria, car-
bohydrates are often the dominating cell surface struc-
tures, and the extent and type of glycosylation is
crucial for bacterial virulence and antigenicity. Chemi-
cally, glycosyltransferases can be used as preparative
tools in laboratory synthesis of biologically active car-
bohydrates. These enzymes are able to form, in one step,
specific glycosidic linkages with high stereo- and regiose-
lectivity. Here, glycosyltransferases of bacterial origin
are particularly useful, because of their relative ease of
cloning/overexpression as compared to transferases
from eukaryotic sources. We have previously'™ pre-
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pared, studied and used a bacterial N-acetylglucosami-
nyltransferase (from Neisseria meningitidis), which
utilizes galactosyl derivatives as the acceptors and
UDP-GIcNAc as the donor to form a B-D-GlcNAc-
(1—3)-p-Gal glycosidic linkage. By examining' different
substrates for the enzyme, it was found that both UDP-
GIcNAc and UDP-GalNAc could be used as donors,
but none of the other common nucleotide sugars were
substrates. On the acceptor side, the enzyme could
glycosylate a variety of terminal o~ or B-pyranose deriv-
atives of the p-galacto configuration, and p-nitrophenyl-
lactoside was the best acceptor in these experiments.
Pyranose derivatives with p-gluco, p-manno, or 2-acet-
amido-2-deoxy-p-galacto configuration were not glycos-
ylated to any measurable extent.

To expand the above studies on the acceptor side, we
have now prepared deoxy and acylamino derivatives of
phenyl B-lactoside. The details of the chemical syntheses
of these compounds are reported here, together with
experiments in which the derivatives were used as accep-
tors in enzymatic reactions.
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2. Results and discussion

Phenyl B-lactoside was chosen as the parent compound.
It had a similar acceptor activity as p-nitrophenyl 4-O-
(B-p-galactopyranosyl)-B-p-glucopyranoside  (p-nitro-
phenyllactoside), which was the best acceptor found in
the earlier studies.! The phenyl derivative is, however,
better suited to go through various synthetic transfor-
mations than the p-nitrophenyl derivative, because it is
stable to conditions such as radical deoxygenations,
LAH reductions and catalytic hydrogenations. The phe-
nyl group also has good UV-absorbing and lipophilic
properties, which are advantageous in some enzyme
assays.

The deoxygenated phenyl glycosides 6, 12, 16 and 24
were synthesized using synthetic approaches different
from those previously reported for the synthesis of vari-
ous deoxy derivatives of methyl 4-O-(B-p-galactopyr-
anosyl)-B-p-glucopyranoside (methyl B-lactoside).*> In
the case of 12, 16 and 24, the 3’, 4’ and 2’ hydroxy func-
tions, respectively, were removed by tributyltin-media-
ted radical reduction of thiocarbonyl derivatives. In

the case of compound 6, the 6’-hydroxy function was re-
moved by NBS-opening® of a benzylidene compound
followed by catalytic hydrogenation. The 3’-acylamino
functions of compounds 33 and 34 were introduced by
oxidation of the selectively protected 3’-OH compound
27, followed by a sequence of oximation, LAH reduc-
tion, acylation and debenzylation.

The following synthetic steps were carried out: lactose
was peracetylated with acetic anhydride and sodium
acetate, and the resulting octaacetate was reacted with
phenol and boron trifluoride etherate’ to give per-O-
acetylated phenyl B-lactoside, which was deacetylated
with sodium methoxide to give phenyl B-lactoside® (1)
in 59% yield from lactose (Scheme 1). This method of
preparation of 1 has, to our knowledge, not previously
been described. It was found to be inexpensive, conve-
nient and easy to scale up. Treatment of 1 with benzal-
dehyde dimethyl acetal under acidic conditions gave the
4',6'-benzylidene acetal 2, which was directly benzoy-
lated with benzoyl chloride in pyridine to give 3 (77%
yield from 1). Treatment of 3 with N-bromosuccinimide
gave the expected 6’-bromo derivative 4 (29%), which
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was hydrogenated (Pd/C) and debenzoylated (sodium
methoxide) to give the first target compound, the 6'-
deoxy derivative 6, in 40% yield. Although none of the
steps were yield optimized, this synthetic pathway pro-
duced sufficient material for biological experiments
(Scheme 1).

For the synthesis of the 3'- and 4’-deoxy derivatives
12 and 16, (Scheme 2) phenyl B-lactoside (1) was con-
verted to the 3’,4’-diol 9 by a sequence involving aceto-
nation (2,2-dimethoxypropane/acetone/DMF) followed
by benzoylation (benzoyl chloride in pyridine) to give
8 (63%). Hydrolysis (aqueous acetic acid) of 8 gave 9
(89%). Selective 3’-acylation of the diol 9 with phenyl-
chlorothionoformate followed by tributyltin-mediated
radical deoxygenation gave 11 in low (7.6%) but suffi-
cient yield. That deoxygenation had indeed occurred at
the 3/-position was evident from the "H NMR coupling
pattern and high-field chemical shift of the (two) 3’-pro-
tons. The "H COSY spectrum also showed a distinct sig-
nal for the 4’-OH proton, with a clear scalar coupling to
H-4', confirming that the 4’-OH group was still intact.
Debenzoylation (sodium methoxide) of 11 gave the sec-
ond target compound, the 3’-deoxy derivative 12 (88%).

Monobenzoylation of the 3’,4’-diol 9 with benzoyl
chloride in pyridine gave 13 (60%), the position of ben-
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zoylation being evident from the (low field) '"H NMR
chemical shift of H-3’. Reaction of 13 with phenylchlo-
rothionoformate (to give 14) followed by tributyltin-
mediated radical deoxygenation gave 15 (76%), which
was debenzoylated (sodium methoxide) to give the third
target compound, the 4’-deoxy derivative 16 (90%)
(Scheme 2).

The fourth target compound, the 2’-deoxy derivative
24, was synthesized from monosaccharide derivatives,
because it was considered* that isolation of the 2’-posi-
tion in a lactosyl disaccharide would be more compli-
cated than with the 3’-, 4’- and 6’-positions. Thus,
phenyl  4,6-O-benzylidene-p-p-glucopyranoside’  was
treated with benzyl bromide/DMF and then sodium
cyanoborohydride/HCI to give the 2,3,6-tribenzyl deriv-
ative 19'° in 37% yield (Scheme 3). Thioglycoside 17'!
was then used to glycosylate 19 (DMTST promotion),
and the resulting disaccharide 20 (obtained in 70% yield)
was deacetylated with sodium methoxide to give 21
(98% yield). Attempted treatment of 21 with phenylchlo-
rothionoformate failed for unknown reasons, therefore
the methyl xanthate derivative 22 was prepared instead
by treatment of 21 first with carbon disulfide/NaH and
then methyl iodide. Tributyltin-mediated radical deoxy-
genation of 22 gave 23 (56% yield from 21). Finally,

Bn
BnO (o)

@\Zo ©

o)
BnO
HO 4 0
BnO
19

’

Scheme 2.

o' OR! 1
R R
R'O O/O
RZ OR1

20: R' = Bn, R2= OAc

21: R'=Bn, R2= OH

22: R" = Bn, R? = CH,S(CS)0
23: R'=Bn, R?=H
24:R'=H,R?=H



224 U. Westerlind et al. | Carbohydrate Research 340 (2005) 221-233

OH _OH OH
HO o
HO 0)
OH OH

1

, OR
OR OR! /@
R'O
R20 O\%\ ©
1
OR OR1
25: R' = H, R% = Allyl

26: R' = Bn, R? = Allyl
27: R'=Bn,R%=H

OBn ¢
BnO OBn /@
BnO
O
LS
R OBn OBn

28: R=0
29: R=NOH

¢

OR'
OR! OR!
0 R'O o
R2HN
OR1 OR1

30: R'=Bn, R>=H

31: R'=Bn, R?= Ac

32: R'=Bn, R2=Bz

33 R'=H,R?= Ac
34:R'=H,R?=Bz

Scheme 3.

catalytic hydrogenation (Pd/C) produced the 2’-deoxy
derivative 24 in 94% yield (Scheme 3).

For the synthesis of the 3’-acylamino derivatives, phe-
nyl B-lactoside (1) was selectively 3’-allylated with allyl
bromide/dibutyltin oxide to give 25 (47% yield), which
was benzylated (benzyl bromide/NaH, 63% yield) and
deallylated (81% yield) to afford the 3'-OH compound
27 (Scheme 4). Oxidation (oxalyl chloride/DMSQO) of
27 gave the 3'-keto derivative 28, which was treated with
hydroxylamine and pyridine to give the oxime 29.
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Table 1. Acceptor activity of synthesized lactose derivatives

Acceptor % Activity
Lac-OPh (1) 100
2'-Deoxy (24) 45
3’-Deoxy (12) 3
4'-Deoxy (16) 15
6’-Deoxy (6) 289
3’-NHAc (33) 1
3'-NHBz (34) 0

The ‘% activity’ numbers represent relative radioactive counts mea-
sured by the enzymatic assay. Phenyl B-lactoside (1) was set to 100%.

Reduction of 29 with lithium aluminium hydride gave
the equatorial (according to '"H NMR coupling con-
stants after acylation) 3’-amino derivative 30 as the only
detectable epimer. In situ acylation of 30 with either ace-
tic anhydride/pyridine or benzoyl chloride/pyridine gave
compounds 31 (38% yield) and 32 (61% yield), catalytic
hydrogenation of which gave the 3’-acylamino deriva-
tives 33 (67% yield) and 34 (78% yield) (Scheme 4).

The synthesized deoxy and acylamino derivatives
were tested, using a radioactivity-based assay, as accep-
tors in an enzymatic reaction with the N. meningitidis N-
acetylglucosaminyltransferase using UDP-GIcNAc as
the donor. The results are summarized in Table 1. As ex-
pected, the 3’-deoxy (12) and 3’-acylamino (33 and 34)
derivatives did not function as acceptors, as they do
not carry a 3’-OH group (in a future investigation, these
compounds will be studied as inhibitors of this enzyme).
However, the 2’-, 4’- and the 6’-deoxy derivatives (24, 16
and 6) were acceptors. The 2’ (24) and 4’ derivatives (16)
were less active than the phenyl B-lactoside reference
(45% and 15% yield, respectively), and the 6'-deoxy
derivative (6) was nearly threefold as active. To ensure
that the 6’-deoxy derivative 6 was glycosylated in the
normal way, a preparative enzymatic reaction was per-
formed. The product was isolated and characterized as
the expected B-(1—3) linked trisaccharide 35. Although
these data are very preliminary, they reconfirm the ear-
lier findings' that the N. meningitidis N-acetylglucosamin-
yltransferase displays a relatively broad specificity
towards both acceptor and donor substrates, while
maintaining strict product specificity. Both properties
are valuable for an enzyme that is to be used in a pre-
parative manner. Further experiments are in progress
to investigate the inhibitory capacity of the synthesized
derivatives and the 3-dimensional details of the en-
zyme-substrate interaction.

3. Experimental
3.1. General methods

Concentrations were performed at reduced pressure
(bath temperature <40 °C). NMR spectra were recorded
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at 303 or 323 K with a Bruker DRX 400 spectrometer
using CDClI; (internal CHCl;, dy 7.26 ppm at 303 K),
D,O (internal HOD oy 4.69 ppm, internal acetone dc
30.70 ppm at 303 K) or CD3;0D (internal CH;OH, dy
3.31 ppm, 0c 47.6 ppm at 303 K). Some spectra were
recorded in D,O at 323 K, and for these spectra the
oy of the internal HOD was set to 4.50 ppm and the
dc for internal acetone was set to 30.55 ppm. Only se-
lected NMR data are reported. Assignments were cor-
roborated by appropriate 2-D experiments. Spectral
data for 6, 12, 16, 24, 33, 34, 35 are given in tabular
form, with proton coupling constants in parenthesis.
The ES-TOF HRMS spectra were recorded in the posi-
tive ion mode with a Micromass LCT instrument, using
acetonitrile/water as solvent and tetradecylammonium
ion as reference mass (m/z 578.6604). TLC was per-
formed on Silica Gel F»54 (Merck, Darmstadt, Ger-
many) with detection by UV-light and by staining with
5% H,S0y, in ethanol or 0.5% ninhydrin in butanol. Col-
umn chromatography was performed on Matrex silica
gel 60 A (35-70 um, Amicon). Isolute cartridges (C-18
EC) were from International Sorbent Technology, Mid
Glamorgan, UK. Molecular sieves (powdered 4 A) were
dried at 280 °C/0.5 Torr overnight. Dry CH,Cl, was
prepared by distillation from P,Os. Dimethyl(thio-
methyl)sulfonium triflate (DMTST) was prepared essen-
tially as previously described,'? and was stored under
dry nitrogen at —20 °C. Recombinant N. meningitidis
B-(1—3)-N-acetylglucosaminyltransferase (GlcNAc-T)
was prepared as described,' the unit definition was based
on p-nitrophenyl B-lactoside as the substrate.

3.2. Phenyl 4-O-(p-p-galactopyranosyl)-p-p-glucopyr-
anoside (phenyl p-lactoside) (1)

A mixture of anhydrous sodium acetate (13.5¢g,
165 mmol) and Ac,O (270 mL, 2.86 mol) was refluxed
while lactose (13.5 g, 39.4 mmol) was added in portions.
The mixture was then refluxed for 3 h, cooled to 40—
50 °C and poured into ice water (2 L) during vigorous
stirring. After further stirring overnight at rt, the precip-
itated solid was filtered off and dried to produce crude B-
lactose octaacetate, which was recrystallized from
CH;0H to give pure material (19.3 g, 28.4 mmol,
72%). This material was mixed with phenol (16 g,
170 mmol), 4 A molecular sieves (13 g) and dry CH,Cl,
(110 mL) and stirred while boron trifluoride etherate
(4.0 mL, 31.6 mmol) was added. After stirring overnight
the mixture was filtered and the filtrate was evaporated.
Crystallization of the residue from diethyl ether gave
16.8 g, 23.6 mmol (83%) of relatively pure phenyl
2,3,6,2'3'4'6’-hepta-O-acetyl-B-lactoside, which was
taken up in methanolic sodium methoxide (0.05M,
150 mL) and further stirred overnight at rt. Neutraliza-
tion with Dowex-50 (H™), filtration, addition of a few
drops of aqueous ammonia and evaporation gave 1

(9.8 g, 23.4 mmol, the total yield from lactose was
59%) as a colourless solid, which was more than 95%
pure according to its NMR spectrum. The physical con-
stants were as reported.’

3.3. Phenyl 2,3,6-tri-O-benzoyl-4-O-(2,3-di-O-benzoyl-
4,6- O-benzylidene-p-p-galactopyranosyl)-p-p-glucopyr-
anoside (3)

A solution of 1 (7.85 g, 18.8 mmol) in dry N,N-dimeth-
ylformamide (20 mL) containing benzaldehyde dimethyl-
acetal (6.0 mL, 40.0 mmol) and p-toluenesulfonic acid
(100 mg, 526 mmol) was rotated on a rotary evaporator
at 50 °C and 200 mbar for 6 h, after which time no more
change was detected by TLC. The product was precipi-
tated by addition of diethyl ether-EtOAc (99:1), which
yielded crude solid 2 (8.43 g, 16.6 mmol). This material
was dissolved in dry pyridine (50 mL) and the solution
was cooled in ice while benzoyl chloride (30 mL,
258 mmol) was added in portions. After 3 h at rt, water
(0.3 mL) was added, and, after 30 min, the mixture was
partitioned between CH,Cl, and water, and the organic
layer was washed with 2 M aq H,SO,4 and 1 M aq NaH-
COs;. Drying (MgSQOy) of the organic layer and concen-
tration gave a syrup, which was crystallized from
CH;0H to give 3 as a colourless solid (14.7 g,
14.3 mmol, 76%), [o]p +96 (¢ 0.5, CHCl;). '"H NMR
data (CDCl;): 0 591 (t, 1H, J=9.2 Hz, H-3), 5.81
(dd, 1H, J=17.9, 10.3 Hz, H-2'), 5.61 (dd, 1H, J=17.7,
8.8 Hz, H-2), 530 (s, 1H, PhCH), 526 (d, 1H,
J=7.7Hz, H-1), 5.19 (dd, 1H, J=3.5, 10.3 Hz, H-3'),
4.88 (d, 1H, J=79 Hz, H-1'), 4.64 (dd, 1H, J=2.0,
11.6 Hz, H-6a), 4.39 (dd, 1H, J=5.5, 11.8 Hz, H-6b),
433 (dd, 1H, J=0.5, 3.3 Hz, H-4'), 429 (dd, 1H,
J =8.8, 9.4 Hz, H-4), 4.04 (m, 1H, H-5), 3.78 (dd, 1H,
J=1.0, 12.0 Hz, H-6a’), 3.61 (dd, J=1.0, 12.0 Hz, H-
6b’), 3.04 (m, H-5"). HRMS: Calcd for CgoHs54016N:
1044.3443. Found: 1044.3451 (M+NH,").

3.4. Phenyl 4-O-(6-deoxy-p-p-galactopyranosyl)-p-p-
glucopyranoside (6)

A mixture of 3 (1.50 g, 1.46 mmol) and carbon tetra-
chloride (30 mL) was stirred and heated to 70 °C, then
1,2-dichloroethane (15 mL) was added, followed by bar-
ium carbonate (4 g) and, with continued heating (85 °C)
and stirring for another 3h, N-bromosuccinimide
(0.36 g, 2.02 mmol) was added in portions. The mixture
was filtered and concentrated. The residue was purified
by column chromatography (toluene/EtOAc, 12:1), giv-
ing 4 as a syrup (0.4 g, 362 umol, 25%); [«]p +69 (c 0.5,
CHCl;). '"H NMR data (CDCly): 6 5.85 (t, 1H,
J=9.2Hz H-3), 5.73 (dd, 1H, J=7.9, 9.4 Hz, H-2'),
5.69 (dd, 1H, J=17.9, 10.1 Hz, H-2), 5.35 (dd, 1H,
J=13.3, 10.3 Hz, H-3'), 5.24 (d, 1H, J=7.9 Hz, H-1),
4.88 (d, 1H, /=79 Hz, H-1'), 4.66 (dd, 1H, J=14,
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Table 2. NMR data for 6 (D,0O, 303 K)

H-1 H-2 H-3 H-4 H-5 H-6 H-6' C CH, CH,, CH,
() () ) () ) ) () ) ) )
C-1 c-2 Cc3 C-4 c-s C-6 C-6
Gle 5.13 3.59 371 3.67 3.74 3.94 3.79
(7.8)
100.02 7271 74.23 78.65 74.89 59.97 59.97
Gal 4.40 3.48 3.64 373 3.80 1.25 1.25
(7.8) (6.4) (6.4)
103.01 70.72 72.76 71.23 71.07 15.40 15.40
OPh 7.12 7.38 7.13
156.55 116.30 130.00 123.14

12.1 Hz, H-6a), 4.46 (dd, 1H, J=5.3, 12.1 Hz, H-6b),
434 (t, 1H, J=9.6 Hz, H-4), 3.98 (m, 1H, H-5), 3.76
(m, 1H, H-5'), 2.82 (dd, 1H, J=6.2, 10.5 Hz, H-6a’),
2.62 (dd, 1H, J = 7.0, 10.5 Hz, H-6b’). A solution of this
material (0.20 g, 181 umol) in CH30H/EtOAc (3:2,
3.0 mL) containing 4 A molecular sieves (1.3 g) and pal-
ladium on carbon (10%, 0.53 g) was stirred under a
hydrogen atmosphere for 48 h. The mixture was filtered
and evaporated and the residue was purified by column
chromatography (toluene/EtOAc, 12:1) to give 5 (0.12 g,
117 pmol). This material was mixed with methanolic so-
dium methoxide (0.1 M, 8 mL) and heated with stirring
to 70 °C for 30 min, after which time TLC detected no
more change. After cooling, the mixture was neutralized
with Dowex-50 (H"), filtered and evaporated to give a
residue, which was partitioned between EtOAc and
water (5:5mL). The aqueous layer was washed with
EtOAc and lyophilized. The residue was dissolved in
water (2mL) and the solution was slowly passed
through a C-18 Isolute cartridge (0.5 g, pre-conditioned
with first 5 mL of CH;OH, then 20 mL of water). The
cartridge was washed with water (5 mL) and then the de-
sired material was eluted with 10-50% CH3;OH to give 6
(0.03 g, 74.5 umol, 41% from 4) as a colourless solid,
[¢]lp —33 (¢ 0.5, CH30H). HRMS: Calcd for C;oHae-
OoNa: 425.1424. Found: 425.1422 (M+Na™). The
NMR data for 6 are provided in Table 2.

3.5. Phenyl 2,3,6-tri-O-benzoyl-4- O-(2,6-di- O-benzoyl-
3,4-O-isopropylidene-f-p-galactopyranosyl)-p-p-gluco-
pyranoside (8)

A mixture of 1 (4.0 g, 9.56 mmol), N,N-dimethylform-
amide (7.0 mL), acetone (220 mL) 2,2-dimethoxypro-
pane (7.0 mL, 56.9 mmol) and concentrated H,SO,4
(0.01 mL) was heated at reflux until TLC indicated no
more change (1 h). After cooling to rt, the precipitate
was collected, washed with cold acetone and dried to
give crude 7 (3.0 g, 6.54 mmol). This material was taken
up in dry pyridine (60 mL) and the solution was cooled
in ice while benzoyl chloride (7.5 mL, 64.6 mmol) was
added in portions. After 3 h at rt, water (0.2 mL) was
added, and, after 30 min, the mixture was partitioned

between CH,Cl, and water and the organic layer was
washed with 2 M aq H,SO4 and 1 M aq NaHCO;. Dry-
ing of the organic layer (MgSO,) and concentration
gave a syrup, which was purified by column chromato-
graphy to give 8 (5.86 g, 5.99 mmol, 63%), [¢]p +59 (c
0.5, CHCly); '"H NMR data (CDCls): 6 5.80 (dd,
J=9.0, 94 Hz, H-3), 5.69 (dd, J=7.7, 9.4 Hz, H-2),
5.24 (d, 1H, J=7.7Hz, H-1), 5.17 (t, 1H, 7.8 Hz, H-
2"), 4.65 (dd, 1H, J=12.0, 12.1 Hz, H-6a), 4.63 (d, 1H,
J=7.6Hz, H-1'), 449 (dd, 1H, J=5.7, 12.1 Hz, H-
6b), 3.72 (dd, 1H, J=17.5, 11.4 Hz, H-6V’), 1.54 (s, 3H,
C-CHj3), 1.27 (s, 3H, C-CH;). HRMS: Calcd for
Cs6Hs4016N: 996.3443. Found: 996.3427 (M+NH,").

3.6. Phenyl 2,3,6-tri- O-benzoyl-4- O-(2,6-di- O-benzoyl-f-
Dp-galactopyranosyl)-B-p-glucopyranoside (9)

A solution of compound 8 (5.86 g, 5.99 mmol) in aq 85%
acetic acid (100 mL) was stirred at 95 °C for 1 h, then
concentrated and extensively co-concentrated with tolu-
ene. The remaining solid was triturated with CH;0OH
and dried to give 9 (4.98 g, 5.30 mmol, 8§9%), [«]p +54
(¢ 0.5, CHCly); 'TH NMR data (CDCly): 6 5.77 (4,
J=9.2Hz, H-3), 5.70 (dd, 1H, J=17.7, 9.0 Hz, H-2),
5.24 (dd, 1H, H-2), 522 (d, 1H, J=7.7Hz, H-1),
4.63-4.69 (m, 2H, H-1’, H-6a), 4.53 (dd, 1H, J=5.9,
11.8 Hz, H-6b), 4.21 (t, 1H, J=9.2 Hz, H-4). HRMS:
Calcd for Cs3Hs50O16N: 956.3130. Found: 956.3132
(M+NH,").

3.7. Phenyl 4-O-(3-deoxy-p-p-xylo-hexopyranosyl)-f-p-
glucopyranoside (12)

A solution of compound 9 (4.0 g, 4.26 mmol) and 4-
(N,N-dimethylamino)pyridine (2.28 g, 18.7 mmol) in
dry CH,Cl, (150 mL) was stirred and cooled to 0°C
while phenylchlorothionoformate (0.86 mL, 6.2 mmol)
was added. The solution was stirred at rt until TLC indi-
cated no more change (4 h), then diluted with CH,Cl,
(100 mL) and washed with satd aq NaHCO; solution
and brine, before the organic layer was dried (Na,SOy)
and concentrated. This material was directly taken up
in dry benzene (200 mL), the solution was blanketed
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Table 3. NMR data for 12 (D50, 303 K)

227

H-1 H2  H3, H-3 H4 HS5 H6 H6 C CH, CH,  CH,
) ) ) ) ) ) ) ) ) ) )
C-1 c2  C3 Cc3 c4 C5 C6  C6
Gle 5.12 359 373 375 373 394 379
(7.9)
10001 7270 7425 78.13 7497  60.02  60.02
Gal 443 372 170 2.18 398 372 370 370
(7.9) (13.7,11.8,3.1)  (13.7, 3.2, 5.0)
10494 6559  37.05 37.05 6569 7871 6128  61.28
OPh 711 7.37 7.11
(7.8)
156.53  116.62  129.99  123.40

with nitrogen, tributyltin hydride (5.95 mL, 22.1 mmol)
was added, the solution was heated to 80 °C and azo-
isobutyronitrile (20 mg) was added. After 1 h, the mix-
ture was concentrated and the residue was diluted with
acetonitrile (250 mL) and washed several times with
petroleum ether. The acetonitrile layer was concentrated
and the residue was redissolved in CH,Cl,. The solution
was washed with 0.1 M aqueous HCI, ag NaHCOj solu-
tion, and brine, dried (Na,SO,4) and concentrated. The
residue was purified by column chromatography to give
pure 11 (0.30 g, 325 umol, 7.6%) as a syrup 'H NMR
data (CDCls): 6 5.81 (t, J=9.2Hz, H-3), 5.73 (dd,
1H, J=17.7, 9.5 Hz, H-2), 5.27 (d, 1H, J=17.7 Hz, H-
1), 5.23 (m, 1H, H-2'), 4.75 (dd, 1H, J= 2.0, 12.0 Hz,
H-6a), 4.71 (d, 1H, J=7.9 Hz, H-1"), 4.59 (dd, 1H,
J=6.1, 12.0 Hz, H-6b), 4.26 (t, 1H, J=9.7 Hz, H-4),
249 (ddd, 1H, J=3.1, 5.5, 13.6 Hz, H-3a’), 2.24 (d,
1H, J=28.1 Hz, 4'-OH), 1.66 (ddd, 1H, J=3.1, 11.2,
13.6 Hz, H-3b’). A solution of 11 (0.21 g, 228 umol) in
methanolic sodium methoxide (0.05 M, 11 mL) was stir-
red at rt overnight, then neutralized with Dowex-50
(H+) and concentrated. The residue was partitioned be-
tween EtOAc and water. The aqueous layer was washed
with EtOAc, partially concentrated on a rotary evapora-
tor and finally lyophilized. The residue was dissolved in
water (SmL) and the solution was slowly passed
through a C-18 Isolute cartridge (2 g, pre-conditioned
with first 20 mL of CH3;OH, then 100 mL of water).
The cartridge was washed with water (20 mL) and then
the desired material was eluted with 10-50% CH3;OH to
give 12 (80 mg, 199 pmol, 87% from 11), [oa]p —56 (¢ 0.5,
CH3OH), HRMS: Calced for C18H26010Na: 425.1424.
Found: 425.1426 (M+Na"). The NMR data for 12 are
provided in Table 3.

3.8. Phenyl 2,3,6-tri-O-benzoyl-4-0-(2,3,6-tri-O-benzoyl-
p-p-galactopyranosyl)-p-p-glucopyranoside (13)

A solution of compound 9 (200 mg, 0.213 mmol) in dry
pyridine (4 mL) was stirred and cooled to 0 °C while
benzoyl chloride (0.025 mL, 0.213 mmol) was added.

After 3 h at rt, water (0.050 mL) was added, and then,
after 30 min, the mixture was partitioned between
CH,Cl, and water. The organic layer was washed with
1M aq HCl and 1M aq NaHCO;, dried (Na,SOy)
and evaporated. The residue was purified by column
chromatography (toluene/EtOAc, 4:1) to give 13
(134 mg, 0.128 mmol, 60%), [¢]p +30 (¢ 0.5, CHCl;);
"H NMR data (CDCls): ¢ 5.85 (dd, 1H, J = 9.3 Hz, H-
3), 5.76 (dd, 1H, J = 8.1, 10.5 Hz, H-2), 5.71 (dd, 1H,
J=17.8, 9.3Hz, H-2), 525 (d, 1H, J=7.8 Hz, H-1),
5.18 (dd, 1H, J=3.4, 10.5Hz, H-3’), 4.82 (d, 1H,
J=6.1Hz, H-1"), 4.63 (dd, 1H, J=2.2, 12.0 Hz, H-
6a), 449 (dd, 1H, J=5.9, 12.0 Hz, H-6b), 4.26 (dd,
1H, J=9.5Hz, H-4), 403 (ddd, 1H, J=2.2, 509,
9.5Hz, H-5). HRMS: Calcd for CgzHs40,7N:
1060.3392. Found: 1060.3392 (M+NH,").

3.9. Phenyl 4-0O-(4-deoxy-B-p-xylo-hexopyranosyl)-p-p-
glucopyranoside (16)

A solution of 13 (550 mg, 527 umol) and 4-(N,N-dimeth-
ylamino)pyridine (250 mg, 2.05 mmol) in dry CH,Cl,
(25 mL) was stirred and cooled to 0 °C while phenyl-
chlorothionoformate (0.110 mL, 793 pumol) was added.
The solution was stirred overnight at rt, then diluted
with CH,Cl, (100 mL) and washed with satd aq
NaHCOj solution and brine, dried (Na,SO,4) and evapo-
rated to give crude 14. This material was directly taken
up in dry benzene (20 mL), the solution was blanketed
with nitrogen, tributyltin hydride (0.83 mL, 3.09 mmol)
was added, the solution was heated to 80 °C and azoiso-
butyronitrile (15 mg, 91.5 umol) was added. After 1 h,
the mixture was concentrated and the residue was
diluted with acetonitrile (30 mL) and washed several
times with petroleum ether. The acetonitrile layer was
concentrated and the residue was redissolved in CH,Cl».
The solution was washed with 0.1 M aq HCI, aq
NaHCOj; solution, and brine, dried (Na,SOy), concen-
trated and purified by column chromatography to afford
15 (0.41 g, 399 umol, 76%), '"H NMR data (CDCl5): §
5.82 (t, 1H, J=9.2 Hz, H-3), 5.67 (dd, 1H, J=17.7,
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Table 4. NMR data for 16 (DO, 303 K)

H-1 H-2 H3  Hedy, H-4, H-5  H-6 H-6' C CH, CH,  CH,
) ) () () ) ) () () ) ) )
C-1 C2 Cc3 C-4 Cc4 c-5 C-6 c-6
Gle  5.10 3.58 370 3.70 371 394 3.79
(7.8) (120) (4.2, 12.0)
100.00  72.75 7428  78.80 7500 60.04  60.04
Gal 441 3.19 373 141 1.93 366 3.69  3.57
(7.8) (7.8, 9.1) (127, 12.0) (4.8, 12.7)
103.10  74.93 70.17  33.99 33.99 7290 6378 63.78
Oph 711 136 7.12
(7.8)
156.54  116.63  130.00  123.41

9.2 Hz, H-2), 5.38 (dd, 1H, J=17.8, 9.4 Hz, H-2'), 5.23
(m, 1H, H-3"), 5.22 (d, 1H, 7.7 Hz, H-1), 4.75 (d, 1H,
J=17.8Hz, H-1'), 462 (dd, 1H, J=1.8, 12.1 Hz, H-
6a), 4.49 (dd, 1H, J=5.9, 12.1 Hz, H-6b), 4.25 (t, 1H,
J=9.4Hz, H-4), 2.25 (m, 1H, H-4a’), 1.61 (m, 1H, H-
4b’). A solution of 15 (0.78 g, 759 pmol) in methanolic
sodium methoxide (0.05 M, 65 mL) was stirred at rt
overnight, then neutralized with Dowex-50 (H+) and
concentrated. The residue was partitioned between
EtOAc and water. The aqueous layer was washed with
EtOAc, partially concentrated on a rotary evaporator
and finally lyophilized. The residue was dissolved in
water (10 mL) and the solution was slowly passed
through a C-18 Isolute cartridge (5 g, pre-conditioned
with first 40 mL of CH;OH, then 100 mL of water).
The cartridge was washed with water (20 mL) and then
the desired material was eluted with 10-50% CH;OH to
give 16 (290 mg, 721 pmol, 95% from 15), [«]p —51 (¢
0.5, CH;OH), HRMS: Calcd for C]gH27010: 403.1604.
Found: 403.1617 [(M+H")] and caled for C;sH,40,(Na:
425.1424. Found: 425.1403 (M+Na™). The NMR data
for 16 are provided in Table 4.

3.10. Phenyl 4-0-(2-O-acetyl-3,4,6-tri-O-benzyl-p-p-
galactopyranosyl)-2,3,6-tri- O-benzyl-p-p-glucopyranoside
(20

Phenyl 4,6-O-benzylidene-p-p-glucopyranoside’ (829
mg, 2.41 mmol) was dissolved in dry N,N-dimethylform-
amide (12mL) and benzyl bromide (1.45mL,
12.0 mmol) was added. The solution was cooled on an
ice bath while sodium hydride (80% dispersion in oil,
361 mg, 11.8 mmol) was added and was then stirred at
rt overnight, where after CH3;0H (5.4 mL) was added.
The mixture was partitioned between CHCIl; and water,
dried (Na,SO,4) and concentrated. Column chromato-
graphy (toluene/EtOAc, 10:1) of the residue gave 18
(1.28 g, 2.41 mmol) as a white solid. This material was
dissolved in dry tetrahydrofuran (15 mL) and sodium
cyanoborohydride (1.31 g, 20.9 mmol) was added. A
saturated solution of HCl in dry diethyl ether was added

in small portions until gas development ceased and the
mixture remained acidic. The mixture was concentrated
to approximately 2 mL, CH,Cl, was added and the mix-
ture was neutralized by addition of aqueous NaHCO;.
The mixture was extracted with CH,Cl,, the combined
organic phases were washed with water, dried (MgSOy)
and evaporated. Column chromatography (toluene/
EtOAc, 10:1) of the residue gave 19 (465 mg, 880 umol,
37%). The physical constants of this material matched
those previously reported.’® A mixture of 19 (375 mg,
0.712 mmol), ethyl 2-O-acetyl-3,4,6-tri-O-benzyl-1-thio-
B-D-galactopyranoside'! 17 (581 mg, 1.082 mmol) and
powdered 4 A molecular sieves (2.4 g) in dry CH,Cly/
diethyl ether/toluene (5.3:3.9:3.9 mL) was stirred at rt
for 5min and was then cooled in a ice bath while
DMTST (577 mg, 2.23 mmol) was added in portions
over 2 h. When TLC indicated no more change, pyridine
(0.52 mL) was added to quench the reaction. The mix-
ture was diluted with diethyl ether and the solids were
filtered. The filtrate was washed with aq 2 M H,SOy,,
aq 1M NaHCO;, dried (MgSO,4) and concentrated.
Column chromatography (petroleum ether/EtOAc, 3:1)
of the residue gave 20 (497 mg, 0.496 mmol, 70%) as a
colourless syrup, [«]p +17 (¢ 0.8, CHCI;); '"H NMR data
(CDCl3): 6 5.33 (dd, 1H, J=10.0, 8.1 Hz, H-2"), 5.03-
4.89 (m, 4H, CH,Ph, H-1), 4.80 (d, 1H, J=11.0 Hz,
CH,Ph), 4.75 (d, 1H, J=10.8 Hz, CH,Ph), 4.65 (d,
2H, J=12.1 Hz, CH,Ph), 4.54-4.42 (m, 4H, CH,Ph,
H-1"), 4.29, 4.21 (two doublets, 2H, J=11.7 Hz,
CH,Ph), 3.94-3.88 (m, 2H, H-3, H-4'), 3.65 (m, H-2),
3.51 (m, 1H, H-4), 3.36 (m, 1H, H-3"). HRMS: Calcd
for CgHggOpN:  1018.4742.  Found: 1018.4749
(M+NH4+).

3.11. Phenyl 2,3,6-tri-O-benzyl-4-O-(3,4,6-tri-O-benzyl-
p-p-galactopyranosyl)-p-p-glucopyranoside (21)

Methanolic sodium methoxide (0.5M, 9.9 mL) was
added to a solution of 20 (493 mg, 0.493 mmol) in
CH;0H (49 mL) was added. The mixture was stirred
at rt overnight, then neutralized with Dowex-50 (H+)
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and filtered. A drop of concd aq NH; was added (to en-
sure nonacidity) before the solution was concentrated to
give 21 (464 mg, 0.484 mmol, 98%), [a]p —12 (¢ 0.1,
CHCl;); 'H NMR data (CDCly): 6 4.97 (br d, 3H,
J=10.7 Hz, CH,Ph, H-1), 4.86 (d, 1H, J=11.4 Hz,
CH,Ph), 4.84 (d, 1H, J=11.2 Hz, CH,Ph), 4.77 (d,
1H, J=11.0 Hz, CH,Ph), 4.71-4.51 (m, 6H, CH,Ph,
H-1"), 4.27, 4.21 (two doublets, 2H, J=11.5Hz,
CH,Ph), 4.05 (m, 1H, H-3), 3.97-3.81 (m, 4H, H-2’,
H-5, H-6a, H-6b), 3.69 (m, 1H, H-2), 3.60 (m, 1H, H-
4), 3.36 (m, 1H, H-3"), 3.24 (dd, 1H, J=8.6, 4.8 Hz),
3.01 (br d, 1H, OH). HRMS: Calcd for CgHgsO11N:
976.4636. Found: 976.4651 (M+NH,").

3.12. Phenyl 2,3,6-tri-O-benzyl-4- O-(3,4,6-tri-O-benzyl-
2-deoxy-B-p-Iyxo-hexopyranosyl)-p-p-glucopyranoside
(23)

A mixture of 21 (355 mg, 0.369 mmol), sodium hydride
(80% dispersion in oil, 71 mg, 1.47 mmol,) and imidaz-
ole (3.6mg, 0.037mmol) in dry tetrahydrofuran
(3.5 mL) was stirred for 2 h under nitrogen, then carbon
disulfide (0.213 mL, 3.69 mmol) was added and the mix-
ture was stirred overnight. Methyl iodide (0.227 mL,
3.69 mmol) was added and the solution was stirred for
another 2 h. The mixture was concentrated, dissolved
in toluene and the organic layer was washed with 1 M
aq HCI, satd aq NaHCO3;, and brine, dried (MgSO,)
and concentrated. Column chromatography (petroleum
ether/EtOAc 3:1) of the residue gave 22 (351 mg,
0.335 mmol, 90%). This material was dissolved in dry
toluene (28 mL) and heated to 75°C under nitrogen
for 30 min, then 2,2’-azo-bis-isobutyronitrile (84 mg,
0.49 mmol) and tributyltin hydride (1.47 mL, 5.39
mmol) were added. After 8§ h at 75°C, the solution
was concentrated and the residue purified on column
of silica gel (toluene/EtOAc, 15:1) to give 23 (194 mg,
62%) as a syrup, [¢]p —15 (¢ 0.6, CHCl;); '"H NMR data
(CDCl5): 0 5.06-488 (m, 4H, CH,Ph, H-1), 4.81 (d, 1H,
J =112 Hz, CH,Ph), 4.78 (d, 1H, J = 11.2 Hz, CH,Ph),
4.65-4.42 (m, 6H, CH,Ph, H-1'), 4.35, 4.27 (two dou-
blets, 2H, J=11.8 Hz, CH,Ph), 3.95 (1H, H-3), 3.86
(m, H-4'), 3.73 (m, 1H, H-2), 345 (m, 1H, H-3'),

Table 5. NMR data for 24 (D,0, 323 K)

2.09-1.91 (m, 2H, H-2'a, H-2'b). HRMS: Calcd for
CeoHesO10N: 960.4687. Found: 960.4675 (M+NH, ™).

3.13. Phenyl 4-O-(2-deoxy-p-p-lyxo-hexopyranosyl)-p-p-
glucopyranoside (24)

A suspension of palladium on carbon (10%, 130 mg) in
ethanol (5 mL) was added to a solution of 23 (184 mg,
0.195 mmol) in ethanol (5mL). The mixture was
flushed, first with nitrogen and then with hydrogen
and stirred overnight at rt under a hydrogen atmo-
sphere. After flushing the flask with nitrogen, the solu-
tion was filtered and concentrated. The residue was
dissolved in water (5 mL) and the solution was slowly
passed through a C-18 Isolute cartridge (1 g, pre-condi-
tioned with first 10 mL of CH;OH, then 50 mL of
water). The cartridge was washed with water (10 mL)
and then the desired material was eluted with 10-50%
CH;0H to give 24 (47 mg, 0.144 mmol, 74%), [¢]p
—42 (C‘ 05, CH3OH) HRMS: Calcd for C]gH26010NaI
425.1424. Found: 425.1422 (M+Na"). The NMR data
for 24 are provided in Table 5.

3.14. Phenyl 4-O-(3-O-allyl-p-p-galactopyranosyl)-p-p-
glucopyranoside (25)

A mixture of 1 (2.00 g, 4.78 mmol), dibutyltin oxide
(1.28 g, 5.12 mmol), 4 A molecular sieves (4 g) and ace-
tonitrile (85 mL) was heated at reflux overnight under
nitrogen. Tetraethylammonium bromide (0.443 g,
2.11 mmol) and allyl bromide (12 mL) were added and
the reaction was continued under the same conditions
for 24 h. The molecular sieves were filtered off and the
mixture was concentrated. Column chromatography
(CHCI3/CH;0H, 5:1) of the residue gave 25 (1.03 g,
2.25 mmol, 47%) as a white solid, [a]p —25 (¢ 0.6,
CH;O0H); '"H NMR data (CD;0D): § 5.98 (ddt, 1H,
J=1528, 104, 17.2Hz, CH,=CHCH,), 5.32 (ddd,
1H, J=1.8, 3.2, 17.2 Hz, CH,=CHCH,), 5.15 (ddd,
1H, J=1.8, 3.2, 10.4 Hz, CH,=CHCH,), 4.93 (d, 1H,
J=79Hz, H-1), 440 (d, 1H, J=7.9 Hz, H-1'), 4.22
(ddt, 1H, J=1.5, 5.6, 12.6 Hz, CH,=CHCH,), 4.12
(ddt, 1H, J=1.5, 5.6, 12.6 Hz, CH,—CHCH,), 4.00

H-1 H-2,, H-2. H3 H4 HS5 H6 H6 C CH, CH, CH,
) () ) ) () ) ) ) () @) )
C-1 c2 c2 c3 C4  C5 c6 C6
Gle  512(7.9) 3.61(24,79) 372 376 374 389 372
100.84 73.48 7497 7895 75.60  60.89  60.89
Gal 471 1.72 2.08 388 378 361 382 375
(22,9.9) (9.9, 12.3) (22,48, 12.3)
101.16 34.25 34.25 68.44 6746 7631 62.10 62.10
OPh 7.15 741 7.16
15724 11744 130.65  124.09
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(d, 1H, J=29Hz, H-4"), 3.64 (m, H-2'), 3.51 (m,
H-2), 3.32 (dd, 1H, J=2.9, 9.1 Hz, H-3'). HRMS:
Caled for C,;H340;;N: 476.2132. Found: 476.2123
(M+NH,").

3.15. Phenyl 4-0-(3-0O-allyl-2,4,6-tri- O-benzyl-f-p-
galactopyranosyl)-2,3,6-tri- O-benzyl-f-p-glucopyranoside
(26)

A solution of 25 (2.30 g, 5.02 mmol) in N,N-dimethyl-
formamide (80 mL) was stirred with NaH (3.3 g, 80%
dispersion) and benzyl bromide (13 mL) overnight.
MeOH (40 mL) and then water (53 mL) were added,
the mixture was extracted with CHCl; and the extract
was dried (Na,SO4) and concentrated. Column chroma-
tography (hexane/EtOAc, 5:1) of the residue gave 26
(3.15 g, 3.15 mmol, 63%) as a white solid, [«]p —15 (c
0.7, CHCl;); '"H NMR data (CDCIl5): ¢ 5.93 (ddt, 1H,
J=5.3, 10.5, 17.1 Hz, CH,=CHCH,), 5.32 (ddd,
1H, J=1.8, 3.3, 17.1 Hz, CH,=CHCH,), 5.15 (ddd,
1H, J=1.8, 3.2, 10.3 Hz, CH,=CHCH,), 5.05 (d, 1H,
J=10.7 Hz, CH,Ph), 4.99 (m, 3H, CH,Ph, H-1), 4.82
(m, 2H, CH,Ph), 4.74 (m, 2H, CH,Ph), 4.55 (d, 1H,
J=11.6 Hz, CH,Ph), 4.48 (d, 1H, J = 12.1 Hz, CH,Ph),
444 (d, 1H, J=17.7Hz, H-1"), 4.38 (d, 1H, J=12.1 Hz,
CH,Ph), 4.35 (d, 1H, J = 11.8 Hz, CH,Ph), 4.25 (d, 1H,
J=11.8 Hz, CH,Ph), 4.17 (bdd, 2H, J=1.8, 5.3 Hz,
CH,=CHCH,), 3.98 (dd, 1H, J=8.8, 9.7 Hz, H-4),
388 (br d, 1H, J=3.1Hz, H-4'), 3.34 (dd, 1H,
J=3.1, 9.9 Hz, H-3'). HRMS: Calcd for C43H;9O;N:
1016.4949. Found: 1016.4932 (M+NH,").

3.16. Phenyl 4-0-(2,4,6-tri- O-benzyl-p-n-galactopyrano-
syl)-2,3,6-tri-O-benzyl-p-p-glucopyranoside (27)

A solution of 26 (3.00 g, 3.00 mmol), tris(triphenylphos-
phine)rhodium(I) chloride (172 mg, 0.186 mmol) and
1,8-diazabicyclo[5.4.0Jundec-7-ene (51 pL, 0.342 mmol)
in ethanol/toluene/water (13 mL, 30:10:5 by vol) was
heated at reflux for 24 h, then concentrated and taken
up in acetic acid/water (30 mL, 9:1 by vol). The solution
was heated at 80 °C for 1 h, then cooled and concen-
trated. The concentrate was partitioned between diethyl
ether (70 mL) and water (70 mL). The organic layer was
washed with water, dried (MgSO,4) and concentrated.
Column chromatography (toluene/EtOAc, 8:1) of the
residue gave 27 (2.32 g, 2.42 mmol, 81%) as a white
solid, [«]p —14 (¢ 0.5, CHCl3); "H NMR data (CDCl5):
0 5.07 (d, 1H, J=11.0Hz, CH,Ph), 5.01 (d, 1H,
J=11.0 Hz, CH,Ph), 5.00 (d, 1H, J=7.2Hz, H-1),
485 (d, 1H, J=11.0Hz, CH,Ph), 4.84 (d, 1H,
J=11.4 Hz, CH,Ph), 4.78 (d, 1H, J = 11.4 Hz, CH,Ph),
477 (d, 1H, J=11.0Hz, CH,Ph), 4.71 (d, 1H,
J=11.6 Hz, CH,Ph), 4.63 (d, 1H, J = 11.6 Hz, CH,Ph),
455 (d, 1H, J=12.1Hz, CH,Ph), 444 (d, 1H,
J=7.0Hz, H-1'), 443 (d, 1H, J=12.1 Hz, CH,Ph),

441 (d, 1H, J=11.6Hz, CH,Ph), 430 (d, 1H,
J=11.6 Hz, CH,Ph), 4.03 (dd, 1H, J=9.7 Hz, H-4),
3.86 (br d, 1H, J = 2.4 Hz, H-4"), 3.70 (m, 2H, H-2, H-
3), 2.19 (d, 1H, J = 5.5 Hz, OH-3'). HRMS: Calcd for
CeoHesO11N: 976.4636. Found: 976.4617 (M+NH,™).

3.17. Phenyl 4-0-(2,4,6-tri- O-benzyl-3-keto-p-p-xylo-
hexopyranosyl)-2,3,6-tri-O-benzyl-p-p-glucopyranoside
(28)

A solution of DMSO (426 uL, 6.00 mmol) in dry
CH,Cl, (15 mL) was cooled to —78 °C, then oxalyl chlo-
ride (230 pL, 2.64 mmol) was added, followed by, after
15min, a solution of 27 (2.30 g, 2.40 mmol) in dry
CH,Cl, (35mL). The mixture was stirred for 15 min
and then Et3N (1.66 mL, 11.99 mmol) was added. After
20 min, the cooling bath was removed, and when the
mixture had reached rt water was added (100 mL).
The mixture was then extracted with CH,Cl,
(100 mL), dried (MgSO,4) and concentrated. Column
chromatography (toluene/EtOAc, 10:1) of the residue
gave 28 (2.13 g, 2.23 mmol, 93%) as a white solid, [«]p
—38 (¢ 0.7, CHCly); '"H NMR data (CDCly): ¢ 5.01
(m, 3H, H-1, CH,Ph), 4.83 (dd, 2H, J=11.0, 10.7 Hz,
CH,Ph), 4.69 (d, 1H, J=11.4 Hz, CH,Ph), 4.67 (d,
1H,J=7.5Hz,H-1"),4.52 (d, 1H, J = 11.4 Hz, CH,Ph),
4.47(d, 1H, J = 11.8 Hz, CH,Ph), 4.41 (m, 3H, CH,Ph),
4.36 (m, 2H, H-2’, CH,Ph), 4.24 (d, 1H, J=12.1 Hz,
CH,Ph), 3.99 (dd, 1H, J=9.2 Hz, H-4), 3.86 (m, 2H,
H-4', H-6a), 3.77 (dd, 1H, J=5.0, 11.0 Hz, H-6b),
3.72-3.63 (m, 3H, H-2, H-3, H-6a’), 3.59 (ddd, 1H,
J=15, 5.0, 92Hz, H-5), 345 (ddd, 1H, J=1.1,
5.3 Hz, H-5'), 3.40 (dd, 1H, J=15.3, 8.8 Hz, H-6b).
HRMS: Caled for CgoHg O N: 974.4480. Found:
974.4496 (M+NH,").

3.18. Phenyl 4-0-(2,4,6-tri- O-benzyl-3-oximino-f-p-xylo-
hexopyranosyl)-2,3,6-tri- O-benzyl-B-p-glucopyranoside
(29)

A mixture of 28 (2.00 g, 2.09 mmol) and hydroxylamine
hydrochloride (800 mg, 11.5 mmol) in 1:1 pyridine/etha-
nol (40 mL) was stirred at rt overnight. The solvent was
evaporated and the residue was mixed with water and
extracted several times with diethyl ether. The ether
solution was dried (Na,SO4) and concentrated to give
29 (1.78 g, 1.83 mmol, 88%) as a white solid, [a]p —19
(¢ 0.5, CHCl;); '"H NMR data (CDCls): 6 5.08 (br d,
1H, J<1Hz, H-4'), 498 (m, 3H, H-1, CH,Ph), 4.81
(d, 2H, J =10.5 Hz, CH,Ph), 4.78 (d, 1H, J=10.5 Hz,
CH,Ph), 4.75 (d, 1H, J=12.3 Hz, CH,Ph), 4.63 (d,
1H, J=12.3 Hz, CH,Ph), 4.61 (d, 1H, J= 8.1 Hz, H-
1), 449436 (m, S5H, CH,Ph), 423 (d, 1H,
J=12.7Hz, CH,Ph), 421 (d, 1H, J=8.1 Hz, H-2),
3.99 (dd, 1H, J=9.2 Hz, H-4), 3.84 (dd, 1H, J<1,
11.0 Hz, H-6a), 3.76 (dd, 1H, J=5.0, 11.0 Hz, H-6b),
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3.72— 3.60 (m, 3H, H-2, H-3, H-6a’), 3.55 (m, 1H, H-5),
3.45 (m, 1H, H-5"), 3.40 (dd, 1H, J = 5.5, 9.0 Hz, H-6b’).
HRMS: Caled for CgHgsO( N5 989.4589. Found:
989.4576 (M+NH,").

3.19. Phenyl 4-0-(3-acetamido-2,4,6-tri-O-benzyl-3-
deoxy-fB-p-galactopyranosyl)-2,3,6-tri- O-benzyl-f-p-
glucopyranoside (31) and phenyl 4-O-(3-benzamido-2,4,6-
tri- O-benzyl-3-deoxy-f-p-galactopyranosyl)-2,3,6-tri-O-
benzyl-B-p-glucopyranoside (32)

A solution of 29 (400 mg, 0.411 mmol) in dry tetrahy-
drofuran (8 mL) was stirred with LiAlH; (120 mg,
3.16 mmol) at rt overnight. The excess LiAlH, was de-
stroyed by careful addition of water (1 mL) followed
by 30% NaOH (85 mL). The mixture was extracted with
ether (85 mL). The organic layer was washed with water,
dried (MgSO,) and concentrated to give crude 30. Half
of this material was dissolved in 2:1 pyridine/Ac,O
(3mL) and stirred at rt overnight and then concen-
trated. Column chromatography (toluene/EtOAc, 4:1)
of the residue gave 31 (77 mg, 0.077 mmol, 38% from
29) as the only detectable reduction epimer, [o]p +12
(¢ 0.5, CHCl3); "H NMR data (CDCl5): 6 5.06 (d, 1H,
J =10.5 Hz, CH,Ph), 5.00 (d, 1H, J = 10.5 Hz, CH,Ph),
499 (d, 1H, J=17.7Hz, H-1), 492 (d, 1H, J = 8.6 Hz,
NH), 4.82 (d, 1H, J=11.4 Hz, CH,Ph), 4.80 (d, 1H,
J=11.4 Hz, CH,Ph), 4.72 (d, 1H, J = 12.1 Hz, CH,Ph),
4.64 (d, 1H, J = 12.1 Hz, CH,Ph), 4.55-4.49 (m, 3H, H-
1, CH,Ph), 4.46 (d, 1H, J = 12.3 Hz, CH,Ph), 4.42 (d,
1H, J=12.3 Hz, CH,Ph), 4.31 (d, 1H, J=12.1 Hz,
CH,Ph), 4.30 (d, 1H, J=12.1 Hz, CH,Ph), 4.04 (dd,
IH, J=8.6Hz, H-4), 395 (ddd, 1H, J=3.3, 8.6,
10.7 Hz, H-3), 3.86 (dd, 1H, J=1.8, 11.0 Hz, H-6a),
3.81— 3.75 (m, 2H, H-6b, H-4"), 3.70 (m, 2H, H-2, H-
3), 3.57 (ddd, 1H, J=1.5, 4.8, 9.2 Hz, H-5), 3.31 (dd,
1H, J=17.7,11.0 Hz, H-2), 2.35 (s, 3H, NHAc). HRMS:
Caled for Cg,HgoO11N»: 1017.4902. Found: 1017.4916
(M+NH4+).

The other half of crude 30 was dissolved in pyridine
(4 mL) and benzoyl chloride (120 mL, 1.03 mmol) was

Table 6. NMR data for 33 (D,0, 303 K)

added. The solution was stirred overnight and then con-
centrated. Column chromatography (toluene/EtOAc,
6:1) of the residue gave 32 (133 mg, 0.125 mmol, 61%
from 29) as the only detectable reduction epimer, [«]p
+14 (¢ 0.4, CHCI3); '"H NMR data (CDCl): 6 5.82 (d,
1H, J=8.8 Hz, NH), 5.08 (d, 1H, J = 10.7 Hz, CH,Ph),
501 (d, 1H, J=10.7Hz, CH,Ph), 5.00 (d, 1H,
J=17.7Hz, H-1), 484 (d, 1H, J=11.0 Hz, CH,Ph),
481 (d, 1H, J=11.0Hz, CH,Ph), 4.72 (d, 1H,
J =12.1 Hz, CH,Ph), 4.65 (d, 1H, J = 12.1 Hz, CH,Ph),
4.59 (d, 1H, J=17.2 Hz, H-1"), 4.58 (d, 1H, J=12.3 Hz,
CH,Ph), 4.55 (d, 1H, J = 12.3 Hz, CH,Ph), 4.48 (d, 1H,
J=11.8 Hz, CH,Ph), 4.44 (d, 1H, J = 11.8 Hz, CH,Ph),
438 (d, 1H, J=12.1Hz, CH,Ph), 430 (d, 1H,
J=12.1Hz, CH,Ph), 424 (ddd, 1H, J=3.3, 88,
10.5 Hz, H-3'), 4.09 (dd, 1H, J =9.0 Hz, H-4), 3.94 (br
d, 1H, J=3.3Hz, H-4), 3.88 (dd, 1H, J=18,
11.0 Hz, H-6a), 3.82 (dd, 1H, J=4.8, 11.0 Hz, H-6b),
3.72 (m, 2H, H-2, H-3), 3.62-3.41 (m, 5H, H-5, H-2’,
H-Sl, H—6a/, H-6b/) HRMS: Calcd for C67H68011NI
1062.4793. Found: 1062.4772 (M+H™).

3.20. Phenyl 4-O-(3-acetamido-3-deoxy-B-p-galactopyr-
anosyl)-p-p-glucopyranoside (33)

Pd/C (10%, 100 mg) in ethanol (5 mL) was added to a
solution of 31 (133 mg, 0.133 mmol) in ethanol (5 mL).
The mixture was flushed with nitrogen and then with
hydrogen and stirred overnight at rt under a hydrogen
atmosphere. The solution was filtered and then concen-
trated. The residue was diluted with water to 5 mL and
then slowly passed through a C-18 Isolute cartridge (1 g,
previously washed with first 10 mL of CH3OH, then
50 mL of water). The cartridge was washed with
10 mL water and then the desired material was eluted
with 10-50% CH3;OH to give 33 (41 mg, 0.089 mmol,
67%) as a white solid, [«¢]p —19 (¢ 0.1, CH3;0H). HRMS:
Caled for Cy)H3oNO;;: 460.1819. Found: 460.1811
(M+H")] and caled for C,yH,oNO;Na: 482.1638.
Found: 482.1615 (M+Na™). The NMR data for 33 are
provided in Table 6.

H-1 H2  H-3 H4 HS5 H6 He6 C CH, CH,  CH, NHAc  NHAc
) () ) () ) ) ) () ) () (C=0) (CHj)
C-1 c-2 c3 C-4 C-5 C-6 C-6
Gle 510 359 374 3.73 374 394  3.80
(8.1)
10007 7274 7425 78.08 7499  59.99  59.99
Gal 4.3 357 391 3.86 377 375 371 2.01
(1.7) (33,105  (3.3)
103.40  68.72  54.67 67.13 7634 6105  61.05 17436 21.96
OPh 711 7137 7.12
3.1
156.56  116.64  130.01  123.41
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3.21. Phenyl 4-O-(3-benzamido-3-deoxy-f-p-galactopyr-
anosyl)-p-p-glucopyranoside (34) g %
FASAS
Pd/C (10%, 100 mg) in ethanol (5 mL) was added to a
solution of 32 (127 mg, 0.120 mmol) in ethanol (5 mL). .~
The mixture was flushed with nitrogen and then with = =
hydrogen and then stirred overnight at rt under a hydro- Z22
gen atmosphere. The solution was filtered and then con-
centrated. The residue was diluted with water to 5 mL 2 :_3
and then slowly passed through a C-18 Isolute cartridge % oS
(1 g, previously washed with first 10 mL of CH;OH,
then 50 mL of water). The cartridge was washed with X
10 mL water and then the desired material was eluted E os
with 10-50% CH;0OH to give 34 (49 mg, 0.094 mmol,
78%) as a white solid, [«¢]p +2 (¢ 0.1, CH;0H). HRMS: NG
Calcd for C,sH3NO;p: 522.1975. Found: 522.1998 ?j I
(M+H")] and caled for C,sH3NO;Na: 544.1795. 2
Found: 544.1766 (M+Na™). The NMR data for 34 are
provided in Table 7. -
SRS
3.22. Phenyl O-(2-acetamido-2-deoxy-f-p-glucopyrano- z
syl)-(1—3)-0-(6-deoxy-f-p-galactopyranosyl)-(1—4)-f- 5 S
D-glucopyranoside (35)
A solution of 6 (9 mg, 22 pmol), UDP-GIcNAc (31 mg, 5 S
48 umol) and BSA (19 mg) in buffer (0.5 M sodium caco-
dylate, 0.015M MnCl,, pH 7.3, 2.6 mL) was mixed
with GIcNAc-T (0.4 U, 0.43 mL of a 1 U/mL stock solu-
tion), and the mixture was stirred overnight, after which ©
TLC indicated complete conversion into product (lower A -
rf). The mixture was purified on a pre-washed (water) C- ; S 8 po
18 Isolute cartridge (1 g), elution first with water then
with 10-50% aqueous CH3OH. Only pure fractions were -
collected to give 35 (9 mg, 14.9 umol, 67%), [«]p —37 (c ; S 8 -
O.l, CH3OH) HRMS: Calcd for C26H40N015: 606.2398.
Found: 606.2386 (M+H™"). The NMR data for 35 are —
provided in Table 8. <SS e
3.23. Enzymatic assay ; S Z; §
The assay was performed in 200 mM cacodylate buffer,
pH 7.5, containing 0.4 mg/mL BSA, 10mM ATP, _
10 mM MnCl, and 50 nmol of *H-UDP-GIcNAc with M 2T S
a specific activity of 10,000 cpm. In a final volume of A i
50 pL incubation assay, 2 mM of each acceptor sub- S,
strate was incubated with 10 mU of the recombinant e
B-3-GlcNAc-transferase (5 U/mL) for 60 min at 37 °C. § ; S 8 5
Reactions were stopped by immersing the incubation &
tubes in a dry ice bath. After thawing, the reaction mix- §
tures were immediately diluted with buffer, and unre- oS =S
acted UDP-sugar was separated from the *H-GlcNAc- E A d b
containing product by passing the solution through a o
C-18 Sep-Pac column, and eluting with first water, then = é’
CH;OH. The radioactivity of the CH;OH eluate was &

7.89
(1.7)
127.15

7.54
(7.5, 1.3)
131.29

7.47
(7.5
128.08

169.28 134.39

7.01
(7.5)
122.07

7.28
(7.9)
129.02

7.10
(7.9)
116.43

157.68

3.73
61.14

60.38

3.81
61.14

60.38

75.24
3.77

76.72

78.93
4.00
(3.3)
67.36

74.98
4.16

(3.3, 10.7)
55.92

(7.9, 9.0)
73.27

3.81
68.67

(1.9)
100.74
4.57
1.7)
104.30

Gal
OPh
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Table 8. NMR data for 35 (D,0, 323 K)
H-1 H-2 H-3 H-4 H-5 H-6 H-6’ C CH, CH,, CH, NHAc NHAc
() () () ) ) () () (C=0) (CHa)
C-1 C-2 C-3 C-4 C-5 C-6 C-6
Glc 5.13 3.61 3.74 3.68 ND 3.96 3.79
(7.6)
100.38 73.03 75.19 79.02 ND 60.39 60.39
Gal 4.42 3.57 3.71 3.96 3.83 1.27 1.27
(7.6) (5.9) (5.9)
103.25 70.00 82.51 71.23 70.89 15.64 15.64
GlcNAc 4.69 3.74 3.56 3.47 ND 3.89 3.73 2.03
8.1
102.97 74.57 74.00 70.19 ND 60.99 60.99 175.21 22.55
OPh 7.15 7.40 7.16
156.85 117.04 130.06 123.70
determined by a scintillation counting. The results are References
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