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Abstract Adopting the ‘remote activation concept’ toward stereocon-
trolled glycoside synthesis with minimal use of protection groups, a
general synthesis of phenolic 1,2-cis glycopyranosides is reported, as
exemplified by aryl a-D-galacto-, a-D-gluco- and 2-azido a-D-glucopy-
ranosides among others using glycosyl donors bearing an anomeric (3-
bromo-2-pyridyloxy) group and catalyzed by methyl triflate.
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Phenolic glycosides are widespread in the plant world
and exhibit a variety of activities including their mobiliza-
tion as host defensive agents against herbivores.! They are
among the most common of all plant metabolites, occur-
ring as simple monoglycosides or more complex conge-
ners.? Salicin, (2-carboxyphenyl-B-D-glucopyranoside), is
perhaps historically the most well studied phenolic glyco-
side since the realization even from millennia, that the ex-
tracts from the bark of the Salix plant and willow leaf had
analgesic properties.® The synthesis of phenolic a-D-glyco-
pyranosides is less well documented. The first document-
ed synthesis of phenyl D-glucopyranoside dates back to
1879 when A. Michael treated 2,3,4,6-0O-acetyl-D-glucopy-
ranosyl bromide with phenol and potassium carbonate in
ethanol.® During the following half century, a number of
methods were reported toward the preparation of a- and -
phenyl D-glucopyranosides by some of the most prodigious
carbohydrate chemists of their time. In 1926, Fischer and
Mechel® were the first to report the preparation of phenyl
o-D-glucopyranoside acetate and its B-anomer in a ratio
2:3, from the reaction of tetra-0O-acetyl-D-glucopyranosyl
bromide with phenol in presence of quinoline. Helferich
and co-workers’ reported a practical method for the prepa-
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ration of acetylated phenyl a- and B-D-glucopyranosides by
heating B-D-glucose pentaacetate with phenol in the pres-
ence of catalysts such as ZnCl, or TsOH, respectively. Per-
forming the reaction as a melt in the presence of ZnCl, with
removal of acetic acid under vacuum, Montgomery,
Richtmyer, and Hudson® obtained crystalline phenyl a-D-
glucopyranoside tetraacetate in 64% yield. They also
showed that phenyl B-D-glucopyranoside tetraacetate could
be partially converted into the a-anomer by heating with
phenol in the presence of ZnCl,. The method was extended
to p-nitrophenyl a- and B-D-glucopyranosides.?

Interest in the preparation of aryl a-D-glycopyranosides
continues to flourish to this day. For example, Briner and
Vasella® obtained 1,2-cis-p-substituted aryl glucopyrano-
sides using an anomeric diazirine derivative of tetra-O-ben-
zyl-D-glucopyranoside. Mahling and Schmidt'® prepared
phenyl a-D-glycopyranosides from the corresponding gly-
copyranosyl trichloroacetimidates in the presence of TMSOTf
as catalyst. Using catalytic ytterbium(IIl) triflate with tri-
aryloxyboranes as acceptors and anomerically acetylated
donors, Yamanoi and co-workers'! prepared the corre-
sponding aryl a-D-glycopyranosides. Schmidt and co-work-
ers'? explored a 1,2-cis-conjugated addition of phenols, in-
cluding N-Boc L-tyrosine methyl ester to tetra-O-benzyl-2-
nitro-D-galactal. Sokolov and co-workers'? used BF;-OEt, as
catalyst to prepare aryl a- and B-D-glucopyranosides. Very
recently, Ye and co-workers'* used additives in the conver-
sion of O-protected and functionalized thiocresyl 2-amino-
2-deoxy B-D-glycopyranosides into the corresponding phe-
nolic glycopyranosides with a/f ratios of >20:1, or mixtures
thereof, depending on the nature of the additive and the
promoter. In all of these reactions, care should be exercised
to avoid the formation of aryl C-glycosides.!”

Although meritorious in many ways, the above methods
all rely on the use of O-protected glycopyranosyl donors.
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Scheme 1 Aryl glycosidation via the ‘remote activation concept’

In 1980, we reported the use of 2-pyridylthio-p-D-glu-
copyranosides as unprotected glycopyranosyl donors to-
ward the synthesis of glycosides.!® Using a variety of alco-
hol acceptors including sugars, and activation with soft
heavy metal salts such as mercuric nitrate led to alkyl a-D-
glucopyranosides as major products.

The metal served to activate the heterocyclic moiety
leading to an Sy2-like attack at the anomeric position. Fur-
ther studies led to the anomeric (3-methoxy-2-pyridyloxy)
(MOP) glycopyranosides which also led to smooth Sy2-like
displacements when activated with sub-stoichiometric
amounts of methyl triflate (Scheme 1)."7 Unprotected or
minimally (0-6 TBDPS) protected MOP glycosides afforded
alkyl a-D-glycopyranosides with excellent selectivity. The
reactions were equally successful for the synthesis of 1,2-
cis-glycopyranosyl esters!® and phosphates.’® We termed
the process ‘remote activation’.17-2

In this paper, we report on our efforts to synthesize a
variety of phenyl, naphthyl, and related aryl glycopyrano-
sides, predominantly as a-D-galacto-, a-D-gluco-, and 2-az-
ido-2-deoxy-a-D-glucopyranosides as prototypes. We

R OAc

a-anomer
HO ) 7@ (major)
g—N

ArOH 100 N| NS
=

Sn2-like ion-pair HO

intermediate Br

chose 6-0O-TBDPS substituted (3-bromo-2-pyridyloxy) B-D-
galacto and B-D-glucopyranosides as glycopyranosyl donors
(Scheme 2). Typically, reactions were run in dichlorometh-
ane as solvent with 10 equivalents of the phenolic acceptor
in the presence of 0.25 equivalents of MeOTf. The results
are summarized in Table 1 and Table 2. In general, yields
were above 75% with excellent a-selectivities for D-galacto-
and D-glucopyranosides. The amount of the phenol could
be reduced to 1.5 equivalents at the expense of some ste-
reochemical erosion, but with only minor changes in yields.
In most cases, the anomeric glycosides could be separated
by column chromatography. A practical advantage is that
the progress of the reaction could be easily monitored with
the release of 2-hydroxy-3-bromopyridine.

To totally avoid the use of the 6-O-TBDPS group, we
turned to DMF as a solvent. However, this led to total recov-
ery of starting material, presumably due to the consump-
tion of MeOTf by reaction with the DMF. Successful glycosi-
dation could be achieved using nitromethane as solvent
with the unprotected D-galactopyranosyl donor 3, albeit in
dilute solution due to low solubility (Scheme 3).
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R? 0 Ac0 , Ohc
AcO OAc R 0}
OA AcO O, N
C 2) Ny _-OAg OAc N
Gal: R'=OAc, R?=H | B _
Glu: R'=H, R2= OAc =
toluene, reflux Gal 1
(90% 2 steps) Glu2
R1 R1
OH TBDPSCI OTBDPS
MeONa, MeOH R2 0 imidazole, DMF R? 0
HO 0 N HO o) N
quant OH )TN, 60-8s% OH N
Br _— Br o
Gal: R'=0OH,R?2=H3 Gal5
Glu: R'=H, R2=0H 4 Glu 6

Scheme 2 Synthesis of the (3-bromo-2-pyridyloxy) B-D-glycopyranosyl donors
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Table 1 Formation of Aryl 6-O-TBDPS-a-D-galactopyranosides
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2Yields of a/p obtained from flash chromatography; o and B separable with a careful flash column chromatography; B-anomer was not isolated.
b Determined by '"H NMR 400 MHz on the crude.
¢5 equiv of Cbz-Tyr-OMe were used.
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Table 2 Formation of Aryl 6-O-TBDPS-a-D-glucopyranosides
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Table 2 (continued)

Entry ArOH Yield (%)? Time (h) ofpd a-Anomer
OTBDPS
o
7.4:1 OH
8 80 (4.0:1) o
(1.5 equiv)
8h
OTBDPS
7.3:1 OH
9 80 (4.0:1) 0 ‘
(1.5 equiv) O
8i
OTBDPS
HO 0
HO
OH
O,
10 Cbz-Tyr-OMe© 68 6.6:1
CozHN"No o Mo
8j

2 Yields of o/ obtained from flash chromatography; o and B separable with a careful flash column chromatography; B-anomer was not isolated.

b Determined by 'H NMR 400 MHz on the crude.
¢5 equiv of Cbz-Tyr-OMe were used.

Next, the formation of aryl a-D-glycopyranosides con-
taining a masked amino group at C-2 in the form of an azide
was explored. The synthesis of (3-bromo-2-pyridyloxy) 2-
azido-2-deoxy o~ and B-D-glucopyranosyl donors 16 and 17
is shown in Scheme 4. Starting from the known triacetate
11,2 it was possible to obtain the two donors 12 and 13 in a
ratio 1:1.2, respectively. Deprotection of the esters and in-
troduction of the 6-O-TBDPS group gave the (3-bromo-2-
pyridyloxy) a- and B-glycopyranosyl donors 16 and 17.

Application of the glycosidation reaction in this series
led to the corresponding aryl 2-azido-2-deoxy D-glucopyra-
nosides in a ratio favoring the a-anomer regardless of the
anomeric configuration of the starting donor (Scheme 5).
We attribute this to a stereoelectronic effect, wherein the

oxocarbenium ion intermediate, now harboring the linear
electron-withdrawing azide group at C-2, is attacked by the
alcohol more favorably in an axial mode thereby restoring

Hﬁ/
MeOTf (0.3 equiv)

3 BTN MeNO,(0.001 M)
40 °C R

5-10 min
2) Ac,0, pyr 9 R =H; 70%; o/p = 4.5:1
10 R = OMe; 65%; o/ = 3.5:1

OAc o) AC

(40 equiv)

Scheme 3 Formation of aryl a-D-galactopyranosides in nitromethane
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OAc OH HO o
A
OAc 1) SO Ch, EtN ~ "© ., HO -, Ny
CH,Cl,, —78 °C Na Na O _N
AcO o) O _N N X
2) toluene, reflux B X |
AcO OH 12 | MeONa | TBDPSCI 16 P
N = MeOH imidazole
“ 3 Ny_-OAg 112 Br " Br Z DMF Br
| OTBDPS
. OH
AcO —> HO (0] S HO
Aﬁw FE%O Nx
Na D 17 r
15 Br

Scheme 4 Synthesis of the (3-bromo-2-pyridyloxy) 2-azido-2-deoxy a- and B-D-glucopyranosyl donors
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Table 3 Formation of Aryl Sialosides

ArOH
MeO (10 equiv)
= | MeOTf oA
0.3 equiv C OAr
OAc 1o N (CH ?‘;| ) AcO OAc
OAc 2ve :
AcO § e ——— o M
: o 0°Ctort AcHN COzMe
AcHN COzMe ort AcO
AcO
20
Entry ArOH Yield (%)? Time (h) a/pP Product B-anomer
OAc o~ i:
1 HOO 65 6 1:5 AcO __QAC
AcHN 9 CO.Me
AcO
21
OMe
OAc OQ/
2 HO—@—OMe 73 6 1:5 AcO OAc
AcHN—Z 97/ >cozMe
AcO
22
isg
OA
6 13.6 ¢ o

3 HO—QF 63

2Yields of a/B obtained from preparative HPLC-MS; anomers are separable by preparative HPLC.

b Determined by '"H NMR 400 MHz on the crude.

the charge. This is in line with the much longer reaction
times compared to the 2-hydroxy counterparts. No ano-
merization of the donors was observed under the reaction

OTBDPS
1 R?
\ 1) R'OH (5 equiv) R3 o

conditions. = MeOTf (©O4equv) R

Finally, we were pleased that the remote activation gly- o 7 Br ?CHZtOC'ft N3OH1
cosidation reaction was also applicable to sialic acid deriva- OTBDPS
tives using (3-methoxy-2-pyridyloxy) sialyl donor 20 previ- HOH 5 0 18 R' = Ph: R2= TBDPS: R®= OH
ously reported from our group,'® giving separable mixtures % Ny 3.5:1 (0/B) 82%

of aryl N-acetylneuraminic acid methyl esters, in which the
B-anomers predominated (Table 3). It is also interesting to
note the formation of the glycal, which is often reported as
a side-product in glycosidations with anomerically activat-
ed sialyl donors such as chloride or fluoride.???3

In spite of numerous methods of anomeric activation,
the synthesis of phenolic glycosides has invariably relied on
the use of O-protected donors. The yields appear to vary
with the nature of the anomeric substituent and the condi-
tions. For example, peracetylated B-D-glucopyranose is con-
verted into the a-anomer in the presence of excess BF;-OEt,,
which is inert to glycosidation.>* Longer reaction times at
higher temperatures in polar solvents are needed to in-
crease the ratio of the phenyl a-D-glucopyranoside,’® at the
risk of forming C-glycosides.!® The formation of C-glyco-

O. _N. 19R'=PMP;R?=R®=OAc
| = 1.7:1 (oU/PB) 80%2
=
Br 2 2) TBAF, THF; 3) Ac,0, Pyr

Scheme 5 Synthesis of the anomeric phenyl 2-azido-2-deoxy-b-gluco-
pyranosides

sides, particularly in the case of electron-rich aromatic phe-
nols, is common under acidic conditions with hard Lewis
acid such as BF;-OEt, or TMSOTF.!° The yields and reaction
rates of aryl glycosides from peracetylated sugars depend
on the nature of the substituent on the phenol. In general,
the electron-donating groups such as alkoxy ethers give
better yields compared to ones with electron-withdrawing
groups.*
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As shown in Tables 1 and 2, the formation of aryl o-D-
galactopyranosides and aryl a-D-glucopyranosides as the
major products is independent of the electronic nature of
the phenol (Table 1, entries 1-5; Table 2, entries 1-5). Reac-
tions are completed within 3 hours under mild conditions,
generally at 0 °C, and in the presence of 0.25 equivalent of
MeOTf. The presence of the O-TBDPS group, as a minimal
protection, aids in preforming the reactions in dichloro-
methane as solvent. A significant rate difference is observed
between ortho-, meta-, and para-iodophenols. While 2- and
3-iodophenols required 8 hours for completion of reaction
to afford the corresponding 2- and 3-iodophenyl glycopyra-
nosides (Table 1, entries 7, 8; 65% and 63% yield; 5.8:1 and
6.5:1 afp ratio, respectively), 4-iodophenol led to a 80%
yield and 8.8:1 ratio in favor of the a-anomer (Table 1, entry
6). Sesamol, 1-, and 2-naphthols led to the corresponding
aryl a-D-galacto- and a-glucopyranosides in excellent
yields and good anomeric selectivities (Table 1, entries 9-
11; Table 2, entries 7-9). The resulting 2-naphthyl 6-0-
TBDPS-a-D-galactopyranoside was stable in the presence of
50 mol% of MeOTf and only a trace of anomerization was
detected by NMR spectroscopy (~19:1 «/B) over 72 hours
contrary to the case of the a- an B-D-phenyl glycopyrano-
sides of peracetylated sugars which are converted into ano-
meric mixtures in the presence of Lewis acids to varying
degrees.'32526 Excellent yields and selectivities were ob-
served in the case of N-Cbz-tyrosine methyl ester (Table 1,
entry 12; Table 2, entry 10). This is a good example of direct
and highly stereoselective a-glycosidation with tyrosine in
the absence of protecting groups such as benzyl ethers.!227

Adopting the ‘remote anomeric activation’ methodolo-
gy, using (3-bromo-2-pyridyloxy) B-D-hexopyranosides as
minimally protected glycopyranosyl donors in the b-gluco-,
D-galacto-, and 2-azido-2-deoxy-D-glucopyranoside series,
in conjunction with methyl triflate as a sub-stoichiometric
Lewis acid promoter, we can achieve the synthesis of the
arduously accessible aryl a-D-glycopyranosides in good to
excellent o/ selectivities and preparatively useful yields.
The facile synthesis of aryl 2-azido-2-deoxy-a-D-glucopy-
ranosides is particularly interesting since it provides access
to aryl 2-amino-2-deoxy-a-D-glucopyranosides that can be
orthogonally functionalized.?® The easily separated ano-
meric glycosides in their mostly unprotected form can find
utility in the synthesis of libraries of phenolic glycopyrano-
sides with a variety of applications as enzyme inhibitors?®3°
or substrates®' and in carbohydrate mediated drug deliv-
ery.3233 Selected examples toward the synthesis of aryl B-p-
hexopyranosides from acetylated 3-bromo-2-pyridyloxy -
glycopyranosyl donors by anchimeric assistance are shown
in the Supporting Information.

Anhyd solvents such as CH,Cl,, toluene, nitromethane, and DMF were
dried with molecular sieves. MeOH was distilled under a positive
pressure of dry argon with CaH, before use. 'H and *C NMR spectra

were recorded on Bruker Avance I11-400, AV-500, and AV-700 spec-
trometers. Reactions were performed under argon atmosphere. High-
resolution mass spectra were recorded on LC-TOF Agilent Technolo-
gies 1260 Infinity spectrometer using electrospray technique (ESI).
Low-resolution mass spectra of the reactions were recorded on Agi-
lent Technologies 1200 Series spectrometer (ESI). Optical rotations
were recorded on a PerkinElmer 343 polarimeter with wavelength of
589 nm in a 1 dm cell at 25 °C. The melting point was defined on
Biichi B-540 apparatus. Analytical TLC was done using silica gel 0.25
mm glass sheets (Silicycle). Visualization was performed by UV light
and/or by staining with ceric ammonium molybdate. Flash column
chromatography was performed using (40-63 uM, Silicycle) silica gel
at increased pressure.

(3-Bromo-2-pyridyloxy) 2,3,4,6-tetra-0-acetyl-B-D-galactopyrano-
side (1)

To a solution of B-D-galactose pentaacetate (7.80 g, 20.0 mmol) in
AcOH (20.0 mL, 1.0 M) was added a solution of 30% HBr in AcOH (10.9
mL, 60.0 mmol, 3.00 equiv) and Ac,0 (0.47 mL, 5.00 mmol, 0.25
equiv). The solution was stirred at r.t. for 2 h, poured onto ice, and ex-
tracted with CH,Cl, (2 x 150 mL). The separated and combined organ-
ic phases were washed with cold H,0 (100 mL), cold aq NaHCO; (100
mL), brine (150 mL), dried (Na,SO,), filtered, and concentrated in vac-
uo. The residue was co-evaporated with toluene and then dissolved in
anhyd toluene (71.4 mL, 0.28 M). The (3-bromo-2-pyridyloxy) silver
salt** (16.8 g, 60.0 mmol, 3.00 equiv) was added and the suspension
was stirred at reflux for 3 h. The cooled mixture was filtered through
Celite, washed with EtOAc, and then concentrated. The residue (1:13;
o/B) was purified by flash column chromatography (40:60; EtOAc/
hexanes). The major B-D-anomer was obtained as a white solid (8.07
g, 80%); mp 126.3-127.4 °C; [a]p? +13.0 (¢ 0.10, CHCls).

IR (neat): 3017, 2942, 1749, 1432, 1071 cm™".

H NMR (500 MHz, CDCl): § = 8.09 (dd, J = 4.8, 1.7 Hz, 1 H), 7.84 (dd,
J=7.7,1.7 Hz, 1 H), 6.89 (dd, J = 7.7, 4.8 Hz, 1 H), 6.01 (d, ] = 8.3 Hz, 1
H, H-1),5.59 (dd, J = 10.4, 8.3 Hz, 1 H, H-2), 5.47 (d, ] = 3.5 Hz, 1 H, H-
4),5.16 (dd, J = 10.4, 3.5 Hz, 1 H, H-3), 4.20-4.14 (m, 3 H, H-5, 2H-6),
2.18 (s, 3 H), 2.02 (s, 3 H), 2.01 (s, 3 H), 2.00 (s, 3 H).

13C NMR (125 MHz, CDCL): & = 170.5, 170.4, 170.3, 169.4, 157.9,
145.5, 142.6, 120.0, 107.4, 95.1, 71.4, 71.1, 68.1, 67.1, 61.2, 20.84,
20.83,20.80, 20.75.

HRMS-ESI: m/z (M + Na)* calcd for C;gH,,BrNO;¢Na: 526.0319; found:
526.0328 (+1.62 ppm).

(3-Bromo-2-pyridyloxy) 2,3,4,6-tetra-0-acetyl-f-D-glucopyrano-
side (2)

To a solution of B-D-glucose pentaacetate (7.80 g, 20.0 mmol) in an-
hyd CH,Cl, (20.0 mL, 1.0 M) was added a solution of 30% HBr in AcOH
(12.3 mL, 68.0 mmol, 2.5 equiv) and Ac,0 (0.47 mL, 5.00 mmol, 0.25
equiv). The solution was stirred at r.t. for 2 h, poured onto ice, and ex-
tracted with CH,Cl, (2 x 150 mL). The separated and combined organ-
ic phase were washed with cold H,0 (100 mL), cold aq NaHCO, (100
mL), brine (150 mL), dried (Na,SO,), filtered, and concentrated in vac-
uo. The residue was co-evaporated with toluene and then dissolved in
anhyd toluene (71.4 mL, 0.28 M). The (3-bromo-2-pyridyloxy) silver
salt (16.8 g, 60.0 mmol, 3.00 equiv) was added and the suspension
was stirred at reflux for 3 h. The cooled mixture was filtered through
Celite, washed with EtOAc, and then concentrated. Purification by
flash column chromatography (40:60; EtOAc/hexanes) provided the
major B-D-anomer as a white solid (8.88 g, 88%); mp 123 °C; [a]p?®
+2.0 (¢ 0.10, CHCl,).
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IR (neat): 3118, 3066, 2981, 1754, 1439 cm™".

H NMR (500 MHz, CDCl,): 5 = 8.09 (dd, J = 4.8, 1.6 Hz, 1 H), 7.85 (dd,
J=7.7,1.6 Hz, 1 H), 6.90 (dd, J = 7.7, 4.8 Hz, 1 H), 6.07 (d, ] = 7.7 Hz, 1
H, H-1), 5.47-5.19 (m, 3 H, H-2, H-3, H-4), 431 (dd, J = 12.4, 44 Hz, 1
H, H-6), 4.15 (dd, J = 12.4, 2.3 Hz, 1 H, H-6), 3.96 (ddd, ] = 9.7, 4.4, 2.3
Hz, 1 H, H-5), 2.06 (s, 3 H), 2.05 (s, 3 H), 2.04 (s, 3 H), 2.02 (s, 3 H).

13C NMR (125 MHz, CDCly): & = 170.8, 170.4, 169.5, 169.3, 157.8,
145.5, 142.6, 120.0, 107.4, 94.5, 73.0, 72.4, 70.6, 68.2, 61.8, 20.8, 20.8,
20.7 (2 C).

HRMS-ESI: m/z (M + Na)* calcd for C;9H,,BrNO,(Na: 526.0319; found:
526.0328 (+1.63 ppm).

(3-Bromo-2-pyridyloxy) B-D-galactopyranoside (3)

A freshly prepared solution of MeONa (8.0 mL, 0.25 equiv, 0.5 M in
MeOH) was added to a solution of 1 (8.00 g, 15.9 mmol) in anhyd
MeOH (53 mL, 0.3 M). The solution was stirred at r.t. for 1 h until a
white solid appeared. The solid was filtered, washed with cold MeOH,
and recrystallized from hot MeOH to give 3 as white needles (5.34 g,
quant.); mp 173.4-175.2 °C; [a]p?* -4.1 (¢ 0.06, MeOH/H,0; 1:1).

IR (neat): 3346, 3060, 2968, 1439 cm™".

H NMR (500 MHz, CD;0D): § =8.12 (dd, J = 4.8, 1.6 Hz, 1 H), 7.97 (dd,
J=7.7,1.6Hz, 1 H), 6.96 (dd, J= 7.7, 4.8 Hz, 1 H), 5.96 (d, ] = 8.3 Hz, 1
H,H-1),3.94(d,J = 3.4 Hz, 1 H, H-4),3.91 (dd, /= 9.6, 8.3 Hz, 1 H, H-2),
3.77-3.69 (m, 3 H, H-5, 2 x H-6), 3.62 (dd, ] = 9.6, 3.4 Hz, 1 H, H-3).

13C NMR (125 MHz, DMSO-dg): 8 = 158.0, 145.7, 142.7, 119.6, 106.5,
96.7,75.9, 73.6, 69.9, 68.1, 60.2.

HRMS-ESI: m/z (M + Na)* calcd for C;;H,,BrNOgNa: 357.9897; found:
357.9880 (-4.61 ppm).

(3-Bromo-2-pyridyloxy) B-p-glucopyranoside (4)

A freshly prepared solution of MeONa (6.45 mL, 0.25 equiv, 0.5 M in
MeOH) was added to a solution of 2 (6.50 g, 12.0 mmol) in anhyd
MeOH (43 mL, 0.3 M). The solution was stirred at r.t. for 1 h, neutral-
ized with Amberlite IRC-50S H* (4.38 g), filtered, concentrated in
vacuo to give a white solid, which was recrystallized from hot EtOH to
give 4 as white needles (4.25 g, 98%); mp 80 °C; [«]p?*> -12.8 (¢ 0.13,
MeOH).

IR (neat): 3355, 3065, 2936, 1651, 1439, 1076 cm™".

H NMR (500 MHz, CD,0D): 8 = 8.13 (dd, J = 4.8, 1.6 Hz, 1 H), 7.97 (dd,
J=7.7,1.6Hz, 1H), 6.96 (dd, J = 7.7, 4.8 Hz, 1 H), 6.00 (d, ] = 8.0 Hz, 1
H, H-1),3.83 (dd,J = 12.0,0.8 Hz, 1 H, H-3),3.70 (dd, J = 12.0, 4.1 Hz, 1
H, H-4), 3.57 (dd, J = 8.0, 0.8 Hz, 1 H, H-2), 3.53-3.48 (m, 1 H, H-5),
3.49-3.42 (m, 2 H, 2H-6).

13C NMR (125 MHz, DMSO-d;): 8 = 159.8, 146.6, 143.9, 120.6, 108.3,
97.7,78.5,78.4,74.4,71.1,62.4.

HRMS-ESI: m/z (M + Na)* calcd for C;;H,,BrNOgNa: 357.9897; found:
357.9903 (+1.61 ppm).

Protection of C-6 hydroxyl with TBDPS chloride: Glycosides 5, 6,
16, 17; General Procedure

To a solution of respective glycopyranosyl donor (2.53-1.75 mmol)
and imidazole (10.1-7.00 mmol, 4.00 equiv) in anhyd DMF (0.5 M)
was added tert-butyl(chloro)diphenylsilane (1.05 equiv). The solution
was stirred at r.t. for 5 h, then concentrated in vacuo. The residue was
dissolved in EtOAc, the organic layer was washed with aq NaHCO; and
brine, dried (Na,SO,), filtered, and concentrated. Purification by flash
column chromatography (40:60 to 80:20; EtOAc/hexanes) provided
the 6-0-TBDPS-glycopyranosyl donor as a white foam (50-85%).

(3-Bromo-2-pyridyloxy) 6-0-tert-butyldiphenylsilyl-B-D-galacto-
pyranoside (5)

White foam (1.06 g, 73%); [a]p?> +8.7 (¢ 0.11, CHCl,).

IR (neat): 3401, 3065, 3003, 2929, 2856, 1583, 1429, 1068 cm™".

H NMR (500 MHz, CDCl,): 5 = 8.04 (dd, J = 4.8, 1.7 Hz, 1 H), 7.79 (dd,
J=7.7,1.7 Hz, 1 H), 7.68-7.65 (m, 2 H), 7.64-7.60 (m, 2 H), 7.40-7.34
(m, 2 H), 7.33-7.27 (m, 4 H), 6.79 (dd, ] = 7.7, 4.8 Hz, 1 H), 5.93 (d, ] =
8.1 Hz, 1 H, H-1), 4.14-4.07 (m, 2 H, H-2, H-4), 3.90 (dd, ] = 10.6, 6.0
Hz, 1 H, H-6), 3.86 (dd, J = 10.6, 5.5 Hz, 1 H, H-6), 3.79-3.75 (m, 2 H,
H-3, H-5), 1.01 (s, 9 H).

13C NMR (125 MHz, CDCly): & = 158.4, 145.6, 142.4, 135.8, 135.7,
133.2 (2 ©), 129.81, 129.79, 127.77, 127.76, 119.5, 107.8, 97.0, 75.3,
74.1,71.2,69.2, 632, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)" calcd for C,;H;,BrNOgSiNa: 596.1075;
found: 596.1079 (+0.80 ppm).

(3-Bromo-2-pyridyloxy) 6-0-tert-butyldiphenylsilyl--p-glucopy-
ranoside (6)

White foam (756 mg, 75%); [a]p?> 8.7 (¢ 0.20, CHCl;).

IR (neat): 3327, 3078, 2937, 2863, 1588, 1438, 1068 cm-.

H NMR (500 MHz, CDCl,): 5 = 8.06 (dd, J = 4.8, 1.7 Hz, 1 H), 7.85 (dd,
J=17.7,1.7 Hz, 1 H), 7.66-7.62 (m, 4 H), 7.42-7.28 (m, 6 H), 6.87-6.83
(m, 1 H), 5.93 (d, ] = 7.6 Hz, 1 H, H-1), 3.92-3.89 (m, 2 H, H-2, H-3),
3.82-3.71(m, 3 H, H-4, 2 x H-6), 3.68-3.63 (m, 1 H, H-5), 1.02 (s, 9 H).
13C NMR (125 MHz, CDCl,): & = 158.3, 145.7, 142.6, 135.82, 135.76,
133.0,132.9, 130.0 (2 C), 127.87, 127.85, 119.8, 107.7, 96.7, 76.7, 75.3,
73.2,72.1,64.8, 26.9,19.3.

HRMS-ESI: m/z (M + H)" calcd for C,;H33BrNOgSi: 574.12550; found:
574.12553 (+0.04 ppm).

Glycosides 7a-1, 8a-j; General Procedure

To a solution of (3-bromo-2-pyridyloxy) 6-O-TBDSPS-B-D-glycosyl
donor 5 or 6 and the acceptor ArOH (10.0 equiv) in anhyd CH,Cl, (0.1
M) was added a solution of MeOTf (0.25 equiv, 1 M in anhyd CH,Cl,)
at 0 °C. The solution was stirred at 0 °C and the progress of the reac-
tion was followed by TLC (70:30; EtOAc/hexanes) or by MS ESI(+). The
mixture was neutralized with a drop of Et;N, then concentrated in
vacuo. The o/p ratio was measured by 'H NMR on the crude. Quick
flash column chromatography (50:50 to 80:20; EtOAc/hexanes) re-
moved excess of acceptor. The a/f anomers were separated by careful
flash column chromatography (70:30; EtOAc/hexanes) (Tables 1 and
2).

Phenyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyranoside (7a)
White foam (20.0 mg, 88%, 10.0:1, a/B); [a]p* +53.3 (¢ 0.04, CHCl;).
IR (neat): 3344, 3078, 2938, 2865, 1595, 1497, 1115, 1079 cm™.

H NMR (500 MHz, CD;0D): & = 7.64-7.58 (m, 4 H), 7.43-7.22 (m, 8
H), 7.17-7.13 (m, 2 H), 7.02-6.98 (m, 1 H), 5.47 (d,J = 2.7 Hz, 1 H, H-
1),4.01 (t,J = 6.3 Hz, 1 H, H-4), 3.97-3.91 (m, 3 H, H-2, H-3, H-5), 3.85
(dd,J=10.6, 5.3 Hz, 1 H, H-6), 3.78 (dd, J = 10.6, 6.8 Hz, 1 H, H-6), 0.96
(s,9H).

13C NMR (125 MHz, CD;0D): 6 = 158.8, 136.8 (2 C), 134.6, 134.5, 130.9
(2C),130.5,128.8(2 C), 123.4,118.5,99.7, 734, 71.5, 70.9, 70.1, 64.7,
27.3,19.9.

HRMS-ESI: m/z (M + Na)* calcd for C,gH340¢SiNa: 517.2017; found:
517.1993 (-4.60 ppm).
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4-Methoxyphenyl 6-0-tert-butyldiphenylsilyl-a-p-galactopyrano-
side (7b)
White foam (15.6 mg, 84%, 9.0:1, a/B); [a]p?® +63.9 (¢ 0.05, CHCl;).

IR (neat): 3384, 3065, 3010, 2930, 2857, 1506, 1464, 1428, 1213,
1111,1033 cm™.

H NMR (500 MHz, CDCly): § = 7.70-7.62 (m, 4 H), 7.46-7.33 (m, 6 H),
6.99 (d,J=9.1 Hz, 2 H), 6.78 (d,j = 9.1 Hz, 2 H), 5.46 (d, / = 3.7 Hz, 1 H,
H-1), 4.21-4.18 (m, 1 H, H-4), 4.02-3.92 (m, 3 H, H-2, 2 x H-6), 3.92-
3.89 (m, 2 H, H-3, H-5), 3.76 (s, 3 H), 1.05 (s, 9 H).

13C NMR (125 MHz, CDCl;): & = 155.5, 150.8, 135.8, 135.7, 133.1,
132.9, 130.1, 130.0, 128.0, 127.9, 118.5, 114.8, 98.8, 71.5, 70.6, 69.9,
69.8, 63.9, 55.8, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,qH30,SiNa: 547.2122; found:
547.2133 (+1.90 ppm).

4-Fluorophenyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyrano-
side (7c)
White foam (15.7 mg, 82%, 6.6:1, a/B); [a]p%> +49.3 (c 0.03, CHCl;).

IR (neat): 3374, 3072, 3010, 2932, 2853, 1504, 1428, 1203,1112, 1076
cm !,

1H NMR (700 MHz, CDCL,): & = 7.66 (d, J = 6.8 Hz, 2 H), 7.63 (d, ] = 6.8
Hz, 2 H), 7.46-7.33 (m, 6 H), 7.02-6.98 (m, 2 H), 6.95-6.90 (m, 2 H),
548 (d, ] = 3.7 Hz, 1 H, H-1), 419 (d, ] = 2.4 Hz, 1 H, H-4), 4.01 (dd, ] =
9.2,2.4 Hz, 1 H, H-3),3.96-3.88 (m, 4 H, H-2, H-5, 2H-6), 1.04 (s, 9 H).

13C NMR (175 MHz, CDCLy): 8 = 158.6 (d, J = 240.8 Hz), 152.89 (d, J =
2.3 Hz), 135.8, 135.7, 133.0, 132.8, 130.10, 130.07, 128.0, 127.9,
118.48 (d, J = 8.1 Hz), 116.17 (d, J = 23.1 Hz), 98.5, 71.4, 70.8, 69.82,
69.74, 64.0, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,gH;3FOgSiNa: 535.1923; found:
535.1933 (+1.81 ppm).

4-Chlorophenyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyrano-
side (7d)
White foam (17.3 mg, 83%, 7.2:1, a/B); [a]p*® +66.3 (¢ 0.05, CHCl;).

IR (neat): 3373, 3058, 3010, 2928, 2856, 1490, 1428, 1230, 1112,
1033,824 cm.

TH NMR (500 MHz, CDCLy): § = 7.67-7.60 (m, 4 H), 7.44-7.32 (m, 6 H),
7.19(d,J = 8.8 Hz, 2 H), 6.98 (d, J = 8.8 Hz, 2 H), 5.52 (d, / = 3.7 Hz, 1 H,
H-1),4.18 (d, J = 3.0 Hz, 1 H, H-4), 4.03 (dd, ] = 9.8, 3.7 Hz, 1 H, H-2),
3.94 (dd, J = 9.8, 3.0 Hz, 1 H, H-3), 3.90-3.85 (m, 3 H, H-5, 2 x H-6),
1.03 (s, 9 H).

13C NMR (125 MHz, CDCly): & = 155.3, 135.8, 135.7, 132.9, 132.8,
130.12, 130.09, 129.7, 128.0, 127.9, 118.3, 97.9, 71.4, 70.8, 69.8, 69.7,
63.9,26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,gH33Cl04SiNa: 551.1627; found:
551.1638 (+1.92 ppm).

4-Bromophenyl 6-0-tert-butyldiphenylsilyl-a-p-galactopyrano-
side (7e)

White foam (16.9 mg, 85%, 8.0:1, o/B); [a]p?> +74.7 (¢ 0.08, CHCl;).

IR (neat): 3376, 3017, 2930, 2857, 1486, 1219, 1112, 1073, 630 cm™.
H NMR (500 MHz, CDCl,): § = 7.67-7.60 (m, 4 H), 7.47-7.33 (m, 8 H),
6.95-6.92 (m, 2 H), 5.54 (d, ] = 3.7 Hz, 1 H, H-1), 4.21-4.17 (m, 1 H, H-
4),4.02 (dd, J = 8.8, 3.7 Hz, 1 H, H-2), 3.97-3.91 (m, 1 H, H-3), 3.90-
3.84 (m, 3 H, H-5, 2 x H-6), 1.03 (s, 9 H).

13C NMR (125 MHz, CDCl;): 8 = 155.8, 135.8, 135.7, 132.9, 132.8,
132.6,130.12,130.10, 128.0, 127.9,118.8, 115.3,97.8, 71.3, 70.8, 69.8,
69.7, 63.9, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,gH33BrOgSiNa: 595.1122; found:
595.1126 (+0.61 ppm).

4-lodophenyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyranoside
(7f)
White foam (14.5 mg, 80%, 8.8:1, a/B); [a]p?> +24.7 (¢ 0.11, CHCl;).

IR (neat): 3397, 3071, 2931, 2893, 2857, 1483, 1427,1229,1111, 1078
cm !,

1H NMR (500 MHz, CDCl3): 8 = 7.68-7.60 (m, 4 H), 7.54 (d, J = 9.0 Hz, 2
H), 7.48-7.33 (m, 6 H), 6.83 (d, ] = 9.0 Hz, 2 H), 5.54 (d, ] = 3.5 Hz, 1 H,
H-1),4.19 (d, J = 3.0 Hz, 1 H, H-4), 4.02 (dd, ] = 9.0, 3.5 Hz, 1 H, H-2),
3.93(dd, J =9.0,3.0 Hz, 1 H, H-3),3.89 (d, ] = 2.8 Hz, 1 H, H-6), 3.88 (d,
J=1.1Hz, 1H, H-6), 3.86-3.83 (m, 1 H, H-5), 1.03 (s, 9 H).

13C NMR (125 MHz, CDCl;): & = 156.6, 138.6, 135.8, 135.7, 132.9,

132.8, 130.13, 130.11, 127.97, 127.95, 119.2, 97.7, 85.6, 71.4, 70.8,
69.74, 69.72, 63.9, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,5H33106SiNa: 643.0983; found:
643.0988 (+0.69 ppm).

3-lodophenyl 6-0-tert-butyldiphenylsilyl-a-p-galactopyranoside
(7g)

White foam (9.7 mg, 65%, 6.5:1, a/B); [a]p?® +45.7 (¢ 0.05, CHCl;).

IR (neat): 3070, 2928, 2856, 1583, 1471, 1218, 1077 cm™.

H NMR (400 MHz, CDCl,): § = 7.76-7.60 (m, 4 H), 7.53-7.32 (m, 7 H),
7.35-7.27 (m, 1 H), 7.04 (d, ] = 9.9 Hz, 1 H), 6.97 (t, ] = 8.0 Hz, 1 H),
5.57(d,=3.7 Hz, 1 H, H-1), 420 (d, ] = 2.8 Hz, 1 H, H-4), 4.03 (dd, ] =
9.7,3.7 Hz, 1 H, H-2), 3.98-3.83 (m, 4 H, H-3, H-5, 2 x H-6), 1.04 (s, 9
H).

13C NMR (100 MHz, CDCly): § = 157.2, 149.8, 135.8, 135.6, 132.9,
132.8, 132.0, 131.1, 130.11, 130.10, 128.0 (2 C), 1262, 116.1, 97.7,
71.3,70.8,69.8, 69.7, 64.0, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,5H33106SiNa: 643.0983; found:
643.0988 (+0.71 ppm).

2-lodophenyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyranoside
(7h)

White foam (10.4 mg, 63%, 5.8:1, a/B); [a]p?> +64.8 (¢ 0.02, CHCl;).

IR (neat): 3343, 3004, 2858, 1584, 1471, 1219 cm™.

TH NMR (400 MHz, CDCl,): 8= 7.76 (dd, J = 7.9, 1.4 Hz, 1 H), 7.68-7.61
(m, 4 H), 7.45-7.32 (m, 6 H), 7.24-7.15 (m, 2 H), 6.80 (ddd, J = 7.9, 6.9,
1.9 Hz, 1H),5.58 (d,J = 3.7 Hz, 1 H, H-1), 421 (d,] = 3.2 Hz, 1 H, H-4),
4,05 (dd,J=9.7,3.2 Hz, 1 H, H-2), 4.01-3.96 (m, 1 H, H-3), 3.94-3.89
(m, 3 H, H-5, 2 x H-6), 1.04 (s, 9 H).

13C NMR (125 MHz, CDCl;): 8 = 155.3, 139.2, 135.8, 135.7, 133.0,
132.9, 130.2, 130.1 (2 C), 128.0, 127.9, 124.7, 115.8, 99.4, 87.6, 71.8,
71.3,69.9, 69.5, 63.8, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,gH33104SiNa: 643.0983; found:
643.0982 (-0.21 ppm).

Sesamyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyranoside (7i)
White foam (17.8 mg, 93%, 7.0:1, o/B); [a]p? +63.7 (¢ 0.5, CHCl;).
IR (neat): 3353, 3014, 2956, 2922, 1599, 1483, 1297, 1246, 766 cm'.
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H NMR (500 MHz, CDCl,): § = 7.67-7.61 (m, 4 H), 7.44-7.32 (m, 6 H),
6.73 (d,J = 2.1 Hz, 1 H), 6.66-6.60 (m, 2 H), 5.88 (dd, J = 8.8, 1.1 Hz, 2
H),5.33(d,J= 1.4 Hz, 1 H, H-1),4.02 (t, ] = 5.9 Hz, 1 H, H-4),3.94(d, ] =
1.4 Hz, 1 H, H-2), 3.89-3.87 (m, 2 H, H-3, H-5), 3.85 (dd, J = 10.6, 5.0
Hz, 1 H, H-6), 3.80 (dd, J = 10.6, 7.0 Hz, 1 H, H-6), 0.99 (s, 9 H).

13C NMR (100 MHz, CDCl,): & = 152.0, 148.3, 143.32, 135.8, 135.7,
133.0, 132.8, 130.08, 130.05, 128.0, 127.9, 109.4, 108.3, 101.5, 100.2,
98.9,77.4,71.4,70.67,69.8,63.9, 26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,qH340gSiNa: 561.1915; found:
561.1910 (-0.84 ppm).

2-Naphthyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyranoside
(7)
White foam (20.4 mg, 83%, 8.4:1, a/B); [a],* +100.2 (¢ 0.06, CHCl;).

IR (neat): 3360, 3052, 3013, 2930, 2891, 2856, 1600, 1511, 1467,
1427,1106 cm™.

H NMR (500 MHz, CDCLy): 6 = 7.76 (dd, J = 16.0, 8.5 Hz, 2 H), 7.69-
7.59 (m, 6 H), 7.47-7.27 (m, 8 H), 7.22 (dd, J = 8.9, 2.5 Hz, 1 H), 5.74 (d,
J=3.7Hz, 1H,H-1),423(d,J = 3.2 Hz, 1 H, H-4), 4.10 (dd, J = 9.8, 3.7
Hz, 1 H, H-2),4.03 (dd, = 9.8, 3.2 Hz, 1 H, H-3), 3.98-3.87 (m, 3 H, H-
5,2 x H-6), 1.00 (s, 9 H).

13C NMR (125 MHz, CDCLy): § = 154.5, 135.8, 135.6, 134.4, 132.94,
132.85, 130.03, 130.00, 129.7, 128.0, 127.91, 127.90, 127.8, 127.4,
126.6,124.6,118.9, 111.4, 97.8, 71.5, 70.8, 69.9, 69.8, 64.0, 26.9, 19.2.

HRMS-ESI: m/z (M + Na)* calcd for C3,H;506SiNa: 567.2173; found:
567.2166 (-1.31 ppm).

1-Naphthyl 6-0-tert-butyldiphenylsilyl-a-D-galactopyranoside
(7k)

White foam (21.3 mg, 83%, 8.2:1, a/B); [a]p*® +59.3 (¢ 0.06, CHCl;).
IR (neat): 3420, 3050, 2940, 2867, 1429, 1273, 1083 cm™.

H NMR (400 MHz, CDCl,): 5 = 8.21-8.13 (m, 1 H), 7.87-7.81 (m, 1 H),
7.67-7.56 (m, 4 H), 7.55-7.27 (m, 10 H), 7.16 (d, ] = 7.7 Hz, 1 H), 5.81
(d,J=1.2Hz, 1 H, H-1), 4.27-4.22 (m, 1 H, H-4), 4.18-4.15 (m, 2 H, H-
2, H-3), 3.98-3.86 (m, 3 H, H-5, 2 x H-6), 1.01 (s, 9 H).

13C NMR (100 MHz, CDCl;): & = 152.1, 135.8, 135.6, 134.5, 133.0,
132.8, 130.03, 130.00, 128.0, 127.90, 127.88, 126.6, 126.1, 125.9,
125.8, 122.23, 121.4, 109.1, 97.6, 71.6, 70.8, 70.00, 69.95, 63.9, 26.9,
19.2.

HRMS-ESI: m/z (M + Na)* calcd for C;3,H;0¢SiNa: 567.2173; found:
567.2176 (+0.49 ppm).

Methyl N-(benzyloxycarbonyl)-0-(6-0-tert-butyldiphenylsilyl-o-
D-galactopyranosyl)-L-tyrosinate (71)
White foam (18.6 mg, 70%, 7.3:1, a/B); [a]p* +68.2 (¢ 0.1, CHCl;).

IR (neat): 3389, 3017, 2931, 2858, 1723, 1510, 1428, 1218,1112, 1077
cm !,

'H NMR (400 MHz, CDCl;): § = 7.69-7.61 (m, 4 H), 7.46-7.29 (m, 11
H), 6.99-6.95 (m, 4 H), 5.53 (d, ] = 3.7 Hz, 1 H, H-1), 5.20 (d, ] = 8.1 Hz,
1H, NH), 5.09 (s, 2 H), 4.62 (dt, ] = 8.1, 5.9 Hz, 1 H), 4.20 (d, ] = 2.9 Hz,
1H, H-4),4.01(dd,J=9.0, 3.7 Hz, 1 H, H-2), 3.97-3.87 (m, 4 H, H-3, H-
5,2 x H-6), 3.70 (s, 3 H), 3.11-2.98 (m, 2 H), 1.03 (s, 9 H).

13C NMR (100 MHz, CDCl3): § = 172.1, 156.2, 155.8, 135.81, 135.77,
135.70, 135.65, 133.0, 132.8, 130.5, 130.1, 130.0, 128.7, 128.4, 128.2,
127.94, 127.90, 117.2, 98.0, 71.4, 70.6, 69.8, 69.7, 67.1, 63.9, 55.0,
52.5,37.5,26.9,19.2.

HRMS-ESI: m/z (M + Na)* calcd for C4oH4;NO;,SiNa: 752.2861; found:
752.2873 (+1.55 ppm).

Phenyl 6-0-tert-butyldiphenylsilyl-a-D-glucopyranoside (8a)
White foam (18.7 mg, 80%, 9.2:1, a/B); [a]p%° +48.9 (c 0.08, CHCl;).
IR (neat): 3345, 3065, 3010, 2926, 2856, 1495, 1428, 1112, 1075 cm.

TH NMR (400 MHz, CDCLy): 6 = 7.69-7.62 (m, 4 H), 7.45-7.27 (m, 8 H),
7.08-7.00 (m, 3 H), 5.51 (d, ] = 3.8 Hz, 1 H, H-1), 3.96 (dt, ] = 12.4, 6.2
Hz, 1 H, H-4), 3.89-3.85 (m, 2 H, 2 x H-6), 3.82-3.77 (m, 1 H, H-5),
3.75-3.67 (m, 2 H, H-2, H-3), 1.04 (s, 9 H).

13C NMR (100 MHz, CDCl,): & = 156.6, 135.8, 135.7, 133.1, 133.0,
130.02, 130.00, 129.8, 127.94, 127.89, 123.0, 117.1, 97.3, 74.8, 72.3,
71.8,71.6,64.3,27.0, 19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,gH340¢SiNa: 517.2017; found:
517.2024 (+1.30 ppm).

4-Methoxyphenyl 6-0-tert-butyldiphenylsilyl-a-p-glucopyrano-
side (8b)
White foam (17.6 mg, 80%, 6.6:1, a/B); [a]p%° +32.0 (¢ 0.05, CHCL;).

IR (neat): 3374, 3058, 2929, 2853, 1508, 1464, 1428, 1216,1113, 1039
cm !,

1H NMR (500 MHz, CDCl;): § = 7.68-7.64 (m, 4 H), 7.46-7.32 (m, 6 H),
6.98 (d, ] = 9.1 Hz, 2 H), 6.77 (d, = 9.1 Hz, 2 H), 5.38 (d, / = 3.8 Hz, 1 H,
H-1),3.94 (t, ] = 8.7 Hz, 1 H, H-4), 3.89-3.87 (m, 2 H, 2  H-6), 3.86-
3.82 (m, 1H, H-5),3.76 (s,3 H), 3.69 (dd, ] = 9.4, 1.7 Hz, 1 H, H-3), 3.64
(dd, J = 9.4,3.8 Hz, 1 H, H-2), 1.05 (s, 9 H).

13C NMR (125 MHz, CDCl3): § = 155.5, 150.6, 135.8, 135.7, 133.13,
133.05, 130.01, 130.00, 127.94, 127.90, 118.6, 114.8, 98.4, 74.8, 72.3,
71.8,71.6,64.4,55.8,27.0,19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,qH30,SiNa: 547.2122; found:
547.2134 (+2.10 ppm).

4-Fluorophenyl 6-0-tert-butyldiphenylsilyl-a-D-glucopyranoside
(8¢)
White foam (15.4 mg, 76%, 5.1:1, a/B), [a]p* +11.4 (¢ 0.06, CHCl;).

IR (neat): 3394, 3078, 3010, 2930, 2860, 1504, 1428, 1202,1112, 1075
cm,

H NMR (700 MHz, CDCl,): 8 = 7.65 (d, J = 7.1 Hz, 4 H), 7.46-7.31 (m, 6
H), 7.02-6.98 (m, 2 H), 6.95-6.91 (m, 2 H), 5.41 (d, ] = 3.7 Hz, 1 H, H-
1),3.94(t, ] = 9.4 Hz, 1 H, H-4), 3.87 (d, ] = 4.5 Hz, 2 H, 2 x H-6), 3.78
(dt,J=9.4,4.5 Hz, 1 H, H-3), 3.71-3.65 (m, 2 H, H-2, H-5), 1.05 (s, 9 H).

13C NMR (175 MHz, CDCl,): § = 158.7 (d, ] = 240.9 Hz), 152.7 (d, ] = 2.4
Hz), 135.81, 135.71, 133.1, 133.00, 130.1, 130.0, 128.0, 127.9, 118.6
(d,J = 8.1 Hz), 1162 (d, J = 23.2 Hz), 98.1, 74.7, 72.2, 71.8, 71.7, 64.3,
27.0,19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,gH33FOgSiNa: 535.1923; found:
535.1937 (+2.69 ppm).

4-Chlorophenyl 6-0-tert-butyldiphenylsilyl-x-p-glucopyranoside
(8d)
White foam (12.4 mg, 76%, 6.8:1, o/B); [a]p?> +46.6 (¢ 0.07, CHCl;).

IR (neat): 3355, 3072, 3010, 2928, 2856, 1489, 1428, 1228, 1113,
1034, 824 cm™.

H NMR (500 MHz, CDCl,): § = 7.66-7.62 (m, 4 H), 7.46-7.33 (m, 6 H),
7.20(d,J = 9.0 Hz, 2 H), 6.97 (d, ] = 9.0 Hz, 2 H), 5.45 (d, ] = 3.8 Hz, 1 H,
H-1),3.95 (t, ] = 8.9 Hz, 1 H, H-4), 3.86 (dd, ] = 3.9, 1.9 Hz, 2 H, 2 x H-
6),3.75-3.66 (m, 3 H, H-2, H-3, H-5), 1.04 (s, 9 H).
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13C NMR (125 MHz, CDCl): § = 155.1, 135.8, 135.7, 133.1, 133.00,
130.07, 130.05, 129.8, 128.00, 127.95, 127.9, 118.4, 97.5, 74.6, 72.1,
71.79,71.7,64.2,27.0,19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,gH;3Cl0gSiNa: 551.1627; found:
551.1638 (+1.93 ppm).

4-Bromophenyl 6-0-tert-butyldiphenylsilyl-a-D-glucopyranoside
(8e)

White foam (16.3 mg, 75%, 7.2:1, a/B); [a]p? +56.5 (¢ 0.03, CHCl;).
IR (neat): 3350, 3072, 3017, 2928, 2856, 1486, 1228, 1112, 630 cm™".

H NMR (500 MHz, CDCl,): § = 7.66-7.62 (m, 4 H), 7.46-7.28 (m, 8 H),
6.92(d,J=9.0 Hz, 2 H), 5.46 (d, ] = 3.8 Hz, 1 H, H-1), 3.97-3.92 (m, 1 H,
H-4), 3.85 (t, ] = 3.1 Hz, 2 H, 2 x H-6), 3.73-3.66 (m, 3 H, H-2, H-3, H-
5),1.04 (s, 9 H).

13C NMR (125 MHz, CDCl3): § = 149.9, 135.8, 135.7, 133.04, 132.99,
132.6,130.08, 130.06, 128.0, 127.9,118.8, 115.4,97.4, 74.6, 72.1, 71.8,
71.7,64.2,27.0,19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,gH33BrOgSiNa: 595.1122; found:
595.1118 (-0.71 ppm).

4-lodophenyl 6-0-tert-butyldiphenylsilyl-a-D-glucopyranoside
(8f)

White foam (14.7 mg, 79%, 8.3:1, a/B); [a]p% +65.8 (¢ 0.09, CHCl;).

IR (neat): 3373, 3065, 2932, 2856, 1485, 1428, 1219, 1113, 1034 cm.

H NMR (500 MHz, CDCl,): § = 7.66-7.61 (m, 4 H), 7.52 (d, ] = 8.9 Hz, 2
H), 7.45-7.33 (m, 6 H), 6.81 (d, ] = 8.9 Hz, 2 H), 5.46 (d, ] = 3.7 Hz, 1 H,
H-1), 3.98-3.91 (m, 1 H, H-4), 3.87-3.82 (m, 2 H, 2 x H-6), 3.73-3.64
(m, 3 H, H-2, H-3, H-5), 1.04 (s, 9 H).

13C NMR (125 MHz, CDCL,): § = 156.4, 138.6, 135.8, 135.7, 133.03,

132.99, 130.1, 130.0, 128.0, 127.9, 119.3, 97.2, 85.7, 74.6, 72.1, 71.8,
71.7,64.2,27.0,19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,5H33106SiNa: 643.0983; found:
643.0970 (-2.08 ppm).

Sesamyl 6-0-tert-butyldiphenylsilyl-a-D-glucopyranoside (8g)
White foam (16.6 mg, 93%, 6.0:1, a/B); [a]p?® +59.4 (¢ 0.12, CHCl;).
IR (neat): 3353, 3014, 2929, 2857, 1485, 1428, 1181,1112, 1036 cm".

H NMR (500 MHz, CDCl,): 5 = 7.70-7.67 (m, 4 H), 7.47-7.36 (m, 6 H),
6.67 (d,J=8.5Hz, 1 H),6.64(d,J=2.4Hz, 1 H),6.53 (dd, ] =8.5,2.4 Hz,
1H),5.94(d,J=1.3Hz,1H),5.93(d,J=1.3Hz, 1 H),5.38(d,]=3.7 Hz,
1H, H-1),3.95(t,J = 9.1 Hz, 1 H, H-4), 3.90 (d, ] = 4.5 Hz, 2 H, 2 x H-6),
3.85-3.80 (m, 1 H, H-5), 3.73-3.65 (m, 1 H, H-3), 3.67 (dd, ] = 5.8, 3.7
Hz, 1 H, H-2), 1.07 (s, 9 H).

13C NMR (125 MHz, CDCl;): 8 = 151.7, 148.1, 143.2, 135.7, 135.6,
133.0, 132.9, 129.88, 129.87, 127.80, 127.76, 109.5, 108.1, 1014,
100.2, 98.34, 74.5, 72.1, 71.60, 71.58, 64.12, 26.8, 19.2.

HRMS-ESI: m/z (M + Na)* calcd for C,gH340gSiNa: 561.1915; found:
561.1922 (+1.30 ppm).

2-Naphthyl 6-0-tert-Butyldiphenylsilyl-a-D-glucopyranoside (8h)
White foam (19.8 mg, 80%, 7.4:1, a/B); [a]p?> +43.3 (¢ 0.11, CHCl;).

IR (neat): 3408, 3071, 2940, 2860, 1603, 1471, 1431, 1115 cm™".

TH NMR (500 MHz, CDCl,): § = 7.78-7.69 (m, 2 H), 7.68-7.61 (m, 6 H),
7.45-7.27 (m, 8 H), 7.22 (dd, J = 8.9, 2.5 Hz, 1 H), 5.66 (d, J = 3.7 Hz, 1
H, H-1), 4.06 (t, ] = 9.2 Hz, 1 H, H-4), 3.90-3.80 (m, 3 H, H-5, 2 x H-6),
3.78-3.74 (m, 2 H, H-2, H-3), 1.01 (s, 9 H).

13C NMR (125 MHz, CDCl;): § = 154.3, 135.8, 135.7, 135.8, 1344,
133.1,130.02, 129.98 (2 C), 129.7, 127.90, 127.86, 127.8, 127.4, 126.6,
124.6,118.9,111.4,97.4,74.7,72.3,71.8,71.8, 64.3, 26.9, 19.4.

HRMS-ESI: m/z (M + Na)* calcd for C3,H;506SiNa: 567.2173; found:
567.2169 (-0.84 ppm).

1-Naphthyl 6-0-tert-butyldiphenylsilyl-a-D-glucopyranoside (8i)
White foam (17.7 mg, 80%, 7.3:1, a/B); [a]p*® +38.8 (¢ 0.08, CHCl;).
IR (neat): 3389, 3071, 2937, 2866, 1602, 1467, 1266, 1116 cm™".

H NMR (500 MHz, CDCl,): 5 = 8.21-8.15 (m, 1 H), 7.86-7.82 (m, 1 H),
7.65-7.60 (m, 4 H), 7.54-7.49 (m, 3 H), 7.45-7.39 (m, 1 H), 7.37-7.28
(m, 6 H), 7.13 (d, ] = 7.6 Hz, 1 H), 5.74 (d, ] = 3.7 Hz, 1 H, H-1), 4.18 (dd,
J=93,86 Hz, 1H, H-4),3.88 (d, ] = 4.3 Hz, 1 H, H-6), 3.90-3.86 (m, 1
H, H-6), 3.83-3.77 (m, 3 H, H-2, H-3, H-5), 1.03 (s, 9 H).

13C NMR (125 MHz, CDCl,): & = 151.9, 135.8, 135.7, 134.70, 134.70,
132.97, 130.01, 130.01, 128.0, 127.92, 127.88, 126.6, 126.0, 125.9,
125.8,122.5,121.5,109.1,97.2,74.9,72.5,72.0,71.7, 64.4, 27.0, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C3,H;506SiNa: 567.2173; found:
567.2172 (-0.17 ppm).

Methyl N-(benzyloxycarbonyl)-0-(6-0-tert-butyldiphenylsilyl-a-
D-glucopyranosyl)-L-tyrosinate (8j)

White foam (14.5 mg, 68%, 6.6:1, a/B); [a]p? +57.6 (¢ 0.05, CHCl;).

IR (neat): 3437,3072, 3031, 2933, 2853, 1723, 1520, 1428, 1218 cm".

H NMR (400 MHz, CDCL,): § = 7.65 (d, J = 6.7 Hz, 4 H), 7.49-7.21 (m,
11 H), 6.99-6.94 (m, 4 H), 5.46 (d, = 3.6 Hz, 1 H, H-1), 5.20 (d, J = 8.0
Hz, 1 H, NH), 5.09 (s, 2 H), 4.66-4.57 (m, 1 H), 3.98-3.82 (m, 3 H, H-4,
2 x H-6), 3.80-3.71 (m, 2 H, H-3, H-5), 3.70 (s, 3 H), 3.66 (dd, J = 9.6,
3.7 Hz, 1 H, H-2), 3.12-2.97 (m, 2 H), 1.04 (s, 9 H).

13C NMR (100 MHz, CDCl3): § = 172.1, 155.9, 155.8, 135.82, 135.79,
135.7(2 C), 133.12, 133.05, 130.6, 130.1, 130.01, 129.99, 128.7, 128.4,
128.3, 127.92, 127.87, 97.5, 74.6, 72.2, 71.7, 71.5, 67.2, 64.2, 55.0,
52.5,37.5,27.0,19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,H47NO;,SiNa: 752.2861; found:
752.2850 (-1.50 ppm).

Glycosides 9, 10; General Procedure

To a solution of (3-bromo-2-pyridyloxy) B-D-glycosyl donor 3 (0.045-
0.043 mmol) and the acceptor ArOH (1.82-1.71 mmol, 40 equiv) in
anhyd nitromethane (0.001 M), was added a solution of MeOTf
(0.014-0.013 mmol, 0.30 equiv, 1 M in nitromethane) at 40 °C. The
mixture was stirred and the progress of the reaction was followed by
MS ESI(+). Pyridine (2.27-2.14 mmol, 50 equiv) and Ac,0 (1.82-1.71
mmol, 40 equiv) were added. The solution was stirred for 2 h, treated
with aqg NaHCO;, and extracted with EtOAc. The organic layer was
washed with aq 1 M HCl, aqg NaHCO; and brine, dried (Na,S0,), fil-
tered, and concentrated in vacuo. The «/p ratio was measured by 'H
NMR analysis of the crude. Purification by a careful flash column
chromatography (30:70; EtOAc/hexanes) led to the a-D-anomer.

Phenyl 2,3,4,6-tetra-0-acetyl-a-D-galactopyranoside (9)72

White needles (12.7 mg, 70%, 4.5:1, a/B); mp 129-130 °C (Lit.” mp
131-132 °C); [a]p? +57.6 (¢ 0.05, CHCls).

IR (neat): 3437, 3072, 3031, 2933, 2853, 1723, 1520, 1428, 1218 cm".
H NMR (500 MHz, CDCl5): & = 7.33-7.28 (m, 2 H), 7.08-7.04 (m, 3 H),
5.78 (d,J = 3.6 Hz, 1 H, H-1), 5.58 (dd, ] = 10.8, 3.4 Hz, 1 H, H-3), 5.53
(dd,J=3.4, 1.2 Hz, 1 H, H-4), 5.29 (dd, J = 10.8, 3.6 Hz, 1 H, H-2), 4.36
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(t,J=7.1Hz,1H, H-5),4.12 (dd,J = 11.3, 7.1 Hz, 1 H, H-6), 4.06 (dd, ] =
11.3,7.1 Hz, 1 H, H-6), 2.17 (s, 3 H), 2.08 (s, 3 H), 2.03 (s, 3 H), 1.94 (s,
3 H).

13C NMR (125 MHz, CDCly): & = 170.6, 170.5, 170.4, 170.2, 156.5,
129.9, 1232, 116.9, 95.0, 68.1, 68.0, 67.7, 67.3, 61.6, 20.9, 20.84,
20.80, 20.7.

4-Methoxyphenyl 2,3,4,6-tetra-0-acetyl-a-D-galactopyranoside
(10)

White foam (13.4 mg, 65%, 3.5:1, a/B); [a]p?> +61.7 (¢ 0.05, CHCl3).
IR (neat): 3044, 2921, 2860, 1744, 1507, 1205, 1033 cm.

H NMR (500 MHz, CDCl;): § = 7.00-6.96 (m, 2 H), 6.85-6.81 (m, 2 H),
5.65 (d,J = 3.6 Hz, 1 H, H-1), 5.56 (dd, J = 10.8, 3.4 Hz, 1 H, H-3), 5.53
(dd,J=3.4, 1.1 Hz, 1 H, H-4), 5.26 (dd, J = 10.8, 3.6 Hz, 1 H, H-2), 439
(t,J=7.1 Hz, 1 H, H-5), 4.15-4.05 (m, 2 H, 2 x H-6), 3.77 (s, 3 H), 2.17
(s, 3 H),2.09 (s, 3 H), 2.03 (s, 3 H), 1.97 (s, 3 H).

13C NMR (125 MHz, CDCl): 8 = 170.6, 170.5, 1704, 170.2, 155.6,
150.5, 118.3, 114.8, 96.0, 68.13, 68.06, 67.7, 67.2, 61.7, 55.8, 29.9,
20.9, 20.84, 20.80, 20.77.

HRMS-ESI: m/z (M + NH,)" calcd for C,;H;,NO;;: 472.1813; found:
472.1834 (+4.4 ppm).

(3-Bromo-2-pyridyloxy) 3,4,6-tri-0-acetyl-2-azido-2-deoxy-B-p-
glucopyranoside (13)

To a solution of 11 (3.20 g, 9.66 mmol) in CH,Cl, (190 mL, 0.05 M) was
added Et;N (4.0 mL, 28.9 mmol, 3.00 equiv). The solution was stirred
for 15 min at -78 °C, then SO,Cl, (0.94 mL, 11.6 mmol, 1.20 equiv)
was added. The solution was stirred at -78 °C for 2 h, then treated
with aq NaHCOs. The separated organic layer was washed with brine
(150 mL), dried (Na,SO,), filtered, and concentrated in vacuo. The (3-
bromo-2-pyridyloxy) silver salt (3.20 g, 11.6 mmol, 1.20 equiv) was
added to the chloride in anhyd toluene (97 mL, 0.1 M). The suspen-
sion was stirred at reflux for 2 h and the cooled mixture was filtered
through Celite, washed with EtOAc and concentrated. The mixture of
o/B-D-anomers (1:1.2; 13/14) was separated by careful flash column
chromatography (30:70; EtOAc/hexanes); white foam (1.95 g, 42%);
[a]p?® -43.4 (c 0.13, CHCl,).

IR (neat): 3014, 2970, 2119, 1748, 1437, 1238,908 cm™".

H NMR (500 MHz, CDCl,): 5 = 8.08 (dd, J = 4.8, 1.7 Hz, 1 H), 7.86 (dd,
J=7.7,1.7 Hz, 1 H), 6.91 (dd, J = 7.7, 4.8 Hz, 1 H), 5.99 (d, ] = 8.5 Hz, 1
H, H-1), 5.15-5.09 (m, 2 H, 2 x H-6), 4.31 (dd, J = 12.5, 4.5 Hz, 1 H, H-
3), 4.09 (dd, J = 12.5, 2.3 Hz, 1 H, H-4), 3.94-3.87 (m, 2 H, H-2, H-5),
2.10(s, 3 H), 2.04 (s, 3 H), 2.02 (s, 3 H).

13C NMR (125 MHz, CDCl;): 8 = 170.7, 170.0, 169.7, 157.4, 145.4,
142.8,120.2,107.4,95.2,72.8,72.4,68.2,63.4,61.7,20.8 (2 C), 20.7.

HRMS-ESI: m/z (M + Na)* calcd for C,,H;oBrN,OgNa: 511.0261; found:
511.0262 (-0.31 ppm).

(3-Bromo-2-pyridyloxy) 3,4,6-tri-0-acetyl-2-azido-2-deoxy-«-D-
glucopyranoside (12)

White foam (1.63 g, 35%); [a]p?> +141 (¢ 0.17, CHCls).

IR (neat): 3014, 2969, 2115, 1749, 1433, 1223, 1032 cm™.

H NMR (500 MHz, CDCl,): 5 = 8.14 (dd, J = 4.8, 1.7 Hz, 1 H), 7.89 (dd,
J=7.7,1.7 Hz, 1 H), 6.93 (dd, J = 7.7, 4.8 Hz, 1 H), 6.74 (d, ] = 3.5 Hz, 1
H, H-1),5.70 (dd, J = 10.5, 9.5 Hz, 1 H, H-3), 5.19 (t, ] = 9.5 Hz, 1 H, H-
4),4.26 (dd, J = 12.3, 4.0 Hz, 1 H, H-6), 4.24-4.18 (m, 1 H, H-5), 4.01
(dd,J =12.3,2.0 Hz, 1 H, H-6), 3.70 (dd, J = 10.5, 3.5 Hz, 1 H, H-2), 2.11
(s, 3 H), 2.06 (s, 3 H), 2.01 (s, 3 H).

13C NMR (125 MHz, CDCl;): 8 = 170.6, 170.0, 169.8, 157.2, 145.8,
142.8,120.3,107.9, 92.6, 70.9, 69.5, 68.3, 61.6, 60.9, 20.84, 20.76 (2 C).

HRMS-ESI: m/z (M + Na)* calcd for C,,H;oBrN,OgNa: 511.0261; found:
511.0263 (-0.30 ppm).

(3-Bromo-2-pyridyloxy) 2-azido-2-deoxy-p-p-glucopyranoside
(15)

A freshly prepared solution of MeONa (0.58 mL, 0.25 equiv, 0.35 M in
MeOH) was added to a solution of 13 (391 mg, 0.813 mmol) in anhyd
MeOH (8.1 mL, 0.1 M). The solution was stirred at r.t. for 1 h until a
white solid appeared. The solid was filtered, washed with cold MOH,
and recrystallized from hot MeOH; white needles (294 mg, quant.);
mp 114-116 °C; [a]p?® -23 (c 0.13, MeOH).

IR (neat): 3427, 3065, 2969, 2114, 1432 cm™".

H NMR (500 MHz, CD;0D): § = 8.13 (dd, J = 4.8, 1.7 Hz, 1 H), 8.00 (dd,
J=7.7,1.7 Hz, 1 H), 7.00 (dd, J = 7.7, 4.8 Hz, 1 H), 5.95 (d, ] = 8.4 Hz, 1
H, H-1),3.83 (dd,J = 12.2, 2.1 Hz, 1 H, H-6), 3.71 (dd, ] = 12.2, 4.7 Hz, 1
H, H-6), 3.53 (dd, J = 9.6, 8.4 Hz, 1 H, H-2), 3.50-3.45 (m, 2 H, H-3, H-
4),3.44-3.42 (m, 1 H, H-5).

13C NMR (125 MHz, CD;0D): § = 159.1, 146.7, 144.0, 121.1, 108.0,
96.5, 78.6, 76.6, 71.1, 67.7, 62.1.

HRMS-ESI: m/z (M + Na)* calcd for C;;H;3BrN,OsNa: 382.9962; found:
382.9966 (-1.2 ppm).

(3-Bromo-2-pyridyloxy) 2-azido-2-deoxy-a-D-glucopyranoside
(14)

Prepared from 12 by hydrolysis with MeONa following the same pro-
cedure as for 15; white amorphous solid (610 mg, quant.); [a],?° +68
(c0.12, MeOH).

IR (neat): 3290, 3065, 2982, 2114, 1432 cm.

H NMR (500 MHz, CD;0D): § = 8.13 (dd, J = 4.8, 1.7 Hz, 1 H), 7.99 (dd,
J=7.7,1.7 Hz, 1 H), 6.98 (dd, = 7.7, 4.8 Hz, 1 H), 6.65 (d, ] = 3.5 Hz, 1
H, H-1),4.13 (dd, J = 10.4, 8.9 Hz, 1 H, H-3), 3.76 (ddd, = 9.9, 3.6, 3.0
Hz, 1 H, H-5), 3.72-3.70 (m, 2 H, 2H-6), 3.54 (dd, ] = 9.9, 8.9 Hz, 1 H,
H-4),3.45 (dd,J = 10.4, 3.5 Hz, 1 H, H-2).

13C NMR (125 MHz, CD;0D): § = 159.1, 146.8, 144.0, 120.9, 108.6,
94.6, 76.0, 73.0, 71.5, 64.3, 62.1.

HRMS-ESI: m/z (M + Na)* calcd for C;,H;3BrN,OsNa: 382.9962; found:
382.9956 (~1.3 ppm).

(3-Bromo-2-pyridyloxy) 2-azido-6-0-tert-butyldiphenylsilyl-2-de-
oxy-a-D-glucopyranoside (16)

Prepared from 14, following the same general procedure used for the
protection of C-6 hydroxyl in 5 and 6 with TBDPS chloride (vide su-
pra); white foam (253 mg, 73%); [«]p?> =165 (¢ 0.15, CHCl;).

IR (neat): 3442, 3044, 2928, 2852, 2110, 1583, 1431, 1220, 776 cm™.

H NMR (500 MHz, CDCl;): & = 8.14 (dd, J = 4.8, 1.7 Hz, 1 H), 7.88 (dd,
J=7.7,1.7 Hz, 1 H), 7.68-7.63 (m, 4 H), 7.48-7.36 (m, 6 H), 6.90 (dd,
J=7.7,48Hz,1H),6.67 (d,J=3.5Hz, 1 H,H-1),4.33(t,J = 9.8 Hz, 1 H,
H-3),3.93-3.78 (m, 4 H, H-4, H-5, 2 x H-6), 3.53 (dd, J = 9.8, 3.5 Hz, 1
H, H-2), 1.05 (s, 9 H).

13C NMR (125 MHz, CDCl3): & = 157.6, 145.8, 142.5, 135.7, 135.7,
132.8, 132.7, 130.2, 130.1, 128.01, 127.99, 119.8, 108.0, 92.8, 73.3,
72.0,64.8,62.4, 26.9, 19.3.

HRMS-ESI: m/z (M +H)* calcd for C,;H;,BrN,O5Si: 599.1320; found:
599.1323 (-0.57 ppm).
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(3-Bromo-2-pyridyloxy) 2-azido-6-0-tert-butyldiphenylsilyl-2-de-
oxy-B-p-glucopyranoside (17)

Prepared from 15, following the same general procedure used for the
protection of C-6 hydroxyl in 5 and 6 with TBDPS chloride (vide su-
pra); white foam (355 mg, 68%); [a]p?> -67.7 (¢ 0.26, CHCl;).

IR (neat): 3339, 3015, 2915, 2116, 1434, 1253, 1076 cm™.

H NMR (500 MHz, CDCl,): 5 = 8.06 (dd, = 4.8, 1.7 Hz, 1 H), 7.87 (dd,
J=17.7,1.7 Hz, 1 H), 7.66-7.62 (m, 4 H), 7.44-7.37 (m, 2 H), 7.36-7.29
(m, 4 H), 6.88 (dd, J = 7.7, 4.8 Hz, 1 H), 5.97 (d, ] = 8.3 Hz, 1 H, H-1),
3.93(dd,J=10.8,4.9 Hz, 1 H, H-6), 3.89 (dd, J = 10.8, 5.3 Hz, 1 H, H-6),
3.76(t,J = 9.1 Hz, 1 H, H-4), 3.69 (dd, J = 10.0, 8.3 Hz, 1 H, H-2), 3.64 (t,
J=4.9Hz,1H, H-5),3.62-3.57 (m, 1 H, H-3), 1.03 (s, 9 H).

13C NMR (125 MHz, CDCly): § = 157.7, 145.5, 142.6, 135.8, 135.7,
132.8,132.7, 130.1, 127.93, 127.90, 119.9, 107.5, 95.2, 75.2, 74.8, 72.5,
65.3,64.9,26.9, 19.3.

HRMS-ESI: m/z (M + Na)* calcd for C,;H;BrN,OsSiNa: 621.1139;
found: 621.1154 (-2.4 ppm).

Phenyl 6-0-tert-butyldiphenylsilyl-2-azido-2-deoxy-a-D-glucopy-
ranoside (18)

To a solution of 17 (16.0 mg, 0.0267 mmol) and phenol (12. 6 mg,
0.133 mmol, 5.00 equiv) in anhyd CH,Cl, (0.27 mL, 0.1 M), was added
a freshly prepared solution of MeOTf (10.7 uL, 0.40 equiv, 1 M in an-
hyd CH,Cl,) at 0 °C. The solution was stirred at 0 °C to r.t. over 16 h,
neutralized with a drop of Et;N, and concentrated in vacuo. The «o/f8
ratio (3.5:1) was measured by '"H NMR on the crude. Quick flash col-
umn chromatography (30:70 to 80:20; EtOAc/hexanes) removed ex-
cess of acceptor and provided a mixture /B (8.9 mg, 82%). The o/
anomers were separated by a careful flash column chromatography
(30:70; EtOAc/hexanes); white foam; [«],?° +23.4 (¢ 0.07, CHCl;).

IR (neat): 3400, 3060, 2960, 2114, 1508, 1431, 1220, 1072 cm™".

H NMR (500 MHz, CDCly): & = 7.67-7.63 (m, 4 H), 7.46-7.34 (m, 6 H),
7.29-7.25 (m, 3 H), 7.07-7.03 (m, 3 H), 5.50 (d, J = 3.5 Hz, 1 H, H-1),
425 (dd, J = 10.4, 8.5 Hz, 1 H, H-3), 3.93-3.78 (m, 3 H, H-5, 2 x H-6),
3.78-3.71 (m, 1 H, H-4), 3.31 (dd, J = 10.4, 3.5 Hz, 1 H, H-2), 1.05 (s, 9
H).

13C NMR (125 MHz, CDCl,): & = 156.6, 135.8, 135.7, 132.88, 132.85,
130.14, 130.11, 129.8, 128.01, 127.96, 123.1, 117.0, 97.1, 72.9, 71.6,
71.2,64.4,62.6,27.0, 19.4.

HRMS-ESI: m/z (M + Na)* calcd for C,gH33N505SiNa: 542.2082; found:
542.2086 (-0.73 ppm).

4-Methoxyphenyl 3,4,6-tri-0-acetyl-2-azido-2-deoxy-a-p-gluco-
pyranoside (19)

To a solution of 16 (14.8 mg, 0.0247 mmol) and 4-methoxyphenol
(15.3 mg, 0.247 mmol, 5.00 equiv) in anhyd CH,Cl, (0.25 mL, 0.1 M),
was added a freshly prepared solution of MeOTf (9.9 pL, 0.40 equiv, 1
M in anhyd CH,Cl,) at 0 °C. The solution was stirred at 0 °C to r.t. over
36 h, neutralized with a drop of Et;N, and concentrated in vacuo. The
o/B ratio (1.7:1) was measured by 'H NMR on the crude. Quick flash
column chromatography (30:70; EtOAc/hexanes) removed excess of
4-methoxyphenol and provided a o/ mixture (16.7 mg, 80%). The
product was treated with TBAF (49.4 uL, 0.0494 mmol, 2.00 equiv, 1
M in THF) in anhyd THF (0.25 mL, 0.1 M) for 3 h, acetylated with ex-
cess of Ac,0 in pyridine for 16 h. The mxture was worked up by add-
ing aq NaHCO; and extracting with EtOAc (5 mL). The separated or-
ganic phase was washed with aq 1 M HCl (5 mL), aq NaHCO; (5 mL),

brine (5 mL), dried (Na,SO,), filtered, and concentrated. Purification
by careful flash column chromatography (20:80; EtOAc/hexanes) gave
the a-anomer as a white foam; [a],?> +24.7 (¢ 0.10, CHCl;).

IR (neat): 3065, 2967, 2109, 1754, 1508, 1431, 1220, 1033, 769 cm™".

'H NMR (500 MHz, CDCl;): 6 = 7.06 (d,J = 9.1 Hz, 2 H), 6.85 (d, ] = 9.1
Hz, 2 H), 5.69 (dd, J = 10.6, 9.2 Hz, 1 H, H-3), 5.51 (d,J = 3.5 Hz, 1 H, H-
1),5.14(dd, J = 10.2,9.2 Hz, 1 H, H-4), 4.29 (dd, ] = 12.4, 4.7 Hz, 1 H, H-
6),4.20 (ddd,J=10.2,4.7,2.2 Hz, 1 H, H-5), 4.07 (dd, J = 12.4,2.2 Hz, 1
H, H-6), 3.78 (s, 3 H), 3.45 (dd, J = 10.6, 3.5 Hz, 1 H, H-2), 2.13 (s, 3 H),
2.06 (s, 3 H), 2.05 (s, 3 H).

13C NMR (125 MHz, CDCl): 8 = 170.7, 170.2, 169.8, 155.8, 150.2,
118.1,114.9, 97.6, 70.5, 68.5, 68.4, 61.8, 60.9, 55.8, 20.9, 20.84, 20.76.

HRMS-ESI: m/z (M + Na)* calcd for C;qH,3N50,SiNa: 460.1327; found:
460.1321 (-1.29 ppm).

Sialosides 21-23; General Procedure

To a solution of (3-methoxy-2-pyridyloxy)-B-D-sialyl donor 20 and
the acceptor ArOH (10.0 equiv) in anhyd CH,Cl, (0.1 M) was added a
freshly prepared solution of MeOTf (0.30 equiv, 1 M in anhyd CH,Cl,)
at 0 °C. The solution was stirred at 0 to 25 °C and the progress of the
reaction was followed by TLC (EtOAc) or by MS ESI(+). The mixture
was neutralized with a drop of Et;N and concentrated in vacuo. The
o/p ratio was measured by 'H NMR on the crude. Purification by pre-
parative HPLC-MS in reverse phase (Synergi 4u Polar-RP 80 A, 100 x
21.20 mm). The B-D-anomer was obtained as a white foam.

Methyl [phenyl-5-acetamido-4,7,8-tri-0-acetyl-9-(4-biphenyl-
carboxamido)-3,5-dideoxy-f-D-glycero-D-galacto-2-nonulo-
pyranosid]onate (21)

White foam (t; = 6.02 min) (9.8 mg, 65%; 1:5, a/B).

TH NMR (400 MHz, CDCl,): & = 7.24-7.19 (m, 2 H), 7.02 (t,] = 7.3 Hz, 1
H), 6.95 (d, J = 8.4 Hz, 2 H), 549 (td, J = 10.9, 4.9 Hz, 1 H, H-4), 5.37
(dd,J=5.3,2.0 Hz, 1 H, H-7), 5.23 (d,J = 10.3 Hz, 1 H, NH), 4.97-4.90
(m, 1 H, H-8), 4.64 (dd, J = 12.5, 2.3 Hz, 1 H, H-9), 4.27-4.12 (m, 2 H,
H-5, H-9),4.08 (dd, J=10.7, 2.2 Hz, 1 H, H-6), 3.70 (s, 3 H), 2.65 (dd, ] =
12.8,4.9 Hz, 1 H, H-3eq), 2.16 (s, 3 H), 2.05 (s, 6 H), 2.03-1.93 (m, 1 H,
H-3ax), 1.89 (s, 3 H), 1.69 (s, 3 H).

13C NMR (100 MHz, CDCl;): 8 = 171.2, 170.7, 170.5, 170.4, 170.2,
167.6, 154.0, 130.0, 123.2, 116.7, 99.1, 72.3, 71.6, 68.7, 67.9, 62.0,
53.3,49.4, 38.7,23.4, 21.1, 20.95, 20.94, 20.8.

Gated 3C-"H NMR (decoupled with 3.70 ppm) (100 MHz, CDCl;): § =
167.55 (d, Jer_pzex = 0.8 Hz).

Methyl [4-methoxyphenyl 5-acetamido-4,7,8-tri-0-acetyl-9-(4-bi-
phenylcarboxamido)-3,5-dideoxy-f-D-glycero-p-galacto-2-nonu-
lopyranosid]onate (22)

White foam (tz = 6.07 min) (18.7 mg, 73%, 1:5, «/B); [«]p?®> -80.7 (c
0.01, CHCl,).

IR (neat): 3254, 3077, 2960, 1741, 1656, 1505, 1215 cm™.

1H NMR (400 MHz, CDCl,): 6 = 6.91-6.88 (m, 2 H), 6.77-6.74 (m, 2 H),
547 (ddd, J= 11.6,10.2, 49 Hz, 1 H, H-4), 5.39 (dd, J = 4.9, 2.2 Hz, 1 H,
H-7),5.29 (d,J = 9.9 Hz, 1 H, NH), 4.98 (ddd, ] = 7.2, 4.9, 2.5 Hz, 1 H, H-
8),4.65 (dd, J = 12.6, 2.5 Hz, 1 H, H-9), 4.25-4.09 (m, 3 H, H-5, H-6, H-
9), 3.75 (s, 3 H), 3.69 (s, 3 H), 2.64 (dd, J = 12.9, 4.9 Hz, 1 H, H-3eq),
2.15 (s, 3 H), 2.06-2.03 (m, 6 H), 1.97 (dd, J = 12.9, 11.6 Hz, 1 H, H-
3ax), 1.88 (s, 3 H), 1.79 (s, 3 H).
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13C NMR (100 MHz, CDCl;): & = 171.2, 170.64, 170.60, 170.4, 170.2,
167.5, 155.5, 147.8, 118.2, 114.9, 99.5, 72.3, 71.9, 68.8, 68.1, 62.2,
55.7,53.2,49.4, 23.3, 21.1, 20.94, 20.93 (3 C).

Gated 3C-"H NMR (decoupled with 3.75 ppm) (100 MHz, CDCl;): § =
167.38 (d, Jer_s13a¢ = 0.7 Hz).

HRMS-ESI: m/z (M + Na)* calcd for C,;H35NO 4Na: 620.1950; found:
620.1965 (+2.4 ppm).

Methyl [4-fluorophenyl 5-acetamido-4,7,8-tri-0-acetyl-9-(4-bi-
phenylcarboxamido)-3,5-dideoxy-f-D-glycero-D-galacto-2-nonu-
lopyranosid]onate (23)

White foam (tz = 6.04 min) (16.9 mg, 63%, 1:3.6, a/p); [«]p?®> -42.0 (c
0.01, CHCl,).

IR (neat): 3257, 3077, 3026, 2958, 1742, 1659, 1503, 1034 cm™.

H NMR (400 MHz, CDCL,): & = 6.96-6.91 (m, 4 H), 5.47 (td, ] = 11.6,
4.9 Hz, 1H, H-4),5.37 (dd, ] = 4.9, 2.3 Hz, 1 H, H-7), 5.28 (d, ] = 9.8 Hz,
1H, NH), 5.01-4.92 (m, 1 H, H-8), 4.65 (dd, J = 12.6, 2.3 Hz, 1 H, H-9),
4.25-4.07 (m, 3 H, H-5, H-6, H-9), 3.70 (s, 3 H), 2.65 (dd, J = 12.9, 4.9
Hz, 1 H, H-3eq), 2.16 (s, 3 H), 2.05 (s, 3 H), 2.05 (s, 3 H), 1.98 (dd, J =
12.9, 11.6 Hz, 1 H, H-3ax), 1.88 (s, 3 H), 1.79 (s, 3 H).

13C NMR (100 MHz, CDCl3): § = 171.2, 170.64, 170.59, 170.4, 170.2,
167.2,158.6 (d, ] = 241.7 Hz), 150.1 (d, ] = 2.5 Hz), 118.3 (d, J = 8.1 Hz),
116.4 (d,]J = 23.2 Hz), 99.6, 72.5, 71.8, 68.6, 68.1, 62.1, 53.3, 49.4, 23.3,
21.0, 20.93, 20.92, 20.86.

Gated 3C-"H NMR (decoupled with 3.70 ppm) (100 MHz, CDCl;): § =
167.1 (d, Je113ax = 0.8 Hz).

HRMS-ESI: m/z (M + Na)* calcd for C,¢H3,FNO;;Na: 608.1755; found:
608.1763 (+2.2 ppm).
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