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Chapter 1. Introduction

1-1. Structure and Function of N-Glycan

Oligosaccharides are widely expressed in our body and play important roles. Many kinds of
oligosaccharides are linked to other biomolecules including proteins. Glycosylation is the most abundant
post-translational modification of proteins; approximately 50% of proteins possesses oligosaccharides.?
The oligosaccharides on proteins are classified as two categories, i.e., O-glycan linked to Ser/Thr side
chain and N-glycan linked to Asn side chain of (Asn-X-Ser/Thr) sequence. N-Glycans are divided into
three types: high mannose-type, complex-type, and hybrid-type (Figure 1-1). All these glycans are
produced from the common N-glycan composed of three glucoses, nine mannoses, and two N-acetyl
glucosamines, which is transferred to proteins in the endoplasmic reticulum (ER) after the ribosomal
protein biosynthesis. The protein-bound N-glycan is subjected to oligosaccharide processing and the
processed glycans work as tags for the quality control of proteins during the protein folding process in
the ER.? Further structural modifications are then effected with various enzymes in Golgi apparatus to
generate a variety of N-glycans. N-Glycans in nature are generally heterogeneous, even for one specific

glycosylation site. These structural diversities are called glycoform.

B GIcNAc
A @ Man
SN Asn O Gal
Asn
@ Neu5Ac

High mannose type Complex type Hybrid type A Fuc

Figure 1-1. Three types of N-glycans.

Complex-type N-glycans play important roles in various life phenomena and diseases, including
regulation of glycoprotein dynamics?, cell development,¥ immunity,® virus infection,® and cancer

invasion.” For exmaple, sialic acid controls in vivo dynamics of glycoproteins such as erythropoietin.3 3»
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Structure of N-glycans influences the function and dynamics of glycoproteins in vivo. For example,
our research group conducted in vivo PET imaging of N-glycan using glycoprotein and dendrimer-type
glycoclusters to reveal the remarkable dependence of the in vivo dynamics and bio-distributions in the
glycan structure, i.e., the presence or absence of sialic acid moieties as well as the linking of sialic acid to

galactose 3-OH or 6-OH positions (Figure 1-2).8)
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Figure 1-2. In vivo imaging of three kinds of N-glycan.?)

1-2. Core Fucose in N-Glycan

Fucose residue linked to the reducing end GlcNAc with a-linkage is termed core fucose which has
a(1-6) structure in mammals whereas a(1-3) in plants.”® Core fucose is one of the major modifications in
complex-type N-glycans. Mammalian core fucose is transferred to complex-type N-glycans by fucosyl
transferase 8 (FUTS).” It has been demonstrated that core fucose plays important roles in various
physiological and pathological conditions. The Fut8 knockout mice exhibited severe growth retardation,

and mortality rate was 70% during the 3 postnatal days.!? Core fucosylated immunoglobulin G (IgG)
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showed the ADCC activity 100-fold weaker than IgG without core fucose.!” Implication of core fucose in
various cancers has also been demonstrated. For example, a-fetoprotein having core fucose increase
significantly in hepatocellular carcinoma to be used as a liver cancer marker.'> Moreover, core fucose at
glycans on many kinds of growth factor receptor including EGFR, FGFR, etc. activates these receptors.1%
106:13) However, the detail of the functions of core fucose and the action mechanisms are still unclear. Core
fucose-binding lectin has not been found in mammals, despite several core fucose-binding lectins are

found in plants,' fungi,’ and bacteria.'®)

1-3. Chemical Synthesis of N-Glycan for Its Functional Study

Since various natural glycans have high complexity and heterogeneity, it has been not easy to
elucidate the biological functions at molecular level based on their structures. Although genetic
techniques such as the knockout of glycosyl transferase have revealed various functions of glycans, it is
difficult to reveal the structure responsible for each biological function because of the inherent
heterogeneity of glycans. Therefore, bio-functional studies by using the homogeneous N-glycans are
important to address these issues. Although various series of N-glycans are now available from natural
sources,!”) preparation of diverse N-glycan structures such as core fucosylated N-glycan is still difficult
issue. Therefore, chemical synthesis is required to obtain a pure and homogeneous N-glycan containing
core fucose.

Syntheses of complex-type N-glycans have been reported by many groups. Danishefsky and
co-workers have succeeded to synthesize various kinds of N-glycans including core fucosylated glycan
and triantennary glycan.'® They also developed some important techniques on N-glycan synthesis such
as the introduction of asparagine to synthetic glycans.!” Unverzagt and co-workers also reported the
syntheses of N-glycans with various structures including core fucose.?? In addition, our research group
reported the solid-phase synthesis of N-glycan in 2009 (Scheme 1-1).2) In that synthesis, JandaJel™ resin
with good swearing property in various solvents was used and fluorous solvent was used in

glycosylations to improve the yield owing to the reagents concentration effect.
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Scheme 1-1. Solid-phase synthesis of sialic acid containing N-glycan.

In this study, the author synthesized core fucose containing complex-type N-glycan 7, which has the
asparagine-linked dodecasaccharide structure (Figure 1-3). The author selected this glycan as a synthetic
target in order to investigate the biological function of core fucose, since the asparagine-linked N-glycan
having the same undecasaccharide structure without core fucose can be obtained from natural source!”?

and commercially available. In addition, various types of core fucose containing N-glycan can be

obtained by the treatment of sialidase and galactosidase.

CO,H
KHW
g& Core Fucose

Figure 1-3. Core fucose containing complex-type N-glycan 7.
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1-4. Convergent Synthetic Strategy

The author chose liquid-phase synthesis in order to furnish the synthetic glycan for further

functional studies of core fucose. In our former solid-phase synthesis of N-glycan, we used mono- or

disaccharide fragments to link one after another to the resin. On the other hand, more convergent

synthetic strategy is desired for the solution-phase synthesis in order to reduce steps of the longest linear

sequence. Danishefsky and co-workers used a glycosyl acceptor consisting of hexasaccharide, which has

mannoses in both antennae (these mannoses are common in every type of N-glycan) for the synthesis of

core fucose containing dodecasaccharide (Scheme 1-2a).!8 Non reducing-end trisaccharide moiety was

successfully introduced to 2-position of mannose in the hexasaccharide. Unverzagt and co-workers

adopted another strategy, in which the stem oligosaccharides were connected to mannose residue at the

branched position in the trisaccharide (Scheme 1-2b).202 209 In this way, the longest linear sequence is

shorter than Danishefsky’s route. However, stereoselectivity in glycosylations between stem and branch

can be a problem because they cannot use neighboring group participation.

a) Synthesis by Danishefsky et. al.
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Scheme 1-2. Synthetic strategy of biantennary N-glycan reported in past.
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In this study, the author chose a similar strategy as Unverzagt’s one (Figure 1-4). The target
dodecasaccharide-Asn backbone was planned to be constructed with core tetrasaccharide-Asn fragment
14 and branch tetrasaccharide donor 15. Hydroxy groups at 3- and 6-position in branching mannose of
14 were orthogonally protected: 3-OH was protected by 4-azido-3-chlorobenzyl (AzClBn) developed by
our group,?? and 6-OH was protected by 4,6-benzylidene acetal. AzCIBn protection can be cleaved by
phosphine reduction followed by DDQ oxidation. On the other hand, benzylidene acetal can be cleaved
by acid. This strategy gives us a powerful method to approach to a variety of N-glycans including
asymmetric ones. Key intermediates 14 and 15 would be synthesized by coupling two disaccharides, 16

and 17 for 14, and 18 and 19 for 15, respectively.

oy Ho HO NH,
H O HO o 7
HO 9|O ©
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AcO,
OAc
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Figure 1-4. Synthetic strategy of N-glycan 7.



1-5. Previous Synthesis of Fragments by Microfluidic Glycosylation

Large scale preparation of small saccharide fragments 16, 17, and 19 were previously investigated
by using microfluidic methods. Our research group has applied microfluidic method to the syntheses of
bioactive natural products including N-glycan.?® For N-glycan synthesis, microfluidic reaction was
utilized to construct 16, 17, and 19 with high yields and stereoselectivity.

Microfluidic synthesis is an innovative technology for organic synthesis using a micromixer, which
enables efficient mixing of substrates and reagents in the micro-channel and rapid heat transfer owing to
the high surface-to-volume ratio of microreactors.?¥ In addition, large-scale synthesis is possible by the
continuous flow process (Figure 1-5). New synthetic methodologies have been developed in order to

improve the yields and selectivity based on these inherent features of microreactors.

[%}@@»@@@@@@

250pm 500pm  1mm

)

Figure 1-5. Microfluidic Reaction Using Micromixer.

One of the important glycosylations is a-sialylation. It has been thought that a-sialylation using
sialyl donor with 5-NHAc group would result in low stereoselectivity and modification of 5-substitution
would be essential for highly selective a-sialylation. We re-investigated sialylation using 5-NHAc donor
20 under microfluidic condition with Comet X-01 micromixer,? and microfluidic sialylation showed
much better selectivity than a reaction in flask (Figure 1-6a).29

[3-Selective mannosylation was also investigated using micromixer (Figure 1-6b).23* 27 It was difficult
to scale-up B-mannosylation in batch method probably owing to the local heat generation by mixing

Lewis acid. Mixing with Comet X-01 micromixer removed the local heat efficiently to obtain
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disaccharide 25 in high yield and with high stereoselectivity even in large scale.

We also employed microfluidic N-glycosylation for the synthesis of asparagine-linked disaccharide
28 (Figure 1-6¢).29 N-Glycosylation of asparagine was thought to be difficult because of the low
nucleophilicity of amide nitrogen. Takahashi and co-workers found that N-glycosylation proceeded very
well in nitromethane to give corresponding N-glycosides in good yields.??) However, we decided not to
use this condition for the large-scale synthesis, since nitromethane is highly flammable and explosive.
Our group thus investigated N-glycosylation in other solvents under various reaction conditions and
established an efficient N-glycosylation conditions using glycosyl N-phenyltrifluoroacetimidates with
asparagine amide under integrated microfluidic/batch conditions. Disaccharide-Asn 28 thus was
obtained in 84% yield while a reaction in a flask gave 28 in 47% yield. The author also investigated the
both microfluidic and batch conditions and found that careful addition of TMSOTf under batch
conditions afforded comparable yields. Therefore, the success for N-glycosylation must be due to the
temperature control, which inhibits decomposition of the reactants and/or the formation of complicated

glycosyl intermediates between the donor, acceptor, and activator.
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Figure 1-6. Glycosylations under microfluidic condition.



Efficient N-glycosylation furnishes an asparagine-linked saccharide as a starting material for many
glycan synthesis. Success in N-glycosylation provided a new synthetic strategy of N-glycan. In previous
synthetic studies, asparagine was introduced to oligosaccharide after construction of whole
oligosaccharide structure. The most widely used methods are amination of non-protected
oligosaccharide with NH4HCO:s followed by condensation with aspartic acid (Figure 1-7a),’» and
phosphine-mediated coupling of 1-Ns oligosaccharide with aspartic acid (Figure 1-7b).3) These reactions
are carried out for non-protected, complex oligosaccharide after deprotection. This nature increases the
number of reaction steps using large compounds with high polarity. In addition, condensation with
aspartic acid can have a selectivity problem with carboxyl groups of sialic acids. Early stage introduction
of Asn solves these problems. After the backbone construction, global deprotection gives Asn-linked

N-glycan directly. This synthetic strategy was adopted for the target N-glycan 7.

a) Amination of non-protected oligosaccharide

OH
o NH4HCO3, H,0 o HBTU, HOBt }‘Zﬁo H
%ﬁo jiZﬁo NH, OH AcHN
AcHN “OH AcHN o 0 4NH 0
¥y

o
b) Phsphine-mediated coupling of C1-N3 oligosaccharide with aspartic acid

O'Bu OH
NHFmoc o H (e}
0 —_— 0O oO- H
"Ho No "Ho N\I% o AcHN " O'Bu
AcHN AcHN us 0  NHEmoc

OH OH

Figure 1-7. Previous methods to introduce asparagine to oligosaccharide.
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Chapter 2. Preparation of Tetrasaccharide Fragments by Controlling

Intermolecular Hydrogen Bonding

2-1. Synthesis of Tetrasaccharide-Asn Fragment

The author started the synthesis from preparation of tetrasaccharide-Asn fragment 23 (Scheme 2-1).
First, Fmoc group of disaccharide-Asn 28D was removed with 15% EtsN to give disaccharide acceptor 16.
Disaccharide donor 17 was prepared in the usual manner from 3-mannosyl disaccharide 25,2 which was
synthesized by microflow $-mannosylation. Allyl group of 25 was thus isomerized with Ir complex® and
the resulting compound was oxidatively cleaved by I. and H20% to give 29, which was converted to
N-phenyltrifluoroacetimidate 17.5 Glycosyl donor 17 and acceptor 16 were then coupled to give

tetrasaccharide-Asn fragment 14.

AcO AcO

OAc OAc
&/;osn &/;%n
15% Et3N
Fmogo W}\ 0% WJ\
TrocHN OAllyl TrocHN OAllyl
pr—x-g—\ OBn OBn  [ir(cod)(PPh,Me),]PFg, Hy; OBn OBn
O&}&/ then Iy, H,O Ph™X-0 0
AzCIBnO O o AzCIBOnO O °
BnO THF, rt BnO
25 TrOCHNOAIIyI 97% 29:R=H TrocHN OR
NPh :
CI)LCF3 » K2COs
acetone, rt NPh
88% ‘R=
17:R = QLCFS
AcOOAC
&/; Bn
TMSOTf
16 + 17

CH,CI Ph/V

2Ll

~20 °C, 20 min AZC'B”O n/&/ \”/\‘)\
MS4A TrocHN OAllyl
98% TrocHN

Scheme 2-1. Synthesis of tetrasaccharide-Asn fragment 14.
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2-2. Synthesis of Tetrasaccharide Fragment at Non-Reducing End

Tetrasaccharide containing a sialic acid residue was then synthesized by the coupling of the
disaccharide acceptor 18 and the disaccharide donors 5 and 19 via (2+2) pathway. The acceptor 18 and
donors 5 and 19 were prepared as shown in Scheme 2-2.

Fmoc group of protected mannose 30% was removed and the resulting alcohol 31 was glycosylated
with GIcNAc donor 29 to produce disaccharide 32.” The Fmoc group in 32 was cleaved to give
disaccharide acceptor 18.

a-Sialyl disaccharide 22 was synthesized by stereoselective sialylation using microflow method or
batch method under strict temperature control at -78°C according to the procedure that the author
established.®) Two kinds of donors 5 and 19 were prepared from 22 by acetylation under two different
conditions; acetic anhydride in pyridine gave 4-O-acetate 33 whereas isopropenyl acetate with TsOH
gave 4-O-acetyl diacetylimide 34.” Both 33 and 34 were converted into glycosyl imidate 59 and 19 via

two-steps reactions.

OBn

OBn OR! R20 O
A8 [0 TMSOTY BnO
o) NPh  + %nO TrocHN

CH,Cl, BnO o
TrocHN O~ “CFs3 OAllyl -78 °C to rt, overnight AcO

1 BnO
2 15% EtgN / CHoCl, [ 30 R = Fmoc 96% s8R r
rt 15% Et3N/CH20I2|: - =hmo
t

quant
quant

O

FmocO
BnO

. OAlyl

37:R'=H
27:R?=H

AcO g CO,Me AcO e CO,Me
.\\OACO o a) Ac,0, pyridine, 0 °C to rt, 3 .\\OACO o
AcHN overnight R

HO AcO
OAc O b)isopropenyl acetate, p-TsOH, OAc

BzO 95 °C, quant BzO

10 BzOoAllyi a) for 39, b) for 40 39:R® =NHAc BzOg
40: R® = NAc,

o OAc CO,Me OAc
[Ir(cod)(PPh,Me),]PFg, Hy; OA

CO,Me
Ac OAc )l}l\F’h AcO OAc 7
then I, H,O R3 ” (0] (0] Cl” "CF3» K2C03 R3.> O O
o

THF, rt OAc AcQ o acetone, rt OAc AcQ
79% for 42 BzO 95% for 5 from 10 BzO
a41: R3 = NHAc BzO OH 95% for 28 from 42 5 R3 = NHAc BzO (@) CF3
42: R® = NAc, 28: R% = NAc,

NPh

Scheme 2-2. Synthesis of disaccharide acceptor 18 and disaccharide donors 5 and 19.
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Synthesis of the tetrasaccharide via (2+2) glycosylation was investigated by using donor 5 and 19
(Table 2-1). Donor 19 with NAc2 group showed good reactivity and the desired tetrasaccharide 38 was
obtained in 96% yield. On the other hand, donor 5 with NHAc group showed much lower reactivity. The

reaction required more amount of activator TMSOTf and higher temperature to give tetrasaccharide 37

in 52% yield.
Table 2-1. Investigation of (2+2) glycosylation using two kinds of disaccharide donors.
I CO,Me
OBn OAc
OAc RO/ 070
A CO,Me
3> (0] (¢} n O
R +  TrocHN _Tmsott_ BzO 0] O,
OAc AcO CH-CI BnO @)
NPh BnO 2l BzO
820 Q AcO o) MS4A TrocHN
BnO 37: R® = NHAc BnO
.R3 = BzO O CF : o
5R = NHAC 3 18 Oplyl 38: R3 = NAc, Ago0
19: R® = NAc, OAllyl
Entry R3 donor product TMSOTf (eq) temp time yield
1 NHAc 5 37 0.2+0.2 0°Ctort 1.5h+1h 52%
2 NAc, 19 38 0.2 0°C 20 min 96%

The difference in reactivity between donor 5 and 19 seemed to be attributed to an intermolecular
hydrogen bonding of NHAc group. Kononov and co-workers reported that 5-NHAc sialic acid
monosaccharide forms dynamic cluster-like structure in a solution to affect the reactivity and
stereoselectivity in sialylation.!” The author hypothesized that this effect may come from the
intermolecular hydrogen bonding of NHAc group and hence also exists in the disaccharide. In order to
confirm this hypothesis, 'lH NMR spectra of 5-NHAc donor 5 were measured under various
concentrations (Figure 2-1a). The chemical shifts of 5-NHAc proton moved downfield at higher substrate
concentration, indicating the existence of intermolecular hydrogen bonding. The intermolecular
hydrogen bonding network may form the cluster-like structure of 5-NHAc sialic acid (Figure 2-1b) and

hence reduce the reactivity of donor 5 by inhibiting molecular motion and intermolecular reaction.
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AcO CO,Me
N 070
AcO 1
AcO OAc o NPh H NMR
BzO in CD,Cl,
5 BzO O CFj

100mM

SV ) YoAm
Y N

T T
5.4 52

b)
@Q\f%e
AcO OAc i
AcO MeO,C
)\ OA AcD (0]
N c
o OAc H\N : 2 N
AcO" -
AcO L AcO OAc
CO,Me O

Figure 2-1. a) "H NMR of 5-NHAc disaccharide donor 5 under various concentrations.

b) Cluster-like structure of sialic acid by intermolecular hydrogen bonding.

Dr. Zhou in our laboratory also previously found the similar hydrogen bonding effect in the

synthesis of the disialylated tetrasaccharide.'V The glycosylation reaction of disaccharide donor 39 and

acceptor 41, both of which possessed 5-NHAc sialic acid, did not proceed. On the contrary, the

glycosylation of donor 40 and acceptor 42 having 5-NAc: sialic acid efficiently proceeded to give the

desired tetrasaccharide 44 quantitatively (Table 2-2).
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Table 2-2. Effect of 5-substitution of sialic acid for disialyl tetrasaccharide motif.

OAc OAc

0Bn AcO, OAc CO,Me AcO OAc COyMe
OAc g (@) ()
AcO M1e02C Aco R /9 TMSOTF R
Hhe PR OAc B — OAC MeO,C QAc
R/ 0 M Ao 0 CH,Cl,  AcO 2C AcO ~OBn
OAc BzO O CFy HO MS4A \/%L o &: AcQ; 0
TrocHN R
39: R = NHAC 41: R = NHAc AW OAc BzO TrocHNG Ay,
40: R = NAc, 42: R = NAc, 43: R = NHAc
44:R = NAc,
Entry R donor acceptor product temp yield
1 NHAc 39 41 43 -78°Ctort no reaction
2 NAc, 40 42 44 rt quant

The above results indicated that intermolecular hydrogen bonding in sialic acid residues greatly
affects the reactivity of glycosylation. Glycosylation between larger oligosaccharide fragments should be
more affected by intermolecular hydrogen bonding, considering the lower mobility of the larger
molecules. Therefore, the use of 5-NAc: sialic acid should be efficient for the syntheses of the large

oligosaccharides.

2-3. Preparation of Tetrasaccharide-Asn Acceptor and Tetrasaccharide Donor

With both reducing and non-reducing end tetrasaccharide fragments in hand, we then prepared
tetrasaccharide-Asn acceptor 45 and tetrasaccharide donor 15 for the synthesis of the
dodecasaccharide-Asn (Scheme 2-3). AzCIBn group of tetrasaccharide-Asn fragment 14 was cleaved via
formation of iminophosphorane with phosphine followed by DDQ oxidation to give tetrasaccharide-Asn
acceptor 45. On the other hand, 1-Allyl group of tetrasaccharide fragment 38 was converted into glycosyl

imidate to obtain tetrasaccharide donor 15.
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Ph/V
AzCIBnO

AcOOAC Ac:OOAC
m OBn PPhs; m OBn
then DDQ, AcOH, H,0 OBn
CH,Cl, 0 )
/&/ N 89% HO BRO TP ¥
TrocHN 44 TrocHN OAllyl TrocHN TrocHN
45
OAc
AcO oac [oMe I on  GOMe
AeN-Lr Y F OBn AoNLrR7 O
OAc AcO [Ir(cod)(PPhyMe),]PFg, Hy; 2 OAc AcO OBn
then I, H,0 ¢
BzO 0 O o) o
BnO o BzO (0] o
BzO TrocHN THF 5,0 BnO
';C o 98% TrocHN
AGO O 46:R=H ABR° 0
38 BnO NPh A%Cr'1 5
OAllyl CI*CF31 KoCO3
acetone, rt NPh
99% e
15:R %crs

Scheme 2-3. Preparation of tetrasaccharide-Asn acceptor 45 and tetrasaccharide donor 15.
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Chapter 3. Construction of Glycan Backbone by (4+4) and (4+8)

Glycosylations

3-1. Investigation of (4+4) Glycosylation

Synthesis of octasaccharide-Asn 47 was carried out via (4+4) coupling by using tetrasaccharide
donor 15 and tetrasaccharide-Asn acceptor 45 (Table 3-1). Reaction under 0 °C in CHxCl> gave the
desired product in 56% yield with a:3 = 3/1 (Entry 1). To improve the yield and the selectivity, the
reaction solvent was investigated. In general, coupling between large fragments are difficult in
comparison to coupling of small fragments, since both mobility of molecules and accessibility of glycosyl
acceptor to oxocarbenium ion intermediate should be reduced. The author thought that the coordination
of ether to the intermediate oxocarbenium ion should stabilize the cationic intermediate and prolong its
lifetime to enable the attack of the large acceptor to the activated large donor before the degradation of
the activated donor. Ether-type solvent cyclopentylmethylether (CPME) provided exceedingly high 91%
yield (Entry 2), while reaction in nitrile-type solvent MeCN resulted in moderate yield and lower
selectivity (Entry 3). More strongly coordinating THF reduced the stereoselectivity (Entry 4).
Temperature had little effect on the selectivity (Entry 5). The selectivity was decreased, when TMSCIO4
was used as a promoter (Entry 6). TMSI was not strong enough to activate donor 15 (Entry 7). DMF was
added to the reaction mixture to generate DMF adduct in situ,) but only degradation of the donor

occurred (Entry 8, 9).
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Table 3-1. Investigation of (4+4) glycosylation.

OAc
AcO OAc COzMe AcO
=~0 o OAc
ACZN OBn 0 OBn
OAc AcO OB
0 n
BzO 0 O + Ph—X:0 @Bn 0
BnO 0 o) 0 o o
BzO HO O O H
TrocHN BnO BOnO NN
15 AE(r)\O o NPh TrocHN TrocHN OAllyl
Bno L 45 O NHZ
O "CF3
AC%AC

mOBn
OBn
. " Ph—0
activator, additive AGO OAc CO,Me ’% Té f
M " rocHN 0 \n/\HLOAIIyI

solvent, temp

MS4A OAGACO TrocHN
éﬁ/ 47

Bz0 Bn TrocHN

Entry activator (eq) solvent temp additive (eq) yield a/f
1 TMSOT(f (0.5) CH,Cl, 0°C — 56% ~3/1
2 TMSOTF (0.5) CPME 0°C — 91% ~3/1
3 TMSOTf (1.0) MeCN 0°C — 59% ~5/3
4 TMSOTf (0.5) CP'Z‘E;:HF 0°C — 68% ~5/3
5 TMSOTf (0.5) CPME rt — 63% ~3/1
6 TMSCIOf) (0.5) CPME 0°C — 81% ~5/3
7 TMSI (0.5+2.0) CPME 0°Ctort — 0%P) —
8 TMSOTf (0.5) CPME 0°Ctort DMF (5.0) 0% —
9 TMSOTf (0.5) CH,Cl, 0°Ctort DMF (5.0) 0% —

a) generated by TMSCI / AgClO,4 b) no reaction. c) hydrolysis and B-elimination of 15 occured.

3-2. (4+8) Glycosylation for Protected Dodecasaccharide-Asn

Octasaccharide-Asn 47 was treated with TFA to cleave benzylidene acetal. After purification by
column chromatography, a-isomer 48 was isolated in 58% yield. Glycosylation of donor 15 with 48 was
carried out in CPME to obtain dodecasaccharide-Asn 49 in quite good 87% yield with o: = 1/1 (Scheme
3-1). Both stereoisomers were inseparable but separated at later stage in the synthesis. By using 5-NAc2
sialylated donor, the cluster formation of the donor owing to intermolecular hydrogen bonding should
be suppressed. Coupling of large oligosaccharide fragments was hence achieved with such high
efficiency. Low selectivity is attributable to the incompatibility of the donor and the acceptor. This issue

is expected to be solved in the next generation synthesis.
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BnO: (0]
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Scheme 3-1. Synthesis of dodecasaccharide-Asn 49 by (4+8) glycosylation.
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Chapter 4. Global Deprotection of Dodecasaccharide-Asn

4-1. Investigation of Deprotection Route Using Model Substrate

With protected N-glycan 49 in hand, global deprotection was then elucidated for the synthesis of
target N-glycan 7. Since the author employed a new strategy for the synthesis of N-glycan, investigation
of the deprotection conditions is necessary. Present study is the first challenge to synthesize
asparagine-linked glycans after construction of the protected asparagine-linked oligosaccharides.
Treatment with strong bases must be avoided, since a position of L-asparagine is readily epimerized
under strong basic condition. Treatment with strong acids should be also avoided because of the
acid-labile fucosyl bond.

Fucose containing disaccharide-Asn 28 was employed as a model substrate to solve these problems
(Scheme 4-1). Cleavage of N-Troc group with aqueous LiOH was found in our laboratory.” The author ,
therefore, investigated the removal of all ester-type protecting groups and N-Troc group under a basic
condition. However, cyclic aspartimide 50 was formed as a by-product with the desired product.
Because this side reaction should occur via a nucleophilic attack of the nitrogen in the side chain to the
allyl ester, the author expected that the selective cleavage of the allyl ester before the treatment with
LiOH should solve this issue. Pd-catalyzed deallylation using sodium 2-ethylhexanoate as a scavenger?
gave carboxylic acid 51. The product was then treated with aqueous LiOH, and the resulting amine was
acetylated with Ac20 to afford acetamide 52 without cyclization. Remaining O-Bn and N-Z groups were
removed by hydrogenation to give deprotected disaccharide-Asn 53. The deprotection route was thus

successfully established.
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_—
acetone (0] THF/dioxane/H,0O o)
Fmog%oé&ﬁ = 37211 oo K
T OH — 3/2/3 OH
51 TrocHN o AcHN
O NHZ 87% in 3 steps 52 O NHZ
HOGW
&6;%
20% Pd(OH), /C, Hy o
THF/H,O/AcOH o}
= 10/10/1 Hﬁoé&/ﬂ
80% AcHN OH
53 O NH

Scheme 4-1. Global deprotection route of fucose containing disaccharide-Asn.

4-2. Deprotection of Dodecasaccharide-Asn

Deprotection of dodecasaccharide-Asn 49 was carried out according to the established route
(Scheme 4-2). First, allyl ester of asparagine was cleaved with Pd catalyst. Resulting carboxylic acid 54
was treated with aqueous LiOH, and subsequent N-acetylation gave compound 55. Compound 55 was
purified by reverse-phase HPLC and two stereoisomers generated in (4+8) glycosylation were separated
in this step. Finally, each stereoisomers were hydrogenated to obtain target N-glycan 7« and the
unnatural stereoisomer 7. Stereochemistry at 1-position of mannose was determined by NMR analysis,
measuring !Jc-H value. Based on experimentally confirmed data (~170 Hz for o glycoside and ~160 Hz for
p glycoside),? the isomer with 170.5 Hz !Jc-1 at 1-position of mannose was identified as 7a and the other

isomer with 160.3 Hz !Jc.1 was identified as 7.
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Scheme 4-2. Global deprotection of target N-glycan.
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Chapter 5. Conclusion

A chemical synthesis of core fucose containing complex-type N-glycan 7a was achieved in this
research. The author developed the universal route for various asparagine-linked N-glycans based on the
several new synthetic strategies. Asparagine residue was introduced by N-glycosylation at the early step
of the synthesis, whereas asparagine has been introduced to the final step of the synthesis by coupling of
glycosyl amine with aspartic acid residue in the previous studies. Protection of 5-acetamide in sialic acid
with additional acetyl group dramatically increased the reactivity of glycosylation in fragment coupling
by avoiding intermolecular hydrogen bonding owing to 5-NHAc group. Fragment coupling strategy
successfully reduced the total reaction steps. Especially, stepwise coupling of the stem tetrasaccharides to
3- and 6-positions of mannose in the tetrasaccharide asparagine was the key for the synthesis.
Glycosylation with N-phenyltrifluoroacetimidate donors in ether was found to be suitable for the
fragment coupling. High yields in fragment coupling were obtained under mild conditions, since ether
works as a Lewis base to reduce the acidity of Lewis acid catalysts. However, low selectivity of the
glycosylation in these fragment coupling is the issue to be solved in the future work. The present study
enables the efficient synthesis of other N-glycans and the precise biological study using synthetic

N-glycans.
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Chapter 6. Experimental Section

General Procedures

'H and ®C NMR spectra were recorded in an indicated solvent with JEOL ECA 500 spectrometer, JEOL
ECS 400 spectrometer, or Bruker 600 DRX spectrometer equipped with a cryoprobe, and analyzed with
JEOL ALICE2® ver. 6, JEOL Delta® ver. 5, or Bruker Topspin™ ver. 3 software. For 'H NMR analysis, the
chemical shifts in CDCls are given 0 values from tetramethylsilane (TMS) as an internal standard.
Acetone (0 = 2.22 ppm) or tBuOH (d = 1.24 ppm) is used as an internal standard for the measurement in
D20. CHD20D (d = 3.30 ppm), CHD2COCD: (0 = 2.05 ppm), CHD2SOCD:s (6 = 2.49 ppm), and CHDCL (0
= 5.32 ppm) are used as references for the measurements in CDsOD, acetone-Ds, DMSO-Ds, and CD2Cly,
respectively. ESI-Orbitrap mass spectra were obtained on Thermo Scientific LTQ Orbitrap™ XL
spectrometer. MALDI-TOF mass spectra were obtained on Applied Biosystems Voyager™ spectrometer
with a nitrogen laser (A = 337 nm). Silica-gel column chromatography was carried out using Kieselgel 60
Fosa (Merck Co., 0.043-0.063 mm) or Silica Gel 60N (Kanto Chemical Co., 40-50 pm or 63-210 pum) at
medium pressure (1-4 kg cm?). HPLC analysis and purification were performed with SHIMADZU
LCsolution system. Kieselgel 60 Fzss (Merck Co.) plate was used for TLC analysis and compounds were
visualized by UV (254 nm) or p-methoxybenzaldehyde (p-anisaldehyde, 0.03% in EtOH-H2S0+-AcOH
buffer). Distilled CH2Cl2 was distilled from calcium hydride. Distilled THF was distilled after removing
peroxide through Al20s column. Anhydrous THF and CPME were purchased from Kanto Chemical Co.
Distilled water was purchased from Wako Pure Chemical Industries, Ltd. Unless otherwise noted,
reactions in anhydrous solvent were carried out under argon atmosphere. MS4A were activated with a
microwave oven and dried in vacuo three times before use. All other commercially available reagents and

solvents were used as purchased.
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Chapter 2.

AcOo Ac

O
O

OBn

0]

FmO%Ooé&H
n
TrocHN OAllyl

28 0] NHZ

Ne-(Benzyloxycarbonyl)-NY-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)-3-O-benzyl-2-deoxy-
4-0O-(9-fluorenylmethoxycarbonyl)-2-(2,2,2-trichloroethyloxycarbonylamino)-f-D-glucopyranosyl)-

L-asparagine allyl ester (28)

See Ref 1.
AcOO Ac
&6;0&1
0]
HO °_H i
BnO
" TrocHN NOAIM
(0] NHZ

Ne-(Benzyloxycarbonyl)-N-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)-3-O-benzyl-2-deoxy-
2-(2,2,2-trichloroethoxycarbonylamino)-B-D-glucopyranosyl)-L-asparagine allyl ester (16)
Disaccharide-Asn 28 (1.00 g, 0.784 mmol) was dissolved in CH2Cl> (26.7 mL) and EtsN (4.7 mL) was
added to the solution. After stirring for 2 h under rt, the reaction mixture was diluted with toluene and
concentrated in vacuo. The residue was co-evaporated four times with toluene to give a crude product.
The crude product was purified by silica-gel column chromatography (toluene/EtOAc = 2/1 to 1/1) to
obtain 16 (745 mg, 90%).

'H NMR (500 MHz, CDCls); 6 = 7.40-7.28 (m, 15H), 6.92 (d, 1H, | = 7.9 Hz), 591 (d, 1H, ] = 8.7 Hz),
5.87-5.79 (m, 1H), 5.30 (dd, 1H, ] = 10.4, 3.4 Hz), 5.28-5.24 (m, 2H), 5.18 (dd, 1H, ] = 10.5, 1.1 Hz), 5.13-5.07

(m, 2H), 4.84 (d, 1H, | = 3.6 Hz), 4.81-4.77 (m, 2H), 4.75 (t, 1H, ] =10.9 Hz), 4.71 (d, 1H, | = 4.2 Hz), 4.67 (s,
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1H), 4.63 (t, 1H, ] = 11.2 Hz), 4.59-4.55 (m, 5H), 4.15 (q, 1H, ] = 6.5 Hz), 3.90-3.85 (m, 2H), 3.83 (d, 2H, ] =
4.7 Hz), 3.53-3.44 (m, 3H), 3.25 (dd, 1H, ] = 10.2, 8.9 Hz), 2.85 (dd, 1H, ] = 16.8, 3.3 Hz), 2.68 (dd, 1H, ] =
16.4, 3.9 Hz), 2.13 (s, 3H), 2.00 (s, 3H), 1.08 (d, 3H, ] = 6.4 Hz).

13C NMR (125 MHz, CDCL); & = 170.6, 170.4, 170.0, 156.1, 137.9, 137.6, 136.3, 131.6, 128.8, 128.6, 128.6,
128.5,128.4, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 118.5, 98.2, 95.3, 80.1, 79.0, 74.8, 74.8,
73.9,73.8,73.8,72.9,71.5,70.5, 68.5, 67.0, 66.2, 64.9, 55.1, 50.5, 37.7, 20.8, 20.7, 15.8.

HR ESI-Orbitrap MS; m/z calcd for CasHs6ClsN3O17 [M+Na]*: 1074.2573, found: 1074.2589.

OBn
ph—x0\ 72"
AZCIBRO 2 o O
z n BnO
25 TrocHNOAIIyI

Allyl 4-O-(3-O-(4-azido-3-chlorobenzyl)-2-O-benzyl-4,6-O-benzylidene-f-D-mannopyranosyl)-

3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-D-glucopyranoside (25)

See Ref 2.
OBn
Ph—=0\ T2
AZCIBRO QU O
z n BnO

29 TrocHN OH
4-0-(3-O-(4-azido-3-chlorobenzyl)-2-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-

3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-D-glucopyranose (29)

A suspension of [Ir(cod)(PPh2Me)2]PFs (157 mg, 0.185 mmol) in anhydrous THF (24 mL) was stirred
under Hz atmosphere for 5 min to give an yellow solution. The solution was added to a solution of
disaccharide allyl glycoside 25 (4.00 g, 3.70 mmol) in anhydrous THF (50 mL) and the mixture was
stirred for 30 min under rt. The reaction solution was added H20 (20 mL) and I» (1.88 g, 7.40 mmol) and
stirred for additional 15 min. The reaction was quenched by adding 20% aqueous Na25:03 and extracted
by EtOAc. The organic layer was washed with sat. aqueous NaHCOs and brine, dried over Na250s,

filtered, and concentrated in vacuo. The resulting crude product was purified by silica-gel column

32—



chromatography (toluene 100% to toluene/EtOAc = 3/1) to give corresponding hemiacetal 29 (3.72 g,
97%) as a/p mixture.

'H NMR (500 MHz, CDCls) of major isomer; d = 7.45-7.41 (m, 4H), 7.39-7.34 (m, 4H), 7.34-7.27 (m, 12H),
7.25-7.22 (m, 3H), 7.18 (dd, 1H, ] =8.2, 1.9 Hz), 7.05 (d, 1H, ] = 8.2 Hz), 548 (s, 1H), 5.32 (t, 1H, ] = 3.7 Hz),
5.05 (d, 1H, ] = 7.2 Hz), 5.03 (d, 1H, ] = 11.5 Hz), 4.84 (s, 2H), 4.72 (d, 1H, ] = 11.7 Hz), 4.67-4.60 (m, 3H),
4.48-4.46 (m, 2H), 4.40 (d, 1H, ] = 12.0 Hz), 4.08 (dd, 1H, | = 10.5, 4.8 Hz), 4.05 (t, 1H, ] = 9.5 Hz), 3.97 (d,
1H, ] = 3.0 Hz), 3.96 (s, 1H), 3.90 (td, 1H, ] = 9.7, 3.0 Hz), 3.70 (td, 1H, ] = 9.2, 3.2 Hz), 3.62-3.56 (m, 2H),
3.50 (t, 1H, J=10.3 Hz), 3.33 (dd, 1H, ] =9.8, 2.9 Hz), 3.10 (td, 1H, ] = 9.6, 4.9 Hz), 2.90 (d, 1H, | = 2.7 Hz).

HR ESI-Orbitrap MS; m/z calcd for CsoHs0ClaN4O12 [M+Na]*: 1061.2077, found: 1061.2091.

OBn OBn

Ph/%%& NPh
0 (0]
AzCIBnO 8RO J\

17 TrocHN O ©CF3

4-0-(3-O-(4-azido-3-chlorobenzyl)-2-O-benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-
3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-D-glucopyranosyl
N-phenyltrifluoroacetimidate (17)

A solution of the hemiacetal 29 (100 mg, 0.0961 mmol) in acetone (1.9 mL) was added
N-phenyltrifluoroacetimidoyl chloride (39.9 mg, 0.192 mmol) and K2COs (39.8 mg, 0.288 mmol). After
stirring for 5 h under rt, insoluble materials were filtered and the filtrate was concentrated in vacuo to
give a crude product. Silica-gel column chromatography (toluene/EtOAc = 30/1 to 10/1) was carried out
to obtain 17 (103 mg, 88%) as a/p mixture.

'H NMR (500 MHz, CDCls) of major isomer; d = 7.45 (dd, 2H, ] = 7.6, 1.9 Hz), 7.42 (dd, 2H, [ = 7.6, 1.0 Hz),
7.39-7.35 (m, 4H), 7.32 (q, 8H, | = 6.9 Hz), 7.27 (d, 7H, | = 8.4 Hz), 7.20 (dd, 1H, ] = 8.2, 1.8 Hz), 7.10 (tt, 1H,
J=7.4,1.1Hz),7.06 (d, 1H, ] =8.2 Hz), 6.78 (d, 2H, ] = 7.7 Hz), 6.32 (br s, 1H), 5.50 (s, 1H), 5.03 (d, 1H, ] =
11.6 Hz), 4.88 (d, 1H, =119 Hz), 4.82 (d, 1H, ] =11.9 Hz), 4.75 (d, 1H, | =12.1 Hz), 4.71 (d, 1H, ] =8.1 Hz),
4.67 (d, 1H, ] = 3.3 Hz), 4.64 (d, 1H, ] = 2.6 Hz), 4.63-4.60 (m, 1H), 4.51 (d, 1H, | = 12.7 Hz), 4.49 (s, 1H),
4.49 (s, 1H), 4.38 (d, 1H, ] =12.0 Hz), 412 (dd, 1H, ] = 10.5, 4.8 Hz), 4.07 (t, 1H, ] =9.5 Hz), 4.07 (d, 1H, | =
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8.9 Hz), 4.03 (s, 1H), 3.72 (d, 2H, ] = 2.8 Hz), 3.65 (t, 1H, ] = 9.8 Hz), 3.59-3.51 (m, 3H), 3.35 (dd, 1H, ] = 9.9,
2.9 Hz), 3.13 (td, 1H, ] = 9.7, 4.8 Hz).

HR ESI-Orbitrap MS; m/z calcd for CssHs4ClaFsNsO12 [M+Na]*: 1232.2373, found: 1232.2384.

AcO

OAc
ﬁOBn
OBn
AzCIBnO /&/ /&/
TrocHN NOAHW

TrocHN

Ne-benzyloxycarbonyl-N-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)-4-O-(4-O-(3-O-
(4-azido-3-chlorobenzyl)-2-O-benzyl-4,6-O-benzylidene-p-D-mannopyranosyl)-3,6-di-O-benzyl-
2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-f-D-glucopyranosyl)-3-O-benzyl-2-deoxy-
2-(2,2,2-trichloroethoxycarbonylamino)-B-D-glucopyranosyl)-L-asparagine allyl ester (14)

Disaccharide donor 17 (1.26 g, 1.04 mmol) and disaccharide-Asn acceptor 16 (1.00 g, 0.949 mmol) were
lyophilized from benzene, added activated MS4A powder, and dissolved in dist. CH2Cl2 (19 mL). The
solution was cooled to —20 °C and added TMSOTf (34.4 uL, 0.190 mmol), followed by 20 min stirring.
After the reaction, sat. aqueous NaHCOs was added to the mixture at 0 °C and insoluble materials were
filtered. The filtrate was poured into sat. aqueous NaHCOs and extracted by CHCls. The organic layer
was washed by brine, dried over Na2SOy, filtered, and concentrated in vacuo to give a crude product. The
crude was purified by silica-gel column chromatography (CHCls/acetone = 20/1 to 8/1) to obtain 14 (1.94
g, 98%).

IH NMR (500 MHz, CDCL); d = 7.43-7.38 (m, 6H), 7.37-7.27 (m, 16H), 7.24-7.12 (m, 16H), 7.03 (d, 1H, ] =
8.2 Hz), 691 (d, 1H, ] =7.4 Hz), 6.15 (d, 1H, ] = 8.1 Hz), 5.90 (d, 1H, | = 8.8 Hz), 5.85-5.77 (m, 1H), 5.45 (s,
1H), 5.37 (dd, 1H, ] = 10.5, 3.3 Hz), 5.24 (dq, 1H, ] = 17.2, 1.4 Hz), 5.19 (dd, 1H, ] = 3.1, 0.8 Hz), 5.16 (dq, 1H,
J=105,1.2 Hz), 5.12 (d, 1H, ] = 12.2 Hz), 5.04 (d, 1H, ] = 6.0 Hz), 5.02 (d, 1H, | =5.2 Hz), 498 (d, 1H, | =
2.3 Hz), 4.89-4.76 (m, 5H), 4.73-4.64 (m, 4H), 4.61-4.48 (m, 6H), 4.42 (d, 1H, ] = 12.0 Hz), 4.39 (d, 1H, ] = 7.0
Hz), 4.38 (d, 1H, ] =12.6 Hz), 4.34 (d, 1H, ] = 11.5 Hz), 4.25 (d, 1H, | = 12.1 Hz), 4.23 (dd, 1H, ] =13.6, 5.5
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Hz), 4.08 (dd, 1H, ] = 12.1, 3.4 Hz), 4.06 (t, 1H, ] = 9.2 Hz), 4.00 (t, 1H, ] = 9.8 Hz), 3.98 (dd, 1H, ] = 10.2, 5.2
Hz), 3.86-3.80 (m, 3H), 3.69 (d, 1H, ] = 3.2 Hz), 3.68 (dd, 1H, | = 8.6, 2.5 Hz), 3.63 (d, 1H, ] = 9.5 Hz), 3.54
(dd, 2H, ] = 10.9, 2.9 Hz), 3.50 (dd, 2H, ] = 9.8, 2.5 Hz), 3.43-3.39 (m, 3H), 3.32 (t, 1H, ] = 9.5 Hz), 3.25 (dd,
1H, ] = 9.8, 3.1 Hz), 3.04 (td, 1H, ] = 9.6, 4.9 Hz), 2.83 (dd, 1H, ] = 16.9, 3.4 Hz), 2.62 (dd, 1H, ] = 16.5, 4.0
Hz), 2.05 (s, 3H), 1.78 (s, 3H), 1.00 (d, 3H, ] = 6.4 Hz).

13C NMR (100 MHz, CDCLs); d = 170.5, 170.5, 170.3, 169.9, 156.2, 156.1, 154.3, 139.1, 138.3, 138.1, 137.5,
137.1,136.7, 136.2, 136.2, 131.6, 129.4, 129.0, 128.9, 128.8, 128.6, 128.5, 128.5, 128.4, 128.3, 128.3, 128.2, 128.1,
128.0, 127.9, 127.9, 127.8, 127.2, 127.1, 126.7, 126.0, 124.9, 119.4, 118.5, 103.6, 102.0, 101.4, 97.2, 95.6, 95.2,
81.4, 81.0, 80.4, 78.5, 78.4, 78.0, 77.7, 77.3, 76.2, 75.9, 74.9, 74.8, 74.7, 7.7, 7A.1, 73.7, 73.6, 73.4, 73.4, 71.7,
71.0, 69.6, 68.9, 68.4, 67.3, 67.0, 66.2, 64.9, 57.5,55.9, 50.4, 37.6, 20.8, 20.6, 15.5.

HR ESI-Orbitrap MS; m/z calcd for CosHi04Cl7N7O2s [M+Na]*: 2094.4647, found: 2094.4646.

OBn

FmocO 0 NPh
BnO

TrocHN O CF3
2

3,6-di-O-benzyl-2-deoxy-4-O-(9-fluorenylmethyloxycarbonyl)-2-(2,2,2-trichloroethoxycarbonylamino)-

D-glucopyranosyl N-phenyltrifluoroacetimidate (2)

See Ref 3.
BnO Ogmoc
AcO
BnO
30 OAllyl

Allyl 4-O-acetyl-3,6-di-O-benzyl-2-O-(9-fluorenylmethyloxycarbonyl)-a-D-mannopyranoside (30)

See Ref 3.
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OH
BnO
AcO Q
BnO

31 OAllyl

Allyl 4-O-acetyl-3,6-di-O-benzyl-a-D-mannopyranoside (31)

Protected mannose 30 (1.50 g, 2.33 mmol) was dissolved to CH2Cl2 (79 mL) and added EtsN (14 mL). The
mixture was stirred for 3 h under rt and diluted with toluene. The resulting solution was concentrated in
vacuo and co-evaporated four times with toluene to give a crude product. Silica-gel column
chromatography (toluene/EtOAc = 5/1 to 3/1) was carried out to obtain pure product 31 (1.03 g, quant).
'H NMR (500 MHz, CDCls); d = 7.36-7.24 (m, 10H, aromatic), 5.95-5.87 (m, 1H, -CH>-CH=CH>), 5.29 (dgq,
1H, ] =17.2, 1.6 Hz, -CH2-CH=CH>), 5.24 (t, 1H, ] = 9.8 Hz, H-4), 5.20 (dq, 1H, ] = 10.5, 1.3 Hz, -CH2-CH-
=CH>), 4.95 (d, 1H, | = 1.8 Hz, H-1), 4.66 (d, 1H, ] = 12.0 Hz, -CH2Ph), 4.53 (d, 1H, ] = 12.0 Hz, -CHzPh),
4.53 (s, 2H, -CH2Ph), 4.21 (ddt, 1H, ] = 13.0, 5.2, 1.6 Hz, -CH2.CH=CHb>), 4.05 (m, 1H, H-2), 4.01 (ddt, 1H, |
=13.1, 6.3, 1.5 Hz, -CH>-CH=CH>), 3.86 (m, 1H, H-5), 3.81 (dd, 1H, ] = 9.5, 3.5 Hz, H-3), 3.57 (dd, 1H, | =
10.8, 5.5 Hz, H-6), 3.53 (dd, 1H, ] = 10.8, 3.5 Hz, H-6), 2.60 (d, 1H, ] = 2.0 Hz, 1H, -OH), 1.89 (s, 3H, Ac).
3C NMR (125 MHz, CDCls); o = 169.9, 138.0, 137.7, 133.6, 128.5, 128.3, 128.3, 127.9, 127.7, 127.6, 127.5,
117.6,98.2,77.1,73.5, 71.8, 69.7, 69.6, 68.3, 68.2, 68.1, 20.8.

HR ESI-Orbitrap MS; m/z caled for C2sHzO7 [M+Na]*: 465.1884, found: 465.1893.
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FmocO 0
BnO

TrocHN

BnO
ACB 0
BnO

32 OAllyl

0]

Allyl 4-O-acetyl-3,6-di-O-benzyl-2-O-(3,6-di-O-benzyl-4-O-(9-fluorenylmethyloxycarbonyl)-2-deoxy-
2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-a-D-mannopyranoside (32)

A mixture of lyophilized donor 2 (659 mg, 0.710 mmol), acceptor 31 (377 mg, 0.852 mmol), and activated
MS4A powder were dissolved in dist. CH2Clz (7.1 mL). TMSOT( (25.0 uL, 0.142 mmol) was added at —
78 °C and stirred for 15 min. After being stirred overnight under rt, the reaction was quenched by sat.
aqueous NaHCOs and insoluble materials were filtered. CH2Cl> was evaporated and the residual
mixture was poured into sat. aqueous NaHCOs. The aqueous layer was extracted by EtOAc and the
organic layer was washed with H>O and brine, dried over Na:SOs, filtered, and concentrated in vacuo.
The residue was purified by silica-gel column chromatography (toluene/EtOAc = 20/1 to 5/1) to give 32
(805 mg, 96%).

TH NMR (500 MHz, CDCls); 6 = 7.74 (dd, 2H, ] = 7.6, 3.2 Hz, Fmoc aromatic), 7.56 (ddd, 2H, | = 22.1, 7.6,
0.8 Hz, Fmoc aromatic), 7.39-7.14 (m, 24H, aromatic), 5.92-5.84 (m, 1H, -CH>-CH=CH>), 5.42 (br s, 1H,
NHTroc), 5.26 (t, 1H, ] = 9.5 Hz, H-4), 5.23 (dq, 1H, | = 17.3, 1.7 Hz, -CH>-CH=CHz), 5.18 (dq, 1H, ] =10.5,
1.3 Hz, -CH>-CH=CH>), 5.07 (br d, 1H, | = 6.5 Hz, H-1"), 4.83 (s, 1H, H-1), 4.81 (t, 1H, ] =9.5 Hz, H-4’), 4.71
(d, 1H, ] = 12.0 Hz, -CH2Ph), 4.66 (d, 1H, ] = 12.0 Hz, -CH2Ph), 4.59 (d, 1H, ] = 12.0 Hz, -CH2Ph), 4.58 (s,
2H, -CH:Ph), 4.52 (s, 2H, -CHzPh), 4.47 (d, 1H, | = 12.0 Hz, -CH:Ph), 4.45 (d, 1H, | = 12.0 Hz,
-NHCO:CH>CCls), 4.42 (d, 1H, ] = 12.0 Hz, -NHCO2CH2CCls), 4.33 (br s, 1H, H-3'), 4.29 (d, 2H, ] = 7.4 Hz,
-COCHz-fluorenyl), 4.18 (t, 1H, ] = 3.2 Hz, H-2), 4.16 (ddt, 1H, ] =13.1, 6.3, 1.5 Hz, -CH>-CH=CH>), 4.10 (t,
1H, ] = 7.3 Hz, Fmoc fluorenyl), 3.94 (ddt, 1H, ] = 12.9, 6.0, 1.3 Hz, -CH.-CH=CH>), 3.84 (dd, 1H, ] = 9.3,
3.3 Hz, H-3), 3.79 (m, 1H, H-5), 3.71 (m, 1H, H-5'), 3.60-3.51 (m, 4H, H-6, H-6"), 3.14 (br s, 1H, H-2’), 1.92
(s, 3H, Ac).

13C NMR (125 MHz, CDCls); o = 169.7, 154.3, 153.9, 143.3, 143.1, 141.3, 141.2, 138.2, 138.0, 137.8, 133.6,
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129.0, 128.3, 128.2, 127.9, 127.8, 127.7, 127.6, 127.6, 127.6, 127.1, 125.3, 125.1, 125.0, 120.0, 117.5, 95.5, 75.1,
74.2,73.6,73.4,73.0,72.8,71.2,70.5, 70.0, 69.8, 68.7, 68.3, 57.8, 46.7, 20.9.

HR ESI-Orbitrap MS; m/z calcd for CesHesCIsNO1s [M+Na]*: 1202.3234, found: 1202.3234.

TrocHN

BnO
Acg 0
BnO

18 OAllyl
Allyl 4-O-acetyl-3,6-di-O-benzyl-2-0O-(3,6-di-O-benzyl-2-deoxy-2-
(2,2,2-trichloroethoxycarbonylamino)-f-D-glucopyranosyl)-a-D-mannopyranoside (18)
To a solution of protected disaccharide 32 (200 mg, 0.169 mmol) in CH2Cl2 (5.8 mL) was added EtsN (1.0
mL) and the solution was stirred for 5.5 h under rt. The reaction solution was concentrated in vacuo and
co-evaporated three times with toluene. The resulting crude product was purified by silica-gel column
chromatography (toluene/EtOAc =4/1 to 3/1) to give product 18 (162 mg, quant).
'H NMR (400 MHz, acetone-De); d =7.37-7.19 (m, 20H), 6.96 (d, 1H, ] = 8.6 Hz), 5.99-5.89 (m, 1H), 5.25 (dq,
1H,]=17.3,1.8 Hz), 5.15 (t, 1H, ] = 9.8 Hz), 5.13 (dq, 1H, ] =10.9, 1.4 Hz), 4.99 (d, 1H, ] = 1.4 Hz), 4.89-4.76
(m, 5H), 4.60 (d, 1H, ] = 13.7 Hz), 4.57 (d, 1H, ] = 10.2 Hz), 4.53 (s, 4H), 4.46 (d, 1H, ] = 12.0 Hz), 4.30 (t, 1H,
J=2.3Hz),4.19 (ddt, 1H, ] =13.2, 5.2, 1.6 Hz), 3.98 (ddt, 1H, ] =13.2, 5.8, 1.5 Hz), 3.89 (dd, 1H, ] =10.7, 2.0
Hz), 3.83 (dd, 1H, ] = 9.4, 3.3 Hz), 3.82 (ddd, 1H, ] = 12.9, 6.2, 3.3 Hz), 3.77-3.69 (m, 2H), 3.65-3.50 (m, 5H),
1.92 (s, 3H).
13C NMR (100 MHz, acetone-Ds); 0 =170.0, 155.2, 140.2, 139.8, 139.6, 135.2, 129.0, 129.0, 128.9, 128.8, 128.5,
128.4,128.2,128.1, 128.1, 128.0, 127.9, 117.0, 101.0, 97.8, 97.1, 82.9, 82.9, 76.6, 76.5, 76.0, 74.8, 74.7, 74.0, 73.9,
73.6,72.1,72.0,71.3,71.2,71.1, 70.5, 69.3, 68.7, 58.0, 20.9.

HR ESI-Orbitrap MS; m/z caled for CasHs4CIsNO13 [M+Na]*: 980.2558, found: 980.2567.
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OAc

CO,Me
AcO OAc 2
AcHN Q7 9

OAc HO

BzO
22 BzO

o)

OAllyl

Allyl 2,3-di-O-benzoyl-6-O-(Methyl 5-acetamide-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-
a-D-galacto-2-nonulopyranosylonate)-a-D-galactopyranoside (22)

See Ref 4.

OAc
AcO CO,Me
¢ OAc 2

AcHN— 42/ O
OAc AcO

BzO
33 BzO

0

OAllyl

Allyl 4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 5-acetamide-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonate)-a-D-galactopyranoside (33)

a-Sialyl disaccharide 22 (706 mg, 0.783 mmol) was dissolved in pyridine (15 mL) and Ac2O (15 mL) was
added to the solution. After overnight stirring under rt, the reaction was quenched by MeOH and the
solution was concentrated in vacuo. The residue was dissolved in EtOAc and poured into H20. The
aqueous layer was extracted by EtOAc and the organic layer was washed with brine three times, dried
over Na2SO, filtered, concentrated in vacuo, and co-evaporated with toluene four times to give a crude
product. The crude product was roughly purified by silica-gel column chromatography (CHCls/MeOH =

50/1 to 20/1). The resulting product was used for the next reaction without further purification.
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I CO,Me

OAc

AcHN— 2/ ©
OAC ACO

BzO
35 BzO OH

4-0O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 5-acetamide-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonate)-a-D-galactopyranose (35)

A suspension of [Ir(cod)(PPh2Me)2]PFs (133 mg, 0.157 mmol) in anhydrous THF (7.8 mL) was stirred for 5
min under Hz atmosphere to give a yellow solution. The solution was added to a solution of the crude
disaccharide 33 (0.783 mmol) in anhydrous THF (7.8 mL) under Ar atmosphere and the mixture was
stirred overnight under rt. To the reaction solution were added H20O (6 mL) and I (398 mg, 1.57 mmol),
and the mixture was stirred for 1.5 h under rt. The reaction was quenched by 20% aqueous Na25:03 and
THF was evaporated under reduced pressure. The residue was poured into sat. aqueous NaHCOs and
the aqueous layer was extracted by EtOAc. The organic layer was washed with brine, dried over Na2SOs,
filtered, and concentrated in vacuo to give a crude product. The crude product was roughly purified by
silica-gel column chromatography (CHCls only to CHCls/MeOH = 20/1). The product was used to the

next reaction without further purification.

OAc
CO,Me
AcO \\O Ac 2
AcHN Q/ ©
AcO
OAc o  NPh
BzO
5 Bz0O O CF;

4-0-acetyl-2,3-di-O-benzoyl-6-O-(Methyl
5-acetamide-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-a-D-gal
actopyranosyl N-phenyltrifluoroacetimidate (5)

To a solution of the crude disaccharide 35 (0.783 mmol) in acetone (7.8 mL) were added
N-phenyltrifluoroacetimidoyl chloride (325 mg, 1.57 mmol) and KoCOs (325 mg, 2.35 mmol). The mixture

was stirred overnight under rt, filtered, and concentrated in vacuo. The residue was purified by silica-gel
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column chromatography (toluene/EtOAc = 1/3 to 1/10) to obtain the product 5 (804 mg, 95%) as o/f3
mixture.

H NMR (400 MHz, CD2Cl2) of major isomer; d = 7.98 (dd, 2H, ] = 8.4, 1.3 Hz), 7.90 (dd, 2H, ] = 8.3, 1.2 Hz),
7.61-7.52 (m, 2H), 7.45-7.38 (m, 5H), 7.30 (t, 1H, ] =7.8 Hz), 7.17 (t, 2H, | =7.7 Hz), 7.04 (t, 1H, | = 7.4 Hz),
6.50 (d, 1H, J = 5.5 Hz), 5.83 (d, 2H, J = 2.1 Hz), 5.55-5.51 (m, 1H), 5.45-5.37 (m, 1H), 5.30 (dd, 1H, ] = 2.1,
0.6 Hz), 5.19 (d, 1H, ] = 9.6 Hz), 4.93-4.84 (m, 1H), 4.51 (t, 1H, | = 5.6 Hz), 4.26 (ddd, 1H, ] =21.1, 12.4, 2.9
Hz), 4.12-3.96 (m, 4H), 3.80 (s, 3H), 3.38 (dd, 1H, ] = 10.0, 6.2 Hz), 2.61 (dd, 1H, ] = 12.8, 4.7 Hz), 2.17 (s,

3H), 2.13 (s, 3H), 2.12 (s, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.99 (dd, 1H, ] =4.2, 3.6 Hz), 1.84 (s, 3H).

34
BZOoAlly1

Allyl 4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-
3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-a-D-galactopyranoside (34)

To a-sialyl disaccharide 22 (4.00 g, 4.44 mmol) was added isopropenyl acetate (220 mL) and p-TsOH (761
mg, 4.00 mmol). The mixture was stirred at 95 °C under reflux. After 2 h stirring, the reaction mixture
was cooled to 0 °C and EtsN (3 mL) was added. The mixture was concentrated in vacuo and
co-evaporated twice with toluene to give a crude product. Silica-gel column chromatography
(toluene/EtOAc = 3/1 to 1/1) was carried out to obtain 34 (4.38g, quant).

'H NMR (500 MHz, CDCls); & =7.98 (dd, 2H, | = 8.4, 1.2 Hz), 7.88 (dd, 2H, | = 8.4, 1.4 Hz), 7.53-7.47 (m,
2H), 7.37 (dt, 4H, ] = 14.8, 6.7 Hz), 5.90-5.82 (m, 1H), 5.82 (dd, 1H, ] =10.9, 3.3 Hz), 5.73 (dd, 1H, ] =3.3, 1.1
Hz), 5.58 (dd, 1H, ] =10.7, 3.7 Hz), 5.51 (td, 1H, ] = 10.5, 5.4 Hz), 5.35-5.30 (m, 3H), 5.17-5.15 (m, 2H), 4.94
(dd, 1H, J =10.1, 1.8 Hz), 4.38-4.35 (m, 1H), 4.31 (ddt, 1H, ] = 13.5, 4.5, 1.5 Hz), 4.29 (dd, 1H, ] = 12.4, 2.9
Hz), 417 (t, 1H, ] =10.0 Hz), 4.15 (dd, 1H, ] = 12.6, 5.2 Hz), 4.08 (ddt, 1H, ] =13.3, 5.9, 1.4 Hz), 3.94 (dd, 1H,
J=10.2, 6.3 Hz), 3.82 (s, 3H), 3.50 (dd, 1H, ] =10.2, 7.3 Hz), 2.73 (dd, 1H, ] = 13.1, 5.4 Hz), 2.38 (s, 3H), 2.31
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(s, 3H), 2.19 (s, 3H), 2.14 (s, 3H), 2.13 (s, 3H), 2.03 (s, 3H), 1.97 (s, 3H), 1.85 (dd, 1H, ] = 13.2, 10.9 Hz).

13C NMR (100 MHz, CDCLs); d = 174.5, 173.6, 170.5, 170.1, 169.9, 169.8, 169.6, 167.3, 166.0, 165.4, 133.5,
133.3, 133.1, 129.8, 129.5, 129.5, 129.3, 128.4, 128.3, 117.5, 98.7, 95.6, 77.2, 69.8, 69.0, 68.7, 68.6, 68.5, 68.3,
67.6,67.1,66.8, 62.5, 61.9, 57.1, 52.8, 38.7, 27.9, 25.9, 21.0, 21.0, 20.7, 20.7, 20.6.

HR ESI-Orbitrap MS; m/z calcd for CozHssNO22 [M+Na]*: 1008.3113, found: 1008.3119.

OAc
CO-Me
AcO OAC 2

O (0]
OAc AcO

0]
BzO
36 BzO OH

AcoN =

4-0O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-3,5-dideoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonate)-D-galactopyranose (36)

A suspension of [Ir(cod)(PPh2Me)2]PFs (25.5 mg, 0.0301 mmol) in anhydrous THF (3.0 mL) was stirred for
5 min under H> atmosphere to give a yellow solution. The solution was added to a solution of allyl
glycoside 34 (297 mg, 0.301 mmol) in anhydrous THF (3.0 mL) under Ar atmosphere and stirred for 1 h
under rt. To the reaction solution were added H20 (2 mL) and I> (153 mg), followed by 1 h stirring. 20%
aqueous Na25:03 was added to the solution and THF was evaporated. The aqueous layer was extracted
by EtOAc. The organic solution was washed with sat. aqueous NaHCOs and brine, dried over Na250s,
filtered and concentrated in vacuo. The resulting crude product was purified by silica-gel column
chromatography (CHCls/acetone = 15/1 to 10/1) to give 36 (225 mg, 79%) as o/p mixture.

'H NMR (500 MHz, CDCls) of major isomer; d =8.00 (dd, 2H, | =8.4, 1.3 Hz), 7.90 (dd, 2H, ] = 8.4, 1.2 Hz),
7.52-7.48 (m, 2H), 7.39-7.35 (m, 4H), 5.91 (dd, 1H, ] =10.7, 3.4 Hz), 5.82 (dd, 1H, ] = 3.4, 1.2 Hz), 5.68 (t, 1H,
] =3.2Hz), 5.57 (ddd, 1H, ] = 10.7, 3.6, 1.1 Hz), 5.54 (dd, 1H, ] = 4.7, 1.7 Hz), 5.54-5.48 (m, 1H), 5.36 (td, 1H,
J=75,25Hz),517 (dd, 1H, ] = 6.9, 1.4 Hz), 5.02 (dd, 1H, ] = 10.1, 1.5 Hz), 4.70 (ddd, 1H, ] =9.1, 5.3, 1.0
Hz), 4.62 (dd, 1H, ] = 3.0, 1.3 Hz), 4.41 (dd, 1H, ] = 12.1, 2.6 Hz), 4.11 (q, 1H, ] = 10.0 Hz), 3.85 (s, 3H), 3.80

(dd, 1H, J = 11.2, 5.4 Hz), 3.57 (dd, 1H, ] = 11.1, 9.4 Hz), 2.75 (dd, 1H, ] = 13.2, 5.3 Hz), 2.38 (s, 3H), 2.33 (s,
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3H), 2.30 (s, 3H), 2.14 (s, 3H), 2.12 (s, 3H), 2.04 (s, 3H), 1.98 (s, 3H), 1.89 (dd, 1H, ] = 13.2, 10.9 Hz).

HR ESI-Orbitrap MS; m/z caled for Ca4Hs1NO22 [M+Na]*: 968.2800, found: 968.2810.

OAc
CO,Me
AcO OAc 2
Ac,N QY 9
AcO
OAc o  NPh
BzO
19 BzO O~ "CF,

4-0-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-3,5-dideoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonate)-D-galactopyranosyl N-phenyltrifluoroacetimidate (19)
To a solution of hemiacetal 36 (3.03 g, 3.20 mmol) in acetone (32 mL) were added N-phenylacetimidoyl
chloride (1.33 g, 6.40 mmol) and K2COs (1.33 g, 9.60 mmol). The mixture was stirred for 30 min under rt
and insoluble materials were filtered. The filtrate was concentrated in vacuo and purified by silica-gel
column chromatography (CHCls/acetone = 30/1 to 15/1) to give product 19 (3.41 g, 95%) as o/3 mixture.
H NMR (500 MHz, CDCls3) of major isomer; d =7.98 (dd, 2H, | =8.4, 1.2 Hz, Bz), 7.90 (dd, 2H, ] =8.3, 1.3
Hz, Bz), 7.57 (tt, 1H, ] = 7.4, 1.4 Hz, Bz), 7.51 (tt, 1H, ] = 7.4, 1.4 Hz, Bz), 7.43-7.36 (m, 4H, Bz), 7.14-7.08 (m,
2H, NPh), 7.01 (t, 1H, | = 7.4 Hz, NPh), 6.74 (d, 1H, | = 5.7 Hz, H-1), 6.44 (d, 2H, | = 4.4 Hz, NPh),
5.87-5.76 (m, 3H, H-2, 3, 4’), 5.52 (td, 1H, ] = 11.0, 5.2 Hz, H-4), 5.35 (ddd, 1H, | = 8.0, 5.0, 2.6 Hz, H-8),
5.17 (dd, 1H, ] = 8.4, 1.8 Hz, H-7), 4.94 (dd, 1H, ] =10.1, 1.8 Hz, H-6), 4.52 (t, 1H, ] = 6.2 Hz, H-5"), 4.29 (dd,
1H, ] =125, 2.8 Hz, H-9a), 4.17 (t, 1H, ] = 10.0 Hz, H-5), 4.14 (dd, 1H, ] = 12.6, 5.0 Hz, H-9b), 4.03 (dd, 1H,
J=10.2, 6.2 Hz, H-6a’), 3.83 (s, 3H, CO2Me), 3.53 (dd, 1H, | =10.0, 7.4 Hz, H-6b"), 2.75 (dd, 1H, ] =13.0, 5.3
Hz, H-3eq), 2.38 (s, 3H, NAc), 2.31 (s, 3H, NAc), 2.17 (s, 3H, OAc), 2.17 (s, 3H, OAc), 2.13 (s, 3H, OAc), 2.02
(s, 3H, OAc), 1.98 (s, 3H, OAc), 1.86 (dd, 1H, ] =13.0, 10.9 Hz, H-3x).

HR ESI-Orbitrap MS; m/z calcd for Cs2Hss5F3sN2022 [M+Na]*: 1139.3096, found: 1139.3107.
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OAllyl

Allyl 4-O-acetyl-2-O-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 5-acetamide-4,7,8,9-tetra-
O-acetyl-3,5-deoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-f-D-galactopyranosyl)-3,6-di-
O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-f-D-glucopyranosyl)-3,6-di-O-benzyl-
a-D-mannopyranoside (37)

C5-NHAc disaccharide donor 5 (20.0 mg, 0.0186 mmol) and disaccharide acceptor 18 (21.4 mg, 0.0223
mmol) were lyophilized from benzene and dissolved in dist. CH2Cl2 (0.36 mL) with activated MS4A
powder. TMSOT( (67 pL, 0.372 mmol) was diluted in dist. CH2Cl2 (1.0 mL) with activated MS4A pellets.
To the solution of 5 and 18 was added TMSOTf solution (10 pL, 3.72 umol of TMSOTf) at 0 °C and
stirred under the same temperature for 20 min. The reaction was allowed to warm up to rt and
continued. After 1 h, another portion of TMSOTf solution (10 uL, 3.72 umol of TMSOTf) was added and
the mixture was stirred for 30 min. The reaction was quenched by adding sat. aqueous NaHCOs and
insoluble materials were filtered. The filtrate was poured into sat. aqueous NaHCOs and extracted with
CHCls. The organic layer was washed by brine, dried over Na:SO, filtered and concentrated in vacuo.
Silica-gel column chromatography (toluene/EtOAc = 1/1 to 2/3) was carried out to obtain 37 (17.7 mg,
52%).

'H NMR (500 MHz, acetone-Ds); d =7.95 (dd, 2H, | = 8.4, 1.3 Hz), 7.87 (dd, 2H, | = 8.4, 1.3 Hz), 7.60-7.55
(m, 2H), 7.50 (dd, 2H, ] = 8.0, 0.9 Hz), 7.43 (q, 4H, ] = 8.0 Hz), 7.40-7.29 (m, 14H), 7.27-7.17 (m, 4H), 6.99 (d,
1H, ] = 8.5 Hz), 6.87 (d, 1H, ] = 9.7 Hz), 5.95-5.87 (m, 1H), 5.63 (dd, 1H, | = 3.5, 0.8 Hz), 5.60 (dd, 1H, | =
10.4, 8.0 Hz), 5.50 (dd, 1H, ] = 10.5, 3.5 Hz), 5.44 (ddd, 1H, ] = 8.5, 6.0, 3.0 Hz), 5.35 (dd, 1H, ] = 8.2, 2.1 Hz),

5.22 (dq, 1H, J=17.4,1.8 Hz), 5.20 (d, 1H, ] =7.7 Hz), 5.13 (t, 1H, ] =9.8 Hz), 5.10 (dq, 1H, ] =10.4, 1.5 Hz),
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5.09 (d, 1H, ] = 10.8 Hz), 4.94 (br s, 1H), 4.86-4.76 (m, 4H), 4.63 (d, 1H, ] = 11.7 Hz), 4.52 (d, 1H, ] = 12.0 Hz),
4.52 (s, 2H), 4.40 (d, 1H, ] = 12.1 Hz), 4.32 (dd, 1H, ] = 12.7, 2.6 Hz), 4.30 (d, 1H, ] = 12.2 Hz), 4.26 (t, 1H, ] =
2.5 Hz), 4.21 (dd, 1H, ] = 10.7, 2.2 Hz), 4.19-4.14 (m, 2H), 4.12-4.05 (m, 2H), 3.94 (ddt, 1H, ] = 13.1, 5.7, 1.4
Hz), 3.92-3.86 (m, 2H), 3.80-3.77 (m, 5H), 3.73 (dd, 1H, ] = 11.5, 2.7 Hz), 3.71 (d, 1H, ] = 4.5 Hz), 3.59-3.49
(m, 2H), 3.44-3.41 (m, 2H), 2.54 (dd, 1H, ] = 12.8, 4.8 Hz), 2.10 (s, 3H), 2.09 (s, 3H), 2.06 (s, 3H), 1.97 (s, 3H),

1.95 (s, 3H), 1.91 (s, 3H), 1.78 (s, 3H), 1.76 (dd, 4H, ] = 13.6, 10.2 Hz).

OAc
CO,Me
AcO OAc 2
Ac,N Q/ © OB
OAc AcO
BzO 2 0 O
i BzO BnO Q
TrocHN
BnO
AcO 0
38 BnO

OAllyl
Allyl 4-O-acetyl-2-O-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 4,7,8,9-tetra-O-acetyl-
5-(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-p-D-
galactopyranosyl)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-
glucopyranosyl)-3,6-di-O-benzyl-a-D-mannopyranoside (38)
C5-NAc: disaccharide donor 19 (1.39 g, 1.24 mmol) and disaccharide acceptor 18 (1.30 g, 1.36 mmol)
were lyophilized from benzene and dissolved in dist. CH2Cl2 (25 mL) with activated MS4A powder. To
the solution was added TMSOTT (45 uL, 0.248 mmol) at 0 °C and the mixture was stirred under the same
temperature for 20 min. Sat. aqueous NaHCOs was added to the reaction mixture and insoluble
materials were filtered. The filtrate was poured into sat. aqueous NaHCOs and extracted with CHCls.
The organic layer was washed by brine, dried over Na:SO;, filtered, and concentrated in vacuo. Silica-gel
column chromatography (toluene/EtOAc = 5/1 to 3/2) was carried out to give product 38 (2.25 g, 96%).
IH NMR (400 MHz, acetone-Ds); d = 7.94 (dd, 2H, ] = 8.4, 1.3 Hz), 7.88 (dd, 2H, ] = 8.4, 1.3 Hz), 7.61-7.54

(m, 2H), 7.51-7.36 (m, 10H), 7.34-7.30 (m, 9H), 7.29-7.12 (m, 5H), 6.98 (d, 1H, ] = 8.7 Hz), 5.96-5.86 (m, 1H),
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5.65 (dd, 1H, ] = 3.5, 0.9 Hz), 5.62 (d, 1H, ] = 14.9 Hz), 5.61 (dd, 1H, ] = 7.4, 3.0 Hz), 5.54-5.48 (m, 2H), 5.36
(ddd, 1H, ] = 8.3, 5.0, 2.3 Hz), 5.22 (dq, 1H, ] = 17.2, 1.7 Hz), 5.19 (d, 1H, ] = 8.0 Hz), 5.17 (dd, 1H, ] = 5.2,
2.2 Hz), 5.13 (d, 1H, ] = 9.6 Hz), 5.11 (ddd, 1H, ] = 10.4, 3.2, 1.3 Hz), 5.09 (d, 1H, ] = 10.9 Hz), 5.00 (dd, 1H,
J=10.1, 1.7 Hz), 495 (d, 1H, ] = 1.1 Hz), 4.89-4.76 (m, 4H), 4.63 (d, 1H, ] = 12.3 Hz), 4.56 (d, 1H, ] = 12.1
Hz), 4.53 (s, 2H), 4.41 (d, 1H, ] = 11.9 Hz), 4.38 (dd, 1H, ] = 12.3, 3.5 Hz), 4.33 (d, 1H, ] = 12.0 Hz), 4.32 (t,
1H, ] = 10.2 Hz), 4.20-4.09 (m, 3H), 4.06 (dd, 1H, ] = 7.6, 6.0 Hz), 3.95 (ddt, 1H, ] = 13.1, 5.8, 1.5 Hz), 3.95
(dd, 1H, ] = 10.2, 5.7 Hz), 3.86 (t, 1H, ] = 10.1 Hz), 3.82-3.78 (m, 5H), 3.76-3.69 (m, 2H), 3.61-3.49 (m, 4H),
3.40 (ddd, 1H, ] = 9.7, 4.1, 2.3 Hz), 2.69 (dd, 1H, ] = 12.9, 5.2 Hz), 2.37 (s, 3H), 2.34 (s, 3H), 2.13 (s, 3H), 2.11
(s, 3H), 2.06 (s, 3H), 1.98 (s, 3H), 1.97 (s, 3H), 1.92 (s, 3H), 1.81 (dd, 1H, ] = 12.8, 11.0 Hz).

13C NMR (100 MHz, acetone-Ds); & = 175.2, 174.6, 170.8, 170.7, 170.4, 170.1, 170.1, 170.0, 168.4, 165.7, 165.7,
155.1, 1402, 139.7, 139.6, 139.5, 135.1, 134.3, 134.1, 130.3, 130.3, 130.3, 130.2, 129.7, 129.5, 129.3, 129.2, 129.0,
128.8, 128.8, 128.6, 128.4, 128.2, 128.1, 128.0, 128.0, 117.0, 100.9, 100.8, 99.8, 97.8, 97.0, 80.5, 77.4, 76.0, 75.5,
74.8, 74.5, 74.1, 73.9, 73.6, 72.9, 72.6, 71.4, 71.2, 71.1, 71.0, 70.5, 69.7, 69.6, 69.3, 68.7, 68.1, 67.1, 62.7, 58.0,
57.5,53.3,39.3, 28.0, 26.0, 21.2, 21.1, 20.9, 20.7, 20.7, 20.6.

HR ESI-Orbitrap MS; m/z calcd for Co2H103CIsN20s: [M+Na]*: 1907.5356, found: 1907.5353.
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Ne-benzyloxycarbonyl-N-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)-3-O-benzyl-4-O-
(3,6-di-O-benzyl-4-O-(2-O-benzyl-4,6-O-benzylidene-pB-D-mannopyranosyl)-2-deoxy-2-(2,2,2-
trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-
B-D-glucopyranosyl)-L-asparagine allyl ester (45)

To a solution of protected tetrasaccharide-Asn 14 (509 mg, 0.245 mmol) in anhydrous CH2Cl2 (49 mL)
was added PPhs (193 mg, 0.735 mmol) and the solution was stirred for 1 h under rt. AcOH (422 uL, 7.35
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mmol), H20 (132 uL, 7.35 mmol), and DDQ (195 mg, 0.858 mmol) were added to the reaction solution
and stirred for another 20 min. The resulting mixture was diluted by CHCls and remaining DDQ was
reduced by adding 5% aqueous ascorbic acid. The aqueous layer was extracted with CHCls twice and the
gathered organic layer was washed by sat. aqueous NaHCOs and brine, dried over Na2SOs, filtered, and
concentrated in wvacuo. The crude mixture was purified by silica-gel column chromatography
(CHCls/acetone = 15/1 to 10/1) to give 45 (412 mg, 89%).

IH NMR (500 MHz, CDCLs); d = 7.44-7.39 (m, 4H), 7.36-7.27 (m, 20H), 7.24-7.16 (m, 12H), 6.94 (d, 1H, ] =
7.7 Hz), 6.15 (d, 1H, ] = 8.7 Hz), 591 (d, 1H, | = 8.5 Hz), 5.85-5.78 (m, 1H), 5.39 (s, 1H), 5.35 (dd, 1H, | =
10.6, 3.4 Hz), 5.25 (dq, 1H, ] = 17.2, 1.4 Hz), 5.18 (br s, 1H), 5.16 (dq, 1H, ] = 10.4, 1.3 Hz), 5.12 (d, 1H, ] =
12.3 Hz), 5.01 (dt, 4H, ] =20.1, 8.3 Hz), 4.88 (d, 1H, | = 13.2 Hz), 4.86 (d, 1H, | = 14.4 Hz), 4.79-4.65 (m, 6H),
4.59-4.55 (m, 6H), 4.50 (d, 1H, ] = 11.8 Hz), 4.42 (d, 1H, ] = 7.2 Hz), 4.33 (d, 1H, ] = 13.7 Hz), 431 (d, 1H, ] =
11.8 Hz), 4.22 (q, 1H, ] = 6.5 Hz), 4.09 (q, 2H, ] = 9.0 Hz), 4.00 (dd, 1H, ] =10.6, 4.8 Hz), 3.86-3.81 (m, 4H),
3.72 (d, 1H, ] = 8.7 Hz), 3.65-3.60 (m, 4H), 3.52 (q, 1H, ] = 9.0 Hz), 3.52-3.30 (m, 5H), 3.03 (td, 1H, ] = 9.5, 4.8
Hz), 2.83 (dd, 1H, ] =16.5, 3.4 Hz), 2.62 (dd, 1H, ] =16.5, 4.2 Hz), 2.29 (d, 1H, | = 5.4 Hz), 2.04 (s, 3H), 1.72
(s, 3H), 1.00 (d, 3H, ] = 6.5 Hz).

3C NMR (100 MHz, CDCls); & = 170.5, 170.5, 170.3, 169.8, 156.2, 156.1, 154.3, 139.1, 138.1, 137.3, 137.3,
137.1, 136.2, 131.6, 129.0, 129.0, 128.8, 128.6, 128.5, 128.5, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 128.0, 127.8,
127.2,127.2,126.3, 118.5, 103.6, 101.9, 101.8, 97.1, 95.6, 95.2, 81.3, 81.0, 80.3, 79.1, 78.5, 77.8, 77.5, 77.3, 75.9,
754,74.8,74.8, 74.6, 73.8, 73.7, 73.5, 73.4, 71.7, 70.7, 69.6, 68.6, 68.4, 67.0, 66.9, 66.7, 66.2, 64.9, 57.4, 55.9,
50.4, 37.6, 20.7, 20.5, 15.5.

HR ESI-Orbitrap MS; m/z calcd for CotHi00CleN4Ozs [M+Na]*: 1929.4553, found: 1929.4554.
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4-O-acetyl-2-0-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 4,7,8 9-tetra-O-acetyl-5-
(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-p-D-galactopyranosyl)-
3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-3,6-di-
O-benzyl-D-mannopyranose (46)

A suspension of [Ir(cod)(PPh2Me)2]PFs (44.8 mg, 0.0530 mmol) in anhydrous THF (5 mL) was stirred for
10 min under H2 atmosphere to give yellow solution. To a solution of allyl glycoside 38 (2.00 g, 1.06
mmol) in anhydrous THF (16 mL) was added the solution of activated Ir complex and stirred for 1.5 h
under rt. H2O (5 mL) and I> (538 mg, 2.12 mmol) were added to the reaction solution and the solution
was stirred for another 10 min. The reaction was quenched by 20% aqueous Na:SOs and THF was
evaporated. The residual mixture was poured into 20% aqueous Na2504 and extracted with EtOAc. The
organic layer was washed by sat. aqueous NaHCOs and brine, dried over NaxSOs, filtered and
concentrated in wvacuo to give a crude product. The crude was purified by silica-gel column
chromatography (toluene/acetone = 6/1 to 4/1) to obtain 46 (1.93 g, 98%) as o/ mixture.

'H NMR (400 MHz, acetone-Ds) of major isomer; 0 =7.94 (dd, 2H, ] =8.2, 1.1 Hz), 7.87 (dd, 2H, ] =8.2, 1.1
Hz), 7.57 (qt, 2H, ] = 9.3, 1.5 Hz), 7.50 (d, 2H, ] = 7.1 Hz), 7.46-7.38 (m, 7H), 7.36-7.30 (m, 10H), 7.28-7.12
(m, 5H), 6.96 (d, 1H, ] =8.7 Hz), 5.68 (d, 1H, ] = 4.1 Hz), 5.64 (d, 1H, ] = 3.5 Hz), 5.61 (s, 2H), 5.60 (d, 1H, |
= 5.8 Hz), 5.54-5.47 (m, 2H), 5.36 (ddd, 1H, ] = 7.8, 6.0, 3.2 Hz), 5.25 (br s, 1H), 5.21-5.08 (m, 4H), 5.00 (dd,
1H, ] = 10.1, 1.6 Hz), 4.86-4.76 (m, 3H), 4.61 (d, 1H, ] = 12.7 Hz), 4.57 (d, 1H, ] = 12.3 Hz), 4.48 (s, 2H),
4.43-429 (m, 4H), 4.24 (t, 1H, ] = 2.2 Hz), 4.16-4.04 (m, 3H), 4.01 (ddd, 1H, ] = 10.0, 6.0, 3.8 Hz), 3.95 (dd,

1H, | =9.7, 5.5 Hz), 3.89-3.85 (m, 2H), 3.82 (s, 3H), 3.76-3.69 (m, 2H), 3.60-3.46 (m, 3H), 3.41 (ddd, 1H, | =
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9.8, 4.2, 2.2 Hz), 2.69 (dd, 1H, ] = 12.8, 5.2 Hz), 2.37 (s, 3H), 2.34 (s, 3H), 2.13 (s, 3H), 2.11 (s, 3H), 2.06 (s,
3H), 1.98 (s, 3H), 1.97 (s, 3H), 1.91 (s, 3H), 1.81 (dd, 1H, ] = 12.7, 10.9 Hz).

HR ESI-Orbitrap MS; m/z calcd for CssHooClsN20z4 [M+Na]*: 1867.5043, found: 1867.5054.
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4-O-acetyl-2-0-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl 4,7,8 9-tetra-O-acetyl-5-
(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-p-D-galactopyranosyl)-
3,6-di-O-benzyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-3,6-di-
O-benzyl-D-mannopyranosyl N-phenyltrifluoroacetimidate (15)

To a solution of hamiacetal 46 (345 g, 1.87 mmol) in acetone (37 mL) were added
N-phenyltrifluoroacetimidoyl chloride (776 mg, 3.74 mmol) and K2COs (1.29 g, 9.35 mmol). The mixture
was stirred for 1 h under rt and insoluble materials were filtered. The filtrate was concentrated in vacuo
to give a crude product. Silica-gel column chromatography (toluene/acetone = 7/1 to 5/1) to obtain 15
(3.72 g, 99%) as o/ mixture.

'H NMR (500 MHz, acetone-Ds) of major isomer; 6 =7.96 (dd, 2H, ] =8.4, 1.3 Hz), 7.88 (dd, 2H, ] =8.4, 1.3
Hz), 7.61 (tt, 1H, ] = 7.5, 1.4 Hz), 7.56 (tt, 1H, | = 7.4, 1.4 Hz), 7.51-7.36 (m, 11H), 7.35-7.19 (m, 16H), 7.05 (tt,
2H, J=75,1.1Hz), 6.77 (d, 2H, ] = 7.7 Hz), 6.28 (br s, 1H), 5.65 (dd, 1H, | = 3.5, 1.0 Hz), 5.61 (dd, 1H, | =
10.4, 7.9 Hz), 5.53-5.48 (m, 1H), 5.36 (ddd, 1H, ] = 7.0, 6.0, 3.5 Hz), 5.23 (t, 1H, ] = 9.6 Hz), 5.19 (d, 1H, ] =
79 Hz), 5.17 (dd, 1H, ] =7.3, 1.7 Hz), 5.09 (d, 1H, ] =10.9 Hz), 5.00 (dd, 1H, ] =10.1, 1.7 Hz), 4.89-4.81 (m,
2H), 4.77 (d, 2H, ] = 12.2 Hz), 4.76 (d, 2H, ] = 10.7 Hz), 4.57 (d, 2H, ] = 12.0 Hz), 4.54 (s, 2H), 4.48 (d, 1H, ] =

11.7 Hz), 437 (dd, 1H, ] = 12.0, 3.5 Hz), 4.35 (d, 1H, ] = 12.2 Hz), 4.31 (d, 1H, ] = 10.1 Hz), 4.14 (dd, 1H, ] =
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12.2, 6.0 Hz), 4.11 (dd, 1H, ] = 9.6, 8.8 Hz), 4.07 (ddd, 1H, ] = 8.0, 5.5, 0.9 Hz), 3.96-3.92 (m, 2H), 3.90-3.85
(m, 2H), 3.82 (s, 3H), 3.74-3.73 (m, 2H), 3.58 (d, 2H, ] = 4.5 Hz), 3.52 (t, 1H, ] = 8.9 Hz), 3.38 (dt, 1H, ] = 9.5,
3.3 Hz), 2.69 (dd, 1H, ] = 12.9, 5.2 Hz), 2.37 (s, 3H), 2.34 (s, 3H), 2.13 (s, 3H), 2.11 (s, 3H), 2.05 (s, 3H), 1.98
(s, 3H), 1.97 (s, 3H), 1.95 (s, 3H), 1.81 (dd, 1H, ] = 12.5, 11.3 Hz).

HR ESI-Orbitrap MS; m/z calcd for CorHi03CIsF3N3Oz4 [M+Na]*: 2038.5338, found: 2038.5328.
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Ne-benzyloxycarbonyl-NY-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)- 3-O-benzyl-
4-0-(3,6-di-O-benzyl-4-O-(3-O-(4-O-acetyl-2-O-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl
4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-p-D-galactopyranosyl)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxycarbonylamino)-B-D-glucopyranosyl)-3,6-di-O-benzyl-D-mannopyranosyl)-2-O-
benzyl-4,6-O-benzylidene-B-D-mannopyranosyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-
glucopyranosyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-f-D-glucopyranosyl)-L-asparagine
allyl ester (47)

Tetrasaccharide donor 15 (1.27 g, 0.628 mmol) and tetrasaccharide-Asn acceptor 45 (1.00 g, 0.523 mmol)
were lyophilized from benzene and dissolved in anhydrous CPME (9.0 mL) with activated MS4A
powder. TMSOTf (47.4 uL, 0.262 mmol) was diluted with anhydrous CPME (1.0 mL) with activated
MS4A pellets. Both solutions were cooled to 0 °C and the TMSOTf solution was cannulated into the
solution of 15 and 45. The reaction solution was stirred for 20 min under 0 °C and sat. aqueous NaHCO:s
was added to the solution. Insoluble materials were filtered and the filtrate was poured into sat. aqueous

NaHCO:s. The aqueous layer was extracted with EtOAc and the organic layer was washed by brine, dried
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over Na25S0y, filtered, and concentrated in vacuo. Silica-gel column chromatography (toluene/acetone =
6/1 to 4/1) was carried out to obtain 47 as a/p3 mixture (1.79 g, 91%, a/p ~ 3/1).

HR ESI-Orbitrap MS; m/z calcd for CisoHi97CloNsOe1 [M+2Na]?*: 1889.4739, found: 1889.4762.
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Ne-benzyloxycarbonyl-NY-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)- 3-O-benzyl-
4-0-(3,6-di-O-benzyl-4-0O-(3-O-(4-O-acetyl-2-O-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl
4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-p-D-galactopyranosyl)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-3,6-di-O-benzyl-a-D-mannopyranosyl)-2-O-
benzyl-B-D-mannopyranosyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-2-
deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-L-asparagine allyl ester (48)

To a solution of octasaccharide-Asn 47 (1.73 g, 0.463 mmol) in CH2Cl2 (18 mL) was added H20 (1.8 mL)
and TFA (3.5 mL) at 0 °C. The solution was stirred for 1.5 h under rt and neutralized by sat. aqueous
NaHCOs. The mixture was poured into sat. aqueous NaHCOs and extracted twice with CHCls. The
organic layer was washed by brine, dried over Na:SOy, filtered, and concentrated in vacuo to give a crude
product. Silica-gel column chromatography (CHCls/MeCN = 5/1 to 3/1) was carried out to obtain 48 (974
mg, 58%, acisomer) and 3 isomer at C-1F (244 mg, 14%).

'H NMR (500 MHz, acetone-Ds); d =7.95 (dd, 2H, ] =8.3, 1.1 Hz), 7.87 (dd, 2H, ] = 8.4, 1.3 Hz), 7.83 (d, 1H,
] =9.5Hz), 7.61-7.55 (m, 2H), 7.49 (d, 2H, ] = 7.1 Hz), 7.47-7.41 (m, 4H), 7.39-7.15 (m, 50H), 6.99 (d, 1H, ] =
8.4 Hz), 6.98 (d, 1H, ] =5.9 Hz), 6.88 (d, 1H, ] =9.2 Hz), 6.47 (d, 1H, | = 8.7 Hz), 5.94-5.86 (m, 1H), 5.63 (d,
1H, ] = 3.6 Hz), 5.60 (dd, 1H, ] = 10.3, 7.9 Hz), 5.49 (d, 1H, ] = 10.5 Hz), 5.48 (dd, 1H, ] = 10.5, 2.0 Hz),
5.36-5.29 (m, 4H), 5.22-5.00 (m, 13H), 4.99 (dd, 1H, ] = 10.1, 1.7 Hz), 4.87-4.66 (m, 12H), 4.63-4.56 (m, 5H),
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4.52-4.48 (m, 4H), 443 (d, 1H, ] = 11.2 Hz), 4.39-4.24 (m, 7H), 4.13 (dd, 1H, ] = 12.2, 6.1 Hz), 4.12-4.01 (m,
4H), 3.94-3.45 (m, 28H), 3.39 (dd, 1H, ] = 11.5, 5.9 Hz), 3.24 (ddd, 1H, ] =9.7, 4.3, 2.3 Hz), 3.02 (ddd, 1H, ] =
9.2,5.6,3.3 Hz), 2.81 (d, 2H, ] = 5.7 Hz), 2.72 (t, 1H, ] = 6.3 Hz), 2.68 (dd, 1H, ] = 12.9, 5.2 Hz), 2.36 (s, 3H),
2.33 (s, 3H), 2.12 (s, 3H), 2.11 (s, 3H), 2.05 (s, 3H), 2.02 (s, 3H), 1.97 (s, 3H), 1.96 (s, 3H), 1.88 (s, 3H), 1.80
(dd, 1H, J = 11.2, 9.3 Hz), 1.77 (s, 3H), 1.02 (d, 3H, ] = 6.4 Hz).

13C NMR (125 MHz, acetone-De); d = 175.2, 174.6, 171.6, 170.9, 170.9, 170.8, 170.8, 170.4, 170.3, 170.1, 170.1,
170.0, 168.4, 165.7, 165.7, 156.8, 155.8, 155.3, 155.3, 155.2, 140.6, 140.6, 140.3, 140.2, 139.7, 139.4, 139.4, 139.3,
138.0, 134.3, 134.2, 133.3, 130.4, 130.3, 130.3, 130.2, 129.6, 129.4, 129.3, 129.2, 129.2, 129.2, 128.9, 128.8, 128.8,
128.6, 128.5, 128.5, 128.4, 128.4, 128.3, 128.3, 128.1, 128.1, 128.0, 128.0, 127.9, 127.6, 127.6, 117.9, 102.3, 102.3,
101.4, 101.1, 101.1, 100.9, 97.5, 97.1, 97.0, 96.9, 82.0, 81.8, 81.8, 81.8, 80.6, 79.8, 79.7, 78.2, 77.7, 77.5, 77.2,
76.9, 76.3, 75.5, 75.4, 75.3, 75.0, 74.9, 74.8, 74.5, 74.4, 74.2, 73.9, 73.8, 73.5, 73.1, 72.9, 72.6, 72.4, 71.6, 71.4,
712, 71.0, 70.8, 69.7, 69.7, 69.4, 68.6, 68.2, 67.1, 66.9, 66.3, 66.1, 65.1, 63.0, 62.7, 58.8, 57.9, 57.6, 57.4, 57.4,
53.3,51.5,39.3, 38.2, 38.1, 30.2, 30.1, 28.0, 26.0, 21.2, 21.1, 20.9, 20.9, 20.7, 20.7, 20.6, 20.5, 16.1.

HR ESI-Orbitrap MS; m/z caled for Ci7sH193CloN6Os1 [M+2Na]?*: 1845.4583, found: 1845.4594.
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Ne-benzyloxycarbonyl-NY-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)- 3-O-benzyl-
4-0-(3,6-di-O-benzyl-4-O-(3,6-di-O-(4-O-acetyl-2-O-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl
4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-p-D-galactopyranosyl)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-3,6-di-O-benzyl-D-mannopyranosyl)-2-O-
benzyl-B-D-mannopyranosyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-2-
deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-L-asparagine allyl ester (49)
Tetrasaccharide donor 15 (8.29 mg, 4.11 umol) and octasaccharide-Asn acceptor 48 (10.0 mg, 2.74 umol)
were lyophilized from benzene and dissolved in anhydrous CPME (132 uL) with activated MS4A
powder. TMSOTT (30 pL, 0.166 mmol) was diluted with anhydrous CPME (1.0 mL) with activated MS4A
pellets. The TMSOT{ solution (5.0 pL, 0.822 umol of TMSOTf) was added to the solution of 15 and 48 at
0 °C and the mixture was stirred for 10 min under the same temperature. Sat. aqueous NaHCOs was
added to the reaction mixture and insoluble materials were filtered. The filtrate was poured into sat.
NaHCO:s and the aqueous layer was extracted with EtOAc. The organic layer was washed by brine, dried
over Na:250s, filtered, and concentrated in vacuo. Silica-gel column chromatography was carried out to
give 49 as a/p mixture (13.1 mg, 87%, a/p ~ 1/1). The mixture was used for the next reaction without
further purification.

HR ESI-Orbitrap MS; m/z caled for C262H200C112NsOos [M+3Na]*>*: 1846.8032, found: 1846.8000.
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Chapter 4.
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Ne-(Benzyloxycarbonyl)-NY-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)-3-O-benzyl-
4-O-(9-fluorenylmethyloxycarbonyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-
B-D-glucopyranosyl)-L-asparagine (51)

To a solution of protected disaccharide-Asn 28 (100 mg, 0.0784 mmol), Pd(OAc)2 (3.52 mg, 0.157 mmol),
and PPhs (19.5 mg, 0.0745 mmol) in acetone (0.78 mL) was added sodium 2-ethylhexanoate (39.1 mg,
0.235 mmol). The mixture was stirred for 20 min under rt and diluted with EtOAc. Resulting solution
was poured into brine and the aqueous layer was extracted with EtOAc. The organic layer was washed
by brine, dried over Na:xSOs, filtered, and concentrated in vacuo to give a crude product. The crude
product was used for the next reaction without further purification.

MALDI-TOF MS; m/z calcd for CeoHe2ClsN3O19 [M+Na]*: 1256.3, found: 1256.7.
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52
Ne-(Benzyloxycarbonyl)-NY-(2-acetamino-6-O-(2-O-benzyl-a-L-fucopyranosyl)-3-O-benzyl-2-deoxy-
B-D-glucopyranosyl)-L-asparagine (52)
The crude 51 (0.0784 mmol) was dissolved in THF (1.3 mL) and dioxane (0.87 mL). 3M LiOHaq (0.44 mL)

was added to the solution and the mixture was stirred for 1.5 h under rt. To the mixture were added H20

(0.87 mL), NaHCOs (65.9 mg, 0.784 mmol), and Ac2O (37 pL, 0.392 mmol). After additional 30 min
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stirring, NaHCOs (65.9 mg, 0.784 mmol) and Ac2O (37 pL, 0.392 mmol) were added to the reaction
mixture and stirred for 1 h. LIOHeH20 (32.9 mg, 0.784 mmol) was added to the mixture and stirred for
additional 1 h. Resulting mixture was neutralized by 1M aqueous HCl and concentrated in vacuo. To the
residue was added CHCls and insoluble materials were filtered through Hyflo Super Cel®. The residue
was washed by MeOH and the MeOH solution was concentrated in vacuo to give a crude product. The
crude product was purified through a column of diaion™ HP20 resin (H2O/MeOH = 3/1 to 1/2) to obtain
pure product 52 (54.4 mg, 87%).

'H NMR (500 MHz, DMSO-Ds); d = 8.76 (d, 1H, ] = 8.6 Hz), 8.04 (d, 1H, | = 9.0 Hz), 7.39-7.19 (m, 15H),
6.30 (d, 1H, ] = 6.2 Hz), 5.28 (d, 1H, | = 5.7 Hz), 498 (t, 1H, ] = 13.2 Hz), 4.95 (s, 1H), 4.94 (t, 1H, ] = 9.3 Hz),
4.84 (d, 1H, ] = 3.6 Hz), 4.78 (d, 1H, | = 11.5 Hz), 4.75 (br s, 1H), 4.61 (t, 1H, ] = 13.9 Hz), 457 (d, 1H, | =
11.7 Hz), 452 (br s, 1H), 3.87 (d, 1H, ] = 5.9 Hz), 3.83 (q, 1H, ] = 6.8 Hz), 3.79 (d, 1H, ] = 10.9 Hz), 3.74 (dd,
1H, ] =10.1, 2.9 Hz), 3.68 (q, 1H, ] = 9.6 Hz), 3.54-3.48 (m, 4H), 3.38 (t, 1H, ] = 8.2 Hz), 2.51-2.47 (m, 4H),
2.43 (dd, 1H, ] = 14.8, 4.9 Hz), 1.74 (s, 3H), 1.07 (d, 3H, ] = 6.4 Hz).

MALDI-TOF MS; m/z calcd for Ca0HaoN3O14 [M+Na]*: 818.3, found: 819.2.
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53
NY-(2-Acetamino-2-deoxy-6-O-(a-L-fucopyranosyl)-p-D-glucopyranosyl)-L-asparagine (53)
Disaccharide-Asn 52 (2.00 mg, 2.51 umol) was dissolved in dist. H20 (200 uL), dist. THF (200 uL), and
AcOH (40 uL). A suspension of 20% Pd(OH):/C (20.0 mg) in dist. H20O (200 uL)/dist. THF (200 pL) was
added to the solution and the mixture was stirred under rt under Hz atmosphere. After 1 h reaction,
insoluble materials were filtered through Hyflo Super Cel® and the filtrate was concentrated in vacuo to

reduce the amount of the solvent. Resulting solution was lyophilized to give the product 53 as a mixture
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with acetate salt (2.15 mg). The yield was calculated by NMR (80%).

"H NMR (500 MHz, D20); =5.09 (d, 1H, ] =9.7 Hz, H-1), 490 (d, 1H, ] =3.9 Hz, H-1"), 412 (q, 1H, ] = 6.5
Hz, H-5'), 3.97 (d, 1H, ] = 10.7 Hz, H-6a), 3.91 (br s, 1H, Asn H-«), 3.88 (dd, 1H, ] = 10.4, 3.3 Hz, H-3), 3.84
(t, 1H, ] = 10.0 Hz, H-2), 3.80 (d, 1H, ] = 3.1 Hz, H-2’), 3.77 (dd, 1H, ] = 10.3, 3.8 Hz, H-4’), 3.73 (dd, 1H, | =
11.6, 6.0 Hz, H-6b), 3.66 (dd, 1H, ] = 9.2, 5.3 Hz, H-5), 3.61 (t, 1H, ] = 9.6 Hz, H-3), 3.52 (t, 1H, ] = 9.4 Hz,
H-4), 2.89 (dd, 1H, ] = 17.0, 2.5 Hz, Asn CH2CONHa), 2.81 (dd, 1H, | = 16.9, 6.7 Hz, Asn CH2.CONHD),
2.02 (s, 3H, Ac), 1.21 (d, 3H, ] = 6.6 Hz, H-6").

13C NMR (125 MHz, D20); d = 175.52, 173.50, 173.14, 99.72, 78.78, 77.42, 74.80, 72.48, 70.34, 70.17, 68.86,
67.86, 67.41, 54.70, 51.57, 35.54, 23.81, 15.99.

HR ESI-Orbitrap MS; m/z caled for CisH31N3O12 [M+Na]*: 504.1800, found: 504.1806.
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Ne-benzyloxycarbonyl-NY-(6-O-(3,4-di-O-acetyl-2-O-benzyl-a-L-fucopyranosyl)- 3-O-benzyl-
4-0-(3,6-di-O-benzyl-4-O-(3,6-di-O-(4-O-acetyl-2-O-(4-O-(4-O-acetyl-2,3-di-O-benzoyl-6-O-(Methyl
4,7,8,9-tetra-O-acetyl-5-(N-acetylacetamide)-3,5-deoxy-D-glycero-a-D-galacto-2-
nonulopyranosylonate)-p-D-galactopyranosyl)-3,6-di-O-benzyl-2-deoxy-2-(2,2,2-
trichloroethoxycarbonylamino)-B-D-glucopyranosyl)-3,6-di-O-benzyl-D-mannopyranosyl)-2-O-
benzyl-pB-D-mannopyranosyl)-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-p-D-glucopyranosyl)-2-
deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-B-D-glucopyranosyl)-L-asparagine (54)

Solutions of Pd(OAc): (1.23 mg, 5.46 umol) in acetone (200 uL), PPhs (7.16 mg, 0.0273 mmol) in acetone
(200 uL), and sodium 2-ethylhexanoate (30.2 mg, 0.182 mmol) in acetone (400 uL) were prepared. To a
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solution of dodecasaccharide-Asn 49 (10.0 mg, 1.82 umol) in acetone (122 pL) were added Pd(OAc):
solution (20 pL, 0.546 pmol of Pd(OAc)z2), PPhs solution (20 pL, 2.73 umol of PPhs), and sodium
2-ethylhexanoate solution (20 pL, 9.10 umol of sodium 2-ethylhexanoate). The reaction solution was
stirred for 2 h under rt, diluted with EtOAc, and poured into brine. The aqueous layer was extracted
with EtOAc and the organic layer was washed by brine, dried over Na:SOs, filtered, and concentrated in
vacuo to give crude product of 54. The crude product was used for the next reaction without further

purification.
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Ne-benzyloxycarbonyl-NY-(2-acetamide-4-O-(2-acetamide-4-O-(3,6-di-O-(2-O-(2-acetamide-4-O-(6-O-
(5-acetamide-3,5-deoxy-D-glycero-a-D-galacto-2-nonulopyranosylonic acid)-p-D-galactopyranosyl)-
3,6-di-O-benzyl-2-deoxy-f-D-glucopyranosyl)-3,6-di-O-benzyl-D-mannopyranosyl)-2-O-benzyl-
B-D-mannopyranosyl)-3,6-di-O-benzyl-2-deoxy-B-D-glucopyranosyl)-3-O-benzyl-6-O-(2-O-benzyl-
a-L-fucopyranosyl)-2-deoxy-p-D-glucopyranosyl)-L-asparagine (55)

The crude product of carboxylic acid 54 was dissolved in THF (455 pL)/dioxane (303 pL) and 3M
aqueous LiOH (152 pL) was added to the solution. The mixture was stirred overnight under rt to
produce tetramine. To the reaction mixture were added H20O (76 uL), NaHCOs (61.2 mg, 0.728 mmol),
and Ac20 (34.4 pL, 0.364 mmol) and stirred again. After 1 h reaction, another portion of NaHCO:s (61.2
mg, 0.728 mmol) and Ac2O (34.4 uL, 0.364 mmol) were put into the reaction mixture, followed by
additional 1 h reaction. LIOH*H20 (30.5 mg, 0.728 mmol) was added to the resulting mixture and the

mixture was stirred for 2 h. The reaction mixture was neutralized by adding dry ice and concentrated in
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vacuo. The residue was roughly purified by a column of diaion™ HP20 resin (H2O0/MeOH = 3/2 to 1/2) to
give a crude product. HPLC purification (COSMOSIL 5Cis-AR-300 10 x 250 mm) was carried out to
obtain pure 55« (1.88 mg, 27%) and 55f (1.88 mg, 27%). Eluting condition: H20 + 0.1% TFA/MeCN +
0.1% TFA as mobile phase, 4 mL! isocratic flow of 53% MeCN, 7.1 min for 55a, 10.9 min for 55f.
Analytical data for 55a:

'H NMR (400 MHz, CDsOD); 6 = 7.42-7.17 (m, 54H), 7.15-7.05 (m, 16H), 5.20 (s, 1H), 5.10-5.01 (m, 4H),
4.97-4.91 (m, 4H), 4.87-4.67 (m, 11H), 4.61-4.48 (m, 9H), 4.46-4.36 (m, 7H), 4.34-4.28 (m, 3H), 4.08-3.87 (m,
17H), 3.85-3.69 (m, 22H), 3.67-3.34 (m, 32H), 3.17 (d, 1H, ] = 7.0 Hz), 2.70-2.61 (m, 4H), 2.00 (s, 6H), 1.82 (s,
3H), 1.81 (s, 3H), 1.81 (s, 3H), 1.77-1.69 (m, 5H), 1.12 (d, 3H, ] = 6.4 Hz).

13C NMR (100 MHz, CDsOD); o = 175.3, 174.5, 174.0, 173.6, 173.5, 173.3, 172.6, 171.8, 171.8, 140.9, 140.6,
140.2, 140.2, 140.0, 139.8, 139.7, 139.7, 139.6, 139.5, 138.0, 129.6, 129.6, 129.5, 129.5, 129.5, 129.4, 129.3, 129.2,
129.2,129.2,129.1, 129.0, 129.0, 128.9, 128.9, 128.8, 128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2, 104.7, 104.4,
101.7, 101.5, 101.1, 100.9, 100.9, 100.8, 100.3, 100.2, 98.6, 98.3, 83.3, 81.8, 81.6, 81.3, 80.5, 79.8, 79.6, 78.6, 78.3,
78.0,77.9,77.6,77.1,76.9, 76.6, 76.4, 76.3, 76.1, 75.8, 75.6, 75.3, 75.1, 75.1, 74.9, 74.9, 74.5, 74.4, 74.3, 74.2,
74.1, 74.0, 73.9, 73.5, 73.2, 73.1, 73.0, 72.6, 72.2, 71.7, 71.6, 71.4, 71.2, 70.3, 70.1, 69.9, 69.8, 69.5, 68.8, 68.4,
67.8, 67.7, 67.5, 67.2, 66.8, 64.5, 64.5, 63.3, 57.4, 56.5, 56.3, 54.9, 51.9, 40.9, 40.5, 38.5, 33.0, 30.7, 23.7, 23.4,
23.4,22.9,22.7,16.6.

HR ESI-Orbitrap MS; m/z caled for Ci93H23sNsO7 [M+3Na]**: 1285.4995, found: 1285.4995.

Analytical data for 55p:

'H NMR (400 MHz, CDsOD); d = 7.42-7.13 (m, 66H), 7.08-7.03 (m, 4H), 5.23 (d, 1H, ] = 11.8 Hz), 5.23 (s,
1H), 5.09-4.93 (m, 7H), 4.89 (t, 1H, | = 2.2 Hz), 4.79-4.46 (m, 18H), 4.44-4.33 (m, 9H), 4.31-4.11 (m, 7H),
4.04-3.49 (m, 62H), 3.48-3.41 (m, 5H), 2.68-2.56 (m, 4H), 1.99 (s, 6H), 1.90 (s, 3H), 1.83 (s, 3H), 1.80 (s, 3H),
1.75-1.66 (m, 5H), 1.13 (d, 3H, ] = 6.5 Hz).

13C NMR (100 MHz, CDsOD); o = 175.3, 174.5, 174.0, 173.6, 173.5, 172.6, 171.8, 171.7, 171.6, 158.3, 141.1,
140.7, 140.3, 140.2, 140.0, 139.7, 139.7, 139.6, 139.5, 139.5, 138.0, 133.7, 133.1, 133.0, 130.0, 129.9, 129.7, 129.5,
129.4,129.4, 129.3,129.2, 129.1, 129.1, 128.9, 128.9, 128.8, 128.8, 128.7, 128.6, 128.5, 128.5, 128.4, 128.1, 104.7,
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104.5, 102.7, 102.2, 102.1, 101.8, 101.0, 100.9, 100.2, 100.0, 98.3, 83.7, 82.1, 81.7, 81.5, 81.3, 80.3, 79.6, 78.6,
784,777,775,77.1,76.7,76.4, 76.3, 76.2, 75.9, 75.8, 75.7, 75.1, 75.0, 74.9, 74.8, 74.7, 74.6, 74.5, 74.5, 74.3,
74.2,74.1,73.9, 73.8, 73.1, 72.9, 72.6, 72.2, 71.6, 71.5, 71.4, 71.3, 71.1, 70.2, 70.1, 69.8, 69.5, 69.4, 68.8, 67.7,
67.3, 64.6, 64.3, 63.3, 63.2, 62.3, 62.1, 61.7, 56.9, 56.5, 55.2, 53.8, 51.8, 42.5, 40.8, 40.4, 38.4, 30.7, 24.0, 23.7,
23.4,22.9,22.7,16.6.

HR ESI-Orbitrap MS; m/z caled for Ci93H23sNsO7 [M+3Na]**: 1285.4995, found: 1285.5017.
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Nv-(2-acetamide-4-O-(2-acetamide-4-O-(3,6-di-O-(2-O-(2-acetamide-4-O-(6-O-(5-acetamide-3,5-deoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonic acid)-B-D-galactopyranosyl)-2-deoxy-f-D-
glucopyranosyl)-a-D-mannopyranosyl)-B-D-mannopyranosyl)-2-deoxy-p-D-glucopyranosyl)-2-deoxy-
6-O-(a-L-fucopyranosyl)-B-D-glucopyranosyl)-L-asparagine (7a)

To a solution of dodecasaccharide-Asn 55a (1.00 mg, 0.264 pmol) in tBuOH (63 pL)/dist. H2O (63
uL)/AcOH (6.3 puL) was added a suspension of 20% Pd(OH)2/C (8.00 mg) in tBuOH (63 pL)/dist. H20 (63
uL)/AcOH (6.3 pL). The mixture was stirred under Hz (2.0 MPa) atmosphere overnight under rt. After
the reaction, insoluble materials were filtered through Hyflo Super Cel® and washed by dist. H20 + 0.1%
TFA and MeOH. The filtrate was concentrated in vacuo and lyophilized from H2O to give a crude
product. HPLC purification (Waters XBridge® Glycan BEH Amide 4.6 x 250 mm) was carried out to
obtain N-glycan 7a. The yield was calculated by NMR analysis (38%). Eluting condition: MeCN/aqueous

25 mM NH4OACc as mobile phase, 1 mL min™ isocratic flow of 45% aqueous solution, 13.5 min.
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IH NMR (600 MHz, D20); d = 5.03 (s, 1H), 4.96 (d, ] = 9.3 Hz, 1H), 4.83 (s, 1H), 4.77 (d, ] = 3.5 Hz, 1H), 4.67
(s, 1H), 4.58 (d, ] = 7.99 Hz, 1H), 4.50 (d, ] = 7.24 Hz, 2H), 4.34 (d, ] = 8.2 Hz, 2H), 4.15 (s, 1H), 4.09 (s, 1H),
4.04-3.98 (m, 2H), 3.92-3.84 (m, 2H), 3.84-3.37 (m, 34H), 2.82-2.66 (m, 3H), 2.02-1.77 (m, 18H), 1.67-1.57 (m,
1H), 1.09 (d, ] = 5.47 Hz, 3H).

15C NMR (150 MHz, D20); d = 180.1, 174.81, 173.1, 174.6, 174.48, 103.35 (!]c11 = 160.8 Hz, C-11), 100.83 (!Jcu
= 160.7 Hz, C-1€), 100.5 (Jcut = 159.7 Hz, C-1P), 99.8, 99.4 (et = 169.3 Hz, C-1F), 99.25 ({Jcu = 168.3 Hz,
C-18), 99.2 (Yo = 160.4 Hz, C-16M), 96.77 (Jcut = 170.5 Hz, C-1F), 80.55, 80.4, 79.7, 77.92 (cut = 155.3 Hz,
C-14), 76.07, 76.02, 74.39, 74.3, 74.22, 73.63, 73.42, 73.3, 73.27, 72.7, 72.4, 72.39, 72.1, 72.04, 71.99, 71.9, 71.7,
70.67, 70.1, 69.4, 69.3, 69.3, 68.3, 68.26, 68.2, 68.0, 67.27, 67.2, 66.8, 66.3, 65.9, 63.26, 62.6, 61.54, 61.5, 60.13,
59.9, 54.68, 54.56, 53.45, 51.6, 51.19, 48.2, 40.0, 36.0, 15.0.

HR ESI-Orbitrap MS; m/z calcd for CosH154NsOss [M+2H]?": 1242.4492, found: 1242.4505.
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Nv-(2-acetamide-4-O-(2-acetamide-4-O-(3-O-(2-O-(2-acetamide-4-O-(6-O-(5-acetamide-3,5-deoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonic acid)-p-D-galactopyranosyl)-2-deoxy-B-D-
glucopyranosyl)-a-D-mannopyranosyl)-6-O-(2-O-(2-acetamide-4-O-(6-O-(5-acetamide-3,5-deoxy-
D-glycero-a-D-galacto-2-nonulopyranosylonic acid)-p-D-galactopyranosyl)-2-deoxy-B-D-
glucopyranosyl)-B-D-mannopyranosyl)-p-D-mannopyranosyl)-2-deoxy-p-D-glucopyranosyl)-2-deoxy-
6-O-(a-L-fucopyranosyl)-B-D-glucopyranosyl)-L-asparagine (7)

To a solution of dodecasaccharide-Asn 558 (1.00 mg, 0.264 pmol) in tBuOH (63 pL)/dist. H20 (63
uL)/AcOH (12.6 uL) was added a suspension of 20% Pd(OH)2/C (10.0 mg) in tBuOH (63 pL)/dist. H20
(63 pL). The mixture was stirred under Hz (2.0 MPa) atmosphere overnight under rt. After the reaction,
insoluble materials were filtered through Hyflo Super Cel® and washed by dist. H20 + 0.1% TFA. The
filtrate was concentrated in vacuo and lyophilized from H20 to give a crude product. The crude product
was purified by HPLC (Waters XBridge® Glycan BEH Amide 4.6 x 250 mm) to obtain product 7B. The
yield was calculated by NMR analysis (31%). Eluting condition: MeCN/25 mM aqueous NH4OAc as
mobile phase, 1 mL min™ isocratic flow of 45% aqueous solution, 11.4 min.

1H NMR (600 MHz, D20); & = 5.05 (s, 1H), 4.96 (d, ] = 10.6 Hz, 1H), 4.79 (d, ] = 7.81 Hz, 1H), 4.78 (d, ] = 3.7
Hz, 1H), 4.68 (s, 1H), 4.59 (s, 1H), 4.57 (d, ] =7.14 Hz, 1H), 4.49 (d, ] = 7.48 Hz, 1H), 4.34 (d, ] =7.6 Hz, 1H),
4.32(d, ] = 7.6 Hz, 1H), 4.18-4.16 (m, 2H), 4.10-4.05 (m, 2H), 4.05-3.97 (m, 2H), 3.92-3.84 (m, 2H), 3.84-3.37
(m, 41H), 3.32(t, ] = 9.66 Hz, 1H), 3.20 (m, 1H), 2.49-2.66 (m, 3H), 2.02-1.77 (m, 18H), 1.67-1.57 (m, 1H),

1.09 (d, ] = 5.47 Hz, 3H).
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13C NMR (150 MHz, D20);  =180.1, 174.8, 174.6, 174.5, 173.6, 103.49 (}Jcu = 161.4 Hz, C-1"), 100.90 (}Jcu =
160.3 Hz, C-1F), 100.9 (*Jcu = 161.0Hz, C-1¢), 100.52 (YJcu = 163.7 Hz, C-11), 100.35 (Jcu = 160.7 Hz, C-1P),
100.0, 99.24 (*Jcu = 169.0 Hz, C-1F), 99.2 (YJcu = 160.3 Hz, C-1°), 92.24 (*Jcu = 169.2 Hz, C-1B), 80.51, 80.36,
80.2, 79.3, 78.30, 78.04 (YJcu = 156.4 Hz, C-14), 76.22, 76.21, 75.47, 75.18, 74.7, 74.6, 74.4, 74.4, 73.62, 73.35,
72.78,72.47,72.35,71.99, 71.98, 71.9, 71.89, 71.8, 71.6, 70.62, 69.88, 69.39, 69.3, 68.36, 68.2, 68.16, 68.1, 68.0,
67.11, 67.05, 66.6, 66.5, 65.6, 63.16, 61.58, 61.4, 61.37, 60.09, 60.0, 54.9, 54.89, 54.55, 53.47, 51.8, 51.8, 39.9,
38.3, 15.3.

HR ESI-Orbitrap MS; m/z caled for CoaHi54NsOss [M+2H]?": 1242.4492, found: 1242.4492.
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DFILE 120321HO0-DSAsn-1.jdf
COMNT  single_pulse
DATIM 2012-03-21 15:54:55
OBNUC 1H
EXMOD  single_pulse.ex2
OBFRQ 500.16 MHz
OBSET 2.41KHz
OBFIN 6.01 Hz
POINT 65536
FREQU 9384.38 Hz
SCANS 24
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 5.00 usec
IRNUC 1H
CTEMP 30.0c
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.10 Hz
RGAIN 50
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DFILE  141023HO-DS-Asn_carbon-1-1,jdf
COMNT  single pulse decoupled gated NOE
DATIM  2014-10-23 19:22:24
OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21Hz
POINT 65535
FREQU 39308.18 Hz
SCANS 1112
ACQTM 1.6672 sec
PD 3.0000 sec
PW1 3.22 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 1.00 Hz
RGAIN 56
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DFILE 130104bMan-GlcN-OH_proton-1-1.jdf

COMNT  single_pulse

DATIM  2013-01-04 10:42:12

OBNUC 1H

EXMOD  proton.jxp

OBFRQ 500.16 MHz

OBSET 2.41KHz

OBFIN 6.01 Hz

POINT 65535

FREQU 9384.38 Hz

SCANS 24

ACQTM 6.9835 sec

PD 5.0000 sec

PW1 6.70 usec

IRNUC 1H

CTEMP 30.0c

SLVNT  CDCL3

EXREF 0.00 ppm

BF 0.05 Hz
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"H NMR
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DFILE 130105bMan-GlcN-imi_proton-1-1.jdf
COMNT  single_pulse
DATIM ~ 2013-01-05 13:19:48
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 16
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.70 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.02 Hz
RGAIN 36
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o] NPh
AzC[BnQ O
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1
H NMR
“ |
PPM
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DFILE 130729TetSAsn_proton-1-1.jdf

COMNT  single_pulse
DATIM  2013-07-29 13:46:27
OBNUC 1H

EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 24
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 3.00 usec
IRNUC 1H

CTEMP 30.0c
SLVNT  CDCL3

EXREF 0.00 ppm
BF 0.05 Hz
RGAIN 42

(0]

PPM
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DFILE 141215H03-TetSAsn_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM  2014-12-1511:16:55
OBNUC  13C
EXMOD  carbon.jxp
OBFRQ 100.53 MHz
OBSET 5.35KHz
OBFIN 5.86 Hz
POINT 32767
FREQU 31407.04 Hz
SCANS 800
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.27 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 77.00 ppm
BF 0.50 Hz
RGAIN 60
AcO,
EJAC
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DFILE 37_120928 2-48_proton-1-1.jdf
COMNT  single_pulse
DATIM  2012-09-28 18:08:15
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 8
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.70 usec
IRNUC 1H
CTEMP 300c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.05 Hz
RGAIN 36
BnO Og
AcO
BnO
31 OAllyl
"H NMR
i [ ‘
PPM
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DFILE 37120928 2-48_Carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM  2012-09-28 18:16:51
OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21Hz
POINT 65535
FREQU 39308.18 Hz
SCANS 154
ACQTM 1.6672 sec
PD 30.0000 sec
PW1 3.13 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 77.00 ppm
BF 0.30 Hz
RGAIN 58
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AcO
BnO
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PPM
\\H‘H\HHH‘HHH\H‘HHHH\‘\HHHH‘H\HHH‘\H\HH\‘\HHHH‘\HHHH‘\HHHH‘\HHHH‘H\HHH‘\HHHH‘HH\HH‘\H\HH\‘HHH\H‘HHHH\‘HH\HH‘\HHHH‘HH
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0



DFILE 38.120929 2-50 b-isomer_proton-1-1.jdf
COMNT  single_pulse
DATIM  2012-09-29 18:38:33
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 16
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 3.00 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.02 Hz
RGAIN 30
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H NMR
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DFILE 38_120929 2-50 b-isomer_Carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM  2012-09-29 18:49:18
OBNUC  13C
EXMOD  carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21Hz
POINT 65535
FREQU 39308.18 Hz
SCANS 173
ACQTM 1.6672 sec
PD 30.0000 sec
PW1 5.67 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 77.00 ppm
BF 2.00 Hz
RGAIN 54
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BnO
AcO Q
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DFILE 150227H0-GlcN-Man_proton-1-1.jdf
COMNT  single_pulse
DATIM  2015-02-27 16:18:34
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 32767
FREQU 7503.00 Hz
SCANS 4
ACQTM 4.3673 sec
PD 5.0000 sec
PW1 5.20 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  ACETN
EXREF 2.05 ppm
BF 0.05 Hz
RGAIN 30
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DFILE 150227HO0-GlcN-Man_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM  2015-02-27 16:20:33
OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 32767
FREQU 31407.04 Hz
SCANS 659
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.27 usec
IRNUC 1H
CTEMP 30.0c
SLVNT ACETN
EXREF 29.80 ppm
BF 1.00 Hz
RGAIN 60
OBn
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BnO o
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AcO O
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DFILE 130611Ac2Sia-Gal_proton-1-1.jdf
COMNT  single_pulse
DATIM 2013-06-11 10:19:59
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 24
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 6.70 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.05 Hz
RGAIN 42
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DFILE 150303Ac2Sia-Gal_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM  2015-03-03 21:31:48
OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 100.53 MHz
OBSET 5.35KHz
OBFIN 5.86 Hz
POINT 32767
FREQU 31407.04 Hz
SCANS 1145
ACQTM 1.0433 sec
PD 3.0000 sec
PW1 3.27 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 77.00 ppm
BF 2.00 Hz
RGAIN 60
A
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BzO
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130612Ac2Sia-Gal-OH_proton-1-1.jdf
single_pulse
2013-06-12 21:10:25
1H
proton.jxp
500.16 MHz
2.41 KHz
6.01 Hz
65535
9384.38 Hz
24
6.9835 sec
5.0000 sec
3.00 usec
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30.0c
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0.00 ppm
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130614Ac2Sia2-6Gal-imi_proton-1-1,jdf
single_pulse
2013-06-14 10:42:50
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3.00 usec
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DFILE 130719monoAcTetS_proton-1-1.jdf
COMNT  single_pulse
DATIM  2013-07-19 19:29:35
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 40
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 3.00 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  ACETN
EXREF 2.05 ppm
BF 0.20 Hz
RGAIN 54
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DFILE 141217Ac2TetS_proton-1-1.jdf
COMNT  single_pulse

DATIM  2014-12-17 14:14:01

OBNUC 1H

EXMOD  proton.jxp

OBFRQ 399.78 MHz

OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 32767
FREQU 7503.00 Hz
SCANS 4
ACQTM 4.3673 sec
PD 5.0000 sec
PW1 5.20 usec
IRNUC 1H

CTEMP 30.0c
SLVNT  ACETN
EXREF 2.05 ppm
BF 0.05 Hz
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DFILE 141217Ac2TetS_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM 2014-12-17 14:16:29
OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 32767
FREQU 31407.04 Hz
SCANS 800
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.27 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  ACETN
EXREF 29.80 ppm
BF 1.00 Hz
RGAIN 60
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DFILE 131102Sia-Gal-imi_1mM_proton-1-1.jdf
COMNT  single_pulse
DATIM ~ 2013-11-02 18:40:10
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 32767
FREQU 7503.00 Hz
SCANS 32
ACQTM 43673 sec
PD 5.0000 sec
PW1 6.00 usec
IRNUC 1H
CTEMP 25.0c
SLVNT CDb2CL2
EXREF 5.32 ppm
BF 0.70 Hz
RGAIN 40
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DFILE  131102Sia-Gal-imi_10mM_proton-1-1jdf
COMNT  single_pulse
DATIM  2013-11-02 18:54:25
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 32767
FREQU 7503.00 Hz
SCANS 16
ACQTM 4.3673 sec
PD 5.0000 sec
PW1 6.00 usec
IRNUC 1H
CTEMP 25.0c¢
SLVNT  CD2CL2
EXREF 5.32 ppm
BF 0.10 Hz
RGAIN 34
OAc
AcO CO,Me
N OAc
> O (¢}
AchN
OAc AcO
NPh
BzO
5 BzO O CFs
1
H NMR
10 mM in CD,Cl,
PPM
TTT T T T[T I T T T T T T T T T T T T T[T T T T T T T T[T T T I T T[T TTTITTTT HHHH\‘HHHH\ TTTTTTITTT T
8 7 6 5 4 3 2 1 0

—73—



|

DA
OB
EX]
OB
OB
OB
PO!
FRI

AC!

CT

EXI
BF

AcO

PPM
TTTTTTT]TT

TTTTTTTTT
3

TTTTTT HHHH\‘HHHH\
2

1

0

AcO.

PPM
TTTTTTTTT]T T

6 5 4 3 2

8 7

1

0

DFILE
COMNT

SCANS

PW1

IRNUC

SLVNT

RGAIN
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DFILE 130823_3HO-TetSAsn_proton-1-1.jdf
COMNT  single_pulse
DATIM 2013-08-23 11:08:29
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 16
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 3.00 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.10 Hz
RGAIN 42
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DFILE 141215H03-TetSAsn_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
DATIM  2014-12-1511:16:55
OBNUC  13C
EXMOD  carbon.jxp
OBFRQ 100.53 MHz
OBSET 5.35KHz
OBFIN 5.86 Hz
POINT 32767
FREQU 31407.04 Hz
SCANS 800
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.27 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  CDCL3
EXREF 77.00 ppm
BF 1.00 Hz
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DFILE 141218Ac2TetS-OH_proton-1-1.jdf
COMNT  single_pulse
DATIM  2014-12-18 19:13:20
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 32767
FREQU 7503.00 Hz
SCANS 4
ACQTM 4.3673 sec
PD 5.0000 sec
PW1 5.20 usec
IRNUC 1H
CTEMP 300c
SLVNT  ACETN
EXREF 2.05 ppm
BF 0.05 Hz
RGAIN 30
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DFILE 150331Ac2TetS-imi_proton-1-1.jdf
COMNT  single_pulse
DATIM  2015-03-3115:16:14
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 4
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 3.20 usec
IRNUC 1H
CTEMP 30.0c
SLVNT  ACETN
EXREF 2.05 ppm
BF 0.05 Hz
RGAIN 26
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DFILE 141224TetS1-3TetSN_proton-1-1.jdf
COMNT  single_pulse
DATIM  2014-12-24 12:21:12
OBNUC 1H
EXMOD  proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41KHz
OBFIN 6.01 Hz
POINT 65535
FREQU 9384.38 Hz
SCANS 24
ACQTM 6.9835 sec
PD 5.0000 sec
PW1 4.50 usec
IRNUC  1H
CTEMP 30.0c
SLVNT  ACETN
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DFILE 150105diH046-0SN-a_proton-1-1.jdf
COMNT  single_pulse
DATIM  2015-01-05 11:19:08
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DFILE
COMNT
DATIM
0BNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
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PW1
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CTEMP
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RGAIN
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COMNT  single_pulse
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DFILE 150727DS-Asn-dep_proton-1-1.jdf
COMNT  single_pulse
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DFILE 150228DodSN-sapon-b_proton-1-1.jdf
COMNT  single_pulse
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DFILE 150228DodSN-sapon-b_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
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DFILE 150223DodSN-sapon-a_proton-1-1.jdf
COMNT  single_pulse
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DFILE 150224DodSN-sapon-a_carbon-1-1.jdf
COMNT  single pulse decoupled gated NOE
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