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Burkholderia pseudomallei (Bp) and Burkholderia mallei (Bm), the etiologic agents of melioidosis
and glanders, respectively, cause severe disease in both humans and animals. Studies have
highlighted the importance of Bp and Bm lipopolysaccharides (LPS) as vaccine candidates.
Here we describe the synthesis of seven oligosaccharides as the minimal structures featuring
all of the reported acetylation/methylation patterns associated with Bp and Bm LPS
O-antigens (OAgs). Our approach is based on the conversion of an t-rhamnose into a
6-deoxy-L-talose residue at a late stage of the synthetic sequence. Using biochemical
and biophysical methods, we demonstrate the binding of several Bp and Bm LPS-specific
monoclonal antibodies with terminal OAg residues. Mice immunized with terminal
disaccharide-CRM197 constructs produced high-titer antibody responses that crossreacted
with Bm-like OAgs. Collectively, these studies serve as foundation for the development of
novel therapeutics, diagnostics, and vaccine candidates to combat diseases caused by Bp
and Bm.
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urkholderia pseudomallei (Bp) is the causative agent of

melioidosis, a multifaceted tropical disease leading to death

in up to 50% of infected patients'™. The genetically
related Burkholderia mallei (Bm), the causative agent of glanders,
primarily infects solipeds but can also lead to fatal infections
in humans if left untreated*. These facultative intracellular,
Gram-negative bacteria are both CDC Tier 1 select agents because
of their high infectivity via inhalation, low infectious doses,
and potential for misuse as biothreat agents, especially in the
aerosolized form>. There are no clinically approved prophylactic
vaccines currently available for either of these infections, thus
the development of effective countermeasures is of outmost
1mp0rtance to combat disease caused by these bacterial
pathogens®~!

Bp and Bm produce structurally similar lipopolysaccharides
(LPS) anchored in their outer membranes. Bp and Bm
LPS are potent activators of human Toll- hke receptor 41> 16,
stimulate human macrophage-like cells'®, are 1mportant
virulence factors'’~!%, and play a central role in host-pathogen
interactions®® 2!, Importantly, levels of anti-LPS antibodies are
51gn1ﬁcantly hlgher in melioidosis patients who survive in
comparison to those who succumb to disease?’. Additionally,
LPS-specific monoclonal antibodies (mAbs) have been shown
to be passively protective in animal models of infection?328,
Several studies have highlighted the potential of Bp and Bm
LPS as subunit vaccine candidates for melioidosis and glanders.
Mice immunized with LPS from Bp, and from the
non-pathogenic Burkholderia thailandensis (Bt), developed
high-titer immunoglobulin G (IgG) responses and were partially
protected against lethal challenges of Bp?® 3. In recent years,
glycoconjugate vaccines composed of LPS (or detoxified LPS)
covalently linked to carrier proteins and/or gold nanoparticles
have been evaluated in mice and non-human primates
with promising results according to their immunogenicity and
protective efficacy®! 38,
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Structurally, Bp and Bm LPS antigens comprise three distinct
domains (e.g., lipid A%, inner and outer core, and the O-antigen
(OAg) repeat) (Fig. 1). The OAg structure consists of a linear
heteropolymer featuring a disaccharide as the repeating unit in
an equimolar ratio of (1—3)-linked 6-deoxy-a-L-talopyranose
and B-p-glucopyranose?®~#2. Interspecies variations within
the OAg lie in the different substitutions of the 6-deoxytalose
residues, e.g., O-acetylation at both C4 and C2 and
O-methylation at C2%3. We have recently revisited the acetylation
and methylation patterns of Bp, Bm, and Bt OAg and found that
five intrachain (internal, A-E) as well as two terminal (non-
reducing, F and G) disaccharides occur in variable proportions
within the OAg (Fig. 1)** %, Although O-acetylation at the C4
position has been detected in significant amounts in Bp, Bm
strains do not incorporate this modification. Moreover, as
another atypical characteristic of these OAgs, the terminal resi-
dues at the non-reducing end are decorated with a methyl group
at the C3 position. It has been shown that differences in colony
morphology (mucoid vs non-mucoid strains of Bp) are associated
with OAg substltut1on patterns, which influence interactions with
LPS-specific mAbs?®. We have hypothesized that these
different OAg modlﬁcations could have profound impact for
antibody recognition and immune responses®’, and therefore
are crucial structural parameters to take into consideration for the
development of LPS-based vaccines against Bp and Bm.

For the first time, we describe an efficient synthetic approach
allowing access to seven oligosaccharides (1-7) featuring all of
the reported intrachain (trisaccharides 1-5) and terminal
(disaccharides 6 and 7) epitopes of Bp and Bm OAg. The
synthetic routes and target compounds were devised in order
to avoid potential acetyl migration on the all cis-triol
6-deoxytalose residue. Molecular interactions of the synthetic
oligosaccharides with Bp and Bm LPS-specific mAbs were probed
using enzyme-linked immunosorbent assay (ELISA) glycan
arrays, surface plasmon resonance (SPR), and saturation transfer
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Fig. 1 Chemical structure of B. pseudomallei and B. mallei LPS antigens. Smooth LPS species consist of three major domains: the lipid A, the core, and
the OAg repeat. The OAg is a linear heteropolymer featuring a disaccharide unit in an equimolar ratio of (1-3)-linked 6-deoxy-a-L-talopyranose and
B-p-glucopyranose. Five internal (intrachain) and two terminal (non-reducing) disaccharide residues are present within the OAg. According to the species,

they show different methylation and acetylation substitution patterns at the C2, C3, and C4 positions of the 6-deoxy-L-talose residue
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Fig. 2 Planned retrosynthetic analysis of the target oligosaccharides 1-7. Ac acetyl, Bn benzyl, Lev levulinoyl, Ph phenyl, PMB para-methoxybenzyl, SEt

thioethyl, TBS tert-butyldimethylsilyl

difference (STD)-nuclear magnetic resonance (NMR). We show
that the mAbs strongly interact with the 6-deoxytalose residue of
the 3-O-methylated terminal disaccharides. Based on these
results, the two terminal disaccharides 6 and 7 were covalently
linked to CRM197 carrier protein and evaluated in mice for their
immunogenicity. High-titer antibody responses were raised
against disaccharide 6 of the constructs, and these responses
were crossreactive with Bm-like LPS. Collectively, these studies
represent a novel platform for the development of glycoconjugate
vaccines and diagnostics to combat melioidosis and glanders.

Results

Synthetic approach. The target compounds 1-7 were conceived
as the shortest possible oligosaccharides mimicking the
substitution epitopes of the 6-deoxytalose residue, without
anticipated acetyl migration. We first planned to introduce the
O-acetyl and O-methyl groups on the talose unit prior to its
incorporation into the oligosaccharides. Thus, according to the
retrosynthetic analysis depicted in Fig. 2, the target oligo-
saccharides would come from five suitably functionalized talose
donors (8-12), which are activated at their anomeric position
with a trichloroacetimidate (TCA) group48. The choice of the
TCA group was motivated by the high-yielding coupling reported
for structurally similar r-rhamnose donors in the context of
the synthesis of bacterial glycans®®. All of these donors (8-12)
were synthesized using a C4 oxidation/reduction sequence from
a common allylated rhamnose precursor followed by
subsequent regioselective 3-O-methylation or 3-O-para-methox-
ybenzylation via optimization of the stannylene acetal
chemistry®® (Supplementary Figs. 1 and 2 and Supplementary
Table 1). The para-methoxybenzyl (PMB) group would allow,
once deprotected, the introduction of the terminal glucose moiety
at the C3 position while the benzyl (Bn) group would act as a
permanent blocker of the C4 position for donors 8 and 11.
The glucose residue at the reducing end, ie., acceptor 13
(Supplementary Fig. 3), is functionalized with an aliphatic
azidolinker chain, which would allow its transformation into a
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primary amine upon hydrogenolysis. This amine would serve as
an anchor for subsequent biotinylation and covalent coupling
with a carrier protein. Thioglycoside donor 14 (Supplementary
Fig. 4) was conceived for the introduction of the terminal glucose
unit. It bears a levulinoyl (Lev) group at C2, which would act as a
neighboring participating group for the formation of the
1,2-trans-linkage in addition to being orthogonal to acetyl groups.
The presence of a tert-butyldimethylsilyl (TBS) group at C4
would allow the synthesis of longer oligosaccharide chains upon
deprotection. Furthermore, if the coupling proves unsuccessful
with thioglycoside 14, the latter would be readily convertible into
other donors, such as anomeric fluorides and imidates.

Synthesis of protected disaccharides. Disaccharides 15-19
were prepared from TCA talose donors 8-12 and acceptor
13 under the catalytic promotion of trimethylsilyl tri-
fluoromethanesulfonate (TMSOTY) at —10 °C. Optimization of the
glycosylation reactions was first performed with donor 8 (entries
1-4, Table 1) by varying the solvent, reaction time, equivalents of
TMSOTT, and the presence or absence of water-scavenging 4 A
molecular sieves (MS). When conducting the glycosylation in
1,2-dichloroethane (DCE) in the presence of MS (entry 1), desired
disaccharide 15 was obtained in poor yield (30%) along with
disaccharide 20 as the major compound resulting from the clea-
vage of the PMB under catalytic acid conditions, which was
somewhat unexpected for this protecting group. Interestingly,
reacting disaccharide 15 under TMSOTf-catalyzed conditions
led to a complex mixture of degradation products while no
disaccharide 20 was observed. Loss of the PMB during the course
of the glycosylation reaction could thus be rationalized by the
steric effect of the Bn group at C4 combined with the electron-
donating properties of the PMB group at C3 (Supplementary
Fig. 5). Indeed, the dioxalenium ion could be attacked by the C3
oxygen atom leading to PMB cleavage together with the formation
of a 1,2,3-O-orthoacetyl species. Once activated by TMSOT,
this tricyclic orthoester could be converted into the thermo-
dynamically favored alcohol 20 upon attack of acceptor 13.
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Table 1 Synthesis of protected disaccharides
NH Na Na
O)J\CCI3 13, TMSOTf
-10°C Ph/voo o Ph/V
Q Table 1 o] o
OR2 R'O O OBn
R'O OR® OR?
OR3 N3

8 R'=Bn; R?=PMB; R® = Ac 15 R" = Bn; R? = PMB; R® = Ac

9R"'=Ac; R2=PMB; R® = Me 16 R' = Ac; R? = PMB; R® = Me Ph—X~0

10 R" = Ac; R? = PMB; R®= Ac 17 R' = Ac; R = PMB; R®= Ac O&&/o

11 R'=Bn; R2= Me; R® = Ac 18 R'=Bn; R2= Me; R® = Ac TMSO oBn

12R"=Ac; R?=Me; R®= Ac 19R" = Ac; R2=Me; R® = Ac 21
Entry Donor (equivalents) Solvent? 4 A Msb/time (h) TMSOTf (equivalents) Product yield (%)° Ratio o/p4
1 8 (1.3) DCE +/21 0.2 15 (30)¢ a only
2 8 (2.0) Et,O +/1 0.2 15 (43)f a only
3 8 (1.5) Et,O +/8 0.2 15 (78) a only
4 8 (2.0) Et,0 -/0.2 0.02 15 (95) a only
5 9 (2.0) DCE +/0.2 0.2 16 (51) a only
6 9 (2.0) Et,0 -/0.2 0.01 16 (90) a only
7 10 (2.0) DCE +/0.2 0.2 17 (44) a only
8 10 (2.0) Et,O/DCE 5:18 -/0.2 0.01 17 (58) a only
9 1.0 Et,0 -/0.2 0.01 18 (81) a only
10 1220 Et,0 -/0.2 0.01 19 (76) a only
DCE 1,2-dichloroethane, Et,O diethyl ether, MS molecular sieves, TMSOTf trimethylsilyltrifluoromethanesulfonate
2Anhydrous solvent over molecular sieves (~0.05 M)
bWith (+) or without (-) freshly activated powdered molecular sieves
CIsolated yield
dDetermined by 'H NMR
®Disaccharide 20 was isolated as the major compound
fSilylated derivative 21 was isolated in 42% yield
&DCE was added to ensure the solubility of donor

Switching DCE for diethyl ether (Et,O) as the solvent slightly
increased the yield of disaccharide 15 (from 30% to 43%) while
preventing the formation of disaccharide 20; however, silylated
glucose derivative 21 was isolated as a by-product. Increasing the
reaction time from 1h (entry 2) to 2h (entry 3) enabled the
conversion of silylated derivative 21 into disaccharide 15, thereby
enhancing the yield to 78%. We then discovered that performing
the glycosylation without MS had a dramatic effect on the reaction
kinetic and yield. Under these conditions (entry 4), reaction time
was shortened to 20 min, only 0.02 equivalent of TMSOTf was
needed, and the yield went up to 95% without PMB deprotection.
The other disaccharides (16-19) were conveniently synthesized
using these optimized conditions (entries 6, 8-10). Pleasingly,
the glycosylation reactions were fully o-stereoselective for all
disaccharides, even without participating group at C2, such as for
2-O-methylated donor 9, and the anomeric configuration was
ascertained by undecoupled 13C NMR (Y, 1 = 174-176 Hz).

Synthesis of protected trisaccharides. With disaccharides 15-17
in hand, we then turn our attention to the synthesis of
trisaccharides 24-26 (Table 2). Cleavage of the PMB group was
performed under the action of 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) in dichloromethane (DCM) at room
temperature affording disaccharides 20, 22, and 23 in very good
yields (77-87%) and, importantly, without noticeable acetyl
migration to the C3 position. Glycosylation of disaccharide 22
with thioglucoside 14 (entry 1) under the combined action of
N-iodosuccinimide (NIS) and silver(I) trifluoromethanesulfonate
(AgOTf)°! at —10 °C in an Et,0/DCE mixture led to trisaccharide
25 in 65% yield as the sole B-anomer. Applying these conditions

4
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to the synthesis of trisaccharide 26 also gave rewarding results
(entry 2). However, we were surprised to find that glycosylation
of disaccharide 20, bearing a Bn group at C4, was not successful
under these conditions (entry 3); instead degradation of donor
was revealed by thin layer chromatography. We then tested
several glycosylation conditions (the most relevant are shown in
entries 4-10) using disaccharide 20 as an acceptor but without
any success, as only traces of trisaccharide 24 were detected.
When the reaction was performed in DCM at -78°C using
NIS/AgOTf as the promoter, dimerization of donor 14,
yielding diglucoside 29, was observed (entry 5). Activation of
thioglycoside 14 under the actlon of CuBr, in the presence of
tetrabutylammonium bromide®? was attemgted in order to
generate a more reactive bromide species®>. However, this
reaction mainly led to disaccharide 27 in which the acetyl group
had migrated from the C2 to the C3 position (entry 6). Anomeric
fluoride S26 (entry 8) as well as N-phenyl-2,2,2-tri-
fluoroacetimidate S27 (entries 9 and 10) were also evaluated as
donors but both failed to provide trisaccharide 24.

We hypothesized that the steric hindrance and electronic effect
of the Bn group at C4 can be invoked to explain these negative
results. Therefore, 6-deoxytalose building block S30 bearing a less
hindered, electron-withdrawing Lev group at C4 together with a
chloroacetyl (ClAc) group at C3 was prepared (Supplementary
Fig. 6). Unfortunately, we were not able to selectively deprotect
the ClAc group under a variety of conditions and therefore
this route was abandoned. Regioselective glycosylation of diol
S$29 bearing a Lev group at C4 was also investigated
(Supplementary Fig. 7). Using thioglycoside 14 under the
promotion of dimeth Zl(methylthio)sulfonium trifluoromethane-
sulfonate (DMTST)** in the presence of 2,6-di-tert-butyl-4-
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Table 2 Synthesis of protected trisaccharides
N3 N3
Ph (0] 14, S26
/V or 827 Ph/VOO o] Ph—X-0 o]
> o O (e} o [e)
Table 2 R O oBn G o OBn
o OR!
OR? OR?
15R"=Bn; R2=PMB; R®= Ac o OLev 27R'=Ac;R2=H
16 R = Ac; R? = PMB; R3 = Me Pi” Ogrés 28 R'=TBS; R? = Ac
17 R" = Ac; R? = PMB; R® = Ac Ph o
DCMILO 24R"=Bn; R?= Ac /vo 2 o
77-87% 20R"=Bn: R2= H: R® = Ac 25R" = Ac; R? = Me TBSO OLev oTBS
22R'=Ac;R2=H; R®=Me [ — 26R"=Ac;R? = Ac LevO 5 o
23R = Ac; R2= H; R®= Ac 29 0-\_—Ph
Entry Acceptor Donor? Promoter? Solvent® T (°C) (time (h)) Product Yield (%)4
1 22 14 NIS, AgOTf Et,O/DCE -10 (0.2) 25 65¢
2 23 14 NIS, AgOTf Et,O/DCE =10 (0.2) 26 50¢
3 20 14 NIS, AgOTf Et,O/DCE -10 (0.2) 24 NDf
4 20 14 NIS, AgOTf DCE -10 (M 24 NDf
5 20 14 NIS, AgOTf DCM -78 (3) 24 ND8
6 20 14 CuBr,, TBAB DCM/DMF 22 (72) 27 90
7 20 14 DMTST, DTBMP DCE 40 (48) 24 NDP
8 20 S26 (F) SnCl,, AgOTf Et,O/DCM -10 (0.3) 24 NDf
9 20 S27 (PTFA) TMSOTf DCE =10 (0.2) 24 NDf
10' 20 S27 (PTFA) TBSOTf tol 75 (2) 28 60
AgOTf silver() trifluoromethanesulfonate, DCM dichloromethane, DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, DMF N,N-dimethylformamide, DMTST dimethyl(methylthio)sulfonium
trifluoromethanesulfonate, DTBMP 2,6-di-tert-butyl-4-methylpyridine, NIS N-iodosuccinimide, TBAB tetrabutylammonium bromide, TBSOTFf tert-butyldimethylsily! trifluoromethanesulfonate, tol toluene
aDonor was used in excess (1.5 equivalents)
bThe reaction was performed adding freshly activated powdered molecular sieves
€Anhydrous solvent over molecular sieves (~0.05 M)
disolated yield
€Only the B-anomer was detected by H NMR
fDegradation of donor
&The dimer 29 was detected as the major compound
_hNo reaction
'Inverse procedure

methylpyridine led to the formation of disaccharide $32, having
unfortunately the wrong regioselectivity.

In an attempt to enhance the regioselectivity of the glucosyla-
tion reaction at C3, 2-aminoethyl diphenylborinate catalyst was
used following the conditions recently developed by Taylor and
colleagues™ (Supplementary Fig. 8). Thus triol $3 was reacted
with perbenzylated glucose chloride $33 in the presence of Ag,O
in acetonitrile with a catalytic amount of 2-aminoethyl diphe-
nylborinate. A mixture of regioisomeric disaccharides was formed
in which desired disaccharide S34 was isolated in 25% yield.
The poor glycosylation yield coupled with anticipated difficulties
for the subsequent selective monoacetylation at either C2 or C4
position led us to consider using diol S5 instead. However, the
presence of a Bn group at C4 reversed the regioselectivity of the
glycosylation under Taylor conditions giving disaccharide $35 in
58% yield following acetylation. At this point, it became obvious
that the presence of protecting groups other than acetyl at the C4
position of the 6-deoxytalose residue hamper the glycosylation on
the adjacent cis alcohol. Other synthetic avenues were thus
investigated.

Second-generation synthesis of protected trisaccharides. On the
basis of these previous results, we devised an alternative
synthetic route in which an epimeric rhamnose moiety was glu-
cosylated prior to its conversion into the talo-configuration.
It was anticipated that the steric hindrance at the C4 position
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would be avoided in such a case. Therefore, as depicted in Fig. 3,
alcohol S1 was levulinoylated at C4 and the isopropylidene
cleaved under acidic conditions to give diol 31 in 81% yield
over two steps. Glucosylation using Taylor catalyst in the
presence of 4 A MS cleanly provided disaccharide 32 following
acetylation (73% over two steps). The other regioisomer was not
detected. Then the Lev group was removed using hydrazine
acetate, the resulting alcohol oxidized with Dess-Martin
periodinane in refluxing DCE>®, and the ketone reduced in the
presence of NaBH, with full control of diastereoselectivity>’.

Attempts were made to protect the axial C4 position with a Lev
group, yet, even under drastic conditions, only small amounts of
the levulinoylated derivative were formed. We thus decided to
go further leaving this hydroxyl free. Disaccharide 34 was
transformed into the TCA derivative 35 in 65% over three
steps involving: (1) isomerization of the allyl group using an
iridium-based catalyst; (2) iodine-promoted hydrolysis; and (3)
activation of the resulting hemiacetal into a TCA derivative.
Then TCA 35 was coupled with glucose acceptor 13 in the
presence of TMSOTf in an attempt to form a trisaccharide.
However, acceptor 13 did not react while disaccharide 35
underwent rearrangement into trlcychc orthoester 36, which was
unexpectedly stable®® °°. The “all-cis” conformation of this
intriguing compound was confirmed by single-crystal X-ray
diffraction (CCDC 1520384, Supplementary Tables 2, 3, 4, and 5).
It is likely that orthoester 36 would come from the intramolecular
attack of the free C4 alcohol on the dioxalenium ion
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Fig. 3 Second-generation synthesis of protected trisaccharides. Reagents and conditions: a Lev,0, py, DMAP, 50 °C, 2 h, 99%; b 80% ag. HOAc, 60 °C, 6
h, 82%; c chloride donor $33, 2-aminoethy| diphenylborinate (0.25 equivalent), Ag,O, CH5CN, 4 A MS, 60 °C, overnight, 74%; d Ac,0, py, DMAP, RT,
3-4h, 98% (for 32); 94% (for 41); e H,NNH,.HOAc, DCM, MeOH, RT, overnight 82%; f Dess-Martin periodinane, DCE, 70 °C, Th; g NaBH,,

MeOH/DCM 5:1, =10 °C to RT, 71% (for 34, over two steps); 85% (for 39, over two steps); h [Ir(COD){PMe(CgHs)->351".PF¢”, Hy, THF, RT, 1h; i |, THF,
H,0, RT, 2 h; j CCI5CN, Cs,CO5, DCM, Me,CO, RT, 2 h, 65% (for 35, over three steps); 81% (for 37, over three steps); k acceptor 13, TMSOTf, 4 A MS

(only for 38), Et,0/DCE 5:1, =10 °C, 10 min, 41% (for 36); | H,NNH,.H

50, py, HOAc, 0 °C to RT, overnight, 77% (over two steps); m PDCP, DMSO, Et3N,

DCM, —10 °C to RT, Th; n NaOMe, MeOH/DCM 2:1, RT, overnight, 81%. Ac,0 acetic anhydride, CCI3CN trichloroacetonitrile, COD cyclooctadienyl, DMAP
4-(dimethylamino)pyridine, DMSO dimethylsulfoxide, EtsN triethylamine, HOAc acetic acid, Lev,0O levulinic anhydride, PDCP phenyl dichlorophosphate, py

pyridine, RT room temperature, THF tetrahydrofuran

(Supplementary Fig. 9). Attempts to glucosylate compound 36 in
the presence of TMSOTY in either DCE or Et,O only led to
orthoester degradation®® °!,

In an ultimate synthetic sequence, conversion of the rhamno-
into the talo-configuration was then attempted at the trisacchar-
ide level (Fig. 3). Disaccharide 32 was converted into TCA
derivative 37, which was successfully coupled with acceptor 13
using the previously optimized conditions. The Lev group was
cleaved under the action of hydrazine monohydrate to give
trisaccharide 38 in 77% yield over two steps from TCA 37.
Oxidation of the free alcohol at C4 was performed
using Dess—Martin periodinane, but degradation occurred and
trisaccharide 39 was isolated in low yield following NaBH,
reduction (31%, over two steps). By contrast, Pfitzner-Moffatt
oxidation®? of trisaccharide 38 using phenyl dichlorophosphate
followed by subsequent reduction of the crude ketone cleanly
provided target trisaccharide 39 in very good yield (85%, over two
steps). The latter was deacetylated or acetylated under standard
conditions to give trisaccharides 40 and 41, respectively.
A similar synthetic approach was successfully applied to the
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second-generation synthesis of terminal disaccharides 6 and 7
(Supplementary Fig. 10).

Deprotection of oligosaccharides. The last step in the synthesis
of target oligosaccharides 1-7 was the global deprotection of
trisaccharides 25, 39, 40, and 41 as well as disaccharides 18 and
19 (Fig. 4). In order to provide trisaccharide 4 bearing an acetyl
group at C4, a three-step synthetic sequence was performed
starting from protected trisaccharide 25, which consisted in
delevulinoylation using hydrazine acetate, cleavage of the TBS
group by treatment with triethylamine trihydrofluoride in
refluxing tetrahydrofuran (THF), and hydrogenolysis with
Pearlman catalyst through microfluidic conditions (H-Cube) in
the presence of HCl (2 equivalents). Under these conditions,
monoacetylated trisaccharide 4 was obtained in 72% yield over
three steps. Zemplén deacylation of trisaccharide 25, cleavage of
the TBS group using tetrabutylammonium bromide in THF
followed by microfluidic hydrogenolysis led to non-acetylated
trisaccharide 3 in 69% yield over three steps. Finally, deprotection
of oligosaccharides 39, 40, 41, 18, and 19 was best performed
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through heterogeneous hydrogenolysis conditions using Pd black
and 1.0 equivalent of HCl in a DCE/MeOH mixture affording
target oligosaccharides 2, 1, 5, 6, and 7, respectively, in quanti-
tative yields. Importantly, using excess of HCI partially cleaved
the acetyl group at C2, which was found to be more labile than
the one at C4.

Reactivity of the oligosaccharides with LPS-specific mAbs.
Several previous studies have identified mAbs that differentially
recognize Bp or Bm LPS antigens?> 26 43 47> 63 Notably, mAb
Pp-PS-W is specific for Bp OAg while mAbs 4C7 3D11, and
9C1-2 are specific for Bm OAg* %7. Although the OAgs
expressed by Bp and Bm are structurally similar, Bm OAg lacks
4-0O-acetyl substitutions on talose residues, a key dlfference that
influences recognition of these antigens by mAbs*> v
The structures of Bp (RR2808) and Bm-like (RR4744) OAgs and
their corresponding mAb reactivity profiles are shown in Fig. 5a
and Supplementary Fig. 167. To determine whether the
oligosaccharides synthesized in this study were recognized by the
various LPS-specific mAbs, ELISAs were conducted using
all seven oligosaccharides along with LPS controls. Results
demonstrated that mAbs 4C7, 3D11, and 9C1-2 reacted strongly
with disaccharide 6, which represents the capping residue asso-
ciated with Bm OAg, and that mAb Pp-PS-W reacted strongly
with  disaccharide 7, which represents the capping
residue associated with Bp OAg (Fig. 5b). These findings are
consistent with the LPS reactivity patterns observed and indicate
that all of the mAbs tested appear to recognize the terminal
residues of the either Bp or Bm OAgs. Additionally, these results
confirm our previous work showing that mAb Pp-PS-W reacts
only with —3)-p-p- glucopyranose (1—3)-6-deoxy-a-L-talopyr-
anose-(1— polymers in which the 6-deoxytalose res1dues
are coordinately acetylated at the O-2 and O-4 positions*?

Importantly, as mAbs Pp-PS-W, 4C7, and 9C1-2 have been
shown to be passively protective in animal models of melioidosis
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or glanders, our data support the use of disaccharides 6 and 7 as
components of novel vaccine candidates.

Kinetic characterization of mAb 4C7/oligosaccharide interac-
tions by SPR. SPR®* was used for a real-time analysis of
the binding affinities between mAb 4C7 and the synthetic
oligosaccharides (Fig. 6 and Supplementary Figs. 168 and 169).
mAb 4C7 was selected as a model IgG as it has recently been
shown to provide significant protection of mice from a lethal
challenge with Bp in the course of a passive immunization
protocol®®, Disaccharide 6, which presented the highest
recognition toward mAb 4C7 in the ELISA assay, was evaluated
by SPR as well as disaccharide 7, and trisaccharide 2, which
features the major intrachain epitope of Bp/Bm OAg. Therefore,
oligosaccharides 2, 6, and 7 were biotinylated using NHS
ester chemistry and the resulting constructs (BIO-2, BIO-6, and
BIO-7, respectively, Fig. 6a) were immobilized on the surface of a
streptavidin (SA)-coated sensor chip (Supplementary Figs. 11 and
170). Different concentrations of mAb 4C7 were injected for 180
s, followed by passive dissociation for 300s. The changes in
refractive index at the sensor chip surface, which reflect the
magnitude of the interactions, were monitored and recorded in
arbitrary response units. The kinetics of binding between mAb
4C7 and the biotinylated oligosaccharides were illustrated in the
sensorgrams, which are plots of response units vs time. According
to the sensorgrams, mAb 4C7 bound to immobilized BIO-6 and
BIO-7, but did not interact with immobilized BIO-2 (Fig. 6b).
The Kp, values, which were calculated using a steady-state affinity
model, demonstrated that mAb 4C7 had a higher affinity
binding to BIO-6 (22 nM) as compared with BIO-7 (120 nM).
In agreement with the results obtained by ELISA, the
SPR-binding results indicate that mAb 4C7 tightly interacts with
the terminal methylated talose residue found at the non-reducing
end of Bm-like LPS OAg. Furthermore, the presence of an acetyl
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group at the C4 position of the talose unit significantly hampers
the binding with mAb 4C7 by a five-fold order of magnitude.

Binding epitopes of mAb 4C7 with oligosaccharides by STD-
NMR. In order to dissect, at a molecular level, the binding of
mAb 4C7 to Bp and Bm OAg, we employed ad hoc NMR
techniques aimed to identify and characterize the interactions of
synthetic ohgosaccharldes to the monoclonal antibody®>. STD-
NMR spectroscopy is well suited to derive deep insights on the
molecular features that govern antigen recognition from anti-
bodies characterized by weak or medium affinity®®. STD-NMR
experiments were carried out with disaccharides 6 and 7 that
differ in the acetylation pattern at the C4 position of the talose
residue. The STD-NMR spectra performed on the
mAb-disaccharide 7 mixture at 298 K did not show any signals
(Supplementary Fig. 171) likely due to unfavorable binding
kinetics. As the temperature strongly influences the kinetics and
consequently the observed STD effects®”, we ran STD-NMR
spectra at different temperatures (Supplementary Fig. 172 and
Fig. 7b). Interestingly, at 283 K, some STD enhancements were
observed for the mAb 4C7-disaccharide 7 complex (Fig. 7b).
However, the characterization of the ligand epitope mapping of
disaccharide 7 was hampered as only very low STD-NMR effects
were observed. STD-NMR measurements gathered on dis-
accharide 6, instead, allowed deducing a more accurate binding
epitope, detecting the ligand region in closer contact to the
antibody. A qualitative analysis of STD enhancements clearly
evidenced the involvement of both glucose and talose moieties,
which were both recognized by the mAb 4C7 (Fig. 7a). However,
the strongest STD effects all belonged to the terminal talose unit,
with the proton at position 2 experiencing the highest transfer of
saturation (100% normalized STD effect). In addition, O-acetyl
group (97%), H1 (96%), and H4 (88%) exhibited large STD
enhancements indicating that they were important as well for
antibody binding. Less pronounced STD signals were observed
for protons of the glucose residue revealing that they participated
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to a minor extent in the interaction with mAb 4C7. In detail,
proton H3 showed an STD effect close to 60%, whereas protons at
positions 4, 5, and 6 displayed even lower STD intensities
(<50%). Therefore, STD-NMR data suggest that the main contact
surface area was positioned within the talose residue thus high-
lighting its role in the binding process, whereas the glucose
moiety less contributed to the interaction with the antibody. In
addition, considering the high contribution to the binding of
hindered proton H4 in disaccharide 6, this could explain why the
presence of an acetyl group at this position, such as for dis-
accharide 7, significantly weakens the binding with mAb 4C7
resulting in slight STD effects.

Immunization of mice with disaccharide- and OAg-based
glycoconjugates. Extending upon the observation that
disaccharides 6 and 7 reacted with Bm and Bp LPS-specific mAbs,
respectively, we next wanted to determine whether these synthetic
oligosaccharides were capable of stimulating immune responses
in mice. Using NHS ester chemistry, disaccharides 6 and 7 were
individually coupled to CRM197 resulting in the semi-synthetic
oligosaccharide conjugates SOC-6 and SOC-7 (Supplementary
Fig. 12). Following conjugation, the samples were examined
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). Results of these analyses demonstrated that, in both
instances, the disaccharides had covalently linked to the protein
carrier, as indicated by the shifts in molecular weights of
the glycoconjugates relative to the molecular weight of the
unconjugated CRM197 control (Supplementary Fig. 173).
Additionally, western immunoblotting confirmed that the
structural integrity/antigenicity of the disaccharide moieties
remained intact following coupling to the protein carrier
based upon their reactivity with mAbs 4C7, 3D11, and 9C1-2 or
Pp-PS-W (Supplementary Fig. 173). Further analysis of the
constructs by matrix assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF-MS) revealed that SOC-6
and SOC-7 consisted of about six and five disaccharides

| DOI: 10.1038/541467-017-00173-8 | www.nature.com/naturecommunications


www.nature.com/naturecommunications

ARTICLE

a b
2
OH B
HO Q o @
/&/ \(v)/ \H/ﬁ\N g g
OMe H \“H o
HN' 'NH 8
BIO-6 hid o
(Ky=22+2nM) o

R

BIO-7
(Ky =120 + 10 nM)

H
NH

(0]

OH

)L o
W )
5
HO ’80/%)3 H H=—=H
OAc HN
OH BIO-2 I
HO' oH (no binding) o

Response units

Response units

— 10.4nM
— 20.8nM

000 —4.7nM 5000
83.3nM

000 167 nM 4000

3000

2000

1000

04£ 0

0 100 200 300 400 500 0 50 100 150 200

Time (s) Concentration of mAb 4C7 (nM)

400 — 333nM

— 167 nM

400
300
200
100

0
0 100 200 300 400
Concentration of mAb 4C7 (nM)

100 200 300 400 500
Time (s)

ol
0

251
0

100 200 300 400 500
Time (s)

Fig. 6 Kp values of mAb 4C7 binding to biotinylated oligosaccharides inferred by SPR. a Chemical structures of the biotinylated oligosaccharides with their
corresponding Kp values. The compounds were immobilized on the surface of a streptavidin-coated sensor chip. Samples (two-fold serial dilution of mAb
4C7) were injected over the sensor surface for 180 s (association), after which the mAb was allowed to passively dissociate for 300 s. Kp values were
calculated with a steady-state affinity model (response units vs concentration plots). Indicated Kp values are the meanz+sd of three runs. b Representative
sensorgrams and steady-state affinity model fitting for each corresponding biotinylated oligosaccharides. See Supplementary Methods and Supplementary

Figs. 11 and 168-170 for details

covalently linked to CRMI197, respectively (Supplementary
Fig. 174). The conjugates were ~95% protein (w/w) as measured
by BCA assay.

To examine the immunogenic potential of the disaccharide-
based glycoconjugates, groups of BALB/c mice were immunized
with SOC-6 or SOC-7. ELISAs were used to assess the reactivity
of the immune serum samples with disaccharides and OAgs
(Fig. 8a) while immunofluorescence microscopy was used to
assess reactivity with whole cells (Supplementary Fig. 175).
Results showed that SOC-6 stimulated significantly higher
antigen-specific IgG titers than did SOC-7. For disaccharide-
specific responses, the end point titers elicited by SOC-6 ranged
from 1:400 to 1:64,000 while the end point titers achieved for
SOC-7 ranged from 1:200 to 1:800. Similar trends were observed
for OAg-specific responses with SOC-6 end point titers (vs
RR4744 OAg) ranging from 1:400 to 1:64,000 and SOC-7 end
point titers (vs RR2808 OAg) ranging from 0 to 1:200. For control
purposes, BALB/c mice were immunized with the OAg-based
glycoconjugates OC-4744 and OC-2808. Consistent with the
results shown in Fig. 8a, OC-4744-immunized mice demonstrated
high-titer IgG responses against both disaccharide 6 and RR4744
OAg with end point titers ranging from 1:800 to 1:409,600 and
from 1:128,000 to 1:512,000, respectively (Fig. 8b). In contrast,
mice immunized with OC-2808 exhibited high-titer responses
against RR2808 OAg (1:32,000-1:256,000) but failed to produce
strong responses against disaccharide 7 (1:200-1:800). Similar
results were also obtained when C57BL/6 mice were immunized
with OC-2808 (Supplementary Fig. 176).

Human immune responses to Bp OAg. Based on our mouse
studies, high-titer antibody responses that recognize the terminal
disaccharide of Bm OAg could be produced by immunization
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with either SOC-6 or OC-4744. In contrast, high-titer antibody
responses that recognize the terminal epitope of Bp OAg could
not be raised by immunization with either SOC-7 or OC-2808.
Potential reasons for this might be that the 4-O-acetyl group on
the capping residue has a role in modulating immune responses
against the Bp OAg or that mice have a hole in their B-cell
repertoire against this motif. To investigate this, ELISAs were
used to assess the reactivity of culture-confirmed Thai melioidosis
patient and Thai healthy donor serum samples with RR2808 OAg
and disaccharide 7. As shown in Fig. 8¢, immune serum samples
exhibiting reactivity with Bp OAg also had the capacity to
crossreact with disaccharide 7. These results indicate that, unlike
mice, humans have the ability to generate antibody responses
against the terminal disaccharide of Bp OAg. Collectively,
our findings suggest that the inability of mice to raise
antibodies against the terminal epitope of Bp OAg may be a
species-restricted phenomenon. Additional studies will be
required to further investigate this observation as well as identify
alternative animal models to help overcome this issue.

Discussion

In this study, we have been successful in synthesizing a unique
series of oligosaccharides featuring all of the intrachain and
terminal epitopes found within the LPS OAgs from Bp and Bm.
The optimal approach involved the epimerization of the
C4 position of a 3-O-methylated or 3-O-glucosylated L-rhamnose
building block at a late stage of the synthetic route,
generating terminal disaccharides 6 and 7, and intrachain
trisaccharides 1-5, respectively. All of the glycosylation reactions
were fully stereoselective, the coupling products were obtained in
high yields, and, importantly, no acetyl migration was detected at
any steps of the synthetic sequence. The knowledge learned from
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this synthetic journey could be used as a base for the elaboration
of longer oligosaccharide chains related to Bp and Bm OAg,
which would feature, for instance, both intrachain and terminal
epitopes.

The synthetic oligosaccharides were used to probe and
characterize the minimal binding epitopes for a series of Bp and
Bm LPS-specific mAbs, which have been shown to be passively
protective in mouse models of melioidosis and glanders. To do so,
biochemical and biophysical approaches, including ELISA assay,
SPR, and STD-NMR, were employed to study the interactions of
synthetic oligosaccharides 1-7 with various mAbs. The results of
the ELISA assay strongly suggest that mAbs Pp-PS-W, 4C7,
3D11, and 9C1-2 are targeted to the terminal residues found at
the non-reducing end of Bp and Bm OAgs. The interaction
between mAb 4C7, which recognizes the Bm-like capping residue,
and disaccharides 6 and 7 was further investigated by STD-NMR.
These NMR analyses revealed that mAb 4C7 primarily binds to
the 6-deoxy-L-talose residue of disaccharide 6, especially with the
O-acetyl group and protons at the C1, C2, and C4 positions which
experienced the higher STD effects, and, to a lesser extent, with
the glucose residue. In contrast, only weak STD effects were
detected for disaccharide 7, a result that could be explained by the
presence of a supplemental acetyl group at the C4 position. SPR
measurements with biotinylated disaccharides (BIO-6 and
BIO-7) in the presence of mAb 4C7 supported this behavior.
Indeed, disaccharide 6 was shown to bind more strongly to mAb
4C7 than disaccharide 7, with a Kp value in the low nanomolar
range.
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These results prompted us to evaluate the immunogenicity of
disaccharides 6 and 7 in mice. To generate the semisynthetic
glycoconjugates SOC-6 and SOC-7, disaccharides 6 and 7 were
covalently linked to CRM197. Mice immunized with SOC-6
produced high-titer IgG responses that were raised against the
disaccharide component of the constructs. Importantly, these
responses were crossreactive with Bm-like OAgs. Optimization
of the loading level as well as the multivalent display®® of
disaccharide epitopes could help improve the immunogenicity of
the constructs. Moreover, the straightforward and high-yielding
synthesis of disaccharide 6 represents an asset for the industrial
and cost-effective production of such vaccines. Thus SOC-6
stands as a promising vaccine candidate to be tested in animal
models of glanders.

In summary, our results highlight the importance of O-acetyl
and O-methyl modifications for recognition of OAgs by Bp and
Bm LPS-specific mAbs. Furthermore, our findings support the
use of synthetic chemistry for deciphering the immunogenic
epitopes  of non-stoichiometrically  substituted surface
polysaccharides in the context of antibacterial glycoconjugate
vaccines. Collectively, it is anticipated that these studies will serve
as foundation for the development of novel therapeutics,
diagnostics, and vaccine candidates to combat diseases caused by
Bp and Bm.

Methods
Chemical synthesis. The complete experimental details, compound
characterization data, and X-ray crystallographic data can be found in
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Supplementary Methods. For the NMR spectra of new compounds, see
Supplementary Figs. 13-166.

mAb 4C7 production. mAb 4C7 was produced as previously described®®. Briefly,
BALB/c mice were intraperitoneally injected with 2x10% CFU of heat-inactivated
Bp (strain 1026b) every 2 weeks for an 8-week period. The antibody titers to Bp
were monitored using an indirect ELISA with the heat-inactivated strain 1026b in
the solid phase. The last immunization was administered 3 days prior to sple-
nectomy. Splenic cells were fused with myeloma cells to produce mAb-secreting
hybridomas as previously described®. Western blotting analysis was performed
to identify hybridoma clones that were producing mAbs reactive in the typical
ladder-banding pattern of LPS®3; as a result, the clone 4C7 was identified. To
produce mAb 4C7, the hybridoma cell line was grown in Integra CL 1000 culture
flasks (Integra Biosciences), and the mAb was purified by protein A affinity column
chromatography.

ELISA assays. To assess the reactivity of LPS-specific mAbs (Pp-PS-W, 4C7, 3D11,
and 9C1-2) with synthetic oligosaccharides 1-7 and Burkholderia OAgs, maleic
anhydride 96-well plates (Pierce) were coated overnight at 4 °C with oligo-
saccharides 1, 2, 3, 4, 5, 6 or 7 (5 pg/ml) or purified LPS (10 pg/ml) solubilized in
carbonate buffer (pH 9.6). The LPS antigens used in this study were purified from
Bp strains RR2808 (AwcbB; Bp LPS) and RR4744 (AwcbBAoacA; Bm-like LPS) as
previously described>? 4°. The coated plates were blocked at room temperature for
30 min with StartingBlock T20 (TBS) Blocking Buffer (SB; Pierce) and then
incubated for 1h at 37 °C with the various mAbs diluted 1/2000 in Tris-buffered
saline + 0.05% Tween 20 (TBS-T)+10% SB. To facilitate detection, the plates
were incubated for 1h at 37 °C with 1/2000 dilutions of goat anti-mouse IgM or
IgG-horse radish peroxidase (HRP) conjugates (Southern Biotech). The plates were
then developed with TMB substrate (KPL) and read at 620 nm. The data were
plotted and analyzed using GraphPad Prism 5 (GraphPad Software Inc.).

SPR experiments. SPR analysis of binding between mAb 4C7 and synthetic
oligosaccharides was performed using a Biacore X-100 instrument (GE Health-
care). HBS-EP + buffer (10 mM HEPES, 150 mM NaCl, 3 mM EDTA, and 0.05%
v/v Surfactant P20, pH 7.4, GE Healthcare) was used as a running buffer and
diluent throughout the experiments. Biotinylated oligosaccharides BIO-6, BIO-7,
and BIO-2 (see Supplementary Methods) were separately immobilized on the
surface of a SA-coated sensor chip (GE Healthcare); a second flow cell surface was
left unmodified for reference subtraction. To generate sensorgrams, two-fold serial
dilutions of mAb 4C7 were injected over the sensor chip surface with a flow rate of
30 pL/min for 180 s, followed by passive dissociation for 300 s. Between each cycle,
the chip surface was regenerated with a 60 s pulse of 20 mM NaOH. Each analysis
was performed in triplicate. Binding affinities (Kp) were calculated using the
steady-state affinity model in the BIA evaluation software (version 2.0.1, GE
Healthcare).

STD-NMR experiments. NMR experiments were performed with a Bruker 600
MHz DRX instrument equipped with a cryo probe at 283, 298, and 310 K. All the
samples were dissolved in deuterated phosphate buffer (pH 7.4) and spectra were
calibrated with internal sodium [D,](trimethylsilyl)propionate (10 pm) at 0.0 ppm
for 'H NMR. The ligand resonances were assigned by using standard NMR
experiments. Samples for STD-NMR contained an mAb/ligand molar ratio from
1:50 to 1:100 and the antibody concentration was 12 pM. STD-NMR experiments
were carried out with 32k data points and zero filled to 64k data point prior
processing. A total of 4000 scans were recorded. Selective on-resonance irradiation
of antibody resonances was performed at 8 ppm; the off-resonance frequency was
set at 100 ppm. The antibody saturation was achieved by using a pulse train of
Gaussian shaped pulses of 50 ms duration and 1 ms interpulse delay with an
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irradiation power of 50 Hz. The saturation time was set at 2 s and a relaxation delay
of 4s was used. A Tlp filter (50 db spin-lock pulse) and water suppression using
excitation sculpting were applied. STD-NMR spectra of ligands in the absence of
the antibody and spectra with antibody alone were acquired to obtain reference
experiments. The STD effects were calculated by (Ip—Is)/Io, where (Io—Is) is the
intensity of the signal in the STD-NMR spectrum and I, is the peak intensity of the
unsaturated reference spectrum (off-resonance). The STD signal with the highest
intensity was set to 100%, and others were normalized to this. Data acquisition and
processing were performed with TOPSPIN 3.2 software.

Preparation and characterization of glycoconjugates. Disaccharides 6 and 7
(200 pl of 15 mg/ml stocks in anhydrous dimethylsulfoxide (DMSO)) were added
dropwise to disuccinimidylglutarate (DSG; 400 pl; 62.5 mg/ml stock in anhydrous
DMSO) with trimethylamine (20 pl) and stirred for 2 h at room temperature.
Phosphate-buffered saline (PBS; 800 pl, pH 7.2) was then added and the unreacted
DSG was extracted twice with equal volumes of chloroform. The aqueous phase
was recovered and reacted with CRM197 (2 mg, Reagent Proteins) solubilized in
PBS (2mL) at room temperature for 18-24 h. The reaction product was dialyzed
extensively against dH,O and concentrated using a 10 K MWCO Vivaspin Column
(VIVAproducts). Conjugates were visualized by SDS-PAGE (4-12% Bolt gels; Life
Technologies). Protein concentration was determined by BCA Assay (Pierce). The
conjugates were further analysed by MALDI-TOF-MS. The results were acquired
on a TOF/TOF 5800 System (AB SCIEX) using a linear positive mode. To
improve ionization, the conjugated samples were dried and reconstituted with 50
mM ammonium bicarbonate buffer. The conjugates were mixed with 2,4,6-trihy-
droxyacetophenone, which was used as the matrix for the MALDI analysis. The
resulting data were externally calibrated using bovine serum albumin. The
disaccharide-based conjugates were named SOC-6 and SOC-7, respectively.
Glycoconjugates OC-4744 (RR4744 OAg+CRM197) and OC-2808 (RR2808 OAg
+CRM197) were synthesized essentially as previously described®. The OAgs were
purified from Bp RR2808 and RR4744 LPS as previously described>® 4.

Immunogenicity evaluation. Groups of 6-8-week-old female BALB/c mice
(Charles River) were immunized subcutaneously on days 0, 21, and 35 with 5 pg
of the disaccharide-CRM197 glycoconjugates SOC-6 and SOC-7 or 10 pg of the
OAg-CRM197 glycoconjugates OC-4744 and OC-2808 formulated in saline plus
Alhydrogel 2% (500 pug/mouse; Brenntag) and Polyl:C (30 pg/mouse; InvivoGen).
Terminal bleeds were conducted 14 days after the third immunization for the
assessment of antibody responses. Six mice per group were chosen to qualitatively
assess the immunogenicity of glycoconjugates. Therefore, no randomization,
blinding, or statistical analysis was required for comparing the antibody levels. All
procedures involving mice were performed according to protocols approved by the
University of South Alabama Institutional Animal Care and Use Committee and
were conducted in strict accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals of the National Institutes of Health.
Antibody responses directed against disaccharides 6 and 7 as well as
crossreactive responses against the Burkholderia OAgs were assessed by ELISA
essentially as described above. To quantitate disaccharide-specific responses, maleic
anhydride 96-well plates were coated with disaccharides 6 or 7 (5 pg/ml)
solubilized in carbonate buffer. To quantitate OAg-specific responses, 96-well
Maxisorp plates (Nunc) were coated with purified Bp RR2808 or RR4744 OAgs
(1 pg/ml) solubilized in carbonate buffer. The OAgs were purified from Bp RR2808
and RR4744 LPS as previously described3? 4°. The coated plates were blocked and
then incubated for 1h at 37 °C with the mouse serum samples serially diluted in
TBS-T+10% SB. The plates were then incubated for 1h at 37 °C with 1/2000
dilutions of anti-mouse IgG-HRP conjugate and developed as described above. The
reciprocals of the highest dilutions exhibiting optical densities of two times
background were used to determine the end point titers for the individual mice.
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Human serum ELISAs. Serum samples from culture-confirmed Thai melioidosis
patients (n =18) and Thai healthy donors (n =18) were assayed for reactivity
with RR2808 OAg and disaccharide 7 essentially as previously described”’. Plates
were coated with RR2808 OAg or disaccharide 7 as described above. Serum
samples were assayed at a fixed dilution of 1/2000. The study was approved by the
Ethics Committee of Faculty of Tropical Medicine, Mahidol University (approval
number MUTM 2014-079-02). Written informed consent was obtained from all
subjects.

Data availability. The data that support the findings of this study are available
from the corresponding authors (P.J.B. or C.G.) upon reasonable request. The
X-ray crystallographic data of compound 36 (CCDC 1520384, Supplementary
Tables 2, 3, 4, and 5) are available in the Supplementary Information file.
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Reviewers' comments:
Reviewer #2 (Remarks to the Author):

The authors report the chemical synthesis of five trisaccharides and two disaccharides representing
all of the reported inner and terminal fragments of the unique O-antigen polysaccharide of the
lipopolysaccharides (LPS) of Burkholderia pseudomallei (Bp) and Burkholderia mallei (Bm). Bp and
Bm are etiologic agents of melioidosis and glanders, respectively. These oligosaccharides bear an
aminopentanyl aglycon therefore can be easily derivatized. The synthetic oligosaccharide
derivatives are then subjected to binding studies with a series of Bp and Bm LPS-specific mAbs,
which have previously been shown to be passively protective in mouse models of melioidosis and
glanders. Biochemical and biophysical approaches, including ELISA assay, SPR, and STD-NMR are
used and lead to conclusion that the mAbs target to the terminal disaccharide residues, especially
the terminal 2-0-acetyl-3-O-methyl-6-deoxy-L-talose residue in disaccharide 6. Finally, the
authors show that mice immunized with the terminal disaccharides covalently linked to CRM197
are able to produce high titer antibody responses that cross-reacted with Bm-like OAg antigens.
These studies shall serve well as a starting point for the development of therapeutics, diagnostics,
or vaccine candidates to combat diseases caused by Bp and Bm. The experiments are well done
and data well presented. I recommend publication of this interdisciplinary work, with each part
being performed by experts in the field, on Nat. Commun.

Minor points:

(1) In the synthesis part, the authors might comment on the unusual conditions used for the
deprotection of the anomeric allyl group.

(2) In the binding studies, both disaccharides 6 and 7 show effective binding with mAb 4C7 in the
ELISA and SPR assay (although the binding of 6 is indeed stronger), however, there is completely
no binding of 7 in the STD-NMR experiments. The authors might comment on this. Additionally,
the STD-NMR experiments show the strong involvement of the terminal talose residue in the
binding with mAb, the authors might comment on if the appending 2-0O-acetyl group also involves.
(3) Page 7, chloroacetyl group should not be abbreviated as AcCl (that is acetyl chloride) but ClAc.
(4) Page S13, Supplementary Fig. 12, the linker should be five carbon long instead of four carbon.

Reviewer #3 (Remarks to the Author):

This is an interesting study and expands on previous studies that demonstrated the protective
efficacy of selected monoclonals. In this manuscript the authors go on to describe the recognised
eptiopes. From a biological prospective it is interesting and would guide further research and
worthy of publication and likely to impact future vaccine design.

The strategy to link the antigens to the CRM is standard.

The authors demonstrated that the antibody responses recognised the OAg antigens. I would have
like to have seen antibody binding to the whole bacteria - more biological relevance not just the
antigens.

Since B. pseudomallei is an intracellular pathogen I would have like to have seen some additional
experiments and discussion on the cellular immune responses. Especially since the authors use
PolyI:C adjuvant (with Alhydrogel) that would up-regulate innate immune responses through
activation of TLR3 and subsequently up regulation of IL-12 and IFNs.

On the NMR and SPR data I make the following statements:

6 and 7 seem both to have high affinity according to SPR but only 6 binds in the NMR experiment.
This doesn't match with the fact that the second OAc group of 7 might abolish binding. It's still



nanomolar.

I find it also intriguing that the only OAc-group of 6 at the talose moiety is completely subtracted
and not interacting at all although the talose is strongest engaging residue. This could only happen
if the OAc is completely solvent exposed.

The authors should run the STD of 7 at 283 K and 310 K to see if there is a temperature effect. It's
plausible though that a second OAc group might abolish binding.

I don't understand how the authors determine 40% of the hydroxyl group at C3 of 6 ? (blue circle
Figure 7). Did they not use D207 This aspect doesn't make sense.

What are the T1/T2/.... in Figure 7? Needs to be labelled in the structure.

All in all the paper presents a range of interesting data, but to be accepted in the journal additional
studies would need to be performed.

Reviewer #4 (Remarks to the Author):

In their manuscript entitled "Deciphering minimal antigenic epitopes associated with Burkholderia
pseudomallei and Burkholderia mallei lipopolysaccharide O-antigens", Kenfack et al. describe a
synthetic approach to access glycan epitopes of the Bp and Bm LPS O-antigens. This is a highly
interesting and relevant study that highlights the utility of synthetic carbohydrate chemistry to
identify immunogenic glycan epitopes as candidates for novel glycoconjugate vaccines. The
authors' approach combines synthetic carbohydrate chemistry with a detailed characterization of
the recognition of the minimal glycan epitopes by monoclonal antibodies (mAbs). Finally, they
perform immunization studies in mice to determine the immunogenicity of the minimal glycan
epitopes. The data on the molecular interaction of the synthetic oligosaccharides with LPS-specific
mAbs as determined by glycan array are convincing. The performed SPR and STD-NMR
measurements to determine KD values and binding epitopes, respectively, allow for an in-depth
insight into the crucial role of the talose moiety in the glycan/mAb interaction. The manuscript is
well written and of interest to a broad readership. While the strength of the manuscript is clearly
the chemistry part and the biophysical characterization of the glycan/mAb interactions, its
weakness is the murine immunization studies. In my opinion, the in vivo studies need to be
extended and fine-tuned to render the manuscript acceptable for publication (see "Specific
points"):

Specific points:
1.) Why was a steady-state affinity model applied to calculate the KD values from the SPR data
(p-12) given that a mAb was used as analyte (i.e. a bivalent analyte)?

2.) The authors state that "future work [should] include optimizing the loading of oligosaccharides
onto carrier proteins, varying the dose of the glycoconjugates delivered and determining the most
effective adjuvant system" (p.15, Il. 462). In my opinion, however, the present data do not (yet)
convincingly show strong immunogenicity of the selected glycan candidates (and the
glycoconjugates used for immunization respectively). A prime-boost immunization protocol was
employed (three immunizations in total) and a combination of the adjuvants Alum and Polyl:C was
used. Still, the obtained IgG titers were fairly low given a limit of detection (LOD) of 100 (as
shown in Figure 8C). While IgG responses were generally low for immunization with SOC-7, SOC-6
elicited higher antibody titers that, however, varied among mice (low titers in two out of six mice).
I suggest trying alternative immunization protocols and adjuvants to obtain more reliable data on
immunogenicity. In addition, the number of immunized mice could be increased to obtain more
precise results for the endpoint titers.



3.) Along the same lines: The authors determined cross-reactivity of the antibodies induced by
immunization with SOC-6 and SOC-7 with purified Bp O-antigens (Figure 8C). While strong cross-
reactivity was observed upon immunization with SOC-6 in at least three out of six immunized
mice, barely cross-reactive IgG responses were observed upon immunization with SOC-7. Still,
even for SOC-6, there were generally marked reductions in IgG titers against the purified Bp O-
antigens compared to the immobilized disaccharides (up to a half order of magnitude). What is the
reason? For instance, have the authors determined antibody responses against the linker?

4.) Finally, it is well-known that LPS-specific monoclonal antibodies are protective in infection with
Burkholderia and protection can be transferred by passive immunization (e.g. Trevino et al.,
Infect. Immun. 2006, 74, 1958; AuCoin et al., PLOS One 7, €35386, and other studies correctly
cited by the authors). Since the potential of LPS-based subunit vaccines against Burkholderia has
previously been shown, I consider a challenge study necessary in which the authors address the
protective capacity of the glycoconjugates. Demonstrating the protective potential of CRM
glycoconjugates would markedly strengthen the impact of the manuscript and would justify the
authors' claim that "these studies serve as foundation for the development of novel therapeutics,
diagnostics and vaccine candidates to combat diseases caused by Bp and Bm" as stated in the
abstract (p.1).



RESPONSES TO REFEREES

Reviewer #2 (Remarks to the Author):

The authors report the chemical synthesis of five trisaccharides and two disaccharides representing
all of the reported inner and terminal fragments of the unique O-antigen polysaccharide of the
lipopolysaccharides (LPS) of Burkholderia pseudomallei (Bp) and Burkholderia mallei (Bm). Bp and
Bm are etiologic agents of melioidosis and glanders, respectively. These oligosaccharides bear an
aminopentanyl aglycon therefore can be easily derivatized. The synthetic oligosaccharide derivatives
are then subjected to binding studies with a series of Bp and Bm LPS-specific mAbs, which have
previously been shown to be passively protective in mouse models of melioidosis and glanders.
Biochemical and biophysical approaches, including ELISA assay, SPR, and STD-NMR are used and lead
to conclusion that the mAbs target to the terminal disaccharide residues, especially the terminal 2-
O-acetyl-3-O-methyl-6-deoxy-L-talose residue in disaccharide 6. Finally, the authors show that mice
immunized with the terminal disaccharides covalently linked to CRM197 are able to produce high
titer antibody responses that cross-reacted with Bm-like OAg antigens. These studies shall serve well
as a starting point for the development of therapeutics, diagnostics, or vaccine candidates to combat
diseases caused by Bp and Bm. The experiments are well done and data well presented. |
recommend publication of this interdisciplinary work, with each part being performed by experts in
the field, on Nat. Commun.

Response: We thank the reviewer for his/her positive comments regarding our work.

Minor points:

(1) In the synthesis part, the authors might comment on the unusual conditions used for the
deprotection of the anomeric allyl group.

Response: We agree with the reviewer that the conditions for the deprotection of the allyl group are
somewhat unusual, i.e. using an iridium-based Crabtree-like catalyst for the anomerization of the
allyl group followed by a iodine-promoted deprotection. However, these conditions have been
previously successfully used by our group and others in many occasions (see Tamigney Kenfack, M.
et al. J. Org. Chem. 2014, 79, 4615-4634; Gauthier, C. et al. Org. Biomol. Chem. 2014, 12, 4218-4232;
Laroussarie, A. et al. J. Org. Chem. 2015, 80, 10386-10396). As suggested, more details regarding the
transformation of disaccharide 34 into TCA derivative 35 have been added in the revised manuscript
(see Results: Second generation synthesis of protected trisaccharides).



(2) In the binding studies, both disaccharides 6 and 7 show effective binding with mAb 4C7 in the
ELISA and SPR assay (although the binding of 6 is indeed stronger), however, there is completely no
binding of 7 in the STD-NMR experiments. The authors might comment on this. Additionally, the
STD-NMR experiments show the strong involvement of the terminal talose residue in the binding
with mAb, the authors might comment on if the appending 2-O-acetyl group also involves.

Response: The absence of signals in the STD NMR spectrum of the disaccharide 7 could be due to
unfavorable binding kinetics considering that the ligand off-rate is extremely important for the
overall sensitivity of the experiment. Given that the temperature strongly influences the kinetics and
consequently the observed STD effects, we decided to run a STD NMR spectrum decreasing the
temperature to 283 K (see revised Figure 7). Interestingly, under these experimental conditions,
some slight, although not quantifiable, STD enhancements were observed for the mAb 4C7 —
disaccharide 7 complex, confirming that the temperature might have affected the K.

In addition, as regards the contribution of the appending 2-O-acetyl group, we have further
optimized the experimental conditions of STD NMR spectra in order to investigate the interaction
between the disaccharide 6 and the monoclonal antibody. In the previous spectrum, the OAc-group
of disaccharide 6 at the talose moiety was completely subtracted likely due to experimental
conditions such as spin lock pulse applied to reduce the intensity of broad antibody resonances
and/or antibody concentration. Thus, we acquired new STD spectra by using a lower concentration
of the antibody (12 uM vs 33 uM) in deuterated phosphate buffer, a weaker spin lock (50 db vs 10
db) and a longer relaxation delay (4 sec). The resulting spectrum is reported in Figure 7 of the
revised manuscript and shows a strong contribution of the acetyl group to the interaction, as
expected.

(3) Page 7, chloroacetyl group should not be abbreviated as AcCl (that is acetyl chloride) but CIAc.

Response: This error has been corrected in the revised manuscript.

(4) Page S13, Supplementary Fig. 12, the linker should be five carbon long instead of four carbon.

Response: This error has been corrected in the revised supporting information file.



Reviewer #3 (Remarks to the Author):

This is an interesting study and expands on previous studies that demonstrated the protective
efficacy of selected monoclonals. In this manuscript the authors go on to describe the recognised
eptiopes. From a biological prospective it is interesting and would guide further research and worthy
of publication and likely to impact future vaccine design.

Response: We thank the reviewer for his/her positive comments regarding our work.

The strategy to link the antigens to the CRM is standard.

The authors demonstrated that the antibody responses recognised the OAg antigens. | would have
like to have seen antibody binding to the whole bacteria - more biological relevance not just the
antigens.

Response: Additional experiments and text have been added to the revised manuscript to address
this issue (see Results: Immunization of mice with disaccharide- and OAg-based glycoconjugates -
second paragraph, Supplementary Figure 175 and Supplementary methods). Using ELISA and
immunofluorescence staining/microscopy techniques, we were able to confirm that SOC-6 immune
serum reacts strongly with both purified Bm-like OAg and paraformaldehyde-fixed Bm, respectively.
Due to the inability of BALB/c and C57BL/6 mice to produce antibody responses against the terminal
epitope of Bp OAg or disaccharide 7 (see Results: Immunization of mice with disaccharide- and OAg-
based glycoconjugates - second paragraph and revised Figure 8 and Supplementary Figure 176),
similar studies were not conducted with SOC-7 immune serum.

Since B. pseudomallei is an intracellular pathogen | would have like to have seen some additional
experiments and discussion on the cellular immune responses. Especially since the authors use
Polyl:C adjuvant (with Alhydrogel) that would up-regulate innate immune responses through
activation of TLR3 and subsequently up regulation of IL-12 and IFNs.



Response: Other than raising T-cell responses against the CRM197 carrier protein (which are critical
for enabling high titer IgG responses to be produced against the covalently-linked haptens -
disaccharides 6 and 7), immunization of mice with SOC-6 or SOC-7 would not be predicted to elicit
any protective cellular responses. As the Reviewer is aware, the main objective of immunizing with
glycoconjugates is to stimulate protective humoral responses. This being the case, we do eventually
plan to assess the functional activity of our immune serum samples (via
opsonophagocytosis/opsonophagocytic killing assays) but only once we are able to optimize the
immunogenicity of SOC-6 (e.g. obtain more reproducible responses against disaccharide 6) and find
a suitable animal model that enables us to produce antibody responses against the terminal epitope
of Bp OAg or disaccharide 7 (see Results: Immunization of mice with disaccharide- and OAg-based
glycoconjugates - second paragraph and revised Figure 8 and Supplementary Figure 176). As for the
Polyl:C/Alhydrogel adjuvant system, it was not our intention to use it to promote protective cellular
immune responses. Instead, we used this adjuvant system to formulate our glycoconjugates since, in
our experience, it enables us to generate higher titer 1gG responses against
oligosaccharides/polysaccharides than using Alhydrogel alone (presumably due to the production of
IL-12 and IFNs as noted by the Reviewer).

On the NMR and SPR data | make the following statements:

6 and 7 seem both to have high affinity according to SPR but only 6 binds in the NMR experiment.
This doesn't match with the fact that the second OAc group of 7 might abolish binding. It's still
nanomolar.

Response: The absence of signals in the STD NMR spectrum of the disaccharide 7 in the presence of
the mAb 4C7 could be due to unfavourable binding kinetics since the ligand off-rate is extremely
important for the overall sensitivity of the experiment. To confirm the above, a slight increase of
some STD signals intensity was observed for disaccharide 7 in the presence of the mAb 4C7 when
the temperature was decreased to 283 K (see revised Figure 7).

| find it also intriguing that the only OAc-group of 6 at the talose moiety is completely subtracted and
not interacting at all although the talose is strongest engaging residue. This could only happen if the
OAc is completely solvent exposed.

Response: The O-acetyl group of disaccharide 6 at the talose moiety was completely subtracted
likely due to experimental conditions like spin lock pulse applied to reduce the intensity of broad
antibody resonances and/or antibody concentration. Thus, we acquired new STD spectra by using a
lower concentration of the antibody (12 uM vs 33 uM) in deuterated phosphate buffer, a weaker



spin lock (50 db vs 10 db) and a longer relaxation delay (4 sec). The resulting spectrum is reported in
the Figure 7 of the revised manuscript and it shows a strong contribution of the acetyl group to the
interaction, as expected.

The authors should run the STD of 7 at 283 K and 310 K to see if there is a temperature effect. It's
plausible though that a second OAc group might abolish binding.

Response: We have run the STD spectra of disaccharide 7 in the presence of the mAb 4C7 at
different temperatures, 283 K, 298 K and 310 K (see revised Figure 7 and Supplementary Figures 171
and 172). As also added to the main text of the revised manuscript, no STD signals were observed at
298 K and 310 K. However, when the temperature was set at 283 K, some slight STD enhancements
were observed for the mAb 4C7 — disaccharide 7 complex, indicating a temperature effect.

| don't understand how the authors determine 40% of the hydroxyl group at C3 of 6 ? (blue circle
Figure 7). Did they not use D20? This aspect doesn't make sense.

Response: We determined the percentage of the STD effect belonging to the O-methyl group at C3
of the talose residue. It is not a hydroxyl group.

What are the T1/T2/.... in Figure 7? Needs to be labelled in the structure.

Response: The proton resonances belonging to talose and glucose residues were indicated with
letters, T and G, respectively. We have modified the caption of the Figure 7, indicating what the
letters stand for.

All in all the paper presents a range of interesting data, but to be accepted in the journal additional
studies would need to be performed.



Reviewer #4 (Remarks to the Author):

In their manuscript entitled "Deciphering minimal antigenic epitopes associated with Burkholderia
pseudomallei and Burkholderia mallei lipopolysaccharide O-antigens", Kenfack et al. describe a
synthetic approach to access glycan epitopes of the Bp and Bm LPS O-antigens. This is a highly
interesting and relevant study that highlights the utility of synthetic carbohydrate chemistry to
identify immunogenic glycan epitopes as candidates for novel glycoconjugate vaccines. The authors'
approach combines synthetic carbohydrate chemistry with a detailed characterization of the
recognition of the minimal glycan epitopes by monoclonal antibodies (mAbs). Finally, they perform
immunization studies in mice to determine the immunogenicity of the minimal glycan epitopes. The
data on the molecular interaction of the synthetic oligosaccharides with LPS-specific mAbs as
determined by glycan array are convincing. The performed SPR and STD-NMR measurements to
determine KD values and binding epitopes, respectively, allow for an in-depth insight into the crucial
role of the talose moiety in the glycan/mAb interaction. The manuscript is well written and of
interest to a broad readership.

Response: We thank the reviewer for his/her positive comments regarding our work.

While the strength of the manuscript is clearly the chemistry part and the biophysical
characterization of the glycan/mAb interactions, its weakness is the murine immunization studies. In
my opinion, the in vivo studies need to be extended and fine-tuned to render the manuscript
acceptable for publication (see "Specific points"):

Specific points:

1.) Why was a steady-state affinity model applied to calculate the KD values from the SPR data (p.12)
given that a mAb was used as analyte (i.e. a bivalent analyte)?

Response: In the Biacore data analysis package, there are two ways to assess an experiment like
ours. The first is the kinetic method, which results in an estimate of both the association rate
constant (k,) and the dissociation rate constant (kq). These values can then be used to calculate the
dissociation constant (Kp = ky/k,). The second method is the concentration method, in which a plot
of RUna Vs mAb concentration is constructed and the subsequent analysis results in another
estimate of the Ky. This value is sometimes referred to as the steady-state Ky or the apparent Kp.
Initially, both kinetics and concentration methods were used to evaluate the binding affinity
between mAb 4C7 and the synthesized oligosaccharides in this study. The results derived from both
methods showed that mAb 4C7 binds to immobilized BIO-6 with a higher affinity as compared to
BIO-7. We agree with the reviewer that assessment of the binding affinity using the thermodynamic
constants (Kp = kq/ks) is the traditional way to do this and results in somewhat higher estimates of



affinity. However, in this study we chose to report steady-state Ky because it is more reliable as
suggested by the control statistic parameters (standard deviation and XZ values). In addition, in
much of the literature, the steady-state Ky is used for purposes of comparison (e.g., analysis of a
mAb binding to modified targets). Also, we feel though that the inclusion of the k, and kq values may
be of interest to readers who want to compare rates of association/dissociation or calculate the Ky
by the other method on their own. Again, thank you for your careful consideration of our study.

2.) The authors state that "future work [should] include optimizing the loading of oligosaccharides
onto carrier proteins, varying the dose of the glycoconjugates delivered and determining the most
effective adjuvant system" (p.15, Il. 462). In my opinion, however, the present data do not (yet)
convincingly show strong immunogenicity of the selected glycan candidates (and the
glycoconjugates used for immunization respectively). A prime-boost immunization protocol was
employed (three immunizations in total) and a combination of the adjuvants Alum and Polyl:C was
used. Still, the obtained IgG titers were fairly low given a limit of detection (LOD) of 100 (as shown in
Figure 8C). While IgG responses were generally low for immunization with SOC-7, SOC-6 elicited
higher antibody titers that, however, varied among mice (low titers in two out of six mice). | suggest
trying alternative immunization protocols and adjuvants to obtain more reliable data on
immunogenicity. In addition, the number of immunized mice could be increased to obtain more
precise results for the endpoint titers.

Response: Additional experiments and text have been added to the revised manuscript to address
these issues (see Results: Immunization of mice with disaccharide- and OAg-based glycoconjugates -
second paragraph and revised Figure 8). In Figure 8b, we now show that when immunized with OC-
4744 (RR4744 OAg-CRM197), high titer antibody responses in 5/6 mice can be produced against
RR4744 OAg as well as disaccharide 6 (terminal epitope of the OAg). This being the case, it is unlikely
that the adjuvant system or the number of mice that we used for our studies can account for the
variable immunogenicity of SOC-6. Instead, as previously suggested, we think that optimizing the
loading/presentation of disaccharide 6 on CRM197 will help to resolve this issue. As for the poor
immunogenicity of SOC-7, immunization of BALB/c and C57BL/6 mice with OC-2808 (RR2808 OAg-
CRM197) suggests that we will be unable to generate antibody responses against the terminal
epitope of RR2808 OAg or disaccharide 7 in these animal models (see revised Figure 8 and
Supplementary Figure 176). As previously suggested, this appears to be due to a hole in their B cell
repertoire since humans have the ability to generate antibody responses against the terminal
disaccharide of Bp OAg (see revised Figure 8).

3.) Along the same lines: The authors determined cross-reactivity of the antibodies induced by
immunization with SOC-6 and SOC-7 with purified Bp O-antigens (Figure 8C). While strong cross-
reactivity was observed upon immunization with SOC-6 in at least three out of six immunized mice,



barely cross-reactive IgG responses were observed upon immunization with SOC-7. Still, even for
SOC-6, there were generally marked reductions in IgG titers against the purified Bp O-antigens
compared to the immobilized disaccharides (up to a half order of magnitude). What is the reason?
For instance, have the authors determined antibody responses against the linker?

Response: The observation that 5/6 of the SOC-6 serum samples did not exhibit equal levels of
reactivity with disaccharide 6 and RR4744 OAg (which are two similar but non-identical target
antigens) is not unexpected (see revised Figure 8a). While disaccharide 6 and the two terminal
residues of RR4744 OAg are structurally identical to one another, in the context of an immune assay
(e.g. ELISA), they are not displayed in the same manner (e.g. anchored by a small linker vs. a large
polysaccharide chain) which may influence antibody binding to the target antigens resulting in
differing levels of reactivity. This phenomenon is also observed with the mouse mAbs (Figure 5b),
mouse immune serum (see revised Figure 8b and Supplementary Figure 176) and human immune
serum (see revised Figure 8c) which further supports this explanation.

4.) Finally, it is well-known that LPS-specific monoclonal antibodies are protective in infection with
Burkholderia and protection can be transferred by passive immunization (e.g. Trevino et al., Infect.
Immun. 2006, 74, 1958; AuCoin et al., PLOS One 7, e35386, and other studies correctly cited by the
authors). Since the potential of LPS-based subunit vaccines against Burkholderia has previously been
shown, | consider a challenge study necessary in which the authors address the protective capacity
of the glycoconjugates. Demonstrating the protective potential of CRM glycoconjugates would
markedly strengthen the impact of the manuscript and would justify the authors' claim that "these
studies serve as foundation for the development of novel therapeutics, diagnostics and vaccine
candidates to combat diseases caused by Bp and Bm" as stated in the abstract (p.1).

Response: Immunization of BALB/c and C57BL/6 mice with OC-2808 (RR2808 OAg-CRM197) or SOC-
7 suggests that we will be unable to generate antibody responses against the terminal epitope of
RR2808 OAg and disaccharide 7 in these animals (see Results: Immunization of mice with
disaccharide- and OAg-based glycoconjugates - second paragraph and see revised Figure 8 and
Supplementary Figure 176). Since these mouse strains are the most frequently used animal models
of experimental melioidosis, we are unable to assess the protective capacity of SOC-7 until we
identify an alternative animal model. As for SOC-6, it would be unethical (from an animal
welfare/IACUC perspective) to conduct a challenge study prior to optimizing the immunogenicity of
the construct. This being the case, and with all due respect to the Reviewer, we do not believe that
the inability to conduct these experiments at the present time lessens the overall quality or impact
of our study.



REVIEWERS' COMMENTS:
Reviewer #3 (Remarks to the Author):

The authors have responded to the majority of my comments and I believe that the manuscript is
in much better shape. My view is that the paper is suitable for publication in the journal, subject to
further editorial consideration.

Reviewer #4 (Remarks to the Author):

In their manuscript entitled "Deciphering minimal antigenic epitopes associated with Burkholderia
pseudomallei and Burkholderia mallei lipopolysaccharide O-antigens", Kenfack et al. describe a
synthetic approach to access glycan epitopes of the Bp and Bm LPS O-antigens. This is a highly
interesting and relevant study that highlights the utility of synthetic carbohydrate chemistry to
identify immunogenic glycan epitopes as candidates for novel glycoconjugate vaccines.

The manuscript has been considerably improved and the revised version addresses my main
concerns. Although an in vivo challenge study has not been performed, I can accept the authors'
explanation that immunogenicity of the construct has to be optimized first.



Reviewer #3 (Remarks to the Author):

The authors have responded to the majority of my comments and | believe that the
manuscript is in much better shape. My view is that the paper is suitable for publication in the
journal, subject to further editorial consideration.

We thank the reviewer for his/her positive comments regarding our work.

Reviewer #4 (Remarks to the Author):

In their manuscript entitled "Deciphering minimal antigenic epitopes associated with
Burkholderia pseudomallei and Burkholderia mallei lipopolysaccharide O-antigens”, Kenfack
et al. describe a synthetic approach to access glycan epitopes of the Bp and Bm LPS O-
antigens. This is a highly interesting and relevant study that highlights the utility of synthetic
carbohydrate chemistry to identify immunogenic glycan epitopes as candidates for novel
glycoconjugate vaccines.

The manuscript has been considerably improved and the revised version addresses my main
concerns. Although an in vivo challenge study has not been performed, I can accept the
authors' explanation that immunogenicity of the construct has to be optimized first.

We thank the reviewer for his/her positive comments regarding our work.
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Supplementary Figure 1 | Synthesis of édeoxy+ -talose derivatives.Reagents and
conditions: &) PDCP, DMSO, EN, DCM, —10 °C to RT, 40 min; or Dess-Martin peiiwghe,
DCE, reflux, 1 h; ) NaBHs, DCM/MeOH, -10to 0 °C, 1 h, 65-70% (over two sje|tc) 80%
HOAc, 60 °C, 3 h, 96% (fdB3); 99% (forS5 over two steps); 92% (f@7, over two steps)d)
2,2-DMP, PTSA, MegCO, RT, 2 h, 83% (foB4); 14% (forS2); (¢) BnBr, NaH, DMF, 0 °C to
RT, 2 h; f) MeC(OMe}, PTSA, CHCN; (9) PMBCI, ACG;, tol, 60 °C; or PMBCI, AgO,
Me2S, TBAI, CHCN; or PMBTCA, EtO, TfOH; (h) Mel, NaH, TBAI, DMF, 0 °C to RT, 5 h;
(i) Bu2SnO, tol, reflux, 3 h;jj PMBCI, CsF, TBAI, tol, 50 °C, overnight, 13% (f88 over two
steps); 60% (fo69, over two steps)k) Ac20, py, DMAP, RT, overnight, 84%. Ac, acetyl;
Ac20, acetic anhydride; All, allyl; Bn, benzyl; BnByenzyl bromide; B¢SnO, dibutyltin oxide;
DCE, 1,2-dichloroethane; DCM, dichloromethane; DMARdimethylamino)pyridine; DMF,
N,N-dimethylformamide; 2,2-DMP, 2,2-dimethoxypropabdISO, dimethylsulfoxide; EO,
diethyl ether; HOAc, acetic acid; MeC(OMgdrimethyl orthoacetate; PDCP, phenyl
dichlorophosphate; PMBara-methoxybenzyl; PMBClpara-methoxybenzyl chloride;
PMBTCA, para-methoxybenzyl trichloroacetimidate; PTS#gra-toluenesulfonic acid; py,

pyridine; RT, room temperature; TBAI, tetrabutylawmum iodide; TfOH,
trifluoromethanesulfonic acid; tol, toluene.
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Supplementary Table 1| Regioselective protection of diolgia stannylene acetal.
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2) RX
— 0,
! oH Table S1 16OR? 65-95%
S3R'=H S11R'=H; R?=PMB
S5R"=Bn $12R"=H; R?=Me

S13R'=Bn; R? = PMB
S14R'=Bn; R? = Me

S16 R' = Ac; R? = Me
S6 R'=Bn;R?=PMB
S$17R' = Bn; R? = Me

Reagents and conditions Yield®
Entry Compd Step 1} Step 2 Product (%)
1 S3 tol PMBCI, TBAI, tol S11 43
2 S3 tol PMBCI, CsF, tol S11 trace
3 S3 tol PMBCI, TBAI, CsF, tol S11 31
4 S3 MeOH PMBCI, TBAI, CsF, tol S11 65
5 S3 MeOH Mel, CsF, tdl S12 28
6 S3 MeOH Mel, CsF, DMF S12 38
7 S5 tol Mel, CsF, tol S14 85
8 S5 tol PMBCI, TBAI, tol S13 561

aThereaction was performed iigfluxing toluene or MeOH.

bIsolated yield.

‘The reaction was performed at 80 °C.

9The 20-PMB regioisomer was isolated as a minor compoG2d4 yield).
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Supplementary Figure 2 | Synthesis of 6deoxy4 -talopyranosyl trichloroacetimidate
donors. Reagents and conditions) (Ir(COD){PMe(CsHs)2}2]*.PF~, Ho, THF, RT, 1 h; ) I2,
THF, HO, RT, 2 h, 66—-89% (over two stepsjy CCLCN, CsCOz, DCM/MexCO or DBU,
DCM/MexCO, RT, 2-4 h, 58-91% (over two steps). €&, trichloroacetonitrile; COD,
cyclooctadienyl; DBU, 1,8-diazabicyclo[5.4.0Jundé&ne; THF, tetrahydrofuran.
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Supplementary Figure 3 | Synthesis of glucasle acceptor 13 Reagents and conditions) (
TMSOTf, DCE, 4 A MS, —10 °C to RT, overnight, 50¢6) EN, MeOH, RT, 48 h;¢) BDMA,
CSA, CHCN, RT, 8 h, 78% (over two stepsg) BnBr, TBAHS, 5% NaOH, DCM, reflux, 16 h,
55% (for13); 28% (forS22; 9% (forS23. BDMA, benzaldehyde dimethyl acetal; CSA,
camphorsulfonic acid; Ph, phenyl; TBAHS, tetrabatyimonium hydrogenosulfonate; TMSOTT,
trimethylsilyl trifluoromethanesulfonate.
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Supplementary Figure 4| Synthesis of glucogdonors 14, S26, and S2'Reagents and
conditions: &) Lev.O, py, DMAP, 50 °C, 6 h, 83%b] NBS, DCM, HO, 0 °C to RT, 2 h, 66%;
(c) NBS, DAST, DCM, -10 °C to RT, 2 h, 73%})(PTFACI, K:CGOs, Me2CO, RT, 7 h, 58%.
DAST, diethylaminosulfur trifluoride; Lev, levulings Lev20, levulinic anhydride; NBSy-
bromosuccinimide; PTFACN-phenyl-2,2,2-trifluoroacetimidoyl chloride; SEhidethyl; TBS,
tert-butyldimethylsilyl.
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DCM, —-10 °C to RT, 1 h;jJf NaBH;, MeOH/DCM 3:1, —10 °C to RT, 1 h, 66% (over tweps);
(k) Pd black, H, HCI (1.0 equiv), MeOH, DCM, 40 °C, quant. (f®and7).
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Supplementary Figure 13| *H NMR spectra (CDCls, 400 MHz) of compound S2.
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Supplementary Figure 14| 3C NMR spectra (CDCk, 100 MHz) of compound S2.
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Supplementary Figure 15| *H NMR spectra (CDCls, 400 MHz) of compound S3.
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Supplementary Figure 16| 3C NMR spectra (CDCk, 100 MHz) of compound S3.
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Supplementary Figure 17| 'H NMR spectra (CDCls, 400 MHz) of compound S4.
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Supplementary Figure 18| 3C NMR spectra (CDCk, 100 MHz) of compound S4.
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Supplementary Figure 19| *H NMR spectra (CDCls, 400 MHz) of compound S5.
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Supplementary Figure 20| 3C NMR spectra (CDCk, 100 MHz) of compound S5.
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Supplementary Figure 21| *H NMR spectra (CDCls, 400 MHz) of compound S7.

SpinWorks 3: CGMAT98 CDCI3

OAll
O A oo B H hww www I =
© NN Lo = om®m naa N N
au O NN o o N wou O o
U ® o OV o o N nos @
& W NE GO a Laa NOo &
OH
S§7
A \M/ L \
I [t o [ - B oy ° I
=) oo g S 289 oD © =}
o NO o N O O w O
o N o “« NN LLQo w (=)
T T T T T I T T T T
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
file: ...veau dossier\RMN LPS\CGMAT98\1\fid expt: <zg30> freq. of 0 ppm: 400.130005 MHz
transmitter freq.: 400.132001 MHz processed size: 32768 complex points
time domain size: 32768 points LB: 0.300 GF: 0.0000
width: 4807.69 Hz = 12.0153 ppm = 0.146719 Hz/pt Hz/cm: 160.052 ppm/cm: 0.40000

number of scans: 16

S22



Supplementary Figure 22| $3C NMR spectra (CDCk, 100 MHz) of compound S7.
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Supplementary Figure 23| *H NMR spectra (CDCls, 400 MHz) of compound S8.
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Supplementary Figure 24| 3C NMR spectra (CDCk, 100 MHz) of compound S8.
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Supplementary Figure 25| *H NMR spectra (CDCls, 400 MHz) of compound S9.
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Supplementary Figure 26| 3C NMR spectra (CDCk, 100 MHz) of compound S9.
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Supplementary Figure 27| *H NMR spectra (CDCls, 400 MHz) of compound S10.

SpinWorks 3: CGMAT102 CDCI3

OAll
0] NN o go soan & A R A W WW W N =
NN @ w» wWwk o o » B0 oN uas N )
Sa Ho NG [Y=E SIS S G 2 N Su NNO =1 S
Qs Na >3] AONO @ Q@ = oo S0 NG @ =
oa W g NRNRS S & N S & BN RQO Y @
OPMB
AcO OMe
S$10
J N
N N I =) e BN W WO w w
N =) =) [S=<J o g o r @ 99 =} o
@ S S ) © 5 S G = a 50 S &
w w o w100 @ = =) «u W o o w = w
T T T T T T T T T T T

PPM 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

file: ...eau dossier\RMN LPS\CGMAT102\1\fid expt: <zg30> freq. of 0 ppm: 400.130007 MHz

transmitter freq.: 400.132001 MHz processed size: 32768 complex points

time domain size: 32768 points LB: 0.300 GF: 0.0000

width: 4807.69 Hz = 12.0153 ppm = 0.146719 Hz/pt Hz/cm: 192.308 ppm/cm: 0.48061

number of scans: 4

S28



Supplementary Figure 28| 3C NMR spectra (CDCk, 100 MHz) of compound S10.
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Supplementary Figure 29| *H NMR spectra (CDCls, 400 MHz) of compound S11.
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Supplementary Figure 30| 3C NMR spectra (CDCk, 100 MHz) of compound S11.
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Supplementary Figure 31| *H NMR spectra (CDCls, 400 MHz) of compound S12.
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Supplementary Figure 32| 3C NMR spectra (CDCk, 100 MHz) of compound S12.
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Supplementary Figure 33| *H NMR spectra (CDCls, 400 MHz) of compound S13.
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Supplementary Figure 34| 3C NMR spectra (CDCk, 100 MHz) of compound S13.
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Supplementary Figure 35| *H NMR spectra (CDCls, 400 MHz) of compound S14.
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Supplementary Figure 36| 3C NMR spectra (CDCk, 100 MHz) of compound S14.
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Supplementary Figure 37| *H NMR spectra (CDCls, 400 MHz) of compound S15.

SpinWorks 3: CGMAT126 CDCI3

OAll
0 NN o oo oo e & ppw ww N =
NIN] -3 © N @ o @ HoL N® e =
5N g gy & 0 -3 = NOO @O an ©
N ehY @ o S0 So N QPR G o5 @
0= S N N N> B AN No v N
OPMB
AcO OAc
S$15
© 0 =) o o =} 22 8 © o
~ @ o w [ o “« o w =
© I} S = N N} RURCEEE- 3 ~
T T T T T I T T T T
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
file: ...eau dossier\RMN LPS\CGMAT126\1\fid expt: <zg30> freq. of 0 ppm: 400.130008 MHz
transmitter freq.: 400.132001 MHz processed size: 32768 complex points
time domain size: 32768 points LB: 0.300 GF: 0.0000
width: 4807.69 Hz = 12.0153 ppm = 0.146719 Hz/pt Hz/cm: 160.052 ppm/cm: 0.40000

number of scans: 16

S38



Supplementary Figure 38| 3C NMR spectra (CDCk, 100 MHz) of compound S15.
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Supplementary Figure 39| *H NMR spectra (CDCls, 400 MHz) of compound S16.
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Supplementary Figure 40| 13C NMR spectra (CDCk, 100 MHz) of compound S16.
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Supplementary Figure 41| *H NMR spectra (CDCls, 400 MHz) of compound S6.
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Supplementary Figure 42| 3C NMR spectra (CDCk, 100 MHz) of compound S6.
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Supplementary Figure 43| *H NMR spectra (CDCls, 400 MHz) of compound S17.
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SpinWorks 3: CGMAT108 CDCI3

Supplementary Figure 44| 3C NMR spectra (CDCk, 100 MHz) of compound S17.

= T =
~N w wW NN - o NNNNNN o000 w N =
(] N o W o®N N N NNNOOR ®ONN N = o
- N W N A ~N o NPHOWO WHO N » Qo
w [ N =Ba0 N ~ ONQHOUT —HON N - O
[=] ~N PR N [ o ONOKRENNY =GN [} N -
S o e == » WHOOWR ouw a v w
OMe
BnO OAc
T T T T T T T T
PPM 180 160 140 100 80 60 40 20

file: ...eau dossier\RMN LPS\CGMAT108\3\fid expt: <zgpg30>
transmitter freq.: 100.622830 MHz

time domain size: 65536 points

width: 24038.46 Hz = 238.8967 ppm = 0.366798 Hz/pt
number of scans: 1024

freq. of 0 ppm: 100.612756 MHz
processed size: 32768 complex points
LB: 1.000 GF: 0.0000

Hz/cm: 885.392 ppm/cm: 8.79912

S45



Supplementary Figure 45| *H NMR spectra (py-ds, 400 MHz) of compound 8.
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Supplementary Figure 46| 3C NMR spectra (py-ds, 100 MHz) of compound 8.
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Supplementary Figure 47| *H NMR spectra (py-ds, 400 MHz) of compound 9.
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Supplementary Figure 48| 13C NMR spectra (py-ds, 100 MHz) of compound 9.
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Supplementary Figure 49| *H NMR spectra (py-ds, 400 MHz) of compound 10.
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Supplementary Figure 50| 3C NMR spectra (py-ds, 100 MHz) of compound 10.
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Supplementary Figure 51| *H NMR spectra (py-ds, 400 MHz) of compound 11.
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Supplementary Figure 52| 3C NMR spectra (py-ds, 100 MHz) of compound 11.
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Supplementary Figure 53| *H NMR spectra (py-ds, 400 MHz) of compound 12.
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Supplementary Figure 54| 3C NMR spectra (py-ds, 100 MHz) of compound 12.
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Supplementary Figure 55| *H NMR spectra (CDCls, 400 MHz) of compound S20.
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Supplementary Figure 56| 3C NMR spectra (CDCk, 100 MHz) of compound S20.
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Supplementary Figure 57| *H NMR spectra (CDCls, 400 MHz) of compound S21.

SpinWorks 3: CGMAT137 CDCI3
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Supplementary Figure 58| 3C NMR spectra (CDCk, 100 MHz) of compound S21.
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Supplementary Figure 59| *H NMR spectra (CDCls, 400 MHz) of compound 13
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Supplementary Figure 60| 3C NMR spectra (CDCk, 100 MHz) of compound 13.
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Supplementary Figure 61| 'H NMR spectra (CDCls, 400 MHz) of compound S22
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Supplementary Figure 62| 3C NMR spectra (CDCk, 100 MHz) of compound S22.

SpinWorks 3: CGMAT44C CDCI3
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Supplementary Figure 63| 'H NMR spectra (CDCls, 400 MHz) of compound S23
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Supplementary Figure 64| 3C NMR spectra (CDCk, 100 MHz) of compound S23.
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Supplementary Figure 65| 'H NMR spectra (CDCls, 400 MHz) of compound 14
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Supplementary Figure 66| 3C NMR spectra (CDCk, 100 MHz) of compound 14.
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Supplementary Figure 67| 'H NMR spectra (CDCls, 400 MHz) of compound S25
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Supplementary Figure 68| 3C NMR spectra (CDCk, 100 MHz) of compound S25.
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Supplementary Figure 69| 'H NMR spectra (CDCls, 400 MHz) of compound S26
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Supplementary Figure 70| 13C NMR spectra (CDCk, 100 MHz) of compound S26.
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Supplementary Figure 71| *H NMR spectra (CDCls, 400 MHz) of compound S27
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Supplementary Figure 72| 3C NMR spectra (CDCk, 100 MHz) of compound S27.
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Supplementary Figure 73| *H NMR spectra (CDCls, 400 MHz) of compound 15
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SpinWorks 3: CGMAT59 CDCI3

Supplementary Figure 74| 3C NMR spectra (CDCk, 100 MHz) of compound 15.
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Supplementary Figure 75| *H NMR spectra (CDCls, 400 MHz) of compound 16
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Supplementary Figure 76| 3C NMR spectra (CDCk, 100 MHz) of compound 16.
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Supplementary Figure 77| *H NMR spectra (CDCls, 400 MHz) of compound 17
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Supplementary Figure 78| 3C NMR spectra (CDCk, 100 MHz) of compound 17.
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Supplementary Figure 79| *H NMR spectra (CDCls, 400 MHz) of compound 18
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Supplementary Figure 80| 3C NMR spectra (CDCk, 100 MHz) of compound 18.
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Supplementary Figure 81| *H NMR spectra (CDCls, 400 MHz) of compound 19
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Supplementary Figure 82| 3C NMR spectra (CDCk, 100 MHz) of compound 19.
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Supplementary Figure 83| 'H NMR spectra (CDCls, 400 MHz) of compound 20
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Supplementary Figure 84| 3C NMR spectra (CDCk, 100 MHz) of compound 20.
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Supplementary Figure 85| 'H NMR spectra (CDCls, 400 MHz) of compound 21
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Supplementary Figure 86| 3C NMR spectra (CDCk, 100 MHz) of compound 21.
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Supplementary Figure 87| *H NMR spectra (CDCls, 400 MHz) of compound 22
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Supplementary Figure 88| 3C NMR spectra (CDCk, 100 MHz) of compound 22.
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Supplementary Figure 89| 'H NMR spectra (CDCls, 400 MHz) of compound 23
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Supplementary Figure 90| 3C NMR spectra (CDCk, 100 MHz) of compound 23.

SpinWorks 3: CGMAT200 CDCI3
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Supplementary Figure 91| *H NMR spectra (CDCls, 400 MHz) of compound 25
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Supplementary Figure 92| 3C NMR spectra (CDCk, 100 MHz) of compound 25.
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Supplementary Figure 93| *H NMR spectra (CDCls, 400 MHz) of compound 26

SpinWorks 3: CGMAT201 CDCI3

NNNNNN Vo ABRBBARA BA L WWWW WEWW W NN NN o o oo
B BWWWN w WN WO PWONUNUT W N VOO N OUNDBW N ONN =] aQ bW ~ Og
QW UIN NO obs NOOWHBN= OO OONN OPOO O o U= NOW O VO ~ [=]
QO N QA N N NWoOONw O W DON U1 O=WH WWN AN = 0o [} oH
WWUOAN - [} wo ovvoUion N A OUIO® HNODd W WO oN U @ NoOW ~N ow
N3
Acoo OBn
OAc
/< Olev 26

BN & O ON P P W wow N Ind Il Prtnd uoN " beed

Q=N [ET e Lw o o= o o o Il N o N oNno o N = wo

O -3 uno Ow O = «x B w [} - N O VU0 o w N G

@ P ~O - o o w (<)) S N N NN oos o N =) NO

T T T T T T T

PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

file: ...eau dossier\RMN LPS\CGMAT201\1\fid expt: <zg30>
transmitter freq.: 400.132001 MHz

time domain size: 32768 points

width: 4807.69 Hz = 12.0153 ppm = 0.146719 Hz/pt
number of scans: 32

freq. of 0 ppm: 400.130006 MHz

processed size: 32768 complex points

LB: 0.300 GF: 0.0000
Hz/cm: 160.052 ppm/cm: 0.40000

S94



Supplementary Figure 94| 3C NMR spectra (CDCk, 100 MHz) of compound 26.
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Supplementary Figure 95| *H NMR spectra (CDCls, 400 MHz) of compound 27
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Supplementary Figure 96| 3C NMR spectra (CDCk, 100 MHz) of compound 27.
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Supplementary Figure 97| *H NMR spectra (CDCls, 400 MHz) of compound 28
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Supplementary Figure 98| 3C NMR spectra (CDCk, 100 MHz) of compound 28.
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Supplementary Figure 99| *H NMR spectra (CDCls, 400 MHz) of compound 29
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Supplementary Figure 100| 13C NMR spectra (CDCk, 100 MHz) of compound 29.
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Supplementary Figure 101| *H NMR spectra (CDCls, 400 MHz) of compound S28

SpinWorks 3: CGMAT231 CDCI3

OAll
(0] o nuno o BoRAARW NN N e
o WO W NooDL @ o = o N
oo BNO S O OBLL® S BN © N RO
N O HUWO w WNONN w w @ w1 v =
AN [CEANIN] B gea 3 © S N © o
S28
@ JL
- RO o RN EN w W oww
(=3 oW Ww o O Ok w o = =N
S Qo W Q3 R® S N ]
S} S ® @ 0 N® o N [SENEN
T T T T T T T T T
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
file: ...eau dossier\RMN LPS\CGMAT231\1\fid expt: <zg30> freq. of 0 ppm: 400.130002 MHz
transmitter freq.: 400.132001 MHz processed size: 32768 complex points
time domain size: 32768 points LB: 0.300 GF: 0.0000
width: 4807.69 Hz = 12.0153 ppm = 0.146719 Hz/pt Hz/cm: 160.052 ppm/cm: 0.40000

number of scans: 16

S102



Supplementary Figure 102| 13C NMR spectra (CDCh, 100 MHz) of compound S28.
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Supplementary Figure 103| *H NMR spectra (CDCls, 400 MHz) of compound S30
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Supplementary Figure 104| 13C NMR spectra (CDCh, 100 MHz) of compound S30.
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Supplementary Figure 105| *H NMR spectra (CDCls, 400 MHz) of compound S32
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Supplementary Figure 106| 13C NMR spectra (CDCh, 100 MHz) of compound S32.
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Supplementary Figure 107| *H NMR spectra (CDCls, 400 MHz) of compound S34
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Supplementary Figure 108| 13C NMR spectra (CDCh, 100 MHz) of compound S34.
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Supplementary Figure 109| *H NMR spectra (CDCls, 400 MHz) of compound S35
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Supplementary Figure 110| 13C NMR spectra (CDCh, 100 MHz) of compound S35.
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Supplementary Figure 111| *H NMR spectra (CDCls, 400 MHz) of compound 30
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Supplementary Figure 112| 13C NMR spectra (CDCk, 100 MHz) of compound 30.
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Supplementary Figure 113| *H NMR spectra (CDCls, 400 MHz) of compound 31
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Supplementary Figure 114| 13C NMR spectra (CDCk, 100 MHz) of compound 31.
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Supplementary Figure 115| *H NMR spectra (CDCls, 400 MHz) of compound 32
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Supplementary Figure 116 13C NMR spectra (CDCk, 100 MHz) of compound 32.
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Supplementary Figure 117| *H NMR spectra (CDCls, 400 MHz) of compound 33
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Supplementary Figure 118| 13C NMR spectra (CDCk, 100 MHz) of compound 33.
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Supplementary Figure 119| *H NMR spectra (CDCls, 400 MHz) of compound 34
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Supplementary Figure 120| 13C NMR spectra (CDCk, 100 MHz) of compound 34.
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Supplementary Figure 121| *H NMR spectra (py-ds, 400 MHz) of compound 35
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Supplementary Figure 122| 13C NMR spectra (py-ds, 100 MHz) of compound 35.
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Supplementary Figure 123| *H NMR spectra (CDCls, 400 MHz) of compound 36
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Supplementary Figure 124| 13C NMR spectra (CDCk, 100 MHz) of compound 36.
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Supplementary Figure 125| *H NMR spectra (CDCls, 400 MHz) of compound 37
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Supplementary Figure 126| 13C NMR spectra (CDCk, 100 MHz) of compound 37.
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Supplementary Figure 127| *H NMR spectra (CDCls, 400 MHz) of compound 38
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Supplementary Figure 128| 13C NMR spectra (CDCk, 100 MHz) of compound 38.
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Supplementary Figure 129| *H NMR spectra (CDCls, 400 MHz) of compound 39
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Supplementary Figure 130| 13C NMR spectra (CDCk, 100 MHz) of compound 39.
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Supplementary Figure 131| *H NMR spectra (CDCls, 400 MHz) of compound 40
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Supplementary Figure 132| 13C NMR spectra (CDCk, 100 MHz) of compound 40.
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Supplementary Figure 133| *H NMR spectra (CDCls, 400 MHz) of compound 41
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Supplementary Figure 134| 13C NMR s
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pectra (CDCk, 100 MHz) of compound 41.
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Supplementary Figure 135| 'H NMR spectra (CDCls, 400 MHz) of compound S36
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Supplementary Figure 136| 13C NMR spectra (CDCk, 100 MHz) of compound S36.
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Supplementary Figure 137| 'H NMR spectra (CDCls, 400 MHz) of compound S37
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Supplementary Figure 138| 13C NMR spectra (CDCk, 100 MHz) of compound S37.
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Supplementary Figure 139| 'H NMR spectra (CDCls, 400 MHz) of compound S38
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Supplementary Figure 140| 13C NMR spectra (CDCk, 100 MHz) of compound S38.
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Supplementary Figure 141| 'H NMR spectra (CDCls, 400 MHz) of compound S39
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Supplementary Figure 142| 13C NMR spectra (CDCk, 100 MHz) of compound S39.
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Supplementary Figure 143| 'H NMR spectra (CDCls, 400 MHz) of compound S40
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Supplementary Figure 144| 13C NMR spectra (CDCk, 100 MHz) of compound S40.
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Supplementary Figure 145| 'H NMR spectra (CDCls, 400 MHz) of compound S41
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Supplementary Figure 146| 13C NMR spectra (CDCk, 100 MHz) of compound S41.
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Supplementary Figure 147| *H NMR spectra (D;O + acetone, 400 MHz) of compound.1
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Supplementary Figure 148| 13C NMR spectra (DO + acetone, 100 MHz) of compound 1.
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Supplementary Figure 149| *H NMR spectra (D20 + acetone, 400 MHz) of compound.2
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Supplementary Figure 150| 3C NMR spectra (D;O + acetone, 100 MHz) of compound 2.
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Supplementary Figure 151| *H NMR spectra (D20 + acetone, 400 MHz) of compound.3
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Supplementary Figure 152| 3C NMR spectra (D;O + acetone, 100 MHz) of compound 3.
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Supplementary Figure 153| *H NMR spectra (D:0 + acetone, 400 MHz) of compound.4
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Supplementary Figure 154| 3C NMR spectra (D;O + acetone, 100 MHz) of compound 4.

SpinWorks 4: CGMATH04B D20

& NN SSES&%%%SR%‘G%% & aS RY 3
NH; CI~
OH
HOO/&/O
O
AcO O OH
HO
o OMe
OH
4
HO OH
I " me _“'LNHV [ I " | \ ‘l [ -
T T T | T | T
PPM 160 120 80 40 0

S155



Supplementary Figure 155| *H NMR spectra (D20 + acetone, 400 MHz) of compound.5
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Supplementary Figure 156| 3C NMR spectra (D;O + acetone, 100 MHz) of compound 5.
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Supplementary Figure 157| *H NMR spectra (D:0 + acetone, 400 MHz) of compound 6.

SpinWorks 4: CG178R D20

+

NH, CI”
aan INIFS WW WWWW Wew wN N [ R
[NININ) N L® NNOU BB o o [ SNo pd N
OH 588 8 SR BUES 588 NN & 8% BRI R®

O
HO
O ° °
HO OH
OMe
OAc 6
o o = W =N =N I N » I w
Ho © o w owkr & @ @ EN © o
a0 © & NN SN N © EN = N}
= ® N N eNu N W IS} N S N BN
T T T T T T T
PPM 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

S158



Supplementary Figure 158| 3C NMR spectra (D;O + acetone, 100 MHz) of compound 6.
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Supplementary Figure 159| *H NMR spectra (D:0 + acetone, 400 MHz) of compound 7.
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Supplementary Figure 160| 3C NMR spectra (D;O + acetone, 100 MHz) of compound 7.
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Supplementary Figure 161| IH NMR spectra (MeOD, 400 MHz) of compound BIO-6.
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Supplementary Figure 162| 13C NMR spectra (MeOD, 100 MHz) of compound BIO-6.
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Supplementary Figure 163| IH NMR spectra (MeOD, 400 MHz) of compound BIO-7.
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Supplementary Figure 164| 13C NMR spectra (MeOD, 100 MHz) of compound BIO-7.
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Supplementary Figure 165| IH NMR spectra (MeOD, 400 MHz) of compound BIO-2.
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Supplementary Figure 166| 13C NMR spectra (MeOD, 100 MHz) of compound BIO-2.
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Supplementary Figure 167| Analysis of LPS antigens purified from wild type ad mutant
strains of B. pseudomallei. LPS antigens (Rg/lane) were separated on 12% Tris-Glycine gels
and visualized by (A) silver staining. For Westemmunoblotting, LPS antigens were
electrophoretically transferred to nitrocellulosembranes and probed with (B) mAb Pp-PS-W
or (C) mAb 3D11. Wild type LPS was purified frddn pseudomalleRR2808 while OacA
mutant LPS was purified frof. pseudomalleBp RR4744. Data not shown: Similar to mAb
3D11, mAbs 4C7 and 9C1-2 only reacted with RR47B& LLikewiseB. malleiLPS only
reacted with mAbs 3D11, 4C7 and 9C1-2. Based osethesults, Bp RR4744 OPS dhdmallei
OPS antigens appeared to share a common epitap€i(pee 2).
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Supplementary Figure 168| Epitope mapping of disaccharide 6:mAb 4C7 interagbn by
STD-NMR (sensorgrams and steady-state affinity modditting). SPR analysis was performed
between mAb 4C7 and biotinylated oligosacchaBtle-6. Binding affinities Kp) were

calculated using a steady-state affinity model.
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Supplementary Figure 169| Epitope mapping of disaccharide 7:mAb 4C7 interagbn by
STD-NMR (sensorgrams and steady-state affinity modditting). SPR analysis was performed
between mAb 4C7 and biotinylated oligosacchaBte-7. Binding affinities Kp) were

calculated using a steady-state affinity model.
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Supplementary Figure 170| Schematic illustration of the SPR experimentsStreptavidin-
coated sensor chips were used in order to medselk tvalues of the biotinylated
oligosaccharides:mAb 4C7 interactions.
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Supplementary Figure 171| STD-NMR spectrum of disaccharide 7 and mAb 4C7 mixire.
(a) ReferencéH NMR spectrum of disaccharideat 298 K. b) STD 1D NMR spectrum of a
1:100 mAb 4C7/disaccharide mixture. The irradiafi@guency was set at 8 ppm and a
saturation time of 2 seconds was used.
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Supplementary Figure 172| STD-NMR spectrum of disaccharide 7 and mAb 4C7 mixire.
(a) ReferencéH NMR spectrum of disaccharideat 310 K. b) STD 1D NMR spectrum of a
1:100 mAb 4C7/disaccharide mixture. The irradiafi@yuency was set at 8 ppm and a
saturation time of 2 seconds was used.
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Supplementary Figure 173| SDSPAGE and Western immunoblot analysis of synthetic
oligosaccharide conjugates(A) The carrier protein and conjugatesygprotein per lane) were
separated on a 4-12% Bis-Tris Bolt gel and staimi¢ll CBB R-250; (B) The carrier protein and
conjugates (1.pg protein per lane) were separated on 4-12% Bis-Boit gels and
electrophoretically transferred to nitrocelluloS®C-6 was detected by chemiluminescence
using a 1/2000 dilution of mAb 3D11 and a 1/5000ttn of an anti-mouse 1gG-HRP
conjugate. Results similar to mAb 3D11 were obsgngng mAbs 4C7 and 9C1-2 (data not
shown). In contrast, SOC-7 was detected by chenmlesecence using a 1/400 dilution of mAb
Pp-PS-W and a 1/5000 dilution of an anti-mouse KHRIP conjugate (data not shown).
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Supplementary Figure 174| MALDI-TOF-MS spectra of SOC-6 and SOC-7.(a) SOC-6

(blue line) andlf) SOC-7 (blue line) as well as unconjugated CRM@®@d line) were dried and
reconstituted in 50 mM ammonium bicarbonate buf2éruL). The samples were deposited on a
MALDI plate using premix method with 2,4,6-trihycegacetophenone (THAP) as the matrix.
The MALDI analysis results were acquired on a TARHFTM 5800 system (AB sCIEX) using
linear positive ion mode. The data were externadlybrated using BSA. The analysis suggested
that the mass of CRM197, SOC-6, and SOC-7 wereliBa2 61.5 kDa and 61.3 kDa,
respectively. The mass differences indicated tks€-$ and SOC-7 consisted of about 6 and 5
disaccharides covalently linked to CRM197, respetyi
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CRM197 Antiserum SOC-6 Antiserum 0C-4744 Antiserum

Supplementary Figure 175| Reactivity of CRM197, SOC-6 and OC-4744 antiserurwith
B. mallel. Paraformaldehyde-fixeB. malleiwere labeled with CRM197 antiserum (a and d),
SOC-6antiserum (b and €), or OC-4744 antiserum (c aadd anti-mouse IgG-Alexa488
conjugate as described in the Supplementary Metliaisels a-c show immunofluorescence
images and panels d-f show bright field imagesl|eSoars are 5 um.
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Supplementary Figure 176| Immune responses to OC-280&857BL/6 mice (n = 6 per group)
were immunized with OC-2808. ELISAs were used tarditate immune serum IgG titers.
Colored dots represent the mean endpoint titersxévidual mice against the various target

antigens.
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Supplementary Methods
General methods

All starting materials and reagents were purch&sed commercial sources, and used as received
without further purification. Air and water senséireactions were performed in heat gun-dried
glassware under Ar atmosphere. Moisture sensigagents were introduced via a dry syringe.
Anhydrous solvents were supplied over moleculareseand used as received. Petroleum ether
(PE) refers to the 40-60 °C boiling fraction. Powatb4 A molecular sieves were activated before
use by heating with a heat gun fd& min under high vacuum. Reactions were monitosethim-
layer chromatography (TLC) with silica gel 6@s4#0.25 mm pre-coated aluminium foil plates.
Compounds were visualized by using dgMand/or orcinol (1 mignL?) in 10% aq HSOs solution
and/or Hanessian'’s stain [2.5 g (§§M07024[4H20, 1.0 g Ce(NE)4(SQ)42H20, 90 mL HO, 10

mL H>SQy] with heating. Normal-phase flash column chromeapby was performed on silica gel
60 A (15-40um). Reversed-phase flash column chromatographypedsrmed on & silica gel
(fully capped, 25-4Qum). NMR spectra were recorded at 297 K in the iaigid solvent (CDG]
py-ds, D.O or MeOD) with a 400 MHz instrument, employingretard softwares given by the
manufacturer*H and'*C NMR spectra were referenced to tetramethylsi{@Ms, & = & = 0.00
ppm) as internal reference for spectra in CH@Y-ds, and MeOD or to internal acetond(=
2.218 ppm;X = 33.0 ppm) for spectra in:D. Assignments were based %, 1°C, DEPT-135,
COSY, HSQC, undecoupled HSQC and HMBC experimdntsrchangeable assignments are
marked with an asterisk. High-resolution mass spgetRMS) were recorded on an ESI-Q-TOF
mass spectrometer.
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General procedures

Synthesis of trichloroacetimidate donors.1,5-Cyclooctadiene-bis(methyldiphenylphosphine)-
iridium(l) hexafluorophosphat@®.02—-0.1 equiv) was dissolved in anhydrous THE[&ihmot?)
and the red solution was degassed under Ar. Hydrage bubbled through the solution for 5 min,
and then the yellow solution was once again dedagsder Ar. A solution oéllyl taloside (1.0
equiv) in anhydrous THF (5.0 nromol?) was added. The mixture was stirred for 2 h ahder
Ar. Then, a solution of iodine (2.0-2.5 equiv) ikIA/H2O (6.0 mLIihmot™, 4:1v/v) was added to
the mixture, which was stirred for another 1 htaThe excess of iodine was quenched by adding
a freshly prepared 10% B&Os(aqg) solution and stirred until the color turnedybt yellow (~5
min). The aqueous phase was extracted with EtOA®)(3'he combined organic layers were
washed with a saturated NaHgt&q) solution and brine. The solvents of the drsetution
(MgSQy) were concentrated under reduced pressure. Tidueewas purified by silica gel flash
chromatography to give the corresponding hemiaaetaéna/f mixture. To a cooled (0 °C)
solution of the hemiacetal (1.0 equiv) in DCM/acet@¢14 mlmol?, 8:3v/v) were added DBU
(0.3 equiv) or C£COs (0.2 equiv) followed by CGEN (5.0-6.0 equiv). The mixture was stirred
for 1 h at rt, then the suspension was filtered @adite and rinsed with DCM. The solvents were
concentrated under reduced pressure. The residsipwvidied by silica gel flash chromatography
to give the trichloroacemidate donor, ix&@nomer being the major compound.

Synthesis of protected disaccharidesAcceptorl3 (1.0 equiv) and dond-12 (2.0 equiv) were
dried for 2 h under high vacuum and then dissolvednhydrous EO (20 mLlthmot?). The
solution was cooled to —10 °C and TMSOTf (0.01-8duiv) was added keeping rigorous
anhydrous conditions. The mixture was stirred & 2@ for 10 min under Ar, and then quenched
with a few drops of BN. The suspension was filtered over Celite, ringgld DCM and the filtrate
was concentrated under reduced pressure. The eeswdas purified by combi-flash
chromatography to give the target disaccharide@g@a-anomer.

Deprotection of PMB group. To a solution of disaccharidéb-17 (1.0 equiv) in DCM/HO (22
mLImhmol?, 10:1v/V) was added DDQ (2.0 equiv) and the deep-greenungixtas stirred for 2 h
at rt. The reaction was quenched by adding a datiNaHCQ(aq) solution, stirred until the color
turned bright yellow £10 min), and diluted with EtOAc. The organic phase washed with a
saturated NaHCgpaqg) solution and brine. The solvents of the dmsedution (MgSQ) were
concentrated under reduced pressure. The residsipwvidied by silica gel flash chromatography
to give the corresponding alcohol.

Hydrogenolysis using the H-Cube systeni.he oligosaccharide (1.0 equiv) was dissolved@ED
(10 mUmmol?), then MeOH (250 miitnmol?) followed by concentrated HCI (2.0 equiv) were
added. The solution was passed without delay thr@g0% Pd(OH)C cartridge (CatCart30)
using a H-Cube continuous flow system in controtdm@10 bars). The temperature was set at 40
°C, and the flow rate was fixed at 1.0 mrmol™. After one run, the cartridge was rinsed with
MeOH and the solutions were concentrated undercestipressure keeping the bath temperature
below 40 °C. The residue was subjected tgréversed-phase flash chromatographyQeOH
10:0 to 6:4) followed by freeze-drying to give tkerget oligosaccharide in the form of a
hydrochloride salt.
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Hydrogenolysis under heterogeneous condition$he oligosaccharide (1.0 equiv) was dissolved
in anhydrous DCE (10 miinmol?), then anhydrous MeOH (250 rmhmol?) followed by
concentrated HCI (1.0 equiv) were added. The swmiuivas degassed with Ar and Pd black (1
mging?! of compound) was added. The suspension was stinger an atmosphere of kit 40 °C

for 16 h. The mixture was filtered over Celite goove the catalyst, and the cake was rinsed with
MeOH. The solutions were concentrated under redpcedsure keeping the bath temperature
below 40 °C. The soluble part of the residue wasalved in DO, filtered over Celite using a
pipette, rinsed with BD and the solutions were concentrated under redpiessure to give the
target oligosaccharide in the form of a hydrocldersalt.

Biotinylation of oligosaccharides.A solution of the free oligosaccharide (1.0 equaw)d 6-
biotinylamidohexanoic acit-hydroxysuccinimidoyl ester (2.0 equiv) in DMF (32nLihmol?),
EtsN (2.5 mUmmot?), and HO (25.0 mlmmot?) was stirred for 1 h at rt. The solvents were
concentrated under reduced pressure. The resuttsndue was dissolved in EtOH and the soluble
fraction was purified by silica gel flash chromataghy (DCM/MeOH) to give the biotinylated
oligosaccharide.

SDS-PAGE and Western immunoblotting.Glycoconjugate samples were solubilized in 1X
SDS-PAGE sample buffer and heated to 100 °C foirbprior to electrophoresis on 4-12% Bis-
Tris Bolt gels (Life Technologies). Proteins wersualized via staining with Coomassie Blue R-
250. For Western immunoblot analyses, the glycaagate samples and CRM197 were separated
on the same 4-12% gels and electrophoreticallysteared to nitrocellulose membranes. The
membranes were blocked with 3% skim milk in high $as-buffered saline (HS-TBS; 20 mM
Tris, 500 mM NaCl, pH 7.5) for 60 min at room termgtare and then incubated overnight at 4 °C
with 1/400 - 1/2000 dilutions of B. pseudomalle{Pp-PS-W) oB. mallei OPS-specific mAbs
(4C7, 3D11 and 9C1-2). To facilitate detection, thembranes were incubated for 1 h at room
temperature with 1/5000 dilutions of an anti-moug& horse radish peroxidase conjugate
(SouthernBiotech). The blots were then visualizethg Pierce ECL Western Blotting Substrate
(Pierce).

Immunofluorescence staining and microscopyB. malleiATCC 23344 was cultured at 3T
with aeration (200 rpm) in LB Lennox broth (Fist&eientific) supplemented with 4% glycerol.
Mid log phase bacteria were pelleted by centrifisggtfixed with 2.5% paraformaldehyde for 15
min then washed extensively with PBS and then @ddakith PBS containing 10% normal goat
serum (PBS-G; Invitrogen) for 20 min. Bacteria wsta&ned with CRM197, OC-4744 or SOC-6
mouse antiserum (from mice represented by greeniddiig 8a and 8b) diluted 1/500 in PBS-G
for 30 min, washed three times with PBS and thenbated with Alexa Fluor 488 goat anti-mouse
IgG (Invitrogen) diluted 1/1000 in PBS-G for 30 mibtained bacteria were then washed three
times with PBS, rinsed two times with water and mted onto glass slides with ProLong Gold
(Invitrogen) medium. Fluorescence and bright figlctroscopy was performed using a Nikon
Eclipse 90i imaging system using a CFl Plan APONOX/1.4 oil objective (Nikon Instruments
Inc.). Images were acquired using NIS-Elements Aded Research software (Nikon Instruments
Inc.). All manipulations oB. malleiwere conducted in CDC-approved and -registeresialbay
level 3 facility at the University of South Alabanra accordance with standard select agent
operating practices in compliance with the ruled ssgulations of the U.S. Federal Select Agent
Program.
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Immunogenicity evaluation.Groups of 6—-8 week old female C57BL/6 mice (ChaRe®r) were
immunized subcutaneously on days 0, 21 and 35 Mty of the OAg-CRM197 glycoconjugate
0OC-2808 formulated in saline plus Alhydrogel 2% @%@/mouse; Brenntag) and Polyl:C (PIC;
30 ug/mouse; InvivoGen). Terminal bleeds were condudiedays after the third immunization
for the assessment of antibody responses. All pures involving mice were performed according
to protocols approved by the University of Soutlal#dma Institutional Animal Care and Use
Committee and were conducted in strict accordanttetine recommendations in the Guide for the
Care and Use of Laboratory Animals of the Natidnatitutes of Health.
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Synthetic methods and characterization data
Allyl 6-Deoxy-2,3-O-isopropylidene-a-L-talopyranoside (S2).

1) PDCP, DMSO, Et3N, DCM
=10 °C to rt, 40 min

OAlIl oo OAll
OH 1) AlIOH, AcCI Dess-Martin periodinane, DCE
70°C,2h reflux, 1 h )
HOW AL HO@#
HO 2) 2,2-DMP, PTSA 0o 2) NaBH4, DCM, MeOH lo}
OH Me;CO, t, 3h o -10t00°C, 1h HO 0
L-rhamnose 91% (2 steps) 65-70% (2 steps)
S1 S2

To a cooled (0 °C) solution of allylic alcohol (128.) was added dropwise acetyl chloride (9.9
mL, 138.8 mmol, 2.5 equiv). After 1 bsrhamnose (10 g, 55.5 mmol, 1.0 equiv) was addédeto
former solution and the reaction mixture was stirae 70 °C. After 2 h, the reaction mixture was
allowed to slowly warm up to rt and then solid Nabfivas added. The mixture was filtered over
Celite, rinsed with MeOH and the filtrate was camtcated under reduced pressure. The crude triol
was dissolved in anhydrous acetone (61 mL) andi2y@thoxypropane (21 mL, 166.5 mmol, 3.0
equiv) followed by a catalytic amount of PTSA (g, 8.4 mmol, 0.15 equiv) were added. The
reaction mixture was stirred for 3 h at rt underadd diluted with DCM (150 mL). The organic
phase was washed with water (3 x 50 mL). The stdvehthe dried (MgSg) solution were
concentrated under reduced pressure. The residsipwvidied by silica gel flash chromatography
(PE/EtOAC 6:4 to 5:5) to give alcohd@l' (9.4 g, 91%, two steps) as a yellow d& 0.5
(DCM/MeOH 9:1);*H NMR (400 MHz, CDCJ) 6 (ppm): 5.955.85 (m, 1H, H-2i), 5.31 (ddd,)
=17.2, 3.8, 1.7 Hz, 1H, H-34d), 5.22 (dddJ = 10.3, 3.3, 1.4 Hz, 1H, H-3b), 5.01 (s, 1H, H-1),
419 (ddtJ=12.5,5.1, 1.9 Hz, 1H, H-49, 4.17 (dJ=5.6 Hz, 1H, H-2), 4.10 (§ = 6.9 Hz, 1H,
H-3), 4.01 (ddtJ = 12.6, 6.2, 2.0 Hz, 1H, H-Ap), 3.73-3.66 (m, 1H, H-5), 3.40 (ddb+ 9.3, 5.9,
4.6, 2.0 Hz, 1H, H-4), 2.50 (d,= 4.6 Hz, 1H, ®), 1.53 (s, 3H, @), 1.36 (s, 3H, E3), 1.30 (d,
J=6.5Hz, 3H, Elsra); **C NMR (100 MHz, CDGJ) § (ppm): 133.6 (C-&1), 117.9 (C-2u), 109.5
(C(CHg)2), 96.2 (C-1), 78.3 (C-3), 75.8 (C-2), 74.5 (C88,0 (C-1u), 65.9 (C-5), 27.9, 26.1 (2 x
CHa), 17.5 CHarTa).

Route A (Dess-Martin periodinane procedulcohol S1 (500 mg, 2.1 mmol, 1.0 equiv) was
dissolved in anhydrous DCE (31 mL) at rt under Bess-Martin periodinane (1.9 g, 4.5 mmol,
2.2 equiv) was added and the mixture was reflured th. The reaction mixture was cooled down
to rt, diluted with DCM (30 mL) and washed with 8% NaS;0Os(aqg) solution (20 mL). The
organic phase was washed with brine (50 mL) aretldiigSQ). The solvents were concentrated
under reduced pressure. The ketone was dissolvie@@H/DCM (38 mL, 4:1v/v), the solution
was cooled to —10 °C, and NaBf250 mg, 6.5 mmol, 3.2 equiv) was slowly addece Thixture
was stirred from —10 to 0 °C under Ar for 1 h. Teaction mixture was quenched by adding a
10% HOAc(aq) solution (2 mL) and then concentrateder reduced pressure. The residue was
purified by silica gel flash chromatography (PE/Et090:10 to 85:15) to give alcoh&2 (310
mg, 65%, two steps) as a colorless Rjl0.4 (tol/EtOAc 8:2).

Route B (Pfitzner-Moffatt procedurd)o a solution of DMSO (4.4 mL, 61.4 mmol, 5.0 equiv
anhydrous DCM (123 mL) at —10 °C under Ar were adskequentially with stirring PDCP (5.5
mL, 36.8 mmol, 3.0 equiv) and 4&t (8.6 mL, 61.4 mmol, 5.0 equiv). Then a solutidralzohol
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S1(3.0 g, 12.3 mmol, 1.0 equiv) in DC{81 mL) was added dropwise during 1 h. The reaction
mixture was stirred at —10 °C for 10 min, thenakad to slowly warm up to rt. After 30 min, water
(100 mL) was added. The organic phase was sepaatethe aqueous phase was extracted with
DCM (3 x 40 mL). The combined organic phases were whslibé brine. The solvents of the dried
solution (MgSQ) were concentrated under reduced pressure. Toladc¢-10 °C) solution of the
ketone in MeOH (123 mL) was slowly added NaBB58 mg, 22.1 mmol, 1.8 equiv). The mixture
was stirred from —10 to 0 °C under Ar for 1 h. Thére reaction mixture was diluted with DCM
(200 mL) and the organic layer was washed with w20 mL). The aqueous layer was back
extracted with DCM3 x 50 mL). The combined organic phases were whshth brine, dried
(MgSQy) and then concentrated under reduced pressurgeSiakeie was purified by silica gel flash
chromatography (PE/EtOAc 9:1 to 8:2) to give alddB® (2.1 g, 70%, two steps) as a colorless
oil: R 0.2 (PE/EtOAC 8:2);4]p%° = —46 € 1.3, CHCYTHF 1:1);'H NMR (400 MHz, CDCJ) 6
5.975.87 (m, 1H, H-2i), 5.31 (dddJ = 17.2, 3.5, 1.6 Hz, 1H, H-39, 5.22 (dddJ = 10.3, 3.2,
1.6 Hz, 1H, H-3l), 5.09 (s, 1H, H-1), 4.25-4.18 (m, 2H, H-3, Hxla 4.07 (td,J = 6.4, 0.6 Hz,
1H, H-2), 4.03 (ddt) = 12.8, 6.3, 1.3 Hz, 1H, H-Ab), 3.87 (ddJ = 13.9, 6.5 Hz, 1H, H-5), 3.56
(t, J= 5.8 Hz, 1H, H-4), 2.19 (dl = 6.7 Hz, 1H, ®), 1.59 (s, 3H, E3), 1.38 (s, 3H, E3), 1.33

(d, J = 6.5 Hz, 3H, Eisra); 13*C NMR (100 MHz, CDGJ) 6 133.8 (C-2i), 117.9 (C-3i), 109.4
(C(CHg)2), 96.8 (C-1), 73.5 (C-2), 73.1 (C-3), 68.4 (W1 67.1 (C-4), 64.6 (C-5), 25.9, 25.4 (2 x
CHs), 16.8 CHata); HRMS (ESI-TOF)m/z [M + H]* calcd for G2H210s5245.1384; found
245.1381m/z[M + Na]* calcd for GoH20NaGs 267.1203; found 267.1206y/z[M + K] * calcd for
C12H20KOs 283.0942; found 283.0939.
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Allyl 6-Deoxy-a-L-talopyranoside (S3).

OAIl 80% HOAc OAIl
60°C,3h
O 96% (]
o} OH

HO (0] HO OH
o .

S2

Alcohol S2 (4.3 g, 17.5 mmol, 1.0 equiv) was dissolved imD&810Ac(aq) solution (220 mL).
The reaction mixture was stirred at 60 °C for Bten, the mixture was concentrated under reduced
pressure and co-evaporated with toluene (3 x)fiPation by silica gel flash chromatography
(DCM/MeOH 98:2 to 85:15) gave tri@d3(3.4 g, 96%) as a yellow oiR 0.2 (PE/EtOAc 7:3);
[a]p?® =97 € 1.7, CHC}); *H NMR (400 MHz, CDCJ) 6 5.94-5.84 (m, 1H, H-2i), 5.28 (ddd,
J=17.2, 3.8, 2.4 Hz, 1H, H-29, 5.19 (dddJ = 10.4, 3.4, 2.1 Hz, 1H, H-3b), 4.91 (s, 1H, H-
1), 4.16 (ddtJ = 13.0, 5.2, 1.5 Hz, 1H, H-Ag, 4.00 (ddtJ =12.9, 6.0, 1.3 Hz, 1H, H-1b), 3.92
(dd,J =14.0, 6.5 Hz, 1H, H-5), 3.81-3.80 (m, 2H, H-23H 3.68 (s, 1H, H-4), 1.29 (d,= 6.5
Hz, 3H, (Hzra); 1°C NMR (100 MHz, CDGJ) 6 133.9 (C-2u), 117.5 (C-Ai), 99.9 (C-1), 73.0
(C-4), 70.7 (C-2), 68.3 (Cal), 66.8 (C-3), 66.4 (C-5), 16.€Hz37a); HRMS (ESI-TOF)M/z[M +
Na]* calcd for GH1eNaOs 227.0890; found 227.0887.
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Allyl 6-Deoxy-3,4-O-isopropylidene-a-L-talopyranoside (S4).

QAL 2.2.DMP, PTSA QAll

Me,CO, rt, 2 h o

W T esntorsa W + O/WOAM

83% for S4

uolt on  (ratio SzS414:88) 1o o %\o OH
S3 X s4

S2

Triol S3 (1.2 g, 6.1 mmol, 1.0 equiv) was dissolved in altbys acetone (7 mL). 2.2-DMP (2.2
mL, 18.4 mmol, 3.0 equiv) and PTSA (58 mg, 30ol, 0.05 equiv) were added sequentially. The
mixture was stirred for 2 h at rt under Ar, thelutéid with DCM (20 mL). The organic phase was
washed with a saturated NaHégan) solution (10 mL) and water (10 mL). The solgeof the
dried (MgSQ) solution were concentrated under reduced pres3ine residue was purified by
silica gel flash chromatography (PE/EtOAc 9:1 t8) 7o give alcoho54 (1.2 g, 83%) as a yellow
oil: Rr 0.4 (PE/EtOAC 6:4);4]0?°=—-43 € 1.7, CHC}); 'H NMR (400 MHz, CDCJ) § 5.98-5.88
(m, 1H, H-2u), 5.31 (dddJ =17.2, 3.7, 1.6 Hz, 1H, H-3g, 5.19 (dddJ = 10.4, 3.4, 0.9 Hz, 1H,
H-3bai), 4.81 (d,J12= 5.4 Hz, 1H, H-1), 4.52 (dd,= 7.4, 3.4 Hz, 1H, H-3), 4.27 (ddt= 12.9,
5.3, 1.8 Hz, 1H, H-1a), 4.12 (ddJ = 7.4, 2.0 Hz, 1H, H-4), 4.05 (dd&t~ 12.8, 6.0, 1.7 Hz, 1H,
H-1bai), 3.85 (dddJ = 13.8, 6.5, 2.0 Hz, 1H, H-5), 3.73 (dbk 5.5, 3.4 Hz, 1H, H-2), 1.53 (s,
3H, CH3), 1.37 (s, 3H, El3), 1.25 (dJ = 6.5 Hz, 3H, El3Ta); 13C NMR (100 MHz, CDG) 6 134.4
(C-2an), 117.3 (C-2i), 110.0 C(CHa)2), 100.0 (C-1), 76.2 (C-4), 73.7 (C-3), 68.8 (C&,6 (C-
1an), 65.2 (C-5), 26.1, 25.3 (2 @Hz3), 15.9 CHasra); HRMS (ESI-TOF)m/z[M + Na]* calcd for
C12H20NaGs 267.1203; found 267.1209n/z [M + K]* calcd for GaH20KOs 283.0942; found
283.0941.
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Allyl 4- O-Benzyl-6-deoxye-L-talopyranoside(S59).

OAll OAll
1) BnBr, NaH
O DMF,0°Ctort,2h O

_— =

o] 2) 80% HOAc OH
HO o 60 °C, 3 h BnO OH
99% (2 steps) S5

S2

To a cooled (0 °C) solution of alcoh8P (6.0 g, 24.6 mmol, 1.0 equiv) in anhydrous DMF(Q10
mL), was slowly added NaH (60% oil dispersion, 4,87.0 mmol, 1.5 equiv) under Ar and the
reaction mixture was stirred for 1 h from 0 °C toThen, the mixture was cooled again to 0 °C,
BnBr (4.4 mL, 37 mmol, 1.5 equiv) was added dropvasd the reaction mixture was gradually
warmed to rt. After being stirred for 2 h under fre reaction was quenched with MeOH (5 mL)
and diluted with EtOAc (250 mL). The organic layeas washed with water (2 x 50 mL), a 10%
HCl(aq) solution (50 mL) and a saturated NaR(aQ) solution (50 mL). Aqueous phases were
back extracted with EtOAc (3 x 50 mL). Then, congairorganic phases were washed with brine
(100 mL) and the solvents of the dried solution 8@y were concentrated under reduced
pressure. The residue was dried under high vacwmamigiht, then dissolved in a 80% HOAc(aq)
solution (308 mL). The reaction mixture was stir@d60 °C for 3 h. Then, the mixture was
concentrated under reduced pressure and co-evagawith toluene (3 x). Purification by silica
gel flash chromatography (PE/EtOAc 9:1 to 6:4) gdia# S5 (7.2 g, 99%, two steps) as a lite
yellow foam:R: 0.4 (PE/EtOAc 7:3);4]0?° = —88 € 0.8, CHC}); 'H NMR (400 MHz, CDGJ) 6
7.40-7.28 (m, 5H, B-Ar), 5.93-5.83 (m, 1H, H-2i), 5.27 (dddJ = 17.3, 3.6, 1.6 Hz, 1H, H-
3aan), 5.18 (dddJ = 10.4, 3.4, 1.4 Hz, 1H, H-3b), 4.90 (s, 1H, H-1), 4.78 (d,= 11.1 Hz, 1H,
CHHPh), 4.71 (dJ = 11.1 Hz, 1H, €HPh), 4.15 (ddtJ = 13.0, 5.1, 2.8 Hz, 1H, H-49, 3.99
(ddt,J=13.2, 6.0, 2.9 Hz, 1H, H-Ab), 3.92 (ddJ= 13.8, 6.6 Hz, 1H, H-5), 3.87 (br s, 1H, H-4),
3.68 (d,J=10.1 Hz, 1H, H-2), 3.64 (br s, 1H, H-3), 3.37 Jd; 11.9 Hz, 1H, @), 2.76 (s, 1H,
OH), 1.27 (dJ = 6.6 Hz, 3H, Elzra); 13C NMR (100 MHz, CDGJ) § 137.3 (C-Ar), 133.8 (CA),
128.6, 128.2, 128.0 (3@H-Ar), 117.3 (C-3u), 100.1 (C-1), 81.4 (C-3), 76.TK2Ph), 70.8 (C-
2), 68.2 (C-Mi), 66.8 (C-4), 66.0 (C-5), 16.€HzTa); HRMS (ESI-TOF)m/z[M + H]* calcd for
C16H2305 295.1540; found 295.1542n/z [M + NHg4]* calcd for GeH2eNOs 312.1805; found
312.1804m/z[M + Na]* calcd for GeH22NaGs 317.1359; found 317.1359.
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Allyl 6-Deoxy-2-O-methyl-a-L-talopyranoside (S7).

o 1) Mel, NaH, TBAI OAll
O%OA” DMF,0°Ctor, 5h o
%\ 5 OH 2) 80% HOAC
60°C, 3 h OH
S4 92% (2 steps) HO OMe

NaH (60% oil dispersion, 94 mg, 2.3 mmol, 2.5 eyjumnas added dropwise to a cooled (0 °C)
solution of alcoho54 (230 mg, 94Qumol, 1.0 equiv) in anhydrous DMF (5 mL). The mixwras
stirred for 15 min at this temperature, then M&3RL, 4.7 mmol, 5.0 equiv) and TBAI (35 mg,
94 umol, 0.1 equiv) were added. The mixture was alloveedarm to rt and stirred for 5 h under
Ar. The reaction mixture was diluted with EtOAc (8€L), then poured into ice-cold brine (10
mL). The organic layer was washed again with b{the 10 mL), dried over MgS{concentrated
under reduced pressure and co-evaporated withnel(8x). The residue was dissolved in a 80%
HOAc(aq) solution (11 mL). The reaction mixture vetisred at 60 °C for 3 h. Then, the mixture
was concentrated under reduced pressure and corateg with toluene (3 x). Purification by
silica gel flash chromatography (PE/EtOAc 8:2 t8) gave diolS7 (188 mg, 92%, two steps) as a
yellow oil: R 0.2 (PE/EtOAc 7:3);¢]0%° = —42 € 1.4, CHC}); 'H NMR (400 MHz, CDC4) 6
5.95-5.85 (m, 1H, H-2i), 5.29 (ddd,) = 17.2, 3.7, 1.6 Hz, 1H, H-29, 5.21 (dddJ = 10.4, 3.3,
1.3 Hz, 1H, H-3), 4.97 (dJ12 = 1.2 Hz, 1H, H-1), 4.19 (ddi,= 13.0, 5.1, 1.8 Hz, 1H, H-19),
4.00 (ddtJ = 13.0, 6.0, 1.6 Hz, 1H, H-1p), 3.88 (dddJ = 13.8, 6.5, 0.8 Hz, 1H, H-5), 3.82 (br
s, 1H, H-3), 3.53 (dJ = 9.4 Hz, 1H, H-4), 3.49 (s, 3HHGwe), 3.45 (dtJ = 3.5, 1.6 Hz, 1H, H-
2), 3.02 (s, 1H, @), 2.79 (d,J = 11.7 Hz, 1H, @), 1.29 (d,J = 6.5 Hz, 3H, Elizra); 1°C NMR
(100 MHz, CDC#) ¢ 133.7 (C-2u), 117.5 (C-2i), 96 (C-1), 80.4 (C-2), 73.1 (C-4), 68.3 (@rlL
67.1 (C-5), 66.5 (C-3), 59.4H3wme), 16.5 CHsra); HRMS (ESI-TOF)M/z[M + Na]* calcd for
CioH18NaGs 241.1046; found 241.1050.
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Allyl 6-Deoxy-4-O-para-methoxybenzyl-20-methyl-a-L-talopyranoside (S8 and Allyl 6-
Deoxy-3-O-para-methoxybenzyl-20-methyl-a-L-talopyranoside (S9).

OAIl 1) Bu,SnO, tol OAIl OAll
o reflux, 3 h
(0] (0]
2) PMBCI, TBAI, CsF +
HOOH OMe tol. 50 °C, overnight OH OPMB

13% for S8 (2 steps) PMBO OMe
60% for S9 (2 steps) S8

S9

In a vessel equipped with a Dean-Stark apparatagspension of B$nO (204 mg, 81@mol,
1.05 equiv) and didb7 (170 mg, 78@mol, 1.0 equiv) was refluxed in toluene (8 mL) 5ohn. The
temperature was cooled to 50 °C, then TBAI (303 &i@pumol, 1.05 equiv), CsF (121 mg, 796
pmol, 1.02 equiv) and PMBCI (116L, 858 umol, 1.1 equiv) were successively added and the
reaction was refluxed overnight. The reaction mitwas then concentrated under reduced
pressure. The residue was purified by silica gedtflchromatography (PE/EtOAc 9:1 to 7:3) to
give alcoholS9 (196 mg, 60%) as a yellow amorphous solid alorth w8 regioisome88(36 mg,
13%) as a yellow oil. Analytical data f8&2 Rr 0.3 (PE/EtOAc 7:3)*H NMR (400 MHz, CDCY)

0 7.33-7.29 (m, 2H, B-Ar), 6.89-6.86 (m, 2H, B-Ar), 5.93-5.83 (m, 1H, H-2i), 5.26 (dddJ
=17.2, 3.8, 1.6 Hz, 1H, H-3@), 5.19 (dddJ = 10.4, 3.4, 1.4 Hz, 1H, H-3b), 4.95 (dJ12=1.5
Hz, 1H, H-1), 4.69 (d) = 11.7 Hz, 1H, ElHpwms), 4.53 (dJ = 11.7 Hz, 1H, CHpwmse), 4.16 (ddt,

J =131, 5.0, 1.8 Hz, 1H, H-29, 3.98 (ddtJ = 12.9, 6.0, 1.7 Hz, 1H, H-1p), 3.80 (s, 3H,
CHspwmg), 3.77 (ddJ =13.0, 6.3 Hz, 1H, H-5), 3.74-3.70 (i, H-4), 3.69 (tJ = 3.3 Hz, 1H, H-
3), 3.53 (ddJ23= 3.2 Hz,J12 = 1.6 Hz, 1H, H-2), 3.53 (s, 3H,Hawme), 3.47 (d,J = 9.9 Hz, 1H,
OH), 2.89 (dJ=11.6 Hz, 1H, ®), 1.30 (dJ = 6.5 Hz, 3H, Elzra); 13C NMR (100 MHz, CDCJ)

0 159.2 (C-Ar), 133.8 (C), 130.2 (C-Ar), 129.3GH-Ar), 117.3 (C-3u), 113.8 CH-Ar), 96.9
(C-1), 78.7 (C-2), 73.3 (C-3), 70.4 (C-4), 69HzpPwmB), 68.1 (C-hui), 67.6 (C-5), 59.9GH3me),
55.3 CHspwmg), 16.6 CH3ta); HRMS (ESI-TOF)m/z[M + Na]* calcd for GsH2sNaGs 361.1622;
found 361.1626. Analytical data f&8 R: 0.2 (PE/EtOAc 7:3);d]0%° = 50 € 4.3, CHC}); H
NMR (400 MHz, CDC) ¢ 7.32-7.29 (m, 2H, B-Ar), 6.88—6.85 (m, 2H, B-Ar), 5.94-5.84 (m,
1H, H-2a1), 5.27 (dddJJ =17.2, 3.8, 1.6 Hz, 1H, H-39, 5.18 (dddJ = 10.3, 3.3, 1.3 Hz, 1H, H-
3ban), 4.97 (d,J12= 1.1 Hz, 1H, H-1), 4.72 (d] = 11.8 Hz, 1H, EHpwma), 4.57 (d,J = 11.8 Hz,
1H, CHHpwmg), 4.14 (ddtJ = 13.1, 5.1, 1.8 Hz, 1H, H-48, 3.97 (ddtJ = 12.9, 6.0, 1.7 Hz, 1H,
H-1bai), 3.87-3.81 (m2H, H-5, H-3), 3.80 (s, 3H, idspme), 3.46 (S, 3H, Elame), 3.45 (dJ=1.7
Hz, 1H, H-4), 3.27 (dd) = 4.5, 6.3 Hz, 1H, H-2), 2.89 (d,= 11.6 Hz, 1H, @), 1.19 (dJ=6.5
Hz, 3H, (Hsra); 13C NMR (100 MHz, CDG) 6 159.4 (C-Ar), 134.0 (C+2), 130.7 (C-Ar), 130.1
(CH-Ar), 117.2 (C-3u), 113.8 CH-Ar), 96.3 (C-1), 78.8 (C-2), 78.4 (C-4), 75CH2pma), 68.0
(C-1an), 66.7 (C-5), 65.9 (C-3), 59.€H3me), 55.3 CHspwms), 16.9 CHaral).
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Allyl 4- O-Acetyl-6-deoxy-30O-para-methoxybenzyl-2O-methyl-a-L -talopyranoside (S10.

OAll Acz0, py, DMAP OAlIl
rt, overnight
0 84% 0

OPMB OPMB
HO s9 OMe AcO s10 OMe

Alcohol S9 (751 mg, 2.2 mmol, 1.0 equiv) was dissolved inyainbus py (3 mL). AgO (6 mL)
and DMAP (27 mg, 22amol, 0.1 equiv) were added. The reaction mixturs stared overnight
at rt under Ar. The mixture was then concentratedien reduced pressure and co-evaporated with
toluene (3 x). The residue was purified by siliehftash chromatography (PE/EtOAc 9:1 to 7:3)
to give derivativeéS10(714 mg, 84%) as a yellow amorphous sdRd0.2 (tol/EtOAc 7:3); f]p?°
=-107 ¢ 1.2, CHC$); *H NMR (400 MHz, CDQ) 6 7.27-7.25 (m, 2H, B-Ar), 6.88-6.86 (m,
2H, CH-Ar), 5.93-5.83 (m, 1H, H-2i), 5.31 (t,J = 2.1 Hz, 1H, H-4), 5.25 (ddd,= 17.2, 3.8, 1.6
Hz, 1H, H-3au), 5.19 (dddJ = 10.4, 3.3, 1.3 Hz, 1H, H-3P, 4.97 (d,J1,»= 1.2 Hz, 1H, H-1),
4.67 (d,J=11.8 Hz, 1H, GHpwmg), 4.56 (d,J = 11.8 Hz, 1H, CHipws), 4.14 (ddtJ = 13.0, 5.1,
1.8 Hz, 1H, H-1a), 3.99-3.93 (m, 2H, H-1p, H-5), 3.80 (s, 3H, Bspwms), 3.75 (t,J = 3.8 Hz,
1H, H-3), 3.53 (s, 3H, Bawme), 3.41 (dtJ = 3.6, 1.5 Hz, 1H, H-2), 2.20 (s, 3HHgAc), 1.20 (d,J

= 6.5 Hz, 3H, Elsra); 3C NMR (100 MHz, CDGJ) 6 171.5, CO), 159.3 (C-Ar), 133.8 (CA2),
130.2 (C-Ar), 129.3¢H-Ar), 117.5 (C-3ui), 113.8 CH-Ar), 97.8 (C-1), 77.2 (C-2), 73.0 (C-3),
70.4 CHzpwmg), 69.1 (C-4), 68.2 (CAl), 65.1 (C-5), 60.1GH3wme), 55.3 CHapme), 21.3, CHazac),
16.4 CHata); HRMS (ESI-TOF)M/z[M + Na]* calcd for GoH2sNaO; 403.1727; found 403.1738;
m/z [M + K]* calcd for GoH28KO7419.1467; found 419.1462n/z [2M + NaJ* calcd for
CaoHseNaOr4 783.3562; found 783.3566.
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Allyl 6-Deoxy-3-O-para-methoxybenzyle-L-talopyranoside (S11).

OAIl 1) Bu,SnO, MeOH OAIl

reflux, 4 h
O —_— (0]

2) PMBCI, TBAI, CsF
ot oy tolreflux, 4 h OPMB
s3 65% (2 steps) S11

A suspension of B&snO (1.0 g, 4.0 mmol, 1.1 equiv) and tf&8 (750 mg, 3.7 mmol, 1.0 equiv)
was refluxed in MeOH (37 mL) for 4 h using a Deanr apparatus. Then, the solvents were
concentrated under reduced pressure and co-evagonath toluene (3 x). The residue was
dissolved in toluene (19 mL). CsF (569 mg, 3.7 mrhd)2 equiv), TBAI (587 mg, 3.7 mmol, 1.05
equiv) and PMBCI (528iL, 3.9 mmol, 1.05 equiv) were successively addetithe reaction was
refluxed for an additional 4 h. The mixture wasnttwncentrated under reduced pressure. The
residue was purified by silica gel flash chromaamiry (DCM/MeOH 97:3) to give di®11(769
mg, 65%) as a yellow oil, which solidified uponrsiing at rt:R+ 0.6 (DCM/MeOH 95:5); §]p2°

= —72 € 1.2, CHC$); *H NMR (400 MHz, CDCJ) ¢ 7.33-7.29 (m, 2H, B-Ar), 6.90-6.87 (m,
2H, CH-Ar), 5.93-5.83 (m, 1H, H-2i), 5.26 (dddJ = 17.2, 3.7, 1.9 Hz, 1H, H-3d, 5.19 (ddd,]

= 10.4, 3.5, 1.9 Hz, 1H, H-3k), 4.91 (d,J1» = 1.5 Hz, 1H, H-1), 4.62 (d] = 11.2 Hz, 1H,
CHHpwms), 4.58 (d,J = 11.2 Hz, 1H, CHipwms), 4.15 (ddtJ = 12.9, 5.2, 1.5 Hz, 1H, H-14g, 3.99
(ddt,J = 13.0, 6.0, 1.3 Hz, 1H, H-Ap), 3.93-3.89 (m, 1H, H-2), 3.86 (ddl= 13.9, 6.7 Hz, 1H,
H-5), 3.80 (s, 3H, B3pme), 3.76-3.74 (m, 1H, H-4), 3.62 &= 3.3 Hz, 1H, H-3), 3.46 (d,= 7.2

Hz, 1H, CH), 3.05 (dJ = 6.2 Hz, 1H, ®1), 1.30 (dJ = 6.6 Hz, 3H, El3ra); **C NMR (100 MHz,
CDCl) ¢ 159.5 (C-Ar), 133.9 (CA), 129.9 (C-Ar), 129.8GH-Ar), 117.5 (C-3u), 114.0 CH-

Ar), 99.9 (C-1), 73.0 (C-3), 70.7 (C-4), 69@H2prme), 68.5 (C-2), 68.2 (C4k), 66.4 (C-5), 55.4
(CH3zpwmg), 16.6 CHa3ta); HRMS (ESI-TOF)M/z[M + Na]* calcd for G7H24aNaGs 347.1465; found
347.1472m/z[M + K] * calcd for G7H24KOs 363.1204; found 363.120&1/z[2M + Na]* calcd for
Ca4HagNaOr2 671.3038; found 671.3044.
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Allyl 6-Deoxy-3-O-methyl-a-L-talopyranoside (S12).

OAIl 1) Bu,SnO, MeOH OAll
flux, 4 h
o reflux, o
oH 2) Mel, CsF
DMF, 80 °C, overnight OMe
HO g3 O 7 da% (2 steps) s12 O

To a solution of trioB3 (750 mg, 3.7 mmol, 1.0 equiv) in MeOH (37 mL) veakled BuSnO (1.0

g, 4.0 mmol, 1.1 equiv) and the mixture was reftuf@ 4 h. Then, the solvents were concentrated
under reduced pressure and co-evaporated withnel(&x). The residue was dissolved in DMF
(19 mL). CsF (569 mg, 3.7 mmol, 1.02 equiv) and NB3 mL, 367 mmol, 100 equiv) were
sequentially added. After stirring overnight at°&) the mixture was concentrated under reduced
pressure and co-evaporated with toluene (3 x). rBsedue was purified by silica gel flash
chromatography (DCM/MeOH 98:2 to 97:3) to give d&dl2 (303 mg, 38%) as a yellow oiRs

0.2 (DCM/MeOH 97:3); #0%° = -87 ¢ 1.4, CHC}); *H NMR (400 MHz, CDCd) § 5.95-5.85 (m,

1H, H-2a1), 5.29 (dddJ) =17.2, 3.7, 1.6 Hz, 1H, H-39, 5.20 (dddJ = 10.4, 3.4, 1.3 Hz, 1H, H-
3ban), 4.94 (dJi2 = 0.9 Hz, 1H, H-1), 4.17 (ddi,= 12.9, 5.3, 1.5 Hz, 1H, H-149, 4.01 (ddtJ =
12.9, 6.1, 1.3 Hz, 1H, H-}b), 3.94-3.87 (m, 2H, H-2, H-5), 3.82 (br s, 1H, H-&53 (dJ=6.0

Hz, 1H, (H), 3.47 (s, 3H, Elawe), 3.43 (t,J = 3.3 Hz, 1H, H-3), 1.32 (dl = 6.5 Hz, 3H, ElzTa);

13C NMR (100 MHz, CDQ) 6 133.9 (C-2u), 117.7 (C-3u), 99.9 (C-1), 75.3 (C-3), 70.2 (C-4),
68.3 (C-1u), 68.1 (C-2), 66.4 (C-5), 55.CHame), 16.6 CHsta); HRMS (ESI-TOF)M/z[M +
NaJ" calcd for GoHisNaGs 241.1046; found 241.1054m/z [2M + Na]* calcd for
CaoHzeNaOi0 459.2201; found 459.2201.
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Allyl 4- O-Benzyl-6-deoxy-30-para-methoxybenzyla-L-talopyranoside (S13.

OAIl 1) BupSnO, tol OAIl
0 reflux, 3 h o
o 2) PMBCI, TBAI
tol, reflux, overnight OPMB
BnO S5 OH 56% (2 steps) n s13

To a solution of dio85(500 mg, 1.7 mmol, 1.0 equiv) in toluene (20 migsmadded B45nO (444
mg, 1.8 mmol, 1.05 equiv) and the mixture was pedtliusing a Dean-Stark apparatus for 3 h. The
temperature was cooled to 30 °C, then TBAI (659 1ng mmol, 1.05 equiv) and PMBCI (25H8,
1.9 mmol, 1.1 equiv) were successively added. Afefluxing overnight, the mixture was
concentrated under reduced pressure. Purificatyosilica gel flash chromatography (PE/EtOAc
9:1 to 8:2) gave alcoh®13(398 mg, 56%) as a yellow ol 0.4 (PE/EtOAc 7:3);4]p%° = —38

(c 2.0, CHC%); *H NMR (400 MHz, CDQJ) 6 7.38-7.24 (m, 7H, B-Ar), 6.92-6.87 (m, 2H, B-
Ar), 5.92-5.82 (m, 1H, H-2i), 5.24 (dddJ = 17.2, 3.7, 1.5 Hz, 1H, H-39, 5.17 (dddJ = 10.4,
3.5, 1.3 Hz, 1H, H-3h), 4.99 (dJ=11.1 Hz, 1H, CHI Ph), 4.92 (dJ1>=0.8 Hz, 1H, H-1), 4.76
(d,J = 11.4 Hz, 1H, €EHpwme), 4.61 (d,J = 11.1 Hz, 1H, CHIPh), 4.49 (dJ = 11.4 Hz, 1H,
CHHpwmg), 4.23 (d,J = 10.3 Hz, 1H, ®), 4.13 (ddtJ = 12.9, 5.1, 1.6 Hz, 1H, H-4g, 4.01-3.95
(m, 2H, H-1bu, H-2), 3.85 (ddJ= 13.1, 6.5 Hz, 1H, H-5), 3.82 (s, 3HH&PmB), 3.75 (1,J = 3.3
Hz, 1H, H-3), 3.64 (t) = 1.5 Hz, 1H, H-4), 1.20 (d,= 6.5 Hz, 3H, Elzra); **C NMR (100 MHz,
CDCl) ¢ 159.2, 137.7 (2 x C-Ar), 133.9 (Gug, 130.4 (C-Ar), 129.2-127.€H-Ar), 117.1 (C-
3an), 113.8 CH-Ar), 100.8 (C-1), 78.9 (C-4), 75.€H2Ph), 74.1 (C-3), 69.50H2pmse), 68.1 (C-
1an), 68.0 (C-2), 66.5 (C-5), 55.8Hzpwms), 16.8 CHsra); HRMS (ESI-TOF)m/z[M + H]* calcd
for C24Hz2106 415.2115; found 415.2108/z[M + NH4]* calcd for G4H3aNOs 432.2380; found
432.2379m/z[M + Na]" calcd for G4HzoNaGs 437.1934; found 437.1931.
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Allyl 4- O-Benzyl-6-deoxy-30-methyl-a-L-talopyranoside (S14).

OAIl" 1) BupSnO, tol OAIl
0 reflux, 5 h o
on 2) Mel, CsF o
tol, 80 °C, overnight Me
Bno S5 o 85% (2 steps) BnO s14 OH

To a solution of dioS5(500 mg, 1.7 mmol, 1.0 equiv) in toluene (7 mL)svealded BxSnO (465
mg, 1.9 mmol, 1.1 equiv) and the mixture was refllixising a Dean-Stark apparatus for 5 h. The
temperature was cooled to 30 °C, then CsF (263lmignmol, 1.02 equiv) and Mel (11 mL, 170
mmol, 100 equiv) were successively added. Aftarisg overnight at 80 °C, the mixture was
concentrated under reduced pressure. Purificatyosilica gel flash chromatography (PE/EtOAc
9:1 to 8:2) gave alcoh@®@14 (446 mg, 85%) as a yellow ol 0.4 (PE/EtOAc 7:3);¢]0%° = —52

(c 1.3, CHC}); *H NMR (400 MHz, CDC4) 6 7.39-7.27 (m, 5H, B-Ar), 5.94-5.84 (m, 1H, H-
2a1), 5.28 (dddJ = 17.2, 3.7, 1.6 Hz, 1H, H-29, 5.19 (ddd,) = 10.4, 3.2, 1.3 Hz, 1H, H-3b),
498 (d,J = 11.1 Hz, 1H, €@HPh), 4.93 (dJ12> = 1.7 Hz, 1H, H-1), 4.61 (dl = 11.1 Hz, 1H,
CHHPh), 4.15-4.11 (m, 2H, OH, H-44, 4.01 (ddtJ = 13.0, 6.1, 1.3 Hz, 1H, H-1p), 3.96-3.92
(m, 1H, H-2), 3.87 (ddJ = 13.8, 6.5 Hz, 1H, H-5), 3.69-3.68 (m, 1H, H-3/4 (t,J = 3.2 Hz,
1H, H-3), 3.48 (s, 3H, Bswme), 1.22 (d,J = 6.5 Hz, 3H, ElsTa); **C NMR (100 MHz, CDG) 6
137.8 (C-Ar), 134.0 (C+), 128.5-128.1CH-Ar), 117.5 (C-3u1), 100.9 (C-1), 78.2 (C-4), 76.6
(C-3), 75.6 CH2Ph), 68.3 (C-Ai), 67.9 (C-2), 66.6 (C-5), 55.CH3wme), 17.0 CH3ta); HRMS
(ESI-TOF)m/z[M + Na]* calcd for G7H2sNaGs 331.1516; found 331.15181/z[2M + Na]* calcd
for CaaHgNaOi0 639.3140; found 639.3138.
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Allyl 2,4-O-Di-acetyl-6-deoxy-30-para-methoxybenzyla-L-talopyranoside (S15.

OAIl Ac,0, py, DMAP OAll
1, 4 h, 65%
0 _— 0
OPMB PMB
HO OH A>T MB oA
s11 s15

Diol S11(766 mg, 2.4 mmol, 1.0 equiv) was dissolved inyainbus py (12 mL). A€O (12 mL)
and DMAP (29 mg, 24@mol, 0.1 equiv) were added. The reaction mixturs stared for 4 h at
rt under Ar. Then, the mixture was concentratedeumdduced pressure and co-evaporated with
toluene (3 x). The residue was purified by silieh ftash chromatography (DCM/MeOH 1:0) to
give derivativeS15(632 mg, 65%) as a white amorphous sd&®.8 (DCM/MeOH 96:4); §]p%°

= —64 € 1.3, CHC%); *H NMR (400 MHz, CDCY) ¢ 7.24-7.22 (m, 2H, B-Ar), 6.87—-6.85 (m,
2H, CH-Ar), 5.91-5.81 (m, 1H, H-2i), 5.28-2.18 (m, 4H, H-3&, H-3bai, H-4, H-2), 5.22-5.18
(m, 2H, H-2, H-3l), 4.88 (d,J1,2= 0.9 Hz, 1H, H-1), 4.53 (d, = 11.8 Hz, 1H, ElHpws), 4.49
(d,J=11.8 Hz, 1H, CHipms), 4.12 (ddtJ = 13.1, 5.2, 1.9 Hz, 1H, H-49, 4.03 (ddJ = 6.6, 1.2
Hz, 1H, H-5), 3.97 (ddt) = 12.7, 6.1, 1.8 Hz, 1H, H-Ab), 3.80 (s, 3H, Espwme), 3.78 (t,J = 3.9
Hz, 1H, H-3), 2.16 (s, 3H, isac), 2.12 (S, 3H, El3ac), 1.19 (dJ = 6.5 Hz, 3H, Eisra); 13C NMR
(100 MHz, CDC#%) 0 170.9, 170.6 (2 x CO), 159.3 (C-Ar), 133.5 (8i32130.0 (C-Ar), 129.2GH-
Ar), 117.9 (C-3i), 113.8 CH-Ar), 97.8 (C-1), 70.5 (C-3), 70.XH2pme), 69.1 (C-4), 68.4 (C-
1a1), 67.3 (C-2), 65.1 (C-5), 55.€£H3pmse), 21.3, 21.1(2 >CH3ac), 16.4 CHara); HRMS (ESI-
TOF) m/z[M + Na]J" calcd for GiH2gNaGs 431.1676; found 431.169(/z[2M + Na]" calcd for
Cs2HseNaOre 839.3461; found 839.3468.
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Allyl 2,4-O-Di-acetyl-6-deoxy-30-methyl-a-L-talopyranoside (S16.

OAIl Ac,0, py, DMAP OAll
rt, overnight, 76%
0 _ 0
oM
HO ~ V'€ OH Ac0Me oac
$12 $16

Diol S12(319 mg, 1.5 mmol, 1.0 equiv) was dissolved inyainbus py (7 mL). AgO (7 mL) and
DMAP (18 mg, 15Qumol, 0.1 equiv) were added. The reaction mixturs stared overnight at rt
under Ar. Then, the mixture was concentrated umdduced pressure and co-evaporated with
toluene (3 x). The residue was purified by silieh ffpsh chromatography (PE/EtOAc 85:15 to
75:15) to give derivativ&16(338 mg, 76%) as a yellow oR 0.8 (PE/EtOAc 7:3);4]p%° = —69

(c 1.6, CHC}); *H NMR (400 MHz, CDQ) 6 5.94-5.84 (m, 1H, H-2i), 5.30 (ddd,J = 17.1, 3.5,
1.6 Hz, 1H, H-3a), 5.26 (dJ = 3.6 Hz, 1H, H-4), 5.23 (ddd,= 10.4, 3.2, 1.3 Hz, 1H, H-3b),
5.18 (dt,J = 3.8, 1.5 Hz, 1H, H-2), 4.88 (di2 = 1.1 Hz, 1H, H-1), 4.15 (ddd§,= 12.7, 5.3, 1.7
Hz, 1H, H-1au), 4.05 (dddJ= 12.5, 6.6, 1.2 Hz, 1H, H-5), 4.00 (ddt= 12.4, 6.2, 1.6 Hz, 1H,
H-1bai), 3.64 (tJ=3.9 Hz, 1H, H-3), 3.37 (s, 3HHGwme), 2.17 (S, 3H, El3ac), 2.14 (s, 3H, Ei3ac),
1.20 (d,J = 6.5 Hz, 3H, Eli3ra); **C NMR (100 MHz, CD{) 6 170.9, 170.6 (2 €0), 133.4 (C-
2a1), 118.1 (C-2u), 97.8 (C-1), 73.7 (C-3), 68.6 (Gud, 68.5 (C-4), 67.1 (C-2), 65.2 (C-5), 57.3
(CHawme), 21.3, 21.1 (2 xCHsac), 16.4 CHsra); HRMS (ESI-TOF)m/z [M + Na]* calcd for
Ci1aH2oNaO; 325.1258; found 325.1261.
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Allyl 2- O-Acetyl-4-O-benzyl-6-deoxy-30-para-methoxybenzyla-L-talopyranoside (S6).

OAIl Ac,0, py, DMAP OAll
rt, overnight, 95%
0 _— 0
OPMB PMB
BnO OH BnOo OAc
s13 s6

Alcohol S13(381 mg, 92Qmol, 1.0 equiv) was dissolved in anhydrous py (3.mc.O (3 mL)
and DMAP (11 mg, 9Qumol, 0.1 equiv) were added. The reaction mixtures \sfarred at rt
overnight under Ar. Then, solvents were concerdrateder reduced pressure and co-evaporated
with toluene (3 x). The residue was purified bycsilgel flash chromatography (PE/EtOAc 9:1 to
8:2) to give derivativé&s6 (397 mg, 95%) as a colorless &#:0.5 (PE/EtOAc 7:3);4]0?°=-15 ¢
0.92, CHC}); *H NMR (400 MHz, CD.J) 6 7.37-7.23 (m, 7H, B-Ar), 6.89-6.87 (m, 2H, B-
Ar), 5.92-5.82 (m, 1H, H-2i), 5.34 (dJ = 3.5 Hz, 1H, H-2), 5.25 (ddd,= 17.2, 3.8, 1.7 Hz, 1H,
H-3aai), 5.17 (ddd,) = 10.3, 3.4, 1.4 Hz, 1H, H-3b), 4.92 (dJ = 11.6 Hz, 1H, CHIPh), 4.89 (s,
1H, H-1), 4.68 (dJ = 11.6 Hz, 1H, EIHPh), 4.67 (dJ = 11.5 Hz, 1H, CHipme), 4.42 (dJ=11.5
Hz, 1H, CHpwms), 4.12 (ddJ = 13.0, 6.4 Hz, 1H, H-2a), 3.97 (ddJ = 13.0, 6.0 Hz, 1H, H-1h),
3.89 (ddJ = 14.2, 6.5 Hz, 1H, H-5), 3.81 (s, 3HH&rwme), 3.78 (t,J = 4.1 Hz, 1H, H-3), 3.52 (s,
1H, H-4), 2.08 (s, 3H, Bzac), 1.26 (d,J = 6.5 Hz, 3H, El3ra); 13C NMR (100 MHz, CDJ) ¢
171.1 CO),159.2,139.1 (2 x C-Ar), 133.8 (Gsd, 130.4 (C-Ar), 129.2-127.€£d-Ar), 117.5 (C-
3a1), 113.8 CH-Ar), 97.9 (C-1), 75.8 (C-4), 75.0 (C-3), 74AH>Ph), 70.7 CH2pme), 68.2 (C-
1an), 67.2 (C-2, C-5), 55.40H3pwms), 21.4 CHzac), 16.9 CH3ta); HRMS (ESI-TOF)M/z[M + H]*
calcd for GeH3z307 457.2221; found 457.221&)/z[M + NH4]* calcd for GeHzsNO7 474.2486;
found 474.2487m/z[M + Na]* calcd for GeHz2NaO; 479.2040; found 479.2041.
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Allyl 2- O-Acetyl-4-O-benzyl-6-deoxy-30-methyl-a-L-talopyranoside (S17).

OAIl - Ac,0, py, DMAP OAll
1t, 6 h, 89%
0 _— 0
OMe
BnO = OH Bno M oac
s14 s17

Alcohol S14(430 mg, 1.4 mmol, 1.0 equiv) was dissolved inyainbus py (4 mL). AgO (4 mL)
and DMAP (17 mg, 13fimol, 0.1 equiv) were added. The reaction mixturs st&red for 6 h at
rt under Ar. Then, solvents were concentrated umeduced pressure and co-evaporated with
toluene (3 x). The residue was purified by siliehftash chromatography (PE/EtOAc 9:1) to give
derivativeS17(432 mg, 89%) as a yellow o 0.5 (PE/EtOAc 8:2);4]0%°=-20 € 1.5, CHC});

IH NMR (400 MHz, CDCY) ¢ 7.41-7.25 (m, 5H, B-Ar), 5.93-5.83 (m, 1H, H-2i), 5.29-5.27
(m, 1H, H-2), 5.28 (ddd] = 17.2, 3.8, 1.5 Hz, 1H, H-39, 5.19 (dddJ = 10.4, 3.3, 1.2 Hz, 1H,
H-3bai), 4.92 (dJ = 11.8 Hz, 1H, CHi Ph), 4.88 (dJ12= 1.3 Hz, 1H, H-1), 4.65 (d,= 11.8 Hz,
1H, CHH Ph), 4.14 (ddtJ = 12.8, 5.2, 1.7 Hz, 1H, H-19, 3.98 (ddtJ = 13.1, 6.1, 1.7 Hz, 1H,
H-1bai), 3.92 (ddJ= 14.1, 6.3 Hz, 1H, H-5), 3.61-3.59 (m, 2H, H-34H-3.41 (s, 3H, Bawe),
2.09 (s, 3H, Ei3ac), 1.28 (dJ = 6.5 Hz, 3H, Eisra); 13C NMR (100 MHz, CDG) 6 171.1, CO),
139.3 (C-Ar), 133.8 (C+4), 128.2, 128.1, 127.4 (3GH-Ar), 117.7 (C-3u), 97.9 (C-1), 77.8 (C-
3), 75.4 (C-4), 74.0GH2Ph), 68.3 (C-4), 67.2 (C-5), 67.1 (C-2), 57.ZH3wme), 21.3 CH3ac),
16.9 CHara); HRMS (ESI-TOF)M/z[M + Na]* calcd for GoH2eNaGs 373.1622; found 373.1624;
m/z[M + K]* calcd for GeH26KOs 389.1361; found 389.1360.

S197



2-O-Acetyl-4-O-benzyl-6-deoxy-30-para-methoxybenzyla-L-talopyranosyl 2,2,2-
Trichloroacetimidate (8).

NH

OAll B (0] CCl;
1) [Ir(COD){PMe(CgHs)2},]+.PFe", Ha, THF 3
W 2) lp, THF/H0, 71% (2 steps) W
3) CCIsCN, DBU, DCM, Me,CO, 90%
Bn OOPMBO Ac ) CClg € o BnOOPMBOAC
S6 8

Allyl taloside S6 (397 mg, 87@mol, 1.0 equiv) was reacted according to the gépeoaedure for
the synthesis of trichloroacetimidate donors (fipsrt). Purification by silica gel flash
chromatography (PE/EtOAc 9:1 to 7:3) gave a hen@hd¢@58 mg, 71%, ratie/f ~ 3:1) as a
yellow oil: R 0.4 (PE/EtOAc 8:2)*H NMR (400 MHz, CDCY{) 6 7.37-7.25 (m, 8H, B-Ar), 6.90—
6.87 (m, 2H, ©-Ar), 5.32-5.31 (m, 1H, H-2), 5.29 (s, 1H, H-1),4(@,J= 11.8 Hz, 1H, EIHPh),
4.69 (d,J=11.8 Hz, 1H, CHIPh), 4.67 (dJ = 11.5 Hz, 1H, GHpwms), 4.45 (d,J = 11.5 Hz, 1H,
CHHpwmsg), 4.14 (dddJ = 13.7, 6.5, 1.3 Hz, 1H, H-53.84 (t,J = 3.5 Hz, 1H, H-3), 3.81 (s, 3H,
CHspwmg), 3.54 (t,J= 1.6 Hz, 1H, H-4), 2.76 (s, 1H,H), 2.10 (s, 3H, Ezac), 1.27 (dJ = 6.6 Hz,
3H, CHara); 1*C NMR (100 MHz, CDG) 6 171.1 CO), 159.3, 139.0, 130.4 (3 x C-Ar), 129.3,
128.4, 128.2, 127.6 (4@H-Ar), 113.9 (C-Ar), 93.6 (C-1), 75.8 (C-4), 746-3), 73.9 CH2Ph),
70.8 CHzpme), 67.6 (C-2), 67.5 (C-5), 55.€H3pwms), 21.4 CHsac), 16.9 CHsra); HRMS (ESI-
TOF) m/z[M + NH4]* calcd for GsHz2NO7 434.2173; found 434.2168/z[M + Na]* calcd for
Ca3H2sNaO; 439.1727; found 439.1725. The hemiacetal (50 3@uinol, 1.0 equiv) was reacted
in the presence of DBU (4L, 40 umol, 0.3 equiv) and C@CN (60xL, 600 umol, 5.0 equiv).
Purification by silica gel flash chromatography (PAc 85:15 to 8:2 + 1% El\l) gave imidate
8 (61 mg, 90%) as a colorless d#:0.5 (PE/EtOAC 6:4);4]0%° = +3.4 € 0.80, CHCY); *H NMR
(400 MHz, pyss) 0 7.54—7.48 (m, 7H, B-Ar), 7.05-7.03 (m, 2H, B-Ar), 6.83 (s, 1H, H-1), 5.88
(t, J= 1.8 Hz, 1H, H-2), 5.22 (dl = 11.3 Hz, 1H, €&HPh), 4.91 (dJ = 11.3 Hz, 1H, EHPh),
4.79 (dJ=11.4 Hz, 1H, GHpwmg), 4.73 (dJ=11.4 Hz, 1H, EHpwms), 4.41 (dd,J = 14.3, 6.3 Hz,
1H, H-5), 4.25 (tJ = 3.6 Hz, 1H, H-3), 3.88 (1 = 1.5 Hz, 1H, H-4), 3.69 (s, 3HHEpwma), 2.03
(s, 3H, @Hsac), 1.43 (dJ = 6.5 Hz, 3H, EisTa); *C NMR (100 MHz, pyes) § 171.8 (CO), 160.2,
159.9 (2 x C-Ar), 130.4GH-Ar), 128.9, 128.7, 128.1 (3 &H-Ar), 114.7 CH-Ar), 97.3 (C-1),
76.8 (C-4), 75.0@HzPh), 74.8 (C-3), 71.2 (Cidws, C-5), 66.4 (C-2), 55.80Hszpwms), 21.3 CH3ad),
17.3 CHsra); HRMS (ESI-TOF)m/z[M + NHg4]* calcd for GsH3z2ClsN207 577.1269; found
577.1264m/z[M + Na]* calcd for GsH2sCIsNNaO; 582.0823; found 582.0822.
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4-O-Acetyl-6-deoxy-30O-para-methoxybenzyl-20-methyl-a-L-talopyranosyl 2,2,2-
Trichloroacmetimidate (9).

NH

OAll .
1) [I(COD){PMe(CgHs)a}al+.PFe, Ho, THF 0" CCly
W 2) I, THF/H,0, 89% (2 steps) W
3) CCI3CN, Cs,CO3, DCM, Me,CO, 91%
accoPMBl - 3)CCh »,CO3 2 “ odopuel
s10 9

Allyl taloside S10(829 mg, 2.2 mmol, 1.0 equiv) was reacted accgrtinthe general procedure
for the synthesis of trichloroacetimidate donorss{fpart). Purification by silica gel flash
chromatography (PE/EtOAc 85:15 to 5:5) gave a heet# (658 mg, 89%, ratia/f ~ 3:1) as a
yellow amorphous solid% 0.6 (DCM/MeOH 95:5)iH NMR (400 MHz, CDG) 6 7.28-7.24 (m,
4H, CH-Ar), 6.90-6.87 (m, 4H, B-Ar), 5.35 (dd,J = 3.4, 1.4 Hz, 1H, H-d), 5.31 (t,J= 1.7 Hz,
1H, H-4e), 5.29-5.27 (m, 1H, HA), 4.70 (dJ = 11.5 Hz, 1H, €IHPh), 4.68 (dJ = 11.8 Hz, 1H,
CHHPh), 4.58 (d)=12.6 Hz, 1H, H-B), 4.46 (d,J=11.8 Hz, 1H, €HPh), 4.42 (dJ= 11.5 Hz,
1H, CHHPh), 4.22 (dddJ = 13.6, 6.5, 1.5 Hz, 1H, Hé), 4.09 (d,J = 12.6 Hz, 1H, ®), 3.81 (s,
3H, CHzpwme), 3.80 (s, 3H, Ezpme), 3.79 (t,J = 3.8 Hz, 1H, H-3), 3.66 (s, 3H, Elame), 3.61 (ddd,
J=13.8, 6.5, 1.5 Hz, 1H, HA), 3.54 (s, 3H, Elave), 3.50 (s, 1H, H-B), 3.49 (dJ = 0.6 Hz, 1H,
H-25), 3.43-3.41 (m, 1H, H®, 2.94 (dJ= 3.4 Hz, 1H, ®), 2.21, 2.20 (2 x s, 6H, 2 xH3A),
1.26 (d,J = 6.5 Hz, 3H, Eisra), 1.20 (d,J = 6.6 Hz, 3H, Elizra); *3*C NMR (100 MHz, CDGJ) §
171.5, 171.3 (2 X0), 159.3, 159.1 (2 x C-Ar), 130.1, 129.8 (2 x Q;Ar29.4, 129.3 (2 €H-
Ar), 114.0, 113.9 (2 XCH-Ar), 94.1 (C-3), 93.4 (C-L), 77.9 (C-3), 77.3 (C-2), 77.0 (C-3),
72.4 (C-3), 70.7 CHzpme), 70.4 CH2pwmB), 69.9 (C-%), 69.1 (C-4), 67.6 (C-4), 65.2 (C-B),
61.6, 60.1 (2 »CHawme), 55.4, 55.3 (2 *CHspwme), 21.3, 21.2 (2 xCHasac), 16.5, 16.4 (2 XCHara);
HRMS (ESI-TOF)mM/z[M + Na]* calcd for G7H24NaO; 363.1414; found 363.1427. The hemiacetal
(644 mg, 1.9 mmol, 1.0 equiv) was reacted in thes@nce of GEOs (123 mg, 38Qumol, 0.2
equiv) and CGICN (950uL, 9.5 mmol, 5.0 equiv). Purification by silica gilsh chromatography
(PE/EtOAC 1:0 to 5:5 + 1% Hl) gave imidat® (834 mg, 91%) as a yellow o 0.6 (PE/EtOAc
5:5 + 1% E4N); [a]p?° = —46 € 1.5, CHC}); *H NMR (400 MHz, pyes) 6 7.58—7.48 (m, 2H, B-
Ar), 7.02-6.99 (m, 2H, B-Ar), 6.81 (s, 1H, H-1), 5.74 (br s, 1H, H-4), 4@9J = 11.4 Hz, 1H,
CHHpwmg), 4.68 (dJ=11.4 Hz, 1H, GHpwa), 4.50 (ddJ =14.0, 6.3 Hz, 1H, H-5%.20 (t,J= 3.8
Hz, 1H, H-3), 3.89 () = 1.9 Hz, 1H, H-2), 3.68 (s, 3HH3pme), 3.61 (S, 3H, Elave), 2.15 (s, 3H,
CHaac), 1.32 (dJ = 6.6 Hz, 3H, Elzra); :3C NMR (100 MHz, pyes) 6 171.1 CO), 159.9 (C-Ar),
159.4 (Gmine), 130.1, 114.3 (2 €H-Ar), 97.3 (C-1), 75.3 (C-2), 73.1 (C-3), 706H2pwmB), 68.9
(C-4, C-5), 59.5CHawme), 55.2 CHapme), 21.0 CH3ac), 16.6 CHata); HRMS (ESI-TOF)M/z[M

+ NaJ" calcd for GoH24CIsNNaO; 506.0511; found 506.0511.
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2,4-Di-O-acetyl-6-deoxy-30-para-methoxybenzyla-L-talopyranosyl 2,2,2-
Trichloroacetimidate (10).

NH

OAll
1) [I(COD){PMe(CgHs)a}al+.PFe, Ho, THF o~ CCly
W 2) lp, THF/H,0, 87% (2 steps) W
3) CCI3CN, Cs,CO3, DCM, Me,CO, 88%
acoPMBl - 3)cch »,CO3 2 “ odopus]
s15 10

Allyl taloside S15(602 mg, 1.5 mmol, 1.0 equiv) was reacted accgrtinthe general procedure
for the synthesis of trichloroacetimidate donorss{fpart). Purification by silica gel flash
chromatography (DCM/MeOH 98:2 to 96:4) gave a hesta (471 mg, 87%, rati@/ ~ 3:1) as
a white amorphous solid 0.5 (DCM/MeOH 95:5)H NMR (400 MHz, CDGJ) 6 7.25-7.22 (m,
4H, CH-Ar), 6.88-6.85 (m, 2H, B-Ar), 5.32-5.31 (m, 1H, H-2), 5.26 (d,= 2.4 Hz, 1H, H-1),
5.23(dJ=2.9Hz, 1H, H-4),5.17 (di,= 3.7, 1.4 Hz, 1H, H-2), 4.55 (d= 11.8 Hz, 1H, ElHpwmg),
4.49 (d,J=11.8 Hz, 1H, ElHpwms), 4.25 (dddJ = 14.1, 6.6, 1.1 Hz, 1H, H-53,83 (t,J= 3.9 Hz,
1H, H-3), 3.80 (s, 3H, Bapwma), 3.15 (d,J = 3.8 Hz, 1H, ®l), 2.16, 2.13 (2 x s, 6H, 2 xH3xc),
1.19 (d,J = 6.6 Hz, 3H, Eizra); 13C NMR (100 MHz, CDGJ) § 171.0, 170.7 (2 X0O), 159.3,
129.9 (2 x C-Ar), 129.2GH-Ar), 113.9 (C-Ar), 93.4 (C-1), 70.2H2pme), 69.3 (C-3), 69.1 (C-4),
67.6 (C-2), 65.2 (C-5), 55.4H3spwms), 21.3, 21.1 (2 *CHaac), 16.5 CHsra); HRMS (ESI-TOF)
m/z[M + Na]" calcd for GsH24sNaGs 391.1363; found 391.1376n/z [2M + Na]" calcd for
CseHasNaOie 759.2835; found 759.2841. The hemiacetal (455 g, mmol, 1.0 equiv) was
reacted in the presence of2C&s (80 mg, 25Q:mol, 0.2 equiv) and C@CN (620xL, 6.2 mmol,
5.0 equiv). Purification by silica gel flash chraimgraphy (PE/EtOAc 1:0 to 7:3 + 1%sN) gave
imidate10 (558 mg, 88%) as a yellow amorphous sdRd.5 (PE/EtOAc 7:3 + 1% EN); [a]p?°
=-32 € 1.8, CHC$); *H NMR (400 MHz, pyek) 6 7.58-7.46 (m, 2H, B-Ar), 6.96-6.94 (m, 2H,
CH-Ar), 6.83 (s, 1H, H-1), 5.81 (br s, 1H, H-2), 5(fA)J=1.7 Hz, 1H, H-4), 4.82 (d,= 11.6 Hz,
1H, CHHpws), 4.76 (d,J = 11.6 Hz, 1H, ElHpwms), 4.55 (ddJ = 14.2, 6.5 Hz, 1H, H-54.31 (t,J

= 4.0 Hz, 1H, H-3), 3.64 (s, 3H,H3rme), 2.23, 2.13 (2 x s, 6H, 2 xH3Ac), 1.33 (d,J = 6.6 Hz,
3H, CHazra); 3C NMR (100 MHz, pyes) 6 170.8, 170.2 (2 x CO), 159.9 (C-Ar), 159.4n{ks),
129.9, 114.3 (2 XH-Ar), 96.7 (C-1), 70.7 (C-3), 70.€H2pwmB), 68.9 (C-4), 68.8 (C-5), 66.0 (C-
2), 55.1 CHapwme), 20.9 (2 XCHasac), 16.5 CHsra); HRMS (ESI-TOF)m/z[M + Na]* calcd for
C20H24CIsNNaGs 534.0460; found 534.0467.
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2-O-Acetyl-4-O-benzyl-6-deoxy-30-methyl-a-L-talopyranosyl  2,2,2-Trichloroacetimidate
(12).

OAll - 0~ ~CCly
1) [Ir(COD){PMe(CgHs)2},]+.PFe", Ha, THF 3
W 2) |, THF/H,0, 66% (2 steps) W
3) CCIsCN, DBU, DCM, Me,CO, 88%
BroOMe ope  F OB * " Bno M 5ac
$17 11

Allyl taloside29 (413 mg, 1.2 mmol, 1.0 equiv) was reacted accgrthbrthe general procedure for
the synthesis of trichloroacetimidate donors (fipsrt). Purification by silica gel flash
chromatography (PE/EtOAc 85:5 to 8:2 + 1%Ngtgave a hemiacetal (242 mg, 66%, ratif ~
4:1) as a yellow oilR 0.5 (PE/EtOAc 6:4)*H NMR (400 MHz, CDCY) § 7.43-7.27 (m, 5H, B-
Ar), 5.29 (br s, 1H, H-1), 5.26 (dd,= 3.6, 1.2 Hz, 1H, H-2), 4.90 (d,= 11.8 Hz, 1H, EIHPh),
4.65 (d,J=11.8 Hz, 1H, €&HPh), 4.17 (ddd) = 13.8, 6.5, 1.4 Hz, 1H, H-53,65 (t,J = 3.4 Hz,
1H, H-3), 3.62 (tJ) = 1.6 Hz, 1H, H-4), 3.43 (s, 3H,HGwme), 2.91 (dJ= 3.7 Hz, 1H, ®), 2.11 (s,
3H, CHzac), 1.29 (d,J = 6.5 Hz, 3H, Elsra); 1*C NMR (100 MHz, CDG) 6 171.2 CO), 139.1
(C-Ar), 128.3, 128.2, 127.5 (3BH-Ar), 93.4 (C-1), 77.4 (C-3), 75.3 (C-4), 73OH2Ph), 67.5
(C-2), 67.4 (C-5), 57.4GH3me), 21.4 CHsac), 17.0 CHzra); HRMS (ESI-TOF)mM/z[M + Na]*
calcd for GeH22NaGs333.1309; found 333.1316;m/z [2M + NaJ* calcd for
C32Ha4NaOr2 643.2725; found 643.2744. The hemiacetal (228 H3f umol, 1.0 equiv) was
reacted in the presence of2C&s (48 mg, 15Q:mol, 0.2 equiv) and C@CN (370xL, 3.7 mmol,
5.0 equiv). Purification by silica gel flash chraimgraphy (PE/EtOAc 1:0 to 4:6 + 1%sN) gave
imidate11 (558 mg, 88%) as a yellow ol 0.7 (PE/EtOAc 7:3 + 1% B); [a]p?°=—-6.4 € 1.4,
CHCL); *H NMR (400 MHz, pyes) 6 7.61-7.16 (m, 5H, B-Ar), 6.83 (s, 1H, H-1), 5.84 (f =
1.9 Hz, 1H, H-2), 5.14 (dl= 11.4 Hz, 1H, €IHPh), 4.73 (dJ = 11.4 Hz, 1H, CHIPh), 4.43 (dd,
J=14.0, 6.6 Hz, 1H, H-58.97 (t,J = 3.7 Hz, 1H, H-3), 3.87-3.85 (m, 1H, H-4), 3.50 3Hl,
CHawe), 2.00 (s, 3H, El3ac), 1.43 (dJ = 6.5 Hz, 3H, Elzra); 13C NMR (100 MHz, pyes)  170.4
(CO), 159.2 (C-Ar), 128.9, 128.6, 127.8 (3CH-Ar), 96.9 (C-1), 77.7 (C-3), 76.0 (C-4), 74.6
(CH2Ph), 70.7 (C-5), 65.7 (C-2), 57.CKlawme), 20.9 CHsac), 17.0 CHzra); HRMS (ESI-TOF)M/z
[M + NaJ* calcd for GgH22CIsNNaGs 476.0405; found 476.0417.
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2,4-Di-O-acetyl-6-deoxy-30-methyl-a-L -talopyranosyl 2,2,2-Trichloroacetimidate(12).

NH

OAll
1) [I(CODY{PMe(CgHs)a}al+.PFe, Ho, THF o~ CCly
O 2) I, THF/H20, 89% (2 steps) 16}
3) CCI3CN, Cs,CO3, DCM, Me,CO, 77%
AcoOMe 5 3 CCh Zs z " AcO OMe O
s16 12

Allyl taloside S16(320 mg, 1.1 mmol, 1.0 equiv) was reacted accgrtinthe general procedure
for the synthesis of trichloroacetimidate donorss{fpart). Purification by silica gel flash
chromatography (PE/EtOAc 85:5 to 6:4 + 1%Ngtgave a hemiacetal (248 mg, 89%, ra#i® ~
3:1) as a yellow 0ilR: 0.2 (PE/EtOAC 6:4)'H NMR (400 MHz, CD{) 6 5.28-5.27 (m, 2H, H-
1, H-2), 5.18 (tdJ = 3.8, 1.5 Hz, 1H, H-4), 4.30 (dddi= 13.7, 6.6, 1.2 Hz, 1H, H-53.70 (t,J =
3.8 Hz, 1H, H-3), 3.38 (s, 3H,H3wme), 2.17, 2.15 (2 x s, 6H, 2 xH3Ac), 1.20 (d,J = 6.6 Hz, 3H,
CHara); *C NMR (100 MHz, CDGJ) 6 171.0, 170.8 (2 €0), 93.2 (C-1), 73.3 (C-3), 68.5 (C-4),
67.4 (C-2), 65.2 (C-5), 57.8Hawme), 21.3, 21.1 (2 XH3ac), 16.5 CHzTta); HRMS (ESI-TOF)M/z
[M + Na]* calcd for GiH1sNaO; 285.0945; found 285.0950. The hemiacetal (23488umol,
1.0 equiv) was reacted in the presence eCCs (58 mg, 18Q«mol, 0.2 equiv) and CGCN (450
uL, 4.5 mmol, 5.0 equiv). Purification by silica gi&dsh chromatography (PE/EtOAc 1:0 to 4.6 +
1% EtN) gave imidatd 2 (281 mg, 77%) as a yellow o 0.5 (PE/EtOAc 8:2 + 1% EN); [a]p?°
=-18 € 1.4, CHC}); *H NMR (400 MHz, pyels) 6 6.84 (s, 1H, H-1), 5.80 (d,= 3.4 Hz, 1H, H-
2), 5.68 (tJ = 1.7 Hz, 1H, H-4), 4.56 (dd,= 14.5, 6.3 Hz, 1H, H-5%.06 (t,J = 3.9 Hz, 1H, H-
3), 3.46 (s, 3H, Bawme), 2.21, 2.13 (2 x s, 6H, 2 xH3ad), 1.32 (d,J = 6.6 Hz, 3H, Elsra); 13C
NMR (100 MHz, pyds) 6 170.7, 170.1 (2 x CO), 159.1iffae), 96.6 (C-1), 74.0 (C-3), 68.7 (C-
5), 68.4 (C-4), 65.8 (C-2), 57.CKawme), 20.9, 20.8 (2 XHsac), 16.5 CHara).
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(5-Azido-1-pentyl) 2,3,4,6-TetraO-acetyl#-D-glucopyranoside (S20).

TMSOTf, DCE
OAc OAc 4AMS,-10°Ctort OAc
- 0o NH HO overnlght 50%
AcO O oac Ief-2 | Ao ./ L AcO
AcO AcO + N3
2 steps AcO
AcO AcO O CCl3 S19

peracetylated glucose S18

To a solution of glycosyl don®1& (562 mg, 1.1 mmol, 1.0 equiv) and 5-azido-1-peot&1F
(221 mg, 1.7 mmol, 1.5 equiv) in anhydrous DCE (ill) was added freshly activated 4 A
powdered molecular sieves (2.0 g). The mixturestiaed for 1 h at rt under Ar. Then, the reaction
mixture was cooled to -10 °C and TMSOTTf (@0, 303 xmol, 0.3 equiv) was added dropwise.
The mixture was stirred from —10 °C to rt for 2drider Ar. The reaction was quenched witkNEt
(100uL), filtered over Celite and rinsed with DCM. Thé#rate was concentrated under reduced
pressure and purified by silica gel flash chromedpgy (PE/EtOAc 9:1 to 7:3) to give glucoside
S20(260 mg, 50%) as a colorless oil, which solidifiggbn standing at 4 °@ 0.5 (PE/EtOAc
6:4); [a]p*°=-12 € 1.5, CHCH$); *H NMR (400 MHz, CDC4) 6 5.20 (t,J= 9.7 Hz, 1H, H-3), 5.08
(t, J=19.9 Hz, 1H, H-4), 4.98 (dd,= 9.4, 8.0 Hz, 1H, H-2), 4.49 (d,= 8.1 Hz, 1H, H-1), 4.26
(dd,J=12.4 Hz, 4.7 Hz, 1H, H-6a), 4.14 (di; 12.4 Hz, 2.6 Hz, 1H, H-6b), 3.88 (tti= 9.6, 6.6,
6.1, 1H, H-1&ker), 3.69 (dddJ = 9.9, 4.8, 2.6 Hz, 1H, H-53.49 (dt,J = 9.6, 7.1, 1H, H-1lhker),
3.27 (t,J = 7.1 Hz, 2H, H-her), 2.09, 2.05, 2.02, 2.01 (4 x s, 12H, 4 M), 1.65-1.56 (m, 4H,
H-2iinker, H-4iinker), 1.46—1.37 (M, 2H, Hder); **C NMR (100 MHz, CDGJ) 6 170.8, 170.4, 169.5,
169.4 (4 xCO), 100.9 (C-1), 72.9 (C-3), 71.9 (C-5), 71.4 (C€9.8 (C-Jnker), 68.6 (C-4), 62.1
(C-6), 51.5 (C-fnker), 29.1 (C-Znker), 28.6 (C-4hker), 23.3 (C-3nker), 20.9, 20.8, 20.7, 20.6 (4 x
CHszac); HRMS (ESI-TOF)m/z[M + H]* calcd for GoHzoN3010 460.1925; found 460.1926)/z

[M + NHg4]* calcd for GgH3z3N4O10477.2191; found 477.2192n/z [M + Na]* calcd for
C19H20N3NaOwo 482.1745; found 482.1746.
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(5-Azido-1-pentyl) 4,6O-Benzylideneg-D-glucopyranoside (S21)

N3 N3

1) EtsN, MeOH, rt, 48 h
OAc 2) BDMA, CSA, CHsCN

rt,8h, 78% (2steps) Ph—\~O

Acoﬁo R
AcO HO
OH
s21

AcO
S20

GlucosideS20(1.2 g, 2.6 mmol, 1.0 equiv) was dissolved in altbys MeOH (20 mL). BN (2.1
mL, 15 mmol, 6.0 equiv) was added and the reactibiure was stirred 48 h at rt under Ar. Then,
the mixture was concentrated under reduced pressuteo-evaporated with toluene (3 x). The
residue was dissolved in anhydroussCN (10 mL) and BDMA (0.8 mL, 5.2 mmol, 2.0 equiv)
followed by CSA (60 mg, 26@mol, 0.1 equiv) were added. The mixture was stifeedB h at rt
under Ar. Then, the reaction mixture was quenchét &N (100 xL), concentrated under
reduced pressure and purified by silica gel flastomatography (PE/EtOAc 85:15 to 5:5) to give
diol S21(776 mg, 78%, two steps) as a white amorphoud:$li0.4 (DCM/MeOH 95:5); #]p%°

= -25 € 1.5, CHC%); *H NMR (400 MHz, CDCJ) ¢ 7.50-7.48 (m, 2H, B-Ar), 7.39-7.36 (m,
3H, CH-Ar), 5.53 (s, 1H, H-7), 4.39 (d,2 = 7.8 Hz, 1H, H-1), 4.34 (dd,= 10.7, 4.9 Hz, 1H, H-
6a), 3.92 (tdJ = 8.9, 6.6 Hz, 1H, H-1f@wker), 3.84-3.76 (m, 2H, H-3, H-6b), 3.60-3.42 (m, 4H,
1binker, H-4, H-2, H-5), 3.29 (1 = 7.2 Hz, 2H, H-fnker), 2.79 (s1H, OH), 2.65 (s,1H, OH), 1.71-
1.60 (m, 4H, H-2wer, H-4inker), 1.51-1.43 (M, 2H, H1der); 13C NMR (100 MHz, CDG) 6 137.1
(C-Ar), 129.4, 128.5, 126.4 (3GH-Ar), 103.3 (C-1), 102.0 (C-7), 80.7 (C-4), 74C-2), 73.3 (C-
3), 70.1 (C-lnker), 68.8 (C-6), 66.5 (C-5), 51.4 (Gnlr), 29.2 (C-Znker), 28.6 (C-4nker), 23.3 (C-
3iinker); HRMS (ESI-TOF)m/z[M + H]* calcd for GgH26N30s 380.1816; found 380.1826)/z[M

+ NH4]* calcd for GgH29N4Os 397.2082; found 397.2078m/z [M + Na]* calcd for
C1gH2sN3NaQs 402.1635; found 402.1638.
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(5-Azido-1-pentyl) 2-O0-Benzyl-4,6O-benzylidenef-D-glucopyranoside (13)

TBAHS, BnBr, 5% NaOH

N3 N3 N3
DCM, reflux, 16 h
Ph/Y)O 16) o ph/vo o + Ph/VO 0
HO 55% (for 13) %5 o oo o
21 OH 0Bn OR
13

28% (for $22)

0,
9% (for $23) S22R o H

S23 R =Bn

Diol S21(475 mg, 1.2 mmol, 1.0 equiv) was dissolved in DCM mL), then a 5% NaOH(aq)
solution (4 mL) was added followed by BIHSQ; (85 mg, 250umol, 0.2 equiv) and benzyl
bromide (261uL, 2.2 mmol, 1.8 equiv). The emulsion was refluxadl6 h under Ar. The reaction
mixture was poured into a separatory funnel andatheeous phase was extracted with DCM (3 x
30 mL). The organic layer was dried (Mg8@nd the solvents were concentrated under reduced
pressure. Purification by silica gel flash chrongaéphy (PE/EtOAc 9:1 to 7:3) gave alcolid
(320 mg, 55%) as a white amorphous powder alonlg igtregioisome622(160 mg, 28%) as a
white foam, and fully benzylateg23(62 mg, 9%) as a colorless oil. Analytical datai8rR: 0.4
(PE/EtOAC 7:3); f]p?° = —14 € 1.2, CHC}); *H NMR (400 MHz, CDCd) 6 7.49-7.47 (m, 2H,
CH-Ar), 7.39-7.28 (m, 8H, B-Ar), 5.52 (s, 1H, H-7), 4.94 (d,= 11.5 Hz, 1H, €EHPh), 4.74 (d,
J = 11.5 Hz, 1H, CHPh), 4.51 (dJ.2 = 7.8 Hz, 1H, H-1), 4.34 (dd~= 10.6, 4.9 Hz, 1H, H-6a),
3.94 (td, J= 8.9, 6.5 Hz, 1H, H-J@r), 3.83 (t,J= 9.5 Hz, 1H, H-3), 3.77 (0 = 10.7 Hz, 1H, H-
6b), 3.57 (dtJ = 9.6, 7.1 Hz, 1H, H-Jbker), 3.54 (t,J= 9.6 Hz, 1H, H-4), 3.45-3.39 (m, 1H, H-
5), 3.34 (ddJ = 9.3, 7.8 Hz, 1H, H-2), 3.24 3,= 7.3 Hz, 2H, H-hw«er), 2.49 (s,1H, OH), 1.72—
1.58 (m, 4H, H-2wer, H-4inker), 1.54-1.43 (m, 2H, H1ider); 13C NMR (100 MHz, CDG) 6 138.3,
137.1 (2 x C-Ar), 129.3-126.4 (6GH-Ar), 103.9 (C-1), 101.9 (C-7), 81.9 (C-2), 80&4), 74.9
(CH2Ph), 73.3 (C-3), 70.1 (Cirker), 68.8 (C-6), 66.2 (C-5), 51.4 (Ginker), 29.4 (C-2nker), 28.7
(C-diinker), 23.5 (C-3nker); HRMS (ESI-TOF)M/z[M + H]* calcd for GsH32N30s 470.2285; found
470.2286m/z[M + NH4]* calcd for GsH3sN4Os 487.2551; found 487.2550n/z[M + Na]* calcd
for CosH31NsNaGQs 492.2105; found 492.2102. Analytical data$@2 [a]p?°=-26 € 1.5, CHCH);
'H NMR (400 MHz, CDQ) 6 7.50-7.48 (m, 2H, B-Ar), 7.41-7.28 (m, 8H, B-Ar), 5.57 (s, 1H,
H-7), 4.96 (dJ = 11.7 Hz, 1H, €HPh), 4.80 (dJ = 11.7 Hz, 1H, CHPh), 4.39 (dJ12= 7.6 Hz,
1H, H-1), 4.34 (ddJ = 10.6, 4.9 Hz, 1H, H-6a), 3.90 (dt= 9.6, 6.7 Hz, 1H, H-Jaker), 3.80 (t,J
=10.6 Hz, 1H, H-6b), 3.71 (#,= 9.4 Hz, 1H, H-4), 3.66 (1= 9.2 Hz, 1H, H-3), 3.57 (d§,= 9.2,
7.4 Hz, 1H, H-1bwer), 3.47-3.41 (m, 1H, H-5), 3.28 &= 7.1 Hz, 2H, H-Ber), 2.46 (s,1H, OH),
1.70-1.59 (m, 4H, H+2ker, H'41inker), 1.50-1.43 (m, 2H, Hﬁ%&er); 13C NMR (100 MHz, CDQJ) o
138.4, 137.3 (2 x C-Ar), 129.1-126.1 (€H-Ar), 103.4 (C-1), 101.4 (C-7), 81.5 (C-4), 80 (
3), 74.7 CH2Ph), 74.4 (C-2), 70.1 (Civker), 68.8 (C-6), 66.5 (C-5), 51.4 (Ginker), 29.2 (C-Znker),
28.7 (C-4nker), 23.3 (C-Bnker); HRMS (ESI-TOF)m/z[M + H]* calcd for GsHz2N3Os 470.2285;
found 470.2286m/z[M + NH4]* calcd for GsH3zsN4Os 487.2551; found 487.255M/z[M + Na]*
calcd for GsHz1NsNaGs 492.2105; found 492.2102. Analytical data &#3 [a]p?° = —27 € 5.2,
CHCl); *H NMR (400 MHz, CDQ) 6 7.50-7.25 (m, 15H, B-Ar), 5.56 (s, 1H, H-7), 4.91 (d,

= 11.7 Hz, 1H, €HPh), 4.88 (d,J = 11.7 Hz, 1H, CHIPh), 4.80 (dJ = 5.9 Hz, 1H, EIHPh),
4.78 (d,J =5.9 Hz, 1H, CHiPh), 4.49 (dJ12= 7.7 Hz, 1H, H-1), 4.34 (dd,= 10.4, 5.1 Hz, 1H,
H-6a), 3.93 (dtJ= 9.7, 6.8 Hz, 1H, H-l#er), 3.78 (1,J=10.8 Hz, 1H, H-6b), 3.75 @,= 9.4 Hz,
1H, H-3), 3.68 (t)J= 9.5 Hz, 1H, H-4), 3.56 (d§,= 9.7, 7.1 Hz, 1H, H-1bxer), 3.45 (t,J= 8.6 Hz,
1H, H-2), 3.43-3.37 (m, 1H, H-5), 3.21 Jt= 7.3 Hz, 2H, H-hwker), 1.70-1.56 (M, 4H, Htider,
H-4inker), 1.50-1.41 (m, 2H, H1&er); 13C NMR (100 MHz, CDGJ) § 138.6, 138.4, 137.3 (3 x C-
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Ar), 129.0-126.1 (9 H-Ar), 104.1 (C-1), 101.2 (C-7), 82.2 (C-2), 81®%-4), 80.9 (C-3), 75.4,
75.2 (2 xCH2Ph), 70.2 (C-jkker), 68.8 (C-6), 66.1 (C-5), 51.3 (Gnker), 29.4 (C-Znker), 28.7 (C-

diinker), 23.4 (C-3nker); HRMS (ESI-TOF)m/z[M + H]* calcd for G2H3gN30s 560.2755; found
560.2751m/z[M + NH4]* calcd for G2H41N4Os 577.3020; found 577.3016/z[M + Na]* calcd

for Ca2Hz7N3sNaGs 582.2574; found 582.2565.
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Ethyl 4,6-0O-Benzylidene-30O-tert-butyldimethylsilyl-2- O-levulinoyl-1-thio-#-D-
glucopyranoside (14).

OAc
Lev,0O, py, DMAP
0 fref.4]  PhTN\O 50°C,6h,83% Ph™ N\ O
A%O&/OAC " . 0 O g 2 =0MEHR 0 O skt
C 4 steps TBSO TBSO
AcO OH OlLev
peracetylated glucose S24 14

To a solution of alcohaB24' (1.8 g, 4.3 mmol, 1.0 equiv) in anhydrous py (2B) was added
DMAP (1.3 g, 10.8 mmol, 2.5 equiv). A solution efvLlinic anhydride (8.3 g, 38.8 mmol, 9.0
equiv) in anhydrous py (38 mL) was added dropwiger @0 min to the former mixture. The
reaction mixture was then heated to 50 °C andestiinder Ar for 6 h. The solvents were
concentrated under reduced pressure and the resshge purified by silica gel flash
chromatography (PE/EtOAc 95:5 to 85:15) to gi4 (1.9 g, 83%) as a yellow oiR: 0.3
(tol/EtOAc 95:5); p]p?° = —48 € 1.2, CHCH); *H NMR (400 MHz, CDCJ) 6 7.48-7.45 (m, 2H,
CH-Ar), 7.37-7.35 (m, 3H, B-Ar), 5.51 (s, 1H, H-7), 2.76 (dd,= 10.3, 8.6 Hz, 1H, H-2), 4.45
(d,J12=10.1 Hz, 1H, H-1), 4.32 (dd, = 10.5, 4.8 Hz, 1H, H-6a), 3.88 @= 9.0 Hz, 1H, H-3),
3.75 (t,J = 10.5 Hz, 1H, H-6b), 3.54 (§,= 9.4 Hz, 1H, H-4), 3.50-3.44 (m, 1H, H-5), 2.83527
(m, 2H, Hzsgy, 2.73-2.59 (M, 4H, 2 xKiey), 2.20 (s, 3H, Elsley), 1.25 (1, = 7.4 Hz, 3H,
CHassgp, 0.80 (s, 9H, C(683)3), 0.02, —0.02 (2 x s, 6H, 2 xH3); 13C NMR (100 MHz, CDCJ) §
206.3 (CO), 171.7 (CO), 137.1 (C-Ar), 129.2, 1282%.3 (3 xCH-Ar), 101.9 (C-7), 84.3 (C-1),
81.5 (C-4), 74.0 (C-3), 73.2 (C-2), 70.8 (C-5), ®8C-6), 38.1 CH2se), 30.1 CHsLey), 28,4
(CHaoLev), 25.7 (CCH3)3), 24.1 CHaLey), 18.1 C(CH3)3), 14.9 CHasgy), —4.06, —4.80 (2 €Hj3);
HRMS (ESI-TOFM/z[M + Na]* calcd for GeHaoNaO;SSi 547.2156; found 547.2168/z[2M +
Na]* calcd for G2HsoNaOL4S,Si, 1071.4420; found 1071.4425.
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4,6-0-Benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-a,f-D-glucopyranose (S25).

NBS, DCM, H,0
PhX 0 0 0°Ctort, 2h,66% N \ O 0
0 SEt 0
TBSO TBSO

OlLev LevO OH
14 S25

To a cooled (0 °C) solution of thioglucosidg (1.0 g, 1.9 mmol, 1.0 equiv) dissolved in
DCM/water (22 mL, 10:¥/v) was added NBS (498 mg, 2.7 mmol, 1.4 equiv).rEaetion mixture
was stirred from 0 °C to rt for 2 h. The mixturesataen diluted with DCM (20 mL) and washed
with a saturated NaHG{aq) solution (10 mL). The aqueous phase was dgttagith DCM (3 x
10 mL). The combined organic layers were washett Wwitne (20 mL). Solvents of the dried
solution (MgSQ) were concentrated under reduced pressure amdsiueie was purified by silica
gel flash chromatography (PE/EtOAc 9:1 to 7:3) keedhemiacetab25 (630 mg, 66%, ratia/p

~ 5:1) as a yellow oilRs 0.3 (tol/EtOAc 8:2);'H NMR (400 MHz, CDCY) 6 7.48-7.45 (m, 2H,
CH-Ar), 7.36-7.33 (m, 3H, B-Ar), 5.51 (s, 1H, H-7), 5.38 (d,= 3.2 Hz, 1H, H-2), 4.74 (dd,

= 9.5, 3.6 Hz, 1H, H-3), 4.26 (dd,= 10.3, 4.9 Hz, 1H, H-6a), 4.19 (&= 9.7 Hz, 1H, H-4), 4.07
(td, J=10.4, 4.9 Hz, 1H, H-5), 3.71 @,= 10.8 Hz, 1H, H-6b), 3.47 (d;2=9.0 Hz, 1H, H-1),
2.89-272 (m, 2H, BoLey), 2.62-2.48 (M, 2H, BzLev), 2.19 (S, 3H, BlaLey), 0.81 (s, 9H, C(E3)3),
0.05, 0.00 (2 x s, 6H, 2 xHB); 13C NMR (100 MHz, CDGJ) 5 207.4 CO), 172.4 CO), 137.4 (C-
Ar), 129.1, 128.3, 126.3 (3 @H-Ar), 101.9 (C-7), 90.9 (C-2), 82.1 (C-1), 75.3-8, 69.3 (C-4),
69.1(C-6), 62.6 (C-5), 38.&HzLev), 29.9 CHsLey), 28.2 CHzLev), 25.8 (CCH3)3), 18.3 C(CHg)g),
—4.14, -4.69 (2 €Hz); HRMS (ESI-TOFmM/z[M + Na]* calcd for G4HzeNaGsSi 503.2072; found
503.2082.
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4,6-0-Benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-a-D-glucopyranosyl  Fluoride
(526).

NBS, DAST, DCM

Ph—X-0 400 o, Ph—X~0
o) 0 SEt 10°Ctort, 2 h, 73% o 0
TBSO TBSO
LevOF

OLev
14 S26

To a cooled (—10 °C) solution of thioglucositié (100 mg, 19Jumol, 1.0 equiv) in anhydrous
DCM (2 mL) was added DAST (48, 572umol, 3.0 equiv). The reaction mixture was stirred f
8 min, then NBS (47 mg, 26¥mol, 1.4 equiv) was added. The mixture was stifoe® h from —
10 °C to rt under Ar. The solution was diluted wit€M (20 mL). The organic phase was washed
with a saturated NaHG{(aq) solution (2 x 10 mL) and brine (10 mL). Solseof the dried solution
(MgSQy) were concentrated under reduced pressure amdditeie was purified by silica gel flash
chromatography (PE/EtOAc 85:15) to give fluorif26 (68 mg, 73%) as a yellow oiR 0.2
(tol/EtOAc 8:2); [0]p?° = —41 € 0.63, CHCY); *H NMR (400 MHz, CDCJ) 6 7.48-7.44 (m, 2H,
CH-Ar), 7.39-7.34 (m, 3H, B-Ar), 5.53 (s, 1H, H-7), 5.34 (dd;F = 53.1,J1,2= 6.5 Hz, 1H, H-
1), 5.08-5.01 (m, 1H, H-2), 4.38 (d#l,= 10.5, 4.8 Hz, 1H, H-6a), 3.90 (t= 8.6 Hz, 1H, H-3),
3.81 (t,J = 10.5 Hz, 1H, H-6b), 3.70 (3,= 9.7 Hz, 1H, H-4), 3.56 (td,= 10.1, 4.9 Hz, 1H, H-5),
2.83-273 (m, 2H, BaLey), 2.72-2.58 (M, 2H, BaLey), 2.19 (S, 3H, ElaLey), 0.81 (s, 9H, C(83)3),
0.04, 0.00 (2 x s, 6H, 2 xHG); 1°C NMR (100 MHz, CDGJ) 6 206.2 CO), 171.4 CO), 136.9 (C-
Ar), 129.3, 128.3, 126.3 (3 8H-Ar), 108.3-106.1 (C-1), 101.9 (C-7), 80.8 (C-A3,9-74.7 (C-
2), 72.3-72.2 (C-3), 68.6 (C-6), 66.1-66.0 (C-5)93CHo2Lev), 29.9 CHaLev), 28.0 CH2Lev), 25.7
(C(CHa)3), 18.1 C(CHs)3), —4.20, —4.86 (2 €Hz3); HRMS (ESI-TOF)m/z[M + Na]* calcd for
Co4H3sFNaGSi 505.2028; found 505.2046.
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4,6-0-Benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-a,f-D-glucopyranosyl N-
Phenyl-2,2,2-trifluoroacetimidate (S27)

PTFACI, KZCO3, M82CO

PR 0 .7 h, 58% PO Q NP
- >
TBSO TBSO L

LevO OH LevO O CF3
S25 S27

To a solution of hemiacet&825 (630 mg, 1.3 mmol, 1.0 equiv) in acetone (26 mieravadded
K2COs (272 mg, 1.9 mmol, 1.5 equiv) followed by 2,2 Bhiioro-N-phenylacetimidoyl chloride
(PTFACI, 419uL, 2.6 mmol, 2.0 equiv). The mixture was stirred oh at rt under Ar, then the
suspension was filtered over Celite and rinsed Wi@#M. The solvents were concentrated under
reduced pressure. The residue was purified byasga flash chromatography (PE/EtOAc 9:1 +
1% EgN) to give imidate527(499 mg, 58%, ratia/ ~ 1:1) as a yellow amorphous soli:0.6
(PE/EtOAC 7:3)H NMR (400 MHz, pyeks) 6 7.50-7.34 (m, 6H, B-Ar), 7.18-7.13 (m, 4H, B-
Ar), 5.78 (s, 1H, H-7), 5.60 (§,= 9.2 Hz, 1H, H-2), 5.32 (dl= 7.5 Hz, 1H, H-3), 4.58 (11=9.9
Hz, 1H, H-4), 4.45-4.41 (m, 1H, H-6a), 4.32J& 9.5 Hz, 1H, H-5), 3.91-3.85 (m, 2H, H-1, H-
6b), 2.97-2.75 (M, 4H, 2 xHBLey), 2.10 (s, 3H, El3Ley), 0.96 (s, 9H, C(83)3), 0.21, 0.18 (2 x s,
6H, 2 x (H3); 3C NMR (100 MHz, pyes) 6 207.4 CO), 172.4 CO), 138.0, 137.4 (2 x C-Ar),
129.1-121.9 (6 XH-Ar), 102.1 (C-7), 81.3 (C-1), 74.1 (C-2), 73.5-3F, 70.1 (C-4), 68.6 (C-6),
65.8 (C-5), 38.1@H2Lev), 29.4 CHsLev), 28.6 CHaLey), 25.9 (CCH3)3), 18.4 C(CHg)3), —4.09, —
4.69 (2 xCHy).
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(5-Azido-1-pentyl) 2-0-Acetyl-4-O-benzyl-6-deoxy-30-para-methoxybenzyla-L -
talopyranosyl-(1—3)-2-O-benzyl-4,6O0-benzylidenef-b-glucopyranoside (15).

NH .
N3
o) CCly TMSOTTf (0.02 equiv), Et,0 Ph—\~0
- © i 9
o o O
OPMB HO o8n
BnOPMBL, o BnOopvB
. 13 OAc

15

According to the general procedure for the synthegprotected disaccharides, acced®(400
mg, 850umol, 1.0 equiv) and don@& (956 mg, 1.7 mmol, 2.0 equiwere reacted in the presence
of TMSOTTf (6 uL, 34 umol, 0.02 equiv)Purification by combi-flash chromatography (toh(&t
98:2 to 94.6) gave disaccharid® (698 mg, 95%) as a white amorphous sdRd0.8 (tol/EtO
7:3); [a]0%° = =20 € 1.2, CHC}); 'H NMR (400 MHz, CDCJ) 6 7.41-7.20 (m, 17H, B-Ar),
6.86—6.87 (m, 2H, B-Ar), 5.46 (s, 1H, H-7), 5.44 (d, = 3.7 Hz, 1H, H-2B), 5.34 (s, 1H, H-1B),
4.92 (d,J =10.9 Hz, 1H, €HPh), 4.81 (dJ = 11.8 Hz, 1H, CHPh ), 4.69 (dJ = 11.2 Hz, 1H,
CHHPh), 4.66 (dJ = 10.9 Hz, 1H, CHPh), 4.59 (dJ = 11.8 Hz, 1H, €IHPh), 4.50 (dJ1a2A =
7.6 Hz, 1H, H-1A), 4.38 (d] = 11.2 Hz, 1H, CHIPh), 4.32 (ddJ = 10.8, 4.8 Hz, 1H, H-6aA),
4.10 (ddJ=13.6, 6.3 Hz, 1H, H-5B), 3.98 (1= 9.4 Hz, 1H, H-3A), 3.92 (dj = 9.6, 6.4 Hz, 1H,
H-1ainker), 3.79 (s, 3H, Elzpwve), 3.75 (t,J=10.5 Hz, 1H, H-6bA), 3.70 (§ = 3.7 Hz, 1H, H-3B),
3.56 (dt,J=9.6, 6.9 Hz, 1H, H-Jfxer), 3.50 (t,J= 9.6 Hz, 1H, H-4A), 3.45 (= 9.0 Hz, 1H, H-
2A), 3.45-3.39 (m, 1H, H-5A), 3.36 @,= 1.4 Hz, 1H, H-4B), 3.19 (1 = 7.3 Hz, 2H, H-hker),
1.96 (s,3H, CHsac), 1.69-1.55 (m, 4H, Hidker, H-4iinker), 1.49-1.42 (M, 2H, Htigker), 0.91 (d,J

= 6.5 Hz, 3H, Elzra); 13C NMR (100 MHz, CDGCJ) 6 170.7 CO), 159.1 (C-Ar), 139.2, 138.1,
137.3, 130.6 (4 x C-Ar), 129.4-126.3 (1@CH-Ar), 113.8 CH-Ar), 104.1 (C-1A), 101.8 (C-7),
99.2 (C-1B), 83.3 (C-2A), 79.3 (C-4A), 75.9 (C-4BR.5 (C-3A), 75.4 (C-3B), 74.9, 74.0, 70.7 (3
x CH2Ph), 70.2 (C-i«er), 68.9 (C-6), 67.1 (C-5B), 66.8 (C-2B), 66.4 (C)5B5.4 CH3zpme), 51.3
(C'ainker), 294 (C'Bnker), 287 (C'4nker), 234 (C'%ker), 213 CH?,Ac), 166 CHsTaI), HRMS (ESI'
TOF) m/z[M + Na]* calcd for GgHs7N3sNaOr2 890.3834; found 890.3849.
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(5-Azido-1-pentyl) 4-0-Acetyl-6-deoxy-3O-para-methoxybenzyl-20-methyl-a-L -
talopyranosyl-(1—3)-2-O-benzyl-4,6O0-benzylidenef-b-glucopyranoside (16).

NH

o~ ~ccly TMSOTY (0.01 equiv), Et,O

N3
4000 10 min G0 Ph/v
(0] o}
OPMB HO
AcO OMe OBn

OPMB
9 13 OMe

According to the general procedure for the synthesprotected disaccharides, acceft®(405
mg, 862umol, 1.0 equiv) and don@& (956 mg, 1.7 mmol, 2.0 equiwere reacted in the presence
of TMSOTf (2L, 9 umol, 0.01 equiv)Purification by combi-flash chromatography (PE/EtOA
73:27) gave disaccharides (615 mg, 90%) as a white amorphous sdRd0.6 (tol/EtOAc 8:2);
[a]p?®=-72 € 1.4, CHC}); 'H NMR (400 MHz, CDQJ) 6 7.43—7.22 (m, 12H, B-Ar), 6.87-6.85
(m, 2H, H-Ar), 5.46 (s, 1H, H-7), 5.33 (dJ, = 1.1 Hz, 1H, H-1B), 5.12 (] = 2.0 Hz, 1H, H-
4B), 4.98 (dJ = 11.6 Hz, 1H, GHPh), 4.63 (dJ = 11.5 Hz, 2H, E2pme ), 4.51 (dJ1a2a = 7.8
Hz, 1H, H-1A), 4.39 (dJ = 11.6 Hz, 1H, CHPh), 4.59 (dJ = 11.8 Hz, 1H, EIHPh), 4.33 (dd,
J =10.6, 4.7 Hz, 1H, H-6aA), 4.16 (dd#l= 13.7, 6.5, 1.4 Hz, 1H, H-5B), 3.95-3.90 (m, 2H, H
3A, H-1ainker), 3.79 (s, 3H, EG3pms), 3.75 (t,J = 10.6 Hz, 1H, H-6bA), 3.67 (§,= 3.7 Hz, 1H, H-
3B), 3.56 (dtJ=9.5, 7.0 Hz, 1H, H-lbxker), 3.49 (t,J= 9.4 Hz, 1H, H-4A), 3.46-3.38 (m, 2H, H-
2A, H-5A), 3.29 (dtJ = 3.6, 1.5 Hz, 1H, H-2B), 3.22 (s, 3HHGe), 3.19 (t,J = 7.3 Hz, 2H, H-
Siinker), 2.11 (S, 3H, Blaac), 1.69-1.55 (m, 4H, Hiigker, H-4inker), 1.50—1.39 (M, 2H, Hiidker), 0.79
(d,J = 6.4 Hz, 3H, Elizra); 1*C NMR (100 MHz, CDGJ) 6 171.5 CO), 159.2 (C-Ar), 138.2, 137.2,
130.5 (3 x C-Ar), 129.4-126.3 (7GH-Ar), 113.8 CH-Ar), 104.2 (C-1A), 102.1 (C-7), 99.6 (C-
1B), 83.3 (C-2A), 79.4 (C-4A), 77.1 (C-2B), 76.8-88), 75.0 (CH2Ph), 73.4 (C-3B), 70.4
(CH2Ph), 70.2 (C-ikker), 69.2 (C-4B), 68.9 (C-6), 66.5 (C-5A), 65.0 (C)5B9.8 CHawme), 55.4
(CH3PMB), 514 (C'%ker), 294 (C'aner), 287 (C'4nker), 235 (C'%ker), 212 CHBAc), 158
(CHazra); HRMS (ESI-TOF)M/z[M + Na]* calcd for GoHsaNaNaOr2 814.3521; found 814.3515.
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(5-Azido-1-pentyl) 2,4-DiO-acetyl-6-deoxy-30-para-methoxybenzylu-L-talopyranosyl-
(1—3)-2-0O-benzyl-4,60-benzylidenef-D-glucopyranoside (17).
NH

(@) CCl3 TMSOTf (0.01 equiv), Et,O/DCE 5:1

Ph/v
-10 °C, 10 min, 58%
AcOOPMBOAc

OPMB
10 OAc

According to the general procedure for the synthesprotected disaccharides, accefii®(221
mg, 470umol, 1.0 equiv) and dondi0 (482 mg, 94Qumol, 2.0 equiv)vere reacted in the presence
of TMSOTf (1L, 5umol, 0.01 equiv)Purification by combi-flash chromatography (PE/EtOA
75:25) gave disaccharider (227 mg, 58%) as a white amorphous sdRd0.5 (tol/EtOAc 8:2);
[a]p?°=-53 € 3.2, CHC}); 'H NMR (400 MHz, CDGJ) 6 7.42—7.21 (m, 12H, B-Ar), 6.86-6.84
(m, 2H, H-Ar), 5.47 (s, 1H, H-7), 5.32 (d, = 4.0 Hz, 1H, H-2B), 5.29 (s, 1H, H-1B), 5.05 {d,
= 3.2 Hz, 1H, H-4B), 4.91 (d, = 10.7 Hz, 1H, €HPh), 4.66 (dJ = 10.7 Hz, 1H, CHIPh), 4.50
(d, J1a2a = 8.0 Hz, 1H, H-1A), 4.49 (s, 2H,HCpwme), 4.33 (ddJ = 10.6, 4.8 Hz, 1H, H-6aA), 4.22
(dd,J=14.1, 6.5 Hz, 1H, H-5B), 3.96-3.90 (m, 2H, H-3Alainker), 3.79 (s, 3H, Bzpwa), 3.74
(t, J = 10.0 Hz, 1H, H-6bA), 3.71 (§ = 3.6 Hz, 1H, H-3B), 3.56 (dt] = 9.5, 6.7 Hz, 1H, H-
1biinker), 3.50 (t,J = 9.7 Hz, 1H, H-4A), 3.46-3.39 (m, 2H, H-2A, H-58,21 (t,J = 7.3 Hz, 2H,
H-5iinker), 2.07, 2.02 (2 x s, 6H, 2 xXH3ac), 1.70-1.56 (M, 4H, Hider, H-4inker), 1.49-1.41 (m,
2H, H-3inker), 0.75 (d,J = 6.5 Hz, 3H, Elisra); 1*C NMR (100 MHz, CDGJ) 6 170.9, 170.1 (2 x
CO), 159.1 (C-Ar), 138.0, 137.2, 130.3 (3 x C-Ar2914-126.3 (7 >CH-Ar), 113.8 CH-Ar),
104.2 (C-1A), 101.9 (C-7), 99.2 (C-1B), 83.1 (C-2A&®.2 (C-4A), 76.2 (C-3A), 75.(CH2Ph),
70.9 (C-3B), 70.3CH2pma), 70.2 (C-Jnker), 69.3 (C-4B), 68.9 (C-6), 66.7 (C-2B), 66.4 (C)5A
64.9 (C-SB), 55.3QH3P|\/|B), 51.3 (C'5nker), 294 (C-aner), 28.7 (C-'ﬂnker), 23.5 (C-3nker), 21.2,
21.0 (2 x CHsac), 15.9 (CHsta). HRMS (ESI-TOF) m/z [M + NaJ* calcd for
Ca3Hs3aN3NaOwz 842.3471; found 842.3478y/z[2M + NaJ" calcd for GeH108NeNaOrs 1661.7049;
found 10661.7047.
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(5-Azido-1-pentyl) 2-O-Acetyl-4-O-benzyl-6-deoxy-30-methyl-a-L-talopyranosyl-(1—3)-2-
O-benzyl-4,60-benzylideneg-D-glucopyranoside (18).

NH

0o CCls TMSOTT (0.01 equiv), Et,O
o -10°C, 10 min, 81% Ph/v
* Ph/v&/
Bno M€ Oac

According to the general procedure for the synthesprotected disaccharides, accefii®(128
mg, 273umol, 1.0 equiv) and dondrl (248 mg, 5461mol, 2.0 equiv)vere reacted in the presence
of TMSOTT (0.5uL, 3mol, 0.01 equiv)Purification by combi-flash chromatography (PE/EtOA
85:15) gave disaccharid& (169 mg, 81%) as a white amorphous sdid).6 (tol/EtOAc 85:15);
[a]p?®=-38 € 0.13, CHCY); 'H NMR (400 MHz, CDCY) 6 7.44-7.21 (m, 15H, B-Ar), 5.48 (s,
1H, H-7), 5.37 (dtJ = 3.8, 1.4 Hz, 1H, H-2B), 5.33 (s, 1H, H-1B), 4.@0J = 10.8 Hz, 1H,
CHHPh), 4.81 (dJ = 11.8 Hz, 1H, CHPh), 4.66 (dJ = 10.8 Hz, 1H, CHIPh), 4.56 (dJ = 11.8
Hz, 1H, CHHPh), 4.50 (dJia2a = 7.8 Hz, 1H, H-1A), 4.32 (ddl = 10.6, 4.9 Hz, 1H, H-6aA),
412 (ddJ = 13.6, 6.5 Hz, 1H, H-5B), 3.99 @,= 9.5 Hz, 1H, H-3A), 3.92 (di] = 9.6, 6.5 Hz,
1H, H-1&nker), 3.75 (t,J = 10.6 Hz, 1H, H-6bA), 3.57 (d,= 9.6, 6.8 Hz, 1H, H-lbxer), 3.51 (t,
J=9.2 Hz, 1H, H-4A), 3.49 (J = 3.9 Hz, 1H, H-3B), 3.47-3.41 (m, 3H, H-2A, H-44;5A),
3.39 (s, 3H, Eiame), 3.19 (t,J = 7.3 Hz, 2H, H-fker), 1.97 (S, 3H, El3ac), 1.68-1.55 (m, 4H, H-
2iinker, H-4inker), 1.48—1.41 (M, 2H, H+der), 0.92 (dJ = 6.5 Hz, 3H, Elzra); 13C NMR (100 MHz,
CDClh) ¢ 170.7 CO), 139.3, 138.1, 137.4 (3 x C-Ar), 129.3-126.3(8H-Ar), 104.2 (C-1A),
101.8 (C-7), 99.2 (C-1B), 83.3 (C-2A), 79.4 (C-4R&),.7 (C-3B), 75.7 (C-4B), 75.4 (C-3A), 74.9
(CH2Ph), 74.0(CH2Ph), 70.2 (C-fker), 68.9 (C-6), 67.1 (C-5B), 66.6 (C-2B), 66.4 (C)5A7.1
(CH3Me), 51.3 (C-5nker), 29.4 (C-aner), 28.7 (C-‘ﬂ-nker), 23.5 (C'3nker), 21.3 CHgAc), 16.7 CH3TaI);
HRMS (ESI-TOF)M/z[M + Na]* calcd for GiHsiN3NaOy1 784.3416; found 784.34361/z[2M +
Naj" calcd for Gz2H102NsNaOz2 1545.6939; found 1545.6987.
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(5-Azido-1-pentyl) 2,4-DiO-acetyl-6-deoxy-30-methyl-a-L -talopyranosyl-(1—3)-2-O-
benzyl-4,6O-benzylidenef-D-glucopyranoside (19).

NH

N3
0 CCls TMSOTY (0.01 equiv), Et,0
-10°C, 10 min, 76% Ph/v
0 + PhXT0 : :
0
P 0
OMe
AcO OAc OBn
12 13

According to the general procedure for the synthesprotected disaccharides, accef®(153
mg, 326umol, 1.0 equiv) and dondr2 (265 mg, 653umol, 2.0 equiv)vere reacted in the presence
of TMSOTf (0.6 puL, 3 umol, 0.01 equiv).Purification by silica gel flash chromatography
(tol/EtOAc 9:1 to 8:2) gave disaccharidl® (176 mg, 76%) as a white amorphous sdRd0.4
(tol/EtOACc 7:3); [o]p?° = —62 € 0.13, CHCY); *H NMR (400 MHz, CD() 6 7.44—7.26 (m, 10H,
CH-Ar), 5.49 (s, 1H, H-7), 5.29 (s, 1H, H-1B), 5.28 6, 1H, H-2B), 5.04 (d] = 3.0 Hz, 1H, H-
4B), 4.90 (dJ = 10.7 Hz, 1H, €&HPh), 4.68 (dJ = 10.7 Hz, 1H, CHPh), 4.51 (dJia2A = 7.8
Hz, 1H, H-1A), 4.34 (ddJ = 10.5, 4.9 Hz, 1H, H-6aA), 4.25 (ddd,= 13.8, 6.5, 1.1 Hz, 1H, H-
5B), 3.96-3.90 (m, 2H, H-3A , H-ik&er), 3.77 (t,J = 10.6 Hz, 1H, H-6bA), 3.59-3.42 (m, 5H, H-
2A, H-3B, H-4A, H-5A, H-1lhker), 3.34 (S, 3H, Elave), 3.21 (t,J = 7.3 Hz, 2H, H-hwer), 2.09,
2.03 (2 x s, 6H, 2 x A3ac), 1.69-1.56 (M, 4H, Htdker, H-4iinker), 1.49-1.40 (M, 2H, H1der), 0.76
(d, J= 6.5 Hz, 3H, El3ra); 13C NMR (100 MHz, CDGJ) 6 170.9, 170.1 (2 €0), 138.0, 137.2 (2
x C-Ar), 129.5-126.3 (6 €H-Ar), 104.2 (C-1A), 102.0 (C-7), 99.1 (C-1B), 83Q-2A), 79.2 (C-
4A), 76.1 (C-3A), 75.qCH2Ph), 73.7 (C-3B), 70.2 (Civker), 68.9 (C-6), 68.8 (C-4B), 66.5 (C-
5A), 66.4 (C-2B), 65 (C-5B), 57.ZH3wme), 51.3 (C-Bker), 29.4 (C-2nker), 28.7 (C-4hnker), 23.5 (C-
iinker), 21.2, 21.0 (2 *CHsac), 15.6 CHsra); HRMS (ESI-TOF)m/z [M + NaJ* calcd for
CseHa7N3NaOr2 736.3052; found 736.306M)/z[2M + Na]* calcd for GoHgaNeNaOz4 1449.6212;
found 1449.6246.
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(5-Azido-1-pentyl)  2-0-Benzyl-4,6O-benzylidene-3O-trimethylsilyl- g-D-glucopyranoside
(22).

NH

o CCls TMSOTf (0.2 equiv), Et,O

4AMS,-10°C,1h Ph
Q + Ph/VO dlsaccharlde + /V \5
oPMB 43% (for 15); 42% (for 21) ™0

BnO OAc
8

According to the general procedure for the synthekprotected disaccharides, this derivative was
obtained when the reaction was performed for onlyih anhydrous E© with 4 A molecular
sieves. Purification by silica gel combi-flash amatography (tol/E0) gave silylated derivative
21 (42%)as a white amorphous powder along with disacchdidd3%). Analytical data fo21:
[a]p?® = -10 € 1.7, CHC}); *H NMR (400 MHz, CDCJ) 6 7.49-7.27 (m, 10H, B-Ar), 5.51 (s,
1H, H-7), 4.86 (dJ = 11.1 Hz, 1H, €IHPh), 4.76 (dJ = 11.1 Hz, 1H, CHPh), 4.47 (dJ1.=9.8
Hz, 1H, H-1), 4.33 (dd] = 10.4, 4.9 Hz, 1H, H-6aA), 3.92 (dt= 9.5, 6.6 Hz, 1H, H-J@ker), 3.82
(t, J=9.2 Hz, 1H, H-3), 3.77 (1= 10.4 Hz, 1H, H-6bA), 3.55 (di,= 9.6, 7.0 Hz, 1H, H-1kxer),
3.48 (t,J=9.6 Hz, 1H, H-4), 3.37 (dd,= 9.7, 5.0 Hz, 1H, H-5), 3.32 (dd~ 8.5, 8.0 Hz, 1H, H-
2), 3.21 (tJ = 7.1 Hz, 2H, H-Rer), 1.69-1.55 (m, 4H, Hiidker, H-4inker), 1.50-1.39 (m, 2H, H-
inker), 0.09 (s, 9H, 3 x B3); 13C NMR (100 MHz, CDGJ) § 138.6, 137.4 (2 x C-Ar), 129.1-126.3
(6 x CH-Ar), 104.1 (C-1), 101.6 (C-7), 83.1 (C-2), 81G+4), 75.4 CH2Ph), 74.5 (C-3), 70.2 (C-
Liinker), 68.9 (C-6), 66.2 (C-5), 51.4 (Ginker), 29.4 (C-2nker), 28.7 (C-4nker), 23.4 (C-Fnker), 0.68
((CHa3)3); HRMS (ESI-TOF)M/z[M + Na]* calcd for GsHzgNsNaGsSi 564.2500; found 564.2503.
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(5-Azido-1-pentyl) 2-O-Acetyl-4-O-benzyl-6-deoxye-L -talopyranosyl-(1—3)-2-O-benzyl-4,6-
O-benzylideneg-D-glucopyranoside (20).

Na

DDQ, DCM/H20 10:1
Ph—X~0 _ h2nT% Ph—X=0
%7 TS
O
/%/

OPMB BnO OBn

Ohe 15 OAc

20

According to the general procedure for the deptmte®f PMB group, disaccharideb (344 mg,
400 pymol, 1.0 equiv) was reacted in the presence of D& mg, 790umol, 2.0 equiv).
Purification by silica gel flash chromatography (PEAc 85:15 to 5:5) gave alcoha (255 mag,
77%) as a white amorphous powdegr0.4 (tol/EtOAc 8:2); fo?° = —70 € 1.3, CHC}); *H NMR
(400 MHz, CDC%) ¢ 7.38-7.16 (m, 15H, &-Ar), 5.42 (s, 1H, H-7), 5.24 (s, 1H, H-1B), 4.92 ]
= 4.2 Hz, 1H, H-2B), 4.82 (dl= 10.9 Hz, 1H, €IHPh), 4.64 (dJ= 11.6 Hz, 1H, CHIPh ), 4.63
(d,J=10.9 Hz, 1H, €GHPh), 4.45 (dJ= 11.6 Hz, 1H, CHIPh), 4.42 (dJia2a = 7.8 Hz, 1H, H-
1A), 4.26 (ddJ= 10.4, 5.0 Hz, 1H, H-6aA), 4.12 (d#lF 14.2, 6.6 Hz, 1H, H-5B), 3.92-3.82 (m,
3H, H-3A, H-3B, H-1gker), 3.69 (t,J=10.5 Hz, 1H, H-6bA), 3.51-3.33 (m, 4H, H:ddar, H-4A,
H-2A, H-5A), 3.27 (dJ = 3.5 Hz, 1H, H-4B), 3.13 (11 = 7.1 Hz, 2H, H-fwer), 2.50 (d,J = 9.2
Hz, 1H, CH), 1.89 (S,3H, CHSAc), 1.61-1.48 (m, 4H, Hidker, H'41inker), 1.42-1.30 (m, 2H, H-
Siinker), 0.87 (d,J = 6.6 Hz, 3H, ElsTa); 13C NMR (100 MHz, CDGJ) 6 171.4 CO), 138.7, 138.3,
137.4 (3 x C-Ar), 129.3-126.3 (9CH-Ar), 104.2 (C-1A), 101.9 (C-7), 98.6 (C-1B), 83@2-2A),
79.4 (C-4B), 79.3 (C-4A), 76.XH2Ph), 75.6 (C-3A), 74.90H2Ph), 70.4 (C-2B), 70.2 (Ciker),
68.9 (C-6), 66.5 (C-3B), 66.4 (C-5A), 66.3 (C-5B)..4 (C-5nker), 29.4 (C-2nker), 28.7 (C-dhnker),
23.5 (C-3nker), 21.2 CHaac), 16.6 CHazra); HRMS (ESI-TOF)m/z [M + Na]* calcd for
CaoHaoN3NaOr1 770.3259; found 770.3270.
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(5-Azido-1-pentyl)  4-O-Acetyl-6-deoxy-20-methyl-a-L-talopyranosyl-(1—3)-2-O-benzyl-
4,6-0-benzylideneg-D-glucopyranoside (22).

DDQ, DCM/H,0 10:1

N3
Ph/v \5 i, 2 h, 87% Ph—X~0 o \5
O OO ©
AcO OBn

OPMB

OMe
OMe 22

According to the general procedure for the deptaiemf PMB group, disaccharidks (50 mg,
60pumol, 1.0 equiv) was reacted in the presence of DZEIng, 12Qumol, 2.0 equiv). Purification
by silica gel flash chromatography (PE/EtOAc 8:518) gave alcohd2 (35 mg, 87%) as a white
amorphous powdeR: 0.3 (tol/EtOAc 8:2)H NMR (400 MHz, CDCJ) 6 7.43—7.23 (m, 10H, B-
An), 5.48 (s, 1H, H-7), 5.33 (s, 1H, H-1B), 5.06 J& 11.6 Hz, 1H, EHPh), 4.89 (dJ = 4.1 Hz,
1H, H-4B), 4.63 (dJ = 11.6 Hz, 1H, CHPh ), 4.53 (dJ1a2a = 7.8 Hz, 1H, H-1A), 4.35 (dd,=
10.3, 4.8 Hz, 1H, H-6aA), 4.20 (dd= 14.0, 6.4 Hz, 1H, H-5B), 3.96 @,= 9.8 Hz, 1H, H-3A),
3.95-3.86 (m, 2H, H-Jiger, H-3B), 3.76 (tJ = 10.7 Hz, 1H, H-6bA), 3.58-3.42 (m, 4H, Hsddr,
H-2A, H-4A, H-5A), 3.20 (dJ = 4.3 Hz, 1H, H-2B), 3.16 (§,= 7.2 Hz, 2H, H-kwer), 3.01 (s, 3H,
CHawme), 2.67 (dJ = 10.6 Hz, 1H, ®), 2.09 (s3H, CHzac), 1.67-1.52 (m, 4H, H+idker, H-4inker),
1.45-1.37 (m, 2H, H+ker), 0.64 (dJ = 6.6 Hz, 3H, Els7a); 1°C NMR (100 MHz, CDGJ) § 171.5
(CO), 138.4,137.1 (2 x C-Ar), 129.4-126.3 (€M-Ar), 104.1 (C-1A), 102.1 (C-7), 97.9 (C-1B),
83.4 (C-2A), 79.4 (C-4A), 78.0 (C-2B), 76.7 (C-3A}.7 CH2Ph), 72.2 (C-4B), 70.1 (Ciker),
68.9 (C-6), 66.5 (C-5A), 65.1 (C-3B), 64.4 (C-5B%.4 CHawme), 51.3 (C-Bnker), 29.3 (C-Znker),
28.6 (C-4nker), 23.4 (C-3nker), 21.0 CH3ac), 15.8 CHara); HRMS (ESI-TOF)M/z[M + Na]* calcd
for  CasHasN3NaOr1 694.2946; found 694.2952; m/z [2M + NaJ* caled for
CssHooNsNaOG2 1365.6000; found 1365.6012.
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(5-Azido-1-pentyl) 2,4-DiO-acetyl-6-deoxye-L -talopyranosyl-(1—3)-2-O-benzyl-4,6-O-
benzylideneg-D-glucopyranoside (23).

DDQ, DCM/H20 10:1

N3
Ph/v \5 i, 2 h, 82% Ph—X~0 o \5
O OO ©
AcO OBn

OPMB

OAc
OAc 23

According to the general procedure for the deptaiermf PMB group, disaccharide? (50 mg,
60pumol, 1.0 equiv) was reacted in the presence of PPQng, 12Qumol, 2.0 equiv). Purification
by silica gel flash chromatography (PE/EtOAc 7:8#) gave alcohd3 (35 mg, 82%) as a white
amorphous powde® 0.2 (PE/EtOAc 7:3){H NMR (400 MHz, CDGJ) 6 7.42-7.27 (m, 10H,
CH-Ar), 5.48 (s, 1H, H-7), 5.28 (s, 1H, H-1B), 5.a# § = 3.5 Hz, 1H, H-2B), 4.90 (d/= 10.9
Hz, 1H, GHHPh), 4.88 (s, 1H, H-4B), 4.68 (d= 10.9 Hz, 1H, CHPh), 4.50 (dJ1a2a = 7.8 Hz,
1H, H-1A), 4.34 (ddJ = 10.6, 4.8 Hz, 1H, H-6aA), 4.28 (diiz 14.7, 6.6 Hz, 1H, H-5B), 4.11 (t,
J = 4.3 Hz, 1H, H-3B), 3.95-3.90 (m, 2H, Hsdar, H-3A), 3.76 (t,J = 10.8 Hz, 1H, H-6bA),
3.58-3.40 (m, 4H, H-4bxer, H-2A, H-4A, H-5A), 3.20 (tJ = 7.3 Hz, 2H, H-hwer), 2.09, 2.04 (2
x's,6H, 2 x (Hszac), 1.69-1.56 (M, 4H, Htider, H-4inker), 1.48-1.40 (M, 2H, H1der), 0.75 (d,J

= 6.6 Hz, 3H, Glsra); **C NMR (100 MHz, CDGJ) 6 171.7, 171.1 (2 €0), 138.1, 137.1 (2 x C-
Ar), 129.4-126.2 (6 €H-Ar), 104.2 (C-1A), 101.9 (C-7), 98.7 (C-1B), 83Q-2A), 79.2 (C-4A),
76.1 (C-3A), 74.9 CH2Ph), 71.8 (C-4B), 70.2 (Ciker), 69.6 (C-2B), 68.9 (C-6), 66.4 (C-5A),
65.7 (C-3B), 64.7 (C-5B), 51.3 (Gnker), 29.4 (C-Znker), 28.7 (C-4nker), 23.4 (C-3nker), 21.1, 20.9
(2 x CHaac), 15.9 CHara); HRMS (ESI-TOF)M/z[M + Na]* calcd for GsH4sNsNaOy2 722.2895;
found 722.2886m/z[2M + Na]J* calcd for GoHooNsNaOy4 1421.5899; found 1421.5888.
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(5-Azido-1-pentyl) 4,60-Benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-g-D-
glucopyranosyl-(1—3)-4-O-acetyl-6-deoxy-20-methyl-a-L-talopyranosyl-(1—3)-2-O-
benzyl-4,6O0-benzylidenef-D-glucopyranoside (25).

+ TBSO

NIS, AgOTf, 4 A MS
ph/v Et,O/DCE 4:1,-10 °C, 10 min ph/v
Ph/Vo protected from light, 65%
%gi%A/E‘ A

OLev
14
OLev

o
Ph oTBS

To a solution of donot4 (457 mg, 871umol, 1.5 equiv) and accepta®? 390 mg, 583umol, 1.0
equiv) in anhydrous ED/DCE (17 mL, 4:v/v) was added freshly activated 4 A molecular sieves
(1.5 g). The mixture was stirred at rt for 1 h undle Then, the suspension was cooled to —-10 °C,
AgOTf (149 mg, 58 umol, 1.0 equiv) and NIS (261 mg, 1.2 mmol, 2.0 gjuiere added and the
flask was protected from light. The reaction migtwas stirred for 10 min at —10 °C under Ar and
then quenched with a few drops o$t The suspension was filtered over Celite, rinsgd DCM
and the filtrate was concentrated under reducesspre. The residue was purified by combi-flash
chromatography (PE/EtOAc 71:29) to give trisacaa2b (432 mg, 65%) as a yellow amorphous
solid: R 0.3 (tol/EtOAc 8:2); §]p?° = -57 ¢ 1.5, CHC#); 'H NMR (400 MHz, CDCY) 6 7.48-
7.28 (m, 15H, El-Ar), 5.49 (s, 2H, H-7A, H-7C), 5.32 (s, 1H, H-1B)98 (d,J = 11.4 Hz, 1H,
CHHPh), 4.96 (s, 1H, H-4B), 4.90 @,= 9.0 Hz, 1H, H-2C), 4.62 (d,= 11.4 Hz, 1H, CHIPh),
4.58 (d,Jic2c=7.8 Hz, 1H, H-1C), 4.51 (dya2a = 7.8 Hz, 1H, H-1A), 4.31 (ddd,= 19.6, 10.4,
4.9 Hz, 2H, H-6aA, H-6aC), 4.19 (ddi= 15.8, 5.8 Hz, 1H, H-5B), 3.95-3.90 (m, 3H, Hinla,
H-3A, H-3B), 3.82 (tJ = 9.3 Hz, 1H, H-3C), 3.78-3.70 (r2H, H-6bA, H-6bC), 3.58-3.53 (m,
2H, H-1hinker, H-4A), 3.50 (tJ = 8.9 Hz, 1H, H-4C), 3.46-3.40 (m, 3H, H-2A, H-3A5C), 3.37
(brs, 1H, H-2B), 3.24 (s, 3H,H3wme), 3.20 (tJ = 7.3 Hz, 2H, H-Rwer), 2.77-2.74 (M, 2H, BaLe),
2.66-2.62 (m, 2H, BaLey), 2.16 (S, 3H, BlaLey), 2.09 (S3H, CHzac), 1.69-1.56 (m, 4H, Hiidker,
H-4jinker), 1.51-1.40 (M, 2H, H#i&er), 0.78 (s, 9H, C(83)3), 0.71 (dJ = 6.5 Hz, 3H, Eizta), 0.00,
—0.04 (2 x s, 6H, 2 x i@3); 13C NMR (100 MHz, CDGJ) 6 206.6 CO), 171.5, 171.4 (2 €0),
138.1, 137.2, 137.1 (3 x C-Ar), 129.4-126.3 (TM-Ar), 104.1 (C-1A), 102.1 (C-7A, C-7C),
100.9 (C-1C), 100.4 (C-1B), 83.2 (C-2A), 81.6 (C)4w9.4 (C-4A), 77.8 (C-2B), 77.0 (C-3A),
75.1 CH2Ph), 74.7 (C-2C), 74.4 (C-3B), 72.7 (C-3C), 70.21{fker), 69.5 (C-4B), 68.9 (C-6A),
68.7 (C-6C), 66.5 (C-5A), 66.3 (C-5C), 65.0 (C-5680,1 CHawme), 51.4 (C-Bker), 37.9 CHaLey),
301 CH3Lev), 294 (C'aner), 287 (C'4nker), 281 CHZLev), 257 (CCH3)3), 235 (C'3r|ker), 211
(CHazac), 18.1 C(CHa)3), 15.7 CHara), —4.07, —4.83 (2 €Hz); HRMS (ESI-TOF)m/z[M + Na]*
calcd for GgH7eN3NaOweSi 1156.5020; found 1156.5040.
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(5-Azido-1-pentyl) 4,60-Benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-g-D-
glucopyranosyl-(1-3)-2,4-di-O-acetyl-6-deoxye-L -talopyranosyl-(1— 3)-2-O-benzyl-4,6-O-
benzylideneg-D-glucopyranoside (26).

+ TBSO
"o 14

NIS, AgOTf, 4 AMS
Ph/VO Et,O/DCE 4:1,-10 °C, 10 min ph/v
Ph/To protected from light, 50%
%§£§L/E‘ oA

OLev

O OLev
Ph oTBS

To a solution of donot4 (105 mg, 20Qumol, 1.5 equiv) and acceptaB 93 mg, 133umol, 1.0
equiv) in anhydrous BD/DCE (4 mL, 4:1v/v) was added freshly activated 4 A molecular sieves
(374 mg). The mixture was stirred at rt for 1 h endr. Then, the suspension was cooled to —10
°C, AgOTTf (34 mg, 133imol, 1.0 equiv) and NIS (60 mg, 2@mol, 2.0 equiv) were added and
the flask was protected from light. The reactioxtonie was stirred for 10 min at —10 °C under Ar
and then quenched with a few drops of\EfThe suspension was filtered over Celite, rinsed
DCM and the filtrate was concentrated under redpecesdsure. The residue was purified by combi-
flash chromatography (PE/EtOAc 8:2) to give tridenede26 (77 mg, 50%) as a colorless solid:
Rr 0.5 (tol/EtOAC 8:2); §]p?° = —65 € 1.5, CHCH#); 'H NMR (400 MHz, CDC4) § 7.48-7.28 (m,
15H, CH-Ar), 5.53 (s, 1H, H-7A), 5.50 (s, 1H, H-7C), 5.&1 1H, H-1B), 5.24 (d] = 3.9 Hz, 1H,
H-2B), 4.96 (dJ = 3.3 Hz, 1H, H-4B), 4.88 (d,= 10.6 Hz, 1H, €EIHPh), 4.85 (ddJ = 7.9, 7.7
Hz, 1H, H-2C), 4.74 (dJ= 10.6 Hz, 1H, CHIPh), 4.57 (dJ 1c2c= 7.8 Hz, 1H, H-1C), 4.52 (d,
Jia2a = 7.7 Hz, 1H, H-1A), 4.34 (dg= 10.3, 4.9 Hz, 2H, H-6aA, H-6aC), 4.19 (dd; 13.9, 6.2
Hz, 1H, H-5B), 3.99-3.90 (m, 3H, H-iher, H-3A, H-3B), 3.82-3.72 (m, 3H, H-6bA, H-6bC, H-
3C), 3.61-3.37 (m, 6H, H-}ker, H-4A, H-4C, H-2A, H-5A, H-5C), 3.21 (1] = 7.2 Hz, 2H, H-
Siinker), 2.80-2.71 (m, 2H, BzLey), 2.67-2.57 (M, 2H, BaLey), 2.17 (S, 3H, El3Ley), 2.10 (S3H,
CHaac), 2.04 (s,3H, CHzac), 1.69-1.56 (m, 4H, Hiider, H-4iinker), 1.50-1.40 (M, 2H, Hiider),
0.80 (d,J = 6.5 Hz, 3H, Elara), 0.77 (S, 9H, C(E3)3), 0.00, —0.04 (2 x s, 6H, 2 *¥3); 1°C NMR
(100 MHz, CDC4) ¢ 206.6 CO), 171.3 CO), 170.9, 169.9 (2 €0), 138.2, 137.2, 137.1 (3 x C-
Ar), 129.4-126.3 (9 €H-Ar), 104.2 (C-1A), 102.0 (C-7A), 101.9 (C-7C),a6 (C-1C), 98.9 (C-
1B), 83.0 (C-2A), 81.3 (C-4C), 79.3 (C-4A), 76.1-88), 74.9 CH2Ph), 74.7 (C-2C), 72.8 (C-
3C), 71.3 (C-3B), 70.2 (Ctker), 68.9 (C-6), 68.8 (C-4B), 68.7 (C-6C), 68.4 (C}266.3 (C-5A),
66.2 (C-5C), 64.7 (C-5B), 51.3 (Ginker), 37.9 CHaLev), 30.0 CHaLev), 29.4 (C-Znker), 28.7 (C-
diinker), 28.1 CHa2Lev), 25.7 (CCH3)3), 23.4 (C-3nker), 21.1, 20.9 (2 XHzac), 18.1 C(CHs)3), 15.9
(CHzta), —4.06, -4.87 (2 xCHsz); HRMS (ESI-TOF) m/z [M + NaJ* calcd for
CsgH79N3NaOweSi 1184.4969; found 1184.4986.
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(5-Azido-1-pentyl) 3-O-Acetyl-4-O-benzyl-6-deoxye-L-talopyranosyl-(1—3)-2-O-benzyl-4,6-
O-benzylideneg-D-glucopyranoside (27).

Ph Ph
BnO + TBSO
OH OLev BnO Oke
OAc 14 o

N3 Ny
/%MO\B Ph—X~0 DOMIDRF 1. F 4.4, 80% /VOC%@V 5
%/ 0Bn O&S& /%SO)/O °
OBn
20 H 27
The acceptoR0 (15 mg, 20umol, 1.0 equiv) and the dont4 (21 mg, 40umol, 2.0 equiv) were
dissolved in anhydrous DCM/DMF (8@, 1:1v/v). Freshly activated powdered molecular sieves
(4 A, 60 mg) were added and the mixture was stifoed h at rt under Ar. Then, BNBr (14 mg,
42 umol, 2.1 equiv) followed by CuBr(9 mg, 40umol, 2.0 equiv) were added and the mixture
was stirred for 4 d at rt under Ar. The solutionswidtered over Celite, rinsed and diluted with
DCM (20 mL). The organic phase was washed with@rated NaHC@aq) solution (3 x 10 mL).
The aqueous phase was back extracted with DCM (10 fine combined organic phases were
washed with brine (15 mL) and the solvents of thedMgSQ) solution were concentrated under
reduced pressure. The residue was purified byasga flash chromatography (PE/EtOAc 85:15
to 8:2) to give alcoha®7 (14 mg, 90%) as a yellow oiR 0.5 (tol/EtOAc 85:15); §]p%° = -58 €
1.4, CHC}); *H NMR (400 MHz, CDQ) 6 7.47-7.13 (m, 15H, B-Ar), 5.48 (s, 1H, H-7), 5.23
(d,J=1.6 Hz, 1H, H-1B), 5.02 (§ = 3.4 Hz, 1H, H-3B), 4.85 (d,= 10.8 Hz, 1H, EIHPh), 4.66
(d,J =10.8 Hz, 2H, El2Ph), 4.51 (d,) = 10.8 Hz, 1H, CHPh), 4.48 (d,J1a2A = 7.8 Hz, 1H, H-
1A), 4.32 (ddJ = 10.4, 5.0 Hz, 1H, H-6aA), 4.16 (ddl= 13.8, 6.4 Hz, 1H, H-5B), 4.03 (d~
11.2 Hz, 1H, ®1), 3.92 (dtJ=9.8, 6.3 Hz, 1H, H-J@er), 3.89 (t,J = 9.5 Hz, 1H, H-3A), 3.76 (t,
J=10.4 Hz, 1H, H-6bA), 3.71 (br s, 1H, H-2B), 3.883 (m, 2H, H-4B, H-1kker), 3.51 (t,J =
9.8 Hz, 1H, H-4A), 3.45-3.39 (m, 2H, H-5A, H-2A)22 (t,J = 7.3 Hz, 2H, H-her), 2.09 (s3H,
CHazac), 1.70-1.58 (m, 4H, Hiiger, H-4inker), 1.52-1.42 (M, 2H, Hti&er), 0.77 (dJ = 6.5 Hz, 3H,
CHara); ¥3C NMR (100 MHz, CDGJ) 6 170.6 CO), 137.8, 137.4, 137.3 (3 x C-Ar), 129.3-125.4
(9 x CH-Ar), 104.2 (C-1A), 102.2 (C-1B), 102.1 (C-7), 83C-2A), 79.4 (C-4A), 79.3 (C-4B),
77.6 (C-3A), 76.1, 75.2 (2 €H2Ph), 70.2 (C-ikker), 70.1 (C-3B), 69.2 (C-2B), 68.9 (C-6), 66.5
(C-5A), 66.3 (C-5B), 51.4 (Ctifker), 29.4 (C-Znker), 28.7 (C-4nker), 23.5 (C-nker), 21.3 CHaac),
16.2 CHsra); HRMS (ESI-TOF)m/z [M + Na]* calcd for GoHa9NsNaOr1 770.3259; found
770.3266m/z[2M + NaJ* calcd for GoHasNeNaOz2 1517.6626; found 1517.6666.
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(5-Azido-1-pentyl) 2:0-Acetyl-4-O-benzyl-3-O-tert-butyldimethylsilyl-6-deoxy-a-L -
talopyranosyl-(1—3)-2-O-benzyl-4,6O-benzylidenef-b-glucopyranoside (28).

TBSOTf, tol, 4 AMS

Ph—\~0 75°C, 15 min Ph/v
i 0,
%//&/ \5 Ph/V &1‘ - inverse procedure, 60% /&/

TBSO

LevO 0~ “CF3 OTBS

OAc OAc

S27

To a solution of accept@0 (15 mg, 2qumol, 1.0 equiv) in anhydrous toluene (1 mL) waseatld
freshly activated powdered molecular sieves (4#, thg) and the mixture was stirred for 40 min
at rt under Ar. TBSOTf (QuL, 9 umol, 0.3 equiv) was injected keeping rigorous ambyd
conditions and the mixture was heated at 75 °CL¥omin. A solution of dono827 (20 mg, 30
pmol, 1.5 equiv) in anhydrous toluene (1 mL) wasexbdropwise at the same temperature over
10 min to the former mixture. After stirring forhLat 75 °C, the reaction mixture was allowed to
slowly warm up to rt and then quenched with fewpdrof EgN. The suspension was filtered over
Celite, rinsed with DCM and the filtrate was conicated under reduced pressure. The residue was
purified by silica gel flash chromatography (toll&c 95:5) to give silylated derivatia8 (10 mg,
60%) as a yellow 0ilR 0.5 (tol/EtOAc 85:15);4]0?° = —32 € 0.9, CHC$); 'H NMR (400 MHz,
CDCls) 6 7.46—7.20 (m, 15H, B-Ar), 5.52 (s, 1H, H-7), 5.28 (s, 1H, H-1B), 5.1 J = 4.1 Hz,
1H, H-2B), 4.92 (d,) = 11.6 Hz, 1H, €HPh), 4.88 (dJ = 10.7 Hz, 1H, CHPh ), 4.68 (d,J =
10.7 Hz, 1H, GHPh), 4.56 (dJ = 11.6 Hz, 1H, CHPh), 4.50 (dJJia2a = 7.8 Hz, 1H, H-1A),
4.33 (ddJ=10.7, 4.8 Hz, 1H, H-6aA), 4.13 (dél= 13.9, 6.4 Hz, 1H, H-5B), 4.00-3.96 (m, 2H,
H-3A, H-3B), 3.91 (dtJ = 9.6, 6.4 Hz, 1H, H-Jiar), 3.77 (t,J= 10.7 Hz, 1H, H-6bA), 3.58-3.52
(m, 2H, H-1lnker, H-4A), 3.48-3.39 (m, 2H, H-2A, H-5A), 3.23 {t= 1.6 Hz, 1H, H-4B), 3.19 (t,
J=7.2 Hz, 2H, H-Bwer), 1.96 (S3H, CHzac), 1.68-1.54 (m, 4H, Hider, H-4inker), 1.47-1.40 (M,
2H, H-3inker), 0.92 (d,J = 6.4 Hz, 3H, Elzta), 0.89 (s, 9H, C(63)3), 0.12, 0.11 (2 x s, 6H, 2 x
CHa); 3C NMR (100 MHz, CDGJ) 6 170.7 CO), 139.5, 138.2, 137.5 (3 x C-Ar), 129.3-126.3 (9
x CH-Ar), 104.2 (C-1A), 101.8 (C-7), 99.1 (C-1B), 83@-2A), 79.3 (C-4A), 78.8 (C-4B), 75.5
(C-3B), 74.8 (2 xCH2Ph), 70.2 (C-ikker), 70.0 (C-2B), 69.2 (C-3A), 68.9 (C-6), 66.8 (C)5B6.4
(C-SA), 51.4 (C-5nker), 29.4 (C-aner), 28.7 (C-‘ﬂnker), 25.9 (CCHS):%), 23.5 (C-3nker), 21.2
(CHazac), 18.1 C(CH3)3), 16.7 CHazTa), —4.71, —4.82 (2 €H3); HRMS (ESI-TOF) m/z[M + NaJ*
calcd for GeHe3N3NaOL1Si 884.4124; found 884.4151.

S223



4,6-0-Benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-#-D-glucopyranosyl-(1—1)-
4,6-0-benzylidene-30-tert-butyldimethylsilyl-2- O-levulinoyl-a-D-glucopyranoside (29)

NIS, AgOTf, 4 AMS
Ph/v DCM, -78°Ctort,7h Ph™ \"O o
Ph/TO protected from light TB%O OOLev
_—
&/ SEt OTBS
(0]

+  TBSO LevO K
OLev 29 0\ _-Ph

14

To a solution of donat4 (28 mg, 53umol, 2.0 equiv) and acceptd® (20 mg, 24umol, 1.0 equiv)

in anhydrous DCM (50QuL) was added freshly activated 4 A molecular sie(8% mg). The
mixture was stirred at rt for 30 min under Ar. Théime suspension was cooled to —78 °C and
AgOTTf (7 mg, 27umol, 1.0 equiv) followed by NIS (12 mg, $8nol, 2.0 equiv) were added. The
flask was protected from light and the reactiontome was stirred from —78 °C to rt for 7 h under
Ar and then quenched with a few drops ofiNEtThe suspension was filtered over Celite, rinsed
with DCM and the filtrate was concentrated undeluced pressure. The residue was purified by
silica gel flash chromatography (tol/EtOAc 9:1) dive dimer29 (major compound, variable
yields) as a colorless oiR: 0.7 (tol/EtOAc 85:15); §]o%° = —47 € 0.77, CHCJ); *H NMR (400
MHz, CDCk) ¢ 7.49-7.46 (m, 4H, B-Ar), 7.37-7.30 (m, 6H, B-Ar), 6.15 (d,J = 4.0 Hz, 1H,
H-1A), 5.51 (s, 1H, H-7A), 5.45 (s, 1H, H-7B), 4.@0J = 7.7 Hz, 1H, H-1B), 4.83 (§ = 8.5 Hz,
1H, H-2B), 4.33 (ddJ = 10.7, 4.9 Hz, 1H, H-6aA), 4.28 (ddi= 10.4, 4.8 Hz, 1H, H-6aB), 4.12
(t, J=9.2 Hz, 1H, H-3A), 3.93 (dd, = 8.4, 3.9 Hz, 1H, H-2A), 3.88 (dd,= 9.8, 4.7 Hz, 1H, H-
5A), 3.80 (t,J=9.0 Hz, 1H, H-3B), 3.78 (1 = 10.1 Hz, 1H, H-6bB), 3.66 (§,= 10.7 Hz, 1H, H-
6bA), 3.56 (tJ= 9.4 Hz, 1H, H-4B), 3.47 (1= 9.7 Hz, 1H, H-4A), 3.37 (dd}= 9.7, 4.7 Hz, 1H,
H-5), 2.93-2.49 (m, 8H, 4 xH3Ley), 2.22, 2.21 (2 X S, 6H, 2 xHGey), 0.85, 0.79 (2 x s, 18H, 2

x C(CHa)3), —0.01, —0.00 (2 x s, 12H, 4 >Hg); 3C NMR (100 MHz, CDGJ) 6 206.8, 205.9 (2 x
CO), 171.6, 171.4 (2 €0), 137.1, 137.0 (2 x C-Ar), 129.4-126.3 (€CH-Ar), 102.6 (C-7B),
101.9 (C-7A), 100.5 (C-1B), 92.2 (C-1A), 81.8 (C¥R1.6 (C-4B), 75.6 (C-2A), 75.1 (C-2B),
72.6 (C-3B), 72.3 (C-3A), 68.9 (C-6B), 68.7 (C-6/K.5 (C-5B), 64.5 (C-5A), 38.1, 37.8 (2 x
CHaLey), 30.0 (2 xCHaLey), 28.1, 28.0 (2 *CHazLey), 26.1, 25.7 (2 x @H3)3), 18.4, 18.1 (2 %
C(CHg)3), —3.74, —4.10, —4.45, -4.84 (4GH3); HRMS (ESI-TOF)m/z[M + Na]* calcd for
CagH70NaO1sSiz 965.4145; found 965.4165.
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Allyl 6-Deoxy-2,3-O-isopropylidene-4-O-levulinoyl-a-L-talopyranoside (S28.

OAll OAIl
Lev,0, py, DMAP

O 50°C,2h, 95% O
—_—_—
o]

HO XO Levoo)(o

S2 S28

Alcohol S2(3.5 g, 14.9 mmol, 1.0 equiv) was dissolved inyainbus py (95 mL) and DMAP (4.4
g, 35.9 mmol, 2.5 equiv) was added. A solutionesfulinic anhydride (24.6 g, 115 mmol, 8.0
equiv) in anhydrous py (127 mL) was added dropwiger 50 min to the former mixture. The
reaction mixture was then heated to 50 °C andestiander Ar for an additional 2 h. The solvents
were concentrated under reduced pressure and #idueewas purified by silica gel flash
chromatography (PE/EtOAc, 8:2 to 7:3) to give dative S28(4.7 g, 95%) as a yellow oiR 0.5
(PE/EtOAC, 6:4); f]o?° = —11 € 2.1, CHC$); 'H NMR (400 MHz, CDC4) 6 5.96-5.86 (m, 1H,
H-2a1), 5.31 (dddJ =17.2, 3.5, 1.5 Hz, 1H, H-29, 5.22 (ddd,J = 10.3, 3.3, 1.2 Hz, 1H, H-3b),
5.10 (ddJ =5.5, 2.2 Hz, 1H, H-4), 5.08 (s, 1H, H-1), 4.89(= 6.4 Hz, 1H, H-3), 4.20 (ddt),=
12.8, 5.3, 1.4 Hz, 1H, H-1aAll), 4.09 (d#i= 6.5, 09 Hz, 1H, H-2), 4.03-3.98 (m, 2H, HailbH-
5), 2.87-2.61 (M, 4H, 2 xKBLey), 2.19 (S, 3H, El3Ley), 1.52, 1.34 (2 x s, 6H, 2 xHG), 1.23 (dJ

= 6.5 Hz, 3H, Elsra); **C NMR (100 MHz, CDGJ) 6 206.4 CO), 172.7 CO), 133.7 (C-2i),
118.0 (C-3u), 109.8 C(CHy)2), 96.9 (C-1), 73.2 (C-2), 71.1 (C-3), 68.5 (W1 67.6 (C-4), 63.6
(C-5), 38.0 CHzLey), 30.0 CHsLev), 28.3 CH2Ley), 26.3, 25.8 (2 *CH3), 16.6 CH3ta); HRMS
(ESI-TOF)m/z[M + Na]* calcd for G7H26NaO; 365.1571; found 365.1580.
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Allyl 2- O-Acetyl-3-O-chloroacetyl-6-deoxy-40-levulinoyl-a-L-talopyranoside (S30.

1) MeC(OMe); PTSA

OAll OAll CH3CN, 1t, 2h onl
80% HOAc 2) 80% HOAc
60°C,1h o 0°Ctort,2h o
E— —_—
o no purif OH
LevO o} P 3) (CIAC),0, py, DMAP OAcCI
X LevO  OH {0 min, 83% (4 steps) LevO ~OAc

S28 S29 S30

CompoundS28 (4.6 g, 13.6 mmol, 1.0 equiv) was dissolved in0&8HOAc(aq) solution (170
mL). The reaction mixture was stirred at 60 °CIdr. Then, the mixture was concentrated under
reduced pressure and co-evaporated with toluemg. Brude diolS29was obtained as a yellow
amorphous solidRs 0.3 (DCM/MeOH 98:2)], which was used directly tbe next step without
purification in order to avoid migration of the ldinoyl group. DiolS29(250 mg, 73Qumol, 1.0
equiv) was dissolved in anhydrous acetonitrile (3.ririmethyl orthoactetate (18€., 1.5 mmol,
2.0 equiv) and PTSA (7 mg, 3imol, 0.05 equiv) were added sequentially. The reachixture
was stirred for 2 h at rt under Ar. The suspensvas then cooled to 0 °C and a 80% HOAc(aq)
solution (3 mL) was added. The mixture was stige® °C for 10 min, then allowed to slowly
warm up to rt. After 2 h, cooled water (20 mL) veakled and the mixture was diluted with DCM
(30 mL). The aqueous layer was extracted with D@M 10 mL). The combined organic phases
were washed with brine (30 mL). The solvents ofdhed solution (MgS®@ were concentrated
under reduced pressure. The residue was dissalveadhydrous py (6 mL), then chloroacetyl
anhydride (437 mg, 2.5 mmol, 3.5 equiv) and DMAPN@, 73umol, 0.1 equiv) were added. The
reaction mixture was stirred at rt for 10 min underThen, the suspension was diluted with EtOAc
(30 mL) and the organic phase was washed withuaagetd NHCI(aq) solution (3 x 15 mL) and
brine (20 mL). The solvents of the dried solutidigSQ:) were concentrated under reduced
pressure. The residue was purified by silica gedHlchromatography (PE/EtOAc 8:2 to 6:4) to
give derivativeS30(254 mg, 83%, four steps) as a yellow 80.3 (tol/EtOAc 8:2); #]p?° = -57

(c 1.3, CHC}); *H NMR (400 MHz, CD(J) 6 5.93-5.83 (m, 1H, H-2i), 5.35 (t,J = 4.0 Hz, 1H,
H-3), 5.30 (dddJ = 17.2, 3.6, 1.6 Hz, 1H, H-3g), 5.23 (dddJ = 10.4, 3.1, 2.0 Hz, 1H, H-3b),
5.19 (d,J = 3.7 Hz, 1H, H-4), 5.17 (d§,= 3.9, 1.5 Hz, 1H, H-2), 4.91 (d;.= 1.1 Hz, 1H, H-1),
4.20-4.13 (m, 2H, H-1aAll, H-5), 4.02 (ddt= 13.3, 6.1, 1.6 Hz, 1H, H-APp), 4.01 (dJ = 2.9 Hz,
2H, CHacy), 2.91-2.82 (m, 1H, BHiey), 2.75-2.58 (m, 3H, BaLey), 2.20 (Hacey), 2.19 (s, 3H,
CHaac), 1.23 (dJ = 6.4 Hz, 3H, Eizra); 13C NMR (100 MHz, CDGJ) 6 206.4 CO), 172.8, 170.4,
166.4 (3 xCO), 133.2 (C-2i), 118.3 (C-Au), 97.5 (C-1), 68.8 (C-4), 68.6 (Gud, 67.9 (C-3),
66.8 (C-2), 64.7 (C-5), 40.TCH2c)), 37.7 CHaLey), 30.0 CH3Ley), 27.8 CHoLey), 21.1 CHzac),
16.2 CHata); HRMS (ESI-TOF)m/z [M + Na]* calcd for GgH2sCINa®:443.1079; found
443.1097.
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Allyl 4,6-O-Benzylidene-30O-tert-butyldimethylsilyl-2- O-levulinoyl-#-D-glucopyranosyl-
(1—2)-6-deoxy-40-levulinoyl-a-L-talopyranoside (S32.

OAll
O

Ph—X~0 DMTST, DTBMP, 4 A MS /@\#
0 O set  DCE r,2h, 42% LevO=" O
+  TBSO -
OLev

o]
LevOOH OH 14 OLev

S29

OAll

O\ OTBS

S32
Ph

To a solution of donct4 (56 mg, 108:mol, 1.3 equiv), accept@29(25 mg, 83:mol, 1.0 equiv)
and DTBMP (51 mg, 248mol, 3.0 equiv) in anhydrous DCE (1.5 mL) was adideshly activated
4 A powdered molecular sieves (100 mg). The mixtuas stirred for 30 min at rt under Ar. Then,
Me>S; (22 pL, 248 umol, 3.0 equiv) and MeOTf (28L, 248 umol, 3.0 equiv) were added. The
solution was stirred for an additional 2 h at them, the reaction mixture was quenched with few
drops of EiN, filtered over Celite and rinsed with DCM. Thétraite was concentrated under
reduced pressure and purified by silica gel flastomatography (PE/EtOAc 7:3 to 4:6) to give
disaccharides32(26 mg, 42%, major regioisomer) as a yellow Bil0.5 (tol/EtOAc 5:5); §]p?°

= -5.6 € 2.5, CHC}); *H NMR (400 MHz, CDCd) 6 7.42-7.40 (m, 2H, B-Ar), 7.31-7.28 (m,
3H, CH-Ar), 5.88-5.78 (m, 1H, H-2i), 5.64 (dJic2c= 5.7 Hz, 1H, H-1C), 5.47 (s, 1H, H-7), 5.22
(ddd,J=17.2, 3.7, 1.8 Hz, 1H, H-29, 5.15 (dddJ = 10.4, 3.3, 1.2 Hz, 1H, H-3p), 5.04 (d,J

= 3.5 Hz, 1H, H-4B), 4.84 (dha2a = 1.4 Hz, 1H, H-1B), 4.30 (dd,= 10.6, 3.8 Hz, 1H, H-6aC),
4.24 (ddJ=5.6, 3.9 Hz, 1H, H-2C), 4.10 (ddt= 13.0, 5.1, 1.4 Hz, 1H, H-19, 3.97-3.93 (m,
3H, H-1bu, H-3B, H-5B), 3.86 (ddJ = 8.8, 3.8 Hz, 1H, H-3C), 3.65-3.58 (m, 3H, H-2B5C,
H-6bC), 3.46 (tJ = 9.3 Hz, 1H, H-4C), 2.79-2.67 (m, 4H, 2 ¥4£,), 2.64-2.54 (m, 4H, 2 x
CHaLey), 2.13 (s, 3H, Blaey), 2.11 (S, 3H, El3Ley), 1.09 (d,J = 6.6 Hz, 3H, Elsra), 0.82 (s, 9H,
C(CHa)3), 0.45, 0.00 (2 x s, 6H, 2 xH3); 13C NMR (100 MHz, CD{) § 207.4, 206.2 (2 €0),
172.2, 172.1 (2 X0), 137.2 (C-Ar), 133.7 (C»d), 129.8, 128.3, 126.1 (3BH-Ar), 117.7 (C-
3a1), 101.4 (C-7), 99.8 (C-1B), 98.8 (C-1C), 80.5 (C}280.1 (C-4C), 74.4 (C-3C), 73.1 (C-4B),
69.7 (C-2B), 68.7 (C-6C), 68.4 (Gsd, 66.8 (C-3B), 65.1 (C-5B), 63.3 (C-5C), 38.2,B& x
CHaLey), 30.2, 30.1 (2 XCH3Lev), 28.0 (2 xCH2Ley), 25.8 (CCH3)3), 18.2 C(CHa)3), 16.3 CHa3ra)),
—-4.40, —4.82 (2 xCH3); HRMS (ESI-TOF)m/z[M + Na]* calcd for GgHseNaOw4Si 787.3332;
found 787.3347.
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Allyl 2,3,4,6-Tetra-O-benzyl#-D-glucopyranosyl-(1—3)-6-deoxya-L-talopyranoside (S34).

Ph__0O
;B:+j OAll
OAll Ph" N
BnO Ho 0
O , BnO o} (0.25 equiv) HOO o
HOOH OH BnO BrO Ag,0, CH,CN
" 60°C, 48 h 07/ oBn
S3 $33 protected from light, 25%
BnO OBn

BnO
S34

To a solution of dono83% (75 mg, 134umol, 1.0 equiv) and acceptdB (30 mg, 147umol, 1.1
equiv) in anhydrous acetonitrile (1.5 mL) were atid#iver(l) oxide (62 mg, 26{{mol, 2.0 equiv)
and 2-aminoethyl diphenylborinate (8 mg, 3®ol, 0.25 equiv). The flask was purged with a
stream of Ar for 5 min, then protected from lighhe reaction mixture was stirred at 60 °C under
Ar for 48 h. The solution was then quenched wifewa drops of MeOH, diluted with DCM and
filtered through a plug of Celite. The filtrate waancentrated under reduced pressure. The residue
was purified by silica gel flash chromatography/BtOAc 95:5 to 85:15) to give disacchariga4
(25 mg, 25%, major regioisomer) as a yellow amongshsolid:R: 0.5 (tol/EtOAc 7:3); §]p2° = —

14 (€ 2.4, CHC}); *H NMR (400 MHz, CDCY) 6§ 7.38-7.25 (m, 18H, i-Ar), 7.19-7.15 (m, 2H,
CH-Ar), 5.92-5.82 (m, 1H, H-2i), 5.27 (dddJ = 17.2, 3.8, 1.5 Hz, 1H, H-39, 5.19 (dddJ =
10.4, 3.4, 1.2 Hz, 1H, H-3p), 4.97 (dJ= 11.3 Hz, 1H, €&HPh), 4.92 (dJi828 = 1.6 Hz, 1H, H-
1B), 4.91 (dJ = 10.8 Hz, 1H, CHIPh), 4.82 (dJ = 10.8 Hz, 1H, EHPh), 4.81 (dJ = 11.3 Hz,
1H, CHHPh), 4.80 (dJ = 10.8 Hz, 1H, €IHPh), 4.60 (dJis28 = 7.7 Hz, 1H, H-1C), 4.53 (d,=
11.8 Hz, 1H, CHiPh), 4.52 (dJ = 10.8 Hz, 1H, €EIHPh), 4.48 (dJ = 11.8 Hz, 1H, CHPh), 4.16
(ddt,J =13.0, 5.2, 1.4 Hz, 1H, H-49, 4.01-3.95 (m, 2H, H-1h, H-2B), 3.89-3.83 (m, 2H, H-
3B, H-5B), 3.69-3.63 (m, 3H, H-4B, H-4C, H-6aC)$B-3.49 (m, 5H, H-2C, H-3C, H-5C, H-
6bC, (H), 3.29 (d,J = 8.8 Hz, 1H, ®), 1.30 (d,J = 6.6 Hz, 3H, El3zra); *3C NMR (100 MHz,
CDCl) ¢ 138.4, 138.3, 137.9, 137.8 (4 x C-Ar), 133.8 (%}2128.4-127.5 (12 €H-Ar), 117.6
(C-3an), 101.8 (C-1C), 99.3 (C-1B), 84.7 (C-4B), 81.94C), 77.7 (C-3C), 75.7 (C-3B), 75.8
(CH2Ph), 75.1 CH2Ph), 74.9 CH-Ph), 74.6 (C-5B), 73.80H2Ph), 70.8 (C-4C), 69.4 (C-2B), 69.0
(C-6C), 68.6 (C-a), 66.8 (C-5B), 16.5GHsra); HRMS (ESI-TOF)m/z[M + Na]* calcd for
Ca3Hs7NaOwo 749.3296; found 749.3303n/z [2M + NaJ* calcd for GeHiodNaOy 1475.6700;
found 1475.6737.
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Allyl 2,3,4,6-Tetra-O-benzyl#-D-glucopyranosyl-(1—2)-3-O-acetyl-4-O-benzyl-6-deoxye-L -
talopyranoside (S35.

o)
Phe/ j OAll
/B\+
OAll P N o
BnO H,
(0] .
. Bréoﬁ (1.6 equiv) Bno2Re &
OH n 1) Ag,0, CHACN
BnO OH 20, CH3
" BnO¢, 60°C, 16 h 0"7_08n
S5 S33 protected from light

2) Ac;0, py, DMAP

rt, overnight, 58% (2 steps) BnO OBn
BnO

S35

To a solution of dono833 (52 mg, 93umol, 1.0 equiv) and accept85 (30 mg, 102umol, 1.1
equiv) in anhydrous acetonitrile (3 mL) were addsbter(l) oxide (42 mg, 18amol, 2.0 equiv)
and 2-aminoethyl diphenylborinate (34 mg, 3490l, 1.6 equiv). The round bottom flask was
purged with a stream of Ar for 5 min, then protedr®m light and the reaction mixture was stirred
at 60 °C under Ar. After 16 h, the reaction wasrgunred with a few drops of MeOH, diluted with
DCM and filtered through a plug of Celite. Therfite was concentrated under reduced pressure.
The residue was dissolved in anhydrous py (0.4 mhien AeO (0.4 mL) and DMAP (1.1 mg, 9
pmol, 0.1 equiv) were added. The suspension wasedtat rt overnight under Ar. Then, the
mixture was concentrated under reduced pressurecaravaporated with toluene (3 x). The
residue was purified by silica gel flash chromaapinry (tol/EtOAc 98:2 to 96:4) to give
disaccharides35(45 mg, 58%, two steps) as a yellow &1:0.5 (tol/EtOAc 9:1); fo?°=-1.3 ¢
1.1, CHC}); 'H NMR (400 MHz, CDQ) ¢ 7.38-7.14 (m, 25H, B-Ar), 5.88-5.78 (m, 1H, H-
2a1), 5.29 (s, 1H, H-1B), 5.24 (d,= 12.2 Hz, 1H, EHPh), 5.23-5.18 (m, 1H, H-39, 5.13 (t,J

= 4.0 Hz, 1H, H-3B), 5.10 (ddd, = 10.4, 3.3, 1.2 Hz, 1H, H-3b), 4.85 (d,J = 10.2 Hz, 1H,
CHHPhH), 4.81 (dJ = 10.8 Hz, 1H, €IHPh), 4.72 (dJ = 12.1 Hz, 1H, CHPh), 4.71 (dJ = 10.8
Hz, 1H, GHHPh), 4.62 (dJ = 12.1 Hz, 1H, CHPh), 4.55-4.49 (m, 4H, 2 XHGPh), 4.46 (dJic,2c

= 7.5 Hz, 1H, H-1C), 4.07 (ddi,= 12.7, 5.2, 1.5 Hz, 1H, H-48, 3.96 (ddJ = 13.7, 6.8 Hz, 1H,
H-5B), 3.91-3.89 (m, 1H, H-2B), 3.86 (ddt= 13.0, 5.9, 1.7 Hz, 1H, H-4b), 3.67-3.65 (m, 2H,
H-6aC, H-6bC), 3.62-3.59 (m, 3H, H-2C, H-3C, H-4B)52 (dd,J = 9.5, 7.7 Hz, 1H, H-4C),
3.47-3.39 (m, 1H, H-5C), 1.87 (s, 3HHEA:), 1.19 (d,J = 6.6 Hz, 3H, Eisra); *C NMR (100
MHz, CDCk) ¢ 170.7 CO), 139.5, 138.7, 138.3, 138.2, 138.1 (5 x C-AB4.2 (C-2u), 129.2—
127.5 (15 xCH-Ar), 117.1 (C-3u), 106.4 (C-1C), 99.8 (C-1B), 84.7 (C-3C), 82.14B), 77.8 (C-
4C), 76.7 (C-2B), 75.8QH-Ph), 75.4 (C-2C), 75.1CH-Ph), 74.9 CH.Ph), 74.8 (C-5C), 74.1
(CH2Ph), 73.6 CH2Ph), 70.6 (C-3B), 69.5 (C-6C), 68.2 (Git), 66.2 (C-5B), 21.1GH3Ac), 16.9
(CHazrta); HRMS (ESI-TOF)M/z[M + Na]* calcd for G2HsgNaNaOr1 881.3871; found 881.3885.
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Allyl 2,3-O-Isopropylidene-4-O-levulinoyl-a-L-rhamnopyranoside (30).

OAll
Lev,0, py, DMAP OAIl
o 50°C, 2 h, 99% o
B
HO LevO
o

o
X X
s1 10

Alcohol S1(9.8 g, 40 mmol, 1.0 equiv) was dissolved in ambyd py (240 mL) and DMAP (9.8
g, 80 mmol, 2.0 equiv) was added. A solution ofilsnic anhydridé (25.7 g, 120 mmol, 3.0 equiv)
in anhydrous py (200 mL) was added dropwise ovetdlthe former mixture. The reaction mixture
was then heated to 50 °C and stirred under Arricadditional 2 h. The solvents were concentrated
under reduced pressure and the residue was pusifistica gel flash chromatography (PE/EtOAc
9:1 to 75:25) to give derivative0 (13.6 g, 99%) as a yellow ofk 0.5 (tol/EtOAc 8:2); fp?° = —

10 € 1.7, CHC$); *H NMR (400 MHz, CDC4) 6 5.96-5.86 (m, 1H, H-2i), 5.32 (dddJ = 17.2,
3.5, 1.6 Hz, 1H, H-3a), 5.23 (ddd,) = 10.4, 3.0, 1.2 Hz, 1H, H-3b), 5.05 (s, 1H, H-1), 4.85 (dd,
J=10.3, 7.1 Hz, 1H, H-4), 4.21-4.15 (m, 3H, Hxldd-2, H-3), 4.01 (ddt) = 12.8, 6.2, 1.3 Hz,
1H, H-1by), 3.80-3.72 (m, 1H, H-5), 2.91-2.84 (m, 1H{£%\), 2.72—-2.52 (m, 3H, B2ey), 2.19
(s, 3H, HaLey), 1.55 (s, 3H, El3), 1.34 (s, 3H, E3), 1.19 (d,J = 6.3 Hz, 3H, Elsra); 13C NMR
(100 MHz, CDC%) 6 206.5 CO), 172.2 CO), 133.7 (C-2ui), 118.0 (C-3i), 109.9 C(CHg)2), 96.2
(C-1), 76.1 (C-2), 75.8 (C-3), 74.9 (C-4), 68.2 1), 64.2 (C-5), 38.0q¢H2Ley), 29.9 CHasLey),
28.1 CHzLey), 27.8, 26.5 (2 CH3), 17.0 CHsra); HRMS (ESI-TOF)m/z[M + Na]* calcd for
Ci17H26Na0;, 365.1571; found 365.1585.
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Allyl 4- O-Levulinoyl- a-L-rhamnopyranoside (70).

OAll

Compound30 (13.6 g, 39.8 mmol, 1.0 equiv) was dissolved i80& HOAc(aq) solution (500
mL). The reaction mixture was stirred at 60 °C@dr. Then, the mixture was concentrated under
reduced pressure and co-evaporated with toluenex)(3Purification by silica gel flash
chromatography (DCM/MeOH 98:2 to 96:4) gave @dl9.9 g, 82%) as a white amorphous solid:
R 0.3 (DCM/MeOH 95:5); §]p?° =71 € 1.2, CHC}); 'H NMR (400 MHz, CDQJ) 6 5.95-5.85
(m, 1H, H-2u), 5.30 (dddJ =17.2, 3.7, 1.5 Hz, 1H, H-3g, 5.21 (dddJ = 10.4, 3.4, 1.3 Hz, 1H,
H-3bai), 4.91 (t,J = 9.7 Hz, 1H, H-4), 4.86 (s, 1H, H-1), 4.18 (déit 12.9, 5.1, 1.4 Hz, 1H, H-
1aan), 4.03-3.97 (m, 2H, H-1b, H-2), 3.94 (ddJ = 9.4, 3.5 Hz, 1H, H-3), 3.84-3.77 (m, 1H, H-
5), 2.82 (tJ = 6.7 Hz, 1H, ElHLey), 2.60-2.56 (M, 3H, B2Ley), 2.20 (s, 3H, EaLey), 1.21 (dJ =
6.2 Hz, 3H, Gara); 13C NMR (100 MHz, CDGJ) 6 207.6 CO), 173.5 CO), 133.8 (C-2i), 117.6
(C-3an), 98.6 (C-1), 75.6 (C-4), 71.0 (C-2), 70.2 (C88,2 (C-Iu), 65.8 (C-5), 38.4QHzLev),
29.9 CHsley), 28.3 CHaley), 17.4 CHzta); HRMS (ESI-TOF)m/z [M + NaJ* calcd for
C14H2oNaO; 325.1258; found 325.125&)/z[2M + NaJ* calcd for GgH44aNa014627.2623; found
627.2654.

S231



Allyl 2,3,4,6-Tetra-O-benzyl#-D-glucopyranosyl-(1-3)-2-O-acetyl-4-O-levulinoyl-a-L -
rhamnopyranoside (32).

Ph__0O
g OAll
AN

Ph
OAl  gno N

Ha Levow
o 0.25 equiv.
@# . Bga(&ﬁ (025 cquiv 3 due
1) Ago0, CH;CN
HO OH BnoCI 4 AMS, 60 °C, overnight Q°f-0Bn
31 S33 protected from light, 74%

2) Ac,0, py, DMAP
rt, 3h, 98% BnO_ |\ oBn

LevO

To a solution of dono33(13.4 mg, 2.4 mmol, 1.5 equiv) and acce@d(482 mg, 1.6 mmol,
1.0 equiv) in anhydrous acetonitrile (32 mL) wadedifreshly activated 4 A powdered molecular
sieves (2.0 g) and the suspension was stirred foatlrt under Ar. Then, silver(l) oxide (738 mg,
3.2 mmol, 2.0 equiv) and 2-aminoethyl diphenylbatén(89.6 mg, 39@mol, 0.25 equiv) were
added and the round bottom flask was protected fight. The reaction mixture was stirred
overnight at 60 °C under Ar, quenched with a feapdrof MeOH, diluted with DCM (10 mL) and
filtered through a plug of Celite. The filtrate waancentrated under reduced pressure. The residue
was purified by silica gel flash chromatography [BtBAc 8:2 to 6:4) to give allyl 2,3,4,6-tetra-
O-benzyl$-b-glucopyranosyl-(43)-4-O-levulinoyl-a-L-rhamnopyranosid€d78 mg, 74%) as a
white amorphous solid¥ 0.3 (tol/EtOAc 9:1); §]p?° = —13 € 1.2, CHC}); *H NMR (400 MHz,
CDCl) ¢ 7.33-7.16 (m, 20H, B-Ar), 5.93-5.83 (m, 1H, H-2i), 5.29 (dddJ =17.2, 3.6, 1.6 Hz,
1H, H-3au), 5.21 (dddJ = 10.4, 3.3, 1.2 Hz, 1H, H-3b), 5.18 (t,J = 9.9 Hz, 1H, H-4B), 4.86
(d, dig2B = 1.5 Hz, 1H, H-1B), 4.85 (d] = 10.9 Hz, 1H, €IHPh), 4.84 (dJ= 11.5 Hz, 1H,
CHHPh), 4.80 (dJ= 10.9 Hz, 1H, €IHPh), 4.75 (dJ= 10.9 Hz, 1H, CHiPh), 4.63 (dJ=11.5
Hz, 1H, GHHPh), 4.54 (dJic,2c= 7.7 Hz, 1H, H-1C), 4.52 (d,= 10.9 Hz, 1H, CHPh), 4.49 (s,
2H, CH2Ph), 4.16-4.13 (m, 2H, H-4a H-2B), 4.05 (ddJ = 9.6, 3.4 Hz, 1H, H-3B), 3.97 (ddt,
=12.9,6.2,1.2 Hz, 1H, H-Ap), 3.85-3.78 (m, 1H, H-5B), 3.68 (d#i= 10.4, 1.7 Hz, 1H, H-6aC),
3.62 (t,J = 9.1 Hz, 1H, H-3C), 3.57 (dd,= 10.9, 5.2 Hz, 1H, H-6bC), 3.53 {t= 9.4 Hz, 1H, H-
4C), 3.51-3.43 (m, 2H, H-2C, H-5C), 2.57-2.49 (M, CH2Lev), 2.44-2.36 (M, 1H, B2Ley), 2.28—
2.20 (m, 1H, GEl2Ley), 2.13-2.06 (M, 1H, B2Lev), 2.04 (S, 3H, El3Leyv), 1.32 (d,J = 6.3 Hz, 3H,
CHara); 13C NMR (100 MHz, CDGJ) ¢ 206.5 CO), 172.1 CO), 138.5, 138.3, 138.1, 138.0 (4 x
C-Ar), 133.8 (C-2u), 128.6-127.7 (12 €H-Ar), 117.9 (C-3u), 103.6 (C-1C), 98.5 (C-1B), 84.7
(C-3C), 81.8 (C-2C), 78.9 (C-3B), 77.7 (C-4C), 78381-Ph), 75.1 CH2Ph), 74.7 (C-5C), 74.5
(CH2Ph), 73.7 CH2Ph), 72.7 (C-4B), 70.1 (C-2B), 69.0 (C-6C), 68.21(%), 66.5 (C-5B), 37.7
(CHaLev), 29.8 CHaLey), 27.8 CH2Ley), 17.5 CHzta); HRMS (ESI-TOF)m/z[M + Na]* calcd for
C48Hs56Na012847.3664; found 847.3661.

The latter compound (2.9 g, 3.6 mmol, 1.0 equiv} wessolved in anhydrous py (15 mL), then
Ac20 (15 mL) and DMAP (44 mg, 360mol, 0.1 equiv) were added. The reaction mixture wa
stirred at rt for 3 h under Ar. The mixture wasrtlmncentrated under reduced pressure and the
residue was purified by silica gel flash chromatpdry (PE/EtOAc 9:1 to 75:25) to give
disaccharid&2 (3.0 g, 98%) as a colorless d#:0.5 (tol/EtOAc 8:2); f]o?°= +6.6 € 1.4, CHC});

'H NMR (400 MHz, CDCYJ) § 7.37-7.15 (m, 20H, B-Ar), 5.89-5.79 (m, 1H, H-2i), 5.29-5.24

(m, 2H, H-2B, H-3a), 5.18 (t,J = 9.9 Hz, 1H, H-4B), 5.17 (ddd,= 10.4, 3.1, 1.3 Hz, 1H, H-
3bai), 4.86 (dJ = 10.9 Hz, 1H, EIHPh), 4.84 (dJis28 = 1.6 Hz, 1H, H-1B), 4.81 (d,= 11.6 Hz,
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1H, CHHPh), 4.77 (dJ = 10.8 Hz, 1H, EHPh), 4.76 (dJ = 10.9 Hz, 1H, CHIPh), 4.63 (d)] =
12.2 Hz, 1H, GIHPh), 4.61 (dJ = 11.6 Hz, 1H, CHIPh), 4.55 (dJ = 12.2 Hz, 1H, €EIHPh), 4.54
(d,J=10.8 Hz, 1H, EHPh), 4.50 (dJic2c= 7.7 Hz, 1H, H-1C), 4.22 (dd,= 9.9, 3.5 Hz, 1H,
H-3B), 4.13 (ddtJ = 12.9, 5.3, 1.4 Hz, 1H, H-4g, 3.98 (ddtJ = 12.9, 6.1, 1.3 Hz, 1H, H-1p),
3.85-3.78 (m, 1H, H-5B), 3.73-3.66 (m, 2H, H-6aC6WC), 3.61-3.56 (m, 2H, H-3C, H-4C),
3.46-3.42 (m, 1H, H-5C), 3.37 (td~= 7.6, 2.4 Hz, 1H, H-2C), 2.55-2.42 (m, 2H{4e\), 2.27—
2.17 (m, 2H, ElzLey), 2.10 (S, 3H, El3ac), 2.04 (s, 3H, ElaLey), 1.21 (d,J = 6.3 Hz, 3H, El31a);
13C NMR (100 MHz, CD@) 6 206.6 CO), 172.2, 170.5 (2 €0), 138.8, 138.7, 138.6, 138.3 (4
x C-Ar), 133.6 (C-2i), 128.5-127.5 (12 €H-Ar), 117.9 (C-3u), 104.5 (C-1C), 96.6 (C-1B),
84.7 (C-4C), 82.0 (C-2C), 77.8 (C-3C), 75@H:Ph), 75.3 (C-5C), 75.1CH-Ph), 74.6 (C-3B),
74.5 CH2Ph), 73.7 CH2Ph), 73.1 (C-4B), 72.7 (C-2B), 68.9 (C-6C), 68.51), 66.8 (C-5B),
37.7 CHatev), 29.7 CHsLey), 27.9 CHaLey), 21.2 CHaac), 17.5 CH3ra); HRMS (ESI-TOF)m/z
[M + Na]* calcd for GoHssNaO13889.3770; found 889.3750.
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Allyl  2,3,4,6-Tetra-O-benzyl-6-D-glucopyranosyl-(1-3)-2-O-acetyl-w-L-rhamnopyranoside
(33).

OAll OAll

LevO Q HO o

3 HoNNHz.HOAC, DCM, MeOH

OAc rt, overnight, 82% O Oac
Q"¢ -0Bn 07/ oBn
BnO
gno OB" BnOBnO OBn
32 33

To a solution of disaccharid®? (983 mg, 1.1 mmol, 1.0 equiv) in anhydrous DCM(B) were
added MeOH (11 mL) and hydrazine acetate (209 ngp#nol, 2.0 equiv). After stirring at rt
overnight, the reaction mixture was concentratedeumeduced pressure and co-evaporated with
toluene (3 x). The residue was purified by silieaftash chromatography (PE/EtOAc 9:1 to 75:25)
to give alcohol33 (715 mg, 82%) as a yellow ol 0.5 (tol/EtOAc 8:2); fp?° = —72 € 0.90,
CHCL); 'H NMR (400 MHz, CDGd) 6 7.35-7.15 (m, 20H, B-Ar), 5.92-5.82 (m, 1H, H-2)),
5.28 (dddJ =17.2, 3.8, 1.6 Hz, 1H, H-29, 5.19-5.17 (m, 2H, H-2B, H-3h), 4.88 (dJ=11.1
Hz, 1H, GHHPh), 4.84 (dJ = 10.5 Hz, 1H, CHPh), 4.81 (dJ = 11.1 Hz, 1H, E&HPh), 4.79 (d,
Jis2e= 1.8 Hz, 1H, H-1B), 4.78 (d,= 10.5 Hz, 1H, CHIPh), 4.65 (dJic2c= 7.8 Hz, 1H, H-1C),
4.61 (d,J =12.1 Hz, 1H, €&HPh), 4.59 (dJ = 11.8 Hz, 1H, CHIPh), 4.58 (dJ = 11.8 Hz, 1H,
CHHPh), 4.52 (dJ = 12.1 Hz, 1H, CHPh), 4.13 (ddt) = 12.9, 5.3, 1.6 Hz, 1H, H-49, 4.00-
3.95 (m, 2H, H-1j, H-3B), 3.73-3.60 (m, 5H, H-3C, H-4C, H-5B, H-6a&6bC), 3.53 (tJ =
9.6 Hz, 1H, H-4B), 3.48 (1] = 8.5 Hz, 1H, H-2C), 3.42 (di,= 9.3, 3.2 Hz, 1H, H-5C), 2.97 (d,

= 2.4 Hz, 1H, ®l), 2.07 (s, 3H, Bl3ac), 1.25 (d,J = 6.3 Hz, 3H, Elizra); X*C NMR (100 MHz,
CDCl) 6 170.4 CO), 138.5, 138.3, 138.2, 137.9 (4 x C-Ar), 133.62(&), 128.6-127.7 (12 x
CH-Ar), 117.9 (C-3u), 103.9 (C-1C), 96.7 (C-1B), 85.2 (C-3C), 82.34C), 79.1 (C-3B), 77.9
(C-4C), 75.7 CH2Ph), 75.6 CH2Ph), 75.2 CH2Ph), 75.1 (C-5C), 73.€CH2Ph), 72.5 (C-4B), 72.3
(C-2B), 68.7 (C-6C), 68.4 (Call), 68.0 (C-5B), 21.2QH3ac), 17.7 CHsra); HRMS (ESI-TOF)
m/z[M + Na]* calcd for GsHs2NaOr1791.3402; found 791.3399.
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Allyl 2,3,4,6-Tetra-O-benzyl#-D-glucopyranosyl-(1—3)-2-O-acetyl-6-deoxya-L -
talopyranoside (34).

OAll 1) Dess-Martin periodinane, OAIl

DCE, 70°C,1h

HO 0 2) NaBH,, MeOH/DCM 5:1 ]
d -10°Ctort,2h

OAc 71% (2 steps) Ho & Oac
07/ oBn 0"/ oBn
BnO BnO
Bno O8N Bn® O8N
33 34

Dess-Martin periodinane (857 mg, 2.0 mmol, 2.2 egwas added to a solution of alcol3@ (706
mg, 918umol, 1.0 equiv) in anhydrous DCE (18 mL) and thenbmed mixture was heated at 70
°C under Ar for 1 h. The mixture was cooled talgn diluted with DCM (25 mL) and quenched
with a 10% NaS,0Oz(aq) solution (25 mL). The organic phase was wastigdbrine (30 mL) and
dried (MgSQ). The solvents were concentrated under reducessyre to give a ketone. To a
cooled (—10 °C) solution of the ketone in MeOH/DC22 mL, 5:1v/v), NaBH: (69 mg, 1.8 mmol,
2.0 equiv) was slowly added and the mixture wasestifrom —10 °C to rt under Ar for 2 h. The
reaction mixture was treated with a 10% HOAc(adyitsan (2 mL) and then concentrated under
reduced pressure. The residue was purified byasga flash chromatography (PE/EtOAc 85:15
to 8:2) to give alcohd4 (504 mg, 71%, two steps) as a colorlessRyil.4 (tol/EtOAc 8:2); §]p%°

= —64 € 1.0, CHC}); *H NMR (400 MHz, CDQ) ¢ 7.37-7.14 (m, 20H, &-Ar), 5.93-5.83 (m,
1H, H-2a1), 5.29 (ddd,) = 17.2, 3.6, 1.6 Hz, 1H, H-39, 5.21-5.19 (m, 2H, H-2B, H-3h), 4.98
(d,J=11.0 Hz, 1H, €@HPh), 4.89 (dJ = 11.0 Hz, 1H, CHIPh), 4.86 (dJig28 = 1.4 Hz, 1H, H-
1B), 4.80 (dJ = 10.8 Hz, 1H, €IHPh), 4.77 (dJ = 11.0 Hz, 1H, CHPh), 4.73 (d,J = 11.0 Hz,
1H, CHHPh), 4.64 (dJic2c= 7.6 Hz, 1H, H-1C), 4.60 (d,= 12.1 Hz, 1H, CHPh), 4.53 (dJ =
10.8 Hz, 1H, GIHPh), 4.51 (dJ = 12.1 Hz, 1H, CHIPh), 4.21 (tJ = 3.8 Hz, 1H, H-3B), 4.15
(ddt,J=12.9, 5.3, 1.4 Hz, 1H, H-3g, 4.01 (ddtJ = 12.9, 6.0, 1.6 Hz, 1H, H-Ap), 3.89 (dd,J

= 13.3, 6.6 Hz, 1H, H-5B), 3.76 (br s, 1H, H-4B)%3-3.68 (m, 2H, H-6aC, H-6bC), 3.66—3.60
(m, 2H, H-3C, H-4C), 3.45-3.40 (m, 1H, H-5C), 1@9 3H, CHzac), 1.32 (d,J = 6.6 Hz, 3H,
CHara); ¥3C NMR (100 MHz, CDGJ) 6 169.7 CO), 138.7, 138.6, 138.3, 138.2 (4 x C-Ar), 133.6
(C-2an), 128.5-127.7 (12 €H-Ar), 117.9 (C-3u), 101.2 (C-1C), 97.2 (C-1B), 84.6 (C-3C), 82.1
(C-2C), 77.6 (C-4C), 75.CH2Ph), 75.2 CH2Ph), 75.1 (C-5C), 74.70H2Ph), 73.5 CH2Ph), 71.9
(C-3B), 70.9 (C-2B), 69.1 (C-4B), 68.7 (C-6C), 6&®-1a1), 66.8 (C-5B), 21.2@H3ac), 16.5
(CHsra); HRMS (ESI-TOF)M/z[M + Na]* calcd for GsHs2NaOr1 791.3402; found 791.3418.
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2,3,4,6-TetraO-benzyl#-D-glucopyranosyl-(1-3)-2-O-acetyl-6-deoxye-L -talopyranosyl
2,2,2-Trichloroacetimidate (35).

OAll

0o~ >cal
1) [ICOD}PMe(CeHe)aal+ PFs, Hp, THF 0
HO & Oac 2) I, THF/H,0, 77% (2 steps) o I
o) 3) CCLCN, Cs,C03, DCM, Me;CO, 84%
OBn ) 3 »CO3 o A o oBn

BnO OBn BnO
BnO BnO
34

Allyl taloside 34 (458 mg, 60@imol, 1.0 equiv) was reacted according to the gépeoaedure for
the synthesis of trichloroacetimidate donors (fipsrt). Purification by silica gel flash
chromatography (PE/EtOAc 9:1 to 5:5) gave a hen@hd@292 mg, 77%, ratia/f ~ 3:1) as a
yellow amorphous solid% 0.2 (tol/EtOAc 8:2)tH NMR (400 MHz, CDC4) 6 7.37—7.14 (m, 20H,
CH-Ar), 5.24-5.19 (m2H, H-1B, H-2B), 4.98 (d) = 11.1 Hz, 1H, €HPh), 4.90 (dJ = 11.1 Hz,
1H, CHHPh), 4.80 (dJ = 10.8 Hz, 1H, €&HPh), 4.77 (dJ = 11.7 Hz, 1H, CHPh), 4.74 (d,) =
11.7 Hz, 1H, €IHPh), 4.65 (dJic,2c= 7.7 Hz, 1H, H-1C), 4.60 (d,= 12.1 Hz, 1H, CHIPh), 4.52
(d,J=10.8 Hz, 1H, €EHPh), 4.50 (dJ = 12.1 Hz, 1H, CHIPh), 4.26 (t,J = 3.7 Hz, 1H, H-3B),
4.16-4.11 (m, 1H, H-5B), 3.78-3.75 (m, 1H, H-4B){(8-3.67 (m2H, H-6aC, H-6bC), 3.65—
3.3.62 (m, 2H, H-3C, H-4C), 3.52 (ddl= 7.5, 1.8 Hz, 1H, H-2C), 3.45-3.41 (m, 1H, H-5212
(d,J=3.8 Hz, 1H, ®), 2.59 (dJ = 9.1 Hz, 1H, ®l), 2.00 (s, 3H, El3ac), 1.32 (dJ = 6.6 Hz, 3H,
CHara); 3C NMR (100 MHz, CDG) 6 169.8 CO), 138.7, 138.6, 138.3, 138.2 (4 x C-Ar), 128.1—
127.5 (12 xCH-Ar), 101.3 (C-1C), 92.7 (C-1B), 84.6 (C-3C), 82@-2C), 77.6 (C-4C), 75.7
(CH2Ph), 75.2 CH2Ph), 75.0 (C-5C), 74.TCH2Ph), 73.5 CH2Ph), 71.5 (C-3B), 71.2 (C-2B), 69.2
(C-4B), 68.8 (C-6C), 66.9 (C-5B), 21.€Kl3ac), 16.6 CHsra); HRMS (ESI-TOF)M/z[M + Na]*
calcd for GoHseNa(011751.3089; found 751.3100;m/z [2M + NaJ* caled for
CssHosNa(»21479.6285; found 1479.6306. Then, the hemiace& (Ag, 39Qumol, 1.0 equiv)
was reacted in the presence 0f@3s (25 mg, 8Qumol, 0.2 equiv) and C&CN (190uL, 1.9 mmol,
5.0 equiv). Purification by silica gel flash chraimgraphy (PE/EtOAc 8:2 to 6:4 + 1%sN) gave
imidate 35 (285 mg, 84%) as a yellow oiR 0.4 (tol/EtOAc 8:2); §p?° = +32 € 0.82, CHCY);
IH NMR (400 MHz, pyeks) 6 7.65—-7.29 (m, 20H, B-Ar), 6.94 (s, 1H, H-1B), 5.93 (br s, 1H, H-
2B), 5.42 (dJ = 11.1 Hz, 1H, €HPh), 5.21 (dJic2c= 7.7 Hz, 1H, H-1C), 5.13 (d,= 11.1 Hz,
1H, CHHPh), 5.00 (dJ = 10.9 Hz, 1H, €&HPh), 4.97-4.91 (m, 2H, 2 xHGPh), 4.80 (tJ = 4.3
Hz, 1H, H-3B), 4.76 (dJ = 11.1 Hz, 1H, CHIPh), 4.73 (dJ = 12.1 Hz, 1H, EIHPh), 4.65 (d,J
=12.1 Hz, 1H, CHIPh), 4.48 (ddJ = 14.2, 6.3 Hz, 1H, H-5B), 3.33 (br s, 1H, H-4B)96-3.88
(m, 4H, H-3C, H-4C, H-6aC, H-6bC), 3.80-3.75 (m, 2H2C, H-5C), 1.96 (s, 3H, Ksac), 1.53
(d,J = 6.6 Hz, 3H, Eizra); 1°C NMR (100 MHz, pyes) § 169.7 CO), 139.6, 139.1, 138.3, 138.2
(4 x C-Ar), 128.5-127.7 (128H-Ar), 101.9 (C-1C), 96.3 (C-1B), 84.8 (C-4C), 82®&-2C), 78.2
(C-3C), 75.6 CH2Ph), 75.5 (C-5C), 74.90H2Ph), 74.6 CH2Ph), 73.7 CH2Ph), 72.9 (C-3B), 70.7
(C-5B), 69.5 (C-6C), 69.2 (C-2B), 68.4 (C-4B), 20CH3Ac), 16.9 CHara).
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2,3,4,6-TetraO-benzyl#-D-glucopyranosyl-(1—3)-6-deoxy-1,2,40-orthoacetyl-f-L -
talopyranose (36).

NH

0] CCl,
N3 o

W TMSOTf (0.01 equiv), Et;O/DCE 5:1 OBn

-10°C, 10 min, 41% BnO 0
HO & OAc P“/VOO/&/O BnO o 5 o

07 _0Bn + HO OBn o
OBn
13 36

BnO
BnO OBn
35

A mixture of acceptod3 (223 mg, 476.mol, 1.5 equiv) and don@5 (277 mg, 314mol, 1.0
equiv) in anhydrous ED/DCE (8 mL, 5:1v/v) was cooled to —10 °C and TMSOTf (Qu&, 3
pmol, 0.01 equiv) was added keeping rigorous anhyglomnditions. The mixture was stirred for
10 min at —10 °C under Ar and then quenched witavadrops of E4N. The suspension was
filtered over Celite, rinsed with DCM and the fdte was concentrated under reduced pressure.
The residue was purified by combi-flash chromatphya(PE/acetone 92:8) to give tricyclic
orthoesteB6 (92 mg, 41%) as a white amorphous powder, which nearystallized in EtOAdR

0.6 (tol/EtOAc 8:2); po®° = +17 € 1.0, CHC}); *H NMR (400 MHz, CDCY4) 6 7.41-7.25 (m,
18H, CH-Ar), 7.18-7.15 (m, 2H, B-Ar), 5.68 (d,J12 = 5.1 Hz, 1H, H-1B), 5.08 (d,= 10.8 Hz,
1H, CHHPh), 4.95 (d,J = 11.0 Hz, 1H, EHPh), 4.82 (dJ = 11.1 Hz, 1H, €HPh), 4.79 (d) =
11.1 Hz, 1H, GHPh), 4.78 (dJ = 10.9 Hz, 1H, €@HPh), 4.74-4.70 (m, 1H, H-2B), 4.58-4.49
(m, 4H, H-1C, ®&2Ph, (HHPh), 4.06-4.00 (m, 2H, H-4B, H-5B), 3.75-3.69 @H, H-6aC, H-
3B), 3.67-3.59 (m, 3H, H-2C, H-3C, H-6bC), 3.56J¢t4 = Ja5= 9.6 Hz, 1H, H-4C), 3.47 (ddd,
Jas=9.6 HzJs56a= 5.4 Hz,J5 6= 1.8 Hz, 1H, H-5C), 1.69 (s, 3HHzorthoeste}, 1.39 (d,Js6 = 6.4

Hz, 3H, H-6B);*C NMR (100 MHz, CDGJ) 6 138.7, 138.6, 138.2, 138.1 (4 x C-Ar), 128.6-127.8
(CH-Ar), 118.2 (Grthoeste}, 103.1 (C-1C), 99.1 (C-1B), 84.7 (C-2C), 81.93C}), 77.8 (C-4C), 76.7
(C-5B), 75.8 CH2Ph), 75.5 (C-2B), 75.20H2Ph), 75.1 (C-5C), 75.@CH-Ph), 73.6 CH-Ph), 73.5
(C-4B), 70.8 (C-3B), 69.3 (C-6C), 20.€HKl30orthoeste}, 19.4 (C-6B); HRMS (ESI-TORN/z[M +
Na]" calcd for G2oHasNaOrp733.2983; found 733.2995.
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2,3,4,6-TetraO-benzyl#-D-glucopyranosyl-(1—-3)-2-O-acetyl-4-O-levulinoyl-a-L -

rhamnopyranosyl 2,2,2-Trichloroacetimidate(37).
NH

OAll

0”7 “CCls
LevO Q 1) IHCODYPMe(CoHe eI+ PFg Hp THE o
o 2) I, THF/H20, 89% (2 steps) ev
OAc 0 4
3) CCI,CN, Cs,C03, DCM, Me;CO, 91% Ac
067/ _oBn 07 o8
BnO
Bno OB" BnO_, & OBn
32 n

37
Taloside32 (1.0 g, 1.2 mmol, 1.0 equiv) was reacted accordlinthe general procedure for the
synthesis of trichloroacetimidate donors (firsttpd?urification by silica gel flash chromatography
(PE/EtOAC 85:15 to 65:35) gave a hemiacetal (881888p, ratioe/ff ~ 10:1) as a white foanikk
0.2 (tol/EtOAc 8:2)H NMR (400 MHz, CDC4) 6 7.38-7.15 (m, 20H, B-Ar), 5.30 (dd,J = 3.5,
1.8 Hz, 1H, H-2B), 5.19 (dhe28 = 1.7 Hz, 1H, H-1B), 5.18 (§ = 10.0 Hz, 1H, H-4B), 4.87 (d,
= 10.9 Hz, 1H, €HPh), 4.81 (dJ = 11.7 Hz, 1H, CHPh), 4.77 (dJ = 10.9 Hz, 1H, EHPh),
4.76 (d,J = 10.9 Hz, 1H, CHPh), 4.62 (d,) = 12.1 Hz, 1H, €EIHPh), 4.61 (d,J = 11.7 Hz, 1H,
CHHPh), 4.55 (dJ = 12.1 Hz, 1H, €&HPh), 4.54 (dJ = 10.9 Hz, 1H, CHPh), 4.51 (dJic2c=
7.8 Hz, 1H, H-1C), 4.27 (dd,= 10.0, 3.4 Hz, 1H, H-3B), 4.07-4.00 (m, 1H, H-58)/3 (ddJ =
10.9, 1.9 Hz, 1H, H-6aC), 3.66 (d#i= 10.6, 4.7 Hz, 1H, H-6bC), 3.60 {t= 9.0 Hz, 1H, H-3C),
3.56 (t,J = 8.8 Hz, 1H, H-4C), 3.48-3.43 (m, 1H, H-5C), 3(@8d,J = 8.4, 7.9 Hz, 1H, H-2C),
3.01 (d,J =3.9 Hz, 1H, ®), 2.53-2.43 (M, 2H, BaLev), 2.26-2.23 (M, 2H, B2Lev), 2.19 (S, 3H,
CHaac), 2.04 (s, 3H, Bl3Ley), 1.20 (d,J = 6.3 Hz, 3H, Elsra); 13C NMR (100 MHz, CDG) §
206.7 CO), 172.2,170.5 (2 €0), 138.8, 138.7, 138.5, 138.2 (4 x C-Ar), 128.5~5712 xCH-
Ar), 104.6 (C-1C), 92.1 (C-1B), 84.7 (C-3C), 810-2C), 77.9 (C-4C), 75.7CH2Ph), 75.1
(CH2Ph), 75.0 (C-5C), 74.80H2Ph), 74.2 (C-3B), 73.60H2Ph), 73.1 (C-2B, C-4B), 69.1 (C-6C),
66.8 (C-5B), 37.7QH2Lev), 29.8 CHsLev), 27.9 CHoLev), 21.2 CH3ac), 17.6 CH3Ta); HRMS (ESI-
TOF) m/z[M + Na]* calcd for G7Hs4NaO13849.3457; found 849.3489. Then, the hemiacetal (861
mg, 1.0 mmol, 1.0 equiv) was reacted in the presef€sCOs (68 mg, 21Q:mol, 0.2 equiv) and
CCIzCN (630uL, 6.5 mmol, 6.0 equiv). Purification by silica dielsh chromatography (PE/EtOAc
8:2 to 6:4 + 1% EN) gave imidate87 (921 mg, 91%) as a white foariR: 0.4 (tol/EtOAc 8:2);
[a]p?° = +44 €0.82, CHCYTHF 1:1);*H NMR (400 MHz, CDCY) 6 7.33-7.14 (m, 20H, G-Ar),
6.26 (d,Jis2= 1.9 Hz, 1H, H-1B), 5.46 (dd,= 3.5, 1.9 Hz, 1H, H-2B), 5.28 ,= 10.2 Hz, 1H,
H-4B), 4.88 (dJ = 11.0 Hz, 1H, €GHPh), 4.81 (dJ = 11.0 Hz, 1H, CHPh), 4.78 (dJ = 10.8
Hz, 1H, GHHPh), 4.77 (dJ = 10.8 Hz, 1H, CHPh), 4.62 (dJ) = 12.3 Hz, 1H, EHPh), 4.59 (d,
J=11.9 Hz, 1H, CHPh), 4.56 (dJ = 11.9 Hz, 1H, €&HPh), 4.52 (dJic2c= 7.8 Hz, 1H, H-1C),
4.51 (d,J = 12.3 Hz, 1H, €&HPh), 4.25 (ddJ = 10.1, 3.5 Hz, 1H, H-3B), 4.03-3.95 (m, 1H, H-
5B), 3.72 (ddJ = 11.0, 3.9 Hz, 1H, H-6aC), 3.66 Jt= 9.4 Hz, 1H, H-3C), 3.62-3.57 (m, 2H, H-
4C, H-6bC), 3.43-3.37 (m, 2H, H-2C, H-5C), 2.5562(M, 2H, GHoey), 2.26-2.18 (m, 2H,
CHatey), 2.16 (s, 3H, El3ac), 2.04 (s, 3H, Blse), 1.25 (dJ = 6.3 Hz, 3H, Elsra); 13C NMR (100
MHz, CDCk) ¢ 206.6 CO), 172.1, 170.0 (2 €0), 159.9 (C-Ar), 138.7, 138.4, 138.3 (3 x C-Ar),
128.5-127.5 (12 H-Ar), 104.7 (C-1C), 94.6 (C-1B), 84.7 (C-4C), 81(®-2C), 77.7 (C-3C),
75.7 CH2Ph), 75.2 (C-5C), 75.XCH2Ph), 74.6 CH2Ph), 74.2 (C-3B), 73.60H2Ph), 72.3 (C-4B),
71.1 (C-2B), 69.7 (C-5B), 68.6 (C-6C), 370HzLev), 29.8 CHsLey), 27.8 CHaLey), 21.1 CHaac),
17.6 CHara); HRMS (ESI-TOF)m/z[M + Na]* calcd for GoHs4ClsNNa(O13992.2553; found
992.2552.
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(5-Azido-1-pentyl) 2,3,4,6-Tetra©-benzyl#-D-glucopyranosyl-(1—3)-2-O-acetyl-a-L -
rhamnopyranosyl-(1—3)-2-O-benzyl-4,6O0-benzylideneg-D-glucopyranoside (38).
NH

1) TMSOTH (0.1 equiv), Et;,O/DCE 5:1
4AMS, —10 °C, 10 min, 81%

0~ ccly

2) HoNNH,.H,0, py, HOAG

N3
N3
Levo@# ' Py Ph—X~0
4 Ph—X~0 0 °C to rt, overnight, 95% HO o 0 o
HO o] OBn
OBn
13 Ac

+
07/ oBn
BnO
0 (o)

B
OBn 38

BnO OBn

BnO
37 BnO OBn

Acceptor13 (350 mg, 745umol, 1.0 equiv) and don@7 (869 mg, 895umol, 1.2 equiv) were
dried for 4 h under high vacuum and then dissoivednhydrous EO/DCE (18 mL, 5:1v/v).
Freshly activated 4 A powdered molecular sieves @) were added and the suspension was stirred
for 40 min at rt under Ar. Then, the reaction mietwas cooled to —10 °C and TMSOTT (14,
75 umol, 0.1 equiv) was injected. The mixture was stirat —10 °C for 10 min under Ar. The
reaction was then quenched witisNE{100uL), filtered over Celite and rinsed with DCM. The
filtrate was concentrated under reduced pressudepanfied by combi-flash chromatography
(PE/EtOAC 7:3) to give (5-azido-1-pentyl) 2,3,4¢bra-O-benzylf-D-glucopyranosyl-(33)-2-
O-acetyl-40-levulinoyl-a-L-rhamnopyranosyl-(33)-2-O-benzyl-4,60-benzylidenes-D-
glucopyranoside (768 mg, 81%) as a white fo&n0.6 (tol/EtOAc 8:2); f]p?° = -17 € 1.2,
CHCL); 'H NMR (400 MHz, CDCY4) § 7.48-7.15 (m, 30H, B-Ar), 5.48 (s, 1H, H-7A), 5.43 (dd,
J=3.6, 1.5 Hz, 1H, H-2B), 5.24 (d,= 1.3 Hz, 1H, H-1B), 5.08 (§ = 10.2 Hz, 1H, H-4B), 4.85
(d, J = 11.0 Hz, 1H, €HPh), 4.78 (dJ = 11.7 Hz, 1H, CHPh ), 4.77 (dJ = 10.8 Hz, 1H,
CHHPh), 4.76 (dJ = 10.8 Hz, 1H, CHIPh), 4.75 (dJ = 11.0 Hz, 1H, @&HPh), 4.73 (dJ = 10.8
Hz, 1H, CHHPh), 4.63 (dJ = 12.1 Hz, 1H, €EIHPh), 4.57 (dJ = 12.1 Hz, 1H, CHIPh), 4.56 (d,
J=11.7 Hz, 1H, €EIHPh), 4.53 (dJ = 10.9 Hz, 1H, CHPh), 4.49 (dJic2c= 7.6 Hz, 1H, H-1C),
4.45 (dJia2a = 7.7 Hz, 1H, H-1A), 4.32 (dd,= 10.5, 4.8 Hz, 1H, H-6aA), 4.18 (d#i= 10.0, 3.6
Hz, 1H, H-3B), 4.15-4.09 (m, 1H, H-5B), 3.92 {t= 9.5 Hz, 1H, H-3A), 3.90-3.86 (m, 1H, H-
lainker), 3.77-3.68 (m, 3H, H-6bA, H-6aC, H-6bC), 3.59-B(#, 3H, H-1lker, H-3C, H-4A),
3.44 (t,J = 9.5 Hz, 1H, H-4C), 3.40-3.32 (m, 4H, H-2A, H-2&5A, H-5C), 3.20 (tJ = 7.2 Hz,
2H, H-5inker), 2.50-2.33 (M, 2H, B2Le\), 2.25-2.16 (M, 2H, B2Ley), 2.04 (S3H, CHzac), 2.02 (s,
3H, O‘|3Lev), 166—155 (m, 4H, Hﬁ&(er, H'4|inker), 146—137 (m, 2H, Hﬁa(er), 082 (d,J = 63 HZ,
3H, CHara); 13C NMR (100 MHz, CDGJ) 6 206.6 CO), 171.9, 169.7 (2 €0O), 138.7, 138.6,
138.4, 138.2, 138.1, 137.1 (6 x C-Ar), 129.2-1362 x CH-Ar), 104.1 (C-1A), 103.9 (C-1C),
101.6 (C-7A), 97.7 (C-1B), 84.6 (C-3C), 82.9 (C-282.1 (C-2C), 79.0 (C-4C*), 77.8 (C-4A%),
75.9 (C-3A), 75.5CH2Ph), 75.3 (C-5C), 74.9CH-Ph), 74.8 CH-Ph), 74.4 CH2Ph), 74.2 (C-3B),
73.7 CH2Ph), 73.1 (C-4B), 71.9 (C-2B), 70.0 (Gmdr), 69.2 (C-6A*), 68.8 (C-6C*), 66.3 (C-
5A%), 66.2 (C-5B*), 51.3 (C-fker), 37.5 CHaLev), 29.7 CHsLey), 29.3 (C-2nker), 28.6 (C-fnker),
27.7 CHzLev), 23.3 (C-3nker), 20.9 CH3ac), 16.8 CHzra); HRMS (ESI-TOF)mM/z[M + Na]* calcd
for C72Hg3N3NaOg1300.5564; found 1300.5586.

Acetic acid (2.6 mL) and hydrazine monohydrate (1613.1 mmol, 5.0 equiv) were slowly added
to a stirred solution of the latter compoy@@6 mg, 62Qumol, 1.0 equiv) in anhydrous py (4 mL)
at 0 °C under Ar. Then, the reaction mixture wasest from O °C to rt overnight. After this time,
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solvents were concentrated and co-evaporated @litbrie (3 x). The residue was purified by silica
gel flash chromatography (PE/EtOAc 9:1 to 8:2) keealcohol38 (696 mg, 95%) as a colorless
oil: R 0.6 (tol/EtOACc 8:2); f]p?°= —20 € 0.79, CHCJ); *H NMR (400 MHz, CDQJ) 6 7.47-7.15
(m, 30H, CH-Ar), 5.49 (s, 1H, H-7A), 5.34 (dd, = 3.7, 1.5 Hz, 1H, H-2B), 5.21 (d,= 1.4 Hz,
1H, H-1B), 4.87 (dJ =11.1 Hz, 1H, EHPh), 4.83-4.76 (m, 6H, 3 xHGPh), 4.67 (dJ 1ic2c=
7.8 Hz, 1H, H-1C), 4.60 (d,= 12.1 Hz, 1H, CHIPh), 4.54 (dJ = 10.8 Hz, 1H, €HPh), 4.52 (d,
J=12.1 Hz, 1H, CHPh), 4.46 (dJia2a = 7.8 Hz, 1H, H-1A), 4.32 (dd,= 10.4, 4.9 Hz, 1H, H-
6aA), 4.04-4.00 (m, 1H, H-5B), 3.98 (dds 9.6, 3.5 Hz, 1H, H-3B), 3.92 3,= 9.5 Hz, 1H, H-
3A), 3.90-3.86 (m, 1H, H-J%aer), 3.74 (tJ = 10.7 Hz, 1H, H-6bA), 3.70-3.67 (m, 2H, H-6aC, H-
6bC), 3.63-3.57 (m, 2H, H-3C, H-4C), 3.54 (d4, 6.9, 2.9 Hz, 1H, H-4A), 3.51-3.40 (m, 5H, H-
1biinker, H-2A, H-2C, H-4B, H-5C), 3.37 (dd,= 9.8, 4.8 Hz, 1H, H-5A), 3.19 {@,= 7.3 Hz, 2H,
H'5Iinker), 275 (S, 1H, B), 202 (S,3H, O"?,Ac), 166—155 (m, 4H, Hﬁa(er, H'4|inker), 146—139
(M, 2H, H-3nker), 0.89 (d,J= 6.2 Hz, 3H, Gizra); *C NMR (100 MHz, CDGJ) ¢ 169.9 CO),
138.6, 138.4, 138.3, 138.2, 137.9, 137.2 (6 x G-APP.1-126.3 (18 H-Ar), 104.2 (C-1A),
103.5 (C-1C), 101.6 (C-7A), 98.1 (C-1B), 85.1 (C}383.0 (C-2A), 82.2 (C-2C), 79.2 (C-4A),
78.8 (C-3B), 77.9 (C-4C), 76.4 (C-3A), 75QH2Ph), 75.5 CH2Ph), 75.2 (C-5C), 75.1CH2Ph),
74.9 CH2Ph), 73.6 CH2Ph), 72.3 (C-4B), 71.9 (C-2B), 70.1 (Gmwkr), 68.9 (C-6A*), 68.8 (C-
6C*), 67.9 (C-5B), 66.4 (C-5A), 51.4 (Giner), 29.4 (C-Znker), 28.7 (C-4nker), 23.4 (C-3nker), 21.1
(CH3ac), 17.2 CHara); HRMS (ESI-TOF)mM/z[M + Na]* calcd for G7H77N3NaOis1202.5196;
found 1202.5220.
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(5-Azido-1-pentyl) 2,3,4,6-Tetra©-benzyl#-D-glucopyranosyl-(1—3)-2-O-acetyl-6-deoxye-
L-talopyranosyl-(1—3)-2-O-benzyl-4,6O-benzylideneg-D-glucopyranoside (39)

® 1) PDCP, DMSO, Et;N, DCM Na
—10°Ctort, 1h
2) NaBHj, MeOH/DCM 3:1
Ph
/TO -10°Ctort, 1h Ph/voo o
85% (2 steps) o 0 o
HO O OBn
BnO o BnO o o
C
OBn 29
BnO OBn BnO OBn

To a solution of DMSO (2QL, 216umol, 10 equiv) in anhydrous DCM (0.4 mL) at —10u&ler
Ar were sequentially added PDCP (2D, 130 umol, 6.0 equiv) and BN (40 uL, 216 umol, 10
equiv). Then, a solution of trisacchari@d® (26 mg, 22umol, 1.0 equiv) in DCM0.1 mL) was
added dropwise. The reaction mixture was stirred1& °C for 10 min, then allowed to slowly
warm up to rt. After 1 h, DCNbB mL) was added. The organic phase was washedwaitdr(3 x

3 mL). The aqueous layer was back extracted wittM¥& mL). The combined organic phases
were washed with brine (5 mL). Then, the solventsthe dried solution (MgS%) were
concentrated under reduced pressure to give adetana cooled (—10 °C) solution of the ketone
in MeOH/DCM (0.4 mL, 3:1v/v), NaBH; (3.2 mg, 86umol, 4.0 equiv) was slowly added. The
mixture was stirred from —10 °C to rt under Ar foh. Then, the reaction mixture was diluted with
DCM (6 mL) and the organic phase was washed wittew@ x 4 mL). The aqueous layer was
extracted with DCM2 x 3 mL). The combined organic phases were was¥itdbrine, dried
(MgSQy) and then concentrated under reduced pressurgeSiakeie was purified by silica gel flash
chromatography (PE/EtOAc 8:2 to 75:25) to give htl@9 (22 mg, 85%, two steps) as a colorless
solid: R: 0.5 (tol/EtOAc 8:2); fp?° = —45 € 0.34, CHCY); *H NMR (400 MHz, CDGJ) 6 7.41-
7.13 (m, 30H, ©-Ar), 5.37 (s, 1H, H-7A), 5.32 (dd,= 3.7, 1.2 Hz, 1H, H-2B), 5.30 (d,= 1.2
Hz, 1H, H-1B), 4.92 (dJ = 11.0 Hz, 1H, €&HPh), 4.88 (dJ = 11.0 Hz, 1H, CHPh ), 4.85 (dJ

= 10.2 Hz, 1H, €IHPh), 4.79 (dJ = 10.8 Hz, 1H, CHPh), 4.77 (dJ = 10.2 Hz, 1H, EHPh),
4.75 (d,J = 10.8 Hz, 1H, CHPh), 4.69 (dJ = 11.1 Hz, 1H, €&HPh), 4.63 (dJ 1c,2c= 7.6 Hz,
1H, H-1C), 4.56 (dJ = 12.2 Hz, 1H, CHPh), 4.54 (dJ = 11.1 Hz, 1H, EHPh), 4.49 (dJ1a2A

= 7.8 Hz, 1H, H-1A), 4.46 (d] = 12.2 Hz, 1H, CHIPh), 4.31 (ddJ = 10.5, 4.8 Hz, 1H, H-6aA),
4.19-4.14 (m, 2H, H-3B, H-5B), 3.97 &= 9.4 Hz, 1H, H-3A), 3.91 (dt] = 9.5, 6.8 Hz, 1H, H-
lainker), 3.72 (t,J = 10.4 Hz, 1H, H-6bA), 3.67 (d,= 2.9 Hz, 2H, H-6aC, H-6bC), 3.63—-3.57 (m,
3H, H-3C, H-4B, H-4C), 3.53 (df,= 9.5, 6.9 Hz, 1H, H-likxer), 3.49-3.42 (m, 4H, H-2A, H-2C,
H-4A, H-5C), 3.37 (ddJ = 9.6, 4.7 Hz, 1H, H-5A), 3.19 @,= 7.3 Hz, 2H, H-Ber), 1.88 (s3H,
CHaac), 1.67-1.54 (m, 4H, Hiigker, H-4jinker), 1.47-1.37 (M, 2H, H1der), 0.96 (dJ= 6.4 Hz, 3H,
CHara); ¥*C NMR (100 MHz, CD@) 6 169.2 CO), 138.7, 138.6, 138.4, 138.3, 138.2, 137.3 (6 x
C-Ar), 129.1-126.3 (18 €H-Ar), 104.2 (C-1A), 101.7 (C-7A), 100.6 (C-1C),.98C-1B), 84.6
(C-3C), 83.1 (C-2A), 82.1 (C-2C), 79.2 (C-4A), 7TT1®&4C), 75.8 (C-3A), 75.1TH2Ph), 75.2 (C-
5C), 75.1 CH2Ph), 74.8 CH2Ph), 74.7 CH2Ph), 73.4 CH2Ph), 71.6 (C-3B), 70.2 (Ciker), 70.1
(C-2B), 68.9 (C-4B, C-6A*), 68.8 (C-6C*), 66.6 (B}h 66.4 (C-5A), 51.4 (CHfaker), 29.4 (C-
2iinker), 28.7 (C-4hker), 23.4 (C-3nker), 21.0 CH3ac), 16.1 CHzta); HRMS (ESI-TOF)mM/z[M +
NaJ" calcd for G7H77N3NaO161202.5196; found 1202.5225.
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(5-Azido-1-pentyl) 2,3,4,6-Tetra©-benzyl#-D-glucopyranosyl-(1—3)-6-deoxya-L-
talopyranosyl-(1—3)-2-O-benzyl-4,6O0-benzylidenef-p-glucopyranoside (40).

N Ny
Ph/voo o Ph—X~0 o
o o NaOMe, MeOH/DCM 2:1 o5 o
O rt, overnight, 81%
HO O OBn Ho'o O 0Bn

BnO o e B0 o

0Bn OH

39 OBn 40

BnO OBn BnO OBn

To a solution of compoun89 (29 mg, 25umol, 1.0 equiv) in anhydrous MeOH/DCM (0.8 mL,
2:1v/v) was added NaOMe (25% in MeOH, 24, 10 umol, 0.4 equiv). The reaction mixture was
stirred overnight at rt under Ar. Dowex lWvas added until neutralization, then the soluti@s
filtered off and the solvents were concentratedenmdduced pressure. The residue was purified
by silica gel flash chromatography (PE/EtOAc 85t45/:3) to give dioM0 (23 mg, 81%) as a
colorless solidRs 0.6 (tol/EtOAc 8:2); §]p?° = —34 € 0.20, CHCY); *H NMR (400 MHz, CDCJ)

0 7.45-7.13 (m, 30H, B-Ar), 5.43 (s, 1H, H-7A), 5.30 (br s, 1H, H-1B)93.(d,J = 11.1 Hz, 1H,
CHHPh), 4.91 (dJ = 10.9 Hz, 1H, CHIPh ), 4.85-4.78 (m, 4H, 2 xHzPh), 4.65 (dJ = 10.9 Hz,
1H, CHHPh), 4.59 (dJic2c= 7.7 Hz, 1H, H-1C), 4.49 (d,= 10.8 Hz, 1H, CHIPh), 4.48 (dJ1a2A

= 7.8 Hz, 1H, H-1A), 4.45 (d] = 12.2 Hz, 1H, EHPh), 4.40 (dJ = 12.2 Hz, 1H, CHPh), 4.32
(dd,J =10.7, 4.6 Hz, 1H, H-6aA), 4.09 (ddi~= 13.9, 6.2 Hz, H-5B), 3.96 {@,= 9.4 Hz, 1H, H-
3A), 3.94-3.89 (m, 2H, H-2B, H-l#&er), 3.83 (t,J = 3.6 Hz, 1H, H-3B), 3.74 (1 = 10.4 Hz, 1H,
H-6bA), 3.64 (tJ= 9.3 Hz, 1H, H-3C), 3.60-3.37 (m, 10H, Hrdbr, H-2A, H-2C, H-4A, H-4B,
H-4C, H-5A, H-5C, H-6aC, H-6bC), 3.22 &= 7.3 Hz, 2H, H-Bwer), 3.14 (d,J = 8.5 Hz, BH),
1.69-1.57 (m, 4H, H+er, H-41inker), 1.50-1.43 (m, 2H, Hﬁ%«er), 0.89 (d,.J =6.5Hz, 3H, (E|3Tal);
13C NMR (100 MHz, CDGJ) 6 138.5, 138.4, 138.0, 137.9, 137.8, 137.3 (6 x §-A29.1-126.3
(18 x CH-Ar), 104.2 (C-1A), 101.9 (C-7A), 101.4 (C-1C),a8 (C-1B), 84.7 (C-3C), 82.7 (C-
2A), 81.9 (C-2C), 79.4 (C-4A), 77.8 (C-4C), 76.3-38), 75.8 CH-Ph), 75.3 (C-3B), 75.2
(CH2Ph), 75.1 CH2Ph), 75.0 CH2Ph), 74.9 (C-5C), 73.60H2Ph), 70.7 (C-4B), 70.2 (Civker),
69.7 (C-2B), 69.0 (C-6A*), 68.9 (C-6C*), 66.7 (C-pB6.4 (C-5A), 51.4 (Ciker), 29.4 (C-Znker),
28.7 (C-4nker), 23.4 (C-3nker), 16.1 CHazta); HRMS (ESI-TOF)m/z [M + Na]* calcd for
CesH75N3NaO5 1160.5090; found 1160.5083.
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(5-Azido-1-pentyl) 2,3,4,6-Tetra©-benzyl-#-D-glucopyranosyl-(1-3)-2,4-di-O-acetyl-6-
deoxy-u-L-talopyranosyl-(1—3)-2-O-benzyl-4,60O-benzylidenef-b-glucopyranoside (41).

AcO O
BnO o BnO o

Ph/v Ph/v
Ac20, py, DMAP
_m4hoa%

BnO OBn BnO OBn

Ac20 (0.4 mL) and DMAP (50Qug, 4.2umol, 0.1 equiv) were added to a solution of alc@®l
(50 mg, 40umol, 1.0 equiv) in anhydrous py (0.4 mL). The reatmixture was stirred at rt for 4
h under Ar. The solution was then concentrated urettuced pressure and co-evaporated with
toluene (3 x). The residue was purified by siliehftash chromatography (PE/EtOAc 9:1 to 7:3)
to give diacetylated trisaccharidé (49 mg, 94%) as a colorless oif]p?° = —46 € 0.34, CHC));

H NMR (400 MHz, CDCY) ¢ 7.39-7.12 (m, 30H, B-Ar), 5.34-5.32 (m, 3H, H-1B, H-2B, H-
7A), 5.13 (d,J = 3.1 Hz, 1H, H-4B), 4.86 (d,= 10.8 Hz, 1H, €EHPh), 4.83 (dJ = 10.9 Hz, 1H,
CHHPh), 4.82 (dJ = 11.6 Hz, 1H, @&HPh), 4.78 (dJ = 10.7 Hz, 1H, CHIPh), 4.75 (dJ =10.7
Hz, 1H, GHHPh), 4.71 (dJ = 10.9 Hz, 1H, CHIPh), 4.61 (dJ = 11.6 Hz, 1H, €HPh), 4.59 (d,
J=12.4 Hz, 1H, CHPh), 4.57 (dJ1c,2c= 7.4 Hz, 1H, H-1C), 4.50 (d,= 10.8 Hz, 1H, EIHPh),
4.49 (d,J=12.4 Hz, 1H, CHPh), 4.48 (dJ1a2a = 7.4 Hz, 1H, H-1A), 4.33-4.26 (m, 3H, H-3B,
H-5B, H-6aA), 3.94 (tJ = 9.3 Hz, 1H, H-3A), 3.90 (df = 9.5, 6.9 Hz, 1H, H-Jaer), 3.72— 3.65
(m, 3H, H-6bA, H-6aC, H-6bC), 3.64-3.58 (m, 2H, B;3-4C), 3.54 (dtJ = 9.5, 6.9 Hz, 1H, H-
1binker), 3.49-3.36 (m, 5H, H-2A, H-2C, H-4A, H-5A, H-5Q3,19 (t,J = 7.4 Hz, 2H, H-kwer),
2.00 (S,3H, O‘|3Ac), 1.95 (SSH, O‘|3Ac), 1.67-1.55 (m, 4H, Hiider, H-41inker), 1.47-1.40 (m, 2H,
H-3iinker), 0.77 (d,J = 6.5 Hz, 3H, @l3ra); 13C NMR (100 MHz, CDGJ) 6 170.8, 169.2 (2 €0),
138.7, 138.6, 138.4, 138.3, 138.2, 137.2 (6 x G-APP.4-126.2 (18 £H-Ar), 104.2 (C-1A),
101.8 (C-7A), 100.2 (C-1C), 98.8 (C-1B), 84.5 (C}383.2 (C-2A), 81.8 (C-2C), 79.1 (C-5C),
77.5(C-4C), 75.9 (C-3A), 75.&H2Ph), 75.1 (C-4A), 75.00H2Ph), 74.9 CH2Ph), 74.1 CH2Ph),
73.4 CH2Ph), 70.2 (C-fk«er), 69.7 (C-3B), 68.9 (C-6A*), 68.8 (C-6C*), 68.3-@B), 68.0 (C-4B),
66.3 (C-SA), 64.9 (C-SB), 51.3 (Cli'rﬁer), 29.4 (C-aner), 28.7 (C-'ﬂnker), 23.4 (C-:Bnker), 21.2,21.0
(2 X CH3ac), 15.9 CHa3ta); HRMS (ESI-TOF)M/z[M + Na]* calcd for GoH79N3NaO171244.5302;
found 1244.53009.
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Allyl 4- O-Levulinoyl-3-O-methyl-a-L-rhamnopyranoside (S39.

OAIl 1) BuzSnO, tol, reflux, 5 h
2) Mel, CsF, 80 °C
0 overnight, 96% (2 steps)

OAll

LevO O

LevO

H
o OH MeO
3

OH
S36

To a solution of dioB1 (500 mg, 1.7 mmol, 1.0 equiv) in toluene (7 mL)svealded BxS5nO (465
mg, 1.9 mmol, 1.1 equiv) and the mixture was refllixising a Dean-Stark apparatus for 5 h. The
temperature was cooled to 30 °C, then CsF (263ln7gnmol, 1.02 equiv) and Mel (5.2 mL, 85
mmol, 50 equiv) were successively added. Afteriatirovernight at 80 °C, the mixture was
concentrated under reduced pressure. Purificatyosilica gel flash chromatography (PE/EtOAc
8:2 to 5:5) gave alcoh®36(503 mg, 96%) as a yellow oila]p?°=-48(c, 1.0, CHC}); *H NMR
(400 MHz, CDC4) 5.89 (dddd,) = 16.6, 10.4, 6.1, 5.3 Hz, 1H, B3, 5.29 (ddd, = 17.2, 3.1,
1.6 Hz, 1H, H-3a), 5.20 (dddJ = 11.6, 2.6, 1.2 Hz, 1H, H-3b), 4.97 (t,J = 9.7 Hz, 1H, H-4),
4.87 (d,J=1.5Hz, 1H, H-1), 4.15 (ddi,= 12.9, 5.2, 1.4 Hz, 1H, H-39, 4.07 (ddJ=3.3, 1.7
Hz, 1H, H-2), 3.98 (ddtJ = 12.9, 6.2, 1.3 Hz, 1H, H-1p), 3.77 (dgJ = 10.1, 6.3 Hz, 1H, H-5),
3.52 (dd,J = 9.6, 3.4 Hz, 1H, H-3), 3.41 (s, 3H, -Bl¢), 2.85-2.54 (m, 4H, (¢12)2Ley), 2.17 (S,
3H, CHstev), 1.17 (d, 3HJ = 6.3 Hz, G3rng; ¥*C NMR (100 MHz, CDGJ) J 206.6 CO), 172.3
(CO), 133.8 (C-2u), 117.8 (C-3u), 98.3 (C-1), 78.9 (C-3), 73.0 (C-4), 68.2 (%1 67.8 (C-2),
66.2 (C-5), 57.7 (-GOH3), 38.0 CH2Lev), 29.9 CHaLey), 28.1 CHaLey), 17.5 CH3rng; HRMS (ESI-
TOF)m/z[M + Na]* calcd for GsH2sNaO; 339.1414; found 339.1407.
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Allyl 2- O-Acetyl-4-O-levulinoyl-3-O-methyl-a-L-rhamnopyranoside (S37).

OAll
Acy0, py, DMAP

()
LevO Q —>rt, 16 h, 88% LevO 2

MeO
e OH MeO OAc

S36 837

Alcohol S36 (473 mg, 1.5 mmol, 1.0 equiv) was dissolved inyainbus py (10 mL). AgO (10
mL) and DMAP (2 mg, 15mol, 0.01 equiv) were added. The reaction mixtuas atirred for 16

h at rt under Ar. Then, solvents were concentrateter reduced pressure and co-evaporated with
toluene (3 x). The residue was purified by silieafgash chromatography (PE/EtOAc 8:2 to 65:35)
to give derivatives37(520 mg, 88%) as a colorless oit] $?°=-39(c, 1.8, CHC4); *H NMR (400
MHz, CDCk) 65.89 (ddd,J = 22.3, 10.9, 5.9 Hz, 1H, Hs® 5.32 (m, 2H, H-2, H-3a), 5.22 (dd,
J=10.4, 1.3 Hz, 1H, H-3h), 4.96 (t,J = 9.8 Hz, 1H, H-4), 4.78 (d] = 1.6 Hz, 1H, H-1), 4.16
(ddt,J =12.8, 5.2, 1.3 Hz, 1H, H-g, 3.98 (ddtJ = 12.8, 6.2, 1.1 Hz, 1H, H-Ap), 3.80 (dgJ

= 9.8, 6.3 Hz, 1H, H-5), 3.61 (dd~= 9.9, 3.4 Hz, 1H, H-3), 3.33 (s, 3H, -Bl¢), 2.88 — 2.48 (m,
4H, (CH2)z2Ley), 2.18 (s, 3H, EGl3ley), 2.11 (s, 3H, Elzac), 1.20 (d, 3HJ = 6.3 Hz, G3rng); 3C
NMR (100 MHz, CDC}) J 206.6 COLrev), 172.2 COLev), 170.5 COac), 133.5 (C-2u1), 118.1 (C-
3a1), 96.9 (C-1),77.0 (C-3),72.9 (C-4), 68.4 (C4), 68.2 (C-2), 66.7 (C-557.8 (-CCHs3), 38.0
(CHzLev), 30.0 CHaLey), 28.1 CHaLey), 21.1 CHsac), 17.5 CHsrng; HRMS (ESI-TOF)M/z[M +
NaJ" calcd for G7H2eNaGs 381.1520; found 381.1514.
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2-O-Acetyl-4-O-levulinoyl-3-O-methyl-a-L-rhamnopyranosyl 2,2,2-Trichloroacetimidate
(S38.

QA1) [ICOD){PMe(CeHs)abal+PFs, Ha, THF o~ cel,
o 2) I, THF/H,0
LevO LevO O
MeG 3) CCI,CN, Cs,CO3, DCM, Me,CO
OAc 87% (3 steps) MeO

OAc
S37 s38

Derivative S37(500 mg, 1.4 mmol, 1.0 equiv) was reacted accgrtbrthe general procedure for
the synthesis of trichloroacetimidate donors. Reatfon by silica gel flash chromatography
(PE/EtOAC 7:3 to 4:6 + 1% EXl) gave trichloroacetimidate don888 (560 mg, 87%, over three
steps) as a yellow oil:a]p?°= -28 (c, 2.4, CHC}); *H NMR (400 MHz, CDC{) 98.72 (s, 1H,
NH), 6.20 (dJ = 1.9 Hz, 1H, H-1), 5.49 (dd,= 3.3, 2.0, 1H, H-2), 5.06 {,= 9.9 Hz, 1H, H-4),
3.99 (dgJ = 10.0, 6.3 Hz, 1H, H-5), 3.66 (ddi= 9.9, 3.4 Hz, 1H, H-3), 3.37 (s, 3HHGie), 2.90

— 2.48 (m, 4H, (G2)2Lev), 2.18 (S, 3H, El3Lev), 2.15 (s, 3H, El3ac), 1.24 (d, 3HJ = 6.4 Hz,
CHzrng; 1°C NMR (100 MHz, CDG) d 206.5 COtey), 172.2 COlev), 170.1 COnc), 160.0
(Cimine), 95.1(C-1),91.0 CCl3), 77.0 (C-3), 72.2 (C-4%9.5 (C-5), 66.6 (C-2), 58.LTH3wme), 38.0
(CHatev), 29.9 CHa3Lev), 28.0 CHatey), 21.0 CH3ac), 17.5 CH3rhg; HRMS (ESI-TOF)M/z[M +
Na]" calcd for GeH22CIsNNaGs 484.0303; found 484.0288.
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(5-Azido-1-pentyl) 2-:0-Acetyl-4-O-levulinoyl-3-O-methyl-a-L-rhamnopyranosyl-(1—3)-2-O-
benzyl-4,6O-benzylidenef-D-glucopyranoside (S39).

NH

N
il " 3
o CCl3 TMSOTTf (0.1 equiv), Et,O/DCE 5:1
-10 °C t 30 min, 929 Ph
o Ph— -0 o 4 AMS, C to rt, 30 min, 92% LevO. /TOO o o
LevO N ?_' o o o 0
MeO c 0Bn OMe OBn
13 S39

OA

S38 OAc

Acceptorl3 (222 mg, 473umol, 1.0 equiv) and don@®38(263 mg, 564umol, 1.2 equiv) were
dried for 4 h under high vacuum and then dissoivednhydrous EO/DCE (11 mL, 5:1v/v).
Freshly activated 4 A powdered molecular sieve® (89) were added and the suspension was
stirred for 40 min at rt under Ar. Then, the reactmixture was cooled to —10 °C and TMSOTf
(8.6uL, 47 umol, 0.1 equiv) was injected. The mixture was stlrat —10 °C for 10 min under Ar
and after that time 20 min at rt. The reaction W quenched with BN (63 uL), filtered over
Celite and rinsed with DCM. The filtrate was contcated under reduced pressure and purified by
flash chromatography (PE/EtOAc 8:2 to 65:35) teegiisaccharid&39(336 mg, 92%) as a white
amorphous solid:d]p?°= 41 (c, 1.3, CHC}); 'H NMR (400 MHz, CDCJ) 7.50-7.20 (m, 10H,
CH-Ar), 5.54 (s, 1H, H-7), 5.41 (dd,= 3.3, 1.7 Hz, 1H, H-2B), 5.18 (d,= 1.3 Hz, 1H, H-1B),
4.89 (d,J = 10.8 Hz, 1H, EHPh), 4.83 (tJ = 9.9 Hz, 1H, H-4B), 4.70 (d] = 10.8 Hz, 1H,
CHHPh), 4.50 (dJ = 7.8 Hz, 1H, H-1), 4.36 (dd,= 10.5, 4.9 Hz, 1H, H-6aA), 4.12 (dtj= 12.6,
6.3 Hz, 1H, H-5B), 3.98 — 3.88 (m, 2H, H-3, Hwka), 3.78 (t,J = 10.2 Hz, 1H, H-6bA), 3.61 —
3.52 (m, 3H, H-4, H-3B, H-%hxer), 3.49 — 3.38 (m, 2H, H-2, H-5), 3.34 (s, 3H4ue), 3.23 (t,J

= 6.8 Hz, 2H, H-hwker), 2.81 — 2.60 (m, 2H, I82-3.ev), 2.50 (t,J = 6.7 Hz, 2H, E>-2Lev), 2.17 (S,
3H, O‘|3Lev), 206 (S, 3H, GBAc), 172 - 157 (m, 4H, Hﬁ&er, H'4|inker), 152' 141 ( m, 2H, H'
Siinker), 0.80 (d,J = 6.2 Hz, 3H, CH6B);3C NMR (100 MHz, CDGJ) 0 206.4 COLev), 172.1
(COLev), 170.1 COnc), 137.9, 137.2 (2 x C-Ar), 129.3 — 126.3 (6 x Q;A04.3 (C-1), 101.8 (C-
7), 98.2 (C-1B), 82.7 (C-2), 79.3 (C-4), 77.1 (C}y3B6.1 (C-3), 75.0GH-Ph), 72.9 (C-4B), 70.2
(C-Liinker), 68.9 (C-6), 67.9 (C-2B), 66.5 (C-5), 66.3 (C-5BY.8 CHawme), 51.4 (C-Dinker), 38.0
(C-3Lev), 30.0 CHsLev), 29.4 (C-aner), 28.8(C-41inker), 28.1 (C'Zev), 23.5 (C'3nker), 211 CHSAC),
16.9 (C-6B); HRMS (ESI-TOFmM/z [M + NaJ" calcd for GoHsiN3NaOi3 792.3314; found
792.3296.
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(5-Azido-1-pentyl) 2-O-Acetyl-3-O-methyl-a-L-rhamnopyranosyl-(1—3)-2-O-benzyl-4,6-O-
benzylideneg-D-glucopyranoside (S40).

Ph
[0)
O
OMe

N3 N3
Ph [e) H2NNH2.H20, Py, HOAc
LevO /VO&O\S 0 °C to rt, overnight, 99% H /TOO o 4
o OB °
OMe n OBn
Ac S39 S40

o OAc

Acetic acid (2.1 mL) and hydrazine monohydrate (1242.6 mmol, 5.0 equiv) were slowly added
to a stirred solution of disacchari®@39(394 mg, 51Jumol, 1.0 equiv) in anhydrous Py (3.3 mL)
at 0 °C under Ar. Then, the reaction mixture wasest from 0 °C to rt overnight. After this time,
solvents were concentrated and co-evaporated @literie (3 x). The residue was purified by silica
gel flash chromatography (PE/EtOAc 85:15 to 8:2jitee alcoholS40(340 mg, 99%) as a white
amorphous solidn]p?°=-36(c, 1.5, CHC}); *H NMR (400 MHz, CDCJ) 67.50 — 7.23 (m, 10H,
CH-Ar), 5.52 (s, 1H, H-7), 5.39 (dd,= 3.0, 1.7 Hz, 1H, H-2B), 5.16 (d,= 1.4 Hz, 1H, H-1B),
4.90 (d,J =10.8 Hz, 1H, €IHPh),4.70 (d,J = 10.8 Hz, 1H, CHPh), 4.50 (dJ = 7.8 Hz, 1H, H-
1),4.35 (dd,J = 10.5, 4.9 Hz, 1H, H-6aAX%.02 (dq,J = 9.0, 6.2 Hz, 1H, H-5B), 3.97 — 3.89 (m,
2H, H-3, H-1@nker), 3.77 (t,J = 10.2 Hz, 1H, H-6bA)3.61 — 3.51 ( m, 2H, H-4, H-1fer), 3.48 —
3.36 (m, 4H, H-2, H-3B, H-4B, H-538.40 (s, 3H, Elawe), 3.22 (t,J = 6.8 Hz, 2H, H-fer), 2.04
(S, 3H, O_|3Ac), 172 - 156 (m, 4H, Hﬁa(er, H'4|inker), 152' 138 ( m, 2H, Hﬁa(er), 093 (d,J =
6.2 Hz, 3H, CH-6B);*C NMR (100 MHz, CD) 4 170.1 COac), 138.0, 137.2 (2 x C-Ar),29.2
—126.3 (6 x C-Ar)104.3 (C-1), 101.8 (C-7), 98.7 (C-1B2.8 (C-2),79.7 (C-3B),79.3 (C-4),
76.5 (C-3),75.0 CH2Ph),71.8 (C-4B),70.2 (C-Linker), 68.9 (C-6), 68.1 (C-5Bj7.5 (C-2B)66.5
(C-5),57.5 CHawe), 51.4 (C-%inker), 29.4 (C-2inker), 28.8 (C-4inker), 23.5 (C-3Jinker), 21.0 CHaac),
17.2 (C-6B); HRMS (ESI-TOFmM/z [M + NaJ" calcd for GsHssN3NaOw1694.2946; found
694.2934.
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(5-Azido-1-pentyl)  2:O-Acetyl-6-deoxy-30-methyl-a-L-talopyranosyl-(1—3)-2-O-benzyl-
4,6-0-benzylideneg-D-glucopyranoside (S41)

N5 1) PDCP, DMSO, EtsN, DCM
-10°Ctort,1h
2) NaBH4, MeOH/DCM 3:1

Ph—X~0 \5 —-10°Ctort,1h ph/v
HO Q 66% (2 steps)

OMe OBn HOOMe
OAc sS40

To a solution of DMSO (178L, 5 equiv) in anhydrous DCM (7 mL) at —10 °C underwere
sequentially added phenyl dichlorophosphate (PXIBpL, 1.45 mmol, 3 equiv) and & (337
pL, 5 equiv). Then, a solution of disacchar®40(324 mg, 483umol, 1.0 equiv) in DCM (4 mL)
was added dropwise. The reaction mixture was dtate-10 °C for 10 min, then allowed to slowly
warm up to rt. After 1 h, DCM (20 mL) was addedeTdrganic phase was washed with water (3
x 20 mL). The aqueous layer was back extractedd@M™ (20 mL). The combined organic phases
were washed with brine (20 mL). Then, the solvenitsthe dried solution (MgS£) were
concentrated under reduced pressure to give a&elana cooled (—10 °C) solution of the ketone
in MeOH/DCM (10 mL, 3:1v/v), NaBH: (55 mg, 1.4 mmol, 3.0 equiv) was slowly added. The
mixture was stirred from —10 °C to rt under Ar foh. Then, the reaction mixture was diluted with
DCM (10 mL) and the organic phase was washed wéte(3 x 10 mL). The aqueous layer was
extracted with DCM (2 x 5 mL). The combined orgaplases were washed with brine, dried
(MgSQy) and then concentrated under reduced pressureeSiteie was purified by silica gel flash
chromatography (PE/EtOAc 9:1 to 8:2) to give alddbél (213 mg, 66%, two steps) aswhite
solid:[a]p?°= 57 (c, 1.1, CHC}); *H NMR (400 MHz, CDCY) 07.46 — 7.27 (m, 10H, I&-Ar),
5.50 (s, 1H, H-7), 5.33 (m, 1H, H-28,27 (s, 1H, H-1B)4.90 (d,J = 10.9 Hz, 1H, EHPh),4.71
(d,J =10.9 Hz, 1H, CHPh),4.51 (d,J = 7.8 Hz, 1H, H-1)4.34 (dd,J = 10.5, 4.8 Hz, 1H, H-
6aA),4.15 (g,J = 6.3 Hz, 1H, H-5B)3.97 (t,J = 9.1, 1H, H-3)3.93 (dt,J = 9.5, 6.4 Hz, 1H, H-
lainker), 3.77 (t,J = 10.2 Hz, 1H, H-6bA)3.60 — 3.42Am, 6H, H-1lnker, H-2, H-3B, H-4, H-4B,
H-5), 3.40 (s, 3H, Elame), 3.21 (t,J = 6.9 Hz, 2H, H-Bwer), 2.04 (s, 3H, Elzac), 1.70 — 1.55 (m,
4H, H-2inker, H-4iinker), 1.50- 1.40 (M, 2H, H+der), 0.94 (d,J = 6.6 Hz, 3H, Ei3-6B); 1°C NMR
(100 MHz, CDC%) J 169.43 (COac), 138.1, 137.3 (2 x C-Ar)129.4 — 126.3 (6 x C-Ar), 104.3 (C-
1),101.7(C-7), 98.7 (C-1B), 83.0 (C-2)9.37 (C-4),75.9 (C-3),74.9 CH2Ph), 74.3 (C-3B)70.3
(C-Liinker), 69.6 (C-4B),69.0 (C-6),67.8 (C-5B),66.9 (C-2B),66.4 (C-5),56.4 CHawme), 51.4 (C-
Stinker), 29.4 (C-2inker), 28.7 (C-4inker), 23.5 (C-3inker), 21.2 CHsac), 16.1 (C-6B); HRMS (ESI-
TOF)m/z[M + Na]* calcd for G4HasN3NaOy1 694.2946; found 694.2945.
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(5-Amino-1-pentyl) p-D-Glucopyranosyl-(1—3)-4-O-acetyl-6-deoxy-20-methyl-a-L -
talopyranosyl-(1—3)-f-D-glucopyranoside Hydrochloride (4).

.
NH; CI-

N3
1) HoNNH,.HOAC, MeOH/DCM 5:2
Ph—\~0 o , overnight OH
03 o 2) TREAT-HF, THF, reflux, 24 h o o
o OBn
0 OH
4

92% (2 steps) HOG
AcO (o)
o) AcO (e}
OMe 3) H-Cube, 20% Pd(OH),/C HO o

/<° OLev 10 bars, 40 °C, MeOH/DCE o OMe
25 HCI (2.0 equiv), 1.0 mL mmol~!, 78%

HO OH

To a solution of trisaccharidgb (983 mg, 1.1 mmol, 1.0 equiv) in anhydrous MeOHKD(®.3
mL, 5:2 v/v) was added hydrazine acetate (209 mg, 2.3 mmdleQuiv). After being stirred
overnight at rt under Ar, the reaction mixture veascentrated under reduced pressure and co-
evaporated with toluene (3 x) to give an alcohok. &alytical data, a small sample was purified
by silica gel flash chromatography (DCM/MeOH 98{2}p?° = -52 ¢ 1.2, CHC}); *H NMR (400
MHz, CDCk) ¢ 7.50-7.27 (m, 15H, B-Ar), 5.51 (s, 1H, H-7A*), 5.49 (s, 1H, H-7C¥), %35,
1H, H-1B), 4.99 (dJ= 11.2 Hz, 1H, €HPh), 4.93 (br s, 1H, H-4B), 4.66 (@~ 11.2 Hz, 1H,
CHHPh), 4.52 (dJia2a = 7.7 Hz, 1H, H-1A), 4.42 (A 1c,2c= 7.6 Hz, 1H, H-1C), 4.33 (td,=
11.0, 4.9 Hz, 2H, H-6aA, H-6aC), 4.22 (ds 13.9, 6.4 Hz, 1H, H-5B), 3.92-3.88 (m, 1H, H-
lainker), 3.91 (t,J = 9.7 Hz, 1H, H-3A), 3.86 (1] = 4.1 Hz, 1H, H-3B), 3.79-3.71 (m, 3H, H-3C,
H-6bA, H-6bC), 3.55-3.51 (m, 1H, H-ikker), 3.52 (t,J = 9.8 Hz, 1H, H-4A), 3.44-3.34 (m, 4H,
H-2A, H-4C, H-5A, H-5C), 3.35-3.31 (m, 2H, H-2B,2€), 3.21 (s, 3H, Bawe), 3.20 (tJ=7.0
Hz, 2H, H-5nker), 1.69-1.56 (m, 4H, Hiider, H-4iinker), 1.50-1.42 (M, 2H, H+der), 0.86 (s, 9H,
C(CHa)3), 0.70 (d,J= 6.5 Hz, 3H, ElsTa), 0.10, 0.04 (2 x s, 6H, 2 xHG); 13C NMR (100 MHz,
CDClh) ¢ 173.0 CO), 138.2, 137.4, 137.2 (3 x C-Ar), 129.5-126.3(@H-Ar), 105.7 (C-1C),
104.2 (C-1A), 102.2 (C-7A*), 101.7 (C-7C¥), 99.7-(B), 83.1 (C-2A), 81.5 (C-4C), 79.4 (C-
4A), 78.1 (C-2B), 76.9 (C-3B), 76.8 (C-3A), 75.4-RC), 74.9 CH2Ph), 74.2 (C-3C), 71.1 (C-
4B), 70.2 (C-dnker), 68.9 (C-6A), 68.8 (C-6C), 66.6 (C-5A), 66.5 (C)5 64.7 (C-5B), 60.0
(CHsMe), 514 (C'%ker), 294 (C'aner), 287 (C'4nker), 259 (CCHB)?,), 235 (C'Bnker), 211
(CHazac), 18.5 C(CHa)3), 15.7 CHara), —4.41, —4.44 (2 €Hz); HRMS (ESI-TOF)M/z[M + Na]*
calcd for GsH7aN3NaO1eSi 1058.4652; found 1058.4690.

To a solution of the latter alcohol in anhydrousFT(® mL) was added TREAT-HF (372, 2.3
mmol, 15 equiv). The mixture was refluxed for 24iider Ar, then additional TREAT-HF (124
pL, 760pmol, 5.0 equiv) was added and the reaction waaxedl for another 24 h under Ar. The
solution was cooled to rt and diluted with EtOA (hL). The organic phase was washed with a
saturated NaHC¢paq) solution (2 x 5 mL) and brine (10 mL). Thevsoits of the dried (MgS£p
solution were concentrated under reduced pressuréha residue was purified by silica gel flash
chromatography (PE/EtOAc 3:7 to 1:9) to give (5dazi-pentyl) 4,69-benzylidenes-b-
glucopyranosyl-(3>3)-4-O-acetyl-6-deoxy-29-methylu-L-talopyranosyl-(13)-2-O-benzyl-
4,6-0-benzylidenes-D-glucopyranoside (128 mg, 92%, two steps) as aevditorphous solidR
0.4 (DCM/MeOH 98:2); §02°=-67 € 1.2, CHC}); 'H NMR (400 MHz, CDCY) 6 7.51-7.27 (m,
15H, CH-Ar), 5.54 (s, 1H, H-7A*), 5.49 (s, 1H, H-7C*), %3s, 1H, H-1B), 5.00 (d]= 11.4 Hz,
1H, CHHPh), 4.92 (br s, 1H, H-4B), 4.65 (@= 11.4 Hz, 1H, CHPh), 4.53 (dJia2a = 7.8 Hz,
1H, H-1A), 4.47 (dJic2c= 7.5 Hz, 1H, H-1C), 4.35 (dd,= 10.5, 4.8 Hz, 2H, H-6aA, H-6aC),
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4.24 (ddJ=13.9, 6.5 Hz, 1H, H-5B), 3.96 = 9.7 Hz, 1H, H-3A), 3.95-3.91 (m, 2H, H+da,
H-3B), 3.82 (t,J = 9.6 Hz, 1H, H-3C), 3.77 (td,= 10.8, 6.2 Hz, 2H, H-6bA, H-6bC), 3.59-3.52
(m, 3H, H-1lnker, H-4A, H-4C), 3.50-3.44 (m, 3H, H-2A, H-5A, H-5C3.40 (ddJ=9.1, 7.8 Hz,
1H, H-2C), 3.32 (dJ = 3.5 Hz, 1H, H-2B), 3.20 (§, = 7.8 Hz, 2H, H-hwer), 3.19 (s, 3H, EGawe),
2.12 (s,3H, CHasac), 1.69-1.56 (m, 4H, Hiider, H-4iinker), 1.50—1.40 (M, 2H, Hiider), 0.72 (d,J

= 6.5 Hz, 3H, Eisra); *3C NMR (100 MHz, CDCJ) 6 173.3 CO), 138.2, 137.2, 137.1 (3 x C-Ar),
129.5-126.4 (9 XCH-Ar), 105.3 (C-1C), 104.2 (C-1A), 102.2 (C-7A*)02.0 (C-7C*), 99.5 (C-
1B), 83.1 (C-2A), 80.4 (C-4C), 79.4 (C-4A), 78.1-28), 77.4 (C-3B), 76.9 (C-3A), 74.€H-Ph),
74.6 (C-2C), 73.1 (C-3C), 71.1 (C-4B), 70.2 (fx), 68.9 (C-6A), 68.8 (C-6C), 66.6 (C-5A),
66.5 (C-5C), 64.5 (C-5B), 59.@Hawme), 51.3 (C-Bker), 29.4 (C-2nker), 28.7 (C-4nker), 23.5 (C-
3inker), 21.4 (CHasac), 15.7 (CHszta); HRMS (ESI-TOF) m/z [M + H]* calcd for
C47He0N3016922.3968; found 922.3986)/z[M + Na]* calcd for G7HseN3sNaOy6944.3788; found
944.3807m/z[2M + NaJ* calcd for GsH11dNeNaOs2 1865.7683; found 1865.7707.

The latter compound (42.4 mg, 46ol) was reacted according to the general procefiure
hydrogenolysis using the H-Cube system giving tatgeaccharidet (24 mg, 78%) as a white
amorphous powdera]p?® = -56 € 0.11, HO); *H NMR (400 MHz, DO) 6 5.40-5.36 (m, 2H, H-
1B, H-4B), 4.58 (dJ12= 7.8 Hz, 1H, H-1A), 4.49-4.44 (m, 1H, H-5B), 4 &7 J:>= 8.2 Hz, 1H,
H-1C), 4.37 (tJ23=J34= 3.8 Hz, 1H, H-3B), 3.95-3.88 (m, 3H, H-6aA, Hwka, H-6aC), 3.76—
3.65 (m, 4H, H-6bA, H-1hker, H-6bC, H-2B), 3.61 (t)23= J34= 8.8 Hz, 1H, H-3A), 3.52-3.35
(m, 6H, H-3C, H-5A, H-5C, H-4A, H-4C, H-2A), 3.48,(3H, OC3), 3.28 (ddJ3= 9.1 Hz,J1 2
=7.9 Hz, 1H, H-2C), 3.00 (§,= 7.5 Hz, 2H, H-5akker), 2.17 (s, 3H, COBs), 1.73-1.63 (m, 4H,
H'4abinker, H'zahnker), 150—142 (m, 2H, H'Smer), 109 (d,J5,6: 66 HZ, 3H, H'6B)§'3C NMR
(100 MHz, BO) ¢ 174.5 COCHg), 102.6 (C-1A), 100.8 (C-1C), 95.5 (C-1B), 83.438), 78.3
(C-2B), 76.6, 76.5 (C-5A, C-5C), 74.4 (C-2C), 78>B2A), 71.5 (C-3B), 70.8 (C-6C), 70.2, 69.9
(C-4B, C-4A*), 68.6 (C-4C*), 66.1 (C-5B), 61.3 (AEC-Linker), 58.5 (CCH3), 40.0 (C-Mhker),
28.8 (C-2nker), 27.0 (C-4nker), 22.7 (C-3nker), 21.0 (CCCH3), 15.8 (C-6B); HRMS (ESI-TORN/z
[M + H]* calcd for GeHagNO16 630.2973; found 630.3018.
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(5-Amino-1-pentyl) p-D-Glucopyranosyl-(1—3)-6-deoxy-20-methyl-a-L-talopyranosyl-
(1—3)-#-D-glucopyranoside Hydrochloride (3).

NH3 CI~
) NaOMe, MeOH/DCM 2:1
Ph/VO rt, overnight
2) TBAF, THF, 0 °C tort
overn|ght 89% (2 steps)
AcO
o OMe 3) H-Cube, 20% Pd(OH),/C

/<O OLev 10 bars, 40 °C, MeOH/DCE
0] 25 HCI (2.0 equiv), 1.0 mL mmol™', 78%

Ph OTBS

HO oH

NaOMe (25% in MeOH, 4QL, 168umol, 1.1 equiv) was added to a solution of trisacicte 25
(173 mg, 153umol, 1.0 equiv) in anhydrous MeOH/DCM (5 mL, 2/4). The reaction mixture
was stirred overnight at rt under Ar. DoweX ildsin was added to neutralize the reaction, then t
suspension was filtered off and the solvents wereentrated under reduced pressure and co-
evaporated with toluene (3 x). The residue wastisd in THF (8 mL). The solution was cooled
to 0 °C and TBAF (1.5 mL, 1.0 M solution in THF5Immol, 10 equiv) was added. After being
stirred under Ar from 0 °C to rt overnight, the muise was concentrated under reduced pressure.
Purification by silica gel flash chromatography (@1eOH 99:1 to 98:2) gave (5-azido-1-pentyl)
4,6-0O-benzylidenes-D-glucopyranosyl-(4 3)-6-deoxy-20-methyl-a-L-talopyranosyl-(33)-2-
O-benzyl-4,60-benzylidenes-D-glucopyranoside (120 mg, 89%, two steps) as aewbam: R
0.5 (DCM/MeOH 95:5); #02° = -58 ¢ 1.3, CHC}); 'H NMR (400 MHz, CDCY) 6 7.50-7.32 (m,
15H, CH-Ar), 5.54 (s, 1H, H-7A%), 5.49 (s, 1H, H-7C¥), 5.4d,J = 1.5 Hz, 1H, H-1B), 5.05 (d,
J=11.5Hz, 1H, €&HPh), 4.58 (dJ= 11.5 Hz, 1H, CHIPh), 4.52 (dJ1a2A = 7.8 Hz, 1H, H-1A),
4.51 (d,J1c2c= 7.6 Hz, 1H, H-1C), 4.34 (td,= 10.3, 5.2, 4.8 Hz, 2H, H-6aA, H-6aC), 4.05 (dd,
J=13.7, 6.4 Hz, 1H, H-5B), 3.97-3.90 (m, 3H, Hni& H-3A, H-3B), 3.84-3.74 (n8H, H-3C,
H-6bA, H-6bC), 3.61-3.45 (m, 8H, H-ikker, H-2B, H-2C, H-4A, H-4B, H-4C, H-5A, H-5C), 3.42
(dd,J=9.2, 7.8 Hz, 1H, H-2A), 3.19 @,= 7.2 Hz, 2H, H-kker), 3.10 (s, 3H, El3ve), 1.69-1.56
(m, 4H, H'anker, H'4|inker), 148—140 (m, 2H, Hﬁa(er), 087 (d,J = 65 HZ, 3H, (E'BTaI); 13C NMR
(100 MHz, CDC4) ¢ 138.3, 137.2, 137.1 (3 x C-Ar), 129.5-126.4 (ZM-Ar), 104.2 (C-1A),
102.1 (C-7A*), 102.0 (C-7C*), 101.6 (C-1C), 98.418), 83.5 (C-2A), 80.4 (C-4C), 79.4 (C-4A),
79.3 (C-2B), 77.2 (C-3A), 75.LH2Ph), 74.9 (C-2C), 74.2 (C-3B), 73.3 (C-3C), 70.74@®), 70.2
(C-Liinker), 68.9 (C-6A), 68.8 (C-6C), 66.9 (C-5A), 66.8 (C)566.5 (C-5B), 59.5GHz3wme), 51.4
(C'ainker), 294 (C'Rnker), 287 (C'4nker), 235 (C':Bnker), 160 CHsTaI), HRMS (ESI'TOF)m/Z[M

+ NaJ" calcd for GsHs7NsNaC15902.3682; found 902.3659.

The latter compoun@62.8 mg, 71.41mol) was reacted according to the general procefiure
hydrogenolysis using the H-Cube system giving tatgeaccharide8 (35 mg, 78%) as a white
amorphous powdera]p?° = =53 € 0.18, HO); *H NMR (400 MHz, DO) 6 5.38 (s, 1H, H-1B),
4.63 (d,J1,2= 7.8 Hz, 1H, H-1C), 4.47 (dy> = 8.1 Hz, 1H, H-1A), 4.28 (gls,6 = 6.5 Hz, 1H, H-
5B), 4.13 (tJ23= Jz34= 3.3 Hz, 1H, H-3B), 3.94-3.88 (m, 3H, H-6aC, H-6&Alainker), 3.86 (br
s, 1H, H-4), 3.79 (br s, 1H, H®), 3.76-3.66 (M, 3H, H-6bA, H-ifer, H-6bC), 3.61 (tJ23= J34
= 8.9 Hz, 1H, H-3A), 3.53-3.32 (m, 7H, H-3C, H-5A;3€, H-4A, H-4C, H-2A, H-2C), 3.42 (s,
3H, OCHg), 2.99 (t,J = 7.5 Hz, 2H, H-5akker), 1.73-1.62 (M, 4H, H-4akrer, H-2alinker), 1.49—
1.41 (m, 2H, H-3akker), 1.21 (dJs6 = 6.5 Hz, 3H, H-6B)*C NMR (100 MHz, DO) ¢ 102.6 (C-
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1A), 101.9 (C-1C), 98.4 (C-1B), 83.1 (C-3A), 79-2B), 76.6, 76.5 (C-5A, C-5C), 76.1 (C-3C),
74.4,74.3, 73.6 (C-2A, C-2B, C-2C), 70.6 (C-6(0),Z 70.1 (C-4B, C-4A*), 68.7 (C-4C*), 68.2
(C-5B), 61.4, 61.3 (C-6A, Ciidker), 58.6 (ACH3), 40.0 (C-Bker), 28.8 (C-2nker), 27.0 (C-4hnker),
22.7 (C-3nker), 16.0 (C-6B); HRMS (ESI-TOFn/z[M + H]* calcd for GsHasNO15 588.2867;
found 588.2849.
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(5-Amino-1-pentyl) p-D-Glucopyranosyl-(1—3)-2-O-acetyl-6-deoxya-L -talopyranosyl-
(1—3)-#-D-glucopyranoside Hydrochloride (2).

N +
3 NH; CI-
Ph—X~0 Pd black, Hy, MeOH/DCE OH
o5 o 5 HCI (1.0 equiv), 40 °C o o
(o) 16 h, quantitative [e] o
HO O OBn o
BnO o HO O OH
OAc HO o OA
C
OBn 39 OH
BnO 2
nO OBn HO ok

Protected trisaccharidgd (50 mg, 42umol, 1.0 equiv) was reacted according to the geénera
procedure for hydrogenolysis under heterogeneondittons to give target trisaccharid¢28 mg,
quant.) as a white foama]p?® = -37 € 0.27, HO); *H NMR (400 MHz, DO) § 5.22-5.19 (m,
2H, H-1B, H-2B), 4.63 (d)12= 7.9 Hz, 1H, H-1C), 4.45 (d; 2= 8.1 Hz, 1H, H-1A), 4.36 (s

= 6.6 Hz, 1H, H-5B), 4.27-4.24 (m, 1H, H-3B), 3.882 (m, 4H, H-4B, H-6aC, H-6aA, H-
1ainker), 3.75-3.64 (M, 3H, H-6bA, H-iker, H-6bC), 3.58 (t)23= J34= 8.4 Hz, 1H, H-3A), 3.52—
3.29 (m, 7H, H-3C, H-5A, H-5C, H-4A, H-4C, H-2A, B2), 3.06—2.97 (m, 2H, H-5@ker), 2.16
(s, 3H, CO®3), 1.73-1.61 (m, 4H, H-4ader, H-2aknker), 1.49-1.41 (M, 2H, H-3&lRer), 1.23 (d,
Js6 = 6.4 Hz, 3H, H-6B)**C NMR (100 MHz, RO) 6 176.2 COCHg), 104.7 (C-1A), 104.6 (C-
1C), 101.4 (C-1B), 85.0 (C-3A), 78.62, 78.60 (C-3&5C), 78.3 (C-3C), 76.4 (C-2C), 75.72,
75.66 (C-2A, C-3B), 72.9 (C-2B, C-6C), 72.1 (C-4A71.2 (C-4B), 70.9 (C-4C*), 69.9 (C-5B),
63.5, 63.3 (C-6A, CHhker), 42.2 (C-Bker), 30.9 (C-2nker), 29.2 (C-4hker), 24.8 (C-Bnker), 23.4
(COCHa), 18.1 (C-6B); HRMS (ESI-TORN/z[M + H]* calcd for GsHasNO16 616.2817; found
616.2775.
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(5-Amino-1-pentyl) p-D-Glucopyranosyl-(1—3)-6-deoxya-L-talopyranosyl-(1—3)-f-D-
glucopyranoside Hydrochloride (1).

+
NH; CI-

N3
Ph—X~0 Pd black, H, MeOH/DCE OH
05 O o HCI (1.0 equiv), 40 °C o o o
o) 16 h, quantitative o]
HO O OBn O
0] OH
BnO o # HO OHO
oH OH
1

O

OBn 40

BnO OBn HO ok

Trisaccharidet0 (20.2 mg, 17.7umol, 1.0 equiv) was reacted according to the gémpeoaedure
for hydrogenolysis under heterogeneous conditiorgvie target trisaccharide(10.8 mg, quant.)
as a white amorphous powden]§?° = —42 € 0.48, HO); *H NMR (400 MHz, BO) ¢ 5.25 (br s,
1H, H-1B), 4.66 (dJ12= 7.7 Hz, 1H, H-1C), 4.47 (d;2= 8.0 Hz, 1H, H-1A), 4.33 (dfs5=12.9
Hz, Js 6a= Js.6b= 6.4 Hz, 1H, H-5B), 4.15-4.07 (m, 2H, H-2B, H-3B)97-3.87 (m, 4H, H-4B, H-
6aA, H-6aC, H-1@ker), 3.76—-3.59 (m, 4H, H-Jiker, H-6bA, H-6bC, H-3A), 3.54-3.33 (m, 7H,
H-3C, H-5A, H-5C, H-4A, H-4C, H-2A, H-2C), 3.00 @= 6.9 Hz, 2H, H-5akker), 1.73-1.60 (m,
4H, H-4afinker, H-2alnker), 1.50-1.40 (M, 2H, H-3ale), 1.24 (d.Js6 = 6.4 Hz, 3H, H-6B)1*C
NMR (100 MHz, DO) ¢ 104.7 (C-1A), 104.2 (C-1B), 103.9 (C-1C), 84.938}, 78.7 (C-5C),
78.6 (C-5A), 78.3 (C-3C), 76.5 (C-2C), 76.3 (C-3B),8 (C-2A), 72.9 (C-6C), 72.6 (C-4B), 72.4
(C-2B), 72.3 (C-4C), 70.9 (C-4A), 70.3 (C-5B), 63a3.4 (C-6A, C-fker), 42.1 (C-Brker), 30.9
(C-2inker), 29.2 (C-4nker), 24.8 (C-3nker), 18.2 (C-6B); HRMS (ESI-TOFRN/z[M + H]* calcd for
C23H4aNO15 574.2711; found 574.2762.
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(5-Amino-1-pentyl) p-D-Glucopyranosyl-(1—3)-2,4-di-O-acetyl-6-deoxya-L-talopyranosyl-
(1—3)-#-D-glucopyranoside Hydrochloride (5).

N +
3 NH, CI”
Ph—X~0 Pd black, H,, MeOH/DCE OH
o5 O 5 HCI (1.0 equiv), 40 °C o o
(o) 16 h, quantitative [e] o
AcO O OBn 0
BnO o AcO' O OH
OAc HO o
OBn OAc
M OH
5

BnO OBn HO ok

Trisaccharide41 (45.0 mg, 36.8umol) was reacted according to the general procefre
hydrogenolysis under heterogeneous conditions gidaprotected trisacchari@g€26 mg, quant.)
as a white foam:f]o?° = —40 € 0.17, HO); 'H NMR (400 MHz, RO) 6 5.40 (br s, 1H, H-4B),
5.26-5.22 (m, 2H, H-1B, H-2B), 4.60 (@,>= 7.9 Hz, 1H, H-1C), 4.54 (ds,s = 6.5 Hz, 1H, H-
5B), 4.49 (tJ23= J34= 3.5 Hz, 1H, H-3B), 4.45 (d. 2= 8.1 Hz, 1H, H-1A), 3.96-3.83 (m, 3H,
H-6aC, H-6aA, H-1@ker), 3.74—3.65 (m, 3H, H-6bA, H-1dger, H-6bC), 3.62—-3.60 (m, 1H, H-3A),
3.50-3.35 (m, 6H, H-3C, H-5A, H-5C, H-4A, H-4C, KR 3.22 (t,J12= J3= 8.3 Hz, 1H, H-
2C), 3.00 (tJ = 7.4 Hz, 2H, H-5alaker), 2.22 (s, 3H, COBy), 2.18 (s, 3H, COH3), 1.73-1.62
(m, 4H, H-4akhker, H-2abinker), 1.46-1.41 (m, 2H, H-3&lker), 1.13 (d,Js6 = 6.5 Hz, 3H, H-6B);
13C NMR (100 MHz, BO) 6 174.5, 173.9 (2 €OCHg), 102.6 (C-1A), 101.9 (C-1C), 99.4 (C-1B),
83.0 (C-3A), 76.51, 76.46 (C-5A, C-5C), 76.1 (C-3¥).2 (C-2A), 73.4 (C-2C), 71.7 (C-3B), 70.7
(C-6C), 70.2 (C-4B), 70.0, 69.9 (C-2B, C-4A*), 6§3-4C*), 66.3 (C-5B), 61.3, 61.2 (C-6B, C-
Liinker), 40.0 (C-nker), 28.8 (C-Znker), 27.0 (C-dhnker), 22.7 (C-Jnker), 21.2, 21.0 (2 x COH3), 15.7
(C-6B); HRMS (ESI-TOFM/z[M + H]* calcd for G7H4gNO17 658.2922; found 658.2925.
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(5-Amino-1-pentyl) 2-O-Acetyl-6-deoxy-30-methyl-a-L-talopyranosyl-(1—3)-f-D-
glucopyranoside Hydrochloride (6).

.
NH; CI-
Pd black, H, MeOH/DCE

HCI (1.0 equiv), 40 °C

N3
Ph—X~-0 o \5 16 h, quantitative OI:)
. 05 o HO G o
0B O
ROOMe " HO0Me OH
OAc 6

OAc  18R=Bn
SMR=H

Disaccharidd 8 (15.4 mg, 20.2amol) or disaccharid841(50 mg, 744mol) was reacted according
to the representative procedure for hydrogenolysider heterogeneous conditions giving target
disaccharides (10.2 mg or 38 mg, quant.) as a white amorphouwsdpa [a]p?° = —16 € 0.12,
H-0); 'H NMR (400 MHz, DO) § 5.25-5.23 (m, 1H, H-2B), 5.21 (s, 1H, H-1B), 4.45%> =
8.1 Hz, 1H, H-1A), 4.34 (gl = 6.5 Hz, 1H, H-5B), 3.97-3.89 (m, 3H, H-4B, H-GaA1ainker),
3.78 (t,J23= J34= 3.6 Hz, 1H, H-3B), 3.74-3.65 (m, 2H, H+dkr, H-6bA), 3.58 (tJ3= J34=
8.9 Hz, 1H, H-3A), 3.47-3.34 (m, 3H, H-5A, H-4A, 2#), 3.41 (s, 3H, O853), 3.07-2.98 (m,
2H, H-5alanker), 2.14 (s, 3H, COBs), 1.73-1.62 (m, 4H, H-4aker, H-2akinker), 1.49-1.41 (m,
2H, H-3alnker), 1.23 (d,Js 6 = 6.6 Hz, 3H, H-6B)*3C NMR (100 MHz, DO) § 173.9 COCH),
102.6 (C-1A), 99.5 (C-1B), 82.9 (C-3A), 76.5 (C-5A%.3 (C-3B, C-2A), 70.7 (C-6A), 68.8 (C-
4A), 68.6 (C-2B), 68.1 (C-4B), 67.7 (C-5B), 61.3 {aker), 56.1 (GCH3), 40.0 (C-nker), 28.8 (C-
2iinker), 27.0 (C-4nker), 22.7 (C-3nker), 21.1 (CCCH3), 16.0 (C-6B); HRMS (ESI-TORN/z[M +
H]* calcd for GoH3sNO11 468.2445; found 468.2449.
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(5-Amino-1-pentyl) 2,4-Di-O-acetyl-6-deoxy-30-methyl-a-L -talopyranosyl-(1—3)-f-D-
glucopyranoside Hydrochloride (7).

NH3 CI-
Pd black, Hy, MeOH/DCE
HCI (1.0 equiv), 40 °C

g &/ \5 16 h, quantitative %/& \5

Disaccharidel9 (99 mg, 14umol) was reacted according to the representatioeguiure for
hydrogenolysis under heterogeneous conditions gitanget disaccharidé (76 mg, quant.) as a
white amorphous powdern[p?° = —24 € 0.08, HO); *H NMR (400 MHz, RO) 6 5.37 (br d Js.4

= 3.2 Hz, 1H, H-4B), 5.27 (br dp,3= 3.8 Hz, 1H, H-2B), 5.25 (s, 1H, H-1B), 4.52 (gs = 6.6
Hz, 1H, H-5B), 4.45 (d)12=8.1 Hz, 1H, H-1A), 3.97 (3= J34= 3.6 Hz, 1H, H-3B), 3.95-3.88
(m, 2H, H-6aA, H-1gker), 3.74-3.65 (M, 2H, H-Jikxer, H-6bA), 3.62-3.57 (m, 1H, H-3A), 3.47—
3.34 (m, 3H, H-5A, H-4A, H-2A), 3.40 (s, 3H, ®f), 3.06-2.97 (m, 2H, H-5a&rer), 2.21 (s, 3H,
COCH3), 2.16 (s, 3H, C0OH3), 1.73-1.62 (m, 4H, H-4aker, H-2alinker), 1.49-1.41 (m, 2H, H-
3abinker), 1.13 (dJs 6= 6.6 Hz, 3H, H-6B)3C NMR (100 MHz, DO)§174.4, 173.7 (2 €OCH),
102.6 (C-1A), 99.6 (C-1B), 83.1 (C-3A), 76.5 (C-5&%.3 (C-2A), 73.6 (C-3B), 70.8 (C-6A), 70.1
(C-4B), 68.7 (C-4A), 68.1 (C-2B), 66.2 (C-5B), 61 Linker), 57.3 (CCH3), 40.0 (C-%nker), 28.8
(C-2inker), 27.0 (C-4hnker), 22.7 (C-Jker), 21.1, 20.9 (2 x COH3), 15.7 (C-6B); HRMS (ESI-TOF)
m/z[M + H]* calcd for G2HaoNO12 510.2551; found 510.2541.
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Biotinylated Disaccharide 6 (BIO-6).

N
NH; CI-
0 o}
OH _0 )W S EtsN, DMF, H,0
o N 5N 4 1, 1 h, 69%
HO fo) + H — T e
0 0 H H
o OH 0
HOn e HN NH
OAc 6 \H/

Disaccharidé (10 mg, 2Qumol, 1.0 equiv) was reacted according to the gépeoaedure for the
synthesis of biotinylated oligosaccharides to gikivative BIO-6 (11 mg, 69%) as a white
amorphous powderafp?°= 12 (¢, 1.0, MeOH);*H NMR (400 MHz, CDCJ) 05.32 (s, 1H, H-
1B), 5.28 (s, 1H, H-2B), 4.50 (dd,= 7.1, 4.7 Hz, 1H, H+&tn), 4.42-4.35 (m, 1H, H-5B), 4.34-
4.28 (m, 1H, H-@iotin), 4.28-4.22 (m, 1H, H-1A), 3.96-3.83 (m, 2H, H-GaALinker), 3.76 (S, 1H,
H-4B), 3.73-3.62 (m, 2H, H-3B, Hiker), 3.60-3.50 (m, 2H, H-3A, H-6bA), 3.41 (s, 3HHEMe),
3.38-3.27 (m, 2H, H-2A, H-5H), 3.26-3.27 (M, 5H Srer, H-6viotin, H-1'biotin), 2.93 (ddJ = 12.7,
4.7 Hz, 1H, H-960tin), 2.71 (d,J = 13.0 Hz, 1H, H-9%0tin), 2.24-2.14 (M, 4H, Httin, H-5biotin),
2.10 (S, 3H, (E|3Ac), 1.80-1.28 (m, 18H, Htidker, H-3iinker, H-4iinker, H-3viotin, H-4biotin, H-5piotin, H-
2’biotin, H-3'biotin, H-4'biotin), 1.26 (d,J = 6.5 Hz, 3H, Els-6B); *C NMR (100 MHz, CDGJ) &
176.0-171.8 (3 X0O), 166.1 (C-1Btin), 104.2 (C-1A), 100.2 (C-1B), 83.1 (C-3A), 77.8%8),
75.9, 75.8 (C-2A, C-3B), 70.7 (C-6A), 70.1 (C-4A).1 (C-4B), 69.1 (C-2B), 68.0 (C-5B), 63.4
(C'7biotin), 62.7 (C-]i.nker), 61.6 (C-8iotin), 57.0 (C'@iotin), 56.6 CH3|\/|e), 41.04 (C-Qiotin), 40.3,40.2
(C-1'viotin, C-Sinker), 37.0, 36.8 (C+otin, C-5'biotin), 30.3-24.4 (9 x ChJ, 20.9 CH3ac), 16.7 (C-6B);
HRMS (ESI-TOF)M/z[M + NaJ" calcd for GeHe2NaNaOw4S 829.3875; found 829.3881.
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Biotinylated Disaccharide 7 (BIO-7).

.
NH, CI
o} o}
OH 0 J\/\/ s EtN, DMF, H,0
o N SN z 1, 1 h, 69%
HO (0} + H —_—»
0 0 H H
o N\ oH o
AO0Ne HN_ _NH
OAc 7 Y
o
OH o
HO 0o\ N P -
o/ Av! \H/%N
AcO OH ° H
OMe o H H
OAc HN_ _NH

Disaccharide (10 mg, 18umol, 1.0 equiv) was reacted according to the gépeoaedure for the
synthesis of biotinylated oligosaccharides to gikivative BIO-7 (11 mg, 69%) as a white
amorphous powderafp?°=-8 (c, 0.9, MeOH);'H NMR (400 MHz, CDCY) 45.36 (s, 1H, H-1B),
5.24 (m, 2H, H-2B and H-4B), 4.52 (m, 2H, H-5B, bls®), 4.31 (dd,J = 7.6, 4.3 Hz, 1H, H-
Thiotin), 4.24 (m, 1H, H-1A), 3.89 (m, 2H, H-6aA, Hsdar), 3.78 (t,J = 3.4 Hz, 1H, H-3B), 3.68
(m, 1H, H-1hnker), 3.54 (M, 2H, H-6aA and H-3A), 3.37 (s, 3Hi4me), 3.36 — 3.29 (m, 3H, H-
2A, H-4A, H-5A), 3.26 — 3.12 (m, 5H, Hier, H-1'biotin, H-6biotin), 2.93 (dd,J = 12.7, 4.8, 1H, H-
9aviotin), 2.71 (d,J = 13.2 Hz, 1H, H-9Biotin), 2.19 (M, 4H, H-Zotin, H-5’biotin), 2.11, 2.09 (2 % s,
6H, 2 x (Hsac), 1.79 — 1.26 (m, 18H, 9 xHB), 1.12 (dJ = 6.4 Hz, 3H, E13-6B);*C NMR (100
MHz, CDCh) 0 176.0 - 172.0 (4« CO), 166.1 (C-1f,tin), 104.2 (C-1A), 100.2 (C-1B), 82.8 (C-
3A), 77.8 (C-5A), 75.9 (C-2A), 74.9 (C-3B), 70.7-62)), 70.4 (C-4B), 70.1 (C-4A), 68.4 (C-2B),
66.4 (C-5B), 63.4 (Ctfotin), 62.7 (C-Jnker), 61.6 (C-8iotin), 57.3 CHame), 57.0 (C-Biotin), 47.9 (C-
1enn), 41.1 (C-Biotin), 40.3, 40.2 (CHlaker, C-L'biotin), 30.3 — 24.4 (9 €H>), 21.0, 20.9 (2 Haac),
16.5 (C-6B), 9.2 (Csn); HRMS (ESI-TOF)M/z[M + Na]" calcd for GeHsaN4sNaOisS 871.3981,
found 871.3992.
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Biotinylated Trisaccharide 2 (BIO-2).

NH; CI-
OH 0 0
_0 J\/\/ S EtsN, DMF, H,0
Hoo/éé/o . N W” g 1, 1h, 69%
_— >
HO O N OH ¢} H H
HO o e o HN_ NH
OH
2 0
HO OH
OH ] o
HOO C OWN )k/\/u,/ S
0 A 5”
HO © OH H
HO o 0 H
o e HN_ _NH
BIO-2 \fr
HO OH ©

Trisaccharide (10 mg, 15umol, 1.0 equiv) was reacted according to the gépeoaedure for the
synthesis of biotinylated oligosaccharides to giezivative BIO-2 (8 mg, 55%) as a white
amorphous powdera]p?°= 11(c, 0.7, MeOH);'H NMR (400 MHz, CDCJ) 95.32 (s, 1H, H-
1B), 5.24 (dJ = 3.7 Hz, H-2B), 4.52 — 4.46 (m, 2H, H-1C, l5o&), 4.43-4.37 (m, 1H, H-5B),
4.34-4.28 (m, 1H, H+ftin), 4.24 (d,J = 7.9 Hz, 1H, H-1A), 4.20 (1] = 3.6 Hz, 1H, H-3B), 3.93-
3.81 (m, 4H, H-6aA, H-4B, H-6aC, H-kar), 3.72-3.62 (m, 2H, H-6bC, H-1er), 3.58-3.51 (m,
2H, H-3A, H-6bA), 3.40-3.14 (m, 12H, H-2A, H-4A, BA, H-2C, H-3C, H-4C, H-5C, H+axer,
H-6biotin, H-1'biotin), 2.94 (ddJ = 12.8, 4.9 Hz, 1H, H-9atn), 2.71 (d,J = 12.8 Hz, 1H, H-%tin),
2.25-2.14 (m, 4H, H+tin, H-5viotin), 2.12 (S, 3H, El3ac), 1.80-1.31 (m, 18H, Hiidker, H-3inker,
H-4inker, H-3biotin, H-4biotin, H-Sbiotin, H-2"biotin, H-3'biotin, H-4'biotin), 1.28 (d,J = 6.6 Hz, 3H, Els-
6B);13C NMR (100 MHz, CDGJ) J 176.1-172.4 (3 X0O), 166.2 (C-1B0tin), 104.3 (C-1A), 103.1
(C-1C), 99.9 (C-1B), 82.8 (C-3A), 78.1-77.8 (C-8&,3C, C-5C), 75.8, 75.0 (C-2A, C-2C), 73.9
(C-3B), 71.6 (C-2B), 71.4 (C-4A), 70.7 (C-6A), 7070.1 (C-4B, C-4C), 67.8 (C-5B), 63.4 (C-
7biotin), 62.7, 62.7 (C-GC, Cﬁﬂker), 61.6 (C-8iotin), 57.0 (C-@iotin), 41.0 (C'Qiotin), 40.3, 40.2 (C-
Siinker, C-1'viotin), 36.8 (C-2iotin, C-5'biotin), 30.3-24.4 (9 CH>), 21.1 CHzac), 16.7 (C-6B); HRMS
(ESI-TOF)mM/z[M + Na]* calcd for GiH7oN4sNaOweS 977.4247; found 977.4261.
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Crystal data and structure refinement of compound 8

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

bl7_a

G2 Has O10
710.79
200(2) K
0.71073 A
Monoclinic
R2

a=13.068(2) A o= 90°.
b = 8.6099(13) A B= 102.761(7)°.
c =16.359(2) A y=90°.

1795.1(5) R
2
1.315 MgAn
0.093 mn
756
0.300 x 0.080 x 0.040 nim
2.255 to 30.062°.

-18<=h<=18, -12<=k<=12, -23<=I|<=22

122253
10457 [R(int) = 0.0505]
99.4 %
Semi-empirical from equivaken
Full-matrix least-squares &n F
10457/1/471
1.147
R1 = 0.0465, wR2 4822
R1 =0.0637, wR2 = 0.1548
0.06(13)
n/a
0.777 and -0.912%.A
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Supplementary Table 2| Atomic coordinates (x 1) and equivalent isotropic displacement
parameters (A2x 103). U(eq) is defined as one third of the trace of thorthogonalized Ul
tensor.

X y z U(eq)
Cc(1) 4627(2) 4249(3) 5691(1) 22(1)
c(2) 4984(2) 4696(3) 4897(1) 22(1)
Cc@3) 4194(2) 4168(2) 4118(1) 21(1)
C(4) 3102(2) 4762(3) 4148(1) 24(1)
0(5) 2833(1) 4293(2) 4914(1) 26(1)
C(6) 3527(2) 4892(3) 5637(1) 23(1)
0o(7) 3172(2) 4378(2) 6332(1) 30(1)
c(8) 2541(2) 5447(3) 6667(1) 25(1)
C(9) 1460(2) 4781(4) 6651(2) 33(1)
C(10) 936(2) 5755(4) 7253(2) 37(2)
0(11) 1372(2) 7231(3) 7435(1) 37(2)
c(12) 2484(2) 7234(3) 7812(2) 30(1)
Cc(13) 3002(2) 5755(3) 7591(1) 24(1)
0(14) 1611(2) 3300(2) 7062(1) 36(1)
C(15) 1866(2) 3731(3) 7911(2) 32(1)
0(16) 2872(1) 4427(2) 8106(1) 27(1)
0(17) 1083(2) 4824(3) 7986(1) 38(1)
C(18) 2691(3) 7591(4) 8740(2) 41(1)
C(19) 1850(3) 2376(4) 8479(2) 47(1)
0(20) 5343(1) 4887(2) 6396(1) 27(1)
c(21) 5594(3) 3825(3) 7082(2) 43(1)
Cc(22) 6424(2) 4515(3) 7773(2) 37(2)
C(23) 6273(3) 4452(4) 8584(2) 47(1)
C(24) 7035(4) 5024(5) 9246(2) 56(1)
C(25) 7939(3) 5651(5) 9111(2) 58(1)
C(26) 8091(3) 5740(6) 8298(3) 62(1)
c27) 7334(3) 5164(5) 7635(2) 50(1)
0(28) 5989(1) 4054(2) 4892(1) 26(1)
C(29) 6770(2) 5238(4) 4935(3) 51(1)
C(30) 7783(2) 4512(3) 4842(2) 31(1)
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C(31)
C(32)
C(33)
C(34)
C(35)
0(36)
C@37)
C(38)
C(39)
C(40)
c(41)
C(42)
C(43)
C(44)
0(45)
C(46)
c(a7)
C(48)
C(49)
C(50)
C(51)
C(52)

8281(3)
9199(3)
9648(3)
9194(3)
8226(3)
4435(1)
5079(3)
4941(2)
5534(2)
5416(3)
4715(4)
4129(3)
4234(3)
2259(2)
1346(2)
1313(3)
1041(2)
1578(3)
1282(5)

480(4)

-28(3)

252(2)

3381(4)
2750(5)
3225(6)
4381(6)
5051(4)
4826(2)
3876(4)
4423(3)
5654(4)
6172(5)
5446(7)
4235(8)
3699(5)
4127(4)
5070(3)
6161(5)
5446(4)
5886(6)
5223(7)
4178(7)
3773(6)
4378(4)

5367(2)
5275(3)
4671(3)
4109(3)
4196(2)
3381(1)
2982(2)
2089(1)
1899(2)
1089(3)

450(2)

628(2)
1458(2)
3441(2)
3291(1)
2651(2)
1782(2)
1181(4)

364(3)

186(2)

780(2)
1578(2)

46(1)
66(1)
66(1)
70(2)
45(1)
27(1)
42(1)
28(1)
36(1)
58(1)
73(2)
73(2)
49(1)
34(1)
47(1)
55(1)
37(1)
70(1)
84(2)
70(1)
59(1)
41(1)
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Supplementary Table 3| Bond lengths [A] and angles [°].

C(1)-0(20)
C(1)-C(2)
C(1)-C(6)
C(1)-H(1)
C(2)-0(28)
C(2)-C(3)
C(2)-H(2)
C(3)-0(36)
C(3)-C(4)
C(3)-H(3)
C(4)-0(5)
C(4)-C(44)
C(4)-H(4)
0(5)-C(6)
C(6)-0(7)
C(6)-H(6)
0(7)-C(8)
C(8)-C(9)
C(8)-C(13)
C(8)-H(8)
C(9)-0(14)
C(9)-C(10)
C(9)-H(9)
C(10)-O(11)
C(10)-0(17)
C(10)-H(10)
0(11)-C(12)
C(12)-C(18)
C(12)-C(13)
C(12)-H(12)
C(13)-0(16)
C(13)-H(13)
0(14)-C(15)
C(15)-0(17)

1.425(3)
1.522(3)
1.525(3)
1.0000

1.427(3)
1.522(3)
1.0000

1.428(2)
1.527(3)
1.0000

1.433(2)
1.512(3)
1.0000

1.419(3)
1.391(3)
1.0000

1.424(3)
1.520(3)
1.522(3)
1.0000

1.434(4)
1.562(4)
1.0000

1.398(4)
1.420(4)
1.0000

1.447(4)
1.512(4)
1.523(3)
1.0000

1.453(3)
1.0000

1.404(3)
1.415(3)
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C(15)-0(16)
C(15)-C(19)
C(18)-H(18A)
C(18)-H(18B)
C(18)-H(18C)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
0(20)-C(21)
C(21)-C(22)
C(21)-H(21A)
C(21)-H(21B)
C(22)-C(27)
C(22)-C(23)
C(23)-C(24)
C(23)-H(23)
C(24)-C(25)
C(24)-H(24)
C(25)-C(26)
C(25)-H(25)
C(26)-C(27)
C(26)-H(26)
C(27)-H(27)
0(28)-C(29)
C(29)-C(30)
C(29)-H(29A)
C(29)-H(29B)
C(30)-C(31)
C(30)-C(35)
C(31)-C(32)
C(31)-H(31)
C(32)-C(33)
C(32)-H(32)
C(33)-C(34)
C(33)-H(33)
C(34)-C(35)

1.416(3)
1.495(4)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.429(3)
1.505(4)
0.9900
0.9900
1.376(5)
1.385(4)
1.389(5)
0.9500
1.360(6)
0.9500
1.389(7)
0.9500
1.388(5)
0.9500
0.9500
1.433(3)
1.502(4)
0.9900
0.9900
1.364(4)
1.392(4)
1.355(6)
0.9500
1.321(7)
0.9500
1.396(8)
0.9500
1.426(6)
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C(34)-H(34)
C(35)-H(35)
0(36)-C(37)
C(37)-C(38)
C(37)-H(37A)
C(37)-H(37B)
C(38)-C(43)
C(38)-C(39)
C(39)-C(40)
C(39)-H(39)
C(40)-C(41)
C(40)-H(40)
C(41)-C(42)
C(41)-H(41)
C(42)-C(43)
C(42)-H(42)
C(43)-H(43)
C(44)-0(45)
C(44)-H(44A)
C(44)-H(44B)
O(45)-C(46)
C(46)-C(47)
C(46)-H(46A)
C(46)-H(46B)
C(47)-C(52)
C(47)-C(48)
C(48)-C(49)
C(48)-H(48)
C(49)-C(50)
C(49)-H(49)
C(50)-C(51)
C(50)-H(50)
C(51)-C(52)
C(51)-H(51)
C(52)-H(52)

0.9500
0.9500
1.431(3)
1.508(3)
0.9900
0.9900
1.373(4)
1.388(4)
1.374(4)
0.9500
1.378(8)
0.9500
1.363(9)
0.9500
1.411(6)
0.9500
0.9500
1.419(3)
0.9900
0.9900
1.400(5)
1.517(5)
0.9900
0.9900
1.368(4)
1.381(5)
1.425(9)
0.9500
1.363(9)
0.9500
1.339(7)
0.9500
1.377(5)
0.9500
0.9500
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0(20)-C(1)-C(2)
0(20)-C(1)-C(6)
C(2)-C(1)-C(6)
0(20)-C(1)-H(1)
C(2)-C(1)-H(1)
C(6)-C(1)-H(1)
0(28)-C(2)-C(3)
0(28)-C(2)-C(1)
C(3)-C(2)-C(1)
0(28)-C(2)-H(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
0(36)-C(3)-C(2)
0(36)-C(3)-C(4)
C(2)-C(3)-C(4)
0(36)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
O(5)-C(4)-C(44)
O(5)-C(4)-C(3)
C(44)-C(4)-C(3)
O(5)-C(4)-H(4)
C(44)-C(4)-H(4)
C(3)-C(4)-H(4)
C(6)-0(5)-C(4)
O(7)-C(6)-0(5)
O(7)-C(6)-C(1)
O(5)-C(6)-C(1)
O(7)-C(6)-H(6)
O(5)-C(6)-H(6)
C(1)-C(6)-H(6)
C(6)-0(7)-C(8)
O(7)-C(8)-C(9)
O(7)-C(8)-C(13)
C(9)-C(8)-C(13)
O(7)-C(8)-H(8)

108.85(17)
110.41(17)
108.80(17)
109.6
109.6
109.6
109.55(17)
111.30(18)
111.09(17)
108.3
108.3
108.3
110.71(17)
106.00(17)
109.86(16)
110.1
110.1
110.1
106.78(19)
110.22(17)
112.54(18)
109.1
109.1
109.1
113.06(17)
107.38(18)
108.56(18)
109.72(17)
110.4
110.4
110.4
115.81(18)
111.4(2)
111.06(19)
104.20(18)
110.0
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C(9)-C(8)-H(8)
C(13)-C(8)-H(8)
0(14)-C(9)-C(8)
0(14)-C(9)-C(10)
C(8)-C(9)-C(10)
O(14)-C(9)-H(9)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)
0(11)-C(10)-0(17)
O(11)-C(10)-C(9)
0(17)-C(10)-C(9)
O(11)-C(10)-H(10)
0(17)-C(10)-H(10)
C(9)-C(10)-H(10)
C(10)-0(11)-C(12)
O(11)-C(12)-C(18)
O(11)-C(12)-C(13)
C(18)-C(12)-C(13)
O(11)-C(12)-H(12)
C(18)-C(12)-H(12)
C(13)-C(12)-H(12)
0(16)-C(13)-C(8)
0(16)-C(13)-C(12)
C(8)-C(13)-C(12)
0O(16)-C(13)-H(13)
C(8)-C(13)-H(13)
C(12)-C(13)-H(13)
C(15)-0(14)-C(9)
0(14)-C(15)-0(17)
0(14)-C(15)-0(16)
0(17)-C(15)-0(16)
0(14)-C(15)-C(19)
0(17)-C(15)-C(19)
0(16)-C(15)-C(19)
C(15)-0(16)-C(13)
C(15)-0(17)-C(10)

110.0
110.0
107.2(2)
102.5(2)
108.8(2)
112.6
112.6
112.6
111.2(2)
114.0(2)
103.5(2)
109.3
109.3
109.3
114.6(2)
111.7(2)
110.8(2)
114.7(2)
106.4
106.4
106.4
111.54(19)
113.90(18)
106.43(19)
108.3
108.3
108.3
101.9(2)
104.1(2)
109.93(19)
110.6(2)
112.1(3)
110.8(2)
109.2(2)
115.10(18)
105.47(19)
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C(12)-C(18)-H(18A)
C(12)-C(18)-H(18B)
H(18A)-C(18)-H(18B)
C(12)-C(18)-H(18C)
H(18A)-C(18)-H(18C)
H(18B)-C(18)-H(18C)
C(15)-C(19)-H(19A)
C(15)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(15)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
C(1)-0(20)-C(21)
0(20)-C(21)-C(22)
0(20)-C(21)-H(21A)
C(22)-C(21)-H(21A)
0(20)-C(21)-H(21B)
C(22)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
C(27)-C(22)-C(23)
C(27)-C(22)-C(21)
C(23)-C(22)-C(21)
C(22)-C(23)-C(24)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
C(25)-C(24)-C(23)
C(25)-C(24)-H(24)
C(23)-C(24)-H(24)
C(24)-C(25)-C(26)
C(24)-C(25)-H(25)
C(26)-C(25)-H(25)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
C(22)-C(27)-C(26)
C(22)-C(27)-H(27)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
112.67(19)
109.9(2)
109.7
109.7
109.7
109.7
108.2
118.9(3)
122.9(3)
118.2(3)
120.3(3)
119.9
119.9
120.8(3)
119.6
119.6
119.4(3)
120.3
120.3
120.0(4)
120.0
120.0
120.6(3)
119.7
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C(26)-C(27)-H(27)
C(2)-0(28)-C(29)
0(28)-C(29)-C(30)
0(28)-C(29)-H(29A)
C(30)-C(29)-H(29A)
0(28)-C(29)-H(29B)
C(30)-C(29)-H(29B)

H(29A)-C(29)-H(29B)

C(31)-C(30)-C(35)
C(31)-C(30)-C(29)
C(35)-C(30)-C(29)
C(32)-C(31)-C(30)
C(32)-C(31)-H(31)
C(30)-C(31)-H(31)
C(33)-C(32)-C(31)
C(33)-C(32)-H(32)
C(31)-C(32)-H(32)
C(32)-C(33)-C(34)
C(32)-C(33)-H(33)
C(34)-C(33)-H(33)
C(33)-C(34)-C(35)
C(33)-C(34)-H(34)
C(35)-C(34)-H(34)
C(30)-C(35)-C(34)
C(30)-C(35)-H(35)
C(34)-C(35)-H(35)
C(3)-0(36)-C(37)
0(36)-C(37)-C(38)
0(36)-C(37)-H(37A)
C(38)-C(37)-H(37A)
0(36)-C(37)-H(37B)
C(38)-C(37)-H(37B)

H(37A)-C(37)-H(37B)

C(43)-C(38)-C(39)
C(43)-C(38)-C(37)
C(39)-C(38)-C(37)

119.7
111.74(19)
109.5(2)
109.8
109.8
109.8
109.8
108.2
119.7(3)
122.8(3)
117.5(3)
121.8(4)
119.1
119.1
120.6(4)
119.7
119.7
121.3(3)
119.3
119.3
118.6(3)
120.7
120.7
117.9(3)
121.0
121.0
114.84(18)
107.9(2)
110.1
110.1
110.1
110.1
108.4
119.6(3)
120.2(3)
120.2(3)
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C(40)-C(39)-C(38)
C(40)-C(39)-H(39)
C(38)-C(39)-H(39)
C(39)-C(40)-C(41)
C(39)-C(40)-H(40)
C(41)-C(40)-H(40)
C(42)-C(41)-C(40)
C(42)-C(41)-H(41)
C(40)-C(41)-H(41)
C(41)-C(42)-C(43)
C(41)-C(42)-H(42)
C(43)-C(42)-H(42)
C(38)-C(43)-C(42)
C(38)-C(43)-H(43)
C(42)-C(43)-H(43)
0(45)-C(44)-C(4)
O(45)-C(44)-H(44A)
C(4)-C(44)-H(44A)
0O(45)-C(44)-H(44B)
C(4)-C(44)-H(44B)

H(44A)-C(44)-H(44B)

C(46)-0O(45)-C(44)
0O(45)-C(46)-C(47)
0O(45)-C(46)-H(46A)
C(47)-C(46)-H(46A)
0O(45)-C(46)-H(46B)
C(47)-C(46)-H(46B)

H(46A)-C(46)-H(46B)

C(52)-C(47)-C(48)
C(52)-C(47)-C(46)
C(48)-C(47)-C(46)
C(47)-C(48)-C(49)
C(47)-C(48)-H(48)
C(49)-C(48)-H(48)
C(50)-C(49)-C(48)
C(50)-C(49)-H(49)

121.0(3)
119.5
119.5
119.9(4)
120.1
120.1
119.7(3)
120.1
120.1
121.1(4)
119.5
119.5
118.7(4)
120.6
120.6
111.6(2)
109.3
109.3
109.3
109.3
108.0
113.5(3)
113.0(3)
109.0
109.0
109.0
109.0
107.8
118.9(3)
120.6(3)
120.4(4)
118.9(4)
120.6
120.6
120.1(4)
120.0
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C(48)-C(49)-H(49)
C(51)-C(50)-C(49)
C(51)-C(50)-H(50)
C(49)-C(50)-H(50)
C(50)-C(51)-C(52)
C(50)-C(51)-H(51)
C(52)-C(51)-H(51)
C(47)-C(52)-C(51)
C(47)-C(52)-H(52)
C(51)-C(52)-H(52)

120.0
119.8(4)
120.1
120.1
121.3(4)
119.3
119.3
120.9(3)
119.5
119.5

Symmetry transformations used to generate equivatems.

S273



Supplementary Table 4| Anisotropic displacement parameters (& x 103). The anisotropic

displacement factor exponent takes the form: #2[ h2a*2Ull+ .. + 2 hka* b* Ul2]

Ull U22 U33 U23 Ul3 U12
c@) 26(1) 19(1) 20(1) -4(1) 5(1) -2(1)
c() 22(1) 20(1) 25(1) -1(1) 8(1) -2(1)
c@) 24(1) 22(1) 19(1) 1(1) 9(1) 0(1)
C(4) 25(1) 29(1) 20(1) -1(1) 8(1) 2(1)
o(5) 23(1) 34(1) 21(1) -3(1) 8(1) -2(1)
C(6) 27(1) 24(1) 19(1) -2(1) 9(1) 0(1)
o(7) 42(1) 28(1) 25(1) 2(1) 20(1) 7(1)
C(8) 30(1) 29(1) 20(1) -1(1) 11(1) 3(1)
C(9) 27(1) 44(1) 28(1) -5(1) 3(1) 0(1)
C(10) 24(1) 51(2) 37(1) 1(1) 10(1) 4(1)
o(11) 37(1) 38(1) 40(1) 2(1) 15(1) 13(1)
C(12) 39(1) 28(1) 27(1) -2(1) 15(1) 1(1)
C(13) 26(1) 26(1) 22(1) -1(1) 9(1) -2(1)
0(14) 37(1) 36(1) 35(1) -10(1) 10(1) -12(1)
C(15) 32(1) 32(1) 34(1) -3(1) 14(1) -4(1)
0(16) 30(1) 27(1) 24(1) 2(1) 7(1) -2(1)
0(17) 34(1) 45(1) 40(1) 2(1) 21(1) 1(1)
C(18) 60(2) 36(1) 30(1) -9(1) 18(1) -4(1)
C(19) 57(2) 38(2) 55(2) 8(1) 28(2) -7(1)
0(20) 35(1) 20(1) 22(1) -2(1) 0(1) -4(1)
C(21) 56(2) 28(1) 36(1) 6(1) -10(1) -6(1)
C(22) 44(1) 25(1) 33(1) 3(1) -7(1) 1(1)
C(23) 55(2) 41(2) 40(1) 8(1) 1(1) -4(1)
C(24) 82(3) 50(2) 28(1) 7(1) -5(1) 0(2)
C(25) 60(2) 49(2) 50(2) -2(2) -23(2) 2(2)
C(26) 44(2) 63(2) 75(3) -8(2) 4(2) -11(2)
c@7) 54(2) 53(2) 42(2) -2(1) 8(1) -8(2)
0(28) 20(1) 26(1) 35(1) -1(1) 8(1) 0(1)
C(29) 31(1) 29(1) 98(3) -9(2) 24(2) -4(1)
C(30) 23(1) 28(1) 44(1) -4(1) 9(1) -4(1)
C(31) 46(2) 42(2) 49(2) 12(1) 5(1) -3(1)
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C(32)
C(33)
C(34)
C(35)
0(36)
C@37)
C(38)
C(39)
C(40)
c(41)
C(42)
C(43)
C(44)
0(45)
C(46)
c(a7)
C(48)
C(49)
C(50)
C(51)
C(52)

43(2)
29(1)
69(2)
50(2)
36(1)
59(2)
34(1)
37(1)
63(2)
74(3)
55(2)
43(2)
28(1)
26(1)
48(2)
31(1)
53(2)
99(4)
70(2)
43(2)
35(1)

53(2)
71(3)
98(3)
41(2)
25(1)
45(2)
30(1)
36(1)
63(2)
119(4)
119(4)
56(2)
45(2)
80(2)
49(2)
40(1)
66(3)
106(4)
102(4)
74(3)
49(2)

91(3)
95(3)
59(2)
39(1)
23(1)
31(1)
25(1)
38(1)
60(2)
32(2)
37(2)
52(2)
25(1)
33(1)
57(2)
39(1)
97(3)
66(3)
34(2)
54(2)
39(1)

-3(2)

-41(3)
-44(2)

3()
4(1)
12(1)
-1(2)
2(1)
33(2)
27(2)

-30(2)
-22(2)

-9(2)
-8(1)
-8(2)
9(1)

32(2)
45(3)
-2(2)

-18(2)

1(1)

-7(2)
7(2)
44(2)
2(1)
16(1)
29(1)
15(1)
14(1)
38(2)
25(2)
-5(2)
16(1)
3(1)
4(1)

-13(2)

5(1)
28(2)
57(3)
6(2)
0(1)
8(1)

13(2)
6(2)

-59(3)
-18(1)

6(1)
25(1)
5(1)
1(1)
23(2)
55(3)
21(3)
-9(1)
1(1)
12(1)
6(2)
6(1)
-3(2)
44(3)
43(3)
10(2)
0(1)
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Supplementary Table 5 | Hydrogen coordinates (x 16) and isotropic displacement
parameters (A2x 103).

X y z U(eq)
H(1) 4616 3093 5742 26
H(2) 5040 5853 4880 26
H(3) 4190 3009 4080 25
H(4) 3098 5922 4116 29
H(6) 3536 6052 5620 28
H(8) 2475 6443 6346 30
H(9) 1013 4714 6071 40
H(10) 168 5859 7004 44
H(12) 2795 8109 7547 36
H(13) 3770 5959 7663 29
H(18A) 2307 8530 8829 61
H(18B) 3445 7757 8955 61
H(18C) 2457 6717 9036 61
H(19A) 2021 2728 9063 71
H(19B) 2368 1606 8392 71
H(19C) 1150 1905 8354 71
H(21A) 5851 2837 6891 52
H(21B) 4957 3599 7295 52
H(23) 5647 4016 8688 56
H(24) 6924 4976 9800 68
H(25) 8461 6025 9568 70
H(26) 8713 6195 8196 74
H(27) 7445 5218 7081 60
H(29A) 6875 5784 5480 61
H(29B) 6535 6007 4483 61
H(31) 7975 3025 5808 56
H(32) 9522 1959 5649 79
H(33) 10293 2772 4619 80
H(34) 9523 4715 3676 85
H(35) 7893 5841 3825 54
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H(37A)
H(37B)
H(39)
H(40)
H(41)
H(42)
H(43)
H(44A)
H(44B)
H(46A)
H(46B)
H(48)
H(49)
H(50)
H(51)
H(52)

4868
5824
6028
5817
4641
3642
3824
2534
2074
2004
785
2134
1645
281
-592
-109

2773
3968
6146
7029
5788
3743
2853
4070
3061
6679
6965
6617
5509
3738
3055
4049

2994
3279
2335

969
-112

187
1577
2924
3583
2732
2692
1309

-359
650
1992

50
50
44
70
88
87
59
40
40
66
66
84
101
84
70
49
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