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General information

Chemicals were purchased as reagent grade and used without further purification
unless stated otherwise. Anhydrous solvents were obtained from Waters Dry Solvent
systems. Reactions were monitored by thin-layer chromatography (TLC) analysis,
which was visualized by UV light (254 nm) and TLC sugar stain (1% (v/v) 3-
methoxyphenol, 30% (v/v) sulfuric acid in ethanol). Flash column chromatography
was performed on Kieselgel 60 with 23071 400 mesh (Sigma-Aldrich, St. Louis, USA).
'H NMR, *C NMR spectra were recorded on a 400 or 600 MHz Varian spectrometer
at room temperature. Chemical shifts (in ppm) were calibrated with the solvent
residual peak. Coupling constants (J) are reported in Hertz (Hz). Optical rotations
(OR) were measured with a Schmidt & Haensch UniPol L 1000 at 589 nm and
concentration (c) expressed in g/100 mL. High-resolution mass spectrometry (HRMS)
was performed by Waters Xevo Q-Tof mass spectrometer. T h e U/ b ratio

determined by supercritical fluid chromatography (SFC) from Waters.

Preparation of building blocks

Ethyl 2-O-benzoyl-4,6-di-O-benzyl-3-O-(9-fluorenylmethoxycarbonyl)-1-thio-b-D-
galactopyranoside [1] (1)

BnO OBn

(@]
FmocO SEt

1 OBz
'H NMR (400 MHz, CDCl;) U i88.00 @n, 2H), 7.68 (m, 2H), 7.58 i 7.48 (m, 1H),
7.487 7.27 (m, 16H), 7.11 (m, 2H), 5.75 (t, J = 9.9 Hz, 1H), 5.07 (dd, J = 10.0, 3.0 Hz,
1H), 4.79 (d, J = 11.5 Hz, 1H), 4.60 (d, J = 9.9 Hz, 1H), 4.51 (d, J = 11.8 Hz, 2H),
4.46 (d, J = 11.7 Hz, 1H), 4.30 (dd, J = 10.4, 7.2 Hz, 1H), 4.21 (dd, J = 10.4, 7.8 Hz,
1H), 4.14 (d, J = 3.1 Hz, 1H), 4.06 (t, J = 7.4 Hz, 1H), 3.82 (t, J = 6.5 Hz, 1H), 3.72i
3.62 (m, 2H), 2.74 (m, 2H), 1.23 (t, J = 7.5 Hz, 3H).

NMR data was in accordance with previously reported values [1].



Methyl 2,3,4-tri-O-benzyl-U-D-glucopyranoside [2] (2)

Bngo’ &O:
BnO
BnO OMe
2
'H NMR (400 MHz, CDCl;) U i77.28 (@, 15H), 4.99 (d, J = 10.9 Hz, 1H), 4.89 (d,
J =11.0 Hz, 1H), 4.86i 4.78 (m, 2H), 4.68 1 4.63 (m, 2H), 4.56 (d, J = 3.5 Hz, 1H),
4.01 (t, J = 9.2 Hz, 1H), 3.77 (dd, J = 11.7, 2.6 Hz, 1H), 3.72 7 3.61 (m, 2H), 3.56 i
3.46 (m, 2H), 3.37 (s, 3H).

NMR data was in accordance with previously reported values [2].

Ethyl 2,3-di-O-benzoyl-4,6-O-benzylidene-1-thio-b-D-galactopyranoside [3] (4)
Ph
o
o

BzO 0 SEt

4 OBz

'H NMR (600 MHz, CDCl5) @i 8.02 i 7.93 (m, 4H), 7.56 i 7.46 (m, 4H), 7.42 i 7.33
(m, 7H), 5.96 (t, J = 9.9 Hz, 1H), 5.54 (s, 1H), 5.40 (dd, J = 10.0, 3.5 Hz, 1H), 4.74 (d,
J = 9.9 Hz, 1H), 4.63 (dd, J = 3.6, 1.0 Hz, 1H), 4.42 (dd, J = 12.4, 1.6 Hz, 1H), 4.10
(dd, J = 12.4, 1.7 Hz, 1H), 3.73 (s, 1H), 2.95 (dqg, J = 12.2, 7.4 Hz, 1H), 2.81 (dq, J =
12.2, 7.5 Hz, 1H), 1.31 (t, J = 7.5 Hz, 3H).

NMR data was in accordance with previously reported values [3].

Ethyl 2,3-di-O-benzoyl-6-O-benzyl-4-O-(9-fluorenylmethoxycarbonyl)-1-thio-b-D-
glucopyranoside® (5)

Fogdo N
mocC
850 SEt

5 OBz
'H NMR (400 MHz, CDCls) 1 7.96 (d, J = 7.5 Hz, 2H), 7.87 (d, J = 7.5 Hz, 2H), 7.71
(d,J = 7.4 Hz, 2H), 7.51 (t, J = 7.3 Hz, 1H), 7.48 7 7.21 (m, 15H), 7.17 (t, J = 7.5 Hz,
1H), 5.80 (t, J = 9.4 Hz, 1H), 5.49 (t, J = 9.6 Hz, 1H), 5.23 (t, J = 9.7 Hz, 1H), 4.76 (d,
J =10.1 Hz, 1H), 4.61 (d, J = 12.1 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.30 i 4.17 (m,
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1H), 4.08 (t, J = 8.9 Hz, 1H), 4.01 7 3.90 (M, 2H), 3.74 (s, 2H), 2.87 i 2.68 (m, 2H),
1.28 (t, J = 7.5 Hz, 3H).

NMR data was in accordance with previously reported values [4].

Ethyl 3,4,6-tri-O-benzyl-2-O-levulinoyl-1-thio-b-D-glucopyranoside (6)

BnO BnO
Bnoﬁ/sa LevOH, DMAP, DCC Bno&&/sa
BnO DCM, 87% BnO

To a solution of ethyl 3,4,6-tri-O-benzyl-1-thio-b-D-glucopyranoside [5] (S1, 84 mg,
0.37 mmol) in DCM (4 mL) was added levulinic acid (75 pL, 0.74 mmol) followed by
DMAP (45 mg, 0.37 mmol) and N,N'-dicyclohexylcarbodiimide (DCC, 153 mg, 0.74
mmol). The reaction mixture was stirred for 4 h at room temperature. The reaction
was then diluted with DCM and washed with saturated ag NaHCO3 solution. The
organic layer was dried over Na,SO,, filtered and concentrated. The residue was
purified by flash column chromatography to afford 6 (191 mg, 0.32 mmol, 87%) as

white solid.

[UZ -5.88 (c 1.97, CHCI3); *H NMR (400 MHz, CDCls) & 7.38 1 7.29 (m, 13H), 7.20
(dd, J = 7.2, 2.4 Hz, 2H), 5.11 i 5.01 (m, 1H), 4.82 (d, J = 10.9 Hz, 2H), 4.76 (d, J =
11.4 Hz, 1H), 4.63 (d, J = 12.1 Hz, 1H), 4.61 i 4.55 (m, 2H), 4.39 (d, J = 10.0 Hz, 1H),
3.821 3.68 (m, 4H), 3.53 (ddd, J =7.7, 4.4, 2.2 Hz, 1H), 2.827 2.63 (m, 4H), 2.62 i

2.47 (m, 2H), 2.19 (s, 3H), 1.29 (t, J = 7.4 Hz, 3H); **C NMR (101 MHz, CDCls) U
206.3, 171.7, 138.3, 138.2, 138.0, 128.5 (3C), 128.1, 128.0 (2C), 127.8, 127.7, 84.4,
83.5, 79.5, 77.9, 75.3, 75.2, 73.5, 72.2, 68.9, 38.0, 30.0, 28.2, 24.0, 15.1; HRMS (ESI)
calcd for CasH4007SNa [M+Na]* 615.2387; found: 615.2401.

Ethyl 3-O-benzyl-6-O-levulinoyl-4-O-(9-fluorenylmethoxycarbonyl)-2-N-
trichloroacetyl-1-thio-b-D-glucosaminopyranoside [6] (7)
NH

70
CCl,



'H NMR (400 MHz, CDCls) Ui 7.68 (dd, J = 7.5, 3.7 Hz, 2H), 7.63 i 7.41 (m, 2H), 7.36
i 7.26 (m, 2H), 7.24 i 7.19 (m, 2H), 7.15 i 7.05 (m, 5H), 6.86 (d, J = 7.7 Hz, 1H),
4.98 (d, J = 10.3 Hz, 1H), 4.84 (dd, J = 9.9, 9.0 Hz, 1H), 4.54 (s, 2H), 4.42 (dd, J =
10.5, 6.8 Hz, 1H), 4.31 7 4.09 (m, 5H), 3.69 (ddd, J = 10.0, 5.2, 2.8 Hz, 1H), 3.56 (td,
J=10.1, 7.9 Hz, 1H), 2.73 i 2.58 (m, 4H), 2.56 i 2.49 (m, 2H), 2.09 (s, 3H), 1.28 i
1.12 (m, 3H).

NMR data was in accordance with previously reported values [6].

Ethyl 2-O-benzoyl-3,4-di-O-benzyl-6-O-(9-fluorenylmethoxycarbonyl)-1-thio-U-D-

mannopyranoside (8)

OBz OBz OBz
Ph/wo%g BH,-THF, TMSOTf Bé?)o O  Fmoc-Cl, Pyr Fggg%%
BRO o% —_—
DCM, 79% n DCM, 91%  Bno
SEt 8

S2  SEt S3 SEt

To a solution of ethyl 2-O-benzoyl-3-O-benzyl-4,6-O-benzylidene-1-thio-U-D-
mannopyranoside [7] (S2, 592 mg, 1.17 mmol) in DCM (5 mL) was added 1 M
solution of BH3-THF (5.8 mL, 5.85 mmol) followed by trimethylsilyl
trifluoromethanesulfonate (TMSOTf, 32 uL, 0.17 mmol). The reaction mixture was
stirred for 2 h at room temperature. Triethylamine was then added to quench the
reaction followed by the addition of MeOH. The reaction mixture was concentrated
and purified by flash column chromatography to give ethyl 2-O-benzoyl-3,4-di-O-
benzyl-1-thio-U-D-mannopyranoside (S3, 470 mg, 0.92 mmol, 79%) as colorless oil.
9-Fluorenylmethyl chloroformate (446 mg, 1.72 mmol) and pyridine (0.28 mL, 3.44
mmol) were added to a solution of S3 (437 mg, 0.86 mmol) in DCM (5 mL). The
reaction mixture was stirred overnight at room temperature, diluted with DCM and
guenched with 1 M aq HCI solution. The organic layer was extracted, dried over
Na,SO,, filtered and concentrated. The residue was purified by flash column
chromatography to afford 8 (570 mg, 0.78 mmol, 91%) as white foam.

[ §¥41.97 (c 1.16, CHCI3); *H NMR (400 MHz, CDCls) & 8.16 (dt, J = 8.2, 1.1 Hz,

2H), 7.80 (dd, J = 7.6, 1.1 Hz, 2H), 7.70 i 7.61 (m, 2H), 7.60 i 7.53 (m, 1H), 7.49 i

7.40 (m, 4H), 7.38i 7.29 (m, 12H), 5.75 (dd, J = 3.0, 1.6 Hz, 1H), 5.46 (d, J = 1.6 Hz,

1H), 4.96 (d, J = 10.9 Hz, 1H), 4.82 (d, J = 11.2 Hz, 1H), 4.65 (d, J = 10.9 Hz, 1H),
%



4.60 (d, J = 11.2 Hz, 1H), 4.56 i 4.47 (m, 2H), 4.45 i 4.40 (m, 2H), 4.40 i 4.33 (m,
1H), 4.29 (t, J = 7.5 Hz, 1H), 4.09 (dd, J = 9.1, 2.9 Hz, 1H), 4.02 (t, J = 7.5 Hz, 1H),

2.80 7 2.59 (m, 2H), 1.33 (t, J=7.4 Hz, 3H); ®CNMR (101 MHz, CDCI 3)

155.3, 143.6, 143.4, 141.4, 138.0, 137.6, 133.4, 130.1, 129.9, 128.6 (2C), 128.5,
128.3, 128.0 (3C), 127.3, 125.4, 125.3, 120.2, 82.7, 78.8, 75.4, 74.1, 71.7, 70.7, 70.3,
70.1, 66.9, 46.9, 25.8, 15.1.; HRMS (ESI) calcd for C44H42,0sSNa [M+Na]* 753.2493;
found: 753.2503.

p-Tolyl 2-O-benzoyl-4-O-benzyl-3-O-(9-fluorenylmethoxycarbonyl)-1-thio-U-L-
rhamnopyranoside (9)

: S : S
Fmoc-ClI, Pyr
BnO Q DCM. 93% BnO Q
HO OBz FmocO OBz
S4 9

9-Fluorenylmethyl chloroformate (559 mg, 2.16 mmol) and pyridine (0.23 mL, 2.88
mmol) were added to a solution of p-tolyl 2-O-benzoyl-4-O-benzyl-1-thio-U-L-
rhamnopyranoside [8] (S4, 669 mg, 1.44 mmol) in DCM (6 mL). The reaction mixture
was stirred overnight at room temperature. The reaction was then diluted with DCM
and quenched with 1 M aq HCI solution. The organic layer was extracted, dried over
Na,S0O,, filtered and concentrated. The residue was purified by flash column

chromatography to afford 9 (932 mg, 1.34 mmol, 93%) as white foam.

[ §146.86 (c 0.93, CHCI3); *H NMR (400 MHz, CDCl3) U 8.17 i 7.98 (m, 2H), 7.74
(ddd, J = 7.7, 2.3, 1.1 Hz, 2H), 7.67 i 7.60 (m, 1H), 7.55 (ddd, J = 7.6, 2.1, 1.0 Hz,
2H), 7.49 (t, J = 7.8 Hz, 2H), 7.42 i 7.30 (m, 9H), 7.23 (td, J = 7.5, 1.1 Hz, 1H), 7.19
i 7.11 (m, 3H), 5.89 (dd, J = 3.2, 1.7 Hz, 1H), 5.49 (d, J = 1.6 Hz, 1H), 5.29 (dd, J =
9.7, 3.2 Hz, 1H), 4.88 (d, J = 11.1 Hz, 1H), 4.71 (d, J = 11.1 Hz, 1H), 4617 4.51 (m,
1H), 4.42 (dg, J = 9.4, 6.2 Hz, 1H), 4.33 7 4.24 (m, 2H), 3.76 (t, J = 9.5 Hz, 1H), 2.33
(s,3H), 1.43(d, J=6.1Hz, 3H); ®*C NMR (101 MHz, CDCI 3By,
143.2, 141.4, 141.3, 138.3, 137.9, 133.6, 132.7, 130.1 (2C), 129.7 (2C), 128.6 (2C),
128.1, 128.0 (2C), 127.9, 127.3, 127.2, 125.5, 125.2, 120.1 (2C), 86.2, 78.8, 76.8,
75.4,72.1, 70.4, 69.1, 46.8, 21.3, 18.1; HRMS (ESI) calcd for C,HssO;SNa [M+Na]*
709.2230; found: 709.2238.

enlq
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Benzyl (ethyl 3,4-di-O-benzyl-2-O-levulinoyl-1-thio-b-D-glucopyranosid)uronate
[9] (10)

O

BBB%&
n
Bro SEt

10 OLev

IH NMR (400 MHz, CDCl3) U 7.52 7 7.17 (m, 13H), 7.16 7 7.00 (m, 2H), 5.16 (s, 2H),
5.05 (t, J = 9.5 Hz, 1H), 4.76 (d, J = 11.4 Hz, 1H), 4.73 i 4.63 (m, 2H), 4.45 (d, J =
10.7 Hz, 1H), 4.40 (d, J = 10.0 Hz, 1H), 3.95 (d, J = 9.7 Hz, 1H), 3.89 (t, J = 9.2 Hz,
1H), 3.68 (t, J = 8.9 Hz, 1H), 2.80 i 2.57 (m, 4H), 2.57 i 2.39 (m, 2H), 2.15 (s, 3H),
1.22 (t, J = 7.4 Hz, 3H).

NMR data was in accordance with previously reported values [9].

Methyl 2,3,6-tri-O-benzyl-U-D-glucopyranoside [10] (11)

ESO&%
BnO

BnO OMe

1

'H NMR (400 MHz, CDClg) i 7.40 7 7.26 (m, 15H), 5.01 (d, J = 11.4 Hz, 1H), 4.78 (d,
J=12.1Hz, 1H), 4.74 (d, J = 11.4 Hz, 1H), 4.66 (d, J = 12.1 Hz, 1H), 4.63 (d, J = 3.5
Hz, 1H), 4.59 (d, J = 12.2 Hz, 1H), 4.54 (d, J = 12.2 Hz, 1H), 3.79 (t, J = 9.1 Hz, 1H),
3.741 3.66 (m, 3H), 3.61 (t, J = 9.1 Hz, 1H), 3.54 (dd, J = 9.5, 3.5 Hz, 1H), 3.39 (s,
3H).

NMR data was in accordance with previously reported values [10].

General glycosylation procedure

Promoter/

o !
Catalyst ~—0 o% \_OR

PGO s\~ + o e~ >
solvent PGO +"

Glycosyl Donor Glycosyl Acceptor (PG: Protecting group)

S7



Both donor (51 umol) and acceptor (43 pumol) were co-evaporated three times with
anhydrous toluene and kept under high vacuum for 1 h. The mixture was dissolved in
the indicated solvent (3 mL) followed by the addition of activated molecular sieves
(AW-300). The solution was stirred for 10 min at room temperature and cooled down
to the indicated temperature. DBDMH (37 umol) and TfOH (0.522 umol) were added
and the mixture was stirred for one hour. Then the reaction was quenched with Et3N,
diluted with DCM and extracted with 10% ag Na,S,0s3 solution. The aqueous phase
was washed with DCM twice and the combined organic layer was dried over Na,SOy,
filtered and concentrated. The residue was purified by flash column chromatography

to obtain pure disaccharide.

1,2-Trans glycosylation

Table S1: 1,2-Trans glycosylation activated by DBDMH with a variety of building

blocks
Entry Donor Acceptor Product® Solvents for flash column chromatography Yield (%)
1 1 2 3 20-25% ethyl acetate in hexanes 92
2 4 2 S5 30% ethyl acetate in hexanes 95
3 5 2 S6 5% acetone in toluene 98
4 6 2 S7 25% ethyl acetate in hexanes 94
5 7 2 S8 50% ethyl acetate in hexanes 91
6 8 2 S9 25% ethyl acetate in hexanes 96
7 9 2 S10 20% ethyl acetate in hexanes 91
8 10 2 S11 4% acetone in toluene 39
9 1 11 S12 25% ethyl acetate in hexanes 88
10 4 11 S13 28% ethyl acetate in hexanes 88
11 5 11 S14 25% ethyl acetate in hexanes 87
12 6 11 S15 30% ethyl acetate in hexanes 89
13 7 11 S16 20% acetone in toluene 60
14 8 11 S17 25% ethyl acetate in hexanes 89
15 9 11 S18 20% ethyl acetate in hexanes 86
16 10 11 S19 30% ethyl acetate in hexanes 45

®Fmoc protecting groups were removed during the quenching process because of

triethylamine.



Methyl 2-O-benzoyl-4,6-di-O-benzyl-b-D-galactopyranosyl-(1A 6)-2,3,4-tri-O-
benzyl-U-D-glucopyranoside (3)

BnO OBn
o

o)
Hoé& o
BnO
OBz &
BnO

3 OMe

[ +7.95 (c 1.63, CHCls); *H NMR (400 MHz, CDCls) U 8.00 (dd, J = 8.2, 1.1 Hz,
2H), 7.54 i 7.45 (m, 1H), 7.41 i 7.24 (m, 25H), 7.19 i 7.09 (m, 2H), 5.34 (dd, J =
10.0, 8.0 Hz, 1H), 4.92 (d, J = 10.9 Hz, 1H), 4.78 i 4.68 (m, 4H), 4.62 i 4.50 (m, 5H),
4487 4.42 (m, 2H), 4.13 (d, J = 9.1 Hz, 1H), 3.97 (d, J = 3.5 Hz, 1H), 3.91 (t, J = 9.3
Hz, 1H), 3.83 7 3.64 (m, 6H), 3.48 i 3.34 (m, 2H), 3.19 (s, 3H), 2.44 (d, J = 10.0 Hz,
1H); *C NMR (101 MHz, CDCls) U 166.7, 139.0, 138.4, 138.3, 138.2, 137.8, 133.2,
129.9 (2C), 128.7, 128.6, 128.5, 128.4 (2C), 128.2, 128.1 (2C), 128.0 (3C), 127.7
(2C), 127.6, 101.4 (Nc.y = 168 Hz), 97.9 (M. = 172 Hz), 82.1, 80.0, 77.7, 75.7, 74.8,
74.0,73.7 (2C), 73.5, 73.4, 69.7, 68.3, 68.1, 55.1; HRMS (ESI) calcd for CssHssO12Na
[M+Na]* 933.3826; found: 933.37709.

Methyl 2,3-di-O-benzoyl-4,6-O-benzylidene-b-D-galactopyranosyl-(1A 6)-2,3,4-
tri-O-benzyl-U-D-glucopyranoside (S5)

Ph
o
o)

(@]
O
BZO&/ o
BnO
OBz &
BnO,

S5 OMe

Prepared from compounds 4 and 2. [ §}94.2 (c 1.15, CHCls); *H NMR (400 MHz,
CDCl;) U i77.80 @n, 4H), 7.46 i 7.07 (m, 26H), 5.83 (dd, J = 10.4, 8.0 Hz, 1H),
5.46 (s, 1H), 5.26 (dd, J = 10.4, 3.6 Hz, 1H), 4.82 (d, J = 10.9 Hz, 1H), 4.68 i 4.58 (m,
3H), 4561 4.45 (m, 3H), 4.391 4.23 (m, 3H), 4.12 (d, J = 9.1 Hz, 1H), 4.06 1 3.98
(m, 1H), 3.82 (t, J = 9.2 Hz, 1H), 3.71 1 3.59 (m, 2H), 3.52 (s, 1H), 3.34 i 3.22 (m,
2H), 3.10 (s, 3H); **C NMR (101 MHz, CDCls) U 166.4, 165.2, 139.0, 138.4, 138.3,
137.6, 133.5, 133.1, 130.1, 129.8 (2C), 129.2, 129.0, 128.5 (2C), 128.4 (2C), 128.2
(2C), 128.0 (2C), 127.8, 127.7, 127.6, 126.4, 101.8(*Jc.4 = 156 Hz), 100.9, 97.8 (*Jc.n

S¢)



= 168 Hz), 82.1, 80.0, 77.8, 75.6, 74.8, 73.7, 73.4, 72.9, 69.8, 69.2, 69.0, 68.2, 66.7,
55.1; HRMS (ESI) calcd for CssHs4013Na [M+Na]™ 945.3462; found: 945.3466.

Methyl 2,3-di-O-benzoyl-6-O-benzyl-b-D-glucopyranosyl-(1A 6)-2,3,4-tri-O-
benzyl-U-D-glucopyranoside (S6)

OBn

Hoéowo

BzO o)

BnO

OBz ﬁﬁ
BnO

S6 OMe

Prepared from compounds 5 and 2. [UZ +37.6 (c 1.93, CHCIl3); *H NMR (400 MHz,
CDCl3) ti 7.88 (dd, J = 8.3, 1.2 Hz, 2H), 7.79 (dd, J = 8.3, 1.2 Hz, 2H), 7.481 7.37 (m,
1H), 7.28 i 7.07 (m, 23H), 7.01 1 6.91 (m, 2H), 5.47 i 5.34 (m, 2H), 4.81 (d, J = 10.9
Hz, 1H), 4.69 i 4.56 (m, 3H), 4.56 i 4.47 (m, 3H), 4.43i 4.35 (m, 2H), 4.19 (d, J =
11.1 Hz, 1H), 4.05 (d, J = 8.8 Hz, 1H), 3.86 (t, J = 9.0 Hz, 1H), 3.83 i 3.75 (m, 3H),
3.67 1 3.56 (m, 3H), 3.35 (dd, J = 9.7, 3.5 Hz, 1H), 3.32i 3.27 (m, 1H), 3.13 (s, 3H);
13C NMR (101 MHz, CDCl5) U 167.2, 165.2, 138.9, 138.3, 137.7, 133.5, 133.2, 130.1,
129.8, 129.4, 129.1, 128.6 (2C), 128.5, 128.4 (2C), 128.2 (2C), 128.1, 128.0, 127.9,
127.7, 127.6, 101.2 (YJcn = 164 Hz), 98.1 (Ncn = 172 Hz), 82.0, 79.8, 77.5, 76.6,
75.7, 74.8, 74.6, 73.9, 73.5, 71.5 (2C), 70.4, 69.6, 68.3, 55.1; HRMS (ESI) calcd for
CssHssO13Na [M+Na]* 947.3619; found: 947.3572.

Methyl  3,4,6-tri-O-benzyl-2-O-levulinoyl-b-D-glucopyranosyl-(1A 6)-2,3,4-tri-O-
benzyl-U-D-glucopyranoside (S7)

OBn

B”Oé&o
BnO
s7 OMe
Prepared from compounds 6 and 2. [U% +13.1 (c 2.02, CHCI3); 'H NMR (400 MHz,
CDCl3) 4 7.2971 7.17 (m, 28H), 7.09 (dd, J =7.1, 2.5 Hz, 2H), 4.97 (td, J = 7.9, 2.3 Hz,
1H), 4.89 (d, J = 10.9 Hz, 1H), 4.76 (d, J = 10.9 Hz, 1H), 4.74 1 4.66 (m, 4H), 4.62 (d,
J=11.4 Hz, 1H), 4.58 (d, J = 12.1 Hz, 1H), 4.53 1 4.41 (m, 5H), 4.32 (d, J = 8.0 Hz,
1H), 4.00 (dd, J = 10.7, 1.6 Hz, 1H), 3.89 (t, J = 9.3 Hz, 1H), 3.73 1 3.64 (m, 1H),
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3.64 1 3.53 (m, 5H), 3.45 (dd, J = 9.6, 3.5 Hz, 1H), 3.43 i 3.33 (m, 2H), 3.27 (s, 3H),
2.597 2.50 (m, 1H), 2.49 i 2.38 (m, 1H), 2.34 (td, J = 6.8, 3.3 Hz, 2H), 1.96 (s, 3H);
13C NMR (101 MHz, CDCls) Ui 206.1, 171.4, 138.9, 138.4, 138.3, 138.2, 138.0, 128.6,
128.5, 128.5, 128.2, 128.1 (2C), 128.0 (2C), 127.9, 127.8 (2C), 127.7, 101.0 (Ncn =
156 Hz), 98.1 (*Jc. = 168 Hz), 83.1, 82.1, 80.0, 78.1, 77.9, 75.8, 75.5, 75.1, 74.9,
73.6, 73.5 (2C), 69.9, 68.9, 68.1, 55.2, 37.9, 29.9, 28.1; HRMS (ESI) calcd for
CeoHesO13Na [M+Na]" 1017.4401; found: 1017.4335.

Methyl 3-0-benzyl-6-O-levulinoyl-2-N-trichloroacetyl-b-D-
glucosaminopyranosyl-(1A 6)-2,3,4-tri-O-benzyl-U-D-glucopyranoside (S8)
LevO

(0]
'é'cn)o/k/o 0

NH B30

O
oCls g BnOome

Prepared from compounds 7 and 2. [UZ -0.32 (c 1.85, CHCls); *H NMR (400 MHz,
CDClg) 0 7.34 7 7.12 (m, 20H), 6.84 (d, J = 7.6 Hz, 1H), 4.90 (d, J = 11.1 Hz, 1H),
4.79 (d, J=11.1 Hz, 1H), 4.757 4.64 (m, 5H), 4.56 (d, J = 12.2 Hz, 1H), 4.521 4.42
(m, 3H), 4.13 (dd, J = 12.2, 2.1 Hz, 1H), 4.01 7 3.84 (m, 3H), 3.69 i 3.62 (m, 1H),
3.58 (dd, J = 10.9, 4.1 Hz, 1H), 3.54 7 3.32 (m, 5H), 3.28 (s, 3H), 2.91 (d, J = 4.2 Hz,
1H), 2.66 (t, J = 6.4 Hz, 2H), 2.49 (t, J = 6.4 Hz, 2H), 2.09 (s, 3H); **C NMR (101
MHz, CDCIls3) U 206.9, 173.6, 161.9, 139.0, 138.5, 138.2, 138.1, 128.7, 128.6, 128.5,
128.4, 128.2 (3C), 128.0, 127.9, 127.8 (2C), 127.6, 99.6 (Nc.n = 168 Hz), 98.1 (Ncn
=172 Hz), 92.6, 82.1, 79.7, 79.1, 77.6, 75.6, 75.0, 74.9, 74.1, 73.4, 71.1, 69.6, 67.9,
63.2, 58.4, 55.4, 38.1, 29.9, 28.0; HRMS (ESI) calcd for CssHs4ClsNO13Na [M+Na]”
980.2558; found: 980.2511.
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Methyl 2-0-benzoyl-3,4-di-O-benzyl-U-D-mannopyranosyl-(1A 6)-2,3,4-tri-O-
benzyl-U-D-glucopyranoside (S9)

OBz

HO
BnO O
BnO

Prepared from compounds 8 and 2. [ @ #21.3 (c 1.77, CHCI3); *H NMR (400 MHz,
CDCl;) U i88.02 {m, 2H), 7.63 1 7.54 (m, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.40 i
7.15 (m, 25H), 5.60 (dd, J = 3.1, 1.9 Hz, 1H), 5.02 i 4.94 (m, 2H), 4.93 i 4.86 (m,
2H), 4.79 (d, J = 11.4 Hz, 2H), 4.75 (d, J = 11.6 Hz, 1H), 4.69 (d, J = 12.1 Hz, 1H),
4.6571 4.58 (m, 2H), 4.55 (d, J = 11.6 Hz, 1H), 4.49 (d, J = 11.2 Hz, 1H), 4.051 3.90
(m, 3H), 3.79 (dd, J = 11.2, 4.6 Hz, 1H), 3.75 7 3.60 (m, 5H), 3.56 (dd, J = 9.6, 3.5 Hz,
1H), 3.44 (dd, J = 9.9, 8.9 Hz, 1H), 3.32 (s, 3H); **C NMR (101 MHz, CDCls) Ui 165.7,
138.8, 138.5, 138.3, 138.2, 137.9, 133.4, 130.0 (2C), 128.6 (2C), 128.5 (2C), 128.3,
128.2 (3C), 128.1 (2C), 127.8 (3C), 127.7, 98.2 (Jcy = 176 Hz), 98.0 (N = 172
Hz), 82.2, 80.2, 77.7, 77.6, 75.9, 75.3, 75.1, 74.0, 73.5, 72.1, 71.5, 69.8, 69.0, 66.3,
62.1, 55.3; HRMS (ESI) calcd for CssHsgO1oNa [M+Na]* 933.3826; found: 933.3831.

Methyl 2-O-benzoyl-4-O-benzyl-U-L-rhamnopyranosyl-(1A 6)-2,3,4-tri-O-benzyl-
U-D-glucopyranoside (S10)

Prepared from compounds 9 and 2. [ & $30.9 (c 1.36, CHCls); *H NMR (400 MHz,
CDCl;) u 188.00 @n, 2H), 7.63 1 7.53 (m, 1H), 7.49 7 7.43 (m, 2H), 7.381 7.16
(m, 20H), 5.30 (dd, J = 3.5, 1.7 Hz, 1H), 4.98 (d, J = 10.9 Hz, 1H), 4.90 (d, J = 11.1
Hz, 1H), 4.8471 4.79 (m, 2H), 4.791 4.75 (m, 2H), 4.72 (d, J = 11.1 Hz, 1H), 4.66 (d,
J =12.1 Hz, 1H), 4.60 i 4.53 (m, 2H), 4.18 (dd, J = 9.4, 3.5 Hz, 1H), 3.98 (t, J = 9.2
Hz, 1H), 3.86 i 3.76 (m, 2H), 3.73 (ddd, J = 10.1, 5.3, 1.7 Hz, 1H), 3.55 i 3.48 (m,
2H), 3.46 (d, J = 9.3 Hz, 1H), 3.42 (d, J = 9.6 Hz, 1H), 3.37 (s, 3H), 1.33 (d, J = 6.3
S12



Hz, 3H); 3C NMR (101 MHz, CDCl3) U 166.3, 138.8, 138.3 (2C), 138.2, 133.5, 130.0,
129.9, 128.7, 128.6 (3C), 128.5, 128.3, 128.2, 128.1 (2C), 127.9, 127.7, 98.0 (e =
172 Hz), 97.8 (e = 172 Hz), 82.2, 81.8, 80.1, 77.8, 75.9, 75.4, 75.2, 73.5, 73.3,
70.6, 70.1, 67.6, 66.5, 55.3, 18.2; HRMS (ESI) calcd for CugHs:O1:Na [M+Na]*
827.3407; found: 827.3413.

Methyl  (benzyl 3,4-di-O-benzyl-2-O-levulinoyl-b-D-glucopyranosyluronate)-
(1A 6)-2,3,4-tri-O-benzyl-U-D-glucopyranoside (S11)

0=.0Bn
BnO 0
BnO o o
LevO BnO
BnO
s11 BnOoMme

Prepared from compounds 10 and 2. [U +2.79 (c 1.28, CHCIs); *H NMR (400 MHz,
CDCl3) Ui 7.27 i 7.15 (m, 28H), 7.02 (dd, J = 6.5, 3.0 Hz, 2H), 5.12 i 5.03 (m, 2H),
4.98 (dd, J = 9.0, 7.7 Hz, 1H), 4.89 (d, J = 10.9 Hz, 1H), 4.76 (d, J = 10.9 Hz, 1H),
4737 4.63 (m, 3H), 4.62 i 4.55 (m, 3H), 4.50 (d, J = 3.5 Hz, 1H), 4.45 (d, J = 11.0
Hz, 1H), 4.41 7 4.33 (m, 2H), 3.95 (dd, J = 10.7, 1.5 Hz, 1H), 3.92 i 3.84 (m, 3H),
3.71 71 3.63 (m, 1H), 3.55 (td, J = 11.1, 10.0, 4.9 Hz, 2H), 3.44 (dd, J = 9.6, 3.5 Hz,
1H), 3.36 7 3.28 (M, 1H), 3.25 (s, 3H), 2.59 i 2.51 (m, 1H), 2.51 7 2.40 (m, 1H), 2.37
i 2.28 (m, 2H), 1.97 (s, 3H); *C NMR (101 MHz, CDCls) &i 206.0, 171.3, 168.1, 138.9,
138.3, 138.0, 137.8, 135.1, 128.7, 128.6 (4C), 128.5 (2C), 128.2, 128.1 (2C), 128.0
(2C), 127.9 (3C), 127.7, 101.4 (Ycy = 164 Hz), 98.0 (Ncy = 172 Hz), 82.1, 80.1,
79.3, 77.9, 75.8, 75.1, 75.0, 74.9 (2C), 73.5, 73.1, 69.9, 68.4, 67.5, 55.2, 37.8, 29.9,
28.0; HRMS (ESI) calcd for CeoHesO14Na [M+Na]* 1031.4194; found: 1031.4114.

Methyl 2-O-benzoyl-4,6-di-O-benzyl-b-D-galactopyranosyl-(1A 4)-2,3,6-tri-O-
benzyl-U-D-glucopyranoside (S12)

BnO OBn OBn

HO&&/O O

B2O BnO
BnO
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Prepared from compounds 1 and 11. [U +2.89 (c 1.55, CHCI3); *H NMR (400 MHz,
CDCly) Ui 7.84 (dd, J = 8.2, 1.1 Hz, 2H), 7.52 1 7.43 (m, 1H), 7.39 i 7.12 (m, 27H),
5.12 (dd, J = 10.0, 8.0 Hz, 1H), 4.94 (d, J = 10.9 Hz, 1H), 4.71 (d, J = 11.8 Hz, 2H),
4.63 (d, J = 11.8 Hz, 1H), 4.59 (d, J = 11.8 Hz, 1H), 4.57 (d, J = 5.0 Hz, 1H), 4.55 i
4.49 (m, 2H), 4.45 (d, J = 3.7 Hz, 1H), 4.33 (d, J = 11.7 Hz, 1H), 4.27 i 4.18 (m, 2H),
3.86 1 3.70 (m, 3H), 3.59 (dd, J = 10.7, 3.3 Hz, 1H), 3.52 i 3.29 (m, 7H), 3.20 (s, 3H),
2.18 (d, J = 10.3 Hz, 1H); 3C NMR (101 MHz, CDCl;) 4 166 .5, 139. 7, 138
138.1, 138.0, 133.3, 129.9 (2C), 128.7, 128.6 (2C), 128.5 (2C), 128.2, 128.1 (2C),
128.0, 127.9 (3C), 127.2, 100.4 (YJcn = 168 Hz), 98.5 (*Jcn = 172 Hz), 80.2, 79.2,
76.7, 75.6, 75.4, 74.8, 73.7, 73.6, 73.4, 73.3, 69.7, 68.1, 67.9, 55.4; HRMS (ESI)
calcd for CssHsgO1oNa [M+Na]* 933.3826; found: 933.3832.

Methyl  2,3-di-O-benzoyl-4,6-O-benzylidene-b-D-galactopyranosyl-(1A 4)-2,3,6-
tri-O-benzyl-U-D-glucopyranoside (S13)

Ph
o
O

OBn
%0 0
(0]
BzO BnO

OBz
BnOOMe
S13

Prepared from compounds 4 and 11. [ § }58.6 (c 1.77, CHCIs); *H NMR (400 MHz,
CDCl;) U i77.88 @n, 2H), 7.84 1 7.77 (m, 2H), 7.40 i 7.14 (m, 26H), 5.72 (dd, J
=10.4, 8.1 Hz, 1H), 5.42 (s, 1H), 5.08 (d, J = 10.8 Hz, 1H), 5.00 (dd, J = 10.4, 3.7 Hz,
1H), 4.77 (d, J = 10.8 Hz, 1H), 4.73 (d, J = 12.2 Hz, 1H), 4.69 (d, J = 8.1 Hz, 1H),
4.607 4.50 (m, 2H), 4.45 (d, J = 3.6 Hz, 1H), 4.40 (d, J = 3.5 Hz, 1H), 4.22 4.15 (m,
2H), 3.90 1 3.82 (m, 3H), 3.59 (dd, J = 10.7, 3.3 Hz, 1H), 3.48 i 3.40 (m, 2H), 3.33
(dd, J = 10.7, 1.7 Hz, 1H), 3.20 (s, 3H), 3.18 (s, 1H); *C NMR (101 MHz, CDCls) U
166.3, 165.1, 139.4, 138.5, 138.2, 137.8, 133.4, 133.3, 130.0, 129.8, 129.6, 129.3,
128.9, 128.7, 128.5 (2C), 128.3, 128.2 (3C), 128.1, 127.9, 127.3, 126.4, 100.9 ({Jcn
= 160 Hz), 98.4 ({Jcn = 168 Hz), 80.4, 79.3, 77.6, 75.9, 73.7, 73.6, 73.1, 70.0, 69.6,
68.8, 68.1, 66.6, 55.4; HRMS (ESI) calcd for CssHs4013Na [M+Na]™ 945.3462; found:
945.3466.
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Methyl 2,3-di-O-benzoyl-6-O-benzyl-b-D-glucopyranosyl-(1A 4)-2,3,6-tri-O-
benzyl-U-D-glucopyranoside (S14)

OBn OBn

Z!
oB2""° BnO

s14 OMe

Prepared from compounds 5 and 11. [J® +20.2 (c 1.44, CHCls); *H NMR (400 MHz,
CDCls) i 7.97 i 7.90 (m, 2H), 7.87 1 7.79 (m, 2H), 7.51 i 7.21 (m, 26H), 5.32 (dd, J
= 9.9, 7.8 Hz, 1H), 5.25 (dd, J = 9.9, 8.9 Hz, 1H), 4.99 (d, J = 11.3 Hz, 1H), 4.81 (d, J
= 11.3 Hz, 1H), 4.75 (d, J = 12.2 Hz, 1H), 4.70 i 4.62 (m, 2H), 4.59 (d, J = 12.2 Hz,
1H), 4.52 (d, J = 3.7 Hz, 1H), 4.44 (d, J = 11.9 Hz, 1H), 4.38 (d, J = 11.9 Hz, 1H),
4.28 (d, J = 12.1 Hz, 1H), 3.92 1 3.78 (m, 3H), 3.64 i 3.50 (m, 3H), 3.49 i 3.38 (m,
3H), 3.35 (dd, J = 10.7, 2.0 Hz, 1H), 3.25 (s, 3H); **C NMR (101 MHz, CDCls) U
166.9, 165.1, 139.7, 138.4, 137.9, 137.7, 133.4, 133.3, 130.0, 129.8, 129.4, 129.3,
128.9, 128.6, 128.5 (3C), 128.3, 128.2, 128.0, 127.9, 127.8, 127.6, 127.2, 100.4 (1Jc-
n = 164 Hz), 98.5 (1JC.H =172 Hz), 80.2, 79.0, 77.1, 76.4, 75.3, 73.9, 73.7 (3C), 72.3,
72.1, 70.9, 69.6, 67.7, 55.4; HRMS (ESI) calcd for CssHssO13Na [M+Na]" 947.3619;
found: 947.3624.

Methyl  3,4,6-tri-O-benzyl-2-O-levulinoyl-b-D-glucopyranosyl-(1A 4)-2,3,6-tri-O-
benzyl-U-D-glucopyranoside (S15)

OBn

BnO
BnO O o Q
BnO BnO
OLev BnOOM
s15 ©

Prepared from compounds 6 and 11. [J® +10.1 (c 1.88, CHCls); *H NMR (400 MHz,
CDCl3) &1 7.29 1 7.10 (m, 30H), 4.98 (d, J = 11.4 Hz, 1H), 4.85 (dd, J = 9.5, 8.1 Hz,
1H), 4.717 4.62 (m, 5H), 4.57 i 4.48 (m, 3H), 4.45 (d, J = 11.0 Hz, 1H), 4.39 7 4.30
(m, 3H), 4.25 (d, J = 12.1 Hz, 1H), 3.84 i 3.70 (m, 3H), 3.65 i 3.51 (m, 4H), 3.46 i
3.32 (m, 3H), 3.29 (s, 3H), 3.22 (ddd, J = 9.8, 4.5, 1.7 Hz, 1H), 2.65 1 2.57 (m, 1H),
2.571 2.46 (m, 1H), 2.39 1 2.29 (m, 1H), 2.27 i 2.17 (m, 1H), 2.05 (s, 3H); **C NMR
(101 MHz, CDCls) U 206.2, 171.4, 139.8, 138.5 (3C), 138.2, 138.0, 128.7, 128.5,
128.4 (2C), 128.3, 128.2, 128.1, 128.0 (2C), 127.9, 127.8, 127.7, 127.5, 127.1, 100.2
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(New = 164 Hz), 98.5 (FJcn = 172 Hz), 83.2, 80.4, 79.0, 78.2, 75.5, 75.4, 75.1, 74.9,
74.2,73.8, 73.7, 73.5, 69.9, 68.9, 68.1, 55.4, 37.8, 30.0, 28.0; HRMS (ESI) calcd for
CeoHssO13Na [M+Na]* 1017.4401; found: 1017.4410.

Methyl 3-O-benzyl-6-O-levulinoyl-2-N-trichloroacetyl-b-D-
glucosaminopyranosyl-(1A 4)-2,3,6-tri-O-benzyl-U-D-glucopyranoside (S16)

OBn

LevO
N 00
BnO BnO

NH BnO

0] OMe
CCl; s16

Prepared from compounds 7 and 11. [U -22.2 (c 1.51, CHCI3); *H NMR (400 MHz,
CDClg) 0 7.327 7.18 (m, 20H), 6.42 (d, J = 8.1 Hz, 1H), 4.92 (d, J = 11.4 Hz, 1H),
4.74 (d, J = 11.2 Hz, 1H), 4.70 1 4.59 (m, 4H), 4.57 (d, J = 8.2 Hz, 1H), 4.53 1 4.47
(m, 2H), 4.44 1 4.34 (m, 2H), 3.96 (dd, J = 12.2, 2.1 Hz, 1H), 3.88 (t, J = 9.3 Hz, 1H),
3.76 (t, J = 9.2 Hz, 1H), 3.63 1 3.36 (m, 7H), 3.27 (s, 3H), 3.09 (dt, J = 9.5, 3.1 Hz,
1H), 2.99 (d, J = 4.2 Hz, 1H), 2.68 1 2.51 (m, 2H), 2.47 1 2.29 (m, 2H), 2.06 (s, 3H);
13C NMR (101 MHz, CDCls) Ui 207.0, 173.8, 161.7, 139.7, 138.4, 138.2, 138.0, 128.8,
128.7 (2C), 128.5, 128.3, 128.2, 128.1, 128.0, 127.9, 127.6, 127.2, 98.7 (YJc.x = 164
Hz), 98.5 ({Jc.n = 168 Hz), 92.7, 80.4, 79.4, 79.0, 76.0, 75.3, 74.7, 73.9, 73.6, 73.5,
71.1, 69.6, 68.4, 63.2, 58.6, 55.5, 38.1, 29.9, 28.0; HRMS (ESI) calcd for
CagHs4CIsNO13Na [M+Na]" 980.2558; found: 980.2564.

Methyl 2-0-benzoyl-3,4-di-O-benzyl-U-D-mannopyranosyl-(1A 4)-2,3,6-tri-O-
benzyl-U-D-glucopyranoside (S17)

OBz

HO

ng&% OBn
oé%
BnO

s17 BnOGpe

Prepared from compounds 8 and 11. [ € 13.44 (c 1.68, CHCI3); *H NMR (400 MHz,
CDCl;) U i87.90 gm, 2H), 7.62 i 7.51 (m, 1H), 7.44 (t, J = 7.7 Hz, 2H), 7.35 i
7.17 (m, 22H), 7.14 1 7.01 (m, 3H), 5.66 (t, J = 2.4 Hz, 1H), 5.50 (d, J = 1.9 Hz, 1H),
5.02 (d, J = 10.9 Hz, 1H), 4.86 (d, J = 10.9 Hz, 1H), 4.76 (d, J = 10.9 Hz, 1H), 4.73 i
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4.67 (m, 2H), 4.61 1 4.55 (m, 3H), 4.53 (d, J = 1.5 Hz, 2H), 4.45 (d, J = 11.3 Hz, 1H),

4.017 3.91 (m, 2H), 3.87 (td, J = 9.2, 2.9 Hz, 2H), 3.76 i 3.60 (m, 6H), 3.53 (dd, J =

9.5, 3.5 Hz, 1H), 3.38 (s, 3H); *C NMR (101 MHz, CDCl;) i 165. 4, 138. 4,
138.1, 138.0, 133.3, 130.0 (2C), 128.6, 128.5 (2C), 128.4 (2C), 128.3 (2C), 128.1,

128.0, 127.9, 127.7 (4C), 127.5, 99.0 (Ncn = 176 Hz), 98.0 (FJen = 172 Hz), 81.9,

80.3, 78.2, 75.6, 75.4, 75.0, 74.0, 73.7, 73.4, 72.9, 71.6, 69.8, 69.3, 68.8, 62.0, 55.5;

HRMS (ESI) calcd for CssHssO12Na [M+Na]* 933.3826; found: 933.3833.

Methyl 2-O-benzoyl-4-O-benzyl-U-L-rhamnopyranosyl-(1A 4)-2,3,6-tri-O-benzyl-
U-D-glucopyranoside (S18)

OBn

(0]
anO

[e) BnO

BnO OMe

HO
OBz s18

Prepared from compounds 9 and 11. [ & }17.2 (c 1.26, CHCIs); *H NMR (400 MHz,
CDCl;) O dd, 988.3(1.4 Hz, 2H), 7.59 1 7.53 (m, 1H), 7.46 i 7.41 (m, 2H),
7.357 7.12 (m, 20H), 5.23 (dd, J = 3.4, 1.7 Hz, 1H), 5.09 i 5.03 (m, 2H), 4.75 i 4.69
(m, 3H), 4.66 (d, J = 11.3 Hz, 1H), 4.60 i 4.52 (m, 3H), 4.49 (d, J = 11.9 Hz, 1H),
4.14 (dd, J = 9.5, 3.4 Hz, 1H), 3.99 (dd, J = 9.6, 6.2 Hz, 1H), 3.92 1 3.76 (m, 3H),
3.73 71 3.64 (m, 2H), 3.58 (dd, J = 9.2, 3.6 Hz, 1H), 3.42 7 3.36 (m, 1H), 3.35 (s, 3H),
0.97 (d, J = 6.2 Hz, 3H); ®*C NMR (101 MHz, CDCl;) 4 166 . 4, 138.9, 138
137.9, 133.5, 130.0, 129.9, 128.6 (2C), 128.5, 128.4, 128.3 (2C), 128.2, 128.1 (2C),
128.0 (3C), 127.6, 127.4, 98.1 (e = 172 Hz), 97.2 (e = 176 Hz), 82.0, 80.5,
79.9, 75.7, 75.0, 74.8, 73.7, 73.5, 73.4, 70.2, 70.1, 68.5, 68.1, 55.4, 18.0; HRMS (ESI)
calcd for C4gHs5,01:Na [M+Na]* 827.3407; found: 827.3409.

Methyl  (benzyl 3,4-di-O-benzyl-2-O-levulinoyl-b-D-glucopyranosyluronate)-
(1A 4)-2,3,6-tri-O-benzyl-U-D-glucopyranoside (S19)

0=0Bn OBn
BnO BnO

OLev BnO
S19 OMe
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Prepared from compounds 10 and 11. [UZ -7.40 (c 0.84, CHCIls); *H NMR (400 MHz,
CDCls) i 7.4571 7.40 (m, 2H), 7.36 1 7.25 (m, 26H), 7.157 7.10 (m, 2H), 5.08 i 4.94
(m, 4H), 4.80 7 4.69 (m, 4H), 4.67 i 4.58 (m, 4H), 4.50 (d, J = 8.1 Hz, 1H), 4.46 i
4.40 (m, 2H), 3.96 i 3.77 (m, 5H), 3.71 (dt, J = 9.8, 1.8 Hz, 1H), 3.64 (dd, J = 10.9,
1.9 Hz, 1H), 3.50 (dd, J = 9.2, 3.7 Hz, 1H), 3.43 (t, J = 9.1 Hz, 1H), 3.40 (s, 3H), 2.79
i 2.68 (m, 1H), 2.651 2.54 (m, 1H), 2.48 1 2.37 (m, 1H), 2.33 i 2.25 (m, 1H), 2.15 (s,
3H); *C NMR (101 MHz, CDCls) U 206.1, 171.2, 168.0, 139.5, 138.5, 138.2, 137.9,
137.8, 135.2, 128.8, 128.7 (2C), 128.6 (2C), 128.5, 128.4 (2C), 128.3, 128.2 (2C),
128.1 (3C), 127.9, 127.8 (2C), 127.7, 127.2, 100.6 (Nc.n = 164 Hz), 98.5 (1Jcy = 172
Hz), 82.1, 80.2, 79.7, 79.1, 77.3, 75.6, 75.0, 74.9, 74.6, 73.8, 73.7, 73.5, 69.7, 67.9,
67.3, 55.4, 37.8, 30.0, 27.9; HRMS (ESI) calcd for CeoHesO14Na [M+Na]* 1031.4194;
found: 1031.4199.

1,2-Cis glycosylation

Table S2: 1,2-Cis-glycosylation activated by DBDMH

Entry Donor Acceptor Solvent T (°C) Product  Yield (%) U/ b ra
1 12 2 DCM/Et,0 -78 S20 94 1:1.4
2 12 2 DCM -78 S20 94 1:2.7
3 12 2 DCM/MeCN -78 S20 93 1:11.7
4 12 2 DCM -40 S20 67 1:1.3
5 13 2 DCM -78 s21 72 4.6:1
6 13 2 DCM -40 S21 50 11.8:1
7 14 2 DCM -78 S22 76 1:1.1
8 14 2 DCM -40 S22 69 1:1

Methyl 2,3,4,6-tetra-O-benzyl-D-galactopyranosyl-(1A 6)-2,3,4-tri-O-benzyl-U-D-
glucopyranoside (S20)

BnO _0OBn
QO
BnO
(0]
OBn BnO o)
BnO
S20 BnO

OMe

Purification: flash column chromatography with 15% ethyl acetate in hexanes. ‘H
NMR (400 MHz, CDCls) a i77.19 {m, 35H), 5.04 7 4.93 (m, 3H), 4.89 (d, J =
12.0 Hz, 0.5H), 4.85 7 4.66 (m, 6.5H), 4.64 7 4.51 (m, 3.5H), 4.49 1 4.37 (m, 2H),

S18



4.34 (d, J = 7.7 Hz, 0.5H), 4.18 (dd, J = 10.8, 2.0 Hz, 0.5H), 4.04 i 3.73 (m, 6H), 3.67

i 3.42 (m, 5.5H), 3.33 (d, J = 1.9 Hz, 3H); **C NMR (101 MHz, CDCl;)4 13 9. 0,

138.6, 138.5, 138.3 (2C), 138.2, 138.0, 128.6, 128.5 (4C), 128.4 (3C), 128.3 (2C),
128.1 (2C), 128.0 (2C), 127.9, 127.8 (3C), 127.7, 127.6 (2C), 127.5, 104.3 (Ncn =
160 Hz), 98.1 (*YJc. = 168 Hz), 98.0 (2C, *Jcy = 172 Hz), 82.4, 82.2, 82.1, 80.3, 80.0,
79.4, 78.4, 78.2, 78.1, 76.6, 75.8 (2C), 75.3, 75.2, 75.0, 74.9, 74.7, 73.6 (2C), 73.5
(2C), 73.0, 72.9, 72.7, 70.4, 70.0, 69.5, 69.0, 68.7 (2C), 66.5, 55.3, 55.2; HRMS (ESI)
calcd for CeoHgsO11Na [M+Na]* 1009.4503; found: 1009.4510.

Methyl 4-O-benzoyl-2,3,6-tri-O-benzyl-D-galactopyranosyl-(1A 6)-2,3,4-tri-O-
benzyl-U-D-glucopyranoside (S21)

BzO OBn

0
Bno%
0

BnO

BnO O
BnO
S21 BnO

OMe

Purification: flash column chromatography with 17% ethyl acetate in hexanes. 'H
NMR (400 MHz, CDCls3) a 187.94 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.51 1 7.02
(m, 32H), 5.79 (d, J = 3.5 Hz, 1H), 5.06 (d, J = 3.5 Hz, 1H), 4.96 (d, J = 10.7 Hz, 1H),
48571 4.42 (m, 11H), 4.401 4.30 (m, 1H), 4.17 (t, J = 6.5 Hz, 1H), 4.05 71 3.93 (m,
2H), 3.88 (dd, J = 10.0, 3.5 Hz, 1H), 3.821 3.67 (m, 3H), 3.62 1 3.39 (m, 4H), 3.34 |

3.25 (m, 3H); *C NMR (101 MHz, CDClg) i 165. 9, 139.0, 138,

137.9, 133.1, 130.2, 130.0, 128.6 (2C), 128.5 (2C), 128.4 (3C), 128.3 (2C), 128.2,
128.1 (3C), 128.0, 127.9 (2C), 127.8, 127.7 (2C), 127.6, 127.5, 104.5 ({Jch = 160
Hz), 98.2 (Ncn = 168 Hz), 98.1 (Men = 172 Hz), 98.0 (FJeny = 172 Hz), 82.2, 80.2,
79.9, 79.6, 78.8, 78.1, 78.0, 75.8, 75.6, 75.4, 75.1, 75.0, 73.8, 73.6, 73.5, 73.0, 72.5,
72.0, 71.6, 70.4, 70.1, 68.8, 68.7, 68.3, 68.1, 67.4, 66.4, 55.4, 55.2; HRMS (ESI)
calcd for Ce2Hs4012Na [M+Na]* 1023.4295; found: 1023.4296.

S19

138.
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Methyl 4,6-di-O-benzoyl-2,3-di-O-benzyl-D-glucopyranosyl-(1A 6)-2,3,4-tri-O-
benzyl-U-D-glucopyranoside (S22)

BzO
%a%%o
o Bgﬂ%
OMe
Purification: flash column chromatography with 18% ethyl acetate in hexanes. 'H
NMR (400 MHz, CDCl3) U 187.9Q én, 4H), 7.62 7 7.50 (m, 2H), 7.4571 7.25 (m,
23H), 7.21 (dd, J = 7.6, 1.9 Hz, 1H), 7.16 i 7.07 (m, 5H), 5.49 7 5.35 (m, 1H), 5.04 |
4.94 (m, 2H), 4.87 1 4.59 (m, 9H), 4.58 1 4.47 (m, 2H), 4.39 (dd, J = 12.1, 5.4 Hz,
1H), 4.28 1 4.22 (m, 1H), 4.19 (dd, J = 8.0, 2.0 Hz, 0.5H), 4.02 (t, J = 8.0 Hz, 0.5H),
4.02 (td, J =9.3, 3.6 Hz, 1H), 3.90 i 3.65 (m, 4.5H), 3.61 1 3.50 (m, 1H), 3.43 7 3.38
(m, 2H), 3.35 (s, 1.5H); *Cc NMR (101 MHz, ChbClI 3) 0 166. 3,
(2C), 138.5 (2C), 138.2 (2C), 138.0, 137.8, 133.4, 133.3, 133.1, 130.0, 129.9 (2C),
129.8, 129.7, 129.6, 128.6, 128.5 (2C), 128.4 (2C), 128.3 (3C), 128.2, 128.1 (20C),
128.0 (2C), 127.9 (2C), 127.8 (2C), 127.7 (2C), 127.6, 104.0 (}Jc.y = 160 Hz), 98.2
(Men = 172 Hz), 98.0 (Nen = 172 Hz), 97.1 (Nen = 172 Hz), 82.2, 82.1, 82.0, 81.6,
80.2, 80.0, 79.9, 78.2, 78.0, 75.9, 75.8, 75.4, 75.3, 75.2, 75.1, 75.0, 73.5, 73.4, 72.9,
72.0, 71.2, 70.9, 70.4, 69.8, 68.9, 67.9, 66.3, 63.6, 63.3, 55.4, 55.2; HRMS (ESI)
calcd for CeoHg2013Na [M+Na]* 1037.4088; found: 1037.4095.

Solid-phase automated glycan assembly

Building block solution: The building block 8 was co-evaporated with toluene three
times, dissolved in DCM under argon and transferred to the vial which was placed on
the corresponding port in the synthesizer. For each glycosylation, building block 8
(6.5 equivalents, 0.08 mmol) was dissolved in 1 mL DCM.

Acidic TMSOTf wash solution: 450 uL TMSOTf was dissolved in 40 mL DCM.

Activator solution: DBDMH (0.86 g) was dissolved in a 2:1 (v/v) mixture of
anhydrous DCM and dioxane (40 mL) followed by the addition of TMSOTT (54 pL).

Fmoc deprotection solution: The solution was 20% (v/v) piperidine in DMF.
0



Preparation of the resin: The functionalized resin 15 [11] (40 mg, 0.0125 mmol
linker) was loaded into the reaction vessel of the synthesizer and swollen in 2 mL
DCM for 20 min.

Module a-Acidic TMSOTf wash: The resin is washed with 1 mL acidic solution of
TMSOTTf in DCM for three minutes at -20 °C.

Module b-Glycosylation using thioglycoside: For glycosylation the acidic solution
is drained and thioglycoside building block (1 mL) is delivered to the reaction vessel.
After the set temperature 1 20 °C is reached, the reaction starts with the addition of 1
mL of activator solution. The glycosylation is performed for 5 min at 1 20 °C and 20
min from 120 °C to 0 °C Then the solution is drained and the resin is washed with
dioxane (2 mL for 20 s) and DCM (two times each with 2 mL for 25 s). The

temperature of the reaction vessel is increased to 25 °C for the next module.

Module c-Fmoc deprotection: The resin is washed with DMF and then 2 mL
solution of 20% piperidine in DMF for 5 min. The reaction solution was drained and
the resin was washed with DMF (three times with 3 mL for 25 s) and DCM (five times
each with 2 mL for 25 s).

Cleavage from solid support: After automated synthesis, the oligosaccharides were
cleaved from the solid support using a continuous-flow photoreactor as described

previously [11].

NO,

1(5) O\/O

HO UV-Cleavage
BnO O 9
BnO

OBz

(0]
BnO O
BnO

16 O _~_~_NHCbz
63%

Modules: a) acidic wash; b) glycosylation using DBDMH/TMSQOTT, 8; ¢c) Fmoc deprotection
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Analytical HPLC of the crude after UV-cleavage: YMC-Diol-300-NP 5 pum (150 x
4.60 mm) column; flow rate: 1.0 mL; elution gradient: 20% ethyl acetate in hexanes
for 5 min, increased to 55% at 40 min, then 100% at 45 min; detection: ELSD and UV
light.

DAD1 E, Sig=280,16 Ref=360,100 (FEIFENFX-AUT O4-DIOXANE.D)
mAU 3
1003 \
50
Ojgu\,J\w._ih SV ,I‘ L. S —

. . T . T T . T . T T T . . T T T . T T T T . .
0 10 20 30 40 50 min|
ELS1 A, Voltage (FEIFENFX-AUTO4-DIOXANE.D)

Purification: flash column chromatography with 30% ethyl acetate in hexanes

N-benzyloxycarbonyl-5-aminopentanyl 2-0O-benzoyl-3,4-di-O-benzyl-U-D-
mannopyranosyl-(1A 6)-2-O-benzoyl-3,4-di-O-benzyl-U-D-mannopyranoside (16)

[UZ +9.10 (c 0.91, CHCls); *H NMR (400 MHz, CDCls) U 8.12 (dd, J = 8.1, 1.7 Hz,
2H), 8.07 (dd, J = 8.3, 1.4 Hz, 2H), 7.62 i 7.56 (m, 1H), 7.54 i 7.44 (m, 5H), 7.33 i
7.21 (m, 23H), 7.17 i 7.11 (m, 2H), 5.73 (dd, J = 3.2, 1.9 Hz, 1H), 5.62 (dd, J = 3.3,
1.8 Hz, 1H), 5.16 i 5.05 (m, 3H), 4.94 7 4.80 (m, 5H), 4.74 (d, J = 11.4 Hz, 1H), 4.63
(d, J =11.1 Hz, 1H), 456 (d, J = 11.0 Hz, 1H), 4.49 (d, J = 11.2 Hz, 1H), 4.47 (d, J =
11.2 Hz, 1H), 4.09 (dd, J = 9.4, 3.1 Hz, 2H), 4.01 i 3.60 (m, 10H), 3.47 i 3.38 (m,
1H), 3.18 (g, J = 7.0 Hz, 2H), 1.59 i 1.54 (m, 2H), 1.54 i 1.47 (m, 2H), 1.40 i 1.34
(m, 2H); *C NMR (101 MHz, CDCl;))i 16 6. 0, 1(@G),.138,0, 1373881334,
130.0 (2C), 129.9, 128.7, 128.6 (2C), 128.5 (2C), 128.4, 128.3, 128.2 (3C), 128.1,
127.9, 127.8 (3C), 98.0, 97.9, 78.7, 78.0, 75.3, 74.4, 74.0, 72.2, 71.8, 71.5, 70.7,
69.1, 68.9, 67.9, 66.7, 66.3, 62.1, 41.1, 29.9, 29.2, 23.6; HRMS (ESI) calcd for
Ce7H71015sNNa [M+Na]* 1152.4721; found: 1152.4727.
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Hydrolysis of glycosyl selenide

Phenyl  2-azido-2-deoxy-4-O-fluorenylmethoxycarbonyl-6-O-levulinoyl-3-O-(2-
naphthalenylmethyl)-1-seleno-U-D-galactopyranoside (17)

HO _OH HO _OLev FmocO _OLev
(@] (o] Fmoc-ClI, Pyr
NAPO LevOH, CMPI, DABCO NAPO g y NAPO
Na oM Na 82% DC'\g t N3
s23 SePh S24 SePh o over z steps 17 "SePh

To a solution of phenyl 2-azido-2-deoxy-3-O-(2-naphthalenylmethyl)-1-seleno-U-D-
galactopyranoside [12] (S23, 280 mg, 0.58 mmol) in DCM (4 mL) was added levulinic
acid (0.35 mL, 3.47 mmol) followed by 2-chloro-1-methylpyridinium iodide (CMPI, 369
mg, 1.44 mmol). 1,4-Diazabicyclo[2.2.2]octane (DABCO, 246 mg, 2.2 mmol) was
added after 15 min. The reaction mixture was stirred at room temperature for 24 h
and then diluted with ethyl acetate, filtered through Celite and concentrated. The
residue was dissolved in DCM (5 mL), followed by the addition of 9-fluorenylmethyl
chloroformate (299 mg, 1.16 mmol) and pyridine (0.14 mL, 1.74 mmol). The mixture
was stirred overnight at room temperature. Then the reaction was quench with 1 M
ag HCI solution and diluted with DCM. The organic layer was dried over Na;SOy,
filtered and concentrated. The residue was purified by flash column chromatography

to afford 17 (380 mg, 0.47 mmol, 82%) as slightly yellow foam.

[ & 3%157.77 (c 1.26, CHCl3); 'H NMR (400 MHz, CDCls) U 7.83 (d, J = 1.6 Hz, 1H),
7.7971 7.69 (m, 5H), 7.68 i 7.62 (m, 2H), 7.57 (d, J = 7.5 Hz, 1H), 7.50 (dd, J = 8.4,
1.7 Hz, 1H), 7.47 7 7.38 (m, 4H), 7.35 71 7.28 (m, 5H), 7.23 (td, J = 7.5, 1.1 Hz, 1H),
6.03 (d, J =5.4 Hz, 1H), 5.54 (dd, J = 3.2, 1.2 Hz, 1H), 4.98 (d, J = 10.9 Hz, 1H), 4.81
(d, J = 10.9 Hz, 1H), 4.68 (t, J = 6.5 Hz, 1H), 4.42 (dd, J = 10.4, 7.1 Hz, 1H), 4.36 i
4.26 (m, 2H), 4.21 (dd, J = 6.5, 1.6 Hz, 2H), 4.14 (t, J = 7.5 Hz, 1H), 3.90 (dd, J =
10.3, 3.1 Hz, 1H), 2.74 (t, J = 6.5 Hz, 2H), 2.55 (t, J = 6.2 Hz, 2H), 2.20 (s, 3H); *C
NMR (101 MHz, CDCl3) U 206.6, 172.4, 154.9, 143.5, 143.0, 141.3, 141.2, 134.8,
134.3, 133.2, 133.1, 129.3, 128.3 (2C), 128.0, 127.9, 127.8, 127.7, 127.4, 127.2 (2C),
126.1 (3C), 125.4, 125.1, 120.1, 120.0, 84.6, 72.2, 70.5, 70.3, 69.1, 62.1, 60.5, 46.5,
38.0, 30.0, 27.8; HRMS (ESI) calcd for C43H3gN3OgSeNa [M+Na]* 828.1795; found:
828.1811.
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N-Phenyltrifluoroacetimidate 2-azido-2-deoxy-4-0O-(9-
fluorenylmethoxycarbonyl)-6-O-levulinoyl-3-O-(2-naphthalenylmethyl)-U-D-
galactopyranoside (19)

FmocO _OLev
(0]

NAPO
NsO___cF,
19 NPh

To a solution of monosaccharide 17 (80 mg, 0.099 mmol) in THF/water (4.2 mL, 5:1
v/v) was added DBDMH (45.5 mg, 0.16 mmol) at 0 °C. The reaction mixture was
stirred at room temperature for 2 h. Then the mixture was diluted with DCM and
washed with 10% aqg Na,S,03 solution. The organic layer was dried over Na,SOy,
filtered and concentrated to get crude 18. The residue 18 was dissolved in DCM (4
mL) followed by the addition of (E)-2,2,2-trifluoro-N-phenylacetimidoyl chloride (47 pL,
0.298 mmol) and Cs,CO3; (97 mg, 0.298 mmol) at 0 °C . After 2 h, the reaction
mixture was filtered and concentrated. The residue was purified by flash column
chromatography to give imidate 19 (70 mg, 0.083 mmol, 84%) as colorless oil.

'H NMR (400 MHz, CDCl;) U i77.68 &m, 6H), 7.60 (d, J = 7.5 Hz, 1H), 7.52 i
7.22 (m, 10H), 7.11 (t, J = 7.4 Hz, 1H), 6.83 (d, J = 7.9 Hz, 2H), 5.50 (brs, 1H), 5.42
(s, 1H), 4.94 (d, J = 11.5 Hz, 1H), 4.76 (d, J = 11.4 Hz, 1H), 4.47 i 4.15 (m, 5H), 3.99
(t, J = 9.4 Hz, 1H), 3.84 (s, 1H), 3.57 (d, J = 10.2 Hz, 1H), 2.80 i 2.41 (m, 4H), 2.12
(s, 3H); ©°C NMR (101 MHz, CDCl;) U 6210263, 155.0, 143.5, 143.2, 143.1, 141.4,
141.3, 134.2, 133.2, 129.0, 128.4, 128.0, 127.9, 127.8, 127.5, 127.3 (3C), 126.2,
126.1, 125.4, 125.2, 124.7, 120.1 (2C), 119.3, 95.4, 77.6, 72.3, 71.6, 70.7, 69.2, 61.7,
61.5, 46.6, 38.0, 29.8, 28.0; HRMS (ESI) calcd for CusHasFsN4OoNa [M+Na]®
859.2561; found: 859.2566.
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S20 (DCM-Et,0, T 78 °C)
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S20 (DCM, T 40 °C)

Peak No % Area Area Ret. Time Height Cap. Factor
1 43.5602 82.394 8.94 min 5.9707 8942.3333
2 56.4398 106.7559 |10.37 min T7.7726 10372.3333
a i
W2489 ChA 254nm Plot ':‘ =
Ay X
T S
2 X
Wy
25 o _f
S
< &
20 + £
S g
F T < =
[= T =
2 s B
5 10 4+ o=
3 o
< T
5 ——
0
T ————— = F————— - {
0 5 10 15 20 25 30
Elapsed Time(min)
S21 (DCM, 178 °C)
Peak No % Area Area Ret. Time Height Cap. Factor
1 82.1556 418.4055 |9.75 min 28.4306 9745.6667
2 17.8444 90.8787 10.46 min 7.1931 10462.3333
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S22 (DCM, 7 78 °C)

Peak No % Area Area Ret. Time Height Cap. Factor
1 47467 314.8099 |10.03 min 23.3808 10025.6667
2 52.533 348.4087 |11.1 min 26.9942 11095.6667
a i
W2489 ChA 254nm Plot = <
35 G-
0 - =
25 | =
2 20
E
@
2 15 ——
2
o
= 10 ——
5 ——
0 —'.M—A——i—‘—u |
-5 y — i F— = - T 1
0 5 10 15 20 25 30
Elapsed Time(min)
S22 (DCM, T 40 °C)
Peak No % Area Area Ret. Time Height Cap. Factor
1 48.9825 191.9155 |10 min 14.3455 10002.3333
2 51.0175 199.8891 |11.04 min 15.4569 11039
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NMR spectra

Ethyl 2-O-benzoyl-4,6-di-O-benzyl-3-O-(9-fluorenylmethoxycarbonyl)-1-thio-b-D-

galactopyranoside (1)
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Methyl 2,3,4-tri-O-benzyl-U-D-glucopyranoside (2)
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Methyl 2,3,6-tri-O-benzyl-U-D-glucopyranoside (11)
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