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Supplementary results

Table S1. Unsuccessful attempts to epimerize tetrasaccharide 23.

entry oxidation reagents solvent
1 DMSO, PDCP, Et;N DCM
2 DMSO, PDCP, Et;N DCM
3 oxalyl chloride, DMSO, Et;N DCM
4 DMSO, Ac,O -
5 Dess-Martin periodinane DCE

temperature (°C)

—10tort
78 tort

yield (%)
nd“
nd®
nd®
nd?

nd?

aDegradation of starting material.
®No reaction.



NMR spectra

Supplementary Figure 1 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 18
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Supplementary Figure 2 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 18
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Supplementary Figure 3 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 18
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Supplementary Figure 4 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 18
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Supplementary Figure 5 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 15
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Supplementary Figure 6 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 15
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Supplementary Figure 7 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 15
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Supplementary Figure 8 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 15
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Supplementary Figure 9 | 'H NMR spectrum (CDCl;, 400 MHz) of allyl 3-fert-butyldimethylsilyl-4-O-levulinoyl-a-L-rhamnopyranoside
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Supplementary Figure 10 | COSY NMR spectrum (CDCl;, 400 MHz) of allyl 3-ter-butyldimethylsilyl-4-O-levulinoyl-a-L-
rhamnopyranoside
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Supplementary Figure 11 | 3C NMR spectrum (CDCl;, 100 MHz) of allyl 3-fert-butyldimethylsilyl-4-O-levulinoyl-a-L-rhamnopyranoside
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Supplementary Figure 12 | HSQC NMR spectrum (CDCl;, 400 MHz) of allyl 3-fert-butyldimethylsilyl-4-O-levulinoyl-a-L-

rhamnopyranoside
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Supplementary Figure 13 | 'H NMR spectrum (CDCl;, 600 MHz) of compound 20
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Supplementary Figure 14 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 20
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Supplementary Figure 15 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 20
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Supplementary Figure 16 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 20
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Supplementary Figure 17 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 21
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Supplementary Figure 18 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 21
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Supplementary Figure 19 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 21
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Supplementary Figure 20 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 21
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Supplementary Figure 21 | "TH NMR spectrum (pyridine-ds, 600 MHz) of compound 13
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Supplementary Figure 22 | COSY NMR spectrum (pyridine-ds, 600 MHz) of compound 13
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Supplementary Figure 23 | 3C NMR spectrum (pyridine-ds, 150 MHz) of compound 13
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Supplementary Figure 24 | HSQC NMR spectrum (pyridine-ds, 600 MHz) of compound 13
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Supplementary Figure 25 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 22
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Supplementary Figure 26 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 22
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Supplementary Figure 27 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 22
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Supplementary Figure 28 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 22
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Supplementary Figure 29 | 'TH NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-2,3-O-isopropylidene-1-thio-a-L-

rhamnopyranoside
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Supplementary Figure 30 | COSY NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-2,3-O-isopropylidene-1-thio-a-

L-rhamnopyranoside

N

[LL)

=5

| ED43 CDCI3

X

n UI\

i L

|

0]

STol

Levow
0]

5.5

T T
50 45
2 (ppm)

f1 (ppm)




Supplementary Figure 31 | 13C NMR spectrum (CDCl;, 150 MHz) of para-methylphenyl 4-O-levulinoyl-2,3-O-isopropylidene-1-thio-a-L-
rhamnopyranoside
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Supplementary Figure 32 | HSQC NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-2,3-O-isopropylidene-1-thio-a-
L-rhamnopyranoside
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Supplementary Figure 33 | 'H NMR spectrum (CDCl;, 600 MHz) of compound 24
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Supplementary Figure 34 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 24

" T . o
__| Eepi4cpci3
STol
Levom "
| HO  on
E| 24
—
— . t
- b
.J | ' |
i 4 |
|
T T T T T T T T T T T T T T T
95 o0 85 80 73 70 40 35 30 25 20 15 10 05 00

fl (ppm)

36



Supplementary Figure 35 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 24
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Supplementary Figure 36 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 24
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Supplementary Figure 37 | "TH NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-para-methoxybenzyl-1-thio-o-

L-rhamnopyranoside
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Supplementary Figure 38 | COSY NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-para-methoxybenzyl-1-
thio-a-L-rhamnopyranoside
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Supplementary Figure 39 | 3C NMR spectrum (CDCl;, 150 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-para-methoxybenzyl-1-thio-a-

L-rhamnopyranoside
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Supplementary Figure 40 | HSQC NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-para-methoxybenzyl-1-
thio-a-L-rhamnopyranoside
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Supplementary Figure 41 | 'H NMR spectrum (CDCl;, 600 MHz) of compound 25
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Supplementary Figure 42 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 25
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Supplementary Figure 43 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 25
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Supplementary Figure 44 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 25
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Supplementary Figure 45 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 26
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Supplementary Figure 46 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 26
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Supplementary Figure 47 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 26
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Supplementary Figure 48 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 26
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Supplementary Figure 49 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 12
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Supplementary Figure 50 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 12
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Supplementary Figure 51 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 12
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Supplementary Figure 52 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 12
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impurity)

Supplementary Figure 53 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 27 (+ 10% of unknown inseparable
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Supplementary Figure 54 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 27 (+ 10% of unknown inseparable impurity)
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Supplementary Figure 55 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 27 (+ 10% of unknown inseparable impurity)
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Supplementary Figure 56 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 27 (+ 10% of unknown inseparable impurity)
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Supplementary Figure 57 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 28
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Supplementary Figure 58 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 28
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Supplementary Figure 59 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 28
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Supplementary Figure 60 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 28
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Supplementary Figure 61 | "TH NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-methyl-1-thio-o-L-
rhamnopyranoside
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Supplementary Figure 62 | COSY NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-methyl-1-thio-a-L-

rhamnopyranoside
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Supplementary Figure 63 | 3C NMR spectrum (CDCl;, 150 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-methyl-1-thio-a-L-
rhamnopyranoside
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Supplementary Figure 64 | HSQC NMR spectrum (CDCl;, 600 MHz) of para-methylphenyl 4-O-levulinoyl-3-O-methyl-1-thio-a-L-

rhamnopyranoside
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Supplementary Figure 65 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 29
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Supplementary Figure 66 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 29
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Supplementary Figure 67 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 29
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Supplementary Figure 68 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 29
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Supplementary Figure 69 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 10 (+ 12% of unknown inseparable
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Supplementary Figure 70 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 10 (+ 12% of unknown inseparable impurity)

il _,._LWMLMULL 1L A e

| Mmci7 ooas Ph—X\ O L
J LevO O&WO(CHz)SNS ’
0 I
202 e o ot B
— O O OAc I il
— OAZMB « 0 ) A
— MeO l i " -2
3 OAc 10 ;
= !
J 1 . E
§- p I: o ﬁ 3"! g
—= T L L ’ b -4
= |' LI

e
)

— ) ¥
1

T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
2 (ppm)

fl (ppm)

72



Supplementary Figure 71 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 10 (+ 12% of unknown inseparable impurity)
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Supplementary Figure 72 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 10 (+ 12% of unknown inseparable impurity)
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Supplementary Figure 73 | 'H NMR spectrum (CDCl;, 600 MHz) of compound 30

— "
f

it

L
|
|

T
|
|

Ty
I
|

[s2]
=
L0
N
I
Q
)
C
[a2]
0710
o)
mo
hom
< e)
o £
o N
I <
M%\O
0\0
e
)
c
o
g 2
2 =

30

860
11T
Segro

=— G50

Nz

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

8.5

a.0

9.5

75



Supplementary Figure 74 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 30
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Supplementary Figure 75 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 30
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Supplementary Figure 76 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 30
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Supplementary Figure 77 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 32
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Supplementary Figure 78 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 32
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Supplementary Figure 79 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 32
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Supplementary Figure 80 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 32
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Supplementary Figure 81 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 33
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Supplementary Figure 82 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 33

MC71 Cocl3

J'1||

[l

11

1

STol
(@)

HOOMeoAc

33

i

-4

r7

8.0 73 7.0

3.5

4.0
2 (ppm)

fl (ppm)




Supplementary Figure 83 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 33

MC71 CDCI3

130 .06
129.80

<inm,

7737
16
a5

-7 4,97
16
65
40

f
£
N

Fe Fe [ DD

160 64
—138.35
13245
—86.01

B

4

0

9

8
5647
—31.37

—16.51

STol

HoOMeo A

33

T T T T T L T T T T T T T v T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 . %DD ) an 80 70 60 50 40 30 20 10
1 (ppm

85



Supplementary Figure 84 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 33
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Supplementary Figure 85 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 34
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Supplementary Figure 86 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 34
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Supplementary Figure 87 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 34
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Supplementary Figure 88 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 34
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Supplementary Figure 89 | 'H NMR spectrum (CDCl;, 600 MHz) of compound 35

[
ET'T

B E—

BB i—

.

el

rd
ET'¢
02 L~
EE'{—7
G

STol

MC83 CDCI3

= 50" E

=56

=ore

=T
=60
S E0T
-~z

=0t

G0
66D
ooy

=00

=10z

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

9.5

91



Supplementary Figure 90 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 35
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Supplementary Figure 91 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 35
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Supplementary Figure 92 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 35
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Supplementary Figure 93 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 36
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Supplementary Figure 94 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 36
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Supplementary Figure 95 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 36
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Supplementary Figure 96 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 36
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Supplementary Figure 98 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 37
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Supplementary Figure 99 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 37
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Supplementary Figure 100 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 37
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Supplementary Figure 101 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 38
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Supplementary Figure 102 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 38
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Supplementary Figure 103 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 38
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Supplementary Figure 104 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 38
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Supplementary Figure 105 | "TH NMR spectrum (CDCl;, 600 MHz) of compound 39
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Supplementary Figure 106 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 39
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Supplementary Figure 107 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 39
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Supplementary Figure 108 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 39
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Supplementary Figure 109 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 40
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Supplementary Figure 110 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 40
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Supplementary Figure 111 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 40
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Supplementary Figure 112 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 40
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Supplementary Figure 113 | TH NMR spectrum (CDCl;, 600 MHz) of compound 31
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Supplementary Figure 114 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 31
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Supplementary Figure 115 | 13C NMR spectrum (CDCl;, 150 MHz) of compound 31
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Supplementary Figure 116 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 31
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Supplementary Figure 117 | 'TH NMR spectrum (CDCl;, 600 MHz) of compound 41
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Supplementary Figure 118 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 41
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Supplementary Figure 119 | 13C NMR spectrum (CDCl;, 150 MHz) of compound 41
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Supplementary Figure 120 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 41
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Supplementary Figure 121 | TH NMR spectrum (CDCl;, 600 MHz) of compound 42
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Supplementary Figure 122 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 42
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Supplementary Figure 123 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 42
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Supplementary Figure 124 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 42
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Supplementary Figure 125 | TH NMR spectrum (CDCl;, 600 MHz) of compound 43
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Supplementary Figure 126 | COSY NMR spectrum (CDCl;, 600 MHz) of compound 43
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Supplementary Figure 127 | 3C NMR spectrum (CDCl;, 150 MHz) of compound 43
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Supplementary Figure 128 | HSQC NMR spectrum (CDCl;, 600 MHz) of compound 43
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Supplementary Figure 129 | TH NMR spectrum (D,0, 600 MHz) of compound 8

o O
(0]
OAc
8

OH H
0
HO&W
OH

O
OAc

ACOOMe

=4alE

r9E'T

FbeE

=S |-

eET
e
Ea
Arom.m

-BT' T
AT
121
=601
Bt
w501

BUE
=DEL
TG

8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

9.0

B.5

131



Supplementary Figure 130 | COSY NMR spectrum (D,0, 600 MHz) of compound 8
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Supplementary Figure 131 | 3C NMR spectrum (D,0, 150 MHz) of compound 8
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Supplementary Figure 132 | HSQC NMR spectrum (D,0, 600 MHz) of compound 8
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Supplementary Figure 133 | Undecoupled HSQC NMR spectrum (D,0, 600 MHz) of compound 8
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Supplementary Figure 134 | TH NMR spectrum (D,0, 600 MHz) of compound 9
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Supplementary Figure 135 | COSY NMR spectrum (D,0, 600 MHz) of compound 9
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Supplementary Figure 136 | 3C NMR spectrum (D,0, 150 MHz) of compound 9
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Supplementary Figure 137 | HSQC NMR spectrum (D,0, 600 MHz) of compound 9
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