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S1 Experimentals

S1.1 General

NMR-spectra were acquired using a 500 MHz Avance III HD equipped with a cryogenically
cooled 5 mm observe probe optimized for 13C. Samples were dissolved in chloroform-d (D 99.8
%) or methanol-d4 (D 99.8 %) and analyzed at 298 K. The spectra were referenced to the
solvent peak; CHCl3

1H 7.260 ppm and 13C 77.160 ppm, MeOH 1H 3.310 ppm and 13C 49.000
ppm.

Flash column chromatography was performed with SiO2 (LC60Å, 40-63 µm, pre-neutralized
from the manufacturer to a pH of 6.0-8.0), direct loading with a pasteur pipette in minimal
amount of eluent or evaporation onto celite and layered on top of the silica. Pressure was
continuously applied with a hand pump. Solvents were of technical grade.

Solvents used in reactions were of HPLC grade and used without any further purification.
Dry MeCN, CH2Cl2 and THF were obtained from a drying tower, other dry solvents used were
dried with molecular sieves (4 Å for pyridine, 3 Å for MeOH). All Pet. ether used was in the
b.p. 40-65 ◦C range. Chemicals were generally obtained from the in-house chemical inventory
or bought and used without further purification.

High-res ESI-MS and High-res MALDI-MS spectra were recorded with a SolariX XR 7 T
ESI/MALDI-FT-ICR-MS instrument and data was handled with the DataAnalysis Version 4.0
SP 4. ESI samples were dissolved in MeCN or mixtures of MeCN and H2O with 0.1% HCOOH.
MALDI samples were dissolved in CH2Cl2 and applied with dithranol as matrix.

S1.2 (1), 1,3,4,6-Tetra-O-acetyl-2-deoxy-2-azido-d-glucopyranose

AcO
OAcO

OAc

N3 OAc
1

HO
OHO

OH

NH3 OH

Cl

i) TfN3, CuSO4, Et3N

ii) Ac2O, Py

Tf2O, NaN3

Py

NaN3 (4.343 g, 66.76 mmol) was dissolved in dry pyridine (80 ml), cooled to 0 ◦C, added Tf2O
(9.25 ml, 55.08 mmol) and stirred for 2 h. The now red solution was filtered into an addition
funnel and slowly added to a solution of d-Glucosamine hydrochloride (10.00 g, 46.38 mmol),
CuSO4 · 5H2O (129 mg, 0.517 mmol) and Et3N (13.0 ml, 139 mmol) in H2O (50 ml). The
reaction was stirred for 2 days, after which TLC (Rf 0.7, CHCl3:MeOH:H2O 65:35:8) showed
full conversion. The H2O was evaporated with toluene (x3) in vacuo. Dry pyridine (50 ml)
was added and the reaction was cooled to 0 ◦C, added Ac2O (75.0 ml, 793 mmol) and catalytic
DMAP and stirred for a further 2 days. The reaction mixture was evaporated with toluene,
redissolved in Et2O and washed with aq HCl (1 m) twice. The aqueous phase was extracted
with Et2O and the combined organic phases were evaporated in vacuo. The crude was purified
by flash column chromatography (EtOAc : Pet. ether 1:3 Rf 0.2) yielding pure 1 (16.41 g, 43.97
mmol, 95%, α : β 1:1.7) as a thick light-yellow oil.

Spectral data were in accordance with literature. [1]

Spectra can be seen on page S29 - S30.

S4



S1.3 (2), Phenyl 2-deoxy-2-azido-3,4,6-tri-O-acetyl-thio-d-glucopyra-
noside

AcO
OAcO

OAc

N3
SPh

PhSH, BF3
.Et2O

CH2Cl2

2

AcO
OAcO

OAc

N3 OAc
1

+
AcO

OAcO

OAc

N3 SPh
2α

1 (16.33 g, 43.74 mmol) was dissolved in dry CH2Cl2 (150 ml), cooled to 0 ◦C, added PhSH
(6.75 ml, 65.56 mmol) and BF3 ·OEt2 (56.0 ml, 454 mmol) and stirred for 2 days. The reaction
mixture was cooled to 0 ◦C, quenched using sat. aq NaHCO3 and washed with sat. aq NaHCO3.
The organic phase was separated, dried with MgSO4 and evaporated in vacuo. The crude
was purified by flash column chromatography (toluene → 30% EtOAc in toluene)(Rf 0.36
EtOAc:toluene 1:9) providing 2 (14.01 g, 33.09 mmol, 76%, α : β 1:0.4) and recovering starting
material, 1 (2.105 g, 5.64 mmol, 13%, α : β 1:0.1)(Rf 0.2 EtOAc:toluene 1:9). The recovered
starting material led to a yield of 87% based on recovered starting material (BRSM). From
the purified 2 (12.33 g, 29.12 mmol, α : β 1:0.4), pure α could be crystallized by dissolving
in a minimum amount of boiling Et2O followed by addition of cold Pet. ether to beginning
precipitation, after which addition of Pet. ether was stopped and the flask was stored cold (5
◦C), allowing for growth of colorless crystals of pure 2α (7.040 g, 16.63 mmol, 80% of all α in
the mixture).

Crystallographic information on the crystal structure of 2α can be found in Section S2 on
page S28.

Spectral data for the α : β-mixture were in accordance with literature. [2]

Spectral data for the pure crystallized α: Also in accordance with literature. [3,4]

1H NMR (500 MHz, CDCl3) δ 7.52-7.47 (m, 2H, S-Ph), 7.35-7.29 (m, 3H, S-Ph), 5.64 (d, J =
5.5 Hz, 1H, H-1), 5.34 (dd, J = 10.6, 9.2 Hz, 1H, H-3), 5.04 (dd, J = 10.2, 9.2 Hz, 1H, H-4),
4.59 (ddd, J = 10.2, 5.1, 2.1 Hz, 1H, H-5), 4.29 (dd, J = 12.4, 5.1 Hz, 1H, H-6a), 4.07 (dd, J
= 10.6, 5.6 Hz, 1H, H-2), 4.03 (dd, J = 12.4, 2.2 Hz, 1H, H-6b), 2.10 (s, 3H, Ac), 2.05 (s, 3H,
Ac), 2.03 (s, 3H, Ac).

13C NMR (125 MHz, CDCl3) δ 170.6 (C=O), 169.9 (2xC=O), 132.6, 132.3, 129.4, 128.2 (6
C-Ar), 86.7 (C-1), 72.2 (C-3), 68.9 (C-4), 68.7 (C-5), 62.0 (C-6), 61.8 (C-2), 20.8 (C-Ac), 20.7
(C-Ac).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C18H21N3O7SNa
+ 446.0992; Found 446.0996.

[α]25d +208.5 (c 1.21, CHCl3)

Mp. (uncorr.): 97-99 ◦C

Spectra can be seen on page S31 - S34.
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S1.4 (3), Phenyl 2-deoxy-2-azido-thio-α-d-glucopyranoside

NaOMe

MeOHAcO
O

N3 SPh

OAc

AcO
HO

O

N3 SPh

OH

HO

2α 3α

2 (6.929 g, 16.36 mmol, pure α) was partly dissolved in dry MeOH (100 ml) and added NaOMe
(0.2 ml, 0.875 mmol, 25% in MeOH), after which everything slowly dissolved. The reaction
was stirred overnight and then neutralized with Amberlite(H+). The resin was filtered off and
washed with MeOH. The solvent was evaporated in vacuo providing 3 (4.841 g, 16.28 mmol,
99%, α)(Rf 0.55 MeOH:CH2Cl2 1:9) as an amorpous white puffy solid. Similar yields were
obtained when using an α : β mixture.

Spectral data for the α : β-mixture were in accordance with literature. [2]

Spectral data for the pure α:
1H NMR (500 MHz, MeOD) δ 7.55-7.52 (m, 2H), 7.34-7.26 (m, 3H), 5.57 (d, J = 5.3 Hz, 1H,
H-1), 4.09 (ddd, J = 9.9, 4.1, 3.1 Hz, 1H, H-5), 3.78-3.72 (m, 3H, H-6, H-2), 3.66 (dd, J =
10.4, 8.7 Hz, 1H, H-3), 3.43 (dd, J = 9.9, 8.7 Hz, 1H, H-4).

13C NMR (125 MHz, MeOD) δ 135.4, 133.5, 130.1, 128.7 (6 C-Ar), 89.2 (C-1), 74.9 (C-5), 74.7
(C-3), 71.9 (C-4), 65.4 (C-2), 62.2 (C-6).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C12H15N3O4SNa
+ 320.0675; Found 320.0685.

[α]25d +145.8 (c 0.89, CHCl3)

Spectra can be seen on page S35 - S38.

S1.5 (4α), Phenyl 2-deoxy-2-azido-4,6-O-benzylidene-thio-α-d-gluco-
pyranoside

3α

HO
O

N3 SPh

OH

HO
HO

O

N3 SPh

O
O

PhCH(OMe)2

cat. CSA, MeCN

4α

3α (6.793 g, 22.85 mmol, pure α) was dissolved in dry MeCN (100 ml), added camphorsulfonic
acid (CSA) (275 mg, 1.18 mmol) followed by PhCH(OMe)2 (4.20 ml, 27.9 mmol) and stirred
overnight. Half the solvent was evaporated in vacuo, pushing the reaction to completion. The
reaction was quenched by addition of Et3N (2 ml) and all solvent was evaporated in vacuo.
The crude was loaded onto celite with CH2Cl2 and purified by flash column chromatography
(EtOAc : toluene 1:9) yielding 4α (8.221 g, 21.33 mmol, 94%, α)(Rf 0.45 EtOAc:toluene 1:9)
as a white solid.
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Spectral data of the pure α were in accordance with literature. [5]

Spectra can be seen on page S39 - S42.

S1.6 (4β), Phenyl 2-deoxy-2-azido-4,6-O-benzylidene-thio-β-d-gluco-
pyranoside

3

HO
O

N3 SPh

OH

HO
HO

O

N3

SPh
O

O
PhCH(OMe)2

cat. CSA, MeCN

4β
α:β 1:4

3 (3.038 g, 10.22 mmol, α:β 1:4) was dissolved in dry MeCN (100 ml), added camphorsulfonic
acid (CSA) (123 mg, 0.530 mmol) followed by PhCH(OMe)2 (1.80 ml, 12.0 mmol) and stirred
overnight. Half the solvent was evaporated in vacuo, pushing the reaction to completion. The
reaction was quenched by addition of Et3N (2 ml) and all solvent was evaporated in vacuo.
The crude was loaded onto celite with CH2Cl2 and purified by flash column chromatography
(EtOAc : Pet. ether 1:4) yielding some 4β (1.437 g, 3.73 mmol, β)(Rf 0.41 EtOAc:Pet. ether
1:4 for β) as a white solid, along with some α : β mixture of 4 (1.939 g, 5.03 mmol, α : β 1:2)
giving an overall yield of 86%. The β-anomer could then be crystallized from the α : β mixture
by dissolving in a minimum amount of boiling Et2O, followed by the addition of cold Pet. ether
to initial precipitation and then left cold upon which the β-anomer (0.829 g, 2.15 mmol, pure
β) was obtained as white crystals. Generally the major anomer of the mixture was found to be
the one crystallizing.

Spectral data of the pure β were in accordance with literature. [5]

Spectra can be seen on page S43 - S46.

S1.7 (5α), Phenyl 2-deoxy-2-azido-4,6-O-(2-napthyl)methylidene-thio-
α-d-glucopyranoside

3α

HO
O

N3 SPh

OH

HO

O

O

cat. CSA, MeCN
HO

O

N3 SPh

O
O

5α

3 (1.02 g, 3.42 mmol, pure α) was dissolved in dry MeCN (50 ml), added camphorsulfonic
acid (CSA) (82 mg, 0.35 mmol) followed by NAPCH(OMe)2 (0.849 mg, 4.20 mmol) (prepared
according to literature [6]) and stirred overnight. Half the solvent was evaporated in vacuo,
pushing the reaction to completion. The reaction was quenched by addition of Et3N (2 ml) and
all solvent was evaporated in vacuo. The crude was purified by flash column chromatography
(CH2Cl2, here it is important to use a neutralised silica) yielding 5 (1.289 g, 2.96 mmol, 86%,
α)(Rf 0.19 CH2Cl2) as a white solid.
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Spectral data for the pure α: Only reported as an intermediate in literature. [7]

1H NMR (500 MHz, CDCl3) δ 8.00-7.98 (m, 1H), 7.91-7.83 (m, 3H), 7.62 (dd, J = 8.5, 1.6 Hz,
1H), 7.54-7.49 (m, 4H), 7.37-7.31 (m, 3H), 5.73 (s, 1H, NAP-CH -), 5.60 (d, J = 5.6 Hz, 1H,
H-1), 4.45 (ddd, J = 9.9, 9.9, 5.0 Hz, 1H, H-5), 4.29 (dd, J = 10.3, 5.0 Hz, 1H, H-6a), 4.13
(ddd, J = 9.9, 9.5, 2.7 Hz, 1H, H-3), 3.95 (dd, J = 9.9, 5.6 Hz, 1H, H-2), 3.82 (dd, J = 10.3,
9.9 Hz, 1H, H-6b), 3.65 (dd, J = 9.9, 9.4 Hz, 1H, H-4), 2.82 (d, J = 2.8 Hz, 1H, OH-3).

13C NMR (125 MHz, CDCl3) δ 134.2, 134.0, 133.1, 133.0, 132.7, 129.4, 128.5, 128.5, 128.2,
127.9, 126.8, 126.5, 126.0, 123.8 (16 C-Ar), 102.5 (NAP-C-), 88.0 (C-1), 81.9 (C-4), 70.9 (C-3),
68.8 (C-6), 64.1 (C-2), 63.6 (C-5).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C23H21N3O4SNa
+ 458.1145; Found 458.1145.

[α]25d +248.8 (c 0.34, CHCl3)

Mp. (uncorr.): 148-150 ◦C

S1.8 (5β), Phenyl 2-deoxy-2-azido-4,6-O-(2-napthyl)methylidene-thio-
β-d-glucopyranoside

3

HO
O

N3
SPh

OH

HO

O

O

cat. CSA, MeCN
HO

O

N3

SPh
O

O

5β

5α+

α:β 1:0.4

3 (2.33 g, 7.84 mmol, α:β 1:0.4) was dissolved in dry MeCN (80 ml), added camphorsulfonic
acid (CSA) (86 mg, 0.37 mmol) followed by NAPCH(OMe)2 (1.90 mg, 9.39 mmol) (prepared
according to literature [6]) and stirred overnight. Half the solvent was evaporated in vacuo,
pushing the reaction to completion. The reaction was quenched by addition of Et3N (1 ml)
and all solvent was evaporated in vacuo. The crude was loaded onto celite with CH2Cl2 and
purified by flash column chromatography (5% EtOAc in toluene, here it is important to use a
neutralised silica) yielding 5β (0.662 g, 1.52 mmol, 19%, pure β)(Rf 0.55 EtOAc:toluene 1:9)
as a white solid and 5α (1.689 g, 3.88 mmol, 50%, pure α)(Rf 0.49 EtOAc:toluene 1:9) also as
a white solid.

Spectral data for the pure β:
1H NMR (500 MHz, CDCl3) δ 7.97-7.93 (m, 1H), 7.89-7.81 (m, 3H), 7.61-7.55 (m, 3H), 7.53-
7.48 (m, 2H), 7.40-7.35 (m, 3H), 5.68 (s, 1H, Nap-CH -), 4.52 (d, J = 10.2 Hz, 1H, H-1), 4.41
(dd, J = 10.5, 4.9 Hz, 1H, H-6a), 3.81 (dd, J = 10.5, 9.5 Hz, 1H, H-6b), 3.75 (ddd, J = 9.2,
9.1, 2.7 Hz, 1H, H-3), 3.51 (dd, J = 9.5, 9.2 Hz, 1H, H-4), 3.45 (ddd, J = 9.6, 9.5, 4.9 Hz, 1H,
H-5), 3.36 (dd, J = 10.1, 9.1 Hz, 1H, H-2), 2.86 (d, J = 2.7 Hz, 1H, OH-3).

13C NMR (125 MHz, CDCl3) δ 134.2, 133.9, 133.8, 133.0, 131.0, 129.3, 128.8, 128.48, 128.47,
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127.9, 126.8, 126.5, 126.0, 123.7 (16 C-Ar), 102.2 (NAP-C-), 87.0 (C-1), 80.4 (C-4), 74.2 (C-3),
70.4 (C-5), 68.6 (C-6), 65.3 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C23H21N3O4SNa
+ 458.1145; Found 458.1152.

[α]25d −62.3 (c 1.32, CHCl3)

Mp. (uncorr.): 163-165 ◦C

Spectra can be seen on page S47 - S54.

S1.9 (6), Phenyl 2-deoxy-2-azido-3-O-benzoyl-4,6-O-(2-napthyl)me-
thylidene-thio-β-d-glucopyranoside

HO
O

N3

SPh
O

O
CH2Cl2

N
5β

H2N
DMAPA

BzO
O

N3

SPh
O

O

6
then

BzCl, Et3N, DMAP

5 (0.647 g, 1.48 mmol, pure β) and DMAP (0.031 g, 0.254 mmol) were dissolved in dry CH2Cl2
(50 ml), added Et3N (0.30 ml, 2.2 mmol) followed by BzCl (0.70 ml, 6.0 mmol) and stirred
overnight at rt. The reaction mixture was then cooled to 0 ◦C, added N,N -dimethyl-1,3-
propanediamine (DMAPA) (0.75 ml, 6.0 mmol) and stirred for a further 30 min (as reported
by Andersen et al. [8]). The reaction mixture was then washed with aq 1 m HCl (x3) followed
by sat. aq NaHCO3(x1) and finally brine (x1). The organic phase was dried using MgSO4 and
the solvent was evaporated in vacuo, yielding pure 6 (0.768 g, 1.43 mmol, 96%, β)(Rf 0.64
EtOAC:toluene 1:9) as a white solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.09-8.06 (m, 2H), 7.87-7.84 (m, 1H), 7.81-7.76 (m, 3H), 7.66-
7.61 (m, 2H), 7.57 (tt, J = 7.0, 1.3 Hz, 1H), 7.49-7.43 (m, 5H), 7.42-7.39 (m, 3H), 5.65 (s, 1H,
NAP-CH -), 5.56 (dd, J = 9.6, 9.5 Hz, 1H, H-3), 4.74 (d, J = 10.1 Hz, 1H, H-1), 4.47 (dd, J =
10.5, 5.0 Hz, 1H, H-6a), 3.88 (dd, J = 10.5, 9.8 Hz, 1H, H-6b), 3.79 (dd, J = 9.6, 9.5 Hz, 1H,
H-4), 3.68 (ddd, J = 9.8, 9.6, 5.0 Hz, 1H, H-5), 3.62 (dd, J = 10.1, 9.7 Hz, 1H, H-2).

13C NMR (125 MHz, CDCl3) δ 165.4 (C=O), 134.1, 133.9, 133.7, 133.5, 132.9, 130.9, 130.0,
129.4, 129.4, 129.0, 128.6, 128.5, 128.2, 127.7, 126.5, 126.2, 125.8, 123.7 (22 C-Ar), 101.8 (NAP-
C-), 87.4 (C-1), 78.7 (C-4), 73.7 (C-3), 71.0 (C-5), 68.6 (C-6), 64.15 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C30H25N3O5SNa
+ 562.1407; Found 562.1415.

[α]25d −96.4 (c 0.48, CHCl3)

Mp. (uncorr.): >175 ◦C decomp.

Spectra can be seen on page S55 - S58.
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S1.10 (7), Phenyl 2-deoxy-2-azido-3-O-benzoyl-4,6-O-(2-napthyl)me-
thylidene-thio-α-d-glucopyranoside

HO
O

N3 SPh

O
O

CH2Cl2

N
5α

H2N
DMAPA

BzO
O

N3 SPh

O
O

7
then

BzCl, Et3N, DMAP

5 (1.272 g, 2.92 mmol, pure α) and DMAP (0.038 g, 0.311 mmol) were dissolved in dry CH2Cl2
(100 ml), added Et3N (1.20 ml, 8.60 mmol) followed by BzCl (0.68 ml, 5.9 mmol) and stirred
overnight at rt. The reaction mixture was then cooled to 0 ◦C, added DMAPA (0.75 ml, 6.0
mmol) and stirred for a further 30 min (as reported by Andersen et al. [8]). The reaction mixture
was then washed with aq 1 m HCl (x3) followed by sat. aq NaHCO3(x1) and finally brine (x1).
The organic phase was dried using MgSO4 and the solvent was evaporated in vacuo, yielding
pure 7 (1.568 g, 2.91 mmol, 99%, α)(Rf 0.69 EtOAC:toluene 1:9) as a white solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.13-8.08 (m, 2H), 7.91-7.89 (m, 1H), 7.83-7.78 (m, 3H), 7.61-
7.51 (m, 4H), 7.49-7.43 (m, 4H), 7.39-7.32 (m, 3H), 5.78 (dd, J = 10.3, 10.0 Hz, 1H, H-3), 5.71
(d, J = 5.6 Hz, 1H, H-1), 5.68 (s, 1H, NAP-CH -), 4.63 (ddd, J = 10.0, 9.9, 4.9 Hz, 1H, H-5),
4.32 (dd, J = 10.3, 5.0 Hz, 1H, H-6a), 4.24 (dd, J = 10.3, 5.6 Hz, 1H, H-2), 3.89 (dd, J = 10.0,
9.9 Hz, 1H, H-4), 3.86 (dd, J = 10.3, 10.0 Hz, 1H, H-6b).

13C NMR (125 MHz, CDCl3) δ 165.3 (C=O), 134.2, 133.8, 133.5, 132.9, 132.86, 132.85, 130.0,
129.5, 129.4, 128.6, 128.5, 128.3, 128.2, 127.8, 126.5, 126.2, 125.8, 123.8 (22 C-Ar), 102.0 (NAP-
C-), 88.1 (C-1), 80.0 (C-4), 71.2 (C-3), 68.7 (C-6), 64.2 (C-5), 63.0 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C30H25N3O5SNa
+ 562.1407; Found 562.1413.

[α]25d +147.6 (c 0.45, CHCl3)

Mp. (uncorr.): >195 ◦C decomp.

Spectra can be seen on page S59 - S62.

S1.11 (8), Phenyl 2-deoxy-2-azido-3-O-benzoyl-4,6-O-benzylidene-thio-
β-d-glucopyranoside

HO
O

N3

SPh
O

O
CH2Cl2

N
4β

H2N
DMAPA

BzO
O

N3

SPh
O

O

8
then

BzCl, Et3N, DMAP

4 (1.43 g, 3.71 mmol, pure β) and DMAP (0.048 g, 0.393 mmol) were dissolved in dry CH2Cl2
(150 ml), added Et3N (1.00 ml, 7.17 mmol) followed by BzCl (1.75 ml, 15.1 mmol) and stirred
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overnight at rt. The reaction mixture was then cooled to 0 ◦C, added DMAPA (1.90 ml, 15.1
mmol) and stirred for a further 30 min (as reported by Andersen et al. [8]). The reaction mixture
was then washed with aq 1 m HCl (x3) followed by sat. aq NaHCO3(x1) and finally brine (x1).
The organic phase was dried using MgSO4 and the solvent was evaporated in vacuo, yielding
pure 8 (1.772 g, 3.62 mmol, 98%, β)(Rf 0.68 EtOAC:toluene 1:9) as a pale yellow solid.

Spectral data were in accordance with literature. [9]

Spectra can be seen on page S63 - S66.

S1.12 (9), Phenyl 2-deoxy-2-azido-3-O-benzoyl-4,6-O-benzylidene-thio-
α-d-glucopyranoside

HO
O

N3 SPh

O
O

CH2Cl2

N
4α

H2N
DMAPA

BzO
O

N3 SPh

O
O

9
then

BzCl, Et3N, DMAP

4 (8.21 g, 21.3 mmol, pure α) and a cat. amount of DMAP were dissolved in dry CH2Cl2
(200 ml), added Et3N (6.00 ml, 43.0 mmol) followed by BzCl (10.0 ml, 86.1 mmol) and stirred
overnight at rt. The reaction mixture was cooled to 0 ◦C, added DMAPA (11.0 ml, 87.4 mmol)
and stirred for a further 30 min (as reported by Andersen et al. [8]). The reaction mixture was
then washed with aq 1 m HCl (x3) followed by sat. aq NaHCO3(x1) and finally brine (x1). The
organic phase was dried using MgSO4 and the solvent was evaporated in vacuo, yielding pure
9 (9.37 g, 19.1 mmol, 90%, α)(Rf 0.65 EtOAC:toluene 1:9) as an off-white solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.12-8.07 (m, 2H), 7.59 (tt, J = 7.1, 1.3 Hz, 1H), 7.56-7.52 (m,
2H), 7.49-7.44 (m, 2H), 7.44-7.40 (m, 2H), 7.38-7.30 (m, 6H), 5.75 (dd, J = 10.3, 9.9 Hz, 1H,
H-3), 5.70 (d, J = 5.6 Hz, 1H, H-1), 5.53 (s, 1H, Ph-CH -), 4.57 (ddd, J = 10.0, 9.8, 5.0 Hz,
1H, H-5), 4.27 (dd, J = 10.4, 5.0 Hz, 1H, H-6a), 4.22 (dd, J = 10.3, 5.6 Hz, 1H, H-2), 3.84
(dd, J = 9.9, 9.8 Hz, 1H, H-4), 3.80 (dd, J = 10.3, 10.0 Hz, 1H, H-6b).

13C NMR (125 MHz, CDCl3) δ 165.3 (C=O), 136.9, 133.5, 132.8, 130.1, 129.5, 129.4, 129.2,
128.6, 128.3, 128.3, 126.3 (18 C-Ar), 101.8 (Ph-C-), 88.1 (C-1), 79.9 (C-4), 71.1 (C-3), 68.7
(C-6), 64.2 (C-5), 63.0 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C26H23N3O5SNa
+ 512.1251; Found 512.1265.

[α]25d +145.5 (c 0.99, CHCl3)

Mp. (uncorr.): >180 ◦C decomp.

Spectra can be seen on page S67 - S70.
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S1.13 (10), Phenyl 2-deoxy-2-azido-3-O-benzoyl-6-O-(2-napthyl)me-
thyl-thio-α-d-glucopyranoside

7

BzO
O

N3 SPh

O
O

BzO
O

N3 SPh

O

HO

10

CH2Cl2, -78 °C -> 5 °C

Et3SiH, BF3
.OEt2

7 (0.498 g, 0.923 mmol, α) was dissolved in dry CH2Cl2 (50 ml) and cooled to -78 ◦C before
addition of Et3SiH (1.20 ml, 7.51 mmol) and followed by slow addition of BF3 ·OEt2 (0.60
ml, 4.86 mmol). It was then allowed to slowly warm to 5 ◦C over 6 h. The reaction was
quenched with sat. aq NaHCO3 and washed (3x). The organic phase was dried using MgSO4
and solvent was evaporated in vacuo. The crude was purified by flash column chromatography
(EtOAc:toluene 1:9) to yield pure 10 (0.476 g, 0.880 mmol, 95%, α)(Rf 0.48 EtOAC:toluene
1:9) as an amorphous white puffy solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.13-8.09 (m, 2H), 7.85-7.79 (m, 3H), 7.77 (br s, 1H), 7.62 (tt,
J = 7.1, 1.3 Hz, 1H), 7.56-7.52 (m, 2H), 7.52-7.43 (m, 5H), 7.28-7.24 (m, 3H, CDCl3 overlap)
5.69 (d, J = 5.5 Hz, 1H, H-1), 5.41 (dd, J = 10.5, 9.2 Hz, 1H, H-3), 4.77 (d, J = 12.1 Hz, 1H,
NAP-CH 2-), 4.70 (d, J = 12.1 Hz, 1H, NAP-CH 2-), 4.50 (ddd, J = 9.8, 4.5, 3.2 Hz, 1H, H-5),
4.17 (dd, J = 10.5, 5.5 Hz, 1H, H-2), 3.94 (ddd, J = 9.5, 9.5, 4.1 Hz, 1H, H-4), 3.88 (dd, J =
10.7, 4.5 Hz, 1H, H-6a), 3.80 (dd, J = 10.7, 3.2 Hz, 1H, H-6b), 3.08 (d, J = 4.4 Hz, 1H, OH-4).

13C NMR (125 MHz, CDCl3) δ 167.4 (C=O), 135.3, 133.9, 133.4, 133.2, 133.1, 132.5, 130.2,
129.3, 129.0, 128.7, 128.4, 128.1, 128.0, 127.8, 126.7, 126.3, 126.1, 125.8 (22 C-Ar), 87.2 (C-1),
76.1 (C-3), 73.9 (NAP-C-), 72.0 (C-5), 70.9 (C-4), 69.3 (C-6), 62.2 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C30H27N3O5SNa
+ 564.1564; Found 564.1577.

[α]25d +140.1 (c 2.28, CHCl3)

Spectra can be seen on page S71 - S74.

S1.14 (11), Phenyl 2-deoxy-2-azido-3-O-benzoyl-6-O-(2-napthyl)me-
thyl-thio-β-d-glucopyranoside

6

BzO
O

N3

SPh
O

O
BzO

O

N3

SPh

O

HO

11

CH2Cl2, -78 °C -> 5 °C

Et3SiH, BF3
.OEt2

6 (0.415 g, 0.769 mmol, β) was dissolved in dry CH2Cl2 (50 ml) and cooled to -78 ◦C before the
addition of Et3SiH (1.00 ml, 6.26 mmol). BF3 ·OEt2 (0.20 ml, 1.62 mmol) was slowly added
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and the reaction was allowed to warm up to 5 ◦C over 3.5 h. The reaction was quenched with
sat. aq NaHCO3 and washed with sat. ag. NaHCO3 (2x). The organic phase was dried using
MgSO4 and the solvent was evaporated in vacuo. The crude was purified by flash column
chromatography (EtOAc:toluene 1:9) to yield pure 11 (0.333 g, 0.615 mmol, 80%, β)(Rf 0.37
EtOAC:toluene 1:9) as an amorphous white puffy solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.08-8.04 (m, 2H), 7.87-7.82 (m, 3H), 7.80 (br s, 1H), 7.66-7.63
(m, 2H), 7.62-7.57 (m, 1H), 7.53-7.42 (m, 5H), 7.36-7.28 (m, 3H), 5.21 (dd, J = 9.8, 9.5 Hz,
1H, H-3), 4.78 (d, J = 12.1 Hz, 1H, NAP-CH 2-), 4.74 (d, J = 12.1 Hz, 1H, NAP-CH 2-), 4.62
(d, J = 10.1 Hz, 1H, H-1), 3.88 (dd, J = 10.8, 4.0 Hz, 1H, H-6a), 3.85 (dd, J = 10.8, 4.5 Hz,
1H, H-6b), 3.81 (dd, J = 9.5, 9.5 Hz, 1H, H-4), 3.62 (ddd, J = 9.5, 4.5, 4.0 Hz, 1H), 3.55 (dd,
J = 10.1, 9.9 Hz, 1H, H-2), 3.21 (br s, 1H, OH-4).

13C NMR (125 MHz, CDCl3) δ 167.1 (C=O), 135.4, 133.8, 133.5, 133.3, 133.1, 131.4, 130.1,
129.2, 129.1, 128.6, 128.6, 128.4, 128.0, 127.8, 126.6, 126.3, 126.1, 125.7 (22 C-Ar), 86.4 (C-1),
79.0 (C-5), 78.3 (C-3), 73.9 (NAP-C-), 70.2 (C-4), 69.8 (C-6), 63.2 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C30H27N3O5SNa
+ 564.1564; Found 564.1562.

[α]25d +17.2 (c 1.54, CHCl3)

Spectra can be seen on page S75 - S78.

S1.15 (12), Phenyl 2-deoxy-2-azido-3-O-benzoyl-6-O-benzyl-thio-β-d-
glucopyranoside

8

BzO
O

N3

SPh
O

OPh

CH2Cl2, -78 °C -> 5 °C
BzO

O

N3

SPh

OBn

HO

12

Et3SiH, BF3
.OEt2

8 (1.77 g, 3.61 mmol, β) was dissolved in dry CH2Cl2 (150 ml) and cooled to -78 ◦C before the
addition of Et3SiH (4.60 ml, 28.8 mmol). BF3 ·OEt2 (1.30 ml, 10.5 mmol) was slowly added
and the reaction was allowed to warm up to 5 ◦C over 7 h. The reaction was quenched with
sat. aq NaHCO3 and washed with sat. ag. NaHCO3 (3x). The organic phase was dried using
MgSO4 and the solvent was evaporated in vacuo. The crude was purified by flash column
chromatography (EtOAc:toluene 1:9) to yield pure 12 (1.39 g, 2.82 mmol, 78%, β)(Rf 0.31
EtOAC:toluene 1:9) as a colorless oil.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.09-8.03 (m, 2H), 7.66-7.62 (m, 2H), 7.62-7.57 (m, 1H), 7.48-
7.43 (m, 2H), 7.40-7.29 (m, 8H), 5.21 (dd, J = 9.9, 9.5 Hz, 1H, H-3), 4.64 (d, J = 12.0 Hz, 1H,
Ph-CH 2-), 4.62 (d, J = 10.1 Hz, 1H, H-1), 4.58 (d, J = 12.0 Hz, 1H, Ph-CH 2-), 3.86 (dd, J =
10.9, 4.0 Hz, 1H, H6a), 3.83 (dd, J = 10.9, 4.4 Hz, 1H, H-6b), 3.80 (ddd, J = 9.5, 9.4, 4.4 Hz,
1H, H-4), 3.60 (ddd, J = 9.5, 4.4, 4.0 Hz, 1H, H-5), 3.54 (dd, J = 10.1, 9.9 Hz, 1H, H-2), 3.22
(d, J = 4.4 Hz, 1H, OH-4).
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13C NMR (125 MHz, CDCl3) δ 167.0 (C=O), 137.9, 133.8, 133.5, 131.3, 130.1, 129.2, 129.1,
128.62, 128.56, 128.54, 127.9, 127.8 (18 C-Ar), 86.3 (C-1), 78.9 (C-5), 78.2 (C-3), 73.7 (Ph-C-),
70.2 (C-4), 69.8 (C-6), 63.2 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C26H25N3O5SNa
+ 514.1407; Found 514.1420.

[α]25d +17.0 (c 1.08, CHCl3)

Spectra can be seen on page S79 - S82.

S1.16 (13), Phenyl 2-deoxy-2-azido-3-O-benzoyl-thio-β-d-glucopyra-
noside

BzO
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OPh TsOH.H2O

CH2Cl2 : MeOH 1:1
BzO

O

N3

SPh
HO

HO

8 13

8 (1.46 g, 2.98 mmol, β) was dissolved in dry CH2Cl2 (25 ml) and MeOH (25 ml), added
TsOH ·H2O (570 mg, 3.00 mmol) and stirred overnight at rt. The reaction was quenched by
the addition of Et3N (0.50 ml, 3.58 mmol) and solvents were evaporated in vacuo. The crude
was purified by flash column chromatography (first CH2Cl2, then 5% MeOH in CH2Cl2) to
yield pure 13 (1.08 g, 2.70 mmol, 91%, β)(Rf 0.74 MeOH:CH2Cl2 1:9) as an amorpous white
puffy solid.

Only reported as an intermediate in literature. [9]

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.08-8.04 (m, 2H), 7.65-7.57 (m, 3H), 7.50-7.45 (m, 2H), 7.40-
7.35 (m, 3H), 5.13 (dd, J = 9.5, 9.5 Hz, 1H, H-3), 4.62 (d, J = 10.2 Hz, 1H, H-1), 3.97 (dd, J
= 12.0, 3.4 Hz, 1H, H-6a), 3.85 (dd, J = 12.0, 4.9 Hz, 1H, H-6b), 3.76 (dd, J = 9.6, 9.5 Hz,
1H, H-4), 3.55 (dd, J = 10.1, 9.5 Hz, 1H, H-2), 3.50 (ddd, J = 9.5, 4.9, 3.5 Hz, 1H, H-5).

13C NMR (125 MHz, CDCl3) δ 167.6 (C=O), 134.1, 133.6, 131.1, 130.2, 129.4, 128.88, 128.86,
128.78 (12 C-Ar), 86.4 (C-1), 80.1 (C-5), 79.0 (C-3), 69.9 (C-4), 63.4 (C-2), 62.5 (C-6).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C19H19N3O5SNa
+ 424.0938; Found 424.0948.

[α]25d +31.0 (c 0.29, CHCl3)

Spectra can be seen on page S83 - S86.
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S1.17 (14), Phenyl 2-deoxy-2-azido-3-O-benzoyl-thio-α-d-glucopyra-
noside

BzO
O

N3 SPh

O
OPh TsOH.H2O

CH2Cl2 : MeOH 1:1
BzO

O

N3 SPh

HO
HO

9 14

9 (5.43 g, 11.1 mmol, α) was dissolved in dry CH2Cl2 (50 ml) and MeOH (50 ml), added
TsOH ·H2O (2.19 g, 11.5 mmol) and stirred for 3h at rt. The reaction was quenched by the
addition of Et3N (2.00 ml, 14.3 mmol) and solvents were evaporated in vacuo. The crude was
purified by flash column chromatography (first CH2Cl2, then 5% MeOH in CH2Cl2) to yield
pure 14 (4.23 g, 10.5 mmol, 95%, α)(Rf 0.58 5% MeOH in CH2Cl2) as an amorpous white puffy
solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.11-8.06 (m, 2H), 7.64-7.59 (m, 1H), 7.55-7.51 (m, 2H), 7.50-
7.45 (m, 2H), 7.37-7.30 (m, 3H), 5.66 (d, J = 5.5 Hz, 1H, H-1), 5.40 (dd, J = 10.4, 9.2 Hz, 1H,
H-3), 4.35 (dt, J = 9.8, 3.7 Hz, 1H, H-5), 4.13 (dd, J = 10.4, 5.5 Hz, 1H, H-2), 3.90-3.84 (m,
3H, H-4 H-6), 3.29 (br s, 1H, OH), 1.95 (br s, 1H, OH).

13C NMR (125 MHz, CDCl3) δ 167.6 (C=O), 134.0, 132.81, 132.78, 130.2, 129.4, 128.9, 128.8,
128.3 (12 C-Ar), 87.1 (C-1), 76.2 (C-3), 73.1 (C-5), 70.3 (C-4), 62.2 (C-2), 62.0 (C-6).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C19H19N3O5SNa
+ 424.0938; Found 424.0949.

[α]25d +222.6 (c 0.76, CHCl3)

Spectra can be seen on page S87 - S90.

S1.18 (15), Phenyl 2-deoxy-2-azido-3-O-benzoyl-6-O-tert-butyldiphe-
nylsilyl-thio-β-d-glucopyranoside

BzO
O

N3

SPh
HO

HO

13

TBDPS-Cl

MeCN

N NH

BzO
O

N3

SPhHO

15

OTBDPS

13 (0.980 g, 2.44 mmol, β) was dissolved in dry MeCN (100 ml), added TBDPS−Cl (0.75 g,
2.89 mmol) and imidazole (0.320 g, 4.70 mmol) and stirred overnight at rt. The reaction was
quenched by the addition of MeOH and evaporated onto celite, using CH2Cl2, in vacuo. The
crude was purified by flash column chromatography (CH2Cl2) to yield 15 (1.55 g, 2.42 mmol,
99%, β)(Rf 0.50 CH2Cl2) as a clear oil. NMR showed traces of TBDPS derivatives.

Spectral data were in accordance with literature. [9]

Spectra can be seen on page S91 - S94.
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S1.19 (16), Phenyl 2-deoxy-2-azido-3-O-benzoyl-6-O-tert-butyldiphe-
nylsilyl-thio-α-d-glucopyranoside

BzO
O

N3 SPh

HO
HO

14

TBDPS-Cl

MeCN

N NH

BzO
O

N3 SPh

HO

16

OTBDPS

14 (6.995 g, 17.44 mmol, α) was dissolved in dry MeCN (200 ml), added imidazole (2.437 g,
35.80 mmol) followed by TBDPS−Cl (5.40 g, 20.8 mmol) and stirred overnight at rt. The
reaction was quenched by the addition of MeOH and evaporated onto celite, using CH2Cl2 in
vacuo. The crude was purified by flash column chromatography (CH2Cl2) to yield pure 16
(10.85 g, 16.96 mmol, 97%, α)(Rf 0.40 CH2Cl2) as an amorphous white puffy solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.14-8.11 (m, 2H), 7.71-7.67 (m, 4H), 7.65-7.60 (m, 1H), 7.52-
7.47 (m, 4H), 7.46-7.41 (m, 2H), 7.41-7.35 (m, 4H), 7.28-7.24 (m, 3H, CDCl3 overlap), 5.65 (d,
J = 5.4 Hz, 1H, H-1), 5.42 (dd, J = 10.6, 10.4 Hz, 1H, H-3), 4.38 (ddd, J = 9.6, 4.3, 4.0 Hz,
1H, H-5), 4.10 (dd, J = 10.6, 5.4 Hz, 1H, H-2), 3.99 (dd, J = 11.2, 4.3 Hz, 1H, H-6a), 3.96-3.90
(m, 2H, H-4 H-6b), 3.02 (d, J = 4.0 Hz, 1H, OH-4), 1.06 (s, 9H).

13C NMR (125 MHz, CDCl3) δ 167.2 (C=O), 135.8, 135.7, 133.8, 133.5, 133.2, 133.1, 132.3,
130.2, 129.98, 129.96, 129.24, 129.20, 128.7, 127.93, 127.90, 127.87 (24 C-Ar), 87.3 (C-1), 75.8
(C-3), 73.0 (C-5), 71.1 (C-4), 63.9 (C-6), 62.3 (C-2), 27.0 (tBu-Me), 19.4 (tBu-C).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C35H37N3O5SSiNa
+ 626.2115; Found 662.2123.

[α]25d 137.9 (c 0.46, CHCl3)

Spectra can be seen on page S95 - S98.

S1.20 Table 1 details

S1.20.1 Entry 1

BzO
O

N3

SPh

O

HO

11

HO
O

N3

SPh

OBzO

18

Tf2O, Py, CH2Cl2, 0 °C

then H2O, 60 °C

Done according to literature. [10] 11 (128 mg, 0.236 mmol, β) was dissolved in dry CH2Cl2
(10 ml) and dry pyridine (10 ml), cooled to 0 ◦C before slow addition of Tf2O (133 µl, 0.792
mmol). After 2 h, H2O (1.50 ml, 83.3 mmol) was added, the oil bath was heated to 60 ◦C
and the reaction was stirred overnight. The reaction mixture was diluted with CH2Cl2 and
washed with aq 1 m HCl, brine and finally H2O. The combined organic phases were dried using
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MgSO4 and evaporated in vacuo. The crude was purified by flash column chromatography
(EtOAc:toluene 1:9) to yield 18 (53 mg, 98 µmol, 41%, β). Full characterization for 18 can be
seen in Section S1.22.

S1.20.2 Entry 2

BzO
O

N3 SPh

OTBDPS

HO

16

HO
O

N3 SPh

OTBDPSBzO

20

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, MeCN, Reflux

Done according to literature. [11] 16 (103 mg, 0.161 mmol, α) was dissolved in dry CH2Cl2 (5
ml), cooled to 0 ◦C before addition of dry pyridine (0.10 ml, 1.2 mmol) followed by slow addition
of Tf2O (0.05 ml, 0.30 mmol). The reaction was stirred for 1 h, then washed with aq 1 m HCl.
The organic phase was evaporated in vacuo, the crude triflate was redissolved in MeCN (4
ml), added H2O (1.00 ml, 55.5 mmol) and heated to reflux for 3 h. TLC showed no remaining
triflate, but a complicated mixture of products with no traces of desired product, HRMS also
showed no signs of product.

S1.20.3 Entry 3

BzO
O

N3 SPh

O

HO

10

R2O
O

N3 SPh

OR1O

17

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, 60 °C
+

BzO
O

N3 SPh

ON

R1 = Bz, R2 = H and
R1 = H, R2 = Bz

10 (454 mg, 0.837 mmol, α) was dissolved in dry CH2Cl2 (20 ml), cooled to 0 ◦C before addition
of dry pyridine (0.70 ml, 8.7 mmol) followed by slow addition of Tf2O (0.30 ml), 1.8 mmol).
After 2 h added pyridine (20 ml), H2O (3.00 ml, 167 mmol) and CH2Cl2 was evaporated in
vacuo after which the reaction mixture was heated to 60 ◦C and stirred overnight. The reaction
mixture was diluted with CH2Cl2 and washed with aq 1 m HCl (x3) then brine (x1), dried
using MgSO4 and solvents were evaporated in vacuo. The crude was purified by flash column
chromatography (5% EtOAc in toluene) to yield a mixture of 4-OBz:3-OBz 1:0.44 (205 mg,
0.379 mmol, 45%). Repeating the reaction, but looking at the crude before chromatographic
purification showed the pyridinium sugar by crude NMR showing a downfield shift of H-4 to 5.75
ppm that correlates with the reported shift of H-4 in a pyridinium substituted galactopyranoside
triflate in literature. [12] The crude NMR suggest a ratio of 1:0.45 pyridinium:desired product.
HRMS (MALDI) m/z : [M]+ Calcd for C35H31N4O4S

+ 603.2061; Found 603.2069.
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S1.20.4 Entry 4

BzO
O

N3 SPh

O

HO

10

HO
O

N3 SPh

OBzO

17

i) Tf2O, 2,6-Lutidine, 
CH2Cl2, 0 °C

ii) H2O, 2,6-Lutidine, 
60 °C -> 100 °C

10 (50 mg, 92 µmol, α) was dissolved in dry CH2Cl2 (5 ml), cooled to 0 ◦C before addition of
dry 2,6-lutidine (0.10 ml, 8.6 mmol) followed by slow addition of Tf2O (0.10 ml), 0.60 mmol).
After 3 h the reaction mixture was washed with aq 1 m HCl, sat. aq NaHCO3 and the organic
phase was evaporated. The crude triflate was reddisolved in dry 2,6-lutidine (5 ml) followed
by addition of H2O (2.00 ml, 111 mmol), heated first to 60 ◦C and stirred overnight, when no
reaction was observed the temperature was increased to 100 ◦C and stirred for 2 days, but still
no conversion of triflate was observed.

S1.20.5 Entry 5

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, CH2Cl2, RefluxBzO
O

N3 SPh

O

HO

10

R2O
O

N3 SPh

OR1O

17
R1 = Bz, R2 = H and
R1 = H, R2 = Bz

10 (276 mg, 0.510 mmol, α) was dissolved in dry CH2Cl2 (5 ml), cooled to 0 ◦C before addition
of dry pyridine (0.40 ml, 5.0 mmol) followed by slow addition of Tf2O (0.40 ml), 2.4 mmol).
After 2 h H2O (1.00 ml, 55.5 mmol) and pyridine (1 ml) was added, and the oil bath heated
to 60 ◦C refluxing the CH2Cl2 overnight. The reaction mixture was washed with aq 1 m HCl
(2x), then brine and the organic phases were dried using MgSO4 and evaporated in vacuo. The
crude was purified by flash column chromatography (EtOAc:toluene 1:9) to yield a mixture of
4-OBz : 3-OBz 1:0.18 (143 mg, 0.263 mmol, 52%).

S1.20.6 Entry 6

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, CH2Cl2, RefluxBzO
O

N3

SPh

OTBDPS

HO

15

HO
O

N3

SPh

OTBDPSBzO

19

15 (62 mg, 97 µmol, β) was dissolved in dry CH2Cl2 (5 ml), cooled to 0 ◦C before addition of
dry pyridine (0.12 ml, 1.4 mmol) followed by slow addition of Tf2O (75 µl), 0.45 mmol). After
2 h H2O (1.00 ml, 55.5 mmol) and pyridine (1 ml) was added, and the oil bath heated to 60 ◦C
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refluxing the CH2Cl2 overnight. The reaction mixture was washed with aq 1 m HCl (2x), then
brine and the organic phases were dried using MgSO4 and evaporated in vacuo. The crude was
purified by flash column chromatography (CH2Cl2 to yield 19 (34 mg, 53 µmol, 54%). Full
characterization for 19 can be seen in Section S1.23.

S1.20.7 Entry 7

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, CH2Cl2, RefluxBzO
O

N3 SPh

OTBDPS

HO

16

HO
O

N3 SPh

OTBDPSBzO

20

16 (163 mg, 0.255 mmol, α) was dissolved in dry CH2Cl2 (5 ml), cooled to 0 ◦C before addition
of dry pyridine (0.20 ml, 2.5 mmol) followed by slow addition of Tf2O (0.10 ml), 0.6 mmol).
After 2 h H2O (1.00 ml, 55.5 mmol) and pyridine (1 ml) was added, and the oil bath heated
to 60 ◦C refluxing the CH2Cl2 overnight. The reaction mixture was washed with aq 1 m HCl
(2x), then brine and the organic phases were dried using MgSO4 and evaporated in vacuo. The
crude was purified by flash column chromatography (EtOAc:toluene 1:9) to yield 20 (92 mg,
0.14 mmol, 56%). Full characterization for 20 can be seen in Section S1.24.

S1.20.8 Entry 8

BzO
O

N3 SPh

OTBDPS

HO

16

R2O
O

N3 SPh

OTBDPSR1O

20

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, DMAP, THF, 
rt -> 40 °C

R1 = Bz, R2 = H and
R1 = H, R2 = Bz

16 (103 mg, 0.160 mmol, α) was dissolved in dry CH2Cl2 (5 ml), cooled to 0 ◦C before addition
of dry pyridine (0.10 ml, 1.2 mmol) followed by slow addition of Tf2O (0.05 ml), 0.30 mmol).
After 2 h the reaction mixture was washed with aq 1 m HCl, the organic phase was evaporated,
the crude triflate was reddisolved in THF (5 ml), added DMAP (105 mg, 0.855 mmol) followed
by addition of H2O (1.00 ml, 55.5 mmol) and left stirring for 4 days at rt, after which the
temperature was raised to 40 ◦C and stirred for a further 3 days. The reaction mixture was
evaporated with toluene (4x) in vacuo. The crude was purified by flash column chromatography
(CH2Cl2) to yield the 4-OBz 20 (29 mg, 45 µmol, 28%) along with the 3-OBz (17 mg, 27 µmol,
17%) giving a total yield of 45%. Full characterization for 20 can be seen in Section S1.24.

S1.20.9 Entry 9-13

Entry 9-13 are described below along with characterization data for each product.
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S1.21 (17), Phenyl 2-deoxy-2-azido-4-O-benzoyl-6-O-(2-napthyl)me-
thyl-thio-α-d-galactopyranoside

BzO
O

N3 SPh

O

HO

10

HO
O

N3 SPh

OBzO

17

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, THF, 40 °C

10 (283 mg, 0.523 mmol, α) was dissolved in dry CH2Cl2 (20 ml) and cooled to 0 ◦C before
the addition of dry pyridine (0.40 ml, 5.0 mmol) followed by a slow addition of Tf2O (0.20
ml, 1.2 mmol). The reaction mixture was stirred for 1 h, washed with aq 1 m HCl (x1), sat.
aq NaHCO3 (x1) and H2O (x1) and the organic phase was evaporated in vacuo. The crude
was redissolved in THF (15 ml), added H2O (5.00 ml), 278 mmol) and pyridine (5.00 ml, 62.1
mmol), heated to 40 ◦C and stirred for 1.5 days. The reaction mixture was diluted with EtOAc,
washed with aq 1 m HCl (x2), sat. aq NaHCO3 (x1) and brine (x1), dried with MgSO4 and
solvents were evaporated in vacuo. The crude was purified by flash column chromatography
(2% EtOAc in CH2Cl2) to yield pure 17 (131 mg, 0.242 mmol, 46%, α)(Rf 0.46 2% EtOAc in
CH2Cl2) as an amorphous white puffy solid.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.04-8.00 (m, 2H), 7.78-7.70 (m, 2H), 7.70-7.65 (m, 2H), 7.59-7.54
(m, 3H), 7.47-7.38 (m, 4H), 7.33 (dd, J = 8.4, 1.7 Hz, 1H), 7.25-7.20 (m, 3H), 5.72-5.70 (m,
2H, H-1 H-4), 4.86 (ddd, J = 6.5, 6.3, 0.6 Hz, 1H, H-5), 4.64 (d, J = 12.0 Hz, 1H, NAP-CH 2-),
4.55 (d, J = 12.0 Hz, 1H, NAP-CH 2-), 4.22-4.19 (m, 2H, H-2 H-3), 3.68 (dd, J = 9.8, 6.2 Hz,
1H, H-6a), 3.64 (dd, J = 9.8, 6.5 Hz, 1H, H-6b), 2.69 (br s, 1H, OH-3).

13C NMR (125 MHz, CDCl3) δ 167.1 (C=O), 135.1, 133.7, 133.3, 133.2, 133.1, 132.8, 130.0,
129.3, 129.2, 128.7, 128.3, 128.1, 128.0, 127.8, 126.7, 126.2, 126.0, 125.7 (22 C-Ar), 87.6 (C-1),
73.7 (NAP-C-), 71.2 (C-4), 70.0 (C-3), 69.2 (C-5), 68.3 (C-6), 61.4 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C30H27N3O5SNa
+ 564.1564; Found 564.1571.

[α]25d +106.6 (c 1.92, CHCl3)

Spectra can be seen on page S99 - S102.

S1.22 (18), Phenyl 2-deoxy-2-azido-4-O-benzoyl-6-O-(2-napthyl)me-
thyl-thio-β-d-galactopyranoside

BzO
O

N3

SPh

O

HO

11

HO
O

N3

SPh

OBzO

18

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, THF, 40 °C
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11 (256 mg, 0.473 mmol, β) was dissolved in dry CH2Cl2 (20 ml) and cooled to 0 ◦C before the
addition of dry pyridine (0.40 ml, 5.0 mmol) followed by a slow addition of Tf2O (0.20 ml, 1.2
mmol). The reaction mixture was stirred for 1 h, washed with aq 1 m HCl (x1), sat. aq NaHCO3
(x1) and H2O (x1) and the organic phase was evaporated in vacuo. The crude was redissolved
in THF (15 ml), added H2O (5.00 ml), 278 mmol) and pyridine (5.00 ml, 62.1 mmol), heated
to 40 ◦C and stirred for 1.5 days. The reaction mixture was diluted with EtOAc, washed with
aq 1 m HCl (x2), sat. aq NaHCO3 (x1) and brine (x1), dried with MgSO4 and solvents were
evaporated in vacuo. The crude was purified by flash column chromatography (EtOAc:toluene
1:9) to yield pure 18 (149 mg, 0.275 mmol, 58%, β)(Rf 0.20 EtOAc:toluene 1:9) as a colorless
oil.

Spectral data
1H NMR (500 MHz, CDCl3) δ 7.86-7.82 (m, 2H), 7.78-7.73 (m, 2H), 7.71-7.68 (m, 2H), 7.68-
7.66 (m, 2H), 7.56 (tt, J = 7.8, 1.3 Hz, 1H), 7.47-7.43 (m, 2H), 7.40-7.30 (m, 6H), 5.61 (dd,
J = 3.3, 0.7 Hz, 1H, H-4), 4.67 (d, J = 12.0 Hz, 1H, NAP-CH 2-), 4.58 (d, J = 12.0 Hz, 1H,
NAP-CH 2-), 4.47 (d, J = 10.0 Hz, 1H, H-1), 3.89 (ddd, J = 6.7, 6.0, 0.7 Hz, 1H, H-5), 3.82
(dd, J = 9.7, 3.3 Hz, 1H, H-3), 3.70 (dd, J = 9.6, 6.0 Hz, 1H, H-6a), 3.61 (dd, J = 9.6, 6.8 Hz,
1H, H-6b), 3.54 (dd, J = 10.1, 9.7 Hz, 1H, H-2).

13C NMR (125 MHz, CDCl3) δ 166.8 (C=O), 135.1, 134.3, 133.7, 133.3, 133.1, 130.7, 130.0,
129.13, 129.10, 128.6, 128.5, 128.4, 128.0, 127.8, 126.8, 126.2, 126.0, 125.8 (22 C-Ar), 85.9 (C-1),
76.4 (C-5), 73.8 (NAP-C-), 73.5 (C-3), 70.0 (C-4), 68.1 (C-6), 62.4 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C30H27N3O5SNa
+ 564.1564; Found 564.1564.

[α]25d −2.9 (c 1.19, CHCl3)

Spectra can be seen on page S103 - S106.

S1.23 (19), Phenyl 2-deoxy-2-azido-4-O-benzoyl-6-O-tert-butyldiphe-
nylsilyl-thio-β-d-galactopyranoside

BzO
O

N3

SPh

OTBDPS

HO

15

HO
O

N3

SPh

OTBDPSBzO

19

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, THF, 40 °C

15 (1.54 g, 2.41 mmol, β) was dissolved in dry CH2Cl2 (100 ml) and cooled to 0 ◦C before the
addition of dry pyridine (2.00 ml, 24.8 mmol) followed by a slow addition of Tf2O (0.80 ml,
4.8 mmol). The reaction mixture was stirred for 1 h, washed with aq 1 m HCl (x1), sat. aq
NaHCO3 (x1) and H2O (x1) and the organic phase was evaporated in vacuo. The crude was
redissolved in THF (80 ml), added H2O (20.0 ml), 1.11 mol) and pyridine (10.0 ml, 124 mmol),
heated to 40 ◦C and stirred for 1.5 days. The reaction mixture was diluted with EtOAc, washed
with aq 1 m HCl (x2), sat. aq NaHCO3 (x1) and brine (x1), dried with MgSO4 and solvents
were evaporated in vacuo. The crude was purified by flash column chromatography (CH2Cl2)
to yield pure 19 (0.882 g, 1.38 mmol, 57%, β)(Rf 0.32 CH2Cl2) as a colorless sticky syrup.

Spectral data
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1H NMR (500 MHz, CDCl3) δ 7.90-7.86 (m, 2H), 7.66-7.60 (m, 5H), 7.50-7.40 (m, 5H), 7.39-
7.27 (m, 6H), 7.11 (t, J = 7.7 Hz, 2H), 5.71 (d, J = 3.0 Hz, 1H, H-4), 4.46 (d, J = 10.0 Hz,
1H, H-1), 3.89 (dd, J = 9.6, 3.1 Hz, 1H, H-3), 3.87-3.80 (m, 2H, H-5 H-6a), 3.74 (dd, J = 11.7,
9.9 Hz, 1H, H-6b), 3.51 (dd, J = 10.0, 9.7 Hz, 1H, H-2), 1.00 (s, 9H).

13C NMR (125 MHz, CDCl3) δ 166.9 (C=O), 135.7, 135.5, 134.5, 133.6, 132.9, 132.7, 130.6,
130.1, 130.0, 129.8, 129.3, 129.1, 128.64, 128.59, 127.9, 127.8 (24 C-Ar), 85.9 (C-1), 77.5 (C-5),
73.9 (C-3), 69.6 (C-4), 62.5 (C-2), 61.4 (C-6), 26.8 (tBu-Me), 19.2 (tBu-C).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C35H37N3O5SSiNa
+ 662.2115; Found 662.2118.

[α]25d +40.0 (c 1.04, CHCl3)

Spectra can be seen on page S107 - S110.

S1.24 (20), Phenyl 2-deoxy-2-azido-4-O-benzoyl-6-O-tert-butyldiphe-
nylsilyl-thio-α-d-galactopyranoside

BzO
O

N3 SPh

OTBDPS

HO

16

HO
O

N3 SPh

OTBDPSBzO

20

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, THF, 40 °C

16 (329 mg, 0.514 mmol, α) was dissolved in dry CH2Cl2 (20 ml) and cooled to 0 ◦C before
the addition of dry pyridine (0.40 ml, 5.0 mmol) followed by a slow addition of Tf2O (0.20
ml, 1.2 mmol). The reaction mixture was stirred for 1 h, washed with aq 1 m HCl (x1), sat.
aq NaHCO3 (x1) and H2O (x1) and the organic phase was evaporated in vacuo. The crude
was redissolved in THF (15 ml), added H2O (5.00 ml), 278 mmol) and pyridine (5.00 ml, 62.1
mmol), heated to 40 ◦C and stirred for 1.5 days. The reaction mixture was diluted with EtOAc,
washed with aq 1 m HCl (x2), sat. aq NaHCO3 (x1) and brine (x1), dried with MgSO4 and
solvents were evaporated in vacuo. The crude was purified by flash column chromatography
(CH2Cl2) to yield pure 20 (0.177 g, 0.276 mmol, 54%, α)(Rf 0.38 CH2Cl2) as a colorless oil.

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.07-8.03 (m, 2H), 7.65-7.60 (m, 3H), 7.49-7.44 (m, 6H), 7.44-
7.39 (m, 1H), 7.38-7.33 (m, 2H), 7.30-7.21 (m, 4H, CDCl3 overlap), 7.11 (t, J = 7.7 Hz, 2H),
5.82 (dd, J = 3.2, 1.2 Hz, 1H, H-2), 5.64 (d, J = 5.3 Hz, 1H, H-1), 4.70 (ddd, J = 7.7, 5.9, 1.4
Hz, 1H, H-5), 4.26 (ddd, J = 10.6, 3.2, 3.1 Hz, 1H, H-3), 4.18 (dd, J = 10.5, 5.3 Hz, 1H, H-2),
3.76 (dd, J = 10.0, 8.2 Hz, 1H, H-6a), 3.65 (dd, J = 10.0, 6.0 Hz, 1H, H-6b), 2.80 (d, J = 3.1
Hz, 1H, OH-3), 0.99 (s, 9H).

13C NMR (125 MHz, CDCl3) δ 167.3 (C=O), 135.6, 135.5, 133.7, 133.3, 133.0, 132.7, 132.6,
130.1, 130.0, 129.8, 129.5, 129.2, 128.7, 128.0, 127.9, 127.8 (24 C-Ar), 87.6 (C-1), 70.7 (C-4),
70.3 (C-3), 70.2 (C-5), 61.5 (C-6), 61.4 (C-2), 26.8 (tBu-Me), 19.2 (tBu-C).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C35H37N3O5SSiNa
+ 662.2115; Found 662.2125.

[α]25d +136.9 (c 1.34, CHCl3)
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Spectra can be seen on page S111 - S114.

S1.25 (21), Phenyl 2-deoxy-2-azido-4-O-benzoyl-6-O-benzyl-thio-β-d-
galactopyranoside

BzO
O

N3

SPh

OBn

HO

12

HO
O

N3

SPh

OBnBzO

21

i) Tf2O, Py, CH2Cl2, 0 °C

ii) H2O, Py, THF, 40 °C

12 (67.3 mg, 0.137 mmol, β) was dissolved in dry CH2Cl2 (5 ml) and cooled to 0 ◦C before
the addition of dry pyridine (0.10 ml, 1.2 mmol) followed by a slow addition of Tf2O (0.05
ml, 0.3 mmol). The reaction mixture was stirred for 1 h, washed with aq 1 m HCl (x1), sat.
aq NaHCO3 (x1) and H2O (x1) and the organic phase was evaporated in vacuo. The crude
was redissolved in THF (5 ml), added H2O (1.00 ml), 55.5 mmol) and pyridine (1.00 ml, 12.4
mmol), heated to 40 ◦C and stirred for 1.5 days. The reaction mixture was diluted with EtOAc,
washed with aq 1 m HCl (x2), sat. aq NaHCO3 (x1) and brine (x1), dried with MgSO4 and
solvents were evaporated in vacuo. The crude was purified by flash column chromatography
(EtOAc:toluene 1:4) to yield pure 21 (49.6 mg, 0.101 mmol, 74%, β)(Rf 0.53 EtOAc:toluene
1:4) as a colorless oil.

Spectral data
1H NMR (500 MHz, CDCl3) δ 7.91-7.86 (m, 2H), 7.71-7.66 (m, 2H), 7.63-7.58 (m, 1H), 7.46-
7.41 (m, 2H), 7.40-7.33 (m, 3H), 7.28-7.20 (m, 5H, CDCl3 overlap), 5.59 (dd, J = 3.2, 0.8 Hz,
1H, H-4), 4.53 (d, J = 11.8 Hz, 1H, Ph-CH 2-), 4.48 (d, J = 10.1 Hz, 1H, H-1), 4.43 (d, J =
11.8 Hz, 1H, Ph-CH 2-), 3.89 (ddd, J = 6.7, 6.1, 0.8 Hz, 1H, H-5), 3.83 (ddd, J = 10.0, 3.2, 2.5
Hz, 1H, H-3), 3.67 (dd, J = 9.7, 6.1 Hz, 1H, H-6a), 3.58 (dd, J = 9.7, 6.7 Hz, 1H, H-6b), 3.54
(dd, J = 10.1, 10.0 Hz, 1H, H-2), 2.85 (d, J = 2.5 Hz, 1H, OH-3).

13C NMR (125 MHz, CDCl3) δ 166.6 (C=O), 137.5, 134.2, 133.6, 130.7, 130.0, 129.1, 129.0,
128.5, 128.4, 127.8 (18 C-Ar), 85.8 (C-1), 76.3 (C-3), 73.6 (Ph-C-), 73.3 (C-3), 69.9 (C-4), 68.0
(C-6), 62.3 (C-2).

HRMS (MALDI) m/z : [M + Na]+ Calcd for C26H25N3O5SNa
+ 514.1407; Found 514.1420.

[α]25d +6.4 (c 1.07, CHCl3)

Spectra can be seen on page S115 - S118.
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S1.26 (24), Phenyl 3-O-(2-deoxy-2-azido-3,4,6-O-tri-benzyl-α-d-galac-
topyranosyl)-2-deoxy-2-azido-4-O-benzoyl-6-O-tert-butyldiphe-
nylsilyl-thio-α-d-galactopyranoside

BnO
O

N3 O

BnO OBn

22

NH

CCl3

α:β 1:0,15

HO
O

N3 SPh

OTBDPSBzO

20

BnO
O

N3 O

BnO OBn

O

N3 SPh

OTBDPSBzO

24

cat. TfOH

CH2Cl2, rt
+

A solution of 20 (52 mg, 82 µmol, α) in dry CH2Cl2 (4 ml) was stirred with 3 Å molecular
sieves for 10 min before addition of TfOH (1 µl, 11 µmol) followed quickly by a solution of
22 (42 mg, 68 µmol, α : β 1:0.15) in dry CH2Cl2 (0.5 ml). The reaction was quenched after
10 min with Et3N (0.1 ml), filtered through a pad of celite and solvents evaporated in vacuo.
The crude was purified by flash column chromatography (CH2Cl2:Pet. ether 1:1→ 7:3) to yield
pure 24 (35 mg, 32 µmol, 47%, α)(Rf 0.59 CH2Cl2:Pet. ether 3:1) as a colorless oil along with
recovered acceptor 20 (16 mg, 25 µmol, 31%).

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.07 (dd, J = 8.3, 1.2 Hz, 2H), 7.64-7.57 (m, 3H), 7.50-7.44 (m,
4H), 7.43-7.38 (m, 7H), 7.37-7.31 (m, 9H), 7.31-7.26 (m, 8H), 7.24-7.18 (m, 2H), 7.11 (t, J =
7.7 Hz, 2H), 6.01 (dd, J = 3.2, 1.3 Hz, 1H, H-4), 5.68 (d, J = 5.4 Hz, 1H, H-1), 5.59 (d, J =
3.7 Hz, 1H, H-1’), 4.88 (d, J = 11.4 Hz, 1H, O’Bn), 4.69-4.58 (m, 4H, H-5, O’Bn), 4.54 (d, J
= 9.7 Hz, 1H, O’Bn), 4.52 (d, J = 9.2 Hz, 1H, O’Bn), 4.42 (dd, J = 10.7, 5.4 Hz, 1H, H-2),
4.26 (dd, J = 10.7, 3.1 Hz, 1H, H-3), 4.14 (br t, J = 6.4 Hz, 1H, H-5’), 4.03-3.98 (m, 2H, H-3’,
H-4’), 3.87 (dd, J = 10.5, 3.7 Hz, 1H, H-2’), 3.72-3.64 (m, 2H, H-6a, H-6a’), 3.61-3.55 (m, 2H,
H-6b, H-6b’), 0.99 (s, 9H).

13C NMR (125 MHz, CDCl3) δ 165.3 (C=O), 138.3, 138.0, 137.6, 135.5, 135.4, 133.1, 132.94,
132.91, 132.7, 132.5, 129.9, 129.74, 129.66, 129.64, 129.1, 128.42, 128.41, 128.3, 128.1, 127.9,
127.8, 127.74, 127.68, 127.67, 127.59 (42 C-Ar), 93.8 (C-1’), 87.2 (C-1), 77.2 (C-4’), 74.7 (C’-
Bn), 73.5 (C-4’), 73.3 (C’-Bn), 72.4 (C’-Bn), 71.2 (C-3), 70.3 (C-5), 70.1 (C-5’), 68.8 (C-6’),
64.8 (C-4), 61.4 (C-6), 60.6 (C-2), 59.2 (C-2’), 26.7 (tBu-Me), 19.0 (tBu-C).

HRMS (ESI) m/z : [M + H]+ Calcd for C62H65N6O9SSi
+ 1097.4298; Found 1097.4304.

[α]25d +161.9 (c 1.37, CHCl3)

Spectra can be seen on page S119 - S122.
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S1.27 (25), Phenyl 3-O-(2-deoxy-2-azido-3,4-O-di-benzyl-6-O-(tert-bu-
tyldiphenylsilyl)-α-d-galactopyranosyl)-2-deoxy-2-azido-4-O-ben-
zoyl-6-O-tert-butyldiphenylsilyl-thio-α-d-galactopyranoside

BnO
O

N3 O

BnO OTBDPS

23

NH

CCl3

α:β 1:0.6

HO
O

N3 SPh

OTBDPSBzO

20

BnO
O

N3 O

BnO OTBDPS

O

N3 SPh

OTBDPSBzO

25

cat. TfOH

CH2Cl2, rt
+

A solution of 20 (57 mg, 89 µmol, α) in dry CH2Cl2 (3 ml) was stirred with 3 Å molecular
sieves for 10 min before addition of TfOH (1 µl, 11 µmol) followed quickly by a solution of 23
(56 mg, 73 µmol, α : β 1:0.6) in dry CH2Cl2 (1 ml). The reaction was quenched after 10 min
with Et3N (0.1 ml), filtered through a pad of celite and solvents evaporated in vacuo. The crude
was purified by flash column chromatography (toluene → toluene:acetone 20:1) to yield pure
25 (33 mg, 26 µmol, 36%, α)(Rf 0.44 toluene) as a colorless oil along with recovered acceptor
20 (28 mg, 44 µmol, 50%).

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.09 (d, J = 7.3 Hz, 2H), 7.73-7.65 (m, 4H), 7.63-7.57 (m, 3H),
7.49-7.40 (m, 10H), 7.39-7.30 (m, 10H), 7.25-7.19 (m, 9H), 7.10 (t, J = 7.5 Hz, 2H), 6.00-5.98
(m, 1H, H-4), 5.71 (d, J = 5.5 Hz, 1H, H-1), 5.55 (d, J = 3.6 Hz, 1H, H-1’), 4.89 (d, J = 11.1
Hz, 1H, O’Bn), 4.69 (d, J = 11.8 Hz, 1H, O’Bn), 4.66 (d, J = 11.7 Hz, 1H, O’Bn), 4.58 (t, J
= 6.9 Hz, 1H, H-5), 4.54 (d, J = 11.2 Hz, 1H, O’Bn), 4.44 (dd, J = 10.6, 5.5 Hz, 1H, H-2),
4.21 (dd, J = 10.6, 3.0 Hz, 1H, H-3), 4.13–4.01 (m, 3H, H-3’, H-4’, H’5’), 3.91-3.81 (m, 3H,
H-2’, H-6’), 3.65 (dd, J = 9.8, 8.2 Hz, 1H, H-6a), 3.54 (dd, J = 10.1, 5.9 Hz, 1H, H-6b), 1.12
(s, 9H), 0.98 (s, 9H).

13C NMR (125 MHz, CDCl3) δ 165.4 (C=O), 138.5, 137.9, 135.68, 135.66, 135.58, 135.57, 133.6,
133.3, 133.2, 133.13, 133.06, 132.8, 132.6, 130.0, 129.91, 129.86, 129.82, 129.76, 129.2, 128.6,
128.5, 128.4, 128.2, 128.1, 128.03, 127.99, 127.96, 127.92, 127.87, 127.7, 127.6 (48 C-Ar), 93.9
(C-1’), 86.9 (C-1), 77.3 (C-4’), 75.1 (C’-Bn), 73.8 (C-3’/C-4’), 72.7 (C’-Bn), 71.9 (C-3’/C-4’),
71.5 (C-3), 70.3 (C-5), 64.8 (C-4), 62.5 (C-6’), 61.4 (C-6), 60.7 (C-2), 59.5 (C-2’), 27.2 (tBu-Me),
26.8 (tBu-Me), 19.4 (tBu-C), 19.1 (tBu-C).

HRMS (ESI) m/z : [M + H]+ Calcd for C71H77N6O9SSi
+

2 1245.5006; Found 1245.4982.

[α]25d +150.5 (c 1.51, CHCl3)

Spectra can be seen on page S123 - S126.
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S1.28 (26), Phenyl 3-O-(2-deoxy-2-azido-3,4,6-O-tri-benzyl-α-d-galac-
topyranosyl)-2-deoxy-2-azido-4-O-benzoyl-6-O-(2-napthyl)meth-
yl-thio-α-d-galactopyranoside

BnO
O

N3 O

BnO OBn

22

NH

CCl3

α:β 1:0,15

HO
O

N3 SPh

ONapBzO

17

BnO
O

N3 O

BnO OBn

O

N3 SPh

ONapBzO

26

cat. TfOH

CH2Cl2, rt
+

A solution of 17 (125 mg, 231 µmol, α) in dry CH2Cl2 (1 ml) was stirred with 3 Å molecular
sieves for 10 min before addition of TfOH (2 µl, 23 µmol) followed quickly by a solution of 22
(114 mg, 183 µmol, α : β 1:0.15) in dry CH2Cl2 (1.5 ml). The reaction was quenched after
30 min with Et3N (0.1 ml), filtered through a pad of celite and solvents evaporated in vacuo.
The crude was purified by flash column chromatography (CH2Cl2:Pet. ether 1:1→ 4:1) to yield
pure 26 (75 mg, 75 µmol, 41%, α)(Rf 0.12 CH2Cl2:Pet. ether 3:1) as a colorless oil along with
recovered acceptor 17 (12 mg, 22 µmol, 10%).

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.08 (dd, J = 8.4, 1.3 Hz, 2H), 7.80-7.74 (m, 2H), 7.72 (d, J =
8.6 Hz, 2H), 7.67 (s, 1H), 7.59-7.55 (m, 2H), 7.55-7.52 (m, 2H), 7.46-7.43 (m, 5H), 7.39-7.34
(m, 6H), 7.32-7.30 (m, 7H), 7.29-7.27 (m, 5H), 7.24-7.20 (m, 4H), 5.94 (dd, J = 3.3, 1.2 Hz,
1H, H-4), 5.75 (d, J = 5.5 Hz, 1H, H-1), 5.45 (d, J = 3.7 Hz, 1H, H-1’), 4.86 (d, J = 11.4
Hz, 1H, O’Bn), 4.85-4.81 (m, 1H, H-5), 4.64 (d, J = 11.3 Hz, 1H, O’Bn), 4.61-4.56 (m, 4H,
NAP-CH 2-, O’Bn), 4.51 (d, J = 11.5 Hz, 2H, O’Bn), 4.46 (dd, J = 10.7, 5.5 Hz, 1H, H-2),
4.24 (dd, J = 10.7, 3.2 Hz, 1H, H-3), 4.12 (t, J = 6.5 Hz, 1H, H-5’), 4.03-4.01 (m, 2H, H-4’),
3.99 (dd, J = 10.6, 2.6 Hz, 1H, H-3’), 3.84 (dd, J = 10.6, 3.6 Hz, 1H, H-2’), 3.67-3.62 (m, 3H,
H-6, H-6a’), 3.58 (dd, J = 9.6, 6.6 Hz, 1H, H-6b’).

13C NMR (125 MHz, CDCl3) δ 165.7 (C=O), 138.4, 138.1, 137.7, 135.1, 133.5, 133.3, 133.1,
133.0, 132.9, 130.0, 129.5, 129.2, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.03, 127.99, 127.96,
127.83, 127.81, 127.80, 126.7, 126.1, 126.0, 125.8 (40 C-Ar), 93.9 (C-1’), 87.3 (C-1), 77.4 (C-3’),
74.9 (C’-Bn), 73.8 (C’-Bn), 73.6 (C-4’), 73.5 (NAP-C-), 72.5 (C’-Bn), 71.3 (C-3), 70.4 (C-5’),
69.3 (C-5), 69.0 (C-6’), 68.6 (C-6), 65.7 (C-4), 60.6 (C-2), 59.3 (C-2’).

HRMS (ESI) m/z : [M + H]+ Calcd for C57H55N6O9S
+ 999.3746; Found 999.3764.

[α]25d +139.8 (c 1.63, CHCl3)

Spectra can be seen on page S127 - S130.
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S1.29 (27), Phenyl 3-O-(2-deoxy-2-azido-3,4-O-di-benzyl-6-O-(tert-bu-
tyldiphenylsilyl)-α-d-galactopyranosyl)-2-deoxy-2-azido-4-O-ben-
zoyl-6-O-(2-napthyl)methyl-thio-α-d-galactopyranoside

BnO
O

N3 O

BnO OTBDPS

23

NH

CCl3

α:β 1:0.6

HO
O

N3 SPh

ONapBzO

17

BnO
O

N3 O

BnO OTBDPS

O

N3 SPh

ONapBzO

27

cat. TfOH

CH2Cl2, rt
+

A solution of 17 (50 mg, 92 µmol, α) in dry CH2Cl2 (3 ml) was stirred with 3 Å molecular
sieves for 10 min before addition of TfOH (1 µl, 11 µmol) followed quickly by a solution of
23 (56 mg, 73 µmol, α : β 1:0.6) in dry CH2Cl2 (1 ml). The reaction was quenched after 10
min with Et3N (0.1 ml), filtered through a pad of celite and solvents evaporated in vacuo. The
crude was purified by flash column chromatography (1% acetone in toluene → 2% acetone in
toluene) to yield pure 27 (39 mg, 34 µmol, 46%, α)(Rf 0.75 acetone:toluene 1:20) as a colorless
oil along with recovered acceptor 17 (15 mg, 28 µmol, 30%).

Spectral data
1H NMR (500 MHz, CDCl3) δ 8.13-8.07 (m, 2H), 7.80-7.72 (m, 4H), 7.72-7.63 (m, 7H), 7.61-
7.52 (m, 2H), 7.48-7.40 (m, 11H), 7.40-7.30 (m, 11H), 7.24-7.18 (m, 9H), 5.90 (d, J = 2.8 Hz,
1H, H-4), 5.79 (d, J = 5.6 Hz, 1H, H-1), 5.39 (d, J = 3.7 Hz, 1H, H-1’), 4.87 (d, J = 11.1 Hz,
1H, O’Bn), 4.79-4.75 (m, 1H, H-5), 4.66 (s, 2H, NAP-CH 2-), 4.56 (s, 1H, O’Bn), 4.55 (s, 1H,
O’Bn), 4.53 (d, J = 11.1 Hz, 1H, O’Bn), 4.48 (dd, J = 10.7, 5.5 Hz, 1H, H-2), 4.18 (dd, J =
10.7, 3.2 Hz, 1H, H-3), 4.10-4.05 (m, 2H, H-4’, H-5’), 4.03 (dd, J = 10.7, 2.5 Hz, 1H, H-3’),
3.86-3.80 (m, 3H, H-2’, H-6’), 3.64-3.59 (m, 2H, H-6), 1.11 (s, 9H).

13C NMR (125 MHz, CDCl3) δ 165.7, 138.5, 137.8, 135.66, 135.65, 135.2, 133.6, 133.4, 133.3,
133.2, 133.14, 133.09, 132.8, 130.0, 129.90, 129.86, 129.5, 129.21, 129.16, 128.8, 128.6, 128.5,
128.4, 128.3, 128.13, 128.07, 128.01, 127.99, 127.91, 127.8, 127.7, 126.6, 126.1, 125.9, 125.8
(46 C-Ar), 93.9 (C-1’), 87.0 (C-1), 77.2 (C-3’), 75.1 (C’-Bn), 73.8 (C-4’), 73.7 (C’-Bn), 72.7
(NAP-C-), 72.0 (C-5’), 71.4 (C-3), 69.2 (C-5), 68.6 (C-6), 65.6 (C-4), 62.5 (C-6’), 60.6 (C-2),
59.4 (C-2’), 27.1 (tBu-Me), 19.4 (tBu-C).

HRMS (ESI) m/z : [M + H]+ Calcd for C66H67N6O9SSi
+ 1147.4454; Found 1147.4438.

[α]25d +108.3 (c 1.93, CHCl3)

Spectra can be seen on page S127 - S130.
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S2 Crystallographic Data
The data was collected on a Bruker D8 Venture diffractometer monochromated with a doubly
curved silicon crystal (Mo Kα). The data sets were collected and processed using Bruker Apex 2
with the SAINT [13] and SADABS [14] programs and refined using Olex2. [15] All hydrogen atoms
were added using a riding model and refined with an isotropic displacement factor of 1.2 Ueq of
the parent atom except for methyl H’s which were constrained to 1.5 Ueq of the parent atom.

Figure S1: Structure of 2 with labels and anisotropic displacement parameters drawn at the
50% probability level. Hydrogens omitted for clarity

Table S1: Details for the crystal structure

Compound 2
Empirical formula C18H21N3O7S
Formula weight 423.44
Temperature / K 122(2)
Crystal system Monoclinic
Space group P 21
a / Å 10.5129(6)
b / Å 8.0260(5)
c / Å 12.3315(7)
β / ◦ 99.836(2)
V / Å3 1025.19(10)
Z 2
ρcalc / g cm−3 1.372
µ / mm−1 0.203
No. measured / unique reflections 13396/4953
Parameters refined 265
Final R1 0.0431
wR2 [I > 2σ(I)] 0.1082
R1, wR2 (all data) 0.0473, 0.1111
S (GoF) 1.038
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S3 Spectra

S3.1 Spectra for 1
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Figure S2: 1H NMR (500 MHz, CDCl3)
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Figure S3: 13C NMR (125 MHz, CDCl3)
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S3.2 Spectra for 2
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Figure S4: 1H NMR (500 MHz, CDCl3)
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Figure S6: COSY NMR (500 MHz, CDCl3)
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Figure S7: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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S3.3 Spectra for 3
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Figure S8: 1H NMR (500 MHz, MeOD)
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Figure S11: HSQC Multiplicity Edited NMR (500 MHz, MeOD)
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S3.4 Spectra for 4α
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Figure S12: 1H NMR (500 MHz, CDCl3)
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Figure S13: 13C NMR (125 MHz, CDCl3)
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Figure S14: COSY NMR (500 MHz, CDCl3)
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Figure S15: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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S3.5 Spectra for 4β
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Figure S16: 1H NMR (500 MHz, CDCl3)
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Figure S17: 13C NMR (125 MHz, CDCl3)
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Figure S18: COSY NMR (500 MHz, CDCl3)
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Figure S19: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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S3.6 Spectra for 5α
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Figure S20: 1H NMR (500 MHz, CDCl3)
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Figure S21: 13C NMR (125 MHz, CDCl3)
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Figure S22: COSY NMR (500 MHz, CDCl3)
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Figure S23: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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S3.7 Spectra for 5β
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Figure S24: 1H NMR (500 MHz, CDCl3)
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Figure S25: 13C NMR (125 MHz, CDCl3)
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Figure S26: COSY NMR (500 MHz, CDCl3)
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Figure S27: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S28: 1H NMR (500 MHz, CDCl3)
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Figure S30: COSY NMR (500 MHz, CDCl3)
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Figure S31: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S32: 1H NMR (500 MHz, CDCl3)

S59



-1
0

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

21
0

(p
pm
)

12
5 

M
H

z 
CD

Cl
3

63.0
64.2
68.7
71.2

80.0

88.1

102.0

123.8
125.8
126.2
126.5
127.8
128.2
128.3
128.5
128.6
129.4
129.5
130.0
132.8
132.9
132.9
133.5
133.8
134.2

165.3

O

O N
S

O
O

N+ N-

O

7

CD
Cl
3

Figure S33: 13C NMR (125 MHz, CDCl3)
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Figure S34: COSY NMR (500 MHz, CDCl3)
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Figure S35: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S36: 1H NMR (500 MHz, CDCl3)
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Figure S37: 13C NMR (125 MHz, CDCl3)
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Figure S38: COSY NMR (500 MHz, CDCl3)
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Figure S39: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)

S66



S3.11 Spectra for 9

-0
.5

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

8.
5

9.
0

9.
5

10
.0

(p
pm

)

50
0 

M
H

z 
CD

Cl
3

0.96
1.03

1.01
1.01

0.99

0.98
1.00
1.01

6.07
1.92
2.07
1.93
1.09

1.91

3.79
3.81
3.82
3.83
3.84
3.86
4.20
4.21
4.22
4.23
4.25
4.26
4.27
4.28
4.55
4.56
4.57
4.58
4.59
4.60
5.53
5.69
5.70
5.73
5.75
5.77
7.31
7.32
7.32
7.32
7.33
7.34
7.34
7.35
7.35
7.36
7.37
7.37
7.41
7.41
7.42
7.42
7.43
7.45
7.45
7.46
7.48
7.48
7.53
7.53
7.54
7.54
7.54
7.54
7.55
7.55
7.57
7.57
7.57
7.58
7.59
7.59
7.60
7.60
7.60
8.08
8.09
8.09
8.10
8.10
8.11

O

O

N
S

O
O

N+ N-

O

H
-1

α 

H
-2

H
-3

H
-4

H
-5

H
-6

a

H
-6

b

P
h-

C
H

-

CH
Cl

3

9

3.
8

4.
0

4.
2

4.
4

4.
6

4.
8

5.
0

5.
2

5.
4

5.
6

5.
8

(p
pm

)

Figure S40: 1H NMR (500 MHz, CDCl3)
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Figure S41: 13C NMR (125 MHz, CDCl3)
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Figure S42: COSY NMR (500 MHz, CDCl3)
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Figure S43: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)

S70



S3.12 Spectra for 10

-0
.5

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

8.
5

9.
0

9.
5

(p
pm
)

50
0 

M
H

z 
CD

Cl
3

0.07

0.98

1.02
1.05
1.09
1.01

1.01
1.01
1.06

1.02

1.00

3.53
5.23
2.14
1.09
0.99
3.18

2.01

3.12
3.13
3.80
3.80
3.82
3.83
3.87
3.88
3.90
3.91
3.94
3.95
4.15
4.16
4.17
4.18
4.50
4.50
4.52
4.52
4.69
4.72
4.76
4.78
5.40
5.42
5.42
5.44
5.69
5.70
7.25
7.26
7.26
7.27
7.27
7.44
7.45
7.46
7.46
7.47
7.47
7.47
7.48
7.48
7.48
7.49
7.50
7.50
7.50
7.54
7.54
7.54
7.55
7.55
7.55
7.55
7.56
7.61
7.61
7.61
7.62
7.62
7.64
7.77
7.80
7.80
7.81
7.81
7.82
7.82
7.83
7.84

8.10
8.10
8.11
8.12
8.12

H
-1

H
-2

H
-3

H
-4

O
H
-4

H
-5

H
-6
a

H
-6
b

N
A
P
-C
H
2-

O

O N
S

O

OH

N+ N-
O

10

CH
Cl
3

to
l

3.
5

4.
0

4.
5

5.
0

5.
5

(p
pm

)

Figure S44: 1H NMR (500 MHz, CDCl3)
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Figure S45: 13C NMR (125 MHz, CDCl3)
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Figure S46: COSY NMR (500 MHz, CDCl3)
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Figure S47: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S48: 1H NMR (500 MHz, CDCl3)
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Figure S50: COSY NMR (500 MHz, CDCl3)

S77



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

8.
5

(p
pm

)

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

15
0

(ppm)

50
0 

M
H

z 
CD

Cl
3 

H
SQ

C 
M

ul
tip

lic
ity

 E
di

te
d

Figure S51: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S52: 1H NMR (500 MHz, CDCl3)
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Figure S54: COSY NMR (500 MHz, CDCl3)
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Figure S55: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S56: 1H NMR (500 MHz, CDCl3)
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Figure S58: COSY NMR (500 MHz, CDCl3)
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Figure S59: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S60: 1H NMR (500 MHz, CDCl3)
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Figure S63: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S64: 1H NMR (500 MHz, CDCl3)
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Figure S66: COSY NMR (500 MHz, CDCl3)
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Figure S67: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S68: 1H NMR (500 MHz, CDCl3)
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Figure S69: 13C NMR (125 MHz, CDCl3)
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Figure S70: COSY NMR (500 MHz, CDCl3)
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Figure S71: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S72: 1H NMR (500 MHz, CDCl3)
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Figure S74: COSY NMR (500 MHz, CDCl3)
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Figure S75: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S76: 1H NMR (500 MHz, CDCl3)
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Figure S78: COSY NMR (500 MHz, CDCl3)
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Figure S79: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S80: 1H NMR (500 MHz, CDCl3)

S107



0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

21
0

(p
pm
)

12
5 

M
H

z 
CD

Cl
3

19.2

26.8

61.4
62.5

69.6
73.9
77.5

85.9

127.8
127.9
128.6
128.6
129.1
129.3
129.8
130.0
130.1
130.6
132.7
132.9
133.6
134.5
135.5
135.7

166.9

CD
Cl
3

OH

O N

S

O

N+ N-

O

O

S
i

C
H 3

C
H 3

C
H 3

19
76

.0
76

.5
77

.0
77

.5
78

.0
(p

pm
)

Figure S81: 13C NMR (125 MHz, CDCl3)
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Figure S82: COSY NMR (500 MHz, CDCl3)
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Figure S83: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S84: 1H NMR (500 MHz, CDCl3)
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Figure S86: COSY NMR (500 MHz, CDCl3)
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Figure S87: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S88: 1H NMR (500 MHz, CDCl3)
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Figure S90: COSY NMR (500 MHz, CDCl3)
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Figure S91: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S92: 1H NMR (500 MHz, CDCl3)
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Figure S93: 13C NMR (125 MHz, CDCl3)
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Figure S94: COSY NMR (500 MHz, CDCl3)
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Figure S95: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S96: 1H NMR (500 MHz, CDCl3)
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Figure S97: 13C NMR (125 MHz, CDCl3)
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Figure S98: COSY NMR (500 MHz, CDCl3)
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Figure S99: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S100: 1H NMR (500 MHz, CDCl3)

S127



-1
0

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

(p
pm
)

12
5 

M
H

z 
CD

Cl
3

59.3
60.6
65.7
68.6
69.0
69.3
70.4
71.3
72.5
73.5
73.6
73.8
74.9
77.4
87.3

93.9
125.8
126.0
126.1
126.7
127.8
127.8
127.8
128.0
128.0
128.0
128.1
128.2
128.3
128.4
128.5
128.6
129.2
129.5
130.0
132.9
133.0
133.1
133.3
133.5
135.1
137.7
138.1
138.4
165.7

O

O

N
O

O
O

O

N
S

O
O

N+ N-

N+ N-

O

CD
Cl
3

60
65

70
75

80
85

90
(p

pm
)

76
.8

77
.0

77
.2

77
.4

77
.6

(p
pm

)

26

Figure S101: 13C NMR (125 MHz, CDCl3)
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Figure S102: COSY NMR (500 MHz, CDCl3)
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Figure S103: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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Figure S104: 1H NMR (500 MHz, CDCl3)

S131



-1
0

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

21
0

(p
pm
)

12
5 

M
H

z 
CD

Cl
3

19.4

27.1

59.4
60.6
62.5
65.6
68.6
69.2
71.4
72.0
72.7
73.7
73.8
75.1
77.2

87.0

93.9

125.8
125.9
126.1
126.6
127.7
127.8
127.9
128.0
128.0
128.1
128.1
128.3
128.4
128.5
128.6
128.8
129.2
129.2
129.5
129.9
129.9
130.0
132.8
133.1
133.1
133.2
133.3
133.4
133.6
135.2
135.7
135.7
137.8
138.5
165.7 O

O

N
O

O
O

O

N
S

O
O

N+ N-

N+ N-

O

S
i

C
H 3

C
H 3

C
H 3

CD
Cl
3

76
.8

77
.0

77
.2

77
.4

(p
pm

)
60

65
70

75
80

85
90

95
(p

pm
)

27

Figure S105: 13C NMR (125 MHz, CDCl3)

S132



0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

6.
0

6.
5

7.
0

7.
5

8.
0

8.
5

(p
pm

)

1 2 3 4 5 6 7 8

(ppm)

50
0 

M
H

z 
CO

SY
 C

D
Cl

3

Figure S106: COSY NMR (500 MHz, CDCl3)
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Figure S107: HSQC Multiplicity Edited NMR (500 MHz, CDCl3)
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