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1. General information

All commercial reagents were used without additional purification, unless otherwise stated.
Anhydrous solvents were purchased from commercial suppliers and transferred under an argon
atmosphere. NMR spectra were recorded on Bruker 400 MHz and Bruker DPX 500 MHz
spectrometer. Chemical shifts are reported in ppm from tetramethylsilane with the solvent
resonance resulting from incomplete deuterium incorporation as the internal standard (CDClz: 0
7.26 ppm, Methanol-ds: 3.31 ppm, D2O: 4.79 ppm). Data is reported as follows: chemical shift,
integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet,
dt = doublet of triplet, dd = double doublet, ddd = doublet of a double doublet), and coupling
constants (Hz). *C NMR spectra were recorded on Bruker 400 MHz and Bruker DPX 500 MHz
spectrometer with complete proton decoupling. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls: 6 77.20 ppm,
Methanol-ds: 49.00 ppm). 1°F NMR spectra were recorded on Bruker 400 MHz and Bruker DPX
500 MHz spectrometer with complete proton decoupling or proton coupling. LC-MS analysis
was performed on Shimadzu LCMS-2020. Further purification was performed on Shimadzu
LC-20AP. High-resolution mass spectrometric data (HRMS) was obtained using Agilent 7200
Q-TOF and Bruker MicroTOF-QII (APCI, or Electrospray ionization, ESI). UV/vis absorption
spectroscopic studies were performed on JASCO V-570 spectrophotometer. Cyclic voltammetry
studies were performed on Autolab PGSTAT302N. Protein glycosylation reactions were
performed on the Zinsser Analytic off-deck irradiation system with reaction positions irradiated
by Lumidox Il 96-LED arrays. Intact protein samples were analyzed on Waters Xevo G2-XS
QTof mass spectrometers equipped with a Waters Acquity UPLC. Separation was achieved using
a Thermo Scientific ProSwift RP-2H monolithic column (4.6 mm x 50 mm). UltiMate 3000
nanoUHPLC system (Thermo Fisher Scientific) coupled to an Orbitrap QExactive (Thermo
Fisher Scientific) was used for LC-MS/MS studies. Values for o/B, d.r. and crude yields of
products were determined by *H NMR, °F NMR and LC-MS analysis.

Solvents
N,N-Dimethylacetamide (anhydrous), N,N-dimethylformamide (anhydrous) and dimethyl
sulfoxide (anhydrous) were purchased from Sigma-Aldrich or Acros and used as received. All

purification procedures of products were carried out with reagent grade solvents.
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Materials
Unless otherwise noted, sugars and other commercial reagents were purchased from

Sigma-Aldrich, Alfa Aesar, BLDpharm or other commercial suppliers and were used as received.

2. Preparation of substrates

E NaSH (2.5 equiv.) SH
Fe A F M?tOH Fe AF
| s |

F”ONTF F7ONTF

According to a known procedure!, an open flask containing a solution of sodium hydrosulfide
hydrate (2.5 equiv., 730 mmol, 54.1 g) in methanol (100 mL) was immersed into a room
temperature water bath. Pentafluoropyridine (1.0 equiv., 292 mmol, 49.4 g) was added dropwise,
maintaining the reaction temperature below 30 °C. The resulting cloudy viscous solution was
stirred for 20 minutes at room temperature and volatile components were evaporated under
reduced pressure. The solid residue was carefully quenched with concentrated hydrochloric acid
(80 mL) (Caution: H»S evolution). The product was extracted with petroleum ether (1x70 mL
and 2x35 mL). The combined organic phases were evaporated under ambient pressure, and the
residue was distilled under vacuum collecting the fraction boiling at 70-72 °C (56 mbar) to
afford 51.5 g (96%) of 2,3,5,6-tetraflupropyridine-4-thiol as colorless fluid liquid, which
solidifies at room temperature. Colorless crystals, melting point: 27-29 °C.

2.1. Preparation of DMC and its analogues
General procedure A: preparation of 2-chloro-1,3-dimethylimidazolinium chloride (DMC) and
its analogues.

j\ oxalyl chloride )C\I
N . THF < ® .
< . NSNS

I

! ! r.t. to reflux, 10 h CI@

According to a known procedure?, under argon atmosphere, to a solution of the urea derivative
(1.0 equiv., 0.1 mol) in anhydrous THF (50 mL) was added oxalyl chloride (1.0 equiv., 0.1 mmol)
at room temperature during a time of 10 minutes. Then, the reaction mixture was stirred under
reflux for 10 hours. After cooling to room temperature, the precipitate was filtered and washed
with diethyl ether and dried in vacuo. (Note: quick action is needed because the products are

hygroscopic.)
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2.2. Preparation of S-glycosyl donors
Table S1. Scope of S-glycosyl donors

D-Glucose D-Glucose D-Glucose D-Glucose
HO
HO HO o F HO
o HO
HO X " e OH HO
o I\ s . OH
= Me
F
6, (58%) yield 7, (47%) yield 8, (66%) yield 9, (71%) yield
P <5:95 P <5:95 P <5:95 P <5:95
D-Glucose D-Galactose D-Mannose L-Rhamnose
OH F
HO OH
F HQ OH HO 0 N~ N
HO o s E 0 s E HO F |
HO A HO = S F ST F
o | on | N
FN F7ON | Me—~q F
N HO
F F HO
F OH
2, 85% (72%) yield $1, 25% (16%) yield S2, 68% (54%) yield $3, 68% (51%) yield
a:p < 5:95 o:p =10:90 o:p > 95:5 a:p>95:5
3 mmol scale: 65% (54%) yield
o =12:88
D-Allose D-Lyxose D-Xylose L-Glucose
OH
OH E HO fo) . F
HO QO s E HO F HO (o] F—7/ N
S F \
| A S oo F Ho,m/ X HO -
HO N \ oH |
ey N & 6o LT}
I F F HO OH F
F F HO
S4, 55% (40%) yield S5, 83% (66%) yield S6, 83% (62%) yield §7, 74% (59%) yield
o:p =9:91 wp >95:5 a:f =9:91 a:p =5:95
Maltose Cellobiose Lactose
OH
HO Q OH OH OH HO _OH OH
HO F F
HO o o] HO O o O g E O o O s
HO F HO by HO | \ HO by Ho | X
HO s F HO _N HO N
| F F
E _N F F
13, 44% (30%) yield S8, 58% (49%) yield S9, 53% (41%) yield
a:f>95:5 a:p <5:95 P <5:95
Melibiose Maltotriose GlcNAc
OH
HO _OH
HO 0
go Hogﬁ OH HO .
HO HO o O
HO O
HO Hogﬁ oH H()/g&s e F
F HO o 0 NHAe Ly
HO Q s F HO F F7N
HO \ HO
HO | & s F E
F7Y \
= N
$10, 70% (62%) yield ~ F S11, 66% (60%) yield ~ F $35, 88% (75%) yield
o:f =793 =955 F P <5:95

a:B ratio was determined by 'H NMR and LC-MS analysis, yield was determined by '®F-NMR analysis, isolated yield in parentheses
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General procedure B: synthesis of S-glycosyl donors 6-9.

DMC (4.0 equiv.)
Et3N (12.0 equiv)
H,0/1,4-dioxane (1:1)

oS0 0°C, 3 min o= s [
OH then RSH (5 equiv.) \@(
Et3N (5 equiv) X=C,orN
1,4-dioxane
0°C,2h
 anomer

Under air, a 4 mL vial was charged with a magnetic stirring bar, sugar (1.0 equiv., 0.2 mmol),
H20 (0.4 mL), 1,4-dioxane (0.4 mL) and EtsN (12.0 equiv. 2.4 mmol). The vial was transferred
to an ice water bath and cooled to 0 °C over 3 minutes with stirring. Then, DMC (4.0 equiv., 0.8
mmol) in H20 (0.2 mL) was added dropwise to the vial and the mixture was stirred for 3 minutes.
After that, a solution of the corresponding (hetero)aryl thiol (5.0 equiv., 1.0 mmol) and EtsN (5.0
equiv., 1.0 mmol) in 1,4-dioxane (0.2 mL) was added dropwise to the vial and the mixture was
stirred for 2 hours at 0 °C. Upon completion, all volatiles were directly removed by rotary
evaporator, and the residue was purified by silica gel flash column chromatography to give the
desired product (eluent: CHCIl3/MeOH = 15/1 ~ 5/1). (Note: 6-9 were further purified by reverse
phase preparative HPLC to remove EtsN «HCI impurity.)

General procedure C: synthesis of 2,3,5,6-tetrafluoro-4-pyridinethioglycosyl donors.

DMC (4.0 equiv.)
Et3N (12.0 equiv)
H,0/1,4-dioxane (1:1)

o F Ho%o' .
O 0°C, 3 min S~
HO, HO S P s F
or | A
N
F

OH then PyFSH (5 equiv.) | N
EtsN (5 equiv) F
1,4-dioxane F

0°C,2h
B anomer o anomer

Under air, a 4 mL vial was charged with a magnetic stirring bar, sugar (1.0 equiv., 0.2 mmol),
H20 (0.4 mL), 1,4-dioxane (0.4 mL) and EtsN (12.0 equiv., 2.4 mmol). The vial was transferred
to an ice water bath and cooled to 0 °C over 3 minutes with stirring. Then, DMC (4.0 equiv., 0.8
mmol) in H2O (0.2 mL) added dropwise to the vial and the mixture was stirred for 3 minutes.
After that, a solution of 2,3,5,6-tetrafluoropyridine-4-thiol (PyFSH) (5.0 equiv., 1.0 mmol) and
EtsN (5.0 equiv. 1.0 mmol) in 1,4-dioxane (0.2 mL) was dropwise added to the vial and the
mixture was stirred for 2 hours at 0 °C. Upon completion, all volatiles were directly removed by

rotary evaporator, the residue was purified by silica gel flash column chromatography to give the
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desired product (eluent: CHCIlz/MeOH = 15/1 ~ 5/1). (Note: 0.8 mL H>O was used for dissolving

lactose and cellobiose. 2 and S1-S7 were further purified by reverse phase preparative HPLC to

remove EtsN -HCI impurity.)

2.3. Preparation of glycosyl radical acceptors

Table S2. Scope of glycosyl radical acceptors

A

S$12

O Me , Bu
N
\Ao/\_/ WKLNHBoc

MeO,C O

S16

Me_ Me

9 o S
N-Shpp

P
-Pogt

S20 S21

CO,Et

AcO (C)A
OH C
0 (0] (o] ﬁ&
Oe' A, .
H H

s13 s14 s15
Me0,C Y\NHBOC \)L /g( QLOMS
Me 0 0
\)k QJ/ m \/\\3//\%
s18 s19

B~
Xx-P~¢ \/\OAC
s22 s23 s24 s25
=N =z
’\L/\r/'} L\Nr / Se._ BN Bn_s. A |
N cl Bn”" S 7 87N
s27 s28 S29 $30
7z ‘ AcO =
=
S X, AcO (o} |
~s7ON | Aco&ws\ N
M S X S N
O/ S S N AcO
$32 $33 s34

Acceptors S12-S183, S224, S24°, S25° S267, S30-S318, S32-S33°, S34%° are known compounds,
which were prepared according to the reported methods. Acceptors S19-S21, S23 and S27-S29

are commercially available substrates.
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3. Analytical data of substrates
2,3,5,6-Tetraflupropyridine-4-thiol (PyFSH):

SH
Feo o F
P
F”ON"F

The title compound was prepared according to a known procedure! and obtained by distillation
(Yield: 96%, 51.5 g).

'H NMR (400 MHz, Chloroform-d) & 4.14 (s, 1H); 3C NMR (101 MHz, Chloroform-d) & 144.67
—144.34 (m), 142.24 — 141.91 (m), 140.03 — 139.67 (m), 137.49 — 137.13 (m), 129.29 — 128.83
(m); °F NMR (377 MHz, Chloroform-d) & -90.88 — -91.10 (m, 2F), -139.71 — -139.96 (m, 2F).
NMR data is consistent with the literature report.*

2-Chloro-1,3-dimethylimidazolinium chloride (DMC):

cl cl®

N \(;\DI,Me
-/

Me.
The title compound was prepared according to the General procedure A from
1,3-dimethylimidazolidin-2-one (1.0 equiv., 0.1 mol), oxalyl chloride (1.0 equiv., 0.1 mol) and
THF (50 mL). The title compound was obtained by filtration as light brown solid (Yield: 71%,
11.93 g). This compound is also commercially available from Sigma-Aldrich.

'H NMR (400 MHz, DMSO-ds) & 3.16 (s, 4H), 2.59 (s, 6H); 13C NMR (101 MHz, DMSO-ds) &
161.58, 44.70, 31.36.

NMR data is consistent with the literature report.?

DMC analogue (3):

Cl

O
@ Cl

ea e

The title compound was prepared according to the General procedure A from

di(pyrrolidin-1-yl)methanone (1.0 equiv., 0.1 mol), oxalyl chloride (1.0 equiv., 0.1 mol) and THF

(50 mL). The title compound was obtained by filtration as brown solid (Yield: 68%, 15.10 g).
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'H NMR (400 MHz, DMSO-ds) & 3.29 — 3.20 (m, 8H), 1.77 — 1.68 (m, 8H); 1*C NMR (101 MHz,
DMSO-de) 6 159.94, 47.68, 25.14.
NMR data is consistent with the literature report.?
DMC analogue (4):
Cl

Me. &@,Me

NS N o

| I Cl

Me Me
The title compound was prepared according to the General procedure A from
1,1,3,3-tetramethylurea (1.0 equiv., 0.1 mol), oxalyl chloride (1.0 equiv., 0.1 mol) and THF (50
mL). The title compound was obtained by filtration as light brown solid (Yield: 75%, 12.75 g).
'H NMR (400 MHz, DMSO-ds) & 2.67 (s, 12H); *C NMR (101 MHz, DMSO-dg) & 164.35,
38.47.

NMR data is consistent with the literature report.?

(2R,3S,4S,5R,6S)-2-(Hydroxymethyl)-6-(pyridin-4-ylthio)tetrahydro-2H-pyran-3,4,5-triol

(6):

HO
HO O

HO/%/S AN

HO P

The title compound was prepared according to the General procedure B from D-glucose (1.0
equiv., 0.2 mmol), pyridine-4-thiol (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC
(4.0 equiv., 0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column

chromatography purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was
further purified by reverse phase preparative HPLC to remove EtsN«HCI impurity, and obtained

as white solid (Isolated yield: 58%, 31.7 mg, a:f3 < 5:95).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
nm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
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constant.

'H NMR (500 MHz, Methanol-ds) & 8.37 — 8.31 (m, 2H), 7.52 — 7.42 (m, 2H), 4.96 (d, J = 9.8
Hz, 1H), 3.91 (dd, J = 12.2, 2.2 Hz, 1H), 3.68 (dd, J = 12.2, 6.0 Hz, 1H), 3.51 — 3.44 (m, 2H),
3.40 — 3.34 (m, 2H); ©*C NMR (126 MHz, Methanol-ds) & 150.69, 149.47, 123.75, 86.33, 82.15,
79.63, 73.77, 71.24, 62.69.

[a]o®>: -89.6 (c = 1.0, MeOH).

(2S,3R,4S,5S,6R)-2-(Benzo[d]thiazol-2-ylthio)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,
5-triol (7):
HO

HO O s
HO/%/ YN

The title compound was prepared according to the General procedure B from D-glucose (1.0
equiv., 0.2 mmol), benzo[d]thiazole-2-thiol (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol),
DMC (4.0 equiv., 0.8 mmol), H.O/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column
chromatography purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was
further purified by reverse phase preparative HPLC to remove EtsNeHCI impurity, and obtained

as white solid (Isolated yield: 47%, 30.9 mg, a:p < 5:95).
Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.
'H NMR (500 MHz, Methanol-ds) § 7.92 — 7.88 (m, 1H), 7.84 (dt, J = 8.2, 0.9 Hz, 1H), 7.46
(ddd, J=8.3,7.2, 1.2 Hz, 1H), 7.37 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 5.19 (d, J = 9.7 Hz, 1H), 3.93
(dd, J = 12.3, 2.1 Hz, 1H), 3.76 (dd, J = 12.3, 4.9 Hz, 1H), 3.53 — 3.42 (m, 4H); 3C NMR (126
MHz, Methanol-ds) 6 166.79, 153.70, 136.73, 127.51, 126.01, 122.42, 122.35, 87.99, 82.46,
79.49, 73.88, 70.97, 62.49.
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[0]o%: -52.9 (C = 1.0, MeOH).

(2R,3S,4S,5R,65)-2-(Hydroxymethyl)-6-((2,3,5,6-tetrafluorophenyl)thio)tetrahydro-2H-pyr
an-3,4,5-triol (8):
HO

&& .
HO S F
HO

OH
F

F
The title compound was prepared according to the General procedure B from D-glucose (1.0
equiv., 0.2 mmol), 2,3,5,6-tetrafluorobenzenethiol (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4
mmol), DMC (4.0 equiv., 0.8 mmol), H.O/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash
column chromatography purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound

was further purified by reverse phase preparative HPLC to remove EtsNeHCI impurity, and

obtained as viscous gel (Isolated yield: 66%, 45.4 mg, a:f < 5:95).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-d) § 7.47 — 7.38 (m, 1H), 4.81 (d, J = 9.6 Hz, 1H), 3.74 (dd, J =
12.1, 2.3 Hz, 1H), 3.60 (dd, J = 12.1, 5.4 Hz, 1H), 3.41 — 3.33 (m, 2H), 3.28 (t, J = 9.0 Hz, 1H),
3.22 (ddd, J = 9.3, 5.4, 2.3 Hz, 1H); 3°C NMR (126 MHz, Methanol-ds) & 149.41 — 149.25 (m),
148.41 — 148.16 (m), 147.44 — 147.30 (m), 146.44 — 146.19 (m), 113.67 (t, J = 20.4 Hz), 107.78
(t, J = 23.5 Hz), 87.03 (d, J = 2.5 Hz), 82.23, 79.46, 75.39, 71.15, 62.54; 9F NMR (377 MHz,
Methanol-ds) & -134.82 — -134.99 (m, 2F), -140.80 — -141.02 (m, 2F).

[a]o®®: -69.3 (c = 1.0, MeOH).

(2R,3S,4S,5R,65)-2-(Hydroxymethyl)-6-(p-tolylthio)tetrahydro-2H-pyran-3,4,5-triol (9):
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HO

HO O S
HO/%/ \[ j
Me

HO

The title compound was prepared according to the General procedure B from D-glucose (1.0
equiv., 0.2 mmol), 4-methylbenzenethiol (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol),
DMC (4.0 equiv., 0.8 mmol), H2O/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column
chromatography purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was
further purified by reverse phase preparative HPLC to remove EtsNeHCI impurity, and obtained

as white solid (Isolated yield: 71%, 40.6 mg, a:f < 5:95).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H>0. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-ds) & 7.49 — 7.43 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 4.52 (d, J =
9.7 Hz, 1H), 3.86 (dd, J = 12.0, 1.7 Hz, 1H), 3.70 — 3.63 (m, 1H), 3.41 — 3.35 (m, 1H), 3.30 —
3.24 (m, 2H), 3.19 (dd, J = 9.8, 8.7 Hz, 1H), 2.30 (s, 3H); **C NMR (101 MHz, Methanol-d4) &
138.71, 133.46, 131.12, 130.50, 89.57, 81.93, 79.59, 73.62, 71.30, 62.84, 21.09.

[0]p?: -47.1 (c = 1.0, MeOH).

(2R,3S,4S,5R,65)-2-(Hydroxymethyl)-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-3
,4,5-triol (2):
HO

o s
HO S F
HO | N
OH . _N
F

The title compound was prepared according to the General procedure C from D-glucose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
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0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by

reverse phase preparative HPLC to remove EtsNeHCI impurity, and obtained as white solid (*°F

NMR vyield: 85%; isolated yield: 72%, 49.7 mg, a: < 5:95).

3 mmol scale reaction: Under air atmosphere, to a 50 mL round-bottom flask was charged with a
magnetic stirring bar, sugar (1.0 equiv., 3.0 mmol), H2O (6.0 mL), 1,4-dioxane (6.0 mL) and
EtsN (12.0 equiv., 36.0 mmol) were added. The mixture was transferred to ice water bath and
cold for 3 minutes. Then, DMC (4.0 equiv., 12.0 mmol) in H>O (3.0 mL) was dropwise added to
the pre-stirred sugar solution and kept stirring for 3 minutes. After that, a solution of PyFSH (5.0
equiv., 15.0 mmol) and EtsN (5.0 equiv., 15.0 mmol) in 1,4-dioxane (3.0 mL) was dropwise
added to the mixture and kept stirring for 2 hours. Upon completion, all volatiles were directly
removed by rotary evaporator, and the residue was purified by silica gel flash column
chromatography (eluent: CHClz/MeOH = 15/1 to 5/1) to give the desired product with EtsNeHCI

impurity, which was further purified by reverse phase preparative HPLC to give the title
compound as white solid (*°F NMR yield: 65%; isolated yield: 54%, 559 mg, o:p = 12:88).
Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (500 MHz, Deuterium Oxide) & 5.15 (d, J = 9.8 Hz, 1H, anomeric H), 3.83 (dd, J =
12.5, 2.1 Hz, 1H), 3.66 (dd, J = 12.5, 5.4 Hz, 1H), 3.55 (t, J = 8.7 Hz, 1H), 3.49 — 3.41 (m, 3H);
13C NMR (126 MHz, Deuterium Oxide) & 144.45 — 144.18 (m), 143.03 — 1442.76 (m), 142.51 —
142.25 (m), 141.00 — 140.73 (m), 127.27 — 126.95 (m), 84.64 (t, J = 3.2 Hz), 80.23, 77.03, 72.96,
69.16, 60.48; F NMR (377 MHz, Deuterium Oxide) & -92.46 — -92.78 (m, 2F), -136.24 —
-136.50 (m, 2F); HRMS (ESI) m/z calcd for C11H1:F4ANNaOsS [(M+Na)*]: 368.0186, found:
368.0181.

[0]p?: -61.9 (c = 1.0, MeOH).
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(2R,3R,4S,5R,6S)-2-(Hydroxymethyl)-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-
3,4,5-triol (S1):
HO _OH

S F
S F
HO S
OH AN
F

The title compound was prepared according to the General procedure C from D-galactose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsN«HCI impurity, and obtained as viscous gel (*°F NMR yield:
25%; isolated yield: 16%, 11.0 mg, a:3 = 10:90).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H>0. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-d4) § 5.13 (d, J = 9.6 Hz, 1H, anomeric H), 3.89 (dd, J=3.4, 1.1
Hz, 1H), 3.68 (t, J = 9.4 Hz, 1H), 3.64 — 3.60 (m, 2H), 3.59 — 3.55 (m, 1H), 3.53 (dd, J = 9.2, 3.4
Hz, 1H); 13C NMR (126 MHz, Methanol-ds) § 145.73 — 145.45 (m), 143.95 — 143.67 (m), 143.64
— 143.52 (m), 141.92 — 141.65 (m), 130.30 — 129.97 (m), 85.58 (t, J = 4.1 Hz), 81.32, 76.07,
72.59, 70.39, 62.34; °F NMR (377 MHz, Methanol-ds) § -94.75 — -94.99 (m, 2F), -139.08 —
-139.37 (m, 2F); HRMS (ESI) m/z calcd for C11H11FaNNaOsS [(M+Na)*]: 368.0186, found:
368.0184.

[a]o®®: -96.2 (c = 1.0, MeOH).

(2R,3S,4S,5S,6R)-2-(Hydroxymethyl)-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-3

,4,5-triol (S2):
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The title compound was prepared according to the General procedure C from D-mannose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsNeHCI impurity, and obtained as white solid (**F NMR vyield:

68%; isolated yield: 54%, 37.3 mg, a:p > 95:5).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (500 MHz, Methanol-d4) § 5.87 (d, J = 1.4 Hz, 1H, anomeric H), 4.10 (dd, J=3.5, 1.5
Hz, 1H), 3.84 — 3.79 (m, 2H), 3.72 (dd, J = 12.1, 2.3 Hz, 1H), 3.66 (t, J = 9.6 Hz, 1H), 3.59 (dd,
J =121, 6.4 Hz, 1H); *C NMR (126 MHz, Methanol-ds) & 145.92 — 145.64 (m), 145.24 —
144.96 (m), 143.98 — 143.69 (m), 143.21 — 142.93 (m), 128.32 — 127.99 (m), 87.99 (t, J = 3.2
Hz), 77.04, 72.75, 72.66, 68.39, 62.29; °F NMR (377 MHz, Methanol-ds) & -93.63 — -93.87 (m,
2F), -137.58 — -137.80 (m, 2F); HRMS (ESI) m/z calcd for Ci1H11FsaNNaOsS [(M+Na)*]:
368.0186, found: 368.0187.

[0]p?®: +249.3 (¢ = 1.0, MeOH).

(2S,3R,4R,5R,6S)-2-Methyl-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-3,4,5-triol
(S3):
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The title compound was prepared according to the General procedure C from L-rhamnose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsN<HCI impurity, and obtained as viscous gel (*°F NMR yield:
68%; isolated yield: 51%, 33.6 mg, a:p > 95:5).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-ds) § 5.73 (s, 1H, anomeric H), 4.11 (dd, J = 3.5, 1.5 Hz, 1H),
3.91 (dg, J =9.2, 6.2 Hz, 1H), 3.75 (dd, J = 9.4, 3.5 Hz, 1H), 3.47 (t, J = 9.4 Hz, 1H), 1.18 (d, J
= 6.2 Hz, 3H); 3C NMR (126 MHz, Methanol-ds) & 145.91 — 145.63 (m), 145.12 — 144.85 (m),
143.96 — 143.69 (m), 143.09 — 142.81 (m), 129.02 — 128.69 (m), 88.92 (t, J = 3.1 Hz), 73.53,
73.13, 72.47, 72.31, 17.71; *°F NMR (377 MHz, Methanol-ds) & -93.44 — -93.62 (m, 2F), -137.83
—-138.07 (m, 2F); HRMS (ESI) m/z calcd for C11H11FaNO4S [M*]: 329.0345, found: 329.0351.
[a]p?: -300.0 (¢ = 1.0, MeOH).

(2R,3S,4R,5R,6S)-2-(Hydroxymethyl)-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-
3,4,5-triol (S4):
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The title compound was prepared according to the General procedure C from D-allose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsNeHCI impurity, and obtained as viscous gel (**F NMR yield:
55%; isolated yield: 40%, 27.6 mg, a:p = 9:91).
Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.
'H NMR (400 MHz, Methanol-ds) & 5.54 (d, J = 9.7 Hz, 1H, anomeric H), 4.09 (t, J = 3.0 Hz,
1H), 3.75 (dd, J = 11.9, 2.2 Hz, 1H), 3.65 (ddd, J = 9.9, 5.8, 2.1 Hz, 1H), 3.59 — 3.54 (m, 1H),
3.54 — 3.48 (m, 2H); °C NMR (126 MHz, Methanol-ds) & 145.77 — 145.49 (m), 143.88 — 143.70
(m), 143.70 — 143.57 (m), 141.85 — 141.58 (m), 130.69 — 130.40 (m), 82.24 (t, J = 4.4 Hz), 78.50,
73.19, 72.95, 68.53, 62.77; 1°F NMR (377 MHz, Methanol-ds) & -95.04 — -95.22 (m, 2F), -139.52
—-139.89 (m, 2F); HRMS (ESI) m/z calcd for C1:H11FsNNaOsS [(M+Na)*]: 368.0186, found:
368.0171.
[a]p®: +30.3 (¢ = 1.0, MeOH).

(2R,3S,4S,5R)-2-((Perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-3,4,5-triol (S5):
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The title compound was prepared according to the General procedure C from D-lyxose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsN«HCI impurity, and obtained as viscous gel (*°F NMR yield:

83%; isolated yield: 66%, 41.6 mg, a:p > 95:5).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-d4) § 5.65 (d, J = 5.0 Hz, 1H, anomeric H), 3.99 (dd, J =5.1, 2.2
Hz, 1H), 3.85 — 3.80 (m, 2H), 3.78 — 3.67 (m, 2H); *C NMR (126 MHz, Methanol-ds) 5 145.84
— 14556 (m), 144.64 — 144.36 (m), 143.90 — 143.62 (m), 142.61 — 142.33 (m), 129.58 — 129.27
(m), 86.85, 72.48, 71.73, 69.11, 67.07; °F NMR (377 MHz, Methanol-ds) & -93.94 — -94.16 (m,
2F), -138.27 — -138.68 (m, 2F).

[a]o®®: +176.4 (¢ = 1.0, MeOH).

(2R,3R,4R,55)-2-(Hydroxymethyl)-5-((perfluoropyridin-4-yl)thio)tetrahydrofuran-3,4-diol
(S6):

o F
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The title compound was prepared according to the General procedure C from D-xylose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtzN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsN<HCI impurity, and obtained as viscous gel (*°F NMR yield:
83%; isolated yield: 62%, 39.0 mg, a:pf = 9:91).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-d4) & 5.13 (d, J = 8.0 Hz, 1H, anomeric H), 3.98 (dd, J = 11.5,
4.9 Hz, 1H), 3.61 — 3.51 (m, 1H), 3.47 — 3.36 (m, 2H), 3.28 (dd, J = 11.5, 9.4 Hz, 1H); 3C NMR
(126 MHz, Methanol-ds) & 145.75 — 145.48 (m), 144.16 — 143.88 (m), 143.82 — 143.54 (m),
142.13 — 141.85 (m), 130.19 — 129.90 (m), 86.47 (t, J = 3.7 Hz), 78.09, 75.14, 70.66, 70.03; 1°F
NMR (377 MHz, Methanol-ds) & -94.15 — -94.51 (m, 2F), -137.97 — -139.05 (m, 2F); HRMS
(ESI) m/z calcd for C10H9F4sNNaOs4S [(M+Na)*]: 338.0081, found: 338.0079.

[a]o®®: -74.1 (c = 1.0, MeOH).

(2S,3R,4R,5S,6S)-2-(Hydroxymethyl)-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-3
,4,5-triol (S7):

F
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The title compound was prepared according to the General procedure C from L-glucose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
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purification (eluent: CHCIs/MeOH = 15/1 ~ 5/1), the title compound was further purified by
preparative HPLC to remove EtsN<HCI impurity, and obtained as viscous gel (*°F NMR yield:
74%; isolated yield: 59%, 40.7 mg, a:p = 5:95).

Reverse phase details: Column information: Shim-pack GIST, 5 um C18 column, 20 mm x 250
mm. Flow rate = 10 mL/min. Temperature = 25°C. Solvents used for the eluents were MeCN and
H20. The eluent was kept constant at 5% MeCN for 5 min, then raised from 5% MeCN to 15%
MeCN and kept constant at 15% MeCN for 10 min, then raised from 15% MeCN to 25% MeCN
and kept constant at 25% MeCN for 5 min, then raised from 25% MeCN to 95% MeCN and kept
constant at 95% MeCN for 5 min. The product was generally eluted at 15% ~ 25% MeCN
constant.

'H NMR (400 MHz, Methanol-ds) § 5.18 (d, J = 9.5 Hz, 1H, anomeric H), 3.77 (dd, J = 12.2,
1.5 Hz, 1H), 3.61 — 3.54 (m, 1H), 3.44 — 3.38 (m, 1H), 3.37 — 3.31 (m, 3H); *3C NMR (126 MHz,
Methanol-ds) § 145.76 — 145.48 (m), 143.89 — 143.69 (m), 143.67 — 143.55 (m), 141.86 — 141.58
(m), 130.18 — 129.90 (m), 84.91 (t, J = 4.3 Hz), 82.61, 79.49, 75.61, 71.24, 62.51; °F NMR (377
MHz, Methanol-ds) 6 -94.74 — -94.97 (m, 2F), -139.30 — -139.58 (m, 2F); HRMS (ESI) m/z
calcd for C11H1:F4aNNaOsS [(M+Na)*]: 368.0186, found: 368.0187.

[0]p?: +24.4 (¢ = 1.0, MeOH).

(2R,3R,4S,55,6R)-2-(((2R,3S,4R,5R,6R)-4,5-Dihydroxy-2-(hydroxymethyl)-6-((perfluoropyri
din-4-yl)thio)tetrahydro-2H-pyran-3-yl)oxy)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-
triol (13):
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The title compound was prepared according to the General procedure C from maltose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
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purification (eluent: CHCIlz/MeOH = 15/1 ~ 3/1), the title compound was obtained as viscous gel
(**F NMR vyield: 44%; isolated yield: 30%, 30.4 mg, a:p > 95:5).

'H NMR (500 MHz, Methanol-ds) § 5.21 (d, J = 4.7 Hz, 1H), 5.20 (d, J = 1.2 Hz, 1H, anomeric
H), 3.85 -3.81 (m, 1H), 3.79 — 3.72 (m, 2H), 3.72 — 3.59 (m, 5H), 3.48 — 3.42 (m, 2H), 3.42 —
3.38 (m, 1H), 3.26 (t, J = 9.3 Hz, 1H); 3C NMR (126 MHz, Methanol-ds) & 145.73, — 145.46
(m), 143.84 — 143.75 (m), 143.69 — 143.53 (m), 141.81 — 141.53 (m), 130.13 — 129.84 (m),
102.72, 84.95 (t, J = 4.1 Hz), 81.08, 80.37, 79.16, 75.19, 74.93, 74.73, 74.03, 71.51, 62.60, 61.87;
¢ NMR (377 MHz, Methanol-ds) § -93.81 — -95.57 (m, 2F), -138.26 — -140.22 (m, 2F); HRMS
(ESI) m/z calcd for C17H22FsNO10S [(M+H)*]: 508.0895, found: 508.0894.

[0]p?: +12.6 (¢ = 1.0, MeOH).

(2S,3R,4S,55,6R)-2-(((2R,3S,4R,5R,6S)-4,5-Dihydroxy-2-(hydroxymethyl)-6-((perfluoropyri
din-4-yl)thio)tetrahydro-2H-pyran-3-yl)oxy)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-
triol (S8):
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The title compound was prepared according to the General procedure C from cellobiose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (1.0 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIls/MeOH = 15/1 ~ 3/1), the title compound was obtained as viscous gel
(**F NMR vyield: 58%; isolated yield: 49%, 49.7 mg, a:p < 5:95).

'H NMR (500 MHz, Methanol-ds) § 5.20 (d, J = 9.8 Hz, 1H, anomeric H), 4.42 (d, J = 7.8 Hz,
1H), 3.89 (dd, J = 11.9, 2.3 Hz, 1H), 3.80 — 3.75 (m, 2H), 3.67 (dd, J = 11.9, 5.8 Hz, 1H), 3.63 (t,
J=19.1Hz, 1H), 3.58 (t, J = 8.6 Hz, 1H), 3.46 (dt, J = 9.5, 3.3 Hz, 1H), 3.44 — 3.40 (m, 1H), 3.37
(dd, J = 9.1, 4.5 Hz, 2H), 3.33 — 3.31 (m, 1H), 3.23 (dd, J = 9.2, 7.8 Hz, 1H); *3C NMR (126
MHz, Methanol-ds) & 145.73 — 145.47 (m), 143.86 — 143.75 (m), 143.67 — 143.54 (m), 141.83 -
141.56 (m), 130.10 — 129.82 (m), 104.43, 84.81 (t, J = 4.1 Hz), 81.06, 79.87, 78.04, 77.69, 75.37,
74.84,71.33, 62.33, 61.51; °F NMR (377 MHz, Methanol-ds) & -94.49 — -95.05 (m, 2F), -139.13

— -139.48 (m, 2F); HRMS (ESI) m/z calcd for Ci7H22FaNO10S [(M+H)*]: 508.0895, found:
S19




508.0898.
[0]o%: -50.2 (C = 1.0, MeOH).

(2S,3R,4S,5R,6R)-2-(((2R,3S,4R,5R,6S)-4,5-Dihydroxy-2-(hydroxymethyl)-6-((perfluoropyri
din-4-yl)thio)tetrahydro-2H-pyran-3-yl)oxy)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-
triol (S9):
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The title compound was prepared according to the General procedure C from lactose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (1.0 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIlz/MeOH = 15/1 ~ 3/1), the title compound was obtained as viscous gel
(**F NMR vyield: 53%; isolated yield: 41%, 41.5 mg, a:p < 5:95).

H NMR (500 MHz, Methanol-ds) § 5.21 (d, J = 9.7 Hz, 1H, anomeric H), 4.37 (d, J = 7.4 Hz,
1H), 3.83 (dd, J = 3.2, 1.0 Hz, 1H), 3.81 - 3.75 (m, 3H), 3.72 (dd, J = 11.5, 4.5 Hz, 1H), 3.66 —
3.58 (m, 3H), 3.57 — 3.49 (m, 2H), 3.47 (dt, J = 9.3, 3.4 Hz, 1H), 3.42 (t, J = 9.0 Hz, 1H); *C
NMR (126 MHz, Methanol-ds) 6 145.74 — 145.47 (m), 143.88 — 143.79 (m), 143.68 — 143.54
(m), 141.85 — 141.57 (m), 130.09 — 129.80 (m), 104.98, 84.82 (t, J = 4.1 Hz), 81.04, 79.99, 77.69,
77.04, 75.31, 74.65, 72.44, 70.31, 62.52, 61.59; °F NMR (377 MHz, Methanol-ds) & -94.49 —
-94.84 (m, 2F), -139.08 — -139.47 (m, 2F); HRMS (ESI) m/z calcd for C17H22F4NO10S [(M+H)*]:
508.0895, found: 508.0894.

[0]p?: -32.1 (c = 1.0, MeOH).

(2R,3R,4S,5R,6S)-2-(Hydroxymethyl)-6-(((2R,3S,4S,5R,6S)-3,4,5-trihydroxy-6-((perfluoropy
ridin-4-yl)thio)tetrahydro-2H-pyran-2-yl)methoxy)tetrahydro-2H-pyran-3,4,5-triol (S10):
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The title compound was prepared according to the General procedure C from melibiose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIlz/MeOH = 15/1 ~ 3/1), the title compound was obtained as viscous gel
(**F NMR vyield: 70%; isolated yield: 62%, 62.8 mg, a:p = 7:93).

'H NMR (500 MHz, Methanol-ds) & 5.16 (d, J = 9.7 Hz, 1H, anomeric H), 4.77 (d, J = 3.8 Hz,
1H), 3.86 — 3.81 (m, 2H), 3.70 (ddd, J = 18.1, 10.6, 2.9 Hz, 2H), 3.63 — 3.60 (m, 3H), 3.55 (ddd,
J=19.9, 5.8, 2.0 Hz, 1H), 3.44 (t, J = 8.8 Hz, 1H), 3.40 — 3.33 (m, 3H); *C NMR (126 MHz,
Methanol-ds) 6 145.71— 145.45 (m), 144.04 — 143.77 (m), 143.77 — 143.51 (m), 142.01 — 141.74
(m), 129.95 — 129.67 (m), 100.04, 85.31 (t, J = 3.8 Hz), 80.84, 79.32, 75.36, 72.00, 71.36, 71.30,
70.95, 70.14, 67.93, 62.54; °F NMR (377 MHz, Methanol-ds) & -93.86 — -94.39 (m, 2F), -138.28
— -139.41 (m, 2F); HRMS (ESI) m/z calcd for Ci7H2FsNO10S [(M+H)*]: 508.0895, found:
508.0898.

[0]p?: +46.9 (¢ = 1.0, MeOH).

(2R,3R,4S,5S,6R)-2-(((2R,3S,4R,5R,6R)-6-(((2R,3S,4R,5R,6R)-4,5-Dihydroxy-2-(hydroxymet
hy)-6-((perfluoropyridin-4-yl)thio)tetrahydro-2H-pyran-3-yl)oxy)-4,5-dihydroxy-2-(hydrox
ymethyl)tetrahydro-2H-pyran-3-yl)oxy)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol
(S11):
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The title compound was prepared according to the General procedure C from maltotriose (1.0
equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol), EtsN (17.0 equiv., 3.4 mmol), DMC (4.0 equiv.,
0.8 mmol), H20/1,4-dioxane (0.6 mL/0.6 mL). After silica gel flash column chromatography
purification (eluent: CHCIlz/MeOH = 15/1 ~ 2/1), the title compound was obtained as viscous gel
(**F NMR vyield: 66%; isolated yield: 60%, 80.3 mg, a:p = 95:5).

H NMR (500 MHz, Methanol-ds) § 5.21 (d, J = 1.4 Hz, 1H, anomeric H), 5.20 (d, J = 4.4 Hz,
1H), 5.15 (d, J = 3.9 Hz, 1H), 3.88 — 3.78 (m, 4H), 3.77 — 3.65 (m, 6H), 3.61 (td, J = 9.3, 8.0 Hz,
2H), 3.53 — 3.48 (m, 2H), 3.45 (ddd, J = 11.5, 9.8, 5.8 Hz, 2H), 3.40 (t, J = 9.1 Hz, 1H), 3.27 (t, J
= 9.3 Hz, 1H); 3C NMR (126 MHz, Methanol-ds) & 145.75 — 145.47 (m), 143.87 — 143.68 (m),
143.67 — 143.54 (m), 141.84 — 141.56 (m), 129.96 — 129.82 (m), 102.89, 102.51, 84.95 (t, J = 4.1
Hz), 81.31, 81.08, 80.37, 79.15, 75.22, 74.99, 74.88, 74.73, 74.14, 73.67, 73.30, 71.49, 62.64,
62.00, 61.95; 1°F NMR (377 MHz, Methanol-ds) & -94.50 — -94.83 (m, 2F), -139.02 — -139.42 (m,
2F); HRMS (ESI) m/z calcd for C23sH3z1FaNNaO1sS [(M+Na)*]: 692.1243, found: 692.1245.
[0]p?: +91.2 (¢ = 1.0, MeOH).

N-((2S,3R,4R,5S,6R)-4,5-Dihydroxy-6-(hydroxymethyl)-2-((perfluoropyridin-4-yl)thio)tetra
hydro-2H-pyran-3-yl)acetamide (S35):
HO

&@v !
HO E
HO S N
NHAc || N
F
F

The title compound was prepared according to the General procedure C with slight

modification, from N-Acetylglucosamine (1.0 equiv., 0.2 mmol), PyFSH (5.0 equiv., 1.0 mmol),
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EtsN (10.0 equiv., 2.0 mmol), DMC (4.0 equiv., 0.8 mmol), H>0/1,4-dioxane (0.6 mL/0.6 mL).
After silica gel flash column chromatography purification (eluent: CHCls/MeOH = 15/1 ~ 5/1),

the obtained compound was further washed with small amount of water to remove soluble EtzNe

HCI impurity, and pure compound was obtained by filtration as white solid (**F NMR vyield: 88%;
isolated yield: 75%, 57.9 mg, a:p < 5:95).

H NMR (400 MHz, Methanol-ds) & 5.29 (d, J = 10.3 Hz, 1H, anomeric H), 3.85 (t, J = 10.0 Hz,
1H), 3.79 (dd, J = 12.2, 2.1 Hz, 1H), 3.60 (dd, J = 12.2, 5.8 Hz, 1H), 3.51 (dd, J = 9.8, 8.4 Hz,
1H), 3.35 (dd, J = 9.8, 8.3 Hz, 1H), 3.30 — 3.26 (m, 1H), 2.00 (s, 3H); *C NMR (101 MHz,
Methanol-ds) 6 173.75, 146.09 — 145.73 (m), 144.34 — 143.99 (m), 143.68 — 143.29 (m), 141.80
—141.46 (m), 129.93 — 129.52 (m), 84.81 (t, J = 4.1 Hz), 82.70, 76.86, 71.67, 62.60, 56.95, 22.82;
F NMR (376 MHz, Methanol-ds) & -94.42 — -94.68 (m, 2F), -139.07 — -139.31 (m, 2F); HRMS
(ESI) m/z calcd for C13H14FsN2NaOsS [(M+Na)*]: 409.0452, found: 409.0458.

(5S,8R,9S,10S,13S,17S)-10,13-Dimethyl-3-oxohexadecahydro-1H-cyclopenta[a]phenanthre
n-17-yl acrylate (S12):

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®

H NMR (400 MHz, Chloroform-d) & 6.37 (dd, J = 17.4, 1.6 Hz, 1H), 6.11 (dd, J = 17.3, 10.4 Hz,
1H), 5.79 (dd, J = 10.4, 1.6 Hz, 1H), 4.67 (dd, J = 9.2, 7.7 Hz, 1H), 2.43 — 2.24 (m, 3H), 2.23 —
2.14 (m, 1H), 2.08 (ddd, J = 15.1, 4.0, 2.1 Hz, 1H), 2.01 (ddd, J = 13.2, 6.5, 2.4 Hz, 1H), 1.80 —
1.68 (m, 2H), 1.67 — 1.59 (m, 2H), 1.57 — 1.44 (m, 3H), 1.40 — 1.26 (m, 5H), 1.19 (td, J = 12.9,
4.1 Hz, 1H), 1.12 — 1.04 (m, 1H), 1.01 (s, 3H), 0.93 (tt, J = 12.2, 6.1 Hz, 1H), 0.83 (s, 3H), 0.80
—0.71 (m, 1H); 3C NMR (126 MHz, Chloroform-d) § 212.08, 166.43, 130.36, 129.04, 82.98,
53.89, 50.78, 46.78, 44.82, 43.03, 38.66, 38.28, 37.04, 35.89, 35.36, 31.40, 28.94, 27.74, 23.75,
21.09, 12.34, 11.65.

(8R,9S,13S,14S)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopentala]p

henanthren-3-yl acrylate (S13):
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The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®

H NMR (400 MHz, Chloroform-d) & 7.30 (d, J = 8.4 Hz, 1H), 6.93 — 6.84 (m, 2H), 6.59 (dd, J =
17.3, 1.3 Hz, 1H), 6.31 (dd, J = 17.3, 10.4 Hz, 1H), 6.00 (dd, J = 10.4, 1.3 Hz, 1H), 2.96 — 2.87
(m, 2H), 2.57 — 2.46 (m, 1H), 2.45 — 2.36 (m, 1H), 2.35 - 2.24 (m, 1H), 2.15 (dt, J = 18.5, 8.6 Hz,
1H), 2.09 — 1.94 (m, 3H), 1.67 — 1.58 (m, 3H), 1.54 — 1.41 (m, 3H), 0.91 (s, 3H); 1*C NMR (126
MHz, Chloroform-d) 3 220.97, 165.02, 148.62, 138.20, 137.61, 132.58, 128.18, 126.59, 121.69,
118.86, 50.60, 48.12, 44.33, 38.17, 36.03, 31.72, 29.57, 26.51, 25.92, 21.76, 14.00.

Ethyl 5-acrylamido-2-hydroxybenzoate (S14):

CO,Et
OH

\)K”

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®

'H NMR (400 MHz, Chloroform-d) & 10.73 (br., 1H), 8.11 (d, J = 2.7 Hz, 1H), 7.58 (dd, J = 9.0,
2.7 Hz, 1H), 7.43 (s, 1H), 6.94 (d, J = 8.9 Hz, 1H), 6.43 (d, J = 16.8 Hz, 1H), 6.23 (dd, J = 16.9,
10.2 Hz, 1H), 5.76 (d, J = 10.2 Hz, 1H), 4.39 (q, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H); °C
NMR (101 MHz, Chloroform-d) 6 169.97, 163.77, 158.90, 131.03, 129.39, 128.78, 128.04,
121.84,118.17, 112.59, 61.86, 14.36.

(2R,3R,4S,5R,6R)-2-(Acetoxymethyl)-6-acrylamidotetrahydro-2H-pyran-3,4,5-triyl
triacetate (S15):

AcO OAc
(0] f&‘ Ohe
O
\)QCO

N
H
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The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.’

'H NMR (400 MHz, Chloroform-d) & 6.71 (d, J = 9.3 Hz, 1H), 6.26 (dd, J = 17.1, 1.1 Hz, 1H),
6.03 (dd, J = 17.0, 10.4 Hz, 1H), 5.69 (dd, J = 10.3, 1.1 Hz, 1H), 5.30 (g, J = 9.7 Hz, 2H), 5.02 (t,
J=9.7 Hz, 1H), 4.92 (t, J = 9.6 Hz, 1H), 4.27 (dd, J = 12.5, 4.4 Hz, 1H), 4.04 (dd, J = 12.5, 2.1
Hz, 1H), 3.82 (ddd, J = 10.2, 4.5, 2.2 Hz, 1H), 2.02 (s, 3H), 1.98 (d, J = 1.5 Hz, 6H), 1.97 (s, 3H);
13C NMR (101 MHz, Chloroform-d) & 171.04, 170.71, 169.94, 169.68, 165.64, 130.12, 128.59,
78.37,73.67, 72.86, 70.74, 68.27, 61.80, 20.76, 20.68, 20.63, 20.61.

Methyl O-acryloyl-N-((tert-butoxycarbonyl)-D-leucyl)-L-threoninate (S16):

O Me H iBu
~__N
NN N NHBoc
MeOZC o

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®

IH NMR (400 MHz, Chloroform-d) & 6.79 (d, J = 9.4 Hz, 1H), 6.40 (d, J = 17.3 Hz, 1H), 6.06
(ddd, J = 17.3, 10.4, 1.0 Hz, 1H), 5.84 (dt, J = 10.4, 1.2 Hz, 1H), 5.48 (qd, J = 6.4, 2.7 Hz, 1H),
4.92 (s, 1H), 4.80 (dd, J = 9.3, 2.7 Hz, 1H), 4.21 — 4.10 (m, 1H), 3.70 (s, 3H), 1.75 — 1.63 (m,
2H), 1.54 — 1.46 (m, 1H), 1.42 (s, 9H), 1.27 (d, J = 6.4 Hz, 3H), 0.94 (t, J = 6.4 Hz, 6H); 13C
NMR (101 MHz, Chloroform-d) 6 173.12, 170.05, 165.02, 155.89, 131.82, 128.04, 80.35, 70.88,
55.48, 53.29, 52.84, 40.79, 28.44, 24.85, 23.02, 22.20, 16.95.

4-((S)-2-((S)-2-((tert-Butoxycarbonyl)amino)-4-methylpentanamido)-3-methoxy-3-oxopropy
l)phenyl acrylate (S17):

H Bu
MeO,C Nf
NHBoc
@]
0O

S

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®
!H NMR (400 MHz, Chloroform-d) & 7.15 — 7.11 (m, 2H), 7.07 — 7.03 (m, 2H), 6.62 — 6.53 (m,
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2H), 6.30 (dd, J = 17.3, 10.4 Hz, 1H), 6.00 (dd, J = 10.4, 1.3 Hz, 1H), 4.84 (dt, J = 7.8, 5.9 Hz,
2H), 4.13 — 4.02 (m, 1H), 3.70 (s, 3H), 3.18 — 3.04 (m, 2H), 1.68 — 1.57 (m, 2H), 1.43 (s, 10H),
0.91 (dd, J = 6.3, 5.1 Hz, 6H); 3C NMR (101 MHz, Chloroform-d) § 172.37, 171.72, 164.59,
155.67, 149.83, 133.64, 132.69, 130.51, 128.09, 121.74, 80.25, 53.25, 52.51, 41.24, 37.52, 28.44,
24.86, 23.04, 22.08.

Methyl acryloyl-L-phenylalanyl-L-leucinate (S18):

o PhH o
\)J\N/(WN\.)J\OMe
H (0] : Me
g
Me

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®

H NMR (400 MHz, Chloroform-d) § 7.21 — 7.09 (m, 5H), 6.92 (d, J = 8.1 Hz, 1H), 6.87 (d, J =
7.9 Hz, 1H), 6.19 (dd, J = 17.0, 1.6 Hz, 1H), 6.06 (dd, J = 17.0, 10.1 Hz, 1H), 5.55 (dd, J = 10.1,
1.7 Hz, 1H), 4.85 (q, J = 6.9 Hz, 1H), 4.45 (td, J = 8.3, 5.3 Hz, 1H), 3.63 (s, 3H), 3.09 — 2.95 (m,
2H), 1.57 — 1.35 (m, 3H), 0.79 (d, J = 6.2 Hz, 6H); 3C NMR (101 MHz, Chloroform-d) & 172.90,
171.38, 165.54, 136.66, 130.59, 129.59, 128.61, 127.17, 127.01, 54.49, 52.37, 51.14, 41.26,
38.62, 24.87, 22.79, 22.03.

(6bR,9aS)-6b,9a-Dimethyl-8-vinyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]dioxaborole (S22):

we J
oI

\/é\o Me

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.*

'H NMR (400 MHz, Chloroform-d) & 7.80 (dd, J = 7.7, 1.3 Hz, 2H), 7.64 — 7.56 (m, 4H), 6.19 —
6.10 (m, 1H), 5.98 (dd, J = 13.8, 4.2 Hz, 1H), 5.87 — 5.78 (m, 1H), 1.83 (s, 6H); 3C NMR (101
MHz, Chloroform-d) & 144.84, 137.49, 134.87, 131.52, 128.64, 125.45, 119.65, 92.10, 22.25.
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(4-Methylenecyclohexyl)benzene (S24):

.,

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.

IH NMR (400 MHz, Chloroform-d) & 7.40 — 7.33 (m, 2H), 7.31 — 7.22 (m, 3H), 4.76 (dd, J = 3.6,
1.8 Hz, 2H), 2.75 (tt, J = 12.2, 3.1 Hz, 1H), 2.53 — 2.48 (m, 2H), 2.34 — 2.21 (m, 2H), 2.11 — 2.01
(m, 2H), 1.68 — 1.56 (m, 2H); *C NMR (101 MHz, Chloroform-d) § 148.98, 147.03, 128.53,
127.01, 126.16, 107.55, 44.32, 35.69, 35.33.

(3aS,4R,6aS)-4-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyl-6-methylenetetrahydrofu
ro[3,4-d][1,3]dioxole (S25):

0
Me 0

o_ O
Me® Me

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.°

'H NMR (400 MHz, Chloroform-d) & 5.06 (dt, J = 6.0, 1.3 Hz, 1H), 4.77 (dd, J = 5.9, 3.9 Hz,
1H), 4.48 (d, J = 1.8 Hz, 1H), 4.46 — 4.40 (m, 1H), 4.26 (dd, J = 2.0, 1.1 Hz, 1H), 4.13 (dd, J =
8.8, 6.1 Hz, 1H), 4.07 (dd, J = 8.8, 4.7 Hz, 1H), 4.04 (dd, J = 7.5, 3.9 Hz, 1H), 1.49 (s, 3H), 1.45
(s, 3H), 1.38 (s, 6H); 3C NMR (101 MHz, Chloroform-d) & 161.62, 113.62, 109.44, 86.59, 82.41,
80.13, 78.62, 73.37, 66.67, 27.01, 26.89, 25.88, 25.35.

(E)-1-(Benzyloxy)-4-(2-bromovinyl)-2-methoxybenzene (S26):

MeOD/\/Br

BnO

The title compound was prepared according to a known procedure, NMR data is consistent with

the literature report.”
IH NMR (400 MHz, Chloroform-d) & 7.43 (d, J = 6.7 Hz, 2H), 7.40 — 7.35 (m, 2H), 7.33 — 7.28
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(m, 1H), 7.02 (d, J = 13.9 Hz, 1H), 6.85 — 6.76 (m, 3H), 6.62 (d, J = 13.9 Hz, 1H), 5.16 (s, 2H),
3.90 (s, 3H); *C NMR (101 MHz, Chloroform-d) & 149.94, 148.62, 137.02, 136.95, 129.66,
128.75, 128.09, 127.40, 119.42, 114.05, 109.32, 104.63, 71.13, 56.18.

2-(Phenethyldisulfaneyl)pyridine (S30):

=
Bn\/S\SQ
The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®
'H NMR (400 MHz, Chloroform-d) & 8.50 (dt, J = 4.8, 1.3 Hz, 1H), 7.70 (dd, J = 8.1, 1.2 Hz,
1H), 7.64 (td, J = 7.7, 1.8 Hz, 1H), 7.34 — 7.28 (m, 2H), 7.27 — 7.19 (m, 3H), 7.10 (ddd, J = 7.2,
4.8, 1.2 Hz, 1H), 3.09 — 3.02 (m, 4H); *C NMR (101 MHz, Chloroform-d) § 160.44, 149.76,
139.76, 137.12, 128.75, 128.65, 126.62, 120.72, 119.74, 40.13, 35.45.

2-((4-Methoxybenzyl)disulfaneyl)pyridine (S31):

S\s \N

The title compound was prepared according to a known procedure.®

'H NMR (400 MHz, Chloroform-d) & 8.42 (dt, J = 4.8, 1.4 Hz, 1H), 7.56 — 7.49 (m, 2H), 7.24 —
7.19 (m, 2H), 7.06 — 6.99 (m, 1H), 6.79 — 6.75 (m, 2H), 3.98 (s, 2H), 3.75 (s, 3H); *C NMR
(101 MHz, Chloroform-d) 6 160.37, 159.29, 149.59, 136.89, 130.70, 128.60, 120.54, 119.67,
114.12,55.42, 43.28.

2-(Cyclopentyldisulfaneyl)pyridine (S32):

=

< js\s SN

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.°

'H NMR (400 MHz, Chloroform-d) & 8.43 — 8.41 (m, 1H), 7.75 — 7.72 (m, 1H), 7.65 — 7.57 (m,

1H), 7.04 — 7.02 (m, 1H), 3.41 — 3.32 (m, 1H), 1.97 — 1.90 (m, 2H), 1.76 — 1.65 (m, 4H), 1.60 —
S28



1.52 (m, 2H); *C NMR (101 MHz, Chloroform-d) & 161.16, 149.49, 137.04, 120.52, 119.65,
50.37, 32.91, 24.78.

2-(decyldisulfaneyl)pyridine (S33):

)
Me\MEJS\S N

N

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.®

IH NMR (400 MHz, Chloroform-d) & 8.46 — 8.40 (m, 1H), 7.73 — 7.70 (m, 1H), 7.65 — 7.59 (m,
1H), 7.07— 7.03 (m, 1H), 2.80 — 2.74 (m, 2H), 1.71— 1.62 (m, 2H), 1.39 —1.32 (m, 2H), 1.27—
1.18 (m, 12H), 0.88 — 0.83 (m, 3H); 3C NMR (101 MHz, Chloroform-d) & 160.87, 149.63,
137.10, 137.08, 120.57, 119.68, 119.66, 39.18, 32.01, 29.66, 29.60, 29.42, 29.31, 29.07, 28.62,
22.81, 14.25.

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-(pyridin-2-yldisulfaneyl)tetrahydro-2H-pyran-3,4,5-
triyl triacetate (S34):
A

- )
AcO 0]
AcO S ~s \N
AcO

The title compound was prepared according to a known procedure, NMR data is consistent with
the literature report.*®

H NMR (400 MHz, Chloroform-d) & 8.43 (ddd, J = 4.9, 1.9, 0.9 Hz, 1H), 7.87 (dt, J = 8.2, 1.0
Hz, 1H), 7.65 (ddd, J =8.2, 7.5, 1.8 Hz, 1H), 7.13 (ddd, J = 7.5, 4.9, 1.1 Hz, 1H), 5.28 — 5.19 (m,
2H), 5.06 (ddd, J = 9.6, 6.8, 2.7 Hz, 1H), 4.73 — 4.65 (m, 1H), 4.04 (d, J = 3.7 Hz, 2H), 3.70 (dt,
J = 10.1, 3.6 Hz, 1H), 2.08 (s, 3H), 2.01 (s, 6H), 1.91 (s, 3H); 3C NMR (101 MHz,
Chloroform-d) & 165.29, 165.06, 164.20, 164.09, 154.86, 143.71, 131.90, 115.86, 115.50, 83.03,
70.91, 68.58, 64.34, 62.81, 56.71, 15.58, 15.49, 15.45.
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4. Optimization studies and experimental procedures

4.1. Photoinduced reaction set up

Photoinduced reaction set up: The photoreactor was purchased from Shenzhen Bamboo
Bio-tech Co. Ltd. Input: AC100-240 V 50/60 Hz; Output: 12 W; wavelength: 460-470 nm (blue

LED).
lﬁ/ C H | ¢ ;,; | ~
et

Left vial (at the start of reaction): pale yellow mixture
Right vial (upon reaction completion): bright yellow mixture
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4.2. Optimization for anomeric functionalization of native sugars
Table S3. Optimization for the synthesis of S-glycosyl donors?

HO DMC (4.0 equi\(.) HO
PyFSH (5.0 equiv.) F
HO o EtsN (17.0 equiv) HO O s F
HO - HO \
OH0H  H20/1,4-dioxane (1:1) oH I\
0 F
1 0°C,2h 2
°F NMR yield: 85%
Isolated yield: 72%
Entry Variation from the standard conditions 9F NMR vyields
1 D,0O/MeCN (1:1) as solvent 63%
2 H,O/MeCN (1:1) as solvent 70%
3 D,O/dioxane (1:1) as solvent 75%
4 3-5 or CDMT/NMM instead of DMC 10%, 5%, <2%, <2%
5 reaction for 24 h 86%

@Reaction conditions: 1 (1.0 equiv., 0.2 mmol), DMC (4.0 equiv, 0.8 mmol), PyFSH (5.0 equiv., 0.1 mmol),
Et3N (17.0 equiv, 3.4 mmol), H,0/1,4-dioxane (0.6 mL/0.6 mL). Yields were determined by '°F NMR with
trifluorotoluene as the internal standard. DMC = 2-chloro-1,3-dimethylimidazolinium chloride, PyFSH =
2,3,5,6-tetrafluoropyridine-4-thiol.

©

cl cl Cl  pF MeO. N_ _OMe _O
) | 6
Poc® e Lowe 59 e
DN N N N 1N
o Mwie ol
Me Me Y |
Cl Me
3 4 5 CDMT NMM
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Table S4. Optimization for the photoinduced synthesis of glycosyl compounds?

Z>c0,Bu (1.5 equiv.) HO

HO
o F
HSo S AF 10 HO 0
o | HO
F
2 F

HE (2.0 equiv.) HO ;
DABCO (2.5 equiv.) CO,Bu
DMSO (0.1 M) 11
Blue LED, r.t., 24 h TH NMR yield: 96%

Isolated yield: 82%

isolation or in-situ generation

Entry Variation from the standard conditions "H NMR yields
1 Et;N, DIPEA, DBU, BTMG, Quinuclidine as base 76%, 38%, 78%, 15%, 86%
2 DMA, DMF, MeCN, Dioxane as solvent 92%, 94%, 65%, <10%
3 6,7, 8,9 as glycosyl donor <10%, < 2%, < 2%, <2%
4 w/o HE or hv <2%, <2%
5 w/o base <2%
6 2 was generated in situ used w/o isolation 64% (52%)°
7 open to air 42%
8 0.1 mL H,0 added 77%

8Reaction conditions: 2 (1.0 equiv., 0.05 mmol), 10 (1.5 equiv., 0.075 mmol), HE (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), DMSO (0.1 M), 12 W Blue LED, r.t., 24 h. PThe yield was based on D-
glucose as the limting reagent. Yields were determined by "H NMR with mesitylene as the internal standard,
isolated yields in the parentheses. rt. = room temperature, HE = Hantzsch ester, DABCO = 1,4-
diazabicyclo[2.2.2]octane.

HO HO Ho F HO
HO 0
HO o s HO’&@VS N HO S FHo o s
HO A HO \r/ OH HO
HO ‘ N HO s E HO
= & Me
6 7 8 9

4.3. General procedure for photoinduced glycosylation

General procedure D: using isolated S-glycosyl donors

Under air, a 4 mL vial equipped with a magnetic stir bar was added glycosyl donor (1.0 equiv.,
0.05 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5 equiv., 0.125 mmol) and radical
acceptor (1.5 equiv., 0.075 mmol) (if solid). The reaction vial was then transferred into a
glovebox under nitrogen atmosphere, followed by the addition of anhydrous DMSO (0.5 mL)
and radical acceptor (1.5 equiv., 0.075 mmol) (if liquid). The reaction vial was sealed and taken
out of the glovebox. The mixture was allowed to vigorously stir at room temperature under 12 W
blue LED illumination for 24 hours. After the reaction was complete, DMSO was evaporated by
attaching the oil pump to the rotary evaporator and the residue was purified by flash silica gel
column chromatography to afford the pure product (eluent: CHClz/MeOH = 15/1 ~ 5/1). (Note:

2.0 equivalents of glycosyl radical acceptor were used for product 15, 19-29; 3.0 equivalents of
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glycosyl radical acceptor were used for product 38-39, 41, 43-44, 46-54; 5.0 equivalents of
glycosyl radical acceptor were used for product 42 and 45; triethylamine was used as the base

for products 31 and 35, DMA was used as the solvent for products 48 and 49.)

4.4. General procedure for photoinduced glycosylation (traceless)

General procedure E: without isolating S-glycosyl donors

The corresponding S-glycosyl donor was generated according to the General procedure C and
transferred into glovebox after all the volatiles were removed. The residue was re-dissolved in
anhydrous DMSO (0.1 M) and the insoluble salts were filtered before the solution was
transferred into a 4 mL vial containing glycosyl radical acceptor, Hantzsch ester and DABCO.
The reaction vial was sealed and taken out of the glovebox. The mixture was allowed to
vigorously stir at room temperature under 12 W blue LED illumination for 24 hours. After the
reaction was complete, DMSO was evaporated by attaching the oil pump to the rotary evaporator
and the residue was re-dissolved in Methanol-ds with mesitylene as the internal standard for

subsequent crude *H NMR analysis and LC-MS analysis.
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5. Analytical data of products
tert-Butyl 3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-
2H-pyran-2-yl)propanoate (11):

HO
HO Q
HO
HO CO,Bu

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), tert-butyl acrylate (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR yield: 96%, a:p > 95:5; isolated yield: 12.0 mg, 82%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-glucose (1.0 equiv., 0.2 mmol), tert-butyl acrylate (1.5 equiv., 0.3 mmol), Hantzsch ester
(2.0 equiv., 0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue
was re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for 'H
NMR analysis (*H NMR vyield: 64%, a:p > 95:5; isolated yield: 30.4 mg, 52%; the yield was
based on D-glucose as the limiting reagent).

'H NMR (500 MHz, Methanol-ds) 5 3.88 (ddd, J = 10.5, 5.7, 4.3 Hz, 1H, anomeric H), 3.78
(dd, J=11.8, 2.5 Hz, 1H), 3.65 — 3.57 (m, 2H), 3.52 (dd, J = 9.4, 8.4 Hz, 1H), 3.38 (ddd, J = 9.7,
5.8, 2.6 Hz, 1H), 3.24 (dd, J = 9.6, 8.4 Hz, 1H), 2.42 (ddd, J = 16.0, 8.9, 5.9 Hz, 1H), 2.27 (ddd,
J=16.0,8.7, 7.1 Hz, 1H), 1.99 — 1.87 (m, 2H), 1.45 (s, 9H); 3C NMR (101 MHz, Methanol-da)
0 174.92, 81.50, 76.45, 75.17, 74.62, 72.96, 72.28, 63.10, 32.55, 28.35, 21.47; HRMS (ESI) m/z
calcd for C13H24NaO7 [(M+Na)*]: 315.1414, found: 315.1418.

[0]p?: +34.5 (¢ = 1.0, MeOH).

N-Phenyl-3-((2R,3R,4R,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)propenamide (19):

HO _OH
0
HO 0
HO _Ph

Iz
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The title compound was prepared according to the General procedure D from S1 (1.0 equiv.,
0.05 mmol), N-phenylacrylamide (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 55%, a: > 95:5; isolated yield: 6.1 mg, 39%).

'H NMR (500 MHz, Methanol-ds) § 7.57 — 7.53 (m, 2H), 7.31 — 7.27 (m, 2H), 7.10 — 7.06 (m,
1H), 4.00 (ddd, J = 10.8, 5.4, 4.1 Hz, 1H, anomeric H), 3.94 — 3.90 (m, 2H), 3.80 (dd, J = 11.0,
7.1 Hz, 1H), 3.73 (ddd, J = 6.9, 4.2, 2.3 Hz, 1H), 3.70 (d, J = 3.4 Hz, 1H), 3.68 (dd, J = 5.7, 3.7
Hz, 1H), 2.52 (ddd, J = 14.4, 8.4, 5.9 Hz, 1H), 2.44 (dt, J = 14.5, 7.8 Hz, 1H), 2.09 — 1.98 (m,
2H); 3C NMR (126 MHz, Methanol-ds) & 174.56, 139.92, 129.75, 125.10, 121.28, 75.32, 74.07,
71.90, 70.33, 70.25, 62.38, 34.44, 22.62; HRMS (ESI) m/z calcd for CisH2:NNaOg [(M+Na)™]:
334.1261, found: 334.1266.

[0]p?: +56.0 (¢ = 1.0, MeOH).

N-Phenyl-3-((2R,3S,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)propenamide (20):

OH
OH
HO O
HO 0
N,Ph
H

The title compound was prepared according to the General procedure D from S2 (1.0 equiv.,
0.05 mmol), N-phenylacrylamide (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 62%, a: > 95:5; isolated yield: 7.2 mg, 46%).

'H NMR (400 MHz, Methanol-ds) § 7.58 — 7.53 (m, 2H), 7.33 — 7.26 (m, 2H), 7.08 (tt, J = 7.2,
1.2 Hz, 1H), 3.90 (dt, J = 11.0, 3.2 Hz, 1H, anomeric H), 3.80 — 3.70 (m, 4H), 3.64 (t, J = 8.4
Hz, 1H), 3.50 (ddd, J = 8.6, 5.5, 3.3 Hz, 1H), 2.50 (h, J = 7.2, 6.8 Hz, 2H), 2.12 (dddd, J = 13.7,
11.1, 6.2, 3.7 Hz, 1H), 1.92 — 1.83 (m, 1H); *3C NMR (126 MHz, Methanol-ds) 5 174.04, 139.88,
129.75, 125.13, 121.25, 77.69, 76.10, 72.87, 72.75, 69.37, 62.81, 34.17, 25.82; HRMS (ESI) m/z
calcd for C15sH21NNaOs [(M+Na)*]: 334.1261, found: 334.1270.
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[0]o%: +23.3 (C = 1.0, MeOH).

tert-Butyl 3-((2S,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyltetrahydro-2H-pyran-2-yl)
propanoate (21):
O'Bu
Me 0 ©

HO

HO OH

The title compound was prepared according to the General procedure D from S3 (1.0 equiv.,
0.05 mmol), tert-butyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 93%, a:B > 95:5; isolated yield: 10.4 mg, 75%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with L-rhamnose (1.0 equiv., 0.2 mmol), tert-butyl acrylate (2.0 equiv., 0.4 mmol), Hantzsch
ester (2.0 equiv., 0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The
residue was re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for
H NMR analysis (*H NMR vyield: 82%, a:p > 95:5; the yield was based on S3 as the limiting
reagent).

'H NMR (400 MHz, Methanol-ds) & 3.79 (ddd, J = 10.9, 4.1, 2.5 Hz, 1H, anomeric H), 3.74 (t,
J=3.0Hz, 1H), 3.64 (dd, J = 8.5, 3.4 Hz, 1H), 3.48 (dq, J = 8.5, 6.0 Hz, 1H), 3.40 (t, J = 8.5 Hz,
1H), 2.37 — 2.26 (m, 2H), 1.99 (dddd, J = 13.9, 10.9, 7.4, 6.2 Hz, 1H), 1.73 (dtd, J = 14.4, 7.8,
4.1 Hz, 1H), 1.45 (s, 9H), 1.26 (d, J = 6.1 Hz, 3H); 3C NMR (101 MHz, Methanol-ds) & 174.41,
81.59, 77.84, 74.34, 73.01, 72.62, 71.08, 32.72, 28.34, 25.08, 18.30; HRMS (ESI) m/z calcd for
C13H24NaOs [(M+Na)*]: 299.1465, found: 299.1470.

[a]p?: -24.3 (¢ = 1.0, MeOH).

N-Phenyl-3-((2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)propenamide (22):
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OH

HO O
Ho HO H,Ph

The title compound was prepared according to the General procedure D from S4 (1.0 equiv.,
0.05 mmol), N-phenylacrylamide (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 64%, a: > 95:5; isolated yield: 7.8 mg, 50%).
'H NMR (500 MHz, Methanol-ds) § 7.58 — 7.53 (m, 2H), 7.32 — 7.26 (m, 2H), 7.08 (tt, J = 7.4,
1.2 Hz, 1H), 3.89 (dt, J = 7.0, 4.7 Hz, 1H), 3.84 (t, J = 3.3 Hz, 1H), 3.78 — 3.69 (m, 4H, one of
them is anomeric H), 3.69 — 3.67 (m, 1H), 2.56 — 2.45 (m, 2H), 2.28 (dddd, J = 14.0, 10.1, 7.6,
6.2 Hz, 1H), 1.95 (dtd, J = 14.3, 7.9, 3.7 Hz, 1H); 3C NMR (126 MHz, Methanol-ds) § 174.71,
139.90, 129.74, 125.11, 121.28, 77.20, 74.44, 71.75, 69.85, 69.83, 61.42, 34.52, 26.88; HRMS
(ESI) m/z calcd for C1sH21NNaOs [(M+Na)*]: 334.1261, found: 334.1264.
[0]p?: -29.0 (¢ = 1.0, MeOH).

Benzyl 3-((2R,3S,4S,5R)-3,4,5-trihydroxytetrahydro-2H-pyran-2-yl)propanoate (23):
OH

HO &
HO 0
OB

The title compound was prepared according to the General procedure D from S5 (1.0 equiv.,

n

0.05 mmol), benzyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 58%, a:p > 95:5; isolated yield: 5.9 mg, 40%).

H NMR (500 MHz, Methanol-ds) § 7.39 — 7.27 (m, 5H), 5.11 (s, 2H), 3.86 — 3.83 (m, 1H), 3.75
(dd, J=12.2, 1.6 Hz, 1H), 3.66 (dt, J = 3.6, 1.7 Hz, 1H), 3.59 (dt, J = 12.3, 1.4 Hz, 1H), 3.53 (dd,
J=9.6,3.2 Hz, 1H), 3.46 (td, J = 9.4, 2.8 Hz, 1H, anomeric H), 2.55 (ddd, J = 16.0, 9.2, 5.8 Hz,
1H), 2.46 (ddd, J = 15.9, 8.8, 6.7 Hz, 1H), 2.16 (dddd, J = 14.1, 9.3, 6.7, 2.8 Hz, 1H), 1.75 — 1.66
(m, 1H); 3C NMR (126 MHz, Methanol-ds) § 175.43, 137.75, 129.51, 129.14, 129.12, 76.00,
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71.71, 71.61, 69.95, 67.92, 67.18, 31.31, 28.41; HRMS (ESI) m/z calcd for C1sH2106 [(M+H)*]:
297.1333, found: 297.1336.
[0]p?®: -56.7 (¢ = 1.0, MeOH).

tert-Butyl 3-((2S,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)
propanoate (24):

HO o]
HO 0
HO
OBu

The title compound was prepared according to the General procedure D from S6 (1.0 equiv.,
0.05 mmol), tert-butyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 88%, a:p = 91:9; isolated yield: 9.6 mg, 73%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-xylose (1.0 equiv., 0.2 mmol), tert-butyl acrylate (2.0 equiv., 0.4 mmol), Hantzsch ester
(2.0 equiv., 0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue
was re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for H
NMR analysis (*H NMR vyield: 75%, o:p = 91:9; the yield was based on S6 as the limiting
reagent).

'H NMR (400 MHz, Methanol-ds) § 3.86 — 3.79 (m, 2H), 3.72 (dt, J = 12.6, 1.6 Hz, 1H), 3.67
(ddd, J=9.5,4.4, 1.7 Hz, 1H, anomeric H), 3.51 (dg, J = 3.8, 1.8 Hz, 1H), 3.43 (dt, J =3.3,1.5
Hz, 1H), 2.40 — 2.26 (m, 2H), 1.97 (dddd, J = 14.2, 9.5, 7.7, 6.6 Hz, 1H), 1.77 — 1.66 (m, 1H),
1.45 (s, 9H); 3C NMR (101 MHz, Methanol-ds) & 174.93, 81.51, 75.70, 72.01, 70.31, 70.11,
69.03, 32.73, 28.34, 27.13; HRMS (ESI) m/z calcd for C12H22NaOg [(M+Na)*]: 285.1309, found:
285.1315.

[a]p?: -28.4 (¢ = 1.0, MeOH).

Benzyl 3-((2S,3S,4S,5R,6S)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)
propanoate (25):
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OBn
HO

Ho 2797 on ©
HO

The title compound was prepared according to the General procedure D from S7 (1.0 equiv.,
0.05 mmol), benzyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure
product as viscous gel (*H NMR vyield: 82%, a: > 95:5; isolated yield: 10.6 mg, 65%).

H NMR (500 MHz, Methanol-ds) § 7.38 — 7.28 (m, 5H), 5.12 (s, 2H), 3.91 (dt, J = 10.5, 5.6 Hz,
1H, anomeric H), 3.75 (dd, J = 11.8, 2.5 Hz, 1H), 3.64 — 3.57 (m, 2H), 3.52 (dd, J = 9.5, 8.5 Hz,
1H), 3.39 (ddd, J = 9.6, 5.8, 2.5 Hz, 1H), 3.24 (dd, J = 9.6, 8.5 Hz, 1H), 2.59 — 2.51 (m, 1H),
2.47 — 2.40 (m, 1H), 2.05 — 1.95 (m, 2H); *3*C NMR (126 MHz, Methanol-ds) 5 175.14, 137.66,
129.53, 129.21, 129.16, 76.53, 75.14, 74.62, 72.91, 72.24, 67.28, 63.06, 31.36, 21.35; HRMS
(ESI) m/z calcd for C16H22NaO7 [(M+Na)*]: 349.1258, found: 349.1260.

[0]o%: -92.4 (C = 1.0, MeOH).

Benzyl
3-((2R,3R,4R,5S,6R)-3,4-dihydroxy-6-(hydroxymethyl)-5-(((2S,3R,4S,5S,6R)-3,4,5-trihydrox
y-6-(hydroxymethyltetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)propanoate
(15):

OH
0
HO
Ho/éﬁ OH
HO 0] O
HO 0

HO
OBn

The title compound was prepared according to the General procedure D from 13 (1.0 equiv.,
0.05 mmol), benzyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCls/MeOH = 15/1 ~ 3/1) to give the pure
product as viscous gel (*H NMR vyield: 80%, a:p > 95:5; isolated yield: 16.1 mg, 66%).
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'H NMR (500 MHz, Methanol-ds) § 7.39 — 7.28 (m, 5H), 5.14 (d, J = 3.8 Hz, 1H), 5.12 (s, 2H),
3.91 (td, J = 7.4, 5.7 Hz, 1H, anomeric H), 3.83 — 3.74 (m, 4H), 3.68 — 3.61 (m, 4H), 3.50 (dd,
J=4.7, 2.2 Hz, 2H), 3.44 (dd, J = 9.7, 3.8 Hz, 1H), 3.27 (t, J = 9.3 Hz, 1H), 2.53 (dt, J = 16.3,
7.3 Hz, 1H), 2.48 — 2.41 (m, 1H), 2.00 (q, J = 7.6 Hz, 2H); *C NMR (126 MHz, Methanol-ds) &
175.12, 137.64, 129.55, 129.22, 129.19, 102.48, 81.30, 76.17, 75.06, 74.69, 74.50, 74.14, 73.56,
72.47, 71.53, 67.30, 62.69, 62.36, 31.44, 21.58; HRMS (ESI) m/z calcd for CzoH3:NaO12
[(M+Na)*]: 511.1786, found: 511.1793.

[0]p?®: +113.3 (¢ = 1.0, MeOH).

Benzyl
3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-((((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxyme
thyl)tetrahydro-2H-pyran-2-yl)oxy)methyl)tetrahydro-2H-pyran-2-yl)propanoate (26):

OH OH
HOﬂo 0
HO HO 0

OBn

The title compound was prepared according to the General procedure D from S8 (1.0 equiv.,
0.05 mmol), benzyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 3/1) to give the pure
product as viscous gel (*H NMR yield: 82%, a: > 95:5; isolated yield: 17.3 mg, 71%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with cellobiose (1.0 equiv., 0.2 mmol), benzyl acrylate (2.0 equiv., 0.4 mmol), Hantzsch ester
(2.0 equiv., 0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue
was re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for H
NMR analysis (*H NMR vyield: 68%, o:p > 95:5; the yield was based on S8 as the limiting
reagent).

'H NMR (500 MHz, Methanol-ds) § 7.41 — 7.26 (m, 5H), 5.12 (s, 2H), 4.38 (d, J = 7.8 Hz, 1H),
3.89 (ddd, J =11.9, 7.5, 3.3 Hz, 2H), 3.83 — 3.72 (m, 2H), 3.66 (hept, J = 5.5 Hz, 3H), 3.51 (q, J
= 3.8 Hz, 2H), 3.40 - 3.32 (m, 3H), 3.22 (dd, J = 9.1, 7.8 Hz, 1H), 2.52 (dt, J = 16.3, 7.3 Hz, 1H),
2.44 (dt, J = 16.0, 7.5 Hz, 1H), 2.00 (dt, J = 9.4, 7.2 Hz, 2H); *C NMR (126 MHz, Methanol-ds)
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8 175.07, 137.63, 129.54, 129.21, 129.18, 104.57, 81.35, 78.08, 77.79, 76.33, 74.92, 73.50, 72.98,
72.63, 71.39, 67.30, 62.42, 62.13, 31.42, 21.27; HRMS (ESI) m/z calcd for Cz2H3:NaO12
[(M+Na)*]: 511.1786, found: 511.1791.

[0]p?>: +48.5 (¢ = 1.0, MeOH).

Benzyl
3-((2R,3R,4R,5S,6R)-3,4-dihydroxy-6-(hydroxymethyl)-5-(((2R,3R,4S,5S,6R)-3,4,5-trihydro
xy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)propanoate
(27):

HO _OH OH
HO HO o}
OH HO o
N/
Me

The title compound was prepared according to the General procedure D from S9 (1.0 equiv.,
0.05 mmol), N-methyl-N-phenylacrylamide (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv.,
0.1 mmol), DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was
subjected to flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 3/1) to give
the pure product as viscous gel (*H NMR yield: 65%, a:p > 95:5; isolated yield: 11.0 mg, 45%).
'H NMR (500 MHz, Methanol-ds) & 7.48 (t, J = 7.6 Hz, 2H), 7.40 (t, J = 7.4 Hz, 1H), 7.34 — 7.29
(m, 2H), 4.32 (d, J = 7.6 Hz, 1H), 3.82 (dd, J = 3.3, 1.0 Hz, 1H), 3.80 — 3.69 (m, 4H, one of
them is anomeric H), 3.64 — 3.51 (m, 5H), 3.49 (td, J = 6.8, 3.3 Hz, 2H), 3.30 — 3.26 (m, 1H),
3.25 (s, 3H), 2.26 (dt, J = 14.9, 7.3 Hz, 1H), 2.09 (dt, J = 15.2, 7.5 Hz, 1H), 1.91 (q, J = 7.2 Hz,
2H); 13C NMR (126 MHz, Methanol-ds) & 175.20, 145.26, 131.08, 129.31, 128.52, 105.03, 80.99,
77.04, 76.57, 74.78, 73.50, 72.59, 72.53, 70.32, 62.52, 61.82, 37.82, 31.31, 21.78; HRMS (ESI)
m/z calcd for C22H3z3sNNaO11 [(M+Na)*]: 510.1946, found: 510.1949.

[0]p?: +56.2 (¢ = 1.0, MeOH).

3-((2R,3R,4R,5S,6R)-3,4-Dihydroxy-6-(hydroxymethyl)-5-(((2S,3R,4S,5R,6R)-3,4,5-trihydro
xy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)-N-methyl-
N-phenylpropanamide (28):
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The title compound was prepared according to the General procedure D from S10 (1.0 equiv.,
0.05 mmol), benzyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 3/1) to give the pure
product as viscous gel (*H NMR vyield: 83%, a: > 95:5; isolated yield: 17.1 mg, 70%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with melibiose (1.0 equiv., 0.2 mmol), benzyl acrylate (2.0 equiv., 0.4 mmol), Hantzsch ester
(2.0 equiv., 0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue
was re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for 'H
NMR analysis (*H NMR vyield: 64%, a:p > 95:5; the yield was based on S10 as the limiting
reagent).
H NMR (500 MHz, Methanol-ds) § 7.38 — 7.29 (m, 5H), 5.13 (s, 2H), 3.97 — 3.90 (m, 2H), 3.90
—3.86 (m, 2H), 3.77 — 3.75 (m, 2H), 3.71 — 3.68 (m, 2H), 3.64 — 3.57 (m, 3H), 3.56 — 3.51 (m,
1H), 3.35 (s, 2H), 2.58 — 2.44 (m, 2H), 2.08 — 1.97 (m, 2H); 3C NMR (126 MHz, Methanol-ds) &
175.04, 137.64, 129.57, 129.19, 129.17, 100.02, 76.83, 75.13, 73.12, 72.77, 72.22, 72.04, 71.61,
71.07, 70.38, 67.67, 67.31, 62.68, 31.34, 21.22; HRMS (ESI) m/z calcd for CxH32NaO12
[(M+Na)*]: 511.1786, found: 511.1789.

[0]o%: +97.4 (c = 1.0, MeOH).

Benzyl 3-((2R,3R,4R,5S,6R)-5-(((2R,3R,4R,5S,6R)-3,4-dihydroxy-6-(hydroxymethyl)-5-(((2R
,3R,4S,55,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydr
0-2H-pyran-2-yl)oxy)-3,4-dihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)propano
ate (29):
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The title compound was prepared according to the General procedure D from S11 (1.0 equiv.,
0.05 mmol), benzyl acrylate (2.0 equiv., 0.1 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol),
DABCO (2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to
flash silica gel column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 2/1) to give the pure
product as viscous gel (*H NMR vyield: 74%, a:p > 95:5; isolated yield: 21.0 mg, 65%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with maltotriose (1.0 equiv., 0.2 mmol), benzyl acrylate (2.0 equiv., 0.4 mmol), Hantzsch ester
(2.0 equiv., 0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue
was re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for 'H
NMR analysis (*H NMR vyield: 58%, a:p > 95:5; the yield was based on S11 as the limiting
reagent).
'H NMR (500 MHz, Methanol-ds) § 7.40 — 7.31 (m, 5H), 5.18 (d, J = 3.8 Hz, 1H), 5.16 (d, J =
3.8 Hz, 1H), 5.14 (s, 2H), 3.96 — 3.85 (m, 3H), 3.85 — 3.80 (m, 3H), 3.77 — 3.70 (m, 4H), 3.70 —
3.62 (m, 3H), 3.56 — 3.51 (m, 4H), 3.48 (dd, J = 9.7, 3.8 Hz, 1H), 3.30 (d, J = 9.2 Hz, 1H), 2.57 —
2.44 (m, 2H), 2.03 (dt, J = 13.3, 7.6 Hz, 2H); °C NMR (126 MHz, Methanol-ds) & 175.15,
137.61, 129.55, 129.21, 102.90, 102.18, 81.33, 81.11, 76.06, 75.04, 74.91, 74.77, 74.26, 74.20,
73.68, 73.23, 72.38, 71.55, 67.32, 62.69, 62.30, 62.02, 31.47, 21.66; HRMS (ESI) m/z calcd for
CogH42NaO17 [(M+Na)*]: 673.2314, found: 673.2319.
[0]o?®: +74.5 (¢ = 1.0, MeOH).

(5S,8R,9S,10S,13S,17S)-10,13-Dimethyl-3-oxohexadecahydro-1H-cyclopenta[a]phenanthre

n-17-yl 3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)propanoate (30):
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The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S12 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel *H NMR vyield: 81%, a:p > 95:5; isolated yield: 18.3 mg, 72%).

'H NMR (500 MHz, Methanol-ds) & 4.61 (dd, J = 9.2, 7.8 Hz, 1H), 3.90 (dt, J = 10.5, 5.3 Hz,
1H, anomeric H), 3.77 (dd, J = 11.8, 2.5 Hz, 1H), 3.67 — 3.57 (m, 2H), 3.53 (t, J = 8.9 Hz, 1H),
3.40 (ddd, J = 8.6, 5.7, 2.5 Hz, 1H), 3.26 (t, J = 8.9 Hz, 1H), 2.54 — 2.43 (m, 2H), 2.43 — 2.31 (m,
2H), 2.27 — 2.19 (m, 1H), 2.19 — 2.10 (m, 1H), 2.10 — 1.89 (m, 4H), 1.80 — 1.71 (m, 2H), 1.70 —
1.60 (m, 2H), 1.58 — 1.50 (m, 3H), 1.44 — 1.30 (m, 5H), 1.23 — 1.09 (m, 2H), 1.07 (s, 3H), 1.01 -
0.93 (m, 1H), 0.84 (d, J = 12.2 Hz, 3H), 0.82 (s, 1H); 3C NMR (126 MHz, Methanol-ds) §
214.78, 175.48, 84.21, 76.42, 75.09, 74.66, 72.88, 72.20, 63.02, 55.15, 51.91, 48.11, 45.44, 43.93,
39.77, 38.89, 38.17, 36.88, 36.51, 32.43, 31.50, 29.91, 28.55, 24.51, 22.06, 21.50, 12.60, 11.71;
HRMS (ESI) m/z calcd for C2gHasNaOs [(M+Na)*]: 531.2928, found: 531.2930.

[0]p?: +41.8 (¢ = 1.0, MeOH).

(8R,9S,13S5,14S)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopentala]p
henanthren-3-yl 3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H
-pyran-2-yl)propanoate (31):

HO
HO &

HO
HO

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S13 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), triethylamine
(2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica
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gel column chromatography (eluent: CHCIlz/MeOH = 15/1 ~ 5/1) to give the pure product as
viscous gel (*H NMR yield: 77%, o:p > 95:5; isolated yield: 16.6 mg, 68%).

H NMR (500 MHz, Methanol-ds) § 7.30 (d, J = 8.4 Hz, 1H), 6.86 — 6.79 (m, 2H), 3.99 (dt, J =
10.5, 5.5 Hz, 1H, anomeric H), 3.78 (dd, J = 11.8, 2.5 Hz, 1H), 3.67 — 3.61 (m, 2H), 3.56 (dd, J
= 9.5, 8.6 Hz, 1H), 3.44 (ddd, J = 9.6, 5.7, 2.5 Hz, 1H), 3.29 — 3.26 (m, 1H), 2.90 (dd, J = 7.7,
3.3 Hz, 2H), 2.77 — 2.70 (m, 1H), 2.62 (dd, J = 16.6, 7.6 Hz, 1H), 2.53 — 2.47 (m, 1H), 2.47 —
2.42 (m, 1H), 2.31 (t, J = 11.0 Hz, 1H), 2.18 — 2.12 (m, 1H), 2.11 — 2.02 (m, 4H), 1.93 — 1.88 (m,
1H), 1.71 — 1.61 (m, 2H), 1.60 — 1.53 (m, 2H), 1.51 — 1.45 (m, 2H), 0.93 (s, 3H); 3C NMR (126
MHz, Methanol-ds) 6 223.65, 174.15, 150.17, 139.22, 138.59, 127.31, 122.66, 119.87, 76.51,
75.16, 74.71, 72.93, 72.22, 63.02, 51.63, 45.45, 39.53, 36.73, 32.78, 31.39, 30.38, 27.48, 26.96,
22.50, 21.35; HRMS (ESI) m/z calcd for C27H3sNaOg [(M+Na)*]: 511.2302, found: 511.2302.
[a]p?: +80.6 (¢ = 1.0, MeOH).

Ethyl 2-hydroxy-5-(3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro
-2H-pyran-2-yl)propanamido)benzoate (32):

HO
o CO,Et
HO OH
HO (0]
HO

N

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S14 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 73%, a:p > 95:5; isolated yield: 12.6 mg, 63%).

'H NMR (400 MHz, Methanol-d4) & 8.10 (d, J = 2.7 Hz, 1H), 7.63 (dd, J = 8.9, 2.7 Hz, 1H), 6.91
(d, J=9.0 Hz, 1H), 4.42 (9, J = 7.1 Hz, 2H), 3.94 (dt, J = 10.5, 5.6 Hz, 1H, anomeric H), 3.80
(dd, J=11.7, 2.4 Hz, 1H), 3.70 — 3.59 (m, 2H), 3.56 (dd, J = 9.5, 8.3 Hz, 1H), 3.47 (ddd, J = 8.6,
5.9, 2.5 Hz, 1H), 3.25 (dd, J = 9.5, 8.3 Hz, 1H), 2.51 (dt, J = 14.5, 7.2 Hz, 1H), 2.41 (dt, J = 14.7,
7.7 Hz, 1H), 2.06 (dt, J = 9.7, 6.9 Hz, 2H), 1.41 (t, J = 7.2 Hz, 3H); ©°C NMR (126 MHz,
Methanol-ds) 6 174.31, 171.11, 159.37, 131.68, 129.75, 122.58, 118.49, 113.35, 76.62, 75.15,
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74.62, 72.96, 72.30, 63.11, 62.72, 33.96, 22.16, 14.47; HRMS (ESI) m/z calcd for C1sH2sNNaOg
[(M+Na)*]: 422.1422, found: 422.1422.
[0]p?®: +30.7 (¢ = 1.0, MeOH).

(2R,3R,4S,5R,6R)-2-(Acetoxymethyl)-6-(3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxym
ethyl)tetrahydro-2H-pyran-2-yl)propanamido)tetrahydro-2H-pyran-3,4,5-triyl  triacetate

(33):
HO
HO 0
HO o AcO
HO AcO OAc
N Zoi/z
H OAc

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S15 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 64%, a:p > 95:5; isolated yield: 14.0 mg, 50%).

'H NMR (400 MHz, Methanol-ds) § 5.35 — 5.27 (m, 2H), 5.01 (dt, J = 19.1, 9.6 Hz, 2H), 4.26
(dd, J =12.4, 4.4 Hz, 1H), 4.10 (dd, J = 12.4, 2.2 Hz, 1H), 3.93 (ddd, J = 10.0, 4.3, 2.2 Hz, 1H,
anomeric H), 3.86 (dt, J = 8.7, 5.9 Hz, 1H), 3.79 (dd, J = 11.7, 2.3 Hz, 1H), 3.64 (dd, J = 11.7,
6.1 Hz, 1H), 3.59 (dd, J = 9.3, 5.7 Hz, 1H), 3.52 (t, J = 8.8 Hz, 1H), 3.42 (ddd, J = 8.7, 6.0, 2.3
Hz, 1H), 3.27 — 3.20 (m, 1H), 2.36 (dt, J = 14.5, 7.2 Hz, 1H), 2.25 (dt, J = 14.8, 7.8 Hz, 1H),
2.03 (s, 3H), 2.02 (s, 3H), 2.01 (s, 3H), 1.98 (s, 3H), 1.97 — 1.90 (m, 2H); *C NMR (101 MHz,
Methanol-ds) 6 176.68, 172.37, 171.60, 171.45, 171.34, 78.96, 76.25, 75.10, 74.82, 74.68, 74.65,
72.88, 72.26, 72.11, 69.60, 63.12, 33.20, 22.11, 20.61, 20.56; HRMS (ESI) m/z calcd for
C23H3sNNaO1s [(M+Na)*]: 588.1899, found: 588.1903.

[0]p?: +26.3 (¢ = 1.0, MeOH).

Methyl N-((tert-butoxycarbonyl)-D-leucyl)-O-(3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-
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(hydroxymethyl)tetrahydro-2H-pyran-2-yl)propanoyl)-L-threoninate(34):

HO
Me
HO 0
HO (0] Me Me
HO N
0 Y NHBoc
e
o
0% OMe

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S16 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 68%, a:B > 95:5; isolated yield: 16.9 mg, 60%).

Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-glucose (1.0 equiv., 0.2 mmol), S16 (1.5 equiv., 0.3 mmol), Hantzsch ester (2.0 equiv.,
0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue was
re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for *H NMR
analysis (*H NMR vyield: 44%, a:B > 95:5; the yield was based on 2 as the limiting reagent).

'H NMR (500 MHz, Methanol-da) & 5.44 — 5.36 (m, 1H), 4.73 (d, J = 3.1 Hz, 1H), 4.20 (dd, J =
9.2, 5.9 Hz, 1H), 3.89 (dt, J = 10.5, 5.0 Hz, 1H, anomeric H), 3.79 (dd, J = 11.8, 2.4 Hz, 1H),
3.72 (s, 3H), 3.64 (dd, J = 11.8, 5.9 Hz, 1H), 3.61 (dd, J = 9.4, 5.8 Hz, 1H), 3.53 (dd, J =9.4, 8.5
Hz, 1H), 3.40 (ddd, J = 8.7, 5.9, 2.6 Hz, 1H), 3.25 (dd, J = 9.5, 8.4 Hz, 1H), 2.49 (ddd, J = 16.2,
8.4, 6.0 Hz, 1H), 2.38 (dt, J = 16.0, 7.7 Hz, 1H), 2.02 — 1.90 (m, 2H), 1.76 — 1.68 (m, 1H), 1.59 —
1.51 (m, 2H), 1.45 (s, 9H), 1.25 (d, J = 6.4 Hz, 3H), 0.96 (dd, J = 13.5, 6.6 Hz, 6H); 13C NMR
(126 MHz, Methanol-ds) 6 176.34, 174.20, 171.38, 157.88, 80.64, 76.25, 75.10, 74.71, 72.89,
72.23, 71.52, 63.07, 56.79, 54.46, 53.17, 41.86, 31.19, 28.73, 25.90, 23.43, 21.98, 21.37, 17.01;
HRMS (ESI) m/z calcd for C2sHsN2NaO12 [(M+Na)*]: 587.2786, found: 587.2790.

[0]p?: +18.6 (C = 1.0, MeOH).

Methyl (S)-2-((S)-2-((tert-butoxycarbonyl)amino)-4-methylpentanamido)-3-(4-((3-((2R,3R,
4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)propanoyl)oxy)ph
enyl)propanoate (35):
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The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S17 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), triethylamine
(2.5 equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica
gel column chromatography (eluent: CHCIlz/MeOH = 15/1 ~ 5/1) to give the pure product as
viscous gel (*H NMR yield: 66%, a:B > 95:5; isolated yield: 19.1 mg, 61%).

H NMR (400 MHz, Methanol-ds) & 7.22 (d, J = 8.3 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 4.68 (dd,
J=8.0,5.8 Hz, 1H), 4.09 — 4.02 (m, 1H), 3.99 (dt, J = 10.5, 5.6 Hz, 1H, anomeric H), 3.78 (dd,
J =118, 2.5 Hz, 1H), 3.71 — 3.61 (m, 5H), 3.55 (t, J = 9.0 Hz, 1H), 3.44 (ddd, J = 8.6, 5.7, 2.5
Hz, 1H), 3.27 (dd, J = 9.6, 8.5 Hz, 1H), 3.16 (dd, J = 13.9, 5.7 Hz, 1H), 3.04 (dd, J = 13.9, 7.8
Hz, 1H), 2.75 (dt, J = 16.5, 7.2 Hz, 1H), 2.63 (dt, J = 16.3, 7.6 Hz, 1H), 2.09 (g, J = 10.1, 8.7 Hz,
2H), 1.65 — 1.59 (m, 1H), 1.43 (s, 11H), 0.93 (d, J = 6.6 Hz, 3H), 0.90 (d, J = 6.5 Hz, 3H); C
NMR (126 MHz, Methanol-ds) 6 175.58, 173.83, 173.07, 151.23, 135.59, 131.36, 122.73, 116.27,
80.64, 76.47, 75.16, 74.71, 72.92, 72.22, 63.04, 54.86, 54.52, 52.74, 42.17, 37.66, 31.35, 28.72,
25.86, 23.33, 21.95, 21.33; HRMS (ESI) m/z calcd for C3oHisN2NaO12 [(M+Na)*]: 649.2943,
found: 649.2950.

[0]p?: +40.9 (¢ = 1.0, MeOH).

Methyl (3-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)propanoyl)-L-phenylalanyl-L-leucinate (36):
HO

HO % Ph
HO 0 0

H
HO
H/Q(N%om
(0] '\(Me
Me
The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,

0.05 mmol), S18 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
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equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 73%, a:p > 95:5; isolated yield: 15.8 mg, 62%).

'H NMR (400 MHz, Methanol-d4) § 7.33 — 7.17 (m, 5H), 4.66 (dd, J = 9.6, 5.2 Hz, 1H), 4.48 (dd,
J=8.9, 6.0 Hz, 1H), 3.91 — 3.84 (m, 2H, one of them is anomeric H), 3.69 (s, 3H), 3.63 — 3.54
(m, 2H), 3.49 (t, J = 8.9 Hz, 1H), 3.41 (ddd, J = 9.2, 6.9, 2.2 Hz, 1H), 3.21 — 3.13 (m, 2H), 2.84
(dd, J = 13.9, 9.6 Hz, 1H), 2.32 — 2.15 (m, 2H), 1.95 — 1.86 (m, 1H), 1.84 — 1.74 (m, 1H), 1.72 —
1.65 (m, 1H), 1.64 — 1.59 (m, 2H), 0.94 (dd, J = 16.3, 6.3 Hz, 6H); 3C NMR (126 MHz,
Methanol-ds) 6 175.77, 174.32, 173.98, 138.48, 130.30, 129.47, 127.78, 75.82, 75.23, 74.76,
72.91, 72.54, 63.36, 55.85, 52.71, 52.11, 41.48, 38.94, 32.73, 25.83, 23.31, 22.37, 21.81; HRMS
(ESI) m/z calcd for CasH3zsN2NaOg [(M+Na)*]: 533.2470, found: 533.2473.

[0]p?: +15.3 (¢ = 1.0, MeOH).

(2R,3S,4R,5R,6R)-2-(Hydroxymethyl)-6-(2-(phenylsulfonyl)ethyl)tetrahydro-2H-pyran-3,4,

5-triol (37):
HO
HO 0
HO
%

Ph

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S19 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 94%, a:B > 95:5; isolated yield: 12.1 mg, 73%).

Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-glucose (1.0 equiv., 0.2 mmol), S19 (1.5 equiv., 0.3 mmol), Hantzsch ester (2.0 equiv.,
0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue was
re-dissolved in Methanol-d4-ds with mesitylene (0.1 mmol) as the internal standard for *H NMR
analysis (*H NMR yield: 67%, a:p > 95:5; the yield was based on 2 as the limiting reagent).

'H NMR (500 MHz, Methanol-ds) & 8.00 — 7.89 (m, 2H), 7.78 — 7.69 (m, 1H), 7.65 (dd, J = 8.4,
7.1 Hz, 2H), 3.92 (dt, J = 10.6, 5.8 Hz, 1H, anomeric H), 3.76 (dd, J = 11.8, 2.3 Hz, 1H), 3.61 —
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3.54 (m, 2H), 3.45 — 3.35 (m, 2H), 3.28 — 3.15 (m, 3H), 2.08 — 1.98 (m, 2H); 3C NMR (101
MHz, Methanol-ds) 6 140.36, 135.08, 130.58, 129.11, 75.29, 74.98, 72.59, 72.08, 63.06, 53.36,
19.95; HRMS (ESI) m/z calcd for C1aH20NaO-S [(M+Na)*]: 355.0822, found: 355.0827.

[0]p?®: +53.8 (¢ = 1.0, MeOH).

Diethyl (2-((2R,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-

pyran-2-yl)ethyl)phosphonate (38):

HO
HO O
HO (I?
HO P
I "OEt
OEt

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S20 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 92%, a:B > 95:5; isolated yield: 11.6 mg, 71%).

Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-glucose (1.0 equiv., 0.2 mmol), S20 (3.0 equiv., 0.6 mmol), Hantzsch ester (2.0 equiv.,
0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue was
re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for *H NMR
analysis (*H NMR yield: 75%, a:p > 95:5; the yield was based on 2 as the limiting reagent).

'H NMR (500 MHz, Methanol-ds) & 4.15 — 4.07 (m, 4H), 3.89 (ddd, J = 10.3, 5.8, 3.9 Hz, 1H,
anomeric H), 3.81 (dd, J = 11.8, 2.4 Hz, 1H), 3.65 — 3.58 (m, 2H), 3.51 (t, J = 9.0 Hz, 1H), 3.36
(td, J=6.5, 3.1 Hz, 1H), 3.21 (dd, J = 9.5, 8.6 Hz, 1H), 2.09 — 1.99 (m, 1H), 1.99 — 1.88 (m, 2H),
1.82 —1.72 (m, 1H), 1.33 (t, J = 7.0 Hz, 6H); 3C NMR (126 MHz, Methanol-ds) § 76.93, 76.80,
75.15, 74.80, 72.87, 72.32, 63.25 (d, J = 7.0 Hz), 63.20, 21.82 (d, J = 142.3 Hz) 19.14 (d, J = 4.0
Hz), 16.73 (d, J = 6.0 Hz); HRMS (ESI) m/z calcd for Ci2H2sNaOgP [(M+Na)*]: 351.1179,
found: 351.1184.

[0]p?: +46.3 (¢ = 1.0, MeOH).
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(2R,3R,4R,5S,6R)-2-(2-(Dimethyl(phenyl)silyl)ethyl)-6-(hydroxymethyl)tetrahydro-2H-pyra
n-3,4,5-triol (39):

HO
HO O
HO Me Me
HO si

"“ph

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S21 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 61%, a:B > 95:5; isolated yield: 7.8 mg, 48%).

Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-glucose (1.0 equiv., 0.2 mmol), S21 (3.0 equiv., 0.6 mmol), Hantzsch ester (2.0 equiv.,
0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue was
re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for *H NMR
analysis (*H NMR vyield: 36%, a:B > 95:5; the yield was based on 2 as the limiting reagent).

'H NMR (500 MHz, Methanol-ds) & 7.54 — 7.49 (m, 2H), 7.34 — 7.30 (m, 3H), 3.78 — 3.74 (m,
2H, one of them is anomeric H), 3.62 (dd, J = 11.8, 5.5 Hz, 1H), 3.58 (dd, J = 9.5, 5.8 Hz, 1H),
3.45 (dd, J =9.5, 8.3 Hz, 1H), 3.27 (ddd, J = 9.5, 5.6, 2.5 Hz, 1H), 3.22 (dd, J = 9.6, 8.3 Hz, 1H),
1.72 — 1.57 (m, 2H), 1.06 (ddd, J = 14.7, 12.9, 4.2 Hz, 1H), 0.62 (ddd, J = 14.7, 12.2, 5.0 Hz,
1H), 0.28 (d, J = 2.9 Hz, 6H); *C NMR (126 MHz, Methanol-ds) § 140.16, 134.59, 129.92,
128.82, 79.56, 75.21, 74.26, 73.25, 72.39, 63.15, 19.81, 11.82, -2.88, -3.03; HRMS (ESI) m/z
calcd for C16H26NaOsSi [(M+Na)*]: 349.1442, found: 349.1443.

[0]p?: +32.8 (¢ = 1.0, MeOH).

(2R,3R,4R,5S,6R)-2-(2-((6bR,9aS)-6b,9a-Dimethyl-6b,9a-dihydroacenaphtho[1,2-d][1,3,2]di
oxaborol-8-yl)ethyl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (40):

HO
N Naee
HO
B\O

Me
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The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S22 (1.5 equiv., 0.075 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 78%, a:p > 95:5; isolated yield: 10.6 mg, 51%).

'H NMR (500 MHz, Methanol-ds) § 7.82 — 7.78 (m, 2H), 7.60 (dd, J = 8.2, 6.9 Hz, 2H), 7.53 (d,
J=6.9 Hz, 2H), 3.71 (dt, J = 10.4, 5.5 Hz, 1H, anomeric H), 3.60 (dd, J = 11.8, 2.5 Hz, 1H),
3.53 - 3.45 (m, 3H), 3.26 (ddd, J = 9.4, 5.5, 2.6 Hz, 1H), 3.18 (dd, J = 9.6, 8.2 Hz, 1H), 1.76 (d,
J=2.6Hz, 6H), 1.70 — 1.62 (m, 2H), 0.88 (ddd, J = 15.7, 8.6, 6.2 Hz, 1H), 0.66 (dt, J = 16.5, 8.0
Hz, 1H); 3C NMR (126 MHz, Methanol-ds) & 132.89, 129.55, 126.29, 126.27, 120.53, 120.51,
93.10, 78.51, 75.15, 74.17, 73.22, 72.29, 62.97, 22.38, 22.29, 19.98; HRMS (ESI) m/z calcd for
C22H27BNaO7 [(M+Na)*]: 437.1742, found: 437.1752.

[0]p?: +34.4 (¢ = 1.0, MeOH).

3-((2R,3R,4R,5S,6R)-3,4,5-Trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)propyl
acetate (41):

HO
HO O
HO
HO

OAc

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S23 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 56%, a:p > 95:5; isolated yield: 5.9 mg, 45%).

'H NMR (500 MHz, Methanol-ds) 5 4.12 (td, J = 6.4, 3.4 Hz, 2H), 3.90 (dt, J = 7.9, 6.0 Hz, 1H,
anomeric H), 3.78 (dd, J = 11.7, 2.5 Hz, 1H), 3.63 (dd, J = 11.7, 5.8 Hz, 1H), 3.59 (dd, J = 9.5,
5.8 Hz, 1H), 3.52 (dd, J = 9.5, 8.5 Hz, 1H), 3.39 (ddd, J = 9.6, 5.7, 2.5 Hz, 1H), 3.25 (dd, J = 9.6,
8.5 Hz, 1H), 2.03 (s, 3H), 1.88 — 1.79 (m, 1H), 1.76 — 1.70 (m, 2H), 1.65 (ddd, J = 12.5, 8.4, 6.2
Hz, 1H); C NMR (126 MHz, Methanol-ds) § 173.12, 76.92, 75.20, 74.47, 73.02, 72.36, 65.57,

S52



63.12, 26.01, 22.05, 20.84; HRMS (ESI) m/z calcd for C11H20NaO7 [(M+Na)*]: 287.1101, found:
287.1108.
[0]p?®: +32.7 (¢ = 1.0, MeOH).

(2R,3S,4R,5R,6R)-2-(Hydroxymethyl)-6-((4-phenylcyclohexyl)methyl)tetrahydro-2H-pyran-
3,4,5-triol (42):

HO
HO O
HO
HO

Ph
The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S24 (5.0 equiv., 0.25 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 42%, a: > 95:5; isolated yield: 5.0 mg, 30%).
'H NMR (500 MHz, Methanol-ds) & 7.26 — 7.18 (m, 4H), 7.15 — 7.10 (m, 1H), 4.08 (ddd, J =
11.8, 5.6, 3.1 Hz, 1H, anomeric H), 3.80 (dd, J = 11.7, 2.6 Hz, 1H), 3.70 — 3.65 (m, 1H), 3.60
(dd, J =9.5,5.6 Hz, 1H), 3.55 (dd, J = 9.5, 8.2 Hz, 1H), 3.45 (ddd, J = 9.6, 5.5, 2.6 Hz, 1H), 3.27
(dd, J = 9.6, 8.2 Hz, 1H), 2.47 (tt, J = 12.1, 3.4 Hz, 1H), 2.05 (dt, J = 12.8, 2.8 Hz, 1H), 1.92 -
1.85 (m, 3H), 1.75 — 1.69 (m, 1H), 1.60 — 1.43 (m, 4H), 1.27 — 1.17 (m, 1H), 1.06 (qd, J = 12.9,
3.4 Hz, 1H); *C NMR (126 MHz, Methanol-ds) 5 148.97, 129.27, 127.78, 126.81, 75.17, 74.70,
74.51, 73.06, 72.49, 63.14, 46.03, 35.85, 35.67, 35.40, 34.53, 33.59, 32.70; HRMS (ESI) m/z
calcd for C19H28NaOs [(M+Na)*]: 359.1829, found: 359.1835.
[0]o?®: +44.0 (¢ = 1.0, MeOH).

(2R,3R,4R,5S,6R)-2-(((3aR,4S,6R,6aS)-6-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2,2-dimethylt
etrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5
-triol (43):
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B4 o

Me Me
The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S25 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 55%, a:B > 95:5; isolated yield: 7.6 mg, 36%).
'H NMR (500 MHz, Methanol-ds) & 4.77 (dd, J = 6.1, 3.4 Hz, 1H), 4.73 (dd, J = 6.1, 3.5 Hz, 1H),
4.34 (q, J = 6.3 Hz, 1H), 4.13 (dt, J = 10.4, 5.0 Hz, 1H), 4.05 (dd, J = 8.4, 6.4 Hz, 1H), 3.97 (dd,
J = 8.4, 6.0 Hz, 1H), 3.79 (dd, J = 11.8, 2.5 Hz, 1H), 3.75 (ddd, J = 8.7, 5.9, 3.4 Hz, 1H,
anomeric H), 3.65 — 3.54 (m, 4H), 3.48 (ddd, J = 8.8, 6.0, 2.5 Hz, 1H), 3.25 (dd, J = 9.5, 8.0 Hz,
1H), 2.16 — 2.04 (m, 2H), 1.42 (s, 3H), 1.39 (s, 3H), 1.33 (s, 3H), 1.31 (s, 3H); 3C NMR (126
MHz, Methanol-ds) 6 113.07, 109.87, 82.76, 82.18, 82.05, 80.48, 75.07, 74.96, 74.64, 74.39,
72.90, 72.29, 67.77, 63.09, 26.90, 26.11, 25.51, 25.28, 24.79; HRMS (ESI) m/z calcd for
C19H32NaO1o [(M+Na)*]: 443.1888, found: 443.1895.
[0]p?: +30.4 (¢ = 1.0, MeOH).

(2R,3R,4R,5S,6R)-2-((E)-4-(Benzyloxy)-3-methoxystyryl)-6-(hydroxymethyl)tetrahydro-2H-
pyran-3,4,5-triol (44):

HO
HO &
HO
HO K

OMe
OBn

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S26 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
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equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 55%, a:B > 95:5, E:Z = 77:23; isolated yield: 8.0 mg, 40%).

H NMR (500 MHz, Methanol-ds) & 7.46 — 7.42 (m, 2H), 7.38 — 7.33 (m, 2H), 7.32 — 7.28 (m,
1H), 7.10 (d, J = 1.2 Hz, 1H), 6.93 (d, J = 1.1 Hz, 2H), 6.70 (dd, J = 16.2, 1.8 Hz, 1H), 6.42 (dd,
J =16.2, 5.5 Hz, 1H), 5.10 (s, 2H), 4.60 — 4.57 (m, 2H, one of them is anomeric H), 3.87 (s,
3H), 3.81 (d, J = 5.1 Hz, 1H), 3.71 — 3.64 (m, 3H), 3.58 — 3.53 (m, 1H); 1*C NMR (126 MHz,
Methanol-ds) 6 151.24, 149.45, 138.65, 135.39, 132.31, 129.46, 128.92, 128.72, 122.84, 120.88,
115.56, 111.06, 77.44, 75.76, 75.43, 73.24, 72.61, 72.20, 63.28, 56.52; HRMS (ESI) m/z calcd
for C22H26NaO7 [(M+Na)*]: 425.1571, found: 425.1573.

[0]p?: +25.5 (¢ = 1.0, MeOH).

(2R,3S,4R,5R,6R)-2-(Hydroxymethyl)-6-(imidazo[1,2-a]pyrazin-8-yl)tetrahydro-2H-pyran-
3,4,5-triol (45):

HO
HO O
HO
H,\(l)/ _—N

N

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S27 (5.0 equiv., 0.25 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 31%, a:B > 95:5; isolated yield: 3.1 mg, 22%)).

'H NMR (500 MHz, Methanol-ds) & 8.48 (d, J = 4.6 Hz, 1H), 8.06 (d, J = 1.2 Hz, 1H), 7.91 (d, J
= 4.6 Hz, 1H), 7.80 (d, J = 1.2 Hz, 1H), 5.86 (d, J = 6.0 Hz, 1H, anomeric H), 4.47 (t, J = 8.6
Hz, 1H), 4.02 (dd, J = 8.9, 6.0 Hz, 1H), 3.75 — 3.66 (m, 3H), 3.43 (t, J = 8.5 Hz, 1H); °C NMR
(126 MHz, Methanol-ds) 6 152.42, 141.24, 135.21, 128.85, 121.30, 116.45, 77.64, 74.95, 73.73,
73.64, 72.27, 62.78; HRMS (ESI) m/z calcd for C12H1sN3sNaOs [(M+Na)*]: 304.0904, found:
304.0910.

[0]p?: +81.8 (¢ = 1.0, MeOH).
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(2R,3R,4R,5S,6R)-2-(6-Chloroimidazo[1,2-a]pyrazin-8-yl)-6-(hydroxymethyl)tetrahydro-2H
-pyran-3,4,5-triol (46):

HO
HO O

HO
HO

NZ =N

AN
The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S28 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 44%, a:B > 95:5; isolated yield: 5.7 mg, 36%).
'H NMR (500 MHz, Methanol-ds) & 8.66 (d, J = 1.3 Hz, 1H), 8.07 (d, J = 1.2 Hz, 1H), 7.84 (d, J
= 1.2 Hz, 1H), 5.93 (d, J = 6.4 Hz, 1H, anomeric H), 4.50 (t, J = 8.8 Hz, 1H), 4.05 — 4.00 (m,
2H), 3.74 (dd, J = 12.0, 2.7 Hz, 1H), 3.69 (dd, J = 12.0, 5.9 Hz, 1H), 3.44 (t, J = 8.8 Hz, 1H); °C
NMR (126 MHz, Methanol-ds) 6 151.58, 140.84, 136.67, 134.04, 118.97, 117.08, 77.56, 74.60,
73.33, 73.27, 72.11, 62.82; HRMS (ESI) m/z calcd for C12H14CIN3NaOs [(M+Na)*]: 338.0514,
found: 338.0518.
[0]p?: +61.1 (¢ = 1.0, MeOH).

(2R,3R,4R,5R,6R)-2-(6-Chloroimidazo[1,2-a]pyrazin-8-yl)-6-(hydroxymethyl)tetrahydro-2
H-pyran-3,4,5-triol (47):

Ho OH
0
HO
HO

N/ N

AN

The title compound was prepared according to the General procedure D from S1 (1.0 equiv.,
0.05 mmol), S28 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure product as viscous

gel (*H NMR vyield: 36%, a:p > 95:5; isolated yield: 5.4 mg, 34%).
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'H NMR (500 MHz, Methanol-ds) & 8.65 (s, 1H), 8.06 (d, J = 1.2 Hz, 1H), 7.82 (d, J = 1.2 Hz,
1H), 5.97 (d, J = 5.8 Hz, 1H, anomeric H), 4.53 (dd, J = 8.7, 3.4 Hz, 1H), 4.40 (dd, J =8.7,5.8
Hz, 1H), 4.34 (ddd, J = 7.2, 4.5, 2.5 Hz, 1H), 4.14 — 4.10 (m, 1H), 3.86 (dd, J = 11.8, 7.4 Hz, 1H),
3.70 (dd, J = 11.7, 4.6 Hz, 1H); 3C NMR (126 MHz, Methanol-ds) § 151.81, 140.68, 136.62,
134.11, 118.85, 117.04, 76.79, 72.39, 71.60, 70.40, 70.24, 62.16; HRMS (ESI) m/z calcd for
C12H14CIN3NaOs [(M+Na)*]: 338.0514, found: 338.0516.

[0]p?®: +21.48 (¢ = 1.0, MeOH).

(2R,3R,4S,5S,6R)-2-(Benzylselanyl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol
(48):
HO

HO O
HO

HO g¢
\Bn

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S29 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMA (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 40%, a:B > 95:5; isolated yield: 6.0 mg, 36%).

H NMR (500 MHz, Methanol-ds) & 7.37 — 7.32 (m, 2H), 7.25 (t, J = 7.6 Hz, 2H), 7.19 — 7.14 (m,
1H), 5.62 (d, J = 5.3 Hz, 1H, anomeric H), 3.97 (ddd, J = 9.9, 5.6, 2.4 Hz, 1H), 3.83 (d, J =
11.8 Hz, 2H), 3.77 — 3.70 (m, 2H), 3.61 (dd, J = 9.3, 5.3 Hz, 1H), 3.54 (t, J = 9.1 Hz, 1H), 3.36
(dd, J = 9.9, 8.8 Hz, 1H); ¥°C NMR (126 MHz, Methanol-ds) § 141.14, 130.09, 129.32, 127.45,
83.73, 76.61, 75.63, 73.39, 71.43, 62.47, 25.71; HRMS (ESI) m/z calcd for Ci3H1sNaOsSe
[(M+Na)*]: 357.0212, found: 357.0218.

[a]p?: +142.40 (c = 1.0, MeOH).

(2R,3R,4S,5R,6R)-2-(Benzylselanyl)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol
(49):
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Ho OH

o)
Hoéﬁ

HO gq
“Bn

The title compound was prepared according to the General procedure D from S1 (1.0 equiv.,
0.05 mmol), S29 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMA (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCls/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 34%, a:B > 95:5; isolated yield: 5.2 mg, 31%).
H NMR (500 MHz, Methanol-ds) & 7.35 (dd, J = 7.6, 1.6 Hz, 2H), 7.24 (dd, J = 8.4, 6.9 Hz, 2H),
7.18 —7.13 (m, 1H), 5.67 (d, J = 5.6 Hz, 1H, anomeric H), 4.21 (t, J = 6.0 Hz, 1H), 3.97 (dd, J
=9.8, 5.5 Hz, 1H), 3.92 (dd, J = 3.3, 1.3 Hz, 1H), 3.83 (d, J = 11.8 Hz, 1H), 3.79 — 3.75 (m, 2H),
3.72 (d, J = 11.8 Hz, 1H), 3.61 (dd, J = 9.8, 3.4 Hz, 1H); 3C NMR (126 MHz, Methanol-ds) &
141.24, 130.07, 129.29, 127.39, 84.00, 74.38, 73.21, 70.71, 69.98, 62.69, 25.42; HRMS (ESI)
m/z calcd for C13H1sNaOsSe [(M+Na)*]: 357.0212, found: 357.0219.

[0]o?: +186.35 (c = 1.0, MeOH).

(2R,3S,4S,5R,6R)-2-(Hydroxymethyl)-6-(phenethylthio)tetrahydro-2H-pyran-3,4,5-triol
(50):

HO
HO’&%

HO

HO S\/\Ph
The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S30 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 70%, a:B > 95:5; isolated yield: 8.9 mg, 59%).
H NMR (500 MHz, Methanol-d4) § 7.33 — 7.11 (m, 5H), 5.37 (d, J = 5.3 Hz, 1H, anomeric H),
3.94 (ddd, J = 10.0, 5.4, 2.3 Hz, 1H), 3.80 (dd, J = 11.9, 2.4 Hz, 1H), 3.75 — 3.67 (m, 2H), 3.52
(td, J =9.3, 2.5 Hz, 1H), 3.33 (d, J = 13.5 Hz, 1H), 2.95 — 2.90 (m, 2H), 2.89 — 2.76 (m, 2H); °C
NMR (126 MHz, Methanol-ds) & 142.08, 129.59, 129.40, 127.24, 87.19, 75.60, 74.00, 73.15,
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71.74, 62.52, 37.27, 32.62; HRMS (ESI) m/z calcd for Ci14H20NaOsS [(M+Na)*]: 323.0924,
found: 323.0924.
[a]p?®: +136.0 (¢ = 1.0, MeOH).

(2R,3S,4S,5R,6R)-2-(Hydroxymethyl)-6-((4-methoxybenzyl)thio)tetrahydro-2H-pyran-3,4,5
-triol (51):

HO
HS()&% v<j/owle

HO s

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S31 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR yield: 90%, a:B > 95:5; isolated yield: 13.0 mg, 82%).
Glycosylation in situ: the title compound was prepared according to the General procedure E
with D-glucose (1.0 equiv., 0.2 mmol), S31 (3.0 equiv., 0.6 mmol), Hantzsch ester (2.0 equiv.,
0.4 mmol), DABCO (2.5 equiv., 0.5 mmol), anhydrous DMSO (2 mL). The residue was
re-dissolved in Methanol-ds with mesitylene (0.1 mmol) as the internal standard for *H NMR
analysis (*H NMR yield: 60%, a:p > 95:5; the yield was based on 2 as the limiting reagent).
'H NMR (500 MHz, Methanol-ds) § 7.30 — 7.26 (m, 2H), 6.87 — 6.82 (m, 2H), 5.18 (d, J = 5.5
Hz, 1H, anomeric H), 3.99 (ddd, J = 9.9, 5.6, 2.4 Hz, 1H), 3.81 (dd, J = 12.0, 2.4 Hz, 1H), 3.77
(s, 3H), 3.75 — 3.65 (m, 4H), 3.55 (t, J = 9.3 Hz, 1H), 3.34 (d, J = 7.9 Hz, 1H); *C NMR (126
MHz, Methanol-ds) 6 160.14, 131.49, 131.30, 114.74, 85.47, 75.80, 73.99, 73.02, 71.82, 62.57,
55.69, 33.57; HRMS (ESI) m/z calcd for C14H20NaOsS [(M+Na)*]: 339.0873, found: 339.0875.
[a]o®®: +237.9 (c = 1.0, MeOH).

(2R,3R,4S,5S,6R)-2-(Cyclopentylthio)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol
(52):
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HO

HO 0
HO

HO s

O

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S32 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCI3/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 46%, a: > 95:5; isolated yield: 4.5 mg, 34%).

'H NMR (500 MHz, Methanol-ds) & 5.36 (d, J = 5.5 Hz, 1H, anomeric H), 3.98 (ddt, J = 9.7,
4.8, 2.2 Hz, 1H), 3.79 (dt, J=11.9, 2.3 Hz, 1H), 3.72 (dd, J = 12.0, 5.2 Hz, 1H), 3.68 (dd, J = 9.8,
5.5 Hz, 1H), 3.49 (t, J = 9.3 Hz, 1H), 3.34 (d, J = 6.8 Hz, 1H), 3.21 (p, J = 6.2 Hz, 1H), 2.12 —
1.99 (m, 2H), 1.80 — 1.71 (m, 2H), 1.65 — 1.53 (m, 4H); *3C NMR (126 MHz, Methanol-ds) &
87.29, 75.70, 74.03, 73.13, 71.78, 62.50, 44.18, 35.10, 34.85, 25.70, 25.34; HRMS (ESI) m/z
calcd for C11H20NaOsS [(M+Na)*]: 287.0924, found: 287.0929.

[a]o®®: +147.1 (¢ = 1.0, MeOH).

(2R,3R,4S,5S,6R)-2-(Decylthio)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (53):
HO

HO O
HO

HO S\ Me
9

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S33 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as white
solid (*H NMR yield: 88%, a:B > 95:5; isolated yield: 10.9 mg, 65%).

H NMR (500 MHz, Methanol-d4) & 5.31 (d, J = 5.5 Hz, 1H, anomeric H), 3.95 (ddd, J = 10.0,
5.3, 2.4 Hz, 1H), 3.79 (dd, J = 11.9, 2.5 Hz, 1H), 3.74 — 3.70 (m, 1H), 3.70 — 3.67 (m, 1H), 3.53
(t, J = 9.3 Hz, 1H), 3.34 (d, J = 6.9 Hz, 1H), 2.62 (dt, J = 12.8, 7.3 Hz, 1H), 2.55 (dd, J = 12.7,
7.4 Hz, 1H), 1.63 (pd, J = 7.3, 3.0 Hz, 2H), 1.43 — 1.38 (m, 2H), 1.32 — 1.25 (m, 12H), 0.90 (t, J
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= 6.8 Hz, 3H); 3C NMR (126 MHz, Methanol-ds) § 87.17, 75.63, 73.90, 73.16, 71.72, 62.49,
33.06, 31.07, 30.78, 30.71, 30.46, 30.36, 30.03, 23.73, 14.45; HRMS (ESI) m/z calcd for
Ci6H32NaOsS [(M+Na)*]: 359.1863, found: 359.1866.

[0]p?®: +156.4 (¢ = 1.0, MeOH).

(2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-(((2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymet
hyl)tetrahydro-2H-pyran-2-yl)thio)tetrahydro-2H-pyran-3,4,5-triyl triacetate (54):
HO

AcO OAc

HO g (@]
OAc

The title compound was prepared according to the General procedure D from 2 (1.0 equiv.,
0.05 mmol), S34 (3.0 equiv., 0.15 mmol), Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5
equiv., 0.125 mmol), anhydrous DMSO (0.5 mL). The residue was subjected to flash silica gel
column chromatography (eluent: CHCIs/MeOH = 15/1 ~ 5/1) to give the pure product as viscous
gel (*H NMR vyield: 34%, a:B > 95:5; isolated yield: 4.5 mg, 17%).

'H NMR (500 MHz, Methanol-ds) & 5.57 (d, J = 5.3 Hz, 1H, anomeric H), 5.25 (t, J = 9.3 Hz,
1H), 5.04 (t, J = 9.8 Hz, 1H), 4.97 (dd, J = 10.2, 9.2 Hz, 1H), 4.83 (s, 1H), 4.23 (dd, J =12.4,4.3
Hz, 1H), 4.15 (dd, J = 12.4, 2.3 Hz, 1H), 3.98 (ddd, J = 10.0, 4.7, 2.4 Hz, 1H), 3.89 (ddd, J =
10.1, 4.3, 2.3 Hz, 1H), 3.81 (dd, J = 11.9, 2.5 Hz, 1H), 3.74 (dd, J = 12.0, 4.7 Hz, 1H), 3.70 (dd,
J =9.7, 5.3 Hz, 1H), 3.52 (t, J = 9.3 Hz, 1H), 3.41 — 3.37 (m, 1H), 2.06 (s, 3H), 2.04 (s, 3H),
2.00 (s, 3H), 1.96 (s, 3H); *C NMR (126 MHz, Methanol-ds) & 172.41, 171.62, 171.25, 171.23,
87.51, 83.86, 76.94, 75.51, 75.47, 74.61, 73.07, 72.67, 71.30, 69.50, 63.23, 62.27, 20.75, 20.68,
20.54; HRMS (ESI) m/z calcd for C2oH30NaO14S [(M+Na)*]: 549.1248, found: 549.1257.

[0]p?: +91.0 (¢ = 1.0, MeOH).
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6. Mechanistic studies

6.1. Glycosyl radical trap experiment

TEMPO HO
(5 equiv.) HO O Me
HO N
2 Co,tBu Ho
H'go o 10 (15equiv)  HO 0 Me” e
% s, — > Ho 16
HO CsFuN Photoinduced HO CO,tBu HRMS (ESI) m/z

cross-coupling 1 calcd for C45Hy9NOg
. M + H]* 320.6028
<29 Id [
% vie found 320.6029

The reaction was performed according to the General procedure D with a slight modification.
Under air, a 4 mL vial equipped with a magnetic stir bar was added 2 (1.0 equiv., 0.05 mmol),
Hantzsch ester (2.0 equiv., 0.1 mmol), DABCO (2.5 equiv., 0.125 mmol) and TEMPO (5.0 equiv.,
0.25 mmol). The reaction vial was then transferred into a glovebox under nitrogen atmosphere,
followed by the addition of anhydrous DMSO (0.5 mL) and tert-butyl acrylate (1.5 equiv., 0.075
mmol). The reaction vial was sealed and taken out of the glovebox. The mixture was allowed to
vigorously stir at room temperature under 12 W blue LED illumination for 24 hours. After the
reaction was complete, DMSO was evaporated by attaching the oil pump to the rotary evaporator

and the residue was re-dissolved in Methanol-ds for tH NMR and HRMS analysis.

Mass Spectrum SmartFormula Report

D:\MassHunter\Data\Chemistry\2023\202304\20230425\yi

Sample Name yiw-739 Data File w-739.d

Instrument Name Agilent 6546 LC-QTOF IRM Calibration Status Success

Acq Method MS Scan_union-1.m Acquired Time 25/4/2023 11:29:14 AM (UTC+08:00)
Comment AJP Koh Ming Joo Operator WLK

Meas. m/z # Formula Calc. Mass Err [ppm]

320.2069 1 C15 H30 N 06 320.2067 0.62

x10 4 |+ESI Scan (rt: 0.131 min) Frag=175.0V yiw-739.d Subtract
251 3
o
N ~
24 e P
o3 N
)
1.5 ~ 3
2 S = >
1 ~ =~ o~ ™
= = N 5
po N ™ o~
0.5 © ™ o
0 Lotthd oy Ll A,l\ ) Mo s N mJl] .l s N LL L.
317 318 319 320 321 322 323 324

Counts vs. Mass-to-Charge (m/z)

Page 1of 1 ‘Printed at 12:16 PM on 25-Apr-2023
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6.2. Ultraviolet/visible (UV/vis) spectroscopy studies

Figure S1. UV/vis spectra of different reaction components

0.5 4 2
—HE
——— DABCO
. 2 +HE
x 2 + DABCO
= —— HE + DABCO
: 2 + HE + DABCO
)
e}
o
-
(o]
(7}
Ke]
<
0.0 -

3é0 ' 4(I)0 ' 4é0
Wavelength (nm)

Reactant combinations: the concentrations of all compounds are half of those of the standard
reaction.
Light grey trace: 2 (0.05 N in DMSO)
Blue trace: HE (0.05 N in DMSO)
Purple trace: DABCO (0.05 N in DMSO)
Brown trace: 2 (0.05 N in DMSO) + HE (0.05 N in DMSO)
Cyan trace: 2 (0.05 N in DMSO) + DABCO (0.05 N in DMSO)
Dark grey trace: HE (0.05 N in DMSO) + DABCO (0.05 N in DMSO)

Red trace: 2 (0.05 N in DMSO) + HE (0.05 N in DMSO) + DABCO (0.05 N in DMSO)
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6.3. Cyclic voltammetry studies

Cyclic voltammetry was carried out in a glass cell. A glassy carbon disk electrode (diameter is
3.0 mm, PCTFE shroud) was used as a working electrode. A platinum wire was used as a counter
electrode. SCE electrode was used as a reference electrode. Electrolyte: 0.1 M BusNPFs in
MeCN; Concentration of a sample: 1.0%10°3 M.

Figure S2. Cyclic voltammogram of 2
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Figure S3. Cyclic voltammogram of 6
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Figure S4. Cyclic voltammogram of 7
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Figure S5. Cyclic voltammogram of 8
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Figure S6. Cyclic voltammogram of 9
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6.4. Proposed mechanism

Figure S7. Proposed pathways for sugar activation and photoinduced glycosylation
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7. X-ray crystallographic data

X-ray structure of S2 (CCDC 2263895)
OH

og @
Hgoé‘ﬁ F v w&’;&
S L V“\Q—&f‘! O
F | N W‘}IL%
¢ v
Table S5. Crystal data and structure refinement for S2
Identification code S2
Empirical formula C11H13F4NOeS
Formula weight 363.28
Temperature 100(2) K
Wavelength 1.54178 A
Crystal system Monoclinic
Space group P21
Unit cell dimensions a=7.7486(3) A a= 90°.
b = 36.1899(15) A b= 110.563(2)°.
¢ =10.9782(5) A g = 90°.
Volume 2882.4(2) A3
Z 8
Density (calculated) 1.674 Mg/m3
Absorption coefficient 2763 mm’*
F(000) 1488
Crystal size 0.118 x 0.114 x 0.094 mm3
Theta range for data collection 2.442 t0 70.619°.
Index ranges -8<=h<=9, -44<=k<=44, -13<=I<=13
Reflections collected 93396
Independent reflections 10960 [R(int) = 0.0723]
Completeness to theta = 67.679° 99.8 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.6918 and 0.5930
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 10960 / 454 / 1005
Goodness-of-fit on F2 1.035
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Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

R1=0.0494, wR2 = 0.1317
R1=0.0551, wR2 = 0.1325
-0.001(7)

n/a

0.523 and -0.298 e.A-3
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8. Glycosylation of proteins

8.1. Preparation of proteins

Chemical
HS /\‘ modification \

_ =

Cys-protein Dha tagged-protein

Dha-tagged proteins were generated and purified according to reported procedures.!12

Histone eH3-Dha9
ARTKQTARDhaSTGGKAPRKQLATKAARKSAPATGGVKKPHRYRPGTVALREIRRYQKST
ELLIRKLPFQRLVREIAQDFKTDLRFQSSAVMALQEAAEAYLVGLFEDTNLAAIHAKRVTI
MPKDIQLARRIRGERAGGDYKDDDDKSAAGGYPYDVPDYA

Calculated mass = 17686

Observed mass = 17686

XEVO_02_YJ_YJ_230819_eH3_K9Dha 142 (3.421) Cm (139:148) XEVO_02_YJ_YJ_230819_eH3_K9Dha 142 (3.421) M1 [Ev-114819,It2¢
1005 8049 2,595 100 17686.0 _ 1.19¢7
258510 11918791

_ 8853
198741

_ 93138
149709

%
1

0 L adaaineahcasioamtuh " " TR prey
T~ Mass

m/z L e
800 1000 1200 1400 1600 1800 14000 16000 18000

Histone H3-Dhal0
ARTKQTARKDhaTGGKAPRKQLATKAARKSAPATGGVKKPHRYRPGTVALREIRRYQKS
TELLIRKLPFQRLVREIAQDFKTDLRFQSSAVMALQEASEAYLVALFEDTNLAAIHAKRVT
IM PKDIQLARRIRGERA

Calculated mass = 15221

Observed mass = 15221
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XEVO_02_YJ_YJ_230809_H3_S10_DHA2 128 (3.184) Cm (127:131)
7620
100 88253

%

952.3,35737
7

L i

1000 1500

e

| 9 62 R A
2000

2500

Histone H3-TEV-Dha2

8.83e4

XEVO_02_YJ_YJ 230809_H3_S10_DHA2 128 (3.184) M1 [Ev-295540 1t30] (Gs
100

%

0 Jurrerrer
10000

15221.0 _
6116684

6.12e6

12500 15000

S

AR REAEA BRI BAGARE R R RRAEA AR R L
17500 20000 22500 25000

ADhaENLYFQGTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKKPHRYRPGTVALRE
IRRYQKSTELLIRKLPFQRLVREIAQDFKTDLRFQSSAVMALQEASEAYLVALFEDTNLAA

IHAKRVTIMPKDIQLARRIRGERA
Calculated mass = 16004
Observed mass = 16004

XEVO_02_YJ_YJ_2308017_Histon_Tev_R2Dha 127 (3.167) Cm (125:131
oo _ 7284 2.25¢6
2245058

667.9

1491865 801.3

1657218

%
1

N “H”L”,

T T T T TR forrrrr
1000 1500 2000

T T Mz
500 2500

PanC-Dha44

XEVO_02_YJ_YJ_2308017_Histon_Tev_R2Dha 127 (3.167) M1 [Ev-5276C

160040 _ 1.51e8
100+ 150982784
0\5_
| 16019.0
22341210
0""'I "‘IA"'I LI ] S L S | Pef=r= mass
10000 15000 20000 25000

TIPAFHPGELNVYSAPGDVADVSRALRLTGRRVMLVPTMGALDhaEGHLALVRAAKRVP
GSVVVVSIFVNPMQFGAGEDLDAYPRTPDDDLAQLRAEGVEIAFTPTTAAMYPDGLRTT
VQPGPLAAELEGGPRPTHFAGVLTVVLKLLQIVRPDRVFFGEKDYQQLVLIRQLVADFNL
DVAVVGVPTVREADGLAMSSRNRYLDPAQRAAAVALSAALTAAAHAATAGAQAALDAA
RAVLDAAPGVAVDYLELRDIGLGPMPLNGSGRLLVAARLGTTRLLDNIAIEIGTFAGTDRP

DGYRA ILESHWRNKLAAALEHHHHHH
Calculated mass = 33998
Observed mass = 33998
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XEVO_02_YJ_YJ_2308017_PanC_44Dha 149 (3.540) Cm (146:151) XEVO_02_YJ_YJ_2308017_PanC_44Dha 149 (3.540) M1 [Ev-359781.1t28] (Gs.0

8957 6.29¢5 33998.0 _ 3.76e7
: —_ 9199 -
100 628757 | 611094 100 37577708
8302
—lllf . 1001.0
75315%83 481792
6 _ 1734
| 7890 357157 = 34064.0
7565 _| 1360.9 12053468
229050 229416
724.4 342420
103193 | 6012050
0¥t - "I - e miz O R T T T T PR TR T e R T e T T = mass
500 1000 1500 2000 2500 30000 32000 34000 36000 38000
PstS-Dha57

MEASLTGAGATFPAPVYAKWADTYQKETGNKVNYQGIGSSGGVKQIIANTVDFGASDha
APLSDEKLAQEGLFQFPTVIGGVVLAVNIPGLKSGELVLDGKTLGDIYLGKIKKWDDEAI
AKLNPGLKLPSQNIAVVRRADGSGTSFVFTSYLAKVNEEWKNNVGTGSTVKWPIGLGG
KGNDGIAAFVQRLPGAIGYVEYAYAKQNNLAYTKLISADGKPVSPTEENFANAAKGAD
WSKTFAQDLTNQKGEDAWPITSTTFILIHKDQKKPEQGTEVLKFFDWAYKTGAKQANDL
DYASLPDSVVEQVRAAWKTNIKDSSGKPLY

Calculated mass = 34507

Observed mass = 34507

XEVO_02_YJ_YJ_230818_Psts_D57Dha2 133 (3.269) Cm (131:135) XEVO_02_YJ_YJ_230818_Psts_D57Dha2 133 (3.269) M1 [Ev-184289 1t2!
_ 9091 1.03e5  4q0- 34507.0 _ 4.31e6
100+ 103041 4307876

_987.0
89386

_1046.7
69253

%
1

_11141

46989 34648.0
1257786
}328.2;27069 344900 _|¢
1118527
0 —— N 0 PRI mass
1000 1500 2000 2500 30000 32000 34000 36000 38000

SspG-Dha7:C344S:E387C

MY SFPNDhaFRFGWSQAGFQSEMGTPGSEDPNTDWYKWVHDPENMAAGLVSGDLPEN
GPGYWGNYKTFHDNAQKMGLKIARLNVEWSRIFPNPLPRPQNFDESKQDVTEVEINENE
LKRLDEYANKDALNHYREIFKDLKSRGLYFILNMYHWPLPLWLHDPIRVRRGDFTGPSG
WLSTRTVYEFARFSAYIAWKFDDLVDEYSTMNEPNVVGGLGYVGVKSGFPPGYLSFELS
RRAMYNIIQAHARAYDGIKSVSKKPVGITYANSSFQPLTDKDMEAVEMAENDNRWWFFD
AlIIRGEITRGNEKIVRDDLKGRLDWIGVNYYTRTVVKRTEKGYVSLGGYGHGSERNSVS
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LAGLPTSDFGWEFFPEGLYDVLTKYWNRYHLYMYVTCNGIADDADYQRPYYLVSHVYQ
VHRAINSGADVRGYLHWSLADNYEWASGFSMRFGLLKVDYNTKRLYWRPSALVYREIA
TNGAITDEIEHLNSVPPVKPLRHHHHHHH

Calculated mass = 57454

Observed mass = 57454

100+
327.7:134055
974.8,112537

1127.6,89772
i

%
1

57475.0,2660235
2 m/z 0 1R ARES IR SR R [ ‘-I_'A"'I""I"‘mass
500 1000 1500 2000 2500 52500 55000 67500 60000
8.2. Optimization of protein glycosylation conditions
Table S6. Screening of activator
HO OH
HO OH activator (200 equiv.) HO 0
e % -0 Tris 20 mM, NaCl 150 mM HO
~ N HO '
N HO pH 8.0, 365 nm,
o SPyF 4°C, 60 min I 0
1.0 equiv. 200 equiv. ‘?1?1/
Histone eH3-Dha9
eH3-Man-Ala9
Entry activator Conversion
1 A1 <10%
2 A2 <10%
3 A3 27%
4 A4 21%
5 A5 52%
6 A6 77%
Cl R SH SH
SH SH O\ /O
Me\N /B—B\
Me | o 0
Cl Me
A1 A2R=F A4 A5 A6
A3R =Me
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Table S7. Screening of illumination wavelength

‘f\ujﬁ(%‘

1.0 equiv.
Histone eH3-Dha9

HO

Table S8. Further screening of illumination wavelength

ﬁ\mjg(a

0]

1.0 equiv.
Histone eH3-Dha9

8.3. General procedure for photoinduced glycosylation of proteins

N

1.0 equiv.

Dha tagged-protein

OH
B,Cat, (200 equiv.) HO O
Tris 20 mM, NaCl 150 mM HO
pH 8.0, illumination, -
4 °C, 60 min 0
Z/NH
eH3-Man-Ala9
Wavelength (nm) Conversion
365 7%
385 78%
405 46%
420 30%
445 18%
HO  oH
B,Cat, (500 equiv.) HO O
Tris 20 mM, NaCl 150 mM, MO
pH 8.0, illumination,
4°C, 60 min 0
LH1‘/NH
eH3-Man-Ala9
Wavelength (nm) Conversion
365 A47%
405 64%
420 83%
445 53%
NO
. HO s
B,Cat, (500 equiv.)
Tris 20 mM, NaCl 150 mM, =
pH 8.0, 420 nm,
4 °C, 60 min

Glycoprotein
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General procedure F: glycosylation of proteins

To a solution of Dha-tagged Protein (50 uM, 30 uL, 1.00 equiv.) in TBS buffer (Tris 20 mM,
NaCl 150 mM, pH = 8.0) was added to a solution of sugar donor (500 equiv., 0.2 M in H20) and
B2Cat, (500 equiv., 1 M in DMSO) in glovebox. The mixture was shaken for 60 min at 4 °C
under 420 nm illumination. After completed, the reaction mixture was subjected to LC-MS for
analysis. (*Note: 0.5 M in DMSO was used for GIcNAc donor). Conversions were calculated
based on total ion count of thresholded signal peaks indicated in line with prior calibrations.
Perturbed and unperturbed impurities are noted.

8.4. Glycoproteins mass spectrometry analysis
Histone eH3-Man-Ala9
83% conversion; Calculated mass = 17850; Observed mass = 17850

XEVO_02_YJ_YJ_2308016_1-42-2 130 (3.218) M1 [Ev-131446,1t28] (Gs.0.400,683:1

XEVO_02_YJ_YJ_2308016_1-42-2 130 (3.218) Cm {128:133)

. 17850.0 8.68¢6
7774 _ 1.68e5 100+ x
1007 1582457 | _ 8510 8675969
A 152077
126637 8936
109779
s 1051.0;59624 B2
4 17686.0
1762298
N
0 miz fes
600 800 1000 1200 1400 1600 1800 0 e ; oy T e t SRS | mass
10000 12500 15000 17500 20000 22500 25000

In-situ glycosylation (without isolating sugar donor): 82% conversion; Observed mass = 17850.

XEVO_02_YJ_YJ_230823_1-52-1 129 (3.201) Cm (128:132)

XEVO_02_YJ_YJ_230823_1-52-1 129 (3.201) M1 [Ev-125467 It27] (C

8124 2.02e5 5 17850.0 _ 1.19¢7
100+ 8510 100 11878963
8935
7
2 =2
17687.0 [17882.0
132134{ 1200991
0 ""IL".L"I.F"IL""I""I"' T m/z 0 ""I""I""I""I""JI.T" e mass
1000 1500 2000 2500 12000 14000 16000 18000 20000

Histone eH3-Gal-Ala9

88% conversion; Calculated mass = 17850; Observed mass = 17850
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XEVO_01_YJ_YJ_230817_1-43-2 151 (2.611) Cm (149:154)

1: TOF MS ES+
o _777.07

XEVO_01_YJ_YJ_230817_1-43-2 151 (2.611) M1 [Ev-359009,1t30] (Gs.0.400.531:1

1.51e5 100 17850.00 _ 1.25e7
150764 12497739
_850.99
123042

_893.49
92654

1050.99;54484
it

%
i

17686.00
1768181
N

.L .

T T L i1 174
1000 1500 2000 2500

O e e e e
10000 12500 15000 17500

LT E e P T o). INass
20000 22500 25000

In-situ glycosylation (without isolating sugar donor): 90% conversion; Observed mass = 17850.
XEVO_02_YJ_YJ_230823_1-52-5 129 (3.201) Cm (128:131)

XEVO_02_YJ_YJ_230823_1-52-5 129 (3.201) M1 [Ev-140752.It:
100+ _ 8124 1.02e5 100+ 17850.0 _ 6.31e6
102356 6310269
| 851.1
85567
=
17686.0
699092
X
‘t‘lll m/z 0 '|'--'|"--|-'-'l-"-"lu-'ﬁ"-l‘-"-|--'m339
1000 1500 2000 2500 12500 15000 17500 20000

Histone eH3-GIcNAc-Ala9

70% conversion; Calculated mass = 17891; Observed mass = 17891

XEVO_02_YJ_YJ_2308017_1-44-2 129 (3.201) Cm (128:131)

XEVO_02_YJ_YJ_2308017_1-44-2 129 (3.201) M1 [Ev-175865,1t28] (Gs
100- _ 8529 1.52e5 100+ 17891.0 _ 8.94¢6
152263 8935511
895.6
112252
9427
B 81481 52 18094.0
: 2693929
1119.1,44120 sl
1298871
N
0- "'-‘I-'_"'I""I""I""m-/z 0 ""I""I""I""I""I""I'l"'l""I""'I"‘"'mass
1000 1500 2000 2500 12000 14000 16000 1800 2000

Histone H3-Man-Alal0

80% conversion; Calculated mass = 15385; Observed mass = 15385

XEVO_01_YJ_YJ_230817_1-43-5 150 (2.594) Cm (149:153) 1: TOF MS ES+

XEVO_01_YJ_YJ_230817_1-43-5 150 (2.594) M1 [Ev-102878.1t24] (Gs.0.400,630:9
100+ _735.03 4.57e4 100+ 15385.00 _ 1.31e6
45745 1307423
770.20
25372
7
2 _810.68 ES
21235 1099.92 15221.00
10819 328340
/ N
- - n—— (e PrR— _—
0 L AL e e e el 491 0 "“l""I""IL""I‘""L‘I‘"I""I""I""‘I““mass
1000 1500 2000 2500 10000 12000 14000 16000 18000
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Histone H3-Gal-Alal0

83% conversion; Calculated mass = 15385; Observed mass = 15385

_770.18

XEVO_01_YJ_YJ_230817_1-43-6 150 (2.594) Cm (149:153)
100

1: TOF MS ES+
3.75e4

XEVO_01_YJ_YJ_230817_1-43-6 150 (2.594) M1 [Ev-142408,1t23] (Gs.0.400,595:

S 15385.00_ 2.28¢6
36731 2282247
_810.78
27527
252.81;16515 e
15221.00
1099.91
= 4
12491 88555
L o e e e 014 O Yoo psim o i e o arapapisoparimifipin=t masS
1000 1500 2000 2500 10000 12000 14000 16000 18000

Histone H3-GIcNAc-Alal0

77% conversion; Calculated mass = 15426; Observed mass = 15426

XEVO_02_YJ_YJ_2308017_1-44-4 128 (3.185) Cm (127:130)

XEVO_02_YJ_YJ_2308017_1-44-4 128 (3.185) M1 [Ev-126921,1t24] (Ge
7723

5 63e4 = 15426.0 _ 2.15e6
100+ 56287 s 100 2154054
812.9
42693
858.1
o 30884 Ca 15221.0
1029.5,18911 655479
5 N
0 TR PR )/ z S Saaaznany . mass
1000 1500 2000 2500 10000 12000 14000 16000 18000

Histone H3-TEV-Man-Ala2
52% conversion; Calculated mass = 16167; Observed mass = 16167

XEVO_02_YJ_YJ_2308017_1-45-1 129 (3.201) Cm (128:131)

7709 _ 4.36e4 ) 161670 _
1007 43566 i 100 1565045
7358
33800 s
27159 16003.0
2 1011.5,15622 =) Ll
7
0 0 e oY A

750 1000 1250 1500 12000 14000

m/z
1750 2250

2000 16000

18000

20000

Histone H3-TEV-Gal-Ala2

56% conversion; Calculated mass = 16167; Observed mass = 16167
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XEVO_02_YJ_YJ_2308017_1-45-2 128 (3.184) Cm (127:131) 1: TOF MS ES+
809.3 _
144318

100+

809.4
39082

_ 8520

31440

1500

Histone H3-TEV-GIcNAc-Ala2
64% conversion; Calculated mass = 16208; Observed mass = 16208

XEVO_02_YJ_YJ_2308017_1-45-4 128 (3.184) Cm (127:131)

100+

8114 _
33228

PanC-Man-Ala44

750

1000

1250

1014.0;11059
7

1500

1750

2000

4.43e4

XEVO_02_YJ_YJ_2308017_1-45-2 128 (3.184) M1 [Ev-196851,1t25] (Gs.0.400.¢

16167.0 _ 1.56e6
100+ 1556282
16086.0
o 698255
e e mass
12000 14000 16000 18000

1: TOF MS ES+
3.32e4

1001

e

miz 0-

2250

2500

12000

XEVO_02_YJ_YJ_2308017_1-45-4 128 (3.184) M1 [Ev-146115,1t23] (G

16208.0 _ 1.02e6
1022314
16106.0
313560
16224.0
124789
mass

14000 16000 18000

81% conversion; Calculated mass = 34162; Observed mass = 34162
(Peak mass 34064 and 34242 are unperturbed impurities from PanC-Dha44)
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XEVO_02_YJ_YJ 2308017_1-45-5 147 (3.506) Cm (147) 1: TOF MS ES+
1.08e4

9242 _ 9500
10043011 Dy
- 10773
]893 10597
855.0 1005.8

8805 8698
1139.8,6393
7/

1000 1500

100+

%
1

30000 32000

XEVO_02_YJ_YJ_2308017_1-45-5 147 (3.506) M1 [Ev-166079,1t24] (Gs.

34162.0_ 5.63e5
563228

342420
212518
33998.0|)

mass

34000 36000 38000

XEVO_02_YJ_YJ_2308017_1-45-5 147 (3.506) M1 [Ev-166079,1t24] (Gs.

100+

PanC-GIcNAc-Ala44

34162.0_

34064.0_032%8

495473

33998.0
133779

34000

5.63e5
342420
212518
mass
34200 34400

78% conversion; Calculated mass = 34203; Observed mass = 34203
(Peak mass 34063 and 34242 are unperturbed impurities from PanC-Dha44)
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XEVO_02_YJ_YJ_2308017_1-45-8 147 (3.506) Cm (147)

901.1_ _9511
6911 6928

8351 9522
4603 ||| 5366

100+

12225
3637
oS

1000 1500

2000

6.93e3

2500

XEVO_02_YJ_YJ_2308017_1-45-8 147 (3.506) M1 [Ev-83067.1t21] (Gs.(
100 34203.0_ 1.26e5
125529

34063.0_
102157

%

mass

30000 32000 34000 36000 38000

XEVO_02_YJ_YJ_2308017_1-45-8 147 (3.506) M1 [Ev-83067 1t21] (Gs.(

100+

%
1

PstS-Man-Ala57

33800

34203.0_
125529

34063.0_
102157

33997.0
32572
N

34000 34200

1.26e5

342420
66714
o7

34263.0
17492
7

* mass

34400 34600

66% conversion; Calculated mass = 34671; Observed mass = 34672

(Peak mass 34811 ~ 34648 + 164, perturbed impurity from PstS-Dha57)
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XEVO_02_YJ_YJ_2308018_1-46-1 132 (3.252) M1 [Ev-160731,1t24] (Gs.(
1.62¢6

XEVO_02_YJ_YJ_2308018_1-46-1 132 (3.252) Cm (131:133)
964.1 6.80e4 3
100- - 9642 100
88012 [T srgag
890.1_||[||_1020.8
50978 51026
10845
- 37309 s
11567
25846
14457
16915
0 LI""I""I""I""l""rnjz
1500 2000 2500 30000 32000

1000

100+

34672.0 _
1622352

34507.0
839148

34811.0
404307
7/

34000 34500 35000 35500

34672.0 _
1622352

34507.0
839148
N

34811.0
404307
7

34000

XEVO_02_YJ_YJ_2308018_1-46-1 132 (3.252) M1 [Ev-160731.1t24] (Gs,0.300,795:13¢

36000

mass
38000

36000

1.62e6

mass

In-situ glycosylation (without isolating sugar donor): 77% conversion; Observed mass = 34671

(Peak mass 34812 = 34648 + 164, perturbed impurity from PstS-Dha57)

XEVO_02_YJ_YJ_230823_1-62-4 131 (3.235) M1 [Ev-139571.1t25]
2576

34671.0 _

XEVO_02_YJ_YJ_230823_1-52-4 131 (3.235) Cm (130:133)
9381 9.71e4 _
100+ 97057 100 2572176
10208
76692
10845
=] 53193 2 348120
_1156.8 905493
36689 34653.0_|
_14457 758860
23648
"Al‘"'I""I""I""I"'m/z 0- mass
1500 2000 2500 30000 32000 34000 36000 38000

000

PstS-Gal-Alas7

80% conversion; Calculated mass = 34671; Observed mass = 34671
(Peak mass 34811 =~ 34648 + 164, perturbed impurity from PstS-Dha57)
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XEVO_02_YJ_YJ_2308018_1-46-2 132 (3.252) M1 [Ev-146402,1t25] (Gs,0

XEVO_02_YJ_YJ_2308018_1-46-2 132 (3.252) Cm (130:133)
100- 9641 8.61ed 100+ 34671.0 _ 2.35e6
86052 2349203
_1020.8
73826
10845
56239
e e = 348110
b 741082
1239.3,25218
/7 34654.0_|
_1508.4 598463
15699
0¥ e T o= /7 0- mass

2000 2500 30000 32000 34000 36000 38000

In-situ glycosylation (without isolating sugar donor): 75% conversion; Observed mass = 34671.

(Peak mass 34812 = 34648 + 164, perturbed impurity from PstS-Dha57)

XEVO_02_YJ_YJ_230823_1-52-8 131 (3.235) Cm (130:133) XEVO_02_YJ_YJ_230823_1-52-8 131 (3.235) M1 [Ev-130493,1t24

_ 4291 1.45e5 S 34671.0_ 9.30e5
1007 445387 100 930016
2 =
938.1
45433 34654.0_134812.0
318021 | 195364
7
0- RARRNREREEuaaasunmnsns sy nsss NS 0 mass
500 1000 1500 2000 2500 30000 32000 34000 36000 38000

PstS-GIcNAc-Ala57
78% conversion; Calculated mass = 34712; Observed mass = 34712

(Peak mass 34853 = 34648 + 205, perturbed impurity from PstS-Dha57)
(Peak mass 34914 = 34507 + 205 + 203; ~ 5% two sugar unit addition glycoprotein was detected,

which we ascribe to non-specifical glycosylation of lysine residues; see Figure S13, Table S9 and

Figure S15 for details)

XEVO_02_YJ_YJ 2308018_1-46-3 131 (3.235) Cm (130:13¢  XEVO_02_YJ_YJ_2308018_1-46-3 131 (3.235) M1 [Ev-227¢

1.23e5 34712 _ 3.36e6
1905 1005 3357319
& = 34853
861209
34695 |/
752118 |34914:215905
0- ™ m/z 0 mass

30000 32000 34000 36000 38000
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XEVO_02_YJ YJ 2308018 1-46-3 131 (3.235) M1 [Ev-227500,1
M2 _ 3.36e6

1001 3357319

=1
34695 | 34853
4507 T5211§ 861209
#3644 34914:215906
L s
L L) BRI e ey ey ol 1 o34
34500 35000 35500

SspG-GIcNAc-Ala7
72% conversion; Calculated mass = 57659; Observed mass = 57659
(Peak mass 57681 = 57475 + 205, perturbed impurity from SspG-Dha7)

XEVO_02_YJ_YJ_2308018_1-46-6 135 (3.303) Cm (133:137) XEVO_02_YJ_YJ_2308018_1-46-6 135 (3.303) M1 [Ev-110264. It
100- 1.11e5 1004 57659.0,2853510 2.85e6

1012.5,57717
£

%

il 56920.0;111786(

57681.0,617486

- m)/z 0 mass
52000 54000 56000 58000 60000

1000 1500 2000 = 2500
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8.5. LC-MS/MS analysis of glycoproteins

Methods:

Sample proteolysis: For in-solution proteolytic digestion, samples were buffer-exchanged into
100 mM ammonium bicarbonate (urea was added to SsPG samples at 6M final concentration),
reduced with 10 mM tris(2-carboxyethyl)phosphine (Thermo Fisher) for 30 min at room
temperature and alkylated with 30 mM 2-chloroacetamide (Sigma Aldrich) at room temperature
for 30 min in the dark. LysC (Fujifilm Wako) was added to histone sample solutions and trypsin
(Pierce) was added to the solutions of other proteins for a 6-hour incubation at 37°C with 1:25
protease:protein ratio (w/w). SsBG sample was diluted to 1.3M urea prior to adding trypsin. The
samples were desalted by Oasis HLB cartridges (Waters) and reconstituted in water containing
5% formic acid, 5% DMSO right before the LC-MS analysis.

LCMS: Samples were subjected to LC-MS/MS using an UltiMate 3000 nanoUHPLC system
(Thermo Fisher Scientific) coupled to an Orbitrap QExactive (Thermo Fisher Scientific). The
peptides were trapped on a C18 PepMap100 pre-column (300 pum i.d. x 5 mm, 100 A, Thermo
Fisher Scientific) using solvent A (0.1% formic acid in water), then separated on an in-house
packed analytical column (50 um i.d. x 50 cm in-house packed with ReproSil Gold 120 C18, 1.9
pum, Dr. Maisch GmbH) and utilised a 15 minute gradient (12% to 40%B where B is 0.1% formic
acid in acetonitrile) at a flow rate of 100 nL/min. Full scan MS spectra were acquired in the
Orbitrap (scan range 350-1400 m/z, resolution 70000, AGC target 3e6). Five most abundant
peptides were selected each round for stepped HCD fragmentation using 20, 30, and 40%
normalised collision energy, and fragmentation products were mass-analysed in the Orbitrap
(scan range 200-2000 m/z, resolution 17500, AGC target 5e4, maximum injection time 128 ms).
Data analysis: Spectra were searched using FragPipe (v20.0) MSFragger 3.8%2 with standard
‘open’ search settings against corresponding bespoke. FASTA files containing proteins of interest
and potential contaminants. Data was filtered using the inbuilt tools within FragPipe to an FDR
of below 1%. Modified peptides were discerned by filtering the resulting dataset using the

expected changes in mass caused by each modification.
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Figure S8. Fragmentation spectrum of [Acetyl-AA(Hex)ENLYFQGTK]?" originating from
TEV-Histone-H3-Man-Ala2.
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Figure S9. Fragmentation spectrum of [Acetyl-AA(Hex)ENLYFQGTK]?" originating from
TEV-Histone-H3-Gal-Ala2.
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Figure S10. Fragmentation spectrum of [Acetyl-AA(HexNAC)ENLYFQGTK]?* originating from
TEV-Histone-H3-GIcNAc-Ala2.
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Figure S11. Fragmentation spectrum of [QIIANTVDFGASA(Hex)APLSDEK]?" originating
from PstS-Man-Ala57.
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Figure S12. Fragmentation spectrum of [QIIANTVDFGASA(Hex)APLSDEK]?* originating
from PstS-Gal-Ala57.
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Figure S13. Fragmentation spectrum of [QIIANTVDFGASA(HexNAC)APLSDEK]?
originating from PstS-GIcNAc-Ala57.
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Figure S14. Fragmentation spectrum of [MYSFPNA(HexNAC)FR]?" originating from SspG-
GIcNAc-Ala7.
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Table S9. A list of peptides with the mass shift corresponding (within the mass accuracy of 0.005
Da) to HexNAc identified in the tryptic digest of PstS-GIcNAc-Ala57. Possible additional
non-specific modification sites are labelled with the red colour. The modification of the lysine
residues in these peptides led to missed cleavages by trypsin at these sites.

DQKKPEQGTEVLK

DSSGKPLY

ETGNKVNYQGIGSSGGVK

FFDWAYKTGAK

GADWSKTFAQDLTNQK

KPEQGTEVLK

LISADGKPVSPTEENFANAAK

LISADGKPVSPTEENFANAAKGADWSK

LNPGLKLPSQNIAVVR

MEASLTGAGATFPAPVYAK — unable to localise

NNVGTGSTVKWPIGLGGK

QIIANTVDFGASAAPLSDEK

QNNLAYTKLISADGKPVSPTEENFANAAK

SGELVLDGKTLGDIYLGK

TLGDIYLGKIK

TNIKDSSGKPLY
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Figure S15. Coverage of the amino-acid sequence of PstS-GIcNAc-Ala57 by peptides listed in
Table S9. Modification sites are highlighted in red.

MEASLTGAGATFPAPVYAKWADTY QKETGNKVNYQGIGSSGGVKQIIAN
TVDFGASAAPLSDEKLAQEGLFQFPTVIGGVVLAVNIPGLKSGELVLDGK
TLGDIYLGKIKKWDDEATAKLNPGLKLPSQNIAVVRRADGSGTSFVFTSYL
AKVNEEWKNNVGTGSTVKWPIGLGGKGNDGIAAFVQRLPGAIGYVEYA
YAKQNNLAYTKLISADGKPVSPTEENFANAAKGADWSKTFAQDLTNQKG
EDAWPITSTTFILIHKDQKKPEQGTEVLKFFDWAYKTGAKQANDLDYASL
PDSVVEQVRAAWKTNIKDSSGKPLY
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9. Preliminary results for photoinduced O-glycosylation

9.1. Optimization of O-glycosylation reaction conditions

Table S10. Optimization for the synthesis of O-glycosides?
HO _OH

é@v F o Nal (3.0 equiv.) HO _OH

S F TMEDA (3.0 equiv.

HO o~ Q (8.0 equv) é&o
OMe

OH

N MeCN (0.05 M), 370 nm, HO OH \©\
rt, 16 h OMe
s1 F $36 55
1.0 equiv. 3.0 equiv. "H NMR yield: 23%
>95:5 B:a
Entry Variation from the standard conditions "H NMR yields®
1 Lil, Ki, Znl, as iodide salt 13%, 9%, <2%
2 Et3N, 2,4,6-collidine, DBU, K,CO3 as base 17%, <2%, 1%, <2%
3 w/o base <2%
4 Blue LED or w/o hv <2%, <2%
5 S$1 3.0 equiv., $36 1.0 equiv. 47% (43%°)

8Reaction conditions: 81 (1.0 equiv., 0.05 mmol), $36 (3.0 equiv, 0.15 mmol), Nal (3.0 equiv., 0.15 mmol),
TMEDA (3.0 equiv, 0.15 mmol), MeCN (0.05 M, 1.0 mL), 370 nm Kessil lamp, r.t., 16h. PYields were
determined by "H NMR with tetrachloroethane as the internal standard. CIsolated yield.

General procedure G: synthesis of O-glycosides

Under air, a 4 mL vial equipped with a magnetic stir bar was added glycosyl donor (3.0 equiv.,
0.15 mmol), phenol substrate (1.0 equiv., 0.05 mmol). The reaction vial was then transferred into
a glovebox under nitrogen atmosphere, followed by the addition of Nal (3.0 equiv., 0.15 mmol),
anhydrous MeCN (1.0 mL) and TMEDA (3.0 equiv., 0.15 mmol). The reaction vial was sealed
and taken out of the glovebox. The reaction was allowed to vigorously stir at room temperature
under 370 nm Kessil lamp illumination for 16 hours. After the reaction was complete, the
volatiles were evaporated and the resulting residue was purified by flash silica gel column
chromatography (eluent: CH2Clo/MeOH = 30/1 ~ 5/1) to afford the target product.
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9.2. Analytic data of O-glycosides
(2R,3R,4S,5R,6S)-2-(Hydroxymethyl)-6-(4-methoxyphenoxy)tetrahydro-2H-pyran-3,4,5-tri
ol (55):

HO oOH
o}

HO&/O
OH
oM

The title compound was prepared according to the General procedure G from S1 (3.0 equiv.,

e

0.15 mmol), Mequinol (1.0 equiv., 0.05 mmol), Nal (3.0 equiv., 0.15 mmol), anhydrous MeCN
(1.0 mL) and TMEDA (3.0 equiv., 0.15 mmol). The residue was subjected to flash silica gel
column chromatography (eluent: CH2>Cl2/MeOH = 30/1 ~5/1) to give the pure product as white
solid. (Isolated yield: 6.1 mg, 43%, > 95:5 B:a).

'H NMR (500 MHz, Deuterium Oxide) & 7.14 — 7.09 (m, 2H), 7.01 — 6.95 (m, 2H), 4.95 (d, J =
7.0 Hz, 1H, anomeric H), 4.00 — 3.96 (m, 1H), 3.84 — 3.80 (m, 4H), 3.79 — 3.72 (m, 4H); *°C
NMR (126 MHz, D;0) 6 154.61, 151.02, 118.08, 115.01, 101.70, 75.33, 72.54, 70.57, 68.46,
60.73, 55.78. HRMS (ESI) m/z calcd for C13H1sNaO7 [(M+Na)*]: 309.0945, found: 309.0951.

(2R,3S,4S,5R,6S)-2-(Hydroxymethyl)-6-(4-methoxyphenoxy)tetrahydro-2H-pyran-3,4,5-trio
| (56):

HO
HO O
OMe

OH

The title compound was prepared according to the General procedure G from 2 (3.0 equiv.,
0.15 mmol), Mequinol (1.0 equiv., 0.05 mmol), Nal (3.0 equiv., 0.15 mmol), anhydrous MeCN
(1.0 mL) and TMEDA (3.0 equiv., 0.15 mmol). The residue was subjected to flash silica gel
column chromatography (eluent: CH2Cl./MeOH = 30/1 ~5/1) to give the pure product as white
solid. (Isolated yield: 5.8 mg, 41%, > 95:5 B:a).

'H NMR (500 MHz, Deuterium Oxide) & 7.11 — 7.06 (m, 2H), 6.97 — 6.93 (m, 2H), 4.98 (d, J =
7.7 Hz, 1H, anomeric H), 3.89 (dd, J = 12.5, 2.2 Hz, 1H), 3.78 (s, 3H), 3.72 (dd, J = 12.4, 5.7
Hz, 1H), 3.59 — 3.53 (m, 2H), 3.51 (dd, J = 9.4, 7.7 Hz, 1H), 3.48 — 3.43 (m, 1H); 3C NMR (126

MHz, Deuterium Oxide) 6 154.67, 150.83, 118.12, 114.97, 101.12, 76.02, 75.50, 72.91, 69.38,
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60.48, 55.72; HRMS (ESI) m/z calcd for C13H1sNaO7 [(M+Na)*]: 309.0945, found: 309.0952.

(2R,3S,4S,5R,6S)-2-(Hydroxymethyl)-6-(2-methoxyphenoxy)tetrahydro-2H-pyran-3,4,5-trio
I (57):

HO o OMe
HO
HO&/O
OH

The title compound was prepared according to the General procedure G from 2 (3.0 equiv.,
0.15 mmol), Guaiacol (1.0 equiv., 0.05 mmol), Nal (3.0 equiv., 0.15 mmol), anhydrous MeCN
(1.0 mL) and TMEDA (3.0 equiv., 0.15 mmol). The residue was subjected to flash silica gel
column chromatography (eluent: CH2Cl2/MeOH = 30/1 ~5/1) to give the pure product as white
solid. (Isolated yield: 5.8 mg, 41%, > 95:5 B:a).

'H NMR (500 MHz, Methanol-ds) § 7.19 — 7.15 (m, 1H), 7.02 — 6.97 (m, 2H), 6.90 (ddd, J = 8.0,
5.5, 3.6 Hz, 1H), 4.89 (d, J = 7.4 Hz, 1H), 3.90 — 3.84 (m, 4H), 3.72 — 3.67 (m, 1H), 3.52 — 3.44
(m, 2H), 3.43 — 3.38 (m, 2H); *C NMR (126 MHz, Deuterium Oxide) & 148.67, 145.31, 123.83,
121.50, 116.17, 112.94, 100.41, 76.05, 75.48, 72.82, 69.25, 60.39, 55.76; HRMS (ESI) m/z calcd
for C13H1sNaO7 [(M+Na)*]: 309.0945, found: 309.0952.

(2S,3R,4S,5S,6R)-2-(2,4-Dimethylphenoxy)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-tr
iol (58):

HO
HHooﬁgvo\@Me

OH
Me

The title compound was prepared according to the General procedure G from 2 (3.0 equiv.,
0.15 mmol), 3,4-xylenol (1.0 equiv., 0.05 mmol), Nal (3.0 equiv., 0.15 mmol), anhydrous MeCN
(1.0 mL) and TMEDA (3.0 equiv., 0.15 mmol). The residue was subjected to flash silica gel
column chromatography (eluent: CH2Cl./MeOH = 30/1 ~5/1) to give the pure product as white
solid. (Isolated yield: 4.8 mg, 34%, > 95:5 B:a).

'H NMR (500 MHz, Deuterium Oxide) & 7.04 (d, J = 8.3 Hz, 1H), 6.84 (d, J = 2.7 Hz, 1H), 6.76
(dd, J = 8.3, 2.7 Hz, 1H), 4.92 (d, J = 7.7 Hz, 1H, anomeric H), 3.80 (dd, J = 12.5, 2.3 Hz, 1H),
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3.62 (dd, J = 12.4, 5.8 Hz, 1H), 3.50 — 3.44 (m, 2H), 3.42 (dd, J = 9.4, 7.6 Hz, 1H), 3.39 — 3.33
(m, 1H), 2.12 (s, 3H), 2.08 (s, 3H); 3C NMR (126 MHz, Deuterium Oxide) § 154.58, 138.73,
131.86, 130.48, 117.73, 113.71, 100.39, 76.01, 75.53, 72.91, 69.41, 60.51, 18.97, 17.89; HRMS
(ESI) m/z calcd for C14H20NaOs [(M+Na)*]: 307.1152, found: 307.1160.

(2R,3S,4S,5R,6S)-2-(Hydroxymethyl)-6-(4-hydroxyphenoxy)tetrahydro-2H-pyran-3,4,5-trio
I (59):

HO
HO O
OH

OH

The title compound was prepared according to the General procedure G from 2 (3.0 equiv.,
0.15 mmol), hydroquinone (1.0 equiv., 0.05 mmol), Nal (3.0 equiv., 0.15 mmol), anhydrous
MeCN (1.0 mL) and TMEDA (3.0 equiv., 0.15 mmol). The residue was subjected to flash silica
gel column chromatography (eluent: CH2Cl,/MeOH = 30/1 ~5/1) to give the pure product as
white solid. (Isolated yield: 2.3 mg, 17%, > 95:5 B:a).

'H NMR (500 MHz, Deuterium Oxide) § 7.09 — 7.03 (m, 2H), 6.90 — 6.85 (m, 2H), 4.99 (d, J =
7.7 Hz, 1H, anomeric H), 3.93 (dd, J = 12.4, 2.3 Hz, 1H), 3.76 (dd, J = 12.5, 5.7 Hz, 1H), 3.62 —
3.56 (m, 2H), 3.53 (dd, J = 9.4, 7.7 Hz, 1H), 3.49 (dd, J = 9.8, 8.9 Hz, 1H); 3C NMR (126 MHz,
Deuterium Oxide) 6 151.17, 150.35, 118.36, 116.15, 101.26, 75.99, 75.51, 72.91, 69.37, 60.47,
HRMS (ESI) m/z calcd for C12H16NaO7 [(M+Na)*]: 295.0788, found: 295.0793.
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11. NMR spectra
'H NMR spectrum of 2,3,5,6-Tetraflupropyridine-4-thiol (PyFSH)
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F NMR spectrum of 2,3,5,6-Tetraflupropyridine-4-thiol (PyFSH)
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H NMR spectrum of 2-Chloro-1,3-dimethylimidazolinium chloride (DMC)
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13C NMR spectrum of 2-Chloro-1,3-dimethylimidazolinium chloride (DMC)
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13C NMR spectrum of compound 3
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13C NMR spectrum of compound 4
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13C NMR spectrum of compound 6
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13C NMR spectrum of compound 7
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13C NMR spectrum of compound 8
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'H NMR spectrum of compound 9
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'H NMR spectrum of compound 2
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F NMR spectrum of compound 2

=61

=807

T
-210

—200

~190

£1 (ppm)

15°€
(Ao |
vs'e |
vS'€
s5°¢ |
9G°¢€
95°¢
95°€
PAE R\

©
8
©
IS

=S e

H NMR spectrum of compound S1

4
R

't

Fo0'L

£1 (ppm)

5106



¥€29 —

6€°0L ~
65CL—
109, ~

zeLe

55°68
85'68 W.
19'68

16'621
66621
vLoeL
8270l
] ocoel
o Er
0L bpL N
YLLYL
€841
C is1vL
= 6t

o wn 1
veerl

.

ﬁ

13C NMR spe

HO

110
£1

T
180

T
200

10

30 20 10

10

160 150 140 130 120 100 90 80 70 60
(ppm)

170

190

210

220

0€'6EL-
LT6EL-
2T6EL-
Lz6el-
LL6EL-
€L6EL-

96'v6-
€676~
88'v6-
1876
€8'V6-
B6LV6"

HO

19F NMR spectrum of compound S1

=002

602

-210

200

T T T
100 -110  -120 130 -140 -150 -160 -170 -180  —190

T
-90

T
-80

40 -50 -60 -70

30

T
-20

S107

f1



'H NMR spectrum of compound S2
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F NMR spectrum of compound S2
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'H NMR spectrum of compound S4
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F NMR spectrum of compound S4
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'H NMR spectrum of compound S6
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F NMR spectrum of compound S6
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'H NMR spectrum of compound 13
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F NMR spectrum of compound 13

lze
€2
£2°¢
sze
0e'e
lee
Lee
lee
2 zee
i se'e
9€'e
8¢
= 8€'E
[T 8e'e
or'e
° e
3 zvr'e
T vr'e
sr'e
sv'e
= ov'e
pAas
e
8v'e
. 15°€
—86'L 8ot |
09°¢
19°€
€9°€
59°€
2o ] _—
99°€
89°€
69°€
81'¢

82
mnm&.

88'¢
8g'e
SLv6- L 06'e
L6e

eLve Wy~

19°%6- . >
99'v6- =01z sy

29'v6-
8G'v6-

140

130

120

110
CFeeeSedde e

£1 (ppm)
CEELLEERLE

g

90

T
80

615~ .
b Foo

'H NMR spectrum of compound S8

£1 (ppm)

5118




00
wn

c

13C NMR spectrum

1519~
€ez9 "
€8s

v8'vL /
1862 /
6942

v0°8L W
1862~
9018 "
1198

18'v8 N

v8'v8

€V ¥OL —

z8'6TL
96 mNPW.
oLoEL

9SG’ LYl
19 rvvk
yo'LrL N
SLLYL
6Ll %
8?1

i

f1 (ppm)

F NMR spectrum of compound S8

9L'v6-
€LV6-
89'V6-
L9'v6-
€9'V6-
656"

—96'L

=807¢

T
~160 ~170 ~180 -190 -200 -210

-150

f1 (ppm)

S119



'H NMR spectrum of compound S9
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'H NMR spectrum of compound S11
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F NMR spectrum of compound S11
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'H NMR spectrum of compound S12
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'H NMR spectrum of compound S13
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'H NMR spectrum of compound S14
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'H NMR spectrum of compound S16
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'H NMR spectrum of compound S17

(%4

3:24
€8'%
€8
ey
S8y
98y

* 609

86'S
86'S
o9
o9

9Z9~_

629
0€9
€€9

559 7
mm.mu
969

pAc) w._
ow.w”*

€02
v0°L ]
v0'2 4
502 ]
902
902
Lz
(49
eLs
viL
viL'L

SLL

=ZL'oL

ez

,m

Fozz
= 8Lt
MHTS._

k Fooz

=101
Feot
Fuae

(ppm)

f1

8022 ~
¥0'€Z <1
9gve
rrez "
2508 —
Y2y —

1528~
szes

G208 —

vrizL—
60821 .
15081 ~C
6926 ~
voeer 7

€861 —

L9°6GL —

65 v9L —

[INVIES
g2

13C NMR spectrum of compound S17

-10

S131

f1



'H NMR spectrum of compound S18
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'H NMR spectrum of compound S22
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'H NMR spectrum of compound S24
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'H NMR spectrum of compound S25
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'H NMR spectrum of compound S26
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'H NMR spectrum of compound S30
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'H NMR spectrum of compound S31
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'H NMR spectrum of compound S32

v
ss'L
95’1
151
1571
8s'L
99'L
191
89'L
89'L
69'L
0L’}
Ll
L2 A
zLL A
[N
€L
vLLA
SLLA

L16°L

20,
€02
€02
Y02
Y02
S0'L
902
902 1
85,
652
652
9L
1924
292
2924
€92
€92
v9'L Y
2Ll
zLLA
€LLA
€11
YL LN
SL'L \w
mN.N%
SLL
17’8
17’8
zv'e
zv'8
ev'8
£v'8

|

L

Fsoz
Teov

Fuz

FeolL

Foo
Esob

(ppm)

f1

8L YT —

162e —

L€°0S —

SOBLL~
zgozL

0'LEL —

6v'6rL —

9191 —

13C NMR spectrum of compound S32

90

100

T T
130 120 110

140

50

T T
200 190 180 170 160

210

5139

f1



'HNMRs

€80

=

Sv'8

I soe

Tora
Foze

Feoz

E o0z

E 60
E 60

Ez60

E 160

(ppm)

f1

STyl —

\gce—
29'82
1062~
Le'62
v'ee
09’62
99'62
Loce \\‘

81°6€

99'6LL V

89'6L1
16021 a

80°L€EL v

oL'LeL
£9'6VL —

18091 —

13C NMR spectrum of compound S33

-10

140

150

5140

1



1671~

807"

89'¢
69°€
69°€
oLe

i

A

=20'€

“eoe

FoiL

El0C

Fu01

Fsoh
Tz

Fio0t

01

Eeol

F00'L

1 (ppm)

S¥'SH
6¥'SL W.
866Gl

LL9G —

1829 —
pep9 "
8989 —
L6°0L—

€0°€8 —

05'GHL
og'siL 7

06'1el —
Lrevk —

98'¥SL —

f compound S34

6091
0Z'v9L
O o mofW

62°991

13C NMR spectrum

1 (ppm)

5141



'H NMR spectrum of compound 11
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'H NMR spectrum of compound 19
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COSY spectrum of compound 19
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NOE spectrum of compound 19
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'H NMR spectrum of compound 20
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COSY spectrum of compound 20
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NOE spectrum of compound 20
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'H NMR spectrum of compound 21
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COSY spectrum of compound 21
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NOE spectrum of compound 21
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H NMR spectrum of compound 22
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COSY spectrum of compound 22
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NOE spectrum of compound 22
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'H NMR spectrum of compound 23
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COSY spectrum of compound 23
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NOE spectrum of compound 23
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'H NMR spectrum of compound 24
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COSY spectrum of compound 24
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NOE spectrum of compound 24
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'H NMR spectrum of compound 25
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COSY spectrum of compound 25
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NOE spectrum of compound 25
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H NMR spectrum of compound 15
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COSY spectrum of compound 15
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NOE spectrum of compound 15
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'H NMR spectrum of compound 26
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'H NMR spectrum of compound 27
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COSY spectrum of compound 27
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NOE spectrum of compound 27
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'H NMR spectrum of compound 28
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'H NMR spectrum of compound 29
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'H NMR spectrum of compound 30
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'H NMR spectrum of compound 31
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H NMR spectrum of compound 32
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H NMR spectrum of compound 33
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'H NMR spectrum of compound 35
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'H NMR spectrum of compound 36
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H NMR spectrum of compound 37
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'H NMR spectrum of compound 38
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'H NMR spectrum of compound 39
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'H NMR spectrum of compound 40
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H NMR spectrum of compound 41
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'H NMR spectrum of compound 42
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'H NMR spectrum of compound 43
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COSY spectrum of compound 43
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NOE spectrum of compound 43
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'H NMR spectrum of compound 44
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H NMR spectrum of compound 45
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'H NMR spectrum of compound 46
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COSY spectrum of compound 46
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NOE spectrum of compound 46
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'H NMR spectrum of compound 47
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H NMR spectrum of compound 48
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'H NMR spectrum of compound 49
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'H NMR spectrum of compound 50
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'H NMR spectrum of compound 51
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H NMR spectrum of compound 52
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'H NMR spectrum of compound 53
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'H NMR spectrum of compound 54
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COSY spectrum of compound 54

7.0 6.5 6.0 5.5 5.0 4.5

©

&
=
=
BLD @

e — L e e B e B L B B B o B
6.1 6.0 5.9 5.8 5.7 5.6 5.5 54 5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1
£2 (ppm)

5202

1 (ppm)

f1 (ppm)



NOE spectrum of compound 54
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'H NMR spectrum of compound 55

eLe
€Lt
vLe
sue
SlL'e
sre
9.°¢
20¢
L€
8.°¢
8L°¢
6.°€
08¢
18
18°€
z8'e
28 7
£8°€ -|
€8'¢
vee
s6c |

86'€
66'€

S—

=

G
s6'v

96'9
16'9
16'9
869
669
669
oL
Lz
Lz
1A
(1A
€L

Q.
COMe

HO
/OH
=

HO

6'¢
0'Y
F66'0

=00

Fge'l
Es6'l

f1 (ppm)

13C NMR spectrum of compound 55

8166 —
€L09—
989 ~
15°0L—
vszL—"
£€°6L

0L10L—

L0SH —
808LL —

20LSL —
L9PGL —

10

f1 (ppm)

5204




'H NMR spectrum of compound 56
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'H NMR spectrum of compound 57
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H NMR spectrum of compound 58
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'H NMR spectrum of compound 59

989
189
189
889
689
689
689
v0'L
SO°L
90°L
202
202
80°L

+ L
OH

9]
5
Ol

HO:
HO o
HO:

Iee?s

=00}

661
Fooz

0.0

£1 (ppm)

L¥'09 —

1669~
2624~
PN
66'5L~

9z'L0L —

SLoLL —
9€'8LL —

13C NMR spectrum of compound 59

T
90 80 70 60

T
100

f1 (ppm)

5208




