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General Methods

All reactions were carried out under an argon atmosphere with anhydrous
solvents under anhydrous conditions, unless otherwise noted. All glycosylation
reactions were performed in the presence of 3A or 4A molecular sieves, which were
flame-dried immediately before wuse in the reaction under high vacuum.
Tetrahydrofuran  (THF) was distilled immediately before use from
sodium-benzophenoneketyl. Methylene chloride (DCM) was distilled from calcium
hydride and stored under an argon atmosphere. Toluene was distilled immediately
from calcium chloride before use. Reagents were purchased at the highest commercial
quality and used without further purification, unless otherwise stated. Reactions were
monitored by thin layer chromatography (TLC) carried out on TLC Silica gel 60 Fs4
or TLC Silica gel 60 RP-18 F254S (EMD Millipore Corporation) using UV light (254
nm) as visualizing agent and 10% PMA/EtOH solution or 10% H,SO4/EtOH solution
as developing agent. Flash column chromatography was performed on silica gel,
LiChroprep® RP-18 (EMD Millipore Corporation) or Sephadex™ LH-20 (GE
Healthcare).

The *H-NMR, *C-NMR, H-H COSY and HSQC spectra were measured by a
Brucker AVANCE 11l 400MHz spectrometer, Brucker Avance Il 600MHz
spectrometer or Brucker AV 800MHz spectrometer by using CDClI; or D,0 as internal
references: CDCl; (*H NMR & = 7.26 ppm, **C NMR § = 77.16 ppm) or D,O (*H
NMR 6 =4.79 ppm). The following abbreviations are used to designate multiplicities:
s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet. Electron spray
ionization (ESI) and high-resolution electron spray ionization (HRESI) were obtained
on an Agilent 1290 spectrometer. MALDI-TOF spectra were recorded on a new
ultrafleXtreme. The specific rotation was obtained on a Jasco P-1020, using CHCI3 or

H-0 as solvent.



General Experimental Procedures

A mixture of glycosyl PTFAI donor (1.5 equiv) and the acceptor (1.0 equiv) was
co-evaporated with anhydrous toluene for three times. Then the mixture together with
PhsP=0 (6.0 equiv to the donor) were dissolved in dry DCM (0.1 M) and stirred over
fresh-dried 3A molecular sieves under argon at room temperature for 15 min.
Subsequently, TMSI (1.0 equiv to the donor) was added dropwise. The reaction was
stirred at room temperature. Upon completion, the solution was diluted with DCM
and the reaction was quenched with saturated Na,S;Os;. The organic phase was
washed with water and brine, dried over anhydrous Na,SO,, filtered and concentrated

in vacuo. The products were purified by flash column chromatography.



Experimental procedures

Optimization of the reaction
N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3,4,6-tri-O-benzyl-2-deoxy
-D-galactopyranoside (19b)

BnO _oBn

o PhN=C(CI)CF;, K,COs, BnO _oBn 18, TMSI, Ph,P=0, 3A MS, BnO _0Bn
BnO > Bnoéﬁ,ﬂ OPTFAI > o
Ny acetone, rt, 12h, 86% DCM, rt, 27h, 89% Bno
SePh N; N,
O(CH,)sNBnCbz
s1 17b 19b o/p = 1.711

Compound S1*' (104.1 mg, 0.22 mmol) and 2,2,2-trifluoro-N-phenylacetimidoyl
chloride? (54.5 mg, 0.26 mmol) was dissolved in acetone (1 mL), and K,COj3 (45.5
mg, 0.33 mmol) was added. The reaction was stirred at room temperature for 12 h,
then filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (petroleum ether, containing 2% Et3;N) to give 17b (131 mg, 93%)
(Compound 17b was used directly without further structural characterization). The
glycosylation reaction was carried out according to General Experimental
Procedures at 30 °C for 27 h, using donor 17b (129 mg, 0.20 mmol), acceptor 18 (98
mg, 0.30 mmol), DCM (2 mL), PhsP=0 (333.1 mg, 1.20 mmol) and TMSI (29 uL,
0.20 mmol). The product was purified by silica gel column chromatography (PE-EA,
6:1) to afford 19b (138.4 mg, 89%, o/f = 1.7:1) as a yellowish syrup. *H NMR (400
MHz, CDCl3) 6 7.42 — 7.11 (m, 25H, Ar), 5.21 — 5.11 (m, 2H, CH,-Cbhz), 4.91 — 4.83
(m, 2H, H-1a, CH,-Bn), 4.74 — 4.63 (m, 2H, CH,-Bn), 4.59 — 4.37 (m, 5H, CH,-Bn),
4.15 (s, H-1p), 4.02 (s, 1H), 3.93 (s, 1H), 3.87 — 3.77 (m, 2H), 3.65 — 3.51 (m, 2H),
3.50 — 3.31 (m, 2H), 3.30 — 3.15 (M, 2H, CH,), 1.62 — 1.46 (m, 4H, CH,), 1.36 — 1.29
(m, 2H, CH,). 3C NMR (101 MHz, CDCl3) 6 156.7, 156.1, 138.3, 137.95, 137.89,
137.8, 137.7, 137.6, 136.9, 128.52, 128.49, 128.46, 128.43, 128.41, 128.3, 128.2,
128.1, 127.9, 127.87, 127.82, 127.78, 127.7, 127.6, 127.2, 102.4 (C-1pB), 98.2 (C-1av) ,
80.6, 77.3, 74.8, 74.6, 73.5, 72.5, 72.3, 72.2, 69.6, 68.8, 68.5, 68.1, 67.1, 63.4, 59.8,
50.5, 50.2, 47.1, 46.2, 31.9, 29.7, 29.4, 29.2, 29.1, 27.9, 27.5, 23.4, 23.2, 22.7. HRMS
(ESI) calcd for C47HsgNsO7 [M+NH,4]* 802.4174, found 802.4183.



Phenyl 2-azido-3,4-di-O-benzyl-2-deoxy-6-O-levulinoyl-1-seleno-a-D-galacto-
pyranoside (S3)

BnO _oOTBDPS BnO _oOLev
fo) 1) HF-Py, THF, rt, 6h, 73%
BnO > BnO
N, 2) LevOH, EDCI, DMAP, DIPEA N
‘SePh DCM, rt, overnight, 99% 3SePh
S2 S3

The S22 (244 mg, 0.32 mmol) was dissolved in anhydrous THF (1 mL), and
HF/pyridine (70%, 0.29 mL, 3.20 mmol) was added dropwise. The resulting mixture
was stirred for 6 h at room temperature, the reaction mixture was then quenched with
EtsN, diluted with ethyl acetate and washed with saturated NaHCO3 solution and
brine. The organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (petroleum ether-EtOAc, 4:1) to give the
intermediate (121.6 mg, 73%). To a solution of the above intermediate (121.6 mg,
0.23 mmol) and levulinic acid (LevOH) (53.8 mg, 0.46 mmol) in anhydrous DCM (1
mL) was added 4-dimethylaminopyridine (DMAP) (5.7 mg, 0.046 mmol),
N-(3-dimethylamino- propyl)-N'-ethylcarbodiimide hydrochloride (EDCI) (133.3 mg,
0.70 mmol) and N,N-diisopropylethylamine (DIPEA) (0.11 mL, 0.70 mmol). The
resulting mixture was stirred overnight at room temperature. Upon completion, the
solvent was evaporated in vacuo. The residue was purified by column
chromatography on silica gel (petroleum ether-EtOAc, 3.5:1) to afford S3 (143 mg,
99%) as a white solid. [o]p?® = +321.5 (¢ 0.15, CHCl5).*H NMR (400 MHz, CDCls) &
7.62 — 7.55 (m, 2H, Ar), 7.47 — 7.24 (m, 13H, Ar), 5.96 (d, J = 5.4 Hz, 1H, H-1), 4.92
(d, J = 11.3 Hz, 1H, CH,-Bn), 4.78 (s, 2H, CH,-Bn), 4.57 (d, J = 11.3 Hz, 1H,
CH,-Bn), 4.41 — 4.33 (m, 2H, H-2), 4.16 — 4.08 (m, 2H), 3.96 (s, 1H, H-4), 3.73 (dd, J
= 10.4, 2.6 Hz, 1H, H-3), 2.66 (t, J = 6.5 Hz, 2H, CH,-Lev), 2.46 — 2.40 (m, 2H,
CHy-Lev), 2.14 (s, 3H, CHs-Lev). **C NMR (101 MHz, CDCls) 6 206.5, 172.4, 137.9,
137.3, 134.53, 134.48, 129.1, 128.7, 128.5, 128.3, 128.21, 128.18, 128.0, 127.9, 85.2
(C-1), 80.2,74.8,72.8,72.7, 71.0, 63.2, 60.9, 37.9, 29.9, 27.7. HRMS (ESI) calcd for
C31H33N30sSeNa [M+Na]* 640.1486, found 640.1475.
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N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl  2-azido-3,4-di-O-benzyl-2-deoxy-
6-O-levulinoyl-D-galactopyranoside (19c)

BnO _oOLev 1) TCCA, acetone/H,0=4/1

&o 0°C - rt, 5.5h, 88% Bno! § > 18, TMSI, Phyp=0,  B"Q OLev
BnO > _— >
BnO OPTFAI BnO
N, 2) PhN=C(CI)CF3, K,CO;, N » 3A MS, DCM, rt N
SePh  acetone, rt, overnight, 89% 3 85% *O(CH,)sNBnCbz
<3 17 19¢ /B = 1.3/

To a solution of compound S3 (143 mg, 0.23 mmol) in acetone/H,0 (4.5 mL/1.1
mL) was added Trichloroisocyanuric acid (TCCA) (53.3 mg, 0.23 mmol) at 0 <C. The
reaction mixture was warmed gradually to room temperature and stirred for 5.5 h.
Then EtOAc was added to this mixture and washed sequentially with saturated
aqueous NaHCO3;, H,0, and brine. The organic phase was dried by Na,SO, and
concentrated in vacuo. Purification by flash chromatography (petroleum ether-EtOAc,
2:1 to 1.5:1) afforded hemiacetal intermediate (97.8 mg, 88%). The above
intermediate (97.8 mg, 0.20 mmol) and 2,2,2-trifluoro-N-phenylacetimidoyl chloride
(50.4 mg, 0.24 mmol) was dissolved in acetone (0.5 mL), and K,CO3; (42 mg, 0.30
mmol) was added. The reaction was stirred overnight at room temperature, then
filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (petroleum ether-EtOAc, 6:1 to 3:1, containing 2% Et3N) to give 17c
(118 mg, 89%) (Compound 17c was used directly without further structural
characterization). The glycosylation reaction was carried out according to General
Experimental Procedures at rt for 3d, using donor 17c¢ (118 mg, 0.18 mmol),
acceptor 18 (89.6 mg, 0.27 mmol), DCM (1.8 mL), PhsP=0 (304.7 mg, 1.10 mmol)
and TMSI (26 pL, 0.18 mmol). The product was purified by silica gel column
chromatography (PE-EA, 2.5:1) to afford 19c (122.4 mg, 85%, o/p = 1.3:1) as a
colorless syrup. *H NMR (400 MHz, CDCls) & 7.44 — 7.24 (m, 19H, Ar), 7.19 -7.15
(m, 1H, Ar), 5.24 — 5.11 (m, 2H, CH,-Cbz), 4.96 — 4.90 (m, 1H, CH,-Bn ), 4.89 —
4.85 (m, 1H, H-1a), 4.80 — 4.70 (m, 2H, CH,-Bn), 4.62 (d, J = 11.5 Hz, CH,-Bn p),
4.57 (d, J = 11.3 Hz, 1H, CH2-Bn «) 4.52 — 4.47 (m, 1H), 4.23 (dd, J = 11.1, 6.3 Hz),
4.19 — 4.14 (m, 1H), 4.13 — 4.09 (m, 1H), 3.98 — 3.78 (m, 3H), 3.68 — 3.55 (m, 1H),
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3.52 — 3.18 (m, 4H, CHy), 2.74 — 2.64 (m, 2H, CHy-Lev), 2.54 — 2.42 (m, 2H,
CHa-Lev ), 2.17 (s, 1H, CHs-Lev PB), 2.16 (s, 2H, CHs-Lev ), 1.64 — 1.47 (m, 4H,
CH,), 1.39 — 1.28 (m, 2H, CH,). *C NMR (101 MHz, CDCls) & 206.4, 206.3, 172.4,
172.3, 156.7, 156.2, 138.1, 138.03, 137.99, 137.6, 137.5, 136.9, 128.59, 128.56,
128.54, 128.47, 128.4, 128.33, 128.29, 128.0, 127.95, 127.92, 127.89, 127.84, 127.83,
127.80, 127.3, 102.4 (C-1B), 98.2 (C-1a), 80.6, 77.3, 74.7, 74.5, 73.1, 72.7, 72.4, 72.0,
71.8, 69.8, 68.6, 68.2, 67.2, 63.4, 63.3, 62.9, 59.7, 53.5, 50.5, 50.3, 47.2, 46.2, 37.9,
37.8, 29.8, 29.7, 29.4, 29.2, 29.1, 27.82, 27.78, 27.5, 23.4, 23.2, 22.7. HRMS (ESI)
calcd for CysHssNsOg [M+NH4]™ 810.4073, found 810.4074.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3,4-di-O-benzyl-6-O-tert-
butyldiphenylsilyl-2-deoxy-D-galactopyranoside (19d)

o
BnQ OLBDPS 18, TMSI, Ph;P=0 B oreops
BnO OPTFAl  3ams powmrt . BnO

N3 27 h, 95%

N3
O(CH,)sNBnCbz

17d 19d o/ = 1.5/

The glycosylation reaction was carried out according to General Experimental
Procedures at 30 °C for 27 h, using donor 17d* (103 mg, 0.13 mmol) (Compound 17d
was used directly without further structural characterization), acceptor 18 (63.6 mg,
0.19 mmol), DCM 1.3 mL, PhsP=0 (216.4 mg, 0.78 mmol) and TMSI (19 pL, 0.13
mmol). The product was purified by silica gel column chromatography (PE-EA, 10:1
to 7:1) to afford 19d (114.5 mg, 95%, /B = 1.5:1) as a yellowish syrup. *H NMR (400
MHz, CDCl3) § 7.65 — 7.57 (m, 4H, Ar), 7.44 — 7.11 (m, 26H, Ar), 5.21 —5.12 (m, 2H,
CH,-Cbz), 4.90 (t, J = 10.8 Hz, 1H, CH,-Bn), 4.82 (s, 1H, H-10), 4.76 — 4.67 (m, 2H,
CH,-Bn), 4.58 (t, J = 10.4 Hz, 1H, CH,-Bn), 4.53 — 4.43 (m, 2H, CH»-Bn), 4.09 (s,
H-1B), 4.03 (s), 3.97 — 3.87 (m, 1H), 3.83 — 3.68 (M, 4H, H-2a, H-2B), 3.56 — 3.44 (m,
1H), 3.38 — 3.12 (M, 4H, CH,), 1.61 — 1.44 (m, 4H, CH,), 1.34 — 1.26 (m, 2H, CH,),
1.05 (s, 9H, CHs-t-Bu). 3¢ NMR (101 MHz, CDCls) & 138.54, 138.46, 138.0, 137.9,
137.8, 136.9, 135.62, 135.59, 133.35, 133.25, 129.9, 128.63, 128.61, 128.58, 128.52,
128.3, 128.2, 128.1, 128.03, 128.96, 127.92, 127.91, 127.85, 127.81, 127.7, 127.6,
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127.3, 102.5 (C-1PB), 98.1 (C-1a), 80.6, 77.4, 75.0, 74.9, 74.8, 73.6, 72.7, 72.6, 72.4,
71.2,69.7, 67.9, 67.3, 67.2, 63.5, 62.7, 62.3, 60.0, 50.6, 50.3, 47.2, 46.3, 29.8, 29.3,
29.2, 27.0, 235, 23.3, 19.3. HRMS (ESI) calcd for CseHesNsO;Si [M+NH,]"
950.4883, found 950.4888.

Phenyl 2-azido-4-0O-benzoyl-3,6-di-O-benzyl-2-deoxy-1-seleno-a-D-galacto-
pyranoside (S5)

Ph
'VO 1) Et,SiH, TFA, DCM, 4A MS, 520
o 0°C to rt, 5h, 93% z0 ~OBn
o)
Bno =2 ™ Bno
n 2) BzCl, DMAP, Py, 0°C to rt, N
. 3
NSSePh overnight, 87% s SePh
5

To a solution of the S4' (110.7 mg, 0.21 mmol) in new-distilled DCM (1 mL)
was stirred over fresh-dried 4A molecular sieves under argon at room temperature for
15 min. Then the solution was cooled to 0 °C, Et3SiH (0.34 mL, 2.12 mmol) and
trifluoroacetic acid (TFA) (0.16 mL, 2.12 mmol) was added respectively. The
resulting mixture was allowed to warm to room temperature and stirred for 5 h. Upon
completion, the reaction mixture was quenched with EtsN, filtered and concentrated
under vacuum. The residue was purified by column chromatography on silica gel
(PE:EA = 6:1) to afford the intermediate (103.4 mg, 93%). The above intermediate
(103 mg, 0.20 mmol) was dissolved in anhydrous pyridine (1 mL). The solution was
cooled to 0 °C, DMAP (24 mg, 0.20 mmol) was added, then BzCl (0.03 mL, 0.29
mmol) was added slowly. The resulting mixture was allowed to warm to room
temperature and stirred overnight. Upon completion, the reaction mixture was diluted
in EA, washed with 3M HCI, saturated NaHCOj3 solution and brine. The combined
organic layer was concentrated under vacuum. The residue was purified by column
chromatography on silica gel (PE:EA = 10:1) to afford S5 (110.4 mg, 87%) as
colorless syrup. [a]p™ = + 226.6 (c 0.23, CHCIl3). 'H NMR (400 MHz, CDCls) & 8.04
(d, J=7.7 Hz, 2H, Ar), 7.62 (d, J = 7.5 Hz, 2H, Ar), 7.56 (t, J = 7.4 Hz, 1H, Ar), 7.43
(t, J=7.6 Hz, 2H, Ar), 7.36 (d, J = 7.2 Hz, 2H, Ar), 7.32 — 7.16 (m, 11H, Ar), 6.00 (d,



J = 5.4 Hz, 1H, H-1), 5.94 (d, J = 3.2 Hz, 1H, H-4), 4.90 (d, J = 10.7 Hz, 1H,
CH,-Bn), 4.71 (t, J = 6.4 Hz, 1H, H-5), 4.56 (d, J = 10.8 Hz, 1H, CH,-Bn), 4.47 —
4.33 (m, 2H, CH,-Bn), 4.23 (dd, J = 10.3, 5.4 Hz, 1H, H-2), 3.86 (dd, J = 10.2, 3.2 Hz,
1H, H-3), 3.62 — 3.42 (m, 2H, H-6). *C NMR (101 MHz, CDCl3) & 165.6, 137.6,
137.0, 135.14, 135.08, 133.4, 129.9, 129.7, 129.2, 128.6, 128.5, 128.4, 128.3, 128.13,
128.09, 128.05, 127.9, 127.8, 85.3 (C-1), 77.4, 73.7, 71.8, 70.9, 68.3, 66.9, 60.8.
HRMS (ESI) calcd for Ca3H3sN4OsSe [M+NH,4]* 641.1827, found 641.1821.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-4-O-benzoyl-3,6-di-O-
benzyl-2-deoxy-D-galactopyranoside (19¢e)

BzO _0Bn 1) TCCA, acetone/H,0=4/1

o 0°C - rt, 4h, 86% BzO _oBn 18, TMSI, PhyP=0, 3A Ms, BzO _0Bn
BnO - 0 - 0
Bnogﬁ,ﬂ OPTFAI BnO

N3 2) PhN=C(CI)CF;, K,CO,, N DCM, rt, 40 h, 90%
SePh acetone, rt, 4h, 73% 3

N;
O(CH,)sNBnCbz
S5 17e 19e o/p=9/1

To a solution of compound S5 (153 mg, 0.24 mmol) in acetone/H,0 (4.9 mL/1.2
mL) was added TCCA (56.6 mg, 0.24 mmol) at 0 <T. The reaction mixture was
warmed gradually to room temperature and stirred for 4 h. Then EtOAc was added to
this mixture and washed sequentially with saturated aqueous NaHCO3, H,0, and brine.
The organic phase was dried by Na,SO, and concentrated in vacuo. Purification by
flash chromatography (petroleum ether-EtOAc, 10:1 to 5:1) afforded hemiacetal
intermediate (102.9 mg, 86%). The above intermediate (102.9 mg, 0.21 mmol) and 2,
2, 2-trifluoro-N-phenylacetimidoyl chloride (52.4 mg, 0.25 mmol) was dissolved in
acetone (0.5 mL), and K,COj3 (43.8 mg, 0.32 mmol) was added. The reaction was
stirred at room temperature for 4 h, then filtered and concentered in vacuo. The
residue was purified by flash column chromatography (petroleum ether containing 2%
EtsN) to give 17e (101.6 mg, 73%) (Compound 17e was used directly without further
structural characterization). The glycosylation reaction was carried out according to
General Experimental Procedures at room temperature for 40 h, using donor 17e
(101.6 mg, 0.15 mmol), acceptor 18 (75.1 mg, 0.23 mmol), DCM (1.5 mL), PhsP=0
(255.3 mg, 0.92 mmol) and TMSI (22 pL, 0.15 mmol). The product was purified by
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silica gel column chromatography (PE-EA, 10:1 to 5:1) to afford 19e (111.2 mg, 90%,
o/B = 9:1) as a colorless syrup. [o]p> = +105.1 (c 0.26, CHCI3). *H NMR (400 MHz,
CDCls) & 8.04 (d, J = 8.1 Hz, 2H, Ar), 7.58 — 7.15 (m, 23H, Ar), 5.92 (s, 1H, H-4a),
5.80 (s, H-4p), 5.23 — 5.07 (m, 2H, CH»-Cbz), 4.96 (s, 1H, H-1a), 4.92 — 4.76 (m, 1H,
CHy-Bn), 4.59 — 4.35 (m, 5H, CH,-Bn), 4.19 (s, 1H), 4.12 — 4.00 (m, 1H, H-30), 3.79
—3.35 (M, 5H, H-2a), 3.27 — 3.20 (m, 2H, CH,), 1.68 — 1.47 (m, 4H, CH,), 1.42 —
1.27 (m, 2H, CH,). **C NMR (101 MHz, CDCls)  165.7, 156.8, 156.3, 138.0, 137.7,
137.2, 136.9, 133.3, 130.1, 129.9, 129.8, 129.6, 128.62, 128.60, 128.5, 128.4, 128.3,
128.00, 127.95, 127.91, 127.89, 127.8, 127.4, 102.5 (C-1B), 98.2 (C-1a), 77.4, 74.4,
73.8, 73.7, 72.7, 71.8, 71.7, 68.6, 68.4, 68.2, 67.4, 67.2, 66.2, 63.1, 59.6, 50.6, 50.3,
47.2, 46.2, 29.8, 29.1, 27.9, 27.5, 23.4, 23.2. HRMS (ESI) calcd for C47Hs4N5Os
[M+NH,]" 816.3967, found 816.3968.

Phenyl 2-azido-3-0O-benzoyl-4,6-di-O-benzyl-2-deoxy-1-seleno-a-D-galacto-
pyranoside (S7)

BnO _OBn BnO _oBn
(0] BzCl, DMAP, Py, o
HO z y BzO
N > N
zseph 0°C to rt, overnight, 89% 3SePh
S6 S7

To a solution of compound S6° (93.4 mg, 0.18 mmol) in anhydrous pyridine (1.3
mL) was cooled to 0 °C, DMAP (21.8 mg, 0.18 mmol) was added, then BzCl (0.04
mL, 0.36 mmol) was added slowly. The resulting mixture was allowed to warm to
room temperature and stirred overnight. Upon completion, the reaction mixture was
diluted in EA, washed with 4M HCI, saturated NaHCOs3 solution and brine. The
combined organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (PE:EA = 20:1) to afford S7 (98.8 mg, 89%) as
colorless syrup. [a]p?® = +318.5 (c 0.20, CHCI3)."H NMR (400 MHz, CDCl3) & 8.07
(d, J=7.7 Hz, 2H, Ar), 7.61 (d, J = 7.5 Hz, 3H, Ar), 7.46 (t, J = 7.6 Hz, 2H, Ar), 7.35
—7.13 (m, 13H, Ar), 6.01 (d, J = 5.4 Hz, 1H, H-1), 5.29 (dd, J = 10.8, 2.9 Hz, 1H,
H-3), 4.65 — 4.55 (m, 3H, H-2, H-5, CH,-Bn), 4.51 — 4.37 (m, 3H, CH.-Bn, ), 4.28 (d,
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J=2.9Hz, 1H, H-4), 3.61 (dd, J = 9.6, 7.0 Hz, 1H, H-6), 3.48 (dd, J = 9.5, 6.1 Hz, 1H,
H-6). 3C NMR (101 MHz, CDCly) 5 165.7, 137.9, 137.7, 135.0, 133.7, 130.0, 129.20,
129.16, 128.7, 128.5, 128.4, 128.2, 128.05, 128.03, 127.96, 127.91, 127.87, 127.85,
85.1 (C-1), 75.4, 747, 74.3, 73.5, 71.7, 68.1, 60.0. HRMS (ESI) calcd for
Ca3H3:N3OsSeNa [M+Na]* 646.1381, found 646.1385.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3-0O-benzoyl-4,6-di-O-
benzyl-2-deoxy-D-galactopyranoside (19f)

BnO _oBn 1) TCCA, acetone/H,0=4/1
o 0°C to rt, overnight, 77% nQ ~OBn 18, TMSI, Ph.P=0 BnO 0OBn
BzO i > o&o L > oo =4
Ny 2) PhN=C(CI)CF5, K,CO5,  BEOTSWOPTRAL 54 g pow, r, 40, N
SePh D 3 3
acetone, rt, 1d , 80% 85% O(CH,)sNBnCbz
S7 17f 19f owip =41

To a solution of S7° (300 mg, 0.48 mmol) in acetone/H,O (9.6 mL/2.4 mL) was
cooled to 0 °C, and TCCA (166 mg, 0.72 mmol) was added. The resulting mixture
was stirred overnight at room temperature. The solution was diluted with EtOAc,
washed with saturated NaHCOs3, water and brine, dried over anhydrous Na,;SOq,
filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (petroleum ether-EtOAc, 4:1) to give the intermediate (180 mg,
77%). The above intermediate (180 mg, 0.37 mmol) and 2,2,2-trifluoro-N-
phenylacetimidoyl chloride (114 mg, 0.55 mmol) was dissolved in acetone (3 mL),
and K,COg3 (76 mg, 0.55 mmol) was added. The reaction was stirred 1d at room
temperature, then filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petroleum ether containing 2% Et3N) to give 17f (190
mg, 80%) (Compound 17f was wused directly without further structural
characterization). The glycosylation reaction was carried out according to General
Experimental Procedures at rt for 49 h, using donor 17f (170 mg, 0.26 mmol),
acceptor 18 (126 mg, 0.39 mmol) with DCM (2.6 mL), PhsP=0 (429 mg, 1.54 mmol)
and TMSI (36 pL, 0.26 mmol). The product was purified by silica gel column
chromatography (PE-EA, 5:1) to afford 19f (172 mg, 85%, o/p =4:1) as a colorless
syrup. *H NMR (400 MHz, CDCl5) § 8.07 (d, J = 7.7 Hz, 2H, Ar), 7.59 (t, J = 7.4 Hz,
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1H, Ar), 7.45 (t, = 7.7 Hz, 2H, Ar), 7.40 — 7.14 (m, 20H, Ar), 5.55 (dd, J = 11.1, 2.9
Hz, 1H, H-3), 5.17 (d, J = 11.9 Hz, 2H, CH,-Cbz), 4.98 (m, 1H), 4.65 (d, J = 11.3 Hz,
1H, CH,-Bn), 4.53 — 4.41 (m, 5H, CH,-Bn),4.37 — 4.29 (m, H-1p), 4.21 (s, 1H, H-4),
4.16 — 4.08 (m, 1H, H-5), 3.93 (dd, J = 11.1, 3.5 Hz, 1H, H-2), 3.74 — 3.63 (M, 1H,
CH;), 3.62 — 3.53 (m, 2H, H-6), 3.48 — 3.34 (m, 1H, CH,), 3.31 — 3.16 (m, 2H, CH,),
1.64 — 1.48 (m, 4H, CHy), 1.40 — 1.27 (m, 2H, CH,). **C NMR (101 MHz, CDCls) &
165.8, 156.8, 156.2, 138.0, 137.85, 137.81, 136.9, 133.5, 130.0, 129.4, 128.6, 128.5,
1285, 128.4, 128.3, 128.2, 128.04, 128.96, 127.91, 127.87, 127.83, 127.78, 127.3,
102.4 (C-1B), 98.3 (C-la), 77.4, 75.3, 75.2, 74.9, 74.4, 73.6, 73.5, 73.4, 71.8, 70.0,
69.3, 68.5, 68.2, 67.2, 61.8, 60.4, 58.4, 50.6, 50.3, 47.2, 46.3, 41.4, 31.6, 29.2, 28.0,
27.7, 27.6, 23.4, 23.2, 22.72, 22.70. HRMS (ESI) calcd for C47HsoN4OgNa [M+Na]*
821.3521, found 821.3522.

Phenyl 2-azido-3,4-di-O-benzoyl-6-0O-benzyl-2-deoxy-1-seleno-a-D-galacto-

pyranoside (S10)
Ph

'VO HO _oBn BzO _oBn
o Et;SiH, TFA, DCM, 4A MS o BzCl, DMAP, Py o
o - - » HO » BzO
HO 0°C to rt, 3h, 85% N 0°C to rt, overnight, 85% N
N3

*SePh SePh

ss SePh s9 s10

To a solution of the $8° (5.88 g, 13.60 mmol) in new-distilled DCM (67 mL) was
stirred over fresh-dried 4A molecular sieves under argon at room temperature for 15
min. Then the solution was cooled to 0 °C, Et3SiH (21.7 mL, 135.96 mmol) and TFA
(10.5 mL, 135.96 mmol) was added respectively. The resulting mixture was allowed
to warm to room temperature and stirred for 3 h. Upon completion, the reaction
mixture was quenched with Et3N, filtered and concentrated under vacuum. The
residue was purified by column chromatography on silica gel (PE:EA = 2.5:1) to
afford the intermediate S9 (4.99 g, 85%). The above intermediate (5.56 g, 12.80 mmol)
was dissolved in anhydrous pyridine (42 mL). The solution was cooled to 0 °C,
DMAP (1.56 g, 12.80 mmol) was added, then BzCl (4.5 mL, 38.40 mmol) was added

slowly. The resulting mixture was allowed to warm to room temperature and stirred
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overnight. Upon completion, the reaction mixture was diluted in EA, washed with 3M
HCI, saturated NaHCOj3; solution and brine. The combined organic layer was
concentrated under vacuum. The residue was purified by column chromatography on
silica gel (PE:EA = 10:1) to afford S10 (7.50 g, 85%) as white solid. [a]p?* = +182.4
(c 0.20, CHCI3).*H NMR (400 MHz, CDCls) & 7.98 — 7.93 (m, 2H, Ar), 7.92 — 7.86
(m, 2H, Ar), 7.69 — 7.63 (m, 2H, Ar), 7.59 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.5 Hz, 1H,
Ar), 7.44 (t, J = 7.7 Hz, 2H, Ar), 7.35 (t, J = 7.7 Hz, 2H, Ar), 7.31 — 7.26 (m, 1H, Ar),
7.25 - 7.17 (m, 7TH, Ar), 6.12 (d, J = 5.4 Hz, 1H, H-1), 5.96 (d, J = 3.2 Hz, 1H, H-4),
5.48 (dd, J = 10.8, 3.2 Hz, 1H, H-3), 4.90 (t, J = 6.3 Hz, 1H, H-5), 4.51 (dd, J = 10.8,
5.5 Hz, 1H, H-2), 4.46 — 4.32 (m, 2H, CH,-Bn), 3.63 — 3.50 (m, 2H, H-6). *C NMR
(101 MHz, CDCls3) 6 165.4, 165.3, 137.6, 135.3, 133.6, 133.5, 129.9, 129.3, 128.7,
128.5, 128.4, 128.3, 127.84, 127.79, 84.9 (C-1), 73.6, 72.2, 70.7, 68.5, 68.1, 59.9.
HRMS (ESI) calcd for Ca3H9N306SeK [M+K]*676.0913, found 676.0904.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3,4-di-O-benzoyl-6-O-
benzyl-2-deoxy-D-galactopyranoside (19a)

BzO _oBn 1) NIS, acetone/H,0=10/1 BzO _OBn BzO _oBn
o) 0°C to rt, overnight, 80% o 18, TMSI, Ph;P=0 _ 0
0 © BO OPTFAI A ws. Dow, 25°G, 2om - _
Nss 2)PhN=C(CI)CF3, K,CO,, N3 , s [ , , N,
ePh acetone, rt, overnight, 95% O(CH,)sNBnCbz

S$10 99% 17a 19a a/p > 20/1

Compound S10 (1.02 g, 1.59 mmol) was dissolved in acetone/H,O (14 mL/1.4
mL), then N-iodosuccinimide (NIS) (537.4 mg, 2.39 mmol) was added. The resulting
mixture was allowed to warm to room temperature and stirred overnight. The solution
was diluted with EtOAc, washed with saturated Na,S,O3, water and brine, dried over
anhydrous Na,SOq, filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petroleum ether-EtOAc, 4:1) to give the intermediate
(637.8 mg, 80%). The above intermediate (637.8 mg, 1.27 mmol) and
2,2,2-trifluoro-N-phenylacetimidoyl chloride (289.2 mg, 1.39 mmol) was dissolved in
acetone (2 mL), and K,COj3 (262.5 mg, 1.90 mmol) was added. The reaction was

stirred overnight at room temperature, then filtered and concentrated in vacuo. The
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residue was purified by flash column chromatography (petroleum ether, containing 2%
EtsN) to give 17a (843 mg, 99%) (Compound 17a was used directly without further
structural characterization). The glycosylation reaction was carried out according to
General Experimental Procedure at 25°C for 23 h, using acceptor 18 (120.2 mg,
0.37 mmol) with 17a (165.1 mg, 0.24 mmol), DCM (2.4 mL), PhsP=0 (408.6 mg,
1.47 mmol) and TMSI (35 pL, 0.24 mmol). The product was purified by silica gel
column chromatography (PE-EA, 4:1) to afford 19a (188.5 mg, 95%, a/p >20:1) as a
colorless syrup. [o]p? = +137.0 (¢ 0.25, CHCI3). *H NMR (400 MHz, CDCl3) & 7.98
(d,J=7.8Hz, 2H, Ar), 7.88 (d, J = 7.7 Hz, 2H, Ar), 7.58 (t, J = 7.4 Hz, 1H, Ar), 7.51
— 7.40 (m, 3H, Ar), 7.39 — 7.12 (m, 17H, Ar), 5.93 (s, 1H, H-4), 5.78 — 5.73 (m, 1H,
H-3), 5.23 — 5.07 (m, 3H, CH,-Cbz, H-1), 4.50 (d, J = 10.9 Hz, 3H, CH,-Bn), 4.42 —
4.33 (m, 2H, CH,-Bn, H-5), 3.87 — 3.70 (m, 2H, H-2, CH,), 3.64 — 3.40 (m, 3H, H-6,
CH,), 3.35 — 3.16 (m, 2H, CH,), 1.73 — 1.48 (m, 4H, CH,), 1.45 — 1.29 (m, 2H, CH,).
B3C NMR (101 MHz, CDCl3) 6 165.4, 156.8, 156.3, 138.0, 137.6, 136.9, 133.4, 133.3,
129.9, 129.83, 129.80, 129.5, 129.3, 128.6, 128.5, 128.4, 128.3, 128.2, 127.9, 127.8,
127.71, 127.67, 127.3, 102.6 (C-1B), 98.4 (C-1a), 77.4, 73.6, 69.1, 69.0, 68.6, 68.31,
68.27, 67.2, 58.3, 50.6, 50.4, 47.2, 46.2, 29.7, 29.1, 27.9, 27.6, 23.4. HRMS (ESI)
calcd for C47Hs2Ns09 [M+NH,4]" 830.3760, found 830.3763.

Glycosylation between 17a and 18 using TMSI only

BzO _oBn
BzQ —OBn 18, TMSI o
BzO A OPTFAI = BzO
3A MS, DCM, 25°C, 23h, Na
Ns 21% O(CH,)sNBnCbz
17a 19a  o/p =10/

A mixture of donor 17a (165 mg, 0.24 mmol) and acceptor N-(benzyl)
benzyloxycarbonyl-5-aminopentanol 18 (120.1 mg, 0.37 mmol) was co-evaporated
with dry toluene for three times. Then the mixture was dissolved in new distilled
DCM (2.4 mL) and stirred over fresh-dried 3A molecular sieves under argon at room
temperature for 15 min, then TMSI (35 uL, 0.24 mmol) was added dropwise to the

mixture. After being stirred for another 23 h at room temperature, the reaction was
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guenched with NaS,03 ag. The organic phase was washed with water and brine, dried
over anhydrous Na,SO,, filtered and concentrated in vacuo. The products were
purified by flash column chromatography (petroleum ether-EtOAc, 4:1) to afford 19a
(42.3 mg, 21%, o/p = 10:1) as a syrup.

Glycosylation between 17a and 18 using TMSOTT instead of TMSI and Ph3PO

BzO
OBn 18 TMSOTf BzO _0OBn
BzO 2\ ..OPTFAI > O
z 3A MS, DCM, 0°C, BzO

N3 2.5 h, 93% N

3
O(CH5)sNBnCbz

17a 19a  o/p = 2.8/

A mixture of donor 17a (132.5 mg, 0.20 mmol) and acceptor 18 N-(benzyl)
benzyloxycarbonyl-5-aminopentanol (96.5 mg, 0.29 mmol) was co-evaporated with
anhydrous toluene for three times. Then the mixture was dissolved in new distilled
DCM (2.0 mL) and stirred over fresh-dried 3A molecular sieves under argon at room
temperature for 15 min, then cooled to 0 °C, trimethylsilyl trifluoromethanesulfonate
(TMSOTT) (7 uL, 0.039 mmol) was added dropwise to the mixture. After being stirred
for another 2.5 h, the reaction was quenched with EtsN and filtered. The filtrates were
concentrated in vacuo to give a residue, which was purified by flash column
chromatography (petroleum ether-EtOAc, 3.5:1) to afford 19a (148.4 mg, 93%, a/p =
2.8:1) as a syrup.

Reaction scope of GalN3 PTFAI donors
Phenyl  2-azido-3,4-di-O-benzoyl-2-deoxy-6-O-levulinoyl-1-seleno-a-D-galacto-
pyranoside (S14)

15



HO _OTBDPS B,c| DMAP, Py,0°Ctort BzO _OTBDPS BzO _OH

o HF-Py, THF, rt
HO o > o
. BzO . BzO
N overnight, 92% overnight, 88% N
SePh N3 3

SePh SePh
s11 s12 s13
BzO _OH
o LevOH, EDCI, DMAP, DIPEA BzO _oOLev
BzO > o
N, DCM, rt, overnight, 97% B20
SePh N
SePh
s13 s14

Compound S11% (2.17 g, 3.73 mmol) was dissolved in anhydrous pyridine (12
mL). The solution was cooled to 0 °C, DMAP (456.0 mg, 3.73 mmol) was added, then
BzClI (1.3 mL, 11.20 mmol) was added slowly. The resulting mixture was allowed to
warm to room temperature and stirred overnight. Upon completion, the reaction
mixture was diluted in EA, washed with 3M HCI, saturated NaHCO3 solution and
brine. The combined organic layer was concentrated under vacuum. The residue was
purified by column chromatography on silica gel (PE:EA = 10:1) to afford S12 (2.71 g,
92%). [a]p?* = +271.6 (c 0.22, CHCI3). *H NMR (400 MHz, CDCl3) 5 7.96 (d, J = 7.8
Hz, 2H, Ar), 7.92 (d, J = 7.8 Hz, 2H, Ar), 7.62 (t, J = 7.4 Hz, 3H, Ar), 7.56 (d,J =7.5
Hz, 2H, Ar), 7.49 (d, J = 7.4 Hz, 1H, Ar), 7.47 — 7.32 (m, 9H, Ar), 7.24 (g, J = 6.8 Hz,
2H, Ar), 7.17 (t, J = 7.4 Hz, 2H, Ar), 7.08 (t, J = 7.5 Hz, 2H, Ar), 6.12 (d, J = 3.2 Hz,
1H, H-4), 6.05 (d, J = 5.4 Hz, 1H, H-1), 5.57 (dd, J = 10.8, 3.2 Hz, 1H, H-3), 4.74 (t,
J =7.2 Hz, 1H, H-5), 4.48 (dd, J = 10.8, 5.4 Hz, 1H, H-2), 3.71 (t, J = 9.2 Hz, 1H,
H-6), 3.55 (dd, J = 10.0, 5.9 Hz, 1H, H-6), 0.98 (s, 9H, CHa-t-Bu ). *C NMR (101
MHz, CDCl3) & 165.4, 165.2, 135.6, 135.54, 135.50, 135.2, 133.44, 133.40, 132.9,
132.5, 129.92, 129.87, 129.8, 129.74, 129.67, 129.29, 129.26, 128.7, 128.5, 128.2,
127.91, 127.88, 127.8, 127.7, 84.7 (C-1), 72.2, 71.7, 67.7, 61.0, 60.0, 26.8, 19.1.
HRMS (ESI) calcd for C4oHasN406SeSi [M+NH,4]" 803.2328, found 803.2325.

The S12 (1.48 g, 1.89 mmol) was then dissolved in anhydrous THF (6.0 mL),
and HF/pyridine (70%, 1.7 mL, 18.68 mmol) was added dropwise. The resulting
mixture was stirred overnight at room temperature, the reaction mixture was then
quenched with EtsN, diluted with ethyl acetate and washed with saturated NaHCO3

solution and brine. The organic layer was concentrated under vacuum. The residue
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was purified by column chromatography on silica gel (PE:EA = 4:1) to give S13
(913.4 mg, 88%,). To a solution of S13 (460 mg, 0.83 mmol) and levulinic acid (145
mg, 1.25 mmol) in anhydrous DCM (8.3 mL) was added 4-dimethylaminopyridine
(DMAP) (101.7 mg, 0.83 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDCI) (287.3 mg, 1.50 mmol) and N, N-diisopropylethylamine
(DIPEA) (0.41 mL, 2.50 mmol). The resulting mixture was stirred overnight at room
temperature. Upon completion, the solvent was evaporated in vacuo. The residue was
purified by column chromatography on silica gel (petroleum ether-EtOAc, 5:1) to
afford S14 (522.8 mg, 97%). [a]o?* = +376.2 (¢ 0.12, CHCI3). *H NMR (400 MHz,
CDCls3) 5 8.00 — 7.95 (m, 2H, Ar), 7.90 — 7.86 (m, 2H, Ar), 7.70 — 7.65 (m, 2H, Ar),
7.61 (t, J = 7.4 Hz, 1H, Ar), 7.53 (t, J = 7.5 Hz, 1H, Ar), 7.45 (t, J = 7.7 Hz, 2H, Ar),
7.38 - 7.30 (M, 5H, Ar), 6.16 (d, J = 5.4 Hz, 1H, H-1), 5.90 (d, J = 3.2 Hz, 1H, H-4),
5.47 (dd, J = 10.8, 3.3 Hz, 1H, H-3), 4.89 (t, J = 6.5 Hz, 1H, H-5), 4.53 (dd, J = 10.8,
5.4 Hz, 1H, H-2), 4.25 — 4.11 (m, 2H, H-6), 2.66 (t, J = 6.6 Hz, 2H, CH,-Lev), 2.47 (t,
J = 6.7 Hz, 2H, CHy-Lev), 2.14 (s, 3H, CHs-Lev). *C NMR (101 MHz, CDCls) &
206.2,172.2, 165.34, 165.32, 134.9, 133.8, 133.6, 129.92, 129.90, 129.4, 129.2, 129.1,
128.8, 128.5, 128.4, 127.8, 84.5 (C-1), 71.9, 69.6, 68.0, 62.1, 59.7, 37.9, 29.9, 29.8,
27.8. HRMS (ESI) calcd for C31H20N30gSeNa [M+Na]* 668.1072, found 668.1067.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3,4-di-O-benzoyl-2-deoxy
-6-O-levulinoyl-D-galactopyranoside (199)

B 1) TCCA, acetone/H,0=4/1
Z0 —OlLev 0°C to rt, overnight, 75% 18, TMSI, Ph;P=0, 3AMS  BzO _oOLev

o BzO _OLev
BzO o Q ,OPTFAI > B0
N, 2) PhN=C(CI)CF, K,CO;, Bz°§~v DCM, 30°C, 25h, 76% z
S

N
Ph N ¢
€ acetone, rt, 5h, 97% O(CH,)sNBnCbz

s14 17g 19g ofp > 20/1

To a solution of S14 (522.8 mg, 0.80 mmol) in acetone/H,O (16 mL/4 mL) was
cooled to 0 °C, and TCCA (186.8 mg, 0.80 mmol) was added. The resulting mixture
was stirred overnight at room temperature. The solution was diluted with EtOAc,
washed with saturated NaHCOg3, water and brine, dried over anhydrous Na,SO,,

filtered and concentrated in vacuo. The residue was purified by flash column
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chromatography (petroleum ether-EtOAc, 2.5:1 to 1:1) to give the intermediate (306.2
mg, 75%). The above intermediate (306.0 mg, 0.60 mmol) and 2,2,2-trifluoro-N-
phenylacetimidoyl chloride (149.0 mg, 0.72 mmol) was dissolved in acetone (1.0 mL),
and K,CO3 (124.0 mg, 0.90 mmol) was added. The reaction was stirred for 5h at room
temperature, then filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petroleum ether-EtOAc, 10:1 to 3.2:1, containing 2%
EtsN) to give 179 (395.3 mg, 97%) (Compound 17g was used directly without further
structural characterization). The glycosylation reaction was carried out according to
General Experimental Procedure at 30°C for 25 h, using donor 179 (195.5 mg, 0.29
mmol), acceptor 18 (140.7 mg, 0.43 mmol) with DCM (2.8 mL), PhsP=0 (478.2 mg,
1.72 mmol) and TMSI (41 uL, 0.29 mmol). The product was purified by silica gel
column chromatography (PE-EA, 2:1) to afford 199 (179.0 mg, 76%, o/p >20:1) as a
colorless syrup. [a]p® = +174.6 (c 0.17, CHCI5). *H NMR (400 MHz, CDCls) & 7.99
(d, J=7.8 Hz, 2H, Ar), 7.87 (d, J = 7.7 Hz, 2H, Ar), 7.60 (t, J = 7.4 Hz, 1H, Ar), 7.53
—7.42 (m, 3H, Ar), 7.42 — 7.15 (m, 12H, Ar), 5.86 (s, 1H, H-4), 5.74 (d, J = 10.8 Hz,
1H, H-3), 5.26 — 5.05 (M, 3H, CH,-Cbz, H-1), 4.57 — 4.48 (m, 2H, CH,-Bn), 4.45 —
4.33 (m, 1H), 4.30 — 4.21 (m, 1H), 4.20 — 4.08 (m, 1H), 3.89 — 3.70 (m, 2H, H-2,
CHa), 3.60 — 3.41 (m, 1H, CH,), 3.35 — 3.16 (m, 2H, CH,), 2.68 (t, J = 6.5 Hz, 2H,
CH,-Lev), 2.52 (t, J = 6.6 Hz, 2H, CHy-Lev), 2.13 (s, 3H, CHs-Lev), 1.75 — 1.50 (m,
4H, CH,), 1.47 — 1.31 (m, 2H, CH,). *C NMR (101 MHz, CDCls) & 206.7, 206.2,
172.1, 165.32, 165.27, 156.6, 156.1, 149.7, 137.9, 136.8, 135.9, 133.5, 133.3, 129.7,
129.1, 129.0, 128.6, 128.5, 128.41, 128.38, 128.3, 127.85, 127.77, 127.2, 123.7, 98.3
(C-1), 68.7, 68.4, 67.1, 66.9, 62.1, 58.0, 53.5, 50.5, 50.3, 47.1, 46.2, 37.7, 30.8, 29.6,
29.0, 27.9, 27.8, 27.7, 27.5, 23.3. HRMS (ESI) calcd for CssHsoNsO1; [M+NH,4]"
838.3658, found 838.3668.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3,4-di-O-benzoyl-6-O-tert-
butyldiphenylsilyl-2-deoxy-D-galactopyranoside (19h)
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1) TCCA, acetone/H,0=4/1

BzO
OEBDPS 0°C to rt, overnight, 90% B0 O;;BDPS 18,TMSI, Ph;P=0, 3A MS 820 OLBDPS
BzO > BzO&,MOPTFAI » BzO
Nol pn 2 PAN=C(CICF3, K,CO;, N, DCM, 30°C, 29h, 90% N,
acetone, rt, 5h, 70% O(CH;)sNBnCbz
s12 17h 19h o/p > 2011

To a solution of S12 (628.8 mg, 0.80 mmol) in acetone/H,O (16 mL/4 mL) was
cooled to 0 °C, and TCCA (184.8 mg, 0.80 mmol) was added. The resulting mixture
was stirred overnight at room temperature. The solution was diluted with EtOAc,
washed with saturated NaHCO3, water and brine, dried over anhydrous Na;SOy,
filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (petroleum ether-EtOAc, 4:1) to give the intermediate (466.0 mg,
90%). The above intermediate (466 mg, 0.72 mmol) and 2,2,2-trifluoro-N-phenyl-
acetimidoyl chloride (178.1 mg, 0.86 mmol) was dissolved in acetone (1 mL), and
K2COj3 (148.2 mg, 1.07 mmol) was added. The reaction was stirred overnight at room
temperature, then filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petroleum ether-EtOAc, 50:1, containing 2% Et;N) to
give 17h (414 mg, 70%) (Compound 17h was used directly without further structural
characterization). The glycosylation reaction was carried out according to General
Experimental Procedure at 30°C for 29 h, using acceptor 18 (121.8 mg, 0.37 mmol)
with 17h (204 mg, 0.25 mmol), DCM (2.5 mL), PhsP=0 (413.9 mg, 1.49 mmol) and
TMSI (35 pL, 0.25 mmol). The product was purified by silica gel column
chromatography (PE-EA, 6:1) to afford 19h (215.5 mg, 90%, o/ > 20:1) as a
colorless syrup. [a]p 2° = + 115.1 (c 0.19, CHCI3). *H NMR (400 MHz, CDCls) & 7.97
(d, J=7.7 Hz, 2H, Ar), 7.89 (d, J = 7.7 Hz, 2H, Ar), 7.65 (d, J = 6.8 Hz, 2H, Ar), 7.59
—7.18 (m, 22H, Ar), 7.14 (t, J = 7.4 Hz, 2H, Ar), 6.04 (d, J = 3.4 Hz, 1H, H-4), 5.82
(d, J = 11.0 Hz, 1H, H-3), 5.20-5.07 (m, 3H), 4.52 (d, J = 10.7 Hz, 2H), 4.34 — 4.20
(m, 1H), 3.80 (dd, J = 11.1, 3.4 Hz, 1H, H-2), 3.77 — 3.62 (m, 3H), 3.52 — 3.36 (m,
1H), 3.35 — 3.18 (m, 2H), 1.70 — 1.51 (m, 4H, CH,), 1.46 — 1.30 (m, 2H, CH,), 1.01 (s,
9H, CHa-t-Bu). **C NMR (101 MHz, CDCls) & 165.4, 165.2, 156.7, 156.2, 137.9,
136.8, 135.5, 135.4, 133.3, 133.2, 132.9, 132.7, 129.81, 129.78, 129.73, 129.68, 129.6,
129.3, 128.5, 128.4, 128.2, 127.9, 127.81, 127.77, 127.74, 127.6, 127.3, 127.2, 98.3
(C-1), 77.2, 69.5, 69.1, 68.4, 67.2, 61.7, 58.3, 50.6, 50.3, 47.1, 46.2, 29.1, 27.9, 27.5,

19



26.7, 23.4, 19.0. HRMS (ESI) calcd for CsgHeaNsOoSi [M+NH,]" 978.4468, found
978.44609.

Phenyl 6-0O-acetyl-2-azido-3,4-di-O-benzoyl-2-deoxy-1-seleno-a-D-galacto-
pyranoside (S15)

BzO _OH BzO _oAc
o Ac,0, Py, rt, overnight, 93% o
BzO » BzO
N3 N
SePh SePh
S13 S15

Compound S13 (757 mg, 1.37 mmol) was dissolved in anhydrous pyridine (2.6
mL), then Ac,O (0.26 mL, 2.74 mmol) was added slowly. The resulting mixture was
stirred overnight at room temperature. Upon completion, the reaction mixture was
diluted in EA, washed with 4M HCI, saturated NaHCOj3 solution and brine. The
combined organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (PE:EA = 5:1) to afford S15 (760.9 mg, 93%) as
white solid. [a]p?® = +443.6 (c 0.14, CHCIls). 'H NMR (400 MHz, CDCls) § 8.01 —
7.96 (m, 2H, Ar), 7.89 (d, J = 7.7 Hz, 2H, Ar), 7.67 (dd, J = 7.2, 2.2 Hz, 2H, Ar), 7.61
(t, J=7.4Hz, 1H, Ar), 7.53 (t, J = 7.5 Hz, 1H, Ar), 7.45 (t, J = 7.6 Hz, 2H, Ar), 7.38 —
7.30 (m, 5H, Ar), 6.18 (d, J = 5.4 Hz, 1H, H-1), 5.93 (d, J = 3.2 Hz, 1H, H-4), 5.49
(dd, J = 10.8, 3.2 Hz, 1H, H-3), 4.90 (t, J = 6.4 Hz, 1H, H-5), 4.55 (dd, J = 10.8, 5.4
Hz, 1H, H-2), 4.23 — 4.10 (m, 2H, H-6), 1.95 (s, 3H, CH3-Ac). *C NMR (101 MHz,
CDCl3) & 170.4, 165.4, 165.3, 135.0, 133.8, 133.6, 129.90, 129.86, 129.4, 129.0,
128.9, 128.8, 128.5, 128.4, 127.7, 84.3 (C-1), 72.0, 69.5, 68.0, 62.0, 59.6, 20.7.
HRMS (ESI) calcd for CogH,5N207SeNa [M+Na]* 612.0809, found 612.0817.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 6-0-acetyl-2-azido-3,4-di-O-
benzoyl-2-deoxy-D-galactopyranoside (19i)
1) NIS, t /H,0=10/1 BzO
820 ogc )rt, 6.::,e oT% BzO _0Ac 18, TMSI, Ph;P=0, 3AMS ogc
Bzogﬁ > BzO&&N«OPTFAI > Bz0
N 2) PhN=C(CI)CF3, K,CO3, N, DCM, 30°C, 26h, 78% Ny
SePh acetone, rt, overnight, 90% O(CH,)sNBnCbz

$15 17i 19i o/ >20/1
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Compound S15 (701 mg, 1.18 mmol) was dissolved in acetone/H,O (10 mL/1
mL) and NIS (397.9 mg, 1.77 mmol) was added. The resulting mixture was stirred for
6.5 h. The solution was diluted with EtOAc, washed with saturated Na,S,0s3, water
and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 2:1)
to give the intermediate (524 mg, 97%). The above intermediate (391 mg, 0.86 mmol)
and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (160.4 mg, 0.77 mmol) was
dissolved in acetone (1 mL), and K,CO3 (177.9 mg, 1.29 mmol) was added. The
reaction was stirred overnight at room temperature, then filtered and concentrated in
vacuo. The residue was purified by flash column chromatography (petroleum ether,
containing 2% Et3N) to give 17i (435.7 mg, 90%) (Compound 17i was used directly
without further structural characterization). The glycosylation reaction was carried out
according to General Experimental Procedure at 30°C for 26 h, using acceptor 18
(158.9 mg, 0.49 mmol) with 17i (202.0 mg, 0.32 mmol), DCM (3.2 mL), PhsP=0
(540.2 mg, 1.94 mmol) and TMSI (46 pL, 0.32 mmol). The product was purified by
silica gel column chromatography (PE-EA, 3:1) to afford 19i (193.4 mg, 78%,
/B >20:1) as a colorless syrup. [a]p?> = + 176.1 (c 0.26, CHCl5). *H NMR (400 MHz,
CDCl3) 6 8.00 (d, J = 7.7 Hz, 2H, Ar), 7.87 (d, J = 7.7 Hz, 2H, Ar), 7.58 (t, J = 7.4 Hz,
1H, Ar), 7.51 — 7.41 (m, 3H, Ar), 7.40 — 7.17 (m, 12H, Ar), 5.89 (s, 1H, H-4), 5.75 (d,
J =10.9 Hz, 1H, H-3), 5.24 — 5.07 (m, 3H, H-1, CH,-Cbz), 4.52 (d, J = 6.7 Hz, 2H,
CH,-Bn), 4.43 — 4.34 (m, 1H), 4.26 — 4.12 (m, 2H), 3.87 (dd, J = 11.1, 3.4 Hz, 1H,
H-2), 3.81 — 3.68 (M, 1H, CHj), 3.59 — 3.43 (m, 1H, CH5), 3.35 — 3.19 (m, 2H, CH)),
1.99 (s, 3H, CHs-Ac), 1.75 — 1.50 (m, 4H, CH,), 1.46 — 1.31 (m, 2H, CH,). *C NMR
(101 MHz, CDCls) & 170.3, 165.4, 156.7, 156.2, 137.9, 136.8, 133.6, 133.3, 129.9,
129.8, 129.2, 129.1, 128.6, 128.53, 128.45, 128.4, 128.3, 127.9, 127.8, 127.3, 98.4
(C-1), 68.8, 68.7, 68.5, 67.2, 67.0, 62.1, 58.1, 50.6, 50.3, 47.1, 46.2, 29.1, 27.9, 27.5,
23.4, 20.6. HRMS (ESI) calcd for CaHasN4O1o [M+H]" 765.3130, found 765.3135.
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N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-3,4,6-tri-O-benzoyl-2-
deoxy-D-galactopyranoside (19j)

Bz0 ogz PhN=C(CI)CF5, K,CO; B20 O(B)z 18, TMSI, PhyP=0, 3AMS "2 ogz
Bzogﬁwou - BZO&WOPTFAI > Bzo%
N, acetone, rt, overnight, 98% N, DCM, 30°C, 31h, 83% N,
O(CH,)sNBnCbz
$16 17j 19 o/p > 20/

Compound S16* (592.8 mg, 1.15 mmol) and 2,2,2-trifluoro-N-phenylacetimidoyl
chloride (261.6 mg, 1.26 mmol) was dissolved in acetone (2 mL), and K,CO3(238.3
mg, 1.72 mmol) was added. The reaction was stirred overnight at room temperature,
then filtered and concentrated in vacuo. The residue was purified by flash column
chromatography (petroleum ether, containing 2% Et3N) to give 17j (774.5 mg, 98%)
(Compound 17j was used directly without further structural characterization). The
glycosylation reaction was carried out according to General Experimental
Procedure at 30°C for 31 h, using acceptor 18 (158.7 mg, 0.48 mmol) with 17j (222.5
mg, 0.32 mmol), DCM 3.2 mL, PhsP=0 (539.5 mg, 1.94 mmol) and TMSI (47 uL,
0.32 mmol). The product was purified by silica gel column chromatography (PE-EA,
4:1) to afford 19j (223.1 mg, 83%, a/p > 20:1) as a colorless syrup. [o]p *° = + 136.3
(c 0.28, CHCI3). *H NMR (400 MHz, CDCls) 5 8.01 (m, 4H, Ar), 7.88 (d, J = 7.7 Hz,
2H, Ar), 7.60 — 7.53 (m, 1H, Ar), 7.51 — 7.40 (m, 4H, Ar), 7.40 — 7.15 (m, 14H, Ar),
6.01 (s, 1H, H-4), 5.82 (d, J = 10.4 Hz, 1H, H-3), 5.25 — 5.11 (m, 3H, CH,-Cbz, H-1),
4.62 — 4.45 (m, 4H, CH,-Bn), 4.36 (d, J = 10.6 Hz, 1H), 3.92 (d, J = 10.8 Hz, 1H,
H-2), 3.82 — 3.68 (M, 1H, CHj), 3.58 — 3.42 (m, 1H, CHj), 3.33 — 3.17 (m, 2H, CH)),
1.74 — 1.45 (m, 4H, CH,), 1.41 — 1.27 (m, 2H, CH,). **C NMR (101 MHz, CDCls) &
165.9, 165.33, 165.27, 156.6, 156.1, 137.9, 136.8, 133.5, 133.3, 133.2, 129.9, 129.8,
129.73, 129.65, 129.6, 129.4, 129.1, 129.0, 128.6, 128.5, 128.4, 128.3, 127.8, 127.2,
98.3 (C-1), 68.8, 68.7, 68.6, 67.1, 67.1, 62.5, 58.1, 50.5, 50.2, 47.0, 46.1, 29.6, 29.0,
27.8, 27.4, 23.3. HRMS (ESI) calcd for C47HsoNsO19 [M+NH4]" 844.3552, found
844.3560.

Phenyl 3,4-di-O-acetyl-2-azido-6-0O-benzyl-2-deoxy-1-seleno-a-D-galacto-

pyranoside (S17)
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HO _oBn ) AcO _0OBn
o Ac,0, Py, rt, overnight, 85% o
HO > AcO
N; N,

SePh
s9 € s17 SePh

Compound S9 (839 mg, 1.93 mmol) was dissolved in anhydrous pyridine (3.8
mL), then Ac,0O (0.73 mL, 7.73 mmol) was added slowly. The resulting mixture was
stirred overnight at room temperature. Upon completion, the reaction mixture was
diluted in EA, washed with 4M HCI, saturated NaHCOj3 solution and brine. The
combined organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (PE:EA = 6:1) to afford S17 (820 mg, 85%) as
white solid. [a]p?® = +27.7 (c 0.19, CHCI3). *H NMR (400 MHz, CDCls) & 7.60 (d, J
= 7.5 Hz, 2H, Ar), 7.36 — 7.22 (m, 6H, Ar), 7.18 (t, J = 7.5 Hz, 2H, Ar), 5.96 (d, J =
5.4 Hz, 1H, H-1), 5.54 (d, J = 3.2 Hz, 1H, H-4), 5.11 (dd, J = 10.9, 3.3 Hz, 1H, H-3),
4.66 (t, J = 6.3 Hz, 1H, H-5), 4.47 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.38 (d, J = 12.0 Hz,
1H, CH,-Bn), 4.24 (dd, J = 10.9, 5.4 Hz, 1H, H-2), 3.49 — 3.38 (m, 2H, H-6), 2.22 —
1.93 (m, 6H, CHz-Ac). °C NMR (101 MHz, CDCl3) § 170.0, 169.6, 137.6, 135.1,
129.2, 128.5, 128.2, 127.91, 127.88, 127.8, 84.6 (C-1), 73.5, 71.4, 70.2, 67.8, 67.7,
59.1, 20.74, 20.69. HRMS (ESI) calcd for CasH2sN3OsSeNa [M+Na]® 536.0860,
found 536.0863.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 3,4-di-O-acetyl-2-azido-6-O-
benzyl-2-deoxy-D-galactopyranoside (19K)
ACO _oB 1) NIS, acetone/H,0=10/1
" rt, 6h, 90% AcO _0Bn 18, TMSI, Phyp=0, 3AMs  ~°§ <OBn
Ao > é&w > 20
N] 2 PhN=C(CIICF5K,COs Aco OPTFAL bem, t, 11, 82%

SePh acetone, rt, overnight, 86% N;

N
O(CH,)sNBnCbz
s17 17k 19k o/p = 15/1

Compound S17 (820 mg, 1.58 mmol) was dissolved in acetone/H,O (14 mL/1.4
mL), then NIS (533.8 mg, 2.37 mmol) was added. The resulting mixture was stirred
for 6 h. The solution was diluted with EtOAc, washed with saturated Na,S,03, water
and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The

residue was purified by flash column chromatography (petroleum ether-EtOAc, 2:1)
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to give the intermediate (539 mg, 90%). The above intermediate (539 mg, 1.42 mmol)
and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (294.9 mg, 1.42 mmol) was
dissolved in acetone (1.4 mL), and K,COs3(294.5 mg, 2.13 mmol) was added. The
reaction was stirred overnight at room temperature, then filtered and concentrated in
vacuo. The residue was purified by flash column chromatography (petroleum ether,
containing 2% Et3N) to give 17k (671.6 mg, 86%) (Compound 17k was used directly
without further structural characterization). The glycosylation reaction was carried out
according to General Experimental Procedure at rt for 11 d, using acceptor 18
(128.3 mg, 0.39 mmol) with 17k (143.8 mg, 0.26 mmol), DCM 2.6 mL, Ph3sP=0
(436.1 mg, 1.57 mmol) and TMSI (37 pL, 0.26 mmol). The product was purified by
silica gel column chromatography (PE-EA, 4:1) to afford 19k (143.9 mg, 82%, a/p
=15:1) as a colorless syrup. [a]p®> = +98.9 (c 0.17, CHCIs). '"H NMR (400 MHz,
CDCls) 6 7.32 — 6.99 (m, 15H, Ar), 5.42 (d, J = 3.3 Hz, 1H, H-40), 5.28 (dd, J = 11.1,
3.3 Hz, 1H, H-3a), 5.09 (d, J = 10.5 Hz, 2H, CH,-Cbz), 4.86 (s, 1H, H-10), 4.68 (dd,
J = 10.9, 3.3 Hz, H-3p), 4.48 — 4.28 (m, 4H, CH,-Bn), 4.11 — 4.01 (m, 1H, H-50),
3.66 — 3.54 (m, 1H, CHy), 3.49 (dd, J = 11.1, 3.5 Hz, 1H, H-2a), 3.43 — 3.25 (m, 3H,
H-60, CH,), 3.22 — 3.08 (m, 2H, CH,), 1.95 (s, 6H, CHs-Ac), 1.58 — 1.36 (m, 4H,
CHy), 1.32 — 1.20 (m, 2H, CH,). *C NMR (101 MHz, CDCls) § 170.0, 169.8, 156.7,
156.2, 138.0, 137.6, 136.9, 128.6, 128.5, 128.4, 127.92, 127.88, 127.82, 127.80, 127.3,
102.4 (C-1B), 98.1 (C-1w), 73.6, 73.5, 72.1, 71.2, 70.3, 68.5, 68.4, 68.2, 67.9, 67.8,
67.5, 67.2, 67.0, 61.2, 57.6, 50.6, 50.3, 47.1, 46.2, 29.4, 29.2, 29.0, 27.9, 27.5, 23.4,
23.2, 22.7, 20.70, 20.66, 20.6. HRMS (ESI) calcd for Cs7HigNsOg [M+NH4]*
706.3447, found 706.3449.

Phenyl 3,4-di-O-acetyl-2-azido-6-O-tert-butyldiphenylsilyl-2-deoxy-1-seleno-a-D-

galactopyranoside (S18)
HO _oTBDPS AcO _OTBDPS
(o] Ac,0, Py, rt, overnight, 93% (o]
Hoéﬁ Gabid Rl Acogﬁ
N3 N3
SePh SePh

S11 S18
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Compound S11 (1.58 g, 2.71 mmol) was dissolved in anhydrous pyridine (5.4
mL), then Ac,O (1.0 mL, 10.84 mmol) was added slowly. The resulting mixture was
stirred overnight at room temperature. Upon completion, the reaction mixture was
diluted in EA, washed with 4M HCI, saturated NaHCOj3 solution and brine. The
combined organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (PE:EA = 10:1) to afford S18 (1.68 g, 93%) as
yellow solid. [a]p 2* = + 184.2 (¢ 0.25, CHCl3). *H NMR (400 MHz, CDCls) & 7.62 —
7.57 (M, 4H, Ar), 7.52 — 7.47 (m, 2H, Ar), 7.44 — 7.33 (m, 6H, Ar), 7.26 — 7.21 (m, 1H,
Ar), 7.15 (t, J = 7.5 Hz, 2H, Ar), 5.89 (d, J = 5.4 Hz, 1H, H-1), 5.68 — 5.64 (m, 1H,
H-4), 5.16 (dd, J = 10.8, 3.2 Hz, 1H, H-3), 4.51 (t, J = 7.0 Hz, 1H, H-5), 4.21 (dd, J =
10.9, 5.4 Hz, 1H, H-2), 3.57 (dd, J = 10.0, 8.1 Hz, 1H, H-6), 3.49 (dd, J = 10.0, 5.9
Hz, 1H, H-6), 2.07 (s, 3H, CHz-Ac), 2.03 (s, 3H, CHs-Ac), 1.02 (s, 9H, CHg-t-Bu).
¥C NMR (101 MHz, CDCl3) 6 169.7, 169.6, 135.6, 135.5, 135.0, 132.9, 132.7, 129.9,
129.1, 128.1, 127.80, 127.78, 127.7, 84.5 (C-1), 71.4, 71.2, 67.0, 60.9, 59.1, 26.7,
20.7, 20.5, 19.1. HRMS (ESI) calcd for C3,H37N306SeSiK [M+K]" 700.1308, found
700.1308.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl  3,4-di-O-acetyl-2-azido-6-O-tert-
butyldiphenylsilyl-2-deoxy-D-galactopyranoside (191)

AcO _otepps 1) NIS, acetone/H,0=10/1,1t, /o OTBDPS AcO _OTBDPS
o 6.5h, 76% o 18, TMSI, Ph;P=0, 3A MS o
AcO > AcO OPTFAI » AcO
N3 2) PhN=C(CI)CF3, K,CO3, N3 DCM, 30°C, 29h, 76% N
SePh acetone, rt, overnight, 96% O(CH,)sNBnCbz
s18 171 191 o/ = 121

Compound S18 (470 mg, 0.70 mmol) was dissolved in acetone/H,O (6.4 mL/0.6
mL), then NIS (212.8 mg, 0.95 mmol) was added. The resulting mixture was stirred
for 6.5 h. The solution was diluted with EtOAc, washed with saturated Na,S,03, water
and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 6:1)
to give the intermediate (282.3 mg, 76%). The above intermediate (220.3 mg, 0.42

mmol) and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (103.9 mg, 0.50 mmol) was

25



dissolved in acetone (1.0 mL), and K,COg3 (86.4 mg, 0.63 mmol) was added. The
reaction was stirred overnight at room temperature, then filtered and concentrated in
vacuo. The residue was purified by flash column chromatography (petroleum ether,
containing 2% Et3N) to give 171 (280 mg, 96%) (Compound 171 was used directly
without further structural characterization). The glycosylation reaction was carried out
according to General Experimental Procedure at 30°C for 29 h, using acceptor 18
(93.3 mg, 0.28 mmol) with 171 (132.7 mg, 0.19 mmol), DCM (1.9 mL), Ph3sP=0
(317.1 mg, 1.14 mmol) and TMSI (27 pL, 0.19 mmol). The product was purified by
silica gel column chromatography (PE-EA, 4:1) to afford 191 (120.8 mg, 76%, o/p
=12:1) as a colorless syrup. [o]o ° = + 62.5 (¢ 0.25, CHCI3). *H NMR (400 MHz,
CDCls) § 7.62 (t, J = 7.1 Hz, 4H, Ar), 7.43 — 7.15 (m, 16H, Ar), 5.59 (d, J = 3.3 Hz,
1H, H-40), 5.52 (d, J = 3.3 Hz, H-4B) 5.40 (dd, J = 11.2, 3.2 Hz, 1H, H-3a), 5.18 (d, J
= 12.0 Hz, 2H, CH,-Cbz), 4.90 (s, 1H, H-1a), 4.50 (d, J = 8.5 Hz, 2H, CH,-Bn), 4.10
—4.02 (M, 1H, H-50), 3.73 — 3.59 (M, 3H, H-60, CH,), 3.55 (dd, J = 11.2, 3.5 Hz, 1H,
H-2), 3.42 — 3.16 (m, 3H, CHj), 2.04 (s, 3H, CHs-Ac), 2.00 (s, 3H, CH3-Ac), 1.65 —
1.47 (m, 4H, CH,), 1.39 — 1.28 (m, 2H, CH,), 1.03 (s, 9H, CHa-t-Bu). *C NMR (101
MHz, CDCl3) 8 169.84, 169.80, 156.7, 156.2, 137.9, 136.8, 135.6, 135.5, 133.0, 132.9,
129.9, 129.8, 128.52, 128.50, 128.4, 127.84, 127.81, 127.77, 127.74, 127.3, 102.3
(C-1PB), 98.0 (C-1a), 73.2, 69.1, 68.4, 68.3, 67.7, 67.1, 66.4, 61.6, 61.2, 57.6, 53.4,
50.6, 50.3, 47.1, 46.2, 29.0, 27.9, 27.5, 26.7, 23.3, 20.7, 20.6, 19.0. HRMS (ESI) calcd
for C4HeoN509Si [M+NH,]* 854.4155, found 854.4156.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-
D-galactopyranoside (19m)

AcO _0Ac PhN=C(CI)CF3, K,CO;, acetone ~ ASO _OAc 18, TMSI, PhyP=0, 3A Ms  A°Q ~OAc
A o&&MOH > A O&W > Ao
C!
rt, overnight, 85% ¢ OPTFAl newm, rt, 5 d, 68%
N3 N, N
O(CH,)sNBnCbz
s19 17m 19m o/B = 101

The compound S19 (285.7 mg, 0.86 mmol) and 2,2,2-trifluoro-N-phenyl-
acetimidoyl chloride (214.8 mg, 1.03 mmol) was dissolved in acetone (1.5 mL), and

K,CO3(178.7 mg, 1.29 mmol) was added. The reaction was stirred overnight at room
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temperature, then filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petroleum ether-EtOAc, 12:1 to 4:1, containing 1%
EtsN) to give 17m (368 mg, 85%) (Compound 17m was used directly without further
structural characterization). The glycosylation reaction was carried out according to
General Experimental Procedure at rt for 5 d, using acceptor 18 (196.5 mg, 0.60
mmol) with 17m (201 mg, 0.40 mmol), DCM (4.4 mL), PhsP=0 (668.1 mg, 2.40
mmol) and TMSI (57 pL, 0.40 mmol). The product was purified by silica gel column
chromatography (PE-EA, 4:1) to afford 19m (167 mg, 68%, o/ =10:1) as a colorless
syrup. [a]p? = +95.1 (¢ 0.46, CHCI3). *H NMR (400 MHz, CDCl3) § 7.33 — 7.04 (m,
10H, Ar), 5.36 (s, 1H, H-4a), 5.27 (d, J = 11.5 Hz, 1H, H-30), 5.08 (d, J = 12.9 Hz,
2H, CH,-Cbz), 4.86 (s, 1H, H-10), 4.69 (d, J = 11.0 Hz, H-3p), 4.47 — 4.35 (m, 2H,
CH,-Bn), 4.15 — 3.93 (m, 3H), 3.64 — 3.46 (m, 2H, H-20), 3.43 — 3.26 (M, 1H), 3.25 —
3.10 (M, 2H, CH,), 2.04 (s, 3H, CHz-Ac), 1.95 (s, 3H, CHz-Ac), 1.92 (s, 3H, CHz-Ac),
1.59 — 1.38 (m, 4H, CH,), 1.32 — 1.18 (m, 2H, CH,). *C NMR (101 MHz, CDCls) 5
170.1, 169.92, 169.89, 169.6, 156.6, 156.1, 137.9, 136.8, 128.4, 128.3, 127.84, 127.81,
127.7,127.2, 102.2 (C-1pB), 98.0 (C-1a), 70.9, 70.5, 70.2, 68.5, 68.1, 67.6, 67.0, 66.5,
66.3, 61.6, 61.2, 60.9, 57.3, 50.5, 50.3, 47.0, 46.1, 29.6, 29.0, 28.9, 27.8, 27.4, 23.2,
23.0, 20.51, 20.46. HRMS (ESI) calcd for CsHsiNsO19 [M+H]" 641.2817, found
641.2810.

Phenyl 2-azido-4-0O-benzoyl-6-0O-benzyl-3-O-levulinoyl-2-deoxy-1-seleno-a-D-

galactopyranoside (S21)
"7 ogn PhC(OMe)s, CSA, MeCN, it %7 ogn LevOH, EDCI, DMAP, DIPEA 2 ogn
HO ) . > Levo
Ny 3h, AcOH/H,0=4/1, 0°C, N PCM.rt overnight, 84% %
SePh 30 min, 72% SePh SePh
s20 s21

Compound S9 (152 mg, 0.35 mmol) was stirred with trimethyl orthobenzoate
(0.52 mL, 2.80 mmol) in acetonitrile (1.7 mL) at room temperature for some time.
Then 10-camphorsulfonic acid (CSA) (24.4 mg, 0.11 mmol) was added, and the
reaction mixture was stirred at room temperature for 3 h. The solvent was then

removed under reduced pressure, and the temperature was brought down to 0 °C, 80%
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aq acetic acid (1.7 mL) was then added, and the reaction was stirred at 0 °C for 30 min.
The reaction mixture was quenched carefully with saturated NaHCO3. The product
was extracted with dichloromethane (25 mL % 3), and the combined organic layer was
washed with distilled water (100 mL = 1). The organic layer was dried over anhydrous
sodium sulfate, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography on silica gel (petroleum ether-EtOAc, 8:1) to
afford the intermediate S20 (135.5 mg, 72%). To a solution of the above intermediate
(56.1 mg, 0.10 mmol) and levulinic acid (18.1 mg, 0.16 mmol) in anhydrous DCM (1
mL) was added DMAP (12.7 mg, 0.10 mmol), EDCI (36.0 mg, 0.19 mmol) and
DIPEA (0.051 mL, 0.31 mmol). The resulting mixture was stirred overnight at room
temperature. Upon completion, the solvent was evaporated under vacuum. The
residue was purified by column chromatography on silica gel (petroleum ether-EtOAcC,
4.3:1) to afford S21 (55.8 mg, 84%). [a]p?* = +210.3 (c 0.32, CHCI3). *H NMR (400
MHz, CDCl3) & 8.07 — 8.00 (m, 2H, Ar), 7.66 — 7.58 (m, 3H, Ar), 7.46 (t, J = 7.7 Hz,
2H, Ar), 7.30 — 7.15 (m, 8H, Ar), 6.05 (d, J = 5.4 Hz, 1H, H-1), 5.78 (d, J = 3.7 Hz,
1H, H-4), 5.22 (dd, J = 10.8, 3.2 Hz, 1H, H-3), 4.79 (t, J = 6.4 Hz, 1H, H-5), 4.42 (d,
J = 11.9 Hz, 1H, CH»-Bn), 4.37 — 4.30 (m, 2H, H-2, CH,-Bn), 3.57 — 3.45 (m, 2H,
H-6), 2.87 — 2.77 (m, 1H, CH,-Lev), 2.75 — 2.66 (m, 1H, CH,-Lev), 2.65 — 2.55 (m,
1H, CH,-Lev), 2.53 — 2.44 (m, 1H, CHy-Lev), 2.15 (s, 3H, CHs-Lev). *C NMR (101
MHz, CDCl3) & 206.1, 171.7, 165.6, 137.6, 135.2, 133.7, 129.9, 129.4, 129.3, 128.8,
128.4, 128.3, 127.82, 127.80, 84.7 (C-1), 73.5, 71.9, 70.5, 68.3, 67.9, 59.4, 37.9, 29.8,
28.0. HRMS (ESI) calcd for Ca1H3;:N3O7SeNa [M+Na]* 654.1279, found 654.1281.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-azido-4-O-benzoyl-6-O-benzyl-3-
O-levulinoyl-2-deoxy-D-galactopyranoside (19n)

1) NIS, acetone/H,0=10/1, rt,

BzO _oBn BzO _0OBn BzO _0OBn
o 10h, 95% _ E § oo 18,TMSI, PhyP=0, 3A MS, o
LevO = LevO OPTFAI » LevO
N, 2) PhN=C(CI)CF3, K,CO;, N3 DCM, rt, 4.5 d, 85% N,
SePh acetone, rt, overnight, 82% O(CH,)sNBnCbz
s21 17n 19n o/p > 20/1

Compound S21 (524 mg, 0.82 mmol) was dissolved in acetone/H,O (7.4 mL/0.7
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mL), then NIS (278 mg, 1.24 mmol) was added. The resulting mixture was stirred for
10 h. The solution was diluted with EtOAc, washed with saturated Na,S;0s3, water
and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 2:1)
to give the intermediate (387 mg, 95%). The above intermediate (280 mg, 0.56 mmol)
and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (116 mg, 0.56 mmol) was dissolved
in acetone (5.6 mL), and K,COj3 (116 mg, 0.85 mmol) was added. The reaction was
stirred overnight at room temperature, then filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 20:1
to 10:1, containing 1% Et3;N) to give 17n (309 mg, 82%) (Compound 17n was used
directly without further structural characterization). The glycosylation reaction was
carried out according to General Experimental Procedure at rt for 4.5 d, using
acceptor 18 (250 mg, 0.67 mmol) with 17n (300 mg, 0.45 mmol), DCM 4.5 mL,
PhsP=0 (748 mg, 2.69 mmol) and TMSI (64 pL, 0.45 mmol). The product was
purified by silica gel column chromatography (PE-EA, 3:1) to afford 19n (225 mg,
85%, o/p >20:1) as a colorless syrup. [a]p?* = +107.3 (c 0.24, CHCI3). *H NMR (400
MHz, CDCls) & 7.95 (d, J = 7.7 Hz, 2H, Ar), 7.54 (t, J = 7.4 Hz, 1H, Ar), 7.39 (t, J =
7.6 Hz, 2H, Ar), 7.33 — 7.06 (m, 15H, Ar), 5.67 (d, J = 3.2 Hz, 1H, H-4), 5.39 (dd, J =
11.2, 3.2 Hz, 1H, H-3), 5.11 (d, J = 12.0 Hz, 2H, CH,-Cbz), 4.95 (s, 1H, H-1), 4.46 —
4.38 (m, 3H, CH»-Bn), 4.29 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.24 — 4.15 (m, 1H, H-5),
3.69 — 3.57 (m, 2H, H-2, CH,), 3.49 — 3.30 (m, 3H, H-6, CH.), 3.25 — 3.06 (m, 2H,
CHy), 2.77 — 2.66 (M, 1H, CHyp-Lev), 2.65 — 2.57 (m, 1H, CH.-Lev), 2.56 — 2.45 (m,
1H, CHa-Lev), 2.44 — 2.34 (m, 1H, CH,-Lev), 2.05 (s, 3H, CHs-Lev), 1.61 — 1.41 (m,
4H, CH,), 1.32 — 1.21 (m, 2H, CH,). *C NMR (101 MHz, CDCls) § 206.0, 171.7,
165.6, 156.7, 156.2, 138.0, 137.5, 136.9, 133.5, 129.9, 129.8, 129.4, 128.7, 128.62,
128.56, 128.5, 128.3, 127.94, 127.88, 127.8, 127.7, 127.6, 127.3, 98.3 (C-1), 77.4,
73.5, 68.84, 68.76, 68.6, 68.1, 67.2, 57.9, 53.5, 50.6, 50.4, 47.1, 46.2, 37.9, 29.7, 29.1,
28.0, 23.4. HRMS (ESI) calcd for C45Hs4NsO10 [M+NH,]" 824.3865, found 824.3872.
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Phenyl 3-O-acetyl-2-azido-4-O-benzoyl-6-O-benzyl-2-deoxy-1-seleno-a-D-galacto-

BzO BzO
Og" Ac,0, DMAP, Py, 0°C-rt, ogn
HO > AcO
N  6h, 85% N,
SePh

pyranoside (S24)

SePh
S20 S24

Compound S20 (404mg, 0.82 mmol) was dissolved in anhydrous pyridine (3
mL). The solution was cooled to 0 °C, DMAP (100 mg, 0.82 mmol) was added, then
Ac,0 (0.11 mL, 1.22 mmol) was added slowly. The resulting mixture was stirred
overnight at room temperature. Upon completion, the reaction mixture was diluted in
EA, washed with 3M HCI, saturated NaHCOj3 solution and brine. The combined
organic layer was concentrated under vacuum. The residue was purified by column
chromatography on silica gel (PE-EA = 8:1) to afford S24 (403 mg, 85%) as a white
solid. [a]p?* = + 199.8 (¢ 0.20, CHCI3). *H NMR (400 MHz, CDCl3) 5 8.04 (d, J = 7.5
Hz, 2H, Ar), 7.66 — 7.58 (m, 3H, Ar), 7.46 (t, J = 7.6 Hz, 2H, Ar), 7.30 — 7.15 (m, 8H,
Ar), 6.05 (d, J = 5.4 Hz, 1H, H-1), 5.80 (d, J = 3.2 Hz, 1H, H-4), 5.22 (dd, J = 10.9,
3.2 Hz, 1H, H-3), 4.80 (t, J = 6.3 Hz, 1H, H-5), 4.42 (d, J = 11.9 Hz, 1H, CH.-Bn),
4.38 — 4.30 (M, 2H, H-2, CH,-Bn), 3.59 — 3.45 (m, 2H, H-6), 2.03 (s, 3H, CHz-Ac).
¥C NMR (101 MHz, CDCl3) 6 169.8, 165.5, 137.6, 135.2, 133.6, 129.9, 129.4, 129.2,
128.7, 128.4, 128.3, 127.80, 127.78, 84.7 (C-1), 73.5, 71.7, 70.5, 68.3, 67.9, 59.3,
20.8. HRMS (ESI) calcd for CogH27N3OsSeNa [M+Na]* 598.1017, found 598.1015.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 3-O-acetyl-2-azido-4-O-benzoyl-6-
O-benzyl-2-deoxy-D-galactopyranoside (190)

1) NIS, acetone/H,0=10/1, rt,

BzO _oBn BzO _oBn BzO _0oBn
o 6.5h, 93% ‘ o 18,TMSI, Ph;P=0, 3A MS, o)
AcO - AcO OPTFAI » AcO
N, 2) PhN=C(CI)CF3;, K,CO,, N3 DCM, rt, 4 d, 84% N,
SePh acetone, rt, overnight, 77% O(CH;)sNBnCbz
S21 170 190 o/ >20/1

Compound S24 (409 mg, 0.71 mmol) was dissolved in acetone/H,O (6.4 mL/0.6
mL), then NIS (238 mg, 1.06 mmol) was added. The resulting mixture was stirred for

6.5 h. The solution was diluted with EtOAc, washed with saturated Na,S,03, water
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and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 4:1)
to give the intermediate (287 mg, 93%). The above intermediate (287 mg, 0.65 mmol)
and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (134 mg, 0.65 mmol) was dissolved
in acetone (6.5 mL), and K,COj3 (134 mg, 0.98 mmol) was added. The reaction was
stirred overnight at room temperature, then filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether, containing 2%
EtsN) to give 170 (306 mg, 77%) (Compound 170 was used directly without further
structural characterization). The glycosylation reaction was carried out according to
General Experimental Procedure at rt for 4 d, using acceptor 18
N-(benzyl)benzyloxycarbonyl-5-aminopentanol (279 mg, 0.75 mmol) with 170 (306
mg, 0.5 mmol), DCM (5 mL), PhsP=0 (834 mg, 3.0 mmol) and TMSI (70 uL, 0.5
mmol). The product was purified by silica gel column chromatography (PE-EA, 4:1)
and LH-20 (MeOH/DCM =1:1) to afford 190 (309 mg, 84%, a/p > 20:1) as a
colorless syrup. [a]p?* = + 92.9 (c 0.61, CHCIs). *H NMR (400 MHz, CDCl3) & 8.04
(d, J = 7.8 Hz, 2H, Ar), 7.59 (t, J = 7.5 Hz, 1H, Ar), 7.45 (t, J = 7.6 Hz, 2H, Ar), 7.40
—7.13 (m, 15H, Ar), 5.80 — 5.73 (m, 1H, H-4), 5.52 — 5.43 (m, 1H, H-3), 5.18 (d, J =
11.8 Hz, 2H, CH,-Cbz), 5.03 (s, 1H, H-1), 4.54 — 4.44 (m, 3H, CH,-Bn), 4.36 (d, J =
12.0 Hz, 1H, CH»-Bn), 4.32 — 4.23 (m, 1H, H-5), 3.77 — 3.65 (M, 2H, H-2, CH,), 3.59
—3.39 (m, 3H, H-6, CH,), 3.33 — 3.17 (m, 2H, CHy), 2.00 (s, 3H, CHg-Ac), 1.71 —
1.45 (m, 4H, CHy), 1.41 — 1.27 (m, 2H, CH,). *C NMR (101 MHz, CDCls) & 170.0,
165.6, 156.8, 156.3, 138.0, 137.6, 133.5, 129.9, 129.6, 128.64, 128.62, 128.54, 128.51,
128.43, 128.40, 128.0, 127.95, 127.93, 127.87, 127.82, 127.75, 127.69, 127.4, 98.3
(C-1), 73.6, 68.8, 68.7, 68.20, 68.15, 67.3, 57.9, 50.7, 50.4, 47.2, 46.3, 29.1, 28.0,
27.6, 23.4, 20.8. HRMS (ESI) calcd for CsHs7N4Og [M+H]" 751.3338, found
751.3334.

Phenyl 2-azido-6-0O-benzyl-2-deoxy-3,4-di-O-levulinoyl-1-seleno-a-D-galacto-
pyranoside (S27)
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HO _oBn LevO _0OBn
o LevOH, EDCI, DMAP, DIPEA lo)
HO » LevO
N;| DCM, rt, overnight, 83% N
SePh

s9 e S27 SePh

Compound S9 (400 mg, 0.92 mmol) and levulinic acid (320 mg, 2.76 mmol) in
anhydrous DCM (3 mL) was added DMAP (224 mg, 1.88 mmol), EDCI (634 mg,
3.31 mmol) and DIPEA (0.91 mL, 5.51 mmol). The resulting mixture was stirred
overnight at room temperature. Upon completion, the solvent was evaporated under
vacuum. The residue was purified by column chromatography on silica gel (petroleum
ether-EtOAc, 4:1) to afford S27 (480 mg, 83%) as a syrup. [a]p?* = + 186.3 (c 0.22,
CHCls). *H NMR (400 MHz, CDCl3) & 7.62 — 7.54 (m, 2H, Ar), 7.36 — 7.22 (m, 6H,
Ar), 7.18 (t, J = 7.5 Hz, 2H, Ar), 5.97 (d, J = 5.4 Hz, 1H, H-1), 5.54 (d, J = 3.3 Hz, 1H,
H-4), 5.08 (dd, J = 10.9, 3.2 Hz, 1H, H-3), 4.65 (t, J = 6.3 Hz, 1H, H-5), 4.48 — 4.37
(m, 2H, CH,-Bn), 4.25 (dd, J = 10.8, 5.4 Hz, 1H, H-2), 3.51 — 3.39 (m, 2H, H-6), 2.87
— 2.68 (M, 4H, CHa-Lev), 2.67 — 2.57 (m, 2H, CH,-Lev), 2.56 — 2.46 (m, 2H,
CHo-Lev), 2.19 (s, 3H, CHs-Lev), 2.17 (s, 3H, CHs-Lev). *C NMR (101 MHz,
CDCl3) 6 206.2, 206.0, 171.9, 171.7, 137.8, 135.1, 129.2, 128.5, 128.2, 128.0, 127.9,
127.8, 84.7 (C-1), 73.5, 71.7, 70.3, 67.9, 59.2, 37.9, 37.8, 29.9, 29.8, 27.9, 27.8.
HRMS (ESI) calcd for C,9H33N3OgSeNa [M+Na]* 648.1385, found 648.1386.

N-(Benzyl)benzyloxycarbonyl-5-aminopentyl 2-azido-6-O-benzyl-2-deoxy-3,4-di-
O-levulinoyl-D-galactopyranoside (19p)

1) NIS, acetone/H,0=10/1

LevO _oBn rt, 10h, 70% LevO _0Bn 18,TMSI, Ph;P=0, 3A MS, LevO _OBn
o > >
Lev°§\\ 2) PAN=C(CI)CF, K,COs, Levo&wopﬂw DCM, rt, 4.5d, 86% LevO
Seph acetone, rt, overnight, 82% N3 N
O(CH,)sNBnCbz
s27 17p 19p ofp = 14/1

Compound S27 (400 mg, 0.63 mmol) was dissolved in acetone/H,O (5.7 mL/0.6
mL), then NIS (214 mg, 0.95 mmol) was added. The resulting mixture was stirred for
10 h. The solution was diluted with EtOAc, washed with saturated Na,S;0s, water
and brine, dried over anhydrous Na,SO,, filtered and concentrated in vacuo. The

residue was purified by flash column chromatography (petroleum ether-EtOAc, 1:1)
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to give the intermediate (217 mg, 70%). The above intermediate (217 mg, 0.44 mmol)
and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (137 mg, 0.66 mmol) was dissolved
in acetone (4.4 mL), and K;CO3 (91 mg, 0.66 mmol) was added. The reaction was
stirred overnight at room temperature, then filtered and concentrated in vacuo. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 10:1
to 3:1, containing 1% Et3N) to give 17p (240 mg, 82%) (Compound 17p was used
directly without further structural characterization). The glycosylation reaction was
carried out according to General Experimental Procedure at rt for 4.5 d, using
acceptor 18 (202 mg, 0.54 mmol) with 17p (240 mg, 0.36 mmol), DCM 3.6 mL,
PhsP=0 (606 mg, 2.18 mmol) and TMSI (51 pL, 0.36 mmol). The product was
purified by silica gel column chromatography (PE-EA, 2:1) to afford 19p (250 mg,
86%, a/p =14:1) as a colorless syrup. [a]p®* = + 74.8 (c 0.17, CHCI3). a isomer: *H
NMR (400 MHz, CDCl3) & 7.48 — 6.96 (m, 15H, Ar), 5.50 (d, J = 3.3 Hz, 1H, H-4),
5.33 (dd, J = 11.0, 3.2 Hz, 1H, H-3), 5.17 (d, J = 10.5 Hz, 2H, CH,-Cbz), 4.94 (s, 1H,
H-1), 4.54 — 4.40 (m, 4H, CH,-Bn), 4.19 — 4.07 (m, 1H, H-5), 3.73 — 3.55 (m, 2H,
H-2, CH,), 3.53 — 3.33 (m, 3H, H-6, CH,), 3.30 — 3.15 (m, 2H, CH,), 2.84 — 2.67 (m,
4H, CHa-Lev), 2.66 — 2.56 (M, 2H, CHa-Lev), 2.56 — 2.45 (m, 2H, CHa-Lev), 2.17 (s,
3H, CHas-Lev), 2.16 (s, 3H, CHz-Lev), 1.66 — 1.46 (m, 4H, CH,), 1.39 — 1.21 (m, 2H,
CH,). *C NMR (101 MHz, CDCls) & 206.2, 206.1, 171.9, 171.8, 156.7, 156.2, 138.0,
137.8, 136.9, 128.6, 128.5, 128.44, 128.40, 128.0, 127.9, 127.84, 127.77, 127.3, 98.1
(C-1), 73,5, 68.7, 68.5, 68.3, 68.0, 67.8, 67.2, 57.7, 50.6, 50.3, 47.1, 46.2, 37.88,
37.85, 37.8, 29.85, 29.77, 29.1, 27.9, 27.7, 23.4. HRMS (ESI) calcd for C43Hs6Ns01;
[M+NH,]" 818.3971, found 818.3979.
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Reaction Scope of acceptors
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Figure S1. The acceptors 18, 20a-m, 15, 20o-ac using in the stereoselective

glycosylation

Octadecyl 2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranoside

(21a)
BzO _o0Bn
(o)
BzO
N3
O(CH,)17CH3
21a

The glycosylation reaction was carried out according to General Experimental
Procedure at 25°C for 24 h, using acceptor 1-octadecanol 20a (92.5 mg, 0.34 mmol)
with 17a (153.8 mg, 0.23 mmol), DCM 2.3 mL, Ph3P=0 (380.7 mg, 1.37 mmol) and
TMSI (33 pL, 0.23 mmol). The product was purified by silica gel column
chromatography (PE-EA, 25:1 to 20:1 to 10:1) to afford 21a (152.6 mg, 92%,
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o/B >20:1) as a colorless syrup. [a]o> = + 149.3 (c 0.16, CHCI3). *H NMR (400 MHz,
CDCl3) 5 7.98 (d, J = 7.6 Hz, 2H, Ar), 7.88 (d, J = 7.6 Hz, 2H, Ar), 7.57 (t, J = 7.4 Hz,
1H, Ar), 7.51 — 7.39 (m, 3H, Ar), 7.30 (t, J = 7.7 Hz, 2H, Ar), 7.25 — 7.13 (m, 5H, Ar),
5.94 (d, J =3.3 Hz, 1H, H-4), 5.77 (dd, J = 11.1, 3.3 Hz, 1H, H-3), 5.14 (d, J = 3.4 Hz,
1H, H-1), 4.52 (d, J = 11.9 Hz, 1H, CH»-Bn), 4.44 — 4.37 (m, 2H, CH»-Bn, H-5), 3.87
—3.77 (m, 2H, H-2, CH,-Octadecyl), 3.64 — 3.51 (m, 3H, CH,-Octadecyl, H-6), 1.74
—1.65 (m, 2H, CH,-Octadecyl), 1.41 (q, J = 7.3 Hz, 2H, CH,-Octadecyl), 1.30 — 1.25
(m, 28H), 0.88 (t, J = 6.7 Hz, 3H, CHz-Octadecyl). **C NMR (101 MHz, CDCls) &
165.4, 137.7, 133.4, 133.2, 129.9, 129.8, 129.6, 129.4, 128.6, 128.42, 128.37, 128.3,
127.71, 127.67, 98.5 (C-1), 73.6, 69.2, 69.1, 69.0, 68.32, 68.28, 58.4, 32.0, 29.80,
29.78, 29.75, 29.73, 29.67, 29.53, 29.50, 29.4, 26.3, 22.8, 14.2. HRMS (ESI) calcd for
CasHesN4O7 [M+NH,4]* 773.4848, found 773.4857.

2,2,2-Trifluoroethyl  2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-
pyranoside (21b)

BzO _0oBn

(o]
BzO

N3
OCH,CF,
21b

The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 2.5 d, using acceptor 2,2,2-trifluoroethanol 20b (35.0 mg,
0.35 mmol) with 17a (157.7 mg, 0.23 mmol), DCM 2.3 mL, Ph3P=0 (390.3 mg, 1.40
mmol) and TMSI (33 puL, 0.23 mmol). The product was purified by silica gel column
chromatography (PE-EA, 10:1) to afford 21b (117 mg, 86%, o/p >20:1) as a colorless
syrup. [a]p?! = + 204.5 (c 0.21, CHCI5 ). *H NMR (400 MHz, CDCl3) & 7.88 (d, J =
7.8 Hz, 2H, Ar), 7.79 (d, J = 7.7 Hz, 2H, Ar), 7.51 (t, J = 7.4 Hz, 1H, Ar), 7.44 — 7.32
(m, 3H, Ar), 7.23 (t, J = 7.7 Hz, 2H, Ar), 7.17 — 7.07 (m, 5H, Ar), 5.87 (d, J = 3.2 Hz,
1H, H-4), 5.66 (dd, J = 11.1, 3.3 Hz, 1H, H-3), 5.16 (d, J = 3.5 Hz, 1H, H-1), 4.42 (d,
J = 11.9 Hz, 1H, CH»-Bn), 4.35 — 4.28 (m, 2H, CH,-Bn, H-5), 4.06 — 3.91 (m, 2H,
CH,-Trifluoroethyl), 3.87 (dd, J = 11.1, 3.6 Hz, 1H, H-2), 3.56 — 3.46 (m, 2H, H-6).
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C NMR (101 MHz, CDCls) & 165.4, 165.3, 137.5, 133.6, 133.4, 130.0, 129.90,
129.85, 129.4, 129.2, 128.7, 128.5, 128.4, 127.8, 127.7, 124.9, 122.2, 99.1 (C-1), 73.6,
69.2, 68.8, 68.6, 68.0, 65.7, 65.3, 65.0, 64.6, 58.0. HRMS (ESI) calcd for
Ca9H30N4O7F3 [M+NH,4]* 603.2061, found 603.2071.

Benzyl 2-azido-3,4-di-O-benzoyl-6-0O-benzyl-2-deoxy-a-D-galactopyranoside(21c)

BzO _oBn
o)
BzO
N2dcH,Ph
21¢ 2

The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 23 h, using acceptor benzyl alcohol 20c¢ (39.2 mg, 0.36 mmol)
with 17a (163.2 mg, 0.24 mmol), DCM 2.4 mL, Ph3P=0 (403.9 mg, 1.45 mmol) and
TMSI (35 pL, 0.24 mmol). The product was purified by silica gel column
chromatography (PE-EA, 20:1 to 5:1) to afford 21c (135.6 mg, 94%, o/p >20:1) as a
colorless syrup. [a]p®® = + 211.3 (c 0.14, CHCI3). *H NMR (400 MHz, CDCls) & 7.98
(d,J=7.7Hz, 2H, Ar), 7.89 (d, J = 7.7 Hz, 2H, Ar), 7.58 (t, J = 7.4 Hz, 1H, Ar), 7.50
— 7.40 (m, 5H, Ar), 7.40 — 7.28 (m, 6H, Ar), 7.26 — 7.16 (m, 4H, Ar), 5.94 (d, J = 3.3
Hz, 1H, H-4), 5.81 (dd, J = 11.0, 3.3 Hz, 1H, H-3), 5.24 (d, J = 3.5 Hz, 1H, H-1), 4.84
(d, J = 11.9 Hz, 1H, CH,-Bn), 4.69 (d, J = 11.9 Hz, 1H, CH.-Bn), 4.52 (d, J = 12.0 Hz,
1H, CH,-Bn), 4.47 — 4.35 (m, 2H, CH,-Bn, H-5), 3.92 (dd, J = 11.0, 3.5 Hz, 1H, H-2),
3.59 (d, J = 6.4 Hz, 2H, H-6). °C NMR (101 MHz, CDCl5) & 165.4, 137.7, 136.5,
133.4, 133.3, 129.85, 129.82, 129.5, 129.3, 128.64, 128.60, 128.5, 128.4, 128.35,
128.26, 128.20, 127.72, 127.68, 97.2 (C-1), 73.6, 70.0, 69.3, 69.0, 68.5, 68.3, 58.4.
HRMS (ESI) calcd for Cz4H3sN407 [M+NH,4]" 611.2500, found 611.2501.

Phenethyl 2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranoside
(21d)
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21d

The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 23 h, using acceptor phenethyl alcohol 20d (42.2 mg, 0.35
mmol) with 17a (155.4 mg, 0.23 mmol), DCM 2.3 mL, PhsP=0 (384.5 mg, 1.38
mmol) and TMSI (33 uL, 0.23 mmol). The product was purified by silica gel column
chromatography (PE-EA, 20:1 to 5:1) to afford 21d (129.1 mg, 92%, a/p >20:1) as a
colorless syrup. [o]p®® = + 222.4 (¢ 0.27, CHCI3). *H NMR (400 MHz, CDCls) 57.98
(d,J=7.7Hz, 2H, Ar), 7.90 (d, J = 7.7 Hz, 2H, Ar), 7.59 (t, J = 7.4 Hz, 1H, Ar), 7.50
(t, J = 7.4 Hz, 1H, Ar), 7.44 (t, J = 7.7 Hz, 2H, Ar), 7.37 — 7.15 (m, 12H, Ar), 5.83 (d,
J = 3.2 Hz, 1H, H-4), 5.74 (dd, J = 11.0, 3.3 Hz, 1H, H-3), 5.18 (d, J = 3.4 Hz, 1H,
H-1), 4.47 (d, J = 12.0 Hz, 1H, CH»-Bn), 4.35 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.07 —
3.95 (m, 2H), 3.90 — 3.78 (m, 2H, H-2), 3.55 — 3.45 (m, 2H), 3.08 — 2.98 (m, 2H). **C
NMR (101 MHz, CDCl3) 6 165.40, 165.38, 138.4, 137.7, 133.4, 133.3, 129.84,
129.81, 129.5, 129.3, 129.1, 128.59, 128.57, 128.4, 127.7, 127.62, 126.60, 98.1 (C-1),
73.4, 69.2, 69.1, 69.0, 68.3, 68.2, 58.4, 36.1. HRMS (ESI) calcd for CssH3;N4O7
[M+NH,]" 625.2657, found 625.2660.

Pent-4-en-yl  2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyrano-

side (21e)
BzO _oBn

o

Bzogﬁ

N3

21e  ONNXN

The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 23 h, using acceptor 4-penten-1-ol 20e (30.0 mg, 0.35 mmol)
with 17a (156.5 mg, 0.23 mmol), DCM 2.3 mL, Ph3P=0 (387.4 mg, 1.39 mmol) and
TMSI (33 pL, 0.23 mmol). The product was purified by silica gel column
chromatography (PE-EA, 20:1 to 10:1) to afford 21e (121.4 mg, 91%, o/p >20:1) as a
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colorless syrup. [o]p? = + 227.4 (¢ 0.13, CHCI3). *H NMR (400 MHz, CDCl3) §7.98
(d,J=7.7 Hz, 2H, Ar), 7.88 (d, J = 7.7 Hz, 2H, Ar), 7.60 (t, J = 7.4 Hz, 1H, Ar), 7.47
(m, 7.5 Hz, 3H, Ar), 7.32 (t, J = 7.7 Hz, 2H, Ar), 7.22 (t, J = 7.4 Hz, 5H, Ar), 5.93 (d,
J = 3.3 Hz, 1H, H-4), 5.89 — 5.80 (m, 1H, CH=-Pent), 5.77 (dd, J = 11.1, 3.3 Hz, 1H,
H-3), 5.15 (d, J = 3.4 Hz, 1H, H-1), 5.08 (d, J = 17.2 Hz, 1H, CH,=-Pent), 5.01 (d, J =
10.2 Hz, 1H, CHy=-Pent), 4.53 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.44 — 4.37 (m, 2H,
CH,-Bn, H-5), 3.90 — 3.77 (m, 2H, H-2, CH,-Pent), 3.65 — 3.53 (m, 3H, H-6,
CHa-Pent), 2.21 (q, J = 7.2 Hz, 2H, CH,-Pent), 1.84 — 1.75 (m, 2H, CHa-Pent). 3C
NMR (101 MHz, CDCls) 5 165.5, 165.4, 137.9, 137.7, 133.5, 133.3, 129.90, 129.87,
129.6, 129.4, 128.6, 128.42, 128.39, 127.8, 127.7, 115.3, 98.5 (C-1), 73.6, 69.13,
69.05, 68.4, 68.3, 68.2, 58.4, 30.4, 28.7. HRMS (ESI) calcd for CsHsN4O7
[M+NH,]* 589.2657, found 589.2663.

(S)-(+)-2,2-dimethyl-1,3-dioxolane-4-methyl  2-azido-3,4-di-O-benzoyl-6-O-ben-
zyl-2-deoxy-a-D-galactopyranoside (21f)

BzO _o0Bn
ol |-
W
21f

The glycosylation reaction was carried out according to General Experimental
Procedure at 25°C for 25 h, using acceptor (S)-(+)-2,2-dimethyl-1,3-dioxolane-
4-methanol 20f (44.7 mg, 0.34 mmol) with 17a (152 mg, 0.23 mmol), DCM 2.3 mL,
PhsP=0 (376.2 mg, 1.35 mmol) and TMSI (32 uL, 0.23 mmol). The product was
purified by silica gel column chromatography (PE-EA, 10:1 to 5:1) to afford 21f
(129.8 mg, 93%, o/p >20:1) as a white solid. [a]p? = + 195.6 (c 0.18, CHCIs). *H
NMR (400 MHz, CDCl3) 8.01 — 7.95 (m, 2H, Ar), 7.91 — 7.84 (m, 2H, Ar), 7.59 (t, J
= 7.4 Hz, 1H, Ar), 7.53 — 7.41 (m, 3H, Ar), 7.32 (t, J = 7.7 Hz, 2H, Ar), 7.26 — 7.14
(m, 5H, Ar), 5.94 (d, J = 3.2 Hz, 1H, H-4), 5.75 (dd, J = 11.0, 3.4 Hz, 1H, H-3), 5.24
(d, J = 3.5 Hz, 1H, H-1), 4.52 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.48 — 4.34 (m, 3H, H-5,
CHy-Bn, CH), 4.12 (dd, J = 8.4, 6.3 Hz, 1H, CH,), 3.90 (dd, J = 11.0, 3.5 Hz, 1H,
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H-2), 3.86 — 3.79 (m, 2H, CH}), 3.72 (dd, J = 10.6, 5.3 Hz, 1H, CH,), 3.65 — 3.54 (m,
2H, H-6), 1.47 (s, 3H, CH3), 1.38 (s, 3H, CH3). **C NMR (101 MHz, CDCl3) § 165.40,
165.38, 137.6, 133.5, 133.3, 129.9, 129.8, 129.5, 129.3, 128.6, 128.39, 128.37, 127.73,
127.71, 109.7, 98.7 (C-1), 74.4, 73.6, 69.14, 69.05, 68.9, 68.5, 68.2, 66.8, 58.4, 26.9,
25.5. HRMS (ESI) calcd for CasHsoNOg [M+NH,]* 635.2712, found 635.2716.

Methyl O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)-
(1—6)-2,3,4-tri-O-benzyl-a-D-glucopyranoside (219)
BzO _o0Bn

(o]
BzO
N3

(o)

BnO (o)
BnO
BnO

21g OMe

The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 36 h, using acceptor 20g° (88.8 mg, 0.19 mmol) with 17a
(193.4 mg, 0.29 mmol), DCM 1.9 mL, PhsP=0 (478.6 mg, 1.72 mmol) and TMSI (41
pL, 0.29 mmol). The product was purified by silica gel column chromatography
(PE-EA, 4:1) to afford 21g (184 mg, 99%, o/f >20:1) as a white solid. [a]p®® = +149.1
(c 0.15, CHCI3). *H NMR (400 MHz, CDCl5) §7.94 (d, J = 7.7 Hz, 2H, Ar), 7.86 (d, J
= 7.7 Hz, 2H, Ar), 7.53 (t, J = 7.5 Hz, 1H, Ar), 7.46 — 7.22 (m, 20H, Ar), 7.22 — 7.13
(m, 5H, Ar), 5.87 (s, 1H, H-4can), 5.68 (d, J = 11.0 Hz, 1H, H-3can), 5.22 (s, 1H,
H-1gan), 4.97 (dd, J = 15.9, 11.2 Hz, 2H, CH,-Bn), 4.85 — 4.72 (m, 2H, CH,-Bn),
4.69 — 4.57 (m, 3H, CH,-Bn, H-1gy0), 4.43 (d, J = 12.0 Hz, 1H, CH,-Bn), 4.32 (d, J =
11.7 Hz, 2H, CH,-Bn, H-5¢a), 4.02 (t, J = 9.4 Hz, 1H), 3.91 — 3.73 (M, 4H, H-2gan),
3.62 — 3.46 (M, 4H, H-2g;c, H-6an), 3.39 (s, 3H, CH3-OMe). *C NMR (101 MHz,
CDCIl3) 6 165.3, 138.8, 138.3, 138.2, 137.6, 133.4, 133.2, 129.8, 129.7, 129.5, 129.3,
128.53, 128.46, 128.4, 128.35, 128.29, 128.1, 127.91, 127.87, 127.8, 127.6, 127.5,
98.5 (C-lgan), 98.1 (C-1ai), 82.1, 80.1, 77.8, 75.7, 75.1, 73.42, 73.37, 70.1, 68.9,
68.1, 66.7, 58.5, 55.2. HRMS (ESI) calcd for CssHsoN4O1 [M+NH,]* 967.4124,
found 967.4134.
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p-Methylphenyl  O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-

pyranosyl)-(1—6)-2,3,4-tri-O-benzyl-1-thio-p-D-glucopyranoside (21h)
BzO _0Bn

(o]
BzO
N3

(o]

BnO o
BnO STol

BnO
21h

The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 4 d, using acceptor 20h°® (89.5 mg, 0.16 mmol) with 17a
(162.7 mg, 0.24 mmol), DCM 1.6 mL, PhsP=0 (402.6 mg, 1.45 mmol) and TMSI (35
pL, 0.24 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1) to afford 21h (151.1 mg, 90%, o/p >20:1) as a white solid. [a]p? =
+122.8 (c 0.24, CHCI3). *H NMR (400 MHz, CDCl3) §8.02 — 7.96 (m, 2H, Ar), 7.92 —
7.87 (m, 2H, Ar), 7.59 (t, J = 7.5 Hz, 1H, Ar), 7.53 — 7.38 (m, 8H, Ar), 7.37 — 7.25 (m,
15H, Ar), 7.24 —7.14 (m, 6H, Ar), 5.78 (d, J = 3.3 Hz, 1H, H-4gan), 5.65 (dd, J = 11.0,
3.3 Hz, 1H, H-3gan), 5.27 (d, J = 3.5 Hz, 1H, H-1gan), 4.96 — 4.84 (m, 4H, CH2-Bn),
4.76 — 4.66 (M, 3H, CH»-Bn, H-1g)0), 4.49 — 4.37 (m, 2H, CH»-Bn), 4.28 (t, J = 6.3 Hz,
1H, H-5can), 3.88 (dd, J = 11.1, 3.4 Hz, 3H, H-2can), 3.74 (t, J = 8.8 Hz, 1H), 3.64 (t,
J = 9.3 Hz, 1H), 3.60 — 3.45 (M, 4H, H-6gan, H-2c1c), 2.29 (s, 3H, CH3-STol). *°C
NMR (101 MHz, CDCl3) & 165.5, 165.3, 138.5, 138.23, 138.19, 137.85, 137.83,
133.5, 133.3, 132.1, 130.0, 129.91, 129.88, 129.84, 129.7, 129.4, 128.65, 128.63,
128.53, 128.50, 128.43, 128.38, 128.3, 128.02, 127.98, 127.92, 127.89, 127.78,
127.69, 127.66, 98.6(C-1gan), 87.5 (C-1cic), 87.0, 81.0, 78.8, 77.7, 75.9, 75.5, 75.2,
73.4, 69.2, 69.0, 68.3, 68.1, 66.8, 58.7, 21.2. HRMS (ESI) calcd for Cg1HezsN4O11S
[M+NH,]" 1059.4209, found 1059.4205.

p-Methylphenyl  O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-
pyranosyl)-(1—6)-2,3,4-tri-O-benzoyl-1-thio-p-D-galactopyranoside (21i)
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The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 5 d, using acceptor 20i’ (87.2 mg, 0.15 mmol) with 17a
(147.4 mg, 0.22 mmol), DCM 1.5 mL, PhsP=0 (364.9 mg, 1.31 mmol) and TMSI (31
pL, 0.22 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1) to afford 21i (135.6 mg, 86%, o/p >20:1) as a white solid. [a]p® =+
182.7 (¢ 0.20, CHCI3). *H NMR (400 MHz, CDCls) § 7.98 (dd, J = 11.0, 7.8 Hz, 4H,
Ar), 7.90 (dd, J = 10.9, 7.9 Hz, 4H, Ar), 7.76 (d, J = 7.8 Hz, 2H, Ar), 7.58 (t, J = 7.5
Hz, 2H, Ar), 7.50 (t, J = 8.0 Hz, 4H, Ar), 7.46 — 7.36 (m, 7H, Ar), 7.32 (t, J = 7.7 Hz,
2H, Ar), 7.26 — 7.15 (m, 9H, Ar), 5.98 (d, J = 3.2 Hz, 1H, H-4g4), 5.85 (d, J = 3.2 Hz,
1H, H-4gan), 5.79 (t, J = 9.9 Hz, 1H, H-24), 5.71 (dd, J = 11.0, 3.2 Hz, 1H, H-3gan),
5.62 (dd, J = 10.0, 3.2 Hz, 1H, H-364), 5.12 — 5.06 (M, 2H, H-1gan, H-1ca1), 4.49 (dd,
J =122, 5.7 Hz, 2H, H-5gan, CH2-Bn), 4.41 (d, J = 12.1 Hz, 1H, CH,-Bn), 4.36 —
4.31 (m, 1H), 4.07 (dd, J = 10.5, 7.0 Hz, 1H), 3.89 (dd, J = 11.0, 3.6 Hz, 1H, H-2can),
3.79 (dd, J = 10.5, 4.4 Hz, 1H, H-6cy), 3.64 — 3.51 (M, 2H, H-6can), 2.37 (s, 3H,
CH3-STol). °C NMR (101 MHz, CDCls) & 165.6, 165.5, 165.42, 165.35, 165.26,
138.6, 137.8, 133.6, 133.48, 133.46, 133.39, 133.31, 133.26, 130.1, 130.0, 129.94,
129.90, 129.86, 129.6, 129.5, 129.4, 129.1, 129.0, 128.6, 128.5, 128.4, 128.3, 127.9,
127.72, 127.68, 98.7 (C-1gan), 85.9 (C-1ga), 76.6, 73.5, 73.2, 69.2, 69.0, 68.5, 68.3,
68.2, 68.0, 58.5, 21.3. HRMS (ESI) calcd for CgHs;N4014S [M+NH,]" 1101.3586,
found 1101.3589.

O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)-(1—6)-
1,2,3,4-di-O-isopropylidene-a-D-galactopyranoside (21j)
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The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 25 h, using acceptor 20j (57.2 mg, 0.22 mmol) with 17a
(227.8 mg, 0.33 mmol), DCM 2.2 mL, PhsP=0 (551.3 mg, 1.98 mmol) and TMSI (47
pL, 0.33 mmol). The product was purified by silica gel column chromatography
(PE-EA, 4:1) to afford 21j (162 mg, 99%, o/p >20:1) as a yellow solid. [o]p? = +
115.1 (¢ 0.15, CHCI3). *H NMR (400 MHz, CDCl3) & 7.98 (d, J = 7.7 Hz, 2H, Ar),
7.88(d, J=7.7 Hz, 2H, Ar), 7.58 (t, J = 7.4 Hz, 1H, Ar), 7.52 — 7.39 (m, 3H, Ar), 7.31
(t, J=7.7 Hz, 2H, Ar), 7.25 — 7.13 (m, 5H, Ar), 5.95 (d, J = 3.3 Hz, 1H, H-4gan), 5.78
(dd, J = 11.1, 3.3 Hz, 1H, H-3gan), 5.54 (d, J = 5.0 Hz, 1H, H-1ga), 5.22 (d, J = 3.4
Hz, 1H, H-1gan), 4.64 (dd, J = 7.8, 2.4 Hz, 1H, H-3ga), 4.55 — 4.48 (m, 2H, H-5can,
CH,-Bn), 4.43 — 4.31 (m, 3H, H-2ga, H-4ca, CH2-Bn), 4.10 (t, J = 6.5 Hz, 1H, H-5c4),
3.95 (dd, J = 10.1, 6.3 Hz, 1H, H-6ca), 3.89 — 3.80 (M, 2H, H-2gan, H-6ca), 3.60 (m,
J=9.7,6.3 Hz, 2H, H-6gan), 1.59 (s, 3H, CHa), 1.45 (s, 3H, CHa), 1.34 (s, 6H, CHa).
BC NMR (101 MHz, CDCl3) 6 165.4, 137.7, 133.4, 133.2, 129.9, 129.8, 129.6, 129.4,
128.6, 128.4, 128.3, 127.7, 127.6, 109.4, 108.8, 98.7 (C-lgan), 96.4 (C-1ca), 73.4,

71.0, 70.8, 69.0, 68.9, 68.1, 68.0, 67.4, 66.5, 58.5, 26.2, 26.1, 25.1, 24.5. HRMS (ESI)
calcd for C39H47N4O15 [M+NH4]+ 763.3185, found 763.3192.

Methyl 0O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)-
(1—6)-2,3,4-tri-O-benzyl-a-D-mannopyranoside (21k)
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The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 25h, using acceptor 20k® (70.3 mg, 0.15 mmol) with 17a
(153.3 mg, 0.23 mmol), DCM 1.5 mL, Ph3P=0 (374.4 mg, 1.36 mmol) and TMSI (33
pL, 0.23 mmol). The product was purified by silica gel column chromatography
(PE-EA, 4:1 to 3:1) to afford 21k (132.3 mg, 92%, a/p >20:1) as a white solid. [o]p>
= +166.9 (c 0.17, CHCl5). *H NMR (400 MHz, CDCl3) § 7.97 (d, J = 7.7 Hz, 2H, Ar),
7.87 (d,J=7.7 Hz, 2H, Ar), 7.58 (t, J = 7.4 Hz, 1H, Ar), 7.51 — 7.41 (m, 3H, Ar), 7.39
—7.25(m, 18H, Ar), 7.23 — 7.18 (m, 3H, Ar), 7.17 — 7.12 (m, 1H, Ar), 5.93 (d, J = 3.2
Hz, 1H, H-4gan), 5.76 (dd, J = 11.0, 3.3 Hz, 1H, H-3gan), 5.29 (d, J = 3.4 Hz, 1H,
H-1ean), 4.99 (d, J = 11.2 Hz, 1H, CH,-Bn), 4.77 — 4.67 (m, 3H, CH,-Bn, H-Lyan),
4.64 (m, 3H, CH»-Bn), 4.52 — 4.46 (m, 2H, CH,-Bn, H-5gan), 4.38 (d, J = 11.9 Hz,
1H, CH,-Bn), 3.96 — 3.89 (m, 4H), 3.88 — 3.83 (M, 2H, H-2gan), 3.81 (d, J = 2.0 Hz,
1H, H-2man), 3.64 — 3.51 (m, 2H, H-6gan), 3.37 (s, 3H, CH3). *C NMR (101 MHz,
CDCl3) & 165.4, 138.7, 138.6, 138.5, 137.7, 133.4, 133.3, 129.90, 129.88, 129.7,
129.5, 128.6, 128.49, 128.46, 128.44, 128.40, 128.38, 128.0, 127.90, 127.85, 127.80,
127.73, 127.70, 127.65, 99.1 (C-1man), 98.2 (C-1gan), 80.5, 75.2, 74.9, 73.5, 72.9,
72.2, 715, 69.1, 69.0, 68.1, 68.0, 67.2, 58.5, 54.9. HRMS (ESI) calcd for
CssHsoN4O12 [M+NH,4]" 967.4124, found 967.4130.

p-Methoxyphenyl O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-
pyranosyl)-(1—6)-2,3,4-tri-O-benzoyl-a-D-mannopyranoside (211)
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The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 36 h, using acceptor 201° (94.2 mg, 0.16 mmol) with 17a
(159.9 mg, 0.24 mmol), DCM 1.6 mL, Ph3P=0 (394.2 mg, 1.42 mmol) and TMSI (34
pL, 0.24 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1 to 3.5:1) to afford 211 (158.9 mg, 93%, o/p >20:1) as a white solid. [o]p>
=+ 42.8 (c 0.13, CHCl53). *H NMR (400 MHz, CDCl3) 6 8.17 — 8.11 (m, 2H, Ar), 8.05
—8.00 (m, 2H, Ar), 7.94 (m, 2H, Ar), 7.92 — 7.84 (m, 4H, Ar), 7.60 — 7.40 (m, 10H,
Ar), 7.35 (q, J = 7.7 Hz, 4H, Ar), 7.31 — 7.24 (m, 2H, Ar), 7.21 — 7.15 (m, 2H, Ar),
7.14 — 7.06 (m, 4H, Ar), 6.98 — 6.93 (m, 2H, Ar), 6.13 (dd, J = 10.1, 3.3 Hz, 1H,
H-3man), 6.07 (t, J = 10.0 Hz, 1H, H-4pan), 5.91 — 5.88 (M, 2H, H-4can, H-2man), 5.76
(dd, J = 11.0, 3.3 Hz, 1H, H-3gan), 5.69 (d, J = 1.8 Hz, 1H, H-1yan), 5.16 (d, J = 3.5
Hz, 1H, H-1gan), 4.62 — 4.55 (m, 1H, H-5yan), 4.37 (t, J = 6.5 Hz, 1H, H-5g4n), 4.33
(d, J =12.1 Hz, 1H, CH»-Bn), 4.20 (d, J = 12.1 Hz, 1H, CH,-Bn), 4.09 (dd, J = 11.0,
6.0 Hz, 1H, H-6pan), 3.91 (dd, J = 11.0, 3.4 Hz, 1H, H-2gan), 3.80 — 3.79 (m, 1H,
H-6an), 3.78 (s, 3H, CH3-MP), 3.49 — 3.37 (m, 2H, H-6an). *C NMR (101 MHz,
CDCl3) 6 165.8, 165.71, 165.67, 165.4, 165.2, 155.9, 150.1, 137.6, 133.62, 133.60,
133.4, 133.3, 130.1, 130.0, 129.92, 129.89, 129.87, 129.6, 129.5, 129.3, 129.2, 129.1,
128.7, 128.63, 128.61, 128.4, 128.3, 127.63, 127.60, 118.5, 115.0, 98.3 (C-1gan), 97.4
(C-1man), 73.4,70.7, 70.23, 70.18, 69.5, 69.0, 68.2, 68.1, 67.2, 58.6, 55.8. HRMS (ESI)
calcd for CgyHs7N4O16 [M+NH,]" 1101.3764, found 1101.3766.

p-methylphenyl  O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-
pyranosyl)-(1—5)-2-O-benzoyl-3-benzyl-1-thio-a-D-arabinoglycoside (21m)
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The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 34 h, using acceptor 20m™ (73.1 mg, 0.16 mmol) with 17a
(164.1 mg, 0.24 mmol), DCM 1.6 mL, PhsP=0 (406.2 mg, 1.46 mmol) and TMSI (35
pL, 0.24 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1) to afford 21m (149.2 mg, 98%, o/p >20:1) as a white solid. [o]p™ = +
199.5 (¢ 0.20, CHCI3). *H NMR (400 MHz, CDCls) & 8.05 (d, J = 7.7 Hz, 2H, Ar),
7.96 (d,J=7.7 Hz, 2H, Ar), 7.89 (d, J = 7.8 Hz, 2H, Ar), 7.59 (t, J = 7.4 Hz, 1H, Ar),
7.54 —7.36 (m, 11H, Ar), 7.33 (m, 4H, Ar), 7.29 — 7.22 (m, 1H, Ar), 7.20 — 7.09 (m,
6H, Ar), 5.81 (d, J = 3.3 Hz, 1H, H-4can), 5.63 (dd, J = 11.1, 3.3 Hz, 1H, H-3can),
5.59 (d, J = 3.0 Hz, 2H, H-1am H-2aw), 5.21 (d, J = 3.5 Hz, 1H, H-1gan), 4.83 (d, J =
11.8 Hz, 1H, CH,-Bn), 4.65 — 4.57 (m, 2H, H-4r, CH»-Bn), 4.44 (d, J = 12.0 Hz, 1H,
CH,-Bn), 4.34 (d, J = 12.0 Hz, 1H, CH,-Bn), 4.27 (dd, J = 6.6, 2.3 Hz, 1H, H-3ar),
4.20 (t, J = 6.3 Hz, 1H, H-5¢am), 3.94 — 3.83 (m, 3H, H-2gan, H-5ara, H-64ra), 3.56 —
3.44 (m, 2H, H-6can), 2.32 (s, 3H, CH3-STol). *C NMR (101 MHz, CDCl3) § 165.6,
165.4, 165.2, 138.1, 137.7, 137.3, 133.53, 133.49, 133.3, 133.2, 130.1, 130.0, 129.90,
129.86, 129.6, 129.4, 128.7, 128.65, 128.60, 128.5, 128.43, 128.41, 128.2, 127.73,
127.71, 98.5 (C-1gan), 91.4 (C-1ar), 82.64, 82.58, 80.8, 73.5, 72.8, 69.2, 69.0, 68.33,
68.27, 66.5, 58.6, 21.2. HRMS (ESI) calcd for Cs3HssN4O1S [M+NH,]" 953.3426,
found 953.3418.

L-Serine N-(benzyloxycarbonyl)-O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-

deoxy-a-D-galactopyranosyl)-benzyl ester (21n)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25°C for 8 d, using acceptor 15 (93.2 mg, 0.28 mmol) with 17a (127.3
mg, 0.19 mmol), DCM 1.9 mL, PhsP=0 (315.1 mg, 1.13 mmol) and TMSI (27 pL,
0.19 mmol). The product was purified by silica gel column chromatography (PE-EA,
3:1) to afford 21n (112.3 mg, 73%, o/f >20:1) as a yellow solid. [o]p> = + 168.8 (c
0.17, CHCIl5). *H NMR (400 MHz, CDCls) § 7.94 (d, J = 7.8 Hz, 2H, Ar), 7.87 (d, J =
7.7 Hz, 2H, Ar), 7.59 (t, J = 7.4 Hz, 1H, Ar), 7.50 (t, J = 7.5 Hz, 1H, Ar), 7.44 (t, J =
7.7 Hz, 2H, Ar), 7.40 — 7.28 (m, 12H, Ar), 7.22 — 7.14 (m, 5H, Ar), 6.10 (d, J = 8.5 Hz,
1H, NH-Ser), 5.81 (d, J = 3.3 Hz, 1H, H-4), 5.60 (dd, J = 11.1, 3.3 Hz, 1H, H-3), 5.24
(s, 2H), 5.16 — 5.07 (m, 2H), 5.05 (d, J = 3.6 Hz, 1H, H-1), 4.67 (d, J = 8.2 Hz, 1H,
CH-Ser), 4.47 (d, J = 12.2 Hz, 1H, CH,-Bn), 4.36 — 4.23 (m, 3H, H-5, CH,-Bn,
CH,-Ser ), 4.06 (dd, J = 10.9, 3.0 Hz, 1H, CH,-Ser), 3.80 (dd, J = 11.1, 3.6 Hz, 1H,
H-2), 3.57 — 3.44 (m, 2H, H-6). *C NMR (101 MHz, CDCls) § 169.6, 165.4, 165.3,
156.2, 137.5, 136.3, 135.2, 133.5, 133.4, 129.9, 129.8, 129.4, 129.2, 128.8, 128.69,
128.65, 128.60, 128.43, 128.40, 128.36, 128.3, 127.7, 99.9 (C-1), 73.5, 70.5, 68.8,
68.75, 68.71, 68.0, 67.9, 67.3, 58.3, 54.8. HRMS (ESI) calcd for CssHssNsO11
[M+NH,]" 832.3188, found 832.3192.

L-Serine N-(t-Butyloxycarbonyl)-O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-
deoxy-a-D-galactopyranosyl)-benzyl ester(210)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25°C for 7 d, using acceptor N-Boc-L-serine benzyl ester 200 (42.3 mg,

0.14 mmol) with 17a (145 mg, 0.21 mmol), DCM 1.4 mL, PhsP=0 (358.9 mg, 1.29
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mmol) and TMSI (31 pL, 0.21 mmol). The product was purified by silica gel column
chromatography (PE-EA, 3:1) to afford 210 (62.1 mg, 55%, o/ >20:1) as a yellow
solid. [o]p® = + 180.4 (c 0.20, CHCls). *H NMR (400 MHz, CDCl3) § 7.95 (d, J = 7.7
Hz, 2H, Ar), 7.87 (d, J = 7.7 Hz, 2H, Ar), 7.60 (t, J = 7.4 Hz, 1H, Ar), 7.51 (t, J = 7.4
Hz, 1H, Ar), 7.45 (t, J = 7.7 Hz, 2H, Ar), 7.40 — 7.29 (m, 7H, Ar), 7.24 — 7.13 (m, 5H,
Ar), 5.87 (d, J = 3.3 Hz, 1H, H-4), 5.69 — 5.55 (m, 2H, H-3, NH-Ser), 5.28 — 5.18 (m,
2H, CH»-Bn), 5.05 (d, J = 3.6 Hz, 1H, H-1), 4.65 — 4.56 (m, 1H, CH-Ser), 452 (d, J =
12.1 Hz, 1H), 4.37 (d, J = 12.1 Hz, 1H), 4.31 (t, J = 6.5 Hz, 1H, H-5), 4.18 (dd, J =
10.6, 3.3 Hz, 1H, CH,-Ser), 4.04 (dd, J = 10.6, 3.1 Hz, 1H, CH,-Ser), 3.81 (dd, J =
11.1, 3.5 Hz, 1H, H-2), 3.61-3.44 (m, 2H, H-6), 1.46 (s, 9H, CHs-t-Bu). *C NMR
(101 MHz, CDCl3) 6 170.0, 165.42, 165.37, 155.7, 137.5, 135.3, 133.5, 133.4, 129.92,
129.87, 129.5, 129.2, 128.8, 128.7, 128.6, 128.5, 128.4, 127.80, 127.77, 99.6 (C-1),
80.4, 73.6, 70.1, 68.9, 68.7, 68.6, 67.9, 67.8, 58.3, 54.3, 28.4. HRMS (ESI) calcd for
C42H44N401:Na [M+Na]* 803.2899, found 803.2911.

L-Serine  N-(9H-fluoren-9-ylmethoxy)carbonyl)-O-(2-azido-3,4-di-O-benzoyl-6-
O-benzyl-2- deoxy-a-D-galactopyranosyl)-benzyl ester(21p)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25°C for 7 d, using acceptor Fmoc-O-benzyl-L-serine 20p (52.8 mg,
0.13 mmol) with 17a (128 mg, 0.19 mmol), DCM 1.3 mL, PhsP=0 (316.8 mg, 1.14
mmol) and TMSI (27 uL, 0.19 mmol). The product was purified by silica gel column
chromatography (PE-EA, 3:1) to afford 21p (84 mg, 74%, o/p >20:1) as a yellow
solid. [a]p®® = +122.8 (c 0.32, CHCI3). *H NMR (400 MHz, CDCl5) § 7.97 (d, J = 7.7
Hz, 2H, Ar), 7.89 (d, J = 7.8 Hz, 2H, Ar), 7.75 (d, J = 7.5 Hz, 2H, Ar), 7.62 (d, J = 7.8
Hz, 3H, Ar), 7.51 (t, J = 7.5 Hz, 1H, Ar), 7.46 (t, J = 7.7 Hz, 2H, Ar), 7.41 — 7.27 (m,
11H, Ar), 7.20 — 7.12 (m, 5H, Ar), 6.22 (d, J = 8.4 Hz, 1H, NH-Ser), 5.84 (d, J = 3.2
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Hz, 1H, H-4), 5.65 (dd, J = 11.1, 3.3 Hz, 1H, H-3), 5.27 (s, 2H, CH»-Bn), 5.04 (d, J =
3.6 Hz, 1H, H-1), 4.67 (d, J = 8.3 Hz, 1H), 4.46 (d, J = 12.1 Hz, 1H), 4.40 — 4.26 (m,
5H), 4.21 (t, J = 7.3 Hz, 1H), 4.10 — 4.03 (m, 1H), 3.82 (dd, J = 11.2, 3.6 Hz, 1H,
H-2), 3.59 — 3.44 (m, 2H, H-6). **C NMR (101 MHz, CDCl3) § 169.6, 165.4, 156.1,
144.0, 143.9, 141.40, 141.37, 137.5, 135.2, 133.6, 133.4, 129.92, 129.86, 129.4, 129.2,
128.8, 128.73, 128.68, 128.5, 128.4, 127.8, 127.7, 127.22, 127.21, 125.4, 125.3, 120.0,
100.0 (C-1), 77.4, 73.5, 70.6, 68.9, 68.83, 68.78, 68.2, 67.9, 67.4, 58.4, 54.8, 47.2,
29.8. HRMS (ESI) calcd for Cs;HasN.ONa [M+Na]* 925.3055, found 925.3060.

L-Threonine N-(benzyloxycarbonyl)-O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-
deoxy-a-D-galactopyranosyl)-benzyl ester (21q)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25°C for 7 d, using acceptor Benzyloxycarbonyl-L-threonine benzyl
ester 20 (108 mg, 0.31 mmol) with 17a (141.4 mg, 0.21 mmol), DCM 2.1 mL,
PhsP=0 (350 mg, 1.26 mmol) and TMSI (30 uL, 0.19 mmol). The product was
purified by silica gel column chromatography (PE-EA, 5:1) to afford 21q (94.1 mg,
54%, o/p >20:1) as a yellow solid. [a]p®* = +192.3 (c 0.21, CHCIl3). *H NMR (400
MHz, CDCl3) § 7.94 (d, J = 7.7 Hz, 2H, Ar), 7.87 (d, J = 7.7 Hz, 2H, Ar), 7.60 (t, J =
7.4 Hz, 1H, Ar), 7.51 (t, J = 7.4 Hz, 1H, Ar), 7.45 (t, J = 7.7 Hz, 2H, Ar), 7.40 — 7.28
(m, 12H, Ar), 7.23 — 7.13 (m, 5H, Ar), 5.87 (d, J = 3.2 Hz, 1H, H-4), 5.68 (d, J = 9.6
Hz, 1H), 5.58 (dd, J = 11.1, 3.2 Hz, 1H, H-3), 5.27 — 5.16 (m, 2H), 5.16 (s, 2H), 5.01
(d, J = 3.7 Hz, 1H, H-1), 4.54 — 4.47 (m, 3H), 4.41 — 4.34 (m, 2H, H-5), 3.79 (dd, J =
11.1, 3.7 Hz, 1H, H-2), 3.58 — 3.49 (m, 2H, H-6), 1.38 (d, J = 6.4 Hz, 3H, CHs-Thr).
3C NMR (101 MHz, CDCls3) § 170.2, 165.4, 165.3, 157.0, 137.5, 136.3, 135.2, 133.6,
133.4, 129.89, 129.85, 129.4, 129.2, 128.8, 128.7, 128.64, 128.62, 128.4, 128.4, 128.2,
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128.1, 127.82, 127.78, 127.7, 99.4 (C-1), 76.8, 73.6, 69.3, 68.72, 68.69, 68.2, 67.7,
67.3, 59.0, 58.7, 18.7. HRMS (ESI) calcd for CssHaN4O1:Na [M+Na]® 851.2904,
found 851.2904.

Methyl O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)-
(1—4)-2,3,6-tri-O-benzyl-a-D-glucopyranoside (21r)
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The glycosylation reaction was carried out according to General Experimental
Procedure at 25 °C for 59 h, using acceptor 20r** (68.2 mg, 0.15 mmol) with 17a
(148.6 mg, 0.22 mmol), DCM 1.5 mL, PhsP=0 (367.7 mg, 1.32 mmol) and TMSI (32
pL, 0.22 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1 to 3:1) to afford 21r (126.3 mg, 91%, o/p >20:1) as a yellow solid. [o]p>
=+ 156.6 (c 0.14, CHCI5). *H NMR (400 MHz, CDCl3) § 7.92 (d, J = 7.7 Hz, 2H, Ar),
7.88 (d,J=7.7 Hz, 2H, Ar), 7.56 (t, J = 7.5 Hz, 1H, Ar), 7.49 (t, J = 7.4 Hz, 1H, Ar),
7.44 —7.25 (m, 20H, Ar), 7.14 — 7.06 (m, 4H, Ar), 5.94 (d, J = 3.8 Hz, 1H, H-1gan),
5.87 (d, J = 3.2 Hz, 1H, H-4¢an), 5.66 (dd, J = 11.2, 3.2 Hz, 1H, H-3gan), 5.15 (d, J =
11.0 Hz, 1H, CH,-Bn), 4.89 (d, J = 11.0 Hz, 1H, CH,-Bn), 4.73 (d, J = 12.0 Hz, 1H,
CH,-Bn), 4.67 — 4.60 (m, 3H, CH,-Bn, H-1¢¢), 4.54 (d, J = 12.3 Hz, 1H, CH»-Bn),
4.31 - 4.21 (M, 2H, H-5gan, CH-Bn), 4.18 — 4.06 (m, 2H, H-3gic, CH,-Bn), 4.01 (t, J
= 9.1 Hz, 1H, H-4gy0), 3.89 — 3.69 (M, 4H, H-2gan, H-561c, H-661c), 3.62 (dd, J = 9.5,
3.5 Hz, 1H, H-2¢1), 3.40 (s, 3H, CH3-OMe), 3.36 (d, J = 6.5 Hz, 2H, H-6gan). :°C
NMR (101 MHz, CDCl3) 6 165.4, 139.0, 138.4, 138.0, 137.6, 133.4, 133.3, 129.9,
129.8, 129.6, 129.4, 128.6, 128.5, 128.43, 128.41, 128.37, 128.26, 128.22, 128.1,
127.7, 127.6, 127.5, 127.4, 98.2 (C-1gan), 97.7 (C-1ci), 82.0, 80.7, 74.9, 73.8, 73.5,
73.3, 73.2, 69.5, 69.4, 69.0, 68.7, 68.6, 67.8, 58.4, 55.4. HRMS (ESI) calcd for
CssHsgN4O12 [M+NH,4]" 967.4124, found 967.4133.
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Methyl 0O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)-
(1—-3)-2,4,6- tri-O-benzyl-a-D-glucopyranoside (21s)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 50h, using acceptor 20s*? (66.4 mg, 0.14 mmol) with 17a
(144.6 mg, 0.21 mmol), DCM 1.4 mL, PhsP=0 (357.9 mg, 1.29 mmol) and TMSI (31
pL, 0.21 mmol). The product was purified by silica gel column chromatography
(PE-EA, 3:1) to afford 21s (134.4 mg, 99%, o/p >20:1) as a white solid. [a]p?! = +
165.2 (¢ 0.31, CHCls). *H NMR (400 MHz, CDCls) § 7.93 (t, J = 8.5 Hz, 4H, Ar),
7.54 (t,J = 7.5 Hz, 1H, Ar), 7.49 (t, J = 7.5 Hz, 1H, Ar), 7.46 — 7.37 (m, 6H, Ar), 7.37
—7.24 (m, 12H, Ar), 7.22 — 7.18 (m, 2H, Ar), 7.16 — 7.08 (m, 4H, Ar), 5.88 — 5.81 (m,
2H, H-4gan, H-3cain), 5.72 (d, J = 3.5 Hz, 1H, H-1gan), 4.93 — 4.84 (m, 2H, H-5can,
CH,-Bn), 4.78 — 4.71 (m, 2H, H-1gi,, CH»-Bn), 4.65 (d, J = 11.5 Hz, 2H, CH,-Bn),
4.56 (d, J = 10.9 Hz, 1H, CH»-Bn), 4.51 (d, J = 12.1 Hz, 1H, CH,-Bn), 4.28 (t, J = 9.4
Hz, 1H, H-3g10), 4.22 (s, 2H, CH»-Bn), 3.91 — 3.79 (M, 2H, H-2gan, H-4c1c), 3.76 (d, J
= 9.5 Hz, 2H), 3.70 — 3.59 (m, 2H, H-2¢c), 3.49 (dd, J = 9.9, 5.9 Hz, 1H, H-6can),
3.37 — 3.28 (M, 4H, CH3-OMe, H-6gan). *C NMR (101 MHz, CDCls) § 165.5, 165.4,
138.2, 138.1, 137.78, 137.76, 133.2, 129.9, 129.81, 129.76, 129.5, 128.74, 128.66,
128.58, 128.50, 128.47, 128.42, 128.37, 128.31, 128.2, 128.1, 128.0, 127.9, 127.83,
127.77, 127.6, 127.4, 127.3, 98.1 (C-Lcan), 97.6 (C-lcic), 79.4, 78.6, 75.8, 74.0, 73.7,
73.3, 73.0, 70.1, 69.3, 69.2, 68.4, 67.9, 67.4, 58.7, 55.1. HRMS (ESI) calcd for
CssHseN4O12 [M+NH,]" 967.4124, found 967.4129.

Methyl 0O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)-
(1-2)-3,4,6-tri-O-benzyl-a-D-glucopyranoside (21t)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 60h, using acceptor 20t"* (73.9 mg, 0.16 mmol) with 17a
(160.7 mg, 0.24 mmol), DCM 1.6 mL, PhsP=0 (397.9 mg, 1.43 mmol) and TMSI (34
pL, 0.24 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1-3:1) to afford 21t (135.6 mg, 90%, o/p >20:1) as a white solid. [a]p> =
+192.7 (¢ 0.33, CHCls). *H NMR (400 MHz, CDCls) § 7.95 (d, J = 7.9 Hz, 2H, Ar),
7.90 (d, J = 7.9 Hz, 2H, Ar), 7.58 — 7.45 (m, 4H, Ar), 7.44 —7.22 (m, 15H, Ar), 7.22 —
7.10 (m, 7H, Ar), 5.83 (d, J = 11.2 Hz, 1H, H-3gan), 5.67 (s, 1H, H-4gan), 5.28 (s, 1H,
H-1gan), 5.01 (M, 2H, H-1gi, CH»-Bn), 4.88 (d, J = 10.8 Hz, 2H, CH»-Bn), 4.69 —
4.46 (M, 4H, H-5gan, CH2-Bn), 4.18 (s, 2H, CH»-Bn), 4.11 (t, J = 9.5 Hz, 1H, H-3gc),
3.96 (d, J = 10.5 Hz, 2H, H-2can, H-2c1c), 3.81 (dd, J = 22.4, 10.5 Hz, 2H), 3.69 (d, J
= 10.3 Hz, 2H, H-4gyc), 3.52 — 3.41 (m, 4H, H-6can, CH3-OMe), 3.27 (t, J = 7.9 Hz,
1H, H-6can). °C NMR (101 MHz, CDCls) § 165.3, 165.2, 138.3, 138.2, 138.0, 137.9,
133.3, 133.2, 129.8, 129.7, 129.6, 129.4, 128.6, 128.5, 128.4, 128.3, 128.25, 128.17,
127.94, 127.90, 127.8, 127.7, 127.6, 127.5, 127.4, 96.5 (C-1gic), 95.1 (C-1gan), 80.8,
78.4,76.4, 75.03, 74.96, 73.6, 72.8, 70.4, 69.1, 69.0, 68.6, 68.1, 67.7, 60.3, 58.2, 55.4.
HRMS (ESI) calcd for CssHsgN4O12 [M+NH,]" 967.4124, found 967.4120.

Tetrahydropyran-4-yl 2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-
pyranoside (21u)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 43h, using acceptor 20u (19.5 mg, 0.19 mmol) with 17a
(193.2 mg, 0.29 mmol), DCM 1.9 mL, PhsP=0 (478.1 mg, 1.72 mmol) and TMSI (41
pL, 0.29 mmol). The product was purified by silica gel column chromatography
(PE-EA, 5:1) to afford 21u (98.2 mg, 88%, o/p >20:1) as a white solid. [o]p” =
+193.1 (c 0.14, CHCls). *H NMR (400 MHz, CDCls) § 7.98 (d, J = 7.7 Hz, 2H, Ar),
7.88(d, J=7.7 Hz, 2H, Ar), 7.61 (t, = 7.5 Hz, 1H, Ar), 7.54 — 7.42 (m, 3H, Ar), 7.33
(t, J = 7.6 Hz, 2H, Ar), 7.22 (s, 5H, Ar), 5.93 (s, 1H, H-4), 5.79 (d, J = 11.2 Hz, 1H,
H-3), 5.32 (s, 1H, H-1), 4.54 — 4.46 (m, 2H, CH,-Bn), 4.41 (d, J = 12.1 Hz, 1H,
CH,-Bn), 4.02 — 3.90 (m, 3H), 3.83 (d, J = 11.2 Hz, 1H, H-2), 3.59 (d, J = 6.4 Hz, 2H),
3.54 — 3.42 (m, 2H), 2.05 — 1.93 (m, 2H), 1.85 — 1.70 (m, 2H). *C NMR (101 MHz,
CDCl3) & 165.50, 165.46, 137.6, 133.5, 133.4, 129.92, 129.88, 129.5, 129.3, 128.7,
128.4, 127.8, 127.6, 97.1 (C-1), 74.0, 73.6, 69.0, 68.9, 68.7, 68.4, 65.6, 65.5, 58.1,
335, 31.8. HRMS (ESI) caled for CaHssNsOgNa [M+Na]* 610.2165, found
610.2164.

2,3-Dihydro-1H-inden-2-yl 2-azido-3,4-di-O-benzoyl-6-0O-benzyl-2-deoxy-a-D-

BzO _0OBn
(o]

Bzogq‘
N3

o

galactopyranoside (21v)

21v
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 48 h, using acceptor 20v (20.6 mg, 0.15 mmol) with 17a
(155.4 mg, 0.23 mmol), DCM 1.5 mL, Ph3P=0 (384.5 mg, 1.38 mmol) and TMSI (33
puL, 0.23 mmol). The product was purified by silica gel column chromatography
(PE-EA, 20:1-10:1) to afford 21v (87.6 mg, 92%, o/f >20:1) as a white solid. [a]p? =
+230.0 (¢ 0.15, CHCls). *H NMR (400 MHz, CDCls) 5 7.98 (d, J = 7.6 Hz, 2H, Ar),
7.86 (d, J = 7.6 Hz, 2H, Ar), 7.59 (t, J = 7.5 Hz, 1H, Ar), 7.51 — 7.40 (m, 3H, Ar), 7.34
—7.13 (m, 11H, Ar), 5.90 (s, 1H, H-4), 5.73 (d, J = 11.1 Hz, 1H, H-3), 5.33 (s, 1H,
H-1), 4.71 (t, J = 6.1 Hz, 1H), 4.52 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.48 — 4.37 (m, 2H,
CH,-Bn), 3.82 (d, J = 11.0 Hz, 1H, H-2), 3.68 — 3.54 (m, 2H), 3.31 — 3.19 (m, 3H),
3.13 (dd, J = 16.2, 4.8 Hz, 1H). °C NMR (101 MHz, CDCl3) & 165.4, 140.5, 140.2,
137.6, 133.5, 133.3, 129.88, 129.85, 129.5, 129.3, 128.6, 128.5, 128.42, 128.37, 127.8,
127.7, 126.8, 124.74, 124.71, 98.3 (C-1), 80.6, 73.6, 69.0, 68.9, 68.7, 68.4, 58.1, 39.9,
39.3. HRMS (ESI) calcd for CagH3sN3O;Na [M+Na]* 642.2216, found 642.2216.

Cyclododecyl 2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyrano-

BzO _0oBn
(o)

Bzogﬁ
N;

o

side (21w)

21w

The glycosylation reaction was carried out according to General Experimental
Procedures at 25°C for 38 h, using acceptor 20w (27.9 mg, 0.15 mmol) with 17a
(153.3 mg, 0.23 mmol), DCM 1.5 mL, Ph3P=0 (379.4 mg, 1.36 mmol) and TMSI (33
pL, 0.23 mmol). The product was purified by silica gel column chromatography
(PE-EA, 25:1) to afford 21w (93.6 mg, 92%, /B >20:1) as a white solid. [o]p® =
+261.6 (¢ 0.11, CHCI5). *H NMR (400 MHz, CDCl3) & 7.98 (d, J = 7.8 Hz, 2H, Ar),
7.88 (d, J = 7.6 Hz, 2H, Ar), 7.57 (d, J = 8.8 Hz, 1H, Ar), 7.53 — 7.40 (m, 3H, Ar),
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7.36 — 7.28 (m, 2H, Ar), 7.27 — 7.13 (m, 5H, Ar), 5.94 (s, 1H, H-4), 5.76 (d, J = 11.1
Hz, 1H, H-3), 5.27 (s, 1H, H-1), 4.58 — 4.34 (m, 3H, H-5, CH,-Bn), 3.96 — 3.77 (m,
2H, H-2), 3.59 (s, 2H, H-6), 1.83 — 1.70 (m, 2H), 1.63 (s, 2H), 1.52 — 1.24 (m, 18H).
3C NMR (101 MHz, CDCl3) 5 165.45, 165.41, 137.6, 133.4, 133.3, 129.9, 129.8,
129.5, 129.3, 128.6, 128.3, 127.68, 127.66, 97.0 (C-1), 76.9, 76.8, 73.5, 69.1, 69.0,
68.3, 58.3, 30.0, 28.6, 24.64, 24.55, 24.1, 23.6, 23.5, 23.1, 22.9, 21.3, 20.6. HRMS
(ESI) calcd for CagHs7NsO;Na [M+Na]* 692.3312, found 692.3311.

(+)-Menthyl  2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyrano-
side (21x)

BzO _0OBn
(o)

BzO

Nl
21x

The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 44 h, using acceptor 20x (28.0 mg, 0.18 mmol) with 17a
(181 mg, 0.27 mmol), DCM 1.8 mL, PhsP=0 (448.0 mg, 1.61 mmol) and TMSI (38
pL, 0.27 mmol). The product was purified by silica gel column chromatography
(PE-EA, 20:1-10:1) to afford 21x (105.4 mg, 92%, o/p >20:1) as a white solid. [o]p>
= +192.2 (c 0.11, CHCI3). *H NMR (400 MHz, CDCls) § 7.97 (d, J = 7.7 Hz, 2H, Ar),
7.89 (d, J = 7.8 Hz, 2H, Ar), 7.59 (t, J = 7.5 Hz, 1H, Ar), 7.52 — 7.40 (m, 3H, Ar), 7.32
(t, J = 7.7 Hz, 2H, Ar), 7.26 — 7.14 (m, 5H, Ar), 5.92 (d, J = 3.3 Hz, 1H, H-4), 5.71
(dd, J = 11.2, 3.3 Hz, 1H, H-3), 5.21 (d, J = 3.6 Hz, 1H, H-1), 4.57 (t, J = 6.3 Hz, 1H,
H-5), 4.52 (d, J = 12.0 Hz, 1H, CH,»-Bn), 4.40 (d, J = 12.0 Hz, 1H, CH,-Bn), 3.97 (dd,
J=11.1, 3.6 Hz, 1H, H-2), 3.65 — 3.53 (M, 2H, H-6), 3.51 — 3.43 (m, 1H), 2.42 — 2.32
(m, 1H), 2.23 (d, J = 12.3 Hz, 1H), 1.70 — 1.59 (m, 2H), 1.37 (t, J = 11.3 Hz, 2H),
1.14 (g, J = 11.8 Hz, 1H), 1.05 — 0.91 (m, 4H, CHa), 0.87 (d, J = 6.5 Hz, 3H, CHj),
0.81 (d, J = 7.0 Hz, 3H, CHs). *C NMR (101 MHz, CDCl3) § 165.51, 165.45, 137.7,
133.4, 133.3, 129.89, 129.87, 129.7, 129.5, 128.6, 128.4, 127.7, 127.6, 99.7 (C-1),
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81.8, 73.6, 69.6, 69.2, 68.6, 68.4, 59.3, 48.8, 42.8, 34.3, 31.9, 25.0, 22.9, 22.3, 21.4,
16.0. HRMS (ESI) calcd for Ca7H47N4O; [M+NH4]" 659.3439, found 659.3446.

Tricyclo[3.3.1.1%"]dec-1-yl  2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-
galactopyranoside (21y)

BzO _o0Bn

(0]
BZO%
N
%0
21y

The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 5.5 d, using acceptor 20y (35.3 mg, 0.23 mmol) with 17a
(234.7 mg, 0.35 mmol), DCM 2.3 mL, Ph3P=0 (580.8 mg, 2.09 mmol) and TMSI (50
pL, 0.35 mmol). The product was purified by silica gel column chromatography
(PE-EA, 20:1) to afford 21y (136.9 mg, 93%, o/p >20:1) as a white solid. [a]p> =
+183.9 (c 0.33, CHCl3). *H NMR (400 MHz, CDCl3) & 7.98 (d, J = 7.7 Hz, 2H, Ar),
7.89 (d, J=7.7 Hz, 2H, Ar), 7.58 (t, J = 7.4 Hz, 1H, Ar), 7.51 — 7.39 (m, 3H, Ar), 7.31
(t, J = 7.7 Hz, 2H, Ar), 7.25 — 7.13 (m, 5H, Ar), 5.94 (d, J = 3.2 Hz, 1H, H-4), 5.83
(dd, J = 11.2, 3.2 Hz, 1H, H-3), 5.57 (d, J = 3.5 Hz, 1H, H-1), 4.63 (t, J = 6.5 Hz, 1H,
H-5), 4.51 (d, J = 11.8 Hz, 1H, CH,-Bn), 4.40 (d, J = 11.8 Hz, 1H, CH,-Bn), 3.72 (dd,
J =112, 3.5 Hz, 1H, H-2), 3.59 (d, J = 6.5 Hz, 2H, H-6), 2.17 (t, J = 3.5 Hz, 3H),
1.93 (q, J = 11.6 Hz, 6H), 1.65 (d, J = 3.4 Hz, 6H). *C NMR (101 MHz, CDCl;) &
165.49, 165.45, 137.7, 133.4, 133.2, 129.9, 129.8, 129.6, 129.4, 128.6, 128.3, 127.61,
127.56, 91.9 (C-1), 76.1, 73.5, 69.2, 68.9, 68.4, 67.8, 58.1, 42.4, 36.2, 30.7. HRMS
(ESI) calcd for Cs7Ha3N4O7 [M+NH4]* 655.3126, found 655.3128.

17-0-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)

estradiol benzoate (212)
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BzO

The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 8 d, using acceptor 20z (53.1 mg, 0.14 mmol) with 17a
(142.7 mg, 0.21 mmol), DCM 1.4 mL, PhsP=0 (352.2 mg, 1.27 mmol) and TMSI (30
pL, 0.21 mmol). The product was purified by silica gel column chromatography
(PE-EA, 7:1) to afford 21z (121.1 mg, 99%, a/B >20:1) as a white solid. [a]p® =
+161.8 (¢ 0.10, CHCIl3). "H NMR (400 MHz, CDCls) § 8.20 (d, J = 7.7 Hz, 2H, Ar),
8.00 (d,J=7.8 Hz, 2H, Ar), 7.89 (d, J = 7.8 Hz, 2H, Ar), 7.60 (g, J = 6.9 Hz, 2H, Ar),
7.53 — 7.41 (m, 5H, Ar), 7.33 (9, J = 7.8 Hz, 3H, Ar), 7.28 — 7.14 (m, 5H, Ar), 7.00
(dd, J = 8.5, 2.4 Hz, 1H, Ar), 6.94 (d, J = 2.5 Hz, 1H, Ar), 5.97 (d, J = 3.2 Hz, 1H,
H-4), 5.79 (dd, J = 11.1, 3.1 Hz, 1H, H-3), 5.21 (d, J = 3.4 Hz, 1H, H-1), 459 — 4.50
(m, 2H, CH,-Bn, H-5), 4.44 (d, J = 11.8 Hz, 1H, CH,-Bn),), 3.89 — 3.75 (m, 2H, H-2),
3.63 (g, J = 9.8, 8.3 Hz, 2H, H-6), 2.94 — 2.83 (m, 2H), 2.35 — 2.07 (m, 4H), 1.95 —
1.85 (m, 1H), 1.80 — 1.66 (m, 2H), 1.63 — 1.43 (m, 3H), 1.43 — 1.32 (m, 2H), 1.25 —
1.17 (m, 1H), 0.93 (s, 3H). **C NMR (101 MHz, CDCl3) & 165.49, 165.45, 148.8,
138.3, 138.0, 137.7, 133.53, 133.47, 133.3, 130.2, 129.9, 129.84, 129.77, 129.5, 129.3,
128.61, 128.58, 128.5, 128.4, 127.9, 127.8, 127.7, 127.6, 126.6, 121.7, 118.8, 97.3
(C-1), 86.6, 73.5, 69.2, 68.7, 68.5, 68.4, 58.3, 50.1, 44.2, 43.0, 38.2, 37.3, 29.6, 27.1,
26.9, 26.1, 23.2, 12.2. HRMS (ESI) calcd for Cs,HssN4Og [M+NH,4]" 879.3964, found
879.3972.

(3p)-Cholest-5-en-3-yl 2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galacto-
pyranoside (21aa)

56



21aa

The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 47 h, using acceptor 20aa (64.6 mg, 0.17 mmol) with 17a
(169.1mg, 0.25 mmol), DCM 1.7 mL, Ph3P=0 (418.5 mg, 1.50 mmol) and TMSI (36
pL, 0.25 mmol). The product was purified by silica gel column chromatography
(PE-EA, 20:1) to afford 21aa (136.7 mg, 94%, a/p >20:1) as a yellow solid. [o]p> =
+143.3 (¢ 0.15, CHCls). *H NMR (400 MHz, CDCls) § 7.98 (d, J = 7.7 Hz, 2H, Ar),
7.88 (d, J = 7.8 Hz, 2H, Ar), 7.60 (t, J = 7.5 Hz, 1H, Ar), 7.53 — 7.41 (m, 3H, Ar), 7.32
(t, 3 = 7.7 Hz, 2H, Ar), 7.26 — 7.15 (m, 5H, Ar), 5.92 (d, J = 3.2 Hz, 1H, H-4), 5.78
(dd, J = 11.1, 3.3 Hz, 1H, H-3), 5.34 — 5.28 (m, 2H, H-1), 4.56 — 4.48 (m, 2H, H-5,
CH,-Bn), 4.41 (d, J = 11.9 Hz, 1H, CH,-Bn), 3.79 (dd, J = 11.1, 3.5 Hz, 1H, H-2),
3.66 — 3.54 (m, 3H, H-6), 2.46 (d, J = 8.1 Hz, 2H), 2.06 — 1.93 (m, 3H), 1.92 — 1.79
(m, 2H), 1.70 — 1.44 (m, 8H), 1.42 — 1.28 (m, 4H), 1.21 — 1.08 (m, 5H), 1.08 — 0.98
(m, 6H), 0.92 (d, J = 6.4 Hz, 4H), 0.87 (d, J = 6.6 Hz, 6H), 0.69 (s, 3H). *C NMR
(101 MHz, CDCl3) 6 165.5, 140.5, 137.7, 133.5, 133.3, 130.0, 129.9, 129.7, 129.5,
128.7, 128.43, 128.40, 127.8, 127.7, 122.4, 97.4 (C-1), 79.5, 73.6, 69.3, 69.1, 68.52,
68.47, 58.3, 57.0, 56.4, 50.4, 42.5, 40.2, 40.0, 39.7, 37.2, 36.9, 36.4, 35.9, 32.13,
32.07,28.4, 28.2, 24.5, 24.0, 23.0, 22.7, 21.2, 19.5, 18.9, 12.0. HRMS (ESI) calcd for
Cs4H73N407 [M+NH,]" 889.5474, found 889.5470.

3p-0-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyranosyl)
dehydroepiandrosterone (21ab)
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21ab

The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 3 d, using acceptor 20ab (44.3 mg, 0.15 mmol) with 17a
(155.4mg, 0.23 mmol), DCM 1.5 mL, Ph3P=0 (384.7 mg, 1.38 mmol) and TMSI (33
puL, 0.23 mmol). The product was purified by silica gel column chromatography
(PE-EA, 4:1) to afford 21ab (111.7 mg, 94%, o/p >20:1) as a white solid. [a]p? =
+186.7 (c 0.27, CHCl3). *H NMR (400 MHz, CDCl3) § 7.98 (d, J = 7.7 Hz, 2H, Ar),
7.88 (d, J = 7.7 Hz, 2H, Ar), 7.60 (t, J = 7.4 Hz, 1H, Ar), 7.53 — 7.42 (m, 3H, Ar), 7.32
(t, J = 7.7 Hz, 2H, Ar), 7.28 — 7.15 (m, 5H, Ar), 5.92 (d, J = 3.3 Hz, 1H, H-4), 5.78
(dd, J = 11.1, 3.3 Hz, 1H, H-3), 5.32 (m, 2H, H-1), 4.57 — 4.48 (m, 2H, H-5, CH,-Bn),
4.42 (d, J = 11.8 Hz, 1H, CH,-Bn), 3.80 (dd, J = 11.1, 3.5 Hz, 1H, H-2), 3.67 — 3.55
(m, 3H, H-6), 2.54 — 2.41 (m, 3H), 2.16 — 1.99 (m, 3H), 1.98 — 1.82 (m, 3H), 1.73 —
1.61 (m, 4H), 1.58 — 1.44 (m, 2H), 1.35 — 1.28 (m, 2H), 1.14 — 0.97 (m, 5H), 0.90 (s,
3H). 3C NMR (101 MHz, CDCls) § 221.0, 165.51, 165.48, 140.7, 137.7, 133.5, 133.3,
129.93, 129.89, 129.6, 129.4, 128.7, 128.5, 128.4, 127.75, 127.72, 121.6, 97.3 (C-1),
79.1, 73.6, 69.2, 69.1, 68.55, 68.52, 58.2, 51.9, 50.4, 47.7, 40.1, 37.1, 37.0, 36.0,
31.64, 31.60, 31.0, 28.1, 22.0, 20.5, 19.5, 13.7. HRMS (ESI) calcd for C4HssN4Og
[M+NH,]* 791.4014, found 791.4013.

5-p-cholan-24-oic acid benzyl ester-3-a-yl 2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-

deoxy-a-D-galactopyranoside (21ac)
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The glycosylation reaction was carried out according to General Experimental
Procedures at 25 °C for 4 d, using acceptor 20ac (69 mg, 0.15 mmol) with 17a
(149.6mg, 0.22 mmol), DCM 1.5 mL, Ph3P=0 (370.2 mg, 1.33 mmol) and TMSI (32
pL, 0.22 mmol). The product was purified by silica gel column chromatography
(PE-EA, 20:1) to afford 21ac (121.4 mg, 86%, o/f >20:1) as a white solid. [a]p®* =
+141.4 (c 0.28, CHCl5). *H NMR (400 MHz, CDCls) § 7.98 (d, J = 7.7 Hz, 2H, Ar),
7.88 (d, J = 7.7 Hz, 2H, Ar), 7.58 (t, J = 7.5 Hz, 1H, Ar), 7.51 — 7.40 (m, 3H, Ar), 7.37
—7.28 (m, 7H, Ar), 7.23 — 7.13 (m, 5H, Ar), 5.93 (d, J = 3.3 Hz, 1H, H-4), 5.79 (dd, J
= 11.0, 3.3 Hz, 1H, H-3), 5.30 (d, J = 3.5 Hz, 1H, H-1), 5.11 (d, J = 2.9 Hz, 2H,
CH,-Bn), 4.57 — 4.46 (m, 2H, CH2-Bn, H-5), 4.40 (d, J = 11.8 Hz, 1H, CH,-Bn), 3.84
(dd, J=11.1, 3.5 Hz, 1H, H-2), 3.74 — 3.65 (m, 1H), 3.59 (q, J = 9.6, 7.9 Hz, 2H, H-6),
2.45 — 2.35 (M, 1H), 2.33 — 2.21 (m, 1H), 1.98 — 1.90 (m, 2H), 1.89 — 1.76 (m, 4H),
1.66 (d, J = 12.5 Hz, 1H), 1.61 — 1.49 (m, 2H), 1.48 — 1.32 (m, 8H), 1.30 — 1.18 (m,
4H), 1.11 (g, J = 10.4, 9.6 Hz, 3H), 1.04 — 0.96 (m, 2H), 0.92 (d, J = 6.6 Hz, 6H), 0.63
(s, 3H). *C NMR (101 MHz, CDCls) & 174.1, 165.41, 165.39, 137.6, 136.2, 133.4,
133.2, 129.84, 129.81, 129.5, 129.3, 128.6, 128.3, 128.25, 128.18, 127.6, 127.5, 97.2
(C-1), 79.5, 73.5, 69.2, 69.1, 68.4, 68.3, 66.1, 58.3, 56.3, 55.9, 42.8, 42.2, 40.4, 40.1,
35.9, 35.4, 35.3, 34.7, 32.7, 31.3, 31.0, 28.5, 28.2, 27.3, 26.4, 24.2, 23.5, 20.9, 18.3,
12.1. HRMS (ESI) calcd for CsgH73N4Og [M+NH4]" 969.5372, found 969.5373.

Preparation of the common intermediate 16
Phenyl 2-azido-4-O-benzoyl-6-O-tert-butyldiphenylsilyl-2-deoxy-3-O-levulinoyl-

1-seleno-a-D-galactopyranoside (S31)
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o) BzO B

O(T)BDPS PhC(OMe);, CSA, MeCN, it, =~ O(T)BDPS LevOH, EDCI, DMAP, DIPEA 2 OCT)BDPS
HO > HO P | evO

N, 3h, AcOH/H,0=4/1, 0°C, N, DCM, rt, overnight, 89% N,

SePh 50 min, 76% SePh SePh

S11 S30 S31

Compound S11 (6.80 g, 11.67 mmol) was stirred with trimethyl orthobenzoate
(17.3 mL, 93.38 mmol) in acetonitrile (58 mL) at room temperature for some time.
Then 10-camphorsulfonic acid (CSA) (813.5 mg, 3.50 mmol) was added, and the
reaction mixture was stirred at room temperature for 3 h. The solvent was then
removed under reduced pressure, and the temperature was brought down to 0 <C, 80%
aq acetic acid (58 mL) was then added, and the reaction was stirred at 0 °C for 50 min.
The reaction mixture was quenched carefully with saturated NaHCO3. The product
was extracted with dichloromethane (250 mL x 3), and the combined organic layer
was washed with distilled water (300 mL). The organic layer was dried over
anhydrous sodium sulfate, and the solvent was removed under reduced pressure. The
residue was purified by column chromatography on silica gel (petroleum ether-EtOAc,
8:1) to afford the intermediate S30 (6.07 g, 76%). To a solution of the above
intermediate (6.07 g, 8.84 mmol) and levulinic acid (1.54 g, 13.26 mmol) in
anhydrous DCM (88 mL) was added DMAP (1.08 g, 8.84 mmol), EDCI (3.05 g,
15.91 mmol) and DIPEA (4.4 mL, 26.52 mmol). The resulting mixture was stirred
overnight at room temperature. Upon completion, the solvent was evaporated under
vacuum. The residue was purified by column chromatography on silica gel (petroleum
ether-EtOAc, 5:1) to afford S31 (6.18 g, 89%) as a white solid. [a]p™ = + 273.2 (c
0.25, CHCls). *H NMR (400 MHz, CDCls) & 8.05 — 8.00 (m, 2H, Ar), 7.65 — 7.57 (m,
3H, Ar), 7.54 — 7.50 (m, 2H, Ar), 7.50 — 7.34 (m, 7H, Ar), 7.24 (dd, J = 8.5, 6.5 Hz,
2H, Ar), 7.16 (dd, J = 8.2, 6.7 Hz, 2H, Ar), 7.06 (t, J = 7.5 Hz, 2H, Ar), 5.98 (d, J =
5.4 Hz, 1H, H-1), 5.95 - 5.92 (m, 1H, H-4), 5.29 (dd, J = 10.8, 3.2 Hz, 1H, H-3), 4.66
— 4,58 (m, 1H, H-5), 4.31 (dd, J = 10.7, 5.4 Hz, 1H, H-2), 3.65 (dd, J = 9.9, 8.5 Hz,
1H, H-6), 3.48 (dd, J = 9.9, 5.8 Hz, 1H, H-6), 2.92 — 2.82 (m, 1H, CH.-Lev), 2.77 —
2.59 (M, 2H, CH,-Lev), 2.56 — 2.47 (m, 1H, CH.-Lev), 2.16 (s, 3H, CHz-Lev), 0.97 (s,
9H, CHs-t-Bu ). **C NMR (101 MHz, CDCls) & 206.3, 171.7, 165.5, 135.6, 135.4,
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135.2, 133.6, 132.8, 132.4, 129.93, 129.90, 129.7, 129.5, 129.2, 128.7, 128.2, 127.9,
127.7, 84.4 (C-1), 72.0, 71.3, 67.5, 60.8, 59.4, 38.0, 29.9, 28.0, 26.7, 19.1. HRMS
(ESI) calcd for C4oH43N30,SiSeNa [M+Na]* 802.1987, found 802.1986.

L-Serine N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-6-O-tert-butyl-
diphenylsilyl-2-deoxy-3-O-levulinoyl-a-D-galactopyranosyl)-benzyl ester (16)

BzO _otepps 1) NIS, acetone/H,0=10/1 BzO _OTBDPS BzO _OTBDPS

o rt, overnight, 91% o 15,TMSI, Ph3P=0, 3A MS lo]
LevO. > LevO. OPTFAI » LevO NHCb.
Z
Nidepn 2 PRN=C(CICFs, KoCO,, N DCM, rt, 4d, 60% Nj| %
acetone, rt, overnight, 96% o ~
s31 14 16 ~~">c0,Bn

Compound S31 (5.28 g, 6.72 mmol) was dissolved in acetone/H,O (60 mL/6
mL), and NIS (2.27g, 10.08 mmol) was added. The resulting mixture was stirred
overnight. The solution was diluted with EtOAc, washed with saturated Na;S;0s,
water and brine, dried over anhydrous Na,SQ,, filtered and concentrated in vacuo.
The residue was purified by flash column chromatography (petroleum ether-EtOAc,
4:1) to give the intermediate (3.93 g, 91%). The above intermediate (2.25 mg, 3.48
mmol) and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (794.8 mg, 3.83 mmol) was
dissolved in acetone (34 mL), and K,CO3 (721.4 mg, 5.22 mmol) was added. The
reaction was stirred overnight at room temperature, then filtered and concentrated in
vacuo. The residue was purified by flash column chromatography (petroleum
ether-EtOAc, 10:1 to 4:1, containing 1% Et3N) to give 14 (2.73 g, 96%) (Compound
14 was used directly without further structural characterization). PTFAI donor 14
(2.51 g, 3.07 mmol) was co-evaporated with anhydrous toluene for three times. Then
PTFAI donor with PhgP=0 (5.13 g, 18.44 mmol) were dissolved in new distilled
DCM (30 mL) and stirred over fresh-dried 3A molecular sieves under argon at room
temperature for 15 min. TMSI (0.44 mL, 0.35 mmol)) was added dropwise
subsequently. After the mixture was stirred for 1 h, acceptor N-Benzyloxycarbonyl
-L-serine Benzyl Ester 15 (3.52 g, 4.61 mmol) was added. The reaction was stirred at
room temperature for 5 d. Upon completion, the solution was diluted with EtOAc and
the reaction was quenched with saturated Na,S,03. The organic phase was washed

with water and brine, dried over anhydrous Na,SO,, filtered and concentrated in
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vacuo. The products were purified by flash column chromatography (PE-EA=4:1) to
afford 16 (1.77 g, 60%, o/ >20:1) as a yellow solid. [a]p®™ = +102.7 (c 0.15, CHCIs).
'H NMR (400 MHz, CDCls) & 7.98 (d, J = 7.7 Hz, 2H, Ar), 7.62 (d, J = 6.9 Hz, 3H,
Ar), 7.50 — 7.41 (m, 4H, Ar), 7.39 — 7.21 (m, 14H, Ar), 7.07 (t, J = 7.4 Hz, 2H, Ar),
5.81 (d, J = 3.1 Hz, 1H, H-4), 5.78 (d, J = 8.9 Hz, 1H, NH-Ser), 5.38 (dd, J = 11.2, 3.2
Hz, 1H, H-3), 5.24 (g, J = 12.2 Hz, 2H), 5.07 (s, 2H), 4.87 (d, J = 3.6 Hz, 1H, H-1),
4.62 — 4.56 (m, 1H, CH-Ser), 4.15 — 4.06 (m, 2H, H-5, CH,-Ser), 3.94 (dd, J = 11.0,
3.1 Hz, 1H, CH,-Ser), 3.73 — 3.55 (m, 3H, H-2, H-6), 2.88 — 2.78 (m, 1H, CH,-Lev),
2.75 — 2.55 (m, 2H, CH,-Lev), 2.53 — 2.43 (m, 1H, CHa-Lev), 2.14 (s, 3H, CHa-Lev),
0.96 (s, 9H, CHs-t-Bu ). 3C NMR (101 MHz, CDCls) & 206.3, 171.8, 169.7, 165.5,
156.2, 136.2, 135.6, 135.5, 135.2, 133.5, 132.8, 132.6, 129.9, 129.8, 129.6, 128.8,
128.71, 128.69, 128.6, 128.3, 127.9, 127.7, 99.5 (C-1), 69.8, 68.7, 67.89, 67.86, 67.3,
61.3, 58.0, 54.6, 38.0, 29.8, 28.0, 26.7, 19.1. HRMS (ESI) calcd for Cs,Hs6N401,SiNa
[M+Na]* 979.3562, found 979.3563.

Synthesis of Ty antigen 1 from 16
O-[2-(Acetylamino)-2-deoxy-a-D-galactopyranosyl]-L-serine (1)
1) AcSH, Py, rt, overnight
BzO _OTBDPS 2) NH,NH,-H,0, Py, HOAc, overnight HO _OH
o 3) 70% HF-Py, rt, overnight fo)
LevO » HO NH
N3o ?HCbz 4) 10% Pd/C, MeOH/H,O/HOAC, rt, 6.5h AcHN $
\/\COZBn 5) 1M NaOH, Dioxane/MeOH, rt, overnight
16 55% for 5 steps 1 (Ty antigen)

To a solution of compound 16 (228.8 mg, 0.24 mmol) in pyridine (4.8 mL) was
added Thioacetic acid (AcSH) (3.6 mL, 48 mmol). The reaction mixture was stirred
overnight. Then the reaction mixture was concentrated in vacuo. Purification by flash
chromatography (petroleum ether-EtOAc, 2:1) afforded intermediate (213.4 mg, 92%).
The above intermediate (213.4 mg, 0.22 mmol) was dissolved in Py/HOAc (1.2
mL/0.8 mL), subsequently 80% NH,NH,H,O (0.031 mL, 0.65 mmol) was added.
After stirring overnight at room temperature, the reaction mixture was diluted with

ethyl acetate, washed with 3M HCI, saturated NaHCOj3; solution and brine. The
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organic layer was filtered and concentrated. The residue was purified by flash column
chromatography (petroleum ether-ethyl acetate, 1:1.3) to give the intermediate (171.3
mg, 89%). To a solution of above intermediate (171 mg, 0.20 mmol) in anhydrous
THF (2 mL) was added HF/pyridine (70%, 18 mL, 1.95 mmol) dropwise. After
stirring overnight at room temperature, the reaction mixture was quenched with EtsN
(ImL), diluted with ethyl acetate and washed with saturated NaHCO3 solution and
brine. The organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (DCM/MeOH, 30:1) to afford the intermediate
(114.5 mg, 92%). A mixture of the above intermediate (78 mg, 0.12 mmol) and Pd/C
(260.8 mg, 10%) in MeOH/H,O/HOACc (6 mL/0.6 mL/0.06 mL) was stirred under an
atmosphere of H; at room temperature for 6.5 h, after which the reaction mixture was
filtered and concentrated in vacuo to afford the crude product (50.5 mg, 100%). The
mixture solution of above crude product (50.5 mg, 12 mmol) in 1M
NaOH/Dioxane/MeOH (1.2 mL/0.9 mL/0.9 mL) was stirred overnight at room
temperature. After the reaction was completed, the reaction was neutralized to pH =7
by acetic acid, then filtered and concentrated. The residue was purified by column
chromatography on Sephadex TM LH-20 (MeOH-H,O =1:1) to afford 1 (27.6 mg,
73%) as a white solid. [a]p? = +178.5 (¢ 0.16, H,0). 1H NMR (600 MHz, D,0) &
4.92 (d, J = 3.8 Hz, 1H, H-1), 4.20 (dd, J = 11.1, 3.8 Hz, 1H, H-2), 4.11 (dd, J = 11.0,
2.9 Hz, 1H), 4.01 — 3.87 (m, 5H, H-3), 3.82 — 3.72 (m, 2H), 2.05 (s, 3H). °C NMR
(101 MHz, D,O) & 174.3, 171.3, 97.6 (C-1), 71.0, 68.1, 67.1, 66.3, 60.9, 54.2, 49.3,
21.7. HRMS (ESI) calcd for C13H19N,0g [M-H] 307.1147, found 307.1149.

Synthesis of Ty antigen 1 from S32

BzO _oB:z HO _oH

BzO _oBz 15,TMSI, Ph;P=0, 3A MS, B20 o 1) AcSH, Py, rt, 89% HO ]
o » BZ >
BzO OPTFAI > N NHCbz > AcHN NH,
N, DCM, 30 °C, 51% 30 H 2) Hy,10% Pd/C, rt, 83% \/—\
17j s32  ""CO,Bn 3) 1M NaOH, 81% 1 CO,H

The glycosylation reaction was carried out according to General Experimental
Procedures at 30°C for 5.5 d, using acceptor 15 (412.3 mg, 1.25 mmol) with 17j
(574.9 mg, 0.83 mmol), DCM 8.3 mL, Ph3P=0 (1.39 g, 5.01 mmol) and TMSI (0.12
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mL, 0.83 mmol). The product was purified by silica gel column chromatography
(PE-EA, 4:1) to afford S32 (353.5 mg, 51%, o/p >20:1) as a yellow solid. To a
solution of compound S32 (322.6 mg, 0.39 mmol) in pyridine (7.6 mL) was added
AcSH (5.8 mL, 77.84 mmol). The reaction mixture was stirred overnight at room
temperature. Then the reaction mixture was concentrated in vacuo. The residue was
purified by flash chromatography (PE/EA, 1.2:1-1:1) to afford intermediate (293.1 mg,
89%). A mixture of the above intermediate (140 mg, 0.17 mmol) and Pd/C (352.7 mg,
10%) in MeOH/H,O/HOACc (6 mL/0.6 mL/0.06 mL) was stirred under an atmosphere
of H, at room temperature for 6 h, after which the reaction mixture was filtered and
concentrated in vacuo to afford the residue (84.4 mg, 83%).. To a solution of above
residue (55 mg, 0.07 mmol) in dioxane/MeOH (1.5 mL/1.5 mL) was added 1.5 mL
1M NaOH ag. The reaction was stirred overnight at room temperature. After the
reaction was completed, the reaction was neutralized to pH = 7 by acetic acid, then
filtered and concentrated. The residue was purified by column chromatography on

Sephadex TM LH-20 (MeOH-H,0 =1:1) to afford 1 (34.1 mg, 81%) as a white solid.

Preparation of donors 32-34 and acceptors 39 and S33
L-Serine N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-6-O-tert-butyl-
diphenylsilyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (39)
BzO _oOTBDPS
o NH,NH,-H,O, Py/HOAc=3/2  BZQ _OTBDPS
LevO NHCbz > Ho X2
N, H rt, overnight, 94% N NHCbz
3 :

0\/\
(o}
16 CO,Bn 39 \/\COZBn

Compound 16 (200 mg, 0.21 mmol) was dissolved in anhydrous pyridine/ AcOH
(1.2 mL/0.8 mL), then NH;NH,.H,O (0.03 mL, 0.63 mmol) was added at room
temperature. The reaction was stirred until TLC-analysis indicated full consumption
of the starting material. Then the reaction was quenched with acetone and the mixture
was concentrated under vacuum. The products were purified by flash column
chromatography (PE:EA=5:1) to afford 39 (168.8 mg, 94%) as a white solid. [a]p?* =
+63.0 (¢ 0.20, CHCl5). *H NMR (400 MHz, CDCl5) 7.90 (d, J = 7.7 Hz, 2H, Ar), 7.55
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(d, J = 7.0 Hz, 2H, Ar), 7.50 (t, J = 7.5 Hz, 1H, Ar), 7.36 (t, J = 8.0 Hz, 4H, Ar), 7.27
(m, 9H, Ar), 7.17 (m, 5H, Ar), 6.99 (t, J = 7.4 Hz, 2H, Ar), 5.73 (d, J = 8.6 Hz, 1H,
NH-Ser), 5.61 — 5.56 (m, 1H, H-4), 5.19 (d, J = 12.1 Hz, 1H), 5.10 (d, J = 12.0 Hz,
1H), 4.95 (t, J = 10.0 Hz, 2H), 4.73 (d, J = 3.6 Hz, 1H, H-1), 4.55 — 4.47 (m, 1H,
CH-Ser), 4.09 — 3.92 (m, 3H, H-3, H-5, CH,-Ser), 3.87 — 3.77 (m, 1H, CH,-Ser), 3.68
—3.51 (m, 2H, H-6), 3.36 (dd, J = 10.7, 3.4 Hz, 1H, H-2), 2.70 (s, 1H), 0.89 (s, 9H,
CHs-t-Bu). *C NMR (101 MHz, CDCls) & 169.9, 167.0, 156.1, 136.1, 135.6, 135.4,
135.2, 133.5, 132.8, 132.6, 130.0, 129.9, 129.8, 129.5, 128.78, 128.76, 128.64, 128.59,
128.3, 127.9, 127.7, 99.6 (C-1), 70.7, 69.9, 67.8, 67.5, 67.3, 61.3, 60.4, 54.6, 26.7,
19.1. HRMS (ESI) calcd for C47HsoN4O10SiNa [M+Na]* 881.3194, found 881.3194.

L-Serine N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-2-deoxy-3-O-levulinoyl-
a-D-galactopyranosyl)-benzyl ester (S33)

BzO _OTBDPS BzO _OH
o 70% HF-Py °
LevO > | evO
N|  NHCPZ THF, rt, overnight, 91% N| ooz
o\/\ [o) =
CO,B ~ N
16 25N s33 CO,Bn

Compound 16 (430 mg, 0.45 mmol) was then dissolved in anhydrous THF (1.5
mL), and HF/pyridine (70%, 0.4 mL, 4.49 mmol) was added dropwise. The resulting
mixture was stirred overnight at room temperature, the reaction mixture was then
quenched with Et3N, diluted with ethyl acetate and washed with saturated NaHCO3
solution and brine. The organic layer was concentrated under vacuum. The residue
was purified by column chromatography on silica gel (PE:EA = 2:1) to afford S33
(293.9 mg, 91%,) as a white solid. [a]p®* = + 191.0 (c 0.21, CHCI3). *H NMR (400
MHz, CDCls) & 8.03 (d, J = 7.7 Hz, 2H, Ar), 7.62 (t, J = 7.5 Hz, 1H, Ar), 7.47 (t, J =
7.6 Hz, 2H, Ar), 7.42 — 7.29 (m, 10H, Ar), 6.10 (d, J = 8.2 Hz, 1H, NH-Ser), 5.55 (s,
1H, H-4), 5.32 (d, J = 11.2 Hz, 1H, H-3), 5.22 (t, J = 8.4 Hz, 2H), 5.13 (s, 2H), 4.98 (s,
1H, H-1), 4.63 (d, J = 8.1 Hz, 1H, CH-Ser), 4.22 (d, J = 11.0 Hz, 1H, CH,-Ser), 4.10
—3.92 (m, 2H, H-5, CH,-Ser), 3.73 — 3.56 (m, 2H, H-2, H-6), 3.45 (d, J = 10.4 Hz, 1H,
H-6), 2.80 — 2.63 (m, 2H, CH,-Lev), 2.60 — 2.51 (m, 1H, CH,-Lev), 2.50 — 2.39 (m,
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1H, CH,-Lev), 2.10 (s, 3H, CHs-Lev). **C NMR (101 MHz, CDCls) & 206.2, 171.7,
169.8, 166.1, 156.1, 136.3, 135.1, 133.9, 129.9, 129.0, 128.80, 128.76, 128.7, 128.3,
128.2, 99.7 (C-1), 70.3, 70.2, 68.7, 68.5, 68.0, 67.3, 61.1, 58.0, 54.8, 37.9, 29.7, 27.9.
HRMS (ESI) calcd for CagHssN,O1oNa [M+Na]* 741.2384, found 741.2383.

3,4,6-tri-O-benzyl-2-O-benzoyl-D-galatopyranosyl-2-(1-phenylvinyl)benzoate
(32)

BnO _oBn 1) NH,CH,CH,NH, CHiCOOH, g0
o THF, rt, 47h, 54% o
BnO OBz > BnO OPVB
BzO 2) PVBOH, EDCI, DMAP, DIPEA BzO
DCM, overnight, 89%
S34 32

Anhydrous ethylenediamine (0.96 mL, 14.34 mmol) and acetic acid (0.41 mL,
7.17 mmol)are dissolved in anhydrous tetrahydrofuran (35 mL), then S34'* (4.72 g,
7.17 mmol)dissolved in tetrahydrofuran (35 mL) is added, and stirred at room
temperature for 47 h. After the reaction is completed, the reaction mixture was diluted
with ethyl acetate and washed with 1M HCI , saturated NaHCOj3 solution and brine.
The organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (PE:EA = 5:1 to 3:1) to give the intermediate
(2.12 g, 54%,) as a white solid. The above intermediate (2.12 g, 3.83 mmol) and
PVBOH [2-(1-phenylvinyl) benzoic acid]® (1.03 mg, 4.59 mmol) was dissolved in
anhydrous DCM (38 mL), and DMAP (467.7 mg, 3.83 mmol), EDCI (1.32 g, 6.89
mmol), DIPEA (1.9 mL, 11.48 mmol) was added, respectively. The resulting mixture
was stirred overnight at room temperature. Upon completion, the solvent was
evaporated in vacuum. The residue was purified by flash column chromatography
(petroleum ether-EtOAc, 8:1) to afford 32 (2.60 g, 89%). B-isomer: [a]p® = +29.9 (c
0.23, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.90 (d, J = 7.7 Hz, 3H, Ar), 7.55 (t, J =
7.5 Hz, 1H, Ar), 7.48 — 7.25 (m, 15H, Ar), 7.24 — 7.16 (m, 2H, Ar), 7.15 — 7.04 (m,
8H, Ar), 5.82 (t, J = 9.1 Hz, 1H, H-2), 5.70 (d, J = 8.3 Hz, 1H, H-1), 5.53 (s, 1H,
CH,=C-PVB), 4.98 (m, 2H, CH,=C-PVB, CH,-Bn), 4.63 (dd, J = 11.9, 5.2 Hz, 2H,
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CH,-Bn), 4.46 (d, J = 12.5 Hz, 1H, CH,-Bn), 4.41 (s, 2H, CH,-Bn), 4.07 — 4.01 (m,
1H, H-4), 3.73 — 3.59 (m, 3H, H-3), 3.51 (dd, J = 8.9, 4.9 Hz, 1H). *C NMR (101
MHz, CDCl3) & 165.3, 164.7, 149.2, 143.9, 140.4, 138.4, 137.8, 137.5, 133.2, 132.4,
131.4, 130.9, 130.0, 129.8, 128.9, 128.6, 128.5, 128.4, 128.1, 128.0, 127.9, 127.82,
127.80, 127.75, 127.4, 126.5, 114.0, 93.0 (C-1), 79.9, 74.8, 74.5, 73.7, 72.4, 71.9, 70.7,
67.8. HRMS (ESI) calcd for CagHasOsNa [M+Na]* 783.2934, found 783.2932.

3,4,6-tri-O-benzoyl-2-deoxy-2-N-2,2,2-trichloroethoxycarbonyl-D-glucopyrano-
syl-2-(1-phenylvinyl)benzoate (33)

1) BzCl, DMAP, Py, 0°C to rt, 1d,
91%

OH 2) NH,CH,CH,NH, ,CH;COOH, oB
Y4
HO o THF, rt, 42h, 50%
» BzO (o]
HO OH BzO OPVB
TrocHN 3) PVBOH,EDCI,DMAP,DIPEA TrocHN
S35 DCM, rt, overnight, 95% 33

Compound S35 (2.57 g, 7.24 mmol) was dissolved in anhydrous pyridine (14
mL). The solution was cooled to 0 °C, DMAP (883.9 mg, 7.24 mmol) was added, and
then BzClI (5 mL, 43.41 mmol) was added slowly. The resulting mixture was allowed
to warm to room temperature and stirred 1d. Upon completion, the reaction mixture
was diluted in EA, washed with 3M HCI, saturated NaHCO3 solution and brine. The
combined organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (PE:EA = 10:1 to 6:1) to give the intermediate
(5.08 g, 91%). Anhydrous ethylenediamine (0.88 mL, 13.18 mmol) and acetic acid
(0.38 mL, 6.59 mmol)are dissolved in anhydrous tetrahydrofuran (32 mL), then above
intermediate (5.08 g, 6.59 mmol) dissolved in tetrahydrofuran (32 mL) was added,
and stirred at room temperature for 42 h. After the reaction is completed, the reaction
mixture was diluted with ethyl acetate and washed with 1M HCI, saturated NaHCO4
solution and brine. The organic layer was concentrated under vacuum. The residue
was purified by column chromatography on silica gel (PE:EA = 5:1 to 3:1) to give the
intermediate (2.21 g, 50%,) as a white solid. The above intermediate (2.21 g, 3.32
mmol) and PVBOH (893.4 mg, 3.98 mmol) was dissolved in anhydrous DCM (33
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mL), and DMAP (405.6 mg, 3.32 mmol), EDCI (1.15 g, 5.98 mmol), DIPEA (1.6 mL,
9.96 mmol) was added, respectively. The resulting mixture was stirred overnight at
room temperature. Upon completion, the solvent was evaporated in vacuum. The
residue was purified by flash column chromatography (petroleum ether-EtOAc, 6:1)
to afford 33 (2.76 g, 95%). a-isomer: [a]p % = + 72.2 (c 0.12, CHCIs). *H NMR (400
MHz, CDCl3) 6 8.06 (d, J = 7.8 Hz, 1H, Ar), 7.98 (d, J = 7.8 Hz, 2H, Ar), 7.90 (d, J =
7.7 Hz, 2H, Ar), 7.85 (d, J = 7.8 Hz, 2H, Ar), 7.60 (t, J = 7.6 Hz, 1H, Ar), 7.55 — 7.45
(m, 6H, Ar), 7.43 — 7.31 (m, 9H, Ar), 7.30 — 7.23 (m, 1H, Ar), 6.47 (d, J = 3.8 Hz, 1H,
H-1), 6.20 (s, 1H, CH,=C-PVB), 5.60 (t, J = 9.9 Hz, 1H, H-4), 5.40 (t, J = 10.4 Hz,
1H, H-3), 5.36 (s, 1H, CH,=C-PVB), 4.92 (d, J = 9.7 Hz, 1H), 4.67 (d, J = 12.0 Hz,
1H), 4.49 — 4.41 (m, 2H, H-2), 4.35 (dd, J = 12.5, 2.8 Hz, 1H, H-6), 4.20 (dd, J = 12.4,
4.3 Hz, 1H, H-6), 3.83 — 3.75 (m, 1H, H-5). *C NMR (101 MHz, CDCl3) 5 166.4,
166.3, 166.1, 165.1, 154.2, 149.4, 142.6, 138.9, 133.63, 133.60, 133.2, 133.0, 131.4,
131.3, 130.0, 129.94, 129.86, 129.7, 129.6, 129.0, 128.9, 128.8, 128.66, 128.53,
128.49, 128.1, 126.8, 113.6, 95.2, 91.7 (C-1), 74.6, 71.5, 70.4, 68.6, 62.3, 53.7.
HRMS (ESI) calcd for Cy4sH3sNO1;ClsNa [M+Na]* 894.1252, found 894.1248.

2-azido-3-O-benzoyl-2-deoxy-4,6-O-(di-tert-butylsilylene)-D-galactopyranosyl-2-(
1-phenylvinyl)benzoate (34)

tBlu
t
-Si~ Bu
Bu~>p0 1) NIS, acetone/H,0=10/1, rt, |
. tBufSIsO
o overnight, 54% o
BzO > o
N, 2) PVBOH, EDCI, DMAP, DIPEA BzO OPVB
SePh DCM, rt, overnight, 77% N,
S36 34

Compound S36' (505.5 mg, 0.86 mmol) was dissolved in acetone/H,O (7.5
mL/0.8 mL), then NIS (N-lodosuccinimide) (289.8 mg, 1.29 mmol) was added. The
resulting mixture was stirred for overnight. The solution was diluted with EtOAc,
washed with saturated Na,S,03;, water and brine, dried over anhydrous Na,SOy,
filtered and concentrated in vacuo. The residue was purified by flash column

chromatography (petroleum ether-EtOAc, 4:1) to give the intermediate (209.7 mg,
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54%). The above intermediate (205 mg, 0.46 mmol) and PVBOH (122.7 mg, 0.55
mmol) was dissolved in anhydrous DCM (4.6 mL), and DMAP (55.7 mg, 0.46 mmol),
EDCI (157.3 mg, 0.82 mmol), DIPEA (0.23 mL, 1.37 mmol) was added, respectively.
The resulting mixture was stirred overnight at room temperature. Upon completion,
the solvent was evaporated in vacuum. The residue was purified by flash column
chromatography (petroleum ether-EtOAc, 4:1) to afford 34 (230.7 mg, 77%) as a
white solid. a-isomer: [a]p % = + 227.7 (c 0.17, CHCI3). *H NMR (400 MHz, CDCl5)
§ 8.03 — 7.97 (m, 2H, Ar), 7.94 — 7.90 (m, 1H, Ar), 7.52 — 7.42 (m, 2H, Ar), 7.40 —
7.33 (m, 3H, Ar), 7.29 — 7.24 (m, 2H, Ar), 7.24 — 7.16 (m, 3H, Ar), 7.17 — 7.11 (m, 1H,
Ar), 6.33 (d, J = 3.6 Hz, 1H, H-1), 5.84 (s, 1H, CH,=C-PVB), 5.17 (s, 1H,
CH,=C-PVB), 5.09 (dd, J = 10.8, 3.0 Hz, 1H, H-3), 4.47 (d, J = 3.3 Hz, 1H, H-4),
4.14 (dd, J = 10.7, 3.6 Hz, 1H, H-2), 3.73 (d, J = 2.1 Hz, 2H, H-6), 2.89 (s, 1H, H-5),
0.93 (s, 9H, CH3-t-Bu), 0.81 (s, 9H, CHs-t-Bu). 3C NMR (101 MHz, CDCl3) § 166.0,
165.8, 148.3, 142.8, 139.7, 133.5, 132.5, 131.5, 130.9, 130.1, 129.8, 129.7, 128.6,
128.5, 127.95, 127.87, 126.6, 114.4, 91.9 (C-1), 72.5, 69.9, 69.2, 66.6, 57.2, 27.5, 27.3,
23.3, 20.8. HRMS (ESI) calcd for CssHaiN3O;SiNa [M+Na]® 678.2606, found
678.2606.

Synthesis of core 1 mucin-type O-glycan (2)

L-Serine 0-(3,4,6-tri-O-benzyl-2-O-benzoyl-p-D-galatopyranosyl)-(1—3)-N-
(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-6-O-tert-butyl-diphenylsilyl-
2-deoxy-a-D-galactopyranosyl)-benzyl ester (22)

BnO _oBn BzO OTBDPS
BnO BzO OTBDPS
NIS, HOTY, 3A MS, DCM, OB"
g@,ﬁopvs NHCbz > BnO
NHCbz

0 0°C to rt, 3h, 84%
\/\COZBn ov\co Bn
2

32

A suspension of donor 32 (94.7 mg, 0.12 mmol), acceptor 39 (71.3 mg,
0.083mmol), and activated 3A MS (170 mg) in anhydrous DCM (2.5 mL) was stirred
at room temperature for 15 min and was then cooled to 0 °C. NIS (56.0 mg, 0.25
mmol) and HOTf (Trifluoromethanesulfonic acid) (6 pL, 0.062 mmol) were added

successively. The resulting mixture was stirred at room temperature for 3 h, then
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quenched with EtsN (1 mL) and filtered. The filtrates were concentrated under
vacuum to give a residue, which was purified by flash column chromatography
(petroleum ether-ethyl acetate, 6:1 to 5:1) to afford 22 (101.9 mg, 84%) as a white
solid. [o]p 2 = +76.0 (c 0.16, CHCIs). *H NMR (400 MHz, CDCl3) § 7.95 (d, J = 7.7
Hz, 2H, Ar), 7.86 (d, J = 7.6 Hz, 2H, Ar), 7.60 (d, J = 7.0 Hz, 2H, Ar), 7.56 (d, J = 7.2
Hz, 2H, Ar), 7.53 — 7.47 (m, 2H, Ar), 7.40 — 7.26 (m, 23H, Ar), 7.25 — 7.20 (m, 8H,
Ar), 7.18 — 7.14 (m, 1H, Ar), 7.13 — 7.08 (m, 3H, Ar), 5.70 (d, J = 3.4 Hz, 1H,
H-4gai), 5.66 (d, J = 9.7 Hz, 1H), 5.50 (dd, J = 10.1, 7.7 Hz, 1H, H-2ca), 5.16 — 5.03
(m, 4H, CH»-Bn, CH,-Chz), 4.89 (d, J = 11.9 Hz, 1H, CH,-Bn), 4.77 (d, J = 3.7 Hz,
1H, H-1gan), 4.73 (d, J = 7.8 Hz, 1H, H-1ga), 4.62 — 4.51 (m, 3H, CH,-Bn), 4.48 —
4.36 (m, 3H, CH,-Bn), 4.05 (dd, J = 10.7, 3.3 Hz, 1H, H-3gan), 3.99 — 3.91 (m, 4H),
3.70 (dd, J = 11.0, 5.2 Hz, 1H), 3.65 (s, 3H), 3.62 — 3.55 (M, 2H, H-3ga), 3.51 (dd, J =
10.6, 3.6 Hz, 1H, H-2gan), 0.99 (s, 9H, CHs-t-Bu). **C NMR (101 MHz, CDCls) &
169.8, 165.3, 165.2, 156.1, 138.8, 138.1, 137.7, 136.2, 135.64, 135.62, 135.2, 133.25,
133.18, 132.79, 132.75, 130.4, 130.2, 129.90, 129.86, 129.73, 129.71, 128.73, 128.68,
128.61, 128.55, 128.39, 128.37, 128.35, 128.27, 128.21, 128.18, 128.0, 127.9, 127.72,
127.70, 127.68, 127.59, 127.2, 102.3 (C-Lca), 99.2 (C-Lcan), 79.6, 77.4, 74.7, 74.3,
73.7, 73.6, 72.4, 71.8, 715, 71.2, 70.3, 68.9, 68.2, 67.7, 67.4, 62.8, 59.6, 54.4, 26.8,
19.2. HRMS (ESI) calcd for CgiHgoN4O16SiNa[M+Na]* 1417.5393, found 1417.5392.

B-D-galatopyranosyl-(1—3)O-[2-(Acetylamino)-2-deoxy-a-D-galactopyranosyl]-
L-serine (2)

BnO __oBn BzO _oOTBDPS 1) AcSH, Py, rt, overnight HO —on  HO OH
BnO ES ;o o o 2) 70% HF-Py, rt, overnight o HO&\/Q [0}
BzO Nj  NHCbz i HO  AcHN NH,

.} 3) 10% Pd/C, MeOH/H,0/HOAc, 12h o. =
~">co,Bn 4) 1M NaOH, Dioxane/MeOH, 12h ~"co,H
22 60% for 4 steps Core 1 O-glycan (2) (TF antigen)

To a solution of compound 22 (245 mg, 0.17 mmol) in pyridine (3.4 mL) was
added AcSH (3.09 mL, 34 mmol). The reaction mixture was stirred overnight at room

temperature. Then the reaction mixture was concentrated in vacuo. The residue was
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purified by flash chromatography (MeOH/DCM, 1:25) to afford intermediate (213.9
mg, 86%). To a solution of above intermediate (213 mg, 0.15 mmol) in anhydrous
THF (3 mL) was added HF/pyridine (70%, 0.19 mL, 1.47 mmol) dropwise. After
stirring overnight at room temperature, the reaction mixture was quenched with Et;N
(ImL), diluted with ethyl acetate and washed with saturated NaHCO3 solution and
brine. The organic layer was concentrated under vacuum. The residue was purified by
column chromatography on silica gel (DCM/MeOH, 30:1) to afford the intermediate
(174 mg, 98%). A mixture of the above intermediate (170 mg, 0.14 mmol) and Pd/C
(331.4 mg, 10%) in MeOH/H,O/HOACc (8 mL/0.8 mL/0.08 mL) was stirred under an
atmosphere of H, at room temperature for 12 h, after which the reaction mixture was
filtered and concentrated in vacuo. The residue was purified by column
chromatography on RP-18 (MeOH-H,0 = 2:1) to afford the intermediate (104.7 mg,
76%). To a solution of above intermediate (104 mg, 0.10 mmol) in Dioxane/MeOH
(1.5mL/1.5mL) was added 1.5 mL 1M NaOH aqg. The reaction was stirred for 12 h at
room temperature. After the reaction was completed, the reaction was neutralized to
pH = 7 by acetic acid, then filtered and concentrated. The residue was purified by
column chromatography on Sephadex TM LH-20 (MeOH-H,0 =1:1) to afford 2 (46.3
mg, 94%) as a white solid.[a]p?° = +82.0 (c 0.10, H,0). *H NMR (400 MHz, D,0) &
4.92 (d, J = 3.4 Hz, 1H), 4.47 (d, J = 7.7 Hz, 1H), 4.36 (dd, J = 11.0, 3.4 Hz, 1H),
4.24 (s, 1H), 4.16 — 4.03 (m, 2H), 4.02 — 3.96 (m, 2H), 3.95 — 3.87 (m, 2H), 3.83 —
3.71 (m, 4H), 3.68 — 3.59 (m, 2H), 3.55 — 3.48 (m, 1H), 2.03 (s, 3H). *C NMR (101
MHz, D,0) 6 174.7, 171.8, 104.7, 98.3, 76.8, 75.1, 72.6, 71.2, 70.7, 68.8, 68.7, 61.3,
61.1, 48.5, 22.2. HRMS (ESI) calcd for Ci7H29N2O13 [M-H]™ 469.1675, found
469.1680.

Synthesis of core 3 mucin-type O-glycan (4)

L-Serine O-(3,4,6-tri-O-benzoyl-2-deoxy-2-N-2,2,2-tri-chloroethoxycarbonyl-p-D-
glucopyranosyl)-(1—3)-N-(benzyloxycarbonyl)-O- (2- azido-4-O-benzoyl-6-O-
tert-butyldiphenylsilyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (23)
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BzO OTBDPS B20
NIS, HOTf, 3A MS, DCM, 0Bz BzO _oTBDPS
BzO > B0 5 o
°PVB NHCbz 20 o
“Troar Na 0°Ctort,3h,96% N NHCbz

TrocHN
Az
23 ~"co,Bn

33

A suspension of donor 33 (117.1 mg, 0.13 mmol), acceptor 39 (76.8 mg, 0.089
mmol), and activated 3A MS (200 mg) in anhydrous DCM (4 mL) was stirred at room
temperature for 15 min and was then cooled to 0 °C. NIS (60.3 mg, 0.27 mmol) and
HOTT (Trifluoromethanesulfonic acid) (6 uL, 0.067 mmol) were added successively.
The resulting mixture was stirred at room temperature for 3 h, then quenched with
EtsN (1 mL) and filtered. The filtrates were concentrated under vacuum to give a
residue, which was purified by flash column chromatography (petroleum ether-ethyl
acetate, 4:1) to afford 23 (133.3 mg, 96%) as a white solid. [o]p % = + 62.3 (c 0.23,
CHCls). 'H NMR (400 MHz, CDCl3) § 7.94 (d, J = 7.8 Hz, 2H, Ar), 7.85 (t, J = 7.1
Hz, 6H, Ar), 7.60 (d, J = 7.0 Hz, 2H, Ar), 7.53 (d, AJ = 7.2 Hz, 2H, Ar), 7.44 (d, J =
7.4 Hz, 5H, Ar), 7.40 — 7.25 (m, 20H, Ar), 7.25 — 7.17 (m, 3H, Ar), 5.85 — 5.73 (m,
2H, H-4gan, H-3gien), 5.59 (t, J = 9.6 Hz, 1H, H-4gien), 5.36 — 5.17 (m, 3H), 5.15 —
5.01 (m, 3H, H-gicn), 4.90 — 4.85 (M, 1H, H-1gan), 4.64 (d, J = 8.7 Hz, 1H), 4.60 —
4.47 (m, 3H), 4.41 (d, J = 12.0 Hz, 1H), 4.27 — 4.20 (m, 1H, H-3gan), 4.11 — 3.95 (m,
4H, H-5gien), 3.82 (0, J = 9.2 Hz, 1H, H-261cn), 3.74 — 3.57 (M, 3H, H-2gan), 0.97 (5,
9H, CHs-t-Bu). *C NMR (101 MHz, CDCls) § 169.9, 166.2, 166.1, 165.1, 164.8,
156.2, 154.1, 136.1, 135.63, 135.57, 135.2, 133.5, 133.4, 133.1, 133.05, 132.96, 130.0,
129.83, 129.77, 129.74, 128.9, 128.8, 128.7, 128.5, 128.44, 128.42, 128.38, 128.32,
127.7, 101.3 (C-1gien), 98.9 (C-1gam), 95.3, 77.4, 75.3, 74.4, 72.2, 71.1, 69.9, 69.3,
69.0, 67.8, 67.4, 62.7, 62.5, 59.8, 56.9, 54.5, 26.8, 19.1. HRMS (ESI) calcd for
C77H74CI3N5019SiNa [M+Na]* 1528.3711, found 1528.3712.

O-[2-(Acetylamino)-2-deoxy-p-D-glucopyranosyl)-(1—3)-O-[2-(Acetylamino)-2-

deoxy-a-D-galactopyranosyl]- L-serine (4)
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1) Zn, MeOH/ACOH/DCM, rt, 3.5h
oBz BzO _oTBDPS 2) Ac,0, Py, rt, overnight OH HO_oH

Bzo—é ;o &&‘ 3) 70% HF-Py, rt, overnight HO—X‘S fo) lo}
BzO (o} -  HO o
TrocHN Njf  NHCbZ ) 100 PdiC, MeOH/H,0/HOAG, 12h ACHN  AcHN |  NH;
o\/\coan 5) 1M NaOH, Dioxane/MeOH, 12h 0\/\c02H
23 30% for 5 steps Core 3 O-glycan (4)

To a solution of compound 23 (260 mg, 0.17 mmol) in MeOH/AcOH/DCM
(24mL/12mL/12mL)was added Zn powder (1.6 g, 25.86 mmol). The reaction mixture
was stirred at room temperature for 3.5 h. Then the reaction mixture was filtered, the
solvent was removed under vacuum to give the intermediate. The above intermediate
was then dissolved in anhydrous pyridine (1.7 mL), and Ac,O (0.81 mL, 8.62 mmol)
was added slowly. The reaction mixture was stirred overnight at room temperature.
Then the reaction mixture was concentrated in vacuo. The residue was purified by
flash chromatography (MeOH/DCM, 1:50 to 1:20) to afford intermediate (183.6 mg,
77%). To a solution of above intermediate (180 mg, 0.13 mmol) in anhydrous THF
(1.3 mL) was added HF/pyridine (70%, 0.17 mL, 1.29 mmol) dropwise. After stirring
overnight at room temperature, the reaction mixture was quenched with EtsN (1mL),
diluted with ethyl acetate and washed with saturated NaHCO3 solution and brine. The
organic layer was concentrated under vacuum. The residue was purified by column
chromatography on silica gel (DCM/MeOH, 30:1) to afford the intermediate (89.2 mg,
60%). A mixture of the above intermediate (88 mg, 0.08 mmol) and Pd/C (181 mg,
10%) in MeOH/H,O/HOACc (5 mL/0.5 mL/0.05 mL) was stirred under an atmosphere
of H, at room temperature for 14 h, after which the reaction mixture was filtered and
concentrated in vacuo. The residue was purified by column chromatography on RP-18
(MeOH-H,0 = 4:1) to afford the intermediate (55.7 mg, 79%). To a solution of above
intermediate (55 mg, 0.06 mmol) in Dioxane/MeOH (1mL/1mL) was added 1 mL 1M
NaOH aqg. The reaction was stirred for 12 h at room temperature. After the reaction
was completed, the reaction was neutralized to pH = 7 by acetic acid, then filtered and
concentrated. The residue was purified by column chromatography on Sephadex TM
LH-20 (MeOH-H,0 =1:1) to afford 4 (24.9 mg, 82%) as a white solid. [o]p”® = +91.5
(c 0.22, H,0). *H NMR (600 MHz, D,0O) & 4.85 (d, J = 3.8 Hz, 1H), 4.56 (d, J = 8.4
Hz, 1H), 4.26 (dd, J = 11.1, 3.8 Hz, 1H), 4.20 (d, J = 2.7 Hz, 1H), 4.09 (dd, J = 11.2,
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2.9 Hz, 1H), 4.02 — 3.97 (m, 2H), 3.95 (dd, J = 8.1, 4.1 Hz, 1H), 3.92 — 3.86 (m, 2H),
3.80 — 3.70 (m, 3H), 3.66 (dd, J = 10.3, 8.4 Hz, 1H), 3.56 — 3.51 (m, 1H), 3.44 (t, J =
9.2 Hz, 1H), 3.42 — 3.38 (m, 1H), 2.03 (s, 3H), 1.99 (s, 3H). *C NMR (151 MHz,
D,0) 5 174.4, 173.7, 171.7, 102.3, 98.1, 76.1, 75.5, 73.3, 70.9, 69.6, 68.6, 66.6, 61.2,
60.4, 55.5, 54.4, 48.1, 22.2, 22.1. HRMS (ESI) calcd for CigH3N3O13 [M-H]
510.1941, found 510.1945.

Synthesis of core 5 mucin-type O-glycan (6)

L-Serine 0O-(2-azido-3-O-benzoyl-2-deoxy-4,6-O-(di-tert-butylsilylene)-a-D-
galactopyranosyl)-(1—3)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-6-O-ter
t- butyldiphenylsilyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (24)

. ‘Blu
Bu .
| Si-o

Bu”
SI\O

BzO OTBDPS (o} B
NIS, HOTf, 3A MS, DCM, Qo
NHCb » B2 BzO
Bz O OPVB z > N, O;I:')BDPS
-20°C ,2.5h,79% o) A
v\coze.n
39 24 N3 r;lHCbZ

o)
~~"c0,Bn

A suspension of donor 34 (101.2 mg, 0.15 mmol), acceptor 39 (88.4 mg, 0.10
mmol), and activated 3A MS (200 mg) in anhydrous DCM (3 mL) was stirred at room
temperature for 15 min and was then cooled to -20 °C. NIS (52.1 mg, 0.23 mmol) and
HOTT (Trifluoromethanesulfonic acid) (7 uL, 0.077 mmol) were added successively.
The resulting mixture was stirred at -20 °C for 2.5 h, then quenched with EtzN (1 mL)
and filtered. The filtrates were concentrated under vacuum to give a residue, which
was purified by flash column chromatography (petroleum ether-ethyl acetate, 5:1 to
4:1) to afford 24 (103.2 mg, 79%) as a white solid. [o]p 2° = + 178.2 (c 0.12, CHCl5).
'H NMR (400 MHz, CDCls) & 8.01 (dd, J = 5.8, 3.9 Hz, 4H, Ar), 7.68 — 7.63 (m, 2H,
Ar), 7.57 — 7.51 (m, 2H, Ar), 7.49 (d, J = 7.4 Hz, 2H, Ar), 7.44 — 7.32 (m, 16H, Ar),
7.30 — 7.23 (m, 2H, Ar), 7.10 (t, J = 7.5 Hz, 2H, Ar), 5.93 (d, J = 3.3 Hz, 1H, H-4,),
5.75 (d, J = 8.6 Hz, 1H), 5.58 (d, J = 3.8 Hz, 1H, H-1g), 5.32 (dd, J = 10.9, 3.0 Hz, 1H,
H-3g), 5.23 (g, J = 12.2 Hz, 2H), 5.06 (d, J = 2.5 Hz, 2H), 4.87 (d, J = 3.3 Hz, 2H,
H-4g, H-14), 4.60 (dd, J = 7.8, 4.0 Hz, 1H), 4.32 — 4.26 (m, 3H, H-3,), 4.13 — 4.07 (m,
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1H), 4.05 — 3.99 (m, 2H, H-2g, H-4g), 3.97 — 3.90 (m, 2H), 3.73 — 3.66 (M, 2H, H-2,),
3.62 (dd, J = 10.1, 7.6 Hz, 1H), 1.10 (s, 9H, CHs-t-Bu), 1.00 (s, 9H, CHs-t-Bu), 0.95
(s, 9H, CH3-t-Bu). *C NMR (101 MHz, CDCls) § 169.7, 165.9, 165.7, 156.1, 136.1,
135.6, 135.5, 135.2, 133.3, 132.8, 132.6, 129.9, 129.85, 129.82, 129.79, 129.71, 129.6,
128.81, 128.75, 128.65, 128.52, 128.50, 128.33, 128.30, 127.9, 127.7, 99.1 (C-1a),
94.0 (C-1g), 71.5, 70.4, 70.1, 69.8, 69.4, 67.8, 67.7, 67.3, 67.0, 64.9, 61.6, 59.7, 57.0,
545, 27.7, 27.4, 26.8, 23.3, 20.8, 19.1. HRMS (ESI) calcd for CesH7oN;O15SioNa
[M+Na]" 1312.5070, found 1312.5072.

O-[2-(Acetylamino)-2-deoxy-a-D-galatopyranosyl)-(1—3)-O-[2-(Acetylamino)-2-
deoxy-a-D-galactopyranosyl]- L-serine (6)

Bu
]

‘Bu’Si\ao HO _oH

1) AcSH, Py, rt, overnight HO (o]
8200 2) 70% HF-Py, rt, overnight HO _oH
\.|BZ0 ~OTBDPS > ACHNO o]
%0 o] 3) 10% Pd/C, MeOH/H,0/HOAc, 12h AcHN NH,
N  NHCbz

4) 1M NaOH, Dioxane/MeOH, 12h

0 H 47% for 4 steps
24 \/\COZBn Core 5 O-glycan (6)

To a solution of compound 24 (109 mg, 0.08 mmol) in pyridine (1.7 mL) was
added AcSH (3.06 mL, 33.78 mmol). The reaction mixture was stirred overnight at
room temperature. Then the reaction mixture was concentrated in vacuo. The residue
was purified by flash chromatography (MeOH/DCM, 1:25) to afford intermediate
(104.4 mg, 93%). To a solution of above intermediate (104 mg, 0.08 mmol) in
anhydrous THF (2 mL) was added HF/pyridine (70%, 0.2 mL, 1.57 mmol) dropwise.
After stirring overnight at room temperature, the reaction mixture was quenched with
EtsN (ImL), diluted with ethyl acetate and washed with saturated NaHCO3 solution
and brine. The organic layer was concentrated under vacuum. The residue was
purified by column chromatography on silica gel (DCM/MeOH, 25:1) to afford the
intermediate (63.2 mg, 85%). A mixture of the above intermediate (63 mg, 0.07 mmol)
and Pd/C (158 mg, 10%) in MeOH/H,O/HOAc (5 mL/0.5 mL/0.05 mL) was stirred
under an atmosphere of H, at room temperature for 12 h, after which the reaction

mixture was filtered and concentrated in vacuo. The residue was purified by column
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chromatography on RP-18 (MeOH-H,0 = 1.5:1) to afford the intermediate (36.4 mg,
76%). To a solution of above intermediate (36 mg, 0.05 mmol) in dioxane/MeOH
(ImL/ImL) was added 1 mL 1M NaOH ag. The reaction was stirred for 12 h at room
temperature. After the reaction was completed, the reaction was neutralized to pH =7
by acetic acid, then filtered and concentrated. The residue was purified by column
chromatography on Sephadex TM LH-20 (MeOH-H,O =1:1) to afford 6 (19.9 mg,
78%) as a white solid. [o]p? = +195.0 (c 0.08, H,0). *H NMR (400 MHz, D,0) &
5.00 (d, J = 3.7 Hz, 1H), 4.96 (d, J = 3.7 Hz, 1H), 4.42 (dd, J = 11.1, 3.7 Hz, 1H),
4.29 — 4.15 (m, 2H), 4.15 — 4.07 (m, 1H), 4.07 — 3.97 (m, 2H), 3.99 — 3.70 (m, 9H),
2.08 (s, 3H), 2.05 (s, 3H). °C NMR (151 MHz, D,0) 6 174.6, 174.4, 172.9, 97.9, 93.1,
71.7, 71.23, 71.20, 68.3, 67.7, 66.9, 64.2, 61.3, 61.0, 54.6, 49.3, 47.7, 22.0, 21.9.
HRMS (ESI) calcd for C19H32N3O13 [M-H] 510.1941, found 510.1945.

Synthesis of core 8 mucin-type O-glycan (9)

L-Serine 0-(2,3-di-O-benzoyl-4,6-0O-(di-tert-butylsilylene)-a-D-galacto-
pyranosyl))-(1—3)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-6-O-tert-
butyldiphenylsilyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (25)

Bu

I.
‘Blu ‘Bu’slao
tgu-Si~o BzO _OTBDPS
o o NIS, HOT, 3A MS, DCM, B0\ 520
+ Z!
o ~ NHCbz - ) OTBDPS
N 2 : -15°C, 3.5 h, 93% o °
~~"co,Bn N NHCbz
a5 39 25 H

O<~"co,Bn

A suspension of donor 35 (273.9 mg, 0.37 mmol), acceptor 39 (246.3 mg, 0.29
mmol), and activated 3A MS (550 mg) in anhydrous DCM (11 mL) was stirred at
room temperature for 15 min and was then cooled to -15 °C. NIS (125.8 mg, 0.56
mmol) and HOTT (Trifluoromethanesulfonic acid) (13 pL, 0.15 mmol) were added
successively. The resulting mixture was stirred at -15 °C for 3.5 h, then quenched with
EtsN (4 mL) and filtered. The filtrates were concentrated under vacuum to give a
residue, which was purified by flash column chromatography (petroleum ether-ethyl

acetate, 6:1 to 4:1) to afford 25 (364.5mg, 93%) as a white solid. [a]p ® = + 164.3 (c
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0.36, CHCl3). "H NMR (400 MHz, CDCls3) § 7.92 — 7.86 (m, 2H, Ar), 7.70 — 7.65 (m,
2H, Ar), 7.60 — 7.56 (m, 2H, Ar), 7.46 — 7.38 (m, 7H, Ar), 7.36 — 7.21 (m, 16H, Ar),
7.09 — 6.96 (m, 6H, Ar), 5.97 (dd, J = 10.8, 3.7 Hz, 1H, H-2ca), 5.77 — 5.69 (m, 3H,
H-1ca, H-4can), 5.58 (dd, J = 10.8, 3.0 Hz, 1H, H-3c4), 5.24 (d, J = 2.9 Hz, 2H), 5.07
(s, 2H), 4.91 (d, J = 3.3 Hz, 2H, H-1gan, H-4ca), 4.60 (dd, J = 7.8, 3.9 Hz, 1H), 4.31
(dd, J = 10.9, 2.8 Hz, 3H, H-3can), 4.08 (d, J = 12.2 Hz, 2H), 3.99 — 3.90 (m, 2H),
3.79 (dd, J = 10.9, 3.6 Hz, 1H, H-2cain), 3.57 (dd, J = 10.3, 6.4 Hz, 1H), 3.49 (dd, J =
10.3, 6.9 Hz, 1H), 1.18 (s, 9H, CHs-t-Bu), 0.98 (s, 9H, CHs-t-Bu), 0.93 (s, 9H,
CHs-t-Bu). *C NMR (101 MHz, CDCls) & 169.7, 166.1, 166.0, 164.8, 156.1, 136.1,
135.6, 135.4, 135.2, 133.1, 132.8, 132.6, 129.8, 129.69, 129.65, 129.5, 129.4, 128.82,
128.79, 128.72, 128.63, 128.59, 128.32, 128.30, 128.27, 128.1, 128.0, 127.8, 127.7,
127.6, 98.9 (C-1gan), 93.1 (C-1ca), 71.4, 70.9, 70.6, 69.6, 69.2, 67.8, 67.6, 67.29,
67.25, 66.9, 65.5, 61.9, 60.5, 59.7, 54.5, 27.7, 27.4, 26.7, 23.4, 20.8, 19.0, 14.3. MS
(Maldi-TOF) calcd for C75HgaN4O17Si,Na [M+Na] *1391.5268, found 1391.5269.

a-D-galatopyranosyl-(1—3)-O-[2-(Acetylamino)-2-deoxy-a-D-galactopyranosyl]
-L-serine (9)

Bu
1

Bu Si~g HO OH
% 1) AcSH, Py, rt, overnight H
B20.\—0 2) 70% HF-Py, rt, overnight 0 °H
BzO _OTBDPS
AcHN

B
z0 0&3‘ 3) 10% Pd/C, MeOHIHzolHOAc 12h
4) 1M NaOH, Dioxane/MeOH, 12h fo)
NHCbz
N3'0 H 44% for 4 steps \/\COzH
25 ~~"c0o,Bn Core 8 (9)

To a solution of compound 25 (362 mg, 0.26 mmol) in pyridine (5mL) was added
AcSH (3.9 mL, 52.86 mmol). The reaction mixture was stirred overnight at room
temperature. Then the reaction mixture was concentrated in vacuo. The residue was
purified by flash chromatography (PE/EA/DCM, 6:3:1) to afford intermediate (366.2
mg, 82%). To a solution of above intermediate (323.9 mg, 0.24 mmol) in anhydrous
THF (8 mL) was added HF/pyridine (70%, 0.21 mL, 2.33 mmol) dropwise. After
stirring overnight at room temperature, the reaction mixture was quenched with Et;N,

diluted with ethyl acetate and washed with saturated NaHCO3 solution and brine. The
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organic layer was concentrated under vacuum. The residue was purified by column
chromatography on silica gel (DCM/MeOH, 40:1) to afford the intermediate (203.8
mg, 87%). A mixture of the above intermediate (93 mg, 0.09 mmol) and Pd/C (196.6
mg, 10%) in MeOH/H,O/HOAc (6 mL/0.6 mL/0.06 mL) was stirred under an
atmosphere of H, at room temperature for 12 h, after which the reaction mixture was
filtered and concentrated in vacuo. The residue was purified by column
chromatography on RP-18 (MeOH-H,O = 1.5:1 to 2:1) to afford the intermediate
(55.5 mg, 77%). To a solution of above intermediate (55 mg, 0.07 mmol) in
dioxane/MeOH (0.75 mL/0.75 mL) was added 1 mL 1M NaOH aqg. The reaction was
stirred for 12 h at room temperature. After the reaction was completed, the reaction
was neutralized to pH = 7 by acetic acid, then filtered and concentrated. The residue
was purified by column chromatography on Sephadex TM LH-20 (MeOH-H,0 =1:1)
to afford 9 (24.8 mg, 75%) as a white solid. [o]p® = +256.9 (c 0.16, H,0). *H NMR
(400 MHz, D,0) & 5.15 (d, J = 3.7 Hz, 1H), 4.96 (d, J = 3.7 Hz, 1H), 4.43 (dd, J =
11.1, 3.7 Hz, 1H), 4.27 (d, J = 2.1 Hz, 1H), 4.15 (dd, J = 11.0, 2.7 Hz, 1H), 4.07 —
3.92 (m, 5H), 3.89 — 3.74 (m, 7H), 2.08 (s, 3H).2*C NMR (126 MHz, D,0) & 174.0,
171.3,97.6, 94.4, 71.9, 70.8, 70.7, 68.9, 68.6, 67.6, 66.0, 64.0, 60.8, 60.5, 54.0, 47.3,
21.6. HRMS (ES]I) calcd for C17H20N2013 [M-H] 469.1675, found 469.1677.

Synthesis of core STy antigen (10)

L-Serine 5-azido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-non-2-
ulopyranosylonate)-(2—3)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-2-deo
xy- 3-O-levulinoyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (30)

AcO

AcO OAc
520 § CO,Pic
OH N3 o
STol + LevO NHCbz NIS, HOTf, 3A MS, DCM, _ AcO' Bzoo
N3 N -
3|

o o

AcO CO,Pic o\/\COZBn -40 °C, 3 h, 80% Levog
N NHCbz

30 O<~"co,Bn

2!

A suspension of donor 36 (122.2 mg, 0.19 mmol), acceptor S33 (76.4 mg, 0.11
mmol), and activated 3A MS (200 mg) in anhydrous DCM (4 mL) was stirred at room
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temperature for 15 min and was then cooled to -40 °C. NIS (100.2 mg, 0.45 mmol)
and HOTf (Trifluoromethanesulfonic acid) (16.4 pL, 0.19 mmol) were added
successively. The resulting mixture was stirred at -40 °C for 3 h, then quenched with
EtsN (1 mL) and filtered. The filtrates were concentrated under vacuum to give a
residue, which was purified by flash column chromatography (petroleum ether-ethyl
acetate, 6:1 to 4:1) to afford 30 (185.2 mg, 80%) as a white solid. [o]p® = +36.8 (c
0.17, CHCI3). *H NMR (400 MHz, CDCls) & 8.54 (s, 1H), 8.00 (d, J = 7.6 Hz, 2H),
7.65 (t, J = 6.9 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.44 (t, J = 7.5 Hz, 2H), 7.39 — 7.31
(m, 10H), 7.20 (s, 2H), 6.03 (d, J = 8.3 Hz, 1H), 5.62 (s, 1H), 5.47 (d, J = 9.2 Hz, 1H),
5.37 — 5.04 (m, 8H), 5.04 — 4.96 (m, 1H), 4.92 (d, J = 2.4 Hz, 1H), 4.73 (d, J = 13.3
Hz, 1H), 4.64 (d, J = 7.8 Hz, 1H), 4.25 — 4.06 (m, 5H), 3.89 — 3.78 (m, 2H), 3.64 (dd,
J=10.8, 2.3 Hz, 1H), 3.50 — 3.41 (m, 1H), 3.19 (t, J = 10.0 Hz, 1H), 2.82 — 2.62 (m,
3H), 2.60 — 2.41 (m, 2H), 2.16 (s, 3H), 2.13 (s, 3H), 2.07 (s, 3H), 1.99 (s, 3H), 1.87 (s,
3H), 1.71 (t, J = 12.5 Hz, 1H). *C NMR (101 MHz, CDCl3) & 206.0, 171.6, 170.7,
169.9, 169.74, 169.65, 169.5, 166.5, 165.4, 156.2, 154.2, 149.2, 137.1, 136.3, 135.2,
133.,129.8, 129.5, 128.7, 128.6, 128.6, 128.2, 128.2, 123.2, 121.2, 99.2(C-1can), 98.5,
77.4,71.7,70.9, 69.4, 68.7, 68.1, 67.9, 67.8, 67.7, 67.2, 67.1, 62.6, 62.0, 60.0, 57.9,
54.6, 37.9, 37.4, 29.7, 27.9, 20.9, 20.8, 20.7. HRMS (ESI) calcd for CsgHgsNgO23
[M+H]*1253.4157, found 1253.41509.

5-acetamido-3,5-dideoxy-D-glycero-D-galacto-non-2-ulopyranosylonic acid-(2—6)

-O-[2-(Acetylamino)-2-deoxy-a-D-galactopyranosyl] -L-serine (10)

AcO HO

AcQ "] oAc HO "] oH
s CO,Pic g
N 2 1) AcSH, Py, rt, overnight AcHN COH
3 7% 2) NH,NH,-H,0, Py/AcOH, rt, 8h (&
Aco” Y > HO o
z 3) 10% Pd/C, MeOH/H,0/HOAC, 13h OH
o 4) 1M NaOH, Dioxane/MeOH, 12h o
LevO NHCb. 85% for 4 steps HO

N,| NHCbz AcHN NH,

30 o__A 2
~~">c0,Bn 10 O~"coH

To a solution of compound 30 (180 mg, 0.14 mmol) in pyridine (3 mL) was
added AcSH (5.2 mL, 57.45 mmol). The reaction mixture was stirred overnight at

room temperature. Then the reaction mixture was concentrated in vacuo. The residue
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was purified by flash chromatography (MeOH/DCM, 1:20) to afford intermediate
(184.6 mg, 100%). The above intermediate (184 mg, 0.14 mmol) was dissolved in
anhydrous DCM/pyridine/AcOH (1 mL/0.3 mL/0.2 mL), then NH,NH,.H,O (0.026
mL, 0.43 mmol) was added at room temperature. The reaction was stirred until
TLC-analysis indicated full consumption of the starting material. Then the reaction
was quenched with acetone and the mixture was concentrated under vacuum. The
products were purified by flash column chromatography (DCM/MeOH, 20:1) to
afford the intermediate (151 mg, 89%). A mixture of the above intermediate (144 mg,
0.13 mmol) and Pd/C (288 mg, 10%) in MeOH/H,O/HOAc (6 mL/0.6 mL/0.06 mL)
was stirred under an atmosphere of H, at room temperature for 13 h, after which the
reaction mixture was filtered and concentrated in vacuo to afford the intermediate. To
a solution of above intermediate in dioxane/MeOH (1 mL/1 mL) was added 1 mL 1M
NaOH aqg. The reaction was stirred for 12 h at room temperature. After the reaction
was completed, the reaction was neutralized to pH = 7 by acetic acid, then filtered and
concentrated. The residue was purified by column chromatography on Sephadex TM
LH-20 (MeOH-H,0 =1:1) to afford 10 (72.1 mg, 95%) as a white solid. [a]p?° =
+73.1 (¢ 0.21, H,0). *H NMR (400 MHz, D;0) & 4.90 (d, J = 3.7 Hz, 1H), 4.17 (dd, J
= 11.1, 3.7 Hz, 1H), 4.12 (dd, J = 11.0, 2.6 Hz, 1H), 4.03 (dd, J = 8.2, 3.6 Hz, 1H),
4.01 — 3.97 (m, 2H), 3.95 — 3.86 (m, 5H), 3.83 (d, J = 10.1 Hz, 1H), 3.75 — 3.62 (m,
4H), 3.58 (dd, J = 8.9, 1.2 Hz, 1H), 2.74 (dd, J = 12.4, 4.6 Hz, 1H), 2.04 (s, 3H), 2.04
(s, 3H), 1.69 (t, J = 12.1 Hz, 1H).*C NMR (151 MHz, D,0) § 175.0, 174.7, 173.4,
171.8, 100.3, 98.0, 72.6, 71.8, 69.7, 68.4, 68.2, 67.2, 66.9, 63.9, 62.6, 54.4, 51.8, 49.6,
40.2, 22.00, 21.99. HRMS (ESI) calcd for C,HssN3O16 [M-H]™ 598.2101, found
598.2105.

Synthesis of core 6 mucin-type O-glycan (7)

L-Serine O-(3,4,6-tri-O-benzoyl-2-deoxy-2-N-2,2,2-tri-chloroethoxycarbonyl-p-D-
glucopyranosyl)-(1—6)-N-(benzyloxycarbonyl)-O-(2- azido-4-O-benzoyl-2-deoxy-
3-O-levulinoyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (26)
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BzO _OH BzO o
0Bz 0 NIS, HOTY, 3A MS, DCM Bz0 o
B. , i ) )
é?o'é&,,.owa * Levo Ny NHCbz > TrocHN

TrocHN o\/:\co B 0°Ctort,2.5h,93%
BN

33 s33 26 Ny  NHCbz
Lz
~~"C0,Bn

A suspension of donor 33 (111.4 mg, 0.13 mmol), acceptor S33 (76.4 mg, 0.11
mmol), and activated 3A MS (200 mg) in anhydrous DCM (3.3 mL) was stirred at
room temperature for 15 min and was then cooled to 0 °C. NIS (43.0 mg, 0.19 mmol)
and HOTf (Trifluoromethanesulfonic acid) (3 pL, 0.038 mmol) were added
successively. The resulting mixture was stirred at room temperature for 2.5 h, then
guenched with EtsN (1 mL) and filtered. The filtrates were concentrated under
vacuum to give a residue, which was purified by flash column chromatography
(petroleum ether-ethyl acetate, 3:1 to 2:1) to afford 26 (134.7 mg, 93%) as a white
solid. [0]p®* = + 62.2 (c 0.30, CHCI3). *H NMR (400 MHz, CDCl3) 8 8.04 — 8.01 (m,
2H), 7.94 — 7.89 (m, 4H), 7.87 (d, J = 7.8 Hz, 2H), 7.61 (t, J = 7.4 Hz, 1H), 7.49 —
7.44 (m, 6H), 7.40 — 7.27 (m, 15H), 6.03 (t, J = 9.0 Hz, 2H), 5.99 (t, J = 10.2 Hz, 1H,
H-3gien), 5.60 (d, J = 3.3 Hz, 1H, H-4gan), 5.52 (t, 3 = 9.7 Hz, 1H, H-4gien), 5.35 (dd,
J = 11.1, 3.3 Hz, 1H, H-3gan), 5.25 (s, 2H), 5.17 (s, 2H), 4.99 (d, J = 3.6 Hz, 1H,
H-1can), 4.95 (d, J = 8.3 Hz, 1H, H-1gin), 4.81 (d, J = 12.1 Hz, 1H), 4.63 — 4.59 (m,
1H), 4.57 (d, J = 12.1 Hz, 1H), 4.45 (dd, J = 12.1, 3.2 Hz, 1H), 4.30 (dd, J = 12.2, 5.1
Hz, 1H), 4.22 (dd, J = 7.6, 4.3 Hz, 1H), 4.14 (dd, J = 10.6, 3.6 Hz, 1H), 4.10 (dd, J =
10.7, 3.4 Hz, 1H), 4.02 — 3.96 (m, 1H), 3.92 (dd, J = 10.7, 4.4 Hz, 1H), 3.69 — 3.60 (m,
3H, H-2camn, H-2c1en), 2.81 — 2.75 (m, 1H, CHa-Lev), 2.71 — 2.64 (m, 1H, CH,-Lev),
2.60 — 2.54 (M, 1H, CHa-Lev), 2.49 — 2.41 (m, 1H, CHa-Lev), 2.13 (s, 3H, CHs-Lev).
3C NMR (151 MHz, CDCls) § 206.2, 171.6, 169.5, 166.1, 166.0, 165.4, 165.3, 156.1,
154.1, 136.1, 135.1, 133.8, 133.44, 133.41, 133.1, 129.9, 129.85, 129.76, 129.67,
129.57, 129.1, 129.0, 128.9, 128.8, 128.74, 128.72, 128.69, 128.64, 128.57, 128.49,
128.42, 128.35, 128.2, 100.0 (C-1gien), 98.7 (C-1can), 95.6, 74.3, 71.9, 71.6, 70.0,
69.0, 68.8, 68.51, 68.50, 68.1, 68.0, 67.4, 63.0, 57.7, 57.0, 54.5, 37.9, 29.8, 27.9.
HRMS (ESI) calcd for CegHg2ClsNsO2:Na [M+Na]* 1388.2901, found 1388.2899.
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O-[2-(Acetylamino)-2-deoxy-p-D-glucopyranosyl)-(1—6)-O-[2-(Acetylamino)-2-

deoxy-a-D-galactopyranosyl]- L-serine (7)

OBz
Bé?o (o] o 1) Zn, MeOH/HOAc/DCM, rt, overnight OH
TrocHN 2) Ac,0, Py,rt, overnight HI-(I)O O fo)
B20 3) NH,NH,-H,0, Py/AcOH, rt, 8h . AcHN
LevO 4) 10% Pd/C, MeOH/H,0/HOAc, 13h HO
» NHCbz 5) 1M NaOH, Dioxane/MeOH, 12h HO O
3| H 73% for 5 steps
26 o 7 (Core 6 NH
~co,8n ( ) AcHN 2

To a solution of compound 26 (125 mg, 0.09 mmol) in MeOH/AcOH/DCM (13
mL/6.5 mL/6.5mL)was added Zn powder (1.2 g, 18.28 mmol). The reaction mixture
was stirred overnight at room temperature . Then the reaction mixture was filtered, the
solvent was removed under vacuum to give the intermediate. The above intermediate
was then dissolved in anhydrous pyridine (4.6 mL), and Ac,0O (0.43 mL, 4.57 mmol)
was added slowly. The reaction mixture was stirred overnight at room temperature.
Then the reaction mixture was concentrated in vacuo. The residue was purified by
flash chromatography (MeOH/DCM, 1:30) to afford intermediate (110.3 mg, 97%).
The above intermediate (100 mg, 0.09 mmol) was dissolved in anhydrous
DCM/pyridine/AcOH (1 mL/0.3 mL/0.2 mL), then NH;NH2*H,O (0.016 mL, 0.26
mmol) was added at room temperature. The reaction was stirred until TLC-analysis
indicated full consumption of the starting material. Then the reaction was quenched
with acetone and the mixture was concentrated under vacuum. The products were
purified by flash column chromatography (DCM/MeOH, 15:1) to afford the
intermediate (100 mg, 99%). A mixture of the above intermediate (100 mg, 0.09 mmol)
and Pd/C (206 mg, 10%) in MeOH/H,O/HOAc (5 mL/0.5 mL/0.05 mL) was stirred
under an atmosphere of H, at room temperature for 12 h, after which the reaction
mixture was filtered and concentrated in vacuo. The residue was purified by column
chromatography on RP-18 (MeOH-H,0O = 3:1) to afford the intermediate (68.8 mg,
83%). To a solution of above intermediate (68 mg, 0.07 mmol) in Dioxane/MeOH
(1.5 mL/1.5 mL) was added 1.5 mL 1M NaOH ag. The reaction was stirred for 12 h at

room temperature. After the reaction was completed, the reaction was neutralized to
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pH = 7 by acetic acid, then filtered and concentrated. The residue was purified by
column chromatography on Sephadex TM LH-20 (MeOH-H,0 =1:1) to afford 7 (33.8
mg, 90%) as a white solid. [a]p?° = +110.8 (¢ 0.10, H,0). *H NMR (600 MHz, D,0) &
4.87 (d, J = 3.5 Hz, 1H), 4.54 (d, J = 8.5 Hz, 1H), 4.16 (dd, J = 11.0, 3.5 Hz, 1H),
4.07 (dd, J = 10.7, 3.0 Hz, 1H), 4.04 — 4.00 (m, 2H), 3.98 — 3.95 (m, 2H), 3.94 — 3.87
(m, 3H), 3.77 — 3.72 (m, 2H), 3.72 — 3.67 (m, 1H), 3.54 (t, J = 9.4 Hz, 1H), 3.48 —
3.41 (m, 2H), 2.04 (s, 3H), 2.03 (s, 3H). *C NMR (151 MHz, D,0) & 174.7, 174.5,
171.6, 101.5, 98.0, 75.8, 73.6, 69.92, 69.86, 69.8, 68.4, 67.2, 66.5, 60.6, 55.5, 54.4,
49.5, 22.2, 22.0. HRMS (ESI) calcd for Ci9H3;N30;3 [M-H]™ 510.1941, found
510.1945.

Synthesis of core 7 mucin-type O-glycan (8)

L-Serine O-(2-azido-3,4-di-O-benzoyl-6-O-benzyl-2-deoxy-a-D-galactopyra-
nosyl)-(1—6)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-2-deoxy-3-O-
levulinoyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (27)

BzO _oBn
BzO 2 B
BzO _0OBn BzO _OH N3
o o
BZO&N,OPTFA| + Levogﬁ Nchz TMSI, Ph;P=0,DCM, rt BzO
N3
o
A
0\/\ 3d, 85% LevO
B
17a CO,Bn 27 N, NHCbz

o\/:\cozlan
PTFAI donor 17a (180.2 mg, 0.27 mmol) was co-evaporated with anhydrous
toluene for three times. Then PTFAI donor with PhsP=0 (446.1 mg, 1.60 mmol) were
dissolved in new distilled DCM (1.8 mL) and stirred over fresh-dried 3A molecular
sieves (300 mg) under argon at room temperature for 15 min. TMSI (38 uL, 0.27
mmol) was added dropwise subsequently. After the mixture was stirred for 1h,
acceptor S33 (128 mg, 0.18 mmol) was added. The reaction was stirred at room
temperature for 3d. Upon completion, the solution was diluted with EtOAc and the
reaction was quenched with saturated Na,S,03. The organic phase was washed with
water and brine, dried over anhydrous Na,SQ,, filtered and concentrated in vacuo.

The products were purified by flash column chromatography (PE-EA=3:1) to afford
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27 (182.7 mg, 85%) as a white solid. [o]p ?° = + 205.5 (¢ 0.11, CHCI3). *H NMR (400
MHz, CDCl3) & 8.07 — 8.02 (m, 2H, Ar), 7.96 — 7.90 (m, 2H, Ar), 7.88 — 7.82 (m, 2H,
Ar), 7.59 (g, J = 7.8 Hz, 2H, Ar), 7.52 — 7.24 (m, 20H, Ar), 7.17 — 7.12 (m, 2H, Ar),
5.99 (d, J = 8.6 Hz, 1H), 5.89 (d, J = 3.2 Hz, 1H, H-4g), 5.70 (dd, J = 11.0, 3.2 Hz, 1H,
H-3g), 5.61 (d, J = 3.3 Hz, 1H, H-4), 5.36 (dd, J = 11.1, 3.2 Hz, 1H, H-3,), 5.24 (g, J
= 10.2, 8.5 Hz, 2H), 5.16 (q, J = 12.0, 10.4 Hz, 2H), 5.02 (t, J = 2.7 Hz, 2H, H-1a,
H-1g), 4.76 — 4.69 (m, 1H), 4.46 (d, J = 12.1 Hz, 1H), 4.42 (d, J = 6.7 Hz, 1H), 4.33
(d, J = 12.1 Hz, 1H), 4.22 (dd, J = 7.8, 4.4 Hz, 1H), 4.15 (dd, J = 10.4, 4.6 Hz, 1H),
4.09 (dd, J = 10.3, 3.7 Hz, 1H), 3.92 (dd, J = 11.0, 3.4 Hz, 1H), 3.86 (dd, J = 10.5, 7.7
Hz, 1H), 3.69 (dd, J = 11.1, 3.6 Hz, 1H), 3.58 (dd, J = 10.3, 4.1 Hz, 1H), 3.51 (q, J =
9.7, 8.1 Hz, 2H), 2.82 — 2.73 (m, 1H, CHa-Lev), 2.72 — 2.63 (m, 1H, CH,-Lev), 2.61 —
2.52 (m, 1H, CHa-Lev), 2.50 — 2.41 (m, 1H, CHy-Lev), 2.12 (s, 3H, CHas-Lev). **C
NMR (101 MHz, CDCls) § 206.2, 171.6, 169.9, 165.6, 165.45, 165.37, 156.2, 137.6,
136.3, 135.3, 133.8, 133.5, 133.4, 129.9, 129.8, 129.5, 129.2, 129.1, 128.79, 128.77,
128.72, 128.63, 128.61, 128.4, 128.3, 128.2, 127.75, 127.69, 99.0, 97.8, 73.4, 69.3,
69.1, 68.9, 68.7, 68.55, 68.50, 68.02, 67.97, 67.8, 67.3, 66.5, 58.4, 57.9, 54.3, 37.9,
29.8, 27.9. HRMS (ESI) calcd for CesHeiN;OgNa [M+Na]® 1226.3971, found
1226.3970.

O-[2-(Acetylamino)-2-deoxy-a-D-galactoopyranosyl)-(1—6)-O-[2-(Acetylamino)-
2- deoxy-a-D-galactopyranosyl]- L-serine (8)

BzO _0OBn HO _oH
(o]
BzO HO 0
N, 1) AcSH, Py, rt, 11h AcHN
o 2) NH,;NH,-H,0, Py/AcOH, rt, overnight lo)
BzO r o HO
o 3) 10% Pd/C, MeOH/H,0/HOACc, 11h o
LevO 4) 1M NaOH, Dioxane/MeOH, 12h HO
N, NHCbz 71% for 4 steps AcHN NH,
2 ov:\ 8 O, 2
CO,Bn V\COZH

To a solution of compound 27 (180 mg, 0.15 mmol) in pyridine (3 mL) was
added AcSH (5.42 mL, 59.79 mmol). The reaction mixture was stirred overnight at

room temperature. Then the reaction mixture was concentrated in vacuo. The residue
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was purified by flash chromatography (MeOH/DCM, 1:30) to afford intermediate
(184.8 mg, 100%). The above intermediate (183 mg, 0.15 mmol) was dissolved in
anhydrous DCM/pyridine/AcOH (1 mL/0.3 mL/0.2 mL), then NH;NH,.H,O ( 80%,
0.027 mL, 0.44 mmol) was added at room temperature. The reaction was stirred until
TLC-analysis indicated full consumption of the starting material. Then the reaction
was quenched with acetone and the mixture was concentrated under vacuum. The
products were purified by flash column chromatography (DCM/MeOH, 30:1) to
afford the intermediate (168.5 mg, 100%). A mixture of the above intermediate (168
mg, 0.15 mmol) and Pd/C (524 mg, 10%) in MeOH/H,O/HOAc (8 mL/0.8 mL/0.08
mL) was stirred under an atmosphere of H, at room temperature for 11 h, after which
the reaction mixture was filtered and concentrated in vacuo. The residue was purified
by column chromatography on RP-18 (MeOH-H,0 = 1.5:1) to afford the intermediate
(107.8 mg, 89%).To a solution of above intermediate (106 mg, 0.013 mmol) in
dioxane/MeOH (1 mL/1 mL) was added 2 mL 1M NaOH aq. The reaction was stirred
for 12 h at room temperature. After the reaction was completed, the reaction was
neutralized to pH = 7 by acetic acid, then filtered and concentrated. The residue was
purified by column chromatography on Sephadex TM LH-20 (MeOH-H,0 =1:1) to
afford 8 (53.3 mg, 81%) as a white solid. [a]p?®® = +149.3 (¢ 0.21, H,0). *H NMR
(400 MHz, D,0) & 4.96 (d, J = 3.6 Hz, 1H), 4.91 (d, J = 3.6 Hz, 1H), 4.24 — 4.07 (m,
4H), 4.07 — 3.96 (m, 4H), 3.96 — 3.81 (m, 4H), 3.80 — 3.68 (m, 3H), 2.05 (s, 6H). **C
NMR (151 MHz, D,0) ¢ 174.64, 174.57, 171.4, 97.9, 97.1, 71.1, 69.0, 68.5, 68.5,
67.6, 67.5, 66.5, 66.3, 61.2, 54.5, 49.8, 49.5, 22.0, 21.9. HRMS (ESI) calcd for
C19H32N3043[M-H] 510.1941, found 510.1939.

Synthesis of core 2 mucin-type O-glycan (3)

L-Serine O-(3,4,6-tri-O-benzoyl-2-deoxy-2-N-2,2,2-tri-chloroethoxycarbonyl-g-D-
glucopyranosyl)-(1—6)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-2-deoxy-
a-D-galactopyranosyl)-(3—1)-0-(3,4,6-tri-O-benzyl-2-O-benzoyl-p-D-galato-
pyranosyl)-benzyl ester (28)
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OBz

BzO (o]
1) 70% HF-Py, THF BzO (o)

BnO _oBn BzO _oTBDPS rt, overnight, 88% TrocHN

B Og ;o o (o] - BnO _oBn BzO
n
Ny NHCbz 2) 38, NIS, HOTf, 3A MS, DCM, ES o o

BzO BnO (o]
H 0°Ctort,3.5h,97%
0\/\coan BzO N l;lHCbZ

22 28 O~"co,en

Compound 22 (358 mg, 0.26 mmol) was then dissolved in anhydrous THF (1.0
mL), and HF/pyridine (70%, 0.23 mL, 2.56 mmol) was added dropwise. The resulting
mixture was stirred overnight at room temperature, the reaction mixture was then
guenched with Et3N, diluted with ethyl acetate and washed with saturated NaHCO3
solution and brine. The organic layer was concentrated under vacuum. The residue
was purified by column chromatography on silica gel (PE:EA = 2:1) to afford the
acceptor (262.4 mg, 88%,) as a white solid. A suspension of donor 33 (115.8 mg, 0.13
mmol), acceptor (127.9 mg, 0.11 mmol), and activated 3A MS (250 mg) in anhydrous
DCM (3.3 mL) was stirred at room temperature for 15 min and was then cooled to
0 °C. NIS (44.7 mg, 0.20 mmol) and HOTT (Trifluoromethanesulfonic acid) (5 puL,
0.053 mmol) were added successively. The resulting mixture was stirred at room
temperature for 3.5 h, then quenched with EtzN (1 mL) and filtered. The filtrates were
concentrated under vacuum to give a residue, which was purified by flash column
chromatography (petroleum ether-ethyl acetate, 3:1) to afford 28 (193.8 mg, 97%) as
a white solid. [a]p ® = + 78.3 (¢ 0.14, CHCI53). 'H NMR (400 MHz, CDCl3) & 7.99 (t,
J=8.2 Hz, 4H, Ar), 7.94 (d, J = 7.7 Hz, 2H, Ar), 7.89 (d, J = 7.9 Hz, 2H, Ar), 7.86 (d,
J=7.9Hz, 2H, Ar), 7.52 (q, J = 7.0 Hz, 2H, Ar), 7.46 — 7.37 (m, 8H, Ar), 7.36 — 7.31
(m, 7H, Ar), 7.28 (h, J = 7.9, 6.9 Hz, 15H, Ar), 7.21 — 7.19 (m, 3H, Ar), 7.17 — 7.14
(m, 2H, Ar), 7.11 (d, J = 5.5 Hz, 3H, Ar), 6.06 — 6.00 (m, 2H, H-3gicn, H-4can), 5.98
(d, J = 7.7 Hz, 1H), 5.57 — 5.51 (m, 3H, H-2g4, H-4gien, H-3Gam), 5.16 — 5.08 (m, 5H,
CH,-Cbz, CH,-Bn), 4.96 (d, J = 8.2 Hz, 1H, H-1gi), 4.87 (d, J = 11.9 Hz, 1H,
CH2-Bn), 4.81 (d, J = 3.8 Hz, 1H, H-1can), 4.70 (d, J = 12.2 Hz, 1H), 4.68 (d, J = 7.9
Hz, 1H, H-1ga), 4.58 (d, J = 12.5 Hz, 1H, CH,-Bn), 4.56 — 4.51 (m, 2H), 4.49 (d, J =
11.8 Hz, 1H, CH,-Bn), 4.43 (dd, J = 12.0, 5.0 Hz, 2H, CH»-Bn), 4.38 (dd, J = 12.1,
5.4 Hz, 1H), 4.34 (d, J = 11.5 Hz, 1H), 4.16 (d, J = 10.8 Hz, 1H), 4.09 — 4.03 (m, 3H),
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4.00 (dd, J = 10.7, 3.4 Hz, 1H), 3.94 (d, J = 2.7 Hz, 1H), 3.91 (dd, J = 10.6, 3.7 Hz,
1H), 3.65 — 3.58 (M, 4H, H-2gien), 3.57 — 3.50 (M, 2H, H-2can), 3.46 (t, J = 9.9 Hz,
1H). *C NMR (151 MHz, CDCl3) & 169.6, 166.1, 165.93, 165.89, 165.3, 165.2, 155.9,
154.0, 138.6, 137.8, 137.6, 136.0, 135.0, 133.4, 133.3, 133.0, 132.8, 130.2, 129.9,
129.8, 129.81, 129.79, 129.73, 129.6, 129.0, 128.8, 128.7, 128.64, 128.57, 128.49,
128.47, 128.43, 128.40, 128.36, 128.35, 128.29, 128.24, 128.16, 128.09, 127.98,
127.8, 127.6, 127.5, 127.2, 102.2 (C-1ga), 100.2 (C-1gien), 98.4 (C-1can), 95.4, 79.4,
748, 74.2, 73.6, 73.5, 72.4, 71.8, 71.6, 71.5, 71.4, 70.8, 70.0, 69.9, 69.7, 68.2, 68.1,
67.7, 67.3, 63.2, 59.1, 57.1, 54.2. HRMS (ESI) calcd for CosHgsCl3NsOzsNa [M+Na]*
1826.4726, found 1826.4731.

O-[2-(Acetylamino)-2-deoxy-p-D-galactoopyranosyl)-(1—6)-O-[2-(Acetylamino)-
2-deoxy-a-D-galactopyranosyl])-(3—1)-O-g-D-galactopyranosyl)- L-serine (3)

OBz OH
BzO lo) 1) Zn, MeOH/HOAc/DCM, rt, overnight o o

BzO (0] 1) Ac,0, Py, rt, overnight HO o
TrocHN AcHN

BnO BzO 3) 10% Pd/C, MeOH/H,0/HOAC, 11h
OB“ 4) 1M NaOH, Dioxane/MeOH, 12h HO °H HO
40% for 4 steps
NHCbz AcHN
O
\/\COZB“ 3 (Core 2) \/\002H

To a solution of compound 28 (180 mg, 0.10 mmol) in MeOH/AcOH/DCM (14
mL/7 mL/7 mL)was added Zn powder (652 mg, 9.97 mmol). The reaction mixture
was stirred overnight at room temperature. Then the reaction mixture was filtered, the
solvent was removed under vacuum to give the intermediate. The above intermediate
was then dissolved in anhydrous MeOH (28 mL), and Ac,O (0.47 mL, 4.98 mmol)
was added slowly. The reaction mixture was stirred overnight at room temperature.
Then the reaction mixture was concentrated in vacuo. The residue was purified by
flash chromatography (MeOH/DCM, 1:30) to afford intermediate (117.3 mg, 70%). A
mixture of the above intermediate (115 mg, 0.07 mmol) and Pd/C (403 mg, 10%) in
MeOH/H,0O/HOACc (5 mL/0.5 mL/0.05 mL) was stirred under an atmosphere of H, at
room temperature for 12 h, after which the reaction mixture was filtered and

concentrated in vacuo. The residue was purified by column chromatography on RP-18
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(MeOH-H,0 = 2:1 to 3:1) to afford the intermediate (56.7 mg, 70%). To a solution of
above intermediate (55 mg, 0.05 mmol) in Dioxane/MeOH (1 mL/1 mL) was added 1
mL 1M NaOH aqg. The reaction was stirred for 12 h at room temperature. After the
reaction was completed, the reaction was neutralized to pH = 7 by acetic acid, then
filtered and concentrated. The residue was purified by column chromatography on
Sephadex TM LH-20 (MeOH-H,0 =1:1) to afford 3 (25.3 mg, 82%) as a white solid.
[a]p?® = +32.0 (c 0.10, H,0). *H NMR (400 MHz, D,0) & 4.85 (d, J = 3.7 Hz, 1H),
451 (d, J = 8.4 Hz, 1H), 4.43 (d, J = 7.7 Hz, 1H), 4.31 (dd, J = 11.1, 3.6 Hz, 1H),
4.19 (d, J = 2.6 Hz, 1H), 4.08 — 4.01 (m, 3H), 3.98 (dd, J = 10.3, 2.0 Hz, 1H), 3.92 —
3.83 (m, 4H), 3.77 — 3.66 (m, 5H), 3.63 — 3.56 (M, 2H), 3.55 — 3.40 (M, 4H), 2.01 (s,
3H), 1.99 (s, 3H). *C NMR (126 MHz, D,0) & 174.21, 174.09, 104.14, 101.12, 97.66,
75.89, 75.39, 74.49, 73.23, 72.00, 70.11, 69.59, 69.43, 69.32, 68.37, 68.09, 66.53,
60.52, 60.17, 55.05, 54.09, 47.86, 21.78, 21.61. HRMS (ESI) calcd for C5H42N301g
[M-H] 672.2469, found 672.2475.

Synthesis of core 4 mucin-type O-glycan (5)

L-Serine  O-(3,4,6-tri-O-benzoyl-2-deoxy-2-N-2,2,2-tri-chloroethoxycarbonyl-f-
D-glucopyranosyl)-(1—6)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-2-
deoxy-a-D-galactopyranosyl)-(3—1)-0-(3,4,6-tri-O-benzoyl-2-deoxy-2-N-2,2,2-
trichloroethoxycarbonyl-B-D-glucopyranosyl)-benzyl ester (29)

OBz
BzO o
BzO o
TrocHN

BzO
O;BDF’s 1) 70% HF-Py, rt, overnight, 95% oBz BzO
v
- BzO 0 o
NH
N, Cbz ©

z 2) 38, NIS, HOTf, DCM, -15°C, A BzO
: N,  NHCbz

(o) A o TrocHN
\/\COZBH 3.5h, 89% 0\/_\
39 29 CO,Bn

Compound 39 (428 mg, 0.50 mmol) was dissolved in anhydrous THF (1.6 mL),
and HF/pyridine (70%, 0.45 mL, 4.98 mmol) was added dropwise. The resulting
mixture was stirred overnight at room temperature, the reaction mixture was then
guenched with EtsN, diluted with ethyl acetate and washed with saturated NaHCO3

solution and brine. The organic layer was concentrated under vacuum. The residue
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was purified by column chromatography on silica gel (PE:EA = 2:1) to afford the
acceptor (292.6 mg, 95%,) as a white solid. A suspension of donor 33 (211.0 mg, 0.24
mmol), acceptor (60.0 mg, 0.097 mmol), and activated 3A MS (300 mg) in anhydrous
DCM (2.9 mL) was stirred at room temperature for 15 min and was then cooled to
-15 °C. NIS (217.5 mg, 0.97 mmol) and HOTT (Trifluoromethanesulfonic acid) (21 pL,
0.24 mmol) were added successively. The resulting mixture was stirred at -15 °C for
3.5 h, then quenched with EtsN (3 mL) and filtered. The filtrates were concentrated
under vacuum to give a residue, which was purified by flash column chromatography
(petroleum ether-ethyl acetate, 6:1 to 5:1) to afford 29 (165.3 mg, 89%) as a white
solid. [a]p 2* = + 47.1 (c 0.16, CHCls). *H NMR (400 MHz, CDCl3) *H NMR (400
MHz, Chloroform-d) 6 8.03 — 7.85 (m, 16H, Ar), 7.56 — 7.45 (m, 7H, Ar), 7.43 — 7.29
(m, 22H, Ar), 6.10 (d, J = 9.1 Hz, 3H), 5.83 (t, J = 10.3 Hz, 1H), 5.71 (s, 1H, H-4can),
5.60 (t, J = 9.6 Hz, 2H), 5.44 (d, J = 8.9 Hz, 1H), 5.28 (s, 2H), 5.20 (s, 2H), 5.04 (t, J
= 9.5 Hz, 2H), 4.96 (5, 1H, H-1gan), 4.79 (d, J = 12.1 Hz, 1H), 4.71 — 4.64 (m, 2H),
4.60 (d, J = 11.1 Hz, 3H), 4.50 (d, J = 10.5 Hz, 2H), 4.40 (dd, J = 12.2, 5.2 Hz, 1H),
4.22 — 4.03 (m, 7H, H-3gan), 3.92 — 3.65 (M, 3H, H-2gan, H-2a, H-2g), 3.51 (t, J =
10.0 Hz, 1H). **C NMR (151 MHz, CDCl3) 6 169.7, 166.2, 166.12, 166.06, 165.96,
165.33, 165.28, 165.0, 156.0, 154.1, 154.0, 136.0, 135.1, 133.5, 133.4, 133.3, 133.1,
132.9, 129.88, 129.85, 129.78, 129.71, 129.69, 129.60, 129.5, 129.4, 128.9, 128.81,
128.78, 128.73, 128.70, 128.66, 128.62, 128.59, 128.46, 128.42, 128.37, 128.31,
128.2, 101.5, 100.2, 98.2, 95.5, 95.2, 76.0, 74.4, 74.2, 72.1, 72.0, 71.93, 71.85, 71.5,
70.1, 69.7, 69.4, 69.0, 68.2, 67.8, 67.3, 63.2, 62.4, 59.2, 57.1, 56.7, 54.3. MS
(Maldi-TOF) calcd for Cg3HgoNgO28ClgNa [M+Na] *1937.3049, found 1937.3041.

O-[2-(Acetylamino)-2-deoxy-p-D-glucopyranosyl)-(1—6)-O-[2-(Acetylamino)-2-d

eoxy-a-D-galactopyranosyl])-(3—1)-O-[2-(Acetylamino)-2-deoxy-B-D-glucopyran
osyl])- L-serine (5)
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BzO o) OH
BzO (o) 1) Zn, MeOH/HOAC/DCM, rt, overnight 5 o
TrocHN 1) Ac,0, Py, rt, overnight HO lo)
> AcHN
0Bz Bz0 3) 10% Pd/C, MeOH/H,O/HOAc, 11h Ho
BzO o o 4) 1M NaOH, Dioxane/MeOH, 12h OH
Bz0 o 53% for 4 steps HO ] o
TrocHN N3 NHCbz HO o NH
o__A AcHN 2
2 \/\COZBn AcHN c

To a solution of compound 29 (160 mg, 0.08 mmol) in MeOH/AcOH/DCM (12
mL/6 mL/6 mL)was added Zn powder (1.64g, 25.02 mmol). The reaction mixture was
stirred overnight at room temperature. Then the reaction mixture was filtered, the
solvent was removed under vacuum to give the intermediate. The above intermediate
was then dissolved in anhydrous Py (2 mL), and Ac,O (0.59 mL, 6.26 mmol) was
added slowly. The reaction mixture was stirred overnight at room temperature. Then
the reaction mixture was concentrated in vacuo. The residue was purified by flash
chromatography (MeOH/DCM, 1:30) to afford intermediate (120.7 mg, 87%). A
mixture of the above intermediate (120 mg, 0.07 mmol) and Pd/C (170 mg, 10%) in
MeOH/H,O/HOACc (8 mL/0.8 mL/0.08 mL) was stirred under an atmosphere of H, at
room temperature for 12 h, after which the reaction mixture was filtered and
concentrated in vacuo afford the intermediate. To a solution of above intermediate in
Dioxane/MeOH (2 mL/2 mL) was added 2 mL 1M NaOH aqg. The reaction was stirred
for 12 h at room temperature. After the reaction was completed, the reaction was
neutralized to pH = 7 by acetic acid, then filtered and concentrated. The residue was
purified by column chromatography on Sephadex TM LH-20 (MeOH-H,0 =1:1) to
afford 5 (31.6 mg, 60% for two steps) as a white solid. [a]p?° = +9.6 (c 0.15, H,0). *H
NMR (400 MHz, D,0) & 4.85 (d, J = 3.6 Hz, 1H), 4.60 (d, J = 8.4 Hz, 1H), 4.55 (d, J
= 8.4 Hz, 1H), 4.26 (dd, J = 11.0, 3.5 Hz, 1H), 4.21 (s, 1H), 4.14 — 4.05 (m, 2H), 4.04
—3.99 (m, 1H), 3.97 — 3.83 (m, 4H), 3.80 — 3.66 (M, 6H), 3.59 — 3.51 (m, 2H), 3.51 —
3.40 (m, 4H), 2.05 (s, 6H), 2.02 (s, 3H). *C NMR (151 MHz, D,0) & 174.4, 174.4,
173.7, 102.4, 101.5, 97.9, 76.0, 75.8, 75.6, 73.8, 73.4, 70.9, 70.1, 70.0, 69.9, 69.7,
69.5, 68.9, 60.6, 60.4, 55.51, 55.47, 48.2, 22.23, 22.16, 22.1. HRMS (ESI) calcd for
C27HsN4O15 [M-H] 713.2734, found 713.2734.
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Synthesis of 2,6 STF antigen (11)

L-Serine 5-azido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-non-2-
ulopyranosylonate)-(2—3)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-2-deo
xy-3-O-levulinoyl-2-deoxy-a-D-galactopyranosyl)-(3—1)-0-(3,4,6-tri-O-benzyl-2-
O-benzoyl-p-D-galatopyranosyl)-benzyl ester (31)

AcO
AcO OAc

s CO,Pic
N
BzO __OTBDPS 3 0
Bn® ~OBn o 1) 70% HF-Py, THF, rt , overnight, 88%  AcQ (o
BnO A o » BnO _oBn BZO
BzO Nj NHCbz 5 44 NIs, HOTF, 3A Ms, DCM, Bno &o o o}
0. A .40 © o
. ~"Nco,en  40°C, 2h, 88% = No N
~"co,Bn

Compound 22 (358 mg, 0.26 mmol) was dissolved in anhydrous THF (1.0 mL),
and HF/pyridine (70%, 0.23 mL, 2.56 mmol) was added dropwise. The resulting
mixture was stirred overnight at room temperature, the reaction mixture was then
quenched with Et3N, diluted with ethyl acetate and washed with saturated NaHCO3
solution and brine. The organic layer was concentrated under vacuum. The residue
was purified by column chromatography on silica gel (PE:EA = 2:1) to afford the
acceptor (262.4 mg, 88%,) as a white foam. A suspension of donor 36 (112 mg, 0.17
mmol), acceptor (79 mg, 0.07 mmol), and activated 3A MS (200 mg) in anhydrous
DCM (3.4 mL) was stirred at room temperature for 15 min and was then cooled to
-40 °C. NIS (91.8 mg, 0.41 mmol) and HOTTf (Trifluoromethanesulfonic acid) (15 uL,
0.17 mmol) were added successively. The resulting mixture was stirred at -40 °C for 2
h, then quenched with EtsN (1 mL) and filtered. The filtrates were concentrated under
vacuum to give a residue, which was purified by flash column chromatography
(petroleum ether-ethyl acetate, 1.5:1, containing 2% EtsN) to afford 31 (101.3 mg,
88%) as a white solid. [a]p® = +18.4 (¢ 0.10, CHCl5). *H NMR (400 MHz, CDCls) &
8.55 (d, J = 4.0 Hz, 1H), 7.91 (d, J = 5.5 Hz, 4H), 7.63 (t, J = 7.4 Hz, 1H), 7.54 — 7.45
(m, 2H), 7.39 — 7.10 (m, 31H), 6.04 (d, J = 8.3 Hz, 1H), 5.55 (s, 1H), 5.52 — 5.42 (m,
2H), 5.32 — 5.23 (m, 2H), 5.19 — 4.96 (m, 6H), 4.88 (d, J = 11.7 Hz, 1H), 4.81 (d, J =
2.8 Hz, 1H), 4.72 (d, J = 7.7 Hz, 1H), 4.62 — 4.55 (m, 2H), 4.54 — 4.36 (m, 4H), 4.25
(d, J = 12.1 Hz, 1H), 4.10 (dd, J = 12.5, 4.6 Hz, 1H), 4.06 — 4.01 (m, 1H), 4.01 — 3.91
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(m, 4H), 3.87 (d, J = 10.5 Hz, 1H), 3.73 — 3.66 (m, 1H), 3.66 — 3.53 (m, 5H), 3.53 —
3.44 (m, 1H), 3.18 (t, J = 10.1 Hz, 1H), 2.67 (dd, J = 12.8, 4.5 Hz, 1H), 2.10 (s, 3H),
2.04 (s, 3H), 1.96 (s, 3H), 1.89 (s, 3H), 1.66 (t, J = 12.4 Hz, 1H). **C NMR (101 MHz,
CDCls) 6 170.7, 169.9, 169.7, 169.5, 166.8, 165.4, 165.1, 156.2, 154.6, 149.5, 138.7,
138.1, 137.7, 136.9, 135.2, 132.73, 132.70, 130.3, 129.9, 129.8, 128.7, 128.60, 128.56,
128.5, 128.32, 128.26, 128.21, 128.17, 128.0, 127.9, 127.71, 127.66, 127.3, 123.0,
121.5,101.8,99.1, 98.5, 79.7, 77.4, 74.4, 73.7, 73.6, 72.6, 71.9, 71.8, 71.7, 71.0, 70.2,
69.2, 68.9, 68.4, 68.2, 68.2, 67.6, 67.5, 67.2, 63.9, 62.0, 60.1, 59.6, 54.6, 36.9, 20.9,
20.8, 20.73, 20.67. HRMS (ESI) calcd for CggHgoNgO27Na [M+Na]* 1713.5808, found
1713.5817.

5-acetamido-3,5-dideoxy-D-glycero-D-galacto-non-2-ulopyranosylonic acid-(2—6)
-O-[2-(Acetylamino)-2-deoxy-a-D-galactopyranosyl]-(3—1)-O-p-D-galatopyranos
yl)-L-serine (11)

AcO HO
AcO OAc HO OH
S CO,Pic § CO,H
N3 0 AcHN (o)
AcO o 1) AcSH, Py, rt, overnight HO ]
o lo) 2) 10% Pd/C, MeOH/H,0/HOACc, 12h o o
BnO o) 3) 1M NaOH, Dioxane/MeOH, 12h HO o)
BzO N30 NHCbz 629 for 3 steps HO AcHN s NH,
31 ~~"c0,Bn 11 ~"Cco,H

To a solution of compound 31 (80 mg, 0.05 mmol) in pyridine (1 mL) was added
AcSH (1.7 mL, 18.92 mmol). The reaction mixture was stirred overnight at room
temperature. Then the reaction mixture was concentrated in vacuo. The residue was
purified by flash chromatography (MeOH/DCM, 1:40 to 1:9) to afford intermediate
(81.5 mg, 100%). A mixture of the above intermediate (81.5 mg, 0.05 mmol) and
Pd/C (524 mg, 10%) in MeOH/H,O/HOACc (5 mL/0.5 mL/0.05 mL) was stirred under
an atmosphere of H, at room temperature for 12 h, after which the reaction mixture
was filtered and concentrated in vacuo to afford the intermediate.To a solution of
above intermediatein dioxane/MeOH (1 mL/1 mL) was added 2 mL 1M NaOH ag.
The reaction was stirred for 12 h at room temperature. After the reaction was

completed, the reaction was neutralized to pH = 7 by acetic acid, then filtered and
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concentrated. The residue was purified by column chromatography on Sephadex TM
LH-20 (H,0 ) to afford 11 (22.4 mg, 62%) as a white solid. [a]p®® = +89.7 (c 0.19,
H,0). *H NMR (400 MHz, D,0) & 4.90 (d, J = 3.7 Hz, 1H), 4.46 (d, J = 7.7 Hz, 1H),
4.34 (dd, J = 11.1, 3.6 Hz, 1H), 4.25 (d, J = 2.3 Hz, 1H), 4.18 — 4.02 (m, 3H), 4.00 —
3.96 (m, 1H), 3.95 — 3.80 (m, 6H), 3.79 — 3.56 (M, 9H), 3.54 — 3.48 (m, 1H), 2.74 (dd,
J=12.4, 45 Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 1.68 (t, J = 12.1 Hz, 1H). *C NMR
(151 MHz, D,0) & 175.0, 174.6, 173.5, 104.6, 100.2, 98.2, 76.5, 74.9, 72.55, 72.48,
71.7, 70.5, 69.4, 68.6, 68.5, 68.2, 67.0, 63.8, 62.6, 60.9, 54.4, 51.8, 48.3, 40.2, 22.03,
21.98. HRMS (ESI) calcd for CgHasN3O21 [M-H] 760.2629, found 760.2624.

Synthesis of 2,3 STF antigen (12)

L-Serine 5-acetamido-7,8,9-tri-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-non-
2-ulopyranosylonate-(2—3)-2-O-benzoyl-4,6-O-benzylidene-3-O-(p-methoxy)ben
zyl-a-D-galactopyranosyl-1—6)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-
6-O-tert-butyl-diphenylsilyl-2-deoxy-a-D-galactopyranosyl)-benzyl ester (40)

Ph
'VO BzO OTBDPS

L |
OAc
AcO N NHCbz
AcO | oAc gﬁ,opvs 3 MeOZC o BzO QTBDPS
Smeoc BzO ~"co,Bn
NHCbz

O 1]
175 0-P-OBu -

o OBu TMSOTF, -78 °C NIS, -40 °C o\/\COZBn
37

90% in one-pot

A suspension of donor 37*° (240 mg, 0.38 mmol), PVB acceptor 38%° (87.4 mg,
0.15 mmol), and activated 4A MS (430 mg) in anhydrous DCM (3.8 ml) was stirred at
room temperature for 15 min and was then cooled to -78 °C. TMSOTf (0.068 mL,
0.38 mmol) was added to the mixture dropwise. After being stirred at -78 °C for
another 15 min, acceptor 39 (103.8 mg, 0.12 mmol), NIS (51 mg, 0.23 mmol) were
added successively. The reaction was allowed to warm to -40 °C. After being stirred at
-40 °C for another 2 h, the reaction was quenched with EtsN (1 mL) and filtered. The
filtrates were concentrated under vacuum to give a residue, which was purified by
flash column chromatography (petroleum ether/ethyl acetate, 1.5:1) and Sephadex TM
LH-20 (MeOH-DCM =1:1) to afford 40 (182.3 mg, 90%) as a white foam. [o]p® =
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+82.9 (c 0.16, CHCl3). *H NMR (400 MHz, CDCl3) & 7.93 (d, J = 7.5 Hz, 2H), 7.88
(d, J=7.6 Hz, 2H), 7.62 (d, J = 6.6 Hz, 2H), 7.58 (d, J = 7.1 Hz, 2H), 7.49 (t, ] = 6.8
Hz, 2H), 7.37 — 7.22 (m, 25H), 5.90 (s, 1H), 5.78 (s, 1H), 5.67 (d, J = 8.7 Hz, 1H),
5.63 — 5.51 (m, 2H), 5.30 (t, J = 8.9 Hz, 1H), 5.22 — 5.04 (m, 5H), 4.90 (d, J = 7.8 Hz,
1H), 4.84 (d, J = 2.8 Hz, 1H), 4.62 (d, J = 8.3 Hz, 1H), 4.55 — 4.46 (m, 2H), 4.42 —
4.33 (m, 2H), 4.24 (dd, J = 9.7, 3.5 Hz, 1H), 4.17 (dd, J = 10.5, 2.5 Hz, 1H), 4.07 (d, J
= 12.0 Hz, 1H), 4.04 — 3.96 (m, 3H), 3.91 (dd, J = 11.6, 9.8 Hz, 1H), 3.77 (dd, J =
10.5, 4.2 Hz, 1H), 3.70 — 3.59 (m, 2H), 3.56 (dd, J = 10.6, 2.6 Hz, 1H), 3.49 (t, J =
10.4 Hz, 1H), 3.23 (s, 3H), 2.54 (dd, J = 11.8, 2.9 Hz, 1H), 2.34 (s, 3H), 2.13 (s, 3H),
2.08 (s, 3H), 2.04 (s, 3H), 1.81 (t, J = 12.4 Hz, 1H), 0.99 (s, 9H). *C NMR (151 MHz,
CDCly) & 171.5, 171.11, 171.05, 169.8, 169.4, 165.9, 165.2, 164.9, 156.0, 153.5,
137.9, 136.1, 135.60, 135.58, 135.1, 133.3, 133.1, 132.9, 132.7, 130.2, 130.1, 129.9,
129.7, 129.7, 129.1, 128.7, 128.68, 128.65, 128.54, 128.49, 128.4, 128.24, 128.22,
128.1, 127.72, 127.70, 126.65, 101.2, 100.9, 99.5, 99.0, 76.1, 74.8, 74.4, 74.2, 74.0,
72.1, 71.2, 70.6, 69.8, 68.8, 68.5, 67.7, 67.4, 66.4, 63.3, 62.8, 59.6, 59.1, 54.4, 52.8,
36.7, 26.8, 24.5, 21.2, 21.0, 20.8, 19.2. HRMS (ESI) calcd for CgsHoiNsO2sSiNa
[M+Na]" 1692.5512, found 1692.5513.

L-Serine 5-acetamido-7,8,9-tri-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-non-
2-ulopyranosylonate-(2—3)-2-O-benzoyl-4,6-O-benzylidene-3-O-(p-methoxy)ben
zyl-a-D-galactopyranosyl-1—6)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-
2-deoxy-a-D-galactopyranosyl)-benzyl ester (41)
Ac0™ Y oac L Ac0™Y oac t
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Compound 40 (197 mg, 0.12 mmol) was dissolved in anhydrous THF (1.2 mL),
and HF/pyridine (70%, 0.15 mL, 1.18 mmol) was added dropwise. The resulting
mixture was stirred overnight at room temperature, the reaction mixture was then

guenched with EtsN, diluted with ethyl acetate and washed with saturated NaHCO3
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solution and brine. The organic layer was concentrated under vacuum. The residue
was purified by column chromatography on silica gel (PE:EA = 1:1) to afford 41
(146.3 mg, 87%,) as a white foam. [a]p®® = +61.0 (c 0.12, CHCI3). *H NMR (400
MHz, CDCl3) & 8.03 (d, J = 7.1 Hz, 4H), 7.63 — 7.49 (m, 2H), 7.45 — 7.24 (m, 15H),
7.11 (t, J = 7.1 Hz, 2H), 6.96 (d, J = 6.7 Hz, 2H), 5.89 (s, 1H), 5.82 (d, J = 6.8 Hz,
1H), 5.71 (s, 1H), 5.54 (d, J = 8.3 Hz, 1H), 5.48 (s, 1H), 5.33 (t, J = 8.2 Hz, 1H), 5.22
—5.06 (M, 5H), 4.87 (d, J = 6.9 Hz, 1H), 4.81 (s, 1H), 4.59 (s, 1H), 4.54 — 4.42 (m,
2H), 4.37 (s, 1H), 4.34 — 4.22 (m, 2H), 4.11 (d, J = 8.9 Hz, 1H), 4.08 — 3.93 (m, 4H),
3.93-3.84 (m, 1H), 3.69 — 3.41 (m, 6H), 3.28 (s, 3H), 2.53 (d, J = 10.2 Hz, 1H), 2.34
(s, 3H), 2.12 (s, 3H), 2.07 (s, 3H), 2.04 (s, 3H), 1.81 (t, J = 12.1 Hz, 1H). °C NMR
(101 MHz, CDCl3) 6 171.4, 170.99, 170.97, 169.6, 169.3, 168.2, 165.8, 165.0, 155.8,
153.4, 137.7, 136.1, 135.1, 133.3, 132.9, 130.2, 129.7, 129.5, 128.9, 128.7, 128.6,
128.5, 128.4, 128.3, 128.2, 128.0, 126.4, 101.6, 101.1, 99.5, 99.1, 76.1, 75.2, 74.7,
74.3,74.2, 741, 72.0, 70.6, 70.3, 69.6, 69.2, 68.3, 67.7, 67.4, 66.3, 63.2, 60.0, 59.2,
59.1, 54.5, 52.7, 36.7, 29.7, 24.4, 21.0, 20.9, 20.6. HRMS (ESI) calcd for
C7oH73sN502sNa [M+Na]" 1454.4334, found 1454.4341.

5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-ulopyranosylonic  acid-(2
—3)-0-p-D-galactopyranosyl-O-[2-(Acetylamino)-2-deoxy-a-D-glucopyranosyl])-
L-serine (12)

OAc
MeOzC o BzO oH 1) AcSH, Py, rt, 2days HOZC Ho HO °”
! g 2) AcOH/H,0, 70°C, 4h AcNH
AcNH NH,

NHCbz 3 109 PdIC, MeOH/H;O/HOAG, 12h
0\/\60 Bn 4) 1M NaOH, Dioxane/MeOH, 12h \/\COZH
46% for 4 steps

To a solution of compound 41 (56 mg, 0.04 mmol) in pyridine (2 mL) was added
AcSH (0.71 mL, 7.82 mmol). The reaction mixture was stirred at room temperature
for two days. Then the reaction mixture was concentrated in vacuo. The residue was
purified by flash chromatography (MeOH/DCM, 1:50) to afford intermediate (47.6
mg, 84%). The above intermediate (47 mg, 0.03 mmol) was dissolved in AcOH/H,0

(2.5 mL, v/v 4:1), 70 °C stirred for 4 h, then the reaction mixture was concentrated in
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vacuo. The residue was purified by flash chromatography (MeOH/DCM, 1:50 to 1:30)
to afford intermediate (31.6 mg, 72%). A mixture of the above intermediate (31 mg,
0.02 mmol) and Pd/C (54 mg, 10%) in MeOH/H,O/HOACc (4 mL/0.4 mL/0.04 mL)
was stirred under an atmosphere of H, at room temperature for 12 h, after which the
reaction mixture was filtered and concentrated in vacuo to afford the intermediate
(21.4 mg, 83%). To a solution of above intermediatein dioxane/MeOH (1 mL/1 mL)
was added 1 mL 1M NaOH ag. The reaction was stirred for 12 h at room temperature.
After the reaction was completed, the reaction was neutralized to pH = 7 by acetic
acid, then filtered and concentrated. The residue was purified by column
chromatography on Sephadex TM LH-20 (MeOH-H,0, 1:1) to afford 12 (13.1 mg,
91%) as a white solid. [o]p® = +40.2 (¢ 0.10, H,0). *H NMR (400 MHz, D,0) 5 4.88
(d, J = 3.4 Hz, 1H), 4.47 (d, J = 7.6 Hz, 1H), 4.30 (dd, J = 11.1, 3.6 Hz, 1H), 4.22 —
4.09 (m, 3H), 4.07 — 3.98 (m, 2H), 3.97 — 3.86 (m, 3H), 3.85 — 3.74 (m, 4H), 3.73 —
3.51 (m, 8H), 3.46 (d, J = 9.3 Hz, 1H), 2.43 (dd, J = 13.0, 4.5 Hz, 1H), 2.00 (s, 3H),
1.99 (s, 3H), 1.63 (t, J = 12.3 Hz, 1H). *C NMR (126 MHz, D,0) & 174.9, 174.3,
104.3, 102.5, 97.6, 77.1, 76.6, 74.3, 71.1, 70.6, 69.5, 68.6, 68.2, 68.0, 67.5, 65.8, 62.9,
60.8, 60.3, 54.2, 51.6, 47.9, 21.7. HRMS (ESI) calcd for CagHsN3O2 [M-H]
760.2629, found 760.2624.

Synthesis of glycophorin (13)

L-Serine 5-acetamido-7,8,9-tri-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto-non-
2-ulopyranosylonate-(2—3)-2-O-benzoyl-4,6-O-benzylidene-3-O-(p-methoxy)ben
zyl-a-D-galactopyranosyl-1—6)-N-(benzyloxycarbonyl)-O-(2-azido-4-O-benzoyl-
2-deoxy-a-D-galactopyranosyl)-(3—1)-0-(3,4,6-tri-O-benzyl-2-  O-benzoyl-B-D-
galatopyranosyl)-benzyl ester (42)

COzPlc
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AcO 2 ©
Meozc ° BzO 0H ¢ Me02C o
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A suspension of donor 36 (164.4 mg, 0.25 mmol), acceptor 41 (143 mg, 0.10
mmol), and activated 3A MS (310 mg) in anhydrous DCM (5 mL) was stirred at room
temperature for 15 min and was then cooled to -40 °C. NIS (134.8 mg, 0.60 mmol)
and HOTf (22 uL, 0.25 mmol) were added successively. The resulting mixture was
stirred at -40 °C for 2 h, then quenched with EtsN (1 mL) and filtered. The filtrates
were concentrated under vacuum to give a residue, which was purified by flash
column chromatography (petroleum ether-ethyl acetate, 1:1) and Sephadex TM LH-20
(MeOH-DCM =1:1) to afford 42 (122.9 mg, 63%) as a white foam. [o]p”® = +60.9 (c
0.18, CHCI5). *H NMR (600 MHz, CDCls) & 8.58 (s, 1H), 7.89 (t, J = 8.2 Hz, 4H),
7.65 (t, J = 7.2 Hz, 1H), 7.52 — 7.44 (m, 2H), 7.39 — 7.27 (m, 17H), 7.24 (d, J = 6.5
Hz, 3H), 7.21 — 7.18 (m, 1H), 6.06 (d, J = 8.4 Hz, 1H), 5.87 (s, 1H), 5.63 (d, J = 2.2
Hz, 1H), 5.60 — 5.52 (m, 2H), 5.44 (dd, J = 8.4, 1.2 Hz, 1H), 5.32 — 5.25 (m, 3H), 5.20
— 5.16 (m, 2H), 5.15 — 5.06 (M, 4H), 5.06 — 4.99 (m, 1H), 4.89 (d, J = 7.9 Hz, 1H),
4.86 (d, J = 3.4 Hz, 1H), 4.65 — 4.57 (m, 1H), 4.54 — 4.46 (m, 2H), 4.40 (d, J = 3.3 Hz,
1H), 4.33 (d, J = 12.0 Hz, 1H), 4.26 (dd, J = 17.4, 7.7 Hz, 2H), 4.15 (dd, J = 10.6, 3.1
Hz, 1H), 4.12 — 4.05 (m, 2H), 4.04 — 3.97 (m, 3H), 3.92 — 3.87 (m, 2H), 3.73 — 3.67
(m, 1H), 3.67 — 3.61 (m, 2H), 3.56 — 3.46 (m, 2H), 3.22 (s, 3H), 3.18 (t, J = 10.1 Hz,
1H), 2.69 (dd, J = 13.1, 4.9 Hz, 1H), 2.55 (dd, J = 11.9, 3.4 Hz, 1H), 2.34 (s, 3H),
2.14 (s, 3H), 2.11 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 1.95 (s, 3H), 1.88 (s,
3H), 1.81 (t, J = 12.3 Hz, 1H), 1.69 (t, J = 12.5 Hz, 1H). *C NMR (151 MHz, CDCl3)
6171.6,171.2,171.1, 170.9, 170.0, 169.79, 169.77, 169.6, 169.5, 166.9, 165.9, 165.3,
164.9, 156.2, 154.5, 153.5, 149.6, 137.9, 137.0, 136.3, 135.3, 132.9, 132.7, 130.22,
130.18, 129.9, 129.7, 129.1, 128.8, 128.7, 128.6, 128.4, 128.3, 128.22, 128.19, 126.6,
123.2, 121.6, 101.2, 100.6, 99.5, 99.1, 98.6, 76.2, 74.9, 74.34, 74.25, 73.2, 72.1, 71.8,
71.0, 70.6, 69.9, 69.3, 68.9, 68.5, 68.4, 68.2, 67.7, 67.6, 67.3, 66.5, 63.9, 63.3, 62.0,
60.1, 59.6, 59.1, 54.5, 52.8, 36.8, 29.8, 24.5, 21.2, 21.1, 21.0, 20.79, 20.77. HRMS
(ESI) calcd for CozHggNgO3oCl [M+CI]™ 2000.5734, found 2000.5737.

97



5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-ulopyranosylonic  acid-(2
—3)-0-B-D-galactopyranosyl-O-[2-(Acetylamino)-2-deoxy-a-D-glucopyranosyl])-
(3—1)-O-p-D-galatopyranosyl)-L-serine (13)

HO
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To a solution of compound 42 (68 mg, 0.03 mmol) in pyridine (2 mL) was added
AcSH (1.25 mL, 13.83 mmol). The reaction mixture was stirred at room temperature
for one day. Then the reaction mixture was concentrated in vacuo. The residue was
purified by flash chromatography (MeOH/DCM, 1:50 to 1:30) to afford intermediate
(67 mg, 97%). The above intermediate (67 mg, 0.03 mmol) was dissolved in
AcOH/H,0 (2.5 mL, v/v 4:1), 70 °C stirred for 4 h, then the reaction mixture was
concentrated in vacuo. The residue was purified by flash chromatography
(MeOH/DCM, 1:30) to afford intermediate (50.6 mg, 79%). A mixture of the above
intermediate (50 mg, 0.03 mmol) and Pd/C (93 mg, 10%) in MeOH/H,O/HOAc (5
mL/0.5 mL/0.05 mL) was stirred under an atmosphere of H, at room temperature for
12 h, after which the reaction mixture was filtered and concentrated in vacuo to afford
the intermediate (31.6 mg, 76%). To a solution of above intermediate (31 mg, 0.02
mmol) in dioxane/MeOH (1 mL/1 mL) was added 1 mL 1M NaOH aq. The reaction
was stirred for 12 h at room temperature. After the reaction was completed, the
reaction was neutralized to pH = 7 by acetic acid, then filtered and concentrated. The
residue was purified by column chromatography on Sephadex TM LH-20
(MeOH-H,0, 1:1) to afford 13 (12.8 mg, 63%) as a white solid. [o]p® = +35.0 (c
0.16 , H,0). *H NMR (400 MHz, D,0) 5 4.88 (d, J = 3.4 Hz, 1H), 4.49 (d, J = 7.6 Hz,
1H), 4.30 (dd, J = 11.2, 3.5 Hz, 1H), 4.23 (s, 1H), 4.22 — 4.12 (m, 2H), 4.10 — 3.99 (m,
3H), 3.98 — 3.74 (m, 10H), 3.73 — 3.53 (m, 11H), 3.49 (d, J = 9.7 Hz, 1H), 2.71 (dd, J
=12.3, 4.5 Hz, 1H), 2.46 (dd, J = 12.9, 4.4 Hz, 1H), 2.03 (s, 1H), 2.01 (s, 3H), 1.66 (t,
J =12.1 Hz, 2H). BC NMR (201 MHz, D,0) & 175.4, 175.0, 174.7, 174.7, 173.5,
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104.8,102.9, 100.3, 98.1, 77.6, 77.0, 74.7, 72.6, 71.7, 71.6, 69.9, 69.4, 69.1 68.6, 68.4,
68.24, 68.23, 67.9, 66.2, 63.8, 63.3, 62.6, 60.7, 54.6, 52.0, 51.8, 48.3, 40.6, 40.2,
22.11, 22.10, 22.0. HRMS (ESI) calcd for CagHguN4Oze [M-2H]> 525.1755, found
525.1752.

Mechanistic studies

To shed light on the reactive intermediates formed with the TMSI and Ph3PO
reagent combination, we studied the activation of donor 17a by NMR spectroscopy.
When donor 17a was activated with TMSI in CDCl; in the absence of PhsPO additive
(Within 5 min), a mixture of two products was formed. The products were tentatively
assigned as a-iodide (Figure S1, H-1: 6 = 6.93 ppm, J = 3.9 Hz) and its B-iodide
(H-1: 6 =5.65 ppm, J = 9.7 Hz), a/p = 4:1. In time (4 h), the B-iodide isomerized into
its more stable a-iodide (a/p > 20:1). Alternatively, treatment of a mixture of donor
17a and Ph3PO in CDCl; with TMSI (Within 5 min), showed a clean conversion of
the imidate into the anomeric a-iodide. The B-iodide was not observed, nor could we
detect the presence of any anomeric phosphonium species by NMR spectroscopy.
However, through ESI-MS experiment monitoring, we detected the MS of

phosphonium iodide intermediate (Figure S2).
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Figure S1. Detection of the anomeric iodides intermediates by *H-NMR
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Figure S2. Detection of the phosphonium iodide intermediate by MS

Glycosylation with 2-deoxy Galactosyl PTFAI donors 179-s
N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-deoxy-3,4,6-tri-O-benzyl-D-
galactopyranoside (19q)
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BnO
BnO _0OBn PhN=C(CI)CF3 K,CO3, BnO _0OBn 18 HO(CH,)sNBnCbz OBn

o - (o] > BnO
BnO OH rt, overnight Bno& ~OPTFAl  TMSI, PhyP=0, 3A MS,

CH,Cl,, rt, 6h, 72% O(CH,)sNBnCbz
837 17q 19q ofp = 21

To a solution of S37%! (94.5 mg, 0.22 mmol) in acetone (1.0 mL) were added
2,2,2-trifluoro-N-phenylacetimidoyl chloride (58.7 mg, 0.35 mmol) and K,CO3 (90.2
mg, 0.65 mmol). The mixture was stirred at rt overnight, and then filtered and
concentrated in vacuo to afford 17 (This compound is unstable, so it was used
directly without further structural characterization). The glycosylation reaction was
carried out according to General Experimental Procedures at rt for 6 h, using donor
179 (131.9 mg, 0.22 mmol), acceptor 18 (106.8 mg, 0.33 mmol), DCM 2.2 mL,
PhsP=0 (363.2 mg, 1.31 mmol) and TMSI (31 uL, 0.22 mmol). The product was
purified by silica gel column chromatography (PE-EA, 20:1-4:1) to afford 19q (116.2
mg, 72%, a/p = 2:1) as a colorless syrup. *H NMR (400 MHz, CDCl3)  7.38 — 7.12
(m, 25H, Ar), 5.16 (d, J = 10.1 Hz, 2H, CH,-Cbz), 4.96 — 4.87 (m, 2H, H-1a, CH,-Bn),
4.65 — 4.54 (m, 3H, CH»-Bn), 4.51 — 4.38 (m, 4H, CH.-Bn), 4.36 — 4.32 (m, H-1p),
3.94 — 3.80 (m, 3H, H-3a), 3.66 — 3.49 (m, 3H, H-40), 3.35 — 3.14 (m, 3H), 2.26 —
2.16 (M, 1H, H-2), 2.13 — 1.93 (m, 1H, H-2), 1.58 — 1.43 (m, 4H, CH,), 1.32 — 1.18
(m, 2H, CH,). *C NMR (101 MHz, CDCl3) & 156.8, 156.2, 139.0, 138.96, 138.7,
138.4, 138.2, 138.0, 136.9, 128.57, 128.55, 128.48, 128.43, 128.40, 127.39, 128.3,
128.23, 128.15, 128.0, 127.93, 127.86, 127.8, 127.74, 127.68, 127.63, 127.51, 127.45,
127.40, 127.3, 100.5 (C-1p), 97.8 (C-1a), 75.0, 74.3, 74.2, 74.1, 73.6, 73.5, 73.2, 71.9,
70.5, 70.2, 70.0, 69.7, 69.4, 69.0, 67.23, 67.19, 50.5, 50.3, 47.2, 46.2, 32.9, 31.6, 31.5,
31.3, 30.2, 29.7, 29.34, 29.28, 28.0, 27.6, 23.6, 23.4. HRMS (ESI) calcd for
C7Hs3NO;Na [M+Na]+ 766.3714, found 766.3718.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-deoxy-3,4,6-tri-O-acetyl-D-
galactopyranoside (19r)
AcO _OAc
AcO _OAc PhN=C(CI)CF; K,CO3, AcO _0Ac 18 HO(CH,)sNBnCbz
lo} L g :o P AcO
AcO OH rt, overnight, 86% AcO OPTFAI TMSI, Ph;P=0, 3A MS,
CH,Cl,, rt, 22h, 87% O(CH,)sNBnCbz

S38 17r 19r o/p =5/1
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To a solution of $38%' (318.1 mg, 1.10 mmol) in acetone (2.0 mL) were added
2,2,2-trifluoro-N-phenylacetimidoyl chloride (250.2 mg, 1.21 mmol) and K,COj;
(227.1 mg, 1.64 mmol). The mixture was stirred at rt overnight, and then filtered and
concentrated in vacuo. The crude product was purified by flash column
chromatography (PE-EA, 30:1-4:1, containing 1% Et3N) to afford 17r (435.8 mg,
86%) as a yellow syrup. *H NMR (400 MHz, CDCls) § 7.31 (t, J = 7.7 Hz, 2H), 7.16
—7.08 (m, 1H), 6.83 (d, J = 7.8 Hz, 2H), 5.46 — 5.40 (m, 1H), 5.37 — 5.26 (m, 1H),
4.30 (s, 1H), 4.22 — 4.04 (m, 3H), 2.20 — 2.12 (m, 4H), 2.08 — 2.00 (m, 7H).**C NMR
(101 MHz, CDCls) 6 170.48, 170.46, 170.3, 170.2, 170.02, 169.96, 145.5, 143.6,
143.4, 128.93, 128.89, 124.6, 119.5, 119.3, 94.5, 72.1, 69.5, 67.9, 66.1, 65.5, 65.2,
62.1, 61.7, 60.5, 30.5, 28.7, 20.9, 20.8, 20.75, 20.72, 14.3. HRMS (ESI) calcd for
Ca0H2,NOgFsNa [M+Na]* 484.1190, found 484.1187. The glycosylation reaction was
carried out according to General Experimental Procedures at rt for 22h, using donor
17r (177.2 mg, 0.38 mmol), acceptor 18 (188.6 mg, 0.58 mmol), DCM 3.8 mL,
PhsP=0 (641.3 mg, 2.30 mmol) and TMSI (55 uL, 0.38 mmol). The product was
purified by silica gel column chromatography (PE-EA, 3:1) to afford 19r (199 mg,
87%, o/p = 5:1) as a colorless syrup. *H NMR (400 MHz, CDCls) § 7.39 — 7.14 (m,
10H, Ar), 5.34 — 5.31 (m, 1H, H-4a), 5.30 — 5.24 (m, 1H, H-3), 5.17 (d, J = 12.6 Hz,
2H, CH,-Cbz), 5.01 — 4.92 (m, 1H, H-1a), 4.55 — 4.44 (m, 2H), 4.13 — 4.03 (m, 3H),
3.78 (t, J = 6.8 Hz, H-5p), 3.65 — 3.51 (m, 1H), 3.40 — 3.17 (m, 3H), 2.13 — 1.93 (m,
10H, H-2, CHs-Ac), 1.88 — 1.80 (m, 1H, H-2), 1.62 — 1.46 (m, 4H, CH,), 1.36 — 1.27
(m, 2H, CH,). BC NMR (101 MHz, CDCl3) 6 170.3, 170.2, 169.9, 156.6, 156.1, 137.9,
136.8, 128.5, 128.4, 127.9, 127.8, 127.2, 100.0 (C-1p), 97.4 (C-10), 70.9, 69.4, 68.5,
67.5, 67.1, 66.7, 66.6, 66.2, 65.4, 62.4, 61.8, 50.5, 50.3, 47.1, 46.1, 32.0, 31.5, 31.4,
30.2, 29.6, 29.15, 29.10, 27.9, 27.5, 23.5, 23.2, 20.8, 20.7, 20.6. HRMS (ESI) calcd
for C3,H42NO10 [M+H]" 600.2803, found 600.2802.

N-(Benzyl)benzyloxycarbonyl-5-amino-pentyl 2-deoxy-3,4,6-tri-O-benzoyl-D-
galactopyranoside (19s)
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BzO _0oB:z

BzO _0OBz PhN=C(CI)CF3 K,CO3, BzO _oBz 18 HO(CH,)sNBnCbz o
o] > o > BzO
BzO OH rt, overnight, 77% BZO&MOPTFAI TMSI, Ph;P=0, 3A MS,
CH,Cl,, rt, 27h, 90% O(CH,)sNBnCbz
S39 17s 19s o/p =51

To a solution of S39%' (537.8 mg, 1.13 mmol) in acetone (2.0 mL) were added
2,2,2-trifluoro-N-phenylacetimidoyl chloride (257.7 mg, 1.24 mmol) and K,COj;
(233.9 mg, 1.69 mmol). The mixture was stirred at rt overnight, and then filtered and
concentrated in vacuo. The crude product was purified by flash column
chromatography (PE, containing 2% Et3N) to afford 17s (559 mg, 77%) as a white
solid. *H NMR (400 MHz, CDCls) § 8.16 — 8.06 (m, 2H), 8.05 — 7.98 (m, 2H), 7.86 (t,
J=7.8Hz, 2H), 7.62 (t, J = 7.7 Hz, 1H), 7.58 — 7.55 (m, 1H), 7.53 — 7.46 (m, 4H),
7.45 — 7.40 (m, 2H), 7.39 — 7.30 (m, 2H), 7.30 — 7.21 (m, 2H), 7.14 — 7.06 (m, 1H),
6.83 — 6.70 (m, 2H), 5.95 (s, 1H), 5.82 — 5.72 (m, 1H), 4.70 — 4.56 (m, 2H), 4.49 —
4.35 (m, 1H), 2.57 — 2.35 (m, 2H). *C NMR (101 MHz, CDCls) § 166.0, 165.6, 165.5,
165.4, 165.3, 143.5, 143.4, 133.60, 133.57, 133.34, 133.26, 133.20, 130.0, 129.9,
129.8, 129.73, 129.71, 129.51, 129.47, 129.42, 129.34, 129.30, 129.2, 128.8, 128.6,
128.5, 128.42, 128.38, 128.36, 124.4, 119.4, 119.3, 72.6, 70.0, 68.8, 67.0, 66.5, 66.1,
63.0, 62.6, 31.1, 29.3. HRMS (ESI) calcd for CssHsNOgFsNa [M+Na]* 670.1659,
found 670.1661. The glycosylation reaction was carried out according to General
Experimental Procedures at rt for 22h, using donor 17s (158.0 mg, 0.24 mmol),
acceptor 18 (119.8 mg, 0.37 mmol), DCM 2.4 mL, Ph3sP=0 (407.4 mg, 1.46 mmol)
and TMSI (35 pL, 0.24 mmol). The product was purified by silica gel column
chromatography (PE-EA, 4:1) to afford 19s (172.9 mg, 90%, o/p = 5:1) as a colorless
syrup. *H NMR (400 MHz, CDCl3) & 8.11 (t, J = 9.2 Hz, 2H, Ar), 8.02 (t, J = 8.1 Hz,
2H, Ar), 7.85 (d, J = 7.5 Hz, 2H, Ar), 7.57 (t, J = 7.4 Hz, 1H, Ar), 7.52 — 7.41 (m, 4H,
Ar), 7.39 — 7.14 (m, 14H, Ar), 5.86 (s, 1H, H-4a), 5.80 (d, J = 3.0 Hz, H-4p), 5.70 (d,
J = 11.8 Hz, 1H, H-30), 5.43 — 5.34 (m, H-3B), 5.16 (t, J = 16.7 Hz, 3H, H-1q,
CH,-Chz), 4.70 — 4.32 (m, 5H), 3.76 — 3.60 (m, 1H), 3.47 — 3.12 (m, 3H), 2.41 — 2.30
(m, 1H, H-2), 2.26 — 2.09 (m, 1H, H-2), 1.67 — 1.46 (m, 4H, CH,), 1.38 — 1.28 (m, 2H,
CH,). *C NMR (101 MHz, CDCls) & 166.0, 165.7, 165.7, 165.4, 138.0, 136.9, 133.3,
133.1, 133.0, 129.9, 129.82, 129.79, 129.72, 129.65, 129.62, 129.5, 128.5, 128.42,
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128.38, 128.3, 128.2, 127.9, 127.8, 127.3, 100.2 (C-1pB), 97.5 (C-1a), 71.4, 69.6, 67.70,
67.65, 67.3, 67.2, 67.1, 66.4, 63.3, 62.5, 50.5, 50.3, 47.1, 46.2, 32.7, 30.8, 29.7, 29.2,
27.9, 27.5, 23.5, 23.3. HRMS (ESI) calcd for C47H47NOgNa [M+Na]*™ 808.3092,
found 808.3095.

Computational studies
Computational details. All calculations were performed with Gaussian 09.%?

1 and

Geometry optimizations were performed in solvent with the M06-2X functiona
a mixed basis set of LANL2DZ for | and 6-31G(d) for other atoms. Single point
energies in solvent were calculated with the M06-2X functional and a mixed basis set
of SDD for | and 6-311+G(d,p) for other atoms. The SMD model* was used for the
solvation corrections with CH,Cl, as the solvent. All minima have zero imaginary
frequency and all transition states have only one imaginary frequency and were
confirmed by intrinsic reaction coordinate calculations. The conformational searches
were performed by using CREST/xTB?. The 3D structures and NCI plots®® were
generated using CYLView?’ and VMD,? respectively.

Comparison of a-iodide with p-iodide. The control experiments shown in Figure
S1 indicate that the mixture of a-iodide and B-iodide (a/p = 4:1) can be observed at
the initial stage of the reaction (5 min). Then, the a/f ratio is significantly increased in

4 h (a/p > 20:1). Consistently, the computed energetics show that a-iodide is 1.8

kcal/mol more stable than B-iodide (Figure S3).

BzO _OCH;, BzO _OCH,
o k§
Bzog\\/l — Bz0 = AG = - 1.8 kcal/mol
N3

N3
1

Figure S3. Energy difference between a-iodide and p-iodide.

Interactions between | and PhsP=0. For the B-anomeric phosphonium iodide
species (Intl, Figure S4), the iodine and phosphine atoms are negatively and

positively charged, respectively (charge on I: —0.977e; charge on P: 1.977e). Thus,
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Intl can be stabilized by the attractive electrostatic interactions. In addition, the NCI
plots indicate that there are non-covalent interactions between I and PhsP=0 moieties
in both Intl and TS4 (Figure S4), which also contribute to the stability of these

structures. As such, the dissociations of | from Intl and TS4 lead to less favorable

Intla and TS4a, respectively.

?
0?, -
I I
o’ %? D
s Ml (v'g i @ CR'Q’ \ D
&) o %O y 9\7 Q : )
chargeon P: _, r &@ A :
1.977e gf v @ G—% R4
o ° chargeon I: Y &
-0.977e .

Int1

@
T AGgq) TS4a BzO OCH3 9—PP|’I3
o]
keal/mol Bzo& ~ -‘
® \
BzO ,OCH; C’)—F:’Ph3
o :
BzO : ie EtOH
1 N

NEN- S
® [0}

TS4

o-anomer

Figure S4. Interactions between | and PhzP=0 in Intl and TS4.

Reaction of p-iodide with PhsP=0. As indicated in Scheme 6b in the main text,
Ph3sP=0 can significantly promote the Sy2 displacement of a-iodide. We further
studied the reaction of B-iodide with PhsP=0, and the energy profiles are shown in
Figure S5. The results show that PhgP=0 can also replace the iodine atom of B-iodide.
The computed Sy2 transition state (TS5) has a barrier of 14.7 kcal/mol, generating the
a-anomeric phosphonium iodide intermediate (Int2). The ensuing nucleophilic attack

by alcohol requires a barrier of 27.1 kcal/mol (TS6) to form the undesired -anomer.
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The relatively high barrier of TS6 renders the generation of Int2 reversible. Thus,
although Ph3P=0 is more reactive than alcohol towards B-iodide (TS5 vs. TS1), the
overall pathway of PhsP=0 mediated S\2 displacement of B-iodide is less favorable
than the direct Sy2 displacement of B-iodide with alcohol (TS6 vs. TS1). Therefore,
PhsP=0 is less effective for the transformation of B-iodide—f-anomer. Instead, the

process of B-iodide—a-anomer via TS1 is more Kinetically favorable.

OCH Et
T AGgq Bz0 3; BzO ,OCH; ! Bz0 JOCH; Y5_,,
keal/mol &05 o_ | I
BzO 0. 5
Bzoﬁ‘I Bzo&' ©

1
i T
LY N, | = b i
L O3ppn, O—FPh;
EtOH
0
Ph;P=0
TMS C
\'il/ \CF3
Ph
TMSI + a2 al
a2 +TMSI +PhgP=0
(o]
I
Hoy-Ccr

-12.1

3 E
a-anomer Bl O=FPhs

p-anomer
BzO _OCH, B20
820 o z OCH;
z (o}
N, BZO&/OEt
OEt N;

favored disfavored

<

1

direct Sy2 displacement Ph3;P=0 mediated Sy2 displacement

Figure S5. Energy profiles for Sy2 nucleophilic reaction of B -iodide with alcoholic

acceptor.

Conformational search for key transition states. To obtain the lowest energy
structures for the Sn2 displacement transition states with the p/o-anomeric
phosphonium iodide species (TS4 and TS6), we carried out conformational search by
using CREST with the default setting. The suggested 69 conformers for TS4 and 66
conformers for TS6 were further calculated at the
MO06-2X/SDD-6-311+G(d,p)-SMD(DCM)//M06-2X/LANL2DZ-6-31(d)-SMD(DCM)
level. The three lowest energy conformers of these transition states are shown in

Figure S6.
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The three lowest energy conformers of TS4

TS4-1
TS4 (69 conformers) AG* = 21.7 kcal/mol AG* = 23.6 kcal/mol

The three lowest energy conformers of TS6

TS6 TS6-1
TS6 (66 conformers) AG* = 27.1 kcal/mol AG* = 27.8 kcal/mol

Figure S6. Results of conformational search for TS4 and TS6.
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Cartesian coordinates (A) and energies of optimized structures

o-I
MO06-2X SCF energy:
M06-2X enthalpy:

M06-2X free energy:

-1438.60457362 a.u.
-1438.177163 a.u.
-1438.269530 a.u.

M06-2X SCF energy in solution:

M06-2X enthalpy in solution:

M06-2X free energy in solution:

Three lowest frequencies

Cartesian coordinates

ATOM X
-1.619004
-0.433210

0.845537

0.007189

-1.289185

-0.247877

-1.872646

-0.159998

-2.100982

1.063839

-0.661447

-1.418782

-2.087718

-2.697526

-3.947593

.165862

-4.986678

-4.653205

-6.324964

-5.664096

-3.612962

-7.330703

-6.560956

-6.999690

-5.409851

-8.371187

-7.785249

-1.126018

-1.686065

-2.248844

-1.521988

-0.880620

QO Q o 0o m = Q@m Q=@ OO0 o0 0 o0 Z2 2 2 o= D @D D Q00000
|
i

Y

4.

3
3

3
2
3
1
3
5
3
2
1
0
2
2
3
1
0.
1
0
0
1
3
0
1
1
1
2
2
2
0
0.

(cm-1) :
Z
.026321 -1
.322528 -2
.138216 -2
195360 -0
.393425 -0
.383596 -1
.935096 -2
.149716 -0
.974052 0
.494001 -0
.052739 -3
.102802 -4
.254063 -4
.099508 -1
.604415 -1
.780920 -1
.552111 -1
201268 -2
.953244 -1
.745006 -2
.106054 -2
.003430 -2
.007250 -1
.344861 -2
.795130 -2
.312242 -2
.086696 -2
.163655 0
.074221 1
.997970 2
.723920 2
318522 1

-1439.05482081 a.u.

-1438.627410 a.u.
-1438.719777 a.u.

13.9839

. 770657
.418735
.249268
.288865
.327394
.876696
.325804
.807794
.115806
.951066
.840054
.061868
.386035
.836335
. 741941
.570876
.881525
.016212
.879098
.151153
.009774
.017352
.771586
.153543
.254438
.018986
.261452
.386888
.611403
.152699
.212130
.537135
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29.6537

31.9575



H - - = = Q O &-m m Q- - = Q@D Q- Q Q

p-I
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X

Three lowest frequencies

-2.040390
-0.759482
-0.480179
-1.917385
-2.536847
-1.276215
-0.261003
-2.320724
-1.178494

0.479181
-0.363859

0.815280
1.529219
2.090598
2.508742
2.892236
1.345405
1.717223
0.848275

SCFEF energy:
enthalpy:

N e - - S S IS, BN SV IR N

free energy:

.520385
.561792
.157041
.723796
.342188
. 764666
.373516
.882311
.736586
.473443
.865947
.533460
.401253
.646196
. 727659
.375706
.055497
.599357
.949583

.493775

.150129
.542158
.101245

.999569

.429294
.630029
.096328
.903509

.121936
711127
.588756
.054735
.323521
.759565
.191035
.020810
.615565
.605837

-1438.59906321 a.u.
-1438.172069 a.u.
-1438.265980 a.u.

SCF energy in solution:

enthalpy in solution:

free energy in solution:

Cartesian coordinates

ATOM

O =m m =m = & Q Q O O QO

X
-1.606802
-0.428043

0.800841
0.023462
-1.283273
-0.251203
-1.852206
-0.128191
-2.096490
0.697246
1.057692

Y

2
2
3
4
3
1
3
5
3
4
3

(cm-1) :
Z

.989976 -1
.274476 -2
.161850 -2
.160897 -0
.370779 -0
.316916 -1
.898078 -2
.102621 -0
.957789 0
.090249 -2
.398329 -0

-1439.05002409 a.u.

-1438.623030 a.u.
-1438.716941 a.u.

13.1482

. 754762
422076
.263780
.290490
.315069
.917669
.315648
.838961
.117589
.838558
.917752

111

21.9943

30.6398



H T - = Q O m & Q = & =-m Q@D Q=T QOO o Qo m =T @D Q@ Q@D Qoo o o =2z 2 Z

EtOH

.701368
.438512
.095163
.695036
.940878
.150906
.987707
.663049
.323210
.680105
.624721
.335216
.552005
.013011
.432783
.373670
.803316
.126545
.670983
.222689
.506400
.864878
.022545
. 741769
.464567
.897956
.518619
.257000
.242702
.299879
.158019

.487395

.352681

.802654
.554710
.112464
.514198
.925890
.369671
.574568

.089916
.134365
.283714
.074319
.592770
.772689
.550093
.199132
.960377
.738314
.114575
.019224
.014382
.329250
.788406
.334801
.064428
.147724
.074838
.006645
.728427
.317217
.531715
.556961
.159993
.709219
.356008
.753363
.370738
.862827
.722686
.474714
.899336
.542269
.381667
.647636
. 733369
.361794
.083916
.192008

.852497
.108982
.453899
.821940
.756089
.597064
.910368
.064082
.904157
.213291
.062309
.055508
.782043
.210205
.332365
.053004
.328380
.410184
.641043
.180736
.251290
.581231
.534809
.200856
.585524
.148772
.036979
.481639
.684534
.145211
.960944
.115644
.686671
.610962
.032322
.298342
.758156
.153950
.981883
.089725
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M06-2X
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X

SCF energy: -154.95933303
enthalpy: -154.873046 a.u
free energy: -154.903432
SCF energy in solution: -
enthalpy in solution: -15
free energy in solution:

Three lowest frequencies (cm-1): 26

Cartesian coordinates

a.u.

a.u.

155.02019768 a.u.
4.933911 a.u.
-154.964297 a.u.
6.0407 350.8119

ATOM X Y Z

C 2.220606 -2.881861 -7.844016

H 2.575415 -3.917062 -7.855148

H 2.572385 -2.383121 -8.752198

H 1.126330 -2.892366 -7.854148

C 2.728399 -2.164524 -6.610845

H 3.828031 -2.144583 -6.611972

H 2.380475 -1.121315 -6.611326

0 2.238342 -2.858397 -5.472867

H 2.563167 -2.396832 -4.684741

Ph,P=0

M06-2X SCF energy: -1111.21361153 a.u.

M06-2X enthalpy: -1110.914308 a.u.

M06-2X free energy: -1110.978631 a.u.

M06-2X SCF energy in solution: -1111.44366327 a.u.
M06-2X enthalpy in solution: -1111.144360 a.u.
M06-2X free energy in solution: -1111.208683 a.u.
Three lowest frequencies (cm-1): 25.8459 28.3885

Cartesian coordinates

ATOM

T Q- Q =T O QO Q Q O ™

X Y Z
-0.771397 0.965232 1.007852
0.691558 1.115202 0.703258
-1.776808 2.319473 0.330645
-3.084661 2.143131 -0.130467
-1.196095 3.592083 0.305018
-3.809528 3.235520 -0.602161
-3.538760 1.155537 -0.128528
-1.922524 4.680590 -0.168809
-0.173091 3.723019 0.648211
-3.229964 4.502561 -0.619359
-4.824531 3.095339 -0.961523
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H -1.468724 5.666870 -0.188933
H -3.796451 5.352541 -0.988504
C -1.121707 0.932510 2.792123
C -2.302548 1.437131 3.345326
c -0.159850 0.346538 3.622042
C -2.524846 1.341211 4.717352
H -3.048349 1.907619 2.709332
C -0.384029 0.255259 4.992822
H 0.765222 -0.027710 3.191318
C -1.567725 0.749446 5.539486
H -3.443007 1.733734 5.143775
H 0.364830 -0.198172 5.635232
H -1.742669 0.677356 6.608917
C -1.470014 -0.575375 0.343386
C -2.589707 -1.194564 0.907321
C -0.856263 -1.136257 -0.780621
C -3.100486 -2.359314 0.340766
H -3.060568 -0.773066 1.792001
C -1.367282 -2.304018 -1.342207
H 0.025259 -0.660984 -1.202648
C -2.490139 -2.912605 -0.783788
H -3.969459 -2.838102 0.781775
H -0.887801 -2.740838 -2.213055
H -2.886884 -3.823997 -1.221254

TS1

MO06-2X SCF energy: -1593.55703236 a.u.

MO06-2X enthalpy: -1593.042701 a.u.

M06-2X free energy: -1593.148955 a.u.

M06-2X SCF energy in solution: -1594.06312828 a.u.

M06-2X enthalpy in solution: -1593.548797 a.u.

M06-2X free energy in solution: -1593.655051 a.u.

Three lowest frequencies (cm-1): -108.7899 16.9269 23.7794
Imaginary frequency: -108.7899 cm-1

Cartesian coordinates

ATOM X Y Z

C 0.145963 -1.430545 0.570928
C -0.760530 -1.202611 -0.633248
C -2.199858 -1.162054 -0.202006
c -1.638576 -0.485144 2.055177
C -0.191041 -0.370997 1.616661
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T =T QO O @ &m QO @& & =m Q@D QO = Q OO Qo o Q o m =T @ Q=T Q@D Qoo a0 o0 =22 2 O0m @ om T

.518364

.022405

.736199

.442448

.980257
.562904
.630194

.307532
.131937
.459929
.475953
.283172
.803434
.934003
.934926
.202572
.051807
.199433
.809931
.332602
.309172
.080588
.320850
.023789
.251405
.090579
.426085
.414849
. 662467
. 645335

.541388

.885003
.435276
.875904

.136794

.843247
.051263

.190108
.460128
.311450
.412630
.062113
.288006
.995354

L N R O R ko OO N 0N RNy O

.215114
.434169
.316291
.488929
.544898
.859267
.245189
.040974
.957031
.238532
.696643
.324867
.340574
.470485
.890230
.152410
.043001
.574591
.561172
.704672
.527965
.003629
.454799
.914486
.466495
.966860
.728758
.257777
.373367
.439432
.750932
.553781
.937947
.086394
.852082
.057302
.008333
.784605
.159296
.549148
.463962
.610171
.326483
.276060

-1

.044632

.983228
.758043
.499103

.849428

.973049

.650527

.434476
.196668
.070559
.846378
.858879
.288255
.798181
.895569
.272178
.263197
.412395
.739617
.669815
.111015
.878696
.044221
.033843
.220768
.932658
.461696
.345013
.565009
.042956
.431795
.133412
.190478
.936729
.672442
.054402
.483259
.667497
.403015
.886630
.269292
777615
.976174
.234788
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T O m =Z Q @m = &= Q H =

TS2
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X

Three lowest frequencies

-3.447105
-3.066241
-2.628962
-2.592518
-2.344656
-3.660518
-1.692206
-1.696104
-0.667571
-2.030161
-2.918187

2.111055

1.285515
-5.069769
-4.277499
-6.014954
-5.167159
-4.747840
-5.551111
-4.623063
-3.510044
-3.604817

SCFEF energy:

enthalpy:

free energy:

.538378

.708572
.148460
.902218
. 621467
.791327
.000854

. 746869

.359577

.628546
.014783

-1593.55202062 a.u.
-1593.036514 a.u.
-1593.141889 a.u.

SCF energy in solution:

enthalpy in solution:

free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

QO Q O 0 0O =2 2 2 Om =T - - Q QO O Q Q

X
.365887
.774157
.984273
. 682927
.305891
.049038
.073691
.332192
.052368
.369812
.072056
.056285
.794678
.918358
.386994
. 748692
. 731531
.425885

Y

-0
-0

0.

0

0.
0.

-1
0
-0
1
-1
-1
-2

.774385
.164017
730631
.949651
350263
485974
.545676
.226231
.018697
.198388
.169287
.592480
.047059
.331202
.179237
.455768
.713973
.334939

-1594.05499449 a.u.
-1593.539488 a.u.
-1593.644863 a.u.

(cm=1) : -233.7037 11.6846 22.2783
-233.7037 cm-1

.267932
.067969
.913906
.481902
.295431
.389036
.586244
.985004
.258887
.207943
.088787
.656968
.238663
-0.
.974551
-1.
-0.
.505997

023334

961112
646509
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T O nm T QO @om =T & Q-+ @D @D = @D QO @D @m Q@D @D @ Q@D Q@D Q0o o@D D Q@D Q@D Q0

R R N O B B o O O & NN DN BN w N R

.291236
.681184
.988033
.544590
.732729
.239072
.224949
.979387
.218092
.563206
.872743
.288718
.701676
.166848
.055623
.993488
.116370
.874856
.450568
.343592
.585053
.926550
.984777
.672881
.076661
.183921
.998285
.081991
.647665
.140366
.562879
.726732
.129900
.562196
.606781
.490419
.015563
.302270
.894089
.370826
.130874
.567710

W NN W N O NP OWwWw W rw DWW NN DN WS WWDSN WD O e

.630404
.879289
.623248
171276
.909222
.795986
.590538
.884854
.219946
.371252
.290030
.484879
.298609
.136885
.375197
.054828
.062026
.296357
.709007
.136284
.708435
.359233
.855165
.260768
.117873
.040922
.597733
.784933
.637043
.978261
.678985
.767254
.817039
.759187
.055477
.704878
.766729
.779266
.782780
.792638
.450872
.142584

.540606
.759065
.198168
.282017
.428074
.131950
.652848
.974473
.070508
.798649
.149229
.947162
.442643
.540576
.779869
.180795
.805046
.138207
.540164
.840830
.945216
.398692
.342098
.236299
.151988
.632706
.530440
.288980
.747328
.472094
.251680
.708477
.089021
.875936
.927473
.578734
.788697
.042169
.193846
.280953
.643804
.109169
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ad—anomer

MO06-2X SCFEF energy: -1581.66750963 a.u.

MO06-2X enthalpy: -1581.165947 a.u.

MO06-2X free energy: -1581.261751 a.u.

M06-2X SCF energy in solution: -1582.11547095 a.u.

M06-2X enthalpy in solution: -1581.613908 a.u.

M06-2X free energy in solution: -1581.709712 a.u.

Three lowest frequencies (cm-1): 20.0228 23.2778 29.6629

Cartesian coordinates

ATOM X Y Z

C -1.953316 2.852598 -2.168978
C -0.829879 2.130632 -2.901918
C 0.296848 3.122078 -3.197901
C -0.212454 4.388593 -1.245768
C -1.407858 3.507435 -0.900441
H -0.424954 1.346842 -2.250730
H -2.407138 3.610684 -2.812795
H -0.580851 5.231610 -1.845298
H -2.188099 4.088487 -0.403041
¢} 0.766641 3.660882 -1.981946
N -1.304043 1.554333 -4.171701
N -1.934838 0.503033 -4.035507
N -2.519323 -0.463441 -4.026274
0 -2.913934 1.850220 -1.839915
C -4.162583 2.278132 -1.545489
¢} -4.501677 3.432691 -1.650757
C -5.046229 1.166624 -1.105371
c -4.559905 -0.128011 -0.904527
C -6.392066 1.459510 -0.875330
C -5.427028 -1.127239 -0.473025
H -3.511930 -0.347526 -1.081784
C -7.254812 0.456815 -0.447895
H -6.746052 2.473461 -1.032920
C -6.771900 -0.835855 -0.246120
H -5.052904 -2.133840 -0.313866
H -8.301515 0.682086 -0.268824
H -7.445207 -1.618610 0.090864
0 -0.947829 2.469570 -0.022683
C -1.830581 1.966873 0.862396
0 -2.949356 2.402782 1.013731
C -1.266661 0.820681 1.626147
C 0.068930 0.429401 1.496656
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C -2.125352 0.128859 2.484010

C 0.541850 -0.651645 2.233824

H 0.729588 0.969819 0.826593

C -1.648952 -0.954377 3.213287

H -3.160266 0.446984 2.563499

C -0.315195 -1.342995 3.089240

H 1.579619 -0.956161 2.140193

H -2.315266 -1.496548 3.877064

H 0.056891 -2.188394 3.660671

C 0.468061 4.930063 -0.006059

H -0.293717 5.321963 0.687318

H 1.006516 4.117086 0.502804

0 1.354796 5.948702 -0.396740

C 2.061304 6.475691 0.702759

H 2.662375 5.701298 1.200537

H 2.726116 7.254098 0.322465

H 1.377543 6.915886 1.442904

H 1.158906 2.602763 -3.634472

0 -0.200206 4.082112 -4.068375

C 0.785315 4.908617 -4.692035

H 0.378513 5.154935 -5.677189

H 1.703171 4.324822 -4.842827

C 1.071169 6.174780 -3.904815

H 1.504959 5.949858 -2.926611

H 1.771382 6.803557 -4.465104

H 0.148236 6.745207 -3.757106

B-anomer

M06-2X SCF energy: -1581.66105663 a.u.

M06-2X enthalpy: -1581.159556 a.u.

M06-2X free energy: -1581.258953 a.u.

M06-2X SCF energy in solution: -1582.11188236 a.u.
M06-2X enthalpy in solution: -1581.610382 a.u.
M06-2X free energy in solution: -1581.709779 a.u.
Three lowest frequencies (cm-1): 11.8930 20.2896 24.0010

Cartesian coordinates
ATOM X Y Z
-1.713840 2.941248 -1.798740

C -0.548495 2.209140 -2.459383
c 0.718190 3.051102 -2.321719
C -0.065186 4.106543 -0.355804
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T =T QO O m &m Q @& & =m Q@D QO =T QOO Qo o Q o m =T @ Q=T Q@D Q0o a0 o0 =2 2 2 O0m o@D Do Q

.388019
.375865
.947907
.209412
.194449
.947674
.819986
.582745
.261378
.821644
.055682
.244553
.124813
.828465
.451882
.865182
.796223
.483725
.658330
.189686
.639655
.515806
.995445
.250969
. 743207
.251300
.582192
.971247
.064519
.844646
.596457
.937299
.537014
.326630
.368301
.313539
.225517
.393992
.428597
.659698
.507396
.017167
.347064
.873986

o O w N

[ | 1
N - P o O

| |
N O

o o W s

.337641
.248507
.848345
.036611
.940924
.316160
.020099
.086068
.250938
.044876
.586894
.770654
.565211
.209555
.001233
.706556
.123655
.081377
.058686
.271801
.760315
.417236
-0.
.121340
.094088
.051623
.759485
.309812
.600257
.535329
.180857
.626930
.442539
.694453
.366980
.751940
.653135
.466349
.960925
.547773
.315659
.676838
.793874
.332760

990816

-2

NN O R R L g e e o N W DN R o

.363507
.958933
.366483
.928928
.059163
.953132
.894800
.148433
.492646
.859860
.789447
.629604
.939780
.107336
.915878
.252586
.119507
.062554
.783177
.231192
.383003
.045758
.345922
.379485
.632367
.170392
.271286
.610338
.572907
.256454
.600687
.213250
.068342
.555122
.746812
.223766
.055301
.041793
.580271
.589605
.927646
.190561
.756643
.021476
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oD - - Q =T &-m Q O m =™

TS3
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X

Three lowest frequencies

.266407
.595821
.779413
.988507
.288647
.810017
.043086
.734785
.988132
.209102

DS NN O

SCFEF energy:
enthalpy:

RN RN W Ww w NN o

free energy:

.213844
.008201
.328796
.083682
.410793
.979713
.198012
.879189
.742287
.307968

-1

-4

.788369
-2.
.816974
-2.

864143

902581

.900885
-3.
-3.
.528014
-3.
-2.

514249
528167

611496
914226

-2549.80888805 a.u.
-2549.081576 a.u.

-2549.216405 a.u.
-2550.49481485 a.u.

SCF energy in solution:

enthalpy in solution:

free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

QO Q O O 0 O 2 2 2 O - -m m =T O O Q O O

X
-1.833114
-0.579336

0.635999
-0.408384
-1.562509
-0.432994
-2.102040
-0.743954
-2.444781

0.679848
-0.610744
-1.465194
-2.208775
-2.836462
-4.124074
-4.424740
-5.071379
-4.628643
-6.436298

Y
-1.
-1.
-1.
-1.
-0.

0.
-2
-2.
-1.
-1.
-1.
-0.
-0.
-0.
-0.
-1.

0.

1
-0.

(cm-1) :

=207

Z

332956 -0
033471 0
616060 -0
674346 -2
891890 -1
054529 0
.392703 -0
681200 -2
039051 -2
919800 -1
534248 1
999589 2
598954 3
518895 0
792274 -0
707567 -0
153782 0
.213326 1
042149 0

-2549.767503 a.u.
-2549.902332 a.u.

-207.2552
.2552 cm-1

.440095

.377063

.294214
.472288
.877564

.367129

.393637
.736509
.505524

.520283
.750527
.464930
.212280
.150051

.182002
.907921

.458481
.255960
.235411
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T = Q. =-m Q= O Qo Q0 O " H @m @D @D @ QO @ @D Q@D @D @&D Q@ Q@ oo o m = @ Q@D Q@m Q

o N O O O Wk O N F P N o — kP NN - e

.559156
.567328
.361084
. 755715
.922110
.221613
. 422254
.644686
.205075
.213490
.333237
.767052
.463184
.705821
.106798
.258197
.340665
.713302
.042902
.903174
.066762
.759563
.223604
.581199
.766900
.080458
.766117
.402732
.392667
.064849
.468042
.157490
.657198
.669015
.995324
.410782
.922312
.760381
.230951
.282435
.590061
.700354
.081312
.550408

.073237
.364124
.819740
.870797
.876740
.897910
.668822
.550892
.490240
.393639
.100732
.753468
.995813
.786986
.280691
.181881
.068464
.571670
.313896
.476615
.874428
.314532
.993631
.674087
.098598
.915667
.345730
.509014
.127697
.980590
.977485
.824253
.837443
.291216
.724731
.283487
.558548
.455549
.942195
.386362
.339514
.376221
.243701
.027531

W P wo o NN o O

.830773
.424197
.813563
.388380
.610792
.450435
.643018
.060840
.840569
.925107
.270713
.531228
.085313
.580748
.684232
.054126
.184036
.922634
.735033
.333797
.221799
.422538
.667608
.348964
.331278
.280303
.373751
.053251
.806811
.137221
.303938
.298354
.458798
.570231
.134434
.007506
.485330
.228580
.737562
.707314
.803180
.577017
.902051
.978916
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H 0.190700 0.235661 5.525439
C 3.033180 2.568861 0.099465
C 3.303558 3.507526 1.099788
C 3.106593 2.936574 -1.249656
C 3.639553 4.813622 0.746924
H 3.246222 3.227364 2.148221
C 3.447247 4.240489 -1.595012
H 2.888637 2.203404 -2.022203
C 3.712123 5.178261 -0.596525
H 3.841666 5.545639 1.522455
H 3.500377 4.526329 -2.640788
H 3.974049 6.196745 -0.866641
C 4.213104 -0.078305 0.406737
C 5.277959 0.255170 1.252102
C 4.342661 -1.116955 -0.517641
C 6.467633 -0.459904 1.174627
H 5.174287 1.065753 1.970744
C 5.538463 -1.829849 -0.590291
H 3.515212 -1.359034 -1.179477
C 6.596050 -1.501814 0.253835
H 7.295496 -0.206321 1.829055
H 5.641331 -2.638249 -1.306958
H 7.526662 -2.058050 0.196085
Intl

M06-2X SCF energy: -2549.84253505 a.u.
M06-2X enthalpy: -2549.112688 a.u.
M06-2X free energy: -2549.247762 a.u.

M06-2X SCF energy in solution:
M06-2X enthalpy in solution:

M06-2X free energy in solution:

Three lowest frequencies (cm-1):

Cartesian coordinates

ATOM X Y Z
C -1.912333 3.490247 -1
C -0.690758 2.888499 -1.
c 0.502156 3.801071 -1.
c -0.335006 4.579216 0
C -1.627578 3.785293 0
H -0.476221 1.895606 -1.
H -2.201343 4.417537 -1.

-2550.52616110 a.u.

-2549.796314 a.u.
-2549.931388 a.u.

15.4197

.244631

930116
645604

.383912
.234538

515806
750224
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.476242
.469361
.330294
.724145
.957602
.253909
.333278
.959733
.220453
.476149
.224180
.846092
.574713
.825059
.794827
.549198
.845236
.174137
.535149
.599642
.935371
.444926
.530278
.604960
.245400
.970504
.308881
.763567
.151113
.096341
.291485
.823714
.224833
.920289
.658645
.090356
.751987
.365218
.186297
.714818
.087772
.543587
.960528
.660759

W o o U U W o

.569287
.325244
.794580
.892278
.834539
.027772
.328550
.533415
.006163
.186578
.914337
.575453
.269425
.405729
.307133
.284507
.316406
.052206
.446098
.557713
.820510
.535839
.975758
.526632
.617302
.047991
.092226
.231421
.603502
.370890
.367721
.939016
. 677322
.923906
.937337
.759483
.165962
.783522
.639833
.797535
.843375
.505502
.195604
.201150

.076247
.674749
.086888
.276432
.373334
.991037
.653184
.345920
.210850
.171517
.123191
.990904
.131012
.868000
.975520
.014195
.224579
.881389
.758433
.022108
.784417
.906258
.481276
.553178
.012727
.946566
.577204
.452702
.502695
.079240
.611528
.018675
.404662
.518973
.412716
.824600
.406202
.250459
.838657
.136858
.534174
.068753
.830181
.194521
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P 2.796317 4.018438 -3.021021
C 4.270682 3.077948 -2.679485
C 5.465849 3.732776 -2.371324
C 4.204450 1.678765 -2.740191
C 6.606587 2.975188 -2.120098
H 5.508327 4.816973 -2.334090
C 5.350019 0.936043 -2.484558
H 3.269516 1.180116 -2.983196
C 6.546959 1.585051 -2.175963
H 7.540180 3.475205 -1.885107
H 5.310534 -0.147423 -2.526884
H 7.439970 1.000292 -1.977570
C 2.873690 5.698596 -2.422794
C 2.993991 6.753443 -3.335813
C 2.848050 5.941720 -1.039656
C 3.088963 8.057695 -2.860217
H 3.026599 6.559048 -4.402994
C 2.923013 7.251787 -0.582646
H 2.735216 5.130292 -0.327325
C 3.049213 8.304859 -1.489929
H 3.192579 8.876360 -3.564381
H 2.878608 7.446515 0.483806
H 3.114840 9.325168 -1.124563
C 2.322879 3.956835 -4.741706
C 3.058933 3.199623 -5.657778
C 1.145404 4.612854 -5.131920
C 2.601360 3.083174 -6.967111
H 3.982451 2.714955 -5.356060
C 0.695145 4.481679 -6.439248
H 0.584325 5.217852 -4.422966
C 1.421298 3.714429 -7.351864
H 3.170775 2.502127 -7.684695
H -0.217015 4.981881 -6.747469
H 1.066218 3.617370 -8.373148
I 6.002977 5.811929 -5.667958
TS4

M06-2X SCF energy: -2704.78790478 a.u.
M06-2X enthalpy: -2703.971293 a.u.
M06-2X free energy: -2704.117478 a.u.
MO06-2X SCF energy in solution: -2705.53143144 a.u.
M06-2X enthalpy in solution: -2704.714820 a.u.

125



M06-2X free energy in solution:

Three lowest frequencies

Imaginary frequency:

Cartesian coordinates

ATOM

Q =T O =m Q0 0 Q O QO o @m @D =T Q@D Q@D 00 o0 o Z2 =2 2 o m =D @D Q0000

w o PN WD W R 00w oYy DWW N RO oo NN O PO RO o O R

X

.522199
.381017
.824336
.470875
.720368
.701355
.313525
.405351
.557193
.771323
.027391
.738389
.364815
.647849
.757441
.779419
.894442
.787368
.095433
.888281
.852912
.192115
.157296
.087902
.809843
127671
.945627
.972860
.265053
.198684
.374989
.239480
. 654667
.392281
.251550
.799636
.520224
.669313

Y
-1.
-1

-1.

-1.

SR W N W NN R o

(cm-1) :
-226.
Z
935835 0
.276873 0
111061 0
.228449 2
.165951 2
.265034 -0
.991460 0
.210972 3
.574466 2
131483 2
.034985 -1
.894688 -2
.854046 -3
.779483 -0
.496841 0
.302400 1
.163692 -0
.179937 -1
.851647 -0
.888601 -2
.646138 -1
.555864 -1
.609268 0
.574568 -2
.125117 -3
.086957 -1
.341782 -2
.199097 1
.563838 1
.155016 1
.932881 1
.686402 0
.444388 0
. 959937 0
.269991 0
.716703 0
.837932 1
.472697 -0

-2704.861005 a.u.
-226.9560 7.2070 19.8614
9560 cm-1

.807834
.042096
.928751
.969440
.111104
.234255
.999380
.444609
.682942
.195721
.140817
.102014
.037721
.044381
.262913
.161315
.631006
.618893
.443819
.417860
.758316
.245635
.331088
.231554
.185304
.102026
.855434
. 776438
.591079
.858979
.027161
.713118
.797126
.170749
.893813
.255527
.044429
.057737

126



Q =T O =-m Q0 O Q@D @D =T Q@D Q@& o@D @D @D Q& =@ oo vhw o mm mnm = @ QO @ m Q- oo

.513887
.791406
.784843
.416881
.400039
.233843
.525181
.857718
.361099
.389456
.888502
.823186
.851777
.554860
.979992
.623950
.175259
.133172
.506304
.661415
.689570
.003095
.637715
.552296
.384608
.269370
.935070
.428477
. 747521
.811260
.237203
.691869
.895946
.481163
.354037
. 745817
.336497
.862998
.182723
.234225
.198166
.550110
. 773610
.074427

o N

R N RO O Rk O R d o Uy W oS w ON

.551661
.119784
.465462
.127905
.088954
.832237
.373551
.014232
.787403
.105309
.936491
.125354
.064068
.871590
.474291
.465938
.078063
.087468
.027752
.693986
.851976
.705614
.696164
.166859
.406507
.635741
.037292
.589900
.387921
.289812
.938863
.284680
.336850
.697288
.679451
.389599
.575046
.940548
.989307
.712284
.618383
.755601
.476308
.117286

.075395
.077028
.482171
.022725
.504593
.521229
.028076
.707989
.116051
.655032
.158559
.494204
.845895
.244695
.911926
.640032
.427118
.886682
.239769
.673885
.862025
.405661
.443426
.075161
.377368
.040162
.337450
.970965
.619911
.116265
.683218
.980391
.609668
. 625671
.468068
.829158
.194907
.933030
.229303
.022068
.730895
.136231
.111312
.011826
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H -5.643429 0.209126 1.892417

H -6.206580 2.065683 -1.943002

H -7.141858 0.930222 0.053668

C -2.623473 -5.196465 1.800431

H -3.303420 -5.411607 2.630808

H -3.183626 -5.295783 0.864499

H -1.817371 -5.936512 1.805909

C -2.058549 -3.793965 1.924998

H -2.870164 -3.051957 1.923185

H -1.501551 -3.681697 2.861306

¢} -1.131244 -3.511137 0.880045

H -1.619443 -3.550679 0.032709

I -3.931473 -2.599435 -1.232846
Intla

M06-2X SCF energy: -2538.34541018 a.u.
M06-2X enthalpy: -2537.617479 a.u.
M06-2X free energy: -2537.745499 a.u.

M06-2X SCF energy in solution:
M06-2X enthalpy in solution:

M06-2X free energy in solution:

Three lowest frequencies (cm-1):

Cartesian coordinates

ATOM X Y Z

c -1.937373 2.811947 -1
c -0.786515 2.157111 -2
c 0.307653 3.204901 -2
C -0.295600 4.341557 -0
C -1.457197 3.381481 -0
H -0.391163 1.302002 -2
H -2.358767 3.626061 -2
H -0.664350 5.193495 -1
H -2.274223 3.893262 -0
0 0.723002 3.655517 -1
N -1.204467 1.771916 -4
N -1.874902 0.734569 -4
N -2.483783 -0.200770 -4
0 -2.920244 1.800779 -1
C -4.192373 2.229797 -1.
¢} -4.479118 3.402737 -1.
C -5.159260 1.109891 -1.

-2538.96577038 a.u.

-2538.237839 a.u.
-2538.365859 a.u.

12.3594

.994810
.761284
.899605
.919325
.661921
.199448
.594322
.510775
.148779
.648863
.115058
161212
.322244
.808826
624513
569726
506927
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.754621
.509727
.707724
.704204
.457087
.801466
.055473
.399007
.506945
.796248
.008950
.278598
.819598
.830782
.197411
.070208
.192233
.013003
.680478
.564439
.049813
. 683741
.868996
.252407
.361182
.399028
.838138
.323069
.130630
.680861
.844309
.528588
.041005
.436736
.772998
.342346
.015975
.271636
.613151
.058450
.872278
.529433
.543330
.355732

[ [ 1
N o N O o P o

O R O O F W NN b O

|
= o

! | ! |
‘bl\)o}—‘p_\

O J &~ o U1 0oy U W N N oYy O oYy U W

.227539
.437363

.234630
.475803
.427011

.482518
.908304
.274919
.678332

.697401
.268415
.282278
.211286
.037651
.000965
.927188
.144845
.091666
.220605
.743520
.256385
.952833
.309518
.153759
.855983

.298462
.017594
.809421
.213859
.361746
.946156

.675485

.038054
.597228

.468547

.147367

.060132

.514622

.343679

.770886

.805143

.805287

.714473

.053543

.542000
.359446
.427031
.652820
.247624
.335371
.281077
.451186
.133986
.191808
.115754
.438524
.992392
117787
.426082
.489829
.111949
.360903
.169880
.006692
.480693
.579226
.235109
.012410
.344436
.003953
.875724
.036349
.049244
.471746
.666288
.843749
.528741
.504111
.764385
.210634
.195557
.560265
.545737
.147274
.892765
.341702
.888960
.765796
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H 1.820976 7.099809 -6.935763

H 1.233535 8.720477 -5.155198

C 3.527004 2.598036 -5.133044

C 4.902986 2.716880 -5.358199

C 2.713758 1.863953 -6.004732

C 5.465091 2.094589 -6.467353

H 5.532282 3.285491 -4.678099

C 3.291177 1.244053 -7.108418

H 1.647703 1.773044 -5.818198

C 4.660806 1.361006 -7.338713

H 6.531496 2.179551 -6.648881

H 2.669839 0.667910 -7.786306

H 5.106247 0.875684 -8.201675

C 3.781389 3.446861 -2.284961

C 3.612334 2.411694 -1.358710

C 4.746930 4.440534 -2.086611

cC 4.421246 2.375456 -0.228282

H 2.846449 1.657292 -1.512134

C 5.553727 4.388882 -0.953961

H 4.865274 5.249384 -2.802533

C 5.390012 3.359600 -0.028877

H 4.292658 1.581755 0.500360

H 6.304182 5.155852 -0.793821

H 6.017471 3.326360 0.856381

TS4a

MO06-2X SCF energy: -2693.28461355 a.u.

M06-2X enthalpy: -2692.470284 a.u.

M06-2X free energy: -2692.608534 a.u.

M06-2X SCF energy in solution: -2693.96364658 a.u.
M06-2X enthalpy in solution: -2693.149317 a.u.
M06-2X free energy in solution: -2693.287567 a.u.
Three lowest frequencies (cm-1): -182.5182 12.02061 16.8953
Imaginary frequency: -182.5182 cm-1

Cartesian coordinates

ATOM X Y Z

C -2.181235 -1.498114 -0.414868
C -1.111739 -1.529998 0.669607
C 0.247935 -1.772643 0.078883
C -0.446760 -1.155708 -2.151791
C -1.716158 -0.584911 -1.542798
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.052158
.365720
.679011
.474778
.541260
.362304
.186763
.922755
.339832
.529589
.605984
.678714
.501477
.962848
.614266
.502658
.070574
.078317
.895865
.481556
.069360
.762407
.490527
.825712
.133862
.767491
.488269
.009801
.446289
.296257
.967698
.230317
.685619
.226453
.154729
.651511
.276924
.403322
.548833
.424744
.268074
.583114
.147481
.762886

-0.
-2.
-2.
-0.

-1.

-2.
-2.
-2.
-0.
-1.
-1.
-0.
-0.
-0.

0.
0.

-0
0.
0.
1.
1.
3.
3.
4.
4.
2.
5.
4.
5.
4.
6.
6.

-0.
0.
0.

-0.

-0.

0.
-0.
0.

538185
501667
103575
515465
525230
571388
226399
022992
994308
253651
825754
761372
100359
985266
332121
074959

.551121
.498527
.106649
.843930
. 723097

443903
697996
783396
703182
045184
059209
239424
272364
127880
448346
205757
463973
288717
377465
408852
226812
026899
702211
894526
029422
829079
606392
343452

.134532
.806617
.647469
.326732
.129215
.671575
.531032
.358169
.233070
.366033
.427167
.432907
.652034
.070939
.365497
.037440
.647176
.020419
.864741
.313365
.258666
.425746
. 958495
.700159
.865526
.919522
.450857
.604798
.129687
.975253
.920197
.667143
.445861
.192420
.449148
.979941
.100646
.926293
.578221
.556799
.292882
.682058
.585973
.194084
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.018659
.141311
.626441
.57919¢6
.561594
.270772
.243837
.010130
.954679
.285587
.945083
.231036
.497231
.483855
.364124
.715482
.542276
.239159
.357848
.072802
.495103
.417491
.287352
.435221
.829534
.861120
.760127
.090819
.884724
.808385
.212719
.947472
.112190
.024326
.165769
.214050
.707425
.126182
.257954
.531078
.680998
.119491
.298778

.416039

SOV OV L S C R OV R R O T R O R S L = e T e T e T e I )

-4
-5
-5
-4
-3
-5
-3

.257450

.006135
.281818

.187883
. 625791
.926948
.785780
.074158
.084262
.595111
.510103
.119962
.648804
.409534

.939136
.298360
.094008
.808384
.177433
.607087
.812844
. 962555
.085934
.727049
.361341
.496890
.288821
.698104
.285855
.108095
.698858
.075590
.492243
.897317
.856824
.269842

.087342
.238141
.781956
.606015
.631815
.916353
.481462
.945215

.666029
.024607
.798356
.327679
.004893
.295013
.361249
.763162
.929811
.329577
.396995
.394562
.681645
.680215
.313887
.376251
.431710
.559061
.506829
.614054
.369259
.676785
.610257
.484619
.598814
.521767
.856655
.159100
.821785
.365196
.119377
.911893
.449008
.080003
.614652
.200050
.132968
.418357
.58549¢6
.633040
.151423
.855667
.729422
.540954

132



H -0.757920 -4.479593 0.196946

a-17a

MO06-2X SCFEF energy: -2164.38664943 a.u.

MO06-2X enthalpy: -2163.825959 a.u.

MO06-2X free energy: -2163.940625 a.u.

M06-2X SCF energy in solution: -2165.00886184 a.u.

M06-2X enthalpy in solution: -2164.448171 a.u.

M06-2X free energy in solution: -2164.562837 a.u.

Three lowest frequencies (cm-1): 10.6895 17.3015 22.3110

Cartesian coordinates

ATOM X Y Z

C -2.086924 0.524470 0.283243
C -0.737688 0.311359 -0.382338
C 0.053933 1.630407 -0.397065
C -1.074482 2.452735 1.522845
C -1.905591 1.185555 1.648904
H -0.155837 -0.414802 0.198529
H -2.724729 1.151798 -0.346568
H -1.645469 3.186724 0.940243
H -2.879875 1.409876 2.089307
0 0.167975 2.178365 0.865405
N -0.995087 -0.182642 -1.743503
N -0.017477 -0.701374 -2.288521
N 0.811215 -1.190221 -2.87771¢6
0 -2.676404 -0.762384 0.447385
C -4.013713 -0.786255 0.641349
0 -4.706843 0.200452 0.557609
C -4.515785 -2.150691 0.953116
C -5.898007 -2.331794 1.036267
C -3.648187 -3.221026 1.185824
C -6.414156 -3.585182 1.344569
H -6.553888 -1.485384 0.858018
C -4.169584 -4.472225 1.499084
H -2.575142 -3.071940 1.126175
C -5.549890 -4.654877 1.576537
H -7.488370 -3.728689 1.406872
H -3.498485 -5.305054 1.684890
H -5.953156 -5.633359 1.820667
0 -1.187609 0.278345 2.493690
c -1.909402 -0.549342 3.277152
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0 -3.115689 -0.507992 3.359071
C -1.047494 -1.505995 4.022061
C -1.679980 -2.473675 4.806835
C 0.347437 -1.461794 3.942187
C -0.917512 -3.397174 5.512520
H -2.764554 -2.492984 4.850375
C 1.105335 -2.386480 4.653520
H 0.831635 -0.708073 3.329922
C 0.474537 -3.352672 5.436385
H -1.406579 -4.152073 6.120258
H 2.188883 -2.354174 4.596349
H 1.069499 -4.074300 5.988463
C -0.738716 3.049593 2.872859
H -1.650870 3.076501 3.491260
H 0.000174 2.412649 3.381727
0 -0.233504 4.343669 2.669176
C 0.128989 4.956990 3.885016
H 0.927886 4.398636 4.393708
H 0.489168 5.960881 3.650309
H -0.730906 5.034088 4.566169
0 -0.631794 2.578453 -1.233301
C -0.206603 2.756438 -2.489242
N 0.670612 2.043523 -3.042703
C 1.170393 2.294984 -4.342221
C 1.914083 3.443681 -4.625371
C 0.979909 1.323600 -5.329026
C 2.447390 3.622790 -5.899594
H 2.078246 4.181340 -3.845922
C 1.505975 1.519021 -6.601421
H 0.410419 0.430244 -5.090747
C 2.243084 2.666831 -6.891902
H 3.025626 4.516497 -6.114735
H 1.345192 0.766200 -7.367294
H 2.660654 2.811044 -7.883441
C -0.939531 3.956477 -3.105056
F -2.083510 4.202895 -2.469876
F -0.179760 5.055563 -3.023954
F -1.218928 3.740484 -4.389944
H 1.064262 1.479370 -0.782590
B-17a
MO06-2X SCF energy: -2164.38495255 a.u.
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M06-2X enthalpy: -2163.824066 a.u.

MO06-2X free energy: -2163.937625 a.u.

M06-2X SCF energy in solution: -2165.00726381 a.u.

M06-2X enthalpy in solution: -2164.446377 a.u.

M06-2X free energy in solution: -2164.559936 a.u.

Three lowest frequencies (cm-1): 17.6563 18.0239 24.0054

Cartesian coordinates

ATOM X Y Z

C -1.099820 -0.008751 -0.379602
c 0.390366 -0.267997 -0.536721
C 1.112791 1.077154 -0.626788
C -0.479184 2.218820 0.630611
C -1.366131 0.983896 0.758493
H 0.771162 -0.804355 0.341713
H -1.510529 0.389016 -1.313029
H -0.780949 2.771184 -0.272083
H -2.421019 1.267839 0.762674
H 0.818865 1.627591 -1.531785
0 0.887443 1.832009 0.521755
N 0.588185 -1.046521 -1.770284
N 1.712742 -1.547975 -1.873049
N 2.707425 -2.045247 -2.062741
0 -1.705566 -1.259482 -0.071380
C -3.018399 -1.397924 -0.364283
0 -3.640687 -0.586122 -1.006784
C -3.577821 -2.659599 0.189362
C -4.846430 -3.060995 -0.233859
C -2.880448 -3.410443 1.139521
C -5.413173 -4.219850 0.285741
H -5.375446 -2.459795 -0.966921
C -3.456785 -4.561745 1.665808
H -1.897484 -3.089852 1.468583
C -4.720029 -4.968106 1.236973
H -6.396256 -4.538238 -0.046775
H -2.920862 -5.138572 2.413431
H -5.166322 -5.869152 1.647386
0 -1.034575 0.340423 1.994319
C -2.028528 -0.305369 2.638597
0 -3.184992 -0.273127 2.283708
C -1.536495 -1.057852 3.823289
C -2.456612 -1.857964 4.506433
C -0.203666 -0.998584 4.240023
C -2.043993 -2.598662 5.607868
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H -3.484993 -1.893277 4.160308

C 0.201897 -1.737786 5.347071

H 0.506273 -0.379343 3.701539

C -0.715517 -2.536410 6.028866

H -2.755895 -3.223293 6.138421

H 1.235199 -1.693062 5.676544

H -0.394865 -3.114355 6.890545

C -0.596811 3.131278 1.833290

H -1.662000 3.290265 2.067333

H -0.124767 2.648650 2.701763

0 0.037319 4.346187 1.527410

C 0.034600 5.224487 2.629615

H 0.564099 4.789947 3.489499

H 0.546196 6.138318 2.319787

H -0.990201 5.474938 2.939946

0 2.486317 0.763783 -0.685191

C 3.322438 1.702580 -1.167151

N 2.961328 2.872412 -1.444497

C 3.819095 3.835861 -2.024964

C 4.397324 3.640759 -3.282289

C 4.009290 5.041327 -1.345083

C 5.188272 4.642296 -3.838971

H 4.215574 2.714715 -3.819004

C 4.814682 6.028167 -1.903174

H 3.528510 5.184461 -0.382009

C 5.407326 5.833263 -3.150847

H 5.635809 4.486898 -4.816176

H 4.973434 6.957668 -1.364487

H 6.028523 6.609185 -3.587361

C 4.713901 1.076526 -1.331936

F 4.871572 0.032143 -0.521145

F 4.878969 0.645000 -2.589180

F 5.674827 1.958332 -1.064330

TMSI

M06-2X SCF energy: -420.53229462 a.u.
M06-2X enthalpy: -420.409327 a.u.
M06-2X free energy: -420.453528 a.u.
M06-2X SCF energy in solution: -420.63615597 a.u.
M06-2X enthalpy in solution: -420.513188 a.u.
M06-2X free energy in solution: -420.557389 a.u.
Three lowest frequencies (cm-1): 145.5882 149.9084 165.7522
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Cartesian coordinates

ATOM X Y Z

Si -0.932808 -0.039735 0.102939
C -2.795209 0.019453 -0.0029%946
H -3.159764 1.050696 -0.033343
H -3.156036 -0.502579 -0.894522
H -3.227659 -0.470698 0.878189
C -0.253961 0.915742 1.554602
H -0.596567 0.451931 2.488063
H 0.840487 0.914024 1.555846
H -0.599146 1.954059 1.544733
C -0.254203 -1.775517 -0.005172
H -0.614071 -2.289546 -0.901845
H 0.839963 -1.773199 -0.021109
H -0.580844 -2.348790 0.871484
I -0.092942 1.164739 -1.968495

TMSI-OPTFATI

M06-2X SCF energy: -1146.30405616 a.u.

M06-2X enthalpy: -1146.049018 a.u.

M06-2X free energy: -1146.118024 a.u.

M06-2X SCF energy in solution: -1146.59343671 a.u.

M06-2X enthalpy in solution: -1146.338399 a.u.

M06-2X free energy in solution: -1146.407405 a.u.

Three lowest frequencies (cm-1): 22.7427 27.0617 41.6264

Cartesian coordinates

ATOM X Y Z

Si -0.846030 -0.054571 0.189638
C -2.655414 0.081996 -0.234266
H -2.964651 1.128631 -0.327891
H -2.880162 -0.423538 -1.179531
H -3.269655 -0.380101 0.546842
C -0.416793 0.947586 1.705775
H -1.052529 0.645765 2.546492
H 0.627151 0.811770 2.001676
H -0.588984 2.014906 1.527481
C -0.290633 -1.833191 0.283804
H -0.381232 -2.322473 -0.692517
H 0.746794 -1.920781 0.617846
H -0.924401 -2.384029 0.988766
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0 -0.110453 0.685423 -1.195926

C 1.201727 0.788500 -1.343012

N 2.031858 0.394350 -0.474904

C 3.432058 0.423798 -0.656935

C 4.206115 1.163957 0.241326

C 4.056005 -0.342350 -1.646284

C 5.591758 1.168957 0.122266

H 3.708122 1.734431 1.019842

C 5.444705 -0.340745 -1.749168

H 3.450380 -0.940104 -2.320913

C 6.217367 0.417219 -0.872036

H 6.185971 1.757973 0.814786

H 5.922793 -0.936773 -2.521076

H 7.299557 0.416878 -0.957397

C 1.543932 1.425026 -2.698950

F 0.544511 2.187238 -3.140773

F 2.634715 2.189249 -2.623693

F 1.767216 0.474504 -3.617769

TS5

MO06-2X SCF energy: -2549.80693715 a.u.

MO06-2X enthalpy: -2549.078981 a.u.

M06-2X free energy: -2549.215062 a.u.

M06-2X SCF energy in solution: -2550.49414658 a.u.
M06-2X enthalpy in solution: -2549.766190 a.u.
M06-2X free energy in solution: -2549.902271 a.u.
Three lowest frequencies (cm-1): -125.6201 7.3216 15.6513
Imaginary frequency: -125.6201 cm-1

Cartesian coordinates

ATOM X Y Z

C 0.932672 1.012293 -0.418117
C 0.541805 0.084700 0.721936
C -0.340726 -1.048068 0.224743
C 0.295477 -0.748249 -2.075894
C 1.402861 0.160262 -1.595094
H 1.463085 -0.356471 1.114901
H 0.093636 1.644333 -0.712587
H -0.498733 -0.136266 -2.515500
H 1.714194 0.799911 -2.424907
H -1.142811 -1.415211 0.856453
¢} -0.383481 -1.444672 -0.983059
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-0.

O b O o ok PO 39 0 ooy 0 JdJ W ooy b bW W NN oYY OO OWwWw b b O wWwW b W E DN

-3
-1
-3
-3

170054
.035071

.009857
.015462
.317913
.644868
.540904
.395523
.832403
.540707
.168372
.973411
.157575
.82749¢6
.210843
.198941
.720915
.496382
.743073
.952217
.791971
.489500
.108203
.510950
.464575
.123641
.316651
.824541
.278916
.146675
.618545
.739721
.366371
.346771

.419925
.127381

.373435

.076666

.513754
.919078

.406963
.995382
.487641
.281786

o
O o o U oy W b U0 Wb N W WwND e O o o

.837702
.386641
.080951
.792158
.899769
.279755
.579197
.976017
.845717
.648776
.987669
.516916
.289927
.917532
.183192
.503983
.440182
.651444
.150350
.888900
.020623
.261329
.549925
.031620
.616970
.323580
.420241
.564015
.994410
.961479
.166960
.815389
.345645
.569228
.382360
.491230
.286759
.868491
.203304
.245087
.644099
.735061
.180583
.157293

.754750
.901165
.984589
.074184
.640701
.570232
.141559
.785436
. 652562
.200312
.171150
.228280
.377221
.697403
.916080
.619399
.025890
.163093
.351259
.931937
.764615
.197493
.782929
.348855
.178142
.233856
.223192
.331123
.793373
.243310
.761670
.049070
.823972
.527052
.598131
.421163
.852960
.805947
.265996
. 648923
.139257
.677725
.611114
.594460
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c -3.590309 -1.164859 1.979870
C -3.191743 0.789129 3.933062
H -3.187640 2.203112 2.312909
c -3.486962 -1.530828 3.321262
H -3.743470 -1.929922 1.222689
C -3.293642 -0.554825 4.295580
H -3.035929 1.548324 4.693240
H -3.559434 -2.576775 3.601945
H -3.213898 -0.840642 5.340091
C -4.277917 2.224229 -0.308328
C -3.766720 3.139997 -1.232676
C -5.437234 2.531969 0.412840
C -4.416986 4.353765 -1.441994
H -2.857640 2.899818 -1.776701
C -6.084208 3.745862 0.199334
H -5.828947 1.832971 1.147551
C -5.575574 4.6540664 -0.728774
H -4.016825 5.064668 -2.158101
H -6.981078 3.985730 0.761782
H -6.080966 5.601943 -0.891017
c -4.355505 -0.609624 -1.045440
C -5.713499 -0.836291 -0.793394
c -3.689799 -1.360635 -2.016532
c -6.399750 -1.806977 -1.515361
H -6.234378 -0.258902 -0.033340
C -4.381456 -2.333476 -2.736721
H -2.634033 -1.188336 -2.205092
C -5.733292 -2.554598 -2.487737
H -7.452897 -1.982838 -1.319600
H -3.861397 -2.915907 -3.491067
H -6.271300 -3.312644 -3.048966

Int2

M06-2X SCF energy: -2549.84288322 a.u.

M06-2X enthalpy: -2549.111928 a.u.

M06-2X free energy: -2549.248412 a.u.

M06-2X SCF energy in solution: -2550.52717205 a.u.

M06-2X enthalpy in solution: -2549.796217 a.u.

M06-2X free energy in solution: -2549.932701 a.u.

Three lowest frequencies (cm-1): 8.7588 12.5035 19.2369

Cartesian coordinates
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ATOM

T Q- =-m =T Q@D Q@D Q Qo O o o o @ @D @D Q@D Q@ O o o zZ2 2 2 Oo@n @ m @m Qa0

X

. 622621
.186033
.719228
.715423
.699229
.155492
.018079
.033239
.716825
.604561
.127494
.722372
.464786
.380776
.716959
.235070
.448721
.844536
.788299
.586138
.806757
.522024
.240129
.921159
.123614
.561660
.495999
.326846
.319171
.493105
.798525
.430796
.728910
.001095
.285288
.291019
.785964
.926770
.061831
.011170
.585751
.623498
.637988

(@}

.843338
.406020
.643496
.923037
.773913
.783963
.359709
.536584
.155107
.420959
.679121
.784589
.053296
.665801
.767719
.734734
.565194
.385871
.430140
.472872
.267935
.663609
.185999
.613779
.209265
.773641
.465579
.026173
.441146
.605478
.583108
.468324
.871941
.644034
.022745
.047209
.973067
.065341
.554178
.507224
.708689
.812323
.085473

.066320
.314071
.373411
.002533
.851103
.478382
.946071
.855522
.737030
.240472
.590552
.631401
.772607
.811694
.999324
.506247
.524949
.698328
.895442
.246547
.403773
.450397
.530079
.624876
.403274
. 742268
.273740
.311333
.015780
.774920
.112679
.377709
.875779
.412004
.780320
.905633
.650307
.174050
.623984
.498974
.979597
.216943
.547477

141



H - & =D =T Q @&om Q@D Q QO QO @ @D @m Q@ Q@ Qo o@D @z @D Q@ Q@D Qo mhm o @m @ D Q O om

w P O 0w DD P W W NN EREw N O RrWww RN R

.125531
.108552
.291246
.868186
.839005
.672815
.299129
.275485
.181299
.119175
.624536
.974424
.455137
.242974
.633757
.534792
.982827
.095498
.206555
.841015
.778828
.317530
.173103
.207918
.722825
.615363
.642799
.894851
.323844
.955703
.631958
.348422
.926892
.376973
.345839
.943337
.138345
.669548
.165779
.948214
.469111
. 771795
.541615

O W J oy 0oy 0oy OO R NN R WD W o O o d Yo oy ® I Jd O

.273491
. 953930
.842270
.373602
.708250
.179625
.407494
.979160
.092725
.663472
.364084
.519987
.672300
.211667
.687909
.790267
.198025
.198437
.454739
.639337
. 722366
.487903
.647680
.850451
.410127
.211826
.491591
.935212
.296399
.652784
.819993
.556888
.780548
.242370
.588103
.482037
.223766
.204955
.803737
.461134
. 743799
.357243
.431745

1.
-0.
0.
1.
0.

035748
156211
923585
733062
546304

.329606
.519500
.667065
.532167
.833359
.904559
.515159
.539867
.588247
.669604
.891898
.753499
.885763
.426743
.708973
.210584
.997573
.998458
.219920
.778683
.398193
.279513
.613043
.780976
.893406
.864011
.703725
.394375
.068691
.285509
.752134
.302405
.592538
.164117
.160485
.093486
.456330
.297469
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TS6
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X
M06-2X

Three lowest frequencies

SCFEF energy:

enthalpy:

free energy:

-2704.78552799 a.u.
-2703.967556 a.u.
-2704.111036 a.u.

SCF energy in solution:

enthalpy in solution:

free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

O Q O m =T m QO = Q @=-m QO O QO O o0 =2 2 2 O0m =T o oD QO

X

.472728
.945842
.152252
.486200
.770407
.770269
. 747358
.187704
.173573
.262669
.450472
.348911
.080110
.658593
.120589
.595899
.321447
.864516
.902821
.990630
.410990
.027712
.465556
.571250
.414910
.481494
.450317
.724193
.547160
.641959

o W o 0N W W W W W PR RO

-0.
-1.

-2705.52827226 a.u.
-2704.710300 a.u.
-2704.853780 a.u.

(cm-1): -180.9363 15.6515 21.3606
-180.9363 cm-1
Z

.339200 0.042927
.472191  -1.092241
.441802 -0.620516
.248410 1.690242
.427860 1.227970
.187187 -1.391797
.104583 0.322309
.521237 2.082591
.001702 2.066102
.840842 0.577717
.239444 -2.236241
.562575 -3.023776
.913271 -3.806575
.930390 -0.474700
.023351 0.174131
.456870 1.173148
.601554 -0.480325
.054895 -1.646715
. 726694 0.109921
.638392 -2.218118
.181182 -2.102386
.305533 -0.465706
.134748 1.015557
.761028 -1.629301
.217249 -3.123895
.179142 -0.008771
.213151 -2.078645
528816 0.776951
046666 1.717160
.587664 2.832270
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Q Q& =-Z =T Q @&oDm Q@D Qo Qv o m o @Dm Q@& @D @ Q@D @ @D @D QO @m == Q@m @ & Q@ Q@m0

BSw wwwwwwwwww w N

.329838
.917891
.473769
.670656
.003806
.226709
.760986
.824483
.355222
.121100
.408245
.638471
.361418
.170074
.339761
.693886
.391327
.179715
.805893
.974077
.967391
.248781
.974369
.914870
.646035
.363317
.362873
.755938
.092992
.412938
.872811
.114430
.145689
.122664
.204879
.122195
.172705
.092758
.218400
.236417
.182167
.264847
.647584
.973204

-3
-1
-4
-4
-3
-5
-1
-1
-0
-2
-3
-2
-4
-3
-0
-3
-4
-3
-3
-2
-1
-1

.201594
.940323
.565167
.041467
.669368
.658281
.983910
.395500
.628983
.938221
.253919
.347574
.665072
.923532
.424861
.385279
.958730
.211509
.762144
.714906
.574417
.322913
.889704
.530928
.215907
.891402
.464811
.233934
.881688

.575930
.424194
.537866

.861954

.240632

.549977
.420956

.547340
.327129

.846540
.635533

.095471

.384718

.049194
.176362

S O g U w s~ Wb o w W e

.213183
.100197
.926803
.299716
.421823
.514213
.797216
.400522
.156439
.061632
.081862
.721084
.051086
.585979
.157158
.130058
.864947
.607571
.655656
.279049
.510863
.161245
.220807
.603056
.921136
.210306
.268727
.491401
.162247
.067312
.319919
.881034
.888323
.092462
.097813
.955181
.299150
.094932
.301758
.094086
.236070
.243866
.525265
.955666
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.895134
.540448
.557781
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