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1. Green chemistry metrics

In order to evaluate the “greenness” of the preparation processes, several metrics of
green chemistry were calculated according to the equations below (table S1). The
atom economy (AE) is a parameter which measures the amount of the reactants
remain in the end products.! The Curzons reaction mass efficiency (RME) is the ratio
of actual mass of final product to the mass of all reactants used.? It takes into
consideration of both atom economy and chemical yield. However, the AE and
Curzons RME only give information about the “greenness” of the reaction, but not of
a process, therefore cannot reflect the waste and energy issues in the process. The
Andraos RME accounts for all the materials involved in the chemical process,
including the mass of catalysts, solvents, work-up and purification materials.® The
environmental factor (E-factor) is the ratio of the mass of waste produced in the
process to mass of final product, which incorporate yield, stoichiometry and solvent
usage.* The effective mass yield is defined by the ratio of the mass of the desired
product to the mass of all non-benign reactant, solvent, and catalyst, which have
environmental risks.® The calculation of EcoScale takes into account the yield, cost,
safety, technical set-up, energy and purification aspects, providing a general and

simple parameter of the “greenness” of the whole preparation processes.®

Table S1 The green chemistry metrics and their calculations

Ideal

Metrics Expression Aim
value

molecular weight of the product
Atom economy (AE)! : e = Increase 1
sum of molecular weight of all the stoichiometric reagents

Curzons reaction mass efficiency mass of the product

2 Increase 1
(RME) total mass of all the reactants
Andraos reaction mass efficiency mass of the product Increase 1
(RME)? total mass of all input material relevant to the reaction
Sheldon environmental factor mass of the waste
E-factor)* Decrease 0
( mass of the product
mass of the product
Effective mass yield (EMY)>2 Increase

mass of non-benign reagents

100 minus penalty points

EcoScale® the penalty points is calculated based on yield, cost, Increase 100
safety, technical set-up, energy and purification aspects.

[l The EMY values were not provided in the below tables because there were no non-benign reagents in these enzymatic reaction system.
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Table S2 The green chemistry metrics of two-enzyme cascade a2,3-sialylation
system with PmST1 M144D or PmST3

Product

28 29 34 35

31 32 36 37 38 39 41 42

Substrate

27 27 33 33

30 30 23 23 24 24 40 40

Reaction conditions

Two-enzyme cascade a2,3-
sialylation system with PmST1
M144D: Neu5Ac or Neu5Gc
(1.2 equiv), CTP (1.2 equiv),
Tris-HCI (100 mM), MgCl; (20
mM), NmCSS, and PmST1
M144D, 37 °C in one-pot.

Two-enzyme cascade a2,3-sialylation system with PmST3: Neu5Ac
or Neu5Gc (1.2 equiv), CTP (1.2 equiv), Tris-HCI (100 mM), MgCl,
(20 mM), NmCSS, and PmST3, 37 °C in one-pot

Atom economy 0520 0520 0520 0520 | 0520 0520 0612 0613 0574 0577 0603 0.605
Curzonsreactionmass | 313 (377 (0389 0387 | 0466 0436 0583 0500 0505 0513 0577 0.533
efficiency (RME)
Andraosreactionmass | 15 6006 0015 0005 | 0014 0017 0017 0002 0015 0002 0002 0.002
efficiency (RME)
Sheldon E-factor 827 166 671 189 | 694 593 591 621 129 404 538 504
Ecoscale 505 645 66 655 | 735 70 76 725 715 74 735 74
Separationyield | 0630 0730 0760 0750 | 0910 0.840 0960 0.890 0870 0920 0910 0.920
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Table S3 The green chemistry metrics of three-enzyme cascade B1,4-N-

acetylgalatosaminylation system

Product

1 2 3 4 5 6 7 8 9 10 1 12

Substrate

28 29 31 32 34 35 36 37 38 39 41 42

Reaction conditions

Three-enzyme cascade B1,4-N-acetylgalatosaminylation system: GalNAc (1.2 equiv), ATP (1.2 equiv),
UTP (1.2 equiv), Tris-HCI (100 mM), MgCl; (20 mM), BINahK/EcGImU, and CjCgtA, 37 °C in one-pot.

Atom economy 0402 0406 0402 0406 0402 0406 0482 0485 0449 0428 0474 0477

Curzonsreaction mass | 353 333 0375 0350 0359 0352 0417 0426 0400 0389 0400 0.421
efficiency (RME)

Andraos reactionmass | o 50, 0003 0004 0005 0002 0005 0001 0003 0002 0002 0001 0002

efficiency (RME)

Sheldon E-factor

278 300 270 189 578 189 807 351 577 577 673 504

Ecoscale

735 725 75 715 745 715 74 72 74 74 73 73

Separation yield

0910 0.890 0.940 0.870 0930 0870 0920 0.880 0.920 0.920 0.900 0.900
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Table S4 The green chemistry metrics of two-enzyme cascade al,2-fucosylation
system, three-enzyme cascade al,3-N-acetyl-galactosaminylation system, and
Three-enzyme cascade al,3-galactosylation system

Product

13

14

15

Substrate

13

13

Reaction conditions

Two-enzyme cascade al,2-
fucosylation system: Fucose
(1.2 equiv), ATP (1.5 equiv),
GTP (1.5 equiv), Tris-HCI
(100 mM), MgCl; (20 mM),
37 °C, BfFKP, and
Hmal,2FucT in one-pot

Three-enzyme cascade al,3-
N-acetyl-galactosaminylation
system: GalNAc (1.2 equiv),
ATP (1.2 equiv), UTP (1.2
equiv), Tris-HCI (100 mM),
MgCl; (20 mM), 37 °C,
BINahK/EcGImU, and
HmBGgtA in one-pot

Three-enzyme cascade
al,3-galactosylation
system: Gal (1.2 equiv), ATP
(1.2 equiv), UTP (1.2 equiv),
Tris-HCI (100 mM), MgCl,
(20 mM), EcGalK, BLUSP,
and hGTB in one-pot

Atom economy 0.506 0.540 0.535
Cur29n§ reaction mass 0.409 0.348 0273
efficiency (RME)
Andrgo.s reaction mass 0.002 0.001 0.001
efficiency (RME)
Sheldon E-factor 448.9 1008.8 896.7
Ecoscale 68.5 64 53
Separation yield 0.810 0.720 0.500




2. Experimental procedures of Chemical synthesis

Ph
o
HO _OH ol
O o
HO e
AcHN Ho
Ci
Oa~Ns AN & s
S1 16

3-azidopropyl 2-acetylamino-2-deoxy-4,6-O-phenylmethylene-a-p-galactopyrano
side (16)

To a solution of 3-azidopropyl 2-acetylamino-a-p-galactopyranoside S17 (200 mg,
0.66 mmol) in CH3CN, benzaldehyde dimethyl acetal (120 uL, 0.79 mmol) and CSA
(46 mg, 0.20 mmol) were added and the resulting solution was stirred at room
temperature overnight. The reaction was quenched with EtsN, concentrated in vacuo
and purified by silica gel chromatography (eluted with hexane:ethyl acetate, 1.6, v/v).
Compound 16 was obtained as a white solid (81%, 210 mg); 'H NMR (600 MHz,
CDClI3) 67.52 (dd, J = 7.6, 2.1 Hz, 2H), 7.39 — 7.35 (m, 3H), 5.88 (d, J = 8.9 Hz, 1H),
5.57 (s, 1H), 4.96 (d, J = 3.5 Hz, 1H), 4.47 (ddd, J = 10.7, 8.9, 3.5 Hz, 1H), 4.28 (dd,
J=126, 1.5 Hz, 1H), 4.23 (d, J = 3.3 Hz, 1H), 4.08 (dd, J = 12.5, 1.7 Hz, 1H), 3.87 —
3.81 (m, 2H), 3.67 (d, J = 1.6 Hz, 1H), 3.54 (ddd, J = 10.0, 6.5, 5.4 Hz, 1H), 3.46 —
3.36 (m, 2H), 2.93 (d, J = 10.6 Hz, 1H), 2.03 (s, 3H), 1.94 — 1.86 (m, 2H); 3C NMR
(150 MHz, CDCl3) 6 171.29 , 129.18 , 128.23 , 126.32 , 101.27 , 98.37 , 75.44 ,
69.30, 69.01, 65.23, 63.10, 50.33, 48.73 , 28.52 , 23.37; HRMS (ESI) m/z calcd for
C18H24N4Os [M+H]* 393.1769, found 393.1791.

Ph Ph

&o &o
o] AcO _OAc AcO _OAc (o]
0O + o) —_— o0 5 o]
HO AcO STol AcO
AcHN O~ Ns OAc OAc AcHN O~ M3
16 25 17

3-azidopropyl 2,3,4,6-tetra-O-acetyl-B-p-glucopyranosyl-(1—3)-4,6-O-benzyliden
e-2-deoxy-2-acetylamino-a-D-galactopyranoside (17)

To a solution of 2-acetylamino-2-deoxy-4,6-O-phenylmethylene-o-D-
galactopyranoside 16 (700 mg, 1.78 mmol) and p-methylphenyl 2,3,4,6-tetra-O-
acetyl-1-thio-p-p-galactopyranoside 258 (968 mg, 2.14 mmol) in dry CH2Cl (15 mL),
4 A molecular sieves (1.5 g) was added, and the reaction mixture was stirred under

argon at room temperature for 30 min. The reaction mixture was cooled down to -25
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°C and N-iodosuccinimide (NIS, 803 mg, 3.57 mmol) was added. The reaction
mixture was stirred at the same temperature for 10 min before TfOH (47 pL) was
added. When thin-layer chromatography (TLC) showed complete consumption of the
acceptor 16, the reaction mixture was diluted with CH.Cl, (15 mL) and filtered
through Celite®. The organic layer was washed with 5% aqueous Na»>S»03, saturated
NaHCOs, and brine solution (10% aqueous NaCl). After dried with anhydrous
Na>SOg, the organic layer was filtered and the solvent was removed by evaporation.
The resulting residue was purified using silica gel chromatography (eluted with
hexane:ethyl acetate, 1:3 v/v) to produce disaccharide 17 (850 mg, 66%); ‘H NMR
(600 MHz, CDCl3) 6 7.55 — 7.53 (m, 2H), 7.38 — 7.33 (m, 3H), 5.70 (d, J = 8.7 Hz,
1H), 5.55 (s, 1H), 5.38 (td, J = 3.6, 1.1 Hz, 1H), 5.20 (dd, J = 10.3, 7.9 Hz, 1H), 5.03
(d, J = 3.6 Hz, 1H), 4.98 (dd, J = 10.3, 3.5 Hz, 1H), 4.76 (d, J = 7.9 Hz, 1H), 4.68 —
4.63 (m, 1H), 4.30 (d, J = 3.0 Hz, 1H), 4.26 (dd, J = 12.4, 1.6 Hz, 1H), 4.18 (dd, J =
11.3, 6.3 Hz, 1H), 4.13 (dd, J = 11.3, 6.7 Hz, 1H), 4.06 (dd, J = 12.5, 1.7 Hz, 1H),
3.96 (dd, J = 11.2, 3.2 Hz, 1H), 3.90 (td, J = 6.6, 1.3 Hz, 1H), 3.86 — 3.81 (m, 1H),
3.65 (d, J = 1.5 Hz, 1H), 3.58 — 3.52 (m, 1H), 3.40 (qd, J = 6.1, 5.1, 2.1 Hz, 2H), 2.15
(s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 1.99 (s, 3H), 1.97 (s, 3H), 1.94 — 1.87 (m, 2H); 3C
NMR (150 MHz, CDClz) 6170.40, 170.27, 170.20, 169.64, 169.54, 137.55, 128.87,
128.15, 126.19, 126.03, 101.13, 100.74, 98.33, 75.52, 74.06, 70.95, 70.84, 69.24,
68.80, 66.92, 65.54, 63.20, 61.34, 48.89, 48.20, 28.39, 23.39, 20.70, 20.69, 20.68,
20.55; HRMS (ESI) m/z calcd for C32H42N4O1s5 [M+H]* 723.2719, found 723.2805.

OAc

o OAc
AcO
AcO OYNH Aco/ég\/o

NHTroc

Ph
AcO _OAc %O AcO OAc  HO OH CClg heo TrocHN
o o o) o o 26 AcO _-OAc HO
AGO S‘::v; /Og\ Aco§§/ é iA‘ o o o
oAc AcHN | OAc AcHN &\/0
AcHN
17

O N3 AcO
NN S~ 0Ac

o NP
3-azidopropy! 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)
-B-D-glucopyranoside-(1—6)-[2,3,4,6-tetra-O-acetyl-pB-pD-galactopyranosyl-(1—3)]
-4,6-O-benzilidine-2-deoxy-2-acetylamino-a-p-galactopyranoside (19)

A solution of compound 17 (397 mg, 0.55 mmol) in 80% aqueous acetic acid (20 mL)
was stirred at 70 <C for 3 h and the solvents were removed under reduced pressure.
The crude compound was co-evaporated with toluene (310 mL) and purified using

silica gel chromatography (eluted with hexane:acetone, 1:1, v/v) to produce

11



disaccharide diol 18 (257 mg) as a white solid. And then a solution of glycosyl donor
26° (303 mg, 0.48 mmol), glycosyl acceptor 20 (257 mg, 0.40 mmol) and activated 4
A molecular sieves (1.0 g) in anhydrous CH,Cl, (10 mL) was stirred under argon at
room temperature for 30 min. The reaction mixture was then cooled to -45 °C,
followed by adding TfOH (11 uL, 0.12 mmol) and then warm to room temperature.
The reaction mixture was stirred until complete consumption of the acceptor, as
observed by TLC (dichloromethane:ethyl acetate, 1:6, v/v). The reaction mixture was
diluted with CH2Cl, and filtered through Celite®. The organic layer was washed with
saturated NaHCO3 solution. After dried with anhydrous Na>SOa, the solution was
filtered and the solvent was removed by evaporation. The resulting residue was
purified using silica gel chromatography (eluted with dichloromethane:ethyl acetate,
1:3, v/v) to afford disaccharide 19 (355 mg, 58% for two steps); *H NMR (600 MHz,
CDCls) 65.78 (d, J = 9.0 Hz, 1H), 5.65 (d, J = 9.5 Hz, 1H), 5.37 — 5.35 (m, 1H), 5.24
(t, J = 9.7 Hz, 1H), 5.18 (dd, J = 10.5, 7.9 Hz, 1H), 5.06 (t, J = 9.6 Hz, 1H), 4.97 (dd,
J=10.5, 3.5 Hz, 1H), 4.81 (d, J = 12.1 Hz, 1H), 4.75 (d, J = 3.7 Hz, 1H), 4.66 (d, J =
8.3 Hz, 1H), 4.58 (d, J = 7.9 Hz, 1H), 4.55 — 4,51 (m, 2H), 4.29 (dt, J = 13.1, 3.9 Hz,
1H), 4.17 (dd, J = 11.3, 6.7 Hz, 1H), 4.12 (dd, J = 12.6, 2.3 Hz, 1H), 4.05 (td, J = 10.9,
9.8, 5.0 Hz, 2H), 4.00 (s, 1H), 3.93 — 3.87 (m, 2H), 3.82 — 3.66 (m, 4H), 3.50 — 3.37
(m, 4H), 2.82 (s, 1H), 2.16 (s, 3H), 2.09 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H), 2.01 (s,
3H), 2.00 (s, 3H), 1.99 (s, 3H), 1.97 (s, 3H), 1.90 (p, J = 6.3 Hz, 2H); *C NMR (150
MHz, CDCIlz) 6 170.70, 170.22, 170.14, 169.71, 169.48, 169.47, 154.21, 101.82,
101.16, 97.68, 95.52, 77.22, 77.01, 76.80, 74.35, 72.18, 71.75, 70.80, 70.62, 69.34,
68.55, 66.78, 65.36, 61.98, 61.18, 56.19, 49.03, 47.75, 29.67, 28.41, 23.37, 20.76,
20.72, 20.69, 20.65, 20.62, 20.55; HRMS (ESI) m/z calcd for C4oHseCIsN5O24 [M+H]"
1096.2454, found 1096.2660.

ACO ACO O
Tro
AcO _OAc Aco OAc AcO HO OH
o) B6)
o
&/ oso
AGHN | AcHN H AcHN B3
R N

3-azidopropy! 2-acetamido-2-deoxy-B-D-glucopyranosyl-(1—6)-[B-p-galactopyra
nosyl-(1—3)]-2-acetamido-2-deoxy-2-a-D-galactopyranoside (20)

Compound 19 (296 mg, 0.27 mmol) was dissolved in THF (15 mL), and then TBAF
(283 mg, 1.08 mmol) was added. The mixture was stirred at room temperature

12



overnight. Without further purification, the solvent was removed under vacuum, and
the residue was dissolved in pyridine (10 mL) and treated with acetic anhydride (76
uL, 1.2 equiv). The mixture was stirred at room temperature for 12 h and monitored
by TLC (dichloromethane:methanol, 10:1, v/v). Then the mixture was washed with 1
M HCI and CH2Cl> to remove pyridine. After dried and purified by silica gel
chromatography, the trisaccharide S2 was obtained in high yield. The product S2 was
dissolved in dry MeOH, and 30% NaOMe in MeOH solution was added to adjust the
pH to 10. The resulting mixture was stirred at room temperature and monitored by
TLC (EtOAc:MeOH:H>0O:HOAC, 8:3:1:0.2, v/v). After the completion of the reaction,
the reaction mixture was neutralized with Dowex 50WX8 (H*) resin. The mixture was
concentrated and purified by Bio-Gel P2 gel filtration chromatography (eluted with
H20) to afford the trisaccharide 20 (150 mg, 83% for 3 steps) as a white solid; H
NMR (600 MHz, D20) 64.83 (d, J = 3.8 Hz, 1H), 4.49 (d, J = 8.5 Hz, 1H), 4.42 (d, J
= 7.8 Hz, 1H), 4.29 (dd, J = 11.1, 3.7 Hz, 1H), 4.19 (d, J = 3.2 Hz, 1H), 4.03 (dd, J =
8.5, 3.1 Hz, 2H), 3.99 (dd, J = 11.1, 3.2 Hz, 1H), 3.90 (dd, J = 12.4, 2.0 Hz, 1H), 3.87
(dd, J =3.5, 0.9 Hz, 1H), 3.75 — 3.65 (m, 6H), 3.61 (dd, J = 7.9, 4.4 Hz, 1H), 3.59 (dd,
J=9.9, 3.4 Hz, 1H), 3.51 — 3.38 (m, 7H), 1.99 (s, 6H), 1.89 — 1.84 (m, 2H); *C NMR
(150 MHz, D20) 6174.42, 174.13, 104.59, 101.41, 96.92, 76.83, 75.72, 74.86, 73.78,
72.34, 70.45, 69.84, 69.79, 69.24, 68.83, 68.44, 64.41, 60.85, 60.57, 55.35, 48.49,
48.08, 27.80, 22.07, 21.84; HRMS (ESI) m/z calcd for C2sH43Ns016 [M+H]™ 670.2778,
found 670.2829.

Ph Ph

0 0o

o OAc OAc o}
0 o
+ ACO/&M o) [¢]
O.__NH AcO

HO AcO T \f —3>» AcO °

AcHN N roc TrocHN AcHN

NN B CClg O~ N3
16 26 21

3-azidopropyl 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)
-B-p-glucopyranosyl-(1—3)-4,6-O-benzylidene-2-deoxy-2-acetylamino-a-D-galact
opyranoside (21)

A solution of glycosyl donor 26° (1.08 g, 1.74 mmol), glycosyl acceptor 16 (455 mg,
1.16 mmol) and activated 4 A molecular sieves (5.0 g) in anhydrous CH2Cl (50 mL)
was stirred under argon at room temperature for 30 min. The reaction mixture was

then cooled to 0 °C, followed by adding of TfOH (30 uL, 0.35 mmol). The reaction
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mixture was stirred for 2 h until complete consumption of the acceptor, as observed
by TLC (hexane:ethyl acetate, 1:3, v/v). The reaction mixture diluted with CH2Cl, and
filtered through Celite®. The organic layer was washed with saturated NaHCO:s.
After dried with anhydrous Na>SOs, the solution was filtered and the solvent was
removed by evaporation. The resulting residue was purified using silica gel
chromatography (eluted with hexane:ethyl acetate, 1:1, v/v) to produce disaccharide
21 (805 mg, 81%); *H NMR (600 MHz, CDCls) §7.54 — 7.51 (m, 2H), 7.40 — 7.33 (m,
3H), 5.84 (d, J = 8.9 Hz, 1H), 5.66 (d, J = 8.1 Hz, 1H), 5.56 (s, 1H), 5.28 (t, J = 9.8
Hz, 1H), 5.06 — 4.97 (m, 2H), 4.71-4.63 (m, 3H), 4.36 (d, J = 3.2 Hz, 1H), 4.30 (d, J =
11.9 Hz, 1H), 4.24 (dd, J = 12.4, 1.5 Hz, 1H), 4.09 (dd, J = 12.4, 4.0 Hz, 1H), 4.05
(dd, J =12.6, 1.7 Hz, 1H), 3.99 - 3.93 (m, 2H), 3.81 (dt, J = 10.2, 6.1 Hz, 1H), 3.67
(d, J = 13.5 Hz, 1H), 3.61 (s, 1H), 3.52 (dg, J = 11.6, 8.4, 7.4 Hz, 2H), 3.44 — 3.34 (m,
J =6.2 Hz, 2H), 2.02 (s, 3H), 2.01 (s, 3H), 1.98 (s, 3H), 1.97 (s, 3H), 1.88 (p, J = 6.7,
6.2 Hz, 2H); 13C NMR (150 MHz, CDCls) §170.57, 170.29, 169.43, 154.04, 137.47,
129.13, 128.31, 126.23, 100.98, 99.62, 98.37, 95.41, 77.21, 77.00, 76.79, 75.63, 74.34,
71.89, 71.55, 69.29, 68.40, 65.36, 63.06, 61.55, 56.42, 48.71, 28.48, 23.40, 20.77,
20.63; HRMS (ESI) m/z calcd for C33H42Cl3sNsO15 [M+H]* 854.1816, found 854.1887.

Ph
TrocHN N AcHN oM " N O~ N3 P & 0sp
3-azidopropyl 2-acetamido-2-deoxy-B-b-glucopyranosyl-(1—3)-2-acetamido-2-de
oxy-2-a-D-galactopyranoside (22)

Compound 21 (41 mg, 0.05 mmol) was dissolved in THF (5 mL), and then TBAF (51
mg, 0.2 mmol) was added. The mixture was stirred at room temperature overnight.
Without further purification, the solution was removed under vacuum, and the residue
was dissolved in pyridine (5 mL) and treated with acetic anhydride (1.2 equiv). The
mixture was string at room temperature for 12 h and monitored by TLC
(dichloromethane:methanol, 10:1, v/v). Then the mixture was washed with 1 M HCI
to remove pyridine. The crude disaccharide was then dissolved in 80% AcOH (5 mL)
and string at 70 °C for 2 h until the complete consumption of starting material. The
solvent was removed under vacuum, followed by co-evaporation with toluene (5 mLx
4). And the resulting residue was directly used for the next reaction. Finally, the crude

product was dissolved in dry MeOH, and 30% methanolic NaOMe was added to the
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solution to adjust the pH to 10. The resulting mixture was stirred at room temperature
and monitored by TLC (EtOAc:MeOH:H.0O:HOAc, 8:3:1:0.2, v/v) and neutralized
with Dowex 50WX8 (H") resin. The mixture was concentrated and purified by Bio-
Gel P2 gel filtration chromatography (eluted with H20) to afford the disaccharide 22
(19 mg, 78% for 4 steps) as a white solid. *H NMR (600 MHz, D20) 64.80 (d, J =3.9
Hz, 1H), 4.53 (d, J =8.4 Hz, 1H), 4.21 (dd, J = 11.1, 3.8 Hz, 1H), 4.19 — 4.17 (m, 1H),
3.96 — 3.91 (m, 2H), 3.86 (dd, J = 12.4, 2.2 Hz, 1H), 3.78 — 3.68 (m, 4H), 3.66 (dd, J
=10.4, 8.4 Hz, 1H), 3.53 — 3.47 (m, 2H), 3.46 — 3.36 (m, 4H), 2.01 (s, 3H), 1.98 (s,
3H), 1.89 — 1.84 (m, 2H); *C NMR (150 MHz, D,0) §174.30, 173.49, 102.33, 97.01,
76.33, 75.46, 73.26, 70.34, 69.55, 68.66, 64.77, 61.03, 60.25, 55.42, 48.36, 48.07,
27.82, 22.04, 21.89; HRMS (ESI) m/z calcd for Ci9H3sNs011 [M+H]" 508.2249,
found 508.2289.
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3. Experimental Procedures of Enzymatic synthesis

OH HO _OH OH
0 o (0]
HO 0
H&Vo Ho&woéwo
AcHN OH AcHN
HO _OH HO HO _OH HO
4
o) [} [} o 0} B
HO 0 HO B
OH AcHN 0S
ont AcHN O\/\/N3 ¢ O\/\/N3 B3 P
20 23

3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyr
anosyl-(1—6)-[B-p-galactopyranosyl-(1—3)]-2-acetamido-2-deoxy-a-D-galactopy
ranoside (23)

Tetrasaccharide 23 was prepared according to general procedure of multienzyme
cascade [1,4-galactosylation system with GalK, BLUSP and NmLgtB. After
Iyophilization, 23 was obtained as white solid (79 mg, 78%); *H NMR (600 MHz,
D20) 64.84 (d, J = 3.8 Hz, 1H), 4.53 (d, J = 8.3 Hz, 1H), 4.45 (d, J = 7,8Hz, 1H),
4.43 (d, J = 9 Hz, 1H), 4.30 (dd, J = 11.1, 3.8 Hz, 1H), 4.20 (d, J = 3.1 Hz, 1H), 4.05
(dd, J = 8.8, 2.7 Hz, 2H), 3.99 (ddd, J = 15.4, 11.7, 2.7 Hz, 2H), 3.89 (dd, J = 10.4,
3.4 Hz, 2H), 3.81 (dd, J = 12.3, 5.2 Hz, 1H), 3.78 — 3.56 (m, 14H), 3.54 — 3.39 (m,
5H), 2.00 (d, J = 1.5 Hz, 6H), 1.91-1.85 (m, 2H); 3C NMR (150 MHz, D,0) &
174.45, 174.12, 104.61, 102.76, 101.34, 96.95, 78.34, 76.85, 75.24, 74.89, 74.64,
72.41, 72.37, 70.84, 70.49, 69.84, 69.26, 68.85, 68.47, 68.43, 64.47, 60.91, 60.89,
59.93, 54.90, 48.51, 48.12, 27.83, 22.12, 21.88; HRMS (ESI) m/z calcd for
Cs1Hs3Ns5021 [M+H]™ 832.3306, found 832.33509.
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3-Azidopropyl B-bp-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyr
anosyl-(1—3)-2-acetamido-2-deoxy-a-D-galactopyranoside (24)

Trisaccharide 24 was prepared according to general procedure of multienzyme
cascade P1,4-galactosylation system with GalK, BLUSP and NmLgtB. After
lyophilization, 24 was obtained as white solid (120 mg, 91%); 'H NMR (600 MHz, D,0)
54.81 (d, J = 3.9 Hz, 1H), 4.55 (d, J = 7.9 Hz, 1H), 4.44 (d, J = 7.8 Hz, 1H), 4.22 (dd, J =
11.1, 3.8 Hz, 1H), 4.18 (d, J = 2.5 Hz, 1H), 3.96 — 3.87 (m, 4H), 3.83 — 3.61 (m, 12H), 3.54 —
3.47 (m, 2H), 3.47 — 3.38 (m, 2H), 2.01 (s, 3H), 1.98 (s, 3H), 1.86 (p, J = 6.4 Hz, 2H); 3C
NMR (150 MHz, D;0) 6 174.27, 173.48, 102.73, 102.21, 97.01, 78.10, 76.39, 75.22, 74.37,
72.35, 71.90, 70.82, 70.33, 68.64, 68.39, 64.79, 61.03, 60.88, 59.65, 54.96, 48.35, 48.08,

27.82, 22.06, 21.89; HRMS (ESI) m/z calcd for CusHasNsOis [M+H]* 670.2778, found
670.2856.
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3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosy
I-(2—3)-B-D-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-B-p-glucopyranoside

(28)

Trisaccharide 28 was prepared according to general procedure of multienzyme
cascade «2,3-sialylation system with NmCSS and PmST1 M144D. After
Iyophilization, 28 was obtained as white solid (100 mg, yield 63%); *H NMR (600
MHz, D-0O) 64.56 (d, J = 8.3 Hz, 1H), 4.50 (d, J = 7.8 Hz, 1H), 4.09 (dd, J = 9.8, 3.2
Hz, 1H), 3.98 (dt, J = 10.9, 5.6 Hz, 1H), 3.95 — 3.91 (m, 2H), 3.89 — 3.81 (m, 4H),
3.80 - 3.71 (m, 4H), 3.70 — 3.59 (m, 6H), 3.54 (td, J = 9.0, 7.8, 2.7 Hz, 2H), 3.49 (ddd,
J=10.1, 5.7, 2.2 Hz, 1H), 3.38 (td, J = 6.6, 2.4 Hz, 2H), 2.76 (dd, J = 12.4, 4.6 Hz,
1H), 2.03 (d, J = 6.2 Hz, 6H), 1.85 (p, J = 6.4 Hz, 2H), 1.78 (t, J = 12.2 Hz, 1H); 3C
NMR (150 MHz, D.O) 6174.93, 174.54, 173.86, 103.41, 100.87, 99.60, 82.48, 75.58,
75.34, 75.06, 72.76, 71.80, 69.04, 68.70, 68.35, 68.00, 67.20, 67.11, 62.41, 60.98,
60.70, 54.40, 51.61, 47.75, 39.73, 28.06, 22.27, 22.00; HRMS (ESI) m/z calcd for
CasHsN5019 [M-H] 756.2792, found 756.2778.
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3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosy

NHAc

I-(2—3)-B-D-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranoside
(31)

Trisaccharide 31 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 31
was obtained as white solid (118 mg, yield 91%); *H NMR (600 MHz, D,0) §4.53 (d,
J=7.9Hz, 1H), 451 (d, J = 8.1 Hz, 1H), 4.10 (dd, J = 9.9, 3.1 Hz, 1H), 4.00 — 3.92
(m, 3H), 3.89 — 3.81 (m, 4H), 3.76 — 3.52 (m, 13H), 3.36 (td, J = 6.5, 3.8 Hz, 2H),
2.74 (dd, J = 12.5, 4.7 Hz, 1H), 2.03 (s, 3H), 2.01 (s, 3H), 1.83 (q, J = 6.4 Hz, 2H),
1.78 (t, J = 12.2 Hz, 1H); ¥C NMR (150 MHz, D,0) & 174.97, 174.45, 173.85,
102.54, 101.12, 99.78, 78.27, 75.44, 75.14, 74.72, 72.85, 72.31, 71.74, 69.35, 68.32,
68.06, 67.44, 67.10, 62.55, 61.00, 60.00, 55.05, 51.65, 47.75, 39.60, 28.08, 22.14,
22.02; HRMS (ESI) m/z calcd for C2gHa7NsO19 [M-H] 756.2792, found 756.2771.
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3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosy
I-(2—3)-B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-a-D-galacopyranoside
(34)

Trisaccharide 34 was prepared according to general procedure of multienzyme
cascade «2,3-sialylation system with NmCSS and PmST1 M144D. After
lyophilization, 34 was obtained as white solid white solid after lyophilization (123 mg,
76%); 'H NMR (600 MHz, D20O) §4.91 (d, J = 3.7 Hz, 1H), 4.54 (d, J = 7.8 Hz, 1H),
4.32 (dd, J = 11.1, 3.7 Hz, 1H), 4.25 (d, J = 3 Hz, 1H), 4.08 (dd, J = 9.8, 3.2 Hz, 1H),
4.05 (dd, J = 11.1, 3.1 Hz, 1H), 3.99 (dd, J = 7.3, 5.9 Hz, 1H), 3.93 (d, J = 3.2 Hz,
1H), 3.90 — 3.58 (m, 13H), 3.55 (ddd, J = 9.8, 7.0, 2.9 Hz, 2H), 3.52 — 3.42 (m, 2H),
2.75(dd, J =12.4, 4.6 Hz, 1H), 2.03 (d, J = 1.4 Hz, 6H), 1.93 — 1.88 (m, 2H), 1.79 (t,
J=12.1 Hz, 1H); 3C NMR (150 MHz, D,0) §174.95, 174.54, 173.87, 104.42, 99.68,
97.15, 77.36, 75.62, 74.75, 72.77, 71.80, 70.60, 69.06, 68.54, 68.35, 68.02, 67.36,

64.89, 62.47, 61.19, 60.95, 51.62, 48.66, 48.15, 39.69, 27.94, 22.02, 22.01; HRMS
(ESI) m/z calcd for C2gHa7NsO19 [M-H] 756.2792, found 756.2777.
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AHN G,
3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosy
I-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—6)-[B-D-galactopyranosyl-(1—3)]-2-acetamido-2-deoxy-a-D-galactopyranosid
e (36)

Pentasaccharide 36 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 36
was obtained as white solid (137 mg, 96%); *H NMR (600 MHz, D20O) 54.84 (d, J =
3.8 Hz, 1H), 4.53 (d, J = 7.2 Hz, 1H),4.53 (d, J = 9 Hz, 1H) 4.43 (d, J = 7.8 Hz, 1H),
430 (dd, J = 11.1, 3.7 Hz, 1H), 4.20 (d, J = 3.2 Hz, 1H), 4.09 (dd, J = 9.9, 3.1 Hz,
1H), 4.07 — 4.03 (m, 2H), 4.00 (ddd, J = 11.9, 8.3, 2.7 Hz, 2H), 3.93 (d, J = 3.2 Hz,
1H), 3.89 — 3.81 (m, 4H), 3.77 — 3.53 (m, 16H), 3.51 — 3.40 (m, 4H), 2.74 (dd, J =
12.4, 4.6 Hz, 1H), 2.01 (d, J = 0.8 Hz, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.99 (s, 3H),
1.91 — 1.85 (m, 2H), 1.78 (t, J = 12.1 Hz, 1H); 3C NMR (150 MHz, D20) & 174.88,
17443, 174.11, 173.76, 104.60, 102.45, 101.39, 99.67, 96.95, 78.19, 76.86, 75.34,
75.06, 74.88, 74.64, 72.76, 72.37, 71.65, 70.48, 69.86, 69.28, 69.26, 68.83, 68.47,
68.25, 67.96, 67.34, 64.48, 62.45, 60.92, 60.87, 59.91, 54.90, 51.55, 48.51, 48.12,
39.51, 27.82, 22.11, 21.92, 21.87; HRMS (ESI) m/z calcd for Ca2H70NsO29 [M-H]
1121.4114, found 1121.4071.
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3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosy
I-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-2-acetamido-2-deoxy-a-D-galactopyranoside (38)

Tetrasaccharide 38 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 38
was obtained as white solid (63 mg, 87%); *H NMR (600 MHz, D,0) 64.53 (d, J =
7.9 Hz, 1H), 4.51 (d, J = 7.8 Hz, 1H), 4.20 (dd, J = 11.1, 3.8 Hz, 1H), 4.17 (d, J = 3
Hz, 1H) 4.07 (dd, J = 9.9, 3.1 Hz, 1H), 3.92 (ddd, J = 13.0, 7.4, 3.9 Hz, 4H), 3.86 —
3.37 (m, 23H), 2.71 (dd, J = 12.4, 4.6 Hz, 1H), 2.00 (s, 3H), 1.98 (s, 3H), 1.96 (s, 3H),
1.85 (p, J = 6.5 Hz, 2H), 1.75 (t, J = 12.1 Hz, 1H); 3C NMR (150 MHz, D20) &
175.63, 174.27, 173.75, 173.47, 102.36, 102.27, 99.66, 96.99, 77.86, 76.29, 75.31,
75.03, 74.36, 72.44, 71.85, 71.67, 70.34, 69.24, 68.65, 67.94, 67.82, 67.28, 64.74,
62.36, 61.04, 60.88, 60.80, 59.60, 54.93, 51.21, 48.36, 48.04, 39.53, 27.81, 22.03,
21.86; HRMS (ESI) m/z calcd for C3sHeoNeO24 [M-H]™ 959.3586, found 959.3548.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-bp-glycero-a-D-galacto-2-nonulopyranosy
I-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (41)

Pentasaccharide 41 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 41
was obtained as white solid (15 mg, 91%); *H NMR (600 MHz, D,0) 64.70 (d, J =
8.3 Hz, 1H), 4.56 (d, J = 7.9 Hz, 1H), 4.49 (d, J = 8.0 Hz, 1H), 4.44 (d, J = 7.9 Hz,
1H), 4.16 (d, J = 3.3 Hz, 1H), 4.12 (dd, J = 9.9, 3.1 Hz, 1H), 4.02 — 3.94 (m, 5H), 3.91
— 3.55 (m, 25H), 3.46 (t, J = 6.7 Hz, 2H), 3.33 — 3.29 (m, 1H), 2.76 (dd, J = 12.4, 4.6
Hz, 1H), 2.03 (s, 6H), 1.91 (p, J = 6.6 Hz, 2H), 1.80 (t, J = 12.1 Hz, 1H); *C NMR
(150 MHz, D20O) 6 174.98, 174.86, 173.83, 102.91, 102.77, 102.50, 102.07, 99.77,
82.01, 78.32, 77.94, 75.45, 75.14, 74.86, 74.74, 74.52, 74.32, 72.85, 72.75, 72.11,
71.73, 69.92, 69.35, 68.32, 68.28, 68.04, 67.43, 67.33, 62.54, 61.00, 60.93, 60.01,
59.80, 55.14, 51.64, 47.83, 39.60, 28.19, 22.13, 22.00; HRMS (ESI) m/z calcd for
C40Hs7N5029 [M-H]™ 1080.3849, found 1080.3819.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-bp-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-p-p-glucopyr
anoside (29)

Trisaccharide 29 was prepared according to general procedure of multienzyme
cascade «2,3-sialylation system with NmCSS and PmST1M144D. After
Iyophilization, 29 was obtained as white solid (49 mg, yield 73%); *H NMR (600
MHz, D20) 64.54 (d, J = 8.4 Hz, 1H), 4.48 (d, J = 7.8 Hz, 1H), 4.10 (s, 2H), 4.08 (dd,
J=19.9, 3.2 Hz, 1H), 3.96 (dt, J = 10.9, 5.6 Hz, 1H), 3.93 — 3.90 (m, 2H), 3.86 (ddd, J
=8.9, 6.1, 2.5 Hz, 1H), 3.84 — 3.61 (m, 12H), 3.58 (dd, J = 9.1, 2.0 Hz, 1H), 3.55 —
3.51 (m, 2H), 3.48 (dd, J = 5.6, 2.2 Hz, 1H), 3.37 (td, J = 6.6, 2.4 Hz, 2H), 2.76 (dd, J
=124, 4.7 Hz, 1H), 2.02 (s, 3H), 1.83 (p, J = 7.2, 6.8 Hz, 2H), 1.78 (t, J = 12.2 Hz,
1H); BC NMR (150 MHz, D,0) & 175.63, 174.47, 173.83, 103.35, 100.81, 99.54,
82.40, 75.51, 75.28, 74.99, 72.41, 71.81, 68.98, 68.63, 68.02, 67.85, 67.13, 67.05,
62.31, 60.92, 60.87, 60.63, 54.35, 51.26, 47.69, 39.74, 28.00, 22.21; HRMS (ESI) m/z
calcd for CogHa7NsO20 [M-H] 772.2742, found 772.2730.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyra
noside (32)
Trisaccharide 32 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 32
was obtained as white solid (139 mg, yield 83%); *H NMR (600 MHz, D,0) §4.54 (d,
J=7.9Hz, 1H), 451 (d, J = 8.1 Hz, 1H), 4.13 — 4.09 (m, 3H), 4.01 — 3.61 (m, 17H),
3.59 — 3.54 (m, 3H), 3.36 (td, J = 6.5, 3.7 Hz, 2H), 2.76 (dd, J = 12.4, 4.7 Hz, 1H),
2.03 (s, 3H), 1.85 — 1.77 (m, 3H); 3C NMR (150 MHz, D;0) & 175.67, 174.38,
173.82, 102.47, 101.05, 99.72, 78.19, 75.36, 75.07, 74.65, 72.50, 72.24, 71.72, 69.29,
68.00, 67.91, 67.36, 67.03, 62.43, 60.94, 60.87, 59.94, 54.98, 51.28, 47.67, 39.59,
28.01, 22.07; HRMS (ESI) m/z calcd for CsHazNsOx [M-H]" 772.2742, found
772.2718.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-a-D-galacopy
ranoside (35)

Trisaccharide 35 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST1M144D. After
Iyophilization, 35 was obtained as white solid (42.90 mg, 75%); *H NMR (600 MHz,
D20) §4.90 (d, J = 3.7 Hz, 1H), 4.53 (d, J = 7.9 Hz, 1H), 4.31 (dd, J = 11.1, 3.7 Hz,
1H), 4.24 (d, J = 3.0 Hz, 1H), 4.12 — 4.01 (m, 4H), 4.00 — 3.90 (m, 3H), 3.90 — 3.69
(m, 9H), 3.66 — 3.40 (m, 7H), 2.76 (dd, J = 12.4, 4.7 Hz, 1H), 2.02 (s, 3H), 1.89 (p, J
= 6.4 Hz, 2H), 1.79 (t, J = 12.1 Hz, 1H); C NMR (150 MHz, D;0) §175.65, 174.47,
173.84, 104.36, 99.62, 97.08, 77.28, 75.53, 74.68, 72.41, 71.80, 70.53, 68.98, 68.47,
68.02, 67.86, 67.27, 64.81, 62.35, 61.12, 60.88, 59.22, 51.25, 48.59, 48.07, 39.68,
27.87, 21.95; HRMS (ESI) m/z calcd for CzsH47NsO2 [M-H] 772.2742, found
772.2721.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-b-glucopyr
anosyl-(1—6)-[B-p-galactopyranosyl-(1—3)]-2-acetamido-2-deoxy-a-b-galactopy
ranoside (37)
Pentasaccharide 37 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 37
was obtained as white solid (13 mg, 89%); *H NMR (600 MHz, D20) §4.86 (d, J =
3.8 Hz, 1H), 4.55 (d, J = 7.8 Hz, 1H), 4.54 (d, J = 8.4Hz, 1H) 4.45 (d, J = 7.8 Hz, 1H),
4.31 (dd, J = 11.0, 3.7 Hz, 1H), 4.22 (d, J = 3.1 Hz, 1H), 4.13 — 4.10(m, 3H), 4.06 (dq,
J=17.9, 3.1 Hz, 2H), 4.01 (ddd, J =11.0, 7.4, 2.6 Hz, 2H), 3.96 — 3.41 (m, 28H), 2.77
(dd, J = 12.5, 4.7 Hz, 1H), 2.02 (s, 3H), 2.01 (s, 3H), 1.94 — 1.86 (m, 2H), 1.81 (t, J =
12.1 Hz, 1H); *C NMR (150 MHz, D,0) & 175.68, 174.46, 174.13, 173.81, 104.62,
102.49, 101.42, 99.72, 96.98, 78.26, 76.89, 75.37, 75.09, 74.91, 74.67, 72.51, 72.40,
71.73, 70.52, 69.87, 69.30, 69.29, 68.85, 68.50, 68.01, 67.93, 67.37, 64.53, 62.45,
60.94, 60.90, 59.96, 59.59, 54.93, 51.29, 48.54, 48.15, 39.61, 27.85, 22.15, 21.91;
HRMS (ESI) m/z calcd for CaoH7oNgO3z0 [M-H]™ 1137.4064, found 1137.4024.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop

~~Ns

yranosyl-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-b-glucopyr
anosyl-(1—3)-2-acetamido-2-deoxy-a-D-galactopyranoside (39)

Tetrasaccharide 39 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 39
was obtained as white solid (20 mg, 92%); *H NMR (600 MHz, D20) §4.53 (d, J =
8.0 Hz, 1H), 4.51 (d, J = 7.9 Hz, 1H), 4.20 (dd, J = 11.1, 3.8 Hz, 1H), 4.18 (d, J =3
Hz, 1H), 4.09 — 4.06 (m, 3H), 3.95 - 3.80 (m, 9H), 3.77 — 3.64 (m, 11H), 3.60 (dd, J =
11.9, 6.3 Hz, 1H), 3.56 — 3.45 (m, 4H), 3.41 (tq, J = 12.6, 6.1 Hz, 2H), 2.73 (dd, J =
12.4, 4.7 Hz, 1H), 2.00 (s, 3H), 1.96 (s, 3H), 1.85 (p, J = 6.5 Hz, 2H), 1.77 (t, J = 12.1
Hz, 1H); 13C NMR (150 MHz, D;0) 5174.85, 174.27, 173.72, 173.48, 102.36, 102.27,
99.65, 97.00, 77.87, 76.30, 75.33, 75.03, 74.37, 72.73, 71.85, 71.62, 70.35, 69.24,
68.66, 68.21, 67.91, 67.30, 64.75, 62.40, 61.05, 60.88, 59.60, 54.94, 51.51, 48.37,
48.05, 39.47, 27.82, 22.04, 21.87; HRMS (ESI) m/z calcd for CasHeoNsO2s [M-H]
975.3535, found 975.3499.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-b-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyr
anosyl-(1—3)-B-p-galactopyranosyl-(1—4)-B-b-glucopyranoside (42)
Pentasaccharide 42 was prepared according to general procedure of multienzyme
cascade a2,3-sialylation system with NmCSS and PmST3. After lyophilization, 42
was obtained as white solid (16 mg, 92%); *H NMR (600 MHz, D,0) 64.68 (d, J =
8.4 Hz, 1H), 4.55 (d, J = 7.9 Hz, 1H), 4.47 (d, J = 8.0 Hz, 1H), 4.42 (d, J = 7.9 Hz,
1H), 4.14 (d, J = 3.3 Hz, 1H), 4.10 (m, 3H), 4.01 — 3.84 (m, 9H), 3.81 — 3.69 (m,
12H), 3.65 — 3.54 (m, 9H), 3.44 (t, J = 6.7 Hz, 2H), 3.31 — 3.28 (m, 1H), 2.76 (dd, J =
12.4, 4.6 Hz, 1H), 2.02 (s, 3H), 1.90 (p, J = 6.6 Hz, 2H), 1.80 (t, J = 12.1 Hz, 1H); 13C
NMR (150 MHz, D;0O) 6 175.68, 174.80, 173.80, 102.84, 102.71, 102.44, 102.01,
99.72, 81.95, 78.25, 77.87, 75.38, 75.08, 74.80, 74.68, 74.46, 74.26, 72.68, 72.51,
72.05, 71.73, 69.86, 69.29, 68.23, 68.00, 67.91, 67.36, 67.27, 62.43, 60.94, 60.87,
59.95, 59.74, 55.08, 51.28, 47.77, 39.60, 28.13, 22.07; HRMS (ESI) m/z calcd for
C40Hs7N5030 [M-H]™ 1096.3798, found 1096.3748.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-bp-glycero-a-D-galacto-2-nonulopyranosy
I-(2—3)-[2-acetamido-2-deoxy-B-D-galacopyranosyl]-B-p-galactopyranosyl-(1—3)
-2-acetamido-2-deoxy-B-p-glucopyranoside (1)
Tetrasaccharide 1 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 1 was obtained as white solid (29 mg, yield 91%); *H NMR (600
MHz, D20) §4.72 (d, J = 8.5 Hz, 1H), 4.55 (d, J = 8.4 Hz, 1H), 4.52 (d, J = 7.9 Hz,
1H), 4.13 (dd, J = 9.8, 3.1 Hz, 1H), 4.10 (d, J = 3.1 Hz, 1H), 3.98 (dt, J = 11.0, 5.6 Hz,
1H), 3.95 — 3.46 (m, 23H), 3.40 — 3.33 (m, 3H), 2.67 (dd, J = 12.6, 4.7 Hz, 1H), 2.04
(s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.91 (t, J = 12.1 Hz, 1H), 1.85 (p, J = 6.4 Hz, 2H);
13C NMR (150 MHz, D20) §174.97, 174.82, 174.51, 174.03, 103.00, 102.68, 101.38,
100.91, 82.38, 76.77, 75.30, 74.65, 74.44, 73.99, 72.97, 72.23, 71.17, 69.59, 68.64,
68.62, 67.95, 67.73, 67.10, 62.72, 61.11, 60.72, 60.48, 54.38, 52.30, 51.53, 47.75,
37.16, 28.07, 22.55, 22.27, 22.01; HRMS (ESI) m/z calcd for CssHeoNeO24 [M-H]
959.3586, found 959.3578.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-bp-glycero-a-D-galacto-2-nonulopyranosy
I-(2—3)-[2-acetamido-2-deoxy-p-D-galacopyranosyl]-B-p-galactopyranosyl-(1—4)
-2-acetamido-2-deoxy-B-b-glucopyranoside (3)

Tetrasaccharide 3 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 3 was obtained as white solid (30 mg, 94%); *H NMR (600 MHz,
D,0) §4.73 (d, J = 8.5 Hz, 1H), 4.55 (d, J = 7.9 Hz, 1H), 452 (d, J = 7.9 Hz, 1H),
4.15 (dd, J = 9.8, 3.1 Hz, 1H), 4.12 (d, J = 3.1 Hz, 1H), 4.01 — 3.95 (m, 2H), 3.93 —
3.56 (m, 21H), 3.48 (dd, J = 10.1, 2.1 Hz, 1H), 3.39 — 3.34 (m, 3H), 2.66 (dd, J = 12.6,
4.6 Hz, 1H), 2.05 (s, 3H), 2.03 (s, 3H), 2.01 (s, 3H), 1.93 (t, J = 12.1 Hz, 1H), 1.84 (p,
J = 6.4 Hz, 2H); °C NMR (150 MHz, D;0) §174.96, 174.79, 174.45, 174.04, 102.72,
102.56, 101.60, 101.13, 78.84, 77.14, 74.66, 74.26, 73.96, 73.03, 72.34, 72.24, 71.22,
69.99, 68.67, 67.96, 67.72, 67.08, 62.79, 61.11, 60.48, 60.06, 54.92, 52.29, 51.55,
47.74, 36.88, 28.07, 22.56, 22.13, 22.01; HRMS (ESI) m/z calcd for C3sHeoNeO24 [M-
H]  959.3586, found 959.3572.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-bp-glycero-a-D-galacto-2-nonulopyranosy
I-(2—3)-[2-acetamido-2-deoxy-p-D-galacopyranosyl]-pB-p-galactopyranosyl-(1—3)
-2-acetamido-2-deoxy-a.-D-galacopyranoside (5)

Tetrasaccharide 5 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 5 was obtained as white solid (14 mg, 93%); *H NMR (600 MHz,
D,0) 54.86 (d, J = 3.8 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H), 4.52 (d, J = 7.9 Hz, 1H),
4.30 (dd, J = 11.0, 3.7 Hz, 1H), 4.17 (d, J = 3.1 Hz, 1H), 4.10 — 4.06 (m, 2H), 3.99
(dd, J = 11.1, 3.1 Hz, 1H), 3.96 (dd, J = 7.0, 5.5 Hz, 1H), 3.91 — 3.86 (m, 2H), 3.84
(dd, J =12.0, 2.3 Hz, 1H), 3.81 — 3.64 (m, 13H), 3.59 (dd, J = 12.0, 6.7 Hz, 1H), 3.56
(dd, J = 9.2, 2.2 Hz, 1H), 3.51 (dt, J = 10.2, 6.0 Hz, 1H), 3.48 — 3.40 (m, 3H), 3.31
(dd, J = 9.6, 7.9 Hz, 1H), 2.63 (dd, J = 12.7, 4.7 Hz, 1H), 2.00 (s, 3H), 2.00 (s, 3H),
1.99 (s, 3H), 1.91 — 1.85 (m, 3H); 3C NMR (150 MHz, D;0) & 174.93, 174.86,
174.50, 174.04, 104.30, 102.65, 101.43, 97.19, 77.29, 76.83, 74.62, 74.29, 73.56,
72.93, 72.22, 71.08, 70.53, 69.57, 68.62, 68.61, 67.93, 67.68, 64.82, 62.74, 61.15,
61.09, 60.33, 52.27, 51.49, 48.55, 48.10, 37.00, 27.92, 22.53, 21.98, 21.96; HRMS
(ESI) m/z calcd for C3sHsoNsO24 [M-H]™ 959.3586, found 959.3544.
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3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosy
I-(2—3)-[2-acetamido-2-deoxy-B-D-galacopyranosyl]-B-p-galactopyranosyl-(1—4)
-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—6)-[ B-p-galactopyranosyl-(1—3)]-
2-acetamido-2-deoxy-a-D-galactopyranoside (7)

Hexasaccharide 7 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 7 was obtained as white solid (10 mg, 92%); *H NMR (600 MHz,
D,0) 54.84 (d, J = 3.8 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H), 4.52 (d, J = 7.8 Hz, 1H),
452 (d, J =9 Hz, 1H), 4.43 (d, J = 7.8 Hz, 1H), 4.30 (dd, J = 11.1, 3.7 Hz, 1H), 4.20
(d, J = 3.2 Hz, 1H), 4.13 (dd, J = 9.8, 3.0 Hz, 1H), 4.09 (d, J = 3.1 Hz, 1H), 4.06 —
4.03 (m, 2H), 3.99 (td, J = 12.7, 12.0, 2.7 Hz, 2H), 3.90 — 3.55 (m, 26H), 3.50 — 3.40
(m, 6H), 3.33 (dd, J = 9.7, 7.9 Hz, 1H), 2.63 (dd, J = 12.6, 4.6 Hz, 1H), 2.01 (s, 3H),
2.00 (s, 3H), 1.99 (s, 3H), 1.99 (s, 3H), 1.93 — 1.84 (m, 3H); *C NMR (150 MHz,
D20) 6 174.92, 174.76, 174.49, 174.17, 174.03, 104.66, 102.69, 102.53, 101.56,
101.44, 97.00, 78.79, 77.10, 76.91, 74.93, 74.64, 74.22, 73.93, 72.99, 72.42, 72.22,
71.17, 70.54, 69.95, 69.85, 69.32, 68.88, 68.64, 68.53, 67.92, 67.69, 64.52, 62.76,
61.09, 60.93, 60.45, 60.02, 54.84, 52.26, 51.51, 48.56, 48.17, 36.84, 27.88, 22.53,
22.17, 21.98, 21.93; HRMS (ESI) m/z calcd for CsoHgsN7O3zs [M-H]™ 1324.4908,
found 1324.4894.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-bp-glycero-a-D-galacto-2-nonulopyranosy
I-(2—3)-[2-acetamido-2-deoxy-B-D-galacopyranosyl]-B-p-galactopyranosyl-(1—4)
-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-2-acetamido-2-deoxy-a-D-galac
topyranoside (9)

Pentasaccharide 9 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 9 was obtained as white solid (14 mg, 92%); *H NMR (600 MHz,
D,0) 54.85 (d, J = 3.8 Hz, 1H), 4.73 (d, J = 8.5 Hz, 1H), 4.59 (d, J = 7.8 Hz, 1H),
4.56 (d, J =7.9 Hz, 1H), 4.26 (dd, J = 11.1, 3.8 Hz, 1H), 4.22 (d, J = 3.1 Hz, 1H),
4.16 (dd, J = 9.8, 3.1 Hz, 1H), 4.12 (d, J = 3.1 Hz, 1H), 4.00 — 3.67 (m, 23H), 3.63
(dd, J = 12.1, 6.7 Hz, 1H), 3.60 (dd, J = 9.1, 2.1 Hz, 1H), 3.57 — 3.43 (m, 5H), 3.36
(dd, J = 9.8, 7.9 Hz, 1H), 2.67 (dd, J = 12.6, 4.6 Hz, 1H), 2.05 (s, 3H), 2.04 (s, 3H),
2.02 (s, 3H), 2.02 (s, 3H), 1.94 — 1.88 (m, 3H); ¥*C NMR (150 MHz, D,0) §174.97,
174.79, 174.39, 174.03, 173.60, 102.73, 102.55, 102.39, 101.58, 97.13, 78.65, 77.12,
76.45, 74.66, 74.45, 74.28, 73.99, 73.04, 72.24, 72.03, 71.20, 70.47, 70.00, 68.77,
68.66, 67.96, 67.72, 64.91, 62.79, 61.16, 61.12, 60.50, 59.83, 54.94, 52.30, 51.57,
48.49, 48.20, 36.91, 27.94, 22.58, 22.18, 22.02, 22.00; HRMS (ESI) m/z calcd for
CasH73N7020 [M-H] 1162.4380, found 1162.4315.
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3-Azidopropy! 5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosy
I-(2—3)-[2-acetamido-2-deoxy-B-D-galacopyranosyl]-B-p-galactopyranosyl-(1—4)
-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-B-p-galactopyranosyl-(1—4)-
-D-glucopyranoside (11)

Hexasaccharide 11 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 11 was obtained as white solid (12 mg, 90%); *H NMR (600
MHz, D20O) 64.70 (d, J = 8.5 Hz, 1H), 4.67 (d, J = 8.3 Hz, 1H), 4.53 (d, J = 8.0 Hz,
1H), 4.46 (d, J = 8.0 Hz, 1H), 4.41 (d, J = 7.9 Hz, 1H), 4.13 (q, J = 4.6 Hz, 2H), 4.09
(d, J = 3.1 Hz, 1H), 4.00 — 3.53 (m, 32H), 3.47 — 3.45 (m, 1H), 3.43 (t, J = 6.8 Hz,
3H), 3.33 (dd, J = 9.8, 7.9 Hz, 1H), 3.30 — 3.26 (m, 1H), 2.63 (dd, J = 12.6, 4.6 Hz,
1H), 2.01 (s, 3H), 2.00 (s, 3H), 1.99 (s, 3H), 1.93 — 1.86 (m, 3H); *3C NMR (150 MHz,
D20) 6 174.92, 174.84, 174.76, 174.02, 102.88, 102.76, 102.69, 102.49, 102.04,
101.56, 81.97, 78.45, 78.26, 77.10, 74.83, 74.71, 74.64, 74.44, 74.29, 74.23, 73.93,
73.00, 72.71, 72.22, 72.11, 71.17, 69.96, 69.90, 68.65, 68.26, 67.92, 67.69, 67.30,
62.75, 61.09, 60.91, 60.46, 59.97, 59.81, 54.98, 52.26, 51.51, 47.79, 36.84, 28.17,
22.53, 22.10, 21.97; HRMS (ESI) m/z calcd for CsoHgsN7O3s [M-H]™ 1283.4643,
found 1283.4608.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-b-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-b-galacopyranosyl]-B-p-galactopyranos
yl-(1—3)-2-acetamido-2-deoxy-B-p-glucopyranoside (2)

Tetrasaccharide 2 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 2 was obtained as white solid (27 mg, 89%); *H NMR (600 MHz,
D,0) §4.70 (d, J = 8.5 Hz, 1H), 4.52 (d, J = 8.4 Hz, 1H), 4.49 (d, J = 7.9 Hz, 1H),
4.12 (dd, J = 9.7, 3.1 Hz, 1H), 4.09 (d, J = 8.1 Hz, 3H), 3.95 (dt, J = 10.9, 5.6 Hz, 1H),
3.92 — 3.56 (m, 21H), 3.52 (dd, J = 9.9, 8.4 Hz, 1H), 3.45 (ddd, J = 9.9, 5.7, 2.3 Hz,
1H), 3.37 — 3.31 (m, 3H), 2.66 (dd, J = 12.6, 4.7 Hz, 1H), 2.02 (s, 3H), 2.00 (s, 3H),
1.90 (t, J = 12.1 Hz, 1H), 1.82 (p, J = 6.4 Hz, 2H); 3C NMR (150 MHz, D;0) §
175.64, 174.76, 174.44, 173.99, 102.94, 102.62, 101.31, 100.85, 82.30, 76.67, 75.24,
74.59, 74.38, 73.93, 72.62, 72.24, 71.09, 69.53, 68.58, 68.30, 67.80, 67.67, 67.03,
62.61, 61.05, 60.88, 60.66, 60.42, 54.32, 52.24, 51.17, 47.68, 37.18, 28.01, 22.49,
22.21; HRMS (ESI) m/z calcd for C3sHsoNsO2s [M-H] 975.3535, found 975.3518.
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3-Azidopropyl 3,5-dideoxy-5-hydroxyacetamido-bp-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-b-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-B-b-glucopyranoside (4)

Tetrasaccharide 4 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 4 was obtained as white solid (43 mg, 87%); *H NMR (500 MHz,
D20) §4.74 (d, J = 8.5 Hz, 1H), 4.56 (d, J = 8.0 Hz, 1H), 4.53 (d, J = 8.1 Hz, 1H),
4.17 (dd, J = 9.8, 3.0 Hz, 1H), 4.12 (s, 3H), 4.03 — 3.57 (M, 24H), 3.41 — 3.35 (m, 3H),
2.68 (dd, J = 12.6, 4.4 Hz, 1H), 2.05 (s, 3H), 2.02 (s, 3H), 1.95 (t, J = 11.8 Hz, 1H),
1.85 (p, J = 6.5 Hz, 2H); **C NMR (150 MHz, D,0) §175.68, 174.76, 174.43, 174.06,
102.69, 102.53, 101.58, 101.10, 78.78, 77.09, 74.64, 74.23, 73.93, 72.71, 72.31, 72.28,
71.17, 69.97, 68.39, 67.84, 67.69, 67.05, 62.72, 61.09, 60.90, 60.45, 60.02, 54.90,
52.26, 51.22, 47.70, 36.91, 28.05, 22.54, 22.10; HRMS (ESI) m/z calcd for
CzsHeoNeO25 [M-H]™ 975.3535, found 975.35009.
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3-Azidopropyl 3,5-dideoxy-5-hydroxyacetamido-bp-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-D-galacopyranosyl]-B-p-galactopyranos
yl-(1—3)-2-acetamido-2-deoxy-B-p-galacopyranoside (6)

Tetrasaccharide 6 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 6 was obtained as white solid (43 mg, 87%); *H NMR (500 MHz,
D20) §4.90 (d, J = 3.8 Hz, 1H), 4.74 (d, J = 8.5 Hz, 1H), 4.56 (d, J = 7.9 Hz, 1H),
4.33 (dd, J = 11.1, 3.7 Hz, 1H), 4.20 (d, J = 3.0 Hz, 1H), 4.15 — 4.10 (m, 4H), 4.02
(dd, J=11.1, 3.1 Hz, 1H), 3.99 (t, J = 6.3 Hz, 1H), 3.94 — 3.68 (m, 16H), 3.65 — 3.58
(m, 3H), 3.55 (dt, J = 10.3, 6.1 Hz, 1H), 3.52 — 3.42 (m, 2H), 3.35 (dd, J = 9.6, 7.9 Hz,
1H), 2.68 (dd, J = 12.6, 4.5 Hz, 1H), 2.03 (s, 3H), 2.02 (s, 3H), 1.96 — 1.88 (m, 3H);
13C NMR (150 MHz, D,0) §175.68, 174.87, 174.50, 174.07, 104.31, 102.65, 101.43,
97.19, 77.29, 76.80, 74.63, 74.30, 73.57, 72.65, 72.30, 71.07, 70.53, 69.58, 68.63,
68.36, 67.85, 67.69, 64.83, 62.70, 61.15, 61.09, 60.91, 60.33, 52.27, 51.19, 48.55,
48.11, 37.09, 27.92, 22.54, 21.97; HRMS (ESI) m/z calcd for CasHeoNeO2s [M-H]
975.3535, found 975.3523.
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3-Azidopropyl 3,5-dideoxy-5-hydroxyacetamido-bp-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-D-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—6)-[B-D-galactopyranosyl
-(1—3)]-2-acetamido-2-deoxy-a-D-galactopyranoside (8)
Pentasaccharide 8 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 8 was obtained as white solid (23 mg, 88%); *H NMR (600 MHz,
D,0) §4.88 (d, J = 3.8 Hz, 1H), 4.75 (d, J = 8.5 Hz, 1H), 4.56 (d, J = 7.8 Hz, 1H),
455 (d, J = 8.4 Hz, 1H) 4.46 (d, J = 7.8 Hz, 1H), 4.33 (dd, J = 11.1, 3.7 Hz, 1H), 4.23
(d, J = 3.2 Hz, 1H), 4.17 (dd, J = 9.8, 3.1 Hz, 1H), 4.13 (s, 2H), 4.09 — 4.00 (m, 5H),
3.95 — 3.58 (m, 27H), 3.54 — 3.43 (m, 5H), 3.37 (dd, J = 9.6, 7.8 Hz, 1H), 2.69 (dd, J
=12.5, 4.5 Hz, 1H), 2.03 (d, J = 2.6 Hz, 9H), 1.95 (t, J = 12.0 Hz, 1H), 1.92 — 1.86 (m,
2H); 3C NMR (150 MHz, D;0) & 175.72, 174.80, 174.52, 174.20, 174.07, 104.68,
102.72, 102.58, 101.61, 101.47, 97.04, 78.87, 77.11, 76.95, 74.97, 74.68, 74.28, 73.98,
72.75, 72.47, 72.31, 71.23, 70.59, 69.99, 69.87, 69.36, 68.91, 68.57, 68.42, 67.89,
67.74, 64.60, 62.76, 61.12, 60.96, 60.49, 60.08, 54.88, 52.30, 51.27, 48.61, 48.22,
36.98, 27.91, 22.58, 22.21, 21.97; HRMS (ESI) m/z calcd for CsoHgsN7Oss [M-H]"
1340.4857, found 1340.4823.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-b-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-2-acetamido-2-deoxy-
a-D-galactopyranoside (10)

Pentasaccharide 10 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 10 was obtained as white solid (14 mg, 92%); *H NMR (600
MHz, D20) 54.85 (d, J = 3.8 Hz, 1H), 4.74 (d, J = 8.6 Hz, 1H), 4.59 (d, J = 7.7 Hz,
1H), 4.57 (d, J = 7.9 Hz, 1H), 4.26 (dd, J = 11.1, 3.8 Hz, 1H), 4.22 (d, J = 3.1 Hz, 1H),
4.17 (dd, J = 9.8, 3.1 Hz, 1H), 4.13 (s, 3H), 4.00 — 3.67 (m, 23H), 3.65 — 3.60 (m, 3H),
3.58 — 3.51 (M, 2H), 3.50 — 3.43 (m, 2H), 3.37 (dd, J = 9.8, 7.9 Hz, 1H), 2.69 (dd, J =
12.6, 4.5 Hz, 1H), 2.06 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.97 — 1.93 (m, 1H), 1.93 —
1.89 (m, 2H); 3C NMR (150 MHz, D20) &§175.72, 174.80, 174.40, 174.06, 173.60,
102.73, 102.56, 102.40, 101.60, 97.13, 78.66, 77.10, 76.45, 74.67, 74.45, 74.29, 74.00,
72.76, 72.31, 72.04, 71.20, 70.47, 70.01, 68.78, 68.41, 67.88, 67.73, 64.91, 62.76,
61.17, 61.12, 60.96, 60.50, 59.84, 54.94, 52.30, 51.27, 48.49, 48.20, 36.98, 27.94,
22.59, 22.18, 22.01; HRMS (ESI) m/z calcd for CasH73N7O30 [M-H]™ 1178.4329,
found 1178.4283.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-b-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—3)-B-b-galactopyranosyl-
(1—4)-B-p-glucopyranoside (12)

Pentasaccharide 12 was prepared according to general procedure of multienzyme
cascade P1,4-N-acetygalactosaminylation system with NahK/GImU and CjCgtA.
After lyophilization, 12 was obtained as white solid (16 mg, 90%); *H NMR (600
MHz, D20) §4.71 (d, J = 8.5 Hz, 1H), 4.67 (d, J = 8.3 Hz, 1H), 4.54 (d, J = 7.9 Hz,
1H), 4.46 (d, J = 8.0 Hz, 1H), 4.41 (d, J = 7.9 Hz, 1H), 4.16 — 4.12 (m, 3H), 4.10 (d, J
= 5.4 Hz, 2H), 4.00 — 3.53 (m, 34H), 3.44 (t, J = 6.7 Hz, 2H), 3.34 (dd, J = 9.7, 7.9 Hz,
1H), 3.31 — 3.27 (m, 1H), 2.65 (dd, J = 12.6, 4.7 Hz, 1H), 2.01 (s, 3H), 1.99 (s, 3H),
1.94 — 1.86 (m, 3H); ¥C NMR (150 MHz, D,0) & 175.64, 174.80, 174.72, 174.00,
102.84, 102.71, 102.65, 102.47, 102.00, 101.53, 81.94, 78.45, 78.26, 77.04, 74.79,
74.68, 74.60, 74.41, 74.26, 74.21, 73.91, 72.68, 72.24, 72.08, 71.14, 69.93, 69.87,
68.35, 68.22, 67.81, 67.66, 67.27, 62.68, 61.05, 60.87, 60.43, 59.95, 59.79, 54.96,
52.23, 51.19, 47.77, 36.90, 28.13, 22.51, 22.07; HRMS (ESI) m/z calcd for
CagHgoNsOs3s [M-H] 1299.4592, found 1299.4550.
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3-Azidopropyl 3,5-dideoxy-5-hydroxyacetamido-bp-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-b-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—6)-[L-fucopyranosyl-(1—
2)-B-p-galactopyranosyl-(1—3)]-2-acetamido-2-deoxy-a-b-galactopyranoside (13)
Heptasaccharide 13 was prepared according to general procedure of multienzyme
cascade al,2-fucosylation system with FKP and Hmal,2FucT. After lyophilization,
13 was obtained as white solid (18 mg, 81%) as a white solid; *H NMR (600 MHz,
D20) 65.24 (d, J = 4.1 Hz, 1H), 4.86 (d, J = 3.5 Hz, 1H), 4.74 (d, J = 8.5 Hz, 1H),
4.63 (d, J = 7.7 Hz, 1H), 4.56 (d, J = 7.8 Hz, 2H), 4.23 (q, J = 6.6 Hz, 1H), 4.19 —
4.07 (m, 7H), 4.01 (dd, J = 12.3, 2.2 Hz, 1H), 3.94 — 3.59 (m, 30H), 3.51 — 3.42 (m,
5H), 3.36 (dd, J = 9.8, 7.9 Hz, 1H), 2.67 (dd, J = 12.6, 4.6 Hz, 1H), 2.05 (s, 3H), 2.04
(s, 3H), 2.02 (d, J = 1.0 Hz, 6H), 1.96 — 1.92 (m, 1H), 1.89 (q, J = 6.3 Hz, 2H), 1.20
(d, J = 6.5 Hz, 3H); *C NMR (150 MHz, D,0) § 174.97, 174.79, 174.23, 174.04,
173.60, 102.72, 102.58, 101.99, 101.60, 101.53, 99.21, 96.57, 78.85, 77.14, 76.19,
75.00, 74.67, 74.27, 73.98, 73.84, 73.50, 73.04, 72.48, 72.25, 71.80, 71.23, 70.07,
69.99, 69.55, 69.35, 69.27, 69.07, 68.67, 68.04, 67.97, 67.73, 66.77, 64.41, 62.80,
61.12, 60.92, 60.49, 60.07, 59.42, 54.89, 52.30, 51.56, 49.42, 48.15, 36.91, 27.98,
22.57, 22.21, 22.01, 21.87, 15.35; HRMS (ESI) m/z calcd for CssHo3sN7Ozs [M-H]
1470.5487, found 1470.5464.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-b-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—6)-{2-acetamido-2-deoxy-
a-D-galactopyranosyl-(1—3)-[L-fucopyranosyl-(1—2)]-B-p-galactopyranosyl-(1—
3)}-2-acetamido-2-deoxy-a-D-galactopyranoside (14)

Octasaccharide 14 was prepared according to general procedure of multienzyme
cascade B1,4-N-acetygalactosaminylation system with Nahk/GImU and BgtA. After
Iyophilization, 14 was obtained as white solid (8 mg, yield 72%); *H NMR (600 MHz,
D20) §5.25 (d, J = 4.2 Hz, 1H), 5.14 (d, J = 3.9 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H),
4.64 (d, J = 7.6 Hz, 1H), 4.43 (d, J = 7.2 Hz, 1H), 4.42 (d, J = 8.4 Hz, 1H), 4.26 (td, J
= 8.3, 7.8, 5.5 Hz, 2H), 4.22 — 3.52 (m, 45H), 3.49 — 3.39 (m, 4H), 3.33 (dd, J = 9.7,
7.9 Hz, 1H), 2.63 (dd, J = 12.6, 4.6 Hz, 1H), 2.02 (s, 3H), 2.01 (s, 3H), 2.00 (s, 3H),
1.99 (d, J = 1.0 Hz, 6H), 1.93 — 1.83 (m, 3H), 1.17 (d, J = 6.5 Hz, 3H); 13C NMR (150
MHz, D20O) 6174.92, 174.75, 174.20, 174.02, 173.56, 102.69, 102.52, 102.05, 101.56,
101.48, 98.68, 96.44, 91.15, 78.77, 77.10, 75.31, 74.77, 74.63, 74.21, 73.93, 72.99,
72.74, 72.43, 72.22, 71.73, 71.17, 70.88, 70.06, 69.95, 69.88, 69.51, 69.34, 69.27,
68.64, 68.46, 67.91, 67.68, 67.65, 67.57, 66.83, 64.27, 62.91, 62.75, 61.33, 61.08,
60.93, 60.45, 60.00, 54.84, 52.25, 51.51, 49.50, 49.30, 48.06, 36.83, 27.95, 22.53,
22.17, 21.97, 21.88, 15.27; HRMS (ESI) m/z calcd for CsH103N70sz [M-H]
1673.6281, found 1673.6248.
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3-Azidopropy! 3,5-dideoxy-5-hydroxyacetamido-bp-glycero-a-p-galacto-2-nonulop
yranosyl-(2—3)-[2-acetamido-2-deoxy-B-p-galacopyranosyl]-B-p-galactopyranos
yl-(1—4)-2-acetamido-2-deoxy-B-b-glucopyranosyl-(1—6)-{a-D-galactopyranosyl
-(1—3)-[L-fucopyranosyl-(1—2)]-B-b-galactopyranosyl-(1—3)}-2-acetamido-2-de
oxy-a-D-galactopyranoside (15)

Octasaccharide 15 was prepared according to general procedure of multienzyme
cascade [1,4-galactosylation system with GalK, BLUSP and GTB. After
Iyophilization, 15 was obtained as white solid (9 mg, yield 50%); *H NMR (600 MHz,
D,0) 65.23 (d, J = 4.3 Hz, 1H), 5.21 (d, J = 3.7 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H),
4.66 (d, J = 7.6 Hz, 1H), 4.39 (d, J = 7.8 Hz, 1H), 4.38 (d, J = 9 Hz, 1H), 4.27 — 4.04
(m, 9H), 3.99 — 3.52 (m, 38H), 3.47 — 3.39 (m, 4H), 3.33 (dd, J = 9.7, 7.9 Hz, 1H),
2.63 (dd, J = 12.6, 4.6 Hz, 1H), 2.02 (s, 3H), 2.00 (s, 3H), 1.99 (s, 6H), 1.93 — 1.83 (m,
3H), 1.16 (d, J = 6.5 Hz, 3H); *3C NMR (150 MHz, D,0) §174.92, 174.75, 174.19,
174.02, 173.55, 102.69, 102.52, 102.14, 101.56, 101.49, 98.75, 96.42, 92.82, 78.76,
77.10, 75.84, 74.63, 74.57, 74.27, 74.21, 73.93, 72.99, 72.74, 72.43, 72.22, 71.73,
71.17, 70.96, 70.16, 69.95, 69.52, 69.39, 69.29, 69.22, 68.64, 68.03, 67.91, 67.69,
67.58, 66.80, 64.25, 63.33, 62.75, 61.29, 61.09, 60.90, 60.45, 60.00, 54.85, 52.25,
51.51, 49.29, 48.06, 36.83, 27.96, 22.53, 22.17, 21.98, 21.88, 15.27; HRMS (ESI) m/z
calcd for Ce2H103N7043 [M-H]™ 1632.6015, found 1632.5996.
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4. NMR assignment data for final products

NMR assignment of compound 1

GlcNAc1
p

H1 H2 H3 H4 H5 H6 NAGC Anomeric
Carbon
GIcNAcl 455 3.82 3.77 3.54 N/ALE N/A 2.02-2.04 100.92
Gall 452 3.36 4.12 4.09 N/A N/A - 102.99
GalNAcl  4.72 3.90 3.67 3.89 N/A N/A 2.02-2.04  102.68
Sialld - [b] - 2.67,1.91 3.70 3.81 3.49 2.02-2.04 101.38
el Not applicable
bl Not assigned
[ The H7 to H9 of sialic acid are not assigned
Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH;N3
H 3.98, 3.68 1.85 3.38
C 67.06 28.07 47.71
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NMR assignment of compound 3
GaINAc1BGaI1 GIcNAc1

4~ B4 g B
WOSP

Sia1
H1 H2 H3 H4 H5 H6 NAc  Anomeric
Carbon
GIcNAcl 452 3.73 3.58 3.68 N/A[R N/A 2.01-2.05 101.13
Gall 455 3.36 417 4.13 N/A N/A - 102.56
GalNAcl 4.73 3.93 3.69 3.83 N/A N/A 2.01-2.05 102.72
Sia1l - [0 - 2.66, 1.93 3.78 3.82 3.49 2.01-2.05 101.60
el Not applicable
(bl Not assigned
[ The H7 to H9 of sialic acid are not assigned
Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.97, 3.67 1.84 3.38
C 67.08 28.07 47,74
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NMR assignment of compound 5

GalNAc1
B @ 0sSp

INAc2
Ga c 84

Gal1
Sia1
H1 H2 H3 H4 H5 H6 NAC Anomeric

Carbon

GalNAcl  4.86 4.30 4.00 4.17 N/AE N/A  1990r2.00 97.19
GalNAc2  4.70 3.90 3.67 3.89 N/A N/A  1.990r2.00 102.65
Gall 4.52 3.33 4.09 4.08 N/A N/A - 104.30
Sia1ld - [b] - 2.63,1.88 3.75 3.80 3.47 1.990r2.00 101.43

el Not applicable

(bl Not assigned

[ The H7 to H9 of sialic acid are not assigned

Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.79, 3.52 1.89 3.45
C 64.82 27.92 48.10
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NMR assignment of compound 7

GaINAc2B4GaI1B4GIcNAc1

Gal2
H1 H2 H3 H4 H5 H6 NAc  Anomeric
Carbon
GalNAcl 4.84 4.29 401 4.20 N/ALR 3.70 1.99-2.01 97.00
GalNAc2 4.70 3.89 3.66 3.90 N/A N/A 1.99-2.01 102.69
GIcNAcl 4.52 3.74 3.57 3.66 N/A N/A 1.99-2.01 101.44
Gall 4.52 3.33 4.13 4.09 N/A N/A - 102.53
Gal2 4.43 3.48 3.60 3.88 N/A N/A - 104.66
Sia1l - [0 - 2.63,1.91 3.74 3.80 3.46 1.99-2.01 101.56
el Not applicable
(b1 Not assigned
[T The H7 to HI of sialic acid are not assigned
Linker OCH>CH2CH>N3 OCH2CH2CH>N3 OCH2CH2CH>N3
H 3.72,3.48 1.88 3.42
C 64.52 27.88 48.17
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NMR assignment of compound 9

GalNAc1

H1 H2 H3 H4 H5 H6 NAc ~ Anomeric
Carbon
GalNAcl  4.76 4.26 3.97 4.22 N/ALE N/A 2.02-2.05 97.13
GalNAc2 4.64 3.90 3.70 3.92 N/A N/A 2.02-2.05 102.73
GlIcNAcl 450 3.75 3.56 3.71 N/A N/A 2.02-2.05 102.39
Gall 4.47 3.37 415 411 N/A N/A - 102.55
Sia1lcl - [o] - 2.67,1.91 3.77 3.83 3.49 2.02-2.05 101.60
el Not applicable
bl Not assigned
[l The H7 to HY of sialic acid are not assigned
Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.80, 3.63 1.91 3.47
C 64.91 27.94 48.20
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NMR assignment of compound 11

Gal1

4GIc1

B

Sia1
Anomeric

H1 H2 H3 H4 H5 H6 NAC Carbon

Glcl 4.46 3.28 3.62 3.62 N/ALE N/A - 102.04
Gall 4.41 3.57 3.70 4.14 N/A N/A - 102.88
Gal2 4.53 3.33 4.13 4.09 N/A N/A - 102.49
GIcNAcl  4.67 3.77 3.67 3.69 N/A N/A  1990r201 102.76
GalNAcl  4.70 3.89 3.66 3.86 N/A N/A  1.990r201 102.69
Sial!" - - 263,190 3.75 3.81 346  1.990r2.01 101.56

el Not applicable
(bl Not assigned

[T The H7 to HI of sialic acid are not assigned

Linker OCH>CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3

H 3.98, 3.75 1.90 3.45
C 67.30 28.17 47.79
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NMR assignment of compound 2

GalNAc1

GlcNAc1
B

Sia1
H1 H2 H3 H4 H5 H6 NAC Anomeric
Carbon
GIcNAcl  4.52 3.78 3.74 3.52 3.46  3.83,3.60 2.000r2.02 100.92
Gall 4.49 3.32 4.12 4.08 N/AE N/A - 102.99
GalNAcl  4.70 3.89 3.67 3.86 N/A N/A 2.000r2.02 102.68
Sia1ld - [o] - 2.66, 1.90 3.83 3.89 3.60 4.09 (NGc)  101.38
el Not applicable
(bl Not assigned
[l The H7 to HY of sialic acid are not assigned
Linker ~ OCH2CH>CH2N3 OCH>CH>CH:N3 OCH,CH2CH2N3
H 3.95, 3.65 1.82 3.36
C 67.03 28.01 47.68
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NMR assignment of compound 4
GalNAc1 Gal1 GicNAc1

P4~ B4 pu B
?ﬁ »—l—OSp

Sia1
H1 H2 H3 H4 H5 H6 NAc  /nomeric
Carbon
GIcNAcl 450 3.71 3.56 3.65 N/ALE N/A 2.000r2.02 101.10
Gall 453 3.33 4,15 4.10 N/A N/A - 102.53
GalNAc1 4,71 3.89 3.65 N/A N/A N/A 2.00 or 2.02 102.70
Sia1lc - [b] - 2.65,1.92 3.85 3.89 3.60 4.10 (NGc) 101.58
el Not applicable
bl Not assigned
[ The H7 to H9 of sialic acid are not assigned
Linker OCH2CH2CH:2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.95, 3.65 1.82 3.35
C 67.05 28.05 47.70
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NMR assignment of compound 6

GalNAc1
@ 0sp
H1 H2 H3 H4 H5 H6 NAc ~ AAnomeric
Carbon
GalNAcl 4.87 4.31 4.00 4.18 N/AM N/A 1.99 or 2.00 97.19
GalNAc2 4.71 3.89 3.67 3.89 N/A N/A 1.990r2.00 102.65
Gall 4.53 3.32 4.10 4.08 N/A N/A - 104.31
Sia1ld - [o] - 2.65, 1.89 3.84 3.89 3.60 4.10 (NGc) 101.43
el Not applicable
(I Not assigned
[l The H7 to HY of sialic acid are not assigned
Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.79, 3.53 1.89 3.46
C 64.82 27.92 48.11
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NMR assignment of compound 8
GalNAc2 Gal1 GIcNAc1
B4~ B4

Anomeric
H1 H2 H3 H4 H5 H6 NAC Carbon
GalNAcl 4.88 4.34 4.03 4.24 N/AM 3.73 2.03 97.04
GalNAc2 4.75 3.92 3.70 3.91 N/A N/A 2.03 102.72
GlcNAcl 4.56 3.77 3.61 3.69 N/A N/A 2.03 101.47
Gall 4.56 3.37 4.18 4.13 N/A N/A - 102.58
Gal2 4.46 3.53 3.63 3.93 N/A N/A - 104.68
Sia1l - [0l
- 269,192  3.88 3.92 363  413(NGc) 101.61
el Not applicable
(bl Not assigned
[l The H7 to HY of sialic acid are not assigned
Linker OCH>CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.76, 3.52 1.92 3.50
C 64.59 27.91 48.22

54



NMR assignment of compound 10

GalNAc1

H1 H2 H3 H4 H5 H6 NAc ~ Anomeric
Carbon
GalNAc1 4.85 4.27 3.99 4.23 N/AE N/A 2.02-2.06 97.13
GalNAc2 4,74 3.92 3.69 3.93 N/A N/A 2.02-2.06 102.73
GIcNAc1 4.59 3.74 3.56 3.71 N/A N/A 2.02-2.06 102.40
Gall 457 3.35 417 412 N/A N/A - 102.56
Sia1l - [o] - 2.69,1.94 3.86 3.92 3.63 4.13 (NGc) 100.57
el Not applicable
(bl Not assigned
[T The H7 to HI of sialic acid are not assigned
Linker OCH,;CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.80, 3.54 1.91 3.47
C 64.91 27.94 48.20
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NMR assignment of compound 12

H1 H2 H3 H4 H5 H6 NAC Anomeric
Carbon
Glcl 4.46 3.29 3.62 3.62 N/AlE N/A - 102.00
Gall 4.41 3.57 3.70 414 N/A N/A - 102.84
Gal2 454 3.34 4.15 4.09 N/A N/A - 102.47
GIcNAcl1 4.67 3.76 3.73 3.69 3.57 N/A 1.99 0r 2.01 102.71
GalNAcl 471 3.89 3.66 3.90 N/A N/A 1.990r 2.01 102.65
Sia1l - [b] - 2.65, 1.90 3.87 3.88 3.60 4.09 (NGc)  101.53
el Not applicable
(bl Not assigned
[T The H7 to HI of sialic acid are not assigned
Linker OCH,CH,>CH>N3 OCH,CH,>CH>N3 OCH,CH,>CH>N3
H 3.99, 3.74 1.91 3.44
C 67.27 28.13 47.77
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NMR assignment of compound 13
GalNAc2 BPaI’b4GIcNAc1

H1 H2 H3 H4 H5 H6 NAc ~ Anomeric
Carbon
GalNAcl  4.86 4.17 4.12 4.14 N/ALE 3.70 2.02-2.05 96.57
GalNAc2 474 3.95 3.67 3.93 N/A N/A 2.02-2.05 102.72
GlIcNAcl 455 3.76 3.57 3.70 N/A N/A 2.02-2.05 101.53
Gall 455 3.36 4.15 412 N/A N/A - 102.58
Gal2 4,63 3.66 3.83 3.90 N/A N/A - 101.99
Fucl 5.24 3.78 3.76 3.67 4.23 1.20 - 99.21
Sia1lcl - [0 - 2.67,1.94 3.78 3.83 3.48 2.02-2.05 101.60
el Not applicable
(bl Not assigned
[l The H7 to HY of sialic acid are not assigned
Linker OCH2CH2CH:2N3 OCH2CH2CH2N3 OCH2CH2CH2N3
H 3.74, 3.46 1.90 3.47
C 64.41 27.98 48.15
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NMR assignment of compound 14
GalNAc2 Bzf%alh4GlcNAc1

H1 H2 H3 H4 H5 H6 NAc  /Anomeric

Carbon

GaINAcl  4.85 4.10 4.11 417  N/AH 3.70 1.99-202  96.44
GaINAC2  4.70 3.88 3.64 3.86 N/A N/A 1.99-202  102.69
GaINAc3  5.14 4.25 3.89 4.20 N/A N/A 1.99-202  91.16
GIcNAcl  4.52 3.73 3.57 3.65 N/A N/A 1.99-202  101.48
Gall 4.52 3.33 4.12 4.08 N/A N/A - 102.52
Gal2 4.64 3.84 391 4.19 N/A N/A - 102.05
Fucl 5.25 3.73 3.54 3.45 4.27 1.70 - 98.68
Siatld - bl - 263,190  3.75 3.91 3.46 1.99-202  101.56

el Not applicable
(bl Not assigned
[l The H7 to HY of sialic acid are not assigned

Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3

H 3.7,3.42 1.85 3.42
C 64.27 27.95 48.06
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NMR assignment of compound 15
GalNAc2 Gal1l GIcNAc1
B4~ B4

Anomeric

H1l H2 H3 H4 H5 H6 NAC Carbon

GalNAcl  4.85 4.10 4.10 4.17 N/AE 3.70 1.99-2.02 96.42
GalNAc2  4.70 3.88 3.65 3.92 N/A N/A 1.99-2.02  102.68
GlcNAcl 452 3.73 3.55 3.65 N/A N/A 1.99-2.02  101.49
Gall 4.52 3.33 4.13 4.10 N/A N/A - 102.52
Gal2 4.66 3.88 3.92 4.25 N/A N/A - 102.14
Gal3 5.21 3.85 3.93 4.18 N/A N/A - 92.82
Fucl 5.23 3.74 3.56 3.45 4.24 1.16 - 98.75
Sia1l - 0] - 2.63,1.91 3.74 3.97 3.46 1.99-2.02  101.56

el Not applicable
[bI Not assigned

[l The H7 to HY of sialic acid are not assigned

Linker OCH2CH2CH2N3 OCH2CH2CH2N3 OCH2CH2CH2N3

H 3.69, 3.42 1.86 3.41
C 64.25 27.96 48.05

59



5. References

B. M. Trost, Science, 1991, 254, 1471-1477.

A. D. Curzons, D. J. C. Constable, D. N. Mortimer and V. L. Cunningham,
Green Chem., 2001, 3, 1-6.

J. Andraos, Org. Process Res. Dev., 2006, 10, 212-240.

R. A. Sheldon, C. R. Acad. Sci., Ser. llc: Chim., 2000, 3, 541-551.

T. Hudlicky, D. A. Frey, L. Koroniak, C. D. Claeboe and L. E. Brammer Jr,
Green Chem., 1999, 1, 57-59.

K. Van Aken, L. Strekowski and L. Patiny, Beilstein J. Org. Chem., 2006, 2, 3.
K. Lau, H. Yu, V. Thon, Z. Khedri, M. E. Leon, B. K. Tran and X. Chen, Org.
Biomol. Chem., 2011, 9, 2784-2789.

C.-A. Tai, S. S. Kulkarni and S.-C. Hung, J. Org. Chem., 2003, 68, 8719-8722.
S. A. Cochrane, B. Findlay, A. Bakhtiary, J. Z. Acedo, E. M. Rodriguez-Lopez,
P. Mercier and J. C. Vederas, Proc. Natl. Acad. Sci. U. S. A., 2016, 113, 11561-
11566.

60



6. NMR Spectra

CHZ-QD-0475
#16

N3

|

9.5 9.0 B.5 B.O .5

7.0

6.5

6.0

5.0 4.0

1 (oo
'H NMR of 16

1.5

3.0

T T T T T T
5.5

2.5

2.0

61



CHZ-QD-0475
#16

230 @ 210 200 190 180

160

150

140

130

1% 110 100
f1 (ppa)

13C NMR of 16

a0

B

Ta

60

50

40

L]

62



CHZ-QD-0501
#17

) '--.._O
Ph
OAc_oac © L
ACO -~ N 0N
OA AcHN
¢ Mo N
‘:LIE H.Iﬂ H.Ii H.IEI ?..5 i'.IEI h".li E!.If.l i.li 5..0 -1.I5 -Llﬂ 3.I5 3.IU 2..5

1 (ppu)

'H NMR of 17




CHZ-QD-0565
#17

_
Ph
OAc_oac  ©

LN | — 4 -0
ACD\-—-—- U-\-""--_

DA AcHM o

M3

230 2 210 200 190 180

170

160

150

140

130

(. 1] 110 100
fl (ppa)}

13C NMR of 17

%

8l

Ta

64



CHZ-QD-0553
#19
_OAc

MO o

TrocHN
OH

AcHM
0] ~__-N3
10.0 9.5 ] a5 20 7.0 B 5 6.0 55 50 4.5 4.0 i5 a0 25 20 Lo 0.5 00 0.5
f1 (ppa)
IH NMR of 19

65



CHZ-QD-0553
#19

OAc

A&'\%D-\.—-“‘\ 0

TrocHN
OAc 0Ac OH

N3

230

2 210 200 190 180

170

160

150

140

130

(L] 110 100
f1 (ppa)

13C NMR of 19

66



CHZ-QD-0536
#20

_-QH

%08

5

5

5.0

4.0 3.0

£ 35;-}
IH NMR of 20

[

e |

0.0

67



CHZ-QD-0536

#20
OH
-y O
Hﬁ@ \.--"-- Q0
AcHN /
OH oH DH/ po6 o
_-0 -0 0S
HU\.-"N-. O\.—r“--_ B3
OH .-’-"u::Hr\lt_:| N,

230 2w 210 200 190 180 170 160 150 140 130 120 110 100 a0
fl (ppa)

13C NMR of 20




CHZ-QD-0527
#21

Ph
_DAc

A P

TrocHM

M3

JUU Ny LA A

0.5 10.0 9.5 9.0 B.5 8.0 1.5 1.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 05 0o
1 (ppm)

'H NMR of 21



CHZ-QD-0527

#21
—0
Ph
_0Ac O
ey 0 LD
AcO .
Acr:}-\.--—-.. O-
TrocHM AcHM
0 M3
230 20 210 200 19 180 170 160 150 M40 130 120 110 100 9 S0 70 60 50 40 30 20 10 -10

£l (ppa)

BBC NMR of 21

70



CHZ-QD-0354
#22

1+2-08p

5.0

4.5 4.0 a5
1 (ppm)

IH NMR of 22

3.0

!'\:\

1.0

0.0

71



CHZ-QD-0354

#22

OH OH _oH

% 0s
-0 .0 P
HO .
HO\.—-—-_ 'CJ\..--M.._ E'
TrocHM AcHM
O Ma
230 2% 210 200 190 180 170 160 150 140 130 120 110 W0 90 &0 70 0 30 20 10 10

f1 (ppa)

13C NMR of 22

72



CHZ-QD-0433
#23
HO LOH OH L
4
HO ° EO‘ 2 0
OH AcHN p6
o 5 8] B
HO
OH AcHMN DWN \--._
(
|
7.5 7.0 6.5 £.0 55 5.0 L5 10

3.5
f1 (ppa)

'H NMR of 23




CHZ-QD-0433

LYo
7"'23
HO _OH OH
BB el O -
HO
OH AcHN B6
HO _OH HO
9 0]
0 B3
HO
OH AcHN
O~

T Y T T L

T Al T T Al
220 210 200 190 180 170 160 150 140 130

T Al
120 110 100
f1 (ppa)

13C NMR of 23

74



CHZ-QD-0355
#24

HO LOH

HO .OH OH
O 5 [v] o a
HO HO
AcHN

OH AcHM

Q

@ 0sp
oﬁlﬁ}J}
o

5.5

5.0

4.5 4.0 3.5
f1 (ppa}

'H NMR of 24

30

20

0.0

75



CHZ-QD-0355
#24

oH HO _.OH

HO _-OH
] O 0
n} .
HO &/,m’é‘_x,u%
OH AcHN AcHN L
A

M3

230 2 210 200 190 150 170 160 150 140 130 120 110 1040 a0
fl (ppa)}

13C NMR of 24




CHZ-2205
#28
OH O Loc o OH OH B 0S8
HGw- O HD 8]
%o&,&,om w |
HO oH NHAC
) y )
5 7.0 6.5 'E!.Iﬂ 5.5 5.0 -!.IE 4.‘{! 3.‘5 3.‘{' 2.‘5 2."0
f1 (ppa)

H NMR of 28




CHZ-2174
#28

0S

o

HO _.OH OH I?'
éo HD’X&G
0 o M3 |
T o

HO OH MHAGC

r T L T N T ¥ T T T r T = T N T r T T T " T N T ™ T r T N T = T r T r T N T N T T T r T = T N
o 200 190 180 170 160 150 140 130 (1] 110 100 a0 A0 10 ] 50 40 30 0 1] o -10
fl {ppa}

13C NMR of 28



CHZ-2029

#31
OH OH
HO.C  HOo _OH OH 4 OSp

HO- 0 o 4 o) o
AcHN © HO Gha~ s

HO OH MNHAC

?.I.-'r I.IU E-.I.-] S.IU E.I.-'r i.lﬂ -‘:..5 -!.IU 3.5 3.IU 2.I5 Z.IEI I..E l.IEI U..E {J.Iﬂ' —
1 {ppa)
IH NMR of 31

79



CHZ-2181
#31

OH 3 OSp
o o
DWNJ
HO OH MHAS
T A T T T b T A T T T T T T T T T T R T T T T T T T T
210 200 190 180 170 [-1] 150 140 130 (1] 110 100 1] a0 T0 50 40 30 10 ]

f1 (ppa)

13C NMR of 31

80



CHZ-2148
#34
a DHHo}_c HO _-OH HO _OH B
Hﬁ%ogz& o\@:ﬁ“"
AcHM
HO OH AcHN ol
oM
7.0 6.5 6.0 5.5 5.0 L5 L0 2.0

1 o)
IH NMR of 34

[~
w



CHZ-2148
#34

f1 (ppa)

13C NMR of 34

PHuo.c Hc- OH HO _.OH B 0s
O
Pu:HN
A{..HN ol
A T d T bl T d T T T A T bl T Wo— T d T b T d T v T T T T T T T T
210 200 190 180 170 160 IS0 140 130 12 110 100 90 40 70 50 40 30 10 -1

82



CHZ-QD-0434
#36

OH OH

HG w- 0 0 0 Q
QO
AcHMN G&/H@?
HO
b

OH AcHM
HO .OH Hli:l\1
o] 8]
8]
HO
OH AcHN O~ M
_,/I j _thd A
T T T T L) T T T T T T T T T T
7.0 6.5 6.0 55 5.0 4.5 4.0 35 30 25 20 L5 1.0 5 oo
f1 (ppa)
'H NMR of 36

83



CHZ-QD-0434

#36

OH OH
HOC  HO _OH OH
HO e 0 4
_ 07 ™o o 0 o B.
AcHN HO o
HO OH AcHN p6
HO OH HO L 09
o o a B3
HO
OH AcHN " ]
]
T T d T d T v T v T T d T v T v T b T - T v T v T v T i T hd T v T r T d T d T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 & 70 €0 50 40 30 20 10 -10

1 {ppm)

13C NMR of 36

84



CHZ-QD-0319
#38

OH OH

HO,C HO _OH
HC e [8]

0
AcHN O‘&:/

HO OH
] 1.0 6.5 6.0 5.5 5.0 4.5 4.0 15 3.0 25 z0 Lo 0.5 0.0
fl (ppa)
!H NMR of 38

85



CHZ-QD-0319

#38

OH O

H
HO,C F

{0 OH OH

HO _OH B
&vo é&v ; P4
HO 0 o

HO
(0]
AcHN
HO OH AcHN
c AcHN o N
]
|
T n g T Ll T T T T s T Ll T T T T Ll T 5k T T Ll T v )
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 -10

f1 (ppa)

13C NMR of 38

86



CHZ-2189
#41

4
OH P OSp
HOLC HO _OH oH Wb _OH OH 84 B
AcHN HO HO o M3
HO CH OH i

MNHAC OH

y I

L] ¥ Ll
7.0 6.5 6.0

L) T 1 L g ¥ T L T L] ¥
3.3 3.0 4.5 4.0 3.0 25 Z0 1.5 Lo 0.5 LN =

35
1 (pged

IH NMR of 41

87



CHZ-2189
#41

¥ 7 ¥ 1 T T " ¥ ¥ - i) T T ¥ F ¥ ¥ £ T T " F ¥ ¥ £ v ] v F w ¥ = T T T

"
210 200 190 1B 170 1650 150 14D 130 120 1o 100 0 B0 70 il 30 1] 30 20 10 0 =10
Fl (ppam)

13C NMR of 41

88



CHZ-QD-0549

0S

OH OH
HOLC  HO OH OH B
HCe o O HO Q
GeHM G&A’anmmr\h o
HO OH MHAC
\“-.

]'_IE ]'_IU 5.‘5 E.Iﬂ 5.‘.'_1- 5.‘{' 4.‘5 -‘l..ﬂ 35

f1 (ppa)

'H NMR of 29

a0




CHZ-QD-0042

#29

Hl‘_} .C OH p
el G‘llD D N
Gw}-N W 3 o

0S

T T T T T T T T T T T T T T T T T T T
i) 190 180 170 160 150 140 130 120 110 100 a0 1] T0 & 50 10 a0 0 10 0 -1
fl1 (ppm)

13C NMR of 29

90



CHZ-QD-0525
#32

OH OH

HOm by 0 0
GeHN Oé’}*’ EEX%@/D\_,J
HO OH MHAG

0

4

5

] ER
1 {ppa)
IH NMR of 32

3.0

b2

w |

0.a

91



CHZ-QD-0569
#32

OH

4
0 o 0 o OSp
OH MHAC
T T T T T T T T T T v T v T v T T T T T T T T
W 190 180 170 160 150 140 130 120 110 100 ] a2 T0 &) ] 40 30 10 -1
f1 (ppm)

13C NMR of 32

92



CHZ-QD-0513
#35

OH OH

HO.C HO _OH HO _.COH

H i o O 8]
GGH@\D&S’?&D%
AcHN

HO OH

S
p
o
O~ AN
5 7.0 G-.IE 6.0 55 5.I|'.'| -‘LIE 4.‘(.' 3.‘5 3.‘1] 2...:- Zlﬂ ].Ii ]..ﬂ D.I;_:- ﬂ.ll'.'l
f1 (ppm}
IH NMR of 35

93



CHZ-QD-0041
#35

£l (ppa}

13C NMR of 35

HO OH  HO .OH p
o 0
o o
OH AcHN
O M3
T T T T T T T T T T T T T T T T T T T T
oo 190 18D 170 160 150 140 130 120 110 100 1] 11 0 & 50 A0 a0 10 =

94



Mi

CHZ-QD-0480
#37
o OHHGEC HO _OH OH
”G%o\&& fO’XS'&/"’
GeHN HO
HO OH AcHM
HO _OH HO
o] =0
HDEﬁE:E&f’D
OH AckiN O
e
7.5 7.0 6.5 6.0 55 5.0 45

4.0 3.5 3.0
1 (ppa)

'H NMR of 37



CHZ-QD-0506
#37

OH OH

HOLC HO OH OH
H O o O s ]

GceHM 0 HOC E’4
HO OH AcHM o
HO _OH HO ﬁ,ﬁ
L
O o 09 A
H(J&-S/G BS
OH AcHN
- DW N3

T T T T T T T T T T T T T T T T T T
230 2 210 200 190 180 (1] 160 150 140 130 120 110 1040 a0 ] Ta i 50 40 ]
fl (ppm}

13C NMR of 37




CHZ-QD-0318
#39
PP 0.c  Ho LOH oH | vo _OH B £ 0Sp
HD%D [w] Uﬂ o o] 134
GeHN &\/ HO - \&ﬁ o
HO OH AcHN AcHN L N
[
7.0 ELIE 6.0 55 E.If.l -1_I:| -L.D 3.I5 3_Ill'l ﬂ_li 2..{1 l_l.-': III.IE D.Iﬂl
fl (ppm)
IH NMR of 39

97



CHZ-QD-0318

#39

v T v T A T b T T T T T v T A T v T L T Y T L T ¥ T v T A T v T v T v T v T A T v T ¥ T T T v T
230 2H 210 200 190 180 170 160 150 140 130 120 110 100 a0 A0 70 i 50 40 30 20 10 ] -10
fl (ppm)

13C NMR of 39

98



CHZ-QD-0514
#42

o

NHAC

J

H oM
HO-C HO OH OH H OH OH [
HO Q 0 o o
=} 0 0
GoHM lL"&/| 1&/0&\/Hg’éﬁﬂﬂwm o
HO OH oH L

1.5
fl {ppm)

'H NMR of 42

T
3.0

L)
2.5

T
2.0

T
0.0

99



CHZ-QD-0071
#42

OH OoH E]':l'. Ii DE[J
HO,C p
A 4 s

N

\

¥ w v w v w ¥ w " " " w " w " "
L1} 190 180 170 160 150 140 130 120 0] 100 G0 B T 60 50 i 3o ka1 ()] ] =
fl (ppm)

13C NMR of 42

100



CHZ-2245
#1

HO _OH
L8]
o]
HO
opy o AcHN B P OSp
OH
HOLG OH OH p4
HCpue: o O HO o L
o]
AcHN fé:pkfﬂ M
HO OH MHAG

A
5 7.0 65 5.0 55 5.0 L5 Lo 1.5 5.0 25 2.0 1.5 10 0.5 0.0
£1 (pom)
'HNMR of 1

101



CHZ-2245
#1

R e e e e L S w T —F w T " T v w w 5 ¥
210 200 190 (1] 170 160 150 140 130 120 110 10 1] &0 T il 50 0 30 20 (1] a =10
fl (ppmd

BCNMR of 1

102



ZK-1

#]

COSY

ned) )

L
=035

L]
0.0

L
1.5

J
3.0

1
6.0

L]
7.0

0.5

L]
10

L]
1.0

4.5

L]
3.3

L]
6.5

2 (ppmd

COSY spectraof 1

103



ZK-1
#]
HMBC

OSp
e @
L] [ -] - L
o - LN ]
nr h’: L ]
1".M|
e Pt _=° ® o
» W% e
‘ Y-
Rl g ° LD
- 4
Trlll E-rn- 6.111 :'1.5 nrlil -1.11] ) 3..5 ) E.rl.‘.l ) E.IE ) _‘111 ) I.S ) I.rlil ’ tl15 I.‘.L11]
f2 (pgmd
HMBC spectra of 1

1 Ak

104



ZK-1

#1

HSQC

4

* =30

0

- , r =50

1 ippnk

3 j . xill]
L b [ ] -7

t v

*
=i
100
*+%

110
130

T T " L] ¥ T T ¥ T ¥ T - T - T v T ¥ T ¥ T " L] " T - T

6l 55 a0 45 Lo 3.5 30 25 20 1.5 Lo LI 0.a =05 =1.0

f2 (ppm
HSQC spectra of 1

105



ZK-1

#1

HSQC-TOCSY n

20

a0

=50

H60

1 {gmm}

=70

i

OSp t : '
p ;
p4 .
m .
. -.<+:.
a d L -
]
] ™ * »
e s ]
o -
[ ]
2.
A g bE
[} -
* ; -I‘
- "ll L1
',
]
[ ] " -
s "
: v '
* i
by = :
T - T ¥ Li - T v T - T - T I‘" T - T " L] b T ¥ T T T
7.0 [ L] a5 .0 1.5 Lo 15 30 2.5 20 1.5 1.0 [ I8
2 (ppm)

HSQC-TOCSY spectra of 1

106



CHZ-2236
#3

HO AOH
o

HO

Q
HO
MHAC
OH oH
w - -
AcHM o HO O
OH

MNHAL

7.5 1.0 6.3 6.0

en
o

5.0 L5 S O L 15
'H NMR of 3

107



CHZ-2236

-

#3

7 ¥ 1 T T " ¥ t] ¥ 1 T T " F 7 ¥ T T T ¥ F ¥ ¥ 1 T T ¥ F = ¥ ¥ 1 T T " F = ¥ ¥ T T T

210 200 190 1B 170 150 150 140 130 120 1o 100
fl (pgmd

13C NMR of 3

108



ZK-3

#3
COSY | N
D?:)ﬁdl P OSp : 1.0
: 1.5
"yl @ 0 F 2.0
0 [ B [~
| 3.0

4.0

— —
- T
= =
‘-E
= =
=
.
=
1 {ppm}

1.5

! 0 n' ]

T f =5. 0
I
|

6.0
Hi. 5
7.0
?..ﬂ E.IE ﬁ..ﬂ E.IE 5..0 -1.I5 l.ll.'l 15 E.II.'I 1‘5 E.II.'I I.lﬁ ].Iﬂ 1].'5
2 (ppmd
COSY spectra of 3

109



#3
HMBC | S
4 F10
02O mPose
. ' =20
I I - 1o
B
L ] ] -
g ¥ L) [} .
", ¥ L 3
3
L] -
' A il ] o i
' o 0
i : _I n"w b
' o Muu 50
90
h% M e ' . [
110
?'.I{I ﬁ.li E\.II'.'I E.Ii i'f.'l I..Ii I..I'.'I 3\.'5 H.IIII lli 2.IIII I..IE ].IIII I:l.‘i o
f2 (ppml
HMBC spectra of 3

110



ZK-3
#3
HSQC

A

i
El4 ﬁ4 ﬂ =1
Du B--—0sp
‘,n =20
® =30
[:] L ]
~a0
L] _
.ﬂ‘q " =50
e 5
Gﬁ’ = f
. 1‘#‘.‘ o 70
@ O

o -
~Gi0
°od [
L1
T T T T T h T T T T T T T T -Im

7.0 6.5 6.0 55 a0 1.5 L 15 30 20 1.5 1.0 [

F2 (ppm)
HSQC spectra of 3

111



ZK-3
#3
HSQC-TOCSY

qu B4emB 0Osp

=20

=30

=50

i

=70

=80

e o o
a s ™ ™
a 8 8
] aBg W & ™
] o e
ﬂ,w-
sl
[} a
. .MI. » ©
-]
‘ .- LI . -
% " s @me
[ ]
od o + %" »
L] T L] I L] 1 L T T T L] L]
7.0 6.5 6.0 5.5 5.0 L3 L0 15 L0 235 20 L5 0.5

2 (ppm)

HSQC-TOCSY spectra of 3

r1 (ppn}

112



#3
HO _.OH
o o
HOD
OH ap MHAC L
HOLC OH o .OH B OSp
HiChae: o a5 ] o O B4
AcHMN el
HC H AcHM
O
T.I 5 T.Iﬂ E\.Ii E:ﬂ 5..5 ﬁ.l ] -{.I 5 -1.Iﬂ E.IS 3 'l'.'l EIS- ZII.'I ].IE 1 Iﬂ Ilqi 0 'L'I
£l (ppm)
'H NMR of 5

113



#5
v}
"] 4
okg:\% b
, o
OH AcHM |
i_:lWN:I
B e T e S S T e T T T e e S T T S e R R S S T
0 200 190 1B0 1T 180 150 10 130 1200 110 10O 50 &0 0 (1] 50 ] 30 1] 10 ] -10
fl (ppad
13C NMR of 5

114



ZK-5

#5
COSY . ~
' )
L Sp ' : 0.5
B : '
o '
I 1.5
S | N 0
i
B (] 0
; L3.0
' ' ) s 3
I N :
' g 0 a0
[ [ i
‘ ' ' " 4.5
! ' 5.0
H
. 5.5
]
' ~6. 10
L 6. 5
7.0
T.'I:l E.Ii -E.II] 5\.'5 i.ll'.l J‘I.Ii »l..ll.‘l :I:i S.Iﬂ 2.'5 1I1] I.'i l.I{I ﬂ.l:'r
2 (pgm)
COSY spectra of 5

115



ZK-5
#
HMBC

20

30

=50

H60

=Tl

B0

9 osp
p4 P
Hry
—1 . '
— ] o L
——— s = & 0 [ ]
— . 0 bu'u
]
', .
|
= T A
— ‘.' ] 9 .
T.I o E.IE lIi.II}I i.IE E.I o -1.'5 -1..I1] is S.Iﬂ E.Ii llﬂ I.IE- l.lﬂ I:?I.I 5
£2 {pom)
HMBC spectra of 5

1 {pgomk

116



ZK-5
#5
HSQC .

oL
ﬁ Sp (1]
@
—_——— u q =20
e =30
—] L] L]
~40
— * .-' "‘ 50
H
. 9 =i
% % =
L .‘f"' ™ 70
o $'0
—— -5}
=R
=00
R [
=100
f— * -
=110
1 T L] T L] T L] T 1 T L T L] T -Im
7.0 6.5 6.0 85 5.0 43 1.0 15 L0 2.5 20 L5 1.0 LI
2 {ppm)
HSQC spectra of 5

117



ZK-5
#5
HSQC-TOCSY 0

L # i
E' SP 10
O ?
(L L =20
s | ' N * 1
_— . = i ] 0
—_— =} | ] |} 5 B
=40
——————————— ¥ i B [ ] D 3  =a
| " ..--- L ] L] 'w B
H
el T 60
oFo_ -
—_— [ ] ‘- -] e
LB N Y "y - i
' ;' LI ] -
— [] LI B L]
L5
e
—_— # [ IR |
) =1 000
— . p " " .
110
L] T L] Ll ¥ T Ll ] T L] T L] T LJ -Im
7.0 6.5 6.0 ais a.0 4.5 Lo 3.5 Ao 25 20 1.5 L0 3
2 (ppmd

HSQC-TOCSY spectra of 5

118



ZK-7
#7

HO

HO
OH oH

OH

NHAC

Lé‘ij;i
Hpe o
AcHN o

HO

is 10 25
1 (pyed

'H NMR of 7

119



13C NMR of 7

120



F2.0

F2.5

3.0

k3.5

r4.0

8
b

L

|

I

I

|

T.Il.'l E:E E.I o 3.5 i.lﬂ l.'5 J‘I.Iil 1.5 E.Iﬂ 2.I5 '-“ﬂ ].I5 I.‘I:] I:I.Ii
2 (ppmd
COSY spectra of 7

'l {gpn}

121



ZK-7

#7
HMBC A ) .
B~ 4 10
o
ﬁﬁ a Dsp ‘ * =20
p LI ' a0
) -0
(I ; 8 [ ] -
o hew ' _F -
hh : oo 5
] b ] =
L .
. | NI
NI KT o .
a0
"} B 1 0 B !
—_— Yo e 0 1 1
110
o 6.5 6.0 58S 5.0 L5 L0 2 S 2.0 2.5 20 L5 L0 0.5

HMBC spectra of 7

122



ZK-7
#7
HSQC

20

=30

=30

-6

1 lggm}

=Tl

=80

L] Ll ¥ T
7.0 6.5 6.0 3.3

L T ¥ T L T Ll T
G 4.5 Lo 15 in 25 ] 1.3
2 (pemd

HSQC spectra of 7

123



ZK-7
#7
HSQC-TOCSY .

g
1 fpom}

|!'h L
!
B4~ B4
o
— Bﬁ L L L] L ] o
OSp '
_} B | [
—y o i - L 3
—_— &
— - “'-I
&
» 'm
. -
PR | * LN ] . i
— 1 I
— .-'. _‘"_ LI *‘. "
¥
7.0 &5 6.0 55 5.0 L3 Lo 15 1.0 25 20 15 Lo 0.5

2 (pgmd

HSQC-TOCSY spectra of 7

124



ZK-9
#9

HO OH
0
HO U
_ Sp
OH oy MHAG |3'
HOLC OH oH Hib OH B4~ B4
s o L8] 8] 8]
0 Lo} [0
HC H HM
A AcHM o i
|
5 7.0 65 5.0 55 5.0 L3 L0 15 10 25 20 0.5 0.0
1 (ppm)
IH NMR of 9

125



ZK-9

#9
HO OH
A 8] Y
HO
¥
OH oy MHAG B DSD
HOLC OH oM HO _.OH pd .~ B4
e o - 4]
HO o 0 o O s~
BcHM OH -
HO OH A .
AsHM AcHMN o My
]
= L] - L v L - ¥ 1 v 1 ’ T v L] L] 1 v L - L L] - L " T v T ¥ L] L L] 1
20 20 190 180 170 160 150 1400 130 1200 110 100 80 B0 70 60 30 20 10 =10
fl (pom)
13C NMR of 9

126



ZK-9
#9
COSY A .
woet 1
o .
p4 p4 p i : = 1.0
_g t .. - 0 # 20
- 1 0 a -
E 3.0

- :ﬁ-— "
i3] E—
- =
o
1 gk

=T7.0
T.Iﬂ lﬁ.'5 E.Iﬂ 5.'5 5.I1] i.l5 -1.Il:] 3.I5 i‘ﬂ 2.I5 E.lﬂ ].IE I.'ﬂ I.‘I.IE
2 (pgm)
COSY spectra of 9

127



ZK-9
#9
HMBC

20

=30

=50

g
(1 fopnb

[} % llllll . o |
o low _ﬁl
(R 0 v
., ot ] '"
vig o' Q"
[ ¥ o » B 8
Ywee ‘o ’ '8
T.II.': E:E E.I o 5..5 E.Iﬂ I.'E d.lﬂ 3.5 :]..Iﬂ E.I:'r E'L'I ].I & I.‘{I ﬂ.li
£2 {ppmd
HMBC spectra of 9

128



Y

#9

HSQC _ ‘
¥ .

-
10
1' =20
e - -5
& 30
— - o
-0
9w - . 50
- ﬂ-l ¥
- P =
! %’: e 60 E
K S La ! 70
e o -
a0
i,
100
% q.lﬂ.
:i 110
a8
'] L} L i |2ﬂ

T.II.‘.I &'5 E.II.‘.I 5:5 E.II.‘.I -1.'5 -t.II:I :1.‘5 E.II:I 2.‘5 E.Iﬂ I.IE ].Iﬂ 1]..5
2 (ppm)
HSQC spectra of 9

129



ZK-9
#9
HSQC-TOCSY

=20

a0

=50

60

=70

80

-
]

LI - Te
up [ ] - L]
] 2 &0 o L]
o oDy @ -] -
# Y i
o
a3 .
a 4am -
ML L ] ] -
¥4 T *
Y a s = " a
s Y
P L |
- o [- N B
g =
6.5 60 5.5 5.0 L5 Lo 15 10 25 20 5 Lo 05

2 (pgmd

HSQC-TOCSY spectra of 9

Il {gpm}

130



ZK-11
#l1

HO -OH

HO
OH o

Av:HNéJ\\ v HO
H

L Lo 3.5
£1 (pemmd

'H NMR of 11

131



ZK-11

i OH
4 @ p4 ‘ B os
i3
OH OH OH [}4 ﬁ4
—||::||"- |:l o) (n] U:
AcHM HO IIG E]Wh
HO OH NHAC .
1
T ¥ T v T " T T ¥ T ¥ T ¥ T T - T ¥ T ¥ T T - T r T ¥ T - T T T T T T
20 0 190 180 170 160 150 140 130 120 110 10 @0 i 70 60 50 ] 30 20 10 =10

fl (pgmd

BC NMR of 11

132



i ‘ 0.5
.!‘ ; . L.a
i‘ T i 1.5
- 5.0 9 4’ .
! I ‘ L,
_— : iy o <0 -
ool ; 1.0
’ e
| Wl ?‘: 1 ® 5§
1¢ ! 8 . N -
i r a 'ii La
I ='
— - 0 §
—j o 3 5.0
il- jo : ]
’ Ll ! 6. 0
. 4 M6 5
: ‘.
[ | ] 7.0
T.Iﬂ lﬁ.IIS- E\.Iﬂ 5.I5 5n.ll'.'l -1..I5 -1.'l:l - l:é!'.l-iﬂ '.‘l.ll:l 1I5 2.'ﬂ l.li I.Il.'l IJ.IE
COSY spectra of 11

133



ZK-11
#11
HMBC |

.I I'd
S. 1o
.‘-': ] "
H ip b Lan
. 4
° # i ' ' . 20
L1
_|'D * ﬂl. 1
" - -0
S
0 .. 'j
Pk 50
<u fp ] [ l"'
T i f. E
'*‘.!'..;‘ e \ -6 -

l-il ] ‘* ' 4 i* ' 1 -70
ORRP . 1
Y44 " e i :
PR _.‘:. R0
L T Lo
4
ﬁéi:ﬁﬂb_ﬂ ¢ ;i ”
! '
-}t i 110
q * i . . . ; ! . . q = q . . -120
7.0 6.5 6l 5.5 50 L5 10 315 10 25 2.0 LS 1.0 (LI
2 (ppm)
HMBC spectra of 11

134



=10
=20
a0
=0
*
- : =il
* &
- * 60 j
¥ Ty ® 5 - -
- - =
- !";l-‘ L}
¥
T Lan
-
U
=100
- =V
110
=
T T L} T L] T L] T ¥ T T L} T L] -Im
7.0 65 6.0 ab a0 4.5 1.0 35 1.0 25 20 1.5 LD (L
f2 (pgm)
HSQC spectra of 11

135



ZK-11
#11
HSQC-TOCSY B

20

=30

=40

-Gl

HG0

1 Appnk

=T

A0

A,
' o
b
¥
h }
' . b
]
L] L] - r
- - i ]
g v '
e "
- u < [}
LR
) o B | -
[ noard b
[ wo - m
¥ * '-ll-
[ a III ]
v !
= =i [ 3 -#. a
¥ |
i - \
da '
7.0 6.5 B0 55 5.0 1.5 1.0 35 .0 25 20 1.5 Lo (1]
2 (pgpm)

HSQC-TOCSY spectra of 11

136



MO OH
Q
0
HO
AcHN O5p
OH &H ﬂ
HOLG OH OH ﬁ-’i
Hpus o 0 O HO [e] s
GeHW O Do b oM
HO OH MNHAG
i".l 5 T.I o 'ﬁ.li ﬁ.-ﬂ :_I\.I-E 5\.'1] -‘l..I 5 -‘l..I o E.Ii 3..0 '5"_'5 ilﬂ ].IE- 1 Ill {I.E ll.ﬂ
£l (ppmd
'H NMR of 2

137



CHZ-QD-0070

+H")
HD .OH
a)
- ~ —-.\'
HO
- AcHM w{fﬁp
UH oH
HA CH D[H'_
o 0 o3~
Hi im 0 ', i:| H .
GoHM S
M MNHAL I"\-h
T T T T T T T T e
0 190 180 1700 160 150 i 130 120 110 104 a0 A1) 0 il 50 0 an 0 10 0 -l
fl (ppmd
13C NMR of 2

138



ZK-2
#2
COSY | .

L I' ) ¥
0 ¢ d

r

)

o ol

9 '
[ ]
’
1
"
1
'
(]
¥

?.Iﬂ E.IE E:l:l 5.I5- 5.‘3 -l.li l..ﬂ 1I5 '.‘l.II] 235 20 L.IE LD 0.3
2 (ppad
COSY spectra of 2

£l Appn}

139



ZK-2
#2
HMBC i A .

S
6 P ’ 0
L =20
(N
¢ & o ' e oo
L L] L o
B0 (]
Ll =] .. ‘ g
§' i B 3
, . ﬂ v . —60 -
N g pm 0 of .
i i I. (] % -]
' s - HAD
~a0
‘w o o [} |.‘ =100
' =110
'|".I{I ﬁ.l 3 &.I{I E.I 3 ilﬂ I..Ii I..{I R 3.":! lli E.II:I L.IE ].I o I:LIE
f2 (ppmd
HMBC spectra of 2

140



ZK-2

20

=30

-0

=5

H60

=T

A0

-11D

HSQC S ;
B » 3
B4
o ]
] . # .
' L 2
B - L-3
_ -y ¥
.. ; lﬂﬁ"
e
[} ;.. ‘; ot
[ ¢
B T
L ]
ﬂ.ﬂi
7.0 lﬁ..i 6.0 5.5 E.Iﬂ l..5 Llﬂ 3..5 3.I1] E.IE ‘?_Iﬂ I.I:': l.lﬂ ﬂ.l:':
f2 (ppm)
HSQC spectra of 2

F1 ggink

141



HSQC-TOCSY

ZK-2
#2

qudd)

= = =2 =2 =2 =2 = =2 m

. § g 3 % F . .§ % i
.-Ut...-_ LY @n-
[ .=

° & n#ﬂ-u "

H : H

ilEr

P.m - =

- -9 a

® F T o n_ﬂ

s — sen —aan U N

T
2.0

15

3.0

35
f2 (ppmd

HSQC-TOCSY spectra of 2

T
4.0

T
5.0

T
6.0

A5

55

142



CHZ-QD-0113
#4
HO _JOH
8] o
HO
NHAC
OH GHHU;{: OH OH D_}.:l 4 0Sp
H e e o] O O a N [
GoHN —|Gé@/ S WL <>
HO oH MHAL
.JI 1 ‘.‘\ » e F
5 7.0 65 6.0 5.5 5.0 L5 L0 15 10 25 20 L5 1.0 0.5 0.0
1 (ppmd
IH NMR of 4

143



4 ™
OH OH [34 «@4.3 0Sp
2 0 18] ) o
HO DM
DOH MHAG l\'\_ -"‘I
" L L
LA B R S L B S L B L E e S A AR S A S S R SR R
210 200 180 16D 170 160 150 140 130 120 1o 100 G0 0 70 60 B L] 30 20 ] a =10
fl (ppmd
13C NMR of 4

144



ZK-4

COSY

F
I =0, 5
r
' 1.0
'-l'
| 1.5
b v .
g8 0 0 Y
]
] ]
‘ " nn
] 1.0
[ . [ ]
_ =
' ,. -3, 5 j
§ E'I o
I 1.5
-
v 5.0
[}
§ =fi. 0
I . 5
P
: 7.0
?.I{I E.IE E:I:I 5.I5 5.‘:] 4..I5 I.'I:I is E.Il.‘l '?_IE E.II] l.li ].Il.‘l I'.l.‘i
£2 (ppm)
COSY spectra of 4

145



ZK-4

D§QEILDS£=
o

HMBC —

=20

30

=50

H60

o

80

¥
] L e PO o 0 at
' N
", "y W,
8% ¥ o L L
7.0 [ E\.Iﬂ 55 2.0 1..'5 -1.!C| S.Ii 3.-C| lli E.ICI l.li |.I|:| I:LIE

f2 (ppmd

HMBC spectra of 4

1 (o}

146



ZK-4
#4
HSQC

B4 4 0Sp
“ a
‘e

20

=30

=500

-6

=Tl

=80

' L
L] =
L oo
<£ * *
e - R
' ®
Lo ? B -
1 L 1]
ﬂ}ﬂ*-
T.Iﬂ ﬁ.-a E-.Iﬂ E.FE E.Iﬂ l.'5 LI{I H.FE S.Iﬂ E.IE ‘?_Iﬂ I.I:'r l.lﬂ 1].'5-
2 (ppm
HSQC spectra of 4

1 (g}

147



ZK-4
#4
HSQC-TOCSY

o=
34 4 0Sp
; b
L 1 ] [ ] [ 3
- -
L] & w »
" "' o2 '
. -
44 ¥
' ey © °
[ (=] a
i owinge .
b 0w
. d L 1 —
n
T.Iﬂ ﬁ.’i E\.Iﬂ 3.5 :_l.lﬂ l.l:_l -1.‘0 3.‘5 l.ﬂ 2.‘5 E..ﬂ ].Iﬁ lllﬁ

=20

=30

=A0

=500

60

f1 {ggnk

=10

=80

f2 |ppm

HSQC-TOCSY spectra of 4

148



CHZ-QD-0112
#6
HO _OH
a o
HO
OH gy  NHAC ® 0Sp
A ee 25
HO e o Q 0
GeHN = o o
HO OH AcHN
ST L
l A i
T.‘E T.II] E\.IE ﬁ.l o E.IE 5.'ﬂ -l.l:'r -1.Il'.'l 3(' 3 !l.lﬂ 2.'5 E.Iﬂ l.‘E ].I o IJ.IE ﬂ.l o -".'II. i
fl (ppmd
IH NMR of 6

149



Hb
1 2 0Sp
8]
o o o
OH AcHM
(8] M
T T T T T T T LI B LIRS A S A B A EE EE SR S N
20 W0 180 180 170 160 IS0 140 130 120 10 10 S0 &0 70 6l 50 0 30 20 10 0 =10
fl (ppmd
13C NMR of 6

150



ZK-6
#6
COSY _ .

1
=05
p )
B4 1.0
ﬂ =1l
] . i’
1.5
——— ﬁ 2.0
‘ n 2.5
|
=X
[ |
I s 3
o |a T
X 1.5
[] 5.0
1
] 5.5
[l 6. 10
! L. 5
t 7.0
7.0 6.5 60 55 5.0 L5 L0 35 10 2.5 2.0 L5 1.0 05
2 (ppmd
COSY spectra of 6

151



ZK-6

#6
HMBC
——

¢ 0sSp
(N
0 0B [ |
. ] '. L] .I 4?
i B " r' ] '1‘
' ‘ r‘bhb 3
- 1 'Ha V
] i ‘ L I"u'. .
L] o o8 0 '
019" o o
T.I{I ﬁ.‘ﬂ 5.'0 d.li I.II.'! o ip:];-isl H.Ill -3 i.ll.': ].Iﬂ
HMBC spectra of 6

1 g}

152



ZK-6
#H6
HSQC | __ .

& osp t
B4 B ]
(v} .
! "o =20
I - k30
— . R L
. 20
_ O . i
—_— . # - -l
=
— | v, *.#.‘ ¥ =
= s A
—— [ ] & "
B
=
1 ‘*'-‘* =100
= *me
1 11
- | | | - !.r | ] | | - | £ - | =
7.0 6.5 £ 55 5.0 L5 10 35 1.0 25 zZa L5 1.0 0.5
2 (ppmd
HSQC spectra of 6

153



ZK-6
#6
HSQC-TOCSY | I "

N
RDSD ¥ '

] B4 IEI' 10
(]
4 oL b
lll =20
% ] -
r e =
j%= 0
— o o L L
=40
[ ' i a0 o ' * "
— . @ . . K
— ' E
. N 60
— B L -
—_— o ED -] =
]
% ih e regBBe . . 70
’ . ®
— [ L ] -, [+
80
o0
— ' [ I |
— ] 100
— D s ® LI ] -
110
1
]
T T T T T : T T T T T T T T T -0
7.0 6.5 6.0 a5 5.0 1.5 40 15 £ 5 20 1.5 Lo 0.5
2 (ppm)

HSQC-TOCSY spectra of 6

154



ZK-8

HO _OH
Qo
HO
OH oy MHAC
HO,C OH OH ‘e
HC e O [:l O 0 0‘ [ I3I4
GeHMN HO o
HO oH AcHM
HO LOH HO
0
HO Q
OH AcH
':'Wq-’i '\\1
TFE ?'.‘l'.'l En.li E.Iﬂ 5I5 :|II] l..i -1.Il'.'l '.‘LIE Slﬂ 2.I5 EFI] l.i l.lﬂ l'.'l.li U.II]
1 (ppm)
IH NMR of 8

155



D[H P4

2losp

AN _J

L] L T - L] L] - 1 v L v L] L] - T v L L L] " T " L v L] = L] ¥ 1 - T v L ¥ L] - 1 R |
M0 200 19 180 170 160 150 140 13 120 110 100 % s 70 6 50 40 3 2 W0 0 =l
1 (pm
13C NMR of 8

156



ZK-8
#8
COSY

1L_L-

Il lppn}

7.0

Ll ¥ T ¥ L] T L L T L 1 ¥ 1
7.0 [ 6.0 a3 a0 L3 1.0 3.0 k-4 2.0 1.3 Lo 0a

3.5
2 (ppm)

COSY spectra of 8

157



#8
HMBC

I "o !nll . : o
1 ¥
. B .i f"n J‘ E
. LR N 60
', nﬁ . ) =
LT ﬂ-; . ] e ' o
TN w' (K
0 LI L -0
=40
LI | LI e B '
=100
| %, 0 q' 0 e L
-110
?.Iﬂ E-.I:': Eq.ll:l E.I:'r 5.'0 1..I5 l.'l:l S.IE '.‘l.IIJ '?_IE E.IU l.IE ].II}I [:I.‘E
2 (ppm)
HMBC spectra of 8

158



. St
- . a0
n‘ ¥
* 30
L ]
10
& L] * 50
! -
' - =
: e B
=t~- =
T o T
&
[ 1] LAD
a0
* 100
el
} 110
T 1 T T .Ir L] T L] T L] L] L] L] L] -Im
0 6. 5 6 5.5 EX 135 Lo 15 EX 25 0 L5 L0 05
£2 (pgmd
HSQC spectra of 8

159



7K-8
48
HSQC-TOCSY \

E-" 5
. i =10
n' . 0
i [ 'K i -
s @ &
l 30
i o » . ..
1 a0
[]
-? o » » @ . . 0
. ) . =
s - 3
i . - N =
" .
"'s -i . ] . - T
T n
'T l -'={t L] » .
v B "
] l LLT .2 . a0
!
H ~an
H CYER )
N 100
s 8 - b
L ' ".l
; 110
- -
T L] T L] T ﬂ F L] T L T L L] L] L L] -Im
7.0 6.5 6.0 55 5.0 1.5 Lo 1.5 30 25 20 L5 1.0 0.5

£2 (ppm)

HSQC-TOCSY spectra of 8

160



HO OH
8]
HO o
OH i MNHAC 4]
lﬁ OH oM Hefl oM
H e Y ] 'n] 8]
o)
GeHN o &é@/ﬂ&ﬁ
HO OH AcHN AeHM
O
- i
5 7.0 65 6.0 55 5.0 L5 L0 15 10 25 20 1.5 1.0 05 00 -
f1 (ppmd
IH NMR of 10

161



ZK-10
#10

Ho O
o
HO o
OH g NHAC 2 DSFI
HO, G 0 OH 14 4 B
HC e -
GoHN o o
HO AcHM L .
e

T T - T v L v T T - T v T " T Li - T " T " T

— —
210 200 190 1ED 170 160 150 140 130 120 110 100 50 ] T 60
fl (pgmd

13C NMR of 10

162



ZK-10
#10
COSY

1 gmnk

-
I . 1.0
I L] L] ¥ L] T L] T L] T L] L] L3 L]
7.0 6.5 60 a5 a0 15 4.0 35 30 2.5 2.0 L3 1.0 (LI
2 (pemd

COSY spectra of 10

163



ZK-10
#10
HMBC

20

30

HG0

=Tl

80

—_— [ I | @ v+ & B0 3
j huomw' o :l'.
'.".Iﬂ E.Ii E.Iﬂ E.Ii- i.‘ﬂ -t.li I.'l:I 15 H.I o - 2.II}I ].I o
2 (ppm)
HMBC spectra of 10

r1 lppn}

164



ZK-10

#10
HSQC A -
v .
U,Dspi
E 10
B4~ B4
o * -ai)
. 30
-] -
- 40
°® - ' 50
.';"
+ I3 -6l E
[ I ] " b
e O ._‘, 0
R ik :
— .2 L =l
a0
— 4
. - 100
110
]
. - - - . i . - . . . - . . . 120
7.0 6.5 a0 5.5 5.0 L5 Lo . .:;f] 30 25 20 L5 10 0.5
HSQC spectra of 10

165



ZK-10
#10
HSQC-TOCSY

F20

-3

=40

G0

=T

A0

- . ‘ -
Y
., - a0 ol -
" I o o »
., . Vel B ]
[ -. - = '
ll'. .‘ + L]
—— i’s * ] L]
— - T X
S ¥ .-
F R - L] I W LA
$ .
| -
7.0 6.5 50 5.5 5.0 L5 L0 3.0 25 2.0 L5 1.0 0.5

35
2 (ppmd

HSQC-TOCSY spectra of 10

1 {gon}

166



CHZ-QD-0146

#12
MO AOH
i 0
HO
A
HC» OH
coH | ~OH HD{..-D'H OH
H = ¥ o &L—-‘D [a] ()
GeHN o éQ"D =T O
Hi 0H MHAG OH Of
T.I 3 T.Iﬂ En.li ﬁ.l i} a5 ia.I{I l.'5 1..I o :Lli '.!..IEI E.Ii-
fl (ppm)

'H NMR of 12




CHZ-QD-0146

#12

N
oy VL
p3t —OSp
cn—; ﬂ-}l1 HO D:] |'.||:|} | fi‘ﬁii.}
e -0 o O,
or O NHAG o OH <> S

T — T T ¥ T T e T T o T T L TR T T T T T T T

' T T
230 20 210 200 190 150 170 160 150 140 130 120 110 100 a0 B o i 50 L] H 20 10 1] =10
fl (ppmd

13C NMR of 12

168



F2.0

F2.5

3.0

Fa.5

-0

L) ; ] r
i .
|" . 'Y .F a
] " »
koo )ﬂ .
DI '
. B
agr:‘ 1} *
i
T.Iﬂ lﬁ.'i Eq.lﬂ :'n.ll:l -l.l:'r -1..l:l E.I:'r 3.-0 ili 2.0 l.lu LD
2 (ppmd
COSY spectra of 12

1 {gpn}

169



ZK-12

=]
=10
' -
L
a =
L ] - - .
L]
=il
. B . L ] -
& " - i= a0
y & ¢ 2
ol 6 E
.,i“llﬁ -
’ .. b
. * = ; * . - ’ LT
- W i#'*& L]
. e - -
" " o :
=30
=1 01
" tudei - -
gl
e R T T T T T e T
T.0 6.5 [ a3 EN 135 L0 is i0 25 bl | L& Lo LU
f2 (ppm)

HMBC spectra of 12

170



20

=30

50

=60

Il {gpn}

=70

A0

F110

4
L ]
i.-
T:Iﬂ E.rs E:i] 5\.11] | l.r:'r ) -1.1III ’ 3.r:'r :LlIII i.li E.lIZI ].15 0.15
f2 (pgm)
HSQC spectra of 12

171



ZK-12
#12

HSQC-TOCSY

IR Y

-20

=30

50

=60

=T

l

F1L0

7.0

= & * = 1 ¥ = . =
6.5 6.0 ER- 3.0 L3 1.0 3.3 3.0 kB 2.0 1.5
f2 (ppmd

HSQC-TOCSY spectra of 12

T
0.3

F1 pgin}

172



OH
O
ACHMN
OH o
HOLC
Hive= 0
AN
L] T T E L ¥ T L) T L] ¥ 1 L T T
1.5 7.0 6.5 6.0 3.5 a0 L 6.0 3.5 i 25 2.0 L3 L0 0.5 oo
£l (ppmd
'H NMR of 13

173



o

[

U AcHM

QW 4 2
8]
O
F .:-' 'j %
OH M _./j

L e L L T T T T T T L L L . L N
210 200 190 160 170 160 150 140 130 120 110 100 %0 B0 T0 G0 a0 10 30 20 10 0 =10
£l (ppm)

13C NMR of 13

174



ZK-13
#13
COSY

.

po| ' [ _
OSp ° . : N
¢ ;
o2 -® 4’
. 4
11 '. ]
i
[ ] [ ]
0 i l _’ ]
] L] '_'. f o
¥ e ) b
..‘ w '. [ ]
] i
. . ;
|
?'.Iﬂ E.I E] E::I 5.5 E.'ﬂ 4..I 5 i.ll'.i 3.5 H.Il.'! lli 2.Il.'! L.!i ].I{I ﬂ.pi
2 (pomd
COSY spectra of 13

£l dppn}

175



ZK-13
#13
HMBC A

10
» "B
. =20
LI
. I ]
30
1]
-] L] [ ] -
- atg ® - . 50
ey .." &
-r'{p' T -
. . ‘ =
- o gl - o - -
L) L |
(] (I E'F. 5
. ™ - .‘I = H 0
00
L] [ ]
L) - ] =1 0
T %P a . -
110
T L] T L] T L L] T L] -Im
L5 i.a is 30 25 20 1.5 Lo s
£2 (pgm)

HMBC spectra of 13

176



ZK-13
#13
HSQC

D&BL" p4 : '
S| :
OSp

=20

=30

=50

60

=70

=80

o2 I
[ ] [ ]
v '
. =
*-I
*%
L] I
LR N .
'ﬂu 1 ' e '
b *RLE
i L
¥ 1
L | el
I
‘l
T..I'.'I Eu.li lﬁ.llil 5\.'5 E.IU -1.I5 I..IU :LIE 3.II:I 2..5 E.Iﬂ I.'E l.lﬂ ﬂ.l:':
2 (ppm)
HSQC spectra of 13

Il {gpn}

177



ZK-13
#13
HSQC-TOCSY \

4 ' |
Df . R :
ﬁ'El o 4§ r. 1 T
0s v . 20
B P o -}
o ' . . { ¢ 0
o ' Jl.'ll 1
v [ ] - -
v . | 10
L |, ' _
q- ] -
. * **J I =50
* =
|IJ I HG0 -\E
- i » 1 v
i [ ] L} | .
' ﬂ . . T
-
I
i
1 a0
L] - . i
¢ ot e ab%y 1%
* 1
.;a -110
3 I
: : : : _ : I : : - : : i L1z
7.0 6.5 6.0 55 5.0 L5 Lo %5 £ 25 20 L5 Lo 05
F2 ipgmd

HSQC-TOCSY spectra of 13

178



Ho JoH
o
HOy 2
o MM
H oK
HOL G H oH
Hiinis- ~ ) 0 Lu]
e D
AcHM 0 HO
HC HO LOH 0H AcHN
L]
HO HO _OH HIO
AcHM
a o
o o
AcHM
D"‘-‘.-"‘" H.-’N
27 o
e 13!
HD
Ll T T J L] L Ll T T L] LJ Ll T L} ] L] ¥
1.5 7.0 6.5 6.0 55 5.0 1.5 L0 1.5 1.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
£l (ppmd
IH NMR of 14

179



T T T T 4

T T
14 130 120 110

T I B e S B e e e e e B
1 0y 50 Bl Tl Gl o (] 1] 20 1] 1] =10
fl (ppm)

13C NMR of 14

180



& =00
! =05
. []
i A; 1.0
] H 1.5
. 2.0
y L35
" |
9
v =3.0 E
10 ' .5 =
" . -
J 1.0
' ! .5
5.0
]
. .5
i}
: =fi. 0
=h. 5
L]
7.0
6.5 6.0 k5 5.0 4.5 4.0 15 3.0 2.5 20 1.5 1.0 (11 L] =05
£2 {ppmd
COSY spectra of 14

181



X I

-

=50

HG0

=70

FBD

F110

HMBC spectra of 14

Il ippm}



=10

1‘ =20

a0

[ L] - =5l

'i‘ 60
¥ L,

ILE A L0

[
-
r1 ippmd

=80

=110

HSQC spectra of 14

183



#14
HSQC-TOCSY

L] :l‘ =10
A -0
It [ 10
TR -

20

: ¢
. . . * =30

. i ] ] *-
N =40

. H 1;7: ¢ 50
. i' l.h.‘ i

1 {ppnk

| =
]
.'l..
[ =0
||
[
[ ] i
. 100
it oy ehy
[ ]
I 18
[]
A 130
L " T ¥ T T ¥ T T T T T L L L
65 60 55 50 45 40 35 30 25 Zo Ls La @5 0.0 -5 -LO
F2 (ppm)

HSQC-TOCSY spectra of 14

184



[l

5 5.0 L5 Lo 15 1.0 2.5 20 L5 1o 0.5 0.0 -t
f1 (ppm)
'H NMR of 15

185



7 ¥ 1 T T " ¥ t] - 7 T T " ¥ ¥ ¥ T T T v F ¥ = i T T " F = ¥ = 7 T T v F w = ¥ 7 T T v

210 200 190 1ED 170 160 150 L4 130 120 1 100 o0 B0 70 60 30 i 30 20 10 o =10
fl (ppmd

13C NMR of 15

186



COSY . .

3. 0

3.5

4.0

4.5

5.0

d
) ! *
L] [ ] o
r
0 ’ /
o
i
4 0
g "o 0 #
" ]
4 ]
] w
4
'ﬁ.IE B.Iﬂ E.I H E.II:I -1..I i -1.‘ﬂ 3.I5 '.‘l:l:l Z.Ii E..l:l ].IE l'.'l.li ﬂ.'ﬂ -{II. i
2 (ppm)
COSY spectra of 15

Il {ppn}

187



=0
=10
L . | B
‘ ‘ =20
1 ]
b ] =30
=40
§ L) ] o | =
.i 1 n o ' g .?
' . E
“" : -6 =
' L 41 h . ¥
‘lﬂ' d . L] ' 3 n
'“ ‘ ' 2 ,‘ b
0 \ =R
=00
I . . - 100
LI L ' ¢
110
T T T T T T T T T T T Y T T
6.3 6.0 a3 30 L3 4.0 is in 2.5 20 1.5 1. 03 oo
f2 |ppml

HMBC spectra of 15

188



ZK-15
#15
HSQC

F20

=30

=50

=6

-0

=80

=110

- 3
v
L ]
LI ?
)
R
g
to S
X L]
L]
ol
&‘5 lﬁ.I a i.l:': 5.I1] -1.I5 -1.II:I 3..5 '.‘l.I[:I i.l 3 2.I1] l.ltl 1].-:. ﬂ.lﬂ -i'.'ll. H] -]I. 0
f2 (ppm)
HSQC spectra of 15

Il lppnk

189



ZK-15
415
HSQC-TOCSY

N 30
a0

=50

Il ipgpm}

=60

=Tl

-8l

F1LO

L ¥ Ll L] L) T T L ¥ T 1 L) T Ll L) ¥
6.5 6.0 3.5 a0 1.5 Lo 15 1.0 25 2.0 1.5 1.0 0.5 oo =05 =1.0

HSQC-TOCSY spectra of 15

190



