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ABSTRACT: The first bacterial a2—6-sialyltransferase
cloned from Photobacterium damselae (Pd2,6ST) has been
widely applied for the synthesis of various a2—6-linked
sialosides. However, the extreme substrate flexibility of
Pd2,6ST makes it unsuitable for site-specific a2—6-
sialylation of complex substrates containing multiple
galactose and/or N-acetylgalactosamine units. To tackle
this problem, a general redox-controlled site-specific
sialylation strategy using Pd2,6ST is described. This
approach features site-specific enzymatic oxidation of
galactose units to mask the unwanted sialylation sites and
precisely controlling the site-specific a2—6-sialylation at
intact galactose or N-acetylgalactosamine units.

S ialic acids (Sias) are the most common termini and among
the most abundant monosaccharides of mammalian
glycans." As ubiquitous components of glycoproteins and
glycolipids, three common sialic acids of N-acetylneuraminic
acid (NeuSAg, 1), N-glycolylneuraminic acid (NeuSGe, 2) and
2-keto-3-deoxy-nonulosonic acid (Kdn, 3) are found a2—6-
linked to galactose (Gal) or N-acetylgalactosamine (GalNAc)
residues (Scheme la). Owing to their remarkable structural
diversity, sialic acid-containing glycans play important roles in
many physiological and pathological processes, and most sialic
acid-related biological processes require specific sialic acid
forms, glycosidic linkage and defined underlying glycan
chains.> For example, avian influenza viruses primarily bind
to a2—3-linked sialic acid, whereas human influenza viruses
preferentially recognize a2—6-linked sialic acid.’ Recent
studies also demonstrated that a2—6-sialylation is required
for the anti-inflammatory activities of intravenous immuno-
globulin (IVIG), and in vitro glycoengineered IVIG with
uniform a2—6-sialylated N-glycans showed 10-fold enhance-
ment in anti-inflammatory activities compared to unfraction-
ated IVIG." It is also well-known that the high expression levels
of a2—6-sialylated glycans on a number of carcinomas are
correlated with cancer progression and poor prognosis.Zb’5
The past few decades have witnessed increasing attention on
using glycosyltransferases for the synthesis of various glycans
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Scheme 1. (a) Common Sialic Acid Forms and a2—6-
Linkages; (b) Known and (c) Proposed Enzymatic @2—6-
Sialylation Approaches
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and glycoconjugates.” However, only very few recombinant
sialyltransferases (SiaTs) from both mammals and bacteria
have been widely applied for the construction of both a2—6-
sialyl linkages 4 and 5 (Scheme 1a). ST6Gal I is 2 mammalian
a2—6-SiaT which has been widely used for the a2—6-
sialylation of terminal Gal residue, but it has very strict
substrate specificity that can only use terminal type-2 glycan
(Galp1—4GlIcNAc) as acceptor substrate (Scheme 1b, i).”
ST6GalNAc I is another recombinant mammalian a2—6-SiaT
which has been used for the a2—6-sialylation of GalNAc
residue, but it can only use Tn antigen or T antigen as acceptor
substrates (Scheme 1b, i).* The a2—6-sialylation of terminal
Gal residues of type-1 glycan (Galfl—3GlcNAc) and
LacdiNAc (GalNAcS1—4GlcNAc) have also been identified
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in a number of naturally occurring glycans;” however, the
SiaT's responsible for the a2—6-sialylation modification are still
unknown. Moreover, a-series cholinergic neuron-specific
gangliosides, a subgroup of gangliosides with a2—6-sialylation
on the GalNAc residue of extended type 1 glycan chain, play
important roles in the development and regeneration of
nervous system.'’ However, due to the substrate restriction
and unavailability of siaT for modification of GalNAc residue,
none of these complex sialoglycans have been enzymatically
synthesized yet."'

In contrast to mammalian @2—6-SiaTs, the first recombinant
bacterial a2—6-SiaT cloned from Photobacterium damselae
(Pd2,6ST) can be overexpressed in a conventional Escherichia
coli strain.'” Owing to its remarkable activity and extreme
substrate specificities, the Pd2,6ST has been extensively used
for the construction of both Siaa2—6Gal and Siaa2—6GalNAc
sequences for the synthesis of various O-glycans, N-glycans and
human milk oligosaccharides.7d’12""13 Unfortunately, previous
studies showed that the Pd2,6ST can recognize both internal
and terminal Gal and GalNAc moieties of complex substrates,
resulting a mixture of sialylated products (Scheme 1b,
ii).”¥1378 To overcome the limitations of both mammalian
and bacterial a2—6-SiaTs, we describe herein a novel redox-
controlled site-specific a2—6-sialylation approach to precisely
control the reaction sites of Pd2,6ST for the synthesis of
complex a2—6-linked sialosides (Scheme 1c).

To validate the feasibility of our proposed redox-controlled
site-specific a2—6-sialylation strategy, lacto-N-neohexaoside
(LNnH) 11 containing three Gal residues (Scheme 2) was
investigated first as a model substrate. LNnH potentially has
seven a2—6-sialylated products, including three monosialy-
lated heptasaccharides 17, 19 and 29, and three disialylated
octasaccharides 22, 26 and 32. Galactose oxidase (GOase), a
commercially available copper metalloenzyme, has been widely
used in biosensor for detecting Gal or terminal Gal-containing
glycans by selective oxidation of the C6-hydroxyl group of free
galactose or terminal Gal residue into C6-aldehyde galactose
(Gal®4)."* The resulting C6-aldehyde group has also been
extensively used as a chemical handle for further labeling and
derivatization purposes.'”'> We envisioned that the Gal**!
would act as a protected Gal residue and would not be
sialylated by Pd2,6ST. Therefore, the site-specifically intro-
duction of a2—6-linked sialic acid to the intact Gal residues
could be achieved. To obtain monosialylated heptasaccharide
17 with an a2—6-linked sialic acid at nonreducing end of
hexasaccharide 11, both internal Gal residues of 11 need to be
protected by oxidation, while the terminal Gal was left intact
for site-specific a2—6-sialylation. As shown in Scheme 2,
lactoside 12 was treated with oxidation module in the presence
of GOase and peroxidase to convert the terminal Gal residue
into Gal®*", The resulting disaccharide was then extended by a
one-pot three-enzyme f1—3-N-acetylglucosaminylation mod-
ule (EM1)"*™" to give trisaccharide 13 in 73% yields for 2
steps. Trisaccharide 13 was elongated by a f1—4-linked Gal
using enzyme module 2 (EM2),"””" and the nascent terminal
Gal was also converted into Gal®! by oxidation module, and
then extended by sequential glycosylation with EM1 and EM2
to afford the hexasaccharide intermediate 15. Although, all C6-
aldehyde groups of oxidized Gal moieties exist as hydrated
germinal diols, none of them could be utilized by Pd2,6ST in
EM3"*" as sialylation site. The monosialylated 16 was
isolated as only product in 94% yield. Two Gal®*? residues
of 16 can be reduced back to the Gal moieties by simply
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Scheme 2. Redox-Controlled Site Specific &2—6-Sialylation
of Lacto-N-neohexaoside (LNnH) 11“
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“Reagents and conditions: [O], one-pot two enzyme oxidation
module with commercial galactose oxidase and peroxidase; EM1, one-
pot three-enzyme f1—3-N-acetylglucosaminylation module with
BINahK, EcGImU and HpLgtA; EM2, one-pot three-enzyme f1—4-
galactosylation module with EcGalK, BLUSP and NmLgtB; EM3,
one-pot two-enzyme a2—6-sialylation module with NmCSS and
Pd2,6ST, see Supporting Information for details.

treating with NaBH, in aqueous solution to provide
monosialylated heptasaccharide 17 in 98% yield. The same
redox-controlled site-specific a2—6-sialylation strategy was also
successfully applied in the synthesis of monosialylated
heptasaccharide 19, disialylated octasaccharides 22 and 26
using corresponding Gal®-containing glycans as intermedi-
ates. The syntheses of monosialylated heptasaccharide 29 and
disialylated octasaccharide 32 can be realized by simply
changing the glycosylation sequence of three same enzyme
modules (EM1—EM3) without the need of oxidation module
(Scheme 2).

The Siaa2—6Gal sequence is not only a common terminal
component of various N-, O-glycans and glycolipids, but also
has been identified as internal moieties in a number of
naturally occurring glycans.9d’16 However, the SiaT from either
mammalian or bacteria source that can catalyze site-specific
a2—6-sialylation at the internal Gal is still unknown. The
redox-controlled @2—6-sialylation strategy provides a practical
approach to harness the extreme substrate flexibility offered by
readily available bacterial sialyltransferase Pd2,6ST, thus
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provides the first synthetic approach for on demand site-
specific a2—6-sialylation of poly-LacNAc glycans.

This redox-controlled site-specific a2—6-sialylation strategy
also provides an easy access for the synthesis of complex
sialosides bearing different @2—6-linked sialic acid forms. As
shown in Scheme 3a, the tetrasaccharide 24 with a terminal
Gal®* was extended using EM1, then the innermost intact
Gal was modified with an @2—6-linked NeuSGc using EM3 in

Scheme 3. Redox-Controlled Site Specific a2—6-Sialylation
with Different Sialic Acid Forms and Substrate Scope and
Application of Redox-Controlled Site-Specific ®2—6-
Sialylation Strategy”
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the presence of Neu5Gc as the donor precursor to give
hexasaccharide 34. The 34 was treated with EM2 to form a
LacNAc termini which was further modified with an a2—6-
linked NeuSAc by EM3 in the presence of NeuSAc as the
donor precursor to afford intermediate 35. The Gal**! moiety
of 35 was reduced back to Gal by NaBH, to give disialyl
octasaccharide 36 containing hybrid sialic acid forms in
excellent overall yields. Taking advantage of this redox-
controlled site-specific sialylation strategy, octasaccharide 38
with two different sialic acid forms, and nonasaccharide 39
with three different sialic acid forms at designated positions
were also achieved from 24 (Scheme 3a). Moreover, a one-pot
two-enzyme a2—8-sialylation enzyme module (EM4) compris-
ing a recombinant a2—8-sialyltransferase from Campylobacter
jejuni (CjCstIl)'” was applied for the modification of
innermost a2—6-linked NeuSAc to produce nonasaccharide
42 and 45 in good overall yields, respectively (Scheme 3a, see
Supporting Information for details).

Having established the redox-controlled site-specific a2—6-
sialylation strategy for poly-LacNAc glycan receptors, the
substrate scope and general applicability of the strategy was
explored next. As shown in Scheme 3b, the terminal GIcNAc
moiety of trisaccharide 13 was parallelly elaborated to type 2
chain by EM2 to give 14, type 1 chain by EMS to give 48, and
LacdiNAc by EM6 to give 51, respectively. In addition to
bacterial f1—4GalT NmLgtB in EM2, the recombinant f1—
3GalT from E. coli (EcWbgO)'® in EMS, and recombinant
bovine GalT 1 mutant (GalT1 Y289L)" in EM6 all utilize
trisaccharide 13 as receptor efficiently. As anticipated, the
extreme substrate flexibility of Pd2,6ST in EM3 ensured the
a2—6-sialylation at the terminal Gal of 14 and 48, and terminal
GalNAc of 51 furnishing pentasaccharides 46, 49 and 52,
which were then treated with NaBH, to give the sialyl LNnT
(LSTc) 47, sialyl LNT 50 and sialyl LacdiNAc (sialyl LDNT)
53 in excellent yields, respectively (Scheme 3b). The GOase
can also selectively oxidize the terminal GalNAc unit.
Therefore, the selective oxidation of terminal GalNAc unit of
LDNT 54 could achieve site-specific a2—6-sialylation at the
internal Gal. After reduction, the monosialylated LDNT 57
was obtained in 69% overall yields for 3 steps (Scheme 3c).

The redox-controlled sialylation strategy could also be
applied for the site-specific a2—6-sialylation of internal
GalNAc residue for the synthesis of sialyl GNB 61, disialyl
GNB 62 and a-series ganglioside glycan GMla 65. It was
shown that the Pd2,6ST could modify both Gal and GalNAc
residues of GNB 58 or 58f, resulting a mixture of two
monosialylated and one disialylated products for each of them
(Scheme 1b, ii)."*" For site-specific a2—6-sialylation at internal
GalNAc residue, the terminal Gal of S8 or 58 was converted
into Gal®* by oxidation enzyme module to give $9a or 598
Both 59a or 598 were treated with a2—6-sialylation module
EM3, however, only 598 could be utilized by Pd2,6ST to
afford the sialoside 60. These results were consistent with
previous report that the a-linked GalNAc is not a good
substrate for Pd2,6ST.'** Sialoside 60 was reduced with
NaBH, to afford sialyl GNB 61 in 73% yields for 3 steps. The
61 could be further elaborated to disialyl GNB 62 by an a2—3-
sialylation enzyme module (EM7)'*" 2 (Scheme 3d).

As aforementioned, owing to the substrate restriction and
unavailability of siaT for modification of GalNAc residue, none
of a-series cholinergic neuron-specific gangliosides has been
enzymatically synthesized yet. The first enzymatic synthesis of
a-series ganglioside glycan GMla 65 using redox-controlled
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sialylation strategy was also explored. Starting from known
asialo-GM1 (GA1l) 63,”" a similar sequence involving
enzymatic oxidation, selective a2—6-sialylation of internal
GalNAc, and subsequent reduction provided ganglioside
GM1la 65 in 74% yields for 3 steps (Scheme 3e). Interestingly,
the Pd2,6ST in EM3 can only introduce a2—6-linked NeuSAc
at GalNAc residue to give pentasaccharide 64, while sialylation
of innermost Gal residue was not observed. The redox-
controlled sialylation strategy utilized for the synthesis of
GMla 65 provides a novel approach for the synthesis of other
a-series gangliosides. Besides, by replacing NaBH, with NaBD,
in the reduction step, the Gal®*"-containing intermediates in
this study, such as 64, can be transformed into deuterium
labeled products (e.g, GMla 66), which could be used as
probe in elucidating multiple biochemical processes (Scheme
3d, see Supporting Information for details).

The binding profiles of synthesized sialosides with sialic
acid-recognition proteins were also examined using printed
sialoglycan slides. The plant lectin Sambucus nigra agglutinin
(SNA) is known to be able to specifically recognize a2—6-
linked sialosides.”” SNA exhibited very strong binding
exclusively to all sialosides with a terminal a2—6-sialylated
LacNAc moiety, while no significant binding was observed for
internal a2—6-sialylated glycans (Figure S7). Chicken
polyclonal anti-NeuSGc antibody IgY (pChGc) bound to all
NeuSGc-containg glycans with a preference toward terminal
a2—6-linked NeuSGc (Figure S8). In contrast, human anti-
NeuS5Gc antibody rich serum only bound tightly with terminal
a2—6-linked NeuSGc (Figure S9). The His-tagged typhoid
toxin (PItB-His) recognized all NeuSAc modified glycans
(Figure S10), while human sialic acid-binding lectin Siglec-9
(hSiglec-9-Fc) only bound tightly to terminal NeuSAc-
modified glycans and NeuSAca2—8NeuSAca2—6-linked gly-
can (Figure S11). Plant lectins Maackia amurensis lectin 1 and
II (MAL-], -II) were also examined. As expected only a2—3-
linked sialoside 62 exhibited strong affinity to MAL-II (Figure
S12—S13).2

In summary, a novel substrate engineering strategy23 was
developed to harness the extreme substrate flexibility of
Pd2,6ST for site-specific a2—6-sialylation of both Gal and
GalNAc residues of various substrates. This strategy overcomes
the limitation of availability and substrate specificities of
known mammalian and bacterial a2—6-sialyltransferases,
thereby providing a general and concise approach for the
synthesis of complex a2—6-sialylated glycans with a single
bacterial a2—6-sialyltransferase Pd2,6ST.
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1. General Synthesis

1.1 General Information

All chemicals were obtained from commercial suppliers and used without further
purification unless noted. Thin layer chromatography (TLC) was performed on silica
gel plates 60 Fas4 (Merck, Billerica MA). Plates were visualized under UV light
and/or by treatment with 5% sulfuric acid in ethanol or p-anisaldehyde sugar stain
followed by heating. Silica gel 60 (300-400 mesh, Haiyang, Qingdao, China) was
used for flash silica gel column chromatography. DEAE Sepharose Fast Flow (GE,
Piscataway, NJ) was used for ion exchange chromatography. Gel (filtration
chromatography was performed using a column (100 cm x 2.5 cm) packed with
BioGel P-2 Fine resins (Bio-Rad, Hercules, CA). '"H NMR (600 MHz) and '*C NMR
(150 MHz) spectra were recorded on Bruker AVANCE-600 spectrometer, or Agilent
VNMRS-600 spectrometer at 25 C. NMR spectra were calibrated using solvent
signals (‘H: § 7.26 for CDCl3, § 4.79 for D0, 3C: § 77.0 for CDCls). High resolution
electrospray ionization (ESI) mass spectra were obtained at the National
Glycoengineering Research Center and Drug Testing and Analysis Center in
Shandong University.

The fusion enzyme, NahK/GImU, was constructed with Bifidobacterium longum
N-acetylhexosamine-1-kinase (BINahK) and Escherichia coli N-acetylglucosamine
uridyltransferase (EcGImU)'. Helicobacter pylori
B1-3-N-acetylglucosaminyltransferase ~ (HpLgtA)?,  Escherichia coli ~ K-12
galactokinase (EcGalK)?, Bifidobacterium longum UDP-sugar pyrophosphorylase
(BLUSP)*,  Neisseria  meningitides ~ B1-4-galactosyltransferase ~ (NmLgtB)>,
Escherichia coli [B1-3-galactosyltransferase (EcWbgO)°®, Bovine
B1-4-galactosyltransferase (GalT1 Y289L)’, Neisseria meningitides CMP-sialic acid
synthetase (NmCSS)®, Pasteurella multocida a2-3-sialyltransferase 1 (PmST1
M144D)°, Photobacterium damselae 02—6-sialyltransferase (Pd2,6ST)!°, and
Campylobacter jejuni a2-8-sialyltransferase (CjCstll)!! were expressed in E. coli

system and purified as described previously. Galactose oxidase of Fusarium
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graminearum was obtained from Worthington Biochemical Corporation and

peroxidase of Horseradish was obtained from Tokyo Chemical Industry.

1.2 General Procedures

Table of Enzyme Modules
Enzyme Modules | Abbreviation | Full Name
BINahK Bifidobacterium longum N-acetylhexosamine-1 -kinase'

Enzyme module 1

EcGlmU Escherichia coli N-acetylglucosamine uridyltransferase!'
(EM1)
HpLgtA Helicobacter pylori p1-3 —N—ace‘[ylglucosaminyltransferase2
EcGalk Escherichia coli K-12 galactokinase3
Enzyme module 2
BLUSP Bifidobacterium longum UDP-sugar pylrophosphorylase4
(EM2)
NmLgtB Neisseria meningitides B1—4-galact0syltransferase5
Enzyme module 3 NmCSS Neisseria meningitides CMP-sialic acid synthetase8
(EM3) Pd2,6S5T Photobacterium damselae (x2—6-sialy1transferaselo
Enzyme module 4 NmCSS Neisseria meningitides CMP-sialic acid synthetase8
(EM4) CjCstll Campylobacter jejuni 02-8-sialyltransferase'!
EcGalK Escherichia coli K-12 galactokinase3
Enzyme module 5
BLUSP Bifidobacterium longum UDP-sugar pyrophosphorylase4
(EM5)
EcWbgO Escherichia coli B1—3-galactosyltransferase6
BINahK Bifidobacterium longum N-acetylhexosamine-1 -kinase'
Enzyme module 6
EcGImU Escherichia coli N-acetylglucosamine uridyltransferase1

(EM6)

GalT1 Y289L

Bovine p1-4-galactosyltransferase Y289L mutant’

Enzyme module 7 NmCSS Neisseria meningitides CMP-sialic acid synthetase8
(EM7) PmSTI Pasteurella multocida o.2-3-sialyltransferase 1 M144D mutant’
galactose oxidase of Fusarium graminearum from Worthington
GOase

Biochemical Corporation

Oxidation module
peroxidase of Horseradish was obtained from Tokyo Chemical

peroxidase

Industry
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General procedure of f1-3-N-acetylglucosaminylation with Enzyme Module 1:

ATP ADP UTP PPi

GIcNAc LZ» GIcNAc-1-PL'Z> UDP-GIcNAc OH HO _.O(H)

HO _.O(H)
o) BiNahK EcGImU KHpLgtA HO o o)
HO OR \‘ » HO o OR

NHAc OH

Acceptor (GalOR or Gal®**YOR, 1.0 equiv.), N-acetylglucosamine (GlcNAc, 1.3
equiv.), adenosine 5'-triphosphate (ATP, 1.3 equiv.) and uridine 5'-triphosphate (UTP,
1.3 equiv.) were dissolved in water in a 50 mL centrifuge tube containing Tris-HCI
buffer (100 mM, pH 8.0) and MgCl> (20 mM). After the addition of appropriate
amount of NahK/GImU and HpLgtA, the reaction mixture was incubated at 37 C
with agitation at 140 rpm in an isotherm incubator. The product formation was
monitored by TLC (EtOAc/MeOH/H2O/HOAc, 4:2:1:0.2, v/v) and stained with
p-anisaldehyde sugar stain. The reaction was stopped by adding the same volume of
ice-cold ethanol and incubation at 4 °C for 30 min. The mixture was then centrifuged
and the precipitates were removed. The supernatant containing the product was
concentrated, purified by BioGel P-2 column (eluted with H2O) to provide purified

product.

General procedure of f1-4-galactosylation with Enzyme Module 2:

ATP  ADP UTP  PPI
OH L.Z» A-p L—Ab UDP- OH
HO 0 EcGalk BLUSP Q\lngtB % or
HO OR : HO
NHAc \‘ NHAC

uUDP

Acceptor (GIcNAcOR, 1.0 equiv.), galactose (Gal, 1.3 equiv.), adenosine
S'-triphosphate (ATP, 1.3 equiv.) and uridine 5'-triphosphate (UTP, 1.3 equiv.) were
dissolved in water in a 50 mL centrifuge tube containing Tris-HCI buffer (100 mM,
pH 8.0) and MgCl (20 mM). After the addition of appropriate amount of EcGalK,
BLUSP and NmLgtB, the reaction mixture was incubated at 37 ‘C with agitation at

140 rpm in an isotherm incubator. The product formation was monitored by TLC
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(EtOAc/MeOH/H2O/HOAc, 4:2:1:0.2, v/v) and stained with p-anisaldehyde sugar
stain. The reaction was stopped by adding the same volume of ice-cold ethanol and
incubation at 4 ‘C for 30 min. The mixture was then centrifuged and the precipitates
were removed. The supernatant containing the product was concentrated, purified by

BioGel P-2 column (eluted with H>O) to provide purified product.

General procedure of a2—6-sialylation with Enzyme Module 3:

CTP  PPi
HO -OH Sia CMP-Sia HO O
0, NmCSS KPdZ,GST o)
HO OR » HO OR
OH/NHAc \ OH/NHAC

CMP
R'=NHAc, NHGc or OH
Acceptor (GalOR or GalNAcOR, 1.0 equiv.), a sialic acid precursor (NeuSAc,
Neu5Gc, or Kdn, 1.5 equiv.) and cytidine 5'-triphosphate (CTP, 1.5 equiv.) were
dissolved in Tris-HCI buffer (100 mM, pH 8.5) containing MgCl (20 mM) and
appropriate amounts of NmCSS, and Pd2,6ST. The reaction mixture was incubated at
37 C with agitation at 140 rpm in an isotherm incubator. The product formation was
monitored by TLC (EtOAc/MeOH/H>.O/HOAc, 4:2:1:0.2, v/v) and stained with
p-anisaldehyde sugar stain. The reaction was stopped by adding the same volume of
ice-cold EtOH and incubation at 4 C for 30 min. The mixture was then centrifuged
and the precipitates were removed. The supernatant containing the product was
concentrated, purified by BioGel P-2 column (eluted with H>O) to provide purified

product.
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General procedure of a2—8-sialylation with Enzyme Module 4:

HO OH
HO,C
CTP PPi
HO e o
HO OH ) 5 A ) R
HO,C Sia CMP-Sia ud HO
NmCSS . ° oc
HO W o CjCstll 2
R OR
HOm: o
HO \ R OR
CMP HO

R' = NHAc, NHGc or OH
R = Galactoside

Acceptor (Sialosides, 1.0 equiv.), a sialic acid precursor (Neu5SAc, Neu5SGe, or Kdn,
1.5 equiv.) and cytidine 5'-triphosphate (CTP, 1.5 equiv.) were dissolved in Tris-HCl
buffer (100 mM, pH 8.5) containing MgCl> (20 mM) and appropriate amounts of
NmCSS, and CjCstIl. The reaction mixture was incubated at 37 ‘C with agitation at
140 rpm in an isotherm incubator. The product formation was monitored by TLC
(EtOAc/MeOH/H20/HOAc, 4:2:1:0.2, v/v) and stained with p-anisaldehyde sugar
stain. The reaction was stopped by adding the same volume of ice-cold EtOH and
incubation at 4 ‘C for 30 min. The mixture was then centrifuged and the precipitates
were removed. The supernatant containing the product was concentrated, purified by

BioGel P-2 column (eluted with H>O) to provide purified product.

General procedure of f1-3-galactosylation with Enzyme Module 5:

ATP  ADP UTP  PPi
OH LZ» 1P L.A» UDP- o
EcGalK
HO o) BLUSP KECngO Ho O o
HO OR >

NHAC \‘ NHAC

ubpP

Acceptor (GIcNAcOR, 1.0 equiv.), galactose (Gal, 1.3 equiv.), adenosine 5'-
triphosphate (ATP, 1.3 equiv.) and uridine 5'-triphosphate (UTP, 1.3 equiv.) were
dissolved in water in a 50 mL centrifuge tube containing Tris-HCI buffer (100 mM,
pH 8.0) and MgCl> (20 mM). After the addition of appropriate amount of EcGalK,
BLUSP and EcWbgO, the reaction mixture was incubated at 37 'C with agitation at
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140 rpm in an isotherm incubator. The product formation was monitored by TLC
(EtOAc/MeOH/H,O/HOACc, 4:2:1:0.2, v/v) and stained with p-anisaldehyde sugar
stain. The reaction was stopped by adding the same volume of ice-cold ethanol and
incubation at 4 “C for 30 min. The mixture was then centrifuged and the precipitates
were removed. The supernatant containing the product was concentrated, purified by

BioGel P-2 column (eluted with H>O) to provide purified product.

General procedure of f1-4-N-acetyl-galactosylation with Enzyme Module 6:

ATP ADP UTP PPi

OH
OH Ll» 1 PLAD uDP

BINahK EcGImU
HO 0 2 ceeim balﬂ Y289L o or
HO OR \ : HO

NHAc

UDP

Acceptor (GIcNACOR, 1.0 equiv.), N-acetylgalactosamine (GalNAc, 1.3 equiv.),
adenosine 5'- triphosphate (ATP, 1.3 equiv.) and uridine 5'-triphosphate (UTP, 1.3
equiv.) were dissolved in water in a 50 mL centrifuge tube containing Tris-HCI buffer
(25 mM, pH 8.0) and MnCl> (10 mM). After the addition of appropriate amount of
NahK/GImU and GalTl Y289L, the reaction mixture was incubated at 37 ‘C with
agitation at 140 rpm in an isotherm incubator. The product formation was monitored
by TLC (EtOAc/MeOH/H>O/HOAc, 4:2:1:0.2, v/v) and stained with p-anisaldehyde
sugar stain. The reaction was stopped by adding the same volume of ice-cold ethanol
and incubation at 4 ‘C for 30 min. The mixture was then centrifuged and the
precipitates were removed. The supernatant containing the product was concentrated,

purified by BioGel P-2 column (eluted with H>O) to provide purified product.

General procedure of a2—3-sialylation with Enzyme Module 7:

CTP  PPi HO OH

E f Ho,c HO _OH
HO _OH Sia CMP-Sia
HOm:> o (o)
o NmCSS QmST1 M1d4d R O&/OR
HO OR \ - HO OH
OH

CMP R' = NHAc, NHGc, or OH
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Acceptor (GalOR, 1.0 equiv.), a sialic acid precursor (Neu5Ac, Neu5Gc, or Kdn, 1.5
equiv.) and cytidine 5'-triphosphate (CTP, 1.5 equiv.) were dissolved in Tris-HCI
buffer (100 mmol, pH 8.5) containing MgCl> (20 mmol) and appropriate amounts of
NmCSS, and PmST1. The reaction mixture was incubated at 37 ‘C with agitation at
140 rpm in an isotherm incubator. The product formation was monitored by TLC
(EtOAc/MeOH/H,O/HOACc, 4:2:1:0.2, v/v) and stained with p-anisaldehyde sugar
stain. The reaction was stopped by adding the same volume of cold EtOH and
incubation at 4 “C for 30 min. The mixture was then centrifuged and the precipitates
were removed. The supernatant containing the product was concentrated, purified by

BioGel P-2 column (eluted with H>O) to provide purified product.

General procedure of Oxidation Module:

HO OH HO OH
o Galactose oxidase 0]
HO OR ~,__ Ho OR
OH 0, H20; OH
\%roxidase

H,0

The substrate (GalOR, 0.1 mmol) was dissolved in sodium phosphate buffer (50 mM,
pH 6.5). Then, galactose oxidase (155 U) and peroxidase (3220 U) were added. The
solution was stirred at 30 °C under gentle mixing at 100 rpm in oxygen atmosphere.
The product formation was monitored by TLC (EtOAc/MeOH/H>O/HOAc, 4:2:1:0.2,
v/v, detected by p-anisaldehyde sugar stain). The reaction was terminated by adding
the same volume of ice-cold ethanol and incubating at 4 °C for 30 min. The mixture
was then centrifuged and the precipitates were removed. The supernatant containing
the product was concentrated, purified by BioGel P-2 column (eluted with H>O) to

provide purified product.
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General procedure of Reduction reaction:

H(D)
OH
HO | OH HO | OH
o NaBH,/NaBD o
HO&/OR BT~ Ho OR
OH OH

To a solution of acceptor (1.0 equiv.) in water (5 mL), sodium borohydride (NaBHa,
1.2 equiv.) or sodium borodeuteride (NaBD4, 1.2 equiv.) was added. The reaction was
stirred at room temperature for 1 h. The product formation was monitored by TLC
(n-BuOH/MeOH/H2O/HOACc, 2:2:1:1, v/v) and stained with p-anisaldehyde sugar
stain. The reaction was then neutralized with 1 M HCI, concentrated and purified by a

BioGel P-2 column (eluted with H>O) to provide purified product.
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2. Experimental Procedures

2.1 Site-specific a2—6-sialylation of LNnH 11

4
OX @ osr—2 O @ o —2 s OH@ L os ° » P I
B3 B4 B3
12 S1 13 14

Scheme S1. Synthesis of compounds S1, 13 and 14 from 12.

Reagents and conditions: a) Oxidation module: 12 (266 mg), galactose oxidase (970
U), peroxidase (20146 U), sodium phosphate buffer (50 mM, pH 6.5), 30 'C, 81 %; b)
Enzyme module 1: N-acetylglucosamine (1.3 equiv), ATP (1.3 equiv), UTP (1.3
equiv), MgCl> (20 mM), NahK/GIlmU, HpLgtA, Tris-HCI (100 mM, pH 8.0), 37 C,
90%; c¢) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3 equiv),
MgCly (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HC1 (100 mM, pH 8.0), 37 C,

93%.
HO OH OH
HO O~ 3
OH OH
12
[o]
OH
HO | _OH OH
HO 0 2 N @ os
o HO O~ P
OH

3-Azidopropyl 6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S
1)

Disaccharide S1 (214 mg, 81 %), white solid after lyophilization. '"H NMR (600
MHz, D>0) 6 5.10 (d, J= 7.3 Hz, 1H), 4.45 (d, J = 8.0 Hz, 1H), 4.42 (d, J = 7.8 Hz,
1H), 4.04 (d, J = 3.0 Hz, 1H), 3.99 — 3.90 (m, 2H), 3.79 — 3.69 (m, 3H), 3.67 — 3.48
(m, 5H), 3.42 (t, J = 6.6 Hz, 2H), 3.32 — 3.23 (m, 1H), 1.88 (p, J = 6.6 Hz, 2H); 13C
NMR (150 MHz, D>O) & 103.17, 102.01, 87.94, 79.39, 76.88, 74.58, 74.51, 72.71,
72.41, 70.64, 67.96, 67.32, 60.14, 47.84, 28.20; HRMS (ESI) m/z calcd for
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C15sH27N4012Na [M+H2O+Na]" 464.1487, found 464.1479.
OH
HO | o OH
HO&/O’&/ N
oy o » O
s1

\ Enzyme Module 1

o OH
HO OH
o o B4 B
HO o o] B3 Sp
HO o o N3
HO ~ N
OH OH

NHAc

13

3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-B-p-
galactopyranosyl-(1—4)-B-p-glucopyranoside (13)

Trisaccharide 13 (271 mg, 90 %), white solid after lyophilization. "H NMR (600
MHz, D>0O) 8 5.11 (d, J = 7.3 Hz, 1H), 4.67 (d, J = 8.5 Hz, 1H), 4.46 (d, J = 8.0 Hz,
1H), 4.42 (d, J= 7.9 Hz, 1H), 4.28 (d, J = 3.2 Hz, 1H), 4.01 — 3.92 (m, 2H), 3.91 —
3.85 (m, 1H), 3.79 — 3.70 (m, 5H), 3.66 — 3.51 (m, 5H), 3.47 — 3.40 (m, 5H), 3.29 (t, J
= 8.6 Hz, 1H), 2.01 (s, 3H),1.90 (p, J = 6.6 Hz, 2H); '3*C NMR (150 MHz, D,0) §
174.85, 103.12, 102.76, 101.93, 87.76, 81.78, 79.32, 76.36, 75.53, 74.51, 74.43, 73.47,
72.62, 69.62, 69.60, 67.65, 67.26, 60.38, 60.06, 55.56, 47.76, 28.13, 22.07; HRMS
(EST) m/z caled for C23H40N4O17Na [M+H>0+Na]" 667.2281, found 667.2279.

OH
OH  Ho OH

OH
HO o O o Q N
HO on HO O\/\/ 3

NHAc oH

13

J Enzyme Module 2
HO OH B4

oH OH B
o HO | _ow OH B Sp
HO (o} O o O (o] o] B4,
HO o N3
OH HO ~N
OH OH
14

NHAc

3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (14)
Tetrasaccharide 14 (226 mg, 93%), white solid after lyophilization. 'H NMR
(600 MHz, D2O) 6 5.15 (d, J=7.2 Hz, 1H), 4.74 (d, J = 8.4 Hz, 1H), 4.50 (dd, J="7.9,
5.4 Hz, 2H), 4.46 (d, J = 8.0 Hz, 1H), 4.33 (d, J = 3.2 Hz, 1H), 4.04 — 3.96 (m, 3H),
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3.94 (d, J = 3.4 Hz, 1H), 3.89 — 3.72 (m, 11H), 3.71 — 3.58 (m, 6H), 3.47 (t, J = 7.0
Hz, 3H), 3.33 (t, J = 8.6 Hz, 1H), 2.05 (s, 3H), 1.94 (p, J = 6.6 Hz, 2H); 3C NMR
(150 MHz, D,0) & 174.88, 103.19, 102.83, 102.72, 102.01, 87.87, 81.95, 79.40, 78.14,
76.44, 75.33, 74.59, 74.50, 72.72, 72.47, 72.18, 70.95, 69.68, 68.54, 67.73, 67.35,
61.03, 60.15, 59.86, 55.18, 47.86, 28.22, 22.19; HRMS (ESI) m/z caled for
C20Hs50N4O2Na [M+H,0+Na]* 829.2809, found 829.2814.
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Scheme S2. Synthesis of compounds S2, S3 and 15 from 14.

Reagents and conditions: a) Oxidation module: 14 (70 mg), galactose oxidase (138
U), peroxidase (2859 U), sodium phosphate buffer (50 mM, pH 6.5), 30 'C, 77 %; b)
Enzyme module 1: N-acetylglucosamine (1.3 equiv), ATP (1.3 equiv), UTP (1.3
equiv), MgCl, (20 mM), NahK/GlmU, HpLgtA, Tris-HC1 (100 mM, pH 8.0), 37 C,
89%:; ¢) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3 equiv),
MgCl> (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HCI (100 mM, pH 8.0), 37 C,

90%.
HO OH OH
OH HO OH OH
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HO o 3
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14
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HO OH B4 B
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3-Azidopropyl 6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f3-
D-glucopyranosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyra
noside (S2)

Tetrasaccharide S2 (54 mg, 77%), white solid after lyophilization. "H NMR (600

MHz, D;0) § 5.14 — 5.09 (m, 2H), 4.69 (d, J = 8.3 Hz, 1H), 4.46 (d, J = 7.9 Hz, 2H),
S18



442 (d, J = 7.9 Hz, 1H), 4.29 (d, J = 2.8 Hz, 1H), 4.06 (d, J = 3.1 Hz, 1H), 4.00 —
3.91 (m, 4H), 3.85 — 3.51 (m, 13H), 3.44 — 3.41 (m, 4H), 3.31 — 3.27 (m, 1H), 2.01 (s,
3H), 1.89 (p, J = 6.6 Hz, 2H); 3C NMR (150 MHz, D-0) & 174.80, 103.11, 103.06,
102.60, 101.93, 87.88, 87.74, 81.85, 79.33, 79.03, 76.80, 76.36, 74.50, 74.39, 74.29,
72.61, 72.29, 72.22, 70.57, 69.58, 67.88, 67.64, 67.25, 60.06, 59.85, 54.98, 47.76,
28.13, 22.09; HRMS (ESI) m/z caled for CaoHasN4Oz [M+H]' 787.2727, found
787.2807.
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3-Azidopropyl 2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-6-aldehyde-B-p-
galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-6-aldeh
yde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S3)

Pentasaccharide S3 (33 mg, 89%), white solid after lyophilization. "H NMR (600
MHz, D;0) 6 5.10 (t, /= 7.0 Hz, 2H), 4.70 — 4.63 (m, 2H), 4.48 — 4.38 (m, 3H), 4.28
(d, J = 2.1 Hz, 2H), 3.99 — 3.90 (m, 3H), 3.87 (d, J = 12.0 Hz, 1H), 3.81 — 3.51 (m,
18H), 3.46 — 3.39 (m, 5H), 3.28 (t, /= 8.5 Hz, 1H), 2.00 (s, 3H), 2.00 (s, 3H), 1.88 (p,
J=6.6 Hz, 2H); 3*C NMR (150 MHz, D;0) & 174.83, 174.80, 103.11, 103.06, 102.76,
102.59, 101.91, 87.76, 87.75, 81.84, 81.77, 79.30, 79.04, 76.34, 75.52, 74.49, 74.41,
74.27, 73.45, 72.60, 72.20, 69.62, 69.58, 67.63, 67.24, 60.36, 60.04, 59.82, 59.29,
55.54, 54.92, 47.75, 28.12, 22.07, 22.05; HRMS (ESI) m/z caled for C37H3Ns5O28Na
[M+H>O+H>O+Na]" 1048.3552, found 1048.3469.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-pD-glucopyra
nosyl-(1—3)-6-aldehyde-f-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-g
lucopyranosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-3-p-glucopyranosi
de (15)

Hexasaccharide 15 (19 mg, 90%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 5.13 (d, J=5.7 Hz, 2H), 4.73 — 4.69 (m, 2H), 4.51 — 4.46 (m, 3H), 4.44
(d, J=7.9 Hz, 1H), 4.37 — 4.22 (m, 2H), 4.02 — 3.94 (m, 4H), 3.93 (d, /= 3.1 Hz, 1H),
3.87 —3.58 (m, 24H), 3.54 (d, /= 17.8 Hz, 1H), 3.50 — 3.42 (m, 3H), 3.32 (t, /= 8.6
Hz, 1H), 2.03 (s, 6H), 1.92 (p, J = 6.6 Hz, 2H); *C NMR (150 MHz, D,0) § 174.89,
174.88, 103.18, 102.83, 102.74, 102.68, 102.01, 87.82, 87.80, 81.93, 81.92, 79.41,
79.16, 78.14, 75.32, 74.59, 74.51, 74.37, 72.69, 72.47, 72.30, 72.18, 70.94, 69.67,
68.52, 67.65, 67.33, 61.01, 60.13, 59.92, 59.84, 55.16, 55.02, 47.84, 28.20, 22.14;
HRMS (ESI) m/z caled for C43HsoN5031Na [M+Na]* 1174.3869, found 1174.3860.

Scheme S3. Synthesis of compounds 16 and 17 from 15.

Reagents and conditions: a) Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5
equiv), MgCl, (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 94%;

b) Reduction: NaBH4 (1.2 equiv), room temperature, 98%.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-pD-glucopyranosyl-
(1—-3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-pD-glucop
yranosyl-(1—3)-6-aldehyde-p-p-galactopyranosyl-(1—4)--p-glucopyranoside (1
6)

Heptasaccharide 16 (16 mg, 94 %), white solid after lyophilization. 'H NMR
(600 MHz, D;0) 6 5.13 —5.09 (m, 2H), 4.71 (d, J = 7.9 Hz, 1H), 4.68 (d, J = 8.4 Hz,
1H), 4.47 — 4.41 (m, 4H), 4.29 (brs, 2H), 4.00 — 3.48 (m, 37H), 3.45 — 3.40 (m, 3H),
3.31 -3.27 (m, 1H), 2.64 (dd, J = 12.5, 4.6 Hz, 1H), 2.03 (s, 3H), 2.00 (s, 6H), 1.89
(p, J = 6.6 Hz, 2H), 1.70 (t, J = 12.3 Hz, 1H); 13C NMR (150 MHz, D,0) & 174.89,
173.53, 103.45, 103.20, 103.17, 102.68, 102.57, 102.01, 100.11, 87.87, 87.84, 81.93,
81.88, 80.46, 79.40, 79.15, 76.43, 74.59, 74.51, 74.37, 74.23, 73.67, 72.69, 72.51,
72.39, 72.30, 72.24, 71.69, 70.70, 69.69, 69.67, 68.37, 68.34, 68.19, 67.33, 63.33,
62.62, 60.12, 60.03, 59.90, 55.00, 54.92, 51.86, 47.84, 40.05, 28.20, 22.25, 22.15,
22.01; HRMS (ESI) m/z caled for Cs4HgoN6O41 [M+H20+H20-H] 1477.5069, found
1477.4774.




3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1
—3)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (17)

Heptasaccharide 17 (7 mg, 98%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.73 (d, /= 8.0 Hz, 1H), 4.70 (d, J = 8.3 Hz, 1H), 4.53 — 4.38 (m, 4H),
4.16 (t,J=2.7 Hz, 2H), 4.02 — 3.51 (m, 42H), 3.46 (t, J = 6.7 Hz, 2H), 3.35 - 3.27 (m,
1H), 2.67 (dd, J=12.4, 4.6 Hz, 1H), 2.06 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 1.91 (p, J
= 6.6 Hz, 2H), 1.72 (t, J= 12.2 Hz, 1H); 13C NMR (150 MHz, D,0) & 174.89, 173.53,
103.43, 102.90, 102.85, 102.73, 102.57, 102.08, 100.11, 82.02, 81.99, 80.42, 78.31,
78.11, 74.85, 74.74, 74.52, 74.33, 74.23, 73.66, 72.76, 72.50, 72.39, 72.21, 72.14,
71.68, 70.70, 69.93, 68.37, 68.34, 68.29, 68.28, 68.18, 67.34, 63.32, 62.62, 60.93,
60.10, 60.02, 59.80, 55.11, 54.91, 51.86, 47.83, 40.04, 28.20, 22.26, 22.15, 22.01;
HRMS (ESI) m/z caled for Cs4HgoNsO39 [M-H] 1445.5171, found 1445.5091.

B4 e B B4 B B4 B B4 am B B4 B
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Scheme S4. Synthesis of compounds S4, S5, 18 and 19 from 14.

Reagents and conditions: a) Enzyme module 1: N-acetylglucosamine (1.3 equiv),
ATP (1.3 equiv), UTP (1.3 equiv), MgCl> (20 mM), NahK/GIlmU, HpLgtA, Tris-HCI
(100 mM, pH 8.0), 37 C, 89%; b) Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5
equiv), MgClz (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 94%;
c) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3 equiv),
MgCl, (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HC1 (100 mM, pH 8.0), 37 C,

88%:; d) Reduction: NaBH4 (1.2 equiv), room temperature, 97%.
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3-Azidopropyl 2-acetamido-2-deoxy-B-pD-glucopyranosyl-(1—3)--p-galactopyra
nosyl-(1—4)-2-acetamido-2-deoxy--p-glucopyranosyl-(1—3)-6-aldehyde-B-p-gal
actopyranosyl-(1—4)-B-p-glucopyranoside (S4)

Pentasaccharide S4 (111 mg, 89%), white solid after lyophilization. 'H NMR (600
MHz, D;O) 6 5.14 — 5.13 (m, 1H), 4.71 (d, J = 8.4 Hz, 1H), 4.68 (d, J = 8.4 Hz, 1H),
4.50 — 4.43 (m, 3H), 4.31 (d, J = 3.1 Hz, 1H), 4.15 (d, J = 3.3 Hz, 1H), 4.02 — 3.93 (m,
3H), 3.89 (dd, J = 12.4, 2.0 Hz, 1H), 3.83 (dd, J = 12.5, 4.9 Hz, 1H), 3.86 — 3.70 (m,
12H), 3.67 — 3.53 (m, 7H), 3.49 — 3.42 (m, 5H), 3.31 (dd, J = 9.1, 8.1 Hz, 1H), 2.03 (s,
3H), 2.03 (s, 3H), 1.92 (p, J = 6.6 Hz, 2H); *C NMR (150 MHz, D,0) § 174.92, 174.85,
103.18, 102.84, 102.83, 102.71, 102.00, 87.81, 81.94, 81.91, 79.40, 78.15, 76.43, 75.62,
74.85, 74.57, 74.50, 73.52, 72.69, 72.15, 69.96, 69.65, 68.29, 67.68, 67.32, 60.93, 60.43,
60.13, 59.83, 55.62, 55.12, 47.83, 28.20, 22.13; HRMS (ESI) m/z calcd for
C37H63N5027Na [M+H,0+Na]" 1032.3603, found 1032.3620.

HO OH

e

NHAc

Enzyme Module 3

3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[S-acetamido-3,
5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyranosy
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1-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-6-aldehyde-f-p-galacto
pyranosyl-(1—4)--p-glucopyranoside (S5)

Hexasaccharide S5 (33 mg, 94%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 5.14 — 5.09 (m, 1H), 4.71 (d, J= 8.0 Hz, 1H), 4.63 (d, J = 8.5 Hz, 1H),
447 (d,J=17.8 Hz, 1H), 442 (d, J = 8.0, 1H), 4.41 (d, J= 8.0, 1H), 4.29 (d, J=2.2
Hz, 1H), 4.14 (d, /= 3.3 Hz, 1H), 4.01 —3.37 (m, 36H), 3.29 (t, /= 8.4 Hz, 1H), 2.64
(dd, J=12.4,4.7 Hz, 1H), 2.03 (s, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.89 (p, J = 6.6 Hz,
2H), 1.69 (t, J = 12.2 Hz, 1H); *C NMR (150 MHz, D-0) & 174.80, 173.44, 103.38,
103.12, 102.81, 102.48, 101.92, 100.02, 87.76, 82.12, 81.79, 80.42, 79.33, 76.36,
75.54, 74.51, 74.43, 74.15, 73.52, 73.16, 72.61, 72.43, 72.18, 71.56, 69.58, 69.49,
68.27, 68.10, 67.93, 67.63, 67.25, 63.12, 62.53, 60.36, 60.04, 55.55, 54.80, 51.77,
47.75, 39.99, 28.12, 22.16, 22.05, 21.92; HRMS (ESI) m/z calcd for CssH79NsO3s
[M+H20-H] 1299.4592, found 1299.4600.

3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-D-glucopyra
nosyl-(1—3)-[5-acetamido-3,5-dideoxy-Dp-glycero-a-p-galacto-2-nonulopyranosyl-
(2—6)]-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1
—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (18)
Heptasaccharide 18 (18 mg, 88%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 5.14 — 5.11 (m, 1H), 4.72 (d, J = 8.0 Hz, 1H), 4.66 (d, J = 8.3 Hz, 1H),
4.48 —4.43 (m, 4H), 4.29 (d, J=3.4 Hz, 1H), 4.15 (d, /= 3.3 Hz, 1H), 4.01 —3.41 (m,
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42H), 3.30 (t, J = 8.4 Hz, 1H), 2.65 (dd, J = 12.4, 4.7 Hz, 1H), 2.04 (s, 3H), 2.01 (s,
6H), 1.89 (p, J = 6.6 Hz, 2H), 1.69 (t, J = 12.2 Hz, 1H); 13C NMR (150 MHz, D,0) &
174.79, 173.44, 103.37, 103.11, 102.73, 102.71, 102.47, 101.91, 100.01, 87.74, 82.18,
81.78, 80.40, 79.32, 77.96, 76.35, 75.21, 74.50, 74.42, 74.14, 73.14, 72.60, 72.42,
72.36, 72.12, 71.56, 70.84, 69.58, 69.45, 68.43, 68.26, 68.09, 67.91, 67.61, 67.23,
63.12, 62.52, 60.91, 60.01, 59.71, 55.07, 54.78, 51.76, 47.74, 39.97, 28.11, 22.15,
22.06, 21.91; HRMS (ESI) m/z caled for Cs4HsoNeOao [M+H0-H] 1461.5120, found
1461.5136.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-
(2—6)]-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-pB-p-glucopyranosyl-(1
—3)-pB-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (19)

Heptasaccharide 19 (7 mg, 97%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.65 (d, J = 8.0 Hz, 1H), 4.61 (d, J = 8.4 Hz, 1H), 4.45 — 4.33 (m, 4H),
4.10 (dd, J=9.8, 3.3 Hz, 2H), 4.01 — 3.42 (m, 42H), 3.39 (t, J = 6.7 Hz, 2H), 3.27 —
3.20 (m, 1H), 2.59 (dd, J = 12.4, 4.7 Hz, 1H), 1.98 (s, 3H), 1.96 (s, 6H), 1.84 (p, J =
6.6 Hz, 2H), 1.70 — 1.57 (m, 1H); 3C NMR (150 MHz, D,0) § 174.90, 174.88,
174.83,173.51, 103.43, 102.91, 102.82, 102.78, 102.55, 102.07, 100.10, 82.26, 81.96,
80.44, 78.33, 78.08, 75.29, 74.85, 74.74, 74.51, 74.33, 74.24, 73.22, 72.75, 72.51,
72.45, 72.21, 71.65, 70.92, 69.93, 69.54, 68.52, 68.35, 68.28, 68.17, 68.00, 67.33,
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62.61, 60.99, 60.93, 60.10, 60.00, 59.80, 55.16, 54.87, 51.85, 47.83, 40.06, 28.20,
22.25, 22.15, 22.00; HRMS (ESI) m/z calcd for Cs4sHgoNeOz9 [M-H] 1445.5171,
found 1445.4611.
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Scheme S5. Synthesis of compounds 20 to 22 from S4.

Reagents and conditions: a) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3
equiv), UTP (1.3 equiv), MgCl> (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HCI (100
mM, pH 8.0), 37 C, 91%; b) Enzyme module 3: Neu5Ac (3.0 equiv), CTP (3.0
equiv), MgClz (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 96%;

c¢) Reduction: NaBH4 (1.2 equiv), room temperature, 98%.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyrano
syl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (20)
Hexasaccharide 20 (38 mg, 91%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 5.16 — 5.11 (m, 1H), 4.72 — 4.69(m, 2H), 4.50 — 4.42 (m, 4H), 4.31 (dd,
J=33,19 Hz, 1H), 4.15 (d, J = 3.3 Hz, 1H), 4.07 — 3.92 (m, 5H), 3.87 — 3.69 (m,
18H), 3.68 — 3.51 (m, 9H), 3.45 (q, /= 7.1 Hz, 3H), 3.31 (dd, 1H), 2.03 (s, 6H), 1.90
(p, J = 6.6 Hz, 2H); 3*C NMR (150 MHz, D,0) & 174.86, 103.19, 102.85, 102.82,
102.73, 102.71, 102.00, 87.83, 87.80, 82.02, 81.91, 79.40, 78.14, 78.11, 76.43, 75.31,
74.84, 74.57, 74.51, 72.68, 72.46, 72.15, 70.93, 69.92, 69.65, 68.51, 68.28, 67.71,
67.32, 61.00, 60.92, 60.13, 59.82, 55.15, 55.12, 47.83, 28.20, 22.14; HRMS (ESI) m/z

calcd for C43H72Ns5031 [M+H]" 1154.4206, found 1154.4322.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos

yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-

(1-3)-[5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]
-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-

aldehyde-B-p-galactopyranosyl-(1—4)-B-pD-glucopyranoside (21)

Octasaccharide 21 (23 mg, 96%), white solid after lyophilization. 'TH NMR (600
MHz, D;0) 6 5.12 (d, J= 7.2 Hz, 1H), 4.72 (d, J = 8.1 Hz, 1H), 4.69 (d, J = 7.9 Hz,
1H), 4.47 (d, J=8.1 Hz, 1H), 4.43 (d, J = 8.0 Hz, 3H), 4.31 — 4.3 (brs, 1H), 4.15 (brs,
1H), 4.02 — 3.48 (m, 46H), 3.46 — 3.41 (m, 3H), 3.30 (t, /= 8.6 Hz, 1H), 2.65 (dd, J =
12.5, 4.5 Hz, 2H), 2.06 — 1.98 (m, 12H), 1.90 (p, J = 6.6 Hz, 2H), 1.70 (td, J = 12.2,
4.7 Hz, 2H); *C NMR (150 MHz, D,0) & 174.79, 173.45, 103.44, 103.39, 103.13,
102.55, 102.49, 101.93, 100.03, 87.77, 82.15, 81.81, 80.44, 79.34, 76.37, 74.52, 74.44,
74.16, 73.57, 73.16, 72.62, 72.43, 72.30, 72.23, 72.19, 71.61, 71.56, 70.62, 69.60,
69.50, 68.29, 68.12, 67.93, 67.62, 67.25, 63.24, 63.15, 62.54, 60.03, 54.82, 51.78,
47.76, 39.99, 28.13, 22.19, 21.93; HRMS (ESI) m/z caled for CesHiosN7O4s
[M+H>0-2H]* 875.8001, found 875.7912.

S27



NHAc

0 OH
OH HO | oy OH
o
le} (o} (o}
o o)
" HJ_&,O H(T&/O\/\/Ns
OH OH
21
NaBH,

B4 B
o6 B3 Sp
B4,

HO O OH Ho © OH Ho JOH OH 6 p3
[e) Ol
Ho So/é&,o R O/é&,oé@\/o o o N e
OH oH HO HO ~ N B
NHAc NHAc OH OH

3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—-3)-[5-acetamido-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]
-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-3-
p-galactopyranosyl-(1—4)-B-p-glucopyranoside (22)

Octasaccharide 22 (12 mg, 98%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.73 — 4.69 (m, 2H), 4.49 (d, J = 8.0 Hz, 1H), 4.50 — 4.43 (m, 3H), 4.16
(dd, J = 8.1, 3.1 Hz, 2H), 4.07 — 3.49 (m, 49H), 3.46 (t, J = 6.7 Hz, 2H), 3.36 — 3.26
(m, 1H), 2.70 — 2.62 (m, 2H), 2.06 (s, 3H), 2.05 (s, 3H), 2.03 (s, 6H), 1.91 (p, J = 6.6
Hz, 2H), 1.72 (td, J = 12.2, 5.2 Hz, 2H); '*C NMR (150 MHz, D,0) & 174.91, 174.88,
173.54, 103.51, 103.44, 102.92, 102.63, 102.57, 102.08, 100.11, 82.23, 81.98, 80.51,
80.46, 78.34, 74.86, 74.75, 74.34, 74.25, 74.23, 73.65, 73.24, 72.76, 72.51, 72.39,
72.31, 72.24, 71.69, 71.65, 70.70, 69.95, 69.58, 68.37, 68.35, 68.29, 68.20, 68.01,
67.34, 63.31, 63.23, 62.63, 60.95, 60.09, 60.01, 54.90, 54.88, 51.86, 47.84, 40.07,
40.04, 28.20, 22.26, 22.01; HRMS (ESI) m/z caled for CesHiosN7O47 [M-2H]*
867.8026, found 867.7924.
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B4 a B4 b B4
LN —
S6 24 33

Scheme S6. Synthesis of compounds 24, 33 and S7 from S6.

Reagents and conditions: a) Oxidation module: S6 (354 mg), galactose oxidase (694
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U), peroxidase (14423 U), sodium phosphate buffer (50 mM, pH 6.5), 30 C, 83%; b)
Enzyme module 1: N-acetylglucosamine (1.3 equiv), ATP (1.3 equiv), UTP (1.3
equiv), MgClz (20 mM), NahK/GlmU, HpLgtA, Tris-HCI (100 mM, pH 8.0), 37 C,
92%; c¢) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3 equiv),
MgCl, (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HC1 (100 mM, pH 8.0), 37 C,

90%.
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3-Azidopropyl 6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy--p-gl
ucopyranosyl-(1—3)--p-galactopyranosyl-(1—4)-3-p-glucopyranoside (24)

Tetrasaccharide 24 (68 mg, 83%), white solid after lyophilization. 'H NMR (600
MHz, D;0) ¢ 5.11 (d, J = 7.2 Hz, 1H), 4.68 (d, J = 8.3 Hz, 1H), 4.46 (d, J = 7.9 Hz,
2H), 4.41 (d, J=7.9 Hz, 1H), 4.13 (d, J= 3.3 Hz, 1H), 4.06 (d, J= 3.3 Hz, 1H), 4.01
—3.89 (m, 3H), 3.86 — 3.49 (m, 17H), 3.48 — 3.39 (m, 3H), 3.32 — 3.25 (m, 1H), 2.01
(s, 3H), 1.89 (p, J = 6.6 Hz, 2H); '*C NMR (150 MHz, D-0) § 174.82, 103.07, 102.83,
102.61, 102.00, 87.89, 81.94, 79.01, 78.22, 76.81, 74.77, 74.67, 74.30, 74.25, 72.68,
72.32, 72.19, 70.58, 69.85, 68.22, 67.88, 67.26, 60.85, 59.95, 59.82, 54.98, 47.76,
28.13, 22.08; HRMS (ESI) m/z calcd for C2oHsoNsO2:Na [M+H,O+Na]" 829.2809,
found 829.2806.
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3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-p-p-
galactopyranosyl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—3)-B-p-gal
actopyranosyl-(1—4)--p-glucopyranoside (33)

Pentasaccharide 33 (316 mg, 92%), white solid after lyophilization. '"H NMR (600
MHz, D;0) 6 5.10 (d, J= 7.3 Hz, 1H), 4.66 (d, J = 5.6 Hz, 1H), 4.65 (d, J = 5.6 Hz, 1H),
4.46 (d, J= 8.2 Hz, 1H), 4.44 (d, J= 8.2 Hz, 1H), 4.40 (d, /= 7.9 Hz, 1H), 4.28 (d, J =
3.2 Hz, 1H), 4.12 (d, J = 3.2 Hz, 1H), 3.99 — 3.85 (m, 4H), 3.83 — 3.64 (m, 13H), 3.64 —
3.49 (m, 7H), 3.49 — 3.36 (m, 5H), 3.31 — 3.24 (m, 1H), 2.00 (s, 3H), 2.00 (s, 3H), 1.87 (p,
J = 6.6 Hz, 2H); 3C NMR (150 MHz, D>0) § 174.92, 174.89, 103.15, 102.91, 102.83,
102.67, 102.08, 87.86, 82.01, 81.87, 79.12, 78.31, 76.43, 75.61, 74.84, 74.74, 74.37,
74.33, 73.55, 72.76, 72.27, 69.93, 69.71, 69.68, 68.30, 67.71, 67.34, 60.92, 60.46, 60.03,
5991, 55.63, 55.02, 47.84, 28.21, 22.16, 22.14; HRMS (ESI) m/z calcd for
C37Hs3Ns5027Na [M+H,0+Na]" 1032.3603, found 1032.3618.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-g
lucopyranosyl-(1—3)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S7)

Hexasaccharide S7 (45 mg, 90%), white solid after lyophilization. 'H NMR (600
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MHz, D,0) § 5.13 (s, 1H), 4.71 (d, J = 8.5 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H), 4.52 —
4.45 (m, 3H), 4.43 (d, J = 7.8 Hz, 1H), 4.31 (d, J = 3.2 Hz, 1H), 4.15 (d, J = 3.3 Hz,
2H), 4.04 — 3.90 (m, SH), 3.90 — 3.51 (m, 27H), 3.46 (t, J = 6.7 Hz, 2H), 3.35 — 3.26
(m, 1H), 2.03 (brs, 6H), 1.91 (p, J = 6.6 Hz, 2H); 13C NMR (150 MHz, D,0) & 174.88,
103.13, 102.91, 102.82, 102.73, 102.67, 102.07, 87.82, 82.00, 81.94, 79.13, 78.30,
78.13, 75.32, 74.84, 74.74, 74.51, 74.37, 74.32, 72.75, 72.46, 72.26, 72.17, 72.14,
70.93, 69.93, 69.66, 68.51, 68.29, 67.64, 67.34, 61.00, 60.91, 60.01, 59.90, 59.83,
55.16, 55.01, 47.83, 28.20, 22.14; HRMS (ESI) m/z caled for CisH73NsOsNa
[M+H,0+Na]" 1194.4131, found 1194.4194.

s7
Scheme S7. Synthesis of compounds 25 and 26 from S7.

Reagents and conditions: a) Enzyme module 3: Neu5SAc (3.0 equiv), CTP (3.0
equiv), MgCl, (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 95%;

b) Reduction: NaBH4 (1.2 equiv), room temperature, 98%.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—-3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucop
yranosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyrano
syl-(2—6)]-B-p-galactopyranosyl-(1—4)--p-glucopyranoside (25)

Octasaccharide 25 (50 mg, 95%), white solid after lyophilization. 'TH NMR (600
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MHz, D;0) 6 5.09 (d, J = 7.2 Hz, 1H), 4.70 (d, J = 8.0 Hz, 1H), 4.64 (d, J = 8.6 Hz,
1H), 4.48 —4.40 (m, 3H), 4.38 (d, /= 8.0 Hz, 1H), 4.28 (d, /= 3.2 Hz, 1H), 4.14 (d, J
= 3.3 Hz, 2H), 4.01 — 3.47 (m, 45H), 3.45 — 3.39 (m, 3H), 3.29 (t, J = 8.6 Hz, 1H),
2.67 (dd, J=12.5, 4.7 Hz, 1H), 2.63 (dd, J = 12.4, 4.8 Hz, 1H), 2.02 (s, 3H), 1.99 (s,
9H), 1.88 (p, J = 6.6 Hz, 2H), 1.69 (t, J = 12.1 Hz, 2H); *C NMR (150 MHz, D,0) &
174.78, 173.41, 103.35, 103.09, 103.06, 102.64, 102.49, 101.86, 100.16, 100.01,
87.77, 82.07, 81.75, 80.32, 79.46, 79.01, 76.32, 74.52, 74.47, 74.27, 74.12, 73.56,
73.10, 72.58, 72.41, 72.28, 72.22, 72.15, 71.63, 71.59, 70.60, 69.60, 69.54, 68.26,
68.23, 68.09, 68.04, 67.62, 67.20, 63.31, 63.23, 62.52, 62.50, 60.10, 60.00, 59.79,
54.91, 54.80, 51.76, 51.66, 47.75, 39.99, 39.95, 28.11, 22.16, 22.08, 21.95, 21.93;
HRMS (ESI) m/z calcd for CesHi10sN7047 [M+H20-2H]* 875.8001, found 875.7878.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-D-glucopyranosyl-
(1—-3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1
—3)-[5-acetamido-3,5-dideoxy-p-glycero-o-p-galacto-2-nonulopyranosyl-(2—6)]-
B-p-galactopyranosyl-(1—4)--p-glucopyranoside (26)

Octasaccharide 26 (14 mg, 98%), white solid after lyophilization. '"H NMR (600
MHz, D>0) 6 4.73 (d, J= 7.9 Hz, 1H), 4.68 (d, J = 8.4 Hz, 1H), 4.49 (d, J = 8.0 Hz,
1H), 4.48 — 4.44 (m, 2H), 4.42 (d, /= 7.9 Hz, 1H), 4.18 (d, J=3.3 Hz, 1H), 4.16 (d, J
= 3.4 Hz, 1H), 4.03 — 3.51 (m, 49H), 3.47 (t, J = 6.7 Hz, 2H), 3.36 — 3.31 (m, 1H),
2.71 (dd, J=12.4, 4.7 Hz, 1H), 2.67 (dd, J = 12.3, 4.8 Hz, 1H), 2.06 (s, 3H), 2.03 (s,

9H), 1.92 (p, J = 6.6 Hz, 2H), 1.76 — 1.69 (m, 2H); *C NMR (150 MHz, D;0) §
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174.88, 174.84, 173.53, 173.45, 103.43, 103.19, 102.85, 102.77, 102.57, 101.96,
100.26, 100.11, 82.16, 81.94, 80.39, 79.59, 78.11, 74.83, 74.62, 74.58, 74.53, 74.23,
73.66, 73.21, 72.67, 72.51, 72.39, 72.22, 72.20, 71.73, 71.69, 70.70, 69.97, 69.64,
68.36, 68.33, 68.18, 68.14, 67.30, 63.41, 63.32, 62.62, 62.60, 60.95, 60.21, 60.09,
59.81, 55.12, 54.90, 51.86, 51.76, 47.85, 40.09, 40.05, 28.21, 22.25, 22.15, 22.03,
22.01; HRMS (ESI) m/z calcd for CesHi06N7047 [M-2H]* 867.8026, found 867.7948.
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Scheme S8. Synthesis of compounds 27, S8, 28 and 29 from 23.
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Reagents and conditions: a) Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5
equiv), MgCl, (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 95%;
b) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3 equiv),
MgCl, (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HC1 (100 mM, pH 8.0), 37 C,
94%; c) Enzyme module 1: N—acetylglucosamine (1.3 equiv), ATP (1.3 equiv), UTP
(1.3 equiv), MgCl> (20 mM), NahK/GImU, HpLgtA, Tris-HCI (100 mM, pH 8.0),
37 C, 93%; d) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3
equiv), MgCl (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HCI (100 mM, pH 8.0),
37 C, 90%.
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3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[5-acetamido-3,
5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyranosy

1-(1—4)-B-p-glucopyranoside (27)
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Tetrasaccharide 27 (53 mg, 95%), white solid after lyophilization. 'H NMR (600
MHz, D;0) & 4.66 (d, J= 8.5 Hz, 1H), 4.48 (d, J = 8.0 Hz, 1H), 4.41 (d, /= 7.9 Hz,
1H), 4.17 (d, J = 3.4 Hz, 1H), 4.03 — 3.51 (m, 23H), 3.50 — 3.39 (m, 4H), 3.33 (t,J =
8.6 Hz, 1H), 2.70 (dd, J = 12.4, 4.7 Hz, 1H), 2.03 (s, 3H), 2.02 (s, 3H), 1.91 (p, J =
6.7 Hz, 2H), 1.72 (t, J = 12.2 Hz, 1H); *C NMR (150 MHz, D,0) § 174.86, 173.42,
103.17, 102.87, 101.96, 100.25, 82.09, 79.54, 75.62, 74.61, 74.56, 73.58, 73.20, 72.69,
72.50, 71.73, 69.70, 69.67, 68.32, 68.30, 68.14, 67.29, 63.37, 62.61, 60.48, 60.21,
55.63, 51.77, 47.85, 40.09, 28.22, 22.17, 22.06; HRMS (ESI) m/z calcd for
C34Hs6Ns5024 [M-H] 918.3321, found 918.3263.

Enzyme Module 2

3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-[5-acetamido-3,5-dideoxy-D-glycero-o-p-galacto-2-nonulopyranosyl-
(2—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (SS8)

Pentasaccharide S8 (49 mg, 94%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.68 (d, J = 8.4 Hz, 1H), 4.49 (d, J = 8.0 Hz, 1H), 4.47 (d, J = 7.8 Hz, 1H),
4.42 (d, J=79 Hz, 1H), 4.18 (d, /= 3.3 Hz, 1H), 4.03 — 3.50 (m, 31H), 3.46 (t, /= 6.7
Hz, 2H), 3.33 (dd, /=9.2, 8.1 Hz, 1H), 2.71 (dd, /= 12.4, 4.7 Hz, 1H), 2.03 (s, 6H), 1.92
(p, J = 6.7 Hz, 2H), 1.73 (t, J = 12.2 Hz, 1H); *C NMR (150 MHz, D-0) § 174.88,
174.83, 173.45, 103.19, 102.82, 102.76, 101.95, 100.26, 82.19, 79.59, 78.11, 75.29,
74.61, 74.57, 74.52, 73.21, 72.67, 72.50, 72.45, 72.21, 71.72, 70.93, 69.62, 68.52, 68.32,
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67.29, 63.40, 62.59, 60.99, 60.21, 59.83, 55.16, 51.75, 47.84, 40.08, 28.20, 22.14, 22.01;
HRMS (ESI) m/z calcd for C40HssN5O29 [M-H]™ 1080.3849, found 1080.3832.

3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-3-p-galactopyra
nosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[5-acetamido-3,5-d
ideoxy-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyranosyl-(1
—4)-B-p-glucopyranoside (28)

Hexasaccharide 28 (43 mg, 93%), white solid after Iyophilization. 'H NMR (600
MHz, D;0O) 6 4.68 (d, J = 8.4, 1H), 4.68 (d, J = 8.4, 1H), 4.49 (d, J = 8.0 Hz, 1H),
4.46 (d,J=17.9 Hz, 1H), 4.41 (d, J=7.9 Hz, 1H), 4.18 (d, J=3.3 Hz, 1H), 4.15 (d, J
= 3.3 Hz, 1H), 4.03 — 3.54 (m, 34H), 3.49 — 3.42 (m, 4H), 3.33 (dd, J = 9.0, 8.2 Hz,
1H), 2.71 (dd, J=12.4, 4.7 Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 1.92 (p, J
= 6.6 Hz, 2H), 1.73 (t, J= 12.2 Hz, 1H); '*C NMR (150 MHz, D,0) & 174.96, 174.90,
174.85, 173.46, 103.20, 102.87, 102.86, 102.78, 101.97, 100.27, 82.21, 81.91, 79.59,
78.13, 75.62, 74.84, 74.62, 74.58, 74.53, 73.54, 73.20, 72.68, 72.51, 72.20, 71.74,
69.99, 69.65, 69.62, 68.33, 68.13, 67.30, 63.40, 62.60, 60.93, 60.44, 60.21, 59.83,
55.62, 55.13, 51.76, 47.85, 40.09, 28.21, 22.14, 22.13, 22.02; HRMS (ESI) m/z
calculated for C4sH79N¢O34 [M-H] 1283.4643, found 1283.4204.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-B-bp-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyrano
syl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2
—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (29)

Heptasaccharide 29 (35 mg, 90%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.71 (d, J= 8.3 Hz, 1H), 4.69 (d, J = 8.3 Hz, 1H), 4.50 (d, J = 6.8 Hz, 1H),
448 (d, J=6.7 Hz, 1H), 4.47 (d, J= 7.9 Hz, 1H), 442 (d, J=7.9 Hz, 1H), 4.18 (d, J =
3.3 Hz, 1H), 4.16 (d, J= 3.3 Hz, 1H), 4.03 — 3.92 (m, 6H), 3.91 —3.52 (m, 36H), 3.47 (t,
J=6.7 Hz, 2H), 3.34 (t, J = 8.6 Hz, 1H), 2.71 (dd, J = 12.4, 4.7 Hz, 1H), 2.04 (s, 3H),
2.03 (s, 3H), 2.03 (s, 3H), 1.93 (p, J = 6.6 Hz, 2H), 1.73 (t, J = 12.2 Hz, 1H); '3*C NMR
(150 MHz, D;0O) 6 174.89, 174.84, 173.46, 103.19, 102.86, 102.83, 102.77, 102.74,
101.96, 100.27, 82.19, 81.99, 79.57, 78.11, 75.32, 74.84, 74.62, 74.57, 74.52, 73.20,
72.69, 72.51, 72.48, 72.20, 72.15, 71.74, 70.94, 69.96, 69.64, 68.53, 68.33, 68.14, 67.30,
63.40, 62.61, 61.01, 60.94, 60.21, 59.83, 55.15, 55.13, 51.77, 47.86, 40.09, 28.21, 22.17,
22.05; HRMS (ESI) m/z calcd for Cs4HgoNgO39 [M-H] 1445.5171, found 1445.5004.

Scheme S9. Synthesis of compounds 31 and 32 from 30.

Reagents and conditions: a) Enzyme module 3: NeuSAc (3.0 equiv), CTP (3.0
equiv), MgCl, (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 92%;
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b) Enzyme module 2: Galactose (1.3 equiv), ATP (1.3 equiv), UTP (1.3 equiv),
MgCly (20 mM), EcGalK, BLUSP, NmLgtB, Tris-HC1 (100 mM, pH 8.0), 37 C,

88%.
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3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[5-acetamido-3,
5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyranosy
1-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—3)-[5-acetamido-3,5-dideo
xy-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]--p-galactopyranosyl-(1—4)
-B-p-glucopyranoside (31)

Heptasaccharide 31 (25 mg, 92%), white solid after lyophilization. '"H NMR (600
MHz, D;0) 6 4.70 (d, J = 8.1 Hz, 1H), 4.66 (d, J = 8.4 Hz, 1H), 4.49 (d, J = 8.0 Hz, 1H),
4.44 (d, J= 8.2 Hz, 1H), 4.42 (d, J= 8.1 Hz, 1H), 4.18 (d, J = 3.3 Hz, 1H), 4.16 (d, J =
3.2 Hz, 1H), 4.03 — 3.93 (m, 5H), 3.91 — 3.69 (m, 21H), 3.68 — 3.52 (m, 15H), 3.49 —
3.41 (m, 4H), 3.33 (dd, /=9.0, 8.3 Hz, 1H), 2.71 (dd, J = 12.4, 4.7 Hz, 1H), 2.66 (dd, J =
12.4, 4.6 Hz, 1H), 2.05 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 1.92 (p, /= 6.6
Hz, 2H), 1.73 (t, J= 11.7 Hz, 1H), 1.71 (t, J = 11.7 Hz, 1H); '3C NMR (150 MHz, D,0)
o 17491, 174.88, 173.53, 173.46, 103.54, 103.21, 102.90, 102.63, 101.96, 100.27,
100.11, 82.17, 82.15, 80.58, 79.63, 75.62, 74.63, 74.59, 74.24, 73.61, 73.23, 72.68, 72.51,
72.32,71.72, 71.64, 69.67, 69.64, 69.60, 68.35, 68.19, 68.13, 68.05, 67.30, 63.43, 63.19,
62.61, 62.60, 60.44, 60.20, 60.12, 55.62, 54.88, 51.86, 51.76, 47.85, 40.09, 28.21, 22.25,
22.13, 22.02, 22.00; HRMS (ESI) m/z calcd for CsoHosN7O4, [M-2H]* 786.7762, found
786.7707.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-pD-glucopyra
nosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-
(2—6)]-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1
—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-
B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (32)

Octasaccharide 32 (15 mg, 88%), white solid after lyophilization. 'H NMR (600
MHz, D;0O) 6 4.71 (d, J= 8.1 Hz, 1H), 4.69 (d, J = 8.4 Hz, 1H), 4.49 (d, J = 8.0 Hz, 1H),
447 (d, J=7.8 Hz, 1H), 4.44 (d, /= 8.0 Hz, 1H), 442 (d, /=79 Hz, 1H), 4.18 (d, J =
3.2 Hz, 1H), 4.17 (d, J = 3.3 Hz, 1H), 4.03 — 3.91 (m, 7H), 3.91 — 3.51 (m, 42H), 3.47 (t,
J=6.7 Hz, 2H), 3.34 (t, J= 8.7 Hz, 1H), 2.71 (dd, J = 12.4, 4.7 Hz, 1H), 2.66 (dd, J =
12.4, 4.7 Hz, 1H), 2.05 (s, 3H), 2.03 (s, 9H), 1.92 (p, /= 6.6 Hz, 2H), 1.74 (t,J = 11.8 Hz,
1H), 1.70 (t, J = 11.7 Hz, 1H); *C NMR (150 MHz, D,0) & 174.86, 173.52, 173.45,
103.53, 103.20, 102.82, 102.79, 102.61, 101.95, 100.26, 100.10, 82.20, 82.16, 80.56,
79.62, 78.07, 75.29, 74.62, 74.58, 74.51, 74.23, 73.21, 72.66, 72.50, 72.45, 72.31, 72.21,
71.71, 71.64, 70.92, 69.63, 69.56, 68.52, 68.34, 68.18, 68.12, 68.04, 67.29, 63.42, 63.19,
62.59, 60.99, 60.19, 60.10, 59.82, 55.15, 54.87, 51.85, 51.75, 47.84, 40.09, 40.07, 28.20,
22.25,22.14,22.02, 21.99; HRMS (ESI) m/z calcd for CssH10sN7047 [M-2H]* 867.8026,
found 867.7927.
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2.2 Site-specific a2—6-sialylation with different sialic acid forms

Scheme S10. Synthesis of compounds S9 to S11, and 34 to 39 from 33.

Reagents and conditions: a) Enzyme module 3: Neu5Gc (1.5 equiv) or NeuSAc (1.5
equiv), CTP (1.5 equiv), MgCl; (20 mM), NmCSS, Pd2,6ST, Tris-HCI (100 mM, pH
8.5), 37 C, 92% for 34 , 95% for S10; b) Enzyme module 2: Galactose (1.3 equiv),
ATP (1.3 equiv), UTP (1.3 equiv), MgCl, (20 mM), EcGalK, BLUSP, NmLgtB,
Tris-HCI (100 mM, pH 8.0), 37 C, 89% for S9, 90% for S11; ¢) Enzyme module 3:
NeuSAc (1.5 equiv) or Neu5Ge (1.5 equiv), CTP (1.5 equiv), MgCl, (20 mM),
NmCSS, Pd2,6ST, Tris-HCI (100 mM, pH 8.5), 37 "C, 90% for 35, 91% for 37; d)
Reduction: NaBH4 (1.2 equiv), room temperature, 94% for 36, 92% for 38; ) Enzyme
module 3: Kdn (1.5 equiv), CTP (1.5 equiv), MgCl> (20 mM), NmCSS, Pd2,6ST,
Tris-HC1 (100 mM, pH 8.5), 37 ‘C, 80%.
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3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-B-p-
galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[3,5-di
deoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-
galactopyranosyl-(1—4)--p-glucopyranoside (34)

Hexasaccharide 34 (60 mg, 92%), white solid after lyophilization. 'H NMR (600
MHz, D>0) 6 5.09 (d, J=7.3 Hz, 1H), 4.66 (d, J = 8.5 Hz, 1H), 4.64 (d, J = 8.3 Hz,
1H), 4.46 (d, /= 8.0 Hz, 1H), 4.44 (d, /= 7.9 Hz, 1H), 4.38 (d, /= 7.9 Hz, 1H), 4.28
(d, J=3.2 Hz, 1H), 4.15 (d, J= 3.3 Hz, 1H), 4.09 (s, 2H), 4.00 — 3.50 (m, 31H), 3.47
—3.40 (m, 5H), 3.31 (t, J= 8.6 Hz, 1H), 2.69 (dd, J=12.4, 4.7 Hz, 1H), 2.01 (s, 3H),
1.99 (s, 3H), 1.89 (p, J = 6.6 Hz, 2H), 1.71 (t, J= 12.2 Hz, 1H); 3C NMR (150 MHz,
D20) ¢ 175.57, 174.85, 174.77, 173.39, 103.11, 103.08, 102.77, 102.65, 101.87,
100.18, 87.78, 82.11, 81.73, 79.50, 79.03, 76.34, 75.52, 74.53, 74.49, 74.28, 73.46,
73.13, 72.59, 72.24, 72.14, 71.69, 69.63, 69.59, 69.52, 68.17, 68.06, 67.97, 67.66,
67.21, 63.35, 62.46, 60.86, 60.36, 60.11, 59.82, 55.53, 54.93, 51.37, 47.75, 40.05,
28.12,22.07, 22.04; HRMS (ESI) m/z calcd for C4sH79N6O36 [M+H20-H] 1315.4541,
found 1315.4362.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-6-aldehyde-f-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-g
lucopyranosyl-(1—3)-[3,5-dideoxy-5-hydoxyacetamido-p-glycero-o-p-galacto-2-n
onulopyranosyl-(2—6)]-B-p-galactopyranosyl-(1—4)-pB-p-glucopyranoside (S9)

Heptasaccharide S9 (48 mg, 89%), white solid after lyophilization. 'H NMR
(600 MHz, D;0O) 6 5.13 (d, /J=7.2 Hz, 1H), 4.72 (d, J = 8.4 Hz, 1H), 4.68 (d, /= 8.4
Hz, 1H), 4.51 — 4.45 (m, 3H), 4.42 (d, /= 7.9 Hz, 1H), 4.31 (d, J= 3.2 Hz, 1H), 4.18
(d, J=3.3 Hz, 1H), 4.12 (s, 2H), 4.04 — 3.51 (m, 39H), 3.49 — 3.43 (m, 3H), 3.34 (t, J
=8.6 Hz, 1H), 2.72 (dd, J = 12.4, 4.7 Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 1.92 (p, J =
6.6 Hz, 2H), 1.74 (t, J = 12.2 Hz, 1H); *C NMR (150 MHz, D,0) § 175.65, 174.87,
174.85, 173.47,103.19, 103.17, 102.82, 102.74, 102.72, 101.96, 100.27, 87.87, 82.18,
81.88, 79.59, 79.12, 78.12, 76.42, 75.31, 74.61, 74.58, 74.51, 74.37, 73.22, 72.68,
72.47, 72.32, 72.23, 72.17, 71.78, 70.93, 69.69, 69.62, 68.52, 68.26, 68.15, 68.05,
67.74, 67.30, 63.44, 62.56, 61.00, 60.95, 60.21, 59.91, 59.83, 55.15, 55.02, 51.46,
47.85, 40.14, 28.21, 22.16; HRMS (ESI) m/z calcd for CssHgoNsOs1 [M+H20-H]
1477.5070, found 1477.4873.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-
(2—6)-pB-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)
-6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—-3)-[3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyranosyl-(2
—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (35)

Octasaccharide 35 (19 mg, 90%), white solid after lyophilization. 'TH NMR (600
MHz, D;0) 6 5.13 (d, /= 7.2 Hz, 1H), 4.74 (d, J = 8.5 Hz, 1H), 4.68 (d, J = 8.4 Hz,
1H), 4.49 (d, /= 8.0 Hz, 1H), 4.47 (d, /= 7.8 Hz, 1H), 4.45 (d, /= 7.8 Hz, 1H), 4.42
(d, J=17.9 Hz, 1H), 4.31 (t, J = 2.5 Hz, 1H), 4.18 (d, J = 3.3 Hz, 1H), 4.12 (s, 2H),
4.03 — 3.51 (m, 47H), 3.48 — 3.43 (m, 3H), 3.34 (dd, 1H), 2.72 (dd, J = 12.4, 4.7 Hz,
1H), 2.67 (dd, J=12.4, 4.7 Hz, 1H), 2.05 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.91 (p, J
= 6.6 Hz, 2H), 1.74 (t, J = 12.7 Hz, 1H), 1.72 (t, J = 12.6 Hz, 1H); '*C NMR (150
MHz, D;0) § 175.66, 174.90, 174.88, 174.85, 173.52, 173.47, 103.44, 103.19, 103.15,
102.73, 102.57, 101.95, 100.26, 100.11, 87.88, 82.15, 81.83, 80.42, 79.60, 79.11,
76.42, 74.61, 74.58, 74.38, 74.22, 73.66, 73.23, 72.68, 72.51, 72.39, 72.33, 72.24,
72.22, 71.77, 71.69, 70.70, 69.70, 69.64, 68.36, 68.34, 68.27, 68.19, 68.16, 68.06,
67.29, 63.46, 63.32, 62.62, 62.56, 60.95, 60.21, 60.11, 59.90, 55.01, 54.91, 51.86,
51.46, 47.85, 40.14, 40.05, 28.20, 22.25, 22.16, 22.01; HRMS (ESI) m/z calcd for
CosH10sN7049 [M+H,0-2H]* 883.7976, found 883.7901.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1
—3)-[3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyranosyl-
(2—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (36)

Octasaccharide 36 (10 mg, 94%), white solid after lyophilization. '"H NMR (600
MHz, D;0) 6 4.65 (d, J= 7.9 Hz, 1H), 4.61 (d, J = 8.3 Hz, 1H), 4.42 (d, J = 8.0 Hz, 1H),
4.39 (d, J= 6.8 Hz, 1H), 4.38 (d, /= 6.8 Hz, 1H), 4.34 (d, /= 7.9 Hz, 1H), 4.11 (d, J =
3.3 Hz, 1H), 4.09 (d, J = 3.1 Hz, 1H), 4.05 (s, 2H), 3.97 — 3.44 (m, 49H), 3.39 (t, /= 6.7
Hz, 2H), 3.27 (t, J = 8.7 Hz, 1H), 2.65 (dd, J = 12.4, 4.7 Hz, 1H), 2.60 (dd, J = 12.4, 4.7
Hz, 1H), 1.98 (s, 3H), 1.96 (s, 6H), 1.84 (p, J = 6.6 Hz, 2H), 1.68 (t, J = 12.6 Hz, 1H),
1.66 (t, J = 12.4 Hz, 1H); 3C NMR (150 MHz, D>0) § 175.66, 174.91, 174.88, 174.84,
173.52, 173.47, 103.43, 103.19, 102.84, 102.77, 102.57, 101.95, 100.26, 100.10, 82.15,
81.94, 80.38, 79.59, 78.10, 74.83, 74.61, 74.58, 74.52, 74.22, 73.66, 73.23, 72.68, 72.51,
72.38,72.22,71.77, 71.69, 70.70, 69.96, 69.64, 69.56, 68.36, 68.26, 68.18, 68.05, 67.29,
63.45, 63.32, 62.62, 62.56, 60.95, 60.20, 60.09, 59.81, 55.12, 54.90, 51.86, 51.46, 47.84,
40.13, 40.05, 28.20, 22.25, 22.15, 22.01; HRMS (ESI) m/z caled for CssHiosN70as
[M-2H]* 875.8001, found 875.7963.
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3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-p-p-
galactopyranosyl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—3)-[S-acet
amido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]--p-galacto
pyranosyl-(1—4)-B-p-glucopyranoside (S10)

Hexasaccharide S10 (260 mg, 95%), white solid after lyophilization. 'H NMR
(600 MHz, D;0) 6 5.13 (d, /= 7.3 Hz, 1H), 4.69 (d, J = 8.5 Hz, 1H), 4.68 (d, J=8.3
Hz, 1H), 4.49 (d, J=8.1 Hz, 1H), 4.47 (d, J= 7.9 Hz, 1H), 4.41 (d, J = 7.9 Hz, 1H),
431 (d,J=3.2 Hz, 1H), 4.18 (d, J=3.3 Hz, 1H), 4.04 — 3.42 (m, 36), 3.36 — 3.30 (m,
1H), 2.71 (dd, J=12.0, 4.2 Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.92 (p, J
= 6.6 Hz, 2H), 1.72 (t, J = 12.2 Hz, 1H); 3*C NMR (150 MHz, D-0) § 174.93, 174.88,
174.85, 173.45, 103.19, 103.16, 102.84, 102.72, 101.95, 100.26, 87.87, 82.20, 81.81,
79.58, 79.13, 76.42, 75.60, 74.61, 74.57, 74.37, 73.55, 73.20, 72.67, 72.50, 72.32,
71.73, 69.72, 69.68, 69.61, 68.32, 68.13, 67.75, 67.29, 63.39, 62.60, 60.45, 60.21,
59.92, 55.62, 55.02, 51.75, 47.84, 40.09, 28.20, 22.15, 22.12, 22.02; HRMS (ESI) m/z
calcd for C4gH79N6O35 [M+H20-H] 1299.4592, found 1299.4387.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-6-aldehyde-f-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-g
lucopyranosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—6)]-p-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S11)

Heptasaccharide S11 (99 mg, 90%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 5.11 (d, J= 7.3 Hz, 1H), 4.69 (d, J = 8.4 Hz, 1H), 4.65 (d, J = 8.3 Hz, 1H),
4.50 — 4.42 (m, 3H), 4.39 (d, J= 7.9 Hz, 1H), 4.29 (d, J = 3.3 Hz, 1H), 4.16 (d, J=3.3
Hz, 1H), 4.01 — 3.49 (m, 39H), 3.46 — 3.42 (m, 3H), 3.31 (t, /= 8.6 Hz, 1H), 2.68 (dd, J
=12.4, 4.7 Hz, 1H), 2.01 (s, 3H), 2.01 (s, 3H), 2.00 (s, 3H), 1.89 (p, J = 6.6 Hz, 2H),
1.70 (t, J = 12.2 Hz, 1H); '*C NMR (150 MHz, D,0) § 174.93, 174.88, 174.85, 173.45,
103.19, 103.17, 102.82, 102.74, 102.72, 101.96, 100.26, 87.87, 82.19, 81.89, 79.57,
79.12, 78.11, 76.42, 75.32, 74.61, 74.57, 74.51, 74.37, 73.20, 72.68, 72.50, 72.47, 72.32,
72.17,71.73, 70.93, 69.68, 69.62, 68.52, 68.32, 68.13, 67.74, 67.30, 63.40, 62.60, 61.01,
60.20, 59.91, 59.83, 55.15, 55.02, 51.76, 47.85, 40.09, 28.21, 22.16, 22.03; HRMS (ESI)
m/z caled for Cs4HgoNsO4o [M+H20-H] 1461.5120, found 1461.4906.
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3-Azidopropyl 3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—6)--p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyr
anosyl-(1—3)-6-aldehyde-p-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-
glucopyranosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulo
pyranosyl-(2—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (37)

Octasaccharide 37 (87 mg, 91%), white solid after lyophilization. 'TH NMR (600
MHz, D;0) 6 5.13 (d, /= 7.2 Hz, 1H), 4.74 (d, J = 7.9 Hz, 1H), 4.68 (d, J = 8.3 Hz,
1H), 4.51 —4.44 (m, 3H), 4.42 (d, /= 7.8 Hz, 1H), 432 (d,/J=3.2 Hz, 1H), 4.18 (d, J
=3.3 Hz, 1H), 4.12 (s, 2H), 4.05 — 3.51 (m, 46H), 3.49 — 3.43 (m, 3H), 3.33 (t, /= 8.6
Hz, 1H), 2.71 (dd, J = 8.6, 3.9 Hz, 1H), 2.69 (dd, J = 8.5, 3.9 Hz, 1H), 2.06 (s, 3H),
2.03 (s, 3H), 2.03 (s, 3H), 1.92 (p, /= 6.6 Hz, 2H), 1.74 (t, J=11.1 Hz, 1H), 1.73 (t, J
=12.0 Hz, 1H); 3C NMR (150 MHz, D20) & 175.65, 174.91, 174.88, 174.85, 173.54,
173.44,103.42, 103.19, 103.15, 102.72, 102.58, 101.95, 100.26, 100.14, 87.88, 82.16,
81.84, 80.35, 79.58, 79.12, 76.42, 74.62, 74.57, 74.37, 74.24, 73.67, 73.21, 72.68,
72.50, 72.38, 72.33, 72.23, 71.73, 70.70, 69.70, 69.64, 68.35, 68.32, 68.30, 68.14,
67.93, 67.72, 67.30, 63.41, 63.35, 62.60, 60.96, 60.21, 60.10, 59.90, 55.01, 54.93,
51.76, 51.56, 47.85, 40.09, 28.21, 22.27, 22.17, 22.03; HRMS (ESI) m/z calcd for
CesH10sN704s [M+H20-2H]* 883.7976, found 883.7873.
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3-Azidopropyl 3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyra
nosyl-(2—6)-p-n-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—-3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)
-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-p-p-gal
actopyranosyl-(1—4)-B-p-glucopyranoside (38)

Octasaccharide 38 (56 mg, 92%), white solid after lyophilization. "H NMR (600
MHz, D;0) 6 4.70 (d, J = 7.9 Hz, 1H), 4.65 (d, J = 8.3 Hz, 1H), 4.46 (d, J = 8.0 Hz,
1H), 4.44 (d, J=7.8 Hz, 1H), 4.43 (d, /= 7.8 Hz, 1H), 4.39 (d, /= 7.9 Hz, 1H), 4.15
(d, J=3.3 Hz, 1H), 4.13 (d, /= 3.2 Hz, 1H), 4.09 (s, 2H), 4.01 — 3.48 (m, 49H), 3.44
(t,J=6.7 Hz, 2H), 3.31 (t, J = 8.6 Hz, 1H), 2.68 (dd, J= 8.9, 3.5 Hz, 1H), 2.66 (dd, J
= 8.8, 3.3 Hz, 1H), 2.03 (s, 3H), 2.00 (s, 6H), 1.89 (p, J = 6.6 Hz, 2H), 1.71 (t, J =
12.3 Hz, 1H), 1.70 (t, J = 12.0 Hz, 1H); '*C NMR (150 MHz, D,0) § 175.57, 174.79,
173.41, 103.33, 103.11, 102.76, 102.71, 102.51, 101.87, 100.18, 100.06, 82.08, 81.87,
80.24, 79.48, 78.00, 74.75, 74.53, 74.49, 74.44, 74.15, 73.58, 73.12, 72.59, 72.42,
72.30, 72.15, 72.12, 71.65, 70.61, 69.88, 69.55, 68.26, 68.23, 68.21, 68.05, 67.84,
67.21, 63.32, 63.26, 62.51, 60.87, 60.11, 59.99, 59.71, 55.03, 54.83, 51.67, 51.47,
47.76, 40.00, 28.13, 22.19, 22.08, 21.96; HRMS (ESI) m/z calcd for CesHiosN7O4s
[M-2H]* 875.8001, found 875.7903.
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3-Azidopropyl 3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyra
nosyl-(2—6)-p-n-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-[3-deoxy-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyran
osyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[5-acetamido-3,5-dideo
xy-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyranosyl-(1—4)--
D-glucopyranoside (39)

Nonasaccharide 39 (15 mg, 80%), white solid after lyophilization. "H NMR (600
MHz, D;0) 6 4.71 (t, J = 8.5 Hz, 2H), 4.50 (d, J = 8.0 Hz, 1H), 4.46 (d, J = 7.9 Hz,
1H), 4.43 (dd, J="7.9, 4.8 Hz, 2H), 4.19 (d, /= 3.4 Hz, 1H), 4.17 (d, J = 3.4 Hz, 1H),
4.13 (s, 2H), 4.03 — 3.44 (m, 58H), 3.37 — 3.31 (m, 1H), 2.70 (td, J = 12.1, 4.7 Hz,
2H), 2.62 (dd, J = 12.4, 4.7 Hz, 1H), 2.06 (s, 6H), 2.04 (s, 3H), 1.91 (p, J = 7.0 Hz,
2H), 1.74 (td, J = 12.2, 4.9 Hz, 2H), 1.66 (t, J = 12.2 Hz, 1H); *C NMR (150 MHz,
D;0) & 175.65, 174.89, 174.73, 173.66, 173.56, 173.46, 103.48, 103.34, 103.20,
102.66, 102.59, 101.96, 100.26, 100.15, 100.01, 82.16, 82.09, 80.40, 80.13, 79.63,
74.62, 74.59, 74.31, 74.24, 73.65, 73.49, 73.34, 73.24, 72.68, 72.50, 72.38, 72.28,
72.24, 72.07, 71.74, 71.73, 70.71, 70.12, 69.99, 69.65, 69.58, 68.34, 68.12, 67.93,
67.30, 63.50, 63.43, 63.33, 62.66, 62.60, 62.59, 60.96, 60.22, 60.01, 55.01, 54.91,
51.76, 51.57, 47.86, 40.09, 39.75, 28.21, 22.30, 22.27, 22.03; HRMS (ESI) m/z calcd
for C74H119N70s6 [M-2H]* 1000.8345, found 1000.8405.
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Scheme S11. Synthesis of compounds 42 to 47, and S12 to S13 from S10.

Reagents and conditions: a) Enzyme module 4: Neu5Ac (1.5 equiv) or Neu5Gc (1.5
equiv), CTP (1.5 equiv), MgCl, (20 mM), NmCSS, CjCstll, Tris-HC1 (100 mM, pH
8.5), 37 C, 62% for 40, 63% for 43; b) Enzyme module 2: Galactose (1.3 equiv),
ATP (1.3 equiv), UTP (1.3 equiv), MgCl, (20 mM), EcGalK, BLUSP, NmLgtB,
Tris-HCI (100 mM, pH 8.0), 37 C, 84% for S12, 86% for S13; ¢) Enzyme module 3:
Neu5Ge (1.5 equiv) or Kdn (1.5 equiv), CTP (1.5 equiv), MgCl, (20 mM), NmCSS,
Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 'C, 91% for 41, 90% for 44; d) Reduction:
NaBHj4 (1.2 equiv), room temperature, 90% for 42, 93% for 45.
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COH J Enzyme Module 4

3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-B-p-
galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[5-acet
amido-3,5-dideoxy-Dp-glycero-a-p-galacto-2-nonulopyranosyl-(2—8)-5-acetamido
-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-p-p-galactopyrano
syl-(1—4)-B-p-glucopyranoside (40)

Heptasaccharide 40 (55 mg, 62 %), white solid after lyophilization. 'H NMR
(600 MHz, D;0) 6 5.12 (d, /= 7.3 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H), 4.67 (d, J=8.4
Hz, 1H), 4.49 (d, J=8.0 Hz, 1H), 4.47 (d, J= 7.9 Hz, 1H), 4.41 (d, J = 7.9 Hz, 1H),
4.30 (d, J=3.0 Hz, 1H), 4.21 — 4.17 (m, 2H), 4.11 (dd, J = 12.1, 3.7 Hz, 1H), 4.03 —
3.43 (m, 41H), 3.32 (t, /= 8.7 Hz, 1H), 2.77 (dd, J = 12.3, 4.5 Hz, 1H), 2.61 (dd, J =
12.3, 4.3 Hz, 1H), 2.07 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.91 (p, J =
6.6 Hz, 2H), 1.74 (t, J = 12.0 Hz, 1H), 1.67 (t, J = 12.3 Hz, 1H); *C NMR (150 MHz,
D;0) & 174.96, 174.84, 173.39, 103.24, 103.18, 102.86, 102.70, 101.96, 100.96,
100.37, 87.89, 82.33, 81.78, 79.60, 79.10, 78.54, 76.42, 75.61, 74.66, 74.61, 74.39,
74.16, 73.56, 73.26, 72.68, 72.62, 72.36, 71.69, 69.74, 69.69, 69.61, 69.59, 68.48,
68.15, 68.06, 67.84, 67.78, 67.28, 63.59, 62.55, 61.58, 60.45, 60.26, 59.91, 55.62,
55.05, 52.27, 51.71, 47.85, 40.47, 40.13, 28.21, 22.27, 22.16, 22.13, 22.01; HRMS
(ESI) m/z calcd for CsoHosN7042 [M-2H]* 785.7684, found 785.7675.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-6-aldehyde-f-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-g
lucopyranosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—8)-5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S12)
Octasaccharide S12 (42 mg, 84%), white solid after lyophilization. 'H NMR
(600 MHz, D;0O) 6 5.13 (d, /= 7.3 Hz, 1H), 4.72 (d, J = 8.4 Hz, 1H), 4.68 (d, /= 8.4
Hz, 1H), 4.52 — 4.44 (m, 3H), 4.41 (d, /= 7.9 Hz, 1H), 4.31 (d, /= 3.2 Hz, 1H), 4.21
—4.17 (m, 2H), 4.11 (dd, J=12.1, 3.7 Hz, 1H), 4.03 — 3.42 (m, 47H), 3.33 (t, /= 8.4,
1H), 2.77 (dd, J = 12.3, 4.6 Hz, 1H), 2.62 (dd, J = 12.3, 4.4 Hz, 1H), 2.07 (s, 3H),
2.04 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.92 (p, J = 6.7 Hz, 2H), 1.73 (t, J = 12.0 Hz,
1H), 1.67 (t, J = 12.0 Hz, 1H); 3C NMR (150 MHz, D-0) & 174.95, 174.92, 174.91,
174.84, 173.38, 173.30, 103.24, 103.18, 102.83, 102.75, 102.70, 101.96, 100.95,
100.36, 87.89, 82.32, 81.84, 79.61, 79.09, 78.54, 78.11, 76.41, 75.31, 74.66, 74.61,
74.51, 74.39, 74.16, 73.27, 72.68, 72.62, 72.47, 72.35, 72.18, 71.69, 70.93, 69.71,
69.62, 69.59, 68.53, 68.48, 68.14, 68.06, 67.84, 67.78, 67.28, 63.60, 62.55, 61.59,
61.00, 60.26, 59.90, 59.83, 55.15, 55.05, 52.27, 51.71, 47.85, 40.47, 40.13, 28.21,
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2227, 22.16, 22.14, 22.01; HRMS (ESI) m/z caled for CesHiosN7047 [M-2H]*
866.7948, found 866.7922.
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3-Azidopropyl 3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—6)--p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyr
anosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy--p-
glucopyranosyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulo
pyranosyl-(2—8)-5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyran
osyl-(2—6)]-B-p-galactopyranosyl-(1—4)-B-pD-glucopyranoside (41)
Nonasaccharide 41 (37 mg, 91%), white solid after lyophilization. "H NMR (600
MHz, D>0) 6 5.13 (d, /= 7.3 Hz, 1H), 4.74 (d, J = 8.2 Hz, 1H), 4.68 (d, J = 8.3 Hz,
1H), 4.49 (d, J= 8.0 Hz, 1H), 4.47 (d, J = 8.5 Hz, 1H), 4.46 (d, /= 8.4 Hz, 1H), 4.41
(d,J=7.9 Hz, 1H), 4.31 (d, J=3.1 Hz, 1H), 4.22 - 4.17 (m, 2H), 4.14 — 4.09 (m, 3H),
4.04 —3.53 (m, 51H), 3.46 (t, J= 6.8 Hz, 3H), 3.32 (t, /= 8.7, 1H), 2.77 (dd, J = 12.3,
4.6 Hz, 1H), 2.69 (dd, J = 12.4, 4.6 Hz, 1H), 2.61 (dd, J = 12.2, 4.3 Hz, 1H), 2.07 (s,
3H), 2.06 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.92 (p, /= 6.7 Hz, 2H), 1.74 (t, J=12.1
Hz, 2H), 1.67 (t, J = 12.2 Hz, 1H); '3C NMR (150 MHz, D,0) § 175.67, 174.95,
174.92, 174.84, 173.56, 173.39, 173.30, 103.43, 103.24, 103.15, 102.71, 102.59,
101.96, 100.96, 100.37, 100.16, 87.90, 82.25, 81.81, 80.33, 79.63, 79.07, 78.54, 76.41,

S52



74.66, 74.62, 74.40, 74.24, 74.15, 73.67, 73.29, 72.68, 72.62, 72.38, 72.36, 72.24,
71.75, 71.70, 70.70, 69.72, 69.63, 68.49, 68.36, 68.30, 68.14, 68.08, 67.93, 67.84,
67.76, 67.28, 63.62, 63.35, 62.59, 62.56, 61.58, 60.96, 60.26, 60.09, 59.90, 59.30,
55.04, 54.93, 52.27, 51.72, 51.56, 47.85, 40.47, 40.14, 40.09, 28.21, 22.28, 22.26,
22.17, 22.02; HRMS (ESI) m/z calcd for C76H120NsOss [M-2H]* 1020.3400, found
1020.3338.

3-Azidopropyl 3,5-dideoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f3-p-glucopyr
anosyl-(1—3)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-pD-glucopyran
osyl-(1—3)-[5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-
(2—8)-5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]
-B-p-galactopyranosyl-(1—4)--p-glucopyranoside (42)

Nonasaccharide 42 (20 mg, 90%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.76 (1H), 4.74 (d, J = 8.1 Hz, 1H), 4.55 (d, /= 8.0 Hz, 1H), 4.52 (d, J
=7.8 Hz, 1H), 4.51 (d, /J=7.8 Hz, 1H), 4.47 (d, J=7.9 Hz, 1H), 4.28 — 4.22 (m, 2H),
4.21 (d, J=3.3 Hz, 1H), 4.19 — 4.14 (m, 3H), 4.08 — 3.59 (m, 54H), 3.52 (t, J = 6.7
Hz, 2H), 3.38 (t, /= 8.7 Hz, 1H), 2.83 (dd, J = 12.3, 4.6 Hz, 1H), 2.75 (dd, J = 12.4,
4.6 Hz, 1H), 2.67 (dd, J = 12.3, 4.4 Hz, 1H), 2.12 (s, 3H), 2.11 (s, 3H), 2.09 (d, J =
2.2 Hz, 3H), 2.08 (s, 3H), 1.97 (p, J= 6.7 Hz, 2H), 1.79 (t, J=12.2 Hz, 1H), 1.78 (t, J
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= 12.2 Hz, 1H),z 1.72 (t, J = 12.2 Hz, 1H); 3C NMR (150 MHz, D,0) § 175.72,
175.03, 175.00, 174.98, 174.88, 173.59, 173.44, 173.33, 103.47, 103.29, 102.91,
102.79, 102.63, 102.03, 101.03, 100.47, 100.24, 82.31, 81.98, 80.35, 79.71, 78.56,
78.21, 74.89, 74.73, 74.69, 74.62, 74.33, 74.20, 73.74, 73.37, 72.76, 72.69, 72.47,
72.32, 71.82, 71.75, 70.79, 70.06, 69.73, 68.54, 68.44, 68.39, 68.23, 68.00, 67.91,
67.36, 63.41, 62.68, 62.65, 61.65, 61.05, 61.00, 60.36, 60.18, 59.91, 55.23, 55.02,
52.35, 51.80, 51.64, 47.94, 40.53, 40.21, 40.17, 28.28, 22.35, 22.23, 22.09; HRMS
(EST) m/z caled for C76H12:NgOss [M-2H]> 1021.3478, found 1021.3403.
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3-Azidopropyl 2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-B-p-
galactopyranosyl-(1—4)-2-acetamido-2-deoxy-p-p-glucopyranosyl-(1—3)-[3,5-di
deoxy-5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—8)-5-ace
tamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-p-p-galacto
pyranosyl-(1—4)--bp-glucopyranoside (43)

Heptasaccharide 43 (60 mg, 63%), white solid after lyophilization. '"H NMR (600
MHz, D;0) & 5.13 (d, /= 7.3 Hz, 1H), 4.70 (d, J = 8.5 Hz, 1H), 4.68 (d, J = 8.4 Hz,
1H), 4.50 (d, /= 8.0 Hz, 1H), 4.47 (d, /= 7.9 Hz, 1H), 4.42 (d, /= 7.9 Hz, 1H), 4.31
(d, J=3.0 Hz, 1H), 4.23 — 4.17 (m, 2H), 4.15 — 4.10 (m, 3H), 4.04 — 3.43 (m, 41H),
3.33 (t,J=8.7 Hz, 1H), 2.79 (dd, J = 12.2, 4.5 Hz, 1H), 2.62 (dd, J = 12.2, 4.2 Hz,
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1H), 2.07 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H), 1.92 (p, J = 6.7 Hz, 2H), 1.76 (t, J = 12.0
Hz, 1H), 1.67 (t, J = 12.2 Hz, 1H); '3C NMR (150 MHz, D,0) & 175.72, 174.96,
174.94, 174.86, 173.43, 17331, 103.24, 103.17, 102.86, 102.72, 101.97, 100.96,
100.41, 87.90, 82.28, 81.81, 79.59, 79.11, 78.53, 76.43, 75.62, 74.67, 74.61, 74.40,
74.16, 73.56, 73.27, 72.70, 72.35, 71.78, 69.75, 69.70, 69.65, 69.62, 68.22, 68.08,
67.83, 67.77, 67.30, 63.61, 62.54, 61.60, 60.97, 60.47, 60.25, 59.93, 59.58, 55.63,
55.05, 52.28, 51.43, 47.87, 40.52, 40.14, 28.22, 22.31, 22.19, 22.17; HRMS (ESI) m/z
caled for CsoHosN7O43 [M-2H]> 793.7659, found 793.7652.
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3-Azidopropyl B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyra
nosyl-(1—3)-6-aldehyde-f-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f3-p-g
lucopyranosyl-(1—3)-[3,5-dideoxy-5-hydoxyacetamido-p-glycero-o-p-galacto-2-n
onulopyranosyl-(2—8)-5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulop
yranosyl-(2—6)]-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S13)
Octasaccharide S13 (48 mg, 86%), white solid after lyophilization. '"H NMR
(600 MHz, D;0) 6 5.13 (d, /= 7.3 Hz, 1H), 4.72 (d, J = 8.4 Hz, 1H), 4.68 (d, /= 8.4
Hz, 1H), 4.51 —4.45 (m, 3H), 4.42 (d, /= 7.9 Hz, 1H), 4.31 (d, /= 3.2 Hz, 1H), 4.23
—4.17 (m, 2H), 4.14 — 4.10 (m, 3H), 4.04 — 3.44 (m, 47H), 3.32 (t, J = 8.7 Hz, 1H),
2.79 (dd, J=12.3, 4.6 Hz, 1H), 2.62 (dd, J = 12.2, 4.3 Hz, 1H), 2.07 (s, 3H), 2.04 (s,
3H), 2.02 (s, 3H), 1.92 (p, J = 6.7 Hz, 2H), 1.76 (t, J=12.1 Hz, 1H), 1.67 (t,J=12.2
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Hz, 1H); *C NMR (150 MHz, D,0) § 175.71, 174.92, 174.91, 174.84, 173.42, 173.30,
103.24, 103.18, 102.83, 102.75, 102.71, 101.96, 100.96, 100.38, 87.89, 82.32, 81.84,
79.61, 79.09, 78.55, 78.11, 76.42, 75.32, 74.66, 74.62, 74.51, 74.40, 74.16, 73.27,
72.68, 72.47, 72.34, 72.18, 71.75, 70.94, 69.71, 69.62, 69.60, 68.53, 68.22, 68.07,
67.84, 67.29, 63.61, 62.52, 61.59, 61.00, 60.95, 60.26, 59.91, 59.83, 55.15, 55.05,
52.28, 51.42, 47.85, 40.53, 40.13, 28.21, 22.28, 22.17, 22.15; HRMS (ESI) m/z calcd
for CesH103N704s [M-2H]* 874.7923, found 874.7890.
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3-Azidopropyl 3-deoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)-3-p-gal
actopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-6-aldehyd
e-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-
[3,5-dideoxy-5-hydoxyacetamido-p-glycero-o-p-galacto-2-nonulopyranosyl-(2—8)
-5-acetamido-3,5-dideoxy-p-glycero-o-p-galacto-2-nonulopyranosyl-(2—6)]-p-p-g
alactopyranosyl-(1—4)-B-p-glucopyranoside (44)

Nonasaccharide 44 (39 mg, 90%), white solid after lyophilization.. 'H NMR
(600 MHz, D;0) 6 5.13 (d, /= 7.3 Hz, 1H), 4.73 (d, /= 8.4 Hz, 1H), 4.68 (d, J=8.3
Hz, 1H), 4.50 (d, J= 8.0 Hz, 1H), 4.47 (d, J= 7.9 Hz, 1H), 4.44 (d, J = 7.9 Hz, 1H),
442 (d,J=17.9 Hz, 1H), 4.32 (d,J=3.0 Hz, 1H), 4.23 — 4.17 (m, 2H), 4.15 — 4.10 (m,
3H), 4.03 — 3.43 (m, 54H), 3.33 (t, J = 8.6 Hz, 1H), 2.79 (dd, J = 12.0, 4.1 Hz, 1H),
2.63 (dd, J = 12.2, 4.4 Hz, 2H), 2.07 (s, 3H), 2.06 (s, 3H), 2.03 (s, 3H), 1.92 (p, J =
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6.7 Hz, 2H), 1.76 (t, J = 12.0 Hz, 1H), 1.67 (t,J = 12.0 Hz, 1H), 1.66 (t, J = 12.0 Hz,
1H),; *C NMR (150 MHz, D,0) § 175.73, 174.88, 174.80, 103.29, 103.24, 103.16,
102.72, 102.56, 101.97, 101.00, 100.41, 100.04, 87.89, 82.26, 81.85, 79.99, 79.61,
79.11, 78.54, 76.42, 74.67, 74.62, 74.40, 74.30, 74.16, 73.78, 73.50, 73.28, 72.69,
72.34, 72.20, 72.15, 71.77, 70.67, 70.13, 69.99, 69.71, 69.63, 68.46, 68.22, 68.12,
68.09, 67.84, 67.75, 67.30, 63.62, 62.67, 62.53, 61.60, 60.96, 60.26, 60.01, 59.91,
55.05, 52.28, 51.42, 47.86, 40.52, 40.15, 39.74, 28.21, 22.44, 22.30, 22.29, 22.18,
22.03; HRMS (ESI) m/z calcd for C74H117N70s6 [M-2H]* 999.8267, found 999.8255.

HQ OH
COzH
HO ! o
GcHN
HO  HO O
CO,H
O. COzH HO !
AcHN Q
OH
HO O OH Ho | OH HO o o OH
fo) HO
HO o 2 2o O oo O
HO o o o. N
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3-Azidopropyl 3-deoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)-p-p-gal
actopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-p-p-galact
opyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1—3)-[3,5-dideoxy-
5-hydoxyacetamido-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—8)-5-acetamid
0-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-B-p-galactopyran
osyl-(1—4)-B-p-glucopyranoside (45)

Nonasaccharide 45 (22 mg, 93%), white solid after lyophilization. 'H NMR (600
MHz, D>0) 6 4.72 (d, J = 8.5 Hz, 1H), 4.69 (d, J = 8.3 Hz, 1H), 4.50 (d, J = 8.0 Hz,
1H), 4.47 (d, J=7.9 Hz, 1H), 4.44 (d, J=7.9 Hz, 1H), 4.42 (d, J= 7.9 Hz, 1H), 4.23
—4.18 (m, 2H), 4.16 (d, J = 2.6 Hz, 1H), 4.14 — 4.10 (m, 3H), 4.04 — 3.44 (m, 56H),
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3.33 (t, J = 8.6 Hz, 1H), 2.79 (dd, J = 12.2, 4.3 Hz, 1H), 2.65 — 2.60 (m, 2H), 2.07 (s,
3H), 2.06 (s, 3H), 2.03 (s, 3H), 1.92 (p, J = 6.7 Hz, 2H), 1.76 (t, J = 12.0 Hz, 1H),
1.67 (t, J = 12.0 Hz, 1H), 1.66 (t, J = 12.0 Hz, 1H); 3C NMR (150 MHz, D,0) &
175.71, 174.92, 174.83, 174.78, 173.65, 173.41, 103.27, 103.23, 102.84, 102.76,
102.55, 101.96, 100.95, 100.39, 100.02, 82.25, 81.95, 79.95, 79.60, 78.53, 78.09,
74.83, 74.66, 74.61, 74.54, 74.29, 74.15, 73.77, 73.49, 73.27, 72.68, 72.32, 72.17,
72.14, 71.76, 70.67, 70.12, 69.98, 69.63, 68.45, 68.33, 68.21, 68.10, 68.07, 67.83,
67.29, 63.61, 62.66, 62.52, 62.45, 61.59, 60.95, 60.25, 55.15, 55.03, 52.27, 51.42,
47.85, 40.52, 40.12, 39.73, 28.21, 22.29, 22.16; HRMS (ESI) m/z caled for
C74H119N70s6 [M-2H]> 1000.8345, found 1000.8284.

2.3 Substrate scope and application of site-specific a2—6-sialylation

strategy

B4 B B4 B B4 B
B3 P2 Qo6 B3 sp b, w6 B3 Sp
B4 B4 B4

14 46 47

Scheme S12. Synthesis of compounds 46 and 47 from 14.

Reagents and conditions: a) Enzyme module 3: NeuSAc (1.5 equiv), CTP (1.5
equiv), MgCl, (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 94%,

b) Reduction: NaBH4 (1.2 equiv), room temperature, 90%.

OH HO | OH oH
0 E
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46

3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos

yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-D-glucopyranosyl-
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(1—-3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (46)

Pentasaccharide 46 (44 mg, 94%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 8 5.15 (d, J= 7.2 Hz, 1H), 4.75 (d, J = 8.0 Hz, 1H), 4.49 (d, J = 8.0 Hz,
1H), 4.46 (d, /= 7.8 Hz, 1H), 4.45 (d, /= 8.4 Hz, 1H), 4.32 (dd, /= 3.4, 1.8 Hz, 1H),
4.05 — 3.51 (m, 28H), 3.46 (m, 3H), 3.32 (t, J = 8.6 Hz, 1H), 2.67 (dd, J = 12.4, 4.7
Hz, 1H), 2.06 (s, 3H), 2.03 (s, 3H), 1.92 (p, J = 6.6 Hz, 2H), 1.72 (t, J=12.2 Hz, 1H);
3C NMR (150 MHz, D>0) § 174.89, 173.52, 103.43, 103.20, 102.55, 102.00, 100.10,
87.85, 81.88, 80.43, 79.41, 76.43, 74.58, 74.51, 74.23, 73.66, 72.69, 72.51, 72.38,
72.24, 71.68, 70.70, 69.67, 68.37, 68.34, 68.18, 67.70, 67.33, 63.32, 62.62, 60.12,
5491, 51.86, 47.84, 40.04, 28.20, 22.26, 22.01; HRMS (ESI) m/z calcd for
C40H64Ns5029 [M-H] 1078.3692, found 1078.8687.

3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (47)

Pentasaccharide 47 (27 mg, 90%), white solid after lyophilization. 'H NMR (600
MHz, D>0O) 6 4.73 (d, J= 7.7 Hz, 1H), 4.49 (d, J = 8.0 Hz, 1H), 4.45 (d, J = 8.2 Hz,
1H), 4.43 (d, /= 8.4 Hz, 1H), 4.16 (d, J = 3.3 Hz, 1H), 4.03-3.51 (m, 31H), 3.46 (t, J
= 6.7 Hz, 2H), 3.33-3.28 (m, 1H), 2.67 (dd, J = 12.4, 4.7 Hz, 1H), 2.05 (s, 3H), 2.03
(s, 3H), 1.92 (p, J= 6.6 Hz, 2H), 1.72 (t, J = 12.2 Hz, 1H); 3C NMR (150 MHz, D-0)

0 174.89, 174.88, 173.51, 103.43, 102.91, 102.55, 102.07, 100.10, 81.97, 80.44, 78.34,
859



74.85, 74.74, 7433, 74.23, 73.66, 72.75, 72.51, 72.39, 72.21, 71.68, 70.70, 69.93,
68.37, 68.33, 68.28, 68.18, 67.33, 63.32, 62.62, 60.93, 60.11, 60.01, 54.91, 51.86,
47.84, 40.05, 28.20, 22.25, 22.00; HRMS (ESI) m/z caled for CagHesNsOzo [M-H]
1080.3849, found 1080.3798.

B4 B B4

a
B3 SP—— 3

B3

50

Scheme S13. Synthesis of compounds 48 to 50 from 13.

Reagents and conditions: a) Enzyme module 5: Galactose (1.3 equiv), ATP (1.3
equiv), UTP (1.3 equiv), MgCl, (20 mM), EcGalK, BLUSP, EcWbgO, Tris-HCI (100
mM, pH 8.0), 37 C, 90%; b) Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5
equiv), MgCl, (20 mM), NmCSS, Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 95%;

c¢) Reduction: NaBH4 (1.2 equiv), room temperature, 92%.
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3-Azidopropyl B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-B-D-glucopyra
nosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (48)
Tetrasaccharide 48 (35 mg, 90%), white solid after lyophilization. '"H NMR (600
MHz, D;0) & 5.15 (d, /= 7.3 Hz, 1H), 4.75 (d, J = 7.5 Hz, 1H), 4.50 (d, J = 8.0 Hz,
1H), 4.45 (d, J= 7.8 Hz, 1H), 4.44 (d, /= 7.8 Hz, 1H), 4.31 (d, J = 3.0 Hz, 1H), 4.04
—3.95 (m, 2H), 3.94 — 3.90 (m, 3H), 3.85 — 3.43 (m, 19H), 3.32 (t, J/ = 8.7 Hz, 1H),
2.03 (s, 3H), 1.91 (p, J = 6.7 Hz, 2H); *C NMR (150 MHz, D-0) § 174.92, 103.46,
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103.18, 102.54, 102.00, 87.83, 82.04, 81.88, 79.41, 76.44, 75.25, 75.14, 74.58, 74.50,
72.69, 72.43, 70.64, 69.70, 68.50, 68.45, 67.70, 67.33, 61.00, 60.47, 60.14, 54.67,
47.84, 28.20, 22.20; HRMS (ESI) m/z calcd for CaoHsoN4O22Na [M+H,O+Na]"
829.2809, found 829.2849.
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OH OH b

3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (49)

Pentasaccharide 49 (32 mg, 95%), white solid after lyophilization. "H NMR (600
MHz, D;0) ¢ 5.14 (d, J= 7.3 Hz, 1H), 4.75 (d, J = 8.5 Hz, 1H), 4.49 (d, J = 8.0 Hz,
1H), 4.45 (d, /=79 Hz, 1H), 4.39 (d, /= 7.8 Hz, 1H), 4.32 (d, /= 3.2 Hz, 1H), 4.04
—3.71 (m,17H), 3.70 — 3.50 (m, 11H), 3.47 — 3.45 (m, 3H), 3.32 (dd, J =9.1, 8.1 Hz,
1H), 2.70 (dd, J = 12.4, 4.7 Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 1.91 (p, J = 6.7 Hz,
2H), 1.70 (t, J = 12.2 Hz, 1H); *C NMR (150 MHz, D-0) & 174.93, 174.87, 173.46,
103.85, 103.17, 102.51, 102.00, 100.10, 87.84, 83.65, 81.86, 79.42, 76.46, 75.25,
74.58, 74.51, 73.56, 72.68, 72.42, 72.34, 71.79, 70.49, 69.71, 68.65, 68.42, 68.37,
68.26, 67.32, 63.49, 62.59, 60.62, 60.13, 59.33, 54.42, 51.77, 47.83, 40.11, 28.20,
22.18, 22.01; HRMS (ESI) m/z caled for C40HesNsO30 [M+H20-H]™ 1096.3798, found
1096.3822.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranos
yl-(2—6)-B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-B-p-glucopyranosyl-
(1—-3)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (50)

Pentasaccharide 50 (20 mg, 92%), white solid after Iyophilization. "H NMR (600
MHz, D;0) 6 4.75 (d, J = 8.5 Hz, 1H), 4.50 (d, J = 8.0 Hz, 1H), 4.45 (d, J = 7.9 Hz,
1H), 4.40 (d, J = 7.8 Hz, 1H), 4.17 (d, J = 3.2 Hz, 1H), 4.04 — 3.70 (m, 19H), 3.70 —
3.49 (m, 12H), 3.47 (t, J = 6.7 Hz, 2H), 3.35 — 3.28 (m, 1H), 2.70 (dd, J = 12.4, 4.6
Hz, 1H), 2.04 (s, 3H), 2.03 (s, 3H), 1.91 (p, J= 6.7 Hz, 2H), 1.70 (t, /= 12.2 Hz, 1H);
13C NMR (150 MHz, D,0) 6 174.94, 174.87, 173.47, 103.85, 102.89, 102.51, 102.07,
100.10, 83.62, 81.94, 78.34, 75.26, 74.89, 74.74, 74.33, 73.56, 72.75, 72.42, 72.34,
71.79, 70.49, 69.98, 68.62, 68.42, 68.37, 68.26, 67.33, 63.49, 62.59, 60.94, 60.61,
60.03, 54.41, 51.77, 47.83, 40.11, 28.20, 22.18, 22.02; HRMS (ESI) m/z calcd for
C40Hs6N5020 [M-H] 1080.3849, found 1080.3867.

Béan B sp B4 B Sp B4 B sp Biam B sp
B3 ra 8 B3 b a6 B B3 c a6 6 B3
13 51

52 53
Scheme S14. Synthesis of compounds 51 to 53 from 13.

Reagents and conditions: a) Enzyme module 6: N—acetylgalactosamine (1.3 equiv),

ATP (1.3 equiv), UTP (1.3 equiv), MnCl (10 mM), NahK/GIlmU, GalT1 Y289L,
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Tris-HCI (25 mM, pH 8.0), 37 ‘C, 80%; b) Enzyme module 3: Neu5Ac (1.5 equiv),
CTP (1.5 equiv), MgCl> (20 mM), NmCSS, Pd2,6ST, Tris-HCI (100 mM, pH 8.5),
37 C, 92%; ¢) Reduction: NaBH4 (1.2 equiv), room temperature, 91%.
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3-Azidopropyl 2-acetamido-2-deoxy-p-p-galactopyranosyl-(1—4)-2-acetamido-2
-deoxy-B-p-glucopyranosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)-B-np-g
lucopyranoside (51)

Tetrasaccharide 51 (34 mg, 80 %), white solid after lyophilization. "H NMR (600
MHz, D;0) 8 5.12 (d, J = 7.2 Hz, 1H), 4.67 (d, J = 8.4 Hz, 1H), 4.51 (d, J = 8.4 Hz,
1H), 4.47 (d, J= 8.0 Hz, 1H), 4.42 (d, J= 8.0 Hz, 1H), 4.28 (d, J = 3.0 Hz, 1H), 4.01
—3.88 (m, 5H), 3.85 — 3.47 (m, 16H), 3.46 — 3.41 (m, 3H), 3.30 (dd, J=9.1, 8.0 Hz,
1H), 2.05 (s, 3H), 2.01 (s, 3H), 1.89 (p, J = 6.7 Hz, 2H); 1*C NMR (150 MHz, D;0) §
174.80, 174.67, 103.12, 102.63, 101.93, 101.60, 87.77, 81.86, 79.32, 78.77, 76.35,
75.21, 74.52, 74.43, 74.20, 72.62, 72.19, 70.55, 69.59, 67.64, 67.49, 67.25, 60.85,
60.06, 59.86, 54.85, 52.44, 47.76, 28.13, 22.07; HRMS (ESI) m/z caled for
C31Hs5:Ns021 [M+H]" 830.3150, found 830.3247.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-
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(2—6)-2-acetamido-2-deoxy-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f3-p-
glucopyranosyl-(1—3)-6-aldehyde-B-p-galactopyranosyl-(1—4)--p-glucopyranosid
e (52)

Pentasaccharide 52 (18 mg, 92%), white solid after Iyophilization. 'H NMR (600
MHz, D;0) ¢ 5.12 (d, J= 7.3 Hz, 1H), 4.70 (d, /= 8.4 Hz, 1H ), 4.48 (d, J = 8.5 Hz,
1H), 4.47 (d, J=8.0 Hz, 1H), 4.43 (d, J=7.9 Hz, 1H), 4.28 (d, J=3.0 Hz, 1H), 4.06
—3.47 (m, 28H), 3.47 — 3.40 (m, 3H), 3.33 — 3.26 (m, 1H), 2.64 (dd, J=12.4, 4.7 Hz,
1H), 2.05 (s, 3H), 2.04 (s, 3H) , 2.01 (s, 3H), 1.89 (p, J= 6.7 Hz, 2H), 1.70 (t,J=12.2
Hz, 1H); *C NMR (150 MHz, D,0) & 174.89, 174.68, 173.51, 103.16, 102.56, 102.21,
101.99, 100.05, 87.82, 81.86, 80.96, 79.40, 74.59, 74.50, 73.90, 73.67, 72.68, 72.51,
72.39, 71.67, 70.61, 69.67, 68.37, 68.11, 67.62, 67.32, 63.31, 62.61, 60.10, 54.65,
52.40, 51.89, 47.83, 40.06, 28.19, 22.26, 22.17, 22.00; HRMS (ESI) m/z calcd for
C42HesoN6O30 [M+H20-H] 1137.4064, found 1137.4045.
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3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-
(2—6)-2-acetamido-2-deoxy-B-p-galactopyranosyl-(1—4)-2-acetamido-2-deoxy-f3-p-
glucopyranosyl-(1—3)-B-p-galactopyranosyl-(1—4)-3-p-glucopyranoside (53)
Pentasaccharide 53 (12 mg, 91%), white solid after lyophilization. 'H NMR (600
MHz, D;0) 6 4.70 — 4.67 (m, 1H), 4.48 (d, J= 9.6 Hz, 1H), 4.47 (d, J = 8.4 Hz, 1H),
441 (d,J=17.9 Hz, 1H), 4.12 (d, J = 3.2 Hz, 1H), 4.04 — 3.49 (m, 31H), 3.44 (t, J =
6.7 Hz, 2H), 3.28 (t, J = 8.4 Hz, 1H), 2.64 (dd, J = 12.5, 4.6 Hz, 1H), 2.05 (s, 3H),
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2.03 (s, 3H), 2.00 (s, 3H), 1.89 (p, J = 6.7 Hz, 2H), 1.70 (t, J = 12.2 Hz, 1H); 13C
NMR (150 MHz, D,0) & 174.84, 174.63, 173.46, 102.82, 102.50, 102.15, 102.00,
99.99, 81.90, 80.87, 78.25, 74.68, 74.26, 73.85, 73.61, 72.69, 72.45, 72.30, 71.60,
70.55, 69.86, 68.30, 68.05, 67.27, 63.24, 62.53, 60.81, 59.96, 54.58, 52.33, 51.82,
47.77, 40.00, 28.13, 22.20, 22.11, 21.93; HRMS (ESI) m/z caled for CasHgoNgOno
[M-HJ" 1121.4114, found 1121.4107.

6
B4 B B4 B > B4 4
EB4 a B4 b B4 c B4
54 —_— 55 —_— 56 e 57

Scheme S15. Synthesis of compounds 57 from 54.

Reagents and conditions: a) Oxidation module: 54 (27 mg), galactose oxidase (50 U),
peroxidase (1046 U), sodium phosphate buffer (50 mM, pH 6.5), 30 C, 82 %; b)
Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5 equiv), MgCl, (20 mM), NmCSS,
Pd2,6ST, Tris-HCI (100 mM, pH 8.5), 37 C, 90%; ¢) Reduction: NaBH4 (1.2 equiv),
room temperature, 93%.
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55
3-Azidopropyl 2-acetamido-6-aldehyde-2-deoxy-B-p-galactopyranosyl-(1—4)-2-a
cetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-B-p-galactopyranosyl-(1—4)--p-gl
ucopyranoside (55)

Tetrasaccharide 55 (22 mg, 82 %), white solid after lyophilization. "H NMR (600
MHz, D;0) 6 5.19 (d, /=74, 1H), 4.71 (d,J=7.8, 1H), 4.57 (d, J= 8.4, 1H), 4.51 (d,
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J=8.0, 1H), 4.46 (d, J = 7.9, 1H), 4.16 (d, J = 3.3 Hz, 1H), 4.13 (d, J = 3.2 Hz, 1H),
4.05 — 3.52 (m, 20H), 3.51 — 3.45 (m, 3H), 3.35 — 3.30 (m, 1H), 2.09 (s, 3H), 2.05 (s,
3H), 1.93 (p, J = 6.6 Hz, 2H); 3C NMR (150 MHz, D,0) § 174.93, 174.78, 102.90,
102.67, 102.08, 101.98, 87.86, 82.06, 79.79, 78.32, 76.85, 74.85, 74.75, 74.34, 74.13,
72.79, 72.41, 70.56, 69.96, 68.30, 67.37, 67.03, 60.95, 60.04, 59.99, 54.83, 52.27,
47.87, 28.23, 22.22; HRMS (ESI) m/z caled for C31HsoNsO21 [M-H] 828.3004, found
828.3028.

3-Azidopropyl 2-acetamido-6-aldehyde-2-deoxy-B-p-galactopyranosyl-(1—4)-2-a
cetamido-2-deoxy-f-p-glucopyranosyl-(1—3)-5-acetamido-3,5-dideoxy-p-glycero-
a-p-galacto-2-nonulopyranosyl-(2— 6)--p-galactopyranosyl-(1—4)--p-glucopyr
anoside (56)

Pentasaccharide 56 (13 mg, 90%), white solid after lyophilization. 'H NM
R (600 MHz, D2O) 6 5.16 (brs, 1H), 4.66 (d, J = 8.1 Hz, 1H), 4.53 (d, J =
8.5 Hz, 1H), 449 (d, J = 8.0 Hz, 1H), 441 (d, J = 8.0 Hz, 1H), 4.16 (d, J
= 3.7 Hz, 1H), 4.10 (d, J = 3.2 Hz, 1H), 4.04 — 3.49 (m, 28H), 3.47 (t, J =
6.7 Hz, 2H), 3.33 (t, J = 8.6 Hz, 1H), 2.71 (dd, J = 12.3, 4.6 Hz, 1H), 2.0
7 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 1.92 (p, J = 6.5 Hz, 2H), 1.73 (t, J =
12.2 Hz, 1H); C NMR (150 MHz, D-0) § 174.83, 174.81, 174.71, 173.39, 1
03.13, 102.67, 101.91, 100.21, 87.76, 82.11, 79.73, 79.53, 74.57, 74.53, 74.07,
73.14, 72.63, 72.45, 72.4, 71.68, 70.52, 69.59, 68.28, 68.09, 67.25, 66.92, 63.3
3, 62.56, 60.17, 59.93, 54.79, 52.19, 51.72, 47.81, 40.03, 28.16, 22.11, 21.98;
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HRMS (ESI) m/z caled for C42HeoN¢Os0 [M+H20-H] 1137.4064, found 1137.41
42,

NaBH,

3-Azidopropyl 2-acetamido-2-deoxy-B-p-galactopyranosyl-(1—4)-2-acetamido -
2-deoxy-f-p-glucopyranosyl-(1—3)-5-acetamido-3,5-dideoxy-p-glycero-a-p-galac
to-2-nonulopyranosyl-(2—6)--p-galactopyranosyl-(1—4)-B-p-glucopyranoside
(37)

Pentasaccharide 57 (7 mg, 93%), white solid after lyophilization. '"H NMR
(600 MHz, D2O) 6 4.67 (d, J = 84 Hz, 1H), 4.53 (d, J = 8.5 Hz, 1H), 4.50
(d, J = 8.0 Hz, 1H), 442 (d, J = 7.9 Hz, 1H), 4.17 (d, J = 3.3 Hz, 1H), 4.
13 — 3.49 (m, 31H), 3.47 (t, J = 6.7 Hz, 2H), 3.34 (dd, J = 9.2, 8.1 Hz, 1H),
2.71 (dd, J = 124, 4.7 Hz, 1H), 2.08 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H), 1.
92 (p, J = 6.8, 2H), 1.73 (t, J = 12.2, 1H); *C NMR (150 MHz, D,0) § 17
4.89, 174.84, 174.76, 173.44, 103.18, 102.75, 101.96, 101.63, 100.26, 82.16, 79.
58, 78.79, 74.62, 74.58, 74.30, 73.19, 72.68, 72.51, 72.29, 71.73, 70.63, 69.64,
68.33, 68.14, 67.53, 67.30, 63.38, 62.61, 60.85, 60.22, 59.93, 54.95, 52.50, 51.
77, 47.86, 40.09, 28.21, 22.15, 22.03; HRMS (ESI) m/z calcd for Cs2HeoNsO29
[M-H]" 1121.4114, found 1121.4184.
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Scheme S16. Synthesis of compounds 61 to 62 from 58.

Reagents and conditions: a) Oxidation module: 58a (37 mg), galactose oxidase (123
U), peroxidase (2556 U) or 58B (54 mg), galactose oxidase (216 U), peroxidase (4490
U), sodium phosphate buffer (50 mM, pH 6.5), 30 C, 81% for 59a., 83% for 59f; b)
Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5 equiv), MgCl, (20 mM), NmCSS,
Pd2,6ST, Tris-HCI1 (100 mM, pH 8.5), 37 C, 93%; c) Reduction: NaBH4 (1.2 equiv),
room temperature, 95%; d) Enzyme module 7: Neu5Ac (1.5 equiv), CTP (1.5 equiv),
MgCl, (20 mM), NmCSS, PmST1, Tris-HCI1 (100 mM, pH 8.5), 37 C, 77%.

OH
HO LOH HO OH HO OH HO JOH ofp
o 0 [o] o o —O0Sp
HO © o~ > HO o o~ B3
OH NHAc OH NHAc
580 590
588 598

3-Azidopropyl 6-aldehyde-B-D-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-o/
B-D-galactopyranoside (590/59p)

Disaccharide 59a. (30 mg, 81%), white solid after lyophilization. '"H NMR (600
MHz, D>O) 6 5.09 (d, J = 7.1 Hz, 1H), 4.87 (d, J = 3.7 Hz, 1H), 4.44 (d,
J = 7.8 Hz, 1H), 430 (dd, J = 11.1, 3.8 Hz, 1H), 4.24 (d, J = 2.9 Hz, 1H),
4.03 (d, J = 3.2 Hz, 1H), 4.01 (dd, J = 11.1, 2.9 Hz, 1H), 3.96 (dd, J = 7.7,
4.9 Hz, 1H), 3.81 — 3.68 (m, 3H), 3.59 (dd, J = 10.0, 3.3 Hz, 1H), 3.54 —
3.39 (m, 4H), 3.34 (d, J = 7.3 Hz, 1H), 2.00 (s, 3H), 1.88 (p, J = 6.5 Hz, 2
H); 3C NMR (150 MHz, D0) & 174.45, 104.65, 97.09, 88.03, 77.29, 76.52,
72.37, 70.47, 70.33, 68.56, 68.04, 64.77, 61.10, 48.55, 48.06, 27.88, 21.88; HR
MS (ESI) m/z caled for Ci7H27N4O11 [M-H]™ 463.1682, found 463.1690.

Disaccharide 598 (54 mg, 83%), white solid after lyophilization. '"H NMR (600
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MHz, D>0) 6 5.10 (d, J= 7.2 Hz, 1H), 4.49 (d, J = 8.5 Hz, 1H), 4.43 (d, J = 7.8 Hz,
1H), 4.18 (d, J=3.2 Hz, 1H), 4.04 (dd, J= 3.4, 1.0 Hz, 1H), 4.00 — 3.94 (m, 2H), 3.85
(dd, J=11.0, 3.2 Hz, 1H), 3.81 — 3.64 (m, 4H), 3.60 (dd, J = 10.0, 3.4 Hz, 1H), 3.52
(dd, J=9.9, 7.7 Hz, 1H), 3.39 — 3.34 (m, 3H), 2.02 (s, 3H), 1.83 (p, J = 6.7 Hz, 2H);
BC NMR (150 MHz, D,0) § 174.67, 104.79, 101.31, 88.07, 80.01, 76.50, 74.62,
72.33, 70.32, 68.05, 67.81, 66.95, 60.84, 51.14, 47.71, 28.03, 22.16; HRMS (ESI) m/z
calcd for C17H20N4O11 [M+H]" 465.1828, found 465.1864.

CO,H

Ho O
" oH HO OH HO a6
EnzymeModuIe3 P Sp
o\/\/ O\/\/ B3

NHAc

3-Azidopropyl 6-aldehyde-B-p-galactopyranosyl-(1—3)-[5-acetamido-3,5-dideox
y-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-2-acetamido-2-deoxy-p-p-gal
actopyranoside (60)

Trisaccharide 60 (58 mg, 93%), white solid after lyophilization. 'TH NMR (600
MHz, D>;0) 6 5.12 (d, J= 7.2 Hz, 1H), 4.49 (d, J = 8.6 Hz, 1H), 4.43 (d, J = 7.7 Hz,
1H), 4.23 (brs, 1H), 4.05 (brs, 1H), 4.03 — 3.92 (m, 3H), 3.92 — 3.75 (m, 5H), 3.75 —
3.56 (m, 7H), 3.53 (t, /= 8.7 Hz, 1H), 3.42 — 3.33 (m, 3H), 2.73 (dd, J=12.5, 4.7 Hz,
1H), 2.03 (s, 6H), 1.84 (p, J = 6.6 Hz, 2H), 1.68 (t, J = 12.2 Hz, 1H); 3*C NMR (150
MHz, D;0) 6 175.01, 174.67, 173.38, 104.96, 101.45, 100.40, 88.09, 80.19, 76.58,
73.08, 72.60, 72.45, 71.72, 70.35, 68.19, 68.14, 67.79, 67.21, 63.39, 62.60, 51.82,
51.10, 47.76, 40.20, 28.13, 22.18, 21.99; HRMS (ESI) m/z calcd for C2sH46Ns5O20
[M+H>0O-H] 772.2742, found 772.2619.

a6
N3 B3 Sp
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3-Azidopropyl B-p-galactopyranosyl-(1—3)-[S-acetamido-3,5-dideoxy-p-glycero-
a-p-galacto-2-nonulopyranosyl-(2—6)]-2-acetamido-2-deoxy-B-p-galactopyranosi
de (61)

Trisaccharide 61 (43 mg, 95%), white solid after lyophilization. 'H NMR (600
MHz, D>0O) 6 4.49 (d, J= 8.5 Hz, 1H), 4.43 (d, J = 7.8 Hz, 1H), 4.20 (d, J = 3.2 Hz,
1H), 4.01 — 3.93 (m, 3H), 3.92 — 3.75 (m, 7H), 3.75 — 3.60 (m, 8H), 3.58 (dd, J = 9.0,
1.8 Hz, 1H), 3.52 (dd, J=10.0, 7.8 Hz, 1H), 3.38 (td, J = 6.6, 3.3 Hz, 2H), 2.72 (dd, J
=12.5, 4.7 Hz, 1H), 2.03 (s, 3H), 2.03 (s, 3H), 1.85 (p, J = 6.6 Hz, 2H), 1.68 (t, J =
12.2 Hz, 1H); *C NMR (150 MHz, D,0) § 175.01, 174.67, 173.40, 104.86, 101.45,
100.39, 79.87, 74.94, 73.10, 72.61, 72.49, 71.70, 70.52, 68.58, 68.18, 67.85, 67.22,
63.36, 62.60, 60.94, 51.82, 51.17, 47.76, 40.19, 28.13, 22.20, 21.99; HRMS (ESI) m/z
calcd for C2sHa6NsO19 [M-H] 756.2792, found 756.2689.

Enzyme Module 7

HO OH
HO,C HO JoH HO O B3 Sp
‘f § 0

o O HOme o O N

N o o o s

HO&\/O&/OW 3 AcHN e ~NS o3
OH NHAc HO OH ©
61 62

3-Azidopropyl 5-acetamido-3,5-dideoxy-p-glycero-o-p-galacto-2-nonulopyranos
yl-(2—3)-B-p-galactopyranosyl-(1—3)-[5-acetamido-3,5-dideoxy-Dp-glycero-o-p-g
alacto-2-nonulopyranosyl-(2—6)]-2-acetamido-2-deoxy-B-p-galactopyranoside (6
2)"2

Tetrasaccharide 62 (30 mg, 77 %), white solid after lyophilization."H NMR (600
MHz, D>0) 6 4.50 (d, J= 8.2 Hz, 1H), 4.49 (d, J = 8.2 Hz, 1H), 4.19 (d, J = 3.3 Hz,
1H), 4.07 (dd, J = 9.8, 3.2 Hz, 1H), 4.03 — 3.51 (m, 26H), 3.42 — 3.34 (m, 2H), 2.75
(dd, J=12.4, 4.6 Hz, 2H), 2.71 (dd, J = 12.4, 4.6 Hz, 2H), 2.04 — 2.02 (m, 9H), 1.85
(p, /= 6.6 Hz, 2H), 1.79 (t, J = 12.1 Hz, 1H), 1.68 (t, J = 12.2 Hz, 1H); HRMS (ESI)
m/z calcd for C39Hs3N6O27 [M-H] 1047.3746, found 1047.3667.

a6 a6
B4 —~\B4am B sp -2 B4~ B4 B Sp b B4~ B4 B Sp c B4~ B4am B Sp
B3 B3 B3 B3
63 S14 64 65

Scheme S17. Synthesis of compounds S14, 64 and 65 from 63.
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Reagents and conditions: a) Oxidation module: 63 (67 mg), galactose oxidase (131
U), peroxidase (2730 U), sodium phosphate buffer (50 mM, pH 6.5), 30 C, 85%; b)
Enzyme module 3: Neu5Ac (1.5 equiv), CTP (1.5 equiv), MgCl, (20 mM), NmCSS,
Pd2,6ST, Tris-HCI (100 mM, pH 8.5), 37 'C, 92%; c) Reduction: NaBH4 (1.2 equiv),

room temperature, 95%.

HO OH HO _OH
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3-Azidopropyl 6-aldehyde-B-p-galactopyranosyl-(1—3)-2-acetamido-2-deoxy-f3-
D-galactopyranosyl-(1—4)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (S1
4)

Tetrasaccharide S14 (57 mg, 85%), white solid after lyophilization. '"H NMR
(400 MHz, D;0O) 6 5.16 (d, J= 7.2 Hz, 1H), 4.75 (d, J = 8.4 Hz, 1H), 4.54 (d, J= 8.0
Hz, 1H), 4.51 (d, J= 7.6 Hz, 1H), 4.49 (d, J = 7.6 Hz, 1H), 4.22 (d, J = 2.8 Hz, 1H),
4.16 (d, J = 2.8 Hz, 1H), 4.11 (dd, J = 3.3, 1.0 Hz, 1H), 4.09 — 3.40 (m, 22H), 3.35
(dd, J=19.0, 8.0 Hz, 1H), 2.09 (s, 3H), 1.96 (p, J = 6.5 Hz, 2H); '*C NMR (100 MHz,
D,0) 6 174.94, 104.86, 102.99, 102.39, 102.12, 88.22, 79.99, 78.53, 76.62, 76.12,
74.80, 74.51, 74.44, 74.34, 72.77, 72.50, 72.43, 71.10, 70.48, 68.18, 67.96, 67.41,
61.04, 60.79, 60.07, 51.49, 47.93, 28.27, 22.47; HRMS (ESI) m/z calcd for
C29H47N4021 [M-H] 787.2738, found 787.2724.
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3-Azidopropyl 6-aldehyde-B-p-galactopyranosyl-(1—3)-[5-acetamido-3,5-dideox
y-D-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-2-acetamido-2-deoxy-3-p-gal
actopyranosyl-(1—4)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (64)

Pentasaccharide 64 (55 mg, 92%), white solid after Iyophilization. 'H NMR (600
MHz, D;0) 8 5.11 (d, J=7.1 Hz, 1H), 4.64 (d, J = 8.5 Hz, 1H), 4.48 (d, J = 8.0 Hz,
1H), 4.43 (d, /=7.8 Hz, 1H), 4.42 (d, /= 7.8 Hz, 1H), 4.19 (d, /= 3.2 Hz, 1H), 4.12
(d,/J=3.1 Hz, 1H), 4.04 (d, /=3.4 Hz, 1H), 4.02 — 3.50 (m, 25H), 3.45 (t, /= 6.7 Hz,
2H), 3.39 (dd, J=9.9, 7.9 Hz, 1H), 3.35 (d, /= 7.3 Hz, 1H), 3.29 (t, J = 9.2 Hz, 1H),
2.70 (dd, J = 12.3, 4.6 Hz, 1H), 2.02 (s, 3H), 2.02 (s, 3H), 1.90 (p, J = 6.6 Hz, 2H),
1.64 (t, J = 12.1 Hz, 1H); '3C NMR (150 MHz, D,0O) & 174.85, 174.80, 173.32,
104.86, 102.88, 102.40, 101.99, 100.31, 88.04, 79.90, 78.43, 76.53, 76.14, 74.71,
74.23, 74.09, 72.83, 72.64, 72.47, 72.35, 72.24, 71.76, 70.93, 70.32, 68.28, 68.22,
68.08, 67.83, 67.26, 63.65, 62.58, 60.60, 59.96, 51.73, 51.22, 47.78, 40.14, 28.15,
22.31, 21.96. HRMS (ESI) m/z calcd for C40Hs6Ns5O30 [M+H20-H] 1096.3798, found
1096.3765.
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3-Azidopropyl B-p-galactopyranosyl-(1—3)-[5-acetamido-3,5-dideoxy-D-glycero-
a-p-galacto-2-nonulopyranosyl-(2—6)]-2-acetamido-2-deoxy-p-p-galactopyranos
yl-(1—4)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside (65)

Pentasaccharide 65 (30 mg, 95%), white solid after Iyophilization. "H NMR (600
MHz, D;0) 6 4.63 (d, J = 8.5 Hz, 1H), 4.47 (d, /= 8.0 Hz, 1H), 4.42 (dd, J = 7.8 Hz,
1H), 4.42 (d, J= 7.8 Hz, 1H), 4.16 (d, /= 3.3 Hz, 1H), 4.11 (d, /= 3.0 Hz, 1H), 4.02
—3.48 (m, 29H), 3.45 (t, /= 6.7 Hz, 2H), 3.38 (dd, /= 10.0, 7.9 Hz, 1H), 3.29 (dd, J
=9.3,8.0 Hz, 1H), 2.70 (dd, /= 12.3, 4.6 Hz, 1H), 2.02 (s, 3H), 2.01 (s, 3H), 1.90 (p,
J = 6.6 Hz, 1H), 1.64 (t, J = 12.1 Hz, 1H); *C NMR (150 MHz, D-0) & 174.83,
174.80, 173.31, 104.76, 102.87, 102.39, 101.98, 100.28, 79.58, 78.41, 76.13, 74.88,
74.70, 74.22, 74.06, 72.84, 72.63, 72.46, 72.37, 72.21, 71.73, 70.92, 70.48, 68.50,
68.26, 68.21, 67.87, 67.24, 63.62, 62.56, 60.87, 60.58, 59.94, 51.72, 51.28, 47.77,
40.12, 28.14, 22.31, 21.94; HRMS (ESI) m/z caled for CaoHssNsO29 [M-H]
1080.3849, found 1080.3827.
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3-Azidopropyl 6-mono-deuterated-B-p-galactopyranosyl-(1—3)-[5-acetamido-3,

5-dideoxy-p-glycero-a-p-galacto-2-nonulopyranosyl-(2—6)]-2-acetamido-2-deoxy
-B-p-galactopyranosyl-(1—4)-B-p-galactopyranosyl-(1—4)-B-p-glucopyranoside
(66)

Pentasaccharide 66 (12 mg, 93%), white solid after lyophilization. 'H NMR (600
MHz, D;0) ¢ 4.62 (d, J = 8.6 Hz, 1H), 4.47 (d, J = 8.0 Hz, 1H), 4.41 (d, /= 7.9 Hz,
2H), 4.15 (brs, 1H), 4.10 (brs, 1H), 4.02 — 3.48 (m, 28H), 3.44 (t, J = 6.8 Hz, 2H),
3.37 (t, J=9.0 Hz, 1H), 3.28 (t, /= 8.7 Hz, 1H), 2.69 (dd, /= 11.1, 3.4 Hz, 1H), 2.01
(s, 3H), 2.00 (s, 3H), 1.89 (p, J = 6.5 Hz, 2H), 1.63 (t, J = 12.2 Hz, 1H); *C NMR
(150 MHz, D>0O) & 174.82, 174.79, 173.31, 104.76, 102.86, 102.39, 101.98, 100.28,
79.57, 78.40, 76.12, 74.81, 74.70, 74.21, 74.06, 72.84, 72.62, 72.46, 72.37, 72.21,
71.73, 70.91, 70.48, 68.49, 68.26, 68.21, 67.24, 63.62, 62.55, 60.58, 59.94, 51.71,
51.28, 47.76, 40.12, 28.13, 22.31, 21.94; HRMS (ESI) m/z caled for C40HesDNs5O29
[M-H] 1081.3911, found 1081.3887; The mono-deuterated C6 of compand 66 was

verified by comparing with the gHSQC spectrum of compand 65.
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3. NMR assignment of final products

3.1 NMR analysis method

NMR signals were assigned on the basis of 'H NMR, *C NMR, COSY
(Correlated Spectroscopy), HMBC (Heteronuclear Multiple Bond Correlation),
HSQC ('H-'3C Heteronuclear Single Quantum Coherence), and HSQC-TOCSY
(Heteronuclear Single Quantum Coherence-Total Correaltion Spectroscopy)
experiments. The compound 47 was taken for example to elucidate the NMR signal
assignment method.

Sia1

B4 B
o6 B3 O ~Ns
B4 Gall Glef

Gal2 GlIcNAc1

Scheme S18. The structrue of compound 47

The protons of middle CHz in the linker could be assigned at 6 1.92, and all the
carbons and protons in the spin system could be found out in HSQC-TOCSY spectra
(Figure S1). The triplet at & 3.46 is the protons of CH: linked to N3 group. Then all the
protons and carbons in the linker could be assigned by HSQC spectra (Figure S2).
The H1 of the reducing end glucose could be assigned by three-bond coupling signal
in HMBC spectra (Figure S3). The C4 of Glcl was assigned at & 78.34 in the
HSQC-TOCSY spectra (Figure S4), which is in downfield due to the glycosidic bond.
Then the H1 of Gall could be figured out in the HMBC spectra (Figure S5). And the
C3 of Gall was assigned at 6 81.97 in the HSQC-TOCSY spectra (Figure S4). Then
the H1 of GIcNAcl could be figured out in the HMBC spectra (Figure S5). The H1 of
Gal2 could also be assigned by HSQC-TOCSY spectra (Figure S4) and HMBC
spectra (Figure S5). In other way, because the H4 of Gal shows characteristic
downfield shift in the "TH NMR spectra and the H4 of internal Gal is more downfield
than the H4 of non-reducing terminal Gal. In the HSQC-TOCSY spectra, the H4s of

Gall and Gal2 were assigned at 6 4.16 and d 3.93, respectively. Then, the H1s of Gall
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and Gal2 could also assigned, which was consistent with the assignment with HMBC
spectra. The anomeric carbons of Glc, Gal, and GIcNAc can be assigned in the HSQC
or HSQC-TOCSY spectra (Figure S6). The anomeric carbon signal of Sial is in
highfield compared to the Glc, Gal, and GIcNAc anomeric signals as it is the only
linkage with an a-configuration. The remaining protons which show intra-spin system

signals were assigned by COSY, HSQC and HSQC-TOCSY analysis.
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Figure S1. HSQC-TOCSY spectra of 47

Figure S2. HSQC spectra of 47
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Figure S3. HMBC spectra of 47

Figure S4. HSQC-TOCSY spectra of 47
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Figure S5. HMBC spectra of 47

Figure S6. HSQC-TOCSY spectra of 47
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3.2 NMR assignment data for final products

NMR assignment of compound 17

GlIcNAc2

Gall Glc1

HI H2  H3 H4 H5 H6  NAc Ag;’f;zgc
Glel 449 331 3.64 3.64 N/AR N/A -[b] 102.08
Gall 444 3.58 3.73 416 N/A N/A - 102.90
Gal2 447 3.59 3.73 416 N/A N/A - 102.85
Gal3 445 3.56 3.67 393 N/A N/A - 103.43
GlcNAcl 4.70 3.80 3.74 373 N/A N/A 2.060r2.03 102.73
GIcNAc2 4.73 3.80 3.74 366 N/A N/A 2.060r2.03 102.57
Sialll - - 2.67,1.72 3.66 3.80 3.70 2.06o0r2.03 100.11
[ Not assigned
(® Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCH>CH;CH2N3 OCH;CH>CH2N3 OCH2CH2CH;N3
C 67.34 28.20 47.83
H 3.99, 3.78 1.91 3.46
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NMR assignment of compound 19

Sia1

Gall Glec1

Gal3 GIcNAc2
HI H2 H3  H4 HS H6  NAc  ‘nomerc
Carbon
Glcl 442 324 3.58 3.57 N/AF N/A -[b] 102.07
Gall 437 3.51 3.66 410 N/A N/A - 103.43
Gal2 437 3.51 3.66 409 N/A N/A - 102.91
Gal3 440 347 3.59 386 N/A N/A - 102.82
GIcNAcl 4.65 3.74 3.68 358 N/A N/A 198orl1.96 102.55
GIcNAc2 4.61 3.74 3.68 3.67 N/A N/A 198o0r1.96 102.78
Siallcl - - 2.59,1.65 358 372 362 1980r1.96 100.10
[a] Not assigned
[®) Not applicable
[T The H7 to H9 of sialic acid are not assigned
Linker OCH>CH;CH2N3 OCH;CH>CH2N3 OCH2CH2CH>N3
C 67.33 28.20 47.83
H 3.94,3.69 1.84 3.39
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NMR assignment of compound 22

Sia1

Gal1 Gle1

Gal3 GIcNAc2
HI  H2 H3 H4 HS H6  NAc onomeric
Carbon
Glel 449 331 3.64 3.64 N/APF N/A Nl 102.08
Gall 444  3.60 3.73 416 N/A N/A - 102.92
Gal2 445 353 3.73 417 N/A NA - 103.44
Gal3 445 3.53 3.67 393 N/A N/A - 103.51
GIcNAcl 473 3.80 3.74 3.66 N/A  N/A 2.06-2.03 102.57
GIcNAc2 471  3.80 3.74 366 N/A  N/A 2.06-2.03 102.63
Siallcl - - 267,172 3.65 379 3.69 2.06-2.03 100.11
Sia2(c] - - 267,1.71 3.65 379 3.69 2.06-2.03 100.11
[ Not assigned
® Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCHCH,CH2N3 OCH:CH>CH:N3 OCH2CH2CH2N3
C 67.34 28.20 47.84
H 4.00, 3.76 1.91 3.46
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NMR assignment of compound 26

Gal3 GIcNAG2
HI H2 H3  H4 HS H6  NAc  ‘nomerc
Carbon
Glcl 449 331 3.65 3.62 N/APR N/A -[b] 101.96
Gall 442 3.58 3.71 418 N/A N/A - 103.19
Gal2 447 3.57 3.74 416 N/A N/A - 102.85
Gal3 445 3.56 3.67 393 N/A N/A - 103.43
GIcNAcl 4.68 3.81 3.75 3772 N/A N/A 2.060r2.03 102.77
GIcNAc2 4.73 3.81 3.75 366 N/A N/A 2060r2.03 102.57
Siallcl - - 271,173 3.66 378 3.68 2.060r2.03 100.26
Sia2[] - - 2.67,1.72 3.66 3.78 3.68 2.060r2.03 100.11
[ Not assigned
® Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCHCH2CH2N3 OCH2CH2CH2N3  OCH2CH2CH3N3
C 67.30 28.21 47.85
H 4.00, 3.77 1.92 3.47
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NMR assignment of compound 29

Gal3 GlcNAC2
HI H2 H3  H4 HS H6  NAc  ‘nomerc
Carbon
Glcl 450 3.34 3.66 3.63 N/APR N/A -[b] 101.96
Gall 442 3.58 3.71 418 N/A N/A - 103.19
Gal2 447 3.59 3.74 416 N/A N/A - 102.86
Gal3 448 3.55 3.68 394 N/A N/A - 102.83
GIcNAcl 4.69 3.80 3.75 374 N/A N/A 2.04o0r2.03 102.77
GIcNAc2 4.71 3.81 3.75 374 N/A N/A 2.040r2.03 102.74
Siallcl - - 271,173 3.66 378 3.68 2.040r2.03 100.27
[a] Not assigned
(® Not applicable
[T The H7 to H9 of sialic acid are not assigned
Linker OCH>CH>CH2N3 OCH>CH>CH>N3; OCH>CH>CH>N3
C 67.30 28.21 47.86
H 4.00, 3.77 1.92 3.47
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NMR assignment of compound 32

Gall Glc1

Gal3 GlcNAC2
HI H2 H3  H4 H5 H6  NAc Agzrrgzgc
Glcl 449 333 3.65 3.61 N/APR N/A -[b] 101.95
Gall 442 3.58 3.71 418 N/A N/A - 103.20
Gal2 443 3.58 3.71 417 N/A N/A - 103.53
Gal3 447 3.54 3.67 392 N/A N/A - 102.82
GIcNAcl 4.70 3.80 3.72 364 N/A N/A 2.050r2.03 102.61
GlcNAc2 4.68 3.80 3.72 373  N/A N/A 2.050r2.03 102.79
Siallcl - - 271,173 3.65 3.77 3.67 2.050r2.03 100.26
Sia2[] - - 2.66,1.71 3.65 377 3.67 2.050r2.03 100.10
[ Not assigned
® Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCHCH2CH2N3 OCH2CH2CH2N3  OCH2CH2CH3N3
C 67.29 28.20 47.84
H 4.00, 3.77 1.92 3.47
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NMR assignment of compound 36

Gal3 GIcNAC2
HI H2 H3 H4 HS H6  NAc  ‘onomerc
Carbon
Glcl 442 3.27 3.57 3.54 N/AP N/A -[b] 101.95
Gall 434 3.50 3.63 411 N/A N/A - 103.19
Gal2 439 3.49 3.66 409 N/A N/A - 102.84
Gal3 438 3.49 3.60 386 N/A N/A - 103.43
GlcNAcl 4.61 3.74 3.68 365 N/A NA 198or196 102.77
GIcNAc2 4.65 3.74 3.68 359 N/A N/A 198o0r1.96 102.57
Siallc]
- - 2.65,1.68 3.69 386 3.76 4.05(NGc) 100.26
(Neu5Gc)
Sia2l¢!
- - 2.60,1.66 358 3.71 3.61 1980r1.96 100.10
(NeuSAc)
[ Not assigned
(® Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCH,CH>CH2N3 OCH:CH;CH>N3 OCH>CH>CHLN;
C 67.29 28.20 47.84
H 3.92,3.69 1.84 3.39
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NMR assignment of compound 38

Gal3 GIcNAG2
HI H2 H3 H4 HS H6  NAc  ‘onomerc
Carbon
Glcl 446 3.31 3.61 3.58 N/AR N/A -[b] 101.87
Gall 439 3.55 3.68 415 N/A N/A - 103.11
Gal2 444 3.55 3.71 413 N/A N/A - 102.76
Gal3 443 3.51 3.64 391 N/A NA - 103.33
GlcNAcl 4.65 3.77 3.73 370 N/A  N/A 2.030r2.00 102.71
GIcNAc2 4.70 3.79 3.73 3.64 N/A N/A 2.030r2.00 102.51
Sial's - - 2.68,1.71 3.62 3.75 3.65 2.030r2.00 100.18
(Neu5Ac) ’
Sia2® - - 2.66,1.70 3.73 390 3.80 4.09 (NGc) 100.06
(Neu5Gec)
[ Not assigned
® Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCH,CH>CH2N3 OCH:CH;CH>N3 OCH>CH>CHLN;
C 67.21 28.13 47.76
H 3.97,3.74 1.89 3.44
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NMR assignment of compound 39

Gall Glet

Gal3 GIcNAc2
HI  H2 H3 H4 H5 H6 NA¢  /inomeric
Carbon
Glcl 450 3.34 3.65 3.61 N/APR N/A -[b] 101.96
Gall 443 3.59 3.71 419 N/A N/A - 103.20
Gal2 444 3.59 3.72 417 N/A N/A - 103.34
Gal3 446 3.54 3.61 394 N/A N/A - 103.48
GIlcNAcl 4.70 3.81 3.73 367 N/A N/A 102.58
GIcNAc2 4.72 3.81 3.73 367 N/A NA 102.66
Sial[c]
- 2.71, 1. ) ) ) 100.2
(NeuSAc) 71,1.73 3.65 3.78 3.68 00.26
Sia2[c]
- 2.62,1.66 356 348 3.67 - 100.01
(Kdn) ’
Sia3[c]
- 2.69,1.74 376 393 3.83 4.13 (NG 100.15
(Neu5Ge) ’ (NGo)

[ Not assigned
[® Not applicable

[T The H7 to H9 of sialic acid are not assigned

Linker OCH,CH>CH2N3 OCHCH>,CH:N3 OCH2CH>CH>N3

C 67.30 28.21 47.86
H 4.00, 3.77 1.92 3.47
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NMR assignment of compound 42

Gal1

Gle1

Gal3 GIcNAC2
HI H2 H3  H4 HS H6  NAc  ‘nomeric
Carbon
Glcl 4,55 3.38 3.71 3.67 N/AB N/A -Ib] 102.02
Gall 447 3.64 3.76 424 N/A N/A - 103.29
Gal2 452 3.62 3.80 421 N/A N/A - 102.91
Gal3 451 3.62 3.73 399 N/A N/A - 103.47
GIcNAcl 4.74 3.85 3.63 377 N/A N/A 2.12-2.08 102.79
GIcNAc2 4.76  3.85 3.65 372 N/A NA 2.12-2.08 102.63
(NS:JIS[ZL) - - 2.83,1.79 3.73 3.89 N/A 2.12-2.08 100.47
0\812125[;](:) - - 2.75,1.79 3.82 387 N/A 2.12-2.08 101.03
Stale] - 267,172 362 395 N/A 4.17(NGe) 10024
(Neu5Ge)
(4 Not assigned
(® Not applicable
(<] The H7 to H9 of sialic acid are not assigned
Linker OCH>CH;CH2N3 OCH;CH>CH2N3 OCH2CH2CH>N3
C 67.36 28.28 47.94
H 4.05, 3.82 1.97 3.52
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NMR assignment of compound 45

Gal1

Glc1

Gal3 GlcNAC2
HI H2 H3  H4 HS H6  NAc  ‘nomeric
Carbon
Glcl 450 3.33 3.66 3.61 N/ABR N/A -Ib] 101.96
Gall 442 3.59 3.72 419 N/A N/A - 103.23
Gal2 447 3.60 3.72 416 N/A N/A - 102.84
Gal3 444 3.54 3.67 393 N/A N/A - 103.27
GIcNAcl 4.69 3.81 3.59 373 N/A N/A 2.07-2.03 102.76
GIcNAc2 4.72 3.82 3.59 369 N/A NA 2.07-2.03 102.55
(NS:JIS[ZL) - 2.79,1.76  3.77 393 N/A 2.07-2.03 100.95
Sta2[c] - 262,167 355 383 N/A 4.13(NGc) 10039
(Neu5Gec)
S(Eflg] - 2.62,1.67 3.55 348 N/A - 100.02
[ Not assigned
[® Not applicable
(<] The H7 to H9 of sialic acid are not assigned
Linker OCH>CH;CH2N3 OCH;CH>CH2N3 OCH2CH2CH>N3
C 67.29 28.21 47.85
H 4.01, 3.76 1.92 3.47
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NMR assignment of compound 47

Sia1

P4 B
0 B4 2 Gall Gle >
Gal2 GlcNAC1
HI H2 H3  H4 HS H6  NAc  ‘nomerc
Carbon
Glcl 449 331 3.65 3.63 N/APR N/A -[b] 102.07
Gall 443 3.59 3.73 416 N/A N/A - 102.91
Gal2 445 3.53 3.68 393 N/A N/A - 103.43
GlcNAcl 4.73 3.81 3.56 3.67 N/A N/A 2050r2.03 102.55
Siallcl - - 267,172 3.66 380 370 2.050r2.03 100.10
[a] Not assigned
[®) Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCH>;CH>,CH2N3 OCH2CH>CH>N3; OCH;CH2CH>N3
C 67.33 28.20 47.84
H 4.00, 3.76 1.92 3.46
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NMR assignment of compound 50

Sia1 B3

Gall  Gle1

Gal2

HI  H2 H3 H4 H5 H6 NAc ~ ‘inomeric
Carbon
Glel 449 331 366  3.64 NA® N/A _1b] 102.07
Gall 444 360 374 416 NA NA ; 102.89
Gal2 439 353 363 392 NA NA ; 103.85

GIcNAcl 4.74 3.89 3.78 356 N/A N/A 2030r2.02 10251
Siallcl - - 270,170 3.66 3.84 3.72 2.030r2.02 100.10

[a] Not assigned
[®) Not applicable

[ The H7 to H9 of sialic acid are not assigned

Linker OCH,CH2CH2N3 OCH2CH>CH2N3  OCH2CH>CH2N3

C 67.33 28.20 47.83
H 4.00, 3.76 1.91 3.46

S92



NMR assignment of compound 53

Sia1

B
%0 part? Gall Glct
GalNAc1 GlcNAG
HI  H2 H3 H4 HS H6  NAc ‘nomeric
Carbon
Glcl 447 3.28 3.62 3.60 N/ABRT N/A -[b] 102.00
Gall 441  3.57 3.71 412 N/A N/A - 102.82
GIcNAcl 4.68 3.78 3.77 354 N/A N/A 2.05-2.01 102.50
GalNAcl 448 392 3.73 392 N/A NA 2.05-2.01 102.15
Siallcl - - 264,170 3.64 3.77 N/A 2.05-2.01 99.99
[a] Not assigned
[®) Not applicable
[ The H7 to H9 of sialic acid are not assigned
Linker OCH>;CH>,CH2N3 OCH2CH>CH>N3; OCH;CH2CH>N3
C 67.27 28.13 47.77
H 3.98,3.74 1.89 3.44
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NMR assignment of compound 57

Gall Glc1

GalNAc1 GlIcNAc1

HI H2 H3 H4 HS5 H6  NAc ‘nomeric
Carbon

Glel 450 334 366  3.64 NA[R N/A o] 101.96
Gall 442 356 371 417 NA NA ; 103.18

GlcNAcl  4.67  3.80 3.79 367 N/A NA 207-2.03 102.75
GalNAcl 453 3.94 3.74 395 N/A  N/A 207-2.03 101.63
Siallcl - - 271,173 3.66 3.84 3.73 2.07-2.03 100.26

[a] Not assigned
[®) Not applicable

[ The H7 to H9 of sialic acid are not assigned

Linker OCH,CH>CH2N3 OCHCH,CH:N3 OCH2CH>CH>N3

C 67.30 28.21 47.85
H 4.00, 3.77 1.92 3.47

S94



NMR assignment of compound 65

Gal1

Glc1

Gal2

HI  H2 H3 H4 H5 H6 NAc ~ ‘inomeric
Carbon
Glel 447 328 364 358 N/A® N/A _1b] 101.98
Gall 442 338 375 411 NA NA ; 102.86
Gal2 442 351 360 388 NA NA ; 104.76

GalNAcl 4.63 3.99 3.85 416 N/A N/A 2020r2.01 10239
Siallcl - - 269,163 3.64 380 3.69 2020r2.01 100.28

[a] Not assigned
[®) Not applicable

[ The H7 to H9 of sialic acid are not assigned

Linker OCH,CH2CH2N3 OCH2CH>CH2N3  OCH2CH>CH2N3

C 67.24 28.14 47.77
H 3.98,3.75 1.90 3.45
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4. Glycan Microarray

4.1 General procedure of converting 3-azidopropyl linker of glycans to
ready-for-print amine-terminated linker via CuAAC

The 3-azidopropyl glycan (10 mg) and triethylene glycol 2-aminoethyl propargyl
ether (HoN-PEG4-ALK, 1.0 equiv., Sigma) were added to a stirred solution of CuSOg4
(0.2 equiv.), sodium ascorbate (0.5 equiv.) and tris-benzyltriazolylmethyl amine
(TBTA, 0.2 equiv.) in tert-butyl alcohol/water (2.0 mL, 2:1, v/v). The reaction mixture
was stirred at room temperature. After 1 h, the solvent was removed under reduced
pressure and the residue was purified by Bio-Gel P2 gel filtration chromatography
(eluted with water) to afford the product as a white solid after lyophilization. All the
resulted glycans were quantitated using DMB-HPLC' method before the slide
printing.

4.2 General procedure for glycan microarray analysis

Each glycan with amine-terminated linker was dissolved in 300 mM sodium
phosphate buffer (pH 8.4) to obtain a 100 uM glycan solution. Glycan was printed as
replicates of four spots by Arraylt SpotBot® Extreme instrument. Glycan microarrays
were fabricated using PolyAn 3-D NHS-functionalized glass slides (AutoMate
Scientific, CA, USA). Printed glycan microarray slides were left to dry at 20 °C for 10
hours and then the unreacted NHS esters on slides were blocked by prewarmed
ethanolamine solution (50 mM in 100 mM Tris-HCI, pH 9.0), washed with warm
Milli-Q water, dried, and then fitted in a multi-well microarray hybridization cassette
(Arraylt, CA, USA) to divide into subarrays. The subarrays were blocked with
Ovalbumin (1% w/v) in PBS (pH 7.4) for 1 hour at room temperature in a humid
chamber with gentle shaking. Subsequently, the blocking solution was discarded, and
properly diluted primary antibodies/lectins which were diluted as described in figure
legends were added to each subarray. After incubating for 2 hours at room
temperature with gentle shaking, the slides were extensively washed (first with PBS
with 0.1% Tween and then only PBS, pH 7.4) to remove non-specifically bound

proteins. The corresponding secondary antibodies were then added and after 1 hour of

S96



incubation followed the same washing cycle. The developed glycan microarray slides
were then washed, dried and subjected to scanning by a Genepix 4000B microarray
scanner (Molecular Devices Corp., Union City, CA). Data analysis was done using the
Genepix Pro 7.3 analysis software (Molecular Devices Corp., Union City, CA). Plant
lectins of Sambucus nigra agglutinin (SNA) and Maackia amurensis lectin [ (MAL-I),
MAL-II were purchased from Vector Laboratories (Burlingame, CA, USA). Chicken
polyclonal anti-Neu5Gc IgY antibody was purchased from BioLeagend (San Diego,

14

USA). Human anti-Neu5Gc antibody rich serum'™, and human sialic acid-binding

lectin Siglec-9 (hSiglec-9-Fc)!*!® and His-tagged typhoid toxin (P1tB-His)'""!? were

prepared as described previously.

Figure S7. Binding profiles of glycans with plant lectins SNA

Figure S8. Binding profiles of glycans with chicken polyclonal anti-NeuS5Ge IgY
antibody
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Figure S9. Binding profiles of glycans with human anti-Neu5Gc antibody rich
serum

Figure S10. Binding profiles of glycans with His-tagged typhoid toxin

Figure S11. Binding profiles of glycans with human sialic acid-binding lectin
Siglec-9
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Figure S12. Binding profiles of glycans with Maackia amurensis lectin I

Figure S13. Binding profiles of glycans with Maackia amurensis lectin 11
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6. NMR Spectra

'H NMR of S1
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13C NMR of S1
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'"H NMR of 13
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13C NMR of 13
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'"H NMR of 14
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13C NMR of 14
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'H NMR of S2
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13C NMR of S2
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'H NMR of S3
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13C NMR of S3
S111



'"H NMR of 15
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I3C NMR of 15
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'"H NMR of 16
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I3C NMR of 16
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'"H NMR of 17
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13C NMR of 17
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COSY spectra of 17
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HMBC spectra of 17
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HSQC spectra of 17
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HSQC-TOCSY spectra of 17
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'H NMR of S4
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13C NMR of S4
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'H NMR of S5
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13C NMR of S5
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'H NMR of 18
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13C NMR of 18
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'"H NMR of 19
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13C NMR of 19
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COSY spectra of 19
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HMBC spectra of 19
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HSQC spectra of 19
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HSQC-TOCSY spectra of 19
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'H NMR of 20
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13C NMR of 20
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'"H NMR of 21
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13C NMR of 21
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'H NMR of 22
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13C NMR of 22
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COSY spectra of 22
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HMBC spectra of 22
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HSQC spectra of 22
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HSQC-TOCSY spectra of 22
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1H NMR of 24
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13C NMR of 24
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'H NMR of 33
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13C NMR of 33
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'H NMR of S7
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13C NMR of S7
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'H NMR of 25
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13C NMR of 25
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'"H NMR of 26
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13C NMR of 26
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COSY spectra of 26
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HMBC spectra of 26
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HSQC spectra of 26
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HSQC-TOCSY spectra of 26
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'H NMR of 27
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13C NMR of 27
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'H NMR of S8
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13C NMR of S8
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'H NMR of 28
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13C NMR of 28
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'H NMR of 29
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13C NMR of 29
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COSY spectra of 29
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HMBC spectra of 29
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HSQC spectra of 29
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HSQC-TOCSY spectra of 29
S169



'"H NMR of 31
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13C NMR of 31
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'H NMR of 32
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13C NMR of 32
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COSY spectra of 32
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HMBC spectra of 32
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HSQC spectra of 32
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HSQC-TOCSY spectra of 32
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'"H NMR of 34
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13C NMR of 34
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'H NMR of S9
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13C NMR of S9
S181



'H NMR of 35
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13C NMR of 35
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'"H NMR of 36
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13C NMR of 36
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COSY spectra of 36
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HMBC spectra of 36
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HSQC spectra of 36
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HSQC-TOCSY spectra of 36
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'H NMR of S10
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13C NMR of S10
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'H NMR of S11
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13C NMR of S11
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'H NMR of 37
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13C NMR of 37
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'H NMR of 38
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13C NMR of 38
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COSY spectra of 38
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HMBC spectra of 38
S199



HSQC spectra of 38
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HSQC-TOCSY spectra of 38
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'H NMR of 39
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13C NMR of 39
$203



COSY spectra of 39
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HMBC spectra of 39
205



HSQC spectra of 39
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HSQC-TOCSY spectra of 39
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'"H NMR of 40
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13C NMR of 40
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'"H NMR of S12
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13C NMR of S12
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'"H NMR of 41
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13C NMR of 41
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'"H NMR of 42
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13C NMR of 42
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COSY spectra of 42
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HMBC spectra of 42
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HSQC spectra of 42
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