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Figure S1 Structure determination of 67 (left) and 68 (right) via HSQC. H-8, H-9a, and H-9b signals of

Neu5Ac were marked by a green rectangle on the left picture. A significant downfield shift corresponding

to protons of -CH,OH as new signals occurred at 4.45 ppm and 4.35 ppm compared with compound 67
revealed that the 6-OH of GIcNAc residue of compound 78 was sulfated. The HRMS data of both
compounds were collected. For 67: ESI-Q-TOF-HRMS m/z calculated for C,3H4sNsO2,S, [M-H]:
836.2361, found 836.2358. For 78: ESI-Q-TOF-HRMS m/z calculated for C,gH4sNsO»5S,, [M-H]:

916.1929, found 916.1925.
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Figure S2 Structure determination of 85 via HSQC. The chemical shift of H-3' was a downfield move to
4.4 ppm, illustrating that electron-withdrawing group -SO;H occurred on the 3'-OH position of Gal residue
of 85. The sulfation of the 3'-OH of Gal has also affected the chemical shift of neighboring H-4' to the
downfield shift.
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Figure S3 The attempt to synthesize 97 and 98 from

cannot accept 11 or 13 as substrate.
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Figure S4 Glycan microarray binding profiles of plant lectins (MAL I, SNA, ECL, PNA, and AAL).

Appropriate protein concentrations were applied to

screen the microarray. Histogram charts showing

fluorescence intensities of binding of 5 plant lectins. Error bars represent the SD of the four values. *The

highest relative fluorescence unit of the ligand is defined as 100%.
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Figure S5 The histogram charts of the binding of Siglecs in humans. 50 pg/mL protein (Commercial
source) concentrations were applied to screen the microarray. Lab-expressed Siglec-1 and -11 were used
for screening after diluting ten folds (10X dilution) and one fold (1X dilution) individually. Siglec -1, -2,
-3,-4,-7,-8,-9-10, and -11 presented strong binding affinities with corresponding glycan ligands. Silgec
-5, -6, and -15 displayed weak binding with glycans in the library. Error bars represent the SD of the four
values. *The highest relative fluorescence unit of the ligand is defined as 100%. These histogram chart

results corresponded to the main text's heat map of Fig. 8.
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2. Materials and methods

Chemicals and solvents were purchased from Sigma-Aldrich unless otherwise stated and directly used
without further purification. Chemical reactions were performed according to standard protocols, and
enzymatic reactions were performed in aqueous buffers at an appropriate pH for each enzyme. Thin-layer
chromatography (TLC) was performed on silica gel 60 F254 plates (Merck, MA) using p-anisaldehyde
sugar stain and orcinol stain. Unless otherwise noted, all nuclear magnetic resonance (NMR) spectra were
acquired on Bruker NMR spectrometer (500 MHz, 600 MHz, or 800 MHz) operating at 25 °C. Samples
were dissolved in 99.96% D-0, and chemical shifts were referenced to residual HDO signal at 4.79 ppm.
Compounds 78, 80, 82 and 84 were dissolved in 99.8% CD;0OD to perform the same analysis. Data were
collected using standard pulse programs. High-resolution electrospray ionization (ESI) mass spectra were
obtained using LC-MS (Thermo HPLC-Orbitrap Elite). Ion-exchange chromatography was performed
using a glass column (2.5 cm x 20 cm) packed with anion-exchange resin (Cytiva). Size exclusion
chromatography was performed using a glass column (2.5 cm x 80 cm) packed with Bio-Gel P-2 fine

resins (Bio-Rad, CA).

NHS-activated glass slides were purchased from Schott Inc. The printer and scanner for the glycan
microarray were provided by Shanghai Wayen Biotech. Sugar nucleotides used in this work were prepared
as reported previously.!-3 Biotinylated plant lectins Maackia amurensis Lectin I (MAL 1), Sambucus nigra
Lectin (SNA), Erythrina cristagalli Lectin (ECL), Peanut agglutinin (PNA), and Aleuria Aurantia Lectin
(AAL) were purchased from Vector Labs. Human Siglec -2, -3, -4, -5, -6, -7, -8, -9, -10 and -15 proteins
(Fc-tag) were purchased from Acro Biosystems. Human Siglic-1, and -11 containing Fc-tag were designed
as reported previously 4 and expressed using the HEK293 expression system in our lab. Biotinylated goat
anti-Human IgG Fc Antibody and Streptavidin-AlexaFluor® 647 conjugate were purchased from Thermo

Fisher Scientific.

CMP-Sialic acid synthetase from Neisseria meningitides (NmCSS),> a2,6-sialyltransferase from
Photobacterium damsela (Pd2,6ST),* Mutant o2,6-sialyltransferase from Photobacterium damsela
(M2,6ST),” a2,3-sialyltransferase from Bibersteinia trehalosi (BtST),® 02,3-sialyltransferase from
Photobacterium phosphoreum (PPST),? a2,3/8-sialyltransferase from Campylobacter jejuni (CST 1I),!°
sialidase from Streptococcus penumoniae'! and a.l,3/4-fucosyltransferases from Helicobacter pylori
(NCTC 11369 and UA948 ),!2 were prepared as reported previously.!3-16 In detail, E. coli BL21 (DE3)
cells harboring recombinant vector pET-28a were cultured in two liters of Luria—Bertani (LB) medium
containing 50 pg/ml kanamycin in a rotary shaker at 37°C, 200 rpm. 0.2 mM of IPTG was added until OD
was 0.8, and then protein expression was allowed to proceed at 16 °C overnight. The cells were harvested
by centrifugation at 7000 rpm for 10 min. The cell precipitation was re-suspended in lysis buffer (50 mM

Tris-HCI buffer, 300 mM NaCl, 10 mM imidazole; pH 7.5). Cells were disrupted by a microfluidizer and
510



the lysate was centrifuged at 12,000 g for 10 minutes to remove the cell debris. The His-tagged proteins
were purified by using a Ni-NTA agarose column. Before purification, the column was equilibrated with
the lysis buffer (50 mM Tris-HCL, 300 mM NacCl, 10 mM imidazole; pH 7.5). The column was washed
with 2 column volumes of the lysis buffer and eluted with elution buffer (50 mM Tris-HCI, 300 mM NaCl,
300 mM imidazole; pH 7.5). Protein concentration was determined by the BCA Protein Assay Kit.
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3. Experimental procedures

General procedure for the installation of a2, 6-NeuSAc using One-pot multi-enzymes (OPMEs)
strategies. Acceptor (1.0 eq), NeuSAc (1.5 eq), and CTP (2 eq) were dissolved at a final acceptor
concentration of 20 mM in a tris-HCI buffer (100 mM, pH 8.5) containing 20 mM MgCl,. Appropriate
amounts of NmCSS and sialyltransferase (Pd2,6ST or M2,6ST) were successively added to the reaction
solution. The reaction mixture was incubated at 37°C and monitored by TLC (EtOAc/MeOH/H,0/HOAc,
4:2:1:0.2, v/v). Once the reaction finished, the reaction was quenched by adding an equal volume of cold
ethanol. The solution was centrifuged, and the supernatant was concentrated and purified using a size-
exclusion (P-2 gel) column utilizing DI water as an eluent. The fractions containing the product were
collected and concentrated to give products. If needed, further purification was performed by ion-exchange
column by gradient elution using sodium chloride solution (0-500 mM). The fractions containing products

were collected and loaded into the P-2 column again to remove the sodium chloride to afford products.

General procedure for the installation of a2, 6-9-N;-Neu5Ac using One-pot multi-enzymes (OPMEs)
strategies. Acceptor (1.0 eq), 9-N3-Neu5Ac* (1.5 eq) and CTP (2 eq), were dissolved at a final acceptor
concentration of 20 mM in a tris-HCI buffer (100 mM, pH 8.5) containing 20 mM MgCl,. Appropriate
amounts of NmCSS and sialyltransferase (Pd2,6ST or M2,6ST) were successively added to the reaction
solution. The reaction mixture was incubated at 37°C and monitored by TLC (EtOAc/MeOH/H,O/HOAc,
4:2:1:0.2, v/v). Once the reaction finished, the reaction was quenched by adding an equal volume of cold
ethanol. The solution was centrifuged, and the supernatant was concentrated and purified using a size-
exclusion (P-2 gel) column utilizing DI water as an eluent. The fractions containing products were
collected and concentrated to give products. If needed, further purification was performed by ion-exchange
column by gradient elution using sodium chloride solution (0-500 mM). The fractions containing the

product were collected and loaded into the P-2 column to remove the sodium chloride to afford the product.

General procedure for the sulfation of substrates and hydrolyzation of a2, 6-9-N3;-NeuSAc by NanA.
Substrate (1 eq) was dissolved in a mixed solution of DMF and TEA (9:1, V: V). SO;/Py (8 eq) was then
added under the ice bath. The reaction was stirred for 15 min at 0 °C and then continued to stir at r.t. for
1-2 h to achieve complete conversion. Monitoring reaction by TLC (EtOAc/MeOH/H,O/HOAc, 4:2:1:0.2,
v/v). Methanol and saturated NaHCO; aqueous were poured into the reaction mixture to quench the
reaction after complete conversion. After purification by size-exclusion and ion-exchange column, the
sulfated product was directly concentrated and dissolved at a final concentration of 10 mM in NaOAc
buffer (50 mM, pH = 6.5), to solution add NanA (0.1 mg/mmol substrate) and incubated overnight at
37°C. Monitoring reaction by TLC (EtOAc/MeOH/H,O/HOAc, 4:2:1:0.2, v/v). Once the reaction finished,
the reaction was quenched by adding an equal volume of cold ethanol. The solution was centrifuged, and

the supernatant was concentrated and purified using a size-exclusion (P-2 gel) column utilizing DI water
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as an eluent. If needed, further purification was performed by ion-exchange column by gradient elution
using sodium chloride solution (0-500 mM). The fractions containing the product were collected and

loaded into the P-2 column again to remove the sodium chloride to afford the product.

General procedure for the installation of TBDMS groups and hydrolyzation of 9-TBS-O-Neu5SAc
by NanA. Substrate (1 eq) was dissolved in pyridine, and TBDMSCI (10 eq) was added to the above
solution with an ice bath. The reaction was stirred for 15 min at 0°C and then continued to stir at r.t. for 1-
2 h to drive it to completion. TLC (EtOAc/MeOH/H,0, 10:3:2, v/v) monitors reaction. After the reaction
finished, Et;N was dropped into the reaction, and methanol was added to quench the reaction. The resulting
solution was concentrated and diluted with water, washed with diethyl ether (x2), and the aqueous phase
was concentrated to yield a crude product. The crudes were subsequently dissolved at a final concentration
of 10 mM in NaOAc buffer (50 mM, pH = 6.5), added NanA (0.1 mg/mmol substrate), and incubated
overnight at 37°C. Monitoring reaction by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Once the reaction
finished, the reaction was quenched by adding an equal volume of cold ethanol. Resulted solution was
centrifuged, and the supernatant was concentrated and purified by reverse phase (C18) column
chromatography (Phase A: 10 mM ammonium bicarbonate aqueous buffer; Phase B: Acetonitrile. 50%-

70% of phase B gradient elution) to afford the product.

General procedure for the sulfation of substrates and removal of TBDMS group. Substrate (1 eq)
was dissolved in a mixed solution of DMF and TEA (1:1, V: V). SO3/Py (4 eq) was then added under an
ice bath. The reaction was stirred for 15 min at 0 °C and then continued to stir at 40 °C for 3-4 h to achieve
complete conversion. Monitoring reaction by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and
saturated NaHCO; aqueous were poured into the reaction mixture to quench the reaction after complete
conversion. Subsequently, the mixed solution was directly concentrated and dissolved in water with 10
mg/mL of final concentration. The pH was adjusted to 3.0 using 1 M AcOH aqueous, and the resulting
solution was stirred for 30 min at r.t. to perform the deprotection of the TBDMS group. Monitoring
reaction by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Once the reaction was finished, the pH of the mixture
solution was neutralized utilizing 1 M NaOH aqueous to 7, and then the final solution was concentrated
and purified by size-exclusion (P-2 gel) column utilizing DI water as eluent. The fractions containing
products were collected and concentrated to give products. If needed, further purification was performed
by ion-exchange column by gradient elution using sodium chloride solution (0-500 mM). The fractions
containing the product were collected and loaded into the P-2 column again to remove the sodium chloride
to afford the sulfated product. Note: The detailed synthetic protocols of compounds 6, 9, 12, 15, 20, and
22 were described in the individual glycan synthetic section to ensure the production of the fewest C-3

OH sulfated by-products.

General procedure for the installation of a2, 3-9-N;-Neu5Ac using One-pot multi-enzymes (OPMEs)
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strategies. Acceptor (1.0 eq), 9-N3-NeuS5Ac (1.5 eq), and CTP (2 eq) were dissolved at a final acceptor
concentration of 20 mM in a tris-HCI buffer (100 mM, pH 8.5) containing 20 mM MgCl,. Appropriate
amounts of NmCSS and sialyltransferase (BtST or PPST) were successively added to the reaction solution.
The reaction mixture was incubated at 37°C and monitored by TLC (EtOAc/MeOH/H,0O/HOACc, 4:2:1:0.2,
v/v). Once the reaction finished, the reaction was quenched by adding an equal volume of cold ethanol.
The solution was centrifuged, and the supernatant was concentrated and purified using a size-exclusion
(P-2 gel) column utilizing DI water as an eluent. The fractions containing products were collected and
concentrated to give products. If needed, further purification was performed by ion-exchange column by
gradient elution using sodium chloride solution (0-500 mM). The fractions containing the product were

collected and loaded into the P-2 column to remove the sodium chloride to afford the product.

General procedure for the di-sulfation of substrates and hydrolyzation of a2, 3-9-N;-NeuSAc by
NanA. Substrate (1 eq) was dissolved in a mixed solution of DMF and Py (1:1, V: V). SOs/Py (15 eq) was
then added under the ice bath. The reaction was stirred for 1h at 0 °C to achieve complete conversion.
Monitoring reaction by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCO; aqueous
were poured into the reaction mixture to quench the reaction after complete conversion. Subsequently, the
mixed solution was directly concentrated and dissolved at a final concentration of 10 mM in NaOAc buffer
(50 mM, pH = 6.5), to solution add NanA (0.1 mg/mmol substrate) and incubated overnight at 37°C.
Monitoring reaction by TLC (EtOAc/MeOH/H,0O/HOAc, 4:2:1:0.2, v/v). Once the reaction finished, the
reaction was quenched by adding an equal volume of cold ethanol. The solution was centrifuged, and the
supernatant was concentrated and purified using a size-exclusion (P-2 gel) column utilizing DI water as
an eluent. The fractions containing products were collected and concentrated to give products. If needed,
further purification was performed by ion-exchange column by gradient elution using sodium chloride
solution (0-500 mM). The fractions containing the product were collected and loaded into the P-2 column

to remove the sodium chloride to afford the product.

General procedure for the synthesis of fucosylated glycan backbones. Acceptor (1 eq) GDP-Fuc (1.5
eq) were dissolved at a final acceptor concentration of 10 mM in a tris-HCI buffer (100 mM, pH 7.5)
containing 10 mM MgCl,. Appropriate amounts of FucT were added to the reaction solution. The reaction
mixture was incubated at 37°C and monitored by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Once the reaction
finished, the reaction was quenched by adding an equal volume of cold ethanol. The solution was
centrifuged, and the supernatant was concentrated and purified using a size-exclusion (P-2 gel) column
utilizing DI water as an eluent. The fractions containing the product were collected and concentrated to
give the product. If needed, further purification was performed by ion-exchange column by gradient
elution using sodium chloride solution (0-500 mM). The fractions containing the product were collected

and loaded into the P-2 column to remove the sodium chloride to afford the product. For the purification
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of compounds 94 and 99 that containing the TBDMS group, The resulting solution was centrifuged and
the supernatant was concentrated and purified by reverse phase (C18) column chromatography (Phase A:
10 mM ammonium bicarbonate aqueous buffer; Phase B: Acetonitrile. 50%-70% of phase B gradient
elution) to afford the product. (Notes: Glycan 6, 7, 11, 12, and 13 were also performed using the

fucosylated procedure, but the reactions failed.)

General procedure for the a2, 6-sialylation of sulfated glycan backbones. Acceptor (1 eq) and CMP-
Neu5Ac (1.5 eq) were dissolved at a final acceptor concentration of 10 mM in a tris-HCI buffer (100 mM,
pH 8.5) containing 5 mM MgCl,. Appropriate amounts of sialyltransferase (Pd2,6ST) were added to the
reaction solution. The reaction mixture was incubated at 37°C and monitored by TLC
(EtOAc/MeOH/H,0O/HOAc, 4:2:1:0.2, v/v). Once the reaction finished, the reaction was quenched by
adding an equal volume of cold ethanol. The solution was centrifuged, and the supernatant was
concentrated and purified using a size-exclusion (P-2 gel) column utilizing DI water as an eluent. The
fractions containing the product were collected and concentrated to give the product. If needed, further
purification was performed by ion-exchange column by gradient elution using sodium chloride solution
(0-500 mM). The fractions containing the product were collected and loaded into the P-2 column to

remove the sodium chloride to afford the product.

General procedure for the a2, 3-sialylation of glycan backbones. Acceptor (1 eq) and CMP-NeuSAc
(1.5 eq) were dissolved at a final acceptor concentration of 10 mM in a tris-HCI buffer (100 mM, pH 8.5)
containing 5 mM MgCl,. Appropriate amounts of sialyltransferase (BtST or PPST) were added to the
reaction solution. The reaction mixture was incubated at 37°C and monitored by TLC
(EtOAc/MeOH/H,0/HOAc, 4:2:1:0.2, v/v). Once the reaction finished, the reaction was quenched by
adding an equal volume of cold ethanol. The solution was centrifuged, and the supernatant was
concentrated and purified using a size-exclusion (P-2 gel) column utilizing DI water as an eluent. The
fractions containing the product were collected and concentrated to give the product. If needed, further
purification was performed by ion-exchange column by gradient elution using sodium chloride solution
(0-500 mM). The fractions containing the product were collected and loaded into the P-2 column to

remove the sodium chloride to afford the product.

General procedure for the installation of a2, 8-NeuSAc using CST II. Acceptor (1 eq) and CMP-
NeuSAc (1.5 eq) were dissolved at a final acceptor concentration of 10 mM in a tris-HCI buffer (100 mM,
pH 8.5) containing 5 mM MgCl,. Appropriate amounts of sialyltransferase (CST II') were added to the
reaction solution. The reaction mixture was incubated at 37°C and monitored by TLC
(EtOAc/MeOH/H,0/HOAC, 4:2:1:0.2, v/v). Once the reaction finished, the reaction was quenched by
adding an equal volume of cold ethanol. The solution was centrifuged, and the supernatant was

concentrated and purified using a size-exclusion (P-2 gel) column utilizing DI water as an eluent. The
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fractions containing the product were collected and concentrated to give the product. If needed, further
purification was performed by ion-exchange column by gradient elution using sodium chloride solution
(0-500 mM). The fractions containing the product were collected and loaded into the P-2 column to

remove the sodium chloride to afford the product.

oH
MOy oy cooH
/=0
AcNH
OH_OH OH QSECSSSST OH OH0 OH
Ho A= OHgé&OR CTP, NeusAc HOS;/?O: ,oH/ég/OR

[¢]
OH AcHN

OH AcHN 88%

Synthesis of 23

23 was prepared from 1'7 using sialyltransferase Pd2,6ST according to the general procedure in the
methods and was the white solid after lyophilization (1.4 g, yield 88%). ESI-Q-TOF-HRMS m/z calculated
for CysH4sN5019, [M-H]: 758.2938, found 758.2935.

"H NMR (600 MHz, D,0): & (ppm)

H1 H2 | H3 H4 H5 | H6 H7 | H8 | H9 NHAc
GIcNAc | 4.57 (d, | 3.75 | N/R 3.64 3.63 | 4.00, |- - - 2.08 (s,
J =283 3.84 3H) or
Hz, 1H) 2.04 (s,
3H)
Gal 445 (d, | 3.55 | N/R 3.93 (dd, | 3.83 | 3.99, | - - - -
J =280 J = 34, 356
Hz, 1H) 1.0 Hz,
1H)
NeuSAc | - - 2.68 (dd, J =1 3.67 3.813.77 | N/R|3.89|3.88, |2.08 (s,
12.4, 4.7 Hz, 3.65 | 3H) or
1H), 1.72 (t, J 2.04 (s,
=12.2 Hz, 1H) 3H)
13C NMR (151 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Cé6 C7 | C8 C9 NHAc
GlecNAc | 100.93 | 54.86 | N/R | 80.73 | 74.45 | 60.35 | - - - 22.26 or 22.01
Gal 103.47 | 70.72 | N/R | N/R |73.67|63.32| - - - -
NeuSAc | 173.51 | 100.14 | 40.07 | N/R | 51.87 | N/R | N/R | 71.69 | 62.63 | 22.26 or 22.01
Linker | 1 2 3
H 3.44—-3.35(m,2H) | 1.89 — 1.81 (m, 2H) | 3.99, 370
C 47.77 28.10 67.10

N/R: not reported.

OH
HO_ [ oy cooH
AcNH-£2
on 01 OH
o o Co
0 OR
Ho HO

OH OH

NmCSS

(0] OH
O'c") Pd2,6ST
HO OHO O OR CTP, Neu5Ac
OH OH 94%
2 24

Synthesis of 24
24 was prepared from 2'¥ using sialyltransferase Pd2,6ST according to the general procedure in the

methods and was the white solid after lyophilization (790 mg, yield 94%). ESI-Q-TOF-HRMS m/z
516



calculated for C,H43N4O19, [M-H]: 715.2527, found 715.253.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 H3 H4 HS | H6 H7 HS8 | H9 NHAc¢
Glc 4.50 3.35(t, | 3.67 3.63 3.62 | 3.98, - - - -
d J=|J=8.6 3.81
8.1 Hz,
Hz, 1H)
1H)
Gal 4.44 3.57 —|3.66 3.95 3.82 | 3.98, - - - -
(d, J=|3.51 d, J= 3.61
7.9 (m, 34
Hz, 1H) Hz,
1H) 1H)
NeuSAc | - - 2.72 (dd, J | 3.66 3.87 13.73 3.57 3.89 | 3.89, |2.04 (s,
= 12.3, 4.7 (dd, J = (dd, J= 3.65 | 3H)
Hz, 1H), 10.5,1.7 1 9.3, 1.8
1.75 (t, J = Hz, 1H) | Hz,
122 Hz, 1H)
1H)
13C NMR (151 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc
Glc 101.91 | 72.63 | 74.52| 79.52 | 74.55 | 60.16
Gal 103.11 | 70.69 | 72.43 | 68.28 | 73.60 | 63.47
NeuSAc | 17339 | 100.20 | 40.01 | 68.28 | 51.69 | 72.27 | 68.42 | 71.70 | 62.54 | 21.96
Linker | 1 2 3
H 3.48 (t,J=6.7 Hz, 2H) | 1.97 — 1.89 (m, 2H) | 4.01, 3.78
C 47.79 28.14 67.24
Synthesis of 25

25 was synthesized from 3!° using sialyltransferase Pd2,6ST according to the general procedure in the
methods and white solid after lyophilization (985 mg, yield 92%). ESI-Q-TOF-HRMS m/z calculated for
Cy3H46N5O19, [M-H]: 756.2792, found 756.2795.
'"H NMR (500 MHz, D,0): 6 (ppm)

H1 H2 |H3 H4 [H5 [H6 [H7 [HS [H9 [NHAc
GleNAc | 4.57 (d, J | 3.84 | 3.75 354353400, |- |- |- 2.03 (s,
= 8.4 Hz, 3.80 6H)
1H)
Gal 438(d, J|3.533.65 393373 (398, [- |- |- -
= 7.8 Hz, 3.59
1H)
NeuSAc | - - 270 (dd, J=124,[3.66|3.83 381 |3.58]3.89[3.89, |2.03 (s,
4.6 Hz, 1H), 1.71 3.65 | 6H)
(t,J=12.2 Hz, 1H)
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3C NMR (126 MHz, D,0): § (ppm)

C1 C2 C3 C4 C5 Cé6 C7 C8 Co9 NHAc
GleNAc | 100.91 | 54.32 | 84.06 | 68.42 | 75.48 | 60.89 | - - - 22.21 or 22.06
Gal 103.94 | 70.52 | 72.40 | 68.25 | 72.47 | 63.52 | - - - -
Neu5Ac | 173.37 | 100.05 | 40.09 | 68.45 | 51.80 | 73.59 | 68.92 | 71.77 | 62.65 | 22.21 or 22.06
Linker | 1 2 3
H 3.38 (td,J=6.6, 1.6 Hz, 2H) | 1.90 — 1.81 (m, 2H) | 4.00, 3.71
C 47.80 28.10 67.16
HO, OH
ooy S e
Synthesis of 26

26 was synthesized from 4'? using sialyltransferase M2,6ST according to the general procedure in the
methods and white solid after lyophilization (474 mg, 97%). ESI-Q-TOF-HRMS m/z calculated for
C28H46N5019, [M—H]_Z 7562792, found 756.2792.

'H NMR (600 MHz, D,0): § (ppm)
H1 H2 | H3 H4 | HS | H6 H7 | H8 | H9 NHAc
GalNAc | 4.51 (d, J|4.02 | 3.89 420 (3.733.82 |- - - 2.04
= 8.5 Hz,
1H)
Gal 444 (d, J|3.53|3.62 3921377 {391, |- - - -
= 7.8 Hz, 3.65
1H)
NeuSAc | - - 2.75(dd, J=12.4, | 3.69 | 3.83 | 3.72 3.60 | 3.89 | 3.90, |2.04
4.5Hz), 1.69 (t,J = 3.65
12.2 Hz)
3C NMR (201 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc
GalNAc | 101.41 | 51.22 [79.93 | 67.96 | 74.85 | 61.14 | - - - 22.22
Gal 104.71 | 70.46 | 72.58 | 68.22 | 73.15 | 63.39 | - - - -
NeuSAc | 173.41 | 100.41 | 40.16 | 68.47 | 51.84 | 72.34 | 68.17 | 71.74 | 62.60 | 22.00
Linker | 1 2 3
H 3.39 [1.86 |4.00,3.70
C 47.78 | 28.10 | 67.00
Hoc@é/OHgéH&/OR Eg%Lg-NeusAc O:OC@JO&OH&OH&/OR

81%

Synthesis of 69
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1 was treated following the general procedure in the methods to install 9-N3;-NeuSAc giving 69 as the
white solid after lyophilization (1.3 g, yield 81%). ESI-Q-TOF-HRMS m/z calculated for C,5H45NgO;sg,
[M-H]: 781.2857, found 781.2859.
'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 | H3 H4 | H5 | H6 H7 |H8 | H9 NHAc
GIcNAc | 4.54 (d,J | 3.72 | 3.74 3611359397, |- - - 2.05 or
= 7.8 Hz, 3.81 2.01
1H)
Gal 443 (d,J|3.52|3.72 3913821397, |- - - -
=7.9 Hz, 3.52
1H)
Neu5SAc | - - 2.64 (dd, J=12.4,|3.63|3.79 | 3.72 3.54 1401 3.65 |2.05 or
4.7 Hz, 1H), 1.69 348 2.01
(t,J=12.2 Hz, 1H)
13C NMR (151 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 NHAc
GlIcNAc | 10091 | 54.85 | 72.34 | 80.73 | 74.44 | 60.32 | - - - 22.26 or 22.01
Gal 103.47 | 70.68 | 72.38 | 68.32 | 73.66 | 63.32 | - - - -
NeuSAc | 173.51 | 100.16 | 40.08 | 68.17 | 51.85 | 72.38 | 69.00 | 70.23 | 53.09 | 22.26 or 22.01
Linker | 1 2 3
H 336 | 1.83 |3.96,3.66
C 47.75 | 28.09 | 67.08
Hoc@é/OHgéH&/OR Eg%?Lg-NeusAc O:oc@&/OHOéOH&/OR
Synthesis of 71

2 was treated following the general procedure in the methods to install 9-N;-Neu5Ac giving 71 as the
white solid after lyophilization (320 mg, yield 92%). ESI-Q-TOF-HRMS m/z calculated for C,sH44N-Oqs,
[M+H]*: 742.2737, found 742.2742.
"H NMR (600 MHz, D,0): & (ppm)

H1 H2 H3 H4 | H5 H6 |H7 |H8 |H9 |NHAc
Glc 448 (d,|3.33 (t, | 3.65 3.60 | 3.58 3.96, |- - - -
J=1280|J=85 3.79
Hz, 1H) | Hz, 1H)
Gal 441 (d, ] 3.52 3.64 3.92(3.79 3.95, |- - - -
J=19 3.58
Hz, 1H)

Neu5Ac | - - 2.69 (dd, J =[3.64[3.84 (t,]3.74 [3.55]4.01]3.68, |2.02 s,
12.4, 47 Hz, J=10.1 349 | 3H)
1H), 1.72 (t, J Hz, 1H)
=12.2 Hz, 1H)

13C NMR (151 MHz, D,0): § (ppm)

| lc1 [c2 |c3 [c4 [Cc5 [c6 [C7 | C8 [ C9 |NHAc]
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Glc 101.96 | 72.67 | 74.56 | 79.57 | 74.60 | 60.20 | - - - -
Gal 103.15 | 70.72 | 72.67 | 68.45 | 73.66 | 63.55 | - - - -
NeuSAc | 173.45 | 100.29 | 40.07 | 68.31 | 51.73 | 72.28 | 68.97 | 70.30 | 53.06 | 22.02
Linker | 1 2 3
H 345(t,J=6.7Hz, 2H) | 1.90 (p,J=6.7 Hz, 2H) | 3.98, 3.75
C 47.82 28.19 67.28
HO Q:OEHHO%C:R Egl'é,sg-LB-NeuSAc OHzogHg O;o HQ(%OCR
Synthesis of 73

3 was treated following the general procedure in the methods to install 9-N;-NeuSAc giving 73 as the
white solid after lyophilization (738 mg, yield 88%). ESI-Q-TOF-HRMS m/z calculated for C,sH45NgO;sg,
[M-H]: 781.2857, found 781.2858.
'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 | H3 H4 HS | Hé6 H7 |H8 | HY9 NHAc

GIlcNAc | 4.55 (d, | 3.80 | 3.73 3.50 349397, |- - - 206 —

J =85 3.77 1.97 (m,
Hz, 1H) 6H)
Gal 4.36 (d, | 3.50 | 3.62 3.89 (d,|3.79 | 3.95, |- - - -
J =178 J =135 3.54
Hz, 1H) Hz, 1H)

NeuSAc | - - 2.68 (dd, J =|3.64 381 (3.74 |3.55]|4.01|3.65 |2.06 -
124, 4.7 Hz, 348 | 1.97 (m,
1H), 1.67 (t,J= 6H)

12.2 Hz, 1H)
3C NMR (151 MHz, D,0): 6 (ppm)
Ci C2 C3 C4 C5 Co6 C7 C8 C9 NHAc

GlcNAc | 103.88 | 54.26 | 84.02 | 69.02 | 75.43 | 60.83 | - - - 22.17 or 22.03

Gal 100.86 | 70.45 | 72.21 | 68.40 | 73.57 | 63.48 | - - - -

NeuSAc | 173.45 [ 100.09 | 40.12 | 68.22 | 51.76 | 72.34 | 68.87 | 70.29 | 53.07 | 22.17 or 22.03

Linker | 1 2 3

H 3.40 —3.34 (m, 2H) | 1.83 (p, /= 6.4 Hz, 2H) | 3.97, 3.67

C 47.75 28.05 67.11

NmCSS MH
HO%O%T '\CA%SSQT:;NeusAc HO@ZWO&%:::R
Synthesis of 75

4 was treated following the general procedure in the methods to install 9-N3;-NeuSAc giving 75 as the
white solid after lyophilization (307 mg, 91%). ESI-Q-TOF-HRMS m/z calculated for C,3H45NgO1g, [M-
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H]J: 781.2857, found 781.2854.

'"H NMR (600 MHz, D,0): 6 (ppm)
H1 H2 | H3 H4 | HS | H6 H7 |H8 | H9 | NHAc
GalNAc | 4.50 (d, J|4.01 | 3.88 41913721382 |- - - 2.05,
= 8.6 Hz, 2.04
1H)
Gal 444 (d, J|3.52]3.62 3.9313.72 1391, |- - - -
= 7.8 Hz, 3.65
1H)
NeuSAc | - - 2.73 (dd, J =124, | 3.68 | 3.82 | 3.72 3.60 | 4.01 | 3.69, | 2.05,
4.7 Hz), 1.65 (t,J= 3.50 | 2.04
12.1 Hz)
3C NMR (201 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc
GalNAc | 101.41 | 51.23 [ 7991 | 67.96 | 74.86 | 61.15 | - - - 22.21
Gal 104.67 | 70.44 | 72.38 | 68.21 | 73.13 | 63.37 | - - - -
NeuSAc | 173.39 | 100.42 | 40.17 | 68.45 | 51.83 | 72.34 | 68.83 | 70.30 | 53.06 | 22.00
Linker | 1 2 3
H 340 | 1.86 |3.99,3.69
C 47.78 | 28.09 | 66.99
NG ot o
Synthesis of 5

69 was treated via the general procedure in the methods to provide 5 as the white solid after lyophilization

(104 mg, yield 74% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C;;H3;N4014S, [M+H]": 547.1552,

found 547.1552.
'"H NMR (800 MHz, D,0): 6 (ppm)

H1 | H2 H3 |H4 | HS | H6 H7 | H8 | H9 | NHAc
GIcNAc | 4.54 | 3.73 3.70 | 3.77 | 3.79 | 4.38, - - - 2.03
4.32
Gal 452 13.52 (dd, J = 10.0, 7.9 Hz, | 3.67 | 3.92 | 3.71 | 3.74 - - - -
1H)
3C NMR (201 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé6 C7 | C8 | C9 | NHAc
GlcNAc | 101.15 | 55.06 | 72.26 | 77.36 | 72.50 | 66.25 |- |- |- [22.14
Gal 102.49 | 70.96 | 72.45 | 68.58 | 75.32 | 61.02 | - - - -
Linker | 1 2 3
H 336 [ 1.83 |3.95,3.68
C 47.76 | 28.07 | 67.26
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1) SOz/Py

N, OH
‘OH  GOOH
AcNH-L=L
DMF, TEA
OH oio OH 2) NanA, pH 6.5
HO O o O or NaOAc buffer
HO EEE——
OH OH 71%
2 steps

OH_OH 0OSO3H
Ho 2 oHoé&/OR
OH OH
7 8

Synthesis of 8

71 was treated via the general procedure in the methods to provide 8 as the white solid after lyophilization
(47 mg, yield 71% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,sH,sN304S, [M-H]: 504.1141,
found 504.1144.

'H NMR (500 MHz, D,0): § (ppm)

H1 | H2 H3 | H4
4.52 | 3.34(dd,J=|3.65 | 3.74
9.4, 8.0 Hz,
1H)
3.54(dd,J=
9.9, 7.9 Hz,
1H)

13C NMR (126 MHz, D,O): &
C1 C2 C3
102.07 | 72.56 | 75.18
102.37 | 70.82 | 72.33

H6 H7 [ H8 [ H9 [ NHAc
440 (dd, J=11.1, 21 |- |- |- |-
Hz, 1H), 4.31 (dd, J =
11.1, 4.2 Hz, 1H)

3.78 (2H) N D

HS
3.82

Gle

Gal | 4.52 3.68 1393 (d, J
= 3.4 Hz,
1H)

pm)
C4
77.05

68.46

3.74

Ceé C7]C8| C9 | NHAc
66.09 | - - - -
60.88 | - - - -

Cs
72.37
74.08

Glc
Gal

Linker | 1 2 3
H 3.49—-3.43 (m,2H) | 1.96 — 1.88 (m, 2H) | 4.04 —3.96 (m, 1H), 3.78
C 47.72 28.10 67.38

N3 OH

OH COOH
70
AcNH oH

OHOH. o

OH é&
HO%S/OO OR
NHAc

OH

1) SO4/Py
DMF, TEA

2) NanA, pH 6.5
NaOAc buffer

OSOzH

0 H
HO OO OR
59% OH NHAG

2 steps
73 1

Synthesis of 11

73 was treated via the general procedure in the methods to provide 11 as the white solid after lyophilization
(41 mg, yield 59% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,7H,9N404S, [M-H]": 545.1406,
found 545.1406.

'"H NMR (800 MHz, D,0): § (ppm)

H1 H2 H3 H4 H5 | Hé6 H7 | H8 | H9 | NHAc
GlIcNAc | 4.58(d, | 3.87 —|3.81 3.60 (dd, | 3.72 {438 (dd, J =|- |- |- |2.05¢s,
J=1283[3.84 (m, J =10.0, 11.3, 2.1 Hz, 3H)
Hz, 1H) 8.5 Hz, 1H), 4.24 (dd,
1H) 1H) J =112, 5.6
Hz, 1H)
Gal 4.45(d, | 3.53 (dd, | 3.65 392(d,J|3.71 | 3.79,3.75 - - - -
J=78|J=10.0,|(dd, J=|=3.4Hz,
Hz, 7.8 Hz, |99, 3.4 | 1H)
1H) 1H) Hz, 1H)

13C NMR (201 MHz,

D,0):  (ppm)
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C1 C2 C3 C4 C5 Cé6 C7|C8 | C9 | NHAc
GlcNAc | 103.49 | 54.55|81.99 | 68.43 | 73.26 | 67.10 | - - - 22.21
Gal 100.960 | 70.66 | 72.48 | 68.55 | 75.27 | 61.01 | - - - -
Linker | 1 2 3
H 342 -3.36(m,2H) | 1.90 — 1.81 (m, 2H) | 3.99 (dt,J=10.9, 5.6 Hz, 1H), 3.70
C 47.79 28.10 67.30
et 5
Ho%o%‘? w HO%O%&R
Synthesis of 14

75 was treated via the general procedure in the methods to provide 14 as the white solid after lyophilization
(62 mg, 68% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,7H,9N4O4S, [M-H]: 545.1406, found
545.14009.

"H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 |H4 |H5 |H6 | H7 | H8 | H9 | NHAc
GalNAc | 4.54 (d, J = 8.5 | 4.04 3921426397322 |- - - 2.05
Hz, 1H)
Gal 446 (d, J=7.8|3.55 (dd, J = 10.1, | 3.64 | 3.93 | 3.69 | 3.77 | - - - -
Hz, 1H) 7.6 Hz, 1H)
3C NMR (201 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Co6 C7|C8|C9 | NHAc
GalNAc | 101.35 | 51.16 | 79.70 | 67.71 | 72.37 | 67.19 | - - - 22.19
Gal 104.85 | 70.57 | 72.47 | 68.57 | 74.94 | 60.94 | - - - -
Linker | 1 2 3
H 340 | 1.87 |3.98,3.73
C 47.80 | 28.12 | 67.19
N o
HO%OH %%VOR z)ﬂg%ﬁiifﬁﬁ HO%%&&\/OR
Synthesis of 78

23 was treated via the general procedure in the methods to provide 78 as the white solid after lyophilization
(280 mg, yield 73% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,3H43N404;Si, [M-H]: 579.2703,
found 579.2705.

'"H NMR (600 MHz, CD;0D): 8 (ppm)

H1 H2 | H3 H4 H5 | H6 H7 | H8 | HY | NHAc
GleNAc | 439 (4, [3.72]3.65 —|3.70 339404 dd, J =|- |- |- [1.99 (G,
J = 84 3.61 (m, 11.6, 3.9 Hz, 3H)
Hz, 1H) 1H) 1H), 3.99 (dd, J =
11.6, 1.8 Hz, 1H)
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Gal 4.44 (d,|3.533.45 (dd, | 3.82 (dd, | 3.52 | 3.77,3.67 - - - -
J =17 J =97, J = 33,
Hz, 1H) 33 Hz | 1.0 Hz,
1H) 1H)
3C NMR (151 MHz, CD;0D):  (ppm)
C1 C2 C3 C4 C5 Coé C7|C8 | C9 | NHAc
GlcNAc | 101.35 | 55.31 | 72.74 | 7790 | 7540 | 61.50 | - |- |- |21.61
Gal 103,26 | 71.23 | 73.56 | 68.99 | 7592 | 61.23 |- |- |- |-
Linker | 1 2 3
H 3.39(2H) | 1.87 —1.75 (m, 2H) | 3.92 (ddd, J=9.9, 6.1, 5.1 Hz, 1H), 3.59 — 3.56 (m, 1H)
C 47.36 28.79 65.66
TBS Group | 1’ 2’ 3
H 0.94 (s,9H) | - 0.13 (d, J= 8.4 Hz, 6H)
C 25.11 17.85 | -6.15, -6.43
o ot
I P KSR
Synthesis of 80

24 was treated via the general procedure in the methods to provide 80 as the white solid after lyophilization
(507 mg, yield 80% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,;H4;N3;NaOy;Si, [M+Na]™:
562.2403, found 562.2403.

'"H NMR (600 MHz, CD;0D): 6 (ppm

H1 H2 H3 | H4 HS5 Hé6 H7 | H8 | H9 | NHAc
Gle | 4.26 (d,J | 3.23 (dd, J | 3.51 | 3.64 339 — 1403 - 395]- - - -
=78 Hz, |= 9.3, 7.8 3.36 (m, | (m, 2H)
1H) Hz, 1H) 1H)
Gal | 440 (d, J | 3.52 3.44|3.81 (dd, J | 3.51 380 — 375 - - - -
= 7.7 Hz, = 34, 1.0 (m, 1H), 3.70
1H) Hz, 1H) —3.66 (m, 1H)
13C NMR (151 MHz, CD;0D): 6 (ppm)
C1 C2 C3 C4 C5 Co6 C7|C8|C9 | NHAc
Gle | 104.19 | 74.89 | 76.31 | 78.97 | 76.65 | 62.88 | - - - -
Gal | 104.64 | 72.57 | 74.78 | 70.30 | 77.17 | 62.53 | - - - -
Linker | 1 2 3
H 344 (2H) | 1.91 — 1.84 (m, 2H) | 3.95—3.90 (m, 1H), 3.64
C 4943 30.29 67.53
TBS group | 1’ 2’ 3’
H 0.92 (s,9H) | - 0.11 (s, 3H), 0.10 (s, 3H)
C 26.47 19.22 | -4.79, -5.07
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HQ,

OH
"OH  COOH
AcNH Q OH
" &g/
Q
Q HO
HO (o] OR
on NHAC

2
25

Synthesis of 82

61% OH

1) TBSCI
Py, r.t. OTBDMS
2) NanA, pH 6.5
NaOAc buffer
—_—

O _or
NHAc

% é&
Q HO;
HO o]

steps
82

25 was treated via the general procedure in the methods to provide 82 as the white solid after lyophilization

(186 mg, yield 61% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,3H43N404;Si, [M-H]: 579.2703,

found 579.2702.
'"H NMR (600 MHz, CD;0D): 6 (ppm)
H1 H2 | H3 | H4 H5 | Hé6 H7 | H8 | H9 | NHAc
GlecNAc | 446 (d,J | 3.73 | 3.69 | 3.47 3311399 (dd, J = 11.3, | - - - 1.99 (s,
= 8.3 Hz, 1.9 Hz, 1H), 3.85 3H)
1H) (dd, J = 114, 5.1
Hz, 1H)
Gal 429 (d,J|3.55|3.47|3.82(dd, J|3.57 |3.77,3.71 - - - -
=7.6 Hz, =34, 1.0
1H) Hz, 1H)
BC NMR (151 MHz, CD;0D):  (ppm)
C1 C2 C3 C4 C5 Cé C7|C8|C9 | NHAc
GlcNAc | 102.43 | 56.28 | 84.89 | 70.25 | 77.75 | 63.90 | - - - 23.21
Gal 105.62 | 72.39 | 74.68 | 70.18 | 77.14 | 62.53 | - - - -
Linker | 1 2 3
H 342—-337(m,2H) | 1.88—1.77 (m, 2H) | 3.96 — 3.90 (m, 1H), 3.59
C 48.89 30.16 67.24
TBS group | 1’ 2/ 3’
H 0.93 (s,9H) | - 0.11 (s, 3H), 0.11 (s, 3H)
C 26.44 19.32 | -4.98, -5.09
;5&7\ 1) TBSCI
OHOHo  HO _OH Py, r.t OH oH HO_OTBDMS
e o A gw
OH NHAC 7o NHAc
Synthesis of 84

26 was treated via the general procedure in the methods to provide 84 as the white solid after lyophilization

(88 mg, 79%). ESI-Q-TOF-HRMS m/z calculated for C,3H43N40,;S1, [M-H]: 579.2703, found 579.2702.

'"H NMR (600 MHz, CD;0D): 6 (ppm)

H1 H2 |H3 |H4 |H5 |H6 | H7|HS8|HY9 | NHAc
GalNAc | 4.43 (d,J=8.5Hz, 1H) [3.99 [3.76 | 409|353 [382 |- |- |- [1.95
Gal 431(d,J=7.6Hz 1H) [3.53[3.43[3.82[3.50(3.69|- [- [- |-

13C NMR (201 MHz, CD;0D): & (ppm)

| lc1 |2 |[c3 |c4 [c5 |[c6 | C7]C8|C9|NHAC |
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GalNAc | 101.47 | 51.75 | 80.02 | 67.85 | 74.97 | 62.10 | - - - 172.86, 21.82
Gal 105.26 | 71.11 | 73.18 | 68.60 | 75.11 | 60.86 | - - - -

Linker | 1 2 3

H 337 | 1.82 |3.90,3.56

C 47.83 | 28.76 | 65.69

TBS Group | 1’ 2/ 3’

H 0.9 - 0.09

C 2498 | 17.77 | -6.57, -6.63

1) SO4/Py
OTBDMS OH

OH_oH DMF, TEA OH_0s0;H
0, =3.
OH AcHN 7% OH AcHN
2 steps

Synthesis of 6

78 was treated according to the general procedure in the methods to give 6 as the white solid after
lyophilization (363 mg, yield 77% for 2 steps). In detail, 78 (500 mg, 0.86 mmol) was dissolved in a mixed
solution of 3 mL DMF and 3 mL TEA. SO;/Py (548 mg, 3.45 mmol) was then added under an ice bath.
The reaction was stirred for 15 min at 0 °C and then stirred at 40 °C for 4 h. Monitoring reaction by TLC
(EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCO; aqueous were poured into the reaction
mixture to quench the reaction. Subsequently, the reaction crude was treated according to the general
procedure in the methods to deprotect the TBDMS group to give 6. ESI-Q-TOF-HRMS m/z calculated
for C7Hp9N4O4S, [M-H]: 545.1406, found 545.1405.

'H NMR (500 MHz, D,0): 5 (ppm)

H1 [H2 [H3 [H4 [H5 [Heé H7 | H8 | H9 | NHAc
GlIcNAc | 4.57[3.78[3.773.73 | 3.66 | 4.03, 3.88 - |- |- 12.09,3H)
Gal 455[3.58[3.73]4.03]4.01 [428-422(m,2H) |- |- |- |-

3C NMR (126 MHz, D,0): 6 (ppm

C1 C2 C3 C4 C5 Cé C7 | C8 | C9 | NHAc
GIleNAc | 101.10 | 55.16 | 72.15 [ 79.17 | 74.69 | 60.24 | - - - 22.20
Gal 102.80 | 70.81 | 72.33 | 68.25 | 72.81 | 67.13 |- |- [- |-

Linker | 1 2 3
H 3.47—-3.37 (m,2H) | 1.94 —1.83 (m, 2H) | 4.00, 3.72
C 47.79 28.10 67.19

1) SO3/Py
OTBDMS

OH_OoH DMF, TEA OH_0S04H OH
OH oH 66% on M o
2 steps
0 9

Synthesis of 9
80 was treated according to the general procedure in the methods to give 9 as the white solid after
lyophilization (123 mg, yield 66% for 2 steps). In detail, 80 (200 mg, 0.37 mmol) was dissolved in a mixed
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solution of 2 mL DMF and 2 mL TEA. SO3/Py (236 mg, 1.48 mmol) was then added under an ice bath.
The reaction was stirred for 15 min at 0 °C and then stirred at 40 °C for 3 h. Monitoring reaction by TLC
(EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCO; aqueous were poured into the reaction
mixture to quench the reaction. Subsequently, the reaction crude was treated according to the general
procedure in the methods to deprotect the TBDMS group to give 9. ESI-Q-TOF-HRMS m/z calculated
for CsHy6N3014S, [M-H]: 504.1141, found 504.1141.

'"H NMR (500 MHz, D,0): § (ppm)

H1 | H2 H3 |H4 |H5 |H6 H7 | H8 | H9 | NHAc

Glc | 448 | 3.37—3.31 (m, 1H) 3.66 | 3.62 | 3.62 | 4.00, 3.81 - - |- -

Gal | 448 | 3.56(dd,J=9.9, 79 Hz | 3.69 | 3.98 |3.99 | 424 — 418 (m, |- |- |- |-
1H) 2H)

13C NMR (126 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Co6 C7|C8|C9 | NHAc
Gle | 101.90 | 72.73 | 74.23 | 79.28 | 74.56 | 60.10 | - - - -
Gal | 102.94 | 70.62 | 72.19 | 68.12 | 72.62 | 67.16 | - - - -

Linker | 1 2 3
H 349—-343 (m,2H) | 1.96 — 1.87 (m, 2H) | 4.01, 3.76
C 47.74 28.10 67.21

oteoms 1) SOsPy

OH

O HO, OR =3, O HO; OR

Ho 5 2)AcOH, pH=30_ 5

oH NHAC 70% oH NHAc
2 steps

Synthesis of 12

82 was treated according to the general procedure in the methods to give 12 as the white solid after
lyophilization (53 mg, yield 70% for 2 steps). In detail, 82 (80 mg, 0.14 mmol) was dissolved in a mixed
solution of 0.5 mL DMF and 0.5 mL TEA. SOs/Py (89 mg, 0.56 mmol) was then added under an ice bath.
The reaction was stirred for 15 min at 0 °C and then stirred at 40 °C for 3 h. Monitoring reaction by TLC
(EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCO; aqueous were poured into the reaction
mixture to quench the reaction. Subsequently, the reaction crude was treated according to the general
procedure in the methods to deprotect the TBDMS group to give 12. ESI-Q-TOF-HRMS m/z calculated
for C7Hp9N4O4S, [M-H]: 545.1406, found 545.1404.

'"H NMR (500 MHz, D,0): § (ppm)

H1 H2 H3 |H4 |HS | H6 H7 | H8 | H9 | NHAc
GlcNAc | 456 (d, J=|3.84 (dd, J =|3.78|3.51|3.49|3.92,3.76 |- - - 2.04 (s,
8.4 Hz, 1H) | 104, 84 Hz 3H)
1H)
Gal 445 (d, J=1]3.53 3.65[396|3.96|426—-4.15] - - - -
7.8 Hz, 1H) (m, 2H)
13C NMR (126 MHz, D,0): § (ppm
C1 C2 C3 C4 C5 Co6 C7|C8|C9 | NHAc
GIcNAc | 103.59 | 54.45 | 82.89 | 68.26 | 75.30 | 60.66 | - - - 22.18
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| Gal | 100.91]70.48 [72.26 | 68.73 [ 72.77 | 67.37 |- |- |- |-

Linker | 1 2 3

H 3.44 —3.32 (m, 2H) | 1.90 — 1.80 (m, 2H) | 3.99, 3.67

C 47.76 28.07 67.14
&g &

Synthesis of 15

84 was treated according to the general procedure in the methods to give 15 as the white solid after
lyophilization (20 mg, 61% for 2 steps). In detail, 84 (35 mg, 0.06 mmol) was dissolved in a mixed solution
of 0.5 mL DMF and 0.5 mL TEA. SO;/Py (38 mg, 0.24 mmol) was then added under an ice bath. The
reaction was stirred for 15 min at 0 °C and then stirred at 40 °C for 3 h. Monitoring reaction by TLC
(EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCOj; aqueous were poured into the reaction
mixture to quench the reaction. Subsequently, the reaction crude was treated according to the general
procedure in the methods to deprotect the TBDMS group to give 15. ESI-Q-TOF-HRMS m/z calculated
for C17H29N4014S, [M-H]: 545.1406, found 545.1406.

'"H NMR (500 MHz, D,0): 6 (ppm)
H1 H2 H3 |H4 |H5 |H6 | H7 | H8 | H9 | NHAc
GalNAc | 4.50 (d, J = 8.5 | 4.02 3.86 424 13.72|3.80] - - - 2.05
Hz, 1H)
Gal 446 (d, J=7.813.54(dd,J=9.9,7.9|3.65|3.96|3.90|4.19| - - - 2.05
Hz, 1H) Hz, 1H)
3C NMR (126 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé6 C7|C8|C9 | NHAc
GalNAc | 101.38 | 51.15 | 80.04 | 68.03 | 7492 | 61.18 | - - - 22.19
Gal 104.66 | 70.42 | 72.32 | 68.32 | 72.52 | 67.47 | - - - -
Linker | 1 2 3
H 340 |1.87 |4.01,3.70
C 47.78 | 28.09 | 66.99
(@:V /é&OR ESI'SP CTP, 9-N-NeuSAc ACT‘“‘M (& OH &OR
Synthesis of 86

86 was synthesized using sialyltransferase BtST via the general procedure in the methods and white solid
after lyophilization (289mg, 86%). ESI-Q-TOF-HRMS m/z calculated for C,gH,sNgO,g, [M-H]: 781.2857,
found 781.2856.

'"H NMR (600 MHz, D,0): § (ppm)
| |H1 |H2 |H3

|H4 |H5 | H6 |H7 |H8 |HY9 | NHAc |
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GleNAc | 4.51 | 3.72 ] 3.69 3.71 | 3.57 | 3.99, - - - 2.03 or
3.83 2.02
Gal 4.53 | 3.56 | 4.09 3.9313.67|3.72 - - - -
Neu5SAc 2.74(dd,J=12.4,4.6 Hz, | 3.67 | 3.84 | 3.72 3.58 | 4.01 | 3.67, | 2.03 or
1H), 1.76 3.48 2.02
3C NMR (151 MHz, D,0): 6 (ppm
Cl1 C2 C3 C4 C5 Co6 Cc7 C8 Cc9 NHAc
GlecNAc | 101.12 | 55.06 | 72.33 | 78.26 | 74.76 | 60.05 | - - - 22.15
Gal 102.55 1 69.37 | 75.51 | 67.39 | 75.14 | 61.00 | - - - -
NeuSAc | 173.80 | 99.78 | 39.67 | 68.32 | 51.65 | 72.67 | 68.72 | 70.35 | 53.04 | 22.15
Linker | 1 2 3
H 3.36 | 1.83 | 3.98,3.65
C 47.75 1 28.09 | 67.11
Synthesis of 88

88 was synthesized using sialyltransferase BtST via the general procedure in the methods and white solid
after lyophilization (460 mg, 88%). ESI-Q-TOF-HRMS m/z calculated for C,sH4,N;,O5, [M-HJ:
740.2592, found 740.2592.

'H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 H4 H5 | H6 H7 | H8 | H9 NHAc¢
Glc 4.50(d, | 3.33 3.65 3.67 3.61|4.02, |- - - -

J=280|(dd, J= 3.83

Hz, 9.1, 7.9

1H) Hz, 1H)

Gal 4.53(d, | 3.58 411 (dd, J=|3.96(d, |3.71 | 3.75 |- - - -

J=179 99, 32 Hz, | J=3.2 (2H)

Hz, 1H) Hz,

1H) 1H)

Neu5Ac | - - 2.77 (dd, J = | 3.69 3.87 |3.66 |3.60|4.03]3.70, 2.05 (s,
12.4, 4.6 Hz, 3.52 —|3H)
1H), 1.80 (t, 3.49 (m,
J=12.1 Hz, 1H)
1H)
13C NMR (151 MHz, D,0): 8 (ppm
C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc
Glc 102.01 | 72.57 | 74.23 | 78.14 | 74.67 | 59.98 | - - - -
Gal 102.53 | 69.24 | 75.42 | 67.24 | 75.04 | 60.89 | - - - -
Neu5Ac | 173.70 | 99.68 | 39.58 | 68.20 | 51.55 | 72.68 | 68.64 | 70.25 | 52.94 | 21.92
Linker | 1 2 3
H 3.47 (t,J=6.7Hz, 2H) | 1.93 (p, J= 6.5 Hz, 2H) | 4.00, 3.78
C 47.75 28.10 67.28
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NmCSS N3 OH OH

OH
8 ropne o 17 e oo oA
O HO, - HO
HO (o] AcNH Q O&/
OH

O_OR CTP, 9-N;-NeusAc Q_or
OH OH

NHAc 82% NHAc

Synthesis of 90
90 was synthesized using sialyltransferase BtST via the general procedure in the methods and white solid
after lyophilization (277mg, 82%). ESI-Q-TOF-HRMS m/z calculated for C,gHy4sNgOq5, [M-H]: 781.2857,
found 781.2856.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 | H3 H4 | HS | H6 H7 H8 | H9 NHAc
GlcNAc | 4.57 (d, | 3.82 | 3.79 3.5313.50 394, |- - - 2.06 (s,
J =283 3.77 3H) or
Hz, 1H) 2.04 (s,
3H)
Gal 450 (d, | 3.54 | 4.08 (dd, J =|3.93|3.68(3.74 |- - - -
J =138 9.8, 3.2 Hz (2H)
Hz, 1H) 1H)
NeuSAc | - - 2.76 (dd, J ={3.67|3.85]3.66 |3.61(dd,|3.99]3.67, |2.06 (s,
12.5, 4.6 Hz, J = 9.0, 3.52 | 3H) or
1H), 1.79 (t, J 2.0 Hz, 2.04 (s,
=12.2 Hz, 1H) 1H) 3H)
3C NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé C7 C8 Cc9 NHAc
GIcNAc | 100.89 | 54.47 | 83.40 | 68.75 | 75.39 | 60.75 | - - - 22.29 or 22.05
Gal 103.38 | 69.11 | 75.65 | 67.15 | 75.07 | 61.02 | - - - -
Neu5SAc | 173.82 | 99.63 | 39.82 | 68.37 | 51.64 | 72.60 | 68.75 | 70.57 | 53.05 | 22.29 or 22.05
Linker | 1 2 3
H 3.39 (td, J=6.6,2.3 Hz, 2H) | 1.89 — 1.83 (m, 2H) | 3.98, 3.71
C 47.79 28.10 67.15
@lﬁgﬁﬁumw;gyTW”° 2
Synthesis of 92

92 was synthesized using sialyltransferase PPST via the general procedure in the methods and white solid
after lyophilization (145 mg, 86%). ESI-Q-TOF-HRMS m/z calculated for C,sH4sNgOjs, [M-H]J
781.2857, found 781.2858.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 | H2 | H3 H4 |HS | Hé6 H7 |H8 |H9 | NHAc
GalNAc | 4.52 | 4.02 | 3.89 4.18 [3.7213.79, |- - - 2.05 or
3.73 2.04
Gal 4.51 | 3.56 | 4.07 3.94 | 3.64 |3.79, |- - - -
3.73
Neu5SAc | - - 2.77 (dd, J = 12.5, 4.7 | 3.69 | 3.85 | 3.71 3.60 | 4.00 | 3.69, | 2.05 or
Hz), 1.79 (t, J = 12.2 3.51 | 2.04
Hz)
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3C NMR (201 MHz, D,0): 6 (ppm

C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc
GalNAc | 101.36 | 51.17 | 79.94 | 67.85 | 74.73 | 60.93 | - - - 22.28
Gal 104.53 | 69.01 | 75.57 | 67.27 | 74.73 | 60.97 | - - - -
NeuSAc | 173.87 | 99.66 | 39.77 | 68.36 | 51.63 | 72.57 | 68.74 | 70.51 | 53.02 | 22.04

Linker | 1 2 3
H 340 | 1.86 |3.98,3.71
C 4779 | 28.10 | 66.99

1) SO5/Py

OH
N [on  COOH O oH OH Z)E";"rfAPgHs s ol OSOSH OSO3H
AcNH Q o Q o O or NaOAc buffer
HO —_— HO
OH OH AcHN
86

58%
2steps

Synthesis of 7

7 was prepared via the general procedure in the methods and was the white solid after lyophilization (46mg,
58%). ESI-Q-TOF-HRMS m/z calculated for C7Hy9 N4O14S,, [M-H]: 625.0975, found 625.0977.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 |[H2 H3 [H4 [H5 [H6 H7 [ H8 [ H9 | NHAc
GlcNAc | 4.57 [ 3.75 3.75 | 3.76 | 3.84 | 4.44, - |- - [2.06
433
Gal 457 3.55 (dd, J = 10.0, 7.8 Hz, | 3.70 [ 3.97 | 3.99 | 4.21 - -1 T
1H)

BC NMR (151 MHz, D,0): 6 (ppm

C1 C2 C3 C4 C5 C6 C7|C8 | C9 | NHAc
GlcNAc | 101.31 | 55.06 | 72.10 | 78.61 | 72.50 | 66.51 | - - - 22.17
Gal 102.70 | 70.80 | 72.26 | 68.22 | 72.71 | 67.04 | - - - -
Linker |1 2 3
H 3.39 1.86 3.97,
3.70
C 47.77 28.09 67.24

1) SO4/Py

OH
Ns DMF, Py
COOH H . 0SOzH
LOH QR-oH o 2) NanA, pH 6.5 Q OSO H s
AGNH ) o 2 o O OR  NaOAc buffer
HO - - %o
OH OH oH
88

68%
2steps

Synthesis of 10

10 was prepared via the general procedure in the methods and was the white solid after lyophilization
(27mg, 68%). ESI-Q-TOF-HRMS m/z calculated for CsH,7N3045S,, [M-H]: 584.0723, found 584.0709.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1I |H2 H3 [H4 [H5 H6 H7 [ H8 [ H9 [ NHAc
Glc | 454 [3.40 — 334 [3.68 [3.793.88 — 3.83 | 4.46 — 440 (m, 1H), |- |- |- |-

(m, 1H) (m, 1H) 434427 (m, 1H)
Gal | 454 [3.59 — 3.54 [ 3.72 [ 4.01 | 4.01 426-420(m,2H) |- |- |- |-

(m, 1H)

BC NMR (151 MHz, D,0): é (ppm)
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C1 C2 C3 C4 Cs Ceé C7]C8| C9 | NHAc
Gle | 101.96 | 72.47 | 74.15 | 78.67 | 72.32 | 66.34 | - - - |-
Gal | 102.82 | 70.62 | 72.13 | 68.10 | 72.63 | 67.00 | - - - |-

Linker | 1 2 3
H 3.51-3.45(m,2H) | 1.96 — 1.90 (m, 2H) | 4.01, 3.82 —3.76 (m, 1H)
C 47.73 28.11 67.38

1) SO4/Py
SO3H

DMF, Py
OH COOH OH_oH o 2) NanA, pH 6.5 OH-sOzH o
Q HO OR _ NaOAcbuffer o Hog OR
e,
ACNH NHAC NHAG

55% OH
2steps
13

Synthesis of 13

13 was prepared via the general procedure in the methods and was the white solid after lyophilization
(44mg, 55%). ESI-Q-TOF-HRMS m/z calculated for C{7H,9N4017S,, [M-H]: 625.0975, found 625.0983.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 H3 | H4 HS | H6 H7 | H8 | H9 | NHAc¢
GlcNAc | 4.58 (d, J=| 3.87 3.83 | 3.63 — 13741441 — 437 | - - - 2.06 (s,
8.3 Hz, 1H) 3.58 (m, (m, 1H), 3H)
1H) 4.26
Gal 447,J=1|357 —[3.68]3.99 3.97 | 4.23 (2H) - - - -
7.8 Hz, 1H) | 3.53 (m,
1H)
3C NMR (151 MHz, D,0): 6 (ppm
Cl1 C2 C3 C4 C5 Cé6 C7|C8 | C9 | NHAc
GIcNAc | 103.47 | 54.53 | 82.03 | 68.24 | 73.21 [ 67.08 | - |- |- [22.23
Gal 100.97 | 70.52 | 72.28 | 68.25 | 72.69 | 6717 |- |- |- |-
Linker | 1 2 3
H 3.44-3.36(m,2H) [ 1.91 — 1.83 (m, 2H) | 4.02, 3.71
C 47.81 28.10 67.32

1) SO4/Py
N; OH DMF, Py

OH COOHOH.HO ~ HO OH 2) NanA, pH 6.5 [o) OSO3HHO OSO5H
= Q o} NaOAc buffer Q
AcNH-L=& oé&o& OR
OH OH NHAc 79 % NHAc

2steps
92

Synthesis of 16

16 was prepared via the general procedure in the methods and was the white solid after lyophilization (44
mg, 79% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C;7H,9N4047S,, [M-H]: 625.0975, found
625.0978.

'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 |H3 |H4 |H5 |H6 | H7|H8| H9 | NHAc
GalNAc | 4.52(d,J=8.6 Hz) | 4.05[3.90 | 424 [3.93[425]- |- |- |2.05
Gal 449 (d,J=7.8Hz) |3.56 |3.663.99]396[420]- |- [- |-
3C NMR (201 MHz, D,0): 6 (ppm)

| lct1 |2 |c3 [c4 |[c5 [c6 |[C7 |[C8 | C9 |NHAc |
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GalNAc | 101.31 | 51.12 | 79.56 | 67.89 | 72.43 | 67.21 | - - - 22.23
Gal 104.61 | 70.44 | 72.31 | 68.20 | 72.63 | 67.89 | - - - -
Linker | 1 2 3
H 340 [ 1.87 |3.98,3.73
C 47.82 | 28.12 | 67.06
FucT B4
Oﬁ.—OR GDP-Fuc OR
72% o3

1 17

Synthesis of 17

17 was synthesized using FucT as described in the methods. White solid after lyophilization (88 mg, yield

72%). ESI-Q-TOF-HRMS m/z calculated for C,3H39N4O15, [M-H]: 611.2417, found 611.2417.

'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 | H4 HS Heo6 H7 | H8 | H9 | NHAc
GlcNAc | 4.55(d, J | 3.90 3.87 13.92 3.60 4.02,3.85 | - - - 2.05 (s,
= 8.1 H, 3H)
1H)
Gal 4.46 (d,J | 3.50 (dd, J | 3.66 | 3.90 3.60 3.73 - - - -
=78 Hz, |= 99, 7.8
1H) Hz, 1H)
Fuc 5.12(d,J | 3.70 3.90|3.80(d,J|4.84(q,J|1.18 (d, J|- - - -
=4.0 Hz, =3.3Hz, |=6.6 Hz, | = 6.6 Hz,
1H) 1H) 1H) 3H)
13C NMR (151 MHz, D,0): 8 (ppm
C1 C2 C3 C4 C5 C6 C7|C8|C9 | NHAc
GlcNAc | 100.95 | 55.81 | 74.90 | 73.36 | 75.33 | 59.76 | - |- |- [22.22
Gal 101.82 | 71.03 | 72.45 | 68.33 | 74.90 | 61.48 | - - - -
Fuc 98.63 |67.69|69.19 | 7190 | 66.70 | 1529 |- |- |- |-
Linker | 1 2 3
H 3.38(q,J = 6.1 Hz, 2H) | 1.89 — 1.81 (m, 2H) | 3.98, 368
C 47.75 28.10 67.19
FucT 3
OE._OR GDP-Fuc : OR
69% o4
3 18
Synthesis of 18

18 was synthesized using FucT as described in the methods. White solid after lyophilization (272 mg,
yield 69%). ESI-Q-TOF-HRMS m/z calculated for C,3H39N4O45, [M-H]: 611.2417, found 611.2415.
'"H NMR (500 MHz, D,0): 6 (ppm)

H1 H2 H3 H4 | H5 H6 H7 [ H8 | H9 [ NHAc
GlcNAc | 4.53 (d, J | 3.88 407 (t, J | 3.72 | N/R 398,386 |- |- |- |2.05 (s,
= 8.5 Hz, =9.7 Hz, 3H)

S33



1H) 1H)
Gal 449 (d,J | 3.48 (dd, J | 3.62 3.88 | N/R 3.73 - - - -

=7.7Hz, |= 9.8, 7.7

1H) Hz, 1H)
Fuc 5.02(d, J | 3.80 N/R NR | 487 (qJ| 118 (& J |- |- |- |-

=4.0 Hz, =6.7 Hz, | = 6.6 Hz,

1H) 1H) 3H)
3C NMR (126 MHz, D,0): 6 (ppm

C1 C2 C3 C4 C5 Co6 C7|C8|C9 | NHAc
GIcNAc | 101.01 | 55.74 | 76.05 | 72.40 | N/R | 59.67 | - - - 22.25
Gal 102.86 | 70.45 | 72.8 | 68.33 | N/R | 61.64 | - - - -
Fuc 98.05 | 67. 75| N/R | N/R |66.83|1534] - - - -
Linker | 1 2 3
H 3.43 —3.32 (m, 2H) | 1.91 — 1.80 (m, 1H) | 3.97, 3.67
C 47.75 28.10 67.17

FucT 6S
Oﬁﬁ—OR GDP-Fuc OE:*OR
71% a3
5 19

Synthesis of 19

19 was synthesized using FucT as described in the methods. White solid after lyophilization (27 mg, yield
71%). ESI-Q-TOF-HRMS m/z calculated for Cy3H39N4O45S, [M-H]: 691.1986, found 691.1987.
'"H NMR (500 MHz, D,0): 6 (ppm)

OR
AcHN

66%

S34

on 9
WOH

o

94

H1 H2 H3 |H4 |H5 | H6 H7 | H8 | H9 | NHAc
GlIcNAc [ 458 (d, J =|3.90 3.8814.00 [3.81 (442 — 434]- - - 2.04 (s,
7.8 Hz, 1H) (m, 2H) 3H)
Gal 455 (d, J =[3.53 -3.46 |3.66 |3.91 | 3.61|3.73 - - - -
7.8 Hz, 1H) | (m, 1H)
Fuc 512 (d, J =|3.68 390|380 (484 |1.18 (d, J = |- - - -
4.1 Hz, 1H) 6.6 Hz, 3H)
3C NMR (126 MHz, D,0): 8 (ppm
C1 C2 C3 C4 C5 Cé6 C7|C8 | C9 | NHAc
GlceNAc | 100.94 | 55.69 | 74.95 | 72.95 or 72.77 | 72.95 or 72.77 | 65.95 | - - - | 2221
Gal 101.51 | 70.98 | 72.42 | 68.42 74.78 61.44 | - - - -
Fuc 98.59 | 67.76 | 69.19 | 71.90 66.72 15.30 | - - - -
Linker | 1 2 3
H 3.42-3.33 (m,2H) | 1.89 - 1.79 (m, 2H) | 3.97, 3.67
C 47.77 28.10 67.26
OH_OH OTBDMS
OH._OH OTBDMS  FucT Ho A0 O_orR
0 0 GDP-Fuc AHN




Synthesis of 94

94 was synthesized using FucT as described in the methods. White solid after lyophilization (83 mg, yield
66%). ESI-Q-TOF-HRMS m/z calculated for C,9Hs53N4045S1, [M-H]: 725.3282, found 725.3285.

'"H NMR (600 MHz, D,0): 6 (ppm

H1 H2 H3 | H4 H5 H6 H7 | H8 | H9 | NHAc

GlcNAc | 4.53(d,J | 3.92 3.8713.95 3.57 4.13(dd,J=| - - - 2.04 (s,
=8.2 Hz, 11.9,2.1 Hz, 3H)
1H) 1H), 3.96

Gal 449(d,J|3.51(dd,J | 3.64 | 3.91 3.57 3.73 (2H) - - - -
=78Hz, |=99, 7.8
1H) Hz, 1H)

Fuc 5.11(d,J | 3.71 3911382 —|484(q,J|1.18 (d, J = - - - -
=4.0 Hz, 3.78 =6.8 Hz, | 6.6 Hz, 3H)
1H) (m, 1H) | 1H)

13C NMR (151 MHz, D,0): é (ppm

C1 C2 C3 C4 C5 Co6 C7|C8|C9 | NHAc

GlIcNAc | 100.77 | 55.72 | 75.01 | 73.42 | 75.61 | 61.60 | - - - 22.17

Gal 101.73 | 70.84 | 72.45 | 68.33 | 75.07 | 61.48 | - - - -

Fuc 98.59 |67.64|69.15|71.84 | 66.67 | 1526 | - - - -

Linker | 1 2 3

H 3.43—-3.34(m,2H) | 1.91 —1.80 (m, 2H) | 3.95, 3.67

C 47.76 28.10 66.95

OTBS OH_0sOzH OH

OH_OH
HO%O%QR &Z’pi Ho%o%%/ope N
ot e ot 20

Synthesis of 20
94 was treated according to the general procedure in the methods to give 20 as the white solid after
lyophilization (26 mg, yield 62% for 2 steps). In detail, 94 (44 mg, 0.06 mmol) was dissolved in a mixed
solution of 0.5 mL DMF and 0.5 mL TEA. SOs/Py (39 mg, 0.24 mmol) was then added under an ice bath.
The reaction was stirred for 15 min at 0 °C and then continued to stir at 40 °C for 3 h. Monitoring reaction
by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCO; aqueous were poured into the
reaction mixture to quench the reaction. Subsequently, the reaction crude was treated according to the
general procedure in the methods to deprotect the TBDMS group to give 20.
ESI-Q-TOF-HRMS m/z calculated for C,3H39N4045S, [M-H]: 691.1986, found 691.1986.
'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 | H4 H5 Hé6 H7 | H8 | H9 | NHAc
GlIcNAc | 4.55(d, J | 2.88 3.86 | 3.94 363 —14.01,3.86 | - - - 2.05 (s,
= 7.8 Hz, 3.58 (m, 3H)
1H) 1H)
Gal 448 (d, J|3.52 (dd, J | 3.68 | 3.96 N/R 420 —|- - - -
=79Hz, | = 99, 7.8 411 (m,
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N/R: not reported.

Synthesis of 95

a3

B4 63%
OR

N, OH
OH  COOHOHoH OH
. o o
AcNH-£= o OoéS/OR
OH OH AcHN
Q7 oH

o

95

1H) Hz, 1H) 2H)
Fuc 5.11(d, J | 3.66 390 |3.81 (d,J | 4.84 1.19(d, J | - - - -
= 4.0 Hz, = 3.3 Hz, = 6.6 Hz,
1H) 1H) 3H)
BC NMR (151 MHz, D,0): & (ppm)
C1 C2 C3 C4 C5 C6 C7|C8|C9| NHAc
GlcNAc | 100.93 | 55.84 75.09 | 73.73 75.37 | 59.86 | - - - 22.22
Gal 101.77 | 70.92 67.850r 67.80 | N/R | 66.94 | - - - -
Fuc 98.57 | 67.850r 67.80 | 69.13 | N/R 66.69 | 15.32 | - - - -
Linker | 1 2 3
H 3.43—-3.34 (m,2H) | 1.90 — 1.81 (m, 2H) | 3.96, 3.66
C 47.75 28.10 67.13

95 was synthesized using sialyltransferase PPST via the general procedure in the methods and white solid

after lyophilization (191mg, 63%). ESI-Q-TOF-HRMS m/z calculated for C34HssNgO»,, [M-H]: 927.3436,

found 927.3432.

'H NMR (600 MHz, D,0): § (ppm)

H1 H2 | H3 H4 H5 | H6 H7 | H8 | H9 NHAc
GlcNAc | 4.52 3.90 | 3.85 3.95 3.58 1 4.02, - - - 2.04 (s,
3.89 6H)
Gal 4.51 3.53 | 4.07 3.92 N/R | 3.69 - - - -
Fuc 5.11 (d,|3.67|3.90 378 (d,|4.82|1.17(d,J |- - - -
J =40 J = 39 = 6.6 Hz,
Hz, 1H) Hz, 1H) 2H)
Neu5Ac | - - 2.76 (dd,J= | 3.67 3.86 | N/R N/R | 4.03 | 3.69, |2.04 (s,
12.4, 4.6 3.50 | 6H)
Hz, 1H),
178
13C NMR (151 MHz, D,0): é (ppm
C1 C2 C3 C4 C5 Co6 C7 | C8 C9 NHAc¢
GlcNAc | 100.96 | 55.80 | N/R | 73.31 | N/R | 59.68 | - - - 22.21 or 22.03
Gal 101.58 | N/R | 75.71 | 67.23 | N/R | 61.46 | - - - -
Fuc 98.58 |N/R | N/R |71.88|66.67| 1525 - - - -
Neu5Ac | 173.82 [ 99.65 | 39.85 | N/R | 51.67 | N/R | N/R | 70.46 | 53.09 | 22.21 or 22.03
Linker | 1 2 3
H 3.43-3.32(m,2H) | 1.85(q,J=6.3 Hz, 2H) | 3.97, 3.68
C 47.75 28.10 67.17

N/R: not reported.
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H COOH OH_oH H COOH O OSOgH 0SO3H 52% OH_0S04H OSO;zH
gg/ é&op& ° OR 2steps  Ho 2 0&/
AcNH AcNH o
AcHN O AcHN OH AcHN  —
Q7 oH o OH Q7 oH
H
o5 o 96 oM ot 21
Synthesis of 21

Q OR 6S B4GS

OR
a3

21 was prepared via the general procedure in the methods and was the white solid after lyophilization

(22mg, 52% for 2 steps). ESI-Q-TOF-HRMS m/z calculated for C,3H39N40,1S,, [M-H]: 771.1554, found

771.1552.
'"H NMR (600 MHz, D,0): 6 (ppm)
H1 H2 H3 |H4 |H5 | H6 H7 | H8 | H9 | NHAc
GIcNAc | 4.56 (d, J = | 3.87 387|3.86|3.80(441 — 434 - - - 2.02 (s,
7.9 Hz, 1H) (m, 2H) 3H)
Gal 453 (d,J={349 (dd, J =|3.67|3.95|N/R | 4.18 — 4.10 | - - - -
7.8Hz, 1H) | 9.9, 7.8 Hz, (m, 2H)
1H)
Fuc 5.08 (d, J =1 3.63 3.8813.79 (481 |1.16 (d, J = - - - -
4.0 Hz, 1H) 6.7 Hz, 2H)
13C NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé6 C7|C8 | C9 | NHAc
GleNAc | 100.92 | 55.69 | 74.99 | 73.42 | 73.06 | 66.07 | - - - 22.21
Gal 101.70 | 70.84 | N/R | 67.87 | N/R | 66.78 | - - - -
Fuc 98.66 |67.87|69.11 | N/R |66.70| 1533 | - - - -
Linker | 1 2 3
H 341 -3.30(m,2H) | 1.83 (qp, J=7.9, 2.1 Hz, 2H) | 3.95, 3.65
C 47.76 28.10 67.23
N/R: not reported.
HOO Og NHAG
OH.oH HO _OTBDMS FucT o O g OR
HO%O%SR % WOH OTBDMS
82 oM g

Synthesis of 99

99 was synthesized using FucT as described in the methods. White solid after lyophilization (80 mg, yield
80%). ESI-Q-TOF-HRMS m/z calculated for C,0Hs3N40,5S1, [M-H]: 725.3282, found 725.3283.

'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 H4 | H5 H6 H7 | H8 | H9 | NHAc
GIcNAc | 451 (d, | 3.87 4.06 (t,J | 3.66 | N/R 4.15(dd,J=| - - - 2.05 (s,
J = 8.6 = 9.7 11.8, 2.2 3H)
Hz, 1H) Hz, 1H) Hz, 1H),
3.94
Gal 449 (d,|3.49(dd,J | N/R 3.87 | N/R 375 — 3.72 | - - - -
J =1771=99, 7.7 (m, 2H)
Hz, 1H) | Hz, 1H)
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Fuc 5.02 (d,|3.79 3.87 N/R [ 487 (q,|1.18 (d, J=|- - - -
J =40 J = 6.6 6.6 Hz, 3H)
Hz, 1H) Hz, 1H)
13C NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Co6 C7|C8 | C9 | NHAc
GlcNAc | 102.81 | 55.74 | 76.09 | 73.33 | N/R | 61.82 | - - - 22.22
Gal 100.95 | 70.39 | N/R | 68.32 | N/R | 61.67 | - - - -
Fuc 98.38 |67.65| N/R |N/R |66.83|1535] - - - -
Linker | 1 2 3
H 3.39 (td, J=6.5,2.9 Hz, 2H) | 1.90 — 1.81 (m, 2H) | 3.96, 3.68
C 28.10 47.78 67.06
N/R: not reported.
O% H§ on NHAC OF % ek NHAC
OR  54% %‘7 “OR 6s
OSBS - Steps WOH : a4
on—PH 09 o

Synthesis of 22

99 was treated according to the general procedure in the methods to give 22 as the white solid after
lyophilization (37 mg, yield 54% for 2 steps). In detail, 99 (72 mg, 0.10 mmol) was dissolved in a mixed
solution of 0.5 mL DMF and 0.5 mL TEA. SOs/Py (63 mg, 0.40 mmol) was then added under an ice bath.
The reaction was stirred for 15 min at 0 °C and then continued to stir at 40 °C for 3 h. Monitoring reaction
by TLC (EtOAc/MeOH/H,0, 10:3:2, v/v). Methanol and saturated NaHCO; aqueous were poured into the
reaction mixture to quench the reaction. Subsequently, the reaction crude was treated according to the
general procedure in the methods to deprotect the TBDMS group to give 22. ESI-Q-TOF-HRMS m/z
calculated for Cp3H39N4O5S, [M-H]: 691.1986, found 691.1986.

"H NMR (600 MHz, D,0): § (ppm)

S38

H1 H2 H3 H4 | HS Hé6 H7 | H8 | H9 | NHAc
GlIcNAc | 4.48 3.89 4.07 —13.69|3.55 3.98, 3.86 - - - 2.03 (s,
4.02 3H)
(m, 1H)
Gal 4.49 3.47 (dd, J | 3.63 3.92 |3.91 419 — 4.14 | - - - -
= 908, 7.8 (m, 1H), 4.14
Hz, 1H) - 410 (m,
1H)
Fuc 499 (d,|3.75(dd, J | N/R N/R 490 —|1.16 (d, J =] - - - -
J = 40|=105,4.0 4.83 6.6 Hz, 3H)
Hz, IH) | Hz, 1H) (m, 1H)
3C NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5s Cé C7 | C8 | C9 | NHAc
GleNAc | 100.63 | 55.22 | 75.82 | 72.14 | 7490 | 59.16 | - | - - | 21.80
Gal 102,31 | 69.87 | 71.59 | 67.48 | 68.56 | 67.07 | - | - - -
Fuc 97.68 | 6748 |N/R |N/R 6635|1493 |- |- - -



Linker | 1 2 3

H 3.41-3.31 (m,2H) | 1.85—-1.79 (m, 2H) | 3.95, 3.66
C 47.31 27.66 66.74
N/R: not reported.
CMP-Neu5Ac
6S 6S
4 Pd2,6ST 4
74%
5 27

Synthesis of 27

27 was synthesized using Pd2,6ST as described in the methods. White solid after lyophilization (23 mg,
yield 74%). ESI-Q-TOF-HRMS m/z calculated for CygH4sN50,,S, [M-H]: 836.2361, found 836.2362.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 | H3 H4 | HS | H6 H7 |H8 | H9 NHAc
GlceNAc | 4.59 (d, J | 3.76 | 3.79 3.69 | 3.85 | 4.46, |- - - 2.08 or
= 7.8 Hz, 4.30 2.04
1H)
Gal 450 (d, J | 3.54 | 3.69 3.94|3.85(4.01, |- - - -
= 7.9 Hz, 3.54
1H)
NeuSAc | - - 2.67 (dd, J=12.4,|3.67 |3.81 |3.76 |3.56|3.91(3.90, |2.08 or
4.6 Hz, 1H), 1.72 3.66 |2.04
(t,J=12.2 Hz, 1H)
3C NMR (151 MHz, D,0): § (ppm)
Cl1 C2 C3 C4 C5 Co6 Cc7 C8 Cc9 NHAc
GlcNAc | 100.96 | 54.78 | 72.32 | 80.34 | 72.52 | 66.77 | - - - 22.27 or 22.00
Gal 103.42 | 70.74 | 72.37 | 68.35 | 73.62 | 63.26 | - - - -
NeuSAc | 173.51 | 100.12 | 40.07 | 68.21 | 51.87 | 72.37 | 68.39 | 71.66 | 62.63 | 22.27 or 22.00
Linker | 1 2 3
H 340 |1.87 |3.99,3.72
C 47.78 | 28.10 | 67.24
p4 ©S CMPNeUSAG 6,~\p4 &3
O—@r - @—C—@r
92%
8 28
Synthesis of 28

28 was synthesized using Pd2,6ST as described in the methods. White solid after lyophilization (22 mg,
yield 92%). ESI-Q-TOF-HRMS m/z calculated for CycH43N40,,S, [M-H]: 795.2095, found 795.2098.

'"H NMR (600 MHz, D,0): § (ppm)
H1 H2 H3 H4 | HS | H6 H7 | H8 | H9 NHAc
GIlcNAc | 4.58 3.87 3.81 3.5713.74 1 441,424 | - - - 2.08 -
d, J = dd, J = 2.01 (m,
8.4 Hz, 113, 5.9 6H)
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1H) Hz, 1H)
Gal 4.41 3.52 (dd, | 3.65 393 13.74|3.95,3.63 | - - - -
J=10.0,
7.8 Hz,
1H)

NeuSAc | - - 2.73 (dd, J=|3.69 | 3.82|3.79 3.5813.89(3.89, [2.08 -
12.4, 4.6 Hz, 3.65 |2.01 (m,
1H), 1.71 (t, 6H)
J=12.2 Hz,
1H)

BC NMR (151 MHz, D,0): & (ppm)

C1 C2 C3 C4 Cs Cé C7 C8 Cc9 NHAc

GlcNAc | 100.94 | 54.40 | 82.75 | 68.16 | 72.56 | 67.27 | - - - 22.22 or 22.01

Gal 103.72 | 70.54 | 72.36 | 68.45 | 73.25 | 63.38 | - - - -

NeuSAc | 173.47 | 100.37 | 40.19 | 68.28 | 51.95 | 73.44 | 68.67 | 71.73 | 62.62 | 22.22 or 22.01

Linker | 1 2 3

H 343-3.35(m,2H) [ 1.91 — 1.81 (m, 2H) | 3.99, 3.72

C 47.80 28.10 67.30

Pd2,6ST
CB3.68 OR C(|:/|F,EEGU5AC‘ ‘ OLBCB3.6S OR
93%
11 29
Synthesis of 29

29 was synthesized using Pd2,6ST as described in the methods. White solid after lyophilization (14 mg,
yield 93%). ESI-Q-TOF-HRMS m/z calculated for CpgH4sN50,,S, [M-H]: 836.2361, found 836.2365.

'H NMR (600 MHz, D,0): & (ppm)

H1 H2 H3 H4 |HS | H6 H7 |H8 | H9 NHAc¢

GlcNAc | 4.58 3.87 3.81 3.5713.74 | 4.41,4.24 | - - - 2.08 -

d, J = dd, J = 2.01 (m,
8.4 Hz, 113, 5.9 6H)
1H) Hz, 1H)
Gal 4.41 3.52 (dd, | 3.65 3.9313.74|3.95,3.63 | - - - -
J=10.0,
7.8 Hz,
1H)

NeuSAc | - - 2.73 (dd, J=3.69 | 3.82 | 3.79 3.58 13.89 3.89, |2.08 —
12.4, 4.6 Hz, 3.65 |2.01 (m,
1H), 1.71 (, 6H)

J =12.2 Hz,
1H)
3C NMR (151 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc

GlecNAc | 100.94 | 54.40 | 82.75 | 68.16 | 72.56 | 67.27 | - - - 22.22 or 22.01

Gal 103.72 | 70.54 | 72.36 | 68.45 | 73.25 | 63.38 | - - - -

NeuSAc | 173.47 | 100.37 | 40.19 | 68.28 | 51.95 | 73.44 | 68.67 | 71.73 | 62.62 | 22.22 or 22.01

S40




Synthesis of 30

Linker | 1 2 3
H 3.43—-3.35(m,2H) | 1.91 — 1.81 (m, 2H) | 3.99, 3.72
6S Pd2,6ST
B3 CMP-NeubAc
14 71%

6S

30

30 was synthesized using Pd2,6ST as described in the methods. White solid after lyophilization (10.7 mg,
71%). ESI-Q-TOF-HRMS m/z calculated for C,gH4sNs50O,,S, [M-H]: 836.2361, found 836.2361.
'"H NMR (500 MHz, D,0): 6 (ppm)

H1 H2 | H3 H4 | H5 | H6 H7 |H8 |H9 |NHAc
GalNAc | 4.51 (d, J | 4.03 | 3.92 4.21 |3.96 | 4.25 - - - 2.04
= 8.5 Hz)
Gal 445 (d, J|3.51|3.62 3.9413.73 {390, |- - - -
=7.8 Hz) 3.66
Neu5Ac | - - 2.75 (dd, J = 12.5,]3.69 | 3.83 | 3.73 3.60 | 3.89 | 3.90, | 2.04
4.7 Hz), 1.69 (t, J = 3.66
12.1 Hz)
3C NMR (126 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5s Cé C7 [ C8 Cc9 NHAc
GalNAc | 101.29 | 51.14 | 79.26 | 67.74 | 72.60 | 67.71 | - - - 22.18
Gal 104.52 | 70.41 | 72.53 | N/R [ 73.07 | 63.17 | - - - -
Neu5SAc | 173.38 | 100.47 | 40.14 | N/R | 51.82 | 72.26 | N/R | 71.66 | 62.55 | 21.94
Linker | 1 2 3
H 340 |[1.86 |3.98,3.73
C 47.75 | 28.06 | 67.12
6S Pd2,6ST 6S o6
OED—OR CMP—NeU5AC‘ BS OR
65%
15 31
Synthesis of 31

31 was synthesized using Pd2,6ST as described in the methods. White solid after lyophilization (20 mg,
65%). ESI-Q-TOF-HRMS m/z calculated for C,3H4sN50,,S, [M-H]: 836.2361, found 836.2360.
"H NMR (500 MHz, D,0): & (ppm)

H1 | H2 | H3 H4 |HS |H6 |H7 |H8 | H9 | NHAc
GalNAc | 448 | 4.01 | 3.88 4.17 | 3.75 398 | - - - 2.04
Gal 447 |3.53 | 3.64 3.96 | 3.80 | 4.18 | - - - -
NeuSAc | - - 2.75 (dd, J = 12.4, 4.6 Hz), | 3.68 | 3.83 | 3.72 | 3.58 | 3.90 | 3.89, | 2.04

1.74 (t,J = 12.2 Hz) 3.65

BC NMR (126 MHz, D,0): 8 (ppm)

C1 C2 C3 C4 C5S Cé6 C7 C8 C9 NHAc
GalNAc | 101.43 | 51.22 | 79.32 | 68.24 73.26 | 63.69 | - - - 22.22 or
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22.01
Gal 104.57 | 70.43 | 72.27 | 68.24 72.58 | 67.27 | - - - -
Neu5Ac | 173.41 | 100.37 | 40.07 | 68.16 51.83 | 72.39 | 68.16 71.60 | 62.62 | 22.22 or
or or 22.01
68.06 68.06
Linker | 1 2 3
H 339 [1.86 [3.99,3.70
C 47.77 | 28.14 | 66.94
NmCSS
BtST .
90%
1 32
Synthesis of 32

32 was synthesized using BtST as described in the methods. White solid after lyophilization (730 mg,
yield 90%). ESI-Q-TOF-HRMS m/z calculated for C,sH44N5019, [M-H]: 756.2792, found 756.2792.

'"H NMR (600 MHz, D,0): 6 (ppm)
H1 H2 | H3 H4 | HS | H6 H7 | H8 | H9 | NHAc
GIlecNAc | 4.53 (d, J=|3.75|3.70 3.74 | 3.60 | 4.01, - - - 2.05 or
7.8 Hz, 1H) 3.87 2.04
Gal 455, J=13.58|4.12 3.98 |3.69 | 3.74 - - - -
8.0 Hz, 1H)
NeuSAc | - - 2776 (dd, J =[3.69|3.853.75 3.59(1390|3.65|2.05 or
124, 4.2 Hz, 2.04
1H), 1.82

3C NMR (151 MHz, D,0): & (ppm

C1 C2 C3 C4 Cs Cé C7 C8 Cc9 NHAc
GlecNAc | 101.12 | 55.06 | 72.31 | 78.29 | 74.72 | 60.01 | - - - 22.14
Gal 102.54 | 69.36 | 75.44 | 67.45 | 75.13 | 60.99 | - - - -
NeuSAc | 173.68 | 99.70 | 39.55 | 68.07 | 51.65 | 72.88 | 68.27 | 71.68 | 62.58 | 22.14

Linker | 1 2 3
H 338 | 1.85 |3.99,3.69
C 4775 | 28.08 | 67.11
NmCSS
BtST
p4 CTP, Neu5Ac a3 p4
O—@-——©or BT ’—( —@—OR
2 33
Synthesis of 33

33 was synthesized using BtST as described in the methods. White solid after lyophilization (130 mg,
yield 77%). ESI-Q-TOF-HRMS m/z calculated for C,sH43N4O19, [M-H]: 715.2527, found 715.2524.

'"H NMR (800 MHz, D,0): 6 (ppm)
H1 H2 H3 H4 H5 | H6 H7 |H8 | H9 NHAc
Gle 449 (d,|3.34 —|3.64 3.66 3.60 | 4.00, |- - - -
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J=28.11329 3.83
Hz, 1H) | (m,
1H)
Gal 4.54 (d, | 3.58 412 (dd, J ={3.96 (d,|3.72 |3.74 |- - - -
J=179 99, 3.1 Hz |J = 3.1 (2H)
Hz, 1H) 1H) Hz, 1H)
NeuSAc 2.76 (dd, J =1 3.69 3.8413.64 |3.60]|3.89|3.87, |2.04 (s,
12.5, 4.6 Hz, 3.64 | 3H)
IH), 1.81 (t, J
=12.2 Hz, 1H)
3C NMR (201 MHz, D,0): & (ppm
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 NHAc
Glc 102.01 | 72.75 | 74.22 | 78.13 | 74.65 | 59.93 | - - - -
Gal 102.52 | 69.24 | 75.36 | 67.24 | 75.04 | 60.90 | - - - -
NeuSAc | 173.72 | 99.65 | 39.50 | 68.22 | 51.55 | 72.68 | 67.97 | 71.63 | 62.45 | 21.90
Linker | 1 2 3
H 347 (t,J=6.7Hz 2H) | 1.94 — 1.89 (m, 2H) | 4.00, 3.77
C 47.75 28.10 67.33
NmCSS
BtST
OE.—OR CTP, Noeu5Ac ’a_:sog._OR
3 68% s
Synthesis of 34

34 was synthesized using BtST as described in the methods. White solid after lyophilization (110 mg,
yield 68%). ESI-Q-TOF-HRMS m/z calculated for C,sH46N5O19, [M-H]: 756.2792, found 756.2794.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 | H3 H4 | HS H6 H7 | H8 | H9 NHAc¢

GlcNAc | 4.57 (d, | 3.82 | 3.79 3551351 -394, |- - - 210 -

J =183 3.47 3.76 2.00 (m,
Hz, 1H) (m, 6H)
1H)
Gal 451 (d,|3.55]4.09 (dd, J =13.95]3.69 375 |- - - -
J =18 9.8,3.2 Hz, 1H)
Hz, 1H)

Neu5Ac | - - 2.77 (dd, J =|3.55|3.84 3.65 |[3.61|3.883.85 |210 -
12.4, 4.6 Hz, 3.65 |2.00 (m,
1H), 1.79 (t, J = 6H)

12.1 Hz, 1H)
BC NMR (151 MHz, D,0): 8 (ppm
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 NHAc

GlIcNAc | 100.91 | 54.44 | 82.52 | 68.04 | 75.09 | 60.74 | - - - 22.31 or 22.04

Gal 103.45 | 69.08 | 75.62 | 67.25 | 75.39 | 61.01 | - - - -

NeuSAc | 173.90 | 99.65 | 39.77 | 69.39 | 51.66 | 72.80 | 68.74 | 71.84 | 62.45 | 22.31 or 22.04

Linker | 1 2 3

H 3.39 (td, J=6.6,2.4 Hz, 2H) | 1.90 — 1.82 (m, 2H) | 3.99 (dt,J=10.9, 5.6 Hz, 1H), 3.71
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| C | 47.79 | 28.10 | 67.15
NmCSS
PPST
B3 CTP, Neu5Ac a3, \B3
O—4Dor< e %O;DOR
Synthesis of 35

35 was synthesized using BtST as described in the methods. White solid after lyophilization (145 mg,
90%). ESI-Q-TOF-HRMS m/z calculated for C,gH4sNsO19, [M-H]: 756.2792, found 756.2795.
'"H NMR (600 MHz, D,0):  (ppm)

H1 | H2 | H3 H4 |H5 |H6 |H7 | HS | H9 NHAc
GalNAc | 4.53 | 4.03 | 3.88 419 (3.7213.74 | - - - 2.05 or
2.04
Gal 4.54 | 3.56 | 4.09 39513.65|3.74 | - - - -
Neu5Ac | - - 2.76 (dd,J=12.4,42Hz), | 3.65 | 3.86 | 3.74 | 3.62 | 3.89 | 3.86, | 2.05 or
1.79 (t, J=12.1 Hz) 3.66 | 2.04
BC NMR (151 MHz, D,0): § (ppm
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 NHAc
GalNAc | 101.39 | 51.14 | 80.02 | 67.84 | 74.75 | 60.93 | - - - 22.29
Gal 104.57 | 68.98 | 75.54 | 67.34 | 74.72 | 60.97 | - - - -
Neu5Ac | 173.91 | 99.66 | 39.71 | 68.03 | 51.65 | 72.77 | 68.37 | 71.80 | 62.46 | 22.03
Linker | 1 2 3
H 340 | 1.87 |3.99,3.72
C 47.78 | 28.10 | 66.99
BtST
OEG.S—OR CMP-Neu5Ac a3 B oR
88%
5 38
Synthesis of 38

38 was synthesized using BtST as described in the methods. White solid after lyophilization (68 mg, yield
88%). ESI-Q-TOF-HRMS m/z calculated for C,sH46N50,,S, [M-H]: 836.2361, found 836.2363.

'H NMR (600 MHz, D,0): & (ppm)
H1 H2 | H3 H4 | HS | Hé6 H7 |H8 | H9 NHAc
GleNAc [ 4.55(d,J=|3.753.70 3.79 | 3.79 | 4.39, |- - - 2.03 or
8.2 Hz, 4.31 2.01
1H)
Gal 4.62(d,J=3.56|4.12 3951370 | 3.72 |- - - -
7.8 Hz,
1H)
NeuSAc | - - 2.75 (dd, J =|3.68|3.83]3.70 3.5813.90 | 3.87, [2.03 or
12.4, 4.7 Hgz, 3.64 |2.01
1H), 1.80
3C NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé C7 C8 C9 NHAc
GIleNAc | 101.17 | 55.05 | 72.20 | 77.16 | 72.50 | 66.25 | - - - 22.15
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Gal 102.09 | 69.44 | 75.30 | 67.45 | 75.05 | 61.02 | - - - -
NeuSAc | 173.95 [ 99.72 | 39.56 | 68.04 | 51.68 | 72.81 | 68.43 | 71.47 | 62.49 | 22.03
Linker | 1 2 3
H 3.36 | 1.83 [3.96,3.67
C 47.76 | 28.08 | 67.24
BtST
OB—.—OR CMP-Neu5Ac ’Ot_3©[3_.70R
76%
6 39
Synthesis of 39

39 was synthesized using BtST as described in the methods. White solid after lyophilization (35 mg, yield

76%). ESI-Q-TOF-HRMS m/z calculated for C,3H46NsO2,S, [M-H]: 836.2361, found 836.2360.

'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 | H3 H4 | HS | H6 H7 |H8 |H9 | NHAc
GlcNAc | 453 (d, J =]3.75|3.74 3.72 1 3.64 | 4.02, |- - - 2.06
7.4 Hz, 1H) 3.86 or
2.04
Gal 4.61 (d, J=1|3.60 | 4.14 4.02 | 3.98 | 4.19 - - - -
7.9 Hz, 1H)
Neu5Ac | - - 2.77(dd,J=12.4,|3.71 | 3.87 | 3.75 3.60 | 3.91 | 3.89, | 2.06
4.2 Hz, 1H), 1.82 3.66 | or
2.04
BC NMR (151 MHz, D,0): 8 (ppm
C1 C2 C3 C4 C5 Co C7 C8 C9 NHAc
GlcNAc | 101.12 | 55.13 | 72.03 | 79.13 | 74.68 | 60.26 | - - - 22.16
Gal 102.36 | 69.25 | 75.20 | 67.35 | 72.69 | 67.40 | - - - -
Neu5Ac | 173.80 | 99.94 | 39.49 | 68.08 | 51.64 | 72.87 | 68.37 | 71.69 | 62.56 | 22.16
Linker | 1 2 3
H 339 [ 1.85 ]3.98,3.67
C 47.75 | 28.08 | 67.08
PPST
82%
7 40
Synthesis of 40

40 was synthesized using PPST as described in the methods. White solid after lyophilization (18 mg, yield
82%). ESI-Q-TOF-HRMS m/z calculated for C,gH46N50,5S,, [M-H]: 916.1929, found 916.1929.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1

H2

H3

H4

HS

Hé6

H7

H8 | H9

NHAc¢

GlcNAc

4.56

3.75

3.77

3.77

3.85

4.46,4.32

2.06
or
2.05
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Gal 4.64 (d,J=|3.47 | 4.16 4.04 | 3.98 | 4.20 - - - -
7.9 Hz, 1H)
NeuSAc | - - 276 (dd, J =|3.68|3.88]|3.71 3.60 [ 3.93 | 391, | 2.06
124, 4.6 Hz, 3.66 | or
1H), 1.81 2.05
13C NMR (151 MHz, D,0): é (ppm
C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc
GIcNAc | 101.15 | 55.07 | 72.00 | 78.63 | 72.52 | 66.63 | - - - 22.17
Gal 102.28 | 69.31 | 75.06 | 67.32 | 72.56 | 67.31 | - - - -
NeuSAc | 173.91 [ 99.91 | 39.45 | 68.10 | 51.66 | 72.82 | 68.50 | 71.53 | 62.52 22.05

Linker | 1 2 3
H 339 [ 1.85 |3.97,3.67
C 47.78 | 28.09 | 67.24
BtST
4 68 ] 4 68
O @—or SMPNeusA ‘ﬁgﬁ_&OR
83%

8 41

Synthesis of 41

41 was synthesized using BtST as described in the methods. White solid after lyophilization (20 mg, yield
83%). ESI-Q-TOF-HRMS m/z calculated for C,sH43N40,,S, [M-H]: 795.2095, found 795.2094.
'"H NMR (600 MHz, D,0): 6 (ppm)

HI | H2 H3 H4 |H5 | H6 H7 HS |HY9 | NHAc
Glc 451 [334 [3.66 3.76 | 3.82 [ 4.40 (dd, J | - - - -
d,J=|(dd, J = 11.1, 2.1
80 |= 95, Hz, 1H),
Hz, |8.0Hz 432 (dd, J
1H) | 1H) = 11.0, 4.4
Hz, 1H)

Gal 461 |3.56 |4.13(dd,J[3.97(3.72(3.752H) |- - - ;
(d,J=|(dd, J|= 909, 32

79 |= 99,|Hz 1H)
Hz, |7.9Hz
1H) | 1H)
NeuSAc | - - 2.76 (dd, J | 3.69 | 3.86 | 3.64 361 |3.95-3.90, | 2.04(s,
=124, 4.6 (dd, J|[3.91 |[3.66 |3H)
Hz, 1H), = 9.1, | (m,
1.82 (t, J = 1.8 Hz, | 1H)
12.1 Hz 1H)
1H)

13C NMR (150 MHz, D,0): & (ppm

Cl C2 [c3 [c4 [c5 [ce [c7 [Cc8 [C9 [NHAc
Glc 102.00 | 72.70 | 74.06 | 76.87 | 72.37 | 66.06 | - - - -
Gal 102.07 | 69.30 | 75.19 | 67.37 | 74.90 | 60.88 | - - - -
NeuSAc | 173.72199.52 [ 39.40 | 68.27 | 51.54 | 72.56 | 67.92 | 71.28 | 62.38 | 21.89

| Linker | 1 | 2 |3 |
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H 3.49 —3.44 (m, 2H) | 1.95—1.89 (m, 2H) | 4.00, 3.78
C 47.73 28.10 67.31

6s BtST 65

4 - 4
O @—or SMPNeusAe ’ﬁ@ﬁ_&OR
81%
9 42
Synthesis of 42

42 was synthesized using BtST as described in the methods. White solid after lyophilization (26 mg, yield
81%). ESI-Q-TOF-HRMS m/z calculated for C,sH43N40,,S, [M-H]: 795.2095, found 795.2090.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 H3 H4 | HS | H6 H7 | H8 | H9 NHAc

Gle 451 (d, | 3.37 —|3.66 3.65 | 3.63 | 4.00, - - - -

J = 8.0|3.32 3.83
Hz, 1H) | (m,
1H)
Gal 4.57 (d, | 3.60 415 (dd, J =]4.03 399424 —|- - - -
J =179 9.9,3.1 Hz, 1H) 4.18
Hz, 1H) (m, 2H)

NeuSAc | - - 277 (dd, J =|3.71 | 3.87 | 3.65 3.61{3.90 | 3.90, |2.05 (s,
12.5, 4.6 Hz, 3.66 | 3H)
1H), 1.82 (t, J =
12.1 Hz, 1H)

BC NMR (151 MHz, D,0): § (ppm

C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc¢

Gle 101.90 | 72.61 | 72.19 | 79.35 | 74.53 | 60.13 | - - - -

Gal 102.65 | 69.07 | 75.06 | 67.20 | 72.75 | 67.36 | - - - -

NeuSAc | 173.72 |1 99.83 | 39.37 | 68.26 | 51.54 | 72.61 | 67.97 | 71.58 | 62.45 | 21.91

Linker | 1 2 3

H 347 (t,J=6.7Hz 2H) | 1.96 — 1.89 (m, 2H) | 3.99, 3.78 (dt, /= 10.3, 6.2 Hz, 1H)
C 47.74 28.10 67.23

68 PPST
p4 2 orR _CMP-NeusAc a3 25 p4 53 or
57%
10 43
Synthesis of 43

43 was synthesized using PPST as described in the methods. White solid after lyophilization (17 mg, yield
57%). ESI-Q-TOF-HRMS m/z calculated for C,sH43N40,5S,, [M-H]: 875.1663, found 875.1661.
"H NMR (500 MHz, D,0): & (ppm)

H1 H2 H3 H4 [H5 |[Hé H7 [H8 [H9 |[NHAc
Glc 451 [335 [3.67 370 383443 dd, J=]- |- |- -
d,J=|(dd,J= 11.2, 2.1 Hz,
8.0Hz, | 9.1, 8.0 1H), 4.29
1H) | Hz, IH) (dd,J=11.2,
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5.2 Hz, 1H)
Gal 4.61 3.57 4.16 (dd,J= | 4.03 | 3.98 | 4.19 (2H) - - - -
d, J= 10.0, 3.2
7.9 Hz, Hz, 1H)
1H)
NeuSAc 2.75(dd,J=|3.70 | 3.85 | 3.64 3.59 1391 | 3.88, |2.03 (s,
124, 4.6 3.64 | 3H)
Hz, 1H),
1.82 (t, J =
12.1 Hz,
1H)
3C NMR (126 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Co6 Cc7 C8 Cc9 NHAc
Gle 101.94 | 72.69 | 74.09 | 78.67 | 72.31 | 66.39 | - - - -
Gal 102.47 | 69.11 | 74.90 | 67.18 | 72.47 | 67.37 | - - - -
NeuSAc | 173.64 | 99.68 | 39.27 | 68.31 | 51.52 | 72.44 [ 67.95 | 71.32 | 62.39 | 21.90
Linker | 1 2 3
H 3.47 (t,J=6.7Hz,2H) | 1.96 — 1.87 (m, 2H) | 3.98, 3.82 — 3.74 (m, 1H)
C 47.72 28.10 67.20
BtST
83%
11 44
Synthesis of 44

44 was synthesized using BtST as described in the methods. White solid after lyophilization (12.5 mg,
yield 83%). ESI-Q-TOF-HRMS m/z calculated for CpgH4sN50,,S, [M-H]: 836.2361, found 836.2364.

'H NMR (600 MHz, D,0): § (ppm)

H1 H2 | H3 H4 | HS | Hé6 H7 |H8 | H9 NHAc

GlcNAc | 4.59(d, | 3.84 | 3.81 3.613.73 1438 (dd, J = - - - 205 -

J=283 11.3, 2.2 Hz, 2.03 (m,
Hz, 1H), 4.23 (dd, 6H)
1H) J =113, 57
Hz, 1H)
Gal 451(d,|3.54|4.10(dd,J=|3.94 | 3.68 | 3.73 (2H) - - - -
J=178 9.8, 3.2 Hz,
Hz, 1H)
1H)

Neu5Ac | - - 277 (dd, J=]3.71 | 3.86 | 3.65 3.60 | 3.88 | 3.86, |2.05 -
12.4,4.6 Hz, 3.65 |2.03 (m,
1H), 1.83 — 6H)
1.77 (m, 1H)

3C NMR (151 MHz, D,0): 6 (ppm

C1 C2 C3 C4 C5 Co Cc7 C8 C9 NHAc

GlcNAc | 100.41 | 53.92 | 81.68 | 67.53 | 72.29 | 66.78 | - - - 21.78,21.52

Gal 102.96 | 68.57 | 75.08 | 67.53 | 74.55 | 60.49 | - - - -

Neu5Ac | 173.17 [ 99.00 | 39.17 | 68.00 | 51.12 | 72.77 | 67.80 | 71.23 | 61.96 | 21.78, 21.52
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Linker | 1 2 3

H 3.43 —3.35 (m, 2H) | 1.90 — 1.83 (m, 2H) | 3.99, 3.70

C 47.28 27.59 66.78

BtST
°S B3 CMP-Neu5AG a3 22 B3
61%
12 45
Synthesis of 45

45 was synthesized using BtST as described in the methods. White solid after lyophilization (14 mg, yield

61%). ESI-Q-TOF-HRMS m/z calculated for C,gH46Ns0O,,S, [M-H]: 836.2361, found 836.2362.
'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 | H3 H4 | H5 | H6 H7 | H8 | H9 NHAc
GIcNAc | 4.56 (d, | 3.84 | 3.77 3.54 | 3.50 | 3.93, - - - 2.05 (s,
J =85 3.78 3H) or
Hz, 1H) 2.04 (s,
3H)
Gal 452 (d,|3.54|4.12 (dd, J ={4.00 395|423 —|- - - -
J =179 9.8,3.2 Hz, 1H) 4.15
Hz, 1H) (m, 2H)
NeuSAc | - - 2.76 (dd, J =13.69 | 3.86 | 3.64 3.60 | 3.88 | 3.86, |2.05 (s,
12.4, 4.6 Hz, 3.65 | 3H) or
1H), 1.80 (t,J = 204 (s,
12.1 Hz, 1H) 3H)
13C NMR (151 MHz, D,0): é (ppm
C1 C2 C3 C4 C5 Cé Cc7 C8 Cc9 NHAc
GlcNAc | 100.89 | 51.64 | 83.22 | 68.40 | 75.36 | 60.69 | - - - 22.27 or 22.02
Gal 103.55 | 68.93 | 75.34 | 67.20 | 72.70 | 67.62 | - - - -
NeuSAc | 173.82 1 99.77 [ 39.63 | 68.93 | 54.31 | 72.79 | 68.03 | 71.77 | 62.46 | 22.27 or 22.02
Linker | 1 2 3
H 3.44-3.34 (m,2H) | 1.89 — 1.83 (m, 2H) | 3.96, 3.70
C 47.78 28.08 67.13
PPST
52%
13 46
Synthesis of 46

46 was synthesized using PPST as described in the methods. White solid after lyophilization (15 mg, yield
52%). ESI-Q-TOF-HRMS m/z calculated for C,gH44Ns50,5S,, [M-H]: 916.1929, found 916.193.
'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 |H3 H4 |H5 [ H6 H7 [H8 [H9 [NHAc

GIcNAc [ 458 | 3.85]3.81 360373439 dd, J=|- |- |- 209 -
d, J = 112, 2.1 Hz, 1.99 (m,
8.3 Hz, 1H), 4.24 (dd, 6H)

S49



1H) J =113, 58
Hz, 1H)
Gal 4.53 3.56 |4.12 (dd, J=[4.00|3.94 | 422 — 4.16 |- - - -
d, J = 9.8, 3.2 Hz, (m, 2H)
7.8 Hz, 1H)
1H)

NeuSAc | - - 2.77 (dd, J = | 3.69 | 3.87 | 3.65 3.60 | 3.88 | 3.85, [2.09 -
12.4, 4.6 Hz, 3.65 | 1.99 (m,
1H), 1.81 (4, 6H)
J =12.1 Hz,
1H)

BC NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé Cc7 C8 Cc9 NHAc

GIcNAc | 100.92 | 54.39 | 82.31 | 68.04 | 73.23 | 67.14 | - - - 22.31 or 22.04

Gal 103.44 | 68.95 7536 | 67.14 | N/R | 6742 | - - - -

NeuSAc | 173.83 1 99.74 | 39.67 | 68.54 | 51.62 | 72.62 | 68.41 | 71.78 | 62.45 | 22.31 or 22.04

Linker | 1 2 3

H 3.43-3.35(m,2H) [ 1.90 — 1.84 (m, 2H) | 3.98, 3.70

C 47.80 28.10 67.30

N/R: not reported.
6S PPST 6S
QED—OR CMP-Neub5Ac ‘ oc3< )BSD OR
67%
14 47
Synthesis of 47

47 was synthesized using PPST as described in the methods. White solid after lyophilization (10 mg,
67%). ESI-Q-TOF-HRMS m/z calculated for C,gHysN5O,,S, [M-H]: 836.2361, found 836.2361.
'"H NMR (500 MHz, D,0): 6 (ppm)

H1 | H2 | H3 H4 |HS |H6 |H7 |HS8 | H9 NHAc
GalNAc | 4.53 | 4.03 | 3.90 424 1395|422 - - - 2.04/2.04
Gal 4.53 | 3.56 | 4.08 3.94 13.65|3.73 | - - - -
NeuSAc | - - 2.76 (dd,J=12.5,4.7Hz), | 3.68 | 3.85 | 3.70 | 3.62 | 3.89 | 3.86, | 2.04/2.04
1.80 (t,J=12.1 Hz) 3.65
3C NMR (126 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc
GalNAc | 101.34 | 51.01 | 79.87 | 67.59 | 72.38 | 67.33 | - - - 22.26
Gal 104.62 | 68.96 | 75.52 | 67.28 | 74.71 | 60.91 | - - - -
NeuSAc | 173.90 | 99.64 | 39.69 | 68.02 | 51.62 | 72.74 | 68.38 | 71.77 | 62.43 | 22.00
Linker | 1 2 3
H 340 |1.86 |3.99,3.71
C 47.78 | 28.10 | 67.14
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6S PPST 6S

CMP-Neu5Ac 3

67%
15 48

Synthesis of 48

48 was synthesized using PPST as described in the methods. White solid after lyophilization (15 mg,
67%). ESI-Q-TOF-HRMS m/z calculated for C,gH4sNs50O,,S, [M-H]: 836.2361, found 836.2362.

'"H NMR (500 MHz, D,0): § (ppm)

H1 |H2 | H3 H4 |HS |H6 |H7 |H8 | H9 NHAc¢
GalNAc | 4.50 | 4.02 | 3.85 4.2313.71 3.80 | - - - 2.04 or 2.03
Gal 4.53 1 3.58 [ 4.10 398 [3.88 4.16] - - - -
NeuSAc 2.76,1.80 | 3.68 | 3.853.73 | 3.62 | 3.89 | 3.86, 3.64 | 2.04 or 2.03

BC NMR (126 MHz, D,0): § (ppm
C1 C2 C3 C4 C5 C6 C7 C8 C9 NHAc

GalNAc | 101.41 | 51.02 | 80.20 | 67.90 | 74.93 | 61.21 | - - - 22.22,22.01
Gal 104.35 | 68.85 | 75.35 | 67.71 | 72.41 | 67.33 | - - - -
NeuSAc | 173.85 | 99.78 | 39.59 | 68.03 | 51.62 | 72.77 | 68.40 | 71.73 | 62.47 | 22.22,22.01

Linker | 1 2 3
H 3.39 | 1.86 [3.99,3.70
C 47.78 | 28.09 | 66.96
6S 3 6S EE/ISPTN 5 6S 3 6S
92%
16 49
Synthesis of 49

49 was synthesized using PPST as described in the methods. White solid after lyophilization (12 mg,
92%). ESI-Q-TOF-HRMS m/z calculated for C,3HysN50,5S,, [M-H]: 916.1929, found 916.1927.
"H NMR (800 MHz, D,0): & (ppm)

H1 H2 | H3 H4 |H5 |H6 |H7 |H8 |H9 | NHAc
GalNAc | 4.52 (d, J | 4.04 | 3.90 4241396 |4.24 |- - - 2.05 or
= 8.5 Hz) 2.04
Gal 4.56 (d, J | 3.57 | 4.10 3.99 (390 | 4.18 | - - - -
=7.9 Hz)
NeuSAc | - - 2.76 (dd,J=12.5,4.7 | 3.69 | 3.85 | 3.65 | 3.62 | 3.89 | 3.86, | 2.05 or
Hz), 1.81 (t, J = 12.1 3.65 | 2.04
Hz)

3C NMR (201 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 C6 C7 | C8 C9 | NHAc
GalNAc | 101.33 | 51.00 | 79.70 | 67.83 | 72.36 | N/R | - - - 22.30

Gal 104.31 | 68.87 | 75.35 | N/R_| 72.68 | N/R | - - - -
Neu5Ac | 173.88 | 99.81 [ 39.62 | N/R | 51.64 | 72.26 | N/R | 71.76 | 62.48 | 22.05

Linker | 1 2 3
H 340 | 1.86 |3.99,3.73
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| C | 47.83 | 28.13 | N/R |
N/R: not reported.

6S b PPST 6S b
B3 oR _CMP-Neu5Ac a3/ "\ B3 OR
85%
31 ° 50

Synthesis of 50

50 was synthesized using PPST as described in the methods. White solid after lyophilization (11.5 mg,
85%). ESI-Q-TOF-HRMS m/z calculated for C39Hg3N¢O30S, [M-H]: 1127.3315, found 1127.331.

'"H NMR (500 MHz, D,0): 6 (ppm)

H1 H2 | H3 H4 |H5 |H6 |H7 |H8 | H9 NHAc
GalNAc (448 (d, J = 85|4.03 |3.88 4,18 13.75|3.98 | - - - 2.04
Hz)
Gal 454 (d, J = 7.9|3.57|4.09 4.00 | 3.80|4.16 | - - - -
Hz)
NeuSAc | - - 2.74, 3.69 |3.84|3.72|3.58|3.89|3.87, 2.04
1.73 3.65
NeuSAc’ | - - 2.76, 3.68 |3.83]3.72]3.58|3.90|3.87, 2.04
1.80 3.65
13C NMR (126 MHz, D,0): 8 (ppm)
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc
GalNAc | 101.45 | 51.08 | 79.42 | 68.26 73.28 | 63.74 | - - - 22.29 or
22.02 or
22.01
Gal 104.25 | 68.82 | 75.31 | 67.16 72,77 | 67.26 | - - - -
NeuSAc | 173.40 | 100.38 | 40.05 | 68.04 or | 51.82 | 72.57 | 68.41 | 71.74 | 62.63 | 22.29 or
67.95 22.02 or
22.01
NeuSAc' | 173.83 1 99.75 |39.63 | 68.04 or|51.62|72.32|68.26 | 71.58 | 62.45 | 22.29 or
67.95 22.02 or
22.01
Linker | 1 2 3
H 339 |1.86 |3.98,3.71
C 47.77 | 28.14 | 67.24
p4 PPST a3 ~ P4
OR  CMP-Neu5Ac OR
o3 73% o3
17 36
Synthesis of 36

36 was synthesized using PPST as described in the methods. White solid after lyophilization (32 mg,
73%). ESI-Q-TOF-HRMS m/z calculated for C34HssN5O,3, [M-H]: 902.3372, found 902.3376.
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'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 H4 HS5 | H6 H7 |H8 | HY9 NHAc
GlcNAc | 4.51 2.89 3.83 3.92 3.56 | 3.98, - - - 203 -
386 1.98 (m,
6H)
Gal 4.51 3.51(dd, | 4.07 (dd, J | 3.91 N/R | 3.67 - - - -
J=298,|=98, 3.2 (2H)
7.8 Hz, | Hz, 1H)
1H)
Fuc 5.09 (d, | 3.67 3.90 3.76 (d, | 4.80 | 1.15 (d, | - - - -
J =40 J =33 J = 6.6
Hz, 1H) Hz, 1H) Hz, 3H)
NeuSAc | - - 2.75(dd, J | 3.66 3.81 | N/R N/R | 3.87 |3.84, |2.03 -
=12.6,4.6 3.62 | 1.98 (m,
Hz, 1H), 6H)
1.78

BC NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 C6 C7 |C8 |CY9 |NHAc

GIcNAc | 10098 | 55.80 | N/R | N/R | N/R [59.62 ] - - - 22.21 or 22.02
Gal 101.59 | N/R | 75.62 | N/R | N/R | 61.48] - - - -
Fuc 98.60 |N/R [ N/R |71.85]66.67|15.26 |- -

NeuSAc | 173.88 1 99.64 [ 39.76 | N/R | 51.67 | N/R [ N/R | N/R | 62.57 | 22.21 or 22.02

Linker | 1 2 3
H 3.40-3.30 (m, 2H) | 1.82 (2H) | 3.95, 3.67
C 47.74 28.10 67.18

N/R: not reported.

83 PPST 5 p3
OR CMP-Neu5Ac o OR
od 50% o4
18 37

Synthesis of 37

37 was synthesized using PPST as described in the methods. White solid after lyophilization (37 mg, yield
50%). ESI-Q-TOF-HRMS m/z calculated for C33HsNsO,3, [M-H]: 902.3372, found 902.3369.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 | H3 H4 | HS Ho6 H7 | HS | H9 NHAc
GIcNAc | 4.57 —|3.89|4.08 3.73 | 3.55 3.98, - - - 2.06 (s,
4.52 3.86 3H) or
(m, 2H) 2.04 (s,
3H)
Gal 457 —13.52]4.06 3.92 | N/R 3.70 - - - -
4.52 (2H)
(m, 2H)
Fuc 5.01 (d, | 3.80 | 3.88 N/R [ 488 (q, | 1.18 (d, | - - - -
J=4.0 J=69|J = 6.6
Hz, Hz, Hz, 2H)




1H) 0H)

NeuSAc | - - |278(d, J=]368[38 |NR N/R [NR[3.82, [2.06 (s
12.4, 4.6 Hz, 3.67 |3H) or
1H), 1.78 (t, J 2.04 (s,
= 122 Hz 3H)
1H)

3C NMR (151 MHz, D,0): § (ppm
C1 C2 C3 C4 C5 Co C7 |[C8 | O NHAc

GIcNAc | 100.96 | 55.70 | 76.03 | 72.32 | 75.44 | 59.69 | - - - 22.39 or 22.02
Gal 102.78 | 68.76 | 75.59 | 66.82 | N/R | 61.64 | - - - -
Fuc 98.04 | 68.40 | N/R |71.84]66.82|1531 |- -

NeuSAc | 173.92 | 99.36 | 39.99 | 69.08 | 51.65 | N/R | N/R | N/R | 62.28 | 22.39 or 22.02

Linker | 1 2 3
H 3.39 (td, J=6.5,4.0 Hz, 2H) | 1.90 — 1.81 (m, 2H) | 3.97, 3.68
C 47.76 28.10 67.17

N/R: not reported.
B4 65 PPST 03— 4SS

OR CMP-Neu5Ac OR
a3 79% a3
19 51

51 was synthesized using PPST as described in the methods. White solid after lyophilization (11 mg, yield
79%). ESI-Q-TOF-HRMS m/z calculated for C34Hs¢NsO56S, [M-H]: 982.294, found 982.2937.
'"H NMR (500 MHz, D,0): & (ppm)

Synthesis of 51

H1 H2 H3 H4 H5 | H6 H7 | H8 | H9 NHAc
GlcNAc | 4.57 (d, | 3.91 3.87 4.02 (t,]|3.81]443 —|- - - 207 -
J =280 J=92 4.33 (m, 2.01 (m,
Hz, 1H) Hz, 2H) 6H)
1H)
Gal 4.62 (d, | 3.51(dd, | 4.10 (dd, J | 3.96 N/R | 3.69 - - - -
J=79|J=299,|=99, 3.2 (2H)
Hz, 1H) | 7.8 Hz, | Hz, 1H)
1H)
Fuc 5.11 (d, | 3.67 N/R 3.77 481 | 1.17 (d, | - - - -
J =40 J = 6.6
Hz, 1H) Hz, 3H)
NeuSAc | - - 2.75(dd, J | 3.69 3.86 | N/R N/R|3.91]3.90, | 207 -
=12.4,4.7 3.66 |2.01 (m,
Hz, 1H), 6H)
1.80
3C NMR (126 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 Cé C7 | C8 Cc9 NHAc
GIcNAc | 100.96 | 55.68 | 74.69 | 72.86 | N/R | 65.87 | - - - 22.21 or 22.04
Gal 101.16 | 69.39 | 7539 [N/R | N/R | 6147 |- - - -
Fuc 98.55 N/R ]66.70 | 15.28 | - - - -
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| NeuSAc | 174.05 [ 99.56 | 39.70 | N/R | 51.73 [ N/R | N/R | 71.34 | 62.52 | 22.21 or 22.04 |

Linker | 1 2 3

H 3.43-3.32 (m,2H) | 184 (2H) | 3.96, 3.68
C 47.77 28.10 67.26

N/R: not reported.
% p4 PPST
OR  CMP-Neu5Ac
o3 54%
20

a3 °S B4

52

OR
a3

Synthesis of 52

52 was synthesized using PPST as described in the methods. White solid after lyophilization (15 mg, yield
54%). ESI-Q-TOF-HRMS m/z calculated for C34Hs¢NsOx6S, [M-H]: 982.294, found 982.2943.

'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 H3 H4 |HS5 | H6 H7 | H8 | H9 NHAc
GlcNAc | 4.54 3.90 3.88 3.96 | 3.61 | 4.04 (dd, J | - - - 205 -
=122,2.3 2.02 (m,
Hz, 1H), 6H)
3.90
Gal 4.55 3.55 (dd, | 4.12 399 | N/R | 4.13 (2H) |- - - -
J = 9.8,
7.9 Hz,
1H)
Fuc 5.11 (d, | 3.65 3.91 3.81482]1.18(d,J=| - - - -
J =40 6.7 Hz,
Hz, 1H) 3H)
NeuSAc | - - 2.78 (dd, J | 3.70 | 3.87 | N/R N/R | N/R | 3.89, |2.05 -
=12.4,4.6 3.65 |2.02 (m,
Hz, 1H), 6H)
1.81
3C NMR (151 MHz, D,0): é (ppm)
C1 C2 C3 C4 C5 Cé6 C7 |C8 | CY NHAc
GlcNAc | 101.66 | 56.52 | 75.74 | 74.46 | 76.01 | 60.45 | - - - 2291 0r22.71
Gal 102.22 1 69.84 | 76.13 | N/R | N/R | N/R |- - - -
Fuc 99.24 | N/R N/R | 73.62 | 67.35]16.00 | - - - -
NeuSAc | 174.45 | 100.44 | 40.42 | N/R | 5235 | N/R | N/R | N/R | 63.29 | 22.91 or 22.71
Linker | 1 2 3
H 3.43-3.34(m,2H) | 1.85 |3.97,3.69
C 48.44 28.79

N/R: not reported.

S55



Synthesis of 53
53 was synthesized using PPST as described in the methods. White solid after lyophilization (7.7mg, 55%).

ESI-Q-TOF-HRMS m/z calculated for C34Hs¢N50,0S,, [M-H]: 1062.2508, found 1062.2508.

6S 4 6S

PPST

OR  cMP-Neu5Ac

o3 55%

21

'"H NMR (600 MHz, D,0): 6 (ppm)

—_— -

a3

53

6S 4 6S
p4
OR

a3

H1 H2 H3 H4 | HS | H6 H7 | H8 | H9 NHAc
GIcNAc | 4.55 (d, | 3.88 3.86 4.00 | 3.82 | 4.37 - - - 202 -
J = 8.0 1.99 (m,
Hz, 1H) 6H)
Gal 4.60 (d,|3.51 (dd, | 4.11 4.00 | 3.81 | 4.11 - - - -
J=718|J = 99,
Hz, 1H) | 7.9 Hz,
1H)
Fuc 5.08 (d, | 3.63 3.89 370 {471 | 1.15 (d, | - - - -
J =40 J =67
Hz, 1H) Hz, 3H)
NeuSAc | - - 2.74 (dd, J | 3.67 | 3.85 | 3.76 3.58(3.89 (387, [202 -
=124, 4.6 3.63 [ 199 (m,
Hz, 1H), 6H)
1.80
BC NMR (151 MHz, D,0): § (ppm
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc¢
GlecNAc | 100.94 | 55.67 | 74.92 | 73.31 | 72.99 | 66.00 | - - - 22.20
Gal 101.26 | 69.29 | 75.14 | 66.85 | 72.02 | 67.03 | - - - -
Fuc 98.60 | 69.07 | 67.88 | 71.99 | 66.68 | 15.32 | - - - -
NeuSAc | 173.53 19941 | 39.57 | 68.06 | 51.67 | 72.90 | 68.29 | 71.16 | 62.61 | 22.03
Linker | 1 2 3
H 3.39-3.30(m,2H) | 1.82 | 3.94, 3.65
C 47.75 28.09 | 67.20
¢S B3 PPST a3 25 3
OR  CMP-Neu5Ac OR
od 62% o4
22 54
Synthesis of 54

54 was synthesized using PPST as described in the methods. White solid after lyophilization (13 mg, yield
62%). ESI-Q-TOF-HRMS m/z calculated for C34H3ssNsO56S, [M-H]: 982.2940, found 982.2939.

'H NMR (600 MHz, D,0): & (ppm)
H1 H2 H3 H4 | H5 H6 H7 [H8 [H9 [NHAc
GIcNAc [ 452 [391  [4.08 370 [N/R | 3.8, - T 206 (s,
d,J= 3.86 3H) or
8.6 2.04 (s,
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Hz, 3H)
1H)
Gal 4.57 3.52 4.07 3.96 | N/R 4.17 (dd, | - - - -
(d, J=1|(dd,J= J=10.6,
7.7 9.8, 7.8 4.2 Hz,
Hz, Hz, 1H) 1H), 4.10
1H)
Fuc 5.00 3.76 N/R N/R | 4.89 1.18(d,J | - - - -
d, J= (q, J =| =6.6 Hz,
4.0 6.8 3H)
Hz, Hz,
1H) 1H)
NeuSAc | - - 2.78 (dd, J | 3.69 | 3.85 N/R N/R | N/R | 3.85, | 2.06 (s,
= 124, 4.6 3.66 |3H) or
Hz, 1H), 2.04 (s,
1.78 (t, J = 3H)
12.2 Hz,
1H)

3C NMR (151 MHz, D,0): 6 (ppm
C1 C2 C3 C4 C5 C6 C7 |C8 | CY9 | NHAc

GIcNAc | 101.04 | 55.59 | 76.24 | 72.54 | N/R_ [ 59.64 | - - - 22.40 or 22.03
Gal 102.58 | 68.67 | N/R | 66.71 | N/R | 67.77 | - - - -
Fuc 98.12 | 68.41 [N/R |N/R |66.78 | 1536 | - -

NeuSAc | 173.81 1 99.48 [ 39.92 | N/R | 51.63 | N/R | N/R | N/R | 62.31 | 22.40 or 22.03

Linker | 1 2 3
H 344 —-3.34 (m,2H) | 1.88 — 1.81 (m, 2H) | 3.97, 3.68
C 47.77 28.10 67.19

N/R: not reported.

CSTII

QL M -or CueNewsre, @0 @S g o
87%
32 55

Synthesis of 55

55 was synthesized as described in the methods. White solid after lyophilization (2.4 mg, 87%). ESI-Q-
TOF-HRMS m/z calculated for C390Hg3N¢O,7, [M-H]: 1047.3747, found 1047.3747.

'"H NMR (600 MHz, D,0): § (ppm)

H1 [H2 [H3 H4 [H5 [H6 |[H7 [H8 [H9 [|NHAc
GIcNAc | 4.53 [3.73 | N/R 375 |NR [4.02, |- |- |- 210 -
3.88 2.02 (m,
9H)
Gal 4,56 [3.57 4.10 (dd, J = 10.0, |3.98 [N/R [3.75 |- |- |- -
3.1 Hz, 1H) (2H)
NeuSAc |- |- |2.69 (dd, J = 12.3,[3.62[3.84 [N/R |[NR|[4.15]422, [2.10 -
4.4 Hz, 1H), 1.75 (4, 377 202 (m,
J=12.1 Hz, 1H) 9H)
NeuSAc' |- |- [279 (dd, J = 12.5,3.68 3.8 |[N/R [N/R[3.92]3.89, [2.10 -
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4.6 Hz, 1H), 1.75 (t, 366 2.02  (m,
J=12.1 Hz, 1H) 9H)
3C NMR (151 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Cé C7 | C8 Cc9 NHAc
GIcNAc | 101.16 55.14 | N/R | 78.04 | N/R |59.98 | - - - 22.32 or 22.17
or 22.04
Gal 102.55 69.31 | 7546 |[N/R | N/R |61.10 ] - - - -
NeuS5Ac | 173.51 or | 100.22 | 39.66 | N/R | 5228 | N/R | N/R|78.19 | 61.56 | 22.32 or 22.17
173.36 or 22.04
Neu5Ac’ | 173.51 or | 100.51 | 40.49 | N/R | 51.75 | N/R | N/R | 71.75 | 62.57 | 22.32 or 22.17
173.36 or 22.04
Linker | 1 2 3
H 3.44-3.34 (m,2H) | 1.89 — 1.81 (m, 2H) | 3.99, 3.68
C 47.78 28.10 67.13
N/R: not reported.
CSTI
’EO% or _CMP-NeuSAc %OR
23 93% 56

Synthesis of 56

56 was synthesized as described in the methods. White solid after lyophilization (2.6 mg, 93%). ESI-Q-
TOF-HRMS m/z calculated for C37HgoNsO,7, [M-H]: 1006.3481, found 1006.3485.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 H2 H3 H4 | HS | H6 H7 | H8 H9 NHAc
Glc 4.50 3.35 —| 3.65 3.69 | 3.61 [ 4.01, |- - - -
(d, J=1]3.30 3.86
8.0 Hz, | (m,
1H) 1H)
Gal 4.53 3.58 410 (dd, J|397|3.73 |3.75 |- - - -
d, J= = 99, 3.2
7.8 Hz, Hz, 1H)
1H)
NeuSAc | - - 2.69 (dd, J|3.62 |3.83 | N/R |N/R [4.16 —|4.19 (dd, | 2.08 (s,
= 125, 4.5 4.13 J =123, |3H) or
Hz, 1H), (m, 3.6 Hz |2.04 (s,
1.79 — 1.72 1H) 1H), 3.77 | 3H)
(m, 2H)
NeuSAc' | - - 2.79 (dd, J|3.68 | 3.83 | 3.68 | 3.61 | 3.91 3.89, 2.08 (s,
=124, 4.7 3.65 3H) or
Hz, 1H), 2.04 (s,
1.79 — 1.72 3H)
(m, 2H)
3C NMR (151 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 NHAc
Glc 102.01 72.71 | 74.15 | 77.90 | 74.68 | 59.86 | - - - -
Gal 102.54 69.15 | 75.32|67.22|75.08 | 60.96 | - - - -
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Neu5Ac | 173.37 or | 100.06 | 39.56 | 67.80 | 52.14 | N/R | N/R | 78.08 | 61.43|22.18 or
173.22 21.90

Neu5Ac’ | 173.37 or | 100.38 | 40.36 | 67.80 | 51.61 | 72.52 | 68.36 | 71.61 | 62.43 | 22.18 or
173.22 21.90

Linker | 1 2 3

H 3.50-3.44 (m,2H) | 1.92 (p, /J=7.2 Hz, 2H) | 4.01, 3.78

C 47.75 28.10 67.33

N/R: not reported.

3 CSTIl 8 3 63
72%
34 57

Synthesis of 57

57 was synthesized as described in the methods. White solid after lyophilization (2 mg, 72%). ESI-Q-
TOF-HRMS m/z calculated for C390Hg3N¢O,7, [M-H]: 1047.3747, found 1047.3749.

'"H NMR (500 MHz, D,0): § (ppm)

H1 H2 | H3 H4 | H5 | H6 H7 | H8 H9 NHAc
GlcNAc [ 4.56 (d, | 3.82|3.79 35413491393, |- - - 210 -
J =282 3.76 2.01 (m,
Hz, 9H)
1H)
Gal 449 (d, | 3.5314.09(dd,J=|395|3.723.73 |- - - -
J =178 9.9, 3.1 Hz,
Hz, 1H)
1H)
Neu5SAc | - - 2.69 (dd,J=|3.59 382 |N/R |N/R|417 —|4.20(dd,J|2.10 -
12.3, 4.4 Hz, 4.12 =12.1,3.8 | 2.01 (m,
IH), 1.77 — (m, Hz, 1H), | 9H)
1.69 (m, 1H) 1H) 3.94
Neu5SAc' | - - 2.77 (dd, J=|3.67 | 3.82 | N/R | N/R|3.91 3.88,3.66 | 2.10 -
12.4, 4.6 Hz, 2.01 (m,
IH), 1.77 — 9H)
1.69 (m, 1H)
13C NMR (126 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 Cé6 C7 | C8 C9 NHAc
GlIcNAc | 100.96 5439 | 82.74 | 68.46 | 75.37 | 60.74 | - - - 22.37 or 22.31
or 22.04
Gal 103.60 68.78 | 75.38 | 67.61 | 75.06 | 60.05 | - - - -
Neu5Ac | 173.38 or|99.93 |39.83 | N/R |52.24 | N/R |N/R| 7857 |61.61 |22.37or22.31
173.63 or 22.04
NeuSAc' | 173.38 or | 10046 | 41.52 | N/R | 51.77 | N/R | N/R | 71.73 | 62.58 | 22.37 or 22.31
173.63 or 22.04
Linker | 1 2 3
H 3.95-3.86 (m, 2H) | 2.42 —2.34 (m, 2H) | 4.52,4.21
C 47.79 28.11 67.18
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N/R: not reported.

CSTI
3 R
‘ a3OB I:‘ OR CMP-Neu5Ac ‘ o8 ‘ a3OB3|:| OR
92%

Synthesis of 58

58 was synthesized as described in the methods. White solid after lyophilization (19.2 mg, 92%). ESI-Q-
TOF-HRMS m/z calculated for C30Hg3N¢O,7, [M-H]: 1047.3747, found 1047.3750.

'"H NMR (500 MHz, D,0): 6 (ppm)

H1 |H2 | H3 H4 | HS | H6 H7 |H8 |H9 | NHAc
GalNAc | 4.51 | 4.02 | 3.88 4,17 (3.70|3.79 or |- - - 2.07 or 2.06
3.72 or 2.04
Gal 452 | 3.55|4.07 39313.63|3.79 or| - - - -
3.72
NeuSAc | - - 2.70 (dd, J=12.3, | 3.61 | 3.82 | N/R N/R | 4.15|4.20 | 2.07 or 2.06
4.4 Hz), 1.73 or 2.04
NeuSAc' | - - 2.79 (dd,J=12.3, | 3.69 | 3.82 | 3.70 3.61 13901 3.89,|2.07 or 2.06
4.7 Hz), 1.73 3.66 |or2.04
13C NMR (126 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Cé6 C7 C8 C9 NHAc
GalNAc | 101.45 51.09 | 80.13 | 67.87 74.76 | 60.94 | - - - 22.35 or
22.30 or
22.02
Gal 104.77 68.95 | 75.29 | 67.20 74.73 | 61.03 | - - - -
NeuSAc | 173.59 9993 | 39.78 | 68.10 51.74 | N/R | N/R |78.48|61.59|22.350r
or or 22.30 or
173.34 67.90 22.02
NeuSAc' | 173.59 100.45 | 40.50 | 68.10 52.21 | 72.64 | 68.43 | 71.70 | 62.55 | 22.35 or
or or 22.30 or
173.34 67.90 22.02
Linker | 1 2 3
H 340 | 1.86 |3.98,3.72
C 4778 | 28.10 | 67.01

N/R: not reported.

CSTII
6S 6S
o
38 80% 59

Synthesis of 59

59 was synthesized as described in the methods. White solid after lyophilization (2.2 mg, 80%). ESI-Q-
TOF-HRMS m/z calculated for C390Hg3N¢O30S, [M-H]: 1127.3315, found 1127.3315.

'"H NMR (600 MHz, D,0): 6 (ppm)
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H1 H2 | H3 H4 | HS | H6 H7 | H8 | H9 NHAc

GleNAc |4.56 (d, | 3.77 | N/R 381 | N/R (447 (dd, J = |- - - 212 -

J=179 11.1, 2.0 Hz, 1.99 (m,
Hz, 1H) 1H), 4.29 (dd, J 9H)
= 11.4, 5.1 Hz,
1H)
Gal 4.62 (d, | 3.57 | 4.11 4.02 | N/R | 3.76 (2H) - - - -
J =178
Hz, 1H)

NeuSAc | - - 2.70 —13.66 | 3.84 | N/R N/R | 4.16 | 4.14, | 2.12 -
2.62 (m, 3.76 | 1.99 (m,
1H), 1.81 9H)

Neu5SAc' | - - 2.78 (dd, J | 3.68 | 3.84 | N/R N/R 392|391, |212 -
=12.6,4.6 3.66 |1.99 (m,
Hz, 1H), 9H)

1.75
3C NMR (150 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 C6 C7 | C8 C9 NHAc¢

GlcNAc | 191.13 55.03 |[N/R | 7732 | N/R |66.63 | - - - 22.30 or 22.17

or 22.04
Gal 101.96 68.21 |7522|67.77 | N/R |61.07 ]| - - - -
NeuSAc | 173.68 or | 100.38 | 39.02 | N/R | 52.23 | N/R | N/R | 78.08 | 61.75 | 22.30 or 22.17
173.45 or 22.04
NeuSAc' | 173.68 or | 100.68 | 40.48 | N/R | 51.73 | N/R | N/R | 71.72 | 62.57 | 22.30 or 22.17
173.45 or 22.04

Linker | 1 2 3

H 3.39 (td, J=6.7,3.2 Hz, 2H) | 1.86 (2H) | 3.99, 3.68

C 47.79 28.10 67.26

N/R: not reported.

6S CSTII 6S

3 4 ) 4
85%
39 60

Synthesis of 60

60 was synthesized as described in the methods. White solid after lyophilization (2.3 mg, 85%). ESI-Q-
TOF-HRMS m/z calculated for C390Hg3N¢O30S, [M-H]: 1127.3315, found 1127.3312.

'"H NMR (600 MHz, D,0): § (ppm)

H1 H2 |H3 H4 [H5 [H6 |[H7 [H8 [H9 [NHAc
GlcNAc |4.51 (d, J[3.72 ] 4.10 3.71 397, |- |- |- 207 -
= 7.6 Hz, 3.84 2.00 (m,
1H) 9H)
Gal 457 (d, J|3.55|4.10 (dd, J =|4.00]395[417 |- [- |- -
= 7.9 Hz, 9.9, 3.2 Hz
1H) 1H)
NeuSAc | - - 266 dd, 7 =359[381|N/R |[NR|[4.13]4.15 [207 -
12.3, 44 Hz, 373 |2.00 (m,

S61




1H), 1.73 9H)
NeuSAc' | - - 2.76 (dd, J =|3.65|3.81 | N/R N/R | 3.89 | 3.83, |2.07 -
12.4, 4.6 Hz, 3.62 2.00 (m,
1H), 1.73 9H)
BC NMR (151 MHz, D,0): & (ppm)
C1 C2 C3 C4 C5 Co C7 | C8 C9 NHAc
GlecNAc | 101.15 | 55.19 | N/R | 78.88 | N/R |60.20 | - - - 22.33 or 22.19 or
22.05
Gal 102.36 | 67.47 | 7524 | N/R | N/R | N/R |- - - -
Neu5SAc | 173.41 | 100.35 | 39.61 | N/R | 52.24 | N/R | N/R | 78.19 | 61.60 | 22.33 or 22.19 or
22.05
Neu5Ac' | 173.41 | 100.44 | 40.48 | N/R | 51.74 | N/R | N/R | 71.75 | 62.55 | 22.33 or 22.19 or
22.05
Linker | 1 2 3
H 3.41 —3.31 (m, 2H) | 1.83 (p,J = 6.4 Hz, 2H) | 3.96, 3.66
C 47.77 28.10 67.12

N/R: not reported.

468 CSTII

3 i 4 6S
78%
M 61

Synthesis of 61

61 was synthesized as described in the methods. White solid after lyophilization (2.1 mg, 78%). ESI-Q-
TOF-HRMS m/z calculated for C37;HgN5O3,S, [M-H]: 1086.3049, found 1086.3049.

"H NMR (500 MHz, D,0): & (ppm)

H1 H2 H3 H4 | H5 | H6 H7 | H8 | H9 NHAc
Gle 4.51 3.34 3.67 3.7513.83 | 4.45(dd,J=| - - - -
(d,J=|(dd,J= 11.2, 2.0
8.0 9.4, 8.0 Hz, 1H),
Hz, Hz, 4.26 (dd, J=
1H) 1H) 11.2, 5.2
Hz, 1H)
Gal 4.59 3.56 4.10 4.01|3.73 | 3.75 - - - -
d,J=
7.9
Hz,
1H)
NeuSAc | - - 2.64 (dd, J | 3.64 | 3.82 | N/R N/R | 391 | 4.14, | 2.07 (s,
=124, 4.5 3.75 |3H) or
Hz, 1H), 2.03 (s,
1.80 (t, J = 3H)
12.3  Hz,
1H)
NeuSAc' | - - 2.77 (dd, J | 3.66 | 3.82 | 3.64 3.61 | 4.15(3.89, |2.07 (s,
=123, 4.8 3.65 |3H) or
Hz, 1H), 2.03 (s,
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1.74 (t, J = 3H)
12.2  Hz,
1H)
13C NMR (126 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc
Gle 101.87 72.54 | 74.05 | 77.03 | 72.39 | 66.45 | - - - -
Gal 102.00 69.38 | 75.07 | 67.61 | 74.82 | 60.93 | - - - -
NeuSAc | 173.54 or | 100.19 | 38.84 | 68.06 | 52.08 | N/R | N/R | 78.00 | 61.60 | 22.14  or
173.32 21.88
Neu5SAc' | 173.54 or | 100.55 | 40.34 | 68.06 | 51.58 | 72.44 | 68.39 | 71.55| 62.41 | 22.14 or
173.32 21.88
Linker |1 2 3
H 3.46 (1, | 1.92(p, | 3.98,
J=67|J=65]|3.78
Hz, Hz,
2H) 2H)
C 47.73 28.10 67.37
N/R: not reported.
CSTI
%%OR CMP-Neu5Ac %OR
81%
42 62

Synthesis of 62
62 was synthesized as described in the methods. White solid after lyophilization (2.2 mg, 81%). ESI-Q-
TOF-HRMS m/z calculated for C37HgoN5O30S, [M-H]: 1086.3049, found 1086.3049.

'"H NMR (500 MHz, D,0): 6 (ppm)
H1 H2 H3 H4 | HS | H6 H7 |H8 | H9 NHAc¢
Gle 4.50 (d, |3.37 —|3.66 3.66 | 3.62 | 4.01, |- - - -
J = 8.013.30 3.94
Hz, 1H) | (m,
1H)
Gal 4.56 (d, | 3.58 4.12 403 398|420 |- - - -
J =80 (2H)
Hz, 1H)
Neu5Ac | - - 2.68 (dd, J =[3.62 [3.83 |N/R |N/R |4.15|4.17, |2.08 (s,
12.3, 4.4 Hz, 3.84 | 3H) or
IH), 1.79 - 204 (s,
1.71 (m, 1H) 3H)
Neu5Ac' | - - 2.78 (dd, J =[3.66 | 3.83 | 3.66 |N/R |3.91|3.89, |2.08 (s,
12.3, 4.6 Hz, 3.65 | 3H) or
IH), 1.79 - 2.04 (s,
1.71 (m, 1H) 3H)
13C NMR (126 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 Cé6 C7 | C8 9 NHAc
Gle 101.9 | 72.65 | 74.13 | 79.18 | 74.57 | 60.10 | - - - -
Gal 102.67 | 69.01 | 75.09 | 67.20 | 72.65 | 67.42 | - - - -
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NeuSAc | 173.29 | 100.23 | 39.47 | 67.84 | 52.14 | N/R | N/R | 78.04 | 61.48 | 22.19 or 21.91
NeuSAc’ | 173.29 | 100.32 | 40.36 | 68.02 | 51.61 | 72.50 | N/R | 71.61 | 62.43 | 22.19 or 21.91

Linker | 1 2 3
H 347 (,J=6.7Hz, 2H) | 1.92 (p,J=6.5 Hz, 2H) | 3.99, 3.77
C 47.75 28.10 67.20

N/R: not reported.
CSTII

6S ny 6S 6S g 6S
4 _ 3 p4
‘ﬂoﬁ—.*OR CMP-Neu5Ac ‘ o8 ‘ o O . OR
74%
43 63

Synthesis of 63

63 was synthesized as described in the methods. White solid after lyophilization (2 mg, 74%). ESI-Q-
TOF-HRMS m/z calculated for C37HgoN5O33S,, [M-H]: 1166.2617, found 1166.2614.

'"H NMR (500 MHz, D,0): 6 (ppm)

H1 H2 H3 H4 | HS5 | H6 H7 | H8 | H9 NHAc
Glc 4.51 3.39 — | 3.69 3.68 13.85(447(dd,J=]|- - - -
(d, J=13.32 11.2,2.0 Hz,
8.0 (m, 1H), 4.24
Hz, 1H) (dd,J=11.3,
1H) 5.9 Hz, 2H)
Gal 4.59 3.57 | 4.12 4.05 | 4.00 | 4.20 (2H) - - - -
d, J=
7.9
Hz,
1H)
Neu5Ac | - - 2.65 (dd, J|3.64 | 3.82 | N/R N/R | 4.15|4.14, | 2.07 (s,
=123, 4.5 3.77 |3H) or
Hz, 1H), 2.03 (s,
1.75 (t, J = 2H)
12.1  Hz,
1H)
Neu5Ac' | - - 2.77 (dd, J| 3.66 | 3.82 | 3.61 3.58 {391 (3.89, |2.07 (s,
=124, 4.6 3.65 [3H) or
Hz, 1H), 2.03 (s,
1.75 (t, J = 2H)
12.1  Hz,
1H)
13C NMR (126 MHz, D,0): § (ppm)
C1 C2 C3 C4 C5 Cé6 C7 |C8 C9 NHAc
Glc 101.87 72.44 | 74.07 | 78.84 | 72.36 | 66.74 | - - - -
Gal 102.30 69.16 | 74.82 | 67.37 | 72.48 | 67.46 | - - - -
Neu5Ac | 173.43 or | 100.18 | 38.83 [ N/R | 52.05 | N/R |[N/R|77.98|61.65]|22.15 or
173.32 21.89
Neu5Ac' | 173.43 or | 100.63 | 40.35 | N/R | 51.58 | 72.44 | N/R | 71.56 | 62.41 | 22.15 or
173.32 21.89

| Linker | 1 |2 |3 |
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H 3.46 (t,J=6.8 Hz,2H) | 1.92 (p,J= 6.5 Hz, 2H) | 3.98, 3.78
C 47.74 28.10 67.42
N/R: not reported.

6S CSTII 6S
- 3
‘ a3OB3D OR CMP-Neu5Ac ‘ a8 ‘ a3ol3 |:| OR
89%
47 64

Synthesis of 64

64 was synthesized as described in the methods. White solid after lyophilization (12 mg, 89%). ESI-Q-
TOF-HRMS m/z calculated for C390Hg3NgO30S, [M-H]: 1127.3315, found 1127.3317.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 |H2 | H3 H4 |H5 |H6 |H7 |H8 |H9 NHAc
GalNAc |4.53 [4.03 |3.90 42313941420 - - - 2.08 or 2.06
or2.04
Gal 4.52 | 3.55]|4.08 N/R | 3.66 - - - -
Neu5Ac | - - 2.69 (dd, J =124, |3.60 | 3.83 | N/R | N/R | 4.16 | 4.20 2.08 or 2.06
4.6 Hz, 1H), 1.73 or 2.04
Neu5SAc' | - - 2.79 (dd, J = 12.3,|3.67 | 3.83 | N/R | 3.62 | 3.90 | 3.89, 2.08 or 2.06
4.4 Hz, 1H), 1.73 3.67 or 2.04
13C NMR (201 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc
GalNAc | 101.41 51.00 | 79.95 | 67.68 72.42 | 67.34 | - - - 2234  or
22.29 or
22.01
Gal 104.84 68.95 |75.30|67.22 74.72 | 60.99 | - - - -
NeuSAc | 173.61 or|99.95 |39.76 | 68.100r | 51.74 | N/R | N/R | 7849 | 61.59|22.34 or
173.35 67.94 2229  or
22.01
Neu5Ac’ | 173.61, 100.42 | 40.50 | 68.10 or | 52.22 | 72.63 | 68.45 | 71.69 | 62.54 | 22.34  or
173.35 67.94 2229  or
22.01
Linker | 1 2 3
H 340 | 1.86 |4.00,3.72
C 47.80 | 28.12 | 67.17

N/R: not reported.

6s csTI 68
3 - 3
Q0B o CMPNewshe, @8 @BODE-or
83%
48 65

Synthesis of 65
65 was synthesized as described in the methods. White solid after lyophilization (11.2 mg, 83%). ESI-Q-
TOF-HRMS m/z calculated for C39Hg;NgO30S, [M-H]: 1127.3315, found 1127.3316.
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'"H NMR (600 MHz, D,0): § (ppm)

H1 |H2 | H3 H4 |H5 |H6 |H7 | H8 | H9 NHAc¢
GalNAc | 4.51 | 4.04 | 3.85 423 (3.72|3.74 | - - - 2.07 or 2.06 or 2.04
Gal 4.54 | 3.57 | 4.10 3991390 (4.19 | - - - -
Neu5Ac | - - 2.69,1.74 | 3.62 | 3.83 | N/R | N/R | 4.17 | N/R 2.07 or 2.06 or 2.04
Neu5Ac’ - 2.78,1.74 1 3.69 | 3.83 | 3.70 | 3.66 | 3.91 | 3.90, 3.66 | 2.07 or 2.06 or 2.04
3C NMR (201 MHz, D,0): 6 (ppm)
C1 C2 C3 C4 C5 Co6 C7 C8 C9 NHAc
GalNAc | 101.49 50.98 | 80.32 | 67.81 | 7494 | 61.24 | - - - 22.31 or
22.29 or
22.01
Gal 104.53 68.82 | 75.18 | 67.22 | 72.44 | 67.93 | - - - -
Neu5Ac | 173.49 or|100.05|39.72 | 68.11, | 51.73 | N/R | N/R | 78.42|61.59 | 22.31 or
173.36 67.93 22.29 or
22.01
Neu5Ac’ | 173.49 or | 100.38 | 40.48 | 68.11, | 52.22 | 72.61 | 68.47 | 71.68 | 62.52 | 22.31 or
173.36 67.93 22.29 or
22.01
Linker | 1 2 3
H 3.39 | 1.87 |4.00,3.72
C 47.78 | 28.10 | 66.98

N/R: not reported.

65 6S CSTII 68 5 63
‘ QSOB:’)I:‘ OR CMP-Neu5Ac‘ ‘ a8 ‘ (l3< )B OR
7%
49 66

Synthesis of 66

66 was synthesized as described in the methods. White solid after lyophilization (20 mg, 77%). ESI-Q-
TOF-HRMS m/z calculated for C390Hg3NeO33S,, [M-H]: 1207.2883, found 1207.2885.

'"H NMR (600 MHz, D,0): 6 (ppm)

H1 | H2 | H3 H4 |H5 |H6 |H7 |H8 | H9 NHAc
GalNAc | 4.51|4.04 | 3.90 4231398422 |- - - 2.08 or 2.07 or 2.04
Gal 454 | 3.56 | 4.09 N/R |3.90|4.18 | - - - -
NeuSAc | - - 2.69,1.7513.62 |3.83 | N/R|N/R |4.16|4.20,3.71 | 2.08 or 2.07 or 2.04
Neu5SAc’ - 2.78,1.75|3.68 | 3.83 | N/R | 3.61 | 3.90 | 3.91, 3.66 | 2.08 or 2.07 or 2.04
13C NMR (201 MHz, D,0): é (ppm)
C1 C2 C3 C4 C5 Cé6 C7 | C8 9 NHAc
GalNAc | 101.37 50.96 | 79.77 | 67.88 | 72.36 | 67.18 | - - - 22.34 or 22.30
or 22.02
Gal 104.48 68.84 | 75.15 | N/R | 72.68 | 67.47 | - - - -
NeuSAc | 173.51 or | 100.09 | 39.69 | 67.96 | 51.73 | N/R | N/R | 78.43 | 61.60 | 22.34 or 22.30
173.39 or 22.02
NeuSAc' | 173.51 or| 100.37 | 40.48 | N/R |52.22|72.61 | N/R | 71.69 | 62.53 | 22.34 or 22.30
173.39 or 22.02
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Linker | 1 2 3
H 3.40 | 1.87 |4.00,3.73
C 47.82 | 28.12 | 67.13

N/R: not reported.
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4. Microarray Studies

4.1 General procedure for Hydrogenolysis Mediated reduction of glycan terminal azide group.
Glycan substrate (0.5 mg) was dissolved in 300 uL DI water, and palladium hydroxide on carbon slurry
(0.3 mg, 20% wt suspended in water solution) was added to the above solution. The reaction was
vigorously stirred under an atmosphere of hydrogen and monitored by TLC until no starting material could
be detected (2h). Subsequently, the reaction was filtered through a syringe filter (0.2 microns) to remove
the catalyst, and the filtrate was lyophilized to give amine-linked glycan products as a white fluffy solid.
4.2 Glycan microarray printing

66 amine-linked glycans were printed using a Scienion sciFLEXARRAYER S1 non-contact microarray
printer equipped with a Scienion PDC80 nozzle (Scienion Inc) on the surface of N-hydroxy succinimide
(NHS)-activated glass slides (NEXTERION® Slide H, Schott Inc) to form glycan microarray. Glycans
were dissolved in sodium phosphate buffer (250 mM, pH 8.5) at a concentration of 100 uM and printed in
replicates of 4 (spot volume of ~400 pL, at 20 °C and 50% humidity). Each slide contained 14 subarrays
(2x7), and 1 subarray displayed 288 spots (18 x16). Slides were incubated overnight in a saturated NaCl
chamber (providing a 75% relative humidity environment) after printing and were blocked with 5 mM
ethanolamine in Tris-HCI buffer (pH 9, 50 mM) for 1 h at 50 °C and rinsed with DI water.

4.3 Screening of proteins

Sub-arrays were incubated with the protein of interest at the indicated concentrations in TSM binding
buffer (20 mM Tris-HCI, pH 7.4, 150 mM NaCl, 2 mM CaCl,, 2 mM MgCl,, 0.05% Tween, 1% BSA) for
0.5-1h at r.t. followed by washing. Wash steps involved 2 successive washes with TSM wash buffer (20
mM Tris-HCI, pH 7.4, 150 mM NaCl, 2 mM CacCl,, 2 mM MgCl,, 0.05% Tween-20) - TSM buffer (20
mM Tris-HCI, pH 7.4, 150 mM NaCl, 2 mM CaCl,, 2 mM MgCl,) - deionized H,O. All incubation and
wash steps were performed at RT.

Plant lectins:

Working solutions at specific concentrations of biotinylated plant lectins were freshly prepared by diluting
an appropriate amount of stock solution in a TSM binding buffer (20 mM Tris-HCI, pH 7.4, 150 mM
NaCl, 2 mM CaCl,, 2 mM MgCl,, 0.05% Tween, 1% BSA). The above working solution (100 pL) was
carefully added to the subarray and was allowed to incubate for 1h in the dark, followed by a washing
procedure. Then, the subarrays were incubated with 100 puL Streptavidin-AlexaFluor® 647 (5 pg/mL) in
TSM binding buffer for 0.5 h in the dark. After incubation, the slide was performed using a washing
procedure and kept in the dark before analysis.

Fc-tagged Siglecs:

Streptavidin-AlexaFluor® 647 (5 ug/mL) was pre-complexed with biotinylated anti-IgG Fc (5 pg/mL) in
a 1:1 molar ratio in 100 uL TMS binding buffer and was incubated on ice for 15 min as the pre-mixed

solution for further use. Working solutions of Fc-tagged Siglecs at specific concentrations were freshly
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prepared by diluting an appropriate amount of stock solution in a TSM binding buffer. The above working
solution (100 pL) was carefully added to the subarray and was allowed to incubate for 1h in the dark,
followed by the washing procedure. Then, the subarrays were incubated with 100 uL pre-mixed solution
above for 1 h in the dark. After incubation, the slide was performed using a washing procedure and kept
in the dark before analysis.

Screened arrays were dried by centrifugation and immediately scanned for fluorescence on a GenePix
4000 B microarray scanner (Molecular Devices). The detection gain was adjusted to avoid saturation of
the signal. The data were processed with GenePix Pro 7 software and further analyzed using Microsoft
Excel macro. The mean fluorescent intensities (corrected for mean background) and standard deviations

(SD) were calculated (n = 4). Data were fitted using Prism software Version 8.3.0 (GraphPad Software,

Inc). Bar graphs represent the mean = SD for each compound.

4.4 MIRAGE compliant Glycan Microarray Document

Supplementary Glycan Microarray Document according to MIRAGE Guidelines (doi:10.3762/mirage.3)

Description

Description of Sample

The human Siglecs, Plant lectins used in this work are described in SI section 2. Materials
and methods

Sample modifications

Not relevant.

Assay protocol

Glycan description for
defined glycans

The incubation protocol was included in SI section 4.3 Screening of proteins.

66 synthetic glycans are listed in Fig. 1.

Glycan description for
undefined glycans

Not relevant.

Glycan modifications

Description of surface

The synthesis of glycans was described in SI section 3. Experimental procedures.

Covalent arrays were prepared in this work. The details are included in SI section 4.2
Glycan microarray printing.

Manufacturer

The details are included in SI section 4.2 Glycan microarray printing.

Custom preparation of
surface

Not relevant.

covalent Immobilization

Description of Arrayer

The details are included in SI section 4.2 Glycan microarray printing.

The details are included in SI section 4.2 Glycan microarray printing.

Dispensing mechanism

Non-contact liquid delivery with PDC nozzle.

Glycan deposition

The details are included in SI section 4.2 Glycan microarray printing.
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Printing conditions

Array layout

The details are included in SI section 4.2 Glycan microarray printing.

The array layout of array was described in SI section 4.2 Glycan microarray printing.

Glycan identification and
quality control

Scanning hardware

The structure of glycans was confirmed via NMR and HRMS as described in SI section 3.
Experimental procedures.

The quality control of the arrayed glycans was performed using plant lectins as shown in
SI section Fig. S6.

GenePix 4000B (Molecular Devices, Berkshire, UK)

Scanner settings

The details are included in SI section 4.3 Screening of proteins.

Image analysis software

The details are included in SI section 4.3 Screening of proteins.

Data processing

Data presentation

Data interpretation

The details are included in SI section 4.3 Screening of proteins.

Siglecs binding results are presented as heat map (Fig. 8) in the main text and
corresponding histogram charts in SI section (Fig. S5). Plant lectins binding results are
displayed in SI section by the histogram charts and heat map (Fig. S6).

No software or algorithms were used to interpret processed data.

Conclusions

Different glycan has different preferences for different proteins.
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