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1. Experimental procedures.

General experimental procedures. Unless otherwise stated, all chemical reagents were
acquired from commercial sources and utilized without additional purification. Molecular
sieves (4 A) were flame-dried prior to use. All moisture-sensitive processes were performed in
an argon environment. Unless otherwise stated, all reactions at high temperatures were carried
out in a silicon oil bath. Reactions were monitored by thin-layer chromatography (TLC) on
silica gel-coated aluminum or glass plates (EMD Chemicals Inc.). Spots were visualized by
UV light (254 nm) when applicable and charring with 10 % sulfuric acid in ethanol or a solution
of (NH4)sMo07024:4H>0 (24.0 g, 19.4 mmol) and Ce(NH4)2(NO3)s (0.50 g, 0.9 mmol) in
sulfuric acid (5%, 500 mL). Column chromatography was performed on silica gel G60
(Silicycle 60 — 200 um, 60 A). Fractions or reaction mixture containing sulfated compound
were concentrated under reduced pressure with water bath temperature less than 25 °C. NMR
spectra ('H, 13C, COSY, HSQC, TOCSY, HMBC, NOESY) were recorded on an Agilent 400-
MR DD?2 or Bruker AVANCE-600 MHz spectrometer at 25 °C. Chemical shifts are reported
in parts per million (ppm) relative to tetramethylsilane (TMS 6 = 0 ppm) or deuterium oxide
(D20 6 =4.79 ppm) as the internal standard. NMR data is presented as follows: chemical shift,
multiplicity (s = singlet, bs = broad singlet, d = doublet, bd = broad doublet, t = triplet, dd =
doublet of doublet, m = multiplet and/or multiple resonances), q = quartet, integration, coupling
constant in Hertz (Hz). NMR signals were assigned based on 'H NMR, '3C NMR, COSY,
HSQC, HMBC, TOCSY or NOESY experiments. Due to the small sample size, carbon
chemical shifts for compounds 1-14, 21-27 and 31-33 were collected from the F1 dimension in
the HSQC spectra. Mass spectra were obtained on a Bruker micrOTOF-Q II (ESI LC-MS).
Reported HRMS data was obtained on an Agilent technologies 6560 Ion mobility Q-TOF. 'H
NMR spectroscopy was used to determine the yield of the final compounds, with acetone as an
internal reference. Pasteurella multocida heparosan synthase 2 (PmHS2) were expressed in E.
coli as previously described.[!]

Abbreviations: Ac, acetyl; AcOH, acetic acid; BAIB, (Diacetoxyiodo)benzene; Bn, benzy];
Bu, butyl; Cbz, benzyloxycabonyl; Bz, benzoyl; CCLS5, chemokine (C-C motif) ligand 5;
CDCl;, deuterated chloroform; CMPI, 2-Chloro-1-methylpyridinium iodide; CSA,



Camphorsulfonic acid; CuAAC, copper(l)-catalyzed alkyne-azide cycloaddition; CXCLS8, C-
X-C motif chemokine ligand 8; DABCO, 14-Diazabicyclo[2.2.2]octane; DCC, N,N’-
Dicyclohexylcarbodiimide; DCM, dichloromethane; DMF, dimethyl formamide; D,O,
deuterated water; Et, ethyl; Et;N, triethylamine; EtOAc, ethyl acetate; EtOH, ethanol; ESI-
TOF, electrospray ionizaiton — time of flight; Fmoc, fluorenylmethoxycarbonyl; GIcA, D-
glucuronic acid; GIcNAc, N-acetyl-D-glucosamine; H,O, water; H,O,, hydrogen peroxide;
HRMS, high resolution mass spectrometry; Lev, levulinoyl; LiOH, lithium hydroxide; Me,
methyl; MeCN, acetonitrile; MeOH, methanol; MgSO,, magnesium sulfate; MnCl,, manganese
dichloride; N3, azide; NaHCO;, sodium bicarbonate; NaOH, sodium hydroxide; NIS, N-
Iodosuccinimide; NHS, N-Hydroxysuccinimide; Pd(OH),/C, palladium hydroxide over
carbon; Piv, pivaloyl; PmHS2, Pasteurella multocida heparosan synthase; TEMPO, 2,2.6,6-
Tetramethylpiperidine 1-oxyl; SO5-Py, sulfur trioxide/pyridine complex; SPR, surface plasma
resonance; TBAF, tetrabutylammonium fluoride; TDS, dimethyl thexylsilyl; TFA,
trifluoroacid; TfOH, trifluoromethanesulfonic acid; THF, tetrahydrofuran; THPTA, Tris(3-
hydroxypropyltriazolylmethyl)amine; TLC, thin layer chromatography; TMSCHN,,
(Trimethylsilyl)diazomethane; TMSOTf, Trimethylsilyl trifluoromethanesulfonate; Tol,
toluene; Tris, Tris(hydroxymethyl)aminomethane; Ts, p-Toluenesulfonyl; UDP, Uridine

diphosphate; v/v, volume/volume.
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Figure S1. Monosaccharide nomenclature system for NMR assignments. For oligosaccharide
nomenclature for NMR spectroscopy, the monosaccharide residues of the HS oligosaccharides have
been labelled from the reducing end to non-reducing end in an alphabetical order for each domain and

labelled together with 1, 2 for the repeated domains (e.g. compounds 33 and 14 labelled as above).



Scheme S1. Synthesis of hexasaccharide precursor.”
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Scheme S2. Synthesis of 6-Azido-GIcNAc-UDP (S0).“
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ii) tetrazole, dibenzyl N, N diisopropylphosphoramidite, DCM, 1.5 h; iii) mCPBA, -78 °C to r.t., 2 h;
(c) Pd/C, Ha, MeOH, 12 h; (d) EtsN; NaN; DMF, 60 °C, 24 h; (e) i) UMP-morpholidate, tetrazole, Py,

3 days; ii) NaOH ( pH=12), 1 h.
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Figure S2. An example of structural analysis of synthesized compound by NMR spectroscopy. (A)
Annotated HSQC spectra showing proton/carbon assignments of compound 2. (B) HSQC and
assignment of compound 3. (C) HSQC and assignment of compound 9. Yellow highlighted area,
characteristic shift of sugar protons (H1, H4, H6) connected to the triazole; green highlighted area,

characteristic shift of alkyne linker. (CH»-triazole: CH; linked to triazole; CH triazole: CH of the triazole)



General procedure for Lev esters removal.

Hydrazine acetate (5 equiv. per Lev group) was added to a solution of the starting material in
a mixture of DCM and MeOH (1/1, v/v, 0.02 M). The reaction mixture was stirred at room
temperature for 2 to 4 h until TLC analysis (petroleum ether/EtOAc, 1/1 to 1/2, v/v) indicated
completion of the reaction. The reaction mixture was diluted with DCM (30 mL), washed with
water (25 mL), saturated bicarbonate solution (2 %X 25 mL) and brine (25 mL), dried (NaxSO4)
and filtered. The filtrate was concentrated under reduced pressure, and the residue was purified
by silica gel column chromatography using petroleum ether and EtOAc as eluent (1/1 to 1/2,

v/v), to give pure product.

General procedure for O-sulfation. To a solution of the starting material in DMF (0.15 M)
was added SO3-Py (10 equiv. per OH). The reaction mixture was stirred at room temperature
for 2 to 4 h until TLC (DCM/MeOH, 90/10, v/v) indicated completion of the reaction. A
mixture of triethylamine and MeOH (1/1, v/v, 1 mL) was added to the reaction mixture and
stirring was continued for another 30 min. The reaction mixture was concentrated under
reduced pressure, and the residue was applied to a column of latrobeads (5 g), which was eluted
with a gradient of DCM and MeOH (from 95/5 to 85/15, v/v). Fractions containing product
were concentrated under reduced pressure and the residue was passed through a column of

Dowex® 50 x 8 Na* resin (0.6 cm x 5 cm) using MeOH as eluent, to give pure product.

General procedure for saponification of methyl esters and de-O-acetylation. A premixed
solution of 30% solution of H>O> in HO (100 equiv. per CO>Me) and 1.0 M LiOH (50 equiv.
per CO>Me) was added to a solution of the starting material in THF (0.02 M). The reaction
mixture was stirred at room temperature for 12 h. Then, a 4.0 M solution of NaOH was added
until pH ~ 14. Stirring was continued until LC-MS indicated completion of the reaction. After
adjusting the pH to 8-9 by careful addition of AcOH, the solvents were removed under reduced
pressure. The residue was dissolved in water and applied to a Reverse Phase C18 column (1.0
cm x 5 cm), which was eluted with a gradient of H>O and MeOH (from 90/10 to 40/60, v/v).

Fractions containing product were concentrated under reduced pressure and the residue was
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passed through a column of Dowex® 50 x 8 Na' resin (0.6 cm x 5 cm) using H>O as eluent to

give pure product.

General procedure for installation of alkyne moiety.

Compounds containing linker free amine (1.0 equiv.) were dissolved in aqueous 0.3 M
NaHCO3 (29 pL/pmol compound) and MeOH (6 pL/pumol compound), followed by addition
of a solution of N-succinimido 4-pentynonate (3.0 equiv) in acetonitrile (29 pL/umol
compound). The reaction mixture was stirred at room temperature for 3 h. Bio-Gel P-6 (1.5 cm
x 100 cm) was used for purification with 100 mM ammonium bicarbonate as eluent. The
fractions containing compound were lyophilized and passed through a short column of
Dowex® 50 x 8Na' resin (1.0 cm x 2 cm) with H2O as eluent. Appropriate fractions were

lyophilized to give the desired product.
Enzymatic reaction reagent solutions.

Tris-HCI buffer (200 mM, pH = 7.5)
UDP-GIcNAc (0.1 mg/uL in water)
UDP-GIcA (0.1 mg/uL in water)
UDP-GIcNAc-6N3 (0.1 mg/pL in water)
MnCl; (1.0 M or 100 mM in water)
PmHS2 (2.7 mg/mL)

General procedures for installation of a (1—4)-GlcNAc.

Enzymatic installation of a (1—4)-GlcNAc reaction was performed in an aqueous solution
containing HS glycan (1.0 equiv., final working concentration 3.2 mM), UDP GlcNAc (1.5
equiv. of HS glycan), Tris buffer (25 mM, pH = 7.5), MnCl> (5 mM) and Pasteurella multocida
heparosan synthase (PmHS2) (final concentration of enzyme 200 pg/mL). HS glycan (1.0
equiv., final working concentration 3.2 mM![8l) and UDP GlcNAc (1.5 equiv.) were dissolved
in H>O™ and Tris-HCI buffer (200 mM, pH = 7.5)[I followed by the addition of MnCl, (1.0 M
or 100 mM)!l. Finally, PmHS2 (2.7 mg/mL) was added to this solution to form a working

concentration of 200 pg/mL. The reaction mixture was incubated at 37 °C for 12 h. The

11



progress of the reaction was monitored by ESI-LC-MS, on completion the reaction mixture
was lyophilized and the residue was passed through Biogel P6 (1.5 cm x 50 cm or 1.5 cm X
120 cm) with 0.1 M ammonium bicarbonate as eluent. Appropriate fractions as indicated by
ESI-LC-MS were lyophilized and passed through a short column of Dowex® 50 x 8Na' resin
(1.0 cm x 2 cm) with H2O as eluent. Appropriate fractions were lyophilized to give the desired
product.

[a] Total volume of reaction was calculated based on the working concentration of HS glycans
(3.2 mM).

1 Volume of H>O was obtained after removing the volume of Tris-HCI buffer (200 mM, pH
=17.5), UDP-GIcNAc (1.5 equiv., 0.1 mg/ uL), MnCl, (1.0 M or 100 mM) and PmHS2 (2.7
mg/mL) in total reaction volume. Detailed calculations of Tris-HCI buffer and MnCl> were
shown in [c] and [d].

] Tris-HCI buffer was 200 mM (pH = 7.5) in stock at 4 °C. Volume of Tris-HCI buffer (200
mM, pH = 7.5) was 1/8 of the total reaction volume to achieve a final working concentration
of 25 mM Tris-HCL

[ MnCl, (1.0 M or 100 mM) was added to form a working concentration of 5 mM. Volume of
MnCl; (1.0 M) was 1/200 of total reaction volume or MnCl> (100 mM) was used as 1/20 of

total reaction volume when performing a less than 200 pL total volume reaction.

General procedures for installation of p (1—4)-GlcA.

Enzymatic installation of B (1—4)-GIcA reaction was performed in an aqueous solution
containing HS glycan (1.0 equiv., final working concentration 3.2 mM), UDP GIcA (1.5 equiv.
of HS glycan), Tris buffer (25 mM, pH = 7.5), MnCl; (5§ mM) and Pasteurella multocida
heparosan synthase (PmHS2) (final concentration of enzyme 200 pg/mL). HS glycan (1.0
equiv., final working concentration 3.2 mM!?) and UDP GIcA (1.5 equiv.) were dissolved in
H>O™ and Tris-HCI buffer (200 mM, pH = 7.5)[! followed by the addition of MnCl, (1.0 M
or 100 mM)!l. Finally, PmHS2 (2.7 mg/mL) was added to this solution to form a working
concentration of 200 pg/mL. The reaction mixture was incubated at 37 °C for 12 h. The

progress of the reaction was monitored by ESI-LC-MS, on completion the reaction mixture

12



was lyophilized and the residue was passed through Biogel P6 (1.5 cm x 50 cm or 1.5 cm X

120 cm) with 0.1 M ammonium bicarbonate as eluent. Appropriate fractions as indicated by

ESI-LC-MS were lyophilized and passed through a short column of Dowex® 50 x 8Na" resin

(1.0 cm x 2 cm) with H2O as eluent. Appropriate fractions were lyophilized to give the desired

product.

[a] Total volume of reaction was calculated based on the working concentration of HS glycans

(3.2 mM).

1 Volume of H>O was obtained after removing the volume of Tris-HCI buffer (200 mM, pH

=17.5), UDP-GIcA (1.5 equiv., 0.1 mg/ uL.), MnCl; (1.0 M or 100 mM) and PmHS2 (2.7 mg/mL)
in total reaction volume. Detailed calculations of Tris-HCI buffer and MnCl, were shown in [c]

and [d].

] Tris-HCI buffer was 200 mM (pH = 7.5) in stock at 4 °C. Volume of Tris-HCI buffer (200

mM, pH = 7.5) was 1/8 of the total reaction volume to achieve a final working concentration

of 25 mM Tris-HCL

[ MnCl, (1.0 M or 100 mM) was added to form a working concentration of 5 mM. Volume of
MnCl; (1.0 M) was 1/200 of total reaction volume or MnCl> (100 mM) was used as 1/20 of

total reaction volume when performing a less than 200 pL total volume reaction.

General procedures for installation of unnatural o (1—4) 6-azido-GlcNAc.

Enzymatic installation of a (1—4) 6-azido-GIcNAc reaction was performed in an aqueous
solution containing HS glycan (1.0 equiv., final working concentration 3.2 mM), UDP
GIcNACc-6N3 (1.5 equiv. of HS glycan), Tris buffer (25 mM, pH = 7.5), MnCl, (5 mM) and
Pasteurella multocida heparosan synthase (PmHS2) (final concentration of enzyme 200
ug/mL). HS glycan (1.0 equiv., final working concentration 3.2 mM!?l) and UDP GIcNAc-6N3
(1.5 equiv.) were dissolved in H,O™® and Tris-HCI buffer (200 mM, pH = 7.5)[! followed by
the addition of MnCl, (1.0 M or 100 mM)!¥.. Finally, PmHS2 (2.7 mg/mL) was added to this
solution to form a working concentration of 200 pg/mL. The reaction mixture was incubated
at 37 °C for 12 h. The progress of the reaction was monitored by ESI-LC-MS, on completion

the reaction mixture was lyophilized and the residue was passed through Biogel P6 (1.5 cm X
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50 cmor 1.5 cm x 120 cm) with 0.1 M ammonium bicarbonate as eluent. Appropriate fractions
as indicated by ESI-LC-MS were lyophilized and passed through a short column of Dowex®
50 x 8Na" resin (1.0 cm x 2 cm) with H>O as eluent. Appropriate fractions were lyophilized to
give the desired product.

[a] Total volume of reaction was calculated based on the working concentration of HS glycans
(3.2 mM).

1 Volume of H>O was obtained after removing the volume of Tris-HCI buffer (200 mM, pH
=17.5), UDP GIcNAc-6N3 (1.5 equiv., 0.1 mg/ uL), MnCl, (1.0 M or 100 mM) and PmHS2
(2.7 mg/mL) in total reaction volume. Detailed calculations of Tris-HCI buffer and MnCl, were
shown in [c] and [d].

] Tris-HCI buffer was 200 mM (pH = 7.5) in stock at 4 °C. Volume of Tris-HCI buffer (200
mM, pH = 7.5) was 1/8 of the total reaction volume to achieve a final working concentration
of 25 mM Tris-HCL

[ MnCl, (1.0 M or 100 mM) was added to form a working concentration of 5 mM. Volume of
MnCl; (1.0 M) was 1/200 of total reaction volume or MnCl> (100 mM) was used as 1/20 of

total reaction volume when performing a less than 200 pL total volume reaction.

General procedure for copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC)
reaction. Compounds containing azide group (1.0 equiv.) and compounds containing alkyne
group (1.2 equiv.) were dissolved in 0.1 M ammonium bicarbonate solution (0.4 mM for
compounds containing azido) in a 0.5 mL or 1.5 mL centrifugal tube to form solution A. A
premixed solution of CuSOy4 (1.25 equiv.) and THPTA (6.25 equiv.) were added to the solution
A followed by the addition of aminoguanidine solution (final concentration 10 mM). After
adding sodium ascorbate solution (freshly made 20 mg/mL, final concentration 10 mM), the
reaction mixture was mixed well, securely closed to prevent more oxygen from diffusing in.
The reaction mixture was in 37 °C incubator for 24 h. After lyophilization, the residue was
dissolved in 0.1 M ammonium bicarbonate and applied to Biogel P6 (1.5 cm x 120 cm), which
was eluted with 0.1 M ammonium bicarbonate. Appropriate fractions as indicated by ESI-LC-

MS were lyophilized and passed through a short column of Dowex® 50 x 8Na* resin (1.0 cm

14



x 2 cm) with H2O as eluent. Appropriate fractions were lyophilized to give the desired product.

All the reactions were performed at a small scale (no more than 1.5 mL scale).

2. Experimental procedures and analytical data of synthetic compounds.

Dimethylthexylsilyl O-(3, 4-di-O-benzoyl-6-O-p-toluenesulfonyl-2-acetamido-2-deoxy) -
B-D-glucopyranoside (SOb). To a solution of compound S0a (3.00 g, 6.13 mmol) in MeOH
OTs (45 mL) was added sodium methoxide solution (~30% in methanol)
BE&;&&/OTDS (0.2 mL). The reaction mixture was stirred at room temperature for 1
NHAc h and neutralized by the addition of Amberlite® IR 120 (H* form).
The resin was filtered, and the filtrate was concentrated under reduced pressure. The residue
was dissolved in anhydrous pyridine (13.5 mL) at argon atmosphere followed by the dropwise
addition of p-toluenesulfonyl chloride (2.05 g, 10.73 mmol) of pyridine solution (0.45 M). The
reaction mixture was stirred at 0 °C for 6 h. The reaction mixture was diluted with water (100
mL) and extracted with EtOAc (2 x 100 mL). The combined organic layers were dried
(NaxS0a), filtered and the filtrate was concentrated in vacuo. The residue was purified by silica
gel column chromatography using DCM and MeOH (30/1, v/v) as the eluent to give
Dimethylthexylsilyl-O-(2-acetamido-2-deoxy-6-0-p-toluenesulfonyl)-f-D-
glucopyranoside as a white amorphous solid (2.32 g, 73% over two steps, Ry = 0.33
(DCM/MeOH, 10/1, v/v) which was dissolved in anhydrous pyridine (22 mL) and cooled down
to 0 °C followed by the dropwise addition of benzoyl chloride (1.1 mL, 9.86 mmol). The
reaction mixture was stirred at room temperature for 3 h and extracted with EtOAc (2 x 150
mL). The combined organic layers were dried (NaxSOs), filtered and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography using
petroleum ether and EtOAc (3/1, v/v) as the eluent to give compound S0b as a white amorphous
solid (3.07 g, 69% over three steps). Ry = 0.28 (petroleum ether/EtOAc, 3/1, v/v). '"H NMR
(400 MHz, CDCl3) 6 7.93 — 7.77 (m, 4H, CH aromatic), 7.71 (d, J = 8.4 Hz, 2H, CH aromatic
Ts), 7.51 — 7.28 (m, 6H, CH aromatic), 7.22 (d, J = 8.2 Hz, 2H, CH aromatic Ts), 6.00 (d, J =
9.0 Hz, 1H, NHAc), 5.72 (dd, J=10.5, 9.6 Hz, 1H, H3), 5.33 — 5.26 (m, 1H, H4), 5.01 (d, J =
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7.9 Hz, 1H, H1), 5.43 (t, J= 9.9 Hz, 1H, H4), 4.21 — 4.00 (m, 4H, H6a, H6b, H5, H2), 2.37 (s,
3H, CHs Ts), 1.78 (s, 3H, CHs Ac), 1.66 — 1.55 [m, 1H, CH(CHs),], 0.88 — 0.81 [m, 12H,
C(CHs),, CH(CH5)s], 0.15 & 0.12 [2s, 6H, Si(CHs)s]. '3C NMR (101 MHz, CDCLs) & 170.1
(CO Ac), 166.6 (CO Bz), 165.4 (CO Bz), 145.1, 133.6, 133.5, 132.4, 129.93, 129.90, 129.8,
129.0, 128.7, 128.5, 128.1, 96.1 (C1), 72.8 (C3), 72.1 (C5), 69.8 (C4), 68.5 (C6), 56.8 (C2),
34.1 [CH(CH:)a], 24.9 [C(CHs)a], 23.2 (CH; Ac), 21.7 (CHs Ts), 20.1 [d, J = 2.9 Hz, 2C,
CH(CHs).], 18.6 [d, J = 1.9 Hz, 2C, C(CHs)2], -2.7 [d, J = 176.6 Hz, 2C, Si(CHs),].

Dibenzyl phosphate O-(3, 4-di-O-benzoyl-6-O-p-toluenesulfonyl-2-acetamido-2-deoxy) -
B-D-glucopyranoside (SOc). Compound SOb (1.72 g, 2.37 mmol) was dissolved in anhydrous

OTs THF (47 mL) then cooled down to 0 °C, and sequentially added
)
Bngo 0 AcOH (170 pL, 2.84 mmol) and 1 M TBAF in THF (2.84 mL, 2.84
AcHN O—I%—OBn

OBn mmol). The reaction mixture was warmed up to room temperature

and stirred for 2 h. The progress of the reaction was monitored by
TLC until completion. After the addition of Et,O (100 mL), the organic layer was washed with
brine (2 x 100 mL) and dried (Na2SOs), filtered and the filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography using petroleum ether and EtOAc
(1/3, v/v) as the eluent to give lactol compound as a white amorphous solid (1.30 g, 94%). To
a solution of the hemiacetal (1.30 g, 2.23 mmol) in anhydrous DCM (22.3 mL) was added
tetrazole (469 mg, 6.69 mmol). Dibenzyl N, N diisopropyl phosphoramidite (1.1 mL, 3.35
mmol) was added dropwise to the solution and the reaction mixture was stirred at room
temperature for 1.5 h followed by cooled down to -78 °C and mCPBA (70% wet, 1.38 g, 5.58
mmol) was added. The reaction mixture was allowed to warm up to room temperature and
stirred for 2 h. The reaction mixture was diluted with 60 mL of diethyl ether, washed with ice
cold saturated aqueous Na»S>03, saturated aqueous NaHCO3, H>O and brine. The organic
layers were dried (Na2SOs), filtered and the filtrate was concentrated in vacuo. The residue was
purified by silica gel column chromatography using petroleum ether and EtOAc (1/1 to 1/4,
v/v) as the eluent to give compound SOc¢ as a white amorphous solid (1.70 g, 90% over two
steps). Ry= 0.54 (petroleum ether/EtOAc, 1/4, v/v). "H NMR (400 MHz, CDCls3) § 7.90 — 7.80
(m, 4H, CH aromatic), 7.68 (d, J = 8.2 Hz, 2H, CH aromatic Ts), 7.30 — 7.57 (m, 16H, CH
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aromatic), 7.18 (d, /= 8.2 Hz, 2H, CH aromatic Ts), 5.91 (d,/=9.0 Hz, 1H, NHAc), 5.71 (dd,
J=6.2,3.2Hz, 1H, H1), 5.55 (dd, J=10.9, 9.6 Hz, 1H, H3), 5.43 (t,/=9.9 Hz, 1H, H4), 5.18
—5.06 (m, 4H, 2 x CH>Bn), 4.52 — 4.46 (m, 1H, H2), 4.30 (ddd, /= 10.3, 5.3, 2.2 Hz, 1H, HS5),
4.10 (dd, J=11.2, 2.3 Hz, 1H, Hé6a), 4.00 (dd, J = 11.2, 5.3 Hz, 1H, H6b), 2.33 (s, 3H, CH3
Ts), 1.63 (s, 3H, CH3 Ac). 13C NMR (101 MHz, CDCls) 8 170.4 (CO Ac), 166.9 (CO Bz),
164.9 (CO, Bz), 145.1,135.5(d,J=6.3 Hz,CBn), 135.4 (d,/=6.3 Hz, CBn), 133.72, 133.71,
132.3, 130.0, 129.89, 129.87, 129.04, 129.02, 128.95, 128.91, 128.6, 128.5, 128.34, 128.27,
128.2,96.1 (d, J= 6.6 Hz, C1), 70.4 (C3), 70.22 (d, J = 5.5 Hz, CH»Bn), 70.15 (d, J = 5.5 Hz,
CH:>Bn), 70.0 (C5), 68.0 (C4), 67.2 (C6), 52.2 (d, J = 7.8 Hz, C2), 22.8 (CH3 Ac), 21.7 (CH3
Ts). 3'P NMR (162 MHz, CDCl3) & -2.51. HRMS (ESI-MS): m/z: calculated for
C43H42KNO13PS [M+K]*: 882.1746; found: 882.1719.

Uridine diphosphate O-(6-azido-6-deoxy-2-acetamido-2-deoxy-)-a-D-glucopyranoside
sodium salts (S0). To a solution of compound SOc¢ (1.00 g, 1.19 mmol) in MeOH and 10 %

N3O Pd/C (20% w/w) was added. The reaction
HO
HO o O /Yo was stirred at room temperature for 5 h
AN G5_p_0-p-0 O _N. NH
ONa ONa w bl under hydrogen atmosphere. The progress
o O

HO  ©H of the reaction was monitored by TLC until
completion. The reaction mixture was filtered through celite and concentrated under reduced
pressure. The residue was co-evaporated with EN  to  yield crude
bis(trietylyammonium)phosphate compound which was dissolved in anhydrous DMF (10 mL)
followed by the addition of NaN3 (773 mg, 11.9 mmol). The reaction mixture was stirred at
60 °C for 24 h. The reaction mixture was filtered, and the filtrate was concentrated under
reduced pressure. The residue was co-evaporated with anhydrous pyridine twice (5 mL) and
dissolved in anhydrous pyridine (5.0 mL) again, UMP-morpholidate (800 mg, 1.31 mmol) and
tetrazole (267 mg, 3.81 mmol) were added and the solvent was removed under reduced pressure.
The residue was dissolved in anhydrous pyridine (6.0 mL) and stirred at room temperature for
3 days. The progress of the reaction was monitored by TLC and MALDI until completion. The
solvent was removed under reduced pressure and the residue was purified by silica gel column

chromatography using DCM/MeOH/H>O (70/30/5, v/v) as the eluent to give benzoylated 6
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Azido GIcNAc-UDP as a white amorphous solid which was dissolved in aqueous NaOH (pH
= 12) and stirred for 2 h. The solution was adjusted pH to 8 by careful addition of AcOH. The
solution was lyophilized, and the residue was purified by Biogel P2 (2.0 cm x 100 ¢cm) using
H>O as the eluent, the fractions containing compound were lyophilized to give compound SO
(289 mg, 36% over four steps) as a white amorphous solid. '"H NMR (600 MHz, D,0) & 7.96
(d, J=8.2 Hz, 1H, CO-CH=CH-N), 6.04 — 5.91 (m, 2H, CO-CH=CH-N, H1YPP), 5.50 (dd, J =
7.2, 3.4 Hz, 1H, H16!NAC) 438 — 434 (m, 2H, H2YPP, H3VPP), 430 — 4.26 (m, 1H, H4YPP),
4.26 — 4.17 (m, 2H, H5aYPP, H5bUPP), 4.05 (dt, J = 10.1, 3.3 Hz, 1H, H56'NA) 4,01 (dt, J =
10.5, 3.1 Hz, 1H, H2CNA9) 1379 (dd, J = 10.5, 9.1 Hz, 1H, H3CG!NA®) 3 72 (dd, J = 13.7, 2.7
Hz, 1H, H6a%'*NA%), 3,62 (dd, J=13.7, 4.0 Hz, 1H, H6bS'NA®) 3 58 (t, J=9.6 Hz, 1H, H4GINAc),
2.07 (s, 3H, CH3 Ac). *C NMR from HSQC (151 MHz, D,0) & 141.6 (CO-CH=CH-N), 102.7
(CO-CH=CH-N), 94.3 (C16"NAc) 88 4 (C1UPP), 83.2 (C4UPP), 73.7 (C3YPP), 71.6 (C5CINAC),
70.7 (C3GIeNAS) 70,2 (C4TGINAS) 1 69.5 (C2YPP), 64.9 (C5YPP), 53.6 (C261NAC) 50,5 (CHUINAC),

22.04 (CH3 Ac). The spectral data matches with previously reported compound.!?!

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl  O-[methyl-2-O-levulinoyl-3-O-benzyl-4-
O-(9-fluorenylmethyloxycarbonyl)-a-L-idopyranosyluronate]-(1—4)-0-(2-azido-3-0-

benzyl-6-0-levulinoyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-0O-(methyl-2-O-levulinoyl-3-
O-benzyl-o-L-idopyranosyluronate)-(1—4)-0-(2-azido-3-0O-benzy-6-0-acetyl-2-deoxy-a-

D-glucopyranoside (S1). Freshly activated 4 A molecular sieves was added to a solution of

OAc glycosyl donor 1681 (956
OBnanO mg, 0.82 mmol) and

. N
FmocO  OLev MeOZCPQ% 3O(CH2)5N(Bn)CbZ glycosyl acceptor 17131 (701
Meozchﬁg‘ N3O OLev mg, 0.68 mmol) in

OBnOBnO
o anhydrous DCM (13.7 mL,
OLev

0.05 M based on glycosyl
acceptor). After stirring for 30 min at room temperature, the solution was cooled to -40 °C
followed by the addition of TfOH (30 uL, 0.34 mmol). The reaction mixture was stirred for 1
h followed by quenching with pyridine. The reaction mixture was filtered, and the filtrate was

concentrated in vacuo. The residue was purified by silica gel column chromatography using a
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stepwise gradient of petroleum ether and EtOAc (3/2 to 1/1, v/v) as the eluent to give
disaccharide S1 (725 mg, 53%). Ry = 0.24 (petroleum ether/EtOAc, 1/1, v/v). '"H NMR (400
MHz, CDCl3) § 7.82 — 7.15 (m, 38H, CH aromatic), 5.25 (d, J=3.9 Hz, 1H, H18), 5.17 (bd, J
= 9.5 Hz, 2H, CH>Cbz), 5.09 — 5.04 (m, 2H, H1S, H1P), 4.98 — 4.93 (m, 2H, H4P, H2B), 4.89
—4.68 (m, 10H, H5P, H2P, H14, H5B, 2 x CH>Bn, 2 x CHHBn), 4.66 (d, J = 10.7 Hz, 1H,
CHHBn), 4.60 (d, J=10.7 Hz, 1H, CHHBn), 4.53 — 4.35 (m, 6H, NCH>Bn, H6a%, H6a*, CH>
Fmoc), 4.29 (d, J= 12.0 Hz, 1H, H6b*), 4.23 — 4.14 (m, 2H, CH Fmoc, H6b®), 4.03 (t,J= 4.6
Hz, 1H, H4B), 3.98 — 3.79 (m, 7H, H3B, H4C, H54, H4%, H3P, H3%, H5¢), 3.68 — 3.59 (m, 2H,
H3€, OCHH linker), 3.47 (s, 3H, CO.CH3), 3.44 (s, 3H, CO2CH3), 3.42 — 3.16 (m, 5H, OCHH
linker, H24, H2¢, CH>N linker), 2.86 — 2.46 (m, 12H, 6 x CH, Lev), 2.17 (s, 3H, CH; Lev),
2.11 (s, 6H, CH; Ac, CHs Lev), 2.04 (s, 3H, CH3 Lev), 1.70 — 1.20 (m, 6H, 3 x CH> linker).
BCNMR (151 MHz, CDCl3) 8 207.0 (CH3CO Lev), 206.4 (CH3CO Lev), 206.2 (CH3CO Lev),
172.3 (CH2CO Lev), 172.2 (CH2CO Lev), 171.8 (CH2CO Lev), 170.9 (CO Ac), 169.5
(CO2CH3), 168.6 (CO2CH3), 154.4, 143.3, 143.2, 141.43, 141.41, 138.2, 138.1, 137.7, 137.6,
137.3, 128.7, 128.62, 128.59, 128.35, 128.33, 128.27, 128.1, 128.02, 127.98, 127.9, 127.64,
127.61, 127.29, 127.27, 125.18, 125.13, 120.2, 98.2 (C1B), 97.7 (C1%), 97.4 (C1P), 96.9 (C1°),
78.4 (C3%), 78.2 (C3°), 76.0 (C4*), 74.9 (OCH2Bn), 74.8 (OCH:Bn), 74.3 (C38, C4%), 73.6
(OCH:Bn), 73.51 (OCH:Bn), 73.45 (C3P), 72.0 (C48B), 71.5 (C4P), 70.3 (CH2 Fmoc), 69.7 (C5€,
C58, C28B), 69.1 (C5%), 68.3 (OCH: linker), 68.2 (C2P), 67.3 (CH2Cbz), 67.2 (C5P), 63.4 (C24),
63.3 (C29), 62.5 (C6™), 62.1 (C6), 52.3 (COCH3), 51.9 (CO.CH3), 50.7 (NCH2Bn), 50.4
(NCH>Bn), 47.2 (CH>N linker), 46.8 (CH Fmoc), 46.3 (CH2N linker), 38.1 (CH2 Lev), 37.8
(CHz Lev), 37.7 (CHz Lev), 29.9 (CH3 Lev), 29.8 (CH3 Lev), 29.6 (CHs Lev), 29.1 (CH: linker),
28.3 (CHz Lev), 28.0 (CH: Lev), 27.8 (CHz Lev), 27.6 (CHz linker), 23.4 (CH> linker), 21.0
(CH3 Ac). HRMS (ESI-MS): m/z calculated for CiosHi17N7NaO32 [M+Na]™: 2022.7635;
found:.2022.7706.

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl O-(methyl-2-O-levulinoyl-3-O-benzyl-a-L-
idopyranosyluronate)-(1—4)-0-(2-azido-3-0-benzyl-6-O-levulinoyl-2-deoxy-a-D-
glucopyranosyl)-(1—4)-O-(methyl-2-O-levulinoyl-3-O-benzyl-a-L-
idopyranosyluronate)-(1—4)-0-(2-azido-3-0-benzy-6-0-acetyl-2-deoxy-a-D-
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glucopyranoside (S2). A

OAc
O/é% solution of tetrasaccharide
OBn BnO
HO OlLev V€72 N B(CH,)N(Bn)Chz S1 (725 mg, 0.36 mmol) in
MeOZbe&' N3O OLev a mixture of DCM and
OBHOW E6N (319 mL, 4/1, viv)

OLev was stirred at ambient

temperature for 2 h until TLC analysis indicated completion of the reaction. The mixture was
concentrated under reduced pressure, and the residue was purified by silica gel column
chromatography with petroleum ether and EtOAc (1/1, v/v) as the eluent to give pure product
S2 as a white amorphous solid (580 mg, 90%). Ry= 0.36 (petroleum ether/EtOAc, 1/3, v/v). 'H
NMR (400 MHz, CDCl3) § 7.77 — 6.56 (m, 30H, CH aromatic), 5.24 (d, J= 3.5 Hz, 1H, H1P),
5.17 (bd, J = 10.5 Hz, 2H, CH>Cbz), 5.05 (d, J= 3.5 Hz, 1H, H1°), 4.99 (bs, 1H, HIP), 4.95 (t,
J=3.5Hz, 1H, H2®), 4.90 — 4.55 (m, 12H, H2P, H1#, H5P, H58, 4 x CH Bn), 4.49 (bs, 2H,
NCH,Bn), 4.39 (d, J = 12.5 Hz, 2H, H6a*, H6a%), 4.28 (d, J = 12.2 Hz, 1H, H6b*), 4.19 (d, J
= 12.5 Hz, 1H, H6b®), 4.73 (t,J = 3.3 Hz, 1H, H3P), 4.04 — 3.77 (m, 8H, H48, H4P, H3B, H54,
H4C, H44, H34, H5C), 3.68 — 3.60 (m, 2H, H3%, OCHH linker), 3.48 (s, 3H, CO.CH?3), 3.44 (s,
3H, CO,CH3), 3.41 — 3.17 (m, 5H, H2%, H2¢, OCHH linker, CH>N linker), 2.78 — 2.46 (m,
12H, 6 x CH> Lev), 2.17 (s, 3H, CH; Lev), 2.15 (s, 3H, CH3 Lev), 2.10 (s, 6H, CH3 Lev, CH;
Ac), 1.65—1.26 (m, 6H, 3 x CH> linker). *C NMR (101 MHz, CDCl3) § 206.8 (CH3CO Lev),
206.5 (CH3CO Lev), 206.1 (CH3CO Lev), 172.3 (CH2CO Lev), 172.2 (CH2CO Lev), 171.5
(CH2€O Lev), 170.9 (CO Ac), 169.6 (CO.CH3), 169.4 (CO.CH3), 138.1, 138.0, 137.8, 137.5,
137.3, 128.69, 128.65, 128.6, 128.29, 128.27, 128.10, 127.97, 127.95, 127.9, 127.6, 127.5,
127.4, 127.3, 98.2 (C1B), 97.9 (C1P), 97.7 (C1%), 96.9 (CIF), 78.3 (C3%), 78.2 (C3%), 75.9
(C4%), 75.3 (C3P), 74.8 (OCH2Bn), 74.6 (OCH2Bn), 74.4 (C5%), 73.8 (C38B), 73.5 (OCH:Bn),
72.8 (OCH:2Bn), 72.1 (C4B), 69.7 (C5%), 69.6 (C5B), 69.5 (C2B), 69.1 (C4°), 69.0 (C5P), 68.3
(OCH, linker, C2P), 67.8 (C4P), 67.3 (CH2Cbz), 63.4 (C2%), 63.3 (C2°), 62.5 (C6*), 62.2 (C6°),
52.1 (CO2CH3), 51.9 (CO2CH3), 50.7 (NCH2Bn), 50.4 (NCH2Bn), 47.2 (CH>N linker), 46.3
(CH2N linker), 38.0 (CHz Lev), 37.9 (CHz Lev), 37.8 (CH: Lev), 29.9 (CH3 Lev), 29.8 (2 x
CH;s Lev), 29.1 (CH: linker), 28.08 (CH2 Lev), 28.05 (CHz Lev), 27.8 (CH: linker), 23.4 (CHa
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linker), 21.0 (CH3 Ac). HRMS (ESI-MS): m/z calculated for CoiHi97N7NaO3o [M+Na]":
1800.6955; found: 1800.7026.

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl O-[methyl-2-O-acetyl-3-O-benzyl-4-0-(9-
fluorenylmethyloxycarbonyl)-f-D-glucopyranosyluronate]-(1—4)-0-(2-azido-3-0-
benzyl-6-0-acetyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-O-(methyl-2-O-levulinoyl-3-0-
benzyl-a-L-idopyranosyluronate)-(1—4)-0-(2-azido-3-0O-benzyl-6-O-levulinoyl-2-deoxy-
a-D-glucopyranosyl)-(1—4)-0O-(methyl-2-O-levulinoyl-3-O-benzyl-a-L-
idopyranosyluronate)-(1—4)-0-2-azido-3-O-benzy-6-0-acetyl-2-deoxy-a-D-
glucopyranoside (18).

MeO,C OAc OAc

FmocO O
OO 0+ 0 5 o
Aco BnO
N

3 eO, O 3
O Olev O(CHa)sN(Bn)Cbz

o
MeOszlE&‘ N O
OBn ~BnO
o%
OLev

Freshly activated 4 A molecular sieves was added to a solution of glycosyl donor 15131 (400
mg, 0.38 mmol) and glycosyl acceptor S2 (557 mg, 0.31 mmol) in anhydrous DCM (6.3 mL).
After stirring for 30 min at room temperature, the solution was cooled to -40 °C followed by
the addition of TfOH (14 pL, 0.16 mmol). The reaction mixture was stirred for 1 h, after which
it was quenching with pyridine. The reaction mixture was filtered, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography using a
stepwise gradient of petroleum ether and EtOAc (3/1 to 1/1, v/v) as the eluent to give
hexasaccharide 18 as a white foam (513 mg, 62%). Ry=0.54 (petroleum ether/EtOAc, 1/2, v/v).
"H NMR (400 MHz, CDCl3) & 8.26 — 6.64 (m, 48H, CH aromatic), 5.29 (d, J = 4.5 Hz, 1H,
H1B),5.27 (d, J=4.9 Hz, 1H, HIP), 5.17 (bd, J = 9.5 Hz, 2H, CH>Cbz), 5.12 (d, J = 11.0 Hz,
1H, CHHBn), 5.10 — 5.00 (m, 4H, H2F, H4%, H1E, HIC), 5.00 — 4.52 (m, 17H, H25, H2P,
CHHBn, HI1# at 4.82, H58, 5 x CH, Bn, H5P, H1F at 4.53), 4.50 (bs, 2H, NCH>Bn), 4.47 —
4.12 (m, 9H, H6a%, H6a®, H6a*, H6b”, H6bE, H6bC, CH> Fmoc, CH Fmoc), 4.06 (t,J=4.9 Hz,
1H, H4B), 4.03 — 3.64 (m, 15H, H4P, H3B, H3P, H5F, H5F, H5¢, H54, H4C, H4E, H3A, H44,
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H3F, H3E, H3%, OCHH linker), 3.59 (s, 3H, CO>CH3), 3.51 (s, 3H, CO.CH3), 3.46 (s, 3H,
CO,CH;), 3.44 — 3.18 (m, 6H, OCHH Linker, CH>N linker, H2¢, H2E, H2%*), 2.82 — 2.42 (m,
12H, 6 x CH» Lev), 2.17 (s, 3H, CH3 Lev), 2.11 (s, 6H, CH; Lev, CH3 Ac), 2.07 (s, 3H, CH3
Lev), 2.05 (s, 3H, CH3 Ac), 1.95 (s, 6H, CH3 Ac), 1.64 — 1.26 (m, 6H, 3 x CH, linker). 1*C
NMR (101 MHz, CDCl3) 6 206.6 (CH3CO Lev), 206.2 (CH3CO Lev), 206.1 (CH3CO Lev),
172.5 (CH2CO Lev), 172.1 (CH2CO Lev), 172.0 (CH2CO Lev), 170.9 (CO Ac), 170.5 (CO
Ac), 169.8 (CO-CHs), 169.7 (CO2CH3), 169.0 (CO Ac), 167.0 (CO.CH3), 154.0 (CO Cbz),
143.4, 143.1, 141.43, 141.39, 138.2, 138.04, 137.99, 137.7, 137.63, 137.55, 128.7, 128.59,
128.55,128.53,128.4,128.32,128.30, 128.11, 128.09, 128.02, 128.00, 127.96, 127.91, 127.89,
127.77, 127.74, 127.68, 127.65, 127.6, 127.3, 125.2, 125.1, 120.2, 100.9 (C1¥), 98.2 (C1P),
98.1 (C1B), 97.7 (C1%#), 97.5 (C1E), 97.0 (C1°), 79.5 (C3F), 78.4, 78.1, 77.9, 77.6, 76.2, 75.7,
75.3 (OCH:Bn), 75.2 (C4F), 75.0 (C3B, C3P, OCH,Bn), 74.6 (OCH2Bn), 74.1 (OCH,Bn), 73.7
(OCH:Bn), 72.9, 72.8 (C4P), 72.4 (C2%), 72.2 (C4?), 70.6 (C5P, CH, Fmoc), 70.5 (C2P), 70.0
(C2B,C58), 69.7, 69.3, 69.1, 68.3 (OCH, linker), 67.3 (CH2Cbz), 63.3 (C2°), 63.1 (C2%), 62.8
(C2B), 62.5 (C6M), 62.1 (C6Y), 61.7 (C6%), 52.8 (CO.CH3), 52.3 (CO2CH3), 52.0 (COCH3),
50.7 (NCH2Bn), 50.4 (NCH2Bn), 47.2 (CH2N Linker), 46.7 (CH Fmoc), 46.3 (CH>N linker),
38.0 (CHz Lev), 37.8 (CH> Lev), 37.7 (CHz Lev), 29.9 (CH3 Lev), 29.8 (CH3 Lev), 29.6 (CHs
Lev), 29.1 (CHa linker), 28.0 (CH: Lev), 27.8 (CH» Lev), 27.6 (CH; linker), 23.4 (CH> linker),
21.0 (CH3; Ac), 21.0 (CHs Ac), 20.7 (CHs Ac). HRMS (ESI-MS): m/z calculated for
C137H160N 12044 [M+2NH4]?*: 1339.0337; found: 1339.0395.
N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl 0-(3-0O-benzyl-p-D-
glucopyranosyluronate)-(1—4)-0-(2-azido-3-0O-benzyl-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-0O-sulfate-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-0-(2-azido-3-0-
benzyl-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-3-O-benzyl-o-L-
idopyranosyluronate)-(1—4)-0-2-azido-3-O-benzy-2-deoxy-a-D-glucopyranoside,
sodium salt (21).
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NaOzC o OH OH
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O  0SO;Na

Naozcbﬁ&‘ N3
OBn ~BnO

0SOsNa
A solution of a hexasaccharide 18 (385 mg, 0.15 mmol) in a mixture of DCM and Et;N (12.8

mL, 4/1, v/v) was stirred at ambient temperature for 2 h. The reaction mixture was concentrated
under reduced pressure, and the residue was dissolved in pyridine (2.0 mL) followed by the
addition of acetic anhydride (0.5 mL). Stirring was continued for 3 h until TLC analysis
indicated completion of the reaction. The reaction mixture was concentrated under reduced
pressure and the residue was dissolved in EtOAc (25 mL), washed with water (25 mL), 1 N
HCl solution (25 mL), water (25 mL), saturated bicarbonate (25 mL) and brine (25 mL), dried
(Na2SQa), filtered, and the filtrate was concentrated under reduced pressure, the residue was
subjected to the Lev ester removal, O-sulfation, saponification, de-O-acetylation reaction
according to the general procedures to provide compound 21 as a white powder (159 mg, 47%
over five steps). 'H NMR (600 MHz, D>0) & 7.59 — 7.17 (m, 40H, CH aromatic), 5.30 (s, 2H,
H1B, HIP), 5.21 - 5.10 (m, 3H, CH>Cbz, H1°), 5.08 (d, /= 10.8 Hz, IH, CHHBn), 5.02 — 4.84
(m, 6H, CH>Bn, CHHBn, CHHBn, H14, H1F¥), 4.84 —4.66 (m, 6H, H5%, CHHBn, H5°, CHHBn,
CHHBn, CHHBn), 4.65 — 4.40 (m, 8H, CHHBn, H1" at 4.58, CHHBn, H2B, H2P, CHHBn,
NCH>Bn), 4.39 — 4.31 (m, 2H, H6a®, H6b®), 4.28 — 4.13 (m, 4H, H48, H3B, H4P, H3P), 4.10 -
4.06 (m, 1H, H5), 4.02 — 3.70 (m, 14H, H3E, H4¢, H4%, H4E, H5E, H3¢, H6a”, H6b”, H6aE,
H6bE, H3A, H4Y, H5F, H5%), 3.70 — 3.24 (m, 9H, OCHH linker, H3%, H2€, H2F, H24, H2E,
OCHH linker, CH>N linker), 1.63 — 1.29 (m, 6H, 3 x CH, linker). '*C NMR from HSQC (151
MHz, D;0) 6 129.0, 128.7, 129.6, 128.5, 128.4, 102.7 (C1F), 98.3 (C18, C1P), 96.9 (C1%*), 94.4
(C1E), 94.0 (C1°), 83.6 (C3F), 78.7 (C3€, C3%), 77.6 (C3%), 76.8 (C5Y), 75.7 (C4E), 75.5 (3 x
OCH,Bn), 74.6 (OCH2Bn), 74.5 (C4%), 73.3 (C2Y), 72.8 (C4%), 72.3 (2 x OCH»Bn), 71.6 (C54,
C4%), 71.4 (C2P), 71.2 (C55), 71.0 (C28B), 70.6 (C4P), 70.2 (C3B, C3P), 69.7 (C5%), 69.3 (C4P),
67.9 (C5P), 67.8 (OCH: linker), 67.74 (C58), 67.73 (CH,Cbz), 66.5 (C6%), 63.2 (C2°), 62.9
(C24,C25), 59.6 (C6», C6F), 50.5 (NCH2Bn), 47.1 (NCH;, linker), 27.3 (CHa linker), 23.0 (CH>
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linker). HRMS (ESI-MS): m/z calculated for CosH112N10042S3 [M-6Na+4H]?: 1097.7993;
found: 1097.7996.

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl 0-(3-0O-benzyl-p-D-
glucopyranosyluronate)-(1—4)-0-(2-amino-3-0-benzyl-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-0-(2-amino-3-0-
benzyl-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-3-O-benzyl-a-L-

idopyranosyluronate)-(1—4)-0-2-amino-3-O-benzy-2-deoxy-o-D-glucopyranoside,

sodium salt (S3).

NaO,C OH OH
HOOXA 00 0
310\ Bnoéﬁ OBno%éﬁ

HNG s Ng 2920 4L HaN O(CH)sN(Bn)Cbz

(@]
NaOszf; H,N OSOsNa
OBn ABNnO
0SOsNa

To a solution of compound 21 (154 mg, 66 pmol) in THF (5.1 mL) was added 0.1 M NaOH
(19.8 mL). Then, 1.0 M solution of PMe; in THF (1.6 mL) was added to the solution. The
reaction mixture was stirred at room temperature for 1 h until LC-MS indicated completion of
the reaction. After adjusting the pH to 8-9 by careful addition of AcOH, the solvents were
removed under reduced pressure. The residue was dissolved in water and applied to a Reverse
Phase C18 column (1.0 cm x 5 cm), which was eluted with a gradient of H,O and MeOH (from
90/10 to 40/60, v/v). Fractions containing product were concentrated under reduced pressure
and the residue was passed through a column of Dowex® 50 x 8 Na* resin (0.6 cm X 5 cm)
using H>O as eluent, to give the desired product S3 as a white powder (120 mg, 81%). 'H NMR
(600 MHz, D,0) 8 7.55 — 6.88 (m, 40H, CH aromatic), 5.40 and 5.39 (2s, 2H, HIP, H1%), 5.13
—4.96 (m, 4H, CHHBn, CH>Cbz, H1%), 4.92 (d, J = 3.2 Hz, 1H, HI°), 4.94— 4.50 (m, 15H,
H5P, H5B, H1 at 4.63, 4 x CH> Bn, CHHBn, H1 at 4.58, H2P, H2B), 4.50 — 4.18 (m, 8H,
CH>Bn, NCH»Bn, H6a®, H6b®, H4P, H4B), 4.16 — 4.10 (m, 1H, H5%), 4.09 — 3.66 (m, 14H,
H38B, H3P, H4E, Hea®, H5¢, H4C, H44, H6a?, H6bA, H3C, H6bE, H4Y, H5Y, H3E), 3.61 (t, J =
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9.2 Hz, 1H, H3%), 3.63 — 3.23 (m, 4H, H5%, H2, OCHH linker, H3%), 3.23 — 2.87 (m, 3H,
OCHH linker, CH>N linker), 2.78 (d, J = 10.7 Hz, 1H, H2F), 2.72 (d, /= 10.7 Hz, 1H, H2°),
2.56 — 2.49 (m, 1H, H2%), 1.40 — 0.90 (m, 6H, 3 x CH, linker). '*C NMR from HSQC (151
MHz, D;0) & 129.7, 129.1, 128.6, 128.43, 128.40, 128.37, 128.2, 128.0, 127.8, 102.5 (C1Y),
98.4 (C1%), 97.4 (C1B, C1P), 97.2 (C1E), 96.4 (C1°), 83.5 (C3F), 81.7 (C3E), 81.2 (C3), 79.5
(C3%), 76.5 (C5F), 75.8 (C4%), 75.57 (OCH,Bn), 75.56 (3 x OCH,Bn), 74.52 (OCH,Bn), 73.4
(C49), 73.3 (C2F), 72.8 (C3P), 72.4 (C5%), 72.20 (OCH,Bn), 72.19 (C4F), 72.0 (OCH:Bn),
71.52 (C4P), 71.48 (C5°), 71.4 (C4F), 71.2 (C3B), 70.9 (C2B), 70.8 (C2P), 70.4 (C4B), 70.2
(C5%), 67.7 (C5B), 67.50 (C5P), 67.47 (OCH: linker), 67.3 (CH2Cbz), 66.7 (C6°), 59.7 (C6%),
59.4 (C6Y), 54.7 (C2Y), 54.5 (C2°), 54.2 (C2%), 50.2 (NCH>Bn), 47.1 (CH2N linker), 46.2
(CH2N linker), 28.6 (CH: linker), 27.3 (CH2> linker), 23.0 (CH> linker). HRMS (ESI-MS): m/z
calculated for CogsH116N4O42S3 [M-6Na+4H]*: 1058.8135; found: 1058.8149.

N-(Benzyl)-benzyloxycarbonyl-5-aminopentyl 0-(3-0O-benzyl-p-D-
glucopyranosyluronate)-(1—4)-0-(2-sulfamino-3-0-benzyl-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-O-
(2-sulfamino-3-0-benzyl-6-O-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-
sulfate-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-3-O-benzy-2-deoxy-
a-D-glucopyranoside, sodium salt (22).

NaO,C OH OH

HO%O 0 0
BnO HO Bnaéﬂ 08nP8no

NaO3SHN | OSOSNaNaOZC Q7 NaO3SHN e, ).N(Bn)Cbz

O
NaOszﬁ; NaOsSHN | OSOaNa
OB OW
O
OSO3N8

SO;-Py (127 mg, 0.80 mmol) was added to the solution of compound S3 (120 mg, 53 umol) in
a mixture of MeOH (8.8 mL) and Et3N (2.7 mL). 1 M NaOH was added to adjust the pH to 11.
Three additional portions of SO3-Py (127 mg) was added to the solution after 30 min, 1 h, 2 h
followed by adjusting the pH to 11 by careful addition of 1 M NaOH respectively. The progress
of the reaction was monitored by TLC (silica gel TLC, EtOAc/Pyridine/H-O/AcOH, 8/5/3/1,
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v/v/v/v). After stirring for an additional 12 h, the reaction mixture was co-evaporated with
water and the residue passed through a short column of Dowex® 50 x 8Na* resin (1.0 cm x 5
cm) with H>O as eluent. Fractions containing product were lyophilized, and the residue was
dissolved in water and applied to Reverse Phase C18 silica gel column (1.0 cm x 5 cm), which
was eluted with a gradient of H>O and acetonitrile (from 98/2 to 85/15, v/v). Appropriate
fractions were lyophilized to give the desired compound 22 as a white powder (84 mg, 62%).
"H NMR (600 MHz, D,0) § 7.59 — 7.20 (m, 40H, CH aromatic), 5.55 (s, 1H, H1®), 5.39 (s, 1H,
HIP), 5.34 - 5.27 (m, 2H, HIC, H1F), 5.20 — 5.09 (m, 2H, CH>Cbz), 5.05 (bd, 1H, H1%), 4.92
—4.70 (m, 10H, H58, H5P, 4 x CH» Bn), 4.67 — 4.48 (m, 8H, H25, H2P, H1" at 4.54, NCH,Bn,
CH,Bn, CHHBn), 4.44 (d, J=11.0 Hz, 1H, H6a%), 4.38 (d, /= 10.5 Hz, IH, CHHBn), 4.35 —
4.27 (m, 3H, H6bC, H3B, H48B), 4.25 (s, 1H, H3P), 4.18 (s, 1H, H4P), 4.17 - 4.01 (m, 1H, H5°),
3.97 - 3.49 (m, 16H, H4¢, H5%, H4E, H44, Hea”, H6b”, H3E, H6a®, H6bE, H54, H3C, H4F, H5F,
H34, H3¥, OCHH linker), 3.49 — 3.35 (m, 4H, OCHH linker, H2€, H2E, H2F), 3.35 — 3.24 (m,
3H, CH>N linker, H24), 1.60 — 1.18 (m, 6H, 3 x CH- linker). '*C NMR from HSQC (151 MHz,
D>0) 8 129.3, 129.2, 128.79, 128.75, 128.7, 128.60, 128.3, 102.7 (C1F), 98.5 (C1E, C1°),97.9
(C1B), 97.7 (C1P), 97.1 (C1%), 83.6 (C3F), 78.0 (C3E), 77.7 (C3C), 76.5 (C5F, C3%), 75.8
(OCH:Bn), 75.5 (C4%, C4F), 75.3 (C3P, C4P), 75.1 (OCH,Bn), 75.0 (C3B, C4®), 74.7 (2 x
OCH:Bn), 73.4 (C2F), 72.6 (C4%), 72.7 (2 x OCH;Bn), 72.3 (C28, C2P), 71.5 (C54, C4%), 71.2
(C5F), 70.1 (C5°), 68.4 (C5P), 68.1 (C5B, OCH; linker), 67.9 (CH2Cbz), 66.8 (C6°), 60.0 (C64,
C6b), 58.1 (C2€, C2%), 57.7 (C2*), 50.6 (NCH2Bn), 47.4 (NCH, linker), 27.3 (2 x CH, linker),
23.0 (CH; linker). HRMS (ESI-MS): m/z calculated for CosH16N4Os51Ss [M-9Na+7H]>:
1178.7488; found: 1178.7486.

5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt

(1).
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Palladium hydroxide on carbon (Degussa type, 20%, 1.5 times the weight of starting material)

was added to a solution of the compound 22 (84 mg, 33 umol) in tert-butanol and H>O (1/1,
v/v, 10 mL). The mixture was placed under an atmosphere of hydrogen until completion of the
reaction as indicated by ESI-LC-MS. The mixture was filtered through a PTFE syringe filter
(Acrodisc®, 0.2 um), and the residue was washed with fert-butanol and H>O mixture (1/1, v/v,
3 x 2 mL). The filtrate was lyophilized to give the final product. Biogel P2 (1.5 cm x 50 cm)
was used for purification with 0.1 M ammonium bicarbonate as eluent, the fractions containing
compound were lyophilized and passed through a short column of Dowex® 50 x 8Na* resin
(1.0 cm x 5 cm) with H>O as eluent. Appropriate fractions were lyophilized to give the desired
compound 1 as a white powder (50 mg, 85%). '"H NMR (600 MHz, D>0) 6 5.45 (d, J= 3.6 Hz,
1H, H19), 5.41 (d,J=3.5Hz, 1H, HIY), 5.29 (d, J= 3.6 Hz, 1H, H1®), 5.22 (d, /= 3.0 Hz, 1H,
H1P), 5.14 (d, J= 3.5 Hz, 1H, H1%), 4.82 (1H, H5P), 4.70 (d, J= 2.9 Hz, 1H, H5®), 4.52 (d, J
=7.9 Hz, 1H, H1%), 4.40 (dd, J=11.5, 2.9 Hz, 1H, H6a%), 4.35 — 4.30 (m, 2H, H2P, H28), 4.28
(dd,J=11.5,2.2 Hz, 1H, H6b®), 4.22 (dd, J= 5.8, 3.7 Hz, 1H, H3P), 4.19 (dd, J = 6.6, 3.9 Hz,
1H, H3®), 4.12 (t, J = 3.6 Hz, 1H, H4B), 4.09 (t, J = 3.3 Hz, 1H, H4P), 4.03 — 4.00 (m, 1H,
H5€), 3.97 - 3.69 (m, 13H, H6a*, H6bA, H6a®, H6bE, HSE, H54, H3A, H4C, H5F, H3E, H44,
H4E, OCHH linker), 3.66 — 3.61 (m, 1H, H3%), 3.58 — 3.49 (m, 3H, OCHH linker, H4F, H3"),
3.44 —3.38 (m, 1H, H2%), 3.32 — 3.22 (m, 3H, H2C, H2E, H2%), 3.05 (t, J= 7.3 Hz, 2H, CH>N
linker), 1.77 — 1.47 (m, 6H, 3 x CH, linker). 3C NMR from HSQC (151 MHz, D-0) § 102.2
(C1%),99.2 (C1P), 97.8 (C1B),96.9 (C1%), 96.5 (C1E), 96.1 (CIF), 77.5 (C4E, C4%), 76.7 (C2B),
75.9 (C2P), 75.9 (C48), 75.8 (C4P), 75.8 (C4¢, C5%), 75.1 (C3F), 72.8 (C2F), 71.8 (C4F), 70.6
(C5%), 70.4 (C5%), 69.8 (C5B), 69.6 (C3°), 69.5 (C3F), 69.4 (C3B), 69.3 (C5°), 69.2 (C5P), 69.1
(C3P), 68.5 (C3%), 67.7 (OCH; linker), 66.4 (C6°), 59.6 (C6%, C6F), 57.9 (C2€, C2E, C24),39.5
(NCHz; linker), 28.0 (CH: linker), 26.4 (CH> linker), 22.6 (CH> linker). HRMS (ESI-MS): m/z
calculated for C41HesN4O49S6 [M-9Na+7H]?: 796.0644; found: 796.0635.
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'H NMR (600 MHz, D,0)

H1 H2 H3 H4 H5 H6

A 5.14 3.25 3.84 3.73 3.87 3.88
(d,J=3.5Hz)

B 5.29 432 420 4.13 471 -
(d, J=3.6 Hz)

C 5.45 3.29 3.63 3.78 4.02 4.41,4.28
(d, J=3.6 Hz)

D 5.22 434 423 4.09 4.82 -
(d,J=3.0 Hz)

E 5.41 3.26 3.73 3.73 3.95 3.88
(d,J=3.5Hz)

F 4.52 3.41 3.53 3.53 3.77 -
(d,J=7.9 Hz)

13C NMR from HSQC (151 MHz, D,0)
C1 C2 C3 C4 C5 C6

A 96.9 57.9 68.5 775 70.4 59.6

B 97.8 76.7 69.4 75.9 69.8 -

C 96.1 57.9 69.6 75.8 69.3 66.4

D 99.2 75.9 69.1 75.8 69.2 -

E 96.5 57.9 69.5 775 70.6 59.6

F 102.2 72.8 75.1 71.8 75.8 -
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5-(Pent-4-ynamido) pentyl O-(B-D-glucopyranosyluronate)-(1 — 4)-O-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1 — 4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1 — 4)-O-
(2-sulfamino-6-0O-sulfate-2-deoxy-a-D-glucopyranosyl)-(1 —  4)-0-(2-O-sulfate-o-L-

idopyranosyluronate)-(1 — 4)-0-2-sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt

Q).
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Compound 1 (13.1 mg, 7.3 umol) was subjected to installation of alkyne moiety according to
the general procedure to give the title compound 2 as a white powder (12.1 mg, 88%). '"H NMR
(600 MHz, D20) & 5.40 — 5.37 (m, 2H, HI¢, H1%), 5.19 (d, /= 1.9 Hz, 1H, HIP), 5.15 (d, J =
3.2 Hz, 1H, H1B),5.11 (d, J= 3.8 Hz, 1H, H1%), 4.80 (1H, H5P), 4.74 (d, J= 2.4 Hz, 1H, H5%),
4.48 (d,J=17.9 Hz, 1H, H1F), 4.40 — 4.35 (m, 1H, H6a°%), 4.31 — 4.26 (m, 2H, H2P, H2B), 4.26
—4.22 (m, 1H, H6bC), 4.20 — 4.15 (m, 2H, H3P, H3®), 4.08 (t, /= 3.2 Hz, 1H, H4B), 4.05 (t,J
= 3.0 Hz, 1H, H4P), 4.00 — 3.96 (m, 1H, H5), 3.94 — 3.81 (m, 5H, H5%, H6a*, H6b*, H6at,
H6bY), 3.79 — 3.58 (m, 9H, H5*, H4C, H5Y, H4E, H44, H3E, H34, H3¢, OCHH linker), 3.53 —
3.46 (m, 3H, OCHH linker, H4%, H3), 3.40 — 3.34 (m, 1H, H2%), 3.27 - 3.16 (m, 5H, H2€, H2E,
H24, CHoN linker), 2.51 — 2.45 (m, 2H, CH>C =CH), 2.44 — 2.39 (m, 2H, CH>,CH,C =CH),
2.36 (t, J = 2.5 Hz, 1H, CH.C=CH), 1.68 — 1.34 (m, 6H, 3 x CH, linker). '*C NMR from
HSQC (151 MHz, D:20) 8 102.0 (C1F), 99.2 (C18, C1P), 96.9 (C1%), 96.4 (C1€, C1E), 77.5
(C4E, C4%),76.2 (C2B),76.0 (C2P), 75.84 (C48, C4P), 75.79 (C4€, C5Y), 75.1 (C3F), 72.8 (C2F),
71.7 (C4Y), 70.71 (C5*), 70.70 (CH,C=CH), 70.6 (C5F%), 69.6 (C3E, C34, C3€), 69.5 (C5B),
69.21 (C3P, C38B), 69.15 (C5P), 69.13 (C5°), 68.3 (OCH: linker), 66.4 (C6%), 59.6 (C6*, C6F),
57.8 (C2€, C2E, C2%), 39.2 (NCH: linker), 34.5 (CH,CH,C =CH), 28.0 (2 x CH linker), 22.8
(CH> linker), 14.7 (CH,C=CH). HRMS (ESI-MS): m/z calculated for C4sH72N4O50S¢ [M-
9Na+7H]*: 836.0775; found: 836.0782.
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'H NMR (600 MHz, D,0)

H1 H2 |H3 | H4 H5 H6

A | 511 323 [3.65]3.69 3.76 3.85
(d,J=3.8 Hz)

B |15 428 |4.16 | 4.07 4.74 -
(d, J=3.2 Hz) (d, J=2.4 Hz)
5.39 326 |3.63|3.75 3.99 4.38, 4.24
5.19 430 | 4.18 | 4.05 4.80 -
(d,J=1.9 Hz)

E | 538 322 [3.69]3.69 3.91 3.85

F | 448 336 |3.50 | 3.50 3.74 -
(d,J=7.9 Hz)

13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 96.9 57.8 69.6 77.5 70.7 59.6
B 99.2 76.2 69.2 75.8 69.5 -
C 96.4 57.8 69.6 75.8 69.1 66.4
D 99.2 76.0 69.2 75.8 69.2 -
E 96.4 57.8 69.6 77.5 70.6 59.6
F 102.0 72.8 75.1 71.7 75.8 -

5-Aminopentyl O-(2-acetamido-6-azido-2-deoxy-o-D-glucopyranosyl)-(1—4)-O-(B-D-
glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-O-
(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0-sulfate-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-

2-deoxy-a-D-glucopyranoside, sodium salt (3).
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Compound 1 (4.1 mg, 2.3 umol) was subjected to installation of unnatural a (1—4) 6-azido-
GlcNAc according to the general procedure to give the title compound 3 as a white powder
(3.9 mg, 84%). The amount of reagents that were used for this reaction: H>O (545 pL), Tris-
HCI (89 pL, 200 mM, pH = 7.5), UDP GlcNAc-6N3 (23 uL, 0.1 mg/pL), MnCl: (3.6 puL, 1.0
M), PmHS2 (53 pL, 2.7 mg/mL). 'H NMR (600 MHz, D,0) & 5.47 (d, J = 3.5 Hz, 1H, H1°),
5.44 (d, J= 3.7 Hz, 1H, H19), 5.42 (d, J = 3.5 Hz, 1H, H1%), 5.33 (d, J = 3.4 Hz, 1H, H15),
5.21 (bs, 1H, HIP), 5.14 (d, J = 3.4 Hz, 1H, H1%), 4.80 (1H, H5P), 4.67 (d, J = 2.9 Hz, 1H,
H5B),4.50 (d,J=7.9 Hz, 1H, H1Y), 4.42 — 4.38 (m, 1H, H6a°%), 4.34 — 4.30 (m, 2H, H2P, H2"),
4.29 — 4.26 (m, 1H, H6b), 4.23 — 4.17 (m, 2H, H3P, H3B), 4.15 - 4.12 (m, 1H, H4%), 4.10 -
4.07 (m, 1H, H4P), 4.03 — 3.99 (m, 1H, H5), 3.96 — 3.64 (m, 20H, H5E H2Y, H6a", H6bA,
Hé6at, H6bE, H34, H5G, H54, H5F, H4C, H4Y, H4A, H4F, H3F, H3Y, H3®, OCHH linker, H6a%,
H6bS), 3.63 —3.59 (m, 1H, H3¢), 3.58 — 3.54 (m, 1H, OCHH linker), 3.50 (t, /= 9.5 Hz, 1H,
H4%), 3.41 — 3.38 (m, 1H, H2%), 3.29 (dd, J = 10.4, 3.5 Hz, 1H, H2°), 3.25 (dd, J=10.1, 3.4
Hz, 2H, H2E, H2%), 3.05 (t,J = 7.3 Hz, 2H, CH)N linker), 2.06 (s, 3H, NHCOCH3), 1.79 — 1.50
(m, 6H, 3 x CH, linker). 3C NMR from HSQC (151 MHz, D>0) & 102.2 (C1%), 99.3 (C1P),
97.3 (C1B), 97.0 (C1%), 96.9 (CI1E, C19), 96.0 (CI), 77.1 (C2B, C4E, C44, C3F), 76.1 (C2P,
C4B, C4P, C5%, C4€, C4F), 73.4 (C2F), 70.5 (C5E, C56, C54, C36, C49), 70.2 (C58B), 69.8 (C35,
C3E, C39), 69.4 (C5P, C3P, C5°), 68.2 (C34), 67.7 (OCH: linker), 66.5 (C6°), 59.7 (C6», C6F),
57.9 (C2€, C2E, C2%), 53.6 (C26), 50.5 (C65), 39.6 (NCH: linker), 28.2 (CH; linker), 26.5 (CH:
linker), 22.7 (CH: linker), 21.9 (NHCOCH3). HRMS (ESI-MS): m/z calculated for
C49HsgoNsOs3S6 [M-9Na+7H]*: 910.1073; found: 910.1073.
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'H NMR (600 MHz, D,0)

H1 H2 H3 |H4 |H5 H6

A |5 14 3.25 391 |3.73 |3.91 3.88
(d,J=34Hz) |(dd,J=10.1,3.4 Hz)

B |533 432 418 | 4.13 | 4.67 —
(d, J=3.4 Hz) (d, J=2.9 Hz)

C | 547 3.29 3.62 |3.78 | 4.01 4.40,4.27
(d,J=3.5Hz) |(dd,J=10.4,3.5Hz)

D | 521 432 421 |4.09 |4.80 -
5.42 3.25 3.73 |3.70 | 3.94 3.88
(d,J=3.5Hz) |(dd,J=10.1,3.4 Hz)

F | 450 3.37 370 |3.77 | 3.81 -
(d, J=7.9 Hz)

G |44 3.91 3.73 |3.50 |3.90 3.66
(d, J=3.7 Hz)

13C NMR from HSQC (151 MHz, D,0)
C1 2 C3 C4 C5 C6

A 97.0 57.9 68.2 77.1 70.5 59.7

B 973 77.1 69.8 76.1 70.2 -

C 96.0 57.9 69.8 76.1 69.4 66.5

D 99.3 76.1 69.4 76.1 69.4 -

E 96.9 57.9 69.8 77.1 70.5 59.7

F 102.2 73.4 77.1 76.1 76.1 -

G 96.9 53.6 70.5 70.5 70.5 50.5

5-Aminopentyl

0-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-(1—4)-O-(B-D-

glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-O-

(2-O-sulfate-o-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0-sulfate-2-deoxy-a-D-
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glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-

2-deoxy-a-D-glucopyranoside, sodium salt (S4).
OH

Pox
CON
AcHN | \Z0 OH o
0
Hmﬂo 2 oH Fro
OH

0
Naonglﬁ&‘ NaOzSHN
OH &4_HO
o\ﬁ

0SO;Na

0SO;Na

Compound 1 (24.0 mg, 13.4 umol) was subjected to installation of o (1—4)-GIcNAc according
to the general procedure to give the title compound S4 as a white powder (24.0 mg, 90%). The
amount of reagents that were used for this reaction: H>O (3.21 mL), Tris-HCI (523 pL, 200
mM, pH =7.5), UDP GlcNAc (122 pL, 0.1 mg/uL), MnCl (20.9 uL, 1.0 M), PmHS2 (310 pL,
2.7 mg/mL). 'H NMR (600 MHz, D,0) 8 5.41 (d, J = 3.5 Hz, 1H, HI), 5.40 (d, /= 3.7 Hz,
1H, H19), 5.38 (d, J = 3.5 Hz, 1H, H1%), 5.26 (d, J = 3.4 Hz, 1H, H1B), 5.18 (bs, 1H, H1P),
5.11 (d, J=3.4 Hz, 1H, H1%), 4.78 (1H, H5P), 4.67 (d, J= 2.7 Hz, 1H, H5®), 4.47 (d,J=17.9
Hz, 1H, H1Y), 4.39 — 4.35 (m, 1H, H6a%), 4.31 — 4.27 (m, 2H, H2P, H2B), 4.27 — 4.22 (m, 1H,
H6b%), 4.20 — 4.15 (m, 2H, H3P, H3B ), 4.10 — 4.07 (m, 1H, H4B), 4.07 — 4.04 (m, 1H, H4P),
4.00 —3.96 (m, 1H, H5), 3.93 — 3.89 (m, 1H, H5%), 3.88 — 3.63 (m, 189H, H2S, H6a*, H6bA,
H6at, H6bE, H6a®, H6bC, H3A, H5Y, H44, H5A, H4C, H3C, H56, H4Y, H3Y, H3E, H4E, OCHH
linker), 3.60 (t, J = 9.6 Hz, 1H, H3°), 3.54 — 3.49 (m, 1H, OCHH linker), 3.45 (t, /= 9.6 Hz,
1H, H4), 3.36 (t, J = 8.9 Hz, 1H, H2%), 3.25 (dd, J = 10.5, 3.3 Hz, 1H, H2°), 3.22 (dd, J =
10.5, 3.3 Hz, 2H, H2E, H2%*), 3.01 (t, J = 7.3 Hz, 2H, CH>N linker), 2.03 (s, 3H, NHCOCH;),
1.76 — 1.43 (m, 6H, 3 x CH, linker). 3C NMR from HSQC (151 MHz, D>0) & 102.1 (C1%),
99.2 (C1P), 97.8 (C18B), 96.9 (C1%), 96.6 (C1E, C19), 96.1 (C1°), 77.5 (C3F), 76.9 (C28B, C44),
76.1 (C5F, C4F, C4E, C4€), 75.8 (C2P, C4B, C4P), 73.2 (C2F), 71.6 (C59, C39), 70.5 (C5E, C54),
69.8 (C5B, C49), 69.5 (C3E, C3°), 69.2 (C5P, C3P, C3B, C5%), 68.5 (C3%), 67.7 (OCH: linker),
66.4 (C6°), 60.0 (C69), 59.6 (C6*, C6F), 57.8 (C2€, C2E, C24), 53.6 (C29), 39.5 (NCH, linker),
28.0 (CH: linker), 26.4 (CHz linker), 22.6 (CH; linker), 21.7 (NHCOCH3). HRMS (ESI-MS):
m/z calculated for C49HsiN5Os4S¢ [M-9Na+7H]*: 897.6041; found: 897.6010.

33



'H NMR (600 MHz, D,0)

H1 H2 H3 |H4 |H5 H6

A | 511 3.22 3.80 | 3.69 | 3.84 3.85
(d,J=3.4Hz) |(dd,J=10.5,3.3 Hz)

B | 526 429 416 | 4.09 | 467 -
(d, J=3.4 Hz) (d, J=2.7 Hz)

C 541 3.25 3.61 |3.76 |3.99 4.38,4.25
(d,J=3.5Hz) |(dd,J=10.5,3.3 Hz)

D |5.18 4.30 419 |4.05 | 4.79 -
5.38 3.22 3.69 |3.78 |3.92 3.85
(d,J=3.5Hz) |(dd,J=10.5,3.3 Hz)

F | 447 3.37 3.68 |3.74 |3.78 -
(d, J=7.9 Hz)

G | 540 3.87 371 |3.45 |3.77 3.79
(d, J=3.7 Hz)

13C NMR from HSQC (151 MHz, D,0)
C1 2 C3 C4 C5 C6

A 96.9 57.8 68.5 76.9 70.5 59.6

B 97.8 76.9 69.2 75.8 69.8 -

C 96.1 57.8 69.5 76.1 69.2 66.4

D 99.2 75.8 69.2 75.8 69.2 -

E 96.6 57.8 69.5 76.1 70.5 59.6

F 102.1 73.2 775 76.1 76.1 -

G 96.6 53.6 71.6 69.8 71.6 60.0
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5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-deoxy-a-D-
glucopyranosyl)-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-
a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt

23).

CO,Na OH

0
oS ol
OH CON
HO 0
oH Hasﬁ OH O J

NaO3SHN 0 OSO3NaNaOZC 0] NaO3SHN O(CH2)5NH2

o)
Naozcbf; NaO;SHN
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Compound S4 (23.6 mg, 11.8 umol) was subjected to installation of f (1—4)-GlcA according
to the general procedure to give the title compound 23 as a white powder (23.7 mg, 91%). The
amount of reagents that were used for this reaction: H,O (2.82 mL), Tris-HCI (462 pL, 200
mM, pH = 7.5), UDP GlcA (115 pL, 0.1 mg/uL), MnCl, (18.5 uL, 1.0 M), PmHS2 (274 pL,
2.7 mg/mL). 'H NMR (600 MHz, D>0) 6 5.41 (d, J = 3.4 Hz, 1H, H1°), 5.39 — 5.36 (m, 2H,
H19, H1Y), 5.26 (d, J= 3.4 Hz, 1H, H1®), 5.18 (d, J = 2.5 Hz, 1H, HIP), 5.11 (d, /= 3.4 Hz,
1H, H1%), 4.79 (1H, H5P), 4.68 (d, J = 2.8 Hz, 1H, H5®), 4.50 — 4.46 (m, 2H, H1, H1Y), 4.37
(dd, J=11.5, 2.4 Hz, 1H, H6a%), 4.31 — 4.27 (m, 2H, H2P, H2B), 4.27 — 4.22 (m, 1H, H6bC),
4.20 — 4.15 (m, 2H, H3P, H3B), 4.09 (t, J= 3.3 Hz, 1H, H4®), 4.06 (t, /= 3.1 Hz, 1H, H4P),
4.00 — 3.96 (m, 1H, H5%), 3.93 — 3.63 (m, 22H, H5E, H59, H54, H3%, H2¢Y, H6a*, H6b", H6aF,
H6bE, H6a®, H6bY, H3A, H5Y, H4F, H4E, H4G, H4C, H44, H3F, H3E, H4%, OCHH linker), 3.60
(t, J=9.6 Hz, 1H, H3%), 3.54 — 3.47 (m, 3H, OCHH linker, H4", H3"), 3.38 — 3.33 (m, 2H,
H2F, H2M), 3.26 (dd, J = 10.5, 3.5 Hz, 1H, H2%), 3.24 — 3.20 (m, 2H, H2E, H2%), 3.01 (t, J =
7.3 Hz, 2H, CH)N linker), 2.03 (s, 3H, NHCOCHs), 1.75 — 1.42 (m, 6H, 3 x CH, linker). *C
NMR from HSQC (151 MHz, D;0) & 102.3 (C1F, C1%), 99.2 (C1P), 97.7 (C1B), 96.9 (C1%),
96.7 (C1E, C19),96.1 (C1°), 78.1 (C3%), 76.9 (C28, C4%), 75.9 (C2P, C48, C4P, C5F, C4F, C5H,
C4E, C49, C49), 75.1 (C3H), 73.2 (C2F, C2M), 71.8 (C4M), 70.6 (C5E, C54, C59, C39), 69.9
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(C5B), 69.5 (C3E, C3C), 69.2 (C5P, C3P, €38, C5°), 68.6 (C34), 67.7 (OCH linker), 66.4 (C6°),

59.6 (C6~, C6E, C69), 57.9 (C2€, C2E, C2%), 53.3 (C29), 39.6 (NCH linker), 28.0 (CH; linker),

26.5 (CH: linker), 22.7 (CH> linker), 21.9 (NHCOCH3). HRMS (ESI-MS): m/z calculated for

CssHsoNsOe0S6 [M-10Na+8H]?: 985.6201; found: 985.6208.

'H NMR (600 MHz, D,0)

H1 H2 H3 | H4 H5 H6
A |11 3.22 3.81 |3.69 3.84 3.85
(d,J=3.4Hz)
B | 5.26 499 416 | 4.09 4.68 _
(d,J=3.4Hz) (t,J=3.3Hz) | (d, /=2.8 H)
c >4 3.25 3.60 |3.74 3.98 437,4.24
(d,J=3.5Hz) |(dd,J=
10.5, 3.5 Hz)
D |5.18 4.30 4.19 | 405 4.79 -
(t,J=3.1 Hz)
E |5.38 3.22 3.67 |3.78 3.90 3.85
F |4.47 3.37 3.66 |3.74 3.78 -
G [538 3.87 3.85 |3.73 3.85 3.85
H | 4.48 3.37 3.50 |3.50 3.73 -
13C NMR from HSQC (151 MHz, D,0)
C1 C2 C3 c4 cs C6
A 96.9 57.9 68.6 76.9 70.6 59.6
B 97.7 76.9 69.2 75.9 69.9 -
C 96.1 57.9 69.5 75.9 69.2 66.4
D 99.2 75.9 69.2 75.9 69.2 -
E 96.7 57.9 69.5 75.9 70.6 59.6
F 102.3 73.2 78.1 75.9 75.9 -
G 96.7 53.3 70.6 75.9 70.6 59.6
H 102.3 73.2 75.1 71.8 75.9 -
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5-Aminopentyl 0-(2-acetamido-6-azido-2-deoxy-a-D-glucopyranosyl)-(1—4)-O-(B-D-
glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-o-D-glucopyranosyl)-(1—4)-O-
(B-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1—4)-0-2-

sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt (4).

N3
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Compound 23 (2.7 mg, 1.2 umol) was subjected to installation of unnatural a (1—4) 6-azido-
GlcNAc according to the general procedure to give the title compound 4 as a white powder
(2.6 mg, 87%). The amount of reagents that were used for this reaction: H>O (294 uL), Tris-
HCI (48 pL, 200 mM, pH = 7.5), UDP GlcNAc-6N3 (12 pL, 0.1 mg/uL), MnCl; (1.9 uL, 1.0
M), PmHS2 (28.5 uL, 2.7 mg/mL). '"H NMR (600 MHz, D,0) 6 5.46 (d, J= 3.3 Hz, 1H, H1°),
5.43(d,J=3.7Hz, 1H,H1"), 5.41 (d, J= 3.2 Hz, 1H, H1%), 5.40 (d, J= 3.5 Hz, 1H, H19), 5.32
(bs, 1H, H18B), 5.22 (bs, 1H, H1P), 5.14 (d, /= 3.4 Hz, 1H, H1%), 4.82 (1H, H5P), 4.69 (bs, 1H,
H5B), 4.49 (d, J=7.9 Hz, 2H, H1%, H1"), 4.43 — 4.37 (m, 1H, H6a°®), 4.35 — 4.30 (m, 2H, H2P,
H2B), 4.30 — 4.26 (m, 1H, H6b®), 4.24 — 4.17 (m, 2H, H3P, H3B ), 4.15 - 4.11 (m, 1H, H4®),
4.10—-4.07 (m, 1H, H4P), 4.04 — 3.99 (m, 1H, H5%), 3.97 — 3.59 (m, 30H, H26, H2!, H5E, H5!,
H5%4, H56, H39, H34, H6a*, H6b”, H6ak, H6bE, H6a®, H6bY, H5F, H5Y, H46, H4C, H4Y, H4H,
H44, H4E, H3F, H3", OCHH linker, H3!, H3E, H3¢, Hé6a!, H6b"), 3.58 — 3.53 (m, 1H, OCHH
linker), 3.49 (t,J=9.5 Hz, 1H, H4"), 3.41 — 3.35 (m, 2H, H2F, H2"), 3.29 (dd, /= 10.3, 3.3 Hz,
1H, H2¢), 3.25 (dd, J = 10.2, 3.3 Hz, 2H, H2E, H2%), 3.05 (t, J = 7.3 Hz, 2H, CHuN linker),
2.06 (s, 3H, NHCOCHj3), 2.05 (s, 3H, NHCOCHj3), 1.79 — 1.48 (m, 6H, 3 x CH, linker). 13C
NMR from HSQC (151 MHz, D;0) & 102.3 (C1F, C1%), 99.0 (C1P), 97.4 (C1B), 97.0 (C1%),
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96.8 (C1%),96.7 (C1E, C19),96.0 (C1€), 78.0 (C3F, C3H), 77.0 (C2B), 76.4 (C2P, C5F, C5H, C4F,

C4H, C4C, C49, C44, C4F), 75.9 (C4B, C4DP), 73.4 (C2F, C2M), 70.5 (C5E, C56Y, C54, C49, C51,

€31, €41, 70.0 (C5P), 69.6 (C39, C3B, C3E, C3°), 69.3 (C5P, C3P, C5°), 68.7 (C34), 67.7

(OCH, linker), 66.4 (C6°), 66.3 (C6), 59.5 (C6%, C6F), 57.9 (C2€, C2F, C24), 53.4 (C26, C2Y),

50.4 (C6"), 39.6 (NCH: linker), 28.0 (CH; linker), 26.4 (CH, linker), 22.7 (CH> linker), 21.9

X CH3). - : z calculated for Ce3H101N9oOe4d6 - at T . ;
(2 x NHCOCH3). ESI-MS: m/z calculated for Cs3Hi01N9OssS¢ [M-10Na+8H]*: 1099.6630

found: 1099.6403.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 H5 H6

A 5.14 3.25 388 (373 [3.89 |3.88
(d,J=3.4Hz) | (dd,J=10.2,3.3 Hz)

532 433 419 | 413 |469 |-
5.46 3.29 3.62 [3.78 |4.02 |4.40,428
(d,J=3.3Hz) | (dd,J=10.3,3.3 Hz)

D 520 433 421 409 |48 |-
5.41 3.25 371 [3.70 |3.94 |3.88
(d,J=32Hz) | (dd,J=10.2, 3.3 Hz)

F 4.49 3.38 370 |3.76 [381 |-
(d, J=7.9 Hz)

G 5.40 3.90 367 |3.67 |390 |3.83
(d, J=3.5 Hz)

H 4.49 3.38 370 |3.76 |381 |-
(d, J=7.9 Hz)

I 5.43 3.92 372 349 (390 |3.66
(d, J=3.7 Hz)

13C NMR from HSQC (151 MHz, D,0)
C1 2 C3 C4 C5 C6

A 97.0 57.9 68.7 76.4 70.5 59.5

B 97.4 77.0 69.6 75.9 70.0 -

C 96.0 57.9 69.6 76.4 69.3 66.4

D 99.0 76.4 69.3 75.9 69.3 -

E 96.7 57.9 69.6 76.4 70.5 59.5

F 102.3 73.4 78.0 76.4 76.4 -
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96.7 534 69.6 76.4 70.5 66.3
102.3 73.4 78.0 76.4 76.4
96.8 534 70.5 70.5 70.5 50.4

5-Aminopentyl 0-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-(1—4)-O-(B-D-
glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-o-D-glucopyranosyl)-(1—4)-O-
(B-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0-sulfate-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-

sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt (S5).
OH
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Compound 23 (21.0 mg, 9.6 umol) was subjected to installation of o (1 —4)-GIcNAc according
to the general procedure to give the title compound S5 as a white powder (20.0 mg, 87%). The
amount of reagents that were used for this reaction: H>O (2.3 mL), Tris-HCI (374 pL, 200 mM,
pH = 7.5), UDP GlcNAc (87 pL, 0.1 mg/uL), MnCl; (15 pL, 1.0 M), PmHS2 (221 pL, 2.7
mg/mL). 'TH NMR (600 MHz, D,0) & 5.46 (d, J = 3.4 Hz, 1H, HI), 5.42 (d, J= 3.7 Hz, 1H,
H1Y, 5.41 (d, J = 3.4 Hz, 1H, H1¥), 5.40 (d, J = 3.6 Hz, 1H, H1%), 5.31 (d, J = 3.4 Hz, 1H,
H1B), 5.21 (d, /= 2.2 Hz, 1H, H1P), 5.14 (d, J = 3.4 Hz, 1H, H1%*), 4.78 (1H, H5P), 4.69 (d, J
=2.9 Hz, 1H, H5B), 4.50 (d, J= 7.9 Hz, 2H, H1F, H1%"), 4.40 (dd, J=11.5, 2.4 Hz, 1H, H6a%),
4.34 — 430 (m, 2H, H2P, H2B), 4.29 — 4.25 (m, 1H, H6b®), 4.23 — 4.17 (m, 2H, H3P, H3B),
4.12 (t,J = 3.3 Hz, 1H, H4®), 4.08 (t, J= 3.1 Hz, 1H, H4P), 4.03 — 3.99 (m, 1H, H5%), 3.95 -
3.64 (m, 29H, H5E, H2¢, H2!, H6a*, H6bA, H6ak, H6bE, H6a%, H6bC, H6a!, H6b!, H3A, H54,
H36, H59, H5F, H5H, H4F, H4¢, H4F, H4H H4A, H4S, H3F, H3H, H3!, H5', H3®, OCHH linker),
3.65 — 3.60 (m, 1H, H3C), 3.57 — 3.53 (m, 1H, OCHH linker), 3.40 — 3.36 (m, 2H, H2F, H2"),
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3.48 (t,J=9.6 Hz, 1H, H4"), 3.29 (dd, J = 10.5, 3.5 Hz, 1H, H2°), 3.25 (dd, /= 10.3, 3.4 Hz,

2H, H2F, H24), 3.05 (t, J = 7.2 Hz, 2H, CH)N linker), 2.06 (s, 3H, NHCOCHs), 2.05 (s, 3H,

NHCOCH:), 1.79 — 1.48 (m, 6H, 3 x CH, linker). 3C NMR from HSQC (151 MHz, D;0) &

102.3 (C1F, C1M), 99.2 (C1P), 97.5 (C1P), 97.0 (C1%), 96.8 (C1,, C1E, C19), 96.0 (C1C), 78.1

(C3F, C31),76.7 (C2B), 76.2 (C5%, C5H, C4E, C4€, C4F, C4M, C44, C49), 75.9 (C2P, C48, C4D),

73.4 (C2F, C21), 71.5 (€31, C5Y), 70.6 (C5E, C54, C59, C36), 69.9 (C5B), 69.7 (C4Y), 69.5 (C3E,

C3C, C3B), 69.2 (C3P, C3P, C5C), 68.7 (C3%), 67.7 (OCH, linker), 66.4 (C6S), 60.0 (C6S, C6Y),

59.6 (C6~, C6F), 57.9 (C2C, C2F, C24), 53.4 (C26, C2Y), 39.5 (NCH; linker), 28.1 (CH, linker),

26.4 (CH; linker), 22.7 (CHz linker), 21.90 (2 x NHCOCH3). HRMS (ESI-MS): m/z calculated

for Cs3H102N6O065S6 [M-9Na+7H]*: 1087.1598; found: 1087.1601.

'H NMR (600 MHz, D,0)

H1 H2 H3 | H4 H5 H6
A |5 14 3.25 3.87 |3.73 3.88 3.88
(d,J=34Hz) |(dd,J=
10.3, 3.4 Hz)
B 5.31 4.32 4.19 4.12 4.69 _
(d, J=3.4 Hz) (t,J=33Hz) | (d,/=2.9Hz)
C | 546 3.28 3.63 |3.78 4.01 4.40,4.28
(d,J=34Hz) |(dd,J=
10.5, 3.5 Hz)
p | 521 433 421 |4.08 478 -
(d, J=2.2 Hz) (t,J=3.1 Hz)
E | 541 3.25 371 |3.70 3.94 3.88
(d,J=34Hz) |(dd, =
10.3, 3.4 Hz)
F | 450 3.38 3.70 |3.76 3.81 -
(d, J=7.9 Hz)
G | 540 3.89 3.88 | 3.80 3.89 3.81
(d, J=3.6 Hz)
H | 450 3.38 3.70 |3.76 3.81 -
(d, J=7.9 Hz)
1 | 542 3.89 3.74 | 349 3.74 3.81
(d, J=3.7 Hz) (t,J=9.6 Hz)
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13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 97.0 57.9 68.7 76.2 70.6 59.6
B 97.5 76.7 69.5 75.9 69.9 -
C 96.0 57.9 69.5 76.2 69.2 66.4
D 99.2 75.9 69.2 75.9 69.2 -
E 96.8 57.9 69.5 76.2 70.6 59.6
F/H 102.3 73.4 78.1 76.2 76.2 -
G 96.8 534 70.6 76.2 70.6 60.0
| 96.8 534 71.5 69.7 71.5 60.0

5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1 — 4)-O-(2-acetamido-2-deoxy-a-D-
glucopyranosyl)-(1 — 4)-O-(B-D-glucopyranosyluronate)-(1 — 4)-O-(2-acetamido-2-deoxy-
a-D-glucopyranosyl)-(1 — 4)-O-(B-D-glucopyranosyluronate)-(1 — 4)-O-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1 — 4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1 — 4)-O-

(2-sulfamino-6-0O-sulfate-2-deoxy-a-D-glucopyranosyl)-(1 —  4)-0-(2-O-sulfate-o-L-

idopyranosyluronate)-(1 — 4)-0-2-sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt

24).

OH OH

AL

(0] (0] (0]
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O  0SOsNa Q7 NaOsSHN 6cH,)NH,

0
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OH oH\ozjj
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Compound S5 (20.0 mg, 8.3 pmol) was subjected to installation of  (1—4)-GIcA according
to the general procedure to give the title compound 24 as a white powder (19.8 mg, 91%). The
amount of reagents that were used for this reaction: H>O (2.0 mL), Tris-HCI (325 pL, 200 mM,
pH=7.5), UDP GIcA (81 pL, 0.1 mg/uL), MnCl> (13 pL, 1.0 M), PmHS2 (193 pL, 2.7 mg/mL).

41



"H NMR (600 MHz, D-0) § 5.42 (d, J=2.9 Hz, 1H, HI), 5.40 — 5.35 (m, 3H, H1E, H1, H1Y),
5.27 (d, J = 2.7 Hz, 1H, H1B), 5.19 (bs, 1H, H1P), 5.11 (d, J = 2.9 Hz, 1H, H1#), 4.78 (1H,
H5P), 4.67 (bs, 1H, H58), 4.51 —4.43 (m, 3H, H1Y, HI1", H1Y), 4.40 — 4.35 (m, 1H, H6a‘), 4.32
—4.27 (m, 2H, H2P, H28B), 4.27 — 4.22 (m, 1H, H6b®), 4.21 — 4.14 (m, 2H, H3P, H3®), 4.12 -
4.07 (m, 1H, H48B), 4.07 — 4.03 (m, 1H, H4P), 4.00 — 3.96 (m, 1H, H5), 3.93 — 3.57 (m, 32H,
HS5E, H29, H2!, H6a”, H6b”, H6at, H6bE, H6a%, H6bC, Hba!, H6b!, H34, H5A, H36, H3!, H5C,
HS5!, H5%, H5H, H46, H4!, H4C, H5', H4F, H4H, H44, H4E, H3F, H3", OCHH linker, H3E, H3©),
3.55 —3.47 (m, 3H, OCHH linker, H4’, H3’), 3.39 — 3.31 (m, 2H, H2F, H2", H2Y), 3.26 (dd, J
=10.5,2.9 Hz, 1H, H2¢), 3.24 - 3.20 (m, 2H, H2E, H2%), 3.02 (t,J = 7.2 Hz, 2H, CH>N linker),
2.02 (s, 3H, NHCOCH3), 2.02 (s, 3H, NHCOCHj3), 1.75 — 1.45 (m, 6H, 3 x CH, linker). 13C
NMR from HSQC (151 MHz, D;0) & 102.3 (C1F, C1H, C1Y), 99.2 (C1P), 97.6 (C1B), 96.9
(C1%), 96.6 (C1}, C1E, C19), 96.0 (C1€), 78.2 (C3F, C3H1), 76.9 (C2B), 76.2 (C2P, C5F, C5H,
C49, C41, C4¢, C4F, C4M) C5Y, C47, C4F), 75.8 (C48, C4P), 75.1 (C3Y), 73.2 (C2F, C2H, C2Y),
71.8 (C4%), 70.6 (C5E, C54, C56, C51, C39, C3Y), 69.8 (C5B), 69.5 (C3E, C3€, C3B), 69.2 (C5P,
C3P, C59), 68.8 (C3%), 67.7 (OCH: linker), 66.2 (C6°), 59.5 (C6%, C6E, C6Y, C6'), 57.9 (C2€,
C2E, C2%), 53.1 (C26Y, C2Y), 39.6 (NCH linker), 28.1 (CH> linker), 26.5 (CH; linker), 22.6
(CH, linker), 21.9 (2 x NHCOCH3). HRMS (ESI-MS): m/z calculated for CeoH110N6O71S6 [M-
11Na+9H]*: 1175.1758; found: 1175.1749.

'H NMR (600 MHz, D,0)

H1 H2 H3 |H4 |H5 |H6
A 5.11 322 383 |3.69 |3.84 |3.85
(d,J=2.9 Hz)
B 5.27 430 416 |4.09 |4.67 |-
(d, J=2.7 Hz)
C 5.42 3.26 3.60 [3.75 |3.98 | 4.37,4.24
(d,J=2.9Hz) |(dd,J=
10.5, 2.9 Hz)
D 5.19 430 419 | 4.06 | 479 |-
E 5.38 3.22 3.67 | 3.67 |3.90 |3.85
F/H | 4.47 3.35 3.66 | 3.74 |3.78 |-
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G/l |537 3.87 3.85 |3.78 |3.85 | 3.8l
J 448 3.36 3.50 |3.50 [3.73 |-

13C NMR from HSQC (151 MHz, D20)

C1 C2 C3 C4 C5 C6

A 96.9 57.9 68.8 76.2 70.6 59.5
B 97.6 76.9 69.5 75.8 69.8 -
C 96.0 57.9 69.5 76.2 69.2 66.2
D 99.2 76.2 69.2 75.8 69.2 -
E 96.6 57.9 69.5 76.2 70.6 59.5
F/H 102.3 73.2 78.2 76.2 76.2 -
G/l 96.6 53.1 70.6 76.2 70.6 59.5
J 102.3 73.2 75.1 71.8 76.2 -

5-Aminopentyl

glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-o-D-glucopyranosyl)|-(1—4)-
O-(p-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0-sulfate-2-

0-(2-acetamido-6-azido-2-deoxy-a-D-glucopyranosyl)[-(1—4)-O-(B-D-

deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1—4)-0-2-

sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt (5).

NaO;SHN

O  OSO;Na
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OH

o
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(o)
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Compound 24 (2.2 mg, 0.85 pmol) was subjected to installation of unnatural o (1—4) 6-azido-

GlcNAc according to the general procedure to give the title compound 5 as a white powder
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(2.0 mg, 84%). The amount of reagents that were used for this reaction: H>O (202 pL), Tris-
HCI (33 uL, 200 mM, pH = 7.5), UDP GlcNAc-6N3 (8.6 puL, 0.1 mg/uL), MnCl, (1.3 puL, 1.0
M), PmHS2 (19.6 uL, 2.7 mg/mL). '"H NMR (600 MHz, D,0) 6 5.47 (d, J= 3.4 Hz, 1H, H1°),
5.43(d,J=3.8Hz, 1H, H1¥),5.42 (d,J=3.4 Hz, 1H, H1%), 5.40 (d, J= 3.5 Hz, 2H, H1¢, H1!),
5.32 (bs, 1H, H1B), 5.22 (bs, 1H, H1P), 5.14 (d, J= 3.4 Hz, 1H, H1%), 4.81 (1H, H5P), 4.68 (bs,
1H, H5%), 4.49 (d, /= 7.8 Hz, 3H, H1", HI!, H1’), 4.43 — 4.37 (m, 1H, H6a%), 4.35 — 4.30 (m,
2H, H2P, H28B), 4.30 — 4.26 (m, 1H, H6b®), 4.24 — 4.20 (m, 1H, H3P), 4.20 — 4.17 (m, 1H,
H3B),4.16 — 4.12 (m, 1H, H4B), 4.09 (bs, 1H, H4P), 4.04 — 3.98 (m, 1H, H5%), 3.97 — 3.58 (m,
39H, H26, H2!, H2X, H6a?, H6b”, H6at, H6bE, H6a®, H6bY, H6a!, H6b!, H6ak, H6bK, HSE,
H5¢9, H5', H5%, H54, H3A, OCHH linker, H3E, H3G, H3!, H3X, H3¢, H5Y, H5Y, H5', H4C, H4F,
H4Y, H4', H4*, H4E, H4S, H4!, H3F, H3Y, H3Y), 3.58 — 3.53 (m, 1H, OCHH linker), 3.49 (t, J
=9.6 Hz, 1H, H4X), 3.41 — 3.35 (m, 3H, H2F, H2", H2'), 3.29 (dd, /= 10.3, 3.4 Hz, 1H, H2°),
3.25(dd, J=10.3, 3.4 Hz, 2H, H2E, H2%), 3.05 (t, J = 7.3 Hz, 2H, CH>N linker), 2.06 (s, 3H,
NHCOCH3), 2.05 (s, 3H, NHCOCH3), 2.05 (s, 3H, NHCOCH3), 1.79 — 1.48 (m, 6H, 3 x CH>
linker). *C NMR from HSQC (151 MHz, D,;0) § 102.3 (C1¥, C1H, C1Y), 99.2 (C1P), 97.3
(C1B), 97.0 (C1%), 96.8 (C1%), 96.7 (CIE, C19, C1h), 96.0 (C1°), 78.0 (C3F, C3H, C3Y), 77.0
(C2B), 76.4 (C2P, C5F, C51, C5Y, C4F, C4M, C4', C4C, C46, C4l, C44, C4E), 75.8 (C4B, C4D),
73.4 (C2F, C2H, C2%), 70.5 (C56, C5!, C5%, C4K, C3K, C3E, C58), 69.5 (C365, C3!, C3€, C35,
C3P, C5P, C5€, C5E, €54, C3%), 67.7 (OCH: linker), 66.5 (C6%), 59.7 (C6%, C6E, C6Y, C6'),
57.9 (C2€, C2E, C2%), 53.3 (C26, C2!, C2%), 50.4 (C6X), 39.6 (NCH, linker), 28.0 (CH: linker),
26.4 (CH; linker), 22.6 (CH; linker), 21.7 (3 x NHCOCH3). HRMS (ESI-MS): m/z calculated
for C77H122N10075Ss [M-11Na+9H]*: 1289.2187; found: 1289.2197.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 |H5 |H6

A 5.14 3.25 388 (373 [3.90 |3.88
(d,J=3.4Hz) | (dd,J=10.2, 3.4 Hz)
532 433 419 413 |468 |-
5.47 3.29 3.62 |3.78 | 4.00 |4.39, 428
(d,J=3.4Hz) | (dd,J=10.3, 3.4 Hz)
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D 5.22 433 421 |4.09 |481 |-
542 3.25 370 [3.70 [3.91 |[3.86
(d,J=3.4Hz) | (dd,J=10.2,3.4 Hz)

FH/J | 449 3.38 370 (376 |[381 |-
(d,J=7.8 Hz)

G/l 5.40 3.90 3.67 |3.67 |3.90 |[3.85
(d,J=3.5Hz)

K 543 3.92 3.72 349 390 |3.66
(d,J=3.8 Hz)

13C NMR from HSQC (151 MHz, D,0)
C1 C2 C3 C4 cs C6

A 97.0 57.9 69.9 76.4 69.9 59.7

B 97.3 77.0 69.9 75.8 70.5 -

C 96.0 57.9 69.9 76.4 69.9 66.5

D 99.2 76.4 69.9 75.8 69.9 -

E 96.7 57.9 70.5 76.4 69.9 59.7

F/H/J 102.3 73.4 78.0 76.4 76.4 -

G/l 96.7 53.3 69.9 76.4 70.5 59.7

K 96.8 53.3 70.5 70.5 70.5 50.4

5-Aminopentyl

glucopyranosyl)-(1—4)]3-O-(B-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-
(2-sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-

[O-(B-D-glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-a-D-

idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt

25).
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Compound 24 (13.2 mg, 7.6 umol) was subjected to installation of o (1 —4)-GIcNAc according
to the general procedure to give HS glycan 11-mer as a white powder (12.5 mg, 88%). The
amount of reagents that were used for this reaction: H,O (1.22 mL), Tris-HCI (199 pL, 200
mM, pH = 7.5), UDP GIcNAc (46.3 uL, 0.1 mg/ulL), MnCl, (8 uL, 1.0 M), PmHS2 (118 uL,
2.7 mg/mL). The resulting HS glycan 11-mer (12.3 mg, 4.4 umol) was subjected to installation
of B (1—4)-GlcA according to the general procedure to give the title compound 25 as a white
powder (11.2 mg, 85%). The amount of reagents that were used for this reaction: H,O (1.05
mL), Tris-HCI (171 pL, 200 mM, pH = 7.5), UDP GlcA (42.6 uL, 0.1 mg/uL), MnCl, (6.9 uL,
1.0 M), PmHS2 (102 pL, 2.7 mg/mL). 'H NMR (600 MHz, D-0) § 5.43 (bs, 1H, HIC), 5.40 —
5.33 (m, 4H, H1E, H19, H1Y, H1X), 5.29 (bs, 1H, H1B), 5.19 (bs, 1H, H1P), 5.11 (d, /= 3.5 Hz,
1H, H1%#), 4.78 (1H, H5P), 4.65 (bs, 1H, H5B), 4.50 — 4.43 (m, 4H, H1F, H1%, H1’, H1Y), 4.40
—4.34 (m, 1H, H6a%), 4.31 —4.27 (m, 2H, H2P, H2B), 4.26 — 4.22 (m, 1H, H6b®), 4.20 — 4.17
(m, 1H, H3P), 4.17 — 4.14 (m, 1H, H3B), 4.11 — 4.08 (m, 1H, H4®), 4.05 (bs, 1H, H4P), 4.00 —
3.95 (m, 1H, H5%), 3.92 - 3.55 (m, 41H, H2¢, H2!, H2K, H6a*, H6b*, H6at, H6bE, H6aC, H6bC,
Heéa!, Hob!, H6aX, H6bX, H5E, H56, H5!, H5%, H54, H34, OCHH linker, H3E, H36, H3!, H3X,
H3¢, H5F, H5H, H5', H5Y, H4C, H4F, H4H, H4', H44, H4F, H4C, H4!, H4KX, H3F, H3!, H3Y), 3.54
—3.47 (m, 3H, OCHH linker, H4%, H3Y), 3.37 — 3.30 (m, 4H, H2F, H2", H2', H2!), 3.28 - 3.19
(m, 3H, H2¢, H2E, H2%), 3.02 (t, J = 7.3 Hz, 2H, CH>N linker), 2.01 (s, 9H, 3 x NHCOCH3),
1.76 — 1.47 (m, 6H, 3 x CH, linker). *C NMR from HSQC (151 MHz, D,0) § 102.3 (C1F,
C1H, C1Y, C1Y), 99.2 (C1P), 97.2 (C1B), 97.0 (C1%), 96.7 (C1X, C1E, C16, C1Y), 96.0 (C1°),
78.0 (C3F, C3H, C3Y), 77.0 (C2B), 76.4 (C2P, C5%, C5H, C5', C5L, C3N, C4F, C4H, C4!, C4C,
C49, C4!, C44, C4E, C4K), 75.8 (C48, C4P), 75.0 (C3h), 73.4 (C2F, C21, C2!, C2Y), 71.6 (C4L),
70.5 (C59, C5!, C5K, €36, C3!, C3%), 70.1 (C58), 69.6 (C3B), 69.5 (C5P, C3P, C5€, C5E, C54,

46



C3€, C35), 67.7 (OCH, linker), 66.5 (C6%), 59.7 (C6», C6F, C6S, C6!, C6%), 57.9 (C2€, C2E,

C2%), 53.3 (C26, C2', C2X), 39.6 (NCH, linker), 28.0 (CH> linker), 26.4 (CH, linker), 22.6

(CH, linker), 21.7 (6 x NHCOCH3). HRMS (ESI-MS): m/z calculated for Cs3sHi31N7052Ss [M-

12Na+10H]*: 1364.7315; found: 1364.7205.

'H NMR (600 MHz, D,0)

H1 H2 H3 |H4 |H5 |HG6
A S.11 3.22 3.87 [3.70 |3.87 |3.85
(d,J=3.5Hz)
B 5.29 4.29 416 |4.10 |4.66 |-
C 5.43 3.26 359 376 |3.98 |4.37,4.26
D 5.19 4.29 419 405 [478 |-
E 5.39 3.22 3.68 |3.68 |3.88 |[3.85
F/H/J 4.46 3.34 366 |373 377 |-
G/I/K 5.36 3.86 3.64 |3.64 |3.85 |[3.85
L 4.46 3.34 350 |3.50 |3.73 |-
13C NMR from HSQC (151 MHz, D,0)
1 C2 C3 c4 cs C6
A 97.0 57.9 68.4 76.4 69.5 59.7
B 97.2 77.0 69.6 75.8 70.1 -
C 96.0 57.9 69.5 76.4 69.5 66.5
D 99.2 76.4 69.5 75.8 69.5 -
E 96.7 57.9 69.5 76.4 69.5 59.7
F/H/J 102.3 73.4 783 76.4 76.4 -
GI/K  |96.7 53.3 70.5 76.4 70.5 59.7
L 102.3 73.4 75.0 71.6 76.4 -
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5-Aminopentyl  O-(2-acetamido-6-azido-2-deoxy-a-D-glucopyranosyl)[-(1—4)-O-(B-D-
glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-a-D-glucopyranosyl)|s-(1—4)-
O-(p-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1—4)-0-2-

sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt (6).
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Compound 25 (1.2 mg, 0.40 pmol) was subjected to installation of unnatural o (1—4) 6-azido-
GlcNAc according to the general procedure to give the title compound 6 as a white powder
(1.1 mg, 85%). The amount of reagents that were used for this reaction: H>O (90 pL), Tris-HCI
(15.6 puL, 200 mM, pH = 7.5), UDP GIcNAc-6N3 (4.1 puL, 0.1 mg/uL), MnCl, (6.3 pL, 100
mM), PmHS2 (9.3 uL, 2.7 mg/mL). '"H NMR (600 MHz, D-0) 4 5.43 (d, J=3.4 Hz, 1H, HI®),
5.40 (d,J=3.8 Hz, 1H,HIM), 5.39 (d, /= 3.4 Hz, 1H, H1%), 5.36 (d, /= 3.5 Hz, 3H, H16, H1!,
H1X), 5.30 (d, J = 3.0 Hz, 1H, H1B), 5.18 (bs, 1H, H1P), 5.11 (d, J = 3.4 Hz, 1H, H1%), 4.78
(1H, H5P), 4.66 (bs, 1H, H5®), 4.46 (d, J = 7.8 Hz, 4H, H1F, H1", H1’, H1%Y), 4.40 — 4.34 (m,
1H, H6a‘%), 4.31 — 4.27 (m, 2H, H2P, H2B), 4.27 — 4.23 (m, 1H, H6b®), 4.20 — 4.17 (m, 1H,
H3P),4.17 —4.14 (m, 1H, H3B), 4.11 — 4.08 (m, 1H, H4®), 4.05 (bs, 1H, H4P), 4.00 — 3.96 (m,
1H, H5€), 3.92 — 3.56 (m, 48H, H2¢, H2!, H2X, H2M, H6a”, H6b*, H6a®, H6bE, H6a%, H6bC,
Héa!, H6b!, H6aX, H6bX, H6aM, H6bM, H5E, H5C, H5!, H5X, H5M, H54, H34, OCHH linker,
H3E, H36, H3! H3X, H3M, H3¢, H5F, H5H, H5', H5%, H4€, H4F, H4H, H4', H4Y, H44, H4F, H46,
H4!, H4%, H3F, H3", H3', H3Y), 3.54 —3.50 (m, 1H, OCHH linker), 3.48 —3.43 (m, 1H, H4M),
3.37 - 3.30 (m, 4H, H2F, H2H, H2’, H2Y), 3.26 (dd, J = 10.3, 3.4 Hz, 1H, H2C), 3.22 (dd, J =
10.3, 3.4 Hz, 2H, H2E, H2%), 3.02 (t,J = 7.3 Hz, 2H, CH>N linker), 2.03 (s, 3H, NHCOCH;M),
2.01 (s, 9H, 3 x NHCOCH3), 1.79 — 1.43 (m, 6H, 3 x CH, linker). *C NMR from HSQC (151
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MHz, D>0) 8 102.3 (C1F, C11, C1Y, C1%), 99.2 (C1P), 97.2 (C1B), 97.0 (C1%), 96.7 (C1X, C1M,

C1E, C19, C1'), 96.0 (CI1°), 78.0 (C3F, C3H, C3!, C3L), 77.0 (C2B), 76.4 (C2P, C5F, C5H, C5Y,

C5L, C4F, C41, C4!, C4L, C4C, C46, C41, C44, C4E, C4K), 75.8 (C48, C4P), 73.4 (C2F, C2H, C2/,

C2%),70.5 (C59, C5!, C5X, C5M, €39, C31, C3K, C3M), 70.1 (C58, C4M), 69.6 (C38B), 69.5 (C5P,

C3P, C5¢, C5E, C54, C3€, C3F), 67.7 (OCH: linker), 66.5 (C6°), 59.7 (C6», C6E, C69, C6!,

C6X), 57.9 (C2€, C2F, C2%), 53.3 (C26, C2!, C2K, C2M), 50.4 (C6M), 39.6 (NCHL linker), 28.0

(CH, linker), 26.4 (CH, linker), 22.6 (CHa linker), 21.7 (4 x NHCOCH3). HRMS (ESI-MS):

m/z calculated for Co1H142N11086S6 [M-12Na+9H]3": 985.5139; found: 985.5163.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 H5 H6

A 5.11 3.22 387 370 |3.87 |[3.85
(d,J=34Hz) | (dd,J=10.2,3.4 Hz)

B 5.30 429 416 |4.10 |4.66 |-
(d, J=3.0 Hz)

C 5.43 3.26 359 376 |3.98 |4.37,4.26
(d,J=3.4Hz) | (dd,J=10.3,3.4 Hz)

D 5.18 4.29 419 |4.05 |478 |-
5.39 3.22 368 |3.68 |3.88 |[3.85
(d,J=34Hz) | (dd,J=10.2,3.4 Hz)

F/H/J/L | 446 3.34 366 [3.73 (377 |-
(d, J=7.8 Hz)

G/I/K | 336 3.86 364 |3.64 |3.85 |[3.85
(d, J=23.5 Hz)

M 5.40 3.85 368 |347 |388 |3.62
(d, J=3.8 Hz)

13C NMR from HSQC (151 MHz, D,0)
C1 2 C3 C4 C5 C6

A 97.0 57.9 68.4 76.4 69.5 59.7

B 97.2 77.0 69.6 75.8 70.1 -

C 96.0 57.9 69.5 76.4 69.5 66.5

D 99.2 76.4 69.5 75.8 69.5 -
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E 96.7 57.9 69.5 76.4 69.5 59.7
FH/J/L | 102.3 73.4 78.3 76.4 76.4 -

G/I/K 96.7 53.3 70.5 76.4 70.5 59.7
M 96.7 53.3 70.5 70.1 70.5 50.4

5-Aminopentyl  [O-(B-D-glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-o-D-
glucopyranosyl)-(1—4)]4-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-
(2-sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-

idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt

(26).
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Compound 25 (9.7 mg, 3.2 umol) was subjected to installation of o (1—4)-GlcNAc according
to the general procedure to give HS glycan 13-mer as a white powder (8.4 mg, 81%). The
amount of reagents that were used for this reaction: H>O (0.77 mL), Tris-HCI (126 uL, 200
mM, pH = 7.5), UDP GlcNAc (29.5 puL, 0.1 mg/uL), MnCl (5.1 pL, 1.0 M), PmHS2 (75 pL,
2.7 mg/mL). The resulting HS glycan 13-mer (8.4 mg, 2.6 umol) was subjected to installation
of B (1—4)-GlcA according to the general procedure to give the title compound 26 as a white
powder (7.7 mg, 86%). The amount of reagents that were used for this reaction: H>O (628 uL),
Tris-HCI (102 pL, 200 mM, pH = 7.5), UDP GIcA (25.4 pL, 0.1 mg/uL), MnCl, (4.1 pL, 1.0
M), PmHS2 (61 pL, 2.7 mg/mL). 'H NMR (600 MHz, D,0) & 5.43 (d, J = 3.4 Hz, 1H, H1°),
5.40 — 5.33 (m, 5H, H1E, H1Y, H1!, H1X, HIM), 5.27 (d, J = 3.4 Hz, 1H, H18), 5.19 (bs, 1H,
H1P),5.11 (d,J=3.5Hz, 1H, H1%), 4.78 (1H, H5P), 4.65 (d, J= 2.9 Hz, 1H, H5B), 4.50 — 4.43
(m, 5H, H1F, H1Y, H1', H1Y, H1IVY), 4.40 — 4.34 (m, 1H, H6a‘), 4.31 —4.27 (m, 2H, H2P, H28B),
426 —4.22 (m, 1H, H6b®), 4.20 — 4.17 (m, 1H, H3P), 4.17 — 4.14 (m, 1H, H3® ), 4.11 — 4.08
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(m, 1H, H4P), 4.05 (bs, 1H, H4P), 4.00 — 3.95 (m, 1H, H5%), 3.92 — 3.55 (m, 50H, H2S, H2',

H2K, H2M, H6a?, H6b”, H6al, H6bE, H6a%, H6bS, Hba!, H6b!, H6ak, H6bX, H6aM, H6bM, H5E,

H59, H5', H5X, H5M, H54, H3#, OCHH linker, H3%, H36, H3!, H3¥, H3M, H3C, H5F, H5Y, HS,

HS5E, H5N, H4C, H4Y, H4Y, H4', H4L, H44, H4E, H4S, H4!, H4X, H4M, H3F, H3H, H3’, H3L),

3.54 — 3.47 (m, 3H, OCHH linker, H4N, H3N), 3.37 — 3.30 (m, 5H, H2F, H2H, H2’, H2L, H2VN),

3.28 — 3.19 (m, 3H, H2¢, H2E, H2*), 3.02 (t, J = 7.3 Hz, 2H, CH>N linker), 2.02 & 2.01 (2s,

12H, 4 x NHCOCHj3), 1.76 — 1.47 (m, 6H, 3 x CH> linker). 3*C NMR from HSQC (151 MHz,

D,0) § 102.3 (C1F, C11, C1Y, C1L, CIV), 99.2 (C1P), 97.2 (C1B), 97.0 (C1%), 96.7 (C1¥, C1M,

C1E, C19, C1'), 96.0 (CI°), 78.0 (C3F, C3H, C3!, C3L), 77.0 (C28B), 76.4 (C2P, C5F, C5H, C5’,

C5h, C5N, C4F, C4H, C4Y, C4L, C4C, C49, C41, C44, C4E, C4K, C4M), 75.8 (C48, C4P), 75.0

(C3N), 73.4 (C2F, C21, C27, C2L, C2N), 71.6 (C4N), 70.5 (C5¢, C5!, C5K, C5M, C39, C3!, C3K,

C3M), 70.1 (C5B), 69.6 (C3B), 69.5 (CSP, C3P, C5C, CSE, C54, C3C, C3F), 67.7 (OCHs linker),

66.5 (C6°), 59.7 (C6%, C6E, C6Y, C6!, C6X, CoM), 57.9 (C2€, C2E, C24), 53.3 (C2¢, C2!, C2K,

C2M), 39.6 (NCHL linker), 28.0 (CH, linker), 26.4 (CHa linker), 22.6 (CH, linker), 21.7 (6 x

NHCOCH3). ESI-MS: m/z calculated for Co7H;51N3O93S¢ [M-13Na+10H]*: 1036.1902; found:

1036.1767.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 |H5 |H6

A 5.11 3.22 387 [3.70 |387 |3.85
(d,J=3.5Hz)

B 5.27 429 416 | 410 |466 |-
(d,J=3.4 Hz)

C 5.43 3.26 359 |3.76 |3.98 |4.37,4.26
(d,J=3.4 Hz)

D 5.19 4.29 419 405 |478 |-

E 5.39 3.22 368 [3.68 |388 |3.85

F/H/J/L 4.46 3.34 366 373 377 |-

G/I/K/M 5.36 3.86 364 [3.64 |385 |3.85

N 4.46 3.34 350 [350 |3.73 |-
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13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 97.0 57.9 68.4 76.4 69.5 59.7
B 97.2 77.0 69.6 75.8 70.1 -
C 96.0 57.9 69.5 76.4 69.5 66.5
D 99.2 76.4 69.5 75.8 69.5 -
E 96.7 57.9 69.5 76.4 69.5 59.7
FH/J/L | 102.3 73.4 78.3 76.4 76.4 -
G/I/K/M | 96.7 53.3 70.5 76.4 70.5 59.7
N 102.3 73.4 75.0 71.6 76.4 -

5-Aminopentyl  O-(2-acetamido-6-azido-2-deoxy-a-D-glucopyranosyl)[-(1—4)-O-(B-D-
glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-o-D-glucopyranosyl)|4-(1—4)-
O-(p-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0-sulfate-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1—4)-0-2-

sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt (7).
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Compound 26 (1.4 mg, 0.41 pmol) was subjected to installation of unnatural o (1—4) 6-azido-
GlcNAc according to the general procedure to give the title compound 7 as a white powder
(1.2 mg, 80%). The amount of reagents that were used for this reaction: H>O (93 uL), Tris-HCI
(16.1 puL, 200 mM, pH = 7.5), UDP GIcNAc-6N3 (4.2 uL, 0.1 mg/ulL), MnCl (6.5 pL, 100

mM), PmHS? (9.5 uL, 2.7 mg/mL). "H NMR (600 MHz, D,0) & 5.44 (d, J=3.4 Hz, 1H, H1°),
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5.42 —5.38 (m, 2H, H1°, H1%), 5.36 (d, J = 3.2 Hz, 4H, H1S, H1!, HIX, HIM), 5.30 (bs, 1H,

H1PB), 5.18 (bs, 1H, HIP), 5.11 (d, J = 3.4 Hz, 1H, H14), 4.78 (1H, H5P), 4.66 (bs, 1H, H5P),

4.46 (d, J=7.8 Hz, 5H, H1Y, H1Y, H1’, HIY, H1Y), 4.40 — 4.34 (m, 1H, H6a%), 4.31 — 4.27 (m,

2H, H2P, H28B), 4.27 — 4.23 (m, 1H, H6b®), 4.20 — 4.17 (m, 1H, H3P), 4.17 — 4.14 (m, 1H,

H3B),4.11 —4.08 (m, 1H, H4B), 4.05 (bs, 1H, H4P), 4.00 — 3.95 (m, 1H, H5), 3.92 — 3.55 (m,

57H, H26, H2!, H2K, H2M, H2°, H6a”, H6bA, H6ak, H6bE, H6a®, H6bY, Hba!, H6b!, H6aX,

H6bX, HeaM, H6bM, H6a%, H6bO, H5E, H59, HS!, H5X, H5M, H5°, H54, H3A, OCHH linker,

H3E, H3C, H3!, H3X, H3M, H30, H3C, H5F, H5M, HS', HSY, HSN, H4C, H4F, H4M, H4', H4L, H4N,

H44, H4E, H4S, H4!, H4X, H4M, H3F, H3H, H3/, H3L, H3Y), 3.54 — 3.49 (m, 1H, OCHH linker),

3.49 — 3.43 (m, 1H, H4°), 3.37 — 3.30 (m, SH, H2F, H2", H2', H2', H2V), 3.28 — 3.19 (m, 3H,

H2¢, H2E, H2%), 3.02 (t,J = 7.3 Hz, 2H, CH>N linker), 2.02 (s, 3H, NHCOCH;°), 2.01 (s, 12H,

4 x NHCOCH3), 1.76 — 1.47 (m, 6H, 3 x CH, linker). *C NMR from HSQC (151 MHz, D,0)

§102.3 (CIF, C11, C1, CIE, CIN), 99.2 (C1P), 97.2 (C1B), 97.0 (C1%), 96.7 (C1°, C1X, C1M,

C1E, CI6S, C1Y), 96.0 (C19), 78.0 (C3F, C34, C3’, C3L, C3N), 77.0 (C2B), 76.4 (C2P, C5F, C5H,

C5’, C5L, C5N, C4F, C4M, C4!, C4%, C4N, C4€, C49, C4L, C44, C4E, C4K, C4M), 75.8 (C48, C4D),

73.4 (C2F, C24, C2J, C2t, C2N), 70.5 (C56, €51, C5%, C5M, C59, €36, €31, C3K, C3M, C39),

70.1 (C58, C49), 69.6 (C38B), 69.5 (C5P, C3P, C5€, C5E, C54, C3€, C3%), 67.7 (OCH: linker),

66.5 (C6°), 59.7 (C6%, C6E, C6Y, C6!, C6X, CoM), 57.9 (C2€, C2E, C24), 53.3 (C2¢, C2!, C2K,

C2M, C29), 50.4 (C6°), 39.6 (NCH linker), 28.0 (CH; linker), 26.4 (CH; linker), 22.6 (CH>

linker), 21.7 (5 x NHCOCH3). HRMS (ESI-MS): m/z calculated for CiosH163N12097S¢ [M-

13Na+10H]*: 1111.8844; found: 1111.8806.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 |H5 |H6
A 5.11 3.22 387 370 |387 |3.85
(d,J=3.4 Hz)
5.30 4.29 416 |4.10 |466 |-
5.44 3.26 359 |3.76 |3.98 |4.37,4.26
(d,J=3.4 Hz)
D 5.18 4.29 419 | 405 |478 |-
5.39 3.22 368 |3.68 |3.88 |[3.85
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F/H/J/L/N | 446 3.34 3.66 |3.73 |37 |-
(d,J=7.8 Hz)

G//K/M | 336 3.86 3.64 |3.64 |3.85 [3.85
(d,J=3.2 Hz)

o) 5.40 3.85 3.68 |347 |3.88 |[3.62

13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 C5 C6

A 97.0 57.9 68.4 76.4 69.5 59.7

B 97.2 77.0 69.6 75.8 70.1 -

C 96.0 57.9 69.5 76.4 69.5 66.5

D 99.2 76.4 69.5 75.8 69.5 -

E 96.7 57.9 69.5 76.4 69.5 59.7

F/H/J/L/N | 102.3 73.4 78.3 76.4 76.4 -

GI/K/M | 96.7 53.3 70.5 76.4 70.5 59.7

o) 96.7 53.3 70.5 70.1 70.5 50.4

5-Aminopentyl

[O-(B-D-glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-a-D-

glucopyranosyl)-(1—4)]s-O-(B-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-

deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-

(2-sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-

idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt
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Compound 26 (5.9 mg, 1.7 umol) was subjected to installation of a (1—4)-GlcNAc according
to the general procedure to give HS glycan 15-mer as a white powder (5.1 mg, 82%). The
amount of reagents that were used for this reaction: H>O (416 pL), Tris-HCI (68 pL, 200 mM,
pH = 7.5), UDP GIcNAc (15.8 pL, 0.1 mg/uL), MnCl; (2.7 uL, 1.0 M), PmHS2 (40 uL, 2.7
mg/mL). The resulting HS glycan 15-mer (4.6 mg, 1.3 pmol) was subjected to installation of
(1—-4)-GIcA according to the general procedure to give the title compound 27 as a white
powder (3.6 mg, 74%). The amount of reagents that were used for this reaction: H>O (305 pL),
Tris-HCI (50 puL, 200 mM, pH = 7.5), UDP GlcA (12.4 uL, 0.1 mg/uL), MnCl, (2.0 pL, 1.0
M), PmHS2 (29.6 pL, 2.7 mg/mL). '"H NMR (600 MHz, D,0) & 5.43 (d, /= 3.4 Hz, 1H, HI®),
5.40 — 5.33 (m, 6H, H1E, H1Y, H1!, H1X, HIM, H1°), 5.29 (d, /= 3.4 Hz, 1H, H1B), 5.18 (bs,
1H, H1P), 5.11 (d, J= 3.5 Hz, 1H, H1%*), 4.78 (1H, H5P), 4.65 (d, /= 2.9 Hz, 1H, H5B), 4.50 —
4.43 (m, 6H, H1¥, HIY, HI’, H1Y, HIN, H1?), 4.40 — 4.34 (m, 1H, H6a°%), 4.31 — 4.27 (m, 2H,
H2P, H2B), 4.26 — 4.22 (m, 1H, H6b®), 4.20 — 4.17 (m, 1H, H3P), 4.17 — 4.14 (m, 1H, H3®),
4.11 - 4.08 (m, 1H, H4®), 4.05 (bs, 1H, H4P), 4.00 — 3.95 (m, 1H, H5%), 3.92 — 3.55 (m, 59H,
H26, H2!, H2X, H2M, H2°, H6a”, H6b”, H6ak, H6bE, H6a®, H6bC, Héa!, H6b!, H6aX, H6bX,
H6aM, H6bM, H6a®, H6bO, H5E, H59, H5!, H5%, H5M, H5°, H54, H3#, OCHH linker, H3%, H36,
H3' H3X, H3M, H3°, H3¢, H5F, H5H, H5', H5Y, H5N, H5P, H4C, H4F, H4H H4', H4Y, H4N, H44,
H4E, H49, H4!, H4K, H4M, H4°, H3F, H3H, H3’, H3%, H3VN), 3.54 — 3.47 (m, 3H, OCHH linker,
H4P, H3P), 3.37 — 3.30 (m, 6H, H2F, H2H, H2', H2' H2N, H2P), 3.28 —3.19 (m, 3H, H2¢, H2E,
H2%), 3.02 (t, J = 7.3 Hz, 2H, CH>N linker), 2.02 & 2.01 (2s, 15H, 5 x NHCOCHj3), 1.76 —
1.47 (m, 6H, 3 x CH, linker). 3C NMR from HSQC (151 MHz, D,0) § 102.3 (C1%, C1H, C1’,
C1, CIN, C1%7),99.2 (C1P),97.2 (C18),97.0 (C1%),96.7 (C1°, C1K, C1M, C1E, C19, C1Y), 96.0
(C1°), 78.0 (C3F, C3H, C3’, C3L, C3N), 77.0 (C28B), 76.4 (C2P, C5%, C5Y, C5, C5%, C5N, C5P,
C4E, C4H, C4Y, C4L, C4N, C4C, C46, C4l, C44, C4E, C4K, C4M, C49), 75.8 (C4B, C4P), 75.0
(C3P), 73.4 (C2F, C2H, C27, C2L, C2N, C2P), 71.6 (C4P), 70.5 (C56, C5!, C5%, C5M, C5°, C36,
C3!, C3%, C3M, C39), 70.1 (C5B), 69.6 (C3B), 69.5 (C5P, C3P, C5€, C5E, C54, C3€, C3%), 67.7
(OCH: linker), 66.5 (C6°), 59.7 (C6%, C6E, C6Y, C6', C6X, C6M, C6°), 57.9 (C2€, C2E, C24),
53.3 (C26, C2!, C2K, C2M, C29), 39.6 (NCH3, linker), 28.0 (CH> linker), 26.4 (CH; linker), 22.6
(CH> linker), 21.7 (6 x NHCOCHSz3). ESI-MS: m/z calculated for Ci11Hi72N9O104Ss [M-
14Na+11H]*: 1162.5607; found: 1162.5547.
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'H NMR (600 MHz, D,0)

H1 H2 H3 |H4 |H5 |H6

A 5.1 3.22 387 370 |3.87 |3.85
(d,J=3.5Hz)

B 5.29 4.29 416 | 410 |466 |-
(d,J=3.4 Hz)

C 5.43 3.26 359 |3.76 |3.98 |4.37,4.26
(d,J=3.4 Hz)

D 5.18 4.29 419 405 |478 |-

E 5.39 3.22 368 [3.68 |388 |3.85

F/H/J/L/N | 4.46 3.34 366 373 377 |-

G/I/K/M/O | 536 3.86 364 [3.64 |385 |3.85

P 4.46 3.34 350 [350 |373 |-

13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 97.0 57.9 68.4 76.4 69.5 59.7
B 97.2 77.0 69.6 75.8 70.1 -
C 96.0 57.9 69.5 76.4 69.5 66.5
D 99.2 76.4 69.5 75.8 69.5 -
E 96.7 57.9 69.5 76.4 69.5 59.7
F/H/J/L/N | 102.3 73.4 78.3 76.4 76.4 -
G/I/K/M/O | 96.7 53.3 70.5 76.4 70.5 59.7
P 102.3 73.4 75.0 71.6 76.4 -
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5-Aminopentyl  O-(2-acetamido-6-azido-2-deoxy-a-D-glucopyranosyl)[-(1—4)-O-(B-D-
glucopyranosyluronate)-(1—4)-0-(2-acetamido-2-deoxy-o-D-glucopyranosyl)|s-(1—4)-
O-(p-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-idopyranosyluronate)-(1—4)-0-2-

sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt (8).

AcHN ¢y o OH OH
0
HO o o o}
by HO oH PHo
NaOSSHN | o, \ Na0,C 71977 NaOSSHN ok,
0
Naozcbﬁ&‘ NaO;SHN OSOsNa

oH OW

0SO;Na

Compound 27 (0.6 mg, 0.16 pmol) was subjected to installation of unnatural o (1—4) 6-azido-
GlcNAc according to the general procedure to give the title compound 8 as a white powder
(0.5 mg, 79%). The amount of reagents that were used for this reaction: H>O (35 pL), Tris-HCI
(6.1 uL, 200 mM, pH =7.5), UDP GIcNAc-6N3 (1.6 puL, 0.1 mg/uL), MnCl; (2.5 pL, 100 mM),
PmHS2 (3.7 uL, 2.7 mg/mL). '"H NMR (600 MHz, D-0) § 5.44 (d, J = 3.4 Hz, 1H, H1°), 5.40
(d,J=3.8Hz, 1H, H19), 5.39 (d,J= 3.4 Hz, 1H, H1¥), 5.36 (d, /= 3.2 Hz, 5H, H1¢, H1!, H1X,
H1M, H19), 5.30 (bs, 1H, H1B), 5.18 (bs, 1H, H1P), 5.11 (d, J = 3.4 Hz, 1H, H1%), 4.78 (1H,
H5P), 4.65 (bs, 1H, H58), 4.46 (d, /= 7.8 Hz, 6H, H1F, H1!, H1’, H1%, HIN, H1P), 4.40 — 4.34
(m, 1H, H6a%), 4.31 —4.27 (m, 2H, H2P, H2B), 4.26 — 4.22 (m, 1H, H6b®), 4.20 —4.17 (m, 1H,
H3P),4.17 —4.14 (m, 1H, H3B), 4.11 — 4.08 (m, 1H, H4®), 4.05 (bs, 1H, H4P), 4.00 — 3.95 (m,
1H, H5%), 3.92 — 3.55 (m, 66H, H2¢, H2!, H2K, H2M, H2°, H2?, H6a”, H6b”, H6a®, HObE,
H6a%, H6bC, Hba!, H6b!, H6aX, H6bX, H6aM, H6bM, H6a®, H6bO, H6a?, H6b?, H5E, H5Y, H5!,
H5X, H5M, H5°, H5Q, H5%, H3A, OCHH linker, H3E, H3C, H3!, H3K, H3M, H3°, H3Q, H3C,
H5F, H5H, H5', H5E, H5N, H5P, H4C, H4F, H4H, H4', H4L, H4N, H4P H4A H4F, H4G, H4!, H4K,
H4M, H4°, H3F, H3H, H3’, H3L, H3N, H3P), 3.54 — 3.49 (m, 1H, OCHH linker), 3.49 —3.43 (m,
1H, H49), 3.37 — 3.30 (m, 6H, H2F, H2!, H2’, H2', H2N, H2P), 3.28 — 3.19 (m, 3H, H2¢, H2E,
H2%), 3.02 (t, J = 7.3 Hz, 2H, CH>N linker), 2.03 (s, 3H, NHCOCH;?), 2.01 (s, 15H, 5 x
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NHCOCHs), 1.76 — 1.47 (m, 6H, 3 x CH, linker). 3C NMR from HSQC (151 MHz, D,0) &
102.3 (C1%, C1H, C1Y, C1%, CIN, C1P), 99.2 (C1P), 97.2 (C1B), 97.0 (C1%), 96.7 (C1R, C1°,
CIK, CIM, CI1E, C16, C1h), 96.0 (C19), 78.0 (C3F, C3H, C37, C3L, C3N, C3P), 77.0 (C2B), 76.4
(C2P, C5F, C5M, C5Y, C5L, C5N, C5P, C4F, C4M, C4Y, C4%, C4N, C4P, C4€, C49, C4l, C44, C4E,
C4K, C4M, C49), 75.8 (C48, C4D), 73.4 (C2F, C2H, C27, C2L, C2N, C2P), 70.5 (C59, C5!, C5K,
C5M, C59, C59, €39, C3!, C3K, C3M, C39, C39),70.1 (C58, C49), 69.6 (C3B), 69.5 (C5P, C3P,
C5€, C5E, C54, C3€, C3E), 67.7 (OCH: linker), 66.5 (C6%), 59.7 (C6%, C6E, C65, C6!, C6X,
C6M, C69), 57.9 (C2€, C2E, C2%), 53.3 (C26, C21, C2K, C2M, C29, C29), 50.4 (C69), 39.6
(NCHz; linker), 28.0 (CH> linker), 26.4 (CH> linker), 22.6 (CH> linker), 21.7 (6 x NHCOCH3).
ESI-MS: m/z calculated for Ci19H184N130108S6 [M-14Na+11H]*: 1238.5893; found:
1238.5778.

'H NMR (600 MHz, D,0)

H1 H2 H3 |H4 |H5 |Hé6
A 5.11 3.22 387 [3.70 |387 |3.85
(d, J=3.4 Hz)
5.30 4.29 416 | 410 |466 |-
5.44 3.26 359 |3.76 |3.98 |4.37.4.26
(d, J=3.4 Hz)
D 5.18 4.29 419 | 405 |478 |-
5.39 3.22 368 [3.68 |388 |3.85
(d, J=3.4 Hz)
F/H/J/L/N/P | 446 3.34 366 |3.73 377 |-
(d,J=7.8 Hz)
G/I/K/M/Q | 3-36 3.86 364 [3.64 |385 |3.85
(d,J=3.2 Hz)
Q 5.40 3.85 368 |347 |388 |3.62
(d, J=3.8 Hz)
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13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 97.0 57.9 68.4 76.4 69.5 59.7
B 97.2 77.0 69.6 75.8 70.1 -
C 96.0 57.9 69.5 76.4 69.5 66.5
D 99.2 76.4 69.5 75.8 69.5 -
E 96.7 57.9 69.5 76.4 69.5 59.7
F/H/J/L/N/P | 102.3 73.4 78.3 76.4 76.4 -
G/I/K/M/O | 96.7 53.3 70.5 76.4 70.5 59.7
Q 96.7 53.3 70.5 70.1 70.5 50.4

5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-glucopyranosyl) -O-[ V-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl)-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-
a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)- (1—4)-0-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt

9.
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Compound 2 (1.1 mg, 0. 54 umol) and compound 3 (1.1 mg, 0.54 pmol) were subjected to

copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction according to the general
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procedure to give the title compound 9 as a white powder (1.3 mg, 61%). '"H NMR (600 MHz,
D>0) 8 7.85 (s, 1H, CH triazole), 5.47 (d,J= 3.5 Hz, 1H, H1°), 5.44 — 5.40 (m, 2H, H1F, HI1E"),
5.40 (d, J=3.5 Hz, 1H, H1¢Y), 5.35 (d, J= 3.5 Hz, 1H, H19), 5.33 (d, J = 3.5 Hz, 1H, H15),
5.22 (bs, 2H, H1P, H1P"), 5.18 (bs, 1H, H1B"), 5.16 — 5.12 (m, 2H, H14, H1A"), 4.91 — 4.77 (m,
4H, H6a%, H5P, H5P!, H5B'), 4.68 (d,J=2.9 Hz, 1H, H5®), 4.61 — 4.56 (m, 1H, H6b®), 4.54 —
4.49 (m, 2H, H1Y, H1'), 4.43 — 4.38 (m, 2H, H6a%, H6a®"), 4.35 — 4.25 (m, 6H, H2P, H2P!,
H2B, H2B!, H6bC, H6bC!), 4.24 — 4.17 (m, 4H, H3P, H3P!, H3B, H3B!), 4.15 — 4.12 (m, 1H,
H48), 4.12 - 4.07 (m, 4H, H4B!, H4P, H4P! H59), 4.04 — 3.99 (m, 2H, H5¢, H5¢"), 3.97 - 3.60
(m, 32H, H6a”, H6bA, H6a*!, H6bA!, H6ak, H6bE, Heak!, H6bE!, H3A, H5E, H5E!, H54, H54!,
HSF, H4F, H5F!, H4C, H4C!, H4A, H4A!, H4E, H4F!, H3F, H3C, H3E, H3F!, H3C!, H3A!, H3C,
H2¢, OCHH linker, OCHH linker1), 3.59 — 3.48 (m, 4H, OCHH linker, OCHH linkerl, H3!,
H4h), 3.43 - 3.38 (m, 2H, H2F, H2F"), 3.32 —3.23 (m, 6H, H2¢, H2C!, H2F, H2F!, H2A, H2A1),
3.15 (t, J=7.1 Hz, 2H, NCH, linker1), 3.04 (t, J = 7.2 Hz, 2H, NCH, linker), 3.00 (t, J = 7.5
Hz, 2H, CH>-triazole), 2.79 — 2.72 (m, 1H, H49), 2.61 (t, J= 7.6 Hz, 2H, CH,CONH), 2.03 (s,
3H, NHCOCH3), 1.79 — 1.29 (m, 12H, 6 x CH, linker). '*C NMR from HSQC (151 MHz, D,0)
8 124.7 (CH triazole), 102.1 (C1F, C1F1), 99.2 (C1P, C1P!, C1BY), 97.3 (C16Y, C1B), 97.0 (C14,
C141),96.5 (C1E, C1E1, C1€1), 95.9 (C19), 77.5 (C44, C4A1, C4E, C4EL, C3Y), 76.7 (C28, C28B!,
C5%), 75.9 (C2P, C2P!, C4B, C4B!, C4P, C4P!, C4F, C5%!, C4€, C4Ch, 75.2 (€3, 73.2 (C2F,
C2t), 71.9 (C4th), 70.9 (C541), 70.7 (C5E, C5EL, C5%), 70.0 (C58, C49), 69.7 (C39, C3E, C3E!,
C3€, C3¢!, €341, 69.4 (C5P, C5P!, C5B1, €38, C3B!, C3P, C3P1, C59, C5€, C5¢Y), 68.4 (OCH,
linker1), 68.2 (C3%), 67.6 (OCH> linker), 66.4 (C6€, C6<1), 59.7 (C6%, C6A!, C6E, C6E), 57.9
(C24, C2A1, C2€, C2¢!, C2E, C2FY), 53.5 (C29), 49.6 (C69), 39.5 (2 x NCHa linker), 35.4
(CH>,CONH), 28.2 (CH: linker, 2 x CH> linkerl), 26.5 (CH: linker), 22.7 (CH> linker, CH»
Linkerl), 22.0 (NHCOCH3), 21.4 (CH»-triazole). ESI-MS: m/z calculated for
CosHi53N120103S12 [M-18Na+15H]*: 1164.7934; found: 1164.7493.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 HS Hé6

A 5.14 3.25 3.89 3.74 3.90 3.90
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Al 5.14 325 365 |37l 3.79 3.90

B 5.33 433|418 |413 | 408 -
(d,J=3.5Hz) (d, J=2.9 Hz)

Bl 5.18 431 421 409 | 4.83 -

C 547 329 |3.62 3.78 4.01 4.40,4.27
(d,J=3.5Hz)

1 5.40 329 366 [3.78 |40l 4.40,4.27
(d,J=3.5Hz)

D/D1 | 5.22 433|421 409 | 4.83 -

E/E1 |542 326 373|371 3.94 3.90

F 451 339 370 375 [382 -

F1 451 339 353 [353 |35 -

G 5.35 3.68 3.73 2.75 4.10 4.86,4.58
(d,J=3.5Hz)

13C NMR from HSQC (151 MHz, D,0)
1 C2 C3 c4 cs C6

A 97.0 579 |682 775 |70 59.7

Al 97.0 579 697 |[775 |709 59.7

B 97.3 76.7 | 694 759 |70.0 -

Bl 99.2 76.7 | 694 759 |69.4 -

C 95.9 579 1697 [759 |69.4 66.4

1 96.5 579 1697 759 |69.4 66.4

D/D1 99.2 759 | 694 759 |69.4 -

E/E1 96.5 579 1697 |775  |70.7 59.7

F 102.1 732|775 759 |76 -

F1 102.1 732|752 |71.9 |759 -

G 97.3 535 697 [700 |69.4 49.6
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5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl)-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-deoxy-
a-D-glucopyranosyl)-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1—4)-O-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-
(2-sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt

(10).
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Compound 2 (1.2 mg, 0.66 umol) and compound 4 (1.6 mg, 0.66 umol) were subjected to
copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction according to the general
procedure to give the title compound 10 as a white powder (1.8 mg, 63%). "H NMR (600 MHz,
D>0) 8 7.85 (s, 1H, CH triazole), 5.46 (d, J= 3.4 Hz, 1H, H1°), 5.44 — 5.40 (m, 2H, H1F, HI1E"),
5.40 — 5.38 (m, 2H, H1Y, H1¢"), 5.35 (d, J = 3.3 Hz, 1H, H1Y), 5.32 (d, J = 3.3 Hz, 1H, H15),
5.22 (bs, 2H, H1P, H1P"), 5.18 (bs, 1H, H1B"), 5.16 — 5.12 (m, 2H, H14, H1A"), 4.90 — 4.74 (m,
4H, Hé6a', H5P, H5P!, H5B"), 4.68 (d, J=2.9 Hz, 1H, H5B), 4.61 — 4.56 (m, 1H, H6b"), 4.54 —
4.47 (m, 3H, H1F, H1!, H1Y), 4.44 — 4.37 (m, 2H, H6a®, H6a"), 4.35 — 4.25 (m, 6H, H2P,
H2P!, H2B, H2B!, H6bC, H6bC!), 4.23 — 4.17 (m, 4H, H3P, H3P!, H3B, H3B!"), 4.14 — 4.12 (m,
1H, H4B), 4.12 — 4.06 (m, 4H, H4B!, H4P, H4P!, H5"), 4.04 — 3.99 (m, 2H, H5¢, H5), 3.97 -
3.60 (m, 41H, H2S, H6a*, H6bA, H6a!, H6bA!, H6at, H6bE, H6ak!, H6bE!, H6a%, H6bY, H34,
HSE, H5F!, H54, H56, H3G, H5A!, H5F, HSH, H4C, H4F, H4H, H5F!, H4C, H4C! H4A, H4A!, H4E,
H4E!, H3F, H3H, H3!, H3F, H3F!, H3C!, H3A!, H3C, H2!, OCHH linker, OCHH linkerl), 3.58 —
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3.48 (m, 4H, OCHH linker, OCHH linker1, H3F!, H4F1), 3.42 —3.36 (m, 3H, H2%, H2F!, H2!),
3.32-3.23 (m, 6H, H2C, H2C!, H2E, H2F!, H24, H2AY), 3.15 (t,J = 7.1 Hz, 2H, NCH, linker1),
3.05 (t, J= 7.2 Hz, 2H, NCH linker), 3.01 (t, J = 7.5 Hz, 2H, CH»-triazole), 2.81 — 2.75 (m,
1H, H4Y), 2.61 (t, J = 7.6 Hz, 2H, CH.CONH), 2.05 (s, 3H, NHCOCHj3), 2.03 (s, 3H,
NHCOCHs), 1.79 — 1.26 (m, 12H, 6 x CH> linker). 3C NMR from HSQC (151 MHz, D,0) &
124.7 (CH triazole), 102.2 (C1F, C1¥1, C11), 99.2 (C1P, C1P!, C1BY), 97.2 (C1!, C1B), 96.9
(C14, C141), 96.5 (CIE, C1EL, CI€Y, C19), 95.9 (C1€), 77.5 (C3F, C31), 76.5 (C2B, C2B!, C5F,
C5H, C49, C4F, C4H, C5F1, C4C, C4€1, C47, C471, C4E, C4EY, 75.9 (C2P, C2P1, C4B, C4B!, C4P,
H4PY), 75.1 (C3FY), 73.2 (C2F, C2F1, C2M), 71.8 (C4F1), 70.7 (C5E, C5EL, C54, C59, C36, C5AY),
69.9 (C58, C4h), 69.7 (C3!, C3E, C3E!, C3€, C3¢!, C341),69.3 (C5P, C5P!1, C5B1, C51, C5€, C5¢Y),
69.1 (C3B, C3B!, C3P, C3P1), 68.3 (OCH: linkerl), 68.1 (C3%), 67.7 (OCH2 linker), 66.4 (C6°,
C6%h), 59.5 (C62, C6A!, C6E, C6FL, C69), 57.9 (C24, C2A1, C2€, C2¢1, C2E, C2EY), 53.3 (€26,
C2Y),49.6 (C6"), 39.5 (2 x NCH;, linker), 35.2 (CH.CONH), 28.0 (CH: linker, 2 x CH; linker1),
26.3 (CHa linker), 22.6 (CH: linker, CH> linkerl), 21.8 (2 x NHCOCH3), 21.1 (CH»-triazole).
ESI-MS: m/z calculated for Cio9H174N130114S12 [M-19Na+16H]*: 1291.1639; found:
1291.1645.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 H5 H6
A 5.14 325 389  [374 [3.89 3.89
Al 5.14 325 365  [372  [3.79 3.89
B 5.32 432|418 |413 | 468 =
(d, J=3.3 Hz) (d, J=2.9 Hz)
Bl 5.18 431 421 409 | 4.79 -
C 5.46 329 |3.62 378 | 4.01 441,428
(d, J=3.4 Hz)
C1 5.40 329  [3.66 [3.78 |4.01 441,428
D/D1 | 5.22 433|421 409 |4.82 -
E/El |5.42 326 372|371 3.94 3.89
F/H 4.50 339 [370 [3.76 |3.81 -
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F1 4.51 3.40 3.53 3.53 3.75 -

G 5.40 3.89 3.89 3.79 3.89 3.89
I 5.35 3.68 3.72 2.78 4.09 4.85,4.59
d,J=3.3Hz)

13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 96.9 57.9 68.1 76.5 70.7 59.5
Al 96.9 57.9 69.7 76.5 70.7 59.5
B 97.2 76.5 69.1 75.9 69.9 -
B1 99.2 76.5 69.1 75.9 69.3 -
C 95.9 57.9 69.7 76.5 69.3 66.4
C1 96.5 57.9 69.7 76.5 69.3 66.4
D/D1 99.2 75.9 69.1 75.9 69.3 -
E/E1l 96.5 57.9 69.7 76.5 70.7 59.5
F/H 102.2 73.2 77.5 76.5 76.5 -
F1 102.2 73.2 75.1 71.8 76.5 -
G 96.5 53.3 70.7 76.5 70.7 59.5
| 97.2 53.3 69.7 69.9 69.3 49.6

5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl) [-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-
deoxy-a-D-glucopyranosyl)|:-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-0O-(2-
sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-

idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-deoxy-a-D-glucopyranosyl)-
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(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-

glucopyranoside, sodium salt (11).
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Compound 2 (0.8 mg, 0.43 umol) and compound 5 (1.2 mg, 0.43 umol) were subjected to
copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction according to the general
procedure to give the title compound 11 as a white powder (1.2 mg, 60%). "H NMR (600 MHz,
D>0) 8 7.85 (s, 1H, CH triazole), 5.46 (d, J= 3.4 Hz, 1H, H1°), 5.44 — 5.40 (m, 2H, H1F, HIE"),
5.40 — 5.38 (m, 3H, H1S, H1!, H1¢"), 5.35 (d, J = 3.3 Hz, 1H, H1¥), 5.32 (d, J = 3.3 Hz, 1H,
H1B), 5.22 (bs, 2H, H1P, H1PY), 5.18 (bs, 1H, H1BY), 5.16 — 5.12 (m, 2H, H14, H1A"), 4.90 —
4.74 (m, 4H, H6aX, H5P, H5P!, H5B"), 4.69 (d, J=2.9 Hz, 1H, H5®), 4.61 —4.56 (m, 1H, H6bX),
4.54 — 4.47 (m, 4H, H1¥', H1F, H1%, H1), 4.44 — 4.37 (m, 2H, H6a%, H6a‘"), 4.35 — 4.29 (m,
4H, H2P, H2P! H2B, H2B"), 4.29 —4.25 (m, 2H, H6b®, H6bC!), 4.23 — 4.17 (m, 4H, H3P, H3P!,
H3B, H3B"), 4.14 — 4.12 (m, 1H, H4®), 4.12 — 4.06 (m, 4H, H4B! H4P, H4P! H5X), 4.04 —3.99
(m, 2H, H5¢, H5), 3.97 — 3.59 (m, 50H, H2¢, H2!, H6a*, H6bA, H6a*!, H6bA!, H6at, H6LE,
H6al!, H6bE!, H6a%, H6bC, H6a!, H6b!, H34A, H5E, H5E!, H54, H59, H39, H5!, H3!, H54!, H5F,
H5H, HS, H4C, H4!, H4F, H4Y, H4', H5F!, H4C, H4C!, H4A, H4A!, H4E, H4F!, H3F, H3H, H3',
H3K, H3E, H3F!, H3¢!, H3A!, H3C, H2K, OCHH linker, OCHH linkerl), 3.58 — 3.48 (m, 4H,
OCHH linker, OCHH linkerl, H3F!, H4"), 3.42 — 3.36 (m, 4H, H2F, H2F!, H2H, H2'), 3.32 -
3.23 (m, 6H, H2C, H2¢!, H2F, H2F!, H2A, H2AY), 3.15 (t, J = 7.1 Hz, 2H, NCH- linkerl), 3.05
(t, J=17.2 Hz, 2H, NCH, linker), 3.01 (t, J = 7.5 Hz, 2H, CH-triazole), 2.81 — 2.75 (m, 1H,
H4K), 2.61 (t, J= 7.6 Hz, 2H, CH,CONH), 2.05 (s, 3H, NHCOCH?3), 2.04 (s, 3H, NHCOCH;),
2.02 (s, 3H, NHCOCH3), 1.79 — 1.26 (m, 12H, 6 x CH> linker). 3C NMR from HSQC (151
MHz, D>0) § 124.7 (CH triazole), 102.2 (C1F, C1¥!, C1H, C1Y), 99.2 (C1P, C1P!, C1B1), 97.2
(C1K, C1B), 96.9 (C14, C14AY), 96.5 (C1E, C1E!, CICL, C19, C1Y), 95.9 (CIC), 77.5 (C3F, C3H,
C3’%), 76.5 (C2B, C2B!, C5F, C5H, C5', C49, C41, C4F, C4H, C4!, C5F1, C4€, C4C, C44, C47!,
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C4E, C4E1), 75.9 (C2P, C2P1, C48, C4B1, C4P, H4PY), 75.1 (C3FY), 73.2 (C2F, C2F!, C2H, C2Y),

71.8 (C4t1), 70.7 (C5E, C5E!, C54, C59, C39, C51, C31, C541), 69.9 (C5B, C4K), 69.7 (C3XK, C3E,

C3E!l C3€, C3€1, C341), 69.3 (C5P, C5PL, €581, C5K, C5€, C5¢1), 69.1 (C38, €3B!, C3P, C3PY),

68.3 (OCH: linkerl), 68.1 (C3%), 67.7 (OCH: linker), 66.4 (C6€, C6C"), 59.5 (C6%, C6A!, C6F,

C6E!, C65, C6'), 57.9 (C24, C2A1, C2€, C2¢1, C2E, C2BY), 53.3 (C2€, C21, C2K), 49.6 (C6X),

39.5 (2 x NCH, linker), 35.2 (CH,CONH), 28.0 (CH, linker, 2 x CHa linkerl), 26.3 (CH,

linker), 22.6 (CH, linker, CH> linker1), 21.8 (3 x NHCOCH3), 21.1 (CHa-triazole). ESI-MS:

m/z calculated for C123H194N140125S12 [M-20Na+16H]4‘: 1062.8989; found: 1062.8737.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 H5 H6
A 5.14 325 389  [374 [3.89 3.89
Al 5.14 325 365 [372  [3.79 3.89
B 5.32 432|418 |413 | 468 =
(d,J=3.3 Hz) (d,J=2.9 Hz)
Bl 5.18 431|421 409 | 4.79 -
C 5.46 329 [3.62 [378 |40l 4.41,4.28
(d,J=3.4 Hz)
c1 5.40 329 366 [3.78 |40l 441,428
D/D1 | 522 433|421 409 | 4.82 -
E/E1 | 5.42 326 372|371 3.94 3.89
F/H/J | 4.50 339 [370 [3.76 |3.81 -
F1 451 340 353 [353 |35 -
G/l 5.40 389 389  [3.79 [3.89 3.89
K 5.35 3.68 3.72 2.78 4.09 4.85,4.59
(d,J=3.3 Hz)
13C NMR from HSQC (151 MHz, D,0)
C1 C2 C3 c4 cs C6
A 96.9 579 681 765 |70.7 59.5
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Al 96.9 57.9 69.7 76.5 70.7 59.5
B 97.2 76.5 69.1 75.9 69.9 -
B1 99.2 76.5 69.1 75.9 69.3 -
C 95.9 57.9 69.7 76.5 69.3 66.4
C1 96.5 57.9 69.7 76.5 69.3 66.4
D/D1 99.2 75.9 69.1 75.9 69.3 -
E/E1l 96.5 57.9 69.7 76.5 70.7 59.5
F/H/J 102.2 73.2 77.5 76.5 76.5 -
F1 102.2 73.2 75.1 71.8 76.5 -
G/l 96.5 53.3 70.7 76.5 70.7 59.5
K 97.2 53.3 69.7 69.9 69.3 49.6

5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl) [-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-
deoxy-a-D-glucopyranosyl)|s;-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-0O-(2-
sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-
idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-deoxy-o-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-
glucopyranoside, sodium salt (12).
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Compound 2 (0.5 mg, 0.27 umol) and compound 6 (0.8 mg, 0.25 umol) were subjected to
copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction according to the general
procedure to give the title compound 12 as a white powder (0.73 mg, 58%). 'H NMR (600
MHz, D>0) & 7.85 (s, 1H, CH triazole), 5.46 (bs, 1H, HI1°), 5.44 — 5.40 (m, 2H, H1F, HIE),
5.40 — 5.38 (m, 3H, H19, H1!, H1¥, H1¢"), 5.35 (bs, 1H, H1M), 5.32 (bs, 1H, H18), 5.22 (bs,
2H, HIP, H1PY), 5.18 (bs, 1H, H1B'), 5.16 — 5.12 (m, 2H, H1%, H1A"), 4.90 — 4.74 (m, 4H,
H6aM, H5P, H5P!, H5B!), 4.69 (bs, 1H, H58), 4.61 — 4.56 (m, 1H, H6bM), 4.54 — 4.47 (m, 5H,
H1F, H1F, HIY, HIY, H1Y), 4.44 — 4.37 (m, 2H, H6a®, H6a®"), 4.35 — 4.29 (m, 4H, H2P, H2P!,
H2B, H2B"), 4.29 — 4.25 (m, 2H, H6bC, H6bCY), 4.23 — 4.17 (m, 4H, H3P, H3P!, H3B, H3B!),
4.14 — 4.12 (m, 1H, H4®), 4.12 — 4.06 (m, 4H, H4B! H4P, H4P! H5M), 4.04 — 3.99 (m, 2H,
H5€, H5¢Y), 3.97 — 3.59 (m, 59H, H26, H2!, H2X, H6a”, H6bA, H6a!, H6b”!, H6at, H6LE,
H6al!, H6bE!, H6a%, H6bY, Hba!, H6b!, H6ak, H6bX, H34, H5E, H5E!, H54, H56, H3¢, H5!,
H3', H5K, H3K, H5A!, HS5F, H5H, HS', H5Y, H49, H4!, H4X, H4F, H4H, H4', H4L, H5F!, H4C,
H4C!, H44, H4A!, H4E, H4F!, H3F, H3H, H3’, H3%, H3M, H3E, H3E!, H3C! H3A! H3C, H2M,
OCHH linker, OCHH linkerl), 3.58 —3.48 (m, 4H, OCHH linker, OCHH linker1, H3"! H4F"),
3.42 — 3.36 (m, 5H, H2F, H2F!, H2H, H2', H2Y), 3.32 — 3.23 (m, 6H, H2€, H2C! H2F, H2F!,
H24, H2AY), 3.15 (t,J=7.1 Hz, 2H, NCH linker1), 3.05 (t, J= 7.2 Hz, 2H, NCH, linker), 3.01
(t,J=7.5Hz, 2H, CH>-triazole), 2.81 —2.75 (m, 1H, H4M), 2.61 (t,J= 7.6 Hz, 2H, CH,CONH),
2.05 (s, 3H, NHCOCH3), 2.04 (s, 3H, NHCOCH»), 2.02 (s, 3H, NHCOCH3), 1.79 — 1.26 (m,
12H, 6 x CH, linker). 3C NMR from HSQC (151 MHz, D>0) & 124.7 (CH triazole), 102.2
(C1F, CIFL, C1H, C1Y, C1Y), 99.2 (C1P, C1PY, C1BY), 97.2 (CIM, C1B), 96.9 (C14, C14Y), 96.5
(C1E, C1EL, C1€!, C19, C1Y, C1%),95.9 (C19), 77.5 (C3F, C3H, C37, C3Y), 76.5 (C28B, C2B!, C5F,
C5H, C5Y, C5L, €46, C41, C4K, C4F, C4H, C4, C4L, C5F1, C4C, C4C1, C4h, C471, C4E, C4EY,
75.9 (C2P, C2P!, C4B, C48!, C4P, H4PY), 75.1 (C3FY), 73.2 (C2F, C2F!, C2H, C2!, C2b), 71.8
(C4F1),70.7 (C5E, C5EL, C54, C59, C36, C5!, €31, C5K, C3K, C541), 69.9 (C58, C4M), 69.7 (C3M,
C3E, C3E1, C3€, C3¢1, C341), 69.3 (C5P, C5P!, C5BL, C5M, C5€, C5¢1), 69.1 (C38, C3B!, C3P,
C3P"), 68.3 (OCH: linker1), 68.1 (C3%), 67.7 (OCH: linker), 66.4 (C6<, C6¢1), 59.5 (C64, C6A!,
C6E, C6E!, C6Y, C6!, C6X), 57.9 (C24, C24!, C2€, C2¢1, C2E, C2FY), 53.3 (C29, C2!, C2K, C2M),
49.6 (C6M), 39.5 (2 x NCH> linker), 35.2 (CH,CONH), 28.0 (CH; linker, 2 x CH, linker1),
26.3 (CHz linker), 22.6 (CHa linker, CH> linkerl), 21.8 (3 x NHCOCHS3), 21.1 (CHa-triazole).
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HRMS (ESI-MS): m/z calculated for Ci37H216N150136S12 [M-21Na+17H]*: 1157.9288; found:

1157.8785.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 H5 H6
A 5.14 3.25 389 374 |3.89 3.89
Al 5.14 3.25 3.65 372 |3.79 3.89
B 5.32 432|418 413|468 -
Bl 5.18 431 421 409 | 4.79 -
C 5.46 329 |3.62 378 | 4.01 441,428
Cl1 5.40 329  |3.66 |3.78 401 4.41,4.28
D/D1 | 522 433 421 409 | 4.82 -
E/E1 |5.42 326  |3.72 3.71 3.94 3.89
F/H/J/L | 4.50 339|370 376 |3.81 -
F1 4.51 340 |3.53 3.53 3.75 -
G/I/K | 5.40 389 389 [3.79 |3.89 3.89
M 5.35 3.68 372|278 | 4.09 4.85,4.59
13C NMR from HSQC (151 MHz, D,0)
C1 C2 C3 C4 Cs C6
A 96.9 579 |68.1 [765 |70.7 59.5
Al 96.9 579 1697 765 |70.7 59.5
B 97.2 765 |69.1 759 699 -
Bl 99.2 765 |69.1 |759 693 -
C 95.9 579 1697 |765 |69.3 66.4
C1 96.5 579 1697 |765 |69.3 66.4
D/D1 99.2 759  |69.1 759 693 -
E/E1 96.5 579 1697 765 |70.7 59.5
F/H/J/L 102.2 732|775 765 | 765 -
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F1 102.2 73.2 75.1 71.8 76.5 -
G/I/K 96.5 53.3 70.7 76.5 70.7 59.5
M 97.2 53.3 69.7 69.9 69.3 49.6

5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl) [-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-
deoxy-a-D-glucopyranosyl)|4+-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-0O-(2-
sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-
idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-

glucopyranoside, sodium salt (13).
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copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction according to the general
procedure to give the title compound 13 as a white powder (0.61 mg, 45%). 'H NMR (600
MHz, D>0) & 7.85 (s, 1H, CH triazole), 5.46 (bs, 1H, HI1°), 5.44 — 5.40 (m, 2H, H1F, HIE),
5.40 — 5.38 (m, 5H, H1Y, H1', H1¥, HIM, H1¢"), 5.36 — 5.30 (m, 2H, H1°, H1®), 5.22 — 5.20
(m, 2H, H1P, H1P"), 5.18 (bs, 1H, H1B"), 5.16 — 5.12 (m, 2H, H14, H12"), 4.90 — 4.74 (m, 4H,
H6a°, H5P, H5P!, H5BY), 4.69 (bs, 1H, H5%), 4.61 — 4.56 (m, 1H, H6b®), 4.54 — 4.47 (m, 6H,
H1F', H1F, H1H, H1’, H1Y, HIN), 4.44 — 4.37 (m, 2H, H6a®, H6a®"), 4.35 — 4.29 (m, 4H, H2P,
H2P!, H2B, H2B"), 4.29 — 4.25 (m, 2H, H6b®, H6bLC!), 4.23 — 4.17 (m, 4H, H3P, H3P! H3B,
H3B'), 4.14 — 4.12 (m, 1H, H4B), 4.12 — 4.06 (m, 4H, H48!, H4P, H4P! H5°), 4.04 — 3.99 (m,
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2H, H5€, H5%), 3.97 — 3.59 (m, 68H, H26, H2!, H2K, H2M, H6a%, H6b”, H6a*!, H6bA!, H6aE,
H6bE, Heab!, H6bE!, H6aC%, H6bY, H6a!, H6b!, H6aX, H6bX, H6aM, H6bM, H3A, H5E, H5E!, H54,
H59, H39, H5!, H3!, H5K, H3K, H5M, H3M, H54!, HSY, H5Y, HS', H5Y, HSN, H49, H4!, H4K,
H4M, H4F, H4H, H4', H4L, H4N, H5'!, H4C, H4C!, H4A, H4A!, H4E, H4E!, H3Y, H3Y, H3’, H3Y,
H3N, H39, H3E, H3E!, H3C!, H3A!, H3C, H2°, OCHH linker, OCHH linkerl), 3.58 — 3.48 (m,
4H, OCHH linker, OCHH linkerl, H3F!, H4'), 3.42 — 3.36 (m, 6H, H2F, H2F!, H2", H2', H2Y,
H2N), 3.32 — 3.23 (m, 6H, H2¢, H2C!, H2E, H2E!, H24, H2AY), 3.15 (t, J= 7.1 Hz, 2H, NCH,
linkerl), 3.05 (t, J = 7.2 Hz, 2H, NCH: linker), 3.01 (t, J = 7.5 Hz, 2H, CH»-triazole), 2.81 —
2.75 (m, 1H, H49), 2.61 (t, J= 7.6 Hz, 2H, CH,CONH), 2.05 (s, 3H, NHCOCH}3), 2.05 (s, 9H,
3 x NHCOCH3), 2.02 (s, 3H, NHCOCHs), 1.79 — 1.26 (m, 12H, 6 x CH> linker). *C NMR
from HSQC (151 MHz, D>0) & 124.7 (CH triazole), 102.2 (C1¥, C1¥!, CIH, C1’, C1t, C1V),
99.2 (C1P, CIPL, C1BY), 97.2 (C19, C1B), 96.9 (C14, C141), 96.5 (C1E, C1EL, CI¢!, CI16, C11,
CIK, CIM), 95.9 (C19), 77.5 (C3F, C34, C3!, C3L, C3N), 76.5 (C2B, C2B!, C5F, C5M, C5Y, C5t,
C5N, C46, C4!, C4K, C4M, C4F, C4H) C4Y, C4L, C4N, C5FL, C4C, C4€1, C44, C4AL, C4E, C4EY),
75.9 (C2P, C2P1, C48, C4B!, C4P, H4PY), 75.1 (C3), 73.2 (C2F, C2F1, C2H, C2!, C2%, C2M),
71.8 (C4t1), 70.7 (C55, C5EL, C54, €56, C39, C5Y, C31, C5K, C3K, C5M, C3M, C541), 69.9 (C55,
C49), 69.7 (C3°, C3E, C3E!, C3€, C3¢1, C3A1), 69.3 (C5P, C5P1, C581, C59, C5€, C5¢Y1), 69.1
(C3B, 381, C3P, C3P1), 68.3 (OCH: linkerl), 68.1 (C3%), 67.7 (OCH; linker), 66.4 (C6€, C6<),
59.5 (C6*, C6A!, C6E, C6El, C65, C6!, C6X, C6M), 57.9 (C24, C2A1, C2€, C2€1, C2E, C2BY),
53.3 (C26, C2}, C2K, C2M, C29), 49.6 (C6°), 39.5 (2 x NCH: linker), 35.2 (CH,CONH), 28.0
(CH; linker, 2 x CH> linkerl), 26.3 (CH> linker), 22.6 (CH> linker, CH> linkerl), 21.8 (3 x
NHCOCH3), 21.1 (CH»-triazole). ESI-MS: m/z calculated for Cis1H236N160147S12 [M-
22Na+18H]*: 1252.4547; found: 1252.4438.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 HS He6
A 5.14 3.25 3.89 3.74 3.89 3.89
Al 5.14 3.25 3.65 3.72 3.79 3.89

B 5.32 4.32 4.18 4.13 4.68 -
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Bl 5.18 431 421 409 | 4.79 -

C 5.46 329 |3.62 378 | 4.01 441,428

Cl1 5.40 329  |3.66 [3.78 |4.01 4.41,4.28

D/D1 5.22 433 421 409 | 4.82 -

E/E1 5.42 326  |3.72 3.71 3.94 3.89

F/H/J/L/N | 4.50 339 |370 376 |3.81 -

F1 4.51 340 |3.53 3.53 3.75 -

G/I/K/M | 5.40 389 389 [3.79 |3.89 3.89

o) 5.35 3.68 372|278 | 4.09 4.85,4.59
13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 cs C6

A 96.9 579 |68.1 [765 |70.7 59.5

Al 96.9 579 1697 765 |70.7 59.5

B 97.2 765 |69.1 759 699 -

Bl 99.2 765 |69.1 |759 693 -

C 95.9 579 1697 |765 |69.3 66.4

Cl1 96.5 579 1697 |765 |69.3 66.4

D/D1 99.2 759  |69.1 759 693 -

E/E1 96.5 579 1697 765 |70.7 59.5

F/H/J/L/N | 102.2 732|775 765 | 765 -

F1 102.2 732|751 |718 | 765 -

G/I/KM | 965 533|707 [765 | 707 59.5

o) 97.2 533|697 699 |69.3 49.6
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5-Aminopentyl O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl) [-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-
deoxy-a-D-glucopyranosyl)|s-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-0O-(2-
sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-
idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-deoxy-a-D-glucopyranosyl)-
(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-
glucopyranoside, sodium salt (14).

COz%a OH
el
OH Na05SHN Iy

Compound 2 (0.4 mg, 0.2 pmol) and compound 8 (0.4 mg, 0.1 pmol) were subjected to copper
(I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction according to the general procedure
to give the title compound 14 as a white powder (0.30 mg, 51%). '"H NMR (600 MHz, D>0) &
7.85 (s, 1H, CH triazole), 5.46 (bs, 1H, HI), 5.44 — 5.40 (m, 2H, H1E, H1EY), 5.40 — 5.38 (m,
6H, H1Y, H1Y, H1¥, HIM, H1°, HI¢), 5.36 —5.30 (m, 2H, HI?, H1B), 5.22 - 5.20 (m, 2H, H1P,
H1PY), 5.18 (bs, 1H, HIBY), 5.16 — 5.12 (m, 2H, H14, HIAY), 4.90 — 4.74 (m, 4H, H6a®, H5P,
H5P!, H5BY), 4.69 (bs, 1H, H5B), 4.61 — 4.56 (m, 1H, H6bQ), 4.54 — 4.47 (m, 7H, H1F!, H1F,
HIE HIY, HIY, HIN, HIP), 4.44 — 4.37 (m, 2H, H6a%, H6a"), 4.35 — 4.29 (m, 4H, H2P, H2P!,
H2B, H2B"), 4.29 — 4.25 (m, 2H, H6b®, H6bCY), 4.23 — 4.17 (m, 4H, H3P, H3P!, H3B, H3B!),
4.14—4.12 (m, 1H, H4B), 4.12 - 4.06 (m, 4H, H48!, H4P, H4P!, H59), 4.04 — 3.99 (m, 2H, H5C,
H5¢Y), 3.97-3.59 (m, 77H, H2Y, H2!, H2¥, H2M, H2°, H6a*, H6bA, H6a !, H6bA!, H6a®, H6LE,
H6al!, H6bE!, H6a% H6bC, H6a!, H6b!, H6aX, H6bX, H6a™, H6bM, H6a®, H6bC, H34, H5E,
H5E!, H54, H59, H36, H5!, H3!, H5K, H3X, H5M, H3M, H5°, H3°, H54!, H5Y, H5Y, H5Y, H5Y,
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HSN, H5P, H46, H4!, H4K, H4M, H4°, H4F, H4Y, H4', H4L, H4N, H4P, H5"!, H4C, H4C!, H44,
H4A!, H4E, H4E!, H3Y, H3Y, H3', H3L, H3N, H3P, H3Q, H3E, H3E!, H3C!, H3A!, H3¢, H2C,
OCHH linker, OCHH linkerl), 3.58 —3.48 (m, 4H, OCHH linker, OCHH linker1, H3"! H4F"),
3.42 -3.36 (m, 7TH, H2F, H2F!, H2H, H2’, H2t, H2N, H2P), 3.32 — 3.23 (m, 6H, H2¢, H2¢!, H2E,
H2E!, H2A, H2AY), 3.15 (t,J= 7.1 Hz, 2H, NCH, linker1), 3.05 (t, J= 7.2 Hz, 2H, NCH, linker),
3.01 (t, J = 7.5 Hz, 2H, CHa-triazole), 2.81 — 2.75 (m, 1H, H49), 2.61 (t, J = 7.6 Hz, 2H,
CH>CONH), 2.05 (s, 3H, NHCOCHs), 2.05 (s, 6H, 2 x NHCOCH3), 2.02 (s, 3H, NHCOCH}),
1.79 — 1.26 (m, 12H, 6 x CH, linker). *C NMR from HSQC (151 MHz, D-0) § 124.7 (CH
triazole), 102.2 (C1¥, C1¥1, C1H, ClY, C1L, CIN, C1%),99.2 (C1P, C1P!, C1B!), 97.2 (C1Q, C1B),
96.9 (C14, C12h), 96.5 (C1E, C1E!, CI€Y, C19, C1L, C1X, C1M, C19), 95.9 (CI1°), 77.5 (C3F,
C3H, C3’, C3%, C3N, C3P), 76.5 (C2B, C2B!, C5F, C5M, C5Y, C5%, C5N, C5P, C49, C4Y, C4K, C4M,
C40, C4F, C4H, C4', C4L, C4N, C4P, C5F1, C4C, C4C1, C47, C4M1, C4E, C4EY), 75.9 (C2P, C2P1,
C4B, C4B!) C4P, H4PY), 75.1 (C3FY), 73.2 (C2F, C2F1, C2H, C2!, C2%, C2N, C2P), 71.8 (C4'™),
70.7 (C5E, C5EL, C54, C56, C36, C51, C31, C5K, C3K, C5M, C3M, C59, C39, C541), 69.9 (C55,
C49), 69.7 (C3R, C3E, C3E!, C3€, C3¢1, C3A1), 69.3 (C5P, C5P1, C5B1, C59, C5€, C5¢Y1), 69.1
(C3B, 381, C3P, C3P1), 68.3 (OCH; linkerl), 68.1 (C3%), 67.7 (OCH;, linker), 66.4 (C6¢, C6<),
59.5 (C6A, C6AL, C6E, COE!, C65, C6!, C6X, C6M, C6°), 57.9 (C24, C241, C2€, C2¢1, C2E, C2EY),
53.3 (C26, C2!, C2K, C2M, C29, C29), 49.6 (C69), 39.5 (2 x NCH, linker), 35.2 (CH,CONH),
28.0 (CH: linker, 2 x CH> linker1), 26.3 (CH> linker), 22.6 (CH; linker, CH> linker1), 21.8 (3
x NHCOCH3), 21.1 (CH»-triazole). ESI-MS: m/z calculated for CissH257N170158S12 [M-
23Na+19H]*: 1347.2325; found: 1347.2143.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 HS He6
A 5.14 3.25 3.89 3.74 3.89 3.89
Al 5.14 3.25 3.65 3.72 3.79 3.89
B 5.32 4.32 4.18 4.13 4.68 -
B1 5.18 431 4.21 4.09 4.79 -
C 5.46 3.29 3.62 3.78 4.01 4.41,4.28
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Cl1 5.40 329  [3.66 378 |4.01 4.41,4.28
D/D1 5.22 433|421 409 | 4.82 -
E/E1 5.42 326  |3.72  |3.71 3.94 3.89
F/H/J/L/N/P | 4.50 339 [3.70 376 |3.81 -
F1 4.51 340  [3.53 353|375 -
G/I/K/M/O | 5.40 389 |38 379 |3.89 3.89
Q 5.35 368 372|278 |4.09 4.85,4.59
13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 cs C6
A 96.9 579 |68.1 [765 |70.7 59.5
Al 96.9 579 1697 [765 |70.7 59.5
B 97.2 765 |69.1 759 | 69.9 -
Bl 99.2 765 |69.1 759 693 -
C 95.9 579 1697 |765 |69.3 66.4
Cl1 96.5 579 1697 |765 |69.3 66.4
D/D1 99.2 759  |69.1 759 |69.3 -
E/E1 96.5 579 1697 [765 |70.7 59.5
F/H/J/L/N/P | 102.2 732|775 765 | 765 -
F1 102.2 732|751 |71.8 | 765 -
G/I/K/M/O | 96.5 533|707 765 | 707 59.5
Q 97.2 533|697 699 |69.3 49.6
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5-Aminopentyl O[-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0].-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)- (1—4)-0-
(2-sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-glucopyranoside, sodium salt

31).
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Compound 9 (0.7 mg, 0.2 umol) was subjected to installation of alkyne moiety reaction
according to the general procedure and the resulting compound 28 and compound 3 (0.6 mg,
0.3 umol) were subjected to copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction
according to the general procedure to give the title compound 31 as a white powder (0.53 mg,
50% over two steps). 'H NMR (600 MHz, D-0O) & 7.83 (s, 2H, CH triazole), 5.46 — 5.26 (m,
9H, H1¢, H1F, H1E!, H1B2 H1¢!, H1¢?, H19, H1¢!, H1B), 5.26 — 5.07 (m, 8H, H1P, H1P! H1P2,
H1B!, H1B2, H14, H1A!, H14?), 4.91 — 4.63 (m, 8H, H6a%, H6a®!, H5P, H5P!, H5P2, H5B, H5B!,
H5%%), 4.58 — 4.51 (m, 1H, H6bY, H6bC!), 4.51 — 4.44 (m, 2H, H1F, H1F!, H1%?), 4.43 — 4.34
(m, 3H, H6a%, H6a!, H6a%?), 4.34 — 4.22 (m, 9H, H2P, H2P!, H2P2, H2B, H2B! H2B2 H6bC,
H6bC!, H6b?), 4.22 — 4.14 (m, 6H, H3P, H3P!, H3P2 H3B H3B! H3P?), 4.13 — 4.02 (m, 8H,
H48, H4B! H4B2 H4P, H4P!, H4P2, H56, H551), 4.02 — 3.95 (m, 3H, H5C, H5%!, H5¢?), 3.95 —
3.56 (m, 50H, H6a”, H6b”, H6a!, H6bA!, H6a*2, H6b"2, H6ak, H6bE, H6ak!, H6bE!, H6at?,
H6b'2, H34, H5%, H5E!, H5%2, H54, H5A!, H542, H5F, HSF!, H4F, H4F! H5%2, H4¢, H4C!, H4C2,
H4A, H4A!, H4A2, H4E, H4®!, H4F2 H3F, H3F!, H36, H39!, H3E, H3E!, H3F2, H3¢!, H3¢2, H3A!,

76



H342, H3¢, H26, H26!, OCHH linker, OCHH linkerl, OCHH linker2), 3.56 — 3.44 (m, 5H,
OCHH linker, OCHH linkerl, OCHH linker2, H3"2, H4%?), 3.40 — 3.34 (m, 3H, H2F, H2F!,
H2F2), 3.28 — 3.18 (m, 9H, H2C, H2C!, H22, H2E, H2E!, H2E2, H2A, H2A!, H2A2), 3.12 (t, J =
7.1 Hz, 4H, NCH; linkerl, NCH, linker2), 3.01 (t, J = 7.2 Hz, 2H, NCH; linker), 2.97 (t, J =
7.5 Hz, 4H, 2 x CH,-triazole), 2.76 — 2.68 (m, 2H, H4Y, H4S"), 2.58 (t, J = 7.6 Hz, 4H, 2 x
CH.CONH), 2.02 (s, 6H, 2 x NHCOCH3), 1.79 — 1.29 (m, 18H, 9 x CH, linker). 3C NMR
from HSQC (151 MHz, D;0) & 124.7 (CH triazole), 102.2 (C1F, C1F!, C1F2),99.2 (C1P, C1P!,
C1P2 C1B!, C182),97.3 (C19, C19!, C1B), 97.0 (C14, C121, C142),96.5 (C1E, C1E!, C1F2, C1¢!,
C1©2),95.9 (C19), 77.5 (C4~, C4A1, C472, C4E, C4F!, C4F2) C3F, C3F1), 76.7 (C28B, C2B!, C2B2,
C5F, C5F1, C5%2), 75.9 (C2P, C2P1, C2P2, C4B, C4B!, C4B2, C4P, C4P!, C4P2, C4F, C4F!, C5F1,
C5F2, C4C, CAC1, C4C2), 752 (C3F2), 73.2 (C2F, C2F!, C2F2), 71.9 (C472), 70.9 (C542), 70.7 (CSE,
C5EL C5E!, €54, C541), 70.0 (C5B, C5B1, C49, C49Y), 69.7 (C36, €361, C3E, C3E!, C3E2, C3€,
C3¢1, C3%2, C312), 69.4 (C5P, C5P1, C5P2, C582, €38, C3B!, €382, C3P, C3P!, C3P2, C56, C59!,
C5€, C5€1, C5%?), 68.4 (OCH: linker1&2), 68.2 (C34, C3A!, C342), 67.6 (OCH; linker), 66.4
(C65, C6C!, C6%?), 59.7 (C6A, C6AL, C642, C6E, COF!, C6%?), 57.9 (C24, C2AT, C242, C2¢, C2¢1,
C2¢2, C2F, C2F!, C2F2), 53.5 (€26, C261), 49.6 (C65, C6YY), 39.5 (3 x NCH: linker), 35.4 (2 x
CH>CONH), 28.2 (6 x CH linker), 26.3 (CHa linker), 22.7 (2 x CH, linker), 22.0 (2 x
NHCOCH3), 21.4 (2 x CHb»-triazole). ESI-MS: m/z calculated for Ci49H238N200157S18 [M-
27Na+23H]*: 1348.9071; found: 1348.8879.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 HS He6
A 5.11 3.22 3.86 3.71 3.87 3.87
A1/A2 5.11 3.22 3.62 3.68 3.76 3.87
B 5.30 4.30 4.15 4.10 4.65 -
B1/B2 5.15 4.28 4.18 4.06 4.80 -
C 5.44 3.26 3.59 3.75 3.98 4.37,4.24
C1/C2 5.37 3.26 3.63 3.75 3.98 4.37,4.24
D/D1/D2 | 5.19 4.30 4.18 4.06 4.80 -
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E/E1/E2 | 5.39 3.23 3.70 3.68 3.91 3.87

F/F1 4.48 3.36 3.67 3.72 3.79 -
F2 4.48 3.36 3.50 3.50 3.72 -
G/G1 5.32 3.65 3.70 2.72 4.08 4.83,4.55

13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 97.0 57.9 68.2 77.5 70.7 59.7
Al1/A2 97.0 57.9 69.7 77.5 70.9 59.7
B 97.3 76.7 69.4 75.9 70.0 -
B1/B2 99.2 76.7 69.4 75.9 69.4 -
C 95.9 57.9 69.7 75.9 69.4 66.4
C1/C2 96.5 57.9 69.7 75.9 69.4 66.4
D/D1/D2 99.2 75.9 69.4 75.9 69.4 -
E/E1/E2 96.5 57.9 69.7 77.5 70.7 59.7
F/F1 102.2 73.2 77.5 75.9 76.7 -
F1 102.2 73.2 75.2 71.9 75.9 -
G/G1 97.3 53.5 69.7 70.0 69.4 49.6

5-Aminopentyl O[-(B-D-glucopyranosyluronate)-(1—4)-0-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl)-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-0O-(2-acetamido-2-deoxy-
a-D-glucopyranosyl)-(1—4)-O]:-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-
deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-
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(2-sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-

idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranoside, sodium salt
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Compound 10 (1.0 mg, 0.2 umol) was subjected to installation of alkyne moiety reaction
according to the general procedure and the resulting compound 29 and compound 4 (0.7 mg,
0.3 umol) were subjected to copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction
according to the general procedure to give the title compound 32 as a white powder (0.76 mg,
48% over two steps). 'H NMR (600 MHz, D-0) & 7.82 (s, 2H, CH triazole), 5.43 (bs, 1H, HIC),
5.41 — 5.34 (m, 7H, H1E, H1®!, H1¥2, H16, H19!, H1¢!, H1¢?), 5.31 (d, J = 3.3 Hz, 2H, H1',
H1™), 5.28 (bs, 1H, H1®), 5.20 — 5.16 (m, 3H, H1P, H1P! H1P?), 5.14 (bs, 2H, H1B!, H182),
5.12—-5.10 (m, 3H, H1#, H1A!, H142), 4.90 —4.71 (m, 7H, H6a!, H6a"', H5P, H5P!, H5P2, H58!,
H5%?), 4.65 (bs, 1H, H5B), 4.60 — 4.52 (m, 2H, H6b!, H6b'!), 4.50 — 4.44 (m, 5H, H1F, H1'!,
H1%2, H1H, H11Y), 4.40 — 4.35 (m, 3H, H6a®%, H6a®!, H6a%?), 4.32 — 4.22 (m, 9H, H2P, H2P!,
H2P2, H2B, H2B! H2B2, H6bC, H6bC!, H6b?), 4.20 —4.14 (m, 6H, H3P, H3P!, H3P2 H3B H3B!,
H38B%), 4.11 — 4.03 (m, 8H, H4B, H4B!, H4B2 H4P, H4P!, H4P2, H5', H5"), 4.00 — 3.95 (m, 3H,
H5¢, H5C!, H5¢?), 3.95 — 3.55 (m, 68H, H26, H26!, H6a*, H6b”, H6a*!, H6b !, H6a2, H6bA2,
H6at, H6bE, H6at!, H6bE!, H6a2, H6bE2, H6a®, H6bC, H6a%!, H6bY!, H34, HS5E, H5E!, H5E2,
H54, H56, H56!, H36, H3G!, H5A!, H542, H5F, HSF!, HS5H, H5M! H46, H4G!, H4F H4F! H4H,
H4"!' H5%2 H4C, H4C!, H4C?, H44, H4A!, H4A2 H4E, H48!, H4F2, H3F, H3F!, H3H, H3H! H3!,
H3", H3E, H3F!, H3E2, H3C!, H3C2, H3A!, H342, H3¢, H2!, H2", OCHH linker, OCHH linkerl,
OCHH linker2), 3.53 —3.46 (m, 5H, OCHH linker, OCHH linkerl, OCHH linker2, H3F2, H4"2),
3.39 - 3.33 (m, 5H, H2F, H2F!, H2F2, H2H, H2), 3.28 — 3.20 (m, 9H, H2C, H2¢!, H2?, H2F,
H2E!, H2E2, H24, H2A!, H24%), 3.12 (t, J = 7.1 Hz, 4H, NCH, linker1l, NCH, linker2), 3.03 —
2.96 (m, 6H, NCH- linker, 2 x CH-triazole), 2.77 — 2.72 (m, 2H, H4!, H4'"), 2.58 (t, J = 7.6
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Hz, 4H, 2 x CH,CONH), 2.02 (s, 6H, 2 x NHCOCH3), 1.99 (s, 6H, 2 x NHCOCH3), 1.79 —
1.26 (m, 12H, 9 x CH, linker). '*C NMR from HSQC (151 MHz, D;0) § 124.7 (2 x CH
triazole), 102.2 (C1F, C1¥!, C1¥2, C1H, C111), 99.2 (C1P, C1P!, C1PY, C1B!, C182), 97.2 (C1},
C1,C1B),96.9 (C14, C14!, C142),96.5 (C1E, C1E!, C1E2, C1€!, C1©2, C169, C191), 95.9 (C1°),
77.5 (C3F, C3F1, C3H, C3H1), 76.5 (C28, C2B!, C2B2, C5F, C5%1, C5H, C5M1, C49, C46!, C4F,
C4F1 C4H) C4M1 C4€, C4C1, C4©2, C4h, C4AT, C4A2, C4E, C4P1, C4F2), 75.9 (C2P, C2P1, C2P2,
C4B, C4B!,C482, C4P, C4P1, C4P2), 75.1 (C3%2), 73.2 (C2F, C2F1, C2F2, C2H, C211), 71.8 (C42),
70.7 (C5E, C5EL, C552, C54, C59, C59!, C36, €391, C541, C542), 69.9 (C58, C4!, C4'), 69.7
(C3%, C3", C3E, C3E!, C382, C3€, C3€1, C3¢%, C3AL, C342), 69.3 (C5P, C5P!, C5P2, C5B!, €582,
C5!, C511, C5€, C5¢1, C5¢%), 69.1 (C38, C3B!, C3B2, C3P, C3P1, C3P2), 68.3 (OCH; linkerl),
68.1 (C3%), 67.7 (OCH: linker), 66.4 (C6°, C6°!, C6<2), 59.5 (C6%, C6A!, C6%2, C6E, CoF!,
C62, C6Y, C661), 57.9 (C24, C2A1, C242, C2€, C2¢1, C2©2, C2E, C2E1, C2F?), 53.3 (C2¢, C261,
C2!, C2), 49.6 (C6', C6'), 39.5 (3 x NCH, linker), 35.2 (2 x CH,CONH), 28.0 (CH> linker,
2 x CHp linkerl, 2 x CH> linker2), 26.3 (CH> linker), 22.6 (CH> linker, CH> linker1, CH»
linker2), 21.8 (4 x NHCOCH3), 21.1 (2 x CHa-triazole). ESI-MS: m/z calculated for
C175H206N280175S18 [M-29Na+8NH+17H]*: 1541.5038; found: 1541.4449.

'H NMR (600 MHz, D>0)
H1 H2 H3 H4 HS He6

A 5.11 3.21 3.83 3.70 3.85 3.85
Al1/A2 5.11 3.21 3.61 3.68 3.75 3.85

B 5.28 4.28 4.17 4.09 4.65 -

B1/B2 5.14 4.28 4.17 4.05 4.75 -

C 5.43 3.25 3.58 3.74 3.98 4.38,4.23
C1/C2 5.36 3.25 3.62 3.74 3.98 4.38,4.23
D/D1/D2 5.18 4.28 4.17 4.05 4.79 -
E/E1/E2 5.39 3.22 3.68 3.67 391 3.85
F/F1/H/H1 | 4.47 3.35 3.66 3.72 3.77 -

F2 4.47 3.36 3.49 3.49 3.71 -

80



G/G1 5.36 3.87 3.85 3.75 3.85 3.85

Im 5.31 3.64 3.68 2.74 4.05 4.82,4.54

13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 96.9 57.9 68.1 76.5 70.7 59.5
Al1/A2 96.9 57.9 69.7 76.5 70.7 59.5
B 97.2 76.5 69.1 75.9 69.9 -
B1/B2 99.2 76.5 69.1 75.9 69.3 -
C 95.9 57.9 69.7 76.5 69.3 66.4
C1/C2 96.5 57.9 69.7 76.5 69.3 66.4
D/D1/D2 99.2 75.9 69.1 75.9 69.3 -
E/E1/E2 96.5 57.9 69.7 76.5 70.7 59.5
F/F1/H/H1 | 102.2 73.2 77.5 76.5 76.5 -
F2 102.2 73.2 75.1 71.8 76.5 -
G/G1 96.5 53.3 70.7 76.5 70.7 59.5
Im 97.2 53.3 69.7 69.9 69.3 49.6

5-Aminopentyl O[-(B-D-glucopyranosyluronate)-(1—4)-O-(2-sulfamino-2-deoxy-a-D-
glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-O-(2-
sulfamino-6-0-sulfate-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-o-L-
idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-o-D-glucopyranosyl) -O-[N-ethyl-
3-(1H-1,2,3-triazol-4-yl)propanamide]-(1—6)-N-(2-acetamido-2-deoxy-a-D-
glucopyranosyl) [-(1—4)-O-(B-D-glucopyranosyluronate)-(1—4)-O-(2-acetamido-2-
deoxy-a-D-glucopyranosyl)|:-(1—4)-O].-(B-D-glucopyranosyluronate)-(1—4)-O-(2-
sulfamino-2-deoxy-a-D-glucopyranosyl)-(1—4)-0-(2-O-sulfate-a-L-

idopyranosyluronate)-(1—4)-0-(2-sulfamino-6-0O-sulfate-2-deoxy-a-D-glucopyranosyl)-
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(1—4)-0-(2-O-sulfate-a-L-idopyranosyluronate)-(1—4)-0-2-sulfamino-2-deoxy-a-D-

glucopyranoside, sodium salt (33).
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Compound 11 (0.6 mg, 0.1 umol) was subjected to installation of alkyne moiety reaction
according to the general procedure and the resulting compound 30 and compound 5 (0.6 mg,
0.2 umol) were subjected to copper (I)-catalyzed azide-alkyne cycloaddition (CuAAC) reaction
according to the general procedure to give the title compound 33 as a white powder (0.30 mg,
33% over two steps). 'HNMR (600 MHz, D>0) & 7.82 (s, 1H, CH triazole), 5.43 (bs, 1H, HIC),
5.41 —5.33 (m, 9H, H1F, H1E!, H1¥2, H16, H16!, H1!, H1", HIC, H1¢), 5.33 — 5.28 (m, 3H,
H1¥, HIK! H1B), 5.23 - 5.06 (m, 8H, H1P, HIP!, H1P2, H1B!, H1®2, H14, H1A!, H14%), 4.90 —
4.60 (m, 8H, H6aX, Heak!, H5P, H5P!, H5P2, H5B!, H582, H5B), 4.58 — 4.51 (m, 2H, H6bX,
H6bXY), 4.50 —4.41 (m, 7H, H1F, HI1F!, H1H, H1H! HI', H1'!, H1%?), 4.41 — 4.34 (m, 3H, H6a®,
H6a®!, H6a%?), 4.34 — 4.20 (m, 9H, H2P, H2P! H2P2 H2B, H2B! H2B2 HebC, H6bC!, H6b?),
4.20—-4.12 (m, 6H, H3P, H3P!, H3P2, H3B H3B!, H3B2),4.12 - 4.01 (m, 8H, H4B, H4B!, H4B2,
H4P, H4P!, H4P2, H5X, H5%1), 4.00 — 3.95 (m, 3H, H5¢, H5¢!, H5%?), 3.95 - 3.56 (m, 86H, H26,
H26!, H2!, H2!!, H6a%, H6bA, H6a!, H6bA!, H6a2, H6bA2, H6ak, H6bE, H6ak!, H6bE!, H6at?,
H6bE2, H6a%, H6bC, H6a%!, H6bC!, H6a!, H6b!, Hea'!, H6b!!, H34A, H5E, H5E!, H5E2, H54, H56,
H59', H36, H39!, H5', H5", H3!, H3"!, H5%!, H5%2, H5F, H5F', H5Y, H5M, H5', H5"!, H4S,
H4G!, H4', H4"', H4F, H4F', H4Y, H4M, H4', H4'', H5™, H4C, HAC!, HA®2, H4A, HAA!, HaA2,
H4E, H4%!, H4F2, H3F, H3F!, H3Y, H3H!, H3’, H3'!, H3K, H3X!, H3E, H3F! H3E2 H3C! H3¢?,
H3A! H3A2, H3¢, H2K, H2X!, OCHH linker, OCHH linkerl, OCHH linker2), 3.54 — 3.42 (m,
4H, OCHH linker, OCHH linkerl, OCHH linker2, H3"!, H4t"), 3.41 —3.29 (m, 7H, H2F, H2F!,
H2F2, H2H, H2H! H2', H2'1), 3.29 - 3.16 (m, 9H, H2C, H2C!, H2¢2, H2F, H2B!, H2F2, H2A, H2A!,
H2%2), 3.12 (t, J = 7.1 Hz, 4H, NCH, linkerl, NCH, linker2), 3.02 (t, J = 7.2 Hz, 2H, NCH,
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linker), 3.97 (t, J = 7.5 Hz, 4H, 2 x CH,-triazole), 2.76 — 2.68 (m, 2H, H4X, H4X"), 2.58 (t,J =
7.6 Hz, 4H, 2 x CH,CONH), 2.02 (s, 6H, 2 x NHCOCH;), 2.01 (s, 6H, 2 x NHCOCH3), 1.99
(s, 6H, 2 x NHCOCHj3), 1.79 — 1.26 (m, 12H, 6 x CH, linker). *C NMR from HSQC (151
MHz, D,0) & 124.7 (CH triazole), 102.2 (C1F, C1F1, C1H, C1), 99.2 (C1P, CIP!, C1B!), 97.2
(C1X, C1B), 96.9 (C14, C141), 96.5 (C1E, C1EL, C1€L, C19, C1Y), 95.9 (C19), 77.5 (C3F, C3H,
C3Y), 76.5 (C2B, C2B!, C5F, C5M, C5Y, C4SY, C4l, C4F, C4H, C4, C5F1, C4C, C4C!, C44, C4A1,
C4E, C4E1), 75.9 (C2P, C2P1, C48, C4B1, C4P, H4PY), 75.1 (C3FY), 73.2 (C2F, C2F!, C2H, C2Y),
71.8 (C4F1), 70.7 (C5E, C5E!, C54, C59, C39, C51, C31, C541), 69.9 (C5B, C4K), 69.7 (C3X, C3E,
C3E!l C3€, C3€1, C341), 69.3 (C5P, C5PL, €581, C5K, C5€, C5¢1), 69.1 (C38, €3B!, C3P, C3PY),
68.3 (OCH: linkerl), 68.1 (C3%), 67.7 (OCH: linker), 66.4 (C6€, C6C1), 59.5 (C6%, C6*!, C6F,
C6E!, C65, C6'), 57.9 (C24, C2A1, C2€, C2¢1, C2E, C2BY), 53.3 (C26, C21, C2K), 49.6 (C6X),
39.5 (2 x NCH linker), 35.2 (CH2CONH), 28.0 (CH: linker, 2 x CH; linkerl), 26.3 (CH»
linker), 22.6 (CH> linker, CH» linkerl), 21.8 (3 x NHCOCH3), 21.1 (CH»-triazole). ESI-MS:
m/z calculated for C202H311N24NagO195S1s [M-23Na+19H]*: 1738.4850; found: 1738.4875.

'H NMR (600 MHz, D,0)

H1 H2 H3 H4 HS He6

A 5.11 3.22 3.86 3.71 3.86 3.86
A1/A2 5.11 3.22 3.62 3.69 3.76 3.86

B 5.29 4.28 4.15 4.10 4.65 -

B1/B1 5.15 4.28 4.18 4.06 4.76 -

C 5.44 3.26 3.59 3.75 3.98 4.37,4.25
C1/C1 5.37 3.26 3.63 3.75 3.98 4.37,4.25
D/D1/D2 5.19 4.30 4.18 4.06 4.79 -
E/E1/E2 5.39 3.23 3.68 3.68 3.91 3.86
F/F1/H/H1/3/J1 | 4.47 3.36 3.65 3.73 3.79 -

F2 4.47 3.36 3.50 3.50 3.72 -
G/G1/111 5.37 3.86 3.86 3.76 3.86 3.86
K/K1 5.29 3.65 3.69 2.75 4.06 4.83, 4.56
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13C NMR from HSQC (151 MHz, D,0)

C1 C2 C3 C4 Cs Ceé
A 96.9 57.9 68.1 76.5 70.7 59.5
Al1/A2 96.9 57.9 69.7 76.5 70.7 59.5
B 97.2 76.5 69.1 75.9 69.9 -
B1/B2 99.2 76.5 69.1 75.9 69.3 -
C 95.9 57.9 69.7 76.5 69.3 66.4
C1/C2 96.5 57.9 69.7 76.5 69.3 66.4
D/D1/D2 99.2 75.9 69.1 75.9 69.3 -
E/E1/E2 96.5 57.9 69.7 76.5 70.7 59.5
F/F1/H/H1/J/J1 | 102.2 73.2 77.5 76.5 76.5 -
F2 102.2 73.2 75.1 71.8 76.5 -
G/G1/111 96.5 53.3 70.7 76.5 70.7 59.5
K/K1 97.2 53.3 69.7 69.9 69.3 49.6

3. Surface plasma resonance (SPR) experiments

For the preparation of a heparin functionalized sensor chip, CMS5 chip (Biacore Inc., GE
Healthcare) was first coated with streptavidin by standard amine coupling, followed by
immobilization of biotin-heparin (prepared using literature report).[*! Briefly, the surface was
activated using freshly mixed N-hydroxysuccinimide (NHS; 100 mM) and 1-(3-
dimethylaminopropyl)-ethylcarbodiimide (EDC; 350 mM) (1/1, v/v) in water. Next,
streptavidin (50 ug/mL, Invitrogen) in aqueous NaOAc (10 mM, pH 4.5) was passed over the
chip surface until a ligand density of approximately 2000 RU was achieved. The remaining
NHS-activated esters were quenched by aqueous ethanolamine (1.0 M, pH 8.5). Next, biotin-
heparin (50 pg/mL) was passed over one of the flow channels at a flow rate of 10 pL/min for
60 sec resulting in a response of 100 RU. Next, the reference and modified flow cells were
washed with three consecutive injections of 60 sec with 2.0 M NaCl. HBS-EP (0.01 M HEPES,
150 mM NaCl, 3 mM EDTA, 0.005% polysorbate 20; pH 7.4) was used as the running buffer
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for the immobilization, kinetic studies, and inhibition studies. Recombinant human chemokine
C-C motif ligand 5 (CCLS5, also known as RANTES) was obtained from RayBiotech Life, Inc.
Recombinant human chemokine CXC motif ligand 8 (CXCLS, also known as Interleukin-8,
IL-8) was obtained from Sino Biological, Inc. For kinetic studies, various concentration of
CCLS5 or CXCLS (ranging from 1000 nM to 3.9 nM, 2-fold dilutions) were dissolved in running
buffer and flowed over heparin chip (association time: 300 sec and dissociation time: 600 sec)
at a flow rate of 30 uL/min and a constant temperature of 25 °C. A 60 sec injection of 2.0 M
NaCl at a flow rate of 30 uL./min was used for regeneration and to achieve prior baseline status.
To further stabilize the baseline, washing was continued for another 240 sec with running
buffer at a flow rate of 30 pL/min. Using Biacore T100 evaluation software, steady-state
affinity analysis was performed on the response curves of various CXCL8 concentrations and
equilibrium dissociation constant (Kp) was calculated (Figure S3). For CCL5, Kp value was
determined using fitting response curves of various CCL5 concentrations to a 1:1 Langmuir
binding model built in Biacore T100 evaluation software (Figure S4).

For competition assays, CCL5 (100 nM) or CXCLS8 (100 nM) alone or in the presence of
domain structures (1, 9-14, 31-33, at a concentration of 20 uM) was flowed over heparin chip.
The samples were diluted in running buffer and a flow rate of 30 uL/min was employed for
association (150 sec for CCL5 and 100 sec for CXCLS) and dissociation (150 sec for CCL5
and 150 sec for CXCLS) at a constant temperature of 25 °C. A 60 sec injection of 2.0 M NaCl
at a flow rate of 30 uL/min was used for regeneration and achieved prior baseline status. In
addition, control runs were performed in the presence of unfractionated heparin (UFH) and
heparin oligomers (hexamer and octamer). Identified hits (9, 31, 32 for CXCLS; 9-11, 14, 31-
33 for CCLS5) were further screened at various concentrations (ranging from 20 uM to 0.16 uM,
2-fold dilutions) and the ICso values (Figures S5 and S6) were calculated using dose—response
equations [nonlinear regression, log(inhibitor) vs response-variable slope (four parameters)]
built in Prism software 9 (GraphPad Software, Inc.). Standard error (S.E.) was calculated from
95% CI values using formula, S.D. = [(upper limit-lower limit)/3.92]. All experiments were

performed (in duplicate) two times at the minimum.
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"H NMR spectrum of SOb (400 MHz, CDCl3)
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13C NMR spectrum of SOb (101 MHz, CDCl3)
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HSQC spectrum of SOb (CDCl3)
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"H NMR spectrum of SOc (400 MHz, CDCl3)

450

400

350

300

250

200

~150

100

50

€91
€€2
86°€
66°C
LO'P
2071
6071
6071
L
ZL v
8271
8z
62
o€y
o€y
LSy
ey
ey
o'y
e
8ty
8v'y
6ty
6ty
0Sv
0S¥
0S¥y
LSy
sy
€5
60°S
g
g
zLs
eL's
GlL's
ov's
eV's
Sh's
25°S
Gs's
Gs's
15°6—
0L'S
VLS
LS
€L'S
06'S
26'G
8L,
0z'2
9z'L
ze'L
ve'L
9’ L5
8¢’/
8¢’/
6€'L
ov'L
ov'L
Ll
12
6t L
61,
1S
€5/
19'24
692
28,
€811
98/
8g'/

OTs

(0]

BzO

(0]

AcHN 5 _p_0oBn

OBn

E oo¢

I oo¢

Koy

RoWpr T

—oc've

f1 (ppm)

93



13C NMR spectrum of SOc¢ (101 MHz, CDCl3)
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HSQC spectrum of SO¢ (CDCls)
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3P NMR spectrum of SO¢ (162 MHz, CDCls)
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HSQC spectrum of S0 (D20)
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"H NMR spectrum of S1 (600 MHz, CDCls)
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BC NMR spectrum of S1 (151 MHz, CDCI3)
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HSQC spectrum of S1 (CDCls)
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"H NMR spectrum of 18 (400 MHz, CDCl5)
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C13APT

13C APT NMR spectrum of 18 (101 MHz, CDCls)
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HSQC spectrum of 18 (CDCI3)
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"H NMR spectrum of 21 (600 MHz, D,0)
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HSQC spectrum of 21 (D20)
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"H NMR spectrum of 22 (600 MHz, D,0)
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HSQC spectrum of 22 (D»0)
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"H NMR spectrum of 1 (600 MHz, D,0)
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"H NMR spectrum of 1 (600 MHz, D,0)
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HSQC spectrum of 1 (D20)
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"H NMR spectrum of 2 (600 MHz, D,0)
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"H NMR spectrum of 2 (600 MHz, D,0)
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HSQC spectrum of 2 (D>0)
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COSY spectrum of 2 (D»0)
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TOCSY spectrum of 2 (D20O)

TOCSY

NaO,C OH OH
Ho'm/o 0 0 2.0
HO Lo HO on 9HO y
NaOgSHN | OSOSNaNaozc; 07‘ NaO;SHN | o Tﬁ\ I
TE ool

= 0
NaOzchfg' NaO3SHN OSO;Na Y 2.5
OH oH\oz;ﬁ 0

0SO,Na
3.0
0 0 0 @ 0 ® E
. 2
0 =
i} 0 © o o 3.5
0
b9 0 o ©o0 o ,
| Lao
' .'
(-
(s JC) 4.5
5.0
s} ]
@ @0
‘ 0o @
5.5
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10
f2 (ppm)

116



"H NMR spectrum of S4 (600 MHz, D,0)
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"H NMR spectrum of S4 (600 MHz, D,0)
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HSQC spectrum of S4 (D20)
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COSY spectrum of S4 (D-0)
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TOCSY spectrum of S4 (D-0)
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NOESY spectrum of S4 (D>0)

NOE
OH
“8&%
AchN | G0N OH OH
B0~ 0 5 o
—_— Ho HO OH ] HO
NaOsSHN OSO3NaNaOZC Q7 NaOsSHN O(CH2)sNH;
o)
NaOzchf; NaO,SHN OSOsNa
OH | Ho
0 0
0SO,Na

5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6
£2 (ppm)

f1 (ppm)

122



HMBC spectrum of S4 (D20)
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"H NMR spectrum of 23 (600 MHz, D,0)
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"H NMR spectrum of 23 (600 MHz, D,0)
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HSQC spectrum of 23 (D20)
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COSY spectrum of 23 (D20)
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TOCSY spectrum of 23 (D20)
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NOESY spectrum of 23 (D>0)
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HMBC spectrum of 23 (D20)
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"H NMR spectrum of S5 (600 MHz, D,0)
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"H NMR spectrum of S5 (600 MHz, D,0)
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HSQC spectrum of S5 (D20)
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COSY spectrum of S5 (D-0)
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TOCSY spectrum of S5 (D-0)
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NOESY spectrum of S5 (D>0)
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HMBC spectrum of S5 (D20)
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"H NMR spectrum of 24 (600 MHz, D,0)
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"H NMR spectrum of 24 (600 MHz, D,0)
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HSQC spectrum of 24 (D,0)
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COSY spectrum of 24 (D>0O)
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TOCSY spectrum of 24 (D;0)
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NOESY spectrum of 24 (D>0)
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"H NMR spectrum of 25 (600 MHz, D,0)
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"H NMR spectrum of 25 (600 MHz, D>
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HSQC spectrum of 25 (D»0)
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COSY spectrum of 25 (D20)
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TOCSY spectrum of 25 (D20)
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NOESY spectrum of 25 (D>0)
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"H NMR spectrum of 26 (600 MHz, D,0)
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"H NMR spectrum of 26 (600 MHz, D,0)
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HSQC spectrum of 26 (D»0)
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COSY spectrum of 26 (D20)
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TOCSY spectrum of 26 (D20)
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"H NMR spectrum of 27 (600 MHz, D
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HSQC spectrum of 27 (D20)
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COSY spectrum of 27 (D20)
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TOCSY spectrum of 27 (D20)
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"H NMR spectrum of 3 (600 MHz, D,0)
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"H NMR spectrum of 3 (600 MHz, D,0)
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HSQC spectrum of 3 (D>0)
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COSY spectrum of 3 (D20)

COSY

MW o /‘y 0
QY 7Y A"l‘ W
e
AcHN | COaNa OH OH
ﬂg%o 0 o 0
Ho HO OH ] HO
NaOySHN | OSO3NaNaOZCF]O# NaOSSHN &y oNH,
o
Naozcbf&‘ NaO;SHN OSO3Na g
o g m
¥l AR A
, ,‘5; ‘v'v .-"‘!
”:;* 1 U, O 4V
Y Uy
5 e
'@ P M 0 7

P S| S

AN ==

; )

L J g .

5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6
2 (ppm)

f1 (ppm)

163



TOCSY spectrum of 3 (D20O)
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NOESY spectrum of 3 (D20)
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"H NMR spectrum of 4 (600 MHz, D,0)
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"H NMR spectrum of 4 (600 MHz, D,0)
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HSQC spectrum of 4 (D,0)
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COSY spectrum of 4 (D,0)
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TOCSY spectrum of 4 (D-20O)
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NOESY spectrum of 4 (D-0)

NOE

N3
A COzNa 0

cHN
/m/ ‘éﬁ (-4 0"
- — AN COzNa o OH w

o)
. O HO on §7HO ) 0%
NaOsSHN & g0 naN302C ZAQ7  NaOsSHN 6 cp,)enH,
o)
NaO,CNZOx NaO,SHN OSO;Na 0
OH | Ho
0SOsNa

0 ©

@@ a0 oo @

5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6

£2 (ppm)

f1 (ppm)

171



"H NMR spectrum of 5 (600 MHz, D,0)
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"H NMR spectrum of 5 (600 MHz, D,0)
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HSQC spectrum of 5 (D0)
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TOCSY spectrum of 5 (D20O)
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"H NMR spectrum of 6 (600 MHz, D
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"H NMR spectrum of 6 (600 MHz, D,0)
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HSQC spectrum of 6 (D20)
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COSY spectrum of 6 (D-0)
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TOCSY spectrum of 6 (D20O)
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NOESY spectrum of 6 (D20)
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"H NMR spectrum of 7 (600 MHz, D,0)
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"H NMR spectrum of 7 (600 MHz, D,0)
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HSQC spectrum of 7 (D20)
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TOCSY spectrum of 7 (D20O)
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NOE spectrum of 7 (D20)
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"H NMR spectrum of 8 (600 MHz, D,0)
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"H NMR spectrum of 8 (600 MHz, D

©

e

[ojoloNoNoNo o]
5555555

el b

s L i,

OO0 0O0OOT-TOO0OO
555555558595

~O+rANT~

66.39

~NO OO
S3595
——m

" |-2000000

1900000

1800000

1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

-0

~-100000

6.0

T T T
5.5 5.0

T T T T
4.5 4.0

T T
3.5
f1 (ppm)

2.5

1.0

0.5

0.0

188



HSQC spectrum of 8 (D20)
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TOCSY spectrum of 8 (D20O)
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"H NMR spectrum of 9 (600 MHz, D,0)
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"H NMR spectrum of 9 (600 MHz, D,0)
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HSQC spectrum of 9 (D0)
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COSY spectrum of 9 (D,0)
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TOCSY spectrum of 9 (D-0O)
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NOESY spectrum of 9 (D-0)
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ESI-MS (negative) of 9
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"H NMR spectrum of 10 (600 MHz, D,0)
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"H NMR spectrum of 10 (600 MHz, D,0)
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HSQC spectrum of 10 (D20)
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COSY spectrum of 10 (D20)
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TOCSY spectrum of 10 (D20)
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NOESY spectrum of 10 (D20O)
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ESI-MS (negative) of 10
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"H NMR spectrum of 11 (600 MHz, D,0)
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HSQC spectrum of 11 (D20)
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COSY spectrum of 11 (D20)
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TOCSY spectrum of 11 (D20)
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NOESY spectrum of 11 (D>0)
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ESI-MS (negative) of 11
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"H NMR spectrum of 12 (600 MHz, D>

v ngj+ﬁ
OH 20, SHN

o

Naozcbﬁg NaO,SHN
OH | 1o
o o

0OSO;Na

NaO,C

o

0SO;Na

OH

Hoﬁ&o Co
oH HM
NaO3SHN

O  O0SONa

Naozc&og NaO;SHN
OH | Ho
o o

0SO;Na

1.00 = }—

D000 O0OMNO
5555885
N~ N~~~ <N

1.00
2.01

(oo T MO0 O —
533 56383855
< — - <t AN <N

OH
NaO,C 710

OH
. -0
OHO.
NaO3SHN 0CH,)oNH,
0OSO;Na

[-2000000

1900000

1800000

1700000

1600000

1500000

-1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

-0

F-100000

T T T T T T
5.0

T T T T T T T T T
4.5 4.0 3.5
f1 (ppm)

212



"H NMR spectrum of 12 (600 MHz, D,0)
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HSQC spectrum of 12 (D»0)
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COSY spectrum of 12 (D20)
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TOCSY spectrum of 12 (D20)
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NOESY spectrum of 12 (D>0)
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ESI-MS (negative) of 12
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"H NMR spectrum of 13 (600 MHz, D,0)
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"H NMR spectrum of 13 (600 MHz, D,0)
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HSQC spectrum of 13 (D20)
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TOCSY spectrum of 13 (D20)
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ESI-MS (negative) of 13
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"H NMR spectrum of 14 (600 MHz, D,0)
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"H NMR spectrum of 14 (600 MHz, D,0)
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HSQC spectrum of 14 (D»0)
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TOCSY spectrum of 14 (D20)
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ESI-MS (negative) of 14
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"H NMR spectrum of 31 (600 MHz, D,0)
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"H NMR spectrum of 31 (600 MHz, D,0)
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HSQC spectrum of 31 (D20)

HSQC

o] 0S0,Na

OH | HOA—T H
NaO;SHN | Nwzc;; o7| NaOsSHN g, | N Nay
~N
(o]

—100

~110

—120

O  0SONa
Na0,CNZO0&\ NaO,SHN
R iy R HOlO o .
0—=47~g HM CO:Na OH
0S0:Na e A <% o )
2“° o HM oH %o- 90 -.
. NaO3SHN 050.1N20C Z2Q 7 NaOSHN ey N,
Na0,c-\Z0. NaOysHN S OSOsNa
OH 5 HO J
0SO;Na oo
]
L] . ]
1)
! (-]
' L]
e 0
000 ° a=-h
0o @ o %
(== ] :
]
L
' L}
 ® ‘
(-3
(-] '
T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 1.5
f2 (ppm)

f1 (ppm)

231



ESI-MS (negative) of 31
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"H NMR spectrum of 32 (600 MHz, D,0)
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"H NMR spectrum of 32 (600 MHz, D,0)
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HSQC spectrum of 32 (D»0)
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"H NMR spectrum of 33 (600 MHz, D,
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"H NMR spectrum of 33 (600 MHz, D,0)
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HSQC spectrum of 33 (D20)
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ESI-MS (negative) of 33
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