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NMR spectra of synthesized compounds

3,3’-Dideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-6-(4-methylphenyl)sulfonyl-

1,1’-sulfanediyl-di-β-D-galactopyranoside 2
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6-S-Butyl-3,3’,6-trideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-1,1’-sulfanediyl-

di-β-D-galactopyranoside 3
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3,3’,6-Trideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-1,1’-sulfanediyl-di-β-D-

galactopyranoside 4
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3,3’-Dideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-2,2’,4,4’,6-penta-O-methyl-

1,1’-sulfanediyl-di-β-D-galactopyranoside 5a
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3,3’-Dideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-2,2’,4,4’,6,6’-hexa-O-methyl-

1,1’-sulfanediyl-di-β-D-galactopyranoside 5b
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4-Acetamidophenyl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-β-D-

galactopyranoside 8a
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3-Methoxyphenyl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-β-D-

galactopyranoside 8b
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4-Acetamidophenyl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-α-D-

galactopyranoside 11a
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5-Bromopyridin-3-yl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-α-D-

galactopyranoside 11d

O
N

NN
OH OH

F

F

F

HO S

N

Br



S13

Purity chromatograms

6-S-Butyl-3,3’,6-trideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-1,1’-sulfanediyl-

di-β-D-galactopyranoside 3

=====================================================================
Acq. Operator : TBT Seq. Line : 2
Acq. Instrument : Instrument 1 Location : Vial 73
Injection Date : 2014-04-14 15:28:54 Inj : 2

Inj Volume : 10 µl
Sequence File : C:\CHEM32\1\SEQUENCE\TBT.S
Acq. Method : C:\CHEM32\1\METHODS\TBT.M
Last changed : 2014-04-14 15:43:48 by TBT

(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\TBT.M
Last changed : 2014-04-14 15:53:47 by TBT
Method Info : Agilent Eclipse XDB C18 5 µm part., 4.6 x 150.0 mm

Flow rate: 1.0 ml/min, 5-95% MeCN, 0.1% TFA
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=====================================================================
Area Percent Report

=====================================================================

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

----|-------|----|-------|----------|----------|--------|
1 7.338 VB 0.0741 14.91997 3.07145 0.7390
2 8.303 VV 0.0761 14.47668 2.81103 0.7171
3 8.499 VV 0.0679 1975.95215 444.63782 97.8773
4 9.640 VV 0.0832 13.45568 2.33589 0.6665

Totals : 2018.80448 452.85619

=====================================================================
*** End of Report ***

Data File C:\CHEM32\1\DATA\140414\CZ32032.D
Sample Name: CZ3203

Instrument 1 2014-04-14 15:55:06 TBT Page 1 of 1

3,3’,6-Trideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-1,1’-sulfanediyl-di-β-D-

galactopyranoside 4

=====================================================================
Acq. Operator : TBT Seq. Line : 1
Acq. Instrument : Instrument 1 Location : Vial 81
Injection Date : 2014-04-16 18:26:12 Inj : 2

Inj Volume : 10 µl
Method : C:\CHEM32\1\METHODS\RJ-GRAD.M
Last changed : 2014-04-16 18:07:16 by TBT
Method Info : Agilent Eclipse XDB C18 5 µm part., 4.6 x 150.0 mm

Flow rate: 1.0 ml/min, 5-95% MeCN, 0.1% TFA
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=====================================================================
Area Percent Report

=====================================================================

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

----|-------|----|-------|----------|----------|--------|
1 6.860 FM 0.0685 11.20273 2.72475 0.7961
2 7.092 MM 0.0641 1330.03833 345.65570 94.5124
3 7.371 FM 0.0886 5.97563 1.12398 0.4246
4 7.709 MF 0.1113 5.09552 7.63128e-1 0.3621
5 8.512 FM 0.0700 27.03881 6.44064 1.9214
6 8.678 MF 0.1329 12.57819 1.57791 0.8938
7 9.059 MF 0.0815 4.82497 9.86404e-1 0.3429
8 9.700 MF 0.0785 10.50974 2.23271 0.7468

Totals : 1407.26391 361.50522

=====================================================================
*** End of Report ***

Data File C:\CHEM32\1\DATA\140416\CZ33072.D
Sample Name: CZ3307

Instrument 1 2014-04-17 16:46:25 TBT Page 1 of 1



S14

3,3’-Dideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-2,2’,4,4’,6-penta-O-methyl-

1,1’-sulfanediyl-di-β-D-galactopyranoside 5a

3,3’-Dideoxy-3,3’-bis-[4-(3-fluorophenyl)-1H-1,2,3-triazol-1-yl]-2,2’,4,4’,6,6’-hexa-O-methyl-

1,1’-sulfanediyl-di-β-D-galactopyranoside 5b

4-Acetamidophenyl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-β-D-

galactopyranoside 8a
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3-Methoxyphenyl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-β-D-

galactopyranoside 8b

4-Acetamidophenyl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-α-D-

galactopyranoside 11a

5-Bromopyridin-3-yl 3-deoxy-3-[4-(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-α-D-

galactopyranoside 11d
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Surface Plasmon Resonance (SPR) Analysis. To detect the affinity of 11d to human and mouse 

full-length galectin-1 and -3, SPR analysis was performed with BIAcore™ (Cytiva, USA) in the 

presence of 5% DMSO at 25°C. Target protein was immobilized onto a CM3 sensorchip via amine 

coupling and different concentrations of 11d were injected at a flow rate of 30 μl/min. SPR response 

was recorded as a function of time at 25°C between proteins, and kon and koff were determined using 

global fitting parameters with a 1:1 binding model and Kd calculated from steady-state fitting; 11d 

binding to galectin was stable at 25°C for the duration of the experiment (Table S1).

Table S1. SPR binding affinity and kinetics for 11d against human and mouse galectin-3 and -1.

Human Galectin-3 Mouse Galectin-3 Human Galectin-1 Mouse Galectin-1

Kd (µM) 0.037 2.2 3.7 5.1

kon (M.s-1) 4.77 x 106 7.26 x 104 7.86 x 105 3.68 x 104

koff (s-1) 0.21 0.21 3.63 0.25
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Cell cytotoxicity A549 cells (Sigma Aldrich, Gillingham, UK) were seeded in 96-well plates 

(5000 cells per well in Ham’s F12 Kaighn’s medium [Thermofisher Scientific] supplemented with 

10% FCS maintained in a humidified incubator at 37°C, 5% CO2) and treated with increasing 

concentrations of galectin-3 inhibitor from 123 nM to 90 μM for 72 h. Cell viability was 

determined using an MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) assay 

(PromoCell, Germany) as per the manufacturer’s instructions. Absorbance values were read on a 

plate reader (CLARIOstar Plus, BMG Labtech) at 570 nm with a reference wavelength of 630 nm; 

background corrected results (calculated as OD570-OD630) were expressed as a percentage of 

DMSO-treated cells. Non-linear regression (using [Inhibitor] vs response – variable slope [four 

parameter] equation) was applied to determine IC50 values (Graphpad Prism, San Diego, CA, 

USA). Individual experiments were performed in duplicate and data shown are the mean ± 

standard deviation (SD) from at least 2 separate occasions.

Table S2. Cell cytotoxicity of 11d in A549 cells measured by MTT assay.

Compound IC50 (µM) Maximum % Reduction in Viability

11d >90 43.4 ± 5.80
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Figure S1. Pharmacokinetic profile of 11d in female C57BL/6 mice following oral administration 

with total blood concentrations determined by LC-MS/MS.
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Bleomycin-induced lung fibrosis. Male C57BL/6 mice were dosed with 33 µg bleomycin sulfate 

(Apollo Scientific) in 50 µl saline via oropharyngeal route under brief isofluorane anaesthesia at 

Day 0. The galectin-3 inhibitor 11d was prepared at a concentration of 0.2 and 2 mg/mL in 10% 

solutol:90% PEG300 and administered orally at a dose volume of 10 mL/kg b.i.d on Days 12 to 26 

post-bleomycin instillation. Following termination, collagen content in the left lung lobe was 

determined by Sircol™ (Biocolor) assay as per the manufacturer’s instructions.
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Figure S2. Effect of compound 11d dosing on lung collagen in a murine bleomycin-induced lung 

fibrosis model. Mice received 33 µg bleomycin in saline at Day 0 with compound 11d dosed orally 

twice daily from Days 12 to 26 post-bleomycin instillation (n=5–8 per group).
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Specificity screen of 11b and d towards 87 different targets

The specificity of compound 11b and d were tested against a panel of 87 different targets 

(enzymes, receptors and ion channels, supplementary material, S20, part of a safety screen 

provided by Eurofins (PanLabs).

11b



S21



S22



S23

11d
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In vitro assessment of effects of 11b and 11d on human potassium channel using human 

embryonic kidney (HEK) 293 cells transfected with a human ether-a-go-go-related gene 

(hERG) 

In vitro assessment were performed at IPS Therapeutique (Sherbrooke, Canada) 
The transfected HEK293 cells were submitted to five (5) minutes of exposure to each concentration 

(0.1, 1 and 10µM) in presence of closed circuit perfusion (2mL/min). Five (5)minutes for washout 

periods in presence of a flow-through perfusion (2mL/min) in addition to a closed circuit perfusion 

(2mL/min). The positive control (100 nM E-4031) was added to naiveI cells obtained from the same 

cell line and same passage for a period of 5 minutes in presence of a closed circuit perfusion 

(2mL/min). Cells were under continuous stimulation of the pulses protocol throughout the experiments 

and cell currents were recorded after 5 minutes of exposure to each condition. Whole-cell currents 

elicited during a voltage pulse were recorded in baseline conditions and following the application of 

the selected concentrations of test article. Currents were also recorded following a washout period. 

The cells were depolarized for one second from the holding potential (-80 mV) to a maximum value of 

+40 mV, starting at -40mV and progressing in 10 mV increments. The membrane potential was then 

repolarized to -55 mV for one second, and finally returned to -80 mV. Whole-cell tail current amplitude 

was measured at a holding potential of -55mV, following activation of the current from-40to +40 mV. 

Current amplitude was measured at the maximum (peak) of this tail current. Current density was 

obtained by dividing current amplitude by cell capacitance measured prior to capacitive transient 

minimisation. All data points presented have been corrected for solvent effects and time-dependent 

current run-down. 
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In vivo assessment of QTc effect of 11b and 11d in anestesized guinea pig

The evaluation of QTc in anestesized guinea pigs were performed at IPS Therapeutique 

(Sherbrooke, Canada). The guinea pigs were anaesthetized with a mixture of 1.5 to 2.0% 

isoflurane USP (Abbott Laboratories, Montreal Canada) in 95% O2 and 5% CO2. The left jugular 

vein was cannulated to administer the drug or vehicle. The guinea pigs received three consecutive 

intravenous injections (i.v.) of 11b and 11d in a cumulative-dose scheme to obtain 3, 10 or 30 μM 

target plasma concentrations. Each dose was administered ~10 minutes following completion of 

the assessment from the previous dose. Calculations were based on a body weight of 325-335g 

and a blood volume of 64 mL/kg. Since the test articles were administered intravenously, 100% 

bioavailability was assumed. The control-vehicle group received intravenous injections of the 

same volume of solvent (DMSO/saline). ECG leads were placed on the animal in a lead 1-2-3 

configuration. A continuous recording of the ECG was made, starting prior to the first injection, 

and lasting at least 10 minutes past the last injection (n=3). The PR, RR, QRS and QT intervals 

were measured in millisecond using cursor readings in the Clampfit 10.2.0.14 module of the 

pClamp 10.2.0.14 software (Axon Instrument Inc., Foster City, California, USA, [now Molecular 

Devices Inc.]). Three PR, RR, QRS and QT intervals were measured for each condition and then 

averaged in Microsoft Excel 2007. All test article data points presented have been corrected for 

the changes attributable to vehicle exposure and experimental time. 

Effect of 11b(blue line) and 11d(red line) on QTc intervals of guinea pigs. 
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Co-crystallization of galectin-3 C-terminal domain with compound 11d

Galectin-3C (C-terminal domain, J. Seetharaman, A. Kanigsberg, R. Slaaby, H. Leffler, S. H. 

Barondes, J. M. Rini, J. Biol. Chem. 1998, 273, 13047-13052.

) solutions (15 μL, 20 mg/mL in 10 mM sodium phosphate buffer pH 7.5, 100 mM NaCl, and 10 

mM ß-mercaptoethanol) were mixed with 11d (0.5 μL, 50 mM in 100% DMSO). The sample was 

centrifuged at 13500 rpm for 5 min. A seed bead solution (Hampton Research) was used made 

from crushed apo galectin-3C crystals in a 40-fold diluted seed solution (diluted reservoir 

solution; see below) was used to seed the crystallisation drops. Drops were setup in MRC 3-well 

plates and stored at 16 °C with 200 nL galectin-3C: 11d  complex, 30 nL apo galectin-3C seed 

solution, and 200 nL reservoir solution (30% PEG 4000, 0.1 M Tris/HCl pH 7.5, 0.1 M MgCl2, 

7.9 mM β- mercaptoethanol) and then equilibrated against 1 ml of reservoir solution containing 

30% PEG 4000, 0.1 M Tris/HCl pH 7.5, 0.1M MgCl2, 0.4M NaSCN, 7.9 mM β-mercaptoethanol. 

Large crystals formed (approx. 0.1-0.2 mm) were briefly soaked in a cryoprotectant solution 

(25.5% PEG4000. 15 % glycerol, 85 mM Tris/HCl pH 7.5, 85 mM MgCl2, 250 mM NaSCN, 8 

mM β-mercaptoethanol, and 1 mM 11d). After soaking, the crystal was flash-cooled in liquid N2. 

Data collection and structure solution of galectin-3C in complex with 11d

Data sets were collected at 100K at station PXIII, Swiss Light Source, Villigen, Switzerland (λ = 

1.0000 Å) equipped with a Pilatus 2M-F detector. 900 images were collected using an exposure 

time of 0.1 s and an oscillation of 0.2° per image. The data were processed using XDS and 

Aimless to 1.05 Å. (W. Kabsch, Acta Crystallogr. Sect. D Biol. Crystallogr. 2010, 66, 125-132.) A 

previously-delivered complex determined to 1.2 Å resolution (pdb id 5OAX) (K. Peterson, R. 
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Kumar, O. Stenström, P. Verma, P. R. Verma, M. Håkansson, B. Kahl-Knutsson, F. Zetterberg, H. 

Leffler, M. Akke, D. T. Logan, U. J. Nilsson; Systematic Tuning of Fluoro-galectin-3 Interactions 

Provides Thiodigalactoside Derivatives with Single-Digit nM Affinity and High Selectivity J. 

Med. Chem., 2018, 61, 1164-1175, DOI: 10.1021/acs.jmedchem.7b01626) with the ligand 

removed was used as a starting model for both structures. CCP4-style restraints for 11d were 

generated using the JLigand program.( A. A. Lebedev, P. Young, M. N. Isupov, O. V. Moroz, A. 

A. Vagin, G. N. Murshudov, Acta Crystallogr. Sect. D Biol. Crystallogr. 2012, 68, 431-440.) 

After initial rigid body and atomic refinement of the protein coordinates in Refmac5 (Murshudov, 

G.N., Skubak, P., Lebedev, A.A., Pannu, N.S., Steiner, R.A., Nicholls, R.A., Winn, M.D. Long, F. 

and Vagin, A.A. (2011) REFMAC5 for the refinement of macromolecular crystal structures, Acta 

Crystallogr. D Biol. Crystallogr. 67, 355-367.), the coordinates of the compounds were fitted to 

the electron density using Coot(P. Emsley, B. Lohkamp, W. G. Scott, K. Cowtan, Acta 

Crystallogr. Sect. D Biol. Crystallogr. 2010, 66, 486-501. ). The structures were refined until 

convergence using Refmac5. Individual anisotropic B-factors for each atom were refined. 

Hydrogen atoms were added in the riding positions. Water molecules were added to positive 

difference density peaks more than 5 standard deviations above the mean and present in the 

2m|Fo|-d|Fc| map at the 1 σ level. Molecular images were generated using PyMOL (Schrodinger 

LLC). Model validation and analysis were performed using MolProbity. (V. B. Chen, W. B. 

Arendall, J. J. Headd, D. A. Keedy, R. M. Immormino, G. J. Kapral, L. W. Murray, J. S. 

Richardson, D. C. Richardson, Acta Crystallogr. Sect. D Biol. Crystallogr. 2010, 66, 12-21. )

Coordinates have been deposited in the Protein Data Bank with accession numbers 7ZQX. 

Data processing and refinement statistics.. Values in parentheses are for the highest resolution 

shell, unless noted otherwise. 

Resolution (Å) 29.06 - 1.05 (1.07 - 1.05) 

Wavelength (Å) 1.0000 

Space group P212121 

Unit cell (Å, °) a = 36.40, b = 58.09, c = 62.58 
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Completeness (%) 100.0 (99.9) 

Redundancy 6.1 (5.5) 

No. of observations / unique reflections 383 590 / 62 710 

<I/σ(I)> 21.1 (3.0) 

CC(1/2) (%) 100.0 (87.4) 

Rmerge (I) (%) 3.7 (54.5) 

Rmodel (F) (%) 10.9 (17.6) 

Rfree (F) (%) 12.9 (18.3) 

No. of non-hydrogen atoms 1656 

No. of water molecules 263 

rms deviations from ideal geometry: Bond lengths (Å) 0,021 

Bond angles (deg) 2.4 

Mean B-factor (protein, Å2) 11.1 

Mean B-factor (11d, Å2) 12.9 

Mean B-factor (solvent and ions, Å2) 25.4 

Ramachandran plot quality

Favoured regions (%) 97.0 

Allowed regions (%) 3.0 

Outliers (%) 0 
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Plots of passage A>B over CACO-2 over ClogD(pH 7.4) and ertlPSA for compounds included in 

the manuscript. Monogalctosides denoted Mono(red) and thidodigalactosides denoted TDG(blue). 
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