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Additional Synthesis 

Uridine Synthons: 

5′-O-Propargyl-2′,3′-O-isopropylidenyluridine (7) 

The acetonide protected 5′-O-propargyluridine compound (7) was synthesised by the method described 

by Sun et al., and spectral data matched those reported.1 

5′-O-Propargyluridine (8) 

Protected propargyl uridine (7, 540 mg, 1.68 mmol) was dissolved in 10 mL 9:1 ACN/H2O, with indium 

triflate (5% mol equiv.), for 4 hours at reflux. After reaction, the mixture was evaporated under reduced 

pressure and the crude product purified by column chromatography (DCM:MeOH, 9:1), to give a white 

foam (436 mg, 92 %). Rf 0.46 (Silica, DCM:MeOH, 9:1). Spectral data matched those previously 

reported.1  

Synthesis of α-hydroxyphosphonates: 

All α-hydroxyphosphonates (compounds 10a-g) were synthesised as per the method of Montgomery et 

al.,2 and 10a-d and 10g are characterised in that work. 1H, 13C, 31P, and 19F NMR spectra for 10e and 

10f is provided in the supplementary information. 

Dibenzyl α-hydroxy(3-trifluoromethyl)benzylphosphonate (10e)  

From 3-trifluoromethylbenzaldehyde (300 mg, 1.72 mmol), and purified by column chromatography 

with a 9:1 Toluene/Acetone eluent to yield a white solid (752 mg, 78 %). Rf 0.26 (Silica, 

Toluene/Acetone, 9:1). 1H NMR (400 MHz, CDCl3): 7.71 (s, 1H), 7.59 (d, 1H, J = 7.8 Hz), 7.54 (d, 

1H, J = 7.6 Hz), 7.42-7.36 (m, 1H), 7.32-7.20 (m, 10H), 5.10 (d, 1H, 2J(H,P) = 10.1 Hz), 5.04-4.91 (m, 

4H), 4.59-4.38 (bs, 1H). 13C NMR (100 MHz, CDCl3): 137.4, 135.7 (d, 2J(C,P) = 5.8 Hz), 130.4 (d, 

3J(C,F) = 5.6 Hz), 128.7, 128.6, 128.0, 127.0, 124.9, 124.0 (q, 1J(C,F) = 270.6 Hz), 123.9, 70.5 (2 x d, 1J(C,P) 

= 157.6 Hz), 69.0-68.5 (m). 31P NMR (162 MHz, CDCl3): 21.1 19F NMR (376 MHz, CDCl3): -62.6 

ESI-HRMS: m/z calculated for C22H20F3O4PNa [M + Na]+ 459.0949, found 459.0967. 

Dibenzyl α-hydroxy(3-[1,1,2,2-tetrafluoroethoxy])benzyl phosphonate (10f) 

From 3-(1,1,2,2-tetrafluoroethoxy) benzaldehyde (861 mg, 4.34 mmol), and purified by column 

chromatography with a 9:1 Toluene/Acetone eluent to yield a white solid (1750 mg, 70 %). Rf 0.85 

(Silica, Toluene/Acetone, 9:1). 1H NMR (400 MHz, CDCl3): 7.37-7.14 (m, 14H), 5.87 (tt, 1H, 2J(H,F) 

= 53.0 Hz, 3J(H,F) = 2.5 Hz), 5.05 (d, 1H, 2J(H,P) = 10.5 Hz), 5.01-4.90 (m, 4H), 2.70-2.36 (bs, 1H).13C 

NMR (125 MHz, CDCl3): 148.2, 139.2, 135.9 (t, 3J(C,P) = 5.6 Hz), 129.4, 128.5-127.9 (m), 125.3 (d, 

3J(C,P) = 5.6 Hz), 121.0 (d, 4J(C,F) = 1.8 Hz), 120.5 (d, 3J(C,P) = 5.6 Hz), 116.5 (tt, 1J(C,F) = 270.3 Hz, 2J(C,F)

= 27.8 Hz), 107.7 (tt, 1J(C,F) = 249.9 Hz, 2J(C,F) = 41.6 Hz), 70.3 (d, 1J(C,P) = 160.1 Hz), 68.9 (d, 2J(C,P) = 
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7.4 Hz), 68.5 (d, 2J(C,P) = 7.5 Hz). 31P NMR (162 MHz, CDCl3): 21.2 19F NMR (376 MHz, CDCl3): -

88.0 (t, J = 5.4 Hz), -136.7 (t, J = 5.4 Hz). ESI-HRMS: m/z calculated for C22H20F3O4PNa [M + H]+ 

485.1141, found 485.1143. 

Synthesis of α-azidophosphonates: 

Dibenzyl α-hydroxyphosphonate (10a-g, 1 equiv.) and triphenylphosphine (3 equiv.), were dissolved 

in dry THF under an inert atmosphere at 0 °C. Freshly prepared HN3 (30 mL) was added, along with 

diisopropylazodicarboxyate (DIAD, 3 equiv.) dropwise, and the reaction was allowed to warm to room 

temperature. Upon completion (judged by TLC), the reaction mixture was taken up in CH2Cl2 (10 mL), 

washed with saturated NaHCO3 solution (3 x 5 mL) and brine (3 x 5 mL). The organic phase was 

separated and dried with anhydrous MgSO4 and evaporated, with the resultant product purified by 

column chromatography. The α-azidophosphonates proved difficult to purify, as the hydrazine by-

product of DIAD seemed to ‘stick’ to the desired product during column chromatography, and would 

not readily precipitate when the crude product was taken up in a non-polar solvent such as hexane. This 

was not deemed an issue, as the hydrazine did not impact the proceeding click reaction and so it was 

not necessary for the α-azidophosphonate to be completely purified. 1H, 13C, 31P, and 19F NMR spectra 

for these compounds is provided. 

Dibenzyl α-azido-3-phenoxybenzylphosphonate (11a)  

From 10a (1.25 g, 2.71 mmol): purified by column chromatography using a Toluene/Acetone (1:1) 

eluent, to yield a white solid (1.095 g, 83.7%). Rf 0.48 (Silica, Toluene/Acetone, 1:1). 1H NMR (400 

MHz, CDCl3): 7.23-7.18 (m, 12H), 7.18-7.13 (m, 2H), 7.08 (s, 1H), 7.00 (t, J = 7.3 Hz, 1H), 6.92 (d, J 

= 7.7 Hz, 3H), 4.97-4.82 (m, 4H), 4.67 (d, 2J(H,P) = 16.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): 157.6, 

156.8, 135.9, 135.8, 134.3, 130.2, 129.9, 128.6, 128.2, 123.7, 123.2, 119.2, 118.7, 68.8, 61.3 (d, 2J(C,P) 

= 157.2 Hz). 31P NMR (162 MHz, CDCl3): 19.2. ESI-HRMS: m/z calculated for C27H24N3O4PNa [M 

+ Na]+: 508.1406, found 508.1402.  

Dibenzyl α-azido-3-cyclopentoxybenzylphosphonate (11b)  

From 10b (232 mg, 0.512 mmol): purified by column chromatography using a DCM/EtOAc (99:1) 

eluent, to give a white solid (195 mg, 80%). Rf 0.68 (Silica, DCM:EtOAc, 99:1). 1H NMR (400 MHz, 

CDCl3): 7.35-7.18 (m, 11H), 6.95-6.92 (m, 2H), 6.87-6.84 (m, 1H, H4), 5.04-4.82 (m, 4H), 4.68 (d, 

1H, J = 16.8 Hz), 4.65 (m, 1H), 1.89-1.70 (m, 6H), 1.63-1.53 (m, 2H). 13C NMR (100 MHz, CDCl3): 

158.3 (d, J = 2.4 Hz), 135.8 (d, J = 5.8 Hz), 135.7 (d, J = 5.9 Hz), 133.1 (d, J = 3.6 Hz), 129.7 (d, J = 1.5 

Hz), 128.6, 128.5, 128.09, 128.05, 120.3 (d, J = 6.7 Hz), 116.5 (d, J = 2.6 Hz), 115.0 (d, J = 6.0 Hz), 

79.2, 68.83 (d, J = 6.8 Hz), 68.79 (d, J = 7.2 Hz), 61.8 (d, J = 158.7 Hz), 32.7, 24.0. 31P NMR (162 

MHz, CDCl3): 19.3. ESI-HRMS: m/z calculated for C26H28N3O4PNa [M + Na]+:  500.1716, found 

500.1709. 
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Dibenzyl α-azido-3-phenoxy-4-fluorobenzylphosphonate (11c)  

From 10c (179 mg, 0.375 mmol): purified by column chromatography using a DCM/EtOAc (99:1) 

eluent, to give a white solid (141 mg, 75%). Rf 0.83 (Silica, DCM:EtOAc, 99:1). 1H NMR (500 MHz, 

CDCl3): 7.31-7.18 (m, 12H), 7.12-7.05 (m, 4H), 6.92-6.90 (m, 2H), 5.01-4.88 (m, 4H), 4.61 (d, 1H, 

J(H,P) = 16.3 Hz). 13C NMR (125 MHz, CDCl3): 156.8, 154.3 (d, J = 251.1 Hz), 144.0 (dd, J = 12.1, 

2.8 Hz), 135.5 (2 x d, J = 5.8 Hz), 129.8, 128.9 (d, J = 3.9 Hz), 128.7, 128.6 (d, J = 3.2 Hz), 128.13, 

128.08, 126.4 (d, J = 6.1 Hz), 124.5 (2 x d, J = 6.4 Hz), 123.5, 121.4 (d, J = 4.5 Hz), 117.5, 117.3 (dd, 

J = 19.2, 2.2 Hz), 68.9 (2 x d, J = 6.8 Hz), 60.9 (d, J = 159.2 Hz). 31P NMR (202 MHz, CDCl3): 18.8. 

19F NMR (376 MHz, CDCl3): -131.7. ESI-HRMS: m/z calculated for C27H23FN3O4PNa [M + Na]+: 

526.1308, found 526.1321. 

Dibenzyl α-azido-4-fluorobenzylphosphonate (11d)  

From 10d (400 mg, 1.04 mmol): purified by column chromatography using a DCM/EtOAc (99:1) 

eluent, to give a white solid (379 mg, 89%). Rf 0.68 (Silica, DCM:EtOAc, 99:1). 1H NMR (500 MHz, 

CDCl3): 7.36-7.27 (m, 10H), 7.21-7.19 (m, 2H), 7.00 (dd, 3J(H,F) = 8.5 Hz, 2H), 5.04-4.86 (m, 4H), 4.69 

(d, 1H, J(H,P) = 16.3 Hz). 13C NMR (125 MHz, CDCl3): 162.9 (dd, 1J(C,F) = 248.0 Hz, 5J(C,P) = 3.0 Hz), 

135.6 (2 x d, 2J(C,P) = 18.4 Hz), 130.2 (dd, 3J(C,P) = 8.3 Hz, 3J(C,F) = 6.4 Hz), 128.6 (m), 128.2, 128.1, 

127.8 (t, 3J(C,P) = 3.4 Hz), 115.8 (dd, 2J(C,F) = 22.0 Hz), 68.9 (m), 61.1 (d, 1J(C,P) = 160.9 Hz).31P NMR 

(202 MHz, CDCl3): 19.2. 19F NMR (376 MHz, CDCl3): -112.3 (2 x s). ESI-HRMS: m/z calculated 

for C21H19FN3O3PNa [M + Na]+: 434.1046, found 434.1066.  

Dibenzyl α-azido-3-trifluoromethylbenzylphosphonate (11e)  

From 10e (600 mg, 1.38 mmol): purified by column chromatography using a DCM/EtOAc (99:1) 

eluent, to give a white solid (608 mg, 96%). Rf 0.77 (Silica, DCM:EtOAc, 99:1). 1H NMR (400 MHz, 

CDCl3): 7.61 (bs, 1H), 7.57 (bs, 1H), 7.55 (bs, 1H), 7.41 (t, 1H, J = 7.8 Hz), 7.20-7.33 (m, 10H), 4.94-

5.03 (m, 4H), 4.79 (d, 1H, J = 16.5 Hz). 13C NMR (100 MHz, CDCl3): 135.4-135.6 (m), 133.5 (d, J = 

3.7 Hz), 131.6 (d, J = 4.4 Hz), 131.0 (dq, J = 33.3, 2.4 Hz), 129.1 (d, J = 2.2 Hz), 128.8, 128.69, 128.67, 

128.2, 125.0 (quint, J = 3.5 Hz), 125.0 (sext, J = 3.5 Hz), 123.8 (q, J = 272.7 Hz), 69.1, 69.0, 61.4 (d, 

J = 157.7 Hz). 31P NMR (162 MHz, CDCl3): 18.5. 19F NMR (376 MHz, CDCl3): -62.6. ESI-HRMS: 

m/z calculated for C22H19F3N3O3PNa [M + Na]+: 484.1014, found 484.1037. 

Dibenzyl α-azido-3-(1,1,2,2-tetrafluoroethoxy)benzyl phosphonate (11f)  

From 10f (331 mg, 0.840 mmol): purified by column chromatography using a DCM/EtOAc (4:1) eluent, 

to give a white solid (289 mg, 83%). Rf 0.95 (Silica, DCM:EtOAc, 4:1). 1H NMR (500 MHz, CDCl3): 

7.36-7.20 (m, 14H), 5.89 (tt, 1H, J = 53.1, 2.8 Hz), 5.02-4.90 (m, 4H), 4.73 (d, 1H, J = 16.5 Hz). 13C 

NMR (125 MHz, CDCl3): 148.9, 135.6 (d, J = 6.1 Hz), 135.5 (d, J = 6.2 Hz), 134.3 (d, J = 4.6 Hz), 

130.0 (d, J = 1.8 Hz), 128.7, 128.64, 128.62, 128.19, 128.17, 126.3 (d, J = 6.3 Hz), 121.9 (d, J = 2.4 

Hz), 121.5 (d, J = 6.2 Hz), 116.5 (tt, J = 272.5, 28.7 Hz), 107.6 (tt, J = 252.0, 41.2 Hz), 69.1 (m), 61.3 
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(d, J = 158.7 Hz). 31P NMR (162 MHz, CDCl3): 18.6. 19F NMR (376 MHz, CDCl3): -88.1 (t, J = 6.8 

Hz), -136.7 (dt, J = 53.0, 5.7 Hz). ESI-HRMS: m/z calculated for C23H20F4N3O4PNa [M + Na]+: 

532.1025, found 532.1035. 

Dibenzyl α-azido-(3-benzothiophene)methylphosphonate (11g)  

From 10g (460 mg, 1.08 mmol): purified by column chromatography, with a Hexane/EtOAc (1:1) 

eluent. This afforded a clear oil (390 mg, 80 %). Rf 0.73 (Silica, Hexane/EtOAc, 1:1). 1H NMR (500 

MHz, CDCl3): 7.86-7.75 (m, 3H), 7.38-7.35 (m, 2H), 7.34-7.29 (m, 5H), 7.27-7.21 (m, 3H), 7.14-7.11 

(m, 2H), 5.01 (d, 1H, J = 16.8 Hz), 5.13-4.79 (m, 4H) 13C NMR (125 MHz, CDCl3): 140.0, 137.3 (2 x 

s), 135.6 (2 x s), 135.4 (2 x s), 128.56, 128.54, 128.48, 128.43, 128.1, 128.0, 127.5 (d, J = 7.5 Hz), 

126.1, 124.9, 124.5, 122.7, 121.9, 68.9-68.8 (m), 55.4 (d, J = 162.7 Hz) 31P NMR (202 MHz, CDCl3): 

19.1. ESI-HRMS: m/z calculated for C23H20N3O3PSNa [M + Na]+: 472.08552, found 472.08550. 

 

CuAAC ‘click’ coupling to form 1,2,3-triazoles: 

An α-azidophosphonate (11a-g, 1 equiv.), 8 (1.2 equiv.), Cu(OAc)2 (0.25 equiv.), and sodium ascorbate 

(0.5 equiv.) were suspended in a mixture of THF and water (1:1) and stirred at room temperature until 

starting material disappeared (4-12 hours). Upon completion (judged by TLC), the reaction mixture was 

concentrated under reduced pressure and extracted with EtOAc. The organic layer washed with brine, 

dried with anhydrous MgSO4, filtered and evaporated, with the resultant product purified by column 

chromatography. 

5'-O-[1-(Dibenzoxyphosphoryl-3-phenoxyphenylmethyl)-1,2,3-triazol-4-yl]methyluridine (12a)   

From 11a (150 mg, 0.309 mmol): purified by column chromatography to give white solid (100 mg, 

51%). Rf 0.64 (DCM/MeOH, 9:1). 1H NMR (400 MHz, CDCl3): 9.18 (2 x bs, 1H), 8.04 (2 x s, 1H), 

7.73 (2 x d, J = 8.2 Hz), 7.33-7.21 (m, 10H), 7.16-7.09 (m, 6H), 7.00-6.92 (m, 3H), 6.13 (2 x d, 1H, J 

= 21.6 Hz), 5.80 (2 x d, 1H, J = 2.3 Hz), 5.63 (2 x d, 1H, J = 8.1 Hz), 4.97-4.80 (m, 4H), 4.69-4.59 (m, 

2H), 4.39 (bs, 1H), 4.20-4.15 (m, 3H), 3.86-3.51 (m, 3H). 13C NMR (100 MHz, CDCl3): 163.3, 158.0 

(2 x s), 156.3 (2 x s), 151.0, 144.6, 140.4 (2 x s), 135.1 (m), 133.6 (2 x s), 130.6 (2 x s), 129.9 (2 x s), 

128.8, 128.7, 128.1 (m), 123.9 (2 x s), 123.0 (2 x s), 119.3 (2 x s), 118.8 (2 x s), 102.3 (2 x s), 90.7 (2 

x s), 83.8 (2 x s), 75.4 (2 x s), 70.5 (2 x s), 69.7 (2 x s), 69.2 (2 x s), 69.0 (2 x s), 64.4 (2 x s), 61.7 (d, J 

= 159.1 Hz). 31P NMR (162 MHz, CDCl3): 16.4. ESI-HRMS: m/z calculated for C39H38N5O10PNa 

[M + Na]+: 790.2271, found 790.2254. 

5'-O-[1-(Dibenzoxyphosphoryl-3-cyclopentoxyphenylmethyl)-1,2,3-triazol-4-yl]methyluridine (12b) 

From 11b (156 mg, 0.326 mmol): purified by column chromatography with a 9:1 DCM/MeOH eluent 

to afford a white foam (129 mg, 52 %). Rf 0.68 (DCM/MeOH, 9:1). 1H NMR (500 MHz, CDCl3): 8.80 

(2 x s, 1H), 8.02 (2 x s, 1H), 7.72 (2 x d, 1H, J = 8.2 Hz), 7.31-7.23 (m, 7H), 7.19-7.17 (m, 2H), 7.11-



S7 

7.03 (m, 4H), 6.89-6.86 (m, 1H), 6.11 (2 x d, 1H, J = 21.3 Hz), 5.79 (2 x d, 1H, J =3.4 Hz), 4.96-4.60 

(m, 4H), 4.70-4.60 (m, 3H), 4. 5.53 (2 x dd, 1H, J = 8.1, 2.0 Hz), 24-4.10 (m, 4H), 3.86-3.45 (m, 3H), 

1.91-1.72 (m, 6H), 1.67-1.57 (m, 2H). 13C NMR (125 MHz, CDCl3): 163.0, 158.6 (2 x s), 150.8, 144.5, 

140.3 (2 x s), 135.2-135.0 (m), 132.9 (2 x s), 130.3 (2 x s), 128.8-128.6 (m), 128.1 (m), 123.0, 120.4 

(m), 116.6 (2 x s), 116.0 (2 x d, J = 7.1 Hz), 102.2, 91.0, 84.0 (2 x s), 79.4, 75.6, 70.7 (2 x s), 69.7 (2 x 

s), 69.1 (2 x s), 68.9 (2 x s), 63.4 (2 x s), 62.0 (2 x d, J = 155.4 Hz), 32.8, 24.1. 31P NMR (162 MHz, 

CDCl3): 16.8. ESI-HRMS: m/z calculated for C39H38N5O10PNa [M + Na]+: 782.2567, found 782.2598. 

5'-O-[1-(Dibenzoxyphosphoryl-3-phenoxy4-fluorophenylmethyl)-1,2,3-triazol-4-yl]methyluridine 

(12c)  

From 11c (59.9 mg, 0.119 mmol): purified by column chromatography using a DCM/MeOH (9:1) 

eluent, to give a white solid (51.1 mg, 66%). Rf 0.67 (Silica, DCM:MeOH, 9:1). 1H NMR (400 MHz, 

MeOD): 8.16 (s, 1H), 7.86 (2 x d, 1H, J = 8.2 Hz), 7.34-7.10 (m, 19H), 6.90-6.88 (m, 2H), 6.54 (2 x d, 

1H, J = 22.2 Hz), 5.88 (d, 1H, J = 4.5 Hz), 5.53 (2 x d, 1H, J = 8.3 Hz), 5.03-4.94 (m, 4H), 4.68 (m, 

2H), 4.12 (m, 3H), 3.79 (m, 2H). 13C NMR (100 MHz, MeOD): 164.6, 151.0, 149.0, 144.5, 140.8, 

135.4, 129.6, 128.4, 127.8, 126.9, 124.3, 123.3, 121.9, 121.6 (d, J = 17.2 Hz), 117.2, 101.4, 89.0, 83.4, 

74.5, 70.2, 69.4-69.2 (m), 63.4, 60.6 (d, J = 155.1 Hz). 31P NMR (162 MHz, MeOD): 16.3. 19F NMR 

(376 MHz, MeOD): -131.6 (2 x s). ESI-HRMS: m/z calculated for C55H49FN5O14PNa [M + Na]+: 

808.2158, found 808.2160. 

5'-O-[1-(Dibenzoxyphosphoryl-4-fluorophenylmethyl)-1,2,3-triazol-4-yl]methyluridine (12d)  

From 11d (109 mg, 0.265 mmol): purified by column chromatography with a 9:1 DCM/MeOH eluent 

to afford a white foam (106 mg, 57 %). Rf 0.62 (DCM/MeOH, 9:1). 1H NMR (400 MHz, CDCl3): 9.52 

(2 x s, 1H), 8.01 (2 x s, 1H), 7.74 (m, 1H, J = 8.1 Hz), 7.50-7.46 (m, 2H), 7.30-7.24 (m, 6H), 7.17-7.15 

(m, 2H), 7.11-7.08 (m, 2H), 7.01 (2 x t, 2H, J = 8.6 Hz), 6.15 (2 x d, 1H, J = 22.2 Hz), 5.82 (2 x d, 1H, 

J = 3.0 Hz), 5.59 (2 x d, 1H, J = 8.4 Hz), 4.96-4.80 (m, 4H), 4.59-4.67 (m, 3H), 4.22-4.16 (m, 3H), 

3.86-3.49 (m, 3H). 13C NMR (100 MHz, CDCl3): 163.5 (2 x s), 163.4 (2 x d, J = 274.4 Hz), 151.0, 

144.7 (2 x s), 140.5 (2 x s), 134.9-135.1 (m), 130.8 (m), 128.8, 128.68, 128.65, 128.15, 128.12, 128.09, 

122.9 (2 x s), 116.3 (2 x d, J = 21.3 Hz), 103.0 (2 x s), 102.3 (2 x s), 90.7 (2 x s), 83.8, 75.4 (2 x s), 70.5 

(2 x s), 69.8 (2 x s), 69.3 (2 x s), 69.1 (2 x s), 64.4, 61.2 (d, J = 155.8 Hz). 31P NMR (162 MHz, CDCl3): 

16.5. 19F NMR (376 MHz, CDCl3): -111.0 (2 x m). ESI-HRMS: m/z calculated for C39H38N5O10PNa 

[M + Na]+: 716.1898, found 716.1899. 

5'-O-[1-(Dibenzoxyphosphoryl-3-trifluoromethylphenylmethyl)-1,2,3-triazol-4-yl]methyluridine 

(12e)  

From 11e (159 mg, 0.344 mmol): purified by column chromatography with a 9:1 DCM/MeOH eluent 

to afford a white foam (156 mg, 60 %). Rf 0.56 (DCM/MeOH, 9:1). 1H NMR (400 MHz, MeOD): 

8.85-8.34 (2 x s, 1H), 8.31-8.11 (2 x s, 1H), 7.71 (2 x d, 1H, J = 8.2 Hz), 7.41-7.34 (m, 7H), 7.25-7.21 
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(m, 2H), 7.18-7.10 (m, 4H), 6.93-6.90 (m, 1H), 6.18-6.12 (2 x d, 1H, J = 22.0 Hz), 5.80 (2 x d, 1H, J = 

2.3 Hz), 5.71-5.66 (m, 1H), 5.13-4.79 (m, 4H), 4.68-4.59 (m, 2H), 4.49 (bs, 1H), 4.18-4.14 (m, 3H), 

3.86-3.50 (m, 3H). 13C NMR (100 MHz, MeOD): 162.6 (2 x s), 150.0, 144.7 (2 x s), 140.6 (2 x s), 

135.0, 134.8 (2 x s), 134.7 (2 x s), 132.7 (2 x s), 131.9 (m), 129.8 (2 x s), 128.9-128.2 (m), 126.3 (m), 

125.6 (m), 123.5 (q, J = 272.7 Hz), 123.0 (2 x s), 103.2 (2 x s), 90.2 (2 x s), 83.6 (2 x s), 75.3 (2 x s), 

70.9 (2 x s), 69.7 (m), 69.5 (m), 68.9 (2 x s), 65.0 (2 x s), 61.6 (d, J = 155.3 Hz). 31P NMR (162 MHz, 

MeOD): 15.6. 19F NMR (376 MHz, MeOD): -62.7 (2 x s). ESI-HRMS: m/z calculated for 

C34H33F3N5O9PNa [M + Na]+: 765.2158, found 765.2182. 

5'-O-[1-(Dibenzoxyphosphoryl-3-(1,1,2,2,-tetrafluoroethoxy)phenylmethyl)-1,2,3-triazol-4-

yl]methyluridine (12f)  

From 11f (18.5 mg, 0.0363 mmol): purified by column chromatography with a 9:1 DCM/MeOH eluent 

to afford a white foam (12.1 mg, 52 %). Rf 0.61 (Silica, DCM:MeOH, 9:1). 1H NMR (500 MHz, 

MeOD): 8.21 (s, 1H), 7.86 (2 x d, 1H, J = 8.2 Hz), 7.50-7.43 (m, 3H), 7.32-7.29 (m, 7H), 7.21-7.19 

(m, 4H), 6.54 (2 x d, 1H, J = 22.4 Hz), 6.32 (tt, 1H, J = 52.5, 3.0 Hz), 5.88 (d, 1H, J = 4.5 Hz), 5.55 (2 

x d, 1H, J = 8.0 Hz), 5.07-4.94 (m, 4H), 4.68 (m, 2H), 4.12 (m, 3H), 3.79 (m, 2H). 13C NMR (125 

MHz, MeOD): 164.6, 151.0, 149.0, 144.6, 140.9, 135.3, 134.4, 130.2, 128.6-127.8 (m), 128.4, 128.3, 

128.1, 128.0, 127.9, 127.8, 127.5, 127.4 (2 x s), 126.9, 124.4, 122.3, 121.9, 121.6 (d, J = 17.2 Hz), 116.6 

(t, J = 271.0 Hz), 108.0 (t, J = 250.6 Hz), 101.5, 89.1, 83.4, 74.5, 70.2, 69.5-69.2 (m), 65.5, 63.5, 60.6 

(d, J = 155.1 Hz). 31P NMR (162 MHz, MeOD): 16.1. 19F NMR (376 MHz, MeOD): -89.8, -139.2. 

ESI-HRMS: m/z calculated for C35H33F4N5O10P [M - H]-: 790.1901, found 790.1902. 

5'-O-[1-(Dibenzoxyphosphorylbenzothiophen-3-ylmethyl)-1,2,3-triazol-4-yl]methyluridine (12g) 

From 11g (105 mg, 0.234 mmol): purified by column chromatography with a 9:1 DCM/MeOH eluent 

to afford a white foam (97.7 mg, 57 %). Rf 0.65 (DCM/MeOH, 9:1). 1H NMR (500 MHz, CDCl3): 

8.95 (2 x s, 1H), 8.22 (2 x s, 1H), 7.88-7.80 (m, 2H), 7.67-7.64 (m, 2H), 7.38-7.35 (m, 2H), 7.32-7.29 

(m, 3H), 7.08-7.07 (m, 2H), 7.24-7.17 (m, 5H), 6.59 (2 x d, 1H, J = 20.9 Hz), 5.80 (2 x d, 1H, J = 3.1 

Hz), 5.62 (2 x d, 1H, J = 8.1 Hz), 5.01-4.75 (m, 4H), 4.63-4.53 (m, 2H), 4.20-4.13 (m, 4H), 3.82-3.56 

(m, 3H).13C NMR (125 MHz, CDCl3): 163.0, 150.9 (2 x s), 144.8 (2 x s), 140.3 (2 x s), 139.8 (2 x s), 

137.2 (d, J = 10.7 Hz), 135.03, 134.99, 134.8 (2 x d, J = 5.1 Hz), 129.0-128.6 (m), 128.14, 128.08 (2 x 

s), 125.5 (2 x s), 125.3 (2 x s), 125.0 (2 x s), 123.0 (2 x s), 122.8 (2 x s), 121.2, 102.2 (2 x s), 90.9 (2 x 

s), 83.9, 75.5 (2 x s), 70.6 (2 x s), 69.8-69.7 (m), 69.4-69.3 (m), 69.0 (2 x s), 64.5 (2 x s), 54.9 (d, J = 

159.1 Hz). 31P NMR (162 MHz, CDCl3): 16.6 (2 x s). ESI-HRMS: m/z calculated for 

C35H34N5O9PSNa [M + Na]+: 754.1717, found 754.1713. 
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CMP-Glo based Sialyltransferase Inhibition Assay 

Recombinant human ST3Gal I and ST6Gal I were obtained from R&D Systems, CMP-Neu5Ac 

(purified prior to use by size exclusion chromatography), Gal-β1,3-GalNAc and LacNAc were from 

Carbosynth. Assays were performed in a sodium cacodylate buffer (5.0 mM sodium cacodylate, 15.0 

µM NaCl, 0.05 % Triton X-100). Assays were performed in a solid white 96-well plate, in a 25 µL 

volume for one hour, incubated at room temperature. CMP detection reagent was prepared as per 

Promega’s guidelines, and 25 µL was added, with luminescence measured after a further hour of 

incubation. In each assay a CMP standard curve was established in duplicate, with concentrations 

ranging from 0-100µM. 

Enzyme activity curve 

To determine the amount of enzyme to use in each assay, an assay was performed using amounts of 

enzyme ranging from 0-500 ng/well. The amount of enzyme was added in 15 µL of assay buffer, to 

which was added 10 µL of a mixture containing 25 µM CMP-Neu5Ac and 2.5 mM acceptor (Gal-β1,3-

GalNAc and LacNAc for ST3Gal I and ST6Gal I respectively). The resultant sigmoidal activity curve 

of luminescence vs quantity of enzyme showed a linear region of response, which gave a guideline as 

to the amount of enzyme that should be used for subsequent reactions. 

 

Figure S1. Enzyme-activity curve for ST6Gal I in the CMP-Glo™ assay. The assay gave a R2 = 0.9756 for the sigmoidal 

response curve. 
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Figure S2. Enzyme-activity curve for ST3Gal I in the CMP-Glo™ assay. The assay gave a R2 = 0.9942 for the sigmoidal 

response curve. 

Determination of CMP-Neu5Ac Km against hST6Gal I 

CMP-Neu5Ac was diluted to 1250, 625, 312.5, 156.3, 78.1, 39.1, 19.5, 9.8, 4.9, 2.4, 1.2, and 0 µM, 

while the enzyme was diluted to 60 ng/5 µL. In duplicate on a solid white 96-well plate, 10 µL of donor, 

10 µL of 2.5 mM acceptor, and 5 µL of enzyme were added. The assay was then performed as per the 

general procedure detailed above. The Km was calculated using non-linear regression analysis with 

GraphPad Prism 7. 

Figure S3. Non-linear regression analysis in Michaelis-Menten equation of CMP-Neu5Ac with recombinant 

hST6Gal I. This is the same data as from our previous work.2 

 

Single point inhibition at 100 and 10 µM 

Enzyme was diluted to 20 ng/5 µL and 60 ng/5 µL for ST3Gal I and ST6Gal I respectively. To a solid 

white 96 well plate, 10 µL of a mixture of 2.5 mM acceptor and 250 µM donor in assay buffer, 10 µL 
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of a 250 or 25 µM solution of inhibitor in assay buffer (for inhibition at 100 or 10 µM respectively), 

and 5 µL of enzyme solution were added to each well in duplicate. A positive control with no inhibitor 

was also prepared, as well as a negative control where no enzyme was present. The assay was then 

performed as per the general procedure detailed above. Percentage inhibition was calculated relative to 

the positive control, with the negative control used as a blank. 

Determination of inhibitor Ki against hST6Gal I 

CMP-Neu5Ac was diluted to 2500, 625, 156.3, 39.1, and 9.8, while the enzyme was diluted to 60 ng/5 

µL. Inhibitors were diluted to three concentrations, usually between 0.5-62.5 µM. To a solid white 96 

well plate, 5 µL of CMP-Neu5Ac solution, 5 µL of 5 mM acceptor in assay buffer, 10 µL of inhibitor 

solution, and 5 µL of enzyme solution were added to each well in duplicate. The assay was then 

performed as per the general procedure detailed above. The Ki’s were calculated using non-linear 

regression analysis with GraphPad Prism 8. 

Figure S4. Non-linear regression analysis in of velocity vs [CMP-NeuAc] with recombinant hST6Gal I at three 13a-s 

concentrations. 

1/V-1/[S]
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Figure S5. Non-linear regression analysis of velocity vs [CMP-NeuAc] with recombinant hST6Gal I at three 13a-l 

concentrations. 

Figure S6. Non-linear regression analysis of velocity vs [CMP-NeuAc] with recombinant hST6Gal I at three 13c-s 

concentrations. 

1/V-1/[S]

1/V-1/[S]
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Figure S7. Non-linear regression analysis of velocity vs [CMP-NeuAc] with recombinant hST6Gal I at three 13c-l 

concentrations. 

Figure S8. Non-linear regression analysis of velocity vs [CMP-NeuAc] with recombinant hST6Gal I at three 13f-s 

concentrations. 

1/V-1/[S]

1/V-1/[S]
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Figure S9. Non-linear regression analysis of velocity vs [CMP-NeuAc] with recombinant hST6Gal I at three 13f-l 

concentrations. 
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