
Supplemental Data for DMD-AR-2020-000251 

 

Journal: Drug Metabolism and Disposition 

 

Title: Identification of human UDP-glucuronosyltransferase and 

sulfotransferase as responsible for the metabolism of dotinurad, a novel 

selective urate reabsorption inhibitor 

 

Authors: Koichi Omura, Keisuke Motoki, Seiichi Kobashi, Kengo Miyata, Katsuhiro 

Yamano, and Takashi Iwanaga 

 

Research Institute, FUJI YAKUHIN CO., LTD., 636-1 Iida-Shinden, Nishi Ward, Saitama City, 

Saitama, 331-0068, JAPAN (K.O., Keisuke Motoki, K.Y., T.I.); Research Institute, FUJI YAKUHIN 

CO., LTD., 1-32-3, Nishiomiya, Nishi Ward, Saitama City, Saitama, 331-0078, JAPAN (S.K.) and 

Research Institute, FUJI YAKUHIN CO., LTD., 4-383, Sakuragicho, Ohmiya  

Ward, Saitama City, Saitama, 330-9508, JAPAN (Kengo Miyata) 

 

  



Synthetic methodology for dotinurad glucuronide conjugate and dotinurad sulfate 

conjugate sodium salt 

 

General information  

 1H was recorded on the JEOL JNM-EX270 (1H: 270 MHz) spectrometer. Chemical shifts (δ) 

were expressed in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal 

standard. The coupling constant (J) was expressed in Hertz (Hz). J, coupling constant; m, 

multiplet; q, quartet; dt, double triplet; dd, double doublet; ddd, double double doublet; t, 

triplet; d, doublet; s, singlet; brs, broad singlet; DMSO-d6, deuterium dimethyl sulfoxide; 

D2O, deuterium oxide. Electrospray ionization (ESI) mass spectra (MS) were determined on 

the Agilent 1100 Series LC/MSD G1946B (Agilent Technologies) system.  

 

Dotinurad glucuronide conjugate 

(2R,3R,4R,5S,6R)-6-(2,6-Dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-

carbonyl)phenoxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-carboxylic acid  



 

(a) (2R,3S,4R,5R,6R)-2-(2,6-dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-

carbonyl)phenoxy)-6-(methoxycarbonyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (1) 

 

To a solution of (3,5-dichloro-4-hydroxyphenyl)(1,1-dioxidobenzo[d]thiazol-3(2H)-

yl)methanone (Dotinurad) (791 mg, 2.21 mmol) in dichloromethane (20 ml), 

(2R,3R,4S,5R,6S)-2-(methoxycarbonyl)-6-(2,2,2-trichloro-1-iminoethoxy)tetrahydro-2H-

pyran-3,4,5-triyl triacetate (1.06 g, 2.21 mmol) and BF3∙Et2O (0.83 ml, 6.61 mmol) were 

added and the mixture was stirred at room temperature for 1.5 h. The reaction solution was 

evaporated under reduced pressure, and then water was added, followed by extraction with 

ethyl acetate. The organic layer was washed with brine and then dried over anhydrous sodium 

sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by 

NH-silica gel column chromatography (n-hexane : ethyl acetate = 2 : 1) to obtain the title 

compound (1.04 g, 70 % yield). 

Glucuronide conjugate 

1 

2 



1H-NMR (270 MHz, DMSO- d6) δ: 2.00 (3H, s), 2.01 (3H, s), 2.07 (3H, s), 3.62 (3H, s), 4.55 

(1H, d, J = 10.0 Hz), 5.06 (1H, t, J = 10.0 Hz), 5.19 (1H, t, J = 8.9 Hz), 5.53 (1H, t, J = 9.5 

Hz), 5.64 (1H, d, J = 7.6 Hz), 7.64 (1H, t, J = 7.6 Hz), 7.84 (1H, t, J = 7.6 Hz), 7.87 (2H, s), 

7.93 (1H, d, J = 7.6 Hz), 8.15 (1H, d, J = 8.9 Hz). 

(b) Methyl (2R,3R,4R,5S,6R)-6-(2,6-dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-

carbonyl)phenoxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-carboxylate (2) 

 

To the solution of disodium hydrogen phosphate dodecahydrate (5.86 g, 16.36 mmol) and 

citric acid monohydrate (1.37 g, 6.52 mmol) in H2O (1.16 liter), (2R,3S,4R,5R,6R)-2-(2,6-

dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-carbonyl)phenoxy)-6-

(methoxycarbonyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (1) (989 mg, 1.46 mmol), 2-

Methoxyethanol (530 ml), and Lipase AS Amano (34.71 g) were added, and the mixture was 

stirred at 45 °C for 17 h. The reaction mixture was filtered by celite pad, followed by 

extraction with ethyl acetate. The organic layer was washed with brine and then dried over 

anhydrous sodium sulfate, and the residue was purified by NH-silica gel column 

chromatography (n-hexane : ethyl acetate = 1 : 1 → 0 : 1) to obtain the title compound (202 

mg, 23 % yield). 

1H-NMR (270 MHz, DMSO- d6) δ: 3.64 (3H, s), 3.81 (1H, d, J = 9.2 Hz), 5.20 (1H, d, J = 7.3 

Hz), 5.30 (1H, d, J = 7.3 Hz), 5.34 (2H, s), 5.42 (1H, d, J = 5.7 Hz), 5.61 (1H, d, J = 5.1 Hz), 



7.46 (1H, t, J = 7.6 Hz), 7.78 (1H, t, J = 7.6 Hz), 7.83 (2H, s), 7.92 (1H, d, J = 7.6 Hz), 8.12 

(1H, d, J = 7.6 Hz). 

(c) (2R,3R,4R,5S,6R)-6-(2,6-Dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-

carbonyl)phenoxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-carboxylic acid (Dotinurad 

glucuronide conjugate) 

 

To the solution of disodium hydrogen phosphate dodecahydrate (1.52 g, 4.24 mmol) and citric 

acid monohydrate (356 mg, 1.69 mmol) in H2O (300 ml), methyl (2R,3R,4R,5S,6R)-6-(2,6-

dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-carbonyl)phenoxy)-3,4,5-

trihydroxytetrahydro-2H-pyran-2-carboxylate (2) (197 mg, 0.36 mmol), dimethyl sulfoxide 

(80 ml), and pig liver esterase (PLE) (225 mg) were added, and the mixture was stirred at 

40 °C for 24 h. The reaction mixture was filtered by celite pad, followed by extraction with 

ethyl acetate. The organic layer was washed with brine and then dried over anhydrous sodium 

sulfate. The solvent was evaporated under reduced pressure and purified by ODS flash 

column chromatography (0.1% TFA aq: 0.1% TFA in MeCN = 80: 20 → 70: 30). Next, the 

solvent was evaporated under reduced pressure and 1 M hydrochloric acid (20 ml) was added, 

followed by extraction with ethyl acetate. The organic layer was washed with brine and then 

dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure to 

obtain the title compound (125 mg, 65 % yield). 



1H-NMR (270 MHz, DMSO-d6) δ : 3.30 (1H, t, J =9.2 Hz), 3.41 (1H, dd, J = 8.0, 9.2 Hz), 

3.43(1H, dd, J = 9.2, 9.6 Hz), 3.64 (1H, d, J = 9.6 Hz), 5.16 (1H, d, J = 8.0 Hz), 5.35(2H, s), 

7.46(1H, t, J = 7. 6Hz), 7.78 (1H, ddd, J = 0.8, 7.6, 8.8 Hz), 7.83(2H, s), 7.93 (1H, dd, J = 0.8, 

7.6 Hz), 8.11 (1H, d, J = 8.8 Hz). MS (ESI) m/z:532, 534 (M-1). 

 

Dotinurad sulfate conjugate sodium salt 

Sodium 2,6-dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-carbonyl)phenyl sulfate 

 

(a) 2,6-Dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-carbonyl) phenyl (2,2,2-

trichloroethyl) sulfate (3) 

To a solution of (3,5-dichloro-4-hydroxyphenyl)(1,1-dioxidobenzo[d]thiazol-3(2H)-

yl)methanone (Dotinurad) (2.00 g, 5.59 mmol) in tetrahydrofuran (THF) (40 ml), 

triethylamine (1.60 ml, 11.54 mmol) 4-dimethylaminopyridine (DMAP) (683 mg, 5.59 mmol) 

and 2,2,2-trichloroethyl sulfurochloridate (2.08 g, 8.39 mmol) were added, and the mixture 

was stirred at room temperature for 1 h, followed by the addition of water and extraction with 

ethyl acetate. The organic layer was washed with brine and then dried over anhydrous sodium 

sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by 

silica gel column chromatography (n-hexane : ethyl acetate = 2 : 1) to obtain the title 

Sulfate conjugate sodium salt 3 



compound (2.62 g, 82 % yield). 

1H-NMR (270 MHz, DMSO- d6) δ: 5.34 (2H, s), 5.49 (2H, s), 7.49 (1H, dt, J = 7.8, 1.6 Hz), 

7.81 (1H, dt, J = 7.8, 1.6 Hz), 7.95 (1H, dd, J = 7.8, 1.6 Hz), 7.07 (2H, s), 8.24 (1H, d, J = 7.8 

Hz).  

(b) Sodium 2,6-dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-carbonyl)phenyl 

sulfate（Dotinurad sulfate conjugate sodium salt) 

To a solution of 2,6-dichloro-4-(1,1-dioxido-2,3-dihydrobenzo[d]thiazole-3-

carbonyl)phenyl(2,2,2-trichloroethyl) sulfate (3) (403 mg, 0.71 mmol) in MeCN (12 ml), 

MeOH (6 ml), H2O (3 ml) and magnesium powder (368 mg, 5.63 mmol) were added, and the 

mixture was stirred at room temperature for 30 min. The reaction mixture was filtered by 

celite pad, and the solvent was evaporated under reduced pressure and purified by ODS flash 

column chromatography (H2O : MeCN = 100 : 0 → 40 : 60). To the purified solution was 

added Dowex Mac-3 resin (Na form, 3.8 meq/ml, 9.8 ml) and stirred at room temperature for 

10 min. After reaction, the resin was filtered off, and then the organic solvent was evaporated 

under reduced pressure and freeze dried to obtain the title compound (135 mg, 40 % yield). 

1H-NMR (270 MHz, D2O) δ: 5.17 (2H, s), 7.34-7.40 (1H, m), 7.61(2H, br), 7.68 (2H, s), 7.79 

(1H, d, J = 8.4 Hz). MS (ESI) m/z:436, 438 (M-1)-. 

  



Supplemental Table 1. Determination of the unbound dotinurad concentration in the 

presence of 1%BSA.  

The concentration of the unbound dotinurad in the reaction mixture containing 1% BSA was 

determined using the ultrafiltration method. Each value represents the mean of duplicate 

measurements. fu, unbound fraction 

 

Materials and methods 

Amicon Ultra centrifugal filters were purchased from Merk Millipore Ltd. (Co Cork, IRL). 

A typical incubation mixture (200 μl) contained 50 mM Tris-HCl (pH 7.5), 8 mM MgCl2, 25 

μg/ml alamethicin, 1% BSA, and dotinurad at 5‒500 μM with 0.5 mg/ml HLMs. After 

incubation at 37°C for 5 min, the incubation mixture was transferred into an ultrafiltration 

device and centrifuged at 14,000 × g, 25 °C for 5 min. To 5 μl of the filtrate, 500 μl of 

distilled water, 505 μl of methanol, and 100 μl of methanol containing F12994 (internal 

standard) were added, and the mixture was then stirred. Standard curves were prepared as 

Total concentration of 

dotinurad (μM) 

Unbound concentration of 

dotinurad (μM) 
fu 

5 0.56  0.112  

10 1.01  0.101  

50 7.53  0.151  

100 17.79  0.178  

150 29.59  0.197  

200 44.49  0.222  

300 82.54  0.275  

400 128.06  0.320  

500 181.26  0.363  



described previously herein, except that there was no incubation, 5 μl dotinurad standard 

methanol solution (concentration ranging from 0.3 to 300 μM) was used instead of 5 μl 

methanol, and distilled water containing 50 mM Tris-HCl (pH 7.5), 8 mM MgCl2, and 25 

μg/ml alamethicin was used instead of the filtrate.  

  The dotinurad in the filtrate was quantified by LC-MS/MS using a Shimadzu Nexera HPLC 

system (Shimadzu Corporation, Kyoto, Japan) and QTRAP4500 (AB SCIEX). Briefly, 0.2 μl 

of the processed incubation mixture was injected into an LC-MS/MS. Dotinurad and matrix 

constituents in the filtrate were separated using an Inertsil ODS-3 (2.1 × 150 mm 3 μm; GL 

Sciences) at 50 °C with a mobile phase of 5 mM ammonium acetate (pH 4) in water and 

methanol (35:65, v/v); the total flow rate was set at 0.2 ml/min. Ionization was conducted in 

turbo ion spray and negative ion modes. Dotinurad was analyzed as [M - H]− ions in the 

multiple reaction monitoring mode (transitions: dotinurad 357.8/161.8 and internal standard 

F12994 340.9/145.0). The concentration range of the standard curve of dotinurad was 

between 0.3 and 300 μM. 

  



Supplemental Table 2. Determination of unbound diflunisal concentration in the absence or 

presence of 1% BSA. 

The unbound diflunisal concentration in the reaction mixture with 1%BSA was determined 

using the ultrafiltration method. Each value represents the mean of duplicate measurements. 

 

Materials and methods 

Centrifree (Ultracel PL Regenerated Cellulose) was purchased from Merk Millipore Ltd. (Co 

Cork, IRL). 

A typical incubation mixture (200 μl) contained 50 mM Tris-HCl (pH 7.5), 8 mM MgCl2, 25 

μg/ml alamethicin, and 50 μM diflunisal (in the absence of 1% BSA) or 500 μM diflunisal (in 

the presence of 1% BSA) with 0.5 mg/ml HLMs. After incubation at 37 °C for 5 min, 25 μl of 

the incubation mixture was transferred into a microtube, while the remaining was transferred 

into an ultrafiltration device and centrifuged at 1,600 × g, 25 °C for 15 min. Next, 50 μl of 

acetonitrile was added to 25 μl of the filtrate or the incubation mixture, and then the mixtures 

were stirred and centrifuged at 12,000 × g, 4 °C for 10 min. The supernatants were used as 

processed samples. 

  The diflunisal concentration was quantified by HPLC-UV using an UltiMate 3000 HPLC 

Condition 
Total concentration of diflunisal 

(μM) 

Unbound concentration of diflunisal 

(μM) 

(-)1%BSA 50 38.5  

(+)1%BSA 500 46.8  



system (Thermo Fisher Scientific Inc., Waltham, MA). Briefly, 1 μl of the processed sample 

was used for HPLC. Diflunisal and matrix constituents were separated using an InertSustain 

C18 (2.1 × 100 mm 2 μm; GL Sciences) at 40 °C with a mobile phase of 0.2% formic acid in 

water and acetonitrile (40:60, v/v); flow rate was set at 0.3 ml/min. Detection UV wavelength 

was 254 nm. Diflunisal unbound concentration was determined based on peak area ratio. The 

following equation was used: 

unbound concentration (μM) = peak area of filtrate / peak area of incubation mixture × 50 (or 

500)  

  



Supplemental Table 3. Evaluation of inhibition of the glucuronidation of dotinurad in human 

liver microsomes (HLMs) by expected concomitant drugs.  

Expected concomitant 

drugs 

Final concentration in reaction 

solution (μM) 

Percent of inhibition 

(%) 

Indomethacin 3 −1.6 

Naproxen 400 17.8 

Oxaprozin 350 57.9 

Pranoprofen 40 5.6 

Diclofenac 5 −0.3 

Loxoprofen 50 −1.1 

Loxoprofen Trans-OH 10 −2.2 

Celecoxib 5 0.9 

Allopurinol 10 −3.9 

Oxypurinol 30 −3.8 

Febuxostat 10 11.8 

Topiroxostat 3 6.1 

Candesartan 0.4 5.2 

Telmisartan 1 21.8 

Carvedilol 0.1 7.4 

Rosuvastatin 0.05 5.8 

Atorvastatin 0.05 5.8 

Fenofibrate 30 7.8 

Sitagliptin 1 4.6 

Glimepiride 1 7.5 

Mitiglinide 5 3.2 

Positive controla) 
500 

90.3 

(Diclofenac) 91.2 

Please refer to the “Inhibition analysis of glucuronidation in HLMs and HKMs” for the 

examination conditions. Expected concomitant drugs were used instead of inhibitors. Each 

value represents the mean of triplicate measurements. 

a, Performed twice 


