
Supplementary Figure S1. 

Synthesis of TAS4464 HCl 
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Reagents and conditions: (a) BF3OEt2, 2,2-dimethoxypropane, acetone, 0 ℃, 75 min, 71%; (b) (1) 

DIAD, PPh3, phthalimide, THF, 0 ℃, 1.5 h; (2) hydrazine monohydrate, EtOH-H2O, reflux, overnight. 
100%; (c) 1-aza-4-azoniabicyclo[2.2.2]octan-4-ylsulfonyl(tert-butoxycarbonyl)azanido: 1,4-
diazabicyclo[2.2.2]octane monohydrochloride, CHCl3, room temp., 2 h, 88%; (d) 1-ethoxy-2-ethynyl-3-
fluorobenzene(8), PdCl2(PPh3)2, CuI, iPr2EtN, THF, 50 °C, 5 h, 96%; (e) conc. HCl aq., CH3CN, room 
temp., overnight, 86%
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Synthesis of 1-Ethoxy-2-ethynyl-3-fluorobenzene (8) 
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Reagents and conditions: (a) EtI, K2CO3, DMF, room temp., overnight, 98%; (b) K2CO3, dimethyl(1-

diazo-2-oxopropyl)phosphonate,
 
MeOH, 0 ℃, 40 min, room temp., 3.5 h, 73% (89 wt%)  
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Experimental section 

Commercially available high-grade reagents and solvents were used without further purification. 

Moisture or oxygen sensitive reactions were conducted under an atmosphere of nitrogen gas. 1H 

NMR spectra were recorded on 400 MHz spectrometer. Chemical shifts are reported in parts per 

million (δ ppm). 1H NMR chemical shifts were referenced to the residual CDCl3 (δ = 7.26 ppm), 

DMSO-d6 (δ = 2.50 ppm), and CD3OD (δ = 3.31 ppm). Purification by silica gel chromatography 

was carried out using Biotage systems with prepacked cartridges.  

 

[(3aR,4R,6R,6aR)-4-(4-Amino-5-iodo-pyrrolo[2,3-d]pyrimidin-7-yl)-2,2-dimethyl-3a,4,6,6a-

tetrahydrofuro[3,4-d][1,3]dioxol-6-yl]methanol  (2) 

(2R,3R,4S,5R)-2-(4-Amino-5-iodo-pyrrolo[2,3-d]pyrimidin-7-yl)-5-

(hydroxymethyl)tetrahydrofuran-3,4-diol (1) (15 g, 34.8 mmol) was suspended at room temperature 

in acetone (120 mL) and 2,2-dimethoxypropane (24.4 mL).  Thereafter, boron trifluoride diethyl 

etherate (27.8 mL, 6.3 eq) was added thereto dropwise in an ice bath with stirring so as to keep the 

internal temperature at 10°C or lower.  The obtained mixture was stirred for 75 minutes in an ice 

bath, and a 5 M aqueous sodium hydroxide solution (60 mL) was then slowly added thereto dropwise 

so as to keep the internal temperature at 15°C or lower.  After acetone was distilled off under 

reduced pressure, chloroform and water were added thereto, followed by stirring for about 5 minutes.  

The reaction solution was filtered through a celite bed to remove the generated insoluble matter.  

Thereafter, the aqueous layer was separated and extracted twice with chloroform.  All of the organic 

layers were combined, washed with water and saturated saline, and dried over sodium sulfate, 

followed by distilling off the solvent.  The brown oil residue was suspended in hexane (50 mL), and 

stirred for 2 hours.  The formed solid was then collected by filtration, followed by drying, thereby 

obtaining the title compound (10.7 g, 71%) as a light-brown solid. 1H-NMR (400 MHz, CDCl3) δ: 

8.23 (1H, s), 7.12 (1H, s), 6.40 (1H, d, J = 11.5 Hz), 5.76-5.74 (2H, brs), 5.69 (1H, d, J = 5.1 Hz), 

5.24-5.22 (1H, m), 5.10-5.08 (1H, m), 4.49 (1H, s), 3.97-3.94 (1H, m), 3.78 (1H, t, J = 11.5 Hz), 

1.63 (3H, s), 1.36 (3H, s). LCMS (ESI) m/z 433 [M+H]+. 
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7-((3aR,4R,6R,6aR)-6-(Aminomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-5-

iodo-7H-pyrrolo[2,3-d]pyrimidin-4-amine (3) 

[(3aR,4R,6R,6aR)-4-(4-Amino-5-iodo-pyrrolo[2,3-d]pyrimidin-7-yl)-2,2-dimethyl-3a,4,6,6a-

tetrahydrofuro[3,4-d][1,3]dioxol-6-yl]methanol (2) (3.2 g, 7.4 mmol) and phthalimide (2.18 g, 14.8 

mmol) were dissolved in tetrahydrofuran (30 mL), and triphenylphosphine (2.9 g, 11.1 mmol) was 

added thereto with stirring under ice-cooling.  After triphenylphosphine was dissolved, diisopropyl 

azodicarboxylate (2.2 mL, 11.1 mmol) was added thereto dropwise with stirring under ice-cooling.  

After the reaction solution was stirred for 1.5 h under ice-cooling, the reaction solution was distilled 

off under reduced pressure, and ethanol (30 mL), water (9 mL), and hydrazine monohydrate (1.2 mL, 

24.7 mmol) were added at room temperature to the residue.  After being stirred under reflux 

overnight, the reaction solution was distilled off under reduced pressure.  The residue was partitioned 

between ethyl acetate and saturated sodium bicarbonate solution.  Then, the aqueous layer was 

separated and extracted with ethyl acetate.  All of the organic layers were combined and dried over 

sodium sulfate, followed by distilling off the solvent.  The residue was then purified by basic silica 

gel column chromatography (developing solvent: methanol/chloroform), thereby obtaining the title 

compound (3.23 g, quantitative) as a yellow solid. 1H-NMR (400 MHz, CDCl3) δ: 8.28 (1H, s), 7.19 

(1H, s), 6.13 (1H, d, J = 3.2 Hz), 5.65-5.63 (2H, brs), 5.23 (1H, dd, J = 6.7, 3.2 Hz), 4.93 (1H, dd, J 

= 6.7, 4.0 Hz), 4.18-4.14 (1H, m), 3.04 (1H, dd, J = 13.4, 4.3 Hz), 2.93 (1H, dd, J = 13.4, 5.9 Hz), 

1.61 (3H, s), 1.37 (3H, s). LCMS (ESI) m/z 432 [M+H]+.  

tert-Butyl N-(((3aR,4R,6R,6aR)-6-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2,2-

dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)sulfamoylcarbamate (4).  

7-((3aR,4R,6R,6aR)-6-(Aminomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)-5-iodo-

7H-pyrrolo[2,3-d]pyrimidin-4-amine (3) (3.23 g) was dissolved in chloroform (40 mL), and 1-aza-4-

azoniabicyclo[2.2.2]octan-4-ylsulfonyl(tert-butoxycarbonyl)azanido: 1,4-diazabicyclo[2.2.2]octane 

monohydrochloride (Reference: Organic Letters, 2012, 10, 2626-2629) (6.2 g, 14.1 mmol) was 

added thereto at room temperature. After the reaction solution was stirred for 2 hours at room 
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temperature, the precipitate was filtered off and washed with chloroform.  After the filtrate was 

concentrated, the residue was purified by silica gel column chromatography (developing solvent: 

chloroform/methanol), thereby obtaining the title compound (4.0 g, 88%) as a milky-white solid. 1H-

NMR (400 MHz, CDCl3) δ: 9.27-9.25 (1H, brs), 8.50 (1H, s), 7.08 (1H, s), 6.04-6.02 (2H, brs), 5.65 

(1H, d, J = 4.7 Hz), 5.28 (1H, dd, J = 6.3, 4.7 Hz), 5.07 (1H, dd, J = 6.3, 2.2 Hz), 4.50 (1H, d, J = 2.2 

Hz), 3.63-3.49 (2H, m), 1.61 (3H, s), 1.44 (9H, s), 1.35 (3H, s). LCMS (ESI) m/z 611 [M+H]+. 

 tert-Butyl N-(((3aR,4R,6R,6aR)-6-(4-amino-5-((2-ethoxy-6-fluorophenyl)ethynyl)-7H-

pyrrolo[2,3-d]pyrimidin-7-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-

yl)methyl)sulfamoylcarbamate (5) 

tert-Butyl N-(((3aR,4R,6R,6aR)-6-(4-amino-5-iodo-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-2,2-

dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)sulfamoyl carbamate (4) (30 g, 49 mmol), 1-

ethoxy-2-ethynyl-3-fluorobenzene (88 wt%, 18 g, 98 mmol), bis(triphenylphosphine)palladium (II) 

dichloride (3.8g, 5.4 mmol), copper iodide (2.1g, 11 mmol), and diisopropylethylamine (18 mL, 110 

mmol) were suspended in tetrahydrofuran (300 mL) and the reaction solution was stirred at 50°C for 

5 hours. Ethyl acetate (300 mL) was added at room temperature and the reaction solution was filtered 

through a celite pad and washed with a mixed solution of saturated ammonium chloride solution 

(600 mL) /water (300 mL), saturated ammonium chloride solution (600 mL) and saturated saline 

(600 mL). The organic layer was dried over sodium sulfate and the solvent was distilled off. The 

residue was purified by silica gel column chromatography (developing solvent: 

methanol/chloroform), thereby obtaining the title compound (30 g, 47 mmol, 96%) as a yellow 

amorphous. 1H-NMR (CDCl3) δ: 9.23-9.21 (1H, brs), 8.53 (1H, s), 7.26 (1H, s), 7.26-7.19 (1H, m), 

6.74 (1H, t, J = 8.5 Hz), 6.70 (1H, d, J = 8.5 Hz), 6.60-6.57 (2H, brs), 5.70 (1H, d, J = 4.4 Hz), 5.31 

(1H, dd, J = 6.2, 4.4 Hz), 5.12 (1H, dd, J = 6.2, 2.2 Hz), 4.53 (1H, d, J = 2.2 Hz), 4.17 (2H, q, J = 7.0 

Hz), 3.72-3.59 (2H, m), 1.63 (3H, s), 1.50 (3H, t, J = 7.0 Hz), 1.47 (9H, s), 1.37 (3H, s). LCMS (ESI) 

m/z 647 [M+H]+. 
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 4-Amino-7-[(2R,3R,4S,5R)-3,4-dihydroxy-5-[(sulfamoylamino)methyl]tetrahydrofuran-2-yl]-

5-[2-(2-ethoxy-6-fluoro-phenyl)ethynyl]pyrrolo[2,3-d]pyrimidine hydrochloride (TAS4464 

HCl) 

tert-Butyl N-(((3aR,4R,6R,6aR)-6-(4-amino-5-((2-ethoxy-6-fluorophenyl)ethynyl)-7H-pyrrolo[2,3-

d]pyrimidin-7-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)sulfamoylcarbamate (5) 

(30 g, 47 mmol ) was dissolved in acetonitrile (910 mL), and concentrated hydrochloric acid (39 mL, 

470 mmol) was added thereto at room temperature.  After the mixture was stirred at room 

temperature for 6 hours, acetonitrile (910 mL) was added thereto, followed by stirring at room 

temperature overnight.  The precipitate was collected by filtration and washed with acetonitrile (610 

mL), followed by drying, thereby obtaining the title compound (22 g, 40 mmol. 86%) as a yellowish-

white solid. RP-HPLC-UV-analysis confirmed purity 99%. 1H-NMR (DMSO- d6) δ: 8.38 (1H,s), 

8.13 (1H, s), 7.44-7.38 (1H, m), 7.01-6.91 (3H, m), 6.80-6.40 (1H, brs), 6.01 (1H, d, J = 6.8 Hz), 

4.51-4.48 (1H, m), 4.24 (2H, q, J = 7.0 Hz), 4.11-4.09 (1H, m), 4.06-4.02 (1H, m), 3.24-3.19 (1H, 

m), 3.14-3.09 (1H, m), 1.38 (3H, t, J = 7.0 Hz). LCMS (ESI) m/z 507 [M+H]+. 

2-Ethoxy-6-fluorobenzaldehyde (7) 

2-Fluoro-6-hydroxybenzaldehyde (6) (50 g, 360 mmol) was dissolved in N,N-dimethylformamide 

(500 mL), and potassium carbonate (74 g, 540 mmol) and iodoethane (86 mL, 1.1 mol) were added 

thereto at room temperature, followed by stirring at room temperature overnight.  The reaction 

solution was partitioned with the addition of ethyl acetate and water, and extracted with ethyl acetate.  

The organic layer was washed with water and brine and dried over sodium sulfate, followed by 

filtration and concentration.  The residue was purified by silica gel column chromatography 

(developing solvent: ethyl acetate/hexane), thereby obtaining 2-ethoxy-6-fluorobenzaldehyde (59 g, 

98%) as a white solid. 1H-NMR (400 MHz, CDCl3) δ: 10.47 (1H, s), 7.50-7.41 (1H, m), 6.77-6.67 

(2H, m), 4.16 (2H, q, J = 6.8 Hz), 1.48 (3H, t, J = 6.8 Hz). LCMS (ESI) m/z 169 [M+H]+. 

1-Ethoxy-2-ethynyl-3-fluorobenzene (8) 

 

S5 



2-Ethoxy-6-fluorobenzaldehyde (7) (18 g, 110 mmol) was dissolved in methanol (180 mL).  Then, 

potassium carbonate (29 g, 210 mmol) was added thereto at room temperature, and dimethyl(1-

diazo-2-oxopropyl)phosphonate (24 mL, 160 mmol) was added thereto under ice-cooling, followed 

by stirring under ice-cooling for 40 minutes and at room temperature for another 3.5 hour.  The 

reaction solution was partitioned with the addition of ethyl acetate, a saturated aqueous sodium 

hydrogen carbonate solution, and water, and extracted with ethyl acetate. The organic layer was 

washed with saturated saline. After being dried over sodium sulfate, the resulting product was 

filtered and concentrated, and the residue was purified by silica gel column chromatography 

(developing solvent: ethyl acetate/hexane), thereby obtaining 1-ethoxy-2-ethynyl-3-fluorobenzene 

(89 wt%, 15g, 80 mmol) as a colorless oil. 1H-NMR (400 MHz, CDCl3) δ: 7.28-7.20 (1H, m), 6.74-

6.63 (2H, m), 4.13 (2H, q, J = 7.1 Hz), 3.50 (1H, s), 1.47 (3H, t, J = 7.1 Hz). 
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