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As depicted in Schema 1 below, the synthesis of the NSD2 inhibitor was inspired from the 

Novartis Patent (Deng et al, 2023) with slight modifications. Briefly, starting from commercially 

available Boc protected chiral amino ketone 1 which was reduced by sodium borohydride in 

methanol to provide the diastereomeric mixture of alcohols 2. The Boc group in 2 was then 

removed under mild p-toluenesulfonic acid (PTSA) conditions at 60 °C to provide piperidine 3 as 

a bis-PTSA salt. Compound 3 was then condensed with fluoropyridine 4 in N-Methyl-2-

pyrrolidone (NMP) at 100 °C for 12 hours to give ester 5 in more than 66% yield for the 3 steps. 

Ester 5 was in turn reduced to the corresponding alcohol 6 before conversion to the respective 

chloride 7, which set the stage for reaction with N,N-Bis-(Boc) adenine under basic conditions to 

get to advanced intermediate 8 in 39% yield over 3 steps. Removal of the Boc groups using 

trifluoroacetic acid (TFA) in dichloromethane (DCM) (1:2, v:v), and hydrogenolysis of the benzyl 

group in 9 provided compound 10 in 53% yield over 2 steps. Preparative chiral resolution of amino 

alcohol 10 provided two diastereoisomers, diastereoisomer-1 in 29% yield along with 

diastereoisomer-2 (Schema 1).  

 

 

 

Schema 1: Synthesis of NSD2 inhibitor 
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Validation of the conformation of the two isomers (R, R)-10 (diastereoisomer-1) and (R, S)-

10 (diastereoisomer-2): 

In order to determine and confirm the chiral centers for diastereoisomer-1 and its isomer 

diastereoisomer-2, we have tested several crystallization conditions. One successful 

crystallization in water produced white needles. Unfortunately, they didn’t diffract X-Rays. Then 

after running several NMR experiments which were not conclusive, we reckoned that the 

respective cyclic carbamate of each diastereoisomer should freeze the configuration and would 

allow Nuclear Overhauser Effects (NOE) to be evaluated based on facial proximities of certain 

hydrogen atoms. The cyclic carbamates were synthesized by reacting each of the isomers with 

carbonyldiimidazole (CDI) in the presence of triethylamine in THF. Subsequently NOESY 

experiments on these cyclic isomers were performed to confirm the stereochemistry (Scheme 2). 

Predictably, we have registered NOE effect in stereoisomer-1, marked with a green arrow, 

showing the proximity, and presence on the same face behind the plain of hydrogens H-20 and 

H-22. On the other hand, for the R, S-isomer, another pair of hydrogens; H-18 and H-22 showed 

NOE effect marked with a blue arrow, and different from the R, R-isomer. These NOE effects can 

only be explained by the configurations R, R for stereoisomer-1 and R, S for stereoisomer-2. 

  

Schema 2. Synthesis of Cyclic carbamates 
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Figure 2. NOESY experiment on cyclic carbamates (R, R)-11 and (R, S)-11. 
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Experimental Section 

General conditions 

All steps were carefully monitored by the appropriate analytical means. As detailed 

below, the structures of starting material as well as all intermediates and final compound were 

carefully analyzed for purity, structural integrity, and chirality wherever applies. Flash column 

chromatography was performed either manually using Merck-grade silica gel 60 or on a 

Teledyne ISCO Combiflash NextGen 300+ and prepacked ISCO silica gel columns. NMR 

spectra were run on a Bruker Avance 600. Specific rotations were measured on a Jasco P-2000 

polarimeter, with [α]D20 values reported in degrees with concentrations reported in g/100 mL. 

LCMS spectra were performed on a Waters Autopure system equipped with 3 detectors in 

parallel: Evaporative Light Scattering, Diode Array, and Single Quadrupole Mass Spectrometer. 

NMR values are expressed in parts per million (ppm) and in parentheses peak displays are 

labeled as follows, bp: broad peak, s: singlet, d: doublet, t: triplet, q: quartet, dd: doublet of 

doublet, dt: doublet of triplet and m: multiplet. High Resolution Mass Spectra (HRMS) were 

registered on a Waters LCT Premier XE with electrospray ionization. Melting points were 

measured on a Fisher Scientific Melting Point apparatus and melting points were not corrected. 

All starting materials and solvents were purchased from vendors at the highest purity possible 

and were used without further purification. 

Tert-butyl (R)-3-(benzylamino)-3-(2,2-difluoroacetyl)piperidine-1-carboxylate (1): 

 

[α]D20 = + 4.87 (c = 1.0, MeOH); 1H NMR (600 MHz, CDCl3) δ 7.31 (m, 5H), 6.31 (t, J = 55.3 

Hz, 1H), 3.86-3.11 (m, 6H), 2.02-1.55 (m, 4H), 1.44 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 

199.8 (t, J = 21.2 Hz), 154.8, 139.2, 128.6, 128.1, 127.5, 107.6 (t, J = 233.1 Hz), 80.4, 63.4, 47.8, 

47.5, 43.2, 30.0, 28.3, 20J 1F); HRMS (ESI) [M+H]+ calculated for C19H27F2N2O3 +: 369.1990, 

Found: 369.2000. 

Tert-butyl (3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidine-1-carboxylate (2). 
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Tert-butyl (R)-3-(benzylamino)-3-(2,2-difluoroacetyl)piperidine-1-carboxylate (1) (200 g, 

542.9 mmol, 1.00 eq) was dissolved in methanol (1.4 L). The solution was then cooled in an ice-

water bath before it was treated with sodium borohydride (20.5 g, 542.9 mmol) portion-wise.  

The resulting reaction mixture was stirred at room temperature for 12 hours.  After cooling down 

in an ice-water bath it was diluted with water (2 L) before extraction with ethyl acetate (600 mL 

x 3).  The combined organic layers were washed with brine (1 L), dried over anhydrous sodium 

sulfate, filtered over celite, and concentrated under reduced pressure to give a mixture of two 

diastereomers of tert-butyl (3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidine-1-

carboxylate (2) as a yellow gum, 201 g, 99% yield. This was used as is in the next step: TLC 

(Ethyl acetate: hexanes, 50: 50 v/v): RF = 0.56; 1H NMR (600 MHz, CDCl3) δ 7.31 (m, 5H), 

5.94 (dt, J = 55.1 and 4.2 Hz, 1H), 4.00-2.80 (m, 7H), 1.91-1.65 (m, 4H), 1.44-1.41 (s, 9H); 13C 

NMR (151 MHz, CDCl3) δ 155.3, 139.4, 128.7, 128.6, 128.1, 127.4, 127.3, 116.0 (t, J = 243.2 

Hz), 115.6 (t, J = 243.2 Hz), 80.4, 80.3, 71.7 (t, J = 22.1 Hz), 56.3, 46.0, 45.4, 28.4, 28.3, 21.1; 

19F NMR (565 MHz, CDCl3) δ -124.2 (m, 2F); HRMS (ESI) [M+H]+ calculated for 

C19H29F2N2O3+: 371.2146, Found: 371.2132. 

1-((R)-3-(Benzylamino)piperidin-3-yl)-2,2-difluoroethan-1-ol (3) 

 

Tert-butyl (3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidine-1-

carboxylate (2) (200 g, 539.9 mmol) was dissolved in acetonitrile (1.4 L).  The solution was then 

treated with p-toluenesulfonic acid monohydrate (205.4 g, 1.08 mol) slowly. The resulting 

reaction mixture was stirred and heated in an oil bath at 60 °C for 12 hours. The reaction mixture 

was then concentrated to dryness under reduced pressure to give the desired product as a pale 

white solid 1-((R)-3-(benzylamino)piperidin-3-yl)-2,2-difluoroethan-1-ol bis-tosylate salt (3) as a 

mixture of two diastereomers, 331.9 g, 99% yield: 1H NMR (600 MHz, CD3OD) δ 7.69 (d, J = 

8.0 Hz, 4H, 2TsOH), 7.52 (d, J = 7.0 Hz, 2H), 7.40 (m, 3H), 7.24 (d, J = 8.0 Hz, 4H, 2TsOH), 
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6.32 (dt, J = 53.7 and 4.2 Hz, 1H), 4.50-4.34 (m, 3H), 3.93-3.80 (m, 1H), 3.60-3.57 (m, 1H), 

3.33-3.21 (m, 2H), 2.34 (s, 6H, 2TsOH), 2.30-1.97 (m, 4H); 13C NMR (151 MHz, CD3OD) δ 

143.1, 142.0 (TsOH), 132.1, 131.6 (TsOH), 130.9, 130.8, 130.3, 130.2, 129.9 (TsOH), 126.9 

(TsOH), 115.8 (t, J = 243.3 Hz), 115.7 (t, J = 243.3 Hz), 70.2 (m), 61.1, 48.4, 48.0, 46.3, 45.4, 

28.7, 22.9, 21.3 (TsOH); 19F NMR (565 MHz, CD3OD) δ -125.8 (m, 1F), -128.4 (m, 1F); HRMS 

(ESI) [M+H]+ calculated for C14H21F2N2O +: 271.1622, Found: 271.1620. 

Methyl 5-((3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidin-1-yl)-2-(2,5-difluoro-

4-methoxyphenyl)isonicotinate (5) 

 

1-((R)-3-(Benzylamino)piperidin-3-yl)-2,2-difluoroethan-1-ol (3) (2TsOH salts form, 331 

g, 538.4 mmol) was dissolved in N-Methyl-2-pyrrolidone (NMP) (2.5 L). The solution was 

added methyl 2-(2,5-difluoro-4-methoxyphenyl)-5-fluoroisonicotinate (4) (160 g, 538.4 mmol) 

and N, N-diisopropylethylamine (750 mL, 4.3 mol).  The resulting mixture was stirred at 100 °C 

for 12 hours.  The reaction was cooled to room temperature and was poured into water (4 L).  

The mixture was extracted with ethyl acetate (3 L x 3).  The combined organic layers were 

washed with brine (1 L x 3), dried over anhydrous sodium sulfate for 2 hours, and then filtered 

over celite, concentrated under vacuum, and the residue was purified by flash column 

chromatography, silica gel, using the gradient hexanes/ethyl acetate: 100/1 to 1/1,  giving methyl 

5-((3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidin-1-yl)-2-(2,5-difluoro-4-

methoxyphenyl)isonicotinate (5) as a mixture of two diastereomers, 200.5 g, 68% yield, as 

yellow gum: TLC (Ethyl acetate: hexanes, 50:50 v/v): RF = 0.47; 1H NMR (600 MHz, CDCl3) δ 

8.48-8.46 (s, 1H), 7. 95-7.94 (s, 1H), 7.77 (m, 1H), 7.40-7.28 (m, 5H), 6.77-6.73 (m, 1H), 6.11-

5.79 (m, 1H), 3.92 (s, 3H), 3.79-3.57 (m, 5H), 3.28-3.22 (m, 2H), 3.08-2.87 (m, 2H), 2.12-1.70 

(m, 4H); 13C NMR (151 MHz, CDCl3) δ 166.7, 166.6, 156.3 (d, J =246.8 Hz), 148.9 (d, J =242.2 

Hz), 148.7, 146.8, 146.5, 144.9, 144.8, 142.9, 139.9, 139.4, 132.7, 132.3, 128.6, 128.4, 128.2, 

127.4, 127.3, 123.7, 123.6, 118.2-114.0 (m), 101.9, 101.7, 72.5 (t, J = 21.3 Hz), 71.4 (t, J = 20.3 
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Hz), 58.8, 56.8, 56.6, 56.5, 54.4, 54.1, 52.6, 52.5, 46.1, 44.9, 28.8, 21.5; 19F NMR (565 MHz, 

CDCl3) δ -118.8 (m, 1F), -122.1 to -125.4 (m, 2F), -140.1 (m, 1F); HRMS (ESI) [M+H]+ 

calculated for C28H30F4N3O4 +: 548.2172, Found: 548.2162. 

1-((R)-3-(Benzylamino)-1-(6-(2,5-difluoro-4-methoxyphenyl)-4-(hydroxymethyl)pyridin-3-

yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (6) 

 

Methyl 5-((3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidin-1-yl)-2-(2,5-

difluoro-4-methoxyphenyl)isonicotinate (5)  (200 g, 365 mmol) was dissolved in tetrahydrofuran 

(2.5 L) and methanol (250 mL). The resulting solution was treated with a solution of 2.0 Molar 

lithium borohydride in tetrahydrofuran (365 mL) dropwise at room temperature. The mixture 

was heated up to 40 °C and was stirred at that temperature for 3 hours. The reaction mixture was 

then cooled in an ice-water bath and was quenched with saturated aqueous ammonium chloride 

solution (3 L). The product was extracted with ethyl acetate (1 L x 3). The combined organic 

extracts were washed with brine (1 L x 3), dried over anhydrous sodium sulfate, concentrated 

under vacuum, to give 1-((R)-3-(benzylamino)-1-(6-(2,5-difluoro-4-methoxyphenyl)-4-

(hydroxymethyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (6) as a mixture of two 

diastereomers, 180.2 g, 95% yield, as a yellow semi-solid which was used as is in the next step: 

TLC (Ethyl acetate:hexanes, 50:50 v/v): RF = 0.29; 1H NMR (600 MHz, CDCl3) δ 8.43-8.39 (s, 

1H), 7.81-7.80 (s, 1H), 7.73 (m, 1H), 7.36-7.33 (m, 4H), 7.30-7.7 (m, 1H), 6.76-6.72 (m, 1H), 

6.13-5.81 (m, 1H), 4.76-4.68 (m, 2H), 3.91 (m, 3H), 3.78-3.64 (m, 3H), 3.15-2.79 (m, 4H), 2.10-

1.80 (m, 4H); 13C NMR (151 MHz, CDCl3) δ 156.3 (d, J = 246.4 Hz), 148.9 (d, J = 242.1 Hz), 

148.7, 148.6, 148.5, 145.0, 144.6, 144.3, 144.2, 142.5, 142.2, 139.9, 139.5, 128.8, 128.7, 128.1, 

128.0, 127.5, 127.5, 122.8 (d, J = 10.6 Hz), 122.4 (d, J = 10.6 Hz), 118.9 (dd, J = 13.7 and 6.1 

Hz), 116.7 (dd, J = 21.7 and 4.9 Hz), 115.8 (t, J = 244.4 Hz), 115.7 (t, J = 243.2 Hz), 101.7 (d, J 

= 29.5 Hz), 71.7 (t, J = 22.2 Hz), 61.2, 60.9, 59.0, 57.2, 56.9, 56.8, 56.5, 54.0, 53.7, 49.5, 46.1, 
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45.1, 28.8, 27.9, 27.2, 22.1, 22.0; 19F NMR (565 MHz, CDCl3) δ -118.9 (m, 1F), -123.3 (d, J = 

50.8 Hz, 1F), -124.8 (m, 1F), -140.4 (m, 1F); HRMS (ESI) [M+H]+ calculated for  

C27H30F4N3O3+: 520.2223, Found: 520.2213. 

1-((R)-3-(Benzylamino)-1-(4-(chloromethyl)-6-(2,5-difluoro-4-methoxyphenyl)pyridin-3-

yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (7) 

 

1-((R)-3-(Benzylamino)-1-(6-(2,5-difluoro-4-methoxyphenyl)-4-(hydroxymethyl)pyridin-

3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (6)  (180 g, 346.5 mmol) was dissolved in anhydrous 

dichloromethane (2.5 L). The solution was cooled down to 4 oC using an ice-water bath and 

treated with thionyl chloride (63 mL, 866 mmol) under positive argon flow. The mixture was 

stirred at 0 -5°C for 2 hours.  Water (250 mL) was carefully added, and the mixture was stirred at 

room temperature for 10 hours.  The reaction mixture was carefully neutralized with 10% 

aqueous sodium carbonate solution (2 L) and extracted with dichloromethane (2 L x 3).  The 

combined organic layers were washed with brine (1 L x 3), briefly dried over anhydrous sodium 

sulfate, and concentrated under vacuum to provide 1-((R)-3-(benzylamino)-1-(4-(chloromethyl)-

6-(2,5-difluoro-4-methoxyphenyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (7) 

(mixture of two diastereomers, 167.8 g, 90% yield) as a yellow semi-solid. This was treated in 

the next step without purification: TLC (Ethyl acetate: hexanes, 50: 50 v/v): RF = 0.51; 1H NMR 

(600 MHz, CDCl3) δ 8.45 (s, 1H), 7.82-7.76 (m, 2H), 7.37-7.36 (m, 4H), 7.30-7.29 (m, 1H), 

6.77-6.74 (m, 1H), 6.14-5.81 (m, 1H), 4.64-4.54 (m, 2H), 3.92 (s, 3H), 3.84-3.66 (m, 3H), 3.19-

2.84 (m, 4H), 2.14-1.74 (m, 4H); 13C NMR (151 MHz, CDCl3) δ 156.4 (d, J = 246.8 Hz), 148.9 

(d, J = 242.2 Hz), 148.8, 148.6, 145.3, 145.2, 143.4, 141.0, 140.8, 128.8, 128.7, 128.1, 128.0, 

127.5, 127.4, 125.0 (d, J = 11.3 Hz), 124.9 (d, J = 11.2 Hz), 118.4 (dd, J = 13.7 and 6.1 Hz), 

116.7 (dd, J = 21.7 and 4.2 Hz), 115.8 (t, J = 243.4 Hz), 115.7 (t, J = 243.2 Hz), 101.7 (d, J = 

30.2 Hz), 72.2 (t, J = 22.0 Hz), 71.5 (t, J = 22.8 Hz), 59.0, 57.3, 57.1, 56.5, 54.6, 54.5, 46.1, 45.0, 
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40.9, 40.8, 28.8, 22.1, 22.0; 19F NMR (565 MHz, CDCl3) δ -118.8 (m, 1F), -123.2 (m, 1F), -

125.0 (m, 1F), -140.2 (m, 1F); HRMS (ESI) [M+H]+ calculated for  C27H29ClF4N3O2+: 538.1884, 

Found: 538.1887. 

Tert-butyl (9-((5-((3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidin-1-yl)-2-(2,5-

difluoro-4-methoxyphenyl)pyridin-4-yl)methyl)-9H-purin-6-yl)(tert-butoxycarbonyl)carbamate 

(8) 

 

1-((R)-3-(Benzylamino)-1-(4-(chloromethyl)-6-(2,5-difluoro-4-methoxyphenyl)pyridin-

3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (7)  (167 g, 310.4 mmol) and N, N-bis (9H-purin-6-

yl)carbamate (125 g, 372.5 mmol) was dissolved in N, N-dimethylacetamide (1.5 L) and the 

solution was treated with potassium carbonate (86 g, 620.8 mmol) portion-wise. The resulting 

reaction mixture was stirred at room temperature for 12 hours. It was then cooled in an ice-water 

bath dilution with water (2 L), and extraction with ethyl acetate (1.5 L x 3).  The combined 

organic layers were washed with brine (1 L x 3), dried over anhydrous sodium sulfate, filtered, 

and concentrated under reduced pressure.  The residue was purified by flash column 

chromatography, silica gel, with the gradient hexanes/ ethyl acetate: 100/1 to 1/1. Tert-butyl (9-

((5-((3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidin-1-yl)-2-(2,5-difluoro-4-

methoxyphenyl)pyridin-4-yl)methyl)-9H-purin-6-yl)(tert-butoxycarbonyl)carbamate (8) was 

isolated as a mixture of two diastereomers, 119.5 g, 46% yield, as white solid: TLC (Ethyl 

acetate: hexanes, 50: 50 v/v): RF = 0.19; 1H NMR (600 MHz, DMSO-d6) δ 8.77 (s, 1H), 8.67-

8.65 (s, 1H), 8.55-8.54 (s, 1H), 7.66-7.63 (m, 1H) 7.40-7.38 (m, 2H), 7.22-7.10 (m, 3H), 7.05-

7.01 (m, 1H), 6.90-6.89 (s, 1H), 6.38-6.13 (m, 1H), 5.86- 5.65 (m, 3H), 3.99- 3.73 (m, 6H), 3.34-

2.75 (m, 4H), 2.43 (s, 1H), 2.00-1.69 (m, 4H), 1.32 (s, 18H); 13C NMR (151 MHz, DMSO-d6) δ 

155.6 (d, J =245.0 Hz), 153.0, 152.9, 151.7, 149.7, 149.6, 149.2, 147.7, 148.3 (t, J = 12.5 Hz), 

147.3, 147.2, 147.1, 146.4, 145.5, 145.4, 142.9, 142.8, 141.6, 141.5, 140.2, 140.1, 128.0, 127.9, 
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127.8, 127.7, 127.6 (d, J = 8.3 Hz), 126.3 (d, J = 12.3 Hz), 120.0 (d, J = 11.1 Hz), 117.7 (d, J = 

6.2 Hz), 117.6 (d, J = 6.2 Hz), 116.6 (t, J = 240.0 Hz), 116.0 (t, J = 241.1 Hz), 115.8 (d, J = 4.9 

Hz), 115.6 (d, J = 4.9 Hz), 102.5 (d, J = 28.8 Hz), 83.2, 72.5 (t, J = 22.7 Hz), 71.4 (t, J = 22.0 

Hz), 56.6, 56.1, 53.7, 53.0, 45.6, 45.1, 42.3, 42.2, 27.2, 21.4, 21.0; 19F NMR (565 MHz, DMSO-

d6) δ -118.9 (m, 1F), -121.4 (dd, J = 282.1 and 52.8 Hz, 1F), -126.6 (ddd, J = 283.9, 56.0 and 

15.4 Hz, 1F), -140.0 (m, 1F); HRMS (ESI) [M+H]+ calculated for  C42H49F4N8O6+: 837.3711, 

Found: 837.3719. 

1-((R)-1-(4-((6-Amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-methoxyphenyl)pyridin-3-yl)-3-

(benzylamino)piperidin-3-yl)-2,2-difluoroethan-1-ol (9) 

 

Tert-butyl (9-((5-((3R)-3-(benzylamino)-3-(2,2-difluoro-1-hydroxyethyl)piperidin-1-yl)-

2-(2,5-difluoro-4-methoxyphenyl)pyridin-4-yl)methyl)-9H-purin-6-yl)(tert-butoxycarbonyl) 

carbamate (8)  (119 g, 142.2 mmol) was dissolved in dichloromethane (1 L). The solution was 

carefully treated with trifluoroacetic acid (500 mL). The solution was then stirred at 40 °C for 16 

hours. The solvents were removed under reduced pressure.  The residue was re-dissolved in 

methanol (200 mL) and then slowly poured into 10% aqueous sodium carbonate solution (2 L).  

The resulting precipitate was filtered over Buchner, washed with water, and dried under vacuum, 

to get 1-((R)-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-methoxyphenyl)pyridin-3-

yl)-3-(benzylamino)piperidin-3-yl)-2,2-difluoroethan-1-ol (9) as a mixture of two diastereomers, 

83.3 g, 92% yield, as white solid. This was used as is in the next step: TLC (MeOH: methylene 

chloride, 10: 90 v/v): RF = 0.56; 1H NMR (600 MHz, CD3OD) δ 8.59-8.56 (s, 1H), 8.24 (s, 1H), 

8.07-8.03 (s, 1H), 7.63- 7.55 (m, 3H), 7.39-7.36 (m, 3H), 7.22-7.20 (s, 1H), 6.94-6.90 (m, 1H), 

6.33 (t, J = 54.4 Hz, 1H), 5.70-5.60 (m, 2H), 4.50-4.40 (m, 3H), 3.87 (s, 3H), 3.73-3.39 (m, 2H), 

3.06-2.95 (m, 2H), 2.22-1.85 (m, 4H); 13C NMR (151 MHz, CD3OD) δ 156.3 (d, J = 245.8 Hz), 

156.1, 156.0, 152.7, 152.6, 149.4, 149.3 (d, J = 16.4 Hz), 149.1, 149.0, 148.7 (d, J = 242.0 Hz), 

144.5, 144.4, 143.5, 143.2, 141.6, 141.5, 141.4, 141.3, 129.7, 129.6, 128.8, 128.7, 121.9, 121.8, 
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118.7, 117.8, 117.5 (dd, J = 13.8 and 5.7 Hz), 115.8, 115.7, 114.9 (t, J = 241.0 Hz), 114.6 (t, J = 

243.1 Hz), 101.7 (d, J = 30.2 Hz), 69.5, 67.5, 55.7, 54.3, 54.0, 48.2, 46.6, 45.6, 42.2, 41.9, 26.8, 

25.7, 25.1, 20.7; 19F NMR (565 MHz, CD3OD) δ -120.8 (m, 1F), -124.8 (m, 1F), -127.9 (m, 1F), 

-142.0 (m, 1F); HRMS (ESI) [M+H]+ calculated for  C32H33F4N8O2+: 637.2663, Found: 

637.2667. 

1-((R)-3-Amino-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-methoxyphenyl) 

pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (10) 

 

1-((R)-1-(4-((6-Amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-methoxyphenyl)pyridin-

3-yl)-3-(benzylamino)piperidin-3-yl)-2,2-difluoroethan-1-ol (9)  (83 g, 130.4 mmol) was 

dissolved in tetrahydrofuran (1 L). The solution was treated with trifluoroacetic acid (30 mL, 391 

mmol) and palladium hydroxide on carbon (10%, 30 g). The resulting black suspension was 

degassed and purged with hydrogen for 3 times. The reaction was then stirred under hydrogen 

atmosphere (15 psi) at 40 °C for 12 hours. After purging with nitrogen, the catalyst was filtered 

over a thick packed bed of celite and the filtrate was concentrated under reduced pressure to give 

the crude 1-((R)-3-amino-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-

methoxyphenyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (10) as a mixture of two 

diastereoisomers, 41.5 g, 58% yield, as an off-white solid: m.p.: 192–198 °C; 1H NMR (600 

MHz, DMSO-d6) δ 8.49-8.47 (s, 1H), 8.26 (s, 1H), 8.11 (s, 1H), 7.69 (dd, J = 12.3 and 7.4 Hz, 

1H), 7.30 (s, 2H), 7.11 (dd, J = 12.3 and 7.4 Hz, 1H), 6.97-6.91 (s, 1H), 6.28-6.08 (m, 1H), 5.63-

5.54 (m, 3H), 3.83 (s, 3H), 3.54 (s, 1H), 3.11-2.78 (m, 4H), 1.98-1.46 (m, 6H); 13C NMR (151 

MHz, DMSO-d6) δ 156.5, 155.6 (d, J = 245.1 Hz), 152.8, 149.8, 149.7, 148.3 (t, J = 12.4 Hz), 

148.0 (d, J = 238.1 Hz), 146.4, 145.7, 145.6, 142.8, 142.7, 141.4, 141.3, 141.0, 140.9, 120.9 (d, J 

= 11.9 Hz), 120.8 (d, J = 11.9 Hz), 118.6, 118.5, 117.7 (dd, J = 13.6 and 6.1 Hz), 116.0 (t, J = 

240.6 Hz), 115.9 (t, J = 240.6 Hz), 115.6 (dd, J = 21.4 and 4.9 Hz), 102.8 (d, J = 31.3 Hz), 74.1, 

60.6, 60.1, 56.6, 53.2, 53.1, 53.0, 52.9, 41.8, 41.7, 31.1,31.0, 21.4, 21.0; 19F NMR (565 MHz, 
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DMSO-d6) δ -118.9 (m, 1F), -120.9 to -122.5 (m, 1F), -126.8 to -127.9 (m, 1F), -140.1 (m, 1F); 

HRMS (ESI) [M+H]+ calculated for C25H27F4N8O2+: 547.2193, Found: 547.2205. 

(R)-1-((R)-3-Amino-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-

methoxyphenyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol, Diastereoisomer-1 

 

The crude 1-((R)-3-amino-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-

methoxyphenyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (10) mixture of two 

diastereoisomers, 41 g, was isolated by supercritical fluid chromatography (column: DAICEL 

CHIRALPAK IC (250 mm x 50 mm, 10 µm), mobile phase: CO2 / MeOH (40% / 60%, with 

0.1% NH3•H2O), to provide (R)-1-((R)-3-amino-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-

difluoro-4-methoxyphenyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol 

(Diastereoisomer-1), 11.9 g, 29% yield as a white solid: m.p.: 202–203 °C; LC-MS: 10-50% 

Acetonitrile/Water (both containing 0.05% TFA), retention time t = 5.82 min; [α]D20 = + 5.32 (c = 

1.0, MeOH); 1H NMR (600 MHz, DMSO-d6) δ 8.49 (s, 1H), 8.27 (s, 1H), 8.12 (s, 1H), 7.69 (dd, 

J = 12.3 and 7.4 Hz, 1H), 7.30 (s, 2H), 7.13 (dd, J = 12.3 and 7.4 Hz, 1H), 6.97 (s, 1H), 6.20 (t, J 

= 55 Hz, 1H), 5.63 (s, 1H), 5.58 (s, 2H), 3.84 (s, 3H), 3.56 (s, 1H), 3.07 (d, J = 11.3 Hz, 2H), 

2.88 (d, J = 11.3 Hz, 1H), 2.81 (t, J = 10.4 Hz, 1H), 1.98 (m, 3H), 1.69 (m, 2H), 1.54 (d, J = 12.2 

Hz, 1H); 13C NMR (151 MHz, DMSO-d6) δ 156.4, 155.6 (d, J = 245.1 Hz), 152.8, 149.7, 148.2 

(t, J = 12.4 Hz), 148.0 (d, J = 238.1 Hz), 146.3, 145.6, 142.7, 141.2, 140.9, 120.9 (d, J = 11.9 

Hz), 118.6, 117.7 (dd, J = 13.6 and 6.1 Hz), 115.9 (t, J = 240.6 Hz), 115.6 (dd, J = 21.4 and 4.9 

Hz), 102.7 (d, J = 31.3 Hz), 74.1, 60.1, 56.6, 53.1, 53.0, 41.7, 31.1, 21.0; 19F NMR (565 MHz, 

DMSO-d6) δ -118.9 (m, 1F), -122.5 (dd, J = 285.0 and 54.9 Hz, 1F), -127.5 (ddd, J = 285.1, 55.7 

and 16.8 Hz, 1F), -140.1 (m, 1F); HRMS (ESI) [M+H]+ calculated for C25H27F4N8O2+: 547.2193, 

Found: 547.2190. 

Further Validation of Diastereoisomers 1 and 2: 
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LCMS: XBridge C-18 column 3.5 µm, 4.6 x 150 mm, flow rate 1.4 ml/min (Waters), 10 

to 50% gradient Acetonitrile in water (both containing 0.05% TFA) on a 12 min run, single peak 

detected in UV detection at 5.82 minutes for Diastereoisomers -1, 5.53 minutes for 

Diastereoisomers -2 corresponding to a mass peak in positive mode of 547.4 which matches 

[M+1]+ peak with an area providing a 98.7 % purity. The calculated value for a formula 

consisting of C25H26F4N8O2 is 546.21. 

Chiral Resolution Assessment for Diastereoisomers -1:  

Method: Supercritical Fluid Chromatography (SFC). 

Column: Chiralpack IC-3, 50 x 4.5 mm, 3 µm. 

Mobile Phase: A: CO2, B: MeOH (containing 0.2% NH3 (7.0 M in MeOH), v/v) 

Gradient: Isocratic A : B = 40 : 60 

Flow Rate: 4 mL/min 

Column Temperature: 35 oC 

Result: single enantiomer. 

Product RT = 0.952 min, 100% e.e under 220 nm. 

(S)-1-((R)-3-Amino-1-(4-((6-amino-9H-purin-9-yl)methyl)-6-(2,5-difluoro-4-

methoxyphenyl)pyridin-3-yl)piperidin-3-yl)-2,2-difluoroethan-1-ol (Diastereoisomer-2) 

m.p.: 177–178 °C; LC-MS: 10-50% Acetonitrile/Water (both containing 0.05% TFA), retention 

time t = 5.53 min; [α]D20 = + 4.45 (c = 1.0, MeOH); 1H NMR (600 MHz, DMSO-d6) δ 8.49 (s, 

1H), 8.26 (s, 1H), 8.12 (s, 1H), 7.68 (dd, J = 12.4 and 7.4 Hz, 1H), 7.30 (s, 2H), 7.12 (dd, J = 

12.8 and 7.3 Hz, 1H), 6.92 (s, 1H), 6.18 (dt, J = 55.9 and 3.4 Hz, 1H), 5.73 (s, 1H), 5.55 (dd, J = 

22.0 and 17.0 Hz, 2H), 3.83 (s, 3H), 3.78 (s, 1H), 3.11-2.75 (m, 4H), 1.88-1.45 (m, 4H), 1.69 (m, 

2H), 1.54 (d, J = 12.2 Hz, 1H); 13C NMR (151 MHz, DMSO-d6) δ 156.0, 155.6 (d, J = 244.8 

Hz), 152.7, 149.7, 148.2 (t, J = 12.4 Hz), 148.0 (d, J = 240.3 Hz), 146.3, 145.5, 142.6, 141.3, 

141.0, 120.8 (d, J = 11.9 Hz), 118.5, 117.7 (dd, J = 13.6 and 6.1 Hz), 116.1 (t, J = 241.3 Hz), 

115.6 (dd, J = 21.6 and 5.0 Hz), 102.8 (d, J = 29.9 Hz), 72.3, 60.6, 56.6, 52.9, 52.8, 41.8, 32.3, 

21.3; 19F NMR (565 MHz, DMSO-d6) δ -118.9 (m, 1F), -121.2 (d, J = 309.3 Hz, 1F), -127.4 (d, J 
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= 283.9 Hz, 1F), -140.1 (m, 1F); HRMS (ESI) [M+H]+ calculated for C25H27F4N8O2+: 547.2193, 

Found: 547.2200. 

General Procedure to synthesize the cyclic carbamates: 

  Diastereoisomers -1 (23.0 mg, 42 μmol) was dissolved in anhydrous THF (1 mL), and 

Et3N (8 μL, 57 μmol) was added followed by 1,1-carbonyldiimidazole (8 mg, 5.1 μmol) at 0 °C. 

The reaction mixture was stirred overnight at room temperature. The solvent was removed under 

reduced pressure. The crude product was purified by column chromatography (5% to 10% 

MeOH/DCM) providing cyclic carbamate (R, R)-11 as a white solid. 

 

(R, R)-11 1H NMR (600 MHz, CH2Cl2-d2) δ 9.39 (brs, 1 H, NH), 8.44 (s, 1H), 8.41 (s, 1H), 7.78 

(s, 1H), 7.74 (s, 1H), 7.71 (m, 1H), 6.72 (dd, J = 7.0, 12.5 Hz, 1H), 5.91 (complex, 3H including 

NH2), 5.57 (d, J = 14.5 Hz, 1H), 5.06 (d, J = 14.5 Hz, 1H), 4.23 (m, 1H), 3.83 (s, 3H, OMe), 3.21 

(d, J = 11.0 Hz, 1H), 3.09 (d, J = 11.1 Hz, 1H), 2.81 (t, J = 11.3 Hz, 1H), 2.62 (d, J = 11.1 Hz, 

1H), 1.95 (d, J = 12.2 Hz, 1H), 1.62 (m, 3H); LCMS (ESI) [M+H]+ calculated for 

C26H25F4N8O3+: 573.20, Found: 573.32. 

 

(R, S)-11 1H NMR (600 MHz, CH2Cl2-d2) δ 9.35 (brs, 1 H, NH), 8.40 (s, 1H), 8.36 (s, 1H), 7.71 

(s, 1H), 7.70 (m, 1H), 7.63 (s, 1H), 6.69 (dd, J = 7.0, 12.5 Hz, 1H), 6.10 (brs, 2H, NH2), 5.95 (dt, 

J = 5.3, 54.1 Hz, 1H), 5.55 (d, J = 14.8 Hz, 1H), 5.04 (d, J = 14.8 Hz, 1H), 4.12 (m, 1H), 3.81 (s, 

3H, OMe), 3.07 (d, J = 11.3 Hz, 1H), 2.99 (d, J = 11.3 Hz, 1H), 2.80 (t, J = 11.3 Hz, 1H), 2.67 
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(d, J = 10.8 Hz, 1H), 1.95 (d, J = 11.6 Hz, 1H), 1.67-1.56 (m, 3H); LCMS (ESI) [M+H]+ 

calculated for C26H25F4N8O3+: 573.20, Found: 573.52. 

Reference: Deng H. et al. US Patent No.: US 2023/0002388, Pub. Date: Jan. 5, 2023 
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