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Figure S1. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 

 

Figure S2. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 



 

Figure S3. 1H–1H COSY NMR (400 MHz, CDCl₃) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 

 

Figure S4. 1H–13C HSQC NMR (400/101 MHz, CDCl₃) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 



 

Figure S5. 1H–13C HMBC NMR (400/101 MHz, CDCl₃) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 

 

Figure S6. 1H–15N HMBC NMR (400/71 MHz, CDCl₃) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 



 

 

Figure S7. HRMS (ESI-TOF) spectrum of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4a) 

 

Figure S8. Chiral HPLC analysis of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-5-carboxylate (4a). Conditions: CHIRAL ART Cellulose-SJ (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S9. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4b) 

  

Figure S10. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4b) 



 

Figure S11. HRMS (ESI-TOF) spectrum of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4b) 

 

Figure S12. Chiral HPLC analysis of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-5-carboxylate (4b). Conditions: CHIRAL ART Cellulose-SJ (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S13. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(2R)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4c) 

 

Figure S14. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(2R)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4c) 



 

 

Figure S15. HRMS (ESI-TOF) spectrum of methyl 4-[(2R)-1-(tert-butoxycarbonyl)piperidin-2-

yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4c) 

 

Figure S16. Chiral HPLC analysis of methyl 4-[(2R)-1-(tert-butoxycarbonyl)piperidin-2-yl]-2-

(methylsulfanyl)pyrimidine-5-carboxylate (4c). Conditions: CHIRAL ART Amylose-SA (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S17. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(2S)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4d) 

 

Figure S18. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(2S)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4d) 



 

 

Figure S19. HRMS (ESI-TOF) spectrum of methyl 4-[(2S)-1-(tert-butoxycarbonyl)piperidin-2-

yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4d) 

 

Figure S20. Chiral HPLC analysis of methyl 4-[(2S)-1-(tert-butoxycarbonyl)piperidin-2-yl]-2-

(methylsulfanyl)pyrimidine-5-carboxylate (4d). Conditions: CHIRAL ART Amylose-SA (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S21. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (2R)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4e) 

 

Figure S22. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (2R)-2-[5-(methoxycarbonyl)-

2-(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4e) 



 

 

Figure S23. HRMS (ESI-TOF) spectrum of tert-butyl (2R)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4e) 

 

Figure S24. Chiral HPLC analysis of tert-butyl (2R)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4e). Conditions: CHIRAL ART 

Cellulose-SJ (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH 

(70:30→30:70 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S25. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4f) 

 

Figure S26. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4f) 



 

 

Figure S27. HRMS (ESI-TOF) spectrum of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4f) 

 

Figure S28. Chiral HPLC analysis of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

(methylsulfanyl)pyrimidin-4-yl]morpholine-4-carboxylate (4f). Conditions: CHIRAL ART 

Cellulose-SJ (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH 

(70:30→30:70 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S29. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4g) 

 

Figure S30. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4g) 



 

 

Figure S31. HRMS (ESI-TOF) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4g) 

 

Figure S32. Chiral HPLC analysis of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4g). 

Conditions: CHIRAL ART Cellulose-SJ (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O 

+ 0.1% HCOOH (70:30→30:70 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S33. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4h) 

 

Figure S34. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4h) 



 

 

Figure S35. HRMS (ESI-TOF) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-(methylsulfanyl)pyrimidine-5-carboxylate (4h) 

 

Figure S36. Chiral HPLC analysis of methyl 4-{cis-4-[(tert-butoxycarbonyl)amino]cyclohexyl}-

2-(methylsulfanyl)pyrimidine-5-carboxylate (4h). Conditions: CHIRAL ART Cellulose-SJ (100 

× 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T 

= 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S37. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4i) 

 

Figure S38. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4i) 



 

 
Figure S39. HRMS (ESI-TOF) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4i) 

 

Figure S40. Chiral HPLC analysis of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4i). Conditions: 

CHIRAL ART Cellulose-SJ (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% 

HCOOH (80:20→30:70 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S41. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4j) 

 

Figure S42. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4j) 



 

 

Figure S43. HRMS (ESI-TOF) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-methylpyrimidine-5-carboxylate (4j) 

 

Figure S44. Chiral HPLC analysis of methyl 4-{cis-4-[(tert-butoxycarbonyl)amino]cyclohexyl}-

2-methylpyrimidine-5-carboxylate (4j). Conditions: CHIRAL ART Cellulose-SJ (100 × 4.6 mm 

I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 min); T = 36 ◦C; 

flow rate 1.0 mL/min. 



 

Figure S45. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (2R)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4k) 

 

Figure S46. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (2R)-2-[5-(methoxycarbonyl)-

2-methylpyrimidin-4-yl]morpholine-4-carboxylate (4k) 



 

 

Figure S47. HRMS (ESI-TOF) spectrum of tert-butyl (2R)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4k) 

 

Figure S48. Chiral HPLC analysis of tert-butyl (2R)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4k). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S49. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4l) 

 

Figure S50. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4l) 



 

 

Figure S51. HRMS (ESI-TOF) spectrum of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4l) 

 

Figure S52. Chiral HPLC analysis of tert-butyl (2S)-2-[5-(methoxycarbonyl)-2-

methylpyrimidin-4-yl]morpholine-4-carboxylate (4l). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S53. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4m) 

  

Figure S54. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4m) 



 

 

Figure S55. HRMS (ESI-TOF) spectrum of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4m) 

 

Figure S56. Chiral HPLC analysis of methyl 4-{trans-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4m). Conditions: 

CHIRAL ART Cellulose-SB (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% 

HCOOH (70:30→20:80 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S57. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4n) 

 

Figure S58. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4n) 



 

 

Figure S59. HRMS (ESI-TOF) spectrum of methyl 4-{cis-4-[(tert-

butoxycarbonyl)amino]cyclohexyl}-2-cyclopropylpyrimidine-5-carboxylate (4n) 

 

Figure S60. Chiral HPLC analysis of methyl 4-{cis-4-[(tert-butoxycarbonyl)amino]cyclohexyl}-

2-cyclopropylpyrimidine-5-carboxylate (4n). Conditions: CHIRAL ART Cellulose-SB (100 × 4.6 

mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→20:80 in 10 min); T = 36 
◦C; flow rate 1.0 mL/min. 



 

Figure S61. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (2R)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4o) 

 

Figure S62. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (2R)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4o) 



 

 

Figure S63. HRMS (ESI-TOF) spectrum of tert-butyl (2R)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4o) 

 

Figure S64. Chiral HPLC analysis of tert-butyl (2R)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4o). Conditions: CHIRAL ART 

Cellulose-SB (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH 

(80:20→40:60 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S65. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (2S)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4p) 

 

Figure S66. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (2S)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4p) 



 

 

Figure S67. HRMS (ESI-TOF) spectrum of tert-butyl (2S)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4p) 

 

Figure S68. Chiral HPLC analysis of tert-butyl (2S)-2-[2-cyclopropyl-5-

(methoxycarbonyl)pyrimidin-4-yl]morpholine-4-carboxylate (4p). Conditions: CHIRAL ART 

Cellulose-SB (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH 

(80:20→40:60 in 10 min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S69. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6a) 

 

Figure S70. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6a) 



 

 

Figure S71. HRMS (ESI-TOF) spectrum of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6a) 

 

Figure S72. Chiral HPLC analysis of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(chloromethyl)pyrimidine-5-carboxylate (6a). Conditions: CHIRAL ART Cellulose-SJ (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S73. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6b) 

 

Figure S74. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6b) 



 

 

Figure S75. HRMS (ESI-TOF) spectrum of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6b) 

 

Figure S76. Chiral HPLC analysis of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(chloromethyl)pyrimidine-5-carboxylate (6b). Conditions: CHIRAL ART Cellulose-SJ (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S77. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(2R)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6c) 

 

Figure S78. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(2R)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6c) 



 

 

Figure S79. HRMS (ESI-TOF) spectrum of methyl 4-[(2R)-1-(tert-butoxycarbonyl)piperidin-2-

yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6c) 

 

Figure S80. Chiral HPLC analysis of methyl 4-[(2R)-1-(tert-butoxycarbonyl)piperidin-2-yl]-2-

(chloromethyl)pyrimidine-5-carboxylate (6c). Conditions: CHIRAL ART Amylose-SA (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S81. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(2S)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6d) 

 

Figure S82. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(2S)-1-(tert-

butoxycarbonyl)piperidin-2-yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6d) 



 

 

Figure S83. HRMS (ESI-TOF) spectrum of methyl 4-[(2S)-1-(tert-butoxycarbonyl)piperidin-2-

yl]-2-(chloromethyl)pyrimidine-5-carboxylate (6d) 

 

Figure S84. Chiral HPLC analysis of methyl 4-[(2S)-1-(tert-butoxycarbonyl)piperidin-2-yl]-2-

(chloromethyl)pyrimidine-5-carboxylate (6d). Conditions: CHIRAL ART Amylose-SA (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S85. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)-6-methylpyrimidine-5-carboxylate (9a) 

 

Figure S86. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)-6-methylpyrimidine-5-carboxylate (9a) 



 

 

Figure S87. HRMS (ESI-TOF) spectrum of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(chloromethyl)-6-methylpyrimidine-5-carboxylate (9a) 

 

Figure S88. Chiral HPLC analysis of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(chloromethyl)-6-methylpyrimidine-5-carboxylate (9a). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S89. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)-6-methylpyrimidine-5-carboxylate (9b) 

 

Figure S90. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(chloromethyl)-6-methylpyrimidine-5-carboxylate (9b) 



 

 

Figure S91. HRMS (ESI-TOF) spectrum of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(chloromethyl)-6-methylpyrimidine-5-carboxylate (9b) 

 

Figure S92. Chiral HPLC analysis of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(chloromethyl)-6-methylpyrimidine-5-carboxylate (9b). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S93. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-6-methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9c) 

 

Figure S94. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-6-methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9c) 



 

 

Figure S95. HRMS (ESI-TOF) spectrum of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-6-methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9c) 

 

Figure S96. Chiral HPLC analysis of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-6-

methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9c). Conditions: CHIRAL ART Cellulose-

SJ (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S97. 1H NMR (400 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-6-methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9d) 

 

Figure S98. 13C NMR (101 MHz, CDCl3) spectrum of methyl 4-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-6-methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9d) 



 

 

Figure S99. HRMS (ESI-TOF) spectrum of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-6-methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9d) 

 

Figure S100. Chiral HPLC analysis of methyl 4-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-6-

methyl-2-(methylsulfanyl)pyrimidine-5-carboxylate (9d). Conditions: CHIRAL ART Cellulose-

SJ (100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S101. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (3R)-3-[(1Z)-1-hydroxy-3-

oxobut-1-en-1-yl]piperidine-1-carboxylate (11a) 

 

Figure S102. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (3R)-3-[(1Z)-1-hydroxy-3-

oxobut-1-en-1-yl]piperidine-1-carboxylate (11a) 



 

 

Figure S103. HRMS (ESI-TOF) spectrum of tert-butyl (3R)-3-[(1Z)-1-hydroxy-3-oxobut-1-en-

1-yl]piperidine-1-carboxylate (11a) 



 

Figure S104. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (3S)-3-[(1Z)-1-hydroxy-3-

oxobut-1-en-1-yl]piperidine-1-carboxylate (11b) 

 

Figure S105. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (3S)-3-[(1Z)-1-hydroxy-3-

oxobut-1-en-1-yl]piperidine-1-carboxylate (11b) 



 

 

Figure S106. HRMS (ESI-TOF) spectrum of tert-butyl (3S)-3-[(1Z)-1-hydroxy-3-oxobut-1-en-1-

yl]piperidine-1-carboxylate (11b) 



 

Figure S107. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (3R)-3-[6-methyl-2-

(methylsulfanyl)pyrimidin-4-yl]piperidine-1-carboxylate (12a) 

 

Figure S108. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (3R)-3-[6-methyl-2-

(methylsulfanyl)pyrimidin-4-yl]piperidine-1-carboxylate (12a) 



 

 

Figure S109. HRMS (ESI-TOF) spectrum of tert-butyl (3R)-3-[6-methyl-2-

(methylsulfanyl)pyrimidin-4-yl]piperidine-1-carboxylate (12a) 

 

Figure S110. Chiral HPLC analysis of tert-butyl (3R)-3-[6-methyl-2-(methylsulfanyl)pyrimidin-

4-yl]piperidine-1-carboxylate (12a). Conditions: CHIRAL ART Cellulose-SJ (100 × 4.6 mm 

I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 36 ◦C; 

flow rate 1.0 mL/min. 



 

Figure S111. 1H NMR (400 MHz, CDCl3) spectrum of tert-butyl (3S)-3-[6-methyl-2-

(methylsulfanyl)pyrimidin-4-yl]piperidine-1-carboxylate (12b) 

 

Figure S112. 13C NMR (101 MHz, CDCl3) spectrum of tert-butyl (3S)-3-[6-methyl-2-

(methylsulfanyl)pyrimidin-4-yl]piperidine-1-carboxylate (12b) 



 

 

Figure S113. HRMS (ESI-TOF) spectrum of tert-butyl (3S)-3-[6-methyl-2-

(methylsulfanyl)pyrimidin-4-yl]piperidine-1-carboxylate (12b) 

 

Figure S114. Chiral HPLC analysis of tert-butyl (3S)-3-[6-methyl-2-(methylsulfanyl)pyrimidin-

4-yl]piperidine-1-carboxylate (12b). Conditions: CHIRAL ART Cellulose-SJ (100 × 4.6 mm 

I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 min); T = 36 ◦C; 

flow rate 1.0 mL/min. 



 

Figure S115. 1H NMR (400 MHz, CDCl3) spectrum of 6-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylic acid (13a) 

 

Figure S116. 13C NMR (101 MHz, CDCl3) spectrum of 6-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylic acid (13a) 



 

 

Figure S117. HRMS (ESI-TOF) spectrum of 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylic acid (13a) 

 

 

 

 



 

Figure S118. Chiral HPLC analysis of 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylic acid (13a). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 

 

Figure S119. Chiral HPLC analysis of 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylic acid (13’a). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S120. 1H NMR (400 MHz, CDCl3) spectrum of 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-

3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylic acid (13b) 

 

Figure S121. 13C NMR (101 MHz, CDCl3) spectrum of 6-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylic acid (13b) 



 

 

Figure S122. HRMS (ESI-TOF) spectrum of 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylic acid (13b) 

 

 

 

 



 

Figure S123. Chiral HPLC analysis of 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylic acid (13b). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 

 

Figure S124. Chiral HPLC analysis of 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylic acid (13’b). Conditions: CHIRAL ART Cellulose-SJ 

(100 × 4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (70:30→30:70 in 10 

min); T = 36 ◦C; flow rate 1.0 mL/min. 



 

Figure S125. 1H NMR (400 MHz, CDCl3) spectrum of ethyl 6-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16a) 

 

Figure S126. 13C NMR (101 MHz, CDCl3) spectrum of ethyl 6-[(3R)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16a) 



 

 

Figure S127. HRMS (ESI-TOF) spectrum of ethyl 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16a) 

 

Figure S128. Chiral HPLC analysis of ethyl 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylate (16a). Conditions: CHIRAL ART Cellulose-SJ (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S129. 1H NMR (400 MHz, CDCl3) spectrum of ethyl 6-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16b) 

 

Figure S130. 13C NMR (101 MHz, CDCl3) spectrum of ethyl 6-[(3S)-1-(tert-

butoxycarbonyl)piperidin-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16b) 



 

 

Figure S131. HRMS (ESI-TOF) spectrum of ethyl 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16b) 

 

Figure S132. Chiral HPLC analysis of ethyl 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylate (16b). Conditions: CHIRAL ART Cellulose-SJ (100 × 

4.6 mm I.D.); S-10 µL; mobile phase: ACN/H2O + 0.1% HCOOH (80:20→30:70 in 10 min); T = 

36 ◦C; flow rate 1.0 mL/min. 



 

Figure S133. Chiral HPLC analysis of methyl 4-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-5-carboxylate (4a) and methyl 4-[(3S)-1-(tert-butoxycarbonyl)piper-

idin-3-yl]-2-(methylsulfanyl)pyrimidine-5-carboxylate (4b) racemic mixture. Conditions: CHI-

RAL ART Cellulose-SJ (100×4.6 mm I.D.); mobile phase: ACN/(H2O + 0.1% HCOOH) (gradi-

ent from 30:70 to 70:30 in 10 min); T = 36 °C; flow rate 1.0 mL/min, UV 254 nm. 

 

Figure S134. Chiral HPLC analysis of 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-(me-

thylsulfanyl)pyrimidine-4-carboxylic acid (13’a) and 6-[(3S)-1-(tert-butoxycarbonyl)piperidin-3-

yl]-2-(methylsulfanyl)pyrimidine-4-carboxylic acid (13’b) racemic mixture. Conditions: CHI-

RAL ART Cellulose-SJ (100×4.6 mm I.D.); mobile phase: ACN/(H2O + 0.1% HCOOH) (gradi-

ent from 30:70 to 70:30 in 10 min); T = 36 °C; flow rate 1.0 mL/min, UV 254 nm. 

 



 

Figure S135. Chiral HPLC analysis of ethyl 6-[(3R)-1-(tert-butoxycarbonyl)piperidin-3-yl]-2-

(methylsulfanyl)pyrimidine-4-carboxylate (16a) and ethyl 6-[(3S)-1-(tert-butoxycarbonyl)piperi-

din-3-yl]-2-(methylsulfanyl)pyrimidine-4-carboxylate (16b) racemic mixture. Conditions: CHI-

RAL ART Cellulose-SJ (100×4.6 mm I.D.); mobile phase: ACN/(H2O + 0.1% HCOOH) (gradi-

ent from 30:70 to 70:30 in 10 min); T = 36 °C; flow rate 1.0 mL/min, UV 254 nm. 
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Figure 136. Chiral HPLC analysis of derivatives 10a, 10b and the corresponding racemic mix-

ture. Conditions: CHIRAL ART Cellulose-SJ (100×4.6 mm I.D.); mobile phase: ACN/(H2O + 

0.1% HCOOH) (gradient from 20:80 to 60:40 in 10 min); T = 36 °C; flow rate 1.0 mL/min, UV 

210 nm. 

 

 

Figure 137. Chiral HPLC analysis of pyrimidine derivatives tert-butyl (3R)-3-[(1Z)-1-hydroxy-

3-oxobut-1-en-1-yl]piperidine-1-carboxylate (11a) and tert-butyl (3S)-3-[(1Z)-1-hydroxy-3-oxo-

but-1-en-1-yl]piperidine-1-carboxylate (11b). Conditions: CHIRAL ART Cellulose-SJ (100×4.6 

mm I.D.); mobile phase: ACN/(H2O + 0.1% HCOOH) (gradient from 30:70 to 70:30 in 10 min); 

T = 20 °C; flow rate 1.0 mL/min, UV 254 nm. 
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Table S1. Summary of Enantiomeric Excess Values and Chiral HPLC Conditions. 

Compound 
Absolute 

configuration 
ee (%) Chiral stationary phase Mobile-phase gradient Gradient time (min) Supplementary Figure 

4a R 98.1 Cellulose-SJ 70:30 → 30:70 10 Figure S8 

4b S 98.0 Cellulose-SJ 70:30 → 30:70 10 Figure S12 

4c R 96.3 Amylose-SA 70:30 → 30:70 10 Figure S16 

4d S 92.4 Amylose-SA 70:30 → 30:70 10 Figure S20 

4e R 98.5 Cellulose-SJ 70:30 → 30:70 10 Figure S24 

4f S 97.1 Cellulose-SJ 70:30 → 30:70 10 Figure S28 

4g R,R 100.0 Cellulose-SJ 70:30 → 30:70 10 Figure S32 

4h S,S 98.6 Cellulose-SJ 70:30 → 30:70 10 Figure S36 

4i R 99.6 Cellulose-SJ 80:20 → 30:70 10 Figure S40 

4j S 94.7 Cellulose-SJ 80:20 → 30:70 10 Figure S44 

4k R 94.1 Cellulose-SJ 80:20 → 30:70 10 Figure S48 

4l S 95.2 Cellulose-SJ 80:20 → 30:70 10 Figure S52 

4m R,R 99.9 Cellulose-SB 70:30 → 20:80 10 Figure S56 

4n S,S 99.2 Cellulose-SB 70:30 → 20:80 10 Figure S60 

4o R 90.2 Cellulose-SB 80:20 → 40:60 10 Figure S64 

4p S 95.2 Cellulose-SB 80:20 → 40:60 10 Figure S68 

6a R 98.4 Cellulose-SJ 80:20 → 30:70 10 Figure S72 

6b S 96.8 Cellulose-SJ 80:20 → 30:70 10 Figure S76 

6c R 96.3 Amylose-SA 70:30 → 30:70 10 Figure S80 

6d S 91.8 Amylose-SA 70:30 → 30:70 10 Figure S84 

9a R 94.0 Cellulose-SJ 70:30 → 30:70 10 Figure S88 

9b S 95.5 Cellulose-SJ 70:30 → 30:70 10 Figure S92 

9c R 93.4 Cellulose-SJ 70:30 → 30:70 10 Figure S96 

9d S 92.7 Cellulose-SJ 70:30 → 30:70 10 Figure S100 

12a R <1 Cellulose-SJ 70:30 → 30:70 10 Figure S110 

12b S <1 Cellulose-SJ 70:30 → 30:70 10 Figure S114 

13a R <1 Cellulose-SJ 70:30 → 30:70 10 Figure S118 

13′a R 65.5 Cellulose-SJ 70:30 → 30:70 10 Figure S119 

13b S <1 Cellulose-SJ 70:30 → 30:70 10 Figure S123 

13′b S 63.7 Cellulose-SJ 70:30 → 30:70 10 Figure S124 

16a R 63.9 Cellulose-SJ 80:20 → 30:70 10 Figure S128 

16b S 61.8 Cellulose-SJ 80:20 → 30:70 10 Figure S132 

Mobile phase: acetonitrile/(water containing 0.1% formic acid). All separations were performed on CHIRAL ART columns (100 × 4.6 mm I.D.) using an LC-2030C chromatograph (Shimadzu, Tokyo, 

Japan) equipped with UV detection at 254 nm. The column temperature was 36 °C, the flow rate was set to 1.0 mL min−1, the injection volume was 10 µL, and samples were dissolved in methanol. 

Abbreviations: ACN, acetonitrile; ee, enantiomeric excess. 


