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Supplementary Figures 

 
Supplementary Figure 1. X-ray of chiral compound 3D 

 

 

Supplementary Figure 2. substrates 1U and 1V is under the identical reaction 

conditions 
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Supplementary Figure 3. 1H NMR of 3AA 

 

Supplementary Figure 4. 13C NMR of 3AA 



S3 
 

 

 

Supplementary Figure 5. 19F NMR of 3AA 

 

Supplementary Figure 6. 1H NMR of 3A 
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Supplementary Figure 7. 13C NMR of 3A 

 

 

Supplementary Figure 8. 19F NMR of 3A 
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Supplementary Figure 9. 1H NMR of 3B 

 

 

 

Supplementary Figure 10. 13C NMR of 3B 
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Supplementary Figure 11. 19F NMR of 3B 

 

 

Supplementary Figure 12. 1H NMR of 3C 



S7 
 

 

 

Supplementary Figure 13. 13C NMR of 3C 

 

 

Supplementary Figure 14. 19F NMR of 3C 



S8 
 

 

 

Supplementary Figure 15. 1H NMR of 3D 

 

 

Supplementary Figure 16. 13C NMR of 3D 
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Supplementary Figure 17. 19F NMR of 3D 

 

 

Supplementary Figure 18. 1H NMR of 3E 
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Supplementary Figure 19. 13C NMR of 3E 

 

 

Supplementary Figure 20. 19F NMR of 3E 
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Supplementary Figure 21. 1H NMR of 3F 

 

Supplementary Figure 22. 13C NMR of 3F 
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Supplementary Figure 23. 19F NMR of 3F 

 

Supplementary Figure 24. 1H NMR of 3G 
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Supplementary Figure 25. 13C NMR of 3G 

 

 

Supplementary Figure 26. 19F NMR of 3G 
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Supplementary Figure 27. 1H NMR of 3H 

 

 

Supplementary Figure 28. 13C NMR of 3H 
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Supplementary Figure 29. 19F NMR of 3H 

 

Supplementary Figure 30. 1H NMR of 3I 
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Supplementary Figure 31. 13C NMR of 3I 

 

 

Supplementary Figure 32. 19F NMR of 3I 
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Supplementary Figure 33. 1H NMR of 3J 

 

 

Supplementary Figure 34. 13C NMR of 3J 
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Supplementary Figure 35. 19F NMR of 3J 

 

 

Supplementary Figure 36. 1H NMR of 3K 
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Supplementary Figure 37. 13C NMR of 3K 

 

Supplementary Figure 38. 19F NMR of 3K 
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Supplementary Figure 39. 1H NMR of 3L 

 

Supplementary Figure 40. 13C NMR of 3L 
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Supplementary Figure 41. 19F NMR of 3L 

 

 

Supplementary Figure 42. 1H NMR of 3M 
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Supplementary Figure 43. 13C NMR of 3M 

 

 

Supplementary Figure 44. 19F NMR of 3M 
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Supplementary Figure 45. 1H NMR of 3N 

 

 

Supplementary Figure 46. 13C NMR of 3N 
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Supplementary Figure 47. 19F NMR of 3N 

 

 

Supplementary Figure 48. 1H NMR of 3O 
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Supplementary Figure 49. 13C NMR of 3O 

 

 

Supplementary Figure 50. 19F NMR of 3O 
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Supplementary Figure 51. 1H NMR of 3P 

 

 

Supplementary Figure 52. 13C NMR of 3P 
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Supplementary Figure 53. 19F NMR of 3P 

 

Supplementary Figure 54. 1H NMR of 3Q 
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Supplementary Figure 55. 13C NMR of 3Q 

 

 

Supplementary Figure 56. 19F NMR of 3Q 
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Supplementary Figure 57. 1H NMR of 3R 

 

Supplementary Figure 58. 13C NMR of 3R 
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Supplementary Figure 59. 19F NMR of 3R 

 

 

Supplementary Figure 60. 1H NMR of 3S 
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Supplementary Figure 61. 13C NMR of 3S 

 

Supplementary Figure 62. 19F NMR of 3S 
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Supplementary Figure 63. 1H NMR of 3T 

 

 

Supplementary Figure 64. 13C NMR of 3T 
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Supplementary Figure 65. 19F NMR of 3T 

 

 

Supplementary Figure 66. 1H NMR of 3U 
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Supplementary Figure 67. 13C NMR of 3U 

 

 

Supplementary Figure 68. 19F NMR of 3U 
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Supplementary Figure 69. 1H NMR of 3V 

 

 

Supplementary Figure 70. 13C NMR of 3V 
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Supplementary Figure 71. 19F NMR of 3V 

 

 

Supplementary Figure 72. 1H NMR of 4A 
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Supplementary Figure 73. 13C NMR of 4A 

 

 

Supplementary Figure 74. 19F NMR of 4A 
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Supplementary Figure 75. 1H NMR of 4B 

 

Supplementary Figure 76. 13C NMR of 4B 
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Supplementary Figure 77. 19F NMR of 4B 

 

Supplementary Figure 78. 1H NMR of 4C 
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Supplementary Figure 79. 13C NMR of 4C 

 

 

Supplementary Figure 80. 19F NMR of 4C 
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Supplementary Figure 81. 1H NMR of 4D 

 
 

 

Supplementary Figure 82. 13C NMR of 4D 
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Supplementary Figure 83. 19F NMR of 4D 

 

Supplementary Figure 84. 1H NMR of 4E 
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Supplementary Figure 85. 13C NMR of 4E 

 

Supplementary Figure 86. 19F NMR of 4E 
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Supplementary Figure 87. 1H NMR of 4F 

 

Supplementary Figure 88. 13C NMR of 4F 
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Supplementary Figure 89. 19F NMR of 4F 

 

 

Supplementary Figure 90. 1H NMR of 4G 
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Supplementary Figure 91. 13C NMR of 4G 

 

 

Supplementary Figure 92. 19F NMR of 4G 
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Supplementary Figure 93. 1H NMR of 4H 

 

 

Supplementary Figure 94. 13C NMR of 4H 
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Supplementary Figure 95. 19F NMR of 4H 

 

 

Supplementary Figure 96. 1H NMR of 4I 
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Supplementary Figure 97. 13C NMR of 4I 

 

 

Supplementary Figure 98. 19F NMR of 4I 
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Supplementary Figure 99. 1H NMR of 4J 

 

Supplementary Figure 100. 13C NMR of 4J 
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Supplementary Figure 101. 19F NMR of 4J 

 

Supplementary Figure 102. 1H NMR of 4K 
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Supplementary Figure 103. 13C NMR of 4K 

 

 

Supplementary Figure 104. 19F NMR of 4K 
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Supplementary Figure 105. 1H NMR of 5A 

 

 

Supplementary Figure 106. 13C NMR of 5A 



S54 
 

 

 

Supplementary Figure 107. 19F NMR of 5A 

 

Supplementary Figure 108. 1H NMR of 5B 
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Supplementary Figure 109. 13C NMR of 5B 

 

 

Supplementary Figure 110. 19F NMR of 5B 
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Supplementary Figure 111. 1H NMR of 5C 

 

 

Supplementary Figure 112. 13C NMR of 5C 
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Supplementary Figure 113. 19F NMR of 5C 

 

Supplementary Figure 114. 1H NMR of 5D 
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Supplementary Figure 115. 13C NMR of 5D 

 

 

Supplementary Figure 116. 19F NMR of 5D 
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Supplementary Figure 117. 1H NMR of 5E 

 

 

Supplementary Figure 118. 13C NMR of 5E 
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Supplementary Figure 119. 19F NMR of 5E 

 

Supplementary Figure 120. 1H NMR of 5F 
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Supplementary Figure 121. 13C NMR of 5F 

 

 

Supplementary Figure 122. 19F NMR of 5F 
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Supplementary Figure 123. 1H NMR of 5G 

 

Supplementary Figure 124. 13C NMR of 5G 
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Supplementary Figure 125. 19F NMR of 5G 

 

 

Supplementary Figure 126. 1H NMR of 5H 
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Supplementary Figure 127. 13C NMR of 5H 

 

 Supplementary Figure 128. 19F NMR of 5H 
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Supplementary Figure 129. 1H NMR of 5I 

 

 

 

Supplementary Figure 130. 13C NMR of 5I 
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Supplementary Figure 131. 19F NMR of 5I 

 

 

Supplementary Figure 132. 1H NMR of 5J 
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Supplementary Figure 133. 13C NMR of 5J 

 

Supplementary Figure 134. 19F NMR of 5J 
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Supplementary Figure 135. 1H NMR of 5K 

 

 

Supplementary Figure 136. 13C NMR of 5K 
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Supplementary Figure 137. 19F NMR of 5K 

 

Supplementary Figure 138. 1H NMR of 6E 

 



S70 
 

 

Supplementary Figure 139. 13C NMR of 6E 

 

 

Supplementary Figure 140. 19F NMR of 6E 
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Supplementary Figure 141. 1H NMR of 6F 

 

 

Supplementary Figure 142. 13C NMR of 6F 
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Supplementary Figure 143. 19F NMR of 6F 

 

 

Supplementary Figure 144. 1H NMR of 7 
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Supplementary Figure 145. 13C NMR of 7 

 

 

Supplementary Figure 146. 19F NMR of 7 
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Supplementary Figure 147. 1H NMR of 8 

 

Supplementary Figure 148. 13C NMR of 8 
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Supplementary Figure 149. 19F NMR of 8 

 

 

Supplementary Figure 150. 1H NMR of 9 
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Supplementary Figure 151. 13C NMR of 9 

 

 

Supplementary Figure 152. 19F NMR of 9 
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Supplementary Figure 153. 1H NMR of 10 

 

 

Supplementary Figure 154. 13C NMR of 10 
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Supplementary Figure 155. 19F NMR of 10 

 

Supplementary Figure 156. 1H NMR of 13 
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Supplementary Figure 157. 19F NMR of 13 

 

 

Supplementary Figure 158. 1H NMR of 15 
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Supplementary Figure 159. 13C NMR of 15 

 

 

Supplementary Figure 160. 19F NMR of 15 
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Supplementary Figure 161. HPLC traces for racemic and chiral product 3A 
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Supplementary Figure 162. HPLC traces for racemic and chiral product 3B 
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Supplementary Figure 163. HPLC traces for racemic and chiral product 3C 
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Supplementary Figure 164. HPLC traces for racemic and chiral product 3D 
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Supplementary Figure 165. HPLC traces for racemic and chiral product 3E 
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Supplementary Figure 166. HPLC traces for racemic and chiral product 3F 
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Supplementary Figure 167. HPLC traces for racemic and chiral product 3G 
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Supplementary Figure 168. HPLC traces for racemic and chiral product 3H 
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Supplementary Figure 169. HPLC traces for racemic and chiral product 3I 
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Supplementary Figure 170. HPLC traces for racemic and chiral product 3J 
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Supplementary Figure 171. HPLC traces for racemic and chiral product 3K 
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Supplementary Figure 172. HPLC traces for racemic and chiral product 3L 
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Supplementary Figure 173. HPLC traces for racemic and chiral product 3M 
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Supplementary Figure 174. HPLC traces for racemic and chiral product 3N 
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Supplementary Figure 175. HPLC traces for racemic and chiral product 3O 
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Supplementary Figure 176. HPLC traces for racemic and chiral product 3P 
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Supplementary Figure 177. HPLC traces for racemic and chiral product 3Q 



S98 
 

 

 

 

 

 

Supplementary Figure 178. HPLC traces for racemic and chiral product 3R 
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Supplementary Figure 179. HPLC traces for racemic and chiral product 3S 



S100 
 

 

 

 

 

 

 

Supplementary Figure 180. HPLC traces for racemic and chiral product 3T 
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Supplementary Figure 181. HPLC traces for racemic and chiral product 4A 
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Supplementary Figure 182. HPLC traces for racemic and chiral product 4B 
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Supplementary Figure 183. HPLC traces for racemic and chiral product 4C 
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Supplementary Figure 184. HPLC traces for racemic and chiral product 4D 
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Supplementary Figure 185. HPLC traces for racemic and chiral product 4E 
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Supplementary Figure 186. HPLC traces for racemic and chiral product 4F 
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Supplementary Figure 187. HPLC traces for racemic and chiral product 4G 
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Supplementary Figure 188. HPLC traces for racemic and chiral product 4H 
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Supplementary Figure 189. HPLC traces for racemic and chiral product 4I 
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Supplementary Figure 190. HPLC traces for racemic and chiral product 4J 
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Supplementary Figure 191. HPLC traces for racemic and chiral product 4K 
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Supplementary Figure 192. HPLC traces for racemic and chiral product 5A 
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Supplementary Figure 193. HPLC traces for racemic and chiral product 5B 
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Supplementary Figure 194. HPLC traces for racemic and chiral product 5C 
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Supplementary Figure 195. HPLC traces for racemic and chiral product 5D 
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Supplementary Figure 196. HPLC traces for racemic and chiral product 5E 
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Supplementary Figure 197. HPLC traces for racemic and chiral product 5F 
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Supplementary Figure 198. HPLC traces for racemic and chiral product 5G 
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Supplementary Figure 199. HPLC traces for racemic and chiral product 5H 
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Supplementary Figure 200. HPLC traces for racemic and chiral product 5I 
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Supplementary Figure 201. HPLC traces for racemic and chiral product 5J 
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Supplementary Figure 202. HPLC traces for racemic and chiral product 5K 
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Supplementary Figure 203. HPLC traces for racemic and chiral product 6A 
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Supplementary Figure 204. HPLC traces for racemic and chiral product 6B 
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Supplementary Figure 205. HPLC traces for racemic and chiral product 6C 
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Supplementary Figure 206. HPLC traces for racemic and chiral product 6D 
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Supplementary Figure 207. HPLC traces for racemic and chiral product 6E 
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Supplementary Figure 208. HPLC traces for racemic and chiral product 6F 
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Supplementary Figure 209. HPLC traces for racemic and chiral product 6G 
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Supplementary Figure 210. HPLC traces for racemic and chiral product 6H 
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Supplementary Figure 211. HPLC traces for racemic and chiral product 7 



S132 
 

 

 

 

 

 

 

Supplementary Figure 212. HPLC traces for racemic and chiral product 9 
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Supplementary Figure 213. HPLC traces for racemic and chiral product 10 
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Supplementary Figure 214. HPLC traces for racemic and chiral product 15 
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Supplementary Methods  

All reactions were carried out under argon atmosphere using Schlenk techniques. 

Reagents were purchased at the highest commercial quality and used without further 

purification, unless otherwise stated. CuBr and Ag2CO3 were purchased from 

Sigma-Aldrich. Chiral phosphoric acid (CPA) was purchased from Daicel Chiral 

Technologies (China). Difluoromethylsulfonyl chloride and methyl 2-(chlorosulfonyl) 

-2,2-difluoroacetate were purchased from 9dingchem (China). Ethyl isobutyrate 

(i-PrCO2Et) was purchased from Adamas-beta® (Product Code: 91931B) and 

transferred under an argon atmosphere. Analytical thin layer chromatography (TLC) 

was performed on precoated silica gel 60 GF254 plates. Flash column 

chromatography was performed using Tsingdao silica gel (60, particle size 

0.040-0.063 mm). Visualization on TLC was achieved by use of UV light (254 nm) or 

iodine. NMR spectra were recorded on Bruker DRX-500 and DPX 400 spectrometer 

at 400 or 500 MHz for 1H NMR, 100 or 126 MHz for 13C NMR and 376 MHz for 19F 

NMR in CDCl3, Acetone-d6 with tetramethylsilane (TMS) as internal standard. The 

chemical shifts are expressed in ppm and coupling constants are given in Hz. Data for 
1H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d, 

doublet; t, triplet; q, quarter; p, pentet, m, multiplet; br, broad), coupling constant (Hz), 

integration. Data for 13C NMR are reported in terms of chemical shift (δ, ppm). Mass 

spectrometric data were obtained using Bruker Apex IV RTMS. Enantiomeric excess 

(ee) was determined using Agilent high-performance liquid chromatography (HPLC) 

with a Hatachi detector (λ = 254, 242, 230 or 214 nm). Column conditions are 

reported in the experimental section below. Absolute configuration of a product was 

determined by X-ray analysis. 

 

General procedure for the synthesis of substrates: 

Substrates 1 with N-aryl urea groups was synthesized according to the procedures 

previously reported.1  

1-(4-(3-bromophenyl)-2,2-dimethylpent-4-en-1-yl)-3-(3-(trifl

uoromethyl)phenyl)urea (1r) 
1H NMR (500 MHz, CDCl3) δ 7.88 (br, 1H), 7.57 (s, 1H), 7.47 

(s, 1H), 7.46-7.38 (m, 1H), 7.38-7.33 (m, 1H), 7.29 (d, J = 8.0 

Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.12 (t, J = 8.0 Hz, 1H), 

5.87-5.52 (br, 1H), 5.23 (s, 1H), 5.02 (s, 1H), 3.00 (d, J = 6.0 Hz, 

2H), 2.40 (s, 2H), 0.72 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 156.4, 145.7, 145.2, 134.5, 139.8, 131.6 (q, J = 32.5 

Hz), 129.9, 129.8, 127.7, 126.8, 124.9, 124.2 (q, J = 275.2 Hz), 123.0, 119.7, 118.7, 

116.6, 50.5, 45.1, 36.0, 25.7. 
19F NMR (376 MHz, CDCl3) δ -62.7 (s, 3F). 

HRMS (ESI) m/z calcd. for C21H23BrF3N2O [M+H]+ 455.0946, found 455.0940. 
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1-(4-(3-chlorophenyl)-2,2-dimethylpent-4-en-1-yl)-3-(3-(trifl

uoromethyl)phenyl)urea (1u) 
1H NMR (500 MHz, CDCl3) δ 7.56-7.41 (m, 3H), 7.36-7.29 (m, 

2H), 7.26-7.15 (m, 4H), 5.46 (br s, 1H), 5.25 (s, 1H), 5.04 (s, 

1H), 3.01 (d, J = 6.0 Hz, 2H), 2.42 (s, 2H), 0.74 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 156.1, 145.1, 145.0, 139.5, 134.2, 131.6 (q, J = 34.4 

Hz), 129.6, 129.5, 127.3, 126.5, 124.6, 123.9 (q, J = 272.4 Hz), 122.7, 119.5, 118.4, 

116.3 (d, J = 4.6 Hz), 50.2, 44.8, 35.8, 25.4. 
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 3F). 

HRMS (ESI) m/z calcd. for C21H23ClF3N2O [M+H]+ 411.1451, found 411.1454. 

 

N-(3,5-bis(trifluoromethyl)phenyl)-2,4,4-trimethyl-2-phenyl

pyrrolidine-1-carboxamide (3AA) 
1H NMR (500 MHz, CDCl3) δ 7.55 (br s, 2H), 7.50-7.39 (m, 

5H), 7.35 (br s, 1H), 6.34 (br s, 1H), 3.74 (d, J = 10.5 Hz, 1H), 

3.65 (d, J = 10.5 Hz, 1H), 2.28 (d, J = 13.5 Hz, 1H), 2.19 (d, J = 

13.5 Hz, 1H), 1.97 (s, 3H), 1.28 (s, 3H), 1.13 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.8, 147.3, 141.1, 132.5 (q, J = 33.2 Hz), 129.9, 

128.2, 126.1, 123.8 (q, J = 273.2 Hz), 119.4, 116.3 (p, J = 3.9 Hz), 67.3, 62.5, 60.8, 

36.4, 29.5, 29.3, 27.8. 
19F NMR (376 MHz, CDCl3) δ -63.1 (s, 6F). 

HRMS (ESI) m/z calcd. for C22H23F6N2O [M+H]+ 445.1715, found 445.1716. 
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General procedure A: direct asymmetric intramolecular radical 

aminoperfluoroalkylation of alkenes 

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar 

was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol, 

10 mol%), Ag2CO3 (16.56 mg, 0.06 mmol, 0.6 equiv) chiral phosphoric acid (S)-A1 

(3.1 mg, 0.005 mmol, 5 mol%), n-C4F9SO2Cl (2a) (38.15 mg, 0.12 mmol, 1.2 equiv) 

and ethyl isobutyrate (1.0 mL) at 28 °C, and the sealed tube was then stirred at 28 °C. 

Upon completion (monitored by TLC), the reaction mixture was directly purified by a 

silica gel chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using 

petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at first] to afford the 

desired product 3.  

Note: Since the reaction is sensitive to water and air, Schlenk tube and the reagents 

must be dried prior to use. 

 

The racemic products were prepared following the same procedure described above 

using urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (2.86 mg, 0.02 mmol, 20 mol%), 

Ag2CO3 (16.56 mg, 0.06 mmol, 0.6 equiv) and diphenyl phosphate (12.5 mg, 0.05 

mmol, 50 mol%) as catalyst at 28 or 40 °C in ethyl isobutyrate (1.0 mL) for 12-48 h. 

Upon completion (monitored by TLC), the solvent was removed in vacuo, and the 

residue was purified by a silica gel column chromatography (eluent: petroleum 

ether/EtOAc = 100/0-5/1) to give the desired products. 

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-(2,2,3

,3,4,4,5,5,5-nonafluoropentyl)-2-phenyl-pyrrolidine-1-carbo

xamide (3A) 

HPLC analysis: Chiralcel ID (hexane/i-PrOH = 97/03, flow 

rate 0.2 mL/min, λ = 230 nm), tR (major) = 17.57 min, tR 

(minor) = 20.36 min. 
1H NMR (500 MHz, CDCl3) δ 7.83 (s, 2H), 7.45 (s, 1H), 7.39-7.29 (m, 4H), 

7.26-7.24 (m, 1H), 6.82 (s, 1H), 3.82 (dd, J = 35.0, 14.0 Hz, 1H), 3.59-3.42 (m, 2H), 



S138 
 

2.85-2.83 (m, 1H), 2.78 (d, J = 13.5 Hz, 1H), 2.24 (d, J = 13.5 Hz, 1H), 1.12 (s, 3H), 

0.87 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.2, 145.5, 140.2, 131.9 (q, J = 33.3 Hz), 128.3, 

127.1, 125.7, 123.1 (q, J = 272.7 Hz), 119.6 (d, J = 4.0 Hz), 116.3 (p, J = 3.8 Hz), 

121.2-106.8 (m), 68.9, 61.2, 53.1, 36.5, 36.2 (t, J = 18.4 Hz), 28.2.  
19F NMR (376 MHz, CDCl3) δ -63.2 (s, 6F), -81.2 (t, J = 9.8 Hz, 3F), -107.3 (AB, d, 

JF-F = 270.7 Hz, 1F), -117.1 (AB, d, JF-F = 271.9 Hz, 1F), -124.5 (s, 2F), -125.7 ~ 

-125.8 (m, 2F). 

HRMS (ESI) m/z calcd. for C26H22F15N2O [M+H]+ 663.1493, found 663.1487.  

 

(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phen

yl-N-(2-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide 

(3B) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow rate 

0.2 mL/min, λ = 254 nm), tR (major) = 19.23 min, tR (minor) = 23.88 min. 
1H NMR (500 MHz, CDCl3) δ 8.11 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.53 

(t, J = 8.0 Hz, 1H), 7.38-7.35 (m, 4H), 7.28-7.23 (m, 1H), 7.17 (t, J = 7.5 Hz, 1H), 

6.85 (s, 1H), 3.84 (dd, J = 36.5, 16.0 Hz, 1H), 3.57 (d, J = 8.0 Hz, 1H), 3.51 (d, J = 

8.0 Hz, 1H), 2.88-2.71 (m, 2H), 2.27 (d, J = 13.5 Hz, 1H), 1.21 (s, 3H), 0.94 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.2, 145.8, 136.6 (d, J = 2.1 Hz), 132.8, 128.3, 

126.9, 125.9, 125.8 (q, J = 5.4 Hz), 124.5 (q, J = 272.7 Hz), 124.4, 123.1, 119.6 (q, J 

= 29.1 Hz), 121.5-106.5 (m), 68.6, 60.8, 53.2, 36.4, 36.2 (t, J = 18.2 Hz), 28.4, 28.3. 
19F NMR (376 MHz, CDCl3) δ -60.8 (s, 3F), -77.6 ~ -84.5 (m, 3F), -107.2 (AB, d, 

JF-F = 269.6 Hz, 1F), -116.9 (AB, d, JF-F = 269.6 Hz, 1F). -124.2 ~ -124.7 (m, 2F), 

-125.5 ~ -125.9 (m, 2F). 

HRMS (ESI) m/z calcd. for C25H23F12N2O [M+H]+ 595.1619, found 595.1613.  

 

(R)-N-(3-chlorophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nona

fluoropentyl)-2-phenylpyrrolidine-1-carboxamide (3C) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, flow 

rate 0.3 mL/min, λ = 254 nm), tR (major) = 13.55 min, tR (minor) 

= 16.06 min. 
1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.38-7.36 (m, 4H), 7.28-7.24 (m, 2H), 

7.20 (t, J = 8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.45 (s, 1H), 3.82 (dd, J = 36.0, 14.5 

Hz, 1H), 3.55-3.50 (m, 2H), 2.95-2.73 (m, 2H), 2.25 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 

0.92 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.6, 146.2, 140.4, 134.8, 130.1, 128.6, 127.2, 126.2, 

123.4, 120.3, 118.2, 121.2-106.8 (m), 68.9, 61.4, 53.5, 36.8, 36.6 (t, J = 18.5 Hz), 

28.7, 28.6. 
19F NMR (376 MHz, CDCl3) δ -80.8 ~ -81.3 (m, 3F), -107.7 (AB, d, JF-F = 269.2 Hz, 

1F), -116.4 (AB, d, JF-F = 268.8 Hz, 1F), -124.0 (s, 2F), -125.6 ~ -125.7 (m, 2F). 

HRMS (ESI) m/z calcd. for C24H23ClF9N2O [M+H]+ 561.1355, found 561.1350. 
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(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoro-pentyl) 

-2-phenyl-N-(3-(trifluoromethyl)phenyl)-pyrrolidine 

-1-carboxamide (3D) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 96/4, flow 

rate 0.3 mL/min, λ = 230 nm), tR (major) = 15.55 min, tR 

(minor) = 21.13 min. 
1H NMR (500 MHz, CDCl3) δ 7.62 (s, 2H), 7.40-7.30 (m, 5H), 7.30-7.19 (m, 2H), 

6.56 (s, 1H), 3.88-3.78 (m, 1H), 3.55-3.48 (m, 2H), 2.92-2.62 (m, 2H), 2.24 (d, J = 

13.5 Hz, 1H), 1.16 (s, 3H), 0.89 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.4, 145.8, 139.3, 131.1 (q, J = 32.3 Hz), 129.3, 

128.2, 126.9, 125.8, 124.0 (q, J = 272.4 Hz), 123.1, 119.6 (q, J = 3.8 Hz), 116.6 (q, J 

= 4.0 Hz), 121.1-106.5 (m), 68.6, 61.1, 53.1, 36.4, 36.2 (t, J = 18.2 Hz), 28.2, 28.2. 
19F NMR (376 MHz, CDCl3) δ -62.7 (s, 3F), -81.1 (t, J = 9.8 Hz, 3F), -107.4 (AB, d, 

JF-F = 270.3 Hz, 1F), -116.7 (AB, d, JF-F = 270.7 Hz, 1F), -124.5 (s, 2F), -125.1 ~ 

-126.2 (m, 2F).  

HRMS (ESI) m/z calcd. for C25H23F12N2O [M+H]+ 595.1619, found 595.1613.  

 

(R)-N-(3-bromophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-no

nafluoropentyl)-2-phenylpyrrolidine-1-carboxamide (3E) 
HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/05, flow 

rate 0.4 mL/min, λ = 214 nm), tR (major) = 12.96 min, tR 

(minor) = 21.52 min. 
1H NMR (500 MHz, CDCl3) δ 7.67 (s, 1H), 7.42-7.35 (m, 4H), 7.33-7.31 (m, 1H), 

7.28-7.24 (m, 1H), 7.21-7.07 (m, 2H), 6.43 (s, 1H), 3.82 (dd, J = 36.5, 15.0 Hz, 1H), 

3.58-3.45 (m, 2H), 2.91-2.72 (m, 2H), 2.25 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.92 (s, 

3H). 
13C NMR (126 MHz, CDCl3) δ 153.6, 146.2, 140.5, 130.4, 128.6, 127.2, 126.4, 126.2, 

123.1, 122.8, 118.7, 121.5-106.5 (m), 68.9, 61.4, 53.5, 36.8, 36.6 (t, J = 18.3 Hz), 

28.7, 28.6. 
19F NMR (376 MHz, CDCl3) δ -81.0 (d, J = 9.8 Hz, 3F), -107.7 (AB, d, JF-F = 269.2 

Hz, 1F), -116.4 (AB, d, JF-F = 268.8 Hz, 1F), -122.4 (s, 2F), -124.9 ~ -126.5 (m, 2F). 

HRMS (ESI) m/z calcd. for C24H23BrF9N2O [M+H]+ 605.0850, found 605.0845.  

 

(R)-N-(4-fluorophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-no

nafluoropentyl)-2-phenylpyrrolidine-1-carboxamide (3F) 
HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 96/04, flow 

rate 0.2 mL/min, λ = 214 nm), tR (major) = 29.14 min, tR 

(minor) = 36.66 min. 
1H NMR (500 MHz, CDCl3) δ 7.40-7.32 (m, 6H), 7.27-7.23 (m, 1H), 7.02-6.97 (m, 

2H), 6.35 (s, 1H), 3.83 (dd, J = 37.5, 15.0 Hz, 1H), 3.58-3.46 (m, 2H), 2.89-2.73 (m, 

2H), 2.26 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.92 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 159.3 (d, J = 241.8 Hz), 154.1, 146.4, 135.0 (d, J = 

2.7 Hz), 128.5, 127.1, 126.3, 122.5 (d, J = 7.9 Hz), 115.7 (d, J = 22.3 Hz), 

121.5-106.9 (m), 68.8, 61.4, 53.5, 36.7, 36.6 (t, J = 18.9 Hz), 28.7, 28.6. 
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19F NMR (376 MHz, CDCl3) δ -81.0 ~ -81.1 (m, 3F), -107.5 (AB, d, JF-F = 268.8 Hz, 

1F), -116.6 (AB, d, JF-F = 267.7 Hz, 1F), -119.9 (m, 1F), -124.4 (s, 2F), -125.5 ~ 

-125.8 (m, 2F). 

HRMS (ESI) m/z calcd. forC24H23F10N2O [M+H]+ 545.1651, found 545.1645.  

 

(R)-N-(3-methoxyphenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n

onafluoropentyl)-2-phenyl-pyrrolidine-1-carboxamide (3G) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, flow 

rate 0.4 mL/min, λ = 254 nm), tR (major) = 12.06 min, tR 

(minor) = 17. 68 min. 
1H NMR (500 MHz, CDCl3) δ 7.42-7.33 (m, 4H), 7.28-7.24 (m, 1H), 7.22-7.17 (m, 

2H), 6.89 (d, J = 8.0 Hz, 1H), 6.63 (dd, J = 8.5, 2.5 Hz, 1H), 6.41 (s, 1H), 3.94-3.80 

(m, 4H), 3.60-3.46 (m, 2H), 2.90-2.73 (m, 2H), 2.26 (d, J = 13.5 Hz, 1H), 1.20 (s, 3H), 

0.92 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 160.2, 153.6, 146.0, 140.2, 129.5, 128.2, 126.8, 126.0, 

112.1, 109.2, 121.2-106.2 (m), 105.6, 68.5, 61.1, 55.2, 53.2 (d, J = 5.5 Hz), 36.4, 36.3 

(t, J = 18.2 Hz), 28.4, 28.3. 
19F NMR (376 MHz, CDCl3) δ -80.7 ~ -81.4 (m, 3F), -107.2 (AB, d, JF-F = 269.2 Hz, 

1F), -116.7 (AB, d, JF-F = 268.8 Hz, 1F), -124.4 (s, 2F), -125.3 ~ -125.9 (m, 2F). 

HRMS (ESI) m/z calcd. for C25H26F9N2O2 [M+H]+ 557.1851, found 557.1845. 

 

(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phe

nyl-N-(m-tolyl)pyrrolidine-1-carboxamide (3H) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/03, flow 

rate 0.3 mL/min, λ = 230 nm), tR (major) = 19.19 min, tR (minor) 

= 36.68 min. 
1H NMR (500 MHz, CDCl3) δ 7.41-7.32 (m, 5H), 7.26 (tt, J = 7.0, 3.5 Hz 1H), 

7.22-7.17 (m, 2H), 6.93-6.86 (m, 1H), 6.36 (s, 1H), 3.97-3.75 (m, 1H), 3.63-3.45 (m, 

2H), 2.92-2.74 (m, 2H), 2.35 (s, 3H), 2.26 (d, J = 13.5 Hz, 1H), 1.20 (s, 3H), 0.93 (s, 

3H). 
13C NMR (126 MHz, CDCl3) δ 154.0, 146.5, 139.1, 139.1, 129.0, 128.5, 127.1, 126.3, 

124.3, 121.0, 117.3, 121.2-106.3 (m), 68.8, 61.4, 53.5 (d, J = 5.6 Hz), 36.7, 36.6 (t, J 

= 18.2 Hz), 28.7, 28.6, 21.8. 
19F NMR (376 MHz, CDCl3) δ -81.0 (t, J = 9.8 Hz, 3F), -107.5 (AB, d, JF-F = 267.7 

Hz, 1F), -116.3 (AB, d, JF-F = 270.0 Hz, 1F), -124.4 (s, 2F), -125.5 ~ -125.7 (m, 2F). 

HRMS (ESI) m/z calcd. for C25H26F9N2O [M+H]+ 541.1901, found 541.1896.  

 

(R)-diethyl 5-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-5-phenyl 

-1-((3-(trifluoromethyl)phenyl)carbamoyl)-pyrrolidine-3,

3-dicarboxylate (3I) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, 

flow rate 0.3 mL/min, λ = 242 nm), tR (major) = 15.15 min, 

tR (minor) = 19.16 min. 
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1H NMR (500 MHz, CDCl3) δ 7.67 (s, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.41 (t, J = 8.0 

Hz, 1H), 7.37-7.30 (m, 3H), 7.28-7.22 (m, 3H), 6.70 (br s, 1H), 4.70 (d, J = 9.0 Hz, 

1H), 4.31-4.18 (m, 2H), 4.02-3.86 (m, 2H), 3.85-3.76 (m, 1H), 3.55-3.43 (m, 2H), 

3.08 (d, J = 14.0 Hz, 1H), 2.92 (ddd, J = 31.0, 16.0, 7.5 Hz, 1H), 1.28 (t, J = 7.0 Hz, 

3H), 0.88 (t, J = 7.0 Hz, 3H).  
13C NMR (126 MHz, CDCl3) δ 168.7, 168.5, 152.6, 143.0, 139.1, 131.2 (q, J = 32.4 

Hz), 129.4, 128.4, 127.5, 125.6, 124.0 (q, J = 272.2 Hz), 123.3, 119.9 (q, J = 3.8 Hz), 

116.8 (q, J = 3.9 Hz), 121.1-106.5 (m), 67.6, 62.8, 62.4, 57.1, 52.4, 45.3 (d, J = 6.2 

Hz), 35.3 (t, J = 18.4 Hz), 13.8, 13.4. 
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 3F), -81.0 ~ -81.1 (m, 3F), -107.4 (AB, d, 

JF-F = 268.1 Hz, 1F), -117.0 (AB, d, JF-F = 269.8 Hz, 1F). -124.4 (s, 2F), -125.5 ~ 

-125.8 (m, 2F). 

HRMS (ESI) m/z calcd. for C29H27F12N2O5 [M+H]+ 711.1728, found 711.1723. 

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-6-(2,2,3,3,4,4,5,5,5-n

onafluoropentyl)-6-phenyl-5-azaspiro[2.4]heptane-5-carbo

xamide (3J) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow 

rate 0.15 mL/min, λ = 254 nm), tR (major) = 29.85 min, tR 

(minor) = 34.01 min. 
1H NMR (500 MHz, CDCl3) δ 7.69 (s, 2H), 7.50-7.26 (m, 6H), 6.83 (br s, 1H), 

3.96-3.70 (m, 2H), 3.34 (d, J = 8.5 Hz, 1H), 3.16-2.95 (m, 2H), 1.80 (d, J = 13.0 Hz, 

1H), 0.64-0.54 (m, 2H), 0.55-0.49 (m, 1H), 0.24-0.16 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 152.5, 145.1, 140.2, 131.7 (q, J = 33.3 Hz), 128.6, 

127.3, 124.6, 123.1 (q, J = 272.6 Hz), 119.5 (d, J = 3.0 Hz), 116.1 (q, J = 3.8 Hz), 

122.0-106.5 (m), 67.9, 55.9, 48.3, 34.6 (t, J = 18.7 Hz), 18.2, 15.6, 5.8. 
19F NMR (376 MHz, CDCl3) δ -63.3 (s, 6F), -79.0 ~ -86.1 (m, 3F), -108.8 (AB, d, 

JF-F = 246.5 Hz, 1F), -115.7 (AB, d, JF-F = 241.3 Hz, 1F). -124.5 (s, 2F), -125.7 ~ 

-125.8 (m, 2F).  

HRMS (ESI) m/z calcd. for C26H20F15N2O [M+H]+ 661.1336, found 661.1331.  

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-7-(2,2,3,3,4,4,5,5,5-n

onafluoropentyl)-7-phenyl-6-azaspiro[3.4]octane-6-carboxa

mide (3K) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow 

rate 0.3 mL/min, λ = 254 nm), tR (major) = 13.42 min, tR 

(minor) = 17.47 min. 
1H NMR (500 MHz, CDCl3) δ 7.85 (s, 2H), 7.48 (s, 1H), 7.40-7.32 (m, 2H), 

7.31-7.24 (m, 3H), 6.79 (br s, 1H), 4.02-3.78 (m, 2H), 3.64 (d, J = 8.5 Hz, 1H), 

2.91-2.81 (m, 1H), 2.76 (d, J = 13.0 Hz, 1H), 2.50 (d, J = 13.0 Hz, 1H), 2.09-2.00 (m, 

2H), 1.85-1.70 (m, 3H), 1.29 (s, 1H). 
13C NMR (126 MHz, CDCl3) δ 153.1, 144.6, 140.6, 132.3 (q, J = 33.2 Hz), 128.7, 

127.6, 125.7, 123.5 (q, J = 272.8 Hz), 119.8 (d, J = 3.9 Hz), 116.7-116.4 (m), 

121.5-106.8 (m), 68.5, 60.3, 51.8, 42.7, 36.0, 35.5 (t, J = 18.4 Hz), 30.2, 16.6. 
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19F NMR (376 MHz, CDCl3) δ -63.2 (s, 6F), -81.0 ~ -81.5 (t, J = 9.8 Hz, 3F), -106.8 

(AB, d, JF-F = 270.0 Hz, 1F), -117.7 (AB, d, JF-F = 269.6 Hz, 1F), -124.5 (d, J = 10.4 

Hz, 2F), -125.5 ~ -126.0 (m, 2F). 

HRMS (ESI) m/z calcd. for C27H22F15N2O [M+H]+ 675.1493, found 675.1487.  

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2,3,3,4,4,5,5,5-n

onafluoropentyl)-3-phenyl-2-azaspiro[4.4]nonane-2-carbox

amide (3L) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 96/4, flow 

rate 0.2 mL/min, λ = 254 nm), tR (major) = 17.33 min, tR 

(minor) = 20.87 min. 
1H NMR (500 MHz, CDCl3) δ 7.84 (s, 2H), 7.46 (s, 1H), 7.37-7.31 (m, 4H), 7.26 (t, J 

= 7.0 Hz, 1H), 6.79 (br s, 1H), 3.96-3.76 (m, 1H), 3.66-3.52 (m, 2H), 2.99-2.68 (m, 

2H), 2.30 (d, J = 13.0 Hz, 1H), 1.62 (s, 2H), 1.53 (s, 4H), 1.44-1.37 (m, 1H), 

0.97-0.95 (m, 1H). 

 13C NMR (126 MHz, CDCl3) δ 153.3, 145.2, 140.7, 132.1 (q, J = 33.2 Hz), 128.6, 

127.5, 126.1, 123.5 (q, J = 272.6 Hz), 120.0, 116.7-116.5 (m), 121.5-106.5 (m), 68.6, 

60.4, 51.6, 47.4, 39.2, 38.6, 36.2 (t, J = 18.3 Hz), 25.3, 24.4.  
19F NMR (376 MHz, CDCl3) δ -63.1 (s, 6F), -81.13 (t, J = 9.9 Hz, 3F), -106.6 (AB, d, 

JF-F = 270.9 Hz, 1F), -117.6 (AB, d, JF-F = 269.6 Hz, 1F), -124.52 (s, 2F), -125.6 ~ 

-125.8 (m, 2F). 

HRMS (ESI) m/z calcd. for C28H24F15N2O [M+H]+ 689.1649, found 689.1644.  

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2,3,3,4,4,5,5,5-

nonafluoropentyl)-3-phenyl-2-azaspiro[4.5]decane-2-carb

oxamide (3M) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow 

rate 0.2 mL/min, λ = 230 nm), tR (major) = 16.43 min, tR 

(minor) = 24.66 min. 
1H NMR (500 MHz, CDCl3) δ 7.88 (s, 2H), 7.50 (s, 1H), 7.40-7.30 (m, 4H), 7.27 (t, J 

= 7.5 Hz, 1H), 6.81 (br s, 1H), 3.81 (dd, J = 35.0, 14.0 Hz, 1H), 3.70 (d, J = 8.5 Hz, 

1H), 3.49 (d, J = 8.5 Hz, 1H), 2.94-2.77 (m, 1H), 2.66 (d, J = 13.5 Hz, 1H), 2.44 (d, J 

= 13.5 Hz, 1H), 1.53-1.20 (m, 10H). 
13C NMR (126 MHz, CDCl3) δ 153.5, 146.0, 140.6, 132.34 (q, J = 33.3 Hz), 128.8, 

127.4, 125.8, 123.5 (q, J = 273.2 Hz), 120.0, 116.8-116.5 (m), 121.5-106.8 (m), 68.5, 

59.4, 51.2, 40.7, 38.7, 36.6 (t, J = 18.2 Hz), 36.2, 25.8, 24.2, 22.9. 
19F NMR (376 MHz, CDCl3) δ -63.1 (s, 6F), -81.2 (t, J = 9.7 Hz, 3F), -107.5 (AB, d, 

JF-F = 268.9 Hz, 1F), -116.8 (AB, d, JF-F = 270.4 Hz, 1F), -124.5 (s, 2F), -125.77 (d, J 

= 11.4 Hz, 2F). 

HRMS (ESI) m/z calcd. for C30H28F15N2O [M+H]+ 703.1806, found 703.1800.  
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(R)-N-(3,5-bis(trifluoromethyl)phenyl)-3-(2,2,3,3,4,4,5,5,5-n

onafluoropentyl)-3-phenyl-2-azaspiro[4.6]undecane-2-carb

oxamide (3N) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.2 mL/min, λ = 254 nm), tR (major) = 16.45 min, tR 

(minor) = 19.99 min. 
1H NMR (500 MHz, CDCl3) δ 7.88 (s, 2H), 7.49 (s, 1H), 7.41-7.33 (m, 4H), 

7.31-7.24 (m, 1H), 6.84 (br s, 1H), 3.84 (dd, J = 32.0, 11.0 Hz, 1H), 3.60 (d, J = 8.5 

Hz, 1H), 3.47 (d, J = 8.5 Hz, 1H), 2.94-2.67 (m, 2H), 2.45 (d, J = 13.5 Hz, 1H), 

1.73-1.54 (m, 5H), 1.45-1.10 (m, 7H). 
13C NMR (126 MHz, CDCl3) δ 153.2, 145.4, 140.3, 132.0 (q, J = 33.2 Hz), 128.3, 

127.0, 125.8, 124.3 (q, J = 272.6 Hz), 119.6 (q, J = 2.8 Hz), 116.3-116.2 (m), 

121.2-106.8 (m), 68.7, 61.1, 52.1, 43.7, 41.1, 39.0, 36.2 (t, J = 18.2 Hz), 29.2, 28.6, 

24.6, 22.8. 
19F NMR (376 MHz, CDCl3) δ -63.1 (s, 6F), -81.1 (t, J = 9.9 Hz, 3F), -107.0 (AB, d, 

JF-F = 269.7 Hz, 1F), -117.2 (AB, d, JF-F = 269.5 Hz, 1F), -124.5 (d, J = 4.9 Hz, 2F), 

-125.5 ~ -126.0 (m, 2F). 

HRMS (ESI) m/z calcd. for C30H28F15N2O [M+H]+ 717.1962, found 717.1970. 

 

(R)-N-(3-bromophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-no

nafluoropentyl)-2-(o-tolyl)pyrrolidine-1-carboxamide (3O) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 96/4, flow 

rate 0.2 mL/min, λ = 254 nm), tR (major) = 28.24 min, tR 

(minor) = 39.69 min. 
1H NMR (500 MHz, CDCl3) δ 7.69 (s, 1H), 7.46-7.45 (m, 1H), 7.34 (d, J = 8.0 Hz, 

1H), 7.24-7.10 (m, 5H), 6.45 (s, 1H), 4.19-3.94 (m, 1H), 3.62-3.38 (m, 2H), 2.96 (ddd, 

J = 31.5, 15.5, 8.0 Hz, 1H), 2.84 (d, J = 13.0 Hz, 1H), 2.48 (s, 3H), 2.32 (d, J = 13.0 

Hz, 1H), 1.21 (s, 3H), 0.90 (s, 3H).  

13C NMR (126 MHz, CDCl3) δ 154.0, 143.2, 140.8, 133.6, 133.3, 130.7, 128.0, 128.0, 

126.7, 126.1, 123.4, 123.1, 119.0, 122.1-107.1 (m), 70.1, 61.4, 51.6, 37.3, 33.5 (t, J = 

17.8 Hz), 29.4, 29.1, 23.1. 
19F NMR (376 MHz, CDCl3) δ -80.9 ~ -81.0 (m, 3F), -107.1 (AB, d, JF-F = 268.8 Hz, 

1F), -116.8 (AB, d, JF-F = 268.5 Hz, 1F). -124.6 (d, J = 8.3 Hz, 2F), -125.4 ~ -125.7 

(m, 2F). 

HRMS (ESI) m/z calcd. for C25H25BrF9N2O [M+H]+ 619.1007, found 619.1017.  

 

(R)-2-(3-methoxyphenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-n

onafluoropentyl)-N-(3-(trifluoromethyl)phenyl)-pyrrolidine

-1-carboxamide (3P) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.4 mL/min, λ = 230 nm), tR (major) = 13.14 min, tR 

(minor) = 16.75 min. 
1H NMR (500 MHz, CDCl3) δ 7.64-7.62 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.32-7.24 

(m, 2H), 6.99-6.94 (m, 1H), 6.93 (t, J = 2.0 Hz, 1H), 6.80 (dd, J = 8.0, 2.0 Hz, 1H), 
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6.54 (s, 1H), 3.90-3.78 (m, 4H), 3.59-3.48 (m, 2H), 2.89-2.73 (m, 2H), 2.26 (d, J = 

13.5 Hz, 1H), 1.19 (s, 3H), 0.96 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 159.4, 153.3, 147.6, 139.3, 131.1 (q, J = 32.3 Hz), 

129.3, 124.0 (d, J = 272.8 Hz), 123.0, 119.6 (q, J = 3.8 Hz), 118.3, 116.5 (q, J = 4.0 

Hz), 113.1, 111.1, 120.7-106.5 (m), 68.5, 61.2, 55.2, 53.1, 36.4, 36.2 (t, J = 18.2 Hz), 

29.0-28.4 (m).  
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 3F), -81.1 (t, J = 9.8 Hz, 3F), -107.5 (AB, d, 

JF-F = 287.9 Hz, 1F), -116.7 (AB, d, JF-F = 273.3 Hz, 1F), -124.5 (s, 2F), -125.5 ~ 

-125.8 (m, 2F). 

HRMS (ESI) m/z calcd. for C26H25F12N2O2 [M+H]+ 625.1724, found 625.1719. 

 

(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-(m

-tolyl)-N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxa

mide (3Q) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.2 mL/min, λ = 242 nm), tR (major) = 20.11 min, tR 

(minor) = 22.04 min. 
1H NMR (500 MHz, CDCl3) δ 7.60 (s, 2H), 7.35 (t, J = 8.5 Hz, 1H), 7.28-7.18 (m, 

2H), 7.17-7.09 (m, 2H), 7.04 (d, J = 7.5 Hz, 1H), 6.51 (s, 1H), 3.79 (dd, J = 35.0, 14.5 

Hz, 1H), 3.59-3.43 (m, 2H), 2.87-2.68 (m, 2H), 2.35 (s, 3H), 2.22 (d, J = 13.5 Hz, 1H), 

1.15 (s, 3H), 0.90 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.4, 146.2, 139.8, 138.2, 131.4 (q, J = 32.2 Hz), 

129.7, 128.5, 128.1, 126.4, 124.0 (q, J = 272.8 Hz), 123.1, 123.0, 119.6 (q, J = 3.8 

Hz), 116.6 (q, J = 3.9 Hz), 121.2-106.6 (m), 68.9, 61.5, 53.6, 36.8, 36.6 (t, J = 18.2 

Hz), 28.7, 28.7, 22.1. 
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 3F), -81.1 (t, J = 9.8 Hz, 3F), -107.4 (AB, d, 

JF-F = 266.9 Hz, 1F), -116.8 (AB, d, JF-F = 272.2 Hz, 1F), -124.4 (s, 2F), -125.4 ~ 

-126.0 (m, 2F). 

HRMS (ESI) m/z calcd. for C26H25F12N2O [M+H]+ 609.1775, found 609.1770. 

 

(R)-2-(3-bromophenyl)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-no

nafluoropentyl)-N-(3-(trifluoromethyl)phenyl)-pyrrolidine-

1-carboxamide (3R) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.2 mL/min, λ = 230 nm), tR (major) = 23.79 min, tR 

(minor) = 27.71 min. 
1H NMR (500 MHz, CDCl3) δ 7.68-7.62 (m, 2H), 7.48 (t, J = 2.0 Hz, 1H), 7.43-7.38 

(m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.23 (t, J = 8.0 Hz, 1H), 6.54 (s, 1H), 3.86 (ddd, J = 

36.0, 16.0, 4.0 Hz, 1H), 3.59-3.46 (m, 2H), 2.84-2.66 (m, 2H), 2.22 (d, J = 13.5 Hz, 

1H), 1.20 (s, 3H), 0.93 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 153.3, 148.4, 139.2, 131.2 (q, J = 32.3 Hz), 130.1, 

129.7, 129.4, 129.1, 124.7, 124.0 (q, J = 272.3 Hz), 123.2, 122.5, 119.9 (q, J = 4.0 

Hz), 116.7 (q, J = 3.9 Hz), 121.1-106.5 (m), 68.4, 61.0, 53.0 (d, J = 5.9 Hz), 36.7, 

36.0 (t, J = 18.3 Hz), 28.3, 28.2. 
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19F NMR (376 MHz, CDCl3) δ -62.76 (s, 3F), -81.04 (t, J = 9.8 Hz, 3F), -107.3 (AB, 

d, JF-F = 267.6 Hz, 1F), -115.89 ~ -117.79 (m, 1F), -124.38 (s, 2F), -124.79 ~ -125.92 

(m, 2F). 

HRMS (ESI) m/z calcd. for C25H22BrF12N2O [M+H]+ 673.0724, found 673.0740.  

 

(R)-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phenyl-N-(3-(tr

ifluoromethyl)phenyl)pyrrolidine-1-carboxamide (3S) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.5 mL/min, λ = 230 nm), tR (major) = 15.80 min, tR 

(minor) = 34.41 min. 
1H NMR (500 MHz, Acetone-d6) δ 8.16 (s, 1H), 8.01 (s, 1H), 7.82 (d, J = 8.5 Hz, 1H), 

7.48-7.40 (m, 3H), 7.36 (t, J = 8.0 Hz, 2H), 7.30-7.22 (m, 2H), 4.12-3.94 (m, 2H), 

3.87-3.76 (m, 1H), 3.24 (ddd, J = 32.0, 15.5, 8.0 Hz, 1H), 2.77-2.66 (m, 1H), 2.20 

(ddd, J = 13.0, 6.5, 3.0 Hz, 1H), 2.05-1.94 (m, 1H), 1.88-1.71 (m, 1H). 
13C NMR (126 MHz, Acetone-d6) δ 153.4, 146.0, 141.4, 130.1 (q, J = 31.6 Hz), 129.2, 

128.2, 126.6, 125.2, 124.5 (q, J = 272.0 Hz), 122.9, 118.2 (q, J = 3.9 Hz), 115.9 (q, J 

= 4.1 Hz), 122.8-106.7 (m), 67.4, 47.8, 39.9 (d, J = 5.2 Hz), 34.1 (t, J = 18.0 Hz), 

21.4. 
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 3F), -81.1 (t, J = 9.7 Hz, 3F), -108.6 (AB, d, 

J = 259.8 Hz, 1F), -116.5 (AB, d, J = 272.1 Hz, 1F), -124.4 (s, 2F), -125.5 ~ -126.0 

(m, 2F). 

HRMS (ESI) m/z calcd. for C23H19F12N2O [M+H]+ 567.1306, found 567.1300. 

 

(R)-4,4-dimethyl-2-(2,2,3,3,4,4,5,5,5-nonafluoropentyl)-2-phe

nyl-1-tosylpyrrolidine (3T) 

HPLC analysis: Chiralcel ID (hexane/i-PrOH = 98/2, flow rate 

0.4 mL/min, λ = 230 nm), tR (major) = 21.03 min, tR (minor) = 

24.07 min. 
1H NMR (500 MHz, CDCl3) δ 7.34-7.28 (m, 2H), 7.27-7.15 (m, 3H), 7.04 (s, 4H), 

4.23 (ddd, J = 33.0, 16.5, 4.5 Hz, 1H), 3.50 (d, J = 9.0 Hz, 1H), 3.15 (d, J = 9.0 Hz, 

1H), 3.11-2.92 (m, 1H), 2.59 (d, J = 14.5 Hz, 1H), 2.50 (d, J = 14.5 Hz, 1H), 2.36 (s, 

3H), 1.30 (s, 3H), 1.16 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 142.6, 141.9, 136.3, 129.0, 127.9, 127.5, 127.0, 126.8, 

120.8-106.6 (m), 69.7, 61.8, 53.7 (d, J = 4.3 Hz), 39.8 (t, J = 19.8 Hz), 36.8, 28.7, 

27.3, 21.4. 
19F NMR (376 MHz, CDCl3) δ -81.0 (t, J = 2.9 Hz, 3F), -104.0 (AB, dd, J = 274.5, 

15.7 Hz, 1F), -108.0 (AB, d, J = 273.4 Hz, 1F), -124.1 (d, J = 8.6 Hz, 2F), -125.5 (dd, 

J = 17.6, 9.3 Hz, 1F), -125.7 (t, J = 14.2 Hz, 1F). 

HRMS (ESI) m/z calcd. for C24H25F9NO2S [M+H]+ 562.1462, found 562.1471. 

 

1-(3,5-Bis(trifluoromethyl)phenyl)-3-(4-chloro-6,6,7,7,8,8,9,9,

9-nonafluoro-2,2-dimethylnonyl)urea (3U) 
1H NMR (500 MHz, CDCl3) δ 7.85 (s, 1H), 7.75 (s, 2H), 7.43 (s, 

1H), 5.66 (t, J = 6.0 Hz, 1H), 4.33-4.28 (m, 1H), 3.32 (dd, J = 
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14.0, 7.5 Hz, 1H), 3.13 (dd, J = 14.0, 5.5 Hz, 1H), 2.67-2.39 (m, 2H), 1.90 (dd, J = 

15.5, 9.5 Hz, 1H), 1.75-1.73 (m, 1H), 0.99 (s, 3H), 0.97 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 155.7, 140.3, 132.3 (q, J = 33.4 Hz), 123.03 (q, J = 

272.7 Hz), 118.6, 116.0, 119.8-108.2 (m), 49.6, 49.3, 47.8, 40.8 (t, J = 20.4 Hz), 35.0, 

25.9, 24.7. 
19F NMR (376 MHz, CDCl3) δ -63.5 (s, 6F), -81.3 (t, J = 9.4 Hz, 3F), -113.5 (s, 2F), 

-124.9 (s, 2F), -126.2 (s, 2F). 

HRMS (ESI) m/z calcd. for C20H19ClF15N2O [M+H]+ 623.0941, found 623.0933.  

 

1-(4-Benzyl-4-chloro-6,6,7,7,8,8,9,9,9-nonafluoro-2,2-dimeth

ylnonyl)-3-(3,5-bis(trifluoromethyl)phenyl)urea (3V) 
1H NMR (500 MHz, CDCl3) δ 7.76 (s, 2H), 7.45 (s, 1H), 7.31 (s, 

5H), 7.23 (s, 1H), 5.21 (t, J = 6.0 Hz, 1H), 3.37-3.30 (m, 3H), 

3.21 (d, J = 14.0 Hz, 1H), 2.72-2.60 (m, 2H), 2.06 (s, 2H), 1.12 

(s, 3H), 1.09 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 155.2, 140.5, 135.0, δ 132.2 (q, J = 33.3 Hz), 131.6, 

128.1, 127.4, 123.1 (q, J = 272.7 Hz), 118.4, 115.8, 112.8, 118.4-106.2 (m), 71.6, 53.4, 

50.4, 49.4, 47.7, 41.3 (t, J = 19.0 Hz), 36.7, 31.1, 27.5, 26.7. 
19F NMR (376 MHz, CDCl3) δ -63.4 (s, 6F), -81.2 (t, J = 9.5 Hz, 3F), -107.6 (AB, d, 

JF-F = 271.5 Hz, 1F), -111.2 (AB, d, JF-F = 274.1 Hz, 1F), -124.5 (s, 2F), -125.8 ~ 

-126.0 (m, 2F). 

HRMS (ESI) m/z calcd. for C27H25ClF15N2O [M+H]+ 713.1410, found 713.1414.  
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General procedure B: direct asymmetric intramolecular radical amino- 

difluoro(methoxycarbonyl)methylation of alkenes 

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar 

was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol, 

10 mol%), Ag2CO3 (16.56 mg, 0.06 mmol, 0.6 equiv) chiral phosphoric acid (S)-A1 

(3.1 mg, 0.005 mmol, 5 mol%), MeO2CCF2SO2Cl (2b) (25 mg, 0.12 mmol, 1.2 equiv) 

and ethyl isobutyrate (1.0 mL) at 0 °C, and the sealed tube was then stirred at 0 °C. 

Upon completion (monitored by TLC), the reaction mixture was directly purified by a 

silica gel chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using 

petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at first] to afford the 

desired product 4.  

(R)-methyl 3-(1-((3,5-bis(trifluoromethyl)phenyl) 

-carbamoyl)-4,4-dimethyl-2-phenylpyrrolidin-2-yl)-2,2-difluor

opropanoate (4A) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate 

0.2 mL/min, λ = 254 nm), tR (major) = 20.82 min, tR (minor) = 

19.01 min. 
1H NMR (500 MHz, CDCl3) δ 7.91 (s, 2H), 7.49 (s, 1H), 7.39-7.30 (m, 4H), 

7.27-7.22 (m, 1H), 6.82 (br s, 1H), 3.74-3.57 (m, 5H), 3.53 (d, J = 8.5 Hz, 1H), 2.95 

(q, J = 16.0 Hz, 1H), 2.83 (d, J = 13.5 Hz, 1H), 2.22 (d, J = 13.5 Hz, 1H), 1.17 (s, 3H), 

0.89 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 164.7 (t, J = 33.0 Hz), 153.4, 145.7, 140.5, 131.9 (q, J 

= 33.4 Hz), 128.3, 126.9, 125.6, 123.2 (q, J = 272.5 Hz), 119.5, 116.1, 115.8 (t, J = 

253.0 Hz), 68.8, 61.3, 53.8, 53.4, 41.7 (t, J = 20.6 Hz), 36.4, 28.4, 28.3. 
19F NMR (376 MHz, CDCl3) δ -63.0 (s, 6F), -95.8 (d, J = 262.1 Hz, 1F), -108.4 (d, J 

= 260.8 Hz, 1F). 

HRMS (ESI) m/z calcd. for C25H25F8N2O3 [M+H]+ 553.1737, found 553.1732. 

 

(R)-methyl 3-(1-((3-chlorophenyl)carbamoyl)-4,4 

-dimethyl-2-phenylpyrrolidin-2-yl)-2,2-difluoropropanoate 

(4B) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 90/10, flow 

rate 0.45 mL/min, λ = 254 nm), tR (major) = 13.13 min, tR (minor) 

= 16.31 min. 
1H NMR (500 MHz, CDCl3) δ 7.59 (s, 1H), 7.39-7.30 (m, 4H), 7.28-7.15 (m, 3H), 

7.06-6.98 (m, 1H), 6.37 (s, 1H), 3.77-3.56 (m, 5H), 3.49 (d, J = 8.0 Hz, 1H), 2.94 (q, 

J = 16.0 Hz, 1H), 2.82 (d, J = 13.5 Hz, 1H), 2.20 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 

0.90 (s, 3H). 
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13C NMR (126 MHz, CDCl3) δ 164.69 (dd, J = 33.6, 32.4 Hz), 153.4, 146.1, 140.2, 

134.5, 129.7, 128.2, 126.7, 125.8, 123.0, 119.9, 117.8, 115.8 (dd, J = 254.4, 250.7 Hz), 

68.5 (d, J = 4.0 Hz), 61.3, 53.8, 53.5, 42.0 (dd, J = 22.0, 19.7 Hz), 36.3, 28.6, 28.5. 
19F NMR (376 MHz, CDCl3) δ -95.6 (d, J = 261.2 Hz, 1F), -106.7 (d, J = 260.9 Hz, 

1F). 

HRMS (ESI) m/z calcd. for C23H26ClF2N2O3 [M+H]+ 451.1600, found 451.1595.. 

 

(R)-methyl 3-(1-((3-bromophenyl)carbamoyl)-4,4 

-dimethyl-2-phenylpyrrolidin-2-yl)-2,2-difluoropropanoate (4C) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 90/10, flow rate 

0.5 mL/min, λ = 254 nm), tR (major) = 21.38 min, tR (minor) = 

20.34 min. 
1H NMR (500 MHz, CDCl3) δ 7.74 (s, 1H), 7.38-7.21 (m, 6H), 7.20-7.11 (m, 2H), 

6.36 (s, 1H), 3.72 (s, 3H), 3.65 (q, J = 17.0 Hz, 1H), 3.58 (d, J = 8.0 Hz, 1H), 3.48 (d, 

J = 8.5 Hz, 1H), 2.95 (q, J = 16.0 Hz, 1H), 2.82 (d, J = 13.5 Hz, 1H), 2.20 (d, J = 13.5 

Hz, 1H), 1.19 (s, 3H), 0.90 (s, 3H).  

13C NMR (126 MHz, CDCl3) δ 164.7 (dd, J = 33.9, 32.1 Hz), 153.4, 146.1, 140.3, 

130.0, 128.2, 126.7, 126.0, 125.8, 122.7, 122.5, 118.3, 115.8 (dd, J = 253.9, 250.5 Hz), 

68.5 (d, J = 4.0 Hz), 61.3, 53.8, 53.5, 42.0 (dd, J = 22.0, 19.8 Hz), 36.3, 28.6, 28.5. 
19F NMR (376 MHz, CDCl3) δ -95.6 (d, J = 263.2 Hz, 1F), -106.8 (d, J = 260.2 Hz, 

1F). 

HRMS (ESI) m/z calcd. for C23H26BrF2N2O3 [M+H]+ 495.1095, found 495.1089. 

 

(R)-methyl 3-(4,4-dimethyl-2-phenyl-1-((3 

-(trifluoromethyl)phenyl)carbamoyl)pyrrolidin-2-yl)-2,2-difluo

ropropanoate (4D) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate 

0.4 mL/min, λ = 230 nm), tR (major) = 29.76 min, tR (minor) = 

37.29 min. 
1H NMR (500 MHz, CDCl3) δ 7.74 (s, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.42-7.32 (m, 

5H), 7.29 (d, J = 8.0 Hz, 1H), 7.24 (t, J = 7.0 Hz, 1H), 6.50 (s, 1H), 3.76-3.57 (m, 5H), 

3.51 (d, J = 8.5 Hz, 1H), 2.95 (q, J = 16.0 Hz, 1H), 2.83 (d, J = 13.0 Hz, 1H), 2.21 (d, 

J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 164.7 (dd, J = 33.9, 32.1 Hz), 153.5, 146.0, 139.6, 

131.1 (q, J = 32.2 Hz), 129.3, 128.2, 126.8, 125.7, 124.0 (q, J = 273.0 Hz), 123.0, 

119.6 (q, J = 3.9 Hz), 116.5 (q, J = 3.9 Hz), 115.8 (dd, J = 253.9, 250.7 Hz), 68.6 (d, J 

= 3.9 Hz), 61.3, 53.8, 53.4, 42.0 (dd, J = 22.0, 19.7 Hz), 36.4, 28.5, 28.4. 
19F NMR (376 MHz, CDCl3) δ -62.6 (s, 3F), -95.5 (d, J = 261.7 Hz, 1F), -107.2 (d, J 

= 261.4 Hz, 1F). 

HRMS (ESI) m/z calcd. for C24H26F5N2O3 [M+H]+ 485.1864, found 485.1858. 

 

 

(R)-methyl 2,2-difluoro-3-(1-((4-fluorophenyl)carbamoyl) 

-4,4-dimethyl-2-phenylpyrrolidin-2-yl)propanoate (4E) 
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HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 90/10, flow rate 0.6 mL/min, λ = 

242 nm), tR (major) = 29.30 min, tR (minor) = 20.67 min. 
1H NMR (500 MHz, CDCl3) δ 7.41-7.30 (m, 6H), 7.26-7.20 (m, 1H), 6.98 (t, J = 8.5 

Hz, 2H), 6.31 (s, 1H), 3.75-3.52 (m, 5H), 3.48 (d, J = 8.5 Hz, 1H), 2.94 (q, J = 16.0 

Hz, 1H), 2.81 (d, J = 13.0 Hz, 1H), 2.19 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.90 (s, 

3H). 
13C NMR (126 MHz, CDCl3) δ 164.7 (dd, J = 34.0, 31.9 Hz), 158.9 (d, J = 241.6 Hz), 

154.0, 146.2, 134.8 (d, J = 2.7 Hz), 128.2, 126.6, 125.8, 122.1 (d, J = 7.7 Hz), 115.9 

(dd, J = 253.7, 250.5 Hz), 115.3 (d, J = 22.4 Hz), 68.4 (d, J = 4.1 Hz), 61.2, 53.8, 53.5, 

42.1 (dd, J = 22.0, 19.7 Hz), 36.3, 28.6, 28.5. 
19F NMR (376 MHz, CDCl3) δ -95.9 (d, J = 261.6 Hz, 1F), -106.5 (dt, J = 261.6, 17.7 

Hz, 1F), -119.99 ~ -120.12 (m, 1F). 

HRMS (ESI) m/z calcd. for C23H26F3N2O3 [M+H]+ 435.1896, found 435.1890. 

 

(R)-methyl 2,2-difluoro-3-(1-((3-methoxyphenyl)-carbamoyl) 

-4,4-dimethyl-2-phenylpyrrolidin-2-yl)propanoate (4F) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 90/10, flow rate 

0.6 mL/min, λ = 254 nm), tR (major) = 26.75 min, tR (minor) = 

18.79 min. 
1H NMR (500 MHz, CDCl3) δ 7.35-7.33 (m, 4H), 7.25-7.16 (m, 3H), 6.92 (d, J = 8.0 

Hz, 1H), 6.61 (dd, J = 8.5, 2.5 Hz, 1H), 6.34 (s, 1H), 3.80 (s, 3H), 3.75-3.62 (m, 4H), 

3.57 (d, J = 8.5 Hz, 1H), 3.49 (d, J = 8.0 Hz, 1H), 2.94 (q, J = 15.5 Hz, 1H), 2.83 (d, J 

= 13.5 Hz, 1H), 2.19 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.89 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 164.7 (dd, J = 34.0, 32.0 Hz), 160.1, 153.6, 146.2, 

140.3, 129.5, 128.2, 126.7, 125.9, 115.9 (dd, J = 253.8, 250.3 Hz), 112.1, 108.8, 105.6, 

68.4 (d, J = 4.4 Hz), 61.3, 55.3, 53.7, 53.5, 42.1 (dd, J = 22.2, 19.7 Hz), 36.2, 28.6, 

28.5. 
19F NMR (376 MHz, CDCl3) δ -95.6 (d, J = 261.3 Hz, 1F), -106.0 (dt, J = 261.7, 17.9 

Hz, 1F). 

HRMS (ESI) m/z calcd. for C24H29F2N2O4 [M+H]+ 447.2095, found 447.2090. 

 

(R)-methyl 3-(5-((3,5-bis(trifluoromethyl)phenyl) 

-carbamoyl)-6-phenyl-5-azaspiro[2.4]heptan-6-yl)-2,2-difluorop

ropanoate (4G) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 97/3, flow rate 

0.3 mL/min, λ = 230 nm), tR (major) = 21.65 min, tR (minor) = 

18.27 min. 
1H NMR (500 MHz, Acetone-d6) δ 8.34 (s, 1H), 8.31 (d, J = 1.5 Hz, 2H), 7.59 (s, 1H), 

7.48-7.42 (m, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.24 (d, J = 7.5 Hz, 1H), 4.00 (d, J = 9.0 

Hz, 1H), 3.87 (dt, J = 22.5, 15.5 Hz, 1H), 3.78 (s, 3H), 3.67 (d, J = 9.0 Hz, 1H), 3.25 

(q, J = 14.0 Hz, 1H), 3.08 (d, J = 13.0 Hz, 1H), 1.72 (d, J = 13.0 Hz, 1H), 0.66-0.49 

(m, 3H), 0.11-0.04 (m, 1H). 
13C NMR (126 MHz, Acetone-d6) δ 164.4 (dd, J = 34.1, 31.6 Hz), 153.0, 146.1, 142.5, 

131.2 (q, J = 32.9 Hz), 127.8, 126.4, 125.3, 123.7 (q, J = 272.4 Hz), 119.0 (d, J = 3.9 
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Hz), 117.0 (q, J = 258.9, 252.0 Hz), 114.5 (p, J = 3.9 Hz), 68.2 (d, J = 6.4 Hz), 55.8, 

52.9, 47.7 (dd, J = 4.0, 1.8 Hz), 40.3 (dd, J = 23.4, 20.2 Hz), 18.0, 15.7, 4.6. 
19F NMR (376 MHz, Acetone-d6) δ -63.5 (s, 6F), -95.80 (dt, J = 259.4, 14.9 Hz, 1F), 

-103.2 (ddd, J = 259.4, 22.9, 15.9 Hz, 1F).  

HRMS (ESI) m/z calcd. for C25H23F8N2O3 [M+H]+ 551.1581, found 551.1575. 

 

(R)-methyl 3-(6-((3,5-bis(trifluoromethyl)phenyl) 

-carbamoyl)-7-phenyl-6-azaspiro[3.4]octan-7-yl)-2,2-difluorop

ropanoate (4H) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow rate 

0.2 mL/min, λ = 254 nm), tR (major) = 25.59 min, tR (minor) = 

29.51 min. 
1H NMR (500 MHz, CDCl3) δ 7.90 (s, 2H), 7.49 (s, 1H), 7.35 (t, J = 8.0 Hz, 2H), 

7.29-7.20 (m, 3H), 6.78 (br s, 1H), 3.92 (d, J = 8.5 Hz, 1H), 3.82-3.61 (m, 5H), 3.01 

(q, J = 16.0 Hz, 1H), 2.79 (d, J = 13.0 Hz, 1H), 2.44 (d, J = 13.0 Hz, 1H), 2.13-1.99 

(m, 2H), 1.85-1.73 (m, 3H), 1.41-1.32 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 165.0 (t, J = 32.9 Hz), 153.2, 144.9, 140.8, 132.2 (q, J 

= 33.3 Hz), 128.7, 127.4, 125.5, 123.5 (d, J = 272.8 Hz), 119.6 (d, J = 4.3 Hz), 116.3, 

116.1 (t, J = 252.3 Hz), 68.4, 60.6, 53.8, 52.5, 42.6, 41.0 (t, J = 21.1 Hz), 36.2, 30.4, 

16.6. 
19F NMR (376 MHz, CDCl3) δ -63.0 (s, 6F), -95.4 (d, J = 269.3 Hz, 1F), -107.6 (d, J 

= 264.6 Hz, 1F). 

HRMS (ESI) m/z calcd. for C26H25F8N2O3 [M+H]+ 565.1737, found 565.1732. 

 

(R)-methyl 3-(2-((3,5-bis(trifluoromethyl)phenyl) 

-carbamoyl)-3-phenyl-2-azaspiro[4.4]nonan-3-yl)-2,2-difluoro

propanoate (4I) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow rate 

0.2 mL/min, λ = 254 nm), tR (major) = 23.11 min, tR (minor) = 

25.99 min. 
1H NMR (500 MHz, CDCl3) δ 7.92 (s, 2H), 7.50 (s, 1H), 7.39-7.24 (m, 5H), 6.74 (s, 

1H), 3.80-3.53 (m, 6H), 3.07-2.90 (m, 2H), 2.27 (d, J = 13.0 Hz, 1H), 1.76-1.63 (m, 

2H), 1.60-1.52 (m, 4H), 1.49-1.39 (m, 1H), 1.06-0.93 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 164.7 (t, J = 32.9 Hz), 153.1, 145.1, 140.5, 132.0 (q, J 

= 33.5 Hz), 128.3, 127.0, 125.6, 123.2 (q, J = 273.1 Hz), 119.4, 116.1, 115.8 (t, J = 

252.1 Hz), 68.4, 60.3, 53.5, 52.4, 47.0, 41.4 (t, J = 20.8 Hz), 39.1, 38.4, 25.0, 24.0. 
19F NMR (376 MHz, CDCl3) δ -63.0 (s, 6F), -95.3 (d, J = 260.5 Hz, 1F), -107.9 (d, J 

= 263.1 Hz, 1F).  

HRMS (ESI) m/z calcd. for C27H27F8N2O3 [M+H]+ 579.1894, found 579.1888. 

 

(R)-methyl 3-(2-(3-bromophenyl)-4,4-dimethyl-1 

-((3-(trifluoromethyl)phenyl)carbamoyl)pyrrolidin-2-yl)-2,2-d

ifluoropropanoate (4J) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate 
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0.45 mL/min, λ = 240 nm), tR (major) = 24.22 min, tR (minor) = 22.07 min. 
1H NMR (500 MHz, Acetone-d6) δ 8.06 (s, 2H), 7.87 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 

2.0 Hz, 1H), 7.49-7.44 (m, 2H), 7.41-7.38 (m, 1H), 7.29 (dd, J = 16.0, 8.0 Hz, 2H), 

3.77- 3.57 (m, 5H), 3.57 (d, J = 9.0 Hz, 1H), 3.11-3.01 (m, 1H), 2.76 (d, J = 13.5 Hz, 

1H), 2.20 (d, J = 13.5 Hz, 1H), 1.15 (s, 3H), 0.87 (s, 3H). 
13C NMR (126 MHz, Acetone-d6) δ 164.5 (dd, J = 33.5, 32.1 Hz) 153.9, 149.7, 141.3, 

130.1 (q, J = 31.8 Hz), 129.7, 129.4, 129.3, 129.3, 125.4, 124.5 (q, J = 271.9 Hz), 

123.1, 121.5, 118.4 (q, J = 3.9 Hz), 116.1 (q, J = 4.1 Hz), 116.1 (t, J = 252.6 Hz), 68.3 

(d, J = 4.2 Hz), 60.9, 53.1 (t, J = 3.3 Hz), 53.0, 41.3 (dd, J = 22.2, 19.5 Hz), 36.0, 

27.7. 
19F NMR (376 MHz, Acetone-d6) δ -63.1 (s, 3F), -97.2 (ddd, J = 259.9, 18.7, 14.4 Hz, 

1F), -104.8 (dt, J = 259.9, 18.2 Hz, 1F). 

HRMS (ESI) m/z calcd. for C24H25BrF5N2O3 [M+H]+ 563.0969, found 563.0976. 

 

(R)-methyl 3-(1-((3-bromophenyl)carbamoyl)-4,4-dimethyl 

-2-(o-tolyl)pyrrolidin-2-yl)-2,2-difluoropropanoate (4K) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow rate 

0.6 mL/min, λ = 230 nm), tR (major) = 25.70 min, tR (minor) = 

16.58 min. 
1H NMR (500 MHz, CDCl3) δ 7.75 (s, 1H), 7.37 (t, J = 4.5 Hz, 1H), 7.34-7.25 (m, 

1H), 7.24-7.10 (m, 5H), 6.38 (s, 1H), 3.85 (q, J = 17.5 Hz, 1H), 3.74 (s, 3H), 3.56 (d, 

J = 8.0 Hz, 1H), 3.47 (d, J = 8.0 Hz, 1H), 3.09 (q, J = 16.5 Hz, 1H), 2.82 (d, J = 13.0 

Hz, 1H), 2.50 (s, 3H), 2.29 (d, J = 13.0 Hz, 1H), 1.21 (s, 3H), 0.88 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 164.7 (t, J = 33.0 Hz), 153.5, 142.7, 140.3, 133.1, 

133.0, 130.0, 127.2, 127.1, 126.0, 125.4, 122.8, 122.5, 118.3, 116.2 (dd, J = 251.2, 

250.2 Hz), 69.5, 61.0, 53.5, 51.4, 39.3 (t, J = 21.7 Hz), 36.6, 29.0, 28.5, 22.8. 
19F NMR (376 MHz, CDCl3) δ -95.0 (d, J = 262.5 Hz, 1F), -107.2 (d, J = 256.1 Hz, 

1F). 

HRMS (ESI) m/z calcd. for C24H28BrF2N2O3 [M+H]+ 509.1251, found 509.1258. 
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General procedure C: direct asymmetric intramolecular radical aminodifluoro 

-methylation of alkenes 

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar 

was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol, 

10 mol%), Ag2CO3 (16.56 mg, 0.06 mmol, 0.6 equiv), chiral phosphoric acid (S)-A1 

(6.2 mg, 0.01 mmol, 10 mol%), HCF2SO2Cl (2c) (18.0 mg, 0.12 mmol, 1.2 equiv) and 

ethyl isobutyrate (1.0 mL) at 28 °C, and the sealed tube was then stirred at 28 °C. 

Upon completion (monitored by TLC), the reaction mixture was directly purified by a 

silica gel chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using 

petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at first] to afford the 

desired product 5.  

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(2,2-difluoroethyl)-

4,4-dimethyl-2-phenylpyrrolidine-1-carboxamide (5A) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow 

rate 0.2 mL/min, λ = 254 nm), tR (major) = 30.55 min, tR (minor) 

= 33.88 min. 
1H NMR (500 MHz, CDCl3) δ 7.88 (s, 2H), 7.52 (s, 1H), 7.37 (t, J = 7.5 Hz, 2H), 

7.33-7.23 (m, 3H), 6.74 (s, 1H), 6.11-5.84 (m, 1H), 3.61-3.53 (m, 2H), 3.22-3.04 (m, 

1H), 2.84-2.72 (m, 1H), 2.64 (d, J = 13.5 Hz, 1H), 2.25 (d, J = 13.5 Hz, 1H), 1.19 (s, 

3H), 0.92 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.0, 145.6, 140.2, 132.1 (q, J = 33.3 Hz), 128.5, 

127.0, 125.3, 123.2 (d, J = 272.8 Hz), 119.4 (t, J = 4.0 Hz), 116.4 (t, J = 241.2 Hz), 

116.4-116.3 (m), 68.4, 61.8, 54.8, 43.1 (t, J = 19.9 Hz), 36.3, 28.8, 28.4. 
19F NMR (376 MHz, CDCl3) δ -63.0 (s, 6F), -112.2 (ddt, J = 290.7, 55.8, 12.8 Hz, 

1F), -114.3 (d, J = 290.1 Hz, 1F). 

HRMS (ESI) m/z calcd. for C23H23F8N2O [M+H]+ 495.1683, found 495.1677. 

 

(R)-N-(3-chlorophenyl)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-

phenylpyrrolidine-1-carboxamide (5B) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/05, flow 

rate 0.4 mL/min, λ = 230 nm), tR (major) = 36.46 min, tR (minor) 

= 32.54 min. 
1H NMR (500 MHz, Acetone-d6) δ 7.90 (s, 1H), 7.83 (t, J = 2.0 Hz, 1H), 7.49 (dd, J 

= 8.0, 2.0 Hz, 1H), 7.44-7.38 (m, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.24 (t, J = 8.0 Hz, 

1H), 7.20 (t, J = 7.5 Hz, 1H), 6.99 (dd, J = 8.0, 2.0 Hz, 1H), 6.09 (tdd, J = 56.5, 6.0, 

3.0 Hz, 1H), 3.75 (d, J = 9.5 Hz, 1H), 3.65 (d, J = 9.5 Hz, 1H), 3.23-3.11 (m, 1H), 
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2.75-2.68 (m, 1H), 2.60 (d, J = 13.0 Hz, 1H), 2.23 (d, J = 13.5 Hz, 1H), 1.16 (s, 3H), 

0.84 (s, 3H). 
13C NMR (126 MHz, Acetone-d6) δ 153.8, 146.9, 142.0, 133.5, 129.7, 127.8, 126.2, 

125.9, 121.8, 119.4, 117.9, 117.4 (t, J = 237.4 Hz), 68.3 (t, J = 5.8 Hz), 61.2, 54.1, 

43.2 (t, J = 20.1 Hz), 35.8, 28.2, 27.6. 
19F NMR (376 MHz, Acetone-d6) δ -112.9 (ddd, J = 56.5, 19.7, 13.8 Hz, 2F). 

HRMS (ESI) m/z calcd. for C21H24ClF2N2O [M+H]+ 393.1545, found 393.1540. 

 

(R)-N-(3-bromophenyl)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-p

henylpyrrolidine-1-carboxamide (5C) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow rate 

0.5 mL/min, λ = 254 nm), tR (major) = 23.95 min, tR (minor) = 

32.38 min. 
1H NMR (500 MHz, CDCl3) δ 7.68 (s, 1H), 7.37 (t, J = 7.5 Hz, 2H), 7.33-7.25 (m, 

4H), 7.22-7.11 (m, 2H), 6.38 (s, 1H), 5.96 (tdd, J = 57.0, 6.5, 3.0 Hz, 1H), 3.63-3.48 

(m, 2H), 3.13-3.07 (m, 1H), 2.74 (qd, J = 14.0, 6.5 Hz, 1H), 2.64 (d, J = 13.5 Hz, 1H), 

2.23 (d, J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 153.3, 146.0, 140.0, 130.2, 128.5, 126.9, 126.2, 125.4, 

122.6, 122.6, 118.2, 116.6 (t, J = 239.3 Hz), 68.1, 61.8, 54.9, 43.4 (t, J = 19.5 Hz), 

36.2, 28.9, 28.5. 
19F NMR (376 MHz, CDCl3) δ -111.93 (dddd, J = 290.1, 55.0, 13.9, 11.3 Hz, 1F), 

-114.3 (d, J = 291.9 Hz, 1F). 

HRMS (ESI) m/z calcd. for C21H24BrF2N2O [M+H]+ 437.1040, found 437.1046. 

 

(R)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-phenyl-N-(m-tolyl)p

yrrolidine-1-carboxamide (5D) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.5 mL/min, λ = 230 nm), tR (major) = 28.73 min, tR (minor) 

= 32.12 min. 
1H NMR (500 MHz, CDCl3) δ 7.41-7.30 (m, 5H), 7.26 (t, J = 7.0 Hz, 1H), 7.18 (t, J = 

7.5 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.36 (s, 1H), 6.14-5.84 

(m, 1H), 3.60-3.49 (m, 2H), 3.19-3.04 (m, 1H), 2.73 (qd, J = 14.0, 6.5 Hz, 1H), 2.65 

(d, J = 13.0 Hz, 1H), 2.35 (s, 3H), 2.22 (d, J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.90 (s, 

3H). 
13C NMR (126 MHz, CDCl3) δ 153.8, 146.3, 138.9, 138.6, 128.8, 128.4, 126.7, 125.5, 

124.1, 120.6, 116.9, 116.8 (t, J = 239.3 Hz), 67.9 (d, J = 9.1 Hz), 61.8, 55.0, 43.6 (t, J 

= 19.9 Hz), 36.1, 28.9, 28.5, 21.5. 
19F NMR (376 MHz, CDCl3) δ -111.9 (ddt, J = 289.3, 54.0, 11.7 Hz, 1F), -114.3 (d, J 

= 285.4 Hz, 1F). 

HRMS (ESI) m/z calcd. for C22H27F2N2O [M+H]+ 373.2091, found 273.2086. 
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(R)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-phenyl-N-(3-(triflu

oromethyl)phenyl)pyrrolidine-1-carboxamide (5E) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.4 mL/min, λ = 254 nm), tR (major) = 23.55 min, tR 

(minor) = 25.59 min. 
1H NMR (500 MHz, CDCl3) δ 7.66 (s, 1H), 7.61 (d, J = 7.0 Hz, 1H), 7.44-7.34 (m, 

3H), 7.34-7.24 (m, 4H), 6.54 (s, 1H), 5.98 (td, J = 56.5, 3.0 Hz, 1H), 3.65-3.49 (m, 

2H), 3.18-3.01 (m, 1H), 2.75 (qd, J = 14.0, 6.5 Hz, 1H), 2.65 (d, J = 13.0 Hz, 1H), 

2.24 (d, J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 153.4, 145.9, 139.3, 131.3 (q, J = 32.3 Hz), 129.4, 

128.5, 126.9, 125.4, 124.0 (q, J = 272.4 Hz), 123.0, 119.8 (q, J = 4.0 Hz), 116.6 (t, J = 

239.4 Hz), 116.4 (q, J = 3.9 Hz), 68.1, 61.8, 54.9, 43.4 (t, J = 19.8 Hz), 36.2, 28.9, 

28.4. 
19F NMR (376 MHz, CDCl3) δ -62.6 (s, 3F), -112.0 (ddd, J = 290.1, 55.1, 14.3 Hz, 

1F), -114.2 (d, J = 294.3 Hz, 1F). 

HRMS (ESI) m/z calcd. for C22H24F5N2O [M+H]+ 427.1809, found 427.1803. 

 

(R)-2-(2,2-difluoroethyl)-N-(4-fluorophenyl)-4,4-dimethyl-2-p

henylpyrrolidine-1-carboxamide (5F) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.5 mL/min, λ = 254 nm), tR (major) = 21.79 min, tR (minor) 

= 25.51 min. 
1H NMR (500 MHz, CDCl3) δ 7.41-7.29 (m, 6H), 7.25 (t, J = 7.0 Hz, 1H), 7.00 (t, J = 

8.7 Hz, 2H), 6.34 (s, 1H), 6.10-5.82 (m, 1H), 3.56-3.52 (m, 2H), 3.17-3.02 (m, 1H), 

2.75 (qd, J = 14.0, 6.5 Hz, 1H), 2.64 (d, J = 13.5 Hz, 1H), 2.23 (d, J = 13.0 Hz, 1H), 

1.18 (s, 3H), 0.90 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 159.0 (d, J = 242.4 Hz), 153.9, 146.1, 134.6 (d, J = 

2.7 Hz), 128.4, 126.8, 125.5, 122.0 (d, J = 8.0 Hz), 116.7 (t, J = 239.3 Hz), 115.5 (d, J 

= 22.4 Hz), 68.0, 61.7, 54.9, 43.5 (t, J = 19.6 Hz), 36.2, 28.9, 28.5. 
19F NMR (376 MHz, CDCl3) δ -111.9 (dddd, J = 289.7, 54.9, 13.9, 10.9 Hz, 1F), 

-114.08 (d, J = 291.4 Hz, 1F), -119.6~ -119.7 (m, 1F).  

HRMS (ESI) m/z calcd. for C21H24F3N2O [M+H]+ 377.1841, found 377.1835. 

 

(R)-2-(2,2-difluoroethyl)-2-(3-methoxyphenyl)-4,4-dimethyl-

N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide 

(5G) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.3 mL/min, λ = 230 nm), tR (major) = 33.85 min, tR (minor) 

= 39.98 min. 
1H NMR (500 MHz, CDCl3) δ 7.65 (s, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.40 (t, J = 8.0 

Hz, 1H), 7.34-7.23 (m, 2H), 6.91 (d, J = 8.0 Hz, 1H), 6.87 (s, 1H), 6.81 (d, J = 8.0 Hz, 

1H), 6.50 (s, 1H), 6.12-5.83 (m, 1H), 3.82 (s, 3H), 3.59-3.54 (m, 2H), 3.19-3.02 (m, 

1H), 2.73 (qd, J = 14.0, 6.5 Hz, 1H), 2.63 (d, J = 13.0 Hz, 1H), 2.24 (d, J = 13.0 Hz, 

1H), 1.19 (s, 3H), 0.95 (s, 3H). 
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13C NMR (126 MHz, CDCl3) δ 159.6, 153.4, 147.7, 139.2, 131.3 (q, J = 32.3 Hz), 

129.5, 129.4, 123.9 (q, J = 272.4 Hz), 122.9, 119.8 (q, J = 4.0 Hz), 117.8, 116.6 (t, J = 

239.5 Hz), 116.4 (q, J = 3.9 Hz), 112.5, 111.3, 68.0, 61.8, 55.3, 54.9, 43.3 (t, J = 19.8 

Hz), 36.2, 28.9, 28.6. 
19F NMR (376 MHz, CDCl3) δ -62.6 (s, 3F), -112.0 (ddt, J = 289.9, 55.0, 12.9 Hz, 

1F), -114.18 (d, J = 276.7 Hz, 1F). 

HRMS (ESI) m/z calcd. for C23H26F5N2O2 [M+H]+ 457.1914, found 457.1909. 

 

(R)-2-(2,2-difluoroethyl)-4,4-dimethyl-2-(m-tolyl)-N-(3-(trifl

uoromethyl)phenyl)pyrrolidine-1-carboxamide (5H) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow 

rate 0.3 mL/min, λ = 230 nm), tR (major) = 27.14 min, tR 

(minor) = 32.71 min. 
1H NMR (500 MHz, CDCl3) δ 7.70-7.53 (m, 2H), 7.40 (t, J = 8.0 Hz, 1H), 7.33-7.22 

(m, 2H), 7.16-7.05 (m, 3H), 6.49 (s, 1H), 5.97 (tdd, J = 56.5, 6.0, 3.0 Hz, 1H), 

3.65-3.52 (m, 2H), 3.17-3.00 (m, 1H), 2.75 (qd, J = 14.0, 6.5 Hz, 1H), 2.63 (d, J = 

13.0 Hz, 1H), 2.38 (s, 3H), 2.23 (d, J = 13.0 Hz, 1H), 1.19 (s, 3H), 0.94 (s, 3H).  

13C NMR (126 MHz, CDCl3) δ 153.4, 145.9, 139.3, 138.2, 131.3 (q, J = 32.3 Hz), 

129.4, 128.4, 127.8, 126.1, 123.9 (q, J = 272.5 Hz), 122.9, 122.5, 119.8 (q, J = 3.8 

Hz), 116.6 (t, J = 239.6 Hz), 116.4 (q, J = 3.9 Hz), 67.9, 61.9, 55.1, 43.4 (t, J = 19.8 

Hz), 36.2, 28.9, 28.6, 21.8. 
19F NMR (376 MHz, CDCl3) δ -63.1 (s, 3F), -112.9 (ddd, J = 56.2, 19.6, 13.9 Hz, 

2F). 

HRMS (ESI) m/z calcd. for C23H26F5N2O [M+H]+ 441.1965, found 441.1960. 

 

(R)-2-([1,1'-biphenyl]-3-yl)-2-(2,2-difluoroethyl)-4,4-dimethy

l-N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide 

(5I) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.4 mL/min, λ = 242 nm), tR (major) = 24.43 min, tR (minor) 

= 29.19 min. 
1H NMR (500 MHz, CDCl3) δ 7.72 (s, 1H), 7.62-7.59 (m, 3H), 7.54-7.35 (m, 7H), 

7.32 (t, J = 6.5 Hz, 2H), 6.57 (s, 1H), 6.20-5.80 (m, 1H), 3.66-3.50 (m, 2H), 3.27-3.10 

(m, 1H), 2.81 (qd, J = 14.0, 6.0 Hz, 1H), 2.69 (d, J = 13.0 Hz, 1H), 2.31 (d, J = 13.0 

Hz, 1H), 1.21 (s, 3H), 0.95 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.4, 146.5, 141.5, 141.2, 139.3, 131.3 (q, J = 32.3 

Hz), 129.5, 128.8, 127.5, 127.3, 125.9, 124.5, 124.4, 124.0 (q, J = 272.5 Hz), 123.0, 

119.9 (q, J = 3.8 Hz), 116.6 (t, J = 239.4 Hz), 116.5 (q, J = 3.9 Hz), 68.3, 61.8, 54.9, 

43.4 (t, J = 19.8 Hz), 36.3, 28.8, 28.5. 
19F NMR (376 MHz, CDCl3) δ -62.6 (s, 3F), -112.0 (dddd, J = 290.2, 55.0, 14.6, 11.2 

Hz, 1F), -114.34 (d, J = 300.3 Hz, 1F). 

HRMS (ESI) m/z calcd. for C28H28F5N2O [M+H]+ 503.2122, found 503.2132. 
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(R)-2-(3-bromophenyl)-2-(2,2-difluoroethyl)-4,4-dimethyl-N

-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide (5J) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.4 mL/min, λ = 242 nm), tR (major) = 22.17 min, tR (minor) 

= 20.66 min. 
1H NMR (500 MHz, CDCl3) δ 7.68 (s, 1H), 7.65 (d, J = 8.5 Hz, 1H), 7.44-7.36 (m, 

3H), 7.33 (d, J = 8.0 Hz, 1H), 7.27-7.19 (m, 2H), 6.57 (s, 1H), 6.08-5.81 (m, 1H), 

3.54 (s, 2H), 3.21-3.08 (m, 1H), 2.75-2.56 (m, 2H), 2.20 (d, J = 13.0 Hz, 1H), 1.19 (s, 

3H), 0.92 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.3, 148.6, 139.1, 131.3 (q, J = 32.4 Hz), 129.9, 

129.8, 129.5, 128.8, 124.2, 123.9 (q, J = 272.4 Hz), 123.1, 122.6, 120.0 (q, J = 4.0 

Hz), 116.6 (q, J = 3.9 Hz), 116.4 (t, J = 239.7 Hz), 68.0 (d, J = 8.8 Hz), 61.6, 54.6 (d, 

J = 3.7 Hz), 43.0 (dd, J = 21.3, 18.4 Hz), 36.5, 28.7, 28.4. 
19F NMR (376 MHz, CDCl3) δ -62.6 (s, 3F), -112.2 (dddd, J = 290.8, 54.8, 14.3, 10.8 

Hz, 1F), -114.0~ -115.4 (m, 1F). 

HRMS (ESI) m/z calcd. for C22H23BrF5N2O [M+H]+ 505.0914, found 505.0908. 

 

(R)-2-(2,2-difluoroethyl)-2-(3-fluorophenyl)-4,4-dimethyl-N-

(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide (5K) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.3 mL/min, λ = 254 nm), tR (major) = 28.42 min, tR (minor) 

= 30.25 min. 
1H NMR (500 MHz, CDCl3) δ 7.68 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.41 (t, J = 8.0 

Hz, 1H), 7.35-7.27 (m, 2H), 7.08 (d, J = 8.0 Hz, 1H), 7.01 (d, J = 10.5 Hz, 1H), 6.95 

(td, J = 8.0, 2.0 Hz, 1H), 6.59 (s, 1H), 6.10-5.80 (m, 1H), 3.54 (s, 2H), 3.26-3.07 (m, 

1H), 2.75-2.60 (m, 2H), 2.21 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.91 (s, 3H).  

13C NMR (126 MHz, CDCl3) δ 162.8 (d, J = 245.5 Hz), 153.3, 149.0 (d, J = 6.4 Hz), 

139.1, 131.3 (q, J = 32.3 Hz), 129.9 (d, J = 8.3 Hz), 129.5, 123.9 (q, J = 272.4 Hz), 

123.1, 121.1 (d, J = 2.8 Hz), 120.0 (q, J = 3.9 Hz), 116.5 (q, J = 3.9 Hz), 116.5 (t, J = 

239.6 Hz), 113.7 (d, J = 21.0 Hz), 112.9 (d, J = 23.1 Hz), 68.1 (d, J = 8.7 Hz), 61.6, 

54.6 (d, J = 3.5 Hz), 43.1 (dd, J = 21.2, 18.5 Hz), 36.4, 28.7, 28.4. 
19F NMR (376 MHz, CDCl3) δ -62.6 (s, 3F), -112.1 (dddd, J = 290.6, 54.9, 14.5, 11.0 

Hz, 2F), -113.8~ -115.3 (m, 1F). 

HRMS (ESI) m/z calcd. for C22H23F6N2O [M+H]+ 445.1715, found 445.1709. 
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General procedure D: direct asymmetric intramolecular radical 

aminotrifluoromethylation of alkenes 

 

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar 

was charged with urea substrate 1 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol, 

10 mol%), Ag2CO3 (16.56 mg, 0.06 mmol, 0.6 equiv), chiral phosphoric acid (S)-A1 

(3.1 mg, 0.005 mmol, 5 mol%), CF3SO2Cl (2d) (20.16 mg, 0.12 mmol, 1.2 equiv) and 

ethyl isobutyrate (1.0 mL) at 0 °C or 28 °C, and the sealed tube was then stirred at 

0 °C or 28 °C. Upon completion (monitored by TLC), the reaction mixture was 

directly purified by a silica gel chromatography [eluent: petroleum ether/EtOAc = 

100/0-5/1, using petroleum ether (100%) to remove the solvent (ethyl isobutyrate) at 

first] to afford the desired product 6.  

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-4,4-dimethyl-2-phen

yl-2-(2,2,2-trifluoroethyl)pyrrolidine-1-carboxamide (6A) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 97/3, flow 

rate 0.2 mL/min, λ = 254 nm), tR (major) = 27.39 min, tR (minor) 

= 30.70 min. 

Spectra matches previously reported spectra.1 

 

(R)-N-(3-bromophenyl)-4,4-dimethyl-2-phenyl-2-(2,2,2-triflu

oroethyl)pyrrolidine-1-carboxamide (6B) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.8 mL/min, λ = 254 nm), tR (major) = 11.91 min, tR (minor) 

= 18.87 min. 

Spectra matches previously reported spectra.1 

 

(R)-4,4-dimethyl-2-phenyl-2-(2,2,2-trifluoroethyl)-N-(3-(trifl

uoromethyl)phenyl)pyrrolidine-1-carboxamide (6C) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 95/5, flow 

rate 0.6 mL/min, λ = 254 nm), tR (major) = 14.01 min, tR (minor) 

= 17.94 min. 

Spectra matches previously reported spectra.1 

 

(R)-N-(4-bromophenyl)-4,4-dimethyl-2-phenyl-2-(2,2,2-triflu

oroethyl)pyrrolidine-1-carboxamide (6D) 
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HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 85/15, flow rate 0.6 mL/min, λ = 

254 nm), tR (major) = 21.33 min, tR (minor) = 12.01 min. 

Spectra matches previously reported spectra.1 

 

(R)-2-(3-chlorophenyl)-4,4-dimethyl-2-(2,2,2-trifluoroethyl)-

N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide 

(6E) 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 95/5, flow rate 

0.15 mL/min, λ = 254 nm), tR (major) = 50.53 min, tR (minor) = 

54.29 min. 
1H NMR (500 MHz, CDCl3) δ 7.69-7.60 (m, 2H), 7.41 (t, J = 8.0 Hz, 1H), 7.34-7.26 

(m, 3H), 7.26-7.21 (m, 2H), 6.54 (s, 1H), 3.86-3.68 (m, 1H), 3.52 (s, 2H), 2.88-2.76 

(m, 1H), 2.74 (d, J = 13.5 Hz, 1H), 2.17 (d, J = 13.5 Hz, 1H), 1.19 (s, 3H), 0.95 (s, 

3H). 
13C NMR (126 MHz, CDCl3) δ 153.4, 147.9, 139.2, 134.2, 131.2 (q, J = 32.3 Hz), 

129.5, 129.4, 127.1, 126.1, 124.9 (q, J = 278.8 Hz), 124.1, 124.0 (q, J = 272.4 Hz), 

123.3, 119.9 (q, J = 3.9 Hz), 116.7 (q, J = 3.9 Hz), 67.8 (d, J = 2.4 Hz), 61.2, 52.6, 

40.1 (q, J = 25.8 Hz), 36.6, 28.4, 28.2. 
19F NMR (376 MHz, CDCl3) δ -59.6 (t, J = 10.9 Hz, 3F), -62.6 (s, 3F). 

HRMS (ESI) m/z calcd. for C22H22ClF6N2O [M+H]+ 479.1325, found 479.1319. 

 

(R)-2-(3-bromophenyl)-4,4-dimethyl-2-(2,2,2-trifluoroethyl)-

N-(3-(trifluoromethyl)phenyl)pyrrolidine-1-carboxamide 

(6F) 

HPLC analysis: Chiralcel IA (hexane/i-PrOH = 97/3, flow rate 

0.12 mL/min, λ = 230 nm), tR (major) = 90.40 min, tR (minor) = 

99.74 min. 
1H NMR (500 MHz, Acetone-d6) δ 8.13 (s, 1H), 8.05 (s, 1H), 7.88 (dd, J = 8.0, 2.0 

Hz, 1H), 7.70 (t, J = 2.0 Hz, 1H), 7.54-7.46 (m, 2H), 7.45-7.40 (m, 1H), 7.34-7.27 (m, 

2H), 3.86-3.68 (m, 2H), 3.58 (d, J = 9.0 Hz, 1H), 3.27-3.11 (m, 1H), 2.73 (d, J = 13.5 

Hz, 1H), 2.24 (d, J = 13.5 Hz, 1H), 1.17 (s, 3H), 0.93 (s, 3H). 
13C NMR (126 MHz, Acetone-d6) δ 153.9, 149.2, 141.2, 130.2 (q, J = 31.8 Hz), 129.7, 

129.5, 129.4, 129.3, 127.7 (q, J = 274.5 Hz), 125.4, 124.8 (q, J = 272.0 Hz), 123.1, 

121.6, 118.5 (q, J = 3.9 Hz), 116.1 (q, J = 4.1 Hz), 67.7 (d, J = 2.2 Hz), 60.8, 52.5 (d, 

J = 2.2 Hz), 39.4 (q, J = 25.4 Hz), 36.1, 27.6, 27.5. 
19F NMR (376 MHz, Acetone-d6) δ -60.0 (t, J = 11.2 Hz, 3F), -63.1 (s, 3F). 

HRMS (ESI) m/z calcd. for C22H22BrF6N2O [M+H]+ 523.0814, found 523.0804. 

 

(R)-N-(3-bromophenyl)-4,4-dimethyl-2-(o-tolyl)-2-(2,2,2-trifl

uoroethyl)pyrrolidine-1-carboxamide (6G) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 95/5, flow 

rate 0.5 mL/min, λ = 254 nm), tR (major) = 15.14 min, tR (minor) 

= 26.14 min. 

Spectra matches previously reported spectra1. 
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(R)-2-phenyl-2-(2,2,2-trifluoroethyl)-N-(3-(trifluoromethyl)p

henyl)pyrrolidine-1-carboxamide (6H) 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 90/10, flow 

rate 0.5 mL/min, λ = 254 nm), tR (major) = 15.04 min, tR (minor) 

= 19.04 min. 

Spectra matches previously reported spectra1. 
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Procedure for synthetic application:                     

 

Synthesis of 7: Sodium borohydride (9.5 mg, 0.25 mmol) was added to a solution of 4A 

(27.6 mg, 0.05 mmol) in THF (2 mL) in a sealed flask. The resulting mixture was 

stirred at 60 oC for 15 min. Methanol (2 mL) was then added by syringe and stirring 

was maintained for a further period of 15 min at the same temperature. After that, the 

solvent was removed in vacuo, and the residue was purified by a silica gel column 

chromatography (eluent: petroleum ether/EtOAc = 8/1) to give 7 (24.9 mg, 95%). 

 

(R)-N-(3,5-bis(trifluoromethyl)phenyl)-2-(2,2-difluoro-3-hyd

roxypropyl)-4,4-dimethyl-2-phenylpyrrolidine-1-carboxamid

e (7) 

HPLC analysis: Chiralcel ODH (hexane/i-PrOH = 97/3, flow rate 

0.4 mL/min, λ = 254 nm), tR (major) = 15.28 min, tR (minor) = 

19.92 min. 
1H NMR (500 MHz, CDCl3) δ 7.86 (s, 2H), 7.49 (s, 1H), 7.39-7.28 (m, 4H), 

7.26-7.19 (m, 1H), 6.67 (s, 1H), 3.73-3.54 (m, 3H), 3.51 (d, J = 7.5 Hz, 1H), 

3.46-3.30 (br s, 1H), 2.87 (d, J = 13.0 Hz, 1H), 2.76-2.59 (m, 1H), 2.52 (s, 1H), 2.18 

(d, J = 13.2 Hz, 1H), 1.16 (s, 3H), 0.89 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.8, 146.3, 140.5, 132.2 (q, J = 33.3 Hz), 128.4, 

127.0, 125.8, 123.4 (t, J = 246.0 Hz), 123.3 (q, J = 273.3 Hz), 119.5 (d, J = 3.2 Hz), 

116.4 (p, J = 3.7 Hz), 69.3, 65.6 (t, J = 31.6 Hz), 61.6, 53.6, 39.8 (t, J = 20.4 Hz), 36.5, 

28.5, 28.5. 
19F NMR (376 MHz, CDCl3) δ -63.0 (s, 6F), -98.2 (d, J = 242.8 Hz, 1F), -113.4 (d, J 

= 248.2 Hz, 1F). 

HRMS (ESI) m/z calcd. for C24H25F8N2O2 [M+H]+ 525.1788, found 525.1795. 

 

Synthesis of 8: KHMDS (7.5 μL, 1.0 M in THF, 0.075 mmol) was added to a stirred 

solution of 4A (27.6 mg, 0.05 mmol) in dry THF (0.5 mL) in an oven-dried Schlenk tube at 

−78 °C. After stirring at −78 °C for 1 h, the reaction mixture was allowed to warm to room 

temperature over a period of 11 h, quenched with saturated NH4Cl solution and stirred for 

15 min. The mixture was extracted three times with ethyl acetate, dried over Na2SO4, and 

concentrated in vacuo. The crude product was purified by flash column chromatography on 
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silica gel (eluent: EtOAc/MeOH = 20/1) to give 8 (12.1 mg, 90%). 

 

(R)-3-(1-((3,5-bis(trifluoromethyl)phenyl)carbamoyl)-4,4-di

methyl-2-phenylpyrrolidin-2-yl)-2,2-difluoropropanoic acid 

(8) 

[α]D
20 = –67.50 (c = 0.10 in CH2Cl2). 

1H NMR (500 MHz, CD3OD) δ 8.14 (s, 2H), 7.49 (s, 1H), 7.37 

(d, J = 7.5 Hz, 2H), 7.30 (t, J = 8.0 Hz, 2H), 7.18 (t, J = 7.5 Hz, 

1H), 3.66 (d, J = 9.0 Hz, 1H), 3.60 (d, J = 9.0 Hz, 1H), 3.53-3.38 (m, 1H), 3.00 (dd, J 

= 34.0, 16.0 Hz, 1H), 2.89 (d, J = 13.0 Hz, 1H), 2.04 (d, J = 13.0 Hz, 1H), 1.14 (s, 

3H), 0.86 (s, 3H). 
13C NMR (126 MHz, CD3OD) δ 155.9, 148.5, 143.5, 132.7 (q, J = 33.0 Hz), 128.8, 

127.3, 127.2, 124.9 (q, J = 272.3 Hz), 121.2 (d, J = 3.3 Hz), 116.0 (p, J = 3.7 Hz), 

70.5, 62.4, 54.0, 41.9 (t, J = 22.6 Hz), 37.3, 28.7, 28.3. 
19F NMR (376 MHz, CD3OD) δ -64.4 (s, 6F), -100.0 (d, J = 252.0 Hz, 1F), -104.3 (d, 

J = 250.8 Hz, 1F). 

HRMS (ESI) m/z calcd. for C24H21F8N2O3 [M-H] - 537.1424, found 537.1432. 

 

Synthesis of 9: To a stirred solution of 4A (27.6 mg, 0.05 mmol) and PhI(OTFA)2 (PIFA, 

75.3 mg, 0.175 mmol) in dry CH2Cl2 (0.5 mL) in an oven-dried resealable Schlenk tube 

2,2,2-trifluoroacetic acid (TFA, 11.2 μL, 0.15 mmol) was added. The reaction mixture 

was stirred at 45 oC for 46 h. Then cooled to room temperature, CH2Cl2 (2.0 mL) was 

added and the solution was washed successively with saturated solutions of NaHCO3, brine, 

dried over Na2SO4, filtered and concentrated in vacuo. The residue was purified by a silica 

gel column chromatography (eluent: petroleum ether/EtOAc = 20/1) to give 9 (11.8 mg, 

43%). 

 

(R)-methyl 3-(6-(3,5-bis(trifluoromethyl)phenyl) 

-2,2-dimethyl-5-oxo-1,2,3,5,6,10b-hexahydropyrrolo[1,2-c]q

uinazolin-10b-yl)-2,2-difluoropropanoate (9) 

HPLC analysis: Chiralcel OD3 (hexane/i-PrOH = 99/1, flow rate 

0.2 mL/min, λ = 240 nm), tR (major) = 28.08 min, tR (minor) = 

38.19 min. 
1H NMR (500 MHz, CDCl3) δ 7.97 (s, 2H), 7.93 (s, 1H), 7.18-7.10 (m, 2H), 7.06 (td, 

J = 7.5, 1.0 Hz, 1H), 6.20 (d, J = 8.0 Hz, 1H), 3.79 (d, J = 11.5 Hz, 1H), 3.53 (s, 3H), 

3.28 (d, J = 11.5 Hz, 1H), 3.01-2.86 (m, 1H), 2.65-2.55 (m, 1H), 2.53 (d, J = 13.0 Hz, 

1H), 2.43 (d, J = 13.0 Hz, 1H), 1.29 (s, 3H), 1.00 (s, 3H).  
13C NMR (126 MHz, CDCl3) δ 163.6 (t, J = 32.2 Hz), 150.8, 139.8, 138.9, 133.1 (q, J 

= 33.9 Hz), 130.9, 128.9, 126.4, 125.6, 123.3, 123.1 (q, J = 275.8 Hz), 122.2-121.9 

(m), 115.4, 114.9 (dd, J = 254.0, 251.1 Hz), 62.9 (dd, J = 5.1, 3.2 Hz), 58.8, 54.4, 53.8, 

45.0 (t, J = 21.5 Hz), 36.9, 29.4, 27.4. 
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 6F), -99.9 (d, J = 277.5 Hz, 1F), -103.7 (d, J 

= 277.5 Hz, 1F). 

HRMS (ESI) m/z calcd. for C25H23F8N2O3 [M+H]+ 551.1581, found 551.1586. 
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Synthesis of 10: To an oven-dried resealable Schlenk tube equipped with a magnetic stir 

bar were added 4F (22.3 mg, 0.05 mmol), BH3
.SMe2 (0.125 mL, 2.0 M in THF, 0.25 mmol) 

and THF (0.5 mL) under argon. The reaction mixture was refluxed for 12 h, then cooled to 

room temperature, quenched with CH3OH (0.5 mL) at 0 oC (carefully addition), and stirred 

for an additional 60 min. The solvent was removed in vacuo, and the residue was purified 

by a silica gel column chromatography (eluent: petroleum ether/EtOAc = 50/1) to afford 10 

(5.4 mg, 43%). 

(R)-2,2-difluoro-6,6-dimethyl-7a-phenylhexahydro-1H-pyrrolizine 

(10) 

HPLC analysis: Chiralcel OJ3 (hexane/i-PrOH = 100/0, flow rate 0.1 

mL/min, λ = 214 nm), tR (major) = 77.27 min, tR (minor) = 55.48 min. 
1H NMR (400 MHz, CDCl3) δ 7.49-7.42 (m, 2H), 7.34-7.27 (m, 2H), 7.22-7.15 (m, 

1H), 3.41-3.16 (m, 2H), 3.02 (d, J = 8.6 Hz, 1H), 2.91 (d, J = 8.5 Hz, 1H), 2.76-2.58 

(m, 1H), 2.56-2.41 (m, 1H), 2.18 (d, J = 12.7 Hz, 1H), 2.10 (d, J = 12.7 Hz, 1H), 1.09 

(s, 3H), 0.89 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 149.6, 133.0 (dd, J = 256.2, 252.5 Hz), 128.4, 126.2, 

125.4, 75.1, 68.7, 60.1 (dd, J = 27.1, 24.8 Hz), 56.5, 51.3 (t, J = 22.4 Hz), 39.8, 28.1, 

27.9. 
19F NMR (376 MHz, CDCl3) δ -90.8 (d, J = 230.3 Hz, 1F), -97.1 (d, J = 230.3 Hz, 

1F). 

HRMS (ESI) m/z calcd. for C15H20F2N [M+H]+ 252.1564, found 330.1563. 
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Mechanistic study 

 

a) Trapping with TEMPO 

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar 

was charged with urea substrate 1a (0.05 mmol, 1.0 equiv), CuBr (0.72 mg, 0.005 

mmol, 10 mol%), chiral phosphoric acid (S)-A1 (1.6 mg, 0.0025 mmol, 5 mol%), 

n-C4F9SO2Cl 2a (19.07 mg, 0.06 mmol, 1.2 equiv), 

2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO, 9.4 mg, 0.06 mmol, 1.2 equiv) and 

ethyl isobutyrate (0.5 mL) at 28 °C, and the sealed tube was then stirred at 28 °C for 

36 h. PhOCF3 (internal standard, 0.05 mmol, 1.0 equiv) was added to the reaction 

mixture. Yield was based on 19F NMR analysis of the crude product. 

Note: Since the reaction is sensitive to water and air, Schlenk tube and the reagents 

must be dried prior to use. 
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b) Radical clock 

Procedure for synthesis of substrate 11 

 
According to the procedures previously reported2, styrene (5.2 g, 50.0 mmol), CHBr3 

(50.5 g, 200.0 mmol) and triethylbenzylammonium chloride (TEBA, 1.1 g, 5.0 mmol) 

were added to a 250 mL flask under nitrogen atmosphere. A solution of sodium 

hydroxide (6.0 g in 6.0 mL of H2O) was added dropwise to the mixture at 0 oC. After 

addition, the reaction mixture was stirred for 2 hours at 60 °C. The resulting mixture 

was diluted by 50 mL of water and extracted with dichloromethane (3 × 50 mL). The 

combined organic layers were washed with brine, and dried with anhydrous Na2SO4. 



S165 
 

The solvent was removed in vacuo, and distillation (120 oC (12 mmHg)) of the 

residue afforded (2,2-dibromocyclopropyl)benzene (s-1) (11.5 g, 83%) as a colorless 

liquid.  

According to the procedures previously reported,3 to a solution of s-1 (2.75 g, 10.0 

mmol) and titanium isopropoxide (0.14 g, 0.5 mmol) in dry THF (50 mL), 

ethylmagnesium bromide (5.4 mL, 2.4 M in 2-Methyltetrahydrofuran, 13.0 mmol) was 

slowly added by syringe at 0 oC. The reaction mixture was stirred at 0 °C for 20 min 

and then at room temperature for 20 min. Then the reaction was quenched by 

saturated NH4Cl solution (10 mL), and extracted with EtOAc (3 × 30 mL). The 

combined organic layers were brined, dried over Na2SO4, filtered and concentrated in 

vacuo. The residue was purified by a silica gel chromatography (eluent: petroleum 

ether) to afford the desired product s-2 (0.89 g, 45%). 

To a solution of s-2 (1.97 g, 10.0 mmol) in dry Et2O (20 mL) was added t-BuLi (17.0 

mL, 1.3 M in n-pentane, 22.0 mmol) at -78 oC. The reaction mixture was stirred at -78 
oC for 30 min. 2,2-Dimethyl-4-oxobutanenitrile (1.11 g, 10.0 mmol) in dry Et2O (5 

mL) was slowly added, and the reaction mixture was stirred for 2 h. Saturated NH4Cl 

solution was added and the solution was extracted with EtOAc (3 × 20 mL). The 

organic layer was dried over anhydrous Na2SO4, filtered and concentrated in vacuo to 

afford the crude product s-3. To a stirred suspension of Dess-Martin periodinane (5.09 

g, 12.0 mmol) and NaHCO3 (1.00 g, 12.0 mmol) in CH2Cl2 (40 mL) was added a 

solution of s-3 in CH2Cl2 (10 mL) at 0 oC. The reaction mixture was stirred at room 

temperature for 2 h. The resulting solution was washed with saturated aqueous 

NaHCO3 (2 × 30 mL) and saturated aqueous NaS2O3 (2 × 30 mL), dried over 

anhydrous Na2SO4, and concentrated in vacuo to afford crude product, which was 

purified by a silica gel chromatography (eluent: petroleum ether/EtOAc = 10/1-4/1) to 

afford s-4 (0.52 g, 23% over two steps). 

Sodium bis(trimethylsilyl)amide (2.6 mL, 2.0 M in THF) was added to a solution of 

methyltriphenylphosphonium bromide (1.86 g, 5.2 mmol) in dry THF (10 mL) at 0 ºC. 

After stirring for 30 min, a solution of s-4 (0.91 g, 4 mmol) in THF (5 mL) was added 

and the reaction mixture was gradually warmed up to room temperature and stirred 

for an additional 8 h. The mixture was filtered through silica-pad (Et2O was used as 

an eluent). The eluate was concentrated in vacuo then purified by a silica gel 

chromatography (eluent: petroleum ether/EtOAc = 40/1-20/1) to afford s-5 (0.78 g, 

87%). 

To a suspension of LiAlH4 (228 mg, 6.0 mmol) in Et2O (5 mL) at 0 °C was slowly 

added a solution of s-5 (676 mg, 3.0 mmol) in Et2O (3.0 mL), then the mixture was 

warmed to room temperature, stirred for an additional 2 h. The reaction mixture was 

quenched by slow, sequential addition of water (0.1 mL) in Na2SO4 (1.0 g) at 0 °C. 

The reaction mixture was warmed to room temperature, stirred for an additional 30 

min, filtered and concentrated in vacuo to afford s-6, which was used in the next 

reaction without further purification. 

1-Isocyanato-3-(trifluoromethyl)benzene (2.0 mmol) was slowly added to a stirred 

solution of s-6 (2.0 mmol) and ethyldiisopropylamine (iPr2NEt, 2.0 mmol) in dry 

CH2Cl2 (5.0 mL) at 0 oC. The reaction mixture was stirred for an additional 30 min at 
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0 oC. After complete conversion (monitored by TLC), the crude mixture was directly 

purified by silica gel column chromatography (eluent: petroleum ether/CH2Cl2 = 

100:1-1:5, using petroleum ether (100%) to remove CH2Cl2 and iPr2NEt at first) to 

give urea substrate 11. 

 

(2,2-dibromocyclopropyl)benzene (s-1) 
1H NMR (500 MHz, CDCl3) δ 7.41-7.32 (m, 3H), 7.31-7.26 (m, 2H), 2.98 

(dd, J = 10.5, 8.5 Hz, 1H), 2.15 (dd, J = 10.5, 8.5 Hz, 1H), 2.07-2.00 (m, 

1H). 
13C NMR (126 MHz, CDCl3) δ 136.1, 129.0, 128.4, 127.7, 36.0, 28.6, 27.3. 

 

((cis)-2-bromocyclopropyl)benzene (s-2) 
1H NMR (400 MHz, CDCl3) δ 7.40-7.26 (m, 5H), 3.37-3.29 (m, 1H), 

2.38-2.29 (m, 1H), 1.64-1.56 (m, 1H), 1.39-1.32 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 137.3, 129.3, 128.1, 126.9, 24.2, 22.2, 

14.3. 

 

2,2-dimethyl-4-oxo-4-(2-phenylcyclopropyl)butanenitrile (s-4) 
1H NMR (500 MHz, CDCl3) δ 7.29-7.13 (m, 5H), 2.77 (q, J = 8.5 

Hz, 1H), 2.67 (d, J = 16.5 Hz, 1H), 2.50 (d, J = 16.5 Hz, 1H), 

2.48-2.43 (m, 1H), 1.98-1.91 (m, 1H), 1.40-1.33 (m, 1H), 1.15 (s, 

3H), 1.12 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 201.3, 135.3, 129.2, 128.1, 127.0, 124.5, 53.0, 30.4, 

29.4, 29.2, 26.7, 26.1, 11.7. 

 

2,2-dimethyl-4-oxo-4-(2-phenylcyclopropyl)butanenitrile (s-5) 
1H NMR (400 MHz, CDCl3) δ 7.26-7.07 (m, 5H), 4.96-4.91 (m, 

2H), 2.45-2.32 (m, 1H), 2.10 (q, 8.0 Hz, 1H), 1.94 (d, J = 14.0 Hz, 

1H), 1.88 (d, J = 14.0 Hz, 1H), 1.25-1.23 (m, 8H). 
13C NMR (100 MHz, CDCl3) δ 140.7, 138.3, 128.4, 127.8, 125.8, 117.2, 48.0, 31.2, 

27.8, 27.1, 26.7, 26.7, 23.7, 10.7. 

 

2,2-dimethyl-4-(2-phenylcyclopropyl)pent-4-en-1-amine (s-6) 
1H NMR (500 MHz, CDCl3) δ 7.23-7.18 (m, 2H), 7.16-7.06 (m, 

3H), 4.77 (t, J = 1.5 Hz, 1H), 4.73 (s, 1H), 2.41 (s, 2H), 2.32-2.24 

(m, 1H), 1.91 (q, 8.0 Hz, 1H), 1.71 (d, J = 13.5 Hz, 1H), 1.59 (d, J 

= 13.5 Hz, 1H), 1.19 (t, J = 7.5 Hz, 2H), 0.83 (s, 3H), 0.83 (s, 3H). 

13C NMR (126 MHz, CDCl3) δ 142.9, 138.7, 128.3, 127.6, 125.6, 115.3, 53.1, 46.5, 

28.0, 25.4, 25.2, 23.5, 10.8. 

 

1-(2,2-dimethyl-4-(2-phenylcyclopropyl)pent-4-en-1-yl)-3-(3

-(trifluoromethyl)phenyl)urea (11) 
1H NMR (500 MHz, CDCl3) δ 7.55 (s, 1H), 7.50 (d, J = 8.5 Hz, 

1H), 7.34 (t, J = 8.0 Hz, 1H), 7.27-7.19 (m, 3H), 7.18-7.12 (m, 
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2H), 7.11-7.05 (m, 2H), 5.15 (t, J = 6.0 Hz, 1H), 4.78 (s, 1H), 4.74 (s, 1H), 3.05 (d, J 

= 6.0 Hz, 2H), 2.28 (dd, J = 15.5, 8.5 Hz, 1H), 1.88 (dd, J = 16.0, 8.0 Hz, 1H), 1.73 (d, 

J = 13.5 Hz, 3H), 1.63 (d, J = 13.5 Hz, 1H), 0.88 (s, 3H), 0.86 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 155.8, 142.4, 139.6, 138.7, 131.3 (q, J = 32.2 Hz) 

129.5, 128.6, 127.6, 125.6, 123.9 (q, J = 272.9 Hz), 122.7, 119.5 (q, J = 3.8 Hz), 

116.2 (q, J = 3.8 Hz), 115.6, 50.1, 47.1, 28.0, 26.9, 25.7, 25.3, 23.6, 10.9. 
19F NMR (376 MHz, CDCl3) δ -62.8 (s, 3F). 

 

b) Radical clock experiment： 

Under argon, an oven-dried resealable Schlenk tube equipped with a magnetic stir bar 

was charged with urea substrate 11 (0.1 mmol, 1.0 equiv), CuBr (1.43 mg, 0.01 mmol, 

10 mol%), chiral phosphoric acid (S)-A1 (3.1 mg, 0.005 mmol, 5 mol%), 

n-C4F9SO2Cl (2a) (38.15 mg, 0.12 mmol, 1.2 equiv) and ethyl isobutyrate (1.0 mL) at 

28 °C, and the sealed tube was then stirred at 28 °C for 72 h. Upon completion 

(monitored by TLC), the reaction mixture was directly purified by a silica gel 

chromatography [eluent: petroleum ether/EtOAc = 100/0-5/1, using petroleum ether 

(100%) to remove the solvent (ethyl isobutyrate) at first] to afford the desired product 

13 in 85% yield (ca.9:1 mixture of alkene geometric isomers by 1H NMR).  

Note: Since the reaction is sensitive to water and air, Schlenk tube and the reagents 

must be dried prior to use. 

 
1H NMR (500 MHz, CDCl3) δ 7.58 (s, 1H, major + minor), 

7.51 (d, J = 8.0 Hz, 1H, major + minor), 7.43-7.20 (m, 8H, 

major + minor), 7.03 (s, 1H, minor), 6.94 (d, J = 21.0 Hz, 1H, 

major), 6.80 (dd, J = 15.5, 11.0 Hz, 1H, minor), 6.57 (d, J = 

15.5 Hz, 1H, minor), 6.31 (d, J = 11.1 Hz, 1H, minor), 5.56 (t, J = 7.2 Hz, 1H, major), 

5.03 (t, J = 6.0 Hz, 1H, major), 4.89 (dd, J = 8.5, 5.5 Hz, 1H, major), 3.18-2.98 (m, 

2H, major + minor), 2.98-2.65 (m, 4H, major + minor), 2.12-1.97 (m, 2H, major + 

minor), 0.99-0.76 (m, 7H, major + minor). 
19F NMR (376 MHz, CDCl3) δ -62.7 (s, 3F, major + minor), -80.9 (t, J = 9.4 Hz, 3F, 

major + minor), -112.5 (s, 2F, major + minor), -124.1 (s, 2F, major + minor), -125.7 (t, 

J = 12.5 Hz, 2F, major + minor). 

HRMS (ESI) m/z calcd. for C28H28ON2ClF12 [M+H]+: 671.1699, found 671.1704. 

 

c) Control reactions 
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(R)-N-(3-methoxyphenyl)-N,4,4-trimethyl-2-(2,2,3,3,4,4,5,5

,5-nonafluoropentyl)-2-phenylpyrrolidine-1-carboxamide 

(15) 

HPLC analysis: Chiralcel AD3 (hexane/i-PrOH = 98/2, flow 

rate 0.2 mL/min, λ = 214 nm), tR (major) = 25.61 min, tR 

(minor) = 28.56 min. 
1H NMR (500 MHz, CDCl3) δ 7.38-7.30 (m, 4H), 7.29-7.19 (m, 2H), 6.73 (dd, J = 

8.7, 2.0 Hz, 1H), 6.69-6.63 (m, 2H), 3.77 (s, 3H), 3.68-3.52 (m, 1H), 3.46-3.30 (m, 

1H), 3.15 (s, 3H), 2.94-2.83 (m, 2H), 2.49 (d, J = 13.5 Hz, 1H), 2.14 (d, J = 13.5 Hz, 

1H), 0.92 (s, 3H), 0.71 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 160.5, 159.2, 147.6, 145.6, 130.1, 127.9, 126.7, 126.3, 

117.6, 111.3, 110.7, 121.4-105.9 (m), 69.0, 62.3, 55.3, 52.4, 41.0, 37.0 (t, J = 18.7 

Hz), 36.2, 29.0, 27.9. 
19F NMR (376 MHz, CDCl3) δ -80.3 ~ -81.5 (m, 3F), -107.7 ~ -112.0 (m, 2F), -124.3 

(q, J = 9.7 Hz, 2F), -125.3 ~ -126.7 (m, 2F). 

HRMS (ESI) m/z calcd. for C26H28F9N2O2 [M+H]+ 571.2007, found 571.2013. 
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