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oTf Pd(PPh)s, Zn(CN), £
P(DTB), DMF, 130 °C

1a
[0045]  E/SARYR, M3EA (S)-1a(2. 0g,2. 6mmol) JPY ( =28KEWE ) 42 (450mg, 0. 4mmol)
A LEE (610mg, 5. 2mmol) [ Schlenk JEA BT 4mL DMF, JH#E] 160 CHIRE MY 3 Ko &
NG5G, B AR RV R, M SR LEEMRE, T 1518 & V3 VA ik BR Al 7K s vk %, e
KRR AN T4 BEZASWLBRIE ], e R A ZT CAMEE / &P E=15 1 1) 1%
2a(1.5g,88% ), A EAEHEK. & :212-214C. [ a 1,126 (¢ 0. 5, CH,C1,) . "H NMR (400MHz,
CDCl,) 67.41(d, J = 7.6Hz, 1H, Ar-H),7. 31-7. 30 (m, 2H, Ar-H), 7. 24-7. 20 (m, 2H, Ar-H),
7.09(t, J = 7. 6Hz, 1H, Ar-H) , 7. 03-7. 00 (m, 1H, Ar-H) , 6. 94-6. 88 (m, 3H, Ar-H) ,6. 78(d, J
= 7. 6Hz, 2H, Ar-H) , 3. 21-3. 03 (m, 4H, CH,) , 2. 75-2. 67 (m, 1H, CH,) , 2. 43-2. 35 (m, 3H, CH,) ,
1.22 (s, 18H, CH,), 1. 16 (s, 18H, CH,) ;*'P NMR (162MHz, CDC1,) 8 —16.9(s) ;"°C NMR (100MHz,
CDC1,) 8 154.9,153.8,153.5,150. 4, 150. 3,150. 2, 146. 0, 144. 6,144.5,138.2,138. 1,
135.5,134.9,133.7,133.5,131.3,128.7,128.1,127.9,127.4,125.7,122.7,121.9,
117.3,109.2,63.0,41.3,40.0,39.9,35.2,35.1,31.8,31.7,31. 3. HRUS(EST) calcd
for [M+H, C,H,,NP]™ :654. 4223, Found 654. 4230.
[0046] DL NALEWI G RIT 25 St | AHIA
[0047]

[oo48] [ & [ 1. it % :89 %, M & :176-178 °C ;[ a 1*°,-190(c 1. 05, CHCl,) ;'H
NMR (300MHz, CDC1,) 8 7. 42-6. 92 (m, 16H, Ar—H), 3. 16-3. 05 (m, 4H, CH,), 3. 19-3. 00 (m, 1H,
CH,) , 2. 55-2. 32 (m, 3H, CH,) ;*'P NMR(121MHz, CDC1,) & —19.5(s) ;'°C NMR (75MHz, CDC1,)
6 154.4,153.8,145.8,144.8,144.7,138.7,135.9,134.8,134.0,133.8,133.5,133. 3,
132.6,132.3,131.4,128.8,128.6,128.4,128.3,127.3,125.8,127.3,108.7,62.8,41. 1,

39.7,31.4,31. 0 ;HRMS (ET) calcd for Cyll,,NP :429. 1646, Found 429. 1647.
[0049]

2c
[0050] H & e R K 88 %, & A :194-196 C . [a ]D3°—183(c 0.5, CHZCIZ). 'H

10
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NMR (400MHz, CDC1,) 8 7. 25(d, J = 7. 6Hz, 1H, Ar-1) , 7. 19-7. 17 (m, 1H, Ar-H) , 7. 11-7. 07 (m,
1H, Ar-H) , 6. 93-6. 87 (m, 2H, Ar-1) , 6. 78-6. 74 (m, 2H, Ar-H) , 6. 65 (d, ] = 7. 6Hz, 1H, Ar-1),
6. 57-6. 50 (m, 4H, Ar-H), 3. 15-2. 92 (m,4H, CH,),2. 77-2. 69 (m, 1H, CH,) ,2. 34-2. 22 (m,
3H, CH,) ,2. 10 (s, 6H, CH,),2. 07 (s,6H, CH,) ;*'P NMR (162MHz, CDC1,) 8 —20. 1 (s) ;°C
NMR (100MHz, CDC1,) 6 153. 1, 153.0,152. 2, 152. 0, 144. 6, 143. 4,143. 3, 137. 3, 137. 2,
136.4,136.2,136.1,133.6,133.5,131.9,131.7,130.9,130.7,130.0,129.8,129. 7,
129.1,128.8,127.3,126.8,125.5,124.3,115.9,107.6,61. 6,40. 2, 38. 6,30. 3, 30. 0,

29.9,20. 3, 20. 2. HRMS (EST) calcd for [M+H, Cy,H,,NP]" :486. 2345, Found 486. 2345.
[0051]

[0052] 9 4 [ fA. it % .90 %, B A :166-168 C . [a ],7-190(c 0.5, CH,Cl,). H
NMR (400MHz, CDC1,) 8 7. 41(d, J = 7. 3Hz, 1H,Ar-H), 7. 28(d, J = 7. 3Hz, 1H, Ar-H) , 7. 19 (t,
J=17.4Hz, 1H,Ar-H) , 7. 11 (t, ] = 7. 5Hz, 1H, Ar-H) , 6. 96 (m, 6H, Ar—H) , 6. 77 (d, ] = 8. OHz,
4H, Ar-H), 3. 79 (s, 3H, CH,) , 3. 76 (s, 3H, CH,), 3. 08 (m, 4H, CH,),2.58(dd, J = 21.6and
10. 2Hz, 1H, CH,) , 2. 34 (dd, J = 17. 5and 9. 4Hz, 3H, CH,) . *'P NMR (162MHz, CDC1,) § —23.8(s) ;
"C NMR (100MHz, CDC1,) : 6 170. 3,159.5,159. 3,153.5,152.4,152.2,145.0,143. 9,
143.8,134.6,134.4,134.1,133.5,133.1,132.9,130.6,128.9,128.8,128.1,127. 3,
126.7,126.6,126.5,125.7,124.9,116.5,113.5,113.4,113.3,108.0,62. 1,59.7,54. 6,
54.5,40.4,38.7,38.6,30.7,30. 3,20. 5, 13. 8. HRMS (MALDT) calcd for [M+H, Cy,H,NO,P]" :
490. 1933, Found 490. 1922,

[0053] S 2 : (S)-7T- JEREE -7 — = (3,5- RUTFEAREE ) BEE -1, 17 - B A
Ry il 2
[0054]

LiAiH,
THF, reflux

[0055]  FEUK/KIEVAENT, 1n] DA 2T (304mg, Smmol) FT 40mL VY SR VR A T 1 I ikt
Wrh A2 (S)—2a(1. 0g, 1. 53mmol) [V S WG (20mL) ¥ W00 58 B a , 2= 0K
K, BARTE 2 I8, RGNl TLC e N . RNEHRG, AR RES
Wy N HIT N 40mL ZK 25K Y, JiE B 75 B 2 DU A e, 7 R ) BL S8 LB B, fIR
FH R Tk PR S A0 7V VB0 RH R N B R K W%, Tk RN T o e 28 BRI, IR R W) 480k
WAEENT (AMmBE/ ZTREBE=2 © 1, A 2% =) 193] 3a(0.958,94% ), N
AR AR, 5 112-114°C. [a 1,"°-162(c 0.5, CH,CL,). 'H NMR (400MHz, CDC1.)
11
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8 7. 25-7. 00 (m, 7TH, Ar-H) , 6. 87-6. 77 (m, 3H, Ar-H) , 6. 58-6. 56 (m, 2H, Ar—H) , 3. 16-2. 86 (m,
6H, CH,) ,2.56-2. 42 (m, 1H, CH,),2. 22-2. 03 (m, 3H, CH,), 1. 14 (s, 18H, CH,), 1. 04 (s, 18H,
CH,) ,0. 83 (brs, 2H, NH,) ;*'P NMR (162MHz, CDC1,) 6 -19. 3 (s) ;'°C NMR (100MHz, CDC1,)
6§ 162. 3,155. 6,155.2,150. 2,150. 1,149.9,147.2,147.1,144.1,143.2,143.1,139. 1,
139.0,135.4,135.2,134.7,133.9,133.7,133.6,133.3,128.7,128.5,127.4,127. 3,
127.1,126.7,125.7,124.8,122.8,122.6,121. 1,62. 8,42. 4,40. 4,40. 3,38.9,34. 9, 34. 8,
31.5,31.4,31. 1,30. 9. HRMS (EST) calcd for [M+H, C,;Hy,,NP]" :658. 4536, Found 658. 4530.
[0056]  LANALEWIHIA T S 2 AHIA o

[0057]

[0058] P, W :90%, 45 4 :54-56°C . [a ],°+186 (¢ 0. 5, CH,CL,) . "HNMR (400MHz,
CDC1,) 6 7.32-7.28(m, 2H, Ar-H), 7. 24-7.02(m, 1 1H, Ar-H), 6. 95-6. 91 (m, 2H, Ar-H) ,
6.86(d, J] = 6.7Hz,1H, Ar-H),3.19(d, J = 15. 5Hz, 1H, CH,), 3. 08-3. 04 (m, 4H, CH,),
2.87(d, J = 15. 5Hz, 1H, CH,) , 2. 57-2. 49 (m, 1H, CH,) , 2. 34-2. 26 (m, 2H, CH,) , 2. 22-2. 14 (m,
1H, CH,), 1. 26 (brs, 2H, NH,) ;*'P NMR (162MHz, CDC1,) & —22.0(s) ;'°C NMR (100MHz, CDC1,)
§155.7,155.3,147.2,146.0,145.7,144.2,144.1,143.5,143.4,139.8,139.6,139.0,
136.1,136.0,134.7,134.4,132.9,132.7,132.0,131.9,131.7,131.2,130.9,128.7,
128.2,128.1,128.0,127.6,127.3,127.2,125.9,124.7,122.8,62.8,42. 3,40. 6,40. 5,
40. 3,39.5,38.9,31.0,30. 8,29. 7,19. 2. HRMS (EST) calcd for [M+H, CyH,gNP]" :434. 2032,
Found 434. 2036.

[0059]

[0060]  [A(ffE 1A . e :92%, #5 45 :76-78°C . [a 1,216 (c 0. 5, CH,C1,). 'H NMR (400MHz,
CDC1,) 6 7.23-7.12(m,5H, Ar-1),6.90 (s, 1H, Ar-H), 6. 83-6. 79 (m, 2H, Ar-H),6.65(d, J
= 8. 4Hz, 2H, Ar-H),6.56(d, J = 7. 2Hz, 20, Ar-H), 3. 16-2. 97 (m, 5H, CH,) , 2. 83-2. 79 (d,
J = 15.6Hz, 11, CH,), 2. 68-2. 60 (m, 1H, CH,),2. 33-2. 23 (m, 31, CH,), 2. 21 (s, 6H, CH,),
2. 14 (s, 6H, CH,), 0. 89 (brs, 2H, NH,) ;*'P NMR (162MHz, CDCL,) & -21. 7 (s) ;"°C NMR (100MHz,
CDC1,) 8 155.4,155. 1,147.3,147.2,144.2,144. 1,143.2,143.1,139.5,139.4,139. 1,
137.2,137.1,135.3,135.1,134.5,134.4,133.7,133.4,132.7,132.5,130.5,130. 3,
129.3,127.0,126.9,125.6,124.4,122.6,62.7,62.6,42.1,40.5,39.0,31.1,30.8,
21. 3. HRMS (ESI) calcd for [M+H, C,,H,:NP1" :490. 2658, Found 490. 2660.

12
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[0061]

[0062] [ & [ . W 92 %, % 4 :80-82 C .[a],2-131(c 0.5, CH,CL). 'H
NMR (400MHz, CDC1,) & 7. 10-6. 93 (m, 4H, Ar—H) ,6. 92-6. 82 (m, 3H, Ar-H) , 6. 82-6. 69 (m, 3H,
Ar-H),6.63(d, ] = 8. 3Hz,2H, Ar-H),6.57(d, ] = 8. 0Hz, 2H, Ar-H), 3. 57 (s, 3H, CH,),
3.51(s,3H, CH,),3.07(d, J] = 15. 3Hz, 1H, CH,),2. 93-2. 74 (m, 5H, CH,), 2. 42-2. 27 (m,
1H, CH,),2. 17-1. 95 (m, 3H, CH,),0. 83 (brs, 2H, NH,) ;*'P NMR(162MHz, CDC1,) & —25.2(s) ;
*C NMR(100MHz, CDC1,) & 159.7,159.0, 154. 6, 154. 4, 146. 6, 146. 6, 143. 6, 143. 5,
142.9,142.8,138.7,138.7,135.5,135.3,134.0,133. 8,133.7,133. 6, 133. 5, 130. 1,
123.0,126.8,126.7,125.2,124.4,122.4,113.4,113. 3,113. 3,62. 3,62. 2,54. 7,54. 6,
45.9,41.9,39.7,39.7,38.5,30. 6,30. 4. HRMS (MALDI) calcd for[M+H, Cy,H,NOP]"
494. 2243. 2658, Found 494. 2237.

[0063] Sl ] 3 : (S)-N- &L —7T-(JZ P )7 - = (3,56- AU T FIREL ) PR -1,
17— RS %
[0064]

a) CICO,Et, Pyridine
b) LiAIH,4

[0065]  FEZSARYT T, il — Schlenk B HIIA (S)-3a(100mg, 0. 15mmol) 1 2mL JE7K VYA
WG, FEL R 0 0 A8 o] K 78 70 e, UKOKIBVA H1 2 0°C 2oy FHVRES 88 I AN e K ke (40 1 L,
0. bmmol) FIE L L M5 (20mg, 0. 18mmol) , H AR T+ 22 S FFfi b S NI Ao TLC Al Js .
64, I 6mL LT8R SRR R, 70, A WAHAMKIKH 5% HCL AR A # /K YEv, Jo/K i
BRAN TR o YR ER 25 THR50), v it i 70, BT A 1 R 2mL -8 DU SR v i, JF KoK
WARHIR 0C ity o BlJG, F %V SIS /0 A LiALH, (27mg, 0. Tmmol) A1 2mL Y&
KRS T s P B Y AR AR [, B OV . TLC Al s B 58 4, Sl 2 3y, VKoK
A HL, FH /D Bk R KRN, N 20ml LR L BRGBE S5, 40, FR IR 5 % A S8 A /K ¥
AL B Eh KPR A VLR, oK R T2 . TR BREH, B R e AL Z (A
Bt/ CIROTE=20 © 1, IO 2% = & J% ) 133 4a (60mg, 60 % ), A I EL B . 945 55
120-122°C . [a 1,-126 (¢ 0.5, CH,C1,). 'H NMR (400MHz, CDC1,) & 7. 32-7. 27 (m, 2H, Ar-H),
7.21-7.12(m, 4H, Ar-H),7. 11-7. 03 (m, 1H, Ar-H) , 6. 94-6. 90 (m, 3H, Ar-H),6.66 (dd, ] =
7. 4and 1. 6Hz, 2H, Ar-H), 3. 13-. 92 (m, 5H, CH,), 2. 78(d, J = 13.5Hz, 1H, CH,), 2. 42(dd, J
= 21.9and 11. 2Hz, 1H, CH,) , 2. 29-2. 22 (m, 3H, CH,) ,2. 07 (s, 3H, CH,), 1. 21 (s, 18H, CH,),

1. 13 (s, 18H, CH,), 1. 02 (brs, IH, NH). *'P NMR (162MHz, CDC1,) & —18. 9 (s). ""CNMR (100MHz,
13
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CDC1,) 6 155.5,155.3,149.9,147.7,144.0,143.1,138.7,136.4,135.4,134.4,133.5,
133.3,128.5,128.2,127.3,127.0,126.6,125.4,122.9,122.4,121.1,62.7,52. 3,39. 8,
39.1,36.9,34.7,31.3,30.8,29. 7. HRMS (ESI) calcd for [M+H, C,H,,NP]™ :672. 4693,
Found672. 4698.

[0066]  SZJE 4 : (S)-N- K3 -7-(JF I )7 - = (3,5- =T K ) Bk -1,
11— MR A A
[0067]

1) PhCHO

2) NaBH,

[o068]  FERAARY T, M— Schlenk EH A (S)-3a(250mg, 0. 38mmol) \3g 4A 4 ¥
ZZ I (391 L, 0. 38mmol) Fl 10mL 5 FLE, 35°C FHitE 2 R N 58 4. fuERR 257+ 1,
BB, 15 A A K. Bz AR AT — Schlenk & H, N 10mL FFEE, B FE 4
filte BARYE, AR R RUINA 300mg iy ACRINE AL DY, S=WBH: 2 V584 A
20mL 7K A K N, @ I RE A BUKAH, LK BRIR B4 MRS, B R L A JZ
W (CEMmBE/ ZFRHEE= 16 © 1, AN 2% =2 ) 2 B alifi33) 4b (280mg, 82% ), A A
tlE R, #5 :78-80°C . [a ],°-157 (¢ 0.5, CH,C1,). 'H NMR (400MHz, CDC1,) & 7. 29 (s, 1H,
Ar-H),7.25-7. 11 (m, 8H, Ar-H),7. 08 (m, 3H, Ar-H) ,6. 98-6. 86 (m, 3H, Ar-H) ,6. 67(d, ] =
6. 5Hz, 2H, Ar-H),3.55(d, J = 13. 3Hz, 1H, CH,),3.32(d, J = 13. 3Hz, 1H, CH,), 3. 11(d, J
= 13. 2Hz, 1H, CH,), 2. 99 (m, 3H, CH,) , 2. 80 (m, 2H, CH,) , 2. 45(dd, J = 21. 9and 10. 4Hz, 1H,
CH,) , 2. 23m, 3H, CH,) , 1. 55 (brs, 1H, NH) , 1. 20 (s, 18H) , 1. 13 (s, 18H). 'P NMR (162MHz, CDC1 )
§-19. 1(s)."C NMR(100MHz, CDC1,) & 155.6,155. 3,149. 8, 148. 3, 144. 1, 143. 2, 140. 6,
138.8,136.4,135.5,134.4,133.3,128.4,128.2,127.9,127.2,126.5,125.5,123.0,
122.3,121.1,62.7,53.9,49.6,40.0,39.0,34. 7,31. 3,30.9,30. 8,29. 7. HRMS (MALDI)
caled for [M+H, CoHg NP1 ™ :748. 5006, Found 748. 5000.

[0069]  SEjiifhl] 5 MR — R4t B 1)l 2%

[0070]

NH,

[Ir(COD)Cl], , NaBArg BAr

P(DTB), CH,Cl,

[0071]  #K HX (S)-3a(56mg,0.085mmol) . [Ir(COD)C1],(32mg,0.047mmol) Fi
NaBAr; (100mg, 0. 107mmo1) F* 10mL Schlenk Jz NI v, FH ¥ 55 25 0 N 37 28 16 — &0 F ¢
(2mL) , JK ¥ 45 C INHEE $E SR 2 AN, TLC A8 I Sz o 43 3, 224 e 44 58 4 4% 4 J 158 1

o bR R AR R M. FEHE R KBS, SRR WAL RN 3 2] 5a(142mg,91 % ) o 7
14
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M) Rk A R [ AR . B A :200-202°C . [a 1,%+112(c 0.5, CH,C1,). 'H NMR (400MHz,
CDCl,) :87.91(d, ] = 6.3Hz, 1H),7.84-7. 65 (m, 10H),7. 61 (s, 1H), 7. 55-7. 41 (m, 6H) ,
7.42-7.26(m,5H) ,6.54 (m, 11) ,4.70(dd, J = 13. 2and 8. 2Hz, 1H), 4. 15-4. 00 (m, 1H) ,
3.72-3.62(m, 1H), 3. 58-3. 54 (m, 1H) , 3. 49-3. 44 (m, 1H) , 3. 41-3. 35 (m, 11), 3. 02 (¢, ] =
8. 8Hz, 2H) , 2. 84-2. 80 (m, 1H) , 2. 74-2. 59 (m, 2H) , 2. 44-2. 35 (m, 1H) , 2. 07-2. 03 (m, 2H) ,
1.94(dd, J = 16.6and 9. 7THz, 2H) , 1. 61-1. 55 (m, 3H) , 1. 20 (s, 36H) ,0. 91-0. 80 (m, 4H) ;
*'P NMR (162MHz, CDC1,) & 14. 4(s) ;"°CNMR (100MHz, CDC1,) 6 162.5,162.0,161.5,161.0,
152.5,151.7,146.9,146.6,144.8,134.8,134.1,132.5,132.0,130.9,129.8,129.5,
129.2,128.6,128.0,127.8,127.2,126.7,125.9,124.0,123.7,123.2,120.5,119. 2,
117.5,73.7,71.5,70. 3,63. 4,61.5,61. 3,47. 2,40.0,34. 9,32.5,31. 0, 30. 6,30. 2,29. 7,
29. 1. HRMS (MALDT) calcd for CyH,,TrNP" :958. 5032, Found 958. 5033.

[0072]  DANALEWIHIG BT L] 5 411 .

[0073]

[0074] K% &% {5 [ 1k, U % 89 %, M A :192-194 C. [a 1,°-167(c 0.5, CH,Cl,). 'H
NMR (400MHz, CDC1,) 8 7.99-7.91 (m, 1H),7.77-7. 65 (m, 8H) , 7. 60-7. 50 (m, 6H) ,
7.50-7. 27 (m, 11H) , 6. 85-6. 67 (m, 2H) , 4. 73—4. 63 (m, 1H) , 4. 07-3. 96 (m, 1H) , 3. 81-3. 72 (m,
1H),3.63-3. 44 (m, 3H) , 3. 32-3. 23 (m, 1H) , 3. 04-2. 92 (m, 2H) , 2. 87-2. 51 (m, 3H) ,
2.50-2. 36 (m, 1H) , 2. 21-2. 12 (m, 3H) , 2. 10-1. 95 (m, 3H) , 1. 94-1. 79 (m, 1H) , 1. 66-1. 57 (m,
1H), 1. 57-1. 52 (m, 2H) , 1. 46 (dd, ] = 9. Oand 5. 1Hz, 1H) ;*'P NMR (162MHz, CDC1,) & 12.7(s) ;
"C NMR (1L0OMHz, CDC1,) 6 162.6,162.1,161.6,161.1,151.8,146.8,146.8,146.6,145. 5,
135.6,135.6,135.5,135.0,133.8,132.9,132.4,130.4,130.1,129.7,129.6,129. 5,
129.2,128.9,128.7,128.7,128.6,128.4,128.3,128.0,127.2,127.0,126.8,126.0,
124.1,123.8,123.3,120.6,119.2,117.6,74.9,73.1,70.8,63.5,61.7,61. 4,47. 1,39. 6,
35.4,33.0,31.2,30. 5, 30. 3,28. 5. HRMS (MALDI) calcd for CyH, IrNP™ :734. 2528, Found
734. 2519.

[0075]

BArF-

[o076]  H% €8 [ A&, W 89 %, M A :196-198 C. [a ],°+152(c 0.5, CH,CL,). H

15
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NMR (400MHz, CDC1,) 6 7.96(d, J = 6. 4Hz, 1H),7.74-7. 71 (m, 8H) , 7. 67-7. 45 (m, 6H) ,
7.43-7. 41 (m, 1H) , 7. 37-7. 27 (m, 3H) , 7. 26 (s, 1H), 7. 17 (s, 1H) , 7. 09 (s, 1H) , 6. 93-6. 85 (m,
2H) , 4. 67 (dd, ] = 13. 2and 8. 2Hz, 1H) , 4. 05-3. 98 (m, 1H) , 3. 72-3. 69 (m, 1H) , 3. 54-3. 50 (m,
3H) , 3. 29-3. 23 (m, 1H) , 3. 02-2. 98 (m, 2H) , 2. 84-2. 55 (m, 3H) , 2. 49-2. 35 (m, 1H) , 2. 26 (s,
12H) , 2. 16 (s, 3H) , 2. 11-1. 86 (m, 5H) , 1. 66—1. 51 (m, 3H) ;*'P NMR (162MHz, CDC1,) § 12.9(s) ;
C NMR (100MHz, CDC1,) & 162.7,162. 2, 161.05,151. 6, 147. 1, 146. 3, 145. 6,139. 4, 138. 1,
135.0,134.0,133.3,132.4,132.0,130.1,129.9,129.7,129.4,129.0,127.9,127. 5,
126.8,126.4,126.1,124.8,124.4,123.4,120.6,119.3,117.6,74.8,72.2,70.9,68. 9,
63.5,61.0,47.1,39.5,35.0,32.8,31.9,31.1,30. 9, 30. 1,29. 8,28.9,21. 1. HRMS (MALDI)

calcd for CuH,IrNP™ :790. 3154, Found 790. 3148.
[0077]

BAFF-

[o078]  £% ¥ {4 [ 4, it & 94 %, #F A :120-122 ‘C. [a ],°+121(c 0.5, CH,CL,). 'H
NMR (400MHz, CDC1,) 8 7.93(d, J = 6. 1Hz, 1H),7. 71 (m,9H),7.58-7. 37 (m, 7H) ,
7.36-7. 26 (m, 4H) , 6. 99-6. 77 (m, 5H) , 3. 84 (s, 3H) , 3. 82 (s, 3H) , 3. 52 (m, 3H) , 3. 28 (m, 1H) ,
2.99 (m, 2H) , 2. 82-2. 65 (m, 2H) , 2. 62-2. 51 (m, LH) , 2. 50-2. 28 (m, 1H) , 2. 14-1. 87 (m, 4H) ,
1. 71-1. 39 (m, 10H) ;*'P NMR (162MHz, CDC1,) 6 10. 3(s) ;'°C NMR (100MHz, CDCL,) & 162. 7,
162.0,161.5,161.3,161.1,151.6,151.5,146.8,146.7,146.6,145.4,134.9,133.6,
130.1,129.4,129.2,128.8,128.68,127.9,126.9,126.0,125.2,124.9,123.6,123. 3,
123.0,120.6,119.5,117,5,115.1,113.9,113.8,74.2,73.1,70.5,63. 4,61. 4,61. 2,55. 3,
55.2,47.1,39.735.5,32.9,32.8,31.9,31. 2,30. 7, 30. 6,30. 3,29. 7,29. 4, 28. 6, 28. 6,

22. 7. HRMS (MALDT) caled for C,H,, TrNOP™ :794. 2733, Found 7942727
[0079]

BAr,:'

[o080]  #% B {4 [ 14, W % 76 %, #¥ & :210-212 ‘C. [a 1,°+104(c 0.5, CH,CL,). H
NMR (400MHz, ) 6 7.93(d, J = 6. 7Hz, 1H),7. 74-7. 71 (m,9H) , 7. 61 (s, 1H) , 7. 56—7. 38 (m,
8H) , 7. 36-7. 27 (m, 2H) , 7. 04-6. 92 (m, 1H) , 6. 31 (d, J = 10. 8Hz, 1H),6. 11(dd, J = 7. Oand
3. 8Hz, 1H) , 4. 85(dd, J = 12. 5and 6. 1Hz, 1H) ,4. 61 (dd, J = 9. 4and 4. 8Hz, 1H) , 4. 05 (dd,
J = 11.7and 7. 7Hz, 1H), 3. 82(dt, J = 17.8and 9. 3Hz, 2H) , 3. 42-3. 28 (m, 2H) , 3. 02 (dd,
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J = 9.6and 3. 7THz, 2H) ,2. 79-2. 59 (m, 2H) , 2. 31 (tdd, J = 10.8and 7. 2and 3. 6Hz, 1H),
2.21-1.97(m,6H),1.90(dd, J = 16. 4and 10. OHz, 11), 1. 64-1. 48 (m, 3H) , 1. 30 (m, 22H) ,
1. 08 (s, 18H) ;*'P NMR (162MHz, CDC1,) & 16. 7 (s) ;"’CNMR (100MHz, CDC1,) 6 162.5,162.0,
161.5,161.0,152.5,151.8,151.7,151.6,151.5,149.8,149.7,148.5,148. 1,146. 7,
146.5,146.5,145. 1,144.1,136.5,134.8,134.0,132.1,131.9,131.4,131.1,131. 1,
129.7,129.3,129.3,129.0,128.7,128.6,128.4,128.3,128.2,128.1,126.5,126. 4,
126.0,126.0,125.9,124.0,123.2,122.0,121.6,120.5,117.7,117.4,115. 4,112.6,72.6,
71.8,68.9,63.6,61.3,61.0,58.5,39. 3,36. 3,35. 1,35.0,34. 8,31. 2,31. 0, 31. 0, 30. 9,
30.2,29.7,29.6,29.2,23.7,22.8,22.7,22.4,22.1,21.9,21. 3,21.0,21.0,20.9,20. 7,

20. 4,20. 3,20. 1, 14. 1. HRMS (MALDT) calcd for CH,, TrNP" :972. 5188, Found 972. 5193.
[0081]

BAFF_

[oo82] K% & 4 [A 1k, W % 81 %, 4 & :164-166 ‘C. [« ],+76(c 0.1, CH,CL,). 'H
NMR (400MHz, ) 6 7.95(d, J = 7. 1Hz, 1H),7.89-7. 79 (m, 1H) , 7. 77-7. 56 (m, 12H) , 7. 51 (m,
3H),7.36-7. 15(m,8H) , 7. 00(d, J = 9. 7Hz, 1H),6. 37 (m, 2H) ,6. 10(d, J = 12. THz, 1H),
4.39(dd, J = 12. 5and 5. 9Hz, 1H) , 4. 28-4. 18 (m, 1H) , 4. 13—4. 04 (m, 1H) , 3. 69-3. 62 (m, 2H) ,
3. 54-3. 40 (m, 2H) , 3. 01-2. 40 (m, 4H) , 1. 93-1. 40 (m, 9H) , 1. 35(s, 7TH) , 1. 26 (d, ] = 6. 5Hz,
16H),1.09(d, J = 17.9Hz, 13H),0. 95-0. 72 (m, 5H) . *'P NMR (162MHz, CDC1,) § 16. 2(s) ;"°C
NMR (100MHz, CDC1,) : 8 162.0,161.5,151.9,147.0, 146. 2,145. 2,134. 8, 134. 3,132. 5,
132.2,131.0,129.7,129.4,129.0,128.7,128.3,127.7,126.8,126.3,125.9,124. 0,
123.2,117.5,72.1,69. 3,63.6,61. 4,55. 1,54. 8,38. 4, 35. 3,35.0,34.9,31.9,31. 3, 31. 2,
31.0,30.9,30.0,29.7,29. 4,22. 7, 14. 1. HRMS (MALDI) caled for CyH,IrNP" :1048. 5501,
Found 1048. 5502.

[0083]  HI{ AN [FIBH B Ak 26 4R 31 55 AU NaBAry, AT LAIR I il £t 5 A5 A AN [F] B
B IR R - BRI 4 5 . BARERIES WAL 10.

[o084]  SLjitifsl] 6 ASFERAEAL I T (R) - A0 & S5 AN R il

[0085]
Me
[Ir] "
Me COOH + H, (6 atm) Me COOH
0.5¢eq. 082CO3 M
Me MeOH, 45 °C €
6a 7a

[0086]  7EFEA HFREEALF (0. 0005mmol) Fl 2-(4- F T HKEL ) WG 6a (102mg,
0. 5mmol) T4EH MEFE T RN NE 1, S hE & . BUE S INARERH (82mg, 0. 25mmol) Fll
FEE mL) , B WS CE T a4 e rh, Bk s - B EE (3-5 k) B &R
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BT BOERTR I 0 0. 6MPa, 45°C bl S i 22 s 458 b 1 B o i 45 b it O 20
W S AR ZR e 7 A I 5 LA BN Eh B /K BV 5 A& & pH << 3, Fl SBF (10mL X 3) Z2HL, & I
BUAH, P A EhK B, oK RN 48 . DB RR KT8, ie 2 s, 19 2 B AR =4 Ta,
Y505 253 ~55°C. {[a],°-52(c 2.0, ehtanol) ;'H NMR(400MHz, CDC1,) : 6 9. 98 (brs, 1H,
COOH) ,7.24(d, J = 7. 6Hz,2H, Ar-H),7.12(d, J = 7. 6Hz, 2H, Ar-H),3.73(q, J = 7. 2Hz,
1H,CH) , 2.47(d, J = 7. 2Hz, 2H,CH,) , 1. 86 (septet, J = 6. 8Hz, 1H,CH) , 1. 52(d, J = 7. 2Hz,
3H, CH,) ,0.92(d, J = 6. 4Hz,6H, CHy) } « 'HNMR 23 7 FLAe Ak 36, o HLRE Ak Sy A0 N F G 5 -k
GC M3k ee fHo PHFSEIERNEK 1 -

[0087] K 1 :AFFAMEATIHT 2- - 7T HAREL) WK 6a FIAXTREMK LI 45 R

[Ir] I} 1] AR (%) eefd (%)
(S)-5a 10 min 100 98 (R)
(R)-5b 2h 100 92 (S)
[00s8] (S)-5¢ 1h 100 94 (R)
(S)-5e 18 h 44 98 (R)
(S)-5¢ 18h 70 92 (R)

[0089]  SEUtifs] 7 AEAFRREE K (R) - FATISF IIARIFR A 1k

Me
S)-5a
Me COOH + H, (6 atm) (5) > Me COOH
[0090] 2
0.5 eq. Cs,CO3
Me Me

6a MeOH 7a

[0091]  {EF-E4 D AREUHEALF] (S)-5a (0. 9mg, 0. 0005mmo1) Fl 2- (4— S T HEKIL ) N
1% 6a(102mg, 0. 5mmol) THEABFE I NN, 2B H . BUHE AR (82mg,
0. 25mmol) FIFEE (2mL) , ¥ PN B CE T-A RN, B i - U< #EE -5 ) &
B SR, B a BE A/ 1 0. 6MPa, ZEAS R PP RE I N & s 745 1k R R T
Ja A5 iR, HOH U R N AR R 7S AR T LA 3N ERIRZK VR 1T R &R pH < 3, H &1k
(10mLX 3) ZKHL, & A HIAH, FHUFI & 2hK ek, ToKBR BN 115 . FhaEFR 25 T3, g%
s, 1930 B AR~ (R) -Ta. 'H NMR 73 BT A0, F FLEEAL 9 AH Y. G 5 F 4 6C rpr B
ee fH. FTFSEIRERNK 2 .

[0092] K 2 AFNRE T 2-(4- 5 TERE) NI 6a AXFREMEILIISELR S5

BE C°C) & (min) BEALER (%) ee 1H (%)
25 40 100 98
10093] 45 10 100 98
60 5 100 98

[0094]  SCJtifh] 8 AEAFETIF (R) - FATIESF IARIFR A
[0095]
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Me
S)-6a
Me COOH + H, ) Me COOH
0.5 eq. Cs,CO4
Me Me

0,
6a MeOH, 45 °C 7a

[0096]  {EF-E4H HAREUHEALF] (S)-5a (0. 9mg, 0. 0005mmo1) Fl 2- (4— S T HEAKZL ) NG
% 6a(102mg, 0. 5mmo 1) THEABEF: T RN N, =4 H . BUEJE I IRERH: (82mg,
0. 25mmol) FIFEE (2mL) , ¥ PN & JHCE T-EAL RN, Bl - U< ERE G-5K) &
o SRS R BN A 7, 45°C T Btk RO B s e R . TSR R R,
AR B R VAR R R 5 > LA 3N SRR KV IA 15 7R 3R pH << 3, F &% (10mL X 3) %
B, A HA HUIAH, A h /K Pe sk, ToKBRBREN T8 . kR 2 T, e s, 1531 H
PR (R) ~Tao 'H NMR 3B G0, B JLEAL R AH Y S J5 F 1 GC b B ee (. TS
SLE AR IE 3

[0097] K 3 AFEI T 2-(4- FTEEE) WHIR 6a ARSI S 3

ZREHMPa)  HE FEUER (%) eefd (%)

BIE 4h 100 99
[0098]
0.6 10 min 100 98
7 5 min 100 91
[0099]  SEZJtEf5] 9 AEAFEIAS IR (R) — AT 57 AR R A Ak
[0100]
Me
S)-5
JAi/O)LCOOH + H, (6 atm) (S)5a Me COOH
0.5 eq. #NINF
Me MeOH. 45°C M€
6a 7a

[0101]  7EF £ 46 H AR EUE LTI (S)-5a(0. 9mg, 0. 0005mmo1) F 2-(4- 7 T HEHKE) W
TR 6a(102mg, 0. bmmol) TAEAHEHE 71 R N &, B2 o B JE I A RS i
71 (0. 25mmo 1) FFEE (2mL) , K P& HCE T A AL N 28w, @l i - U E (3-5
W) BN EA A, REREA TSN 0. 6MPa, 45°C N HRE SN 2 s s R . T
a5 iR, HOH SR R AR R 7SR A T LA 3N ERIRZK VR 1T R &R pH < 3, H &k
(10mL X 3) ZKHL, & HA WA, PRI Ehok ik, ToKIRBR e T . fhaE R 2 T, gk
s, 1930 B AR~ (R) ~Ta. 'H NMR 73 BT A0, B FLEEAL A9 A0 B S 5 F 4 6C 2 fr B
ee fH, FHFSEIERNK 1.

[0102] K 4 AFGBMAN 2-(4- T THEKE) WHE 6a AXFRIELEMT SRS R

[0103] ﬁ}]ﬂ?ﬂj HTJ_I\E_J %'f’tg (%) ee{ﬁ (%)
Cs,CO4 10 min 100 98
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Na,;CO;
K,CO;
‘BuOK
[0104] MeONa
Et;N
‘BuNH,
.

30 min
30 min
30 min
20 min
15 min
15 min
21h

100
100
100
100
100
100
25

98
98
98
98
98
98
91

[0105]  SKtifs] 10 A% & AR BH & 7 (AL S . (R) — A0 25

Me

[0106]

Me

6a

(S)-3a/[Ir(COD)CI],/MX

0.5 eq. N7
MeOH, 45 °C

[0107] 7 FEMPHREUZIAE I - B (S)-3a (0. 001mmol) . [1r (COD) C11, (0. 00055mmo1) .
MX (0. 0012mmol) THEAHFEF IR AN E S, I InL oK Z R P HELE S 2 /. $
2- (4= 5 T HIREL ) NMGIR 6a(204mg, Immol) \HKEREE (164mg, 0. 5Smmol) FIFEE (4mL) fK K
TIAWE T, N ERCE TSR NES, @k - e G-5 &) BERAEATRN
M, s e e SRR 0. 6MPa, 45°C R Hidt WY 22 s 345 1k N . i Jads b pi i, T A
o B ROV R eI A T LA 3N ER R /KR AR R pH < 3, H SF (10mL X 3) Z5HY, &
FHAMUAH, R Shok sk, oKL ER N T4 o FhuBER 2 TH50), Te 28 Wiws, 152 B Anr= 4
(R)~Ta. 'H NMR 73 M HEG A0 3R, 1 SLAR AR R AH N TS S5 T GC 0 M dL ee {H o FTTF S50 45

NS -
[0108] 3K 5 AFIFE T 2-(4- 7 TR ) WHER 6a AXTFRIEL AT LI 45 R
MX i} [8] HALE(%) ee 18 (%)
T 40 min 100 98
NaBArg 10 min 100 98
[0109] NaClO4.H,0 30 min 100 98
AgOTf 20 min 100 98
AgPFq 15 min 100 98
AgBF4 20 min 100 98

[ot10] Sl 11 ARMEALFIHE N AR (R) - AT

[0111]

0.01 mol% (S)-5a

Me

6a

20
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[o112]  FEFEF P RREUEAT] (S)-5a(l. Img, 0. 0006mmol) T34 i+ ¥ 1 e BN &
WM 12mL B, PR AR I 78 A . AOZAE AL TS P R 1omL 3725, SRS I AR
(1) 2mL R P N = L% (7000 L) « FFEE (2mL) 2- (4~ 55 T HE 2K 3L ) N4 IR 6a (204mg,
Immol) o B W THCE TEAM N, it s - IR ERE (3-5 1k ) B AE A,
A BB SRS R 0. 6MPa, 60 CHid: 22 Hs 75 (N B T JE 2 bk, s &V B RO
RRIEASIRAR G, UL 3N Eh R KW 15 R & pH << 3, &M (10mL X 3) #EHL, & A HAH,
PR Bk PRV, oK BR AN T4 o FhuB Bk 2850, ez s, 19 2 H AR (R)—Ta, hy
U R, 'HONMR 20 B HEEE AR 100 %, IR 98 % o 17 LA g A1 N B 8 5 10 GC 437
HeelHN9IT%.

[0113]  SZjlfsl] 12 :7E 0. 6MPa AR &M o - VRN G IR

[0114]

0.1 mol % (S)-5a /""'\e
R COOH 0.5 eq. Cs,CO4

6 MeOH, 45 °C 7
[o115]  7E F & 5 1 Fr HU A 4k 51 (S)-5a (0. 9mg, 0. 0005mmol)  a — B AKX N #4 &
6 (0. bmmol) iR (82mg, 0. 25mmol) THEAPHE T HIRNV W E T, BB HUH e v
ST IO\ FEE 2L , i W CE TS RNV, Bk i - U E 3-51k) B A
SR G REESIE T A 0. 6MPa, 45°CHEPE 2 e R A e e R, O A
o B ROV R BE A T LA 3N ER R /KR R R pH < 3, I lF (10mL X 3) Z5HY, &
A HUAH, PR Sk Bess, KB a5 . ThoEER 2 T80, ezt vs, 152 B s
7, 'H NMR 3 M L34 2R, BTl O N3 e A kA o B 7= 2 Ak A A . R sl )5 7 GCL T
P HPLC BT SFC 73 #rH: ee {H. PrfF it g R W& 6.
[0116] 3£ 6 :0. 6MPa & a - HURTAMER I AR FRAEM S 45 R
[0117]

4 6 R 7 ME KR (%) ee H(%)

©/U\COOH ©/LCOOH 15 min 97 98 (R)
Q/LLCOOH /@J\COOH 15 min 98 98 (R)
MeQO MeO

[0118]
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COOH 30 min 98 97 (R)

COOH
15 min 99 96 (R)
OO COOH 15 min 99 97 (R)

Q
Q
o}
®)
I
@

Q%
g <
iO“

COOH COOH
©/\/U\COOH ©/\/LCOOH 1h 99 92 (R)
JL . /L 25 min 97 96 (R)
'Pr”” >COOH iPr”" >COOH
J\ /L 30 min 97 94 (R)
n-Hex COOH n-Hex COOH
15 mi 99 95 (R
MeOOC\/U\COOH MeOOC\/LCOOH min (R)

15 min 94 96 (R
PhO\/lLC OOH PhO\J\ COOH (R)

15 min o8 95 (R
Eto\)LC ooH EtO\/LCOOH (®)

[0119]  SZHEM] 13 AE% K a4k o - BUR AR

[0120]
/lL 0.1 mol % (S)-5a )'V'\e
+ Hy (1 atm)
R~ “COOH 0.5 eq. Cs,CO4 R™ "COOH
6 MeOH, 45 °C 7

[0121] 7 F E 48 + # B & 1k 51 (S)-5a (0. 9mg, 0. 0005mmol) v a — B AL N M BR
6 (0. bmmol) iR (82mg, 0. 25mmol) T-h&A i+ 1 Schlenk R NEH, 2 HUH
Ji FE S S I B (2mL) , 7E LA 4R H B i sl U UAUHL IR EUAE, TLC RS 2 Y 22 56 42
oAk T JE A R, 1 N R IEZR IR YA G, LA 3N EhER KSR T A R pH < 3, I & Tk
(10mL X 3) ZEHL, & HAHIAH, H R ShoK Pk, ToKBR RN 115 . FhaE R 2 T, g%
iy, 222 B ARF=4 7, 'H NVR 73 T LA R, BT A N1 5E A 564k o K =5 Al A+ 1 P 7S5
b 5 TP GOV HPLC BF- 7% SFC 03t ee {H. FTIE LIRSS R WK 7,
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[0122] R 7 WL T o - BURTHGER A KT FRIEAL St 45 R
[0123]
) B 6 7 7 MEiE U (%) ee 1H(%)
©)Lcoon ©)\coo++ 4h 95 98 (R)
/@J\COOH /©/'\COOH 4h 96 99 (R)
MeO MeO
/©)LCOOH /©/LCOOH 8h 96 98 (R)
Cl Cl
F COOH F COOH
4h 98 97 (R)
COOH COOH 4h 98 98 (R)
MeO MeO
L L LI
COOH COOH
©/\/“\COOH ©/\/LCOOH 4h 98 97 (R)
/[L . /L 4h 95 96 (R)°
'Pr COOCH Pr COOH
/L 4h 96 98 (R)*
n-Hex COOH n-Hex COOH
4h 96 97 (R
MeOOC\/U\ COOH MeOOCJ\ COOH (®)
4h 98 96 (R
Pho\)j\COOH PhO\J\COOH ®)
4h 97 98 (R
EtOV[LCOOH Eto\/LCOOH ®)

[0124]

S/C = 500



