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(57) Abstract: Disclosed are a synthesis and an application of an oxaspirocyclodiphosphine ligand. The diphosphine ligand is prepared
from a starting material oxaspirocyclophenol through trifluoromethanesulfonylation, primary palladium catalyzed diarylphosphine ox-
ide coupling, trichlorosilane reduction, secondary palladium catalyzed diaryl phosphine oxide coupling and secondary trichlorosilane
reduction. The oxaspirocyclic compound has central chirality and is used as a chiral ligand in the asymmetric hydrogenation of an
unsaturated hydroxy acid, wherein a complex of the oxaspirocyclic compound with ruthenium can obtain an enantioselectivity greater
than 99% in the asymmetric hydrogenation of methyl-cinnamic acid.
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oH pydine, TH,O

OTf  Pd(OAc),, dppb, Ar,POH
OH pcm.o°cton

OTf  DIPEA, DMSOQ, 100 °C

HSICl;, DIPEA
Toluene, 120 °C

Pd{OAc),, dppb, Ar,POH
DIPEA, DMSOQ, 100 °C

HSICl;, DIPEA
Toluene, 120 °C
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OH pydine, TH0
OH pem, 0°Ctort H

No R, 1\ —A 250 mL BRI (S)-6 (7.68 g, 30 mmol), RGN
150 mL T8 & H St IR B T IAENE (6.0 mL, 100 mmol). £§ %
WREEG, WHIEEE, WRGER I THO (12.0 mL, 70 mmol), #HiN5EHE)5
TR SRR The /KB KN SNAR R RBES:, AL RS
AN HEEA, SR LSRG S)-7 (15.6 g, 77 99%)

A £ [& /& 'H NMR (500 MHz, CDCls) & 4.70 (d, J = 10.0 Hz, 2H, CH,),
4.87-4.90 (m, 2H, CH,), 6.91-6.93 (m, 4H, Ar), 7.32 (dd, J1 = 8.5 Hz, J> = 8.0 Hz, 2H,
Ar). 3C {1H} NMR (126 MHz, CDCls) § 1623, 145.8, 131.9, 119.8, 118.1 (q, J =
320.0 Hz, CF3), 113.1, 110.4, 82.5, 54.9. 1°C {1H} NMR (126 MHz, CDCl;) &
-74.23 HRMS (ESI) caled. for Ci71H Fs0sS; [M+H]": 520.9800, Found: 520.9794,
[0]2 =+19.2 (¢ = 0.5, TAHR).

St 2:

(R)-4'«( R FE R IE)-2 &, 2'E-3,3"- 8 PR I IR |-4- — 50 IR S 3a 106

OTt Pd(OAC),, dppb,Ph,POH
OTf DIPEA, DMSO, 100 °C

No SR, BTN 2 (5.2 g, 10mmol). dppb (213 mg, 0.05 mmol).
Ph,POH (3.87 g, 15 mmol). Pd(PAc) (112 mg, 0.05 mmol) Al DIPEA (6.5 mL, 40
mmol), /i IA 50 mL /KA DMSO. 100°C K 6h. AHIE =G,
IMANTRBEEK I, H R CHEREIUS AR FR , AU F TC /K BRI 158 /5 ok [ 5
ERBR LA, SR SRR ERT LR 3a (5.15 g, 7% =90%).
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£ 8 /£ . '"H NMR (400 MHz, CDCls) § 4.64-4.68 (m, 2H, CH,), 4.77 (d, J =

9.6 Hz, 1H, CH>), 5.15-5.18 (m, 1H, CH>), 6.40 (d, J = 8.0 Hz, 1H, Ar), 6.58-6.60 (m,

1H, Ar), 6.78-6.80 (m, 1H, Ar), 6.88-6.90 (m, 1H, Ar), 6.94-6.98 (m, 2H, Ar),

7.05-7.13 (m, 3H, Ar), 7.16-7.20 (m, 2H, Ar), 7.24-7.28 (m, 4H, Ar). *C {1H} NMR
(101 MHz, CDCl:) § 162.6, 160.3, 145.4, 136.6, 134.5, 133.4 (m), 132.3, 132.0, 131.2,
130.0, 128.4 (m), 122.6 (m), 120.7, 112.3, 110.9, 109.4, 84.5, 82.9, 56.3, 26.9.3'P {1H}
NMR (202 MHz, CDCls) 6 21.95 (s).HRMS (ESI) calcd. for CisH2106FsPS [M+H]™:

573.0749, Found: 573.0743, [0]®p = +237.2 (¢ = 0.5, TA).

St 32
(R)-4'-( R FE I 5R)-2 0,253,308 [ IR ]-4- =960 AR R TN 4a 1K5 Al

HSICl;, DIPEA
Toluene, 120 °C

3a 4a

100 mL &, M 3a(2.86 g, Smmol). DIPEA (6.6 mL, 40 mmol). 20mL
A= &HEE(2.0 mL, 20 mmol). JMTE 120 °C 61 FHEFEE R . SONAR 2 it &
(B R SV BN B ARV R K, N 100mL 2L B8 TG, kv Lk ug, AN LK
BRBRAN T 158 o 0K B BR 230, SR E A E R B B (A b1A 4a 2.5 g, 7% = 90%).

H 44 . '"H NMR (400 MHz, CDCls) § 4.58-4.62 (m, 2H, CH>), 4.69-4.72 (m,
1H, CH,), 5.08-5.12 (m, 1H, CH,), 6.32-6.34 (m, 1H, Ar), 6.51-6.52 (m, 1H, Ar),
6.72-6.74 (m, 1H, Ar), 6.81-6.85 (m, 1H, Ar), 6.88-6.91 (m, 2H, Ar), 6.99-7.05 (m,
3H, Ar), 7.10-7.13 (m, 2H, Ar), 7.14-7.22 (m, 4H, Ar). *C {1H} NMR (126 MHz,
CDCls) § 162.6, 160.3, 145.4, 136.6, 134.5 (m), 133.5 (m), 132.0, 131.3, 130.1, 128.8
(m), 127.8, 122.6, 112.3, 110.9, 109.5, 84.5, 83.0, 56.3.3'P {1H} NMR (202 MHz,
CDCIs) & -22.32 (s).HRMS (ESI) calcd. for CigH»105FsPS [M+H]™: 557.0799, Found:
557.0794, [a]®p = +56.0 (¢ = 0.5, ).

S 4
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(R)-(4-(—REE B I)-2H 2/ H-3, 3" 8 [ 2R IR IR IR ]-4- 2R FL AR Sa 105 Ak

Pd(OAc),, dppb, Ar,POH
DIPEA, DMSO, 100 °C

4a 5a

No 7, NI 4a (2.78 g, 5 mmol)s dppb (107 mg, 0.025 mmol).
Ph,POH (1.94 g, 7.5 mmol). Pd(PAc), (56 mg, 0.0025 mmol)F1 DIPEA (3.2 mL,
20mmol), #J5 I 20 mL JE/K A DMSO. 100°C M 6ho A HI 2 =R E,
AR IR, H PR CBRAUS VAR 2, A U FH KRR B T 168 5 s 2%
TR, Aalfa SRR E ke LR Sa 2.66 g, 77F = 87%).

A {7 [ 4. "H NMR (500 MHz, CDCls) § 4.38 (d, J= 9.5 Hz, 1H, CH>), 4.43 (d,
J=9.0Hz, 1H, CH,), 4.46 (d, /= 9.5 Hz, 1H, CH>), 5.19 (d, /= 9.0 Hz, 1H, CH>),
6.56-6.59 (m, 1H, Ar), 6.74-6.84 (m, 4H, Ar), 7.01-7.03 (m, 1H, Ar), 7.07-7.12 (m

3H, Ar), 7.17-7.30 (m, 6H, Ar), 7.32-7.36 (m, 5H, Ar), 7.38-7.43 (m, 3H, Ar),
7.48-7.55 (m, 3H, Ar). 3C {IH} NMR (126 MHz, CDCls) § 162.9, 160.4, 138.1,
137.9, 1374, 134.9, 134.4 (m), 134.1 (m), 133.3 (m), 132.5, 132.1, 131.7 (m), 129.8,
128.9 (m), 128.4 (m), 128.1 (m), 126.7 (m), 113.4, 110.2, 85.2, 84.0, 58.2 (m).>'P { 1H}
NMR (162 MHz, CDCls) & 29.41 (s), -20.96 (s).HRMS (ESI) calcd. for CsoHs10:P2

[M+H]": 609.1748, Found: 609.1743, [a]*%p = +224.0 (¢ = 0.5, A ).

St S
(R)- 4,4'- —(ZFE )21 2'H-3 3" 48— [ ZE 3k ] 6a 4

PPh, HSICls, DIPEA
P(O)Ph,  Toluene, 120 °C

6a

100 mL & & 71, A 3a(1.216 g, 2mmol). DIPEA (3.3 mL, 20 mmol). 10 mL
2R = S E(1.0 mL, 10 mmol). MAE 120 °C s6F THEFEE R S NiAR R H
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L R S AN AN K, N 100mL 2. FR 2.1, REdE - idug, AU
ToRKBRBR AT 1 o DR TR LW, SREHEN SR B K 6a (1.15 g, /7% =
96%).

A 4 [E £ 'TH NMR (500 MHz, CDCl5) 438 (d, J=9.5 Hz, 2H, CH>), 4.49
(d, J= 9.5 Hz, 2H, CH,), 6.67-6.68 (m, 2H, Ar), 6.85-6.86 (m, 2H, Ar), 6.92 (s, 4H,
Ar), 7.01-7.03 (m, 1H, Ar), 7.11-7.23 (m, 12H, Ar), 7.29-7.30 (m, 6H, Ar). 3C {1H}
NMR (126 MHz, CDCls) § 160.8 (t, J = 7.5 Hz), 137.1, 136.8, 135.0, 134.1, 133.4,
129.5, 128.7 128.4, 128.0, 127.3, 110.4, 83.6, 58.0 (m)3'P {1H} NMR (162 MHz,
CDCls) 6 -20.99 (s).HRMS (ESI) calcd. for C3oH310.P> [M+H]™: 593.1799, Found:
593.1782, [a]®p = +246 (¢ = 0.5, ).

S 6
(R)-4'-( 0 IR Il 4 i )2 4,2/ 50-3,3 - I - [ R IR I -4~ = 3 T TR T
3b &

Pd(OAc),, dppb,Ar,POH
DIPEA, DMSO, 100 °C

2 3b, Ar = p-Me-Ph

No AT, NI A 2 (2.6 g, Smmol). dppb (107 mg, 0.025mmol).
ArPOH (1.73 g, 7.5mmol). Pd(PAc), (56 mg, 0.025mmol)#1 DIPEA (3.2 mL, 20
mmol), I 30 mL JE/K JGE K DMSO. 100°C v 6 ho AHIE =R )5,
AR IR, H PR CBRAUS VAR 2, A U FH KRR B T 168 5 s 2%
TR, Al fa SRR E ot v] BLEE 3779 3b (2.60 g, 7% = 87%).

A £ & 448 'TH NMR (500 MHz, CDCls) § 2.36 (s, 3H, CHs), 2.38 (s, 3H, CH3),
4.60-4.62 (m, 1H, CH,), 4.70-4.74 (m, 2H, CH,), 5.69 (d, J = 8.5 Hz, 1H, CHa), 6.17
(d, J = 8.0 Hz, 1H, Ar), 6.66-6.70 (m, 1H, Ar), 6.80-6.81 (m, 1H, Ar), 7.03-7.07 (m,
2H, Ar), 7.10-7.16 (m, 4H, Ar), 7.18-7.21 (m, 3H, Ar), 7.36-7.40 (m, 2H, Ar)."*C {1H}
NMR (126 MHz, CDCls) § 163.8, 161.9, 144.7, 142.0 (m), 131.9 (m), 131.5 (m),
131.2 (m), 130.7 (m), 1302, 1300 1293 1290 (m), 128.1, 126.9, 123.5, 121.8,
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119.8, 116.6, 113.8, 111.7, 109.3, 85.6, 83.6, 56.5, 21.5.3P {1H} NMR (202 MHz,
CDCIsz) 6 29.86 (s). HRMS (ESI) calcd. for C3oH2506F3PS [M+H]™: 601.1062, Found:
601.1056, [a]®p = +108.4 (c = 0.5, A ).

S 7
(R)-4'-( % I RL IR FL I IE)-2 & 2 -3, 308 [ 2 JF kIR |-4- = SR S R B 4b
H G s

HSICl;, DIPEA
Toluene, 120 °C

3b, Ar = p-Me-Ph 4b, Ar = p-Me-Ph

100 mL & & 71, JIA 3b(3.00 g, Smmol). DIPEA (3.2 mL, 20 mmol). 20mL
2R = S E(2.0 mL, 20 mmol). KMAE 120 °C s6F THEFEE R e NiAR R H
L R S AN AN K, N 100mL 2. FR 2.1, REdE - idug, AU
ToKBRBR AT 1 o DR B ERZWE A, REH R8I B (1A 4b (2.70 g, 77 =
92%).

H 44 . 'H NMR (400 MHz, CDCl5) § 4.58-4.62 (m, 2H, CH>), 4.69-4.72 (m,
1H, CH>), 5.08-5.12 (m, 1H, CH>), 6.43 (d, J=9.0 Hz, 1H, Ar), 6.51-6.52 (m, 1H, Ar),
6.72-6.74 (m, 1H, Ar), 6.81-6.85 (m, 1H, Ar), 6.88-6.91 (m, 2H, Ar), 6.99-7.05 (m,
3H, Ar), 7.10-7.13 (m, 2H, Ar), 7.14-7.22 (m, 4H, Ar).’C {IH} NMR (101 MHz,
CDCl3) § 162.7, 160.2, 153.6, 145.5, 138.6, 133.7, 133.5, 131.1, 129.9, 129.3, 129.0,
127.6, 122.6, 112.3, 110.7, 109.4, 84.3, 82.9, 56.3, 26.9, 21.2.3'P {IH} NMR (202
MHz, CDCls) 6 -22.32 (s). HRMS (ESI) caled. for C3oH2505FsPS [M+H]™: 585.1112,
Found: 585.1107, [a]*p = +111.4 (¢ = 0.5, PEH).

ST 8:
(R)-(4'-( % F L R SE B L) -2 1 2 H-3,3'- 8 [ R R 1-4- 2R SE A Sb 1)

e



WO 2019/153203 PCT/CN2018/075860

PAr, Pd(OAc),, dppb, Ar,POH
OTf DIPEA, DMSO, 100 °C

4b, Ar = p-Me-Ph 5b, Ar = p-Me-Ph

No A, NI 4b (0.584 g, 2mmol). dppb (43 mg, 0.1mmol).
Ph,POH (0.69 g, 3mmol)-Pd(PAc) (22.4 mg, 0.1mmol)#1 DIPEA (0.50 mL, 4 mmol),
5 N 20 mL /KL DMSO. 100°C R 6he A HIE SRS, MAK
R, IR CBRAEBUS AR 2R ATHUR L TC KB BRAN T s 2 A B
RV, el A AL RN Rl n AR Sb (112 g, 7% = 85%).

1 4[5 44 "H NMR (500 MHz, CDCls) § 2.27 (s, 3H, CH3), 2.31 (s, 6H, CH3),
235 (s, 3H, CH3) 4.36 (d, /=9.0 Hz, 1H, CH»), 4.44 (t, /= 9.5 Hz, 2H, CH>), 5.25 (d,
J=9.0 Hz, 1H, CH>), 6.56-6.58 (m, 1H, Ar), 6.67-6.70 (m, 2H, Ar), 6.74-6.78 (m, 1H,
Ar), 6.79-6.80 (m, 1H, Ar), 6.89-6.91 (m, 2H, Ar), 6.97-7.00 (m, 3H, Ar), 7.04-7.12
(m, 5H, Ar), 7.18-7.26 (m, 5H, Ar), 7.37-7.42 (m, 2H, Ar).1*C {IH} NMR (126 MHz,
CDCls) 6 171.0, 162.8, 160.2, 141.7, 141.5, 138.5, 137.8, 137.6, 137.3, 134.0 (m),
133.2, 132.1, 131.7, 131.2, 130.0, 129.2 (m), 128.7 (m), 126.4, 113.0, 109.9, 85.0,
84.0, 60.3, 58.1 (m), 21.5, 21.2.3'P {IH} NMR (202 MHz, CDCls) & 29.37 (s), -22.71
(s).HRMS (ESI) calcd. for C43H3003P, [M+H]": 665.2374, Found: 665.2369, [o]*’p =
+211.2 (¢ =0.5, FIHH).

SR 9
(R)- 4,4'- (o0 B IR B RS -2, 2' H-3,3' MR [ FFIRIRT 16b 15 s

PAr; HSICl,, DIPEA
P(O)Ar2  Toluene, 120 °C

5b, Ar = p-Me-Ph 6b, Ar = p-Me-Ph
100 mL H & 1, 1A 5b(0.664 g, Immol). DIPEA (3.3 mL, 20 mmol). 10 mL
2R = S E(1.0 mL, 10 mmol). MAE 120 °C s6F THEFEE R S NiAR R H

10
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o R BR R AN R K, NN 100mL ZFR .6, mEd+idug, AU
TOKBRIREN T-1E o S T B L), SR e HE A8 Bt E K 6b (0.62 g, 775 =
95%).

A £ & 448 'TH NMR (500 MHz, CDCls) § 2.29 (s, 6H, CHs), 2.33 (s, 6H, CH3),
435 (d, J=9.5 Hz, 2H, CH,), 4.44 (d, J = 9.0 Hz, 2H, CH,), 6.66-6.68 (m, 2H, Ar),
6.81-6.84 (m, 6H, Ar), 6.93-6.95 (m, 4H, Ar), 7.10 (s, 8H, Ar), 7.14-7.17 (m, 2H,
Ar).3C {IH} NMR (126 MHz, CDCl5) § 160.8 (m), 138.6, 137.7, 135.8, 134.8 (m),
1342 (m), 133.5 (m), 129.2 (m), 128.8 (m), 110.1, 83.6 (m), 58.0 (m), 21.3.>'P {1H}
NMR (202 MHz, CDCIs) 6 -22.82 (s).HRMS (ESI) calcd. for C43H300,P> [M+H]™:
649.2425, Found: 649.2420, [o.]*p = +231.2 (¢ = 0.5, ).

St 10:
(R)-4'-( % W AR JE 2 i il AR 3t )2 &, 2/ 403, 3-8 [ - R I ]-4- = B, P R 18
Mg 3¢ HI4 Rk

By

Pd{(OAc),, dppb,ArsPOH
DIPEA, DMSO, 100 °C

3¢, Ar = p-MeO-Ph

No AR, RMSEHF A 2 (52 g, 10 mmol). dppb (213 mg, 0.05 mmol).
ArPOH (3.93 g, 15 mmol). Pd(PAc): (112 mg, 0.05 mmol)#1 DIPEA (6.5 mL, 40
mmol), I 50 mL JE/K G DMSO. 100°C v 6 ho A HIE =5,
AR IR, H PR CBRAUS VAR 2, A U FH KRR B T 168 5 s 2%
PR L), Al fa SRR E ko] LR 3¢ (5.78 g, 77F =91%).

A 4 & 448 'TH NMR (500 MHz, CDCls) § 3.81 (s, 3H, CHs), 3.84 (s, 3H, CH3),
4.62 (d, J=9.5Hz, 1H, CH,), 4.70-4.75 (m, 2H, CH,), 5.71 (d, J= 8.5 Hz, 1H, CH»),
6.23 (d, J= 8.5 Hz, 1H, CHa), 6.65-6.70 (m, 1H, Ar), 6.80-6.82 (m, 3H, Ar), 6.88-6.91
(m, 2H, Ar), 7.03-7.07 (m, 2H, Ar), 7.16-7.27 (m, 3H, Ar), 7.39-7.43 (m, 2H, Ar).*C
{1H} NMR (126 MHz, CDCls) § 163.8, 162.2 (m), 144.7, 133.7, 133.0, 131.4 (m),
130.3 (m), 129.3, 126.9, 125.9, 1250 1228 1217 (m), 119.1, 116.6, 113.8 (m),

11
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111.5, 109.2, 85.6, 83.6, 56.5, 55.23'P {1H} NMR (202 MHz, CDCl;) & 29.39
(s).HRMS (ESI) caled. for C3oHasOsFsPS [M+H]*: 633.0960, Found: 633.0954, [a]*p
=+62.4 (c=0.5, ).

St 11
(R)-4'-( % AR L R L [ 6 )-2 &0, 2V 4-3,3 -8 [ 2K J- R 1-4- = 46 P fil B T

4c ME R

HSICl;, DIPEA
Toluene, 120 °C

3¢, Ar = p-MeO-Ph 4c, Ar = p-MeO-Ph

100 mL &, I 3¢(2.86 g, Smmol). DIPEA (6.6 mL, 40 mmol). 20mL
A =& REE(2.0 mL, 20 mmol). JZMNAE 120 °C A N HFEidf . SOpifR & it
(B R SV BN B ARV R K, N 100mL 2L B8 TG, kv Lk ug, AN LK
BRRAN T3 o DB B BR 080, SR IEHEE 3 8 A UK 4e (2.81 g, 77F =91%).

[ 7 [ 44 'H NMR (400 MHz, CDCl5) § 4.58-4.62 (m, 2H, CH>), 4.69-4.72 (m,
1H, CH,), 5.08-5.12 (m, 1H, CH>), 6.43 (d, /= 9.0 Hz, 1H, Ar), 6.51-6.52 (m, 1H, Ar),
6.72-6.74 (m, 1H, Ar), 6.81-6.85 (m, 1H, Ar), 6.88-6.91 (m, 2H, Ar), 6.99-7.05 (m,
3H, Ar), 7.10-7.13 (m, 2H, Ar), 7.14-7.22 (m, 4H, Ar).3C {IH} NMR (101 MHz,
CDCl3) § 162.7, 160.2, 153.6, 145.5, 138.6, 133.7, 133.5, 131.1, 129.9, 129.3, 129.0,
127.6, 122.6, 112.3, 110.7, 109.4, 84.3, 82.9, 56.3, 26.9, 21.2.3'P {IH} NMR (202
MHz, CDCls) & -22.32 (s). HRMS (ESI) calcd. for C3oH2505FsPS [M+H]™: 585.1112,
Found: 585.1107, [a]*p = +111.4 (¢ = 0.5, FHH).

S 12

(R)-(4'-( %t F AR IR S R )- 21,2 H-3,3'- W8 [ R R e -4- 2R ZE R A Se
IEEgD'®

12
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Pd(OAG),, dppb, Ar,POH
DIPEA, DMSO, 100 °C

4c, Ar = p-MeO-Ph 5¢c, Ar = p-MeO-Ph

No A T, NI NN 4e (1.232 g, 2mmol). dppb (43 mg, 0.1mmol).
Ph,POH (0.79 g, 3mmol).Pd(PAc), (22.4 mg, 0.1mmol)Fl DIPEA (1.6 mL, 5 mmol),
B JE M 20 mL E/K L4 DMSO, 100°C R M. 6he AHIE =R, MAK
RN, IR LR AR BUS NAR 285 A HURH FH G /K B B T8 i o s 25 A 1 B
RV, el A ENT R AT AR Y) Se (1.27 g, 77F = 87%).

4 [ 44 "H NMR (500 MHz, CDCls) § 3.73 (s, 3H, CH3), 3.74 (s, 3H, CH3),
3.77 (s, 6H, CHz3), 3.80 (s, 3H, CH3) 4.37 (d, /= 9.0 Hz, 1H, CHz), 4.45-4.47 (m, 2H,
CH>), 5.28 (d, /= 9.0 Hz, 1H, CH»), 6.55-6.57 (m, 1H, Ar), 6.64-6.71 (m, 6H, Ar),
6.75-6.83 (m, 4H, Ar), 6.89-6.91 (m, 2H, Ar), 6.98-7.00 (m, 1H, Ar), 7.06-7.11 (m,
1H, Ar), 7.13-7.14 (m, 2H, Ar), 7.20-7.26 (m, 3H, Ar), 7.42-7.45 (m, 2H, Ar).1*C {1H}
NMR (126 MHz, CDCl3) 6 171.0, 162.8 (m), 161.9 (m), 160.3 (m), 137.5, 135.4,
134.8, 134.0 (m), 133.5, 130.6, 129.9, 128.5 (m), 128.1, 126.6 (m), 126.0 (m), 124.7,
123.8, 113.9 (m), 112.9, 109.8, 85.0, 84.2, 60.3, 58.1 (m), 55.0 (m).*'P {IH} NMR
(202 MHz, CDCIs) & 28.75 (s), -24.27 (s). HRMS (ESI) calcd. for C43H3007P> [M+H]"™:
7292171, Found: 729.2166, [a]*’p =+173.2 (¢ = 0.5, ).

St 13:
(R)- 4,4'- (o6 ISR L D)2 1 2 H-3 3108 [ 2R JF e 16 4 ks

PAr, HSICl;, DIPEA
P(O)Ara  Toluene, 120 °C

5¢c, Ar = p-MeO-Ph 6c, Ar = p-MeO-Ph

100 mL H & 1, A 5¢(0.728 g, Immol). DIPEA (1.65 mL, 10 mmol) 10 mL

13
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2R = S E(1.0 mL, 10 mmol). MAE 120 °C s6F THEFEE R S NiAR R H
o R BR R AN R K, NN 100mL ZFR .6, mEd+idug, AU
TOKBRIREN T1E o Jal B B 080, SREHE RS 8 B K 6¢ (0.64 g, 775 =
90%)s.

A £ & 448 'TH NMR (500 MHz, CDCls) § 3.75 (s, 6H, CH;), 3.79 (s, 6H, CH3),
436 (d, J=9.0 Hz, 2H, CH>), 4.46 (d, J = 9.5 Hz, 2H, CH>), 6.64-6.70 (m, 6H, Ar),
6.82-6.85 (m, 10H, Ar), 7.12-7.18 (m, 6H, Ar).3C {1H} NMR (126 MHz, CDCl;) &
160.8 (m), 160.1 (m), 136.2 (m), 135.5 (m), 134.5 (m), 129.3, 128.3 (m), 126.8, 114.0
(m), 110.0, 83.6 (m), 57.9 (m), 55.1 (m).3'P {IH} NMR (202 MHz, CDCl;) § -24.20
(s).HRMS (ESI) calcd. for C43H300,P2 [M+H]": 649.2425, Found: 649.2420, [o]*’b =
+133.6 (¢ =0.5, ).

S 14
(R)-4'-( = 3,5- FT R SR SR A 2 )-2 50, 2 5-3, 340 [ O IR ] -4- =35 Y
PRl 3d (K5

OTf Pd(OAC),, dppb,Ar,POH
OTf DIPEA, DMSO, 100 °C

2 3d, Ar =3,5-di-Me-Ph

No G, M AIIA 2 (5.20 g, 10 mmol)s dppb (213 mg, 0.05 mmol)+
Ar,POH (3.87 g, 15 mmol). Pd(PAc), (112 mg, 0.05 mmol)#ll DIPEA (6.5 mL, 40
mmol), I 50 mL JE/K JGE K DMSO, 100°C R 6 he AHIE =5,
AR IR, H PR CBRAUS VAR 2, A U FH KRR B T 168 5 s 2%
TR, Al SRR E e LR 3d (5.15 g, 77% = 82%).

A £ & 448 'H NMR (500 MHz, CDCls) § 2.15 (s, 6H, CHs), 2.17 (s, 6H, CH3),
454 (d, J=9.5 Hz, 1H, CH»), 4.62-4.64 (m, 2H, CH>), 5.69 (d, J= 8.5 Hz, 1H, CH>),
6.07 (d, J = 8.0 Hz, 1H, Ar), 6.63-6.67 (m, 1H, Ar), 6.72-6.78 (m, 3H, Ar), 6.93-6.98
(m, 2H, Ar), 7.00-7.05 (m, 4H, Ar), 7.12-7.18 (m, 1H, Ar).3C {1H} NMR (126 MHz,
CDCls) § 163.9, 161.7, 144.7, 1378 (m) 1330 1333 (m), 131.5, 130.7, 130.0 (m),

14
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129.4 (m), 128.7, 126.9, 121.6, 119.1, 116.5, 113.6, 111.3, 109.1, 85.7, 83.6, 56.3,
2123'P {IH} NMR (202 MHz, CDCl;) & 29.59 (s)HRMS (ESI) calcd. for
C32H2006F5PS [M+H]"™: 629.1375, Found: 629.1369, [0.]*°p = +196.4 (¢ = 0.5, N ).

St 15:
(R)-4'-( . 3,5- - I FL ZE L 5 )-2 &, 2 40-3, 3" W [ 2K FF I MR ]-4- = e, H R 15
Mg 4d 194 Rk

HSICl4, DIPEA
Toluene, 120 °C

3d, Ar =3,5-di-Me-Ph 4d, Ar =3,5-di-Me-Ph

100 mL & & 91, M 3d(3.14 g, Smmol). DIPEA (6.6 mL, 40 mmol). 20mL
A= &HEE(2.0 mL, 20 mmol). JMTE 120 °C 261 FHEFEE . SONAR 2 it &
(B R SV BN B ARV R K, N 100mL 2L B8 TG, kv Lk ug, AN LK
BRBRAN T 152 o R T BR A, SR FE i E A A3 2 A (4 4d (2.88 g, 7% = 94%).

H & [E {4 .'"H NMR (400 MHz, CDCls) § 2.16 (s, 6H, CH3), 2.19 (s, 6H, CH3),
444 (d, J = 9.0 Hz, 1H, CH,), 4.63-4.67 (m, 2H, CH,), 5.15-5.18 (m, 1H, CH,),
6.36-6.40 (m, 1H, Ar), 6.51-6.53 (m, 3H, Ar), 6.65-6.68 (m, 1H, Ar), 6.73-6.79 (m,
3H, Ar), 6.83-6.87 (m, 3H, Ar), 6.99-7.01 (m, 1H, Ar), 7.11-7.15 (m, 1H, Ar)."*C {1H}
NMR (101 MHz, CDCl3) § 162.6, 160.2, 145.3, 137.7 (m), 136.3, 135.2, 134.0, 131.8
(m), 130.5 (m), 129.9, 127.7, 122.8, 119.3, 116.7, 112.1, 110.6, 109.4, 84 .4, 83.0, 56.2,
2133 {1H} NMR (162 MHz, CDCl;) & -21.56 (s).HRMS (ESI) calcd. for
C32H290sFsPS [M+H]"™: 613.1425, Found: 613.1420, [a.]*p = +60.0 (¢ = 0.5, ).

SRt 16:

(R)-(4'-(— 3,5- W I R IL P I )-2H,2' H-3,3'- W8 [ 2K FF R M ]-4- — 2% 3L i 4
Sb HI A

15
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PAr, Pd(OAc),, dppb, Ar,POH
oTf DIPEA. DMSO, 100 °C

4d, Ar =3,5-di-Me-Ph 5d, Ar =3 5-di-Me-Ph

No A, MR I 4d (1.22 g, 2mmol). dppb (107 mg, 0.1mmol).
Ph,POH (0.77 g, 3mmol).Pd(PAc): (22.4 mg, 0.1mmol)#ll DIPEA (0.8 mL, 5 mmol),
BRJA N 10 mL E/K B4 DMSO, 100°C F M 6h. ¥WEIZE RE G, MMAK
PR, IR CERARRUS AR 28, A AU F JC /K DR R AN T J el s 25 1 1 B
WA, A RRHERERTUER YY) 5d (122 g, 7% =86%).

A £ & 448 'H NMR (500 MHz, CDCls) § 2.04 (s, 6H, CH;), 2.06 (s, 6H, CH3),
224 (s, 6H, CHs), 2.29 (s, 6H, CH3), 4.14 (d, J = 9.5 Hz, 1H, CH>), 441 (d, /= 9.5
Hz, 2H, CH), 5.15 (d, J = 8.5 Hz, 1H, CH,), 6.49 (d, J =7.5 Hz, 1H, Ar), 6.70-6.73
(m, 1H, Ar), 6.75-6.78 (m, 2H, Ar), 6.86-6.90 (m, 3H, Ar), 6.95-6.98 (m, 3H, Ar),
7.03-7.06 (m, 2H, Ar), 7.07 (s, 1H, Ar), 7.09 (s, 1H, Ar), 7.19 (s, 1H, Ar), 7.21 (s, 1H,
Ar), 7.24-7.25 (m, 1H, Ar)."*C {1H} NMR (126 MHz, CDCl3) § 162.8 (m), 159.8 (m),
137.7 (m), 136.8 (m), 135.0, 134.2, 134.0.133.2 (m), 132.8, 132.4 (m), 130.8 (m),
130.0 (m), 129.4 (m), 128.5 (m), 126.7, 126.4, 112.9, 109.9, 84.1, 83.3, 58.3 (m), 21.3
(m).3'P {1H} NMR (202 MHz, CDCls) & -19.53 (s), 29.83 (s).HRMS (ESI) calcd. for
C47H4705P, [M+H]™: 721.3000, Found: 721.2995, [a]®p = +137.2 (¢ = 0.5, A ).

St 17:
(R)- 4,4'- (. 3,5- R FLIL)-2H 2 H-3 3" W2 [ R F kI 6d )4 R

PAr; HSICl,, DIPEA
P(O)Ar2  Toluene, 120 °C

5d, Ar =3,5-di-Me-Ph 6d, Ar =3 5-di-Me-Ph

100 mL H & d1, M 5d(0.72 g, Immol). DIPEA (3.3 mL, 20 mmol), 10 mL

16
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2R = S E(1.0 mL, 10 mmol). MAE 120 °C s6F THEFEE R S NiAR R H
o R BR R AN R K, NN 100mL ZFR .6, mEd+idug, AU
ToKBRIREN T-1E o S T B L), SR e HE A3 Bt EK 6d (0.65 g, 7% =
93%).

A & 448 'H NMR (500 MHz, CDCls) § 2.07 (s, 6H, CH;), 2.09 (s, 6H, CH3),
224 (s, 6H, CH3), 2.26 (s, 6H, CH3), 4.19-4.20 (m, 2H, CH>), 4.31-4.34 (m, 2H, CH>),
6.65-6.66 (m, 4H, Ar), 6.81-6.84 (m, 6H, Ar), 6.85-6.88 (m, 4H, Ar), 6.95-6.96 (m,
2H, Ar), 7.18-7.22 (m, 2H, Ar)."3C {1H} NMR (126 MHz, CDCl;) § 160.9 (m), 137.7
(m), 137.2 (m), 136.1, 133.8 (m), 132.3 (m), 131.0 (m), 129.6 (m), 127.1, 110.1, 82.9,
58.3 (m), 21.3 (m).’'P {1H} NMR (202 MHz, CDCls) § -19.92 (s). HRMS (ESI) calcd.
for C47H470-P> [M+H] *: 705.3051, Found: 705.3046, [a]*’p = +138.0 (c = 0.5, A
Fii).

St 18:
(R)-4'-(= 3,5- U T AR PRS2 5,253,308 [ -4- — 9K
HHE IR 3e M6

OTf Pd(OAc),, dppb,Ar,POH
oOTf DIPEA, DMSO, 100 °C

2 3e, Ar = 3,4-di-tBu-Ph

No AR, RMSEHF A 2 (52 g, 10 mmol). dppb (213 mg, 0.05 mmol).
ArPOH (6.39 g, 15 mmol). Pd(PAc): (112 mg, 0.05 mmol)#l DIPEA (6.5 mL, 40
mmol), I 50 mL JE/K G DMSO. 100°C v 6 ho A HIE =5,
AR IR, H PR CBRAUS VAR 2, A U FH KRR B T 168 5 s 2%
PR L), Al SRR E ko] LRI 3e (7.43 g, 773 = 93%).

A £ & 448 'TH NMR (500 MHz, CDCls) § 1.18 (s, 9H, CHs), 1.19 (s, 9H, CH3),
1.20 (s, 9H, CH3), 1.21 (s, 9H, CH3), 4.54-4.56 (m, 1H, CH>), 4.62-4.64 (m, 1H, CH>),
4.80-4.82 (m, 2H, CHa), 6.63-6.68 (m, 2H, Ar), 6.82-6.88 (m, 6H, Ar), 6.90-6.94 (m,
2H, Ar), 7.15-7.21 (m, 1H, Ar), 776-734 (m 1H Ar).3C {IH} NMR (126 MHz,

17
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CDCls) § 162.9, 160.1, 150.5, 150.2, 145.7, 136.0 (m), 135.5, 134.4, 131.2, 129.6,
128.4, 1275, 122.4 (m), 112.5, 110.5, 109.6, 83.5, 82.3, 56.4 (m), 34.8 (m), 31.3
(m) P {1H} NMR (202 MHz, CDCls) & -19.74 (s)HRMS (ESI) calcd. for
Ca4Hs:06FsPS [M+H]": 797.3253, Found: 797.3247, [o.]’> = +109.6 (¢ = 0.5, P ).

St 19:
(R)-4'<(— 3,5- U T FEFE R 5L )-2 4,2/ %0-3, 3-8 — [ 2 - 1 Mg -4~ — 90 HH il
PRI de K4 ks

HSICl5, DIPEA
Toluene, 120 °C

3e, Ar = 3,4-di-tBu-Ph 4e, Ar = 3. 4-di-tBu-Ph

100 mL &, I 3e(3.98 g, Smmol). DIPEA (6.6 mL, 40 mmol). 20mL
A= &HEE(2.0 mL, 20 mmol). JMTE 120 °C 61 FHEFEE R . SONAR 2 it &
(B R SV BN B ARV R K, N 100mL 2L B8 TG, kv Lk ug, AN LK
BRBRAN T 152 o DU B 253500, SRR A ZE A 19 B A (B 44 e 351 g, 775 = 90%).

H & [E {4 .'"H NMR (500 MHz, CDCls) § 1.17 (s, 9H, CH3), 1.19 (s, 9H, CH3),
1.20 (s, 9H, CH3), 1.21 (s, 9H, CHs), 4.52-4.55 (m, 1H, CH>), 4.60-4.63 (m, 1H, CH,),
4.77-4.82 (m, 2H, CH,), 6.61-6.69 (m, 2H, Ar), 6.80-6.94 (m, 6H, Ar), 7.14-7.22 (m,
2H, Ar), 7.28-7.34 (m, 2H, Ar).*C {1H} NMR (126 MHz, CDCls) § 162.9, 160.1 (m),
150.5 (m), 145.8, 136.1 (m), 135.5 (m), 134.4, 131.9 (m), 131.2, 129.6, 128.4 (m),
127.5, 122.4 (m), 116.9, 112.6, 110.6, 109.6, 83.5, 82.4, 56.4 (m), 34.8 (m), 31.3
(m)3P {IH} NMR (202 MHz, CDCls) & -19.73 (s)HRMS (ESI) calcd. for
C3H200sF5PS [M+H]": 781.3303, Found: 781.3298, [a.]p = +78.8 (¢ = 0.5, ).

St 51 20:

(R)-(4'-(— 3,5- U T FEIRFL B Fh)-2H,2' H-3, 3" W8 [ FF IR IR ]-4- 8 FL s A
Se HI5 ke

18
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PAr, Pd(QAc),, dppb, Ar,POH
oTf DIPEA, DMSO, 100 °C

4e, Ar = 3,4-di-{Bu-Ph Se, Ar = 3,4-di-tBu-Ph

No 7 R, SN AN 4e (1.56 g, 2mmol). dppb (43 mg, 0.1mmol).Ph,POH
(1.28 g, 3mmol). Pd(PAc): (22.4 mg, 0.1mmol)fl! DIPEA (1.6 mL, 10mmol), #/5
A 10 mL Fo/K B DMSO, 100°C T2 6he WA =T, MAKA K
SRL, IR CRRREBUS MR R AU A TC /K BRI TR i 25 7 B R 253
A, 2 fa AL AT R AT LEE 2 ) Se (1.85 g, 775 = 92%).

[ fL[E 44 "H NMR (500 MHz, CDCl5) 8 1.95 (s, 18H, CHs), 1.02 (s, 18H, CH3),
1.27 (s, 18H, CHs), 1.30 (s, 18H, CHz), 3.78 (d, J= 8.8 Hz, 1H, CHy), 4.36 (d, J=9.6
Hz, 1H, CH>), 4.45 (d, /= 8.4 Hz, 1H, CH>), 4.91 (d, /= 8.4 Hz, 1H, CH»), 6.67 (d, J
= 6.8 Hz, 2H, Ar), 6.76-6.78 (m, 1H, Ar), 6.86-6.90 (m, 2H, Ar), 6.97-7.01 (m, 1H,
Ar), 7.06-7.10 (m, 2H, Ar), 7.16-7.20 (m, 1H, Ar), 7.22-7.24 (m, 2H, Ar), 7.39 (s, 2H,
Ar), 7.41 (s, 2H, Ar), 7.49 (s, 2H, Ar), 7.61 (d, J = 8.0 Hz, 2H, Ar), 7.65 (d, J = 9.6 Hz,
2H, Ar).*C {IH} NMR (126 MHz, CDCls) § 162.3, 159.0, 150.4 (m), 149.5 (m),
137.7, 137.3 (m), 135.5 (m), 134.7, 133.9 (m), 132.9, 132.4 (m), 129.6 (m), 128.0 (m),
127.5, 126.5 (m), 122.9, 120.7, 112.2, 109.9, 81.4, 81.3, 59.1, 34.8 (m), 31.2 (m).>'P
{1IH} NMR (202 MHz, CDCl;) § 30.86 (s), -16.07 (s).HRMS (ESI) calcd. for
C7iHosOsP, [MH+H]™: 1057.6756, Found: 1057.6751, [o]?p = +152.4 (c = 0.5, TAifl).

St 21
(R)- 4,4'-(73,5- U T BRI )21, 2'H-3 3 - W8 — R IFRI [6e 1A £

PAr, HSICI,, DIPEA
P(O)Ar2  Toluene, 120 °C

Se, Ar = 3,4-di-fBu-Ph Be, Ar = 3,4-di-fBu-Ph
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100 mL H & 1, A Se(1.01 g, Immol). DIPEA (1.65 mL, 10 mmol). 10 mL
2R = S E(1.0 mL, 10 mmol). KMAE 120 °C s6F THEFEE B SNk R H
o R BR R AN R K, NN 100mL ZFR .6, mEd+idug, AU
TOKBRIREN T1E o Jal B B 080, SREHE RS 8 B AR 6e (0.82 g, 7% =
79%).

A {74 [E 4. "TH NMR (500 MHz, CDCl3) § 0.99 (s, 36H, CH3), 1.25 (s, 36H, CH3),
3.85 (d, J=9.0 Hz, 2H, CH>), 4.25 (d, J = 8.5 Hz, 2H, CH>), 6.80 (d, / = 8.0 Hz, 2H,
Ar), 6.91-6.93 (m, 2H, Ar), 7.01-7.02 (m, 4H, Ar), 7.09-7.10 (m, 2H, Ar), 7.15-7.18
(m, 2H, Ar), 7.25-7.36 (m, 4H, Ar), 7.37 (s, 2H, Ar).’C {1H} NMR (126 MHz,
CDCl3) 8 160.5 (m), 150.4 (m), 149.2 (m), 139.0, 137.4, 135.5 (m), 131.4 (m), 129.6
(m), 126.9 (m), 123.0, 120.9, 110.0, 80.4, 59.1 (m), 34.8 (m), 31.4 (m).>'P {1H} NMR
(202 MHz, CDCI3) & -15.41 (s)HRMS (ESI) calcd. for C7iHosO,P> [M+H]"
1041.6807, Found: 1041.6802, [a.]p = +140.4 (c = 0.5, A MR).

St ] 22

1L 75 Rh(6a)OAc, I £

E N2 T, [—4 10 mL 2 H i i1 A[RuPhCL] (25 mg, 0.05 mmol).
fitf& 6a (61 mg, 0.103 mmol), #AJ5 I 2mL DMF. 100°C 214 T & 3 ho &%l
2R, REMMA 1.5 mL JE/KEESRRE4(0.111 g, 1.3 mmol) FHEEA W - 20 Min J&
MBI 2588 77K e A K AN S S AR R e iy, 08, 9 Bk 25 VA R ATK
HUAT LAAS B AL 77 Rh(6a)OAc: (57 mg, 2% = 71%).

STt 23

{#4k771) Rh(6a)(CF3CO): ¥4 % -

FE N2 U R, 1Al —> 10 mL 52 FU B0 N -(2- FE A TR ) 2R 3 -1,5- )
£ (32 mg, 0.05 mmol). F{4k 6a (61 mg, 0.103 mmol), RJ5 I 2mL . 40°C
KA N 0.5he ARIG A =5 Z.BR(33 mg, 0.3 mmol), 40°C 2614 F #FFiL 7,
IR 2R, SR JE 0N 1 mL Ak, 1 97 3 H 45779 Rh(6a)(CF3CO): (81 mg,
FEE = 88%).
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L) 24

iAok 6a 7E 2- H 5L IR BRI AN A AR AL IR . -

15 N R, FE NI 2-F ZE P FER (162 mg, 1 mmol). #4457
Rh(6a)0Ac2(0.8 mg, 0.001 mmol)A A 1 mL FIHEE . 75 10 atm FIESUR T FiEAT
12h J5, R ) o B U RIOR AT Al 5 R e, I I
XTI B P (e€99%) » HPLC 4% {4 : Daicel ADH, # ¥ & 2L (c = Img/mL),
IPA/hexane = 90/10, 1.0 mL/Min, 210 nm, tr (major) =26.8 Min, tr (minor) =29.7
Min.

K 6a BT 2RI AL RS WE 1 BT,

DA b 25 At 2 A LA IR AT a2 St 77 0ot A % B AR IR — 2B VR4 Ui B ASBe
VAR I BAR S it A =5 B T3 e i B o 0 T A S B BT AR S Sl AR
NGURUL, AR AR A BRI SR T, 3d m] DA R 5 1 il B o 4,
NN A K R RS L
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I, R IR U CAR, HRFAEAE T, A LA Nl IS5 .

R 5
—A

RLo~A\ 7/

M

R RISy pedt, e st J5dk, J5atai a1, RN RL R
R A IR BN A ; RS, ROMOIAEE, R AU 7 R RO ket
HenloE Ak

2 ARHERURI 2R 1 BRI A4, HARHETE T, BTIR S R R IR XU G 4 () -
S IRIRBUBRIC AR, ()-SR RER U A4, Bl (-)- AR MR ER XU I 1

3. MREEUCRZER 1 TR &Y, HAFIEE T, i S A RBR BRI 4 2

A ED: 6 Horb, Ar Ohkedk, R DT A
4. IRAEBUF SR 3 Prid ML &4, AR T, Hb Ar oRAE, Bedkoli
ZEEE LIV E S

Sv RS BN K 3-4 R BUTIRINAL S ITT 5, R IEAE T, i
LN IR 6 2 B AT 21
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OH pydine, Tf,O
OH Dbem, o°Cto rt

OTf Pd(OAc),, dppb, Ar,POH
OTf  DIPEA, DMSO, 100 °C

HSICl,, DIPEA
Toluene, 120 °C

Pd(OAC),, dppb, Ar,POH
DIPEA, DMSO, 100 °C

o
-’lu.

HSICI,, DIPEA
Toluene, 120 °C

6+ BUR| R 1-5 AE—THTA AL G WITEAL AR B R I R, HoARHAE
FET, FTRAMBRR M AR SN, AR, fEE RN, AR
B, SRR, SR, AERIR N, SRR A R N, S
HAb L, B AN, RSN, IR S RN, R SR A RN
Diels-Alder 2, ANXFRIEIES, Aldol B, Michael SIS, ANXTFRIFE,
WL, B4R A [men] BRAL R

7. MAEECRI 2R 6 BrA MM, JRHEZE T, Ak AP B XUB B FR T
25 A NTEA WL PO A AR TR 1 S A B A IR B s PR e B, KT
99%.

8. MBI LR 6 TR, HAFETET, BTl XUBEE AT 4 52 T
LAY

R = alkyl, fluoroalkyl or aryl , ,ﬂ\:‘:F‘, R:i}?ﬁ%’ ﬁ’ﬁﬁ%%ﬁ%%
Oy —FMEAL AR IR SN, HAFALLE T, A HBUR ZEK 1-5 AT — B prik K1k
BYMERMEAR, SOV EBRZUNT -
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1 2
R :RZ Cat, H,, (10 atm) R\ (R
COOH MeOH, rt COOH

upto>99ee
R = alkyl, fluoroalkyl or aryl

Horb, R=pedk, AR,
10 —FPXUBEBE AT 45540, FLAFILAE T, P XUBHSRIRET 28 S bk

=¥
G5 o=
0§ Qe o=f
P O

-ll, — -
P/ Ru\

v 19
o Ph20={
R

R = alkyl, fluoroalkyl or aryl , /ﬂ\:,:':,’ R:i}?ﬁ%’ ﬁ{t}iﬁgﬁi%%o
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L

COOH

99% yield, > 99% ee

Cl
COOH

99% yield, 98% ee

/
%
COOH
99% vield, 91% ee

F3(1Q_<

COOH
99% yield, 94% ee

BQ
COOH
99% vield, 97% ee

11

COOH
99% yield, 95% ee

COOH

99% yield, > 99% ee

PCT/CN2018/075860

COOH
99% vield, > 99% ee

Br
COOH

99% vyield, 95% ee
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