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Pd/Novel Axially Chiral Phosphine-Alkene Ligands Catalyzed
Asymmetric Allylic Alkylation of Indoles
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Abstract A new type of axially chiral phosphine-alkene ligands have been developed via a two-step modular synthesis for
Pd-catalyzed asymmetric allylic alkylation of indoles. Under optimized reaction conditions, a series of chiral allylindole
products were obtained in generally high yields (up to 95%) and excellent enantioselectivities (up to 96% ee).
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2020 4, FATTEAHI2EE T4/ FPERE UK R I B F]
ik, DATE] 50 55 15 (1) 05 5L . 5 B IR AL PRI Ik (B
U TR S ) R S5 kL, LM R T — RAI4 2
FEAGIY) 1,2 F PRI D5 F5 8 22(Scheme 1, B). & )
PRV SR T SRR R Ak, RT DA (3 2 A0 ki 2 1 A
FHRAARAEA ], FE SRR T DL ZE oA
LR JFRII 22 25 A AT EL, BRATT IR SRS A 20 R 42 B 1t
SR A B R, FEAR TR, BATET %
FEWS I DR, SR — 2 BB T S A T
JfE— 47O AR (Scheme  2),  JF K HG B FH T 0 A 1) P3| A A
o M A R e A S B

1 &R511R

o, FEULY) 4. BRI 2- MR ALK 5 DAK
KN 6a TERSTRADAN T FEUK A I N1 R T
RAEARKIFRIP Catellani 802131 A= B 1,2'- 105 24 T
PRI AL 5 Ta~7d. BG4 HSICly 18 JEF A] LR
T D15 B0 B A TG Ik 8a~8d. ULAR, IELL
HEIER 6b 1ERNZ iR, &8 T A& ke b Bk

55 B F-YE B AC /A 8e (Scheme 2), K T IR JSHT AL Bk
DR TR IR AR 2 S, T SR A 1 AL
PERE, W BTN TR A PR g W 5 0 TR L T R R R AN
XIFRIG T IR BB S B, SRR M 1a A TN LS
15T 2a 1E MR, 2.5 mol% M 7R 3L 5L A — )
PERAEALT], 2.0 equiv. FIBRERERVE bR, — & H kefE
WA, IR RN 24 h, WA [FEZRB G EAREET T %%
(). WERGRP LG H, BS54 5N 1)
TE PRI AN, EE KT RE R S AR S5 B M A o T T 1)
YEF(EE 1, Entries 1~4). 24{# Atk 8a B, MMNMAELL
2% I A K B bR =9 3a, (HZAPEYIN ee (HIUHN
11%(F 1, Entry 1). 2k 8b MH T FiRRBE, &
NI SIAR B PE 5 P ERAE B 47, BELA 91% 1%
F193% ee A1k 3a(FE 1, Entry 2). Bl ELEL /A 8a i1 8b
M GEH, I I e LA S 1 7 B 85 R 0 2 R E ) AN
SR S EEAER. Bk, K25 R 451 (8b)
NIRRT ZTEELE R (8e), Ay EE RE U B8 4T (1 S A ik 4%
PETEFACR. AT SRIa 85 R, 48 A BRI BT A4
8c I, =W ee (HRIRAI TR, 19 50%(35 1, Entry 3).

Ph

(A)
= \*-Ph
A OAc [Pd(C3H5)Clly/L*
.

1a 2a

A\

N

H
a

Chan, 2007

pe OO
é/\N N SPh
; @ ] ! PPh,

74%, 95% ee 86%, 83% ee

Hoshi & Hagiwara, 2011

Mino, 2013

oy
N
F3C©/ PPh,
8

89%, 80% ee

Chen, 2016

Y,
LI,

Du, 2011

90%, 97% ee

1
Pd(OAc), (10mol%) R i R
T

Du, 2011

SN SO
PPh o/
' 2 PN
NG Q W

Ph

95%, 92% ee

94%, 95% ee
Teng, 2019

Ph.  Ph X
o} > (
PN S—@—Br PhoP "0
o
Cy

95%, 96% ee

Br
H R1 R2 (1R,4S)-N1* (20 or 50 mol%)
+T-Y +
OO K,CO3 (2.5 equiv.)

CH3CN, 105 °C

1 1

1 1

2' 1 I

1 1

O TR I
' CO,Et |

LN

axially chiral 1,2'-biaryls
up to 96%, >99% ee

B 1 AR AL T e 15 AR P 22 2 A I S 5 2 JRAE TR 2 S A/ TR D Py 476 W R i A A 2 1,200 07 ik 42
Scheme 1 Representative chiral hybrid phosphine ligands for Pd-catalyzed allylic alkylation of indoles and synthesis of axially chiral

1,2'-biaryls via Pd/chiral NBE* cooperative catalysis
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B O Pd(OAc), (10 mol%)
Lo (1S,4R)-N1* (50 mol%)
| 2 K2CO3 (2.5 equiv.)
+
* MeCN 105°C, 24 h
4 5 6a: Styrene
6b: MeB(OH), (

4 COZEt

HSICl; (5.0 equw
EtsN (8.0 equiv.)

Toluene, 105°C, 3 h

ARTICLE
Vz\: )Ph, '=\:PPh2
39% ~ 85% yields

97% ~ >99% ee 80% ~ 85% yields

8a
64% (over 2 steps) 62% (over 2 steps)
>99% ee 98% ee
K= 2
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Scheme 2 Two-step modular synthesis of biaryl phosphine-alkene ligands
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PRI E] TR OREE, T H =0 ee 1A T /DU
32 =GR 1, Entries 2 and 4). )5, RIMAEHAEE
K BUPBCAA 8e I, 3a LR A ee #4210 T B (R
1, Entry 5). 255 EM, 2K OM v BO OB R3S 1 A0 ST AR
IR T A A AR .

R1 ECATRIL
Table 1 Screening of ligands

Ph
[Pd(CsH5)Cll; (25 mol%)  =\__pp,

A% S9N AR IR AN . BRIR B lH MU = 2 i, %%
MNIIAGEAR R K AE (3 2, Entries 3~5). (X [ N
5%, RIZKMAE 18 h a4 M 5E4, BA

95%[1) 73 BIHLZEFN 96% ee 152 H A5/~ #)(3 2, Entries 2,
6, 7). BiJG, XMVAFIHEAT T HSE, LA E AT
KEATIER 2 B LI I B FF(3R 2, Entries 7~9). il ik
SIS S HI M B 5, AT T %R B 2k
H: 2.5 mol%[I[Pd(C5sHs)Cl], AL T, 5.0 mol%ft) 8d

K2 RFFKMAMRA
Table 2 Optimization of reaction conditions

Ph
[Pd(C3Hs)Cll, (2.5 mol%) = \—Ph

OAc ] OAc ;
\ L, 8 (5.0 mol%) \ 8d (5.0 mol%)
+ N
@ o Ap, K,CO5 (2.0 equiv.) \ N oy Base (2.0 equiv.) D
H CH,Cl, (0.1 mol/L) ” H Solvent (0.1 mol/L) ”
[o
1a 2a 25°C, 24 h 3a . 2 25°C, th .
Entry Ligand Yield”/% ee/% Entry Base Solvent  Time/h  Yield®/%  ee/%
1 8a 92 11 1 K2CO;  CH2Cl2 24 91 94
2 8b 91 93 2 Cs2COs  CH:CL 24 95 96
3 8¢ 85 50 3 Na,COs CHxCl2 24 Trace Trace
4 8d 91 94 4 Li2COs  CH2Cl2 24 Trace Trace
> 8e & 0 5 EtN  CH.CL 24 Trace  Trace
@ All reactions were carried out with 1a (0.10 mmol), 2a (0.12 mmol), [Pd-
(C3Hs)C1], (0.0025 mmol), 8 (0.005 mmol), K,CO; (0.20 mmol) in CH,Cl, 6 Cs2€0s  CHxCL 12 92 96
(1.0mL) at 25 ‘C for 24 h.” '"H NMR yield with 1,3,5-trimethyoxybenzene as 7 Cs2COs  CH2Cla 18 95 (959 96
an internal standard. ¢ ee value was determined by chiral HPLC analysis. 8 Cs2CO3  Toluene 18 67 91
9 Cs2CO03 THF 18 30 75

Wi T AR TR 5, BT Rx HAb )
SHOGIAT T MBI R (R 2). 1 SRR AN [F AR e
17 7ok, SEga g R U] 08 IR VR B, SR g
5 LL 95% IS 96% ee A 1k H ARF=¥(3K 2, Entry 2).
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4 All reactions were carried out with la (0.10 mmol), 2a (0.12 mmol),
[Pd(C5H5)C1], (0.0025 mmol), 8d (0.005 mmol), base (0.20 mmol) in solvent
(1.0 mL) at 25 “C.°'H NMR yield with 1,3,5-trimethyoxybenzene as an inter-
nal standard. ¢ ee value was determined by chiral HPLC analysis. ¢ Isolated
yield.
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£ 25 CF =M 18 h.
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VR FEAR(85%), (L J52 JoL F o) i 8 1 T3 AR AR 47 (91%
ee). MWk C-5 {7 b HUARIE i b X 12 s L RE AN K, A
ERAHETIHEQGD). FEIEQGe) ARG, L&
WL IR R T (3g), IRBIR G e 7%, DL R 4F MR
R S o ok B RS B H AR B2 R 82%~95%,
88%~94% ee). TEH %L eI RAT AW E -Gl Z )5,
AN FI AR 1,3- 0% 20 TR S B R e AT 1 41 B 040
JiE. GERIM, 1,3- 07 HAm TN BB R 0T M B AR R
A A LT 1 R (B) 8 2 L T I AR T (3K), M
PIReMR A Az, DA S PR AC 2 RO e 36 P8 A RAH
P20 (77 2K 90%~91%, 92%~94% ee). {HIF—HRHIZ,
ZMEA AR RTINS I [FIREIE FH, BB L 86% IS
74% ee AL EIEAG I P 31 3K 3 HETE TN 4
o K R 38038 i 5 L R SCHR T LR eI s 14,

NT IR Z RN S, AT T RO E SR

it
Ph
oA [Pd(ngg,()ngz (2.|05/ ;nol%) = \—Ph
.U Mol
@ * oS ; b
N Ph Ph  Cs,CO; (2.0 equiv.)
H DCM (0.1 moliL) N
[¢]
1a 2a 25°C,18h 3a, 587 mg
(2.0 mmol) (2.4 mmol) 95%, 95% ee

B3 RSk

Scheme 3  Scale-up experiment

95%[HIL RN 95% ee 133 587 mg HAR=4).
2 £

M= B 5 45 1 R e, P AL
Jl, il T SE R R OT S R A AL 1R
PC A2 AR A AR M| R AN o ok A P 68 e i A e 7 mh 2R B
HARAF B EAL TR MUK RIS S RUR, BELARIE 95%H)
R AT 96% A R B 1k B Bl — 2R 871 58 O A 1A 2 |
AL A ).

3 SCIGES

31 E5EHA

¥t %48 Fl Bruker 400 MHz 5% Bruker 600 MHz 1%
BEFERPALACN 5E, PL CDCL NIEF), TMS NN FF; &
43 % (HRMS)f# Fl DIONEX UltiMate 3000 & Bruker
Compact TOF JA GG E. BLARR=P1 ee 1HKH

Scheme 3 Fi7n, HMNAUKZE 2 mmol B, 5%REEHE LA

7

Q|
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H Ar/\)\Ar

xR3 RNV
Table 3 Substrate scope

[Pd(C3Hs)Cl, (2.5 mol%)
8d (5.0 mol%)

Cs,CO3 (2.0 equiv.)
DCM (0.1 mol/L), 25 °C, 18 h

2

Ph__ Ph__ Ph__ Ph__ Ph Ph
Ph Ph Me Ph y Ph =\__pn =\__ph
e
MeO BnO
N\ N—Me N\ N\ A N
N N N N
H H H H N

3a, 95%, 96% ee 3b, 82%, 88% ee

Ph Ph Pha__ A Ar Ph
= \—Ph = \—Ph Ph A A §
B
r N\ N\ A\ A\ N \
N N N Ph
N cl N H H H
H H Ve

39, 82%, 90% ee  3h, 84%, 85% ee

3¢, 85%, 91% ee 3d, 95%, 94% ee

I,
Ar = 4-MeC6H4

3i, 85%, 87% ee 3j, 90%, 94% ee

3e, 94%, 90% ee

N
H

3f, 86%, 88% ee

Iz _

Ar = 4-CICgH,
3k, 91%, 92% ee

31, 86%, 74% ee

@ All reactions were carried out with 1 (0.10 mmol), 2 (0.12 mmol), [Pd(C;Hs)Cl], (0.0025 mmol), 8d (0.005 mmol), Cs»CO; (0.20 mmol) in CH,Cl, (1.0 mL) at
25 °C for 18 h. Isolated yields. ee value was determined by chiral HPLC analysis.
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Agilent 2 7] =y 8B B4 (Agilent 1260, AD-H/IG-H/
OD-H/IA-H FYEAR)MIE, FaAVE R IE bl R N
Fi. AL AW B e BE H Perkin-Elmer 241MC %4 H 3y jiE
A 2.

32 ZWHE

32,1 TR ENSM T B AR

HL T8 10 mL Schlenk 2N, WiaMtERR %
Koy EFEFH, W Fl A AR KNG )5+
T BERE4E(2.3 mg, 0.01 mmol, 10 mol%). BREZH(34.6
mg, 0.25 mmol, 2.5 equiv.). F B UK 17 D)
(1S,4R)-N1" (8.3 mg, 0.05 mmol, 50 mol%). 75 FERiLY)
4 (0.15 mmol, 1.5 equiv.). F5 =R S (0.1 mmol, 1.0
equiv.)s AZM 6a B HEMIEZ 6b (0.15 mmol, 1.5
equiv)MEET ZME(1 mL). ¥R PNE BT S T B,
WG BRI SIRAPIINAE 105 CHidE 24 h. £F MY
dil)E, AAER=ER, AR LIERNEEY, L%
CBEVEML, A IR, R MR N, AR
v Bl = ) £ A 7 B AR 2 H AR =4 7.

(S,E)-[2-(3- F HE-2- 2K 00 7% i )1 % ik — O O AUl
(7a): BEEHLIRYD, 77 83%, ee=99%, Daicel Chiralpak
OD column, V(n-hexane) : V(i-PrOH)=95 © 5, 1 mL/min,
A=250 nm, tr(major)=12.984 min. [a]5 —25.8 (¢ 1.0,
CHCIs); '"H NMR (400 MHz, Chloroform-d) &: 7.90~7.84
(m, 2H), 7.78 (dd, J=11.5, 8.6 Hz, 1H), 7.54~7.45 (m,
4H), 7.44~7.38 (m, 2H), 7.38~7.34 (m, 2H), 7.31~7.26
(m, 5H), 7.15~7.07 (m, 4H), 6.98 (t, J=7.6 Hz, 1H), 6.89
(dd, J=7.6, 1.4 Hz, 1H), 6.84~6.82 (m, 2H), 6.31 (d, J=
16.7 Hz, 1H), 5.97 (d, J=16.7 Hz, 1H), 2.24 (s, 3H); 1*C
NMR (100 MHz, Chloroform-d) ¢: 146.1 (d, J/=8.9 Hz),
137.8, 136.9, 136.5, 135.9, 134.7, 134.1, 133.7, 133.4 (d,
J=11.6 Hz), 133.0, 132.7, 132.2 (d, J=9.5 Hz), 131.5~
131.2 (m), 130.8, 129.6, 128.7 (d, J=11.5 Hz), 128.4,
128.3, 128.2, 128.1 (d, J=3.6 Hz), 128.0 (d, J=2.8 Hz),
127.7, 127.5, 127.3 (d, J=9.5 Hz), 127.0 (d, J=7.0 Hz),
126.2, 126.0, 21.5; 3'P NMR (243 MHz, Chloroform-d) J:
28.5; HRMS (ESI-TOF) calcd for C37H,0NaOP [M+Na']
543.1848, found 543.1852.

(S,E)-[2-(2-7K £ 25 58) 25 5 — R B Bk (Tb): £R
R, 723 85%. [a —10.8 (¢ 1.0, CHCL); 'H
NMR (400 MHz, Chloroform-d) J: 8.04 (d, J=8.2 Hz,
1H), 7.91~7.87 (m, 2H), 7.83~7.74 (m, 2H), 7.56~7.40
(m, 8H), 7.33~7.32 (m, 2H), 7.31~7.26 (m, 2H), 7.20~
7.09 (m, 8H), 6.97~6.94 (m, 2H), 6.73 (d, J=16.6 Hz,
1H), 6.28 (d, J=16.6 Hz, 1H); '*C NMR (100 MHz,
Chloroform-d) ¢: 145.8 (d, J=8.7 Hz), 137.53, 135.52,

Chin. J. Org. Chem. 2022, 42, 3373~3381
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134.9, 134.7 (d, J=2.1 Hz), 133.9 (d, J=8.4 Hz), 133.8,
133.5 (d, J=5.0 Hz), 133.2 (d, J/=11.6 Hz), 132.8 (d, J=
8.0 Hz), 132.1, 132.0, 131.9, 131.5, 131.4 (d, J=2.9 Hz),
131.3 (d, J/=2.8 Hz), 129.2, 128.7 (d, J/=11.4 Hz), 128.5,
128.3, 128.1 (d, J=9.7 Hz), 128.0 (d, J=9.5 Hz), 127.6
(d, J=3.9 Hz), 127.5 (d, J=3.7 Hz), 127.0, 126.4, 126.3,
126.2, 126.1 (d, J=5.1 Hz), 126.0; *'P NMR (243 MHz,
Chloroform-d) o: 28.3; HRMS (ESI-TOF) calcd for
Ca40H20NaOP [M+Na '] 579.1848, found 579.1842.

(S,E)-[2-(2-K L )ds th )| 28 2 — LS B (Te): KRt
WARY, 773K 81%. [a] —60.9 (¢ 1.0, CHCL;); 'H NMR
(400 MHz, Chloroform-d) ¢: 8.32 (d, J=9.3 Hz, 1H),
8.17~8.15 (m, 2H), 8.04~7.95 (m, 4H), 7.92~7.87 (m,
2H), 7.75 (s, 1H), 7.67 (d, J=8.9 Hz, 1H), 7.52~7.41 (m,
3H), 7.33~7.09 (m, 9H), 7.08~6.90 (m, 7H), 6.50 (d, J=
16.5 Hz, 1H); 3C NMR (100 MHz, Chloroform-d) :
145.5 (d, J=8.7 Hz), 137.6, 135.8, 134.7 (d, J=2.2 Hz),
134.1 (d, J=5.0 Hz), 133.9, 133.6 (d, J=15.4 Hz), 133.3
(d, J=11.6 Hz), 132.6 (d, J/=15.8 Hz), 132.0, 131.9,
131.8, 131.7, 131.6, 131.2, 131.1, 129.4, 129.4, 128.8,
128.6, 128.6, 128.4, 128.3, 128.1 (d, J=4.5 Hz), 127.9,
127.9, 127.8, 127.7, 127.6, 127.5, 127.5, 127.0, 126.5,
126.3, 126.2, 125.6, 125.2, 125.2, 124.9, 124.8; 3'P NMR
(243 MHz, Chloroform-d) o: 28.5; HRMS (ESI-TOF)
caled for CyH;NaOP [M + Na "] 653.2005, found
653.1999.

(S.E)-[2-(2- 7K M K 2%)-3- P B R 3 — RS Sl
(7d): BECTHRYD, 723 85%, ee=98%. Daicel Chiralpak
AD column, V(n-hexane) : V(i-PrOH) = 80 : 20, 1
mL/min, 1=254 nm, fr(major)=9.964 min, fr(minor)=
5.810 min. [a]¥ —27.8 (¢ 1.0, CHCl;); '"H NMR (400
MHz, Chloroform-d) ¢: 8.02 (d, J/=8.4 Hz, 1H), 7.76 (d,
J=38.0 Hz, 1H), 7.56 (dd, J=13.5, 7.7 Hz, 1H), 7.51~
7.36 (m, 8H), 7.35~7.11 (m, 13H), 7.00 (d, J=38.4 Hz,
1H), 6.72 (d, J=16.6 Hz, 1H), 6.46 (d, J=16.7 Hz, 1H),
1.90 (s, 3H); *C NMR (100 MHz, Chloroform-d) J: 145.3
(d, J=9.1 Hz), 138.8 (d, /=9.8 Hz), 137.8, 134.7, 134.5
(d, J=6.8 Hz), 134.0 (d, J/=2.9 Hz), 133.7, 133.6, 132.6,
132.0 (d, J/=9.3 Hz), 131.7 (d, J=9.5 Hz), 131.4~131.2
(m), 130.6, 128.7, 128.4, 128.2, 128.0 (d, J=12.0 Hz),
127.6, 127.3, 127.2, 126.5, 126.4, 126.0, 125.8, 20.5; 3'P
NMR (243 MHz, Chloroform-d) J: 27.5; HRMS (ESI-
TOF) caled for C37Ho0NaOP [M+Na'] 543.1848, found
543.1854.

(S.E)-[2-(2- R 250 | 25 0 — RIS B(Te): A5 (0t

http://sioc-journal.cn/ 3377
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Y, F2E 39%, ee=97%. Daicel Chiralpak AD column,
V(n-hexane) . V(i-PrOH)=90 . 10, 1 mL/min, 1=254
nm, fr(major)=24.057 min, fx(minor)=19.383 min. [a]}
—31.6 (¢ 1.0, CHCl3); 'H NMR (400 MHz, Chloroform-d)
0: 7.99~7.92 (m, 2H), 7.87 (dd, J=11.4, 8.6 Hz, 2H),
7.77~17.72 (m, 1H), 7.59~7.35 (m, 9H), 7.34~7.27 (m,
2H), 7.21~7.25 (m, 4H), 7.15~7.02 (m, 3H), 1.91 (s,
3H); *C NMR (100 MHz, Chloroform-d) J: 146.4, 134.9,
134.0, 133.6, 133.3, 133.1, 132.3, 131.8 (dd, J=11.4, 9.7
Hz), 131.3 (d, J=2.7 Hz), 131.1 (d, J=2.7 Hz), 129.2,
128.8 (dd, J/=11.9, 7.0 Hz), 128.4 (d, /=9.5 Hz), 128.2~
128.02 (m), 127.9 (d, J=3.0 Hz), 127.8, 127.5, 127.4 (d,
J=5.6 Hz), 127.0, 125.9, 125.8, 125.1, 124.5, 16.7; 3'P
NMR (243 MHz, Chloroform-d) ¢: —27.8; HRMS (ESI-
TOF) caled for Cs3sHyPO [M+H'] 469.1715, found
469.1709.

322 BLIK 8 A9A AR

B —FJ8H7 10 mL Schlenk N5, ikt i5k3=
Ky, AR 3 R, BRI RSE P RIK
I\ BB ALY 7 (0.16 mmol, 1.0 equiv.)FlT-1 )
F2EQ mL), BRBARRERE 0 C, SEMAN =L
(113.3 mg, 7.0 equiv.)A =& fE%E(0.8 mmol, 5.0 equiv.).
RGN R NI EPIINIE 105 CHidE 3 h, RpMgh
&, MUKIBREIE 0 C, AR LEE(S mL), B
N B A BRER PA7K B K IR . F IR IR &4t
B uE, O OERVEGRE, TKBERIN TR, Jl
WA, FRAAEE T CaME LR AR, VI V=50
D2 AR~ 8.

(S,E)-[2-(3-H -2 ) R Jk )| 25 5 — 4 B i (8a):
FEEAE, 7% 85%. mp. 74~76 C; [a) —44.1 (c
1.0, CHCl;); '"H NMR (400 MHz, Chloroform-d) J: 7.90~
7.83 (m, 2H), 7.79 (dd, J=11.4, 8.6 Hz, 1H), 7.46~7.49
(m, 5H), 7.44~7.32 (m, 3H), 7.31~7.24 (m, 4H), 7.15~
7.05 (m, 4H), 6.98 (t, J=7.5 Hz, 1H), 6.89 (d, /=7.5 Hz,
1H), 6.86~6.79 (m, 2H), 6.31 (d, J/=16.8 Hz, 1H), 5.96
(d, J=16.7 Hz, 1H), 2.23 (s, 3H); *C NMR (100 MHz,
Chloroform-d) J: 146.0 (d, J=8.8 Hz), 137.8, 136.9, 136.5
(d, J=4.9 Hz), 135.9, 134.7 (d, J=2.2 Hz), 134.2, 133.8,
133.4 (d, J/=11.8 Hz), 133.1, 132.9, 132.8, 132.2 (d, J=
9.6 Hz), 131.9 (d, J/=9.9 Hz), 131.2 (dd, J=7.9, 2.9 Hz),
130.8, 129.6, 128.8 (d, J=11.5 Hz), 128.4, 128.2, 128.0
(d, J/=3.0 Hz), 127.6, 127.5~127.2 (m), 126.9 (d, /=10.9
Hz), 126.1, 126.0, 21.5; 3'P NMR (243 MHz, Chloroform-
d) 0: —13.7, HRMS (ESI-TOF) caled for Cs;;HyoNaP
[M-+Na']527.1899, found 527.1896.
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(S,E)-[2-(2-7K L) %5 35) 25 2k K B Bk (8b): A8
AR, 722 85%. m.p. 83~85 C; ee=98%, Daicel Chi-
ralpak IA column, V(n-hexane) : V(i-PrOH)=98 : 2, 1
mL/min, 4=220 nm, fx(major)=>5.758 min, fr(minor)=
4472 min. [a]¥ —47.4 (¢ 1.0, CHCL); 'H NMR (400
MHz, Chloroform-d) ¢: 7.90~7.83 (m, 2H), 7.79 (dd, J=
11.4, 8.6 Hz, 1H), 7.50~7.57 (m, 5H), 7.44~7.32 (m,
3H), 7.31~7.24 (m, 4H), 7.15~7.05 (m, 4H), 6.98 (t, J=
7.5 Hz, 1H), 6.89 (d, J=7.5 Hz, 1H), 6.86~6.79 (m, 2H),
6.31 (d, J=16.8 Hz, 1H), 5.96 (d, /=16.7 Hz, 1H), 2.23
(s, 3H); 3C NMR (100 MHz, Chloroform-d) 6: 146.0 (d,
J=8.8 Hz), 137.8, 136.908, 136.5 (d, J=4.9 Hz), 135.9,
134.7 (d, J=2.2 Hz), 134.2, 133.8, 133.4 (d, J=11.8 Hz),
133.1, 132.9, 132.8, 132.2 (d, J/=9.6 Hz), 131.9 (d, J=9.9
Hz), 131.2 (dd, J=7.9, 2.9 Hz), 130.8, 129.6, 128.8 (d, J=
11.5 Hz), 1284, 128.2, 128.0 (d, J=3.0 Hz), 127.6,
127.5~127.2 (m), 126.9 (d, J=10.9 Hz), 126.1, 126.0,
21.5; 3P NMR (243 MHz, Chloroform-d) §: — 13.7;
HRMS (ESI-TOF) caled for Cs;HoNaP [M + Na * ]
527.1899, found 527.1896.

(S,E)-[2-Q2-FK L o) | 2 2k R AL (8e): ATl
&, =& 80%. mp. 96~98 C; ee>99%, Daicel
Chiralpak IA column, V(n-hexane) : V(i-PrOH)=98 2, 1
mL/min, 2=360 nm, tz(major)=35.558 min. [a]5} —50.2
(c 1.0, CHCl3); '"H NMR (400 MHz, Chloroform-d) J: 8.60
(d, J=9.3 Hz, 1H), 8.18 (dd, J/=38.8, 7.3 Hz, 2H), 8.12 (d,
J=9.3 Hz, 1H), 8.00 (dd, /=38.3, 6.8 Hz, 2H), 7.87 (d, J=
8.2 Hz, 1H), 7.82 (d, J=8.6 Hz, 1H), 7.75~7.72 (m, 2H),
7.47 (ddd, J=S8.1, 5.8, 2.2 Hz, 1H), 7.34~7.27 (m, 4H),
7.26~7.14 (m, 10H), 7.12~7.07 (m, 6H), 6.73 (d, J=
16.5 Hz, 1H); *C NMR (100 MHz, Chloroform-d) :
146.7 (d, J=33.4 Hz), 138.0 (d, /=13.2 Hz), 137.8, 137.7,
137.6, 136.7 (d, J=8.5 Hz), 136.2, 134.8 (d, J/=10.9 Hz),
134.1 (d, J/=20.2 Hz), 133.6, 133.50, 133.47, 133.3, 133.1
(d, J=7.2 Hz), 131.7, 131.2, 130.1, 129.8, 129.2, 128.59,
128.56, 128.42 (d, J=2.7 Hz), 128.4, 128.1 (d, J=2.5 Hz),
127.7,127.64, 127.61, 127.59, 127.2 (d, J=2.9 Hz), 126.8,
126.59, 126.56, 126.2 (d, J=9.4 Hz), 125.7, 125.3, 125.1
(d, J=7.9 Hz), 125.0; 3'P NMR (243 MHz, Chloroform-d)
0: —13.2; HRMS (ESI-TOF) calcd for C40H30P [M+H']
541.2080, found 541.2070.

(S,E)-[2-(2-78 W 5 2%)-3- F B 2R 0 2R BL B (8d):
FEEAE, 7% 80%. mp. 71~73 C; [a —49.4 (c
1.0, CHClL3); '"H NMR (400 MHz, Chloroform-d) J: 8.28
(dd, J=6.3, 3.5 Hz, 1H), 7.85 (dd, J=6.3, 3.3 Hz, 1H),
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7.63 (d, J=8.3 Hz, 1H), 7.49 (dt, J=6.4, 3.4 Hz, 2H),
7.33~7.04 (m, 15H), 7.02~6.96 (m, 2H), 6.92 (d, J=
16.6 Hz, 1H), 6.61 (d, J=16.6 Hz, 1H), 1.99 (s, 3H); 1*C
NMR (100 MHz, Chloroform-d) ¢: 147.5, 147.2, 137.9~
137.8 (m), 137.7, 137.7, 137.2 (d, J=7.5 Hz), 136.9,
136.8~136.7 (m), 135.0, 134.0 (d, J=6.9 Hz), 133.9,
133.8 (d, J=5.8 Hz), 133.6, 131.9, 131.7, 130.8, 128.6 (d,
J=4.7 Hz), 128.42~128.24 (m), 127.7, 127.6, 126.9,
126.5, 126.1, 125.7 (d, J=2.5 Hz), 20.75 (d, J=2.5 Hz),
3P NMR (243 MHz, Chloroform-d) §: —13.9; HRMS
(ESI-TOF) caled for C3HxNaP [M+Na'] 527.1899,
found 527.1894.

(S,E)-[2-(2- FH RL Z5 ) 25 3 — R Ak Bk (8e): | (1 [#]
i, P2 81%. mp. 79~81 CT; [a® —35.6 (¢ 1.0,
CHCL); 'H NMR (400 MHz, Chloroform-d) J: 8.28 (dd,
J=6.3, 3.5 Hz, 1H), 7.85 (dd, /=6.3, 3.3 Hz, 1H), 7.63 (d,
J=8.3 Hz, 1H), 7.49 (dt, J=6.4, 3.4 Hz, 2H), 7.33~7.04
(m, 15H), 7.02~6.96 (m, 2H), 6.92 (d, J/=16.6 Hz, 1H),
6.61 (d, J=16.6 Hz, 1H), 1.99 (s, 3H); *C NMR (100
MHz, Chloroform-d) J: 147.5, 147.1, 137.8 (dd, J=23.5,
13.1 Hz), 136.2 (d, J=8.3 Hz), 134.4, 134.4, 134.1, 133.9
(d, J/=10.7 Hz), 133.6 (d, J/=2.5 Hz), 133.3, 133.2 (d, J=
2.2 Hz), 132.8, 130.0, 129.2 (d, J=2.9 Hz), 128.8, 128.5
(d, J=5.5 Hz), 128.4, 128.4 (d, J/=4.8 Hz), 128.1, 127.8,
126.9 (d, J=2.8 Hz), 126.8, 126.5, 126.1, 125.7, 124.7,
16.2 (d, J=1.9 Hz); 3>'P NMR (243 MHz, Chloroform-d) J:
—14.1; HRMS (ESI-TOF) caled for C3;HyP [M+H']
453.1766, found 453.1764.
3.2.3  ARARALTIR b b T AL S BR S 69 S AT AR M R A
e AR

BU—TJ4#9 10 mL Schlenk M5, Bt T2k
Koy, HIHER 3 K, B SONESA. RBE RO
AJ[Pd(C3H5)C1]2 (0.9 mg, 0.0025 mmol)~ Atk 8d (2.5 mg,
0.005 mmol, 0.05 equiv.)FIT41 — & FHi(1 mL). ¥
RifR RAEZEIR FHFE 30 min J5, DA EEETTREE 2
(0.12 mmol, 1.2 equiv.), 4kEH5EE 10 min, 35 AN
Wk 1 (0.1 mmol, 1.0 equiv.)FIERFR%(65.2 mg, 0.2 mmol,
2.0 equiv.). RPREEYIEEIR NARSHHE 18 h, 250k
R TR A R V60, 15 B HRL L 2 A ST (A Tk 2
MR CBg, Vo V=20 : DIFEIH b5 3.

(S,E)-1H-3-(1,3- — 2R B Jafs 4 5% ) 5] ok (3a): 8¢ (70 91
Y, F2E 95%, ee=96%, Daicel Chiralpak AD column,
V(n-hexane) : V(i-PrOH)=90 : 10, 1 mL/min, 1=254
nm, fr(major) = 17.268 min, tr(minor) = 15.761 min.
[a]? + 20.6 (¢ 1.0, CHCL); 'H NMR (400 MHz,
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Chloroform-d) 6: 7.95 (brs, 1H), 7.42 (d, J=7.9 Hz, 1H),
7.38~7.13 (m, 12H), 7.02 (t, J=7.5 Hz, 1H), 6.88 (d, J=
2.3 Hz, 1H), 6.72 (dd, J=15.8, 7.4 Hz, 1H), 6.43 (dd, J=
15.8, 1.3 Hz, 1H), 5.11 (d, J=7.3 Hz, 1H); *C NMR (100
MHz, Chloroform-d) o: 143.5, 137.6, 136.8, 132.7, 130.7,
128.6, 128.6, 127.3, 126.9, 126.5, 126.5, 122.7, 122.2,
120.0, 119.6, 118.8, 111.2, 46.3.

(S,E)-1H-2- F F£ -3-(1,3- — < FE 4 74 3£ )15 Wk (3b):
FOHPRY), 7% 82%, ee =88%, Daicel Chiralpak AD
column, V(n-hexane) . V(i-PrOH)=90 . 10, 1 mL/min,
A=254 nm, tr(major)=12.433 min, fr(minor)=13.205
min. [a]} +18.6 (¢ 1.0, CHCl;); 'H NMR (400 MHz,
Chloroform-d) o: 7.81 (brs, 1H), 7.39~7.15 (m, 12H),
7.11~7.06 (m, 1H), 6.97 (t, J/=7.7 Hz, 1H), 6.83 (dd, J=
15.8, 7.2 Hz, 1H), 6.47~6.37 (m, 1H), 5.14 (d, J/=7.2 Hz,
1H), 2.37 (s, 3H); '*C NMR (100 MHz, Chloroform-d) ¢:
143.6, 137.7, 135.5, 132.3, 131.7, 130.7, 128.6, 128.4,
128.4 128.1, 127.2, 126.4, 126.2, 121.1, 119.6, 119.4,
113.0, 110.4, 45.2, 12.6.

(S,E)-1H-3-(1,3- = 2K B I TN 25 )-4- I -] I (3c):
FOHPRY), 7% 85%, ee=91%, Daicel Chiralpak AD
column, V(n-hexane) : V(i-PrOH)=93 . 7, 1 mL/min, A=
254 nm, fr(major)=17.405 min, frR(minor)=15.538 min.
[y + 205 (¢ 1.0, CHCl;); 'H NMR (400 MHz,
Chloroform-d) ¢: 8.00 (s, 1H), 7.41~7.14 (m, 12H), 7.06
(t, J=7.6 Hz, 1H), 6.84 (d, J/=2.5 Hz, 1H), 6.79 (d, J=7.1
Hz, 1H), 6.74 (dd, J=15.9, 6.5 Hz, 1H), 6.23 (dd, J=15.9,
1.5 Hz, 1H), 5.45 (d, J=6.5 Hz, 1H), 2.52 (s, 3H); 1*)C
NMR (100 MHz, Chloroform-d) o: 144.2, 137.7, 134.1,
131.2, 130.9, 129.0, 128.6, 128.5, 127.3, 126.4, 125.7,
123.6,122.4, 121.4,119.2, 109.2, 46.6, 20.5.

(S,E)-1H-3-(1,3- = 7R H& 45 P 2k )-5- H1 Bk - 15] I (3a):
FOHPRY), 7% 95%, ee=94%, Daicel Chiralpak AD
column, V(n-hexane) . V(i-PrOH)=90 : 10, 1 mL/min,
A=254 nm, tr(major)=13.360 min, fr(minor)=12.451
min. [a]} +27.6 (¢ 1.0, CHCl5); 'H NMR (400 MHz,
Chloroform-d) o¢: 7.89 (brs, 1H), 7.40~7.15 (m, 12H),
7.00 (d, J=8.4 Hz, 1H), 6.86 (d, J/=2.0 Hz, 1H), 6.72 (dd,
J=16.0, 7.2 Hz, 1H), 6.42 (d, J=16.0 Hz, 1H), 5.09 (d,
J=172 Hz, 1H), 2.37 (s, 3H); 3C NMR (100 MHz,
Chloroform-d) J: 143.6, 137.7, 135.1, 132.8, 130.6, 128.8,
128.6, 128.6, 128.5, 127.2, 126.5, 123.9, 122.9, 119.5,
118.3, 110.9, 46.2, 21.7.

(S,E)-1H-3-(1,3- 2 HL I P 3k )-5- F A 15[k (Be):
FOHPRY), 7% 94%, ee=90%, Daicel Chiralpak AD

http://sioc-journal.cn/ 3379
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column, V(n-hexane) : V(i-PrOH)=90 : 10, 1 mL/min,
A=254 nm, tr(major)=21.338 min, fr(minor)=17.791
min; [a¢]} +29.2 (¢ 1.0, CHCl;); '"H NMR (400 MHz,
Chloroform-d) ¢: 7.89 (brs, 1H), 7.39~7.16 (m, 11H),
6.81~6.87 (m, 3H), 6.71 (dd, J=15.6, 7.6 Hz, 1H), 6.44
(d, J/=15.6 Hz, 1H), 5.07 (d, J/=7.6 Hz, 1H), 3.71 (s, 3H);
3C NMR (100 MHz, Chloroform-d) J: 153.9, 143.4,
137.6, 132.6, 131.9, 130.7, 128.6, 128.6, 128.6, 127.4,
127.3, 126.5, 126.4, 123.6, 118.5, 112.3, 111.9, 101.9,
55.9,46.4.

(S,E)-1H-3-(1,3- Z R Fe A T4 & )-5-F S 15| W (31):
HOHPIRY), 7% 85%, ee=88%, Daicel Chiralpak AD
column, V(n-hexane) : V(i-PrOH)=90 : 10, 1 mL/min,
A=254 nm, tr(major)=28.234 min, fr(minor)=24.570
min. [a]5 +34.5 (¢ 1.0, CHCl;); '"H NMR (400 MHz,
Chloroform-d) ¢: 7.86 (brs, 1H), 7.42~7.18 (m, 16H),
6.98~6.85 (m, 3H), 6.71 (dd, J=15.8, 7.3 Hz, 1H), 6.44
(d, J/=15.8 Hz, 1H), 5.05 (d, J/=7.3 Hz, 1H), 4.96 (s, 2H);
3C NMR (100 MHz, Chloroform-d) J: 153.1, 143.4,
137.6, 132.6, 132.1, 130.7, 128.6, 128.6, 127.8, 127.7,
127.7, 126.5, 126.4, 123.6, 118.5, 113.1, 111.9, 103.5,
70.9, 46.3.

(S.E)-1H-3-(1,3- IR He by U 55)-5- 1R - 15| e (3g): 3%
IR, 72F 82%, ee=90%, Daicel Chiralpak AD
column, V(n-hexane) : V(i-PrOH)=90 : 10, 1 mL/min,
A=254 nm, tr(major)=14.042 min, fr(minor)=12.496
min; [¢]} +20.9 (¢ 1.0, CHCl;); '"H NMR (400 MHz,
Chloroform-d) ¢: 8.00 (brs, 1H), 7.53 (d, J/=1.2 Hz, 1H),
7.38~7.15 (m, 12H), 6.89 (d, J=2.5 Hz, 1H), 6.67 (dd,
J=16.0, 7.2 Hz, 1H), 6.39 (d, J=15.8 Hz, 1H), 5.04 (d,
J=7.2 Hz, 1H); *C NMR (100 MHz, Chloroform-d) d:
143.0, 137.4, 135.4, 132.2, 131.0, 128.7, 128.5, 128.6,
128.5, 127.4, 126.7, 126.5, 125.2, 124.0, 122.4, 118.6,
112.9, 112.7, 46.0.

(S,E)-1H-3-(1,3- — % B 45 4 55 )-6- 50— 15| Ik (3h):[10)
FEEEAR, 723 84%. m.p. 65~67 C; ee=85%, Daicel
Chiralpak IG column, V(n-hexane) . V(i-PrOH)=92 : §, 1
mL/min, A=220 nm, tr(major)=13.492 min, fr(minor)=
14.241 min. [«]? +31.6 (¢ 1.0, CHCl;); 'H NMR (400
MHz, Chloroform-d) ¢: 8.00 (brs, 1H),7.40~7.16 (m,
12H), 6.98 (dd, J=1.8, 8.5 Hz, 1H), 6.88 (d, J=1.5 Hz,
1H), 6.69 (dd, J=7.4, 15.8 Hz, 1H), 6.42 (d, J=15.9 Hz,
1H), 5.09 (d, J=7.4 Hz, 1H); 3C NMR (100 MHz,
Chloroform-d) ¢: 143.1, 137.5, 137.2, 132.2, 130.9, 128.7,
128.6, 128.6, 128.2, 127.4, 126.7, 126.5, 125.6, 123.4,
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120.9,120.4, 119.1, 111.2, 46.2.

(S,E)-1H-3-(1,3- 28 45 P 4% )-7- F 2 — 1] Wik (3i):
FOHIRY), 7% 85%, ee=87%, Daicel Chiralpak AD
column, V(n-hexane) . V(i-PrOH)=90 . 10, 1 mL/min,
A=220 nm, tr(major)=18.104 min, fr(minor)=19.300
min. [a]3 +32.2 (¢ 1.0, CHCl3); 'H NMR (400 MHz,
Chloroform-d) ¢: 7.92 (brs, 1H), 7.47~7.07 (m, 12H),
7.04~6.97 (m, 2H), 6.92 (d, J/=1.6 Hz, 1H), 6.73 (d, J=
15.6, 7.2 Hz, 1H), 6.44 (d, J=15.6 Hz, 1H), 5.11 (d, J=
7.2 Hz, 1H), 2.48 (s, 3H); '*C NMR (100 MHz, Chloro-
form-d) d: 143.6, 137.7, 136.4, 132.7, 130.7, 128.7, 128.6,
128.5, 127.3, 126.5, 126.5, 122.8, 122.4, 120.4, 119.9,
119.4, 117.8, 46.4, 16.8.

(S,E)-1H-3-(1,3- (4~ F B 2R B8 )M 7 22— e (3 ): L€
FOE K, 7 90%. mp. 51~53 C; ee=94%, Daicel
Chiralpak AD column, V(n-hexane) . V(i-PrOH)=90 : 10,
I mL/min, 4 = 254 nm, fr(major) = 14.791 min,
tr(minor)=16.933 min. [a]y +27.2 (¢ 1.0, CHCL); 'H
NMR (400 MHz, Chloroform-d) ¢: 7.89 (brs, 1H), 7.42 (d,
J=8.0 Hz, 1H), 7.28 (d, /=8.0 Hz, 1H), 7.23~7.20 (m,
9H), 7.08 (dd, J=7.6, 7.2 Hz, 1H), 6.85 (d, J=1.6 Hz,
1H), 6.64 (dd, J=15.6, 7.2 Hz, 1H), 6.39 (d, J=15.6 Hz,
1H), 5.05 (d, J=7.2 Hz, 1H), 2.31 (s, 3H), 2.30 (s, 3H);
BC NMR (100 MHz, Chloroform-d) &: 140.6, 137.0,
136.8, 135.9, 134.9, 131.9, 130.3, 129.3, 129.2, 128.5,
127.0, 126.3, 122.7, 122.1, 120.1, 119.5, 119.1, 111.2,
45.9,21.3,21.2.

(S,E)-1H-3-(1,3- —(4- 5K 50)) s P =15 B (3K): 3%
EHRY, 72 91%, ee=92%, Daicel Chiralpak AD
column, V(n-hexane) . V(i-PrOH)=90 . 10, 1 mL/min,
A=220 nm, tr(major)=19.222 min, fr(minor)=20.476
min. [a]} +36.1 (¢ 1.0, CHCl5); 'H NMR (400 MHz,
Chloroform-d) ¢: 7.97 (brs, 1H), 7.35 (t, J=8.7 Hz, 2H),
7.29~7.14 (m, 9H), 7.03 (t, J=7.5 Hz, 1H), 6.87 (d, J=
2.3 Hz, 1H), 6.64 (dd, J=15.8, 7.2 Hz, 1H), 6.34 (dd, J=
15.8, 1.3 Hz, 1H), 5.07 (d, J=7.2 Hz, 1H); *C NMR (100
MHz, Chloroform-d) o: 141.7, 136.8, 135.9, 133.0, 132.7,
132.3, 130.0, 129.9, 128.8, 128.7, 127.7, 126.6, 122.7,
122.4,119.8,119.7, 118.1, 111.4, 45.6.

HHBh# RL(Supporting Information) HErtb &1 'H
NMR. *C NMR PA K& HPLC K3k, ax£eppil ] DL G 2k A
A F] WX 3k (http://sioc-journal.cn/) b R %7,
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