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Anthracene Photodimer-Derived Chiral Monophosphine Ligands:
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Application in Asymmetric Allylic Amination
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Abstract Anthracene photodimer has a prochiral skeleton, which can be employed as the core structure to construct new
chiral ligands. In previous works, the monophosphine ligands derived from optically active anthracene photodimer were
prepared through resolution using high performance liquid chromatography, which became a bottleneck for the synthetic scale
and cost control. Herein, an inexpensive and operationally friendly route for these ligands is reported, based on chemical
resolution. The route features the use of a proline-derived chiral auxiliary that facilitate successful chemical resolution of
l-amino substituted anthracene photodimer. From the resulting optically pure enantiomers, divergent syntheses of a series of
anthracene photodimer-derived monophosphine ligands have been achieved. Prepared from the above route, the chiral
monophosphine ligand (Sa.,5p)-L1 has been applied to palladium-catalyzed asymmetric allylic amination reactions, which is
suitable for a wide range of aniline-type nucleophiles with high yield and enantioselectivity.
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AT FE LA IR I 2 BR AT AR R TR 5, A Th sk
BT X - EEBUR I B AR 2270, Prorid 72
R T — R EAE E AT AL, HAh Al D BRI v B 2
e, Ty TIOR, IR TS B4R A, PTSEEl—
B 8 S U1 o 2% PR P o) e S A 4. TR 211 99%
ee [E G40 1- 25 BOG R Mz O Ak, K
BT b 1) 2% 22 P T 1tk SR B TC A, AT KR T A4 & 1
PR 1) 28CR AN FH 4 (Scheme  1a). 7EMEFERE B, SR T
ROt L BRARAT AR 1 T 1 R TC AR B TR A A AN KRR
I A J A B B, G A A TC AR (Sa,Sp)-L1 1 S 87 25 A
JEIIL T L5 () RN P2 2 F S B i 6 M4 (Scheme 1D).
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(b) Palladium-catalyzed asymmetric allylic amination reaction
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Scheme 1 (a) Preparation of enantioenriched monophosphine ligands derived from anthracene photodimer through chemical resolution;
(b) Application of the monophosphine ligand in palladium-catalyzed asymmetric allylic amination reaction

Chin. J. Org. Chem. 2025, 45,2208~2221 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 2209



AL
NH, O NH,
OOO an’(')\lng O‘O mother liquor recovery
2 o Boc Boc
75% yield 1 (0.15 $/g) H2N
7 Boc 0
HOJ{L} HN*Q "4 n-BuOH
FBUCOCl recrystal. 125 <
NEt3 “ ‘ NaOt Bu
CH,Cl, OOO 96% yleld
25°C (53 hv 38% y|eld 98% de 76% yleId 99% de
97% yleld >320 nm FCC
toluene e} Boc o Boc
o N N
Soo MR s I o G I
| n-Bu
\"4 ‘v 125°C \V
i ‘ recrystal. i NaOt Bu i ‘
(Ry,S)-4 (Rp:S)- 4 (R,)-5
31% yield, 80% de 49% yield, 99% de 97% yield
mother liquor recovery
ER 2 - EERRI RO R R
Scheme 2 Chemical resolution of 1-amino-substituted anthracene photodimer
18.7 min o e FL R 5 B A S R T NAS [F] 5 B RE A, AT 4331
N VBT B AR (S, Sp)-L1 FH(S,,Sp)-L2. BEAh, & i)
N2’ HU(Sp)-6 AT B AT 4 p A8 4 DL A IR A 5N I
S8 N, AT BB LA (S,)-L3 FI(S,)-L4. 7EIX T4 4k
R AR, RO RARN TR B e i R FE, & ) B
U o g BRI ee EIIEH] 99%.
' NHJ IR T BRI (1B OB % 2R FH RN 22 191
RARBIEBRATEDNEN TG, BB #anZ.O
Ak 5 AR — BT, #AERAE. dhiadk 5 g
R 2 AT AR AN 2 S T IR AR B T 1 B Al AT
; e, SINEA, BIAREE 5 TATAE R TG e, AT b
10 15 20 25 30

Bl 1 HPLC VEMEYF 575 (Sp,5)-4 FI(Rp,S)-4 1] de {d
Figure 1 de values of (Sp,S)-4 and (R),S)-4 after resolution de-
termined by HPLC method
HPLC condition: OD-H column, n-hexane/i-PrOH (V/V=97/3) as the
mobile phase, flow rate=1.0 mL/min.
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Scheme 3 Divergent synthesis of chiral monophosphine ligands derived from anthracene photodimer
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Table 1 Evaluation of the chiral ligands

PhNH,

[Pd(13-C3H5)Cll, (1.0 mol%)
ligand (2.4 mol%) NHPh
KOAc (2.0 equiv.) A
DME, 25 °C, 16 h
11aa

\ \ Cy,R Ph,R
Cy,P PhoP 2
‘ﬁv’ ‘ﬁv’ \v’ \v’ PPh,
PPh,
(7 ™ 7 7™ (7™ OO
(SaSp)-L1 (Sa Sp)-L2 (SprL3 (Sp)-L4 (S)-L5
> 98% conv. 8% conv. <5% conv. << 5% conv. 82% conv.
98% yield, 94% ee 7% yield, 46% ee < 2% yield < 2% yield 79% yield, -80% ee
Standard condition
L 5 I
3 3 9 " el
-Bu
NHHN PPh, N—/ MeO OMe e
PPh, PhyP 29 O
(R,R)-L6 (S)-L.7 (S)-L8 (R,Sp)-L9
11% conv. > 98% conv. 5% conv. 25% conv.

11% yield, -13% ee

95% vyield, 92% ee

5% vyield, 9% ee 23% yield, 58% ee

“4Reaction conditions unless specified otherwise: 9a (0.1 mmol), 10a (0.2 mmol), [Pd(53-C3Hs)Cl], (1.0 mol%), ligand (2.4 mol%), and KOAc (2 equiv.) in solvent at
25 °C for 16 h under an nitrogen atmosphere. The conversions and yields were determined by 'H NMR analysis of the crude reaction mixture using
1,3,5-trimethoxybenzene as an internal standard. The ee values of 11aa were determined by HPLC analysis on a chiral stationary phase.
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AN I VA B e A s B H SR IR B L e A AR Y
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[PIARE 2% A

TERfE T AR SRR 2 At fa, 3 — DR E T LA
HIEATAEYNE N R BRI RPVEE (R 2). — &
FAS [R] L T AN AS [R] UARA B 1 2K i 3 o] sy 1
SR R, ARSI HUAR F R (11ab) B K A7 LA 5
PR3 (11 ac) [ 12 5 A AR R 250 T 15 380400 75 1 7= S R0t ke
WM. AR TR, A EE0ad). LEEE R
(1ae) U B AL, ROV = 28 AT, {H 6 Bk £
ARG, X T IR PE 8 p HUAREE, RGN E A 20
B (11af), SN REA R0HEAT, $E0t 88% 7 F A 94% ee;
T 24 XA I (11ag), SEG YRk EE —
TEFEE TR (82% ee). # TR T — KA HETHUR
BRI RY), B (11ah). =% Fi1ai). =
A IEa)) - FUE1ak) UK A (a) i A T ik
R, B2 A NI R RN WL M. 2 IRk
DR ¥ 15 8%, i — P E T B R e
B, BanZ 05 i 3-g Lt ne(Mam)4s H T 76%7= F Al
93% ee. - KIF[b,dRIE-1-fE(11an) H T 97%77 K H
93% ee, G —HME, —HWFRIANEES
40 CA ReIl B8 m A, X 1 58 K2 R A BH ) B
W58, M 1-E 2 a0) M 1-F I E (11ap) I feis
B 15y 7 2GS I BV 1 P )

B RIRER TARRERIRA. 4 1,3- 2K MmN
B TR T8 () PR i 2R A% A A B R (11ba) (R HE A
(11ca). [AIf7 AL (11da) 5545 W1 BRI, OB 345 HT
TR BRI B Bk Y. TR (11 ea) 1)
JEY), FBERTHRNIREE 40 CULRE R IE R, i
KNI LL 89% = H A 83% ee FRAGH; T IEAH &
EARZE (11 £2) 1) 572 B AR o] DATEARHE 26 AF T 1) & kAT,
K 89% 77 A 93% ee [FI72H). K425 HER T 10U 2
SN E RPN 1-Z5E 0 (11ga), S X ik ¢
PR T —EHETHO9T% ee); K WUMNIZRIE B 45k 4 PR IEE
Wyif (11ha), SN FEIFEG R, GEBS LA 94%7= 1 88% ee
RAZF=H).
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LR EPTR, ASCHGE 7T R KL
P ] 26 JEOE SR AART AR 0 T S R A B B — A%
2. A BB ARG B 2 THRAE, SR TN E S5
AR TR RO AR — i3k e ROBAR (3 0 26 1F IR R,
PANEE S e R R W NI ARSI VAEEE i Sl ]
TSk AR b, SR ROE ZRARATAER F %
BRI A R Th SIE B T R I S A T FR) A ok Y 2
A SRE, BAT T (SR AV B AT R X R . RO,
PR HE— 2D e J X s 0 T PR AR B 9 S AR A X
PRI S HH AR L.

3 SIERSY
31 B 5EHHA

LR LL CDCL 7 ¥ 77, {8 H Bruker 600
M 5 400 M AZREFEARACINR, b 2200 8% DL DY F SRR N
WHR; &0 HE  28E 158 F Bruker Daltonics Apex IV &
WAL (ESDEL AB Sciex MALDI-TOF/TOF 5800 Jii i {%
(MALDD)#A7T K4, FEHPLC 2 #Hr i ] 5E LC-20AD
R4 M B FRLE Vis-Ref JEJ6H (L >320
nm fEERDF 300 W AT (FFESE, PLS-SXE300UV)
L.

BRAA U, BT SO ILE U AUR T )
PR AT, JRSVE R AR . & ke, LRk
FH 2K 75125385 Innovative Technology PURE SOLV &5
alith R AT 0. e TR RIS N T IR E
PR 1203 B(2) 4% R SR v 2508,

32 ZLWHE
3.2.1 ALe4(S)-3 894

A, B & H B0 mL)IIAEI44 N-Boc-
L-fl&2(6.70 g, 31 mmol, 1.5 equiv.)f¥) 200 mL 7H%
o CEARERAEIE 0 °C, RO R IS R
TTHE@4.20 g, 31 mmol, 1.5 equiv.)fl EtN (3.10 g, 31
mmol, 1.5 equiv.), ZR)57E 0 ‘C FHi#E 20 min. [l 541k
A2 (4.00 g, 21 mmol, 1.0 equiv.) A BifE R, IF
TEZER R 10 h. RFSERUS, HREGMH &
FGeReRE, PRI R ST TR S AL B R e .
STEANAE, A @ R RER =R BEHEL
AHFHTCKBR RN T 15 IR 08, D B 22A 570, Frfs 20 m)
[ A P A T Bk E 45 5, 7581 7.82 g B EAR(S)-3, e
97%. m.p. 227~228 ‘C; [a]y+52.1 (¢ 0.67, CH,Cly); 'H
NMR (400 MHz, CDCls) d: 10.11 (s, 1H), 8.75 (s, 1H),
8.43 (s, 1H), 8.29 (s, 1H), 8.11~7.95 (m, 2H), 7.85~7.75
(m, 1H), 7.54~7.41 (m, 3H), 4.71 (s, 1H), 3.54~3.34 (m,
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R2 JRYNEE <
Table 2 Substrate scope

OAc NH, HN lg
Standard condition @ X @
+
9

10 1"
0.2 mmol

BoWe
NNNNN

11aa 11ab 11ac
98% yield, 94% ee 97% yield, 92% ee 97% yield, 92% ee

i—Pr

11ad 11ae
88% yield, 89% ee 97% yield, 78% ee

o oy
mmmmm

11af 11ag 11ah 11ai®
88% yield, 94% ee 85% yield, 82% ee 93% yield, 94% ee

Ph F
\

11aj
85% yield, 94% ee 91% yield, 94% ee

L AL o HN$
saas]e

11ak? 11al®

11am® 11an® 11a0

98% yield, 94% ee 94% yield, 95% ee 76% yield, 93% ee 97% yield, 93% ee 99% yield, 94% ee

HN

Be Be Be
SAas

11ap 11ba

11ca 11da
92% yield, 88% ee 88% yield, 86% ee 92% yield, 84% ee 71% yield, 91% ee

i DA g
\HN \HN O NH ‘ HN
o0, O, oYY oo

S

11ea® 11fa 11ga 11ha
89% vyield, 83% ee 89% yield, 93% ee 86% vyield, 97% ee 94% vyield, 88% ee

“Standard conditions: 9 (0.2 mmol), 10 (0.4 mmol), [Pd(5*-C3Hs)Cl], (1.0 mol%), (S,,S,)-L1 (2.4 mol%), and KOAc (2.0 equiv.) in 1,2-dimethoxyethane

(1.0 mL) were stirred at 25 ‘C for 16 h under nitrogen atmosphere. Isolated yields of 11 were given. The ee values were determined by HPLC analysis on a
chiral stationary phase. ® The reactions were conducted at 40 ‘C for 24 h under otherwise identical conditions.
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2H), 2.71 (s, 1H), 2.17~1.90 (m, 3H), 1.57 (s, 9H); *C
NMR (151 MHz, CDCL) d: 170.2, 156.9, 133.2, 132.0,
131.5, 131.4, 128.4, 127.8, 126.9, 125.6, 125.4, 125.1,
125.0, 124.7, 119.6, 116.7, 81.0, 60.7, 47.3, 28.5, 27.1,
24.7. HRMS calcd for Ca4HN203 [M]" 390.1938, found
390.1926.

322 E(S,,S)-4 F=(R,,S)-4 4946 A%,

EFEMHF, FREO.1 g, 51 mmol, 10 equiv.). &
Y1(S)-3 (2.00 g, 5.1 mmol, 1.0 equiv.)FITE 7K H ZE(300
mL)IR NN B JEEER IR 4EZR P170006D)H. 75
Mas, KRB F BRI, T RS = R
P24 h, JNTERUR, (Sp.S)-4 FI(R,,S)-4 I LA 22 L K%
JLIRKGIN R 62 & 38. M e My i AR AT I R, A
LR CBRYEs. ERUE N RREVE A, IF Hisa i ok
Tk [ 4 I EE(PE)/CH,CL, V2 V=10 : 1]4litk, 45115
F(Sp,S)-4 (1.11 g, F=3 38%, 98% de)FI(R,,S)-4 (893 mg,
I35 31%, 80% de). Ht—0 H LR L.BEX(S,S)-4 AT &
ghin, 1R BRAEE) B R 839 mg, FEE 76%, 99%
de; Fi B8 LBEXT(R,,S)-4 34T HE 45 5, 152X mealiff A
B E R 437 mg, F2E 49%, 99% de. WWHERERH T HH
P or.

(Sp,S)-4: HEEM. & HAE 200 CFORFFRE AR
&, HE4+4EEFEOMW; (o] —36.0 (¢ 0.5,
CH.Cly); 'H NMR (600 MHz, CDCly) d: 9.41 (s, 1H),
7.56~7.40 (m, 1H), 7.22~7.12 (m, 1H), 6.93~6.89 (m,
3H), 6.89~6.86 (m, 1H), 6.85~6.76 (m, 8H), 6.75~6.70
(m, 1H), 4.87~4.72 (m, 1H), 4.69~4.60 (m, 2H), 4.55~
4.49 (m, 2H), 3.56~3.33 (m, 2H), 2.74~2.57 (m, 1H),
2.06~1.86 (m, 3H), 1.76 (s, 9H); 3C NMR (151 MHz,
CDCLy) d: 169.2, 157.3, 144.3, 143.5, 143.4, 143.3, 143.2,
142.6, 134.2, 133.6, 127.1, 127.04, 127.02, 126.99, 126.9,
126.8, 126.0, 125.8, 125.7, 125.64, 125.57, 125.5, 125.4,
125.3, 123.1, 119.6, 80.9, 60.7, 53.7, 53.6, 52.2, 47.6, 47.5,
28.9, 26.9, 24.7. HRMS calcd for CisH3sNaNaO; [M+
Na]" 591.2618, found 591.2595. HPLC [Chiralpak OD-H,
V(n-hexane)/V(i-PrOH) =97/3, i =1.0 mL/min, 1=
254 nm]: tx=13.68 min (major), 18.35 min (minor).

(Rp,S)-4: FIEEAE. I mAE 200 °C R LRFFE AOR
A, [HFEFE [44SR E B [al)y —40.5 (¢ 1.0,
CH,Cly); 'H NMR (600 MHz, CDCl) d: 9.08 (s, 1H),
7.38~7.23 (m, 1H), 7.04~6.86 (m, 6H), 6.84~6.71 (m,
8H), 4.92~4.71 (m, 1H), 4.68~4.48 (m, 4H), 3.65~3.34
(m, 2H), 2.60 (s, 1H), 2.09~1.83 (m, 3H), 1.77~1.59 (s,
9H); 3C NMR (151 MHz, CDCl3) §: 169.5, 157.2, 144.3,
143.5, 143.32, 143.27, 143.2, 142.4, 134.8, 133.7, 127.3,
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127.2, 127.05, 127.01, 126.9, 126.85, 126.80, 125.9,
125.74, 125.66, 125.6, 125.53, 125.47, 125.4, 123.8, 120.7,
81.0, 60.7, 53.6, 53.5, 52.3, 47.7, 47.3, 28.8, 27.2, 24.7.
HRMS caled for CisH3sN,NaO; [M+Na]® 591.2618,
found 591.2590. HPLC [Chiralpak OD-H, V{(n-hexane)/
V(i-PrOH)=97/3, #iii#=1.0 mL/min, 1=254 nm]: tr=
13.81 min (minor), 18.75 min (major).
323  AH(S,)-5 49E R

P4 (Sp,S)-4 (1.00 g, 1.8 mmol, 1.0 equiv.)F! NaOz-Bu
(3.45 g, 35 mmol, 20.0 equiv.) I 2 1E T FE/— F 3 IR
(80 mL/5 mL)H, KRZEIE 24 h. AEAEFIRE, E
BrZ, H SRR, MishRuEsk. 2 S A VA,
&R ZEBUKAE =R, MR & s s i & IR
AU, oK TR IE L I8, BURRR £ 7, s
BIFR[E A FH A Tk E 45 i, 1921 626 mg 3 L [E4(S,)-5,
FEE 96%. [a]5+36.5 (¢ 0.2, CH,CL); 'H NMR (600
MHz, CDCl3) J: 7.08 (dd, J=5.4, 3.2 Hz, 1H), 6.96 (dd,
J=5.5, 3.1 Hz, 1H), 6.92~6.88 (m, 4H), 6.86~6.84 (m,
2H), 6.82~6.79 (m, 4H), 6.64 (dd, J=7.6, 7.6 Hz, 1H),
6.47 (d, J=7.2 Hz, 1H), 6.21 (dd, J=7.9, 1.1 Hz, 1H),
4.56 (s, 2H), 4.53~4.47 (m, 2H), 3.55 (s, 2H); 3C NMR
(151 MHz, CDCls) §: 146.7, 143.5, 143.1, 143.0, 142.8,
142.6, 141.8, 137.3, 127.9, 127.5, 127.4, 127.09, 127.06,
127.02, 126.97, 126.95, 126.4, 126.1, 126.0, 125.9, 125.7,
125.6, 125.5, 120.1, 53.7, 53.4, 52.4, 47.9. HRMS calcd
for CasHaoN [M+H]" 372.1747, found 372.1739.
324 A H(R,)-5 6946

4 (Rp,S)-4 (0.200 g, 0.35 mmol, 1.0 equiv.)
NaO#-Bu (689 mg, 7.0 mmol, 20 equiv.)JIAF1E T %/
FRELAN(32 mL/2 mL)H, RMZ[EE 24 h, BEIZRER
J&, URERR AN, SRR, MEEREE. o
EAENAE, SR BUKAE =R, MRS AR TR
VEEAIFRA VA, KRR TERIELIE. Wk E
V), B4R 2 ] 4 FH A Ik E 45 4, 19310 129 mg Bt
WA, 73 97%. M RAEEHE 5 (S,)-5 AHE.
32,5 AAH(S,)-6 4945

TEZSH, ¥ (Sp)-5 (579 mg, 1.6 mmol, 1.0 equiv.)-
NaNO; (538 mg, 7.8 mmol, 5.0 equiv.). BrCCl; (619 mg,
3.1 mmol, 2.0 equiv.)F1 =& H %¢/7K (4.6 mL/4.6 mL)#KIX
IINE] 40 mL BEFSHAF, 7625 CTHHH: S min. BfE—
U VKES#R(1.8 mL, 32 mmol, 20 equiv.), =¥ Rt
4 h. B NIREYH SR iR, - SA N, H
TRRGEERUKA =R, A IERA VU A oK ER N T
Y53 U1 BR - e A% S I S 7/B 1 DU B AR TP S
(PE/CH,CL/EtOAc, V/VIV=20/2/1)4ifk, 135|473 mg &
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i, 725 70%. [alh+14.9 (c 1.5, CHCl); 'H NMR
(600 MHz, CDCl3) &: 7.20~7.14 (m, 1H), 7.01 (dd, J=
8.0, 1.1 Hz, 1H), 6.97~6.89 (m, 5H), 6.88~6.81 (m, 7H),
6.66 (t, J=7.6 Hz, 1H), 5.05 (d, J=11.2 Hz, 1H), 4.59 (d,
J=11.2 Hz, 1H), 4.56~4.50 (m, 2H). FAEEIE 5 CHRAH
[i]teal,
3.2.6 WEH(S,)-T 494 A

HEFE/HYF, H(©Sy)-6 (229 mg, 0.53 mmol, 1.0
equiv.). Bjpin, (401 mg, 1.6 mmol, 3.0 equiv.). Pd(OAc),
(12 mg, 0.053 mmol, 0.10 equiv.). S-Phos (45 mg, 0.11
mmol, 0.20 equiv.). Ks3POs (394 mg, 1.86 mmol, 3.5
equiv.)fl 1,4- S NIR(7 mLYKIKININF] 40 mL B H5
LR E T, BHTFEM, /£85 CTIHii 24 h Kk
JSL0E I P AT DR I F SR LR ek, R 2V
Ji, K= R R A 2 (PE/CHLCL/EtOACc, V/V/
V=20/2/1)4l4k, Pt 2 0 [ 44 FH o 1k 25 0, 49 3
161 mg FMFEMKS)-7, 7E 63%. [a]h+4.6 (c 1.2,
CH,ClL); 'H NMR (400 MHz, CDCLy) §: 7.31 (d, J=7.4
Hz, 1H), 7.02~6.95 (m, 2H), 6.93~6.89 (m, 4H), 6.88~
6.84 (m, 1H), 6.82~6.74 (m, 7H), 5.45 (d, J=11.2 Hz,
1H), 4.57 (d, J=11.2 Hz, 1H), 4.55~4.50 (m, 2H), 1.44
(s, 12H). FRALEHE 5 SCERAH [F]eb),
3.2.7 AAH(S.,Sp)-8 894 A

EFEHF, HSy)-7 (129 mg, 0.27 mmol, 1.0
equiv.)~ Pd(OAc), (6.1 mg, 0.027 mmol, 0.10 equiv.)- 1,1'-
(R HE ) — % Bk (dppf) (15 mg, 0.027 mmol, 0.10
equiv.)~ K,CO; (168 mg, 1.2 mmol, 4.5 equiv.). Ag,O (149
mg, 0.54 mmol, 2.0 equiv.)F1FZK(S mL)KIKIIAZE] 40
mL BFEH. 1 EET, BHFEM. BidERSE AR
NN 1,2- 727K (189 mg, 0.80 mmol, 3.0 equiv.)Fll
B S 277K (0.5 mL). MNAE 85 C Tk 24 h, Bl
Ji 88 3o e P A A E O R R TRk, DRUE R 2
A, R =3 3 e A £ 185 75 (PE/CHLCLy/EtOAc, V/V/
V=150/4/1)4fitk, 153 130 mg HEEAEZH)(S..S,)-8,
22 94%. [a]h 4-150.1 (¢ 0.87, CH2CL); 'H NMR (600
MHz, CDCl3) d: 7.71 (dd, J=7.8, 1.2 Hz, 1H), 7.52 (dd,
J=7.2,72 Hz, 1H), 7.33 (td, J=7.8, 1.2 Hz, 1H), 7.26~
7.23 (m, 1H), 7.03~6.98 (m, 2H), 6.95~6.86 (m, 7H),
6.84~6.74 (m, 5H), 6.61 (dd, J=7.8, 1.8 Hz, 1H), 4.64 (d,
J=11.4 Hz, 1H), 4.57 (d, J=11.2 Hz, 1H), 441 (d, J=
11.2 Hz, 1H), 4.15 (d, J=11.4 Hz, 1H). #EHHE 5 ik
FHTFICLL,
3.2.8 E(S.,Sy)-L1 498 A%

HEFERT, ¥(S.S,)-8 (265 mg, 0.52 mmol, 1.0
equiv.) FTE/K ZEF(14 mLYIK A E] 100 mL [FJE B
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ORI RS, RERETFEM. 7£ 0 T
n-BuLi (2.5 mol/L in n-hexane, 0.26 mL, 1.25 equiv.)Z% 12
TINGEfirR . HREE 0 CHidk 1 h, SRJ5/E0 CF
# PCy,Cl (242 mg, 2.0 equiv., ¥ T 2 mL ZFkH)Z%12 0
N, BRBREAMIE 0 CRAEEE 1 h, RIETE
25 C R 14 ho KB KIS, =52 BUKAHE
=R EIFENM, TCKERERN TR I8, BRI
Jei, KL= I8 i AT € 7 (PE/CHLCL/EtOAC VIV
/V="50/4/1~20/4/1,) 264k, Fr 45 2 ¥ [ 44 B A kg —
W EA AR 179 mg A EEEFEY(S,S,)-L1, 75F
55%. [a]5+180.0 (¢ 0.2, CH:CL); 'H NMR (400 MHz,
CDCl;) d: 7.61 (d, J=7.8 Hz, 1H), 7.58~7.50 (m, 2H),
7.46 (dd, J=72, 7.2 Hz, 1H), 7.17 (d, J=6.4 Hz, 1H),
7.05~6.96 (m, 2H), 6.95~6.80 (m, 6H), 6.78~6.71 (m,
3H), 6.71~6.56 (m, 3H), 4.62 (d, J=11.2 Hz, 1H), 4.55
(d, J=11.0 Hz, 1H), 4.31 (s, 2H), 1.71~1.42 (m, 10H),
1.39~1.19 (m, 2H), 1.19~0.79 (m, 9H), 0.75~0.63 (m,
1H). RAEHHE 5 SCRAR R0,

(S2,5p)-L1 23t H,0, b fa, A H B e A M s it
HPLC Jll %€ ee fH. HPLC %¢ {4 [Chiralpak AD-H,
V(n-hexane)/V(i-PrOH)=90/10, #iti£=1.0 mL/min, A=
254 nm]: tg=15.93 min (major), 7.89 min (minor).

3.2.9 LA H(S.,S,)-L2 895 A&

EFEHYP, K (S,Sy)-8 (110 mg, 0.22 mmol, 1.0
equiv.)FIJE7K Z K6 mL) KK I E] 50 mL [F e .
WRAB R EESE, REBREFEM. /£ 0 CTH
n-BuLi (2.5 mol/L in n-hexane, 0.11 mL, 1.25 equiv.)Z% 12
TINGEfR . HREPIE 0 CHiikk 1 h, SRIE/E0 CF
# PPhyCl (97.1 mg, 2.0 equiv., ¥ T 2 mL Z k)220 i
AN, BRBREAE 0 CRAEFEE 1 h, RIETE
25 C R 14 ho KB KIS, =52 BUKAHE
=R EIFENM, TCKEREREN TR I8, BRI
Jei, KA iE I R AR A €8 2 (PE/CHLCL/EtOAC, VIV/
V=>50/4/1~20/4/1)264k,, Firee 30 iy [ 44 B A itk it — 2
B MIFE] 71 mg A EFEIE=Y)(S.,Sp)-L2, F=5 52%.
[0]7+162.9 (¢ 0.7, CH,CL); 'H NMR (600 MHz, CDCl;)
5: 7.56 (td, J=7.4, 1.4 Hz, 1H), 7.41~7.32 (m, 3H),
7.29~7.24 (m, 2H), 7.18~7.05 (m, 7H), 6.99 (dd, J=7.1,
1.4 Hz, 1H), 6.93~6.85 (m, 7H), 6.80~6.72 (m, 4H), 6.69
(td, J=7.4, 1.3 Hz, 1H), 6.63~6.56 (m, 2H), 6.25 (dd, J=
7.6, 1.3 Hz, 1H), 4.62 (d, J=11.2 Hz, 1H), 4.56 (d, J=
11.2 Hz, 1H), 4.49 (d, J=11.1 Hz, 1H), 4.23 (d, J=11.0
Hz, 1H). RAEEHE 5 SR AR R0,

(S2,S5p)-L2 23t H.0, AL E, A H B S A P s it
HPLC Jll %€ ee fH. HPLC % {4 [Chiralpak OD-H,
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V(n-hexane)/V(i-PrOH)=90/10, #iti=1.0 mL/min, A=
230 nm]: tg=11.26 min (minor), 21.21 min (major).
3.2.10 &44(S,)-L3 &9 46 m&

EFERF, K (S,)-6 (229 mg, 0.53 mmol, 1.0
equiv.)FIJE K PUE I (27 mLYR I E] 100 mL [F &
Wb, WHARREER, AEBHFEMR. &
—78 C ¥ n-BuLi (2.5 mol/L in n-hexane, 0.27 mL,
1.25 equiv)ZZI@ MBI . FIRAEWIE—T78 C K
1 h, SRE7E—78 C NI PCy.Cl (234 mg, 2.0 equiv.,
BT 1 mL PUERRIE )28 I B . K SRR &
fE—78 CTHiHE 1 h, SRE1E 25 CTHHEHE 14 h. AIK
WKL, BB =K. &IAE N, K
RN TR U8, B 255G, M= id i a1
i 9:(PE/CH,CL/EtOAc, V/VIV=>50/4/1)4i4k, Fr153] ()
] 4 FH A il Bk e — 20 B 45 i 19 31 166 mg ([ 4 74
(Sp)-L3, F*F 57%. [a]} +74.5 (c 0.2, CHCly); 'H NMR
(600 MHz, CDCls) 8: 7.05 (d, J=7.3 Hz, 1H), 6.96~6.86
(m, 7H), 6.85~6.78 (m, 6H), 6.71 (dd, J=7.3, 7.3 Hz,
1H), 5.74 (dd, J=11.2, 7.3 Hz, 1H), 4.67 (d, J=11.2 Hz,
1H), 4.58~4.51 (m, 2H), 2.15~2.03 (m, 1H), 1.96~1.84
(m, 3H), 1.84~1.72 (m, 2H), 1.69~1.60 (m, 1H), 1.54~
1.49 (m, 2H), 1.47~1.32 (m, 5H), 1.31~1.11 (m, 4H),
1.10~0.99 (m, 1H), 0.83~0.61 (m, 3H); 3C NMR (151
MHz, CDCly) d: 150.3, 150.1, 143.9, 143.7, 143.55,
143.53, 143.4, 143.3, 130.3, 130.2, 129.3, 127.9, 127.6,
127.3, 127.0, 126.9, 126.8, 126.4, 125.54, 125.48, 125.37,
125.34, 125.2, 124.6, 54.1, 53.59, 53.56, 52.7, 50.0, 49.8,
34.6, 34.5, 31.31, 31.25, 30.8, 30.7, 30.6, 29.7, 29.6, 27.6,
27.5, 27.1, 27.05, 26.98, 26.6, 25.8; 3'P NMR (243 MHz,
CDCly) 6: —14.6. HRMS caled for CiHsP [M+H]'
553.3019, found 553.3009.

(Sp)-L3 &3k H,0, E A G, X H B Ay id it
HPLC |3 ee {. HPLC % {F[Chiralpak OD-H, V(n-
hexane)/V(i-PrOH) = 95/5, {iii# =1.0 mL/min, =230
nm]: fr=4.71 min (minor), 8.37 min (major).

3.2.11  AL&H(S,)-L4 494 %

EFER/F, K (S,)-6 (200 mg, 0.46 mmol, 1.0
equiv.)FJE 7K YA (24 mLYR I E] 100 mL [F &
Wb, WA REER, AEBHFEMR. &
—78 CF¥ n-BuLi (2.5 mol/L in n-hexane, 0.23 mL,
1.25 equiv)ZZI@ MBI . FIRAE W —T78 C K
P 1 h, RJG/E—78 C ¥ PPhoCl (203 mg, 2.0 equiv.,
W12 mL PUERRmG )8 IR . K S BRE
fE—78 CTHiHE 1 h, SRJE1E 25 CTHHHE 14 h. AIK
WRRBL, BB =K. &IHAE N, K
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TREREA T F i I8, B LIEFG, M= d i e it 6
i 22 (PE/CH.CL/EtOAc, VIVIV =50/4/1~20/4/1) 41k,
BT 2] () [ 4 FH A v Bk ik — 20 B 25 SR 15 21 130 mg A
[ 7 10(S,)-L4, 723 52%. [o]}) +54.0 (c 0.1, CH.CLy);
'H NMR (600 MHz, CDCl;) d: 7.40~7.35 (m, 3H),
7.32~7.28 (m, 2H), 7.25~7.22 (m, 1H), 7.22~7.17 (m,
2H), 7.17~7.13 (m, 2H), 6.99 (dd, J=7.0, 1.5 Hz, 1H),
6.93~6.88 (m, 5H), 6.83~6.77 (m, 5H), 6.74~6.70 (m,
2H), 6.42~6.38 (m, 1H), 6.40 (m, 1H), 5.35 (dd, J=11.1,
5.9 Hz, 1H), 4.66 (d, J=11.1 Hz, 1H), 4.58~4.53 (m,
2H). FRAEHHE 5 SCERAR [,

(Sp)-L4 £ it H,0, AL, X H B A i
HPLC |5 ee {i. HPLC % {¥[Chiralpak OD-H, V(n-
hexane)/V(i-PrOH) = 95/5, Jiii# =1.0 mL/min, 1= 254
nm]: g =11.98 min (minor), 23.23 min (major).

3.2.12 b4 11 695

EFEMY, W 8 mL KRAJEH A [PA(;-C5Hs)-
Cl], (3.4 mg, 0.0092 mmol)F(S,,S,)-L1 (13.9 mg, 0.022
mmol), FFF IR GYIEEAE TR L il — FEEQR.3
mL)H. BIERAE 25 CRAEHE 15 min, ATSE] 8.0
mM K Pd-(S,,Sp)-L1 ALk 5% 7.

EFEFHF, B 8 mL &M A[PA(CsHs)-
Cl]2-(Sa,Sp)-L1 I fifi % (8.0 mmol/L, 0.50 mL, 0.020
equiv.). FHJEMKIIIAN 9 (0.20 mmol, 1.0 equiv., & T
0.50 mL £ —fiE —H ). 10 (0.40 mmol, 2.0 equiv.)Fl!
KOAc (39 mg, 0.40 mmol, 2.0 equiv.). HfJ i 75 % 2%
B, NFERPEUE, f£25 CRHHE 16 h. B RS x
I VR A W) 0 3 ek A 3 R (PE/EA( LR 20T88)/2%
E6N)4itk, 182079 1 SMHE e~ a8 H rac-L1
o HEAH [F) %A1 5.

(R,E)-N~(1,3- 2 3L I 79 5) K % (11aa): 35 (3 IR
¥, 55.9 mg, F7E 98%, 94% ee. [a]y —81.2 (¢ 0.58,
CH,Cly); 'H NMR (400 MHz, CDCL3) 6: 7.36~7.31 (m,
2H), 7.30~7.24 (m, 4H), 7.22~7.16 (m, 3H), 7.15~7.12
(m, 1H), 7.08~7.00 (m, 2H), 6.65~6.58 (m, 1H), 6.58~
6.49 (m, 3H), 6.30 (dd, J=15.8, 6.2 Hz, 1H), 4.99 (d, J=
6.2 Hz, 1H), 4.00 (s, 1H). HPLC [Chiralpak AD-H, V(n-
hexane)/V(i-PrOH) = 95/5, i€ =1.0 mL/min, A=254
nm]: £x=9.25 min (major), 11.44 min (minor). FNEEHE
L5 SCHRAH )14,

(RE)-N-(1,3- 2K He 4 TH 3 )-2- F BE 2K (11ab): 9%
IR, 58.1 mg, 23K 97%, 92% ee. [a]} —65.5 (¢
1.2, CH,Cly); 'H NMR (600 MHz, CDCls) 6: 7.38~7.35
(m, 2H), 7.32~7.26 (m, 4H), 7.24~7.19 (m, 3H), 7.17~
7.12 (m, 1H), 7.01~6.98 (m, 1H), 6.95 (td, J=7.7, 1.6 Hz,
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1H), 6.58 (td, J=7.4, 1.2 Hz, 1H), 6.56~6.47 (m, 2H),
6.35 (dd, J=15.8, 6.3 Hz, 1H), 5.06 (d, J=6.3 Hz, 1H),
3.87 (s, 1H), 2.13 (s, 3H); 3C NMR (101 MHz, CDCls) &:
145.1, 1422, 136.6, 131.1, 130.9, 130.0, 128.8, 128.5,
127.7, 127.5, 127.1, 127.0, 126.5, 122.1, 117.3, 111.3,
60.5, 17.7. HRMS caled for CyH,NNa [M + Na] *
322.1566, found 322.1567. HPLC [Chiralpak OD-H,
V(n-hexane)/V(i-PrOH) =99/1, Jfii# =1.0 mL/min, 1=
254 nm]: tg=18.17 min (minor), 24.36 min (major).
(R,E)-N-(1,3- = K 45 TR 25 )-2- 57 T 225 2K i (11 ac):
WHEAETRY, 63.5 mg, 77 97%, 92% ee. [a]y —53.4
(c 1.1, CH,ClLy); 'H NMR (400 MHz, CDCL3) o: 7.39~
733 (m, 2H), 7.31~7.24 (m, 4H), 7.24~7.18 (m, 3H),
7.17~7.11 (m, 1H), 7.08 (dd, J=7.6, 1.6 Hz, 1H), 6.93
(td, J=7.7, 1.6 Hz, 1H), 6.66 (td, J=7.5, 1.2 Hz, 1H),
6.57~6.48 (m, 2H), 6.35 (dd, J=15.8, 6.2 Hz, 1H), 5.05
(d, J=6.2 Hz, 1H), 4.05 (s, 1H), 2.85 (h, J=6.8 Hz, 1H),
121 (dd, J=10.7, 6.8 Hz, 6H); *C NMR (101 MHz,
CDCls) 6: 143.8, 142.3, 136.7, 132.2, 131.2, 131.0, 128.8,
128.5, 127.7, 127.4, 127.1, 126.6, 126.5, 1248, 117.7,
112.0, 60.7, 27.4, 22.4, 22.3. HRMS calcd for CosH,sNNa
[M+Na]™ 350.1879, found 350.1880. HPLC [Chiralpak
OD-H, V(n-hexane)/V(i-PrOH) = 99/1, i & = 1.0
mL/min, A=254 nm]: x=7.13 min (major), 7.81 min
(minor).
(R,E)-N-(1,3- 2R Fe 475 7 2k )-3- A0 B 2R i (11ad):
WHEAETRY, 55.6 mg, 772 88%, 89% ee. [a]y —47.0
(c 1.5, CH,Cly); 'H NMR (400 MHz, CDCLy) 6: 7.38~
732 (m, 2H), 7.31~7.25 (m, 4H), 7.25~7.18 (m, 3H),
7.18~7.12 (m, 1H), 6.97 (t, J=8.1 Hz, 1H), 6.54 (dd, J=
15.9, 1.4 Hz, 1H), 6.31 (dd, J=15.8, 6.2 Hz, 1H), 6.23~
6.15 (m, 2H), 6.14~6.10 (m, 1H), 5.00 (d, J=6.2 Hz,
1H), 4.06 (s, 1H), 3.64 (s, 3H); *C NMR (101 MHz,
CDCls) d: 160.7, 148.6, 142.0, 136.6, 131.1, 130.7, 129.9,
128.8, 128.5, 127.7, 127.5, 127.2, 126.5, 106.7, 102.9,
99.7, 60.7, 55.0. HRMS calcd for C5,H,;ONNa [M+Na]®
338.1515, found 338.1518. HPLC [Chiralpak AD-H,
V(n-hexane)/V(i-PrOH) = 95/5, i =1.0 mL/min, 1=
254 nm]: tg =18.26 min (minor), 20.56 min (major).
(R,E)-N-(4-((1,3- R 05 TR 228 ) G 228 ) R 28 ) 4 Tk s
(11ae): IKFEEJRY, 66.7 mg, 723K 97%, 78% ee. [al)y
—24.0 (¢ 2.3, CH,Cly); '"H NMR (400 MHz, CDCl3) o:
7.37~7.32 (m, 2H), 7.31~7.25 (m, 4H), 7.24~7.19 (m,
3H), 7.17~7.10 (m, 3H), 7.03 (s, 1H), 6.57~6.47 (m,
3H), 6.30 (dd, J=15.8, 6.1 Hz, 1H), 4.97 (d, J=6.2 Hz,
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1H), 4.01 (s, 1H), 2.02 (s, 3H); 3C NMR (151 MHz,
CDCl3) 0: 168.1, 144.4, 141.9, 136.6, 131.1, 130.6, 128.8,
128.5, 128.4, 127.7, 127.5, 127.2, 126.5, 122.2, 113.8,
60.8, 24.2. HRMS calcd for Cp3H»ON;Na [M+Na]®
365.1624, found 365.1625. HPLC [Chiralpak AD-H,
V(n-hexane)/V(i-PrOH)=80/20, ¥iti£=1.0 mL/min, A=
254 nm]: tg=24.25 min (major), 29.61 min (minor).
(R,E)-N-(1,3- - 2K F I T 2 )-4- 200 2 2% i (11 af):
AIHPRY, 55.1 mg, 725 88%, 94% ee. [o]y —824 (¢
1.1, CH2Cly); '"H NMR (400 MHz, CDCl3) 6: 7.37~7.10
(m, 12H), 6.57~6.46 (m, 4H), 6.31 (dd, J=15.8, 6.1 Hz,
1H), 5.43 (dd, J/=17.6, 1.1 Hz, 1H), 5.02 (dd, J=6.2, 1.3
Hz, 1H), 4.92 (dd, J=10.9, 1.1 Hz, 1H), 4.11 (s, 1H); 13C
NMR (101 MHz, CDCls) d: 146.9, 141.8, 136.6, 136.5,
131.2, 130.4, 128.8, 128.6, 127.7, 127.6, 127.5, 127.22,
127.19, 126.5, 113.5, 109.6, 60.5. HRMS calcd for
Cy3H2 NNa [M+Na]™ 334.1566, found 334.1564. HPLC
[Chiralpak AD-H, V(n-hexane)/V(i-PrOH)=95/5, ik =
1.0 mL/min, A=254 nm]: {r=13.22 min (major), 16.97
min (minor).
(R,E)-N-(1,3- 2RI N ) 1,1'- B K ]-4- % (11 ag):
TRy, 61.7 mg, 772 85%, 82% ee. [aln —71.1 (¢
1.5, CH,CL); '"H NMR (400 MHz, CDCl3) 6: 7.46~7.40
(m, 2H), 7.39~7.36 (m, 2H), 7.35~7.25 (m, 8H), 7.25~
7.19 (m, 3H), 7.18~7.12 (m, 2H), 6.65~6.61 (m, 2H),
6.57 (dd, J=15.9, 1.3 Hz, 1H), 6.33 (dd, J=15.9, 6.2 Hz,
1H), 5.05 (t, J=5.3 Hz, 1H), 4.13 (d, J=4.8 Hz, 1H); 1*C
NMR (101 MHz, CDCls) d: 146.6, 141.9, 141.2, 136.6,
131.2, 130.6, 130.5, 128.9, 128.60, 128.56, 127.8, 127.7,
127.6, 127.2, 126.5, 126.3, 126.1, 113.8, 60.7. HRMS
caled for C,7H,3NNa [M+Na]® 384.1723, found
384.1721. HPLC [Chiralpak AD-H, V(n-hexane)/V(i-
PrOH)=95/5, ¥itif=1.0 mL/min, =254 nm]: x=19.21
min (major), 24.82 min (minor).
(RE)-N-(1,3- R He 4 T 3 )-4- 36 K i (11ah): oA
HARY, 56.7 mg, 772 93%, 94% ee. [a]n —46.4 (¢ 0.73,
CH,CL); 'H NMR (600 MHz, CDCl3) 6: 7.37~7.30 (m,
2H), 7.30~7.24 (m, 4H), 7.23~7.17 (m, 3H), 7.16~7.12
(m, 1H), 6.75 (t, J=8.6 Hz, 2H), 6.52 (d, J=15.8 Hz, 1H),
6.47 (dd, J=38.8, 4.4 Hz, 2H), 6.29 (dd, J=15.8, 6.3 Hz,
1H), 4.92 (d, J=6.3 Hz, 1H), 3.92 (s, 1H). HPLC [Chi-
ralpak AD-H, V(n-hexane)/V(i-PrOH)=90/10, ii£=1.0
mL/min, 1=254 nm]: ®=8.63 min (major), 10.25 min
(minor). FAEEPE 5 SCRkAH R Y.
(R.E)-N-(1,3- — 2K B I TN 25 )-4-( = 3 P 38 ) 2% iz
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(11ai): R EHIRY, 60.3 mg, 23 85%, 94% ee. [a]h
—47.4 (c 1.3, CHxCl); 'H NMR (400 MHz, CDCl) §:
7.39~7.27 (m, 8H), 7.26~7.20 (m, 3H), 7.19~7.14 (m,
1H), 6.60~6.48 (m, 3H), 6.30 (dd, J=15.8, 6.1 Hz, 1H),
5.05 (t, J=5.6 Hz, 1H), 4.36 (d, J=5.1 Hz, 1H). HPLC
[Chiralpak AD-H, V(n-hexane)/V(i-PrOH)=95/5, ik =
1.0 mL/min, A=254 nm]: &x=11.34 min (major), 13.97
min (minor). FRAEEHE -5 SCHRAH [F] 221,
(R,E)-N-(1,3- R B T 55 )-4- (=3 T 48U ) R iz
(11aj): HEOHIRY), 67.4 mg, 77K 91%, 94% ee. [a]h
—34.4 (c 1.5, CH,CL); 'H NMR (400 MHz, CDCl3) ¢:
7.37~7.26 (m, 6H), 7.26~7.19 (m, 3H), 7.18~7.13 (m,
1H), 6.96~6.86 (m, 2H), 6.60~6.45 (m, 3H), 6.29 (dd,
J=15.9, 6.2 Hz, 1H), 4.96 (dd, J=6.2, 1.3 Hz, 1H), 4.10
(s, 1H); 3C NMR (151 MHz, CDCly) §: 145.9, 141.6,
140.7, 140.6, 136.4, 131.4, 130.2, 128.9, 128.6, 127.8,
127.7, 127.2, 126.5, 123.2, 122.3, 121.5, 119.8, 118.1,
113.8, 60.9; F NMR (377 MHz, CDCl;) 6: —58.4.
HRMS caled for CxH;sONFsNa [M+Na]" 392.1233,
found 392.1225. HPLC [Chiralpak AD-H, V(n-hexane)/
V(i-PrOH)=95/5, it =1.0 mL/min, =254 nm]: tr=
9.30 min (major), 12.52 min (minor).
(RE)-3-((1,3- - HE M T 2 Z ) K H if (11ak): 3%
R, 61.1 mg, =5 98%, 94% ee. [al}, —45.5 (¢
1.1, CH,CL); 'H NMR (400 MHz, CDCl;) 6: 7.43~7.33
(m, 6H), 7.33~7.27 (m, 3H), 7.26~7.21 (m, 1H), 7.20~
7.15 (m, 1H), 6.95 (d, J=7.5 Hz, 1H), 6.85~6.77 (m,
2H), 6.60 (dd, J=15.9, 1.3 Hz, 1H), 6.35 (dd, J=15.9, 6.1
Hz, 1H), 5.10~5.02 (m, 1H), 4.35 (d, J=5.0 Hz, 1H); 13C
NMR (101 MHz, CDCl3) d: 147.3, 140.9, 136.2, 131.7,
129.8, 129.4, 129.0, 128.6, 127.9, 127.1, 126.5, 121.1,
119.4, 117.8, 1159, 112.8, 60.3. HRMS calcd for
CyHsN;Na [M+Na]" 333.1362, found 333.1353. HPLC
[Chiralpak AD-H, V(n-hexane)/V(i-PrOH)=285/15, ik
=1.0 mL/min, A=254 nm]: {=14.63 min (major), 20.61
min (minor).
(R,E)-3-%-N-(1,3- 2K IL I A 3 K E (11al): ¥R 35
R, 60.2 mg, 2 94%, 95% ee. [a]y —64.1 (¢
0.78, CH,Cl,); '"H NMR (600 MHz, CDCl;) J: 7.35~7.31
(m, 2H), 7.30~7.25 (m, 4H), 7.25~7.18 (m, 3H), 7.17~
7.13 (m, 1H), 6.95 (t, J/=8.0 Hz, 1H), 6.58 (ddd, J=7.9,
2.0, 0.9 Hz, 1H), 6.56~6.50 (m, 2H), 6.41 (ddd, J=8.2,
2.3, 0.9 Hz, 1H), 6.28 (dd, J=15.8, 6.1 Hz, 1H), 4.98 (d,
J=6.1 Hz, 1H), 4.10 (s, 1H). HPLC [Chiralpak OD-H,
V(n-hexane)/V(i-PrOH)=90/10, #itiE=1.0 mL/min, A=
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254 nm]: fg=13.79 min (minor), 23.04 min (major). FAL
Kl 55 SCHRAH R Tae,
(R,E)-N-(1,3- IR L) I )L 0E -3- e (11am): 35 (4
HORYD, 43.3 mg, 23 76%, 93% ee. [a]hy —48.1 (¢
0.81, CH,Cly); '"H NMR (600 MHz, CDCI;) 6: 8.01 (d, J=
2.9 Hz, 1H), 7.88 (dd, J=4.7, 1.4 Hz, 1H), 7.37~7.33 (m,
2H), 7.32~7.25 (m, 4H), 7.25~7.19 (m, 3H), 7.19~7.14
(m, 1H), 6.95 (dd, J=28.3, 4.7 Hz, 1H), 6.79 (ddd, J=38.3,
2.9, 1.4 Hz, 1H), 6.54 (dd, J=15.8, 1.3 Hz, 1H), 6.30 (dd,
J=15.9, 6.2 Hz, 1H), 5.02~4.98 (m, 1H), 4.13 (d, J=4.9
Hz, 1H); 3C NMR (101 MHz, CDCls) &: 143.1, 141.2,
139.1, 136.9, 136.3, 131.5, 129.8, 129.0, 128.6, 127.9,
127.8, 127.1, 126.5, 123.6, 119.3, 60.3. HRMS calcd for
Cy0HsN>Na [M+Na]" 309.1362, found 309.1362. HPLC
[Chiralpak AD-H, V(n-hexane)/V(i-PrOH)=90/10, Jitif
=1.0 mL/min, A=254 nm]: tx=20.80 min (minor), 26.11
min (major).
(RE)-N-(1,3- - HR HEJ55 P 2 ) = 2 I [b.dl] W -1-
(1lan): R FEAHARY, 73.0 mg, 72K 97%, 93% ee. [a]},
—6.9 (c 1.4, CHxCl,); '"H NMR (400 MHz, CDCl;) J: 7.78
(dd, J=7.6, 1.3 Hz, 1H), 7.59~7.49 (m, 3H), 7.44~7.36
(m, 5H), 7.34~7.27 (m, 4H), 7.25~7.19 (m, 2H), 6.98 (d,
J=38.1 Hz, 1H), 6.71 (dd, J=15.8, 1.3 Hz, 1H), 6.55~
6.47 (m, 2H), 5.34 (d, J=6.2 Hz, 1H), 4.81 (s, 1H); 13C
NMR (101 MHz, CDCl;) d: 157.1, 155.3, 143.4, 141.7,
136.5, 131.6, 130.4, 129.0, 128.6, 128.4, 127.8, 127.7,
127.1, 126.6, 125.5, 123.9, 122.5, 120.3, 111.4, 110.7,
105.7, 101.4, 60.6. HRMS calcd for C,7H2;ONNa [M—+
Na]': 398.1515, found 398.1509. HPLC [Chiralpak AD-H,
V(n-hexane)/V(i-PrOH)=97/3, ¥t =1.0 mL/min, 1=
254 nm]: tg=7.37 min (minor), 8.39 min (major).
(R,E)-N-(1,3- R FLIH A ) Z5-1- ik (11a0): 2 €43
WY, 66.5 mg, F7& 99%, 94% ee. [a]} —48.7 (c 2.2,
CH,CL); 'H NMR (400 MHz, CDCl3) 6: 7.86~7.79 (m,
1H), 7.76~7.69 (m, 1H), 7.46~7.40 (m, 2H), 7.40~7.34
(m, 2H), 7.34~7.27 (m, 4H), 7.26~7.19 (m, 3H), 7.18~
7.12 (m, 3H), 6.61 (dd, J/=15.9, 1.2 Hz, 1H), 6.51 (dd, J=
6.1, 2.5 Hz, 1H), 6.43 (dd, J=15.8, 6.2 Hz, 1H), 5.19 (d,
J=6.2 Hz, 1H), 4.72 (s, 1H); *C NMR (151 MHz, CDCL)
0: 142.1, 141.9, 136.6, 134.2, 131.4, 130.6, 128.9, 128.7,
128.6, 127.7, 127.6, 127.2, 126.6, 126.5, 125.7, 124.8,
123.5, 119.9, 117.7, 106.3, 60.8. HRMS caled for
CsH2NNa [M+Na]" 358.1566, found 358.1566. HPLC
[Chiralpak AD-H, V(n-hexane)/V(i-PrOH)=95/5, ik =
1.0 mL/min, A=254 nm]: x=8.05 min (major), 9.75 min
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(minor).

(R,E)-N-(1,3- " FIRm N 35 - 1-f (11ap): B4kt
HRY, 70.6 mg, 72 92%, 88% ee. [ally —26.9 (c 1.2,
CH,CL,); 'H NMR (600 MHz, CDCls) &: 8.43 (s, 1H), 8.35
(s, 1H), 8.06~7.91 (m, 2H), 7.56~7.52 (m, 2H), 7.46~
7.35 (m, 7H), 7.33~7.27 (m, 3H), 7.26~7.20 (m, 2H),
6.70 (d, J=15.6 Hz, 1H), 6.59~6.46 (m, 2H), 5.33 (d, J=
6.3 Hz, 1H), 4.99 (s, 1H); '3C NMR (151 MHz, CDCl;) ¢:
141.8, 141.7, 136.6, 132.5, 131.53, 131.52, 130.9, 130.5,
128.9, 128.6, 128.4, 127.8, 127.7, 127.3, 126.7, 126.6,
126.1, 125.5, 125.1, 123.7, 118.5, 117.9, 104.3, 60.9.
HRMS caled for CoH23sNNa [M+Na]™ 408.1723, found
408.1733. HPLC [Chiralpak AD-H, V(n-hexane)/
V(i-PrOH)=95/5, #ii#=1.0 mL/min, 1=254 nm): tr=
11.91 min (minor), 16.26 min (major).

(R,E)-N-(1,3- 5% F R B 05 T4 56 ) K i (11ba): ¥R 3
IHPRY, 55.4 mg, 2% 88%, 86% ee. [al}, —27.2 (¢
0.94, CH,Cl,); '"H NMR (600 MHz, CDCl3) &: 7.33~7.29
(m, 2H), 7.26~7.23 (m, 2H), 7.17~7.08 (m, 6H), 6.70~
6.66 (m, 1H), 6.63~6.60 (m, 2H), 6.57 (dd, J=15.8, 1.3
Hz, 1H), 6.32 (dd, J=15.8, 6.2 Hz, 1H), 5.02 (dd, J=6.2,
1.3 Hz, 1H), 4.07 (s, 1H), 2.33 (s, 3H), 2.31 (s, 3H); 1°C
NMR (151 MHz, CDCl3) d: 147.3, 139.2, 137.4, 137.1,
133.9, 130.7, 129.9, 129.4, 129.2, 129.1, 127.1, 126.4,
117.5, 113.6, 60.4, 21.2, 21.1. HRMS calcd for Cy3Hp,N
[M—H]" 312.1747, found 312.1746. HPLC [Chiralpak
AD-H, WV(n-hexane)/V(i-PrOH) = 95/5, i # = 1.0
mL/min, A=254 nm]: tx=11.11 min (major), 13.75 min
(minor).

(R,E)-N-(1,3- —[A) F R 475 P 26 ) K JfZ (11 ca): WK 310
HRY), 57.4 mg, P23 92%, 84% ee. [al)y —29.5 (¢
1.3, CH,Cly); 'H NMR (600 MHz, CDCls) 6: 7.26~7.21
(m, 3H), 7.20~7.16 (m, 3H), 7.15~7.12 (m, 2H), 7.09 (d,
J=7.1 Hz, 1H), 7.04 (d, J=7.1 Hz, 1H), 6.70 (dd, J=17.4,
7.4 Hz, 1H), 6.66~6.54 (m, 3H), 6.37 (dd, J=15.8, 6.2
Hz, 1H), 5.02 (dd, J=6.1, 1.4 Hz, 1H), 4.09 (s, 1H), 2.35
(s, 3H), 2.31 (s, 3H); 3C NMR (151 MHz, CDCL) §:
147.4, 142.1, 138.5, 138.1, 136.6, 130.9, 130.6, 129.1,
128.7, 128.43, 128.39, 128.3, 127.9, 1272, 1243, 123.7,
117.6, 113.6, 60.7, 21.5, 21.3. HRMS calcd for Co3HyN
[M—H]" 312.1747, found 312.1746. HPLC [Chiralpak
OD-H, WV(n-hexane)/V(i-PrOH) = 90/10, ¥ # = 1.0
mL/min, A=254 nm]: %=9.55 min (minor), 11.49 min
(major).

(R,E)-N-(1,3-X0(3- H A AT ) M Y 55 K Jfz (11 da):
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TR, 48.9 mg, 725 T1%, 91% ee. [l —36.4 (¢
0.75, CH,Cl,); 'H NMR (600 MHz, CDCls) 6: 7.27 (dd,
J=179, 7.9 Hz, 1H), 7.20 (dd, J=7.9, 7.9 Hz, 1H),
7.16-7.12 (m, 2H), 7.02 (d, J=7.6 Hz, 1H), 6.99~6.97
(m, 1H), 6.95 (d, J=7.6 Hz, 1H), 6.90~6.88 (m, 1H),
6.82 (dd, J=8.2, 2.6 Hz, 1H), 6.78 (dd, J/=8.2, 2.6 Hz,
1H), 6.70 (t, J=7.3 Hz, 1H), 6.65~6.61 (m, 2H), 6.59
(dd, J=15.9, 1.3 Hz, 1H), 6.37 (dd, J=15.8, 6.2 Hz, 1H),
5.04 (d, J=6.2 Hz, 1H), 4.11 (s, 1H), 3.79 (d, J=3.0 Hz,
6H); 1*C NMR (151 MHz, CDCls) d: 160.0, 159.8, 147.2,
143.8, 138.1, 131.0, 130.9, 129.8, 129.5, 129.1, 119.5,
119.2, 117.7, 113.6, 113.5, 112.9, 112.8, 111.7, 60.7, 55.21,
55.20. HRMS calcd for Co3HuNO, [M—H]" 344.1645,
found 344.1646. HPLC [Chiralpak IC-H, V{(n-hexane)/
V(i-PrOH)=99/1, {iti£=1.0 mL/min, 1=254 nm]: =
18.73 min (major), 22.26 min (minor).
(R,E)-N-(1,3-RU(4- 5 KT ) I TH 5= ) K iz (11ea): Tofh
HARY, 57.2 mg, 77 89%, 83% ee. [a]hy —34.7 (c 1.8,
CH,CL); 'H NMR (600 MHz, CDCl;) J: 7.38 (dd, J=8.4,
5.4 Hz, 2H), 7.31 (dd, J=38.5, 5.4 Hz, 2H), 7.14 (dd, J=
7.7, 7.7 Hz, 2H), 7.07~7.01 (m, 2H), 6.98 (t, J/=8.4 Hz,
2H), 6.71 (dd, J=7.3, 7.3 Hz, 1H), 6.60 (d, J=8.0 Hz,
2H), 6.54 (d, J=15.8 Hz, 1H), 6.27 (dd, J=15.8, 6.2 Hz,
1H), 5.05 (d, J=6.2 Hz, 1H), 4.06 (s, 1H); '*C NMR (151
MHz, CDCls) o: 163.2, 162.9, 161.6, 161.3, 146.9, 137.7,
137.6, 132.62, 132.60, 130.2, 130.21, 130.19, 130.16,
129.18, 128.8, 128.7, 128.1, 128.0, 117.9, 115.7, 115.59,
115.55, 115.4, 113.6, 59.9; ’F NMR (565 MHz, CDCl;) &:
—114.0, —115.0. HRMS calcd for CyH;sF.2N [M—H]'
320.1245, found 320.1244. HPLC [Chiralpak AD-H,
V(n-hexane)/V(i-PrOH) = 95/5, #ii# =1.0 mL/min, 1=
254 nm]: tg=13.31 min (major), 19.30 min (minor).
(R,E)-N-(1,3-3(4-F AR5 TN ) A i (11fa): Toth
HARY, 62.8 mg, 77 89%, 93% ee. [ally —41.6 (c 1.2,
CH,CL); 'H NMR (600 MHz, CDCl3) 6: 7.37~7.31 (m,
4H), 7.29~7.22 (m, 4H), 7.16~7.12 (m, 2H), 6.72 (dd,
J=7.3,7.3 Hz, 1H), 6.61-6.56 (m, 2H), 6.53 (dd, J=15.8,
1.4 Hz, 1H), 6.32 (dd, J=15.8, 6.3 Hz, 1H), 5.06~5.02
(m, 1H), 4.07 (br, 1H); 3C NMR (151 MHz, CDCl) :
146.8, 140.3, 134.9, 133.5, 133.3, 130.8, 130.4, 129.2,
129.0, 128.7, 128.5, 127.7, 118.1, 113.6, 60.0. HRMS
caled for CH;s«CI,N [M—H]" 352.0654, found
352.0652. HPLC [Chiralpak AD-H, V(n-hexane)/V(i-
PrOH)=95/5, i =1.0 mL/min, =254 nm]: x=16.29

min (major), 23.86 min (minor).
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(R,E)-N-(1,3- —(Z5-1-38) i TN 2% ) K JiZ (11ga): Lt
HARY, 66.4 mg, 772 86%, 97% ee. [ally —25.2 (¢ 2.5,
CH,ClL); 'H NMR (600 MHz, CDCls) 6: 8.21~8.17 (m,
1H), 7.93~7.90 (m, 1H), 7.87 (d, J=8.3 Hz, 1H), 7.85~
7.79 (m, 2H), 7.76~7.72 (m, 2H), 7.60 (d, J=7.2 Hz,
1H), 7.55~7.49 (m, 2H), 7.49~7.45 (m, 2H), 7.45~7.42
(m, 2H), 7.42~7.39 (m, 1H), 7.20~7.16 (m, 2H), 6.79~
6.69 (m, 3H), 6.57 (dd, J=15.7, 5.2 Hz, 1H), 5.93 (d, J=
5.2 Hz, 1H), 4.28 (s, 1H); '3C NMR (151 MHz, CDCl;) ¢:
147.3, 137.0, 134.7, 134.2, 133.5, 132.9, 131.25, 131.17,
129.5, 129.3, 129.0, 128.5, 128.4, 128.0, 126.5, 126.0,
125.77, 125.75, 125.6, 125.5, 125.0, 123.9, 123.8, 123.5,
117.7, 113.4, 56.7. HRMS calcd for CyoH»nN [M—H]"
384.1747, found 384.1743. HPLC [Chiralpak AD-H,
V(n-hexane)/V(i-PrOH) = 95/5, i =1.0 mL/min, A=
254 nm]: tx=28.30 min (major), 11.96 min (minor).

(R,E)-N-(1,3-(MEWy -3-28) 1% T 28) K % (11ha): %
MR, 55.7 mg, 773 94%, 88% ee. [ally —26.8 (¢
1.3, CH,CLy); 'H NMR (600 MHz, CDCl3) d: 7.31 (dd, J=
5.0, 3.0 Hz, 1H), 7.27~7.22 (m, 2H), 7.20 (dd, J=5.1, 1.3
Hz, 1H), 7.18~7.14 (m, 2H), 7.13~7.12 (m, 1H), 7.10
(dd, J=5.0, 1.3 Hz, 1H), 6.71 (dd, J=7.4, 7.4 Hz, 1H),
6.67~6.59 (m, 3H), 6.25 (dd, J=15.8, 6.1 Hz, 1H), 5.15
(d, J=6.1 Hz, 1H), 4.04 (s, 1H); 3C NMR (151 MHz,
CDCls) 6: 147.1, 143.3, 139.2, 130.0, 129.2, 126.8, 126.3,
126.1, 125.3, 125.0, 122.4, 121.8, 117.8, 113.5, 56.1.
HRMS caled for Ci7HiiNS; [M—H]" 296.0562, found
296.0562. HPLC [Chiralpak AD-H, V(n-hexane)/V(i-
PrOH)=95/5, #ii#=1.0 mL/min, A=254 nm]: tx=17.02

min (major), 21.82 min (minor).

4 Bkl (Supporting Information) k&%) 3~5. L3.
11aa~11ha [) NMR ¥ &, PLRALEY) 4. L1~14 (5
144, 11aa~11ha [f) HPLC i X2kl nl L4 3% A
AT R 3k (http://sioc-journal.cn/) | R %K.
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