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Enantioselective Hydrosilylation of N-Aryl Diaryl Ketimines
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Abstract Lewis base catalyzed enantioselective hydrosilylation of non-ortho-substituted N-aryl diaryl ketimines was real-
ized. In the presence of 20 mol% of the optimal catalyst, the reactions provided a series of (diarylmethyl)amines with high
yields (up to 97%) in moderate to good enantioselectivities (up to 89% ee). The absolute configuration of one product was
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determined by X-ray crystallographic analysis.

Keywords diarylmethylamines; diaryl ketimines; chiral Lewis base; hydrosilylation

FUE IR - RAEFEENWEY, H2F
Pk 25 WA B BRI A 23 st AT T 0T R RO T,
T2 v R . L, T O E AR
XARE G 1)z K5RUE, A RIS 2 7T/
SHPEAT TASCHBTTC, SIS T B E IR, B E AT
ik, TR0 FE B R B AS O FR A i e D
FRIANK TR 7 J5E Tl e SR S, 436 T 1 A B 2k A s o)
() S LBV REAL A BRI B R RS, S5 4N A 21
DR 05 s P S ) AN S R S8R R F ). S,
TR IR W T T R AL R R R 05 B R AN
PRBR TG SN, e B SRS 2 T — R 51 2-
FAR =05 2 2.

W (R AN BRI SR 5 BT R B S W B
B, G EAE, WA R ST RS

* E-mail: xmzhang@cioc.ac.cn

AL SR 7% S 2RI B AN 3o o A Ak SR AR Tk e A I
RIS AR B T KL IR, SR IS B AN T
FRAEALIE S EUAS T 1R i PO vE A Wi ek, (B2, %
T 5% 5 B STV P AN e R I TR F i SR AR /DB
TE 75 FE H B S g AN S R 08 B s B2 A e R, H BT R
HB 2 R R R AL Fo b — AN 05 BE 1) 200y A B, X
FELEPIAN 75 2 2 (A1 ISL AR SUSE ) Z2 0, AT SRS i %o
M REE, T B0 2-0 A UL Il H Re S
FIRAR A XS IRIEFENE. 2013 4F Cabrera ZEPHRIE T )\ Bk
FEAH 5 (£)-2,2- (A PR )-1,1- 1 25 (BINAP) [ L
G WAL 5 2 B B AN BREA OB, AR R
X F 053 20 A BRI A — 0% 5t R I i A TG
RO WOk, X214 bk —— i A ¢ iR IE.

B, FATPIFFT T — FR5) 2-BUR i — 55 3 H1 T

Received December 30, 2015; revised April 2, 2016; published online April 7, 2016.
Project supported by the National Natural Science Foundation of China (No. 21172217).

KRR IE L (No. 21172217) BB H .

Chin. J. Org. Chem. 2016, 36, 1895~1906

A ©2016 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1895



B st
M £ TV 5 B A, R 1O AR BR AL REREAL R B, R R BRI
HLR IR e B R 1 52 B AL, JREG Table 1 Opimization of Conditions
WL T RO AR B . SRR 2B, SE4 oM Hn-PMP
HERR ST AR S i, Al EE — % 5 R R A s 3, HSICl, s
2 1] LT 5 0 B 035 A 7 4 B M | ) sowent, HoRe (1 sauiv) Ly
We? ALt, BATRUT N-J7 - 05 FEHEA Az 1, Horp 1a 0°C, 48 h 2a
Ar AR Sy A R TS BRI AT s T O B, B
PSS T REIENE R, MM AL (AN~ [ w
[ 28 P T A 1 IS SR 345006 258 A 1 — 5 P ek N Nj 5 CO) N 0
AHI(Eq. 1). Ho” “Ph Phloo
3 3 O5N 3
N o LB*, HSIiCl, A : 3 ‘
A high ee? M _
Ar Ar’ Ar!' A2 OPiv AN
1 2 | X \ | N
AN N Ar
Cre N Ph %ho” ar
1 ZE%'—?FM% O|-|o Ph 30
W, BATEAN TS 5640 B 2 B -y 35 1 30 iz 3 Ar = 3,5-Me,CeHs
la NARAEIRY, BL 1, 2- S OB NVET, AT equiv. Entry  Cat.* (equiv.) Solvent Yield/%  ee/%
SRR AE UG, £ 0 CRHEL [ & Fhutkie H e 1 3a(0.10)  CICH,CH,CI 97 67
Tk 2% 5 W B AL 7 (10 mol%) X [ BE () S, S 45 2 3b(0.10)  CICH,CH,CI 97 —65
WL 1 U ATE RS AATAE 1677 3alTAT L i g; Egigi giggggg T97 70
N N . race -
TRAFH AR R, 4381 LF 58 B R A 25 (67%) S 36(010)  CICHCHCl 97 s
PIXTBIEFEME(R 1, Entry 1), SE R T IAMAATA R AL 6 3¢(0.10)  CH,CL, 97 72
7 3bEE] TARIARISS HGE 1, Entry 2). 4RI LAR 7 3¢(0.10)  CHCI Trace -
A A7) 3l O, S5 ot e S ME R B LT, 3% 8 3¢(0.10)  Toluene 84 59
. . %’jﬁﬁ"_ﬁzﬁ’\]{m%ﬂ 9 3¢ (0.10) THF 90 63
3d"H BRI BN YICR 1, Entry 4), W RER PN B 3¢(020)  CHCl, 97 74
[ BEL A A JE R, TR R AT A AL 3l 3 12 3¢(030)  CH,CL 97 72

IRAIRT B BENE (R 1, Entry 5), B, 3¢ #eifiE Nt
AL,

P T FI  NRIREA, 75 S b
B3 TR AT BLUE MR 1, Entry 6), HAESE R
PR, RAFRE =R =YK 1, Entry 7), PLFHZEF]
VUSRI A T 7R, e o 7% e AR St e e 428 4 408 B . PR AT
(% 1, Entries 8, 9), A, & Htiff e i LA .
NT RS MOE RN, ORI A R, A
RT3 N3] 15 mol%H, XMk F MR A fEm(E 1,
Entry 10), 4TI EIINE] 20 mol%if, X mik+
PEIEZ] 74%(F 1, Entry 11), {H & 4ka38 AL &
X I PR IR AR R = (3R 1, Entry 12), K, S8
() i A A AL 20 5 4 20 mol%.

TE AR S N S 2 ST, %o SO () SR A 8 i PR A T
THEL(ER2), T2 TTE H RSP LT 2R & B
SERAE R, B, g 2-MEy B AR 2RI,
RIS Wi BV W BRAIR (3 2, Entry 2). SAJS/ERI E
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“Unless specified otherwise, the reaction was carried out with 1a (0.2 mmol),
trichlorosilane (0.8 mmol) and catalyst 3 in 2 mL of dichloroethane with 0.2
mmol of acetic acid as additive at 0 ‘C for 48 h; ® Isolated yield; “ The ee
values were determined by chiral HPLC.

FINEFERIE, 2552 7 A R AR FE T s v 45 SR 11 5%
e, AT 2R R0 A7 A W R BB 11 JE A 5 T e

P A X e (36 2, Entries 3, 6, 8~10), HAxf
PEAHEERIEY) 10 3R1 T Rk 83%IM T WUk (R 2,
Entry 9), RGN EAREY) 1e X BUEFEMERIRGE
2, Entry 5), T BRI B B JE A 15 8 28 B Sy vy
T, MWK T FE T I E IR T o % =
S, RT3 Y A % ECAS e g T AL g ko ke B B T 1A A7
A LIRS R RS0 1 e 02 %o I 495 A A X {1 — 2,
e A BRI 1d(F 2, Entry 4)F% T X7 4L
REJEY 1e(GE 2, Entry 3), [A4HHARBUCHIED
1g(3% 2, Entry 7)AHX T X AL R A 13 2, Entry
6). ARIRXFA AT 2 FEL T EAR A D SIS WU SR B R 5% s BV 1)
ANR G, oy AR EY) 1k #H 152
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L= 2, Entry 9), W] BEA K A0 9 A 55 3 [
NE BT, SR T RN IS T R 55 EE
R 1k SEAEE ONIETE. JEIRXHAT 5945 L 1 HE
FMEY) 1n BINEE RIFHRPEYE, (B0 MOk
B 2, Entry 14), T4 45 T 1 H AU
A 11 [V R R A 110 s 3ty A AR A F o P i 3¢
PEGER 2, Entry 12), SR 45 BT RUS A XL
O LRSI, (B AFE A, TR IR R AN 1A ]
WA 4 TR ERENEY 1m BIREHRIFH NS
P, HEIE A STk PR (ER 2, Entry 13). BhAh, 7EMBED)
(17 S 5] N R A1 00 ik £ B B BE IR (GR 2, Entry
15), {HAEMEWY 1) 4-17 5] N JEN] [ B4 SR A R 5
Wi (% 2, Entry 16). %% 7 PIANENE 1q A1 1r, BATH

PR AN 0657 43 AT A 2 L ORI R T B RS,
RILEA TN Wk B HR (R 2, Entries 17, 18). X
AR TN _FREURIE, RIS N U IEAR Ay
BF, X WRIEREE B R4 R, 1A% T 89%(3K 2, Entry 19 vs.
Entry 9); N b RHUREEAS 940 F AR RN IR, Xk
P U BH I B#AIG (3R 2, Entry 20 vs. Entry 9), AJREZH T
AT BRI 0 AL Bl AT 520 17 IS 0 P S5 e
BEFEVE;, 4 N B EUREAR R R IE R, 7E 20 mol%
HEAFIERTT, RAESERE V(K 2, Entry 21), T42&
BATEAEAL 7 E 3 0 E] 40 mol%, MR SN A] LA
HAT, SRR ENE 89% AT WUEFEIE(R 2,
Entry 22).

FHMRATATE H, RSP IRINR 2 H A B S R

x2 KNYEPTEE ¢
Table 2 Substrate scope

Entry 2 Yield’/% ee!% Entry 2 Yield®/% ec%
hn-PMP hn-PMP
s MeO S
1 » 97 74 12 \©)\E/) 94 75
2a 21
hn- PP hn- PP
2 0 95 54 13 0 | S 94 0
| <o /
2b 2m
hn-PMP - PMP
s s
3 | ) 94 74 14 | ) 91 64
F Me
2c 2n
- PMP - PMP
F S S
4 » 92 70 15 mMe 91 44
2d 20
hn-PMP h- PP
5 S 90 69 16 S 95 73
| Y | 4
cl
2e 2p Me
L PP PP
s
6 P 90 74 17 96 43
Br O,N OMe
2f 2q
hn-PMP hn-PMP
Br S
7 » 92 68 18 O O 95 38
FsC OMe
Br 2g 2r
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BiliEz AR
Entry 2 Yield®/% ee/% Entry 2 Yield®/% ee/%
Ph
HN,PMP HN”
S S
8 /Q)D 93 7 19 m/) 87 89
I O,N
2h 2s
PMP Meo
0
s HN
9 | ) 95 83 20 s 98 79
O,N | /
2i O,N
2t
F
o
s HN
10 | P 96 78 21 s Trace —
FsC L/
2j Os5N
! 2 2u
PMP F
s HN
11 P 0 — 22¢ S 93 89
MeO |
2k O,N
2u

“Unless specified otherwise, the reaction was carried out with 1 (0.2 mmol), trichlorosilane (0.8 mmol) and catalyst 3¢ (0.04 mmol) in 2 mL of DCM with glacial
acetic acid ( 0.2 mmol ) at 0 ‘C for 48 h; ® Isolated yield; ¢ The ee values were determined by chiral HPLC; ¢ The reactions proceeded for 24 h. ¢ The catalyst loading

is 40 mol%.
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Figure 1 X-ray crystal structure of product (R)-2a
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W E R AH O e F Waters-Breeze e ROBUR (3543
M5g, FEHFEN Chiralpak AD. Chiralcel OD F1 Chiralcel
OJ ¥; ELHiE)sE ] Perkin-Elmer 341 eG4 E; w5
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HBE, VKK D, DLV 5 2% 2218 N\ DU & 8K (1.0
mL, 10 mmol), HFE&MN 1 h J5, #EKKE, iRz
45 C, 4kEL M 6 h. R A K HEIE, RARMAH
JZE TR B 2 A A5 B AR R =05 FE AR i 1a~ 1w

4- FPBE L -N-[ R FE (e Iy -2-38) 3 B 3R ) 2R i (1a): 7%
A, mp. 1153~117.6 ‘C; 'H NMR (300 MHz,
CDCl;, N E/Z 2] 8/1 BIREY, />a 45 Mz LA
ESHHTRRME) 0: 3.71 (s, 3H), 3.79* (s, 0.4H), 6.6~6.70
(m, 4H), 6.81* (dd, J=19.7, 8.8 Hz, 0.5H), 6.93~6.95*
(m, 0.2H), 6.99~7.03 (m, 2H), 7.21~7.24 (m, 2H),
7.29~7.32 (m, 3H), 7.37* (d, J=5.8 Hz, 0.1H), 7.43~
7.46* (m, 0.3H), 7.48 (dd, J=4.6, 1.3 Hz, 1H), 7.74~
7.76% (m, 0.3H); *C NMR (75 MHz, CDCl;) 6: 55.20,
55.33, 113.55, 114.23, 121.34, 123.15, 126.03, 127.40,
128.12, 128.68, 129.04, 129.23, 129.64, 130.28, 131.58,
132.84, 135.88, 143.01, 146.82, 155.94, 161.87.

N-[(PR T -2- 5 ) (O 25 ) W Y 3L 1-4- B 58 2K 2 (1b):
W[4, mp. 82.7~84.5 C; 'H NMR (300 MHz,
CDCl;, N E/Z 2] 5/1 BIREY, /b8 d 5 MRz LA
S RATRRD) 0: 3.67 (s, 3H), 3.77* (s, 0.7H), 6.17* (d,
J=3.4 Hz, 0.2H), 6.32* (m, 0.2H), 6.45 (m, 1H), 6.50 (d,
J=3.3 Hz, 1H), 6.62~6.71 (m, 4H), 6.75~6.86* (m,
0.9H), 7.19~7.32 (m, 5H), 7.41~7.47* (m, 0.7H), 7.61
(d, J=0.8 Hz, 1H), 7.72~7.75* (m, 0.4H); *C NMR (75
MHz, CDCly) 6: 55.01, 55.20, 110.98, 111.62, 113.42,
113.98, 116.57, 116.85, 120.37, 123.10, 127.99, 128.79,
129.05, 129.10, 130.25, 134.89, 142.77, 143.25, 145.35,
153.43, 155.89, 157.01.

N-[(4- 5 2% 5 ) (W 1y -2- 8 ) IV HH R ]-4- P A R R i
(1¢): FEOEA. mp. 125.3~127.3 C; 'H NMR (300
MHz, CDCls, N E/Z %) 6/1 W&, /b &4 5 ki
Bl DUR S3E4T4R0): 0 3.73 (s, 3H), 3.79* (s, 0.5H),
6.71~6.64 (m, 4H), 6.74~6.77* (m, 0.3H), 6.81~6.84*
(m, 0.3H), 6.93~7.00 (m, 2H), 7.03 (d, J=3.0 Hz, 2H),
7.08~7.13* (m, 0.3H), 7.19~7.23 (m, 2H), 7.37~7.38*
(m, 0.1H), 7.38 (t, J=3.1 Hz, 1H), 7.74~7.78* (m, 0.3H);
“C NMR (75 MHz, CDCL) §: 5527, 55.37, 113.77,
114.29, 114.93, 115.18, 115.47, 121.42, 123.05, 123.44,
126.17, 127.41, 129.48, 129.56, 130.46, 130.49, 131.02,
131.13, 131.25, 131.36, 131.42, 131.91, 131.96, 132.41,
132.50, 136.14, 142.99, 144.64, 146.75, 156.16, 156.45,
160.07, 160.80, 160.98, 162.56, 164.28, 165.88.

N-[(3- 96 2 ik ) (M8 Wy -2- L ) 30 Y 366 -4 P40 3 2 1%
(1d): FEOE A mp. 106.7~107.9 ‘C; 'H NMR (300
MHz, CDCls, N E/Z %) 7/1 W&, /b &4 o R
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i LUE S TARE) o0 3.73 (s, 3H), 3.80* (s, 0.4H),
6.68 (m, 4H), 6.75~6.79* (m, 0.3H), 6.83~6.86* (m,
0.3H), 6.94~7.06 (m, 5H), 7.18~7.21* (m, 0.2H), 7.25~
7.32 (m, 1H), 7.35~7.43* (m, 0.3H), 7.47~7.54 (m, 1H);
C NMR (75 MHz, CDCly) §: 55.19, 55.30, 113.67,
114.25, 115.65, 115.93, 115.96, 116.25, 117.07, 117.35,
121.28, 122.95, 124.80, 124.84, 124.96, 125.00, 126.14,
127.46, 129.52, 129.62, 129.82, 129.93, 130.56, 131.54,
132.73, 137.91, 138.00, 142.62, 146.16, 156.16, 160.24,
160.64, 163.92.

N-[(4- A FE (e wy -2- 58 ) IV Y ]-4- Y A R K i
(le): FE A, mp. 158.9~161.5 C; 'H NMR (300
MHz, CDClL;, N E/Z %1 6/1 WHEEY, /D825 ARG
B LUR S HEATRRIE) o0 3.72 (s, 3H), 3.79* (s, 0.5H),
6.65~6.71 (m, 4H), 6.78~6.82* (m, 0.7H), 7.01~7.04
(m, 2H), 7.16 (d, J=8.4 Hz, 2H), 7.29 (d, J=8.4 Hz, 2H),
7.39% (m, 0.4H), 7.48~7.50 (m, 1H), 7.72* (m, 0.3H); "*C
NMR (75 MHz, CDCl) §: 55.20, 55.30, 113.71, 114.22,
121.33, 122.99, 126.15, 127.44, 128.28, 128.47, 129.69,
130.47, 130.54, 131.44, 132.57, 134.23, 134.69, 142.74,
146.37, 156.10, 160.60.

N-[(4- 78 7% ) (M Wy -2- 3 ) 3P F 3k ]-4- FR 4R R K i
af): FHEOFEAE. mp. 163.1~164.5 C; '"H NMR (300
MHz, CDCly, A E/Z %) 7/1 WIREW), b5 i
Boi LUE S TARE) o0 3.73 (s, 3H), 3.79% (s, 0.4H),
6.71~6.65 (m, 4H), 6.74~6.85* (m, 0.6H), 6.94~6.99*
(m, 0.3H), 7.01~7.04 (m, 2H), 7.09~7.12 (m, 2H), 7.38*
(dd, J=4.9, 1.1 Hz, 0.2H), 7.43~7.46 (m, 2H), 7.49 (q,
J=2.0 Hz, 1H), 7.54~7.57* (m, 0.3H), 7.62~7.65* (m,
0.3H); *C NMR (75 MHz, CDCl;) 6: 55.18, 55.28, 113.69,
114.20, 121.29, 122.97, 126.14, 127.43, 129.73, 130.54,
130.69, 130.77, 131.23, 131.44, 132.59.134.67, 142.68,
146.27, 156.08, 160.58.

N-[(3, 5- AL (MEmy-2-38) 3 F 3 )-4- F A oK
fz(1g): FE A K. mp. 116.8~118.7 ‘C; '"H NMR (300
MHz, CDCly, A E/Z %) 4/1 WIREW), /b4 5 i
Boi LUE S TARE) o0 3.75 (s, 3H), 3.80% (s, 0.9H),
6.67~6.76 (m, 5H), 6.82~6.86* (m, 0.6H), 6.95~6.97*
(m, 0.2H), 7.98~7.00 (m, 1H), 7.03~7.06 (m, 1H),
7.15~7.16* (m, 0.2H), 7.26~7.28* (m, 0.2H), 7.31 (d,
J=1.7 Hz, 2H), 7.41* (dd, J=4.9, 1.1 Hz, 0.3H), 7.48~
7.51% (m, 0.2H), 7.52 (d, J=0.9 Hz, 1H), 7.63* (t, J=1.7
Hz, 0.9H), 7.77* (t, J=1.7 Hz, 0.2H), 7.83* (d, J=1.7 Hz,
0.4H); *C NMR (75 MHz, CDCl;) 6: 55.28, 55.32, 113.87,
114.32, 121.22, 122.71, 122.86, 122.94, 123.34, 126.36,
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127.27, 127.60, 127.69, 128.11, 130.06, 130.38, 130.47,
130.91, 130.96, 131.64, 131.72, 132.85, 132.95, 134.40,
134.93, 135.11, 135.54, 139.03, 139.28, 142.01, 143.86,
144.02, 145.59, 156.39, 156.68, 158.18, 158.54.

IN-[(4- T 4% 3 ) (W 1y -2- 3 ) I FHY 366 1-4- P4 35 2K i
(1h): FEAE A mp. 153.0~154.6 ‘C; 'H NMR (300
MHz, CDCls, N E/Z %) 7/1 W&, /b &4 o kR
BdE DUR S3E4T4R0) 60 3.73 (s, 3H), 3.79* (s, 0.4H),
6.64~6.71 (m, 4H), 6.74~6.84* (m, 0.6H), 6.92~6.94*
(m, 0.3H), 6.97 (d, J=8.3 Hz, 2H), 7.01~7.04 (m, 2H),
7.38% (dd, J=4.9, 1.1 Hz, 0.1H), 7.47~7.50 (m, 1H), 7.65
(d, J=8.3 Hz, 2H), 7.77* (d, J=8.4 Hz, 0.3H); °C NMR
(75 MHz, CDCly) 8: 55.21, 55.30, 94.95, 113.71, 114.22,
121.28, 122.98, 126.14, 127.44, 129.74, 130.54, 130.78,
130.85, 131.46, 132.61, 135.27, 137.22, 137.31, 142.69,
146.26, 156.09, 160.66.

A- FH B - N[ (4- it 22 2R R ) (IR Wy -2- 56 ) WP FH 0L ) O i
(1i): FOEA. mp. 159.2~160.6 C; '"H NMR (300
MHz, CDCls, N E/Z %) 6/1 WA, /b &4 o i
BdE DUR S3E4T4R0) 60 3.72 (s, 3H), 3.81* (s, 0.5H),
6.69~6.62 (m, 4H), 6.78* (d, J=8.9 Hz, 0.4H), 6.86* (d,
J=8.9 Hz, 0.4H), 6.99~6.95 (m, 1H), 7.03~7.05 (m,
1H), 7.42 (d, J=8.6 Hz, 2H), 7.54 (d, J=4.9 Hz, 1H),
7.92* (d, J=8.7 Hz, 0.4H), 8.18 (d, J=8.7 Hz, 2H), 8.29*
(d, J=8.7 Hz, 0.3H); *C NMR (75 MHz, CDCl5) é: 55.20,
55.33, 113.67, 113.84, 114.21, 114.37, 121.22, 122.84,
123.27, 123.44, 126.37, 127.61, 130.10, 130.36, 131.06,
131.54, 132.86, 142.19, 142.63, 145.46, 147.61 156.41,
159.55.

- PP AR FH - N-[ (M 7y - 2- 55 ) (4- = 380 3 2R 358 3 P 3
FIEj): FHOMPIRY. 'TH NMR (300 MHz, CDCl;, A
E/IZ 23 71 WEREY, &AM LA 5 3T
Fric): 0 3.73 (s, 3H), 3.81* (s, 0.4H), 6.63~6.70 (m, 4H),
6.78* (d, J=8.8 Hz, 0.3H), 6.86* (d, J=8.9 Hz, 0.3H),
6.97 (d, J=3.6 Hz, 1H), 7.02~7.05 (m, 1H), 7.36 (d, J=
8.1 Hz, 2H), 7.52 (d, J=5.0 Hz, 1H), 7.58 (d, J=8.1 Hz,
2H), 7.69* (d, J=8.5 Hz, 0.3H), 7.86* (d, J=8.0 Hz,
0.4H); °C NMR (75 MHz, CDCl3) d: 55.14, 55.26, 76.58,
77.00, 77.20, 77.42, 11327, 113.74, 114.10, 114.33,
118.30, 121.18, 121.91, 122.50, 122.95, 123.35, 124.55,
124.95, 125.00.125.08, 125.13, 125.18, 125.23, 125.37,
125.52, 126.19, 127.08, 127.28, 127.50, 127.83, 129.13,
129.43, 129.50, 129.79, 129.93, 130.12, 130.36, 130.71,
130.80, 131.23, 131.55, 132.94, 135.52, 139.59, 142.44,
146.05, 156.23, 156.62, 160.00, 160.25.
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4- PSR R -N-[ (4- WY AR R R ) (M 1y -2- 356 ) P R BRE R
fz(1K): #AHPRY). "TH NMR (300 MHz, CDCly, N E/Z
2541 WHRAY), > R REHE DU 5 3 TRR D)
8: 3.73 (s, 3H), 3.78* (s, 0.7H), 3.80 (s, 3H), 3.87* (s,
0.6H), 6.68~6.72 (m, 4H), 6.76~6.79* (m, 0.7H), 6.80~
6.82 (m, 2H), 6.92~6.97* (m, 0.8H), 7.00~7.03 (m, 1H),
7.02 (dd, J=5.0, 3.80 Hz, 1H), 7.16 (dd, J=9.5, 2.0 Hz,
2H), 7.35* (dd, J=5.0, 1.0 Hz, 0.2H), 7.47 (dd, J=5.0,
1.0 Hz, 1H), 7.73* (d, J=8.7 Hz, 0.4H); *C NMR (75
MHz, CDCly) J: 55.18, 55.26, 55.34, 55.41, 113.39,
113.46, 113.65, 114.09, 121.63, 123.16, 126.08, 127.36,
127.99, 128.82, 129.04, 130.15, 130.78, 130.95, 131.36,
132.15, 143.37, 147.17, 155.86, 159.70, 161.61.

4- PP S - N-[ (3~ PP 4R O 5 ) (W Wy -2- 5k ) T PR BE 2R
Jz(11): FEAE K. mp. 109.1~110.2 ‘C; "H NMR (300
MHz, CDCly, A E/Z %) 4/1 WIREW), /b5 i
B LUR S HE4TRRID) 01 3.70 (s, 3H), 3.72 (s, 3H), 3.80*
(s, 0.4H), 3.85% (s, 0.4H), 6.66 (m, 4H), 6.69~6.72* (m,
0.3H), 6.74~6.75 (m, 1H), 6.79~6.85 (m, 2H), 6.87~
6.88* (m, 0.2H), 7.00~7.03 (m, 1H), 7.07~7.09 (m, 1H),
7.19~7.26 (m, 1H), 7.30~7.31* (m, 0.2H), 7.35~7.36*
(m, 0.3H), 7.48 (dd, J=5.0, 1.1 Hz, 1H); C NMR (75
MHz, CDClLy) d: 55.19, 55.22, 55.33, 55.36, 113.59,
113.88, 114.24, 114.39, 114.50, 116.59, 121.30, 121.46,
122.00, 123.00, 126.02, 127.40, 129.00, 129.22, 129.56,
130.26, 131.57, 132.77, 137.14, 143.03, 146.64, 156.01,
159.14, 161.52.

N-[(ZRIFHF[d][1,3] =2 B0 [ e -5-J5 ) (M Wy -2- 5 )
B -4- FH AR L R e (Im): 35 B [E K. mp. 1153~
117.6 “C;'H NMR (300 MHz, CDCls, A E/Z £) 5/1 [{)ik
HY, DA R REEE DR S TRRE) 60 3.74 (s,
3H), 3.78* (s, 0.6H), 5.97 (s, 2H), 6.02* (s, 0.4H), 6.69 (s,
1H), 6.70 (m, 4H), 6.73 (d, J=1.9 Hz, 2H), 6.76~6.84*
(m, 0.8H), 6.89~6.98* (m, 0.7H), 7.01~7.04 (m, 1H),
7.11 (dd, J=3.7, 1.0 Hz, 1H), 7.14~7.17* (m, 0.2H),
7.22~7.25* (m, 0.3H), 7.35* (d, J=1.4 Hz, 0.3H), 7.36*
(m, 0.2H), 7.48 (dd, J=5.0, 1.1 Hz, 1H), 7.64~7.70* (m,
0.2H); *C NMR (75 MHz, CDCl;) d: 55.25, 55.32, 101.22,
101.47, 101.82, 107.61, 107.84, 108.10, 109.23, 109.38,
109.60, 113.69, 114.08, 121.58 123.05, 123.44, 124.56,
125.46, 126.11, 127.37, 127.77, 129.06, 129.46, 130.27,
131.39, 132.10, 133, 63, 134.10, 143.10, 146.88, 147.32,
147.84, 155.98, 161.08.

4 FP 5 R - N-[ (MR Wy -2- 35 ) (4- FF 6 2 05 ) I P 0 -4 i
(In): FHOFE A mp. 100.1~101.7 ‘C; 'H NMR (300
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MHz, CDClL, N E/Z %1 7/1 HIREY), /b &40 iRk
BdE DUR S3E4TARID) 0: 2.34 (s, 3H), 2.42* (s, 0.4H),
3.72 (s, 3H), 3.79* (s, 0.4H), 6.65~6.71 (m, 4H), 6.74~
6.84* (m, 0.6H), 6.91~6.94* (m, 0.2H), 6.97~6.98* (m,
0.1H), 6.99~7.02 (m, 1H), 7.04~7.06 (m, 1H), 7.10~
7.13 (m, 4H), 7.23* (d, J=8.1 Hz, 0.3H), 7.36* (d, J=4.9
Hz, 0.1H), 7.47 (dd, J=4.9, 1.1 Hz, 1H), 7.65* (d, J=8.1
Hz, 0.3H); *C NMR (75 MHz, CDCly): § 21.32, 21.37,
55.24, 5535, 113.64, 114.22, 121.45, 123.12, 126.03,
127.31, 128.79, 129.06, 129.15, 129.23, 130.10, 131.36,
132.34, 132.99, 138.61, 143.33, 147.15, 155.97, 161.95.

4- AR - N-[((5- R R MR 1y -2- ) (R 35 ) W7 R 2R Jie
(10): FE ALY, "H NMR (300 MHz, CDCls, N E/Z %)
8/1 MRAY), D EH S IR REEHE DR S TR D) 6
2.39% (s, 0.36H), 2.53 (s, 3H), 3.71 (s, 3H), 3.82* (s,
0.36H), 6.57~6.69 (m, 5H), 6.78~6.88 (m, 1.6H), 7.18~
7.22 (m, 2H), 7.26~7.30 (m, 3H), 7.42~7.44* (m, 0.4H),
7.71~7.75*% (m, 0.2H); *C NMR (75 MHz, CDCl;) &:
15.25%, 15.87, 55.22, 55.39* 113.56, 114.37, 121.23,
123.17, 124.51, 125.86, 128.03, 128.54, 129.09, 129.28,
130.02, 131.97, 133.82, 135.90, 143.29, 144.45, 145.61,
155.86, 161.90.

4- FVAE R - N[ (4- PR 6 IR 1Yy -2 6 ) A 35 ) 3 R ) 2 i
(1p): ¥ AHRY. 'TH NMR (300 MHz, CDCl;, A E/Z %)
8/1 WHRAY), D EH 7 PR REEHE DR S5 ThR D) 6:
2.37*% (s, 0.39H), 2.20 (s, 3H), 3.71 (s, 3H), 3.81%* (s,
0.36H), 6.64~6.73 (m, 4H), 6.77* (d, J=4.5 Hz, 0.25H),
6.80% (s, 0.32H), 6.84~6.85 (m, 1.26H), 6.95* (s, 0.15H),
7.07 (s, 1H), 7.20~7.26 (m, 2H), 7.27~7.32 (m, 3H),
7.40~7.48* (m, 0.5H), 7.73~7.79% (m, 0.3H); °*C NMR
(75 MHz, CDCl;) d: 15.35%, 15.69, 55.22, 55.37*, 113.58,
114.27, 121.31, 122.37, 123.16, 125.56, 125.86, 128.08,
128.24, 128.59, 129.03, 129.23, 130.15, 133.65, 135.04,
136.09, 137.98, 143.16, 146.41, 155.96, 161.89.

4- AR - N[ (4- FF SR R R R ) (4- i 25 2R 05 ) T FE
F1q): BEEAER. mp. 121.4~122.2 C; 'H NMR
(300 MHz, CDCLy) d: 3.72 (s, 1.8H), 3.76 (s, 1.3H), 3.82
(s, 1.2H), 3.86 (s, 1.7H), 6.60 (d, J=8.8 Hz, 1H), 6.67~
6.76 (m, 2.8H), 6.83 (d, J=8.7 Hz, 1H), 6.92 (d, J=8.8
Hz, 1H), 7.03 (d, J=8.6 Hz, 1H), 7.31 (d, J=8.5 Hz, 1H),
7.63 (d, J=8.8 Hz, 1H), 7.88 (d, J=8.7 Hz, 1H), 8.15 (d,
J=8.5 Hz, 1H), 8.23 (d, J=8.7 Hz, 1H).

4- PSR B -N-[ (4- AU 2R O ) (4- = 9 R R R ) W FR
R Ar): B OEAR. mp. 1153~117.6 'C; 'H
NMR (300 MHz, CDCl3) 6: 3.73~3.75 (m, 3.6H), 3.81 (s,
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1.4H), 3.86 (s, 1.8H), 3.90 (s, 1.4H), 6.61~6.76 (m, 5H),
6.81 (d, J=8.6 Hz, 1H), 6.91 (d, J=8.8 Hz, 1H), 7.01 (q,
J=8.6 Hz, 2H), 7.18~7.31 (m, 1.6H), 7.54 (d, J=8.0 Hz,
1H), 7.64 (d, J=7.7 Hz, 2H), 7.74 (d, J=8.2 Hz, 1H),
7.81~7.86 (m, 2.5H), 7.94 (d, J=8.6 Hz, 0.3H), 8.04 (d,
J=8.6 Hz, 0.1H).

N-[(4-HH 3 2R I ) (R Wy -2-38) W1 FF 6 12K e (1s):
[l 4. m.p. 112.4~113.8 ‘C; '"H NMR (300 MHz, CDCls,
N EIZ %3 5/1 WHREY), Do AR REEE DU 5
fTFRIC) d: 6.71~6.67 (m, 2H), 6.86~6.82* (m, 0.4H),
7.00~6.92 (m, 2.4H), 7.06 (dd, J=5.0, 3.8 Hz, 1H),
7.17~7.11 (m, 2.4 H), 7.36~7.30* (m, 0.4H), 7.43~7.38
(m, 2H), 7.57 (dd, J=5.0, 1.3 Hz, 1H), 7.95* (d, J=8.9
Hz, 0.4H), 8.16 (d, J=8.8 Hz, 1H), 8.30* (d, J=8.9 Hz,
0.4H); >C NMR (75 MHz, CDCls) d: 119.51, 120.65,
121.09, 123.33, 124.07, 124.30, 126.36, 127.68, 128.69,
129.23, 129.94, 130.05, 130.24, 130.72, 131.49, 132.01,
133.28, 142.21, 145.18, 147.74, 149.26, 160.27.

4= F SR -N-[ (4- T B 2 30 ) (e 1y -2- 3 ) 7 Y 1 fi
(1t): FEORE K. mp. 142.9~143.7 “C; '"H NMR (300
MHz, CDClL;, N E/Z %1 6/1 WHEEY), /b 8215 ARG
B LUR S HEATRRIE) o0 3.66 (s, 3H), 3.71%* (s, 0.5H),
6.78~6.64 (m, 3H), 6.96~6.89 (m, 1.5 H), 6.99 (dd, J=
3.7, 1.1 Hz, 1H), 7.05 (dd, J=5.0, 3.8 Hz, 1H), 7.44~7.36
(m, 2.3H), 7.56 (dd, J=5.0, 1.1 Hz, 1H), 8.00~7.94* (m,
0.5H), 8.13~8.09 (m, 2H), 8.36~8.27* (m, 0.5H); "°C
NMR (75 MHz, CDCL3) 6: 55.14, 55.48, 111.20, 111.60,
120.17, 120.54, 121.07, 121.46, 122.92, 123.20, 124.95,
125.19, 126.17, 127.59, 129.31, 129.86, 130.35, 130.40,
131.42, 131.90, 132.80, 138.91, 142.71, 144.84, 148.77,
161.86.

A5 -N-[ (4- T F2 2R 58 ) (MR 9y -2- 255 ) W Y R ) 5 2 (Tw):
FOEA. mp. 126.8~127.6 C; '"H NMR (300 MHz,
CDCl;, N E/Z ) 5/1 BRREY, />8H 5 Mz 258 L
RS HEATRRC) 0 6.67~6.62 (m, 2H), 6.86~6.76 (m,
2.4H), 7.07~6.97 (m, 2.6H), 7.45~7.38 (m, 2.2H), 7.57
(dd, J=5.0, 1.1 Hz, 1H), 7.94~7.91* (m, 0.4H), 8.19~
8.15 (m, 2H), 8.30~8.27* (m, 0.4H); *C NMR (75 MHz,
CDCly) d: 115.33, 115.62, 115.85, 116.14, 121.06, 121.18,
122.56, 122.67, 123.32, 123.37, 123.45, 126.48, 127.72,
129.99, 130.19, 130.75, 131.61, 132.20, 133.29, 141.98,
144.96, 147.75, 157.88, 160.77, 161.10.

322 ZFAPEIERE la~1u 49 RxFAR AL AL

W F5 I EAZ(1) (0.2 mmol) 5L 3¢ (14.4
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mg, 0.04 mmol)i&T 2 mL & HEE, IMAZER(1pL,
0.2 mmol), #HZE 0 C, HiF: FIMA=ZEHESE(80 uL,
0.8 mmol)¥# T 320 pL M & H e, gkeEfE 0 C
A SR R R 2% D0 N LR Bl TR S A T VR K
B, LAOTR CHERAEEL, & IFA N, LAICKER BRI T14,
YR, ORI, FeRVAERERAEE T (A SR
fig, V/v=100/1)4i445 H F57=4).

4- FRAR R N[ 25 3 (M Wy -2- 56 F 6 1 26 i 2a) 18 3%
R Y. WE 97%, 74% ee. [a]y —15.0 (¢ 0.50,
CHCl3); 'H NMR (300 MHz, CDCl;) d: 3.59 (s, 3H), 5.81
(d, J=7.7 Hz, 1H), 6.14 (d, J=7.7 Hz, 1H), 6.65 (m, 4H),
6.81 (d, J/=2.9 Hz, 1H), 6.91~6.94 (m, 1H), 7.26~7.22
(m, 1H), 7.31~7.39 (m, 3H), 7.47 (d, J=7.5 Hz, 2H).
HPLC conditions: Chiralcel OD-H column, V(EtOH)/
V(hexane)=1/99, flow rate 1.0 mL/min, UV detection at
254 nm, fr(major)=9.58 min, fr(minor)=_8.97 min.

N-[WRHH-2- B (B ) FY B ]-4- F AU R i (2b) ). 3%
IR Y. L E 95%, 54% ee. [alhy +5.9 (¢ 0.50,
CHCL3); 'H NMR (300 MHz, CDCl;) 6: 3.71 (s, 3H), 4.12
(s, 1H), 5.51 (s, 1H), 6.11 (d, J=3.1 Hz, 1H), 6.30-6.31
(m, 1H), 6.57 (d, J=8.9 Hz, 2H), 6.72~6.75 (m, 2H),
7.29~7.43 (m, 6H); *C NMR (75 MHz, CDCl;) §: 55.70,
57.75, 107.32, 110.27, 114.74, 11491, 127.26, 127.71,
128.69, 140.74, 141.17, 142.15, 152.47, 155.49. HPLC
Chiralpak AD-H column, FV(i-PrOH)/
V(hexane)=1/99, flow rate 1.0 mL/min, UV detection at
254 nm, tr(major)=24.14 min, tx(minor)=34.39 mim.

N-[4- 5 2R B (HE Wy -2- 3 ) A 2 1-4- F AU 2R JI% (20):
HOMWARY . IR 95%, 74% ee. [ald + (¢ 0.50,
CHCl3); 'H NMR (300 MHz, CDCl;) d: 3.71 (s, 3H), 3.98
(s, 1H), 5.84 (s, 1H), 6.46~6.49 (m, 2H), 6.71~6.74 (m,
2H), 7.23~7.37 (m, 8H), 7.56 (m, 1H); °*C NMR (75
MHz, CDCly) d: 55.67, 58.76, 114.74, 114.98, 115.59 (d,
J=21.4 Hz, 2C), 124.97, 125.03, 128.64 (d, J=8.1 Hz,
2C), 138.49 (d, J=3.0 Hz, 1C), 140.85, 147.72, 152.58,
162.16 (d, /J=244.4 Hz, 1C); HRMS (ESI) calcd for
CigH sFNNaOS [M+Na]": 336.0829, found 3336.0828.
HPLC conditions: Chiralcel OD-H column, V(i-PrOH)/
V(hexane)=1/99, flow rate 1.0 mL/min, UV detection at
254 nm, fr(major)=16.82 min, tx(minor)=15.01 min.

N-[3- 98 R ik (W Wy -2- 2 ) P IR -4 FT 4R 2R 2 (2d):
AR, R 92%, 70% ee. [aly +6.0 (¢ 0.50,
CHCl3); 'H NMR (300 MHz, CDCL3) 6: 3.72 (s, 3H), 4.11
(s, 1H), 5.67 (s, 1H), 6.55 (d, J/=8.8 Hz, 2H), 6.73 (d, J=
8.8 Hz, 2H), 6.88 (d, /=3.4 Hz, 1H), 6.93~6.97 (m, 2H),

conditions:

1902 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

7.15~7.31 (m, 3H); °C NMR (75 MHz, CDCl;) : 55.69,
59.00 (d, J=1.7 Hz, 1C), 113.93 (d, J=22.0 Hz, 1C),
114.59 (d, J/=21.2 Hz, 1C), 114.76, 114.97, 122.64 (d, J=
2.8 Hz, 1C), 125.14, 125.17, 126.86, 130.27 (d, J=8.1 Hz,
10), 140.76, 145.43 (d, J=6.4 Hz, 1C), 147.06, 152.63,
163.13 (d, /J=1245.0 Hz, 1C); HRMS (ESI) calcd for
CigH;sFNOS [M~+H]": 312.0853, found 312.0848. HPLC
Chiralpak AD-H V(i-PrOH)/
V(hexane)=1/99, flow rate 1.0 mL/min, UV detection at
254 nm, tr(major)=18.28 min, fx(minor)=23.71 min.
N-[4- SR e (1R 5y -2- J ) FY 5 1-4- RS 3 42 1% (2e):
BAHRY). BE 90%, 69% ee. [aly —2.7 (¢ 0.50,
CHCLy); 'H NMR (300 MHz, CDCly) 8: 3.71 (s, 3H), 4.12
(s, 1H), 5.68 (s, 1H), 6.54~6.57 (m, 2H), 6.73~6.76 (m,
2H), 6.87 (d, J/=3.4 Hz, 1H), 6.94~6.96 (m, 1H), 7.24~
7.26 (m, 1H), 7.33 (d, J/=8.5 Hz, 2H), 7.40 (d, J/=38.5 Hz,
2H); *C NMR (75 MHz, CDCl;) 0: 55.61, 58.72, 114.67,
114.91, 125.09, 125.15, 126.84, 128.35, 128.89, 133.27,
140.67, 141.17, 147.21, 152.51); HRMS (ESI) calcd for
CisH cCINNaOS [M-+Na]": 352.0533, found 352.0520.
HPLC conditions: Chiralpak AD-H column, V(i-PrOH)/
V(hexane)=1/99, flow rate 1.0 mL/min, UV detection at
254 nm, tr(major)=18.42 min, fr(minor)=25.96 min.
N-[4-JR R (e -2k ) U RE -4 A AR Rl (2f): 30
R Y. E 90%, 74% ee. [alf) —4.4 (¢ 0.50,
CHCL3); 'H NMR (300 MHz, CDCl;) d: 3.72 (s, 3H), 4.10
(s, 1H), 5.64 (s, 1H), 6.54 (d, J=8.9 Hz, 2H), 6.73 (d, J=
8.9 Hz, 2H), 6.86 (d, J=3.4 Hz, 1H), 6.94~6.96 (m, 1H),
7.23~7.26 (m, 1H), 7.32 (d, J/=8.4 Hz, 2H), 7.48 (d, J=
8.4 Hz, 2H); C NMR (75 MHz, CDCl;) J: 55.68, 58.89,
113.82, 114.76, 115.02, 121.47, 125.15, 125.18, 126.86,
128.75, 130.77, 131.49, 131.88, 140.69, 141.75, 147.13,
152.65); HRMS (ESI) calcd for C;sH;sBrNOS [M+H]":
372.0052, found 372.0050. HPLC conditions: Chiralpak
AD-H column, V(EtOH)/V(hexane)=10/90, flow rate 1.0
mL/min, UV detection at 254 nm, tx(major)=11.08 min,

conditions: column,

tr(minor)=12.30 min.

N-[3.5- VR 4% 5k (W Wy -2- Fi ) Y 35k ]-4- PP 4 35 2 e
(2g): FEOHCIRY. R 92%, 68% ee. [a]y +13.6 (c
0.50, CHCL3); "H NMR (300 MHz, CDCls) 6: 3.73 (s, 3H),
4.12 (s, 1H), 5.59 (s, 1H), 6.51~6.55 (m, 2H), 6.72~6.76
(m, 2H), 6.87 (d, J=3.3 Hz, 1H), 6.94~6.97 (m, 1H),
7.26~7.27 (m, 1H), 7.50~7.58 (m, 3H); °C NMR (75
MHz, CDCly) &: 55.68, 58.67, 114.84, 115.03, 123.32,
125.47, 125.57, 125.95, 126.99, 128.37, 128.82, 130.66,
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133.37, 140.34, 145.99, 146.85, 152.87); HRMS (ESI)
caled for C;gH;4Br,NOS [M—|—H]+: 4499157, found
449.9145. HPLC conditions: Chiralpak AD-H column,
V(i-PrOH)/V(hexane)=1/99, flow rate 1.0 mL/min, UV
detection at 254 nm, fx(major)=9.27 min, fg(minor)=7.95
min.

N-[4-TJR e (W Wy -2- ) F I -4 Y4805 2 1% (2h):
HOHPIRYD. IR 93%, 72% ee. [alhy —13.1 (¢ 0.50,
CHCl;); '"H NMR (300 MHz, CDCl3) ¢: 3.72 (s, 3H), 4.10
(s, 1H), 5.63 (s, 1H), 6.54 (d, /=8.9 Hz, 2H), 6.73 (d, J=
8.9 Hz, 2H), 6.86 (d, J/=3.4 Hz, 1H), 6.93~6.95 (m, 1H),
7.18~7.26 (m, 3H), 7.68 (d, J=8.3 Hz, 2H); C NMR
(75 MHz, CDCl;) o: 55.67, 58.96, 93.09, 114.76, 114.99,
125.12, 125.15, 126.84, 128.99, 137.82, 140.71, 142.47,
147.10, 152.62); HRMS (ESI) calcd for CigH;sINOS [M—+
H] " : 419.9914, found 419.9905. HPLC conditions:
Chiralpak AD-H column, V(EtOH)/V(hexane) = 10/90,
flow rate 1.0 mL/min, UV detection at 254 nm,
tr(major)=12.74 min, fg(minor)=13.75 min.

4- PP S R -N-[4- i 5 4 i (W My - 2- 3 ) YR 1R JRE (2i):
FOHIRYD. R 95%, 83% ee. [alh +19.8 (¢ 0.50,
CHCl3); 'H NMR (300 MHz, CDCl;) 6: 3.71 (s, 3H), 4.16
(d, J=3.6 Hz, 1H), 5, 77 (d, J/=3.9 Hz, 1H), 6.51 (d, J=
8.9 Hz, 2H), 6, 73 (d, J/=8.9 Hz, 2H), 6.87~6.88 (m, 1H),
6.94~6.97 (m, 1H), 7.26~7.29 (m, 1H), 7.65 (d, J=8.5
Hz, 2H), 8.21 (d, J=8.7 Hz, 2H); *C NMR (75 MHz,
CDCly) o: 55.63, 58.86, 114.78, 115.02, 124.11, 125.58,
125.75, 127.00, 127.80, 140.18, 145.64, 147.36, 150.03,
152.84); HRMS (ESI) caled for C;gH;sN,NaOs;S [M—+
Na]": 363.0774, found 363.0762. HPLC conditions: Chi-
ralpak AD-H column, V(EtOH)/V(hexane)=30/70, flow
rate 1.0 mL/min, UV detection at 254 nm, tzx(major)=
16.98 min, fg(minor)=19.28 min.

4- P4 - N[ (MR PY -2- 5 ) (4- = 330 PP R 20 25 ) W P 6 )
HREQ2)): FEMIRY. R 96%, 78% ee. [alh +20.2
(c 0.50, CHCl3); "H NMR (300 MHz, CDCl3) 6: 3.72 (s,
3H), 4.13 (s, 1H), 5.73 (s, 1H), 6.53 (d, J=28.9 Hz, 2H),
6.73 (d, J=8.8 Hz, 2H), 6.86 (d, /=3.4 Hz, 1H), 6.93~
6.96 (m, 1H), 7.25~7.26 (m, 2H), 7.56~7.63 (m, 4H);
C NMR (75 MHz, CDCl;) d: 55.23, 55.63, 58.89, 59.05,
113.83, 114.79, 115.01, 115.22, 115.41, 118.66, 122.27,
123.01, 124.84, 124.93, 125.31, 125.35, 125.68, 125.73,
125.78, 125.83, 125.87, 126.05, 126.60, 126.90, 127.15,
127.34, 127.53, 127.70, 129.20, 129.48, 129.63, 130.06,
130.49, 130.74, 131.55, 137.69, 140.58, 146.66, 146.69,
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152.74); HRMS (ESI) calcd for CyH;gCINNaO [M—+
Na] ": 386.0797, found 386.0800. HPLC conditions:
Chiralpak OJ-H column, V(EtOH)/V(hexane)=30/70, flow
rate 1.0 mL/min, UV detection at 254 nm, tzx(major)=
11.58 min, #g(minor)=10.38 min.

4- PP SR ke - N-[3- F SR B DR i (W Iy -2- k) PR D T 5 e
Q): FEOHARYD. R 94%, 75% ee. [alh —10.0 (c
0.50, CHCl;); 'H NMR (300 MHz, CDCl;) d: 3.73 (s, 3H),
3.79 (s, 3H), 4.16 (s, 1H), 5.66 (s, 1H), 6.58 (d, J=8.8 Hz,
2H), 6.74 (d, J/=8.8 Hz, 2H), 6.83~6.85 (m, 1H), 6.91~
6.96 (m, 1H), 7.01~7.06 (m, 2H), 7.22~7.28 (m, 2H);
C NMR (75 MHz, CDCl;) 0: 55.15, 55.62, 59.43, 112.66,
112.86, 114.64, 114.85, 119.29, 124.84, 126.77, 129.75,
141.05, 144.39, 147.78, 152.38, 159.86); HRMS (ESI)
caled for CjH;gNO,S [M + H] ' : 324.1053, found
324.1047. HPLC conditions: Chiralcel OD-H column,
V(i-PrOH)/V(hexane)=10/90, flow rate 1.0 mL/min, UV
detection at 254 nm, tzx(major)=7.91 min, fr(minor)="7.15
min.

N-[(ZEFF[][1, 3153 I fe-5- 5 ) (e -2- )
Fe-4- AR (2m): 31O IHRIRYD. YR 94%, 0% ee.
'H NMR (300 MHz, CDCl;) 6: 3.72 (s, 3H), 4.09 (s, 1H),
5.58 (s, 1H), 5.94 (d, J/=0.9 Hz, 2H), 6.55~6.58 (m, 2H),
6.72~6.81 (m, 3H), 6.88~6.95 (m, 4H), 7.22 (dd, J=5.0,
1.1 Hz, 1H); C NMR (75 MHz, CDCl;) J: 55.67, 59.17,
101.08, 107.38, 108.32, 114.68, 114.89, 120.32, 124.75,
124.85, 126.80, 126.87, 136.82, 140.98, 146.98, 147.97,
148.07, 152.43); HRMS (ESI) calcd for C;oH;yNNaO;S
[M+Na]": 362.0821, found 362.0818. HPLC conditions:
Chiralcel OD-H column, V(EtOH)/V(hexane)=10/90, flow
rate 1.0 mL/min, UV detection at 254 nm, fr(major)=7.73
min, fr(minor)==8.47 min.

4- B - N- [ W Wy -2~ (O0f FR 2R ) FREE 2R K2 (2):
BOORYY. R 91%, 64% ee. [alhy —23.3 (¢ 0.50,
CHCLy); 'H NMR (300 MHz, CDCls) 6: 3.71 (s, 3H), 4.11
(s, 1H), 5.65 (s, 1H), 6.55~6.58 (m, 2H), 6.71~6.74 (m,
2H), 6.88~6.94 (m, 2H), 7.16 (d, J/=7.9 Hz, 2H), 7.20~
7.26 (m, 1H), 7.31 (d, J=7.9 Hz, 2H); *C NMR (75 MHz,
CDCly) o: 21.11, 55.69.59.25, 114.72, 114.90.124.72,
126.78, 126.93, 129.43, 137.32, 139.86, 141.21, 148.34,
152.41); HRMS (ESI) caled for C,oH;sNOS [M+H]":
308.1104, found 308.1094. HPLC conditions: Chiralpak
AD-H column, V(EtOH)/V(hexane)=10/90, flow rate 1.0
mL/min, UV detection at 254 nm, fr(major)=_8.53 min,

fr(minor)=9.63 min.
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4 H A Jk -N-[(5- F 5k M Wiy -2 R ) (O ik ) PP R 1K kg
(20): FHEOHCRYD. ULZE 91%, 44% ee. 'H NMR (300
MHz, CDCly) d: 2.42 (s, 3H), 3.71 (s, 3H), 4.10 (s, 1H),
5.59 (s, 1H), 6.54~6.57 (m, 3H), 6.65 (d, J/=3.3 Hz, 1H),
6.70~6.74 (m, 2H), 7.25~7.37 (m, 3H), 7.43 (d, J=7.2
Hz, 2H); “C NMR (75 MHz, CDCly) §: 15.36, 55.71,
59.59, 114.75, 114.86, 124.73, 126.99, 127.54, 128.70,
139.44, 141.22, 142.86, 145.39, 152.39); HRMS (ESI)
caled for C;gH;QNNaOS [M +Na]: 332.1080, found
332.1072. HPLC conditions: Chiralpak AD-H column,
V(i-PrOH)/V(hexane)=10/90, flow rate 1.0 mL/min, UV
detection at 254 nm, zzx(major)=9.99 min, fz(minor)=_8.01
min.

4- H R B -N-[(4- P R gy -2- R ) (R B )RR R %
(2p): FHOMARY. BE 91%, 73% ee. 'H NMR (300
MHz, CDCl;) d: 2.18 (s, 3H), 3.71 (s, 3H), 4.11(s, 1H),
5.60 (s, 1H), 6.53~6.58 (m, 2H), 6.67 (s, 1H), 6.69~6.75
(m, 2H), 6.79 (t, J=1.1 Hz, 1H), 7.25~7.37 (m, 3H),
7.37~7.45 (m, 2H); *C NMR (75 MHz, CDCl;) J: 15.78,
55.71, 59.61, 114.75, 114.89, 120.01, 127.03, 127.23,
127.59, 128.36, 128.74, 137.45, 141.20, 142.81, 147.73,
152.44); HRMS (ESI) calced for C;oH;)NNaOS [M+Na] '
332.1080, found 332.1065. HPLC conditions: Chiralpak
AD-H column, V(i-PrOH)/V(hexane)=10/90, flow rate 1.0
mL/min, UV detection at 254 nm, fx(major)=9.27 min,
tr(minor)=8.71 min.

4- FAE B N[ (4- P AU IR R ) (4- i R 6 ) P R R
fi(2q): B OHARY). ULZE 96%, 43% ee. [alp +32.2 (¢
0.50, CHCl;); 'H NMR (300 MHz, CDCl;) d: 3.72 (s, 3H),
3.5~4.5 (brs, 1H), 5.44 (s, 1H), 6.47 (d, J=28.8 Hz, 2H),
6.73 (d, /=8.8 Hz, 2H), 6.87 (d, J=8.6 Hz, 2H), 7.21 (d,
J=8.6 Hz, 2H), 7.59 (d, /=8.6 Hz, 2H), 8.18 (d, /=28.6
Hz, 2H); "C NMR (75 MHz, CDCly) J: 55.25, 55.62,
62.83, 114.33, 114.67, 114.71, 123.96, 127.83, 128.72,
134.07, 140.82, 146.98, 150.84, 152.45, 159.23); HRMS
(ESI) caled for CyHyN,NaO, [M+Na]: 387.1315, found
387.1314.. HPLC.: Chiralpak AD-H column, V(i-PrOH)/
V(hexane)=230/70, flow rate 1.0 mL/min, UV detection at
254 nm, tr(major)=15.40 min, tx(minor)=17.10 min.

4- F S B N[ (4- T S0 R 0 ) (4- — 3 TP R ) Y
B Qe EEMHRY). R 95%, 38% ee. [alp
+14.0 (¢ 0.65, CHCl;); '"H NMR (300 MHz, CDCl) ¢:
3.71 (s, 3H), 3.79 (s, 3H), 3.95 (s, 1H), 5.41 (s, 1H),
6.45~6.50 (m, 2H), 6.71~6.73 (m, 2H), 6.86 (d, J=38.7
Hz, 2H), 7.22 (d, J/=38.6 Hz, 2H), 7.51 (d, J/=38.1 Hz, 2H),
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7.57 (d, J=8.3 Hz, 2H). HPLC conditions: Chiralpak
AD-H column, V(EtOH)/V(hexane)=20/80, flow rate 1.0
mL/min, UV detection at 254 nm, fr(major)=9.35 min,
tr(minor)=10.11 min.

N-[4- i 5 28 L (e -2- 21 ) R R iz (28): 3 E0IHDIR
). WK 87%, 89% ee. [aly +46.5 (¢ 1.30, CHCly); 'H
NMR (300 MHz, CDCl;) o: 4.43 (brs, 1H), 5.87 (d, J=5.6
Hz, 1H), 6.57 (d, J/=38.6 Hz, 2H), 6.78 (t, J=7.5 Hz, 1H),
6.90 (d, J=3.5 Hz, 1H), 6.97 (dd, J=3.5, 1.5 Hz, 1H),
7.16 (dd, J=8.5, 7.5 Hz, 2H), 7.30 (dd, J=5.1, 1.2 Hz,
1H), 7.66 (d, J=8.6 Hz, 2H), 8.22 (d, J=8.7 Hz, 2H); "*C
NMR (75 MHz, CDCl3) 6: 57.94, 113.42, 113.59, 118.69,
124.08, 125.79, 125.84, 127.02, 127.75, 129.26, 145.26,
146.03, 147.36, 149.70); HRMS (ESI) caled for
CsH ,N,NaO,S [M+Na]": 333.0668, found 333.0661.
HPLC conditions: Chiralpak AD-H column, V(EtOH)/
V(hexane)=10/90, flow rate 1.0 mL/min, UV detection at
254 nm, tr(major)=16.34 min, tx(minor)=17.85 min.

4- FAE - N-[4- i R (R 1y -2 ) FR R 1 48 % (2¢):
HARYY. R 98%, 79% ee. [alh +38.1 (¢ 1.10,
CHCl;); 'H NMR (300 MHz, CDCL3) 6: 3.88 (s, 3H), 5.01
(s, 1H), 5.84 (d, /=1.7 Hz, 1H), 6.36 (d, /=9.3 Hz, 1H),
6.75~6.72 (m, 1H), 6.82~6.80 (m, 1H), 6.88 (d, J=3.5
Hz, 1H), 6.97 (dd, J=5.0, 3.6 Hz, 1H), 7.30~7.26 (m,
1H), 7.65 (d, J=8.7 Hz, 2H), 8.22 (d, J=8.7 Hz, 2H); "*C
NMR (75 MHz, CDCl;) d: 55.45, 57.88, 58.08, 109.46,
109.57, 110.98, 111.12, 117.62, 117.96, 121.01, 122.89,
124.04, 124.09, 125.71, 125.74, 126.71, 127.00, 127.82,
136.05, 145.56, 146.88, 147.40, 149.93); HRMS (ESI)
caled for C;gH;N,NaO;S [M+Na]': 363.0774, found
363.0767. HPLC conditions: Chiralpak AD-H column,
V(EtOH) : V(i-PrOH) : V(hexane)=10 : 5 : 85, flow rate
1.0 mL/min, UV detection at 254 nm, fr(major)=2_8.37
min, fr(minor)==y8.86 min.

4- 9 -N-[4- fiFd 3 R (WE Iy -2-J) FP R 19K 1 (2u): 350
R Y. WE 93%, 89% ee. [aly +53.9 (¢ 0.94,
CHCl;); 'H NMR (300 MHz, CDCL3) 6: 4.33 (s, 1H), 5.80
(s, 1H), 6.50 (dd, /=9.0, 4.4 Hz, 2H), 6.96 (dd, J=5.1, 1.5
Hz, 1H), 7.29 (dd, J=5.1, 1.2 Hz, 1H), 7.64 (d, J=8.5 Hz,
2H), 8.22 (d, J=8.8 Hz, 2H); *C NMR (75 MHz, CDCl,)
0:58.52,114.59 (d, J=7.4 Hz, 2C), 115.73 (d, J=22.4 Hz,
2C), 124.12, 125.74, 125.86, 127.05, 127.75, 142.37 (d,
J=2.0 Hz, 1C), 145.16, 147.40, 149.52, 156.32 (d, J=
235.5 Hz, 1C); HRMS (ESI) caled for C;;H;3FN,NaO;S
[M+Na]": 351.0574, found 351.0573. HPLC conditions:
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Chiralpak AD-H column, V(EtOH)/V(hexane) = 15/85,
flow rate 1.0 mL/min, UV detection at 254 nm,

tr(major)=14.98 min, fr(minor)=16.67 min.

4B A4 %l(Supporting Information)

&1 A3 1) 'H

NMR. "C NMR i E A KA AP 3 1F-H: HPLC .
X e L mT BL A 3% AT ) 355 (http://sioc-journal.cn/) _E
T .
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