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Synthesis of Chiral 5-Aryl-2-oxazolidinones via an Ir-BiphPHOX
Catalyzed Enantioselective Hydrogenation
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Abstract The enantioselective catalytic hydrogenation of 5-aryl-2-oxazolones has been achieved for the first time using the
axially chiral Ir-BiphPHOX catalyst, providing the corresponding chiral 5-aryl-2-oxazolidinones in high yields and with excel-
lent enantioselectivities. The protocol has good compatibility with a variety of functional groups, and the resulting products
can be converted into various chiral amino alcohol compounds or can be transformed into a series of chiral heterocyclic com-

pounds with various biological activities.

Keywords BiphPHOX; enantioselective hydrogenation; 5-aryl-2-oxazolidinone; chirality; Ir-catalyzed hydrogenation
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Figure 1 Chiral 2-oxazolidinones and 2-amino-1-phenylethanol drugs

PRV, AR DR JEORHB R R R T AN B & ). S A RE
TER 7St i m B P REE 7 TN C—H iz
A TOVRT il A4 148 Ji I R 45 T M W8 M e - 2- B ) 7 2%,
LS L PRS0 s B AR AR AR

AN R AL AL IRAF T 1AL & 1 B v ORI
IR 71k 22— 020 3l 3 E AN T A0 2 A 5 A s e -2-
HEAT A XS PR EAL, o582 $RAT T P E P o -2- i 4
HEA MM —MI7EE 2016 4F, REBIRBAI T ik
T8 7 Rh AL 4-HURRERE-2- i (AR A, D
98%INH L K 86% ee IRTFEAL I (Scheme 1, a). FAT,
252 B R EEAE BRI, HRIA B BRI 4

(a)

fEH 2L, Glorius HEZAMT 2018 4E4iiE T NHC-Ru
AL 4-BUARBE M- AT RR A AL, B T 511
ASKFFRAEAL B R (Scheme 1, b). 2020 4F, 5K 2548 U 1
HUSIN X IZR MR R T =200 Ni fEARIR R, 7T
TEBARAHEAL 77 B (TON=3350) {1 214 T, LL 99% ee 3k
35 Z P HCR IS I PEREME St -2l (Scheme 1, ¢). 1]
WL, K 4-HUARBEMe -2 1) A FR A S AR TR B
AR T AR OR, SR E &) 2 T
o S-EUAR I e -2 - R AS K FR AR AL S A A RGE A LS
kAR IE

Rh]/TangPh g
”N//<o [Rh}/TangPhos HNJ<O s
R)Q/ H, (3.04 MPa) R)\/ Ve gy
up to 98% yield, 86% ee TangPhos
(b)
o) . o)
R i
\NJ<O [RUJ/(R,R)-SINpEt \NJ<O N\ \
J<® ‘BuoNa H,(5MPa) -/ :
R N
up to 99% yield, 96% ee (RR)-SINpE
() o) o) 5 T Eh
Ni(OAc),/(S,S)-BPE : T
HNJ<O HNJ<O 5 P R
H, (101 kPa . :
R)*/ 2 ) R I\/ ; Ph PH
up to 99% yield, 99% ee (S,5)-Ph-BPE
(d) This work .
0o o i l
TSy (@S)-I/In-BiphPHOX (5 mol%) J{ 5 g 4PPh2
o] \ Ir= R
l*( DCE, 30 °C, H, (5 MPa), 36 h I\/ o*@ ")) BAr
Ar

B 1

)-Ir/In-BiphPHOX

KRB AL G B T RE I E-2- B

Scheme 1 Synthesis of chiral 2-oxazolidinones via enantioselective hydrogenation
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AR, TATREH KRR T — MR 5 R AN %2
SE RS - I R B AT A4 (BiphPHOX), & BLELTE & J& fi 1k
19 22 PPN FR S B R B H AL S AL S8R, U TE
BRAEA TR AR XU A SRR AR N, 25t T 1 SO B v
PERTGCE MR PENSL 7R IR B AR AR SO RsE Il T
Ir-BiphPHOX AL IH] 5- 75 M -2 ] (1) AN %o AR A AL
L, G T A 5-05 BEREMELE-2-iF (Scheme 1, d).
1 ZR5TR
1.1 EoisHE & R RIS

DL N-SXof B I SR B - 5 -2 S 2 i) (1.2) A ASEAR
JRA, AZE O, fERE 30 'C. ASIES S
MPa [ 244 T B 36 h, XA RIS BY {371 e Ak DA R &5
Ru, Rh Ml Ir A R & @R AT g, SRR, R
L0 PN-PHOX Ak, HRA Ir #iAEAMENFRIN, K
NEATBL 5 1% B IS LA e 5% Ff xof ik ade 438 14k 759 21 B A
F= ) (Scheme 2). 4k, PAAS PR 4H HF & 1) Ir-Biph-
PHOX (L1~4)NMH T Fik B, 4 Nméir)ae, JUM

B2 T B g R, R e R AT AR AT
([IrL4(cod)|BArs) T 25 tH 97%1IFEALZF 87% ee.
1.2 BFGEE E AR MBI RIS

VRTINS 5-75 R 2 - i AN K R A ) BT B
B 5. 03k 1 B, 76 5 MPa EASE T, R
N 30 °C J%(aS)-Ir/In-BiphPHOX AL FII T,
FE S B AT DLIRTE 97% B E e 87 % X ik
P 1, Bntry 1), HiZMNAE & LTI,
SRS RT BRGEFEVER T RCORIIEE T, EPRL 98% 4% 4k %
F193% ee 135 HFRF=4(Entry 2). BEAN, RN IERIEH
AT AR 3] 93% HIX WUk £ 1%, (H A0 K BE1F 2 58%1 %%

@)
[IrL(cod)]BArg
DCM, 30°C

o -
T N\),,,,© )\/ j;,{/ \,\

e Z(Entry 3). FHORANAR — I 2R3 57 m) 15 21 h S5 1 3 4L
FE NS W 3% £ 1 (Entries 4, 5), 17 P4 &0 ¥k W (THF)
EtOAc DA% i T 740 MeOH K 43 3 J8 & 11 72 4
(Entries 6~8). s FiRLE R, ®HFEH —HOEEAR
JSE PRV FRHEAT BN 2% 1 i e

R R REE RIS (] 1 i ik

Table 1 Screening of solvent, temperature, pressure and time

TS—N%O (@S)-Ir/In-BiphPHOX (1 mol%) Ts—N>\j
Vb Solvent, Temp., Hy, 36 h ©
1a 2a
Entry Solvent p(H2)/MPa Temp./C Conv.l/%  ee/%
1 DCM 5 30 97 87
2 DCE 5 30 >99 93
3  PhCl 5 30 58 93
4 Toluene 5 30 52 69
5  o0-Xylene 5 30 34 85
6 THF 5 30 0 —
7 EtOAc 5 30 5 84
8 MeOH 5 30 0 —
9 DCE 4 30 93 91
10 DCE 6 30 >99 91
11 DCE 5 20 96 90
12 DCE 5 50 >99 90
134 DCE 5 30 82 93

@ Reaction conditions: 1a (31.5 mg, 0.1 mmol), (aS)-Ir/In-BiphPHOX (1
mol%), solvent (1 mL). ® Determined by 'H NMR. ¢ Determined by HPLC
using a Chiralcel AD-H column. 9 The reaction was carried out for 24 h.

2 N 77 H1 5 MPa F#AIKH 4 MPa I 4L 22 IR
93%, X MREFRIE PN 91% (Entry 9), 1Mk /13 K N6
MPa W] 5%F Bk FEVE A BT T B (Entry 10). 438 T F%
7920 C (Entry 11)80 BT+ 50 CHf(Entry 12), KRV
X B R X AN R AR FE I R . SROREEAT BN 1] E

I
\I
“i~d

l\l~

o)
‘J

PPh2 PhoP N—/
SR

L1 (R =Pr, 89%, 83% ee)

>ko
\/b s
H, (5 MPa), 36 h 2a

Pr-PHOX (51%, 5% ee)

Ph,P. /
O Ph

2: (R =Bu, 34%, 13% ee)

o

en (Ao

Ph,P ‘ h}\)@

L3 (37%, 81% ee) L4 (97%, 87% ee)

Reaction conditions: 1a (31.5 mg, 0.1 mmol), molar ratio of substrate/catalyst (S/C) is 100, DCM (1 mL). Conversions were determined by 'H
NMR, ee values were determined by HPLC using a Chiralcel AD-H column. The absolute configuration of 2a was confirmed by X-ray

diffraction analysis.

B2 Bk L

Scheme 2 Screening of ligands
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36 h 4i%E RN 24 hinf, JRUE ST =4 0 g £ T L%

SO, AE A AN BRI e 10 R K B T B R
82% (Entry 13). HI¥ESZIGLE B, g L 30 CYEN N
PHRE, S8 5 MPa, OB 36 h.
1.3 5-ERRIEME-2-FR2K 1L S4B RIIHA R

AR B I N A a, o S B R T R k4T T
HiRER2). iR, RYZRIA EHREE 5 N2 S5
SNETE T PR, HA AT IR 5 mol%Hf
LA A SE A, MR E G| AL PR, I Me
MeO I, [ HIBEMAIHEAT, DL &1 7= 2 LA K ik
95% ee 133 HFR/=11(2b~2f). KFF &4 A AL A
(IR AR B AP AT R AL RICR. M MZRIF -
SN H T SE A, B S ] BUBR AT 345 2 5]
S50 Mk B (2g~2K). A NE IR, & AR
AR T L 93% ee 32177 2§, AR LIRS 5]
AP F IR TS, AR SR DUR = 103 M gt
17, R 2k BB 66%HIRT MakSrE. DL ESE RS

7, BUAREE A H AT s B R SE A ALF- AN K, (H AR 1Y
FINAEFERREFE B FEAR T S SO VEAN G £ . AH ELACT
&, WA BN a1 Me R F I, USR5 2a A
I IASS PR RCR, T A7 BRLASCOR AR B i & 5N
N A= iap ik = e N 4 A PR PR SN AR A S
WS AR 2 M R 558 BLAE L, AT g5k 1 A BOR
R ZE IS, SN IR LLE ERARAN 94% HARS
LI BRI SRAT AR B () P20 (21). R R IR i 2- ey Kk
I, SN PEAR AR AR e A ikt 25 Y 1) L e i
FRFEHI(2m, 99%, 2% ee). ), FEUERE-2-FEIR A
TRAP FE IR BRI S o T URBRAIE L . 0 = G H
ML AN 3,5- — FARRIRBIE LN, [ SNATSREMR 2a —HELLE
Whr < R e S5 A0 S B0 X R UE B SR AT H AR ) (2~
2q).
1.4 PR REEK

N T PN SO RV LR R FANEL, X S
Wit AT T #E AL U (Scheme 3). EAL =) 2a 7EEE S AT

xz2 R
Table 2 Exploration of the substrates

o

(aS)-I/In-BiphPHOX (1 ~ 5 mol%)

O
Ts—N\7|\
Ar DCE, 30 °C, H, (5 MPa), 36 h

1

b | B2

o PPh,

Ts—N . N\I::_‘

\J,,,/Ar <; J@@ BAe"
2

(aS)-Ir/In-BiphPHOX

O (6] O
Ts\NJ< Ts\N//< Ts\NJ<
|\/O |\/O |\/O

o

2¢ (97%, 95% ee)

L

2a® (98%, 93% ee) 2b (97%, 82% ee)

0
0 0 Ts. J(
Ts\N//< Ts\NJ< N o
O 0 |\/

3 (e Q

cl

29 (99%, 82% ee) 2h (94%, 76% ee)

? o}

Ts \N//< Lo o]
P Ar” ‘N//<o

S@ @

2m (99%, 2% ee)

2n®: Ar = Ph

2i (99%, 79% ee)

(97%, 83% ee)
20”: Ar = 4-FCgH,
(95%, 94% ee)

6]
Ts \[/fo

3

2d (99%, 93% ee)

o]
TS\NJ<
L0

5

2e (93%, 87% ee)

e}
Ts \'\Ii/fo

Cone

2f (99%, 89% ee)

OMe

T JZ) Ts \N//Z) Ts. //<O
~ it Lp
9 K

2j (99%, 93% ee) 2k (94%, 66% ee) 21 (99%, 94% ee)

2p: Ar = 4-CF;CgH,
(97%, 70% ee)

2qP: Ar = 3,5-Me,CgH5
(81%, 92% ee)

4 Reaction conditions: 1 (0.1 mmol), (aS)-Ir/In-BiphPHOX (5 mol%), DCE (1 mL), isolated yields. ee values were determined by HPLC using a Chiralcel AD-H or
OD-H column. The absolute configurations of 2 were assigned according to 2a. ? (aS)-Ir/In-BiphPHOX (1 mol%).
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Scheme 3 Transformation of the hydrogenated products

FEfR R AETFIR AT LA 87% MR AN 92% [ 5% Bt g 5 4
Ak Ry N-XT F ORI - B- R 3. VAT TR
B KA A WA B AL — 2% T B AT, iR S
BRUT ik, R ML = etk RSk =4 2
(PS%F FR R T 5 O (s Bk, 3RTS N-TREES I 5-0% B
Bt -2-M. 1ZE BTk — 20 T A 2 R B AR
IFPEZIR 1. Biltn, 2a LBiAR ] LL 73% U2 A0
93% PR BLIL FEMESRAT N-TiEBS I 5-T5 MM ot -2 - =
Yy 4, TR SCHR[BI T 1RG5 H o p A BUR AT 4o —Fh 4
RAIRSZARIGIRF] 5; &4 4-F W 7RS4 2j,
AT L 74%UWCR T 95% )5 it i 356 M FRA5 Bt AR 47 7= 4
6, 6 ZHLALTTLL 95% ee 133 —Fh DSD #1157 7.

2 Zhig

e Jh T PR IDAR - M bk 4 A4, 77) Tr/BiphPHOX ¥ H
Bl —RH 5-75 FEREWE 2B A KRR AE A AL, TER
IR BT, LoE SRR DL B = 95% ee 153
FrE 505 FEUEMeSE-2- [, PR G T RN B Ak T 15 )
HA VS F VN BRI L AR 1, BE R
— RH TR IR, TR TAEE ATk 575 3
WA A -2 - i) 218 24 A A0 1) B T P R e ) v ) A
P — 2% R = I AR
3 XIS
5
FE LR 100~200 H RERR (I & A2 IR 5T
), 2 GIE(TLC):R LR GF254 2 EHTHEER IR
(A ETL AR AR AR, 155K SGW X-4 21
H RO (R RS SR AR A IR AR, \EETHRE

3.1
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R IE; 'TH NMR 1 3C NMR KA Varian A ] MERCURY
plus 400 1 500 ZUAZ IR 5E, TMS N bR, CDCls N
;=S (ESI-HRMS) K ] Waters A 7] ) UPLC-
Q-TOF-MS #ll5E; ALY ee {EKH Shimadzu A 7]
T RO % (AD-H/OD-H - -1 HE) I 2, I 3l AH ¥ 771
RIE AR N EE; e {E/E Rudolph Research Ana-
lytical Autopol VI HZNE 64X e, {58 F I GIRE K
4 589 nm. AKX FRAEAL R 2 B SCHR[6] 77 2 il 4
32 ZLWHE
3.2.1 R4 la~1q 8946 %

W 2-P55 % Z.(10.0 mmol, 1.0 equiv.)Fl 2,4-1gEM:
ft —Wi(1.4 g, 12.0 mmol, 1.2 equiv.)¥& T N,N- " F 5
M fZ(DMF) (10 mL)H, MIAGKEEH (2.1 g, 15.0 mmol,
1.5 equiv.), ZEIE FHEE 1~2 h, S8R5 SR E VKK
i, KA 288 ZF6(10 mL X 3)ZKHL, & HA VA IEH
PRI SRR P, ToKBRIREN T 15, WS 28 BRiA ), H
MR AL BB TN R

¥ EB IR =% THF (10 mL)H, JIAE
EALHE(1.0 g, 40.0 mmol, 4.0 equiv.))5 T = iEHiHE 2~3
h, R BRI NIK SR KIS, KA 4R 1610
mL X 3)ZHL. A A VAR A KB, oK
FREN I8, W Z8BRIVA I, RS R — b At H
TR P

7t Schlenk JHH I P BESRAZ =4, HhH 24
BA=, IINET THF (5 mL)FI=2Z%(2.1 mL, 15.0
mmol, 1.5 equiv.), VKIBZAE T IS B RIERE R KT
PSS ST RUORREBE A 0 = 5 FF R e Sk 3,5- = H
FERREES(11.0 mmol, 1.1 equiv.), ZSAEY F RNE
. T [ SR B R N AT 2Rk, KA 288 2. B6(5
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mL X 3)ZEHL, & IFANUAH I JCKBR RN T4, s 25
BRIEF, SRRVEAEZNTCRMEE R R, Vi Vv=
12 1 DAL= 1.

5- 2R Fk 350 F R it gt FEIE -2 (1a): 1 EA [ 4A
(1.95 g, P23 62%). m.p. 134~136 ‘C; 'H NMR (400
MHz, CDCl;) : 8.00 (d, J=8.4 Hz, 2H), 7.45 (d, J=8.6
Hz, 2H), 7.42~7.32 (m, 5H), 7.26 (s, 1H), 2.46 (s, 3H);
3C NMR (100 MHz, CDCls) d: 149.3, 146.7, 140.3, 133.1,
130.1, 129.4, 1289, 128.5, 125.9, 123.6, 106.3, 21.8;
HRMS (ESI) caled for Ci6HisNOsS (M+H)" 316.0644,
found 316.0635.

5-(2- 2 2R 5L )-3- 50} R R il I B I 2 - B (1b):
& E14(1.87 g, 773 57%). m.p. 110~112 C; 'H NMR
(400 MHz, CDCl3) 6: 8.01 (d, J=8.3 Hz, 2H), 7.51 (d, J=
7.3 Hz, 1H), 7.40 (d, J=8.2 Hz, 2H), 7.30~7.20 (m, 3H),
7.11 (s, 1H), 2.46 (s, 3H), 2.40 (s, 3H); C NMR (100
MHz, CDCl;) 6: 149.0, 146.7, 139.7, 134.9, 133.1, 131.2,
130.1, 129.3, 128.5, 126.5, 126.3, 125.0, 109.1, 21.8, 21.7;
HRMS (ESI) caled for C17Hi;sNOsS (M+H)" 330.0800,
found 330.0795.

5-(3- FH L DR R )-3- %) HH R It S E M2 (1e):
BEA(1.97 g, 753 60%). m.p. 142~143 C; 'H NMR
(400 MHz, CDCl3) 6: 8.00 (d, J=8.4 Hz, 2H), 7.39 (d, J=
8.2 Hz, 2H), 7.29~7.23 (m, 4H), 7.16 (dt, J=7.0, 1.6 Hz,
1H), 2.46 (s, 3H), 2.36 (s, 3H); 3C NMR (100 MHz,
CDCls) d: 149.3, 146.6, 140.5, 138.8, 133.1, 130.3, 130.1,
128.8, 128.5, 125.7, 124.2, 120.8, 106.1, 21.8, 21.3;
HRMS (ESI) calcd for C17HigNOsS (M+H)" 330.0800,
found 330.0808.

5-(4- F L 2R 5L )-3- 50} R Rl I S I 2 - (1d):
B E (.54 g, 773 47%). m.p. 175~177 ‘C; '"H NMR
(400 MHz, CDCl3) 6: 7.99 (d, J=8.3 Hz, 2H), 7.38 (d, J=
8.1 Hz, 2H), 7.34 (d, J=8.1 Hz, 2H), 7.19 (d, J=9.2 Hz,
3H), 2.45 (s, 3H), 2.35 (s, 3H); *C NMR (100 MHz,
CDCls) 0: 149.4, 146.6, 140.5, 139.7, 133.1, 130.1, 129.6,
128.4, 123.6, 123.1, 105.6, 21.7, 21.4; HRMS (ESI) calcd
for C17H;NO4S (M+H)" 330.0800, found 330.0790.

5-(2- PP A 2R R )-3- 0 P R il Tk W e -2- Bl (1 e):
A (1.93 g =% 56%). mp. 138~139 C; 'H
NMR (400 MHz, CDCl;) 6: 8.01 (d, J=8.2 Hz, 2H), 7.53
(d, J=7.7 Hz, 1H), 7.47 (s, 1H), 7.38 (d, J=8.1 Hz, 2H),
7.30 (t, J=7.8 Hz, 1H), 6.99 (d, J=7.6 Hz, 1H), 6.96 (t,
J=17.8 Hz, 1H), 3.97 (s, 3H), 2.45 (s, 3H); '*C NMR (100
MHz, CDCl;) 6: 155.8, 149.0, 146.5, 136.9, 133.3, 130.1,
129.9, 128.5, 125.5, 120.8, 114.8, 110.5, 110.4, 55.5, 21.8;

1752 http://sioc-journal.cn/
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HRMS (ESI) caled for C7Hi;gNOsS (M+H)" 346.0749,
found 346.0736.

5-(3- PRk OR k )-3-0of 24 T 6 PO A -2 B (1)
M AR (1.65 g 7% 48%). mp. 162~164 C; 'H
NMR (400 MHz, CDCL3) 6: 8.00 (d, J=8.4 Hz, 2H), 7.39
(d, J=8.2 Hz, 2H), 7.29 (t, J=8.0 Hz, 1H), 7.26 (s, 1H),
7.04 (d, J=7.8 Hz, 1H), 6.98~6.96 (m, 1H), 6.88 (dd, J=
8.3, 2.0 Hz, 1H), 3.80 (s, 3H), 2.45 (s, 3H); 3C NMR (100
MHz, CDCls) 6: 159.9, 149.2, 146.7, 140.1, 133.1, 130.19,
130.13, 128.5, 127.1, 115.9, 115.4, 108.8, 106.6, 55.4,
21.8; HRMS (ESI) caled for C;7H;sNOsSNa (M+Na)"
368.0569, found 368.0559.

5-(2- AR HL)-3- %) H R Tl I SR -2- T (1g): H1 A
[l (1.74 g, 7% 50%). m.p. 156~157 C; 'H NMR
(400 MHz, CDCls) §: 8.02 (d, J=8.2 Hz, 2H), 7.77 (s,
1H), 7.63 (dd, J=7.6, 1.9 Hz, 1H), 7.46~7.42 (m, 1H),
7.41 (d, J=8.2 Hz, 2H), 7.30 (dtd, J=15.5, 6.6, 5.8, 2.0
Hz, 2H), 2.47 (s, 3H); '3C NMR (100 MHz, CDCls) §:
146.8, 136.7, 133.0, 130.7, 130.2, 130.1, 129.7, 128.6,
1272, 127.2, 124.4, 111.7, 21.8; HRMS (ESI) calcd for
C1sH13CINO4S (M+H)" 350.0254, found 350.0251.

5-(3-GU R HE)-3-50) F R Tis g L e e -2- ] (1h): (1 €5
Ek(2.41 g 77 69%). m.p. 153~154 C; 'H NMR
(400 MHz, CDCls) 0: 8.00 (d, J=8.4 Hz, 2H), 7.44 (t, J=
1.5 Hz, 1H), 7.40 (d, J=8.3 Hz, 2H), 7.35~7.31 (m, 3H),
7.31 (s, 1H), 2.46 (s, 3H); *C NMR (100 MHz, CDCls) ¢:
148.9, 146.9, 138.9, 135.1, 132.9, 130.3, 130.2, 129.4,
128.5, 127.6, 123.6, 121.6, 107.4, 21.8; HRMS (ESI) calcd
for C16H13CINO4S (M+H)" 350.0254, found 350.0237.

5-(4-F R BL)-3- 0] FE DR R R L2 (1i):
[E44(2.03 g, 77 58%). m.p. 158~159 C; 'H NMR
(400 MHz, CDCls) 6: 7.99 (d, J=8.3 Hz, 2H), 7.38 (dd,
J=17.6, 5.3 Hz, 6H), 7.27 (s, 1H), 2.46 (s, 3H); '*C NMR
(100 MHz, CDCL3) 0: 149.0, 146.8, 139.3, 135.3, 132.9,
130.2, 129.3, 128.5, 124.8, 124.4, 106.7, 21.8; HRMS
(ESI) caled for CigH13CINO4S (M+H) " 350.0254, found
350.0241.

(4- T 2R J5 )-3- 0 R R il 1 L W a2 - (1) 1 [
£2.03 g, 773 61%). m.p. 134~136 C; 'H NMR (400
MHz, CDCL3) d: 8.00 (d, J=8.4 Hz, 2H), 7.47~7.42 (m,
2H), 7.40 (d, J=8.2 Hz, 2H), 7.21 (s, 1H), 7.13~7.06 (m,
2H), 2.46 (s, 3H); *C NMR (100 MHz, CDCl;) d: 162.1
(d, J=250.7 Hz), 148.2, 145.8, 138.5 132.0, 129.2, 127.5,
124.7 (d, J=8.4 Hz), 121.2 (d, J=3.5 Hz), 115.3 (d, J=
22.4 Hz), 105.0 (d, J=2.1 Hz), 20.8; '°F NMR (376 MHz,
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CDCl3) 6: —110.1; HRMS (ESI) caled for CisHioF-
NO4SNa (M+Na)" 356.0369, found 356.0363.

5-(3,4- QR Jk )-3- 06 FE R il Bt i R 14 -2- R (1K)
HOEARQR.15 g % 56%). mp. 190~192 C; 'H
NMR (400 MHz, CDCL3) 6: 7.99 (d, J=8.4 Hz, 2H), 7.54
(d, J=2.0 Hz, 1H), 7.46 (d, J=8.4 Hz, 1H), 7.40 (d, J=
8.3 Hz, 2H), 7.31 (s, 1H), 7.28 (dd, J=8.4, 2.1 Hz, 1H),
2.46 (s, 3H); 3C NMR (100 MHz, CDCls) 6: 148.8, 146.9,
138.0, 133.5, 133.4, 132.8, 131.1, 130.2, 128.6, 125.8,
125.4, 122.6, 107.7, 21.8; HRMS (ESI) calcd for
CisH11C1.NOsSNa (M+ Na)* 405.9684, found 405.9674.

5-28-3-5%F F ORI L e 2- W (1n): 4 L 44 (2.81
g, P2 77%). mp. 188~190 ‘C; 'H NMR (400 MHz,
CDCl;) 6: 8.02 (d, J=8.4 Hz, 2H), 7.94 (d, J=1.7 Hz,
1H), 7.87~7.79 (m, 3H), 7.54~7.49 (m, 2H), 7.47 (dd,
J=8.6, 1.8 Hz, 1H), 7.40 (d, J=8.2 Hz, 2H), 7.36 (s, 1H),
2.45 (s, 3H); 3C NMR (100 MHz, CDCls) 6: 149.3, 146.7,
140.4, 133.4, 133.1, 133.0, 130.2, 128.9, 128.5, 128.3,
127.8, 127.1, 127.1, 123.3, 123.0, 120.5, 106.7, 21.8;
HRMS (ESI) caled for CooHigNOsS (M+H)" 366.0800,
found 366.0787.

5-(2-ME Wy ik )-3- 0] A R gk gk S W -2 -l (1m): 1 £
k(161 g 77F 50%). m.p. 147~148 C; 'H NMR
(400 MHz, CDCL3) 8: 7.99 (d, J=8.2 Hz, 2H), 7.39 (d, J=
8.1 Hz, 2H), 7.33 (d, J=5.0 Hz, 1H), 7.22 (d, J=3.5 Hz,
1H), 7.12 (s, 1H), 7.04 (t, J=4.2 Hz, 1H), 2.46 (s, 3H); 13C
NMR (100 MHz, CDCl3) d: 148.8, 146.7, 136.2, 133.0,
130.2, 128.5, 127.8, 127.6, 126.58, 125.5, 105.6, 21.8;
HRMS (ESI) caled for CisHNOsS;Na (M + Na) '
344.0027, found 344.0017.

SR HE-3- IR ML S 2- B (1n): (I (B B4R (1.81 g,
P2 60%). mp. 134~136 ‘C; 'H NMR (400 MHz,
CDCl) 0: 8.13 (d, J=7.8 Hz, 2H), 7.74 (t, J=17.5 Hz, 1H),
7.61 (t, J=7.9 Hz, 2H), 7.46 (d, J=6.9 Hz, 2H), 7.43~
7.33 (m, 3H), 7.27 (s, 1H); *C NMR (100 MHz, CDCL) §:
149.2, 140.4, 136.1, 135.2, 129.5, 129.1, 129.0, 128.4,
125.8, 123.6, 106.2; HRMS (ESI) calcd for C;sH;2NO4S
(M~+H)" 302.0487, found 302.0475.

5- 2R B -3-(4- G AR T Pk ) W M -2- il (10): (0[] 4k
(1.79 g, F*3 56%). m.p. 166~167 ‘C; 'H NMR (400
MHz, CDCls) d: 8.20~8.14 (m, 2H), 7.50~7.44 (m, 2H),
7.43~7.35 (m, 3H), 7.32~7.27 (m, 2H), 7.26 (s, 1H); 1*C
NMR (100 MHz, CDCls) d: 166.7 (d, J=259.2 Hz), 149.2,
140.6, 132.0 (d, J=3.2 Hz), 131.7 (d, J=10.0 Hz), 129.7,
129.0, 125.7, 123.7, 117.0 (d, J=23.0 Hz), 106.1; "F
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NMR (376 MHz, CDCls) §: —100.0; HRMS (ESI) calcd
for CisH;;FNO,4S (M+H) " 320.0393, found 320.0379.

5- 2R -3-(4- = R DR B I O ) RE R -2- i (1p): B
B 2.25 g, 753 61%). m.p. 170~171 C; 'H NMR
(400 MHz, CDCL3) d: 8.27 (d, J=8.3 Hz, 2H), 7.87 (d, J=
8.4 Hz, 2H), 7.48~7.43 (m, 2H), 7.43~7.34 (m, 3H), 7.27
(s, 1H); 3C NMR (100 MHz, CDCly) §: 149.7, 141.1,
139.6, 136.6 (q, J=33.4 Hz), 129.8, 129.1 (d, J=11.7 Hz),
126.7 (q, J=3.6 Hz), 125.5, 124.2, 123.7, 121.5, 105.9; '°F
NMR (376 MHz, CDCls) 6: —63.4; HRMS (ESI) caled
for CH;oFsNO4sSNa (M + Na) ©  392.0180, found
392.0176.

5-OR 5k -3-(3,5- = H AR DR TR R ) BE L -2- T (1q): B
B 14(1.98 g, 7% 60%). m.p. 168~169 C; 'H NMR
(400 MHz, CDCls) d: 7.71 (d, J=1.5 Hz, 2H), 7.49~7.45
(m, 2H), 7.43~7.31 (m, 4H), 7.26 (s, 1H), 2.42 (s, 6H);
13C NMR (100 MHz, CDCL3) d: 140.3, 139.8, 136.9, 135.9,
129.4, 128.9, 125.9, 125.8, 123.6, 106.3, 21.2; HRMS
(ESI) caled for C7HigNO4S (M+H)" 330.0800, found
330.0786.

322 FabAR A

ERSFEE T, MEE RN 5-77 FEER-2- i
(0.1 mmol, 1.0 equiv.), Ir/In-BiphPHOX (1~5 mol%) LA K&
AR =R kel mL). FRNAARE T EEES, 178
30 CHIH, (5 MPa)s [ FHiHE 36 h. 80K Z8BR¥A I, HX
R AL HEIIR G E e A2, BAFMAEREE M 7
BCAMMEK 2B 2R, VL V=4 DR 2.

(R)-5- 7R B -3- 0 FH R gt 15 SR R M Joe -2- i) (2): 1
il fA(31.1 mg, =% 98%, 93% ee). m.p. 98~99 C;
[a]® —27.78 (¢ 0.11, CH,Cl); '"H NMR (400 MHz,
CDCly) d: 7.82 (d, J=8.1 Hz, 2H), 7.25~7.23 (m, 5H),
7.13 (dd, J=6.7, 3.0 Hz, 2H), 5.41 (t, J=7.9 Hz, 1H), 4.31
(t, J=8.8 Hz, 1H), 3.76 (dd, J=9.4, 7.6 Hz, 1H), 2.32 (s,
3H); '3C NMR (100 MHz, CDCls) 6: 150.5, 144.8, 135.2,
132.7, 128.9, 128.4, 128.0, 127.1, 124.6, 74.2, 50.5, 20.6;
HRMS (ESI) caled for C;H;sNOsSNa (M + Na)
340.0619, found 340.0626; ee fH il %€ %% {4: Chiralcel
AD-H column; V(hexane) : V(isopropanol)=95 © 5; flow
rate=1 mL/min; UV detection at A=220 nm; «=70.0
min (minor), 76.4 min (major).

(R)-5-(2- F 26 2 5k )-3- o) R 2R fifh I 66 10 ol g -2 il
(2b): AtE[EA36.2 mg, 2% 97%, 82% ee). m.p. 108~
109 C; [a]® —26.65 (¢ 0.11, CH,Cly); 'H NMR (400
MHz, CDCL) d: 7.86 (d, J=8.3 Hz, 2H), 7.29 (d, J=8.1
Hz, 2H), 7.22~7.09 (m, 4H), 5.65 (t, J=8.0 Hz, 1H), 4.37

http://sioc-journal.cn/ 1753



BIKE

MRILX

(dd, J=9.2, 8.3 Hz, 1H), 3.72 (dd, J=9.2, 7.7 Hz, 1H),
2.39 (s, 3H), 2.20 (s, 3H); *C NMR (100 MHz, CDCI;) §:
150.6, 144.8, 133.5, 133.4, 132.8, 129.9, 128.9, 128.1,
127.2, 125.6, 123.6, 72.0, 49.7, 20.7, 17.9; HRMS (ESI)
caled for C;7H;sNOsS (M + H) ©  332.0957, found
332.0949; ee fd Il 5 % f: Chiralcel OD-H column;
V(hexane) : V(isopropanol)=85 : 15; flow rate=0.7 mL/
min; UV detection at A=220 nm; r=28.4 min (minor),
32.6 min (major).

(R)-5-(3- F 25k 2% 25k )-3- of R 24 figk P 5k 1 e 5 -2- ]
(2¢): HELEIAB6.0 mg, =% 97%, 95% ee). m.p. 110~
112 C; [a]? —23.57 (c 0.13, CH,Cly); '"H NMR (400
MHz, CDCl3) d: 7.95 (d, J=8.3 Hz, 2H), 7.38 (d, J=8.1
Hz, 2H), 7.29~7.25 (m, 1H), 7.18 (d, J=7.6 Hz, 1H),
7.04 (d, J/=7.1 Hz, 2H), 5.49 (t, J=8.0 Hz, 1H), 4.41 (dd,
J=9.3, 8.3 Hz, 1H), 3.88 (dd, /=9.3, 7.7 Hz, 1H), 2.47 (s,
3H), 2.34 (s, 3H); *C NMR (100 MHz, CDCI;) 6: 150.6,
144.8, 138.0, 135.2, 1329, 129.2, 129.0, 128.0, 127.3,
125.1, 121.6, 74.3, 50.6, 20.7, 20.3; HRMS (ESI) calcd for
Ci7HisNOsS (M+H)" 332.0957, found 332.0959; ee fEilll
FE 2k Chiralcel OD-H column; V(hexane) : V(isopro-
panol)=90 : 10; flow rate=0.7 mL/min; UV detection at
A=220 nm; g =39.6 min (minor), 42.4 min (major).

(R)-5-(4- F 25k 25 J5k )-3- of R 24 Figk P 2t 1 e 5 -2- ]
(2d): HELE{ARB6.6 mg, =% 99%, 93% ee). m.p. 136~
138 C; [a]? —25.13 (c 0.11, CH,Cly); '"H NMR (400
MHz, CDCl3) d: 7.95 (d, J=8.3 Hz, 2H), 7.37 (d, J=8.2
Hz, 2H), 7.19 (d, J/=38.1 Hz, 2H), 7.14 (d, J/=8.2 Hz, 2H),
5.48 (t, J=8.0 Hz, 1H), 4.39 (dd, /=9.4, 8.2 Hz, 1H), 3.87
(dd, J=9.4, 7.8 Hz, 1H), 2.47 (s, 3H), 2.35 (s, 3H); 1*C
NMR (100 MHz, CDCls) d: 151.6, 145.8, 139.6, 133.9,
133.1, 129.9, 129.7, 128.3, 125.7, 75.4, 51.6, 21.7, 21.2;
HRMS (ESI) caled for C;7H;7NOsSNa (M + Na) *
354.0776, found 354.0759; ee fEH W& % {F: Chiralcel
OD-H column; V(hexane) : V(isopropanol)=85 : 15; flow
rate=0.7 mL/min; UV detection at A=220 nm; r=29.3
min (minor), 35.5 min (major).

(R)-5-(2- F AR 8 DR 5 )- 3 - St P 4 i 1 ok e e 5 -2 - i
(2e): AEEIAB6.1 mg, =% 93%, 87% ee). m.p. 113~
114 °C; [a]? —82.67 (c 0.12, CHyCl); 'H NMR (400
MHz, CDCl3) d: 7.87 (d, J=8.3 Hz, 2H), 7.28 (d, J=8.2
Hz, 2H), 7.25 (dd, J=8.7, 2.5 Hz, 1H), 7.19~7.15 (m,
1H), 6.87 (t, J=7.5 Hz, 1H), 6.81 (d, J=8.2 Hz, 1H),
5.61~5.56 (m, 1H), 4.38 (t, /=8.9 Hz, 1H), 3.78 (dd, J=
9.1, 7.2 Hz, 1H), 3.64 (s, 3H), 2.38 (s, 3H); 3C NMR (100
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MHz, CDCls) 6: 155.2, 150.8, 144.5, 133.2, 129.3, 128.8,
127.2, 125.4, 123.9, 119.7, 109.6, 71.6, 54.3, 49.6, 20.6;
HRMS (ESI) caled for C17H;sNOsS (M+H)" 348.0906,
found 348.0894; ee Il 7€ %} Chiralcel OD-H column;
V(hexane) . V(isopropanol)=285 © 15; flow rate=0.7 mL/
min; UV detection at A=220 nm; x=30.7 min (minor),
35.5 min (major).

(R)-5-(3- F A JEE Rk )-3- o) Y 2R Tk g 5k e el 5 - 2- ]
(2f): H I 14(38.5 mg, % 99%, 89% ee). m.p. 115~
116 C; [a]? —21.57 (¢ 0.13, CH,Cly); 'H NMR (400
MHz, CDCl) d: 7.94 (d, J=8.3 Hz, 2H), 7.36 (d, J=38.1
Hz, 2H), 7.30 (d, J/=8.0 Hz, 1H), 6.90 (dd, /=8.2, 2.1 Hz,
1H), 6.81 (d, J/=7.6 Hz, 1H), 6.77 (s, 1H), 5.50 (t, J=8.0
Hz, 1H), 4.42 (dd, /=94, 8.2 Hz, 1H), 3.86 (dd, J=9.3,
7.8 Hz, 1H), 3.77 (s, 3H), 2.46 (s, 3H); '3C NMR (100
MHz, CDCls) ¢: 160.1, 151.5, 145.9, 137.8, 133.8, 130.3,
130.0, 128.3, 117.5, 114.9, 111.0, 55.3, 51.6, 21.7; HRMS
(ESI) caled for C17H;sNOsS (M+H)" 348.0906, found
348.0891; ee fH I i€ % fF: Chiralcel OD-H column;
V(hexane) . F(isopropanol)=285 : 15; flow rate=0.7 mL/
min; UV detection at A=220 nm; fr=41.4 min (major),
51.9 min (minor).

(R)-5-(2- S R Fk )-3- 0 FH 2Tk gt Ik g e - 2- il (2):
[ 4K (38.9 mg, “F 99%, 82% ee). m.p. 123~
124 °C; [a]? —27.78 (c 0.11, CH,CL); 'H NMR (400
MHz, CDCls) o0: 7.86 (d, J=8.3 Hz, 2H), 7.36~7.18 (m,
6H), 5.73 (dd, J=38.6, 6.7 Hz, 1H), 4.48 (dd, J=9.4, 8.6
Hz, 1H), 3.77 (dd, J=9.4, 6.7 Hz, 1H), 2.38 (s, 3H); 13C
NMR (100 MHz, CDCls) d: 150.4, 144.9, 133.6, 132.8,
130.1, 129.2, 128.9, 127.2, 126.4, 125.1, 71.4, 49.7, 20.7;
HRMS (ESI) calcd for Ci6H;sCINO4S (M+H)" 352.0410,
found 352.0411; ee 1Bl & 2% fF: Chiralcel OD-H column;
V(hexane) . V(isopropanol)=95 : 5; flow rate=1 mL/
min; UV detection at A=220 nm; xr=31.3 min (minor),
33.8 min (major).

(R)-5-(3- G R JE)-3-30f FFY 25 ik g 25k e e S5 -2- 1l (2 h):
H & AR (37.0 mg, 723 94%, 76% ee). m.p. 126~
127 C; [a]? —23.38 (c 0.11, CH,Cly); 'H NMR (400
MHz, CDCls) d: 7.86 (d, J=8.2 Hz, 2H), 7.34~7.21 (m,
4H), 7.15 (s, 1H), 7.07 (d, J=7.0 Hz, 1H), 5.43 (t, J=7.9
Hz, 1H), 4.37 (dd, /=9.4, 8.3 Hz, 1H), 3.77 (dd, J=9.4,
7.5 Hz, 1H), 2.39 (s, 3H); 3C NMR (100 MHz, CDCl;) §:
150.3, 145.1, 137.3, 134.1, 132.7, 129.5, 129.0, 128.6,
127.3, 124.7, 122.6, 73.3, 50.4, 20.7, HRMS (ESI) calcd
for CigHi4CINOsSNa (M + Na) ©  374.0230, found
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374.0228; ee Il 5E % fF: Chiralcel OD-H column;
V(hexane) . V(isopropanol)=95 : 5; flow rate=1 mL/
min; UV detection at A=220 nm; xr=32.7 min (minor),
39.1 min (major).

(R)-5-(4- AR Fk )-3- 0k FF 25 Tk gt 2 O e - 2- Al 2i):
[ 4 (38.9 mg, PF 99%, 79% ee). m.p. 143~
144 C; [a]® —18.97 (c 0.12, CHxCly); 'H NMR (400
MHz, CDCls) ¢: 7.86 (d, J=8.1 Hz, 2H), 7.32~7.26 (m,
4H), 7.13 (d, J/=8.2 Hz, 2H), 5.43 (t, J=7.9 Hz, 1H), 4.35
(t, J=8.8 Hz, 1H), 3.76 (dd, J/=9.3, 7.7 Hz, 1H), 2.39 (s,
3H); 3C NMR (100 MHz, CDCl;) J: 150.3, 145.0, 134.5,
133.7, 132.7, 129.0, 128.3, 127.2, 125.9, 73.5, 50.4, 20.7,
HRMS (ESI) caled for CisH;4CINOsSNa (M + Na) "
374.0230, found 374.0245; ee {Hll %€ % : Chiralcel
OD-H column; V(hexane) : V(isopropanol)=95 © 5; flow
rate=1 mL/min; UV detection at A=220 nm; r=77.1
min (minor), 83.5 min (major).

(R)-5-(4- 5 A Jk )-3- 0] F 2% i 1 6 D8 A s -2- B (25):
H&EFE A G7.1 mg, 7F 99%, 93% ee). mp. 126~
127 C; [a]? —21.53 (c 0.11, CH,Cly); '"H NMR (400
MHz, CDCl) ¢: 7.87 (d, J=8.3 Hz, 2H), 7.31 (d, J=38.1
Hz, 2H), 7.22~7.15 (m, 2H), 7.04~6.97 (m, 2H), 5.44 (t,
J=17.9 Hz, 1H), 4.34 (dd, J=9.4, 8.2 Hz, 1H), 3.79 (dd,
J=9.4, 7.7 Hz, 1H), 2.40 (s, 3H); 3*C NMR (100 MHz,
CDCl3) o: 163.2 (d, J=249.2 Hz), 151.4, 146.0, 133.8,
132.07 (d, J/=3.3 Hz), 130.0, 128.3, 127.8 (d, J=8.5 Hz),
116.2 (d, J=21.9 Hz), 74.8, 51.6, 21.8; '°F NMR (376
MHz, CDCl3) 6: —111.1; HRMS (ESI) calcd for Ci¢H14F-
NO,;SNa (M+Na)" 358.0525, found 358.0528; ee 1H il &
% 1F: Chiralcel OD-H column; V(hexane) : V(isopropa-
nol)=85 I 15; flow rate=0.7 mL/min; UV detection at
A=220 nm; g =31.3 min (minor), 34.0 min (major).

(R)-5-(3,4- G 2K 25k )-3- o) HH 2R Tk gt 5 3 e 5 -2- ]
(2k): AEEARB6.1 mg, =% 94%, 66% ee). m.p. 160~
161 C; [a]? —19.16 (c 0.12, CH,Cly); '"H NMR (400
MHz, CDCL) ¢: 7.93 (d, J=8.2 Hz, 2H), 7.46 (d, J=8.3
Hz, 1H), 7.38 (d, /=38.1 Hz, 2H), 7.34 (d, /=2.2 Hz, 1H),
7.11 (dd, J=38.3, 2.2 Hz, 1H), 5.49 (t, J/=7.8 Hz, 1H), 4.44
(dd, J=9.5, 8.3 Hz, 1H), 3.83 (dd, J=9.5, 7.4 Hz, 1H),
2.47 (s, 3H); 3C NMR (100 MHz, CDCl;) 6: 151.1, 146.1,
136.5, 133.8, 133.6, 133.5, 131.2, 130.0, 128.2, 127.5,
124.7, 73.7, 51.3, 21.7, HRMS (ESI) caled for
CigHisCLNO4S (M+H)" 386.0021, found 386.0016; ee
BN 52 2614 Chiralcel AD-H column; V(hexane) : V(iso-
propanol)=285 I 15; flow rate=0.7 mL/min; UV detection
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at A=220 nm; g =35.5 min (minor), 39.8 min (major).

(R)-5-(1-%%)-3-%f F st gt R Mg e o -2- B (21): 1 £
[B1K(36.3 mg, 7% 99%, 94% ee). m.p. 143~144 C;
[a]y —20.17 (¢ 0.12, CHxCL); 'H NMR (400 MHz,
CDCl3) 0: 7.95 (d, J=8.3 Hz, 2H), 7.89~7.76 (m, 3H),
7.72 (s, 1H), 7.56~7.50 (m, 2H), 7.35 (d, J/=28.1 Hz, 2H),
7.29 (dd, J=8.5, 1.9 Hz, 1H), 5.68 (t, J=7.9 Hz, 1H), 4.50
(dd, J=9.4, 8.3 Hz, 1H), 3.97 (dd, J=9.4, 7.6 Hz, 1H),
2.45 (s, 3H); 3C NMR (100 MHz, CDCI;) J: 151.6, 145.9,
133.8, 133., 133.4, 1329, 130.0, 129.4, 128.3, 128.1,
127.8, 127.0, 126.9, 125.3, 122.3, 75.4, 51.6, 21.7; HRMS
(ESI) caled for CyH;sNO4sS (M+H)" 368.0957, found
368.0943; ee Al %€ % fF: Chiralcel OD-H column;
V(hexane) . F(isopropanol)=285 : 15; flow rate=0.7 mL/
min; UV detection at A=220 nm; =>56.6 min (minor),
62.7 min (major).

(R)-5-(2- Mg Wy i )-3-5%of F ke 2 i I 25k IO ol ot -2 i)
(2m): HEEA32.0 mg, 2H 98%, 2% ee); [aly —
1.36 (c 0.15, CHxCl,); m.p. 131~132 °C; 'H NMR (400
MHz, CDCls) o: 7.97 (d, J=8.3 Hz, 2H), 7.41~7.37 (m,
3H), 7.12 (d, J=3.5 Hz, 1H), 7.02 (dd, J=5.1, 3.6 Hz,
1H), 5.75 (t, J=7.8 Hz, 1H), 4.42 (dd, J=9.6, 8.1 Hz,
1H), 4.07 (dd, J=9.6, 7.5 Hz, 1H), 2.47 (s, 3H); 3C NMR
(100 MHz, CDCl3) d: 149.9, 144.9, 137.0, 132.7, 128.9,
127.3, 126.6, 126.4, 126.2, 70.5, 50.5, 20.7; HRMS (ESI)
caled for C;sH;3NOsS;Na (M+Na)™ 346.0184, found
346.0179; ee Al %€ % fF: Chiralcel OD-H column;
V(hexane) - V(isopropanol)=285 : 15; flow rate=0.7 mL/
min; UV detection at A=220 nm; r=43.6 min (minor),
49.7 min (major).

(R)-5- 7K 3 -3- R s g S i o e -2l (2m): 1 €[] 44k
(29.2 mg, %% 97%, 83% ee). m.p. 104~105 C; [a]?
—15.68 (c 0.12, CH,Cl,); '"H NMR (400 MHz, CDCls) 6:
8.03~7.96 (m, 2H), 7.68~7.61 (m, 1H), 7.54~7.49 (m,
2H), 7.31 (dt, J=4.6, 1.7 Hz, 3H), 7.20~7.15 (m, 2H),
5.46 (t, J/=28.0 Hz, 1H), 4.37 (dd, /=9.4, 8.2 Hz, 1H), 3.82
(dd, J=9.4, 7.7 Hz, 1H); *C NMR (100 MHz, CDCl5) ¢:
150.4, 135.8, 135.1, 133.6, 128.5, 128.3, 128.1, 127.2,
124.5, 74.3, 50.6; HRMS (ESI) calcd for C;sH;3NO4SNa
(M+Na)" 326.0463, found 326.0464; ee 1E il & &1
Chiralcel AD-H column; V(hexane) : V(isopropanol) =
85 : 15; flow rate=0.7 mL/min; UV detection at 1=220
nm; g =36.9 min (minor), 44.0 min (major).

(R)-5-2KF-3-(4- 3 R I ok 225 g e -2- i (20): (A £
[E14(30.3 mg, 7% 95%, 94% ee). m.p. 103~104 C;
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[a]5 —20.00 (¢ 0.10, CH-CL); '"H NMR (400 MHz,
CDCl;) d: 8.06~798 (m, 2H), 7.33~7.29 (m, 3H),
7.22~7.13 (m, 4H), 5.48 (t, J=8.0 Hz, 1H), 4.36 (dd, J=
9.3, 8.2 Hz, 1H), 3.81 (dd, J=9.4, 7.7 Hz, 1H); '*C NMR
(100 MHz, CDCl3) o: 165.3 (d, J=257.9 Hz), 150.5,
135.0, 131.8 (d, J=3.2 Hz), 130.3 (d, /=9.8 Hz), 128.6,
128.2, 124.6, 115.7 (d, J=22.8 Hz), 74.5, 50.6; '’F NMR
(376 MHz, CDCl3) o: —101.5; HRMS (ESI) caled for
CisHisFNO4S (M+H) " 322.0549, found 322.0555; ee {&
M 5& 26 Chiralcel AD-H column; V(hexane) :@ F(iso-
propanol)=285 I 15; flow rate=0.7 mL/min; UV detection
at 4=220 nm; tr =34.8 min (minor), 36.9 min (major).

(R)-5- 7 J5k -3-(4- = 98 Y 5k D T I 6% ) PO e e -2-
(2p): AEARB5.8 mg, =% 97%, 70% ee). m.p. 147~
148 C; [a]? —24.57 (c 0.10, CH,Cly); '"H NMR (400
MHz, CDCL) ¢: 8.21 (d, J/=8.2 Hz, 2H), 7.86 (d, J=8.3
Hz, 2H), 7.42~7.39 (m, 3H), 7.26 (q, J=3.6, 3.1 Hz, 2H),
5.58 (t, J=7.9 Hz, 1H), 4.47 (dd, J=9.4, 8.2 Hz, 1H), 3.93
(dd, J=9.4, 7.7 Hz, 1H); '*C NMR (100 MHz, CDCl;) &:
151.3, 140.3, 136.3, 136.0, 135.8, 129.8, 129.2, 129.0,
126.5 (q, J=3.7 Hz), 125.5, 75.7, 51.7; 'F NMR (376
MHz, CDCls) 6: —63.3; HRMS (ESI) calcd for CiHis-
F3NO,S (M+H )" 372.0517, found 372.0522; ee {Hll5E
%4 Chiralcel AD-H column; V(hexane) : V(isopropa-
nol)=85 : 15; flow rate=0.7 mL/min; UV detection at
A=220 nm; tx =20.8 min (minor), 22.6 min (major).

(R)-5- 7K 35 -3-(3,5- . HH 5k 4% il 1 2k ) g e 5 -2 il
(2q): AEEAQ26.7 mg, =% 81%, 92% ee). m.p. 115~
116 C; [a]? —12.86 (c 0.28, CH,CL); 'H NMR (400
MHz, CDCls) d: 7.58 (s, 2H), 7.33~7.29 (m, 3H), 7.24 (s,
1H), 7.21~7.17 (m, 2H), 5.46 (t, J=7.9 Hz, 1H), 4.35
(dd, J=9.4, 8.3 Hz, 1H), 3.82 (dd, /=94, 7.7 Hz, 1H),
2.33 (s, 6H); '*C NMR (100 MHz, CDCls) &: 150.4, 138.5,
135.5, 135.3, 135.2, 128.5, 128.1, 124.6, 124.5, 74.2, 50.6,
20.2; HRMS (ESI) caled for C;7H;sNOsS (M +H) '
332.0957, found 332.0952; ee fEH € % F: Chiralcel
AD-H column; V(hexane) : V(isopropanol)=85 : 15; flow
rate=0.7 mL/min; UV detection at A=220 nm; r=19.9
min (minor), 26.0 min (major).
323 AKFHE AR
323.1 (R)-1-RA-2-3F F R Emt i & -1-CEE(3) 89 &
7R

L&) 2a (63.4 mg, 72% 0.2 mmol, 1.0 equiv.)f
F R 25 P O\ 5 )8 (48.0 mg, 7# % 2 mmol, 10.0
equiv.), SR IENA 2 h, 285 AT NHLCl /K& BB
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AR A 8RS mL X 3)AHL. A LA K
MgSOs T, 1 EZBRIER, TRV G E M/
LR CHE, V:iv=1: ) EHaaaEi 3 (50.7 mg, ™~
Z 87%, 92% ee). m.p. 249~250 C; [a]® —34.97 (¢
0.17, CH2CLy); '"H NMR (400 MHz, CDClL3) 6: 7.73 (d, J=
8.3 Hz, 2H), 7.36~7.26 (m, 7H), 4.97 (d, J=28.6 Hz,
1H), 4.82~4.78 (m, 1H), 3.29~3.22 (m, 1H), 3.06~3.00
(m, 1H), 2.53 (s, 1H), 2.42 (s, 3H); '3C NMR (100 MHz,
CDCly) d: 143.6, 140.8, 136.7, 129.8, 128.7, 128.3, 127.1,
125.9, 72.8, 50.2, 21.5; HRMS (ESI) caled for C;sH;7N-
03;SNa (M+Na)" 314.0827, found 314.0836; ee {HIE
% {4 : Chiralcel OD-H column; V(hexane) : V(isopro-
panol)=80 : 20; flow rate=0.7 mL/min; UV detection at
4=220 nm; tr =12.8 min (major), 14.3 min (minor).
3.23.2  (R)-5-7K A Bwd bz -2-BR(4) 69 & A%,

BT N HLE Y 2a (126.8 mg, 0.4 mmol, 1.0
equiv.)H A Sml, ¥ THF ##(40 mL, 0.1 mol/L, 10.0
equiv.), FfJ5 I EtN (0.1 mL, 8.0 mmol, 20.0 equiv.)#!!
H,O (0.2 mL, 12.0 mmol, 30.0 equiv.). KM VAENIA
EtN L2 A, BEEESR MR 1 h RNEHRE
TINARG A TR B0 AN AN B B BN /K W, 7K AH T 28R LT (40
mL X 3)ZH, S IHAHMIFHTK NaySOs 4, il
ABRIEN, T RMEH AR CA B LR OB, Ve
y=1: ) BEEEGEE 4 (47.6 mg, 77F 73%, 93%
ee). m.p. 87~89 C; [a]? —4.70 (c 0.40, CH,Cl,); 'H
NMR (500 MHz, CDCl3) d: 7.52~7.34 (m, 5H), 5.90 (s,
1H), 5.65 (t, J=8.2 Hz, 1H), 4.01 (t, J/=8.7 Hz, 1H), 3.57
(t, J=8.2 Hz, 1H); 3C NMR (125 MHz, CDCL) ¢:
159.8, 138.4, 129.0, 128.9, 125.7, 77.9, 48.3; HRMS (ESI)
caled for CoH;oNO, (M+H)" 164.0712, found 164.0710;
ee {H M E 2% 1F: Chiralcel OD-H column; V(hexane) :
V(isopropanol)=90 : 10; flow rate=1 mL/min; UV de-
tection at A=210 nm; rR=22.6 min (minor), 28.4 min
(major).

3233  (R)-5-(4- AR A )—E el bz -2-BR(6) 89 & Ak,

B TTER 4, BEIACOREK 6 (53.6 mg, 7F
74%, 95% ee). m.p. 107~108 C; [a]5y —3.53 (¢ 0.10,
CH,CL); 'H NMR (400 MHz, CDCl3) 6: 7.42~7.35 (m,
2H), 7.15~7.08 (m, 2H), 6.34 (s, 1H), 5.62 (t, J/=8.2 Hz,
1H), 4.00 (t, J=8.7 Hz, 1H), 3.54 (t, J=8.2 Hz, 1H); 1*C
NMR (100 MHz, CDCl3) d: 163.0 (d, J=248.0 Hz), 159.9,
134.2, 127.7 (d, J=8.4 Hz), 116.0 (d, J=21.8 Hz), 77.4,
48.4; YF NMR (376 MHz, CDCl;) : —112.5; HRMS
(ESI) caled for CoHoFNO, (M+H) ™ 182.0617, found
182.0622; ee {E M 7€ 2% 14 : Chiralcel OD-H column;
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V(hexane) . F(isopropanol)=95 : 5; flow rate=1 mL/
min; UV detection at A=210 nm; xr=50.3 min (minor),
56.4 min (major).
3234 3-[(5R)-5-(4- AR A )—Bed r -2-BA - R F I
(7)89 46 n%,

¥ 6 (36.2 mg, 0.2 mmol, 1.0 equiv.). 3-IRE& (36.4
mg, 0.2 mmol, 1.0 equiv.). Xantphos (5.8 mg, 0.01 mmol,
5 mol%) LA KA T F#4/4(28.8 mg, 0.3 mmol, 1.5 equiv.)¥
T2 mL 2K, FREB TN Pdy(dba)s (4.6 mg, 5X
103 mmol, 2.5 mol%), KMNEEWIEH 1 h, A
EtOAc (20 mL)HI7K(20 mL), F HLAH A& 57K (20
mL)JE%E, FHTEK NaSOs T, JREZBRVEF], R
WA ZN B A L8R B8, VL V=3 DRI
AP 7 (12.0 mg, 723 21%, 95% ee). m.p. 132~
133 C; [als —3.59 (c 0.10, CH,CL); 'H NMR (500
MHz, CDCL) &: 7.91~7.81 (m, 2H), 7.55~7.39 (m, 4H),
7.16 (dd, J=9.0, 6.8 Hz, 2H), 5.70 (t, J=7.9 Hz, 1H), 4.42
(t, J=7.8 Hz, 1H), 3.97 (t, J=8.2 Hz, 1H); '*C NMR (125
MHz, CDCls) d: 163.2 (d, J=249.0 Hz), 154.1, 138.9,
133.2, 130.1, 127.8 (d, J=8.5 Hz), 127.5, 122.1, 121.0,
118.3, 116.3 (d, J=21.9 Hz), 113.3, 73.7, 52.3; 'F NMR
(471 MHz, CDCl3) o: —111.5; HRMS (ESI) caled for
CigH12FN2O, (M+H)" 283.0883, found 283.0884; ee {H
M 5€ 254 : Chiralcel OD-H column; V(hexane) @ W(iso-
propanol)=80 : 20; flow rate=1 mL/min; UV detection at

A=210 nm; g =24.4 min (minor), 32.4 min (major).

4 B A1 KL (Supporting Information) & i {bfk &
< S T A 9 326 DA SRR A Fh S5URK) DR R 1) ik
EY) 2a 1) X G2t . 4-BOARERE-2- i S £
G S A FREA LA SASKT R AL S S A S = ) )
NMR MTHPLC K. IX PR AT L5 2 AT 9 it (http://
sioc-journal.cn/) I %K.
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