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Asymmetric Transfer Hydrogenation of a-Aryl Amidates Using
Methanol as Hydrogen Source
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Abstract As a kind of amino acid derivatives, chiral arylglycine not only has very important application value in the field of
organic synthesis, but also serves as the key structure of many chiral drugs and biologically active compounds. A practical and
economical method for the preparation of chiral a-arylglycines is reported herein. By using methanol as the hydrogen source, a
series of chiral a-arylglycine derivatives were prepared by asymmetric transfer hydrogenation of a-aryl imine esters with
Pd/Zn co-catalyzed system. By switching the hydrogen source to deuterated methanol, a series of chiral deuterated
a-arylglycine derivatives were obtained. The catalytic system featured with good substrate suitability, and the product was
obtained in up to 93% yield with up to 92% enantioselectivity, and the deuteration incorporation rate is up to 94%. The present
method has provided an efficient and economic method for the synthesis of valuable deuterium-labeled chiral amino acids.
Keywords methanol; imino acid; deuterium amino acid; asymmetric transfer hydrogenation
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G TR IR AR 2 — D EEMBRRE. EJLE, &
SRR R ZH OV S el AR A 10 i S0 K TR R AVT AR
FVF 2 AR RN B AT A, ZITER — AR
e R RSN LR I [ A AR RO BRI R A3 S5 1 52
Ao G ARSI AER IR T 2 B L AT, A
B TF RBT AR R AR R, AT VE AR AE B 5%
L= NS A R B SV e Y 17 g W P (R )
I FH A M8 L BE YL 1) 77 vk ) & JER R TR
FEPRATI IR A A i 1L () 1] R

AR IR DA E R R T2 2 4,
& — Ml B BT AT TR ik T 0 1 R B
FL7E 1903 4F, Knoevenagel 5O sSEE T AR MEAL T 1,4-
TR IR R BRI B SN, A T N SO
IR R AN 2R R H R, 2R R AR
R AHE Z 20 20 80 FEAA I T A FRELFE E A1)
T IRIRIENM. 2006 4, T4 AB IR U2V i B A s B
Vi B AN X PR A R BB T — R A B T ik
PR BT, 2 E A THS 2 AR
e 0T B A3 P R 26 1) T 05 ZE H 2R (Scheme 1a). H
AR IE AR R e S R BLK 2 ARG . B 5755 5t
RGN, TR A Bz, AR
FIREIN A — S m A S A AL, I B B AT ER
fEALFSE BT, SRT AR AR A AL T AR R RS &
A R AR IE B /b, 2019 4F, 5K TR EEIMRIE T
PA(OAc), Al o-75 J W JFE IR i (1) AN X R A e B ik
FE 757 B R B 1) 771 (Scheme  1b). 2020 4F, IR
HUSHERIE T — M B B e A N-T5 22 0 IR P (1)
A FREMIR LB e a-75 H H 2 BR 1K 77 1% (Scheme 1c).
SONAF )T N-XF AR o- 05 B H R RATAED
MU B A A FE GRS TS, 5 nT Ldid i
TR i (R A B2 T i O A, 3 — 2D AN N 25 v TR A
FHIAAEZ MBI IZH . 2018 4, RATIRE
ZH IOV T i G SR A A IR V=T S AN B RS
SAb . 2021 4, FRATRBANTLL R EE R SR, FIH
Pd/Zn PRI =5 H AL G A KRR L 72 A AL ] % F
M a- =5 PR Tk, fEkER -, RATAERE
—F o- 75 B M HERR TR 5 YR B TR 5 (CDsOD) AN
FREERE AL L, PLEeCR s i R B HL ) & o- 0
Bt 2 A TACT M 05 B H 2= R (Scheme 1d).
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(a) Xumu Zhang 2006:
NPMP
N OMe [Rh{(S,S,R,R)-tangphos}(cod)]BF 4 (1 mol%)
R o H, (5 MPa), CH,Cly, 50 °C, 24 h
NHPMP
R:_ N OMe
e

(b) Wanbing Zhang 2019:

NSO,R2 NSO,R?

OR! (R,R)-Quinoxp*, Pd(OAc),

~__OR!’
0 H, (101 kPa), TFE, rt., 24 h m

Bu, Me up to 95% yield
N P up to 92% ee
A
e
S
Me B

(R,R)-Quinoxp*
(c) Wanbing Zhang 2020:

_PMP
N Ni(OAG),*4H,0 (1 mol%) NP

XR! (R,R)-BenzP* (1 mol%) N XR!
1
o] H, (3 MPa), TFE, 50 °C, 24 h R.—/ )

P~y
Me Bu

(R,R)-BenzP*

(d) This work
Pd(OAc), (5 mol%)
NTs (R)-P-Phos (6 mol%) NHTs

NaBARF (7 mol%) -
COOMe * MeOH —————————— COOMe
Zn(OTf), (10 mol%)
4 AMS, 70 °C, DCE
OCH,4

I
HaCO™ PP,
HaCO PPh,

N/

I X

N
OCHj3;
(R)-P-Phos

ER 1 FHEEENAN RSN S BEE R
Scheme 1 Asymmetric hydrogenation and transfer hydrogena-
tion of various phenylmethanimines
s~ 1,2- =& ZKE(DCEY A AITE 70 CHF, BELL 77%
IR 70% ee 135 T AWIRREERZAT=Y) 2a (Table
1, Entry 1). i 5 SCHRARIE 70 400] Eo T4 v R0
HCE(HPLC) PRI E], FIWT 2a MZExtb Ru(S). 4%
ok, 8T HHMFHERAARL Scheme 2)%F = v 5
Wi, MSERG S5 RRAE, BA HE 72 A XUBE S A4 (R) -
SEGPHOS. (R)-MeO-BIPHEP #I(R)-P-PHOS HAH A
It 5 B 5o e 3% % (Entries 2~4, 80%~85%). 4(R)-
SYNPHOS fENELAS 5 N, BEARG Bk FE T 9R
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NTs

©)\000Me +  MeOH

1a

Pd(OAC), (5 mol%)
(R)-P-Phos (6 mol%)
NaBARF (7 mol%)

Zn(OT¥), (10 mol%)
4A'MS, 70 °C, DCE

NHTs

©/\COOMe

2a

O PPh,
Cco

(R)-BINAP

8¢
o PPh,
[o PPh,

(R)-SYNPHOS

O

OCHj,
<o Pzﬁﬁ H5CO N PPh,
H3CO PPh

0 R-Ph S 2
( Ph Nz

o)

OCHj,

(R)-SEGPHOS (R)-P-Phos

(R)-DM-SEGPHOS

B2 A

Scheme 2 Common ligands

Ao
HyCO p©
4

(R)-MeO-BIPHEP

Bu
; OCH3

Bu!

(S)-DTB-MeO-BIPHEP

K1 RFEL
Table 1 Screening of reaction conditions

Entry” Ligand Additive Solvent Time/h Yield”/% ee’/%
1 (R)-BINAP Zn(OTH): DCE 25 77 70
2 (R)-SEGPHOS Zn(OTH): DCE 12 81 84
3 (R)-P-PHOS Zn(OTf) DCE 3 86 84
4 (R)-MeO-BIPHEP Zn(OTH): DCE 40 46 80
5 (R)-SYNPHOS Zn(OT1)2 DCE 40 40 75
6 (R)-DM-SEGPHOS Zn(OTH): DCE 58 85 55
7 (S)-DTB-Meo-BIPHEP ~ Zn(OTf) DCE 60 21 23
8 (R)-P-PHOS Cu(OTf) DCE 48 43 84
9 (R)-P-PHOS CuOTf DCE 48 31 83
10 (R)-P-PHOS AgOTf DCE 48 55 83
11 (R)-P-PHOS ZnBr DCE 48 Trace —
12 (R)-P-PHOS TBAI DCE 48 Trace —
13 (R)-P-PHOS TBFPB DCE 48 Trace —
14 (R)-P-PHOS Zn(OT1)2 1,4-Dioxane 48 Trace —
15 (R)-P-PHOS Zn(OTH): THF 48 Trace —
16 (R)-P-PHOS Zn(OTH): DMF 48 Trace —
17 (R)-P-PHOS Zn(OT1)2 MeCN 48 Trace —
18 (R)-P-PHOS Zn(OT1)2 Toluene 48 Trace —
19¢ (R)-P-PHOS Zn(OTH): DCE 3 85 84
20¢ (R)-P-PHOS Zn(OTH): DCE 24 60 84
21 (R)-P-PHOS Zn(OTH): DCE 5 86 84
208 (R)-P-PHOS Zn(OTH)> DCE 7 84 84

aReaction conditions: 1a (0.2 mmol), methanol (1.0 mmol), Pd(OAc), (5 mol%), ligand (6 mol%), additive (10 mol%), NaBARF (7 mol%), and 4 A MS (50 mg) in
solvent (2.0 mL) at 70 ‘C for the time indicated. ®Isolated yield. ¢ Determined by HPLC. ¢ Reaction temperature was 60 ‘C. ¢No NaBARF was used./Use of EtOH
instead of MeOH. ¢ Use of 'PrOH instead of MeOH. Note: NaBARF =sodium tetrakis[3,5-bis(trifluoromethyl)phenyl] borate.
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RELRFFTE 75%, (H77HH N3] 40% (Entry 5). HARE
&, H1(R)-DM-SEGPHOS F1(S)-DTB-Meo-BIPHEP [f)4%
RABA R N 2 (Entries 6~7). K, &% (R)-P-
PHOS My H AR A CAAR I L 264 S AN R s n sk 47

52, AT DA I At = 5 H R R R (0 458 FH 1 R 459 2145
X ege B, U0 Cu(OTH), M AR AE AR 84% XTIk
P& (Entries 8), 1M CuOTE Al AgOTE B4 83%FHIXT N 1%k
£ 1% (Entries 9~10), {HZ/= AR H I 7 SR B
. [F, EE A AR PR 7 (ZnBr, . TBAL
TBFPB, Entries 11~ 13)f #1452 ) B brr=4. %t
AN [EVE T 706 2 B (Entries 14~18), &7 DCE LA4h,
FoAh A HUEFIFRA B, BRI L, e SIS i
H N (Entry 19), FL 70 C /2 2400 SN B AL IR .
ANERIPY (3,5- (= 900 R 48 ) R ) Bl 2 8 (NaBARF), &
AR I HUSCREK(Entry 20). 762407 N &4, {#
F EtOH 55, ‘PrOH 10 MeOH NEVE, At BUEFHIL 1)
NG IR

12 RYTEHER

MHfE TR RN A IS, BEAL T S A AN R
) o-75 F5 TV F 6 (3 1 (Table 2). RFRXSA7 . B4z Al
A7 H A B L (Me, Table 2). 44 HLFREURIE(MeO.
t-Bu)lL & (F. Cl. Br)it, [ AERS LA R 4T 275 1)
22 (2b~2j, 86%~92%)3 I AH R FIA KT R A S5 B =
W, T WG B R ORFF R 45 B F5 (78% ~90%),

HORUT FEHUIR N -0 255 0 e 15 214 E bRr= Pt ik
PEPE B I(2F, 90%). T ARAL FHAEIUAR T o 75 55 T L s g
DL EEIR = 2(2d, 67%)15 3 H A5 =4). BRORFIZE R T
YT W A BE A5 2 AH R P40 (2K, 21), - LI I I B )
SRR A 92%. 24 o5 FE P B R 3 N 2R
I, P22 L S O i (2m, 91%), (EGT I ik 5 200 PR AIG
F 77%. BN o- 75 H W REHS 1 PRI T T IR E, 4
547 35 %o PP SR T i (T ) B A o PR L R T M (M) B
X FRA SRR (2m, 20), 7755k 92%, K WUE R
WA R B2 77%~T78%. {4 FRUT 25 0 e g th m LAAS 3
TR~ 2p, {EG B FEVERAR, 1 FH ey LU 1)
V22 TR T A WL 452 3 Pl = )

IAER, RS, IRIRZGE2E. B AR
AR AR [RI A7 2 A A Y. AR B Rt T H R
TP 22 At Wxﬁu&ﬁﬁﬁmﬁ,kﬁﬁﬁﬁym
AP Rk, AT PR T I o- 75 5%
BEHEAT T R, M SE 45 S mT DU Y, & RIRY0)
PR, BT TS R e T Hb S Ak A B 1)
AR a- 75 B RREE, BB R WA R RGBT
(80%~94%, Table 3, 4a~4dp). HFHNFITARF M a-75
HRBRAT A Zend i IR0, i R4 0345 21 22 Fh 2R 7Y 1)
FHTARHZARR. B AT T B2 s & 5 iz —,
BT CAAR 7323 R AR S B I 1D ) 46 B — b ] 5 28 5 1)
BT

®2 JRVIEHNEH

Table 2 Scope of substrates

Pd(OAC), (5 mol%)

p (R)-P-PHOS (6 mol%) HN,P
N’ VeOH NaBARF (7 mol%) N
+ e P
I COOR2 Zn(OTf), (10 mol%) R'” “COOR?
4A'MS, 70 °C , DCE (2 mL) 2a~2p
la (P=Ts, Ms, orFs)
NHTs NHTs NHTs NHTs NHTs NHTs

©/\CooMe /©/\CO0Me COOMe ©/\COOMe /©/\COOMe /©/\CO0Me
2 % O 2e tBU 2f

12 h, 86% yield
84% ee

NHTs

3 h, 86% vyield
84% ee

NHTs

16 h, 86% yield
84% ee

NHTs

16 h, 88% yield
67% ee

12 h, 92% yield
84% ee

NHTs

16 h, 92% yield
90% ee

NHTs NHTs

/O/\COOMe /©/\COOMe /©/\COOMe \©/\CO0Me /©/\COOMe COOMe
F cl . Ph
2j 2k

10 h, 91% yield

11 h, 86% yield
82% ee

82% ee

20 h, 86% yield
81% ee

NHTs

O/\cooa
2m

16 h, 91% yield
77% ee

NHMs

©/\COOMe

16 h, 92% yield
77% ee

NP

12 h, 92% yield

2

16 h, 86% yield 18 h, 85% yield 16 h, 84% yield
78% ee 92% ee 85% ee
K© NHTs NHTs
" S -
COOMe
COOMe \{/\COOMe \
2p
15 h, 84% yield Not Detected

83% ee 47% ee

@Reaction conditions: 1a (0.2 mmol), methanol (1.0 mmol), Pd(OAc), (5 mol%), (R)-P-PHOS (6 mol%), Zn(OTf), (10 mol%), NaBARF (7 mol%), and 4A MS (50
mg) in DCE (2.0 mL) at 70 “C for the time indicated. Isolated yield. Determined by HPLC.
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Table 3 Preparation of deuterium a-arylglycines

p Pd(OAc), (5 mol%) p
N’ (R)-P-PHOS (6 mol%) HN™
NaBARF (7 mol% =D
A , *  CDD a (7 mol%) 2z
R!” “COOR Zn(OTf), (10 mol%) R'” “COOR
1a 4A MS, 70 °C, DCE (2 mL) 2a ~ 2p'
(P=Ts, Ms, or Fs)
NHTs NHTs NHTs NHTs NHTs l;lHTs
: =D D
©/< COOMe /©/<COOMe ©/<coow|e ©/<000Me O/vcoonne COOMe
~N
2d 0] 2e' 2f
7 h, 86% yield 16 h, 86% yield 12 h, 82% yield 16 h, 86% yield 12 h, 86% yield 16 h, 86% yield
85% ee, 83% D 86% ee, 93% D 83% ee, 94% D 86% ee, 87% D 88% ee, 89% D 90% ee, 90% D
NHTs NHTs NHTs NHTs NHTs
/©/<COOMe /©/<coow|e /©/<COOMe U%OOMe ‘/‘AACOOMe
16 h, 86% vyield 20 h, 86% yield 10 h, 86% yield 16 h, 87% yield 18 h, 86% yield
86% ee, 86% D 82% ee, 91% D 86% ee, 90% D 79% ee, 88% D F 86% ee, 92% D
NHTs NHTs NHMs 5
“/< «D “aD HN" % NHTs
COOMe ~ D < D
COOEt
©/< /©/<COOM6 ©/vCHzOOMe \{/<COOMe
2m' 2n' 20" 2p'
16 h, 86% yield 16 h, 91% yield 16 h, 86% yield 12 h, 92% yield 15 h, 84% yield
86% ee, 90% D 78% ee, 80% D 80% ee, 89% D 84% ee, 91% D 47% ee, 96 % D

@Reaction conditions: 1a (0.2 mmol), CD;0D (1.0 mmol), Pd(OAc), (5 mol%), (R)-P-PHOS (6 mol%), Zn(OTf), (10 mol%), NaBARF (7 mol%), and 4 A MS (50
mg) in DCE (2.0 mL) at 70 “C for the time indicated. Isolated yield. Determined by HPLC.

I v R BB SR T R ROBE SE M (Scheme TLEW I A R S RN, RS I
3). 1 g o-75 2L fE PR 1a 75 12 h J5 I LA 83% U % F TH B AR BV MR AR (R4 T, 1L 0% a- 05 BE 00
81% X R34 N 2a, 2a 7] LLEIE AR Y 3 — 2015 [ R IE 1a £ B AR TV, HRIEAA TV &0k S5 E RS 2
BT H R &) 2a IEEFIAEREC A L
PdL*(OAc) + CH4OH

Pd(OAc), (5 mol%)
NTs (R)-P-PHOS (6 mol%) - AcOH

0,
COOMe + MeOH NaBARF (7 mol%)
Zn(OT), (10 mol%) c~O~pdL"0Ac
1a 4A MS, 70°C CH-OH
3 NaBARF
1g, 3.15 mmol DCE (2 mL)
NHTs /@
COOMe
AcoL" Pd\ S o

2a o Zn2+o PdL*OAc
834 mg, 2.61 mmol ~ HZC & BARF

83% yield, 81% ee

B3 RN
Scheme 3 Gram scale reaction
1.4 HIERRRHEN R
AcOL'Pd—H

MR 2 BT ARSI T 7181 X6 o 77 255 7 R TR i 1) A TR Bare
MR AL T TR R S AL (Scheme 4). Bk,
PA-fiLiAZS 55 CHOH RAEFAR R A 1, J53&
5 7n?" il &5 2 A4 1L NaBARF f777ERHX Fh FH 25

B4 FREMR ML

Scheme 4 Proposed reaction mechanism
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MRILX

2 Zhig

g LRTIA, BATRINEL T —Fhm &5 1 FH: a-
55 LV L BRI (1) 4 7 AR N EIE, AR/ )
AR T, SCBL T DAH BRI o 75 5 0 L R TR 1Y)
AR PR AN, 2R PRDE YL, 725 83%,
XTBRIEBEVEIL 92%. 448 H AR RIS, 1075 v
PEITAR a5 FEHZR A R, SRR RIA 94%.

3 XIS
3.1 UESHF

FERMNKITE I AT super 1220/750 B4 A%k
LR 1K F Bruker Avance 400 MHz i#8 S 4% W 3L 4R A
SE(TMS NNHR); 570 B ] VG-Autospec-3000 fii i
A ; BERCA GF-254 B, F:ZHH 200~300
BHREERS; SRR 10%BHER CEE, 1R IR
4. DCE &5 Rl B 2815 2. seae T 258 k5
B S B 25 SRR A .

3.2 ZLWAHE

EFRTSATE, B PA(OAC): (2.3 mg, 0.01 mmol).
(R)-P-PHOS (7.7 mg, 0.012 mmol). NaBARF (12.4 mg,
0.014 mmol)Fl 1,2-— 5 £ %t (1 mL)¥#INF| Schlenk & H.
BHAE B AL 05T B 950 1/s O R 30 min, 2R
Ja I\ Zn(OTH), (7.3 mg, 0.02 mmol), FHE 10 min. 7 L
RIEESPIHIMAN 4A MS (50 mg). 1,2-—& L%E (1.0
mL).a-75 %30 % 1 (0.2 mmol)F1 MeOH & CD;OD (40
pL, 1 mmol). 7£ 70 CEUR FiHE, #ZBHE(TLC)
WM, EHAE 1 RS, R EHUE 4 5 P
JRekE E AT 2 2545 2 H bR =4 2.

(S)- F 35 -2-((4- FF 3 25 2k ) itk 0k i ik )-2- 20 TR K i
(a)!"l: [HEFE K, 2R 86% [V(fHE) @ ML L
fE)=5: 1], 84% ee. m.p. 123~125 C; [a]y —91.2 (¢
0.212, CH,Cly); 'H NMR (400 MHz, CDCl;) 0: 7.65~7.61
(m, 2H), 7.24 (ddt, J=6.1, 2.9, 1.5 Hz, 5H), 7.20~7.16
(m, 2H), 5.94 (d, J=8.2 Hz, 1H), 5.07 (dd, J=8.1, 1.1 Hz,
1H), 3.54 (d, J=1.2 Hz, 3H), 2.37 (s, 3H); 3C NMR (101
MHz, CDCls) 6: 170.6, 143.6, 136.88, 135.2, 129.5, 128.8,
128.6, 127.2, 127.2, 59.4, 53.0, 21.5. 2a FIXF B £ 2
I OB B AS, SR G AE AT OJ-H FE
(2 emX25 cm X 046 cm ID), %54 : V(n-hexane) :
V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm; #minor=15.8
min, fmajor=32.9 min.

(S)- F J=-2-((4- P B 2Rk ) Rk Tt frg i )-2- (p- FR R R &
R (2b): AE K, =% 86% [V @ MLR L
E)=5 : 1], 84% ee. m.p. 127~129 C; [a]h +124.4 (c
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0.209, CH,CL); 'H NMR (400 MHz, CDCLs) 6: 7.62 (d,
J=8.1 Hz, 2H), 7.21 (d, J=8.2 Hz, 2H), 7.08 (q, J=8.1
Hz, 4H), 5.63 (t, J=7.3 Hz, 1H), 5.01 (d, J=7.9 Hz, 1H),
3.56 (s, 3H), 2.39 (s, 3H), 2.30 (s, 3H); 3C NMR (101
MHz, CDCl3) d: 170.7, 143.5, 138.6, 136.9, 132.3, 129.5,
129.5, 127.2, 127.0, 59.1, 52.9, 21.5, 21.1; HRMS caled
for C17H;oNNaO,S [M+Na]" 356.0927, found 356.0922.
2b [P0 WG B P T I OB sk A, SR
PR YT OJ-H AE(2 em X 25 em X 0.46 cm ID), &1t
V(n-hexane) . V(i-PrOH)=70 . 30, 1.0 mL/min, 220 nm,;
tminor=11.4 min, fmajor=18.0 min.

(S)- F -2 ((4- PP R DR 5 ) Rk T o ik )-2-(m- FR 2R B ) &4
R (2¢): EER, 72K 86% [V(HMEF) @ LR L
fiE)=5 : 1], 84% ee. m.p. 100~102 C; [a]h —135.1 (¢
0.00074, CH,Cl,); 'H NMR (400 MHz, CDCL) 6: 7.64~
7.58 (m, 2H), 7.19 (d, J=8.1 Hz, 2H), 7.14 (t, J=7.6 Hz,
1H), 7.08~6.95 (m, 3H), 5.76 (d, J=8.0 Hz, 1H), 5.02 (d,
J=8.0 Hz, 1H), 3.56 (s, 3H), 2.38 (s, 3H); 3C NMR (101
MHz, CDCL3) d: 170.6, 143.4, 138.6, 136.9, 134.9, 129.4,
129.3, 128.7, 127.7, 127.2, 124.3, 59.3, 53.0, 21.5, 21.2;
HRMS caled for C;7H;oNNaO,S [M+Na]* 356.0927,
found 356.0924. 2¢ [%F MG FEPE R @ i = SORAH
WS, K e A FHE OJ-H H:(2 cm X 25 cm X 0.46
cm ID), %14: V(n-hexane) : V(i-PrOH)=70 : 30, 1.0
mL/min, 220 nm; fminor=11.0 min, fmajor=15.0 min.

(S)- F JE-2-((4- Y DR 5 ) Rt Tk i 5% )-2-(o- R R BE) &
R (2d): A@EAE, 7% 88% [V @ MR L
fiE)=5 : 1], 67% ee. m.p. 128~130 C; [a]h +105.6 (c
0.161, CH,CL); '"H NMR (400 MHz, CDCls) 8: 7.58 (d,
J=8.3 Hz, 2H), 7.19~7.17 (m, 1H), 7.16 (d, J=1.2 Hz,
1H), 7.14 (dd, J=5.4, 2.9 Hz, 1H), 7.12~7.08 (m, 1H),
7.05~7.01 (m, 2H), 5.62 (d, J=7.5 Hz, 1H), 5.30 (d, J=
7.5 Hz, 1H), 3.57 (s, 3H), 2.37 (s, 3H), 2.35 (s, 3H); 1*C
NMR (101 MHz, CDCls) d: 170.9, 143.4, 137.0, 136.6,
133.6, 130.9, 129.4, 128.6, 127.1, 126.9, 126.4, 56.2, 52.9,
21.5, 19.2; HRMS caled for C;7H;9NNaOsS [M+Na]®
356.0927, found 356.0925. 2d FIXF Mg 35 P 2 il I = 2
AR RN, KA 0 EaEH N T OJ-H (2 em X 25
cm X 0.46 cm ID), %14 V(n-hexane) : V(i-PrOH)=170 :
30, 1.0 mL/min, 220 nm; #minor=9.6 min, #mnajor=24.3 min.

(S)- H JE-2-(4- HH AR B DR )-2-((4- HP 25 2R 368 ) s Tt e
LR (2e): AR, PR 92% [VOAME) @ (LR
ZHE)=5 1 1], 84% ee. m.p. 145~147 C; [a]y —135.1
(¢ 0.00074, CH,Cl,); 'H NMR (400 MHz, CDCL3) 6: 7.62
(d, J=8.4 Hz, 2H), 7.23~7.18 (m, 2H), 7.13 (d, J=8.7
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Hz, 2H), 6.77 (d, J=8.8 Hz, 2H), 5.64 (d, J=7.8 Hz, 1H),
5.00 (d, J=7.8 Hz, 1H), 3.77 (s, 3H), 3.56 (s, 3H), 2.39 (s,
3H); 3C NMR (101 MHz, CDCls) §: 170.8, 159.8, 143.5,
136.9, 129.5, 128.4, 127.3, 127.2, 114.2, 58.8, 55.3, 53.0,
21.5; HRMS caled for C;7H;sNNaOsS [M + Na] *
372.0876, found 372.0874. 2e X Mt 814 2 il = 4L
BRI, R B OGS 8T OJ-H H:(2 em X 25
cm X 0.46 cm ID), %14 V(n-hexane) : V(i-PrOH)=170 :
30, 1.0 mL/min, 220 nm; minor= 18.0 min, fmajor=22.1 min.

(S)- F HE -2-(4-(BUT 52 ) 2R Jk )-2-((4- PP B O 6k ) itk 1
fieFk) 2. Bk (2f): TR, Fﬁ‘?; 92% [V(fiihfk) @ V(<
W2 Zl5)=5 1 1], 90% ee. [a]) +93.8 (c 0.288, CH.CL);
'H NMR (400 MHz, CDCL3) §: 7.59 (d, J=8.3 Hz, 2H),
7.23 (d, J=8.4 Hz, 2H), 7.13 (dd, J=15.0, 8.2 Hz, 4H),
5.84 (d, J=8.1 Hz, 1H), 5.05 (d, J=8.1 Hz, 1H), 3.56 (s,
3H), 2.35 (s, 3H), 1.26 (s, 9H); 3C NMR (101 MHz,
CDCly) d: 170.7, 151.6, 143.3, 137.1, 132.0, 129.4, 127.2,
126.9, 125.7, 59.1, 52.9, 34.5, 31.6, 21.5; HRMS calcd for
C0H2sNNaO,4S [M+Na]™ 398.1396, found 398.1391. 2f
R0 I B R B v O 1S, SR I e A
RNFM OJ-H H:Q2 emX25 cmX0.46 cm ID), 2&1F:
V(n-hexane) . V(i-PrOH)=90 . 10, 1.0 mL/min, 220 nm,;
tminor=29.9 min, fmajor=32.2 min.

(S)- FF H-2-(4-F 2K 3 )-2-((4- H 30 B W e 5 &
2 (2g): ABEAR, 72 86% [V(f ) @ MR L
fE)=5: 1], 82% ee. mp. 121~123 C; [a]} +95.5 (¢
0.471, CH,CL); '"H NMR (400 MHz, CDCls) d: 7.61 (d,
J=8.3 Hz, 2H), 7.23~7.17 (m, 4H), 6.96~6.88 (m, 2H),
5.88 (d, J=7.7 Hz, 1H), 5.05 (d, J=7.7 Hz, 1H), 3.57 (s,
3H), 2.39 (s, 3H); '3C NMR (101 MHz, CDCl3) §: 170.4,
164.0, 161.5, 143.7, 136.9, 131.2 (d, J=3.3 Hz), 129.5,
129.0 (d, J=8.4 Hz), 127.2, 115.8, 115.6, 58.6, 53.1, 21.5;
F NMR (376 MHz, CDCl3) 6: —113.0; HRMS calcd for
C16H16FNNaO,S [M+Na]" 360.0676, found 360.0676. 2g
(R0 AR ag 3 M A Tk v SO B A, SR FH B € i A
ANFME OJ-H H(Q2 ecmX25 cmX0.46 cm ID), %1F:
V(n-hexane) : V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm;
tminor= 12.8 min, fmajor=17.9 min.

(S)- FF FE-2-(4- SR HE)-2-((4- Y B oK 6 i Tt e 3 &4
B2 (2h): HEE A, 7% 86% [V(E«Hﬂ@‘ﬂ%) TR
fE)=5: 1], 81% ee. m.p. 127~129 C; [a]h +102.7 (¢
0.185, CH,Cl,); 'H NMR (400 MHz, CDCl;) 0: 7.63~7.58
(m, 2H), 7.21~7.17 (m, 4H), 7.15 (d, J=8.7 Hz, 2H),
5.95 (d, J=7.6 Hz, 1H), 5.04 (d, J=7.6 Hz, 1H), 3.57 (s,
3H), 2.39 (s, 3H); 3C NMR (101 MHz, CDCl3) é: 170.1,
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143.7, 136.8, 134.6, 133.8, 129.5, 128.9, 128.6, 127.2,
58.7,53.2, 21.5; HRMS calcd for CiHsCINO,S [M—H]~
352.0416, found 352.0419. 2h [ Mk 5 2 3 5 v 2L
WA TR, R H N F M OJ-H (2 emX 25
cm X 0.46 cm ID), %14 V(n-hexane) : V(i-PrOH)=70 :
30, 1.0 mL/min, 220 nm; #minor= 11.6 min, #major=15.1 min.

(S)-FH L -2-(4-TR 2K 5 )-2-((4- P 3k Z8 3k ) e ik e 328 ) 2
B (2i): AEEM, 7R 91% [VCAME) @ (LR O
fE)=5: 1], 82% ee. m.p. 111~113 C; [a]y +96.8 (¢
0.186, CH,CL,); '"H NMR (400 MHz, CDCl3) 6: 7.59 (d,
J=8.3 Hz, 2H), 7.35 (d, J=8.5 Hz, 2H), 7.19 (d, J=8.0
Hz, 2H), 7.09 (d, J=8.5 Hz, 2H), 5.92 (s, 1H), 5.02 (s,
1H), 3.58 (s, 3H), 2.39 (s, 3H); '3C NMR (101 MHz,
CDCls) 6: 170.1, 143.8, 136.8, 134.3, 131.9, 129.5, 128.9,
1272, 122.8, 588, 53.2, 21.5; HRMS caled for
C16HisBINO,S [M—H] ™ 396.9973, found 396.9975. 2i ff]
SXof PR i B R v RO I A, SR R i A
FP OF-H #:(2 ecm X 25 cm X 0.46 cm ID), % 14:
V(n-hexane) : V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm;
tminor= 12.2 min, fmajor=15.1 min.

(S)- P 3L -2-(3- B 2K 3 )-2-((4- FP 3k 8 35 ) ek ik e 32 ) 2
R (2§): AEER, =R 86% V(A ME) @ (B4
fE)=5: 1], 78% ee. m.p. 120~122 C; [a]3 +98.2 (¢
0.163, CH,Cl,); "H NMR (400 MHz, CDCls) 6: 7.65~7.60
(m, 2H), 7.22 (td, J=8.0, 1.8 Hz, 3H), 7.05~7.01 (m,
1H), 6.98~6.89 (m, 2H), 5.80 (d, J=7.6 Hz, 1H), 5.05 (d,
J=17.7 Hz, 1H), 3.59 (s, 3H), 2.39 (s, 3H); 3C NMR (101
MHz, CDCL3) 6: 170.1, 164.0, 161.6, 143.8, 137.6 (d, J=
7.2 Hz), 136.8, 130.4 (d, J=8.2 Hz), 129.6, 127.2, 123.0
(d, J=3.1 Hz), 115.6 (d, J=21.1 Hz), 114.3 (d, J=22.8
Hz), 58.9 (d, J=2.2 Hz), 53.3, 21.6; '°9F NMR (376 MHz,
CDCl3) 0: —112.0; HRMS caled for C;6HcFNNaO4S
[M+Na]+ 360.0676, found 360.0677. 2j Ft X At ik 426 14 2

F RGRAE BRI, SR A F % OJ-H A
(2 cm X 25 ¢cm X 0.46 cm ID), 4¢fF: W(n-hexane) :
V(i-PrOH)=70 . 30, 1.0 mL/min, 220 nm; fminor=10.7
min, fmajor=12.5 min.

(S)-FA - 2-([1,1- KT 1]-4-5)-2-((4- F BE Z2 386 sk e
fZHE) CR(2k): FAMEIE, =% 85% (V) @ (&
W2 08)=5 : 1], 92% ee. m.p. 200~202 C; [a]X +
188.4 (c 0.138, CH,CL); 'H NMR (400 MHz, CDCl3) §:
7.63 (d, J=8.3 Hz, 2H), 7.53~7.50 (m, 2H), 7.47~7.41
(m, 4H), 7.38~7.33 (m, 1H), 7.28 (d, J=8.3 Hz, 2H),
7.18 (d, J=8.1 Hz, 2H), 5.80 (d, J=7.8 Hz, 1H), 5.11 (d,
J=17.8 Hz, 1H), 3.60 (s, 3H), 2.35 (s, 3H); 3C NMR (101
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MHz, CDCl) 6: 170.5, 143.5, 141.6, 140.3, 136.9, 134.1,
129.5, 128.8, 127.6, 127.5, 127.2, 127.0, 59.1, 53.1, 21.5;
HRMS caled for CyHy NNaO,S [M+Na]® 418.1083,
found 418.1084. 2Kk FFIXT BICZE 38 11 Al it vy G AH s
WA, KA M EREHE AT OJ-H H(2 cmX 25 cm X 0.46
cm ID), %14: V(n-hexane) : V(i-PrOH)=90 : 10, 1.0
mL/min, 220 nm; fminor =22.0 min, fmajor=24.6 min.

(S)- PP 35k -2-((4- Y 268 20 0 ) b T g 3% )-2-(5-2- 3% &
FR@2l): AEEAE, 2R 84% [V A ME) @ M(LRL
E)=5: 1], 85% ee. m.p. 122~124 C; [a]h +138.5 (¢
0.26, CH,CL); 'H NMR (400 MHz, CDCls) d: 7.79~7.75
(m, 1H), 7.70 (dd, J=9.0, 3.3 Hz, 2H), 7.65~7.62 (m,
1H), 7.61~7.57 (m, 2H), 7.49~7.45 (m, 2H), 7.29 (dd,
J=8.5, 1.9 Hz, 1H), 7.05 (d, J=8.0 Hz, 2H), 5.95 (d, J=
7.8 Hz, 1H), 5.25 (d, J=7.8 Hz, 1H), 3.58 (s, 3H), 2.25 (s,
3H); 3C NMR (101 MHz, CDCl3) 6: 170.5, 143.5, 137.0,
133.1, 133.0, 132.3, 129.4, 128.8, 128.0, 127.6, 127.2,
126.8, 126.6, 126.5, 124.4, 59.6, 53.1, 21.4; HRMS calcd
for CaoH1oNNaO4S [M~+Na]" 392.0927, found 392.0926.
20 %o Pt 39 428 A S v TR A £ I A, SR ) i
FRTFE OJ-H F:(2 emX25 ¢cmX0.46 cm ID), 44
V(n-hexane) . V(i-PrOH)=90 . 10, 0.8 mL/min, 254 nm,;
tminor=24.6 MinN, fmajor=27.5 min.

(S)- & FE -2-((4- FF 5k R 5L ) it Tk Ji 522 )-2- 0 R K I
2m): AMEER, P2F 1% [V @ (iR )=
5:1], 77% ee. mp. 103~105 C; [a]y +103.4 (c
0.116, CH,CL); 'H NMR (400 MHz, CDCL) 6: 7.63 (d,
J=8.3 Hz, 2H), 7.26~7.16 (m, 7H), 5.80 (d, J=8.1 Hz,
1H), 5.04 (d, J=8.2 Hz, 1H), 4.07~3.93 (m, 2H), 2.38 (s,
3H), 1.09 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz, CDCL)
5: 170.1, 143.5, 137.0, 135.4, 129.5, 128.8, 127.2, 127.1,
62.2, 59.4, 21.5, 13.8; HRMS calcd for Ci;7H;9NNaO4S
[M+Na]" 356.0927, found 356.0926. 2m )%} Bk 4%
ST I OB B INAS, SR M AR T OJ-H
Q2 emX25 emX0.46 cm ID), 451F: V(n-hexane) :
V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm; fminor=29.5 min,
tmajor=20.7 min.

(S)- Yk -2-( PR LT Tt fie 3 )-2- R 2K IR (2m): TGt
MR, 723 92% [V(f ) @ (R ZE8)=5 1], 77%
ee, [a]X +116.4 (¢ 0.378, CH,Cly); '"H NMR (400 MHz,
CDCls) d: 7.41~7.35 (m, 5H), 5.74 (d, J=6.6 Hz, 1H),
5.23 (d, J=6.8 Hz, 1H), 3.74 (s, 3H), 2.73 (s, 3H); 1°C
NMR (101 MHz, CDCL) d: 170.8, 135.7, 129.2, 129.1,
127.4, 59.5, 53.2, 42.1; HRMS calcd for C;oH;3NNaO4S
[M+Na]" 266.0457, found 266.0458. 2n ff) % meik et
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Se il I SO B INAS, SR B AT OF-H
HH:(Q2 emX25 cm X 0.46 cm ID), %14: V(n-hexane) :
W(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm; fminor= 13.4
Mmin, fmajor=15.1 min.

(S)- F 2 -2-((4- 3 7R 25 ) Tl T Ji ik )-2- R ik 2 1% (20):
HEREAR, 7223 92% [VOAHE) @ (LR LER)=5 1],
83% ee. mp. 127~129 C; [a]y +92.5 (¢ 0.227,
CH,CL); 'H NMR (400 MHz, CDCls) 6: 7.72~7.68 (m,
2H), 7.26~7.21 (m, 3H), 7.20~7.17 (m, 2H), 7.06~7.01
(m, 2H), 5.89 (d, J=7.6 Hz, 1H), 5.10 (d, J=7.6 Hz, 1H),
3.61 (s, 3H); 3C NMR (101 MHz, CDCl3) 6: 170.5, 166.3,
163.8, 136.2 (d, J=3.3 Hz), 135.0, 129.9 (d, J=9.4 Hz),
128.9, 128.8, 127.3, 116.2, 115.9, 59.5, 53.2; '°F NMR
(376 MHz, CDCls) 6: —105.2; HRMS calcd for CisH;3S-
NO4S [M—H] ™ 253.1057, found 253.1071. 20 AT Wik
P T I R S AR, SR e A N T
OJF-H # (2 cm X 25 cm X 046 cm ID), % 1 :
V(n-hexane) . V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm,;
tminor=12.6 min, fmajor=32.8 min.

(S)-F 22-3,3- - F -2 ((4- FH 2 2R 2 Bt e 22 T 1R
HE2p): AGEA, F2R 84% [V(f1MiF) @ M LR
fE)=5: 1], 47% ee. m.p. 110~112 C; [a]y +51.0 (c
0.225, CH,CL); '"H NMR (400 MHz, CDCLs) 6: 7.54 (d,
J=8.3 Hz, 2H), 7.12 (d, J=8.0 Hz, 2H), 5.00 (d, J=10.8
Hz, 1H), 3.41 (d, J=10.9 Hz, 1H), 3.17 (s, 3H), 2.25 (s,
3H), 0.78 (s, 9H); 3C NMR (101 MHz, CDCL) 6: 171.5,
143.7, 136.5, 129.6, 127.6, 64.3, 51.8, 34.7, 26.4, 21.6;
HRMS caled for Ci14H2NNaOsS [M+Na]"® 322.1083,
found 322.1084. 2p FIXT B GE 38 14 A ad ik vy O AH 21
WA, KA EEH AT OJ-H H:(Q2 ecm X 25 cm X 0.46
cm ID), %1: V(n-hexane) : V(i-PrOH)=70 : 30, 1.0
mL/min, 220 nm; #minor=21.8 min, #major=24.2 min.

(S)- H 2k -2-((4- FP 7 4 5 ) b 1 0% )-2- R 0k 1R -d
(2a"): ABGEIE, PR 86% [V HEE) @ V(LR LR =
5: 1], 85% ee. m.p. 131~133 C; [a]y +98.4 (c 0.122,
CH,CL,); 'H NMR (400 MHz, CDCls) &: 7.62 (d, J=8.4
Hz, 2H), 7.26~7.16 (m, 7H), 5.78 (s, 1H), 5.06 (d, J=8.0
Hz, 0.17H), 3.56 (s, 3H), 2.38 (s, 3H); *C NMR (101
MHz, CDCl3) d: 170.6, 143.6, 136.9, 135.2, 129.5, 128.8,
128.6, 127.2, 127.2, 127.1, 59.4~58.8 (m), 53.0, 21.5;
HRMS caled for C6HisDNNaO4S [M+Na]" 343.0833,
found 343.0828. 2a' 1% B ik £ A2 8w AU i
WS, KA e A FHE OJ-H (2 cm X 25 cm X 0.46
cm ID), %14: V(n-hexane) : V(i-PrOH)=70 : 30, 1.0
mL/min, 220 nm; fminor= 14.3 min, fmajor=29.2 min.
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(S)- H J5-2-((4- W JE 2R Bl T fr 326 )-2-(p- FE R S ) &
fR-d (2b"): FIaEE, 773K 86% [V(A M) @ MLRL
fE)=5: 1], 86% ee. m.p. 125~127 C; [a]y +119.3 (¢
0.204, CH,Cl,); '"H NMR (400 MHz, CDCls) 6: 7.62 (d,
J=8.3 Hz, 2H), 7.22~7.18 (m, 2H), 7.09 (s, 2H), 7.07 (s,
2H), 5.63 (s, 1H), 5.01 (d, J=8.0 Hz, 0.07H), 3.56 (s, 3H),
2.39 (s, 3H), 2.30 (s, 3H); 3C NMR (101 MHz, CDCl) &:
170.8, 143.6, 138.7, 137.1, 132.4, 129.6, 127.4, 127.2, 59.1
(d, J=30.6 Hz), 53.0, 21.6, 21.2; HRMS caled for
C17H;sDNNaO,S [M+Na]™ 357.0990, found 357.0988.
2" (140 B i 5 1 o v ORI AR, SR FH
WA T OJ-H #:(2 emX 25 em X 0.46 cm ID), &4
V(n-hexane) : V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm;
tminor= 11.4 min, tmajor=17.7 min.

(S)- FH Jk-2-((4- PP 25 O B R P JYg 32 )-2-(m- R 2R R ) £
fg-d (2¢"): AR, =2 82% [V(Eiﬁa%) FNLRR
fiE)=5: 1], 83% ee. m.p. 101~103 C; [a]y +108.1 (¢
0.148, CH,CL,); '"H NMR (400 MHz, CDCls) 6: 7.61 (d,
J=8.3 Hz, 2H), 7.20 (s, 1H), 7.18 (d, J=2.0 Hz, 1H), 7.14
(t, J=7.6 Hz, 1H), 7.06 (d, J=7.6 Hz, 1H), 7.01 (dt, J=
7.6, 1.7 Hz, 1H), 6.97 (d, J=1.9 Hz, 1H), 5.68 (s, 1H),
5.02 (d, J=8.0 Hz, 0.06H), 3.56 (s, 3H), 2.38 (s, 3H), 2.24
(s, 3H); 3C NMR (101 MHz, CDCL) &: 170.6, 143.5,
138.6, 137.0, 134.9, 129.4, 129.5, 128.7, 127.7, 127.2,
124.3, 61.0~58.12 (m), 52.9, 21.5, 21.2; HRMS caled for
C17H;sDNNaO,S [M+Na]™ 357.0990, found 357.0989.
2" 1456 Wi B M A JE I v OBt RE A, SR
WA FME OJ-H #:(2 emX 25 em X 0.46 cm ID), &4
V(n-hexane) : V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm;
tminor= 11.0 min, #major=14.9 min.

(S)- H J5-2-((4- WA JE 2R Bl Tt fr 326 )-2-(o- FE R R ) &4
fR-d (2d"): FIEE, 773K 86% [VOA M) @ MLKRL
fE)=5: 1], 86% ee. m.p. 130~132 C; [a] +80.0 (c
0.15, CH,CL,); 'H NMR (400 MHz, CDCls) 8: 7.60~7.57
(m, 2H), 7.18 (s, 1H), 7.16 (s, 1H), 7.14 (t, J=4.2 Hz, 1H),
7.09 (d, J=7.4 Hz, 1H), 7.05~7.02 (m, 2H), 5.66 (s, 1H),
5.30 (d, J=7.5 Hz, 0.13H), 3.56 (s, 3H), 2.37 (s, 3H), 2.35
(s, 3H); 3C NMR (101 MHz, CDCL) &: 171.0, 143.5,
137.1, 136.7, 133.7, 131.0, 129.5, 128.7, 127.2, 127.0,
126.5, 57.1~54.9 (m), 53.0, 21.6, 19.3; HRMS calcd for
C17H;sDNNaO,S [M+Na]" 357.0990, found 357.0961.
2" )Xo B R M A B e v R A R AR, SR €
AT OJ-H HE(2 emX 25 em X 0.46 cm ID), 2&{F:
V(n-hexane) . V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm,;

tminor— 9.6 min, tmajor:24~3 min.

Chin. J. Org. Chem. 2022, 42, 3693~3703

© 2022 Chinese Chemical Society & SIOC, CAS

(S)- H JE-2-(4- HH AR B DR 8 )-2-((4- HP 25 2R 368 ) s Tk i
3)-d (2e"): FIAEE, 772 86% [V(H M) @ LKL
fiE)=5: 1], 88% ee. m.p. 155~157 C; [a]3 +116.5 (¢
0.103, CH,CL,); '"H NMR (400 MHz, CDCl3) 6: 7.62 (d,
J=8.3 Hz, 2H), 7.21 (d, J=8.0 Hz, 2H), 7.13 (d, J=8.7
Hz, 2H), 6.77 (d, J=8.7 Hz, 2H), 5.63 (s, 1H), 5.00 (d, J=
7.8 Hz, 0.11H), 3.77 (s, 3H), 3.56 (s, 3H), 2.39 (s, 3H); 3C
NMR (101 MHz, CDCly) o: 170.8, 159.8, 143.5, 137.1,
129.5, 128.4, 127.3, 127.2, 114.2, 58.8, 55.3, 52.9, 21.5;
HRMS caled for Ci7H;sDNNaOsS [M~+Na]" 373.0939,
found 373.0936. 2e' [T B £ 2l i iy RO €1
MR, KA EREH AFE OJ-H (2 cmX 25 em X 0.46
cm ID), Zf: V(n-hexane) : V(i-PrOH)=70 : 30, 1.0
mL/min, 220 nm; #minor= 18.2 min, #major=22.2 min.

(S)- FF L -2-(4-GRUT 3)-2-((4- H 35 2 38 R i e 3% )
LER-d (2f): LR, F% 86% [V(AhEE) @ ML
ZHE)=5 1], 90% ee. [aly +92.2 (¢ 0.206, CH,CL);
'H NMR (400 MHz, CDCl;) 6: 7.63~7.56 (m, 2H),
7.25~7.20 (m, 2H), 7.18~7.09 (m, 4H), 5.84 (d, J=1.8
Hz, 1H), 5.06 (d, J=8.2 Hz, 0.10H), 3.56 (s, 3H), 2.36 (s,
3H), 1.26 (s, 9H); '*C NMR (101 MHz, CDCl3) d: 170.7,
151.6, 143.3, 137.1, 132.0, 129.4, 127.2, 126.9, 125.7,
60.1~57.0 (m), 52.9, 34.5, 31.3, 21.5; HRMS calcd for
Ca0H24DN- NaO4S [M+Na]* 399.1459, found 399.1452.
24" [ 0T B 32 B P O v O RS A, SR I £
WA T OJ-H FE(2 emX 25 cm X 0.46 c¢m ID), 2%fF:
V(n-hexane) . V(i-PrOH)=90 : 10, 1.0 mL/min, 220 nm;
tminor=29.9 min, fmajor=32.3 min.

(S)- FF L -2-(4- 3 2K i )-2-((4- FP 35k 28 35 ) Rk ik e 328 ) 2
BR-d (2g"): FAGEE, 725 86% [V HE) @ (LR
fiE)=5: 1], 86% ee. m.p. 104~106 C; [a]5 +98.2 (¢
0.224, CH,Cl,); "H NMR (400 MHz, CDCls) 6: 7.64~7.59
(m, 2H), 7.22~7.17 (m, 4H), 6.95~6.89 (m, 2H), 5.85 (s,
1H), 5.05 (d, J=7.7 Hz, 0.14H), 3.57 (s, 3H), 2.39 (s, 3H);
13C NMR (101 MHz, CDCL3) d: 170.5, 164.1, 161.6, 143.8,
137.0 (d, J=1.9 Hz), 131.2 (d, J=3.3 Hz), 129.6, 129.1
(dd, J=8.5, 1.7 Hz), 127.3, 115.9, 115.7, 59.1~57.8 (m),
53.2, 21.6; F NMR (376 MHz, CDCl;) 6: —113.0;
HRMS caled for CisH;sDFNNaO,S [M+Na]™ 361.0739,
found 361.0736. 2g" 15 ML ig 5 14 2 e ok sy SO A e
WS, KA e A FHE OJ-H H(2 cm X 25 cm X 0.46
cm ID), %k14: W(n-hexane) : V(i-PrOH)=70 : 30, 1.0
mL/min, 220 nm; fminor=12.7 min, fmajor=17.8 min.

(S)-F 3L -2-(4- IR ) -2-((4- P 3 28 3 R i e 325 ) 2
fR-d (2h"): FIAEE, 723 86% [V(A M) @ LR

http://sioc-journal.cn/ 3701
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fE)=5: 1], 82% ee. m.p. 107~109 C; [a] +82.0 (¢
0.244, CH,CL,); 'H NMR (400 MHz, CDCls) d: 7.52 (d,
J=8.3 Hz, 2H), 7.14~7.10 (m, 4H), 7.09~7.06 (m, 2H),
5.84 (s, 1H), 4.96 (d, J=7.6 Hz, 0.09H), 3.50 (s, 3H), 2.31
(s, 3H); 3C NMR (101 MHz, CDCl) &: 170.2, 143.8,
136.9, 134.7, 133.8, 129.6, 129.0, 128.7, 127.2, 59.1~58.1
(m), 53.2, 21.6; HRMS calcd for Ci4H4sDCINO4S [M—
H] ™ 353.0479, found 353.0476. 2h' {3 it ise £ 14 2 3 ik

AR AR, SR Gk R FE OJ-H A2 em
X25 ecmX0.46 cm ID), 25f4: V(n-hexane) : V(i-PrOH)=
70 © 30, 1.0 mL/min, 220 nm; fminor=11.5 min, fmajor= 14.8
min.

(S)- FF J-2-(4-TR FE I )-2-((4- P FE H 30 i i e 38 2
fR-d (2i"): AL, FF 86% [V(f1iHEt) : MLRL
E)=5: 1], 86% ee. m.p. 111~113 C; [a]5 +56.8 (¢
0.088, CH,Cl,); 'H NMR (400 MHz, CDCls) d: 7.59 (d,
J=8.3 Hz, 2H), 7.35 (d, J=8.5 Hz, 2H), 7.20 (s, 2H), 7.08
(d, J=8.5 Hz, 2H), 5.86 (s, 1H), 5.02 (d, J=7.3 Hz
0.10H), 3.58 (s, 3H), 2.39 (s, 3H); '*C NMR (101 MHz,
CDCls) d: 170.0, 143.7, 136.8, 134.2, 131.9, 131.7, 129.5,
128.9, 128.3, 127.1, 122.8, 59.1~58.0 (m), 53.2, 21.5;
HRMS caled for Ci4sH14sDBrNO4sS [M—H] 3959911,
found 395.9910. 2i" X B ik 56 14 2 38 ek v AUV £ 1
WA, KA EER AT OJ-H (2 cmX 25 cm X 0.46
cm ID), %¢1F: V(n-hexane) : V(i-PrOH)=70 : 30, 1.0
mL/min, 220 nm; #miner=12.2 min, fmajor=15.0 min.

(S)- FF JE-2-(3- B 3 )-2-((4- P A8 30 i i e 38 2
fR-d (2j"): HEFEE, =% 87% [V(Eiﬁa%) I NLRR
fE)=5: 1], 79% ee. m.p. 121~122 C; [a]h +102.3 (¢
0.088, CH,CL,); 'H NMR (400 MHz, CDCls) d: 7.62 (d,
J=8.1 Hz, 2H), 7.25~7.18 (m, 3H), 7.07~7.00 (m, 1H),
6.99~6.88 (m, 2H), 5.79 (s, 1H), 5.05 (d, J=7.6 Hz,
0.12H), 3.59 (s, 3H), 2.39 (s, 3H); '*C NMR (101 MHz,
CDCl;) 6: 170.1, 164.1, 161.6, 143.9, 137.6 (d, J=7.1 Hz),
136.8, 130.5 (d, J=8.2 Hz), 129.6, 127.2, 123.0 (d, J=3.1
Hz), 115.7 (d, J=21.1 Hz), 114.4 (d, J=22.8 Hz), 58.8~
58.3 (m), 53.2, 21.5; "F NMR (376 MHz, CDCl3) o:
—112.0; HRMS caled for Ci4H;sDFNNaO,S [M+Na]®
361.0739, found 361.0741. 2j" 5% Mide 5 2 i v 4L
WAR S, KA M G T OJ-H #(2 ecm X 25
cm X 0.46 cm ID), ZfF: V(n-hexane) : V(i-PrOH)=70 :
30, 1.0 mL/min, 220 nm; #minor=10.6 min, #major=12.5 min.

(S)- FF1 3 -2-([1,1'- FBK 48 1-4- 3 )-2-((4- PP 36 48 Ik ) sk i
fe2) . BR-d (2K'): FIEEK, P2 86% [V(A k) :
W ZTE)=5 : 1], 86% ee. m.p. 202~204 C; [al

3702 http:/sioc-journal.cn/
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+142.0 (¢ 0.162, CH,CL,); '"H NMR (400 MHz, CDCls) §:
7.62 (d, J=8.0 Hz, 2H), 7.51 (d, J=7.1 Hz, 2H), 7.47~
7.40 (m, 4H), 7.35 (t, J=7.2 Hz, 1H), 7.27 (d, J=8.3 Hz,
2H), 7.18 (d, J=8.0 Hz, 2H), 5.73 (s, 1H), 5.11 (d, J=7.8
Hz, 0.08H), 3.60 (s, 3H), 2.36 (s, 3H); *C NMR (101
MHz, CDCLy) d: 170.5, 143.5, 141.6, 140.3, 137.0, 134.0,
129.5, 128.8, 127.6, 127.6, 127.5, 127.2, 127.1, 59.46~
58.18 (m), 53.1, 21.5; HRMS calcd for C,2H9DNO4S [M
—H]™ 395.1181, found 395.1184. 2K' 1%} i 5 /2 3
o OB SIS, SRR G T OJ-H A2
cm X 25 cm X 046 cm ID), %% ff: V(n-hexane) :
V(i-PrOH)=90 . 10, 1.0 mL/min, 220 nm; fminor=21.7
min, fmajor=24.3 min.

(8)- 5 -2-((4- P R 6 ) Rl I8 i 08 )-2- (55 -2- 56 &
fi-d (21'): A, PR 86% [V k) : LR
fiE)=5 : 1], 86% ee. m.p. 135~137 C; [a]h +144.9 (¢
0.214, CH,Cl,); '"H NMR (400 MHz, CDCls) §: 7.77 (dd,
J=6.1,3.4 Hz, 1H), 7.71 (dd, J=9.1, 3.2 Hz, 2H), 7.63 (d,
J=1.9 Hz, 1H), 7.60~7.56 (m, 2H), 7.47 (dt, J=6.3, 3.4
Hz, 2H), 7.28 (dd, J=8.5, 1.9 Hz, 1H), 7.05 (d, J=8.0 Hz,
2H), 5.84 (d, J=7.6 Hz, 1H), 5.45~5.04 (m, 0.10H), 3.59
(s, 3H), 2.25 (s, 3H); 3C NMR (101 MHz, CDCl) §:
170.5, 143.5, 137.0, 133.1, 133.0, 132.3, 129.4, 128.8,
128.0, 127.6, 127.2, 126.8, 126.6, 126.5, 124.4, 62.2~57.3
(m), 53.1, 21.4; HRMS calcd for CyoH;sDNNaO4S [M—+
Na]" 393.0990, found 393.0989. 21" Ff] X Wk 5 35 4 A& i i
RO RE A, R B i N T OJ-H (2 cm
X 25 cmX0.46 cm ID), %14 V(n-hexane) : V(i-PrOH)=
90 : 10, 0.8 mL/min, 254 nm; fminor=24.3 min, fmajor=27.0
min.

(S)- LB -2-((4- P JE A 5 ) b I i 5% )-2- R Ok 1R -d
@m"): HEEE, 7E 1% [VCAE) @ (LR L
fE)=5: 1], 78% ee. m.p. 102~104 C; [a]3 +98.1 (¢
0.214, CH,CL,); '"H NMR (400 MHz, CDCls) 0: 7.63 (d,
J=8.3 Hz, 2H), 7.25 (ddt, J=7.4, 6.2, 3.1 Hz, 5H), 7.21
(s, 1H), 7.19 (s, 1H), 5.74 (d, J=9.0 Hz, 1H), 5.04 (d, J=
8.2 Hz, 0.2H), 4.07~3.93 (m, 2H), 2.38 (s, 3H), 1.09 (s,
3H); '3C NMR (101 MHz, CDCl;) 6: 170.0, 143.5, 136.9,
135.3, 129.5, 128.8, 128.5, 127.2, 127.1, 127.0, 62.2~59.0
(m), 58.8, 21.5, 13.8; HRMS calcd for Ci7H;sDNNaO4S
[M+Na]" 357.0990, found 357.0988. 2m' 1%} Wik 5
ST A OB R A, SR ek R A T OJ-H
(2 emX25 em X046 cm ID), %514: V(n-hexane) :
V(i-PrOH)=70 : 30, 1.0 mL/min, 220 nm; fyiner=9.5 min,

tmajor=20.3 min.
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(S)-FH k- 2-( P R T M Jie 6 )-2- 48 3 4 1R-d (2m"): G
R, FEE 86% [V(E?ﬂa%) : V(Z@EZ@E)—S 1,
80% ee. m.p. 125~127 C; [aly +116.9 (c 0.248,
CH,Cl,); 'H NMR (400 MHz, CDC13) 5: 7.38 (d, J=322
Hz, 5H), 5.70 (s, 1H), 5.44~5.05 (m, 0.11H), 3.74 (s, 3H),
2.73 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 170.9, 135.8,
129.3, 129.2, 127.5, 61.5~57.9 (m), 53.3, 42.3; HRMS
caled for C;oH;;DNNaOsS [M+Na]® 267.0520, found
267.0520. 2n' )0 B 5 1 2 JE i s 20O €6 A5,
KA EEHAFHE O-H (2 emX25 ¢cmX0.46 cm
ID), %1F: V(n-hexane) : V(i-PrOH)=70 : 30, 1.0 mL/
min, 220 nm; fminor= 13.4 min, fmajor=15.1 min.

(S)- FF 3k -2 ((4- 6 2 2k ) Tk i 5 )-2- 2K 0k 2R -d
(20"): FE[EE, 772 92% [V(Eiﬁaﬁﬁﬁ)' V(ZE@?ZEE)_
5:1], 84% ee. mp. 125~127 C; [a]h +101.8 (c
0.167, CH,Cl,); "H NMR (400 MHz, CDC13) 5:7.73~7.69
(m, 2H), 7.25~7.20 (m, 3H), 7.20~7.17 (m, 2H), 7.05~
7.00 (m, 2H), 6.01 (s, 1H), 3.60 (s, 3H); 3C NMR (101
MHz, CDCl3) : 170.5, 166.3, 163.7, 136.3 (d, J=3.3 Hz),
1349, 129.9 (d, J=9.3 Hz), 128.9, 128.8, 127.3, 59.5,
60.2~58.1 (m), 53.1; '9F NMR (376 MHz, CDCls) §: —
105.2; HRMS caled for C;sHDFNO4S [M — H]
323.0618, found 323.0618. 20" ¥ Mk 1 2 il i 3L
WAR RN, KA ST OJ-H #:(2 em X 25
cm X 0.46 cm ID), ZfF: V(n-hexane) : V(i-PrOH)=170 :
30, 1.0 mL/min, 220 nm; #minor=12.7 min, #major=232.1 min.

(S)- F Fk-3,3- - H k-2 ((4- Y L 3 R e Ok ) TR
HlE-d (2p"): EVEEE, 122 84% [V(AHEE) @ (LR
ZHE)=5: 1], 47% ee. m.p. 111~113 C; [a]} +50.9
(¢ 0.275, CH,Cl), 'H NMR (400 MHz, CDCl3) d: 7.50 (d,
J=8.3 Hz, 2H), 7.08 (d, J=8.1 Hz, 2H), 4.98 (s, 1H), 3.13
(s, 3H), 2.21 (s, 3H), 0.74 (s, 9H); 3C NMR (101 MHz,
CDCLs) d: 171.4, 143.7, 136.5, 129.6, 127.6, 51.8, 34.6,
26.4, 21.6; HRMS calcd for C14H2DNNaO4S [M+Na]®
323.1146, found 323.1148. 2p" (15 M ide 5 11 A& i 5 3%
WAR RN, KA S8 FE OJ-H (2 em X 25
cm X 0.46 cm ID), ZfF: V(n-hexane) : V(i-PrOH)=70 :
30, 1.0 mL/min, 220 nm; #minor=21.6 min, #major=24.1 min.

%5 Bh A4 $L (Supporting Information) Frf =¥/ 'H
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NMR. 3C NMR #1 'F NMR i 2a~2p, 2a'~2p'. X4k
A RIAT DL G % AS T 9 3 (http://sioc-journal.cn/)_F R %k,
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