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Enantioselective Copper-Catalyzed Mannich-Type Reaction of
Cyclic Ketimines and B,y-Unsaturated N-Acylpyrazoles
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Abstract Chiral benzosultams are an important category of bioactive compounds and functional organic molecules. There-
fore, great efforts have been devoted for developing efficient methods for their preparation. A copper-catalyzed direct asym-
metric Mannich-type reaction of cyclic N-sulfonyl a-iminoesters with f,y-unsaturated N-acylpyrazoles was developed. Under
mild conditions, y-adducts were delivered in good yields with excellent regio- (y/a>>20/1), diastereoselectivities (dr>>20/1)
and high enantioselectivities (up to 93% ee). This method, with wide substrate-scopes and good functional group compatibility,
provides potentiality for the synthesis of structurally diverse chiral benzosultam derivatives.

Keywords copper catalysis; chiral cyclic benzosulfonamide; asymmetric Mannich reaction; y-adducts
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Figure 1 Selected examples of important chiral benzosultams
M5 &I E B . 2015 4, Ma IRBEHEHRIE T
FAEGIERNRUEAL B,y- AN VAR P 55 HE B 5 PR N-fifl
L0 % A UL B4 Mannich 7, 53] a- 1=
(Scheme 1, a). FfiJ&, Yin /NHPVR B AR AL 5 3 5230 B,y-
ANV 55 LR I SV PRI A XS R Mannich N 55 ()
AXIFR Aldol R B, 152 p-hl = ¥)(Scheme 1, b). E|H
BT Ak, By-ANULA AR P 35 B 5 PAOIR TR G IV F) -
AL JRATRAE, fEAXFRIMEALIA R, By- A
AN - L AR Bl P 26 1 2 B — A TR PR T PR AR () -
HERE AR, RS 5 IOR N-RESE R AR SR AZ N AR,
WA TTRESEIL p- R FEPEIN AR, FEBEIEA b, A TR
i lic 44 [(R)-DTBM-SEGPHOS]/ 4 4% & 1 A AL 7R, DL
By-/NHIAN N-BEEME P SRR R, R PAAR N-R e I ff
[RIASXIFR Mannich e BEHEAT T 0EFL, 0t & 1 &5
FYERIEIRBEBE R &Y, FAFE R, 7
FIDCIRE R . AR L BV AN e B . P B AT

PN ST 0 e o-Z FEER AN N 2R 5 R 50T, I HL
FEMRAI AT T P LA i ReA, W& REMFE T
PEA IR I A SR A T — SR BN R R & R A
(Scheme 1, ¢).

1 ER5HIE

1.1 REFHRK

Y, HETIHH IR B,y- A N-FESE
W 5 ACTR B T NI P s I, R B0 7R 3 5 i i A B 15 2
BCEEI R B VAN X Ok . X T N-BE AR
AT L2 5 RCAL Y Bk e 1T PR (1) - 4 it ) 4,
T S35 B2 ST AR 1, SRAFER— p-Dnplo=4), SE
P AR R B E(>20 1), I, BEFH By-ANHLAT N-
PEFEIEME 1a FIFIR N-TEIESE o- 2SR IR 2a 1R NBAR
YD, FEEMEALT . T BTSN R R AR R E
Ak EW) 3a E2M, S5 RansR 1 fow, 58 240715 Wi Bh
PR B LL Cu(ACN)GPFs NHYR, 2 8 — H B
(DME) N, Cs:COs NI, 58T PERCAANT e My M
FOXT LR BEPERIR2(E 1, Entries 1~8). AT NHK
JREUO AR BEBC A (SOP, L1 A1 L2)w] L33 H A5x4,
PEM N R (R 1, Entries 1, 2), B TE4IE ST &7
AR AT 15 B F PR O, I — PR ki 4Rl AR (L3,
L4), RO RGN IE P, (ST AR A SR s 22 (3R
1, Entries 3, 4); Bc75 35 JERCARLE A fEEAL B,y- AN TR Fk
FALEPI) Mannich-type S W HE AT BASEELAR F5 (1)
SEAREEEIO2 LR, R BLEAT BB (R)-DTBM-
SEGPHOS (L8) 1] LA1S 2 i S5 W3 30% 1 XT B de 45 14
(& 1, P23 60%, 30% ee, Entry 8 vs. Entries 5~7). AT
e m R M, SARTE R B IR A. K

(a) Organocatalytic asymmetric Mannich reaction of f,)-unsaturated ketones with cyclic ketimines

Q.0
0 Q0 %
/\)k + R = S\N chiral amino thiourea R—- NH o
N _
TN "~ a-addition )
CO,Et EtOzg/ i A

(b) Cu-catalyzed asymmetric vinylogous Mannich reaction of f3,~unsaturated N-acylpyrazoles

O NBoc CullL*, b NHBoc (0]
u ase
X = + B Y P
Y\C()LR R.)kH -addition R R
X

X =H, F, Cl, Br; R = 3,5- Ph,-pyrazole

(c) Cu-catalyzed asymmetric vinylogous Mannich reaction of cyclic ketimines (this work)

(0]
(0] éjO
N \
1 i
R A R’/@N
R? = 3,5-Me,-pyrazole CO,Et

[Cul/L*, base W
y-addition R o AN R2
EtO,C A

B 1 WA By-AMERPIEL S P A FR Mannich S

Scheme 1 Asymmetric Mannich reactions of imines and f,y-unsaturated carbonyl compounds
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Table 1 Optimizations of the reaction conditions for synthesis
of chiral benzosultams

12O Cu(ACN),PFg/L (1:1.2, 10 mol%)
Cs,CO; (10 mol%)

additive (10 mol%)
CO,Et DME, -20 °C, 24 h

C o

s7

NH o

~TNOR
EtO,C

3a, R = 3,5- Me,-pyrazole
ya >20/1, dr>20:1

\$/ 0o
~ /" R

~ N
S5 @L
S PPh,
MeO PR N
2 <=

OMe .
L1, R='Pr L3, R:I‘Pr
L2, R =Ph L4, R =Ph
e I
PAra o PAr,
ool S
O
L5, Ar = Tol L7, Ar=Ph

L6, Ar = 3,5-Me,CgHs L8, Ar = 3,5-Buy-4-MeOCgH,

Entry Ligand  Additive Yield”/% ee/%
1 L1 60 4
2 L2 42 0
3 L3 59 0

4 L4 87 —12
5 L5 71 18
6 L6 56 8
7 L7 70 16
8 L8 60 30
9 L8 HCOOH 93 79
10 L8 AcOH 49 54
11 L8 TFA 41 34
12 L8 MeOH 36 30
134 L8 HCOOH 99 (94°) 83
14/ L8 HCOOCs 93 83

4Unless otherwise noted, reaction of 1a (0.15 mmol) and 2a (0.1 mmol) was
carried out in the presence of 10 mol% Cu(ACN)4PFs, 12 mol% ligand, 10
mol% Cs,COs, additive (0 or 10 mol%) in DME (1.0 mL) at —20 C for 24
h. ? Yield was determined by 'H NMR using dimethyl terephthalate as an
internal standard. ¢ Determined by chiral HPLC analysis. 20 mol% HCOOH
was used. ¢Isolated yield./20 mol% HCOOCs was used instead of Cs,COj.

UM R R, RNVCREEREE 93%, HXf
M 2 1 IR B B AR K P (3R 1, Entry 9, 79% ee). 44
2. =% CFR(TFA)FIF EE(MeOH)VE AR NI, SN
SEREE RO, X R INF AR LA K 41K
gt R 2 R EEMI/EA (R 1, Entries 10~12
vs. Entry 8). #t—B ALK I 20 mol% ) H R FH & 42
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IR 1, Entry 13). b4k, HCOOCs(E 1R Cs,CO; Fl
HCOOH JR{74: R HCOOCs)/f A [FIFE n] LAE it )z
NENRARNFEAT, 7320 [F] o6 WOk B, (HISCRIEH T %
(% 1, Entry 14). S5 LRSLIGEE R, #w TR
B Z AN Cu(ACN)4PFs (10 mol%). L8 (12 mol%)-

FR (20 mol%) A¥s 7. Cs2COs (10 mol%) bk, 2 —
fig — FEERVETR, —20 ‘CN 24 h. BbAh, I X =)
3h FIEREHEAT X SR EEATE T, TS L
KR H(S,S).

1.2 REEYHRR

TERAE T ARERIR, X By- AR N-BEFEmE P 1
FIIOMR N-HETEE R a- W& g 2 MASXTFR Mannich 2 Mgk
1T TRV IE M EE. TEFRESRAE TS, BT I a] LA
S 1 DX S P A R — - IR 2). Bk,
X By- AN N-FE3E-3,5- — HIFEIEmE 1, 5 7 AH )
ot B KD BT e BB (Ba~3i). B K0T S 7 45 B i)
B/N@3b vs. 3evs. 3d); BT (Me. Et. "Pr 55) B
B2 (30 HUAR IS 1] DLTS B AR AL 1) 2 B 45 R (3b~3); 4%
YINRIE(3g) . BEFE3h) B Z 3L (3h) AR, KW LA
R O AR (75% ~ 80%) FIT A1t 1 %of Ik 34 428 4 (90% ~
92% ee)fS 2| H b r=4).

Bt i S PR B e 0 e I B AT T 52, gL (B,
Me) St [ N 5% AT W S (R 540 (3], 3K); 5 %230 EUCEE,
£ COMLGI NBEH T F(Me. Bu. OMe)i, B LA
81%~91%ITIU K LL 2 88%~91% ee 155 HAr=4; 5l
NP (CLL CRa)i, 5 M AR A i 6 14 3
AU FF(3n vs. 30, 3¢ vs. 3p, 3q); AEUREE AR
ML T LA (OCFs), MNASREREAT. Ak, FE75¥ C(4)
PEFT C6 A AR 5] NHUARIE, A4S 21 o &5 i Rt
EFEPEGOIY, J5R B BURIERT, R R A
Wik B A0 B R 4 (3a vs. 3s). X BTN FHUC KR
) R (B 2050 ) ATASE (37 BEL 8O0 ) %o sz I Fe) 7% 1 A 37
A2 il 354 B S 5
1.3 YRk

N BRI B T TE SE R M, XY 3k
177 R ¥Ak(Scheme 2). E4E, B3t Pd/C Sk, Pl
SLWCRAF RN FEY) AU 68%), LAY 4 5
7E THF(PU SR )/ BnNH, 74 & R AR 2, DL 1R
RGPS AW . BRI AL L 1) 2 B Re L 2R
e Stk B4 5090, S ki B PERS AT R % (87% ee).
BE 5 A EACAR IR SR 3k, SN AT DA — 45 S L e
PRI IEJF T« TiE 00 SR R, S SIS R R
PEEIRFE, BB FME & RS MR B R &)
6 (P77 46%, 91% ee)!').
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Table 2 Enantioselective copper-catalyzed Mannich-type reaction for synthesis of chiral benzosultams

RWLN/N . X S\N Cu(ACN),PFg/L8 (1:1.2, 10 mol%)
) Y HCOOH (20 mol%), Cs,CO4 (10 mol%)
COOR’I DME, -20 OC, 24 h
1 2

3e, 64%, 75% ee” 3f n=>5, 74%, 80% ee’

3p, 54%, 83% ee

3r, 78%, 50% ee 3s, 34%, 45% ee®

4Reaction conditions: 1 (0.15 mmol) and 2 (0.1 mmol), Cu(ACN)4PF¢/L8 (1 : 1.2, 10 mol%), Cs,CO; (10 mol%), HCOOH (20 mol%) in DME (1.0 mL) at —20 C
for 24 h. Isolate yields. The ee values were determined by chiral HPLC analysis. The dr values were determined by 'H NMR analysis of the crude products. * 10

mol% HCOOH. ¢ Without HCOOH. n.r.=no reaction.
1.4 TFIRERIR RZHLEE

MR X SR RATI AR, S5 MR gy-A
TANER AKX Mannich Jo B SCHR TART, S 7 52
RO AT DA B 2 i S A, B 2 s, A2
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Bl RREE)RIVE I T, TAERCAR . By- AR V-t g
540 (1) BRC AL T BT P (1)- A R, o ntnde 56
EiE- ST ADN SVA B d S o ST L N e R T A7
S G WEAATT B2 MR IR R, P RE R St T i 2 i,
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Pd/C, H, ball
MeOH, r.t.

3k, 93% ee, dr > 20/1

LiAlH,, THF

46%, 91% ee, dr > 20/1 72%, 87% ee, dr > 20/1

B2 93k

Scheme 2 Transformations of the product 3k

L CO,Et A _
Re-Si approaching (favored)

X-ray of 3h
CCDC 2189590

EtOzC

D
~ Re-Re approaching (disfavored) — — Si-Si approaching (disfavored) —

B2 Wl R A Y
Figure 2 Proposed catalytic transition state model
1, TR SRR MR IZH) Re THHEATINAL(A, X B M A ML AP i 0 A 5 SR EE A, T e
C vs. B, D). 55— Jsif, FR0AEXS muk #E b T4k PR 7S S B RR AR (O 151 4 3 R BELAS R, T B ) =448 (1) -
(D) - M B R G4 TR E, (D)-(1Z,3E)- Iz L TR T A AN O A B P 2R A O T A R
H(D)-(12,32)- )l BA AT R AT 2 R EVE(A vs. C). (FARXSERREE % Re A1 Si THIRIIX 43), FERARIE IS B 25
L b, AR B HERFES,S)-30. HERfE s N T ACHRn] DLAR O A E BT PR R Bk, DA S
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(IR AT, D2 B AT ST AR o
2 #ig

18 F4/(R)-DTBM-SEGPHOS  #% & Ml AL 77, 5k
PLTHR N-TEBERE LN S BLy- AT N-Ff R bt e g A
KPR HEAL Mannich-type B, DAL I (up to
PR 94%) XS B (o> 20/1) X i B
(dr>20/1)F13F Wk FEE(up to 93% ee) &k T RAIF1E
FKIFT TR RS Y. P B AN ESF
OCEFE— DR F PO — MG RSG5~
)3 T B AR DA R BT T R e e I M 2
B, R Z R TR R AL A P S 32 41t
ARt BhAh, HERAE IS INFAIAE 12 5 B HoR e B
TEPEAN ST AR | #8 k $5 3 BB E .

3 EES
3.1 UES5HF

Bruker-400 BUAZREFLIRIL, SSI-1500 Bl v 50 AH €
W . Agilent Technologies-1260 Infinity, ZF-17 = F 45
Ao M, Waters IMS Q-Tof 70 ¥ i 4%, Perkin-
Elmer-341 B HAeG, FHEEAHEH AD-H. OD-H.
AS-H. AR B FT RIS I S AN T 7 T F 8
FEAE Y, &R SRR . RS R ML I S,
IR AR BE. RN O 50 SRR I8 1) 77 1A
JK.
3.2 ZWHE
3.2.1  FAR N-AEBL A I iz 69 T 31 A Mannich-Type &

EFEFT, W— RPEF I 1T R
(20 mL FA)F KX Cu(ACN)PFs (3.7 mg, 0.01
mmol) (R)-DTBM-SEGPHOS (14.2 mg, 0.012 mmol)F/ 1
mL oK & R R, IR B 30 min. RS ) OB
EHIINIR N-REEIE P A% 2 (0.1 mmol, 1.0 equiv.)Al
Cs,COs (3.3 mg, 0.01 mmol, 0.1 equiv.), ¥ N %5
BHFEME, BT 20 CHRIEMHEIE S min J5, KK
N N-FR LM 1015 mmol, 1.5 equiv.) A1 HCOOH (10~
20 mmol%), —20 ‘CJx¥ 24 h. N 5EHEE, A
BEHIKG mLE KRN, L8R BEFER10 mLX3), &
HAENAH, T8, W45 ENT 7 B 4i15 2] B Ar =)
3.
322 oS a9e R

IR A: )— H Schlenk & H I 3k (49.0 mg, 0.1
mmol). Pd/C (10% on carbon, 21.0 mg, 20 mol%)F1Jc7/K
FREEIA V(1.0 mL). $8)5 H Ho SR E #0043 Ik, HEH

1504 http://sioc-journal.cn/
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B, INEREREIRRN 3 h. RV TEE, HEEt
g, AR, MR R, SBI BT 4, BB,
33.6 mg, 7E 68%.

HIRB: GRS T, ¥ FIRFTS1 4 (33.6 mg, 1.0
equiv.) & T F AT DY SRR (1.0 mL)H, FHfEE 48
IO ERE(14.5 mg, 0.136 mmol, 2.0 equiv.), 50 “CHitk
Mo 6 h. JRPITERE, PRS2 SR, WA bR A,
HENT»EREMEY 5, AR, 248 mg, 7%
72%, 87% ee.

323 b 6 69h R

0 ‘CF, ¥ 3k (49.0 mg, 0.1 mmol)¥& T JE/KIUE Hk
WEI(1.0 mL)H, RS m) 3 b 22 15 0 n &4 B A VA TR
(2.5 mol/L in THF, 0.4 mmol). JhN5E e, #4 5R i B
FA& 60 C/M 4 h. RFFERNSG, KREAHE =R,
I7K(5 mL)yAF KRB, R CBRZEI(S mLX3), &9
AHAH, JoKBRERIN T8, I 2R 2805, )=
Mror B8 H AR =9, AR, 17 mg, 3% 46%,
91% ee.

323 Akl

(35)-3-[(2E)-4-(3,5- - FH LML k-1 - 35)-4- S 5L T -
2-JfHE]-5- F - 1,1- AR -2, 3- AU [d] S E I -3-
R L6 (3a): YEMLF: VOA M)/ V(LR LB8)=5/1,
@A, 39.1 mg, 773 94%, 83% ee [Daicel Chiralpak
OD-H, V(IE &%)/ V(R HlE)=92/8, 1.0 mL/min, 1=254
nm, FREAEE]: 25.09 min (major)Fl 35.65 min (minor)].
m.p. 159~160 C; [a]s —42.7 (¢ 1.233, CHCL); 'H
NMR (400 MHz, Chloroform-d) ¢: 7.67 (d, J=7.9 Hz,
1H), 7.53 (s, 1H), 7.47 (d, J=15.6 Hz, 1H), 7.42 (d, J=
7.9 Hz, 1H), 7.06 (dt, J=15.3, 7.4 Hz, 1H), 5.99 (s, 1H),
5.82 (s, 1H), 4.53~4.11 (m, 2H), 3.25 (dd, J=14.2, 8.2
Hz, 1H), 2.97 (dd, J=14.2, 6.6 Hz, 1H), 2.54 (d, J=22.8
Hz, 6H), 2.25 (s, 3H), 1.38 (t, J=7.1 Hz, 3H); 3C NMR
(101 MHz, CDCly) d: 169.01, 164.08, 152.07, 144.86,
144.43, 141.81, 137.81, 132.93, 131.73, 126.36, 124.90,
121.39, 111.56, 68.07, 63.98, 43.14, 21.96, 14.56, 14.14,
13.80. HRMS (ESI) caled for CyH23N305SNa [M+Na]®
440.1256, found 440.1254.

(8)-3-[(S.,E)-5-(3,5-— FF JE M - 1 - 35k )-5- B8 WP 3 1 2,-3-
Hii-2-FE]-5-H FE -1, 1- 5 -2, 3- AR I [d] S e -
3-HER LT (3b): Peliil: VO ) (L. L.18)=5/1,
A, 31.0 mg, 773 72%, 80% ee [Daicel Chiralpak
AD-H, V(IE 248/ V(R N EE)=75/25, 1.0 mL/min, A=254
nm, fREAESE]: 9.52 min (major)Fl 26.45 min (minor)].
m.p. 140~143 °C; [a]5 —50.0 (¢ 1.100, CHCL); 'H
NMR (400 MHz, Chloroform-d) 6: 7.60 (d, 1H), 7.55 (s,

Chin. J. Org. Chem. 2023, 43, 1499~1509
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1H), 7.36 (d, J=8.0 Hz, 1H), 7.19 (d, J=15.7 Hz, 1H),
6.89 (dd, J=15.7, 8.3 Hz, 1H), 5.93 (s, 1H), 5.75 (s, 1H),
438 (qt, J=10.7, 5.4 Hz, 2H), 3.50 (dq, J=6.9 Hz, 1H),
2.49 (d, J=3.1 Hz, 6H), 2.22 (s, 3H), 1.39 (t, J=7.1 Hz,
3H), 1.25 (d, J=6.7 Hz, 3H); 3C NMR (101 MHz, CDCl5)
5: 169.64, 163.82, 151.67, 146.89, 144.80, 144.49, 136.05,
132.67, 131.81, 125.35, 124.05, 121.48, 111.29, 71.70,
63.87, 45.27, 22.00, 15.77, 14.56, 14.13, 13.80. HRMS
(ESI) caled for CHysN3OsSNa [M+Na] ™ 454.1413,
found 454.1417.

(35)-3-[(3S,4E)-6-(3,5- — HI B ntp - 1- 58 )-6- 5 WP Ji%
C-4-J-3-FE-5- 1 31, 1- — R W3 -2,3- A I [d) 7
WE M -3- R TR (Be): BEMLAT: V(CH B/ (LR &
fig)=>5/1, AEE, 31.2 mg, =% 70%, 85% ee [Daicel
Chiralpak OD-H, V(1E C %8 )/V( 7 I BE) =92/8, 1.0
mL/min, A=254 nm, f&EE: 24.44 min (major)#ll
33.48 min (minor)]. m.p. 148~150 C; [a]h —25.0 (¢
1.533, CHCI3); '"H NMR (400 MHz, Chloroform-d) 6: 7.58
(d, J=8.0 Hz, 1H), 7.54 (s, 1H), 7.37~7.25 (m, 1H), 7.11
(d, J=15.7 Hz, 1H), 6.84 (dd, J=15.6, 10.0 Hz, 1H), 5.92
(s, 1H), 5.75 (s, 1H), 4.46~4.27 (m, 2H), 3.21 (td, J=
10.4, 2.8 Hz, 1H), 2.49 (s, 6H), 2.22 (s, 3H), 1.73~1.58
(m, 1H), 1.50 (ddt, J=13.6, 6.3, 3.6 Hz, 1H), 1.38 (t, J=
7.1 Hz, 3H), 0.93 (t, J=7.4 Hz, 3H); *C NMR (101 MHz,
CDCls) d: 169.82, 163.44, 151.52, 145.45, 144.71, 144.50,
136.19, 132.45, 131.64, 125.86, 125.44, 121.39, 111.24,
71.80, 63.81, 52.91, 23.25, 21.97, 14.58, 14.12, 13.79,
12.08. HRMS (ESI) caled for CypHxN;OsS [M+H]"
446.1750, found 446.1755.

(39)-3-[(RE,4S)-1-(3,5- — F JE mif i -1 - )-1- 4 30 2
B2 0 -4-FE)-5- R 1- AR P 2. 3- A K IR [d]
WEME-3-F R . BR(3d): BEli ). VA MER)/ V(LR L 1g)
=51, HAE[EE, 37.6 mg, F=% 82%, 88% ce [Daicel
Chiralpak AD-H, V(1E C %8 )/V( = N BE)=75/25, 1.0
mL/min, =254 nm, {&FHA]: 7.12 min (major) 1 21.54
min (minor)]. m.p. 149~150 C; [a]5 —30.1 (¢ 1.233,
CHCL); '"H NMR (400 MHz, Chloroform-d) J: 7.56 (d,
J=8.4 Hz, 2H), 7.31 (d, J=8.0 Hz, 1H), 7.08 (d, J=15.7
Hz, 1H), 6.84 (dd, J=15.7, 10.0 Hz, 1H), 5.91 (s, 1H),
5.76 (s, 1H), 4.37 (qq, J=10.8, 7.1 Hz, 2H), 3.31 (td, J=
10.7, 2.1 Hz, 1H), 2.48 (d, J=4.4 Hz, 6H), 2.21 (s, 3H),
1.82~1.57 (m, 1H), 1.48~1.16 (m, 6H), 0.92 (t, J=7.1
Hz, 3H); 3C NMR (101 MHz, CDCls) §: 169.81, 163.47,
151.51, 145.73, 144.73, 144.46, 136.18, 132.45, 131.63,
125.64, 125.43, 121.36, 111.23, 71.90, 63.81, 50.80, 32.15,
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21.95, 20.37, 14.54, 14.12, 13.83, 13.78. HRMS (ESI)
caled for Cy3sHyN3;OsSNa [M+Na]'™ 482.1726, found
482.1720.
(35)-3-[(2E,4S)-1-(3,5- — H B ik w1 - % )-1- 51 . 2%
S 20 -4-HE -5 R 1 - AR T 32, 3- A K I [d) S
WE e -3- FH R 2T (3e): BEMLTT: V(A BN/ V(LR &
fig)=>5/1, AEE, 30.0 mg, /=% 64%, 75% ee [Daicel
Chiralpak AD-H, V(1E C %t )/V( = N BE)=75/25, 1.0
mL/min, =254 nm, {&FHA]: 6.69 min (major)Fl 14.25
min (minor)]. m.p. 141~143 C; [a]h —26.3 (¢ 1.067,
CHCl3); 'H NMR (400 MHz, Chloroform-d) 6: 7.68~7.40
(m, 2H), 7.31 (d, J=8.0 Hz, 1H), 7.07 (d, J=15.7 Hz,
1H), 6.83 (dd, J=15.6, 10.0 Hz, 1H), 5.91 (s, 1H), 5.74 (s,
1H), 4.53~4.16 (m, 2H), 3.44~3.16 (m, 1H), 2.49 (s,
6H), 2.21 (s, 3H), 1.78~1.51 (m, 1H), 1.50~1.06 (m,
8H), 0.88 (t, J=6.7 Hz, 3H); 3C NMR (101 MHz, CDCl;)
0: 169.82, 163.48, 151.48, 145.77, 144.72, 144.48, 136.19,
132.45, 131.63, 125.68, 125.42, 121.38, 111.22, 71.93,
63.81, 51.04, 29.71, 29.29, 22.38, 21.96, 14.57, 14.14,
13.82, 13.79. HRMS (ESI) calcd for CasH3,N30sS [M+
H]" 474.2063, found 474.2063.
(35)-3-[(2E,4S)-1-(3,5- — H B it w1 - % )-1- 51 WP 2%
+=-2,12- T -4-FE]-5-F 1. AT S 2,3- AR
H[d) 5 WEME-3-FH R LR (36): WEMET: V(A k) V(LR
LTEY=5/1, ATER, 40.0 mg, /=F 74%, 80% ee
[Daicel Chiralpak AD-H, V(iE C%8)/ V(R M) =85/15,
1.0 mL/min, 2=254 nm, {&FE K [E]: 9.31 min (major)#/l
17.40 min (minor)]. m.p. 153~155 C; [a] —21.7 (¢
1.333, CHCL;); 'H NMR (400 MHz, Chloroform-d) &:
7.64~7.48 (m, 2H), 7.31 (d, J=8.0 Hz, 1H), 7.07 (d, J=
15.7 Hz, 1H), 6.83 (dd, J=15.7, 10.0 Hz, 1H), 591 (s,
1H), 5.88~5.67 (m, 2H), 4.96 (dd, J=24.5, 14.1 Hz, 2H),
4.50~4.24 (m, 2H), 3.29 (t, J=9.9 Hz, 1H), 2.49 (s, 6H),
2.21 (s, 3H), 2.03 (q, J=6.9 Hz, 2H), 1.67 (q, J=10.0, 9.2
Hz, 1H), 1.50~0.99 (m, 16H); '3C NMR (101 MHz,
CDClLs) 0: 169.81, 163.47, 151.48, 145.73, 144.72, 144.47,
139.10, 136.18, 132.46, 131.63, 125.69, 125.42, 121.37,
114.20, 111.22, 71.92, 63.80, 51.06, 33.75, 30.03, 29.27,
29.20, 29.01, 28.85, 27.16, 21.96, 14.56, 14.14, 13.78.
HRMS (ESI) caled for CooHaN3OsS [M+H]" 542.2689,
found 542.2688.
(35)-3-[(2S,3E)-5-(3,5- — F S ik e 1 - 0 )-5- 48 WP 3 -
1- 8B -3-05-2- 25 ]-5- 1 -1, 1- 4R W3 -2,3- A 9F
[d) 5 MEME-3-FR R .16 (3g): LEILF: VA B/ (LR <
fig)=3/1, A[EE, 37.7 mg, 73 75%, 92% ee [Daicel
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Chiralpak AD-H, V(IE C %8)/V(5 A BE)=85/15, 1.0
mL/min, A=254 nm, & EE: 15.58 min (major)#ll
38.79 min (minor)]. m.p. 115~117 C; [a]s —82 (¢
1.420, CHCI3); '"H NMR (400 MHz, Chloroform-d) é: 7.57
(d, J=8.0 Hz, 1H), 7.55 (s, 1H), 7.41~7.24 (m, 3H),
7.22~7.13 (m, 3H), 6.95~6.75 (m, 2H), 5.87 (s, 2H),
4.37~4.12 (m, 2H), 3.66 (dt, J=8.7, 4.4 Hz, 1H), 2.90
(qd, J=13.7, 6.9 Hz, 2H), 2.46 (d, J=12.5 Hz, 6H), 2.16
(s, 3H), 1.38 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz,
CDCls) d: 169.67, 163.30, 151.35, 144.88, 144.64, 14433,
137.68, 136.24, 132.46, 131.75, 129.36, 128.47, 126.71,
125.95, 125.37, 121.46, 111.17, 71.51, 63.96, 52.71, 37.24,
21.93, 14.49, 14.14, 13.72. HRMS (ESI) caled for
Ca7H30N305S [M+H]" 508.1906, found 508.1911.
(35)-3-[(2E,4S)-1-(3,5- - FH B np k-1 -3 -8- FH 48 2 -
1,8- AR o 205 -4- 3 ]-5- F -1, 1- SR 3E-2,3-—
SR I [d] 5 WE M -3- HUER £ B8 (3h): PR V(A
Bk )/ V(B2 CB8)=3/1, EEEE, 40.0 mg, =% 78%,
90% ee [Daicel Chiralpak AD-H, V(1E C)/ V(5 R E) =
75/25, 1.0 mL/min, 1=254 nm, {REIHE]: 13.69 min
(major) 1 36.76 min (minor)]. m.p. 155~156 C; [a]p —
45.9 (¢ 1.265, CHCL3); 'H NMR (400 MHz, Chloroform-d)
J9: 7.64~7.50 (m, 2H), 7.31 (d, J=8.0 Hz, 1H), 7.10 (d,
J=15.7 Hz, 1H), 6.83 (dd, J=15.7, 10.0 Hz, 1H), 5.91 (s,
1H), 5.77 (s, 1H), 4.57~4.20 (m, 2H), 3.67 (s, 3H), 3.31
(td, J=10.2, 2.6 Hz, 1H), 2.49 (d, J=4.6 Hz, 6H), 2.33 (t,
J=17.1 Hz, 2H), 2.21 (s, 3H), 1.68 (qd, J=11.3, 10.6, 4.9
Hz, 2H), 1.63~1.51 (m, 1H), 1.53~1.43 (m, 1H), 1.39 (t,
J=7.1 Hz, 3H); *C NMR (101 MHz, CDCl3) J: 196.02,
173.40, 169.68, 163.32, 151.56, 145.02, 144.81, 144.47,
136.01, 132.48, 131.72, 126.07, 125.35, 121.42, 111.28,
71.75, 63.99, 51.62, 50.91, 33.48, 29.46, 22.58, 21.96,
14.54, 14.10, 13.77. HRMS (ESI) calcd for C,sH3:N307S
[M+H]" 518.1961, found 518.1959.
(35)-3-[(3S,4E)-6-(3,5- — H L nip w1 356 )-1-(1,3- =
AT 5L -2,3- A -1 H-53 W5 Wk -2- 55 )-6- 580 7 2 L -4- 445 -3-
FE]-5-HHE-1,1- A HE -2, 3- R IR IR [d] S E -3 FH R
LBE(30): Ve VCRES)/ (LR L) =3/1, A
&, 47.3 mg, ;2% 80%, 92% ee [Daicel Chiralpak AD-H,
V(IE 2 6E)/ V(57 N ) =60/40, 1.0 mL/min, 1=254 nm,
PRBEIS ] 9.11 min (major)f1 12.09 min (minor)]. m.p.
110~111 °C; [a]s —111.2 (¢ 1.267, CHCl;); 'H NMR
(400 MHz, Chloroform-d) J: 7.93~7.78 (m, 2H), 7.80~
7.65 (m, 2H), 7.55 (d, J=7.9 Hz, 1H), 7.50 (s, 1H), 7.36~
725 (m, 1H), 7.23 (d, J=15.7 Hz, 1H), 6.86 (dd, J=
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15.6, 9.9 Hz, 1H), 5.90 (s, 1H), 5.82 (s, 1H), 4.30 (q, J=
7.1 Hz, 2H), 3.71 (hept, J=7.0 Hz, 2H), 3.41 (t, J=10.1
Hz, 1H), 2.46 (d, J=13.6 Hz, 6H), 2.22 (s, 3H), 2.07 (dtd,
J=23.1,11.7,10.0, 6.2 Hz, 1H), 1.83 (dt, J=13.6, 7.0 Hz,
1H), 1.27 (t, J=6.9 Hz, 3H); 3C NMR (101 MHz, CDCls)
5: 169.47, 168.14, 163.20, 151.54, 144.90, 144.34, 143.82,
135.63, 134.03, 132.58, 131.93, 131.81, 126.59, 125.26,
123.31, 121.42, 111.27, 71.76, 64.14, 48.88, 35.96, 29.15,
21.94, 14.47, 13.94, 13.82. HRMS (ESI) calcd for C3oHj;-
N4O-S [M+H]" 613.1733, found 613.1718.
(38)-3-[(28,3E)-5-(3,5- - FF S s 1 - )- 54 0 -
1-AFE TR -3-05-2- 3L ]-5-F 31, 1- A W HE-2 3- &R IF
[d] 5w BEME-3-FH R 1R (3j): e VA TR/ (LR &
fig)=3/1, AEEE, 42.0 mg, P53 74%, 90% ee [Daicel
Chiralpak AD-H, V(IE C%8)/V( 5 W BE)=75/25, 1.0
mL/min, A=254 nm, fR£EHE: 10.69 min (major)#ll
19.74 min (minor)]. m.p. 120~122 C; [a]5 —39.0 (c
1.400, CHCI3); '"H NMR (400 MHz, Chloroform-d) &: 7.57
(d, J=8.0 Hz, 1H), 7.49~7.35 (m, 6H), 7.29 (d, J=7.8
Hz, 1H), 7.19 (dq, J=14.1, 7.0 Hz, 3H), 6.98 (d, J=7.2
Hz, 2H), 6.87 (dd, J=15.6, 9.4 Hz, 1H), 6.77 (d, J=15.7
Hz, 1H), 5.89 (d, J=23.8 Hz, 2H), 5.19 (q, J=11.8 Hz,
2H), 3.60 (td, J=9.3, 4.4 Hz, 1H), 2.88 (dd, J=13.6, 9.3
Hz, 1H), 2.77 (dd, J=13.7, 4.2 Hz, 1H), 2.42 (d, J=12.8
Hz, 6H), 2.15 (s, 3H); 3C NMR (101 MHz, CDCls) §:
169.59, 163.25, 151.33, 144.79, 144.50, 144.33, 137.58,
135.96, 134.07, 132.47, 131.75, 129.37, 129.30, 129.07,
128.97, 128.40, 126.63, 125.98, 125.52, 121.46, 111.16,
71.53, 69.52, 52.62, 37.14, 21.82, 14.48, 13.70. HRMS
(ESI) caled for C3H3N30sS [M-+H]" 570.2063, found
570.2069.
(35)-3-[(28,3E)-5-(3,5- — F B ik - 1 - 3k )-5- 42 0 -
1- 85 -3 -2- 9 ]-5- 1 -1, 1- 4R W3 -2,3- A 8 9F
[d] 7 E M -3- HH R S (BK): SR 77 VO R/ (2 R
LTEY=3/1, A®EK, 402 mg, “F 81%, 93% ee
[Daicel Chiralpak AD-H, V(IE Ck8)/ V(R HNEE)=75/25,
1.0 mL/min, 2=254 nm, {&FEK[E]: 9.83 min (major)#/l
20.26 min (minor)]. m.p. 109~112 C; [a]5 —6.8 (c
1.267, CHCI3); 'H NMR (400 MHz, Chloroform-d) 6: 7.58
(d, J=8.0 Hz, 1H), 7.53 (s, 1H), 7.29 (dd, J=15.6, 8.1 Hz,
3H), 7.23~7.11 (m, 3H), 6.95~6.64 (m, 2H), 5.88 (d, J=
6.1 Hz, 2H), 3.76 (s, 3H), 3.69 (dq, J=8.5, 5.4 Hz, 1H),
291 (qd, J=13.8, 6.9 Hz, 2H), 2.46 (d, J=11.4 Hz, 6H),
2.17 (s, 3H); BC NMR (101 MHz, CDCls) d: 170.16,
163.34, 151.38, 144.98, 144.61, 144.32, 137.54, 136.08,
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132.38, 131.79, 129.42, 128.48, 126.73, 125.96, 125.44,
121.45, 111.17, 71.48, 54.32, 52.64, 37.33, 21.92, 14.48,
13.72. HRMS (ESI) caled for CasHasN3;OsS [M+H]"
494.1750, found 494.1753.
(38)-3-[(25,3E)-5-(3,5- - F SE ML -1 -3 )-5- 48 0 3 -
1-ARFE R -3-0-2- 3 ]-1,1- AT FE-5- S P 4k -2,3- &R
T[] SHWEME-3- FH R LR (31): Peli 7). V(A K/ V(2R
LBig)y=3/1, AtEk, 43.6 mg, F*F 81%, 91% ee
[Daicel Chiralpak AD-H, V(IE C.%e)/ V(M EE)=75/25,
1.0 mL/min, A=254 nm, {REHI[H]: 6.47 min (major)F
13.18 min (minor)]. m.p. 110~113 C; [a]d —7.9 (¢
1.433, CHCL); 'H NMR (400 MHz, Chloroform-d) &:
7.71~7.51 (m, 2H), 7.36 (d, J=9.1 Hz, 1H), 7.32~7.22
(m, 2H), 7.24~7.08 (m, 3H), 6.96~6.71 (m, 2H), 5.93 (s,
1H), 5.85 (s, 1H), 4.41~3.98 (m, 2H), 3.68 (td, J=9.1, 4.6
Hz, 1H), 3.02 (dt, J=12.6, 6.3 Hz, 1H), 2.97~2.91 (m,
1H), 2.87 (dd, J=13.7, 4.5 Hz, 1H), 2.4 (s, 3H), 2.12 (s,
3H), 1.37 (t, J=7.1 Hz, 3H), 1.27 (dd, J=9.7, 6.9 Hz,
6H); 3C NMR (101 MHz, CDCls) J: 169.71, 163.18,
155.82, 151.30, 144.91, 144.27, 137.69, 136.22, 132.62,
129.48, 129.37, 128.48, 126.71, 125.89, 122.88, 121.63,
111.16, 71.67, 63.89, 52.84, 37.24, 34.57, 23.77, 14.48,
14.16, 13.60. HRMS (ESI) calcd for Ca9H34sN305S [M+H]
* 536.2219, found 536.2214.
(38)-3-[(25,3E)-5-(3,5- - F S ML -1 -3 )-5- 48 0. 3 -
1-ZRFE I3 0 2- K -5 T BE-1,1- 4 Ak -2,3- 50K
T [d] FgEME-3- R Z B8 (3m): BEMLF: VO MR/ (2
TR . 18)=3/1, AtEE, 49.3 mg, F=E 90%, 88% ee
[Daicel Chiralpak AD-H, V(IE %%/ V(R HEE)=75/25,
1.0 mL/min, A=254 nm, {&EHI[A]: 6.36 min (major)F
11.66 min (minor)]. m.p. 115~117 C; [a]s —9.8 (c
1.567, CHCl3); '"H NMR (400 MHz, Chloroform-d) &: 7.74
(s, 1H), 7.62 (d, J=8.3 Hz, 1H), 7.53 (d, J=9.5 Hz, 1H),
7.33~7.23 (m, 2H), 7.19 (t, J=8.1 Hz, 3H), 6.86 (d, J=
9.6 Hz, 2H), 5.95 (s, 1H), 5.85 (s, 1H), 4.23 (ddq, J=58.0,
10.9, 7.1 Hz, 2H), 3.69 (td, J=8.2, 4.4 Hz, 1H), 2.97 (dd,
J=13.7,9.1 Hz, 1H), 2.88 (dd, J=13.7, 4.5 Hz, 1H), 2.44
(s, 3H), 2.12 (s, 3H), 1.35 (s, 9H); 3C NMR (101 MHz,
CDCl;) d: 169.75, 163.15, 158.08, 151.28, 144.93, 144.24,
137.69, 135.90, 132.23, 129.39, 128.48, 128.22, 126.71,
125.96, 122.05, 121.28, 111.16, 71.73, 63.85, 52.89, 37.23,
35.53, 31.10, 14.47, 14.16, 13.63. HRMS (ESI) calcd for
C30H36N305S [M+H]" 550.2376, found 550.2378.
(38)-3-[(2E,4S)-1-(3,5- - F BE ML -1 -8 )-8- F 48 2L~
1,8- 5 W 5 o -2 J5 -4- 3 ]-5- FE AR -1, 1- AT 262, 3-
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AR I [d] S E R -3- R 2 BE (3n): PEMLR: VORI
B )/ N(LBR . T8)=3/1, FAME, 48.5 mg, =% 91%,
90% ee [Daicel Chiralpak AD-H, V(1E 2 2)/ V(RN EE)=
75/25, 1.0 mL/min, 1=254 nm, {#EKE: 14.33 min
(major) 1 38.58 min (minor)]. m.p. 126~129 C; [a]p —
51.4 (¢ 1.300, CHCl3); 'H NMR (400 MHz, Chloroform-d)
: 7.58 (d, J=8.6 Hz, 1H), 7.22~7.08 (m, 2H), 7.01 (dd,
J=8.6, 1.9 Hz, 1H), 6.83 (dd, J=15.6, 10.1 Hz, 1H), 5.91
(s, 1H), 5.80 (s, 1H), 4.37 (q, J=7.1 Hz, 2H), 3.92 (s, 3H),
3.66 (s, 3H), 3.38~3.19 (m, 1H), 2.48 (s, 3H), 2.32 (t, J=
7.0 Hz, 2H), 2.20 (s, 3H), 1.76~1.51 (m, 3H), 1.51~1.42
(m, 1H), 1.39 (t, J=7.1 Hz, 3H); *C NMR (101 MHz,
CDCl3) 6: 173.38, 169.55, 163.95, 163.34, 151.59, 144.81,
144.44, 138.23, 127.21, 126.17, 123.03, 117.59, 111.28,
109.29, 71.54, 64.03, 56.02, 51.60, 51.00, 33.48, 29.42,
22.57, 14.50, 14.11, 13.72. HRMS (ESI) calcd for CasHa,-
N;05S [M+H]" 534.1910, found 534.1917.

(38)-5- 5 -3-[(2E,4S8)-1-(3,5- — F KL Hit e -1 - K )-8- F
AHE-1,8- R 20 -4-FE-1,1- AR -2,3- A
I [d) - EME-3- R 2B (30): ERLT: VCA R (2
iR CW8)=3/1, A, 32.7 mg, “F 61%, 82% ee
[Daicel Chiralpak AD-H, V(iE Ck8)/ V(R HNEE)=75/25,
1.0 mL/min, A=254 nm, REEEFE: 10.41 min (major)#/l
18.83 min (minor)]. m.p. 90~92 °C; [a]ly —47.4 (¢
1.000, CHCL;); 'H NMR (400 MHz, Chloroform-d) :
7.83~7.70 (m, 1H), 7.62 (d, J=8.3 Hz, 1H), 7.57~7.39
(m, 1H), 7.12 (d, J=15.7 Hz, 1H), 6.80 (dd, J=15.7, 10.1
Hz, 1H), 5.92 (s, 2H), 4.46~4.34 (m, 2H), 3.67 (s, 3H),
3.27 (dt, J=10.4, 5.4 Hz, 1H), 2.49 (s, 3H), 2.33 (t, J=7.0
Hz, 2H), 2.22 (s, 3H), 1.68 (td, J=15.6, 12.6, 7.3 Hz, 2H),
1.63~1.51 (m, 1H), 1.51~1.31 (m, 4H); '*C NMR (101
MHz, CDCls) o: 173.32, 169.05, 163.28, 151.76, 144.39,
144.16, 140.19, 137.81, 133.73, 131.29, 126.65, 125.41,
122.93, 111.38, 71.54, 64.40, 51.62, 51.00, 33.39, 29.42,
22.51, 14.48, 14.08, 13.74. HRMS (ESI) calcd for Ca4Hao-
CIN;0,S [M+H]" 538.1415, found 538.1412.

(35)-3-[(3S,4E)-6-(3,5- — HI J ik w1 - % )-6- 4 . 3
Ch-4- M5 -3-2E1-1,1- R L -5- = HU 46 -2,3- A 5F
[d] 7 WEME-3-H R .G (3p): el : VA i Bk )/ V(L 1R
LIE)=5/1, AGREIER, 27.0 mg, 2% 54%, 83% ee
[Daicel Chiralpak AD-H, V(IE C.e)/ V(5 A EE)=90/10,
1.0 mL/min, =254 nm, {&REF[E]: 9.11 min (major)F!
12.09 min (minor)]. m.p. 105~107 C; [a]b —13.3 (¢
0.900, CHCl3); '"H NMR (400 MHz, Chloroform-d) 6: 8.06
(s, 1H), 7.82 (q, J=8.1 Hz, 2H), 7.09 (d, J=15.7 Hz, 1H),
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6.79 (dd, J=15.6, 10.1 Hz, 1H), 5.91 (s, 1H), 4.41 (q, J=
7.1 Hz, 2H), 3.40~3.08 (m, 1H), 2.49 (s, 3H), 2.18 (s,
3H), 1.77~1.65 (m, 1H), 1.57~1.48 (m, 1H), 1.39 (t, J=
7.1 Hz, 3H), 0.96 (t, J=7.3 Hz, 3H); *C NMR (101 MHz,
CDCl;) d: 169.03, 163.28, 151.76, 144.31, 144.27, 138.38,
137.06, 135.66 (d, J=33.3 Hz), 127.89 (d, J=3.4 Hz),
126.75, 122.97 (d, J=274.7Hz), 122.85 (d, J=3.9 Hz),
122.67, 111.35, 71.93, 64.33, 52.99, 23.31, 14.45, 14.03,
13.56, 12.00; '°F NMR (376 MHz, CDCls) : —62.79.
HRMS (ESI) caled for CyH,sFsN;OsS [M + H] ©
500.1467, found 500.1467.

(385)-3-[(2E)-4-(3,5-— HI EmL -1 -3 -4 -5 T -
20 3 ]-4,6-  FH -1, 1- AR AR -2, 3- AR I [d]
M 3-FR B8 3r): Ve T VCATMER)/ V(LTR L B5) =
5/1, AIEE, 33.7 mg, P23 78%, 50% ee [Daicel Chi-
ralpak AD-H, V(IiE )/ V(5 A ) =80/20, 1.0 mL/min,
=254 nm, fREIFE]: 20.08 min (minor)fl 23.69 min
(major)]. m.p. 137~139 C; [a]} —34.0 (¢ 1.000,
CHCL); '"H NMR (400 MHz, Chloroform-d) J: 7.47 (d,
J=12.1 Hz, 2H), 7.27 (d, J=11.0 Hz, 1H), 7.00 (dt, J=
15.1, 7.3 Hz, 1H), 5.98 (s, 1H), 4.29 (qd, J/=10.8, 5.4 Hz,
2H), 3.40 (dd, J=14.9, 7.3 Hz, 1H), 3.13 (dd, J=15.0, 7.1
Hz, 1H), 2.55 (s, 3H), 2.48 (s, 3H), 2.42 (s, 3H), 2.25 (s,
3H), 1.28 (t, J=7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;)
5: 169.32, 164.14, 152.12, 144.47, 142.12, 141.36, 137.50,
136.08, 135.09, 131.82, 126.21, 119.72, 111.55, 68.37,
63.38, 39.05, 20.99, 19.57, 14.54, 13.91, 13.79. HRMS
(ESI) caled for C2;HaN30sS [M+H]" 432.1593, found
432.1595.

(R,E)-1-(3,5- — FF JL itk s -1 -3 )-4-(1,1- 48 T 38 -3-
ARFED 3- A IR T[] T E -3 T 20 - 1- W (3s):
). VAR V(LR L) =5/1, ABEE, 14.0 mg,
FEH 34%, 45% ee [Daicel Chiralpak AD-H, V(IEC.
$E)/ V(F A EE)=80/20, 1.0 mL/min, A=254 nm, {8}
[B: 29.13 min (major)f!45.15 min (minor)]. m.p. 98~
100 C; [a]b —36.6 (¢ 0.650, CHCL); 'H NMR (400
MHz, Chloroform-d) J: 7.82 (d, J=7.6 Hz, 1H), 7.63~
7.53 (m, 4H), 7.46 (d, J=15.6 Hz, 1H), 7.36 (dq, J=17.6,
7.6 Hz, 4H), 6.97 (dt, J=14.8, 7.2 Hz, 1H), 5.99 (s, 1H),
3.53 (dd, J=15.0, 7.1 Hz, 1H), 3.32 (dd, J=14.9, 7.3 Hz,
1H), 2.53 (s, 3H), 2.25 (s, 3H); *C NMR (101 MHz,
CDCls) d: 164.07, 152.28, 144.50, 142.62, 142.56, 140.82,
134.68, 133.49, 129.71, 129.26, 128.56, 126.59, 126.18,
124.53, 121.61, 111.63, 67.59, 43.57, 14.51, 13.80. HRMS
(ESI) caled for CaHnN303S [M+H]™ 408.1382, found
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408.1388.

(35)-3-[(2R)-5-( 7 2k & i )-5- S P 3 -1- 2 3 T -2-
FE)-5-FFE-1,1- AR 3 -2,3- UK I [d] S E MR- 3- F R
FE(S): Beli): FEfEfk, 87% ee [Daicel Chiralpak
OD-H, V(IE &%)/ V(5 P ) =75/25, 1.0 mL/min, =254
nm, fREIE: 11.17 min (major)f1 16.06 min (minor)].
m.p. 122~124 C; [a]ly —57.3 (¢ 1.230, CHCL); 'H
NMR (400 MHz, Chloroform-d) J: 7.62 (d, J=8.0 Hz,
1H), 7.55 (s, 1H), 7.40 (d, J=8.0 Hz, 1H), 7.31 (ddd, J=
14.5, 7.7, 4.4 Hz, 6H), 7.26~7.15 (m, 4H), 5.84 (s, 1H),
5.65 (s, 1H), 4.28 (d, J=5.7 Hz, 2H), 3.54 (s, 3H), 3.06~
3.00 (m, 1H), 2.83~2.60 (m, 2H), 2.49 (s, 3H), 2.26 (s,
2H), 2.01 (ddd, J=13.8, 11.3, 7.7 Hz, 1H), 1.90~1.72 (m,
1H), 1.55 (tt, J=12.0, 5.6 Hz, 2H); 3C NMR (101 MHz,
CDCl3) 6: 172.10, 170.93, 145.12, 139.07, 138.30, 136.78,
132.41, 131.91, 129.33, 128.60, 128.53, 127.66, 127.38,
126.62, 125.88, 121.21, 73.09, 53.92, 46.03, 43.35, 37.14,
33.49, 25.67, 21.97. HRMS (ESI) calced for CagH3oN,Os-
SNa [M+Na]" 529.1773, found 529.1774.

(8)-3-[(S,E)-5-Fa K- 1- I8 [J-3- U -2- 2] -5- F 4k-2,3-
TEARIF[d] e ERE-1,1- A 6): B fEE, 91% ee
[Daicel Chiralpak AS-H, V(IEC4e)/V(FHEE)=75/25,
1.0 mL/min, 2=254 nm, {&FE K [E]: 9.71 min (major)#/l
15.15 min (minor)]. m.p. 130~131 C; [a]h —47.3 (¢
0.520, CHCI;); '"H NMR (400 MHz, Chloroform-d) J: 7.65
(d, J=8.0 Hz, 1H), 7.35 (d, J=8.0 Hz, 1H), 7.28 (s, 1H),
7.23 (t, J=7.3 Hz, 2H), 7.15 (t, J=7.1 Hz, 1H), 7.08 (d,
J=7.4 Hz, 2H), 5.98 (s, 1H), 5.56 (dd, J=15.3, 9.4 Hz,
1H), 5.29 (dt, J=15.3, 5.4 Hz, 1H), 4.00 (d, J=11.6 Hz,
1H), 3.89~3.75 (m, 3H), 3.69 (brs, 1H), 3.26~3.02 (m,
1H), 3.01~2.79 (m, 1H), 2.48 (s, 3H), 2.42~2.29 (m,
1H); 3C NMR (101 MHz, CDClLy) §: 144.43, 140.12,
139.43, 134.39, 133.43, 130.87, 129.20, 128.21, 126.14,
12431, 121.36, 70.67, 66.42, 62.79, 50.69, 35.49, 21.98,
12.13. HRMS (ESI) caled for CaH»;NO4SNa [M+Na]"
396.1245, found 396.1243.
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