Chinese Journal of Organic Chemistry

% 4’& {& % DOI: 10.6023/cjoc202108015

o BA TS 1L & AR IE AW NP B 25 — SRR BR 2 0T 40
hEE BEh REEY ZXAY

(KEH TR TH LT RE 116024)

THE AN Jr 5k [T R0 — S I 5 44 350 EL A VAR ) R s A, (B I 80 I o) IV BT Jie o AR — S0 g R 25 447 2
Wi T3, PR T — R P BAR — 2R A oA B30T MR AEE AR, e 3 SR I g 1 — S e T P SR A UAUROSE, - 5 Pl T
BIE Jie B AR P — UM M R AT AR D T T VR, WS N 44%~T78%. 1% TV Sk IR R . AR 161 o HL B RE IR AR Mk, 8
AR G E T L T 5 R AL, R SRAL S & R T — i A e 2 1 SRS

R ARG, WA, LR, B R A

Brgnsted Acid-Catalyzed the Synthesis of Sulfoximide Substituted
Dihydropyranone Derivatives
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(School of Chemical Engineering, Dalian University of Technology, Dalian, Liaoning 116024)

Abstract Both sulfoximide and dihydropyranone derivatives have potential bioactivities. However, it is still undisclosed to
prepare sulfoximide-substituted dihydropyranone derivatives. Herein, diphenyl phosphate, as Brensted acid was used to cata-
lyze the nucleophilic substitution reactions of sulfoximides and dihydropyranones to afford sulfoximide substituted dihydro-
pyranone derivatives in 44%~78% yields. This method features mild conditions, simple operation and good functional group
compatibility, which avoids using noble metals in traditional manners and provides a novel and effective strategy for the syn-
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thesis of glycosides.
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Figure 1 Selected examples of bioactive sulfoximines
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Scheme 1 Synthesis of glycosides using 2H-pyranone derivatives
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Table 1 Optimization of reaction conditions

Z o}
"y Ph ﬁo _cat, solvent g
O

\_N" O
Ph” ™\ HO™ YO temperature Ph/s\/
Ph
1a 2a 3a
Entry  Catalyst (mol%)  Temp./C  Solvent  Yield’/%
1¢ [Ir(cod)Cl]2 (2.5) r.t. CHCl3 0
2¢  Pd(OAc): (5) r.t. THF 33
3 (PhO)2P(O)OH (50) r.t. CHCl3 43
4 HCI(50) r.t. CHCI3 26
5 TsOH (50) r.t. CHCIs 15
6 TfOH (50) r.t. CHCI3 18
7 TFA (50) r.t. CHCI3 25
8 CsA (50) r.t. CHCI3 38
9 PhCOOH (50) r.t. CHCIs 0
10 (PhO):P(O)OH (50) r.t. DCM 41
11 (PhO):P(O)OH (50) r.t. DCE 38
12 (PhO):P(O)OH (50) r.t. Hexane 0
13 (PhO):P(O)OH (50) r.t. Toluene 33
14 (PhO):P(O)OH (50) r.t. THF Trace
15 (PhO):P(O)OH (50) r.t. Acetone 24
16 (PhO):P(O)OH (50) r.t. MeCN 20
17 (PhO):P(O)OH (50) rt. DMF 0
18 (PhO).P(O)OH (20) rt. CHCls 43
19 (PhO):P(O)OH (10) r.t. CHCl3 38
20¢ (PhO)2P(O)OH (20) r.t. CHCl3 57
21/ (PhO)2P(O)OH (20) r.t. CHCl3 58
22/¢ (PhO)2P(O)OH (20) r.t. CHCl3 68
23/ (PhO)2P(O)OH (20) r.t. CHCl3 64

4 Reaction condition: 1a (0.2 mmol), 2a (0.2 mmol), catalyst, solvent (0.2
mmol), room temperature for 12 h; ?Isolated yield; < 10 mol% P(OPh); was
used as ligand. ¢ tert-butyl(5-oxo-5,6-dihydro-2H-pyran-2-yl)carbonate (2a')
was used instead of 2a, 7.5 mol% PPh; was used as ligand and 1.5 equiv. of
DABCO was used as base. ¢1a (0.2 mmol), 2a (0.4 mmol);/1a (0.4 mmol), 2a
(0.2 mmol); £ Reaction time was 18 h; # Reaction time was 24 h.

Entries 4~9), 5 3R IWERR — 8B 2 1% S B 1) s AR A
AT, SR JE R I S FHEAT IR (SR 1, Entries 10~17).
2 5 & AR & A 1,2- & L BER, RN
AT PUBRAIHEAT (3% 1, Entries 10, 11). B4 1E Sk B
7. VYEKIE(THF) Al A58 NN-— F Ik A ki
(DMF) A IS, OB AR BRI B3 TRV AT (R 1,
Entries 12~17). M7 BERR — R ERMWHEFE 20
mol%, MR EAZ RN MG 1, Entry 18), HY
IR A FEE M EALT 20 mol%, =T FREEE 1,
Entry 19). #2535 5% I MR P 1) #0RE R 3T % 52 (3R 1,
Entries 20~23). $&5 X NA 1a 5 2a (& —/MOHEHE
o m TR, RARATER 1a (0.4 mmol)Fl 2a (0.2
mmol) N R N HEHE(GR 1, Entry 21). B A8 O
(A ZEK 2 18 h, DL 68%[1™= %43 B .54 3a(3K 1, Entry
22), (HE—B K R B[], P23 (R 1, Entry 23),
A 82 A RO R BAR ) — S I B = A Fe e, 7
L4 S o N N T 17 S o S b= - A 0 b

FERE T AR RN AU (R 1, Entry 22), X
AR 2) RS AT TRRAL. W3R 2 B, 1%
T35 F T A AN RV 3 1 4% 2% A e R 24k &
W, DA AR R KT 77 23R (50% ~ 78%) A 1 45 1 22 FE (1)
AR e B BAR I — UM R 2R AT A 3 (dr 1.5 0 1~
6 1 1). B AL R IEAL B 3, R I
AN R Ga~3g), HZE A SR
BHAKON . %oF 55 5 i [ (3h ~ 3) B () — S ML i,
PR T P 7 2 A AR I — AU B (3a~3g, 3k), H
R DIt PR 358 2 356 AR P S R 1 R JES P D 7
e, IAF] 78%(3i). i FHALBHRCK FIEYINT, BEws LA
HHAE ) dr fH(6 © 1)1 2 AH LA — S R 2R AT A 20 (3K).

F2 AR ERVEE o
Table 2 Substrates scope of the 2H-pyranones

Ph” 1\
(¢} HO™ O 'R
1a 2

cr
(PhO),P(O)OH (@)

CHClj, rt.

\_N" 0" 'R
Ph/s\
Ph

Ph”

Ph F’h Ph
3b 64% 3¢, 70% 3d, 63% 3e, 68% 3f, 66%
3a, 68% dr=2:1 dr=1.5:1 dr=2:1 dr=2:1
O
Y g - C@
O OTBS
Ph N0 \\ N \\ _N
Ph™ ™\ Ph”
Ph” Ph” Ph Me Ph”
3g 59% 3h, 72% 3i, 78% 3] 75% 3k 50%
dr=1.5:1 dr=3:1 dr=3:1 dr=3:1 =6:1
“@Reaction condition: 1a (0.4 mmol), 2 (0.2 mmol), (PhO),P(O)OH (20 mol%), CHCl; (0.1 mol/L), room temperature for 18 h; ®Isolated yield.
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Table 3 Substrate scope of the sulfoximines

0
7
9 2 PhO),P(O)OH ! /f\//r
R2787R1 + /ET ( )2 ( ) R\ N 0
28]
2

“H HO o CHC|3, r.t. o \R
1 2a 3
0O
O
oY O Cr
Ph
Me N"o o] js//N (0]
O//S\/ N //N O// >
Me /S\/\/ PH
y
31, 77% 3m, 58% 3n, 52%
iog
= © AP Ph\ N~ 0O
M E o>
% _N"o N N0
o o7\
Ph Ph
30, 66% 3p, 48% 3q, 51%
dr=1:1 dr=1:1 dr=1:1
Me, _N"o Me. _N"o Me, _N"o
O//SE O//SE O//SE
Me OMe Cl
3r, 54% 3s, 45% 3t, 53%
dr=1:1 dr=1:1 dr=1:1
Me\S//N o Me\S//N 0 Me\s//N o
o o” : G \
Br | MeO
3u, 59% 3v, 47% 3w, 58%
dr=1:1 dr=1:1 dr=1:1
0}
=
w LT O CT°
e
\ _N (6)
57 Me\ _N">0 Me\ _N"0
(¢} _S
o~ o~
MeO Cl
Br
3x, 64% 3y, 44% 3z, 60%
dr=1:1 dr=1:1 dr=1:1

4Reaction condition: 1 (0.4 mmol), 2a (0.2 mmol), (PhO),P(O)OH (20 mol%),
CHCl; (0.1 mol/L), room temperature for 18 h; ?Isolated yield.
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N, HEEE, . IRESETURE B IR 5
5 R RE, A RN (3r~3v), A DL IR EL
AL (1) 7= Ze de v, K5 F] 59% (3u). 4 R AHIE,
R2 757 5E0F, R2RIR MR s AR BRI T, S v,
AR AT (3w~ 3z), A 1A] IR EA B BRI (1) B B
MR BT, =25 E] 64% (3x).

SR T AN X R AT T 92 BT M R fr
AR AT AP (R 4). =M TR AL
R-(5,5',6,6',7,7',8,8")- )\ X ZE ) B FR T (c 1) S-EXZE My gk
TR (e2) M1 S-3,3"-X0(2,4,6- — 7 N JE R FE)-1,1"- —-2- 25}
IR IRER (e3) Bl FH T4k — I AR % (1a) F 6-F2 3-
2H-MEIE-3-F(2a) KRB, 7393 BA 41%- 47%F0 54% (1) 53
BrERAE] TIEY) 3a, (HIIER A T AT Mk
PEAEL. ATREAZ BT S SLET B BR 17K 43 52 1 AL 71
XT JECAA 4

R4 DR AETEIE

Table 4 Screening of asymmetric catalytic conditions
0}
=
HN\\S/Ph . ﬁo cat. o J:T
PRy CHCly, rit. N\ N0

1a 2a 3a

'O O‘psz CO O‘,P/CC;H
el oeNe
c1 c2
Entry Catalyst Yield”/% er
1¢ cl 41 48:52
2 c2 47 46:54
3 c3 54 49:51

© 2022 Chinese Chemical Society & SIOC, CAS

4 Reaction condition: 1a (1.0 equiv.), 2a (1.0 equiv.), catalyst (20 mol%),
CHCl; (0.1 mol/L), room temperature for 12 h; ? Isolated yield. ¢ er values
were determined by HPLC.

MR A8 5258 45 ROF 45 & O SCHRIRGE Y, HEN
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WA ZRA G 1 B RUR TSR A%k U SR 2 b 1]
i, AR C. B S R 5T 15 30 AR % R U
1) — S ML A SR AT ) 3.

N T E— PR PR AR B A, DA 5
HAR B AR e e — SRR AT A4 3v R JEoRHEEAT
LA S N P4(Scheme 3). L&YW 3v SEMIRIE T
Suzuki SN A BSCIEZR B AR S BRIV fié J — S i I i
AW, ALY AT REAER I A VAT R o i, B2l 42%
(7= A5 3 T BRI HE % 4 (Scheme 3, a). 1L
44 3v 7E PACly(PPhs), £ Cul fUFL[FIfEAL TR, 5 = H X
CHFERESEE L Sonogashira N &AL A 5, FER
83%, dr {6 1 : 1 (Scheme 3, b).
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Scheme 2 Proposed reaction mechanism

(a) TEARE e JE — UL 2 5 1 Suzuki 815 S M

. \ //NH
SN0 I Pd(PPh3), (0.02 equiv.) _S o
S B LIOH+H,0 (4 equiv.) o _
o * “OH *
Q MeCN/H,O (V:V =3:1),80°C, 12 h HO™ YO
| 1 equiv. Ph
v 4,42% 2a, 48%

(b) MEHANE Ji ik S0 G R 25 5 1) Sonogashira fify 1 5 v

Y
PdCl,(PPhs), (0.04 equiv.) Me "o

_S” Cul (0.02 equiv.) //S
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Scheme 3 Application of sulfoximide substituted dihydropyranone derivatives
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I5E.
3.2 ZLWAHE
3.2.1 bl 3 6946 %

DA 3a HIE R Tm) RO I 2R B AR
fZ(1a) (87 mg, 0.4 mmol). 6-¥23E-2H-NLNHE-3-HH(2a) (23
mg, 0.2 mmol). BEE —Z<HE(10 mg, 0.04 mmol) PA K S 1/
(2 mL), 7200 FHeHE 18 h, MR GRE(TLC) W, M
SN, RLEG Y@ R R E T B iRAiig 21k
“¥ 3a. A& W) 3b~3z DL R 7701 4%

6-(AAR( IR IE-20- AN ) & I )-2 H-MHE 5 -3 (6 H) - i
(3a): LA, 43 mg, % 68%. 'H NMR (400 MHz,
CDCl3) 6: 8.00 (dd, J=9.7, 7.8 Hz, 4H), 7.58~7.48 (m,
6H), 7.00 (dd, J=10.2, 3.3 Hz, 1H), 6.09 (d, J=10.3 Hz,
1H), 5.46 (d, J=2.8 Hz, 1H), 4.69 (d, J=16.6 Hz, 1H),
4.05 (d, J=16.6 Hz, 1H); '3C NMR (101 MHz, CDCl;) §:
195.40, 150.50, 140.34, 139.97, 133.06, 133.03, 129.38,
129.33, 128.62, 128.18, 125.80, 78.35, 67.52; HRMS (ESI)
caled for C7Hi¢NSOs; [M + H] © 314.0845, found
314.0849.

2- - 6- (AR (R B -20- M AR A ) 2 25 )-2 H- b i -
3(6H)-Fi(3b): LAk, 42 mg, 77F 64%, dr=2": 1.
trans-isomer: '"H NMR (600 MHz, CDCl;) J: 8.00~7.97
(m, 4H), 7.52~7.47 (m, 6H), 6.93 (dd, J=10.1, 3.7 Hz,
1H), 6.01 (d, J=10.1 Hz, 1H), 5.51 (d, J=3.1 Hz, 1H),
483 (q, J=6.7 Hz, 1H), 1.24 (d, J=6.8 Hz, 3H);
cis-isomer: '"H NMR (600 MHz, CDCIl;) J: 8.07~8.02 (m,
4H), 7.57~7.52 (m, 6H), 7.04 (dd, J=10.1, 1.2 Hz, 1H),
6.08 (dd, J=10.1, 1.7 Hz, 1H), 5.54 (d, J=1.3 Hz, 1H),
4.04~3.99 (m, 1H), 1.31 (d, J=6.6 Hz, 3H); 3C NMR
(151 MHz, CDCl3) d: 197.89, 196.85, 152.65, 149.17,
140.86, 140.09, 132.96, 132.91, 132.89, 129.31, 129.26,
129.21, 129.07, 128.89, 128.49, 128.10, 126.94, 125.04,
124.79, 80.65, 77.58, 75.92, 70.65, 15.65, 15.14; HRMS
(ESI) caled for CisHi;sNOsS [M+H]" 328.1001, found
328.0999.

2- . H-6-(FAAR (PR B -20- MU AR AL ) S J8 )-2 H- b g -
3(6H)-Hii(3c): PEEIRAK, 48 mg, F=HK 70%, dr=2: 1.
trans-isomer: '"H NMR (600 MHz, CDCl;) J: 8.08~7.96
(m, 4H), 7.56~7.45 (m, 6H), 6.94 (dd, J=10.1, 3.6 Hz,
1H), 6.01 (d, J=10.1 Hz, 1H), 5.51 (d, J=2.9 Hz, 1H),
4.64 (dd, J=8.0, 3.9 Hz, 1H), 1.92~1.59 (m, 2H), 0.90 (t,
J=17.4 Hz, 3H); cis-isomer: '"H NMR (600 MHz, CDCI;)
J: 8.08~7.96 (m, 4H), 7.56~7.45 (m, 6H), 7.05 (dd, J=
10.1, 1.2 Hz, 1H), 6.08 (dd, J=10.1, 1.8 Hz, 1H), 5.56 (d,
J=1.3 Hz, 1H), 3.78~3.76 (m, 1H), 1.92~1.59 (m, 2H),

492 http://sioc-journal.cn/
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0.78 (t, J=7.4 Hz, 3H); 3C NMR (151 MHz, CDCl) :
197.58, 196.46, 152.75, 149.36, 140.65, 140.10, 132.93,
132.85, 129.31, 129.27, 129.18, 129.07, 128.93, 128.69,
128.11, 127.96, 127.38, 125.43, 80.83, 80.70, 77.30, 75.73,
22.98, 22.89, 9.62; HRMS (ESI) calcd for Ci9Hzo0NOsS
[M+H]" 342.1158, found 342.1162.

2- T e -6- (AU (2R 2 -20- M LR ) 2 2k )-2 H- Pk g -
3(6H)-FH(3d): TR, 45 mg, 75K 63%, dr=1.5: 1.
trans-isomer: 'H NMR (400 MHz, CDCl;) J: 8.07~7.96
(m, 4H), 7.57~7.43 (m, 6H), 6.93 (dd, J=10.1, 3.6 Hz,
1H), 6.01 (d, J/=10.1 Hz, 1H), 5.49 (d, J=3.6 Hz, 1H),
4.70 (dd, J=8.7, 3.7 Hz, 1H), 1.89~1.52 (m, 2H), 1.43~
1.12 (m, 2H), 0.91 (t, J=7.4 Hz, 3H); cis-isomer: '"H NMR
(400 MHz, CDCl3) 6: 8.07~7.96 (m, 4H), 7.57~7.43 (m,
6H), 7.05 (d, J/=10.2 Hz, 1H), 6.08 (dd, /=10.1, 1.8 Hz,
1H), 5.55 (s, 1H), 3.83 (dd, J=9.1, 2.0 Hz, 1H), 1.89~
1.52 (m, 2H), 1.43~1.12 (m, 2H), 0.78 (t, J=7.4 Hz, 3H);
3C NMR (151 MHz, CDCls) 6: 197.71, 196.67, 152.71,
149.33, 141.07, 140.55, 140.05, 132.93, 132.85, 132.78,
129.32, 129.27, 129.17, 129.05, 128.92, 128.72, 128.14,
127.97, 127.36, 125.37, 124.79, 80.66, 79.26, 77.30, 74.56,
31.62, 31.59, 18.46, 18.19, 13.93, 13.67;, HRMS (ESI)
caled for CyH»NOsS [M + H] © 356.1314, found
356.1319.

2- 5 P B -6-(CR AR (2R FE 20 WP N ) S 58 ) -2 H- ikt
WF-3(6H)-Mli(3e): ¥R, 48 mg, /=% 68%, dr=2:
1. trans-isomer: 'H NMR (600 MHz, CDClL;) J: 8.07~
7.95 (m, 4H), 7.55~7.45 (m, 6H), 6.94 (dd, J=10.1, 3.7
Hz, 1H), 6.01 (d, J=10.0 Hz, 1H), 5.52 (d, J=3.1 Hz,
1H), 4.56 (d, J=3.4 Hz, 1H), 2.35 (dddd, J=16.5, 9.6,
8.5, 4.8 Hz, 1H), 1.00~0.63 (m, 6H); cis-isomer: 'H NMR
(600 MHz, CDCl3) ¢: 8.07~7.95 (m, 4H), 7.55~7.45 (m,
6H), 7.11~7.05 (m, 1H), 6.08 (dd, /=10.1, 1.6 Hz, 1H),
5.61 (d, J=1.0 Hz, 1H), 3.68 (s, 1H), 2.35 (dddd, /=16.5,
9.6, 8.5, 4.8 Hz, 1H), 1.00~0.63 (m, 6H); 3C NMR (151
MHz, CDCls) d: 197.69, 196.55, 152.87, 149.29, 141.86,
141.06, 140.62, 140.20, 132.93, 132.90, 132.75, 132.68,
129.29, 129.27, 129.14, 129.03, 128.87, 128.81, 128.10,
127.80, 125.83, 83.83, 80.93, 78.89, 77.19, 28.51, 28.09,
19.09, 16.54, 16.08; HRMS (ESI) calcd for CyoH22NOsS
[M-+H]" 356.1314, found 356.1317.

2-IR TN 2 -6-( SR AR (= 2R 2k -A0- NS ) = 22 ) -2 H- ik
WR-3(6H)-FR(3f): T EA, 47 mg, 772 66%, dr=2 ' 1.
trans-isomer: 'H NMR (400 MHz, CDCl;) J: 8.06~7.91
(m, 4H), 7.58~7.42 (m, 6H), 6.93 (dd, J=10.1, 3.5 Hz,
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1H), 6.02 (dd, J=10.1, 1.0 Hz, 1H), 5.53~5.50 (m, 1H),
4.14 (d, J=17.6 Hz, 1H), 1.33~1.07 (m, 1H), 0.64~0.10
(m, 4H); cis-isomer: 'H NMR (400 MHz, CDCl3) 6:
8.06~7.91 (m, 4H), 7.58~7.42 (m, 6H), 7.02 (dd, J=
10.1, 1.5 Hz, 1H), 6.09 (dd, J=10.1, 2.0 Hz, 1H), 5.53~
5.50 (m, 1H), 4.14 (d, J=7.6 Hz, 1H), 1.33~1.07 (m,
1H), 0.64~0.10 (m, 4H); *C NMR (151 MHz, CDCl;) &:
195.82, 195.04, 151.32, 148.25, 139.95, 139.50, 139.43,
138.69, 131.91, 131.84, 131.78, 128.26, 128.19, 128.09,
128.01, 127.86, 127.57, 127.06, 126.84, 126.81, 126.21,
124.46, 80.71, 79.46, 76.73, 76.69, 10.07, 9.82, 1.99, 1.46,
0.03, —0.01; HRMS (ESI) caled for Cy0H0NOs;S [M—+
H]" 354.1158, found 354.1161.

2- 3 [ H-6-(CBRUAR (R J -20- AR 3 ) B 8 )-2 H- itk
W -3(6H)-Hi (3g): B¢ (AR, 45 mg, /& 59%, dr=
1.5 : 1. trans-isomer: 'H NMR (400 MHz, CDCl;) ¢:
8.06~7.95 (m, 4H), 7.56~7.46 (m, 6H), 6.92 (dd, J=
10.1, 3.5 Hz, 1H), 6.00 (dd, /=10.1, 1.0 Hz, 1H), 5.51 (dd,
J=3.5, 0.9 Hz, 1H), 4.61 (d, J=5.5 Hz, 1H), 2.54~2.38
(m, 1H), 1.74~1.17 (m, 8H); cis-isomer: 'H NMR (400
MHz, CDCls) d: 8.06~7.95 (m, 4H), 7.56~7.46 (m, 6H),
7.05 (dd, J=10.1, 1.3 Hz, 1H), 6.07 (dd, J=10.1, 2.0 Hz,
1H), 5.61 (dd, J=3.3, 1.6 Hz, 1H), 3.81 (dd, J=4.7, 1.5
Hz, 1H), 2.54~2.38 (m, 1H), 1.74~1.17 (m, 8H); 13C
NMR (151 MHz, CDCl) d: 197.72, 196.70, 152.55,
149.20, 141.64, 140.91, 140.52, 140.06, 132.94, 132.90,
132.76, 132.65, 129.30, 129.27, 129.14, 129.04, 128.86,
128.81, 128.14, 127.81, 125.78, 124.79, 81.84, 80.96,
77.48, 77.39, 39.32, 39.27, 28.71, 28.55, 27.23, 26.68,
25.83, 25.67, 25.53, 25.50; HRMS (ESI) caled for
C2H2NO;S [M+ H]' 382.1471, found 382.1473.

2-2R B -6- (R R FE-20- ML AR I ) 2 6 )- 2 H- i i -
3(6H)-Hi(3h): B, 56 mg, FEFE 72%, dr=3: 1.
trans-isomer: '"H NMR (400 MHz, CDCl;) J: 8.05~7.95
(m, 4H), 7.56~7.40 (m, 6H), 7.29~7.22 (m, 5H), 7.03
(dd, J/=10.2, 3.4 Hz, 1H), 6.15 (dd, J=10.2, 1.1 Hz, 1H),
5.71 (s, 1H), 5.59 (dd, J=3.3, 1.0 Hz, 1H); cis-isomer: 'H
NMR (400 MHz, CDCls) 6: 8.05~7.95 (m, 4H), 7.56~
7.40 (m, 6H), 7.29~7.22 (m, SH), 7.19 (dd, J=10.2, 1.4
Hz, 1H), 6.21 (dd, /=10.2, 1.9 Hz, 1H), 5.80 (dd, /=3.3,
1.6 Hz, 1H), 4.94 (d, J=1.2 Hz, 1H); 3C NMR (151 MHz,
CDCls) 0: 195.28, 194.28, 152.70, 150.06, 141.19, 140.92,
140.37, 140.00, 135.69, 135.57, 133.03, 132.95, 132.85,
132.78, 129.34, 129.27, 129.20, 129.11, 128.72, 128.19,
128.14, 128.09, 127.99, 127.93, 127.91, 127.84, 127.66,
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127.58, 125.77, 124.81, 81.50, 81.49, 77.72, 77.52; HRMS
(ESI) caled for Cp3HxNO;S [M+H]" 390.1158, found
390.1158.

20 A 2R B )-6- (R AR (2R B -20- T A3 ) 20 58 )-2 H-
ML -3(6H)-Fi(3i): AR, 63 mg, =% 78%, dr=
3 : 1. trans-isomer: 'H NMR (400 MHz, CDCl;) J: 8.06~
7.99 (m, 4H), 7.56~7.42 (m, 6H), 7.16~7.07 (m, 4H),
7.03 (dd, /=10.2, 3.4 Hz, 1H), 6.15 (dd, J=10.1, 1.1 Hz,
1H), 5.69 (s, 1H), 5.58 (dd, /=3.3, 1.1 Hz, 1H), 2.33 (d,
J=3.6 Hz, 3H); cis-isomer: '"H NMR (400 MHz, CDCI;)
o: 8.05~7.98 (m, 4H), 7.56~7.42 (m, 6H), 7.21~7.18
(m, 1H), 7.16~7.07 (m, 4H), 6.21 (dd, /=10.2, 1.9 Hz,
1H), 5.79 (dd, J=3.3, 1.6 Hz, 1H), 4.93 (d, J=1.1 Hgz,
1H), 2.33 (d, J=3.6 Hz, 3H); *C NMR (151 MHz, CDCls)
0: 195.54, 194.56, 152.67, 150.09, 141.10, 140.94, 140.36,
140.06, 137.82, 137.62, 133.00, 132.95, 132.84, 132.79,
132.61, 129.33, 129.28, 129.18, 129.13, 128.95, 128.79,
128.66, 128.14, 128.01, 127.93, 127.79, 127.61, 127.58,
125.79, 81.51, 81.48, 77.65, 77.53, 21.24, 21.21; HRMS
(ESI) caled for C4H»NO;S [M-+H]" 404.1314, found
404.1311.

2-(4- SR I )-6-(AAR (R EL-20- WA AL ) 2 52 )-2 H-
WM -3(6H)-Bi(3)): S ELBAA, 63 mg, /& 75%, dr=
3 : 1. trans-isomer: '"H NMR (400 MHz, CDCl;) §: 8.04~
7.95 (m, 4H), 7.55~7.40 (m, 6H), 7.29~7.17 (m, 4H),
7.09~7.00 (m, 1H), 6.13 (dd, J=10.2, 1.0 Hz, 1H), 5.69
(s, 1H), 5.60 (dd, J=3.5, 1.0 Hz, 1H); cis-isomer: 'H
NMR (400 MHz, CDCls) o: 8.04~7.95 (m, 4H), 7.55~
7.40 (m, 6H), 7.29~7.17 (m, 4H), 7.09~7.00 (m, 1H),
6.20 (dd, J=10.2, 1.9 Hz, 1H), 5.82 (dd, J=3.3, 1.7 Hz,
1H), 4.92 (d, J=1.0 Hz, 1H); '*C NMR (151 MHz, CDCl5)
0: 194.80, 193.72, 152.80, 149.93, 141.39, 140.86, 140.42,
139.79, 134.15, 134.09, 133.90, 133.74, 133.09, 133.00,
132.91, 132.80, 129.39, 129.29, 129.21, 129.14, 128.88,
128.64, 128.59, 128.29, 128.13, 128.03, 127.93, 127.39,
125.59, 124.81, 81.56, 80.56, 77.92, 76.41; HRMS (ESI)
caled for CyH;oCINOsS [M + H] " 424.0768, found
424.0755.

2-((RUT HE L R ) S B ) Y 0 )-6- (R R (R -
A0- VKR ) 5 55 )- 2 H- WL I -3 (6 H)- Tl (3K): TG ik Ak, 46
mg, F2% 50%, dr=6 . 1. trans-isomer: 'H NMR (400
MHz, CDCl;) ¢: 8.07~8.00 (m, 4H), 7.56~7.47 (m, 6H),
6.96 (dd, /=10.2, 3.4 Hz, 1H), 6.05 (dd, /=10.2, 0.9 Hz,
1H), 5.65 (dd, J=3.4, 1.0 Hz, 1H), 4.72 (dd, J=4.6, 2.6
Hz, 1H), 4.03~3.91 (m, 2H), 0.87~0.82 (m, 9H), 0.05~
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0.03 (m, 6H); cis-isomer: '"H NMR (400 MHz, CDCl;) 6:
8.07~8.00 (m, 4H), 7.56~7.47 (m, 6H), 7.03 (dd, J=
10.2, 1.7 Hz, 1H), 6.11 (dd, J=16.6, 6.1 Hz, 1H), 5.79 (d,
J=2.9 Hz, 1H), 438 (t, J=2.2 Hz, 1H), 4.03~3.91 (m,
2H), 0.87~0.82 (m, 9H), 0.05~0.03 (m, 6H); 3C NMR
(101 MHz, CDCl) 6: 195.63, 150.17, 140.28, 140.15,
132.96, 132.92, 132.59, 129.29, 129.26, 129.15, 128.94,
128.22, 127.92, 125.98, 77.89, 63.38, 25.98, 25.86, 25.64,
18.29, —5.42; HRMS (ESI) calcd for C,4H3,NO4SSi
[M+H]" 458.1816, found 458.1815.

6-(( = FHBE (B AR)-A0- T BRI ) 2 56 ) -2 H- AL T -3 (6 H) -
F(30): JoEIBAR, 29 mg, F=2 77%. '"H NMR (400 MHz,
CDCl;) d: 6.94 (dd, J=10.3, 2.9 Hz, 1H), 6.08 (dd, J=
10.3, 1.5 Hz, 1H), 5.64 (dd, J=2.8, 1.4 Hz, 1H), 4.45 (d,
J=16.4 Hz, 1H), 4.08 (d, J=16.4 Hz, 1H), 3.15 (d, J=0.7
Hz, 3H), 3.08 (d, J=0.6 Hz, 3H); *C NMR (101 MHz,
CDCl;) d: 194.90, 150.80, 126.37, 78.04, 67.58, 44.61,
43.69; HRMS (ESI) caled for C;H;2NOsS [M+H]*
190.0532, found 190.0535.

6-((— T FE(EEAR)-20- W AN IE ) & 5 )-2 H- ML 1 -3 (6 H)-
il (3m): ¥ EBAA, 32 mg, 5% 58%. 'H NMR (400
MHz, CDCl;) d: 6.94 (dd, J=10.3, 2.9 Hz, 1H), 6.08 (dd,
J=10.3, 1.4 Hz, 1H), 5.61 (dd, J=2.6, 1.3 Hz, 1H), 4.47
(d, J=16.4 Hz, 1H), 407 (d, J/=16.4 Hz, 1H), 3.25~
2.96 (m, 4H), 1.88~1.73 (m, 4H), 1.52~1.41 (m, 4H),
0.97 (dd, J=7.4, 6.7 Hz, 6H); 3C NMR (101 MHz,
CDCl3) 6: 195.20, 151.41, 126.16, 77.74, 67.72, 54.86,
52.11, 25.55, 23.62, 21.85, 21.67, 13.60, 13.57; HRMS
(ESI) caled for Cj;3H»;NOsSNa [M+Na]® 296.1291,
found 296.1295.

6-(( =R B (BEAR)-A0- BRI ) 2 58 ) -2 H- AL I -3 (6 H) -
i (3n): LA, 35 mg, F“% 52%. 'H NMR (400
MHz, CDCL3) 8: 7.47~7.32 (m, 10H), 6.74 (dd, J=10.3,
2.8 Hz, 1H), 6.03 (dd, J=10.3, 0.9 Hz, 1H), 5.44 (s, 1H),
4.47 (d, J=13.9 Hz, 1H), 4.39 (dd, J=18.7, 15.2 Hz, 2H),
4.15 (s, 2H), 4.02 (d, J=16.5 Hz, 1H); 3C NMR (151
MHz, CDCls) 6: 195.27, 151.36, 131.49, 131.03, 129.18,
129.05, 128.96, 128.65, 128.60, 126.79, 126.04, 78.05,
67.94, 62.11, 58.53; HRMS (ESI) calcd for Cj9H;oNO3;SNa
[M+Na]" 364.0978, found 364.0980.

6-(( FF 2 (AR ) (R 2 )-20- M B0 35k ) B 6% )-2. H- W i -
3(6H)-Bi(30): LA, 33 mg, P*F 66%, dr=1":1.
First isomer: '"H NMR (400 MHz, CDCls) é: 8.00~7.96
(m, 2H), 7.69~7.56 (m, 3H), 6.93 (ddd, J=11.6, 10.4, 3.1
Hz, 1H), 6.10~6.05 (m, 1H), 5.45~5.40 (m, 1H), 4.64 (d,
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J=16.6 Hz, 1H), 3.91 (d, J=16.5 Hz, 1H), 3.20 (s, 3H);
Second isomer: 'H NMR (400 MHz, CDCl;) J: 8.00~7.96
(m, 2H), 7.69~7.56 (m, 3H), 6.93 (ddd, J=11.6, 10.4, 3.1
Hz, 1H), 6.10~6.05 (m, 1H), 5.45~5.40 (m, 1H), 4.46 (d,
J=16.5 Hz, 1H), 4.13~4.07 (m, 1H), 3.15 (s, 3H); *C
NMR (101 MHz, CDCl3) ¢: 195.22, 195.15, 150.87,
150.12, 140.11, 138.82, 133.61, 133.46, 129.65, 129.46,
128.24,127.97, 126.24, 125.80, 78.53, 77.83, 67.59, 67.50,
45.95, 45.62; HRMS (ESI) caled for C;2H1sNOsS [M+
H]" 252.0688, found 252.0694.

6-(( £ 3 (AR ) (8 3 )-26- 37 HR J ) S F2% )-2 H- ML i -
3(6H)-FH(3p): Lk, 25 mg, F2% 48%, dr=1: 1.
First isomer: 'H NMR (400 MHz, CDCl;) J: 7.99~7.91
(m, 2H), 7.70~7.56 (m, 3H), 6.95 (ddd, J/=11.9, 10.3, 3.1
Hz, 1H), 6.07 (ddd, /=10.3, 2.2, 1.3 Hz, 1H), 5.44 (ddd,
J=12.0, 3.1, 1.1 Hz, 1H), 4.66 (d, J=16.6 Hz, 1H), 3.93
(d, J=16.5 Hz, 1H), 3.42~3.19 (m, 2H), 1.32~1.21 (m,
3H); Second isomer: 'H NMR (400 MHz, CDCl;) ¢:
7.99~791 (m, 2H), 7.70~7.56 (m, 3H), 6.95 (ddd, J=
11.9, 10.3, 3.1 Hz, 1H), 6.07 (ddd, J=10.3, 2.2, 1.3 Hz,
1H), 5.44 (ddd, J=12.0, 3.1, 1.1 Hz, 1H), 4.48 (d, J/=16.5
Hz, 1H), 4.09 (d, J=16.6 Hz, 1H), 3.42~3.19 (m, 2H),
1.32~1.21 (m, 3H); 3C NMR (151 MHz, CDCl;) 4:
195.41, 195.29, 151.21, 150.34, 138.13, 136.67, 133.55,
133.42, 129.55, 129.35, 129.03, 128.82, 126.09, 125.67,
78.49, 77.84, 67.62, 67.52, 51.79, 51.44, 7.58, 7.01;
HRMS (ESI) caled for Cj3H;sNOsSNa [M + Na] *
288.0665, found 288.0670.

6-((4-(BUT 38) 2R ) (AR (O 2 )-20- I BRI ) 2 5% )-
2H-ML I -3(6H)-Bd(3q): B5 ik, 38 mg, F=F 51%,
dr=1 . 1. First isomer: 'H NMR (400 MHz, CDCl;) ¢:
8.05~7.89 (m, 4H), 7.56~7.49 (m, 5H), 7.02 (t, J=3.2
Hz, 1H), 6.10 (s, 1H), 5.46 (td, J/=3.3, 1.1 Hz, 1H), 4.74
(d, J=9.0 Hz, 1H), 4.05 (d, /=7.0 Hz, 1H), 1.30 (t, J=2.3
Hz, 9H); Second isomer: '"H NMR (400 MHz, CDCL;) §:
8.05~7.89 (m, 4H), 7.56~7.49 (m, 5H), 7.00 (t, J=3.2
Hz, 1H), 6.07 (s, 1H), 5.46 (td, J/=3.3, 1.1 Hz, 1H), 4.70
(d, J=9.1 Hz, 1H), 4.09 (d, /=7.0 Hz, 1H), 1.30 (t, J=2.3
Hz, 9H); *C NMR (151 MHz, CDCI;) 6: 195.50, 157.00,
156.96, 150.64, 140.59, 140.24, 136.91, 132.91, 132.87,
129.31, 129.26, 128.56, 128.53, 128.14, 128.05, 126.45,
126.42, 125.72, 125.67, 78.39, 78.36, 67.49, 67.47, 35.16,
31.03; HRMS (ESI) caled for CpHNO,S [M+H]"
370.1471, found 370.1469.

6-((HF 22 (CBELAR) O B 2 368 )-20- I AN 36 ) B 0k ) -2 H- ik
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i4-3(6H)-Fi(3r): FEEAMAA, 29 mg, ;=3 54%, dr=1:
1. First isomer: 'H NMR (400 MHz, CDCl;) J: 7.91~7.83
(m, 2H), 7.40 (t, J=8.1 Hz, 2H), 6.99~6.90 (m, 1H), 6.09
(dd, J=4.7, 1.2 Hz, 1H), 5.41 (dd, J=3.1, 1.1 Hz, 1H),
4.65 (d, J=16.6 Hz, 1H), 3.93 (d, J=16.5 Hz, 1H), 3.20
(s, 3H), 2.46 (t, J=3.9 Hz, 3H); Second isomer: 'H NMR
(400 MHz, CDCls) d: 7.91~7.83 (m, 2H), 7.40 (t, J=8.1
Hz, 2H), 6.99~6.90 (m, 1H), 6.06 (dd, /J=4.7, 1.2 Hz,
1H), 5.41 (dd, J=3.1, 1.1 Hz, 1H), 4.49 (d, J=16.5 Hz,
1H), 4.09 (d, J/=16.6 Hz, 1H), 3.15 (s, 3H), 2.46 (t, J=3.9
Hz, 3H); 3C NMR (151 MHz, CDCl;) é: 195.31, 195.23,
151.01, 150.22, 144.67, 144.48, 136.78, 135.54, 130.29,
130.10, 128.31, 128.04, 126.16, 125.69, 78.56, 77.81,
77.30, 77.09, 76.88, 67.55, 67.45, 45.94, 45.68, 21.56;
HRMS (ESI) caled for C;3H;sNO3;SNa [M + Na] *
288.0665, found 288.0670.

6-((4- F 480 5 248 5 )( P ) (B AR)-20- I AR 3R ) B
55)-2H-ME IR -3(6H)-FR(3s): 3 (LA, 25 mg, 7= 45%,
dr=1 . 1. First isomer: '"H NMR (600 MHz, CDCl;) &:
7.88 (dd, J=11.3, 9.0 Hz, 2H), 7.03 (dd, /=10.1, 9.1 Hz,
2H), 6.94~6.89 (m, 1H), 6.08~6.03 (m, 1H), 5.38 (dd,
J=9.4,1.7 Hz, 1H), 4.62 (d, J/=16.6 Hz, 1H), 3.92 (d, J=
16.5 Hz, 1H), 3.87 (d, J=2.4 Hz, 3H), 3.17 (s, 3H); Sec-
ond isomer: 'H NMR (600 MHz, CDCl) §: 7.88 (dd, J=
11.3, 9.0 Hz, 2H), 7.03 (dd, J=10.1, 9.1 Hz, 2H), 6.94~
6.89 (m, 1H), 6.08~6.03 (m, 1H), 5.38 (dd, J=9.4, 1.7
Hz, 1H), 447 (d, J=16.5 Hz, 1H), 4.09~4.05 (m, 1H),
3.87 (d, J=2.4 Hz, 3H), 3.12 (s, 3H); 3C NMR (151 MHz,
CDCls) o: 195.35, 195.25, 163.75, 163.67, 151.15, 150.27,
130.54, 130.20, 126.18, 125.68, 114.88, 114.67, 78.53,
77.84, 67.63, 67.46, 55.77, 55.72, 46.16, 45.94; HRMS
(ESI) caled for Ci3HiNO4S [M+H]" 282.0794, found
282.0802.

6-((4- SR 3 ) (FF ) (BEUAR)-20- M AR ) B 5 )- 2 H- il
WR-3(6H)-Hi(3t): ¥ EIRAA, 30 mg, 2% 53%, dr=1": 1.
First isomer: '"H NMR (600 MHz, CDCl;) J: 7.90 (dd, J=
8.5, 3.0 Hz, 2H), 7.55 (dd, J=13.9, 8.6 Hz, 2H), 6.90 (ddd,
J=15.5,10.3, 3.0 Hz, 1H), 6.08~6.05 (m, 1H), 5.40 (dd,
J=10.8, 1.5 Hz, 1H), 4.59 (d, J=16.6 Hz, 1H), 3.91 (d,
J=16.5 Hz, 1H), 3.19 (s, 3H); Second isomer: 'H NMR
(600 MHz, CDCl3) ¢: 7.90 (dd, J=8.5, 3.0 Hz, 2H), 7.55
(dd, J=13.9, 8.6 Hz, 2H), 6.90 (ddd, J=15.5, 10.3, 3.0
Hz, 1H), 6.08~6.05 (m, 1H), 5.40 (dd, /=10.8, 1.5 Hz,
1H), 4.41 (d, J=16.5 Hz, 1H), 4.08 (d, /=16.6 Hz, 1H),
3.13 (s, 3H); C NMR (151 MHz, CDCly) J: 195.02,
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194.91, 150.67, 149.93, 140.41, 140.23, 138.70, 137.42,
129.94, 129.77, 129.74, 129.45, 126.30, 125.94, 78.47,
77.72, 67.65, 67.54, 46.05, 45.64; HRMS (ESI) calcd for
C1,H,CINO;SNa [M+Na]" 308.0118, found 308.0121.

6-((4- TR 458 ) (Y ) (BAUAR)-A5- IE BN AR ) 2 3 )- 2 H- it
W-3(6H)-fli (3u): WA, 39 mg, 7% 59%, dr=1:
1. First isomer: '"H NMR (400 MHz, CDCl;) 6: 7.84 (dd,
J=8.6, 2.4 Hz, 2H), 7.73 (t, J=8.7 Hz, 2H), 6.91 (td, J=
10.7, 3.0 Hz, 1H), 6.09 (d, J/=2.4 Hz, 1H), 5.43 (d, J=2.7
Hz, 1H), 4.60 (d, /=16.6 Hz, 1H), 3.92 (d, J=16.5 Hz,
1H), 3.20 (s, 3H); Second isomer: 'H NMR (400 MHz,
CDCl3) o: 7.84 (dd, J=8.6, 2.4 Hz, 2H), 7.73 (t, J=8.7
Hz, 2H), 6.91 (td, /=10.7, 3.0 Hz, 1H), 6.07 (d, /=2.3
Hz, 1H), 5.41 (d, J=2.5 Hz, 1H), 4.42 (d, J=16.5 Hz,
1H), 4.12~4.07 (m, 1H), 3.14 (s, 3H); 3C NMR (151
MHz, CDCl3) 6: 195.03, 194.92, 150.68, 149.93, 139.29,
138.01, 132.95, 132.75, 129.86, 129.52, 128.96, 128.80,
126.33, 125.97, 78.49, 77.74, 67.69, 67.57, 46.05, 45.65;
HRMS (ESI) caled for Cj;H;;BrNOs;SNa [M -+ Na]
351.9613, found 351.9620.

6-((4- TR ) (T 3 ) (AL AR)-20- JE TR Bk ) 2 ik )-2. -
WF-3(6H)-ll(3v): &k, 35 mg, P2 47%, dr=1:
1. First isomer: '"H NMR (600 MHz, CDCI;) 6: 7.96~7.91
(m, 2H), 7.67 (dd, J=38.4, 5.3 Hz, 2H), 6.92 (dd, J=10.3,
3.0 Hz, 1H), 6.08 (dd, J=4.2, 1.0 Hz, 1H), 5.40~5.39 (m,
1H), 4.41 (d, J/=16.5 Hz, 1H), 4.10~4.07 (m, 1H), 3.13
(s, 3H); Second isomer: 'H NMR (600 MHz, CDCls) J:
7.94 (d, 2H), 7.67 (dd, J=38.4, 5.3 Hz, 2H), 6.89 (dd, J=
10.3, 3.1 Hz, 1H), 6.06 (dd, /=4.2, 1.0 Hz, 1H), 5.41~
5.40 (m, 1H), 4.59 (d, J=16.6 Hz, 1H), 3.91 (d, J=16.5
Hz, 1H), 3.18 (s, 3H); '*C NMR (151 MHz, CDCl;) §:
195.01, 194.90, 150.64, 149.91, 139.98, 138.92, 138.73,
138.68, 129.69, 129.36, 126.32, 125.96, 101.48, 101.37,
78.49, 77.72, 67.67, 67.57, 45.98, 45.59; HRMS (ESI)
caled for CppH;3INO;S [M + H]© 377.9655, found
377.9662.

6-((3- 1 4L B % 3 ) (Y )( S AR)-20- T AR 2t ) =
F-2H- WL -3(6H)- B (3w): 3% (A&, 33 mg, P5F
58%, dr=1 . 1. First isomer: 'H NMR (600 MHz, CDCl;)
0: 7.55~17.45 (m, 3H), 7.20~7.12 (m, 1H), 6.93 (dd, J=
10.3, 3.0 Hz, 1H), 6.08~6.06 (m, 1H), 5.41 (d, J/=1.7 Hz,
1H), 4.62 (d, J=16.6 Hz, 1H), 3.92 (d, J=16.5 Hz, 1H),
3.87 (s, 3H), 3.19 (s, 3H); Second isomer: '"H NMR (600
MHz, CDCl3) d: 7.55~7.45 (m, 3H), 7.20~7.12 (m, 1H),
6.90 (dd, /=10.3, 3.1 Hz, 1H), 6.05 (dd, J=4.6, 0.9 Hz,
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1H), 5.39 (d, /=1.8 Hz, 1H), 4.46 (d, J=16.5 Hz, 1H),
4.08 (d, J=16.6 Hz, 1H), 3.86 (s, 3H), 3.14 (s, 3H); 1*C
NMR (151 MHz, CDCl3) ¢: 195.24, 195.24, 195.14,
160.41, 160.21, 150.88, 150.09, 141.24, 139.90, 130.71,
130.49, 126.22, 125.76, 120.26, 119.85, 119.82, 112.93,
112.87, 78.61, 77.78, 67.59, 67.49, 55.78, 55.72, 45.86,
45.60; HRMS (ESI) caled for Ci3H;sNO4SNa [M+Na]"
304.0614, found 304.0619.

6-((3- TR 7R ) (Y ik ) (4L AR)-A5- T TR 3k ) 2 ik )- 2. H- it
MR- 3(6H)-MH(3x): B (LIRIA, 42 mg, =% 64%, dr=1:
1. First isomer: 'H NMR (400 MHz, CDCl3) 6: 8.11 (dt,
J=3.6, 1.8 Hz, 1H), 7.90 (ddd, J=17.9, 3.3, 1.8 Hz, 1H),
7.77 (dddd, J=9.0, 8.0, 1.8, 0.9 Hz, 1H), 7.46 (dt, J=9.7,
7.9 Hz, 1H), 6.95~6.88 (m, 1H), 6.09 (dd, J=4.5, 1.3 Hz,
1H), 5.42 (dt, J=2.9, 1.4 Hz, 1H), 4.59 (d, J=16.6 Hz,
1H), 4.09 (d, J=16.6 Hz, 1H), 3.20 (s, 3H); Second iso-
mer: '"H NMR (400 MHz, CDCL;) 6: 8.11 (dt, J=3.6, 1.8
Hz, 1H), 7.90 (ddd, J=17.9, 3.3, 1.8 Hz, 1H), 7.77 (dddd,
J=9.0, 8.0, 1.8, 0.9 Hz, 1H), 7.46 (dt, J=9.7, 7.9 Hz, 1H),
6.95~6.88 (m, 1H), 6.06 (dd, J=4.5, 1.3 Hz, 1H), 5.42
(dt, J=2.9, 1.4 Hz, 1H), 4.42 (d, J=16.5 Hz, 1H), 3.92 (d,
J=16.5 Hz, 1H), 3.15 (s, 3H); C NMR (151 MHz,
CDCl;) o: 195.00, 194.92, 150.51, 149.86, 142.38, 140.96,
136.68, 136.49, 131.21, 131.10, 130.92, 130.90, 126.68,
126.44, 126.33, 125.97, 123.66, 123.40, 78.48, 77.65,
67.56, 46.03, 45.56, HRMS (ESI) calcd for C;,H;,Br-
NO;SNa [M+Na]" 351.9613, found 351.9620.

6-((2- 1480 i 2 5 (PP (R AR)-28- T R ) |
F)-2H-MEI-3(6H)-Fi(3y): BB, 25 mg, 722 44%,
dr=1 1. First isomer: 'H NMR (400 MHz, CDCIl;) §:
8.11~7.99 (m, 1H), 7.68~7.57 (m, 1H), 7.21~7.04 (m,
2H), 6.94 (dd, J/=10.2, 3.5 Hz, 1H), 6.03 (s, 1H), 5.41 (d,
J=3.3 Hz, 1H), 4.67 (d, J=16.6 Hz, 1H), 3.99 (s, 3H),
3.75 (d, J=16.4 Hz, 1H), 3.35 (s, 3H); Second isomer: 'H
NMR (400 MHz, CDCl3) J: 8.11~7.99 (m, 1H), 7.68~
7.57 (m, 1H), 7.21~7.04 (m, 2H), 6.83 (dd, J=10.2, 3.3
Hz, 1H), 6.01 (s, 1H), 5.19 (d, J/=3.0 Hz, 1H), 4.45 (d, J=
16.4 Hz, 1H), 4.04 (d, J/=16.6 Hz, 1H), 3.98 (s, 3H), 3.34
(s, 3H); 3C NMR (151 MHz, CDCl;) &: 195.70, 195.58,
156.90, 156.63, 150.62, 150.08, 135.70, 135.30, 131.97,
130.75, 126.03, 125.55, 121.25, 120.96, 112.20, 112.07,
79.04, 76.90, 67.20, 66.70, 56.10, 56.06, 43.69, 43.43;
HRMS (ESI) caled for Ci3H;NOsS [M+H]" 282.0794,
found 282.0798.

6-((2- R I ) (28 (AR -A0- A 36 ) B % )-2. H- Tt
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M- 3(6H)-Hi(3z): IR, 34 mg, 773 60%, dr=1 :
1. First isomer: 'H NMR (400 MHz, CDCl;) &: 8.22 (dt,
J=16.8, 5.0 Hz, 1H), 7.65~7.43 (m, 3H), 6.90 (d, J=3.4
Hz, 1H), 6.04 (s, 1H), 5.42 (d, J=3.4 Hz, 1H), 4.63 (d, J=
16.7 Hz, 1H), 3.83 (d, J=16.6 Hz, 1H), 3.38 (s, 3H); Sec-
ond isomer: '"H NMR (400 MHz, CDCl;) 6: 8.22 (dt, J=
16.8, 5.0 Hz, 1H), 7.65~7.43 (m, 3H), 6.88 (d, J=3.4 Hz,
1H), 6.01 (s, 1H), 5.12 (d, J=3.2 Hz, 1H), 4.51 (d, J=
16.6 Hz, 1H), 4.02 (d, J=16.7 Hz, 1H), 3.38 (s, 3H); '3C
NMR (151 MHz, CDCly) &: 19527, 195.19, 150.01,
149.51, 138.14, 134.89, 134.85, 134.43, 133.24, 13231,
132.15, 132.08, 131.97, 131.73, 128.11, 127.67, 126.18,
125.73, 79.16, 77.00, 67.37, 67.36, 43.44, 43.23; HRMS
(ESI) caled for C;;Hj,CINO3;SNa [M+Na]® 308.0118,
found 308.0119.
3.2.2  [1,1'-BRR]-4-(T #38)(F A)-10- . a0(4) 89 & m%,

1] S SO AL A 3v (38 mg, 0.1 mmol). <Al
[2(12 mg, 0.1mmol). Pd(PPhs)s (2.3 mg, 0.002 mmol).
LiOH*H,0 (9.6 mg, 0.4 mmol)lL & ZJE//K(1 mL, V :
V=3 :1), £ 80 C FHFE 12 h, M4 FEEFZ
Wraifbr=9 4. A, 10 mg, P25 42%. m.p. 133~
135 C (lit) 133~135 ‘C); '"H NMR (400 MHz,
CDCl;) d: 8.10~8.07 (m, 2H), 7.79~7.75 (m, 2H),
7.64~7.60 (m, 2H), 7.51~7.47 (m, 2H), 7.46~7.42 (m,
1H), 3.20 (s, 3H), 2.29 (s, 1H). 5 CHRIE )3 B AR 7T
é[%].
323 6-((FAE(AR)G-(ZF A=A THA)ELR)-
AS- T2 AR AR ) R AR )-2 H-vHe -3 (6 H)- BRI (5) 49 & Ak,

0] S SO AL S92 3v (38 mg, 0.1 mmol), —H
F 2R FERERE(43 pL, 0.3 mmol). PACly(PPhs), (2.8 mg,
0.004 mmol). Cul (0.4 mg, 0.002 mmol) LA & Et;N/THF (1
mL, V:V=1:1), fEE& FHE 12 h, RNEREE
AR EMT A=) 5. B EIRAE, 29 mg, 77 83%, dr=
1 : 1. First isomer: '"H NMR (400 MHz, CDCl) §: 7.90
(dd, J=8.5, 3.2 Hz, 2H), 7.64 (t, J=7.7 Hz, 2H), 6.92
(ddd, J=13.7, 10.3, 3.1 Hz, 1H), 6.10~6.08 (m, 1H), 5.41
(s, 1H), 4.42 (d, J=16.5 Hz, 1H), 4.10 (d, J=16.6 Hz,
1H), 3.15 (s, 3H), 0.26 (s, 9H); Second isomer: '"H NMR
(400 MHz, CDCl3) 6: 7.90 (dd, J=8.5, 3.2 Hz, 2H), 7.64
(t, J=7.7 Hz, 2H), 6.92 (ddd, J=13.7, 10.3, 3.1 Hz, 1H),
6.08~6.06 (m, 1H), 5.41 (s, 1H), 4.62 (d, J=16.6 Hz,
1H), 3.90 (d, J=16.5 Hz, 1H), 3.20 (s, 3H), 0.26 (s, 9H);
13C NMR (101 MHz, CDCls) d: 195.36, 195.25, 150.87,
150.19, 139.72, 133.17, 133.00, 129.21, 129.02, 128.35,
128.11, 126.59, 126.26, 103.18, 103.01, 99.78, 99.52,
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78.76, 77.98, 67.91, 67.81, 46.17, 45.76, —0.01; HRMS
(ESI) caled for C17H,NO5SSi [M+H]™ 348.1084, found
348.1086.

B A 8L (Supporting Information)  J5UE} 1 A1 2 (94 ik
JEFLEY) 3, 5 F 6 AR REILIRE . XLt k) ny LA
Y B WA T 335 (http://sioc-journal.cn/)_E %K.
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