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Cu(OTf), Catalyzed Conjugate Addition of Mercaptans to Enones

Zhang, Tongfei ~ Chen, Yibo  Gao, Zhenbo™
(College of Sciences, Nanjing Agricultural University, Nanjing 210095)

Abstract Thioether is a class of compounds with important biological and physiological activities, especially for drugs and
natural products, and its efficient synthesis method is one of the research hotspots in organic chemistry. Thia-Michael addition,
especially the addition catalyzed by small organic molecules has been widely proved to be an effective method for synthesizing
thioether molecules. However, very few studies on transition metal-catalyzed thia-Michael addition have been published and
further exploration in this area is needed. In this work, different types of thiol molecules have been effectively added to various
cyclic and linear Michael acceptors through the catalysis of copper(II) triflate. To our delight, 42 kinds of sulfide molecules (up
to 99% yield) have been efficiently synthesized. This method has many advantages such as mild reaction conditions, wide
substrates, simple operation and excellent yield, providing a new method for the preparation of various thioether molecules.
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Cu(BF4)2*xH,0, Yao PR ZHPU H FeCls LA J& Ollevier i
R BOMSE ] Fe(OTH)y, 43 I SEBIL 1 4N T PRk B o) 34 o
IR B2 AR B FEHE 0 A S B (Scheme 1), TEECAA I 4MH g
LG T AR A RRCCAE, BRAR T RBLA, {HIX Se i
A LA 38 FH 1R JEG 2 3 L AR s I 1) 7 356 77 T 350 3k —
RRTH A E]. X BRI T —FR s Cu(OTH), AL 14
Z(Scheme 1), B 7EZe B FNIA Y 55 22 AR W 70+ LAk
ZMPBREE >, PHTE T AN T B X Js 1 %) S e
S i SRR VO, S T 2T - PR A
[F g — B4 1 =2

Chakraborti group

O o
Cu(BF4)2:xH,0 (1 mol%)
R1 R1
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- R? -R? SR
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Yao grozup SR O
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Ollevier group
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Scheme 1 Transitional metal catalyzed sulfa-conjugate addi-
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%HE KA (Entry 1). #5237 Ru, Pd. Zr. Rh %4
JEMEALTR, B W N (Entries 2~5). B J5 W 705
) 70 L AR DL 42 J8 Cu, it 2 24, R BILE
Cu(OTh) 1EAMEA I R BIAR R, R 28 AT LAk 2|
81%(Entries 6~11). Z 5 M ifiik T N,N-—H HH &
(DMF). S MLI#E(THF). EO+ MeCN. EtOH. MeOH
IR, YIBA SRR TS 17" # (Entries 12~17). K]
I, EH Cu(OTh, (10 mol%)E A LT, PL & H ki
VRN, (25 IR T 3T RS — PR 5T
F1RBKAAL

Table 1 Optimization of reaction conditions

©/\)?\ . HS\/\/\/ Catalyst (10 mol%)
Solvent, r.t.
1a 2a
/\/5‘}\)?\
3a
Entry® Catalyst Solvent Yield/%?”
1 None DCM 0
2¢ [Ru(p-cymene)Cla]» DCM Tiny
3¢ PdCI2(PPhs)2 DCM 0
4¢ Cp2ZrCl DCM 0
5¢ Rh2(OAc)4 DCM 0
6 Cuz2(OH)2CO03 DCM 0
7 Cul DCM 0
8 CuCl DCM Tiny
9 CuSCN DCM 0
10 Cu(OAc)2H20 DCM 0
11 Cu(OTo) DCM 81
12 Cu(OTo) DMF 0
13 Cu(OTo) THF 72
14 Cu(OTo) EtO 74
15 Cu(OTo) MeCN 72
16 Cu(OTo) EtOH 36
17 Cu(OTf) MeOH 63

© 2021 Chinese Chemical Society & SIOC, CAS

@ All reactions were carried out with 0.2 mmol of 1 and 2, 10 mol% of catalyst
in 1 mL of solvent at room temperature for 12 h; *Isolated yield; ¢5 mol%
catalyst was applied.

1.2 KYPEEMTAR
1.2.1 FABERMTE B 49T A
JRADEESE VR T, R T OINRUR RH  E L
BRI 1b VE B AV B 7 A bR v s . 1 5
SR T WA RS R, R I ORI R i
5% 97% (Scheme 2, 3b), 1M HIEINGREE_L b j@ I
AT SEIE w77 (3, 87%), RV I i 72 v 2= Al 7
FHAECK 1) 2-TN i, ] LAk 3] 82% )22 (3d). Fifi )5,
TERRLEE 5] NI (3e) X FHAE ZRIE(3S) AREFRIE(3g)-
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1.2.2  MBR R4 TE B 695 5

P 0 At 2% A R I 0 AT T ER R WF 9T (Scheme
3), £ TRREFEAIURPAHR)ZRA, FH 2-57F
i B (2b) 1 AR AR A I

A AR 1 R2 AT R BRI, 7E 13 Fifas i Jes
Y BT T AR R, 1 S e S AR ) 0 B AT 2%
W, YHUF 90% 75 A4 7= 5 (3j~31); 2 Jaxf 75 ZEHUR
WEEHEHATIR R, EEIEGm, 90%). X FHZEIE3n, 95%)-
R EE(30, 97%) RHRIKFE3p, 93%) X LEH RT3,
T1%) B 1 R 3 B B e e, b 1 = BUR A B
WG, BRI PRGr, 52%). L8R ILGIN K JE T
EAS T REAT A S 20 34T OB, BIES 90%LL
PR (3s A 3t), 5IN ARSI TR S 280
RS, 76%). HEME, BEARKIFBEITUS SR
N, BUE 62%57 Z(3v).
1.2.3 & REGT A R 89 AF 5

ST AR ER R HATAEE R P M E AR,
WERER T AR EAAT AR AR EE 00 SRR (Scheme 4).
TEZ FRT AR 5IN T 24> B bl B 2 1 i
(3w, 3x, 3za, 3zb, 3zd), YT KAz BH A O IE AR E B
AT DAHUAS 0% /=28, Z2ANAT A 5 5 P PRI It 45 A
IR R B AT AR b, 15 205 172 23y, 3ze, 3ze,

2426

http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

) BN R F 9 T AN TR AR AR PR B 2 2 1 %oF I B2 iy A 1)
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i DRI B TE B AR, 4005 TR R AR AN [ i i s
N, XFHCIHEE R, R IAE [ 20-4- 2R R -3-T J-2- i E
FS 2- PR Tk A R A 2 PR o R 222 S B () Bt B2
JUTF A TSI % 5 (Scheme 5, 3zg, 76%; 3zh, 77%);
AT T 3-8 H5-2-, AN AR PR B 0T 5 B2 52 i 55 K
X TR PHEIBREE, 3zi R 52% e, x4 2411
WRlE, F2% RN 86% (3z)M 90% (3zk). it Bi% 7% 5 (13
o3 J5 R AT BE A R M RE IR ) 07 BB T2 5 T 34,
NI 2 A S A N AN 0 il S S s il TR A I8
S5 AR T AR RIS IR B, S T e 8 e PR 0 S
W), TR P P 2 S S e s B R TN TS
T 22 0 B SIS T T 3 A 10 22 S5 56 SR 7 2R B e A
A
1.2.5 A MR 093K &

PR R 2R TG ER JR , RR T O
P R B L3 0 9 o 32 A2 1) S S A 19 (Scheme 6). % T 75
TCIR I, SR 7 BA bR AN 0 F A A R R, HX
BT 80%LL L (5a~5d). X T HocH R, Bl
) AR 2 BB IS T A5 1R 45 SR (Se~51), 2R T CR
fiE(2a)FH 2-FCRHREE(2b) P A AR B 2R AT D0 e B, 73931
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Bl AT B R e TR, ANOAT U s AUk
DR, T ELASE Y 22 PR SA D S LI R, BE PRAIE AR
AR RN IR R AR A LY, B T T
RE R R RO S 2 MR AR ot
bb, ot B RE IR B ) AR SR g T IR &R, UL
F AR R, R SN KRR A A AR - SR AR R
B2, S GINFIERCAE, A TR, AL
AR BT 22 AP IS T p-BRIE BRI K 7 1%

3 SRRy

31 X5

'H NMR #1 3C NMR f JEOL ECZ500R #Z i L3R %
AN FRA TMS, HE5IA CDCL)IE, 4 S i
FH 9t WRS-1B #0703 sS4 €, MS i Bruker Micro
TOF ESI &7 JE A 2. A5 T4 T+ 220 75 «
BRI A T K, REJE— DAL, 734
HACE VI 200~300 HEERR (5 Syl TA ), Fhs
60~90 “C Ay Bk ( R 6 SR RN O L TE( i
RIE).
32 ZWHE
3.2.1 Atb-4h 3a~ 3ze = 5a ~ 5f 495

DL 3a M, FHBLFERE OB FHE L 2R 2 ARR 2
AR, I E RRYT . R EE R BRI
R PRI Cu(OTo), (7.2 mg, 0.02 mmol), & H
FE(1 mL), REN-4-2KFE-3-T J%-2-H(29.2 mg, 0.2 mmol)
FICAREE(23.6 mg, 0.2 mmol), M 12 h. MK E,
BN 2 mL RIS KRB, F LR SR ZEHL
(10 mLX3), AIFHHAHE, HI/K Na;SOs T, Ji ik
i J5 IR & W AR A AL B A (A B L. L1 9 BE i
FNVE BB ) 32 42.7 mg, 75K 81%.

%) 3h. 3r. 3v. 3x. 3zd. 3zf. 3zi. Se. 5f f{Jfx
NS TR A 15 hy, HeAR P20 ORI TR] 354 12 h

A-( OB EL)-4- R FE T e -2- B (3a)B1: ¥R 35 CA iR
TRIR(42.7 mg, 7% 81%). 'H NMR (500 MHz, CDCI;) &:
7.38~7.25 (m, 4H, ArH), 7.27~7.17 (m, 1H, ArH), 4.31
(t, J=17.3 Hz, 1H, CHS), 2.97 (d, J=7.3 Hz, 2H, CH,CO),
2.40~2.16 (m, 2H, CH,S), 2.08 (s, 3H, COCH3), 1.56~
1.36 (m, 2H, CH,CH,S), 1.38~1.11 (m, 6H, CH:CH>-
CH,CH>), 0.85 (t, J=7.1 Hz, 3H, CH3CHy); 3C NMR
(126 MHz, CDCl3) §: 205.7, 142.1, 128.6 (2C), 127.8 (2C),
127.3, 50.2, 44.2, 31.4 (2C), 30.8, 29.2, 28.6, 22.6, 14.1;
HRMS (ESI) caled for Ci¢H,s0S [M+H]" 265.1621,
found 265.1621.

3-(C B AE)-1,3- ORI P FE-1-1H (3b): % 5
RIBAR(63.1 mg, 725 97%). '"H NMR (500 MHz, CDCl3)

Chin. J. Org. Chem. 2021, 41, 2424~2434
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5: 7.93~7.88 (m, 2H, ArH), 7.56~7.50 (m, 1H, ArH),
7.46~7.38 (m, 4H, ArH), 7.29 (dd, J=8.4, 6.9 Hz, 2H,
ArH), 7.23~7.17 (m, 1H, ArH), 4.55 (t, J=7.0 Hz, 1H,
CHS), 3.53 (dd, J=7.1, 2.2 Hz, 2H, CH,CO), 2.42~2.23
(m, 2H, CH,S), 1.57~1.41 (m, 2H, CH,CH,S), 1.35~
1.13 (m, 6H, CH;CH,CH,CH,), 0.90 ~ 0.80 (m, 3H,
CH;CH,); *C NMR (126 MHz, CDCls) d: 197.1, 142.4,
136.9, 133.3, 128.7 (2C), 128.6 (2C), 128.2 (2C), 128.0
(2C), 127.3, 45.5, 44.4, 31.6, 31.4, 29.2, 28.6, 22.6, 14.1;
HRMS (ESI) caled for C2H»OS [M+H]" 327.1777,
found 327.1777.

3-(F AR EL-1,3- AR E-1-FH 3e): i
BEAT1.7 mg, 5% 87%), mp. 54.1~564 C. 'H
NMR (500 MHz, CDCly) J: 7.94~7.88 (m, 2H, ArH),
7.58~7.51 (m, 1H, ArH), 7.47~7.38 (m, 4H, ArH), 7.30
(dd, J=8.4, 6.9 Hz, 2H, ArH), 7.24~7.18 (m, 1H, ArH),
455 (t, J=7.0 Hz, 1H, CHS), 3.61 ~3.46 (m, 2H,
CH,CO), 2.41~2.22 (m, 2H, CH,S), 1.56~1.39 (m, 2H,
CH,CH,S), 1.32~1.16 (m, 18H, CH3(CH,)o), 0.88 (t, J=
6.9 Hz, 3H, CH,CH;); *C NMR (126 MHz, CDCl;) ¢:
197.1, 142.4, 136.9, 133.3, 128.7 (2C), 128.6 (2C), 128.2
(2C), 127.9 (2C), 127.3, 45.5, 44.4, 32.0, 31.6, 29.7, 29.7
(2C), 29.6, 29.4, 29.3, 29.2, 28.9, 22.8, 14.2; HRMS (ESI)
caled for Co7H3900S [M+H]" 411.2716, found 411.2722.

3-(F AR AR )-1,3- R - 1- B 3d)P7): IR 3
EIHPIRIEAAK(46.5 mg, 77 82%). 'H NMR (500 MHz,
CDCl3) 6: 7.92~7.88 (m, 2H, ArH), 7.56~7.50 (m, 1H,
ArH), 7.47~7.39 (m, 4H, ArH), 7.29 (dd, /=84, 6.9 Hz,
2H, ArH), 7.23~7.17 (m, 1H, ArH), 4.63 (t, J=7.0 Hz,
1H, PhCHS), 3.56~3.45 (m, 2H, CH,CO), 2.63 (hept, J=
6.7 Hz, 1H, CHsCHS), 1.27 (d, J=6.6 Hz, 3H, CH;CH),
1.12 (d, J=6.9 Hz, 3H, CH;CH); *C NMR (126 MHz,
CDCls) d: 197.1, 142.8, 136.9, 133.3, 128.7 (2C), 128.6
(2C), 128.2 (2C), 127.9 (2C), 127.2, 45.8, 43.5, 34.7, 23.5,
23.1; HRMS (ESI) caled for C;sH»OS [M + H] '
285.1308, found 285.1301.

3-CR ST dk)-1,3- Z 2R B A e -1- T (3e)B2): | £ [#]
£(59.1 mg, =& 85%), m.p. 87.0~87.5 ‘C. 'H NMR
(500 MHz, CDCls) d: 7.92~7.88 (m, 2H, ArH), 7.56~
7.51 (m, 1H, ArH), 7.46~7.38 (m, 4H, ArH), 7.30 (dd, J=
8.4, 6.9 Hz, 2H, ArH), 7.26~7.14 (m, 4H, ArH), 7.09~
7.04 (m, 2H, ArH), 4.60 (t, J=7.0 Hz, 1H, CHS), 3.58~
3.48 (m, 2H, CH,CO), 2.84~2.68 (m, 2H, CH,S), 2.64~
2.51 (m, 2H, CH,CH,S); *C NMR (126 MHz, CDCl;) ¢:
197.0, 142.2, 140.6, 136.9, 133.4, 128.7 (2C), 128.7 (2C),

Chin. J. Org. Chem. 2021, 41, 2424~2434
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128.6 (2C), 128.5 (2C), 128.2 (2C), 128.1 (2C), 127.5,
126.4, 45.5, 44.5, 36.0, 33.0; HRMS (ESI) caled for
Ca3Hx0S [M+H]" 347.1464, found 347.1462.

3-((4- AL IR BAR)-1,3- 2K A - 1-FI GO ik
TR AAR(65.2 mg, 723 90%). '"H NMR (500 MHz,
CDCls) d: 7.88~7.81 (m, 2H, ArH), 7.56~7.48 (m, 1H,
ArH), 7.44~7.35 (m, 4H, ArH), 7.34~7.28 (m, 2H, ArH),
7.26~7.18 (m, 1H, ArH), 7.15~7.09 (m, 2H, ArH),
6.83~6.77 (m, 2H, ArH), 4.44 (dd, J=8.0, 6.2 Hz, 1H,
CHS), 3.78 (s, 3H, OCH3), 3.56~3.50 (m, 2H, CH,S),
3.49~3.43 (m, 2H, CH,CO); '*C NMR (126 MHz, CDCl5)
5: 196.9, 158.7, 142.0, 136.8, 133.3, 130.1 (2C), 129.9,
128.7 (2C), 128.6 (2C), 128.2 (4C), 127.4, 113.9 (20),
55.4, 45.4, 442, 35.4; HRMS (ESI) caled for C3H230,S
[M+H]" 363.1414, found 363.1410.

3-(Q-FNREE)IAQ)-1,3- =K W -1-8d(3g): F (&
(69.1 mg, % 94%), m.p. 88.0~89.1 ‘C. 'H NMR (500
MHz, CDCls) 6: 7.88~7.84 (m, 2H, ArH), 7.55~7.50 (m,
1H, ArH), 7.44~7.38 (m, 4H, ArH), 7.33~7.28 (m, 3H,
ArH), 7.24~7.19 (m, 2H, ArH), 7.17~7.12 (m, 2H, ArH),
4.55 (dd, J=8.1, 6.0 Hz, 1H, CHS), 3.66 (s, 2H, CH,S),
3.60~3.46 (m, 2H, CH,CO); *C NMR (126 MHz, CDCl5)
5: 196.8, 141.7, 136.8, 135.7, 134.2, 133.3, 130.8, 129.8,
128.7 (4C), 128.5, 128.2 (2C), 128.2 (2C), 127.5, 126.9,
45.4,44.7, 33.6; HRMS (ESI) caled for C2,HaCI0S [M+
H]" 367.0918, found 367.0913.

3K PR -2- 2 B ) B AR)-1,3- 2K Y ot - 1- B
(Bh)BL: EEEIHIRAAR(41.8 mg, F*F 65%). 'H NMR
(500 MHz, CDCl3) d: 7.89~7.84 (m, 2H, ArH), 7.57~
7.50 (m, 1H, ArH), 7.46~7.38 (m, 4H, ArH), 7.34~7.28
(m, 3H, ArH), 7.26~7.19 (m, 1H, OCH), 6.28 (dd, J=3.2,
1.8 Hz, 1H, OCHCH), 6.11 (dd, J=3.2, 0.8 Hz, 1H, OC=
CH), 4.57 (dd, J=8.3, 5.9 Hz, 1H, CHS), 3.62~3.53 (m,
2H, CH,S), 3.53~3.44 (m, 2H, CH,CO); '*C NMR (126
MHz, CDCL3) 8: 196.7, 151.4, 142.2, 141.5, 136.8, 133.3,
128.7 (2C), 128.7 (2C), 128.2 (2C), 128.2 (2C), 127.5,
110.5, 107.7, 45.1, 44.2, 28.0; HRMS (ESI) caled for
CaoH190,S [M+H]" 323.1101, found 323.1103.

3-(J PR 2 B 26 )- 1,3- 2R 2 T o - 1- I (30) P41 VR 3
EMPIRBA41.1 mg, 7% 73%). '"H NMR (500 MHz,
CDCls) d: 7.93~7.87 (m, 2H, ArH), 7.58~7.51 (m, 1H,
ArH), 7.45~7.39 (m, 4H, ArH), 7.32~7.28 (m, 2H, ArH),
7.23~7.19 (m, 1H, ArH), 5.84~5.67 (m, 1H, CHCH,S),
5.12~4.99 (m, 2H, CH,CHCH,), 4.54 (t, J=7.1 Hz, 1H,
CHS), 3.60~3.47 (m, 2H, CH,CO), 3.04~2.89 (m, 2H,
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CH,S); *C NMR (126 MHz, CDCl;) 6: 196.9, 142.0,
136.9, 134.2, 133.3, 128.7 (2C), 128.6 (2C), 128.2 (2C),
1282 (2C), 127.4, 117.5, 45.4, 43.5, 34.5; HRMS (ESI)
caled for CisH;00S [M+H]" 283.1151, found 283.1147.

4-((2-F R I BRAR) e -2- B (3): v F IR AR
(46.3 mg, “F 96%). 'H NMR (500 MHz, CDCls) o:
7.41~7.34 (m, 2H, ArH), 7.25~7.16 (m, 2H, ArH), 3.88
(s, 2H, CH»S), 3.24 (p, J=7.0 Hz, 1H, CHS), 2.80~2.51
(m, 2H, CH,CO), 2.11 (s, 3H, COCH3), 1.30 (d, J=6.7 Hz,
3H, CH;CH); 3C NMR (126 MHz, CDCl) &: 206.6,
136.2, 134.0, 130.9, 129.8, 128.6, 127.0, 50.9, 35.4, 32.9,
30.6, 21.6; HRMS (ESI) caled for C1oHi6CIOS [M+H]"
243.0605, found 243.0606.

5-(2-FFI)BRAR) O le-3-B(3K): W E R A
(50.8 mg, =% 99%). 'H NMR (500 MHz, CDCl;) : 7.35
(ddd, J=14.2, 7.6, 1.8 Hz, 2H, ArH), 7.23~7.14 (m, 2H,
ArH), 3.85 (s, 2H, CH,S), 3.24 (dqd, J=8.2, 6.7, 5.7 Hz,
1H, CHS), 2.74~2.48 (m, 2H, CHCH,CO), 2.37 (qd, J=
7.3, 5.5 Hz, 2H, CH:CH,CO), 1.27 (d, J=6.7 Hz, 3H,
CHCH;), 1.02 (t, J=7.3 Hz, 3H, CH,CH;); '*C NMR (126
MHz, CDCls) 6: 209.4, 136.2, 133.9, 130.9, 129.8, 128.6,
127.0, 49.7, 36.7, 35.5, 33.0, 21.7, 7.7; HRMS (ESI) calcd
for C13H5CIOS [M+H]" 257.0762, found 257.0760.

4-((2-F W E)RAQ)-6- 3 CL-2-FH(3): vk s iR
WiA(58.9mg, 773 89%). 'H NMR (500 MHz, CDCl;) o:
7.37~731 (m, 2H, ArH), 7.27~7.23 (m, 2H, ArH),
7.22~7.14 (m, 3H, ArH), 7.12~7.08 (m, 2H, ArH),
3.89~3.79 (m, 2H, CH,S), 3.10 (dtd, J=8.3, 6.9, 5.1 Hz,
1H, CHS), 2.81~2.56 (m, 4H, CH,Ph, CH,CO), 2.06 (s,
3H, COCHs), 1.90~1.73 (m, 2H, CH>CHS); '*C NMR
(126 MHz, CDCl3) d: 206.9, 141.7, 136.2, 134.0, 131.2,
129.9, 128.7, 128.6(2C), 128.5(2C), 127.1, 126.1, 49.9,
40.4, 36.9, 33.1, 33.0, 30.7; HRMS (ESI) caled for
C19H»CIOS [M+H]" 333.1075, found 333.1080.

4-((2- AR ) B A)-4- 2R T F-2-F (3m): R E
HRVEAAR(54.7 mg, F2% 90%). 'H NMR (500 MHz,
CDCls) 8: 7.36 (dd, J=8.0, 1.6 Hz, 2H, ArH), 7.34~7.29
(m, 3H, ArH), 7.28~7.13 (m, 4H, ArH), 431 (t, J=7.3
Hz, 1H, CHS), 3.61 (d, J=1.9 Hz, 2H, CH,CO), 3.03~
2.90 (m, 2H, CH,S), 2.03 (s, 3H, COCH3); '*C NMR (126
MHz, CDCl) 6: 205.4, 141.5, 135.7, 134.1, 130.8, 129.8,
128.7 (2C), 128.5, 128.1 (2C), 127.6, 126.9, 50.1, 44.5,
33.5, 30.7; HRMS (ESI) calcd for Ci7HsC10S [M+H]"
305.0762, found 305.0762.

4-((2-F L) BRAR)-4-Cof FE 2R ) T2 (3m): ¥R 3%
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EIRIRIA(60.6 mg, F=% 95%). 'H NMR (500 MHz,
CDCLy) 6: 7.34~7.30 (m, 1H, ArH), 7.27~7.23 (m, 2H,
ArH), 7.22~7.19 (m, 1H, ArH), 7.19~7.15 (m, 2H, ArH),
7.14~7.10 (m, 2H, ArH), 4.27 (dd, J=8.0, 6.6 Hz, 1H,
CHS), 3.64~3.54 (m, 2H, CH.S), 3.01~2.89 (m, 2H,
CH>CO), 2.32 (s, 3H, CCH3), 2.02 (s, 3H, COCH3); "*C
NMR (126 MHz, CDCl3) d: 205.6, 138.4, 137.3, 135.8,
134.2, 130.8, 129.8, 129.4(2C), 128.5, 128.0(2C), 126.9,
50.1, 44.1, 33.4, 30.8, 21.3; HRMS (ESI) calcd for
C1sH2ClOS [M+H]" 319.0918, found 319.0920.

4-((2-F T RAR)-4-(4-F R FE) T -2 (30): ¥R 3K
PR A (65.4 mg, 7% 97%). '"H NMR (500 MHz,
CDCls) d: 7.35~7.25 (m, 5H, ArH), 7.21~7.15 (m, 3H,
ArH), 427 (t, J=7.2 Hz, 1H, CHS), 3.64~3.54 (m, 2H,
CH,S), 2.93 (d, J=7.3 Hz, 2H, CH,CO), 2.04 (s, 3H,
COCH3); 3C NMR (126 MHz, CDCls) §: 205.1, 140.2,
135.4, 134.1, 133.1, 130.8, 129.9, 129.5(2C), 128.9(2C),
128.7, 126.9, 50.0, 43.6, 33.5, 30.7; HRMS (ESI) calcd for
C17H,,CLOS [M+H]" 339.0372, found 339.0370.

4-(4-PRAF L )-4-(2-F ) BRAR) T -2-Fi (3p): ¥k B
BRI (71.2 mg, 72% 93%). 'H NMR (500 MHz,
CDCLy) 6: 7.44~7.41 (m, 2H, ArH), 7.34~7.30 (m, 1H,
ArH), 7.26~7.23 (m, 2H, ArH), 7.19~7.15 (m, 3H, ArH),
426 (t, J=7.2 Hz, 1H, CHS), 3.64~3.55 (m, 2H, CH,S),
2.93 (d, J=7.3 Hz, 2H, CH,CO), 2.04 (s, 3H, COCH3);
13C NMR (126 MHz, CDCl3) d: 205.0, 140.7, 135.4, 134.1,
131.8(2C), 130.8, 129.9(3C), 128.7, 126.9, 121.3, 49.9,
43.7, 33.5, 30.7, HRMS (ESI) calcd for C;7H;7BrClOS
[M+H]" 382.9867, found 382.9865.

4-((2-F R I AR )-4-(4- ZEFEFE L) T 2- 3q):
R EOJIR AR 49.5 mg, F2% 71%). 'H NMR (500
MHz, CDCls) 6: 7.35~7.30 (m, 1H, ArH), 7.29~7.25 (m,
2H, ArH), 7.22~7.13 (m, 3H, ArH), 6.86~6.81 (m, 2H,
ArH), 4.26 (dd, J=8.2, 6.5 Hz, 1H, CHS), 4.02 (q, J=7.0
Hz, 2H, CH,S), 3.64~3.54 (m, 2H, CH,CH3), 3.00~2.87
(m, 2H, CH,CO), 2.02 (s, 3H, COCH3), 1.41 (t, J=7.0 Hz,
3H, CH,CHs); BC NMR (126 MHz, CDCls) d: 158.3,
135.8, 134.1, 133.1, 130.8, 129.8, 129.2(2C), 128.5, 126.9,
114.6(2C), 63.5, 50.2, 43.9, 33.4, 30.8, 15.0; HRMS (ESI)
caled for C;oH,ClO,SNa [M+Na]® 371.0843, found
371.0846.

A-(Q-F A E)IRAR)-4- 2K FE S be-2-F (3r): ¥R 35 (AL
RWAK(33.2 mg, 773 52%). 'H NMR (500 MHz, CDCl5)
5: 7.58~7.54 (m, 2H, ArH), 7.37~7.32 (m, 2H, ArH),
7.30~7.22 (m, 2H, ArH), 7.15~7.03 (m, 3H, ArH), 3.63

Chin. J. Org. Chem. 2021, 41, 2424~2434



Chinese Journal of Organic Chemistry

(d, J=11.9 Hz, 1H, CH:S), 3.41 (d, J=11.9 Hz, 1H,
CH»S), 3.30 (d, J=15.2 Hz, 1H, CH,CO), 2.97 (d, J=15.2
Hz, 1H, CH,CO), 1.95 (s, 3H, COCHs), 1.92 (s, 3H,
CCH3); 3C NMR (126 MHz, CDCls) 0: 205.6, 143.5,
135.4, 134.1, 131.2, 129.7, 128.5, 128.4 (2C), 127.1, 127.0
(20), 126.9, 55.0, 50.4, 31.9, 31.5, 26.1; HRMS (ESI)
caled for CigH»ClOS [M + H] © 319.0918, found
319.0924.

3-((2-F R L) AR )-1-(4- T A Fik )-3- 2 25 P - 1-
(3s): MR AR (70.7 mg, 7 92%). 'H NMR
(500 MHz, CDCls) d: 7.92~7.85 (m, 2H, ArH), 7.44~
7.40 (m, 2H, ArH), 7.34~7.28 (m, 3H, ArH), 7.28~7.20
(m, 2H, ArH), 7.19~7.13 (m, 2H, ArH), 7.11~7.04 (m,
2H, ArH), 4.52 (dd, J=8.0, 6.1 Hz, 1H, CHS), 3.65 (d, J=
1.6 Hz, 2H, CH,S), 3.56~3.42 (m, 2H, CH,CO); 13C
NMR (126 MHz, CDCl:) 6: 195.3, 165.9 (d, J=255.0 Hz),
141.6, 135.7, 134.2, 133.2, 130.9~130.7 (3C) (m), 129.8,
128.7 (2C), 128.5, 128.2 (2C), 127.6, 126.9, 115.9, 115.7,
45.3,44.7, 33.6; 'F NMR (471 MHz, CDCl3) §: —104.6
(m, 1F); HRMS (ESI) caled for CyHoCIFOS [M+H]"
385.0824, found 385.0824.

3-((2-F R I B AR)-1-(4- S K )-3- 2K A - 1- T (3t):
R CIIREAAR(73.8 mg, P& 92%). 'H NMR (500
MHz, CDCls) 6: 7.81~7.76 (m, 2H, ArH), 7.44~7.35 (m,
4H, ArH), 7.33~7.28 (m, 3H, ArH), 7.26~7.19 (m, 2H,
ArH), 7.15 (dd, J=5.9, 3.5 Hz, 2H, ArH), 4.51 (dd, J=
8.0, 6.1 Hz, 1H, CHS), 3.65 (d, J=2.4 Hz, 2H, CH,S),
3.54~3.41 (m, 2H, CH,CO); 3C NMR (126 MHz, CDCl5)
5: 195.7, 141.5, 139.8, 135.6, 135.1, 134.2, 130.8, 129.8,
129.6 (2C), 129.0 (2C), 128.7 (2C), 128.5, 128.1 (20),
127.6, 126.9, 45.4, 44.7, 33.6; HRMS (ESI) caled for
C2H1oCLOS [M+H]" 401.0528, found 401.0533.

3-((2-F I ) AR AR)-3-(4- F 48 I 28 3 )- 1- 2 5 7 -
1-Fi(3u): P OEE60.3 mg, 772 76%), m.p. 102.8~
103.6 ‘C. 'H NMR (500 MHz, CDCl;) 6: 7.88~7.83 (m,
2H, ArH), 7.55~7.50 (m, 1H, ArH), 7.44~7.38 (m, 2H,
ArH), 7.36~7.29 (m, 3H, ArH), 7.27~7.21 (m, 1H, ArH),
7.20~7.11 (m, 2H, ArH), 6.86~6.80 (m, 2H, ArH), 4.52
(dd, J=8.4, 5.7 Hz, 1H, CHS), 3.78 (s, 3H, OCH3), 3.65
(d, J=2.2 Hz, 2H, CH,S), 3.58~3.42 (m, 2H, CH,CO);
13C NMR (126 MHz, CDCl3) d: 197.0, 158.8, 136.8, 135.8,
134.2, 133.6, 133.3, 130.8, 129.8, 129.3 (2C), 128.7 (2C),
128.5, 128.2 (2C), 126.9, 114.0 (2C), 55.4, 45.5, 44.2,
33.6; HRMS (ESI) caled for CyHypClO,S [M+H]'
397.1024, found 397.1022.
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3-(-F A BRAR)-1-- B FE A I )-3- R B T be-1-
B3v): W EIHARBA47.3 mg, 773 62%). '"H NMR
(500 MHz, CDCls) §: 12.04 (s, 1H, PhOH), 7.67 (dd, J=
8.1, 1.6 Hz, 1H, ArH), 7.47~7.38 (m, 3H, ArH), 7.34~
7.29 (m, 3H, ArH), 7.27~7.20 (m, 2H, ArH), 7.19~7.13
(m, 2H, ArH), 6.93 (dd, J=8.4, 1.2 Hz, 1H, ArH), 6.90~
6.82 (m, 1H, ArH), 4.51 (dd, J=7.9, 6.2 Hz, 1H, CHS),
3.66 (s, 2H, CH,S), 3.61~3.49 (m, 2H, CH,CO); *C
NMR (126 MHz, CDCly) d: 202.7, 162.5, 141.3, 136.7,
135.6, 134.2, 130.8, 129.8 (2C), 128.8 (2C), 128.6, 128.1
(20), 127.7, 126.9, 119.4, 119.1, 118.6, 44.9, 44.6, 33.6;
HRMS (ESI) caled for CoHCl0,S [M+H]" 383.0867,
found 383.0860.

1-(4- T I )-3-( 2L B 56 )-3- R T - 1-F (Bw): 3% 3%
BRI (58.0 mg, F=% 84%). 'H NMR (500 MHz,
CDCLs) 6: 7.96~7.90 (m, 2H, ArH), 7.44~7.38 (m, 2H,
ArH), 7.35~7.27 (m, 2H, ArH), 7.25~7.18 (m, 1H, ArH),
7.14~7.06 (m, 2H, ArH), 4.52 (t, J=7.1 Hz, 1H, CHS),
3.54~3.44 (m, 2H, CH,CO), 2.46~2.17 (m, 2H, CH,S),
1.57~1.38 (m, 2H, CH,CH,S), 1.34~1.13 (m, 6H,
CH,CH,CH,CH3), 0.85 (t, J=7.1 Hz, 3H, CH,CH:); '*C
NMR (126 MHz, CDCls) 6: 195.6, 165.9 (d, J=255.0 Hz),
142.3, 133.4 (d, J=4.0 Hz), 130.9 (2C) (d, J=9.7 Hz),
128.6 (2C), 127.9 (2C), 127.3, 115.9, 115.7, 45.5, 44.4,
31.6, 31.4, 29.2, 28.6, 22.6, 14.1; '°F NMR (471 MHz,
CDCly) 6: —104.7 (m, 1F); HRMS (ESI) calcd for
C2iH2FOS [M+H]" 345.1683, found 345.1678.

1-(4- G0 R 58 )-3-( 57 T 2 i Ak )-3- R 5L 1 - 1- il (3x):
R EOIIR AR 42.0 mg, P& 70%). 'H NMR (500
MHz, CDCls) 6: 7.98~7.88 (m, 2H, ArH), 7.47~7.39 (m,
2H, ArH), 7.35~7.24 (m, 2H, ArH), 7.27~7.16 (m, 1H,
ArH), 7.15~7.04 (m, 2H, ArH), 4.60 (t, J=7.0 Hz, 1H,
PhCHS), 3.46 (dd, J=7.0, 1.1 Hz, 2H, CH,CO), 2.63
(hept, J=6.7 Hz, 1H, CH;CHS), 1.27 (d, J=6.6 Hz, 3H,
CH-CHS), 1.12 (d, J=6.8 Hz, 3H, CH;CHS); 3C NMR
(126 MHz, CDCl3) d: 195.6, 165.9 (d, J=255.2 Hz),
142.7, 133.4, 130.9, 130.8, 128.6 (2C), 127.9 (2C), 127.3,
115.9, 115.7, 45.7, 43.5, 34.7, 23.5, 23.0; "9F NMR NMR
(471 MHz, CDCl3) 8: —104.7 (m, 1F); HRMS (ESI) calcd
for C1sHxFOS [M+H]" 303.1214, found 303.1210.

1-(4- 5 R I )-3-(FK 2B 38 )-3- 2K 5 - 1-Bid By): k%
PR (67.2 mg, 7% 92%). '"H NMR (500 MHz,
CDCls) d: 7.96~7.90 (m, 2H, ArH), 7.44~7.38 (m, 2H,
ArH), 7.34~7.28 (m, 2H, ArH), 7.28~7.14 (m, 4H, ArH),
7.14~7.04 (m, 4H, ArH), 4.57 (t, J=7.0 Hz, 1H, CHS),
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3.49 (dd, J=7.0, 1.3 Hz, 2H, CH,CO), 2.88~2.67 (m, 2H,
CH,S), 2.65~2.49 (m, 2H, CH,Ph); '*C NMR(126 MHz,
CDCl) 6: 195.4, 165.9 (d, J=254.9 Hz), 142.0, 140.5,
133.3, 130.9, 130.8, 128.7 (2C), 128.6 (2C), 128.5 (2C),
128.0 (2C), 127.5, 126.4, 115.9, 115.8, 45.4, 44.6, 36.0,
33.0; YF NMR (471 MHz, CDCl;) 6: —104.6 (m, 1F);
HRMS (ESI) caled for CsH»FOS [M+H]" 365.1370,
found 365.1369.

3-( LT Hk )-3-(4- FH AR R O Ok )-1- 2R R T o - 1- T
(3za)l**l: IR PRI (43.5 mg, 725 72%). 'TH NMR
(500 MHz, CDCl3) d: 7.93~7.89 (m, 2H, ArH), 7.57~
7.51 (m, 1H, ArH), 7.46~7.40 (m, 2H, ArH), 7.36~7.31
(m, 2H, ArH), 6.86~6.81 (m, 2H, ArH), 4.56 (dd, J=7.6,
6.5 Hz, 1H, CHS), 3.77 (s, 3H, OCH3), 3.58~3.43 (m, 2H,
CH,CO), 2.43~2.25 (m, 2H, CH,S), 1.17 (t, J=7.4 Hz,
3H, CH,CHs); BC NMR (126 MHz, CDCly) d: 197.2,
158.7, 136.9, 134.2, 133.3, 129.0 (2C), 128.7 (2C), 128.2
(2C), 113.9 (2C), 55.3, 45.6, 43.5, 25.5, 14.5; HRMS (ESI)
caled for CigH2,0,S [M+H]" 301.1257, found 301.1258.

3-( PR O 2 B 2 )-1-(4- R0 R Ak )-3- 2K B T ot - 1-
(3zb): IRFLEIMPIRBAA(S4.5 mg, % 80%). 'H NMR
(500 MHz, CDCl3) d: 7.95~7.90 (m, 2H, ArH), 7.44~
7.39 (m, 2H, ArH), 7.34~7.24 (m, 2H, ArH), 7.24~7.18
(m, 1H, ArH), 7.13~7.05 (m, 2H, ArH), 4.62 (t, J=7.1
Hz, 1H, CHS), 3.51~3.41 (m, 2H, CH,CO), 2.42 (tt, J=
10.5, 3.6 Hz, 1H, CH,CH,CHS), 2.06~1.94 (m, 1H,
CH,CHS), 1.77~1.68 (m, 2H, CH,CHS), 1.68~1.61 (m,
1H, CH,CHS), 1.57~1.50 (m, 1H, CH,CH,CHS), 1.39~
1.13 (m, 5H, CH,CH>CH,CH,CHS); '*C NMR (126 MHz,
CDCls) 0: 195.7, 166.9, 142.9, 133.4, 130.9, 130.8, 128.6
(20), 127.8 (2C), 127.2, 115.9, 115.7, 45.9, 43.3, 42.9,
33.7, 33.3, 26.0, 25.8 (2C) (d, J=4.1 Hz); 9F NMR (471
MHz, CDCl3) : —104.8 (m, 1F); HRMS (ESI) calcd for
C2iH2FOS [M+H]" 343.1527, found 343.1520.

3-(4- F AR B R 3 )-3-(FK 2 i 25 )-1- K 7 -1- i (3zc):
W L E1£(60.0 mg, 773 80%). m.p. 85.8~86.1 C
'H NMR (500 MHz, CDCls) 6: 7.93~7.87 (m, 2H, ArH),
7.57~7.51 (m, 1H, ArH), 7.47~7.39 (m, 2H, ArH),
7.35~7.30 (m, 2H, ArH), 7.27~7.21 (m, 2H, ArH),
721~7.14 (m, 1H, ArH), 7.12~7.04 (m, 2H, ArH),
6.86~6.81 (m, 2H, ArH), 4.57 (dd, J=7.7, 6.4 Hz, 1H,
CHS), 3.77 (s, 3H, OCH3), 3.56~3.44 (m, 2H, CH,CO),
2.86~2.68 (m, 2H, CH,S), 2.63~2.48 (m, 2H, CH,Ph);
13C NMR (126 MHz, CDCl;) d: 197.1, 158.8, 140.6, 136.9,
134.0, 133.3, 129.1 (2C), 128.7 (2C), 128.6 (2C), 128.5
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(2C), 128.2 (2C), 126.4, 114.0 (2C), 55.4, 45.6, 44.0, 36.0,
33.0; HRMS (ESI) caled for CHs0,S [M + H] ©
377.1570, found 377.1567.

3-( O AR J )-3-(4- H 480 8 R R )- 1- 2R 3 TR b - 1- T
(3zd): WRFHOMPIRBAE48.2 mg, 77 68%). 'H NMR
(500 MHz, CDCl3) d: 7.95~7.84 (m, 2H, ArH), 7.61~
7.47 (m, 1H, ArH), 7.43 (dd, J=8.5, 7.1 Hz, 2H, ArH),
7.40~7.25 (m, 2H, ArH), 6.90~6.77 (m, 2H, ArH), 4.52
(dd, J=7.7, 6.4 Hz, 1H, CHS), 3.77 (s, 3H, OCH3), 3.58~
3.43 (m, 2H, CH,CO), 2.44~2.20 (m, 2H, CH,S), 1.58~
138 (m, 2H, CH.CH,S), 136 ~ 1.14 (m, 6H,
CH;CH,CH,CH,), 0.85 (t, J=7.1 Hz, 3H, CH,CH3); 13C
NMR (126 MHz, CDCly) d: 197.3, 158.7, 136.9, 134.3,
133.3, 129.0 (2C), 128.7 (2C), 128.2 (2C), 113.9 (20),
55.3,45.7, 43.8, 31.5, 31.4, 29.3, 28.6, 22.6, 14.1; HRMS
(ESI) caled for CyHy0,S [M+H]" 357.1883, found
357.1880.

1-(4- SR 58 )-3-((4- A AU 2R 2R B AR)-3- 2R T - 1- i
(3ze): M {1 [H 14 (67.5 mg, 7 F 85%), m.p. 90.7 ~
91.3 “C. 'H NMR (500 MHz, CDCly) §: 7.80~7.74 (m,
2H, ArH), 7.39~7.34 (m, 4H, ArH), 7.31 (dd, J=8.5, 6.8
Hz, 2H, ArH), 7.25~7.20 (m, 1H, ArH), 7.13~7.08 (m,
2H, ArH), 6.83~6.77 (m, 2H, ArH), 4.39 (dd, J=7.8, 6.4
Hz, 1H, CHS), 3.78 (s, 3H, OCH3), 3.53~3.46 (m, 2H,
CH,CO), 3.46~3.38 (m, 2H, CH,S); *C NMR (126 MHz,
CDCls) d: 195.8, 158.7, 141.8, 139.7, 135.1, 130.1 (2C),
129.8, 129.6 (2C), 129.0 (2C), 128.7 (2C), 128.1 (2C),
127.5, 113.9 (2C), 55.4, 45.4, 44.2, 35.3; HRMS (ESI)
caled for CpHnClO.S [M + H]© 397.1024, found
397.1028.

1-(2- 2 B R H8)-3-(OR Lt 58)-3- K 5 -1- i (3zf): %
T [ 4(40.5 mg, 773 56%), m.p. 111.9~112.7 C.'H
NMR (500 MHz, CDCls) 6: 12.10 (s, 1H, PhOH), 7.72 (dd,
J=8.1, 1.7 Hz, 1H, ArH), 7.45 (ddd, J=8.6, 7.1, 1.6 Hz,
1H, ArH), 7.42~7.38 (m, 2H, ArH), 7.32 (dd, J=8.4, 6.8
Hz, 2H, ArH), 7.27~7.21 (m, 3H, ArH), 7.20~7.15 (m,
1H, ArH), 7.10~7.03 (m, 2H, ArH), 6.98~6.85 (m, 2H,
ArH), 4.55 (t, J=7.1 Hz, 1H, CHS), 3.54 (dd, J=7.0, 1.1
Hz, 2H, CH,CO), 2.87~2.67 (m, 2H, CH,CH,S), 2.66~
2.51 (m, 2H, CH,Ph); 3C NMR (126 MHz, CDCl;) ¢:
202.8, 162.6, 141.7, 140.4, 136.7, 129.9, 128.8 (2C), 128.6
(4C) (d, J=7.4 Hz), 128.0 (2C), 127.6, 126.4, 119.4,
119.1, 118.7, 44.9, 44.4, 36.0, 33.0; HRMS (ESI) calcd for
Ca3H0,8 [M+H]™ 363.1414, found 363.1418.

4-(: T T 2 )-4- 2R AL T e -2- T (3zg) ™) ¥k v (P
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RIEAR33.7 mg, 77 76%). "H NMR (500 MHz, CDCl3)
9: 7.37~7.33 (m, 2H, ArH), 7.31~7.26 (m, 2H, ArH),
7.22~7.18 (m, 1H, ArH), 4.37 (t, J=7.3 Hz, 1H, PhCHS),
2.92 (d, J=17.3 Hz, 2H, CH,CO), 2.57 (hept, J=6.7 Hz,
1H, CH;CHS), 2.06 (s, 3H, CH;CO), 1.23 (d, J=6.6 Hz,
3H, CH;CHS), 1.08 (d, J=6.9 Hz, 3H, CH;CHS); '*C
NMR (126 MHz, CDCls) o: 205.7, 142.5, 128.6 (2C),
127.8 (2C), 127.3, 50.5, 43.4, 34.6, 30.9, 23.5, 23.0;
HRMS (ESI) caled for C;3HisOS [M+H]" 223.1151,
found 223.1147.

4-(FK LT 38 -4- 2K T e -2- T (3zh): IR 3 B IR
1£(43.9 mg, F=% 77%). 'H NMR (500 MHz, CDCl;) ¢:
7.36~728 (m, 4H, ArH), 7.27~721 (m, 3H, ArH),
7.20~7.15 (m, 1H, ArH), 7.09~7.05 (m, 2H, ArH), 4.35
(t, J=7.3 Hz, 1H, CHS), 2.96 (d, J=7.3 Hz, 2H, CH,CO),
2.82~2.66 (m, 2H, CH,S), 2.59~2.47 (m, 2H, CH,Ph),
2.07 (s, 3H, COCH;); *C NMR (126 MHz, CDCl;) ¢:
205.6, 141.9, 140.5, 128.7 (2C), 128.6 (2C), 128.5 (2C),
127.9 (2C), 127.5, 126.4, 50.2, 44.3, 36.0, 32.9, 30.8;
HRMS (ESI) caled for CisH»OS [M+H]" 285.1308,
found 285.1305.

4-( S TN I R ) I ot -2- Bl (3zi): vk B € T R A
(16.5 mg, =% 52%). '"H NMR (500 MHz, CDCl;) J:
3.34~3.24 (m, 1H, CHS), 2.98 (h, J=6.7 Hz, 1H, CHS),
2.72 (dd, J=16.8, 5.9 Hz, 1H, CH,CO), 2.56 (dd, J=16.8,
8.0 Hz, 1H, CH,CO), 2.17 (s, 3H, CH;CO), 1.31~1.23
(m, 9H, CHsCHCH,, CHsCHS); '3C NMR (126 MHz,
CDCl3) 6: 207.0, 51.3, 34.3, 33.9, 30.9, 23.7, 23.6, 22.2;
HRMS (ESI) caled for CgHi70S [M+H]" 161.0995,
found 161.0994.

4-( O 5= Tl R ) IR bt -2- A (3z): ¥R B0 IR VR A
(34.8 mg, “F 86%). '"H NMR (500 MHz, CDCl3) o:
3.29~3.18 (m, 1H, CHS), 2.74 (dd, J=16.8, 5.8 Hz, 1H,
CH,CO), 2.60~2.50 (m, 3H, CH,SCHCH>), 2.17 (s, 3H,
COCH3), 1.62~1.53 (m, 2H, CH,CH,S), 1.41~1.34 (m,
2H, CH,CH,CH,S), 1.32~125 (m, 7H, CH,CH,CH,
CHCHs), 0.89 (t, J=7.0 Hz, 3H, CH,CH;); *C NMR (126
MHz, CDCls) d: 206.9, 51.1, 35.0, 31.5, 30.8, 30.7, 29.7,
28.7, 22.6, 21.7, 14.1; HRMS (ESI) calced for C;1H;08
[M+H]" 203.1464, found 203.1460.

4-(F 2R 3E) R bE-2- B (3zk): 1% 35 (iR 44 (40.0
mg, % 90%). 'H NMR (500 MHz, CDCls) d: 7.32~
7.27 (m, 2H, ArH), 7.23~7.19 (m, 3H, ArH), 3.32~3.22
(m, 1H, CHS), 2.92~2.85 (m, 2H, CH,S), 2.82~2.76 (m,
2H, CH,Ph), 2.72 (dd, J=16.9, 5.9 Hz, 1H, CH,CO), 2.55

Chin. J. Org. Chem. 2021, 41, 2424~2434

© 2021 Chinese Chemical Society & SIOC, CAS

(dd, J=16.9, 7.9 Hz, 1H, CH,CO), 2.14 (s, 3H, COCH3),
1.29 (d, J=6.7 Hz, 3H, CH;CHS); '*C NMR (126 MHz,
CDCLy) d: 206.8, 140.6, 128.6 (4C), 126.5, 51.0, 36.4,
35.2, 32.4, 30.8, 21.7; HRMS (ESI) caled for Ci3H;90S
[M-+H]" 223.1151, found 223.1155.

3-(C B ) IR O -1- B (5a)B5): 9% 3 €8 3 IR WAk
(34.5 mg, % 81%). '"H NMR (500 MHz, CDCl;) ¢:
3.12~3.00 (m, 1H, CHS), 2.79~2.64 (m, 1H, COCH>-
CHS), 2.61~2.49 (m, 2H, CH,S), 2.43~2.27 (m, 3H,
CH,COCH,CHS), 2.20~2.08 (m, 2H, COCH,CH,CH,-
CHS), 1.80~1.65 (m, 2H, COCH,CH,CH,CHS), 1.63~
1.51 (m, 2H, CH,CH,CH,CH,CH3), 1.41~1.34 (m, 2H,
CH,CH,CH,CH,CH3), 1.34~1.25 (m, 4H, CH,CH,CH3),
0.89 (t, J=7.0 Hz, 3H, CH,CH3); '*C NMR (126 MHz,
CDClLy) 6: 209.1, 48.3, 42.8, 41.0, 31.7, 31.5, 30.6, 29.8,
28.7, 24.3, 22.6, 14.1; HRMS (ESI) caled for C1;H20S
[M-+H]" 215.1464, found 215.1460.

3-(F LB HE) PR U (5b)(25): 38 5 €0 IR VR 4 (40.6
mg, 7% 87%). 'H NMR (500 MHz, CDCl;) d: 7.32~
7.27 (m, 2H, ArH), 7.24~7.18 (m, 3H, ArH), 3.11~2.97
(m, 1H, CHS), 2.92~2.76 (m, 4H, CH,CH>S), 2.75~2.65
(m, 1H, COCH,CHS), 243 ~ 224 (m, 3H,
CH,COCH,CHS), 221 ~ 2.05 (m, 2H, CH,CH,-
CH,CHS), 1.80~1.58 (m, 2H, CH,CH,CH,CHS); *C
NMR (126 MHz, CDCl3) 0: 209.0, 140.4, 128.6 (2C),
128.6 (2C), 126.6, 48.3, 43.1, 41.0, 36.4, 32.1, 31.7, 24.3;
HRMS (ESI) caled for C14H;00S [M+H]" 235.1151,
found 235.1153.

3-((2-F ) BRAR) I Ol (Se): 7 35 i R 1A
(47.3 mg, *3 93%). '"H NMR (500 MHz, CDCl;) J: 7.36
(dd, J=7.4, 1.9 Hz, 2H, ArH), 7.21 (pd, J=7.4, 1.8 Hz,
2H, ArH), 3.94~3.82 (m, 2H, CH-S), 3.02 (tt, J=10.2, 4.2
Hz, 1H, CHS), 2.77~2.65 (m, 1H, COCH,), 2.45~2.40
(m, 1H, COCH,), 2.39~2.27 (m, 2H, CH,COCH,CHS),
2.22~2.06 (m, 2H, CH,CH,CHS), 1.78~1.63 (m, 2H,
CH,CH,CHS); '*C NMR (126 MHz, CDCl;) 6: 208.8,
136.0, 134.0, 130.8, 129.9, 128.7, 127.1, 48.1, 42.7, 41.0,
32.5, 31.7, 24.3; HRMS (ESI) calcd for C3H;6C10S [M+
H]" 255.0605, found 255.0599.

3-(F A EEBAR) I OB (5d): ¥ 3% (PR A (26.7
mg, 7% 78%). '"H NMR (500 MHz, CDCl3) 6: 3.12 (dp,
J=11.2, 3.5, 2.6 Hz, 1H, CH,CHS), 3.01 (pd, J=6.7, 1.0
Hz, 1H, CH;CHS), 2.75~2.66 (m, 1H, CO- CH,CHS),
2.43~228 (m, 3H, COCH,CHS, CH,CH,- CH,CHS),
2.19~2.10 (m, 2H, CH,CH,CHS), 1.80~1.66 (m, 2H,
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CH,CH,CHS), 1.27 (dd, J=6.7, 1.1 Hz, 6H, CH;CHCH});
3C NMR (126 MHz, CDCl3) 6: 209.2, 48.7, 41.6, 41.1,
33.8, 32.1, 24.4, 23.7, 23.6; HRMS (ESI) calcd for
CoH 708 [M+H]" 173.0995, found 173.0990.

3-( I B ) A I - 1- i (Se)P0): % ¥ € IR VA
(14.9 mg, =% 37%). '"H NMR (500 MHz, CDCl;) &:
3.50~3.42 (m, 1H, CHS), 2.66~2.41 (m, 4H, CH,S,
COCH,CHS), 2.41 ~232 (m, IH, CH,COCH,CHS),
2.26~2.16 (m, 2H, CH,CH,CHS), 2.01~1.91 (m, 1H,
CH,COCH,CHS), 1.66~1.56 (m, 2H, CH,CH,S), 1.44~
1.35 (m, 2H, CH,CH,CH,CH3), 1.33 ~1.24 (m, 4H,
CH,CH,CH3), 0.92~0.87 (m, 3H, CH,CH3); *C NMR
(126 MHz, CDCl;) 6: 217.1, 45.9, 40.5, 37.3, 31.5 (2C),
30.0, 29.7, 28.7, 22.6, 14.1; HRMS (ESI) caled for
C1H2 08 [M+H]" 201.1308, found 201.1300.

3-((2-FRE)BAR) P -1 (5): 7% B L HPIR
1#(29.5 mg, & 61%). 'H NMR (500 MHz, CDCl3) o:
7.38 (dd, J=7.3, 2.0 Hz, 2H, ArH), 7.26~7.18 (m, 2H,
ArH), 3.97~3.84 (m, 2H, CH,S), 3.44~3.34 (m, 1H,
CHS), 2.62~2.54 (m, 1H, COCH,CHS), 2.49~2.40 (m,
1H, COCH,CHS), 2.39~2.30 (m, 1H, CH,CH,CHS),
2.25~2.15 (m, 2H, CH,COCH,CHS), 2.02~1.92 (m, 1H,
CH,CH,CHS); 3C NMR (126 MHz, CDCl;) o: 216.8,
136.0, 130.8, 130.0 (2C), 128.7, 127.1, 45.8, 40.3, 37.3,
33.4, 29.9; HRMS (ESI) calcd for Cj,H4C10S [M+H]"
241.0449, found 241.0441.

%5 B #f £l (Supporting Information) {24t 7L &%
3a~5f ] '"H NMR A1 3C NMR &, Xkl a) DL % 2%
AT 335 (http://sioc-journal.cn/)_F %K.
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