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Electrochemical Decarboxylation Coupling of a-Keto Acids with
Thiophenols: A New Avenue for the Synthesis of Thioesters

Huang, Jiawei Li, Xiaoman Xu, Liang Wei, Yu™*
(Key Laboratory for Green Processing of Chemical Engineering of Xinjiang Bingtuan, School of Chemistry and Chemical
Engineering, Shihezi University, Shihezi, Xinjiang 832003)

Abstract Thioester compounds have been widely applied in the synthesis of bioactive chemicals, natural products and or-
ganic materials due to their versatile reactivities. In recent years, the decarboxylation coupling reactions between a-keto acids
and thiols/thiophenols have been utilized to access thioesters. Herein, an electrochemical decarboxylation coupling method has
been established, which uses a-keto acids and thiophenols as the starting materials and affords thioesters in moderate to good
yields. This protocol features simple manipulation and avoids usually needed metal-based catalysts, bases or external oxidants,

thus providing a new, mild, and green pathway to synthesize thioester compounds.
Keywords clectrochemical synthesis; a-keto acid; thiophenol; thioester
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Figure 1 Representative bioactive compounds bearing thioester structures
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Scheme 1 Synthesis of thioester compounds

THE P SA AT % 77 2 R A AR Sk A, BRI 7 R R
IR RN . a0 B SCRTIR, o-BH R 0 FLAL 22 i FR B9
Fﬁﬂ:%;$¢@ﬁ;i4tiifL[“45] R, FRATTTUA, 7 H ik 5
KT, o-BARR T L5 A 38 B R & A IR A G I R,
SEA S-BRFEAL N, A R RIS AL A 22200, RSO A

X — AR IS UE IS A2 5 St 15 0 (Scheme 1, ¢).

1 ER5HR

W], HFF a-BRRRAIGS LR D ih BORE X
S PIEATIRBEAMRAL. 223 — R B Bk, e
i 58 A ALK 2 2 AR T A2 P AR 1 14 e D8 5 12 2% 1

T =IRE, CH RSN 2] H I A(DMSO0)/H,0
(2.0 mL/0.40 mL)VRE¥E I, LA RARAE D9 FH B AT

W, DADYT 3 m @ MBI, 712 5 b =HM O
(TFAYRINFIAELE R, 7EEE I 3.0 mA F XM 24 h,
PL 90%H) 73 B 249 B ARK IR S-(h 2K 3k ) B (3a,
F 1, Entry 1). N 24 sk 36 2800 Wy 15 19 086 ) ) =
VIR ACEEIRER da. N T I0AIE L id [ B 264 4% I B AR
B EN, T T — KA RIS, M3 EE
i, ToIEAR 5] HF5~Y)(Entry 2); SRR 2a FHE 4 2.0
equiv.if, B2 AT BT K (88%, Entry 3), Uit &
B YA AT P AR il AN =3 SRR B B ey
5 IR R (pivalic acid), NI % H K MR % M (Entries 4, 5),
EBA =90 G 0T LIk S REHEAT s A58 FH B FAR AR D9 B BH
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o NN- 3 R (DME) B AR Vs Ay, SO 7
H AT A [F)F2 BE 14 4G (Entries 9~ 11); S IR 1] gk 2> %8
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Table 1 Optimization of the reaction conditions

? SH  (+)PtPt(-), 3.0 mA o 0
©)kcooH . /©/ TFA (5.0 L), "BuNCIO, ©)(S 9 Us\b Q Q = aMeCatis
Me DMSO/H,0 (2.0 mL/0.40 mL)
1a 2a 24 h 4a by-product

(0.20 mmol) (0.80 mmol) 3a

Entry Variations from optimal conditions Yield®/%
1 None 90
2 without electrical current N.D. ¢
3 2.0 equiv. of 2a 88
4 without TFA 55
5 pivalic acid instead of TFA 70
6 C/C instead of Pt/Pt Trace
7 C/Pt instead of Pt/Pt trace
8 Without H2O 53
9 MeCN instead of DMSO 12
10 DCM instead of DMSO N.D.¢
11 DMF instead of DMSO 84
12 28 h instead of 24 h 89
13 20 h instead of 24 h 78

4Reaction conditions: 1a (0.20 mmol), 2a (0.80 mmol), TFA (5.0 pL), "BusgNCIO, (0.15 mmol), solvent (DMSO/H,0, 2.0 mL/0.40 mL), r.t., 24 h (13.4 F/mol).
bIsolated yields. ¢ N.D.=Not detected.

K2 oI gy v A2 PR AR A P I 4 JE s L

Table 2  Substrate scope of the electrochemical decarboxylation coupling of a-keto acids and thiophenols to form thioesters

o)
SH Pt-Pt o =
R1©)kC°°H . Rz@/ 3.0mA, 24 h, TFA 5.0 L /@RZ
! X
& & "BuNCIO, R s

2

1 0.20 mmol 2 0.80 mmol DMSO/H,0 (2.0 mL/0.40 mL) 3
©)L ©)( ©)k S [
3a, 90% (88%") 3b, 72% 3c, 68% 3d, 59% (42%") 3e, 44%
JOW SO L 2 L
©)L ©)k ©)k s cl S Br
3f, 66% 3g, 65% 3h, 54% (45%P) 3i, 49% 3, 40%
o}
Me
©)( ©)L ©)k ©)( ©)LS SM
3k, 65% 31, 62% 3m, 46% (33%”) 3n, 55% 30, 52% 3p, 23%
3q, 72% (67% 3r, 63% 3s, 57% (58%P) 3t, 50% 3u, 61%
o Me O
°'©* @* “* C’* O*
3v, 61% 3w, 54% 3x, 63% (60%") 3y, 46% 3z, 50%

9Reaction conditions: 1a (0.20 mmol), 2a (0.80 mmol, 4.0 equiv), TFA (5.0 pL), "BusNCIO, (0.15 mmol), solvent (DMSO/H,0, 2.0 mL/0.40 mL), r.t., 24 h (13.4
F/mol). © 2a (0.40 mmol, 2.0 equiv).
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B HFRPHI(3x, 63%; 3y, 46%; 3z, 50%).

N T YRR IX RV S A, BT T RO R B,
Eq. 1 Fiw, 7L SCHTR bR PR, PR, %
P R B AT OK, TR S K s R[], fse N T i)
AT, DL 68%7r B AF 2] B A5~ 3a (0.78 g).

(+)Pt-Pt(-), 3.0 mA
TFA (100 pL)

i SH "BuyNCIO, (2.5 I
COOH . /©/ UNCIO. (2.5 mmo)
Me DMSO/H,0 (40 mL/8.0 mL)
1a 36 h
(5.0 mmol) (15. o mmol)

[:rkjij/ (1)

3a,0.78 g, 68%

N SRR NALIE, BT T — R A S
(Scheme 2). TEHALZEEAZAM T, RMIRE 5 AN
TIREERA A, R, TEHAR R B LR,
AR R F I T 0.20 mmol X B 2K Ak 4 F5A0% FE K
Y 2a, NAHAT LS B BOR I Y 3a, FERA
65% (Scheme 2, a), & HINT K ik 4 7] B2 M )
A, 2K E IR 2,6- ZRUT B -4- F K
(BHT) &k Y H JE IR IE £ AL 2 (TEMPO) N 2] Js2 N T &4
B, FEPI AR RS 2 W R 40 (Scheme 2, b, ¢). 7Ef#
F TEMPO B, WL 2] 7 %% F 4 TEMPO 3R 117~
Y, XK RPAE R AR H A, HRME T E H
SRR E K.

(a) 0o o

S-}; Standard conditions /O
cooH+ (J ¢ — s

1a 0.20 mmol 4 0.20 mmol 3a
65%
®) o Standard conditions
BHT (0.60 mmol)
COOH OSH 7 5
14%

1a 0.20 mmol  2a 0.40 mmol
©) fo) Standard conditions 7(}
sH TEMPO (0.60 mmol) N
—>3a + _,0
cooH + s
1a 0.20 mmol 2a 0.40 mmol < 5% d)
detected by "H NMR
@ = 4-MeCeH,

B 2 LR S

Scheme 2 Experiments for mechanistic studies
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Scheme 3 A proposed reaction mechanism
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B, PR T — i a-BAR SRR AE FAL 27 2614 R
PRI TTi%, 7T LA AR 2 RUFHYCRIG 2] — R 51 $-77

SRR G . 27 A R AL S A A PR B
H 2 ] 1, &ELETW@%%%%%U&%E@%
Fl, BIP P S PREE A ) AR, A R R
YR T K ngte.

3 SEEERSY
3.1 {5

'H NMR (400 MHz)f1 3C NMR (101 MHz)X /]
Bruker Ascend-400 MHz #ZBIIEHRACIE. &7 HE2 50
HE(HRMS)K ] Thermo Scientific LTQ Orbitrap XL X #%
() ESI JEHEATARIN. A E M8 R i A A
200~300 HEER, Seia R 1R i it
W, RE S5 P AL,

3.2 XWHE

DL S-On RIS R IR A8, R TN TR TG
B 5 S M JL(25 mL), SRS A INHLAE BT BusNCI1O4 (0.15
mmol). JE K} a-FiFR(30.3 mg, 0.2 mmol) R} F A A Wy
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(99.4 mg, 0.80 mmol)f) DMSO/H,0 (2.0 mL/0.40 mL)¥%s
. RGO SRAEYIH NN TFA (5.0 pL). &% NI
R EIHEMZ(10 mmX 10 mmX 1 mm)fE 9 BH AN E 4%
NG, TN 5.0 mL /K, H R Z.B8(5.0 mL X 3)%E
BUS NIREY. AN, 4 NaSOs T, HARkYE
BEVHF=Y, R ENT (R (A B LR LB, V-
V=10 : 232 B A5~

S-(hF I 28 ) K A BB (3a): 51.1 mg, =% 90%, A
B4R, mp. 74.8~76.6 C (lit.2% 75~77 “C); '"H NMR
(400 MHz, CDCl3) ¢: 8.02 (d, J=7.6 Hz, 2H), 7.59 (t, J=
7.2 Hz, 1H), 7.47 (t, J=7.2 Hz, 2H), 7.39 (d, J=8.0 Hz,
2H), 7.26 (d, J=8.4 Hz, 2H), 2.40 (s, 3H); 3C NMR (101
MHz, CDCl;) 6: 190.6, 139.8, 136.7, 135.1, 133.6, 130.1,
128.7,127.5,123.8, 21 4.

S-(4- H 4 R 2K ) R B B (3b)1): 35.2 mg, ;R
72%, A EA. mp. 90.7~922 C  (lit2Y 92~
94 °C); 'H NMR (400 MHz, CDCls) §: 8.03 (d, J=7.2 Hz,
2H), 7.64~7.57 (m, 1H), 7.49 (t, J=8.0 Hz, 2H), 7.43 (d,
J=8.8 Hz, 2H), 7.00 (d, /=8.8 Hz, 2H), 3.85 (s, 3H); 1*C
NMR (101 MHz, CDCL) d: 191.1, 160.8, 136.7, 133.6,
128.8, 127.5, 117.9, 115.0, 55.4.

S-(4-FKI) K HBEGC): 31.6 mg, 2 68%, A
B4R, m.p. 45.8~47.6 C (lit.? 50~51 C); '"H NMR
(400 MHz, CDCl3) : 8.02 (d, J=7.2 Hz, 2H), 7.62 (t, J=
7.2 Hz, 1H), 7.52~7.45 (m, 4H), 7.15 (t, J=8.8 Hz, 2H);
3C NMR (101 MHz, CDCls) d: 190.1, 163.7 (d, J=250.1
Hz), 137.2 (d, J=8.6 Hz), 136.4, 133.8, 128.8, 127.5,
122.6 (d, J=3.5 Hz), 116.6 (d, J=22.1 Hz); '9F NMR
(376 MHz, CDCl3) 6: —111.1.

S-(4-F A FEHRBE3d)>): 29.3 mg, F7EK 59%, [
EEA. mp. 73.8~76.6 C (lit'1 65~67 C); 'H
NMR (400 MHz, CDCl;) d: 8.05~7.99 (m, 2H), 7.66~
7.95 (m, 1H), 7.50 (t, J=8.0 Hz, 2H), 7.47~7.40 (m, 4H);
13C NMR (101 MHz, CDCl;) d: 189.7, 136.4, 136.4, 136.0,
133.9, 129.5, 128.8, 128.6, 127.5, 125.9.

S-(4-1RIEFL)ZEHRBEBe): 26.7 mg, F7EK 44%, H
EEA. mp. 82.7.8~85.6 C (lit!' 68~70 C); 'H
NMR (400 MHz, CDCls) 6: 8.01 (dd, J=8.4, 1.2 Hz, 2H),
7.65~7.56 (m, 3H), 7.49 (t, J=8.0 Hz, 2H), 7.38 (d, J=
8.4 Hz, 2H); '*C NMR (101 MHz, CDCl;) d: 189.5, 136.6,
136.4, 133.9, 132.5, 128.8, 127.5, 126.5, 124.3.

S-(I8] 1 223 KA g (3O 30.1 mg, F2& 66%, H
EE A, mp. 442~468 C  (lit.>! 46.5~47.1 C); 'H
NMR (400 MHz, CDCl;) d: 8.05~8.00 (m, 2H), 7.63~
7.57 (m, 1H), 7.48 (t, J=8.0 Hz, 2H), 7.38~7.29 (m, 3H),
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7.28~7.23 (m, 1H), 2.40 (s, 3H); 3C NMR (101 MHz,
CDCls) d: 190.4, 139.2, 136.4, 135.7, 133.6, 132.1, 130.4,
129.1, 128.7, 127.5, 126.9, 21.3.

S-(3- FF 4R 5 2K 25 ) R B I (3g)!'): 26.8 mg, ;T F
65%, EGEA. mp. 648~669 C (lit.PY 673~
68 C); '"H NMR (400 MHz, CDCl3) §: 8.07~8.00 (m,
2H), 7.65~7.58 (m, 1H), 7.54~7.45 (m, 2H), 7.41~7.32
(m, 1H), 7.15~7.10 (m, 1H), 7.09~7.07 (m, 1H), 7.03~
7.98 (m, 1H), 3.84 (s, 3H); '*C NMR (101 MHz, CDCl;) ¢:
190.1, 159.9, 136.7, 133.7, 130.0, 128.8, 128.3, 127.5,
127.3,120.1, 115.8, 55.4.

S-(3-FIKF)ZRAEh): 25.1 mg, FEF 54%, A
[l 44, m.p. 52.8~56.4 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
8.05~7.98 (m, 2H), 7.66~7.59 (m, 1H), 7.55~7.47 (m,
2H), 7.46~7.39 (m, 1H), 7.34~7.25 (m, 2H), 7.19~7.11
(m, 1H); 3C NMR (101 MHz, CDCl3) J: 189.4, 162.6 (d,
J=249.2 Hz), 136.4, 133.9, 130.8 (d, J=3.2 Hz), 130.4
(d, J=8.2 Hz), 129.2 (d, J=8.2 Hz), 128.9, 127.5, 122.0
(d, J=22.6 Hz), 116.7 (d, J=21.0 Hz); '9F NMR (376
MHz, CDCls) 6: —111.6; IR v: 1676, 1580, 1474, 1448,
1421, 1205, 901, 793, 771, 684, 642 cm™'; HRMS (APCI)
caled for Ci3H;0FOS (M+H) " 233.0431, found 233.0428.

S-(3-F ) MR (3i): 24.3 mg, F7FK 49%, AT
B4R, mp. 71.8~73.3 C (lit® 71.4~72.6 C); 'H
NMR (400 MHz, CDCl;) d: 8.03~7.99 (m, 2H), 7.66~
7.60 (m, 1H), 7.55~7.47 (m, 3H), 7.46~7.38 (m, 3H);
3C NMR (101 MHz, CDCL;) d: 189.3, 136.3, 134.8, 134.8,
133.9, 133.2, 130.2, 129.7, 129.2, 128.9, 127.6.

S-(3-IRFEFIL)HKHRER3)): 23.4 mg, F7F 40%, AN
[l 4. m.p. 91.2~93.7 °C; '"H NMR (400 MHz, CDCl;) ¢:
8.01 (d, J=8.4 Hz, 2H), 7.68 (t, J=1.6 Hz, 1H), 7.65~
7.56 (m, 2H), 7.53~7.43 (m, 3H), 7.33 (t, J=8.0 Hz, 1H).
3C NMR (101 MHz, CDCl;) d: 189.3, 137.6, 136.3, 133.9,
133.7, 132.6, 130.5, 129.4, 128.9, 127.6, 122.7; IR v: 1674,
14467, 1398, 1204, 1175, 897, 788, 771, 687, 644 cm !;
HRMS (APCI) caled for C13H0BrOS (M+H)" 292.9630,
found 292.9627.

S-(A1 F 2RI R AR ER(3K)12Y): 29.6 mg, F7E 65%, K
B4k, '"H NMR (400 MHz, CDCl3) J: 8.09~8.02 (m,
2H), 7.63~7.57 (m, 1H), 7.52~7.45 (m, 3H), 7.38~7.34
(m, 2H), 7.29~7.23 (m, 1H), 2.40 (s, 3H); '3C NMR (101
MHz, CDCLy) 0: 189.7, 142.7, 136.8, 136.4, 133.6, 130.9,
130.3, 128.8, 127.6, 126.8, 126.7, 20.9.

S-(2- A FEH L) R BB BDPY: 30.3 mg, =% 62%,
HEE A, mp. 1062~109.6 C (lit.* 107~109 C);

Chin. J. Org. Chem. 2023, 43, 756~762
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'H NMR (400 MHz, CDCl;) 6: 8.09~8.03 (m, 2H),
7.63~7.57 (m, 1H), 7.52~7.42 (m, 4H), 7.08~6.99 (m,
2H), 3.86 (s, 3H); *C NMR (101 MHz, CDCl;) §: 189.3,
159.8, 137.3, 136.8, 133.5, 131.8, 128.7, 127.6, 121.2,
115.4,111.7, 56.1.

S-(2,6- — F B 2R JE) DR B B (3m): 22.3 mg, ;T
46%, HAEFEE. mp. 40.8~43.6 T (lit.2% 56~58 C);
'H NMR (400 MHz, CDCl;) d: 8.11~8.05 (m, 2H),
7.64~7.57 (m, 1H), 7.52~7.46 (m, 2H), 7.30~7.23 (m,
1H), 7.22~7.16 (m, 2H), 2.40 (s, 6H); *C NMR (101
MHz, CDCl;) 6: 189.1, 143.3, 137.1, 133.5, 129.9, 128.7,
128.4, 127.6, 126.7, 21.8.

S-(Q2- I EHRER3N) 2 25.5 mg, F7E 55%,
A, '"H NMR (400 MHz, CDCls) §: 8.09~7.99 (m,
2H), 7.65~7.58 (m, 1H), 7.54~7.44 (m, 4H), 7.27~7.18
(m, 2H); 3C NMR (101 MHz, CDCls) J: 188.2, 162.6 (d,
J=249.8 Hz), 137.2, 136.3, 133.9, 132.3 (d, J=8.1 Hz),
128.8, 127.7, 124.7 (d, J=3.9 Hz), 116.3 (d, J=22.7 Hz),
114.8 (d, J=18.6 Hz); YF NMR (376 MHz, CDCl;) ¢:
—106.1.

S-(2-FAKEIL) K EE30)2: 25.8 mg, 7K 52%, H
AR, m.p. 45.8~46.9 C (1it2 72~74 C); 'H NMR
(400 MHz, CDCl;) o: 8.05 (dd, J=8.4, 1.2 Hz, 1H),
7.65~7.60 (m, 2H), 7.57 (dd, J=8.0, 1.4 Hz, 1H), 7.50 (t,
J=7.8 Hz, 1H), 7.41 (td, J=7.8, 1.8 Hz, 1H), 7.35 (td, J=
7.6, 1.6 Hz, 1H); *C NMR (101 MHz, CDCls) 6: 188.3,
139.2, 137.6, 136.4, 133.9, 131.3, 130.4, 128.8, 127.7,
127.4, 127.0.

AROREEE3p)PY: 11.5 mg, 773 23%, LK. 'H
NMR (400 MHz, CDCL3) 6: 7.97 (d, J=7.2 Hz, 2H), 7.56
(t, J=7.6 Hz, 1H), 7.44 (t, J=8.0 Hz, 2H), 3.07 (t, J=7.6
Hz, 2H), 1.76~1.62 (m, 2H), 1.47~1.38 (m, 2H), 1.35~
1.22 (m, 8H), 0.93~0.82 (m, 3H); *C NMR (101 MHz,
CDCly) 6: 1922, 137.3, 133.2, 128.6, 127.2, 31.8, 29.6,
29.2,29.1,29.1,28.9,22.6, 14.1.

S-(0 F 2R B )4- FE DR B R (3q): 349 mg, 7 F
72%, AMGEA. mp. 120.1~124.6 C (1it" 117.3~
119.5 °C); 'H NMR (400 MHz, CDCl3) 6: 7.92 (d, J=8.0
Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 7.30~7.25 (m, 4H),
2.41 (d, J=10.4 Hz, 6H); *C NMR (101 MHz, CDCl;) ¢:
190.2, 144.5, 139.7, 135.1, 130.1, 129.4, 127.6, 123.9,
21.7,21.4.

S-(ht B 2R3 4- SR AR R (3r): 31.0 mg, 2R 63%,
B A, mp. 70.8~74.3 C (lit 71~73 C); 'H
NMR (400 MHz, CDCls) ¢: 8.04 (dd, J=9.2, 5.6 Hz, 1H),
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738 (d, J=8.4 Hz 1H), 7.26 (d, J=8.0 Hz, 1H),
7.20~2.11 (m, 1H), 2.40 (s, 3H); *C NMR (101 MHz,
CDCl3) &: 189.2, 166.1 (d, J=255.2 Hz), 139.9, 135.0
133.1 (d, J=3.0 Hz), 130.3, 130.1 (d, J=9.4 Hz), 123.5,
115.9 (d, J=22.1 Hz), 21.4; '°F NMR (376 MHz, CDCl5)
5: —104.3.

S-(ht H 2R 36 )-SR RS (3s): 29.9 mg, FEE 57%,
H @ FE A, mp. 105.8~109.2 C (lit.2) 111~112 C);
'H NMR (400 MHz, CDCl;) 6: 8.03~7.93 (m, 2H),
7.52~7.42 (m, 2H), 7.38 (d, J=8.0 Hz, 2H), 7.26 (d, J=
8.0 Hz, 2H), 2.40 (s, 3H); '*C NMR (101 MHz, CDCls) ¢:
189.5, 140.1, 140.0, 135.1, 135.0, 130.2, 129.1, 128.8,
123.4,21.4.

S-(O0} F R L )-4- WL 2R Bt I (30)BY: 35.4 mg, FEE
50%, AEA. mp. 1148~116.6 C (litP 116~
117 °C); 'H NMR (400 MHz, CDCl;) J: 7.84 (d, J=8.4
Hz, 2H), 7.73 (d, J=8.4 Hz, 2H), 7.38 (d, J=8.0 Hz, 2H),
7.27 (d, J=8.0 Hz, 2H), 2.40 (s, 3H); '*C NMR (101 MHz,
CDCl3) 6: 190.0, 140.1, 138.0, 136.1, 134.9, 130.2, 128.8,
123.3,101.4, 21 4.

S-C0 B R F)3-H L 2R R IR (Bu)®): 29.5 mg, F=%
61%, FEWE. '"H NMR (400 MHz, CDCl;) 6: 7.85~
7.79 (m, 1H), 7.43~7.33 (m, 2H), 7.26 (d, J=8.0 Hz,
1H), 2.43 (s, 3H), 2.40 (s, 3H); 3C NMR (101 MHz,
CDCl3) 6: 190.7, 139.8, 138.6, 136.8, 135.0, 134.4, 130.1,
128.6,127.9, 124.7,123.9, 21.4, 21 4.

S-(h F 2R HE)3-EUORM AR (3v): 32.0 mg, 2 61%,
HEFE A, mp. 64.1~67.4 C (lit® 62~64 C); 'H
NMR (400 MHz, CDCl;) d: 7.98 (t, J=1.6 Hz, 1H), 7.91
(d, J=7.8 Hz, 1H), 7.59~7.54 (m, 1H), 7.43 (t, J=8.0
Hz, 1H), 7.38 (d, J=8.4 Hz, 2H), 7.28 (d, J=8.4 Hz, 2H),
2.41 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 190.6, 139.8,
136.7, 135.1, 133.6, 130.1, 128.7, 127.5, 123.8, 21 4.

S-(O0} F R BE)2- FBL DR i I (3w): 26.1 mg, FEE
54%, HEE K. mp. 77.8~80.6 C (lit.2) 77~78 C);
'H NMR (400 MHz, CDCl;) 6: 7.96~7.91 (m, 1H),
7.44~7.37 (m, 3H), 7.30~7.24 (m, 4H), 2.48 (s, 3H),
2.40 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 192.7, 139.8,
137.4, 136.9, 1349, 131.9, 131.7, 130.1, 128.6, 125.8,
124.7,21.4,20.8.

S-Oh FH 2R B8 25 2-B A H R R (3x)1%%): 35.0 mg, /7
K 63%, HMGEE. mp. 118.8~122.6 C (lit.3 117.2~
119.5°C); 'H NMR (400 MHz, CDCl3) d: 8.61 (s, 1H),
8.05~7.98 (m, 2H), 7.91 (d, J=8.8 Hz, 2H), 7.66~7.54
(m, 2H), 7.44 (d, J=8.0 Hz, 2H), 7.29 (d, J=8.0 Hz, 2H),
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2.42 (s, 3H); 3C NMR (101 MHz, CDCls) 6: 190.6, 139.9,
135.9, 135.1, 134.0, 132.5, 130.2, 129.6, 128.9, 128.6,
128.6,127.9, 127.0, 123.9, 123.3, 21 4.

S-(hf F 2R 22 ey 2Bt AX H BR BB (3y): 21.5 mg, 1=
R 46%, AMEE. mp. 57.6~60.2 C (it 64~
65 ‘C); 'H NMR (400 MHz, CDCL3) 6: 7.92~7.88 (m,
1H), 7.68~7.64 (m, 1H), 7.40 (d, J=8.4 Hz, 2H), 7.26 (d,
J=8.0 Hz, 2H), 7.18~7.13 (m, 1H), 2.40 (s, 3H); 1*C
NMR (101 MHz, CDCL) J: 182.5, 141.5, 140.0, 135.0,
133.1, 131.5, 130.1, 128.0, 123.4, 21 4.

S-(hf F 8 5 ey 3- I AR H IR B (32): 23.4 mg, ™~
£ 50%, AMEAE. mp. 71.3~73.6 C (it 72~
74 °C); '"H NMR (400 MHz, CDCl;) 6: 8.21~8.17 (m,
1H), 7.60~7.55 (m, 1H), 7.41~7.34 (m, 3H), 7.26 (d, J=
8.0 Hz, 2H), 2.40 (s, 3H); '*C NMR (101 MHz, CDCls) 6:
184.1, 140.4, 139.9, 134.9, 131.0, 130.1, 126.6, 126.2,
123.6, 21.4.

4 Bh#1 B} (Supporting Information) X &%) 3 ) 'H
NMR 1 °C NMR 3 &, 1Skl a] DA G 2 AT 3l
(http://sioc-journal.cn/) .~ K.
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