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Visible Light-Induced Aerobic Oxidative Dehydrogenative
Coupling of Thiophenols
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Abstract  a-Thioetherified carbonyl compounds widely exist in nature and various industries. They are important
intermediates for the synthesis of heterocycles. The traditional synthesis methods of carbonyl thioethers usually need the pre-
functionalization of substrates to convert them from nucleophiles to electrophiles. The synthesis methods are cumbersome and
complex. Therefore, it is very important to explore a new thioetherification reaction of carbonyl compounds. The synthesis of
thioether compounds by oxidative dehydrogenation coupling reaction of ketones and thiophenols under visible light was
developed. In the photocatalytic system, without any metal, the reaction successfully realizes high atomic economy and wide
substrate application range using cheap and easily available air as oxidant, and provides a simpler method for the direct
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construction of C—S bond.
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L C—S BFIEE 1 B (Scheme 1, a), 1% F&AFHZ,
FH N FERIRME, RHE 17%. Prabhu HEHMAFTE T
T A PR L MR 2 5 2% 575 At iy (B A ) S I8 R 5
L C—S B IH (Scheme 1, b), %7 &M — F LT
VRS, AR IR R o 1 S BLE PRI, Fe 3
HRAFERKRISGE. RTHA C(sp®)—S #MTE L,
[F4E, Lei ZFU2HRIE T B AL 1,3- B ANER By E AL B I
X, f- PR FIEBREF ) SN (Scheme 1, ¢), % M LA &)
A ZARUT E(DTBPYE N EA A AAJE, ZIRE
HIEH T BuOH %4k B-C(sp’)—H i F= AL B
(Scheme 1, d). fEXPFA R, DTBP % FH1ESA AL,
RRFEm 1Bk &R =2, 2016 4, Wang M H:[F]
HUNFAR T — Pl o] WG 3 1 = 05 2 ik S Y
WE L1 A% a-C(sp)—H BiARML R PRIRTG a- 75 BB A )
J71%(Scheme 1, e), A C—S SRR IR T it EL .
FT UL ERIE, AREAHLL 1,3- A SIS
GEWRIERY, TS NEAH], T WO AT,
B X SRSl C—S BERIMEE, 1%1K R ERVER
R NFAER, JEFEVE R, JRYE Rz
HIRBERUF, A C—S & et 1 5 e (10 7 7%,

@ 3 o
R! 0
M HN" X' k,8,04, aq. HCIO, N w
+ - >
R R? @ CH4CN, rt. @E s R
X
X=0,s
(b) SH
A (R Cx T
\N ‘Het ) 1 | T \,N
O N &+ 7 o § —2 . OTON
s S DMSO, 80 °C
i3
I:Het) |’Het:
(X} = Heti or{ R

I, (10 mol%)

o o O._R
+ HSAr DTBP (3.0 equiv.) o A
R R EtOAc, 120 °C, 12 h S
H R
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Scheme 1 Construction method of C—S bond

1 GR5vHe
B, PLOEENE(1a, 3 equiv.) Ml 4-FRRN} (22, 3

( acridine red (2 mol%)
TBHP (4.0 equiv.)

green LED, r.t.
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mmol)(E BRI, IRE AR A Wk 1 At
7, WITFGE R BAE 7 WG RIS kAT, DAL
RICHEAT, CIEVENEEF, PRITES TN S S 5.
MU0 T AR (TBAB)YE N INFAIIT, T =4 1) 7=
K HH 15%(F 1, Entry 1), TS0 7= %4 Frit
e, DT AL B (TBAD (7= 5412 1 £ 50%(F 1, Entry
1), BRSSP LL 87% 17 R1G 2] H AR =4
(3R 1, Entry 5), 1l Ab 417 250 58 S 42 (3R 1, Entries 2~6),
H AR 3a 105> BCR N 93%. [HAFERNE, SRR
WIFCRIEE A 2 0 1 I 1, Entry 7), 7235 N %E] 60%.
BB A AT ik, 25 RR, BRI
R 4F (3 1, Entries 8~10), Ru(bpy);Cly* 6H0 . Ir(ppy)s~
Eosin Y M7= KA FrRAK. MRIGXLEE R, ik 7 —
RIVEA, ¥ LIl — & P e SN R A I, e
YJ (3 1, Entries 11~13), ¥ ZBE1E RIS BUR 5
B ORI, SN RN 0.5 F1 1S
equiv.if, USR5 N IEZE 37%F1 71%(3 1, Entries 14,
15). RJE T T ¥ PERe, seiest R, Shfit
FAURN G BE A% L 2 BE A, 75 TS Re A I 1) H A
R KRR

Table 1 Optimization on reaction conditions

o O
O O /©/SH photocatalyst, additive
)J\/U\ +CI solvent, air, r.t. S\©\
7 W blue LED
1a 2a 3a cl
Entry Photocatalyst Additive Solvent Yield*/%

1 Rose Bengal TBAB CH3;CN 15

2 Rose Bengal TBAI  CHiCN 50

3 Rose Bengal NH4  CH3CN 38

4 Rose Bengal KI CH3;CN 43

5 Rose Bengal I CH3CN 87

6 Rose Bengal Nal CH;CN 93,78
7¢ Rose Bengal Nal CH3;CN 60

8 Ru(bpy)3Cl2*6H20 Nal CH3CN 45

9 Ir(ppy)s Nal CH3CN 32
10 Eosin Y Nal CH3CN 26

11 Rose Bengal Nal CH2Cl2 80
12 Rose Bengal Nal Acetone 81

13 Rose Bengal Nal DCE 78
14 Rose Bengal Nal CH3;CN 37
15¢ Rose Bengal Nal CH3;CN 71
16 — Nal CH3CN nd
17 Rose Bengal — CH3CN 5
18 Rose Bengal Nal CH3;CN nd
196 Rose Bengal Nal CH3;CN 10

© 2021 Chinese Chemical Society & SIOC, CAS

9 Reaction conditions: 1a (3 equiv.), 2a (0.3 mmol), photocatalyst (1 mol%),
additive (1 equiv.), solvent (2 mL), air, 7 W blue LED, r.t., 48 h, isolated yield
was given. * With 1.5 mL of solvent. ¢ 2 equiv. of 1a was used. ¢ With 0.5
equiv. of Nal. ¢ With 1.5 equiv. of Nal./ In dark. ¢ Under N, atmosphere.
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FEV, TS DR R SR AR S5 I e KK v iR T4 B e
(3% 1, Entries 16~19).

TERACI R AR T, BATRGHBE AL T R
T B, AT S S R A AR RN ) 3 R A
AV E FH VG (Scheme 2). A MR B K2, BB EL
Z R I 685 L BE N IR & AR I B, b Jo A o 2k
SRR R DL R G R A3 2 H FR P29 3a~3m;
T2 S5 HH I - 356 ] BB fR r T 2 ] P AR e A 1B 2 I8
WA BRI, 23 (RN, BTLL 2-Z5 Bt 2 I
R AP 21, KRR 58%I 3n. TR, 3 CURiEE &
1- PR i P 58 I 07 e s T 35 e 5 T TR Tl (20 ~ 2q) S B
A H AR 30~3q.

PRk, FERGFAE TR T 4-F0RmE 5 & 258K
B AP E A AR B, LR AR 1,3-
TIRFEAE UL R AT 23R B AR 3r A 3s. [
FE 5,5- T HI-13- A0 ER R T B4R
R AW R IE SIS A% N, Bk 2R 2B A
ORGSR BILL 59%F1 42% 7= %
53] 3u M 3v. BLANA B HERE R T XRG4 3w,
F=23R N 68%.

TERRIMI RSP C—S BRI R, BEEHHT T &

B 3a IO E RN, SRR, KRE K ERCKE 10
mmol, WKL T RIFM RN, 3a MR &k 65%
(Scheme 3, a). LAk, BREEL =4 3a 525 H R IR
R RS 1) s 82 347 B DA B AT 19 77 R 3R A5 AH BE (1) 2= B AL
EW L A BEATAE YD, UERA T 12 &SR R T A
32 (938 P (Scheme 3, b~d). BRI, SLIGs R R
INREEL T EARE T %k &,

BNk, NTIWREBERNHEE, &t T LA 6L
FFE4T T B8E(Scheme 4). &5, TE& K 3a FIRETY 2
M 2 equiv. 1) H B EA 357 2,2,6,6-PU A AL IR IE S 2L
(TEMPO), HBekem B8 /b &1 B b9, H I L HAL
BP9, 4N 2 equiv.i 1,1- 2K ZH%5(1,1-diphenyl-
ethylene) 2| ) B4R RN, BR 7433 41% 0 BUH =4,
ERTIE] T 39%MBRKE 7; 1 PSS 56150 B s 87 3o FE e
A THRERIE. X 2 equivil =44 %
(DABCO) I [ B H RER I B s 1) 3a, W35 BA 2 B
WA RE A SRR SR MR LA AR, BhAh, TEARESRAET,
TP 5 =95 TR 8 OB, 315 80% TR A
NP 3a, FB 8 W REAE SN A, X R SR () 5
SRAIESE T e HE RN AR 0 71 ) 06 B

1)J\/U\R3 . R4—SH Rose Bengal (1 mol%) R1J\(U\R3
R ) Nal (1 equiv.), CHzCN R? S,
R 7W LED, r.t., 48 h, air R4
1 2 3
o o 0O o o) 0O o o o

3a,R = Cl, 93% 3d, R = CH3, 72%
3b,R=F, 75% 3e, R = Bu, 70%
3c,R=Br, 70% 3f, R = OCHa, 89%
3g, R = NO,, 65%
o o o}

O O
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Scheme 2 Substrate scope of carbonyls and thiophenols
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@) Rose Bengal (1 mol%), Nal (1 equiv.)

M /©/C' CH4CN (50 mL)

+ _ s
Hs air, rt., 7 W blue LED \©\
cl

1a (3 equiv.) a (10 mmol) 3a, 65%

(b) O O

K>,CO3 (1.5 equiv.)
CH3CN, r.t,, 20 h

3a + Br cl
S
Ph

4,53%
(c)
. NHNH,  Eon @
a+ ©/ rt., 8h
5, 80%
(d) Cl
NaOAc (3 equiv. S
3m + HO—NH,CI _NaOhc B equiv) | ~0
MeOH (2 mL), 10 h =N
cl
6, 60%

BR 3 e PO SN B
Scheme 3 Gram scale reaction and applications
o O
)J\/U\ /©/ standard conditions )J\S/U\
TEMPO (2 equiv.)
1a 2a 3a, 13% cl

Cl
o 9 standard conditions S
PP _ - 3a 4
HS 1,1-diphenylethylene (2 equiv.)
Cl

1a 2a 41% 7, 39%
O O
)J\/U\ /©/ standard conditions 3
DABCO (2 equiv.)
1a 2a 3a, 3% Cl

Cl
/©/ standard conditions M

O O s
)J\/U\ + /@/ s s
Cl with 7 W blue LED, 3a, 80%
1a 8

in dark, 3a, nd Cl
with |, instead of Nal, in dark, 3a, nd

B4 FiEsess

Scheme 4 Control experiments

BT BIRHE A ARIE, BATEEE T —FmT6eM
HLFE(Scheme 5). 156, FUPELLL(RB)#E W% 8 5 E AL
KFSRBY), O @ISz EAFIBR SRR LI K
meﬁ*a( 0,), HULIFEIRF, RS B TR [F] 2

& BE, REATA(O)AEMN 4-FOREG M (2a) 1 M
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FRFAERESH A B, Bi)5, ABHREa)mRE &
e HE 9 FAERIdEA 11, ZF a1 gk E AL
TR IE & 7 12, BIE S TR TR R T AR
) 3a.
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Scheme 5 Possible mechanism
2 4hig 50 1 DAFEIHER 7, 77EN 93%.

PABCERZLAE e AL, BEA s nstl, 208
A, WR TR AW SR SR T
AR BRI C—S BRI, HE T — RIIAF
IFREE ARG, oy I PRI A5 B 1 22 B R B
PN, HRR T R ITWA R SE e, v C—S B E R
Fy AR O 7 —FloBr 6/ AE & 8 U A AL AR 2R =2k
], TG HEAHS 2 78 5 2 (R U 4 TE 22 O R,

3 SRS
5
BT SEERIE S S A5 F (T, 7 W LED #)%
STVE IR, Bl vl B, BT A ok ok B Rk e 3K,
FFEEMEH, ¥ )E E AT (TLC) BRI S B #EAT 15 5
FEEMTE A 200~300 HAEfL, TLC {1/ GF254 fEAR.
'H NMR A 3C NMR X | Bruker-AV # @ 3E4R G,
RSy 58 400 MHz Al 100 MHz, BL CDCl; A&7,
TMS NWFE. &5 #iE R Thermo Scientific LTQ
Orbitrap XL (ESI)F {3 52 .
3.2 ZLWAHE

DA S5 2 A1, S5 77 bt A6 e 1) 33 5 8 AL 3
17. HEL 0.3 mmol X & KHRE « 0.9 mmol ZFENER. 0.3
mmol ALENFT 1 mol% I T inF IR, K HBEmMT 2
mL 25, fE=EF, FH 7 W LED /T RS, FH7
SrPEEE 48 he RME WG, TERBEFMAK, HZE
CBEREI =3, A A VU I O BRI T45, 13,
TR 2508, B R ST CR MR OB CBR, Vi v=

3.1
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3-((4-F IR I BRAR)-4-F2 5 13 -3- 0 -2- i (3a): A
B4R, 772 90%. m.p. 66~67 C (lit') 69~71 C); 'H
NMR (400 MHz, CDCls) 6: 17.28 (s, 1H), 7.25 (d, J=8.8
Hz, 2H), 7.01 (d, J=8.4 Hz, 2H), 2.32 (s, 6H); *C NMR
(100 MHz, CDCLy) 6: 198.3, 136.4, 131.1, 129.3, 125.9,
101.4, 24 4.

3-((4- A TE) B AR)-4-F2 5 K-35 -2- T (3b)US): TE
IR Y), 72 75%. 'H NMR (400 MHz, CDCl;) o:
17.25 (s, 1H), 7.06 (dd, J=9.2, 5.2 Hz, 2H), 6.99 (t, J=
8.6 Hz, 2H), 2.34 (s, 6H); '*C NMR (100 MHz, CDCl;) ¢:
1982, 162.3, 159.7, 132.8, 126.6, 126.5, 116.5, 116.2,
102.2, 24 4.

3-((4- BRI BRAR)-4-F2 5 0 -3- M -2- W 3e): A
B4R, 722 70%. m.p. 69~70 C (1lit') 70~71 C); 'H
NMR (400 MHz, CDCls) 6: 17.29 (s, 1H), 7.39(d, J=8.4
Hz, 2H), 6.95 (d, J=8.4 Hz, 2H), 2.32 (s, 6H); 3C NMR
(100 MHz, CDCl3) d: 1984, 137.1, 132.2, 126.2, 118.8,
101.2, 24 4.

4-F5 F-3-Ohf HI 2R BB A Q) 1 -3- 45 -2- Wl (3d): 1 (7 [
K, PEER 72%. mp. 39~41 C (lit.'S) TLEMRY); 'H
NMR (400 MHz, CDCl3) 6: 17.25 (s, 1H), 7.10 (d, J=8.4
Hz, 2H), 6.99 (d, J=8 Hz, 2H), 2.34 (s, 6H), 2.31(s, 3H);
13C NMR (100 MHz, CDCL3) d: 198.2, 135.1, 134.2, 130.0,
124.9, 102.1, 24.4, 20.9.

3-((4-(BUT H) A I B AX)-4- 2 K T -3- 4 -2- i Be):
HE Ak, P23 70%. mp. 99~100 C (1it.['S 104~
106 ‘C); 'H NMR (400 MHz,) §: 17.27 (s, 1H), 7.30 (d,
J=8.4 Hz, 2H), 7.02 (d, J=8.8 Hz, 2H), 2.35 (s, 6H), 1.30

Chin. J. Org. Chem. 2021, 41, 4704~4711



Chinese Journal of Organic Chemistry

(s, 9H); 3C NMR (100 MHz, CDCls) &: 198.3, 148.4,
134.2,126.3, 124.6, 102.0, 34.4,31.3, 24.5.

4-F$5 F-3-((4-FHAR B 2R 30 i AX) 1I6-3-J-2- B (36): E
E AR, 723 89%. m.p. 84~86 C (lit.'l 84~85 C);
'H NMR (400 MHz, CDCl3) 8: 17.20 (s, 1H), 7.04 (d, J=
8.8 Hz, 2H), 6.84 (d, J=8.8 Hz, 2H), 3.77 (s, 3H), 3.36 (s,
6H); 3C NMR (100 MHz, CDCls) 6: 198.1, 158.0, 128.4,
126.9, 115.0, 103.1, 55.4, 24.5.

4-F2 B -3-((4-HiF 2 2R ) B AR I -3- M -2- T (3g): 35
WA, PE 65%. mp. 110~112 C (lit.' 105~
108 “C); 'H NMR (400 MHz, CDCls) &: 17.39 (s, 1H),
8.14 (d, J=8.4 Hz, 2H), 7.20 (d, J=8.8 Hz, 2H), 2.31 (s,
6H); 3C NMR (100 MHz, CDCl3) d: 198.5, 147.6, 145.5,
124.5,124.3,99.8, 24 3.

4-F3 F-3-(8] FH B R AR) 13-4 -2- i (3h): o itk
Y, 2% 71%. '"H NMR (400 MHz, CDCl;) 6: 17.28 (s,
1H), 7.17 (t, J=7.6 Hz, 1H), 6.95 (d, J=7.5 Hz, 1H),
6.93~6.86 (m, 2H), 2.34 (s, 6H), 2.32 (s, 3H); '3C NMR
(100 MHz, CDCl3) d: 198.3, 139.1, 137.6, 129.1, 126.2,
1252, 121.7, 101.7, 24.5, 21.5; HRMS (ESI) calcd for
C1H 50,8 (M+H)" 223.0787, found 223.0795.

3-((B-FURIL)BAR)-4-F8 2 -3-0-2-FR(3i) ). Lt
HARY, 77 56%. 'TH NMR (400 MHz, CDCl3) J: 17.32
(s, 1H), 7.27~7.21 (m, 1H), 6.87 (dd, J=8.0, 0.8 Hz, 1H),
6.85~6.76 (m, 2H), 2.33 (s, 6H); *C NMR (100 MHz,
CDCls) d: 198.4, 164.6, 162.2, 140.5, 130.4, 130.6, 130.5,
120.2,120.2, 112.4, 112.1, 111.4, 101.0, 24.4.

4-F2 -3 (R0 F R R ARLAR) 13-4 -2- il (3)): 3 (o il
1%, PEER 67%. mp. 66~68 C (lit.') 67~69 C); 'H
NMR (400 MHz, CDCly) §: 17.33 (s, 1H), 7.14 (dd, J=
7.2, 12.4 Hz, 2 H), 7.06 (dd, J=17.3, 6.9 Hz, 1H), 6.84 (d,
J=8.0 Hz, 1H), 2.38 (s, 3H), 2.31 (s, 6H); *C NMR (100
MHz, CDCl;) 6: 198.4, 136.6, 134.4, 130.4, 126.8, 124.8,
122.7,100.8, 24.3, 19.6.

3-((2-F K I B AR )-4-F2 3L TR 3- 4 -2- T 3k): (I8
fEAR, 722 77%. m.p. 55~56 C (lit.'") 54~56 C); 'H
NMR (400 MHz, CDCl3) 6: 17.34 (s, 1H), 7.15~7.11 (m,
1H), 7.09~7.04 (m, 2H), 6.96~6.93 (m, 1H), 2.34 (s,
6H); 3C NMR (100 MHz, CDCls) d: 198.5, 160.5, 158.1,
126.9, 126.8, 126.1, 126.1, 125.0, 124.9, 124.8, 124.7,
115.8,115.6,99.7, 24 4.

3-((2-TR I BAR)-4-F2 5L 1 -3- M -2-BH(3): (£ [
1, PEE 84%. m.p. 82~84 C (lit.l') 84~85 C); 'H
NMR (400 MHz, CDCly) §: 17.38 (s, 1H), 7.52 (dd, J=
7.9, 1.0 Hz, 1H), 7.26~7.17 (m, 1H), 7.00 (td, J=7.7, 1.4
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Hz, 1H), 6.83 (dd, J=8.0, 1.4 Hz, 1H), 2.30 (s, 6H); '*C
NMR (100 MHz, CDCly) o: 198.6, 138.6, 133.2, 128.0,
126.3, 124.4, 120.1, 101.0, 23.3.

3-((2,4- —EUR ) BRAR)-4- $2 5 1 -3- 45 -2- T (3m):
HE AR, 723 97%. mp. 45~47 C (lit. '3 LR
#1); 'TH NMR (400 MHz, CDCl;) d: 17.39 (s, 1H), 7.37 (d,
J=2.0 Hz, 1H), 7.17 (dd, J=8.4, 2.0 Hz, 1H), 6.78 (d, J=
8.8 Hz, 1H), 2.30 (s, 6H); *C NMR (100 MHz, CDCls) ¢:
198.6, 135.5,131.2, 131.1, 129.7, 127.7, 125.1, 99.8, 24.3.

4- 2 FE-3-(F5-2- B i AX) R -3- U -2- B (3m): 1 £ [
&, 77 58%. m.p. 86~88 C (lit.') 88~89 C); 'H
NMR (400 MHz, CDCl3) §: 17.38 (s, 1H), 7.78 (t, J=8.0
Hz, 2H), 7.72 (d, J=8.0 Hz, 1H), 7.50~7.40 (m, 3H),
7.28~7.25 (m, 1H), 2.38 (s, 6H); *C NMR (100 MHz,
CDCls) J: 198.5, 135.3, 134.0, 131.5, 128.9, 127.8, 126.9,
126.8, 125.4, 123.7, 121.8, 101.5, 24.5.

3-(REEDR )-4-F2 5L 1 -3-H-2- T (30)1): To iR,
P72 67%. '"H NMR (400 MHz, CDCls) d: 17.22 (s, 1H),
7.30~7.22 (m, 3H), 7.11 (d, J=7.4 Hz, 2H), 3.62 (s, 2H),
2.09 (s, 6H); 3C NMR (100 MHz, CDCls) 6: 198.4, 137.7,
129.1, 128.6, 127.2, 103.1, 41.0, 24.1.

3-(FF L EEBAR)-4-F2 3 1R -3-0-2- B (3p): ot imik
¥, P7# 70%. '"H NMR (400 MHz, CDCl;) d: 17.18 (s,
1H), 2.57~2.52 (m, 1H), 2.41 (s, 6H), 1.90~1.63 (m,
6H), 1.30~1.21 (m, 4H); 3C NMR (100 MHz, CDCl3) ¢:
197.8, 103.7, 48.4, 33.1, 26.1, 25.7, 24.8; HRMS (ESI)
caled for C;1H190,8 (M+H)" 215.1100, found 215.1101.

4-$2 B3R 58 1 -3- M -2- B (3q): TG (i iR 4,
73 25%. 'TH NMR (400 MHz, CDCl3) §: 17.10 (s, 1H),
2.47 (t, J=7.4 Hz, 2H), 2.43 (s, 6H), 1.57 (dd, J=14.8,
7.2 Hz, 2H), 0.99 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 197.5, 104.7, 38.9, 24.6, 22.5, 13.5; HRMS
(ESI) caled for CsH;60,S (M+H)" 175.0787, found
175.0789.

A-((4-F A I BRAR)-5- 2 3L PE-4- ) -3-1 3r): (A {8
[, 723 86%. m.p. 38~39 ‘C; 'H NMR (400 MHz,
CDCls) d: 17.50 (s, 1H), 7.23 (d, J=8.8 Hz, 2H), 7.00 (d,
J=8.8 Hz, 2H), 2.70 (s, 4H), 1.09 (t, J=7.4 Hz, 6H); 1*C
NMR (100 MHz, CDCl3) d: 201.3, 136.9, 130.9, 129.3,
125.7, 99.8, 30.0, 9.6; HRMS (ESI) calcd for C13H;6C10,S
(M-+H)" 271.0554, found 271.0550.

2-((4-F R IAR)-5,5- = FEERR CUbe-1,3- i (3s):
HEEAR, 723 90%. m.p. 138~139 C; 'H NMR (400
MHz, CDCLy) ¢: 8.12 (s, 1H), 7.17 (d, J=8.4 Hz, 2H),
7.09 (d, J=8.8 Hz, 2H), 2.48 (s, 4H), 1.10 (s, 6H); *C
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NMR (100 MHz, CDCLy) d: 133.4, 132.4, 129.2, 129.0,
105.9, 54.1, 31.6, 28.3; HRMS (ESI) calcd for Ci4H;6Cl-
0,S (M+H)" 283.0554, found 283.0556.

1-(4-GRUT 38) 2K 38 )-2-(4- A 3 ) B A R)-3-(4- F A 2
KEYVALE-1,3- B 30): [ K, F2F 74%. mp.
134~136 “C; 'H NMR (400 MHz, CDCl3) 6: 7.96 (d, J=
8.4 Hz, 2H), 7.90 (d, J=8.0 Hz, 2H), 7.41 (d, J=8.0 Hz,
2H), 7.36 (d, J=8.0 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.88
(d, J=8.0 Hz, 2H), 5.95 (s, 1H), 3.84 (s, 3H), 1.30 (s, 9H);
13C NMR (100 MHz, CDCl3) d: 191.4, 190.1, 164.1, 157.9,
1352, 134.9, 132.4, 131.8, 131.1, 129.3, 129.2, 127.9,
125.8, 114.0, 65.1, 55.6, 35.2, 31.0; HRMS (ESI) calcd for
CasH26C103S (M+H)" 453.1286, found 453.1283.

3-((4-F R BRAR)-4-F2 F -4- F A8 2 -3-075-2- T (Bu):
TEMARY), 725 59%. 'H NMR (400 MHz, CDCl3) o:
13.86 (s, 1H), 7.21 (d, J=8.4 Hz, 2H), 7.05 (d, J=8.4 Hz,
2H), 4.21 (q, J=7.1 Hz, 2H), 2.33 (s, 3H), 1.91 (t, J=7.2
Hz, 3H); 3C NMR (100 MHz, CDCl;) &: 184.9, 172.7,
136.7, 130.9, 129.0, 126.8, 91.9, 61.8, 21.0, 14.1; HRMS
(ESI) caled for CpH14ClOsS (M+H)" 273.0347, found
273.0348.

2-((4-EAREL)RAR)-2-FF N R = 4FE@3v): A
Bk, 2% 42%. m.p. 39~41 ‘C; 'H NMR (400 MHz,
CDCLs) o: 7.47 (d, J=8.4 Hz, 2H), 7.29 (d, J=8.4 Hz,
2H), 4.23~4.15 (m, 4H), 1.61 (s, 3H), 1.23 (t, J=7.2 Hz,
6H); 3C NMR (100 MHz, CDCl3) 0: 169.1, 138.4, 136.4,
129.0, 128.5, 62.3, 60.1, 22.2, 14.0; HRMS (ESI) calcd for
C1sH5C104S (M+H)" 317.0609, found 317.0610.

2-((4- SR ) BRAR)-2- B 9 R —H EE3w):
tEK, 77 68%. mp. 127~129 C; 'H NMR (400
MHz, CDCl3) 6: 7.58 (d, J=8.4 Hz, 4H), 7.35 (d, J=38.4
Hz, 4H), 3.65 (s, 6H); 3C NMR (100 MHz, CDCls) &
165.6, 137.7, 137.0, 129.3, 127.9, 73.8, 53.7; HRMS (ESI)
caled for C;7H;5CLO4S; (M + H) " 416.9783, found
416.9786.

3-R -3 ((4-FOR I B A I e -2,4- i (4): ot
WHRY, 7% 53%. 'H NMR (400 MHz, CDCls,) o:
7.30~7.26 (m, 9H), 3.24 (s, 2H), 2.32 (s, 6H); *C NMR
(100 MHz, CDCl3) 8: 201.2, 137.2, 136.5, 135.1, 129.8,
129.6, 128.5, 127.6, 127.2, 77.5, 37.5, 27.9; HRMS (ESI)
caled for C;sHisClO,S (M + H) ©  333.0711, found
333.0702.

4-((4- R A I BRAC)-3,5- = F Fh-1- 1 -
G TLEHARY), 7% 80%. 'H NMR (400 MHz,
CDCls) d: 7.51~7.46 (m, 4H), 7.40 (d, J=6.4 Hz, 1H),
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7.19 (d, J=8.0 Hz, 2H), 6.98 (d, J=8.0 Hz, 2H), 2.33 (s,
3H), 2.28 (s, 3H); 3C NMR (100 MHz, CDCL3) 6: 153.1,
144.2, 139.6, 136.9, 130.7, 129.3, 129.0, 128.0, 126.6,
124.7,105.7, 12.1, 11.6.

4-((2,4- AR ERAR)-3,5- = L B (6): (It
B4R, 723 60%. m.p. 67~69 ‘C; 'H NMR (400 MHz,
CDCl3) §: 7.38 (d, J=2.0 Hz, 1H), 7.09 (dd, J=8.6, 2.2
Hz, 1H), 6.55 (d, J=8.8 Hz, 1H), 2.45 (s, 3H), 2.19 (s,
1H); 3C NMR (100 MHz, CDCl:) 6: 174.5, 162.5, 134.1,
131.7, 131.5, 129.7, 127.6, 126.4, 102.5, 11.6, 10.1;
HRMS (ESI) caled for C1;H;(CLNOS (M+H)" 273.9855,
found 273.9850.

i Bh#1 Bl (Supporting Information) &%) 3 1 'H
NMR F1 3C NMR 5 [&. X 2o gh ] BL A 2% AT 00 s
(http://sioc-journal.cn/) I N #k.
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