% 4”) 4& % DOI: 10.6023/cjoc202002034

Chinese Journal of Organic Chemistry

KR N & B RAEER B A R
FHRT W W BKEFE  WRA

(M SERRERZ:Z% B8 sl 3L 563000)

HAA

WE R T ALK B A JEORHE 1 e 5z 1) 26 SRR I A B I 1) S R 2R 20 2 DA HEAL R, B 7Kk
BRANONT, LB KRN, ik AT Suzuki RS, EAGRBER A, RESPIHEIRBCRmNE. RNGERE T
o B R, o R IRAAT LSRG IR S SR SR, B, OB AR, B RE AR AL, 7 7 B YR
IR EIE 92.6%; BLAN, FEBRAE AL AT RIS Y = IR LA R i

A KT, BRI, Suzuki SN RN ALK

Preparation of Biaryl Fluorosulfates by a Tandem Process

Li, Xinmin* Hu, Rui Chen, Zhengjun Hu, Qinghong Yuan, Zeli*
(College of Pharmacy, Zunyi Medical University, Zunyi, Guizhou 563000)

Abstract The one-pot tandem protocol for the preparation of biaryl fluorosulfates from bromo phenols was developed. Using
Pd/C as catalyst, K,COs as base and aqueous ethanol as solvent, the Suzuki reaction was carried out at room temperature, then
SO,F, gas was added to the mixture to afford biaryl fluorosulfates product. The intermediate was not isolated, and phosphine
ligand and nitrogen protection were not required during the reaction, which made the protocol more convenient to operate. The
one-pot protocol could tolerate a range of functional groups and provided a highest product yield up to 97.2% at room temper-

ature. Furthermore, Pd/C catalyst could be recycled and reused three times without significant loss of catalytic activity
Keywords phenol; baryl fluorosulfates; Suzuki reaction; one-pot reaction; Pd/C

FEH R 19 B (ArOSOLF)E Ny — Mg BLR15 2 7)™
V2 . 2018 4F Sharpless HREZHL ! HRIE T U ER IR S E
RGBS M 2RI SRES RIS 2 AT AD
MNREAR, NAREARARN SRR, SR
TR By B R 29 T R BN AT . [FIR, S ER
B2 [A1(OSOLF) I N B 2 B A1 2 5 2 Fhag AR R R B
KB Re b B, RN EE S FEMEE ) kP
T TR T 193 1 (1) 72 R 7 15 IR N R DR 1)
. 2014 4, Sharpless A2 A3 5 S DIRE T Wy e BRI
b G T R N N =1 X | R L
De Borggraeve {41 HiIE 7 N N-BREE - KPE(SDI) J5
AL R E R, 5 e S ) 4 S R T I, A T R B
TR TN ERENEE, FAERKZE N,
2018 4F, Ende R4 PVKE 2 Tk i 55 24 S0 5 Fkf I 0 e
(AISF)1E ot 1t i 1) 5 A0 FH T 53 (%) SR 7 B 4 A0 £
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i ) R R e Ak, (HZARR & BOD R B kg 5 5
2018 4F, Sharpless A2 HE 5 5 i T — i [ A Sl IRk
WL IZ AR R I A BT I RO R, R
FESEA RIS NIREE T — A RIFEBR T 2. BRIEFK
SRR YIS () 5 AR AR B BT i, AR R IR AR &
SR IR 22 oy i 1 5 90K L3R

Suzuki J N T 4 AR MEAL s AR 5T e 5 5
T A2 () A8 SCAB BB S 7,k ) R e — i e ) By 2
—U g BB RS SRR ERERIR AL R
Wst KR A SRR A, Rkl 2l FEEZ . K
2y RS et ThREM bl & BB AL &
L 2010 4F, %N AN Suzuki K728 ARG X
AT R 7S SRR T SRS 1 U LR AR 2R3, BT %
SSERIANALE Je EEMEL, T =+ 2 ERNERE, B
LK) Suzuki [ RAEFLERF 7O EALFIAEE Y
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PRI S T HE R, SR Suzuki fBER
JS2 PR N B B RS BEL P BT A AR 3 S5 17 3R AT
KA BEAARAL % &5 B HN 2 TURR, 75 A 0B
AR T BT RO, N T SRR A AOHERE, A
FIF RO Bk, RIERAL S Suzuki R
A 22 C RO A R — AN T

R TR AR R LU S T, &
FRCA — i R A T M A SR A AT, A AR
KT — AR T RARKR B 85 1S B B Rl R IR 1B
MYBRAI A, DUERO AT ToKBRBRE NI L%
IO, AIIANETECAR, =0 T AT Suzuki [
2, FREAGIBER A, R AT B SRR I W .

1 HR5R

FUR BREE S5 Suzuki |RBIIE ECK IR,
RN SR SNAR R, PL4-BR ) 5 R0 R
(1) Suzuki JNNBERR, 1£Z IR AT T 5% Tk A%t
Suzuki M IR, 1505 2240 EXT Suzuki [ B
SRR, AR 1. BL 2 equiv BRIRHFAE BRI, —
Prt 5 ML R REFHIMHEEAIETE, AN 0.5 h 1)
23 90% L - AIF= 2 (3R 1, Entries 1~6). Al
TR R, ATLAS R 97.2%17 K (K 1, Entry 3), [Hit
IR B BRAE A AL TR BEAT J5 SR T, 0 e ) 97 128 IR,
TR BRI ST . BRERAN . BRIREDN . BRI R I R
TP . A BRI S SRR i BF(3 1, Entry 3), Bk
RN TR TT A3 2] 80.7% K170 B =% (3R 1, Entry 7).
Suzuki SR PA VIR, W= = AN

F1 Suzuki RN EAAML ¢

Table 1 Optimization of the Suzuki reaction condition

OH EtOH/H,O OH
/©/ . BOH):2 (2 mL2'mL) O
_—
Br Catalyst, base O

r.t.

Entry Catalyst Base Yield®/%
1 Pd(OAc), K,CO; 95.3
2 PdCl, K,COs 92.4
3 Pd/C K,CO; 97.2
4 Pd/AL,O4 K,CO; 90.7
5 Pd/BaSO, K,CO; 91.9
6 Pd/CaCO; K,CO; 94.1
7 Pd/C Na,CO; 80.7
8 Pd/C NaHCO; 78.9
9 Pd/C Cs,CO; 79.3
10 Pd/C Et;N 51.5
11 Pd/C (i-Pr),NH 62.7

“ Reaction conditions: 4-bromonitrophenol (0.5 mmol), phenylboronic acid
(0.6 mmol), base (1.0 mmol), Pd catalyst (0.5 mol%), EtOH/H,O (2 mL/2
mL), 25 °C, in air, 30 min. * Isolated yield.

2136 http://sioc-journal.cn/

RIHBEE R BLELE, 20133 51.5%K 62.7%K15™
(3 1, Entries 21, 22). [FILHIE Suzuki {85 N H
TRV, BB ER .

5B OB R DL 4R BN JERL, =T
TN BREL A, 5 A FBRT SN R . R
2 HRRT LRI, A HUEE B AR AR T JE AL
LA 5 equiv. BRERET VBRI, ATLLER] 71.2%0)77 %K
(2, Entry 1). BRERENBREREAAE 053 3 AT $241E 78.0%
Ko 81.6%HI7F*Z(F£ 2, Entries 2, 3). AN =2 % —
SRR R AP IS, (A = 2 f T 13
F 92.7%H)77 #(3 2, Entry 5). FAK= ZRAEXS SN
PRI, S 2 equiv.= ZBEHS, &M 0.5 h Y
BE 42.1%M77 % (K 2, Entry 8). ZEEHIE, k¥ S
equiv. = LM RWEAT 5 SRR AT

K2 BED RN

Table 2 Optimization of the second step reaction condition

OH 0SO,F
SOF, O
LI
O Base, 25°C, 1 h ‘

Entry Base Base/equiv. Yield®/%
1 K,CO3 5.0 71.2
2 Na,CO, 5.0 78.0
3 Cs,CO; 5.0 81.6
4 (i-Pr),NH 5.0 85.1
5 Et;N 5.0 92.7
6 Et;N 4.0 84.6
7 Et;N 3.0 71.7
8 Et;N 2.0 42.1

© 2020 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 4-hydroxybiphenyl (0.5 mmol), base (2.5 mmol), SO,F,
gas, EtOH/H,0O (2 mL/2 mL), 25 C, in air, 30 min. b Isolated yield

AN TR, BT 1 mol%AERRMEALF. 2 equiv.
BRER BN LK ISR 25 C R IR RN, SR
BESEA N, JENEBERSAR, A 5 equiv.= 4
[, 25 ‘C YRS, HEZIR R ERY)IE R EH, 52
WAERYITR 3. B G R A BUR EE BT RS0
PG PEIRAM, DL 4-J5 KR K T T SR A 1) 4-
TR NI, B &7 R BHIK, N 18.1%(3R 3, 1b). &
BRI I IR R P A R R AR, S B — DRk
JBEHEAT RIS, JE Ab 3 DL S R IR i 4- V5 I SRR R
2. UL 4R Bk 4-FRTIRR A IR, 15 3R
FEER(FR 3, e, 1d). SRR R I 5 i 1 FR T 56 0 2 e
B E RIS, TP RAE TR AR, JER 4-TRAREY K
BEIRGEE 3, le, ). &4 PRI 77 IR
NIEDNIE, SN 34 BE A BEAT 15 B R IR P= R (R 3,
1g~1n). AL 4-H S IE LR NN, “ 437 M 6 h
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Ja T8 3] 92.6%1 723 (3K 3, 1g). DL 4-FUT FEZKMER A
J&A, %87 6 h 13 ] 84.9% K15 F (3K 3, 1n). @
Ik PL AR A, AR N EE — D AR R B R %
W25, S T S 05 SR R T R R AT
BE—20 0 N-ZIRN NI [ SEAT T 5 %%, 439l
133 25.6%71 53.0%M1 772 (% 3, 1o, 1p). JATM0, LAEDY
TR A e A, BT ARART 7= i 2B i, i DR W Yy A e 7
FHl A 4-R2KW R AR LR 3, 1r). (AR
B[R 5 RO ER (1 [ B4 R W, [RIVRR Y 5 & A 4
TR 05 RS v LA AT B, £33 80% LA I
FIF=3R (3K 3, 1s~1u). 2R, LFERE T 52 2 2= WAL

3 BT

PHA SR, 575 B0 R S BA A B R 5 P2 38R 3, Tv~
1x). UEH N-ZR R EZE I NIRRT, KB 12 h
A P R 3, 1y~12). N TMALFIFA S A4 )
ARG, AR B AN 8 08 A B B A AL
[RIE, 13855 S i A 28 m 38 R 110 70 0 sk 1) 42
Re 1M T WA, PEME F SR DL 4-00K 1 5 4- R OR
TR (A 6 B S B Y S2 N7, 1 mol% AR BRAL T, 7E=
BASSEME TR 6 h. RN RLG, &t
A BRI, R R B8 KTeEk, BRI,
E%ﬁ%?~u&ﬁ LG SERINR 4 Fios, EiZIEY
FRAEAGAR R, BB AL A FH BT =K, TP A LR

TR R 11 5,

Table 3 Preparation of biaryl fluorosulfates

B
= X Pd/C, K,CO
g e
N Z EtOH/H,0

OSO,F
| Doy
SO,F
RIS - Et2N2 | D
| _ 3 //
R

1a, 1 h, 90.1% 1b,5h, 18.1%

A oses

Ao

1¢,5h,70.2% 1d, 6 h, 63.9%

H3CO

0
OSOzF OSOZF H3CO O O 0SO,F HsCO O O OSO,F

0

1f, 6 h, trace

0SO,F OSOQF

1j, 6 h, 82.6%

OSOQF 0802

1n, 6 h, 84.9%

@—@osog:
S

1r,8h,0

1e, 6 h, trace

3

1i, 6 h, trace

;

1m, 7 h, 85.2%

(" )-osor

19, 8 h, 48.9%

0SO,F FO,50

o)

1v, 8 h, 57.8%

1y, 12h, 0° 1z, 12 h, 0°

i
i

1u, 8 h, 83.4%

%

_n
= "z
<

19,6 h, 92.6% 1h, 14 h, 81.3%

0SO,F

1k, 6 h, 93.6% 11,6 h, 78.0%

N=
OSO,F Haco—@—@osog:

10, 12 h, 25.6% 1p,12 h, 53.0%

OSO,F 0SO,F
o)
1s,4 h, 92.9% 1t, 6 h, 81.6%
FO,SO FO,SO

1w, 8 h, 60.2% 1x, 8 h, 44.6%

“Reaction conditions: first step: bromo phenol (0.5 mmol), aryboronic acid (0.6 mmol), K,COs (1.0 mmol), Pd/C (0.5 mol%), EtOH/H,0 (2 mL/2 mL), 25 °C, in air;
after 0.5~3.0 h, Et;N (2.5 mmol), SO,F, gas were added, 25 C, 0.5~5 h, isolated yield. 580 °C for the first step.
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FEAAZ, DU IRET ISR B3] 68.4%. AE 2 HEM 35 2 iR [A]
SRR R S 1 2k, AR H 2 PR 33
PR, B A B T AL, 7E A R R
FIA A RUF e FH R

F4 EBREIEIRE
Table 4 Recycling of Pd/C

B(OH), Br OH
. Pd/C, K,CO4 O
_—
EtOH/H,0 O
2h
OH

OCH; HaCO

SO,F, OSO,F
Et3N, 4 h O
H3CO

Entry Run Yield”/%
1 1 92.6
2 2 89.1
3 3 84.2
4 4 68.4
5 5 46.1

“Reaction conditions: first step: 4-bromophenol (2 mmol), 4-methoxylpehnyl-
boronic acid (2.4 mmol), K,COs (40 mmol), Pd/C(1.0 mol%), EtOH/H,O (5
mL/5 mL), 25 “C, in air; after 3.0 h, Et;N (10.0 mmol), SO,F, gas were added,
25 °C, 3.0 h. " Isolated yield

2 %#ig

KR T — R AR B N JFURE “— 7 ] 2% SR
WERIY R 735, B SE LR AEAL T SR Suzuki {15 S B
S IR, JO 0 B P RMA, AN = L% S s BRI
AR, AT B TR IR . 244 AR RN
FARAM, RYGFEML, PR AR TS 92.6%.
SEAh, ARE T O E, AT R =, BT R
I (0 oAb B 7 .

3 WY
3.1 UE5IHF
ARy K 75 SR W B g % AL = F AR B R
O], R SR A AR T A i A A R S AR R A F
AR IR R E 7= o M etk ), Rk B AP, B
fFR; FEEMTEERGTIZ, 200~300 H)WE T Sl
e TAHMRAT, E4F. Bruker ADVANCEII 400 %Y 4%
HEFEIRAN, TMS AW FR, TAREAT A7)
3.2 WA
32,1  PIR R H & AALER IR NI BE 69 — AL 3R
FEZ S, R IR (0.5 mmol). 75 0 R
(0.6 mmol). T/KBREZET(1 mmol). 10%4E74#(0.5 mol%)-

2138 http://sioc-journal.cn/
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50% L EE /KT (4 mLYIIAF] 10 mL KHIHH, =iEx
R 0.5~3.0 h. ¥ )Z @SRRI KB5S, T
B(2.5 mmol), FFHAERT AR EE R A, 4k 82 R M
0.5~5.0 h. {2 @IS B 45 5, I AR &AL
VRN 28 CBERERN, REEUS AR R RS, =&
FEZHTIRTT B ARF=4, Belii A A kS R L.
322 EHEEILE R

TESH, KUK 4-I328 53 (2 mmol). 4-F SRR
M2 (2.4 mmol). JL/AKFKERHH (4 mmol). 10%%EHk(0.5
mol%) 1 50% ZEE/KIEW (10 mL)INA 50 mL K&,
FIEN 3.0 h, RJEIMA=2Z0(10 mmol), FH<ER
TR, 4R828 3 he N SRR, BN
FUEAR BB e, IR 2R 28 (20 mL). £ B 17K
(20 mL) R IEYE, SRR U B AR T B ISR AR, B
BT I W= HIERIMAMA NaCl B, LR
CERFERL, A AN, 18 F e 28 R AR 4615 2 7=
i, ZAEENT O BAS B TS B AR, 7R R RS
B, K B B 4k SR 4R N BB I B, B AT R
3.2.3 BRI AAEBLES R AR A IR

SRR B AWy B (12)": A B E AR, mp. 92.0~
93.6 ‘COCHME! 94.3~95.4 C); '"H NMR (400 MHz,
CDCly) 6: 7.67 (d, J=8.5 Hz, 2H), 7.56 (d, J=7.7 Hz,
2H), 7.48 (t, J=7.5 Hz, 2H), 7.44~7.32 (m, 3H); "°C
NMR (101 MHz, CDCly) d: 149.5, 142.1, 139.3, 129.1,
128.2, 127.3, 121.3; IR (KBr) v: 3430, 2912, 1903, 1472,
1442, 1208, 1174, 1045, 896, 625, 553 cm .

SRR 4-F AR (10)2: A @EE, mop.
79.0~80.5 ‘C; 'H NMR (400 MHz, CDCl;) §: 7.69 (d,
J=38.1 Hz, 2H), 7.60~7.53 (m, J=7.6 Hz, 4H), 7.40 (d,
J=8.5 Hz, 2H); C NMR (101 MHz, CDCl;) é: 150.0,
143.5, 139.8, 133.5, 132.7, 129.2, 127.8, 121.6, 118.4,
111.8; IR (KBr) v: 3402, 3066, 2224, 1238, 1607, 1491,
1442 1235, 1143 920, 825, 918, 593, 544 cm'. HRMS
(ESI) caled for C,;HgFNO;SNa [M~+Na]® 300.0107,
found 300.0098.

SR 4- BRI ER (10 A EAE, mp. 60.0~
61.5 ‘C; '"H NMR (400 MHz, CDCl3) 6: 7.48 (d, J=8.2
Hz, 3H), 7.40~7.37 (m, 2H), 7.28 (d, 2H), 7.00 (s, 2H).
3C NMR (101 MHz, CDCls) d: 163.0, 160.5, 148.2, 139.8,
132.4,127.8,120.2, 114.9.

R 4-FIBEMER(d): A OEE, mp. 63.0~
65.0 C;'H NMR (400 MHz, CDCLy) 6: 7.63 (d, J=7.9
Hz, 2H), 7.49 (d, J=7.8 Hz, 2H), 7.46~7.39 (m, 4H); "*C
NMR (101 MHz, CDCly) d: 149.8, 140.7, 137.6, 134.3,

Chin. J. Org. Chem. 2020, 40, 2135~2141
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129.18, 128.88, 128.43, 121.34; IR (KBr) v: 3431, 2924,
1451, 1141, 913, 822, 918, 585, 542 cm '. HRMS (ESI)
caled for C;3HgCINO;SNa [M+Na]™ 308.9760, found
308.9758.

R 4-H A BRI ER (1) A EE A, mp.
78.6~80.0 “C; '"H NMR (400 MHz, CDCl3) d: 7.54 (d,
J=17.4 Hz, 2H), 7.41 (d, J=7.4 Hz, 2H), 7.30 (d, J=8.2
Hz, 2H), 6.91 (d, J=7.4 Hz, 2H), 3.78 (s, 3H); °C NMR
(101 MHz, CDCly) §: 159.5, 148.7, 141.4, 131.5, 128.3,
128.1, 126.8, 120.9, 114.2, 55.2; IR (KBr) v: 3430, 2964,
1607, 1493, 1453, 1235, 1200, 1151, 924, 822, 602, 541
cm . HRMS (ESI) caled for C;3H;;FO;SNa [M+Na]”
305.02543, found 305.02432.

B 3,4- ALY BR ()Y A,
m.p. 97.0~99.5 “C; '"H NMR (400 MHz, CDCl;) 6: 7.62
(d, J=6.4 Hz, 2H), 7.38 (d, J=6.7 Hz, 2H), 7.08 (d, J=
19.1 Hz, 2H), 6.96 (s, 1H), 3.93 (s, 6H); *C NMR (101
MHz, CDCls) 0: 149.3, 149.2, 149.0, 141.8, 132.1, 128.6,
121.1, 119.6, 111.5, 110.3, 55.9; IR (KBr) v: 3435, 2960,
2024, 2852, 1494, 1453, 1447, 1254, 1024, 918, 813, 764,
614, 512 cm . HRMS (ESI) calcd for C4H3FOsSNa [M
+Na]" 335.0365, found 335.0359.

SR 3-F IR EYEE (1) AR, 'H NMR
(400 MHz, CDCl;) §: 7.50 (d, J=8.6 Hz, 2H), 7.26 (s,
1H), 7.25~7.20 (m, 4H), 7.09 (s, 1H), 2.30 (s, 3H); °C
NMR (101 MHz, CDCLy) o: 149.3, 142.1, 139.2, 138.7,
129.0, 128.9, 128.89, 128.0, 124.3, 121.1, 21.5; IR (KBr)
vi 3362, 2974, 2894, 1453, 1089, 1049, 918, 881, 579
em”'. HRMS (ESI) caled for C;3H,FOsS [M+H]"
267.0491, found 267.0474.

SRR 4-FOIEBCR B EE (1) AR, mup.
64.0~65.0 C; '"H NMR (400 MHz, CDCl;) §: 7.55 (d,
J=8.7 Hz, 2H), 7.36 (d, J=8.0 Hz, 2H), 7.30 (d, J=8.5
Hz, 2H), 7.18 (d, J=7.9 Hz, 2H), 2.32 (s, 3H). *C NMR
(101 MHz, CDCl;) J: 149.1, 141.8, 138.0, 136.3, 129.6,
128.7, 127.0, 121.0, 21.1; IR (KBr) v: 3435, 2925, 1913,
1492, 1456, 1237, 1184, 1145, 912, 809, 602, 555 cm .
HRMS (ESI) caled for C;3H;;FOsSNa [M + Na] *
289.0311, found 289.0293.

AR 3,5- I IEBCORM ER(1): A E A, mop.
97.2~98.5 “C; 'H NMR (400 MHz, CDCly) 6: 7.48 (d,
J=8.4 Hz, 2H), 7.22 (d, J=8.7 Hz, 2H), 7.02 (s, 2H), 6.91
(s, 1H), 2.25 (s, 6H); °C NMR (101 MHz, CDCLy) o:
1483, 141.3, 138.3, 137.6, 128.8, 128.0, 124.2, 120.1,
20.4; IR (KBr) v: 3434, 2961, 1904, 1600, 1523, 1494,
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1445, 1234, 1141, 1024, 918, 843, 813, 614, 571, 516
cm . HRMS (ESI) caled for C14H;4sFOsS [M+H]™
281.0648, found 281.0642.

WER 4- ORI R (1m): A A 4K, mp.
58.1~58.5 ‘C; 'H NMR (400 MHz, CDCl;) §: 7.65 (d,
J=17.9 Hz, 2H), 7.48 (d, J=7.4 Hz, 2H), 7.39 (d, J=8.0
Hz, 2H), 7.30 (d, J=7.4 Hz, 2H), 2.71 (q, J=7.3 Hz, 2H),
1.28 (t, J=7.5 Hz, 3H); °C NMR (101 MHz, CDCl;) ¢:
149.2, 144.5, 142.0, 136.7, 128.9, 128.6, 127.2, 121.2,
28.6, 15.6; IR (KBr) v: 3432, 2791, 1903, 1456, 1235,
1185, 1147, 914, 825, 601, 542, 508 cm '. HRMS
(ESI-TOF) caled for C,H;5FO;SNa [M+Na]* 303.0467,
found 303.0450.

PR 4-B0CT BRI R (In): AL AR, mep.
75.5~76.0 “C; '"H NMR (400 MHz, CDCl;) 6: 7.66 (d,
J=8.0 Hz, 2H), 7.50 (s, 4H), 7.39 (d, J=8.0 Hz, 2H), 1.37
(s, 9H); *C NMR (101 MHz, CDCly) §: 151.2, 149.1,
141.8, 136.3, 128.8, 126.8, 125.9, 121.1, 34.6, 31.3; IR
(KBr) v: 3435, 2967, 2871, 1923, 1493, 1452, 1235, 1146,
912, 829, 592, 521 ¢cm '. HRMS (ESI-TOF) calcd for
C16HsFO5S [M+H]" 331.0780, found 331. 0763.

IR 4-9-3-ME e FE ORI R (10) B[4, mup.
105.8~107.0 C; '"H NMR (400 MHz, CDCl;) o: 8.41 (s,
1H), 7.96 (t, J=7.8 Hz, 1H), 7.64 (d, J=7.9 Hz, 2H), 7.45
(d, J=7.9 Hz, 2H), 7.05 (d, J=8.4 Hz, 1H); *C NMR
(101 MHz, CDCl3) §: 164.8, 162.4, 150.0, 146.1, 139.9,
137.7, 129.2, 121.9, 109.9; IR (KBr) v: 3431, 3072, 2926,
2871, 1915, 1587, 1445, 1234, 1195, 1141, 922, 831, 605,
567, 542 cm™~'. HRMS (ESI-TOF) calcd for C;HsF,NO;S
[M+H]" 272.0193, found 272. 0171.

MR 4-H A JE-3-MEIE BRI BR(1p) B A [Tk,
m.p. 75.3~76.3 ‘C;'H NMR (400 MHz, CDCl;) J: 8.37
(s, 1H), 7.76 (d, J=8.4 Hz, 1H), 7.61 (d, J=8.1 Hz, 2H),
7.42 (d, J=8.1 Hz, 2H), 6.85 (d, J=8.5 Hz, 1H), 3.99 (s,
3H). *C NMR (101 MHz, CDCl;) 6: 164.0, 149.2, 145.1,
138.7, 137.3, 128.5, 121.5, 111.1, 53.6; IR (KBr) v: 3439,
3009, 2941, 1905, 1610, 1483, 1437, 1291, 1234, 1190,
1140, 1017, 949, 827, 614, 580 cm . HRMS (ESI-TOF)
caled for Cp,H;;FNO,S [M—+H]" 284.0393, found 284.
0374.

AR 4-Q-ZEE) KB B (1q): A A A, mp.
113.0~114.0 ‘C; "H NMR (400 MHz, CDCl;) 6: 8.00 (s,
1H), 7.98~7.87 (m, 3H), 7.78 (d, J=8.0 Hz, 2H), 7.68 (d,
J=8.5 Hz, 1H), 7.53 (d, J=4.1 Hz, 2H), 7.44 (d, J=8.0
Hz, 2H); “C NMR (101 MHz, CDCl;) d: 149.3, 142.1,
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136.7, 133.6, 132.9, 129.4, 128.9, 128.4, 127.6, 126.8,
126.6, 126.4, 125.1, 121.2; IR (KBr) v: 3432, 3047, 2923,
1499, 1441, 1235, 953, 935, 819, 750, 599, 566 cm .
HRMS (ESI-TOF) caled for C;¢H,FNOsS [M+H]"
303.0491, found 303.0469.

SRR 3-(ZRIL)EMBE(1s)): A E K, mop.
49.1~50.5 C; '"H NMR (400 MHz, CDCl;) o: 7.61 (d,
J=17.7 Hz, 2H), 7.53 (dd, J=14.0, 8.4 Hz, 4H), 7.45 (t,
J=17.3 Hz, 2H), 7.40 (d, J=6.8 Hz, 1H), 7.29 (d, J=8.1
Hz, 1H). "C NMR (101 MHz, CDCl;) §: 150.6, 144.2,
139.0, 130.7, 129.2, 128.5, 127.4, 127.3, 119.6, 119 4.

IR 3-(4- AR KB IR (10): B O K,
m.p. 52.7~53.7 “C; '"H NMR (400 MHz, CDCl;) ¢: 7.58
(d, J=7.5 Hz, 1H), 7.50 (d, J=8.8 Hz, 4H), 7.25 (d, J=
8.0 Hz, 1H), 6.99 (d, J=8.0 Hz, 2H), 3.85 (s, 3sH); "*C
NMR (101 MHz, CDCl;) d: 160.1, 150.6, 143.8, 130.7,
128.4, 126.9, 119.1, 118.8, 114.6, 114.3, 55.5; IR (KBr) v:
3430, 3098, 2967, 1605, 1467, 1446, 1252, 1232, 1142,
932, 835, 777, 682, 581 cm™'. HRMS (ESI-TOF) calcd for
Cy¢HsFNOsS [M+H]" 331.0780, found 331.0758.

PR 3-(4-BUT BRI KB IR (Tu): 1 £ ] 4,
75.5~76.5 ‘C; '"H NMR (400 MHz, CDCl;) d: 7.62 (d,
J=17.6 Hz, 1H), 7.51 (d, J=10.0 Hz, 6H), 7.28 (d, J=8.0
Hz, 1H), 1.36 (s, 9H); °C NMR (101 MHz, CDCl;) ¢:
151.5, 150.4, 143.9, 136.0, 130.5, 127.0, 126.7, 126.0,
119.2, 119.0, 34.6, 31.2; IR (KBr) v: 3438 3085, 2970,
1610, 1451, 1430, 1226, 1138, 932, 833, 693, 587 cm .
HRMS (ESI-TOF) caled for C3H;,FNO;S [M -+ Na]”®
283.0440, found 283.0423.

SR 2-(4- F ALK B KB lis(1v): LAk, 'H
NMR (400 MHz, CDCl;) 6: 7.47 (d, J=7.9 Hz, 3H), 7.40
(d, J=8.7 Hz, 2H), 6.97 (dd, J=14.2, 8.1 Hz, 3H), 3.83 (s,
3H); *C NMR (101 MHz, CDCl5) §: 158.8, 133.6, 132.1,
130.4, 129.4, 128.8, 127.8, 55.5; IR (KBr) v: 3451 2994,
1757, 1610, 1447, 1246, 1046, 915, 820, 582 cm™'. HRMS
(ESI-TOF) caled for C;3H;;FNO;SNa [M + Na] *
305.0260, found 305.0242.

FUEER 2-(4- LRI EMITE(Iw): Liifk. 'H
NMR (400 MHz, CDCl;) 6: 7.51 (d, J=6.9 Hz, 1H), 7.50
(s, 5H), 7.34 (d, J=7.5 Hz, 2H), 3.11~2.49 (m, 2H),
1.51~1.15 (m, 3H); °C NMR (101 MHz, CDCl;) ¢:
147.4, 144.6, 1353, 132.9, 1322, 129.1, 128.9, 128.3,
28.7, 15.5; IR (KBr) v: 3361, 2974, 2892, 1655, 1453,
1383, 1089, 1049, 881, 655 cm '. HRMS (ESI-TOF) calcd
for C4HsFNOs;SNa [M + Na] = 303.0467, found
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303.0450.
SRR 2-(4-80 T 3R EMIR (1x): LBk, 'H
NMR (400 MHz, CDCLy) 6: 7.53 (d, J=7.4 Hz, 4H), 7.46
(s, 4H), 1.41 (s, 9H); *C NMR (101 MHz, CDCl;) o:
135.2, 132.6, 132.2, 128.6, 128.9, 125.7, 121.5, 34.8, 31.4;
IR (KBr) v: 3358, 2945, 2860, 1682, 1460, 1354, 1025,
1001, 960, 640 cm '. HRMS (ESI-TOF) caled for
C16H,7FNO;SNa [M+Na]* 331.0780, found 331.0760.

#HBh#1 B (Supporting Information) 7% ¥A 4 fitf Fi% i
AP H NMR A C NMR 18 &, X e k) m) bl 2%
AT 3 (http://sioc-journal.cn/)_F T %k,
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