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Direct 3-Arylsulfenylation of Indoles with Thiols in Basic lonic Liquid

Cen, JingheT’“ Yang, Kai"? Li, Jianxiao™* Li, Can” Yang, Shaorong*’a
(“ School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640)
(¢ School of Pharmaceutical Sciences, Gannan Medical University, Ganzhou 341000)

Abstract An efficient and convenient transition metal-free procedure for the synthesis of 3-sulfenylindoles derivatives in
moderate to good yields from readily available indoles and thiols in basic ionic liquid has been developed. Their structures
were confirmed by "H NMR, *C NMR and HRMS. This sulfenylation process provides a novel route for directly accessing
3-sulfenylindoles in good to excellent yields and good functional group tolerance with high atom efficiency. Notably, the cur-
rent methodology could also be conveniently applied to the synthesis of thioarylated naturally occurring biologically active
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frameworks.
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1 E RN m A o X SOk PR A R A1 3-
TR e B A TR S C—S BRI E S E R
FH AL 5 T B A T B B fr g 7 adk ),

R, FRATR AU AE DL IR A O A TR 28 X
BB S ST LR G Bot i B 22 2 G 1) SR A A R A A
%A%Ei’wﬁnﬁﬁthi“"] HE— 25 LA T B (K 5] W 2R 41

BB MR, 168 FR R 5T T B AT 2 AR
Jiﬁ SERFM, TEAET, KBIEEAN 100 C, L
B 1 VR AR [HeMimIN(CN), 1E ¥ 7, B BLER & 7 %
(68%~90%) i # . MR & Xk & SR 3-

75 JE T 5| AT A M(Eq. 1).
E::I:{>_ [HemimIN(CN),
: D Lo
100 °C, air
1 2
S \ *R
(1)
R-— T M)—Rr3
N
R2
3

1 &R511R
1.1 BFRIEPBIREEREN R R F L

NT A3 EMRA RN 264, LA (1) 5 2K FE B 1y
(2a) AARAR S B G I RLEAT T 4RI, 58 T ANFH)
TOUBRR S 5 TR PR e 288 DA B e I 38 P 2 %o 2 7 () i), LA
,n%ﬁﬂﬁ 1 Fﬁm

TEEA TR, RN ZAGEHEAT ) (Entry 1), BRI Ff
i 1% %% B (Entries 2~9), 24{#H 2 equiv.[) NaOH /£
Bk, SO EA RPN GC A Z A 1 X Sk 5 14
(Entry 8), FAhAN ST BTG B 2 R A,
ffi 7€ NaOH AiZ s A4 T i R k.

SR, W %2R W (Entries 10~15), —
H JE L R(DMSO) A& 5 N A3 1 B 77, B ARL &4
3a A ERE(GCO)ER N 75% (Entry 10). HALKIHHL
V57, Ebln Toluene. 1,4-dioxane UL K DME, M GC
AL M IS IR FE B AK. ARE STk, & )
N Z R R R R i S AR Sy e f g A
b, FRATTX B A R R AT T 2. IR R, IR
W TR0 B VR A 7E — 5 BV TR P R B8 2 1 S 1Y) GC B4k
2. Ml [Hemim]N(CN), 1EE RN, K NA B
GC ¥R B 1 X 38 % P (Entry 18); oA 251
4, N[C,NH,mim|BF, F1[C,NH,mim|PF,, S ) GC ¥
I RIRH, HOANIZFEIET, [Hemim]N(CN), 25
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Table 1 Optimization of conditions for the coupling of indole

with benzenethiol
H
Cp - O 22 C0
+ SH —
N Solvent, T N
|

|
H 2a H

SPh

1a 3a
Entry Base Solvent Temp./'C  Yield®/%
1 — DMF 80 Trace
2 EtN  DMF 80 7
3 K,CO; DMF 80 41
4 Na,CO; DMF 80 33
5 Cs,CO; DMF 80 52
6 KHCO; DMF 80 16
7 KOH DMF 80 63
8 NaOH DMF 80 65
9 ‘BuOK  DMF 80 27
10 NaOH DMSO 80 75
11 NaOH  Toluene 80 18
12 NaOH 1,4-Dioxane 80 49
13 NaOH DME 80 51
14 —  [C,NH,mim]BF, 80 45
15 —  [C,NH,mim]PF, 80 19
16 —  [C,NH,mim][NTf] 80 86
17 —  [PhCH,mim][NTf] 80 83
18 — [Hemim]N(CN), 80 93
19 — [Hemim]N(CN), 100 94 (88)
20 —  [Hemim]N(CN), 110 93

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reactions were performed with 1a (0.20 mmol), 2a (0.30 mmol), base (2
equiv), solvent (2 mL) under air atomosphere for 12 h. The value in the paren-
theses is the yield of the isolated product. DME: 1,2-dimethoxyethane, [C,-
NHmim]BFy4: 1-aminoethyl-3-methylimidazolium tetrafluoroborate, [C,NH,-
mim]PFg: 1-aminoethyl-3-methylimidazolium hexafluorophosphate, [C;NH,-
mim][NTf,]:  1-(2-aminoethyl)-3-methylimidazolium bis(trifluoromethylsul-
fonyl)imide, [PhCH,mim][NTf,]: 1-benzyl-3-methylimidazolium bis(trifluoro-
methylsulfonyl)imide, [Hemim]N(CN),: 1-hydroxyethyl-3-methyl imidazoli-
um dicyanamide. * GC yield.

NG I TR AR, ARYEA R A RIS, & AR IR
Qe o e S B A U i N B A e o =8 312
TR AR B SR A AR R B X s N A R A
BEER. SR, PRI ES 7 BE, F1 PR SRR H
SRR

kP Hh, iR FE 2% %2R W] (Entries 19, 20), £
FERE Bt s, v LASR s ONE Y GC #4462 (Entry 19);
A, GREETH R AR 110 CHE, R GC #1k
RIFEANE, BOANEE N 100 CRBNEGER R
I3

Rk, A4k )5 8 & & 1 R B 2% N [Hem-
imIN(CN), NRMER], RMEEHR 100 C, KB [E
N 12 h.
1.2 BRHREBEURNERIPEEMEEE

TERAEAE T, TATHE— D% & IR R IR
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WGP 2). IR 2 AT TCAB IS MR IR AR I 2 )
LT 2R AR R A R, O IR AL R RS e AR 3
R R Ba~3g). IFH, FRIAEEZIE BT,
BU dr FR R B, SR PR 4 50 AT 236 S vy T R PR A g )
Wk, RH A, CQ)Nr H EHUR L 5| M5 22 3R B, [RBL
BIRE IR K P2 R AL (3h~3)). #E—5Hh, N-BUREE
8 R, Toil e br FE AR 2 2R DL R RS, R
LR RE SEIA R 7= 2 K 3 A (3k~3n). R4k, EAHANE
HAR 35 1) 7 R T By %o e 2 7 2 UL HE 8 A 1 JER P e 2
(30~3r).

HRAE b3 5256 8 5 DA AR STk, 2R B AT
REMLERR: Bk, BREYTE 255 b AR il — 05 2 i s
(IR, TEBRME S5 A T Ml R AT A 4 2% o -0 45 21 o o 5
T, R I B o A M O R R ek 1T 43 2
H ks artiss,

1.3 BFRENESFERM

DA (1a) 55 2 L 05 195 (2a) (1 5 R B e A S 7 Sy
B2, 2.0 mL [Hemim]N(CN), A& NIEF, &N E AN
100 °C, MEFEIN 12 h, HE8 T BT HRARIEHHE S
I, SEIGEE RN 3 prid

BT ARG 5 53R 1% MR R T LA

FIH 8 Uk I BEvd M A W R PRI, 4 58 9 IR,
FH T & P R P n DA R R R R, B ARk &4
AW B R PR A, R K e S IR, E AR A
P GC AR AR FETE =i(Run 11).
1.4 FYIREELRR

BE—2G 1, B3 RImIREATAY 3e W LUERE Suzuki-
Miyaura B SN BL 73%ICR 46 R 6- 28 5E-3- 0%
I5| Wk 4 (Eq. 2).
1.5 FEYILERIRIAE

3 & 454 "TH NMR . °C NMR Al HRMS
BRI, 8 HARL &6 "H NMR 1 &1, (N-H)ZE A )4k,
G, 5N 8.11~8.92 Kb B HUE N N-H [tk 2E 0 %
(3a~3j M1 30~3r); X TN-CH)EREMLEN, 6 N
3.77, 3.67 Kb LI EIE S 3k A 31 4R N-CH;
I,

2 i

2 SR LA A A3 B ) 5 35 B Ay
SRS, R B TP [Hemim]N(CN), o R 22
T RS CR)H RRBRIEIUA (I AT 4. BT e R

F2 WL 7B 1905 R AL B
Table 2 Sulfenylation of indoles with thiols

i 2
X — R? S
R-— T D—R3 + @SH <T NS
Z N R4 - N /\/
L2 2 rR? Al R
R
1 3

[HeMim]N(CN),

100 °C, air
SPh SPh SPh SPh SPh SPh
Me F. Cl
A\ N A\ A\ A\ A\
N N N cl N Br N cl N
H H H H H H
3a, 88% 3b, 83% 3c, 86% 3d, 80% 3e, 81% 3f, 76%
SPh SPh SPh SPh SPh SPh
cl MeO Cl
N N—Me N—Me S—Me N N—ph
o ) ) Y ) )
H H H H Me Me
3g, 73% 3h, 90% 3i, 85% 3], 86% 3k, 89% 31, 81%
S OMe
e oPn s—@m s—@sr s—<\JCN
Br \
N N \ \ \
N N N
| | ) ) b )
Ph Bn H H H
. o 30, 75%
3m, 83% 3n, 86% 3p, 78% 3q, 74% 3r, 68%
“ Reaction conditions: 1 (0.20 mmol), 2 (0.3 mmol), [Hemim]N(CN), (2 mL), at 100 ‘C for 12 h. Yields refer to the isolated yield.
Chin. J. Org. Chem. 2017, 37, 3213~3219 © 2017 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3215
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Table 3 Reusability of the ionic liquid

Run Time/h Yield®/%
1 12 94
2 12 94
3 12 94
4 12 94
5 12 93
6 12 91
7 12 90
8 12 83
9 12 65
10 12 40
11 24 48

“Reaction conditions: 1 (0.20 mmol), 2 (0.3 mmol), [Hemim]N(CN), (2 mL),
at 100 °C for 12 h; * GC yield.

SPh

N\ Pd(OAc), (5 mol%), Xphos (10 mol%)
+ PhB(OH),
Br l}l K3POy (3 equiv.), toluene (1 mL)
H

110°C, 12 h, N,

3e
SPh
o
Ph N @
H
4,73%

. E &S 5404, LAY E 7 /& [Hemim]-
N(CN), N MER], 100 CHHET, M 12 h, &FhE
AR NG| Ak B P 320 R 5 05 SRR By DA 25 AR R I P R
32 H bR A, T HL RN 3R I H BT i DX ek £
TN, FRNEARRA, 5T ARG, " 3-95%
T A WAL A PTG B AL 4 (8 1 42
3 IS
3.1 UESHF

18 [E Bruker A% 400 MHz DRX-400 #ZREFEHRAY,
77 CDClL, WAR TMS; 3E LCQ Deca XP MAX iAH
03— 57 1 P A (2125 [H] FINNIGAN TRACE DSQ i i
1%, 70 eV); WA THRAEARA R X-5 B BAR0E 5
1.

BT R AT B, KReidt—Palifh.
3.2 ZLWAHE

25 mL BRI 0.2 mmol F5[H(1), 0.3 mmol 75 3%
B (2), 2 mL B A [Hemim]N(CN),, A 100 C
AT, KRB 12 he RMZHRE, EEHRF A 10 mL
LR W80 mL X 3), 2L, A HLZ TC KB R BTk,
R e T, HENTE 3. B AN EmE H
NMR, C NMR #l HRMS HfilE.
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G, 15 mL = HEE A 0.1 mmol 6-7R-
3- 4 fi 205 Wk (3e), 0.3 mmol FEFEEMIER, Pd(OAc), (5
mol%), K3PO, (63.5 mg, 0.30 mmol), Xphos (4.8 mg, 0.01
mmol)Fl 1 mL AR, HAEH 110 CHMHT, &M 12 h
RN G, H IR CERRERL(10 mLX3), AHLETEK
T, BRI TS, HENS 4. BREY)
45 F2: "TH NMR, C NMR Fl GC-MS FfilE.

3-ZEBR LG Wk (3a)0: PR 88%. [ E A, mup.
146~148 °C; 'H NMR (400 MHz, CDCl5) d: 8.33 (s, 1H),
7.60 (d, J=8.0 Hz, 1H), 7.49~7.38 (m, 2H), 7.23 (d, J=
9.6 Hz, 1H), 7.19~7.09 (m, 5H), 7.06 (t, J=6.8 Hz, 1H);
C NMR (100 MHz, CDCl5) d: 139.3, 136.5, 130.7, 129.0,
128.6, 125.8, 124.8, 123.0, 120.9, 119.6, 111.6, 102.9;
HRMS (ESI) calcd for C4H;;NNaS [M+Na]": 248.0504,
found 248.0507.

5-FI L 3SR BL5 W (3b)1%) PR 839%,. [ fFE 44,
m.p. 133~135 ‘C; '"H NMR (400 MHz, CDCl;) 6: 8.22 (s,
1H), 7.40 (d, J=7.6 Hz, 2H), 7.29 (d, J=8.0 Hz, 1H), 7.16
(t, J=7.6 Hz, 2H), 7.10~6.97 (m, 4H), 2.40 (s, 3H); "*C
NMR (100 MHz, CDCly) d: 139.5, 134.8, 130.8, 130.5,
129.4, 128.6, 125.6, 124.8, 124.6, 119.2, 111.2, 101.8,
21.5; HRMS (ESI) caled for C;sH;;NNaS [M-+Na] ':
262.0661, found 262.0656.

-9 -3- B AL M W (30) " PR 86%. B (h [ Ak,
m.p. 112~114 ‘C; "H NMR (400 MHz, DMSO) §: 11.83
(s, 1H), 7.88 (d, J=2.4 Hz, 1H), 7.68~7.38 (m, 1H), 7.22
(td, J=8.0, 1.6 Hz, 2H), 7.18~6.99 (m, 5H); °C NMR
(100 MHz, DMSO) ¢: 157.8 (d, J=232.4 Hz), 138.8,
134.4, 133.2, 129.5 (d, J=9.9 Hz), 128.8, 125.4, 124.9,
113.8 (d, J=9.8 Hz), 110.4 (d, J=26.2 Hz), 103.1 (d, J=
23.8 Hz), 99.6 (d, J=4.8 Hz); HRMS (ESI) calcd for
C4sH, FNS [M+H]": 244.0591, found 244.0588.

6-F-3- A LM AP PR E 80%. M IE A,
m.p. 100~102 C; '"H NMR (400 MHz, CDCl;) 6: 8.55 (s,
1H), 7.50 (d, J=8.4 Hz, 2H), 7.23 (d, J=7.6 Hz, 1H), 7.16
(t, J=7.6 Hz, 2H), 7.08 (dd, J=13.6, 7.2 Hz, 4H); "*C
NMR (100 MHz, CDCly) d: 138.6, 133.8, 131.2, 130.6,
128.7, 126.1, 125.1, 122.5, 121.6, 118.4, 117.0, 104.5;
HRMS (ESI) caled for C;4H;(CINNaS [M+Na]+:
282.0115, found 282.0112.

6- TR -3- A B HE NG| e (3e) 160 2 819, o (h ] 44,
m.p. 141~142 °C; '"H NMR (400 MHz, CDCl;) 6: 8.39 (s,
1H), 7.58 (d, J=2.0 Hz, 1H), 7.45 (t, J=5.6 Hz, 2H),
7.31~7.23 (m, 1H), 7.18~7.11 (m, 2H), 7.10~7.01 (m,
3H); *C NMR (100 MHz, CDCl3) §: 138.7, 137.2, 131.1,

Chin. J. Org. Chem. 2017, 37, 3213~3219
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128.8, 128.0, 126.0, 125.1, 124.2, 121.0, 116.6, 114.6,
103.6; HRMS (ESI) calcd for C4H;,BrNNaS [M+Na]:
325.9610, found 325.9606.

5,6- A -3- TR LM EEHICL PR 76%. A [E
1, m.p. 145~147 “C; '"H NMR (400 MHz, CDCl;) o:
8.42 (s, 1H), 7.66 (s, 1H), 7.51 (s, 1H), 7.46 (d, J=2.4 Hz,
1H), 7.19 (t, J=7.6 Hz, 2H), 7.09 (t, J=8.4 Hz, 3H); °C
NMR (100 MHz, CDCl;) 6: 138.3, 135.1, 132.5, 128.8,
128.8, 127.2, 126.0, 125.3, 125.3, 120.7, 113.2, 103.2;
HRMS (ESI) caled for C;;HsCILNNaS [M + Na] ' :
315.9725, found 315.9727.

6-PA-5-F-3- R B LM W 3g) P 2R 73%. (A (Ll
&, m.p. 152~153 “C; 'H NMR (400 MHz, CDCl;) o:
8.45 (s, 1H), 7.84 (s, 1H), 7.54 (s, 1H), 7.46 (s, 1H), 7.19
(t, J=17.2 Hz, 2H), 7.06 (t, J=8.4 Hz, 3H); >C NMR (100
MHz, CDCl;) 0: 138.3, 135.8, 132.4, 129.4, 128.8, 128.8,
126.0, 125.2, 124.1, 114.6, 113.1, 103.1; HRMS (ESI)
caled for C;4HoBrCINNaS [M+Na] " : 359.9220, found
359.9217.

2- L 3-ZERT AL 30 2R 90%. A fhfFE ik,
m.p. 110~112 °C; "H NMR (400 MHz, CDCl;) ¢: 8.11 (s,
1H), 7.52 (d, J=7.6 Hz, 1H), 7.28 (d, J=8.0 Hz, 1H),
7.18~7.15 (m, 1H), 7.16~7.06 (m, 3H), 7.02 (dd, J=
11.2, 5.6 Hz, 3H), 2.45 (s, 3H); “C NMR (100 MHz,
CDCly) 6: 141.2, 139.4, 135.4, 130.3, 128.6, 125.6, 124.6,
122.2, 120.6, 119.0, 110.7, 99.4, 12.2; HRMS (ESI) calcd
for C;sH;;NNaS [M+Na]": 262.0661, found 262.0664.

5-FAR k-2 6 3-SR AR L | M (31) 2 2% 85%.
F {0 & 4K, mp. 128~130 ‘C; 'H NMR (400 MHz,
CDCly) d: 8.13 (s, 1H), 7.22~7.12 (m, 3H), 7.05~6.99
(m, 4H), 6.83 (d, J=8.8 Hz, 1H), 3.77 (s, 3H), 2.44 (s,
3H); *C NMR (100 MHz, CDCl5) §: 155.0, 141.9, 139.4,
1312, 130.3, 128.7, 125.4, 124.5, 112.2, 111.4, 100.8,
98.9, 55.8, 12.2; HRMS (ESI) calcd for C;¢H;sNOS [M—+
H]": 270.0947, found 270.0941.

5-50-2-F 2 -3- B LG (3% P2 86%. Hfa
&4, m.p. 137~138 C; '"H NMR (400 MHz, CDCl;) ¢:
8.21 (s, 1H), 7.51 (s, 1H), 7.22 (d, J=8.4 Hz, 1H), 7.18~
7.10 (m, 3H), 7.06 (d, J=7.6 Hz, 1H), 7.00 (d, J=8.0 Hz,
2H), 2.47 (s, 3H); *C NMR (100 MHz, CDCl;) ¢: 142.7,
138.8, 133.8, 131.6, 128.8, 126.7, 125.5, 124.8, 122.5,
118.5, 111.7, 99.4, 122; HRMS (ESI) caled for
CysH,CINNaS [M+Na]*: 296.0271, found 296.0267.

1- - 3-ZE B LM 3R 2R 89%. A (i fFl 4k,
m.p. 82~84 C; '"H NMR (400 MHz, CDCl;) ¢: 7.61 (d,

Chin. J. Org. Chem. 2017, 37, 3213~3219
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J=7.6 Hz, 1H), 7.36 (d, J=8.0 Hz, 1H), 7.23 (d, J=10.4
Hz, 2H), 7.19~7.10 (m, 5H), 7.02 (dd, J=9.6, 4.4 Hz,
1H), 3.77 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 139.7,
137.6, 135.1, 129.9, 128.7, 125.8, 124.7, 122.6, 120.5,
119.8, 110.0, 100.6, 33.1; HRMS (ESI) caled for
CysH,3NNaS [M+Na]": 262.0661, found 262.0664.

1-FA 32 JR JE -3 JR AR LG W 3D 72K 81%. 7
tE A, mp. 93~95 C; 'H NMR (400 MHz, CDCl5) o:
7.64 (d, J=8.0 Hz, 1H), 7.44~7.36 (m, 6H), 7.30 (t, J=
7.6 Hz, 1H), 7.22~7.16 (m, 1H), 7.11 (t, J=7.6 Hz, 2H),
7.02 (d, J=7.6 Hz, 2H), 6.96 (t, J=7.2 Hz, 1H), 3.67 (s,
3H); *C NMR (100 MHz, CDCly) §: 146.0, 140.1, 137.7,
130.7, 130.6, 129.9, 128.8, 128.7, 128.4, 125.7, 124.5,
122.9, 121.1, 119.9, 110.0, 99.8, 31.8; HRMS (ESI) calcd
for C5H;,NNaS [M—+Na]": 338.0974, found 338.0971.

1-2RFE-3- 2R B AL M W 3m)!' ) P22 83%. B MK
&; '"H NMR (400 MHz, CDCLy) &: 7.66 (d, J=7.6 Hz,
1H), 7.62~7.56 (m, 2H), 7.53 (d, J=4.4 Hz, 4H), 7.45~
737 (m, 1H), 7.28 (d, J=7.6 Hz, 1H), 7.21~7.12 (m,
5H), 7.07 (d, J=2.8 Hz, 1H); *C NMR (100 MHz, CDCl;)
5: 139.0, 138.9, 136.8, 133.9, 130.3, 129.8, 128.8, 127.2,
1262, 124.9, 124.5, 123.4, 121.4, 120.1, 111.0, 104.0;
HRMS (ESI) calcd for CoH;sNNaS [M+Na]": 324.0817,
found 324.0820.

- 56598 -3- IR BRIE | W (3n)! o) 72K 86%. H(h
Wi, "TH NMR (400 MHz, CDCls) d: 7.75 (s, 1H), 7.34 (s,
1H), 7.28 (t, J=7.6 Hz, 4H), 7.16~7.11 (m, 3H), 7.10~
7.00 (m, 5H), 5.25 (s, 2H); *C NMR (100 MHz, CDCl;) ¢:
139.0, 136.2, 135.8, 135.7, 131.9, 129.0, 128.9, 128.8,
1282, 127.0, 125.9, 125.1, 122.5, 114.5, 112.0, 101.3,
50.7; HRMS (ESI) caled for C,H;sBrNNaS [M+Na]":
416.0079, found 416.0075.

3-(4- F A L IR B L) I Wk (B0)! M PR 75%. T
[E4£, mp. 107~109 ‘C; 'H NMR (400 MHz, CDCls) §:
8.29 (s, 1H), 7.64 (d, J=8.4 Hz, 1H), 7.42 (d, J=2.8 Hz,
1H), 7.38 (d, J=8.0 Hz, 1H), 7.23 (d, J=7.2 Hz, 1H), 7.13
(dd, J=11.6, 8.0 Hz, 3H), 6.70 (d, J=8.8 Hz, 2H), 3.70 (s,
3H); *C NMR (100 MHz, CDCly) §: 157.8, 136.5, 130.1,
129.6, 129.0, 128.6, 123.0, 120.8, 119.6, 114.5, 111.5,
104.6, 55.4; HRMS (ESI) calcd for C;sH;3;NNaOS [M-+
Na]": 278.0610, found 278.0612.

3-(4-F IR I EGp) PR 78%. [ [ 4,
m.p. 126~128 °C; 'H NMR (400 MHz, CDCl;) J: 8.36 (s,
1H), 7.58 (d, J=8.0 Hz, 1H), 7.44 (dd, J=11.6, 5.6 Hz,
2H), 7.28 (t, J=7.6 Hz, 1H), 7.17 (t, J=7.6 Hz, 1H), 7.11
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(d, J=8.8 Hz, 2H), 7.02 (d, J=8.8 Hz, 2H); *C NMR
(100 MHz, CDCl3) 0: 137.9, 136.5, 130.7, 130.6, 128.9,
128.8, 127.2, 123.2, 121.1, 119.5, 111.7, 102.4; HRMS
(ESI) caled for C14H;;CINS [M+H]": 260.0295, found
260.0290.

3-(4-TRZETRE | W3 P2 E 74%. A 4k,
m.p. 138~139 ‘C; '"H NMR (400 MHz, CDCl;) 6: 8.40 (s,
1H), 7.75 (s, 1H), 7.44 (s, 1H), 7.34 (d, J=8.4 Hz, 1H),
7.27 (d, J=8.8 Hz, 1H), 7.17 (t, J=7.6 Hz, 2H), 7.08 (d, J
=7.2 Hz, 3H); *C NMR (100 MHz, CDCly) §: 138.7,
135.1, 131.9, 131.0, 128.9, 126.1, 125.9, 125.0, 122.2,
114.5, 113.1, 102.8; HRMS (ESI) caled for Ci4H;;BrNS
[M+ H]":303.9790, found 303.9796.

3-(4-FUIE B I ) 15 W 3r) ) PR 68%. [ [
#, m.p. 176~178 °C; '"H NMR (400 MHz, CDCl;) o:
8.92 (s, 1H), 7.95 (s, 1H), 7.62 (d, J=2.4 Hz, 1H), 7.55~
7.48 (m, 2H), 7.21~7.13 (m, 2H), 7.12 (dd, J=7.6, 5.6
Hz, 3H); “C NMR (100 MHz, CDCly) §: 138.3, 137.9,
132.6, 129.0, 128.9, 126.4, 126.0, 125.5, 125.3, 120.2,
112.7, 104.9, 104.1; HRMS (ESI) calcd for C;sH;N,S [M
+H]": 251.0637, found 251.0633.

6- A HL-3- R AL NG| W ()P PR 739, A,
'H NMR (400 MHz, CDCl;) 6: 8.49 (s, 1H), 7.71 (d, J=
7.6 Hz, 2H), 7.62 (d, J=7.2 Hz, 1H), 7.37 (dt, J=15.6, 4.8
Hz, 4H), 7.23 (t, J=7.2 Hz, 1H), 7.11 (dt, J=15.2, 6.8 Hz,
5H), 7.00 (t, J=6.8 Hz, 1H); *C NMR (100 MHz, CDCl;)
5: 1423, 139.2, 135.9, 131.4, 131.2, 128.9, 128.8, 128.5,
128.2, 125.3, 124.3, 123.5, 121.2, 120.0, 111.2, 99.6; MS
(ED) m/z 121, 165, 223, 268, 301.

%% Bh#4 %} (Supporting Information) A L&# 'H
NMR 1 °C NMR B . xS}y LG 2 AT o
(http://sioc-journal.cn/) .~ #X.
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