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Abstract The Cu(I)-catalyzed intramolecular cyclization of ortho-halogenated phenylthioacetamides to form 2-amino ben-
zo[b]thiophenes in water was studied. This method employed water instead of organic solvent, and the catalyst-loading can be
as low as to 5 mol% and the yield of products is up to 98%, which overcomes the drawbacks such as harsh reaction conditions
and low yields in the previous methods. In addition, the reaction can be scaled up to gram-scale and catalyst can be reused with
a maintained yield of products. This reaction provided a simple and environmentally friendly protocol for the preparaion of
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2-amino benzo[b]thiophene and their derivatives.
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Scheme 1 Selected bioactive compounds containing 2-amino benzo[b]thiophene
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G T, A BRI 2- S B R ey FR 41 T — 2%

ST AR

TRT (S0 AT A2, B 4 i e e 7 DA % DK 8 T T P4 4S8 FH
KHOBR 1 7z 7RI, sk, TR R IR A
A& PR T A AR, I H = 2 A & [Scheme 2,
(d)]. LA SCERIERE, FRATAIL, did B 45 e
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Scheme 2 Synthetic methods for 2-amino benzo[b]thiophenes
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2006 4, Willis BEEHTIF R T — 240 AL 1 a-(56
B Q75 3 ) B IR 2840 A4 R A 4T A C—S 4 A F Bk
SN B Y (7 vE . H AT W, I 4 R TR A AL
ZRM I NI AR R 7 & B E e il % @it
SCRRTERE, FAT1RBLUL 4 8 AR s A 5 AL ik Cc—S
A 2 I R SR T B K IR AL SR T R
TRERSCEIRIED, HAh, RS DL R
BN SR A R — R A 2- R FEMEWy FRATZE W
RIAEH, RO BE L MRS R, 3 HED
B S (075 B B T B R PR T e, DRI SRR B R AR
C—S BMARS. F—J7, BESOMERESIRA
N, VAER KA Ullmann 288 () C—S SHABIBE [ N
WAFE] Tz E, KA R IR R E IR R
I JRAE M I R R R L T 9 K s A 0

T, ARSCHGER A BN CuCl AL, TF R KHH
AR B SRR G A B 2- 2 5 2K I ey 2R AL
GEYINEITE. SRS EA GEE. FEE. gosiH
ZEAJ i [Scheme 2, (e)].

1 HRESHR
1.1 £HiFHiE

DILEY) 1a ALY, 208 Willis iR H 75 %
IRIFBEM 715, LA Pdy(dba); AMEALTTIRT, TATAR =
MNRA(FR 1, Entry 1). LA PA(OAc), AEMFIRT, 1S
B 8% R H R4 2a (Entry 2). Ffijm, 22K 0A
GBI NI, S8 Batey PR G BRI BEMER 5
U RATEL 5 mol%I[F) Cul MEALF, 10 mol%[H)
1,10-Phen ALK, 2 equiv. Cs,CO; Nk, 2 mL )
1,4-dioxane JMIER], BAHBEH 80 CF M, 4

R RN

Table 1 Optimization of reaction conditions

| 10 mol% cat.

O
BrS

20 mol% ligand

- O .
2.0 equiv. base, temp.

IS \

solvent, N5, 3 h

1a 2a
Entry Cat. Ligand Base Solvent Temp./C Yield”/%

1 Pd,(dba), DPEphos Cs,CO;s Toluene 80 0

2 Pd(OAc), DPEphos Cs,CO;s Toluene 80 8

3 Cul 1,10-phen Cs,CO;4 Dioxane 80 92
4 CuBr 1,10-phen Cs,CO;4 Dioxane 80 90
5 CuCl 1,10-phen Cs,CO;s Dioxane 80 93
6 Cu(OAc),*H,0 1,10-phen Cs,CO;s Dioxane 80 72
7¢ CuCl, 1,10-phen Cs,CO;4 Dioxane 80 85
8 CuCl 1,10-phen Cs,CO;s Dioxane 80 82
9 CuCl 1,10-phen Cs,CO; DMSO 80 81
10 CuCl 1,10-phen Cs,CO3 THF 80 76
11 CuCl 1,10-phen Cs,CO;4 Toluene 80 65
12 CuCl 1,10-phen Cs,CO3 CH;CN 80 68
13 CuCl 1,10-phen Cs,CO3 CH;CH,OH 80 15
14 CuCl 1,10-phen Cs,CO3 H,O 80 92
15 CuCl 1,10-phen Cs,CO3 H,O 60 73
16 CuCl 1,10-phen Cs,CO3 H,O 100 91
17 CuCl Glycol Cs,CO; H,O 80 0

18 CuCl L-Proline Cs,CO; H,O 80 35
19 CuCl Edamine Cs,CO3 H,O 80 79
20 CuCl TMEDA Cs,CO3 H,O 80 8

21 CuCl DMEDA Cs,CO; H,O 80 92
22 CuCl DMEDA Et;N H,O 80 18
23 CuCl DMEDA K,CO;s H,O 80 49
24 CuCl DMEDA NaO'Bu H,O 80 67
254 CuCl DMEDA DBU H,0 80 47
267 CuCl DMEDA — H,0 80 67
27 CuCl TMEDA — H,O 80 95

“Reaction conditions: 1a (0.2 mmol), catalyst (0.01 mmol), ligand (0.02 mmol), base (0.40 mmol), solvent (2.0 mL) under N,; ® Yields of isolated products.; ¢ Used 2

mol% CuCl as the catalyst; ¢ With 0.42 mmol ligands.
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NIEEMZ, &M 3 h)E, FEE 1a 25k, JF0L 92%
IWCRAT N T 2-(N,N-— & &) K FFBEWy (2a) (Entry 3).
LR R — P H S TR RBIET . Bl AT
ey IRBLIR R AR R EC A F XS =) 2a 152, DA
WA RIS B = A s R AR X

T, SRR, e —
P £l CuBr, CuCl)¥3 I H R =y A vE P (Entry
4), T SR, W Cu(OAc),*H,0 Al CuCly, HEALZR
FHA K (Entries 6, 7). # CuCl [ £FKE 2 mol%
B, F=4 2a (7= A0 B FEIRE 83% (Entry 8). 2 % %
N FEEFIEEAT T % %2, 40Pl DMSO. THF. HZ. Zf%
TN, P E 35 B 2 IR I (Entries 9~12); 4
PLZBENTEFIR, JERERER AR, 2a KR 1A 15%
(Entriy 13); 43RATZAL H,O REFIE, 2 A&
&, 72V 2a MR IRFF ST 1,4-dioxane #H4(Entry
14). TRBAVESE 71X — FRBE AT 175 770 34 1 0] I
TS, BIRREE 60 CHRE M WA K4, H%R
IR 3%, FHmiaFEZE 100 C iR I 0 5 K 5
(Entries 15, 16). FCARTHIE S HATHEZZ 1 LR HT
&R ma . FERMRGA R, MfEH 0,0- ik
BoAk 2 —BERS, RBIARERE(Entry 17); 24ffH N,O-
TRTRAR L-BEER, FERMAUN 35% (Entry 18); H4ff
FH NON- UG BCAR 2, —fERT, 724 2a BI7=%8 79% (En-
try 19), MR & T 0,0- AR & N,O- AT
A EAEIZ s N NON- U A i A R T
RIHEAT. T X EER T IYH I Z % (TMEDA), {H#}
PEE R BB 2] 8% M = MU = (Entry 200); 1M1 24 LA
NN- W32, — iz (DMEDA) AR, SN 77 2% 5 4
Al 1,10-phen 7= ZAH[F(Entry 21), T 2&i%$ LR )
DMEDA A 5 3% T C A G it 47 25 5% 2448 FH 55 84
EGN, KoCOs B, HEELLHEE LT W15 2 B ARr=4)
(Entries 22, 23), 1M 2444 FHB 145 5 () NaOBu-¢ 1 DBU
B, R 53R &0 (Entries 24, 25). HT 4 &350
RBE B8 S5 EC A U B, DR, FRATR AR AT AR
BN —F) 3 5t i ke B B AR RO BRI B AR, T2 3kAT)
A& Z NN 2.1 equiv. () DMEDA, 2 R A5 3
67%WCHK K H b5 72 %0 (Entry 26); AR, 244K ZdmA
2.1 equiv.ff) TMEDA I, SRBAEFEA], 3 h f5EIGELL
95% I #4533 H b5 2% 2a (Entry 27).

I LA b R AR R, W T SRR RN SRR
N1 5 mol% Cul IEALF], 2.1 equiv. TMEDA AECAA AN
B, 2 mL 1) H,O AEF, 76 80 C &5 Hh s v
1.1 KRR

TESRIF AR B IS, X R SR AT 1 &
PEHER G Eq. 1 Fios. e s R Rk 5 %,
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L= 2a Fi LR NBE TEXT R, 24 50 5 9 IR, 2a ()
FREY 95%:; 2R JEF O, S LFA] DAE A E
7Y 2a; AR, SR EURR LIRS IFAS
EH, HEMTT AR BT C—Cl SRR 08, 4 (i A it
AN D PR ASEHL.

Rz R
e \ 5 mol% CuCl ,
R* 2.1 equiv. TMEDA mY 0
x S H,0, Ny, 80 °C s N\
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CN Cl /
/ A\ / N N
\ N \
S N\ IS \ E S
5 620 2k 80% 2189%
(]
H,CO
s \ s S
2 65% 2n 60% 20 75%

BN ORI B DA N 3 P 3E IR AR R A N 5 8 0
%, W Eq. 1 FoR, &P mARB S > AR T 2 F
FRREUREE, W NN-THEE NN-TZFE NN-TR
Foo N-FALN-ZREL. N-FJE-N-ASHE. MEMEBE. WRNE DL
T e Wk AR B 35 g DA R 4 B0 S 19 7 2R 3R A5 AH L H AR
PEY(2b~2h), H, DL NN- TSRS BURE R R
B SR B AR AR AR I, 3 T 82 HH A2 BEL A i IR 5 3
AN R NG A TR, o6, BRAREERZ (1) a-f7 45 HX
ARIERT, TV A H - F R Bl P B R S AR 1Y
RELLm = RAF 2R B ARF=10(21, 2j). BB B ERARIR
RIS OB R, S5 RN, IR b R N
RZIR R, 24 DA H BRI BRI, a0 Sl El s R
B, P DURFEEOL TS R (21, 2§), 28T 4 DAt
TSR, P2 RAUN 65% (2m). a5 %2 T %
Ak AR5 Willis SRHUE & 2k 3 E 1wy i BT AR SR A
2-(2- BRI~ FACHE LB AN 2-(2- BRI - B AP P

Chin. J. Org. Chem. 2016, 36, 2419~2425



Chinese Journal of Organic Chemistry

Fi 2 A IE N, A N 4R, XA R ATE I s B A
AR 2R N REAS B R AF R A5 2 H AR 74 2n 1 20.

B, MR BLISE FHTERHT T RGN, KR
SR TR, K 1a ARBCOCE] 10 mol (2.67 g),
FEY) 2a FICRABBEPRERTE 87%. LABUKE I SLL6 A3t
fith, X HEA A R GG G AT T WAL, ik
RIEH — IR A SN T8 U 281 220X, N 2.1 equiv.
1] TMEDA, BRIZHTE ZIRIEIEAH, R ERE
AR 007 2a P2 TR EFS] 83%. L BCK
S 56 R 14 7 08 A4 F SI2 6 R DA 58 1% R B LA TR TE
(1) ol B A E(Eq. 2).

| 5 mol% CuCl /
N 2.1equiv. TMEDA [::Ij%*‘N\ o
g H,0, N,, 80 °C s
Br

2a
Yield of 2a: 87% (1.54 g)

2nd run 83% (1.47 g)

1a (10 mmol)

2 Zhig

KT —Hr i EAL I 2-Z 3 R IR ey () 2R (0 5
Jiik. VLR CuCl JyfiEfe], TMEDA NTANEC A,
LA H,O NS, 48 sk LM 20 7N C—
S SEARIBRIMAL S, AT — R I AR A 1
2-BILAIFHEW KA G, P FR i mliE 98%, Sl 1
DT A BT P R A OBLSRAF 7 2 S B AR,
R NTICR B G5 77 R ARG BIRS, AR BT
SKIVEAE. Bz, BATERE T — 26 =R %
. S 2-BEEIEIFEN AL S W B T, ks
AL TAPRE R 25 R B & B A T — o () R B

3 e
3.1 X5

LRI HFRIE . 2 . | REEE A, B
A 25 AR M Al LR ("TH NMR) A
Wi (C NMR) 2 id Bruker 23 & ) Bruker DPX-400 1%
WS IRPETEACI 5, AR R DU R LG B2 (TMS), ¥ 711
H AR S A (CDCLy); 1 43 #% 5t 1% (EI) /2 38 Finigann
MATS8401 BTG M 2 ; 44 5 A2 Il ik bk 2% Rl A 4%
BIR AT AP 1 GW X-4 SA0E BAGHAT I E, 15
IR ISR IE.
3.2 A2 HEIESE

RS BT, K 1.0 mg (0.01 mmol) CuCl,
48.8 mg (0.42 mmol) VY H 3 2 —JZ fifb &4 1 (0.2
mmol) JIAZF] 10 mL 1) S H, FFMA 2 mL Z8180K.
SRIGAE 80 C2MF N M, TLC Waillj MiEFeE. 5O
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gil)E, H SRR =R, AIEAPUHE, FHRATR
BEIKGEG G, TR IRBRAN T, IR IR F3 4
W, GALIENT 7 B AR IRy A 2.

N,N- " R B WEWY (2a): 35 LR, X=Br,
33.3 mg, /7&K 94%; X=I, 34.8 mg, /% 98%. R;=0.50
(VAT EE) @ (B2 2.18)=10 : 1]. '"H NMR (400 MHz,
CDCLy) d: 7.59 (d, J=7.9 Hz, 1H), 7.44 (d, J=7.9 Hz,
1H), 7.24 (dd, J=7.7, 1.1 Hz, 1H), 7.06 (dd, J=7.7, 1.1
Hz, 1H), 5.99 (s, 1H), 3.02 (s, 6H); >C NMR (100 MHz,
CDCly) 0: 157.7, 141.4, 132.47, 124.4, 121.4, 120.3, 120.1,
96.5, 42.5. HRMS (EI-TOF) calcd for C;oH; NS 177.0612,
found 177.0613.

N,N-"- ALK FFEW(2b): #E R, 36.1 mg,
FEEE 88%, Ry=0.40 [V(AiER) © (LR 4BE)=10 : 1].
'H NMR (400 MHz, CDCls) §: 7.55 (d, J=7.8 Hz, 1H),
7.38 (d, J=7.7 Hz, 1H), 7.19 (t, J=7.3 Hz, 1H), 6.99 (t,
J=17.3 Hz, 1H), 5.94 (s, 1H), 3.37 (q, J=6.9 Hz, 4H), 1.24
(t, J=7.0 Hz, 6H); *C NMR (100 MHz, CDCl;) d: 155.6,
141.7, 131.6, 124.4, 121.2, 119.9, 119.6, 95.2, 46.8, 12.4.
HRMS (EI-TOF) caled for C;,H;sNS 205.0925, found
205.0926.

2-(N,N- 5 TN R 5 2 ) R FF ey (2¢): 3 B8R,
30.3 mg, 5 65%, Ry=0.45 [V i) @ (2R o
fig)=10 : 1]. '"H NMR (400 MHz, CDCl3) §: 7.57 (d, J=
7.8 Hz, 1H), 7.43 (d, J=7.8 Hz, 1H), 7.20 (t, J=7.4 Hz,
1H), 7.04 (t, J=7.4 Hz, 1H), 6.21 (s, 1H), 3.81~3.74 (m,
2H), 1.30 (d, J=6.7 Hz, 12H); "C NMR (100 MHz,
CDCly) d: 153.5, 140.5, 132.5, 124.1, 121.1, 120.6, 120.2,
102.2, 50.8, 20.8. HRMS (EI-TOF) calcd for C;4;H;oNS
233.1238, found 233.1240.

2-(N-H FE-N-2R BE-2- 5 B8 ) R FFWE Wy (2d): 2 LI,
34.9 mg, & 73%, R=0.35 [V(f1HEF) : (LB )
=10 :1]. m.p. 75~77 ‘C; '"H NMR (400 MHz, CDCl5)
5: 7.58 (d, J=7.9 Hz, 1H), 7.49 (d, J=7.9 Hz, 1H), 7.32
(t, J=7.5 Hz, 2H), 7.20~7.24 (m, 3H), 7.13 (t, J=7.6 Hz,
1H), 7.05 (t, J=7.2 Hz, 1H), 6.52 (s, 1H), 3.41 (s, 3H); °C
NMR (100 MHz, CDCly) 0: 154.1, 148.3, 139.9, 134.2,
129.2, 124.4, 123.0, 1222, 121.8, 121.4, 120.8, 106.8,
42.0. HRMS (EI-TOF) caled for C;sH;sNS 239.0769,
found 239.0770.

2-(N-H B -N-F J-2- B ) 2R I R Wy (2e): 38 (YR
¥, 40.0 mg, F=Z 79%, Ry=0.30 [V(HHEF) @ MR
fig)=10 : 1]. "H NMR (400 MHz, CDCl3) J: 7.56 (d, J=
7.8 Hz, 1H), 7.40 (d, J=7.7 Hz, 1H), 7.26~7.33 (m, 5H),
721 (t, J=7.5 Hz, 1H), 7.03 (t, J=7.3 Hz, 1H), 6.02 (s,

http://sioc-journal.cn/ 2423
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1H), 4.52 (s, 2H), 2.99 (s, 3H); C NMR (100 MHz,
CDCly) 6: 157.1, 141.5, 137.3, 132.0, 128.6, 127.4, 127.4,
124.5, 121.4, 120.4, 120.0, 96.4, 59.2, 39.5. HRMS
(EI-TOF) calcd. for C;¢H;sNS 253.0925, found 253.0924.

2-(1-MHE M g 35 ) 2 E Wy (2f): 35 €[] 44, 32.9 mg,
FEE 81%, Ry=0.50 [V(AHEE) @ V(LB ABR)=10 2 1].
m.p. 70~72 C; '"H NMR (400 MHz, CDCl3) d: 7.57 (d,
J=7.9 Hz, 1H), 7.40 (d, J=7.9 Hz, 1H), 7.20 (t, J=7.6
Hz, 1H), 6.99 (t, J=7.5 Hz, 1H), 5.84 (s, 1H), 3.38~3.35
(m, 4H), 2.07~2.04 (m, 4H); *C NMR (100 MHz, CDCl5)
5: 153.8, 141.7, 131.7, 124.4, 121.4, 119.6, 119.5, 93.9,
50.5, 25.8. HRMS (EI-TOF) caled for C;;H3NS
203.0769, found 203.0770.

2-(1-URIEIL)HEIEBEWY (2g): 1A, 36.1 mg, 77
K 83%, Ry=0.45 [V(A ) - MR ZEE)=10 @ 1].
m.p. 72~74 “C; '"H NMR (400 MHz, CDCl;) ¢: 7.58 (d,
J=17.9 Hz, 1H), 7.43 (d, J=7.8 Hz, 1H), 7.21 (t, J=7.6
Hz, 1H), 7.05 (t, J=7.6 Hz, 1H), 6.15 (s, 1H), 3.25 (t, J=
4.0, 4H), 1.71~1.76 (m, 4H), 1.63~1.59 (m, 2H); "*C
NMR (100 MHz, CDCLy) d: 158.5, 140.9, 132.5, 124.3,
121.4, 1208, 120.5, 98.3, 51.9, 25.2, 23.9. HRMS
(EI-TOF) calcd. for C;3H;sNS 217.0925, found 217.0924.

2-(4-" BRI A IEBEW (2h): (B E AR, 39.9 mg, 7
H 91%, Ry=0.40 [V(AMEE) : (LR LEE)=10 1 1].
m.p. 78~90 C; '"H NMR (400 MHz, CDCl;) d: 7.61 (d,
J=7.9 Hz, 1H), 7.48 (d, J=7.9 Hz, 1H), 7.29~7.22 (m,
1H), 7.11 (t, J=7.6 Hz, 1H), 6.23 (s, 1H), 3.88~3.86 (m,
4H), 3.26~3.23 (m, 4H); *C NMR (100 MHz, CDCl;) §:
157.7, 140.3, 132.6, 124.5, 121.6, 121.5, 121.0, 99.4, 66.3,
50.9. HRMS (EI-TOF) calcd for C;,H;sNOS 219.0718,
found 219.0712.

2-(N,N-— U B8)-3- ORI gy (2i): 38 4 IR
Y1, 34.8 mg, 773 91%, Ry=0.50 [V(f k) : M2
fi£)=10 : 1]. '"H NMR (400 MHz, CDCly) d: 7.70 (d, J=
7.9 Hz, 1H), 7.56 (d, J=7.9 Hz, 1H), 7.33 (t, J=7.5 Hz,
1H), 7.23 (t, J=7.6 Hz, 1H), 2.80 (s, 6H), 2.30 (s, 3H); "°C
NMR (100 MHz, CDCLy) d: 153.9, 140.1, 134.7, 123.9,
123.0, 122.4, 120.7, 118.51, 46.1, 11.2. HRMS (EI-TOF)
caled for C;;H5NS 191.0769, found 191.0770.

2-(N,N-— PR R )-3- U R IR ey (2)): o €0 [ 4,
37.2 mg, FPE 92%, Re=0.40 [V(HHE) @ (LR
fi£)=10 : 1]. m.p. 74~76 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.54 (d, J=8.0 Hz, 1H), 7.50 (d, J=7.9 Hz,
1H), 7.35 (t, J=8.0 Hz, 1H), 7.14 (t, J=8.0 Hz, 1H), 3.35
(s, 6H); C NMR (100 MHz, CDCl;) J: 164.9, 139.7,
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128.3, 125.8, 122.4, 121.1, 119.3, 117.6, 43.3. HRMS
(EI-TOF) calcd for C;H;oN,S 202.0565, found 202.0566.

2-(N,N- — H g 58)-5- SR IR e my (2k): (0 [ 4
33.9 mg, FE 80%, Ry=0.35 [V(f1ilk) : LR 4
fi)=10 : 1]. mp. 87~89 C; 'H NMR (400 MHz,
CDCly) 0: 7.45 (d, J=8.3 Hz, 1H), 7.36 (s, 1H), 6.97 (d,
J=8.4 Hz, 1H), 5.87 (s, 1H), 3.01 (s, 6H); >C NMR (100
MHz, CDCl3) 6: 159.1, 142.8, 130.6, 130.2, 122.3, 120.2,
119.5, 95.4, 42.3. HRMS (EI-TOF) calcd for C,oH;,CINS
211.0222, found 211.0221.

2-(N,N- . FU g 0 )-6- S 2 Iy (21): 7K 14 0 [ 44K
34.8 mg, 7 89%, Ry=0.40 [V(f1HiE) @ LR L
fig)=10 : 1]. mp. 82~84 C; 'H NMR (400 MHz,
CDCly) 0: 7.34~7.27 (m, 2H), 7.00~6.92 (m, 1H), 5.93
(s, 1H), 2.98 (s, 6H); >C NMR (100 MHz, CDCl;) ¢: 158.1
(d, J=277.3 Hz), 157.3 (d, J=2.7 Hz), 137.6 (d, J=1.7
Hz), 133.0 (d, J=10.0 Hz), 120.7 (d, J=8.4 Hz), 112.6 (d,
J=23.2 Hz), 107.9 (d, J=25.7 Hz), 96.0, 42.5. HRMS
(EI- TOF) calcd for C;oH;oFNS 195.0518, found 195.0519.

2-(N,N-— F 4 Jik)-5- F A L R I e Wy (2m): K A
[E4k, 26.9 mg, F“&FE 65%, m.p. 93~95 ‘C, Ry=0.30
[V EE) @ V(B Z.88)=10 : 1]. '"H NMR (400 MHz,
CDCly) 0: 7.32 (d, J=8.6 Hz, 1H), 7.26 (s, 1H), 7.14 (s,
1H), 6.86 (d, J=8.6 Hz, 1H), 5.93 (s, 1H), 3.82 (s, 3H),
2.96 (s, 6H); *C NMR (100 MHz, CDCl3) 6: 156.0, 154.8,
135.0, 133.7, 120.9, 113.2, 105.6, 96.8, 55.7, 42.7. HRMS
(EI-TOF) calcd for C;;H,3NOS 207.0718, found 207.0719.

1,2,3,4-VUE K FF[b,d|¥EW3 (2n): TCEIHPIRY, 22.6
mg, FE 60%, Ry=0.60 [V(fiHift) @ LR L) =
10 : 1]. '"H NMR (400 MHz, CDCl;) 6: 7.76 (d, J=7.9 Hz,
1H), 7.57 (d, J=7.8 Hz, 1H), 7.35~7.31 (m, 1H), 7.28~
7.24 (m, 1H), 2.86 (t, J=4.9 Hz, 2H), 2.80~2.72 (m, 2H),
2.03~1.85 (m, 4H); *C NMR (100 MHz, CDCl;) ¢:
139.8, 138.4, 137.0, 129.4, 123.7, 123.5, 1222, 120.4,
25.7, 23.6, 23.6, 22.3. HRMS (EI-TOF) caled for Cj,H,5S
188.0660, found 188.0661.

7,8,9,10- VU &-6 H- 7 - [p] ¥F PE FE [d] HE W) (20): T8
B4, 30.3 mg, F=F 75%, R=0.55 [V(fi ) © (8]
ZE)=10:1]. mp. 64~66 ‘C; 'H NMR (400 MHz,
CDCly) &: 7.75 (d, J=8.0 Hz, 1H), 7.62 (d, J=8.0 Hz,
1H), 7.34 (t, J=7.6 Hz, 1H), 7.26~7.23 (m, 1H), 3.01~
2.83 (m, 4H), 2.00~1.89 (m, 2H), 1.83~1.69 (m, 4H);
C NMR (125 MHz, CDCl;) d: 140.9, 140.6, 138.0, 134.2,
123.7, 123.1, 122.1, 120. 8, 32.3, 30.3, 27.8, 27.2, 27.0.
HRMS (EI-TOF) caled for C;3HS 202.0816, found
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202.0817.
3.3 1a WM AL AMELFIREIAMER

ERAMRY IEET, # 0.05 g (0.5 mmol) CuCl,
2.44 g (21 mmol)/Y H % 2 — &A1 2.58 g tb&4 1a (10
mmol) A F] 200 mL & BfEH, FEIIA 80 mL Z&1%
K. BRIGTE 80 C&AMF N IRM, TLC Ml MFEFE. 3 h
G, SRR =R, 5 BKAEAE N, A
FAT & SRR a, A ORI T, Ja ik
AW, A= A3 1.54 g BIFEM LG Y)
2a, FEEN 87%. HAk, MIKAFAMN 2.44 ¢ TUHIEZ
T, TR, 3 h R, 4r AR B AR
) 2a 1.47 g, 2N 83%.

¥ Bh# &L (Supporting Information) =47 2a~2o0 1%
LR . X ek} T DL f 2 AAS 9 355 (http://sioc-
journal.cn/) T #.
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