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Phl(OAc).-Promoted Dehydrogenation Oxidation for the Synthesis of
2-(Aryl/alkylthio)phenols and 10H-Phenothiazines
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(Hubei Key Laboratory of Pollutant Analysis and Reuse Technology, College of Chemistry and Chemical Engineering,
Hubei Normal University, Huangshi, Hubei 435002)

Abstract A PhI(OAc):-promoted reaction for the synthesis of 2-(aryl/alkylthio)phenol derivatives has been developed, which
was realized via dehydrogenation oxidation between ortho-C(sp*)—H of phenols and S—H of thiophenols for direct formation
of C—S bonds. Particularly, this method was also successfully applied for the efficient construction of tricyclic
10H-phenothiazines using 2-aminothiophenols as the substrates. All the newly synthesized products were identified by means
of 'H NMR, 3C NMR, IR and HRMS. Besides, 2-((4-bromophenyl)thio)benzene-1,4-diol (3i) was further confirmed by X-ray
single crystal diffraction analysis. The method has the advantages of simple and easily available starting materials, mild reac-
tion conditions, simple operation, as well as high atom economy.
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gol PR ZH IR IE T B LR BYAR AT C(sp?)—H HEIE1L
SN F A C—S B, %07 1R S Em A N KR
By O B A BRI T R, B S AR (R R AL 77
TIINBRES, 1690 C R4S, Bt 4B P K i i bk
B, —HA =0 AT 2-Bi 5 K AT AE Y (Scheme
la). 2021 4F, R KIRURMLINE#E S T — BT EFI %4 T
BUT B 12K B 5 2R B 9 2 [R] P B SR B S B, &
T SREUAR ) 2-0 75 HE IR DL K DUAR ) 2,4- T 5 2k
KMy (Scheme 1b). i, SEIMERIRAHRIE 75 n]
DG E IR S5 2R 9 6 B AR B N, B g
g P M AR SR XA R AR, A R 2- 55 SR Bk 4-
ifi 75 3L 2Ky (Scheme 1c). ARG R IEATHE— PR R
JERHE B ZAFIRAI R A0AL  C(sp?)—H i EL B2
55 (he) FEAX R8T i

IRTR 4 (QMAs) 2 A —Fh B 5 N A
MU R AA, T 4 ok AR A R 1 RLFH B2 81 1 T2 ok
FEUSL BN, B A2 NN BT AN [F 2R ALY
AL, 0 2R B 45 TR s DA PR B S RSB T LA
C—C 6, C—Cl 47, C—P SR S WIHIA 3K
B, SRR C—S B HIEE A s, 5Tk, &

(a) Zolfigol's work:

OH OH
(b) Xu's work:

(1) Ac,0, K,CO3, TBAC A
N (2) CoCly, 90 °C XN
R~ + HS—Ar T
= (3) H*, H,0 =
OH OH OH
N +-BUOK, air NASA N SA
RIC N +HS—Ar ——————> or Rp-
T 80°C or 120°C RU__ -
SAr

(c) Wu's work:

OH OH OH
SAr
X PC, blue LED X X
R:—i) + Hs—pr L DUeLED o or R
Z air, rt., 5h = =
SAr
(d) This work: HS—R' OH
PhI(OAc),, rt. SR
MeCN/H,0 or MeOH @
OH then CF3COOH
HS R
— R = OH, OMe
HoN R' = Aryl, Alkyl

R PhI(OAc),, rt., MeOH R S
then ZnCl,, 60 °C @ N @
H
R = Alkyl, Ph, OMe

B 1 8 S0 S8 B A A 2- B0 57 (be) 48 Ty

Scheme 1 Direct synthesis of 2-(aryl/alkylthio)phenols from
phenols and thiophenols
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SC L] B R0 A, BRI g SRk, FEBS R i3E T 2E
PR AT FAE R, 3T (R Ol 2R SRS SE L T 2Ky 5
B AR LA C—S 8, FI& R T — &5 2-fi
J5 ()RR AR, AR, DL 2- R
RPN, [N AR T A A 10H-Wy BE R AT AR )
(Scheme 1d).
1 SREWR
1.1 RMEHHHK

DRI B 4-H AR R 2R M (1a) F 4- I RE 2R 9 (2a) 1
N S SRR, S ST T AL, g Rk
1 fios. JRMTE CABS RIS ki), ARt 11 1)
MeCN/H,O VR A =5 T AT, RSN ZImF
PIEGL T, LA 70%MCR 5 B8 21 T 2-(Fi oK 2E)-1,4-2K
“M3a)(FE 1, Entry 1). ZMAPLERNETE, TR
RQHELE T RNAR RIS, WIS — it
W, B S — AR SR R 7R 40 HCOOH, HCI,
CF;COOH, VK #% 5 g 4n FeCls, ZnCly, ZrCls, AgOTH,
Cu(OTf), I HEAT T ik, 455 SomaB 20 7 0o i S fe
AR B SCRAPE R, L= 00 28 S B D7 st
ROR BT 1, Entries 2~10). =4 Z B 10 H B X B
WeR WA — B, 2382 0.3 equiv.h), HPERF=Y) 3a
HIVCR AR AN 2, (HIE D R F] 0.1 equiv.if, 773%
SN R T (R 1, Entries 11, 12). 5, Ui
T T IRA VT T MeCN/HLO 1 HLAFI % 2 B2 RIS, 618
SR KRS SR T, #TCTEE— R Ik
(3 1, Entries 13~15). fJa, XF BT 42,
RIT =il 2 S ECR BRI, 2R B A& I N iR
(% 1, Entries 16, 17).
1.2 RMNEYNHAR

TERE T IAE IR NLAR PR 2 Ja, TohiZ [ N I S i
PEYGRIHEAT T8GR 2). 4R, ARIBUREMIHR
JEPIIRIHE T BIFHEEYE. RRE 750 LEEE %
BT e 3 (R 3. T 35 A AR R, BERS LI LT
I E(84%~92%)4F B H bR 4 3a~3e. Xf TR FiE
FEA WA JE (S TR LA LR A, B8R
FEREBCONTEAE, DL 82%~90%[K) 7> A5 574 31~3j,
Ho b &9 3i MEIETRE T Xoray HaAATHHHHIE
(CCDC: 2143101). HE2|EH RU L5 BT ED
T BAT — SRR R, AT AL T — AR R A
IR B R BB L. MEE ST DLE Y, XL IR B
REMS IR T 2, DL 68%~T8% 7™ Z 45 %} 87 () 7 )
3k~3m. I8 GEHERTREE, 0 FRiRE . RO LA R
TRREE AR, ISR BRI, 5L 75%~
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Table 1 Optimization of the reaction conditions

OH OH
. /@/SH PhI(OAc),, Solvent, rt., 15 min S\@\
Me then Additive, Temp., 0.5 h Me
OMe OH
1a 2a 3a
Entry Additive (equiv.) Solvent Temp./C Yield/%

1 None MeCN/H20 (V2 V=1 :1) r.t. 70
2 HCOOH (0.2) MeCN/H:0 (V& V=1 : 1) rt. 64
3 HCI (0.2) MeCN/H:0 (V& V=1 : 1) rt. 68
4 CFsCOOH (0.2) MeCN/HO(V:V=1.1) r.t. 92
5 FeCls (0.2) MeCN/H:0 (V& V=1 : 1) rt. 86
6 ZnCl (0.2) MeCN/H:0 (V& V=1 : 1) rt. 67
7 ZrCls (0.2) MeCN/H:0 (V& V=1 : 1) rt. 75
8 AgOTf (0.2) MeCN/H:0 (V& V=1 : 1) rt. 83
9 Cu(OTH) (0.2) MeCN/H:0 (V& V=1 : 1) rt. 80
10 L (0.2) MeCN/H:0 (V& V=1 : 1) rt. 4
11 CF3COOH (0.3) MeCN/H20 (V2 V=1 :1) r.t. 89
12 CF3COOH (0.1) MeCN/H20 (V2 V=1 :1) r.t. 76
13 CF3COOH (0.2) MeCN/H:0 (V& V=1 : 2) rt. 64
14 CF3COOH (0.2) MeCN/H:0 (V& V=2 : 1) rt. 62
15 CF3COOH (0.2) MeCN/H:0 (V& V=5 : 1) rt. 51
16 CF3COOH (0.2) MeCN/H:0 (V& V=1 : 1) 40 82
17 CF3COOH (0.2) MeCN/H:0 (V& V=1 : 1) 60 65

4Reaction conditions: 1a (0.5 mmol), PhI(OAc), (0.55 mmol) in MeCN/H,O (3.0 mL) at r.t. for 15 min, then 2a (0.5 mmol) and additive were added and reacted for
another 0.5 h; ® Isolated yield.

K2 AHR2-BT ()R- 4-FK B R R <
Table 2 Substrates scope for the synthesis of 2-(aryl/alkylthio)benzene-1,4-diols

OH OH
PhI(OAG),, MeCN/H,0, r.t. SR
+  HS—R
then CF3COOH (20 mol%)
OMe OH
1a 2 3a~3p

OH
L
Cl
OH

3f, 90%
OH
S\(/N
8,
OH OH OH < ] OH OH
39, 82% 3h, 86% 3i, 85% CCDC: 2143101 3j, 84% 3k, 78%
OH OH OH OH o] OH o
S.__N SYN S S \\ S Cl S
N N
| ) I L
@ I
OH OH OH OH OH o
31, 68% 3m, 76% 3n, 79% 30, 75% 3p, 81% 3q,67%

4Reaction conditions: 1a (0.5 mmol), PhI(OAc), (0.55 mmol) in MeCN/H,O (3.0 mL) at r.t. for 15 min, then 2 (0.5 mmol) and CF;COOH (0.1 mmol) were added
and reacted for another 0.5 h; ? Isolated yield.
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81% M7 A5 3n~3p. TRA T 24 i 4-FR 4 0
KR TEHE, & NGB, DL 2-5-4-F ALK D
NI FEEA 1SRN TU H A &4, A2 LA 65%[1UR
RO BE R T EMNI I EREY) 3q.

R, Kz SRR B O RIS, R IR
(o F AR L B REAIAS AR R, BT 4-F AR 3E-2-(Fi 5 3)
KIHATEMIER 3). e TR, ARSCHE R 4-H & 2E-2-(F
F5 F) Ty H A E M HEAT T B R, MBI RIS b
HEHAE TR, WHETRXEGE 7))L
i, [N IIRETARHEAT, Pl 82%~91%1 K i 7= 1533
FEY) 3r~3v. HEEABURI R T RN, tagts Ll
67% MU HAZE =4 3w.

e RIS R P AN R IR, i 2-E A0
1ERIEYIN, WARBITHAN 2-((2- R I HAR)-4-
AR R, TR T b= 3-F 4 3E-10H-193 18
R (Sa). %Wy MR AT A W 7E 152 24 T I ) 25 A HL
AT Z BN A0, AT R o B S A
WAE BT . AEXE AR AT T SR AL 5 R B, K
FE AN ZnCl, T RIREZE 60 CHE SO RO e,
HARr=4) 5a FIWCRIE R T 87%. (EULEAE E, AHT 7Tt
— XA R 10H-Wy R R W 1038 F Mgk AT T 5 (R
4). MIKByNHALN AL, FAEE. R, RREUL AR
HEE LT, [ NI REIRFIEAT, DL 76%~91%M1 /=% 15
FIF=4) Sb~5f. Xt T 2-F IR 0 R KR, 7535
AR, PR KRG R O R T

K3 A4 TR 2-(BR T ) AR (e Vi ]

Table 3  Substrates scope for the synthesis of 4-methoxy-
2-(aryl/alkylthio)phenols
OH OH
PhI(OAC);, MeOH, r.t. SR
+ HS—-R
then CF3COOH (20 mol%)
OMe OMe
1a 2 3r~ 3w
OH OH OH Cl
Cl
OMe OMe OMe
3r, 83% 3s, 90% 3t, 82%
OH OH OH
Br NO, OH
OMe OMe OMe
3u, 91% 3v, 88% 3w, 67%

4 Reaction conditions: 1a (0.5 mmol), PhI(OAc), (0.55 mmol) in MeCN/H,O
(3.0 mL) at r.t. for 15 min, then 2 (0.5 mmol) and CF;COOH (0.1 mmol) was
added and reacted for another 0.5 h; ? Isolated yield.

BER, L 81%~89%M /=R 432 T X1 Hbrfb &
) Sg~5Sk. SRMIBIRATRZ, MR AA K= (FE . B)
EMJ:EHT SNEMECAHERS, R 2545 2UAH N 1) B AR,

SBISRUL, 1ZJTIRRERE N 10H-Wy MERR (1) & A it — 2%
*ﬁ%ﬁ&ﬁzﬁﬁ%ﬁi@%.

R4 GHI0H-VyHEGE I ERYYE @0
Table 4 Substrates scope for the synthesis of 10H-phenothiazines

PhI(OAc),, MeOH, r.t., 15 min

:‘ then ZnCl; (20 mol%), 60 °C, 6 h

‘)

1 4

N N N N
H H H H

5a, 87% 5b, 91% 5c, 85% 5d, 76%

Bn \CES:Q MeOOC/\CESD Me \C[SD/ Me Me \CESD/OMe

N N N N
H H H H

5e, 78% 5f, 86% 59, 89% 5h, 88%
N Cl N
N N H

51 (X = CI trace)
5i, 81% 5j, 84% 5k, 82% 5m (X = Br, trace)

4Reaction conditions: 1 (0.5 mmol), PhI(OAc), (0.55 mmol) in MeOH (3.0 mL) at r.t. for 15 min, then 4 (0.5 mmol) and ZnCl, (0.1 mmol) were added and reacted at

60 C for another 6 h; ?Isolated yield.
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N W TEAZITER G N A, ¥ 2-50-7-H k-
10H-W3 WEWE (Si)Fl N, V- FF J:-3- G0 A i 7 NaOH Btk
AT, THIARER S INAEG 10 h, BEME K N-Frkk
Bz, FELL 83% LG i T 2905 T AR R

6 (Scheme 2).
ok CO0,
Me\@Esj@\ NNaOH, BusN'Br.
toluene reflux H\

N Cl

H 1oh 6,83% N~

5i |

B2 NS BLE RALED) 6

Scheme 2 N-alkylation for the synthesis of compound 6

1.3 REHIBAYIRTT

R A SRR BI5GB 20, DLH #5747 3d, 3r Al Sa
9, 1% SONE AT BEFINLIR AN Scheme 3 ffian. %G, 4-FF
SR IR (o) i3k TS T T S 8 o — 4 T 1 2 R+ 1)
1 A, M BAE MeCN/H0 JR A AR T, H0 5

A AR ASRZAIN, [FIRHE R — 7 TR AR AR
GRS A ORT R R R T (B4 B AE =S LRI AL T,

3-HEAEIR TR (2d) B 5 5 A B R AR A A IR R
N, BRI S AR P R R C, & R AL A 3 i &
B9 3d. 24 NAE MeOH ¥ 7 3T, 4-H 4 3E
ZR Iy (12) 2> B S TR IR AL A o AR 46 BY, J5 &
5 2d kA BRI SRR 2 H B 3r. LA 2-
TR (da) N RVINT, RAEIMU RN A B 10H-Wy WE
WEAEAET R AN AT RER IS4 — R U2 4a 5 BYE L
IR A R N A R A B, 8585 KA T N G R AL
BUAR S B AE R AR G, B A 7 i B e 45 31 H Ar =4
Sa; 5 —MARESE 4a 5 B R A TR TR 7 BUAR
SN AR AR F, B3 R A0 T N4 A R N A
ik G, HAZ 75 RIS B i 4771 Sa.

2 i
zlxif&i;mﬁ@zﬁﬂﬂ%ﬁiﬁﬁ% A7 C(sp?)—H i
Ty S—H 2 [a]3i i Ak i & BB 28 C—S B S ™, I

OMe
i D
Ph
A (Hs i S OMe
o~ TOAc
N _T‘ OH
HOAc
Phl, AcO HO CVOMe \ s OMe
) OH
Phl(OA(%) c \©/
OH O$\ /OME
N\ H,O A OH 3d
1a OH
Ph s OMe
oM Al OMe
MeOH o~ TOAc
PhI(OAC), ) 3r
Phl AcO’
HS
HOAc 2) (\ 2d \©/
/OMeA M oH
MeOH MeO QOM °
Path | Path Il
| i LS. i
MeO (VOMe /@ OMe
E ch|2 NI /
S
</ G
5a OMe
ER 3 FREM AL

Scheme 3 Proposed reaction mechanism
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MERT — &I 2-807 (60 R BT AN, EARTEET
A&, DL 2B IR NIRRT, [ N0 R AR G A R
A B 10H-Wy BEE IR AL AW, AR L SCHRFRIE DB L &
YIS TAEREER A R R AR . 2N R
PR TE (R RAE, HrP LAY 31 045 R8I T Xoray B
e ATH IR SE. VAR R 5 A RN, BRAE
faifE, HEA RIFMIETFAREME, NSemmRs v
AT B T (b B TR T — P AT A R &R

3 SRy

31 X5

WA SR 28 50 X4 U7 BoR WA S A e, 6
B R ZALIE; 'TH NMR F113C NMR % H Bruker Avance-
I 300 RUAZREILHRACI € (CDCl; B, DMSO-ds N,
TMS AW HR); IR SZFH Nicolet 5700 FLZL 4R35 56 FE A
5E(KBr J£ F); HRMS KA Thermo Scientific LTQ Or-
bitrap XL B 15 43 #F B0 A 58 ; X 5 4% B0 dab A et
Bruker SMART APEX CCD 2. ARG 43 #rt
stk g, WE T E PR A F, TR E AL,
FEEMTHERE A 200~300 H.

3.2 ZWHE
32.1 HARMLEM 3 696 0%

] 15 mL B EE SRR 4-F LK (1a,
0.5 mmol), FRFIEL N 11 ) MeCN/H,O (3 mL)5k
MeOH (3 mL), PL& PhI(OAc), (0.55 mmol), ZiF M
15 min J5, FMAGH 2, 0.5 mmol)Fl =5 LR (0.1
mmol), kZEEIE RN 0.5 h. 2 A3 (TLC)K I 2 5
ARG, VRN RE 250 mL B, 2
620 mL X 3)AEHL, A FHA WAH G FH oK BT 14,
205 HEAT VRO ZE AR R 2V R, MR O & R AR 2 BT
[VCAHEER) @ MR E)=50 : 1~5: 110 B EHEEH
Frr=4) 3.

2-(4- FHZERLTRAR)-1,4-F Wy (3a): B 14, 107
mg, 2% 92%. m.p. 60~62 C (lit!' 63.5~64.0 C);
'H NMR (300 MHz, CDCls) d: 7.04~7.01 (m, 4H), 6.95
(d, J=2.7 Hz, 1H), 6.89 (d, J=8.7 Hz, 1H), 6.82~6.77
(m, 1H), 6.18 (s, 1H), 5.46 (s, 1H), 2.26 (s, 3H); '*C NMR
(75 MHz, CDCl;) d: 150.8, 149.2, 136.5, 131.6, 130.0,
127.9, 121.9, 119.1, 117.8, 116.0, 20.9; IR (KBr) v: 2921,
1606, 1489, 1384, 1206, 1083, 1015, 904, 805, 777, 713

cm !

2-(3- FHZERLGA)-1,4- 2K Wy (3b): A1k, 106
mg, & 91%. m.p. 100~102 ‘C; 'H NMR (300 MHz,
DMSO-ds) 6: 9.12 (s, 1H), 8.82 (s, 1H), 7.24 (t, J=7.8 Hz,
1H), 7.09~7.01 (m, 3H), 6.72 (d, J=8.4 Hz, 1H), 6.55 (d,

2084 http://sioc-journal.cn/
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J=8.4 Hz, 1H), 6.44 (s, 1H), 2.27 (s, 3H); 3C NMR (75
MHz, DMSO-ds) J: 150.2, 148.5, 138.6, 134.7, 130.6,
129.1, 127.5, 127.3, 120.4, 118.0, 116.2, 115.6, 20.8; IR
(KBr) v: 3332, 3007, 2919, 1592, 1494, 1312, 1191, 1135,
1034, 908, 776, 685 cm™'; HRMS (ESI) calcd for C3Hs-
0,S [M+H]" 233.0631, found 233.0630.

2-((4-GRUT 28) 2K 38 Bt AR)-1,4- K 3yl 3t
[, 121 mg, 773 88%. m.p. 125~127 C; 'H NMR
(300 MHz, CDCl;) d: 7.26~7.23 (m, 2H), 7.05 (d, J=8.4
Hz, 2H), 6.98 (d, J=3.0 Hz, 1H), 6.89 (d, /=9.0 Hz, 1H),
6.83~6.78 (m, 1H), 6.23 (d, J=2.7 Hz, 1H), 5.79~5.78
(m, 1H), 1.25 (s, 9H); '*C NMR (75 MHz, CDCls) o:
150.8, 149.7, 149.2, 131.7, 127.3, 126.3, 122.1, 119.2,
117.5, 116.0, 34.4, 31.2; IR (KBr) v: 2962, 2903, 2867,
1607, 1488, 1363, 1267, 1204, 1117, 1011, 905, 822, 777,
737 cm L.

2-((3- AL IR AL)-1,4- 28 [ (3d)Mel: (9 (4 [
K, 104 mg, 723 84%. m.p. 117~119 C; 'H NMR (300
MHz, CDCl3) d: 7.16 (t, J=8.1 Hz, 1H), 7.00~6.98 (m,
1H), 6.95 (d, J=8.7 Hz, 1H), 6.89~6.84 (m, 1H), 6.72~
6.67 (m, 2H), 6.64 (t, J=2.1 Hz, 1H), 6.08 (s, 1H), 4.62 (s,
1H), 3.73 (s, 3H); *C NMR (75 MHz, CDCls) : 160.2,
151.4, 149.2, 136.8, 130.1, 122.3, 119.7, 119.4, 116.5,
116.2, 112.8, 111.8, 55.3; IR (KBr) v: 3343, 2967, 2812,
1608, 1589, 1490, 1462, 1449, 1135, 1228, 1029, 991, 859

cm !

2-((4- A FE TR IE)BRAR)-1,4-7K Ty (3e) el #5 (0[]
&, 110 mg, 7#3 89%. m.p. 114~116 C; 'H NMR (300
MHz, DMSO-ds) 6: 9.10 (s, 1H), 8.69 (s, 1H), 7.35 (d, J=
8.7 Hz, 2H), 7.00 (d, J=8.7 Hz, 2H), 6.64 (d, J=8.7 Hz,
1H), 6.43~6.38 (m, 1H), 6.12 (d, J=2.4 Hz, 1H), 3.78 (s,
3H); *C NMR (75 MHz, DMSO-ds) J: 159.4, 150.3,
146.5, 135.1, 124.3, 123.0, 115.6, 115.2, 114.7, 113.5,
55.2; IR (KBr) v: 3311, 3008, 2978, 2941, 2837, 1611,
1589, 1506, 1364, 1211, 1015, 833, 645 cm™ ..

2-((4-FREHBAR)-1,4-7K By (30): F a4k, 114
mg, 5% 90%. m.p. 119~121 C (it!"'¥ 119.5~
120.0 °C); 'H NMR (300 MHz, DMSO-ds) d: 9.25 (s, 1H),
8.91 (s, 1H), 7.42~7.36 (m, 2H), 7.22~7.16 (m, 2H),
6.75 (d, J=8.7 Hz, 1H), 6.64~6.59 (m, 1H), 6.53~6.51
(m, 1H); '3C NMR (75 MHz, DMSO-de) d: 150.3, 149.2,
134.8, 131.0, 130.8, 129.1, 118.9, 118.8, 116.6, 116.5; IR
(KBr) v: 3392, 3080, 3058, 1859, 1608, 1747, 1446, 1337,
1232, 1116, 1010, 817 cm ™.,

2-((Q-IRFIL)EAR)-1,4- 2K Wy (3g): H LA, 122
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mg, 5% 82%. mp. 129~131 C (lit!" 126.5~
127.0 °C); '"H NMR (300 MHz, DMSO-de) d: 9.33 (s, 1H),
9.01(s, 1H), 7.62 (d, J=7.8 Hz, 1H), 7.26 (t, J=7.5 Hz,
1H), 7.09 (t, J=7.5 Hz, 1H), 6.87~6.66 (m, 4H); 1*C
NMR (75 MHz, DMSO-d) o: 150.4, 150.3, 137.7, 132.7,
128.2, 128.1, 127.0, 121.1, 120.6, 117.9, 116.9. 116.4; IR
(KBr) v: 3376, 3058, 1580, 1485, 1449, 1330, 1211, 1166,
1017, 902, 743 cm .

2-((3-IRRFL)IRAR)-1,4- 7K —Ey(3h): [ EE 1Ak, 128
mg, 7% 86%. m.p. 105~107 C (lit."" 109~110 C);
'H NMR (300 MHz, DMSO-ds) J: 9.30 (s, 1H), 8.99 (s,
1H), 7.38 (d, J=8.1 Hz, 1H), 7.29~7.23 (m, 2H), 7.19~
7.16 (m, 1H), 6.82 (d, J=8.7 Hz, 1H), 6.73~6.67 (m,
2H); BC NMR (75 MHz, DMSO-ds) d: 150.3, 149.8,
139.3, 131.0, 129.9, 128.6, 127.1, 122.2, 120.0, 117.5,
117.3, 116.8; IR (KBr) v: 3314, 1858, 1741, 1601, 1494,
1314, 1192, 1081, 989, 814, 778 cm '

2-((4-IR R B AR)-1,4-28 3 (3i): B E Ak, 126
mg, 5% 85%. mp. 110~112 C (it!" 1155~
116.0 °C); "H NMR (300 MHz, DMSO-ds) 0: 9.24 (s, 1H),
8.92 (s, 1H), 7.53~7.48 (m, 2H), 7.12 (d, J=8.7 Hz, 2H),
6.77 (d, J=8.4 Hz, 1H), 6.66~6.61 (m, 1H), 6.56 (d, J=
2.7 Hz, 1H); *C NMR (75 MHz, DMSO-ds) d: 150.3,
149.2, 135.5, 132.0, 130.9, 119.2, 119.0, 118.5, 116.7,
116.5; IR (KBr) v: 3383, 3055, 2926, 2496, 2047, 1859,
1608, 1491, 1473, 1337, 1231, 1084, 1005, 830 cm .

2-((4-H 3 H L) B AC)-1,4-2F 1y (3j): 7 (0 [ 4k,
111 mg, 7% 84%. m.p. 183~185 C (lit["7 186~
187 “C); 'H NMR (300 MHz, DMSO-ds) 6: 9.40 (s, 1H),
9.18 (s, 1H), 8.12 (d, J=8.7 Hz, 2H), 7.21 (d, J=8.7 Hz,
2H), 6.91~6.80 (m, 3H); '*C NMR (75 MHz, DMSO-ds)
5: 151.0, 150.4, 148.0, 144.5, 125.9, 124.0, 121.6, 119.1,
117.2, 114.1; IR (KBr) v: 3094, 1611, 1510, 1494, 1448,
1344, 1240, 1084, 957, 859, 777, 682 cm .

2-(CA T [d] e M I -2- T AR)-1,4- 2K By (3k): A th [
1, 107 mg, P23 78%. m.p. 215~217 C (lit.["'el 224~
226 C); 'H NMR (300 MHz, DMSO-ds) 6: 9.67 (s, 1H),
9.18 (s, 1H), 7.91 (d, J=7.8 Hz, 1H), 7.82 (d, J=8.1 Hz,
1H), 7.44 (t, J=7.8 Hz, 1H), 7.31 (t, J=7.5 Hz, 1H), 7.00
(s, 1H), 6.94~6.86 (m, 2H); 3C NMR (75 MHz,
DMSO-ds) d: 170.0, 153.6, 151.2, 150.3, 134.9, 126.2,
124.1, 122.0, 121.5, 121.1, 120.2, 117.5, 114.0; IR (KBr)
v: 3255, 2924, 1608, 1425, 1383, 1309, 1211, 1131, 1023,
1003, 859, 752, 721 cm .

2-(MEWE B -2-TAR)-1,4- 8 My (31): 3% € [l 44, 75
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mg, 7% 68%. m.p. 88~90 C (lit["'* 91.5~92.0 C);
'H NMR (300 MHz, DMSO-ds) : 9.27 (s, 1H), 8.99 (s,
1H), 8.38~8.35 (m, 1H), 7.63~7.57 (m, 1H), 7.12~7.06
(m, 1H), 6.85~6.73 (m, 4H); '*C NMR (75 MHz,
DMSO-ds) d: 160.3, 150.9, 150.1, 149.1, 136.9, 121.9,
120.2, 119.7, 118.4, 117.0, 115.3; IR (KBr) v: 2924, 1628,
1452, 1419, 1356, 1219, 1129, 1085, 909, 863 cm .
2-(MEE FE-2-FiAR)-1,4-2K — W (3m): B (Al {4, 84
mg, 7% 76%. m.p. 195~197 C (lit."'J 202~204 C);
'H NMR (300 MHz, DMSO-ds) d: 9.12 (s, 1H), 8.93 (s,
1H), 8.56 (d, J=4.8 Hz, 2H), 7.18 (t, J=4.8 Hz, 1H), 6.84
(d, J=2.7 Hz, 1H), 6.79~6.69 (m, 2H); *C NMR (75
MHz, DMSO-ds) 0: 171.3, 157.7, 151.1, 149.8, 122.5,
118.2, 117.4, 116.6, 114.5; IR (KBr) v: 2923, 1578, 1487,
1403, 1385, 1311, 1196, 1082, 885, 830 cm !
2-(RFHERAR)-1,4- 7 —8y(3n): FOEIE, 92 mg, 7~
#E 79%. mp. 127~129 C (lit["4 132~133 C); 'H
NMR (300 MHz, CDCl3) d: 7.28~7.22 (m, 3H), 7.12~
7.08 (m, 2H). 6.83~6.79 (m, 1H). 6.77~6.72 (m, 2H),
6.13 (s, 1H), 4.91 (s, 1H), 3.85 (s, 2H); '*C NMR (75 MHz,
CDCLy) d: 151.1, 148.7, 137.5, 128.8, 128.5, 127.4, 121.9,
118.6, 118.5, 115.3, 41.2; IR (KBr) v: 3058, 3030, 2923,
1624, 1597, 1445, 1336, 1208, 1026, 988, 865 cm .
2-((PHR: il 5 -2- FF R ) B AX)-1,4- 2K Ty (30): 4 €4 [
&, 83 mg, 7&K 75%. m.p. 107~109 ‘C; 'H NMR (300
MHz, DMSO-ds) d: 9.06 (s, 1H), 8.77 (s, 1H), 7.56~7.54
(m, 1H), 6.65~6.61 (m, 2H), 6.48~6.43 (m, 1H), 6.36~
6.33 (m, 1H), 6.20 (d, J=3.3 Hz, 1H), 4.11 (s, 2H); 13C
NMR (75 MHz, DMSO-de) d: 151.1, 150.0, 147.9, 142.3,
121.4, 116.2, 115.6, 113.9, 110.6, 107.7, 28.0; IR (KBr) v:
2926, 1603, 1487, 1445, 1330, 1206, 1150, 1011, 935, 868,
777, 739, 705, 597, 523 c¢cm !'; HRMS (ESI) calcd for
CiH10:S [M+H]" 223.0423, found 223.0427.
2-(RUT ZEiAR)-1,4-K By (3p): M AE 1A, 80 mg,
FEE 81%. m.p. 93~95 C (lit.'"4 97~98 C); 'H NMR
(300 MHz, CDCl3) 6: 6.95~6.93 (m, 1H), 6.90 (d, J=8.7
Hz, 1H), 6.85~6.80 (m, 1H), 6.64 (s, 1H), 4.97 (s, 1H),
1.31 (s, 9H); '*C NMR (75 MHz, CDCl;) 6: 152.2, 148.3,
123.8, 119.1, 117.1, 114.9, 48 .2, 30.8; IR (KBr) v: 2962,
1606, 1487, 1365, 1210, 1159, 904, 873 cm ™ ..
2-5-6-((4- P L IR L) B AR)-2,5- 3 & 20 1,4-—
fi(3q): T aE A, 94 mg, % 67%. m.p. 122~124 C;
'H NMR (300 MHz, DMSO-ds) J: 7.52~7.46 (m, 2H),
7.41 (s, 1H), 7.18~7.12 (m, 2H), 5.73 (s, 1H), 3.84 (s,
3H); BC NMR (75 MHz, DMSO-ds) J: 181.8, 176.0,

http://sioc-journal.cn/ 2085



BIKE

MRILX

1612, 154.9, 143.8, 136.9, 133.4, 1243, 116.2, 116.1,
55.4; IR (KBr) v: 3297, 2963, 1910, 1655, 1562, 1479,
1319, 1212, 1174, 1018, 885, 809 cm !; HRMS (ESI)
caled for C;3H;oClOsS [M + H] © 281.0034, found
281.0031.

4-FEA - 2-((3- A 2R 28 Bt A) Ky (3r): 1 fu [
4, 109 mg, 773 83%. m.p. 100~102 °C; 'H NMR (300
MHz, CDCLs) §: 7.18 (t, J=8.1 Hz, 1H), 6.95~6.89 (m,
2H), 6.80~6.75 (m, 1H), 6.72 (d, J=9.0 Hz, 1H), 6.65~
6.60 (m, 1H), 6.53 (d, J=2.7 Hz, 1H), 5.94 (s, 1H), 3.78
(s, 3H), 3.71 (s, 3H); *C NMR (75 MHz, CDCls) 8: 159.8,
151.0, 149.8, 134.7, 130.0, 125.2, 124.3, 117.7, 117.0,
114.4, 113.4, 112.1, 56.5, 55.2; IR (KBr) v: 2938, 2834,
1589, 1489, 1427, 1313, 1246, 1181, 1060, 1040, 904, 859
cm '; HRMS (ESI) caled for CisH;s0sS [M+H]"
263.0736, found 263.0736.

2-((4- SR FR) B AR )-4- H A B R ) (3s): 3 (R [ 4k
120 mg, % 90%. m.p. 109~111 “C; 'H NMR (300
MHz, DMSO-ds) 6: 9.12 (s, 1H), 7.44 (d, J=8.4 Hz, 2H),
7.29 (d, J=8.4 Hz, 2H), 6.91 (d, J=8.7 Hz, 1H), 6.72~
6.67 (m, 1H), 6.47 (d, J=2.7 Hz, 1H), 3.71 (s, 3H); 1*C
NMR (75 MHz, DMSO-ds) d: 151.5, 150.1, 133.1, 132.5,
132.0, 129.4, 122.8, 117.6, 115.1, 113.0, 56.3; IR (KBr) v:
2938, 2835, 2317, 1747, 1602, 1491, 1277, 1216, 1093,
1012, 816 cm ™ '; HRMS (ESI) calcd for C13H2Cl0,S [M+
H]" 267.0241, found 267.0246.

2-((2- TR FE) Bt AX)-4- H A8 2k 2R Wy (30): 3 (R[] 44,
109 mg, P53 82%. m.p. 127~129 ‘C; 'H NMR (300
MHz, DMSO-ds) 6: 9.25 (s, 1H), 7.56~7.49 (m, 1H),
7.30~7.23 (m, 2H), 7.04~6.96 (m, 2H), 6.85~6.80 (m,
1H), 6.63~6.61 (m, 1H), 3.72 (s, 3H); 3C NMR (75 MHz,
DMSO-ds) d: 151.7, 151.1, 134.2, 132.7, 130.4, 129.8,
128.0, 127.9, 120.0, 119.4, 116.4, 113.2, 56.3; IR (KBr) v:
3388, 2939, 2835, 2015, 1575, 1491, 1432, 1276, 1215,
1142, 1023, 905 cm ™ '; HRMS (ESI) caled for C13H;,ClO,S
[M+H]" 267.0241, found 267.0241.

2-((4-1R R I T AR)-4- F S L R ) (Bu): 3 ] 4k
142 mg, % 91%. m.p. 118~120 C; 'H NMR (300
MHz, DMSO-ds) 6: 9.13 (s, 1H), 7.56 (d, J=8.4 Hz, 2H),
7.22 (d, J=8.7 Hz, 2H), 6.92 (d, J=8.7 Hz, 1H), 6.74~
6.68 (m, 1H), 6.50 (d, J=2.7 Hz, 1H), 3.71 (s, 3H); 1*C
NMR (75 MHz, DMSO-ds) d: 151.5, 150.1, 133.8, 132.6,
132.3, 122.5, 120.3, 117.8, 115.2, 113.0, 56.3; IR (KBr) v:
2930, 1575, 1491, 1451, 1432, 1276, 1216, 1061, 1023,
905, 800, 747 cm”'; HRMS (ESI) calcd for C;3H;BrO,S
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[M]" 309.9658, found 309.9653.

2-((4- i 225 2R FE ) B AR )-4- FE AR 2R Wy Bv): B (o [
&, 122 mg, 77% 88%. m.p. 131~133 °C; '"H NMR (300
MHz, DMSO-ds) d: 9.35 (s, 1H), 8.12 (d, J=8.7 Hz, 2H),
7.23 (d, J=9.0 Hz, 2H), 7.06 (d, J=8.4 Hz, 1H), 6.95~
6.89 (m, 2H), 3.69 (s, 3H); 3C NMR (75 MHz, DMSO-ds)
5: 152.2, 151.6, 147.2, 144.7, 126.4, 124.0, 121.9, 118.3,
117.0, 113.7, 56.3; IR (KBr) v: 3386, 3012, 2951, 2007,
1591, 1506, 1445, 1333, 1216, 1089, 856 cm '; HRMS
(ESI) caled for C13H;;NOsS [M+H]" 278.0482, found
278.0484.

2-((4-F2 K I AR )-4- F A L 2K Ty (Bw): 75 (0[]
&, 83 mg, 7&K 67%. m.p. 134~136 ‘C; 'H NMR (300
MHz, CDCl;) d: 7.12~7.06 (m, 2H), 7.01~6.99 (m, 1H),
6.96 (d, J=9.0 Hz, 1H), 6.91~6.87 (m, 1H), 6.75~6.71
(m, 2H), 6.17 (s, 1H), 5.18 (s, 1H), 3.75 (s, 3H); 3*C NMR
(75 MHz, CDCls) &: 154.9, 153.3, 150.6, 130.5, 125.7,
119.8, 118.8, 117.9, 116.4, 115.9, 55.9; IR (KBr) v: 2935,
2834, 1599, 1492, 1438, 1256, 1212, 1170, 1052, 1032,
826, 769 cm '; HRMS (ESI) caled for Ci3H;305S [M+
H]" 249.0580, found 249.0579.

322 Biribds 5 694k

15 mL i B8 AR KM 4-BURK B (1, 0.5
mmol), MeOH (3 mL), LA PhI(OAc), (0.55 mmol), =
BN 15 min J&, BRI 2-Z R (2, 0.5 mmol)Fll
FALEE0.1 mmol), 7£60 C F4k82% M 6 h. TLC A&l
NsE4s e, BN A 250 mL IR, HZ
% ZER(20 mLX3)ZHL, & IFANUAHE HC/KR AT
W, 2 JE AT IR ZE TR 2, R A RE A E AT
(VAR @ MR OER)=50 @ 1~5: 119 & 5153 H
Far=4 s.

3-FAE - 10H-Wy eI (5a): KR (44, 100 mg,
HE 87%. m.p. 163~165 C (lit[% 159~160 C); 'H
NMR (300 MHz, DMSO-ds) 6: 8.40 (s, 1H), 7.02~6.90
(m, 2H), 6.76~6.62 (m, 4H), 6.59 (t, J=2.4 Hz, 1H), 3.66
(s, 3H); 3C NMR (75 MHz, DMSO-ds) d: 154.6, 142.8,
135.6, 127.5, 126.2, 121.3, 117.6, 115.8, 115.0, 114.2,
113.1, 111.6, 55.4; IR (KBr) v: 3365, 1646, 1500, 1473,
1317, 1229, 1027, 852, 815, 741 cm ™ .

3-H - 10H-W; BER (Sb): It [E{Ak, 97 mg, ;=%
91%. m.p. 169~171 C (lit.'% 169~170 C); 'H NMR
(300 MHz, DMSO-ds) J: 8.47 (s, 1H), 7.00~6.94 (m, 1H),
6.92~6.88 (m, 1H), 6.81~6.65 (m, 4H), 6.59 (d, J=8.1
Hz, 1H), 2.13 (s, 3H); '*C NMR (75 MHz, DMSO-ds) 9:
142.4, 139.6, 130.7, 128.0, 127.5, 126.5, 126.2, 121.5,
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116.3, 116.2, 114.3, 20.0; IR (KBr) v: 3326, 2921, 2851,
1605, 1475, 1309, 1264, 1140, 1033, 925, 806 cm .
3-SR FE-10H-W3 BE R (5¢)110): # (A [E 1K, 103 mg,

P2 85%. m.p. 187~189 C; 'H NMR (300 MHz,
DMSO-ds) : 8.49 (s, 1H), 7.01~6.84 (m, 3H), 6.79~
6.61 (m, 4H), 2.76~2.66 (m, 1H), 1.12 (d, J=6.9 Hz,
6H); 3C NMR (75 MHz, DMSO-ds) d: 142.4, 142.0,
139.9, 127.4, 126.2, 125.3, 124.0, 121.5, 116.3, 116.2,
114.3, 114.2, 32.5, 23.9; IR (KBr) v: 2955, 2865, 1607,
1477, 1431, 1393, 1309, 1245, 1106, 1033, 923, 815, 741
-1

3-FRHE-10H-Wy WEBR (5d): B¢ (81K, 105 mg, =%
76%. m.p. 219~221 C (lit.'*" 216~218 C); '"H NMR
(300 MHz, DMSO-ds) d: 8.72 (s, 1H), 7.57 (d, J=7.5 Hz,
2H), 7.40 (t, J=7.8 Hz, 2H), 7.33~7.22 (m, 3H), 7.04~
6.92 (m, 2H), 6.78~6.69 (m, 3H); 3C NMR (75 MHz,
DMSO-ds) J: 141.7, 141.4, 139.1, 133.7, 128.8, 127.6,
126.8, 126.3, 125.9, 125.7, 124.1, 121.9, 117.0, 116.1,
114.7, 114.5; IR (KBr) v: 3360, 1601, 1488, 1423, 1293,
1027, 819, 749 cm .

3-HE-10H-W HEE (Se) % [ afE A, 113 mg, 7=
F 78%. mp. 154~156 ‘C; 'H NMR (300 MHz,
DMSO-ds) 0: 8.52 (s, 1H), 7.27 (t, J=7.2 Hz, 2H), 7.20~
7.14 (m, 3H), 6.97 (t, J=7.8 Hz, 1H), 6.91~6.83 (m, 2H),
6.78 (s, 1H), 6.75~6.59 (m, 3H), 3.75 (s, 2H); '*C NMR
(75 MHz, DMSO-ds) 0: 142.2, 141.4, 140.1, 134.8, 128.5,
128.4, 127.8, 127.5, 126.3, 1262, 125.9, 121.6, 116.3,
116.1, 114.4, 114.3, 40.0; IR (KBr) v: 3057, 2901, 1601,
1492, 1390, 1259, 1073, 945, 835, 748, 713 cm ™ ..

3-8 R 5L - 10H-Wy WER (5): A AEA, 117 mg,
P2 86%. mp. 140~142 ‘C; 'H NMR (300 MHz,
DMSO-ds) 0: 8.58 (s, 1H), 6.99 (t, J=7.2 Hz, 1H), 6.93~
6.85 (m, 2H), 6.82 (s, 1H), 6.75 (t, J=7.5 Hz, 1H), 6.70~
6.61 (m, 2H), 3.59 (s, 3H), 3.50 (s, 2H); '3C NMR (75
MHz, DMSO-ds) d: 171.7, 142.0, 140.8, 128.5, 127.7,
127.5, 127.0, 126.2, 121.7, 116.3, 116.1, 114.4, 114.2,
51.6, 38.7; IR (KBr) v: 3228, 2952, 1721, 1606, 1476,
1255, 1174, 1015, 890, 751, 654 cm™'; HRMS (ESI) calcd
for C1sH1sNO,S [M+H]" 272.0740, found 272.0729.

3,7-  FI - 10H-WyEE (Sg): AR falEfk, 101 mg, 7
# 89%. m.p. 211~213 C (lit.['" 216~218 C); 'H
NMR (300 MHz, DMSO-ds) 6: 8.31 (s, 1H), 6.77(d, J=
8.1 Hz, 2H), 6.72 (s, 2H), 6.56 (d, J=7.8 Hz, 2H), 2.12 (s,
6H); '3C NMR (75 MHz, DMSO-ds) d: 139.8, 130.2,
127.8, 126.4, 116.1, 114.1, 19.9; IR (KBr) v: 2254, 2128,

cm
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1652, 1479, 1384, 1297, 1026, 1002, 826 cm !,

3-FAA 2L -7- FH B 10H-Wy WE R (Sh): BREa[E4A, 107
mg, 7% 88%. m.p. 192~194 C (1it.["% 190~191 C);
'H NMR (300 MHz, DMSO-ds) J: 8.22(s, 1H), 6.80~6.73
(m, 2H), 6.94~6.55 (m, 4H), 3.65 (s, 3H), 2.12 (s, 3H) ;
3C NMR (75 MHz, DMSO-ds) 6: 154.3, 140.2, 135.8,
130.1, 127.9, 126.4, 117.4, 115.6, 114.8, 114.0, 113.0,
111.5, 55.3, 19.9; IR (KBr) v: 3343, 2918, 1853, 1613,
1479, 1402, 1312, 1226, 1181, 1055, 927, 812 cm '

2-G-7-F B -10H-Wy M (5i): L [E 44, 100 mg,
FEE 81%. mup. 223~225 C (lit."" 225~226 C); 'H
NMR (300 MHz, DMSO-dg) J: 8.63 (s, 1H), 6.91 (d, J=
8.1 Hz, 1H), 6.83~6.74 (m, 3H), 6.67 (s, 1H), 6.56 (d, J=
7.8 Hz, 1H), 2.13 (s, 3H); '*C NMR (75 MHz, DMSO-ds)
0: 143.7, 138.5, 131.7, 131.3, 128.2, 127.4, 126.6, 120.9,
115.8, 115.4, 114.5, 113.5, 19.9; IR (KBr) v: 3378, 1573,
1473, 1397, 1307, 1242, 1094, 883 cm .

3-1R-7- F B -10H- Wy WE W (S))1°d): [ e [l 44, 123
mg, 7% 84%. m.p. 168~170 ‘C; 'H NMR (300 MHz,
DMSO-ds) d: 8.59 (s, 1H), 7.14~7.08 (m, 2H), 6.80 (d,
J=17.8 Hz, 1H), 6.73 (s, 1H), 6.60~6.55 (m, 2H), 2.12 (s,
3H); 3C NMR (75 MHz, DMSO-ds) d: 141.7, 138.9,
131.0, 129.9, 1282, 127.9, 126.5, 118.8, 115.6, 115.4,
114.4, 111.9, 19.9; IR (KBr) v: 3327, 2915, 1603, 1467,
1396, 1292, 1240, 1083, 881, 810, 734 cm .

3- 4 -7-5-10H-W3 BEWE (Sk): AR AlE R, 101 mg,
FEE 82%. m.p. 93~95 C (lit.'%4 §7~90 C); 'H NMR
(300 MHz, DMSO-ds) J: 8.48 (s, 1H), 6.89~6.77 (m, 4H),
6.69~6.64 (m, 1H), 6.61 (d, J=7.8 Hz, 1H), 2.47~2.38
(m, 2H), 1.10 (t, J=7.8 Hz, 3H); 3C NMR (75 MHz,
DMSO-ds) 6: 157.3 (d, Jer=236.3 Hz), 139.9, 138.9 (d,
Jer=2.3Hz), 137.4, 127.1, 125.4, 118.2 (d, Jor=9.0 Hz),
115.2, 114.8 (d, Jcr=8.3 Hz), 114.3, 113.8 (d, Jer=22.5
Hz), 112.9 (d, Jer=25.5 Hz), 27.2, 15.7; IR (KBr) v:
3345, 2971, 1608, 1481, 1407, 1300, 1198, 1122, 913, 866
cm L.

323 HARLEY 6 496 m%

7] 25 mL 5B AP U 2-50-7- 1 - 10H-W3
B2 (51, 0.5 mmol), NaOH (3.0 mmol), P4 ] FEiR{LE:
(0.05 mmol) A X B 4%(5 mL), 7E[BIIR Fighne NN-—H
Be-3-F A (1.2 mmol) i AR 2RI VR, 4k 4L R 10 h. TLC
Rr i s B 56 4 I, B IR SEREE B 250 mL 2R <,
M 8 4820 mLX3)ZEHY, & AN JE H JoKIRER
BN, JE AT DR 2R TR R, R A e R
B VCAME) © MOR AR =2 © 1170 B )E 133 H bs
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BIKE

MRILX

P 3-(2-F-7-F - 10H-Wy ME IR -10-28)-N,N-— FH L P -
1-f% (6), tEtE A, 138 mg, =% 83%. mp. 178~
180 ‘C; 'H NMR (300 MHz, CDCl;) d: 6.99~6.91 (m,
3H), 6.84~6.81 (m, 2H), 6.76~6.72 (m, 1H), 3.81 (t, J=
6.9 Hz, 2H), 2.36 (t, J=6.9 Hz, 2H), 2.22 (s, 3H), 2.19 (s,
6H), 1.94~1.84 (m, 2H); 3C NMR (75 MHz, CDCl3) ¢
146.7, 141.8, 133.0, 132.3, 127.8, 127.7, 124.5, 123.3,
121.8, 115.5, 115.4, 56.9, 45.5, 45.3, 25.0, 20.2; IR (KBr)
v: 3470, 2940, 2760, 1620, 1500, 1470, 1250, 1040, 927,
811, 730 cm '; HRMS (ESI) caled for Ci1sH2CIN,S [M+
H]" 333.1187, found 333.1182.

45 Bh#1 Bl (Supporting Information) 1L &%) 3a~3w,
5a~5k F1 6 ff) '"H NMR. 3C NMR I3, 3i (¥4 k451
Bl X LR AT DL A 9% AR T /935 (hitp://sioc-journal.
cn/) B ER.
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