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Metal-Free Rapid Synthesis of 2-Aroylamino Naphtho[1,2-d]thiazoles

Liu, Tianbao™ Peng, Yanfen Gui, Meifang Zhang, Min*
(Key Laboratory of Micro-nano Powder and Advanced Energy Materials of Anhui Higher Education Institutes,
Department of Chemical and Material Engineering, Chizhou University, Chizhou, Anhui 247000)

Abstract A novel and efficient approach has been developed to synthesize 2-aroylamino naphtho[1,2-d]thiazole compounds
through the reaction between 3-[1-(4-substituted naphthyl)]-1-aroylthiourea and iodosobenzene diacetate (IBD) under ambient
air. A library of naphtho[1,2-d]thiazole derivatives having a variety of substituents has been synthesized. A plausible reaction
pathway has been predicted. This reaction offers a metal-free synthesis, broad substrate scope, easily accessible reactants,
excellent regioselectivity, room temperature reaction conditions under ambient air. The reported method is the efficient ap-
proach for the synthesis of naphtho[1,2-d]thiazole derivatives.

Keywords naphtho[1,2-d]thiazole; thiourea; iodosobenzene diacetate; metal-free
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2291 [1,2-d] M (2a) (3R 1, Entry 1). BJ5, X8 v 4%
AT AL, IBD A RIF RS KK, BE%E IBD &
(RGN, R RLP= bl 2 H N 1, Entries 2, 3), {Hi#
It 1.2 equiv.hf, RMNARRBEE S, B R TG,
Entries 4, 5). i EMIFIE LI, RNEFETE 20 C
DL BB, RBEIF=ZAHZA KR 1, Entries 6~11), 1E
KT 20 CHI=ZN FEAEHHE(E 1, Entry 12), 4
Uk, JEPE 20 CONIEE MR E. SRR IE SRR
B, ZH5NEAER R BEFIGER 1, Entries 13~18). )5
TATTRE SIS [ EAT T %%, KILR BLRGE, 2 G
(TLC)EMI, 5 min JFUR}RI4EBTH 2%, P2 I8 E] 87%(% 1,
Entry 21), #EK BT [A], 7300 5481058 1, Entries
19, 20). FUHIEFE 5 min i s N (A, @i PG
A E LS B S %A 1a (0.94 mmol), IBD
(1.13 mmol), [ZMIA] 5 min, NN 20 C, %
NN

F1 2-(4- R BRI 28 1,2-0] eI (2a) 5 R 41
-

Table 1 Optimization of reaction conditions on the synthesis of
2-(4-methyl benzoylamino)naphtho[1,2-d|thiazole (2a)

0]

3
HN H Conditions Hp
-

1a 2a
Entry IBD/equiv. Temp./'C Time/min Solvent Yield®/%
1 1.0 80 30 CH;CN 68
2 1.1 80 30 CH;CN 74
3 1.2 80 30 CH;CN 83
4 1.3 80 30 CH;CN 75
5 1.4 80 30 CH;CN 67
6 1.2 70 30 CH;CN 83
7 1.2 60 30 CH;CN 82
8 1.2 50 30 CH;CN 86
9 1.2 40 30 CH;CN 85
10 1.2 30 30 CH;CN 86
11 1.2 20 30 CH;CN 86
12 1.2 14 30 CH;CN 44
13 1.2 20 30 CH;CH,OH 60
14 1.2 20 30 CH;O0H 65
15 1.2 20 30 THF 43
16 1.2 20 30  Petroleum ether 22
17 1.2 20 30  1,4-Dioxane 40
18 1.2 20 30  AcOH 80
19 1.2 20 20  CH;CN 86
20 1.2 20 10  CH;CN 86
21 1.2 20 5 CH;CN 87

“ All reactions were performed in air. The mixture of 1a (0.94 mmol), catalyst,
and solvent (30 mL) was placed in a three-necked round bottom flask (50 mL).
b Isolated yields.

3200 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

UL ARG SR SRR R T &R 2- D5 B 2%
FIL2-d]MEMER S R, 4R ANEE 2 P, 3-(1-253%)-1-97
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W, P 2 BPRR IR (2a~2¢); 5 ERIEMERIZEIR
A KRR, FHRRPII 2 2 8 T CLEL Br 5
(2d~2i); B 5 P IEAHE BB R4 LR FE (25), BRATE
ZEIRI 4 i BBl NIR(K~2n), SRS RS IR
S, P16 DA R T (7 A8 B B =)

R0 R R SIS, S5 B-ZE
K, WA AR IR 3-(2-283E)-1-(4- I S 2K H
Tk ) B IR, S8 5 SR F E o 07 36 H 1 e B 2% AR AT DR BR
2R, IR R KR, FIRSLI R ERFFAE RN
3-(2-ZE Hk)-1-(4- HH 35 2R B 36 B R 1) o PO DR 3 I I 2%
4, EZERETLOMAM R, M 5 min, 4R 558
EREMER, BARRBRNER, A28 A HI,
FEAK 52 7 I [) B3 v S N i B, SR &t SR AR AR B e
PR N R, B EEY), £ IR, 'H NMR,
BC NMR Al HRMS FEAE R E 771009 2-(4- 1 3L 258 F R
I ZEI[2,1-d]HEME(4), 1H77 A 8% (Eq. 1).
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—_—
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S O
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OO CHj3

PR 5206 45 SRIAR G SCikl ™, $R ) 3-[1-(4-BUR
Z5H)-1-05 BE FR W Ik B 5 003 ) B A RT REATL B, G
Scheme 1 Ffrzr. B 56, 1 A BB BRI ] b R Q% Sy i
X 5, 5 TS IBD fEHAR 3] 6, 21K A5+ NIk
PRI BAT BIREMERER 7, [R5k 25— 20 T RICR IR R AR
BT RS BEBRAR B -1 R R L ) S A
K=oy SRR, BOnI1S 3| H AR 2.

2 i

K& T —F(E 1IBD fEF T 3-[1-(4-HURZERY)]-1-75
P IEBRAR B IR SN A i 2- 75 BE = 28 FE(1,2-d e
FALEY 7 W OB AT R
DA BT S AR A S T 2- D5 R S 25 5 [ 1,2-d] B8
e AL A W I v R % TR SRR AR, OB,
PRAEIE, %S St 7 —Fh A o7 v
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Table 2 Synthesis of 2-aroylamino naphtho[1,2-d]thiazoles 2

p N A
r
IBD, CH3CN
_—
20 °C, 5 min

N/(So s O

(75%) (74%)

O
N=C T\/Q N/(
S O

2i (90%) 2j (78%) Br 2k (76%) Br 21 (82%)
CH

N= 3 N=

| /g (6] /(S o (I

Br Br

2m (76%) 2n (74%)
“Reaction conditions: 1 (0.94 mmol), IBD (1.13 mmol), CH;CN (30 mL), 5 min, 20 °C. The value in parentheses is isolated yield.
H\S
)J\ 5 | NHR2 NHR2 NHR2
NHR NHR
©/ TPAe AcOH
/' | Ph O i‘
Onc ‘>
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B 1
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Scheme 1 A plausible mechanism for the formation of 2-aroylamino naphtho[1,2-d]thiazoles
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3.2 ZLWAHE
321 3-[1-(4-BAREL)]-1-F B AN la~1n 894
R

DL 3-(1-Z855)-1-(4- R B BL B IR (12) 481, 75
250 mL = FMEEH K I N KSCN (5.00 g, 51.55 mmol)
FTC/KAEH60 mL), JREVIIMAZR IR, b5, X
PP 5 2 PR 520(5.72 mL, 42.94 mmol) ) TC/K A (25 mL)
TR, TN SE e S IR & A, 4k 4E N 30 min,
TR 1-Z5[%(6.14 g, 42.94 mmol)fJE/K A ERH(30
mL)ER, VA4S E Al 2 R S 25 H(TLC A).
RIG, B RBBHRINE] 1000 mL 255 1/KH, HRKEA
LS T s I 1 7O i Wl 0 o5 o A L R G
10.30 g 475 3-(1-2538)-1-(4- F 36 2K FR 38 ) i iR (1),
H @ EAR, 7% 75%. mp. 177~178 C; 'H NMR (500
MHz, CDCl3) d: 12.79 (s, 1H), 9.26 (s, 1H), 8.04 (d, J=
7.20 Hz, 2H), 7.90 (d, J=7.80 Hz, 1H), 7.83 (d, J=8.20
Hz, 3H), 7.51~7.59 (m, 3H), 7.34 (d, J=8.10 Hz, 2H),
2.45 (s, 3H); *C NMR (125 MHz, CDCl3) 6: 180.2, 167.2,
145.0, 134.2, 133.6, 130.0, 128.7, 128.7, 128.6, 128.0,
127.7,127.0, 126.5, 125.3, 123.9, 121.8, 21.8; IR (KBr) v:
3198, 3056, 1668, 1606, 1582, 1532, 1465, 1334, 1260,
1159, 810, 803, 775, 694 cm'; HRMS (ESI) calcd for
C1oH ¢N,NaOS [M+Na]" 343.0881, found 343.0872.

3-(1-Z53)-1-(3- H L 2K FE IR B R (1b): [ EEu i 44,
FEE 82%. m.p. 184~185 C; 'H NMR (500 MHz,
CDCLy) 0: 12.77 (s, 1H), 9.27 (s, 1H), 8.04 (t, J=7.70 Hz,
2H), 7.91 (d, J=7.50 Hz, 1H), 7.84 (d, J=8.30 Hz, 1H),
7.72~7.75 (m, 2H), 7.52~7.59 (m, 3H), 7.42~7.47 (m,
2H), 2.45 (s, 3H); °*C NMR (125 MHz, CDCl;) §: 180.1,
167.4, 139.4, 134.7, 1342, 133.6, 131.6, 129.2, 128.7,
128.5, 128.2, 128.0, 127.0, 126.5, 125.3, 124.7, 123.9,
121.7, 21.4; IR (KBr) v: 3244, 3043, 1664, 1599, 1510,
1375, 1270, 1153, 804, 775, 710 cm™'; HRMS (ESI) calcd
for C1oH ¢N,NaOS [M+Na]" 343.0881, found 343.0873.

3-(1-Z555)-1-Q2- R LR B iR (1e): 1 E i 1k,
A 82%. mp. 187~188 ‘C; 'H NMR (500 MHz,
CDCly) d: 12.66 (s, 1H), 9.02 (s, 1H), 8.05 (t, J=8.30 Hz,
2H), 7.91 (d, J=8.00 Hz, 1H), 7.85 (d, J=8.20 Hz, 1H),
7.60 (t, J=7.70 Hz, 2H), 7.53~7.57 (m, 2H), 7.47 (t, J=
7.50 Hz, 1H), 7.34 (d, J=17.50 Hz, 2H), 2.61 (s, 3H); "*C
NMR (125 MHz, CDCLy) o: 180.1, 169.7, 137.8, 134.2,
133.5, 132.8, 132.2, 132.0, 128.7, 128.5, 128.0, 127.1,
127.0, 126.5, 126.4, 125.3, 123.9, 121.7, 20.3; IR (KBr) v:
3220, 3058, 1674, 1598, 1528, 1324, 1260, 807, 776, 748,
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709, 672 ¢cm '; HRMS (ESI) calcd for C;9H;N,NaOS
[M+Na]" 343.0881, found 343.0871.

3-(1-Z82)-1-Q2-F R H I ) B IR (1d): 1 B 4k,
P23 75%. mp. 186~188 C (Lit.'"” 191.0~192.3 C);
'H NMR (500 MHz, CDCLy) 8: 12.53 (s, 1H), 9.46 (s, 1H),
8.03~8.07 (m, 2H), 7.92 (d, J=7.60 Hz, 1H), 7.84~7.87
(m, 2H), 7.52~7.61 (m, 5H), 7.43~7.47 (m, 1H); "*C
NMR (125 MHz, CDCl;) 6: 179.4, 166.3, 134.2, 133.5,
133.4, 132.1, 131.3, 131.1, 130.7, 128.7, 128.5, 128.1,
127.6, 127.1, 126.5, 125.3, 123.9, 121.7; IR (KBr) v: 3220,
3053, 3016, 1687, 1599, 1531, 1252, 1182, 802, 775, 703
cm” !, HRMS (ESI) calcd for C;sH;3CIN,NaOS [M+ Na]
© 363.0335, found 363.0320.

3-(1-ZE Hk)-1-(3- UK A R 28 ) it R (1e): 10 E [ 44
FEE 77%. mp. 194~196 C; 'H NMR (500 MHz,
CDCly) d: 12.62 (s, 1H), 9.20 (s, 1H), 8.03 (dd, J=11.00,
8.00 Hz, 2H), 7.97 (t, J=1.90 Hz, 1H), 7.92 (d, J=7.50
Hz, 1H), 7.86 (d, J=8.20 Hz, 1H), 7.80~7.82 (m, 1H),
7.64~7.66 (m, 1H), 7.50~7.61 (m, 4H); C NMR (125
MHz, CDCls) d: 179.7, 165.8, 135.8, 134.2, 133.9, 133.4,
130.6, 128.7, 128.5, 128.1, 127.1, 126.5, 125.4, 125.3,
123.9, 121.6; IR (KBr) v: 3230, 3157, 3048, 1674, 1596,
1568, 1505, 1434, 1328, 1249, 882, 819, 790, 776, 712
cm” !, HRMS (ESI) calcd for CgH;3CIN,NaOS [M—i—Na]+
363.0335, found 363.0322.

3-(1-Z838)-1-(4- 50K H I 25 BRE IR (1): ¥ 2 €0 ] 44,
FEE 76%. mp. 185~187 C; 'H NMR (500 MHz,
CDCly) 6: 12.66 (s, 1H), 9.25 (s, 1H), 8.02 (d, J=7.30 Hz,
2H), 7.91 (d, J=8.00 Hz, 1H), 7.88 (d, J=8.50 Hz, 2H),
7.85 (d, J=8.30 Hz, 1H), 7.51~7.59 (m, 5H); °C NMR
(125 MHz, CDCLy) 6: 179.9, 166.1, 140.5, 134.2, 133.5,
130.0, 129.6, 129.1, 128.7, 128.5, 128.1, 127.1, 126.5,
125.3, 123.9, 121.6; IR (KBr) v: 3190, 3062, 1672, 1592,
1532, 1484, 1463, 1259, 843, 805, 791, 774, 744, 708
cm '; HRMS (ESI) calcd for CysH;;CIN,NaOS [M+Na]*
363.0335, found 363.0328.

3-(1-Z5 J)-1-(3- R 2% H gt 68 ) B J0k (1g): 130 €0 [ 4
A 83%. mp. 176~177 ‘C; '"H NMR (500 MHz,
CDCly) d: 12.62 (s, 1H), 9.22 (s, 1H), 8.12 (s, 1H), 8.02
(dd, J=11.50, 7.90 Hz, 2H), 7.92 (d, J=8.00 Hz, 1H),
7.84~7.87 (m, 2H), 7.79 (d, J=8.10 Hz, 1H), 7.53~7.60
(m, 3H), 7.43 (t, J=7.90 Hz, 1H); *C NMR (125 MHz,
CDCly) 6: 179.7, 165.7, 136.8, 134.2, 133.6, 133.4, 131.0,
130.7, 128.7, 128.4, 128.1, 127.1, 126.5, 125.9, 125.3,
123.8, 123.5, 121.6; IR (KBr) v: 3235, 3152, 3047, 1673,

Chin. J. Org. Chem. 2019, 39, 3199~3206



Chinese Journal of Organic Chemistry

ARTICLE

1596, 1564, 1505, 1435, 1326, 1248, 877, 813, 791, 748,
705 cm'; HRMS (ESI) caled for C,sH,3BrN,NaOS [M+
Na]" 406.9830, found 406.9819.

3-(1-Z5 55)-1-(4- 1R 2K F L 28 ) B IR (1h): 35 (2 [ 44k,
A 78%. mp. 184~185 ‘C; 'H NMR (500 MHz,
CDCly) d: 12.66 (s, 1H), 9.23 (s, 1H), 8.02 (dd, J=17.70,
3.70 Hz, 2H), 7.91 (d, J=7.90 Hz, 1H), 7.85 (d, J=8.20
Hz, 1H), 7.80 (d, J=8.50 Hz, 2H), 7.69 (d, J=8.40 Hz,
2H), 7.53~7.59 (m, 3H); *C NMR (125 MHz, CDCl,) ¢:
179.8, 166.3, 134.2, 133.5, 132.6, 130.4, 129.1, 128.7,
128.5, 128.1, 127.1, 126.5, 125.3, 123.9, 121.6; IR (KBr)
v: 3280, 3132, 3050, 1666, 1629, 1588, 1482, 1329, 1256,
870, 845, 772, 754, 701 cm™'; HRMS (ESI) caled for
CysH3BrN,;NaOS [M+Na]" 406.9830, found 406.9821.

3-(1-Z8 JE)-1-(4- L 2% HH I 368 ) B R (1) 1 € [ 44
FEE 75%. mp. 180~182 C; 'H NMR (500 MHz,
CDCl3) 6: 12.69 (s, 1H), 9.26 (s, 1H), 8.02 (d, J=7.60 Hz,
2H), 7.94~7.98 (m, 2H), 7.91 (d, J=7.40 Hz, 1H), 7.85
(d, J=8.30 Hz, 1H), 7.52~7.59 (m, 3H), 7.19~7.23 (m,
2H); C NMR (125 MHz, CDCl3) §: 179.9, 166.1, 166.0
("Jer=255.00 Hz), 134.2, 133.5, 130.3 (Jer=10.00 Hz),
128.7, 128.5, 128.0, 127.8 (*Jop=3.75 Hz), 127.0, 126.5,
125.3, 123.9, 121.6, 116.5 (*Jcr=22.50 Hz); IR (KBr) v:
3213, 3062, 1668, 1626, 1600, 1575, 1504, 1237, 874, 815,
772, 737, 694 cm”'; HRMS (ESI) caled for CsH3FN,-
NaOS [M+Na]": 347.0631, found 347.0625.

3-(1-Z8 J5)-1-(2- R g FH I 56 ) B R (1): P €0 T 4
A 73%. mp. 182~184 C; 'H NMR (500 MHz,
CDCly) d: 12.47 (s, 1H), 9.37 (s, 1H), 8.02 (dd, J=15.30,
7.90 Hz, 2H), 7.90 (d, J=7.70 Hz, 1H), 7.84 (d, J=8.30
Hz, 1H), 7.62~7.63 (m, 1H), 7.51~7.58 (m, 3H), 7.43 (d,
J=3.60 Hz, 1H), 6.64 (dd, J=3.60, 1.70 Hz, 1H); "*C
NMR (125 MHz, CDCL) d: 179.6, 157.0, 146.6, 145.0,
1342, 133.5, 128.7, 128.6, 128.0, 127.0, 126.5, 125.3,
123.9, 121.7, 119.2, 113.5; IR (KBr) v: 3219, 3046, 1665,
1596, 1468, 1274, 1130, 878, 783, 709 cm ™ '; HRMS (ESI)
caled for C;sH;,NoNaO,S [M+Na]* 319.0517, found
319.0506.

3-[1-(4- B 28 HE)]-1-(2- W e HE TG 28 ) B R (1k): 7% 3
EEE, P2 76%. mp. 196~198 ‘C; 'H NMR (500
MHz, DMSO-dy) 6: 12.41 (s, 1H), 11.57 (s, 1H), 8.20 (d,
J=8.30 Hz, 1H), 8.12 (s, 1H), 8.04 (d, J=8.30 Hz, 1H),
7.97 (d, J=8.00 Hz, 1H), 7.93 (d, J=3.40 Hz, 1H), 7.75
(t, J=7.40 Hz, 1H), 7.70 (t, J=7.90 Hz, 2H), 6.80 (dd,
J=3.40, 1.50 Hz, 1H); >C NMR (125 MHz, DMSO-d;) o:
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181.4, 158.3, 149.0, 145.3, 135.3, 132.1, 130.7, 130.1,
128.7, 128.2, 127.4, 126.3, 123.8, 121.2, 119.3, 113.2; IR
(KBr) v: 3248, 3183, 3113, 1683, 1622, 1585, 1505, 1471,
1335, 1264, 834, 796, 748, 734, 688 cm '; HRMS (ESI)
caled for Ci¢H;{BrN,NaO,S [M-i-Na]+ 396.9623, found
396.9611.

3-[1-(4-VRZEHE)]-1-(4- P LR FE RS BRIk (1) 3 (1
[, 723 80%. m.p. 201~203 ‘C; '"H NMR (500 MHz,
CDCLy) 6: 12.79 (s, 1H), 9.25 (s, 1H), 8.30 (d, J=7.70 Hz,
1H), 8.04 (d, J=8.90 Hz, 1H), 7.91 (d, J=8.00 Hz, 1H),
7.83 (t, J=7.90 Hz, 3H), 7.61~7.66 (m, 2H), 7.35 (d, J=
8.00 Hz, 2H), 2.46 (s, 3H); *C NMR (125 MHz, CDCl;) o:
180.2, 167.2, 145.1, 133.5, 132.5, 130.0, 129.8, 129.4,
128.5, 128.1, 127.9, 127.8, 127.7, 124.4, 122.2, 122.2,
21.8; IR (KBr) v: 3313, 3116, 3037, 1659, 1612, 1594,
1533, 1501, 1334, 1259, 827, 772, 748, 687 cm™'; HRMS
(ESI) caled for CjoH;sBrN,NaOS [M-+Na]" 420.9986,
found 420.9965.

3-[1-(4-VR 25 55)]-1-(3- HF L 2K H R 25 ) At ik (1m):
OEE, P2 87%. mp. 212~214 ‘C; 'H NMR (500
MHz, DMSO-dy) 6: 12.64 (s, 1H), 11.74 (s, 1H), 8.21 (d,
J=8.30 Hz, 1H), 8.05 (d, J=8.10 Hz, 1H), 7.98 (d, J=
8.00 Hz, 1H), 7.91 (s, 1H), 7.85 (d, J=7.60 Hz, 1H),
7.70~7.78 (m, 3H), 7.50 (d, J=7.50 Hz, 1H), 7.46 (t, J=
7.60 Hz, 1H), 2.42 (s, 3H); “C NMR (125 MHz,
DMSO-dg) d: 181.9, 169.0, 138.3, 135.3, 134.3, 132.5,
132.1, 130.7, 130.1, 129.8, 128.9, 128.7, 128.2, 127.4,
126.5, 126.2, 123.8, 121.1, 21.3; IR (KBr) v: 3214, 3127,
3051, 1660, 1595, 1585, 1505, 1324, 1241, 836, 810, 772,
723, 694 cm '; HRMS (ESI) caled for CjoH;sBrN,NaOS
[M+Na]" 420.9986, found 420.9975.

3-[1-(4- 1R ZE3E)]-1-(2- & 2K F L 38 B IR (1m): ¥ &%
O EAK, P53 79%. mp. 186~188 ‘C; 'H NMR (500
MHz, CDCls) §: 12.52 (s, 1H), 9.49 (s, 1H), 8.31 (dd, J=
6.70, 2.70 Hz, 1H), 8.04 (dd, J=6.60, 2.70 Hz, 1H), 7.93
(d, J=8.00 Hz, 1H), 7.83~7.86 (m, 2H), 7.63~7.68 (m,
2H), 7.52 (t, J=4.10 Hz, 2H), 7.43~7.46 (m, 1H); °C
NMR (125 MHz, CDCl;) 8: 179.5, 166.4, 133.6, 133.3,
132.6, 131.9, 131.3, 131.1, 130.8, 129.7, 129.4, 128.1,
127.9,127.9, 127.7, 124.4, 122.4, 122.2; IR (KBr) v: 3245,
3149, 3066, 1682, 1622, 1591, 1434, 1378, 1249, 830, 775,
708 cm '; HRMS (ESI) caled for C;gH;,BrCIN,NaOS
[M-+Na]" 440.9440, found 440.9426.
322 2-F BRI FRF[1,2-d"E" 2a~2n 0945 A%

DL 2-(4-FF 228 R S 38 ) 25 0T [ 1,2-d) ME M (2a) 1.
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4 3-(1-Z53)-1-(4-H B 2R LS i ik (1) (0.30 g, 0.94
mmol). IBD (0.3640 g, 1.13 mmol)Fl Z. (30 mL)# X
AF| 50 mL =HRAEERH S, £ 20 CHRMF TR S
min, S 45 RS VIR R . R ROV R 4 A T
R EE A, SRS R RO A SR A [ R 2R LR/
A (b.p. 60~90 C), V' V=1 :10], 13 0.26 g 2-(4-
FH R R U3 ) 25 9 [1,2-d HE M (2a), (B 1A, 77K
87%. m.p. 169~170 C; '"H NMR (500 MHz, CDCl;) ¢:
10.54 (s, 1H), 8.49 (dd, J=8.20, 1.20 Hz, 1H), 7.92 (dd,
J=6.9, 2.3 Hz, 1H), 7.89 (d, J=8.70 Hz, 1H), 7.80 (d, J=
8.20 Hz, 2H), 7.76 (d, J=8.70 Hz, 1H), 7.50~7.55 (m,
2H), 7.12 (d, J=8.00 Hz, 2H), 2.33 (s, 3H); *C NMR (125
MHz, CDCl;) 0: 165.2, 158.3, 144.6, 143.8, 132.2, 129.5,
129.0, 128.1, 128.1, 127.5, 127.4, 126.5, 125.8, 124.7,
123.0, 118.9, 21.6; IR (KBr) v: 3489, 3157, 3048, 2980,
1650, 1590, 1543, 1498, 1302, 1078, 805 cm '; HRMS
(ESI) caled for CioH;sN,OS [M+H]" 319.0905, found
319.0903.

2-(3-HI L F IR 2 58 25 0 [ 1,2-d]MEME(2b): 1 10 ]
1, P2Z 85%. mp. 89~90 C; 'H NMR (500 MHz,
CDCl3) 6: 11.34 (s, 1H), 8.39 (d, J=8.70 Hz, 1H), 7.88 (d,
J=8.70 Hz, 2H), 7.76 (d, J=8.70 Hz, 1H), 7.71~7.73 (m,
1H), 7.64 (s, 1H), 7.43~7.49 (m, 2H), 7.17 (dd, J=4.60,
1.70 Hz, 2H), 2.07 (s, 3H); *C NMR (125 MHz, CDCL,) §:
166.8, 158.8, 144.3, 138.7, 133.6, 132.1, 131.8, 128.6,
128.1, 128.0, 127.9, 127.2, 126.4, 125.8, 124.8, 124.8,
123.0, 118.8, 20.9; IR (KBr) v: 3488, 3157, 3051, 1644,
1591, 1541, 1499, 1368, 1300, 1078, 812, 731 cm ';
HRMS (ESI) caled for CoH;sN,OS [M+H]" 319.0905,
found 319.0909.

2-(2- F L I R G 2 ) 25 [ 1,2-d | (2¢): [ £ [H]
1, P25 87%. m.p. 182~184 ‘C; '"H NMR (500 MHz,
CDCly) d: 10.77 (s, 1H), 8.37 (dd, J=6.00, 3.40 Hz, 1H),
7.86~7.90 (m, 2H), 7.75 (d, J=8.70 Hz, 1H), 7.49~7.52
(m, 2H), 7.35 (d, J=7.60 Hz, 1H), 7.08 (t, J=7.30 Hz,
1H), 7.03 (d, J=7.60 Hz, 1H), 6.84 (t, J=7.40 Hz, 1H),
2.52 (s, 3H); *C NMR (125 MHz, CDCL3) 6: 167.4, 158.1,
144.4, 137.6, 132.8, 132.1, 131.3, 131.1, 128.1, 127.7,
127.3, 126.9, 126.3, 125.8, 125.6, 124.7, 123.0, 118.8,
20.1; IR (KBr) v: 3446, 3152, 3051, 2926, 1679, 1587,
1541, 1505, 1458, 1249, 807, 781, 744 cm™'; HRMS (ESI)
caled for C;oH;4N,NaOS [M—|—Na]+ 341.0725, found
341.0719.

2-(2- G K L (2 ) 25 9F [1,2-d) HE ME (2d): (o [H]
i, PR 78%. mup. 194~196 C (Lit.'” m.p. 198~

3204 http://sioc-journal.cn/
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200 ‘C); '"H NMR (500 MHz, CDCls) 6: 11.38 (s, 1H),
8.38 (dd, J=6.40, 2.70 Hz, 1H), 7.87~7.90 (m, 2H), 7.75
(d, J=8.70 Hz, 1H), 7.56 (d, J=17.60 Hz, 1H), 7.49~7.54
(m, 2H), 7.03 (q, J=8.10 Hz, 2H), 6.96 (dd, J=11.60,
430 Hz, 1H); *C NMR (125 MHz, CDCly) J: 164.5,
158.1, 144.4, 132.3, 132.2, 132.1, 131.1, 130.2, 130.0,
128.0, 127.9, 127.2, 126.8, 126.5, 125.8, 124.8, 123.1,
118.8; IR (KBr) v: 3443, 3052, 2925, 1670, 1590, 1548,
1436, 1300, 910, 799, 741 cm'; HRMS (ESI) caled for
CisH,1CIN,NaOS [M+Na]" 361.0179, found 361.0163.

2-(3-5UIK R R FE) 25 HE[1,2-d)MEME (2e): I E [T,
P2 81%. m.p. 98~100 C; 'H NMR (500 MHz, CDCl;)
0: 11.43 (s, 1H), 8.34 (d, J=8.10 Hz, 1H), 7.89 (dd, J=
8.20, 3.80 Hz, 2H), 7.77~7.81 (m, 2H), 7.70~7.72 (m,
1H), 7.42~7.50 (m, 2H), 7.27~7.29 (m, 1H), 7.12 (t, J=
7.90 Hz, 1H); *C NMR (125 MHz, CDCly) J: 164.4,
158.5, 144.2, 135.1, 133.7, 132.7, 132.2, 129.9, 1282,
128.1, 127.8, 127.2, 126.5, 125.9, 125.6, 125.1, 122.8,
118.9; IR (KBr) v: 3418, 3052, 1655, 1586, 1545, 1504,
1452, 1346, 1269, 806, 183, 735 cm™'; HRMS (ESI) calcd
for C;gH,CIN,OS [M+H]" 339.0359, found 339.0347.

2-(4-FUOK R 30 2591 [1,2-d e M (2f): 3 (afE A,
FEE 80%. m.p. 202~203 C; 'H NMR (500 MHz,
CDCly) §: 10.80 (s, 1H), 8.45 (dt, J=6.90, 3.50 Hz, 1H),
7.92~7.95 (m, 1H), 7.90 (d, J=8.70 Hz, 1H), 7.80 (t, J=
8.0 Hz, 3H), 7.51~7.54 (m, 2H), 7.25~7.26 (m, 2H); *C
NMR (125 MHz, CDCly) d: 164.3, 158.1, 144.4, 139.4,
132.2, 130.3, 129.1, 128.9, 128.3, 128.1, 127.3, 126.6,
126.0, 125.0, 122.9, 118.9; IR (KBr) v: 3412, 3053, 2921,
1663, 1592, 1540, 1497, 1451, 1240, 845, 800, 776, 746
cmfl; HRMS (ESI) caled for C,gH;;CIN,NaOS [M—I—Na]+
361.0179, found 361.0168.

2-(3-PR K H BRI 2597 [ 1,2-dE ML (2g): I Cu 4,
FEE 75%. mp. 160~161 ‘C; '"H NMR (500 MHz,
CDCLy) &: 11.38 (s, 1H), 8.34~8.35 (m, 1H), 7.97~7.98
(m, 1H), 7.90~7.92 (m, 2H), 7.78~7.80 (m, 2H), 7.45~
7.50 (m, 3H), 7.10 (td, J=7.80, 3.70 Hz, 1H); *C NMR
(125 MHz, CDCl3) §: 164.3, 158.4, 144.2, 135.7, 133.9,
1322, 130.7, 130.2, 128.2, 128.1, 127.2, 126.6, 126.1,
125.9, 125.1, 123.0, 122.8, 118.9; IR (KBr) v: 3424, 3051,
2924, 1670, 1586, 1541, 1505, 1454, 1245, 802, 782, 729
cm '; HRMS (ESI) caled for C,sH;;BrN,NaOS [M+Na]"
404.9673, found 404.9659.

2-(4- 52K R R = 2L ) 25 9F [1,2-d]) BE ML (2h): (T o [
&, PRE 74%. m.p. 201~203 ‘C; 'H NMR (500 MHz,
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CDCly) 8: 11.40 (s, 1H), 8.41~8.43 (m, 1H), 7.94 (dd, J=
8.40, 4.20 Hz, 1H), 7.89 (d, J=8.70 Hz, 1H), 7.79 (d, J=
8.70 Hz, 1H), 7.73 (d, J=8.40 Hz, 2H), 7.50~7.54 (m,
2H), 7.39 (d, J=8.40 Hz, 2H); *C NMR (125 MHz,
CDCly) 6: 164.6, 158.5, 144.2, 132.2, 132.0, 130.7, 129.0,
128.3, 127.9, 127.9, 1272, 126.7, 126.0, 125.1, 122.8,
118.8; IR (KBr) v: 3414, 3052, 2920, 2851, 1661, 1590,
1541, 1505, 1450, 1280, 841, 804, 778, 742 cm™'; HRMS
(ESI) caled for CsH;;BrN,NaOS [M-i-Na]+ 404.9673,
found 404.9662.

2-(4-F K B ) 25 R [1,2-d] MEME (2): 1 EEu i 1,
FEE 90%. m.p. 173~174 C; 'H NMR (500 MHz,
CDCly) 6: 11.13 (s, 1H), 8.48 (d, J=7.40 Hz, 1H), 7.93~
7.98 (m, 3H), 7.89 (d, J=8.70 Hz, 1H), 7.79 (d, J=8.70
Hz, 1H), 7.52~7.57 (m, 2H), 7.03 (t, J=8.50 Hz, 2H); '*C
NMR (125 MHz, CDCly) 6: 165.4 ("Jep=297.50 Hz),
164.5, 158.4, 144.3, 132.3, 130.2 (Jcr=10.00 Hz), 128.3,
128.1 (“Jor=2.50 Hz), 128.0, 127.3, 126.7, 126.0, 125.0,
122.9, 118.9, 116.1 (*Jop=21.25 Hz); IR (KBr) v: 3426,
3053, 1667, 1604, 1588, 1537, 1503, 1453, 1237, 840, 808,
777, 752 cm”'; HRMS (ESI) caled for C;sH;FN,NaOS
[M+Na]" 345.0474, found 345.0470.

2-(2- W PR S0 ) 250 [1,2-d|WE M (2j): 1 T 44,
A 78%. mp. 170~171 C; 'H NMR (500 MHz,
CDCly) d: 10.12 (s, 1H), 8.62 (d, J=8.20 Hz, 1H), 7.95 (d,
J=8.10 Hz, 1H), 7.88 (d, J=8.70 Hz, 1H), 7.78 (d, J=
8.70 Hz, 1H), 7.60~7.64 (m, 1H), 7.54~7.57 (m, 1H),
7.41 (s, 1H), 7.38 (d, J=3.50 Hz, 1H), 6.57 (dd, J=3.50,
1.70 Hz, 1H); *C NMR (125 MHz, CDCL) ¢: 156.7,
155.3, 145.9, 145.5, 144.8, 132.2, 128.3, 128.2, 127.6,
126.6, 125.9, 124.7, 123.3, 118.9, 117.5, 113.1; IR (KBr) v:
3444, 3045, 2918, 1683, 1584, 1540, 1503, 1294, 844, 758
cmfl; HRMS (ESI) caled for C;¢H;(N,NaO,S [M—l—Na]+
317.0361, found 317.0355.

2-(2-WK I P A0 )-5- VR 25 9 1,2-d]HEME (2K): 1 €5
AR, 723 76%. m.p. 246~247 “C; '"H NMR (500 MHz,
DMSO-ds) 6: 13.14 (s, 1H), 8.65 (d, J=7.50 Hz, 1H),
8.54~8.56 (m, 1H), 8.24 (dd, J=7.00, 1.50 Hz, 1H), 8.10
(s, 1H), 7.84 (d, J=3.20 Hz, 1H), 7.75~7.80 (m, 2H),
6.81 (dd, J=3.40, 1.60 Hz, 1H); *C NMR (125 MHz,
DMSO-dg) d: 159.3, 156.7, 148.3, 145.8, 145.1, 130.0,
128.4, 128.1, 128.0, 127.9, 127.5, 124.0, 123.9, 117.8,
116.8, 113.0; IR (KBr) v: 3406, 3390, 3135, 3065, 2921,
1688, 1589, 1568, 1538, 1489, 1294, 858, 770, 759 cm ';
HRMS (ESI) caled for C;sHyBrN,NaO,S [M—I—Na]+
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394.9466, found 394.9454.

2-(4- FFE K A (28 -5- B 28 9 [1,2-d] e 2D): [
K, P73 82%. m.p. 243~244 ‘C; 'H NMR (500
MHz, DMSO-d;) d: 13.09 (s, 1H), 8.67~8.69 (m, 1H),
8.58 (s, 1H), 8.25~8.27 (m, 1H), 8.11 (d, J=8.10 Hz,
2H), 7.76~7.81 (m, 2H), 7.40 (d, J=8.0 Hz, 2H), 2.42 (s,
3H); “C NMR (125 MHz, DMSO-dy) J: 166.2, 160.0,
145.1, 143.8, 130.0, 129.7, 129.4, 128.9, 128.4, 128.2,
128.1, 127.9, 127.6, 124.1, 124.0, 116.8, 21.7; IR (KBr) v:
3420, 3175, 3065, 2920, 1673, 1612, 1568, 1538, 1411,
1287, 831, 789, 747 cm '; HRMS (ESI) caled for
C1oH,BrN,OS [M+H]" 397.0010, found 397.0015.

2-(3- F 35 % R T A 3 )-5- 9 25 [ 1,2-d] ME 1 (2m):
H @A, 722 76%. mp. 204~206 C; 'H NMR (500
MHz, DMSO-dg) : 13.10 (s, 1H), 8.68 (d, J=7.30 Hz,
1H), 8.55 (s, 1H), 8.25 (d, J=7.90 Hz, 1H), 8.04 (s, 1H),
8.00 (d, J=7.00 Hz, 1H), 7.75~7.81 (m, 2H), 7.45~7.50
(m, 2H), 2.43 (s, 3H); °C NMR (125 MHz, DMSO-d;) ¢:
166.4, 160.0, 145.1, 138.5, 134.0, 132.1, 130.0, 129.4,
129.0, 128.4, 128.2, 128.0, 127.8, 127.5, 126.0, 124.0,
123.9, 116.8, 21.4; IR (KBr) v: 3412, 3229, 3063, 2955,
2921, 2852, 1718, 1679, 1606, 1536, 1505, 1458, 1355,
884, 822, 767, 728, 701 cm™'; HRMS (ESI) caled for
C1oH,3BrN,NaOS [M+Na]" 418.9830, found 418.9818.

2-(2-FK HBL 2k )-5- IR 25 IF[1,2-d) M (2n): B8 (T
AR, 723 74%. m.p. 242~244 C; '"H NMR (500 MHz,
DMSO-d) 0: 13.31 (s, 1H), 8.60~8.63 (m, 2H), 8.26 (dd,
J=6.60, 2.60 Hz, 1H), 7.76~7.81 (m, 3H), 7.58~7.65
(m, 2H), 7.52 (dd, J=10.60, 4.20 Hz, 1H); *C NMR (125
MHz, DMSO-dg) o: 166.1, 160.0, 145.0, 134.4, 132.7,
130.9, 130.4, 130.1, 130.1, 128.4, 128.2, 128.1, 128.0,
127.8, 127.6, 124.1, 124.0, 117.1; IR (KBr) v: 3398, 3065,
2923, 1670, 1572, 1537, 1495, 1450, 1296, 790, 755, 744,
732 ¢cm”'; HRMS (ESI) caled for C;gH;oBrCIN,NaOS
[M-+Na]" 438.9284, found 438.9261.

323 2-(4-F AR FEBLA )R I [2,1-d]EL )&
R

HIRWAEY) 2 MEBITEE R 2-(4-F K HBER
FZEIL[2,1-d)EME(4), FHEER, 772 8%. m.p. 234~
236 °C;'H NMR (400 MHz, CDCL;) d: 11.54 (s, 1H), 8.06
(d, J=8.10 Hz, 1H), 7.92 (t, J=7.90 Hz, 3H), 7.68 (d, J=
8.80 Hz, 1H), 7.63~7.57 (m, 1H), 7.53~7.48 (m, 1H),
7.39 (d, J=8.80 Hz, 1H), 7.21 (d, J=8.00 Hz, 2H), 2.36
(s, 3H); *C NMR (101 MHz, CDCl;) §: 165.8, 159.1,
145.9, 143.9, 130.5, 129.7, 129.3, 128.9, 128.2, 128.0
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127.9, 127.0, 126.9, 125.4, 124.1, 119.9, 21.6; IR (KBr) v:
3439, 3051, 2924, 1671, 1655, 1631, 1610, 1590, 1560,
1541, 1295, 1257, 812, 773, 742 cm™'; HRMS (ESI) calcd
for C1oH;5N,0S [M+H]" 319.0905, found 319.0889.

45 Bh #1 &} (Supporting Information)

&Y 1a~1n,

2a~2n fi1 4 [f) '"H NMR 1 *C NMR #%&. Xt ay
DL 7 MAS T 9 33 (http://sioc-journal.cn/) | %K.
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