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Microwave-Assisted Synthesis of 3-Substituted Indole
Derivatives via Three-Component Domino Reaction
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Abstract The research of indoles has been one of the most active areas of heterocyclic chemistry. In particular, 3-substituted
indole derivatives have received much attention as building blocks for the synthesis of many natural products and other bio-
logically active compounds. In this article, an synthetic procedure for multi-substituted indole derivatives was successfully
developed by a three-component reaction of phenylglyoxal monohydrate, aromatic amine and 4-hydroxycoumarin with a cata-
lytic amount of trifluoroacetic acid under microwave irradiation conditions. This method has the advantages of simple opera-
tion, readily available raw materials, and high atom utilization.

Keywords indole; synthesis; three-component reaction; microwave
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PATHCE I EE RS K-SV (1a). X H 2R (2a)fll 4-
REFE RGBS 1 mmol, EREES T A& 3-BULH|
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SIS ] S A FRP b 248 K FH B0 I B2 T 52, 25 SR 47|
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OH o Xo
1a 2a 3
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L0
O A OH ™)
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MR 1 BIEE T A, FEAEEA AR WA
80 ‘C %M R M. 30 min, ¥ 77N EtOH/H,O
(V:iv=1: DR &G 1, Entry 9), N 43%, Frbh
FATEA EtOH/H,O (V: V=1 : DIERIL RN V7.

PR ALE MLV o SO RE ISP TE) S A7) DA R A AR5
() F AT . A SEIG 45 AT S, RNTE 40 min 7]
PLiEAT 58 4s, PERIL T 55%(F 1, Entry 11). PG, %%
T RN FE R RN RS (R 1, Entries 12~15), &55R3%
BH I A U5 B R R = 2 TR, 90 CR =3 59%(3R
1, Entry 14). BT @R BNIREE, 772K %A 0 EARN
(# 1, Entry 15). ArLAES 90 C RN MRIERE. AT
P B2, 0 8T AL RN R PR R e (R
1, Entries 16~21), 733N T 0.2 equiv.ff R 5L,
BRI 0.2 equiv. i =50 LR A AT 7 8 5w (3
1, Entry 17), AL TRidESE BRI =/ LM 0.2 equiv.
AT 5 5 (R 1, Entries 17, 22~23). 6T L
XTI LS A B I A%, FRAT TR () IR B 26 A EtOH/H,0
(V V=1 1), 0.2 equiv.[t) = 2R AT
SOSRFE 90 C [N E] 40 min. A 5 G SONE 26 A
Je, BATEAT T 2 A SRR AT X sz, DA H I R
KAEYI(1a). KRR Qa)M 4- 225 FH G RG) NIEEL
EtOH/H,O (V: V=1 : 1A%, 0.2 equiv./f] =3 L&
FHEAF, 90 CHEAT KB, AR 3-HURWEIVRATAED) 4a.
S A5 RR I, BE N IENR A R AT LSRR, 15
ST TEEK, T2 10 h Hp= Bl s MR, R
53%.

R AHACEY) 4a SN

Table 1 Optimization of reaction conditions for the synthesis of compound 4a

Entry Solvent Catalyst (equiv.) Temperature/C Time/min Isolated yield/%
1 MeOH — 80 30 31
2 EtOH — 80 30 27
3 1,4-Dioxane — 80 30 20
4 CH;CN — 80 30 27
5 DMF — 80 30 Trace
6 DMSO — 80 30 Trace
7 AcOH — 80 30 39
8 H,0 — 80 30 16
9 EtOH/H,O (V : V=1:1) — 80 30 43

10 EtOH/H,O (V : V=1 :1) — 80 20 26

11 EtOH/H,O (V : V=1:1) — 80 40 55

12 EtOH/H,O (V - V=1 1:11) — 80 50 55

13 EtOH/H,O (V : V=1:1) — 70 40 36

14 EtOH/H,O (V : V=1:1) — 90 40 59

15 EtOH/H,O (V : V=1:1) — 100 40 59

16 EtOH/H,O (V. V=1 :1) AcOH (0.2) 90 40 60

17 EtOH/H,O (V' : V=1 :1) CF3;CO,H (0.2) 90 40 67

18 EtOH/H,O (V' : V=1 :1) Nay,CO;(0.2) 90 40 41

19 EtOH/H,O (V' : V=1 :1) L-Proline (0.2) 90 40 40

20 EtOH/H,O (V. V=1 :1) 12 mol/L HCI (0.2) 90 40 33

21 EtOH/H,O (V. V=1 :1) 18.4 mol/L H,SO4 (0.2) 90 40 32

22 EtOH/H,O (V' : V=1 :1) CF;CO,H (0.1) 90 40 55

23 EtOH/H,O (V. V=1 :1) CF;CO,H (0.3) 90 40 59
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Table 2 Synthesis of compounds 4

0 OH
N OH S NH, \
| on *
1// Rz// oo
R 1 2 3

V(EtOH):V(H,0)= 1:1
0.2 equiv. CF3CO,H

MW, 90 °C
4
Entry R! R? Product Isolated yield/%
1 H 4-CH;, 4a 67
2 H 3,4-OCH,0 4b 57
3 H 3-Cl 4c 31
4 H 4-Br 4d 63
5 H 4-F 4e 70
6 H 3-Cl-4-F 4f 62
7 H 3-Cl-4-CH; 4g 60
8 H 4-NO, 4h 33
9 4-OCH; 4-CH; 4i 67
10  4-OCH; 4-CH(CHjs), 4j 70
11 4-OCH; 4-F 4k 65
12 4-OCH; 4-Br 41 64
13 4-OCH; 3-Cl-4-F 4m 74
14 4-CH; 4-CH;, 4n 49
15  4-CH; 4-OCH;, 40 54
16  4-CH; 3,4-OCH,0 4p 61
17  4-CH; 3-Cl-4-CH; 4q 63
18  4-CH; 4-Br 4r 66
19  4-Br 4-CH;, 4s 52
20  4-Br 4-CH(CHj;), 4t 64
21 4-Br 4-Cl 4u 76
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3 X
3.1 HAFISNEE

WO B N AX N Ei i Biotage W IR AL 2 A A AX
(Initiator+), 18 sUIE (5 FH AL BHC OGS T AT 1)
TXS A SO 8 IR BE R B IE); 2041 61 R A
Varian F-1000 B ZL4MGHESCI € (KBr J& ), B3R
21 AR G 3L 4R Bk 1% /E Agilent Inova-400 MHz X
Agilent Inova-300 MHz ZAZ #EILHRAI &, DMSO, ¥
A, TMS NHFF; &5 H RS E Bruker MicrOTOF-QII
Jo T 2 e, K B % B UR(ESDE . BT R
oM A A, AT AR & alifh,
3.2 &Y 3INARIEE

10 mL i [ S A 43 SN 1 mmol B H
FEEKEY(1), 1 mmol HURZKZ(2), 1 mmol 4-f2 47 &
%@3), HIMAZEE/KY : V=1:1)4 mL 0.2 mmol =
WO, THHE 10 s J5 Rk VA THRZ 90 C, M
40 min. JRFIZERG, ¥R AR RA B =R, BT
WeEZE R A% FAA 2, RN S a3 3] B AR 4.

2-F5 L -3-(5-F BE-2- 2R - 1 M| -3 -8 -4 H- (2 4 -4-
fii (4a): (0 E 4K, mp. 244~245 C; 'H NMR (400
MHz, DMSO-dq) 6: 11.49 (s, 1H, OH), 11.00 (s, 1H, NH),
791 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=8.8 Hz, 1H,
ArH), 7.60 (d, J=8.0 Hz, 2H, ArH), 7.44 (d, J=8.0 Hz,
1H, ArH), 7.40~7.34 (m, 4H, ArH), 7.26 (t, J=7.2 Hz,
1H, ArH), 6.99 (t, J=6.0 Hz, 2H, ArH), 2.34 (s, 3H, CH3);
C NMR (100 MHz, DMSO-d) d: 161.9, 161.8, 152.7,
136.8, 134.7, 133.0, 132.1, 129.4, 128.6, 127.7, 127.3,
126.6, 123.9, 123.6, 123.2, 118.4, 116.2, 111.0, 101.6,
99.4, 21.2; IR (KBr) v: 3412, 3301, 2922, 1692, 1622,
1494, 1455, 1305, 1259, 1207, 1098, 966, 799, 752, 696
cm '; HRMS (ESI) caled for Cp4H;,NNaO; ([M~+Na]"):
390.1104, found 390.1106.

2-FRRE-3-(6- K FE-5H-[1,3]) AL N4 E[4,5-1 ]
Wk -7- i )-4H- {0 )35 -4- B (4b): 35 (0 [H K, mp. 255~
256 “C; '"H NMR (400 MHz, DMSO-d;) 6: 11.47 (s, 1H,
OH), 10.99 (s, 1H, NH), 7.90 (d, J=7.2 Hz, 1H, ArH),
7.66 (t, J=7.2 Hz, 1H, ArH), 7.55 (d, J=7.2 Hz, 2H,
ArH), 7.44 (d, J=8.4 Hz, 1H, ArH), 7.40~7.35 (m, 3H,
ArH), 7.22 (t, J=7.2 Hz, 1H, ArH), 6.98 (s, 1H, ArH),
6.68 (s, 1H, ArH), 5.94 (d, J=7.2 Hz, 2H, CH,); *C NMR
(100 MHz, DMSO-dg) 0: 161.9, 161.8, 152.7, 144.4, 142.3,
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135.2, 133.1, 132.1, 131.2, 128.5, 126.8, 126.0, 123.9,
123.6, 123.3, 116.2, 102.5, 100.2, 99.4, 97.7, 92.0; IR
(KBr) v: 3415, 3311, 3063, 2886, 1684, 1610, 1495, 1466,
1417, 1340, 1290, 1183, 1038, 946, 832, 760, 688, 672
ecm'; HRMS (ESI) caled for CoH;sNNaOs ([M—+Na]"):
420.0844, found 420.0848.
2-F2HE-3-(6-F-2- A k- | H-M5| Wie-3- 3% )-4 H- (11 4755 -4 -]
(4c): EEfaEA, mp. 253~254 C; '"H NMR (400 MHz,
DMSO-dg) : 11.82 (s, 1H, OH), 11.12 (s, 1H, NH), 7.92
(d, J=8.0 Hz, 1H, ArH), 7.69~7.62 (m, 3H, ArH), 7.50~
7.36 (m, 5H, ArH), 7.32~7.26 (m, 2H, ArH), 7.03 (d, J=
8.0 Hz, 1H, ArH); *C NMR (100 MHz, DMSO-d;) o:
162.3, 161.8, 152.7, 137.8, 136.8, 132.4, 132.3, 128.7,
128.0, 127.8, 126.7, 126.2, 124.0, 123.7, 120.4, 119.5,
116.2, 116.1, 110.8, 102.5, 98.7; IR (KBr) v: 3439, 3286,
2890, 2829, 1690, 1619, 1494, 1446, 1329, 1315, 1268,
1132, 1057, 968, 759, 696, 671, 644 cm™'; HRMS (ESI)
caled for Cp3H4CINNaO; ([M+Na]"): 410.0543, found
410.0560.
2-FEHE-3-(5-1R-2- TR e - | H-M5| Wie-3 -5 -4 H- {0} -4
(4d): AEE, mp. 180~181 ‘C; 'H NMR (400 MHz,
DMSO-dg) d: 11.48 (s, 1H, OH), 10.98 (s, 1H, NH), 7.90
(d, J=7.6 Hz, 1H, ArH), 7.69~7.65 (m, 1H, ArH), 7.57
(d, J=7.2 Hz, 2H, ArH), 7.46~7.35 (m, 5H, ArH), 7.27~
7.25 (m, 2H, ArH), 7.16~7.15 (m, 1H, ArH); *C NMR
(100 MHz, DMSO-dq) J: 161.9, 161.8, 152.7, 141.5, 136.8,
134.6, 133.0, 128.8, 128.5, 126.6, 124.0, 123.6, 119.9,
116.2, 116.1, 114.2, 110.9, 102.1, 99.3; IR (KBr) v: 3426,
3280, 3062, 2960, 1689, 1624, 1413, 1302, 1268, 1154,
1064, 969, 797, 753, 695 cm '; HRMS (ESI) calcd for
C,3H,4,BrNNaO; ([IM+Na]"): 454.0048, found 454.0055.
Q- HE-3-(5-5-2- TR - | H-M5| We-3 -5 -4 H- {6} -4 -]
(4e): FEEE, mp. 168~170 C; '"H NMR (400 MHz,
DMSO-dy) §: 11.73 (s, 1H, OH), 10.88 (s, 1H, NH), 7.91
(d, J=7.2 Hz, 1H, ArH), 7.67 (t, J=7.2 Hz, 1H, ArH),
7.60 (d, J=7.6 Hz, 2H, ArH), 7.47~7.36 (m, 5H, ArH),
7.30 (t, J=7.2 Hz, 1H, ArH), 7.02~6.97 (m, 2H, ArH);
BC NMR (100 MHz, DMSO-dy) d: 162.1, 161.8, 158.3,
156.0, 152.7, 138.7, 133.0, 132.6, 132.2, 129.6 (d, Jor=
10.0 Hz), 128.6, 127.7, 126.7, 123.9, 123.7, 116.2 (d, Jep-
2.0 Hz), 112.2 (d, Jep=10.0 Hz), 109.7 (d, Jor=26.0 Hz),
103.7 (d, Jer=24.0 Hz), 102.5 (d, Jor=4.0 Hz), 98.8; IR
(KBr) v: 3468, 3325, 3066, 1684, 1618, 1485, 1467, 1417,
1307, 1265, 1129, 969, 793, 770, 755, 747, 696 cm ';
HRMS (ESI) caled for C,3H,FNNaO; ([M + Na] "):

Chin. J. Org. Chem. 2018, 38, 855~862



Chinese Journal of Organic Chemistry

ARTICLE

394.0849, found 394.0855.

2-$2 55 -3-(6- -5 G -2- R Bk - L H-W5| W -3- 58 )-4 H- {4,
15-A- (4f): #EOE A, mp. >300 ‘C; '"H NMR (400
MHz, DMSO-dq) 6: 11.88 (s, 1H, OH), 11.13 (s, 1H, NH),
7.92 (d, J=6.0 Hz, 1H, ArH), 7.67~7.57 (m, 4H, ArH),
7.43~7.24 (m, 6H, ArH); *C NMR (100 MHz, DMSO-d;)
5: 162.3, 161.8, 153.2, 152.8, 139.4, 132.7, 132.3, 132.2,
128.7, 128.4 (d, Jor=9.0 Hz), 128.0, 126.8, 123.8 (d,
Jer=20.0 Hz), 116.3, 116.2, 113.4 (d, Jor=20.0 Hz),
112.1, 105.4 (d, Jop=23.0 Hz), 102.9 (d, Jor=5.0 Hz),
98.4; IR (KBr) v: 3433, 3390, 3180, 2888, 2831, 1666,
1622, 1610, 1443, 1393, 1350, 1155, 1111, 1063, 895, 843,
752, 678 cm'; HRMS (ESI) caled for C,3H;;CIFNNaOs;
(IM~+Na]"): 428.0454, found 428.0466.

2-F2Fk-3-(6-5-5- F -2 - TR Bk - 1 H-W5| We-3- 58 )-4 H- {1
J5-4-fid (4g): FLEE A, mp. >300 C; 'H NMR (400
MHz, DMSO-dg) 6: 11.65 (s, 1H, OH), 11.03 (s, 1H, NH),
7.92 (d, J=8.0 Hz, 1H, ArH), 7.67 (t, J=7.2 Hz, 1H,
ArH), 7.60 (d, J=7.6 Hz, 2H, ArH), 7.48~7.37 (m, 5H,
ArH), 7.29 (t, J=7.2 Hz, 1H, ArH), 7.20 (s, 1H, ArH),
2.35 (s, 3H, CH;); “C NMR (100 MHz, DMSO-dy) o:
1622, 161.8, 152.7, 137.6, 135.4, 132.5, 132.2, 128.6,
128.5, 127.6, 127.1, 126.6, 125.6, 124.0, 123.7, 116.2,
111.0, 101.9, 98.8, 19.9; IR (KBr) v: 3445, 3306, 3043,
3021, 1671, 1608, 1495, 1449, 1411, 1248, 1182, 1104,
1063, 960, 897, 751 cm '; HRMS (ESI) caled for
Co4H 6CINNaO; ([M+Na]"): 424.0724, found 424.0716.

2-F2HE-3-(5- A FE-2- 2R -1 M| -3 -3 ) -4 H- (1 4 -4-
fiil (4h): #OFEK, mp. 272~274 C; 'H NMR (400
MHz, DMSO-dq) 6: 12.37 (s, 1H, OH), 11.35 (s, 1H, NH),
8.24~8.23 (m, 1H, ArH), 8.07 (dd, J=8.8, 2.0 Hz, 1H,
ArH), 7.94~7.92 (m, 1H, ArH), 7.72~7.62 (m, 4H, ArH),
7.48~7.34 (m, 5H, ArH); *C NMR(100 MHz, DMSO-d;)
5: 170.3, 162.7, 161.8, 152.9, 140.8, 140.4, 139.7, 132.4,
131.7, 128.8, 128.7, 128.4, 126.9, 124.0, 123.7, 117.1,
116.3, 116.2, 115.9, 111.8, 104.9, 97.7; IR (KBr) v: 3434,
3318, 2943, 2811, 1698, 1612, 1490, 1415, 1248, 1157,
1031, 829, 814, 75 cm '; HRMS (ESI) calcd for Cy;Hjs-
N,Os [M+H]": 399.0981, found 399.0989.

2- 2k -3-(2-(4- Y 4 Bk 2R Ok )-5- Y 0 -1 - Mg T -3-
$5)-4H- (0 J75-4-T(4i): #EEREA, mp. 202~204 C; 'H
NMR (400 MHz, DMSO-d) J: 11.40 (s, 1H, OH), 10.95
(s, 1H, NH), 7.93 (d, J=8.0 Hz, 1H, ArH), 7.67 (t, J=7.6
Hz, 1H, ArH), 7.55 (d, J=8.0 Hz, 2H, ArH), 7.46 (d, J=
8.0 Hz, 1H, ArH), 7.41~7.33 (m, 2H, ArH), 6.99~6.95
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(m, 4H, ArH), 3.75 (s, 3H, CH;0), 2.34 (s, 3H, CH3); "°C
NMR (100 MHz, DMSO-d;) d: 161.9, 161.8, 158.6, 152.7,
136.9, 134.6, 132.1, 129.5, 127.9, 127.5, 125.5, 123.9,
123.6, 122.8, 118.2, 116.2, 114.0, 110.8, 100.5, 99.5, 55.1,
21.2; IR (KBr) v: 3444, 3338, 2933, 2835, 1700, 1612,
1494, 1460, 1435, 1248, 1178, 1032, 829, 804, 755, 675
cm'; HRMS (ESI) caled for C,sH oNNaO, ([M+Na]"):
420.1220, found 420.1212.

2-F2 HE-3-(5- 5 T B -2-(4- HH A 2R 2R B )- 1 H- W5 e -3-
BY-AH- (0 )75-4-FA4)): #EOEE, mp. 274~275 C; 'H
NMR (400 MHz, DMSO-dg) : 11.39 (s, 1H, OH), 10.81
(s, IH, NH), 7.92 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=7.2
Hz, 1H, ArH), 7.53 (d, J=8.4 Hz, 2H, ArH), 7.45 (d, J=
8.0 Hz, 1H, ArH), 7.40~7.37 (m, 2H, ArH), 7.04 (t, J=
7.4 Hz, 2H, ArH), 6.96 (d, J=8.4 Hz, 2H, ArH), 3.74 (s,
3H, CH;0), 2.93~2.88 (m, 1H, CH), 1.21 (d, J=6.8 Hz,
6H, (CH,),C); *C NMR (100 MHz, DMSO-d) J: 170.3,
161.9, 158.6, 152.7, 139.2, 137.0, 134.9, 132.1, 129.3,
127.9, 125.5, 123.9, 123.6, 120.1, 116.2, 115.6, 114.0,
111.0, 100.8, 99.5, 55.1, 33.7, 24.7; IR (KBr) v: 3292,
2954, 2867, 2839, 1696, 1624, 1495, 1469, 1238, 1179,
1022, 834, 787, 762 cm '; HRMS (ESI) caled for
C,;H23NNaO, ([M+Na]"): 448.1527, found 448.1525.

2- 2 L 3-(5- R -2-(4- AR B OR R )-1H- ] Wk -3-
F)-4H-(A)75-4-Fi(4K): FOEAE, mp. 131~132 C; 'H
NMR (400 MHz, DMSO-dy) J: 11.42 (s, 1H, OH), 10.93
(s, 1H, NH), 7.90 (d, J=7.6 Hz, 1H, ArH), 7.64 (t, J=8.0
Hz, 1H, ArH), 7.48~7.34 (m, 5H, ArH), 7.23 (d, J=8.8
Hz, 1H, ArH), 7.19~7.15 (m, 3H, ArH), 3.74 (s, 3H,
CH;0); C NMR (100 MHz, DMSO-d;) d: 162.1, 161.8,
158.9, 152.7, 138.9, 132.8, 132.1, 129.8 (d, Jor=10.0 Hz),
128.0, 125.0, 123.9, 123.7, 116.2, 114.1, 112.0 (d, Jop=9.0
Hz), 109.1 (d, Jor=26.0 Hz), 103.4 (d, Jor=22.0 Hz),
101.4 (d, Jor=4.0 Hz), 98.9, 55.1; IR (KBr) v: 3450, 3090,
2914, 1690, 1608, 1495, 1467, 1256, 1197, 814, 757, 696
cm '; HRMS (ESI) caled for CoH sFNNaO, ([M+Na]"):
424.0967, found 424.0961.

2- F2 FE 3-(5- IR -2-(4- F A BR OR R )-1H- ] Wk -3-
F)-4H-(A)75-A-Fi(4D): #EAE K, mp. 283~284 C; 'H
NMR (400 MHz, DMSO-d) &: 11.74 (s, 1H, OH), 11.09
(s, 1H, NH), 7.92 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=17.6
Hz, 1H, ArH), 7.55 (d, J=8.4 Hz, 2H, ArH), 7.46~7.36
(m, 4H, ArH), 7.24 (d, J=8.4 Hz, 1H, ArH), 6.99 (d, J=
8.4 Hz, 2H, ArH), 3.75 (s, 3H, CH;0); *C NMR (100
MHz, DMSO-d) 0: 162.2, 161.8, 159.0, 152.8, 138.4,
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134.9, 132.2, 131.2, 128.1, 124.7, 123.9, 123.7, 120.9,
116.2, 116.1, 114.2, 113.0, 111.6, 100.8, 98.7, 55.1; IR
(KBr) v: 3320, 2953, 1686, 1610, 1487, 1465, 1450, 1242,
1178, 1156, 1049, 1029, 833, 790, 756 cm™'; HRMS (ESI)
caled for CyH sBrNNaO, ([M+Na]+): 484.0156, found
484.0160.

2-F8 HE-3-(6-F-5- - 2-(4- H AR FE R AL )- 1 -1 Wk -3-
Y- 4H- (0 )75-4-F (4m): #EEAE A, mp. 167~168 C; 'H
NMR (400 MHz, DMSO-d) 6: 11.76 (s, 1H, OH), 11.10
(s, 1H, NH), 7.91 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=7.2
Hz, 1H, ArH), 7.54~7.52 (m, 3H, ArH), 7.44 (d, J=8.0
Hz, 1H, ArH), 7.38 (t, J=8.0 Hz, 1H, ArH), 7.20 (d, J=
10.0 Hz, 1H, ArH), 6.99 (d, J/=8.8 Hz, 2H, ArH), 3.75 (s,
3H, CH;0); “C NMR (100 MHz, DMSO-d;) J: 162.2,
161.8, 159.1, 152.8, 139.5, 132.6, 132.2, 128.6 (d, Jop=
9.0 Hz), 128.1, 124.6, 123.9, 123.7, 116.3, 116.2, 114.2,
112.9 (d, Jop=21.0 Hz), 111.8, 105.1 (d, Jor=23.0 Hz),
101.7 (d, Jop=4.0 Hz), 98.4, 55.1; IR (KBr) v: 3440, 3283,
2837, 1685, 1609, 1478, 1415, 1350, 1252, 1180, 1030,
857, 793, 757, 700 cm '; HRMS (ESI) caled for Co4H;5Cl-
FNNaO, (IM+Na]"): 458.0567, found 458.0571.

2-F2 Fk-3-(5- F AE-2-(Onl F 8% - 1 H-P5] e -3- Jik ) -4 H-
)75 -4-l (4n): FOEAR, mp. 239~240 C; '"H NMR
(400 MHz, DMSO-dg) d: 11.44 (s, 1H, NH), 10.98 (s, 1H,
OH), 7.92 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=7.6 Hz, 1H,
ArH), 7.50 (d, J=7.6 Hz, 2H, ArH), 7.45 (d, J=8.0 Hz,
1H, ArH), 7.40~7.34 (m, 2H, ArH), 7.19 (d, J=7.6 Hz,
2H, ArH), 6.98 (t, J=6.8 Hz, 2H, ArH), 2.34 (s, 3H, CH,),
2.28 (s, 3H, CH;); “C NMR (100 MHz, DMSO-dy) o:
161.9, 161.8, 152.7, 137.0, 136.7, 134.6, 132.1, 130.2,
129.4, 129.1, 127.6, 126.5, 123.9, 123.6, 123.0, 118.4,
116.2, 111.0, 101.2, 99.5, 21.2, 20.8; IR (KBr) v: 3448,
3367, 3320, 3022, 2912, 2854, 1677, 1609, 1505, 1494,
1467, 1156, 1099, 1057, 960, 789, 752 cm™'; HRMS (ESI)
caled for C,sH;oNNaO; ([M+Na]+): 404.1254, found
404.1263.

2- % 3 -3-(5- B AR S -2-( ) FE R R )-1H- 18] P -3
F)-4H-B )7 -4-F(40): ¥ EfE K, m.p. 253~255 C; 'H
NMR (400 MHz, DMSO-d) 6: 11.42 (s, 1H, OH), 10.96
(s, 1H, NH), 7.91 (d, J=6.8 Hz, 1H, ArH), 7.66 (t, J=7.2
Hz, 1H, ArH), 7.49~7.43 (m, 3H, ArH), 7.40~7.34 (m,
2H, ArH), 7.18 (d, J=8.4 Hz, 2H, ArH), 6.81~6.78 (m,
1H, ArH), 6.70 (s, 1H, ArH), 3.69 (s, 3H, CH;0), 2.28 (s,
3H, CH;); “C NMR (100 MHz, DMSO-dg) &: 161.9,
161.8, 153.6, 152.7, 137.5, 136.7, 132.1, 131.4, 130.2,
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129.7, 129.1, 126.5, 123.9, 123.6, 116.3, 116.2, 111.9,
111.6, 101.5, 100.5, 99.4, 55.4, 20.7; IR (KBr) v: 3344,
2990, 2935, 2827, 1682, 1613, 1459, 1420, 1304, 1198,
1048, 801, 789, 763 cm '; HRMS (ESI) caled for
C,sHoNNaO, ([M~+Na]"): 420.1213, found 420.1212.

2- 2 3 3-(6-(F H HE IR )-5H-[1,3] A 44 30 IR 4 OF
[4,5-f] 5] P -7- 35 )-4 H- €5 )5 -4- B (4p): 2 8 [ 44, m.p.
251~252 °C; '"H NMR (400 MHz, DMSO-d;) J: 11.42 (s,
1H, OH), 10.93 (s, 1H, NH), 7.91 (d, J=7.6 Hz, 1H, ArH),
7.65 (t, J=8.0 Hz, 1H, ArH), 7.44 (t, J=7.6 Hz, 3H, ArH),
7.37 (t, J=7.6 Hz, 1H, ArH), 7.16 (d, J=8.0 Hz, 2H,
ArH), 6.98 (s, 1H, ArH), 6.68 (s, 1H, ArH), 5.94 (d, J=3.6
Hz, 2H, ArH), 2.27 (s, 3H, CH;); *C NMR (100 MHz,
DMSO-dg) d: 161.8, 161.7, 152.7, 144.2, 142.2, 136.2,
135.4, 132.0, 131.1, 130.0, 129.1, 126.0, 123.8, 123.6,
123.3, 116.3, 116.2, 102.1, 100.1, 99.4, 97.7, 92.0, 20.7; IR
(KBr) v: 3327, 3076, 2917, 1683, 1616, 1507, 1495, 1467,
1342, 1210, 1192, 1036, 947, 815, 767, 671 cm '
HRMS (ESI) caled for CosHsNOs ((M+H]): 412.1175,
found 412.1185.

2- 5 FE -3-(6- T -5- F FE -2-(Xf FY 3 2K )- 1 H- W5 Wk -3
F)-4H- )7 -4-T(4q): FEFEIAE, mp. 2901~292 C; 'H
NMR (400 MHz, DMSO-d) J: 11.60 (s, 1H, OH), 10.92
(s, 1H, NH), 7.93 (d, J=9.2 Hz, 1H, ArH), 7.67 (t, J=8.4
Hz, 1H, ArH), 7.52~7.44 (m, 4H, ArH), 7.38 (t, J=8.0
Hz, 1H, ArH), 7.20 (d, J=9.2 Hz, 3H, ArH), 2.36 (s, 1H,
CH3), 2.28 (s, 1H, CH;); °C NMR (100 MHz, DMSO-d;)
8: 162.1, 161.8, 152.7, 137.8, 137.1, 135.3, 132.2, 129.7,
129.2, 128.5, 126.9, 126.5, 125.5, 123.9, 123.7, 120.3,
116.2, 116.1, 111.0, 101.4, 98.9, 20.8, 19.9; IR (KBr) v:
3434, 3301, 3014, 2919, 1672, 1612, 1504, 1494, 1462,
1415, 1183, 1129, 1030, 996, 813, 751 cm™'; HRMS (ESI)
caled for CpsHisCINNaO; ([M+Na]"): 438.0858, found
438.0873.

2-F8 FE-3-(5- P -2-OhF FH B0 - 1L -5 e -3- 3 ) -4 H- £,
fii-4-T(4r): #AEA, mp. 240~241 C; "H NMR (400
MHz, DMSO-d;) d: 11.78 (s, 1H, OH), 11.08 (s, 1H, NH),
791 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=8.4 Hz, 1H,
ArH), 7.50 (d, J=8.0 Hz, 2H, ArH), 7.45~7.36 (m, 4H,
ArH), 7.25 (d, J=8.4 Hz, 1H, ArH), 7.20 (d, J=8.0 Hz,
2H, ArH), 2.28 (s, 3H, CH;); “C NMR (100 MHz,
DMSO-dg) d: 162.2, 161.8, 152.7, 138.4, 137.3, 135.0,
132.2, 131.1, 129.5, 129.3, 126.7, 123.9, 123.8, 123.6,
121.0, 116.3, 116.2, 113.2, 111.7, 101.5, 98.7, 20.8; IR
(KBr) v: 3434, 3282, 3028, 2917, 1697, 1613, 1467, 1459,
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1412, 1312, 1230, 1175, 1098, 814, 757, 748 cm™'; HRMS
(ESI) caled for C,4H;sBrNNaO; ([M+Na]'): 468.0221,
found 468.0211.

2-F2 L -3-(5- H Bk -2-(4- IR R % )-1 H-W5| Wt -3- 31k )-4 H-
O )75-4-B(4s): FHOMEAK, mp. 289~290 ‘C; 'H NMR
(400 MHz, DMSO-d;) 6: 11.58 (s, 1H, OH), 11.09 (s, 1H,
NH), 7.93 (d, J=7.6 Hz, 1H, ArH), 7.67 (t, J=7.6 Hz, 1H,
ArH), 7.61~7.54 (m, 4H, ArH), 7.45 (d, J=8.0 Hz, 1H,
ArH), 7.41~7.36 (m, 2H, ArH), 7.03~7.00 (m, 2H, ArH),
2.34 (s, 3H, CH;); *C NMR (100 MHz, DMSO-d;) o:
162.5, 162.2, 153.2, 136.1, 135.3, 132.7, 132.6, 132.0,
129.7, 129.0, 128.4, 124.4, 1242, 124.1, 121.0, 119.1,
116.7, 111.6, 102.8, 99.6, 21.7; IR (KBr) v: 3434, 3351,
3020, 2911, 1672, 1608, 1466, 1413, 1311, 1185, 1098,
1058, 961, 751, 714, 678 cm'; HRMS (ESI) caled for
C4H,BrNNaO; ([M+Na]"): 468.0205, found 468.0211.

2- 5 B 3-(5- 5 P 2-(4- 1R A HL)-1H- 15 Mk -3-
F)-4H- )7 -4-FR(4t): FEFEE, mp. 260~261 C; 'H
NMR (400 MHz, DMSO-ds) &: 11.13 (s, 1H, OH), 10.64
(s, IH, NH), 7.61 (d, J=8.0 Hz, 1H, ArH), 7.35 (t, J=7.6
Hz, 1H, ArH), 7.19~7.15 (m, 5H, ArH), 6.95~6.93 (m,
1H, ArH), 6.87 (d, J=8.0 Hz, 3H, ArH), 2.98~2.93 (m,
1H, CH), 1.43 (d, J=8.0 Hz, 6H, (CH;),C); *C NMR (100
MHz, DMSO-dy) d: 161.9, 152.7, 141.5, 137.1, 136.7,
134.5, 132.1, 130.2, 129.1, 128.9, 126.6, 123.9, 123.6,
116.2, 114.2, 110.9, 101.7, 99.5, 31.8, 20.7; IR (KBr) v:
3445, 3365, 2961, 2869, 1678, 1612, 1492, 1477, 1262,
1189, 964, 825, 803, 757, 716 cm™'; HRMS (ESI) calcd
for C,gH,BrNNaO; ([M + Na] " ): 496.0510, found
496.0524.

2-F8 B -3-(5-F-2-(4- IR R HR)- L H-Mg| W3- 25 )-4H- {1y
fii-4-Ff (4u): FEFEE, mp. >300 C; 'H NMR (400
MHz, DMSO-d) 6: 11.91 (s, 1H, OH), 11.20 (s, 1H, NH),
7.93 (d, J=8.0 Hz, 1H, ArH), 7.67 (t, J=7.2 Hz, 1H,
ArH), 7.63 (d, J=8.8 Hz, 2H, ArH), 7.56 (d, J=8.8 Hz,
2H, ArH), 7.50~7.44 (m, 2H, ArH), 7.38 (t, J=7.2 Hz,
1H, ArH), 7.30 (s, 1H, ArH), 7.18 (d, J=8.8 Hz, 1H, ArH);
C NMR (100 MHz, DMSO-d) 6: 162.3, 161.7, 152.8,
137.3, 134.9, 132.3, 131.7, 131.6, 130.2, 128.8, 124.0,
1239, 123.7, 121.9, 121.2, 1184, 116.3, 116.2, 112.9,
102.7, 98.4; IR (KBr) v: 3452, 3274, 2977, 1697, 1612,
1460, 1414, 1310, 1224, 1152, 1047, 829, 805, 757, 716
cm '; HRMS (ESI) caled for Cy3H3BrCINNaO; ([M—+
Na]"): 487.9651, found 487.9665.
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