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Synthesis of 12H-Chromeno[2,3-b]quinolin-12-one and
6H-Chromeno[4,3-b]quinolin-6-one from Anthranil
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Abstract Two heterocyclic compounds 12H-chromeno[2,3-b]quinolin-12-one and 6 H-chromeno[4,3-b]quinolin-6-one could
be synthesized by the reaction of anthranil with 4-hydroxycoumarin under high temperature conditions. The reaction is a
thermo-promoted transformation, without the assistance of catalysts or additives, and without the generation of toxic wastes.
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This one-step reaction is superior to other reported methods for the preparation of such heterocycles.
Keywords high-temperature reaction; anthranil; 4-hydroxycoumarin; synthesis of heterocycles
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(DMI), 130 °C /2N (Table 1, Entry 1), 455HJERIAAE, %
AR, WIITEILEE FARES R M. B
FURNERER 150 °C, 1 h J5 ] LA 3 26% 1724, H
3a:4a [JELBIA 10 1.2 (Table 1, Entry 2). 4k422 5%
PR LA 170 °C, FUIREIE R 61%, 1 4a [LLEIH
b2 34 In(Table 1, Entry 3). SR04 & S RO FES, 7Y
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Table 1 Optimization of the reaction conditions

OH
SN F 0" o h
o 2a o
X A 0
Crorn, O
N" o F N O
3a 4a F
Entry 1:2a Solvent 7/°C Yield”/% 3a: 4a°
1 1:1.5 DMI 130 0 —
2 1:1.5 DMI 150 26 1:1.2
3 1:1.5 DMI 170 61 1:1.6
4 1:15 DMI 190 45 1:1.3
5 1:15 DMI 210 47 1.2:1
6 1:15 DMI 230 59 141
7 1:1.4 DMI 230 65 1501
8 1:13 DMI 230 69 14:1
9 1:12 DMI 230 61 14:1
100 1:1.1 DMI 230 52 13:1
114 1:13 DMI 230 49 1.3:1
12° 1:13 DMI 230 44 141
13 1:13 DMI 230 35 1.2:1
14 1:13 Tetraglyme 230 54 13:1
15 1:13 DOA?® 230 58 1.3:1
16 1:13  TEG" 230 47 12:1

© 2019 Chinese Chemical Society & SIOC, CAS

“Reaction conditions unless otherwise specified: a mixture of anthranil 1 (0.5
mmol) and 4-hydroxycoumarin 2a (x mmol) in solvent (0.75 mL) was stirred
at specified temperature for 1 h. *Isolated yield. ¢ Determined by 'H NMR of
the crude product. ¢ Reaction time: 0.5 h. ¢ Reaction time: 1.5 h. / Reaction
time: 2 h. * DOA: dimethyl adipate. * TEG: tetraethylene glycol.
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AfLAAFE] S9%ISCRI 3a : 4a HIRAY, & LBIAE
# (Table 1, Entries 4~5). é)if‘/mfhjj 230 CH¥,
4 :1 (Table 1, Entry 6). B4R 3a+4a [FENCRE
170 CZAF Fug T 230 “C444 R (Table 1, Entry 3 vs.
Entry 6), {H/25EE] 3a 2 WATHEFEM =), Al
3a 230 “CHffiE A s S B e ARk 1) L9 4
XoF 2 N S WAL 28 DL B 1 =40 () L AB A — 7 Sl (Table 1,
Entries 6~10), 24 —# N 1: 1.3 K, R (69%),
3a:4affELBi A 1.4 1 1 (Table 1, Entry 8). 4 F3k, ¥
XF s SIS ) 3EAT T 0%, 4 ROB TR T 1 h B, Ui
BEAS, DA R NI AT 56 B3 3L (Table 1, Entry 11); 24
TR T 1 h B, RN CETERR, k8 M2 53
FEPAE R AR, WSO PR AIK(Table 1, Entries 12~
13). fJa, RRBLEFIEEAT 1wk, B, BREFImER
WA BedE— AR A ) B 45 F (Table 1, Entries 14~
16), FTLARE LA Entry 8 HIZ M ARSI T IR JE.

1.2 E¥SCEY R

TE R AR OB A AR TR, X s JE 20 32 P 3 e gk
177 %52, Has 14 Table 2 s, 46T R 45 Pl
W, #RAE LA HE 52 2 AT SR A3 B BT TR PR (35% ~
83%). &AM T-ML BRI 4-F TR 2a~2e 1R
LI, 3271 AL A 7k 3a~3e 3 (Table
2, Entries 1~5). M A4 6- BN 4-BEFT R
2f~2k B, WCAARZRPE R~ 4f~4k SIR(EH
6-Br BUI QL (1) R4 2g [4: 41, Table 2, Entries 6~11). [T
4 FRFEFE R, = LW W AT LA T P O,
PL 35%[1 s R 45 31 72 47) 31 A1 41 (Table 2, Entry 12), iE
B 2 H-DH R -2 B AR S B R AR RTE P R Oy, 48
B A G R AR R R B A S5 . (a3 1Iss
FER LR 31 R SCHRHRIE (AR R A P i S Rk 1
HBEAT T HIEDS, fh A4 4 (45 FE I ELER 4f, 4h, 45 FISC
BRARIE (I HR [ Ak B W P R RS AT T BfAE ),

R RMEWY R

Table 2 Scope of the reaction substrates

CE\ fl DMI, 230 °C X | . X o
—_—
th N" o N7 NF
3 4
Entry 2 3 4 Yield/% 3 :4°

X
1 / 69 14:1
X
2 > 57 12:1
X
3 / 40 14:1
e} OMe
X
4 7 50 19:1
3d
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“Reaction conditions unless otherwise specified: a mixture of anthranil 1 (0.5 mmol) and 2 (0.65 mmol) in DMI (0.75 mL) was stirred at 230 C for 1 h. ®Isolated

yield. ¢ Determined by 'H NMR of the crude product.
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Scheme 3 Proposed reaction mechanism
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FH T AEAN R P 3 R R 32 1) S T ANTRD, BT BA
S R A S A A ) A AR e R IR ) AR T AR .
Ja, C A1 D {E =l T A B 2 B AR 3 A1 4.

2 g

BATRIE T —FhE sl 261 F &5 N BRI 4-F2 2
FEHREEIRNAZFN I 12H-1)7[2,3-b] k- 12-FF A1
6H- 0 )di [4,3-b] W HR-6- [ (1) 75 v, A A 1 & R 4 AH
b, AT ER T — B =N, 1 R MEFEA AT
Al AL SR B A ISR et B B PRt R KRR
R, RMEOTGRINARTR. BRI R B R
SRk, B H ST HE, W%Mm G Z R
PEF=I B E, IX R & —FhR 3.

3 S
3.1 UES5HF

¥t 354% i Unity Inova 400/600 M BUAZ R SEARAC
€, TN N TMS; FrA M. R ORI
Sy MTAi sl Tl S B 7%, BT A RORL AR 2 o [ 725 ek e
FERTHRER AT B L L) 2 5h(200~300 H), #/2
MG AT i) HSGF-254 2 ENTREIR IR, %H
LAMT LS, B BHHIR . SRS B AR 56,
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32 ZLWHE
3.2.1 43R 12H-EH6[2,3-b]"Ek-12-EF 3 F= 6H- &1
[4,3-b]"EH-6-EF) 4 694 m%,

£ 15 mL BIRE DA Z 1 A1) (60 mg, 0.5
mmol) IR 4-BEEFERIE = LB 2 (0.65
mmol), A5 DMI (0.75 mL). MBS YTHEE
230 CRIMN 1 h, Fibhn#, AE=ER, kA Z®R
ZBs. AV AKE =R, &K, BRHDEZKRC
B A A — IR, e A AN, &TKmERMT
W I O 2K SRV R, TR R ) FH R RO E T O 1 4liAk
VA ME) - M(CR R =10 1], FE44b17=9 3
4.

3-F-12H-10 ) £ [2,3-b] W MR-12-FF (3a) F1 3-%-6H-
475 5 [4,3-b] W Tk -6- T (4a): SR 69%, 3a @ 4a=
1.4 0 1. 3a: AEK, mp. 245~247 “C; '"H NMR (400
MHz, CDCl;) §: 9.29 (s, 1H), 8.41~8.30 (m, 1H), 8.16~
8.03 (m, 2H), 7.92 (t, J=7.6 Hz, 1H), 7.64 (t, J=7.5 Hz,
1H), 7.30 (d, J=9.0 Hz, 1H), 7.15 (t, J=7.9 Hz, 1H); °C
NMR (151 MHz, CDCly) 6: 177.02, 167.33 (d, J=258.0
Hz), 157.67 (d, J=13.9 Hz), 157.51, 149.32, 140.23,
133.80, 129.78 (d, J=11.1 Hz), 129.70, 128.30, 126.77,
126.44, 117.99, 116.33, 113.23 (d, J=22.8 Hz), 105.44 (d,
J=25.5 Hz); IR (KBr) v: 1671, 1602, 1469, 785 cm ';
HRMS caled for C;¢H,FNO, [M+H]" 266.0617, found
266.0618. 4a: ({0 [E A, mp. 225~227 ‘C; 'H NMR
(400 MHz, CDCL3) 0: 9.22 (s, 1H), 8.83~8.75 (m, 1H),
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8.22 (d, J=8.0 Hz, 1H), 8.03 (d, J=7.6 Hz, 1H), 7.93 (t,
J=6.8 Hz, 1H), 7.66 (t, J=6.8 Hz, 1H), 7.20-7.07 (m,
2H); *C NMR (151 MHz, CDCl3) §: 165.06 (d, J=253.3
Hz), 161.19, 153.73 (d, J=12.8 Hz), 151.32, 149.14,
141.47, 133.75, 129.65, 129.63, 127.62, 127.38, 127.32,
116.40 (d, J=2.7 Hz), 115.27, 113.08 (d, J=22.2 Hz),
105.01 (d, J=25.7 Hz); IR (KBr) v: 1741, 1609, 1585,
1493, 793 c¢m '; HRMS caled for CsH,FNO, [M+H]"
266.0617, found 266.0619.

3-G-12H- 047 5 [2,3-b ] MR-12-FF (3b) A 3-5(-6H-
0475 I [4,3-b] ¥ Wk -6-T (4b): K LE 57%, 3b : 4b=
1.2 : 1. 3b: #EO[EAK, mp. 252~254 “C;'H NMR (400
MHz, CDCl;) 0: 9.28 (s, 1H), 8.27 (d, J=8.4 Hz, 1H),
8.09 (t, J=6.9 Hz, 2H), 7.92 (t, J=7.6 Hz, 1H), 7.67~
7.59 (m, 2H), 7.40 (d, J=8.4 Hz, 1H); "C NMR (151
MHz, CDCl3) 6: 177.27, 157.31, 156.46, 149.45, 142.29,
140.23, 133.86, 129.72, 128.39, 128.29, 126.80, 126.43,
125.38, 119.60, 118.60, 116.38; IR (KBr) v: 1664, 1621,
1596, 1438, 1419, 759 cm™'; HRMS calcd for CsHoCINO,
[M-+H]" 282.0322, found 282.0326. 4b: {444, m.p.
258~260 °C;'H NMR (400 MHz, CDCl;) d: 9.19 (s, 1H),
8.69 (d, J=7.9 Hz, 1H), 8.21 (d, J=8.0 Hz, 1H), 8.01 (d,
J=17.5 Hz, 1H), 7.98~7.88 (m, 1H), 7.71~7.61 (m, 1H),
7.43~734 (m, 2H); *C NMR (151 MHz, CDCL) ¢:
160.95, 152.96, 151.23, 148.94, 141.37, 138.12, 133.76,
129.69, 129.60, 127.77, 127.48, 126.49, 125.64, 118.43,
117.77, 115.55; IR (KBr) v: 1745, 1605, 1587, 1488, 1435,
752 cm~'; HRMS caled for C;gHyCINO, [M+ H]"
282.0322, found 282.0319.

3- FA&R FE- 12 H- (007 - [2,3-b] E MR- 12-F (3¢) A1 3-FF
A IE-6H- 0 )7 71 [4,3-D]HEMR-6-T (4¢): S 40%, 3c :
4c=14: 1. 3c: EEMHEE, mp. 269~271 C; 'H NMR
(400 MHz, CDCl;) J: 9.26 (s, 1H), 8.25 (d, J=8.5 Hz,
1H), 8.12~8.04 (m, 2H), 7.89 (t, J=6.7 Hz, 1H), 7.61 (t,
J=6.7 Hz, 1H), 7.02 (s, 1H), 6.98 (d, J=8.5 Hz, 1H), 3.96
(s, 3H); “C NMR (151 MHz, CDCLy) &: 177.06, 166.25,
158.34, 157.82, 149.14, 139.86, 133.39, 129.64, 128.78,
128.23, 126.48, 126.42, 116.77, 114.96, 113.49, 101.17,
56.13; IR (KBr) v: 1665, 1613, 1598, 1440, 1418 cm™';
HRMS caled for C;H;,NO; [M+H]" 278.0817, found
278.0814. 4c: O E A, mp. 294~296 C; 'H NMR
(400 MHz, CDCl;) &: 9.18 (s, 1H), 8.67 (d, J=8.4 Hz,
1H), 8.20 (d, J=8.2 Hz, 1H), 7.99 (d, J=8.0 Hz, 1H), 7.90
(t, J=7.1 Hz, 1H), 7.60 (t, J=7.3 Hz, 1H), 7.00 (d, J=7.5
Hz, 1H), 6.88 (s, 1H), 3.93 (s, 3H); °C NMR (151 MHz,

2530 http://sioc-journal.cn/
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CDCl;, CD;0D) 6: 163.27, 161.93, 154.02, 151.19, 149.86,
141.39, 133.59, 129.52, 129.00, 127.02, 126.90, 126.37,
114.89, 112.85, 112.60, 101.47, 55.80; IR (KBr) v: 1741,
1614, 1599, 1493, 1474 cm '; HRMS calcd for C;H,NO;
[M+H]" 278.0817, found 278.0813.

12H-[1,3] — 2 [4',5"6,7] (0475 I [2,3-b] W k-12-
M (3d)F1 6H-[1,3] A A IR[4',5":6,7] () I [4,3-b] W k-
6-Hil(4d): MUTH 50%, 3d : 4d=1.9 : 1. 3d: B [E K,
m.p. 240~242 ‘C; "H NMR (400 MHz, CDCl;) 8: 9.24 (s,
1H), 8.14~7.99 (m, 2H), 7.92~7.82 (m, 1H), 7.65~7.54
(m, 2H), 7.01 (s, 1H), 6.14 (s, 2H); >C NMR (151 MHz,
CDCly) d: 176.72, 157.47, 154.73, 154.08, 149.02, 145.66,
139.75, 133.36, 129.60, 128.19, 126.44, 116.02, 115.48,
103.51, 102.87, 98.74; IR (KBr) v: 1656, 1622, 1599,1492,
1478 cmfl; HRMS calcd for C;;H;(NO, [M—I—H]+
292.0610, found 292.0608. 4d: & €& [&H 4, m.p. 260~
262 C; '"H NMR (400 MHz, CDCL) 6: 9.19 (s, 1H),
8.24~8.13 (m, 2H), 8.00 (d, J=8.0 Hz, 1H), 7.91 (t, J=
6.0 Hz, 1H), 7.62 (t, J=7.5 Hz, 1H), 6.88 (s, 1H), 6.12 (s,
2H); “C NMR (151 MHz, CDCly) d: 161.73, 151.48,
151.34, 149.86, 149.22, 145.71, 141.30, 133.53, 129.58,
129.48, 127.14, 127.10, 114.90, 113.50, 103.16, 102.45,
98.80; IR (KBr) v: 1745, 1612, 1506, 1492,1459 cm ';
HRMS caled for C;;H;(NO4 [M+H]" 292.0610, found
292.0609.

TH-ZEH[7,8] €1 [2,3-b] e wbk-7-1i (3e) Fll 6H-HE -
(7,814 H:[4,3-b]ENR-6-Ti (4e): I 58%, 3e : de=
2.5 1. 3e: HAMER, mp. 241~243 C; '"H NMR (400
MHz, CDCLy) 6: 9.36 (s, 1H), 8.92 (d, J=7.7 Hz, 1H),
8.26 (d, J=8.7 Hz, 1H), 8.19 (d, J=8.5 Hz, 1H), 8.12 (d,
J=8.1 Hz, 1H), 7.98~7.90 (m, 2H), 7.82~7.70 (m, 3H),
7.65 (t, J=7.4 Hz, 1H); °C NMR (151 MHz, CDCl;) ¢:
177.96, 157.43, 154.30, 149.28, 139.83, 137.32, 133.52,
130.30, 129.69, 128.26, 128.16, 127.31, 126.65, 126.59,
124.59, 124.03, 123.84, 121.31, 116.89, 116.74; IR (KBr)
v: 1661, 1614, 1597, 1495, 1434 cm™'; HRMS caled for
CaH,NO, [M+H]" 298.0868, found 298.0869. 4e: {7
&l 44, m.p. 261~263 “C; '"H NMR (400 MHz, CDCl;) o:
9.26 (s, 1H), 8.84~8.69 (m, 1H), 8.63~8.52 (m, 1H),
8.33~8.19 (m, 1H), 8.09~7.98 (m, 1H), 7.97~7.87 (m,
2H), 7.87~7.77 (m, 1H), 7.70~7.57 (m, 3H); *C NMR
(151 MHz, CDCl;) d: 161.55, 151.45, 150.22, 149.34,
141.26, 135.77, 133.55, 129.73, 129.59, 128.57, 128.04,
127.46, 127.33, 127.16, 124.88, 123.73, 122.55, 121.02,
115.90, 115.06; IR (KBr) v: 1740, 1617, 1597, 1413, 1493

Chin. J. Org. Chem. 2019, 39, 2525~2533
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cm '; HRMS caled for CyH;,NO, [M+H]" 298.0868,
found 298.0869.

2- F I 12 -t 075 7 [2,3-b e k- 12- [ (3H) AT 2-F 3k~
6 H-10J7 3 [4,3-b] ek -6-FF (4f): B 63%, 3f @ 4f=
1:1.1. 3f EOFEE, mp. 252~253 C; 'H NMR (400
MHz, CDCl;) 6: 9.28 (s, 1H), 8.13~8.05 (m, 3H), 7.89 (t,
J=17.6 Hz, 1H), 7.65~7.56 (m, 2H), 7.52 (d, J=8.5 Hz,
1H), 2.49 (s, 3H); *C NMR (151 MHz, CDCl,) J: 178.27,
157.63, 154.46, 149.46, 140.07, 137.39, 134.37, 133.52,
129.66, 128.19, 126.43, 126.38, 126.23, 120.65, 118.32,
116.54, 20.93; IR (KBr) v: 1663, 1619, 1599, 1489, 1458
cm 'y HRMS caled for Cy,H;,NO, [M—}—H]+ 262.0868,
found 262.0867. 4f: [ [E 4K, mp. 225~226 C; 'H
NMR (400 MHz, CDCl;) 6: 9.23 (s, 1H), 8.57 (s, 1H), 8.24
(d, J=8.6 Hz, 1H), 8.03 (d, J=8.1 Hz, 1H), 7.93 (t, J=17.5
Hz, 1H), 7.65 (t, J=7.5 Hz, 1H), 7.40 (d, J=7.4 Hz, 1H),
7.29 (d, J=8.4 Hz, 1H), 2.52 (s, 3H); >C NMR (151 MHz,
CDCly) d: 161.59, 151.14, 150.90, 149.83, 141.17, 134.83,
133.42, 133.41, 129.59, 129.53, 127.43, 127.35, 125.05,
119.26, 117.25, 115.92, 21.11; IR (KBr) v: 1739, 1602,
1498 cmfl; HRMS calcd for C;;H;)NO, [M—l—H]+
262.0868, found 262.0860.

2-VR-12H-10 )3 35 [2,3-b] s Wk-12-F  (3g) A1 2-R-
6H-EJ#H:[4,3-b)ER-6-F (4g): SUE 66%, 3g : 4g=
1.5 0 1. 3g: EOFEE, mp. 226~228 C; 'H NMR (400
MHz, CDCls) 6: 9.28 (s, 1H), 8.44 (s, 1H), 8.13~8.05 (m,
2H), 7.92 (t, J=7.7 Hz, 1H), 7.87 (d, J=8.8 Hz, 1H), 7.63
(t, J=17.5 Hz, 1H), 7.52 (d, J=8.8 Hz, 1H); °*C NMR (151
MHz, CDCl3) 6: 177.09, 157.28, 155.11, 149.61, 140.41,
138.98, 133.98, 129.77, 129.58, 128.31, 126.82, 126.40,
122.34, 120.55, 117.63, 116.13; IR (KBr) v: 1665, 1602,
1472, 750 cm™'; HRMS caled for C;¢HgBrNO, [M+H]"
325.9817, found 325.9811. 4g: H G [E A, mp. 218~
220 C; '"H NMR (400 MHz, CDCl3) d: 9.25 (s, 1H),
8.95~8.92 (m, 1H), 8.27 (d, J=8.6 Hz, 1H), 8.06 (d, J=
8.2 Hz, 1H), 7.97 (t, J=7.5 Hz, 1H), 7.73~7.66 (m, 2H),
7.30 (d, J=8.7 Hz, 1H); *C NMR (151 MHz, CDCl;) ¢:
160.96, 151.74, 151.24, 148.53, 141.43, 135.25, 133.86,
129.82, 129.62, 128.08, 128.01, 127.70, 121.50, 119.37,
118.23, 115.74; IR (KBr) v: 1738, 1601, 1452, 761 cm ';
HRMS caled for CsHsBrNO, [M+H]" 325.9738, found
325.9810.

2-5-12H-10 075 £ [2,3-b] W Mk-12-FH(3h) F1 2-5(-6H-
)7 91 [4,3-b]EIR-6-BH (4h): S 75%, 3h : 4h=1:
1.9. 3h: FEMOE A, mp. 214~215 C; '"H NMR (400
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MHz, CDCl;) 6: 9.28 (s, 1H), 8.28 (s, 1H), 8.13~8.05 (m,
2H), 7.92 (t, J=7.1 Hz, 1H), 7.73 (d, J=7.9 Hz, 1H),
7.66~7.55 (m, 2H); “C NMR (101 MHz, CDCl;) o:
177.28, 157.34, 154.68, 149.65, 140.44, 136.24, 134.00,
130.37, 129.80, 128.33, 126.83, 126.44, 121.96, 120.33,
116.13; IR (KBr) v: 1666, 1623, 1606, 1464,1431, 792
cm '; HRMS caled for C¢HoCINO, [M+H]" 282.0322,
found 282.0325. 4h: H &K, mp. 271~273 C; 'H
NMR (400 MHz, CDCLy) §: 9.24 (s, 1H), 8.81~8.71 (m,
1H), 8.26 (d, J=8.5 Hz, 1H), 8.05 (d, J=8.1 Hz, 1H), 7.96
(t, J=17.6 Hz, 1H), 7.68 (t, J=7.4 Hz, 1H), 7.58~7.50 (m,
1H), 7.35 (d, J=8.7 Hz, 1H); *C NMR (151 MHz, CDCl5)
3: 160.99, 151.22, 148.63, 145.93, 141.41, 133.83, 132.39,
130.82, 129.81, 129.61, 127.99, 127.68, 125.02, 121.11,
119.06, 115.73; IR (KBr) v: 1743, 1598, 1454,796 cm ';
HRMS caled for C;sHyCINO, [M+H]" 282.0322, found
282.0324.

2-F- 12 H- 45 51 [2,3-b M bR~ 12- i (3i) A1 2-36(-6 H-
)35 IF[4,3-b] k-6 (4i): SR 83%, 3i: 4i=1:
1.7. 3i: #AEA, mp. 230~232 'C; '"H NMR (400
MHz, CDCl;) J: 9.31 (s, 1H), 8.15~8.07 (m, 2H), 8.01~
7.97 (m, 1H), 7.94 (t, J=7.7 Hz, 1H), 7.67~7.61 (m, 2H),
7.57~7.50 (m, 1H); “C NMR (101 MHz, CDCl;) o:
177.66, 159.08 (d, J=246.2 Hz), 157.43, 152.50 (d, J=1.8
Hz), 149.69, 140.36, 133.95, 129.79, 128.30, 126.73,
126.40, 124.17 (d, J=25.1 Hz), 121.94 (d, J=7.2 Hz),
120.61 (d, J=7.8 Hz), 115.78, 112.03 (d, J=23.8 Hz); IR
(KBr) v: 1665, 1622, 1588, 1480, 1462, 757 cm™'; HRMS
caled for C;HoFNO, [M + H] © 266.0617, found
266.0609. 4i: [ A[E A, mp. 269~271 'C; 'H NMR
(400 MHz, CDCL3) 0: 9.24 (s, 1H), 8.48~8.43 (m, 1H),
8.25 (d, J=8.6 Hz, 1H), 8.05 (d, J=8.2 Hz, 1H), 7.95 (t,
J=17.5 Hz, 1H), 7.68 (t, J=7.5 Hz, 1H), 7.41~7.36 (m,
1H), 7.34~7.29 (m, 1H); *C NMR (151 MHz, CDCl;) §:
161.16, 159.74 (d, J=244.0 Hz), 151.18, 148.91, 141.35,
133.75, 129.81, 129.62 (d, J=12.0 Hz), 127.94, 127.68,
124.63 (dd, J=47.8, 29.5 Hz), 121.19 (d, J=8.8 Hz),
119.76 (d, J=24.7 Hz), 119.14, 115.67, 111.15 (d, J=25.1
Hz); IR (KBr) v: 1744, 1607, 1589, 1497, 1465, 761 cm " ;
HRMS caled for C;sHoFNO, [M—}—H]+ 266.0617, found
266.0616.

2- FH AR FE- 12 H- (0 )36 IR [2,3-b] k-1 2- B (3§) AT 2-H
A IE-6H-T0 )7 1 [4,3-D]EMR-6-T (4)): S 61%, 3j -
4j=1":1.4. 3j: BEREK, mp. 219~221 C; 'H NMR
(400 MHz, CDCl;) J: 9.28 (s, 1H), 8.10~8.02 (m, 2H),
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7.88 (t, J=7.5 Hz, 1H), 7.71~7.65 (m, 1H), 7.63~7.51
(m, 2H), 7.38 (d, J=8.9 Hz, 1H), 3.92 (s, 3H); "*C NMR
(151 MHz, CDCly) d: 178.14, 157.52, 156.39, 151.01,
149.51, 140.10, 133.58, 129.67, 128.21, 126.39, 126.24,
125.94, 121.28, 119.96, 116.03, 106.48, 56.12; IR (KBr) v:
1657, 1619, 1596, 1482, 1438 cm !; HRMS caled for
CsH,NO; [M+H]" 278.0817, found 278.0815. 4j: (%
[l 44, m.p. 229~231 “C; '"H NMR (400 MHz, CDCl;) §:
9.23 (s, 1H), 8.30~8.20 (m, 2H), 8.03 (d, J=8.2 Hz, 1H),
7.93 (t, J=17.5 Hz, 1H), 7.65 (t, J=7.4 Hz, 1H), 7.31 (d,
J=8.9 Hz, 1H), 7.20~7.10 (d, J=6.6 Hz, 1H), 4.00 (s,
3H); *C NMR (151 MHz, CDCly) d: 161.57, 156.84,
151.08, 149.64, 147.17, 141.29, 133.47, 129.63, 129.56,
127.55, 127.45, 120.69, 120.16, 118.68, 115.87, 106.92,
56.15; IR (KBr) v: 1738,1607, 1594, 1494, 1474 cm™';
HRMS caled for C;H;,NO; [M+H]" 278.0817, found
278.0816.

2-FRFE-12H- (047 [2,3-b]EE MR- 12-BH(3K) Al 2-FK FE-
6H-(EJ7i 1 [4,3-b]EMR-6-1 (4k): UK 60%, 3k @ 4k=
1:1.4. 3k: FEAOFEAE, mp. 213~215 C; "H NMR (400
MHz, CDCl3) 6: 9.30 (s, 1H), 8.53 (s, 1H), 8.14~8.05 (m,
2H), 8.05~7.99 (m, 1H), 7.90 (t, J=7.6 Hz, 1H), 7.73~
7.64 (m, 3H), 7.61 (t, J=7.5 Hz, 1H), 7.53~7.44 (m, 2H),
7.43~7.36 (m, 1H); “C NMR (151 MHz, CDCl;) o:
178.24, 157.57, 155.65, 149.53, 140.24, 139.21, 137.71,
134.97, 133.70, 129.74, 129.17, 128.27, 128.02, 127.21,
126.57, 126.36, 124.91, 121.16, 119.08, 116.52; IR (KBr)
v: 1612, 1602, 1472 cm™'; HRMS caled for C,H,NO,
[M-+H]" 324.1025, found 324.1026. 4k: [ [E 4K, m.p.
232~234 °C; '"H NMR (400 MHz, CDCl5) 6: 9.24 (s, 1H),
9.00 (s, 1H), 8.26 (d, J=8.5 Hz, 1H), 8.03 (d, J=8.2 Hz,
1H), 7.93 (t, J=7.6 Hz, 1H), 7.82 (d, J=8.4 Hz, 1H),
7.78~7.71 (m, 2H), 7.65 (t, J=7.4 Hz, 1H), 7.55~7.49
(m, 2H), 7.49~7.38 (m, 2H); “C NMR (151 MHz,
CDCLy) 0: 161.43, 152.19, 151.24, 149.67, 141.26, 139.97,
138.30, 133.54, 131.20, 129.74, 129.56, 129.07, 127.80,
127.59, 127.46, 127.33, 123.60, 119.90, 117.93, 115.90; IR
(KBr) v: 1742, 1616, 1512, 1462, 1436 cm”'; HRMS calcd
for C,,H4sNO, [M+H]" 324.1025, found 324.1028.

2- F AT i I [2,3-b] W Wk -4- T (31) A1 3- 1 3k -
3,4- & - LH-ML I 5 [4,3-b] VE MR- 1-F (41): S UCE 35%,
31:41=13 1. 31 #EAREE, mp. 170~172 C; 'H
NMR (400 MHz, CDCL3) &: 9.13 (s, 1H), 8.10~8.03 (m,
2H), 7.89 (t, J=7.5 Hz, 1H), 7.63 (t, J=7.5 Hz, 1H), 6.22
(s, 1H), 2.50 (s, 3H); “C NMR (151 MHz, CDCl3) o:
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179.10, 168.02, 158.20, 148.74, 138.71, 133.26, 129.50,
128.32, 126.87, 126.82, 117.38, 109.70, 21.14; IR (KBr) v:
1650, 1617, 1594, 1497, 1468 cm'; HRMS calcd for
C13H(NO, [M+H]" 212.0712, found 212.0703. 41: 5%
B 44, m.p. 198~200 C; '"H NMR (400 MHz, CDCl;) ¢:
9.12 (s, 1H), 8.10 (d, J=8.6 Hz, 1H), 7.99 (d, /=8.2 Hz,
1H), 7.89 (t, J=7.5 Hz, 1H), 7.60 (t, J=7.5 Hz, 1H), 6.63
(s, 1H), 2.38 (s, 3H); “C NMR (151 MHz, CDCly) &:
162.70, 158.71, 152.74, 151.59, 140.73, 133.56, 129.63,
129.06, 127.00, 126.96, 115.21, 106.04, 20.29; IR (KBr) v:
1734, 1615, 1594, 1493, 1428 cm™'; HRMS caled for
Ci3H oNO, [M+H]" 212.0712, found 212.0706.

#HBh#1 Bl (Supporting Information) Fr& i H AL &
VIR RE LR A AZ WL IR A 22 v 7 % o o 1% ).
X LG TT DA 2 AT ) 3 (http://sioc-journal.cn/) |
TEK.
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