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Study on the Synthesis of Benzophenanthridine Analogues via the
Cyclization Reaction of Aryl-enamine Ester and Their Cytotoxicity

Wang, Zengbo' Tian, Cheng' Liu, Qingqing Zhang, Wei Pan, Chengxue™
Su, Guifa™
(State Key Laboratory for Chemistry and Molecular Engineering of Medicinal Resources; School of Chemistry and
Pharmaceutical Sciences, Guangxi Normal University, Guilin 541004)

Abstract Study on the synthesis and bioactivity of benzophenanthridine alkaloids or its analogues had been the interests of
many reserach groups who dedicated to organic synthsis or medicinal chemistry, due to their broad spectrum of biological
activities such as antitumor, antiviral, antiinflammatory, antibacterial and so on. In this paper, twenty three novel analogue of
benzophenanthridines were synthesized starting from isochroman-3-one and aromatic amines in 3~4 steps via the cyclization
reaction of aryl-enamine ester as the key transformation. The structures of the targeted compounds were characterized and
comfirmed by 'H NMR, ">C NMR and HRMS. In vitro cytotoxic activity against a panel of human tumor cell lines (MGC-803,
HepG2, NCI-H460, SKOV3, T-24) and nomal cell HL-7702 was also evaluated via methyl thiazolyl tetrazolium (MTT) assay.
The result indicated that only a very few of the targeted compounds exhibted moderate cytotoxic activity against the tested cell
lines. Among them 2,3-dimethoxy-isochrysen[4,3-c]quinoline (4j) and 2-chloro-isochromone[4,3-c]quinoline (5f) displayed
moderate antiproliferative activity against human tumor cell lines on T-24 and NCI-H460 with ICs values of 15.8 and 16.7
pmol/L, respectively.

Keywords benzophenanthridine; cyclization reaction; analogue of natural product; cytotoxicity
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Figure 1 Core structures and representatives of benzophenan-
thridine
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T ),

O b5a~5i

a: R=3-Br, b: R=3-Cl, c: R=3-F, d: R=3-OMe, e: R = 1-Br,

f: R=2-Cl, g: R=1-F, h: R=1-Cl, it R=H, j: R =2, 3-(OMe),,

k: R = 3-Me, I: R = 1-OMe, m: R = 1-Me, n: R = 4-Cl.

Reagents and conditions: (i) DMFDMA, 6 h; (ii) ArNH,, AcOH, 8 h;
(iii) POCl3, dioxane, 12 h; (iv) Jones reagent, DCE, reflux, 12 h.

B 1 ZRIFFERE SRR & K
Scheme 1 Synthesis of the analogs of benzophenanthridine
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Table 1 Exploration the conditions of cyclization

© 2019 Chinese Chemical Society & SIOC, CAS

Entry Solvent Additive Yield/%
1 Ph,0 No NR*
2 Ph,O TfOH (5 equiv.) NR
3 Ph,O BF;°OEt (5 equiv.) NR
4 Ph,O PPA (5 equiv.) 0
5 BF;-OEt No NR
6 Xylene TfOH (5 equiv.) NR
7 Xylene BF;°OEt (5 equiv.) NR
8 Xylene POCI; (5 equiv.) 31
9 Xylene POCI; (10 equiv.) 42
10 Xylene POCI; (15 equiv.) 42
11 Dioxane POCI; (10 equiv.) 68
12 Dioxane POCI; (15 equiv.) 66
“No reaction.
http://sioc-journal.cn/ 1963
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F 2 ALEY 4~6 XS A SN B EEE PE[IC 50/ (umoleL ™))

Table 2 In vitro cytotoxic activities of 4~ 6 against the tested cell lines [ICso/(umoleL™")]

Compd. MGC-803 NCI-H460 SKOV3 T-24 HepG2 7702
4a 30.2+3.1 38.7£4.0 >100 >100 21.4x1.5 >100
4b >100 >100 70.2+0.4 >100 92382 >100
4c >100 >100 >100 >100 >100 >100
4d >100 >100 >100 613134 65.71£3.9 >100
4e 294412 >100 >100 >100 >100 >100
4f >100 >100 >100 >100 >100 >100
4g >100 >100 >100 >100 57.9+2.6 >100
4h >100 >100 >100 55.7+3.1 >100 >100
4i >100 >100 >100 >100 >100 >100
4j 223412 48.0+4.5 73.916.6 15.84+2.0 84.61+6.2 >100
4k >100 >100 >100 559433 >100 >100
41 >100 >100 >100 >100 >100 >100
4m >100 >100 >100 70.9+3.1 >100 >100
4n >100 >100 >100 >100 >100 >100
Sa 23.0+1.5 84.9+5.7 >100 66.2+3.0 873154 >100
5b 39.2+1.8 >100 82.6%5.1 >100 67.5+3.7 >100
Sc 66.214.0 >100 39.9+33 >100 >100 >100
5d 37.0+14 74.9+3.9 >100 >100 64.91+4.0 >100
Se 34.7+2.1 86.0+5.2 >100 88.918.2 42.14+2.7 >100
5t 29.6+1.6 16.7+1.2 27.84+3.0 38.0+2.3 >100 >100
Sg 58.6+3.4 >100 >100 >100 67.0+4.3 >100
5h 95.2+84 49.61+3.0 >100 >100 >100 >100
Si >100 >100 >100 >100 >100 >100
6a >100 >100 >100 >100 >100 >100
6b >100 >100 >100 >100 >100 >100
6¢c >100 >100 >100 >100 >100 >100
6d >100 >100 >100 >100 >100 >100

CPT 7.8+1.1 19.4+2.4 18.842.0 19.04+2.5 12.74+0.9 15.64+1.2

RN HMEEY. IEEMAR T 23 AR MR
TR I AEE R AN da~5i, LWL THED 5 1)
JREREAL, FE MTT VA 1 B AR & 40% A e 241
2 MGC-803, HepG2, NCI-H460, SKOV3, T-24 A A IE#H
AN HL-7702 MRS RS TE. 25K B, 4R
WEVLTA BRI R AEE, R 45 A5 0521
Jif TR P S s T P Sk 0 P PR 2 0 R 1

3 EES
3.1 UFES5HF
BRI IRA: Bruker AV 400 MHz, Bruker AV
500 MHz (Wh5: TMS); =4 %4 ESQUIRE HCT
B (36 A 6 st /R ) 48 AU XT4A I sl e
AL RMCHEACEET ), M1000 22 ThAE B bR (Tecan
AN, BERG: H S TEAA R, Fra sy
Bk 22 Al B 2 A AR ).
3.2 ZLWAHE
3.2.1 4-N-3% & F K (1H)-F €.-3-B(3) 89 &k
A& 1 (1.48 g, 10.00 mmol) Al DMFDMA (N,N-
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THAFE F R SR ZETE, 15 mL)InE] 100 mL ) E
R B, Ny 57 R 100 Chnghdie s <M 6 h (TLC M
MR RBIEFR). RLTERE, 180078 20555, 79303 i
K2, W= BEERT N2 RN

WRIKAE 2 FINATT 14(10.0 mmol) A1 15 mL Z IR, N,
{4, HREHEEE PN B RS 8 h (TLC WA s v ik
FE). VR ZE LI, AN NaHCO; ¥, 1T
WK pH HZE 7 £4, IREWH 8 CEFEE30
mLX3), &I, WS AKPEG0 mL), K
Na,SO, T, WIE & & LR LF8, wERAZE et
B VO EE) @ MR LER) =6 11133743, =%
71%~90%. BHEZHT TR
322 6(LH)-F &.3[4,3-c]"E 9 (4) 89 & &

¥k & 3 (1.0 mmol). 1,4- —F /N5 mL)A
POCI; (1.0 mL, 10 mmol) I N Z|[FELIHE+, N, Fr,
[ SN 12 h (TLC Wil S ik e, 98 28 2 K3 i
&= POCL. #EEIMADEIKK, A NaHCO; ¥
WORRA W pH HZ) 7, LR LEEAEEL(30 mL X 3), 1
A ER7KBE(30 mL), Jo7K NaSO, T, Ik He 2% BR¥E 71,
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3-IR-6(1H)- 57 {0 I [4,3-c] Wk (4a): 35 (IR 4K,
=% 64%. 'H NMR (400 MHz, CDCl;) J: 8.82 (s, 1H),
8.49 (d, J=2.1 Hz, 1H), 8.06 (d, J=9.0 Hz, 1H), 7.89 (dd,
J=9.0, 2.1 Hz, 1H), 7.63~7.60 (m, 1H), 7.55~7.45 (m,
2H), 7.30~7.27 (m, 1H), 4.47 (d, J=11.7 Hz, 1H), 4.33
(d, J=11.7 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
151.4, 146.8, 139.9, 136.1, 135.6, 134.0, 132.6, 131.5,
130.5, 130.3, 129.5, 128.9, 127.3, 126.9, 122.6, 43.8;
HRMS (ESI) caled for CigH;BINO [M+H]" 312.0024,
found 312.0005.

3-5E-6(1H)- ¢t I [4,3-c] WE bk (4b): o €8 [l {4, 7=
# 76%. m.p. 100~101 C; '"H NMR (400 MHz, CDCl5)
J5: 8.81 (s, 1H), 8.31 (d, J=2.3 Hz, 1H), 8.14 (d, J=9.0
Hz, 1H), 7.56 (dd, J=9.0, 2.3 Hz, 1H), 7.63~7.60 (m,
1H), 7.55~7.45 (m, 2H), 7.30~7.27 (m, 1H), 4.47 (d, J=
11.7 Hz, 1H), 4.33 (d, J=11.7 Hz, 1H); *C NMR (100
MHz, CDCls) 6: 151.3, 146.7, 140.0, 136.1, 135.7, 134.4,
132.6, 131.5, 131.4, 130.5, 130.3, 129.5, 128.9, 126.9,
123.6, 43.8; HRMS (ESI) calcd for C;¢H;;CINO [M~+H]"
268.0529, found 268.0514.

3-8 -6(1H)- 57 (0 3 [4,3-c] MK (4e): 35 IR VA,
% 79%. 'H NMR (400 MHz, CDCl;) J: 8.79 (s, 1H),
8.22 (dd, J=5.3, 3.9 Hz, 1H), 7.94 (dd, J=9.6, 2.8 Hz,
1H), 7.64~7.57 (m, 2H), 7.55~7.46 (m, 2H), 7.30~7.27
(m, 1H), 4.47 (d, J=11.8 Hz, 1H), 4.34 (d, J=11.7 Hz,
1H); *C NMR (100 MHz, CDCl3) 6: 161.6 (d, J=253.8
Hz, C—F), 150.4, 145.3, 140.3, 136.0, 135.8, 132.6, 132.5,
130.5, 130.3, 129.5, 128.8, 127.3, 127.2, 120.9, 120.6,
108.6, 108.3, 43.8; HRMS (ESI) caled for C;¢H;;FNO
[M+H]" 252.0824, found 252.0809.

3-FH R L -6(1H)- 57t - [4,3-c]E MR (4d): 3 €L IR
AR, P2 64%. '"H NMR (400 MHz, CDCl3) J: 8.67 (s,
1H), 8.09 (d, J=9.2 Hz, 1H), 7.62 (d, J=7.4 Hz, 1H),
7.55~7.44 (m, 4H), 7.31~7.28 (m, 1H), 4.48 (d, J=11.7
Hz, 1H), 4.35 (d, J=11.7 Hz, 1H), 4.00 (s, 3H); °*C NMR
(100 MHz, CDCl3) 0: 159.2, 148.3, 144.3, 139.4, 136.3,
136.1, 131.9, 131.3, 130.6, 130.1, 129.3, 128.7, 127.2,
123.3, 102.1, 55.7, 43.9; HRMS (ESI) calcd for C;;H;4,NO,
[M-+H]" 264.1024, found 264.1013.

1-VR-6(1H)- 57 (. F£[4,3-c] ek (4e): 35 (O IR 1A,
% 63%. 'H NMR (500 MHz, CDCl;) d: 8.94 (s, 1H),
8.33 (dd, J=8.4, 1.2 Hz, 1H), 8.16 (dd, J=7.5, 1.2 Hz,
1H), 7.63~7.61 (m, 1H), 7.59~7.47 (m, 3H), 7.29~7.26

1966 http://sioc-journal.cn/
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(m, 1H), 4.47 (d, J=11.8 Hz, 1H), 4.34 (d, J=11.8 Hz,
1H); "“C NMR (125 MHz, CDCly) 6 151.7, 145.3, 141.6,
136.1, 135.6, 134.2, 132.67, 130.5, 130.3, 129.6, 128.9,
128.4, 127.5, 125.2, 124.6, 43.8; HRMS (ESI) calcd for
Ci¢H;;BrNO [M-+H]" 312.0024, found 312.0005.

2- 5 -6(1H)- 57 (. I [4,3-c] s Wk (4f): 3 (IR BAR,
F2E 72%. '"H NMR (500 MHz, CDCly) d: 8.78 (s, 1H),
8.14 (dd, J=8.4, 1.3 Hz, 1H), 7.75 (dd, J=7.6, 1.3 Hz,
1H), 7.66 (dd, J=8.4, 7.6 Hz, 1H), 7.62~7.59 (m, 1H),
7.53~7.47 (m, 2H), 7.27~7.24 (m, 1H), 4.47 (d, J=11.7
Hz, 1H), 4.34 (d, J=11.7 Hz, 1H); *C NMR (100 MHz,
CDClLy) d: 152.3, 148.6, 141.0, 136.6, 136.1, 135.7, 132.0,
130.6, 130.3, 129.5, 129.1, 128.8, 128.8, 126.0, 124.6,
43.9; HRMS (ESI) caled for C;¢H;;CINO [M+H]"
268.0529, found 268.0513.

1-5-6(LH)- 5 (. I [4,3-c] Mk (4g): 75 (LT IR I,
2% 61%. '"H NMR (400 MHz, CDCly) d: 8.87 (s, 1H),
8.11 (d, J=8.5 Hz, 1H), 7.68~7.61 (m, 2H), 7.55~7.46
(m, 3H), 7.31~7.28 (m, 1H), 4.47 (d, J=11.8 Hz, 1H),
4.34 (d, J=11.8 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
158.2 (d, J=256.4 Hz, C—F), 151.3, 141.0, 138.7, 136.1,
135.7, 132.9, 130.4, 129.6, 128.9, 127.9, 127.8, 120.3,
114.5, 43.8; HRMS (ESI) calcd for C;¢H,;FNO [M+H]"
252.0824, found 252.0810.

1-50-6(1H)- 57 0 37 [4,3-c] W bk (4h): 35 (D IR AR,
P22 75%. '"H NMR (500 MHz, CDCl;) d: 8.95 (s, 1H),
8.28 (d, J=8.5 Hz, 1H), 7.96 (d, J=7.6 Hz, 1H), 7.66~
7.62 (m, 2H), 7.55~7.47 (m, 2H), 7.30~7.27 (m, 1H),
4.47 (d, J=11.8 Hz, 1H), 4.34 (d, J=11.8 Hz, 1H); "°C
NMR (125 MHz, CDCl;) 6: 151.6, 144.6, 141.6, 136.1,
135.7, 134.1, 132.7, 130.6, 130.5, 130.3, 129.6, 128.9,
1279, 127.5, 123.8, 43.8; HRMS (ESI) caled for
Ci16H;;CINO [M+H]" 268.0529, found 268.0514.

6(LH)- 57 1031 [4,3-c] Mk (4i): 3¢ L pIRBIA, 7=
68%. 'H NMR (400 MHz, CDCl;) J: 8.84 (s, 1H), 8.32 (d,
J=8.4 Hz, 1H), 8.22 (d, J=8.4 Hz, 1H), 7.85~7.79 (m,
1H), 7.73~7.68 (m 1H), 7.63~7.59 (m, 1H), 7.53~7.44
(m, 2H), 7.30~7.27 (m, 1H), 4.47 (d, J=11.7 Hz, 1H),
435 (d, J=11.7 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
150.9, 148.0, 141.1, 136.1, 135.9, 131.7, 130.5, 130.4,
130.1, 129.6, 129.3, 128.7, 128.1, 126.0, 124.4, 43.8;
HRMS (ESI) caled for C;H,NO [M~+H]" 234.0919,
found 234.0904.

2,3- FAIE-6(1H)- 5 (4.3 [4,3-c]E MR (4): 25 il
ARIBAE, 7% 64%. 'H NMR (400 MHz, CDCL;) J: 8.61
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(s, 1H), 7.62~7.59 (m, 1H), 7.52~7.43 (m, 4H), 7.30~
7.27 (m, 1H), 4.48 (d, J=11.7 Hz, 1H), 435 (d, J=11.7
Hz, 1H), 4.07 (s, 6H); *C NMR (100 MHz, CDCl;) ¢:
153.1, 151.1, 148.6, 1453, 139.0, 136.4, 136.2 130.8,
130.1, 129.9, 129.1, 128.6, 121.6, 108.2, 102.1, 56.3, 56.2,
43.9; HRMS (ESI) caled for C;sH{(NOs [M—}—H]+
294.1130, found 294.1115.

3- I B-6(1 H)- 5 (0.3 [4,3-c]E MR (4Kk): 25 T IR i
K, 722 79%. '"H NMR (400 MHz, CDCl3) &: 8.75 (s,
1H), 8.11~8.08 (m, 2H), 7.67~7.60 (m, 2H), 7.53~7.44
(m, 2H), 7.29 (d, J=7.2 Hz, 1H), 447 (d, J=11.7 Hz,
1H), 4.35 (d, J=11.7 Hz, 1H), 2.62 (s, 3H); *C NMR (100
MHz, CDCl;) 6: 150.1, 146.8, 140.3, 138.4, 136.2, 136.1,
132.7, 131.6, 130.6, 130.1, 129.5, 129.3, 128.7, 126.0,
123.3, 43.9, 21.9; HRMS (ESI) caled for C,;H;,NO [M+
H]" 248.1075, found 248.1060.

1-FH AR -6 LH)- 5 (3£ [4,3-c] ek (41): 3 E i iRl
1K, P2# 60%. '"H NMR (500 MHz, CDCl;) 6: 8.84 (s,
1H), 7.88 (d, J=8.5 Hz, 1H), 7.64 (d, J=8.1 Hz, 1H),
7.62~7.59 (m, 1H), 7.51~7.44 (m, 2H), 7.30~7.27 (m,
1H), 7.19~7.16 (m, 1H), 4.45 (d, J=11.8 Hz, 1H), 4.33
(d, J=11.8 Hz, 1H), 4.14 (s, 3H); *C NMR (125 MHz,
CDCly) d: 155.5, 149.5, 141.4, 139.8, 136.1, 135.9, 132.4,
130.6, 130.2, 129.4, 128.7, 128.5, 127.3, 116.1, 108.7,
56.3, 43.8; HRMS (ESI) calcd for C,;H;4,NO, [M+H]"
364.1024, found 264.1009.

1- FH 3E-6(1H)- 53 (8. FF[4,3-c] e bk (4m): 3 (2 TR
1K, P2Z 44%. '"H NMR (400 MHz, CDCl3) J: 8.85 (s,
1H), 8.19 (d, J=8.4 Hz, 1H), 7.68 (d, J=6.7 Hz, 1H),
7.64~7.58 (m, 2H), 7.54~7.45 (m, 2H), 7.31~7.28 (m,
1H), 4.49 (d, J=11.7 Hz, 1H), 4.36 (d, J=11.7 Hz, 1H),
2.88 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 149.8, 147.4,
141.3, 137.8, 136.3, 136.2, 131.4, 130.7, 130.6, 130.2,
129.3, 128.7, 127.9, 126.1, 122.5, 43.9, 26.9; HRMS (ESI)
caled for C;sH ,NO [M+H]" 248.1075, found 248.1061.

4-5-6(1H)- 5710 3 [4,3-c] Wbk (4m): 35 (B IR VBUAA,
PR 8%(H K 4f I IARAL AL P2 4). 'TH NMR (500
MHz, CDCl;) 6: 8.94 (s, 1H), 8.31 (d, J=1.7 Hz, 1H),
8.16~8.15 (m, 1H), 7.61 (d, J=1.7 Hz, 1H), 7.57~7.47
(m, 3H), 7.27~7.25 (m, 1H), 445 (d, J=11.8 Hz, 1H),
433 (d, J=11.8 Hz, 1H); >C NMR (100 MHz, CDCl;) J:
151.3, 150.4, 139.8, 136.5, 136.0, 134.6, 131.7, 130.3,
130.3, 130.2, 130.2, 129.6, 129.4, 128.9, 123.6, 43.9;
HRMS (ESI) caled for C¢H;,CINO [M+H]" 268.0529,
found 268.0514.
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323 F&EAHF[4,3-c]F MK (5) 8 A Ak

¥tk &4 4 (0.5 mmol)%T DCE (15 mL), FHiIA
jones iRX77(6 mL, 16.00 mmol), N, &4 hnA a9 /2
12 h (TLC Wil S B gERR). ¥ 405 In N1 NaHCO; 1
WpHEZR 7 A4, LB B30 mLX3), M€
JKPE(30 mL), Jo7K NaSO, T, 28 V7, ki
FEEATIRAELEE LA VAR @ M(CRR LBR)=1 © 4115
k&9 S.

3- VR 5 Ul I [4,3-c] W Ik (Sa): R AR, PR
61%. m.p.>250 ‘C; '"H NMR (400 MHz, CDCl3) d: 9.57
(s, 1H), 8.67 (d, J=2.1 Hz, 1H), 8.50~8.47 (m, 1H), 8.33
(d, J=8.1 Hz, 1H), 8.02 (d, J=8.9 Hz, 1H), 7.98~7.93
(m, 1H), 7.88 (dd, J=8.9, 2.1 Hz, 1H), 7.73~7.68 (m,
1H); “C NMR (100 MHz, CDCly) d: 159.6, 152.1, 147.2,
145.7, 135.7, 134.5, 133.0, 131.1, 130.9, 129.9, 124.4,
122.0, 121.6, 121.2, 119.7, 109.8; HRMS (ESI) calcd for
C1sHoBrNO, [M+H]" 325.9816, found 325.9796.

3- G 5 R H [4,3-c] HE IR (Sb): A [ 4, pE R
56%. m.p.>250 ‘C; 'H NMR (500 MHz, CDCLy) J: 9.62
(s, 1H), 8.54 (d, J=2.3 Hz, 1H), 8.53~8.50 (m, 1H), 8.34
(d, J=8.1 Hz, 1H), 8.26 (d, J=8.9 Hz, 1H), 8.01~7.98
(m,1H), 7.82 (dd, J=8.9, 2.3 Hz, 1H), 7.77~7.73 (m,
1H); HRMS (ESI) caled for C;¢H,CINO, [M+ H]"
282.0322, found 282.0305.

3- 96 5 A 9T [4,3-c] M IR (Se): [ AR, R AR
51%. m.p.>250 ‘C; '"H NMR (400 MHz, CDCLy) 8: 9.52
(s, 1H), 8.48 (dd, /=8.0, 1.0 Hz, 1H), 8.33 (d, J=8.1 Hz,
1H), 8.16 (dd, J=9.2, 5.1 Hz, 1H), 8.09 (dd, J=9.0, 2.8
Hz, 1H), 7.98~7.92 (m, 1H), 7.72~7.67 (m, 1H), 7.60~
7.54 (m, 1H); *C NMR (100 MHz, CDCl;) ¢: 161.3 (d,
J=249.1 Hz, C—F), 159.6, 152.7, 145.7, 144.6, 135.7,
133.1, 131.9, 131.1, 129.8, 121.6, 121.2, 121.2, 119.5,
109.6, 106.0; HRMS (ESI) calcd for C;sH)FNO, [M+H]"
266.0617, found 266.0602.

3- R R O I [4,3-cE ik (5d): ATk, 2R
56%. m.p.>250 ‘C; '"H NMR (400 MHz, CDCl;) d: 9.43
(s, 1H), 8.50~8.47 (m, 1H), 8.33 (d, J=8.0 Hz, 1H), 8.04
(d, J=9.2 Hz, 1H), 7.96~7.91 (m, 1H), 7.71 (d, J=2.8
Hz, 1H), 7.70~7.65 (m, 1H), 7.44 (dd, J=9.2, 2.8 Hz,
1H), 4.03 (s, 3H); *C NMR (100 MHz, CDCl;) d: 159.3,
157.9, 151.2, 143.8, 141.6, 134.6, 132.6, 130.0, 129.8,
128.4, 1229, 120.6, 120.1, 118.5, 108.4, 98.4, 55.0;
HRMS (ESI) caled for C;;H;,NO; [M+H]" 278.0817,
found 278.0802.

1- R 5 € [ JF: [4,3-c] W Wk (Se). [ £ [l 44, ;=%
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51%. m.p.>250 ‘C; 'H NMR (500 MHz, CDCls) 6: 9.71
(s, 1H), 8.53~8.48 (m, 2H), 8.35 (d, J=8.0 Hz, 1H),
8.17~8.14 (m, 1H), 8.00~7.95 (m, 1H), 7.74~7.70 (m,
1H), 7.58~7.53 (m, 1H); *C NMR (125 MHz, CDCl;) §:
159.7, 153.1, 146.2, 145.8, 135.8, 134.8, 133.0, 131.1,
130.0, 128.1, 124.8, 121.9, 121.6, 121.2, 120.0, 109.8;
HRMS (ESI) caled for C,sHoBrNO, [M+H]" 325.9816,
found 325.9792.

2- Gt E[4,3-cEMR(SH): Ik, 723 49%.
m.p.>250 C; 'H NMR (400 MHz, CDCly) &: 9.54 (s,
1H), 8.46 (d, J=8.0 Hz, 1H), 8.42 (d, /=8.9 Hz, 1H), 8.30
(d, J=8.1 Hz, 1H), 8.12 (d, J=1.8 Hz, 1H), 7.96~7.91
(m, 1H), 7.71~7.66 (m, 1H), 7.63 (dd, J=8.9, 1.8 Hz,
1H); *C NMR (100 MHz, CDCL3) 0: 159.6, 153.0, 149.2,
146.6, 137.2, 135.7, 133.2, 131.1, 129.7, 128.7, 128.5,
123.4, 121.4, 121.1, 117.0, 109.4; HRMS (ESI) calcd for
C16HoCINO, [M+H]" 282.0322, found 282.0304.

1- 9 0 i - [4,3-c]-6-FE MR (Sg): [ o [l A, 7=
54%. m.p.>250 ‘C; 'H NMR (400 MHz, CDCI;) : 9.63
(s, 1H), 8.50 (d, J=7.8 Hz, 1H), 8.37 (d, J=8.0 Hz, 1H),
8.31 (d, J=8.4 Hz, 1H), 7.99~7.95 (m, 1H), 7.74~7.69
(m, 1H), 7.67~7.61 (m, 1H), 7.56~7.50 (m, 1H) ; C
NMR (100 MHz, CDCl5) d: 159.8, 158.1 (d, J=248.8 Hz,
C—F), 153.0, 145.9, 135.9, 133.3, 131.3, 130.1, 127.9,
127.8, 121.8, 121.4, 118.0, 117.9, 115.6, 115.5, 110.2;
HRMS (ESI) caled for CHoFNO, [M+H]" 266.0617,
found 266.0602.

1- 50 5 (Ul I [4,3-c] M bk (Sh): 1 (0 8 A, 7= %
61%. m.p.>250 ‘C; 'H NMR (400 MHz, CDCl5) 6: 9.70
(s, 1H), 8.51 (dd, J=8.0, 1.2 Hz, 1H), 8.48~8.45 (m, 1H),
8.35 (d, J=8.0 Hz, 1H), 8.00~7.93 (m, 2H), 7.74~7.69
(m, 1H), 7.65~7.60 (m, 1H); C NMR (100 MHz,
CDCly) d: 159.7, 153.2, 146.0, 145.0, 135.8, 133.7, 133.0,
1312, 131.1, 129.9, 127.6, 121.6, 121.2, 121.1, 120.1,
109.8; HRMS (ESI) caled for C;H,CINO, [M+H]"
282.0322, found 282.0306.

St [4,3-c]MEMR(SD): F A E A, 7R 54%.
m.p.>250 C; 'H NMR (400 MHz, CDCl;) &: 9.58 (s,
1H), 8.52 (d, J=8.2 Hz, 1H), 8.49 (d, /=8.0 Hz, 1H), 8.34
(d, J=8.0 Hz, 1H), 8.16 (d, J/=8.4 Hz, 1H), 7.97~7.92
(m, 1H), 7.85~7.81 (m, 1H), 7.72~7.66 (m, 2H); "*C
NMR (100 MHz, CDCLy) d: 160.0, 153.2, 148.8, 145.4,
135.6, 133.5, 131.1, 131.0, 129.5, 129.3, 127.7, 122.0,
121.4, 121.1, 118.6, 109.1; HRMS (ESI) caled for
Ci16HoNO, [M+H]" 248.0711, found 248.0696.
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324 2-(6-i%-4-F HEH-3-30) K F BEAZ(6) 49 4 m%

¥k &) 5a (0.06 g, 0.18 mmol) M1k &4(2.04
mmol)¥ T = H 2K (15 mL), Ny (R4 N IN#EI# M 12 h
(TLC Mol e SRR, 980 28 B 7, At E A f2 4t
(B M(CRR 418) - V(FED =1 : 3113251 6.

2-(6-TR-4-F2 FE MR -3- 38 )-N-(2-( — & 3E) 2.3 ) 7K
F i (6a): FILE R, 773 56%. m.p. 150~151 C;'H
NMR (400 MHz, CD;0D) &: 8.41 (d, J=2.3 Hz, 1H), 7.99
(s, 1H), 7.80 (dd, J=8.9, 2.3 Hz, 1H), 7.59 (dd, J=7.6, 1.2
Hz, 1H), 7.56~7.50 (m, 2H), 7.46~7.41 (m, 1H), 7.40~
7.37 (m, 1H), 3.35~3.32 (m, 2H), 2.37 (t, J=6.9 Hz, 2H),
2.17 (s, 6H); C NMR (100 MHz, CD;OD) &: 176.5,
172.4, 141.0, 140.0, 138.3, 136.0, 134.7, 132.3, 131.2,
129.0, 128.7, 128.4, 127.9, 123.1, 121.7, 118.3, 58.7, 45.1,
37.9; HRMS (ESI) caled for CyH,BrN;O, [M+H]"
414.0817, found 414.0809.

2-(6- 1R -4-F2 F Ik -3- 35 )-N-(3-( - F & FE) T ) 2%
FEf(6b): 4, =% 56%. m.p. 134~135 C;
'H NMR (400 MHz, DMSO-dy) 6: 8.23 (d, J=2.4 Hz,
1H), 8.00~7.98 (m, 1H), 7.97 (s, 1H), 7.80 (dd, J=8.0,
2.4 Hz, 1H), 7.55 (d, J=8.8Hz, 1H), 7.48~7.42 (m, 2H),
7.40~7.34 (m, 2H), 3.04 (dd, J=12.8, 6.8Hz, 2H), 2.04~
1.99 (m, 2H), 1.96 (s, 6H), 1.41~1.33 (m, 2H); °C NMR
(100 MHz, DMSO-dy) 0: 173.6, 168.7, 138.7, 138.6, 138.3,
134.3, 133.7, 131.2, 129.0, 127.7, 127.4, 127.0, 126.8,
121.4, 121.0, 115.8, 56.6, 44.9, 37.3, 26.9; HRMS (ESI)
caled for C,H,BrN;O, [M + H] " 428.0973, found
428.0973.

2-(6- TR -4-F5 FE W IR~ 3- 955 )- N-(3- MLy bR 7 2% ) % P T
(6c): FEAE, P25 61%. m.p. 189~191 C; 'H NMR
(500 MHz, DMSO-d) 6: 8.22 (d, J=2.4 Hz, 1H), 7.97~
7.94 (m, 2H), 7.81 (dd, J=8.0, 2.4 Hz, 1H), 7.55 (d, J=
8.8 Hz, 1H), 7.47~7.43 (m, 2H), 7.40~7.34 (m, 2H), 3.47
(t, J=4.5, 4H), 3.05 (dd, J=6.7, 6.0, 2H), 2.11 (s, 4H),
2.08~2.04 (m, 2H), 1.41~1.34 (m, 2H); *C NMR (125
MHz, DMSO-dg) §: 174.1, 169.1, 139.0, 138.9, 138.7,
134.7, 134.0, 131.6, 129.4, 128.1, 127.8, 127.4, 127.1,
121.8, 121.3, 116.2, 66.6, 56.2, 53.6, 37.6, 26.3; HRMS
(ESI) calcd for Cy3H,sBrN;O; [M+H]" 470.1079, found
470.1075.

2-(6-1R-4-F5 FEHEIRR-3- 358 ) - N-(2- R &t £, 98 7K F Bt
(6d): AMEE, P*F 66%. m.p. 156~158 C; '"H NMR
(500 MHz, DMSO-dg) 0: 8.22 (d, J=2.4 Hz, 1H), 7.99 (s,
1H), 7.81 (dd, J=8.8, 2.4 Hz, 1H), 7.72~7.68 (m, 1H),
7.56 (d, J=8.8 Hz, 1H), 7.48~7.44 (m, 2H), 7.40~7.34
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(m, 2H), 3.11 (dd, J=12.9, 6.5 Hz, 2H), 2.11~2.08 (m,
6H), 1.37~1.31 (m, 4H), 1.29~1.27 (m, 2H); °C NMR
(125 MHz, DMSO-dy) 6: 174.0, 169.0, 139.1, 139.1, 139.0,
138.4, 134.7, 131.6, 129.6, 128.1, 127.9, 127.4, 127.2,
121.6, 121.3, 116.2, 57.8, 54.3, 37.0, 25.9, 24.4; HRMS
(ESI) calcd for Cp3HasBrN;O, [M+H]" 454.1130, found
454.1125.
3.2.5 R E PN R R

KH MTT v, PLERR(CPT) AR T HE 2, Ik
THAEY 4a~e6d X TR U Il IR 40 o Pk (B e 40 i
MGC-803. filiJE 20l NCI-H460. 5P S5 4y KOV3.
Bt A T-24. @40 HepG2) R0 IE % JH- 41 A
HL-7702 RSN ER G, AR SEI6 I FE 2 Ok 77
026,

% Bh 1kl (Supporting Information) 1L&4) 4~6 1) 'H
NMR, “C NMR K& HRMS JFAGiEE. X LRkl nT L4
i AT I 335 (http://sioc-journal.cn/)_E T 2.
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