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Synthesis and Antimicrobial Activity of Flavone Derivatives
Containing 1,3,4-Oxadiazoline Structure
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Abstract The 7-salicylidene ethoxy flavone was synthesized from salicylaldehyde and 7-bromoethoxy flavones which was
obtained by the reaction of 7-hydroxy flavone and 1,2-dibromoethane. Then fourteen flavone derivatives containing acylhy-
drazone Schiff bases were synthesized by the condensation reaction of this compound with three types of hydrazide com-
pounds, such as benzoylhydrazine, phenoxy acetyl hydrazine and phenylacetyl hydrazine compounds. Finally eight flavone
derivatives containing 1,3,4-oxadiazoline structure had been obtained by the cyclodehydration of these hydrazones in acetic
anhydride. These new compounds were characterized by IR, 'H NMR, ESI-MS and HRMS. Their antimicrobial activity in
vitro was tested. The results showed that at the concentration 0.5 mg/mL most of the compounds had relatively antibacterial
activity, in which 7-(2-p-nitrobenzoyl hydrazone)-phenoxyethoxy flavone (4i) had stronger effects on S. aureu and B. subtilis
than the others and the activity was similar with that of the control drug chloramphenicol.
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Scheme 1 Synthetic route of flavone derivatives containing 1,3,4-oxadiazoline structure
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K1 WEMIKEN 0.5 mg/mL RSN TEH: ¢
Table 1 Antibacterial activity of the compounds at 0.5 mg/mL
in vitro

Compd. Ec Sa Bs An
1 + + + +
2 + + + +
3 ++ ++ ++ ++

4a +++ ++ + +
4b ++ + ++ —
4c + + + —
4d + + + —
4e ++ + + —
4f + + ++ —
4g ++ + + —
4h + ++ + +
4i ++ +++ +++ +
4j ++ — + ++
4k — + ++ ++
41 ++ + ++ +
4m — — -
4n — — — -
5a + + + -
5b + + ++ —
5¢ + +++ + -
5d + + + -
Se + + + -
5f + + ++ -
5g + + + -
5h + + + —
5i + + + —
Chloramphenicol +++ +++ +++ +++

Blank

© 2015 Chinese Chemical Society & SIOC, CAS

¢ +-++: very strong activity; + +: strong activity; +: moderate activity;
—: weak or poor activity.
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TR 4 R 8 R ) R R R R A AT A . A A
(IR). #HFEAREHE("H NMR). R 3R 5 (°C NMR)
5 BE (EST-MS) 51 43 5 5 1% (HRMS) Xt H bk &4 1)
SERJHEAT T ERUE. YIPIE T AT KIGAT W . &3t
BRI BREE ARG ZE AT B AT S AR R PR L RS
PEMRSE RR A, EIREN 0.5 mg/mL B, ZHULEY)
SR . ST ORAERE . Al 2R B 2 A 0
YER, ot 2 sl e e, & 7--X i
S TR I f 358 ) - S AR 2 B O T () X 4 B (R A BR
RS B 2E AT B IR F 2 e, %45 oMk — B 7T
BTG TR GE R TR 2R B S HL IR B PR D I 24 B
RO T AR

3 IS
3.1 X5
X-4 B s e A (AL R e A ], IR T ARAL
1E); FT-IR 6700 BYZ1 4% A% (35 1 Nicolet 22 ], KBr J&
J); Vario EL cube 703K 73 Hr A% (4 [ Elementar 23 w]);
Avance AV 500 MHz # S i L3R4 (2 E Bruker 2],
TA57°8 DMSO-ds, A5 TMS); LCQ Deca XP i Jifi ik
X (3£ E Thermo A 7)) UPLC SQD JFi i4% (35 [ Waters).
LC/MS-IT-TOF Ji % (H A By A wl); ZKI-1 BUEH K
T RE-52AAA Tt 28 k3 ( Ll sz SR A IR
AF]). KEBECT SR EOR R B A
IS SCRR[ 1173, R A YR %, 7-F 5
TR A2 IR 22 SCRR (1210 777, e 2R Bl & R
AR = A Al sl oy A af.
3.2 LWHE
321 7-R TR FHEANG SRR
RS2 IR VA B . 7-IR SR LT (2):
R AURLIR [ A, PR 73.4%, mp. 142~144 C;
ESI-MS m/z: 345.4 (M", 100), 347.3 (M", 98, [Ff7 & i%).
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322 T-KRAGEET A FHER G S AR

7E 250 mL [RJELEIHAMA 18 mmol /K&, 100
mL Jo7K ZBEFT 18 mmol S AN, BWFHEME A 18
mmol 1) 7-IR ZE LT, InFAElf R 16 h (TLC BR
BR), M SEEEEA IR =, ik, 2Kk
1, K LR LS 5.

T- KW AR (3): IR AEE, P2 79.2%.
m.p. 193~195 C; 'H NMR (DMSO-d;, 500 MHz) o
10.37 (s, 1H, CHO), 8.10 (dd, J=2.20, 5.76 Hz, 2H, ArH),
7.97 (d, J=8.84 Hz, 1H, 5-H), 7.67~7.71 (m, 2H, ArH),
7.57~7.62 (m, 3H, ArH), 7.44 (d, J=2.32 Hz, 1H, 8-H),
7.34 (d, J=8.16 Hz, 1H, ArH), 7.10~7.14 (m, 2H, ArH,
6-H), 6.97 (s, 1H, 3-H), 4.58~4.62 (m, 4H, CH,CH,); IR
(KBr) v: 3068, 3036 (ArH), 2948, 2932 (CH,), 2867, 2767
(CH=0), 1686 (CH=0), 1639 (C=0), 1598, 1483, 1453
(Ar), 1373, 1292, 1245, 1178 (C—O—C), 1089, 1058,
844, 775, 685, 658 cm'; ESI-MS m/z: 387.4 ((M+H]",
100). Anal. calcd for Cp4H305: C 74.61, H 4.66; found C
74.78, H 4.52.

323 7-Q2-BARBLIFA)- R AT A E KBS %,

£ 50 mL BEJEFHHIMA 20 mL oK LB 2
mmol 7-7K¥E 2 AL, WAEMAERE, A 2
mmol A HIE R COF B IR B A S BRI &4,
WL KBS ER, B THEZ FIYE, TLC EREZ(RITH
NV cwew - Voww=1 1 1), FRERE 7K 8BS
iy R JE 5 b N, B, YA, flgE 1S 2 E O
F W 8% £, 1 /N,N-— F 56 F i e s 4 0, 19 84L&
4a~4n.

7-(2- 7K F L iR 28 - IR A LR IR T (da): 1A C ] 1R,
P 88.8%. m.p. 206~208°C; "H NMR (DMSO-d,, 500
MHz) §: 11.91 (s, 1H, NH), 8.81 (s, 1H, CH=N), 8.10 (d,
J=17.44 Hz, 2H, ArH), 7.97 (d, J=8.88 Hz, 1H, ArH),
7.87~7.93 (m, 3H, ArH), 7.54~7.61 (m, 4H, ArH),
7.43~7.50 (m, 4H, ArH), 7.22 (d, J=8.36 Hz, 1H, ArH),
7.15~7.18 (dd, J=1.88, 7.04 Hz, 1H, ArH), 7.08 (t, J=
7.64 Hz, 1H, ArH), 6.99 (s, 1H, 3-H), 4.53~4.56 (m, 4H,
CH,CH,); IR (KBr) v: 3456, 3215, 3067, 2947, 2875,
1645, 1632, 1603, 1547, 1491, 1441, 1369, 1292, 1242,
1165, 1093, 845, 760, 683 cm™'; ESI-MS m/z: 105.0 (20),
505.0 ((M+H]", 100); HRMS calcd for C3;H,sN,0s[M+
H]" 505.1758, found 505.1767.

7-(2-21 FF R R g fl 6 )~ R A AU R B T (4b): T
A, 7% 81.1%. mp. 196~198 C; 'H NMR
(DMSO-ds, 500 MHz) &: 11.72 (s, 1H, NH), 8.68 (s, 1H,
CH=N), 8.08 (d, J=7.0 Hz, 2H, ArH), 7.96 (d, J=9.0

http://sioc-journal.cn/ 2007
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Hz, 1H, ArH), 7.90~7.92 (m, 1H, ArH), 7.57~7.61 (m,
3H, ArH), 7.34~7.45 (m, 4H, ArH), 7.20~7.27 (m, 3H,
ArH), 7.12~7.16 (m, 1H, ArH), 7.07 (t, J=7.5Hz, 1H,
ArH), 6.96 (s, 1H, 3-H), 4.49~4.53 (m, 4H, CH,CH,),
2.35 (s, 3H, CH;); IR (KBr) v: 3225, 3054, 2944, 1655,
1636, 1609, 1548 cm™'; ESI-MS m/z: 157.27 (100), 217.20
(41), 236.96 (36), 261.32 (47), 519.28 (IM+H]", 32),
541.40 ((M+Na]", 32).

7-(2- 1) H 2% FE g i 2 ) — R AR ) T B (4): AR
[l 4k, 7% 749%. mp. 180~ 182 C; 'H NMR
(DMSO-ds, 500 MHz) o: 11.82 (s, 1H, NH), 8.81 (s, 1H,
CH=N), 8.07~8.09 (m, 2H, ArH), 7.97 (d, J=9.0 Hz,
1H, ArH), 7.92 (d, J=7.5 Hz, 1H, ArH), 7.67~7.69 (m,
2H, ArH), 7.56~7.61 (m, 3H, ArH), 7.42~7.46 (m, 2H,
ArH), 7.35~7.36 (m, 2H, ArH), 7.22 (d, J=8.5 Hz, 1H,
ArH), 7.14~7.16 (m, 1H, ArH), 7.06~7.09 (t, J=7.25
Hz, 1H, ArH), 6.96 (s, 1H, 3-H), 4.52~4.56 (m, 4H,
CH,CH,), 2.35 (s, 3H, CHs); ESI-MS m/z: 157.14 (100),
179.14 (87), 261.19 (49), 519.47 ((M+ H]", 51), 541.34
([M+Na]", 34).

7-(2-3%F F 2R IR Ji ) - R 4R L SR R B (4d):
il 4k, 7% % 853%. mp. 227 ~229 C; 'H NMR
(DMSO-ds, 500 MHz) 6: 11.79 (s, 1H, NH), 8.81 (s, 1H,
CH=N), 8.08~8.10 (dd, J=1.5, 6.5 Hz, 2H, ArH), 7.97
(d, J=9.0 Hz, 1H, ArH), 7.91 (d, J=7.5 Hz, 1H, ArH),
7.79 (d, J=8.0 Hz, 2H, ArH), 7.56~7.61 (m, 3H, ArH),
7.42~744 (m, 2H, ArH), 7.21~7.28 (m, 2H, ArH),
7.14~7.16 (dd, J=2.5, 6.5 Hz, 2H, ArH), 7.08 (d, J=7.5
Hz, 1H, ArH), 6.96 (s, 1H, 3-H), 4.52~4.56 (m, 4H,
CH,CH,), 2.35 (s, 3H, CH;); ESI-MS m/z: 157.01 (96),
179.07 (92), 217.14 (41), 261.19 (48), 519.34 ((M+H]",
100), 541.27 ((M+Na]", 84).

7-(2-%F HHAEUR FBE TR B8 ) - R 48 AU 35 T (de): B
AR, 77 F 89.1%. m.p. 214~216 ‘C; 'H NMR
(DMSO-ds, 500 MHz) 6: 11.73 (s, 1H, NH), 8.79 (s, 1H,
CH=N), 8.08~8.10 (dd, J=1.5, 6.5 Hz, 2H, ArH), 7.97
(d, J=8.5 Hz, 1H, ArH), 7.87 (d, J=9.0 Hz, 1H, ArH),
7.56~7.62 (m, 2H, ArH), 7.42~7.45 (m, 3H, ArH), 7.21
(d, J=8.0 Hz, 2H, ArH), 7.14~7.17 (dd, J=2.0, 6.5 Hz,
2H, ArH), 7.06 (t, J=7.5 Hz, 1H, ArH), 7.00~7.02 (m,
2H, ArH), 6.96 (s, 1H, 3-H), 4.52~4.56 (m, 4H, CH,CH,),
3.81 (s, 3H, CHs); ESI-MS m/z: 157.14 (100), 179.26 (88),
261.32 (44), 535.34 (IM+H]", 44), 557.34 ([M+Na]",
36).

7-(2- 405 48 F O G fi i ) R AR £ SR T B I (4): B

2008 http://sioc-journal.cn/
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o [E A, P7%E 93.3%. mp. 258 ~260 C; 'H NMR
(DMSO-d, 500 MHz) d: 11.92 (s, 1H, NH), 11.91 (s, 1H,
OH), 8.82 (s, IH, CH=N), 8.07~8.09 (m, 2H, ArH), 7.97
(d, J=9.0 Hz, 1H, ArH), 7.92 (d, J=7.0 Hz, 1H, ArH),
7.85 (d, J=7.5 Hz, 1H, ArH), 7.56~7.61 (m, 3H, ArH),
7.40~7.46 (m, 1H, ArH), 7.23 (d, J=8.0 Hz, 2H, ArH),
7.14~7.17 (dd, J=2.5, 6.5 Hz, 2H, ArH), 7.08 (t, J=7.5
Hz, 1H, ArH), 6.96 (s, 1H, 3-H), 6.88~6.94 (m, 2H, ArH),
4.53~4.57 (m, 4H, CH,CH,); ESI-MS m/z: 157.14 (100),
179.14 (91), 217.33 (46), 237.15 (39), 261.32 (51), 521.25
(IM+H]", 29), 543.31 ((M+Na] ", 20).

7-(2-3% F ORI i 2 - 2R AR LS R B (d4g):
o E A, P 75.8%. mp. 198~200 C; 'H NMR
(DMSO-d, 500 MHz) d: 11.65 (s, 1H, NH), 10.02 (s, 1H,
OH), 8.78 (s, IH, CH=N), 8.08~8.10 (m, 2H, ArH), 7.97
(d, J=9.0 Hz, 1H, ArH), 7.89 (s, 1H, ArH), 7.77 (d, J=8.5
Hz, 2H, ArH), 7.56~7.63 (m, 3H, ArH), 7.41~7.44 (m,
2H, ArH), 7.21 (d, J=8.5 Hz, 1H, ArH), 7.15~7.17 (m,
1H, ArH), 7.07 (t, J=7.5 Hz, 1H, ArH), 6.97 (s, 1H, 3-H),
6.81 (d, J=8.5 Hz, 2H, ArH), 4.51~4.56 (m, 4H, CH,-
CH,); ESI-MS m/z: 157.14 (100), 179.33 (88), 217.20 (68),
239.39 (70), 261.25 (77), 521.32 ((M+H]", 78), 543.38
(IM+Na]", 59).

7-(2-%F SR H B 7 5 ) - R4 QR T (4h): (L
&, P& 832%. mp. 252~254 C; 'H NMR
(DMSO-d,, 500 MHz) 6: 11.91 (s, 1H, NH), 8.80 (s, 1H,
CH=N), 8.08~8.09 (m, 2H, ArH), 7.97 (d, J=9.0 Hz,
1H, ArH), 7.90 (d, J=8.0 Hz, 3H, ArH), 7.54~7.61 (m,
5H, ArH), 7.42~7.45 (m, 2H, ArH), 7.22 (d, J=8.5 Hz,
1H, ArH), 7.16 (d, J=2.5 Hz, 1H, ArH), 7.14 (m, 1H,
ArH), 6.96 (s, 1H, 3-H), 4.52~4.56 (m, 4H, CH,CH,); IR
(KBr) v: 3274, 3067, 1667, 1599, 1485, 1444, 1376, 1285,
1246, 1164, 1097, 1012, 843, 741, 684 cm ™ '; ESI-MS m/z:
159.13 (37), 338.63 (35), 407.91 (34), 539.36 (IM+H]",
74), 561.31 (M + Na] ", 100); HRMS caled for
C3HysCIN,Os [M+H]" 539.1368, found 539.1366.

7-(2-XoF i 5k 2 R B T 25 ) - TR AR £ SR T O (4): B
@A, P2 86.7%. m.p. 263~265 C; 'H NMR
(DMSO-ds, 500 MHz) 6: 12.12 (s, 1H, NH), 8.82 (s, 1H,
CH=N), 8.31 (d, J=8.5 Hz, 2H, ArH), 8.11 (d, J=8.5
Hz, 2H, ArH), 8.08 (d, J=6.5 Hz, 2H, ArH), 7.97 (d, J=
9.0 Hz, 1H, ArH), 7.93 (d, J=6.5 Hz, 1H, ArH), 7.56~
7.61 (m, 3H, ArH), 7.47 (t, J=7.25 Hz, 1H, ArH), 7.42 (d,
J=2.0 Hz, 1H, ArH), 7.24 (d, J=8.5 Hz, 1H, ArH),
7.14~7.16 (dd, J=2.5, 6.5 Hz, 1H, ArH), 7.09 (t, J=7.5
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Hz, 1H, ArH), 6.96 (s, 1H, 3-H), 4.53~4.57 (m, 4H,
CH,CH,); IR (KBr) v: 3278, 3079, 2936, 2870, 1669,
1630, 1606, 1561, 1525, 1488, 1447, 1379, 1347, 1284,
1245, 1166, 1102, 841, 776, 688, 611 cm™'; ESI-MS m/z:
159.07 (68), 338.50 (95), 360.51 (88), 408.24 (70), 572.51
(IM+Na]", 100); HRMS calcd for C3;H,4N;0, [M+H]"
550.1609, found 550.1615.

7-(2-2K LW i 3~ A LA FE R B (4)): A,
P2 % 59.5%. m.p. 148~150 C; "H NMR (DMSO-d;, 500
MHz) d: 11.61 (s, 0.42H), 11.33 (s, 0.56H) (NH), 8.56 (s,
0.41H), 8.38 (s, 0.56H) (CH=N), 8.08~8.11 (m, 2H,
ArH), 7.98 (t, J=8.68 Hz, 1H, 5-H), 7.81~7.87 (m, 1H,
ArH), 7.59~7.60 (m, 3H, ArH, 8-H), 7.38~7.43 (m, 2H,
ArH), 7.27~7.30 (m, 4H, ArH), 7.01~7.18 (m, 4H, ArH),
6.98 (s, 1H, 3-H), 4.50~4.55 (m, 4H, CH,CH,), 3.94 (s,
0.87H), 3.49 (s, 1.13H) (CH,); HRMS calcd for Cs,Hys-
N,Os [M+H]'519.1914, found 519.1929.

7-2-RHEHE IR 2 i B ) - IR A O R B il (4k): A
O E A, PP E 63.9%. mp. 250~252 C; 'H NMR
(DMSO-d, 400 MHz) 0: 11.69 (s, 0.35H), 11.45 (s, 0.60H)
(NH), 8.55 (s, 0.32H), 8.37 (s, 0.56H) (CH=N), 8.07~
8.19 (m, 4H, ArH, 5-H), 7.94~7.99 (m, 1H, ArH), 7.80~
7.85 (m, 1H, ArH), 7.51~7.60 (m, 5H, ArH, 8-H), 7.37~
7.44 (m, 2H, ArH), 7.11~7.21 (m, 2H, ArH, 6-H), 6.98~
7.07 (m, 1H, ArH), 6.95 (s, 1H, 3-H), 4.50~4.56 (m, 4H,
CH,CH,), 4.12 (s, 0.71H), 3.67 (s, 1.16H) (CH,); HRMS
caled for Cs;HyN;O, [M + H] ™ 564.1765, found
564.1782.

7-(2-0-%% MR 8 ) - R A A R B (41): [
1K, 7F2# 90.2%. m.p. 178~181 C; '"H NMR (DMSO-d;,
400 MHz) 0: 11.74 (s, 0.40H), 11.42 (s, 0.60H) (NH), 8.59
(s, 0.40H), 8.42 (s, 0.60H) (CH=N), 8.07~8.12 (m, 2H,
ArH, 5-H), 7.98~8.03 (m, 1H, ArH), 7.77~7.93 (m, 4H,
ArH), 7.57~7.60 (m, 3H, ArH), 7.40~7.54 (m, 6H, ArH,
8-H), 7.11~7.22 (m, 2H, ArH, 6-H), 7.00~7.06 (m, 1H,
ArH), 6.96 (s, 1H, 3-H), 4.51~4.57 (m, 4H, CH,CH,),
4.41 (s, 1.27H), 3.99 (s, 0.81H) (CH,); IR (KBr) v: 3241,
3208, 3062, 2948, 2884, 1672, 1655, 1627, 1606, 1545,
1490, 1448, 1371, 1290, 1249, 1165, 1148, 1095, 1071,
1044, 962, 927, 877, 778, 754, 688, 545 cm '; ESI-MS
m/z: 569.3 ((IM+H]", 100).

T-Q2- A LB IF ) - R A LA TR T (4m): [ L[]
K, 722 93.4%. m.p. 187~189 “C;'H NMR (DMSO-dj,
400 MHz) d: 11.67 (s, 0.38H), 11.57 (s, 0.53H) (NH), 8.65
(s, 0.35H), 8.38 (s, 0.57H) (CH=N), 8.11 (d, J=7.36 Hz,
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2H, ArH), 7.96~7.99 (dd, J=2.56, 6.28 Hz, 1H, ArH),
7.85 (t, J=7.72 Hz, 1H, ArH), 7.59~7.62 (m, 3H, ArH),
7.42~745 (m, 2H, ArH), 7.20~7.31 (m, 3H, ArH),
7.14~7.17 (dd, J=2.04, 6.76 Hz, 1H, ArH), 7.05 (t, J=
7.48 Hz, 1H, ArH), 7.00 (s, 1H, 3-H), 6.87~6.96 (m, 3H,
ArH), 4.60 (s, 1.08H), 4.54 (s, 0.87H) (CH,), 4.51~4.53
(m, 4H, CH,CH,); IR (KBr) v: 3456, 3222, 3074, 2947,
2884, 1687, 1632, 1555, 1500, 1448, 1377, 1242, 1171,
1094, 839, 760, 683 cm™'; ESI-MS m/z: 535.0 ((M+H]",
100); HRMS caled for C3,HyN,Os [M+H]™ 535.1864,
found 535.1879.

7-(2,4- — E R LT IR B8 ) R 4 £ A 5k 1 Tl (4):
O E g, P2 93.7%. mp. 221~223 C; 'H NMR
(DMSO-d, 400 MHz) : 11.75 (s, 0.29H), 11.72 (s, 0.69H)
(NH), 8.57 (s, 0.24H), 8.35 (s, 0.74H) (CH=N), 8.09~
8.11 (m, 2H, ArH), 7.94~7.99 (m, 1H, ArH), 7.84 (d, J=
7.72 Hz, 1H, ArH), 7.57~7.76 (m, 3H, ArH), 7.52 (d, J=
2.52 Hz, 1H, ArH), 7.40~7.44 (m, 2H, ArH), 7.27~7.30
(dd, J=2.52, 6.40 Hz, 1H, ArH), 7.13~7.22 (m, 2H,
ArH), 6.98~7.07 (m, 3H, ArH, 3-H), 5.24 (s, 1.45H), 4.74
(s, 0.52H) (CH,), 4.51~4.74 (m, 4H, CH,CH,); IR (KBr)
v: 3448, 3223, 3082, 2939, 1703, 1632, 1483, 1448, 1377,
1250, 1165, 1094, 845, 761, 683 cm™'; ESI-MS m/z: 274.1
(100), 318.2 (40), 435.9 (32), 603.0 (M ", 64); HRMS calcd
for C3,H,5sCLN,O0¢ [M+H]" 603.1084, found 603.1098.
324 A 1,347 e ()R AT AKX ZERLT A Y
AR

L 5a A OB K 1.0 mmol 7-(2- 7 B Bk e 3 -
FEOEF R (4a) BT 50 mL [BEERHA, A S
mL ZFREF, #EHRELE 100 CAA, TLC BREFR N E
JEEWE K. AT b RN, R R BN B E IR, RS e
ANVKOKH, RIZ e 2 WeR P A, 98, T8, 5
PR, oK CRFE LS S BARTY) Sa. RUOTESRIH
EHEDY.

T-[2-(5- 7 55 -1,3,4- B8 R bk )]- 2 4 2 A 35
(5a): EEE, P“F 473%. mp. 213~215 C; 'H
NMR (DMSO-d,, 500 MHz) J: 8.06~8.08 (dd, J=1.8,
6.28 Hz, 2H, ArH), 7.91 (d, J=8.84 Hz, 1H, ArH), 7.56~
7.61 (m, 5H, ArH), 7.29~7.36 (m, 5H, ArH), 7.16~7.21
(m, 3H, ArH, OCHN), 7.01 (t, J=7.48 Hz, 1H, ArH),
6.94~6.97 (dd, J=2.28, 6.52 Hz, 1H, ArH), 6.93 (s, 1H,
3-H), 4.39~4.42 (m, 4H, CH,CH,), 2.19 (s, 3H, CH3); "*C
NMR (125 MHz, DMSO-dy) o: 175.88, 162.64, 161.93,
157.04, 156.46, 154.20, 131.13, 131.02, 131.00, 130.93,
128.66, 128.40, 128.30, 125.96, 125.82, 125.78, 124.00,
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123.91, 120.51, 117.10, 114.47, 112.91, 106.55, 101.52,
89.57, 66.89, 66.91, 40.42, 40.02, 39.85, 39.68, 39.52,
20.69; IR (KBr) v: 3067, 2939, 2883, 1647, 1602, 1575,
1497, 1374, 1277, 1177, 1088, 847, 771, 689 c¢cm '; ESI-
MS m/z: 104.9 (16), 274.2 (16), 505.0 (57) , 547.0 ((M+
H] ", 100); HRMS caled for C33HysN,O¢ [M+ H]®
547.1864, found 547.1840.

7-[2-(5-41 F 2K 8 -1,3,4- I8 — W) - 2K A £ S8 FE B
(5b): AWM, 77F 32.6%. mp. 199~201 C; 'H
NMR (DMSO-ds, 500 MHz) &: 8.07~8.09 (dd, J=1.5,
6.0 Hz, 2H, ArH), 8.02~8.04 (dd, J=1.5, 6.5 Hz, 1H,
ArH), 7.89 (d, J=8.5 Hz, 1H, ArH), 7.82 (d, J=7.5 Hz,
1H, ArH), 7.68 (t, J=7.0 Hz, 1H, ArH), 7.58~7.65 (m,
4H, ArH), 7.40 (d, J=8.5 Hz, 1H, ArH), 7.33 (d, J=2.5
Hz, 1H, ArH), 7.29~7.31 (m, 2H, ArH), 7.21 (t, J=17.5
Hz, 1H, ArH), 7.00~7.05 (m, 2H, ArH), 6.95 (s, 1H, 3-H),
4.59 (s, 4H, CH,CH,), 2.59 (s, 3H, CHs); *C NMR (125
MHz, DMSO-d;) &: 175.85, 163.97, 162.61, 162.22,
161.93, 157.01, 156.31, 137.15, 133.09, 131.13, 131.02,
130.62, 129.88, 128.64, 128.14, 125.91, 125.82, 125.68,
122.31, 121.07, 117.15, 114.28, 114.17, 112.86, 106.57,
101.60, 67.39, 67.26, 40.02, 39.85, 39.68, 20.77; IR (KBr)
v: 3067, 2955, 2883, 1639, 1603, 1539, 1448, 1369, 1250,
1171, 1043, 831, 768, 683 cm '; ESI-MS m/z: 157.14
(100), 179.14 (56), 517.30 ((M—+H]", 86) , 539.30 ((M+
Na] ", 17) ; HRMS caled for Ci;HysN,Os [M+H]"
517.5443, found 517.5441.

7-[2-(4- T K= -5- [B) FA 2Rk -1,3,4- I8 — R ) |- R 4
CAEETH(Se): R TEK, 773 73.1%. mp. 205~
207 ‘C; 'H NMR (DMSO-ds, 500 MHz) 6: 8.07~8.09
(dd, J=1.5, 7.0 Hz, 2H, ArH), 7.90 (d, J=9.0 Hz, 1H,
ArH), 7.56~7.64 (m, 2H, ArH), 7.42~7.46 (m, 3H, ArH),
7.37~7.38 (dd, J=1.5, 6.5 Hz, 1H, ArH), 7.14~7.17 (m,
1H, ArH), 7.02~7.05 (m, 3H, ArH, OCHN), 6.95 (s, 1H,
3-H), 6.92~6.94 (m, 4H, ArH), 4.32~4.34 (m, 4H,
CH,CH,), 2.18 (s, 3H, CH3), 2.13 (s, 3H, CH3); *C NMR
(125 MHz, DMSO-dg) 6: 175.84, 162.59, 161.93, 157.02,
156.50, 152.58, 152.44, 131.11, 131.04, 131.02, 129.78,
128.67, 128.63, 127.31, 125.99, 125.81, 125.78, 123.80,
120.43, 117.09, 114.06, 112.80, 106.53, 101.44, 89.96,
67.33, 66.90, 40.02, 39.85, 39.68, 39.52, 39.35, 20.69,
20.21; IR (KBr) v: 3074, 2933, 2876, 1759, 1639, 1603,
1497, 1448, 1369, 1250, 1192, 1065, 908, 853, 760, 683
cm '; ESI-MS m/z: 157.14 (100), 561.42 ((M+H]", 69),
583.29 (IM+Na]", 15); HRMS calcd for CsyHN,Oq
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[M+H]" 561.5967, found 561.5960.

7-[2-(4- Tk 55 -5-5%F F 2R B -1,3,4- 18— e ) |- 2R 4R
AT (5d): AR, 73 46.8%. mp. 173~
175 “C; 'H NMR (DMSO-ds, 500 MHz) d: 8.09~8.11
(dd, J=1.5, 6.0 Hz, 2H, ArH), 8.01~8.03 (dd, J=2.0, 6.0
Hz, 1H, ArH), 7.91 (d, J=8.5 Hz, 1H, ArH), 7.74 (d, J=
8.5 Hz, 1H, ArH), 7.58~7.66 (m, 4H, ArH), 7.38~7.47
(m, 3H, ArH), 7.18~7.21 (m, 1H, ArH), 7.12 (s, 1H,
OCHN), 6.98~7.08 (m, 3H, ArH), 6.95 (s, 1H, 3-H),
4.40~4.62 (m, 4H, CH,CH,), 2.18 (s, 3H, CH3), 2.15 (s,
3H, CH;); “C NMR (125 MHz, DMSO-d;) J: 175.84,
162.46, 161.94, 157.06, 156.49, 156.26, 141.27, 133.05,
131.14, 131.01, 129.76, 129.18, 128.64, 128.56, 125.85,
125.80, 125.76, 125.73, 120.40, 117.17, 114.32, 112.82,
106.53, 101.46, 89.59, 67.34, 66.91, 40.02, 39.85, 39.68,
39.52, 39.35, 20.69, 20.51; IR (KBr) v: 3074, 2926, 2883,
1639, 1610, 1504, 1448, 1377, 1249, 1170, 1080, 831, 760,
675 cm”'; ESI-MS m/z: 157.14 (100), 179.14 (90), 517.30
(65), 561.48 ((M+H]", 11) ; HRMS calcd for C34HN,O
[M+H]" 561.5967, found 561.5973.

7-[2-(4- P FE-5- 56 FF AR 2 3 -1,3,4- 8 IRk ) ]
A AT (Se): AR, 2% 72.0%. mp. 237~
239 °C; 'H NMR (DMSO-ds, 500 MHz) d: 8.06~8.07 (m,
2H, ArH), 7.90 (d, J=8.5 Hz, 1H, ArH), 7.56~7.61 (m,
3H, ArH), 7.51 (d, J=8.5 Hz, 2H, ArH), 7.43 (t, J=8.5
Hz, 1H, ArH), 7.35 (d, J=7.5 Hz, 1H, ArH), 7.16~7.18
(m, 2H, ArH), 7.11 (s, 1H, OCHN), 7.01 (t, J=7.5 Hz, 1H,
ArH), 6.96~6.97 (m, 1H, ArH), 6.95 (s, 1H, 3-H), 6.78 (d,
J=8.5 Hz, 2H, ArH), 4.38~4.41 (m, 4H, CH,CH,), 3.63
(s, 3H, CHj), 2.17 (s, 3H, CH;); °C NMR (125 MHz,
DMSO-dg) 0: 175.72, 162.50, 161.93, 156.90, 156.61,
152.99, 148.20, 131.24, 131.11, 131.03, 129.76, 128.63,
128.50, 127.73, 125.78, 125.61, 123.32, 123.22, 120.43,
117.00, 114.42, 113.86, 106.53, 101.49, 90.89, 66.95,
66.83, 54.91, 40.42, 40.02, 39.85, 39.68, 39.52, 20.72; IR
(KBr) v: 3070, 2939, 2833, 1653, 1610, 1504, 1448, 1369,
1250, 1178, 1080, 1030, 972, 839, 760, 675 cm ™ '; ESI-MS
m/z: 157.14 (100), 179.14 (45), 577.36 (IM+H]", 33),
599.35 ([M+Na] ", 8); HRMS caled for C3HN,0O;
[M+H]" 577.5961, found 577.5956.

7-[2-(4- £ Tt F5-5-40 2 g SR AR F - 1,3,4- 8 e gy |-
R SR BT (5): IR B AR, FRE 42.4%. mup.
168~170°C; '"H NMR (DMSO-d;, 500 MHz) §: 8.06~
8.08 (dd, J=1.5, 6.5 Hz, 2H, ArH), 7.91 (d, J=8.5 Hz,
1H, ArH), 7.58~7.64 (m, 4H, ArH), 7.44~7.49 (m, 3H,
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ArH), 7.25~7.31 (m, 2H, ArH), 7.19 (d, J=8.0 Hz, 1H,
ArH), 7.12~7.15 (m, 2H, ArH, OCHN), 7.02 (t, J=17.5
Hz, 1H, ArH), 6.97~6.99 (m, 1H, ArH), 6.93 (s, 1H, 3-H),
4.43~4.60 (m, 4H, CH,CH,), 2.17 (s, 3H, CH;), 2.14 (s,
3H, CH;); “C NMR (125 MHz, DMSO-d;) d: 175.87,
162.60, 161.94, 157.03, 156.41, 151.51, 148.13, 132.02,
131.11, 131.03, 129.85, 128.64, 128.54, 128.20, 125.81,
125.76, 123.77, 123.55, 120.56, 117.11, 114.31, 112.62,
106.55, 101.54, 88.51, 66.96, 66.83, 55.60, 40.02, 39.85,
39.69, 39.52, 39.35, 20.75, 20.38; IR (KBr) v: 3082, 2939,
2883, 1759, 1632, 1450, 1448, 1377, 1284, 1200, 1051,
831, 760, 675 cm '; ESI-MS m/z: 157.20 (100), 179.14
(51), 261.32 (38), 605.35 (IM+H]", 44), 627.22 (IM+
Na] ', 39); HRMS caled for C3sH,N,Og [M+H]"
605.6062, found 605.6071.

7-[2-(4- £ TR 5L -5-%F 2 T S R L -1,3,4- 8 ) ]—
AR ORI (Sg): WA ALK, 7 73.1%. m.p.
205~207 ‘C; '"H NMR (DMSO-d,, 500 MHz) ¢: 8.06~
8.07 (dd, J=1.5, 6.5 Hz, 2H, ArH), 7.90 (d, J=8.5 Hz,
1H, ArH), 7.56~7.61 (m, 3H, ArH), 7.39~7.46 (m, 2H,
ArH), 7.35~7.36 (m, 2H, ArH), 7.15~7.21 (m, 5H, ArH,
OCHN), 7.01 (t, J=17.5 Hz, 1H, ArH), 6.94 (d, J=2.5 Hz,
1H, ArH), 6.93 (s, 1H, 3-H), 4.40~4.41 (m, 4H, CH,CH,),
2.18 (s, 3H, CH3), 2.15 (s, 3H, CH3); C NMR (125 MHz,
DMSO-dg) 0: 175.86, 162.64, 161.88, 157.00, 156.47,
154.26, 137.78, 131.11, 131.00, 130.97, 129.83, 128.63,
128.54, 126.24, 125.80, 125.74, 123.89, 123.17, 120.44,
117.07, 114.17, 112.79, 106.51, 101.44, 89.63, 66.94,
66.90, 55.69, 40.42, 40.02, 39.85, 39.68, 39.52, 20.70,
20.21; IR (KBr) v: 3074, 2939, 2876, 1639, 1603, 1497,
1448, 1362, 1242, 1178, 1086, 980, 845, 768, 696 cm ';
ESI-MS m/z: 179.14 (99), 605.35 ((M+H]", 100), 627.34
(IM+Na]", 19) ; HRMS calcd for C3sH,0N,05 [M+H]"
605.6062, found 605.6056.

7-[2-(4- £ T 5= -5 SR B -1,3,4- B8 — MR |- 2R 46
LA FE B (Sh): E B, 7R3 77.8%. mp. 221~
223 °C; "H NMR (DMSO-ds, 500 MHz) 0: 8.07~8.09 (m,
2H, ArH), 7.90 (d, J=9.0 Hz, 1H, ArH), 7.56~7.60 (m,
5H, ArH), 7.44 (t, J=8.0 Hz, 1H, ArH), 7.39 (d, J=7.5
Hz, 1H, ArH), 7.26 (d, J=8.5 Hz, 2H, ArH), 7.16 (d, J=
8.5 Hz, 1H, ArH), 7.11~7.13 (m, 2H, ArH, OCHN), 7.02
(t, J=17.5 Hz, 1H, ArH), 6.91 (s, 1H, 3-H), 6.89~6.91 (m,
1H, ArH), 430~4.38 (m, 4H, CH,CH,), 2.18 (s, 3H,
CH3); *C NMR (125 MHz, DMSO-d;) 6: 175.88, 162.57,
161.94, 156.99, 156.55, 153.36, 131.10, 131.07, 131.05,
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129.82, 128.90, 128.84, 128.63, 128.44, 125.95, 125.82,
125.79, 123.62, 120.36, 117.08, 114.30, 112.70, 106.54,
101.72, 90.37, 66.91, 66.86, 40.42, 40.02, 39.85, 39.68,
39.52, 20.69; IR (KBr) v: 3066, 2937, 1643, 1602, 1492,
1445, 1359, 1282, 1244, 1174, 1127, 1075, 1023, 970, 835,
764, 667 cm'; ESI-MS m/z: 159.19 (34), 338.43 (100),
360.64 (63), 581.39 (IM+H]", 37); HRMS caled for
C33H6CIN,Og [M+H]" 581.1474, found 581.1461.

7-[2-(4- 2 FE -5 -5 A 35 2 3 -1, 3,48 IRk ) |-
A AT (S): BAEFEE, 2% 79.6%. mp. 235~
237 “C; '"H NMR (DMSO-ds, 500 MHz) 6: 8.05~8.07
(dd, J=1.0, 6.5 Hz, 2H, ArH), 7.97~7.99 (m, 2H, ArH),
7.81 (t, J=8.75 Hz, 3H, ArH), 7.57~7.61 (m, 3H, ArH),
7.45 (d, J=17.5 Hz, 2H, ArH), 7.17 (s, 1H, ArH), 7.15 (s,
1H, OCHN), 7.02~7.05 (m, 2H, ArH), 6.91 (s, 1H, 3-H),
6.83~6.85 (dd, J=2.5, 6.5 Hz, 1H, ArH), 4.24~4.41 (m,
4H, CH,CH,), 2.21 (s, 3H, CHs); °C NMR (125 MHz,
DMSO-dg) 0: 175.76, 162.47, 161.92, 156.87, 156.64,
152.63, 148.28, 131.22, 131.07, 131.02, 129.79, 129.35,
128.59, 127.03, 125.77, 125.69, 123.38, 123.28, 120.28,
117.02, 114.19, 112.57, 106.49, 101.36, 91.34, 66.91,
66.80, 40.02, 39.94, 39.85, 39.77, 39.68, 20.73; IR (KBr)
v: 3066, 2929, 1670, 1631, 1500, 1445, 1374, 1340, 1246,
1169, 1067, 973, 850, 767, 687 cm ™ '; ESI-MS m/z: 338.43
(100), 416.59 (45), 592.46 ([M—+H]", 52); HRMS calcd
for C33HyN3O0g [M+H]" 592.1714, found 592.1720.
3.2.5 ARINAUH FE MM

K AT LI B 77 KL B i 4T AL A iR
AT LB+ FR T 4 AL, LR MR e
SN 100 pL BT EEN 500 pg/mL A il — I &
WA, FHLL 0.85% M JC 1 A= BE ER /K AE X R, AR B
i 3 AN, K d% IR E TR B A P i 9%, Hohaip
PRI E T 37 CHEERFATE I 24 h, HHEEE
T 28 ClHIER:FFM I H IR 48 h, UM EE TLMEE
F. DAREIE J& F25 () e RN AL B ) B 9% 7 25 EL AR T B4
filZ, R ARWT: MH %= AR E B — &
2GR ¥ AR/ FRZG VK AR X 100%, H iR <
30%H “ 47 IR, 30% <M FE<60%H “++7, 60%
<MHIFRH “++4+7 TR

BhM &l (supporting Information) HFr{b 541 IR,

'HNMR. "“C NMR. ESI-MS 1 HRMS £ [&. ixsbpi}
AT LA 4 3% AT W 3 (http://sioc-journal.cn/) | %K.
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