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3-75 £-2-T iz A F[e]-1,3- 18 1ER-4- B T £ R & BB SE VN
B Ptz e zigiger B ogeeh R

@HILEZ B 25k WAL 442000)
CWbEZ b AR 2 AW A s Wik 442000)

WE ORISR — R E WG I, HATEY A AR R ST 2 S T B2 RS, R
TERAMPZAET, DR GBHER, NH aza-wittig RN ESHEB T 3-75 3-2-WhE -2 [e]-1,3-FEHR-4- B AT A
4a~4k, FA5H)IEIE TH NMR, '3C NMR M2 #0 w il @i 5 X R ATHN 3-2856-2-(3,4- = 2 5 e Pl Be-5-
BE- RN -2- T i)~ I [1,3] W8 R -4- W (da) HEAT T S5 RI M, BN TSR B E U (C=N)A Z AW EL. 2
CCK8 J7i%t HArb &9 4a~4k #EAT T ASMUMRTEPEPEAR, HoP 3-(4-9- R T JE-2-(3,4- — AR R PR AR -5- H - i -
2-VFJ1e)-6-50~ K FE[1,3] R -4- % (4e)/E MR A 0.01 mg/mL %} HepG2 H1 Hela PiFh4H i 2 AIFM0H] 22051 45.83%F1
42.76%, BEAK T X259 2 JE 8 e (68.56% 1 79.76%), RILH I E M PUMBEEVE. Wi 1,1- 2R 3-2- =i B 2R
(DPPH) [ FHEE SRR T Btk SRt E L, S5 B8 3-2K5E-2-(3,4- = Z A S PR AL - 5- 1 2 -0 -2- 0 %) -6
BRI [1,3]NEMR-4-FE(4d) de FI 3-HE-2-(3,4- LA FE R AL -5 - FY S - TRIRg -2 U J1%6)-6,8- - S8~ I [ 1,3 ] MR -4- T (45) 1)
H S R 1Cso B3 79108 0.294. 0.255 A1 0.338 mmol/L, 5%FHEHTIR M ER 1K) ICso E Y K.

KA FIf[e]-1,3-MEME-4-BY; &K aza-Wittig SN FLE; Pkt

Synthesis and Activity Evaluation of 3-Aryl-2-imino-
benzole][1,3]-oxazin-4-ol Derivatives

Liao, Chujie*®  Ruan, Hongyao“®  Jiang, Junfeng®®  Luo, Lun®*“*  Hu, Yanggen™®*’

(“School of Pharmaceutical Sciences, Hubei University of Medicine, Shiyan, Hubei 442000)
(" Hubei Key Laboratory of Wudang Local Chinese Medicine Research, Hubei University of Medicine, Shiyan, Hubei 442000)

Abstract Benzoxazines are important heterocycles bearing remarkable biological activities, which widely used in medicine,
pesticide and other fields. In this study, 3-aryl-2-imino-benzo[e][1,3]-0xazin-4-ol derivatives 4a~4k were efficiently synthe-
sized by aza-Wittig tandem reaction with simple and easy materials under mild conditions, and their structures were confirmed
by 'H NMR, *C NMR and HRMS. X-Ray structure analysis of diethyl (Z)-2-((4-hydroxy-3-phenyl-3,4-dihydro-2H-benzo[e]-
[1,3]oxazin-2-ylidene)amino)-5-methylfuran-3,4-dicarboxylate (4a) verified that the carbon-nitrogen (C = N) assigned
Z-configuration to the compound structure. /n vitro, the antitumor activities of compounds 4a~4k were analyzed with CCK8
standard method. The results indicated that most of the compounds showed potential antitumor activities. Among them, the
inhibitory rate of the most active compound diethyl (Z2)-2-((4-hydroxy-6-methyl-3-phenyl-3,4-dihydro-2H-benzo[e][1,3]oxa-
zin-2-ylidene)amino)-5-methyl-furan-3,4-dicarboxylate (4e) against HepG2 and HeLa cell lines at the concentration of 0.01
mg/mL were 45.83% and 42.76%, respectively, which were weaker than the commercial gefitinib. Furthermore, their antioxi-
dant properties were detected via 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay. The results showed that
the ICso values of free radical scavenging rates of diethyl (Z)-2-((4-hydroxy-3-phenyl-3,4-dihydro-2H-benzo[e][1,3]oxazin-
2-ylidene)amino)-5-methylfuran-3,4-dicarboxylate (4d), 4e and diethyl (2)-2-((6,8-dichloro-4-hydroxy-3-phenyl-3,4-dihydro-
2H-benzo[e][1,3]oxazin-2-ylidene)amino)-5-methylfuran-3,4-dicarboxylate (4j) were 0.294, 0.255 and 0.338 mmol/L, respec-
tively, which slightly higher than that of the control ascorbic acid.
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2RI 28 R IAAT AR W DR L LA A R () AR 0 1k,
BT 32 1S T R 2 AR 24 S5 AN [ 0, — e R R
R AL A o R RIR U2, BREBI, PURTR I
HEERREM . HUIBROI. o TR R I -yl A By A )
FISEEAYEYE. R, R IEREEE R AR 25 ¥t
E GNP 5> T4, V2 I RER IR 2 I
IR0 BRI T 9 SR e T -1, SR, 2R IE R
FE R ATEEN Strube Z5EU2I7E 1967 SEARIE LA, J54:AH
KRB D, HAN 3-95 3 -2- 0 % 2K IF [e]-1,3- K&
W -4-TEAT A1,

VR, AT aza-Wittig NN H
TG EIARIAE R, CFA KPR IRER | - e bk R A g
Wy HEMEE R L PRHR R E JR R, A SRR 2 Hh
PO R an B AR K, BN IS E R BUR R IS . aza-
Wittig S 82 R FL L5 75 BRAE TR L Wi s st s, ©
BN — R IR A BT B0 190 2016 4, R aRR0)
MG ENBERNIH K, £I1E4:1 Staudinger/aza-Wit-
tig/ IR IBE, — B % 1B B I e R I 3,4-a]-3,1- K
FUE, X HEBATS— DB aza-Wittig SV —5
Bl 3-75 5L -2- P i 2K I [e]-1,3-MERR-4-FE AT A=W, FH
BT HFRG SR H MR A T B AL S A s I, 3
RN 9T B8 58 — 58 1) LAl
1 ZBR5TR
1.1 PEEBETERNER

S SCER TR, 15 = L, SR
o-R IR TR LR LW b, 4% 7 PRI = 5 g 1.
1 5RO =R = 2 if 4 7 v 2.
1.2 3-FE-2-WREHKH[e]-1,3-IBE-4-FEHTEY 4a~
4k BIE K

TERSRY R 5~10 CHAT, B 2 575557
BRI SN 20 h A2 pliht — W% 3. E TC/KBRBREAEAE T,
B W% 3 55 AN [R) KA I S A 31 T A DL SC R 3 17 3-
75 H -2- 0 i A I [e]-1,3-WE R -4-FE AT A= W) 4a ~ 4k
(Scheme 1). HFEENEZ, ANt R2 AR HETENO,),
L LT HE(CHs), 4 I B RCR . oK 2 #VR 4T,
1.3 3-FE-2-TE-FKFH[e]-1,3-1RME-4-EETEY 4a~
Ak BURIESFE R H R R ALE

395 -2 - 2K I [e]-1,3- MR -4-BE T AE A 4a~
4k 145453 '"H NMR, *C NMR, HRMS 73 #rifiih. 'H
NMR B &7, LEY 4a~4k (17530 A R0 R
7E 5 6.90~8.23 2[R RILH 2 EIgE; F5IFFRIEIA L H
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FEHERALE 6 2.33 Jrdn o BRI i B UG R ARG 34 9 >
AR FEIRE I I RLIEAE 6 1.10 A1 1.32 43 i) L I = U,
EHAFIEAE § 4.20~4.27 2 BRI £ FEIEFR 6
3.90~4.10 Z A1 NP2 IR 2 B IE, 1X 7] e
FH T R IR 30 e 27 2 BELR A0 Ji 1 B 5 4] ) el 380
SR FEFTFEL BEBEIR KL XL OCHN [ HL 71 1 K1)
N. O JE I BF i R R A% m K37, 1 6 5.80~5.95 Z [a]\E
TR U A 2 BE Bl A I 0 R R AN [ AR ) F £
PEARTE, 75 6 3.90~5.00 [X 35 P 3 i A X0 H 04 B s B o
I, da~dk (RIS EoRZIA . BRIEIAF] C=0 FIHLIRIE
76 6 113.6~164.2 Z[], HEBMILIRIEE S5 B Ax 07
SERIAH—E

Tk — 0 3 550y 2 25 8 AT DA A= Rl A o A S ) Ak
A FII B, A Al B ()T 3 NH 58 3 (CHO) R A= 350 I ik
SN R E AL A YD 4 B 4" (Scheme 2), HALEY) 4 B¢
A IREIUEC=N)EA Z Rk E XA 8. 5T
AT, HERM G 4a Bt X 5L SARAT b, 25
FEUE ST - N R IAR e 1) Z U, da 109> T45H0
5y O—H--O Z4tfE MR WE 1 s, —L&
SHL TR (0 K R A O DL B AR 3T A A g O
THU2 eI 22 5 N7 )35 B T A 32 B 2R FR . BRIRE 3
() 75 B 25 S e 5 S0 — 0 I 7 1 N B ORU{EE (C =)
IR F BT A A, Filt—5 0 FHNRTAE
B H ARk A 4.

RN TP RN PERRE, LAY 4b A
AT TR KRR, 45 R BoRik 0 f% 3 A
Tk A (C = N) XU U5+ LA 2 0 8 — 0.369e Fil —
0.382¢, 5 _FIRHEMI M —2, 1% B 3 B X ALIE$R 1
g s A BB EY 4. BN, INEERMAE
%, 4b (—98.45 kJ/mol)EL 4'b (—87.15 kJ/mol)fik T 11.30
kJ/mol, ¥ 4b Lt 4'b FAZE (K 2). Btk HAMLED
4 [T R AT BE 3 B2 XAk B 1 A AR S R ).
1.5 3-FE-2-TRRFEH[e]-1,3-EE-4-FE{TE4 4a~
4k B E

1,1- 2R 6 -2- = il 3428 i (DPPH) 7 B ¥ i 2
B, TE517 nm I KAAH BRI, WOLE S5ikE 24
PERR. BN B BRI, WRS6aE%, 18
517 nm FCMAE SHIERR B MR, HEPUAERE
PASCIR IR N AREAL &4, b 3-75 3 -2- W i 2K I [e)-
1,3-MEIE-4-BEATA W) 4a~4k 34T EH B IETE RIS TEVENY
PUAM AL S W% 1.

Fria bR 25 5 R da~dk Y HEA —E M E h3E
TERIETE, 4JE T CHOH AR A3 A ik K &=
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Scheme 1 Synthetic route of 3-aryl-2-imino-benzo[e][1,3]-oxazin-4-ol derivatives 4a~4k
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Bl L aa RS A7 T E O—H-- O HER
Figure 1 Crystal structure and intermolecular O—H-**+O hydrogen bonding packing diagram of the compound 4a

[ o
ab z‘i
)

B 2 (LAY 4b 1 4'b IS L R B

Figure 2 Optimized structures and energy of compounds 4b and 4'b

R 1 3-9552- W F I e]-1,3-MEMR-4-BEHTEY) da~4k (1)
PUAAIETE(30 min)

Table 1 Anti-oxidant activity (30 min) of 3-aryl-2-iminobenzo-
[e][1,3]-oxazin-4-ol derivatives 4a~4k

Compd. ICso/(mmol-L 1) Compd. ICso/(mmol-L 1)
4a 1.958 4g 6.629
4b 5.078 4h 0.764
4c 0.842 4i 9.534
4d 0.294 4j 0.338
4e 0.255 4k 1.226
Ascorbic acid 96.32%"“
4f 2.555
(cont.) 0.103 (lit.21y?

¢ Free radical scavenging rate when ascorbic acid concentration was 0.10
mg/mL; ® The ICs, literature value of ascorbic acid free radical scavenging
rate.
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TEAE, W& 4d. de F1 4f IPTELLIERSY, HE
FIERRIETE 1Cs 8 0.294. 0.255 Al 0.338
mmol/L, SHRAEPTIR MER K 1Cso ELFE K CCHREY: 1Cs0
{50.103 mmol/L). [EIiF, i —B MK I AV 4d . e
4h 1 4k [ 2 137 9 2 Bl B[] 1) i K3 bR R4 K, 2.0
h UGB T10E (B 3).
1.5 3-F5E-2-WiZAKFH[e]-1,3-IBE-4-Ez1iTEH) 4a~
4k BIF AR E

KHI CCK8 771k, AN HeGp2 20 iy 2 A0 2
Hela 4l /X da~d4k HBEAT T A0S MM 40 B 3G G 15 14 0T
(@ 2). MRGE B BN 4a~4k BA — & PR S I,
U de SXF BT I A iR A4 R 40 A B A B IR FE, A
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Figure 3 Variation with time of free radical scavenging rate of
compounds 4d, 4e, 4h and 4k when the concentration was 0.2
mg/mL, respectively

7] J5 B3k B2 Ak 4 F S AR T Fn i X B 25 35 4R 8 e
(Gifitinib). M5t &, M FF [e]-1,3-BEM: 1IR3 A
R T, 3-ALRI FEA SR A TSR S,
de, 4h Fll 4j; 4K IFF[e]-1,3-WEWE FIZRIAAN 3-AL 2830 | [A]
AT RO AR s RS, o 4 FARVE T
SRR 2.

2 3-95EE2-WMEH I e]-1,3-WEE-4-FERT A 4 da~dk BT
e

Table 2 Antitumor activity of 3-aryl-2-imino-benzo[e][1,3]-
oxazin-4-ol derivatives 4a~4k

Compd Inhibitory rate?/%
ompe. Hela HepG2
4a 6.84 —9.64
4b 19.55 —4.00
4c 12.37 7.54
4d 11.77 —4.77
4e 45.83 42.76
4f 16.21 0.40
4g 24.10 5.8
4h 31.43 26.27
4i 42.54 23.48
4j 41.85 5.53
4k 35.73 17.90
Gifitinib 79.76 68.56
4¢=0.01 mg/mL.
2 &g

ARG FEIWNE 2 AFEAREER, FIH aza-
Wittig 5 IS N — i £ 7 3-75 36-2-F - 2K IF[e]-1,3-
WEE-4-FEATAEY) da~dk. JEILARSN CCKS R, WE T
&Y 4a~4k X HeGp2 1 Hela 52 i 22 4001 189 K
I, MR RRI S da~dk HAELEHHINR
V. R, DAPLIR R A bR E X A &, WY T
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d4a~4k X} DPPH H HZIERE, BREEY) 4d. 4e A
4j B BRI rpraie .

3 SINEs
31 B 5IE

I8 r R AC RS =D AR AR =1 X4 B s A
S, WmETARZEIE; 'TH NMR A1 BC NMR H Bruker
Avance 400 MHz & AR €, TMS N #x; Oxford
diffraction Gemini E ZYF G ATHX; Agilent 1290-6540
UHPLC Q-Tof B4, Fir a7 [ = (Bt )ik =
afi 5l 3 Hr 4.

3.2 ZWHE
321 PlalAReE — T A 3 A9 &

ZHESCHR 7 VD) £ AR T 1 AU 2. 10
mmol B LR LB 50 mL /K 28, £EE R
TEFE N 1218 I 254 R i & 1 = 21 30 min J5, R0
10 mmol {] o-H ZEEZFR OFg. Tnsete, T
YRal [N 2 h 5, UKOKIBAEIAT e A, HhE .
RI75 A () A LRI A 1. 7AEVK/KI 261 R, 5 mmol &
FEWRIFEE 1. 10 mmol =ZKEEBEF] 10 mmol ANFE KR
&, N 60 mL Z 8, #0115 mmol =Zf%, N2 h
&, KRS B NEOK R BT A, fhiE. S
e, TR R 2. FEESORY T, 3 mmol B
Ji&e 2 FVEE) TR 1 1 ) 0 2 S R R VR 5 7 10 mL &
frt, 5~10 Cig b N 20 h, 5305k W% 3 1 =45
GRS, ZIRSEIRAINGHE, BEEHTRES R
N
322 3-F A-2-T R [e]-1,3-"F % -4-BE T £ 4
da~4Kk 4% %

R 3 (3.0 mmol) — 5 ke IR & VAW,
B 3.5 mmol F)7K 8 FEAL S BRER 41(0.3 mmol), =
TR RBE 2 hy P B GH > —SURRGEIA R, A 10
mL ZKE, FR4kSEE 50 C44F N 58 i M [T 2 il
(TLO)MEMN, W FE7, sRRYH & H e fl L1 H 45
i fS 2 3-75 FE-2- Wi 2K [e]-1,3-MEMR-4-FERTAE W) 4a~
4k.

3-2RHE-2-(3,4- T LA BRIk - 5- Y - R R -2- I )~
ARFF[1,3]4E0E-4-TiE(da): AR, 773% 88% (1.20 g).
m.p. 156~158 °C; '"H NMR (CDCls, 400 MHz) 6: 1.11 (t,
J=8.0, 3H, CH3), 1.33 (t, J=8.0, 3H, CH3), 2.34 (s, 3H,
CHs), 3.92~4.11 (m, 3H, CHa, OH), 4.26 (q, J=8.0, 3H,
CH3), 5.93 (s, 1H, OCHN), 7.06~7.23 (m, 2H, ArH),
7.29~7.43 (m, 5H, ArH), 7.56~7.59 (m, 2H, ArH); 1*C
NMR (CDCls;, 100 MHz) d: 13.0, 14.2, 14.3, 60.1, 60.5,
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80.6,99.2, 113.9, 116.3, 121.5, 125.0, 126.8, 127.0, 127.7,
129.3, 130.8, 141.3, 148.1, 149.4, 150.3, 156.2, 164.0,
164.1; HR-ESI-MS caled for CrsH2sN>NaO; (M +Na) "
487.1481, found 487.1484.

3- K HE-2-(3,4- LUK B Ak -5 R - R IR -2- 1
Ji&)-6- F 36— 2K JF [1,3]WE R -4- i (4b): [ (o [ A, =&
86% (1.10 g). m.p. 153~156 °C; 'H NMR (CDCls, 400
MHz) §: 1.10 (t, J=8.0 Hz, 3H, CH3), 1.32 (t, J=8.0 Hz,
3H, CHs), 2.33 (s, 3H, CH3), 2.34 (s, 3H, CH3), 3.91~4.08
(m, 3H, OCH,, OH), 4.26 (q, J=8.0 Hz, 2H, OCH)), 5.88
(d, J=8.0 Hz, 1H, OCHN), 6.96 (d, J=8.0 Hz, 1H, ArH),
7.11 (s, 1H, ArH), 7.18 (d, J=8.0 Hz, 1H, ArH), 7.29~
7.33 (m, 1H, ArH), 7.41 (d, J=8.0 Hz, 2H, ArH), 7.57 (d,
J=8.0 Hz, 2H, ArH); 3C NMR (CDCls, 100 MHz) o:
13.0, 14.2, 14.3, 20.8, 60.1, 60.5, 80.7, 99.1, 113.8, 116.0,
121.1, 126.9, 126.9, 127.6, 129.3, 131.4, 134.8, 141.4,
146.0, 149.6, 1502, 156.3, 163.9, 164.1; HR-ESI-MS
caled for CaHz¢N,NaO; (M +Na)' 501.1638, found
501.1631.

3-(4- P BRL 2R HE)-2-(3,4- = A L B I - 5 - PP LI g -
2-E %) A FE[1,3]HEME -4 (de): I EEA, P2F 87%
(1.10 g). m.p. 132~134 °C; 'H NMR (CDCl3, 400 MHz)
5: 1.06 (t, J=8.0 Hz, 3H, CHs), 1.31 (t, J=8.0 Hz, 3H,
CHs), 2.31 (s, 3H, CH3), 2.34 (s, 3H, CH3), 3.89~4.04 (m,
2H, OCH,), 4.19~4.26 (m, 2H, OCH,), 4.51 (d, J=12.0
Hz, 1H, OH), 5.86 (d, J/=8.0 Hz, 1H, OCH), 7.04 (d, J=
8.0 Hz, 1H, ArH), 7.18 (m, 3H, ArH), 7.26~7.29 (m, 1H,
ArH), 7.34~7.38 (m, 1H, ArH), 7.42 (d, J=8.0 Hz, 2H,
ArH); BC NMR (CDCls, 100 MHz) 6: 13.0, 14.1, 14.2,
21.2, 60.1, 60.5, 80.5, 99.0, 113.8, 116.2, 121.5, 124.9,
126.8, 126.8, 129.9, 130.6, 137.5, 138.7, 148.0, 149.5,
150.3, 156.4, 164.0, 164.2; HR-ESI-MS calcd for CaeHy-
N,0 479.1818, found 479.1814.

3- IR HE-2-(3,4- = £ G K B R -5- B - R TR -2- T
il )-6- i 3 — 2% FE[1,3] W R -4- [ (4d): A (L ] 4, P2
89% (1.20 g). m.p. 159~161 °C; 'H NMR (CDCls, 400
MHz) §: 1.12 (t, J=4.0 Hz, 3H, CH3), 1.31 (t, J=8.0 Hz,
3H, CHs) , 2.32 (s, 3H, CHs), 3.95~4.07 (m, 2H, OCH,),
4.20~4.27 (m, 2H, OCH,), 5.00 (s, 1H, OH), 5.98 (d, J=
4.0 Hz, 1H, OCH), 7.18 (d, J=8.0 Hz, 1H, ArH), 7.32~
7.35 (m, 1H, ArH), 7.42 (t, J=8.0 Hz, 2H, ArH), 7.53 (d,
J=4.0 Hz, 2H, ArH), 8.24~8.26 (m, 2H, ArH); 3C NMR
(CDCls;, 100 MHz) d: 13.0, 14.2, 14.2, 60.3, 60.8, 79.8,
99.7, 113.8, 117.3, 122.5, 123.2, 1262, 126.9, 128.1,
129.5, 140.6, 144.3, 148.0, 150.7, 152.2, 155.3, 163.9,
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164.1; HR-ESI-MS caled for C,sH23N3NaOy (M +Na) "
532.1332, found 532.1326.

3-(4- BT W J-2-(3,4- — 258 T B I - 5- F Tk I -
2- Vi )-6- G~ 2K I [ 1,31 WEMR -4- T (de): [ (] A, ;=%
85% (1.10 g). m.p. 160~162 °C; 'H NMR (CDCls, 400
MHz) d: 1.14 (t, J=8.0 Hz, 3H, CH3), 1.33 (t, J=4.0 Hz,
3H, CHs), 2.34 (s, 3H, CH3), 3.96~4.08 (m, 2H, OCH,),
4.22~4.28 (m, 2H, OCH,), 4.39 (d, J=12.0 Hz, 1H, OH),
5.84 (d, J=12.0 Hz, 1H, OCH), 7.02 (d, J=12.0 Hz, 1H,
ArH), 7.10 (t, J=8.0 Hz, 1H, ArH), 7.31~7.37 (m, 2H,
ArH), 7.51~7.54 (m, 2H, ArH); '*C NMR (CDCls, 100
MHz) &: 13.0, 14.2, 14.2, 60.2, 60.6, 80.1, 99.3, 113.8,
116.3 (d, Jer=23.0 Hz), 117.8, 122.7, 126.7, 129.0 (d,
Jer=9.0 Hz), 130.2, 130.9, 136.9 (d, Jo.r=4.0 Hz), 146.5,
149.0, 150.5, 155.8, 161.0 (d, Jcr=79.0 Hz), 164.0,
164.1; HR-ESI-MS calcd for C2sH2,N;NaO,CIF (M+Na) "
539.0997, found 539.0992.

3-(4-3 A HE)-2-(3,4- = LA FE B AL -5 - P BRIk IR - 2-
V& )= - [1,3] W 2 -4- i (4f): (B, 72% 86%
(1.10 g). m.p. 156~158 °C; 'H NMR (CDCl3, 400 MHz)
8: 1.09 (t, J=8.0 Hz, 3H, CHs), 1.31 (t, J=8.0 Hz, 3H,
CH3), 2.33 (s, 3H, CH3), 3.92~4.05 (m, 2H, OCH,),
4.21~4.26 (m, 2H, OCH,), 4.40 (d, J=8.0 Hz, 1H, OH),
5.87 (d, J=8.0 Hz, 1H, OCH), 7.07 (q, J=8.0 Hz, 3H,
ArH), 7.21 (t, J=4.0 Hz, 1H, ArH), 7.31 (d, J=4.0 Hz,
1H, ArH), 7.37~7.41 (m, 1H, ArH), 7.52~7.56 (m, 2H,
ArH); 3C NMR (CDCls, 100 MHz) ¢: 13.0, 14.1, 14.2,
60.1, 60.6, 80.6, 99.1, 113.8, 116.0, 116.2 (d, Jer=1.0
Hz), 121.3, 125.1, 126.8, 129.0 (d, Jer=9.0 Hz), 130.8,
137.2 (d, Jer=3.0 Hz), 147.9, 149.4, 150.4, 156.1, 161.7
(d, Jcr=246.0 Hz), 164.0, 164.1; HR-ESI-MS calcd for
CasH23NoNaOsF (M+Na)* 505.1387, found 505.1382.

3-(4- - HE)-2-(3,4- . LA AR - 5- R TR g -2
T )-6- F -8 FE[ 1,3 ]8R -4- 2 (d4g): FI il ik, 7=
86%(1.30g), m.p. 140~142 ‘C; '"H NMR (CDCls, 400
MHz) d: 1.11 (t, J=8.0 Hz, 3H, CH3), 1.32 (t, J=8.0 Hz,
3H, CHs), 2.33 (d, J=4.0 Hz, 6H, 2XCHs), 3.96~4.07
(m, 2H, OCH,), 4.20~4.28 (m, 3H, OCH,, OH), 5.83 (d,
J=8.0 Hz, 1H, OCH), 6.94 (d, J=8.0 Hz, 1H, ArH), 7.11
(s, 1H, ArH), 7.18 (d, J=8.0 Hz, 1H, ArH), 7.37 (d, J=
12.0 Hz, 2H, ArH), 7.52 (d, J=8.0 Hz, 2H, ArH); 1*C
NMR (CDCl;, 100 MHz) d: 13.0, 14.2, 14.2, 20.8, 60.1,
60.5, 80.6, 99.2, 113.8, 116.0, 120.9, 126.9, 128.3, 129.4,
131.5, 133.3, 135.0, 140.0, 145.8, 149.4, 150.4, 156.1,
164.0, 164.1; HR-ESI-MS caled for CasHasNaNaO;Cl
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(M+Na)" 535.1248, found 535.1243.

3-ORHE-2-(3,4- LA B PR AL -5- H 2 - R IR -2- W % )-
6- 50— H I [1,3] W 82 4- i (4h): [ O E AR, 77K 85%
(1.20 g). m.p. 150~152 °C; 'H NMR (CDCls, 400 MHz)
o: 1.11 (t, J=8.0 Hz, 3H, CHs), 1.31 (t, J=4.0 Hz, 3H,
CH3), 2.32 (s, 3H, CHs), 3.93~4.07 (m, 2H, OCH,),
4.19~4.27 (m, 2H, OCH,), 4.69 (s, 1H, OH), 5.85 (d, J=
8.0 Hz, 1H, OCH), 7.00 (d, J=12.0 Hz, 1H, ArH), 7.29~
7.34 (m, 3H, ArH), 7.40 (t, J=8.0 Hz, 2H, ArH), 7.54 (d,
J=8.0 Hz, 2H, ArH); '3C NMR (CDCls, 100 MHz) §:
12.9, 14.2, 14.2, 60.1, 60.5, 80.1, 99.4, 113.9, 117.8, 123.0,
126.6, 126.9, 127.8, 129.3, 130.1, 130.7, 141.1, 146.7,
148.8, 150.3, 155.8, 163.9, 164.0; HR-ESI-MS calcd for
C,sH23N,NaO;Cl (M+Na)™ 521.1091, found 521.1094.

3-(Ja) B FE R IE)-2-(3,4- — 2SR I P e - 5- F -1 g -
2- 3V f%)-6- F JE 2K I [1,3|WE IR 4- [ (4i): A B [ &, 7=
# 88% (1.20 g). m.p. 127~129 “C; 'H NMR (CDCls, 400
MHz) J: 1.09 (t, J=8.0 Hz, 3H, CHs), 1.31 (t, J=8.0 Hz,
3H, CHs), 2.32 (s, 6H, 2 X CH3), 2.35 (s, 3H, CH3), 3.91~
4.06 (m, 2H, OCH,), 4.21~4.26 (m, 2H, OCHy), 4.37 (d,
J=8.0 Hz, 1H, OH), 5.83 (d, J=8.0 Hz, 1H, OCH), 6.93
(d, J=8.0 Hz, 1H, ArH), 7.07~7.17 (m, 3H, ArH), 7.27 (t,
J=8.0 Hz, 1H, ArH), 7.33~7.36 (m, 2H, ArH); 3C NMR
(CDCls;, 100 MHz) d: 13.0, 14.2, 14.2, 20.8, 21.5, 60.1,
60.5, 80.6, 99.0, 113.8, 115.9, 121.2, 124.1, 126.9, 127.4,
128.5, 129.0, 131.2, 134.7, 139.2, 141.3, 146.0, 149.7,
150.2, 156.5, 164.0, 164.2; HR-ESI-MS calcd for Ca7Hao-
N,0,C1493.1975, found 493.1982.

3- IR HE-2-(3,4- LUK B Ak -5 R - R IR -2-
J1&)-6,8- — G~ IF[1,3] N8R -4- T (4)): (I B[, ;=%
85% (1.30 g). m.p. 146~148 °C; 'H NMR (CDCls, 400
MHz) J: 1.13 (t, J=8.0 Hz, 3H, CHs), 1.32 (t, J=4.0 Hz,
3H, CHa), 2.30 (s, 3H, CH:), 4.01~4.07 (m, 2H, OCH,),
4.23~4.28 (m, 2H, OCH,), 4.98 (d, J=8.0 Hz, 1H, OH),
5.84 (d, J=8.0 Hz, 1H, OCH), 7.17 (s, 1H, ArH), 7.26~
7.32 (m, 1H, ArH), 7.37~7.41 (m, 3H, ArH), 7.53 (d, J=
8.0 Hz, 2H, ArH); 3C NMR (CDCls;, 100 MHz) J: 12.8,
14.1, 14.2, 60.1, 60.6, 80.1, 99.4, 114.0, 122.6, 124.3,
125.1, 126.8, 127.8, 129.3, 129.9, 130.8, 140.8, 143.0,
148.5, 149.9, 156.2, 163.8, 164.3; HR-ESI-MS calcd for
CasH2NoNaO;Cl, (M+Na)" 555.0702, found 535.0703.

3-(3,4- A I IE)-2-(3,4- . LH FE FRFE-5- F FE -1k
W -2- P J12 )~ % 9 [1,3 ] ME R -4- [ (4k): A il 44, F= %
82% (1.20 g). m.p. 128~1130 ‘C; 'H NMR (CDCls, 400
MHz) d: 1.11 (t, J=8.0 Hz, 3H, CHs), 1.31 (t, J=4.0 Hz,
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3H, CHs), 2.34 (s, 3H, CH3), 3.93~4.07 (m, 2H, OCH,),
4.20~4.25 (m, 2H, OCH,), 4.63 (d, J=8.0 Hz, 1H, OH),
5.87 (s, 1H, OCH), 7.05 (d, J=8.0 Hz, 1H, ArH), 7.20~
7.27 (m, 1H, ArH), 7.32~7.46 (m, 4H, ArH), 7.75 (s, 1H,
ArH); BC NMR (CDCls, 100 MHz) ¢: 13.0, 14.1, 14.2,
60.2, 60.6, 80.4, 99.4, 113.8, 116.2, 121.2, 125.3, 126.5,
126.8, 128.6, 130.7, 130.9, 131.6, 132.9, 140.7, 147.8,
149.0, 150.7, 155.6, 164.0, 164.1; HR-ESI-MS calcd for
CasH2:NoNaO;Cl, (M+Na)" 555.0702, found 535.0693.
323 3-F A -2-T R [e]-1,3-F%-4-BF AT A 4
da~4k 89 LA

Z % SCER 211 T EXT Bt &4 4a~4k K
DPPH« % GEREAT IR, Ktk &4 4a~4k ] DMSO i il
10.0 mg/mL &, A OBEMBEZR 0.1, 0.2, 0.4,
0.8+ 1.0 mg/mL AN [A] 5t &3k LM H 48 4k 1% DPPH
B 1X10 % mol/L W) LB, 4 mIWEX 100 pL th &
Y 4a~4k FBKEA 100 pL () DPPH Z ST 96
U IR A, FNIRERSL 4 NEAL, EEIETELR
N 30~180 min, FHEFFRACT 517 nm ALl E R GAE 4.
Xt HEZH IAAFR 73308 10%0 DMSO (1) ZEARE i
W, A LUETR D ECN 10%H) DMSO I ZEEVERAR
% DPPH VAW, 43 #IELE 517 nm ALFIMROGRE Ao A1 B,
FCAPUIR MR M BEPEXT IR, 42 an 7 2 30T 5 8% R i )
DPPH H & 1)H R %,

TEFR (%) =(1—(4—B)/40) X 100%

A Ao NXTIRAMEAE, 4 NFETANOEE, B A A
IR A,
324 3-F K 2-T K G [e]-1,3-" B % -4-BE AT A
d4a~dk 49 5T IBAE F

3 JOGT K50 A4 K e T8 200 i ) 6 B 20 i o YR O
YIHLIR A 2 X 105 AN /mL, LA 5000 AN/FLEERT 96 FLERK
W, 7837 C, R EUCN 5%I CO, RS R AR B R R
24 h. FHRE M RS IR S G AR E 2R &
VIR IR IE, MRS 3 ANEAL, U R
FAENATERT IR, 29K FE 1) DMSO 1R RSN, L5
& R APH T B2, 5557 48 h 5 R 2 IHRG 7L, BER
R MRPBS) e —xX, FALIMAEH 10 pL CCK-8 1
SRV R 7R, TN IR I A, 1 h J5 F B AR
1E 490 nm AbIN 52 FLIY OGRS

LN ZE (%) = (1 — A s/ A 1) X 100%.

BT Rl (Supporting Information) {L&%) 4a~4k 1
'H NMR 5 BC NMR &, {547 4a (CCDC 2194139)
1 R SR S5 R AR . X SR AT DA S 9l AR T I 328 (http://
sioc-journal.cn/) I N #.
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