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DEMMERER R R ITEYNR T EREEEEMR

WOE EE A B ¥ & x| #= 1= A ST A
G HAT B R
(BN REAFEAE TR T RO SRS R A TRERE SRR G
BEGERASEY TREESLIR= 51 550025)

WE DUt toN R, B P, B RS BB R AT, HEMEE 'H NMR, PC
NMR. ""F NMR Fil HRMS ZEATHE. AP0 gt SRR 0, 22K &0 KRS I A B (X Oryzae)s MG 7
(X Citri) HHELE IR B (R. Solanacearum)FILH — E RAHIEE. Hdr, 5,7- = B JE-3-(3-((6- IR MEMEIR-4-J5) B 5k)
P E)-2-(3,4,5- = A R OR 25)- A H- ()5 -4-TF (A 1) W 7K FE RS B8 (1) ECso (B4 13.9 pg/mL, AR T%F HE 24 Al (889
pg/mL)FIVE R £ (68.1 pg/mL); 5,7- FF 4 2L -3-(4-((6- F M M b -4-J5) B 35) T AL 25)-2-(3,4,5- = R A IR 354 H- 0. ) -4- T
(A3)~ 5,7-H AL -3-(3-((6- UM e I -4- I ) i 3 ) 7 A3 )-2-(3,4,5- = W AR R R 0 ) -4 H- ks -4- B (Ag) - 5,7 R A2 -
3-(3-((6- 1R IRk -4-J8 ) B 35 ) P 48 3 )-2-(3,4, 5- = FH AR JE R 38 ) -4 H- 8 5 -4- T (A 1s) F1 5, 7- — FF AR 2 -3-(3-((6- T M P b -4- 35 )
T 225 ) TN 4 2 )-2-(3,4,5- = AL B 8 ) -4 H- (0 J75-4- T (A ) X M B 55 A5 9 781 ) ECso fEL 231 1.1, 14.0, 11.9 F1 7.5 pg/mL,
5t HR 245 I A (38.5 pg/mL)FIEE 4 (184.8 ng/mL). JEARSZI6 45 REB W, 1A Ags X 7KRE MR B 00 B A R4
BRI E AR EE. @ TR B BRI R T B AR A As REUR BT A0 R R A s X 7R 1 ARG 05 1 14400 B 4
FHLH.

KGR MR, VEMREREE, AEVIEE AR SES; iR

Design, Synthesis and Biological Activities of Myricetin Derivatives
Containing Quinazoline Thioether Moiety

He, Jun Tang, Xuemei Zhou, Qing Peng, Feng Liu, Tingting

Liu, Liwei He, Ming Xie, Chengwei Xue, Wei™
(Key Laboratory of Green Pesticide and Bioengineering of Ministry of Education, State Key Laboratory Breeding Base of
Green Pesticide and Agricultural Bioengineering, Center for Research and Development of Fine Chemicals,
Guizhou University, Guiyang 550025)

Abstract A series of myricetin derivatives containing quinazoline thioether moiety were designed and synthesized using
myricetrin as the starting material through active splicing strategy. All target compounds were characterized by 'H NMR, "*C
NMR, "F NMR and HRMS. Their biological activities were evaluated. The results of biological activities showed that these
compounds exhibited certain inhibitory activities against X. oryzae, X. citri and R. solanacearum. Among them, 3-(3-((6-bro-
moquinazolin-4-yl)thio)propoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (A;s) displayed appreciable
inhibitory effect against X. oryzae with a half maximal effective concentration (ECsg) values of 13.9 pg/mL, which was better
than those of the control drugs of bismerthiazol (88.9 pg/mL) and thiodiazole-copper (68.1 ng/mL). The ECs, values of 3-(4-
((6-chloroquinazolin-4-yl)thio)butoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (Aj), 3-(3-((6-chloro-
quinazolin-4-yl)thio)propoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (Ay4), 3-(3-((6-chloroquinazolin-
4-yl)thio)propoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (A;s) and 3-(3-((6-fluoroquinazolin-4-yl)-
thio)propoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (Ayq) against Ralstonia solanacearum were 1.1,
14.0, 11.9 and 7.5 pg/mL, respectively, which were superior to the control drugs of bismerthiazol (38.5 pg/mL) and thio-
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diazole-copper (184.8 pug/mL). The results of in vivo experiments showed that compound A5 has good curative and protective
activities against X. oryzae. The possible antibacterial mechanisms of target compound Aj; against R. solanacearum and A;s
against X. oryzae were preliminarily discussed base on scanning electron microscope analyses.

Keywords myricetin derivative; quinazoline thioether; biological activity; in vivo experiment; scanning electron microscope

0 A0 B 495 T A A b 2B 7 T R X DA g ) RN A
b IS8 I O P R RE W (950 7 N 0 28 N = R I R ]
I T AR Z A R, Gn A A TR S B
A BT FEAE A, AN 2 R A0 5 B R T T A PUEE
FUF=AE T 21, b2 iE O™ IS gL, s N 2R
Bk f@ g, R R AEE S T EEEENE
X.

RIRFEZAFAE T BT, BABMAC. 2B
KL B R P88 0 5 s B, fE R 2 RIEE 25 T K
HREEAEER A, MRS P RS
Yo, BATIEN. pUmELL buEsT. W aBL fiae
AP AN OS2 R AR T . A A A R A AR
i, RILT — RV EA PR E R=ATAEY. A
HHENNE — AR E R FERER S MBI N B R S,
Wit&— RV R ZATEY, o H3E T Vg
PRI, 53R BN 100 pg/mL B, 1% R5IM
B P KRG A o T R AR I e R B A BT A
HE . 2RSS BT — R A A R R A R AT
W, AT R T 7R 100 pg/mL WKETR, %K
B Wonss M A 5t 928 T 351 L HE T AR B R4 A .

s PR R 2 — b B AT 5 R 1 R R 0 2R A A
&Y, BAZMED SN, mdu FrEtel
PrmalT, P gl SRR s UV A 24 R S 2 S AT
WAEE Z N AP PSR T — RS
WAEIRR S A1 1,4- 180 0 -3- B S B SR A 540, FExT HadE AT
AEPEPEI, S5 RER I 7E 100 pg/mL RET, K
G3 A0 PR HE AR 15 Y e B A A PR I T R R
Rk, X PRI AR T — RANE 1,2,4- =M
T, ) A L v R R SIS A A, R AT 0 B i
W, GRE: 7£ 50 ng/mL WKE T, #H5 Hisb &9t
BRESAE 22 B« SR S SR M R R I T — &
PN E Y. R, RGP 5l NB -] DL
N5 2RSS 71, BHRT R AES D, kst
FFE N F A B AT A, AR AR 2560 h A
R P [ 124,

T A EA B RS e =T A, AT
VERI RS PR R B, 456 2R 4 A T i o 2kl
A-Ti Py W PR 5| N B A7 Mg 2R 2544 1 (Scheme 1), &K T
22 AN R LR R R A A AT AR, SR R R VA DU
H AR A RS MR & T, S8 5 8 B A
Y Ags (PIRF KRG ARG 95 B D36 A4 P BRI 97 Vs R AR AR
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B 1 Histbayriit B

Scheme 1 Design strategy for target compounds

1 HRSE
1.1 EYHEK

DA AER, o SHUR R R, SRS I 2B
FOyR ER IR Rl A5 2 (A4 1, FhIak 1 5 BR8N
AR A 2, BRI AR 2K R 5 AR BE i AE 145 °C
T Ak 3, 5 R WA GEARAE e e 4A 4,
— B 5k SR B R4S, e aAA S a2
KA AR E HIREEY) A~ Ay, & RS2
Scheme 2.
1.2 LEYIRIEEIIZRIE

PLHAMEEYD Ay NP1, 43 TH NMR. PC NMR Al
HRMS {1 EEAT1T 8. 76 'H NMR 3% &4, 75 5 8.89
HH I LU () S A PRI - 2 IR, 7E 6 7.83 F1 S 7.66
R () S PRI ER | 5. 7 A 8 £ BRI EA, fE O
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KOH, DMF HCO O
A1 ~ Azz \ | /
A12 ~ Azz: n=3 R
A1: R =6-Me A7: R =6-l A12: R =6-Me A18: R=6-I
A;;R=8-Me Ag R=6-Cl-8-Me Az R=8Me Ay R=6-Cl-8-Me
A3: R =6-Cl Ag: R=7-F A14: R =6-Cl Azo: R=7-F
A4: R =6-Br A10: R= 6,7-(0Me)2 A15: R =6-Br A21: R= 6,7-(0Me)2
As:R=6-F Ay:R=7,8Me, AigR=6F Ay R=78Me,
Ag:R=7-Cl A7z R=7Cl

B2 HIREEY A~ Ay B RS2

Scheme 2 Synthetic routes of target compounds A;~A,,

7.66 7.36 1 6.50 HIHLE R R 4 DI LT
FE, 166 4.10 F13.41 HBIFHA=FEIEA 6 1.99~1.91
H B F) o0 Sl e R W PR AL R T R A
A A AN LA, 7E 0 3.97~3.88 HHBLEHT 24
MR BT AR IE, 7E 9 2.55 HIB BRI 1) /2 e gk
6 fr L3, 7E PC NMR K, 6 174.02 F121.80
Lb R Ry 7§ C=0 1 CH; BIBR R T IRWici, 6 71.77,
29.50, 29.15 F 25.72 &b iU A DU A7 R B 5k J5 1 R IR LA
U, fF HRMS #EE o, BFRP=201) HRMS [M+H] " S2
E AR T S 2 — 20, R ZEITE +0.0030 SEFE P,
BE—PUESE T HARME A VIS5,

1.3 EYEMENNR

1.3.1 Ao dheh 3 & b mlax,

HIRLEDT Ay~ Aqg PIEEVE TS, B (R DR,
KBS B bR A D5 /KRG F R 1 R A 152 99 1 R
T 55T R B3R — IS . 4R EEA 100
ug/mL B, LAY Ay Ass Agg 5T 7KFE A AL B O
U081 R 8 3k o0 IR 24 T At AR (551 %) B T 47 (62.2%); 1k
B Az~ Ao Arg~ A SN IR 5 A7 A P40 1) 2R i
o HE 2 T A P (59.5 %) FIEE 1 47 (38.4%); LB 4 Ays
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XS RH AR 270 TR 7R 1 A B AR A0 7 A 0 T ) 44
BRI 58.0%. 86.1%A1 99.1%, A5 HE 24 Ak
(51.4%- 55.1%F1 59.5%), RILH BN T8 30 15 M.
1.3.2 Aoty dpiidnsm i ECs 8 & M) X,
AT sty 247 WAk WA D B R A o R 247, R 1350 404
BN KR A 0 B RO SR R R ) ECs 1H, 45
RETF3R 2 Mk 3. 3R 2 /[, BTl BArtb &9 Ay xF
JK A A 995 1 1 ECso fHoN 13.9 png/mL, 1T % 8 2411
Fhm4:(88.9 ng/mL)FIME 4 (68.1 pg/mL). HFE 3 WA,
Bl B AR s IHEL T R R ECso B IR T X B 24
WERH(184.8 pg/mL), HAFLEY) Asv As As AT Agg
) ECso {2014 1.1, 14.0, 11.9 A1 7.5 pg/mL, 5 %
P AL I4(38.5 ng/mL).
RIER 1~3 Flnr A, iR
J&, AR 1 AR L T e = i, fERIA
A-TR P E IR S PSR A JS, #05r HAR L BRI T8
UF (AR TG TR, WD R TR I 24 1 IR PR Y
RIEBIN 6-Br I, HERLAYINT KRS A HHG % 1 2%
P B AN EIE Y, LAY A Ays, HALEDI Ays
) ECso {4 13.9 pg/mL, I8~ e 23] i At e 1 1 40
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FIARE S Ay~ Agy NG T AR (0 11 /%)

Table 1 Antibacterial activities (inhibition rate/%) of target compounds A;~ Ay,

X oryzae X citri R. solanacearum
Compd. R n
100 pg/mL. 50 pg/mL 100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL
A 6-Me 4 222481  20.0+4.2 15.6+2.9 149413 — —
A, 8-Me 4 327401  16.6+3.5 10.1+5.3 6.7£2.9 215416 133405
A Cl 4 59.94+46 273403 113427 — 884455 83.84+44
A4 6-Br 4 642452  42.0+0.6 — — 86.843.5  55.5145
As 6-F 4 422+64  355+1.1 112438 9.6+1.9 66.9+3.8 441424
Ag 7-Cl 4 309449  284+52 8.5+3.4 6.7£1.0 658434  57.14£3.9
A, 6-1 4 287439  265+26 — — 80.742.9  63.0%3.5
Ag 6-Cl-8-Me 4 42.6+34  36.6%09 300 £ 50  233%1.7 7044+13 773168
Ay 7-F 4 504420 30.1£13 16.6+0.8 222434 70.84+4.0  59.14+3.9
A 6,7-(OMe), 4 414424 281420 8.8+2.2 53+1.6 40.7+6.1  27.1£7.0
An 7,8-Me, 4 404+44 342455 — — 222454 169465
A 6-Me 3 237445  234+17 125412 127423 12.1+5.4 —
A 8-Me 3 268428 232474 115429 44418 8.7+43 —
Ay 6-Cl 3 44.6+25  29.8429 33.14+22 133422 77.6+13 713438
Ass 6-Br 3 86.1+5.1  71.4+45 58.042.3 12.1+1.1 99.1+3.0 762436
A 6-F 3 449432  40.6+4.7 — — 731427  66.0+5.2
Ay 7-Cl 3 312428  284+32 193412 15240.6 19.74£35  12.7+16
Ass 6-1 3 62.8+38  39.9+5.6 56.243.4 283409 351452 19.1%+1.2
Ag 6-Cl-8-Me 3 427434  36.0+74 21.14+5.0 19.0+2.2 50.84+1.6  42.840.7
A 7-F 3 414444 292408 23.8+1.6 10.6+4.2 633187  39.1%45
An 6,7-(OMe), 3 341428 245408 12.1+3.0 — 12.1+41  6.6%2.9
An 7,8-Me, 3 580423 477404 183453 11.6+6.9 385429 334467
HRAI A 1 — — 355+1.6  183*19 18.9+4.0 934238 40.8+2.0 14.0%+13
itz — — 303+53  10.6%£0.5 11.0+3.5 — 93445 5243.0
g — — 109+39  89+5.1 — — 209420 7.7+48
IH- ik 2 — — 551+1.82 39.0*+1.8 51.4%2.0 192420 59.5+57  51.7+£02
1€ 1 ) — — 622+48  36.1+44 63.310.6 18.5+6.0 384438 209%1.6

“ Average of three replicates. ® The commercial bactericides (bismerthiazol and thiodiazole-copper) were used for comparison of antibacterial activity.

x2

#8473 FAR LS WX KA A9 1 1 ECso 18

Table 2 ECj,values of some compounds against X. oryzae

Compd. n R Toxic regression equation r ECSO/(pg-mLfl)
Ay 4 6-Br y=1.8096x+1.6782 0.9627 68.5
Ass 3 6-Br y=1.1947x+3.6346 0.9934 13.9
As 3 6-1 y=1.3339x+2.4922 0.9715 75.9
VE T4 ] — — y=1.8570x+1.5964 0.9910 68.1
A I @ — — y=1.2079x+2.6426 0.9844 88.9

“ The commercial bactericides (bismerthiazol and thiodiazole-copper) were used for comparison of antibacterial activity.

x3

F8 73 EUBRAL B 000 JH 8 75 At 95 TR 1 ECs {BL

Table 3 ECs, values of some compounds against R. solanacearum

Compd. n R Toxic regression equation r ECso/(ugemL ™)
A, 4 6-Cl1 y=0.593x+4.9827 0.9921 1.1
Ay 4 6-Br y=1.8966x+2.1798 0.9632 30.7
As 4 6-F y=0.8597x+3.5656 0.9585 46.6
Ag 4 7-Cl y=0.5752x+4.2419 0.9636 20.1
Ay 4 6-1 y=1.4886x+2.9695 0.9507 23.1
Ag 4 6-Cl-8-Me y=1.4015x+3.064 0.9633 24.1
Ay 4 7-F y=1.3577x+2.8057 0.9934 41.3
Ay 3 6-Cl y=0.9359x+3.9275 0.9617 14.0
Ags 3 6-Br y=1.7487x+3.0242 0.9766 11.9
A 3 6-F y=0.8035x+4.2979 0.9904 7.5
Ay 3 6-Cl-8-Me y=0.538x+3.9015 0.9582 110.1
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sk
Compd. n R Toxic regression equation r ECso/(ngemL ")
W T £l — — »=0.6931x+3.4289 0.9773 184.8
A e @ — — y=0.8701x+4.0372 0.9753 38.5

“ The commercial bactericides (bismerthiazol and thiodiazole-copper) were used for comparison of antibacterial activity.

B LRY o7 NV Ave - S R SRR N E R i e g7/ Doy (TR
TR PRI H BT R ENE Y, W Asy A Ags F
A 1) ECso 4358 1.1, 14.0, 11.9 F1 7.5 pg/mL, T
of TR 2 7R A A R R (ER, AR R S
(Ar,Ag, Agr, Agy, Ags FlT Agy) B EE (Ao AT Ap)I, H AR
A IS T LR . 28 EATR, 24wsmenkaq 1 H
RESH KRN, HIRGE Y00 B S M 215 248
Ft.

1.3.3  Birdds A kA art AR E (X oryzae)
EARM) X,

B Ais B RUFARSMI R M, 882
HE— DR T EATIN KR A PR A Py SR . BA
T Ak e AR B 0 1 A B PR B 16 d s BT 2R K
FERA PRI R I AE ZHREAR, KR 100%.

M 4 AT, AEWREER 200 pg/mL I, (L& Ags
HVAIT IS PR B RN 49.4%, LT X6 T8 24 7 A e
(45.3%) FNGE B H7(34.8%). MR 5 AT AN, &) Ays IR
POEE B A R RN 47.2%, T N TR 24 7 6 TR 4
35.1%, HEL T X HEZG70kk ik 47.7%.

K4 B Ags X KRE F R AR TR

Table 4 Curative effect of compound A5 against X. oryzae

Morbidity/ Disease index/  Control efficiency/
Treatment

% % %
Ass 100 44.1 49.4
I e @ 100 47.6 453
W ] 0] 100 56.8 34.8
CK® 100 87.0 —

“ The commercial bactericides (bismerthiazol and thiodiazole-copper) were
used for positive controls. * Negative control.

RS ALEW Ags WK E R DR

Table 5 Protective effect of compound A5 against X. oryzae.

Morbidity/ Disease index/  Control efficiency/
0,

Treatment % % o
Ass 100 45.9 472
T At g < 100 45.5 47.7
% T 4] ¢ 100 56.5 35.1
CcK? 100 87.0 —

“ The commercial bactericides (bismerthiazol and thiodiazole-copper) were
used for positive controls. * Negative control.

1.3.4 Hirdh AR FEFAEHBAR. solanacea-
rum)Ae Ays 3 KAG Gt AE R B (X oryzae)tE B ALE A0
A5

R F 4 L B 5 75 K B (R, solanacearum)
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KRG A MHASR B (X oryzae) BTHILAS(E 3, 4), KIH
FH IR (R, solanacearum) 175 A% R 4H B 14 2 FAH
IFFRIEIR, Rai BN —, B e %, 4 H
50ug/mL 1] Ay Z5ALBE 505 B AR SR T B AR A, 24
F1 100 png/mL 1) A5 25 AL 15 AR RS 4 5 9 B &, 847
PR AA 9 i UTRE . ZKORE I A0 B (X oryzae) (R 75 1 0]
H AR 2K I FFAR TR G5 40 ELIE SR 45 0 52 85, 24 A
50 pg/mL () Ays 250 B 5050 B AR SR T R AE MR, 24
F 100 pg/mL 1 Ays 2530 A0 ER 5 K 8 1) bR A H BT A
Ll 4 B UG — B RAIE TS AT I

B3 AFIREZ Ag R AR Rl o 4340 R B PRI 1R
Figure 3 SEM images for R. solanacearum after incubated in
different concentration of compound A;

(A) 0 pg/mL, (B) 50 pg/mL, (C)100 pg/mL

Bl4  AFEIREZAE T BOZKRE Al 1 4 4 i B R
Figure 4 SEM images for X. oryzae after incubated in different

concentration of compound A5
(A) 0 pg/mL, (B) 50 ug/mL, (C)100 pg/mL

2 i

DIt . BURIIAR R R . 1,3- RN el
LA-ZR T NER, 220 RNART 22 MEEE
W IR IR B (O A M R AT ZE M. MBI PR R &S SR 3%
B TESINT 4-TilnyvEmemiis e i BUE, K2 8H brfk
BT AR AR 2798 B KRG A 9 TR AR 0 5 0 T
HA —EIMENEVE. LAY Az, Arg, Ags AT Aqg 1T
JHE T R Y ECso MH 2708 1.1, 14.0, 11.9 F1 7.5
pg/mL, 0T X I 25 H- A5 14 (38.5 pg/mL)FVE B 4 (184.4
pg/mL). HA BAREEY) A s X 7KHE AT B A0 B
TR B 0 ECso 1520 94 13.9 A1 11.9 pg/mL, 48 T4}
HEZg i kb FIME B A, ELYRFESA 100 pg/mL B, XHAHAE
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U R S PR T IR 2R, B g
R E. AEY Ags FIBT/KRE E ARG TR A5 A4 15
ERRY] THEYD Ags XKHE AR LR RAFRI A
PIRIT AR R . S BB S IR T 1A St
MR ST R TR A 400 1 O R AT RE R I A T A R R I
S il iy da s & il N R U SR NP e BT
) ER; X6 7K AR B F 400 S R ] e dl e 3 5
T TR Y, 3 S B 40 ) A 5 B T 2k 38 40 R
BOR, DI TSN AE .

3 XIS
3.1 X5

HErLEYIH "H NMR. °C NMR. “F NMR
Bruker Ascend-400 T#Z%#iILPR I HE1X (400 MHz)M1S,
PAVY B 7 48 (TMS) 9 I A%, CDCly 9% 71); Thermo
Scientic Q Exactive =701 (HRMS, FEER K /K
BHEA R 2 w]); XT-4 B8 7 B sl g A AL BHE
1Y 3 R A F]); Multiskan FC EEFRA(FEER G R B
HIRAT]); WFEH-203B 74 = 48 4RI MrAX (s A s
WA RAF); LDZX-50KBS 373K 5 5 2505 K de( i
HH 2 P72 i) ).

Mt B RN BB A IR A F], UK
ARG 1,3-IRAFEA 1,4- 30T b7
H Fg R B R A B A A NN- 3 %
(DMF)FITE /K 55 77035 R T B 4 A 4.

32 ZWHE
3.2.1 BARAY Ai~Ay 94 &

R A 1R 2 ()6 RS R SCHR[25-26], HTANE 3~5
A 2 SCER21, 27)].

£ 100 mL B EEB A I E A& 5 (1.2
mmol). KOH (1.5 mmol)f1 20 mL DMF, #iGE4i#E 0.5h
&, SEimAHEE 2 (1 mmol)i DMF &, THEZE
60 CI-4k&ettE 8~10 h. # )2 (A% (TLC) IR i ) M
[VCAEE) @ MR CED)=1 : 1], HMNEER, FiEx
N, R 100 mL 7K 208, B TR 2 208 5%11)
FEFRIHETIER pH & 5~6, # B EHESEH~Y, &
FEESTVCAME) @ MR OB =3 1~1 : 2]2ikf5
2 HAMEEY) Ai~Ay,.

5,7~ FHAR 2 -3-(4-((6- HP 2 1 R -4 326 B 22 ) T4
F)-2-(3,4,5- = HEA L IR L) -AH- O f75 -4- T (A,): 75 (0[]
1, WK 74.7%. m.p. 147.8~149.1 ‘C; '"H NMR (400
MHz, CDCl;) o: 8.89 (s, 1H), 7.83 (d, J=8.7 Hz, 2H),
7.66 (d, J=8.3 Hz, 1H), 7.36 (s, 2H), 6.50 (d, J=2.2 Hz,
1H), 6.35 (d, J=2.2 Hz, 1H), 4.10 (t, J=5.7 Hz, 2H), 3.97
(s, 3H), 3.95~3.88 (m, 12H), 3.41 (t, J=6.7 Hz, 2H), 2.55
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(s, 3H), 1.99~1.91 (m, 4H); *C NMR (101 MHz, CDCl5)
8: 174.02, 170.52, 163.98, 161.04, 158.79, 152.93, 152.61,
146.25, 140.63, 139.90, 137.54, 135.73, 128.39, 126.09,
123.91, 122.78, 109.43, 105.89, 95.81, 92.42, 71.77, 60.99,
56.37, 55.83, 29.50, 29.15, 25.72, 21.80; HRMS calcd for
C33H3505N,S [M+H]" 619.2109, found 619.2104.

5,7- H AR -3 (4-((8- Y nds e bk -4- 6 B 025 T 41
3)-2-(3,4,5- = HUR FL 3 -4 H- (0075 -4- T (A,): 3 (L [
A&, W& 75.1%. mp. 131.4~132.3 C; 'H NMR (400
MHz, CDCly) d: 8.95 (s, 1H), 7.87 (d, J=8.2 Hz, 1H),
7.64 (d, J=7.1 Hz, 1H), 7.45~7.38 (m, 1H), 7.28 (s, 2H),
6.42 (d, J=2.2 Hz, 1H), 6.28 (d, J=2.2 Hz, 1H), 4.02 (t,
J=5.8 Hz, 2H), 3.89 (s, 3H), 3.84 (s, 6H), 3.83 (s, 6H),
3.36 (t, J=6.8 Hz, 2H), 2.71 (s, 3H), 1.88 (s, 4H); "°C
NMR (101 MHz, CDCly) 6: 174.00, 164.00, 161.04,
158.80, 152.97, 152.63, 151.91, 140.59, 139.93, 136.16,
134.51, 127.35, 126.07, 123.72, 121.70, 109.43, 105.90,
95.83, 92.45, 71.65, 61.00, 56.39, 55.83, 29.54, 25.62,
17.91; HRMS calcd for C33H3s05N,S [M+H]™ 619.2109,
found 619.2092.

5,7~ H A8 B -3-(4-((6- S0P PR bR -4- 5 ) i I ) T R
5)-2-(3,4,5- = F A JE R I ) -4 H- (0 )75 -4- T (A3): 2 0[]
A&, Z 68.7%. m.p. 118.3~119.2 ‘C; 'H NMR (400
MHz, CDCly) 6: 8.88 (s, 1H), 7.98 (dd, J=12.2, 5.5 Hz,
2H), 7.74 (dd, J=9.0, 2.2 Hz, 1H), 7.27 (s, 2H), 6.43 (d,
J=2.2 Hz, 1H), 6.29 (d, J=2.2 Hz, 1H), 4.02 (t, J=5.9
Hz, 2H), 3.90 (s, 3H), 3.85 (s, 6H), 3.84 (d, J=1.1 Hz,
6H), 3.39 (t, J=6.9 Hz, 2H), 1.88 (dt, J/=13.0, 8.5 Hz,
4H); C NMR (101 MHz, CDCL) J: 174.02, 164.04,
161.03, 158.81, 152.98, 152.57, 140.55, 139.96, 135.24,
133.67, 129.22, 126.03, 124.33, 123.11, 109.40, 105.92,
95.85, 92.46, 71.55, 61.00, 56.39, 55.84, 29.77, 29.38,
25.53; HRMS caled for C;H;0¢N,CIS [M + H] *
639.1562, found 639.1546.

5,7~ H 58 B -3-(4-((6- 5L W PR bR -4- 5 ) i I ) T 2
5)-2-(3,4,5- = F A JE R I )-4H- (0 )75 -4- T (Ay): 5 (]
&, W 35.2%. mp. 111.4~112.9 C; '"H NMR (400
MHz, CDCl;) d: 8.90 (s, 1H), 8.19 (d, J=1.9 Hz, 1H),
7.98~7.85 (m, 2H), 7.27 (s, 2H), 6.43 (d, J=2.2 Hz, 1H),
6.29 (d, J=2.1 Hz, 1H), 4.02 (t, J=5.8 Hz, 2H), 3.90 (s,
3H), 3.86 (s, 6H), 3.84 (s, 6H), 3.41 (t, J=6.9 Hz, 2H),
1.88 (ddd, J=17.3, 12.0, 5.4 Hz, 4H); “C NMR (101
MHz, CDCl;) 0: 174.01, 164.05, 161.04, 158.82, 152.99,
152.74, 152.01, 140.54, 139.97, 138.13, 128.78, 126.47,
126.02, 124.68, 121.95, 109.41, 105.93, 95.87, 92.47,
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71.51, 61.02, 56.41, 55.85, 29.92, 29.35, 25.50; HRMS
caled for C;,H3,0gN,BrS [M—|—H]+ 683.1057, found
683.1059.

5,7~ FF AR -3-(4-((6- M MR b -4- R ) it 2 ) T 4R
5£)-2-(3,4,5- = A L ORI ) -4 H- ()75 -4- T (As): 752 [
1, W 65.3%. m.p. 106.2~108.1 ‘C; '"H NMR (400
MHz, CDCl;) §: 8.92 (s, 1H), 7.96 (dd, J=9.2, 5.2 Hz,
1H), 7.68 (dd, J=8.8, 2.7 Hz, 1H), 7.63~7.57 (m, 1H),
7.35 (s, 2H), 6.50 (d, J=2.2 Hz, 1H), 6.36 (d, J=2.2 Hz,
1H), 4.09 (t, J=5.8 Hz, 2H), 3.97 (s, 3H), 3.93 (s, 6H),
3.92 (d, J=1.9 Hz, 6H), 3.42 (t, J=6.8 Hz, 2H), 2.00~
1.89 (m, 4H); *C NMR (101 MHz, CDCly) §: 174.02,
170.93 (d, Jer=5.6 Hz), 164.00, 161.45, 161.03, 158.88
(d, Jor =163 Hz), 153.18 ~152.87, 152.67, 14491,
140.58, 139.91, 131.46 (d, Jor=8.7 Hz), 126.06, 124.50
(d, Jer=9.0 Hz), 123.77, 123.51, 109.42, 107.97, 107.74,
105.89, 95.82, 92.41, 71.67, 61.00, 56.37, 55.82, 29.42,
25.61; "F NMR (376 MHz, CDCl3) §: —109.55 (td, J=
8.5, 5.3 Hz); HRMS calcd for C3,H3,05N,FS [M+H]"
623.1858, found 623.1846.

5,7 H AR -3-(4-((7- S0 M bR -4- 5 ) T 0 ) T 4R
3)-2-(3,4,5- = A FE R I ) -4 H- (0 -4- T (Aq): 3 0[]
1, R 44.4%. m.p. 133.1~135.0 ‘C; '"H NMR (400
MHz, CDCl;) d: 8.86 (s, 1H), 8.01~7.92 (m, 2H), 7.48
(dd, J=8.9, 1.9 Hz, 1H), 7.27 (s, 2H), 6.43 (d, J=2.2 Hz,
1H), 6.28 (d, J=2.1 Hz, 1H), 4.01 (t, J=5.8 Hz, 2H), 3.89
(s, 3H), 3.84 (d, J=3.6 Hz, 12H), 3.38 (t, J=6.9 Hz, 2H),
1.88 (dt, J=13.0, 7.0 Hz, 4H); *C NMR (101 MHz,
CDCly) o: 174.00, 164.03, 161.01, 158.79, 153.07,
152.96~152.86, 152.68, 140.62, 139.91, 128.90, 126.62,
126.03, 125.43, 122.13, 109.38, 105.87, 95.85, 92.45,
71.54, 61.01, 56.39, 55.86, 29.67, 29.41, 25.55; HRMS
caled for C;H;OsN,CIS [M+H] ™ 639.1562, found
639.1545.

5,7~ F R R -3-(4-((6- Tl e Ak g -4 6 ) B 3 ) T 4R
5)-2-(3,4,5- = F A FE R I ) -4 H- (00 -4-FH (A5): 3 (]
1, R 75.2%. mp. 141.2~141.9 ‘C; '"H NMR (400
MHz, CDCl;) 6: 8.89 (s, 1H), 8.37 (s, 1H), 8.03 (d, J=8.8
Hz, 1H), 7.71 (d, J=8.8 Hz, 1H), 7.27 (s, 2H), 6.43 (s,
1H), 6.29 (s, 1H), 4.01 (t, J=4.9 Hz, 2H), 3.90 (d, J=2.1
Hz, 3H), 3.85 (dd, J=5.9, 1.7 Hz, 12H), 3.38 (t, J=5.9
Hz, 2H), 1.87 (s, 4H); °C NMR (101 MHz, CDCLy) ¢:
174.02, 164.03, 161.03, 158.80, 152.98, 152.72, 143.04,
140.56, 139.94, 132.93, 129.26, 126.03, 125.26, 109.40,
105.90, 95.86, 92.98, 92.45, 71.58, 61.03, 56.41, 55.86,
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29.71, 29.38, 25.55; HRMS calcd for C3,Hs,0gNLIS [M+
H]" 731.0919, found 731.0902.

5,7~ H AR JE-3-(4-((6- 5-8- FH 25k A I b -4- 55 ) i % )
T HE)-2-(3,4,5- = AR B R AL ) -4 H- B 05 -4- TF (Ag): B
A, IR 53.0%. m.p. 69.8~71.0 C; "H NMR (400
MHz, CDCly) d: 8.92 (s, 1H), 7.84 (d, J=1.9 Hz, 1H),
7.58 (s, 1H), 7.27 (s, 2H), 6.43 (d, J=2.2 Hz, 1H), 6.28 (d,
J=2.1 Hz, 1H), 4.01 (t, J=5.7 Hz, 2H), 3.89 (s, 3H), 3.85
(d, J=4.6 Hz, 12H), 3.37 (t, J=6.7 Hz, 2H), 2.68 (s, 3H),
1.95~1.81 (m, 4H); *C NMR (101 MHz, CDCly) ¢:
174.00, 164.01, 161.03, 158.80, 152.97, 152.67, 152.06,
140.56, 139.92, 138.69, 134.94, 132.96, 126.05, 124.32,
120.68, 109.41, 105.88, 95.83, 92.44, 71.60, 61.01, 56.39,
55.84, 29.79, 29.40, 25.56, 17.78; HRMS calcd for
C33H3,05N,CIS [M+H]" 653.1719, found 653.1702.

5,7~ PR AU -3-(4-((7- 0 P b -4- 5 ) it ik ) T 4R
5£)-2-(3,4,5- = WAL IR I ) -4 H- 0 ) -4- T (Ay): 35 £ [i]
&, IR 34.3%. mp. 119.5~120.3 ‘C; 'H NMR (400
MHz, CDCly) 6: 8.83 (s, 1H), 8.01 (dd, J=9.2, 5.8 Hz,
1H), 7.47 (dd, J=9.6, 2.5 Hz, 1H), 7.28 (s, 2H), 7.24 (dd,
J=8.3, 2.6 Hz, 1H), 6.42 (d, J=2.2 Hz, 1H), 6.28 (d, J=
2.2 Hz, 1H), 4.01 (t, J=5.8 Hz, 2H), 3.89 (s, 3H), 3.85 (s,
6H), 3.84 (s, 3H), 3.84 (s, 3H), 3.34 (t, J=6.8 Hz, 2H),
1.93~1.83 (m, 4H); *C NMR (101 MHz, CDCly) ¢:
174.01, 171.43, 166.70, 164.08 (d, Jor=16.4 Hz), 161.03,
158.79, 154.38, 152.97, 152.63, 149.82 (d, Jer=13.4 Hz),
140.60, 139.91, 126.65 (d, Jr=10.4 Hz), 126.07 , 121.12,
117.57, 117.32, 112.82, 112.61, 109.41, 105.88, 95.82,
92.42, 71.68, 61.01, 56.38, 55.83, 29.39, 25.67; "°F NMR
(376 MHz, CDCLy) §: —102.79 (td, J=8.7, 5.9 Hz);
HRMS caled for C;HypOgNFS [M+H]' 623.1858,
found 623.1846.

5,7- AR FE-3-(4-((6,7- — FF AR 3 M M IR -4- L ) B
B T 5 HE)-2-(3,4,5- = A HL ORI Y- 4 H- 5 15 -4- B (A q0):
T E K, R 28.6%. m.p. 166.2~168.1 ‘C; '"H NMR
(400 MHz, CDCl3) 6: 8.74 (s, 1H), 7.28 (s, 2H), 7.17 (s,
1H), 7.13 (s, 1H), 6.42 (d, J=2.3 Hz, 1H), 6.28 (d, J=2.2
Hz, 1H), 4.02 (t, J=5.7 Hz, 2H), 3.97 (d, J=2.2 Hz, 6H),
3.89 (s, 3H), 3.84 (d, J=2.3 Hz, 12H), 3.33 (t, J=5.8 Hz,
2H), 1.88 (s, 4H); *C NMR (101 MHz, CDCl;) &: 174.02,
167.56, 163.98, 161.04, 158.79, 155.42, 152.97, 152.54,
149.89, 145.48, 140.65, 139.90, 126.10, 119.17, 109.43,
107.10, 105.88, 101.60, 95.81, 92.42, 71.79, 61.00, 56.35,
55.83,29.53, 29.23, 25.85; HRMS calcd for C34H370,0N,S
[M+H]" 665.2163, found 665.2155.
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5,7~ F A FE-3-(4-((7,8- - FF 35 1 MR R -4 356 ) B 35 )
TERHE)-2-(3,4,5- = ALK I ) -AH- (0 )75 -4- T (Ayy): 35
B A U 31.3%. mp. 179.9~181.3 °C; "H NMR (400
MHz, CDCls) o6: 8.87 (s, 1H), 7.74 (d, J=8.5 Hz, 1H),
7.31~7.24 (m, 3H), 6.42 (d, J=2.2 Hz, 1H), 6.27 (d, J=
2.2 Hz, 1H), 4.02 (t, J=5.7 Hz, 2H), 3.89 (s, 3H), 3.83 (t,
J=2.6 Hz, 12H), 3.31 (t, J=6.6 Hz, 2H), 2.59 (s, 3H),
2.42 (s, 3H), 1.87 (t, J=2.4 Hz, 4H); *C NMR (101 MHz,
CDCly) d: 174.01, 171.09, 163.97, 161.04, 158.79, 152.96,
152.57, 146.86, 141.95, 140.64, 139.88, 134.31, 129.65,
126.11, 122.26, 120.69, 109.44, 105.86, 95.80, 92.41,
71.80, 61.01, 56.37, 55.83, 29.54, 29.20, 25.75, 20.96,
13.08; HRMS calcd for C3H3,05N,S [M+H]" 633.2265,
found 633.2257.

5,7- H AR R -3-(3-((6- FFY 22 1 A bR -4 2 B 255 ) TR 4R
5)-2-(3,4,5- = A FE IR I -4 H- (0 45 -4-T (A1) €[]
1A, I 39.9%. m.p. 78.4~80.1 ‘C; 'H NMR (400 MHz,
CDCly) 6: 8.87 (s, 1H), 7.82 (t, J=5.3 Hz, 2H), 7.66 (dd,
J=8.6, 1.8 Hz, 1H), 7.36 (s, 2H), 6.51 (d, J=2.2 Hz, 1H),
6.37 (d, J=2.2 Hz, 1H), 4.20 (t, J=6.0 Hz, 2H), 3.98 (s,
3H), 3.93 (s, 6H), 3.92 (d, J=1.3 Hz, 6H), 3.52 (t, J=7.1
Hz, 2H), 2.54 (s, 3H), 2.28~2.19 (m, 2H); *C NMR (101
MHz, CDCls) 6: 173.97, 170.34, 164.01, 161.03, 158.81,
153.12~152.70, 146.24, 140.47, 139.94, 137.53, 135.73,
128.37, 126.02, 123.90, 122.79, 109.41, 105.89, 95.84,
92.42, 70.95, 60.99, 56.37, 55.83, 29.97, 26.24, 21.77;
HRMS caled for C3,H3305N,S [M+H]" 605.1952, found
605.1945.

5,7 H AR R -3-(3-((8- FY 22t 1 A bR -4 2 B 255 ) TR 4R
3)-2-(3,4,5- = HU A FE IR I -4 H- (45 -4- T (A y3): 75 €40 ]
i, W% 48.4%. mp. 138.8~140.2 ‘C; '"H NMR (400
MHz, CDCls) 6: 8.96 (s, 1H), 7.87 (d, J=8.3 Hz, 1H),
7.65 (d, J=7.1 Hz, 1H), 7.45~7.39 (m, 1H), 7.27 (s, 2H),
6.44 (d, J=2.2 Hz, 1H), 6.29 (d, J=2.2 Hz, 1H), 4.12 (t,
J=5.9 Hz, 2H), 3.90 (s, 3H), 3.86 (s, 6H), 3.84 (s, 3H),
3.84 (s, 3H), 3.50 (t, J=7.1 Hz, 2H), 2.72 (s, 3H), 2.20~
2.12 (m, 2H); C NMR (101 MHz, CDCLy) J: 173.94,
164.06, 161.05, 158.83, 152.95, 151.71, 140.42, 140.00,
135.93, 134.76, 127.51, 125.99, 123.67, 121.76 , 109.41,
105.92, 95.88, 92.47, 70.79, 61.01, 56.41, 55.85, 29.86,
26.87, 17.97; HRMS caled for C;,Hs304N,S [M+H]'
605.1952, found 605.1937.

5,7 H 48, 8 -3-(3-((6- S M bk -4- 5 ) T I ) TR A
3)-2-(3,4,5- = H A FE IR I ) -4 H- (45 -4- T (A y): 75 €21 ]
%, W& 57.7%. mp. 178.2~180.0 ‘C; 'H NMR (400
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MHz, CDCl5) 6: 8.88 (s, 1H), 8.01 (t, J=6.2 Hz, 2H), 7.75
(dd, J=8.9, 2.2 Hz, 1H), 7.26 (s, 2H), 6.44 (d, J=2.2 Hz,
1H), 6.30 (d, J/=2.2 Hz, 1H), 4.11 (t, J=5.8 Hz, 2H), 3.91
(s, 3H), 3.86 (s, 6H), 3.84 (d, J=2.6 Hz, 6H), 3.55 (t, J=
7.0 Hz, 2H), 2.20~2.09 (m, 2H); *C NMR (101 MHz,
CDCLy) 6: 173.94, 164.11, 161.04, 158.85, 153.03, 151.91,
140.32, 140.04, 135.54, 133.97, 128.73, 125.93, 124.25,
123.18, 109.39, 105.94, 95.91, 92.49, 70.53, 61.01, 56.42,
55.86, 29.65, 27.18; HRMS calcd for CsH3OsN,CIS
[M+H]" 625.1406, found 625.1390.

5,7~ H 48, B -3-(3-((6- 5 WA AR bR -4- 5 ) i i ) T 2
H7)-2-(3,4,5- = A I K IE)-4H- o Jf-4- Tl (A 15): 5 (L[]
&, IR 47.6%. m.p. 199.6~200.8 ‘C; 'H NMR (400
MHz, CDCly) d: 8.92 (s, 1H), 8.20 (d, J=2.0 Hz, 1H),
7.89 (dd, J=8.9, 2.1 Hz, 1H), 7.80 (d, J=8.9 Hz, 1H),
7.35 (s, 2H), 6.51 (d, J=2.2 Hz, 1H), 6.37 (d, J=2.2 Hz,
1H), 4.20 (t, J=5.9 Hz, 2H), 3.99 (s, 3H), 3.94 (s, 6H),
3.92 (s, 6H), 3.55 (t, J=7.1 Hz, 2H), 2.26~2.19 (m, 2H);
C NMR (101 MHz, CDCly) §: 173.93, 170.53, 164.02,
161.02, 158.81, 153.70, 152.92, 146.60, 140.40, 139.95,
137.05, 130.53, 126.33, 125.98, 124.97, 120.85, 109.39,
105.87, 95.85, 92.42, 70.74, 61.01, 56.39, 55.83, 29.81,
26.57; HRMS caled for CsH;OsN,BrS [M + H] *
669.0901, found 669.0886.

5,7~ H 48, B -3-(3-((6- 96 P PR bR -4- 5 ) i I ) T 2
H#£)-2-(3,4,5- = A I A IE)-4H- B Jf-4- Tl (A1) 1 LI
&, UE 50.5%. m.p. 79.0~79.7 “C; 'H NMR (400 MHz,
CDCLy) 6: 8.91 (s, 1H), 7.95 (dd, J=9.2, 5.2 Hz, 1H), 7.66
(dd, J=8.8, 2.7 Hz, 1H), 7.62~7.56 (m, 1H), 7.35 (s, 2H),
6.51 (d, J=2.2 Hz, 1H), 6.37 (d, J=2.2 Hz, 1H), 4.20 (t,
J=5.9 Hz, 2H), 3.98 (s, 3H), 3.94 (d, J=4.8 Hz, 6H), 3.92
(s, 6H), 3.54 (t, J=7.1 Hz, 2H), 2.28~2.19 (m, 2H); "°C
NMR (101 MHz, CDCl;) §: 173.95, 170.79 (d, Jer=5.5
Hz), 164.03, 161.44, 161.04, 158.88 (d, Jr=11.9 Hz),
153.17~152.75, 144.90, 140.43, 139.98, 131.46 (d, Jor=
8.7 Hz), 125.99, 124.49 (d, Jor=9.1 Hz), 123.77 , 123.52,
109.41, 107.98, 107.75, 105.91, 95.86, 92.44, 70.82, 61.00,
56.39, 55.83, 29.84, 26.56; "°F NMR (376 MHz, CDCl;) ¢:
—109.55 (td, J=8.4, 5.3 Hz); HRMS calcd for Cs;H3,Os-
NLFS [M+H]" 609.1701, found 609.1690.

5,7~ H 58 i -3-(3-((7- S0 W AR B -4 5 ) it i ) T 2
H£)-2-(3,4,5- = A I K IE)-4H- B Jf-4-Tl (A 17): 1 L[
&, E 38.1%. m.p. 166.3~168.5 ‘C; 'H NMR (400
MHz, CDCl3) 6: 8.85 (s, 1H), 8.00~7.92 (m, 2H), 7.48 (d,
J=8.6 Hz, 1H), 7.26 (s, 2H), 6.44 (s, 1H), 6.30 (s, 1H),
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4.11 (s, 2H), 3.91 (s, 3H), 3.86 (s, 6H), 3.84 (d, J/=1.2 Hz,
6H), 3.52 (t, J=6.3 Hz, 2H), 2.15 (s, 2H); >C NMR (101
MHz, CDCL3) 6: 173.94, 164.09, 161.04, 158.84, 153.44~
152.81, 140.68, 140.36, 140.01, 128.88, 126.67, 125.96,
125.47, 122.16, 109.40, 105.92, 95.91, 92.49, 70.68, 61.03,
56.43, 55.88, 29.81, 26.90; HRMS calcd for CsHzOs-
N,CIS [M+H]" 625.1406, found 625.1390.

5,7- PP AR R -3-(3-((6- Ml e Ak bR -4 5 ) Tt 25 ) T 4R
5)-2-(3,4,5- = HH IR I -4 H- (45 -4- T (A y5): 75 €20 ]
1A, R 33.2%. mp. 195.1~196.2 ‘C; '"H NMR (400
MHz, CDCl;) 0: 8.92 (s, 1H), 8.41 (d, J=1.8 Hz, 1H),
8.06 (dd, J=8.8, 1.9 Hz, 1H), 7.65 (d, J=8.8 Hz, 1H),
7.35 (s, 2H), 6.51 (d, J=2.2 Hz, 1H), 6.37 (d, J=2.2 Hz,
1H), 4.20 (t, J=5.9 Hz, 2H), 3.99 (s, 3H), 3.94 (s, 6H),
3.92 (d, J=1.2 Hz, 6H), 3.55 (t, J=7.0 Hz, 2H), 2.26~
2.18 (m, 2H); *C NMR (101 MHz, CDCl3) ¢: 173.92,
170.22, 164.01, 161.02, 158.80, 153.75, 152.91, 146.94,
142.36, 140.39, 139.94, 132.84, 130.38, 125.97, 125.46,
109.39, 105.87, 95.84, 92.35, 70.73, 61.01, 56.39, 55.83,
29.82, 26.55; HRMS calcd for C;;H;3yOgN-IS [M+H]+,
found 717.0741.

5,7 F AR FE-3-(3-((6- (-8 F JiE s Wk R -4- 355 ) B 326 )
PR )-2-(3,4,5- = W AR B IR B8 ) -4 H- (5 )5 -4- Tl (A g): 35
O E A, IR 39.4%. mp. 156.0~157.2 C; 'H NMR
(400 MHz, CDCl;) 0: 8.88 (s, 1H), 7.80 (s, 1H), 7.55 (s,
1H), 7.27 (s, 2H), 6.43 (s, 1H), 6.29 (s, 1H), 4.12 (s, 2H),
3.91 (s, 3H), 3.86 (s, 6H), 3.84 (s, 6H), 3.47 (s, 2H), 2.65
(s, 3H), 2.15 (s, 2H); *C NMR (101 MHz, CDCl3) o:
173.96, 164.06, 161.05, 158.84, 152.97, 152.53, 140.43,
140.02, 139.17, 134.50, 132.59, 125.99, 124.44, 120.64,
109.43, 105.95, 95.89, 92.48, 70.82, 61.03, 56.46, 55.88,
29.85, 26.80, 17.70; HRMS calcd for CsH;O5N,CIS
[M+H]" 639.1562, found 639.1550.

5,7~ FF AU HE -3-(3-((7- 0 e AR bR -4- 5 ) ot i ) T 4
5)-2-(3,4,5- = H H IR I -4 H- (45 -4- T (A pp): 75 €20 [
1A, IR 40.2%. m.p. 147.9~149.2 ‘C; '"H NMR (400
MHz, CDCl;) §: 8.82 (s, 1H), 8.01 (dd, J=9.2, 5.8 Hz,
1H), 7.47 (dd, J=9.6, 2.5 Hz, 1H), 7.30~7.22 (m, 3H),
6.44 (d, J=2.2 Hz, 1H), 6.30 (d, J=2.2 Hz, 1H), 4.12 (t,
J=6.0 Hz, 2H), 3.91 (s, 3H), 3.86 (s, 6H), 3.84 (s, 6H),
347 (t, J=7.1 Hz, 2H), 2.21~2.10 (m, 2H); *C NMR
(101 MHz, CDCly) d: 172.93, 170.29, 165.67, 163.07 (d,
Jer=12.0 Hz), 160.01, 157.79, 153.31, 152.00, 151.80,
148.76 (d, Jer=13.7 Hz), 139.40, 138.94, 125.62 (d,
Jer=13.7 Hz), 124.97, 120.09, 116.54, 116.29, 111.77,
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111.56, 108.37, 104.87, 94.83, 91.41, 69.82, 59.98, 55.36,
54.80, 28.91, 25.43; F NMR (376 MHz, CDCL) o:
—102.73 (dd, J=14.4, 8.5 Hz); HRMS calcd for Cs;Hso-
OsNLFS [M+H]" 609.1701, found 609.1685.

5,7- . FH AR FE-3-(3-((6,7- — FF AR Ik W M R -4- L ) B
B HE)-2-(3,4,5- = A L IR L) -4 H- 5 15 -4- B (A):
H AR, R 77.3%. mp. 193.3~194.5 ‘C; '"H NMR
(400 MHz, CDCL3) 6: 8.72 (s, 1H), 7.29 (s, 2H), 7.16 (s,
1H), 7.11 (s, 1H), 6.43 (d, J=2.2 Hz, 1H), 6.29 (d, J=2.2
Hz, 1H), 4.14 (t, J=6.1 Hz, 2H), 3.96 (d, J=1.5 Hz, 6H),
3.91 (s, 3H), 3.86 (s, 6H), 3.84 (s, 6H), 3.45 (t, J=7.1 Hz,
2H), 2.17 (t, J=13.1 Hz, 2H); *C NMR (101 MHz,
CDCly) d: 173.99, 167.38, 164.02, 161.05, 158.83, 155.42,
153.03, 152.76, 152.48, 149.89, 145.50, 140.52, 139.96,
126.04, 119.19, 109.43, 107.11, 105.91, 101.58, 95.86,
92.44, 71.00, 61.01, 56.60~56.23, 55.84, 30.17, 26.34;
HRMS caled for Cx3H35010N,S [M+H]" 651.2007, found
651.2002.

5,7 AR FE-3-(3-((7,8- - Ik v A R -4- 35 ) g I )
P4 )-2-(3,4,5- = F AR JE 2K 3 -4 H- (0 )5 -4-Ffl (Apy): 11
O E A, WE 55.1%. mp. 150.1~151.2 C; 'H NMR
(400 MHz, CDCls) o: 8.85 (s, 1H), 7.72 (d, J=8.5 Hz,
1H), 7.29~7.25 (m, 3H), 6.43 (d, J=2.2 Hz, 1H), 6.28 (d,
J=2.2 Hz, 1H), 4.13 (t, J=6.1 Hz, 2H), 3.90 (s, 3H), 3.85
(s, 6H), 3.83 (d, J=2.2 Hz, 6H), 3.42 (t, J=7.2 Hz, 2H),
2.58 (s, 3H), 2.41 (s, 3H), 2.20~2.11 (m, 2H); °C NMR
(101 MHz, CDCly) 6: 173.96, 170.92 , 164.01, 161.05,
158.82, 153.03, 152.75, 152.55, 146.84, 141.96, 140.52,
139.96, 134.31, 129.64, 126.05, 122.26, 120.70, 109.44,
105.91, 95.84, 92.44, 71.04, 61.01, 56.39, 55.83, 30.04,
26.29, 20.94, 13.07; HRMS calcd for C33H3505N,S [M+
H]" 619.2109, found 619.2101.

322  BAR A A RSN & PR,

SR VI H AR AL S 7E 100 A1 50 pg/mL ik
FER, KRG R B R A 52 9 R RO R A
PR B 0005 TR AR AN RIS T, R R A S
YIREAT ECso fEMRP®.

BN FRIENB): 5 g BAMR 1 g BB, 10 g
AR, 3 g APEA 1000 mL 20K, HHEES
N 20% NaOH ¥ AT pH & 7.24£0.2; & #RERE 77
FL(NA): 200 mL NB AR FREEH N 3.6 ¢ Biflakn. Ac
BUIFRE R A A R 2R OK #1211 °C, 21 min)if
TREERE. B KE L NA BAEFR 32 VBN T HE 1)
BRFRILA, REAE0Ja PRI R i =il b ik A7 4%
h, HAE 28 CIEERTFRF FIEI, HEM I LT
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MBS H NB AR IR M, e
TR PR R 15 7% 2 B A K 4% L
W H bR AL B 100 A1 50 pg/mL i, 43 5 EL
1 mL IMAF2EA 4 mL NB AR = 210V, e
AR RINZ TR NB AR 723 1) OD {H, SRJ5
N 40 L S KRG AR 0T B L AR V5 9 e R O
R NB AR 7R 2R, IR 28 C. 180
r/min PEIRREREFE, f52 AN R4 NB AR 77561
OD fH4 0.6~0.8, H 96 FLARAERGFRAY _F e AN EE
(FTE W) OD fH.
K IE OD fH="7 Bk 754k OD 15 — B2 OD A
(%)= (K IE Ja X R B5 72 5L B OD {1 — KR IEJ5
TR FRIL RN OD {H)/1 1E & o B 8% 77 3L B i OD
{E X 100%

3.2.3  FKAS G et AR E AR,

KA BRI T B AR A Ags XK FE Al
BT PRI P 1977 96 205 SR 291, o} s T W o 40 Ay o e K L
PEXT HE(CK) AT A & 245 1) — F B 2R (DMSO) /K %
.

XoF 7K 1 A 5 B T P9 RV e S a0 Sl G R
FEN 200 pg/mL FE) A s A AL RO EE B8 4R 743K 30 mL, 2R
JE 25N S VBRI AE K FERELRE |, 24 h )5, BT TR
TE S A 7KHE B R B NB AR 7R 320, SR H
R JE B JI K ARG EAT BY i AL R, I A IR = Gl
28 C; MBS 95%) K557 16 d fa M 42,

XoF 7K A 5 B TR PN YR s K BT D B
A KRG AL R ) NB AR = 50200, A5 IR
Je BB TIXE KR REAT BY AR FE, 24 h S, EEHTHREE A 200
pg/mL (1) Ays RS FTEE TR 475 VR 30 mL, 285442457
5150 1A R G A 4 BY R A ER K FE AR AR b, AR IR R
JE:28 C; JRFE: 95%)H 1597 16 d J& 2.

. e O (BRI B 1275 Ji A )

R = S B o e

B V6 E (%) = (C—T)/ C x100%

C N7 A B (CK) R 1R 2L, T A4 1 R 2
324 PERELERALE R

2 1.5 mL SFEAE KRS HRE#E (R, sola-
nacearum)FKFG A AR E (X oryzae) I E T 2 mL
B T AR ES 07000 t/min) 1 min, {3 H EIE R,
FEION 1 mL B4R SR 22 (PBS) AVE e85 77 0, B —
VAR, FEION 1.5 mL PBS Z2ifial, #2516
B, FION H RS0 Ay AT A s 2590008 IR 20 )
50 F1 100 pg/mL, 75 X RN — H & H{(DMSO) 3
ul, JF7E 28 “C. 180 r/min IEIRIEAEH 10 hi*%,

x100%
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YER 5 ¥ 5, AEARIE B500(7000 r/min)%) 1 min, 3F
2= FIEW, B 1 mL PBS WRBEG: 3 IR LLVE L 245;
TN 1 mL FiESEN 2.5%8 1 [E & i E e o i
4 C), XM e, FHH 1 mLPBS ERYEEk 3 IRLAYE
IR TEE; FARS B 1 mL ARFR BN 30%. 50%-
70%-~ 90%FH 100% £ BEAK AT I 7K B 4t (g 0 L e 2
10 min), Bi/KJGFES B TAHTEIA G TS 2 by T
EEPE AN R ZRERE . W4 53T SEM MR,

H B KL (Supporting Information) HFRML &Y A~
A 1 H NMR, " C NMR, HRMS FI#51k &40 F
NMR {18 . 3x 2eppokka] DL G 2 AN AR T I 3k (http:/
sioc- journal.cn/) I T %K.

References

[1] Fan, Z. J.; Shi, J., Luo, N.; Ding, M. H.; Bao, X. P. J. Agric. Food
Chem. 2019, 67, 11598.

[2] Jiang, S. C.; Tang, X.; Chen, M.; He, J.; Su, S. J.; Liu, L. W.; Xue,
W. Pest Manage. Sci. 2019, 76, 853.

[3] Tang, X.; Zhang, C.; Chen, M.; Xue, Y. N.; Liu, T. T.; Xue, W. New
J. Chem. 2020, 44, 2374.

[4] Mo, F.; Ma, J.; Yang, X.; Zhang, P.; Li, Q.; Zhang, J. Phytomedicine
2020, 153223.

[5] Yu, M. S.; Lee, J.; Lee, J. M.; Kim, Y.; Chin, Y. W,; Jee, J. G;
Jeong, Y. J. Bioorg. Med. Chem. Lett. 2012, 22, 4049.

[6] Sun, E; Zheng, X. Y.; Ye, J.; Wu, T. T.; Wang, J. L.; Chen, W. Nutr.
Cancer 2012, 64, 599.

[7] Afroze, N.; Pramodh, S.; Hussain, A.; Waleed, M.; Vakharia, K. 3
Biotech 2020, 10, 211.

[8] Wang, S. J.; Tong, Y.; Lu, S.; Yang, R.; Liao, X.; Xu, Y. F,; Li, X.
Planta Med. 2010, 76, 1492.

[9] Jiang, M.; Zhu, M.; Wang, L.; Yu, S. Biomed. Pharmacother. 2019,
120, 109506.

[10] Guitard, R.; Paul, J. F.; Véronique, N. R.; Aubry, J. M. Food Chem.
2016, 213.

[11] Jiang, S. C.; Su, S. J.; Chen, M.; Peng, F.; Zhou, Q.; Liu, L. W.;
Xue, W. J. Agric. Food Chem. 2020, 68, 5641.

[12] Li, P; Chen, Y.; Xia, R. J.; Guo, T.; Zhang, M.; Jiang, S. C.; Tang,
X.; He, M.; Xue, W. Chem. J. Chin. Univ. 2019, 40, 909 (in Chi-
nese).

(%, BRoe, BARWE, 29, dkEL, HAR, mIe, B, g,
B FRAF F IR, 2019, 40, 909.)

[13] Liu, H. B.; Lv, P;; Pan, N. N.; Ai, L. M.; Liu, Y. X. Chem. J. Chin.
Univ. 2014, 35, 981 (in Chinese).

UM, B, T, SCUTHE, XUKEE, SEFRLFFR,
2014, 35,981.)

[14] Xu, Y. Y. M.S. Thesis, Suzhou University, Suzhou, 2014 (in Chi-
nese).

(W5, SR, PR, J5M, 2014))

[15] Zhang, G. Q.; Guo, Q. Q.; Zhao, T. Y.; Wang, M.; Xing, L. N. Chin.
J. Synth. Chem. 2020, 28, 491 (in Chinese).

(Kot e, FRNENE, BB, REW, M, TR, & A,
2020, 28, 491.)

[16] Dos, R.; Sharon, V.; Ribeiro, N. S.; Rocha, D. A.; Fortes, I. S.; Sil-
va, T. D.; Andrade, S. F.; Macedo, A. J. Chem. Biol. Drug Des.
2020.

[17] Wan, Z. H. M.S. Thesis, Guizhou University, Guiyang, 2015 (in
Chinese).

(JIiR%e, Mk, SMREE, B, 2015)

[18] Sun, H. Y.; Sun, H. S.; Liu, M. Z.; Huang, W.; Yang, G. F. Chin. J.

Org. Chem. 2018, 38,2067 (in Chinese).

http://sioc-journal.cn/ 717



BIKE

[19]

[20]

(21]

[22]

(23]

[24]

718

(INEESE, PVENR, X, EfH, MtE, AL, 2018, 38,
2067.)

Wu, J.; Bai, S.; Yue, M.; Luo, L. J.; Shi, Q. C.; Ma, J.; Du, X. L.;
Kang, S. H.; Hu, D. Y.; Yang, S. Chem. Pap. 2014, 68, 969.

Gao, X.W.; Cai, X. J.; Yan, K.; Gao, L. L.; Wang, H. Y.; Chen, Z.;
Song, B. A. Chin. J. Org. Chem. 2008, 28, 1785 (in Chinese).
(FX%3L, S, MY, mENEE, EAYE, BRE, RER, A
52,2008, 28, 1785.)

Li, Q. M.S. Thesis, Guizhou University, Guiyang, 2018 (in Chi-
nese).

(FE, mEw L, BHRE, =, 2018)

Liu, J.H.; Liu, Y; Jian, J. Y.; Bao, X. P. Chin. J. Org. Chem. 2013,
33,370 (in Chinese).

IR, XIHE, #EER, /NP, A i, 2013, 33,370.)
Zhang, C. R.; Wang, L; Ge, Y. L; Ju, X. L. Clin. J. Org.
Chem. 2007, 2 7, 1432 (in Chinese).

GRERAZ, £M, BH#Em, BB, AMLE, 2007, 27,1432))
Yang, Y.; Ma, Y. N.; Huang, T.; Xie, W.; Zhang, X.; Huang, G. S.;
Liu, X. D. Chin. J. Org. Chem. 2018, 38, 2143 (in Chinese).

(B, S¥ege, wis, ffh, kiR, mEX, XINR, Ahs,

http://sioc-journal.cn/

[25]
[26]

[27]

[28]

[29]

[30]

© 2021 Chinese Chemical Society & SIOC, CAS

2018, 38, 2143.)
Xue, W.; Song, B. A.; Zhao, H. J; Qi, X. B.; Huang, Y. J.; Liu, X. H.
Eur. J. Med. Chem. 2015, 97, 155.

Chen, Y.; Li, P; Su, S. J.; Chen, M.; He, J.; Liu, L. W.; Xue, W.
RSC Adv. 2019, 9, 23045.

Long, C. W. M.S. Thesis, Guizhou University, Guiyang, 2015 (in
Chinese).

(A&, ML, SR, 5k, 2015.)

Zhang, C.; Jiang, S. C.; Chen, Y.; Guo, T.; Xia, R. J.; Tang, X;
Chen, L. J.; He, M.; Xue, W. Chin. J. Org. Chem. 2019, 39, 1160
(in Chinese).

kB, ¥AbAr, BRI, ¥, BRI, w0, BRENdE, 2, &
5, HALILFE, 2019, 39, 1160.)

Wang, L.; Zhou, X.; Lu, H.; Mu, X. F,; Jin, L. H. Molecules 2020,
25, 1488.

Chen, Y.; Li, P.; Chen, M.; Su, S. J.; He, J.; Zhang, M.; Liu, L. W,;
Xue, W. Chin. J. Org. Chem. 2019, 39, 2813 (in Chinese).

(BRo%, 223, WM, JRmTE, B, skE, Mianfh, Bk, A
522019, 39, 2813.)

(Lu, Y)

Chin. J. Org. Chem. 2021, 41, 708~718



