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SIE AR EITE I A B R RS

w B wHEE K X O F EER
o BWE O ® % B OF

(GFORASRIVAD TREEFRE SR ERH TN AERRORGSRIAEY TREE SRR
SUMR R4 TR A &0 5iBH 550025)

BE AT —RIEE 134 E W ERATED, Fra a4 '"HNMR, PC NMR LI HRMS E£AE. A5
MR B, A PR 5020096 B (Xac) « /K& E A9 B (Xoo) LA B JH A6 993 993 25 (TMV) EL A B4 i il £ .
Hh b &9 4a.4b . 4f. 4j 3RS IR 979% B ECso 23 14 18.5.40.7.26.9 A1 32.4 png/mL, 8T %6 W 2451 K5 142(68.8 ug/mL);
&4 Af. 4) X 7KFRE A A ECso 23 BN 45.9 A1 35.7 pg/mL, LT X B8 245 - H51:(69.3 pg/mL); St TMV ¥EI7 G T, 1k
GV 4n 1) ECso 164 272.8 pg/mL, 1T XTHE 25 72 B 5 3R(428.8 pg/mL); X TMV Trdr i o, &4 4f (1) ECso {54 235.6
ng/mL, fETXHELG TR R (447.9 ng/mL). WWEY 4j 575 /KTE R EA 5 P9-1 1E IR BIR B SLIn R, 1%
EYE P9-1 2 [A1 B A BRI AH FLAE .
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Synthesis and Biological of Novel Myricetin Derivatives Containing
1,3,4-Oxadiazoles

Zhang, Cheng Jiang, Shichun Chen, Ying Guo, Tao Xia, Rongjiao

Tang, Xu Chen, Lijuan He, Ming Xue, Wei™
(State Key Laboratory Breeding Base of Green Pesticide and Agricultural Bioengineering, Key Laboratory of Green
Pesticide and Agricultural Bioengineering, Ministry of Education, Center for Research and Development of
Fine Chemicals, Guizhou University, Guiyang 550025)

Abstract A series of novel myricetin derivatives containing 1,3,4-oxadiazole moiety were designed and synthesized. Bioas-
says indicated that some compounds showed potential antibacterial and antiviral activities. Among them, compounds 4a, 4b, 4f
and 4j demonstrated appreciable inhibitory effect against Xanthomonas axonopodis pv.citri (Xac), with half-maximal effective
concentration (ECsy) values of 18.5, 40.7, 26.9 and 32.4 pg/mL, which were significantly better than commercial agent bis-
merthiazol (68.8 pg/mL), compounds 4f and 4j also demonstrated appreciable inhibitory effect against Xanthomonas oryzae
pv. Oryzae (Xoo) with ECsy values of 45.9 and 35.7 ng/mL, which were better than commercial agent bismerthiazol (69.3
pg/mL). In addition, compounds 4n demonstrated significant curative activity against TMV with ECs, value of 272.8 pg/mL,
which was better than commercial agent ningnamycin (428.8 pg/mL), compounds 4f showed protecting activity against tobac-
co mosaic virus (7MV) with ECs, value of 235.6 pg/mL, which was better than commercial agent ningnamycin (447.9 pg/mL).
Microscale thermophoresis (MST) indicated that compound 4j could bind with south rice black drawf virus P9-1.

Keywords myricetin; oxadiazole; biological activity; protein
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Scheme 2  Synthesis of target compounds
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PR 7l B A A e, B 3 — D0 T R
1 ZR51He
1.1 FhER 2 ERK

P52 2% SCHk[26], LR N, 7ERIR &4,
ATV EIRER 2.0 TR RBUBYIR, SURGEZ T
I I 9 S N A, P N, N- PR R R i (DMIF) N i
A, FIMANE SR & T, CUBRR A VAR, 7EUK
WS NI, 15 25 = SR 1 A )4 2.
1.2 B a9anEsE MK

H AL A H P0G PR, R 2 1. SEEG R,
Fi A & W sk A P4 i #R A — e AmEIE R, H
o, MIKEEN 100 pg/mL, &Y 4a. 4b. 4f SHHTAE R
7593 1 (Xac) B3N HIAE F 22 B o - 8 (63.3%); &4
de. Af, 4j X 7KFE R 1 (Xoo) Al 1 FH 408 i
Fi(56.0%).

A A% I (Bismerthiazol) Jy Xt HE 2571, ik 4a. 4b.

4d. 4f. 4j [ ECsofti, &R WK 2 i, Bk 5 Mus
W R AR 20 B IR ECso fEL23 708 18.5+ 40.7. 57.0+
26.9+ 32.4 pg/mL, T HALM(68.8 pg/mL); [FIFE, LAnf
Fiii(Bismerthiazol) A XT BE 2555, K 4e. 4f. 4j 17 ECsp
1, 85RaE 3 For, Bk 3 MEAYxT KRG A MR
fi] ECso fH2 51N 66.3+ 45.9. 35.7 pg/mL, ftT Ak
14(69.3 pg/mL).

B TE PRI B, b & P8R B — 5 14
BEYE. MBS R TR, MUY H, 4-CHs,,
2-OCHs, 3-CH; I, HAFRMEAEYIN Xac RILH TIREFH)
IR, 0 4a, 4b, 4f, 4j, TAI ECs [E50 5104 18.5,
40.7,26.9, 32.4 pg/mL, T %F REZGFRIH Al 1 HU AR
{14y 4-OCHs, 2-OCHs, 3-CH; Itf, HARLEYIXT Xoo
BLH T IRGFFO4MHI2, U de, 4f, 4j, ‘EA11H ECso {H 57
N 66.3, 45.9, 35.7 ug/mL, fLF X B 2G5 kb, {H 2,
MERFEE N 2,4-(OCH3), (4g), 3.,4-(CH;), (4i), 3,4-
(OCH3), (4n)PA K i &R -7, H Ak &2 s v

R 1 Hisb &Y 4a~4p B EVEGDH]Z/%)”

Table 1 Antibacterial activities (inhibition rate/%) of target compound 4a~4p

Xanthomonas axonopodis pv. citri

Xanthomonas oryzae pv. Oryzae

Compound R 100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL
4a H 94.6+3.3 68.7+2.2 29.7%+1.8 29.71£4.0
4b 4-CH; 65.1%1.1 50.0+0.7 30.0+1.7 29.9+3.8
4c 4-OCHj; 42.4+14.1 222+1.8 64.0+5.8 41.5%6.8
4d 4-tert-Butyl 58.8+2.9 46.2+33 42.0%8.0 30.8+3.2
4e 4-Cl 24.6*1.5 17.3£0.5 312134 22.4+2.6
4f 2-OCHj; 86.1+1.5 58.0+0.9 72.4+£3.0 48.8t7.1
4g 2,4-(OCHs;), 99+.3 7.7+3.1 39.2+2.5 15.6%3.6
4h 4-Isopropyl 19.2£3.2 142+3.5 492+1.2 30.0+1.7
4i 3,4-(CH;), 28.5%2.0 18.1£1.6 19.8+4.3 16.1£1.2
4j 3-CH; 61.6+1.5 50.5+4.2 942+14 52.6+23
4k 3,4-Cl, 31.1£1.9 10.1£2.9 40.5+4.6 17.9£1.5
41 4-Br 97124 7.1£29 479+£3.5 24.1%3.5
4m 2,4-Cl, 26.1%£2.2 13.0£2.0 445+34 24.4%6.9
4n 3,4-(OCHj;), 35.6+6.8 16.6+1.8 41.3%238 28.0%£2.6
40 3-Br 19.4%0.9 18.5+2.3 31.1£1.8 19.7£2.7
4p 2-Br 21.2%1.1 143+2.3 25.7£0.7 13.9£1.0
MYR’ — 42.1£23 30.2+3.0 47.1£23 282%1.5
Bismerthiazol* — 63.311.1 41.5+1.6 56.0+1.2 33.8+2.0

“ Average of three replicates. ® The lead compound of myricetin. ¢ The commercial bactericide (Bismerthizol) was used for comparison of antibacterial activity.

£2 HFMLEY 4a. 4b. 4d. 4F T 4j Sk RE B9 B 30 4

Table 2 Inhibitory effects of compounds 4a, 4b, 4d, 4f and 4j against Xanthomonas axonopodis pv. citri
Compound R Toxic regression equation r ECso/(ngemL™")
4a H y=1.1662x+3.5310 0.9623 18.5
4b 4-CH, y=0.7203x+3.8400 0.9920 40.7
4d 4-tert-Butyl y=0.7785x+3.6328 0.9938 57.0
4f 2-OCHj; y=1.6223x+2.6802 0.9804 26.9
4j 3-CH; y=0.4471x+4.3244 0.9708 324
Bismerthiazol” — y=1.2051x+2.7851 0.9726 68.8

“ Average of three replicates. ® The commercial bactericide (Bismerthizol) was used for comparison of antibacterial activity.
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Table 3 Inhibitory effects of compounds 4c, 4f and 4j against Xanthomonas oryzae pv. Oryzae

NOTE

Compound R Toxic regression equation r ECSO/(pg-mLfl)
4c 4-OCH; y=1.6378x+2.0161 0.9846 66.3
4f 2-OCH; y=1.6652x+2.2318 0.9851 459
4j 3-CH; y=2.8364x+0.5935 0.9635 35.7
Bismerthiazol” — y=2.8364x+0.5935 0.9897 69.3

¢ Average of three replicates. ® The commercial bactericide (Bismerthizol) was used for comparison of antibacterial activity.

Peds 2z, RSEURIEN H R 7B R ER At f 7 2 4]
I, B AR A 00 400 T e Mz e R AR A e 2
[T po 25 2 4]
1.3 BRUERNI TMV &S

H bk S0P TMY 35 PR SE BNk 4 fios, 18
7 2R 500 pg/mL B, KA YIS TMV 5 35 #8
BA—ErMsER. Hrb, fERTEE T, WEY
4a. 4n [OHIEIVER 239000 57.1% 62.9 %, LT XfEZ
TR E(53.2%), (ERPIEMEITH, (L&) 4d. 4f 130
HE 258 56.0%. 65.3%, T T FE % %(55.7%).

DL P B2 RN RRZG ), XI{b- 54 4a. 4b. 41 H
an TP TMV BIEITIETE ECso MK, R IEK 5, &
1TH9 ECso 5 51°M 362.6+ 385.0+ 502.5 F1272.8 ug/mL.
e, L&) 4a. 4b Fl 4n () ECs f T T FI5F 2(428.8
pg/mL). [FFE, XHEEY) 4b. 4d. de. 4f F1 41 FATHT
TMV FIRFFETE ECso MK, S5 W3E 6, EA1H ECs
B354 626.2. 404.0. 406.0+ 235.6 F1 562.0 ug/mL. 3
i, HEY 4f 1) ECs A i T 7 F 87 3 (447.9
pug/mL).

F4  HILEY 4a~4p [OH TMV 6Pk
Table 4 Antiviral activities of target compound 4a~4p against
™V

. e Protection
Compound R Curative activity/% activity/%
4a H 57.1 40.9
4b 4-CH;, 51.3 48.0
4c 4-OCH; 40.9 233
4d 4-tert-butyl 26.8 56.0
4e 4-Cl 32.0 51.7
4f 2-OCH; 37.0 65.3
4g 2,4-(OCHs;), 445 18.2
4h 4-Isopropyl 31.6 35.8
4i 3,4-(CH3), 28.2 27.8
4j 3-CH; 42.8 27.5
4k 3,4-Cl, 35.0 30.0
41 4-Br 50.7 48.7
4m 2,4-Cl, 39.8 17.5
4n 3,4-(OCHj;), 62.9 34.0
40 3-Br 354 16.8
4p 2-Br 37.8 19.2
MYR” 35.7 41.5
Ningnamycin® 53.2 55.7

“ Average of three replicates. * The lead compound of myricetin. ¢ The com-
mercial antivirotic (Ningnamycin) was used for comparison of antiviral activi-
ty.

£S5 HbstbaY4a. 4b. 41 H 4n X TMV 19367 iEPE ¢
Table 5 Curative activity of compounds 4a, 4b, 41 and 4n against TMV

Compound R Toxic regression equation r ECso/(ugemL™")
4a H y=1.0698x+2.2618 0.9893 362.6
4b 4-CH, y=1.9125x—0.0551 0.9710 385.0
41 4-Br y=1.2688x+1.5728 0.9922 502.5
4n 3,4-(OCH3), y=1.1024x+2.3146 0.9769 272.8
Ningnamycin” — y=0.7650x+2.9863 0.9830 428.8

“ Average of three replicates. * The commercial antivirotic (Ningnamycin) was used for comparison of antiviral activity.

F6 HIRMLOY 4b. 4d. de. 4f 1 41 X% TMV HRAPIE 1L
Table 6 Protective activity of compounds 4b, 4d, 4e, 4f and 41 against TMV

Compound R Toxic regression equation r ECso/(ugemL ™"
4b 4-CH, y=0.3375x+4.0561 0.9600 626.2
4d 4-tert-Butyl y=1.2188x+1.8227 0.9837 404.0
4e 4-Cl y=0.8601x+2.7564 0.9832 406.0
4f 2-OCHj; y=1.0608x+2.4835 0.9786 235.6
41 4-Br y=1.3146x+1.3951 0.9973 562.0
Ningnamycin” — y=1.5482x+0.8954 0.9819 447.9

“ Average of three replicates. ® The commercial antivirotic (Ningnamycin) was used for comparison of antiviral activity.
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HAER Mz RS DR, mik b 45 ik
FE SR Foom MR R, RIULED) 4) 5 PI-1 [1fE
BB K4=(0.049+0.017) pmol/L, il T 56 F1b &
VIR E AR B 3 B Ky=(7.789£5.678) umol/L(K 2),
VLA T e B R AP 45 61 .
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Figure 1 Fluorescence spectra of interaction between 4j, MYR
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WER, K &R Xoo. Xac VLI TMV #HA —5E
mIE . P b &9 da Xt Xac (4004 FE AR 550 B
LM AL S 45 X Xoo I 1 FAR T30 B 24 A
WE ALEY) an X TMY IRITIRTEL T G TR R R
WEW) 4f 5F TMYV RYIEVEL T W IR TR R, (e
Y 4j 58T KRE B KRG PO-1 1 F IR A 3h
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FHE LI BEE 7 e St

3 XIERST
3.1 UHF5EH

'H NMR. “C NMR H Bruker Ascend-400 spec-
trometer, JEOL ECX-500 ZY#% ARG 2 [TMS NP
Fr, CDCly BY — F 3LV A(DMSO) NI ], 20 H o i
N & [H Thermofisher /A &) Q Exactive BT B AL 15
FACRH A AR BRA R 1) X-4B 6
0 FAEIRERR 2R R, ARSI Rl
WA A IR AF, HE W E g ERe YR A
BRAF], HABRF T & o b4k,
3.2 XWHE
32.1 AR la~1p 694 R 7 ik

AR5 S ESCER[27], FRALE BT B 0 B A
k.
322 P4k 2a~2p B9 &R Tk

] 100 mL [FJEEFHH I 1 (2.48 mmol). BRERH
(7.45 mmol) L & 30 mL DMF, # iR FEEMEY 1 564
WG, TN 15~20 mL & H be, #IEHEE 0.5~1 h,
VKB ZAT N 20 NS £ 50(7.45 mmol), M.
W A TR, RSB, 1530 o a] 44
2, oimdeal, HEHAT N PR BT A
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A KL
323 PR 3 89 A R

HrE A 3 (16 RS RESCHR[16] 1) 56 k.
324  BARMLAEG AR

F] 50 mL [BJE A A A E 4K 3 (1.03 mmol). Bk
P 4(3.09 mmol)A1 DMF 20 mL, 85 ‘C F#i{$k 1 h 5, 2%
&30 10 mL 4 7 [a]44 2 (1.04 mmol)f] DMF, 105 ‘C
SR S~T h, ¥ VAEIN 200 mL K, FERERE T4
23N 6 mol/L MIEREAYT pH M, A KERE AT
H, HhE, FH S RoKE 2~3 IR, DMF TR i B 2 0,
R B E 4.

2-[5,7- . 4 F-4- 1 -2-(3,4,5- = F 4| FL 2R FL )-4H-
45 -3- FE | 5 L -N-(5- R 6 -1,3,4- 8 k2 L) 2L Tk i
(4a): KAEAK, P25 47.1%. mp. 247.3~248.5 C; 'H
NMR (500 MHz, CDCLy) §: 12.54 (s, 1H), 8.09 (dd, J=
7.9, 1.6 Hz, 2H), 7.52~7.46 (m, 3H), 7.26 (s, 2H ), 6.57
(d, J=2.2 Hz, 1H), 6.43 (d, J=2.2 Hz, 1H), 4.41 (s, 2H),
4.00 (s, 3H), 3.96~3.96 (m, 3H), 3.95 (s, 6H), 3.94 (s,
3H); *C NMR (126 MHz, CDCl;) J: 174.81, 166.76,
165.18, 161.62, 161.23, 159.18, 157.00, 154.54, 153.66,
141.21, 141.15, 131.45, 128.97, 126.83, 124.54, 123.94,
108.58, 106.01, 96.63, 92.85, 73.50, 61.18, 56.68, 56.62,
56.08; HRMS calcd for C3oH,sN3O;9 [M+H]" 590.1769,
found 590.1759.

2-[5,7- — F 4R i -4- il -2-(3,4,5- = W1 4E i K 3 )-4 H-
) -3- 3L S AL N-[5-(4- R BL DR L) -1,3,4- W8 -2 BL 1 2,
ki (4b): KOEAER, 773 40.4%. m.p. 243.9~245.4 C;
"H NMR (500 MHz, CDCly) 6: 12.47 (s, 1H), 7.98 (d, J=
8.2 Hz, 2H), 7.29 (d, J=8.0 Hz, 2H), 7.26 (s, 2H), 6.57 (d,
J=2.2 Hz, 1H), 6.43 (d, J=2.2 Hz, 1H), 4.41 (s, 2H), 4.01
(s, 3H), 3.96 (s, 3H), 3.95 (s, 6H), 3.94 (s, 3H), 2.42 (s,
3H); *C NMR (101 MHz, CDCly) d: 174.74, 166.70,
165.09, 161.70, 161.11, 159.09, 156.68, 154.44, 153.56,
141.88, 141.13, 140.98, 129.61, 126.71, 124.48, 121.04,
108.48, 105.86, 96.55, 92.76, 73.41, 61.11, 56.61, 56.52,
56.03, 21.63; HRMS calcd for C;H;3oN;0y [M—i—H]+
604.1925, found 604.1913.

2-[5,7- . F 4 F-4- 1 -2-(3,4,5- = F 4| FL 2R FL )-4H-
I -3- 5 | 58 -N-[ 5-(4- H AR 3 ) A 3 )-1,3,4- i — 12
B LT (4e): KETEAE, 773 39.2%. m.p. 252.6~
253.9 ‘C; '"H NMR (400 MHz, CDCl3) 6: 12.40 (s, 1H),
8.03 (d, J=8.5 Hz, 2H), 7.26 (s, 2H), 6.99 (d, J=8.5 Hz,
2H), 6.57 (s, 1H), 6.43 (s, 1H), 4.41 (s, 2H), 4.01 (s, 3H),
3.95 (t, J=4.1 Hz, 12H), 3.88 (s, 3H); >C NMR (101
MHz, CDCl3) 6: 174.52, 166.52, 164.90, 161.94, 161.41,
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161.00, 158.95, 156.27, 154.24, 153.42, 140.98, 140.87,
128.37, 124.34, 116.28, 114.18, 108.39, 105.75, 96.39,
92.60, 73.23, 60.95, 56.47, 56.38, 55.84, 55.29; HRMS
caled for C3H3N;0;; [M + H] ©620.1874, found
620.1862.

2-[5,7- — H AR 3 -4- i -2-(3,4,5- = H | FE 25 )4 H-
) -3- A IR -N-[5-(4-BUT FEAHE)-1,3,4-M8 — k-2 5]
O TR (4d): K B [E AR, P2 % 32.2%. mp. 2413~
2422 °C; 'H NMR (500 MHz, CDCl3) 6: 12.43 (s, 1H),
8.02 (d, J=8.5 Hz, 2H), 7.51 (d, J=8.5 Hz, 2H), 7.26 (s,
2H), 6.57 (d, J=2.2 Hz, 1H), 6.43 (d, J=2.2 Hz, 1H), 4.42
(s, 2H), 4.01 (s, 3H), 3.96 (s, 3H), 3.95 (s, 6H), 3.94 (s,
3H), 1.35 (s, 9H); *C NMR (126 MHz, CDCl;) d: 174.75,
166.73, 165.14, 161.76, 161.23, 159.18, 156.74, 154.99,
154.46, 153.65, 141.19, 141.12, 126.66, 125.93, 124.57,
121.12, 108.62, 106.00, 96.62, 92.84, 73.45, 61.17, 56.70,
56.61, 56.07, 35.12, 31.22; HRMS calcd for C34H3eN30
[M+H]" 646.2395, found 646.2383.

2-[5,7- — F 4R L -4-ifi -2-(3,4,5- = W U JE 3 )-4 H-
) -3 A FE-N-[5-(4-F K FE)-1,3,4-B8 g2 JE) 2,k
JZ(de): IKEEAE, 2% 35.8%. m.p. 238.2~239.5 C;
'H NMR (400 MHz, CDCl;) 6: 12.73 (s, 1H), 8.02 (t, J=
10.0 Hz, 2H), 7.47 (d, J=8.5 Hz, 2H), 7.26 (s, 2H), 6.58
(d, J=1.6 Hz, 1H), 6.43 (s, 1H), 4.41 (s, 2H), 4.01 (s, 3H),
3.97 (s, 3H), 3.96 (s, 6H), 3.95 (s, 3H); *C NMR (101
MHz, CDCl;) 0: 174.81, 166.73, 165.13, 161.09, 160.64,
159.10, 157.05, 154.52, 153.57, 141.15, 140.99, 137.60,
129.30, 128.01, 124.42, 122.31, 108.42, 105.84, 96.59,
92.77, 73.45, 61.13, 56.64, 56.52, 56.05; HRMS calcd for
C30H,,CIN;Oy0 [M+H]" 624.1379, found 624.1369.

2-[5,7- — H 4R L -4- i -2-(3,4,5- = W R JE 3 )-4 H-
) -3-FE S 2L -N-[5-(2- F A 2 2K 2E)-1,3,4- W -2 L
T i (4f): K By A, 77 # 45.3%. mp. 2223~
223.1 ‘C; '"H NMR (500 MHz, CDCl3) 6: 12.28 (s, 1H),
7.93 (d, J=7.7 Hz, 1H), 7.48 (t, J=7.3 Hz, 1H), 7.25 (s,
2H), 7.08~7.01 (m, 2H), 6.56 (d, J/=1.8 Hz, 1H), 6.42 (d,
J=1.7 Hz, 1H), 4.42 (s, 2H), 3.99 (s, 3H), 3.98 (s, 3H),
3.96 (s, 3H), 3.95 (s, 6H), 3.94 (s, 3H); *C NMR (126
MHz, CDCly) 6: 174.80, 166.92, 165.27, 161.43, 160.60,
159.35, 158.22, 156.97, 154.55, 153.83, 141.30, 141.27,
133.00, 130.80, 124.81, 120.89, 113.45, 112.16, 108.86,
106.18, 96.77, 93.01, 73.55, 61.36, 56.84, 56.80, 56.32,
56.25; HRMS calcd for C3;H3N;0;, [M+H]" 620.1874,
found 620.1868.

2-[5,7- — H 4R L -4- i -2-(3,4,5- = I 4 JE 3 )-4 H-
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O -3-FE I -N-[5-(2,4- — WA FE A 50 )-1,3,4- 0 — -
2-3E) L% (4g): FEAEAK, FEE 43.6%. mp. 198.1~
199.5 ‘C; '"H NMR (500 MHz, DMSO-d;) J: 11.95 (s,
1H), 7.71 (d, J=8.6 Hz, 1H), 7.51 (s, 2H), 6.92 (d, J=2.2
Hz, 1H), 6.78 (d, J=2.3 Hz, 2H), 6.74 (dd, J=8.7, 2.3 Hz,
1H), 6.55 (d, J=2.2 Hz, 1H), 4.86 (s, 2H), 3.94 (s, 3H),
3.92 (s, 6H), 3.90 (s, 3H), 3.89 (s, 3H), 3.88 (s, 3H), 3.78
(s, 3H); “C NMR (126 MHz, DMSO-ds) §: 172.82,
167.44, 164.59, 163.91, 160.85, 160.33, 159.35, 158.71,
156.94, 153.29, 152.00, 140.19, 139.86, 131.58, 125.66,
108.67, 106.69, 106.57, 105.51, 99.64, 96.67, 93.72, 70.69,
60.71, 56.71, 56.67, 56.54, 56.18; HRMS calcd for
C3,H3:N;0,, [M+H]™ 650.1980, found 650.1976.

2-[5,7- . F A F-4- 1 -2-(3,4,5- — F 4| FL 2R FL )-4H-
I -3- - N-[5-(4- 5 T R IR 0 )-1,3,4- I8 -2 - Jk
T ¥ (4h): K B TE K, PR E 43.1%. mp. 213.9~
214.3 C; 'H NMR (400 MHz, CDCl3) 6: 12.54 (s, 1H),
8.01 (d, J=8.2 Hz, 2H), 7.35 (d, J=8.3 Hz, 2H), 7.26 (s,
2H), 6.57 (d, J=2.1 Hz, 1H), 6.43 (d, J=2.1 Hz, 1H), 4.41
(s, 2H), 4.01 (s, 3H), 3.96 (s, 3H), 3.95 (s, 6H), 3.94 (s,
3H), 2.97 (dt, J=13.8, 7.0 Hz, 1H), 1.29 (d, J=6.9 Hz,
6H); *C NMR (101 MHz, CDCly) d: 174.73, 166.69,
165.08, 161.69, 161.11, 159.09, 156.68, 154.43, 153.56,
152.69, 141.12, 140.97, 127.02, 126.85, 124.48, 121.36,
108.48, 105.85, 96.55, 92.76, 73.40, 61.11, 56.62, 56.52,
56.03, 34.23, 23.74; HRMS calcd for C33H34N;0,0 [M+
H]" 632.2238, found 632.2229.

2-[5,7- . F A F-4- 1 -2-(3,4,5- = F 4| FL 2R FL )-4H-
I -3- | S FE -N-[5-(3,4- I FE A FE)-1,3,4- 08 2.
B LT g (4): KEEAR, 723 37.4%. mp. 2034~
213.8 C; 'H NMR (500 MHz, DMSO-dg) d: 12.09 (s,
1H), 7.72 (s, 1H), 7.67 (d, J=7.8 Hz, 1H), 7.51 (s, 2H),
7.39 (d, J=7.9 Hz, 1H), 6.94 (d, J=2.1 Hz, 1H), 6.57 (d,
J=2.1 Hz, 1H), 4.87 (s, 2H), 3.95 (s, 3H), 3.92 (s, 6H),
3.90 (s, 3H), 3.77 (s, 3H), 2.34 (d, J=4.9 Hz, 6H); "°C
NMR (101 MHz, DMSO-d) d: 172.78, 167.41, 164.53,
161.45, 160.77, 158.66, 157.22, 153.21, 151.93, 141.19,
140.06, 139.83, 138.11, 130.91, 127.18, 125.61, 124.00,
121.31, 108.58, 106.45, 96.62, 93.65, 70.70, 60.64, 56.65,
56.60, 56.58, 19.99, 19.79; HRMS calcd for Cs,H3,N50
[M+H]" 618.2082, found 618.2078.

2-[5,7- . 4 F:-4--2-(3,4,5- = F 4| FL 2R FL )-4H-
-3 S - N-[ 5-(3-H R OR 3)-1,3,4- I8 — 2B 2,
BkHE (4)): KA, 723 45.3%. m.p. 196.6~197.7 C;
'H NMR (400 MHz, DMSO-d;) d: 12.12 (s, 1H), 7.72 (d,
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J=11.8 Hz, 2H), 7.51~7.45 (m, 3H), 7.43 (d, J=7.6 Hz,
1H), 6.90 (d, J=2.2 Hz, 1H), 6.53 (d, J=2.2 Hz, 1H), 4.85
(s, 2H), 3.91 (s, 3H), 3.88 (s, 6H), 3.86 (s, 3H), 3.74 (s,
3H), 2.40 (s, 3H); "C NMR (101 MHz, DMSO-dy) o:
172.60, 167.19, 164.35, 161.12, 160.58, 158.48, 157.24,
153.03, 151.75, 139.86, 139.65, 139.22, 132.70, 131.23,
129.69, 126.58, 125.43, 123.49, 108.39, 106.26, 96.44,
93.46, 70.52, 60.46, 56.47, 56.43, 56.40, 21.15; HRMS
caled for CsHyN;0;0 [M + H] ©  604.1925, found
604.1919.

2-[5,7- — F 4R L -4- i -2-(3,4,5- = W U J 3 )-4 H-
05 -3-FE | S T -N-[5-(3,4- & K IE)-1,3,4-I8 —mp-0-3)
W iz (4k): B[ AE, 7 EE 27.6%. mp. 220.1 ~
220.3 ‘C; '"H NMR (400 MHz, CDCl3) 6: 12.95 (s, 1H),
8.19 (d, J=1.9 Hz, 1H), 7.95 (dd, J=8.4, 2.0 Hz, 1H),
7.58 (d, J=8.4 Hz, 1H), 7.26 (s, 2H), 6.58 (d, J=2.1 Hz,
1H), 6.44 (d, J=2.1 Hz, 1H), 4.41 (s, 2H), 4.03 (s, 3H),
3.97 (s, 3H), 3.96 (s, 6H), 3.95 (s, 3H); *C NMR (101
MHz, CDCl3) 0: 174.95, 166.78, 165.21, 161.09, 159.56,
159.12, 157.34, 154.68, 153.59, 141.20, 141.00, 135.82,
133.55, 131.15, 128.38, 125.78, 124.37, 123.58, 108.35,
105.81, 96.64, 92.76, 73.54, 61.15, 56.66, 56.53, 56.06;
HRMS caled for Cs3HyCLN;O0 [M+H]" 658.0989 ,
found 658.0977.

2-[5,7- — H 4R L -4- i -2-(3,4,5- = I 4 i 3 )-4 H-
)7 -3- 3 S FE - N-[5-(4-TRFKFE)-1,3,4-B8 g2 FE) 2,k
Jlz(41): AMEE, 7% 30.0%. m.p. 243.1~247.7 C;'H
NMR (400 MHz, DMSO-d) d: 12.17 (s, 1H), 7.87~7.80
(m, 4H), 7.48 (s, 2H), 6.90 (s, 1H), 6.53 (s, 1H), 4.86 (s,
2H), 3.92 (s, 3H), 3.89 (s, 6H), 3.87 (s, 3H), 3.75 (s, 3H);
BC NMR (101 MHz, DMSO-ds) o6: 172.78, 167.28,
164.53, 160.78, 160.50, 158.65, 157.66, 153.21, 151.93,
140.10, 139.82, 133.03, 128.35, 125.69, 125.59, 123.00,
108.59, 106.50, 96.61, 93.65, 70.71, 60.64, 56.65, 56.60;
HRMS caled for C3H»BrN;Oyp [M+H]"™ 668.0874,
found 668.0863.

2-[5,7- — F 4R L -4- i -2-(3,4,5- = 1 4 J 3 )-4 H-
05 -3-FE | S T -N-[5-(2,4- & K FE)-1,3,4-I8 —-0- 3]
W% (4m): (AR, 2 24.5%. mp. 228.7 ~
229.3 ‘C; '"H NMR (400 MHz, DMSO-dy) o: 12.26 (s,
1H), 7.96 (s, 1H), 7.93 (d, J=1.2 Hz, 1H), 7.70 (dd, J=
8.5, 2.1 Hz, 1H), 7.50 (s, 2H), 6.92 (d, J=2.2 Hz, 1H),
6.55 (d, J=2.2 Hz, 1H), 4.88 (s, 2H), 3.94 (s, 3H), 3.90 (s,
6H), 3.88 (s, 3H), 3.77 (s, 3H); “C NMR (101 MHz,
DMSO-dg) o: 172.78, 167.23, 164.54, 160.79, 158.65,
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158.43, 157.97, 153.21, 151.92, 140.12, 139.82, 137.33,
133.12, 132.51, 131.20, 128.71, 125.59, 121.98, 108.59,
106.52, 96.62, 93.66, 70.72, 60.64, 56.65, 56.61; HRMS
calcd for C;oH,6Cl,N304g [M—i—H]+ 658.0989 , found
658.0984.

2-[5,7- . F A F-4- 1 -2-(3,4,5- = F 4| FL 2R FL )-4H-
5 -3- ) L -N-[5-(3,4- - FH A LR FE)-1,3,4-08 — -
2-BE) LW (4n): A BEE, 7% 27.4%. mp. 2473~
237.7 ‘C; "H NMR (400 MHz, CDCl3) 6: 12.51 (s, 1H),
7.68 (dd, J=8.4, 1.9 Hz, 1H), 7.63 (d, J=1.8 Hz, 1H),
7.29 (s, 2H), 6.97 (d, J=8.5 Hz, 1H), 6.59 (d, J=2.1 Hz,
1H), 6.45 (d, J=2.1 Hz, 1H), 4.44 (s, 2H), 4.03 (s, 3H),
4.00 (s, 3H), 3.98 (d, J=3.3 Hz, 12H), 3.96 (s, 3H); "*C
NMR (101 MHz, CDCly) &: 174.72, 166.75, 165.08,
161.61, 161.07, 159.08, 156.54, 154.43, 153.55, 151.76,
149.24, 141.10, 140.97, 124.47, 120.30, 116.44, 110.95,
109.24, 108.46, 105.85, 96.56, 92.76, 73.37, 61.11, 56.61,
56.52, 56.19, 56.03; HRMS calcd for C;,H3,N;0,, [M+
H]" 650.1980, found 650.1978.

2-[5,7- . F 4 F:-4- 1 -2-(3,4,5- = F 4| FL 2K FL )-4H-
-3 S - N-[ 5-(3-TR 7K 3E)-1,3,4-B8 k2 _JE ) 2, T
i (40): ARG, P25 32.3%. mp. 224.3~224.7 C;
'H NMR (400 MHz, CDCl;) §: 12.86 (s, 1H), 8.18 (d, J=
1.9 Hz, 1H), 7.94 (dd, J=8.4, 2.0 Hz, 1H), 7.58 (d, J=8.4
Hz, 1H), 7.26 (s, 3H), 6.58 (d, J=2.1 Hz, 1H), 6.43 (d, J=
2.1 Hz, 1H), 4.41 (s, 2H), 4.02 (s, 3H), 3.97 (s, 3H), 3.96
(s, 6H), 3.95 (s, 3H); “C NMR (101 MHz, CDCl3) o:
174.86, 166.74, 165.17, 161.09, 159.53, 159.10, 157.30,
154.58, 153.58, 141.16, 141.05, 135.77, 133.52, 131.12,
128.35, 125.75, 124.37, 123.62, 108.38, 105.88, 96.61,
92.77, 73.47, 61.12, 56.63, 56.53, 56.04; HRMS calcd for
C30HyBrN; 00 [M+H]" 668.0874, found 668.0861.

2-[5,7- — FH 4R L -4- il -2-(3,4,5- = W1 4E Fk K 3 )-4 H-
) -3- 3 A I -N-[ 5-(2-TR FK 3E)-1,3,4-BE — w2 JE ) 2.k
[ (4p): A, 77 38.5%. mp. 209.9~2103 C;
'H NMR (400 MHz, DMSO-d) d: 12.21 (s, 1H), 8.02 (s,
1H), 7.88 (d, J=33.0 Hz, 2H), 7.58 (s, 1H), 7.48 (s, 2H),
6.92 (s, 1H), 6.54 (s, 1H), 4.85 (s, 2H), 3.89 (s, 12H), 3.74
(s, 3H); “C NMR (101 MHz, DMSO-ds) §: 172.78,
167.27, 164.53, 160.76, 159.77, 158.65, 157.79, 153.20,
151.93, 140.06, 139.83, 134.85, 132.23, 128.73, 125.92,
125.60, 125.48, 122.84, 108.57, 106.46, 96.62, 93.65,
70.74, 60.64, 56.65, 56.58; HRMS caled for
C30H,BrN;0,0 [M+H]668.0874 , found 668.0862.
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3.3 B EY4 ShkiEaELEgERE PI-1 M
ERBEBIEE

Bt 75 uL 24tk i) SRBSDV P9-1 ZKH(PDB 5:
SEFT)2, Frh A 1 uL NHS-647 4k, BRE444F
7 E 30 min; W OAMCHIE A BEAE, HERRZE b
7% (phosphate buffer saline, PBS)#E47 ¥ i H U L& H.
43 A 1E 16 4~ PCRE HINN 10 wL B R (2 54 500
250, 125. 62.5. 31.25. 15.625. 7.813. 3.906. 1.953.
0.977. 0.488. 0.244. 0.122. 0.061. 0.0305. 0.01525
umol/L) 1L &4 4j, #RJEH 10 puL i EARic IR E AT 10
ul EFEM D TIRA, 5 min WH G, BEEE S
WEBAMWE 2, SREE B B R b,
F NT.115 {¢#5 0 &

3.4 B &R HNEE MR

kR EEYE, F R A I AL P (Bismerthiazol) 9
BT R 257, L Xoo M Xac XF H ¥4l & 4347 0 B i
PRI,

B il JC B S TR Wiz s 7758 3.0 g A AHRE, 5.0 ¢
BN, 1.0 g BERER, 10.0 g BIE AT 1000 mL — 70K,
pH 7.0~7.2.

FERE Ok R A0 S P ARG R ZG 5 BC 1 Bk 100 0
50 pg/mL RFEIIREFREE, WA OD 1H, %ERIN TR
IR %L OD fH. ¥ 40 uL & HE I RZEFREIAEI T
PR TR, R IEAE 28 "C TR LA 180 r/min HE4E
RS E 36~48 h, AR5 OD fA. LA FHIAXITHHE
| 2.

FIH 2R (Yo) = (1 1F J& X B 7= 5L B R OD i —

WIE G &g 7R 58 OD H)/REIE Ja 5 JR 55 97 L B i

OD {fi X 100%

K IE OD =% 7% OD fH— LR K4 OD

18
3.5 BfrEYavin TMV EMENK
3.5.1  BARLA AT TMV 693697 & b laX

B — RO, R HAZBIOREE 3~5 Fofet, 5
M R385 i S NIRD, HAFEREEL TMV 3500
ug/mL), ¥JEIHRICESRIT b, AR R A BRI (0.5~1
h), FVEKBERENIR, BRE TS, HEERENHE R
1AV (500 mg/mL)35 57 Hiu iR BRAE S (4 0t
T Ja, KrHR % 28 CH&MF MrBRFE. 2~3d 5, it
A BRI BE S, ORI BE SR, AN AR
THE SR, M S FAT T 2~3 IR
3.52 HARLA AT TMV 69447 & HE X

H —FRoo 4, R HAZBIOREE 3~5 o Jint, HE%E
R H AL AP 770(500 mg/mL)33) A0 i g b 7E M -
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o

A 12 h 5, R IR 2 ST URE i e A R,
FHEEREE TMV 55 75(500 pg/mL), ¥5)HuRI£EfH - L.
FRmdE e AR 0.5~1 h), HiEKIEE &R, B
I, #4328 CH&MF M RERFR. 2~3d )5, it
LB R BB R, IES A A I B s, AN AT
Him R, SMUEYEATEHT 2~3 Ik
3.53 i TMV tdpd E

2~3 d Jaignt i, At IR AL BE, DL
B U (S POy SRR o E 5 S (PPl POy I e e
SRR A A S, R AR E T TMY TSR
] 2.

I=(L—R)/L X 100%

b 1A B EYIPT TMY SEYERHIR, L oA
IR BEEL, R AT e R B2

¥ Bh#4 £} (Supporting Information) CH TG &)
R IR I B LK B AR L& Y0 HRMS. IXSeppREr]
LA 2 MAS F1] 9 3345 (http://sioc-journal.cn/)_E R %K.
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