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Design, Synthesis and Biological Activity of Myricetin Derivatives
Containing 1,2,4-Triazolo[3,4-b]-1,3,4-thiadiazole
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Abstract A series of myricetin derivatives containing 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole moiety were designed and syn-
thesized using myricetin as the starting material through active splicing strategy. All target compounds were characterized by
'H NMR, 3C NMR and high-resolution mass spectra (HRMS). Single crystal X-ray diffraction experiments were carried out
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with  3-(3-((3-ethyl-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)thio)propoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4 H-
chromen-4-one (A5). When the concentration was 100 pg/mL, the inhibition rate of 3-(3-((3-(4-(tert-butyl)phenyl)-[1,2,4]-
triazolo[3,4-b][1,3,4]thiadiazol-6-yl)thio)propoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4 H-chromen-4-one (A15) agai-
nst Xanthomonas axonopodis pv.citri (Xac) was 63.3%, which was better than that of the control drug thiophanate-copper
(57.3%). Biological activity test results that these compounds showed good inhibitory activity against fobacco mosaic virus
(TMV). Among them, in terms of therapeutic activity, the ECso values of compounds AS, 5,7-dimethoxy-3-(4-((3-(methoxy-
methyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)thio)butoxy)-2-(3,4,5-trimethoxyphenyl)-4 H-chromen-4-one (AS8), 5,7-di-
methoxy-3-(3-((3-phenyl-[1,2,4]triazolo[3,4-b][ 1,3.,4]thiadiazol-6-yl)thio)propoxy)-2-(3,4,5-trimethoxyphenyl)-4 H-chromen-

4-one (A9), and 5,7-dimethoxy-3-(4-((3-(p-tolyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)thio)butoxy)-2-(3,4,5-trimethoxy-
phenyl)-4H-chromen-4-one (A12) were 88.3, 139.1, 109.9, 160.1 pg/mL, respectively, which were better than the control drug
ningnanmycin (227.2 pg/mL). In terms of protective activity, the ECso values of compounds 5,7-dimethoxy-3-(4-((3-phenyl-
[1,2,4]-triazolo[3,4-b][1,3,4]thiadiazol-6-yl)thio)butoxy)-2-(3,4,5-trimethoxyphenyl)-4 H-chromen-4-one  (A10), 5,7-dimeth-
oxy-3-(4-((3-(4-methoxyphenyl)-[1,2,4]triazolo[3,4-b][ 1,3,4]thiadiazol-6-yl)thio)butoxy)-2-(3,4,5-trimethoxyphenyl)-4 H-chro-
men-4-one (A14), Al5, 3-(4-((3-(4-(tert-butyl)phenyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-6-yl)thio)butoxy)-5,7-dimeth-
oxy-2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one  (A16), and 3-(4-((3-(4-chlorophenyl)-[1,2,4]triazolo[3.,4-b][1,3,4]thia-
diazol-6-yl)thio)butoxy)-5,7-dimethoxy-2-(3,4,5-trimethoxyphenyl)-4 H-chromen-4-one (A18) were 103.1, 107.4, 86.3, 79.2,
111.5 pg/mL, respectively, which were better than the control drug ningnanmycin (179.2 pg/mL). Microscale thermophoresis
(MST) indicated that compounds A12 and A16 have strong binding force to tobacco mosaic virus coat protein (TMV-CP).

Molecular docking experiments showed that compound A16 has a strong interaction with TMV-CP.
Keywords myricetin derivatives; 1,2,4-triazolo[3,4-b]-1,3,4-thiadiazole moiety; biological activity; crystal structure; viral

protein
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Figure 1 Design strategy for target compounds
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Scheme 1 Synthetic routes of target compounds
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Figure 2 Crystal structure (a) and crystal packing diagram (b) of A5
1 BHIRMLSY A1~A18 FIHIEE 0 H] 22/%)
Table 1 Antibacterial activities (inhibition rate/%) of target compounds A1~A18
Xac Psa Xoo
Compd. n R
100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL 100 pg/mL 50 pg/mL
Al 3 H 26.9+3.7 09+1.2 11.7+1.8 134424 38.94+0.6 214+1.5
A2 4 H 345+27 21.6%23 19.3+1.9 13.6+1.5 32.940.2 25.54+0.6
A3 3 CHs 31.2+09 14.5+1.7 19.7+1.7 14.1%+29 25.74+0.2 16.81+0.2
A4 4 CHs 16.4+2.6 11.8+43 15.7+1.3 11.9%+1.0 29.24+0.9 16.3+24
A5 3 CH:CHs 17.6+2.5 11.7+24 17.5+04 12.240.8 28.54+0.2 20.340.2
A6 4  CH:CHs 349+32 292420 25.61+0.6 26.11+0.8 414427 24.14+0.2
A7 3  CH20CH; 21.3+39  20.0%+0.9 20.2+1.7 109+1.0 32.6+1.2 147443
A8 4  CH:0CHs 40.6+2.0 39.0+3.8 182+34 159+1.6 33.74+0.6 223404
A9 3 Ph 28.7+1.7  26.1+3.8 20.1+3.0 19.4+2.6 23.7+04 25.1+04
A10 4 Ph 8.9+0.3 6.5+2.7 19.3+1.6 154409 24.34+0.8 28.5+2.3
All 3 4-CH3Ce¢Hs 373124  319%16 31.7%1.1 30.74+0.9 26.51+0.8 259+1.3
Al2 4 4-CH3CeH4 39.1+2.8 33%1.7 3844122 31.0+1.6 22.7+1.7 27.1+0.7
Al3 3 4-CH30Ce¢H4 46.4+1.8 304144 46.41+0.3 26.0+1.1 22.6+4.5 23.84+0.8
Al4 4 4-CH;CeH4 28.0+3.3 10.0+04 248+14 22.940.6 34.0+0.2 26.5+2.3
Al5 3  4-(CH3)3CCéHs 63.3+2.8 224+1.5 41.6+04 339+1.2 59.9+0.9 32.04+0.7
Al6 4  4-(CHs3);CCe¢Hs 54.7+0.5 34.6+1.7 51.1%+1.7 41.8+04 422+1.7 29.5+1.3
A17 3 4-CIC¢H4 422+3.6 324%+13 229+1.8 279443 32.1+0.9 24.0+1.7
Al8 4 4-CICe¢H4 383+19 334%18 36.31+0.5 269423 24.6+04 21.3%+1.0
Wt 20.7+£0.5  18210.6 13.8+4.3 128+1.2 13.9+1.4 8.5+1.6
I Al 0 53.1+£29  36.1%23 50.3+2.4 34.8+2.6 59.5+1.3 37.6+4.8
VA ] ] 57.3+25 40.1*+1.4 559435 37.84+1.3 62.31+0.6 46.8+2.0

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

B I RN 63.3%, 54.7%, $2I 7 o6 B8 24 kL e
(53.1%) FIME R (57.3%), LAY A1S X KA 1 A 1)
P 2R (59.9% ) H2301 i it of HEL 245 T A A (59..5%) AT 4 41
(62.3%), L& A16 XTI HRAE Bk it 7 9 B (1) 40 i) 26
51.1%, B I 24 i Ak I (50.3%) FHI8E B 41 (55.9%). 24
WFER 50 pg/mL B, AbE4) A8 AT It 32993 B 1 40 i)
FN 39.0%, FEIT T At R 24 A I (36.1%) 6 T 4
(40.1%), AW A16 X BRAE Rk I 927 99 1 10 0ok 22 Ky
41.8%, T X R 24 At W (34,8 %) 1 E B 7 (37.8%).
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BABEHMEETE. KA, (a1 A2, A5, A6, A7,
A8, A9, A12, A16 F1 A18 3G 7 3G AR 7 i o0t FE 2 7
M8 2 (57.5%); (L&Y A5, A6, A10, Al4, A15, A16 Fl
A18 IR IE PEOL T 78 b 6T HE 24 77 B 25 31 (62.8%); Ik
Ak, A A12 FiT A16 FIEEALTE 5 3N 78.1 F177.9%,
FEE TR 2 T R R 84.9%.
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£2 HIRLEY A1~A18 1H TMV i @
Table 2  Antiviral activities of target compound A1~ A18 against TMV

Compound n R Curative activity/% Protective activity/% Inactivative activity/%

Al 3 H 50.61+4.8 61.5+14 653+3.9
A2 4 H 66.51+1.8 62.31+3.5 54.84+0.8
A3 3 CHj3 50.7+1.9 49.7+£24 61.0+2.9
A4 4 CH3 542%36 55.6+4.7 478+1.2
A5 3 CH2CH3 73.6x4.1 66.4+1.7 414+2.38
A6 4 CH2CH3 66.5+2.5 66.9+24 57.4+4.7
A7 3 CH>0CH3 60.8+2.4 422433 58.8+4.2
A8 4 CH20CH;3 67.8+2.1 535+14 56.9+1.6
A9 3 Ph 71.7+£4.7 549439 51.6£1.5
A10 4 Ph 50.7+£42 72.1£3.8 57.8£3.9
All 3 4-CH3C¢H4 444146 60.4+2.8 70.5+3.7
Al2 4 4-CH3C¢H4 64.1+1.8 62.2+29 78.1+3.8
Al3 3 4-CH30CsH4 452429 48.0+34 351+34
Al4 4 4-CH30CsH4 53.3%25 67.31+3.3 36.0+2.8
Al5S 3 4-(CHs3)3CCsHa 54.3%+4.0 69.8+3.7 722435
Al6 4 4-(CHs3)3CCsHa 60.1+3.3 73.8+3.7 77.9+4.1
Al17 3 4-CICsHa 53.5+4.1 60.71+0.7 53.4+45
Al8 4 4-ClCsHa 59.2+3.9 67.31+3.0 74.8+3.2
Pty o 337435 445+28 324+43
Ningnanmycin® 57.5+1.6 62.8+0.4 84.9+2.4

@ Average of three replicates, c=500 pg/mL. ® The lead compound of myricetrin.  Commercial antiviral agent ningnanmycin was used for comparison of antiviral

activity.

e s PRI IS, DARS i 24 7 B R 3 ons
M2, SHLAY) A2, AS, A6, A8, A9, A12 Al Al6 #4171
Pt TMV FIEITIENE ECso MR 3). ML R h ok
162.7, 88.3, 585.8, 139.1, 109.9, 160.1 F1206.9 ug/mL, [
&40 A6 4, ECso HIIM T T R % 3 (227.2 pg/mL). It
Ai, SHEEY) A5, A6, A10, Al4, A15, A16 F1A18 4T T
Pt TMV IERIIENE ECso MK 4), WL R0k
157.5, 140.0, 103.1, 107.4, 86.3, 79.2 1 111.5 pug/mL,
T TR & Z= 1 ECso {H(179.2 pg/mL).

1.4 BirkE4 A12, A16 5 TMV-CP B EHGEASTD
ML)

EAGEITIE T PRIPTE A A T 1 = T B

LR T M2 T B B R A AT R BV B SE 5,

Table 3 Curative activity of target compounds A2, A5, A6, A8, A9, A12 and A16 against TMV

LEAMEEY) A12 A1 Al16 RBI(E 3), VIR Al2,
A16 5 TMV-CP HfEHALE]. M4 MST (microscale
thermophoresis) &7, &4 A12 5 TMV-CP [FIff 255
# K4=(0.015%0.005) pmol/L, k&%) A16 5 TMV-CP
HIRRES 8 Ka=(0.056+0.027) pmol/L, T 251k
BN IR B AL Ka=(61.447+26.262) pmol/L
Xof B8 24 1 R B 2 AR 5 B K= (3.215 £ 1.477) pmol/L.
B MST 25 R v LAE H, Bzt &9 A12, Al6 tLoe 31k
BV IR 2 TR B2 3 5 TMV-CP 455 e i
1.5 o FxihE

ST RR(E 4), LAY Al6 HEERE
JE ASN-101 (0.3 nm)J¥ R 1) S5 bL 7 7 85 3R 5 2 SR TR ik

JE ASN-101 (0.4 nm)f, UiFHLAEY) Al6 L THERYE

£3 HIFLEY A2, A5, A6, A8, A9, A12 Fl A16 X TMV (V6T 5k @

Compound n R Regression equation r ECso/(ugemL 1)
A2 4 H y=0.7824x+3.2698 0.9869 162.7
A5 3 CH2CH3 y=0.685x+3.6671 0.9851 88.3
A6 4 CH2CH3 y=0.3793x+3.9502 0.9627 585.8
A8 4 CH20CH3 y=0.8048x+3.2751 0.9909 139.1
A9 3 Ph y=0.746x+3.4774 0.9677 109.9
Al2 4 4-CH3CsHa y=0.7368x+3.3759 0.9900 160.1
Al6 4 4-(CHs3)3CCsHa y=0.6697x+3.4492 0.9940 206.9
Ningnanmycin® »=0.5854x+3.6206 0.9879 227.2

@ Average of three replicates. © Commercial antiviral agent ningnanmycin was used for comparison of antiviral activity.
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F 4 HIxLEY AS, A6, A10,A14, A15, A16 Fl A18 X TMV ({75 1 «
Table 4 Protective activity of target compounds A5, A6, A10, A14, A15, A16 and A18 against TMV
Compound n R Regression equation r ECso/(ugemL 1)
A5 3 CH:CH3 »=0.6575x+3.5553 0.9575 157.5
A6 4 CH2CH3 y=0.7189x+3.4571 0.9892 140.0
A10 4 Ph »=0.8465x+3.2956 0.9861 103.1
Al4 4 4-CH30C6H4 y=0.6385x+3.7031 0.9983 107.4
Al5 3 4-(CH3)3CCeHa »=0.6518x+3.7382 0.9938 86.3
Al16 4 4-(CH3)3CCeHa y=0.7571x+3.5624 0.9805 79.2
Al8 4 4-CIC¢Ha »=0.7189x+3.5282 0.9892 111.5
Ningnanmycin® y=0.7401x+3.3323 0.9966 179.2

@ Average of three replicates. © Commercial antiviral agent ningnanmycin was used for comparison of antiviral activity.
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Figure 4 Molecular docking studies of A16 (a) and ningnanmycin (b)
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TMV-CP 2 [H{IZ54 F1ik. Sk, (&) A16 53t
U 5 i R B k2 T — 2 A A B AR AN TR A
e 7R, BInRRE. . -k, -2, n-FIE 1.
n-n ERNEE, 2 TR SR ] A16 A B4 14T TMV
.

2 Zhig

DIHUARIR FHEEIE . —Bifbmi. M. 1,3-27RA
BEAT1,4- R T e AR, SN RBA R T 1818
1,2,4- =M 3F[3,4-b]-1,3,4- 1 R M Mg AT A2 . ST
MARZE R, W 100 pg/mL I, A15 XFFHAS 5 9%
B FIHI RN 63.3%, 0T % HE 24 e B H(57.3%); U
TR MENNRE N, KRZ2HAY TMV B B3 1A
SRR ST, F AP AS, A8 FIl A9 (VAT IS I
ECso {H43 3124 88.3, 139.1 1 109.9 pg/mL, LT X {2
TRHR(227.2 pg/ml); FLEPIA A10, Al4, A5,
A16 Fil A18 [IRA 15 1 ECso {84374 103.1, 107.4, 86.3,
79.2 A1 1115 pg/mL, TRT X2 TR R (179.2 ng/
mL). TEHIEZISLIRV, (L&Y A12 1 Al16 LT F
HBRAEBPENT, WHLED A12 1 Al6 5
TMV-CP M4 & RE I TRMBER T T AR
B, L&Y A16 5 ASN-101 (0.3 nm)JE R0 &4 L 7 7
%7 5 ASN-101 (0.4 nm)%H, WL S Al6 LL T %
# 5 TMV-CP (PDB 1Xi4: 1E17)Z [A] [ 45 A /156,

3 EES
31 X5

XT-4 BYHT WA s e A (AL B BHEA A TR 2
7]); [ Bruker Ascend-500 Y% 843 1R it X (500
MHz); Thermo Scientic Q Exactive & 7 #¥ i & 1%
(HRMS, ZEER K /KRB A R A 7]); WFH-203B 2 —
LA AT EERE RN A R A F]); Multiskan FC i
P (FEBR KR BHZ A R A A]); LDZX-50KBS 33
JE ZEVROK R A (B 2 BT B ), AR AR R A 2
X HHRATHHOS L ) (15 [E Bruker 24 #]). AR
H il RHRE R AR AR, JToKOEE. JosK HEEA
N,N- F 35 F ik i (DMIF) S5 71 38 g T 5 20 e .
3.2 LW

HREAR 1, 2 AT 3 S EOCHRA P22, a4k 4 F1 S
SR A 22,
3.2.1 BARLAY A1~AL8 896 R 77k

[f] 100 mL 8 E RIS 2 m A aE 3
(1.83 mmol). F/KBEERAH(2.29 mmol)A! DMF 20 mL, #
BEAFE 30 min, fFlalA 3 2 VG, I 5
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(1.53 mmol), N 6~8 h, 2 il(TLC) IR i [ M
(MR ZTR) © V(B =251 2]. RMNEHGE, Kk %
F 200 mL UK/K 38k, oK E A, HhiEes 20H =4,
HEFEEN N CIR CER) © V(FEE)=50 © 1~8 © 1]14ift
23 HArb &9 A1~A18.

3-(3-([1,2,4] =ME[3,4-b][1,3,4]ME —M-6-FEERAR)
A HL)-5,7- " FHEFE-2-(3,4,5- = I IR I )-4 H- (il -4-
fH(AL): ABREE, K 65.7%. mp. 133.2~134.6 C;
'"H NMR (500 MHz, Chloroform-d) J: 8.78 (s, 1H, Ph-H),
7.26 (s, 2H, Ph-H), 6.49 (d, J=2.2 Hz, 1H, Ph-H), 6.35 (d,
J=2.2 Hz, 1H, Ph-H), 4.11 (d, J=5.4 Hz, 2H, OCH;
CH,CH,S), 3.96 (s, 3H, PhOCH3), 3.90 (d, J=1.5 Hz, 9H,
PhOCHs), 3.88 (d, J=6.6 Hz, 3H, PhOCH3), 3.52 (t, J=
7.1 Hz, 2H, OCH,CH,CH>S), 2.21~2.16 (m, J=12.8, 6.5
Hz, 2H, OCH,CH:CH,S); '3C NMR (126 MHz, Chloro-
form-d) 6: 174.0, 167.3, 164.3, 161.1, 158.9 153.9, 153.1,
140.2, 135.0, 125.9, 109.4, 105.9, 96.0, 92.5, 70.0, 61.1,
56.5, 55.9, 31.0, 29.9. HRMS (ESI) calcd for CasHasNy-
05S; [M+H]" 587.1625, found 587.1624.

3-(4-([1,2,4] =ME[3,4-b][1,3,4] 8 —Me-6-FERIAL) T
A HL)-5,7- " FHEFE-2-(3,4,5- = U E S IR I )-4 H- (il -4-
fH(A2): AEREE, K 66.3%. mp. 149.3~150.7 C;
'"H NMR (500 MHz, Chloroform-d) J: 8.79 (s, 1H, Ph-H),
7.30 (s, 2H, Ph-H), 6.48 (d, J=2.2 Hz, 1H, Ph-H), 6.34 (d,
J=2.2 Hz, 1H, Ph-H), 4.02 (t, J=6.0 Hz, 2H, OCH:
CH,CH,CH,S), 3.94 (s, 3H, PhOCH3), 3.90 (d, J=3.3 Hz,
9H, PhOCH3), 3.88 (s, 3H, PhOCH3), 3.39 (t, J=7.2 Hz,
2H, OCH,CH,CH,CH:S), 2.07~2.00 (m, 2H, OCH,CH3-
CH,CH,S), 1.87 (dd, J=13.8, 6.2 Hz, OCH,CH,CH2CH,-
S, 2H); *C NMR (126 MHz, Chloroform-d) J: 174.1,
167.3, 164.2, 161.1, 158.9, 153.9, 153.1, 140.4, 140.1,
135.1, 126.1, 109.4, 105.9, 96.0, 92.6, 71.1, 61.1, 56.5,
56.0, 33.8, 29.0, 25.7. HRMS (ESI) calcd for Ca7HysNy-
0sS; [M+H]" 601.1421, found 602.1416.

5,7- ~HEFE-3-(3-((3-H1 2&-[1,2,4] =M [3,4-b]-
[1,3,4]ME — M -6- 2 ) B AR) T 260 25 )-2-(3,4,5- — Al R
H)-4H- U -4- T (A3): AL AR, IR 59.8%. mup.
146.7~148.1 ‘C; 'H NMR (500 MHz, Chloroform-d) ¢:
7.24 (s, 2H, Ph-H), 6.47 (d, J=2.2 Hz, 1H, Ph-H), 6.33 (d,
J=2.2 Hz, 1H, Ph-H), 3.94 (d, J=5.8 Hz, 2H, OCH>-
CH,CHS,S), 3.93 (s, 3H, PhOCH3), 3.89 (s, 9H, PhOCH3),
3.88 (s, 3H, PhOCH3), 3.31 (t, J=6.7 Hz, 2H, OCH,CH,-
CH>S), 2.38 (s, 3H, Ar-CH3), 2.12~2.07 (m, 2H, OCH,-
CH:CH,S); 3C NMR (126 MHz, Chloroform-d) J: 174.1,
164.2, 161.0, 158.9, 153.8, 153.2, 150.6, 140.3, 140.1,
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125.9, 109.3, 105.9, 96.0, 92.6, 70.5, 61.1, 56.5, 56.0, 30.3,
30.0, 10.4. HRMS (ESI) calcd for C7H2sN40sS, [M+H]"
601.1421, found 601.1433.

5,7- ~ FSEIE-3-(4-((3-F 2E-[1,2,4] = M[3,4-b]-
[1,3,4]0E — M -6-F) i AX) T A58 )-2-(3,4,5- — AR R
Be)-4H- (4 i -4- T (A4): E B EAE, Y# 58.3%. m.p.
135.5~136.9 ‘C; '"H NMR (500 MHz, Chloroform-d) o:
7.30 (s, 2H, Ph-H), 6.47 (d, J=2.2 Hz, 1H, Ph-H), 6.33 (d,
J =22 Hz, 1H, Ph-H), 402 (t, J=6.0 Hz 2H,
OCH:CH,CH,CH,S), 3.94 (s, PhOCH3, 3H), 3.90 (d, J=
4.3 Hz, 9H, PhOCH3), 3.88 (s, 3H, PhOCH3), 3.39 (t, J=
7.2 Hz, 2H, OCH,CH,CH,CH:S), 2.63 (s, 3H, ArCHs),
2.01 (dd, J=14.6, 7.3 Hz, 2H, OCH,CH:CH,CH,S),
1.89~1.85 (m, OCH,CH,CH:CH,S, 2H); '*C NMR (126
MHz, Chloroform-d) 6: 174.0, 166.4, 164.2, 161.1, 158.9,
153.0, 144.3, 140.4, 140.1, 126.0, 109.4, 106.0, 96.0, 92.6,
71.1, 61.1, 56.5, 55.9, 33.9, 28.9, 25.7, 10.5. HRMS (ESI)
caled for C23H30N40882 [NI‘*’H]Jr 615.1578, found
615.1572.

3-(3-((3- L HE-[1,2,4] =ME[3,4-b][1,3,4] W — ME-6-35E)
AR HE)-5,7- — HA FE-2-(3,4,5- = H AR FE R 5L )-4H-
Ol -4-1 (AS): B EFEAE, WZE 49.8%. mp. 189.1~
190.6 C; 'H NMR (500 MHz, Chloroform-d) 6: 7.32~
7.29 (s, 2H, Ph-H), 6.52 (d, J=2.2 Hz, 1H, Ph-H), 6.37 (t,
J=6.1 Hz, 1H, Ph-H), 4.14 (t, J=5.6 Hz, 2H, OCH,
CH,CHS>S), 3.98 (s, 3H, PhOCH3), 3.94 (s, 6H, PhOCH3),
3.93 (s, 3H, PhOCH3), 3.92 (d, J=3.3 Hz, 3H, PhOCH3),
3.57 (t, J=7.0 Hz, 2H, OCH,CH,CH:S), 3.04 (q, J=7.6
Hz, 2H, ArCH:CH;), 2.27~2.19 (m, 2H, OCH,CH:-
CH.S), 1.42 (t, J=7.6 Hz, 3H, ArCH,CH3); *C NMR
(126 MHz, Chloroform-d) J: 173.9, 166.2, 164.2, 161.0,
158.9, 153.1, 148.7, 140.2, 125.8, 109.3, 105.9, 96.0, 92.5,
69.9, 61.0, 56.4, 55.9, 31.0, 30.0, 18.7, 11.1. HRMS (ESI)
caled for C23H30N40882 [NI‘*’H]Jr 615.1578, found
615.1574.

3-(4-((3- 2. FE-[1,2,4] =ME[3,4-b][ 1,3,4]E —-6-F)
WAL T 8 IE)-5,7- — AR JE-2-(3,4,5- = A L K 3 ) -4 H-
o -4-Fi(A6): H AR, # 45.9%. m.p. 137.3~
138.8 'C; 'H NMR (500 MHz, Chloroform-d) J: 7.34 (s,
2H, Ph-H), 6.51 (d, J=2.2 Hz, 1H, Ph-H), 6.37 (d, J=2.2
Hz, 1H, Ph-H), 4.06 (t, J=6.0 Hz, 2H, OCH2CH,CH;
CH.S), 3.97 (s, 3H, PhOCH3), 3.94 (d, J=2.9 Hz, 9H,
PhOCH3), 3.92 (s, 3H, PhOCH3), 3.43 (t, J=7.1 Hz, 2H,
OCH,CH,CH,CH:S), 3.05 (q, J=7.6 Hz, 2H, ArCH»-
CHs), 2.07 (dd, J=11.9, 4.7 Hz, 2H, OCH,CH:CH,CH,S),
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191 (dd, J=7.8, 6.1 Hz, 2H, OCH,CH,CH:>CH,S), 1.43
(t, J=7.6 Hz, 3H, ArCH,CH3); *C NMR (126 MHz,
Chloroform-d) 0: 174.0, 166.2, 164.1, 161.0, 158.8, 153.1,
152.8, 148.8, 140.4, 140.1, 125.9, 109.4, 105.9, 95.9, 92.5,
71.0, 61.0, 56.4, 55.9, 33.8, 28.9, 25.7, 18.7, 11.1. HRMS
(ESI) caled for C29H32N40882 [N[‘i‘H]Jr 629.1734, found
629.1729.

5,7- — FAA 3 -3-(3-((3-( P 4L 3 F 36 )-[1,2,4] — M
[3,4-b][1,3,4]48 — Me-6-F5) i AX) 4 A 2% )-2-(3,4,5- = 4
FEIRIL)-AH-BFH-4-FH(AT): FEGEE, IR 66.1%. m.p.
149.2~150.7 ‘C; '"H NMR (500 MHz, Chloroform-d) d:
7.30 (s, 2H, Ph-H), 6.52 (d, J=2.1 Hz, 1H, Ph-H), 6.38 (d,
J=2.1 Hz, 1H, Ph-H), 4.83 (s, 2H, CH2OCH3), 4.13 (t,
J=5.5 Hz, 3H, OCH2CH,CHS,S), 3.98 (s, 3H, PhOCHj3),
3.94 (s, 6H, PhOCH3), 3.93 (s, 3H, PhOCH;), 3.59 (t, J=
7.0 Hz, 2H, OCH,CH,CH:S), 3.44 (s, CH,OCHs, 3H),
2.28~2.19 (m, 2H, OCH,CH:CH,S); *C NMR (126
MHz, Chloroform-d) o: 173.9, 167.5, 164.2, 161.0, 158.9,
154.4, 153.0, 144.3, 140.1, 125.8, 109.3, 105.9, 96.0, 92.5,
69.9, 63.3, 61.0, 60.4, 58.7, 56.7~55.9, 55.9, 31.0, 29.9.
HRMS (ESI) calcd for CagH3oN4OoS, [M+H]" 631.1527,
found 631.1524.

5,7- 2 H AR Ik -3-(4-((3-( P AR At FE R )-[1,2,4] =
[3,4-b][1,3,4]4E —Me-6-35)iiAX) T 44 25)-2-(3,4,5- = FH&A
FEIRIL)-4H- i -4- T (AS): T, WK 66.7%. m.p.
114.0~115.7 °C; '"H NMR (500 MHz, Chloroform-d) ¢:
7.29 (s, 2H, Ph-H), 6.47 (d, J=2.2 Hz, 1H, Ph-H), 6.32 (d,
J=2.2 Hz, 1H, Ph-H), 4.79 (s, 2H, CH2OCH3), 4.00 (t,
J=5.9 Hz, 2H, OCH:CH,CH,CH,S), 3.93 (s, 3H, PhO-
CH3), 3.90 (s, 6H, PhOCH3), 3.89 (s, 3H, PhOCH3), 3.87
(s, 3H, PhOCH3), 3.42 (d, J=7.1 Hz, 2H, OCH,CH,CH,-
CH:S), 3.40 (s, 3H, CH,OCH3), 2.03~1.99 (m, 2H,
OCH,CH:CH,CH,S), 1.85 (dd, J=13.3, 7.1 Hz, 2H,
OCH,CH,CH:CH,S); 3C NMR (126 MHz, Chloroform-d)
0: 174.1, 167.6, 164.2, 161.03, 158.9, 154.5, 153.0, 144.3,
140.4, 140.0, 126.0, 109.4, 105.9, 96.0, 92.5, 71.1, 63.4,
61.1, 58.8, 56.5, 55.9, 33.9, 28.9, 25.6. HRMS (ESI) calcd
for C20H3N400S, [M+H]" 645.1684, found 645.1678.

5,7- — H O 3-G-((3- 7K [1,2,4] = M [3,4-
b][1,3,4]M8 —Me-6-J ) B AX) P 4L 2k )-2-(3,4,5- — AL R
F)-4H- i -4- T (A9): 35 L[] 44, IR 70.8%. mup.
195.1~196.4 C; 'H NMR (500 MHz, Chloroform-d) ¢:
8.26 (d, J=6.9 Hz, 2H, Ph-H), 7.46 (d, J=6.9 Hz, 2H,
Ph-H), 7.42 (d, J=7.0 Hz, 1H, Ph-H), 7.27 (s, 2H, Ph-H),
6.49 (d, J=2.3 Hz, 1H, Ph-H), 6.35 (d, J=2.2 Hz, 1H,
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Ph-H), 4.12 (d, J=5.5 Hz, 2H, OCH2CH,CHS,S), 3.95 (s,
3H, PhOCH3), 3.89 (s, 3H, PhOCH3), 3.88 (s, 3H, PhO-
CHs), 3.87 (s, 6H, PhOCH3), 3.65 (t, J=7.1 Hz, 2H,
OCH,CH,CH:S), 2.27 (dd, J=12.5, 6.2 Hz, 2H, OCH,-
CH:CH,S); *C NMR (126 MHz, Chloroform-d) : 174.0,
167.0, 164.3, 161.1, 158.9, 154.4, 153.1, 146.1, 140.2,
130.6, 130.3, 129.0, 128.5, 128.3, 126.3, 126.1, 125.9,
125.8, 109.4, 105.9, 96.1, 96.0, 92.5, 69.9, 61.1, 56.5, 55.9,
32.5, 31.2, 30.2. HRMS (ESI) calcd for Cs3H3oN4OsS;
[M+H]" 663.1578, found 663.1577.

5,7- — & FE 3-(4-((3- 7K FE [1,2,4] = M [3.4-
b][1,3,4]1ME —Me-6- )i AX) T 4 2L)-2-(3.,4,5- = FAA B R
5)-4H- O -4- T (A10): A, R 74.2%. mop.
125.5~127.1 ‘C; '"H NMR (500 MHz, Chloroform-d) J:
8.25 (d, J=7.0 Hz, 2H, Ph-H), 7.47 (t, J=7.3 Hz, 2H,
Ph-H), 7.43 (d, J=7.1 Hz, 1H, Ph-H), 7.30 (s, 2H, Ph-H),
6.47 (d, J=2.2 Hz, 1H, Ph-H), 6.34 (d, J=2.2 Hz, 1H,
Ph-H), 4.05 (t, J=5.9 Hz, 2H, OCH:CH,CH,CH,S), 3.94
(s, 3H, PhOCH3), 3.90 (s, 9H, PhOCH3), 3.89 (s, 3H,
PhOCH3), 3.51 (t, J=7.2 Hz, 2H, OCH,CH,CH,CH:S),
2.13~2.08 (m, J=7.2 Hz, 2H, OCH,CH:CH,CH,S),
1.95~1.88 (m, 2H, OCH,CH,CH:CH,S); '*C NMR (126
MHz, Chloroform-d) d: 174.1, 167.0, 164.2, 161.1, 158.9,
154.4, 153.1, 152.9, 146.1, 140.4, 140.1, 130.3, 129.0,
126.3, 126.0, 125.7, 109.4, 105.9, 96.0, 92.5, 71.1, 61.1,
56.5, 55.9, 34.0, 28.9, 25.8. HRMS (ESI) calcd for C33H,-
N4OsS; [M+H]" 677.1734, found 677.1731.

5,7- B AR FE 3-(3-((3-( X AR FE)-[1,2,4] = Mk
[3,4-b][1,3,4]M8 — Me-6-J5) it AX) N 4 2E)-2-(3,4,5- — H &
R I -AH- (O -4- T (A11): (I E AR, IRE 69.4%.
m.p. 107.9~109.0 ‘C; 'H NMR (500 MHz, Chloroform-d)
J: 8.16 (d, J=8.2 Hz, 2H, Ph-H), 7.30 (s, 2H, Ph-H), 7.28
(d, J=4.5 Hz, 2H, Ph-H), 6.51 (d, J=2.2 Hz, 1H, Ph-H),
6.38 (d, J=2.2 Hz, 1H, Ph-H), 4.15 (t, J=5.5 Hz, 2H,
OCH:CH,CH,S), 3.98 (s, 3H, PhOCH3), 3.92 (s, 3H,
PhOCH3), 3.91 (s, 3H, PhOCH3), 3.90 (s, 6H, PhOCH3),
3.66 (t, J=7.0 Hz, 2H, OCH,CH,CH:S), 2.38 (s, 3H,
PhCH3), 2.28 (dd, J=12.3, 6.1 Hz, 2H, OCH,CH:CH,S);
13C NMR (126 MHz, Chloroform-d) &: 173.9, 166.7,
1642, 161.1, 158.9, 154.1, 153.2~152.7, 146.2, 140.5,
140.2, 129.6, 126.2, 125.8, 122.8, 109.4, 105.9, 96.0, 92.5,
69.9, 61.0, 56.4, 55.8, 31.2, 30.1, 21.5. HRMS (ESI) calcd
for C33H3,N405S, [M+H]" 677.1734, found 677.1728.

5,7- 2 FP AR B 3-(4-((-( X H AR FE)-[1,2,4] = Mk
[3,4-b][1,3,4]M8 —Me-6-F5) it AX) T 4 2%)-2-(3,4,5- —H &
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FE I ) -4H- (O -4- B (A12): A EAE, R 67.3%.
m.p. 100.1~101.5 °C; '"H NMR (500 MHz, Chloroform-d)
d: 8.15 (d, J=8.2 Hz, 2H, Ph-H), 7.33 (s, 2H, Ph-H), 7.28
(t, J=4.0 Hz, 2H, Ph-H), 6.49 (d, J=2.2 Hz, 1H, Ph-H),
6.36 (d, J=2.2 Hz, 1H, Ph-H), 4.09 (t, J=5.9 Hz, 2H,
OCH:CH,CH,CH,S), 3.96 (s, 3H, PhOCH3), 3.93 (s, 9H,
PhOCH3), 3.91 (s, 3H, PhOCH3), 3.52 (t, J=7.2 Hz, 2H,
OCH,CH,CH,CH2S), 2.39 (s, 3H, PhCH3), 2.16~2.08 (m,
2H, OCH,CH;CH,CH,S), 1.97~1.92 (m, 2H, OCH,CH,-
CH:CH,S); '3C NMR (126 MHz, Chloroform-d) J: 174.0,
166.7, 164.1, 161.0, 158.8, 153.0, 152.8, 140.4, 140.1,
129.6, 126.2, 125.9, 122.8, 109.4, 105.9, 95.9, 92.5, 71.0,
61.0, 56.4, 55.9, 33.9, 28.9, 25.8, 21.5. HRMS (ESI) calcd
for C34H34N405S; [M+H]" 691.1891, found 691.1887.
5,7- AR R -3-(3-((3-(4- H AR R 3 )-[1,2,4] = M
[3,4-b][1,3,4]4E —Me-6-38) i AX) I A 25)-2-(3,4,5- = &
FER)-AH--4-BH(A13): AR, lE 68.4%. m.p.
126.3~127.8 'C; 'H NMR (500 MHz, Chloroform-d) ¢:
8.20 (d, J=8.9 Hz, 2H, Ph-H), 7.28 (s, 2H, Ph-H), 6.97 (d,
J=9.0 Hz, 2H, Ph-H), 6.49 (d, J=2.2 Hz, 1H, Ph-H), 6.36
(d, J=2.2 Hz, 1H, Ph-H), 4.12 (t, J=5.5 Hz, 2H, OCH:-
CH,CH,S), 3.96 (s, 3H, PhOCH3), 3.90 (s, 3H, PhOCH3),
3.89 (s, 3H, PhOCH3), 3.87 (s, 6H, PhOCH3), 3.81 (s, 3H,
PhOCHs), 3.64 (t, J=7.1 Hz, 2H, OCH,CH,CH2S), 2.26
(dt, J=12.8, 6.3 Hz, 2H, OCH,CH:CH>S); *C NMR (126
MHz, Chloroform-d) 6: 174.0, 166.6, 164.3, 161.1, 158.9,
153.9, 153.3~152.7, 146.0, 140.2, 128.0, 125.8, 118.3,
114.4, 109.4, 105.9, 96.0, 95.9, 92.6, 70.0, 61.1, 56.7~
56.6, 56.5, 56.0, 55.4, 31.2, 30.2. HRMS (ESI) calcd for
C33H3:N4008; [M+H]™ 693.1684, found 693.1678.
5,7~ F AR JE -3-(4-((3-(4- AR 2k 2R 36 )-[1,2,4] =
[3,4-b][1,3,4]4E —Me-6-F5) i 55 ) T 44 25)-2-(3,4,5- = &A
FER)-AH-E-4-BH(A14): A AR, B 67.3%. m.p.
120.3~121.6 ‘C; 'H NMR (500 MHz, Chloroform-d) ¢:
8.19 (s, 1H, Ph-H), 8.18 (s, 1H, Ph-H), 7.30 (s, 2H, Ph-H),
6.99 (s, 1H, Ph-H), 6.97 (s, 1H, Ph-H), 6.46 (d, J=2.2 Hz,
1H, Ph-H), 6.33 (d, J=2.2 Hz, 1H, Ph-H), 4.06 (t, J=5.9
Hz, 2H, OCH2CH,CH,CH,S), 3.93 (s, 3H, PhOCH3), 3.90
(s, 9H, PhOCH3), 3.89 (s, 3H, PhOCH;), 3.82 (s, 3H,
PhOCH3), 3.49 (t, J=7.2 Hz, 2H, OCH,CH,CH,CH2S),
2.13~2.07 (m, 2H, OCH,CH:CH,CH,S), 1.95~1.89 (m,
2H, OCH,CH,CH:CH,S); 3C NMR (126 MHz, Chloro-
form-d) J: 174.1, 166.6, 1642, 161.1, 158.9, 153.9,
153.2~152.8, 146.0, 140.4, 140.1, 128.0, 126.0, 118.3,
114.4,109.4, 105.9, 96.0, 92.5, 71.1, 61.1, 56.5, 55.9, 55.4,
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34.0, 28.9, 25.8. HRMS (ESI) calcd for CsH3aN4O0S;
[M+H]" 707.1840, found 707.1830.

3-(3-((3-(4-(BUT HE) A )-[1,2,4] =M [3,4-b][1,3,4]
e — M- 3 ) i 3 ) P 4R 3 )-5,7- AR -2-(3.4,5- = H
AIEIRIL)-AH- (O -4-TF (A15): AGEAER, ICR 64.6%.
m.p. 113.4~114.6 °C; '"H NMR (500 MHz, Chloroform-d)
5: 8.19 (s, 1H, Ph-H), 8.18 (s, 1H, Ph-H), 7.48 (s, 1H,
Ph-H), 7.46 (s, 1H, Ph-H), 7.28 (s, 2H, Ph-H), 6.49 (d, J=
2.2 Hz, 1H, Ph-H), 6.36 (d, J=2.2 Hz, 1H, Ph-H), 4.12 (t,
J=5.5 Hz, 2H, OCH2CH,CH,S), 3.96 (s, 3H, PhOCH3),
3.90 (s, 3H, PhOCH3), 3.88 (s, 3H, PhOCH3), 3.86 (s, 6H,
PhOCH3), 3.66 (t, J=7.1 Hz, 2H, OCH,CH,CH:S),
230 ~ 224 (m, 2H, OCH,CH:CH,S), 1.28 (s, 9H,
PhC(CH3);); 3C NMR (126 MHz, Chloroform-d) 6: 174.0,
166.7, 164.3, 161.1, 158.9, 154.2, 153.6, 153.1, 146.2,
140.2, 126.1, 125.9, 122.8, 109.4, 105.9, 96.1, 92.6, 70.0,
61.1, 56.6, 56.4, 56.0, 35.0, 31.5~31.0, 30.2. HRMS (ESI)
caled for CiH3sN4OgS; [M + H] " 719.2204, found
719.2196.

3-(4-((3-(4-FU T H)ZRFE)-[1,2,4] =ME[3,4-b][1,3,4]
TMo6- ) AR FE ) TR SE)-5,7- H AR -2-3.4,5- = H A
IR FL)-4H- (O -4-FH (A16): A BE K, W 65.3%.
m.p. 172.1~173.3 “C; '"H NMR (500 MHz, Chloroform-d)
: 8.19 (s, 1H, Ph-H), 8.17 (s, 1H, Ph-H), 7.50 (s, 1H,
Ph-H), 7.49 (s, 1H, Ph-H), 7.31 (s, 2H, Ph-H), 6.47 (d, J=
2.1 Hz, 1H, Ph-H), 6.34 (d, J=2.1 Hz, 1H, Ph-H), 4.05 (t,
J=5.8 Hz, 2H, OCH2CH,CH,CH,S), 3.93 (s, 3H, PhO-
CH3), 3.90 (s, 9H, PhOCH3), 3.89 (s, 3H, PhOCH3), 3.51
(t, J=7.1 Hz, 2H, OCH,CH,CH,CH:S), 2.11 (t, J=7.1
Hz, 2H, OCH,CH:CH,CH,S), 1.92 (dt, J=13.2, 6.4 Hz,
2H, OCH,CH,CH:CH,S), 1.32 (s, 9H, PhC(CHs)s); 1*C
NMR (126 MHz, Chloroform-d) 6: 174.1, 166.7, 164.2,
161.1, 158.9, 154.1, 153.7, 153.1, 152.9, 146.2, 140.5,
140.1, 126.0, 122.8, 109.4, 105.9, 96.0, 92.5, 71.1, 61.1,
56.5, 55.9, 35.0, 34.0, 33.4, 31.3, 28.9, 28.0, 25.7. HRMS
(ESI) caled for C37HaN4OsS, [M+H]" 733.2360, found
733.2354.

3-(3-((3-(4-F A HE)-[1,2,4] =ME[3,4-b][ 1,3,4] 8 M-
6- 2 T 58 ) T 41 28 )-5,7- — FH AR AR -2-(3,4,5- = I A R
5)-4H- 4l -4- i (A17): F AR, I 65.4%. mop.
130.1~131.6 °C; 'H NMR (500 MHz, Chloroform-d) &:
8.22 (s, 1H, Ph-H), 8.20 (s, 1H, Ph-H), 7.43 (s, 1H, Ph-H),
7.41 (s, 1H, Ph-H), 7.27 (s, 2H, Ph-H), 6.49 (d, J=2.2 Hz,
1H, Ph-H), 6.35 (d, J=2.2 Hz, 1H, Ph-H), 4.12 (t, J=5.6
Hz, 2H, OCH,CH,CH,S), 3.95 (s, 3H, PhOCH3), 3.90 (s,
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3H, PhOCH3), 3.88 (s, 9H, PhOCH3), 3.67 (t, J=7.1 Hz,
2H, OCH,CH,CH,S), 2.26 (dt, J=12.6, 6.2 Hz, 2H, O-
CH,CH,CH,S); *C NMR (126 MHz, Chloroform-d) &:
174.0, 167.5, 164.3, 164.0, 161.1, 158.9, 154.6, 153.1,
145.2, 140.2, 136.3, 129.3, 127.6, 125.82, 124.2, 109.4,
105.9, 96.1, 96.0, 92.5, 69.9, 61.1, 56.5, 55.9, 34.9, 31.2,
30.1. HRMS (ESI) caled for C3HyCIN4OsS; [M+H]"
697.1188, found 697.1183.

3-(4-((3-(4-F A HE)-[1,2,4] =M [3,4-b][1,3,4]1E k-
6- ) I 5L ) T A AR )-5,7- AR R -2-(3,4,5- — A R OR
H)-4H-t i -4- T (A18): [ A EA, IE 65.3%. m.p.
174.6~175.9 C; 'H NMR (500 MHz, Chloroform-d) &:
8.19 (d, J=8.6 Hz, 2H, Ph-H), 7.42 (d, J=8.6 Hz, 2H,
Ph-H), 7.30 (s, 2H, Ph-H), 6.46 (d, J=2.0 Hz, 1H, Ph-H),
6.33 (d, J=2.0 Hz, 1H, Ph-H), 4.06 (t, J=5.9 Hz, 2H,
OCH:CH,CH,CH,S), 3.93 (s, 3H, PhOCH3), 3.90 (s, 9H,
PhOCHs), 3.89 (s, 3H, PhOCHs), 3.52 (t, J=7.2 Hz, 2H,
OCH,CH,CH,CH>S), 2.14~2.08 (m, J=7.1 Hz, 2H, O-
CH,CH:CH,CH,S), 1.95 ~ 1.89 (m, 2H, OCH,CH,-
CH:CH,S); 3C NMR (126 MHz, Chloroform-d) J: 174.0,
167.5, 164.2, 161.0, 158.8, 154.5, 153.1, 152.8, 145.2,
140.4, 140.1, 136.3, 129.3, 127.5, 126.0, 124.2, 109.4,
105.8, 96.0, 92.5, 71.0, 61.1, 56.5, 55.9, 34.0, 28.8, 25.8.
HRMS (ESI) calcd for C33H31C1N40832 [M + H] *
711.1345, found 711.1339.

3.3 B MEYIRRIMNNAE TE MR

K b BE VL 261, DURS i 24 77) 18 TR 0 AR e Ak P Ry tof
BR824, MR T H Ak &%t Xoo, Xac 1 Psa (435 1.

T il & FR A FRFE(NB): 5 g B AR 1 g BERE
10 g H& B 3 g ZFE A 1000 mL Z&18K, =
I3 HUCN 20% NaOH 11 pH %£(7.2+0.2); & FIH5
ERFRH(NA): 200 mL NB BAAERFREEFMA 3.6 g 3/
K. FEERDIK =M R 2 NA AR SR I, JF
fE 28 ClERIHFFRA T FR RV, Phikis & K
IOANEIEA NB AR SR, FEEEIRRE IR h ¥k 1
T BN HAERKIAEH.

BALAYIECH B 100 A1 50 pg/mL, 23 HIEL 190 uL
TINE] 96 FUB H, IR OD 18, %48 BN N TC 18 8% 97 3
1) OD 1H, FHHX 10 uL BWIMA 96 fLiRkH, #£28 CH
L 200 r/min ELLIREIEE 36~48 h, SR )5 I OD {H.

FIE OD i =& Wi s 774 OD fH — LI #5972k OD {5

T (%) = (R IE Ja 0 RS R BE R OD (H — R IE R &
IR FRIL T OD MH )RS IE Ja X IR TR AL R OD fH X
100%
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3.4 HFERUEI TMV EMHEIR
3.4.1 BARMLA I TMV 697477 & P GX,

X HARME ST TMV 35 0038 5% F ¥ 1A B
VRRT281 U M PR T NI, R HESE ) i X
500 pg/mL 1) TMV i %g, 5] HIRIZEPIIZI M |, 0.5
h J5, HEBERBERAFAEYETR(500 ng/mL), 5125
MR PR A4, BT e, B3 28 CHIEEhEER
2~3 d, "B ERBE S, e AP AL
(B s, A S H S 2.

342 HARLAMIT TMV 8948847 & b 0%,

FH 7 2 il e AR5 UK 5 DV (500 pg/mL) 35 &) 3
BRI 438, 20~24 h J5, FIHEERIEER 500
ug/mL (¥ TMV 78, ¥5IHURIZER L -, 5
28 CIEEFHFE 2~3 d, M A IR B S S, il
SEAA I A B RBE A, R A S S ) .
343 BARMLA I TMV 6945640 % P 5K,

W A5 AL BP0V (1000 pg/mL)FT TMV 9% (1000
ng/mL)EARBUR A, FTANREW, SIRA BN AL B
) TMV (500 pg/mL)Ji#5. §E 0.5 h 5, FHHARER#ER
4 TMV JiEE(500 pg/mL)¥ &) RIE 72 fr b, FiH
HEZE I HEBCEA L AL R (9 TMV 95 35(500 pg/mL)¥ 57 il
AU b, % 28 CHIEFREFR 2~3 d, i H
LIRS BE RS, ISR A A PRI B B S, A
A TH RS2,

3.44 F TMV & PR 69 4] i+ 5

PRI 72 A S 2 UG R, 7 B 2 R 24 750t
B, il N R A AR S, W R ARG E
TMV 5 VE 1 2.

I=[(L—RYL] X 100%

Hrb IR HPRCEYHT TMV 3G TERIH] 2 L A 2 2
IR BEAL, R A Y- (P AL BEAL.
345 WERBHER

FREL m(mg)=MAHXS 7051 £) X 4/1000 25T 200
ul B0 PE)T, A 100 uL — IV A(DMSO)E iR,
FEHL 10 uL DMSO @253 T 200 pL PE &+, i
190 uL T ER 2% ¥k (phosphate buffer saline, PBS), 141,
VR 2GRN B, 55 16 4~ 200 pL PE &, 4i'5 1~
16. UEER 10 pL 25N 1~2 S84, FEEL 10 L
SEC ZZ M BN 2~16 58, #2558t 10 uL
SEC ZEME AN 10 uL BEEFT 2T, FT81EWAC 10 pL 2
SETRRIRGERT 3 58T, EEEE-ET 16
S, 16 SEHAIZEWE 10 uL ARG, E
1~16 SEFHA 10 uL 257K, HIKEE R 200

M 1~16 SFCG 25+ 2 5 mA 10 pL
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TMV-CP #ridEE HIFHTS), ¥ MST & HEME IR
B, IR B AN AT MST I &
346 H-FTIEFRE

14 5 FIH ChemBioDraw M H H A#tk &4 A16 ] 2D
45y, FHER ChemBio3D ¥ HArfb &4 T 2D M5
thh 3D 45K, {E PDB #idi E N4k TMV Ji &4 i iR
1% 3D 45k, FIH PyMOL 256 3D 45Ky 7K 7
FHRUNFREAARSE R, B FR &5y PDBQT U4,
- AutoDock F A 3E4T 53T 5 2.
347 X B ATH R

TEAG G AS BT iR Hp PRk AP i . BTG
F IR R 4 HL R /INEE B ) i PRI AT B AR AT ST SRR, B
RE T B X BHRATSMY b, 7£ 273 K FH Mo Ka 4t
LR IEAT S S E W s AT SRR U, SREEFIIEL
P 22 R FRNTIA € > T-45404, R Olex-2.0 K AFHEAT
PRGERIFENT, Mercury BRPFAbFR RS 5 A 45 M4 A &b i 3
H

4 Bh 44 %) (Supporting Information) H&{L T H ] 44 Al
H btk 5401 'H NMR, °C NMR, HRMS LK Hbrfb &
Y AS Y aR R EEE . IX AR AT DL B A A ) R
(http://sioc-journal.cn/) I N %K.
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