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Abstract: Objective: Design and synthesize novel aurone-like derivatives from Hypericum perforatum and conduct
in-vitro 3C-like protease activity studies. Methods: Based on the pharmacophore splicing principle, this study
selected 3,5,4'-trihydroxyaurone glycoside derivatives from Hypericum perforatum as the parent nucleus structure.
Novel aurone derivatives were designed and synthesized through the introduction of anti-inflammatory and antiviral
pharmacophores including paracetamol, mycophenolic acid, salicylic acid, 5-indolecarboxaldehyde, and ibuprofen,
using 4-or5-carbon atom chains as linkers. The synthesized derivatives were subsequently evaluated for their

3C-like protease inhibitory activities, followed by structure-activity relationship (SAR) studies. Results: A total of
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11 target compounds were successfully designed and synthesized. Among them, compound 9a demonstrated the
most potent inhibitory activity against SARS-CoV-2 3CLP™ in vitro. It effectively suppressed coronavirus 3C-like
protease activity and viral replication, demonstrating promising antiviral potential. Conclusion: The research results
demonstrated that compound 9a, identified as the lead candidate through screening, exhibited significant potential in

inhibiting 3CL protease activity. These findings provide a scientific foundation for further anti-coronavirus research

on Hypericum perforatum and the development of therapeutic agents targeting this viral enzyme.
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2.2 Bt &0t E R
221 BirkEY5a

HEMA, IEET6%;: HNMR (400 MHz, DMSO-d6)
8 976 (s, 1H), 7.92-7.89 (m, 2H), 748-744 (m, 2H), 7.07-7.04
(m, 2H), 697 (s, 1H), 6.88-6.83 (m, 2H), 6.75 (s, 1H), 4.10 (s, SH),
399 (t, J=5.8 Hz, 2H), 3.95 (s, 3H), 3.68 (s, 3H), 1.99 (s, 3H), 1.89—
1.85 (m, 4H); *C NMR (101 MHz, Chloroform-d) 6 180.94,
16841, 163.94, 161.56, 160.26, 155.89, 151.70, 146.68, 136.67,
133.12, 131.14, 125.25, 122.03, 115.00, 114.85, 11174, 107.41,
90.6-7, 6176, 67.70, 62.51, 61.76,56.74, 26.06, 26.04, 2447,
HRMS (ESI) caled for C3HyNOg [M+H]": 534.2122, found
534.2123.

222 Bistb&EYIsH

A, BE33%: HNMR (400 MHz, DMSO
-d6) 8 934 (s, 1H), 7.90-7.86 (m, 2H), 7.04-6.95 (m, 2H), 6.95 (s,
1H),6.73 (s, 1H), 5.21 (s, 2H), 5.13 (td, ] = 6.3, 5.8, 3.1

¢35



HE2EE 118
2025 68

Volume 2, Issue 1
June, 2025

Hz, 1H), 4.10 (s, 3H), 405-3.97 (m, 4H), 3.95 (s, 3H),
3.68 (d,J=4.9 Hz, 6H), 327 (d, ] =69 Hz, 2H), 2.35 (t, I =
7.7 Hz, 2H), 2.18 (t, ] = 7.4 Hz, 2H), 2.05 (s, 3H), 1.75-1.65
(m, 7H); *C NMR (101 MHz, Chloroform-d) & 180.84,
173.55, 173.05, 163.88, 163.72, 161.49, 160.23, 153.68,
151.65, 146.62, 144.11, 136.61, 134.24, 133.05, 125.16,
122.76, 122.18, 116.84, 114.92, 111.63, 107.35, 106.41,
90.62, 70.16, 67.82, 64.23, 62.50, 61.74, 61.09, 56.72, 34.73,
33.16, 28.44, 22.67, 1622, 11.65; HRMS (ESI) calcd
for C3oHyO1, [M+H]™: 703.2749, found 703.2745.

223 BfsLE5c

AR, ULFE83%; 'H NMR (400 MHz,
Chloroform-d) & 10.01 (s, 1H), 8.15 (d, J = 1.6 Hz,
1H), 7.81-7.77 (m, 3H), 7.43 (d, /= 8.7 Hz, 1H), 7.22
(d, J=3.2 Hz, 1H), 6.91-6.87 (m, 2H), 6.72 (s, 1H),
6.66 (dd, J=3.2, 0.8 Hz, 1H), 6.53 (s, 1H), 4.27-4.24
(m, 5H), 4.00-3.95 (m, 5H), 3.81 (s, 3H), 2.11-2.04
(m, 2H), 1.84-1.77 (m, 2H); *C NMR (101 MHz,
Chloroform-d) 6 192.56, 180.83, 163.88, 161.54,
159.91, 151.66, 146.71, 139.35, 136.66, 133.06,
129.76, 129.41, 128.43, 126.76, 125.44, 121.81,
114.88, 111.43,110.01, 107.32, 103.62, 90.63, 67.37,
62.48, 61.71, 56.70, 46.45, 27.19, 26.59; HRMS
(ESI) caled for C,,H, NO, [M+H]": 542.2173, found
542.2175.

224 BirkEYSd

FEM AR, I8FE84%; 'H NMR (400 MHz,
Chloroform-d) 8 10.82 (s, 1H), 7.83-7.79 (m, 3H),
7.47-7.41 (m, 1H), 6.99-6.93 (m, 3H), 6.88-6.84 (m, 1H),
6.74 (s, 1H), 6.54 (s, 1H), 4.45-4.43 (m, 2H), 4.25 (s, 3H),
4.11-4.05 (m, 2H), 3.97 (s, 3H), 3.82 (s, 3H), 2.05-1.94
(m, 4H); *C NMR (101 MHz, Chloroform-d) & 180.87,
170.28, 163.91, 161.79, 161.53, 160.06, 151.71, 146.71,
136.68, 135.84, 133.10, 129.92, 125.40, 119.26, 117.72,
114.96, 112.53, 111.56, 107.39, 90.64, 67.39, 65.05,62.51,
61.74, 56.71, 2593, 25.50; HRMS (ESI) calcd for
C, H,O, [M+H]": 521.1806, found 521.1809.

29772879
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2.2.5 BirLEYSe

A AR, ULFE-80%; 'H NMR (400 MHz,
DMSO0-d) 8 9.97 (s, 1H), 8.18 (d, J = 1.2 Hz, 1H),
7.90-7.86 (m, 2H), 7.67 (d, J = 1.2 Hz, 2H), 7.57 (d,
J=13.2Hz, 1H), 7.02-6.97 (m, 3H), 6.75 (s, 1H), 6.68
(d, J=3.1 Hz, 1H), 4.27 (t, J= 7.0 Hz, 2H), 4.10 (s,
3H), 4.03-3.97 (m, 2H), 3.95 (s, 3H), 3.68 (s, 3H),
1.89-1.72 (m, 4H), 1.44-1.38 (m, 2H); C NMR
(101 MHz, Chloroform-d) & 192.54, 180.80, 163.85,
161.50, 160.07, 151.62, 146.64, 139.31, 136.62,
133.02, 129.82, 129.32, 128.38, 126.67, 125.25,
121.75,114.88, 111.49,109.97, 107.30, 103.46, 90.62,
67.61,62.46,61.69, 56.68, 46.61, 30.06, 28.78, 23.59;
HRMS (ESI) caled for C, H,,NO. [M+H]": 528.2017,
found 534.2019.

2.2.6 Bistk &8

KR, I8ET77%; '"H NMR (400 MHz,
Chloroform-d) & 7.85-7.81 (m, 2H), 7.34-7.29 (m,
2H), 7.16-7.14 (m, 2H), 7.10-7.04 (m, 2H), 6.72 (s, 1H),
6.52 (s, 1H), 4.24 (s, 3H), 3.99-3.93 (m, 4H), 3.81 (s,
3H), 2.47 (d, J = 7.2 Hz, 2H), 1.94-1.81 (m, 1H), 1.61
(d, J=17.1 Hz, 3H), 091 (d, J= 6.6 Hz, 6H); *C NMR
(101 MHz, Chloroform-d) & 180.85, 173.06, 164.10,
161.81, 151.65, 147.63, 141.02, 137.12, 136.74, 132.31,
130.22, 129.66, 129.45, 127.30, 121.99, 110.34, 107.04,
90.65, 62.46, 61.69, 56.73, 45.37, 45.12, 30.27, 30.24,
22.48, 18.58; HRMS (ESI) calcd for C, H,,0, [M+H]":
517.2221, found 517.2223.

2.2.7 B EY9a

WO AR, I#ET73%; '"H NMR (400 MHz,
Chloroform-d) 6 7.82-7.69 (m, 6H), 7.26-7.22 (m, 2H),
6.93 (dq, J =94, 2.7 Hz, 4H), 6.63 (s, 1H), 6.49 (s, 1H), 4.21
(s, 3H), 3.93 (s, 3H), 3.79 (d, J = 5.5 Hz, 9H); 3C NMR (101
MHz, Chloroform-d) 8 180.74, 163.98, 162.93 (d,J =3.4
Hz),161.72,151.98(d,J=8.1 Hz), 151.68, 147.34, 136.66,
133.70 (d, J = 11.8 Hz), 132.70, 128.89, 122.90, 121.23

https://cn.sgsci.org/
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(d, J=4.9 Hz), 114.25 (d, J = 14.6 Hz), 110.36, 106.99,
90.62, 62.40, 61.65, 56.70, 55.40; HRMS (ESI) calcd for
C3,HaoOoP [M+H]*: 589.1622, found 589.1624.

2.2.8 BirkEY9

HEM A, IHE66%; 'HNMR (400 MHz,
Chloroform-d) & 8.00 (ddd, J= 14.2, 7.6, 1.8 Hz, 2H),
7.73-7.70 (m, 2H), 7.52-7.46 (m, 2H), 7.28-7.24 (m,
2H), 7.10-7.02 (m, 2H), 6.88-6.83 (m, 2H), 6.66 (s, 1H),
6.51 (s, 1H), 4.23 (s, 3H), 3.96 (s, 3H), 3.80 (s, 3H), 3.64
(s, 6H); *C NMR (101 MHz, Chloroform-d) 6 180.89,
164.06, 161.72, 161.17 (d, J = 4.4 Hz), 152.44 (d, J =
8.0 Hz), 151.78, 147.28, 136.73, 134.89 (d, J= 6.7 Hz),
134.36, 132.57, 128.66, 121.37 (d, J = 5.1 Hz), 120.58
(d, J = 13.0 Hz), 120.26, 118.85, 111.35 (d, J = 8.1
Hz), 110.80, 107.16, 90.67, 62.50, 61.74, 56.76, 55.76;
HRMS (ESI) caled for C, ,H,O,P [M+H]": 589.1622,
found 589.1624.

229 BirtbEYI9c

KR, Z70; 'H NMR (400 MHz, DMSO-
d) 8 7.96-8.00 (m, 2H), 7.30-7.34 (m, 2H), 6.96 (s, 1H),
6.78 (s, 1H), 4.14-4.22 (m, 4H), 4.10 (s, 3H), 3.95 (s, 3H),
3.69 (s, 3H), 1.28 (td, J = 1.0 ,7.1 Hz, 6H); 13C NMR (101
MHz, Chloroform-d) & 15134, 151.64, 161.71, 163.97, 180.68
(d,J = 6.7 Hz), 120.35, 129.39, 132.66, 136.60, 147.43 (d,
J =52 Hz), 64.78,90.57, 106.88, 110.00 (d, J = 6.1 Hz),
16.09, 56.66, 61.59, 62.35 (d, J = 6.7 Hz); HRMS (ESI)
caled for C H, O,P [M+H]": 465.1309, found 465.1311.

22772579

2.2.10 BisLEa49d

MR, WHKT5%; H NMR (400 MHz, ) &
7.81-7.85 (m, 2H), 7.25-7.29 (m, 2H), 6.70 (s, 1H), 6.53
(s, 1H), 4.23 (s, 3H), 4.11-4.19 (m, 4H), 3.96 (s, 3H), 3.80
(s, 3H), 1.63—1.71 (m, 4H), 1.35-1.44 (m, 4H), 0.91 (t, J =
74 Hz, 6H); *C NMR (101 MHz, Chloroform-d) &,
132.80,136.81, 147.60, 151.87, 161.86, 164.15, 180.92,
120.50,128.97,129.54, 131.06(d, J = 5.1 Hz), 110.26
68.62,90.69, 107.12 (d, J = 6.5 Hz), 56.80, 61.77, 62.53,

32.31 (d, J = 6.6 Hz), 13.66, 18.73, 29.82, 30.68; HRMS
(ESI) caled for C H,,O,P [M+H]" 521.1935, found

521.1937.
2.2.11 BirEY9e

WA, WHRT1%; 'H NMR (400 MHz,
Chloroform-d) & 7.82-7.85 (m, 2H), 7.26-7.30 (m,
2H), 6.72 (s, 1H), 6.54 (s, 1H), 4.77 (dq, J = 6.3 ,12.7
Hz, 2H), 4.24 (s, 3H), 3.97 (s, 3H), 3.81 (s, 3H), 1.37
(d, J=6.2 Hz, 6H), 1.32 (d, J = 6.2 Hz, 6H); 3C NMR
(101 MHz, Chloroform-d) 6 151.73, 161.72, 164.02, 180.79
(d,J=3.4 Hz), 120.46, 129.21, 132.63, 136.69, 14743 (d, J=
5.6 Hz), 90.58, 73.80, 107.02, 110.25(d, J = 6.4 Hz), 23.62,
56.68, 61.65, 62.41 (dd, J=5.1, 10.2 Hz); HRMS (ESI) caled
for C, H,,O,P [M+H]": 493.1622, found 493.1624.

2.3 BHERPIRERSEITEYIN3CHike protease
b7

231 fmSiEERE

2.3.1.1 HmBvES

1) BUE A5 E RS, FIDMSOSIE 11
VSR TC 1) 5 T 795 A FEE RIA FBE 68 VA VR

2) AR R B 2 T A K ) (Assay
Reagent) , BT 1 L-nCov 3CLPoRI92 L AINIZE
M (Assay Buffer) .
2.3.1.2 HamillE

HEATREAI E 2 1T, Y6 Assay ReagentFl3CL™
e B BT 1 Assay Buffer, &FOFEMTEE93 u L Assay
Buffer, 0592 u LAssay Reagentfll1 uL 3CL, 4R
JERBAFEMH, -

D 2 AR T ZMA93 1 L Assay Buffer
F15 1 LDMSO;

2) 100%M 5 MR EH BFL TR ZEH 93 1 L Assay
Reagentfl!5 u LDMSO;

3D PHPEXIRA AR AL ZEIAN93 b LAssay Reagent
A5 u LZE YR F DMSOR

4) HbsUEYATFLFREINAIS 1 LAssay Reagent
IS u LEFMEAYIER (Sa~5e, 92-9e, 8) .
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T—MNRES R E2NE L. B IR LR S ImA
P96 fLik T, SR )5 & FLEE I A Substrate
2uL, R4, #bEHTEF37CHRERNSE S E
Smin, WESWN)E, LEEHZ DREREAROHAT R
FAEME G K340nm, K S EK490nm) .

232 MFEIEHE

D RN A AL 100% 83 X i
FLAEE AL P28 6 E (RFUD , AT 4R Alid sl
RFU?HM!K% N RFUloo%%iﬁ'r'txd !'ﬁiFDRFUHD% °
2) THEAEARE R ] A
AN WHE (%) = (RFU im0
#;H.) / (RFUlOO%%‘iI."EXﬂﬁ_RFUTEm‘ﬁﬁ) °
3) F|HGraphPad Prism S#fiTHALE WX &
RG], 2R R L.

#1. 3P HTSARS-CoV-2 3CLProi 1k

-RFU

Compd. Inhibition ratio/% Compd. Inhibition ratio/%
5a 60.22 9a 92.10
5b 54.75 9b 89.10
5¢ 62.35 9c 73.25
5d 37.70 9d 53.95
Se 55.70 9e 57.36
3 39.71 8 63.31
RIREE 98.69

Inhibitory activities at 500 wmol-L".

24 &

FR A 2 A B S MRS T 1, 7E500umol L
WIET, AL EYI3TEXTSARS CoV-2 3CLrofii]
AL, UN39.71%. I, w5kt a i &4
3 TS S, ISR T — RIIATAEY5a~5e, 8
F9a~9e, SLIGEE R IREM G B A AR R T+ [a]
RAE3, HIEPEIASCA T, Bon g RAGRE
U H A TR ) 2 9a,  FIH 2 N92.10%.

3 it

AR T 24885 R 5, DLEF MH)

e 38 e

SARS-Co V-2 & & il i M 86 i 40 S WAy B
G5, R 5N H YRR 18 1 25 34 b A UR
i BEMERAUKER . 55| Wk H B RN AT v 25 2995 %0
HEAPTE, FHARPHEE ST L850
HRAAE TR A, s st
e BUBEPE T BodhAT 1 45 RAE . it A4 i
T T S8 7 X He 4k A W)X SARS-CoV-2 3CLE
R AmdE v, 25 R BoR B XK IR Fr B R
RATAEYRIH BE MmOk, b g Y9axt
3CLProf Ml i P B N T o %45 R RS
ALETFIHISARS-CoV-2 3CLPojh M AL P AR
WEER, A — PR ARA A

Bk, BT IR EL S 256, R
A RIS, HATE SO FORI, T %R
B o i 0 B 2R AL S RO AT A BT — € JTSARS-
CoV-20F P, (HHARK HOC R B FLIE AEIRN,
TEJG SR T, K 4k SE T BT RSB AT AR A,
MHASARS-CoV-2AH G &, IR AR K,
PUASR 19 B A R UF A PISARS-CoV-2 kL &4,
N B 2 S %) B IR R RN R S B B 24 AT 2E
&S

SE R
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