HERERFHE T @ Global Science Publishing
GSP Medical Research

ETFHME 1#?§E’Jmﬂ+i_¥rﬂ“1‘§ﬂlﬂ*"'$%m
it. &3 C-like protease;EtEAF

PZE, &R BiEK, 288, A, KKk, FHA, T4
FTHPEHRFHFR, TMAME

=

HE: 869 %A AR ot i 0 P ARER K 45 M 37 H1 69 67 A4 HF BEITARIM3C-like protease &P AF 5o T ik
AT HZABERE, e et P HIREARS3S4-ZRABRMENSWEABTZLEN, JIARK
FadiimaEE R BAT SR BB KHER . S-5"R T B Ao T & 5o B B0 B4 VAL B S o R T4 h i
BEBATHE, T AR AMENLT A4, H3473C-like proteasedPH| F A K K R AR, R ik
ity SRR A B AR A Y, HPALS 92t kSN LSARS-CoV-2 3CLroiE MR Bl R 4F. T LUA 2k dip 4
AR E3C-like proteaseE M. IHREN L4, BABERREERN., it FRER LALLMl
A 5k ik 69 B AR5 4, AT 43C-like protease F MM ELE A, T AR AR R K FH—FH XA HH
TR A FARIE

XKEA: A #3C-like protease & e ; HER; etk

Design, Synthesis and Antiviral Activity of 3C-like
Protease Inhibitors from Hypericum perforatum
Based on Fragment Assembly of Pharmacophore

Structures
Zhiwen Wei, Lianhua Xu, Yuxin Peng, Aiai Lan, Feiyang Long, Songlin Zhang, Qiaoli Li, Huabin Wang*

Guizhou University of Traditional Chinese Medicine, Guizhou, Guiyang
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,
and phosphorus-containing drugs 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
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(SAR) studies. Results: A total of 11 target compounds were successfully designed and synthesized. Among them, compound
9a demonstrated the most potent inhibitory activity against SARS-CoV-2 3CLr® 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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2.3 Birt &4a0iEE 2R
2.3.1 Bistk &5

HOMAR, E76%: 'HNMR (400 MHz, DMSO-d6)
8 9.76 (s, 1H), 7.92-7.89 (m, 2H), 7.48-7.44 (m, 2H), 7.07—
7.04 (m, 2H), 6.97 (s, 1H), 6.88-6.83 (m, 2H), 6.75 (s, 1H), 4.10
(s,5H),3.99(t, ]=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)
5 180.94, 168.41, 163.94, 161.56, 160.26, 155.89, 151.70,
146.68, 13667, 133.12, 131.14, 12525, 122.03, 115.00,
114.85, 111.74, 107.41, 90.67, 67.76, 67.70, 62.51,
61.76,56.74, 26.06, 26.04, 24.47; HRMS (ESI) calcd for
C,,H, NO, [M+H]+: 534.2122, found 534.2123.

300 31
2.3.2 BiRkEYsH

HOR R, %E33%; 'HNMR (400 MHz, DMSO
-d6) 8 934 (s, 1H), 7.90-7.86 (m, 2H), 7.04-6.95 (m, 2H), 6.95 (s,
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1H),6.73 (s, 1H), 5.21 (s, 2H), 5.13 (td, J = 6.3, 5.8, 3.1
Hz, 1H), 4.10 (s, 3H),4.05-3.97 (m, 4H), 3.95 (s, 3H),
3.68 (d,J=49 Hz, 6H),3.27 (d, ] =6.9 Hz, 2H), 2.35 (t, J =
7.7 Hz, 2H), 2.18 (t, J = 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, 2844, 22.67, 16.22, 11.65; HRMS (ESI) calcd for
C39H42012 [M+H]+: 703.2749, found 703.2745.

233 BirkEMsc

WEMA, UFE83%; 'H NMR (400 MHz,
Chloroform-d) 6 10.01 (s, 1H), 8.15 (d, J = 1.6 Hz,
1H), 7.81-7.77 (m, 3H), 7.43 (d, J= 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) & 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
542.2219.

234 BrkEWsd

AR, U 84%: '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) 6 180.87,
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,
61.74,56.71,25.93, 25.50; HRMS (ESI) caled for C,.H, O

29772879

e 36

[M+H]": 521.1806, found 521.1845.
2.3.5 Bistk &5

WEM AR, ULHE-0%;: 'H NMR (400 MHz,
DMSO-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.

2.3.6 BIstk &8

WA R, UET7%; 'H NMR (400 MHz,
Chloroform-d) 8 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) caled for C, H,,O, [M+H]":
517.2221, found 517.2223.

2.3.7 Bisk&Y9a

WO A, IET3%; '"H NMR (400 MHz,
Chloroform-d) & 7.82-7.69 (m, 6H), 7.26-7.22 (m, 2H),
6.93 (dg, J = 9.4, 2.7 Hz, 4H), 6.63 (s, 1H), 6.49 (s, 1H), 421
(s,3H),3.93 (s, 3H),3.79 (d, ] = 5.5 Hz, 9H); *C NMR (101
MHz, Chloroform-d) & 180.74, 163.98, 162.93 (d, ] =
3.4 Hz), 161.72, 151.98 (d, ] = 8.1 Hz), 151.68, 147.34,
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136.66, 133.70 (d, J = 11.8 Hz), 132.70, 128.89, 122.90,
121.23 (d, J =4.9 Hz), 114.25 (d, ] = 14.6 Hz), 110.36,
106.99, 90.62, 62.40, 61.65, 56.70, 55.40; HRMS (ESI)
calcd for C,,H,,O,P [M+H]": 589.1622, found 589.1624.

327729
2.3.8 BirkEY9

EEM AR, IHE66%; '"H NMR (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); 3*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,,0,P [M+H]": 589.1622,
found 589.1624.

2.3.9 BirkEY9c

TR, YET0; "HNMR @00 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); *C NMR (101
MHz, Chloroform-d) & 180.68, 163.97, 161.71, 151.64,
151.34 (d, J = 6.7 Hz), 147.43, 136.60, 132.66, 129.39,
120.35 (d, J = 5.2 Hz), 110.00, 106.88, 90.57, 64.78 (d, J
= 6.1 Hz), 62.35, 61.59, 56.66, 16.09 (d, J = 6.7 Hz);
HRMS (ESI) caled for C,H,.O,P [M+H]": 465.1309,
found 465.1311.

2.3.10 BfskE&¥9d

WO A, WET5%; 'H NMR (400 MHz, ) 8
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= 7.4 Hz, 6H); *C NMR (101 MHz, Chloroform-
d) 6, 180.92, 164.15, 161.86, 151.87, 147.60, 136.81,
132.80, 131.06, 129.54, 128.97, 120.50 (d, J = 5.1 Hz),
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110.26, 107.12, 90.69, 68.62 (d, J = 6.5 Hz), 62.53,
61.77, 56.80, 32.31 (d, J = 6.6 Hz), 30.68, 29.82, 18.73,
13.66; HRMS (ESI) caled for C,H,O,P[M+H]"
521.1935, found 521.1937.

2.3.11 BirtEY9e

O AR, IFET71%; 'H NMR (400 MHz,
Chloroform-d) & 7.85-7.82 (m, 2H), 7.30-7.26 (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) 6 180.79, 164.02, 161.72,
151.73 (d, J = 3.4 Hz), 147.43, 136.69, 132.63, 129.21,
120.46 (d, J = 5.6 Hz), 110.25, 107.02, 90.58,73.80(d,
J = 6.4 Hz), 62.41, 61.65, 56.68, 23.62 (dd, J = 10.2,
5.1 Hz); HRMS (ESI) caled for C,H,O,P [M+H]"
493.1622, found 493.1624.

2.4 EHERPIEIRSESGTEYIN3CHike protease
sEE

241 fHSEEEN

24.1.1 HREES

D BUE A E RS, FHHDMSO%TE 2411
VA TR 1) FS2 FIT 85 A ARNA A B PRIV

2) R4 AR A A A K ) CAssay
Reagent) , BEMEALTE 1uL-nCov 3CLPoAFN92 uL A5 2%
MW (Assay Buffer) .
2.4.12 BRIE

HEATRE AL E 2 1T, JefFAssay ReagentF13CL
Be B T I Assay  Buffer, SR0AES 75 293Ul Assay
Buffer, AL E92uLAssay Reagentfll IuL 3CL, 2R S5
WEAFRPA, WT:

D A AL ZIMA93uL Assay Buffer

F15uLDMSO;
2D 100% R ZH AR L 7R ZE A 93 UL Assay
Reagentf15uLDMSO;

3) BAPEXTHE A AR AL TR 22N AN 93Ul Assay Reagent
MISpLZE R F-DMSOR K 5
4) B A AR TR EAA93UL Assay Reagent
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A5 u LEFMES YA (Sa~5e, 9a~9e, 8) .

F—NMREYWRE2NE L. BX L
M B 4 RE96efLtid, A5 & fLHiEm A
Substrate 2pL, B2, % & FET37CHEIR
W E Smin, WEL NG, D@ HZ 6
B AR ACGEAT 2 M 2 CBUR B K 340nm, K5
HEK490nm)

242 MFEHE

D RSN E AL 100% 8 i X
FLAEE G AL O6E (RFUD . AToRAlid sy

RFU% ERSHN RFUIOO%#&T&NH@ *D RFUﬂ?u”u °

2) TFEARERE R B A
PR AR WHE (%) = (RFU, g0
'RFUHD%.) / (RFUlOO%MiﬁTiX'Jllﬁ_RFU§Elx¢!!ﬁ) °
3) F|HGraphPad Prism S#K{Fi1EALASWIX &
FIBER A, SR HERL
1. #R I 3SARS-CoV-2 3CLProi 1k

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

AInhibitory activities at 500 1 mol-L".

25 &R

R T v 1 X SR vl 1, 7E500pmol - L
W, hEMALAYIB3IEXTSARS  CoV-2  3CLPe®
O A, 1 N39.71%. BRI, 3 5% i ) 44
WEYBHATE B, NEE T —RIATEY
Sa~5e, 8f19a~9e, SLUGLE R B REMG LAY
ME T &3, HiEEmssfpriest, &
7N &5 SR B B A, i T B A ) A 9a, HI R
92.10%.

e 38 e

3 &it

AW FIET 280 PHE IR EE, LAEAHHISARS-
Co V-2 5 52 il i 14 I 48 e Rk & W R BERZ S5 44
5] YRR A S I 2 F N RS . B
FEAZKAAIR < 5-Ws| Wk FF I FNATT V4 25 24540 5P B B AL
R BUL SR Z8, FIRA B & 7 3k
T BRAREN T IASHBRSEATAEY), s 3
PR FRIESERIS T BT T SRR @i RIS
P SZB6 I 5 X ek A IR SARS-CoV-2 3CLAE [ 41
HilvE T, 25 AR W K IR v B R B 2R AT AR
VIR B A HIROCR, KAk &9axf3CLre
FIMENE AR o %45 BRI SR gh i rT il T
HIHISARS-CoV-2 3CLroy it KA AE L IR B A E
A, AP RANRET A

R, TEHERE AR EE SR R 2, BA
RUFMHTS, FRATEE ORI, T L iy
R IR R AV AT A HA — € HISARS-CoV-2
W, HEAHEOE RN FREREIRN, )5
ST, KAk ST R IR IR AT A,
SARS-CoV-2FHKHE 5, IRAWF TR R, DIHHIR
5 EH BIFHIHISARS-CoV-2 ki &4, N EHi%E
TR B IR T R AP R BT 24 I B4 5 At o

SE R
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