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Chemical constituents with potential anti-SARS-CoV-2 MP™ activity from
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Abstract: Objective To study the chemical constituents with severe acute respiratory syndrome coronavirus 2 main protease
(SARS-CoV-2 MP®) inhibitory activity from Coniothyrium sp. DJ-1, an endophytic fungus isolated from Cirsium japonicum.
Methods The strains and chemical constituents both with inhibitory activity were screened from thirty endophytic fungi by using
2019-nCoV MP/3CLP™ inhibitor screening model. The secondary metabolites of the strain with high inhibition rate were separated
and purified by normal phase silica gel column chromatography, reversed-phase RP-18 column chromatography, and HPLC. Their
structures were identified by NMR, MS, and optical rotation data. And the compounds’ anti-SARS-CoV-2 MP™ activities were
determined by fluorescence resonance energy transfer method. Results The Coniothyrium sp. DJ-1 strain with good inhibitory

activity was screened from thirty endophytic fungi. Seventeen compounds were isolated from the rice fermentation extract of
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Coniothyrium sp. DJ-1, and identified as djalonensone (1), 5'-epialtenuene (2), altenuene (3), 4'"-epialtenuene (4),
3-epi-dihydroaltenuene A (5), phialophoriol (6), 1-deoxyrubralactone (7), 6-hydroxy-8-methoxy-3a-methyl-3a,9b-dihydro-3H-
furo[3,2-cJisochromene-2,5-dione (8), talaroflavone (9), altertoxin II (10), dihydroalterperylenol (11), 2-(2-hydroxypropyl)-5-
methyl-7-hydroxychromone (12), 7-hydroxy-2-hydroxymethyl-5-methyl-4H-chromen-4-one (13), tricycloalternarene 6b (14),
tricycloalternarene D (15), 2-phenylethan-1-ol (16) and 4-hydroxybenzaldehyde (17). Compounds S, 9 and 11 exhibited potent inhibitory
effects on SARS-CoV-2 MP® with ICso values of 42.77, 25.85 and 24.26 pmol/L, respectively. Conclusion Compounds 1—15 and 17
have been isolated from the extracts of Coniothyrium sp. genus for the first time. Compounds 5, 9 and 11 exhibit potent inhibitory effects
on SARS-CoV-2 MP™. The research concludes that the method of screening active strains is helpful for us to quickly excavate active
compounds from natural fungal products, moreover provides a basis for the research and development of drugs for COVID-19.

Key words: Cirsium japonicum Fisch. ex DC.; Coniothyrium sp.; endophytic fungus; secondary metabolites; antiviral activity;

SARS-CoV-2 MP™; 3-epi-dihydroaltenuene A; talaroflavone; dihydroalterperylenol

R EIRIREEAT %8 (corona virus disease 2019,
COVID-19) & —7#i i ™ H S PR 5 A AE R 75 2
(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) 5| S LRI IE & Yeh, HALHRH
FERRFIEO e, ARk TN O 2724w, 1 ™ E
(. B —ShUiR a2, WERErE s, AT
P BEIRULH S0 5 B 168 COVID-19
(AT 2905), (BT SARS-CoV-2 HIE R4, X
BeyyT 290t 18 SRR A R T R Bk o
IR, SR R4 COVID-19 43 -Zmia /e Ja i .

AR, EETREARIEE R SF BEE AL, BER T
SRR EREVEAORIGIR, AT DASE s 25 A e,
EHEABF (main protease, MP©) & FIRIFHEET 1 >
RN, (ERE AR R REEEER, AR
SeYER, ENEWEA FENREE, BTl Mo 2254
Pt AT & (G BEARSE 5081, H AT, CA SCHkIRIE —
BN F AW E IR T . KA A L tideglusib.
disulfiram . carmofur - PX-12 Fll 48 B & 25 %}
SARS-CoV-2 M A R fy il 4 F 8101, 5] i 7 48
PRI A BOR T R I FEE I, X R
SARS-CoV-2 MP {EAHE sk 1% 2454 72 — P 24
PERRS. AMantl, FZ7ERYT COVID-19 JrTH K
T ERIMER, 5T KENRBEAMAE I,
W ZRIFE TGP AR CRAEHER . $IBk
B AT 4-0-REFS R, FrfllfuiimE R A
AHERES) A9 pRkIEXT SARS-CoV-2 MP©
AR 5 @A AR L BN R 2 TE I B
SARS-CoV-2 Zg#iz181, fbn] W, MKRIRF=4)H
RILEAHT SARS-CoV-2 M yE VAL &1, 3K
CETIN [P 7o 3 vh= i A et/ |0 S § 2 ol

HLH RIR I RKIR =R 2 A, LEVDIS T 3%
RS A B BB IRB), HATA S E A

X s A L TR R AR 7 o SR BT e o 2 1 R A
AW, 41 Pang SN 1 ¥R T B J8 R Mk Penicillium sp.
SCSIO06868.F1 &I 1 1 4™ tetramic acid {7 2EH)XF B
AR EFEAEMEAEHN. AREHE | RER
Cladosporium sp.F K I 7 465 4 it 80 452 4K
D. M 1 R X} SARS-CoV-2 5 #iifilli&t, H AR
SARS-CoV-2 Gl FAE M, 7 LB RIR
P AR 2V VR R SARS-CoV-2 255
SALEY, AR XS 30 PREEY N AR R B OK K
BESR I HEAT TSR TR I%, R IA 2 MR AR
SARS-CoV-2 Mre GBI HHdIfE M. Hr 1 #ok
# Cirsium japonicum Fisch. ex DC. W 4 H
Coniothyrium sp. DJ-1 FIZH 53 1F 40 pg/mL Jii 3K %
X SARS-CoV-2 M [ Fi% 75.0%, iz
AR T A T REAFAE ST COVID-19 JEVERAF
L&Y . N 71280 E RS SARS-CoV-2 MPr
ARy, BB X Coniothyrium sp. DI-1
HATY K. 261 AR ERERDEIEE AR, N
Coniothyrium sp. DI-1 FIRK R BERH IR 75 55 25
E 1T DRARE T, o oy N kE A BE
(djalonensone, 1) 5-F A%k 1% 18147 (5 -epialtenuene,
2). dHEERSHMA Caltenuene, 3). 4-RANFERE MG
(4'-epialtenuene, 4). 3-FK- AN FEREIE A (3-epi-
dihydroaltenuene A, 5). Jfi# %) (phialophoriol, 6).
1-fii S 213 N 1 (1-deoxyrubralactone, 7)+ 6-F23%-8-
4 2 -3a- FH 4 -3a,9b- & -3H-FE R JF[3,2-c] o+ th
J#i-2,5- i (6-hydroxy-8-methoxy-3a-methyl-3a,9b-
dihydro-3H-furo[3,2-c]isochromene-2,5-dione, 8) .

wETIRE N (talaroflavone, 9). BESEERZR 11
Caltertoxin II, 10). & % IERE (dihydro-
alterperylenol, 11). 2-(2-F2FEPyHE)-5-H FL-7-F2 5

& Ji  [2-(2-hydroxypropyl)-5-methyl-7-hydroxy-
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chromone, 12]. 7-#2%5-2-38 H 5E-5-Fi Bk -4 H-(4 )75 -4-
il ( 7-hydroxy-2-hydroxymethyl-5-methyl-4H-chromen-
4-one, 13). =M EEHAIEE 6b (tricycloalternarene
6b, 14). —IEEISAIEEME D (tricycloalternarene D,
15). &L (2-phenylethan-1-0l, 16) FIXJ IR
HI% (4-hydroxybenzaldehyde, 17). J&HMlE RN,
WA S+ 9 Al 11 XF SARS-CoV-2 MP A5 5 |
YERT, H2EHEM3 ¥ (median inhibition concentration,
ICs0) 735A 42.77. 25.85 A124.26 pmol/L.
1 /5
1.1 3R

Avance 111 HD 600 MHz #2434 1A% (ot
Bruker A ®] ), Acquity UPLC I-Class plus Xevo
G2-XS Qtof =73 HHE T B A (3£ 1H Waters A #] ),
AUTOPOL V plus ikt EHEGX (EEEERA
")), SpectraMax i3x % DJREMEFRIX (32 [E Molecular
Devices A7), Aglient 1100 75 Z08A (it AL (SE[H
Aglient A 7], Venusil MP-C g #: (250 mm X 10 mm,
5um; FE[E Aglient A#]), LDZX-40B 75 H 3l
LR ZERIUR A R SOA PR 2 A BT k&
], SW-CJ-ZFD BEHEEIEG IRkl %R A
7)), DHP-9082 B EIRIEFRAE (g —fERl
IURERA R, ZWY-2112B BUH G 774R % 8 (L
MR AR G A PR A 7D
1.2 #H

IEAREIEFERER (200~300 H, FH&1WEEA
)+ 2019-nCoV MP/3CLP il 71 i izt 377 & (-
R REVEAREGRAF D, KAl (Ebselen,
EHEER R RAEMBARGIR AT KA GKH/NIT ),
LR, WENE. . HERISAEK. 2 (B
s, ZHIETWH (DMSO). & ke, HIEEL,
A, BEIR OB (B ratD

KEEMKE A BT 20X, &K
Jo K 57 e BRI B 4 8 O 4 Bl B s i ) B C
Jjaponicum Fisch. ex DC.. <3256 It F B AT 6 11
KENZEH I B3], R HLEE IR SREM ITS
tDNA J7 ¥ EER 28 5E 9 JE 752 )& Coniothyrium sp.,
Fa5 (MH205926.1). BRI FRAER I ORAF T
= R B R REERIRE WA W R IR 6 B
AW SRR
2 B
2.1 EHKIHIE

¥ 30 Bk A L F PDA 8577 550510 )5 43 il %

Fi %] PDB K983k, £ 28 C. 200 r/min %64 T
9% 3 d; KRR TIR L 10%H R B Rl B K RE
Rk, 1828 CHIE=FHER 304G, LK
AT, AL 20 g JORKEEY), FESER 068
FEAEEL 2 K, B 100 mL BSER 2 B8, 45 2 IRAE
HYIBETR 6 kR IR AR5 BRSP4 7 o K IE R IR 2
IYfET DMSO H, &JREREN 40 pg/mL; F
Fl 2019-nCoV MPro/3CLPr il 751 i i 18 77 S 3k AT
SARS-CoV-2 Mp JEMESES, 8 i B hr A3 i U B
9 GAE , THE BT A CR DL I
SARS-CoV-2 MPro il 24 5 fg 7 IR 7% 12 T Ak

22 RKE:

Btk Coniothyrium sp. DJ-1 FH PDA “FHiE{L, 4
KRV AR AL 1 mm X 1 mm X 1 mm f/hER,
PL S%HEERE NS 10 il PDB 5973 rR, fHffA
A 200 mL, 7E28 ‘C. 200 r/min 244 FRE9%E 3 d,
I 10 PR R ERIERIF T Feh 100 KRR
FrEE (KK 80g. BERA 10g. 100 mL AF/K), 7
TR ¥ 10 KFTEL 10% MR A E]
100 SRR FREE T, T 28 CAHR=FE L 30 d.
23 ERESE

K BEER LB XS B kK Coniothyrium sp. DI-1 [
FAKRBEYIEF IR, SR 201, $HRE4 K. Fit
BB S i 4, 1531 78 g BIRE, L IEMEERH:
W, TAEHR-HEE (1010 D) BhEREn, &)
R3] 9 N4y (Fr. 1~9), Fr. 2 (7.5 g)
28 IEARRE A (0, iR -IE R T (30 1 10 ¢
1) Y, 1525 AWHS (Fr. 2-1~2-5), Fr. 2-3
22 2FHil % HPLC (LJiF-/K 47 0 53) 152EY) 16
(3.1 mg); Fr. 2-5 &1l % HPLC ( ZJiF-7K 58 © 42)
BEMAEY 7 (6.1 mg) f18 (33mg). Fr.4 (6.0g)
2 IEAHREIR A i, Ay BE-BETR OB (10 1 151 &
D Ve, B2 7 AWAHSsy, Hd Fro 42 £
HPLC (ZJi5-7K 38 © 62) 13 E4LEH 17 (14.2 mg);
Fr. 4-5 22414 HPLC (Zf-/K 67 © 33) 53L&
Y11 (26.1 mg). 6 (3.4 mg). 10 (31.0 mg) F115
(10.5mg). Fr.6 (5.8 g) & IEARERAE (L, £
fif-BEEL 216 (50 10 ¢ 1) Pefii, 53] 6 MME4L4),
HF Fr. 6-4 4244 HPLC (ZJi§-/K 52 48) 15
FMELEY 11 (6.0 mg); Fr. 6-5 24l % HPLC (Z
G-7K 45 1 55) 19 E146E4 2 (3.3 mg). 3 (30.3 mg)
A9 (42mg). Fr.7 (1.1 g) £ RP-18 H: il f-45
4% HPLC 4ifh, 52469 4 (7.4 mg). 5
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(4.0mg)+ 12 (7.6 mg)+ 13 (2.0 mg) 1 14 (2.5 mg).
2.4 SARS-CoV-2 Mpr {[H5E MM E
R EE R EM L, @
2019-nCoV MPpro/3CLrr 1] 771 7 e 1 1) o (HE 328D
X SARS-CoV-2 Mpo HEATHlIHISE56 . K T a FFll AL
GEYEMET DMSO H, & H. W HA. 100%}H
TG PR BH M HR A AN 2 2440 7E B 96 LR
B BN 90 uL ) Assay Buffer, 100%PiE P
H. PHPEXTRARMLS Z5HMAN 1 uL SARS-CoV-2
Mre 25 (AN 1 pl Assay Buffer, 25 411 100%
B IS PR A IO 5 uL DMSO, A0 R 20 s 24540
RN 5 uL WIBRTE 2K A Tl (Ebselen) FIfF

WAk S TRET . 7E 37 "ClEIREHEI?E 30 min
J& » BERE A UK VAN 10 min, FARE I 4 pL JEY,
W25, SRJG, 1E SpectraMax i3x £ IhREBEHR N i3k
HUAR X 6 5.6 (relative fluorescence unit, RFU),
BB 325 nm, REFEK Y 393 nm. $EHEA
R H AN SARS-CoV-2 M [FJHIHI %
F151) 2% = (RFU 10095 — RFU )/ (RFU 100%ss5— RFU 1)
3 FHRESHR
3.1 BEHKIHIESS
K 2019-nCoV-MP/3CLPr I 71 i 1 A5 78 o
30 BRER IR KA 4 AT s ML, 25 R 3K 1.
FR A 25 S mT AR 721X 30 BREGHR A, 9 FREAT

F1 30 AL EERIRIEH SARS-CoV-2 MPr HIHI5E M
Table 1 Sources and SARS-CoV-2 MP™ inhibition activities of thirty endophytic fungi

TR R A4 R KK /%

Diaporthe sp. WLM-Y-1 5, 8%%F Cayratia japonica (Thunb.) Gagnep. 68.8
Didymella sp. WLM-Y-3 -

Diaporthe sp. WLM-Y-2 61.8
Coniothyrium sp. DJ-1 KH] Cirsium japonicum Fisch. ex DC. 75.0
Penicillium sp. DJ-X 38.5
Fusarium sp. QYYZH-5 VAE M Paris polyphylla var. yunnanensis (Franch.) Hand.-Mzt. 32.6
Fusarium sp. QYYZH-3 -

Fusarium sp. QYYZH-1 41.0
Minutisphaera sp. LZC-P1 T E T Alternanthera philoxeroides (Mart.) Griseb. 65.6
Phyllosticta sp. LZC-7 56.6
Staphylotrichum sp. LZC-31 -

Trichoderma sp. LZC-2 349
Ascochyta sp. LZC-32 20.0
Fusarium sp. LZC-C1 259
Diaporthe sp. RG-Y4 WHE Cinnamomum cassia (L.) D. Don 339
Phialophora sp. RG-G4 41.0
Pleosporales sp. RG-G2 53.5
Colletotrichum sp. RG-Y6 61.6
Paraphaeosphaeria sp. XB-J1 /NEE Berberis julianae Schneid. 20.8
Tremateia sp. XB-Y2 48.1
Alternaria sp. XB-Y1 67.8
Fusarium sp. XB-J2 60.4
Cytospora sp. PS-J1 AMA Celtis sinensis Pers. 43.8
Chaetomium sp. HT 1tk Juglans regia L. 332
Colletotrichum sp. CCT-J1 ‘W Hedera nepalensis var. sinensis (Tobler) Rehder 34.0
Colletotrichum sp. CCT-Y3 36.1
Nakaseomyces sp. IM-]6 W Cassia tora (L.) Roxb. 33.0
Fusarium sp. IM-G5 37.5
Fusarium sp. IM-J2 66.2
Cercospora sp. YJT-1 £ Morinda umbellate subsp. obovata Y. Z. Ruan 65.7

“=7 FoR TR

“

—” means no inhibition activity
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] 2% =60.0%, HHEE Coniothyrium sp. DJ-1 1]
FIHI R R BT, FHIZN 75.0%.
3.2 HmEE

& 1: AR K . HR-ESI-MS m/z 273.075 8
[M+H]" GHEA{E CsHi30s, 273.0757), HiE DT
A A C1sH1205. 'H-NMR (600 MHz, CD3;COCD3) 6:
11.98 (1H, s, 3-OH), 9.27 (1H, s, 4-OH), 7.31 (1H, d,
J =2.2 Hz, H-6), 6.80 (1H, m, H-5", 6.71 (1H, d, J =
2.7 Hz, H-3"), 6.58 (1H, d, J = 2.2 Hz, H-4), 3.98 (3H,
s, 5-OCH3), 2.80 (3H, s, 6-CHs3); 3C-NMR (150
MHz, CD;COCD3) d: 167.6 (C-5), 166.1 (C-7), 166.0
(C-3), 159.4 (C-4%, 154.1 (C-27, 139.7 (C-6), 139.1
(C-1), 118.4 (C-5", 110.6 (C-1'), 104.6 (C-6), 102.7
(C-3"), 99.9 (C-4), 99.8 (C-2), 56.3 (5-OMe), 25.6
(6-Me). LA FHE -5 SOl IE (1 2 AR — 22,
WS LAY 1 AN P s

th&W 2: BEERAK. [o]s +4 (c 0.05, MeOH).
HR-ESI-MS m/z 293.102 1 [M+ H]" (il &4
CisH170s, 293.101 9), i€ B/ 73 F 2N CisHi6Os
'H-NMR (600 MHz, CDCls) 6: 11.35 (1H, s, 3-OH),
6.56 (1H, d, J= 2.3 Hz, H-6), 6.45 (1H, d, J= 2.4 Hz,
H-4), 6.10 (1H, dd, J= 3.1, 1.3 Hz, H-6"), 4.49 (1H, t,
J = 3.8 Hz, H-5'), 429 (1H, m, H-4'), 3.86 (3H, s,
5-OCH3), 2.51 (1H, dd, J = 14.2, 5.5 Hz, H-3'a), 2.27
(1H, dd, J = 14.2, 2.7 Hz, H-3P), 1.67 (GH, s,
2"-CH;); '*C-NMR (150 MHz, CDCl3) 8: 168.6 (C-7),
166.2 (C-5), 164.2 (C-3), 138.4 (C-1), 135.0 (C-1,
127.2 (C-6", 103.0 (C-4), 101.2 (C-2), 101.0 (C-6),
80.9 (C-2'), 67.6 (C-5"), 67.3 (C-4'), 55.8 (5-OCHj3),
39.9 (C-3%), 28.0 (CH3-2")o LA E0# 5 SCHR AR TE FEA
—F7, WS ENEY 2 8 SRR .

& 3. BEHER. [0 -18 (c 0.1, MeOH).
HR-ESI-MS m/z 293.102 4 [M+ H]" (it & 14
Ci5H1706, 293.101 9), #fiE E 5 TN CisHi606-
'H-NMR (600 MHz, CDCls) ¢: 11.22 (1H, s, 3-OH),
6.50 (1H, d, J = 2.4 Hz, H-6), 6.41 (1H, d, J= 2.4 Hz,
H-4), 6.11 (1H, d, J = 2.0 Hz, H-6'), 4.17 (1H, m,
H-5", 3.85 (3H, s, 5-OCH3), 3.83 (1H, m, H-4") 3.02
(1H, s, 4-OH), 2.56 (1H, dd, J = 14.8, 4.3 Hz, H -3'a),
1.86 (1H, dd, J = 14.8, 11.3 Hz, H -3'B), 1.48 (3H, d,
J=2.4Hz, 2-CHs); BC-NMR (150 MHz, CDCl;) ¢:
169.2 (C-7), 166.3 (C-5), 164.2 (C-3), 139.1 (C-1),
133.8 (C-17), 130.3 (C-6"), 103.2 (C-6), 100.9 (C-4),

100.6 (C-2), 81.3 (C-2"), 73.0 (C-5"), 70.3 (C-4"), 55.8
(5-OCH3), 40.8 (C-3"), 28.1 (CH3-2"). DL E#HE S5
BRI B A — BT, MU e B 3 AR R AR .

& 4: AEFA. [als-7.3 (¢ 0.15, MeOH).
HR-ESI-MS m/z 293.101 9 [M+ H]" (it & 14
CisH1706, 293.101 9), #fiE E 50T N CisHi606-
IH-NMR (600 MHz, CD;0OD) 6: 6.63 (1H, s, H-6),
6.47 (1H, s, H-4), 6.18 (1H, s, H-6"), 421 (1H, dd, J =
8.1, 2.5 Hz, H-5"), 3.86 (3H, s, 5-OCH3), 3.74 (1H, ddd,
J=122, 8.0, 3.7 Hz, H-4"), 2.26 (1H, dd, J = 12.2, 3.7
Hz, H-3'0), 2.16 (1H, t, J = 12.5 Hz, H-3'B), 1.55 (3H, s,
2CH3); BC-NMR (150 MHz, CD;0OD) J: 169.8 (C-7),
168.1 (C-5), 165.7 (C-3), 139.2 (C-1), 1344 (C-1"),
130.5 (C-6"), 103.8 (C-6), 102.3 (C-4), 101.4 (C-2), 83.6
(C-2Y), 744 (C-5"), 72.3 (C-4), 56.5 (5-OCHj3), 44.8
(C-3",26.8 (CH3-2"). A% 5 SCokiE A —
S, SR A 4 N 4R TR

& 5. LA, [al)-82 (c 0.05, MeOH).
HR-ESI-MS m/z 295.117 7 [M+H]" (it &4
CisH1906, 295.117 6), 5 7> TN CisH1s06. 'H-
NMR (600 MHz, CDCls) d: 11.25 (1H, s, 7-OH), 6.37
(1H, d, J = 2.3 Hz, H-8), 6.25 (1H, m, H-10), 3.83
(3H, s, 9-OCH3), 3.68 (2H, dddd, J = 25.0, 15.9, 9.1,
4.8 Hz, H-2, 3), 3.14 (1H, dd, J = 12.7, 3.7 Hz,
H-10b), 2.63 (1H, s, 3-OH), 2.53 (1H, m, H-4a), 2.37
(1H, dd, J=12.3, 4.6 Hz, H -4p), 1.97 (1H, t, J=11.9
Hz, H-1a), 1.46 (1H, td, J=13.0, 11.0 Hz, H-1B), 1.26
(3H, s, H-11); BC-NMR (150 MHz, CDCl;) 6: 168.8
(C-6), 166.5 (C-9), 165.0 (C-7), 141.9 (C-10a), 104.5
(C-8), 101.3 (C-6a), 99.2 (C-10), 82.9 (C-4a), 75.2
(C-2), 72.5 (C-3), 55.8 (9-OCH3), 44.1 (C-4), 41.9
(C-10b), 30.1 (C-1), 19.4 (C-11). LA % 5 SCHkeR
B A, M Ew 5 N 3-Rk-—
SANBEAS IR Ao

&Y 6: FHER A [o]s +80 (c 0.05, MeOH).
HR-ESI-MS m/z 263.090 6 [M+ H]" (it & 14
Ci14H150s, 263.091 4), #fi 2 & 5T N C14H 1405
'H-NMR (600 MHz, CDCl3) ¢: 11.35 (1H, d, J = 1.6
Hz, 3-OH), 6.51 (1H, t, J = 2.0 Hz, H-4), 6.37 (1H, t,
J=1.9 Hz, H-6), 5.20 (1H, dt, J = 7.4, 4.9 Hz, H-10),
3.89 (3H, d, J = 1.6 Hz, 5-OCHj3), 3.33 (1H, m, H-12),
2.35 (1H, m, 10-OH), 2.21 (2H, m, H-11), 1.27 (3H,
dd, J = 6.9, 1.6 Hz, H-13); BC-NMR (150 MHz,
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CDCls) 6: 167.2 (C-5), 167.1 (C-1), 165.1 (C-3), 154.1
(C-9), 137.0 (C-7), 121.0 (C-8), 101.0 (C-4), 100.4
(C-6), 100.1 (C-2), 71.9 (C-10), 56.0 (5-OCH3), 40.6
(C-11), 32.5 (C-12), 21.3 (C-13). VA -HuE 5 Clkik
TEHEAR— 300, WS e EY) 6 AN .

&Y 7: AR A . HR-ESI-MS m/z 261.075 8
[M+H]" (HHEAH C14H130s, 261.0757), HiE' e/
2 FHN CiuH10s. 'H-NMR (600 MHz, CDCls) o:
11.32 (1H, s, 6-OH), 6.68 (2H, t, J = 1.7 Hz, H-7, 9),
3.93 (3H, s, 8-OCH3), 3.43 (1H, td, J = 6.8, 1.3 Hz,
H-1), 2.94 (1H, dd, J = 19.0, 6.5 Hz, H-2a), 2.30 (1H,
dd, J=18.9, 1.3 Hz, H-2B), 1.45 (3H, d, J = 7.0 Hz,
1-CH3); BC-NMR (150 MHz, CDCl3) d: 195.4 (C-3),
167.0 (C-8), 165.4 (C-6), 165.0 (C-5), 148.3 (C-3a),
144.8 (C-10a), 134.6 (C-9a), 103.4 (C-7), 103.2 (C-9),
100.9 (C-5a), 56.2 (8-OCHj3), 42.9 (C-2), 28.5 (C-1),
21.1 (CHs-1). PL RER 5 SR FA —FBY, i)
YEAEYN T R 1B i

b &4 8: ALK K. [a]y-1.4 (c 0.07, CH;CN),
HR-ESI-MS m/z 265.070 8 [M+ H]" (il & 14
Ci13H1306, 265.070 6), fifi 5 E /73 F 2N Ci3Hi206.
'H-NMR (600 MHz, CD;COCDs) 6: 11.25 (1H, s,
6-OH), 6.77 (1H, d, J = 2.4 Hz, H-9), 6.65 (1H, d, J =
24 Hz, H-7), 5.51 (1H, s, H-9b), 3.94 (3H, s,
8-OCH3), 3.25 (1H, d, J = 17.6 Hz, H-3a), 2.97 (1H,
d, J = 17.6 Hz, H-3p), 1.65 (3H, s, H-10); 3C-NMR
(150 MHz, CD3COCD3) §: 173.4 (C-2), 167.6 (C-5),
167.5 (C-8), 165.5 (C-6), 134.4 (C-9a), 111.1 (C-9),
103.4 (C-7), 100.1 (C-6a), 87.0 (C-3a), 78.3 (C-9b),
56.5 (8-OCH3), 43.2 (C-3), 20.6 (C-10). LA L%d5 Y
SCHRIRIE AR — 302, MUE e G 8 T 6-F2dk-8-
PR 48 ik -3a- F 3 -3a,9b- — & -3H-1k I IE[3,2-c] 7 T
$5-2,5- i o

th &4 9: W[l 4 . HR-ESI-MS m/z 277.071 6
[M+H]" (HH5AE C14H1306, 277.070 6, HiE E /I
77N CisH 1206 'H-NMR (600 MHz, CDCl3) o:
6.49 (1H, d, J= 1.8 Hz, H-4), 6.33 (1H, d, J= 1.6 Hz,
H-6), 6.07 (1H, d, J = 1.8 Hz, H-3"), 4.82 (1H, s,
H-5"), 3.82 (3H, s, 5-OCH3), 1.92 3H, d, J = 1.5 Hz,
2"-CH3); 3C-NMR (150 MHz, CDCls) 6: 199.9 (C-4"),
170.6 (C-2", 170.4 (C-1), 167.8 (C-5), 1582 (C-7),
147.1 (C-3a), 130.0 (C-3", 104.5 (C-7a), 102.2 (C-4),
101.4 (C-6), 93.7 (C-3), 78.7 (C-5"), 56.3 (5-OCH3),

13.9 (2-CH3). VA H 5 SCikH a8 B A — 0B,
R4 e b &9 9 s e iR B A

A 10: AR A [aly +52 (¢ 0.1, MeOH).
HR-ESI-MS m/z 351.086 2 [M+ H]" (il & 14
Ca0H1506, 351.086 3), i 2 & 143 T XN C20H 14060
'H-NMR (600 MHz, CDCls) 6: 12.72 (1H, s, 3-OH),
12.12 (1H, s, 10-OH), 7.91 (1H, d, J = 8.8 Hz, H-1),
7.85 (1H, d, J = 8.8 Hz, H-12), 7.11 (1H, d, J = 8.8
Hz, H-2), 7.06 (1H, dd, J = 8.8, 0.9 Hz, H-11), 4.23
(1H, d, J= 3.6 Hz, H-7), 3.71 (1H, dd, J= 3.6, 0.9 Hz,
H-8), 3.54 (1H, s, H-6b), 3.25 (1H, ddd, J = 17.5,
14.1, 5.0 Hz, H-5ax), 2.89 (1H, ddd, J = 13.3, 5.0, 2.5
Hz, H-6eq), 2.83 (1H, ddd, J = 17.6, 4.0, 2.5 Hz, H-5¢q),
241 (1H, tdd, J=13.7, 4.1, 1.9 Hz, H-6ax); '3C-NMR
(150 MHz, CDCls) d: 204.3 (C-4), 196.8 (C-9), 163.5
(C-3), 162.8 (C-10), 138.9 (C-9b), 133.7 (C-12c), 133.1
(C-1), 132.7 (C-12), 124.0 (C-12a), 122.6 (C-12b), 120.0
(C-2), 1182 (C-11), 114.7 (C-9a), 113.7 (C-3a), 68.4
(C-6a), 55.9 (C-7), 52.9 (C-8), 45.2 (C-6b), 33.4 (C-6),
32.3(C-5). VA BHE S5 SO IE A — 20, e
WA 10 NEERE IR 1.

&Y 11: LK AK . HR-ESI-MS m/z 351.088 3
[M—H]" GH5E Cx0Hi506, 351.0874), HiEEH
TN CaoHi1606o 'H-NMR (600 MHz, DMSO-ds)
8: 12.70 (1H, s, 3-OH), 12.29 (1H, s, 10-OH), 8.03
(1H, d, J = 8.8 Hz, H-1), 7.97 (IH, d, J = 8.7 Hz,
H-12), 7.01 (1H, d,J=8.7 Hz, H-2), 6.91 (1H, d,J=8.6
Hz, H-11), 5.36 (1H, s, 7-OH), 5.26 (1H, s, 6a-OH),
4.54~443 (1H, m, H-7), 3.05 (1H, dd, J = 17.3, 14.4
Hz, H-6b), 3.02 (1H, m, H-5ax), 2.98 (1H, m, H-5¢q),
2.92 (1H, d, J = 8.3 Hz, H-8ax) 2.83 (1H, dd, J = 15.8,
4.6 Hz, H-8¢q), 2.59~2.50 (1H, m, H-6ax), 2.27 (1H, td,
J = 143, 39 Hz, H-6eq); "*C- NMR (150 MHz,
DMSO-ds) J: 206.1 (C-4), 204.2 (C-9), 161.0 (C-3),
160.4 (C-10), 140.7 (C-9b), 138.4 (C-12c), 132.9 (C-1),
132.6 (C-12), 124.8 (C-12a), 123.5 (C-12b), 117.9 (C-2),
116.5 (C-9a), 115.6 (C-11), 113.8 (C-3a), 68.0 (C-6a),
64.7 (C-7), 51.4 (C-6b), 47.5 (C-8), 34.8 (C-6), 33.5
(C-5). DA RHR S SCHRIOE A0, S e s
L7/ § WS R R (B

&Y 12: AEKEK . HR-ESI-MS m/z 235.096 7
[M+H]" GH5AE Ci3His04, 235.0964), HiEEHI
2 FRAN CisHi404. "H-NMR (600 MHz, CD3;0D) §:
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6.62 (1H, d, J = 2.5 Hz, H-6), 6.60 (1H, dd, J = 2.4,
1.1 Hz, H-8), 6.03 (1H, s, H-3), 4.16 (1H, m, H-2"),
2.68 (3H, s, 5-CH3), 2.63 (2H, m, H-1"), 1.25 (3H, d,
J=6.3Hz, 2"-CH3); 3C-NMR (150 MHz, CD;0D) §:
182.1 (C-4), 167.2 (C-2), 163.7 (C-7), 161.7 (C-9),
143.7 (C-5), 118.4 (C-3), 115.8 (C-10), 112.6 (C-6),
101.9 (C-8), 66.5 (C-2"), 44.4 (C-1"), 23.7 (2-CH3), 23.3
(CH3-5). LA 2 5 SRR IE FE A —FU0B9), ek
EY 12 N 2-2-FFE N IE)-5- -7 AL (A i

A 13: HENA. HR-ESI-MS m/z 207.065 3
[M+H]" GFEAE CiHuO04, 207.065 1), HiE EH
273N CiiH1004. 'H-NMR (600 MHz, CD;0D) 6:
6.66~6.62 (2H, m, H-6, 8), 6.22 (1H, d, J = 1.1 Hz,
H-3), 4.43 (2H, d, J = 1.0 Hz, 2-CH,0H), 2.71 (3H, s,
5-CH3); 13C-NMR (150 MHz, CD;0OD) ¢: 182.1 (C-4),
168.7 (C-2), 163.9 (C-7), 161.3 (C-8a), 143.8 (C-5),
118.4 (C-6), 115.8 (C-4a), 109.1 (C-3), 101.8 (C-8),
61.3 (2-CH,OH), 23.2 (5-CH3). PL_E#¥s 5 ki iE
FER B, WU ED 13 Ny T-FR -2 ¥R H AL
5-F 3L -4 H- (0475 -4- il

th &9 14: LEEE. [a]y +313 (¢ 0.03,
MeOH), HR-ESI-MS m/z 387.214 6 [M + Na]* (1%
f§ CxH3»OsNa, 387214 1), HZERD TRN
C21H30s. 'H-NMR (600 MHz, CDCl3) d: 5.35 (1H,
m, H-8), 4.04 (1H, ddd, J = 12.8, 5.4, 2.6 Hz, H-17),
3.31~3.23 (1H, m, H-3), 2.78~2.74 (1H, m, H-10),
2.73~2.66 (1H, m, H-12p), 2.60 (1H, dt, J= 16.4, 3.7
Hz, H-9B), 2.56~2.42 (2H, m, H-15), 2.39 (1H, d, J =
4.5 Hz, H-9a), 2.37~2.27 (1H, m, H-160), 2.22 (1H,
dtt, J=17.2, 7.4, 3.4 Hz, H-12a), 2.01 (1H, m, H-6),
1.84~1.70 (1H, m, H-16f), 1.45 (2H, m, H-5), 1.44
(3H, d, J = 4.2 Hz, H-10"), 1.34~1.20 (2H, m, H-4),
1.18 (3H, s, H-1), 1.12 (3H, s, H-2", 0.98 (3H, t, J =
7.3 Hz, H-6"); '3C-NMR (150 MHz, CDCl3) §: 198.1
(C-18), 172.7 (C-14), 150.0 (C-7), 120.2 (C-8), 105.3
(C-13), 88.5 (C-10), 78.4 (C-3), 73.2 (C-2), 71.1
(C-17), 46.6 (C-11), 45.1 (C-9), 32.4 (C-6), 32.0
(C-5), 29.6 (C-4), 29.4 (C-16), 27.9 (C-15), 26.6
(C-1), 23.5 (C-10), 23.4 (C-2"), 20.2 (C-6'), 15.5
(C-12)o LA EHUR 5 SCifhoE B A — 207, W e
&) 14 7 =B B M 6bo

&Y 15 Tk, [o]y +172.7 (¢ 0.22,
MeOH), HR-ESI-MS m/z 391.248 3 [M+H]" (it#

f CxH3s0s, 391247 9), #EEH D TN
C23H34050 "H-NMR (600 MHz, CDC13) 0:5.29 (IH,
m, H-8), 4.01 (1H, ddd, J = 12.9, 5.4, 1.3 Hz, H-17),
3.91 (2H, m, H-1, 17-OH), 3.81 (1H, dd, J = 10.7, 6.9
Hz, H-1), 2.73 (1H, td, J = 4.7, 2.2 Hz, H-11), 2.64
(1H, ddt, J = 17.0, 3.4, 1.7 Hz, H-120), 2.58 (1H, dt,
J=16.3,2.0 Hz, H-90), 2.49 (1H, ddt, J = 19.3, 13.7,
3.3 Hz, H-15p), 2.41 (1H, dq, J = 16.0, 1.8 Hz, H-9p),
2.39~2.34 (1H, m, H-15a), 2.31 (1H, ddd, J = 10.4,
6.1, 2.2 Hz, H-16p), 2.22 (1H, ddd, J = 17.1, 7.0, 2.7
Hz, H-12p), 2.04 (3H, s, H-1%, 1.99 (1H, q, J = 7.3,
6.8 Hz, H-6), 1.70 (2H, m, H-2B, 160), 1.42 (3H, s,
H-10%, 1.35~1.28 (1H, m, H-5B), 1.30~1.25 (1H, m,
H-3a), 1.27~1.23 (1H, m, H-4a), 1.25~1.19 (1H, m,
H-5a), 1.21~1.12 (1H, m, H-4p), 1.06 (1H, m, H-3p),
0.94 (3H, d, J = 6.9 Hz, H-6"), 0.88 (3H, d, J= 6.8 Hz,
H-2"; 13C NMR (150 MHz, CDCls) d: 197.9 (C-18),
172.5 (C-14), 171.5 (MeCO), 150.5 (C-7), 120.0
(C-8), 105.4 (C-13), 88.5 (C-10), 71.2 (C-17), 69.6
(C-1), 46.4 (C-11), 45.1 (C-9), 35.1 (C-5), 33.7 (C-3),
32.9 (C-6), 32.6 (C-2), 29.7 (C-16), 28.0 (C-15), 24.9
(C-4), 23.6 (C-10"), 21.2 (C-1%, 20.3 (C-6"), 17.1
(C-2"), 15.6 (C-12). LA_bZd -5 STk i 2o 3
AR08, WM AY) 15 A= EE Do
&Y 16: LEMIRY . HR-ESI-MS m/z
145.062 6 [M+Na]" (115518 CsH10ONa, 145.062 3),
€ e M58 CsHiO. "H-NMR (600 MHz,
CDCls) 6: 7.35~7.29 (2H, m, H-4), 7.24 (3H, m, H-2,
3,5, 6),3.87 2H, td, J = 6.6, 1.4 Hz, H-8), 2.88 (2H,
dd, J = 7.2, 59 Hz, H-7); BC-NMR (150 MHz,
CDCl3) 0: 138.6 (C-1), 129.2 (C-3, 5), 128.7 (C-2, 6),
126.6 (C-4), 63.9 (C-8), 39.3 (C-7). LA ¥ 5 kIR
TR A—E0), M ENEY) 16 WK LR,
&Y 17: K E O K. HR-ESI-MS m/z
123.043 4 [M+H]" GHE{E CH/02, 123.044 00, 7
EE KT RON CH602. TH-NMR (600 MHz, CD;0D)
8:9.75 (1H, s, H-7), 7.79 (2H, d, J = 8.0 Hz, H-2, 6), 6.93
(2H, d, J= 8.0 Hz, H-3, 5); “C-NMR (150 MHz, CD;0D)
5: 193.0 (C-7), 165.7 (C-4), 133.6 (C-2, 6), 130.3 (C-1),
117.1 (C-3,5). PL E# 5 5 SChRH I8 1) 9s Fa A —
0, MUSTEA A 17 RIS
3.3 L&Y% SARS-CoV-2 Mpr |25 R
DAKAifE (1 umol/L) AFHMEXTHE, Fratbé
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WITE 40 pmol/L HI¥EE T % SARS-CoV-2 M i)
WEEWE 1 R, ATRUKRBMLEY) 1. 4. 6. 13,
16 1 17 %} SARS-CoV-2 Mpro EATCHMHIVER (1
I <10%), L&Y 2. 3. 7. 8. 10, 12, 14 fil
15 A—EMHER %R 20%~45%), TMiLa
Y5, 9. 11 HEEFHFNHIER (1% >48%),
XAEY) 5. 9 F 11— DA TR BRI, 15
B ICso 1555 M 42.77. 25.85 1 24.26 pmol/L .
100 —

80—
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404

Mero 1] 22/%
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fAfil 2 3456 7 8 91011121314151617
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B 1 L& 1~17 % SARS-CoV-2 MP ByHIHI1E R
Fig. 1 Inhibition effects 1—17 on
SARS-CoV-2 Mpre
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