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W E: B FIRIERE OB Piperis kadsurae TIIEZE) BIEERSY, X HGURE RBUEIRR RSN . 3% FIHEE
Ji2 Sephadex LH-20+ MCI #: €8 1% DL K~ 1] 4% =y 280BAH (5 1% 55 64T 73 9 44k, JF12 | NMR. HR-ESI-MS %58 AR Wb & )ik
ITERBEE o RABEFEMRETE, X0 1 T A3 AL S PR AT HUBEAE 27 MO AT B . < 80 €0 4 R T DA K T B 40 1 P < 5 E TR T
(MRSA) HIEVERHS, HIZHRE T B 595 SARS-CoV-2 £ A (main protease, MPP) FIIHIENE. L8R Wi
RS TR Z B 2R BGER AL 2> 815 2] 16 MEAYI, %58 trans-2-methoxy-4.5-methylenedioxy-cinnamoy1-piperidide (1)+ cis-
2-methoxy-4.5-methylenedioxy-cinnamoy1-piperidide (2). 3-(4,7-dimethoxy-1,3-benzodioxol-5-yl)-1-(1-piperidinyl)-2-propen-1-
one (3). 4-[5-[(1E)-3-hydroxy-1-propen-1-yl]-7-methoxy-3-methyl-2-benzofuranyl]-2-methoxyphenol (4). methyl (2F,4F)-5-(4-
hydroxy-3-methoxyphenyl)-2,4-pentadienoate (5) HHIR (6). FFFZE (7). denudatin B (8). l-cinnamoylpyrrolidine (9).
RS20 (100 FAMUER (11). BHABGHITR (12D (E,E)-N-isobutyl-2,4-octadienamide (13). 4-allylbenzene-1,2-diol (14). rabdosia
acid A (15). FMERIR (16). SRATEXTIRZG T B EAE, WEW 1~2. 4~10. 12~16 ¥ HA RE IR, i,
AP 1.5, 6. 10, 12 1 15 3% €8] %] 3K 8 1 S AR B & ¥ (minimum inhibitory concentration, MIC) {54 0.78 ug/mL,
& 1~2. 8~9. 12 Al 14 % MRSA /] MIC 15345 3.12 pg/mL. [, SEAEMHIF] (Ebselen) ML, {h&4) 2~4.
8. 11~12. 14, 16 EABENIUERMB I, LEIHIRE (median inhibition concentration, 1Cso) 4 4~7 pmol/L.
it AW 1~6 NE R ERBFRRSY, FEE kIR EY 1~5 FZHEE: (Law) 15 R 16 Jy N IHURHE
Wby AR LAY 7. 9~12. 14 JyE IXNEE XY 7 AR AEw) 20 8. 12 fEHUE MU R R T A BN
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Chemical constituents and antibacterial, anti-coronavirus activities of Piperis
Kadsurae Caulis

LIN Shaodan, CHEN Liping, PAN Yongchen, XIONG Xiubi, LI Guangyi, YUAN Jie, WU Jiewei
School of Chinese Material Medica, Guangzhou University of Chinese Medicine, Guangzhou 510006, China

Abstract: Objective To study the chemical constituents of the Haifengteng (Piperis Kadsurae Caulis) (dried vine stems of P,
kadsurae) and evaluate their antibacterial and anti-coronavirus activities. Methods The compounds were isolated and purified by
silica gel, Sephadex LH-20, MCI column chromatography and semi-preparative high performance liquid chromatography, and their
structures were identified by NMR and HR-ESI-MS and other spectral techniques. The activity of the isolated compounds against
Bacillus cereus, Staphylococcus aureus and methicillin-resistant Staphylococcus aureus (MRSA) was evaluated by gradient dilution
method. In addition, the inhibitory activity of the isolated compounds against SARS-CoV-2 main protease (MP™) was preliminarily
evaluated. Results A total of sixteen compounds were isolated and identified as trans-2-methoxy-4.5-methylenedioxy-cinnamoy1-
piperidide (1), cis-2-methoxy-4.5-methylenedioxy-cinnamoy1-piperidide (2), 3-(4,7-dimethoxy-1,3-benzodioxol-5-yl)-1-(1-
piperidinyl)-2-propen-1-one (3), 4-[5-[(1E)-3-hydroxy-1-propen-1-yl]-7-methoxy-3-methyl-2-benzofuranyl]-2-methoxyphenol (4),
methyl (2E,4E)-5-(4-hydroxy-3-methoxyphenyl)-2,4-pentadienoate (5), piperic acid (6), fargesin (7), denudatin B (8), 1-
cinnamoylpyrrolidine (9), sarmentine (10), piperine (11), piperanine (12), (E,E)-N-isobutyl-2,4-octadienamide (13), 4-allylbenzene-
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1,2-diol (14), rabdosia acid A (15), betulinic acid (16). Compared with the positive control vancomycin, compounds 1—2. 4—10.

12—16 had significant antibacterial activity. The minimum inhibitory concentration (MIC) values of compounds 1, 5, 6, 10, 12 and 15

against Staphylococcus aureus were 0.78 ng/mL, and the MIC values of compounds 1—2. 8—9. 12 and 14 against MRSA were 3.12

pg/mL. At the same time, compounds 2—4, 8, 11—12, 14 and 16 showed potential anti-coronavirus activity with median inhibition

concentration (ICso) values ranging from 4—7 pmol/L. Conclusion Compounds 1—6 were the natural products isolated for the first

time, and the NMR data of compounds 1—5 were provided firstly in our study. Compounds 15 and 16 were isolated from Piperaceae

for the first time. Compounds 7, 9—12 and 14 were isolated firstly from Piperis Kadsurae Caulis. Compounds 2, 8 and 12 had

significant antibacterial and anti-coronavirus activities, which could provide scientific basis for subsequent research and development

of related new drugs.

Key words: Piperis Kadsurae Caulis; amide alkaloids; anti-MRSA; anti-coronavirus; rabdosia acid A; betulinic acid; piperanine
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Fig. 1 Chemical structures of compounds 1—16
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trans-2-methoxy-4.5-methyl-enedioxy-cinnamoyl-
piperidide (1). cis-2-methoxy-4.5-methylenedioxy-
cinnamoy1-piperidide (2 ) . 3-(4,7-dimethoxy-1,3-
benzodioxol-5-yl)-1-(1-piperidinyl)-2-propen-1-one
(3).4-[5-[(1E)-3-hydroxy-1-propen-1-yl]-7-methoxy-
3-methyl-2-benzofuranyl]-2-methoxyphenol (4 )
methyl (2E,4F)-5-(4-hydroxy-3-methoxyphenyl)-2,4-
pentadienoate (5). #HMIEE (pipericacid, 6). ¥H
fig & (fargesin, 7). denudatin B (8). 1-
cinnamoylpyrrolidine (9). 1 =4 (sarmentine,
10). #HARE, (piperine, 11). HHHCHTHR (piperanine,
12). (E,E)-N-isobutyl-2,4-octadienamide (13). 4-
allylbenzene-1,2-diol (14). rabdosiaacidA (15). H
HEfRER (betulinic acid, 16), AP LEY) 1~6 N
R BRI RIR ), I E L &) 1~5 1
HREEE; ALEY 15 F1 16 N IR N SIHURHE Y
SrEREL AW T, 9~12. 14 N E RN XEEE
Yooy e AR 3.
1 N5

Bruker AV-400 MHz A% 3t 4% 5 1A (3 &=
Bruker A ] ); Waters 2695 LC i Waters Acquity
ELSD. Waters 3100 SQDMS i lHIA¢; XHRE-
2000A JEfe 2R CLig B s R EAFD:
Agilent 1100 1 % 2 = AR GEE ZHEAR A F]D;
Waters Sunfire®RP Cig il 2 8 (5 1% 4 (150 mm X 30
mm, 5um); ZINEEREFRIC (PerkinElmer A F]);
FEEERER: (200~300. 300~400 H, 75 &l
TAHRAT); Sephadex LH-20 (3£[H Pharmacia 2
a2 2 RSO BT R D i A ), HoAd
LI AT A HLRA B w2 20 R TR R
(f&[ Biofroxx A, b5 EZ2811D345); i H14
PUMK 4 B EKE Methicillin-resistant Staphylococcus
aureus (MRSA JCSC4469, 1 [E 2 b 4 re fEA7) 1
B8 7 A R A A %) . IS AR SR IRAT I Bacillus
cereus (B. cereus CMCC63301) . W ¥ ZF g #F
Staphylococcus aureus (S. sureus CMCC26003) Btk
7R B SR & R DR ) 3BT B AR 75
Mero/3CLP R (R R RAEVFBHECA RS
m); MHIRBEFRAE (HA SANYO A#)D; £ 1heky
FRiX (PerkinElmer A ] ),

IR T 2023 4 9 H R T 2RI
My, H I e R 24K 5 24 5 g R AN BT 5T
TS N EAEME YR P, kadsura (Choisy) Ohwi

()T AR =
2 IEESENE

U 2G4 20 kg, FH 40 L 1) 95% LB
R 2 ) (BHR 7 d), & 9F 2 IRBUR, &
EWR4Yh, RBSRE, BRaEFRETKY, H
BEIR CBRZEE 3 IR [EISO 77045 B S R e 55
482.24 g, HiZH KA MCI A s, HZE-K
(0 :50, 80:20. 100 : 0) BREESEML, USRS
JEREIRAE, 13 50%LFFHIRE 136.57 g 80% L
R 109.86 g« 100%LEHRE 101.76 g.

¥ 80% LBETS /R E 109.86 g Lok AT ik 7
B, DUAHEE-ESER 06 (10 0 10 0 1) AR,
23] 15 M5 (Fr. A~0), % Fr.C (26.99 g)
BT B 2 55, SR, /33 6 45 (Fr.
C1~C6), H Fr.C3 Hafktrit, HB2LEY 16
(11mg), T4 Fr.D (3.78 g) L&A 5,
FREEVEE, 159303 N4 (Fr. DI~D3), Fr. DI,
Fr. D2 43 7 22l £ s RG AR 44k, F 2 G-7K (40
60—80 : 20) FREEVEML, AFUAE 20 mL/min, Fr.
D1 &4t 554 15 (12.8mg, =63 min), Fr.
D2 4k 15L& 5(7.0mg, k=20 min). 13(11.8
mg, ®r=31min). 8 (46.1 mg, r=41min), Fr. D3
RGNS, UAMEB-BER OB (10 :
1—0 : 1) BEEVEh, 153 4N414 (Fr.D3A~D3C),
Hrb Fr.D3B A it i, 52146EH 7 (19.7mg),
¥ Fr. D3C &Yl s BORARAL (L JE-/K 40 ¢
60—80 : 20), fFF{L &) 14(12.3 mg, k=12 min),
7y Fr. E (24.88 g) SBERAL (3550 59, FHEEVEML,
B3 5 4N14% (Fr. E1~E5), Hrb Fr. E2 A fhik
Hrid, BEMLEY 11 (1.18 g), Fr. E5 A AT H,
BEMEY 3 (035g), H4) Fr.F (3.31g) &k
AR E, 1985 NTFH5 (Fr.F1~F5), ¥ Fr.
F3 -l &R 2ift, BEA% 1 (8.2 mg,
k=18 min). 2 (26.7mg, ®=23min), ¥ Fr. F1 &
T AT 3 73 12, DA S H be- R I (500 15200 -
1D BREESEML, 193] 3 A% (Fr. FIA~FI1C), ¥
Fr. FIA &% 80 aith, B5E1b& 12 (9.9
mg, ®R=29min). 10 (21.0mg, ®R=39min), 44
Fr.G (2.85g) L&A E, 1934 M4 (Fr.
G1~G4), ¥ Fr. G2 &R 3, LA e R
LB (20 110 0 D) BEEENL, 193] 5 N5 (Fr.
G2A~G2E), Fr. G2E A EAENTH, BEMEY 6
(13.6mg), 414y Fr.H (1.63 g) GhtekE i,
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133 5 NT4H5 Fr. HI~HS5, ¥ Fr. H4 22447
WA g 2tk , 15 2459 4(16.5 mg, tr=17 min),
WA Fr.l (1.29 g) SEtRFE gy &, 1983 47
Moy (Fr.11~13), ¥ Fr. Il @RS E, D&
Fe-HEE (500 @ 1—100 & 1) BEEEVEML, 554 4
4y (Fr.IIA~11D), ¥ Fr. 11B £ 4 AL €
neaitk, HEMHAEY9 (3mg, /=13 min),

3 HMEE

AW 1: R AR (B, HR-ESI-MS m/z:
290.136 9 [M+H]" (Caled. 290.136 0, C16H20NOy) 45
4 'H-NMR. BC-NMR #i5E %> T A CisH19NO4.
EACEDNE R BB R, 15 "H-NMR
A E B R A {5 S ou 7.87 (1H, d, J = 15.5
Hz), 6.75 (1H, d, J = 15.5 Hz), PL){E BC-NMR
SIORFEIME T 0c 154.5. 149.7. 141.6+ 117.2. 106.6-
94.9 FIELHRIE(S S oc 1662, XE(ESHIRILEY
1 SRS B WEB S B, £ 40, 'H-"H
COSY H A% H-1" (0u 3.57, m) 5 H-2" (0u 1.58,
m) #H3%, H-2"5 H-3"(6u 1.65,m) 3%, H-3"5 H-
4" (6y 1.58, m) #%, H-4"5 H-5" (64 3.57, m) HH
Ky BRUAEY 1 G S A S E e 25 B
HAE HMBC H ] JLEBEBEE 6c 166.2 5 H-1". H-5"
FHOG,  JUZ 7N S NE &5 04 Fr B 5 R BR 454 | B
FRBE G AR o AN TH-NMR b BoR 2 N IRIR g
R T1ES 0u 6.96 (1H, s), 6.50 (1H, s), HERZEHN
1,3,4,6-VUHUAR, WA EW 1 HEN trans-2-
methoxy-4.5-methylenedioxy-cinnamoy1-piperidide,
ZERE 1 FR HT SCHERIRGE D I i = AT O
WA, A 78 90 )3 J8 HAZ MR R« "H-NMR
(400 MHz, CDCl3) 6: 7.87 (1H, d, J = 15.5 Hz, H-3),
6.96 (1H, s, H-5"), 6.75 (1H, d, J = 15.5 Hz, H-2), 6.50
(1H, s, H-2"), 5.92 (2H, s, OCH,0), 3.79 (3H, s, OCH3),
3.57 (4H, m, H-1", 5"), 1.65 (2H, m, H-3"), 1.58 (4H,
m, H-2", 4”); 13C-NMR (100 MHz, CDCL) &: 166.2
(C-1), 154.5 (C-1"), 149.7 (C-3"), 141.6 (C-4'), 137.2
(C-3), 117.2 (C-6"), 115.8 (C-2), 106.6 (C-5"), 101.6
(OCH,0), 94.9 (C-2"), 56.6 (OCH3), 47.1 (C-1"), 43.4
(C-5"),26.8 (C-2"), 25.7 (C-4"), 24.8 (C-3").

& 2: IR TR (FEE), HR-ESI-MS m/z:
290.138 0 [M~+H]" (Caled. 290.138 7, C16H20NO4)
454 "TH-NMR. PC-NMR #ff5& 5 T 7N C16H19NO4.
&%) 2 1) NMR £ 54061 1 oML, &K
AN E AL S 2 B RV A T I 2544 01 6.83 (1H,

d, J=12.5 Hz, H-3), 5.90 (1H, d, J= 12.5 Hz, H-2),
BAWE 2 #EN cis-2-methoxy-4.5-methyl-
enedioxy-cinnamoy 1 -piperidide, Z5HJa1E 1 Fios.
FIRE, L&) 2 N IR AR 2 RAR =), STk
ik = 3R GE HA AR, b7 IF )8 A
iU : 'H-NMR (400 MHz, CDCls) J: 6.93 (1H,
s, H-3"), 6.83 (1H, d, J = 12.5 Hz, H-3), 6.49 (1H, s, H-
6'), 5.90 (1H, d, J = 12.6 Hz, H-2), 5.90 (2H, s,
OCH,0), 3.77 (3H, s, -OCH3), 3.58 (2H, m, H-1"), 3.31
(2H, m, H-5"), 1.53 (4H, m, H-2", 3"), 1.24 (2H, m, H-
4"); BC-NMR (100 MHz, CDCl3) §: 167.8 (C-1), 153.1
(C-1), 148.7 (C-5"), 141.4 (C-4"), 128.2 (C-3), 121.4
(C-2), 117.3 (C-2"), 108.5 (C-3"), 101.4 ((OCH,0-), 94.6
(C-6"), 56.7 (-OCH3), 47.5 (C-5"), 42.2 (C-1""), 26.2 (C-
4'),25.4 (C-2"), 24.6 (C-3").

tEY 3. Ltk (HEE, HR-ESI-MS m/z:
320.1481 [M-+H]* (Calcd. 320.149 3, C17H2,NOs) 45
4 'H-NMR. BC-NMR #iE 713N Ci7HaNOs.
[FREH, &4 3 () NMR B4 51654 1 /1L,
BRI FE SAEY) 3 19 "H-NMR H H SR 14
FIR 155 on7.10 (1H, s, H-6"), [FI Al W55 2
MNHEIEIES: on 3.85 (6H, s, -20CH;), ®&4LE
Y 3 Hi5E N 3-(4,7-dimethoxy-1,3-benzodioxol-5-yl) -
1-(1-piperidinyl)-2-propen-1-one, Z5HJWIE 1 fis.
FIRE, ZAEPINTE RGBS 2R KRR =), Hik
Z SCRRAROE A AL A DR b 78 5 U5 8 A%
WEBEIN T : "TH-NMR (400 MHz, DMSO-de) J: 7.64
(1H, d, J=15.5 Hz, H-3), 7.12 (1H, d, J = 15.5 Hz, H-
2),7.10 (1H, s, H-6"), 6.06 (2H, s, -OCH,0-), 3.85 (6H,
s, 2X-0CH3), 3.73 (2H, m, H-1"), 3.52 (2H, s, H-5"),
1.60 (2H, m, H-3"), 1.49 (4H, m, H-2", 4"); '3C-NMR
(100 MHz, DMSO-ds) 6: 164.6 (C-1), 139.4 (C-5"),
138.7 (C-4"), 138.0 (C-3"), 136.9 (C-2'), 135.3 (C-3),
1212 (C-1), 1172 (C-2), 106.2 (C-6"), 102.1 (-
OCH,0-), 60.3 (5-OCH3), 56.8 (2'-OCH3), 46.0 (C-
1), 42.6 (C-5"), 26.6 (C-2"), 25.5 (C-3"), 24.2 (C-4").

&Y 4: FTE R, HR-ESI-MS m/z: 341.1372
[M-+H]" (Caled. 341.138 35, CyH205) %454 'H-
NMR. BC-NMR #i7€ 73 72N CaoH200s. &1 4
1] NMR ##z 5 QAL &%) eupomatenoid-712EE &
AL, 5 eupomatenoid-7 1] NMR H#EAHXT L, 1L
EY) 4 1 NMR EI1E b8 ol et bRy RS
T, BUMARZ 2 1 MW EMES on 4.14 (m, 2H,
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H-9'), KAk &4) 4 i N 4-[5-[(1E)-3-hydroxy-1-
propen-1-yl]-7-methoxy-3-methyl-2-benzofuranyl]-2-
methoxyphenol, &5 WIE 1 Fin. ARG 45
H R SRR, SCRRIRIEDIh sk = oA
FAZHE g, A e I e oA i B dls - 'H-
NMR (400 MHz, DMSO-ds) 6: 7.25 (1H, d, J=2.0 Hz,
H-2), 7.21 (1H,d, J = 2.0 Hz, H-6), 7.20 (1H, dd, J =
8.0, 1.8 Hz, H-6), 7.01 (1H, d, /= 1.4 Hz, H-2'), 6.93
(1H, d, J = 8.2 Hz, H-5), 6.63 (1H, d, J = 15.9, H-7'),
6.41 (1H, dt, /= 15.9, 5.2 Hz, H-8'), 4.14 (2H, m, H-
9, 3.97 (3H, s, 3'-OCH3), 3.86 (3H, s, 3-OCH3), 2.39
(3H, s,H-9); '3C-NMR (100 MHz, DMSO-ds) : 151.1
(C-7),147.8 (C-3), 147.1 (C-4), 144.6 (C-3"), 141.4 (C-
4", 132.9 (C-1"), 132.6 (C-5"), 129.6 (C-8"), 129.2 (C-
7", 121.9 (C-1), 119.8 (C-6), 115.9 (C-5), 110.3 (C-2),
109.6 (C-6"), 109.6 (C-8), 104.8 (C-2"), 61.7 (C-9),
55.8 (3'-OCH3), 55.7 (3-OCH3), 9.3 (C-9).

a5 WEMIRY), HR-ESI-MS m/z:
233.082 7 [M—H] (Calcd. 233.080 8, Ci3H304) 4
4 'H-NMR. BC-NMR #i5€ 732N CisHia040
EY) 5 11 NMR i85 L&Y methyl trans-
ferulatel! IR AL, B KA RO S 5 T iEoR
2 AN AR XEAE S on 6.83 (1H , d, J = 15.5 Hz, H-1),
6.72 (1H, dd, J=15.5, 10.7 Hz, H-2), 7.43 (1H, dd, /=
15.2,10.7 Hz, H-3). 5.95(1H, d, J=15.2 Hz, H-4),
HAE 'H-'H COSY 'l W5 H-2 5 H-3 MK,
iz 2 A AHE, REEY 5 HE
methyl (2E,4F)-5-(4-hydroxy-3-methoxyphenyl)-2,4-
pentadienoate, Z5HUIE 1 Fios. AL SV AE IR
AT BIRRARY), T SCRRGE DS s = A R
TEAE , PRHeAh 78 IR VA AL REAE R "TH-NMR
(400 MHz, CDCl3) d: 7.43 (1H, dd, J = 15.2, 10.7 Hz,
H-3), 6.99 (1H, dd, J= 8.1, 2.0 Hz, H-5"), 6.97 (1H, d,
J=19 Hz, H-2"), 6.89 (1H, dd, /= 8.1, 1.7 Hz, H-6"),
6.83 (1H, d, /= 15.5 Hz, H-1), 6.72 (1H, dd, J = 15.5,
10.7 Hz, H-2), 5.95 (1H, d, /= 15.2 Hz, H4), 3.93 (3H,
s, 3'-OCHs), 3.76 (3H, s, -COOCH3); '*C-NMR (100
MHz, CDCl3) d: 167.9 (C-5), 147.1 (C-4"), 146.9 (C-
3", 145.4 (C-3), 140.9 1H (C-1), 128.8 (C-1"), 124.1
(C-2),121.9(C-5),119.6 (C-4), 114.9 (C-6"), 108.8 (C-
2", 56.1 (3-OCH3), 51.7 (5-OCH3).

WEY 6: FALE AR, HR-ESI-MS m/z: 219.064 7
[M-+H]" (Caled.219.0652, C12H1104) 454 'H-NMR.

BC-NMR 72 53 F 2N CioH10040 1AL A PI7E STk
HGE N A LAY, BRI A 6 N IR 15
BIRIRIR=, HAD 7 s EdRE 5 Sk
X E—#1el, 'TH-NMR (400 MHz, DMSO-ds) 6: 7.29
(1H, m, H-6"), 7.23 (1H, d, J= 1.7 Hz, H-2'), 6.94 (4H,
m, H-2~5), 6.05 (2H, s, -OCH,0-), 5.92 (1H, d, J =
15.2 Hz, H-5"); *C-NMR (100 MHz, DMSO-ds)
167.7 (1-COOH), 148.1 (C-3"), 148.0 (C-4"), 144.5 (C-
3), 139.7 (C-5), 130.6 (C-1"), 124.9 (C-4), 123.1 (C-2),
121.4 (C-6"), 108.5 (C-5"), 105.7 (C-2'), 101.4 (-
OCH0-),

th&¥ 7. AtEE, HR-ESI-MS m/z: 369.206 5
[M_H]f, /\¥ﬁ7’\j C1H2,054, 'H-NMR (400 MHz,
CDCLs) 8: 6.93 (1H, s, H-2), 6.87 (1H, s, H-2"), 6.85
(2H, s, H-5, 6), 6.81 (1H, d, J= 1.7 Hz, H-6"), 6.77 (1H,
d, J=17.9 Hz, H-5"), 5.94 (2H, s, -OCH,0-), 4.86 (1H,
d,J=5.3Hz H-7),4.42 (1H, d,J=7.0 Hz, H-7'), 4.12
(1H, d, J = 8.7 Hz, H-9'0)), 3.90 (3H, s, 3-OCH3), 3.88
(3H, s, 4-OCH3), 3.84 (1H, m, H-9q, 9'8), 3.31 (2H, m,
H-9p, 8), 2.87 (1H, dd, J = 15.3, 5.7 Hz, H-8'); 3C-
NMR (100 MHz, CDCl3) d: 148.9 (C-3), 148.1 (C-4),
148.1 (C-3"), 147.3 (C-4"), 135.3 (C-1"), 131.0 (C-1),
119.7 (C-6'), 117.8 (C-6), 111.1 (C-5), 109.1 (C-2),
108.3 (C-5"), 106.6 (C-2"), 101.2 (-OCH,0-), 87.8 (C-
7", 82.1 (C-7), 71.1 (C-9"), 69.9 (C-9), 56.0 (3-OCH3),
56.0 (4-OCH3), 54.7 (C-8"), 50.3 (C-8). LA Fifi=%g
5 SCHRIRE A —07), B T N
FEER.

&Y 8: A IRY), HR-ESI-MS m/z:
357.168 2 [M+H]", 751N C2iH240s. 'H-NMR
(400 MHz, CDCl;) d: 6.99 (1H, d, J = 1.9 Hz, H-6),
6.85 (2H, m, H-2, 5), 6.19 (1H, s, H-2"), 5.86 (1H, s, H-
5", 5.83 (1H, m, H-8'), 5.21 (1H, s, H-7), 5.11 (1H, d,
J=4.9 Hz, H-9'b), 5.07 (1H, s, H-9'a), 3.88 (3H, s, 3-
OCH3), 3.87 (3H, s, 4-OCH3), 3.12 (2H, d, J = 5.1 Hz,
H-7'), 3.02 (3H, s, 3-OCH3), 2.67 (1H, q, J = 7.6 Hz,
H-8), 1.11 3H, d, J = 7.5 Hz, H-9); '3C-NMR (100
MHz, CDCl3) §: 187.4 (C-6), 173.3 (C-4"), 148.9 (C-
4), 148.7 (C-3), 142.8 (C-1), 135.2 (C-8"), 132.8 (C-2"),
132.1 (C-1), 118.3 (C-9"), 117.3 (C-6), 110.8 (C-5),
109.1 (C-2), 104.8 (C-5'), 94.8 (C-7), 81.2 (C-3"), 56.0
(3-OCH3), 55.9 (4-OCH3), 50.5 (3'-OCH3), 46.9 (C-8),
33.4(C-7"), 16.3 (C-9). LA il 50 45 5 SOkl & 2



20244E8 H $55% $ 153  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 15
i3 2

* 5029 -

AR08, % e AY) 8 A denudatin B

&Y 9: AGEK, HR-ESI-MS m/z: 202.121 6
[M+H]", ¥ 34 Ci3HisNO. 'H-NMR (400 MHz,
CD;0D) d: 7.62 (2H, dd, J=7.7, 1.8 Hz, H-2', 6'), 7.58
(1H, s, H-3), 7.40 (3H, m, H-3'~5"), 6.95 (1H, d, J =
15.6 Hz, H-2), 3.72 (2H, t, J= 6.8 Hz, H-2"), 3.55 (2H,
t,J=6.9 Hz, H-5"), 2.04 (2H, t, J= 6.5 Hz, H-4"), 1.94
(H, t, J = 6.8 Hz, H-3"); '3C-NMR (100 MHz,
CD;0D) §: 167.0 (C-1), 143.3 (C-3), 136.4 (C-1"),
131.0 (C-4"), 130.0 (C-2', 6'), 129.1 (C-3', 5"), 119.7 (C-
2), 48.0 (C-2"), 47.3 (C-5"), 27.0 (C-4"), 25.3 (C-3").
DA b 1% 22 s 5 SOk AR — ), i G
%) 9 A 1-cinnamoylpyrrolidine .

& 10: B EMARY ., HR-ESI-MS m/z:
222.184 3 [M+H]*, 43+~ CisH2sNO. 'H-NMR
(400 MHz, CDCl3) d: 7.25 (1H, dd, J = 14.8, 10.6 Hz,
H-3), 6.16 (1H, dd, J = 15.3, 10.6 Hz, H-4), 6.09 (1H,
d,J= 6.7 Hz, H-2), 6.05 (1H, m, H-5), 3.52 (2H, m, H-
4", 3.49 (2H, m, H-1), 2.12 (2H, q, J = 7.1 Hz, H-6),
1.93 (2H, q, J=6.8, 6.1 Hz, H-2), 1.83 (2H, q, J=6.8,
6.4 Hz, H-3'), 1.41 (2H, q, J= 7.2 Hz, H-7), 1.27 (4H,
m, H-8, 9), 0.86 (3H, t, J = 6.8 Hz, H-10); '3C-NMR
(100 MHz, CDCl3) 6: 165.3 (C-1), 143.2 (C-5), 142.3
(C-3), 128.8 (C-4), 119.9 (C-2), 46.5 (C-1"), 45.9 (C-
4", 33.0 (C-6), 31.5 (C-2), 28.6 (C-3'), 26.2 (C-7), 24.5
(C-8), 22.6 (C-9), 14.1 (C-10). LA _E itk #4505 5 Sk
HRIEFEAR R0, WU 10 A S

WwEY 1 wFEEHE (FE, HR-ESI-MS
m/z: 286.142 5 [M+H]", 213N Ci7H19NOs. 'H-
NMR (400 MHz, CDCl3) d: 7.39 (1H, m, H-3), 6.97
(1H, d,J=1.6 Hz, H-2"), 6.88 (1H, dd, J=8.0, 1.7 Hz,
H-6'), 6.77 (1H, d, J = 8.0 Hz, H-5), 6.73 (2H, m, H-4,
5),6.43 (1H, d, J= 14.6 Hz, H-2), 5.96 (2H, s, OCH,0),
3.54 (4H, m, H-1", 5"), 1.66 (2H, m, H-3"), 1.58 (4H,
m, H-2", 4”); 13C-NMR (100 MHz, CDCL) &: 165.6
(C-1), 148.3 (C-4"), 148.2 (C-3'), 142.6 (C-3), 138.3 (C-
5), 131.1 (C-1"), 125.5(C-4), 122.6 (C-6"), 120.2 (C-2),
108.6 (C-5"), 105.8 (C-2'), 101.4 (OCH,0), 47.0 (C-
5"),43.4 (C-1"), 26.8 (C-4"), 25.7 (C-2"), 24.8 (C-3").
DAl 2 s 5 SR AR — Y, WS RS
Y11 AR .

& 12: HE O K, HR-ESI-MS m/z:
288.158 7[M+H]", 4rF 3N C17H21NOs. 'H-NMR

(400 MHz, CDs0D) 6: 6.69 (1H, m, H-3), 6.68 (1H, d,
J=1.7Hz, H-2"), 6.66 (1H, d, J = 6.5 Hz, H-5'), 6.62
(1H, dd,J=7.9, 1.6 Hz, H-6"), 6.30 (1H, d,J=15.2 Hz,
H-2), 5.85 (2H, s, OCH,0), 3.52 (2H, s, H-1""), 3.44 (s,
2H, H-5"), 2.67 (2H, t, J = 7.4 Hz, H-5), 2.47 (2H, m, H-
4),1.63 (2H, m, H-3"), 1.50 (4H, m, H-2",4"); 3C-NMR
(100 MHz, CD;0D) ¢: 167.7 (C-1), 149.1 (C-4"), 147.2
(C-3", 146.2 (C-3), 136.3 (C-1"), 122.5 (C-6'), 122.4 (C-
2), 109.9 (C-5", 109.0 (C-2"), 102.1 (OCH,0), 48.1 (C-
5"), 44.3 (C-1"), 35.5 (C-5), 35.4 (C-4), 27.8 (C-4"), 26.8
(C-2"), 25.5 (C-3")o LA bl 5 Sk S A —
2, WMOESENEY) 12 AR

EY13: taifs (FEE, HR-ESI-MS m/z:
196.169 0 [M+H]*, 43 F x4 Ci2H2NO. 'H-NMR
(400 MHz, CDCl3) 6: 6.12 (1H, dd, J = 15.3, 10.0 Hz,
H-4), 6.05 (1H, dt, J=15.2, 6.3 Hz, H-5), 5.75 (1H, d,
J=15.0 Hz, H-2), 3.15 (2H, t, J = 6.5 Hz, H-1"), 2.12
(2H, q, J= 7.3 Hz, H-6), 1.82 (1H, m, H-2"), 1.44 (2H,
q,J = 7.3 Hz, H-7), 0.91 (6H, d, J = 6.6 Hz, H-3', 4"),
0.89 (3H, t, J = 7.4 Hz, H-8); '3C-NMR (100 MHz,
CDCl3) 8: 166.6 (C-1), 143.2 (C-5), 141.5 (C-3), 128.5
(C-4), 121.8 (C-2), 47.1 (C-1"), 35.1 (C-6), 28.7 (C-2"),
22.1 (C-7),20.2 (C-3", 4'), 13.8 (C-8). LA it2z%iE
5 SRR IE R A — 322, WS S 13 O (ELE)-
N-isobutyl-2,4-octadienamide.

&Y 14: HEAMHIRY), HR-ESI-MS m/z:
149.061 5 [M+H]", 413~ CoH1g02. 'H-NMR
(400 MHz, CDCl3) 6: 6.79 (1H, d, J = 8.1 Hz, H-6),
6.71 (1H, s, H-3), 6.62 (1H, d, J = 8.1 Hz, H-5), 5.92
(1H, ddt, J = 16.8, 10.0, 6.7 Hz, H-2"), 5.38 (2H, s, 1,
2-OH), 5.05 (2H, m, H-3'), 3.27 (2H, d, J = 6.7 Hz, H-
1'); BC-NMR (100 MHz, CDCl3) 5: 143.6 (C-2), 141.8
(C-1), 137.8 (C-2"), 133.4 (C-4), 121.1 (C-5), 115.9 (C-
6), 115.7 (C-3), 115.5 (C-3"), 39.6 (C-1"). LA ik25%k
i 5 SRR TE HE AR — 30, MUE R A 14 O 4-
allylbenzene-1,2-diol.

&Y 15 LEWMIRY, HR-ESI-MS m/z:
317.207 2 [M+Na]*, 4rF 3~ CisH3003. 'H-NMR
(400 MHz, CDCls) §: 7.13 (1H, dd, J = 15.6, 9.9 Hz,
H-10), 6.18 (1H, m, H-8), 6.17 (1H, m, H-9), 6.07 (1H,
d, J=15.5 Hz, H-11), 2.53 (2H, t, J = 7.5 Hz, H-13),
2.33 (2H, t, J= 7.5 Hz, H-2), 2.17 (2H, m, H-7), 1.61
(4H, m, H-3, 14), 1.43 (2H, m, H-15), 1.31 (10H, m, H-
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4~6,16,17),0.89 (3H, t,J=6.8 Hz, H-18); 3C-NMR
(100 MHz, CDCl3) 6: 201.3 (C-12), 178.9 (C-1), 146.0
(C-8), 143.2 (C-10), 129.0 (C-9), 128.0 (C-11), 40.6 (C-
13), 34.0 (C-2), 33.2 (C-7), 31.5 (C-16), 29.2 (C-5),
29.2 (C-6), 29.0 (C-4), 28.5 (C-15), 24.8 (C-14), 24.5 (C-
3),22.6 (C-17), 14.1 (C-18). LA i3 5 ik fiiE
TR, WEEEY) 15 N rabdosia acid A

kB 16: KA, HR-ESI-MS m/z: 455.3542
[M—H]", 4T 39 Ci0Haz03. 'H-NMR (400 MHz,
DMSO-ds) 8: 4.67 (1H, s, H-290), 4.55 (1H, s, H-29p),
3.29 (1H, m, H-3), 2.96 (1H, m, H-19), 1.63 (3H, s, H-
30), 0.92 (3H, s, H-27), 0.85 (6H, s, H-23, 26), 0.75
(3H, s, H-25), 0.64 (3H, s, H-24); '3C-NMR (100 MHz,
DMSO-ds) d: 177.3 (C-28), 150.4 (C-20), 109.7 (C-29),
76.9 (C-3), 55.5 (C-17), 54.9 (C-5), 50.0 (C-9), 48.6 (C-
18), 46.7 (C-19), 42.1 (C-14), 40.3 (C-8), 38.6 (C-1),
38.3 (C-4), 37.7 (C-13), 36.8 (C-22), 36.4 (C-10), 34.0
(C-7), 31.8 (C-16), 30.2 (C-21), 29.3 (C-15), 28.1 (C-
23), 27.2 (C-2), 25.1 (C-12), 20.5 (C-11), 19.0 (C-30),
18.0 (C-6), 16.0 (C-25), 15.9 (C-24), 15.8 (C-26), 14.4
(C-27)o VA 32808 5 SR TE FE AR — 5, iy
WEAL A 16 N EAMENERS .
4 HEYEENE
4.1 {KIMREEMEEN

HRE SCHR IR IE T EPOAT IR, 73 KGR 2
AT B. cereus &P O E ERE S. aureus LA
FH AR U AR 4 B 3R B (MIRSA ) AL 1 ¥k 2 1) g
1.25 X 10° CFU/mL; FrllfbA R 25 T R &R
23 DMSO BCA& 1 mg/mL W5 H 0.22 um 3%
FLUBIEJE IS BREE, 77 B 2 A7 Tl C AR /N

BX 20 pL 25%940 80 pL /KRR A E (mueller
hinton, MH) REZAAREFRBUNA 96 FLER R A 1
e, BEA FRI 254N T3 85 2 B PR X IR A
£ 96 FLAR A LA AR B RN ) R 7 A
(0.1 mg/mL) MJTRAW 100 uL, HEIRE G, WE
1 HEFLHIREL 100 pL R 128 2 HEFEMRAT I 50
Hro MU RS, (EAFI 2P AN T 85 R IR
EIRFERICH 100, 504 25, 125, 6.25. 3.12. 1.56.
0.78 ug/mL, [FJR ¥ E MH B3 A XTHIEFL LA 14
WRTRETL, Sk 96 FLARAE 37 “CIEIREEFRAA FIFE
10~12h J5, WELRERIEAN, KRR
(I FLT I 1) B AR A 1 9 R A 5 420 ) B AR AT B
R (minimum inhibitory concentration, MIC ).

iR 1 R, thEW 1~2. 4~10. 12~
16 ¥ EAH BE MBI ENE, HPhea%1. 5. 6.
10 12 1 15 X452 (08 & BR B 1 MIC {5175 0.78
pg/mL, LAY 1~2. 8~9. 12 1 14 % MRSA
) MIC {5575 3.12 pg/mL.

R1 &Y 1~16 3 B. cereus~ S. aureus~ MRSA HFEE
Table 1 Inhibitory activities against B.cereus, S.aureus and
MRSA of compounds 1—16

MIC/(ug-mL™")

A=k —— NT—
S OMAE KR W MATE  MRSA

1 0.78 6.25 3.12

2 1.56 6.25 3.12

3 >50 >50 >50

4 25.00 6.25 6.25

5 0.78 6.25 6.25

6 0.78 6.25 6.25

7 1.56 3.12 6.25

8 1.56 6.25 3.12

9 3.12 6.25 3.12

10 0.78 3.12 6.25

11 >50 >50 >50

12 0.78 3.12 3.12

13 1.56 3.12 6.25

14 1.56 6.25 3.12

15 0.78 3.12 6.25

16 1.56 50.00 6.25
Hitisiw 0.78 1.56 0.78

4.2 #i SARS-CoV-2 jEMITM

K FH 3 70 e R 75 5 MIpro/3 CLPro 4171 il 551) 7 i 1 771)
B AL B WK Mpro/3CLPro [R5 1 o A% 4 R
WA S UL B4 {E (Assay Buffer: 2019-nCoV
MPe/3CLPe=92 : 1) ALl Assay Reagent {&¥, 1E
96 FLAR 15 B 2% FIRTREZH, 100% 0 X R4, BH
P4 (Ebselen #0D XTHBZH DA S AE db 4o AL
I DMSO ¥ A (A DURE S, 1 S IR B
N 1004 50 25, 12.5. 6.25+ 3.12+ 1.56 pmol/L.
FRHRE 3 NEL, RO SR (5 pl)
F Assay Reagent ¥k (93 uL), JR A5, 7£ 37 C
B IR RS 7R 10 min 5, A POE R & LA
2 uL Substrate KA GAFIEIRAL), SRJE1E 37 CH:
FAETIE 5 min 5, FHZIReEERC I E B
FLHI e M, &5 KM GraphPad Prism 10 {4
(GraphPad) THHEAAEYIN) ICso A -

ORI 2 PR, a2, 3. 44 8. 11, 12,
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Fz2 1LEH 1~16 X SARS-CoV-2 B MP/3CLP HIHIEE
Table 2 Inhibitory activity against MP/3CLP™ of SARS-
CoV-2 of compounds 1—16

A 1Cso/(umol-L7Y | A 1Cs0/(umol-L7")
1 11.714+0.06 9 7.42+0.14
2 5.5240.19 10 9.15+0.34
3 4.7910.10 11 5.36+0.11
4 6.47+0.35 12 5.3240.04
5 7.211+0.20 13 12.121+0.34
6 7.311+0.09 14 6.361+0.11
7 7.95+0.26 15 11.84+0.14
8 6.40+0.22 16 4.724+0.19

Ebselen 1.05%0.03

14, 16 B EABERPUEIRE B 1
5 itig

AR, X TR 2 XU (A6 52 B e 2 B A
MR 2, HEAEERZEP PR, /MR
TEACE FHEPUE T AET10), R A 0w 85 7 T 1)
PR D IRIE . BT AR AT T IRIE
P HUR BRI DU B 07 T BA — 224
FRYEMECT281, B i XUIRE I 23 25 45 31 40 S 4k
THEPUR BRSBTS, Stk R A R IX —
Wk 234 B R

AR LA 2 M F B, JEg &
'H-NMR. '3C-NMR. HSQC. HMBC. HR-MS %5
T 4 AR IXUIRR R A 27 B R AT 73 B Al 5 i) 4
B, L BEEELAEY 16 1, 8 8 NI AY)
Bl (1~3. 9~13). 3 PARIER (4. 7~8). 1 M=
i (16) 25, HAMEAY 1~6 NE IR BE R R
R, AEW 1~5 |k R IFHER H. BC
NMR ##; &9 15 116 A1 R GIHEHEY)
R BRI A T 912, 14 N RN
YB3 U S5$H0 SARS-CoV-2 FEPEPEMT
CERERW, BREMEY 31, ERWEWEDE
J7 AR BRI g, K a1, 5. 6.
10, 12 AT 15 X4 38 (85 2 BK B 1) MIC E 3579 0.78
pg/mL, I 25 $H P R 24 75 1 B 2R [E) B4
P, kA 1~2. 8~9. 12 1 14 X} MRSA 1
MIC B34 3.12 pg/mL, EA BN EZEKH MRSA
s EPURIRE RS T, (A 2~4. 8.
11~12. 14, 16 ¥ EGEERMPUSRBEEFIEME. U
RS BT LAY 2. 8. 12 EPUE MR
B B R nsErE, A AYIPIRE T

g KR A VEDTE KPR B 2 EEH, N

i — B R S KRR — H 25 DL R R AH 8T

2Rt T —E R
FBAR FAVEHFARFEAZFR
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