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B OE: IR IEITE AY BURER 2 SR T RE R | Sephadex LH-20 4577 1 0 H6 AR B Y B S U HE 47
3 AAlAL 3k B P ORI TS RS S A AR S W Y S AR O LA RIS A 3R Sk B ZH SR R A A v
WAL SV, S5 R I DR B2 A5 2] 22 NMEGH, 4350 % %E N pleuchiol (1) | withastramonolide
(2) .7-ketositosterol (3) ,FAHERERE (4) MEARTRHF S (5) .1, 2, 4-trimethoxybenzene (6) JIT 4~k — H lig
(7) .sonderianol (8) .dibutyl phthalate (9) .pinoresinol (10) K ¥23EKHBZ Z B8 (11) avenalumic acid methyl
ester (12) .5,3’-dihydroxy-3,7,4'-trimethoxy-flavone (13) . spathulenol (14)  2-F J&-5-P5 KL fli-7-5% 3 4 J5 i
(15) | 7,4’-dihydroxyflavone (16) ,annphenone (17) 3-323t-4-HEIL KR (18) 5,3 ,4 - =K F-7-H R
BRI (19) AR HER TR (20) 4-0-FREEE TR (21) WK HIR Rl (22), FiAfks
Wy ki RN AR e rh 3 B A5 3 BRI M i 2 2R W A B W 2 X ERIRAT TR A R AT T 4 A
YER AL G 3 XA REZF AT A M SIVE T AL 5 4 8 XS AT T | <& B0 (0 4 4 BR AT A 8 28 JE AT T X A
HVEH], A B W 17 X ERIRAT T 46 28 (U040 BRI 2 A S M T . b A8 W 2 6 il 5 27 ST B8 A 400 1) 1
M5 RIBE R JC % 2% 5 (P>0.05) .
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Abstract ; In order to explore the antibacterial material basis from the root bark of Ailanthus altissima, the silica gel and

Sephadex LH-20 were employed to separate and purify methanol extract from the root bark of the A. aliissima, and the

structures of the compounds were identified by chemical properties and spectral data. Flow cytometry was employed to
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test the antibacterial activity of the compounds, and kanamycin was used as control group. The results were as follows
Twenty-two compounds were isolated and elucidated from the root bark of A. altissima respectively as pleuchiol (1),
withastramonolide (2), 7-ketositosterol (3), betulin (4), betulinic acid methyl ester (5), 1, 2, 4-trimethoxybenzene
(6), dimethyl maleate (7), sonderianol (8), dibutyl phthalate (9), pinoresinol (10), p-hydroxybenzoic acid ethyl
ester (11) , avenalumic acid methyl ester (12), 5, 3’-dihydroxy-3,7, 4'-trimethoxyflavone (13), spathulenol (14), 2-
methyl-5-acetonyl-7-hydroxychromone ( 15), 7, 4'-dihydroxyflavone ( 16 ),
methoxybenzoic acid (18), 5, 3’,4'-trihydroxy-7-methoxyflavanone (19), dibutyl phthalate (20), 4-O-methylgallic
acid (21), dioctyl terephthalate (22). All compounds were isolated from the root bark of A. altissima for the first

annphenone (17 ), 3-hydroxy-4-

time. The antibacterial activity tests showed that Compound 2 had inhibitory effect on Pseudomonas aeruginosa and
Bacillus subtilis. Compound 3 had inhibitory effects on Bacillus subtilis. Compound 8 had inhibitory effects on
Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus subtilis. Compound 17 had inhibitory effects on
Pseudomonas aeruginosa and Staphylococcus aureus. The inhibitory effect of Compound 2 on Bacillus subtilis was not
significantly different from kanamycin (P>0.05). This paper aims to clarify the antibacterial substance basis of the root

bark of A. altissima, and provide a certain theoretical basis for the development and utilization of the root of A. altissima

resources and the research and development of drugs with antibacterial activity.
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WA SOFR R fe A5 B AR 1, e
AREHE Y R (Ailanthus altissima) W) {2 80T 12
(S EPEZC g4 ,1975) . HEES 4 TIRE
ECITE IR s [ s | O - QRIS A 51— X
AIERENE R RS, IR E 2T
TR GRS R Hm %R BB R R+
BN S SR e, X B TR 5Kk 5K )
(2003) K FH# MR J 5O & B AN SR N7 iR 97 B
R, BFE G RAE R B 47 7 A R 80%
ALY s MR AR R B I P B L PUIE IR |
B BT am /N A e 2R | SE TG P (Du et al.,
2019;Yan et al., 2020) ., AT RUEE(2021) 53 51
TRAEAR B2 A 7KL 0 R 2 kL 2 0 B R A1 00 TR 3%
PEZE AL 7 | A MR B 1 7K R 4 0 % 4 8 € 7 4 2K
PR — 5 AR S 1 (T B e gk M AT RN
KIGHTF TP 5 £ BsORL 32 W %) 4 o8 00 7 2 BRI &%
FEAF RN K A ¥ BA B mEiEd:, Jf 5 &
PSR B2 1 %) 4 w5 €0 48] 7 BK A | 4 R T TR R R B A
R ) A0 AT 92 o) BH SO0 Tk 2 4

BT, ¢ T M R s 4k & W %) 0 5 413 35
A SR (2011) KGR K 43 15 1 % PR OK A WE T
R NER  RAEF TR A 11-S B R AR R
JEEAR A5 (2021 ) ABAR K2 95% £, B4 Uy v 4328
1515 MG, ASCHE— 2 X R R i ke
B3 KA T I R AT AR5, A S B AR AR B2

chemical constituents,

separation and purification, structure identification,

VTR TR A O AR R B B RO S 5 A R A
B 1 P 1) 25 M E B A — T ) S AR

1 AR E 77 %

1.1 A8 AL At 5

L1 A WM R BT e b, B Tl 2
Bt T 4k 21 Bl 30452 % 7 h R A (Ailanthus altissima )
MM EZ . SR MR T | 4 05 (70 48 BR AT | Al 200 28 64
(M)IEEFAEDFHARAR) .

1.1.2 ML AKX A Triple5600 + % 25 43 B 5 3% A
(5[ Bruker 23 ) ; AVANCE NEO-600 % #% fif 3t
PRI (S E Waters 23 F]) s ME188T %l 43 #1 K
F (3£ E Mettler Toledo 23 F] ) ; Sephadex LH-20 )
RPEEEE (FEE Merck 237 ) ; LHY3100T & Hi ¥
K (1% [F Florenz Sartorius 2\ ) ) 3 #E {4 1% fif: ik
(H WA T ) AR DMSO-d, (1 [+
Sigma-aldrich 23 H] )

1.2 ERFiE

1.2.1 #B A& BT ERAERE 19. 6 kg, 575
SR 95% W HE 509 P Pt e 4 B, [mT 0 70 45
R RE 2.3 kg BEEBCT ZE K KK
SRR A v Bk DN TR | OE T AR IR, TRT A i R A
AWEEE (151.3 ¢) \ANE)Z (106.4 ¢) IE T BE)2
(117.6 g) , HCAMEEZ , ZRERATE 3, A il ik -
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ZTRZTE (80 : 2050 = 5020 : 80) 6 J& VB,
57 N5 (Fr.AL~Fr.A7), BUFrA2 (7.1 g),
ZREICHE , LUl - P B (70 30—30 = 70) BB
VEME, 155 N4> (Fr.A2-1~Fr.A2-5) , HL Fr.
A2-2 (206.8 mg) , % Sephadex LH-20,754L &%) 8
(19 mg) .23 (31 mg), HLFr.A5 (8.3 g) , &K
FE, LA hE- — & H %e (60 : 40—20 = 80) £ JF
VeI, 753 6 N2> (Fr.A5-1~Fr.A5-6) , B Fr.A5-
1(224.1 mg), 2 fE B AE, DA A7 9 ik — — & b
(50 : 50) PEML, 159 22 (21 mg) ; HL Fr.A5-3
(95.3 mg) , £ Sephadex LH-20, 51k &4 4 (23
mg) 15 (34 mg) . HUFr.A6 (6.8 g) , ZREH:, LU
FOMEE- 22 2T (50 : 5020 : 80) KA FE ¥ i,
BT AH (Fr.A6-1~Fr.A6-7), B Fr.A6-5
(102. 4 mg) , % Sephadex LH-20, 154k &9 14 (28
mg) 21 (26 mg) ., WNEIZ, ZrERH 5, LA
k- — S %2 (70 © 3050 : 50~30 : 70) B JE
Ve, 15 8 N4> (Fr.Bl~Fr.B8) ., HU Fr.B1(8.5
g) SR B, A -2 TR TR (75 ¢
2525 + 75) M EVENL, 15 7 DA (Fr.Bl1-1~
Fr.B1-7), BUFr.B1-3 (192.3 mg) , % Sephadex
LH-20,73 &% 1 (28 mg) .3 (23 mg) ; B Fr.B1-
5 (253.4 mg) , ZrE A, DL ok - — & H b
(60 : 40) W&, 51L& 13 (16 mg) .20 (29
mg) . W Fr.B4 (7.5 g), &k A28, LU A
Bk - — 4 W% (55 = 45—15 = 75) BEEEVERR 15 6 1
2057 (Fr.B4—-1~Fr.B4-6), H Fr.B4-3 (181.5
mg) , LRk A, DL il - TR (35 ¢ 65) PRI,
BAEW T (21 mg) (12 (18 mg) ; B Fr. Ad-4
(73.5 mg) , 4 Sephadex LH-20, 154 &% 2 (19
mg) .19 (26 mg) , B Fr.B7 (10.2 g) , & rER A2
B LA - — s (55 0 4515 ¢ 75) B JE
Ve 15 8 N4y (Fr.B7-1~Fr.B7-8) . HUFr.B7-2
(151.3 mg), &k B4, LA b ik - — & H ke
(45 2 55) el , AL a9 9 (33 mg) .16 (28 mg) ;
BUFr.B7-7(131.4 mg) , & REMAE, LAt - — 5
e (35 65) VEli, 4L &% 11 (21 mg) .18
(35 mg), BUETEE, &ERESE, UL L
gl (65 : 35—35 : 65—15 : 85) B B vk i,
56 N4> (Fr.Cl~Fr.C6), BUFr.C2 (8.4 g),
ZEREREAE A 2, LA B - B (55 + 45—15 : 85)
BEEEVEG, 45 7 N4 (Fr.C2-1~Fr.C2-7), B
Fr.A2-2 (175.3 mg) , %4 Sephadex LH-20, 141k &

Y5 (33 mg) .6 (19 mg) .10 (32 mg) ., H Fr.C5
(9.7 ¢) , ZRERAE 08, LA A e - B (45 ¢
5525 1 75) BREE VR, 15 5 414y (Fr.C5-1 ~
Fr.C5-5), B Fr.C5-3 (95.3 mg), £ Sephadex
LH-20, 3465 17(31 mg) .

122 WA EFWEE R MMEE (2,
1991 ; R EE45,2013) M b &9 2.3 .8 .17 ()
PG, DARIREE KON X IR, BRERBRAT L 4 %
GO A BR TR G 5 28 F0LAT B 1 B o DR AR, R T2
HRULN S SRR h, T 36 C PR3 48 h, R
FRER KB BE (W M 1x10° CFU - mL™) | B T
AR, 6T BRI A AR G R N 0.1
0.5.1.0.4.0.8.0.12.0,25.0,50.0,100.0.200.0
peg - mL! o 3K S A RE S O RDE SR AL B
TR I SRIRAT B | 4 V8 €0 7 2 BRI A R 2E AT
FRIEEFERE b F 37 C R 5% 24 h K A8 0 P
BRI AR (MIC) , IF 5B Ak %t S AT 147
4 (07 25 R B ZE AR DA A0 40 3

2 HERHHH

21 UEWMHEHETE

k&P 1 (a4 . HR-ESI-MS m/z.
412.873 1 [M+H]".,'H-NMR (600 MHz, acetone-
dg) 6:5.41 (1H,t,/=9.6 Hz,H-6) ,5.11 (1H,m,
H-11),5.02 (1H,d,J=9.6 Hz,H-12) ,3.54 (1H,
m,H-3),1.02 (3H,d,J =9.6 Hz, H-21),0.91
(3H,s,H-19),0.83 (3H,d,J=9.6 Hz, H-26),
0.81 (3H.d,J=6.3 Hz,H-27) ,0.79 (3H.t,/=9.6
Hz,H-29),0.68 (3H,s, H-18). “C-NMR-DEPT
(150 MHz, acetone-d,) 8:39.7 (C-1,s),33.4 (C-
2,s),74.1 (C-3,d),42.5 (C-4,5),140.9 (C-5,
$).123.2 (C-6,8).25.3 (C-7.d),52.4 (C8,s) .
51.3 (C9,$),35.7 (C-10,s),129.4 (C-11,5),
136.4 (C-12,d),42.3 (C-13,s),58.1 (C-14,s),
24.2 (C-15,1),30.4 (C-16,d),56.1 (C-17.s),
12.3 (C-18,1),21.5 (C-19,5),36.1 (C-20,d) ,
19.2 (C-21,s),41.2 (C-22,5),25.8 (C-23,d),
47.1 (C24,5),29.1 (C-25,5),21.4 (C-26,d) ,
19.3 (C-27,s),24.3 (C-28,s),12.9 (C-29,s),
DA B0 5 S0k (2589, 2021) FEA— 2, i e 1R
EBM1 N pleuchiol .

e 2 ¥ K, HR-ESI-MS m/z:
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486.701 3 [M+H]*,'"H-NMR (600 MHz, acetone-
dg) 6:6.71 (1H,ddd,J=9.6,4.8,2.2 Hz,H-3),
5.81 (1H,dd,J=9.6,4.8 Hz,H-2),4.03 (1H,br
s,H-12),2.97 (1H,d,J=9.6 Hz,H-6) ,"” C-NMR-
DEPT (150 MHz, acetone-d, ) 6:205.7 (C-1,s),
131.4 (C-2,s),141.6 (C-3,s),37.6 (C-4,d),
75.1 (C-5,s),56.8 (C-6,s),58.3 (C-7,s),36.7
(C-8,s),30.1 (C9,d),53.1 (C-10,t),29.7
(C-11,s),74.1 (C-12,d),49.3 (C- 13,s),44.6
(C-14,s),23.9 (C-15,d),27.8 (C-16,s), 45.1
(C-17,s8),13.3 (C-18,d),16.1 (C-19,t),41.2
(C-20,d),13.1 (C-21,s),79.3 (C-22,s),31.4
(C-23,s5),159.3 (C-24,s5),127.3 (C-25,5s),
169.1 (C-26,q),58.2 (C-27,s),21.8 (C-28,s),
DL #0dE 5 S0k ( Kuang et al., 2010) FEAR—Z, i
R EALE W) 2 A withastramonolide,

k&% 3 @K K, HR-ESI-MS m/z:
4294239 [M + H]","H-NMR (600 MHz, acetone-
dy) 6:5.73 (1H,s,H-6),3.81 (1H,m,H-3),1.16
(3H,s,H-19),0.87 (3H,d,J=9.6 Hz, H-21),
0.83 (3H,t,/=9.6 Hz,H-29) ,0.81 (3H,d,J=9.6
Hz,H-26),0.73 (3H,d,J=4.8 Hz, H-27),0.68
(3H,s,H-18) ., *C-NMR-DEPT (150 MHz, acetone-
dg) 6:37.1 (C-1,s),30.6 (C-2,s),69.2 (C-3,s),
40.8 (C-4,s),164.7 (C-5,s),125.3 (C-6,s),
201.4 (C-7,s),46.1 (C-8,s),50.7 (C-9,s),39.1
(C-10,d),20.6 (C-11,s),39.1 (C-12,s),42.7
(C-13,s),50.3 (C-14,d),27.6 (C-15,s),29.1
(C-16,t),55.2 (C-17,s),12.1 (C-18,d),18.4
(C-19,s),35.7 (C-20,s),20.1 (C-21,s),34.1
(C-22,s),25.8 (C-23,s),46.1 (C-24,q),30.2
(C-25,t),20.5 (C-26,s),20.1 (C-27,q),22.8
(C-28,s),12.1 (C-29,t) . DL %05 ik (J88)
HE4E, 2016) BEA — 2, M B EHEW 3 N T-
ketositosterol ,

&4 A E kK, HR-ESI-MS m/z:
427.8159 [M + H]*_'"H-NMR (600 MHz, acetone-
dg) 6:4.71 (1H,s,H-292) ,4.62 (1H,s,H-298),
3.73 (1H,d,J=9.6 Hz,H-3),3.09 (1H,dd, /=
9.6,4.8 Hz,H-3),1.73 (3H,br s, H-30),1.13
(3H,s,H-26),1.02 (3H,s,H-23),0.85(3H,s,H-
24),0.79 (3H,s,H-25),0.68 (3H,s, H-27),
“C-NMR-DEPT ( 150 MHz, acetone-d, ) 0: 43.2

(C-1,8),29.1 (C-2,s),85.1 (C-3,d),39.7 (C-4,
s),56.1 (C-5,s),19.1 (C-6,s),35.2 (C-7,s),
40.6 (C-8,d),51.3 (C-9,s),40.3 (C-10,s),20.7
(C-11,s),26.1 (C-12,s),40.2 (C-13,s),43.1
(C-14,s),29.1 (C-15,1),31.2 (C-16,s),50.4
(C-17,s),50.9 (C-18,s),51.2 (C-19,d),149.3
(C-20,s),30.4 (C-21,s),31.6 (C-22,s),29.7
(C-23,d),17.1 (C-24,s),17.2 (C-25,s),17.9
(C-26,s),15.3 (C-27,s),59.3 (C-28,t),109.4
(C-29,q),20.1 (C-30,q), UL &5 SCHk
(Omar et al., 2019) EA —F S @ G% 4 K
FIHEBE IS

k&Y s B @ E fh, HR-ESI-MS m/z:
471.142 9 [M+H]".,'H-NMR (600 MHz, acetone-
dg) 6:4.91 (1H,d,J=4.8 Hz,H-29«) ,4.52 (1H,
dd,J=9.6,4.8 Hz,H-298) ,3.69 (3H,s,3-0CH,) ,
3.17 (1H,td,J=9.6,4.8 Hz,H-3),2.93 (1H,d,
J=9.6,4.8 Hz,H-19),1.84 (3H,s,H-30),1.57
(3H,s,H-27),1.13 (3H,s,H-26),0.87 (3H,s,
H-25),0.74 (3H,s,H-24),0.65 (3H,s,H-23),
"C-NMR-DEPT ( 150 MHz, acetone-d, ) &: 39. 1
(C-1,s),26.8 (C-2,s),80.1 (C-3,s),40.3 (C-4,
d),56.7 (C-5,s),19.1 (C-6,s),35.1 (C-7,s),
41.3 (C-8,s),52.4 (C-9,s),36.8 (C-10,s),21.7
(C-11,d),26.2 (C-12,s),39.1 (C-13,d),43.5
(C-14,s),30.2 (C-15,d),31.8 (C-16,s),57.2
(C-17,s),51.2 (C-18,s),46.8 (C-19,s),151.4
(C-20,s),31.1 (C-21,s),36.9 (C-22,s),29.1
(C-23,s),16.1 (C-24,s),15.8 (C-25,5),15.6
(C-26,1),15.3 (C-27,s),175.3 (C-28,s),108.4
(C-29,1),20.1 (C-30,s),50.2 (3-0CH,,q), U
EEE SCHR (2 2 A 2021 ) BEAR 2 i S E
G 5 g HEARTR HE

k&Y 6 H @4 F, HR-ESI-MS m/z:
169.316 2 [M+H]",'"H-NMR (600 MHz, acetone-d, )
6:7.61 (1H,d,J=9.6 Hz,H-5),7.45 (1H,s,H-2),
6.93 (1H,d,J=9.6 Hz, H-6),4.03 (9H, s, 4-
OCH,) ,"” C-NMR-DEPT ( 150 MHz, acetone-d,) &:
151.3 (C-1,s),113.4 (C-2,s),146.2 (C-3,t) ,148.1
(C-4,d),124.1 (C-5,s),113.2 (C-6,d),55.8 (1-
OCH,,q) ,55.8 (2-OCH,,q) ,55.0 (4-OCH,,q) ., Pk
S SOk (2 2 KA, 2021 ) FEAR — B, MUK E
L&) 6 M1 .2, 4-trimethoxybenzene
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k&YW 7 B @K K, HR-ESI-MS m/z:
143.109 3 [M+H]*,'H-NMR (600 MHz, acetone-
dy) 6:6.91 (2H,s,H-2,3),3.76 (6H,s,1",2'-
OCH;) ,”C-NMR-DEPT (150 MHz, acetone-d,) :
169.2 (C-1,s),133.1 (C-2,1),133.1 (C-3,s),
169.2 (C-4,d),51.6 (1'-OCH,, q),51.6 (2'-
OCH,,q) ., DA L%ds 5 SClk (P 55,2021 ) FEA
— 3 S EAL S T R T M R WS

k&Y 8 B 4K K, HR-ESI-MS m/z.
298.681 5 [M + H]",'H-NMR (600 MHz, acetone-
dy) 8:6.71 (1H,s,H-11),6.62 (1H,dd,J=9.6,
4.8 Hz,H-15),5.47 (1H,dd,J=9.6,4.8 Hz, H-
16a) ,5.09 (1H,dd,J=9.6,4.8 Hz,H-168) ,2.91
(1H,J=9.6,4.8,2.2 Hz,H-2B),2.37 (1H, ddd,
J=9.6,4.8,2.2 Hz,H-1),2.23 (3H,s,H-17) ,2.02
(1H,ddd, J=9.6,4.8,2.2 Hz,H-1),1.91 (2H,
ddd,J=9.6,4.8,2.2 Hz,H-6) ,1.68 (2H,ddd, J=
9.6,4.8,2.2 Hz,H-7),1.27 (3H,s,H-20),1.21
(3H, s, H-18), 1.08 (3H, s, H-19) .,"” C-NMR-
DEPT (150 MHz, acetone-d,) 6:38.2 (C-1,s),
35.1 (C-2,1),54.1 (C-3,d),48.3 (C-4,s),49.1
(C-5,d),19.8 (C-6,1),30.4 (C-7,s),124.1 (C-
8,d),140.2 (C-9,s),36.9 (C-10,d),108.3 (C-
11,q),152.4 (C-12,1),120.1 (C-13,s),144.8
(C-14,1),134.8 (C-15,s),120.4 (C-16,q),13.1
(C-17,d),25.1 (C-18,s),27.2 (C-19,s),20.6
(C-20,q) . LAL%#E 5 SCHR ( Craveiro & Silveira,
1982) JEA—F, M 4L & L 54 8 A sonderianol ,

E&EW 9 HaiRY. HR-ESI-MS m/z.
279.208 3 [M+H]*,'H-NMR (600 MHz, acetone-
dy) 6:7.82 ( 2H,dd,J=9.6,4.8 Hz,H-3,6),7.63
(2H,dd,J=9.6,4.8 Hz,H-4,5) ,4.27 (4H,t,]=
9.6 Hz,H-1"),1.83 (2H,m,H-2'),1.52 (4H,J=
9.6 Hz, H-3"),1.03 (6H,J=9.6 Hz, H-4") " C-
NMR-DEPT (150 MHz, acetone-ds) 6:131.6 (C-1,
s),131.6 (C-2,s),127.3 (C-3,d),128.6 (C- 4,
s),128.6 (C-5,s),127.3 (C-6,d),64.9 (C-1',
1),29.1 (C-2",s),20.8 (C-3",q),14.2 (C-4',1),
L 8E 5 Sk (Ma et al., 2021) FEAR— 3, 28
EALE Y 9 4y dibutyl phthalate

&% 10 [ 6K K, HR-ESI-MS m/z:
384.316 8 [M + H]*,"H-NMR (600 MHz, acetone-
dy) 6:7.02 (2H,d,J=4.8 Hz,H-2,2") ,6.93 (2H,

dd,J=9.6,4.8 Hz,H-6,6") ,6.81 (2H,d,J=9.6
Hz,H-5,5"),4.68 (2H,d,/=9.6 Hz,H-7,7"),
4.17 (2H, m, H-9a, 9'«),3.91 (6H,s, 3,6 3'-
OCH,),3.73 (2H,m,H-98,9'8) ,3.09 (2H,m, H-
8,8),"” C-NMR-DEPT (150 MHz, acetone-d,) §:
140.1 (C-1,s),108.7 (C-2,d),151.2 (C-3,s),
146.8 (C-4,d),115.8 (C-5,5),119.4 (C-6,s),
88.2 (C-7,t),56.1 (C-8,s),73.1 (C-9,s),140.2
(C-1",s),108.7 (C-2",d),151.2 (C-3",1),146.8
(C-4",s),115.8 (C-5",s),119.4 (C-6',s),88.2
(C-7",s),56.1 (C-8,s),73.1 (C-9',t),57.1 (3-
OCH,,q),57.1 (3'-0CH;,q) . LA %4 5 SCik
(FREEME A 2020 ) HeA — B, B e b5 10
pinoresinol ,

&9 11: 6 @ 8 . HR-ESI-MS m/z:
167.317 2 [M + H]",'"H-NMR (600 MHz, acetone-
dy) 6:8.04 (2H,d,J=9.6 Hz,H-2,6),6.93 (2H,
d,J=9.6 Hz,H-3,5) ,4.41 (2H,q,J=9.6 Hz, H-
2"y, 1. 37 (3H, t, J = 9. 6 Hz, H-3"),
"C-NMR-DEPT (150 MHz, acetone-d,) &:122.7
(C-1,d),131.8 (C-2,s),114.8 (C-3,s),160.1
(C-4,d),114.8 (C-5,d),131.8 (C-6,d),167.1
(C-1",1),61.4 ( C2',q),16.2 (C-3",q), W I
BdE 5 S0k (ZERE5F,2020) BEA B Tl e b
G 11 X RIER R LR,

&% 12 Ak ¥, HR-ESI-MS m/z:
204.104 6 [M+H]*,'H-NMR (600 MHz, acetone-
dg) 6:7.71 (1H,d,J=4.8 Hz,H-4),7.52 (1H,d,
J=9.6 Hz,H-3) ,7.38 (2H,d,J=4.8 Hz,H-2"),
6.91 (2H,d,J=9.6 Hz,H-3") ,6.83 (1H,d,/=9.6
Hz,H-5),6.27 (1H,d, J=9.6 Hz, H-2), 3.64
(3H, s, 3-OCH, ) ,"” C-NMR-DEPT ( 150 MHz,
acetone-d,) 6:171.2 (C-1,d),115.1 (C-2,s),
147.2 (C-3,s),159.4 (C-4,d),116.2 (C-5,s),
127.1 (C-1",d),130.8 (C-2',d),117.4 (C-3',t),
134.1 (C-4',d),117.4 (C-5",t),130.8 (C-6',t),
51.8 (3-OCH,,q) ., VA %45 SCHR (Son et al.,
2005) FEA —F, K E S 12 avenalumic
acid methyl ester,

& ¥ 13 B @B K, HR-ESI-MS m/z:
343.206 4 [M+H]*,'"H-NMR (600 MHz,acetone-d, )
6:8.22 (1H,d,J=4.8,H-2"),7.91 (1H,dd, J=
9.6,4.8 Hz,H-6") ,7.09 (1H,d,J=9.6 Hz,H-5") ,
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6.57 (2H, dd, J = 4.8, 2.2 Hz, H7, 9),
“C-NMR-DEPT (150 MHz, acetone-d,) &:137.2
(C-1,d),151.2 (C-2,s),140.2 (C-3,d),180.7
(C-4,s),158.1 (C-5,d),100.3 (C-6,s),165.2
(C-7,s),92.1 (C-8,s),163.1 (C-9,t),107.2 (C-
10,t),123.6 (C-1",s),116.8 (C-2',s),152.4 (C-
3',d),158.1 (C-4',t),113.1 (C-5",d),122.4 (C-
6',t),59.7 (3-0CH,,q),55.8 (7-OCH,,q) ,57.4
(4'-0CH,,q) . LA 88 5 SCHR (424, 2021) 4
AR M EAAEY 13 7 5, 3 -dihydroxy-3, 7,
4’ -trimethoxyflavone ,

k&% 14 TR Y . HR-ESI-MS m/z:
220.281 3 [M + H]",'H-NMR (600 MHz, acetone-
d¢) 6:4.76 (1H, m,H- 148),4.71 (1H, m, H-
14a),2.36 (1H,dd,J=9.6,4.8 Hz, H-48),2.17
(1H,m,H-6),2.11 (1H,m,H-4a),2.02 (1H,m,
H-38),1.83 (1H,m,H-78),1.81 (1H,m,H-83),
1.72 (1H, m,H-7a) ,1.63 (1H, m,H-8a),1.44
(1H,m,H-10),1.31 (3H,s,H-15),1.14 (3H,s,
H-12),1.11 (3H,s,H-13),0.98 (1H,m,H-3a),
0.83 (1H,m,H-2),0.51 (1H,dd,J=9.6,4.8 Hz,
H-1) " C-NMR-DEPT ( 150 MHz, acetone-d,) §:
29.7 (C-1,s),28.3 (C-2,d),25.1 (C-3,s),38.7
(C-4,s),154.2 (C-5,d),54.1 (C-6,t),27.1 (C-
7,s),42.3 (C-8,d),80.8 (C-9,t),56.1 (C-10,
s),21.3 (C-11,s),29.1 (C-12,s),17.1 (C-13,
t),107.3 (C-14,s),27.1 (C-15,t), VA LIS
SCHR (478 ,2021) JEAR — B0, BUEE G 14
spathulenol ,

K& 15 B @5 A, HR-ESI-MS m/z:
233.104 1 [M + H]",'H-NMR (600 MHz, acetone-
dg) 6:7.13 (1H,J=9.6 Hz,d,H-8) ,6.83 (1H,J=
9.6 Hz,d,H-6),5.73 (1H,s,H-3),4.36 ( 2H,s,
H-11),2.51 (3H,s,H-14),2.42 (3H,s,H-13),
“C-NMR-DEPT ( 150 MHz, acetone-d,) &: 125.3
(C-1,1),166.8 (C-2,s),110.7 (C-3,d),179.6
(C-4,s),140.2 (C-5,d),120.3 (C-6,s),162.1
(C-7,s),103.4 (C-8,t),160.5 (C-9,d),114.3
(C-10,s),51.3 (C-11,t),207.3 (C-12,s),29.7
(C-13,1),21.3 (C-14,d) . VI FEHE 5 SCHk (5K
4F,2021) FEAR B S E LAY 15 O 21 JE-5-
PR - 7 - 5 R

&Y 16 A R, HR-ESI-MS m/z:

254.324 6 [M+H]",'H-NMR (600 MHz, acetone-
dg) 6:8.52 (1H,d,J=4.8 Hz,H-5),8.02 (2H,d,
J=9.6 Hz,H-2",6"),7.21 (1H,d,J=9.6 Hz, H-
8),7.18 (3H,d,J=9.6 Hz, H-6,3",5"),6.93
(1H,s,H-3) ,"” C-NMR-DEPT ( 150 MHz, acetone-
dg) 6:135.6 (C-1,s),164.1 (C-2,s),105.3 (C-3,
s),176.3 (C-4,d),128.5 (C-5,d),115.4 (C-6,
s),165.3 (C-7,t),104.6 (C-8,t),161.1 (C-9,
d),118.3 (C-10,t),125.2 (C-1",d),130.4 (C-
2',s),118.1 (C-3",q),163.1 (C-4',s), 118.1
(C-5',s),130.4 (C-6',q) . LLE%4s 5 3k
(Kitagawa et al., 1998) Fe A& — 3, B EE L&Y
16 & 7,4’ -dihydroxyflavone ,

fea ¥ 17 kR @ K, HR-ESI-MS m/z:
345.124 8 [M+H ]*,'H-NMR (600 MHz, acetone-
dg) 6:12.8 (1H,s,6-OH) ,6.34 (1H,br s,H-3),
6.09 (1H,d,J=4.8 Hz,H-5),5.13 (1H,d,J=9.6
Hz,H-1"),3.92 (3H,s,2-0CH,) ,3.83 (1H,m, H-
6'a),3.72 (1H,m,H-6'B8) ,3.39~3.44 (3H,m, H-
2',3".5'),3.25 (1H, m, H-4") ;" C-NMR-DEPT
(150 MHz, acetone-d, ) 8:102.4 (C-1,d),164.3
(C-2,s),91.8 (C-3,s),164.1 (C-4,q),95.8 (C-
5,s),163.1 (C-6,q),202.6 (C-7,s),33.1 (C-8,
d),102.3 (C-1",s),74.2 (C-2',q),76.8 (C-3',
t),70.1 (C-4",t),77.1 (C-5",t),61.2 (C-6',s),
55.8 (2-OCH,, q). LA L %¥s 5 SCHik ( Afshar et
al., 2017) A —F, MEEHLAEY 17 H
annphenone,

K& ¥ 18 H B K, HR-ESI-MS m/z:
169.275 1 [M+H]".'H-NMR (600 MHz, acetone-
d¢) 6:7.53 (1H,dd,J=9.6,4.8 Hz,H-6),7.41
(1H,s,H-2),7.03 (1H,d,J=9.6 Hz,H-5),3.96
(3H, s, 4-OCH, ), "C-NMR-DEPT ( 150 MHz,
acetone-ds) 6:122.4 (C-1,t),115.8 (C-2,d),
147.1 (C-3,d),150.8 (C-4),s,110.4 (C-5,d),
130.4 (C-6,1),57.3 (4-OCH,, q), 168.3 (7-
COOH,q) . VA L%d 5 SOk (X kg 55,2018 )
AR—F, ML AW 18 R 3- R R 4-H H R
IR,

e 19 1@k K, HR-ESI-MS m/z:
303.104 3 [M + H]*,'"H-NMR (600 MHz, acetone-
dy) 6:6.91~6.86 (3H,m,H-2",5",6") ,5.93( 2H,
m,H-6,8),5.36 (1H,dd,/J=4.8,2.2 Hz,H-2),
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3.92 (3H, s, 7-OCH, ), 3. 16 (2H, m, H-3),
"C-NMR-DEPT (150 MHz, acetone-d,) 8:63.2 ( C-
1,s),79.1 (C-2,t),43.6 (C-3,t),196.4 (C-4,
d),161.7 (C-5,q),95.1 (C-6,t),166.8 (C-7,s),
94.1 (C-8,s),163.2 (C-9,s),103.1 (C-10,t),
130.2 (C-1",q),113.8 (C-2',d),146.1 (C-3',t),
146.3 (C-4',d),114.1 (C-5",s),117.2 (C-6",d),
56.1 (7-OCH,,q) . LA L% 5 SCk (22 98 %%,
2021) HEA—H, i B W19 2 5,3" ,4'- =8
H-7-H AR R — U B

&Y 20 AR Y), HR-ESI-MS m/z.
279.316 7 [M+H]* ,'H-NMR (600 MHz, acetone-
d¢) 6:7.81 (2H,m,H-3,6),7.46 (2H, m, H-4,
5),4.29 (4H,t,/=9.6 Hz,H-1",1"),1.83 (4H,
m,H-2',2") ,1.51 (4H,m,H-3",3"),1.03 (6H,1,
J=9.6 Hz, H-4" 4") ,” C-NMR-DEPT ( 150 MHz,
acetone-dy) 6:133.1 (C-1,s),133.1 (C-2,s),
130.2 (C-3,s),132.6 (C-4,d),132.6 (C-5,s),
130.2 (C-6,d),66.4 (C-1",s),31.2 (C-2",d),
20.1 (C-3",s),14.6 (C-4',s),66.4 (C-1",s),
31.2 (C-2",s),20.1 (C-3",d),14.6 (C-4",d), LA
R 5 SCHR (AR R AR A, 2019 ) BEA 3 i
T 20 D962 — W — TR

&% 21 B @I R, HR-ESI-MS m/z:
187.416 2 [M+H]*,'H-NMR (600 MHz, acetone-
dy) 6:9.24 ( 1H,s,3,5-OH) ,9.02 (1H,s,3-OH) ,
6.87 (1H,s,H-2,6),3.18 (3H,s,4-0CH,) " C-
NMR-DEPT (150 MHz, acetone-d,) 6:120.1 (C-1,

s),146.4 (C-2,s),109.1 (C-3,d),139.1 (C-4,
s),109.1 (C-5,d),146.4 (C-6,s),59.4 (4-
OCH,, q). VL & %t 5 SC#k ( Virginie et al.,
2018) JA — B, s b &9 21 Ky 4-0-H 3%
BT,

&Y 22 EAMARY, HR-ESI-MS m/z:
391.2037 [M + H]*,'"H-NMR (600 MHz, acetone-
dy) 6:8.26 (4H,s,H-3,4,6,7) ,4.34 (4H,m, H-
1’,1"),1.81 (2H,m,H-2",2"),1.03 (6H,t,/=9.6
Hz,H-8',8"),0.87 (6H,t,/=9.6 Hz,H-6",6")
P"C-NMR-DEPT ( 150 MHz, acetone-d, ) &: 165. 4
(C-1,s),136.3 (C-2,d),129.4 (C-3,d),129.4
(C-4,1),136.3 (C-5,s),129.4 (C-6,s),129.4
(C-7,s),165.4 (C-8,s),67.8 (C-1',s),40.3 (C-
2',1),32.8 (C-3",d),30.2 (C-4',d),24.5 (C-5',
q),15.6 (C-6",1),25.1 (C-7",s),12.3 (C-8',d),
67.8 (C-1",d),40.3 (C-2",1),32.8 (C-3",s),
30.2 (C-4",q,24.5 (C-5",s),15.6 (C-6",s),25.1
(C-7",1),12.3 (C-8",q) , LA BB 5 3CHK (Li et
al., 2021) A — 3 B @b G 22 xR
H R TR
2.2 MEEEMRER

22 1 Al A& W 2 Mg AT TR A 2 A
FRoE, ALY 3 XA R 2 AT 18, fb G 8 X 4R ik
FETE 4 0 (08 4 BK T A R 2R FUAT 7R, AL B ) 17
XTER AT TR | 4 o (08 2 BR A S A I VE . 3
o ALE Y 2 0 R EEE AR TR A AR S ROIR
BRI FEESF(P>0.05),

x1 UEWEEYE
Table 1  Antibacterial activities of compounds

LRI B iz 8 5 AT R TR il B2 S AT T
RE 52 TR Pseudomonas aeruginosa Staphylococcus aureus Bacillus subtilis
Sample name 7 P MIC P T Pl MIC MR MIC

Inhibition zone ( mm) (mg - mL™") Inhibition zone ( mm) (mg - mL™") Inhibition zone ( mm) (mg - mL™")

&Y 2 10.35+0.73 8.0 — — 20.16x1.02% 1.0
Compound 2
L&Y 3 — — — — 12.34+0.89 4.0
Compound 3
a8 17.01=0.85 4.0 13.23+0.91 4.0 11.67+0.83 4.0
Compound 8
wEw 17 8.16+0.56 12.0 8.26+0.71 12.0 — —
Compound 17
FA:2H 20.17+1.06 1.0 18.62+0.97 4.0 20.34+0.95 1.0

Positive group

0. SMEH R, * R P>0.05, — FaRTTMEEM,

Note: Compared with positive group, * indicates P > 0.05, — indicates no antibacterial effect.
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MR B BLAT R4 i 40 A BT R 1 P (H O T
o2z 1A AR ARG b . S TR A )
A, A SO HE AR R b o B A E 22 M E
Y, B0 B KR AR B v oy B AR B, S5 B e
B2 CETIR | fS R AR WD RAE T e AR R A R
(LA /NIVEFE1 R O N N SN S 7 1 N
R VE R R AR 8 7 R B AS [ A Y Al
J53 T BEAFTE R RN

Bl 1 i 2 ATk BE BT BT BRI R AR
PG MR B T R A R H RTOR SRR, £
WA (2020 ) BF 5% 3% B MR AL B $i O X 4 Jie AT
PR LR A BRTA | O R BR AR A i B
B G 98400 T 0 e JHG R X i 4 400 T P 1) ) B
Al E AT B AR A RIS S0 R T P A R R
IR ARG 2 0 A R ZE AT B R SR R R R T
20 mm , 75 245 Y RURE A5 2R o3 vh R T R BURR
Jf H - MIC {4 1.0 mg - mL" $ERIEE Y 2 ATRE R
F BRI TE Sy . WA A 3.8.17 WA
A R AF RN TE G, AT R T P S S TR Y
MRy LA A0 B 5 A 25 K b 2o I B
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