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Chemical constituents from the root bark of Ailanthus

altissima and their bacteriostatic activity

YUAN Yamin, ZHOU Xiaohuan, WANG Fengxia, MING Hubin, HE Pei, WANG Jihong
(College of Medical, Pingdingshan University, Pingdingshan 467000, Henan, China)
Abstract: In order to explore the material basis of the root bark of root bark of Ailanthus altissima
antibacterial activity, the silica gel and Sephadex LH-20 were employed to separate and purify
methanol extract from the root bark of the A. altissima, and the structure of the compounds were
identified by chemical properties and spectral data. Flow cytometry was employed to test the
antibacterial activity of the compounds, and kanamycin was used as the 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),
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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), annphenone (17),
3-hydroxy-4-methoxy-benzoic 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 time. The antibacterial activity tests showed
that compound 2 had inhibitory effects 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 bacteriostatic substance basis of the root bark of the root bark of A.
altissima, and provide a certain theoretical basis for the development and utilization of the root
bark of the root bark of A. altissima resources and the research and development of drugs with
antibacterial activity.

Key words: Ailanthus altissima, chemical compositions, separation and purification, structure

identification, bacteriostatic activity

PR SRR R R IS B AR B, i RFHE Y A (Ailanthus altissima) FrIAR K
R (SRR A, 1975) o FEAATTRE. T Wb, Wik, 2B T,
WL, DhROEHRSE, WIS . IGRZ H TR e s R s m R BEas. BhEx.
FA. TEBINBELR . BRI, X BRI (2003) K UG A FNEAIRTT
HnR, BERIRAERVI R, SN 80%. IR R (Duetal, 2019; Yan
etal., 2020) FEIRFZ BAIE . PURTE. PUEK. PUMIR . PUILUEER .. MRV, &
B G R T FERR K /KM SRR BRI AR MM B T, 45 R B AR R K
FHSRA0} &% R AT ER A L — 52 MBI IE 1, (B TE W PSR AT o AR B iR v 1 s
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1.1.1 ¥k

FEAR B2 R EH TP ALie T, B ~P T 2% B T 4R 21 81 20% % 2 9 B (Ailanthus altissima) 1)
MR, ZRMRAT I SR AR . AR (091 &GS E R IR A A,
1.1.2 BGERAIGH]

Triple5600+%4 & 43 # i 4% (1 E Bruker A7) ; AVANCE NEO-600 %! A% il 4R I8 it
1 (EE Waters A#]) ; ME188T 4 7p4fr K-F- (35 [E Mettler toledo A ]) : Sephadex LH-20
IR PEEL: (5[E Merck A7) ; LHY3100T L7 KF (##[E Florenz sartorius A &) 5
BRERER (BRI « ARIRT DMSO-de (#[E Sigma-aldrich A A]) ©
1.2 W5
1.2.1 $EHURIZES

BT B B 19. 6 kg, 23ISR 95% FEE . 50% FERIZ AR, [AISIA FIA AR e iR
H 2.3 kg. BHREHCT 2K, RIS A EE . IR BT EEAEEL, (RIS
A MERZE (151, 3 9), HEIZ (106. 4 9), [ETEEZE (117.6 Q). HUAMENZE, SRERE: 5
2, LA hEE- 288 g (80:20~50:50~20:80) k6 B Pt , 3 7 N4> (Fr.AL~Fr.A7). B Fr.A2
(7.19), ZrERAE, PUAIHEE-PI B (70:30~30:70) B8 FE Vi, 745 N4 (Fr.A2-1~Fr.A2-5).,
HY Fr.A2-2 (206. 8 mg), % Sephadex LH-20, 34447 8 (19 mg). 23 (31 mg). HX Fr.A5 (8.3
0), ZRERHE, DAIAHEE- S bt (60:40~20:80) B B ki, 75 6 AN4H4) (Fr.A5-1~Fr.A5-6) .
HU Fr.AB-1 (224. 1 mg), ZREMRH:, LUAmEE- & ki (50:50)%eft, 449 22 (21 mg);
HY Fr.A5-3 (95. 3 mg), £ Sephadex LH-20, 19454 4 (23 mg). 15 (34 mg). HX Fr.A6 (6. 8 g),
SR, LA ThEE- LR L8 (50:50~20:80)BA P/, 3 7 N4y (Fr.A6-1~Fr.A6-7). ML
Fr.A6-5(102. 4 mg), % Sephadex LH-20, 54L&%) 14 (28 mg). 21 (26 mg). HUANEHZ, &
REAE 2B, LU i Ik-— & %(70:30~50:50~30: 70) B B e i, 15 8 N4> (Fr.B1~Fr.B8).
B Fr.B1(8. 5 @), &RERAEE, Liaillk- L8R ARG (75:25~25:75) b FEDet, 13 7 N4y
(Fr.B1-1~Fr.B1-7). B Fr.B1-3 (192. 3 mg), & Sephadex LH-20, f31t.&47 1 (28 mg).3 (23 mg);
Fr.B1-5 (253. 4 mg), &mERE:, PUAmEE- & e (60:40)¥E0i, 1514654 13 (16 mg). 20
(29 mg). B Fr.B4 (7.50), SEERAESSE, LiAhEE-— 5 H 5i(55:45~15:75) B BE Ve, 13 6
ANy (Fr.B4-1~Fr.B4-6) . HU Fr.B4-3 (181.5mg), ZhEicH:, LA k-4 (35:65)1:01
B & 7 (21 mg). 12 (18 mg); HX Fr.A4-4 (73.5mg), %4 Sephadex LH-20, #534k&4) 2 (19
mg). 19 (26 mg). H{ Fr.B7 (10.2g), ZREMAESSES, DAA -5kt (55:45~15:75) 86 /%
Weli, 738 M4 (Fr.B7-1~Fr.B7-8) . HUFr.B7-2 (151.3 mg), &REMRKE, DAk &
Ft (45:55)%EM, 54449 (33 mg). 16 (28 mg); HY Fr.B7-7(131. 4 mg), &RERH:, LL
- & (35:65)Peft, LA 11 (21 mg). 18 (35 mg). HUIE T EE)Z, Srbfitt s
5, LR Cl-H i (65:35~35:65~15:85) B ¥, 13 6 M2H4) (Fr.C1~Fr.C6).HX Fr.C2 (8.4
), ZREMHESNES, LAARE-FEE (55:45~15:85)BHIE LML, 15 7 MM (Fr.C2-1~Fr.C2-7). HYL
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Fr.A2-2 (175. 3 mg), % Sephadex LH-20, f34t&4%) 5 (33 mg). 6 (19 mg). 10 (32 mg). HL
Fr.C5 (9. 7 g), &M E, LS W hi-F e (45:55~25:75) Bk, 3 5 444
(Fr.C5-1~Fr.C5-5). HX Fr.C5-3 (95.3mg), £ Sephadex LH-20, f54k&%7 17(31 mg).
1.2.2 HEE VSRR

KA (A, 1991 ZARESE, 2013) WEf 4 2. 3. 8. 17 MG
P, DLRIBE R AR .. IGEIAT B . S8 UM A BREE . AR R OAT B br vl sl iR, e T
ZREYLN IR, T 36 °C T 9% 48 h, KA KHRE (RE N 110°CFU mL™D)
BT BRI . X RRAM SR L E BOkE Y 0.1, 0.5, 1.0, 4.0, 8.0. 12.0. 25.0.
50.0. 100.0. 200.0 pg-mL™. 73 BPKE &5 B S IR T B R e 40 F B TRt S F i . 48
A ATERE . RS S FT R 3R b, 37 °CRHEFR 24 ho BT M. RARIN IR g
(MIC)o M Ak & IR SRR TR« 4 0 267 R R 2 R B (R a5
2 LR
2.1 WEMERLE

&Y 1: 55 5  HR-ESI-MS m/z: 412. 873 1 [M + H] *.*H-NMR (600 MHz, acetone-ds)
8: 5.41(1H, t, J=9.6Hz, 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=9.6Hz, H-21), 0.91(3H, s, H-19), 0.83(3H, d,
J=9.6Hz, H-26), 0.81(3H, d, J=6.3Hz, H-27), 0.79 (8H, t, J=9.6 Hz, H-29), 0.
68 (3H, s, H-18). *C-NMR-DEPT (150 MHz, acetone-dg) 8: 39.7 (C-1, s), 33.4(C-2, s),
74.1(C-3, d), 42.5(C-4, s), 140.9(C-5, s), 123.2(C-6, s), 25.3(C-7, d), 52.4(C-8,
s), 51.3(C-9, s), 35.7(C-10, s), 129.4 (C-11, s), 136.4 (C-12, d), 42.3(C-13, s), 58.1
(C-14, s), 24.2(C-15, t), 30.4(C-16, d), 56.1(C-17, s), 12.3(C-18, t), 21.5(C-19,
s), 36.1(C-20, d), 19.2(C-21, s), 41.2(C-22, s), 25.8 (C-23, d), 47.1(C-24, s), 29.1
(C-25, s), 21.4(C-26, d), 19.3(C-27, s), 24.3(C-28, s), 12.9(C-29, s). ML L5
SCHR (ZFFE, 2021) FEA—F, #EwEY 1 8 pleuchiol.

A 2: E Ak K JHR-ESI-MS m/z: 486. 701 3 [M + H] *.*H-NMR (600 MHz, acetone-ds)
5: 6.71(1H, ddd, J=9.6, 4.8, 2.2Hz, H-3), 581 (1H, dd, J=9.6, 4.8Hz, H-2),
4.03 (1H, brs, H-12), 2. 97 (1H, d, J = 9. 6 Hz, H-6). **C-NMR-DEPT (150 MHz, acetone-dg)
d: 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(C-9, 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, s),
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-
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23, s), 159.3(C-24, s), 127.3(C-25, s), 169.1(C-26, q), 58.2(C-27, s), 21.8(C-28,
s)o VA FHHR 50k (Kuang etal., 2010) FA—3, #% e &4 2 4 withastramonolide.

A 3: Lk K JHR-ESI-MS m/z: 429. 423 9 [M + H] *.*H-NMR (600 MHz, acetone-ds)
5: 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, J=9.6 Hz, H-29), 0.81(3H, d, J=9.6Hz, H-26), 0.73 (3H, d,
J=4.8Hz, H-27), 0.68 (3H, s, H-18). **C-NMR-DEPT (150 MHz, acetone-ds) J: 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). LA
AR SR R EESE, 2016) FA—EL, Wb &4 3 04 7-ketositosterol .

&Y 4: 8 K JHR-ESI-MS m/z: 427. 815 9 [M + H] *.*H-NMR (600 MHz, acetone-ds)
5: 4.71 (1H, s, H-29a), 4.62 (1H, s, H-298), 3.73(1H, d, J=9.6 Hz, H-3), 3.09 (1H,
dd, J=9.6, 4.8Hz, H-3), 1.73(3H, brs, 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-dg) 5: 43.2 (C-1, s), 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, t), 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, @), 20.1(C-30, Q). LA EX(dE53CHk (Omar etal., 2019) JEA—
B/, MR EY) 4 N AR

WA 5: 5  HR-ESI-MS m/z: 471. 142 9 [M + H] *.*H-NMR (600 MHz, acetone-ds)
5: 4.91(1H, d, J=4.8Hz, H-29a), 4.52 (1H, dd, J=9.6, 4.8Hz, H-295), 3.69 (3H,
s, 3-OCH3), 3.17 (1H, td, J=9.6, 4.8 Hz, H-3), 2.93 (1H, td, J=9.6, 4.8 Hz, H-19),
1.84 3H, s, H-30), 1.57(3H, s, H-27), 1.13 (38H, 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-dg) 5: 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, s), 15.6(C-26, t), 15.3(C-27, s), 175.3 (C-28, s), 108.4 (C-29, t), 20.1
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(C-30, s), 50.2(3-OCH3, q). bAEHES R (20K, 2021) HEA—F, HEEhE
W 5 AMEARER g .

A 6: 116045 5 . HR-ESI-MS m/z: 169. 316 2 [M + H] *.*H-NMR (600 MHz, acetone-ds)
§: 7.61(1H, d, J=9.6Hz, H-5), 7.45(1H, s, H-2), 6.93(1H, d, J=9.6 Hz, H-6),
4.03 (9H, s, 4-OCHs). *C-NMR-DEPT (150 MHz, acetone-dg) 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-OCHs, q),
55. 8 (2-OCH3, @), 55.0 (4-OCHs, ). VA FEHE SR (ZFE kS, 2021) A —F, i)
B AW 6 4 1,2,4-trimethoxybenzene.

WA T: R K JHR-ESI-MS m/z: 143. 109 3 [M + H] *.*H-NMR (600 MHz, acetone-ds)
5: 6.91 (2H, s, H-2, 3), 3.76 (6H, s, 1’, 2’-OCHj3). *C-NMR-DEPT (150 MHz, acetone-dg)
§: 169.2(C-1, s), 133.1(C-2, t), 133.1(C-3, s), 169.2(C-4, d), 51.6 (1-OCHs, q),
51. 6 (2-OCHj, ). PL #5530k (B %%, 2021) FEA B, SEEENEY 7 NRT
IR _HIE,

&) 8: B by K . HR-ESI-MS m/z: 298. 681 5 [M + H] *.*H-NMR (600 MHz, acetone-ds)
d: 6.71(1H, s, H-11), 6.62 (1H, dd, J=9.6, 4.8Hz, 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-16f), 2.91 (1H, J=9.6, 4.8, 2.2 Hz,
H-28), 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, 2.2Hz, 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).
BC-NMR-DEPT (150 MHz, acetone-dg) 6: 38.2 (C-1, s), 35.1(C-2, t), 54.1(C-3, d), 48.3
(C-4, s), 49.1(C-5, d), 19.8(C-6, t), 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, t), 120.1(C-13, s), 144.8(C-14, t), 134.8
(C-15, s), 120.4 (C-16, ), 13.1(C-17, d), 25.1(C-18, s), 27.2(C-19, s), 20.6 (C-20,
q). LA EEdE 5308k (Craveiro & Silveira, 1982) JEA—3, #h% 21L& 8 4 sonderianol.

& 9: AtHRY. HR-ESI-MS m/z: 279.208 3 [M + H] *. 'H-NMR (600 MHz,
acetone-dg) d: 7.82 (2H, dd, J=9.6, 4.8Hz, H-3, 6), 7.63(2H, dd, J=9.6, 4.8 Hz,
H-4, 5), 4.27 (4H, t, J=9.6Hz, H-1), 1.83 (2H, m, H-2), 1.52 (4H, J=9.6 Hz,
H-3), 1.03 (6H, J=9.6Hz, H-4). *C-NMR-DEPT (150 MHz, acetone-dg) J: 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, t). UL E¥E5 ik (Maetal., 2021)
FEA—E, MEEEAEY 9 4 dibutyl phthalate.

& 10: FERAR. HR-ESI-MS m/z: 384. 316 8 [M + H] *. 'H-NMR (600 MHz,
acetone-dg) 0: 7.02 (2H, d, J=4.8Hz, H-2, 2'), 6.93 (2H, dd, J=9.6, 4.8 Hz, H-6,
6'), 6.81(2H, d, J=9.6Hz, H-5, 5), 4.68(2H, d, J=9.6Hz, H-7, 7), 4.17 (2H,



m, H-9a,9a), 3.91(6H, s, 3, 3-OCHs), 3.73(2H, m, H-98, 9/8), 3.09 (2H, m, H-8,
8"). *C-NMR-DEPT (150 MHz, acetone-dg) J: 140.1 (C-1, s), 108.7 (C-2, d), 151.2 (C-3,
s), 146.8 (C-4, d), 115. 8 (C-5, s), 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', t), 146.8(C-4', s), 115.8(C-5', s),
119.4 (C-6',s), 88. 2 (C-7',5), 56. 1 (C-8', 5), 73. 1 (C-9', 1), 57. 1 (3-OCHs, q), 57. 1 (3'-OCH,
q). PAEEdESSCER OFEEMSE, 2020) HEAR—2, #MUEEMEY 10 24 pinoresinol.

& 11: Lakti . HR-ESI-MS m/z: 167. 317 2 [M + H] . 'H-NMR (600 MHz,
acetone-dg) 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=9.6Hz, H-2), 1.37(3H, t, J=9.6 Hz, H-3). “*C-NMR-DEPT (150 MHz,
acetone-dg) 9: 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', t), 61.4(C-2, q), 16.2(C-3', q). L E¥¥E 5 ik (2=
RENTE, 2020) FEA—F, MEBMAEY 11 IXFRER TR L.

& 12: HERY . HR-ESI-MS m/z: 204. 104 6 [M + H] . 'H-NMR (600 MHz,
acetone-dg) o: 7.71 (1H, d, J=4.8Hz, H-4), 7.52 (1H, d, J=9.6Hz, H-3), 7.38 (2H,
d, J=4.8Hz, H-2), 6.91(2H, d, J=9.6Hz, H-3), 6.83(1H, d, J=9.6Hz, H-5),
6.27 (1H, d, J=9.6 Hz, H-2), 3. 64 (3H, s, 3-OCH3). *C-NMR-DEPT (150 MHz, acetone-ds)
g: 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-OCHs, q). LA LA C#k (Son et al., 2005) FEA—5, MAEEhEW 128
avenalumic acid methyl ester.

&M 13: EER K. HR-ESI-MS m/z: 343. 206 4 [M +H] *. *H-NMR (600 MHz,
acetone-dg) 5: 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-5Y, 6.57 (2H, dd, J=4.8, 2.2 Hz, H-7, 9). *C-NMR-DEPT (150 MHz,
acetone-dg) 5: 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-OCHs, q), 55. 8 (7-OCHj, q), 57. 4 (4-OCHs, q). DA%l 530k (&, 2021)
FA—F, WA 13 4 5, 3-dihydroxy-3, 7, 4-trimethoxyflavone.

WEY 14: TEMRY . HR-ESI-MS m/z: 220.2813 [M + H] *. 'H-NMR (600 MHz,
acetone-dg) 9: 4.76 (1H, m, H-14p), 4.71 (1H, m, H-14a), 2.36 (1H, dd, J=9.6, 4.8
Hz, H-4p), 2.17 (1H, m, H-6), 2.11 (1H, m, H-4a), 2.02 (1H, m, H-36), 1.83(1H,
m, H-74), 1.81(1H, m, H-88), 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-dg) 0: 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). LA ¥R 5 ik (&
76, 2021) JEA—F, HEEEEY 14 5 spathulenol.

& 15: Ak, HR-ESI-MS m/z: 233. 104 1 [M + H] . 'H-NMR (600 MHz,
acetone-dg) d: 7.13 (1H, J=9.6Hz, d, H-8), 6.83(1H, J=9.6Hz, 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-dg) 5: 125.3(C-1, t), 166.8 (C-2, s), 110.7 (C-3, d), 179.6 (C-4, 9),
140. 2 (C-5, d), 120. 3 (C-6, s), 162.1 (C-7, s), 103.4 (C-8, 1), 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). VA ¥R 530lk (3K
P55, 2021) FEAR—F, MEE A 15y 2-H H-5- T4 FE - 7-F2 5 6 J5 i .

&M 16:  FEHA. HR-ESI-MS m/z: 254. 324 6 [M + H] *. *H-NMR (600 MHz,
acetone-dg) d: 8.52 (1H, d, J=4.8Hz, H-5), 8.02 (2H, d, J=9.6 Hz, H-2', 6, 7. 21 (1H,
d, J=9.6Hz, 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) d: 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', qg), 163.1(C-4', s), 118.1(C-5', s),
130. 4 (C-6', q) . Pl E¥E 5 ik (Kitagawa et al., 1998) FEA—5, % &Y 16 N
7,4'-dihydroxyflavone.

& 17 KRk, 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, brs, H-3), 6.09 (1H, d, J=4.8 Hz, H-5),
5.13 (1H, d, J=9.6Hz, H-1), 3.92(3H, s, 2-OCHs), 3.83(1H, m, H-6'a), 3.72 (1H,
m, H-6'8), 3.39~3.44 (3H, m, H-2', 3, 5, 3.25(1H, m, H-4). *C-NMR-DEPT (150
MHz, acetone-dg) 6: 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-OCH3, q). LA LXK
#5530k (Afsharetal., 2017) FEA—3, #W%EWEY) 17 4 annphenone.

&) 18: FF K. HR-ESI-MS m/z: 169. 275 1 [M + H] *. 'H-NMR (600 MHz,
acetone-dg) 9: 7.53 (1H, dd, J=9.6, 48Hz, H-6), 7.41(1H, s, H-2), 7.03(1H, d, J=
9.6 Hz, H-5), 3.96 (3H, s, 4-OCHs). *C-NMR-DEPT (150 MHz, acetone-dg) J: 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, t), 57.3
(4-OCHj3, q), 168.3 (7-COOH, q). #5530k (KRS, 2018) FEAR—3, #MEft
EY) 18 2 3-F3Hk-4- A TR IR



AW 19: FR K. HR-ESI-MS m/z: 303.104 3 [M + H] *. 'H-NMR (600 MHz,
acetone-dg) 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, 2.2Hz, H-2), 3.92(3H, s, 7-OCHs), 3.16 (2H, m, H-3). *C-NMR-DEPT (150
MHz, acetone-dg) J: 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', g), 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-OCHs, q). EH#E5 TR (Hf/REE, 2021 AR, BEEHNEY 19N
5,3 4'- = JRHk-7-F AUk —SUE T .

&1 20: EEAMRY). HR-ESI-MS m/z: 279.316 7 [M + H] *. *H-NMR (600 MHz,
acetone-dg) 6: 7.81 (2H, m, H-3, 6), 7.46 2H, m, H-4, 5), 4.29(4H, t, J=9.6 Hz,
H-1, 17), 1.83(4H, m, H-2', 2”), 1.51 (4H, m, H-3', 3"), 1.03 (6H, t, J=9.6Hz,
H-4', 4"). *C-NMR-DEPT (150 MHz, acetone-dg) 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). DA EBER SR (AR A5, 2019) HEA—F, SR 20 AR IR TR,

& 21: AR, HR-ESI-MS m/z: 187. 416 2 [M + H] . 'H-NMR (600 MHz,
acetone-dg) 5: 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-OCH;). *C-NMR-DEPT (150 MHz, acetone-dg) 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-OCHs, q)-
DL EHE 5 CHR (Virginie etal., 2018) EEAR—3, MU ENAY) 218 4-0-FHEE & TR,

W& 22: EAMIRY). HR-ESI-MS m/z: 391.2037 [M + H] *. 'H-NMR (600 MHz,
acetone-dg) 9: 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, J=9.6Hz, H-8', 8"), 0.87 (6H, t, J=9.6 Hz, H-6', 6"). *C-NMR-DEPT
(150 MHz, acetone-dg) 6: 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',
t), 32.8(C-3", d), 30.2(C-4, d), 24.5(C-5', q), 15.6 (C-6', t), 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", g, 24.5(C-5", 5), 15.6 (C-6",
s), 25.1(C-7", 1), 12.3(C-8", q). DAL ¥ 5 CHR (Lietal, 2021) FA—3, #HEEl
BEW) 22 0TI R SRR
2.2 MEEENRE R

HIE LRI LS 2 XPERIRAF I . AN ELZF AR, LS 3 XA I, (&
8 WTERMRAT IR . SR R EI BRI . MERAT B, (LB 17 XPERIRAT 1A . G (B AT IR T
AANEIWER . G 2 0 RS RE SR B i £ TR IR RO B % 7 (P>0.05),

R ABEDIEENE



Table 1 Antibacterial activities of compounds

SRIRAT TR S P (O A R Aol 2 AT
BES 4R Pseudomonas aeruginosa Staphylococcus aureus Bacillus subtilis
nn N
VR Pl VR el e Pl
Sample name MIC MIC MIC
Inhibition zone 4 Inhibition zone B Inhibition zone 1
(mg mL™) (mg -mL™) (mg mL™)
(mm) (mm) (mm)
&Y 2
10.3540.73 8.0 — — 20.164.02* 1.0
Compound 2
&Y 3
— — — — 12.3440.89 4.0
Compound 3
&1 8
17.0140.85 4.0 13.2340.91 4.0 11.6740.83 4.0
Compound 8
&) 17
8.1640.56 12.0 8.2640.71 12.0 — —
Compound 17
[ 42
20.17+1.06 1.0 18.6240.97 4.0 20.3440.95 1.0

Positive group

A HTEH R, *#RoR P>0.05. — KT EM -

Note: Compared with positive group, * indicates P > 0.05. — indicates no antibacterial effect.

3 RS

PR B BAT R I PUARE 1, (G T HAL A i MBI AR (14
FidEAl, ASCMHERR B oy B e 22 MEEYD, BN E IR 7y AR 3, 4k
TR sl S RV e ARRHEY B R AL S P RIRIE T B AR R
PRI ORBEER . B, =l BRSSO FRAS R A S 0 AT REAFAE RN AN .

BEE B A 2 AT L AP IRT” BORER, RARIN R PRI AR D H RTRIE T A
Mo BEAER TR BRI B SR B SRR R . S s B AT BRI . EU S R R A i 2 A
RAFRIAMENE T CEGEMAE, 2020) , (HHRXASESN G R SR BEAT 93k . AWFTT
T I PRI AR A S 2 SO Rl 2 S T O30 R ) B K T 20 mm, - AR 25 sk
Sk oy v B T ERUR, T H MIC AUk 1.0 mg mL™, $ER &9 2 AT RE N 3 ZEA I I
PERLST o BEAN, AW 3. LG 8. LG 17 th BAT REFIMTEIEYE, w9 R AR B,
NTEFERIIN R BT AR KT o A ESNE PR SRR SR B BB B2 LSS, R WIREAR B
PR P 22 PSR PRI E R AOROR . A SRS TR BAL A O BORHE, DM PR A
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