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Abstract: Verticillium-derived secondary metabolites have demonstrated promising biological activities,
including antibacterial, antitumor, and antimalarial effects. To further explore the chemical diversity and bioactive
potential of secondary metabolites from the genus Verticillium, the present study aimed to isolate and characterize
secondary metabolites from the fermentation broth of the fungal strain Verticillium sp. SN-1 isolated from Daya
Bay, Guangdong Province, China and to evaluate their antibacterial activities. Thirteen compounds were isolated
from the crude extract of Verticillium sp. SN-1 using a combination of chromatographic techniques, including
normal-phase silica gel column chromatography, reversed-phase ODS column chromatography, and semi-
preparative high-performance liquid chromatography (HPLC). Their chemical structures were elucidated by
comprehensive spectroscopic analyses, such as nuclear magnetic resonance (NMR) spectroscopy, ultraviolet (UV)
spectroscopy, and mass spectrometry (MS). Based on spectral data interpretation, the compounds were identified as
cytosporone G (1), verticillpyrone A (2), methyl 1,5-dihydroxy-3-methylxanthone-6-carboxylate (3), acremonidin
E (4), acremonoxide (5), alternethanoxin A (6), janthinone (7), 3-deoxy-methylsulochrin (8), astrophenone (9),
acremoxanthone F (10), acremoxanthone C (11), acremoxanthone B (12), and acremonidin G (13). Among these
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isolates, compounds 1 and 2 were characterized as new compounds, while compounds 3-13 were known secondary

metabolites. The antibacterial activities of all isolated compounds were evaluated using the broth microdilution
method according to established protocols. The results showed that compounds 4 and 10-13 exhibited significant

inhibitory effects against methicillin-resistant Staphylococcus aureus (MRSA), with minimum inhibitory

concentrations (MIC) of 32, 16, 32, 8, and 8 pg-mL", respectively. Additionally, compounds 11 -13 displayed

inhibitory activities against Enterococcus faecalis, with corresponding MIC values of 32, 32, and 8 pg-mL"".
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A= 3 S R AR IR A R AL 2 B0 8 2R 48, BSR4 A 0
WE MR AR P R L A E Y B
B J& (Verticillium) AF 9— 28z 73 A 1 Fifi b £ 38
T LT MG e R B 1R 22 R B, B A P LW
i A SR S8 45 22 R A IR IR AE A P A I Y, 1K
L A AT AT R B Y A0 5 B B B DU R LB T % 55
HEEED, RN I RSB T 5 1 TR FE .

VRAEZH AN 73 B85 KV 5 38 1) iy i e Hh i e tH —
W B B Verticillium sp. SN-1, 18 i 54 24 4
PEVRAR RS 77 2% (PDB) K& I, HAR S ™ 4 2 I H A 47 /Y
PURETE . N T — D2 Z B AR I 0 B PR o
fill, AW 705 1 Bk Verticillium sp. SN-1#E4T T PDB 5%
FRIY KR, N B E T BAREENE
W, Kbk G 2 e, e am10~13 4%
i B AR (BT 1) AN HIX LA B ) 53 B AliAk

9 10 R=H
12 R=0COCH;

Figure 1  Structures of compounds 1-13
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X5 H 1A S A MK FREES [0, 543 (dd, J= 9.0,
5.0 Hz)], S4H W F 25 58 715 5 [3.85 (d, J = 19.4 Hz,
1H), 3.45 (d, J = 19.4 Hz, 1H); 1.80 (m, 1H), 1.66 (m,
1H), 1.44 (m, 1H), 1.33 (m, 1H), 1.30 (overlap, 2H),
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100.8), mi 37 X — 45 H 7 4> sp® Z LB A5 5 (0,
77.4,35.2, 34.5,30.8, 24.9, 22.0, 13.9). ZiLEWIIE
T Bk U R AE 5 SR E 19 cytosporone C B VAR AL,
DRI 58 58 A0 5 WD AT 2R 5T B- Wit W i B A% 45 44

H 'H-"H COSY # n] Wi %2 5, 5.43 (H-9)/1.80 (H,-10).
3, 1.80 (H,-10)/1.44 (H,-11)-0,, 1.44 (H,-11)/1.30 (H,-12).
J, 130 (H,-12)/1.28 (H,-13)-H,-13 (6, 1.28)/H,-14 (5, 0.86)
SEAT MW, $E 7R 45 K4 75 4 -CH-CH,-CH,-CH,-CH,-CH;
el & &4 (B 2). H HMBC %13 %16, 3.85/3.45
(H-2) 5 5. 170.5 (C-1)132.0 (C-3)~104.9 (C-4).112.0
(C-8) H13%, d,, 6.08 (H-4) 5 6. 34.5 (C-2).158.0 (C-5)-
100.8 (C-6)~112.0 (C-8) # K, 6, 6.22 (H-6) 5 5. 104.9
(C-4).158.0 (C-5)153.6 (C-7)112.0 (C-8) #H13%, LA J¢
J, 5.43 (H-9) 5 d. 170.5 (C-1).132.0 (C-3).153.6 (C-
7)~35.2 (C-10)-24.9 (C-11) #H%, #E— L HiiE T 2K p-
NEL s ) £ 440 B (A7 AE; 3454 B 'H-"H COSY RE#f &
ff]-CH-CH,-CH,-CH,-CH,-CH, [ i & 4t, it & i £ 1k
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Figure 2 Key HMBC and 'H-'H COSY correlations of 1 and 2
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157.082 0), #&~ b G916 71 308 CH,,0,, AHLFIEE
N 3. UV Gl &R 78 203 (3.55) nm A A 5 KR .
'H NMR i (£ 1) /£ X 45 1 MEER 1155 0,
7.21(d,J = 1.5 Hz, 1H); m X 45 H 1A U 0 2%
Af550,3.79(q, J =64 Hz, IH) M3 NHFEAES
[0, 1.89 (d, J = 1.5 Hz, 3H), 1.43 (s, 3H), 1.15 (d, J =
6.4 Hz, 3H)]. "C NMR &2~ %L &Y H 8 Mk {5
T AR TNRERE T (0, 175.9)— A XUE S 5
(0. 153.7, 130.8) Fi1 54> sp’ LA AZ 5 (6. 90.7, 72.0,
20.2, 18.0, 10.5) ZALA W LL EAE il HdE 5 C
BRUIHIE Y (58,6R)-5,6-dihydro-3,5,6-trimethylpyran-2-
one M AHAL, HEMIAL G4 2 B A oAk e i B 4% 4544
7 HMBC i (] 2) #, i il 5, 1.89 (CH,-6) 5 5. 175.9
(C-1).130.8 (C-2)~153.7 (C-3) #i%, 9, 1.43 (CH,-7) 5
153.7 (C-3).90.7 (C-4).72.0 (C-5) #H %, LA Jk 6, 1.15
(CH,-8) 5 6. 90.7 (C-4).72.0 (C-5) # 3%, HE W f5x & 7
SE AT SR tn (B 1) Fros . Sl SR
A E T AHAR S T O (A e A B (B 3); i
ECD i1 5 T 5E 4,5-07 F= 1 HhoO (R 4 06 74 B4R 4R,
SR (B 4). &30 R, 1L& 1 2 AR ARE (F8 ik &
W), fiv % A verticillpyrone A
2 EDEMITEN

PLAR S% B 50 B0 B P, aeruginosa (ATCC 27853). %
% BR & E. faecalis (ATCC 29212)- ifif F 48 7 Ak 4>
MRSA (ATCC 43300) FIK i # 5§ E. coli (ATCC 25922)
IR Bk, T3 AR R ER T VD B D BE X 245, SR
W7 s R A S 1~ 13 b s 1. 45
B0 (F2) Fior, th A0 4.10~13 i 48 75 K 42
B — € AR, B AR B IR BE MIC 23 51 8 32,

Table 1 'H (400 MHz) and "*C (100 MHz) NMR data of compounds 1 and 2. “DMSO-d,; "CD,0D
Position r Position 2
8 o, (Jin Hz) O 6, (Jin Hz)
1 170.5 1 175.9
2 34.5 3.85(d,J=19.4 Hz) 2 130.8
3.45(d,J=19.4 Hz)

3 132.0 3 153.7 7.21 (d, J=1.5 Hz)
4 104.9 6.08 (brs) 4 90.7
5 158.0 5 72.0 3.79 (q, J= 6.4 Hz)
6 100.8 6.22 (brs) 6 10.5 1.89 (d,J=1.5Hz)
7 153.6 7 20.2 1.43 (s)
8 112.0 8 18.0 1.15(d,J= 6.4 Hz)
9 77.4 5.43 (dd, J=9.0, 5.0 Hz)

10 352 1.80 (m), 1.66 (m)

11 249 1.44 (m), 1.33 (m)

12 30.8 1.30 (overlap)

13 22.0 1.28 (overlap)

14 13.9 0.85 (t,J= 6.5 Hz)
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Figure 3 The calculated C NMR spectrum of 2
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Figure 4 The calculated and experimental ECD of 2

Table 2 Antimicrobial activities of compounds 1-13 (n = 3). MIC:

Minimum inhibitory concentration

MIC/pug-mL"

Compound - - - -
MRSA E. faecalis  P. aeruginosa E. coli

1 >128 >128 >128 >128

2 >128 >128 >128 >128

3 >128 >128 >128 >128

4 32 64 >128 >128

5 >128 >128 >128 >128

6 >128 >128 >128 >128

7 >128 >128 >128 >128

8 >128 >128 >128 >128

9 >128 >128 >128 >128

10 16 >128 >128 >128

11 32 32 >128 >128

12 8 32 >128 >128

13 8 8 >128 >128
Ciprofloxacin - - 0.25 0.25

Vancomycin 1 2 - -

16.32.8.8 pg'mL™; MALE Y 11~13 X 357 3R 1 2R
—SE [ 2R, HMIC 4> 51 932.32.8 pgrmL.
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YRR, AL 4 10~ 13 X FE i 3R R B AT — 5 14l AR
F, BAT OB DU 259 5 S AL S T

I ER S

Bruker avance 400 Y 1% i 2L 4R A (48 [E Bruker 24
a)); e P810 4 H ) e YA (B B it REAX 25 I A A7 PR
/A #]); Thermo Scientific Evolution One %% 71— ] I 43
Y6 B i < Orbitrap Exploris 120 %4 75 4 3 Ji 154X (3
ThermoFisher /& 7); Agilent 1260 Infinity 1T 24 ] £% 4
OB AL (SE[E Agilent 24 7); GF,, i 2 €0 1 ik
AR (JH 5 R Rk A B o 7]); B A R (100~200
200~300 H; 7 &AL T A 73 ); ODS A (il 35
#} (Spherical C18 Monomeric, 120A, 50 um, 1% K
SILICYCLE 2 #); 4 #7 % HPLC 41 #E (Global Chro-
matography C18, 250 mm x 4.6 mm, 10 pum, I i 18 i
I3 AR A BR A 7)< (Cosmosil 5C18-MS-1I, 250 mm x
4.6 mm, 5 pm, F4< Nacalai Tesque 2> #); 2% HPLC
i 4 (Global Chromatography C18, 250 mm x 10 mm,
10 um, B ITE ARG R A F]) 1 (Cosmosil 5C18-
MS-II, 250 mm x 10 mm, 5 um, H 7 Nacalai Tesque 2
A]); SYNERGY H1 B brAL (3£ BioTek A A); &
TR IRE FR AR VLB PR 85 77 2 A0 B 8% 2 A A e IR
SRR (ARSI R A IR A FD); ATCC29212 351
BRI - ATCC43300 < ] 14 < 3 (0 L . ATCC27853 4]
SRR (BRI R B A ), AT A
B EER (LR T A RER AR A A,
#'5 C129896.V105495). JiT F Ak 2 1 71 3 Oy € i 4l
(2T 5 A 7 A w)) B AT 46 (el < LAk 2300 R
NCIDE

S0 PR SR B T AR R PN R I V2 8] 1) 5 Vi PR R T
A FH 2R A i 2SO NE (PCR) A7 38 A Bk ) DNA
I PN 3% =% (8] B& [X. (internal transcribed spacer, ITS) J¥ %)
BEAT YRG0, Il A R M L ITS Fe A AR AR, 25
G U SRR S 8 % H MRN Verticillium sp. (GenBank:
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PX923174), fir % N Verticillium sp. SN-1. B F{-1E T
RYNBAR K225 B A R .
1 RS E

Verticillium sp. SN-1#Id A K%, £57% 5 PDB (1

A EEEE), 78 KR B2 IR IR 1 75 46 1H 15 28 B,

R 180 FE M T REFR T K. @RI 815 2 16.8 L1
PRV B 22, ) L8 LT 43 5ol 08 V1 00 R B 22 13047 R L,
I3 IS B BRI L) 15 g R 32U L) 8 g, ilid
T 73 BT R B R VRN B 22 BB BT RO A I, A
HIE—RAERL23 g IRE

2E H60~100 H i HEFE 5, SRR 5, DA
AR b - B RE NP BT (10000~ 11 1), £
(TLC) 43 #r 3F & FEAHAL I 43, 15 3 6 D 34 Fr. 1~
Fr.6. V4> Fr2£92.5 g & RERAE 4y 5545 3 25 NI 5
Fr.2Aa~Fr.2Ay, it 47 Fr.2Am & -] & (4 B - K,
20%~100%) 2615 24k &9 7 (1, = 18 min; 7 mg).
War Fr.2Aw & il 4 (L 5-7K, 20%~100%) 2tk 153
FIAD 3 (1, = 23 min; 3.2 mg).

W Fr32)3 g M Frd4214.9 g B8, LL—
SR - AR (100:0~1:10), 25 2 ik
HE FHAHLGL S, 15 2] 24 SRS Fr.3Ba~Fr.3Bx, i
7y Fr.3Bf Ml Fr.3Bg — L4 1.5 ¢4 ODS 5 5] 104
Vi > Fr.3Bf1 ~Fr.3Bf10, Fr.3Bf4 £ it -1 % (W -
7K, 40:60) 273 FIL A9 6 (t, = 22 min; 50.7 mg) Al
AW 4 (t, = 33 min; 9.3 mg), Fr.3Bf7 &5 - il & (F
fiz-7K, 70:30) LA 2L EP0 11 (2, = 17 min; 11.3 mg),
2 it i & (L HE-7K, 50:50) gtk BB A2 (¢, =
49 min; 47.7mg). ¥i/> Fr.3Bh fl1Fr.3Bi—3:4 1.3 g4
ODS 4 #1532 10 M3 4 Fr.3Bh1~Fr.3Bh10, Fr.3Bhl
2t % (4 H5-7K, 40:60) Atk BB AW (¢, =
14 min; 66 mg), Fr.3Bh3 &3 il 4% (L -7K, 15:85)
i1 13 2L 59 5 (¢, = 46 min; 6 mg), Fr.3Bh6 &5 -
il & (ZHE-7K, 20%~100%) 4ifb 15 21L 59010 (¢, =
18 min; 16 mg). i/ Fr.3Bj M Fr.3Bk —1£%2 g4 ODS
Y BEA3E] 1047 4 Fr.3Bj1~Fr.3Bj10, Fr.3Bj2 43l 2
il 2% (FHE-7K, 30:70) 2ifb 15 246570 2 (1, = 15 min;
3 mg) MALEM9 (¢, = 25 min; 14.4 mg) AL 540 8
(t, = 47 min; 3.4 mg), Fr.3Bj4 £id 4% (ZHE-K, 53:
47) 2lith 18 E4b 59013 (¢, = 18 min; 45 mg).

2 EMEE

&1 3% € K ; HR-ESI-MS % o & 75 43
T8 T m/z 251.127 3 [M+H]" (it 518~ C,,H,,0,",
251.120 5), 4 ¥ 2: C,,H,,0,, UV (CH,0H) 1, (log &)
206 (3.95), 283 (2.92), 'H A1 "C NMR ## WL (R 1)»

th&¥2 A& A, HR-ESI-MS i i 8 R 4

T B T g m/z 157.085 7 [M+H]" (it 518 N C,H,,0,,
157.082 0), 4> T 3\: CH,,0,, UV (CH,0OH) /__ (log ¢)
203 (3.55). 'HA1"C NMR %4 0. (£ 1).

&3 i A RY); HR-ESI-MS i H 2 7R 75
T BT m/z323.06 [M+Na]", 73 C,H,,0,, '"HNMR
(CDCl,, 400 MHz) 6, 12.20 (s, 1H, OH-1), 7.43 (d, J =
9.1 Hz, 1H, H-13), 7.36 (d, J=9.1 Hz, 1H, H-12), 6.72 (s,
1H, H-4), 6.61 (s, 1H, H-2), 4.01 (s, 3H, OCH,-14), 2.42
(s, 3H, CH,-3); "C NMR (CDCl,, 100 MHz) J. 180.5
(C-7), 169.1 (C-14), 161.3 (C-1), 155.8 (C-5), 151.8 (C-
9), 150.6 (C-10), 149.0 (C-3), 125.5 (C-12), 121.6 (C-
13), 118.6 (C-11), 115.1 (C-8), 111.4 (C-2), 107.4 (C-6),
107.2 (C-4), 53.2 (OCH,-14), 22.7 (CH,-3). LA _F 9% i
ol 5 SR ROE B A B, S A3 R
1,5- = F3 -3 F LIS T -6 -2 1% G

&4 FEEMRY); HR-ESI-MS i 7R 4>+
27U m/z 317.07 [M-H], 4 73 C,H,,0,, '"H NMR
(DMSO-d,, 600 MHz) J,, 9.69 (s, 1H, OH-12), 6.93 (d,
J = 8.9 Hz, 1H, H-10), 6.81 (d, J = 8.9 Hz, 1H, H-11),
6.09 (s, 1H, H-4), 6.09 (s, 1H, H-2), 3.55 (s, 3H, OCH.-
14),2.16 (s, 3H, CH,-3); *C NMR (DMSO-d,, 150 MHz)
d. 199.3 (C-7), 168.0 (C-14), 161.7 (C-5), 161.7 (C-1),
151.1 (C-12), 147.5 (C-3), 145.7 (C-9), 131.2 (C-8),
122.2 (C-10), 117.5 (C-11), 112.5 (C-13), 109.0 (C-6),
107.5 (C-4), 107.5 (C-2), 51.9 (OCH,-14), 21.6 (CH,-3)-
DA b3 1 H s 55 SCHRU Y R dE R AR — B s e AL
4% 4 7 acremonidin E.

&S FOkK; [a]y -66.4 (c 0.16, CHCL);
HR-ESI-MS # 1 & 7R 43 7 55 10§ m/z 333.06 [M-H],
551N C H,,0, 'H NMR (DMSO-d,, 400 MHz) J,,
11.30 (s, 1H, OH-1), 8.05 (s, 1H, OH-5), 6.64 (dd, J =
10.5, 2.1 Hz, 1H, H-11), 6.44 (s, 1H, H-4), 6.39 (s, 1H,
H-2), 6.00 (dd, J = 10.5, 2.1 Hz, 1H, H-10), 5.03 (s,
1H, H-12), 3.49 (s, 3H, OCH,-14), 2.29 (s, 3H, CH,-3);
"C NMR (DMSO-d,, 100 MHz) J,. 191.4 (C-7), 188.5
(C-9), 168.1 (C-14), 161.7 (C-1), 158.0 (C-5), 150.5 (C-
3), 145.7 (C-11), 127.8 (C-10), 110.4 (C-2), 107.9 (C-4),
104.5 (C-6), 90.1 (C-13), 69.4 (C-8), 68.3 (C-12), 53.0
(OCH,-14), 22.0 (CH,;-3). LA 3 AR 5 SOkl R iE
BAHIEAR — 3, M EWEY) S A acremonoxide .

k&6 BTG E R K; HR-ESI-MS % H i
IR T B F & m/z 301.07 [M-H], 4T C,H,,0,,
'H NMR (DMSO-d,, 600 MHz) 6,, 7.37 (d, J = 7.8 Hz,
1H, H-5"), 7.27 (t,J = 8.1, 7.8 Hz, 1H, H-4"), 7.06 (d, J =
8.1 Hz, 1H, H-3"), 6.09 (s, 1H, H-2), 6.09 (s, 1H, H-7"),
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3.65 (s, 3H, OCH,-6'), 2.15 (s, 3H, CH,-7); "C NMR
(DMSO0-d,, 150 MHz) d,. 200.3 (C-7), 166.0 (C-6"), 161.9
(C-3), 161.9 (C-4), 153.6 (C-1"), 147.7 (C-6), 133.2 (C-
4", 128.8 (C-2"), 127.5 (C-1), 120.2 (C-5"), 119.8 (C-3"),
109.1 (C-5), 107.6 (C-7"), 107.6 (C-2), 52.1 (OCH,-6"),
21.7 (CH;-7). LA by B0 s 5 SCmRt o 4 1 20 22 A
— 5, MO B AW 6 N alternethanoxin Ao

EWT KA, HR-ESI-MS 3 i iR 7> 15
U m/z 307.06 [M+Na] ", 4> ¥ x: C,H,,0,, 'H NMR
(CDCl,, 600 MHz) 8, 12.14 (s, 1H, OH-1), 7.73 (t, J =
8.5, 7.3 Hz, 1H, H-11), 7.52 (d, J = 8.5 Hz, 1H, H-10),
7.30 (d, J = 7.3 Hz, 1H, H-12), 6.74 (s, 1H, H-4), 6.63
(s, 1H, H-2), 4.03 (s, 3H, OCH,-14), 2.42 (s, 3H, CH,-3);
3C NMR (CDCI,, 150 MHz) 6, 180.6 (C-7), 169.9 (C-
14), 161.6 (C-1), 156.1 (C-9), 155.8 (C-5), 149.6 (C-3),
134.9 (C-11), 133.7 (C-13), 122.6 (C-12), 119.6 (C-10),
117.7 (C-8), 111.9 (C-2), 107.5 (C-4), 107.1 (C-6), 53.3
(OCH,-14), 22.8 (CH,-3). LA_F 3 it B 405 5 Se Rl 740
i dm B A — 3, MUE €AY 7 9 janthinone

&8 kY, HR-ESI-MS i #8851
2TV m/z 317.07 [M-H] ", o T3 C,H,,0,, '"H NMR
(DMSO-d,, 400 MHz) §,, 6.74 (d, J = 2.2 Hz, 1H, H-12),
6.49 (d, J = 2.2 Hz, 1H, H-10), 6.07 (s, 1H, H-2), 6.07
(s, 1H, H-4), 3.60 (s, 3H, OCH,-14), 2.14 (s, 3H,CH,-3);
BC NMR (DMSO-d,, 100 MHz) 6, 200.4 (C-7), 166.1
(C-14), 161.7 (C-5), 161.7 (C-1), 157.7 (C-11), 155.1 (C-
9), 147.0 (C-3), 128.7 (C-13), 124.8 (C-8), 109.5 (C-12),
107.5 (C-4), 107.5 (C-2), 106.7 (C-6), 106.7 (C-10), 51.9
(OCH,-14), 21.6 (CH,-3) LA L3 0 504 5 SCRt i 1
s B AR — 3, MU B S 8 0 3- 2 - F R R it

&9 wEEHIRY); HR-ESI-MS i #8851
2TV m/z 317.07 [M-H] ", 4 T3 C,H,,0,, '"H NMR
(DMSO-d,, 400 MHz) §,, 7.38 (d, J = 7.7 Hz, 1H, H-12),
7.28 (t, J = 8.0, 7.7 Hz, 1H, H-11), 7.08 (d, J = 8.0 Hz,
1H, H-10), 6.24 (s, 1H, H-2), 6.24 (s, 1H, H-4), 4.37
(overlap, 2H, H-15), 3.66 (s, 3H, OCH,-14); "C NMR
(DMSO-d,, 100 MHz) 6. 200.3 (C-7), 165.9 (C-14), 161.8
(C-1), 161.8 (C-5), 153.5 (C-9), 152.3 (C-3), 133.1 (C-8),
128.7 (C-11), 127.4 (C-13), 120.0 (C-12), 119.7 (C-10),
109.6 (C-6), 104.1 (C-2), 104.1 (C-4), 62.4 (C-15), 52.0
(OCH,-14). LA b i i B4 5 SOk 40 18 045 e AR —
3, WL AP 9 N astrophenone »

A0 FH AR K [@]f 68.2 (c 0.08, CHCL);
ESI-MS it 7R 73 1 B 11§ m/z 569.11 [M-H]", 4>+

i: C,,H,,0,,, 'H NMR (DMSO-d,, 400 MHz) J,, 12.85
(s, 1H, OH-1"), 11.42 (s, 1H, OH-11), 7.61 (d, J = 9.2
Hz, 1H, H-10"), 7.48 (d, J = 9.2 Hz, 1H, H-11"), 7.31 (s,
1H, OH-14), 7.12 (s, 1H, H-8), 6.93 (s, 1H, H-4), 6.75
(s, 1H, H-10), 6.48 (dd, J = 9.1, 6.4 Hz, 1H, H-3), 5.86
(d, J=9.1, 6.4 Hz, 1H, H-4), 4.87 (s, 1H, H-6), 4.66 (d,
J=19.2, Hz, 1H,H-15"), 3.86 (s, 3H, OCH,-14"), 3.61 (d,
J =192 Hz, 1H, H-15"), 2.38 (s, 3H, CH,-9); "C NMR
(DMSO-d,, 100 MHz) 6, 204.0 (C-1), 196.3 (C-13), 180.5
(C-7"), 166.7 (C-14"), 162.5 (C-11), 156.3 (C-1"), 153.9
(C-5"), 150.9 (C-12"), 149.0 (C-9"), 148.9 (C-9), 147.8
(C-3"), 145.4 (C-7), 133.4 (C-3), 130.2 (C-4), 125.6 (C-
11"), 120.2 (C-10"), 119.5 (C-8), 118.6 (C-2"), 117.1 (C-
8", 117.0 (C-10), 116.3 (C-13"), 110.0 (C-12), 109.0 (C-
4"), 105.7 (C-6"), 82.0 (C-14), 67.8 (C-6), 52.3 (OCH,-
14"), 48.6 (C-5), 43.6 (C-2), 32.5 (C-15"), 22.0 (CH,-9).
DA b3 15 £ 4 5 SR R A A — B, MO e AL
&%710 /9 acremoxanthone F.

&1 KK [alg -20.5 (¢ 0.10, CHCL);
ESI-MS i i 7R 73 7 5 1 1§ m/z 629.13 [M-H], 7 F
X C,,H,,0,,, 'H NMR (DMSO-d,, 600 MHz) §,, 13.39
(s, 1H, OH-1"), 11.42 (s, 1H, OH-11), 9.63 (s, 1H, OH-
12"), 7.55 (s, 1H, OH-14), 6.93 (d, J = 8.9 Hz, 1H, H-
10"), 6.82 (d, J = 8.9 Hz, 1H, H-11"), 6.82 (s, 1H, H-8),
6.64 (s, 1H, H-10), 6.52 (dd, J = 9.2, 6.5 Hz, 1H, H-3),
6.29 (s, 1H, H-6), 5.97 (s, 1H, H-4"), 5.80 (d, J = 9.2,
6.5 Hz, 1H, H-4), 4.64 (d, J = 6.5 Hz, 1H, H-2), 3.56 (s,
3H, OCH,-14"), 3.07 (d, J = 18.6 Hz, 1H, H-15"), 2.85
(d, J = 18.6 Hz, H-15"), 2.36 (s,3H, CH,-9), 2.34 (s, 3H,
OCOCH,-14"); "C NMR (DMSO-d,, 150 MHz) 6. 202.9
(C-1), 199.8 (C-7"), 195.6 (C-13), 171.1 (OCOCH,-6),
167.8 (C-14"), 162.7 (C-11), 158.8 (C-1"), 157.9 (C-5"),
151.0 (C-12"), 149.5 (C-9), 145.8 (C-3"), 145.0 (C-9),
139.6 (C-7), 134.7 (C-4), 131.2 (C-8"), 128.7 (C-3), 122.3
(C-10"), 118.3 (C-11"), 117.8 (C-8), 117.4 (C-10), 114.8
(C-2"), 112.6 (C-13"), 109.9 (C-12), 109.0 (C-6'), 108.5
(C-4"), 81.5 (C-14), 70.2 (C-6), 52.0 (OCH,-14"), 46.8
(C-5), 43.5 (C-2), 31.5 (C-15"), 21.9 (CH,-9), 20.9
(OCOCH,-6). DA i il Hidfs 55 SR Hdfs S A —
L, W% E AW 11 4 acremoxanthone C.

th&Em12 FHE K, [«]5 52.2 (¢ 0.10, CHCL);
ESI-MS it 2R 7y 1 8 1 I m/z 611.12 [M-H]", 73T
i C,,H,,0,,, 'HNMR (DMSO-d,, 400 MHz) 6,, 12.84 (s,
1H, OH-1"), 11.40 (s, 1H, OH-11), 7.59 (d, J = 9.2 Hz,
1H, H-10"), 7.47 (d, J = 9.2 Hz, 1H, H-11"), 6.97 (s, 1H,
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H-4'), 6.84 (s, 1H, H-10), 6.65 (s, 1H, H-8), 6.54 (dd,
J=9.1, 6.5 Hz, 1H, H-3), 6.34 (s, 1H, H-6), 5.85 (dd,
J=09.1, 6.5 Hz, 1H, H-4), 4.70 (dd, J = 6.6, 1.0 Hz, 1H,
H-2), 3.86 (s, 3H,0CH,-14"), 3.19 (d, J = 19.0 Hz, 2H,
H-15"), 2.38 (s, 3H, CH,-9), 2.38 (s, 3H, OCOCH,-6);
“C NMR (DMSO-d,, 100 MHz) 5. 202.8 (C-1), 195.3
(C-13), 180.4 (C-7"), 171.0 (OCOCH,-6), 166.7 (C-14"),
162.7 (C-11), 156.3 (C-1"), 153.8 (C-5"), 151.1 (C-12"),
149.6 (C-9), 148.8 (C-9'), 146.6 (C-3"), 139.5 (C-7),
134.3 (C-3), 129.1 (C-4), 125.7 (C-11"), 120.1 (C-10"),
118.3 (C-8), 117.9 (C-2"), 117.5 (C-10), 117.0 (C-8"),
117.0 (C-13"), 109.9 (C-12), 109.4 (C-4"), 105.7 (C-6"),
81.7 (C-14), 70.0 (C-6), 52.3 (OCH,-14"), 46.7 (C-5),
43.6 (C-2), 31.8 (C-15"), 21.9 (CH,-9), 20.9 (OCOCH,-
6)o A bk B diE L SR T e B A — B WS
&) 12 2y acremoxanthone B.

tEMI3 K, [«]E 95.5 (¢ 0.08, CHCL);
ESI-MS it 2R 4> 1 & 11§ m/z 587.12 [M-H], 4> 1
i: C,H,,0,,, 'H NMR (DMSO-d,, 400 MHz) 6,, 13.37
(s, 1H, OH-1"), 11.46 (s, 1H, OH-11), 10.19 (s, 1H, OH-
5'), 9.65 (s, 1H, OH-9"), 9.24 (s, 1H, OH-12"), 7.19 (s,
1H, OH-14), 7.12 (s, 1H, H-8), 6.96 (d, J = 8.8 Hz, 1H,
H-10"), 6.83 (d, J = 8.8 Hz, 1H, H-11"), 6.75 (s, 1H, H-
10), 6.47 (dd, J = 9.2, 6.5 Hz, 1H, H-3), 6.26 (d, J =
7.6 Hz, 1H, OH-6), 6.04 (s, 1H, H-4"), 5.80 (dd, J = 9.2,
6.5 Hz, 1H, H-4), 4.83 (d, J = 7.6 Hz, 1H, H-6), 4.61 (d,
J = 6.5 Hz, 1H, H-2), 3.58 (s, 3H, OCH,-14"), 3.31 (d,
J =189 Hz, 1H, H-15'), 3.11 (d, J = 18.9 Hz, 1H, H-
15"),2.37 (s, 3H, CH,-9); *C NMR (DMSO-d,, 100 MHz)
J. 204.3 (C-1), 199.9 (C-7"), 196.6 (C-13), 167.9 (C-
14", 162.5 (C-11), 159.1 (C-1"), 158.7 (C-5"), 151.1 (C-
127), 149.0 (C-9), 146.3 (C-3"), 145.7 (C-9"), 145.4 (C-
7), 133.9 (C-3), 131.2 (C-8"), 129.9 (C-4), 122.2 (C-10"),
119.5 (C-8), 117.8 (C-11"), 116.3 (C-10), 115.5 (C-6"),
112.6 (C-13"), 110.2 (C-12), 108.8 (C-2'), 108.4 (C-4"),
81.9 (C-14), 67.9 (C-6), 52.1 (OCH,-14"), 47.7 (C-5),
43.6 (C-2), 32.1 (C-15"), 22.1 (CH,-9). LA _F % i $ 4is
55 SRR TE B AR — B, WS R A ) 13 2 acre-
monidin G,
3 ECDFMNMRit+E

B 46 f# ] Spartan'14 # {4 (Wavefunction 2 &) 7T
&Y 2a f2b AT R W . BT B IR 26 2 43 A K
T 1% B #4555 44 44 3 {8 H Gaussian 09 2 )7 €1, 7£
B3LYP/6-31G (d) /KF, il id % 7z s #i8 (DFT) 77
ERATHE— PR . SRS, TR A AR e A R R

AT BB R, 43 S 4E MPWIPWI1/6-311+g (2d,p)
1 B3LYP/6-311G (2d,p) 7K ¥ i#47 NMR #1 ECD 1}
5. A% H SpecDis v1.64 BLAULA [F] #49 5 53 14 44 1) ECD
it 2%, 1% 22 R AR B /K 22 8 o AT TH AT B 1 S R
SRR TTIERTS B .
4 MEFEMENE

K H 96 FLAR %, M 5E 45 B 1) B AR 4K B 155 e iR
R T Ry T INE 177k Qv T e Wi Nkt 1 e
K FF T B B AR P B R P MIC B . 1 2K 2 2
I He P B LB R B R 5, 75 37 °C A& N L
200 r-min” [ 5 AF R I RS 2R, BB R IR & R BH
P X6t & 24 43 3 LA DMSO F JE 1 7K i 51, T i) Ak
256 ng-mL" IR L o B VA B AR A T 600 nm
A1 R I 58 WG B (optical density, OD) 18, &ANFE &
Ve B 3 AN TAT X B, T VB i R S 2 3R AT
BEEERRRE, 05— % RN LB 5537 %, 7537 °C44F H1E
TR 77 24 h G WL g4 L2,

5 Tk: LA AR T B P R RS A B
2 AT S0 PR VEHE A B e ST S s K e S5 05 T

Bl S 5E i
FIERMIBE: AT A R & B AR R 25 v o8 .
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