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Abstract: To further clarify the neuroprotective active components of the marine-derived fungus Phaeos-
phaeriopsis sp. WP-26, the extract from its rice medium fermentation product was isolated and purified using various
column chromatography techniques and high-performance liquid chromatography (HPLC). Nine compounds,
including 5 isocoumarin monomers and 4 isocoumarin dimers, were isolated from the extract of the fermentation
product of Phaeosphaeriopsis sp. WP-26. The chemical structures of the compounds were elucidated via NMR
experiments, high-resolution mass spectrometry analysis, X-ray diffraction analysis, and comparison with the
literature. Their structures were identified as phaeosphaerin F (1), 4-chloro-6,8-dihydroxy-3-methylisochroman-1-
one (2), 6-demethylkigelin (3), (3R)-6,7-dimethoxymellein (4), lignicol (5), spegazmarin C (6), spegazmarin D (7),
spegazmarin E (8), and spegazmarin F (9). Among them, compound 1 is a new isocoumarin derivative, and

compounds 2, 6-9 were isolated from fungi of the genus Phaeosphaeriopsis for the first time. Compounds 1-9

W H HA: 2025-08-12; & [E H #H: 2025-12-08.

FEETH )T H AR IE S BB (2024GXNSFBA010233, 2025GXNSFAA069332); ) 76 B K 22 51 33 A A BB 2h 35 A (2023KIQD14).
*JHAE & E-mail: wangpei850212@163.com

DOI: 10.16438/7.0513-4870.2025-0951



T HE: R BREE E Phaeosphaeriopsis sp. WP-26 H [ — N8 5 & B R L A & 36 1 © 1295 -

exhibited neuroprotective effects to varying degrees against H,O,-induced SH-SY5Y cell damage.

Key words: marine-derived fungus; Phaeosphaeriopsis; isocoumarin; isocoumarin dimer; neuroprotective
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Figure 1 The chemical structures of compounds 1-9
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5 C-5 (6, 112.4).C-6 (J. 162.3/163.9). C-8 (J. 162.3/
163.9) 1 C-9 (5. 100.9) Z [A] I AH K15 5, H-4 (6, 5.43,
J=2.1Hz) 5 C-5.C-9 1 C-10 (J. 140.0) Z [A] ) #1 %
%5, 3-CH, (d, 1.59,d, J = 6.4 Hz) 5 C-3 (d. 77.3) Ml
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Figure 2 The key 'H-'H COSY and HMBC correlations of
compound 1

Figure 3 X-ray Ortep diagram of compound 1
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Figure 4 Neuroprotective effects of 1-9 on H,0,-induced (2 000 pmol-L™") SH-SYS5Y cell injury. The percentage of surviving cells is

presented as the percentage of viable cells compared to the control group (cell viability 100%). All data are presented as the means £+ SD of

three independent experiments. "P < 0.05, P < 0.01 vs H,0, group; P <0.01 vs control group. Trolox was used as a positive control
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H 2 (67.7 g) 0k K 1E AR RE A €, L& -
FREE (1:0—0: 1) J9Befli s B2 e i, 28 TLC A HPLC 73
Mrla, &8 3] 154414 (Fr.1~Fr.15). Fr.1(3.20 g)
PLHBE-7K (1:4—0:1) M7, 28 SRR b 0 3
B B 4 B, 4 TLC Al HPLC 2 #1 & 3 H 2 17 A4 5
(Fr.1.1~Fr.1.17). Fr.1.10 (53.1 mg) £}l & 1= OB AH
il I C AR £, DL 45% FIEKIE I KA
0.1% = L 1R) AV A Ve, SR1FIE1 (7.3 mg,
t, =26.2 min). Fr.1.7 (103.5 mg) £ i & v A €4
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(10.2 @) &N S ARRER AE (i, DLH 2 - /K (1:3—0:
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F) 19 N4 4 (Fr.2.1~Fr.2.19). Fr.2.4 (271.0 mg) &
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ST EIFER 4N (Fr.2.4.1~Fr.2.4.4). Fr.2.42

(35.2 mg) 2 = OGHAR E i, DL 40% H I K (ZK A
T 0.1% =TSR B, T C, e il 2 i A ik
T8, BRI &Y 4 (8.3 mg, £, = 20.5 min), Fr.2.8
(51.5 mg) £ Sephadex LH-20 &t i i3 (211, DL H IV A
JG, &SR SA U5 (Fr.2.8.1~Fr.2.8.5), Fr.2.8.3
(20.2 mg) 2 = ZOBAH (B, L 20% £ /K (KA
T 0.1% =5 L/R) AL, @it C 2 i) & (i A ik
1Ty &, 1384 &9 5 (3.2 mg, t, = 7.2 min). Fr.2.6
(219.5 mg) £ @ OB AR il C 2 1l & il k43 55, DA
30% ZME/KVE OKH 0.1% =5 L1R) Ryl 7, 3k
B9 (7.2 mg, t, = 7.5 min). Fr.3 (8.62 g) &K
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FHEE, I C 2 A R AR AT 4 B, DL 50% H
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3 EMEHEE

1bE 91 (phaeosphaerin F): oo it iA, S+ H EE;
mp 182~183 °C; [a]% 22.67 (¢ 0.1, CH,OH), UV (MeOH)
o (log €) 221 (3.96), 267 (3.53), 323 (3.40) nm; '"H NMR
(400 MHz, CD,0D) #1"°C NMR (100 MHz, CD,0OD) i\
% 1; HR-ESI-MS: m/z 262.987 9 [M+H]* (it & 14
C,H,CLO," , 262.987 2). 264.985 0 [M+2+H] * J%
266.983 9 [M+4+H]", i N 9:6: 1,

& W) 2 (4-chloro-6,8-dihydroxy-3-methylisochro-
man-1-one): A &4 K, ESI-MS: m/z 229.1 [M+H]",
231.1 [M+H+2]", H et o~ 3:1; 'H NMR (400 MHz,
CD,0D): d, 6.43 (1H, d, J = 2.2 Hz, H-5), 6.34 (1H, d,
J =22 Hz, H-7), 5.13 (1H, d, J = 1.5 Hz, H-4), 4.60
(1H, brs, H-3), 1.55 (3H, d, J = 6.3 Hz, 3-CH,); *C NMR
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Table 1 'H (400 MHz) and “C (100 MHz) NMR data of

compound 1 in CD,0D. “Interchangeable

Position Oy O
1 169.9,C
3 4.88 (1H, m) 77.3, CH
4 5.43 (1H,d,J=2.1 Hz) 55.8,CH
5 112.4,C
6 162.3°, C
7 6.51 (1H, s) 105.0, CH
8 163.9°,C
9 100.9,C
10 140.0,C
3-CH, 1.59 (3H,d, /= 6.4 Hz) 18.0, CH,

(100 MHz, CD,0D): 6, 170.3 (C, C-1), 77.6 (CH, C-3),
58.5 (CH, C-4), 108.4 (CH, C-5), 165.7 (C, C-6), 104.3
(CH, C-7), 166.3 (C, C-8), 99.9 (C, C-9), 143.5 (C, C-
10), 18.1 (CH,, 3-CH,).

1k 41 3 (6-demethylkigelin): & 8} K , ESI-MS
m/z 247.0 [M+Na]’, 4> ¥ C, H,,0,, [a]¥ -22.4 (c 0.1,
CH,OH). 'H NMR (400 MHz, CD,0D): 6, 6.28 (1H, s,
H-5), 4.65 (1H, m, H-3), 3.81 (3H, s, 7-OCH,), 2.81 (2H,
m, H-4), 1.45 (3H, d, J = 6.3 Hz, 3-CH,); "C NMR (100
MHz, CD,0D): . 171.9 (C, C-1), 77.6 (CH, C-3), 35.1
(CH,, C-4), 107.8 (CH, C-5), 157.6 (C, C-6), 135.0 (C,
C-7), 158.3 (C, C-8), 102.2 (C, C-9), 137.5 (C, C-10),
60.9 (CH,, 7-OCH,), 20.8 (CH,, 3-CH,).

1A %) 4 [(3R)-6,7-dimethoxymellein]: 3 T} A,
ESI-MS m/z 261.1 [M+Na]", 73 ¥ C,H,,0,, [a]} 76.3
(c 0.7, CH,OH); 'H NMR (400 MHz, CD,0D): J,, 6.53
(1H, s, H-5), 4.70 (1H, m, H-3), 3.91 (3H, s, 7-OCH,),
3.79 (3H, s, 6-OCH,), 2.98 (1H, dd, J = 16.5, 3.6 Hz, H-
4a), 2.87 (1H, dd, J = 16.5, 11.3 Hz, H-4b), 1.48 (3H, d,
J = 6.3 Hz, 3-CH,); "C NMR (100 MHz, CD,0D): 6,
171.6 (C, C-1), 77.7 (CH, C-3), 35.3 (CH,, C-4), 103.7
(CH, C-5), 160.1 (C, C-6), 136.0 (C, C-7), 156.9 (C, C-
8), 101.4 (C, C-9), 138.0 (C, C-10), 60.9 (CH,, 7-OCH,),
56.7 (CH,, 6-OCH,), 20.8 (CH,, 3-CH,).

1k & ¥ 5 (lignicol): A 4 £ ¥ K, ESI-MS m/z
263.0 [M+Na]', 71308 C, H,,0,; '"H NMR (400 MHz,
CD,0D): §, 6.60 (1H, s, H-5), 4.45 (1H, m, H-3), 4.44
(1H, m, H-4), 3.83 (3H, s, 7-OCH,), 1.44 (3H, d, J =
6.1 Hz, 3-CH,); "C NMR (100 MHz, CD,0D): J,. 170.5
(C, C-1), 81.4 (CH, C-3), 69.5 (CH, C-4), 106.6 (CH, C-
5), 158.9 (C, C-6/8), 135.7 (C, C-7), 157.5 (C, C-6/8),
100.9 (C, C-9), 140.3 (C, C-10), 60.9 (CH,, 7-OCH,),
18.2 (CH,, 3-CH,)-

AW 6 (spegazmarin C): o B 5448, ESI-MS m/z

519.1 [M+Na]", 521.1 [M+Na+2]", HE oy 3:1; 4
FHNC,LH,,CIO,, [a]5 +159 (¢ 0.01, CH,OH); 'H NMR
(400 MHz, CDCL,): §,, 11.45 (1H, s, 8’-OH), 11.40 (1H,
s, 8-OH), 6.44 (1H, s, H-5), 5.34 (1H, d, J = 1.8 Hz, H-
4),5.09 (1H, qd, J = 6.8, 1.8 Hz, H-3), 4.83 (1H, /= 1.8
Hz, H-4"), 4.61 (1H, qd, J = 6.6, 1.7 Hz, H-3"), 4.01 (3H,
s, 7-OCH,), 3.95 (3H, s, 7-OCH,), 1.62 (3H, d, J = 6.5
Hz, 3'-CH,), 1.36 (3H, d, J = 6.9 Hz, 3-CH,); "C NMR
(100 MHz, CDCL): . 167.6 (C, C-1), 77.6 (CH, C-3),
78.2 (CH, C-4), 108.1 (CH, C-5), 154.9 (C, C-6), 135.2
(C, C-7), 155.4 (C, C-8), 101.7 (C, C-9), 130.1 (C, C-
10), 61.0 (CH,, 7-OCH,), 17.8 (CH,, 3-CH,), 168.8 (C,
C-1), 78.1 (CH, C-3"), 64.1 (CH, C-4"), 118.1 (C, C-5"),
151.7 (C, C-6"), 142.6 (C, C-7"), 156.0 (C, C-8'), 105.1
(C, C-9"), 133.3 (C, C-10"), 61.3 (CH,, 7-OCH,), 16.1
(CH,, 3'-CH,).

4% 7 (spegazmarin D): G 2 XM K, 7T
;N C,H,,ClO,, [a]y —227.0 (¢ 0.10, MeOH), ESI-MS
m/z 519.1 [M+Na]’, 521.1 [M+Na+2]", HiBFFLL 311,
'H NMR (400 MHz, CD,0D): 6,, 6.03 (1H, s, H-5), 5.49
(1H, d, J = 1.5 Hz, H-4), 4.90 (1H, m, H-3), 4.69 (1H, d,
J = 1.8 Hz, H-4"), 4.57 (1H, qd, J = 6.5, 1.8 Hz, H-3"),
3.92 (3H, s, 7-OCH,), 3.79 (3H, s, 7-OCH,), 1.76 (3H,
d, J = 6.6 Hz, 3-CH,), 1.48 (3H, d, J = 6.6 Hz, 3'-CH,);
“C NMR (100 MHz, CD,0D): 6. 170.9 (C, C-1), 78.9
(CH, C-3), 77.1 (CH, C-4), 109.5 (CH, C-5), 156.5 (C,
C-6), 137.2(C, C-7), 157.7(C, C-8),102.2 (C, C-9), 133.6
(C, C-10), 61.5 (CH,, 7-OCH,), 16.9 (CH,, 3-CH,), 170.5
(C, C-1"), 79.7 (CH, C-3"), 64.6 (CH, C-4"), 119.5 (C, C-
5"), 152.5 (C, C-6"), 143.8 (C, C-7"), 157.5 (C, C-8"),
106.6 (C, C-9"), 135.2 (C, C-10"), 60.9 (CH,, 7'-OCH,),
16.4 (CH,, 3'-CH,).

144 8 (spegazmarin E): 8 (A8 K, ESI-MS m/z
519.1 [M+Na]", 521.1 [M+Na+2]", H o Lk N 3: 1,
4 ¥ N C,H,,ClO,,» 'HNMR (400 MHz, CDCL,): §,,
11.51 (1H, s, 8'-OH), 11.36 (1H, s, 8-OH), 6.06 (1H, s,
H-5), 5.36 (1H, br s, H-4), 4.94 (1H, q, J = 6.9 Hz, H-
3"), 4.85 (1H, q, J = 6.6 Hz, H-3), 4.80 (1H, br s, H-4"),
3.95 (6H, s, 7/7'-OCH,), 1.80 (3H, d, J = 6.6 Hz, 3-CH,),
1.27 3H, d, J = 6.7 Hz, 3'-CH,); "C NMR (100 MHz,
CDCl,): 6. 169.2 (C, C-1), 77.3 (CH, C-3), 76.2 (CH, C-
4), 107.1 (CH, C-5), 154.5 (C, C-6), 135.4 (C, C-7),
156.0 (C, C-8), 102.1 (C, C-9), 131.9 (C, C-10), 61.4
(CH,, 7-OCH,), 16.7 (CH,, 3-CH,), 167.3 (C, C-1"), 80.5
(CH, C-3"), 65.5 (CH, C-4"), 119.7 (C, C-5"), 151.8 (C,
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C-6"), 143.1 (C, C-7"), 155.7 (C, C-8"), 105.0 (C, C-9"),
130.9 (C, C-10"), 61.1 (CH,, 7'-OCH,), 18.2 (CH,,
3'-CH,).

b &9 9 (spegazmarin F): ) (4 ik, ESI-MS m/z
519.1 [M+Na]", 521.1 [M+Na+2]", H L N 3:1; 4
TN C,H,,ClO,, [@]% 113.6 (¢ 0.20, CH,OH); '"H NMR
(400 MHz, CDCL,): d,, 11.47 (1H, s, 8'-OH), 11.39 (1H,
s, 8-OH), 6.36 (1H, s, H-5), 5.33 (1H, br s, H-4), 5.12
(1H, q, J = 6.8 Hz, H-3), 4.95 (1H, q, J = 6.4 Hz, H-3"),
4.85 (1H, br s, H-4"), 3.98 (3H, s, 7-OCH,), 3.96 (3H, s,
7'-OCH,), 1.35 (3H, d, J = 6.7 Hz, 3-CH,), 1.24 (3H, d,
J = 6.4 Hz, 3-CH,); "C NMR (100 MHz, CDCL,): 6,
167.8 (C, C-1), 77.9 (CH, C-3), 78.1 (CH, C-4), 108.3
(CH, C-5), 154.8 (C, C-6), 135.3 (C, C-7), 155.5 (C, C-
8), 101.9 (C, C-9), 130.1 (C, C-10), 61.3 (CH,, 7-OCH,),
17.9 (CH,, 3-CH,), 167.4 (C, C-1"), 80.5 (CH, C-3'),
65.5 (CH, C-4"), 119.2 (C, C-5"), 151.7 (C, C-6'), 142.9
(C, C-7"), 156.0 (C, C-8"), 105.1 (C, C-9"), 131.0 (C, C-
10), 61.0 (CH,, 7'-OCH,), 18.0 (CH,, 3'-CH,)-

&0 1 I AR ZE R s A 1 S AR
It XtaLAB Synergy 5 51 5. & T 55 A U 5, K A Cu Ka
A (2=1541 84 A), S A BROIERONL, LG
V)1 AE R R B R 3RS S AR, AR s Rk, 1
N C,HCLO,, IEAT it &, 7 (A By C2221; dh L %
a=65667(1)A, b=155360(2) A, ¢ =21.602 6 (3),
a = 90.00°, = 90.00 (15)°, y = 90.00°; 1k V =
2203.92 (7) A*, Z=8; D, = 1.586 g-cm”; u (Cu Ka) =
5.300 mm™; £ (000)=1072.0; fifAF0.3%0.2x0.1 mm’;
T=293.00 K; R, = 0.035 6 (I > 20 (I)), wR, = 0.091 5
(all data); YSCEE IRIAIT 5 A5 11 341, SRAZAT S AL 2 195
(Rint = 0.048 8, Rsigma = 0.028 5); GOOF 1§ 4 1.075;
Flack Z £ 4-0.001 (8). ASSCH L& 1 1) f M 24 54
I8 CAF L S A dit A 50808 P b O, 776 9 5 29 CCDC
2479010,

4 H,0,i55 SH-SYSY ARG RIPIERIEN

SEIG 2 O MTTRO i, % A7 XA & A DMSO %
fift, TiC BRI EE 9 20.0 mmol- L H VAW, 75 LAl A
2 M 35 7R K FERR R 43 ) 22 50.0.25.0 F 12.5 pmol- L
F & 10% fig 4 13 1) 85 77 1055 75 N #0 4 BE 20 9
SH-SYS5Y 4l g, B HO 40 i LR 2 7 2.5% 104 AN IR
Rl T 96 FLAR, 138 B XF BB 2 H,0, 45 7Y 2 | B 1k Xt
(Trolox) K B it 41, B T CO, 85 92 4 HF 15 9% 36 h 5 3¢
F UG, B b 2H 5 P A R ZH 23 00 I N AN [ BE 1
R, HARAMNIERE B IR, K57 12 h )5, Brxt
HEZH A, 2 A B N 29K B 09 2 000 pmol-L™ H,0, ¥

W, #8285 77 12 h s, BFFFLIIA 5.0 mg-mL™" MTT &)
20 pL, 37 °CHEEGHF A 4 h, FidRdE BIF, I 100 pL 1)
DMSO, #& % 10 min, 7£BEFRAL 492 nm 3SR
FEFETH AR IR R . LI A AT % (%) = (OD SE46
H-OD 2 ) / (OD X HEZH-OD 25 H) x 100%
5 GitESH

AR URHIE 505 P SE 56 H >R F SPSS 19.0 B 47
SIHT, BT B 35 DL 3 AN T SE B 1R T 54 + SD (b
T 22) 27, T 4 TR) 090 1) L R FH B R 35 0 22 0
(ANOVA) #4172 540 1, 4 P < 0.05 i, Z R B A %
THEEN.

EZ IR EREASCR —EH, 1otk o & 550
S8 E PR E AR SRS AN 2 5 5 ASCHEER E ¥
WZ 5ERITE S K TS SRS E M E 7 Sk
185 EMEASCHINES, 15T RR SRR TE.

FURERSE: A 155 2P W T 2 R
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