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Fig. 1

A (P al) . LR TR Tel) . AW b
(rrat)y. WEE(rHral) . S (aigat), bRz
LR 2R A PR A A

Bruker Avance 111 500 748 S A2 8GRI IEAL
Bruker v RO 03 - B S B A A, Waters

/NEIR N1colet iS50 £L4P 1% 4Y Thermo Fisher Scien-
tific 2 Al , Agilent 1260 Y =5 %0 AH 63 R 48
(Eclipese SB-C s {4if4E, 9.4 mm x 250 mm, 5 pum),
Agilent L ARA FRA

1.2 EEF*
1.2.1 HHREBSEE

RS B T R IRIE R R UURY), & 1TS £
e, %EZEMR N Penicillium oxalicum , T Fp

(CGMCC No.19913) {4775 v [ G 28 W) T A O A8
HRZ 5y o m i o

SR FHROK 5 35 M TR bR SR A 741t o 2 19 15 39 R
R YRR Y 536 g7
1.2.2 BRLEYRSE S5k

B AR Y 2 i AL 2T, MR — 5 L i A
M- 2R £ TR AN SR ot - R B A TR FE R, BT
116

10 11

1AM 1-11 (M4

Structures of compounds 1-11

AR B AT 15 5 8 4S50 (1-8)1",

Moy 4 (LNBE-CTROHE, 2 D& AR
EHF(HEE-/K, 7 1 3), Sephadex LH-20 (F i)k e A3
EAT AT & W2 ZE R R A 8 (3.1 mg).

Moy 5 (HIMBE-CTROHE, 10 DG AR
JE(HEE-K, 17 0 3-9 1 1), 15814155 5-1 (HEE-K,
17 2 3)H1 5-2 (HEE-K, 9: 1), 5-1 BFEAE)EW (A
WEE-2 R TR, 10 DRG] SRR AH S (206 -
K, 312713, 0.1%KEERR)IHEA Y 9 (4.8 mg)Fil
AW 7 (2.1 mg); 5-2 B RERAEENT (A M- TR &
B, 2: DIFLAY) 4 (36.7 mg).

W57 6 (LT8R LBR)E RO RE A 2 A (H BsE-0K
13:7-9 1 1), 153445 6-1 (FEE-/K, 13 1 7), 6-2 (FF
K, 7:3), 6-3(HEL-IK, 3:1), 6-4 (FE-K,
9 :1),6-1 £ Sephadex LH-20 (H! i) EE e A% 2 £
R E (A BE-H B, 30 ¢ DA REA Y 10
(13.2 mg); 6-2 £ Sephadex LH-20 (F )5k AT 2 At
Sy AL A 11 (8.8 mg) FIAL59) 3 (6.9 mg); 6-3 £
Sephadex LH-20 (F ) Bk e AL )2 BT . 2J il 4% i 250 A
BRE(CHE-K, 1042 3 E S 1 (4.7 mg)
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FAEA Y 2 (5.6 mg); 6-4 ZREREHZHT (f1 k-2
ZBE, 20 1-1:1), Al Eaw s (8.9 mg)fifka
Y 6 (22.0 mg).
123 thEYEMEE

A AR . A g . XS

i 7 4 M5 SCHREHE LA S5 07k, X RTIR L &

HEAT 254 %58 R
1.2.4  ALEYAEYE DR

Z: HESCHR BT RS2 58 7 3, I Ak & v i
A FEPE L PO . DU . LB R

2 ERER

2.1 WEHHLEMERE

EW 1 AEBMEK o]y —72 (c 0.056, MeOH);
UV (MeOH) Apax (log €) 271 (3.6) nm; IR (KBr) v,y
3476,2955, 1732, 1648, 1 628, 1580, 1 462, 1 359,
1290, 1228, 1 049, 795 cm™'; &40 ¥ Fiil HRESIMS
(m/z [M + Na]” 361.090 7, 115 4: 361.089 4, #&/~
FR N CisHis05, AEAEN 8, 'H NMR i
(DMSO-do) BRiZb 5 &A 3 NFEFEXES: o
7.47 (1H, dd, J = 8.0, 7.1 Hz, H-3), 6y 6.53 (1H, d, J =
7.1 Hz, H-2)#1 6y 6.48 (1H, d, J = 8.0 Hz, H-4), 24~
555 6n 3.60 (3H, s, H-13)F1 6;; 0.91 (3H, d, J =
6.6 Hz, H-11), #—#/3#1 °C NMR il DEPT NMR
W (DMSO-ds), KIZAAE Y o7+ A 16 k)R,
IR TASZERAS S 6c 196.7 (C-9, C), 5¢ 172.5 (C-8,
C), 5c 170.4 (C-12, C), éc 160.8 (C-1, C), dc 159.7
(C-4a, C), dc 107.2 (C-9a, C), dc 87.5 (C-10a, C), 5 1
WSS 5¢ 107.7 (C-2, CH), 5¢ 138.7 (C-3, CH),
5c 109.2 (C-4, CH), ¢ 74.7 (C-5 CH)F ¢ 30.9 (C-6,
CH), 2 MWH IS S 5c 40.5 (C-8a, CH,)F ¢ 39.5
(C-7, CH) K 2 MH 3AF 5 5¢ 52.9 (C-13, CH3)Hl 6¢
13.9 (C-11, CH3). b &9 1 7E 4y B v ml A 1k
Y 2 B AR, HEmEERBE RS
blennolide BUSHY AL Z &b , 38 4740 Lo &A% G B
KWALEY 1 5 blennolide B A6 ZAb7E T,
blennolide B {54 C-8a i (1 2Rl 1 2% , 748 il — ™
3, FRIEIE S 1 0 C-8 Abfb2a i feHEm C-8
PR T —A 3, Rz A9 1 7F C-8a il
C-8 Z[a]JF¥r, & blennolide B [P AT A4, il
HMBC %KW, H-7 5 C-8 WIMEHE RIS C-7
A%, 454 COSY i%H H-6 5 H-5. H-7 il H-11 1y
G, FE2H C-5 PR C-8, it COSY.
HMBC M C(E 2)#fE b &9 1 0PI gsits . ey

2 IIHEGREE Mol +102 (¢ 0.18, MeOH), 5 blennolide
B 1 SCHRHE FEAR — 20, B e A 2 B 4a X i ALK
M 5R, 6S 1 10aR, M, 5 %8 LA Wi 4 i+
Kk SR, 6S Fll 10aR, Z—~H1 ¥ xanthone 2T

WTAW, w45 4 seco-blennolide Bo A% fEE U :
Oy 11.48 (1H, brs, OH-1), 7.47 (1H, dd, J= 8.0, 7.1 Hz,
H-3), 6.53 (1H, d, J="7.1 Hz, H-2), 6.48 (1H, d, J= 8.0
Hz, H-4), 5.72 (1H, d, J = 6.3 Hz, OH-5), 3.84 (1H, dd,
J=6.3,2.2 Hz, H-5), 3.60 (3H, s, H-13), 3.42 (1H, d,
J=17.1 Hz, H-8aa), 3.00 (1H, d, J = 17.1 Hz, H-8ab),
2.49 (1H, dd, J = 15.8, 7.0 Hz, H-7a), 2.28 (1H, dd, J =
15.8, 7.0 Hz, H-7b), 2.22 (2H, m, H-6), 0.91 (3H, d,
J = 6.6 Hz, H-11); *C NMR (DMSO-d,, 125 MHz): d¢
196.7 (C-9, C), 172.5 (C-8, C), 170.4 (C-12, C), 160.8
(C-1, C), 159.7 (C-4a, C), 107.7 (C-2, CH), 107.2
(C-9a, C), 138.7 (C-3, CH), 109.2 (C-4, CH), 87.5
(C-10a, C), 74.7 (C-5 CH), 52.9 (C-13, CHj), 40.5
(C-8a, CH,), 39.5 (C-7, CH,), 30.9 (C-6, CH), 13.9
(C-11, CH;).

OH O OH

0]

Cl))OOH

K2 fea9 1 mEA COSY Fl HMBC #H%
Fig. 2 Key COSY and HMBC correlations of compound 1

'ﬂﬁ%% 2: C|5H1607, /%Efﬁ%%ﬂ*ﬁ*o 1‘2@3
BAEEAIE U T : 0y 13.90 (1H, brs, OH-8), 11.29 (1H, s,
OH-1), 7.43 (1H, t, J = 8.2 Hz, H-3), 6.54 (2H, dd, J =
8.2, 0.8 Hz, H-4), 6.47 (1H, dd, J = 8.2, 0.8 Hz, H-2),
5.95 (1H, d, J = 5.5 Hz, OH-5), 3.77 (1H, m, H-5), 3.56
(3H, s, H-13), 2.58 (1H, m, H-7b), 2.40 (2H, m, H-6),
2.28 (1H, m, H-7a), 1.01 (3H, d, J = 6.4 Hz, H-11); °C
NMR (DMSO-d, 125 MHz): dc 185.7 (C-9, C), 179.6
(C-8, C), 170.7 (C-12, C), 161.4 (C-1, C), 160.0 (C-4a,
C), 138.4 (C-3, CH), 110.0 (C-2, CH), 108.2 (C-4, CH),
107.2 (C-9a, C), 102.2 (C-8a, C), 85.6 (C-10a, C), 75.8
(C-5, CH), 53.1 (C-13, CH3), 36.3 (C-7, CH,), 30.3
(C-6, CH), 18.2 (C-11, CHs). 23t SCHkKE R 558 1
Xk BAK G 2 5 SCHERHRGE (9 & 146 & 4 blennolide
BUOTE R B AR — 3, A 2 KR
blennolide B,

&Y 3: CisHiOs, B M AREIA, 'H
NMR $(4l5(DMSO-ds, 500 MHz): oy 12.07 (1H, s,
OH-8), 12.04 (1H, s, OH-1), 7.61 (1H, s, H-5), 7.22
(1H, s, H-7), 7.10 (1H, d, J = 2.4 Hz, H-4), 6.57 (1H, d,
J = 2.4 Hz, H-2), 5.57(1H, brs, OH-6), 4.60 (2H, s,
H-11); *C NMR (DMSO-ds, 125 MHz): 6¢ 190.2 (C-9,
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C), 181.8 (C-10, C), 166.1 (C-3, C), 164.9 (C-1, C),
161.9 (C-8, C), 153.3 (C-6, C), 135.6 (C-10a, C), 133.4
(C-4a, C), 121.2 (C-7, CH), 117.5 (C-5, CH), 114.5
(C-8a, C), 109.4 (C-4, CH), 109.3 (C-9a, C), 108.3
(C-2, CH), 62.5 (C-11, CH,). Zid SCHRKE R 55085 1
XEBMAEY 3 SXMiRENCHLLED
citreorosein! EUE FA — 2, LKL AW 3 K E N
citreorosein,

ﬂﬁé’% 4: CsH,(0s, E‘jé*ﬁ;’{;{k@&ko *Z%/Ei
PRI "H NMR 4 (DMSO-ds, 500 MHz): 6y
12.09 (1H, brs, 8-OH), 12.03 (1H, brs, OH-1),7.49 (1H,
d, J=1.2 Hz, H-5), 7.17 (1H, m, H-4), 7.12 (1H, d, J =
2.4 Hz, H-7), 6.60 (1H, d, J = 2.4 Hz, H-2), 2.42 (3H, s,
H-11); *C NMR (DMSO-d;, 125 MHz): dc 189.7 (C-9,
C), 181.4 (C-10, C), 165.6 (C-1, C), 164.5 (C-3, C),
161.4 (C-8, C), 148.3 (C-6, C), 135.1 (C-4a, C), 132.9
(C-10a, C), 124.2 (C-7, CH), 120.5 (C-5, CH), 113.4
(C-8a, C), 109.0 (C-9a, C), 108.8 (C-4, CH), 108.0
(C-2, CH), 21.5 (C-11, CHs). Zid SCHR KGR 5808 1
Xt &AL 4 5 SCEkRE A 2 LA emodin!'®)
BAEEA 3, KL G 4 255E 4 emodin,

ﬂﬁé% S: Cy7H 406, E‘f@*ﬁ*%ﬁio *zﬁﬁ/ﬂi
HEHHE G T "H NMR $##(DMSO-d;, 500 MHz): dy
12.11 (1H, s, OH-8), 12.02 (1H, s, OH-1), 11.39 (1H, s,
OH-6), 7.55 (1H, s, H-2), 7.20 (1H, s, H-4), 7.14 (1H,
d, J=2.4 Hz, H-5), 6.61 (1H, d, J = 2.4 Hz, H-7), 4.69
(1H, m, H-2"), 3.91 (1H, m, OH-4), 2.73 (2H, m, H-1"),
1.11 (3H, d, J = 6.1 Hz, H-3"); *C NMR (DMSO-d,
125 MHz): dc 190.3 (C-9, C), 182.0 (C-10, C), 166.0
(C-8, C), 164.9 (C-6, C), 161.6 (C-1, C), 150.6 (C-3,
C), 135.7 (C-5a, C), 133.0 (C-10a, C), 125.3 (C-2, CH),
121.5 (C-4, CH), 114.1 (C-1a, C), 109.5 (C-9a, CH),
109.2 (C-5, C), 108.4 (C-7, CH), 67.0 (C-2°, CH), 45.5
(C-1°, CH,), 23.9 (C-3°, CH3)., & 3CHRHLXT, tb&EY 5
H R RERE 5 isorhodoptilometrin' 5 A —2, [tk
F4b 59 5 %52 R isorhodoptilometrin.

ﬂﬁﬁ% 6: C;sH;,Os, E‘jé*ﬁ;’{;{k@&ko *Z%/Ei
TEREANR . "H NMR 5045 (DMSO-ds, 500 MHz): dy
11.99 (1H, brs, OH-8), 11.93 (1H, brs, OH-1), 7.84 (1H,
t,J = 7.7 Hz, H-6), 7.74 (1H, d, J = 7.5 Hz, H-5), 7.72
(1H, s, H-4), 7.40 (1H, d, J = 8.3 Hz, H-7), 7.31 (1H, s,
H-2), 4.66 (2H, s, H-11); *C NMR (DMSO-d,, 125
MHz): dc 192.2 (C-9, C), 182.0 (C-10, C), 162.1 (C-3,
C), 161.8 (C-1, C), 154.2 (C-8, C), 137.8 (C-6, CH),
133.9 (C-10a, C), 133.6 (C-4a, C), 124.9 (C-7, CH),
121.2 (C-5, CH), 119.8 (C-8a, C), 117.6 (C-4, CH),
116.4 (C-9a, C), 115.0 (C-2, CH), 62.5 (C-11, CH,), &

XHREEXE, tbEY 6 W iEEIE S E ML EY
aloe-emodin" %) SCRR I8 Bod Fe A — 2, [H i1k

EW 6 Y5 N aloe-emodin,

ﬂﬁé’% 7: Ci7H 1206, /%Eﬁ?é*ﬁﬂiﬂitlﬁlﬁio 1‘%&2
BHYEWR: "H NMR $5(DMSO-d, 500 MHz): 6y
11.98 (1H, s, OH-1), 7.53 (1H, s, H-4), 7.10 (1H, s,
H-5), 6.56 (1H, s, H-7), 2.55 (3H, s, H-12), 2.31 (3H, s,
H-13); "C NMR (DMSO-ds, 125 MHz): dc 203.6
(C-11, C), 189.4 (C-9, C), 181.6 (C-10, C), 165.1 (C-8,
C), 158.2 (C-1, C), 143.7 (C-3, C), 136.5 (C-2, C),
135.5 (C-4a, C), 133.1 (C-10a, C), 121.5 (C-4, CH),
114.5 (C-9a, C), 110.2 (C-5, CH), 109.0 (C-8a, C),
109.0 (C-6, C), 108.5 (C-7, CH), 32.1 (C-12, CH3),
19.8 (C-13, CHs). Z3CHRAG X LL , 6B Y %G
B 5 2-acetylemodin®—2, HILEILEY 7 % 5&E
A 2-acetylemodin.

ﬂﬁé’% 8: C7H 120, E‘jé*ﬁ;’{;{k@&ko *Z%/Ei
HERIEAR: "H NMR $#%(CDCl;, 500 MHz): dy
12.08 (1H, s, OH-8), 12.05 (1H, s, OH-1), 7.80 (1H, d,
J = 7.8 Hz, H-5), 7.77 (1H, brs, H-4), 7.68 (1H, t, J =
7.7 Hz, H-6), 7.29 (1H, d, J = 8.0 Hz, H-7), 7.24 (1H, s,
H-2), 5.14 (2H, s, H-11), 2.18 (3H, s, CH;CO); "*C
NMR (CDCls, 125 MHz): dc 192.3 (C-9, C), 181.1
(C-10, C), 170.2 (C-2°, C=0), 162.4 (C-1, C), 162.1
(C-8, C), 146.4 (C-3, CH), 136.9 (C-6, C), 133.7
(C-10a, C), 133.4 (C-4a, C), 124.6 (C-7, CH), 122.3
(C-2, CH), 120.1 (C-5, CH), 118.4 (C-4, CH), 115.8
(C-8a, C), 1152 (C-9a, C), 64.7 (C-11, CH,), 20.7
(C-1’, CH3). Z&SCHRXTHL, thEY 8 MEHEHES
11-O-acetylaloeemodin® 1A —5 , HH5 %L &Y
Y5 5E A 11-O-acetylaloeemodin.,

ﬂﬁé’% 9: C7H 1209, /%Eﬁ?é*ﬁﬂiﬂitlﬁlﬁio 1‘%&2
PIEFHE T "H NMR %04 (DMSO-ds, 500 MHz):
Sy 12.13 (1H, brs, OH-1), 12.13 (1H, brs, OH-9), 7.62
(1H, s, H-4), 7.30 (1H, s, H-2), 7.08 (1H, s, H-6), 6.51
(1H, s, H-8), 5.18 (2H, s, H-11), 2.15 (3H, s, CH;CO);
3C NMR (DMSO-d,, 125 MHz): dc 189.4 (C-10, C),
181.7 (C-5, C), 170.6 (C-12, C), 167.6 (C-7, C), 165.2
(C-9, C), 161.8 (C-1, C), 145.9 (C-3, C), 135.5 (C-5a,
C), 133.8 (C-4a, C), 122.7 (C-2, CH), 118.2 (C-4, CH),
115.6 (C-10a, C), 110.3 (C-6, CH), 108.9 (C-9a, C),
108.4 (C-8, CH), 64.7 (C-11, CH,), 21.1 (C-13, CH3).
230kt E, AW 9 BIRE GRS S5 phaseolorin 1P
HEAR—5, FIKiZAE A Y% N phaseolorin 1.

AP 10: CioHy60s, ot A, BREER T
'H NMR %(#(CD;0D, 500 MHz): 6y 5.65 (1H, brs,

H-14), 5.07 (1H, brs, H-17a), 4.72 (1H, brs, H-17b),
3.74 (1H, ddd, J = 10.7, 10.5, 5.5 Hz, H-5), 2.77 (1H,
dd, J = 12.5, 5.5 Hz, H-7a), 2.63 (1H, d, J = 16.8 Hz,
H-1a), 2.59 (1H, dq, J = 10.7, 1.9 Hz, H-5), 2.36 (1H, d,
J=16.8 Hz, H-1b), 2.35 (1H, m, H-12a), 2.31 (1H, dd,
J=12.5,5.5 Hz, H-7b), 2.15 (3H, d, J = 1.2 Hz, H-16),
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2.10 3H, d, J = 1.9 Hz, H-18), 2.09 (1H, m, H-12b),

2.05 (1H, brd, J = 10.8 Hz, H-9), 1.62 (1H, m, H-11),

0.71 (3H, s, H-19); *C NMR (CD;OD, 125 MHz): d¢
194.5 (C-2, C), 170.2 (C-15, C), 161.2 (C-13, C), 146.4
(C-3, C), 145.0 (C-8, C), 134.7 (C-4, C), 117.1 (C-15,
CH), 110.0 (C-17, CH,), 70.2 (C-6, CH), 55.0 (C-5,
CH), 53.0 (C-9, CH), 51.5 (C-la, CH,), 48.8 (C-7,

CH,), 45.0 (C-10, C), 40.3 (C-12, CH,), 23.0 (C-11,
CH,), 18.8 (C-16, CH3), 15.3 (C-18, CH;), 14.0 (C-19,

CH;),"*C NMR 1 DEPT #%(CD;0D) & 75 iZ k& 3t

19 MR, B3 NHIEES, SATWHREGES,

4R 7 AR5 S, 454 'H NMR 3% (CD,0D)
R B, WWnzfb YN i3 b &, H4ax)

) 038 1 BA R B (CCDC 2024004)H 5 1 M = 334.40,
a=16.03573) A, b=16.0357(3) A, c =24.684 1 (5)
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Chemical constituents of Penicillium oxalicum 13-37 from
cold-seep sediments
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Abstract: To enrich the structural diversity of natural products from a deep-sea cold seep, the secondary metabo-
lites of Penicillium oxalicum 13-37, a fungus derived from cold-seep sediments, were investigated. Eleven com-
pounds were obtained using silica gel column chromatography, reversed-phase silica gel column chromatography,
Sephadex LH-20 gel column chromatography, preparative thin-layer chromatography, and semi-preparative
high-performance liquid chromatography. They were identified as seco-blennolide B (1), blennolide B (2), citre-
orosein (3), emodine (4), isorhodoptilometrin (5), aloe-emodin (6), 2-acetylemodin (7), 11-O-acetylaloecemodin (8),
phaseolorin I (9), penitholabene (10), and paecilomycine A (11). Among them, 1 is a novel compound. Compounds
10 and 11 are known terpenoids isolated from cold seep—derived Penicillium oxalicum for the first time, and the
single-crystal data of compound 10 are reported for the first time. Additionally, the activities of the new compound
were tested. The results revealed that the new compound has inhibitory effects on the growth of Prorocentrum
donghaiense, Chattonella marina, and Vibrio parahaemolyticus. Furthermore, compound 1 weakly inhibited A4r-

temia salina.
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