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A new benzofuran from Penicillium oxalicum, an endophytic fungus isolated
from Pseudostellaria heterophylla

JIA Lin-chuan, HU Xiao-feng, SHAO Lu, CHAI Hai-quan, LIU Xiao-xiao
Department of Pharmacy, Traditional Chinese Medical Hospital of Qingdao, Qingdao 266071, China

Abstract: Objective To study the secondary metabolites of Penicillium oxalicum, an endophytic fungus isolated from the
medicinal plant Pseudostellaria heterophylla. Methods The secondary metabolites were isolated by silica gel, Sephadex LH-20
column chromatographies, and prep-TLC methods. Their structures were elucidated by using various spectroscopic techniques
including HRESIMS and NMR spectra. Results
five isocoumarins including (3R,4R)-(-)-4-hydroxymellein (2), O-methylmellein (3), acremonone G (4), decarboxycitrinone (5) and
including (7S,11S5)-(+)-12-acetoxysydonic acid (7),
(S)-(+)-11-dehydrosydonic acid (8), sydonic acid (9) and 1-hydroxy-boivinianin A (10), as well as two meroterpenoid-type alkaloids

A benzofuran compound 5,7-dihydroxy-2-methylbenzofuran-3-carboxylic acid (1),

decarboxyhydroxycitrinone (6), four bisabolane-type sesquiterpenoids

decaturin D (11) and decaturin C (12) were isolated. Conclusion Compound 1 is a new benzofuran compound and named as
oxafuranone A, while compounds 2—6 and 10 are characterized from P. oxalicum for the first time.
Key words: Pseudostellaria heterophylla (Miq) Pax; Penicillium oxalicum; endophytic fungus; secondary metabolites; oxafuranone

A; benzofuran; isocoumarin; sesquiterpenoids; meroterpenoids
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RIBENE T, AR AR M )
FFUED.

K FINKFZ 50 SR — RN LR AR
%8 Penicillium oxalicum, WHITH:EE TG NH K
BEM SR CREZE RO H 2 B3 A9 3 1T 12 MEEY
(B Do RAIMARPAE =7, BHMEER 1
NEEEEY) 5,7- - F 5 -2-H B K IR -3-
RIR (5,7-dihydroxy-2-methylbenzofuran-3-carboxylic
acid, 1), 5 MRELZREUEY) GRAR)-(-)-4-

on OH O ~0

O-methylmellein ¢ 3 )
acremonone G (4 ). decarboxycitrinone (5) F
decarboxyhydroxycitrinone (6), 4 NEZikEH AR}
s KA AW (7S,118)-(+)-12-acetoxysydonic acid
(7~ (8)-(+)-11-dehydrosydonic acid (8) sydonic acid
(9) A1 1-hydroxy-boivinianin A (10), 2 MEJEHE
&) decaturin D (11) 1 decaturin C (12). HH,
a1 A EY), i NIRRT A,
B 2~6. 10 N E IRNEIRT 5 P or S

OH ©
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Fig.1 Structures of compounds isolated from P. oxalicum

1 XFEEHH

UV-2700 53006+ (HA Shimadzu 24
f]); Agilent DD2-500 MHz A% i ILHR LA (3
Agilent /A F]); LTQ Orbitrap XL 1A £k & 1B
B4 (3£ [E Thermo Scientific 24 & ); Waters
Acquity UPLC i U i X (EC & PDA — 4K
EREIRIZES, SE[E Waters A A]); Waters 2545 il
BB (EE Waters AF]D; P Al 2 AH
1% Flash Isolera one (Jii Biotage A #]); R-100
Bt 7% X (B 1: Buchi A #]); MD 4C NT AUt
=B 22 (45 [ Vacuubrand A 7] ); Lobar LiChroprep
RP-18 i fii (40~63 pum, 7EE Merck A#]); HE
PR Sephadex LH20 (f2[E Merck A #]); )27
W5 GFasa R TRAIHCRIAE 38 FIAER (100~200.
200~300 H, & SGFEILI) .

KFZT 201647 KB In it il 4R X E i
BT ZA hRAR SRS 20160722A) . Hilf R T34
KIHEE, oAt FabEERE S . Ed
LA UWEE TS FHRAEKE T, FZERE
€ N Penicillium oxalicum. WFMRAE T EEEKR

S VEE AR (95 P ooxalicum TZS-201607).
2 RESNE

BPR T B PR R IR R E A A R A B 7R
5 (PDB, JbmZEEAT). XA 1L =MEHK
MERETR, BRMARMAREE IR L 300 mL, & T %=IR Tk
BERFR30d, USSR R 2 AR VR BRI . R IR LA
SLAATARE IR TR A B 22 4RI T R JE T 95%
CERE 2 3 B 40 R 7k 45 5 A5 HLEE Y 16.6
go G GV EAE R AT B BE L, YEbAA RO A
TEE-BEEE 28 (50 @ 1—>1 & 1) F =S H be-HI
(20 : 1—>5 : 1). ¥ TLC 1 HPLC £l & 341
sy, 53 6 MY (A~F). 45 C[0.8 g,
FMEE-EERR 206 (10 1) 12 C18 SOMRERF: (i
F1 Sephadex LH-20 #Ef i (53, 7> 2943 240 &4 11
(59mg) f112 (356 mg). A4 D[12g, —HEHF
Fi-HEE (20 0 1) ] fKIRE C18 A A (il
Sephadex LH-20 #EfxtE s, /B 2EMLEY) 2
(10.2mg). 3 (8.6 mg). 7 (2.0mg). 8 (6.5 mg).
9 (85mg) A110 (10.5mg). #H4E (20g, —&
FRi-FEE 10 0 1D SIEAEREOES B [/ F
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Fe-HEE (50 0 1-10: 1) ], 22 ANE44r E1 Al
E2. %% El 4 Sephadex LH-20 Bl t (a1, 435
BEMAEY 1 (52 mg) 4 (10.6 mg). #4145 E2
% GFsq H & E G [ A FEE-FEE (20 1) ]
NEEFEYS 3.5mg) 6 (6.2mg).
3 ZHExE

WEY 1. TTEMRY . S s hik s
T B TI& m/z 207.029 8 [M—-H]" (C1oH,0s, iH5HAH
207.029 3), HEMILIr 1A CioHsOs, BAH 7 A
MIFIE . Z4b &%) 'H-NMR (3R 1) fil HSQC it &
BOATH, SR 2 MEEMEERAERTES On
6.85,d,J=19 Hz, H-4; 6n6.19,d,J=1.9 Hz, H-6)
A 1AHIEES (0 2.64, s, H3-8). 3C NMR /K
BoRHEE 10 MG, B 1 MREK (6 166.8)
8 NG B R (Oc 160.0, 154.0, 141.8, 136.3,
129.5,112.9,99.3,97.5) 11 MHHE (6¢ 13.9). 1k
Fex /B W AR ATTERT (a3 Gibuia i s N 14 73 v g S|
e R . /£ HMBC i Ed (K 2), H4 5 C-6
C-7a, H-6 5 C-5. C-7 il C-7a WIAHISIEWI 454 h
F1E 1,2,3,5-IUBURIR3R . b4h, Hs-8 5 C-2. C-3
) HMBC #H3%, H-4 5 C-3 AR A& 2 AN IESEm

F1 HAMIWEIE (500 MHz) FnikiE (125 MHz) #iE
(DMSO-ds)

Table 1 'H-NMR (500 MHz) and '*C-NMR (125 MHz)
data of compound 1 in DMSO-ds

Thhr ou dc
2 160.0
3 112.9
3a 129.5
4 6.85(d,J=1.9 Hz) 99.3
154.0
6 6.19 (d, /= 1.9 Hz) 97.5
7 141.8
7a 136.3
8 2.64 (s) 13.9
9 166.8
OH
= (6]
A
N~

2 L&Y 1 KLEHAF HMBC F2X
Fig.2 Structure and HMBC correlations of compound 1

C-2 5 C-Ta B2 AiHs, HEMIZEH T AFAE R TFIR
WL TG, LT BSCHR, KIGEY 1 MEME s-
hydroxy-7-methoxy-2-methylbenzofuran-3-carboxylic
acidPHER AL, ME— A FE T EY) 1 KR IHR
W > AR I, a1 R 5-
hydroxy-7-methoxy-2-methylbenzofuran-3-carboxylic
acid HOME AL RT AN, HEH0N 5,7-—Fadk-2-H
FERTFIRIE-3-RIR . TSR, a1 ¥
GV, A OEIRIR IR L A

&Y 2: FRFEEHPIRYI. "H-NMR (500 MHz,
DMSO-ds) J: 7.56 (1H, dd, J = 8.6, 7.4 Hz, H-6), 7.04
(1H, d, J = 8.5 Hz, H-5), 6.93 (1H, d, /= 7.4 Hz, H-7),
4.72 (1H, d, J= 6.1 Hz, H-3), 4.52 (1H, d, J = 2.7 Hz,
H-4), 1.38 (3H, d, J = 6.5 Hz, H-9); '3C-NMR (125
MHz, DMSO-ds) J: 169.4 (C-1), 161.0 (C-8), 142.8
(C-4a), 137.0 (C-6), 119.1 (C-5), 117.2 (C-7), 107.3
(C-8a), 78.8 (C-4), 67.8 (C-3), 16.3 (C-9). L& LHikf:
2, DL BRSSO IR IE R A 208, e S
12 4 (BR,A4R)-(-)-4-hydroxymellein.

WEY 3: WEOMRY. 'H-NMR (500 MHz,
DMSO-ds) 0: 7.49 (1H, dd, J = 8.5, 7.5 Hz, H-6), 7.02
(1H, d, J = 8.5 Hz, H-5), 6.86 (1H, d, /= 7.5 Hz, H-7),
4.47 (1H, m, H-3), 3.79 (3H, s, 8-OMe), 2.90 (1H, dd,
J=16.2, 2.5 Hz, H-4a), 2.78 (1H, dd, J = 16.1, 11.4
Hz, H-4B), 1.32 (3H, d, J = 6.2 Hz, 3-Me); *C-NMR
(125 MHz, DMSO-d¢) ¢6: 161.6 (C-1), 160.8 (C-8),
142.6 (C-4a), 134.9 (C-6), 119.6 (C-5), 113.5 (C-8a),
111.6 (C-7), 74.1 (C-3), 56.2 (8-OMe), 35.5 (C-4),
20.7 (3-Me). LICHRFLER, LL XRS5 SCikiGE S
A=, HWEENAEY 3 O-methylmellein.

tEY 4: BEMRY . 'H-NMR (500 MHz,
DMSO-ds) J: 6.27 (1H, d, J = 1.4 Hz, H-6), 6.18 (1H,
d, J= 1.4 Hz, H-8), 4.30 (2H, brs, H-11), 2.03 (3H, s,
H-12); BC-NMR (125 MHz, DMSO-ds) J: 171.1
(C-1), 165.7 (C-7), 163.6 (C-9), 151.5 (C-3), 140.2
(C-5), 110.6 (C-4), 103.5 (C-8), 103.1 (C-6), 96.1
(C-10), 58.4 (C-11), 12.1 (C-12). &R, LLL
Bl 5 3CBRIREHE A — 2, HUE RS 4
acremonone Go

&Y 5 BEMRY . "H-NMR (500 MHz,
DMSO-ds) 6: 11.76 (1H, s, 8-OH), 10.79 (1H, br s,
6-OH), 6.44 (1H, s, H-7), 2.28 (3H, s, H-13), 2.23
(3H, s, H-12), 2.20 (3H, s, H-11); *C-NMR (125
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MHz, DMSO-dg) d: 166.5 (C-1), 164.7 (C-6), 161.6
(C-8), 149.6 (C-3), 139.2 (C-10), 111.5 (C-5), 110.4
(C-4), 101.4 (C-7), 99.3 (C-9), 18.0 (C-12), 17.5
(C-11), 13.8 (C-13). & CHktGR, LA EEHE S Tk
TEREA ), #EE B EY) 5 4 decarboxycitrinone

WEY 6: LEMRY. 'H-NMR (500 MHz,
DMSO-ds) o: 11.69 (1H, s, 8-OH), 10.83 (1H, brs,
6-OH), 6.46 (1H, s, H-7), 5.20 (1H, t, J = 4.6 Hz,
H-11a), 447 (1H, d, J = 4.0 Hz, H-11p), 2.43 (3H, s,
H-13), 2.33 (3H, s, H-12); *C-NMR (125 MHz,
DMSO-ds) 0: 166.4 (C-1), 164.9 (C-6), 161.7 (C-8),
154.2 (C-3), 138.2 (C-10), 114.4 (C-5), 111.6 (C-4),
101.4 (C-7),99.2 (C-9), 57.1 (C-11), 17.7 (C-12), 11.9
(C-13). &3CHRIG R, DA EHEE 5 ORIk IE R A —
oo, s e &Y 6 N decarboxyhydroxy-
citrinone.

B T: AR AR 44 . "TH-NMR (500 MHz,
DMSO-ds) 6: 7.43 (1H, dd, J = 2.0, 8.0 Hz, H-4), 7.39
(1H, d,J=2.0 Hz, H-2), 7.28 (1H, d, /= 8.0 Hz, H-5),
3.86 (1H, dd, J = 6.8, 10.5 Hz, H-12a), 3.71 (1H, dd,
J = 6.0, 10.5 Hz, H-12p), 2.00 (I1H, m, H-8a), 1.96
(3H, s, 12-OAc), 1.81 (1H, m, H-8B), 1.70 (1H, m,
H-11), 1.64 (3H, s, H-14), 1.46 (1H, m, H-9a), 1.33
(1H, m, H-10a), 1.25 (1H, m, H-9B), 1.15 (1H, m,
H-10B), 0.83 (3H, d, J = 6.8 Hz, H-13); '3C-NMR
(125 MHz, DMSO-ds) o: 170.9 (12-OAc), 167.6
(C-15), 157.0 (C-1), 136.6 (C-6), 131.2 (C-3), 127.2
(C-5), 119.9 (C-4), 118.6 (C-2), 78.2 (C-7), 69.4
(C-12), 43.1 (C-8), 34.2 (C-10), 33.1 (C-11), 29.3
(C-12), 21.8 (C-9), 20.6 (12-OAc), 16.9 (C-13). &L
B ER, DL BB SOOI GE SR A B0, e
WEM T A (75,118)-(+)-12-acetoxysydonic acid.

&Y 8: A AR E £ . 'H-NMR (500 MHz,
DMSO-ds) d: 7.40 (1H, s, H-2), 7.32 (2H, brs, H-4, 5),
4.63 (1H, m, H-12a), 4.59 (1H, m, H-12p), 1.98 (1H,
m, H-8a), 1.91 (2H, brs, H-10), 1.66 (1H, m, H-8p),
1.59 (3H, s, H-14), 1.51 (3H, s, H-13), 1.42 (1H, m,
H-9a), 1.12 (1H, m, H-9B); *C-NMR (125 MHz,
DMSO-ds) 0: 167.6 (C-15), 154.6 (C-1), 145.4 (C-11),
137.6 (C-6), 130.7 (C-3), 126.8 (C-5), 119.6 (C-4),
116.8 (C-2), 110.0 (C-12), 74.6 (C-7), 40.8 (C-8), 37.5
(C-10), 28.2 (C-14), 21.9 (C-13), 21.6 (C-9). &Lk
Lioa SRV o  CITRS N (15 Nk R N € 9

EW) 8 N (S)-(+)-11-dehydrosydonic acid.

AW 9: AR AR [ 44 . "TH-NMR (500 MHz,
DMSO-ds) d: 7.39 (1H, d, J = 8.0 Hz, H-5), 7.34 (1H,
d, J = 8.0 Hz, H-4), 7.30 (1H, s, H-2), 1.98 (1H, m,
H-8a), 1.68 (1H, m, H-8B), 1.50 (3H, s, H-14), 1.43
(1H, dt, J = 13.0, 6.6 Hz, H-11), 1.28 (1H, m, H-9a),
1.05 (2H, m, H-10), 1.01 (1H, m, H-9p), 0.77 (1H, d,
J=6.4Hz, H-13),0.76 (1H, d, J = 6.4 Hz, H-12); 3C-
NMR (125 MHz, DMSO-ds) d: 167.3 (C-15), 154.6
(C-1), 137.8 (C-6), 130.3 (C-3), 127.0 (C-5), 119.8
(C-4), 116.8 (C-2), 748 (C-7), 41.5 (C-8), 38.8
(C-10), 28.3 (C-14), 27.3 (C-11), 22.6 (C-13), 22.3
(C-12),21.3 (C-9). &M ER, LA EEHE 5 ki
TEFRA—F2, $EEEHEY 9 N sydonic acid.

&P 10: LAY . '"H-.NMR (500 MHz,
DMSO-ds) d: 7.05 (1H, d, J = 7.8 Hz, H-5), 6.64 (1H,
s, H-2), 6.58 (1H, d, J = 7.8 Hz, H-4), 2.60 (1H, m,
H-9a), 2.49 (1H, m, H-8a), 2.35 (1H, m, H-8p), 2.35
(1H, m, H-9p), 2.18 (3H, s, H-12), 1.64 (3H, s, H-11);
I3C-NMR (125 MHz, DMSO-ds) &: 177.0 (C-10),
153.7 (C-1), 138.4 (C-3), 127.9 (C-6), 125.0 (C-5),
119.8 (C-4), 117.2 (C-2), 86.5 (C-7), 34.1 (C-8), 28.9
(C-9), 26.8 (C-11), 21.0 (C-12). &Rk, LA E%L
P 5 SCR R aE B AR — Y, WS EEY 10 8
1-hydroxy-boivinianin A,

&Y 11: FEMRY) . 'TH-NMR (500 MHz,
DMSO-ds) 6: 9.07 (1H, s, H-2), 8.68 (1H, d, J = 4.8
Hz, H-6), 8.23 (1H, d, J = 8.0 Hz, H-4), 7.54 (1H, dd,
J=8.0, 4.8 Hz, H-5), 7.31 (1H, s, H-12), 5.70 (1H, s,
H-17), 3.06 (1H, d, J = 16.0 Hz, H-150), 2.89 (1H, d,
J =16.0 Hz, H-15B), 2.36 (1H, m, H-26a), 2.04 (1H,
m, H-26B), 2.04 (1H, m, H-18), 1.89 (1H, m, H-25a),
1.69 (1H, m, H-19), 1.68 (1H, m, H-30), 1.58 (1H, m,
H-21a), 1.58 (1H, m, H-22), 1.51 (1H, m, H-25B),
1.51 (1H, m, H-21B), 1.35 (1H, m, H-23), 1.01 (3H, s,
H-33), 0.99 (3H, s, H-29), 0.97 (3H, s, H-32), 0.94
(3H, s, H-31); '3C-NMR (125 MHz, DMSO-ds) 6
216.3 (C-27), 170.4 (C-9), 160.0 (C-11), 160.0 (C-7),
151.9 (C-6), 147.2 (C-2), 133.5 (C-4), 131.4 (C-16),
128.5 (C-17), 127.7 (C-3), 124.4 (C-5), 101.6 (C-10),
100.4 (C-14), 94.7 (C-12), 54.5 (C-23), 47.0 (C-28),
47.0 (C-19), 40.9 (C-20), 38.7 (C-25), 36.5 (C-24),
34.0 (C-26), 31.5 (C-21), 28.3 (C-15), 26.9 (C-33), 23.1



22

Chinese Traditional and Herbal Drugs %% 514 3522 #§ 20204 11 A

* 5685 °

(C-18), 21.5 (C-32), 19.0 (C-22), 18.5 (C-30), 16.0
(C-31), 15.5 (C-29). & itk z, Ll EEdE S STk
EHA—F, M E A 11 4 decaturin D.

th&Y12: LEMPIRY) . 'TH.NMR (500 MHz,
DMSO-ds) 6: 9.07 (1H, s, H-2), 8.66 (1H, dd, J = 4.7,
1.1 Hz, H-6), 8.23 (1H, d, J = 7.9 Hz, H-4), 7.55 (1H,
dd, J=7.9,4.9 Hz, H-5), 7.29 (1H, s, H-12), 5.68 (1H,
brs, H-17), 4.07 (1H, d, J = 8.3 Hz, H-290), 3.73 (1H,
d, J = 8.4 Hz, H-29B), 3.04 (1H, d, J = 16.3 Hz,
H-15a), 2.84 (1H, d, J = 16.3 Hz, H-15p), 2.10 (1H,
m, H-26a), 2.09 (1H, m, H-250), 1.99 (1H, m, H-18a),
1.76 (1H, m, H-18p), 1.66 (1H, m, H-19), 1.65 (1H,
m, H-26p), 1.65 (1H, m, H-30), 1.53 (1H, m, H-22),
1.52 (1H, m, H-21a), 1.26 (1H, m, H-21p), 1.24 (1H,
m, H-23), 1.12 (1H, m, H-25p), 0.91 (3H, s, H-33),
0.87 (3H, s, H-32), 0.83 (3H, s, H-31); 3C-NMR (125
MHz, DMSO-ds) 6: 169.8 (C-9), 159.5 (C-11), 159.4
(C-7), 151.3 (C-6), 146.7 (C-2), 133.0 (C-4), 131.1
(C-16), 128.0 (C-17), 127.1 (C-3), 123.8 (C-5), 101.1
(C-10), 99.5 (C-27), 99.4 (C-14), 94.1 (C-12), 66.2
(C-29), 49.5 (C-23), 41.8 (C-19), 39.9 (C-20), 39.8
(C-28), 34.6 (C-25), 34.3 (C-24), 34.1 (C-21), 29.8
(C-26), 29.3 (C-15), 27.6 (C-33), 22.7 (C-18), 18.6
(C-32), 18.5 (C-22), 17.8 (C-30), 15.2 (C-31). £ CHR
kg, DL EEUR S SCRIRIE A — 04, i
&%) 12 N decaturin C.
4 HpREIEMENR

KA MTT VEX 7 B 3RAF 1 SR S EA T 40
Py IR o AR 4 B B4 N FE /N i it g
YM AS49. AFLIRE A BT-549. AN B 3w 40
Jfl HeLa. AT 40 HepG2. A FLHRSE 41 MCE-7
ANHE R M5 A% A THP-1. 4654 1 % HeLa
YHARRII S — B IR 1, 1Cso fEA (29.6+1.1)
pmol/L, AR EPIARFILH I (IC50>50 pmol/L)
5 g

FELY) P9 2 T A 48 LA 3 s 1) — 5 o B A
BUE T RS A, B E NE LA g
A B PRI 2R A0 S), R PN A2 T AT DA S 1 AR A A
B, ATl EHEY AR e BN E, 1R
A AE KR B MDA AR hia
RAET AR FHUO, VR —Fofi B B8 1
AR, MY ANEREA F S N2 R,
H i M JLT-Br A A 3 BT A AR 1 A7

fEo BT HARIAAAE G EREYR NRFIRI RS
b, AR IEAL A TR A 2R B AR,
At A AP ERACET Y, B R HT
RIRIREE R 2GR — 1T AWM,
FEYI N A R IR GARE - ) B A T 2 AR L R HL
DUBRE . DU, BERMHIEETE, RO R E N2
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