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Two new diphenyl ether derivatives from Penicillium chrysogenum MT-12, an
endophytic fungus isolated from Huperzia serrata
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Abstract: Objective To investigate the chemical constituents from Penicillium chrysogenum MT-12, an endophytic fungus isolated
from Huperzia serrata. Methods The compounds were isolated and purified by using various column chromatographies including
silica gel, Sephadex LH-20, and semi-preparative HPLC. The structures were established using extensive spectroscopic techniques
such as IR, MS, and NMR. The anti-inflammatory and AChE inhibitory activities of all the isolates were also preliminarily investigated
by using in vitro models. Results Eight diphenyl ether derivatives including penicichrysogenillide A (1), penicichrysogenillide B (2),
talaromyone A (3), isopenicillide (4), penicillide (5), hydroxypenicillide (6), purpactin A (7), and penicichrysogenillide C (8) were
isolated from the solid fermentation cultures of P. chrysogenum MT-12. Conclusion Compounds 1 and 2 are new compounds, and
this is the first report for the isolation of compound 3 from Penicillium species and compounds 4—8 from P. chrysogenum. Compounds
1 and 2 exhibited inhibitory activities anginst the nitric oxide production in lipopolysaccharide (LPS)-stimulated RAW?264.7
macrophage cells with ICsy value of (72.6 £ 2.3) umol/L and (41.2 £ 1.4) umol/L, respectively. In contrast, all the compounds didn’t
exhibit inhibitory activities on AChE at the concentration of 100 pmol/L.
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Trev. AAKEIAI IR Z FAFARREHY), 25
BAHORHEM . EREN IR Mk ety
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N T N AEBE IR R IR, I SRR
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HEE B Penicillium chrysogenum MT-12 W53 B 453 |
) 8 NMIREERAEY, Al AEFTENE A
1. WHEHENN B
(penicichrysogenillide B, 2). talaromyone A (3).

( penicichrysogenillide A,

isopenicillide (4). penicillide (5). hydroxypenicillide
(6). purpactin A (7). HEHFHEWNE C
(penicichrysogenillide C, 8). HFEY 1. 2 A
WEm, a3 NERNEEE AR,
WEY 4~8 NEXRNEHEFER T E55. 1k
G 1. 2 MIEZHE (LPS) #5310/ iR B 20 i
RAW264.7 i) NO /A BA —EMsliEtt, mira
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1o OB AH B T BIF TR AT I R BT 40 A R 4. UFLC
SIL-20AC HahiiFE#s, CTO-20AC 4, SPD
M20A £ 4MEIIEE, LC-20ADXR 7, IT-TOF-MS
fit % BSI & 75 (HZ Shimadzu A7 ); Varian 500
WMRESEHRIX (3E[E Varian A F]); Waters 2998 -l
BB RO A (SE[E Waters AH]); ODS 2
#1454 (SunFire™ Cg, 150 mm X 10 mm, 5 pm);
Sephadex LH-20 JE#} (Ffi#t Amerasham Biosciences

v]); ODS A i K} (Li-Chroprep RP-C g, 40~
63 pm, 8 Merck A#]); D101 KFLWNE. FEE
e (200~300 H) K i# )20 GFosy iER
TR N B T 45, MCO-18AIC 4l
Mukz =M (HA SANYO AF]); AE2000 {8 & %t
S (b E Motic A F]); OptiMair #i%# & CHn
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Y NP B W Penicillium chrysogenum MT-12,
BFPAE T A B R 25 R 2 R 2 AR F O

RAW264.7 EWg4H i A E A Bk} 2 e 4 i
DA,
2 FAERMARBEREREFYNRES S

P. chrysogenum MT-12 TG M 2 0.5
LX40 kSRR FR A, HEREFF40d )5, FHBER
LBRIRAR 3 K, U EIASHRE 60 go LRI
ik, “EFE-FEE (1 0—~1: 1) B, &
15 8 M (Fr. A~H). Fr. D & FOHBE R 4
W, HEE-K (2:8—10:0) WA 8 ML
(SFr. DA1~DAS). SFr. DA7 %4 Sephadex LH-20 #:
failh, FIEE- A (10 1) SEEEEEBEE 3 M
4% (SFr. DA7S1~DA7S3). SFr. DA7S2 &%
EBAR IS, ZHE-K (9111 SEEVEE L
A1 (8.0mg). 2 (3.5mg). 3 (7.2mg). 4 (8.8
mg). SFr. DA6 % -1l % M RORAH i, ZME-7K
(11 :9) FEHMAERNEDS (6.5mg). 6 (12.4
mg). 7 (5.5mg). 8 (4.6 mg).
3 HMETE

WEY 1: HEaRE, [a]p +28.0° (c 0.1,
MeOH). UV Y (nm): 215 (4.10), 280 (3.75).
HR-ESI-MS 25 731 551U m/z 387.147 5 [M—
H]” GiHE1E 387.149 9), Z5&H PC-NMR HiE
SEHA TR K CoiHauOr. IR IS B R iS55
AL (3399 cm ). P (1650 cm™) A
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(1619, 1508 cm ). 'H-NMR &R 4 M EHEA
559 0 7.50 (1H, d, J= 8.5 Hz, H-2), 6.79 (1H, d, J =
8.5 Hz, H-1), 6.81 (1H, d, J= 2.0 Hz, H-10), 6.31 (1H,
d, J=2.0 Hz, H-8); 2 &% H 25 5 6y 5.08 (1H,
d, J=14.5 Hz, H-7a), 4.98 (1H, d, J = 14.5 Hz, H-7b),
3.56 (1H, dd, J = 10.5, 4.0 Hz, H-4'a), 3.49 (1H, dd,
J =10.5, 40 Hz, H-4'b); 1 NMEFEES oy 1.73
(2H, t,J= 6.0 Hz, H-2"); | ™ EE X FEES 65 5.12
(1H, t,J = 6.0 Hz, H-1"); | MR FEA(E 5 6y 1.79 (1H,
m, H-3"); 2 NS5 64 2.20 3H, s, 1"-CH3), 0.91
(3H, d, J= 6.8 Hz, 5'-CH3); 1 NHHEIEES oy 3.91
(3H, s, 4-OCH;). L&Y 1 5514k 54 penicillide
[ NMR $f 5 AR Y, SRR B MR R 45
AR, SR, k&% 1 "HNMR %55

19 JOH
1 11
’ FRN 2
87, 12
32 o4
7 MOH
(0} 71

(o) O\ OH ¢
1 1'S,3'R
2 1'S,3'S

penicillide (5) MHLLAT 1 ANHEES, M2 1
ANEEHEAES 0y 3.56 (1H, dd, J = 10.5, 4.0 Hz,
H-4a), 3.49 (1H, dd, J = 10.5, 7.0 Hz, H-4'b).
BC-NMR #H1, &1 1 1) C-44b 2Rk B & A%
W% (6c 67.7; Adc +45.9), FoRtb&W1 o C-4
WEMONFR I, BhAh, H-17Hp-2'. Hp-2'/H;-3's
H,-3'/H,-4'. H,-3'/H3-5'2 [alff] "H-"H COSY Hi3%LA
K Hy-7/C-5. H,-7/C-8. H,-7/C-12. H-1'/C-2.
H-1'/C-4. H-1"/C-8. H-1"/C-9 2 [alff] HMBC #{3%
(B 1, #t—BuEl EiRHEW . 454 2D NMR B
41 HSQC. 'H-"H COSY 2 HMBC, XHL&41 1)
B SmESHTIHE GR D, MEhaw 1T
HEEHmE 1 s, AEEY, 4 NEEEN
fig Ao

2
\Z\Q@%

- COSY
™ HMBC

1 & 1~2 jEmMEEY 1 8EE 'H-"H COSY. HMBC #%
Fig. 1 Sturctures of compounds 1 and 2 and key '"H-"H COSY and HMBC correlations of compound 1

EW 2: HRHEEKREK, [a]h —4.0° (c 0.1,
MeOH), HR-ESI-MS 45 th#E 72 F-U4 m/z 387.148 1
[M—H] (iFE1E 387.149 9), 454 H PC-NMR %
W Ay TN CuHuO,. &Y 2 1) 'H-NMR
F BC-NMR 54669 1 AEH AL (R D, U C-3
RERIEUREE (3-H3E-14-T “F3) LmEARES
WA 225, FERA A 1R 2 AR — R SR R
4. F|H 2D NMR ('H-'H COSY. HMBC & HSQC)
YA 2 AR S #ATIANRE, B P 5
S54EW 1 seaHE (B D,

A2 CDHEH, 7 214 nm (Agpax —8.0)
LA ] Cotton LM, 7E 232 nm (Agmx +3.0) HIL
1Ef) Cotton ZEN., 7F 278 nm (Agme —0.5) HBLFHY
Cotton 2K M., X 5 3L Wk #k & 1 tb & W
hydroxypenicillide!!'f) CD B3tk 5 4 —%, K ILH
SEAE) 1R 2 o C-1 XS RT3 N S /AL C-3
(s 3ot ¥ Y BEAR A SCRAROE BEAT A e, 2 C-1
NS AR, Wi C-374 R #FY, H-3'F1 3'-CH; [
AN ARXS T C-3 S W B T AEXT =%, H-17

I ST T C-3"h S AL FHISHEI - 45 0L,
HENED 1 AR 1'S,3'R. (&1 2 4
XPFHS )Y 1'S,3'S, fn 4 NHH % N E B.

e 3: REEAMA, ESI-MS m/z: 371 [M—
H]™, 4 73N Co1H406. 'H-NMR (500 MHz, CDCL5)
8:7.03 (1H, d, J = 8.5 Hz, H-1), 7.58 (1H, d, J = 8.5
Hz, H-2), 7.02 (1H, brs, H-7), 7.06 (1H, brs, H-9),
4.89 (2H, s, H-13), 5.07 (1H, dd, J = 9.5, 4.0 Hz,
H-1'), 1.65 (1H, m, H-2a), 1.45 (1H, m, H-2'b), 1.77
(1H, m, H-3"), 0.98 (3H, d, J = 6.5 Hz, 4-CHj3), 0.95
(3H, d, J = 6.5 Hz, 5'-CH;), 3.90 (3H, s, 4-OCHs);
BC-NMR (125 MHz, CDCly) d: 114.9 (C-1), 132.1
(C-2), 136.0 (C-3), 159.3 (C-4), 114.5 (C-4a), 161.8
(C-5), 143.8 (C-6a), 120.8 (C-7), 136.5 (C-8), 126.1
(C-9), 133.5 (C-10), 146.5 (C-10a), 161.1 (C-11a),
21.0 (C-12), 60.3 (C-13), 67.0 (C-1'), 47.6 (C-2"), 25.1
(C-3"), 22.0 (C-4"), 23.5 (C-5'), 63.0 (4-OCH3). LA L
Hm 5 cmkakiE -3, M Etkam 38

talaromyone A.
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Fz1 1A 1702 89 NMR £3F (500/125 MHz, CDCl,)
Table 1 NMR data (500 MHz for 'H and 125 MHz for *C, in CDCl;) of compounds 1 and 2
/A ! ? >

on, (J/Hz) dc, type on, (J/Hz) Jc, type oy (J/Hz) dc, type
1 6.79, d, (8.5) 117.8, CH 6.85,d, (8.5) 117.8, CH 6.86, d, (8.5) 117.7, CH
2 7.50, d, (8.5) 131.2, CH 7.56,d, (8.5) 130.9, CH 7.55,d, (8.5) 131.1, CH
3 136.5, C 137.2,C 137.1,C
4 154.0, C 154.2, C 154.6, C
5 168.4, C 168.0, C 167.6, C
7 5.08,d, (14.5) 69.4, CH, 5.08, m 69.3, CH, 5.02, m 69.2, CH,

4.98,d, (14.5)
8 6.31,d, (2.0) 120.7, CH 6.35,d, (2.0) 120.8, CH 6.37,brs 120.9, CH
9 135.1,C 135.2,C 135.2,C
10 6.81, d, (2.0) 118.1, CH 6.85, d, (2.0) 117.9, CH 6.85,brs 117.7, CH
11 147.8, C 147.7, C 147.5,C
12 141.6, C 141.5,C 141.4,C
4a 119.2,C 119.6, C 119.7, C
7a 125.9,C 125.9,C 125.9,C
12a 151.4,C 151.5,C 151.4,C
Ik 5.12, t, (6.0) 65.7, CH 5.08,m 67.5,CH 5.07,dd, (9.0,4.0)  66.7, CH
2 1.73, , (6.0) 42.8, CH, 1.70, m 44.8, CH, 1.67,m 47.8, CH,
1.62, m 1.47, m
3! 1.79,m 32.4,CH 1.98, m 35.0, CH 1.79, m 25.1,CH
4 3.56,dd, (10.5,4.0)  67.7,CH, 3.67,dd, (10.5,4.0)  68.8, CH, 0.96, d, (6.5) 22.0, CH;
3.49, dd, (10.5, 7.0) 3.42,dd, (10.5, 8.5)
5 0.91,d, (6.6) 17.2, CH; 0.96, d, (6.8) 18.0, CH; 0.98, d, (6.5) 23.6, CH;
1" 2.20,s 20.9, CH; 2.24,s 21.0, CH; 2.24,s 21.0, CH;
4-OCH; 391, 62.4,-OCH;  3.97,s 62.7,-OCH;  3.97,s 62.9, -OCHj
&9 4: WIEEKIAK, ESI-MS m/z: 387 [M—  isopenicillide.

H] 4> TR C21H2407. 'H-NMR (500 MHz, CDCl5)
: 6.90 (1H, d, J = 8.5 Hz, H-1), 7.72 (1H, d, J = 8.5
Hz, H-2), 5.08 (2H, m, H-7), 6.38 (1H, brs, H-8), 6.86
(1H, brs, H-10), 5.40 (1H, dd, J = 9.5, 2.0 Hz, H-1"),
1.79 (2H, m, H-2"), 1.48 (3H, s, 4-CH;), 1.31 (3H, s,
5'-CHs), 3.97 (3H, s, 4-OCH3), 2.24 (3H, s, 1"-CH3);

BC-NMR (125 MHz, CDCly) d: 117.7 (C-1), 131.2
(C-2), 136.8 (C-3), 154.1 (C-4), 121.0 (C-4a), 167.5
(C-5), 69.2 (C-7), 125.9 (C-7a), 120.7 (C-8), 135.2
(C-9), 117.7 (C-10), 147.4 (C-11), 141.5 (C-12), 151.4
(C-12a), 66.3 (C-1'), 49.5 (C-2'), 72.5 (C-3"), 27.7
(C-4"), 32.4 (C-5"), 62.6 (4-OCHs), 21.0 (C-1"). PAL
o5 ek — s, WS EhEw 4 A

&Y 5: WEOK A, ESI-MS m/z: 371 [M—
H], 73R A CHu0s. NMR BE WE 1, #H%
SEALEYI 5 4 penicillide!”,

&Y 6: IR A, ESI-MS m/z: 387 [M—
H] 43 T3 Co1Hp407. 'H-NMR (500 MHz, CDCl5)
5: 6.88 (1H, d, J = 8.5 Hz, H-1), 7.58 (1H, d, J = 8.5
Hz, H-2), 5.11 (2H, s, H-7), 6.60 (1H, d, J = 2.0 Hz,
H-8), 7.04 (1H, d, J = 2.0 Hz, H-10), 5.09 (1H, dd, J =
9.5, 4.0 Hz, H-1"), 1.68 (1H, m, H-2'a), 1.48 (H, m,
H-2'b), 1.80 (H, m, H-3"), 0.99 (3H, d, J = 6.5 Hz,
4'-CHs), 0.97 3H, d, J = 6.5 Hz, 5'-CH3), 3.98 (3H, s,
4-OCHs), 4.59 (2H, s, H-1"); "C-NMR (125 MHz,
CDCl;) 6: 118.6 (C-1), 131.2 (C-2), 138.2 (C-3), 154.8
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(C-4), 118.9 (C-4a), 167.4 (C-5), 69.1 (C-7), 126.4
(C-7a), 115.6 (C-8), 141.9 (C-9), 117.7 (C-10), 147.9
(C-11), 142.9 (C-12), 151.2 (C-12a), 66.9 (C-1'), 47.8
(C-2)), 252 (C-3"), 23.6 (C-4'), 22.0 (C-5), 62.9
(4-OCHs), 64.6 (C-1"). A_-$id 5 cirias —3Y,
W LA 6 2N hydroxypenicillide .

a7 RIEER A, ESI-MS m/z: 399 [M—
H], 2 73N CaHp407. 'H-NMR (500 MHz, CDCl5)
5: 6.87 (1H, d, J = 8.5 Hz, H-1), 7.44 (1H, d, J = 8.5
Hz, H-2), 5.12 (1H, d, J = 8.5 Hz, H-7a), 5.01 (1H, d,
J=8.5 Hz, H-7b), 6.38 (1H, d, J = 2.0 Hz, H-8), 6.85
(1H, d, J = 2.0 Hz, H-10), 6.12 (1H, dd, J = 9.5, 4.5
Hz, H-1"), 1.77 (1H, m, H-2'a), 1.49 (1H, m, H-2'b),
1.65 (1H, m, H-3"), 0.95 (3H, d, J = 6.5 Hz, 4-CH,),
0.95 (3H, d, J = 6.5 Hz, 5-CH;), 4.03 (3H, s,
4-OCHjs), 2.06 (3H, s, 1'-OAc), 2.24, (3H, s, 1”-CH3);
BC.NMR (125 MHz, CDCly) d: 117.8 (C-1), 130.8
(C-2), 134.4 (C-3), 154.8 (C-4), 121.0 (C-4a), 167.2
(C-5), 69.1 (C-7), 126.0 (C-7a), 121.0 (C-8), 135.3
(C-9), 117.7 (C-10), 147.4 (C-11), 141.4 (C-12), 151.7
(C-12a), 68.8 (C-1'), 45.5 (C-2"), 25.1 (C-3"), 22.0
(C-4), 232 (C-5), 628 (4-OCH;), 1704
(1-OCOCHj3), 21.3 (1'-OCOCH3), 21.0 (C-1"). LAk
Mo Hcuk kg — Y, WS ELEw TN
purpactin A,

b &4 8: WIEAHK AR, ESI-MS m/z: 369 [M—
H], 4+ T3 H CoHpO0g. 'H-NMR (500 MHz, CDCls)
5: 6.94 (1H, d, J = 8.5 Hz, H-1), 7.68 (1H, d, J = 8.5
Hz, H-2), 5.12 (2H, m, H-7), 6.40 (1H, brs, H-8), 6.87
(1H, brs, H-10), 2.84 (2H, d, J = 8.5 Hz, H-2"), 2.21
(1H, m, H-3"), 0.96 (3H, d, J = 6.5 Hz, 4'-CHs), 0.96
(3H, d, J = 6.5 Hz, 5-CH3), 3.97 (3H, s, 4-OCHj3),
2.25,(3H, s, 1”-CHz); *C-NMR (125 MHz, CDCl;) &
117.9 (C-1), 132.8 (C-2), 135.7 (C-3), 154.5 (C-4),
119.5 (C-4a), 167.8 (C-5), 69.1 (C-7), 125.9 (C-7a),
121.1 (C-8), 135.7 (C-9), 117.9 (C-10), 147.4 (C-11),
140.9 (C-11a), 152.0 (C-12a), 201.6 (C-1'), 52.0
(C-2"), 29.9 (C-3"), 22.8 (C-4'), 25.1 (C-5'), 63.9
(4-OCH3), 21.0 (C-1m). %2tk & 8 N
penicichrysogenillide C!'¥,

4 NO HEHEMERFIE

B4 T35 B RAW264.7 411 i FH IR R S 16,

SRIG S 10%A64-117% (FBS) [ DMEM #7734

1Bk, TR AR 4 X 10° AMmL, HRE] 96
FLBHF, 40 000 40f/FL, CO, 74 E 24 he [
T HETWH (DMSO) ¥ AR S YIELH N 20
mmol/L WREEBEK, A5 B FRIEEMBE S I 96 1L
W IR B LM N 1000 204 4 pmol/L, §¥5 1 h,
PN LPS 4R EIRE N 1 pg/mL, k407 H 24
ho M 96 FLAR & FLHIRLEL 100 uL L35 2 EEARR N,
HFLINA 50 L Griess R1, =i BEEHE 5 min,
FHN 50 uL Griess R2, ZE i E S E 5 min. 540 nm
WEWRIESE, THESAEYRT NO 73k %,
I > 50% I B A E MR E (ICse). 1E |
B 96 FLA I 25 uL I MTT & &R E N 0.5
mg/mL, CO,3GFHEMAME 4 ho FFLIIA 150 pL
SR 10 g T BE R RSN S mL 7 T BEL 0.1 mL
WRERER, FZEMACGE ) 100 mL), FFHBFE R
fig J5 W 570 nm WG R, FEIFE AL A DR
RAW274.7 4 A=K i) 0,

&Y 1A 2 % NO P2 A B — e #dEH
ICso 5~ (72.6+£2.3). (41.2+1.4) umol/L, [H
PEXT BB G| SE % 1Cso N (33.611.4) pmol/L. It
Gh, S G 1~ 8 BEAT £ Tk M 05 I Tk 10 o) 3 2 O
O B A A WITER E N 100 umol/L X 7,k
JOEL TR Tl A S s A 1) 12k

s
(11 B 2%, FRERse, BuKTh, 2. L5 E A SMEY LR

FEAEYEE R R Sk (7). P2, 2007, 38(11):
1750-1754.

[2] Tan R, Zou W. Endophytes: A rich source of functional
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