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azepine-2,5-dione(2) . ( Z)-3-benzylidene-4-methyl-3 , 4-dihydro-1H-benzo [ e ] [ 1,4 ] diazepine-2, 5-dione (3 ) . cyclopenin
(4) .(3S)-1,4-benzodiazepine-2 ,5-diones(5) ,0-acetyl-B-paxitriol (6 ) ,roquefortine C(7) ,isoroquefortine C(8) ,aflaquin-
olone G(9) . 3-hydroxy-4-phenylquinolin-2 ( 1H ) -one (10) . viridicatol (11) | eyclo ( Pro-Leu) (12) | N-Z& F 5L 47 3L 1 g
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F-37,5- "I LT (15) (conidiogenone B(16) o 43 B 15 24k 5 4y 2 28 A 5128 I51 Wk il RN T R 25 AR
Wi, Hrh b S 1R 2 R LG 1 ~4.6.9 12 ~ 14 116 5 K MIZH B /r #5155,
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Study on the chemical constituents of Penicillium crustosum
an endophytic fungus from Ophiocordyceps sinensis
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Abstract : To investigate the compounds produced by the endophytic fungus Penicillium crustosum from Ophiocordyceps sinensis
and their antibacterial activities, 16 compounds were isolated and purified by reversed-phase silica gel column chromatogra-
phy,MCI column chromatography, preparative HPLC, and other methods. Their structures were elucidated on the basis of
NMR and MS spectroscopic evidences. The compounds were identified as Ac-L-Leu-L-Pro-OCH, (1), ( E)-3-benzylidene-4-
methyl-3 ,4-dihydro-1H-benzo[ e] [ 1,4 ] diazepine-2,5-dione (2), ( Z)-3-benzylidene-4-methyl-3 ,4-dihydro-1H-benzo [ e |
[1,4]diazepine-2,5-dione (3),cyclopenin (4),(3S)-1,4-benzodiazepine-2,5-diones (5), O-acetyl-B-paxitriol (6),ro-
quefortine C (7) , isoroquefortine C (8) , aflaquinolone G (9) , 3-hydroxy-4-phenylquinolin-2 ( 1H ) -one (10), viridicatol
(11) ,cyclo( Pro-Leu) (12), N-( phenylmethyl ) carbamic acid (13), (5S,6R,7S,8R)-5-amino-(2Z,4Z)-1,2, 3-tri-
hydroxybuta-2 ,4-dienyloxy-pentane-6,7 ,8 ,9-tetraol (14) ,2',4’-dihydroxy-3’,5'-dimethylacetophenone (15) ,and conidiog-
enone B (16). The compounds isolated are mainly benzodiazepines,indole diterpenes and quinolone alkaloids. Compounds 1
and 2 were isolated as new natural products,and compounds 1-4,6,9,12-14 and 16 were isolated from this strain for the first
time.
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& 1 B B ( Ophiocordyceps sinensis ) & 25 2 B B
J& ( Ophiocordyceps ) FLTA 4 B R 1Y) - JoE 5 HL 75
R R R A &l R P R R S A A R A 1
T 0 0 VL E M X AR R R S R, A
Jiti VB2, LA AR Db ot M 25 . T
2% B BOPRARE 87 O T 37 T SR B, KR R
Pl FERAZ, BRI H 25 7R, S T AT Tz Ok
TE o T b 24 A B R A P [ R, W R
g A AR R SR B B G P B B i B R AR
TE MNAC R TR g3 B v I R TR 22 AR o
TS 4 T i R M AL T e 1) K TR T 22 AR BOTT R
B K 5B | W I B R T R O B R IR R
AU DR AR s B R A P AR R R AROK B ST
Ho

Penicillium crustosum k>R W[ ] 20 1 49 5¢
% H ¥ % Bl ( Discellaceae ) F 2 J& ( Penicillium ) H.
W SCHREDY P crustosum YR W BT 58 46
MR A A, 4 B AR B T — FR 51 55 B4 R R R
MRS R R RIS Mgl TGS R SRR AL AR
WAL EYI UL S HA clavatol BLITHN y- T R R
JCHY T E 2 H B SR AL 7 . He 51 A P
crustosum YWEHAH W3 B3] T 3 ASFEA
TERIRGEAT 2 AN, X PSS W o T > 8
pM F1 > 16 WM 5] REAE E e 2 21 A0 B BE
B E sl )y, k0 BTG A T R e S )
A R VR T B8 RE #2822 52 AT A 45 D)3 5 Li
SN P crustosum T4y BITREI—ANET I Z LA
Yy A ZWAWR G DL K 3 2R A, BT
AR ¥s fusaperazine F X K562 20 ( A& P86 R H
I 40 B ) AT 20 B8R AR T, 1C, {2 12,7 uM;
Feng 2511 LR 1A & 1 7= 4 v 43 B 45 30 T — 34 37

P18 X I S R A e — AN A R — S ) SR B AL
Yy, HERPxE MVA-1T CABEVE 5% 20 1 1l 20
JfL) 200 A 2 B i 4 L 1, Bk 36. 23 pM,
WX P. - crustosum ) KK [ 14 5 8 7= M 0F 58 55020
ik —2E & Penicillium crustosum {4 146 2%
15 BRI LU A ) 1 T X0t L vk A AR 7 1 1 5%
Wil , G BRI S A WU R B B8, AR SCR 2 R 6335
BIHOR TG F A, SR IR [8 14 S 1 xof He T
WA Penicillium crustosum 47553700 HACE =
Wik T ST
1 XS54
1.1 F5RH

Finnigan-LCQDECA i ( £ EFEER K /R A
7)) ; Bruker Ascend 400 #% % X3R4 (TMS 5 N #x,
TR AT 5 AT 5 R TR (RIBERHEL (TR M) A
BRZS W) 5 NP7000 #9541 2 208 AR 64,35 A (VL5
DUBAER A BRZA 7)) 5 Axioscope 5 A= ) w8 (18
LR H]) s HEEATRERE (300 ~400 H ) 5 W22 B it
AR (S x 10 em, G) (75 B ifE AL T ) s HPLC A
(Pack ODS-A,5 um,250 x 10 mm) ( H 7 YMC #kzt
oxtt) o =P E R Ak £ TR TR B
(SARHEAR TR, Yo b st .
1.2 EfkiR

Bt b 2R SR AR T HOR A Z L i R o B
2R AR AR M 0 Sy A U B ( Ophiocordyceps
sinensis ) o WA B 1Y 2t B B g B AR B — R N A=
H W (4 5: DCXC-20160503-XHX-20160908-2-1-
1), ERTE PDA i b & B0 L, SRR 22
IRERAE A3 AR, AT 22 3 AR A, 43R A
TFERIE, HAE3.5~5.0 um JEWF (WA 1), PR
HCITS JE (K F TUB2 £ K 75 %1 11 1 8 SrRNA X [A] J7

1 P. crustosum BIRK T A5 FHE
Fig. 1  Morphological characteristics of P. crustosum strain
VE A THTE B H 2K C. /3477 Note: A Colony; B: Mycelia; C ; Conidia.
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Table 1  The list of primer sequences
AR JFHI(5'-3")

Gene name Primer Sequence (5'-3")
ITS TCCGTAGGTGAACCTGCGG
TCCTCCGCTTATTGATATGC
TUB2 TUB2-F TGCTTTCTGGTAAGTGCCGA

TUB2-R

TGGCCCAGTTGTTACCAGC

51| #2232 5 NCBI fi) GenBank J:[H J% , 28 BLAST [,
FEARLEE 43 31 Sk 100% ( NO. MK285663 ) #1 99. 49%
(NO. MN418444. 1) % %€ N Penicillium crustosum
HARGIWILER 1, 25 RE SN P, crustosum T Fl 3
PRAF T LR B2 25 K2 24 2 B A A T 25 50 3 %
1.3 EHE

SEHG T AR R B A0 R PDA SR FR AL &
B2 452200 ¢/ L, A4 k5 20 ¢/L, 35l 1520 ¢/L, ¥
PRBE SR A HE 20 o/ L, IV VEVERY 8 o/ L, IR
5 o/L,BERER 2 o/L, AN 2 o/ L, kRSS2 o/L, i
FREE 0.5 o/L, B — 91 0.5 ¢/L,pH B, KK
[ AR EE SR 5L KoK 40 o/, BRI WR 2 o/, A kK
40 mL,
2 ZWHIE
2.1 RKEMEFRE

BAMIGAAEAR WG 7F PDA 3535 5L b aifbig 3011
P. crustosum TRAREEFD B IIRIE I T, THIRKE 57
4 K (28 °C 200 rpm) , 15 Fh I , Pk LA 22 KA
S5 %) 300 J A TR Y A A IOK A 37 0, &
T EE R 40 K
2.2 REFYHNRIRESS

KSR Ja A5 B0 00 A 19 ) TP it 7 4 =
W ER AR RN E , B O OBR A, =5
B IR PORI M 4515 2] LR LRI 224.0 g,
I TEARRERATJZ T, >R FH G I A 2 R i k-
PR (10:0—1: 1), W AR VR, TLC 43 #7746 5, &
15204 A(20.0 g) \B(5.5 g) .C(0.9 g) .D(29.4
g) \E(22.6 g) \F(43.5 g) .G(8.7 g) H(2.1 g),

2l 5y C 2 RMEEE AT )2 T, o — S W e - HH
(1: 1) Y, HPLC 23 M & 3145 5 443 C1.C2,
C3.C4.C5, C2 2 HPLC #14%, P EE-/K (60:40) ¥k
WA EIE A 13(9.2 mg)

53 D 28 MCIAEZE T, i HEE-7K (302 70—100
20) YefBt , HPLC 437 & 9145 2] 20 4~ 24143 D1, D2,

D3 ~D20, D13 2 F g i 45 fh A5 24k & 4 4 (6. 1
mg) , D15 28 HPLC il £, BE-7K (50: 50 ) Y it 2]
EW2(1.3 mg) ALEW3I(2.6 mg) fLEWS
(20.0 mg) ., D20 £ HPLC 4% , B fiE-7K (70: 30) %
RS EIE A 6(4.6 mg)

41 E 28 MCIAEZ M7, i B EE-7K (302 70—100
10) PN, HPLC 347 & 91159 8] 29 443 E1 E2
E3 ~E29, E11 2845 R WEEERCAE )2 T, i =5 -
HEE(1: 1) 9B, HPLC 20 #7 & JF A3 B4l 4 E11-1
El112 El11-3 E114 E11-5, E11-5 %2 HPLC 4%,
FIEE-0.05% LTR/K (38:72) BEMLAS B 54 9 (4.2
mg) .

5 F 4 IE A RE AR 2T, = S - H
(100: 0—0: 100 ) BEJBE, w250 A48 =, 15 2] 6
Y04 F1 F2 F3 ~ F6, F1 £ HPLC #i 4%, H -7k
(85:15) VA 24L& 16 (3.2 mg) . F3 £ MCI
FEZEAT, o HBE-7K (202 80—100: 0) P fiii, HPLC 43
Mi& I A2 5414 F3-1 F3-2 . F3-3 ~ F3-12, F33 £
I RBHEECAE 2T, th = Be-H B (1 1) PR, 45
FMEEY 10(4.2 mg)

41 G 22 MCLAE 24T, i H EE-7K (102 90—100
0) P, HPLC #7591 15 2] 8 N4l 4 G162,
G3 ~G8, Gl £ A C8 #:ZHT, i I BE-7/K (5: 95—
100: 0) P& i, /2520 4> G1-1.G12.G13 ~ G1-7,
G1-2 & HPLC il 45, W EE-/K (15: 85) VeI A 24k &
¥ 14(5.0 mg) , G1-3 & HPLC il 4%, H fiE-7K (15:
85) YL IS EfL &9 11(2.3 mg) L&Y 12(3. 1
mg) . G2 W45, 15 8L 54 15(20.0 mg) .
G8 LA RMHEECAE 2T, f = be-H (10 1)
Jii , HPLC 43414 I 15 22 73 G8-1.68-2 ,G8-3 ~ G8-
5, G84 £t HPLC il #%, H fs-7K (60: 40 ) P& B A5 %)
AP 1(11.0 mg) AW T(3.2 mg) L5 8
(6.7 mg),
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2.3 HEWHIEEENR (RERZX)

A1 ~ 16 FEATI R TGS . D4 1A
BRIPR A 2 22 [ B RS R 25 FL A BT ( Bacillus subti-
lis ATCC 25952) 2 2% [GRH M i K #1 1# ( Escherich-
ia coli ATCC 9372) . i L I T 1 O« 7 A T
i ( Colletotrichum musae ACCC 31244 ) | Ty 45 B Ry
5 B8 ( Colletotrichum coccodes ACCC 36067) ., ¥ JHRY
Ty R 9B o 0 A R R B
F2 T 53 S5V Ay I A4 ) H R 91 2 e R L 49 o)
BRI TSk VAT AN BTG PR K 43 A A B
Xof BEZH AR PR X HRZH

PP BRTE LB 35 5= 1L 37 °C R HEFR 24 h
PEAT G Ak, W ARSI TC B K B E L 1.0 x 10°
CFU/mL AW, W HL 1 mL TR A7 ) LB 1557 111
B LR R ARTE PDA J55RILH 28 °C T Hi 5% 48 h
AT I AL, WAk G A R K B B A 1.0 x 10°
CFU/mL BB, W IR 1 mL B 0% A1 3 PDA B 5%
M, BRAREE R R AL T BERC &R 400 g/
mL VU, T TR IR ] TG 7K B O 400 pg/mL
MRS ] o BN ZGRUT N 6 WL FE G T AR5 T
5 BCETER SR . AR IR AR 37 °C K
12 h J5 I B AR P A, ELRR R R AR 28 °C A
1K 48 h JE I E R B B AR, B SCE AT 3 UOKR
FF4ME
3 KWHER
3.1 ZMETE

wEW1 ELHIR(CHCL) ; ESI-MS :m/z 307
[M+Na]*;'"H NMR(400 MHz,CDCI, )8:0. 95 (3H,
d,J] = 6.7 Hz,H-11),0.99(3H,d,J = 6.5 Hz, H-
10),1.56 ~1.51 (2H,m,H-8) ,1. 71 (1H,ddt, ] =
14.9.13.1,6.6 Hz,H-9) ,1.97 (3H,s,H-13) ,2. 03
~1.98 (2H, m, H4),2.09 ~2.03 (2H, m, H4)
2.24 ~2.19(2H,m,H-3) 3. 62 (2H,ddd, ] = 9.7,
7.4,5.8 Hz,H-5) 3.72(3H,s,H-14) ,3. 83 (2H , dt,
J =9.8,6.9 Hz,H-5),4.49(1H,dd,J = 8.4,4.8
Hz,H-2),4.82(2H,1d,J = 8.9,5.2 Hz,H-7) ,6.29
(1H,d,J = 8.3 Hz,-NH);"” C NMR (100 MHz,
CDCL)8:22.1(C-11),23.3 (C-13),23.5(C-10),
24.8(C9),25.0(C4),29.2(C-3),42.0(C-8),
47.0(C-5),49.1(C-7),52.4(C-14),58.9(C-2),
170. 1(C-12) ,171.7(C-6) , 172.5 (C-1) . #5 ]
R B A A 5 A Y Ac-Leu-Pro-OCH,
R T A i e A — B, Z A B W B S5 A A5 DL

(K2).

wEMW2 HEKA(CHCL) ; ESI-MS: m/z 279
[M+Na]*;"H NMR(400 MHz,CDCl, )8:3.51(3H,
s,H-17),6.72(1H,s,H-10),6.97 (1H,d,J = 8.0
Hz,H9),7.26(1H,m,H-7),7.31 ~7.29(3H,m, H-
12,14,16),7.40 ~7.38 (2H, m, H-13,15),7.43
(1H,ud,J = 7.4,1.5 Hz,H-8),7.95(1H,d,J =
7.6 Hz, H6),8.36 (1H, s, H-1);" C NMR ( 100
MHz,CDCl,;)6:37.9(C-17) ,120.8(C-9),125. 6 (C-
7),127.1(C-5b),128.8 (C-13,15),129.0( C-12,
16),129.6 (C-14),131.8 (C-6), 132.3 (C-11),
132.5(C-8),133.1(C-3),133.3(C-10),134.4(C-
9b),166.5(C-5),167.9(C-2) , LI F#ZREEIE S L
MR R AR RO S A — B, O R A AN
( E )-3-benzylidene-4-methyl-3, 4-dihydro-1H-benzo
[e][1,4]diazepine-2,5-dione,

EM3 FEEKAK(CHCL) ; ESI-MS: m/z 279
[M+H]";'"H NMR (400 MHz, CDCl,)8:3.19(3H,
s,H-17) ,6.94(1H,d,J = 8.0 Hz,H9),6.95(1H,
s,H-10),7.29 ~7.26 (1H, m, H-7) ,7.40 ~ 7. 34
(5H,m,H-12 ~16),7.47(1H,d,J = 7.9,1.5 Hz,
H-8),7.62(1H,s,1-NH) ,8.02(1H,dd,J = 7.9,
1.4 Hz,H-6) ;" C NMR(100 MHz,CDCl,)5:36. 2( C-
17),120.4 (C9a), 125.5 (C-7),125.8 (C-5b),
129.2(C-12,14,16),129.6 (C-13,15),130.0. (C-
11),131.7(C-6,10),132.9(C-8),133.6 (C-3),
135.6(C9b),166.3 (C-5a),171.2(C-2), LI ¥
RSO 5 SCHR ™ R AR RGBSR A — 5, o
ZALE WM (Z) -3-benzylidene-4-methyl-3 ,4-dihydro-
1H-benzo[ e ][ 1,4 ] diazepine-2 ,5-dione

h&ma oAk (MeOH) ; ESI-MS . m/z 295
[M+H]";'H NMR (400 MHz,CDCl,)§:3.24(3H,
s,H-17) ,4.02(1H,s,H-10),6.65(2H,d,J = 6.3
Hz,H-12,16),7.09(1H,m,H-14) ,7. 15(1H, m, H-
9),7.22(2H,d,J = 7.6 Hz,H-13,15),7.28 (1H,
m,H-6),7.39 (1H, m, H-8),7.51 (1H, m, H-7) ,
8.60(1H, s, H-1);"C NMR (100 MHz, CDCI,) §:
31.6(C-17),65.0(C-10),70.4 (C-3),120.8 ( C-
9a),125.7(C-7),126.2(C-13,15),128.4(C-12,C-
16),129.4 (C-14),130.3 (C-11),131.9 (C-8),
132.8(C-6),134.0(C9b) ,166.0(C-5),167.5(C-
2) o DA bR 5 SR R A R e
A —H, W E AL G YA eyclopenin,
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WEWS kiR (MeOH) ; ESI-MS:m/z 281
[M+H]*;'H NMR (400 MHz, CDC, )5:2. 84 (1H,
dd,J = 13.6,6.0 Hz,H-10a,A-type) ,2. 71 (1H,m,
H-10a, B-type ) , 3. 14 (3H, s, H-17, A-type ) , 2. 91
(3H,s,H-17,B-type) ,3.49(1H,dd,J = 12.0,6.0
Hz,H-10, A-type) ,3. 21 (1H,dd, ] = 14.4,6.4 Hz,
H-10, B-type ) , 4.35 (1H, 1, J = 7.1 Hz, H3, A-
type) . 4.26 (1H, dd, J = 10.4,6.2 Hz, H-3, B-
type) ,7.01(2H, m, H-13, 15, A-type) ,7. 01 (2H, m,
H-13,15 ,B-type) ,7.06 (1H,d,J = 8.0 Hz, H-9, A-
type) ,6.96 (1H,d,J = 8.0 Hz,H9,B-type) ,7.25
~7.17 (3H, m, H-12, 14, 16, A-type,, B-type ) , 7. 30
(2H,dd,J = 18.6,4.6 Hz, H-7, A-type, B-type ) ,
7.51(1H,1,J = 7.5 Hz,H-8, A-type) ,7. 44(1H, 1, ]
= 7.6 Hz,H-8,B-type) ,8. 10(1H,d,J = 7.7 Hz,
H-6, A-type),7.95 (1H,d,J = 7.7 Hz, H6, B-
type) ,9. 48 (1H, s, H-1, A-type) ,9. 16(1H, s, H-1, B-
type) ;°C NMR (100 MHz, CDCl, ) §:34.7 (C-10, A-
type) , 32.3 ( C-10, B-type ), 39.8 ( C-17, A-type ) ,
29.4(C-17, B-type ) ,68. 6 ( C-3, A-type ) , 56. 4 ( C-3,
B-type ), 120. 9 (C-9, A-type ) , 120. 3 (C-9, B-type ) ,
125. 4(C-7, A-type ) , 125. 0 ( -7, B-type ) , 127. 4 ( C-
S5a,A-type), 127.0 ( C-5a, B-type ) , 128.9 ( C-14, A-
type) , 128.8 ( C-14, B-type ), 129.0 ( C-12, 16, A-
type) ,129.0(C-12,16, B-type ) ,129. 1 (C-13,15, A-
type), 129.1 ( C-13, 15, B-type ) , 131.9 ( C-6, A-
type) , 131.5 ( C-6, B-type ), 132.8 ( C-8, A-type ) ,
132.5(C-8 , B-type) ,135. 7( C-9a, A-type ) , 134. 8 (C-
9a, B-type ), 136.5 (C-11, A-type ) , 135.7 (C-11, B-
type) , 168.6 ( C-5, A-type ), 166. 1 ( C-5, B-type ) ,
171.8(C2, A-type) ,170. 3(C2, B-type ) . Z%ALaY)
T N4 R (IO ) b~ B, S Eeb oo
HELM AR ) A) SAb AA , Xot A R 50 45 Scik™ 4
TE A% R H A — B, W e AL & W (35) -1,
4-benzodiazepine-2 ,5-diones,,

wame Lkt (MeOH) ; ESI-MS:m/z 480
[M+H]*;'"H NMR (400 MHz, CDCL,)5:1.01 (3H,
s,12¢-CH, ) ,1.26(3H,s,H2") ,1.29(3H,s,H3")
1.32(3H,s,12b-CH,) ,1.43(1H,dd,J = 12.4,3.9
Hz,H-13b) ,1.62 ~1.56(1H,m,H-=5b) ,1.76 ~1.71
(1H,m H-6b) ,1.96 ~1.90 (1H,m,H-14b) ,2. 05 ~
2.01(2H, m, H-5a,6a),2.08 (3H, s,3-COOCH, ) ,
2.30 ~2.22 (1H, m, H-14a) , 2. 44 (1H, dd, J =

13.0,11.0 Hz,H-7b) ,2. 71 (1H,d,J = 5.9 Hz,H-
7a),2.74(1H,d,J = 6.1 Hz,H-6a),2.88 ~2.79
(1H,m,H-13a) ,3.34(2H, m,H-2,1") ,4. 68 ~4.61
(1H,m,H-14a) ,5.24(1H,dt,J = 5.8,1.8 Hz, H-
3),5.75(1H,dd,J = 5.8,1.4 Hz,H4),7.07(2H,
dd,J =5.7,2.6 Hz,H9,10),7.32 ~7.28(1H,m,
H-11),7.32 ~7.28(1H,m,H-11) ,7.45 ~7.42(1H,
m,H-8),7.78 (1H, s, H-12) ;" C NMR (400 MHz,
CDCL;)é6:16.4(12b-CH; ) ,20. 1(12¢-CH; ) ,21.0( C-
6),21.5(CO0OCH,),26.1(C-2"),26.5(C-3"),27.5
(C-7),28.3(C-13),28.4(C-14),34.8(C-5),43. 1
(C-12¢),49.8 (C-6a),50.9(C-12b),65.6 (C-3),
71.8(C-1"),74.1(C-14a),77.9(C4b),81.2 (C-
2),111.6(C-11),114.8(C4),117.5(C-7a),118.6
(C-8),119.6(C-9),120.6(C-10),125.3(C-7b),
139.8(C-11a),150.4(C4a),152.4(C-12a),170.9
(3-COOCH,) . D A% RS 55 Scmk ™ H 38 p i ik
Bl HAR — B, B0 2 1Z LB YN O-acetyl-B-paxit-
riol,

wEMT FEEAIR(CHCL) ; ESI-MS ;m/z 388
[M-H] ;'H NMR (400 MHz,CDCl,)8:1. 04 (3H,s,
H-21),1.16 (3H,s,H22),2.48 (1H,t,J = 11.9
Hz,H-11),2.61(1H,dd,J = 12.4,6.0 Hz,H-11),
4.07(1H,dd,J = 11.3,5.9 Hz,H-11a),5. 10(1H,
s,H-6),5.10(1H,d,J = 9.7 Hz,H-20),5. 15(1H,
d,J = 10.5 Hz,H-20),5.65(1H,s, H-5a),5.99
(1H,dd,J = 17.3,10.8 Hz,H-19) ,6.33(1H,s,H-
12),6.61(1H,J = 7.8 Hz,H-7),6.78 (1H,t,J =
7.3 Hz,H-8),7. 11 (1H,t,J = 7.6 Hz,H-8),7.19
(IH,d,J = 7.5 Hz,H-10),7.30 (1H, s, H-15),
7.74(1H,s,H-17) ,9.25(1H,s,H-2),9.25(1H,s,
H-16) ;" C NMR (100 MHz, CDCl;)§:22.6(C-21),
23.0(C22),36.9(C-11),41.0(C-18),59.0 (C-
11a),61.7 (C-10b),78.6 (C-5a),109.2 (C-12),
111.3(C-7),114.7(C-20),119.3(C9),122.0(C-
3),125.3(C-10),125.6 (C-13),128.7 (C-10a),
129.3(C-8),134.9(C-17),136.8(C-15),143.5(C-
19),150.0(C-6a) ,159.5(C4),167.0(C-1), LI Ix
A5 SR T A% A AR — B,
E WAL S M roquefortine C,

&8 AR (CHCL) ; ESI-MS:m/z 388
[M-H] ;'H NMR (400 MHz,CDCl,)8:1. 04 (3H,s,
H-21),1.15(3H,s,H22),2.48 (1H,t,J = 11.9
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Hz,H-11),2.61(1H,dd,J = 12.2,5.8 Hz,H-11),
4.12(1H,dd,J = 11.5,5.8 Hz,H-11a) ,4.95(1H,
s,H6),5.09(1H,d,J = 17.0 Hz, H20),5.13
(1H,d,J = 9.7 Hz,H-20),5.66 (1H, s, H-5a),
5.99(1H,dd,J = 17.3,10.8 Hz,H-19) ,6. 58 (1H,
d,J] = 7.8 Hz,H-7),6.71(1H,s,H-12) ,6. 74 (1H,
dd,J = 13.2,5.9 Hz,H-8),7.09(1H,t,J = 7.6
Hz,H9),7.16 (1H,d,J = 7.5 Hz, H-10),7.18
(1H,s,H-17),7.68 (1H,s,H-15),9.69 (1H, s, H-
16),11.61(1H,s,H-2) ;" C NMR(100 MHz,CDCI,)
5:22.6(C21),23.1(C-22),37.4(C-11) ,41.1(C-
18),59.3 (C-11a),61.8 (C-10b), 78.2 (C-5a),
105.0(C-12),109.1(C-7) ,114.7(C-20) ,117.2(C-
17),119.0(C9),125.4(C-10),126.9(C-3),129.0
(C-10a),129.1(C-8),135.2(C-15),137.7(C-13),
143.7(C-19),150.5(C-6a) ,158.6(C4),165.6( C-
1) o DA RRERCHE 5 Scik 7 1 aE R RO S A
— 3 R E AL SR isoroquefortine C,

WwEW HEHA(MeOH) ; ESI-MS m/z;278
[M + Na]*;'H NMR (400 MHz, CD,0D) §: 4.59
(1H,s,H-3),6.96(1H,d,J = 7.9 Hz,H9),7. 11
(1H,t,J] = 7.5 Hz,H-7),7.22(3H,d,J = 6.5 Hz,
H-13,14,15),7.32 ~7.27(1H, m,H-8) ,7.35(2H,
d,J = 7.6 Hz,H-12,16),7.56(1H,d,J] = 7.7 Hz,
H-6) ;”C NMR (100 MHz, CD,0D)§:76.6 (C-3),
78.3(C4),116.9(C-9),124.9(C-7) ,127.6(C-6) ,
128.6(C-13,14,15),128.7 (C-12,16),130. 1 ( C-
8),132.4(C-5),136.6(C-10) ,141.4(C-11),172.6
(C-2) o PAEAZRERCE -SSR "™ Ha0 % s A 2
A, W 2 24k & R aflaquinolone G,

WwEW 10 kK (MeOH) ; ESI-MS: m/z
260 [M + Na]*;'H NMR (400 MHz, DMSO-d,) §:
7.07(2H,dt,J = 14.9,7.8 Hz,H-6,7),7.34(4H,
m,H-8,9,12,16),7.44(1H,t,J = 7.5 Hz,H-14),
7.51(2H,t,J = 7.5 Hz,H-13,15),9.21(1H,s,3-
OH),12.23(1H,s,1-NH) ;" C NMR (100 MHz, DM-
S0-dy)8:115.2(C9),120.9(C-5),122.1(C-7),
123.9(C4),124.3(C-6),126.4(C-8),127.6(C-
14),128.3(C-13,C-15),129.8(C-12,C-16) ,133.2
(C-3),133.7(C-11),142.4(C-10),158.3(C-2) .,
DA AR B 5 Sk R % i B AR — 3k,
il % Ak & ¥~ 3-hydroxy-4-phenylquinolin-2
(1H)-one,

& 11 kK (MeOH) ; ESI-MS: m/z
254 [M + H]*;'H NMR (400 MHz, DMSO-d, ) §:
6.72(1H,d,J = 5.1 Hz,H-16),6.73(1H,d,J =
4.8 Hz,H-15),6.83(1H,dd,J = 5.1,4.2 Hz, H-
14),7.09 ~7.05(1H,m ,H-6) ,7. 11(1H ,d,] = 7.8
Hz,H-7),7.29 (1H,s,H-12),7.32(1H, m,H5) ,
7.34(1H,d,J = 7.1 Hz, H-8),9.12 (1H, s, 13-
OH),9.51(1H,s,1-NH),12.19(1H,s,3-0H) ;" C
NMR (100 MHz, DMSO-d, ) §:114.6 ( C-14),115.2
(C-8),116.7(C-16),120.4(C-15),120.9(C-10),
122.1(C-6),124.1(C-11),124.5(C-7),126.4(C-
5),129.4(C-12),133.1(C-9),134.9(C4),142.2
(C-3),157.3(C-13),158.3(C-2) . VI I ¥ wtH ¥
5 SCRR O R A RO A — B B Ak A
Wik viridicatol

WwEW 12 HEH K (MeOH) ; ESI-MS: m/z
299 [M +Na] *;'H NMR (400 MHz,CD,0D)§:1. 44
(1H, ddd, J = 12.9,11.8,4.7 Hz, H-5b),2.12
(1H,dd,J = 13.0,5.8 Hz,H-5a) ,3. 12(1H,d,J =
5.0 Hz,H-10),3.78(2H, m,H-3) ,4.34(1H,t,J =
4.7 Hz,H6),4.41 (1H,ddd,J = 11.7,5.9,1.8
Hz,H9),4.47 ~4.44 (1H, m,H4),6.78 ~ 6.74
(2H,m,H-12,16),7.12 ~7.08 (2H, m, H-12,15) ;
“C NMR (400 MHz,CD,0D)8:37.5(C-10),38.9(C-
5),55.3(C-3),57.8(C9),58.3(C-6),68.5(C4),
116.2(C-13,15),127.7(C-11),132.1(C-12,16) ,
157.7(C-14) ,167.1(C-7) ,171. 1(C-1) . VI ¥
B 5 SCmR R RS R — B, SR E %Ak
G (B ATR-IH R ) o

WwEW 13 E A K (MeOH) ; ESI-MS: m/z
152 [M +H]";"H NMR (400 MHz, CDCl, ) §:3. 63
(2H,s,H-7),7.34 ~7.25(5H, m,H2 ~6),8.31
(1H,br s,-NH) ;”C NMR (100 MHz, CDCl;)§:41.3
(C-7),127.5(C4),128.8(C-3,5),129.5(C-2,6),
133.5(C-1),178.0(C-8) . LA b Rxmi i 55 3Ciik' ™
T (A% R ES I A — 3, oot e iz AL B o N
FHL R .

WwEY 14 TC Ak (MeOH) ; ESI-MS: m/z
290 [M +Na] *;'H NMR (400 MHz,CD,0D)§:3. 81
(1H,dd,J = 12.5,2.7 Hz,H9b),3.95(1H,dd, J
= 12.5,2.5 Hz,H9a),4.23 (1H, m, H8),4.39
(IH,dd,J = 5.1,2.6 Hz,H-7),4.82 ~4.77(1H,
m,H-6),6.03(1H,d,/ = 6.4 Hz,H-5),8.24(1H,
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s,H-1),8.36 (1H, s, H4);"” C NMR (100 MHz,
CD,0D)5:63.5(C9),72.7(C-7),75.5(C-6) ,88.2
(C-8),91.3(C-5),142.0(C4),150.1(C-3),153.5
(C-1),157.6(C2) . LI EAZRERIE 530k ™ il
AL TGRS B A — B, WO e Ik &9y (5S,6R,
7S,8R)-5-amino-(27,47)-1,2,3-trihydroxybuta-2 ,4-
dienyloxy-pentane-6,7 ,8 ,9-tetraol ,

wEW 15 Lt i (MeOH) ; ESI-MS: m/z
181 [M +H]";'H NMR (400 MHz, CDCl,)§:2.11
(3H,s,3'-CH,) ,2.22(3H,s,5'-CH, ) ,2. 56 (3H,s,
H-1),7.48(1H,s,H-6") ,12.88 (1H,s,2'-OH) ;" C
NMR (100 MHz, CDCl, ) 8:7.9 (3'-CH, ), 16.3 (5'-
CH,),26.2 (C-1),111.8 (C-1"), 113.8 (C-3"),
117.2(C-5"),131.2(C-6"),162.0(C-2") ,162.3(C-
4'),204.4(C2), LI R REEOE S ScEk 4iam 1
GBI FEA — 50, MO e b & 27 ,4'-2 5%
-3 5 - T H BN

wEw16 AR (MeOH) ; ESI-MS: m/z
288 [M + H]";'H NMR (400 MHz, CDCI,)§:0.96

1"

.0 , OH OH OH
3 5 7 5
s AN on Hoy\/o\/k‘/ﬁg
H OH NH, OH OH
5
13 14

(3H,s,H-19) ,1.05(3H,s,H20) ,1. 16 ~1. 19(1H,
m,H-7b) 1. 18(3H,s,H-17) ,1.20(3H,d,J =

Hz H-16),1.28(3H,s,H-18) ,1.39(1H.d,J =
Hz,H-15) ,1.52 ~1.47(1H,m,H-13b) ,1.59 ~ 1. 54
(1H,m,H-13a) ,1. 60 ~1.54(1H,m,H-7a) ,1. 66 ~
1.62(2H, m, H-10b, 12b) , 1.69 ~ 1.66 (2H, m, H-
8b,12a),1.98 (1H,d,J = 14.6 Hz, H-10a),2.09
(1H,dd,J = 11.5,5.9 Hz,H=8),2.71 ~2. 64( 1H,
m,H4),2.25(1H,dd,J = 9.3,5.3 Hz,H-6),5.97
(1H,d,J = 10.0 Hz, H2),6.94 (1H, dd, ] =
10.0,5.9 Hz,H-3) ;" C NMR (100 MHz, CDCL,)§:
18.9(C-16),21.1(C-17),27.3 (C-19),32.7 ( C-
18),34.5(C-7),37.7(C4),39.0(C-12),39.2(C-
8) ,40.9(C-13) ,42.9(C-14) ,48. 1(C-10) ,52. 4( C-
11),56.2(C-6),57.6(C9),59.1(C-5),73.8 (C-
15),127.6(C2) ,154.6 (C-3).206.2(C-1), L) I-
PR 55 SOk ™ R 3E A% R B S AR — B, B
FEMALE YR conidiogenone B,

(o} 0]
S
N N/0
X
N N
H O H O

B2 W& 1~16 KLEEH

Fig.2 Chemical structure of compounds 1-16
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2 W R G 1~4.6.9.12 ~14 FI
16 R R N IZE B o B3], 5 PR i A
FIREE RIS, B Wl R E Y AT
T ZJEE I, AT T 2 B A A SO ) B AR
BN A P HEAT T 0028 40 B D i E X B A B Y
OO T8 A0 S T PR 1) e R 2 L A D B 2
A G Y RA M RV . SCRERIML S )
4 NP R 22 2 R T A AR SR B R AE L 1CS (B
5.02 I.LMW1 ;L&) 7 X Balanus amphitrite . Bugula
neritina A T VE A, BB 15 91 B i P, ECs 7051 R
6.2.2. 1 ng/mL™ o SRR FRATAT LU L b A 5 oK
TRUTIEAL G W B A= PTG P, Ry Jim 2 S 36 i T J 42
B2%,
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WA hg A S A AR T B AT 0 1Y B 1, TG DROK [
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2PN TTIA5 2 45 R B ) LR s PR B 0
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B#EEA DCKo/FAK 18 B 1E A B9 5 B HD %1 7
QIEUEN=g=0 i ab e PR ek g o

B HER AN (ESCC ) S A5 Bl PN S5 DL B s 2 — 7 P R e i o RV N el A 2
MuEEVE 25 AT B BB i ST ESCC 8B 3 IR YT RCR 7 A4E T — @ el 0 il T-XF ESCC 4 il &2 2= 1) 3+
BT A B, e = A RLAIR T %, 5 A B R AR TG A R ARAIK . Al % BEI G ( Focal adhesion kinase,
FAK) J& 1 PTK2 Fiifith 1) 5 A 52 4 B 22 W2 WU , 76 25 b g v 3R 58 200, S5l PRI S RAH G, o HO= 7
ESCC, FAK fi#f ESCC 4HjE iy e s A7 TE ARZEM T A0 Mafl, 90l FAK 35 M%) ESCC 40 7= £ A #5 I VEH
A 3-8 A BLAE FH (PP 2 88 11 5T 26 AN 45 6 b 45 A B TR R MR v6 T v B4 S A il 500 o

e B AU 2 b s e S5 T A S i ST AR — ok AR P T R R AR IR AL B - g R itk
17 THISE, KX ESCC 4 M ) Wtk i J A i e A VR o E R I 5 J B, 38008 2 1 300 T Vb B o
(DGKa) 5 FAK FERM Z5#4384H B AEFH , #9 8 DCKa/FAK 44, 71755 ESCC 4 g 5 i FAK Tyr397 i
HIBERR AL . R, UEW] DKo/ FAK 5592 A T VE A 25 PE i PP X ESCCIRYT 25 it A HA w2
o ARG % B BRI A5 R AR N A4 fE 2 FHLIBT DGKA/FAK {5556 34K, 1l FAK {557 538
B%FN ESCC 20 B i X Pk AR , TR TE 5 A B TR PR AE o 43 F 30 iR RE R 3R W], DGKo A ALY Aspd35 {7 45
Z 5T AMEN 2 DGKA/FAK & G5 WH LM . %05 H UK DKo/ FAK &6 WI1EH 1% 2 i
ROBRA T T A RBUEERR 3 FALE], KR =P A 09 FAK AHOCER U G 90/ o3l 500 i 0 &
P TR I

A58 %1% A : https : //www. ncbi. nlm. nih. gov/pme/articles/PMC7838054/
JESCHRAE ; Chrysin serves as a novel inhibitor of DGK o/FAK interaction
to suppress the malignancy of esophageal squamous cell carci-

noma (ESCC)





