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Abstract: Objective To study the secondary metabolites and biological activities of marine-derived Penicillium sp. HD-1-1 from
Weizhou Island. Methods The compounds were isolated and purified by silica gel column chromatography and semi-preparative
liquid chromatography. The structures of the compounds were identified by HRESIMS, NMR and other methods. The cytotoxicity of
compounds was evaluated by CCK-8 method. Results A new mycophenolic acid compound and 16 known compounds were
isolated and identified from the secondary metabolites of marine fungus Penicillium sp. HD-1-1 and identified as:
6-(5-methoxycarbonyl-3-methylpent-2-enyl)-7-hydroxy-3,5-dimethoxy-4-methylphthalan-1-one (1), mycophenolic acid (2), methyl
mycophenolic acid (3), 6-(5-methoxycarbonyl-3-methylpent-2-enyl)-3,7-dihydroxy-5-methoxy-4-methylphthalan-1-one (4), 6-(5-
carboxy-3-methylpent-2-enyl)-3,7-dihydroxy-5-methoxy-4-methylphthalan-1-one (5), 7-hydroxy-5-methoxy-4-methyl-6-(3-methyl-
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4-oxopentyl)-phthalan-l-one (6), 6-(3-carboxybutyl)-7-hydroxy-5-methoxy-4-methylphthalan-1-one (7), breynivosamide A (8),
anabellamide (9), N(N'-benzoyl-S"-phenylalaninyl)-S*-phenylalaninol benzoate (10), (3S,6R)-6-(p-hydroxybenzyl)-1,4-dimethyl-
3,6-bis(methylthio) piperazine-2,5-dione (11), (3R,6R)-6-(p-hydroxybenzyl)-1,4-dimethyl-3,6-bis(methylthio) piperazine-2,5-dione
(12), (+)-neoechinulin A (13), (3R,8S)-5,7-dihydroxy-3-(1-hydroxyethyl)phthalide (14), 5,7-dimethoxy-4-methylisobenzofuran-
1(3H)-one (15), saccharonol A (16) and 6,8-dihydroxy-3-hydroxymethylisocoumarin (17). The results of cytotoxic activity showed

that compounds 2 and 3 showed strong cytotoxic activity against AGS cells, with ICso values of 0.69 pumol/L and 1.12 pmol/L,

respectively. Compound 2 showed moderate inhibitory activity against NCI-H1581 cells with ICso value of 17.95 pumol/L, and

compound 3 also showed moderate inhibitory activity against HT29 cells with ICso value of 19.30 umol/L. Conclusion Compound

1 is a new mycophenolic acid compound, named methoxy mycophenolate. Compounds 2 and 3 have tumor cytotoxic activities.

Key words: marine fungi; Penicillium sp. HD-1-1; mycophenolic acid analogues; tumor cytotoxic activity; methoxy mycophenolate;

mycophenolic acid; methyl mycophenolic acid
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A 4- H LR 5y -1-J  [6-(5-carboxy-3-methylpent-
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ST ), ZF-20D BYREAE KA A (P
FHALZEA TR TAEAT]D, Agilent 1260 = 80RH
T4 (3£ H Agilent A 7] ), Nacalai tesque COSMOSIL
5C1g-MS-II7}) (250 mm X 10 mm, 5 pm) il 8+,
COSMOSIL 5Cs-MS-I178 (250 mm X 20 mm, 5 um)
ik, YMC*GEL ODS-A-HG KAREERR (HZA
YMC Group), 4iffiZ DMSO (SIGMA A#]),
MCO-18AC S AMHRAAMIIEF=4 (PHebi A7),
7 400 MHz LRI (& wAF]D,

MULTISKAN MK3 Z Difela{¢ (Thermo 2 w)),
CHEETAH 9200 2 [ il 8¢ (1 CORIEIZN AR
RHEAIR AT, LC3000 B iR Al i Ay (i
RESHTESERATD, LR A eitkal (G5
HAFEZ R A RAFD) siadral CREf TR
LEARATD. AR EETENER S Fh R g
(AS549 ZHffl. NCI-H1581 4Hjl. MCF7 4iiffii. AGS
M. HT29 488D W PGS EFEA R, I
FH X 1 Eh R[22 2% (doxorubicin hydrochloride,
Dox, Solarbio Life Sciences A ] ).
1.2 FEHRKRIREREE

WP HD-1-1 70 8 8 )7 75 M 5 okl B
(N21°1'42.97", E109°7'46.29") (K12 i 5k S,
B b A AR TR AR A R 2 ) 58 1 T ik 2 (R 21
DNA 20, ¥, 4ifb 55 T4E, 75 NCBI 24
FEHG ITS W7 45 52 1 45 AT xS, G ke
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KIEESS ITS MF X E4ER (GenBank accession No.
OR742886), KWK EEE N Penicillium sp. HD-1-1,
FFIF MEGA (Version 7.0) 2| E PRI RSt o
2 7k

2.1 HHRKLES

1E PDA Bi 775 F 4R Penicillium sp. HD-1-1 &
28 CHHESFMA TR 44, T TIEEHRKR
B PRI 77 S R /N EREE N K T 5 I LR 2 5 A s
el RN, BHEKEE30d, KBS
300 mL X 100 ¥ .

HH 2 5K IR 7R R 0.01 g/mL. BER —
V87 0.000 5 g/mL. #/K % 0.033 g/mL. FEREFE 0.003
g/mL. Bifl§0.02 g/mL. ZZZHE 0.02 g/mL. Hi%&ipE
0.01 g/mL. H#&E 0.02 g/mL.

22 RERFFEHRRES B

{8 FHEE TR L B85 Penicillium sp. HD-1-1 TH R
REEYIAT T 3 KA, KUt FgEkYs, w3k
137 35.6 g F2Y . FATHEERN 90% FEE-/K 4 3 L
S 7 VAR, TE R FIRA . AR EE R X
SEAGT IR 2 PR BEA TR IR, 15247k
R 4.05 g F190% FH - /K AEHU) 29.24 ¢.

XF 90% Y BE-7K 25 HUPIEAT 9 H e SR AT: 21, SR
A HEE-BE R 2 FE (1:0.10:1.9:1.8:1.6:
1o 4312514 121,00 1) BREEWR, &
TLC-HPLC 547, G FEfE 3R T 12 NS5 Fr. 1~
12, Fr. 6 (168.3 mg) it HPLC #ill#% (Cis il &
5 HEE-0.1% =5 LR /KIE 65 & 35, 4 mL/min),
BETHAEY 6 (k=6.7 min, 6 mg) Al 16 (r=
7.7 min, 7mg). Fr.8 (137.3 mg) i#iL HPLC (Cis
Feth A, HEE-BZ/K 70 ¢ 30, 4 mL/min) #, 75
FHbEY 9 (k=18.6 min, 12.3 mg). Fr.9 (1.901 1
@) WL RABAR O (Cis BiEH:, HEE-K 70
30, 10 mL/min), 15254 7(tr=17.2 min, 9 mg)
10 (xk=17.8 min, 119 mg). 15 (%r=17.9 min, 35
mg). Fr. 10 (5.643 7 g) ZhEfl& i, HEE-
K (10%—100%) BHEESENL, L5343 12 4455 Fr.
10.1~10.12, Fr. 10.4 &¥:Hil4 HPLC, ZM5-F&/K
(40 : 60, 4 mL/min) 7 EEIMEN 3 (r=14.82
min, 80 mg). Fr. 10.8 Z>F:iil#¢ HPLC, ZJ§-FR/K
(40 : 60, 4 mL/min) 73 E1FEHLED) 2 (r=14.9
min, 5mg). Fr. 11 (7.776 6 g) £ L& (i,
HEE-7K (20%—100%) BEEEGEML, 35015 9 N7
Fr. 10.1~10.9, Fr. 11.2 Z&f#l#% HPLC, FEE-/K

(20 : 80, AW 4 mL/min) 7 EEFHLEY) 14
(k=9.1 min, 3.2 mg). Fr. 11.4 244 HPLC,
HEE-TE/K (40 @ 60, FAFUALE 4 mL/min) 75515
FHLAEY 11 (R=25.3 min, 8.1 mg). 12 (rR=26.5
min, 14.7 mg). 17 (xg=9.6 min, 7.5 mg). Fr. 11.6
2Pl % HPLC, HEE-BR/K (60 © 40, AFURE 4
mL/min) 73 B3 B L A4 13 (R =8.4 min, 250 mg) .
Fr. 11.7 Z2):4i % HPLC, FEE-FR/K (60 © 40, fARFH
JME 4 mL/min) 7B 2HLAEY 4 (,r=16.5 min,
7.5mg). Fr. 11.9 (3.75 g) Lrh R4 (i bh s i
i, PelifAR: HE-K (20%—100%), 355343 10
ANy Fr 11.9.1~11.9.10. Fr. 11.9.3 &K%
HPLC, WEE-FR/K (5545, AR E 4 mL/min)
SrEEEAY) 5(r=13.2 min, 6.1 mg). Fr. 11.9.6
2Pl % HPLC, HEE-BR/K (60 © 40, AFURE 4
mL/min) 7} B 13 2AY) 8 ((r=16.1 min, 5.2 mg)-
1 (®=20.2 min, 41.3 mg).
23 HFE=F’IZ (electronic circular dichroism,
ECD) itE

MR 2 FE vz R #2  (density functional theory,
DFT) 7t Gaussian 09 K fFHE4T ECD it &. B4
I3 hyperchem 3 f4%F7E 5.0 keal/mol (1 kcal=4.2
kD WiiAT T I MR R, Z )57 B3LYP/6-31G
(d) JKF EEAT LT R A A B s R i B, 3RS
Boltzmann (4 HL7E 1%L F 25 # % . H SCRE/PCM
JPVEAEARTEIG DFT 7KF P BB I8 PRV 75138
M IfiEid B3LYP/6-31G (d) (%) TDDFT 515
B0 A4 R R ) LT IOR B AN R B i B CIE )
BWORASEH R 30 1),
2.4 LAY RN

KA CCK-8 A 4 #E 1), | DMSO
BB PR 20 pmol/L VA F 10 %fiR4F
RS IR AN MR R A B A0 i, 96 LR B FL
B 90 uL 5X 10*/N/mL [IGEELHM, 7E 37 C. 5%
CO, HI4E T TS 7% 24 he Z JEH&FLINA 10 pL #
WA, H5FE A8 h . MR IHREFRIEFIRE RV
FEFLEIIAN 100 uL #kE 10 f5f9 CCK-8 i, 1F
27 C. 5% CO, 26 N 557 4 h GEECHRAE, SCRf AR
%), ARSI 450 nm AW IE (4D, I Excel
AL AL B SR AR, 4% A ST A TR 3
A ANHIZ KT 50 Yo U356 AL S 10t Jib Jeg 40 i AT 48
GFAMEE T, J5 80 HET ICso M€, F] GraphPad
Prism 8 (g4 8.0.2, GraphPad Software Inc) 115
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ANEEL, FRRESAM. 29HMRIEA, PIERR
B 22 R B B

FNHIZE = (4 s —A zn)(A sy —A 201
3 ER59H
3.1 EHREELER

WPk HD-1-1 ] ITS J¥%1] PCR ¥ #4751 &K &
4 508 bp, iX5 NCBI 4 P2 H 1 Penicillium sp.

100

RGN R F—03, #F—PUEHEE
FRIERT LUK I, WEGOIRBE L% NEt, e
WMAKENMY, HrmAEse, X5FERD
TEAFHIE R — U . Rk, 120 %% HD-1-1 iX—
FE RS H 5 # Penicillium brevicompactum, F£¥5
i % N Penicillium sp. HD-1-1 (& 2),
32 LEMHEWERE

WED)1: BERAK; [a]5+37.9 (c4.1,CD;0D);

Penicillium sp. HD-1-1

Penicillium brevicompactum (MH854983.1)

78

Penicillium brevicompactum (OW984449.1)

-Penicillium chrysogenum (MW345936.1)

Penicillium citrinum (OR041664.1)

Epicoccum sorghinum (MK391059.1)

2 E#k Penicillium sp. HD-1-1 FI &% % B #
Fig.2 Phylogenetic tree of Penicillium sp. HD-1-1

B 4T RS HR-ESI-MS 1£ m/z 387.141 8 45 HIHESS
T B 7 M+ Nal” (it 514 387.141 4,

CioH2407Na); ZLAMGIGZA R HE (3430 ecm™D). fiF
BRIE (1742 cm ™). 2RI (1622,1651 cm™t) “54h
MBS S UV (nm): 218 (4.39), 252 (3.87),
307 (3.70), %R | EMRENAVIFER S, &
B G5 R A 2R IR R (1], 5 B R R SR AL g
5] RFMLE I3, BC-NMR K HSQC 1 41+
TELE T DR (6c 165.1, 154.7, 143.4,
135.0, 126.0, 120.4, 108.6), 2 NNEEFRIE (6c 175.5,
171.0), 3 N H 3 (6cm 23.7/3.36, 33.7/2.38,
35.7/2.25), 2 ANESEBER K FEE (dom 104.5/6.31,
124.2/5.21), 3 NHEKE (bom 51.9/3.54, 56.4/3.55,
61.5/3.74), 2 NHE (Oom 11.1/2.18, 16.2/ 1.78), XLk
5 6-(5-carboxy-3-methylpent-2-enyl)-7-hydroxy-
3,5-dimethoxy-4-methylphthalan-1-one fJ A% i 24 4F
WA, 5L, 2 7 1 AHEERE S (don
51.9/3.54), 6'fiBIEEHK M S3A R s R B AT ReLE 6'ff
KRR HMBC 1545 tH B 1) 6'-OMe 5 C-6'(duic
3.54/175.5) HIMRMES, WEBH 71X A HF &AL
B I4h, HMBC %R H 5-OMe 5 C-5 5%
5%, 3-OMe 5 C-3 tHX(E5, H-2'5 C4HHX(E
5, H4'5 C-5HX(ES, H-5'5 C-6HHXES,

H-8 5 C-4. C-3a. C-5 #HX(E %5, H-7'5 C-2' C-3',

C-4'HH5%15 5, H-1'5 C-5.C-6.C-7 #5%(5 5. 'H-'H
COSY %y H-17H-2"/H-7'. H-4/H-5"HIHH %15
5 (B 3). XSS S —DHE T AT 1 4.
ROESY 445 i H-1" (9 3.36) MIH-7' (on 1.78) HIAH
KA, RPAVREWIN E. A THERED 1
a5 k97, {8 Gaussian 09 BATRHELEY) 1 1
ECD #7715, HEMZAsa ECD Mk A A
BirE (B4, RPLED 11 C-3 fr4axig4Y
RSB, BEEMRRIAAFILEY, i RAHE
FLFFREE . "H-NMR 1 BC-NMR ¥4 W% 1.
&Y 2: AEMA; ESI-MS m/z 343.1 [M+
Na]*, 2> 72 C17H2006: 'TH-NMR (400 MHz, CD;0D)
8: 525 (1H, t, J = 6.9 Hz, H-2'), 5.22 (2H, s, H-3),
3.76 (3H, s, 5-OMe), 3.38 (2H, d, J = 6.9 Hz, H-1"),
2.36 (2H, t, J = 7.2 Hz, H-5"), 2.26 (2H, t, J = 7.6 Hz,

HMBC —~'H-"H COSY == ROESY »—\

3 &1 MEE 'H-"H COSY. HMBC #1 ROESY #§
ESk
Fig.3 Key 'H-'H COSY, HMBC and ROESY correlations

of compound 1
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— Exp. for 1
- Caled. for 1
| — = Calcd. for ent-1

CD (mdeg)

200 250 300 350 400
A/nm

4 LAY 1 HSNFITE ECD 1EE
Fig. 4 Experimental and calculated ECD spectra of

compound 1

=1 1A% 118 '"H-NMR (400 MHz, CD;0D) #1
BC-NMR (100 MHz, CD;0D) #{4Z
Table 1 '"H-NMR (400 MHz, CD30D) and '*C-NMR (100
MHz, CD30D) data of compound 1

{0 O dc

1 171.0, C
3 6.31 (1H, s) 104.5, CH

3a 143.4,C

4 120.4, C

165.1,C

126.0, C

154.7,C

7a 108.6, C
8 2.18 (3H, s) 11.1, CH;3
3-OMe 3.55(3H, s) 56.4, CH3
5-OMe 3.74 (3H, s) 61.5, CH3
X 3.36 (2H, brd, J = 7.0 Hz) 23.7, CHz
2’ 521 (1H, t,J="7.0 Hz) 124.2, CH

3/ 135.0, C
4 225 (2H,t,J=7.5Hz) 35.7, CHz
5’ 238 (2H, t,J="7.6 Hz) 33.7, CHz

6’ 175.5,C
7' 1.78 (3H, s) 16.2, CHs
6-OMe  3.54 (3H,s) 51.9, CH3

H-4"), 2.14 (3H, s, H-8), 1.81 3H, s, H-7"); 3C-NMR
(100 MHz, CD;0D) &: 177.3 (C, C-6'), 173.8 (C,
C-1), 164.8 (C, C-5), 154.7 (C, C-7), 146.6 (C, C-3a),
135.0 (C, C-3"), 124.4 (CH, C-2"), 123.6 (C, C-6),
117.8 (C, C-4), 107.7 (C, C-7a), 70.8 (CHa, C-3), 61.6
(CH3, 5-OMe), 35.8 (CH,, C-4'), 33.8 (CH,, C-5,
23.6 (CH,, C-1'), 16.3 (CHs, C-7'), 11.4 (CHs, C-8).

ZAE VB S SRR E ) — B0, WS e
V)2 REMR .

& 3. WEHAK; ESI-MS m/z 357.1 [M+
Na]*, ﬁ?ﬁ Ci1sH220¢; "H-NMR (400 MHz, CDCI})Z
5:5.23 (3H, s, H-3, 2'), 3.75 (3H, s, 5-OMe), 3.56 (3H,
s, 6-OMe), 3.37 (2H, d, J= 7.0 Hz, H-1), 2.39 (2H, t,
J = 6.9 Hz, H-5), 2.26 (1H, t, J = 7.6 Hz, H-4'), 2.14
(3H, s, H-8), 1.80 (3H, s, H-7"); *C-NMR (100 MHz,
CDCl3) 6: 175.6 (C, C-6), 173.8 (C, C-1), 164.8 (C,
C-7), 154.8 (C, C-5), 146.6 (C, C-4), 134.8 (C, C-3),
124.6 (CH, C-2'), 123.6 (C, C-7a), 117.8 (C, C-6),
107.7 (C, C-3a), 70.8 (CHz, C-3), 61.5 (CH3, 5-OMe),
52.0 (CHs, 6'-OMe), 35.7 (CH,, C-4'), 33.7 (CHa,
C-5"), 23.6 (CHa, C-1'), 16.2 (CHs, C-7"), 11.4 (CHs,
C-8). XA YIIEIE 5 SRR IE (1) — 805, W
EWEY 3 NHEELEMIR .

e 4: Ak AKR;: [a]r —81.6 (¢ 0.75,
CD;0D); ESI-MS m/z 373.1 [M+Na]*, 7 T3
Ci1sH2207; '"H-NMR (400 MHz, CDCls) 8: 6.54 (1H, s,
H-3), 5.23 (IH, t, J = 7.5 Hz, H-2), 3.76 (3H, s,
5-OMe), 3.57 (3H, s, 6-OMe), 3.39 (2H, d, J = 6.7
Hz, H-1'), 2.39 (2H, t, J = 7.5 Hz, H-5"), 2.27 (2H, t,
J = 7.4 Hz, H-4"), 2.25 (3H, s, H-8), 1.80 (3H, s,
H-7'); 3C-NMR (100 MHz, CDCl3) 8: 175.6 (C, C-6"),
171.6 (C, C-1), 165.2 (C, C-5), 154.3 (C, C-7), 145.8
(C, C-3a), 135.0 (C, C-3"), 125.5 (C, C-6), 124.3 (CH,
C-2), 120.4 (C, C-4), 108.7 (C, C-7a), 99.6 (CH, C-3),
61.5 (CHs, 5-OMe), 51.9 (CHs, 6-OMe), 35.7 (CHa,
C-4'), 33.7 (CHy, C-5"), 23.7 (CH,, C-1"), 16.2 (CHs,
C-7"), 11.1 (CH3, C-8). ZAEWMEEE 5 CHkHIE 1)
— 00, K EAY) 4 N 6-(5-H A FRIE-3-H
JX-2-0)-3, 7~ FR JE-5- AR B -4 - FH RS SR -1 -8

&Y S: KKK ESI-MS m/z 359.2 [M+
NaJ*, 2373 C17H2007: 'H-NMR (400 MHz, CDCl3)
d: 6.60 (1H, brs, H-3), 5.25 (1H, t, J = 6.3 Hz, H-2'),
3.76 (3H, s, 5-OMe), 3.40 (2H, d, J = 6.9 Hz, H-1"),
2.28~2.38 (4H, m, H-4', 5'), 2.25 (3H, s, H-8), 1.81
(3H, s, H-7"); BC-NMR (100 MHz, CDCl3) 6: 179.5
(C, C-6"), 171.7 (C, C-1), 165.2 (C, C-5), 154.5 (C,
C-7), 145.7 (C, C-3a), 135.2 (C, C-3"), 125.5 (C, C-6),
124.1 (CH, C-2"), 120.3 (C, C-4), 108.8 (C, C-7a),
100.9 (CH, C-3), 61.5 (C, 5-OMe), 35.8 (CHa, C-4"),
33.9 (CHa, C-5"), 23.7 (CH,, C-1'), 16.3 (CH3, C-7'),
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11.1 (CHs, C-8). &M &W £ s 5 SOk iE i —
ool MEEWEY 5 N 6-(5-FREE-3-HHELK-2-
§#5)-3,7- 52 JE-5- A -4 - F LR )-1 -l

e 6: Bk K;: [a]s —68.0 (¢ 0.90,
CD;0D); ESI-MS m/z 607.3 [2M-+Na]", 4T3
Ci16H2005; 'H-NMR (400 MHz, CDCl3) 6: 5.24 (2H, s,
H-3), 3.78 (3H, s, 5-OMe), 2.65 (2H, m, H-1"), 2.60
(1H, m, H-3"), 2.18 (3H, s, H-8), 2.15 (3H, s, H-5"),
1.91 (1H, m, H-2), 1.58 (1H, m, H-2"), 1.13 (3H, d,
J=17.6 Hz, 3'-CH3); '*C-NMR (100 MHz, CDCl5) 6:
215.6 (C, C-4"), 173.7 (C, C-1), 164.9 (C, C-5), 154.7
(C, C-3a), 146.8 (C, C-7), 123.9 (C, C-4), 117.9 (C,
C-6), 107.7 (C, C-la), 70.8 (CH,, C-3), 61.6 (CHs,
5-OMe), 47.9 (CH, C-3'), 33.4 (CH,, C-2"), 28.2 (CH3,
4'-CH3), 22.2 (CHa, C-1"), 16.7 (CH3, 3'-CH3), 11.4
(CHs, C-8). ZALEWHIEE 5 SOk s 1) — k07,
WS B EY) 6 N 7-F85E-5-FE K -4-F HE-6-(3-H
F-4-A MR EL)- A7 A IR R -1-F

&Y 7: A K [o]r —8.9Cc 0.90, CD;OD);
ESI-MS m/z 611.3 [2M+Na]*, 2> T2 CisHigOs:
'H-NMR (400 MHz, CDCl3) 6: 5.25 (2H, s, H-3), 3.79
(3H, s, 5-OMe), 2.71 (2H, m, H-1"), 2.45 (1H, m,
H-3"), 2.15 (3H, s, H-8), 1.88 (1H, m, H-2'), 1.65 (1H,
m, H-2"), 1.21 (3H, d, J = 7.0 Hz, H-5"); '*C-NMR
(100 MHz, CDCl3) : 180.6 (C, C-4'), 173.8 (C, C-1),
164.9 (C, C-5), 154.8 (C, C-7), 146.8 (C, C-3a), 124.0
(C, C-6), 117.9 (C, C-4), 107.7 (C, C-7a), 70.8 (CHa,
C-3), 61.6 (CHs, 5-OMe), 40.7 (CH, C-3"), 34.5 (CHa,
C-2"), 22.4 (CH,, C-1"), 17.5 (CH3, C-5"), 11.4 (CHs,
C-8). ZAEWVIHIE RS STk IE — 1Y, WU E
WEY T N 6-(3-FR I T iR)-7-F255-5- FH A ik -4-H
K1 o

&Y 8: kR A: [a]f —284 (¢ 0.5,
CD;OD); ESI-MS m/z 5453 [M+Na]*, % T3k
C3:H3005N2; 'H-NMR (400 MHz, CDCl3) 6: 7.71 (2H,
d, J = 7.2 Hz, H-12, 16), 7.66 (2H, d, J = 7.1 Hz,
H-12', 16", 7.51 (1H, m, H-14), 7.47 (1H, m, H-14"),
7.40 (2H, t, J = 7.8 Hz, H-13, 15), 7.36 (2H, t, J= 7.7
Hz, H-13', 15"), 7.26 (2H, m, H-¢', 8"), 7.22 (2H, m,
H-5', 9, 7.18 (2H, m, H-7"), 7.07 (1H, d, J = 8.6 Hz,
H-5), 7.07 (1H, d, J = 8.6 Hz, H-9), 6.70 (1H, d, J =
8.5 Hz, H-6), 6.70 (1H, d, J = 8.5 Hz, H-8), 4.73 (1H,
dd, J =92, 6.1 Hz, H-2), 4.56 (1H, m, H-2'), 4.40

(1H, dd, J = 11.3, 4.3 Hz, H-1), 4.12 (1H, dd, J =112,
5.9 Hz, H-1"), 3.18 (1H, dd, J = 14.0, 6.1 Hz, H-3),
3.04 (1H, dd, J = 13.9, 9.1 Hz, H-3), 2.94 (1H, dd, J =
13.8, 6.6 Hz, H-3"), 2.88 (1H, dd, J = 13.7, 8.3 Hz,
H-3'); BC-NMR (100 MHz, CDCl3) 6: 173.3 (C, C-1),
170.4 (C, C-10), 170.3 (C, C-10'), 157.4 (C, C-7),
139.1 (C, C-4"), 135.6 (C, C-11"), 135.0 (C, C-11),
132.9 (CH, C-14), 132.6 (CH, C-14'), 131.2 (CH,
C-5), 130.3 (CH, C-9), 129.5 (CH, C-5', 9'), 129.5
(CH, C-13, 15), 129.5 (CH, C-6', 8'), 129.5 (CH,
C-13', 15", 129.1 (C, C-4), 128.5 (CH, C-12, 16),
128.4 (CH, C-12, 16"), 127.6 (CH, C-7), 116.3 (CH,
C-6), 116.3 (CH, C-8), 66.7 (CH, C-1"), 56.6 (CH,
C-2), 52.0 (CH, C-2'), 38.0 (CHa, C-3"), 37.2 (CHa,
C-3). A YIEARE 5 SCHRRE ) — 808, s
ENAW) 8 4 breynivosamide A

a9 BAOHR: [ay —269 (¢ 1.23,
CD;0D); ESI-MS m/z 1035.5 [2M~+Na]*, 7> 73
C32H30N204; lH-NN[R (400 MHZ, DMSO-ds) 52 8.88
(1H, d, J = 7.6 Hz, N-Hb), 8.35 (1H, d, J = 8.3 Hz,
N-Ha), 7.76 (2H, dd, J = 15.3, 7.4 Hz, H-12', 16),
7.76 (2H, dd, J=15.3, 7.4 Hz, H-12, 16), 7.51 (1H, m,
H-14), 7.50 (1H, m, H-14"), 7.42 (2H, m, H-13, 15),
7.40 (2H, m, H-13’, 15"), 7.14~7.23 (5H, m, H-5~9),
7.21~7.26 (5H, m, H-5~9'), 4.66 (1H, m, H-2'),
4.44 (1H, m, H-2), 4.19 (1H, m, H-1b), 4.19 (1H, m,
H-1a), 3.17 (1H, m, H-3'b), 3.06 (1H, m, H-3'a), 2.86
(1H, m, H-3b), 2.86 (1H, m, H-3a); '3C-NMR (100
MHz, DMSO-ds) 6: 171.6 (C, C-1), 166.7 (C, C-10"),
166.2 (C, C-10), 138.3 (C, C-4), 137.9 (C, C-4"), 134.5
(C, C-11), 133.6 (C, C-11"), 131.6 (CH, C-14), 131.2
(CH, C-14"), 129.1 (CH, C-5, 9), 129.0 (CH, C-5', 9"),
128.3 (CH, C-13, 15), 128.3 (CH, C-13', 15"), 128.2
(CH, C-6/, 8", 128.2 (CH, C-6, 8), 127.4 (CH, C-7"),
127.2 (CH, C-12', 16'), 126.5 (CH, C-12, 16), 126.2
(CH, C-7), 65.5 (CHy, C-1'), 54.5 (CH, C-2"), 49.9
(CH, C-2), 36.3 (CHa, C-3"), 35.9 (CH,, C-3). L&
VI 5 SCRkRoE 1 — 80, WS R AT 9N
DA W -

& 10: HEMA; ESI-MS m/z 529.3 [M+
Na]", 7 730 CyHioN2O4, 'H-NMR (400 MHz,
CDCl;) &: 7.66~7.70 (4H, m, H-2", 2", 6", 6"),
7.18~7.41 (10H, m, H-2, 2/, 3, 3, 4, 4, 5,5, 6, 6),
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7.35~7.52 (6H, m, H-3", 3", 4", 4" 5" 5", 4.80
(1H, dd, J = 9.5, 5.8 Hz, H-8"), 4.57 (1H, m, H-8),
441 (1H, dd, J = 11.5, 4.5 Hz, H-9a), 4.14 (1H, dd,
J = 114, 6.4 Hz, H-9p), 3.28 (1H, m, H-7'0)), 3.12
(1H, dd, J = 13.8, 9.0 Hz, H-7'p), 2.94 (1H, dd, J =
13.7, 6.6 Hz, H-7a), 2.88 (1H, dd, J = 13.7, 8.3 Hz,
H-7f); 3C-NMR (100 MHz, CDCl) d: 173.1 (C,
C-9"), 170.4 (C, C-7"), 170.3 (C, C-7"), 139.1 (C,
C-1), 138.5 (C, C-1), 135.6 (C, C-1"), 135.0 (C,
C-1"), 132.9 (C, C-4""), 132.6 (CH, C-4"), 130.3 (CH,
C-2', 6'), 130.2 (CH, C-2, 6), 129.6 (CH, C-2"", 6",
129.5 (CH, C-3, 5), 129.5 (CH, C-3", 5"), 129.5 (CH,
C-3", 5", 128.5 (CH, C-4'), 128.4 (CH, C-2", 6"),
127.9 (CH, C-3', 5'), 127.6 (CH, C-4), 66.8 (CH,,
C-9), 56.3 (CH,, C-8'), 51.9 (CH,, C-8), 38.0 (CH,,
C-7'), 37.8 (CHa, C-7). ZALAE W HI R 5 ki 18
1) — 320, MU EAL A 10 S N-(NV-2K RS-
IR TN 2R )-S™- 2 T B F IR R

taEY 11: BEMRY); [o]p +17.5 (¢ 0.80,
CD;0D); ESI-MS m/z 703.3 [2M+Na]*, 4> 714
C15H20N203S5; "H-NMR (400 MHz, CD3OD) 0:6.98
(1H, d, J = 7.0 Hz, H-9), 6.98 (1H, d, J = 7.0 Hz,
H-13), 6.68 (1H, d, J = 6.7 Hz, H-10), 6.68 (1H, d, J =
6.7 Hz, H-12), 3.49 (1H, d, J = 14.2 Hz, H-7a), 3.23
(3H, s, I-NMe), 3.14 (1H, d, J = 14.3 Hz, H-7b), 3.02
(3H, s, 4-NMe), 1.94 (3H, s, 6-SMe), 1.58 (3H, s,
3-SMe); 3C-NMR (100 MHz, CDs;OD) §: 167.1 (C,
C-2), 166.4 (C, C-5), 158.2 (C, C-11), 131.7 (CH,
C-9), 126.0 (CH, C-13), 116.3 (C, C-8), 116.3 (CH,
C-10), 116.3 (CH, C-12), 76.8 (C, C-6), 65.9 (CH,
C-3), 42.8 (CHa, C-7a), 33.8 (CHs, 4-NMe), 30.9
(CHs;, 1-NMe), 16.3 (CHs, 3-SMe), 13.5 (CHs,
6-SMe). ZA G R 5 SCIRHGE I — 2 RY, il
&Y 11 K588 (3S,6R)-6-(hF-Fa A E)-1,4-— HI%E-
3,6-— HI T FL IR R-2,5- .

WEY 12: LtHRY; (o] 244 (c 1.20,
CD;0OD); ESI-MS m/z 703.2 [2M-+Na]", 4T3
Ci5H20N203S2; 'H-NMR (400 MHz, CD;0D) 6: 6.98
(1H, d, J = 7.0 Hz, H-9), 6.98 (1H, d, J = 7.0 Hz,
H-13), 6.68 (1H, d, J = 6.7 Hz, H-10), 6.68 (1H, d, J =
6.7 Hz, H-12), 3.49 (1H, d, J = 3.5 Hz, H-7a), 3.23
(3H, s, 1-NMe), 3.15 (1H, d, J = 3.1 Hz, H-7b), 3.02
(3H, s, 4-NMe), 1.94 (3H, s, 6-SMe), 1.58 (3H, s,

3-SMe); '3C-NMR (100 MHz, CD;0D) 6: 167.0 (C,
C-2), 166.5 (C, C-5), 158.3 (C, C-11), 132.5 (CH,
C-9), 132.5 (CH, C-13), 126.4 (C, C-8), 116.7 (CH,
C-10), 116.7 (CH, C-12), 77.9 (C, C-6), 66.5 (CH,
C-3), 41.3 (CHa, C-7a), 33.6 (CHs, 4-NMe), 31.2
(CHs;, 1-NMe), 13.7 (CHs, 3-SMe), 12.4 (CHs,
6-SMe). ZALA PN E s 5 SCHRE i — 2R,
WL ED) 12 N (BR,6R)-6-(Kf -F2 7K 3E)-1,4- - H
H-3,6- — HRIE IR IR-2,5- .

&Y 13: REERAKR: [o]y —3.48 (¢ 0.5,
CD;0D); ESI-MS m/z 3462 [M+Na]*, 7 13
CioH21N302; '"H-NMR (400 MHz, CD;OD) o: 7.42
(1H, d, J=7.9 Hz, H-4),7.25 (1H, d, J = 7.7 Hz, H-7),
7.21 (1H, s, H-8),7.12 (1H, dt, J = 1.1, 7.2 Hz, H-5),
7.07 (1H, dt, J = 1.2, 8.1 Hz, H-6),6.10 (1H, dd, J =
10.7, 17.5 Hz, H-16), 5.12 (1H, dd, J = 1.0, 4.0 Hz,
H-17a), 5.08 (1H, dd, J = 1.0, 11.0 Hz, H-17b),
422(1H, dd, J = 7.0, 14.0 Hz, H-12), 1.55 (3H, m,
H-18), 1.54 (3H, m, H-19), 1.52 (3H, s, H-20);
3C-NMR (100 MHz, CD;0D) §: 168.7 (C, C-10),
162.3 (C, C-13), 146.2 (CH, C-16), 146.0 (C, C-2),
136.8 (C, C-7a), 127.3 (C, C-3a), 124.7 (C, C-9),
122.5 (CH, C-6), 121.2 (CH, C-5), 119.9 (CH, C-4),
114.4 (CH, C-8), 112.7 (CH, C-7), 112.6 (CHa, C-17),
104.3 (C, C-3), 52.6 (CH, C-12), 40.4 (C, C-15), 28.2
(CHs, C-18), 28.1 (CH3, C-19), 20.7 (CH3, C-20). %
1B B S SOk AR IE ) — 222, MU R S
134 (H)-FrifgHR A

&EW 14 BB KR [a]) 247 (¢ 032,
CD;0D); ESI-MS m/z 233.1 [M~+Na]*, 7 13
CioH1005; 'H-NMR (400 MHz, CD;OD) §: 6.47 (1H,
s, H-4), 6.31 (1H, s, H-6), 5.22 (1H, s, H-3), 3.98 (1H,
s, H-8), 1.16 (3H, d, J = 6.0 Hz, H-9); 3C-NMR (100
MHz, CD;OD) ¢: 173.4 (C, C-1), 167.1 (C, C-5),
160.4 (C, C-7), 153.5 (C, C-3a), 105.7 (C, C-7a),
104.3 (CH, C-6), 103.3 (CH, C-4), 85.8 (CH, C-3),
69.9 (CH, C-8), 17.8 (CHs, C-9). iZAib& Wi it
5@ — %™, MEEhEYw 14 N
(BR.8S5)-5,7- 12 HE-3-(1-F2 L35 K B

&Y 15: AEHRAR; ESI-MS m/z 383.1 2M+
Na]*, 7> T3 CoHsO4: 'H-NMR (400 MHz, CD;0D)
5:10.28 (2H, s, 5, 7-OH), 6.41 (1H, s, H-6),5.09 (2H,
s, H-3), .90 (3H, s, H-8); '*C-NMR (100 MHz,
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CD;0D) 4: 169.1 (C, C-1), 162.0 (C, C-5), 156.0 (C,
C-7), 149.3 (C, C-3a), 108.6 (C, C-4), 102.2 (C, C-7a),
102.1 (CH, C-6), 67.7 (CH,, C-3), 10.2 (CH3, C-8). %1k
A VIEARE S SCERROE I — 24, SR E Y 15
R 5,7- H AR -4 FE S 2R G- 1 B H)-B

th&¥16: FEEHAR; ESI-MS m/z 407.1 2M+
Na]*, 4> ¥ 20 C1oHsO4: 'H-NMR (400 MHz, CD;0D)
8:6.32 (1H, s, H-4), 6.30 (1H, d, J = 2.1 Hz, H-5),
6.28 (1H, d, J = 2.2 Hz, H-7), 2.23 (3H, s, H-9);
BC-NMR (100 MHz, CDs;OD) ¢: 167.9 (C, C-1),
167.3 (C, C-3), 164.9 (CH, C-4), 1556 (C, C-4a),
141.5 (CH, C-5), 105.5 (C, C-6), 103.4 (CH, C-7),
102.4 (C, C-8), 99.7 (C, C-8a), 19.2 (CH3, C-9). %tk
B VIR S SRR IE 1 — 20, S EWEY) 16
N saccharonol A .

WEY17: EEKAR; ESI-MS m/z 4172 2M+
HJ*, 4373 C1oHsOs; 'H-NMR (400 MHz, CD;0D)
9:6.50 (1H, brs, H-4), 6.35 (1H, m, H-5),6.33 (1H, m,
H-7), 434 (2H, s, H-9) ; BC-NMR (100 MHz,
CD;0D) ¢:167.5 (C, C-1), 167.4 (C, C-8), 164.9 (C,
C-6), 157.4 (C, C-3), 140.7 (C, C-4a), 104.8 (CH, C-4),
104.4 (CH, C-5), 103.0 (CH, C-7), 99.9 (C, C-8a), 61.3
(CHz, C-9). ZALEIIIEARE 5 SClRAROE 1) — 22,
WS EE1T N 68-— I3 HRHIERET R,
3.3 JEMMRER

TR 13 AMEEXE SRR 4 (A549.

NCI-H158. MCF7. AGS. HT29) [RilliEs: (%
2) KB, &Y 2 3 % AGS 41 B A Bsa ]
W, 1Cs0 0 HN 0.691 1.12 pmol/L. BEAMEEW
2 % NCI-H1581 20 BA &4 iE 1, 1CsofEN
17.95 pmol/L, &%) 3 %+ HT29 4l E A Hh &4
TG, 1Cso{EN 19.30 umol/L.
4 g

A 5T LB & Kl EEVEEL B Penicillium
sp. HD-1-1 RHFFERT G, 3 BSA5 3] 1 ANH &R IR
FUEY (D D16 MBE (2~17). 18
A iE RS R A G S 2R, K
MAAY) 2 F1 3AALE C-6'LEHZR, Uil C-6'fiL
EIf) COOH [gtk >y COOCH; YN 74k &4% T
HT29 Zf A is 1, PG T &0 T AGS
AR A AN NCI-H1581 40 [ 40 B 20 14« AL &4 2 i
S FHEL, UtBAZEIFRRIRIA - C-3 17 B IR IR %
KT AENT 5 M A A 2575 1. G
1. 4 S54EY 3 ML, SEEIENOEER L C-3
B RAEMFEREIUR. BRI T EY
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Table 2 Antitumor activities for 13 compounds

e W/ ST 2/ %
- (umol-L™) A549 4 NCI-H158 4Hfifg MCF7 41 AGS 411 HT29 4y
1 20 6.27+3.61 0.73+2.25 1.61+3.30 5.96+4.44 8.93+1.97
2 20 37.18+2.38 52.4242.00 54.55+2.20 70.58+1.87 67.42+0.53
3 20 40.76+3.64 48.54+4.10 39.074+1.20 67.17+1.90 60.22+4.04
4 20 4.67+2.58 -0.59+2.41 1.93+4.23 4.59+1.86 10.51+1.85
5 20 11.11+8.03 —2.24+4.20 —-0.26+2.60 6.02+4.04 8.97+4.33
6 20 3.92+2.69 1.51£3.05 2.03+1.64 1.71+£3.42 10.28+2.98
7 20 6.71+3.77 0.09+5.30 2.64+1.19 2.24+6.00 6.28+5.14
8 20 13.70+7.19 —2.42+527 1.26+4.24 5.05+3.65 10.97+2.37
9 20 13.94+1.45 0.87+0.60 -1.3242.59 1.33+6.62 9.55+3.71
10 20 3.37+6.62 2.2440.96 428+1.17 1.17+4.27 12.63+3.30
1 20 3.95+1.21 0.96+0.28 1.48+1.26 0.69+3.18 9.82+3.99
12 20 2.22+4.52 1.00+3.02 2.99+1.92 4.84+6.15 9.59+2.14
14 20 13.224+4.41 -0.32+1.65 2.324+2.86 4.77+3.48 7.32+3.83
Dox 20 75.02+0.41 93.16+1.11 53.72+0.42 99.21+0.39 83.63+1.10
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