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o OE . ARG L LE B Penicillium rolfsii 8196419 R AR ™= I HEAT THFST, it SR A K BEs: 5 £
B R A SR DL B BRI . RS RSP, %7 T 9 K4 ¥ 3, 5-dichloro-2., 6-diydroxy-4-
methyl-benzoic acid methyl ester (1) | methyl asterrate (2) . penicillither (3) | methyl dichloroasterrate (4) . 2, 4-
dichloroasterric acid(5) . asterric acid(6) . 5-hydroxymethylasterric acid(7) .sulochrin(8) . hydroxysulochrin(9),
L&Y, 2. THRMNEEEER P o sS85, MTTENRA G, RHAE Y 6 X T-24 41 LA 40 BE 1%,
IC;, {4 16.60 pmol/L; —AFMBELPLIE IR, EW 4. SHVPTTIREA BPUREM:, T MIC HYh
50 wmol/L; ABTS H AL BRIZH P A& AL 1) 8 FI 9 FE MR JE 4 10 wmol/L i HASRBTAAAL TR TE,  H ih AR BR A
SIAEAENT 79.81%.70.84%
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The secondary metabolites of the marine-derived fungus

Penicillium rolfsii 8196 isolate from sponge Xestospongia sp.
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Abstract: Nine known aromatic compounds (1—9) were isolated from the ethyl acetate extracts of the
solid cultures of marie-derived fungus Penicillium rolfsii 8196#, isolated from sponge xestospongia
sp.. Their structures were elucidated by spectroscopic analysis and comparative investigation with
references. These compounds were evaluated for their cytotoxic, antibacterial and antioxidant
activities. Among them, Compound 6 showed cytotoxicity against human bladder cancer T-24 cells
with the IC,, values of 16.60 pwmol/L, compounds 4 and 5 exhibited weak inhibitory effects against
Salmonella with MIC values of 50 pmol/L, and compounds 8 and 9 showed the free radical
scavenging rate 79.81% and 70.84% at the concentration of 10 wmol/L, respectively.
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Wtk 4. WIRMELR IR B Penicillium rolfsii 81968 A= 4)

13

e A mEh . w4 Ao IR
SENRFAE o RRIR IR TR AE A5 0 22 0 1 AR Ak Rt R
A RS, BRSP4 B RO RIS TE . 451
AL ) (4245 2016) o 7RI 47 2 R AR
Y E ORI Z — . EA B R B RE 155,
B 5 ifg 4 S 2R B e WA se - AR B RAFAEY)
IR GARE - D Ok e 3, IRBUN R AR
C A B 5 i AT 4 2R B R R IR A B
LA . BUEAL SR 1 Y 2 M2 B & ) (Pang et
al.,2018; Sun et al., 2020; Lu et al.,2024) . N T F
A FA, BA R4 YGRS
Yy, PR 1 RRIR T R v A A i v LR
Penicillium rolfsii 8196# 1K FACE =Y 17w 5%
STEYSETIOMEE (B D, Kb Gk
RIFFAEY, aY2~Th w2, 1k
GV 8~9 N T RWERALEY), X HBUME . B
DL R bt S A S5 AR W s e e AT I, DA A2 iR B P
RS .

1SR4y

gg. iXFI R drrd
Bruker-Advance 400 MHz #% i 295 I 354 (B

1.1

-+ Bruker /A 7] ), MAT95XP 55 4 ¥ i % A ( 36 [#
Thermofisher 2 &), LC-6AD il £ % w5 45 i AH {1
A (H A Shimadzu A 7] ), LCQ R/ BEIEAL
X SR A ARRT S (Bruker D8 VENTURE MetalJet il
H 7<% SuperNova SRR ) , W AH (154 (H A&
Shimadzu /&) ), Varioskan LUX £ S GEB AL ()
MR A VIR A PR A A ), 7 SRAHBEIK Sephadex
LH-20(3&H Pharmacia’A ), SW-CJ-1F BU 5 TAF
B (M AR A ED, HETRER (200~300
H) (5 57k T ), HPLC A H BE (LT ),
CNE CETT ) A taikal, Hoda ] s Hrat .

LA 8196457 B T ) AR BRI I 145 1 B U v 1l ok
B AT R 2 CRAE I TR] 20180710) o ] PCR 4L
AR P18 % T A% OB R ITS 3% K X Bt (GenBank
PQ578635), 5 NCBI W #REHE XL, %@ H
& 8196#°M Penicillium rolfsii, H H % & R *- 17 7
JUR T R 2= RAR ) Se g 2 . P b il g vk JH A
k. U ITICH (Salmonella ATCC 14028), 4 {f
WA ER A (Staphylococcus aureus 29213 ), Hil LR {5 H
JItd 7 ( Pseudomonas aeruginosa 47085) 5| H mgrEFE
TREFIHMAAET T R T RFRIRA Y LR =
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Fig. 1 The structures of compounds 1-9
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1.2 HHREFAE

R T MESE S (202 1) MRLEY 5 ik B SR R
FOKREFRHE (550 mL A7 55 18 FUfRL, BRI 25 g KoK,
40 mL JiT 5 53 BN 3% 13K ) & K B s, f
AW, FiREEFE30d, LREESOM.

1.3 #EEHE

K WEY) W R AR I 3 Uk, Wk 4 o6 1
LU SRR K- LR LR AE B 3 Wk, AR 2
iR O TR AR R AT e 4 A B, e XA 51 10.2 g (4 KL 42
YR . MR Y SR FH OE AR EE A (200~300 H ) i
LB, L EtOAc-PE by i i 751 28 47 86 J3E 35k i
EtOAc:PE(3:7,1:1,7:3,1:0, & F I, FFE) 4>
B A4y Fr~4,

2453 Fr.1(900 mg) >R FHEERAE)ZAT[S cm x 70 cm,
300~400 H ,EtOAc:PE(1:9,3:7,1: 1) ¥EF14rE84lifk,,
135 3453843 Fr.1-1~Fr. 1-3, HHf Fr.1-1(220 mg) 4
SLA R AL BEA T 20 85 [4 cm x 70 cm, 300~400 H ,
DCM:MeOH (30: 1), & B Lk, F A 113846 A 91
(21 mg)s

4y Fr.3 (1.4 g) 2R I RE I A 1 47 86 B 43 15
[8 cm x 70 cm, 300~400 H ,EtOAc: PE(3:7,1:1,
6:4,7:3) |47 B 2lifk, 159 Fr.3-1~Fr.3-4, Fr.3-1
(199 mg) ZfE AL JZ M7 73 25 (3.5 cm x 80 cm, 300~
400 H, DCM: MeOH(15:1) 1185{b-5% 3(7 mg),
Fr.3-2(330.2 mg) £& /=5 R0 AH 35 70 25 [C 1,
Shimadzu 20 mm x 250 mm, 5 pm, 10.0 mL/min,
0~45 min, MeOH: H,0(11:9) , f&f L, F[E ], 4>
15251 2(590.9 mg, £, = 25 min) FIiL 54 3
(5.1 mg, f, = 40 min); Fr.3-3(90.3 mg) i izf =5 20k
A3 43 25 [ C18 44, Shimadzu 20 mm x 250 mm,
5 um, 10.0 mL/min, 0~60 min, MeOH: H,0(7:13) ],
A EMEEY 4(30.1 mg, £, = 50 min) F4LEH 9
(16.3 mg, #, =30 min). Fr.3-4(467.2 mg) &l &
WA 6,35 43 85 [ C o £ , Shimadzu 20 mm x 250 mm,
5 um, 10.0 mL/min, 0~35 min, ACN:H,0(7:13) ], 15
#MkE 8(26.1 mg,t, = 10 min) FfL 54 6(6.3 mg,
ty =25 min),

H Ay Fr.4(3.0 g) R R AH A (6.0 cm %
60 cm,ODS-A-HG,MeOH:H,0(3:7,1:1,7:3,1:0) ]
BB EEVENG , 45 %] Fr.4-1~Fr.4-3, Fr.4-1(81 mg) %
fik G AL J2 T 20 85 (3.5 em x 80 cm, 300~400 H ,
DCM:MeOH (10:1) 113 #8|{b 5 ¥ 5(9 mg), Fr4-2
(500 mg)fifi FH 75 2 #i #5E X Sephadex LH-20 i 17 4
2 (1.0 cm x 80 cm,MeOH:H,0(1:1) ], %453
k& 7(3.8 mg).

1.4 EMEE

L4147 @& R AR PR,
2023) , XA A Y 1~9 1R Hh X 4 B 60 4 Bk A
(Staphylococcus aureus) , i 2% {5 .} 7 ( Pseudo-
monas aeruginosa) , V0[] E (Salmonella) i i K
PR (MIC) 4TI, PHAPEXT B SR N Tb A
YR G s, BCHI VR BE 256 pmol/L VR
7E 96 FLAR AT Ao A 0.01 FYTETE 100 pL,
FEAR BN 100 uL B9 AL & Wi, it 59
SR FEMRIR N 128, 64, 32, 16, 8. 4 umol/L. i
BT 37 CCH IR A T 12~24 hJE TREFRIL 600 nm b
Wi A{E . 38 5k PR AR R ZR VT LAk DL R 5 (B A%
AN K9 LA b & W e B2 R SR S5 /N 40 TR vk B
(MIC) ., LI REN, hEGW4. SXUTTINE
A FPURTEN:, HMIC{EH 50 pmol/L(F 1),

T ALE Wi NI R 45 R
Table 1 Minimum inhibitory concentration (MIC) test of

compounds umol/L
e SROHEERE FSBRPREE YIIRE
1 > 128 > 128 > 128
2 > 128 > 128 > 128
3 > 128 > 128 > 128
4 > 128 > 128 50
5 > 128 > 128 50
6 > 128 > 128 > 128
7 > 128 > 128 > 128
8 > 128 > 128 > 128
9 > 128 > 128 > 128
WV 0.76 2.11 5.98

1.4.2 M am fe3g s 6 %ok LAT P Ay BH 4
WA, 3 5 MTT i (Ezzat et al., 2022) 2 Hr ik &9
1~9 410 3 N JB% JOE 988 T-24 20 B9 Ak 040 400 J0 338 5 5 i)
TGRS AW E S 51.2, 25.6.
12.8, 6.4, 3.2F11.6 umol/L. F47341EfL, nzy
B 7205, WA 96 FLAR I RAA, BEL PRI AGG
i DMSO, B i H T, THEHR{ 490 nm
b AfE, PAT3 IR . LAWY 6 110 IC,E
9 16.60 pmol/L, H At fk & ¥ 1 IC,, {H ¥ K T
51.2 pmol/L . 4t #8 5iff # i] =
T = [(1=A gy ) /A 300 1¥100%

1.4.3 A% @ E A Y 1~ 9% ABTS
FI H 3 09 75 BR AR P Al T S fk BB 71 (Nan et al.,
2024), AT COVOVER VX AL . B A T A
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Hopsthe, %5 MG I/E B Penicillium rolfsii 8196HXZR AL 1) 15

i BE T A BE 10 pmol/L 9P, B 100 pL £ A
W5 100 pL e & 419 ABTS TAE R — R AF] 96 £L
M, SFAT3AESL, BUE T REE AL 10 ~ 20 min
&, TUEK 734 nm FIEFESOGE . AT 3R
SR, ALK BREY 8. 9TEWREE 10 pmol/L
AP BAT SPGB iR B (R) 4351
79.81%. 70.84% ($£2),
R = [ (Apgrssn—A s ) Ansrssn )< 100% .
%2 ALY E 10 pmol/L Y4 A AL IE 1k

Table 2 Antioxidant activity for compounds with

concentration of 10 pmol/L %
feay  AmEERER | AW AmEERRR
1 51.86 6 60. 46
2 65.25 7 57. 04
3 53.12 8 79. 81
4 63.39 9 70. 84
5 64.32 Ve 95. 14

1.5 HEYMMIKILETE

k&P 1. CHCLO,, H ik f 14, ESI-MS
m/z 252.01 [M+H]",252.01:254.01:256.01 & 11§55
JEZ H#)49:6:1,6,,210~212 °C;'H NMR(400 MHz,
CDCl,)é, 10.14(1H,s,0H-2),10.14(1H,s,0H-4),2.54
(3H,s,H-7),4.13(3H,s,H-9) ; ®C NMR (100 MHz,
CDCl,)6.169.4(C-8,C),154.4(C-1,C),154.4(C-5,C),
1442(C-2,C),144.2(C-4,C), 113.8(C-3,C),99.2
(C-6,C),53.8(C-9,CH,),19.0(C-7,CH,).

k&2 CHO, Tk, ESI-MS m/z
385.09 [M+Na]",6,,170~175 °C;'H NMR (400 MHz,
DMSO0-d,)é, 6.75(1H,s,H-3),6.75(1H,s,H-5),6.31
(1H,s,H-4"),5.63(1H,s, H-6"),3.76 (3H, s, H-9") ,
3.69(3H,s,H-7),3.62(3H,s,H-9),2.06(3H,s,H-7");
C NMR (100 MHz, DMSO-d,) 6. 167.1 (C-8', C) ,
165.3(C-8,C),157.1(C-1',C), 156.5(C-3',C) , 155.1
(C-1,C),153.5(C-6,C), 141.3(C-5',C) ,133.8(C-4,
C),125.7(C-2,C),109.5(C-4',CH),107.5(C-3,CH),
107.3(C-2',C),104.8(C-5,CH),104.4(C-6',CH),56.1
(OCH,-7, CH,) , 52.1 (OCH;-9, CH,) , 51.9 (OCH,-9',
CH,),21.4(C-7',CH,),

k&8 3. CH,ClO,, RE @A, ESI-MS
m/z397.06 [M+H]",397.06:399.06 & FI5i i 2 24
H43:1,6,,170~175 °C;'H NMR (400 MHz, DMSO-d,)
3, 9.97(1H, brs,3'-OH) , 6.73(1H, d, 2.8 Hz,H-3) , 6.64
(1H,d,2.9,H-5),6.48(1H,s,H-4"),3.22(3H,s,H-7) ,
3.61(3H,s,H-9),3.60(3H,s,H-9'),226(3H,s,

H-7") ; *C NMR (100 MHz, DMSO-d,) §.164.7 (C-8',
C),164.7(C-8,C),154.6(C-1',C), 154.1(C-3',C),
153.0(C-4,C),150.7(C-6,C) , 137.8(C-5',C) , 135.5
(C-1,C),124.4(C-2,C),113.0(C-6',C) , 111.1(C-4',
CH),110.7(C-3,CH),107.4(C-2',C),104.7(C-5,CH),
56.1(0CH,-7,CH,),51.8(0OCH,-9',CH,),51.6(0OCH,-9,
CH,),20.2(C-7',CH,)-

k&Y 4. CH,CLO,, IRHEEAR, HRESI-MS
m/z 429.015 41 [M-H] ", 429.015 41: 431.012 39:
433.009 28 B T Vg5 B 2 L2 R 9: 601, 6,147~
150 °C ;'"H NMR (400 MHz, DMSO-d,)d, 6.86(1H,d,
2.9Hz,H-3),6.55(1H,d,2.9 Hz,H-5),3.8(3H,s,H-7),
3.74(3H,s,H-9),3.51(3H,s,H-9'),2.49(3H,s,H-7");
C NMR(100 MHz,DMSO-d,)d.170.1(C-8',C),166.8
(C-8,C),155.4(C-1',C), 152.5(C-6,C) , 151.5(C-4,
C),151.1(C-3',C), 141.6(C-5',C),139.2(C-1,C) ,
123.3(C-2,C),118.4(C-4',C),117.9(C-6',C), 108.6
(C-3,CH) , 106.7 (C-2', C) , 105.3 (C-5, CH) , 56.7
(OCH,-7, CH,) , 53.1 (OCH,-9, CH,) , 52.6 (OCH,-9',
CH,),18.8(OCH,-7',CH,).

k&Y S: C,H,CLO,, FEE[EA, HR ESI-MS
m/z 414.999 71 [M-H] ", 414.999 71: 416.996 66:
418.993 59 B§ T g v Z L2 Ry 9:6: 1, 6,231~
234 °C;'H NMR (400 MHz, DMSO-d,)d, 9.37(1H,s,
4-OH),6.52(1H,s,H-3),6.52(1H,s,H-5),3.54(3H,s,
H-9),3.45(3H,s,H-7),2.35(3H,s,H-7") ; °C NMR
(100 MHz, DMSO-d,) 6.167.2(C-8',C) , 166.2 (C-8,
C),159.9(C-1',C), 152.8(C-2',C), 151.6(C-4,C),
150.9(C-6,C),139.3(C-1,C),135.4(C-5',C), 122.4
(C-2,C),116.6(C-4',C),113.3(C-6',C),110.9(C-3',
C),107.2(C-3,CH),105.1(C-5,CH) , 56.6 (OCH,-7,
CH,),51.6(0CH,-9,CH,),18.1(C-7',CH,).

fk&We6: C.H,O, HEREIK, EI-MS m/z
348[M1',4,,176~180 °C;'H NMR(400 MHz,DMSO-d; )
d, 11.18 (1H, brs, 3'-OH) ,9.90(1H, s, 4-OH),6.77
(1H,s,H-3),6.77(1H,s,H-5),6.32(1H,s,H-6") , 5.65
(1H,s,H-4'),3.69(3H,s,H-7),3.61(3H,s,H-9),2.07
(3H,s,H-7") ;*C NMR (100 MHz, DMSO-d,) . 170.3
(C-8',C),165.1(C-8,C),159.8(C-3',C),158.5(C-1",C),
155.1(C-4,C),153.4(C-6,C),143.3(C-5',C), 134.0
(C-1,C),125.4(C-2,C),109.9(C-4',CH) ,107.6(C-3,
CH),105.0(C-6',CH),104.7(C-5,CH),104.2(C-2',C),
56.1 (OCH,-7, CH,) , 52.1 (OCH;-9, CH,) , 21.5(C-7',
CH,).

&YW 7. CH,O,, REEHA, ESI-MS m/z
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387.07 [M+Na]",6,,155~160 °C;'H NMR (400 MHz,
DMSO-d,) 6, 12.24 (1H, brs, 8-OH) , 9.87 (1H, s,
4-OH),6.77(1H,s,H-3),6.77(1H,s,H-5) ,6.42(1H,d,
1.3 Hz,H-6"),5.81(1H,d, 1.3 Hz,H-4"), 5.12(1H,t,
10.0 Hz,OH-7'),4.25(2H,d, 4.8 Hz,H-7"),3.68(3H,s,
H-7),3.61(3H,s,H-9);"°*C NMR(100 MHz,DMSO-d,)
J. 169.9(C-8',C),165.1(C-8,C),160.8(C-1',C) , 158 .4
(C-3',C),154.9(C-4,C), 153.4(C-6,C) , 147.5(C-5',
C),135.3(C-1,C),125.4(C-2,C),107.5(C-3,CH) ,
106.6 (C-6', CH) , 104.9 (C-5, CH) , 105.8 (C-2', C) ,
101.1(C-4',CH),62.2(C-7',CH,),56.1(0OCH,-7,CH,),
52.0(0CH,-9,CH,).,

k&Y 8. CH,O,, RECOHA, ESI-MS m/z
333.09 [M+H]", 6,,147~148 °C ;'"H NMR (400 MHz,
DMSO0-d,) 6, 6.88 (1H,d, 2.0 Hz,H-3),6.66(1H,d,
2.1 Hz,H-5),5.96(1H,s,H-3"),5.75(1H,s,H-5"),3.62
(3H,s,H-7),3.61(3H,s,H-9),2.12(3H, s, H-7") ;
C NMR(100 MHz,DMSO-d,)5. 199.6(C-8',C),165.7
(C-8,C),162.8(C-2',C), 162.8(C-6',C) , 158.2(C-4,
C),156.7(C-6,C),147.1(C-4',C),127.7(C-2,C),126.4
(C-1,C),109.5(C-1',C),107.3(C-3',CH),107.3(C-5',
CH),106.7(C-3,CH),103.5(C-5,CH),55.9(0OCH,-7,
CH,),51.9(0CH,-9,CH,),21.6(C-7',CH,),

k&Y. CH,O, REMEIK, ESI-MS m/z
371.08 [M+Na]",6,,212~213 °C;'H NMR (400 MHz,
DMSO0-d,)d, 6.90(1H,d,2.1 Hz,H-3),6.68(1H,d,2.1
Hz,H-5),6.23(1H,s,H-3'),6.23(1H,s,H-5'),4.35(2H,
s,H-7"),3.64(3H,s,H-7) ,3.63(3H,s,H-9) ; °C NMR
(100 MHz, DMSO-d,) 5. 199.8(C-8',C) , 165.7(C-8,
C),161.7(C-2',C),161.7(C-6',C), 158.1(C-4,C) ,
156.8(C-6,C),152.2(C-4',C),127.9(C-2,C),126.2
(C-1,C),109.8(C-1',C),107.2(C-3',CH),107.2(C-5',
CH) , 104.1(C-3,CH) , 103.4(C-5, CH) , 62.4 (C-7',
CH,),56.0(0CH,-7,CH,),52.1(0CH,-9,CH,)

1.6 &1, 2513 BELEN

AW 11 B S AT S BCPE F Bruker D8 Venture
MetalJet X 4 £k B0 S A1 54, DA Ga-Ko b 58 3 TR
M2 A2 F 3 /A S AT S B B B AR
Hil 2% SuperNova UG A BE X 5F £k B b AT 51, LA
Cu-Ko J % 4 U5 00 60 15 2 o A IR 45 W &
Diamond 4.0 £l . fb &9 1. 2 F1 3 SR 4548 1)
CCDC 54 2402560-2402562

2 R 51HE

A 1. ESI-MS m/z 252.01 [M+H]", '"HNMR

i [ R 2 A% Ik A5 5 6,10.14(1H, s, OH-2) ,
10.14 (1H, s, OH-4) Ll 2 M R A F 5 9, 2.54
(3H,s,H-7),4.13(3H,s,H-9); H."C NMR %K .
AP 1S T BB (S5 6. 169.4, 11
AW EBEYS 6. 53.8, L 1A KRGS
5:19.0. KR C-Hik s E, R EW1Y
Lightowler et al. (1963) i i& A% 3, 5-dichloro-2, 6-
dihydroxy-4-methyl-benzoic acid methyl ester [ % ji
B A —3, gilh a2 haE T G
ESIMS 3% & @R m/z 252.01 [M+1]%:254.01 [M+3]*:
256.01 [M+5] B FIEHREE 2 [L2h 9:6:1, HEMI 11
S EA2ANRAET . EERT, RABTHEE
(S PR I, (RR 2o 1:2) 15 251
HIERAS, 23T X-ray i (Cu ) B, FLEAAh P21/c
Huo s (K 2) o 6601 %5E 2 3, 5-dichloro-
2 ,6-dihydroxy-4-methyl-benzoic acid methyl ester,
1E4)2: ESI-MS m/z 385.09 [M+Nal*, '"HNMR
F1°C NMR 48 3 A =40+ 208 C(H, 04, TR
WA Q =10, 'H NMR & F 0 847 4 2834 LR
5% 8H 6.31 (1H, s, H-4") , 5.63 (1H, s, H-6") , 6.75
(1H,s,H-3),6.75(1H,s,H-5), 3P AREAES
5, 3.76(3H,s,H-9') ,3.69(3H,s,H-7),3.62(3H,s,
H-9), 1/MILE(ES 6,2.06(3H,s,H-7"), “C NMR
TR B 18 AT S, Hrh AL B 2 TR
55 0. 167.1,165.3, 12 PRI EHERTE 5 6. 157.1,
156.5,155.1,153.5,141.3,133.8,125.7,109.5,107.5,
107.3,104.8,104.4, 34~ A (55 . 56.1,52.1,
51.9, I MHERRAES 6. 21.4. tbaW 24552
AIRIA L 2PREE L TSR R LA
LR 4 cCIIRIR IS, H BV R4 & kA5 )4k
G2, BdEfaT e 2 AT (E2)
5 Lee et al.(2002) #2 1 /1 1k 5 9 methyl asterrate I
T U X, S8 52 AW 2 M methyl asterrate
&Y 3. k&% 3 520 'HNMR Hil°C NMR
WEMREAER &, HEAFRNE HNMRY, b5
Y3tk a2 1A RKAE . "C NMR 5 E
t, G310 C-0 A% (0. 113.0) A L TS
Y2(6.104.4) k588 5h, C-5'1L2# 10 (5.137.8)
LTI A Y 2(5.141.3) [ E gk s ML A
2 (14 C-6' b iy S 4 W - B AT AR . 7E ESI-MS JiT
TG, WEE m/z 397.06 [M+1]7:399.06 [M+3]*
BRI LA T 31, I 3 A4 M A A
1 M4 JR T . 5 Rukachaisirikul et al.(2014) B I %
BARSEATR L, FEA 2 R R L (2
e/ B EME S 3 ik, dE—2 5w tb s
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Fig. 2 X-ray diffraction structure of compounds 1-3

Y 3 4 penicillither, 5L E AT AN 2 P o

ka4 kBG4 HGER S 30
FHRUE &, "H NMREE L& 4 ik a3 7001
MNEFAE S "CNMRH, 41 C-41k2- i 4
b &9 3 1 ka e s, C-3'F1 C-5'k2 7 B M L
AW 3 mmEmSBE, WA R AT SRR T
C-4'my A A g A+ . HR ESI-MS i &
429.015 41 [M-1]7:431.012 39 [M+1]":433.009 28
[M+3 ] B F U B LU (B2 9:6: 1, HE 4 (2544
A 2N &R T . 5 Hargreaves et al. (2002 ) 2 4 1%
TR PR XS IR AR 30, LB W 4 % E H methyl
dichloroasterrate .,

t&¥s. B 5541 1D NMR G AL,
AR Z AT G957 H NMR ik &84 70 1
MPEIAES . "CNMR Y, &5 ika Y
4/ IR SRS S, HodE C-8'm k743,
M C-8 AR (55 . 73/h, HRESI-MSHEA],
414.999 71 [M—-1]":416.996 66 [M+1]":418.993 59
[M+3 ]88 -5 B LA HE30T 9:6:1, HEWT S 25 Hy
A 2 N &R T . 5 Liu et al. (2015) %48 X} 1,
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P A At I 4y 7 X0 € HL Oy, AN R Q
110, AW 6 AL RETE B 546G 2 i AE L,
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48 ,H-7), LAY 6T 1 ANHIRAFT.
BC NMR EiEH, k& 7MLtk &9 e 14 H
S, WkEWT12 1MW H EBRES
Je 62.2(C-7), FiLHEWIL &7 5B 6 11X
BET C-70 LA REERERR., 5
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5. 162.8, 162.8, 158.2, 156.7, 147.1, 127.7, 126.4,
109.5, 107.3, 107.3, 106.7, 103.5, 5 Said et al.
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