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Chemical structures of the bioactive quinones and
diketopiperazines produced by the marine-derived fungus of
the genus Penicillium

Jung Chul Kim

Department of Chemistry, Graduate School
Pukyong National University

Abstract

Marine life more comprise many more species than does terrestrial, so
that one can expect to find a variety of chemically interesting
marine-derived metabolites which are also bioactive.

In recent years many marine natural products have been evaluated
pharmacologically. Since these substances are chemically diverse, much
attention also have been paid to their chemistry.

As part of our search for new biologically active marine natural products
from the marine organisms, [ have investigated the metabolites of the
marine—derived fungus of the genus Penicillium and isolated quinone
derivatives named 577M3.1 and 577M3.2, diketopiperazine derivatives named
57/MZ2PH7 and 143M3PH5 and formaldehyde derivatives named 143B3P3.4.
Their structures were elucidated as 577M3.1, 577M3.2, 577M2PH7,



143M3PH5 and 143B3P3.4 by physicochemical evidence, respectively.
Formaldehyde, 143B3P3.4 and prenylated quinone, 577M3.2 showed
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity with ICs
values of [41 mg/mL (10 #M)] and [45 mg/mL (12 xM)], respectively,

which are more potent than L-ascorbic acid being used as standard [ICsy =

5 mg/mL (284 pM)].
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L 7171 € Al

(1) 717

Column chromatography (°]st CC & )9 JFAAE silica gel 60
(Merck, 70-230 mesh), ODS-A (YMC GEL ODS-A, YMC, 150um)& A}-& 3}
3L, ¥3F chromatography (°]3} TLCZ )& silica gel 60 Fasq (Merck,
aluminium sheets, 20 cm X 20 cm)& AF&3F o™, spot= 1 % Ce(SQy) /
10 % H:SO4E 53t 719 Al 2o 2 HEs A

Electron impact mass spectrum (°]3} EIMS 2 3H)& ShimadzuAl<
GCMS-0OP50504A, JeolAle] JMS-400, fast atom bombardment mass
spectrum (°]3} FABMS 2} 32 JeolAl®] JMS-HX110/110A, ultravilot
visible spectrum (°©]&t UV & )& Varian Cary IC& Al£3le Z2A314 0
9, infrared spectrum (°]3} IRel# #)2 Perkin Elmer FT-IR 2000& A}-&
ste] ZAstgth. 4 A7) FF spectrum (400 MHz) (°]8 'H NMR o
gt &), g4 A7) W spectrum (100 MHz) (°]3F “C NMR o|& &) =
JeolAl INM-ECP 400& AF&-3to] FA 3

(2) A1k

NMR-& v DMSO-ds (Cambridge Isotope Laboratories. Inc, deuterium
degree 99.9%) ¥ CDCl3 (Aldrich, deuterium degree 99.8%)& A}-8-3tth. o
vk 2o = CHyCl,, n-hexane, MeOH, EtOAc, acetone (€ AF3}3} 995 %)E A}
23t th. Al ek 1,1-diphenyl-2-picryl-hydrazyl (DPPH, Sigma, 90 %)] 2 s}

A& A2k soytone (Acuamedia), soluble starch (Duksan), agar powder



(2] 4+3}8}), p-mannitol (Sigma, 98 %), yeast extract (Acuamedia), peptone
(Acuamedia), D-(+)-glucose (Yakuri), glycerol (Sigma, 99 %), penicillin G
(Sigma)& AF-&3% o

2. VST H Penicillium sp. 9 3 L 34
(1) &9
1) MFA577

2 Ago AES AFTHF MFAS7NS ZAd F94] BlAX (2000 2
A AR =& HadFE A, FF3tolA agar iR (YPG+agar ©]
&t agar siA)el HF, widstd] &4 TAHhyphae)E AN ¥ agar vi= 9
43lell A Ad wjdste Y Jd MFAST7E ¢F g3t dgd A&
3. &4 83 75 Penicillium chrysogenum 2 10 % glycerolo] 37}

g YPMu Aol EHAA -75 TellA B#stA

2) MFA143

2 Agd A8 AYTHF (MFAL43) ZwivlS (19999 89)olA A3
TaY 2EAE doTE A, Tt agar wlA] (YPG+agar ©)3} agar
Ao HF, wiFstd &5 TFAL (hyphae)E MHAT F agar wiA| o] 434
Ax Al wjg3 g 1T MFAL43ES &5 B3 Aol AL&-3stach
PUPN

& 88 dF Penicillium sp= 10 % glycerole] 719 YPMuj Ao} &
EgAlAH -75 CTolM BastHT).



2) 54

MFA577, MFA1438 A% agar wj=)o] 28 Coll A 323+ W} & §32 n] 4
E HEAE (Korea Culture Center of Microorganisms, KCCM, A]-&)of] £4&
o)At o] ¥ TF9 whole cell fatty acid compositiong 48 3 &

25 Penicillium chrysogenum 2 Penicillium sp.2 ¥4 st}

3 AFTF P

(1) MFA577

Deepfreezerel]l Bo#® #FE& 7AM] agar vixdl HF F 28 - 29 TolA
598 vl T 2 colony ¥HE 10 mL YPM (0.4 % manitol, 0.2 % yeast
extract, 0.2 % peptone, 20 % seawater)d] HEL 3l 28 - 29 Tl 44
ZF Wl 3 1 L SWS Hix] (0.1 % soytone, 1 % soluble starch, 20 %
seawater)°l FF33, EE 28 - 29 C, 5= 60 %, 1597 vjgsiact.
olo], 1 wjgAE 2L FPoA SWS HiXZ 5 10, 20 L £22 A wiY
£ stk

(2) MFA143

Deepfreezerl BE#® #FE 7o agar iAo HF F 28 - 29 ColA
445 g F 2 colony dHFE 10 mL YPM (0.4 % manitol, 0.2 % yeast
extract, 0.2 % peptone, 20 % seawater)ol HZEE 3l 28 - 29 TolA 3¢
ZHowiE ¥ 1 L SWS Hix] (0.1 % soytone, 1 % soluble starch, 20 %
seawater)oll HE£3 3, 25E 28 - 20 C, 5= 60 %, 3047+ vjekal Rl
ojof, 1 wYAE £ AN SWS #jARZ 5 10, 20 L o2 Ao g
& st



4 AFEFRY 58 L 32

A

(1) MFA577

At 22 WYPoE oiF wMgd (20 L) TFE 7lotAl od3ate] FAMA
(mycelium)$} wiJg9 (broth)o& Ea&dt FAAE @Az %
CH:ClMeOH (I:Dell A AlA 24X+ 3% (33]) §F FE 9L ytod 3
o, TAHA FEIA BTTM)E A iYL EtOAcE F23td (23]) )
Fo A (577B)E AT

(2) MFA143
MFAS77% 9% W€ olgstel FAM o= (143M) 2 whee) o~
(143B)2 2},

5. AFT RO 23 AR 22 AA B BAsH B4

(1) MFAS77 tiAbd &) £3] AHA 2 £33H4 £4

1) 577M3.1 % 3.2

MFAS77 acetone F&4& iAo 2 Af gz 2A8AH 48 23 &
d (% inhibition : 61)°] #F Ho|, Al AFF WHOZ wWIFE 3t &
& MFALS779] TAMA] A2 577M (1.1 g), (DPPH ICsx = 55 wg/mL)&
ODS-A column (1.5 cm LD.X20 cm Length, YMC GEL ODS-A, YMC, 150
ol FY4stil MeOH/CHClz &"iAl (100 %~0 %)= & 83std, 577M1 (36
mg), M2 (76 mg), M3 (110 mg), M4 (77 mg) ¥ M5 (250 mg)E LAt} o
% 84¢ YEd 577M3 (110 mg), (DPPH ICs = 12 wpg/mL)S ©A] silica



gel column (1.5 cm LD.X20 cm Length, silica gel 60, Merck, 70-230 mesh)
ol #%3t2 n-hexane/EtOAc &¥A (100 %~0 %) & o|&3te, 577M31
(12 mg), 32 (28 mg), 3.3 (3 mg)e2 ¥ & ¥ 577M3.17 328 t©A] HPLC
(ODS-A, MeOH, UV detector 254 nmm)Z ¥a AA s $43 577M3.1 (7
mg) & 577M3.2 (21 mg)& LA

577M3.1 : colorless solid ; LREIMS m/z 326 [M]", 311 (1), 283 (3), 257
(5), 241 (6), 215 (18), 202 (10), 189 (41), 175 (100), 161 (17), 147 (23), 137
(57), 121 (31), 105 (25) (Fig. 16) ; NMR data (Fig. 17, 18, Table 2)

577TM3.2 : colorless solid ; UV (MeOH) 206 nm (&12,000), 294 nm
(2,000) (Fig. 13) ; IR (KBr) 3459, 2919, 1631, 1427, 1386, 1186 cm ' (Fig. 7)
» LREIMS m/z 328 [M], 281 (30), 231 (31), 219 (25), 174 (100), 137 (52),
119 (28) ; HREIMS 3282407 (caled for 328.2402, CxHz0:) (Fig. 6) ; NMR
data (Fig. 8-12, Table 1)

2) STTM2PH7

577M2 (76 mg)E CHClz (3 mL) 3} n-hexane (50 mL)& o] &3t 124
ted &S 577TM2S (32 mg)®t A AE 577M2P (40 mg)2
7 3 F 577M2P (40 mg)E tAl HPLC (ODS-A, MeOH, UV detector
254 m)E £ AAStd &5 577TM2PHT (7 mg)E AT
57TMZPH7 : Brown oil ; UV (MeOH) 206 nm (& 80,610), 238 nm (39,864),
324 nm (53,890) (Fig. 27) ; IR (neat) 3343, 3272, 2968, 2925, 2843, 2664,
2358, 2328, 1683, 1607, 1436, 1398, 1215, 1104 cm ' (Fig. 21) ; LRFABMS
m/z 390 [M+HI, 149 (62), 136 (27) ; HRFABMS 390.1921 (calcd for
390.1930, CzH2402Ns) (Fig. 20) ; NMR data (Fig. 22-26, Table 3).
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(2) MFA143 tiAHd 29 28 FA 2 #3355 £4

1) 143B3P3.4

MFA143 acetone F&4& tidoz 24 AUz AA8H AY A3 &
“d (% inhibition : 51)°] #& Ho] MFA5773% 54§ Wyo= ue 319
42 MFA143¢] e} o~ 143B (1.7 g), (DPPH ICs = 31 pg/mL)E silica
gel column®l F<%3}3 n-hexane/EtOAc &vwiAl (100 %~0 %)2 B3},
143B1 (300 mg), B2 (200 mg), B3 (200 mg), B4 (250 mg), B5 (250 mg)& 4
o} o] T E4& el 143B3 (200 mg), (DPPH ICs = 12 pg/mlL) B &<
CH:Clz (2 mL) 3 n-hexane (50 mL)S o] &3l 12412 283 A& st 4
T4 143B3S (66 mg)st I HE 143B3P (135 mg)&E 28 & 3 ¥ 143B3P

ol
<

(135 mg)E silica gel columnd| F%3t3 n-hexane/EtOAc €A (100 %~
0 %)& ¥23t, 143B3P1 (15 mg), P2 (28 mg), P3 (25 mg), P4 (18 mg), P5
(23 mg=E F3Ao. 143B3P3 (25 mg)E tAl HPLC (ODS-A, MeOH,
UV detector 254 m)Z &2 FAstd 53 143B3P34 (13 mg) & LA
143B3P3.4 : Brown oil ; UV (MeOH) 202 nm (€5,137), 216 nm (4,556),
281 nm (5587) (Fig. 37) ; IR (neat) 3294, 2927, 1657, 1488, 1390, 1242,
1108, 840 ecm ' (Fig. 31) ; LREIMS m/z 163 [MI", 150 (2), 134 (38), 118
(30), 107 (52), 105 (7), 77 (42), 67 (15), 51 (14) (Fig. 26) ; NMR data (Fig.
32, 33, 34, Table 4)

- 12 -
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2) 143M3PH5

MFA143¢] TAA] 2 143M (15 g)& silica gel columno] F3tx
n-hexane/EtOAc &mA (100 %~0 %)Z ¥+ 83}, 143M1 (14 mg), M2 (17
mg), M3 (24 mg), M4 (30 mg), M5 (230 mg), M6 (250 mg)<& Ak

143M3 (24 mg)-€ CH:Cl; (3 mL) 3 n-hexane (50 mL)& o] &3}« Eulx
ted S 143M3S (4 mg)9t AAE 143M3P (19 mg)2 28 & %
% 143M3P (19 mg)E ©iA] HPLC (ODS-A, MeOH, UV detector 254 nm)=
8 JAstd £43 143M3PH5 (11 mg)E LA

143M3PHS5 : Yellow oil ; UV (MeOH) 208 nm (e&26,715), 228 nm
(11,082), 284 nm (4,412), 344 nm (11,697), 360 nm (10,256) (Fig. 47) ; IR
(neat) 3186, 3089, 3013, 2936, 1702, 1632, 1460, 1401, 1316, 1353, 1246, 1108,
1010 em ' (Fig. 41) ; LREIMS m/z 448 [M]’, 136 (23), 154 (12), 379 (34),
448 (100) ; HRFABMS 448.1985 (calcd for 4485015, CoaHz604N5) (Fig. 40)
NMR data (Fig. 42 ~ 46, Table 5)

2
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Penicillium sp. (143M, 15 g)

Si0; CC.
n-hexane/EtOAc, (100 %~0 %)

Voo bbb

143M1 143M2 143M3 143M4 143M5 143M6
(104 mg) (17 mg) (24 mg) (30 mg) (230 mg) (250 mg)

1) 2434
(CH2Clz/n-hexane)
2) HPLC (ODS-A)
MeOH

4
143M3PH5 (11 mg)

Fig. 3. Isolation of metabolites from the marine-derived fungus.
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6. 2wt d A8

(1) A72 =A)

g vAzFe A2 % (CHXlYMeOH F5E) 2 £z AAlso 2
F3FE (1 mg)e FFsY MeOH (1 mL)ol %o 1 mg/mL & ZAg £ o
Ag GAEE 3X3e 1000 pg/mL, 100 pg/mL L 10 pg/mL F=2 43}
A},

(2) 8454

1) DPPH (1,1-diphenyl-2-picrylhydrazyl) radical &7 &4

dur”g o 2 o] 251 9lE DPPH testd®oz A¥agch & AFo 2B
d2 A5 1 mge MeOH 1 mLol| %o, o]RAE GAEZ 43519 1000 ug
/mL, 100 pg/mL % 10 pg/mL $E2 ZH3 %}

olg} o] AT A& LY F 160 S F 3t 96-well microtiter trayell %
& &, 15%10° M DPPH 40 w0& 7Helgth &8 dxde A& 160 w9t
MeOH 40 w& Z7t9] welldl FYstd ZASAT A5 g27E 308
7 St WA T B3P A (microplate reader)E ©] &3] 540 nmol) A
EF5EE 2AsAY. AgdH dFTe d3F FFE AolE o8& ICk
(pg/mL) @& A3t

2) Peroxynitrite &7 &A

Fig. 404 yeld upel 2ol 15 md glass cuvetted] 100 #M diethylene
triamine pentaacetic acid (DTPA) & 5 g¢M dihydrorho-damine 123
(DHR123)& 353t 100 mM phosphate buffer (pH 7.4) ¥F$ &5 A

92 1 M2 3o, 37CIA 127 He A7 F, e EFEl 2zte) A=

_16_



€ 25 pg/mt H7FStATE. W peroxynitrite A A BAHS =A37) o)
A= 200 pM SIN-1€ H7bslgdx, - A peroxynitrite 24 &AL =3
7] st @A peroxynitrite® 5xM  Hrlstgh o wrLEjES
microplate fluorescence reader (FL500, Bio-Tex instrument)® oi7] 33
480 nm, &3 33 525 nmellq ZA5<1” DHRI239) 2aAs)&2 Uehy
Ack?

3) 44 F (Reactive oxygen speices, ROS) ¢ A4 o 2} 242

Fig. 5 YEebd ule} o] 3#, o] uf ALE%F stock solutione 99.9% 2
ANgFgo] £33 125 mM DCFDA® 33 ZFFo €318 600 U/mL
esteraseE -20 Toll At T Algsgony, A8, 10 M DCFDAS%}
6 U/mL esteraseE& &§3te] ZA Y DCFH €AL& 22 CollA 2087F st
F AHE AAA Lo WE RBAINGY. BAEF (ACGRHE 66X 59
serum free media®l ®¥}¢& F phosphate buffer (pH 7.4)E% 3|4A171 %,
128 «M DCFDA ¢ o8 5% AgE8AL 718t 37 CoAAA 1587F v A
A ol AL 0~4 T ALoA 883 ¥ (12500xg) Al T, A=
< #Astd 7] 37 460 nm, &4 I 530 nme) FHNA 30879
W3 E AU

of

(3) ICso[(pg/mL) or (xM/mL)] 79 ZA

ICoo g2 T v} FFEE 50 % ZHAaATIcd Q3 AJ89 2Lz
A Finney2] probit analysis”8& ©]&3t, corrected % difference (yv) ™ log
concentration (x) 9| linear regression A4 & 73 S, v = 50 %Y w9
< Tk, o] gkl antilogX & #H3 ICs &S A}

- 17 -



Diethylenetriaminepentaacetic acid(DTPA) 100 ¢ M
!
Dihydrorhodamine 123, 5 ¢ M
l

Incubation at 37°C for 1 min
!
Sample
!
SIN-1 200 #M or peroxynitrite 5 ¢ M
l

Measurement of fluorescence intensity
AEex at 480 nm
AEm at 525 nm

Fig. 4. Measurement of peroxynitrite scavenging activity.

- 18 -



Hepatocyte(ACsF) in serum free media

d
Incubation at 37C for 6 hr
!
Incubated ACF dilution with phosphate buffer(pH 7.4)
l
2', 7' -dichlorodihydrofluorescein diacetate(DCFDA)
128 ¢ M

samples at varoius
concentration
Incubation at 37C for 15 min
!
Centrifugation 12,500Xg. 8 min., 0~47T
l
Taken up supernatant
|
Measurement of fluorescence intensity

AEex at 460 nm
AEm at 330 nm

Fig. 5. Assay of ROS generation by DCF.
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L3 FTF MFA 577 A3 E9] 3hst7x
(1) 577M3.2¢9] st

57M32& FA9 mAZAM, °C NMR# AE#%s € &8s El A28
H2HEY (LR- and HR-EIMS) oA CxH0:9 €94 Aol #&=Uch
(Fig. 6). 577M3.2¢ IR 2FE#dA hydroxyl (3459 c¢cm'), double bonds
(1631cm )2 9] peak’t BFHNUG (Fig. 7). 28z 'H, C NMR, DEPT,
HMBC, HMQC data®ll A 25-disubstituted hydroquinone, three trisubstituted
double bonds, one aromatic methyl ¥ four olefinic methyls signale] &%=
Aew. (H-3/C-1, 4, 5 7), (OH-4/C-3), (H-6/C-1, 2, 4, 5, 1"), (H-7/C-1~
3, (H-1'/C-4~6, 2', 3'), (H-2'/C-1’, 4, 15"), (H-4'5/C-2'~8’, 10, 11,
15), (H-6'/C-4’, 5', 8', 12'~14"), (H-8'/C-6', 7', 9', 14), (H-9'/C-2'~¢8,
10, 11, 15), (H-10'/C-4', &', 8, 12'~14"), (H-12'/10, 11’, 13'),
(H-13',14'/C-6'~8’, 11’, 12'), (H-15'/C-2"~4")9] correlation°®] &=
(Fig. 8-12, Table 1), farnesyl unit® sesquiterpene quinone® grifolin®2]
datas} ®]uldte] FH ).

ol 4o E2/3l8H dataE FTH3 B u 577M3.2E sesquiterpene quinone
9| triprenylated hydroquinone®] 3 gEYe]l FAHI, olFyst FAHL
577M3.29] UV spectrum [206 nm (& 12,000), 294 nm (2,000)]3 & X s}
3 (Fig. 13), 577M3.19] datas} w9~ fFAMgo] @3 = gio 410%2420
olzigt &/ AE R 3T £4ZEH os) 577TM329 FxE
2-methyl-5-(3,7,11-trimethyl-2,6,10-dodecatrienyl)-1,4-hydroquinone 24
st ok (Fig. 19).

577M3.2+ natural sourcedlA] H&o 2 ®adAewW, I origing &3]

_20_



3le], o] E quinone® 9] biogenesisol W3k 7% A8 2ZA 1 997} Qo) &
g o] quinone® ¥ I FEAEL FE, AE 2 UAE FoAN %A
e HI oy, HIFNTAAN HFo= Hel, AFFTE E AEcAY
AL Aol #F 59 vAEo]l B9 & F Jue FUe AdE AT £
AT 577M3.29] #dZ A7 A4 5E ZAIE A vitamine C [ICsx = 5
mg/mL, (284 «M)] Bot o 73 &4 [ICs = 45 mg/mL, (12 ¢ M)] & e
Wdem 577M3.2¢ FAFS F2E 7R moritosidedtE 3HEES @Al ook

Foll 2oz Ao,

¢

-21 -
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Table 1. 'H- and “C-NMR data for 577M3.2.

Carbon# & u(mult,J(Hz))*  &c Carbon# &y (mult,J(Hz))* Sc
1 147.4(s 4"  2.08(m) 39.7(t)*

HO-1 4.43(br, s) 5 20.8(m) 26.4(t)
2 1225(s) 6’  509(dd, 7.0, 6.5) 123.7(d)
3 659(s) 118.1(d) 7 135.5(s)
4 ' 1478(s) 8" 1.97(dd-like, 7.0, 8.0) 39.7(t)

HO-4 4.74(br, s) 9’  208(m) 26.7(t)
5 1253(s) 10" 509(dd, 7.0, 65) 124.3(d)
6  654(s) 1162(d) 11’ 131.3(s)
7 217s) 154(q) 12"  167(s) 25.7(q)
1" 327, 7.0) 29.3(t)  13'  159(s) 17.7(q)
2'  529(dd, 7.0, 62) 1216(d) 14’  159(s) 16.0(q)
3’ 1383(s) 15"  1.75(s) 16.2(a)

'Recorded in CDCl; at 400 MHz (‘H) and 100 MHz (**C). Chemical shifts
,are relative to internal TMS (6= 0 ppm).

Shown with clearly assignable signals.

31\/[ultiplicities determined by DEPT spectrum.
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Fig. 14 . H-C long range correlations in HMBC for 577M3.2.
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Fig. 15 . Chemical structure of 577M3.2.
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(2) 577M3.19] &tz

STIM3.12 Ao nA2A, AE8% El 2FEHd 294 (LR- EIMS)
oA #2t, 326 [M]'o] 22EAY (Fig. 16). 577M3.12 'H, C NMRel Al
aromatic @9 methylene, 371 2] olefinic methyls, ketone, polyeneg 7}2
quinone®] &= RAo] FAH UG (Fig. 17, 18, Table 2). 577M3.12] 'H, C
NMR, MS, IR, % UVS9 datag sesquiterpene quinone?] data ¢ vl@ HE
AHPHB g gx18ted, 1 58T 2 S 5-farnesyl-2methyl-p-benzoquinone
o8 ¥4 A4 (Fig. 19).
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Table 2. 'H and *C NMR data for 577M3.1.%

Carbon# & u(mult,J(Hz))* 8¢ Carbon# &y (mult,/(Hz))* Sc
1 188.4(s)* 5’ 1.98(m) 26.4 (t)°
2 1456(s) 6 5.09(dd, 7.0, 6.5) 1233 (d)
3 659(s) 1323(d) 7’ 1354 (s)
4 1879(s) 8’ 1.97(dd-like, 7.0, 80) 396 (t)
5 1484(s) 9’ 1.98(m) 26.7 (t)
6  650(s) 1335(d) 10" 5.09(dd, 7.0, 6.5) 124.3 (d)
7 2.05(s) 155(q)  11° 131.3 (q)
1’ 311, 7.0) 27.1(t) 127 1.62(s) 25.7 (q)
2’ 515(dd, 7.0, 62) 117.9(d) 13’ 1.60(s) 17.7 (q)
3’ 1399(s) 14’ 1.60(s) 16.1 (q)
4 198(m) 396(t)  15° 1.68(s) 16.0 (q)

'Recorded in CDCls at 400 MHz (*H) and 100 MHz (**C). Chemical shifts
Are relative to internal TMS (8 = 0 ppm).

Shown with clearly assignable signals.

Multiplicities determined by DEPT spectrum.
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Fig. 19 . Chemical structure of 577M3.1.
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(3) 577M2PH79] &8t1 =

577TM2PH7L Z4¢] 2 9d2A C NMR, A23%s 2 n2s% FAB 2
FA2#HEY (LR- and HR-FABMS)OI A CpHaO:Ns9) 94 ZA o] By
Atk (Fig. 20). 577M2PH72 IR 2A#E¥|A amine (3343 cm')), amide
(1683 cm 9 EA7t FAH UG (Fig. 21). 282 'H, °C NMR 2= e
A} aromatic proton ( &y 6.55, 653, 6.63, 6.04), 271¢] methyl (& n 0.93, 1.06),

o

i

amide <] proton (&u 10.00), amine 2] proton (S 6.01), imidazole
proton ( 8y 7.31, 7.73), exocyclic double bond (8 6.04, 5.08)7F #& = ¢lo
® (Fig. 22, 23), DEPT AHEHA 12 & (-CHy)A o] 270, 23 &
2 (-CH2)E Aol 270, 3aF &4 (-CH)¥Abdo] 1078, 43 &4 (-O)9A
ol 770 (Fig. 24), HMQC, HMBC 2 EZ X (H-22/C-10b, 1la, 21, 18),
(H-21/10b, 1la, 18, 22), (H-11/10b, 1la, 8), (H-11a/C-11, 1), (H-20/C-1,
18), (H-5a/C-6a, 8, 10b, 1la, 18), (H-12/C-6a, 8, 9), (H-9/C-8, 12),
(H-10a/C-8, 10, 10b), (H-10/C-10b, 10a)¢] correlation°] #&A YTt (Fig.
25, 26, Table, 3). °o|¢9 £&/3t8A data®E THs) ¥ o 577M2PH7&
diketopiperazine®”' *'¢] 3gEolgtm FAHAD, 577M2PH7Y] UV A= EF
{206 nm (&80,610), 238 nm (39,864), 324 nm (53,800)]% & UxX Pk
(Fig. 27). 577M2PH79] 'H, ®C NMR , MS, IR 2 UV datag roquefortine$)
datas} v AES A7 F dXdd, 1 3§ TZE roquefortineC. & A
o ¥ (Fig. 29).
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Table 3. 'H- and ®C-NMR data for 577M2PH7.

Carbon# & u(mult, J(Hz))* dc Carbon#  &u (mult,j(Hz))’ Sc
1 166.9(s)® 11 2.38 (t,12.36.1) 36.7(t)°

NH-2 10.00 (s) 11a 397 (dd,11.2,11.1) 58.8(d)
3 122.0(s) 12 6.55 (s) 109.1(d)
4 1594(s) 13 125.6(s)
5a 527 (s) 784(d) NH-14 601 (s)

NH-6 6.01 (s) 15 7.73 (s) 136.5(d)
6a 1499(s) 17 731 (m) 134.3(d)
7 6.55 (s) 109.1(d) 18 40.0(s)
8 6.53 (dd,12.6,8.0) 128.4(d) 19 6.04 (dd,10.8,10.6) 144.1(d)
9 6.63 (t,7.3,7.5) 119.1(d) 20 5.08 (dd,12.3,2.1) 113.9(t)
10 6.04 (dd,108106 ) 1433(d) 21 0.93 (s) 225(q)
10a 129.1(s) 22 1.06 (s) 22.6(q)
10b 61.5(s)

'‘Recorded in DMSO at 400 MHz (‘H) and 100 MHz (**C). Chemical shifts
are relative to internal DMSO (6 = 255 ppm).

3Shown with clearly assignable signals.

“Multiplicities determined by DEPT spectrum.
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Fig. 28 . H-C long range correlations ivn HMBC for 577TM2PH7.
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Fig. 29 . Chemical structure of 577M2PH7.
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2. AFAT MFA143 hAMZE9] 3te+=x

(1) 143B3P3.4¢] 3}8}+=

143B3P34%= A9 2d2xM “C NMR, A#sls El AFEN2HEY
(LR-EIMS)ell Al CoHoNOz9] 94 &Aool #AHUY (Fig. 30). 143B3P3.4<&
IR 29 E3]4 hydroxyl (3294 cm ), amide (1657 cm) ¢ &#7} 735
Aok (Fig. 31). 2832 'H, BC NMR spectrumel A 1,4-disubstitute® olefinic
proton (du 7.19X2, 6.76X2), N-formyl protin (du 9.84) (Fig. 32, 33),
DEPT spectrumell Al 3x &4 (-CH)|Ado] 770, 44 &4 (-C)dAtdo] 2
7} (Fig. 34), HMBC, HMQC spectrumolA (H-2, 6/C-3, 4, 5, 7), (H-3,
5/C-1, 2, 4, 6), (H-7/C-1, 2, 6, 8), (H-8/C-1, 7, 9), (H-9/C-8)9] correlation
o] #AHUY (Fig. 35 36, Table 4). ©]8id FHL 143B3P34¢ UV
spectrum [202 nm (&5,137), 216 nm (4,556), 281 nm (5,587)]13 # U x]3}
Ao+ (Fig. 37).

ol de] EEl/stetd 4d H B3 EMAFA s 143B3P349 TEE
N-[2-(4-Hydroxyphenly)ethenyllformamide2t= Z o] 9 o] Ht} (Fig.
39).
$HH 143B3P3.4¢} FAMSE 2 E 7 S{E 2 Streptomyces amakusaensis
ol ) £2% Tuberin®, Aspergillus fumigtausol A ¥l ¥ WF-5239*7} 21
H Ao
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Table 4. 'H and ®C NMR data for 143B3P3.4.*

Carbon# Su (mult, J (Hz)) dc

1 156.2 (s)
2 7.19 (d, 85) 1295 (d)
3 6.76 (d, 8.7) 1153 (d)
4 126.0 (s)
5 6.76 (d, 8.7) 1153 (d)
6 7.19 (d, 85) 1295 (d)
7 5.61 (d, 9.8) 110.8 (d)
8 6.63 (t, 104, 10.7)  117.7 (d)
9 9.84 (s)

10 9.81 (s) 1599 (d)

'Recorded in DMSO at 400 MHz ('H) and 100 MHz (*C). Chemical shifts
Are relative to internal DMSO (6 = 25.5 ppm).

Shown with clearly assignable signals.

3rMultiplicities determined by DEPT spectrum.
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OH

Fig. 38 . H-C long range correlations in HMBC 143B3P3.4.
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~~ NH-CHO

OH

Fig. 39 . Chemical structure of 143B3P3.4.

- 62 -



(2) 143M3PH5¢]  3}&t7x

143M3PH59] »=@Me] edz2x PC NMR, A#3%s 2 nEsls FAB &
FrAd2HEY (LR- and HR-FABMS)ol A CaHosOsNsS] Y& FAJo] B
HAoh (Fig. 40). 143M3PH59] IR 2~HE A amine (3186 cm '), amide
(1632 cm Dfrelel peak’t @|FHAT (Fig. 4D. 28z 'H, “C NMR
spectrumel] A exocyclic double bond (d&u 6.18, 5.06), aromatic (8u 7.59,
7.09, 7.29, 6.98), methoxyl (8u 3.64), N-methoxyl( § 4 3.73)& &2 & 4 g
AL (Fig. 42, 43), DEPT spectrumo| A & 13 &4 (-CH3)Qzgo] 471, 24}
4 (-CHpA gl 174, 33k &a (-CH)YAgo] 97, 43 &4 (-C)LA
o] 1078 (Fig. 44), HMQC, HMBC spectrum (H-4/C-3a, 5, 6, 7), (H-5/C-6,
7, 7a), (H-6/C-4, 7, 7a), (H-7/C-5, 6, 7, 7a), (H-8/C-2, 3), (H-15/C-16),
(H-18/C-16), (H-23/C-21), (H-24/C-21)2] correlation®] #& =it} (Fig. 45,
46). W& diketopiperazine” #9 3FE data®} vWA] UlRE A}l B
HuA 3, o3t 4L 143M3PH52] UV spectrum [208 nm ( € 26,715), 228
nm (11,082), 284 nm (4,412), 344 nm (11,697), 360 nm (10,256)]1 3 & A
st} (Fig. 47).

ol el E2/38A A 9 384 EMAFAA i) 143M3PH5S 7R
oxaline 2 Fx7} 2R =HAA} (Fig. 49).
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Table 5. 'H- and ®*C-NMR data for 143M3PH5.

Carbon# & u(mult, J(Hz))* 8c Carbon# &y (mult,J(Hz))* Sc
2 101.3(s)* 14-NH 10.00 (br.s)
3 524 (s) 15 645 (s) 1100 (d)
3a 1464 (s) 16 126.2 (s)

4 759 (d, 76) 1247 (d) 17-NH 6.01 (br, s)

5 709 (t 75 76) 1234 (d) 18 759 (d, 7.6) 136.8 (d)
6 729 (m) 1285 (d) 20 7.29 (m) 1346 (d)
7 698 (d, 76) 1121 (d) 21 42.4 (s)
Ta 1465 (s) 22 6.18 (dd, 10.8, 10.6) 1426 (d)
8 513 (s) 1068 (d) 23 506 (d, 12.3) 114.1 (d)
9 1259 (s) 24 1.25 (s) 24.1 (q)
10 1574 (s) 25 1.32 (s) 23.7 (q@)
12 1228 (s) 26 364 (s) 55.7 (q@)
13 165.7 (s) 27 3.73 (s) 65.2 (q)

'Recorded in CDCl3 at 400 MHz (*H) and 100 MHz (“°C). Chemical shifts
are relative to internal TMS (8= 0 ppm).

3Shown with clearly assignable signals.

Multiplicities determined by DEPT spectrum.
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Fig. 48 . H-C long range correlations in HMBC 143M3PHb5.
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Fig. 49 . Chemical structure of 143M3PH5.
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3. AE &4

(1) 577M3.2¢] A+ oz 2AEA

sl TF Jhd AR BdZ 2AgAHol w2 dF MFAS77T (%
Inhibition = 61)¢] TAMA] A 577M3.29 zF o AAEA LS Table 6
of Al B ul9}l o] DPPH AA &AL L-ascorbic acid Bt} ¢F 2u] A X 9
g24& Yehdida, -NO #dZ £2AEA LS cabosy-PTIORT ¢F 3u) A=
2 I 845 Yehiidh

(2) 143B3P34¢] A 2@tHzd A8

g TF heH AR dd@ 2A8Al & FF MFAI3 (%
Inhibition = 49)¢] ujFed o~ 143B3P3.4¢ =f @ 2 AL Table 6
ol ¥ nvie} o]l DPPH AA8A 2 L-ascorbic acid Bt ¢F 28] Ak 9
g48 vetdido

ol sj ¥ F Penicillium chrysogenum L Penicillium sp.25 8 2%
577TM32, 143B3P349 oz AAEAH S BdY 9o 3 AddHez §L&F
Ae 7HsAol de FFEolztn AgEH
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Table 6. Radical scavenging activity of 577M3.2, 143B3P3 4.

[ ICso : mg/mL (M )]

Ay BPPH ONOO- -0, - NO

Sample

MFA577M3.2  4.5(12) 68.76 57.39 59.29
MFA143B3P3.4 4.1(10)
L-ascorbic acid™  5(28)
Penicillamine” 559
Trolox™ 11.45

Cabosy-PTIO" 137.7

“Positive control
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vV.ag

1. ¢ ¥7E W3 oE DPPH £2AEH S AT A3, MFAST7EAA =
F gz £7AEA4e] #FHAeY, 1 F g4 Ueld gAAH 9a
577M (DPPH ICs = 55 pg/mL)E 402 84S AE2 3 84843}
gES ¥ AAst 577M3.2, 577M3.1, 577TM2PH7E st z28x
MFA143 %3 A oz &4 gAo] #@He] €48 Jed wjgy
9~ 143B (DPPH ICs = 31 pg/mL) & WA o2 A4S B2 39 3}
Ee ¥ AAste 143B3P3.4, 143M3PH5 * &34t

2. A & 577M3.19] 38 FxE 28/318A Add 2 Bgety B2
Z 1} o 9]3]  5-farnesyl-2-methyl-p-benzoqunone®  Z&3}¢ o,
577TM3.29] &8t Fx= /3184 Ad 9 B3RS 24 A 9
2-methyl-5- (3,7,11-trimethyl-2,6,10-dodecatrieny!)-1,4-hydroquinone &
TEE AAskH e, 5TTM2PH7Y] 3 Txe £8/3E A A4d 2 v
3t F-A Ao 98} roquefortine 2 Z A 8},

3. MFAl432.2 78 8% 143B3P34¢ 338 Pz B/3gx 43 2
B3ty 2 Ao ols] N-[2-(4-Hydroxyphenly) ethenyl]l formamide
2 ZAst e, 143M3PH59] 3tetrx= 29/38t4 Ad 9 £33y
B A 93] oxalineo @ AR Yr).

4. 57TM3.2¢} 143B3P3.49 #HZd 27% ZAH [ICs = 4.5 mg/mL, (12 M),

[ICs = 4.1 mg/mL, (10 ¢M)], 74 A& AT 2ABH S Yehy
A
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