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Abstract — Endophytic fungi have yielded a variety of secondary metabolites so far. In the course of the project to find bio-
active secondary metabolites from cultures of endophytic fungi, an isolate of Arthrinium phaeospermum (JS 0567) was selected
for chemical investigation. A large scale culture of this strain in rice media was extracted with an organic solvent and the extract
was subjected to a serious of chromatography, which led to six metabolites. Their chemical structures were elucidated as 2,3,6,8-
tetrahydroxy-1-methylxanthone(1), 2,3,4,6,8-pentahydroxy-1-methylxanthone(2), 3,4,6,8-tetrahydroxy-1-methylxanthone(3), 3,6,8-
trihydroxy-1-methylxanthone(4), 2,4,2'4',6'-pentahydroxy-6-methylbenzophenone(5), and 5,7-dihydroxy-3-methylphthalide(6)
on the basis of spectroscopic data. To the best of our knowledge, this is the first study on the secondary metabolites from

Arthrinium phaeospermum.
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kA etoposide, teniposide 2] lead compound$!
podophyllotoxin®] £ 2|& Podophyllum peptatum®] W
A Phialocephala fortinii®]l 1 7152 &3 7o)
podophyllotoxing A AHgto] 73 = Ak 3k &k
campthothecing B 2}Vst= F= 21 & 3|5 Campthotheca
acuminata®] WA Fusarium solani7} 71 7157283} 53¢
o] campthothecing A4+sto] '” 3-9-8-7) hypericine] &
g8 AE Hypericum perforatum® WAL Thielavia
subthermophila 9*) hypericing AA¥gto] 'V a3 71g<k
silymarin®] =2 vl2lold7dF Sylibum marianume] A8
o Aspergillus iizukae S*] silymaring AJAHsto] B 7% )
E]_.lz)

2 AFoM s AE WAte] Allske Adgdded o
T ko R A £ 54 AYQoA AEs= FA
A& YAto] 7|55 nAe 3 Aer] fIst
o, L WAHS =8k, o]Eo] Aitsle oA R
< Al B AFE A HAH £ dFelxe
Zje] ejolA e WAt Arthrinium phaeospermum
S wjgste], 2 wiFEERE 659 polyketiderd] &2
25l o5 HislarA} st

e %

AEUE -2 A A8E FF Arthrinium phaeo-
spermum-e =THAYEAL TN FgitolFoHE JS0567)
ARESIA O™, e B ek oFstt el Adekst 4
e B Folth

717 = TLC(Thin layer chromatography)2] 23} 2912
UV detector(Vilber lourmat, France)S ©]-83F 254 nm<}
365 nm oA RSN WA S Wste] sl
W wiAE A7) 98 271" w71 (JW Medical
Corporation. CHS-AC 80)& AR&-ste] L2, JQtellA BE
Azt IS st HYwe] v $18) incubator
E AL85ISn) 3gEe] B, AAl 2 spectrum Y Bl
£ 98] A}&-3F HPLC(High performance liquid chromato-
graphy)+= Perkin Elmer series 200 liquid chromatography
9} Agilent series 1200 HPLC system®|t}. ZA}= Vacuum
degasser, binary pump, UV/VIS detector, Flom manual
injector? 14 =|o] )2 Totalchrom version 6.3 software
E ARSI SA= vacuum degasser, quaternary pump,
diode array detector(DAD), manual injector, auto-sampler,
thermo-statted column compartment= 23l 9101 Agilent
chemstation softwareE ARE-3te] AF-S 318 3Tt -8,
A 2 spectrum Y H|wE 25 HPLCO A€ column
<2 Luna 5p C18(2) 100A column(250x10.00 mm, Pheno-
menex)3} Luna 5p Phenyl-Hexyl column(250%10.00 mm,
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Phenomenex)°|th. @ S}§HE2] 25 #Esh7] 918 o]
-3 NMR(Nuclear magnetic resonance) spectrum> Varian
VNS 600 spectrometer('H: 600 MHz, “C: 150 MHz)%t
Varian VNS 300 spectrometer(‘H: 300 MHz, °C: 75 MHz)
28] 32 Bruker DPX 300 spectrometer('H: 300 MHz, “C:
75 MHz)E AF&31e] 2431$932, NMR chemical shift value
+ part per million(ppm)TH =2 UER I TE Mass spectro-
meter2 Jeol IMS6002 AME-31S3 T

A —TLC plate= Kiesel gel 60 F,s (precoated, Merck
Art. 5715)& ARG AF 1S flal] WA A fe R
20% aqH,SOE AFE-3F3T}. Column chromatography-8- 37
A2 Kiesel gel 60(70-230 mesh, Merck Art. 7734)<}
Sephadex LH-20(GE Healthcare, Sweden)E A}-& 3} T}
Column chromatography& 71-&m= A28 1(OCI
company Ltd., DC chemical CO. Ltd.)& AM&3}%L,
HPLCS| o]&d o2+ HPLC grade®] water, methanol
(Fisher Scientific Korea Ltd.)& A3t th. NMR =745
21819 acetone-d,, DMSO-d, ¥ CD,0D(Cambridge Isotope
Laboratories, Inc.)& AR5t

3o 22| ¥ i — HAHEF 1S0567S A <=H vt
A o] Zue] oA 2] H oM, ITS sequencing=
531 Arthrinium phaeospermum= 178 = St} HA], 2
E 245 0.5x05cme] 7|2 A2 T A2 249 7H
< 2% sodium hypochlorite®} 70% ethanol2 1353t A%
A7 o2, SFTE AlF S TE Malt extract agar(MEA,
Difco)®l 50 ppm kanamycin, 50 ppm chloramphenicol,
50 ppm Rose Bengals F7}sled 22°Ce] wijef7]olA 15
B2t mlF3tth A F5E potato dextrose agar(PDA,
Difco)ell &7 25°Ce] vid71oIA 157LE<t vieFe & &
At = el ARS-SHIAL, YAl 20% glycerol
o] Yol Aa A7 =0l Basiict. thal g 500ml
Erlenmeyer flaskol] 80g &vP|e} 120g TH/RTE %
autoclave® H3F & A4FE 1.0x1.0 cm®] 7|2 A2}
Foto] AFolA 47 Bt uisidiTt.

FZ — ) w3 Fernbach flaskol] o ZolA| gl o] E
(EtOAc) 500 mLE Foi¥al A2 wjA & 27tsIA|A
EHAE Wl T 2417k 53t sonicationAA 3 53t
2o FohEth dolxl FEHE FO = oFete] wiAE
Lol T ERS FFAR 48 THE YolFol
TS AAS 7 AAZAE ol &S FFEFAIUEFS 4
HFE F AAEF7IR 5531 480 FEES AUk

2] ¥ BN - ko dojxl FEE0) thsie] A
27} AL F73% Zo) & AKn-Hexane) ¥ EtOAc &%
Sl 2 WS4 BulFE AFste] S48E Eo 7 Ve
7] §8XA g9 A AZvtEaeE AAlste] & ol
o] B318 AJTHFr 1~Fr. 6). ¥ojX BIE F Fr. 4=
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Sephadex LH-20 %13k %}Eéoﬂ Hed FEglo|l=
(CH,CL)} HElE(MeOH)ZE2] 1:1 S3H8v= 82JA1A g}
& 13.2mg) 2(4.5 mg)E ST Fr. 59 dlske]
Sephadex LH-202 &-%1g+ Zol| CH 0129} MeOH=Z2] 1:1
TR BEAIA 20009 ARES AU, o] F LnE
190 ti3led, Luna 5p C18(2) 100A column(250x10.00 mm,
Phenomenex)S ©]-8-3F HPLC(Agilent 1260)Z “gA|5lo] 3}
4= 3(25mg)_v} 4(3.5 mg)E sttt o] w Fex1d
<% 2.5 mL/minZ, 2} 1087F 60% methanoE 1%

2()—:—7 P 60% methanol®|A] 62% methanoli I 5 1087
62% methanol®l 41 70% methanolZ ¢ & 10&7F 70%
methanol4] 100% methanolZ 7]&7] S2AIZTH %8
20 MeOH 8|2 A4S sl 33HE 5(11.3 mg)
S w2tk Fr. 69 tisled semi-preparative HPLC
(Column, Luna 5u C18(2) 100A column 250x10.00 mm,
Phenomenex; 4, 2.0 mL/min; 60% MeOH for 20 min,
60%-80% MeOH for 10 min)yE AAJ3te] 39HE 6(2.1 mg)
< itk

2,3,6,8-Tetrahydroxy-1-methylxanthone(1) — pale yellow
powder. 'H-NMR (500 MHz, acetone- ) 0: 1332 (1H, s,
8-OH), 897 (3H, s, 2, 3, 6-OH), 6.78 (1H, s, H-4), 6.25
(1H, d, J=2.2 Hz, H-5), 6.14 (I1H, d, J=2.2 Hz, H-7), 2.75
(3H, s, H-11); "C-NMR (125 MHz, acetone-d,) &: 183.2
(C-9), 165.1 (C-6), 164.6 (C-8), 158.0 (C-10a), 153.2 (C-
4a), 152.7 (C-3), 141.3 (C-2), 1253 (C-1), 1123 (C-1a),
103.8 (C-9a), 100.9 (C-4), 98.5 (C-7), 93.7 (C-5), 13.6
(C-11); (HESIMS m/z 2752 [M+H]'.

2,3,4,6,8-Pentahydroxy-1-methylxanthone(2) — pale
yellow powder. 'H-NMR (500 MHz, acetone-d) 6: 13.61
(1H, s, 8-OH), 9.44 (1H, s, 6-OH), 9.12 (1H, s, 4-OH),
8.81 (IH, s, 3-OH), 7.75 (1H, s, 2-OH), 6.31 (1H, d, /2.1
Hz, H-5), 6.16 (1H, d, J=2.1 Hz, H-7), 2.70 (3H, s, H-
11); BC-NMR (125 MHz, acetone-d;) o: 183.0 (C-9),
165.6 (C-8), 165.5 (C-6), 158.2 (C-10a), 142.6 (C-2), 118.1
(C-1a), 111.7 (C-1), 98.5 (C-7), 93.5 (C-5), 13.5 (C-11);
(H)ESIMS m/z 291.1 [M+H]".

3.,4,6,8-Tetrahydroxy-1-methylxanthone(3) — pale yellow
powder. 'H-NMR (500 MHz, DMSO-d,) 6: 13.4 (1H, s,
8-OH), 6.63 (1H, s, H-2), 6.32 (IH, d, J=2.1 Hz, H-5),
6.13 (1H, d, J=2.1 Hz, H-7), 2.63 (IH, s, H,-11); “C-
NMR (125 MHz, DMSO-d;) &: 181.8 (C-9), 164.4 (C-6),
163.2 (C-8), 1564 (C-10a), 150.5 (C-3), 1472 (C-4a),
131.0 (C-1), 1304 (C-4), 1153 (C-2), 111.2 (C-1a), 101.9
(C-9a), 97.6 (C-7), 93.2 (C-5), 22.3 (C-11); (+)ESIMS m/z
2753 [M+H]'.

36,8-Trihydroxy-1-methylxanthone(4) — pale yellow pow-
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der. 'H-NMR (500 MHz, acetone-d,) &: 13.42 (1H, s, 8-
OH), 6.30 (1H, d, J=1.8 Hz, H-5), 6.16 (1H, d, J=1.8 Hz,
H-7), 6.67 (2H, s, H-4), 6.66 (2H, s, H-2), 2.77 (3H, s,
H,-11); "C-NMR (125 MHz, acetone-d) &: 157.6 (C-8),
102.8 (C-9a), 98.3 (C-7), 165.9 (C-6), 93.6 (C-5), 164.9
(C-10a), 101.0 (C-4), 160.0 (C-4a), 164.1 (C-3), 117.1 (C-
2), 1434 (C-1), 1113 (C-la), 182.1 (C-9), 23.0 (C-11);
(H)ESIMS m/z 259.2 [M+H] .

2,4,2' 4' 6'-Pentahydroxy-6-methylbenzophenone(5) —
pale yellow powder. '"H-NMR (600 MHz, DMSO-d;) &:
11.15 2H, br s, 2',6-OH), 921 (1H, s, 2-OH), 821 (2H,
br s, 4,4-OH), 6.28 (2H, br s, H-3,5), 590 (2H, br s, H-
3',5"); EI-MS m/z 277.1 [M+H]'.

5,7-Dihydroxy-3-methylphthalide(6) — pale yellow powder.
'H-NMR (300 MHz, CD,0D) &: 635 (2H, br s, H-4.,6),
5.32 (1H, q, /=6.7 Hz, H-3), 1.57 (3H, s, H;-8); (H)ESIMS
m/z 181.1 [M+H]'.

Z3 g D@

Arthrinium phaeospermum®] EtOAc &5 2714
Z4 ARvET R 293 $ 4% 2 38 HPLC
£ AAlsl T 650 rAIES EelekithFig. 1). skt
E 19 '"H-NMR spectrumollA] &, 13.32 2 8.979I14] broad
singlet® 2 LEP= 4719] exchangeable protone] 2] &
ol = AUk 53] §, 13.32 ol YERE= hydroxyl
protone 1733k carbonyl group?t FAATS st AR
oM Uehds F4E 5 AU §;; 6.25 H 6.140014 7}
Z} doublet(J=2.2 Hz) 2.2 U El}= signalS &2l5}o]
benzene ring®l| meta couplingdtxl = F 7l < proton—
1 FI AL, & 2.75904 singlet®® YERLFE slube] sp’
carbon®ll A%} methyl”]9] EX& RIS = AU ©]
3}HE20] PC-NMR spectrumellX] 8. 183.29] ketone”|E
ste] F 14719 BAE E1E = SUSlTh o] =X o] &
SHEo] AFFoA o] £a], 1% xanthone =42
AYIL =S T4 F AJgTh 53] 8. 165.1, 164.6,

O OH
”
Cr 10
HO™ ™" “OH~"" "OH
5
OH o
7
0
HO 3
‘6

2

R4=OH, Ry=OH, Ry=H
R1=OH, R2=OH, R3=OH
R1=H, R,=OH, Ry=OH
R1=H, R2=OH, R3=H

1
2
3
4

Fig. 1. Chemical structure of compounds 1-6.
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158.0, 153.2, 152.7 2 141314 oxygenated® sp” B27}
YeRt, o] 3}3H=E9] xanthone =29l hydroxyl 717} 471 %]
ghelo] 8-S 4T 5 AL, ol 'H-NMR spectrum
o LJERt exchangeable proton2] 71479} & IX|sI3T). ©]
e data® Eetal, 313} Hlwste] o] setEE Y
50| Wardomyces anomalus| < #2] B E B} =
2,3,6,8-tetrahydroxy-1-methylxanthone(=anomalin A)Z &7
el 19

3}8E 29 'H 2 C NMR spectra= 3185 19] 24
S FAREATE §; 631 E 6.16914] meta coupling(J =
2.1 Hz)dF= F 70| proton signats SRISIAL, §,; 2.701
A sp” carbonll A§EE & N9l methyl’] S 1T 5= 9
Ak SEE 1739 ZolH e sFE 194 = 49
exchangeable proton®] <xl|7F &R1¥ WhA, o] 3}9tEollA
= 7 EREAS, Al SHEHE 1914 singlete 2 LEL
W aromatic proton signal S7|F AlRFR TR Holt}, o]
2ZH, o] siRHE2 3I3HE 1914 hydroxyl group 371 H
AgE F2YS FAYL F Ak o] =] PC-NMR
spectrum®l|A] §. 183.0914] xanthone®] ketone 7|5 2213}
AL, 8. 98.5 H 93.59014 meta couplingstal U= F
aromatic methine carbong EH1H 4= AT}, o] 9]

£ ek, w3 st o] sigtEs Y =80l

pentahydroxy-1-methylxanthone(=anomalin B)° 2 &743}%
E]—_13’14)

313HE 39 '"H % PC NMR spectra®A| 3F+E 13} 29
IRAEH} FAI, xanthoneA| 2] 29 4T 5 3
2t} o] 3HFE2] 'H-NMR spectrumel 4] &, 632 2 6.13
ol|X meta couplingd}= aromatic proton signal + 7l ©]<]
of §,; 6.63°14] singlet® =2 E}}i= aromatic methine
proton & EAE Rt o] spetES sHetE 13 ol
xanthone =2l 4712] hydroxyl”]7} X3l xanthone A2
SEYS ol 4 AUk 2@, proton 2 carbon
signal®] chemical shift7} 12] ZAEZ= 2to)7} AA7]9)
A2+ hydroxyl 71¢] 91X7} v e ol &
UATE. 0]7F9] dataE R} vl o sHES X+t
5 Penicillium raistrickii & Wardomyces anomalus|*| -
2] BE v} 9= 3.4,6,8-tetrahydroxy-1-methylxanthone
AL g 5= A

SRS 40 'H2 "C NMR spectra® | 313HE 133
Abete], S A xanthoneAlE 9] 4 AS FHE + AAch
8y 13.42¢114] xanthone®] carbonyl group¥} 4 A8t
OH7IE AT 4 AU, &, 630 E 6.16%1A meta
coupling (J=1.8 Hz)3l= F 7l1¢] proton signal2 &H<13}51
o} Si3HE 1300419k 2] §, 6.67 2 6.66914] broadst
singlet® 2 YER k= -+ 7H€] aromatic proton signats £l
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stol methyl 717 A3} ringolli=, methyl 7] o]2]e] sht
o] OHY =A5tH, = 712] protone A2 72| coupling
SHA] ke v 2 A2 mera 1A EANTS FHY 3
At o)Fe] dHolHE £33 vlwste] slets 45 X7
Lecanora reuteri 2 Penicillium patulunel|¥] B8 ¥ 8}
A= 3,6,8-trihydroxy-1-methylxanthone(=norlichexanthone)
o7 FARA Y

3} 59] 'H-NMR spectrum®ll A} §,, 11.15 (2H), 9.21
(1H) 2 821 2H)*IA ©A 709l exchangeable proton
signale 18 5= AUt 8 5.919014 broadstAl YERE
= 5 70 aromatic proton signal<, 8 6.28%41 A] F
7}1€] aromatic proton signal &R13te, o] slgHEo] 315}
& 149} 720] xanthoneZZ o] H7)elli= sp” carbonol] A%t
g+ X]$+717} xanthoneoll W3l F+ 7H7F o SRS SIS
T UJTt. 53] §,; 5.91914] broad singlet® = LERT F 7H
] proton signalsE ©] o] TS & T o] 9]
3}5tE0] xanthone2] 7F2-El pyrone ring®] €& benzoph-
enone FAYE FHZ F AUAh. o= ESIMS spectrum®
2 2RI F AUt o] 3I§ES] (HESI-MS spectrum®l]
A m/z 277914 [M+H] ol 8338} pseudomolecular ion
peakS RIS, 7+2 X]31719] xanthone =4<! 3}31E 4
of Hlatd ExFgF 180] ©f =LA e, ©] =0l
benzophenone XA+ A'dS IS = AUt olof 2
datas VIO 2 F 3 Hlwsle] o] }FES lichenol A
T2 B E vl Ql= 24,2',4,6-pentahydroxy-6-methylben-
zophenone & 4351t}

335 69 (HESI-MS spectrum Al m/z 18191 A]
[M+H] )| 8133 pseudomolecular ion peaks Ee1&}S]
t}. 'H-NMR spectrum®] 8, 6.36 2 6.35904] meta coupling
sk= 7 719 aromatic protonS 1S 4= QIATE. HESH §,
1.57914 doublet® = VER}= secondary methyl7| &, §,,
532914 quartet®Z L}ERF= methine protons EH1sH 4=
UARTE ©]7F9] dataEs R H]w3te] o] 3hgHEo]
mycophenolic acid®] AE/d T2 BiE vt = 5,7-
dihydroxy-3-methylphthalide®}-& 2218+ 4= Jlc}h*”

229 3FEE T xanthone AlE 2] 33EQ 14+
Penicillum spolX 5% RAEH, 2N Arthrinium sp. 2
S uprE low o ook s gelA FefE gl
Wardomyces anomalus?\X % B1g vz} 9ok sets
5% lichen®] AAES 2 HH v/} AL griseofulvin A3
o] FTHEE dHA e, sljHE 62 mycophenolic
acid®] AT F70AE 2 vt 1ok Xanthone 3}
(142 s staas vER B ofue, at
Fe Jepde] Bl o] & 13} 4= E3] protein
kinaseo} A E A EZF0 thate] T4 A aAr} A3
Aog RuHYLLY
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AR SA) A olA AYsks Ahe] Bl WA
A. phaeospermums: E-2]sto] ufA] o] o 2wt &,
FEE BtOACE 52, 1 FE=0M 639 sigtes &
2l B2 33ESS spectral dataZ BIERIOZ Zhz)
2,3,6,8-tetrahydroxy-1-methylxanthone(1), 2,3,4,6,8-pentahyd-
roxy-1-methylxanthone(2), 3,4,6,8-tetrahydroxy-1-methylxan-
thone(3), 3,6,8-trihydroxy-1-methylxanthone(4), 2,4,2'.4",6'-
pentahydroxy-6-methylbenzophenone(5) % 7-hydroxy-5-
methoxy-3-methylisobenzofuranone(6)2 5743ttt WA
Arthrinium phaeospermum®] A3A¥sk= o|ZHA ol sl
Me & Aelld Ao R o]Folxitt EeE sHEE0]
g3l =250l sriets, B Tl AR @atEgol
BUEAY, SHIE S2A] 28e] BaE vt e v, W
Aol Arkske olxpiAkbE Al Y e Ak

[e]
ol & & s & T AUUTh

Ab AL

AR PR B FPARALR AES vkl
THoA AFEtern, ol IS F3th & AAdES
A E R L R DB IR FE RE AR
2] QA (A ZE 11600103), National Natural Science Foun-
dation of China (No. 81202452) 2 NSFC-NRF g & 3}-#|
(No. 81411140251)°] A& Wl A= AFHTH

olge

o

1. Bacon, C. W. and White, J. F. (2000) Microbial Endophytes,
Marcel Dekker, New York.

2. Tan, R. X. and Zou, W. X. (2001) Endophytes: a rich source
of functional metabolites. Nat. Prod. Rep. 18: 448-459.
3. Strobel, G. A., Miller, R. V., Miller, C., Condron, M., Teplow,
D. B. and Hess, W. M. (1999) Cryptocandin, a potent anti-
mycotic from the endophytic fungus Cryptosporiopsis cf-

quercina. Microbiology 145: 1919-1926.

4. Walsh, T. A. (1992) Emerging targets in antibacterial and
antifungal chemotherapy. /n Sutcliffe, J. A. and Georgopa-
padakou, N. H. (ed), 349-373, Chapman & Hall, London.

5. Li, J. Y., Strobel, G A., Harper, J. K., Lobkovsky, E. and
Clardy, J. (2000) Cryptocin, a potent tetramic acid antimy-
cotic from the endophytic fungus Cryptosporiopsis cf. quer-
cina. Org. Lett. 2: 767-770.

6. Strobel, G A., Li, J. Y., Sugawara, F., Koshino, H., Harper, J.
and Hess, W. M. (1999) Oocydin A, a chlorinated macro-
cyclic lactone with potent anti-oomycete activity from Ser-
ratia marcescens. Microbiology 145: 3557-3564.

7. Castillo, U. F., Strobel, G. A., Ford, E. J., Hess, W. M., Porter,
H., Jensen, J. B., Albert, H., Robison, R., Condron, M. A.,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—

221

Teplow, D. B., Stevens, D. and Yaver, D. (2002) Munum-
bicins, wide-spectrum antibiotics produced by Streptomyces
NRRL 30562, endophytic on Kennedia nigriscans. Micro-
biology 148: 2675-2685.

. Strobel, G. A., Stierle, A., Stierle, D. and Hess, W. M. (1993)

Taxomyces andreanae a proposed new taxon for a bulbil-
liferous hyphomycete associated with Pacific yew. Mjyco-
taxon 47: T1-78.

. Eyberger, A. L., Dondapati, R. and Porter, J. R. (2006) Endo-

phyte fungal isolates from Podophyllum peltatum produce
podophyllotoxin. J. Nat. Prod. 69: 1121-1124.

Kusari, S., Ziihlke, S. and Spiteller, M. (2009) An endophytic
fungus from Camptotheca acuminata that produces camp-
tothecin and analogues. J. Nat. Prod. 72: 2-7.

Kusari, S., Lamshoft, M., Ziihlke, S. and Spiteller, M. (2008)
An endophytic fungus from Hypericum perforatum that pro-
duces hypericin. J. Nat. Prod. 71: 159-162.

El-Elimat, T., Raja, H. A., Graf, T. N., Faeth, S. H., Cech, N.
B. and Oberlies, N. H. (2014) Flavonolignans from Asper-
gillus iizukae, a fungal endophyte of milk thistle (Silybum
marianum). J. Nat. Prod. 77: 193-199.

Abdel-Lateff, A., Klemke, C., Kénig, G. M. and Wright, A.
D. (2003) Two new xanthone derivatives from the algicolous
marine fungus Wardomyces anomalus. J. Nat. Prod. 66: 706-
708.

Wang, J., Xu, F., Wang, Z., Lu, X., Wan, J., Yang, B., Zhou,
X., Zhang, T., Tu, Z. and Liu, Y. (2014) A new naphthalene
glycoside from the sponge-derived fungus Arthrinium sp.
ZSDS1-F3. Nat. Prod. Res. 28: 1070-1074.

Ebada, S. S., Schulz, B., Wray, V., Totzke, F., Kubbutat, M.,
Mueller, W., Hamacher, A., Kassack, M., Lin, W. and
Proksch, P. (2011) Arthrinins A-D: Novel diterpenoids and
further constituents from the sponge derived fungus Arthrin-
ium sp. Bioorg. Med. Chem. 19: 4644-4651.

Belofsky, G N., Gloer, K. B., Gloer, J. B., Wicklow, D. T. and
Dowd, P. F. (1998) New p-terphenyl and polyketide metab-
olites from the sclerotia of Penicillium Raistrickii. J. Nat.
Prod. 61: 1115-1119.

Broadbent, D., Mabelis, R. P. and Spencer, H. (1975) 3,6,8-
Trihydroxy-1-methylxanthone: an antibacterial metabolite
from Penicillium patulum. Phytochemistry 4: 2082-2083.
Mutanyatta, J., Matapa, B. G, Shushub, D. D. and Abegaz, B.
M. (2003) Homoisoflavonoids and xanthones from the tubers
of wild and in vitro regenerated Ledebouria graminifolia and
cytotoxic activities of some of the homoisoflavonoids. Phy-
tochemistry 62: 797-804.

Harris, C. M., Roberson, J. S. and Harris, T. M. (1976) Bio-
synthesis of Griseofulvin. J. Am. Chem. Soc. 98: 5380-5386.
Sundholm, E. G. (1978) Total synthesis of lichen xanthones.
Tetrahedron 34: 577-586.

. Watanabe, M., Tsukazaki, M., Hamada, Y., Iwao, M. and

Furukawa, S. (1989) An efficient synthesis of phthalides by
Diels-Alder reaction of sulfur-substituted furanones with sily-
loxydienes: a formal synthesis of mycophenolic acid. Chem.
Pharm. Bull. 37: 2948-2951.

(2016. 8. 30 F=; 2016. 9. 21 VAL, 2016. 9. 22 AXNZH)



