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Abstract

Global cancer rates have been increasing primarily due to an aging population and
lifestyle changes in the developing world. The fact that cancer is the major cause of death in
the twenty-first century, killing more than seven million people annually, has led to the
exponential increase in research effort in the area of anticancer drug discovery. In the present
study, the secondary metabolites from the five selected strains of mangroved-derived fungi
were isolated, elucidated, and evaluated for their anti-angiogenetic, anti-inflammatory, and anti-
cancer activities to provide cancer therapeutic leads. The chromatographic separation of the
first strains, Alternaria sp. (HK-5) fungus, led to the isolation of nine know metabolites (1-9),
including six aromatic and three anthranoid compounds. For the second strains, Rhytidhysteron
sp. (21B) fungus, it was found that the production of secondary metabolites was highly
dependent on the fermentation conditions. When cultured in MEB the fungus yielded eight
spirobisnaphthalenes, including three new derivatives, namely rhytidones A-C (10-12), and five
known derivatives (13-17), while grown on solid rice medium seven additional
spirobisnaphthalenes (18-24) were obtained with only one same compound (14). The additional
metabolites included six new, namely rhytidenones A-F and one known derivatives. Further,
chemical investigation of the third strains 8D cultured in SDB led to the isolation and
characterization of ten new chamigrane-type sesquiterpenes, merulinols A-J (25-34), whereas
the fourth strains, Rhytidhysteron rufulum (KP1), gave five new highly oxygenated chromones,
namely rhytidchromones A-E (35-39), when cultured in SDB. The fifth strains KP2, which was
cultured in YEB, yielded three new isocoumarin (40-42). When isolated compounds were
subjected to the aforementioned three assays, altersolanol (3), an anthranoid from Alternaria
sp., exhibited potent anti-angiogenic acitivity in both in vitro and in vivo levels. Two new
spirobisnaphthalenes, rhytidenones C and D (20-21), from Rhytidhysteron fungus showed
potent anti-inflammatory activity with 1C5, values of 0.31 and 3.60 pM, respectively. No any
metabolites showed potent cytotoxicity against tested human cancer cell lines. In conclusion,
three therapeutic leads, which might be developed to use for cancer treatment, were obtained

from this study.
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fungi in culture medium
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filtration
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EtOAc crude extract
(mycelium)
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MBVBINRUTZTA NN aaLAE laaaa lsiiny (1:9) laas 10 (83.0 mg)

&I F6  NNHuaaayyl Sephadex LH20 lagldiunmuaaiduaias laidu 5 siutas
(F6.1-F6.5) anuiuinadngos F6.4 anannaneasuniues 1aans 16 326 mg) waztilasin
fugas F6.5 anugndamsdaniesfizsaisvasnauszningwnwosuss lonsalsdinn (1:19)
Ididn 3 82 D980 F6.5.3 Vlﬁﬁﬁm’lﬁﬂﬁu%qwﬁ%ia@ﬁ”’sumﬂﬁmﬁmﬁ'ﬂQﬂlfmaawam:wml,a%a
wadinnuazianisulusandin 1:3 udaz Idans 15 (12.8 mg) uazans 17 (8.2 mg) G913
LINEN3INT 21B Atwiziasals MEB ashasiavlﬁagﬂvl,ﬂmmumwﬁ 3

EtOAc crude extract
(culture broth of 21B)

Sephadex LH20
(MeOH)

é@

Si0, CC Si0, CC
eOH-CH,Cl, g X Sephadex LH20
'[\‘1":'9%’—{001%:‘9]6' EtOAc-hexane [1:1] (MSOH)
Foa Fos
F6.4
Si0; CC Sephadex LH20
EtOAc-hexane (MeOH) recryst sio, cC
[2:8 to 1:1] §i0; CC Si0, CC MeOH MeOH-CH,Cl,
EtOAc-hexane MeOH-CH,Cl, F574 16 [1:19]
[1:1] [1:19]
12 13 11 14 80z €6 (32.6 mg @@
MeOH-CH,Cl, i0;
k20.1 ng &47.8 mgj &1 3.5 mg; \(15-2 ng [1:9] I::lgAE:exane

10 [1:3]
(83 mg)

{(12.185ng ‘(8.21an)

{ ~a A( 1 s a
UAATNN 3 ﬂ’]iLLUﬂﬁ?iﬂiq‘ﬂ‘ﬁ’ﬂﬁﬂﬁ?%ﬁﬂ@ﬂil'T]JLﬂﬁﬂLLﬂ%Lﬂﬂ‘Uﬂxﬁ’] 21B 1% MEB



a ~ 1 o a IS o 6 A gl’ v
1.2.3. ﬂ'ﬁLLUﬂUiEZYIF‘i]']ﬂﬁ’J%Em@I‘V\EI'TULﬂ‘ﬁﬂLLB‘ﬁLﬂﬂ“ﬂﬂd‘ﬂﬁ?UW%‘]“i 21B VlLW"I&LE‘]EIx‘]SLW’IJ'YJ

o 1 0/ a A A dy % l [ 6
WRIBINARLIVLODALDTINNNLALLRESUWINITETY 21B WHIWAaaNY Sephadex
LH20 lagldiaunuaatduaits nuuiawnani e (520 mg) uNH1uAaaNth Sephadex LH20

d8nasonis aiin 6 §au (F1-F6)

s F2 anugndaaadanieafuuuinsdsuriaisuesnauszninawmuaauasle
anolsdinuasud 2.5:97.5 f9 5:95 ldas 24 (18.0 mg) az&17 14 (3.4 mg) waiilovingan F3
&l’]ﬁ’llﬁ'ﬂ%qﬂ%{ﬁ’;F;I‘Tjﬁﬂ’]Lﬁ]aﬂaﬁwﬂﬂnﬂiﬂﬂﬁﬂ‘é\i‘ﬁzﬁ’lEl“lladwﬁmiz%’j’]dLE]%@LLE]%LYW]LL&‘:LEI
AL (1:1) 16717 19 (1.8 mg), 22 (9.8 mg) wazdn 3 autas (F3.1-F3.3) NnsnEIUEa g
F3.3 anugndamamnaiauazaiseidsinuiatadnaaszninadatadinnuazianiow (1:1) la

817 18 (1.0 mg)

&% F4 uandadiniiaanaauitlasun InnANTeal01aInauTznIndunIuaauas

v 1 1 d o 1 1 o v Aa A€| v aa

lansalsfiinu (2.5:97.5) a6 dautian uazilliainaiuten F4.3  avilwiuIgnddeludindd

o A Y . A a o
MiaanaaNitlasu lnnnATsszmsvadnaNIzritsuadlantaz lanaalsfiinu (5:95) laans 23
(5.2 mg) NNBULAIEINEBY F4.6 ALunAadItinafladInulazTeaI8vaINaNIzRINdLeTa
o ' % A

wadinnuazianiowlueanain 1:1 [da15 20 (5.5 mg) WaLanT 21 (2.4 mg) TINTULNENTINNT

21B ﬁLWW:Lﬁmum‘Tnaai’maia"ld’agﬂvl,ﬂmmumwﬁ 4

EtOAc crude extract
(solid rice medium of 21B)

Sephadex LH20
(MeOH)

| |
(CFa )

Si0, CC Si0, CC Si0, CC
MeOH-CH;Cl, EtOAc-hexane [1:1] MeOH-CH,Cl;
[2.5:97.5 to 5:95] [2.5:97.5]
. F3.3
{14,24,{19’[22":3‘1@ (F43) (Fa6
Si0; CC
(3.4 mg)) | (18 mg) (1.8 mg)J ((9.8 mg) o s0,c0 oo
[1:1] acetone-CH,Cl, 2
18 [5:95]) I[il.?fc—hexane
(1 mg) 23
(5.2 mg)
20

(55 m9)| ‘(2-:12 1mg)l

{ a A( 1 s a { ¥ v
LHBATNN 4 ﬂ']iLLEJﬂﬁ’]iﬂiq‘ﬂﬁﬁnﬂﬁ?%ﬁﬂ(ﬂﬂEI'T.ULﬂﬁﬂLLﬂ%Lﬂﬂﬂlaﬂi’] 21B AILWIZLREN UKD



a ~ ' o a ~ o &
1.2.4. ﬂﬂ?LLUﬂUiqﬂﬁ’ﬂqﬂﬁ?uﬁﬂ@‘ﬁH'TULﬂ'ﬁﬂLLﬂ‘ﬁL‘YlVl“llﬂﬂ‘i']ﬁ']ElW%‘]z 8D

ddnananeueSatadinniwnziassly SDB 2a9tiiwizidssuad 8D (Uszan 15
g) I uaaanil Sephadex LH20 lagldiunuaatduaive 16 5 @u (F1-F5) annnwingu F5
1 09: & v 1 ] o 1 1 k% a
WUuNAa Sephadex LH20 8nassnitslaiiu 4 sautas (F5.1-F5.4) ¥du F5.4 anuundanled
a A A 6 v 1 Aa a =
AN NANNTULLINIL AL WY A LVAINFNUIZTAINLODAUDTINNUALLINLTY (10 1:2 D9 1:0) LA

sendeTanadinnuasiuniues (310 9:1 69 8:2) Teusnlaidu 11 & (F5.4.1-F5.4.11)

WEIU F5.4.4 mﬁﬂﬁﬁqwﬁfﬁ’sﬂé’fjﬁmLaaﬂaﬁuﬂﬂsuﬂwﬂﬁﬂsﬁamﬁaﬂmaawam:wm
wimuaauazlanaslsiinu (1:19) ldans 27 3.2 mg) niwingw F5.4.5 anugnsdesinda
naanaanitlasinlnnmffvesoainguszninsesasafinnuss lansalsdinu (3:2) uazaa
famsuanee Sephadex LH20 (MeOH) laas 31 (3.7 mg)

WNEI% F5.4.8 UONAEIEBRNL8TITEf 80U INENTZRINILET A UaZLaN LT (1:3)
16w 6 & (F5.4.8.1-F5.4.8.6) uazlatingu F5.4.8.6 mﬁﬂﬁu’%qﬂﬁ%m%ﬁmmamﬁ‘wﬂm
i InnAdsmeasvoinauszinsatauadinnuazlanaalsfinu (1:1) ldas 26 (6 mg) 1Nt
WEI F5.4.85  NLENAA8TANIIALAZTLAIHVDINRNTERINUNIUEaLAL lanaalsling
(1:19) laa3 32 (7 mg) uazdn 4 d1ueas (F5.4.8.5.1-F5.4.8.5.4) waziavnaugay F5.4.8.5.4

YIANKNANGIBLNUR bAENT 25 (4.2 mg)

idn F5.4.9 inugndasiediniaadimesuamansznitoumuasuss laanalsdinu
(1:19) leidln 10 dueias INIUNEIutioy F5.4.9.4 mﬁﬂﬁu’%qw%%ﬁs%ﬁmwaaaé’uﬂm
NG asvasnguszninsatatadinnuas laasslsfim 2:1 waz 3:1) ldans 33 (10
mg) uazlatindiugas F5.4.9.3 WuENAedaFan1eadi T uangNIzRIs LT lanuazLun
Tu (1:1.2) laans 34 (5.7 mg)

W8I F5.4.10  NILENGaAI8TANIARNTEAUVAINFNTERINILUN DAL laaaals

& o ' ' & Yo ' ° v A a5y
finu (1:19)  Fawanlaidu 14 daudes annulainaiwtey F5.4.10.11 mmiwmqmmm
Sephadex LH20 #iT=ietdnIuaa @13 29 (2.2 mg) kaziiladiaiutas F5.4.10.14 Nuanda

Mmumadiaidsiny laans 30 (1.8 mg)

& o ' a < A2 v ' ' °
INMNWBUUIRIB F4 ULenea Sephadex LH20 ﬂﬂﬂix‘]%%dvl,@l,‘jj% 4 Iwgas (F4.1-F4.4) ¥

&% F4.4 3U8NaAaaI8naaNt reverse phase C18 NTEA828ININIEAINILUNIBOALAZIN (1:1

~

2D

& v 1 [ < ' 1 d ¥ v Lt ' ¥ A QFQJ a
sﬁGLLEIﬂVL@]Lﬂ% 4 §I%H0Y LaZNUUIIUFIRLDUN 3 Uaz 4 L‘IJ’]@"JUﬂuLLﬂzLLUﬂ@]ﬂIﬂUiq‘ﬂﬁ@’)ﬂﬁﬁ

mMaafvzmeueINaNIznidard nuuaz lanaalsdiny (1:2) 3916715 28 (3.5 mg)

NNILUNRITAINTT 8D MiwnzLaesli SDB amw'a"lﬁagﬂvl,ﬂmmumwﬁ 5



EtOAc crude extract
(culture broth of 8D)

Sephadex LH20
(MeOH)

s

M
H

?Meggﬂj)e‘ LH20 (Sl\fjggaHd)ex LH20
(Fa)
c18, cC
MeOH-H,0
(F4.4.4
sio, cc
acetone-CH,Cl, [1:2] F5.4
28 sio, cc
(35 mg) EtOAc-hexane [1:2 to 1:0]
MeOH-EtOAc [1:9 to 1:2]
(F54.4) (F545) F5.4.8 F5.4.9 F5.4.10
$i0, CC $i0, €C Sio, cC ) Si0, GC S0, CC
MeOH-CH,Cl, EtOAC-CH,Cl acetone-hexana [1:3] MeOH-CH,Cl, [1:19] MeOH-CH,Cl, [1:19]
[1:19) [3:2]
(F5.4.52) | [F5.4.856) [
(F54.4.8 Sopnadex 0,00 F5.493) [5494) F5.4.10.11 F5.4.10.14
LH20 EtOAC-CH,Cly )
(MeOH) RN Si0, CC Si0; CC Sephadex LH20 Sephadex| LH20
31 26 acetone-benzene| [1:1.2]  EtOAc-CH,Cly| [2:1 to 3:1] (MeOH) (MeOH)
siocc (3.7 mg)’ (6 mg) 33 29
I\IT%T—CHQC\Z (10 mg) (2.2 mg)
F5.4.8.5

Si0, CC
MeOH-CH,Cl, [1:19]

[(4.§2mg)} { (72rgg)

{ Aa A€ 1 o A
LABATNN 5 ﬂ’]iLLEJﬂﬁ"li'l.liijﬂﬁ"i]"lﬂﬁ’)%ﬁﬂ@ﬂEl"l‘]JL@ﬁﬁLLﬂ‘ELYW]"IJBGT] 8D

a nf 1 g A Qs
1.2.5. ﬂ']SLLEIﬂiJiﬁzY]’ﬁ"ﬂ’]ﬂﬁ’Juﬁﬂ@ﬂ gNULaTALaTNNVBITIRN EJ‘W%‘]? KP1

iduaiangUeTaLadinnAwziasln SDB 1eatiwzlanI8931 KP1 (4.62 g) 31
Wuaaautl Sephadex LH20 laslfiumuaaidudas: l6 5 2w (F1-F5) aniwingn F3 a0
enNG@a Sephadex LH20 snasoniteldidu 6 daudas (F3.1-F3.6) #n&% F3.4 AUaN6iaa185a
mMusfiTzasvasnanszninsetatadimnuazianiow (1:1) Souonleidu 9 sau (F3.4.1-F3.4.9)
g F3.4.2 mﬁﬂﬁu%qw%%ﬁﬂmimuﬂaéﬁlﬁ Sephadex LH20 fizziumuansalaas

35 (28.7 mg)

NEIU F-2 I LENAaa8AaaNY reverse phase C18 =682 INFNITZAIINNIUEALAY
¥ 4 y L g L o aa -
W (1:1) Sauenloidu 7 dudes (F2.1-F2.7) nnnwsingiu F2.6 anuendaaludaniaanaait
NrziovadNaNTznIndunuaanaz laaaalsiing (1:19) uazauaI8NMIdasaABaN reverse

phase C18 U@ 8 UBINANTERININNIBEALAZIN (3:7) 3916715 36 (4.5 mg) uazans 37 (4.0



mg) Waain F3.5 LN IgTanIlaanaauiteal1adNgNIERINglaTalaginnLazianian

(2:3) uazannnwuuendafIunaaNit Sephadex LH20 TzenaiunIuaa laans 38 (4.0 mg)

wananigsldinguananenuiotanedinn (0.87 g) vasdulandldanmianaduls
28971 KP1 doiaBauafinnunmunaail Sephadex LH20 wansiunmuea wonlasanidu 6
saugay (M1-M6) NI M3 ausndasianasuil reverse phase C18 T@asuaInay
FERIINNHOALAZIN (1:1) uaatidIutag M3.7 muun‘lﬁﬁqﬂﬁ%ﬁﬂﬁ’fiﬁmlﬁmmﬁmmadwau

sernaumuaauaz laaaalsiiny (1:19) 3916813 39 (4.0 mg)

NNILUNRITAINTT KP1 Niwiztagdln SDB amaﬂa"l,ﬁagﬂvlﬂmmumwﬁ 6

(a) EtOAc crude extract
(culture broth of KP1)

Sephadex LH20
(MeOH)

| dj
F3

c18,CC Sephadex LH20
MeOH-H,0 (1:1) (MeQH)
F2.6
Si0, CC F i
MeéH—CH2CI2 (1:19] @ C‘?’E
Si0, CC Si0, CC
C18,CC EtOAc-hexane [1:1] EtOAc-hexane [1:1]
MeOH-H,0 (3:7) @@
Sephadex LH20 Sephadex LH20
(MeOH) (MeOH)
36 37 35 38
(4.5 mg) (4.0 mg) (28.7 mg) (4.0 mg)

EtOAc crude extract
(mycelia of KP1)

Sephadex LH20
(MeOH)

c18, cC
MeOH-H,0 (1:1)

M3.7

sio, cC
MeQH-CH,Cl [1:19]

39
(4.0 mq)

{ a A( 1 s = : ¥
LHBATNN 6 (a) ﬂ’]iLLElﬂﬁ’]iﬂiqﬂﬁﬁnﬂﬁ’]%ﬁﬂ(ﬂﬁFJ’]‘]JLaﬁﬂLLE]“TTLYW]”UE]G%’]LWW&L&ENT] KP1

a Qst 1 e =) v
(b) ﬂ’]iLLElﬂﬁ’ﬁlliq‘ﬂﬁﬁnﬂﬁ’]%ﬁﬂ@ﬁ gNULaTALaTINNVL Lﬁ%lﬂi’] KP1
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1.2.6. ﬂ']iLLfJﬂ‘Lqu‘Ylﬁ’i]']ﬂﬁ'Juﬁﬂ@]ﬁU'TULﬂ'ﬁﬂLLBTLVWI“U@G‘S']ﬁ']UWWD; KP2

iduaiangUetauadinnwziassle YEB 1e9tiiwnziansass KP2 (18.18 @)
WruSanaanasuidirsdsvesnaNsznivesdlnuuas laaaalsfinmg (1:9 19 1:1) uazay
MerpINaNTEnIsmMueauazlaaaalsimu (1:5 04 2:3) Fowpn'ldoandun 7 g (F1-F7)
NNTWN F2 vimsusndedisimaiaidsanwlesltuesnausznineas g Inuweazianias (3:7)
ushredsusnaontdidn 8 dudan (F2.1-F2.8) #&intios F2.7  1ULgN6aa185an11aa
aosifimzgvasnauszninamuaauas lanaalsiinu (1:99) leidu 4 dausday anniuin
fiutas F2.7.1 mﬁﬂﬁu?qwﬁfﬁaslmﬂﬁmﬁmﬁ'ﬂ@UW@]"’Q%Lﬂwuawamwiwa:‘ﬁﬂuuaua
L (2:3) wazvhananassaleans 40 (20.9 mg) nniwindwtay F2.7.3 mﬁﬂﬁu?qwﬁ%y

AaaNIl Sephadex LH20 T=aeiaumuaads laans 41 (9.8 mg)

) 1 £ Aan o 6 U 1 =) =
WEn F3 wugndadanineanissdisvainanzninsesdlnuuaz laaaalsding (1:9
& v 1 ﬂq: o 1 o Y Aa ng‘v s
89 1:0) Tsuoneenlaidu 6 &u (F3.1-F3.6) nuuiaIu F3.5 mml%mgmmmaauﬁ
Sephadex LH20 T2 8lan14a834 l6anT 42 (224.8 mg)

NNIUENENTIINT KP2 Niwnztaesle YEB azhdsiavl,ﬁa;ﬂ"lﬂmmumwﬁ 7

EtOAc crude extract
(culture broth of KP2)

Sephadex LH20
(MeOH)

(P2 ] (F3 )

sio, cC

Sio, CC
acetone-CH,Cl, [1:9 to 1:0]

acetone-hexane [3:7]

F2.7 (F3.5

80, CC Sephadex LH20
MeOH-CH,Cl, [1:99] (MeOH)

42
(224.8 mg)
F2.7.1 F2.7.3
Sio, cC Sephadex LH20
acetone-hexane [2:3] (MeOH)
40 41
(20.9 mg) (9.8 mg)

4 ~a A( 1 s a
WHBATNA 7 ﬂ’]iLLUﬂﬁ?iﬂiq‘ﬂ‘ﬁ’ﬂﬁﬂﬁ?%ﬁﬂ@ﬂEJ'WULQ‘EE‘]LLE]‘?IWW]TE]\‘]T] KP2
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a 6 ¥ a v
1.3. ﬂ'ﬁWﬁ"ﬂ%ﬂ?’]UIﬂix‘]ﬁ‘i"lx‘i"ﬂ BJR1IN LLﬂﬂvL(ﬂ

ﬁnmsu?q‘n%ifﬁmﬂvlﬁﬂgmmwﬁmﬁzﬁmimda%”ﬂo@ﬁUmﬂﬁﬂ NMR 31D uaz 2D
NMR @91l3znaudas 'H-'H COSY, HSQC, HMBC uaz NOESY @sldvinnisiianssiaisiasas
Varian Mercury-400 Plus NMR spectrometer &W3UaNoHialndazyinn13ia HRESIMS ¢
m’%iaa micrOTOF-Q Il ESI mass spectrometer, 26 optical rotation GT’leLﬂ%iad PerkinElmer 341
polarimeter, 18 UV ﬁLﬂﬂ@l%ﬁJ@T’mm%ad Shimadzu UV-160 UV-visible spectrometer LLazsLuﬂ‘itﬁﬁl
ssrialnaidundn asvinnsiudulassaiuazaiaasloindaramnafia single-crystal  X-ray

diffraction analysis @Twm'%iaa Bruker APEX Il diffractometer

1.4. NIRIAIITRAUNUTUATARVAIRNT rhytidone A (10)

&5 10 (10 mg) anazaslwlanaalsfiing 2 mL) annwwdia acetic anhydride (0.1
mL) 18z DMAP Lantiasg LLﬁaﬂuﬁ'qmﬁQﬁﬁaaLﬂunm 30 W %q@ﬂg’jﬁ?mimmslﬁwﬁ’] 5
mL) uazanasanetauadinn 3 a3s sduiazasluueauefinnunarsdae brine wazraain
@28 MgSO, La3ztraalvinazalgaan ﬁnmfuﬁwdauaﬁ'@ﬁvlﬁmﬁﬂﬁﬁqwﬁ%U‘?jﬁmmaﬂaﬁuﬁ
TLAILVDINRUTTA U IMEALAE lanaaluiliny (1:19) lda1s 5-O-acetyl-rhytidone A (10a)

(7.2 mg, 64% yield)
' =] £ ) P [
dUN 2: ﬂ’l‘i“{lﬂﬁﬂﬂi]ﬂﬁﬂ']d’li')ﬂ']ﬂ’ﬂﬂdﬁ’l‘i‘ﬂLLElﬂVLG'I

- o & o =7 S B J_
mﬁﬁLmﬂ"l@m%wm:gﬂmmmaaquﬁma%amwsﬁaLﬁ‘mma\mumﬁa 3 JLUU
v a 1 = Qgﬂl Qs

Usznauels NMsnasauaNULTwNBAaITasNZISI NTNAFELNTAIUMTENLFY LAZN1INAFOL

2
@ A

o & o ' . . . ..
rmﬁsmmmimwmamﬁa@lvsu (anti-angiogenic activity) a3%

2.1. MINagauaN UL TN 6oL TaaILLS

Tuudsoilleinasiuonldumesauanuduisdaimaduzisonuimwmn 3 vie leud
\raANTILEUY (MCF-7) aduziTathinuagn (CaSki) LoasuzliIdy (Hep-G2) 6nuiT MTT

‘11’1L‘Iiﬂ&ﬁl:ﬁdLL@iﬂ:‘Hﬁ@ldadluLWiaZ%q&lﬂlEl\‘i 96-well plate 314N 1 x 10" \as Unil 37
°c maldusseme 5% co, s wisdn NN INLTAS AT TUA AT RAMI AN T
ArruaLaz DMSO fUILTANILAY wasanuuf 37 °c meldussenie 5% CO, il
8% 72 Tlug Lauesazany MTT (5 mg/PBS 1 mL) 10 pL aﬂmwiaz%@w Uudadn 4
71w mﬂifug@ supernatant  2an La2LAN DMSO 100 pL aolmwiamgmﬁaazmnwﬁﬂ
formazan ‘ﬁlLﬁqu wa11in bI@ 0.D. “7{540 nm miw@aadﬁﬁﬁmwgﬂuaﬂ“ﬁdoxorubicin v

positive control
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Qgﬁ/ 0'
2.2. MINARAUNNTAIUNIIDNLRY

Aa v 6 L o { v ng/ Qs U a L - Qq//
lunudspilslaiasiuenldunaseugnidiunissnisudisitasiaianssugens
a9luasnaanlod (NO) luigadunlasWangnnizduliiianisdnisudas LPS

(lipopolysaccharide)
A€9/ 0/ ¥ v
2.21. MINARIUNIATWNIIBNLRLY Lﬁamu

e ) ! o 4

iimasulasnn J774.A1 anldasluudaznauues 96-well plate 14 5 x 107 LTad
Jun 37 °C meldussennia 5% CO, 1Dwian 1 33lad NRWNINLTARMURIINAINNT

v v dl o o Q’ v 1 1 a °4I ¥ &R

nagauaANUITNTUNiMuaua DMSO  dniugaaiugu uiitudedn 2 Falug uiads
NIAueIY LPS (10 pg/ml) wasanuun 37 °c meldussenna 5% CO, twa1wIn 18-20
1189 90 supernatant nauaz 50 pL ldaslu 96-well plate Sndunits MnuwANTITREAY 1%
sulfanilamide in 5% phosphoric acid #auaz 50 pL Unlufida 10 WAl uduGNEIAZAY 0.1%
naphthylethylenediamine dihydrochloride 50 pL valufifia 10 w1l annuwinldia 0.D. 7 540

nm MInaaasiinguginazld indomethacin 1w positive control

iaganuduisvaiasdaisadanlaIvig idusnIazans MTT (5 mg/PBS 1 mL) 10 uL
adluudaznauasTasNNaATaY (W8I91NQA superatant 50 L) asadn 4 Talus udinluda
0.D. 71 540 nm fwinuafifudnisatraavadinad

2.2.2. Western Blot analysis

Aa =~ [ Aa o 2 : a o,
FIINUYNITATUNIIBNLRUNQUINISWINIANBINRVBIRIIANIILFAIDNY a\ﬂ:ljj(ﬂu iNOS

(inducible nitric oxide synthase) Nlriatinas LPS

o { o P~ { o
M ININLDAR J774.A1 @28a13NLE0N LULLAEIALNTNARBLNTANLIANHNRUA
< A A o & o = o a 7 \ .
nnuugadifouaanuazdsoadein PBS 1w vinmsladaimaddiy mammalian  protein
extraction reagent WEINLTAR bALTAN LANIYINNTLTUNITAIFN 5000 rmp tJuIa1 5 w17 NH
\ALLaWZEI% supernatant  WashanynUSanaldsdn vnldsdn 30 pg anvimsuenuu 10%
uweIuRanale 3% skim mik 1w PBS 914 0.05% Tween-20 anuuiinslwiuals iNOS
i A v o o o o v a i i v o
antibody LIWLIRWIIA LLa’Ju’lsJ’l“n’m’li@li’Jﬁ]’mamumu’]mmm%‘ chemiluminescent uaa¥in 1%

anwacidsanwlagfowdulnsudls p-actin antibody GalEidu internal control

ngl 09: v 1
2.3. mi‘ﬂ@aauqnﬁwmmmmmaamﬁa@l%u

o a o % . 4 d ~

nmsnarauls 3 5201 lasiIuanmIaaniadals ex vivo model Laziiianuasnignd
faznamiasnensinunsitulavesisadioyniinaaaifiea (human umbilical vein
endothelial cell, HUVEC) ln3zuinmsassnasaifealnials in vitro model uazlunsdingnsd

=% a o < o . . ' v
E]Vlﬁa&l’]ﬂLLﬂzﬁﬁ'ﬁﬂi&l’]mu’mWE]ﬁ]z%’]ﬁ’]i%%ll’lﬂ’]ﬂ’]iﬂ@ﬁﬂﬂlu in vivo model @]E]vlﬂ@]’)il
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2.3.1. MIAANTEIA28 Ex vivo model (microvessel sprouting assay)

AANADALRDAUAIVBINY Wistar TSau1a 1 mm ud22191% 6-well plate I NTiwRLaATL
FIUADARIL BaN 9 82 Uszunm 0.5 mL inlUuudl 37 °C (5% CO,) wm 30 Wilanaaas LI
w462 uAAN RPMI Aauaz 2 mL mnifuw%‘mﬁUmiﬁl,wﬂvlm‘%UlﬁﬁﬂaﬁwLﬁuﬁuq@ﬁWULﬂwﬁu
25 uM 18z DMSO éim%’uq@muqu v lddad 37 °c (5% CO,) W1t 7 1% LLﬁaﬁwmmﬂgﬂ

v v a &£ . o
msfl,@maaagamsﬂﬁgmsl,ﬂmmaa microvessel LAHUNLYTAAILAN
2.3.2. MIANBINATAIFN TG aWINTUNNT¥INIwU8d HUVEC

vnnasaulesls HUVEC  lagnisneasadazuidaantidu 3 aawalruni lawn
proliferation, tube formation W& migration s’ﬁaﬁwmiﬁwmmﬂﬂmwﬁagﬂﬂ‘u{Ta NILNATD

A w e
naaalaalniazianlyla

(1) Proliferation: \@383 HUVEC 1ummiLWW:L§m HuMedia EG2 l&a3 96-well plate Ayuas 1.5
x 10° 1a& Uafi 37 °C (5% CO,) Wit 24 F1lug MNuunInaIsIiaNuENTn 0 (TANILAN),
0.1, 0.5, 1, uaz 2.5 uM NtuLNAasn 72 Talug nsaniamsasyidulavesaaseassie
aud WST-8  lasiduasluudaznaug az 10 pL uazshldda o.D. fl 450 nm  daziATed
microplate reader Y1) 1 21993 A97 UEIRIWITAN ICs maamiﬂ”uf@mnﬁtytﬁuimm

LIRRUBIRNTNNAREL

(2) Tube formation: l& Matrigel 84l 96-well plate #guaz 50 pL Unfl 37 °C (5% CO,) Wik 30
wflawaaudses 1in HUVEC luomistwiziass HuMedia EG2 fidasfinnudutu 0, 0.5, 1,
2.5, 5 Uaz 10 uM nauaz 1 x 10" 188 UUR 37 °C (5% CO,) w1 12-18 Falug anskutinan
A319QNIF tube formation mﬂﬂl@Tﬂﬁaa@amsﬂﬁLﬂ%wLﬁauﬁuq@muqu (0 uM) LAZAWIT

N ICs, MNNTEUEN tube formation VaIFNINNAREL

(3) Migration: 3143 cell culture insert ‘ﬁﬁ microporous membrane IH1a 8 um a9l 24-well plate
WARZAN LAILANENIALATY 0.1% LIANAUAILYL membrane fal3Uszanm 10 wiRawaaudsan
aniuls HUVEC 1o mnsiwnziaes Medium199 715 0.1% BSA asuwlaa@in insert a2 2.5 x
104 LIRS LL&S:L@@JE]’]W]SLW’]:L?IYEJG Medium199 ‘ﬁlﬁ 0.1% BSA L8z recombinant human VEGF (10
ng/mL) uazs13NAMNTUTH 0, 2.5, 5 uaz 10 UM aalmwia:%quﬁmmwaa insert nauaz 400
ul 1t luad 37 °C (5% CO,)  ww 6 Talus @”ﬂLLa@ﬂugﬂﬁ 3 91NTUGA membrane
panuud fix SazumMues uazdondnd Diff Quick NTwiLS wIwaaaT lilianns migrate
Awaniussean liSouifisunugaaiugu (0 pM)  uazdIwInh A1 ICs Tunseudsns

migration 28981INNAFOL
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E‘iJ“?l 3 NMINAFaU migration assay 283 HUVEC

2.3.3. NMINAFAUAIY in vivo model (Matrigel plug assay)

Fmsnagaus185F Matrigel plug assay lag@a Matrigel 0.5 mL fifs1snanututuil
fwuania DMSO &mILTAAILAY, VEGF (30 ng/mL) uaz heparin (10 U/uL) 1tnldRanits
U EeIT9aIMInEEEWLE C57BL/6 Wadan 7 Tu aluldadalenian Matrigel aanan
uwazenegy nnswmnUSun s luTnaduluion Matrigel @28 Quantichromhemoglobin assay kit

wazthandwamanuduiuvesdlulnaduanglulnadwineulisuiisuiuganiugu
' = a ¢ o ¢ = a
dIni 3: Maigaklananeaizasien
miﬁgﬁlﬁmﬂﬁ'ﬂ‘mﬁmaa‘n%ﬁﬁ’mﬁuaaﬁ%ﬁa conventional method L& molecular

method

(1) conventional method : T udazTia W zIRBILBMITIUATTUluaaIuRIIag i TwIA

14 4 Fnaansuenigugwinguaznaifasdet wiauduiinnwneldndasganysad

. ' ¥ . 4 9
2) molecular method : NNz INYIN DNA sequence Fa oL ITS1-5.8S-ITS2 sequence
A & A £ A A A6 o .
LﬂwmmwmvlﬂmUm’mmagaslu GenBank LWaizqaqamaaﬁmmaﬁ'n,l,a:mm?ua accession

no.
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Naﬂqiﬂﬂaaﬂllazﬂﬂaﬂqsﬂi
P> Y a [% A [y
fnawn 1. ﬂ']saﬂﬂLlﬂﬂLLQ$W§Qﬂﬂiﬂﬂiqﬂﬂaﬂﬂ'\5ﬂllaﬂfﬂﬂ
1.1. ﬂ'ﬁfﬁﬂu@LLﬂﬂLLazﬁiﬂ‘ﬂﬂﬂiﬂﬁ%ﬁ\?"ﬂaﬂa’]iﬁLLﬂﬂvLﬁ"ﬂ']ﬂT]ﬁ"lﬂwyuf HK-5

NN IEIRENARINULETALETINNYBIFININNNZIEDI8957 HKE  TwnziFpslu
81913 MEB @nainaiaaaauitlasunlnnii ﬁ’]&l’]‘mLLUﬂﬁWiU%Qﬂ%ﬂﬁ'ﬁ’]%’Ju 9 U@ (1-9) ua:
VL@Tﬁwmiﬁgaﬂmaaiﬁwaamiﬁumﬂ"l,@“%ﬂmﬁ'ﬁmﬁmﬁzﬁ%ya 1D ('H, °C) waz 2D ('H-H
COSY, HMQC, HMBC) NMR uazmaifisuifisunudays NMR POITNTNRNIII LI UN R E% D9
mnmﬁmsw:ﬁﬁaga NMR WuU191813 1-9 ﬁLLmﬂ"L@TLﬂumsmju aromatic W&z anthranoid N§N"3
el ymumn’au%amaﬁ'vﬁagaﬁﬂiﬁﬂgiumimﬁﬁ?ﬂﬁﬁzmumﬂ'au Fuiluansdeluil atemariol
monomethyl ether (1), 5-carbomethoxymethyl-2-heptyl-7-hydroxychromone (2), alternariol (3),
altenusin (4), 3'-methoxy-2-methylbiphenyl-4,5,5'-triol (5), 5'-epialtenuene (6), macrosporin (7),
altersolanol  (8), w8z 1,2,4,5-tetrahydroxy-7-methoxy-2-methyl-1,2,3,4-tetrahydroanthracene-

) 21-31 v o ;
9,10-dione (9)°  uazdlanamidousasluglf 4

OH
MeO ‘ HO
(S

OH O

317 4 1398519289813 1-0 Awenbeans HK-5
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1.2. NMIANG LLUﬂLLazﬁgﬁ]ﬂﬂidﬁ%”N‘U aﬂﬁﬂiﬁLLUﬂvLﬁﬁlﬂﬂiﬂﬁﬁ UW‘VWE 21B

o [ a A dy ' a v 1 a
INNIAANTBIIAYUIENaUNIILANVBII 21B ﬂLquLaﬂﬁsLuﬂ’]“qi@nﬂﬂju@ﬂu WLUINTUN
A9 o &2 - : & = ' &
°lla\'iﬂ’]'ﬂ']iﬂl"ﬁlawf]wl,aENNNQG]aaﬂﬂﬂizﬂﬂﬂﬂqdl,ﬂ&]mﬂdsq 21B i’]U']\‘]lﬂﬂi@ULQquﬂ'TiLW']”LaUGIu
919%17 MEB LLas solid rice medium SH\TWU'J']ﬂxﬂﬁﬁ‘mjl,l]‘ﬂ']uavLﬂ@ﬂﬂNL@ﬂ'JﬂuLL@NIﬂiﬂai']@
LL@lﬂ@]']\‘iﬂu @\1%%\1’]%3%Elu"ﬂ\‘]vL@ﬁﬂ@LLﬂﬂﬁqiﬁlqﬂaquaﬂ(ﬂVIUWULLaﬁaLLBGﬁLWﬂTﬂ\‘]T—] 21B ﬁ

WzLR 8913k MEB uaz solid rice medium

mﬂmsﬁgaﬁm’mimaﬁnwaamiﬁl,mﬂ"l@“’[@Umﬁ'amﬁl,mﬁ:ﬁf*ﬁaga 1D uaz 2D NMR
w1 ldaIngu spirobisnaphthalene 8 shanndmananeufiladnnmawziasslu MEB Tag
Wnansrfialne 3 shiedeliGein rhytidone A, B uaz C (10-12) Lm:miﬂ@;mﬁmﬁuﬁﬁmi
ewNnawdn 5 1fia fa MK3018 (13), palmarumycin CR1 (14), CJ-12,372 (15), 4-O-methyl-
CJ-12372 (16) uaz 4-O-methy-CJ-12,371 (17)°" Gaiilaseminsasuaasluguil 5a dmsu

lavsaivasmns 13-17 dilddudulasmudSouiisutaya NMR luniasidoeneg

(a) MEB

OH OH

R=0 15 Ry=H,R2=0H
R=H, OH 16 Ry =Me, R =OH
17 R1=Me,Ro=H

18 19 R=H 23 14 24
20 R = ¢-OH
21 R = pOH
22 R= #OMe

31N 5 Tasssawesmsiusnldains 218 fimziasslu MEB (a) uaz112 (b)
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FRTUNIRNALENEITINFIBIRNARLIULD DAL TINNNLWIZLRLIUUTNI  §INITOLENRIT

u’%qw%vl,éfs TRALT N LLazLﬁaﬂgﬁ]ﬁm’mImaa%waamiﬁusmvl,@ﬂ@Umﬁmﬁzﬁ?}”aga 1D
' (g ] . . a A 3’ a { a

uaz 2D NMR wudn léanIngu spirobisnaphthalene 7 1o Fadrnuninulu MEB iNpsnfadid

fags palmarumycin CR1 (14) LLazﬁ’]‘imj&l decalin Fodulassasssgiunitavas

g

. . A e A 36 £ =~ v @ A A 9
spirobisnaphthalene finanlaan 1 sfia” Geiilasiaiaduaaslugdi 5b uazanmIfududoya

U
>

wudldmziialnd 6 sliafosny 18-23 TalviTadn rhytidenone A-F ftasananslminnendl

D

lavaaisduiidunynaridu enone  (-CH4=C4a-C=0)  Fiwnu aimihaulangafass
rhytidenone A (18) LHa9andlaTdasanflansmzianizetndNInfasdn tetrahydrofuran ring

d @ X \ . { o ' A | ]
\Taugany jlactone ring W1t spiro carbon NdUAs C9 G litnainmswuunian

n1sgens1ulAssa319289875 spirobisnaphthalene z#alvial 10-12

nToys HRESIMS 1 m/z 381.1319 [M + Na]* (calcd 381.1314) 789813 10 §13NI032Y
g@]ﬂmaqavl@ﬁflu CyoH2,06 %GLLamiﬁﬁ degree of unsaturation (DBE) WinNU 10 LazINNNNTg
Aenzitoys 'H usz °C NMR (0191971 2) wnudays HSQC Wulassavedans 10
Usznaudsasuansiia methine 6 A15UaUDs 4 msuand O daatl, MmIvausiia methylene 3
a3uaw, miuaurfia quaternary 15 O doagaoduau 1 a1suan (8¢ 104.4) uazuialsandn 10
AMTUaL mnmsﬁﬁmmwiaga 'H-"H COSY Wu correlation V83 H-2'/H-3', H-3'/H-4', H-5'/H-6'
ez H-6"H-7' 93 WiAinindiaas three-spin system LanAuagaa C-2—C-4' uaz C-5—C-7' (gﬂ‘ﬁ
6) wonaNisImANInEuEUlATIEIE I lTaneN J Ainy 7.2, 7.6 uaz 8.0 Hz Gaiilw ortho

coupling constant Ua3l1saamnanii

91N HMBC &1Un@33 WU correlation 32%#314 H-27/C-1', H-2/C-8a’, H-3'/C-4a’, H-6'/C-
4a’, H-7'/C-8' uaz H-7'/C-8a’ Sssnansnsialassainsnisassiwanenanulagsiin C-4a’ uaz C-
8a’ Fefiugunsilassansain naphthalene unit ﬁ'dl,l,amluzﬂﬁ 6 LAz3INA1 chemical shift Ua3
C-1' uaz C-8' 7 Oc 147.4 Az 145.9 ﬁ'\aﬂauaﬂﬁamiﬁ%g 1,8-dioxynaphthalene %omn"ﬁaga
wisnivinlvuenlainas 10 \JuaywWusua spirobisnaphthalene G'fiamimjmf:ﬁé'ﬂum:mww:ﬁaﬁ
874 1,8-dioxynaphthalene daniulassainsdndrunitalasnnn spiroketal carbon §1n3ulasaing
d’m‘ﬁ'ﬁad ijaﬂmsm’ﬁnﬂ 1H-1H COSY WU extended spin system §ﬂ5u%ﬁd%1ﬂ C-2—C-8 o4
LLa@alugﬂﬁ 6 uazl HMBC sUnasumy correlation 3391919 H-2 uaz H-8a 1y C-1 Faiduns
@@ spiroketal carbon (C-1) iU TasIR IR N IRidIURI C-2 uaz C-8a wananit lu 1H
NMR sunasuginuaygmsamy laasanda 4 wyj'ﬁ' 8. 441, 4.81, 3.85, uaz4.22 Dild
Anvuaids OH-4, OH-5, OH-7 Waz OH-8 MUEAL 91N COSY correlation vasli/sAawmaNHAL

Iﬂmauuums‘uauﬁag@@ﬁ‘u @T\‘lLLam’Lugﬂﬁ 6
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A13199 2 ﬁaga NMR 283817 10-12

No. 10 (DMSO-dj) 11 (CDCl,) 12 (CDCl,)
O, type ., (J in Hz) O, type O, (Jin Hz) O, type O, (J in Hz)
1 104.4, qC 104.4, qC 104.4, qC
2 256,CH, 173, m 256, CH, 1.95 m 256,CH, 1.94, m
3 282,CH, 153, m 265, CH, 1.66, m 26.6,CH, 1.62,m
1.75, m 1.72, m
4 61.2,CH  4.16, brs 62.9, CH  4.54, brs 62.9,CH 452, brs
4a 429,CH 197, ddd (12.8, 10, 2.4) 49.0,CH  3.31,d (13.6) 48.9,CH  3.27,dd (136, 1.6)
5 68.8,CH  3.70, brs 2122, qC 211.8, qC
6 35.7,CH, 1.75,m 442, CH, 247, dd (14.4,2.8) 41.2,CH, 260, dd (14.4, 2)
3.13, brs 3.05, m
7 66.9, CH  4.21, brs 713, CH  4.43,t(3.2) 80.1,CH  3.89, m
8 63.3,CH  3.93 m 67.4,CH  4.77,d (3.2) 65.1, CH  4.88, brd (3.6)
8a 38.6,CH  2.44,dd (12.8, 1.6) 415, CH  3.17, brs 419,CH  3.03,m
1’ 146.5, qC 147.3, qC 147.3, C
2’ 109.4,CH  6.96,d (7.2) 109.8,CH  6.94,d (7.2) 109.8,CH  6.96, d (7.6)
3 127.6,CH  7.45,t(7.6) 127.8,CH  7.43,1(8.0) 127.7,CH  7.44,t(7.6)
4 119.7, CH  7.50, d (8.0) 1215,CH  7.53,d (8.4) 120.5,CH  7.48,d (8.4)
4a’ 133.6, qC 134.2, qC 134.2, qC
5’ 120.1,CH  7.52,d (8.0) 120.5,CH  7.49, d (8.4) 121.4,CH  7.53,d (8.4)
6’ 127.5,CH  7.45,t(7.6) 127.1,CH  7.43,1(8.0) 1271, CH  7.42,t(7.6)
7 108.8,CH  6.94,d (7.2) 109.6, CH  6.95,d (7.2) 109.6, CH  6.93,d (7.6)
8’ 147.6, qC 145.9, qC 145.9, qC
8a’ 113.3, C 113.8, qC 113.9, qC
4-OH 3.70, brs
5-OH 4.81,d (2.8)
7-OH 3.85,d (2.4)
8-OH 4.21, brs 3.77, s 3.71, s
7-OMe 56.9, CH, 3.43,s
OH

31#i 6 'H-'H COSY uaz HMBC correlation Al fnywasans 10
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’i]’mifuﬁ’m’l‘iﬁmmw] relative configuration 183813 10 G'Jﬁam‘iﬁﬁ chiral carbon ﬁzmml
7 dwnis 3adanltinafia single-crystal X-ray diffraction analysis udasnglsfianuusansites
uvasudnafsnwazidunei lilgndn Sevnmadaouss 10 \JuayWus acetyl asan
UfjfiTe1 acetylation azlddinansznuda configuration PDIFNTNINH SINAUIITNENT 10 W7
A58 acetic anhydride lwlaanalsfinulanls DMAP iudaisad §A5en (uaunwd 7) 4
%é’amﬂmsﬁm%qﬂﬁ% pdanaanasuil Ianfasiswaniosmiisiadan e s maii laanns

{ A g L ~ { U o v
acetylate 1 OH-5 (10a) Giashilanwasidurasudsnandundnle 39vir Rz nnInszy

q
=

configuration 84813 10 leativauysol uazfizl ORTEP asuaadlugUf 7 asiuany 10 398

v @ A A vd
lawssiwdauandlugdi 5 SaldlwTaidu rhytidone A

OH OAc
i 5
acetic anhydride oo
DMAP “OH
OH > o” "0
| | CHyCly, rt OH
10 10a

517 7 U381 acetylation wa4 rhytidone A (10) waz ORTEP diagram maaagw‘“uﬁ‘ 10a

u

§1w3La3 11 9nToys HRESIMS (m/z 379.1153 [M + Nal', calcd 379.1158) ¥ilw
nuiEs 11 dgastuanaidu CooHagOs wazwudn "W uaz °C NMR minasuvaians 11
(@397 2) afBRUMT 10 AN pniunuihdy g mliineuuazaiuansainy methine lu
funiafl 5 Vl,@i”mﬂvlﬂLLa:ﬁé'tytyﬂmmaaﬂyjﬁIwuﬁ 8¢ 212.2 Tuanunui Baaydlddany 11 1w
agw”uﬁﬁ‘[wuﬁ@‘mmm"?‘i 5 28IR13 10 uanmnﬁﬂ'@vlﬁﬁ’mﬁﬁuﬂ'ﬂmaa%"mLLa:s:q relative
configuration YDIRITAILLN AT single-crystal X-ray diffraction analysis AT "'Aﬁd ORTEP

diagram maamiﬁ"L@TLLamvl,i’Lugﬂﬁ 8 uazlaliBass 11 1w rhytidone B
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glhfdi 8 ORTEP diagram a4 rhytidone B (11)

lusuasans 12 9ndays HRESIMS (m/z 393.1315 [M + Nal , calcd 393.1314) vilw
NINUIRNT 12 ﬁg@ﬂmaqmﬂu CotHpOg URTWLIN H waz C NMR siilnasuaadans 12
(@19199 2) AgERURIS 11 AN ﬂﬂﬁmﬁmﬁé'ryry"nmmamg methoxy g Oy 3.43 (s)
waz O 56.9 wazlu HMBC ®iUnasy WU correlation mniﬂimaumawg methoxy 'lUg3 C-7 7 Oc
80.1 srhlkaydldineny 12 Juaunus 7-0Me 289813 11 uazldvindudulassaironian
32U relative configuration aunaiia single-crystal X-ray diffraction analysis AT UN Gﬁd

ORTEP diagram maamsﬁ"l@i”l,l,amvlﬂugﬂﬁ 9 uazlaliGass 12 1w rhytidone C
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n1sgens1ulassas19209875 spirobisnaphthalene z%a 1val 18-23

1A v

13 18 danwazidunanlalidd andoys HRESIMS 7\ m/z 471.1416 [M + Na]+ (calcd.
471.1420) wui1a13 18 dgasluanaiiu CuH,0; 298 DBE whnu 15 aghslsfienu Toua
NMR 284313 18 tionsfiatynnaidusnsazianizuad spirobisnaphthalene lasianizludan
284 1,8-dioxynaphthalene unit tazaInMITaTeidaya H, "'C (A3197 3) uaz HSQC Wy
las9a39v09817 18 Usenauduasuausia methylene 4 a1suau, ANSUaUTNAA methine 5
AMSuauDs 3 ensueand O daat), MTuausiia secondary methyl 1 A15UaK, ATTUAUTHA
quaternary carbon 2 A3uaudd O doat, nidlnuuaziasnaioiniag 1 Wy uazaniuausila
olefinic/aromatic 81 12 a13Ua mﬂifagaiwﬁﬂmm%waomi 18 dsznaudls 7 29

= . A & . . o
(heptacyclic) TILaaIINRINNNIUN1EN 2 21937N spirobisnaphthalene 11211

fwsulaseas19san 1,8-dioxynaphthalene fuswlaan correlation Ainwulu 'H-"H cosy
uaz HMBC siinesa @'ﬁuamlugﬂﬁ 10a WONINIGINY extended spin system AULNTUEN 4
gaulu 'H-'H COSY siUnasu fia C-2-C-4, C-6-C-8a, C-11-C12 uaz C10-C14 (;sﬂﬁ' 10a) WAy
\{laRa13041 HMBC s1Un@si Wu correlation 53319 H-2 i C-1 Faudumstsuaniisnisdadin
ﬁaaamaaIwLaqaLiwﬁ‘uug naphthalene N4 spiroketal C-1 WONINABINY correlation T2WINg
H-8a/C-4a, H-8a/C-5 W&z H-6/C-5 s’ﬁaﬁuﬂ"umsﬁmawg o, funsaturated ketone 7 C-5 uaz
correlation 31314 H-7, H-10 uag H-11 AU C-9, UAzIzniNg H-12 AU C-13 UFAIDIN1THL
tetrahydrofuran 482724 lactone L iaudanwinw spirocenter 71 C-5 azhdvl,sﬁmuﬂ'dﬁﬂ]"aga%mmg@
ﬁvl,aiﬁ'mﬁm ﬁdﬁ’m’liﬁuﬂ'ﬂﬂﬂag’mLLazizu‘ relative configuration 283813 18 Aenata single-
crystal X-ray diffraction analysis 49 ORTEP diagram maamiﬁ"lﬁuamvlﬂugﬂﬁ 100 wazldlwaa

817 18 1du rhytidenone A

311 10 'H-'H COSY waz HMBC correlation fidAQ 143 18 (a) ORTEP 489813 18 (b)
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M13199 3 ﬁaga NMR 283817 18-20

No.

8a

10
11

12

7-OH
8-OH

18 (CDCly) 19 (CDCly) 20 (CDCl,)
80, type 6H (Jin Hz) SC, type 8H (Jin Hz) SC, type 8H (J in Hz)
103.3, qC 103.0, qC 103.6, qC
274,CH, 1.85 m 27.6,CH, 1.67,ddd (14, 8, 1.6) 27.7,CH, 1.72, m
1.53, m 223, m 224, m
23.1,CH, 234, m 229,CH, 228, m 23.0,CH, 228, m
2.37, m 2.38, m
137.2, CH 717, brm 136.8, CH 7.11, brs 136.6, CH 7.08, brm
132.0, qC 132.9, qC 132.8, qC
194.1, qC 198.5, qC 197.3, qC
44.0, CH 3.76, brd (2.8) 33.3,CH, 2.52,ddd (18.4, 6.8, 1.6) 42.6,CH, 2.58,dd (18, 1.6)
2.90, ddd (18.4, 12.4, 8) 3.07, dd (18, 4.8)
65.4,CH  4.80, brd (2.8) 28.5,CH, 195 m 68.0, CH 4.44, brs
2.30, m
774,CH  454,dd (2.8, 8.4) 63.4,CH  4.90, brs 67.4, CH 4.77, brd (3.6)
55.9, CH 3.33,d (8.4) 49.3, CH 3.14, brs 43.6, CH 3.63, brd (1.6)
77.2,qC
82.2,CH  4.39,q(6.8)
28.3,CH, 232, m
2.58, m
28.6,CH, 2.46, m
274, m
175.1, C
15.0,CH; 1.26,d (6.8)
147.3, qC 147.2, qC 147.2, qC
110.0, CH 6.88, d (7.6) 109.8, CH 6.94, d (7.6) 109.8, CH 6.97,d (7.2)
127.8, CH 7.45, t (7.6) 127.7, CH 7.46, t (7.6) 127.7, CH 7.45, t (7.6)
120.5, CH 7.53, d (8.2) 120.6, CH 7.50, d (8.4) 120.6, CH 7.51,d (8.4)
134.2, qC 134.2, qC 134.2, qC
121.4, CH 7.51,d (8.2) 121.5, CH 7.54,d (8.4) 121.5, CH 7.54,d (8.4)
127.1, CH 7.40, t (7.6) 127.3, CH 7.43,t (7.6) 127.2, CH 7.42,t (7.6)
109.5, CH 6.99, d (7.6) 109.7, CH 6.95, d (7.6) 109.7, CH 6.94, d (7.2)
147.6, qC 145.9, qC 145.9, qC
113.6, qC 113.6, qC 113.6, qC
3.70, brs 2.06, brs
343, s 3.56, d (2.4) 3.77, s
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o v

§M3Ua13 19 1Indawn HRESIMS (m/z 323.1280 [M + Na, caled 323.1278) vild
nuians 19 dgasluanaidu CyHis0, &9 DBE i 12 LLazLﬁaﬁaﬁimmwng:ﬁﬁ%uﬁ
WU (ﬁnﬂ"ﬁ’aga "H uwaz °C NMR uaz HSQC) wuin 7 DBE mmn%yjﬁiwu 1 %y LLazw”uﬁ:@; 6
Wibe eatieans 19 3981a59a9ULY pentacyclic uaﬂaﬁﬂﬁﬁaga NMR (413747 2) £ugaq
Fynmdudusnumzianizuad spirobisnaphthalene i 'H-"H COSY miUnasuwy correlation
289 H-2/H-3, H-3/H-4, H-6/H-7, H-7/H-8 uaz H-8/H-8a 597 e spin system finanniugassin
fla C-2-C-4 uaz C-6-C-8a @”ﬂLLa@ﬂugﬂﬁ 11a wonanitlu HMBC sln@sumy correlation
32934 H-2 NU C-1 uaz C-8 sﬁaﬁuﬁ'uﬂ’m%amiamaad’mﬁ'aawaaimaqamﬁﬁu naphthalene
N1 spiroketal C-1 LLazluIﬂidafﬁaﬁﬁwuiﬁﬁﬁyj a,f-unsaturated ketone 7l c-5 \wdnanulu
8§17 18 %aﬁuﬂ'ﬂﬁmn HMBC correlation 983 H-3/C-4a, H-8a/C-4a, H-8/C-4a uax H-6/C-5
uanmﬂfﬁﬂmaumawgvlamaﬂs'fiaﬁ S, 3.56 £IUFAY correlation U C-7 uaz C-8 Garhlide
ﬂylvlamaneﬁaﬁ"ﬁum‘mmm C-8 &3 relative configuration V84813 19 l@aNNNNTAN®A
NOESY correlation ©94Wu H-8 W&ad correlation Ry H-8a e'fiaagﬂ"l,ﬁdw H-8 uaz H-8a atjdu

a v o & 2 o v @ od i
LAEINY AJBWURITT9 %GNIﬂﬁGﬁi’]ﬂ@\‘]LLﬁ@]\‘iLLﬂzl'V\"Ija'J'] rhytidenone B

31#1 11 'H-"H COSY uaz HMBC correlation AdAy8sa15 19

f19IUETT 20 mmsm:qg@ﬂmaqavﬁlﬂu CaHis0s  3nTaya HRESIMS  (m/z
339.1236 [M + Na , calcd. 339.1232) unzwuinans 20 {9aya NMR (3199 3) afnoruas 19
LANGINWLNEIFY I NMR  289%Y methylene T w7 "l,@i”mﬂvl,ﬂl,l,a:gmmuﬁﬁm
STy QY1 WVBINY methane fifi o daagf (5 4.44 s, 3¢ 68.0) Febusulean correlation Aiwuvislu
snasa 1H-1H COSY uaz HMBC &% relative configuration UaJ817 20 mmim:qvl,@ﬁ'm
ia;&a NOESY correlation %GW‘U H-8 W&a9 correlation NU H-8a mm:ﬁﬂ%am‘[ﬂmauﬁimmm
correlation U H-7 @”&melugﬂﬁ' 12a G‘fiaa‘gﬂ"lﬁ’h H-8 uaz H-8a BgiNuALINBUATALALATA

AU H-7 @9%1a17 20 398laT9an909uaaduazlTadn rhytidenone C
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M13199 3 i@ﬂa NMR 283817 21-23

No.

8a

1

o

3

4
4a’
5

6'

70

g’
8a’
7-OMe
8-OH

21 (CDCly) 22 (CDCl,) 23 (CDCl,)
O, type O, (J in Hz) O, type ., (J in Hz) Oc, type ., (J in Hz)
102.8, qC 103.5, qC 102.8, qC
27.8,CH, 171, m 27.7,CH, 1.70, ddd (13.6, 8, 1.6) 28.4,CH, 192, dt(13.6,6.8)
2.28,m 223, m 2.26, dt (13.6, 6)
23.0,CH, 229, m 229,CH, 225 m 22.7,CH, 243, m
2.40, m 2.38,m
137.9,CH  7.13, brm 136.4,CH  7.06, brm 137.1,CH  7.18, brm
131.0, qC 132.8, qC 131.2, qC
196.9, qC 197.2, qC 187.1, qC
437,CH 278, dd (17, 10) 39.3,CH, 269, dd (18, 4.8) 131.8,CH  6.24, d (10)
2.93, dd (18, 6.8) 2.95, dd (18, 1.6)
69.2,CH  4.09, brm 76.9,CH  3.89, ddd (6.4, 4.4, 2) 146.1,CH  7.07, dd (10, 6)
67.5,CH  4.90,s 65.1,CH  4.89,d (3.2) 62.2,CH  4.94, m
436,CH  3.03, brs 439,CH 350, brm 473,CH  3.27, brm
147.1, qC 147.3, qC 146.8, qC
109.8,CH  6.97,d (7.6) 109.9,CH  6.98,d (7.6) 109.7,CH  6.92, d (7.6)
127.7,CH  7.46,t(8.0) 127.7,CH  7.45,t(7.6) 127.6,CH  7.43,t(7.6)
120.7,CH  7.52,d (8.4) 120.6,CH  7.50, d (8.4) 120.7,CH  7.52,d (8.8)
134.2, C 134.2, qC 134.2, qC
121.6,CH  7.55,d (8.4) 121.4,CH  7.55,d (8.4) 1212, CH  7.50,d (8.8)
127.3,CH  7.43,1(8.0) 1272, CH  7.42,t(7.6) 127.4,CH  7.43,t(7.6)
109.7,CH  6.94,d (7.6) 109.2,CH  6.92,d (7.6) 109.5,CH  6.97, d (7.6)
145.8, qC 146.0, qC 146.3, qC
113.5, qC 113.6, qC 113.5, qC
346, s
3.50, s 3.68, s 3.25, d (3.6)

lusruvaizns 21 mnmﬁmﬁ:ﬁﬁaga HRESIMS, 1D uaz 2D NMR (1314991 4) Wuin

715 21 Alassaanfounuans 20 TITLRAUINENINIaaINdadl relative configuration 1N9

ALRUILANGAIINY Lﬁaﬂmimﬁaga NOESY correlation 283815 21 WuU71 & correlation 33%314

H-8/H-8a, H-7/H-8 W.az H-7/H-8a @”ﬂLL&@olugﬂﬁ 12b GIUEAIIN1UTNOULWATITL DG LTS 7,8,

uaz 8a afdnumAnINUWNe AIUa1T 21 31U C-7 epimer UBIaNT 20 WAz lATIETIIAILRA

4 ol
F3 ARG a0 rhytidenone D
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3111 12 NOESY correlation figAuoIans 20 (a) waz 21 (b)

a3 22 Jgastuanaidu CpHyo05 3inTayn HRESIMS (m/z 3751204 [M + Nal', calcd.
375.1208) uazwuiniays NMR (@19797 4) 289813 22 ARLAUENT 20 UAZ 21 NINUANAIING
assfifdyanmweImy methoxy Winduinlasunuiingleasandaludumion 7 dsfuduldan
HMBC correlation maﬂﬂimamamg methoxy (Oy 3.46 s) NU C-7 WazWUIN relative
configuration widawnulunsdivedsns 21 WS correlation W39 H-8/H-8a, H-7/H-8 L.
H-7/H-8a G9iuans 22 FuduayWus 7-OMe 289813 21 wasflassafronsuanuazlwiadn

rhytidenone D

f1IVFT 23 ’i]’]ﬂ‘fl"aﬁa HRESIMS 71 m/z 321.1123 [M + H]+ (calcd. 321.1127) WU
A a . Y ! A | A e L A A g o
Ej@iINLﬂqaLi‘j% CyoH1g04 TN mass unit #hagnIMyIT 21 GINLLﬁ@N')’]&IW%‘EzQLW&Iaﬂ%%GWWEZ
mnmﬁmswzﬁ*’ﬁaga NMR  wuinlasiaiieuasans 21 ﬁ%yj a,f-unsaturated  ketone 2
A | e 9 | a e o & o . . AR o v A A
Lmaumaﬂumwwiﬂummnu AIBUAILNAVDY extended conjugation %ﬁ]\‘l‘ﬂ’ll‘lﬁﬁﬂﬂ‘[ﬂuwﬂ’]
. . . - v ' g s [ .
chemical shift downfield a4l1fs Oc 187.1 Felassanssuiiudulearn HMBC correlation
WA H-3/C-4a, H-8a/C-4a, H-6/C-8a LAz H-7/C-5 é’ummlugﬂﬁ 13 LLﬂ::‘lTE]Ha NOESY
correlation Tl#lAWINENT 23 4 relative configuration LAABUWALENT 19-21 @9%uans 23 394

lassasn9asuaaduazlidadn rhytidenone E

3171 13 'H-"H COSY uaz HMBC correlation idAyesa 23
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1.3. NIENG LLUﬂLLﬂtﬁg%ﬂﬂidﬁ%’N‘U aﬂﬁ"liﬁLLUﬂvL@ﬁ"lﬂi"lﬁﬁ EIWDWE 8D

MNMINEIRETaREL LT ALESINTNUBIF IR EDI8971 8D Mziassluamis
SDB sanafianaauilasanlnnii mmmLwnmiu'%qﬂ%vlﬁﬁ‘hmu 10 1@ (25-34) waziila
ﬁgﬁ]ﬁmﬁﬂmaai”wwaomsﬁum"[ﬁ%Umi’imﬁz%ﬁaga 1D uaz 2D NMR WUANanThs 10 wiia
Lﬂumﬂﬁ@lmiﬁaﬁ'@aglumju sesquiterpene 1U321AN chamigrane LLa:ﬁImm%’ﬂa@”oLLamlugﬂﬁ'
14

OH R
| JOH
CO,H CO,H
25 26 27 R= +OH
28 R = ~OH
OH OH OH
HO,, o)
OH WO OH
CO,H
29 30 31
o} 0
OH OH
@) @]
L__OH L__OH
OH OH
32 33 34

31l 14 Tassassasansnuenlaaini 8D

n1sigaunsulassaineuasas sesquiterpene 13211 chamigrane 76 1hal 25-34

. 4V e o 4

q@ﬂmaqamaams 25 WU % Cy5H,605 smvlmnﬂmaga HRESIMS N m/z 277.1771 [M

A A9 v = @ A o 1 13 oA '

+ Na]+ "Ij\‘]"li&L‘HLﬁu’J']ﬁ DBE y1nu 3 mnmmmm:ﬁmaga H, C NMR uaz HSQC ‘W‘U’J’]&J‘HE
A = A \ | ' . = \ = | A

methylene 6 ﬂgsﬁmmwu @] aaag, B methine 1 %QGNSJ @] aaay, ARy methyl TU®

1 a né é 1 [ et Rt
quaternary 3 Wy, IA1FUauTiia quaternary 3 aTuawdIniliaNTUad O doag, Wunze 1 Wibdz

U

v & o . . a o 1 1 ' .
InulaTIa9R uduiuy bicyclic WAZIINMIAANARUNATN H-H COSY wWuinfl 3 spin
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system flugniu fia C-1—C-2, C-4—C-5 Waz C-8—C-10 (3 15a) Lilafansandays HMBC
correlation WUIN%a] methyl 2 3 (Me-12 Uaz Me-13) diaaguuaiuauidnani (C-11) uaz C-11
f:l,%awagjszwm C-10 unz C-6 F9fusildarn HMBC correlation w89 H-10, Hy-12 uaz Hy-13
AU C-11 Wazwdd Hy-12 Wag Hy-13 NU C-6 @T\mam‘lugﬂﬁ 15a %aNINHAEINY correlation Vo4
w3 methyl ﬁLﬁﬁaﬁﬂﬁyjﬁﬁd (8,4 1.33) NU C-8 ‘%GLﬂ%%ﬂ;j oxymethine uaz C-7 491w oxygenated
quaternary carbon sAﬁoﬁﬂﬁmmsmia%i methyl #1590 -7 uaziaw C-6 uax C-8 daltny C-
8 WAz HMBC correlation 35319 Hy-1, H-2, Hy4, Hy-5 AU C-6 Waz3e#ing Hp-1 AL C-3 ¥inlwt
FNINTINAUAFIW C-1—C-2 1az C-4—C-5 ‘l,ﬁa;ji:mqa C-6 uaz C-3 Doiluenivansasnise
d serlilassarofidu 6,6-bicyclic ring lapiBanniu C-6  aaifln spiro  carbon FIUny
oxymethylene laaniualiidu C-15 Sfa@iaag;ﬁ'u C-3 1518991nWU HMBC correlation 359314
lisnauvasny oxymethylene (3, 3.89) ﬁ'umi‘uaumaaw”uﬁ:@;ﬂ% C-2 Waz C-3 §%IU relative
configuration UaI813 25 "Lﬁmnmﬁmw:ﬁiaga NOESY %9Wu correlation 284 Hy-13/Ha-14,
Ha-13/Hy-1, Waz Ha-14/H,-1 s’fjoLLam’LﬁLﬁudﬂﬂmaummﬁagﬁmﬁmﬁu WRZEHINU correlation
¢RI Ha-12/H,-5 Wz H-8/7-OH %aiﬂsmaummﬁazagjéﬁmﬁmn”ul,wimﬁmﬁ'ﬂﬂmau‘lu
Funts 1, 13 uaz 14 wananiidslevinmsfingulassairouas relative configuration Ua9sn3 25
arnaiia single-crystal X-ray diffraction analysis ‘ﬁd ORTEP VL@TLLﬁmvlﬂugﬂﬁl 15b @”difumi

25 3950 1ATIFI A ILEAILA IR TaT1 merulinol A

31/1 15 'H-"H COSY uaz HMBC correlation idnAayu83an5 25 (a) ORTEP 283815 25 (b)

FIMITURTY 26 wuiwﬁgmﬂul,aqal,ﬂu C15H2404 1INTaYA HRESIMS (m/z 291.1564 [M +
Na]’ Faugesind DBE Wiy 4 Lﬁaw‘amﬁmﬁﬁaga NMR (mswﬁ 4) WUINET 26 & 'H NMR
minasuadanuas 25 T93lWiFwinasnssaslanwaslasalndidniu agnelsfiany 1o
WU FIAuANd1ada Sy U0Iny oxymethylene ludnuwia C-15 289813 25 ldwnaly uas

a { J yQ/ 1 Q L s
WuMTUaRaniuaui 8¢ 169.3 Tuanunuluans 26 wananidinungyamliliaousasnis:
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' . . ' o A & { A o g, ¥
d shift 14 low field daud19annaudis 5, 7.00 Geluans 25 IwAuIN 5y 5.61 TiToyalied
A 1 6 Aaa . 1 % 1 o oA a 1 .
1ANIAIIVANTAN conjugate agﬂuwuﬁzﬂlu@’nmum 3 mmflu%y o, f-unsaturated carboxylic
. & [% A o ' Y o o . '
acid ululasias19289815 26 T9lassasaruianutniugiulaain HVBC correlation 52%314
H-2 ae Hy-4 U C-15 &% relative configuration V83817 26 WUIBAawNUVaIENT 25
A [ . . . % A o @ a .
uanINhlaTiainuas relative configuration U8I®1T 26 g9 laEuguaisinaiie single-crystal X-
. . . = v d o & [ [ 7
ray diffraction analysis 54 ORTEP lduaasliluguf 16 datiuans 26 Tadlawaidsuaauazld

%8731 merulinol B

311 16 ORTEP w8953 26

13 27 wodhfigasluanaidu CisHy0, Gﬁaﬁmsmﬁmﬂiaga HRESIMS (m/z 275.1612
M + Na]') Taya "H uaz °C NMR w09815 27 (@15197 4) aanoiunuesns 26 &ndaw
uandstaiaulu 'H NMR siUnasy fedsagromny methyl ffiansuziiu doublet 71 5, 1.01
LL‘Y]W?]I%}‘]; methyl TH#a quaternary WHIGLAI %auamd’myj methyl ﬁaodaagjﬁ'um?uaumﬁ@
methine 31NMIAATIEATBYA "H-"H COSY uaz HMBC snanynazy lddna methyl fiin c-14
‘ﬁ'@iaagjﬁ'u C-7 %avﬂu‘ﬁg methine luns@iuadans 27 i 10991 WY correlation 23N Ha-14 AU
H-7 UAzWU HMBC correlation 32%i19 Hy-14 i C-6, C-7 uaz C-8 nmvaianzvidaya
NOESY WU31&1Y 27 § relative configuration L&lahnU&NT 25-26 WazN134A correlation 32#314
Ha-14 U H-8 ud liwy correlation 3x%319 H-7 fil H-8 ¥ilwazyled1 8-OH & orientation wuw

B asuaadlugif 17a asiumns 27 adlansiediusasuazliiadn merulinol C

fRIUET 28 wuiﬂﬁqmﬂuLaqal,ﬁmﬁ'uﬁ'ums 27 LLazﬂiﬁﬁ*‘l‘Taga NMR 71aa18nuann
LLazLﬁaﬁmﬁzﬁﬁaga 1D 18y 2D NMR WLIN&1T 27 LAz 28 HlATIRIIILUULASIN AIIhbaNT
A A | o A . . & o ' o ]
F09THaRATUANG1INUAN configuration VBIANTLAWLINAILAUS 310 NOESY stdnasu WUy
& o . o R o 1 v o 1 d = o
NIxeddl relative  configuration mﬁauﬂquml,mm AN WLUELAUIN 8  TIWU correlation
' [ . . { A % o
2RI H-7 waz H-8 ﬁamﬂm’l 8-OH 1l orientation uuy a (3UN 17b) Fan3tunuluans 27

uanmnﬁﬁ'&mmmgiﬁmnm%ammwaam specific rotation NATITNINNBVBIRITNIRAILNING
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' 20 ‘. o & o @
813 27 {6 [a] o D% +6.4 YnazfiANvadIanT 28 (DU —47.2 AIUaNT 28 F901ATIRTIAILRA

uazl#%a91 merulinol D

(b)

;5‘1]171 17 NOESY correlation 183817 27 (a) Laz&17 28 (b)

A13199 4 ?‘i’ﬂﬂﬁlﬂ NMR 183817 25-27

No. 25 (acetone-dg) 26 (acetone-dg) 27 (CDCly)
80, type SH (J in Hz) 80, type 8H (J in Hz) 80, type 8H (J in Hz)
1 29.2,CH, 2.19, brd (20) 28.0, CH, 213, m 26.9, CH, 217, m
2.34, brd (20) 233, m 240, m
2 124.0, CH 5.16, brs 141.7, CH 7.00, brs 142.7, CH 7.12, brs
3 137.7, qC 130.8, qC 129.1, qC
4 251,CH, 1.89,m 24.1, CH, 232, m 22.6, CH, 227, m
2.35, m
5 25.8,CH, 205 m 24.2, CH, 1.83, m 27.5, CH, 1.50, m
2.02, m 1.82, m
6 443, qC 44.7,qC 395, qC
7 78.3,qC 79.3,qC 36.8, CH 1.95, m
8 76.9, CH 3.56, brs 73.1, CH 3.47,dd (12, 4) 70.8, CH 3.91, dd (12, 6.8)
9 26.9, CH, 1.38,dq (12, 4) 28.0, CH, 1.52, dq (12, 3.2) 27.7, CH, 1.63, m
210, m 1.79, m
10 34.7,CH, 1.00,m 37.6, CH, 1.13, dt (14, 3.2) 35.6, CH, 1.48, m
1.86, m 1.63, td (14, 3.6)
11 38.3,qC 38.2,qC 36.6, qC
12 30.5,CH; 0.85,s 30.4, CH,3 0.76, s 25.7, CH, 0.84, s
13 26.3,CH; 1.17,s 25.1, CH,4 122, s 26.3, CH,4 0.95, s
14 252,CH; 1.33,s 23.9, CH,4 1.26, s 11.4, CH, 0.98, s
15 66.9, CH, 3.89, brs 168.3, qC 171.4, qC
7-OH 3.08, s
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@ { =
813 29 fgasluanaiu CisH,,0; 3InTaya HRESIMS i m/z 275.1622 [M + Na] 4
Toys NMR  Saugassnyianidudnsmizianizad chamigrane 3Nl days NMR

a 1

WUIIAE1NUENT 25 Immmﬂ@mﬁ'uﬁé'@npmmamyj methyl mﬂﬂ%ﬁmyj’ TCHERTTRLILEREY
exomethylene ﬁumt,mu‘ﬁl‘ﬁl Oy 4.78 Rz 5.39 LL@:‘H%I; methine ‘ﬁ Oy 3.45 HMBC correlation
LLaﬂdlﬁLﬁu’jﬁﬁ%yj exomethylene ag}i‘lmmmm C-14 unwny methyl 30 correlation 3319 Hy-
14 AU C-6, C-7 WAz C-8 mmzﬁ'ﬂyj methane ﬁl,ﬁuf*fugﬂﬁmmlﬁagjlm‘hl,mm C-9 tilasunan
correlation 11 'H-'H COSY atnasuniy H-8 waz H-10 wanannit NOESY correlation sauaaslut
WAWIN&1T 29 § relative configuration tWAawNURNT 25 &I configuration WaI& LA C-9
wuInduuuy 9B-OH LWz H-8 uaz H-9 lwen coupling constant qaﬁo 9.6 Gauansiniu trans

. . & o [ o & /KR A o o o 1 .
diaxial TINWLAZNY AIUBRIT 29 ’i]\‘lll([ﬂi\‘iﬁi’]\‘i@]\ﬁLLE‘T@](‘ILLE‘IZSLW‘UE]’J’] merulinol E

(ﬂ’li'\\‘lﬁ 5 ﬁlﬁgﬂ NMR 283817 28-30

No. 28 (CDCl,) 29 (CDCl,) 30 (acetone-dg)
80, type 8H (J in Hz) 80, type SH (J in Hz) 80, type 6H (J in Hz)
1 29.9,CH, 217, m 29.5,CH, 2.05m 30.7, CH, 1.93, m
240, m 215, m 2.20, d (16.8)
2 142.7, CH 7.12, brs 121.9, CH 5.63, brs 120.5, CH 5.58, brs
3 129.1, qC 136.7, qC 139.4, qC
4 226,CH, 227, m 23.6,CH, 1.72, m 24.7, CH, 1.44,1d (12, 6.8)
2.35, m 1.97, m 1.87, m
5 275,CH, 1.50, m 26.8, CH, 1.52,td (12.8, 4.4) 27.7, CH, 2.39,dq (12, 2.8)
1.82, m 1.90, m
6 395, qC 45.7, qC 46.2, qC
7 36.8, CH 1.95, m 1471, qC 150.4, qC
8 70.8, CH 3.91, dd (12, 6.8) 745,CH  4.08,d (9.6) 75.3, CH 1.64, td (12.4, 4)
9 27.7,CH, 1.63, m 73.3, CH 345 m 39.7, CH, 1.90, m
10 356,CH, 148 m 432,CH, 1.57,dd (13.2,5.2) 68.9, CH 416, dd (12, 4)
1.80, m
11 36.6, qC 37.5,qC 42.8, qC
12 257,CH; 0.84,s 241,CH; 0.83,s 15.3, CH; 0.67, s
13 26.3,CH; 0.95,s 247,CH; 092, s 20.8, CH4 1.00, s
14 11.4,CH; 0.98, d (6.8) 109.7, CH, 4.78,s 115.4, CH, 4.36, dd (1.6)
5.39, s 4.79, dd (1.6)
15 1714, qC 67.2, CH, 3.93, brs 66.5, CH, 3.82, brs

#WIUA17 30 NPy HRESIMS wudﬂﬁgmﬂmaqmﬁmﬁ‘umi 29 A8 CsHp04 WA

v 1 13 0/ v 1 v v 1 ~ Gt { L Qq: §
maga H, C sz HSQC ﬂdLLES(@GI‘MLﬁ%’]ﬂIﬂidﬁT‘ldﬂizﬂaﬂ@]’]UﬂﬂWGﬁ“ﬁuﬁLﬁﬁauﬂuﬂd%&l@ 5‘]?\1

v & & ' . = ' (% v
LLE‘T@GI‘V\L‘ﬂu')']ﬁ']‘iﬂx‘iﬁaﬂ%"l"ﬂufl% diastereomer N mmmim.lanmmu@mmmaﬂmdaﬁﬂ@
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a 1 1 a 1 1 . & a [ o ] ]
NNNIRIITUW H-H COSY mnaiu wudng oxymethine Taiduiavatludiunits C-9 azag
° \ ° @ A % Y . '
ludunits c-10 gnsulunsdluasans 30 Tsanwndugnlaann HVBC correlation 523149 Hy-
12 Uz Hy-13 Al C-10 uaz configuration w84 10-OH lannizyinduuuy o an NOE cross-

peak 323149 H-10 NU H,-5 @93%14813 30 39015983190 90803uaz 1w T3 merulinol F

lunsdivasans 31 wudrdigasluanaidu CisHy0, 3MNTaya HRESIMS AnMIiiaTei
Paya 1D uaz 2D wuIsemsnginsllassanamdaniuas 26 asinisdanunandanuase
Imaa%"’]wamaﬁm%wU%dﬁ]ﬁﬂﬁaga NMR wuiwﬁ%yjﬁiwu (Bc  198.3) unzwWuszduiia
tetrasubstituted 1 w”uﬁzs'fiaw”uﬁ:@jf?lmgﬂﬁu@lﬁl,ﬂu@i’nmm C-7 uaz C-8 310 HMBC correlation
ILWIN H,-14 ﬁ'umi{uawﬁaawaow”uﬁz@jLLa:mﬂm chemical shift 71 5C 135.9 w9 C-8 %4
uwaaii1dnylaasandadeatuu C-8 mm:ﬁ%yjﬁ‘[ﬂﬂ@?ﬁ’muﬂiﬁﬁu C-9  1ii8991n§ HMBC
correlation AU H,-11 WAZaNAN chemical shift mamyjﬁiwuﬁ 8¢ 198.3 Fabuduldimdlnude
agjjﬁ'uw”uﬁz@jLLa:VL@"Tmoa%NmuﬁLﬁu a.Bunsaturated  ketone  UATIINMTIATIEHTBYA
NOESY wuinans 31 § relative configuration 289 C-6 tailauriuasnawwinit asiuans 31 398

Tassaasuaasiazliaain merulinol G

1332 9nTeya HRESIMS wuiiigasluanaidu CisHpOs uszanndayn H uaz ' C
NMR (mi'mﬁ 6) wudwﬂ'\uﬂum‘imjm sesquiterpene 1U32LAN chamigrane LANANLANGAIIN
ssriountiiidaudreann %amn‘*ﬁ’aga NMR wudnﬁ%s&'ﬁiwu 2 w3, w4 quaternary methyl 3 %,
W4 methylene 5 Waj, 93 oxymethylene 1 #aj, quaternary carbon 4 asvandaiurfiafideny O
2 anTuan uAzIINTayA "H-'H COSY WU spin system AiLENA® 2 §Iufa C-9—C-10 uaz C-1—
C-2 wenanft 31N HMBC  correlation (gﬂ'ﬁ' 18) WU7NR1T 32 Nlassanamanidennuans 25
landsiing oxymethylene luduntia C-15 ud lifiviszg lulasaaing %Qﬁlﬂuﬁ 8¢ 215.8 QNIzY
1 C-4 911 HMBC cross-peak 289 Hy-5 Waz Hy-15 n"uwyj'm*fuaﬁaf: LLaz%yjﬁIﬂuﬁn%ﬁwyjﬁ
dc 213.8 ”l@‘fg]ﬂﬁmumﬁu C-8 911 correlation i:%’jwaﬂﬁuaﬁamamyjﬁiﬂuﬁu Hi-14, H,-9 LAz
H,-8 wasinnuali oxygenated carbon 7 dc 75.9 agl;ﬁ(ﬁ’umm C-3 9311 HMBC correlation
T2WIN Hp-2 a2 Hy-5 NU C-3 §1%3U relative configuration fidumiiy C-8, C-6 uaz C-3 §13130
fwnaleain NOESY correlation 35#319 Ha-14/H,-1, Ha-13/ Hy-1, Ha-12/ Hp-5 Wag Hy-5/ Hy-15

o & Pra o . . . v o 1 .
AInUENT 32 90lATIaNIuae relative configuration a9uaaduazlain merulinol F

ik

51/71 18 "H-"H COSY uaz HMBC correlation (a) uaz NOESY correlation (b)uasa3 32
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A13199 6 i@ﬂa NMR 283817 31-33

No. 31 (CDCl,) 32 (CDCl,) 33 (CDCl,)
Og, type O, (Jin Hz) Oc, type Oy, (Jin Hz) Oc, type O, (Jin Hz)
1 30.1, CH, 2.43, dd (20) 235 CH, 154, m 23.9, CH, 1.67, m
2.27, dd (20) 1.08, m 2.04, m
2 1424, CH  7.26, brs 33.3,CH, 176, m 34.5, CH, 1.80, m
224, m 215, m
3 130.6,qC  2.10,m 75.9, qC 77.5, qC
4 223,CH, 258, d(18) 215.8, qC 2137, qC
1.88, m
5 30.7, CH, 38.9,CH, 2.70,d (14.4) 37.8, CH, 2.83,d (14.4)
2.79, d (14.4) 2.95, d (14.4)
6 43.0, qC 55.2, qC 53.1, qC
7 143.8, qC 81.8, qC 79.1, qC
8 135.9, qC 213.8, C 202.2, qC
9 192.3, qC 33.7,CH, 241, m 122.1, CH 5.99, d (10)
2.74,m
10 471,CH, 222,d(18) 36.5,CH, 161, m 157.9, CH 6.93, d (10)
2.78,d (18) 1.91, m
11 40.8, qC 39.0, qC 429, qC
12 238,CH, 1.01,s 286, CH;, 1.00, s 29.3, CH, 1.16, s
13 248,CH, 105, s 25.0,CH, 128, s 24.4, CH, 1.34,s
14 151, CH, 1.85, s 25.4,CH, 142,s 26.5, CH, 1.38,'s
15 170.9, qC 67.1,CH, 3.48,d (11.6) 67.0, CH, 3.60, d (11.6)
3.85,d (11.6) 4.10, d (11.6)
7-OH 4.15, brs 3.86, brs

#1333 9nvays HRESIMS wudwﬁgmsIuLaqaLﬂu CisHxo0s Uzl 'H uaz °C NMR
sinasuadetiumT 32 (013199 6) danuassilusinasuaasans 33 wudyanullineuves
Wuszguiia disubstituted Faflanwmziilu doublet 78y 5.99 usz 693 (J = 10 Hz) Faiile
WTNTaYA C NMR waz HSQC wui1ans 33 ﬂs:nauﬁwﬂgw‘}ﬁfu@hm WAL aWNUVBIENT

o e & -. . a e 4
33 onuiuliWusze 1 giununuiing methylene 2 wiiiasagludunis C-9 waz C-10 &3

Tas9a98whE eI lda1n HMBC correlation @a4 H-9/C-8 waz H-10/C-8 LLa:mmTaga NOESY

HIWLINENT 32 WAL 33 § configuration Ninilaunuanaae

o ' £ 1 13
817 34 3nTaya HRESIMS wuirdigasluanaidu CiH,0, Toya H, C NMR uaz
HsQC FlWiAuilawainsrasans 34 Usznaudiumny quaternary methyl 3 %, 3 methylene 5
\ | . \ = L A A ' ' | ' A
Wi, Bdl oxymethine 1 ¥4, quaternary carbon 3 AUTINUAUIN O ABBE, Vigﬂl‘ﬂ% 1 WY uazn

' A \ o A = . = v o A
LANGNNITNRITOUD LI TALIWADNITN hemiacetal carbon 11 O 95.4 LLazﬁ]’lﬂiﬂ@ﬁIMLﬂQﬂ‘U’]\‘i@l%‘ﬁd
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FfiFwinans 34 § DBE winy 4 easiwmstalnuiies 1 Wy Mlrnsuinlassansvasans 34
1 wwu tricyclic sdﬁomﬂ‘*ﬁaga "H-"H COSY WU spin system MusNfi% 3 §Iufa C-1—C-2, C-4—
C-5 uaz C-9—C-10 99970 HMBC correlation WunSlassaeasssushamianiuams 32
ﬁaﬁ%yjﬁiwu‘lmﬁ%mﬂaﬁ 8 wmefi correlation D9 H-2/C-6, Hy-1/C-6, H,-4/C-6, H,-4/C-2 Ua
H,-4/C-3 HlAmanTaa3n99d Ut oaduand la Lazn13a314 O bridge 53%314 C-3 uaz C-7 an
NNNIAINTANEN chemical shift 1 8. 95.4 189 C-3 LLa:mmaa@ﬂﬁaaﬁug@ﬂuLaqa‘ﬁ"vl,@T
wonanitlassasasans 34 g9ldvnmstueulalagondbimnafia single-crystal X-ray diffraction

analysis JIUNT relative configuration @28 %9 ORTEP VL@TLLam@v\‘islugﬂﬁ 19

(@) (b)

0O
f-»‘f;)O OH

)
R

E‘.IJ‘I?I 19 1H-1H COSY uaz HMBC correlation (a) Ltaz ORTEP diagram (b) 283813 32

A139N 7 ?QTa%la NMR 284817 34

No. 34 (CDCl,)
O, type O, (J in Hz)

1 324, CH, 1.99, m

2.11, dt (10, 6.2)
2 69.4, CH 3.85, dd (10, 4.8)
3 95.4, qC
4 29.5, CH, 1.66, m

1.94, m
5 25.7, CH, 1.64, m

1.70, m
6 43.5, qC
7 86.0, qC
8 212.0, qC
9 35.1, CH, 231, m

2.75, m
10 37.3, CH, 1.61, m

1.92, m
11 37.1,qC
12 27.3, CH,4 0.94, s
13 25.1, CH,4 124, s
14 25.8, CH, 1.68, s
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1.4. Mmaanauanuazigaklasiaivzasasiiuenlaainsnasnug K1

MNMTINFIRERAR I LT aLaSINNTaIF WA B9V KPT  Awziaeslu
811113 SDB szinaianaauilasunlnani mmmLmﬂmsu‘%qwﬂ@ﬁﬁmu 5 T1ha (35-39) LAz
Lﬁﬂ‘ﬁq&]ﬁﬂi’miﬂidﬁ%’]ﬂladﬁ’]iﬁLLE}ﬂvL@ﬁ@Elﬂ’]i’AJLﬂﬂ:ﬁfayﬂ 1D uaz 2D NMR WUIN&379 5
mﬁmﬂumimﬁ@lmiﬁﬁ‘@agluﬂﬁjw chromone ﬁmmmﬁaomnﬂszﬂauﬁ'swijo:ﬁﬁ'uﬁ'ﬁ O ag

\Naumnslasaainadsdaidutlazinn highly oxygenated chromone uazillasiainidauaaslugui 20

gﬂﬁ 20 Tassarev9ans 35-39 Auenledana KP1

n3Ngen1wlasaa319289817 highly oxygenated chromone z¥alwal 35-39

#1335 nYaya HRESIMS wmnﬁg@lﬂmaqmﬂu CsH1cO; 394 DBE ¥inAU 9 37n
EET "H NMR (913797 8) WUNIIUIINZVBIRY I MVBI phenolic proton A H-bonding fU
%y;ﬂﬁuaﬁa (8y 13.04), aromatic proton 1 Tdsaaudedlwimwiniu pentasubstituted aromatic
ring, olefinic proton 1 IﬂmauﬁfioLLamd’]Lﬂuw”uﬁzﬂLLUU trisubstituted, Iﬂmaumawg methoxy 2
W, Iﬂwamawyj quaternary methyl 1 Wy LLa:ﬁnﬂifaga C NMR waz HSQC wuinlassaiis
ﬂs:naué}”’;wyj’ conjugated ketone (3¢ 182.5), ester carbonyl 1 AMTua (8¢ 174.9), quaternary
carbon 6 A1SUA, W4l methine 4 Wy, W3 methoxy 2 3y, ni methylene 1wy Uazny methyl 1
wal uaﬂmnﬁwumsg@ﬂﬁuuam UV #i 237, 255, 290 uaz 319 G'fiamm]”aQmﬁoﬁmmmiﬁﬁu’h
817 35 JuauWus chromone wazandaya DBE LLawijq:‘erﬁ'uﬁwu 1a398319209 35 H9aaddl
Snwitarsuaninilaann chromone nucleus 9910 'H-'H COSY Wu spin system LR g9WIILLAE7
Tugaudilals chromone &a CH-1'-CH,-2—CH-3' uaza1n HMBC Wu correlation 3¢%319 H-1'
Wae H-1" NU ester carbonyl &; 174.9 %ﬁda;ﬂvl,@i"’j’]ﬁimaa%"’mmuﬁﬂu jlactone ring @924
lactone ﬁvlﬁgmiamﬁﬂyu C-8 1849 chromone nucleus 31N HMBC correlation 483 H-1" Ny C-7,

C-8 uaz C-8a aauaadlugui 21 dwiunaiing methyl dany C-2 uazwy methoxy dariu C-7
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Wa: C-3' wuiwlaain HMBC correlation LN %anaInhed barinnNsawehlasIzsanasIzy

q

v =) A
relative configuration 283817 35 aginAwA single-crystal X-ray diffraction analysis 53 ORTEP

ldusaalilugun 21b dattuans 35 Billassaieasuaaduazliiadn rytidchromone A

51/f1 21 'H-"H COSY uaz HMBC correlation (a) uaz ORTEP diagram (b) 289813 35

813 36 NNTBYA "H uaz °C NMR (@191991 8) wudnduaywusvasmns 35 asand
anwlndifneiu uazandaya HRESIMS Wudflﬁg@ﬂmaqmﬂu C1sH,,05 99 DBE ¥y 8 a9
saandaInLlasaainivad chromone uazMIdny ester 1 1y GaiuanT 36 ﬁuﬂuagw"'uﬁﬁ"lsjvl,ﬁﬁ
side chain uwuudalranienluzns 35 uaﬂmﬂf:ﬁaga NMR gilduaasliiiuinans 36 fny
methoxy \Rnduandn 2 Y a9lddadnny c-17 ﬂﬁmgl,ﬁmmﬂwu correlation 3x%319lUR0%
28IWY methoxy fifu -1 1w HMBC mnasy uaﬂmﬂﬁjﬂhwwamg methoxy Sﬂ%ﬁmyjﬁ'u
ester carbon 7 dc 172.8 ?iaagﬂ"l,@‘f’mﬂu%yj methyl ester Peunis C-4 (gﬂﬁ' 22) &I
relative configuration U84 C-1' U8z C-3' WUITW3 methoxy vﬂamagjﬂuaz@i’mﬂ‘"u iiasanlainy

NOE correlation 289nuuasn%h a9u1ans 36 398 lasiasiaiuaaiuazli@ain rhytidchromone B

311 22 'H-'H COSY uaz HMBC correlation 189813 36
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A1319N 8 i@ﬂa NMR 283817 35-37

No. 35 (CDCl,) 36 (CDCl,) 37 (CDCly)
O, type O, (Jin Hz) O, type ., (J in Hz) Og, type O, (J in Hz)

2 167.1, qC 166.9, qC 166.9, C

108.7,qC  6.04, s 108.4,9C  6.05,s 108.4,qC  6.04,s
4 182.5, qC 182.9, qC 182.9, qC
4a 104.9, qC 105.3, qC 105.8, qC
5 163.4, qC 162.5, qC 162.3, qC
6 952, CH  6.36, s 95.3,CH  6.40,s 953, CH  6.38,s
7 162.9, qC 164.1, qC 164.0, C
8 103.4, qC 104.8, qC 104.7, qC
8a 155.7, qC 156.1, qC 155.9, qC
1 69.2, CH  6.00, dd (7.2, 9.6) 70.6,CH  5.10,t(7.2) 70.2,CH  5.09, dd (3.9, 9.9)
2’ 33.6, CH, 2.55,ddd (7.2, 10, 12.8) 36.9,CH, 230, m 37.4,CH, 1.97,ddd (3.9, 9.7, 14)

2.86, ddd (7.2, 9.6, 12.8) 2.60, dt (7.2, 14) 2.70, ddd (3.7, 9.9, 14)

3’ 76.1,CH  4.29,t(10) 782, CH  3.63,dd (4.8, 12.8) 77.9,CH  4.06, dd (3.7, 9.7)
4 174.9, C 172.8, qC 173.3, C
2-Me 20.4,CH, 2.35,s 20.5,CH, 238, s 205, CH, 238, s
5-OH 13.04, brs 13.01, brs 13.03, brs
7-OMe 56.3, CH, 3.89, s 56.2, CH;  3.90, s 56.2, CH, 3.89, s
1-OMe 56.7, CH, 3.17,s 56.6, CH, 3.19, s
3-OMe  586,CH, 3.64,s 58.1, CH, 3.29, s 584, CH, 3.43,s
4'-OMe 51.8,CH, 3.73,s 51.8,CH, 3.71,s

lunsdivasans 37 3ndaya HRESIMS wazmyilamzvidays 1D uaz 2D NMR (@17199
8)  wuindlaseaouuy planar  IWLUULEDATUAUENT 36 ST ITNIRBISIRNITT
configuration UNGALLAES LLazLﬁaﬁﬁmmﬁa;&a NOESY Wu14 configuration 289 3-OMe ol
asarudnuii tnzlunsdifiny correlation 321319 3-OMe 1iu 1-OMe 4slinulunsdivasans

36 AIHUaNT 37 90lATIFIAIuERILaZ AT rhytidchromone C

uanmﬂftmﬂmﬁmﬂ:ﬁﬁaga HRESIMS waz NMR (an31991 9) $13 1D uas 2D Wuin
817 38 uaz 39 HlaATaa19ULY planar Wdanwn LLa:mswgaaadLﬂuagw”uﬁ carboxylic acid 284
17 36 Uaz 37 NEeU aIIaassellassaiauas relative configuration aeuaaIuaslwiadin
thytidchromone D uaz E enudey aghslsfiany lafnmswuindafisansrssasiilsludari
aza1e CDCl; 1w 2-3 Susninssasasilaowduuasnanszningans 35 uas C-3' epimer
yo95n S9ladinsauonalnuasnsdsuulsditinnananudunsavasaariazans CDCl, 7

14 activate %yjm%’uaﬁamaa carboxylic acid LRAGNNAILNITLAA nucleophilic acttack ﬁ]’m%yj 3-
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v
o o

OMe NNIAU re- URE si- °11aa%yl'm%‘uaﬁaﬁuﬁmﬂmaowamzij 35 Lz 35a @]v\‘]LLﬁ@dl%

A
LNWATAN 8

(ﬂ’li'\\‘l‘ﬁ 9 ‘ﬁ’ﬂi‘ﬁlﬂ NMR 283817 38-39

No. 38 (CDCl,) 39 (CDCl,)
8(:, type SH (J in Hz) 80, type 8H (J in Hz)
2 167.1, qC 167.0, qC
3 108.4, qC 6.05, s 108.4, qC 6.05, s
4 182.8, qC 182.8, qC
4a 105.1, qC 105.2, qC
5 162.5, qC 162.5, qC
6 95.3, CH 6.39, s 95.3, CH 6.37, s
7 164.0, qC 163.9, qC
8 104.8, qC 104.8, qC
8a 156.1, qC 156.0, qC
1 70.6, CH 5.16, t (6.8) 70.6, CH 5.10, dd (4, 10)
2' 36.0, CH, 2.30, m 37.0, CH, 2.00, ddd (4, 8.4, 14)
2.64, brm 2.78, ddd (4, 10, 14)
3 78.2, CH 3.68, brs 77.8, CH 4.05, dd (4, 8.4)
4/ 175.0, qC 175.0, qC
2-Me 20.5, CH,4 238, s 20.5, CH,4 238, s
5-OH 13.05, brs 13.04, brs
7-OMe 56.2, CH, 3.89, s 56.2, CH, 3.88, s
1'-OMe 56.6, CH, 3.18, s 56.5, CH, 3.20, s
3'-OMe 58.1, CH,4 3.34,s 58.7, CH, 348, s
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Me @] OMe , Me (0] OMe
OMe OMe
HO HO
OMe OMe
@] OH
®

38 «-OMe

39 pOMe

-MeOH
-H,0

MeO

35 ¢-OMe
35a +OMe

wawn i 8 na lnmatfiadf3onlunmsdfousns 38 uaz 39 luiduvaswanuossns 35 uaz 35a

Y a [% P 9 o ¢
1.5. ﬂ'liaﬂﬂu,ﬂﬂLLaZ‘W'gil‘irﬁﬂix‘lﬁi'l\‘i‘llE]\‘lﬁ'li‘YILLElﬂvLﬂﬁ)']ﬂi'lﬁ'lﬂW%ﬁq KP2

INMITRIRFINARLIULATALATINNVIFIWIUNIZLADIVAITN KP2  Twnztaeglu
81913 YEB srainaitanaauitlasinlnnni mmsnLwﬂmm%ﬁgﬂﬂﬁﬁ‘hmu 3 7@ (40-42) LR
Lﬁaﬁgﬁlﬁmmimméﬁwaamsﬁl,wﬂvl@“%Umﬁmﬁ:ﬁiaga 1D a8y 2D NMR WUTNRIITNI 3

%ﬁ@Lﬂumwﬁﬂlmjﬁ%agﬂunéu isochromene LLazﬁImaa{N@T\aLLamslu;Jﬂﬁ 23

40 4 42

gﬂﬁ 23 Tassai9v09an7 40-42 Ausnledanna KP2
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a 3 U . . a 1
nsigaunsulassai1ezasas isocoumarin e lnal 40-42

1 v té v 1
§13 40 wmﬂﬁq@lﬂmaqmﬁu CiH140, nTaya HRESIMS ~ Gsuaadlwiiuin DBE
e 0% 1 13 { ' ' ' ) ' o

WL 5 wazandaya H uaz  C NMR (a131971 10) wuhiingAlnu 2 nyuazwisszg 1 wnz
TTlAAwIIET 40 daadlavsairsuuy bicyclic 1ilavndaya HSQC anUsznaumsRatTan
wuIaNshislsznaueuny methyl wila tertiary 144, w3 methyl Tla secondary 1 Wi, 1y
A £ A ' | . . A A | ' . & A
methylene 3 WiTINIangd O dinad, Wy methine T90 O doag 1 Wy uszAiuauziia

. S 1 {2 ! . . i t% 1.1
quaternary il O daag 1 ATUAUTININTMNAINAT chemical shift 71 5 84.1 anTaya H-H
cosY linmulasnaiesiutes 1 #1u Aa C-4—C-3—CH, atuaaslugifl 24 uazandoya
HMBC WUAMNFWRUTIZWING H-4/C-4a, H-3/C-1 uaz H-1/C-8a 93z lewuszgagluduni
4a 11U 8a uanaNiklu HMBC munaiudinuaNuduRUEIznI19 H-5 1l C4a uaznydlnun
Furd C-6 Jsannsndugulaseasrsaintasiile LLa:Lﬁa'ﬁmsmwmwé’uw”ufmmny; tertiary
! X a v o fo | A & P o A & A
methyl wungilanudunusiunyalnunsany Favilildlasiaiefnauysoluesans 40 49
\uauWusues isochromene uazfilasiainaaauaadludiuved configuration luduniaf 3 uaz

7 ﬂ‘o"l&immmﬁ'muﬂ"lﬁﬁaamﬂﬂ'a"l,&iﬁﬁagaluﬁtﬂmwa

51#i 24 'H-'H COSY uaz HMBC correlation 183515 40

A1319% 10 ﬁaaa NMR V83817 40-42

No. 40 (CDCl,) 41 (CDCl,) 42 (CDCl,)
80, type 6H (Jin Hz) 80, type BH (Jin Hz) SC, type 8H (Jin Hz)

1 63.6, CH, 4.22,d (7.6) 63.7,CH, 4.36, m 63.4, CH, 4.09, dd (2.8, 16)
4.67,d (7.6) 4.57, d (16)

3 69.4, CH 372, m 69.1, CH 3.70, m 69.2, CH 3.58, m

4 37.2, CH 224, m 37.8, CH 2.16, d (8) 37.6, CH 2.14,d (5.2)

4a 148.9, qC 150.6, qC 152.9, qC

5 43.1,CH, 3.21,d(19.2) 356, CH, 2.52,d(19.2) 36.2, CH, 232, m
3.54, dd (2.8, 19.2) 2.75,d (19.2) 2.56, dd (5.2, 18.4)

6 202.2, qC 73.3,CH  4.14, 1t (3.6) 72.0, CH 3.97, t (4.4)

7 84.1,qC 76.0, qC 77.5,qC

8 195.0, qC 199.3, qC 199.2, qC

8a 129.7, qC 127.4, qC 128.2, qC
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£y ! @ 1
s3dsznay 41 ndaya HRESIMS wuindgasluanadu CiHi0, uazandays H

13 1 ] e 1 Qs yﬂ/ ]
wae C-NMR uwaz HSQC WU%H&I@]% 1 %H LL&&WWD’zQ 1 WWT2 HaNINBIINLINETT 41 J

v

A . (% o A ' o ~
TBH& NMR (9137390 10) e correlation 1% 2D NMR @a18nuU®17 40 DILONAINNWLNEIRT 41
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. A X . { ' A Y '
{iny oxygenated methine LANTUN 1 Ny VAN INuTuapnUluay 40 ldnwly 1wy

aaiumItInhaziduaunusvaians 40 ﬁLﬁ@ﬁnﬂmiﬁﬁyjﬁImu 1 funiagnIdag WaRanson
Toya 2D NMR lasianiz 'H-'"H COSY wazHMBC oﬁ'mamlugﬂﬁ 25 ldanaunsadugulein
GRARIY ﬁ%y; oxygenated methine agﬂmﬁ%mﬁaﬁ' 6 %al,muﬁ%yjﬁimmmms 40 §9I
configuration vaslasansuanludiumief 6 uas 7 nnMIAnTayga NOESY WU Hy6 4
ANMURNAWSAY H-7 s’fiaLLamimyj"Lamaﬂ%aﬂgdaaaagjﬁﬂulﬁmﬁm}amd aoinlassaenoans

41 39T UAILIA

gﬂﬁ 25 '"H-'H COSY uaz HMBC correlation Uad&17 41

&5 42 mﬂﬁaga HRESIMS 18z NMR wWui1&13 42 Jlasisiandaunuaisdsznay 41
A v & & ' o A . . ° ' { A v
FILRAIALAUINRIINIF I TAMULANGIAWA configuration  L1IGILAL Lﬁawmimmaﬂa
] | o A | . (% A '
NOESY wmﬂﬂmaumaaw methyl Tudunriiaf 6 luuaad correlation AU H-5 TILANAIIANN
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fnawn 2. ﬂ']i"ﬂﬂaa‘]Jf]ﬂﬁﬂ'lﬂ%?ﬂ']ﬂ?lﬂﬂﬂ']ﬁﬂllﬂfﬂﬂ

ae AV oo A Y 24 A v @ = =
1%\1'1%'2"09% VL@%WET']‘J‘YILLUﬂvL@NTYl@ﬁB‘LIE]VI‘E‘YILﬂU'J“llﬂx‘iﬂ‘LlIiﬂllzL‘N 3 MINARDU DI

v AFQ/ Qq// v 1 AFQ/ a a 1
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2.2. gENBAWNNTANLEL (anti-inflammatory acitivity)
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ARTICLE INFO ABSTRACT
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Endophytic fungi are known as a prolific source for the discovery of structurally interesting and biologi-
cally active secondary metabolites, some of which are promising candidates for drug development. In the
present study, three anthranoids were isolated from an Alternaria sp. endophytic fungus and evaluated
for their antiangiogenic activity in a rat aortic sprouting assay, an ex vivo model of angiogenesis. Of these
three compounds, altersolanol (2) was further characterized and found to show a promising activity

in ex vivo, in vitro and in vivo angiogenesis asssays. Using human umbilical vein endothelial cells as an
in vitro model, the angiogenic effect of 2 was found to occur via suppression of all three main functions
of endothelial cells, namely proliferation, tube formation and migration.

© 2013 Elsevier GmbH. All rights reserved.

Introduction

Angiogenesis, the formation of new blood vessels from the
pre-existing vasculature, is essential for many physiological pro-
cesses including embryonic development, tissue regeneration, and
wound repair. However, pathological angiogenesis is involved in
various diseases, such as ischemic heart disease, diabetic retinopa-
thy, rheumatoid arthritis, and cancer (Carmeliet 2003; Folkmann
1995). Angiogenesis is not only required for the growth, but also
for the transplantation and metastasis of a tumor (Folkmann 1996).
Therefore, inhibition of angiogenesis is an important target for can-
cer therapy and the treatment of other angiogenesis-associated
diseases.

Endophytic fungi are microorganisms that live within their host
plants without causing any noticeable disease symtoms. These
fungi are known as a potential source of a wide variety of biolog-
ically active secondary metabolites, some of which are promising
candidates for drug development (Gunatilaka 2006; Zhang et al.
2006; Schulz et al. 2002; Strobel et al. 2004). Among them, endo-
phytic Alternaria strains have been found to produce diverse

* Corresponding author at: Department of Chemistry, Faculty of Science, Chula-
longkorn University, Bangkok 10330, Thailand. Tel.: +662 2187639;
fax: +662 2541309.
** Corresponding author. Tel.: +662 2187639; fax: +662 2541309.
E-mail addresses: Nattaya.N@chula.ac.th (N. Ngamrojanavanich),
Khanitha.P@chula.ac.th (K. Pudhom).

0944-7113/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.phymed.2013.03.019

aromatic constituents with pharmaceutical potential including
anthranoid components (Aly et al. 2008; Kjer et al. 2009; Okaumura
et al. 1996). Indeed, various anthraquinones isolated from plants,
such as rhein, aloe-emodin and emodin, have been reported to
possess antiangiogenic activity in both in vitro and in vivo assays
(Cardenas et al. 2006; He et al. 2009, 2011; Kwak et al. 2006). This
prompted us to investigate the effect of anthranoids isolated from
endophytic fungi on angiogenesis. In this study, an anthraquinone,
macrosporin (1), and two hydroxylated tetrahydroanthraquinones,
altersolanol (2) and 1,2,4,5-tetrahydroxy-7-methoxy-2-methyl-
1,2,3,4-tetrahydroanthracene-9,10-dione (3), were isolated from
an Alternaria sp., an endophytic fungus isolated from the Thai
medicinal plant, Erythrina variegata, and evaluated for their poten-
tial to be angiogenic inhibitors using a rat aortic sprouting (ex
vivo model), in vitro proliferation, migration and tube formation
assays with human umbilical vein endothelial cells (HUVECs) and
the Matrigel plug in vivo assay on mice.

Materials and methods
General experimental procedures

Optical rotations were measured on a JASCO DPI-370 digital
polarimeter at a wavelength of 589 nm. NMR spectra were recorded
with a Varian Mercury-400 plus (1H, 400 MHz; '3C, 100 MHz) spec-
trometer using tetramethylsilane as an internal standard. Mass
spectra were obtained from a Bruker micrOTOF mass spectrometer.
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Silica gel 60 (Merck, 40-63 pm), Sephadex LH-20 (GE Health-
care Life Sciences, 18-111 wm) and Diaion HP-20 resin (Mitsubishi
chemical corporation) were used for column chromatography.

Fungal material

The endophytic fungus Alternaria sp. was isolated from a
fresh healthy leaf of Erythrina variegata collected in Samutsakorn
Province, Thailand, in July 2008, according to the previously
reported procedure (Sappapan et al. 2008). It was identified on
the basis of both the morphology of fungi grown on potato dex-
trose agar (PDA) at 25 °C and the phylogenetic analysis of the DNA
sequences of the internal transcribed spacer (ITS) region of the
rRNA gene and large subunit ribosomal (LSU). The fungus has been
deposited at Research Center of Bioorganic Chemistry (RCBC 1003),
Department of Chemistry, Faculty of Science, Chulalongkorn Uni-
versity.

Fermentation and isolation

The fungus Alternaria sp. was grown on PDA at room temper-
ature for 10 days, and then the agar was cut into small plugs and
inoculated into 1000 ml Erlenmeyer flasks (x25) each containing
200 ml of malt extract broth (MEB; malt extract 20.0 g/l, peptone
1.0g/1). The fermentation was carried out at room temperature
for 21 days under static conditions. The fungal mycelia were
then separated from the broth by filtration, and the culture
broth was then subjected to aromatic absorbent resin column
chromatography using Dianion HP-20 and eluted with a step
gradient of H,O and MeOH as the mobile phase to afford 11
pooled fractions (1-11). Fraction 5 was further fractionated firstly
by gel filtration using Sephadex LH-20 column chromatogra-
phy with MeOH as the mobile phase eluent, and then by silica
gel column chromatography with elution by a 1:19 ration of
MeOH-CH,Cl, to yield altersolanol A (2, 61.6 mg). Fraction 7 was
also subjected to Sephadex LH-20 column chromatography as
above to obtain five subfractions (7.1-7.5). Subfraction7.2 was
further purified by silica gel column chromatography and eluted
with a continuous gradient from 99:1 to 5:95 of MeOH-CH,Cl,
to yield macrosporin (1, 15.0 mg). Finally, 1,2,4,5-tetrahydroxy-7-
methoxy-2-methyl-1,2,3,4-tetrahydroanthracene-9,10-dione (3,
20.1 mg) was obtained from subfraction 7.3 by purification over a
silica gel column and eluted with a 1:19 ratio of MeOH and CH,Cl,.

Identification of pure compounds

The isolated compounds were identified by analysis of 1D- and
2D-NMR spectroscopic and mass spectrometry data as well as com-
parison of their data with those reported in the literature (Burns
et al. 1989, 1991; Okaumura et al. 1996).

Animals

Six-week-old specific pathogen free male Wistar rats and
C57BL/6 mice (Charles River Laboratory) were housed in controlled
temperature (25°C) room with a 12-h light/dark cycle (light on
8.00a.m.-8.00 p.m.). The animals were given free access to diet
and deionized water. The rats and mice were maintained according
to the Guide for the Care and Use of Laboratory Animals estab-
lished by Hiroshima University. All experiments using animals
were approved by Hiroshima University Animal Research Commit-
tee.

Ex vivo angiogenesis assay

A male Wistar rat was sacrificed by bleeding from the right
femoral artery under diethyl ether anesthesia. The thoracic aorta
was removed, washed with RPMI 1640 medium (Gibco, New York,
USA), turned inside out, and cut into 1-mm lengths to form aortic
rings. The aortic rings were then placed at three per well of a 6-
well culture plate and covered with 0.5 ml of gel matrix solution
[8 volume of porcine tendon collagen solution (Cellmatrix Ia, Nitta
Gelatin Co., Osaka, Japan), 1 volume of 10x Eagle’s MEM (Gibco,
New York, USA), and 1 volume of reconstitution buffer (0.08 M
NaOH and 200 mM HEPES)], and allowed to gel at 37 °C for 30 min.
Two miilliliters of RPMI 1640 medium containing 1% (v/v) of TIS+
(Beckon, Dickinson and Company, Tokyo, Japan) with the desig-
nated doses of the test compounds or vehicle (DMSO) were added
to each well. After incubation for 7 days at 37°C in 5% CO,, the
capillary length was estimated by measuring the distance from the
cut end of the aortic segment to the approximate mid-point of the
capillary under phase-contrast microscopy.

Cell culture

HUVECs were purchased from Kurabo Industries (Osaka, Japan),
and the cells were grown in HuMedia EG2 medium (Kurabo Indus-
tries, Osaka, Japan) containing 2% fetal bovine serum (FBS), 10 ng/ml
of recombinant human epidermal growth factor, 1 pg/ml of hydro-
cortisone, 50 wg/ml of gentamycin, 50 ng/ml of amphotericin B,
5ng/ml of recombinant human basic fibroblast growth factor
(bFGF), and 10 pg/ml of heparin, at 37°C in 5% CO,. Subcultures
were obtained by treating the HUVEC cultures with Hanks’-based
enzyme-free cell dissociation buffer solution (Gibco, New York,
USA). HUVECs at passages three to seven were used for the exper-
iment. HUVECs were cultured in all the below assays at 37°Cin 5%
CO,.

Proliferation assay

A HUVEC suspension in HuMedia EG2 (1.5 x 10% cells/ml) was
seeded (100 wl) into each well of 96-well plate and incubated
for 24 h. The medium was then removed and replaced with fresh
HuMedia EG2 containing the designated doses of the test com-
pound (0, 0.1, 0.5, 1 and 2.5uM) and incubated for 72h. Cell
proliferation was detected using the WST-8 reagent (Dojindo
Molecular Technologies, Inc.,, USA) as per the manufacturer’s
instructions, and the inhibition of proliferation was measured in
terms of the absorbance at 450 nm using a microplate reader.

Tube formation assay

The HUVEC tube formation assay was performed using BD
Matrigel (Becton, Dickinson and Company, Tokyo, Japan) accord-
ing to the method of Kayashima et al. (2009) (Chokpaiboon et al.
2011). The solid gel was prepared in a 96-well tissue culture plate
according to the manufacture’s instruction. A 100 I suspension of
HUVECs (1 x 10° cells/ml) in HuMedia EG2 medium containing the
designated doses of the test compound (0, 0.5, 1, 2.5, 5 and 10 M)
were seeded onto the surface of the solid BD Matrigel. After incu-
bation for 12 h, tube formation was observed under an inverted
light microscope at 40x magnification. Microscopic fields were
photographed with a digital camera (OLYMPUS DSE330-A system).

Chemotactic migration assay
The HUVEC migration assay was performed using a modified

Boyden chamber (Kayashima et al. 2009; Chokpaiboon et al. 2011).
A microporous membrane (8 wm) of 24-well cell culture inserts



920 P. Pompeng et al. / Phytomedicine 20 (2013) 918-922

macrosporin (1)

altersolanol (2)

1:
1:

Fig. 1. Stuctures of isolated anthranoids.

was coated with a 0.1% (w/v) gelatin solution. Then 400 .l of the
HUVEC suspension (2.5 x 10° cells/ml) in Medium 199 with 0.1%
(w/v) bovine serum albumin (BSA) was seeded in each chamber,
followed by 400 ! of Medium 199 containing 0.1% (w/v) BSA and
10 ng/ml of recombinant human VEGF with or without the test
compound (0, 2.5, 5 and 10 wM). The assembled chamber was incu-
bated for 6 h, whereupon non-migrated cells on the surface of the
membrane were removed by scrubbing with a cotton swab. The
migrated cells were fixed with methanol, stained with Diff-Quik
stain (Sysmex, Kobe, Japan), and then counted in three fields of view
for membrane under a light microscope at 200x magnification.

In vivo mouse Matrigel plug assay

For the Matrigel plug assay, 0.5 ml of Matrigel (BD Biosciences)
containing 0 (DMSO vehicle only), 5 or 10 uM altersolanol, VEGF
(30ng/ml) and heparin (10 U/ul) was injected subcutaneously into
C57BL/6 mice. After 7 days, the mice were sacrificed and the skin
of each mouse was carefully pulled back to expose the Matrigel
plug. The plugs were dissected out and photographed. The amount
of hemoglobin in the plugs was measured using a QuantiChrom
hemoglobin assay kit (BioAssay Systems, Hayward, CA, USA) as per
the manufacturer’s instructions. The concentration of hemoglobin
was calculated from a known amount of hemoglobin assayed in
parallel.

Statistical analysis

Values are presented as the means 4+ SD. Data were analyzed by
one-way analysis of variance (ANOVA) followed by the Dunnet test.
Differences with p <0.05 were considered as significant.

Results and discussion
Effect of isolated anthranoids on ex vivo angiogenesis

All of isolated anthranoids (Fig. 1) were assessed for their antian-
giogenic activity by monitoring the suppression of microvessel
sprouting from a rat aortic ring (an ex vivo model). Their effect
on angiogenesis at a single dose of 25 uwM was first examined to
look at their structure-activity relationship. Results showed that
compounds 2 and 3, hydroxylated tetrahydroanthranoids, exhib-
ited the complete inhibition of microvessel sprouting, whereas
there was only a slight inhibition of angiogenesis by anthraquinone
1, as compared to control (Fig. 2a). This indicated that the fully
aromatized anthranoid dramatically reduced angiogenic inhibitory
activity. Further, the hydroxylated tetrahydroanthraquiones 2 and
3 were subjected to the same assay in a concentration-dependent
manner. As shown in Fig. 2b, the inhibitory effect of both com-
pounds was in a dose-dependent manner. However, altersolanol
(2) displayed two-fold more potent antiangiogenic activity than
3 with an ICsq value of 2.30 wM and the complete suppression of
the microvessel sprouting at 5 uM, while compound 3 afforded the
whole suppression at 10 wM. This suggested the hydroxyl groups
at ring C might be required for the potent angiogenesis inhibition,

the absence of a hydroxyl group at this ring of tetrahydroquinone
3 thus caused a significant loss of activity. Based on these results,
only compound 2 was therefore selected for further study.

Effect of altersolanol (2) on HUVEC functions

Endothelial cells, a specialized type of epithelial cell forming
the inner layer of blood vessels, play a key role in angiogene-
sis, the development of new blood vessels from the pre-existing
vasculature. Indeed, during this biological process, they are acti-
vated and express matrix metalloproteinases (MMPs) leading to
the degradation of the basal membrane of the parent vessel and of
the extra-cellular surrounding matrix. In response to environmen-
tal cues, they secrete MMPs and then invade through the basement
membrane to form new capillary networks (Shinkaruk et al. 2003).
In order to investigate how altersolanol (2) could exert the antian-
giogenic effect, its in vitro inhibitory activity toward the functions
of HUVECs, in terms of the cell proliferation, tube formation and
migration, were evaluated. The effect of 2 on the proliferation of
HUVECs was first evaluated by using the WST-8 assay. Altersolanol
(2) inhibited the proliferation of the endothelial cells in a dose-
dependent manner and 50% inhibition could be seen with as little
as 0.51 wM (Fig. 3). Further, the effect of 2 on the HUVECs tube
formation was examined by inoculating HUVECs onto reconsti-
tuted basement membranes (Matrigel) and then allowing them to
migrate, attach to each other and then form capillary-like struc-
tures (Kayashima et al. 2009; Chokpaiboon et al. 2011). The results
(Fig. 4) indicated that altersolanol (2) suppressed tube formation in
the endothelial cells in a dose dependent manner with a significant
inhibition being observed at 1 .M, an IC5g of 2.38 wM and the com-
plete inhibition at 10 M. Finally, whether altersolanol (2) could
affect the VEGF-induced migration of HUVECs was investigated
using a modified Boyden chamber assay (Kayashima et al. 2009;
Chokpaiboon et al. 2011). VEGF is known as a specific and pivotal
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Fig. 2. Effect of isolated antranoids on ex vivo angiogenesis. (a) Effect of anthranoids
1-3 at a dose of 25 wM. (b) Inhibitory effect of 1 and 2 at various concentrations.
Significantly different from the control: **p<0.01 and *p <0.05.
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Fig. 3. Effect of altersolanol (2) on the HUVECs proliferation. Values are the
mean =+ SD (n=5). Significantly different from the control: **p<0.01 and *p <0.05.
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Fig. 4. Effect of altersolanol (2) on the HUVECs tube formation. (a) Microscopic pho-
tograph of tube formation on the reconstituted gel after incubation for 12 h. (b) The
average capillary length. Values are the mean+SD (n=5). Significantly different
from the control: **p<0.01 and *p <0.05.

growth factor involved in endothelial cell proliferation, migration
and survival during blood vessel formation (Ferrara 1999). As seen
inFig. 5, VEGF strongly stimulated the cell migration, whereas alter-
solanol displayed the significant suppression of HUVECs induced by
VEGF in a dose dependent manner with an ICs5g value of 4.00 M.
Based on the results from the above in vitro assays, altersolanol (2)
would appear to be a potent angiogenic inhibitor, and that it could
suppress all functions of endothelial cells including proliferation,
tube formation and migration.

Effect of altersolanol (2) on in vivo VEGF-induced angiogenesis

To determine whether altersolanol (2) can suppress blood
vessel formation in vivo, a Matrigel plug assay was carried out
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Fig. 5. Effect of altersolanol (2) on the HUVECs migration. Values are the mean + SD
(n=5). Significantly different from the control: **p <0.01 and *p <0.05.
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Fig. 6. Effect of altersolanol (2) on in vivo angiogenesis. (a) Effect of altersolanol
(2) on VEGF-induced vessel formation in the Matrigel plug assay. (b) Measure
hemoglobin content in the Matrigel plug. Values are the mean +SD (n=5). Signifi-
cantly different from the control: **p<0.01.

(Chokpaiboon et al. 2011). VEGF containing Matrigel, with 5
and 10 wM altersolanol or vehicle (DMSO), was subcutaneously
implanted into male C57BL/6 mice for seven days. As shown
in Fig. 6a, suppression of neovascularization in mice implanted
with Matrigel containing altersolanol was clearly observed and in
dose dependent manner. In contrast, the Matrigel plug of control
mice obviously indicated an angiogenic response. Furthermore the
degree of function in these blood vessels was quantified by measur-
ing the level of hemoglobin in the Matrigel plugs by a QuantiChrom
hemoglobin assay kit. The results (Fig. 6b) were in agreement with
the above. The hemoglobin content in the Matrigel plugs containing
VEGF plus altersolanol (2) was considerably lower than that in the
plugs with only VEGF alone, being about one-third and one-sixth
of the control one at 5 and 10 pM, respectively.

Conclusions

The present results indicate that altersolanol (2), a hydroxyla-
ted tetrahydroanthraquinone from an Alternaria endohytic fungus,
possesses potent antiangiogenic activity by suppressing all func-
tions of endothelial cells, proliferation, tube formantion and
migration. Most importantly, altersolanol even at low concentra-
tion inhibits blood vessel formation in both ex vivo and in vivo
assays. Taking the results together, altersolanol (2) might be a
promising candidate for cancer therapy, and for prevention of can-
cer and other pro-angiogenesis related diseases.
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Abstract: Three new spirobisnaphthalenes (1-3) were isolated from the mangrove-derived
fungus Rhytidhysteron sp., together with five known derivatives (4-8). The structures of
the compounds were established on the basis of extensive spectroscopic data, and the
relative configurations of their stereogenic carbons were determined by a single-crystal
X-ray crystallographic analysis. Compounds 3—5 displayed cytotoxicity against both cancer
cell lines, MCF-7 and CaSki, while 2 was active only on CaSKi cells.
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1. Introduction

Spirobisnaphthalenes, a series of compounds consisting of two naphthalene-derived C;¢ units
bridged through a spiroketal linkage, have been mainly isolated from fungi [1-5]. This class of
compounds is of great interest as potential leads for medicinal chemistry, since they have interesting
structures and a variety of biological activities such as antibacterial, antifungal, anticancer, and
antileishmanial activities [4—7].

Endophytic fungi are known as a prolific source for the discovery of structurally interesting and
biologically active metabolites [8—11]. Among plant-derived fungi, those associated with the trees
growing up in mangrove areas have received much attention from medicinal chemists owing to the
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unique ecosystem [12]. In our continued investigation into new bioactive compounds from Thai
mangrove-derived fungi, we describe the isolation and structure elucidation of three new
spirobisnaphthalenes, rhytidones A—C (1-3), together with five known derivatives from an endophytic
Rhytidhysteron sp. fungus. In addition, all isolated compounds were evaluated for their cytotoxic
activities against human cancer cell lines.

2. Results and Discussion

The Rhytidhysteron sp. fungus was cultured in malt extract broth (MEB) under static conditions for
21 days. The EtOAc crude extract of the culture broth was successively subjected to Sephadex LH-20
and silica gel column chromatography to afford three new spironaphthalenes, rhytidones A—C (1-3),
and five known analogues including MK3018 (4), palmarumycin CR1 (5), CJ-12,372 (6),
4-0-methyl-CJ-12,372 (7) and 4-O-methyl-CJ-12,371 (8) as shown in Figure 1. The structures of the
known compounds were determined by comparison of their NMR spectroscopic data with those in the
literature [13—16].

Figure 1. Structures of compounds 1-8 isolated from fungus Rhytidhysteron sp.
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Rhytidone A (1) was obtained as a light brown powder and its molecular formula was established as
CyH20¢ from HRESIMS at m/z 381.1319 [M + Na]™ (calcd 381.1314), implying 10 degrees of
unsaturation. Detailed analysis of the 'H, °C and HSQC NMR data revealed the presence of six
methine carbons (four oxygenated), three methylene carbons, one doubly oxygenated quaternary
carbon (dc 104.4) and 10 aromatic carbons. In the 'H-'H COSY spectrum, homonuclear coupling
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correlations of H-2'/H-3" and H-3'/H-4', as well as correlations of H-5"/H-6" and H-6'/H-7' indicated the
presence of two isolated three-proton spin systems corresponding to the C-2'-C-4" and C-5'-C-7'
subunits of 1, which displayed the ortho coupling constant with J values of 7.2, 7.6 and 8.0 Hz. The
HMBC correlations of H-2'/C-1', H-2'/C-8a’, H-3'/C-4a’, H-6'/C-4a’, H-7'/C-8' and H-7'/C-8a’ led to
the attachment of both subunits at C-4a’ and C-8a’, suggesting the presence of a naphthalene moiety.
In addition, the chemical shifts of the nonprotonated carbons C-1" and C-8' at oc 147.4 and 145.9,
respectively, were indicative of a 1,8-dioxynaphthalene moiety. Based on the above evidence,
compound 1 was recognized as a member of the spirobisnaphthalene, characteristic of a
1,8-dioxynaphthalene linked with the second half of the molecule via a spiroketal carbon. The
remaining part of the molecule was mainly elucidated by analysis of 'H-"H COSY and HMBC data.
The COSY correlations confirmed the presence of the new extended spin system corresponding to the
C-2—C-8 subunit (including C-4a and C-8a) (Figure 2a). HMBC correlations of H-2 and H-8a with C-1
led to the attachment of the spiroketal bridge carbon to the last subunit at C-2 and C-8a. Moreover,
four exchangeable protons, observed at oy 4.41, 4.81, 3.85, 4.22, were assigned to OH-4, OH-5, OH-7
and OH-8, respectively, by their COSY correlations with their vicinal protons (Figure 2a). The relative
configuration of 1 was determined through single-crystal X-ray diffraction analysis of its 5-acetate
derivative (1a), obtained from acetylation of 1 with acetic anhydride in the presence of a catalytic
amount of DMAP. The perspective ORTEP plot of 1a is shown in Figure 2b.

Figure 2. (a) Key HMBC and 'H-"H COSY correlations of rhytidone A (1); (b) ORTEP
diagram of the 5-acetate derivative of 1 (1a).

Rhytidone B (2) was isolated as colorless crystals. Its HRESIMS spectrum exhibited a
pseudo-molecular ion at m/z 379.1153 (M + Na]", caled 379.1158), consistent with the molecular
formula Cy0H»0O¢. The NMR data of 2 also displayed characteristic signals associated with a
spirobisnaphthalene, including a 1,8-dioxynaphthalene moiety and a spiroketal bridge carbon.
Moreover, its NMR data (Table 1) were similar to those of 1, except for the replacement of one
oxygenated methine carbon in 1 by a new ketone carbon (dc 212.2). The —CH,(2)-CH»(3)-CH(4)
OH-CH(4a)-CH(8a)-CH(8)OH-CH(7)-OH-CH,(6)— subunit was established by analysis of 'H-'H
COSY. HMBC correlations from H-4a and H,-6 to the ketone carbon clearly indicated the location of



Mar. Drugs 2014, 12 1274

the ketone carbonyl at C-5. Ultimately, the structure and relative configuration of 2 was clarified by
single-crystal X-ray diffraction analysis (Figure 3).

Table 1. NMR spectroscopic data of compounds 1-3.

No. L 2’ 37
ou (J in Hz) dc Ju (J in Hz) dc ou (J in Hz) dc
- 104.4 - 104.4 - 104.4
2 1.73,m 25.6 1.95, m 25.6 1.94, m 25.6
3 1.53, m 28.2 L.75,m 26.5 1.72,m 26.6
1.66, m 1.62, m
4 4.16,brs 61.2 4.54,brs 62.9 4.52,brs 62.9
4a 1.97,ddd (12.8, 10.0,2.4)  42.9 3.31,d (13.6) 49.0 3.27,dd (13.2,1.6) 489
5 3.70,brs 68.8 - 21222 - 211.8
6 1.75, m 35.7 3.13, brs 442 3.05, m 412
2.47,dd (14.4,2.8) 2.60, dd (14.4, 2.0)
4.21,brs 66.9 4.43,t(3.2) 71.3 3.89, m 80.1
3.93, m 63.3 4.77,d (3.2) 67.4 4.88,br d (3.6) 65.1
8a 2.44,dd (12.8, 1.6) 38.6 3.17,brs 415 3.03, m 41.9
I - 146.5 - 147.3 - -
2! 6.96,d (7.2) 109.4 6.94,d (7.2) 109.8 6.96, d (7.6) 109.8
3 7.45,t(7.6) 127.6 7.43,t(8.0) 127.8 7.44, t (7.6) 127.7
4 7.50, d (8.0) 119.7 7.53,d (8.4) 121.5 7.48,d (8.4) 120.5
4a' - 133.6 - 134.2 - 134.2
5' 7.52,d (8.0) 120.1 7.49, d (8.4) 120.5 7.53,d (8.4) 121.4
6' 7.45,t(7.6) 127.5 7.43,t(8.0) 127.1 7.42,t(7.6) 127.1
7 6.94,d (7.2) 108.8 6.95,d (7.2) 109.6 6.93,d (7.6) 109.6
8' - 147.6 - 145.9 - 145.9
8a' - 113.3 - 113.8 - 113.9
4-OH 3.70, br s - - - - -
5-OH 4.81,d(2.8) - - - - -
7-OH 3.85,d (2.4) - - - - -
8-OH 4.21,brs - 3.77, s - 3.71,s -
7-OMe - - - - 3.43,s 56.9

® Measured in DMSO-dg; ® measured in CDCl;.

Rhytidone C (3), obtained as colorless crystals, gave the molecular formula C;;H»,0Og¢, as
established by HRESIMS (m/z 393.1315 ([M + Na]’, calcd. 393.1314). The NMR data of 3 (Table 1)
were very similar to those of 2, except for the presence of an additional methoxy group (dy 3.43 s,
oc 56.9). Strong HMBC correlation from methoxyl protons to C-7 at d¢ 80.1 indicated the attachment
of the methoxyl group at C-7. Compound 3 was found to have the same configuration as in 2, which
was also determined by single-crystal X-ray diffraction analysis (Figure 4).
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Figure 3. ORTEP diagram of rhytidone B (2).

Cytotoxic activity of isolated compounds against human breast cancer (MCF-7) and cervical
carcinoma (CaSki) cell lines was evaluated by the MTT method (Table 2) [17]. Compounds 3-5
showed moderate activity against both cell lines with ICsy values between 14.47 and 25.59 uM, while
compound 2 was active only for CaSki with ICsy value of 22.81 puM. It should be noted that
compounds 68, possessing an additional aromatic ring in the structure, did not exhibit any significant
activity against the cell lines tested (ICso > 10 pg/mL).

More details are available at the Supplementary Information.
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Table 2. Cytotoxicity of compounds 2—5 against human breast and cervical cancer cell lines.

Compound ICs0 (uM)
MCF-7 CaSKki
2 - 22.81+1.33
3 17.30+£2.11 24.44 +£0.22
4 20.10 £ 1.52 25.59+£1.70
5 14.47 £0.51 21.95+2.56
Doxorubicin 0.06 +0.01 0.20+0.02

"1Cs0 > 10 pg/mL.
3. Experimental Section
3.1. General Experimental Procedures

Optical rotations were measured on a Perkin-Elmer 341 polarimeter. UV spectra were recorded on
a Shimadzu UV-160 UV-visible spectrometer (Shimadzu, Kyoto, Japan). NMR spectra were acquired
on a Varian Mercury-400 Plus NMR spectrometer (Varian, CA, USA) with TMS as internal standard.
HRESIMS was carried out on a micrOTOF-Q II ESI mass spectrometer (Bruker, Bremen, Germany).
Single-crystal X-ray diffraction analysis was performed on a Bruker APEX II diffractometer (Bruker,
Bremen, Germany).

3.2. Fungal Material and Fermentation

The fungus AS21B used in the present study was isolated from leaves of Azima sarmentosa,
collected from the mangrove forest in Samutsakhon province, Thailand in July 2008. The fungus was
identified as a Rhytidhysteron sp. based on the ITS sequences, and was deposited at Department of
Chemistry, Faculty of Science, Chulalongkorn Universtiy. The strain AS21B was grown on potato
dextrose agar (PDA) plate at room temperature for 7 days. Five pieces (5 x 5 mm?) of mycelial agar
plugs were inoculated into 1 L Erlenmeyer flasks (x50) containing 200 mL of malt extract broth
(MEB). The cultivation was kept at room temperature for 21 days under static conditions.

3.3. Extraction and Isolation

The mycelia were separated off from the broth by filtration. The filtrate was extracted with an equal
amount of EtOAc for 3 times. The EtOAc solution was evaporated under reduced pressure to afford
a crude extract (7.0 g). The extract was subjected to a Sephadex LH20 column and eluted with MeOH
to give six fractions (F1-F6). Subsequently, fraction 5 was fractionated by silica gel (SiO,) column
chromatography eluted by a gradient of MeOH/CH,Cl, from 1:99 to 1:9 to yield nine subfractions. The
fraction F5.3 was purified by SiO, column chromatography (a gradient of EtOAc/hexane from 2:8 to
1:1) to give 3 (20.1 mg) and 4 (47.8 mg). Subfraction F5.4 was rechromatographed on SiO, with a
1:1 mixture of EtOAc/hexane to obtain 2 (13.5 mg). Fraction F5.6 was applied to SiO, column
chromatography eluted with MeOH/CH,Cl, (1:19) to afford 5 (15.2 mg). Fraction F5.7 was divided
into four fractions by column chromatography on Sephadex LH20 (MeOH), then F5.7.4 was further
purified by SiO, column chromatography with MeOH/CH,Cl, (1:9) to give 1 (83 mg). Fraction F6 was
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subjected to a Sephadex LH20 column eluted with MeOH to yield five subfractions. F6.4 was
recrystallized with MeOH to provide 7 (32.6 mg). Subfraction F6.5 was rechromatographed over
a SiO; column to give three fractions. The fraction F6.5.3 was further purified by SiO, column
chromatography eluted with EtOAc/hexane (1:3) to yield 6 (12.8 mg) and 8 (8.2 mg).

Rhytidone A (1): light brown powder; [a]*p +21 (¢ 0.10, MeOH); 'H and *C NMR, see Table 1;
HRESIMS m/z 381.1319 [M + Na]" (calcd for Co0H»,O4Na, 381.1314).

Rhytidone B (2): colorless crystals; [0]*p +15 (¢ 0.10, MeOH); 'H and '>C NMR, see Table 1;
HRESIMS m/z 379.1153 [M + Na]" (caled for C20H0O¢Na, 379.1158).

Rhytidone C (3): colorless crystals; [a]25D +18 (¢ 0.10, MeOH); "H and °C NMR, see Table 1;
HRESIMS m/z 393.1315 [M + Na]" (caled for C,;H2,06Na, 393.1314).

Preparation of 5-O-Acetyl-rhytidone A (1a). A mixture of compound 1 (10 mg), acetic anhydride
(0.1 mL) and a catalytic amount of DMAP in CH,Cl, (2 mL) was stirred at room temperature for
30 min. Then, water (5 mL) was added to the reaction mixture, and extracted with EtOAc (3 x 5 mL).
The combined organic layer was washed with brine, dried over MgSO4, and evaporated after filtration.
The residue was purified by SiO; column chromatography (MeOH/CH,Cl,, 2:98) to yield 1a (7.2 mg,
64%) as colorless crystals: 'H NMR (CDCls, 400 MHz) ¢ 7.51 (1H, d, J = 8.4 Hz, H-5"), 7.47 (1H, d,
J=28.4Hz,H-4"), 7.44 (1H, t,J=7.2 Hz, H-6"), 7.39 (1H, t, J = 7.2 Hz, H-3"), 6.93 (1H, d, J = 8.4 Hz,
H-2"), 6.90 6.90 (1H, d, J = 8.4 Hz, H-7"), 5.34 (1H, ddd, J = 5.2, 10.0, 16.8 Hz, H-5), 4.56 (1H, br s,
H-8), 4.13 (1H, br m, H-7), 3.88 (1H, br s, 4-OH), 3.70 (1H, s, 8-OH), 3.58 (1H, br s, H-4), 2.76 (1H,
dd, J= 1.6, 12.8 Hz, H-8a), 2.43 (1H, ddd, J = 2.0, 12.8, 16.8 Hz, H-4a), 2.27 (1H, ddd, J = 2.4, 12.8,
14.4 Hz, H-6a), 2.15 (3H, s, 5-OAc), 2.00 (1H, m, H-6b), 1.97 (2H, m, H-2), 1.73 (2H, m, H-2);
C NMR (CDCls, 100 MHz) § 172.7 (5-OCOCH3), 147.5 (C-8"), 146.0 (C-1"), 134.2 (C-4a’), 127.7
(C-6"), 127.0 (C-3"), 121.3 (C-5"), 120.3 (C-4"), 113.9 (C-8a’), 109.8 (C-2"), 109.5 (C-7"), 104.7 (C-1),
69.4 (C-5), 69.2 (C-7), 67.6 (C-8), 62.6 (C-4), 41.3 (C-4a), 39.0 (C-8a), 32.3 (C-6), 27.2 (C-3),
25.6 (C-2), 21.2 (5-OCOCH3).

X-ray Crystallographic Analysis of compounds 1a, 2 and 3. All single crystal X-ray diffraction data
were collected at 296 K on a Bruker APEX II diffractometer with Mo Ko radiation (A = 0.71073 A).
The structures were solved by direct methods using SHELXS-97 and refined full-matrix least squares
on all F* data using SHELXL.97 to final R values [18,19]. All hydrogen atoms were added at calculated
positions and refined using a rigid model. Crystallographic data for 1a, 2 and 3 have been deposited
with the Cambridge Crystallographic Data Centre (Cambridge, UK) [20].

Crystal data of l1a: colorless crystal; CoHO7, M, = 400.41, monoclinic, a = 12.220(2) A,
b=15.7498(9) A, ¢ = 13.925(3) A, space group P2,, Z=2 and V' =956.2(3) A®, (Mo Ka) = 0.10 mm ',
and F(000) = 424. Crystal dimensions: 0.42 % 0.27 x 0.25 mm. Independent reflections: 1492
(Rint = 0.063). The final R, values were 0.039, wR, = 0.113 (/ > 25(/)). CCDC number: 977804.

Crystal data of 2: colorless crystal; Cy0H006, M, = 356.36, orthorhombic, a = 7.6970(6) A,
b = 8.4012(8) A, ¢ = 25.845(2) A, space group P22:2,, Z = 4 and V = 1617.3(2) A’
uw(Mo Ka) = 0.11 mm™', and F(000) = 752. Crystal dimensions: 0.40 x 0.22 x 0.20 mm. Independent
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reflections: 3200 (Ri = 0.025). The final R; values were 0.037, wR, = 0.110 ({ > 20(/)). CCDC
number: 977805.

Crystal data of 3: colorless crystal; CyH20s, M, = 370.39, monoclinic, a = 23.9484(6) A,
b = 5.6338(1) A, ¢ = 15.5486(4) A, space group P2,2:2,, Z = 4 and V = 1783.37(7) A,
u(Mo Ka) = 0.10 mm ', and F(000) = 784. Crystal dimensions: 0.36 x 0.34 x 0.24 mm. Independent
reflections: 3133 (Rix = 0.016). The final R; values were 0.037, wR, = 0.119 (I > 20(/)). CCDC
number: 8§898711.

3.4. Cytotoxicity Assay

Cytotoxicity of all compounds was assayed with a modification of the MTT
(3-[4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium] bromide) colorimetric method. Cytotoxicity
assays were performed according to previously described procedures [16]. The following human
cancer cell lines were used in the assay: human breast cancer (MCF-7) and cervical carcinoma (CaSki)
cell lines. Doxorubicin was used as the reference compound.

4. Conclusions

The chemical investigation of the EtOAc extract of the endophytic fungus Rhytidhysteron sp. has
led to the isolation and characterization of three spirobisnaphthalenes, along with five known
derivatives. All isolated compounds (1-8) were evaluated for their cytotoxicity against breast and
cervical cancer cells. Compounds 3-5 exhibited cytotoxicity against both cell lines, whereas
compound 2 was active only for cervical carcinoma cells.
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ABSTRACT: Rhytidenone A (1), a unique spirobisnaphthalene
with a 1,7-dioxaspiro[4,4]nonan-2-one motif, and five new
spirobisnaphthalenes, rhytidenones B—F (2—6), were isolated
from the extract of a cultured fungal endophyte, Rhytidhysteron sp.
AS21B. Their structures were elucidated mainly by analysis of
NMR spectroscopic data. The structure and configuration of 1
were further confirmed by single-crystal X-ray diffraction analysis.
Compounds 3 and 4 exhibited significant inhibitory activity against
nitric oxide production from activated macrophages with ICq
values of 0.31 and 3.60 uM, respectively.

ndophytic fungi are known as a potential source for the
discovery of structurally interesting and biologically active
secondary metabolites, some of which are promising candidates
for drug development or agrochemical applications.'™>
Endophytic fungi have also been found to produce molecules
previously obtained from their host plants, for example,
paclitaxel* and camptothecin.® Among plant-derived fungi,
those associated with plants growing in mangrove forests have
received much attention from natural product and medicinal
chemistry researchers due to the unique ecosystem.™® In
addition to growing in tropical regions, which provide great
biodiversity, these plants have to deal with broad ranges of
salinity, temperature, moisture, and a number of other
environmental factors.'®'" It is reasonable to expect they
must be home to a great variety of specific microorganisms
including fungi. In our ongoing search for new bioactive
metabolites from mangrove-derived fungi, a chemical inves-
tigation of the Rhytidhysteron sp. fungus isolated from Azima
sarmentosa, which was collected from a mangrove area in
Samutsakhon Province, Thailand, afforded six new compounds,
namely, rhytidenones A—F (1—6), containing a dioxynaph-
thalene moiety, together with two known analogues. These
compounds belong to a rare family of fungal metabolites
referred to as spirobisnaphthalenes, a series of compounds
comprising two naphthalene-derived C,, units bridged through
a spiroketal linkage."*™"” This class of compounds are potential
leads for medicinal chemistry, since they have interesting
structures and a variety of biological activities such as
antibacterial, antifungal, anticancer, and antileishmanial activ-
ities.">™"? In the current study, details of isolation, structural
elucidation, and anti-inflammatory activity of rhytidenones A—

F (1—6) are reported.
The EtOAc extract of the Rhytidhysteron sp. fungus grown on
solid rice medium was successively subjected to Sephadex LH-

© 2014 American Chemical Society and
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1 2 R=H
3 R = a-OH
4 R=p-OH
5 R = §-OMe
OH OH
OH O
o o
OH
>
7 8

20 and silica gel column chromatography to give six new
spirobisnaphthalenes, rhytidenones A—F (1—6), along with two
known derivatives, palmarumycin CR; (7) and 4,8-dihydroxy-
3,4-dihydronaphthalen-1(2H)-one (8). The structures of the
known compounds were determined by comparison of their
NMR spectroscopic data with those in the literature.”**"
Rhytidenone A (1) was isolated as colorless crystals, and its
molecular formula was established as C,4H,,0, from
HRESIMS, indicating 15 degrees of unsaturation. Combined
analysis of "H, *C, and HSQC data of 1 (Table 1) revealed the
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Table 1. 'H (400 MHz) and "*C (100 MHz) NMR Data of Compounds 1-3 in CDCl,

position 8¢, type Sy, mult. (J in Hz) 8, type
1 1033,  qC 1030,  qC
2 274, CH, 223 m 276,  CH,

1.85, m
3 2311, CH, 234 m 229, CH,
4 1372, CH 7.17, br m 13638, CH
4 1320,  qC 1329,  qC
s 1941, qC 1985,  qC
6 44.0, CH 3.76, br d (2.8) 333,  CH,
7 654, CH 480, br d (2.8) 285,  CH,
8 77.4, CH 454, dd (2.8, 8.4) 634, CH
8a 559, CH 3.33, d (84) 493,  CH
9 772, qC
10 822, CH 439, q (68)
11 283, CH, 258 m

232, m
12 2856, CH, 274m

2.46, m
13 1751,  qC
14 15.0, CH, 126, d (6.8)
i 147.3, qC 1472, qC
2 1100, CH 6.88, d (7.6) 1098, CH
3 1278 ~ CH 745, t (7.6) 1277,  CH
& 1205, CH 7.53,d (82) 1206, CH
4’ 1342,  qC 1342,  qC
s 1214, CH 7.51, d (82) 1215, CH
6 1271, CH 7.40, t (7.6) 1273, CH
7 1095,  CH 6.99, d (7.6) 1097,  CH
8 1460,  qC 1459,  qC
8a’ 1136,  qC 1136,  qC
7-OH”
8-OH" 343, s

“Exchangeable with D,0.

2 3
Sy mult. (J in Hz) 8¢, type Sy mult. (J in Hz)
103.6, qC
223, m 27.7, CH, 224, m
1.67, ddd (14.0, 8.0, 1.6) 172, m
237, m 23.0, CH, 238 m
228 m 228 m
7.11, br s 136.6, CH 7.08, br m
132.8, qC
1973, qC
2.90, ddd (18.4, 12.4, 8.0) 426, CH, 3.07, dd (180, 4.8)
2.52, ddd (184, 6.8, 1.6) 2.58, dd (18.0, 1.6)
2.30, m 68.0, CH 4.44, br s
1.95, m
4.90, br s 67.4, CH 4.77, br d (3.6)
3.14, br s 436, CH 3.63, br d (1.6)
147.2, qC
694, d (7.6) 109.8, CH 697, d (7.2)
7.46, t (7.6) 1277, CH 7.45,t (7.6)
7.50, d (8.4) 1206, CH 751, d (8.4)
1342, qC
7.54, d (8.4) 1215, CH 7.54,d (8.4)
743, t (7.6) 127.2, CH 742, t (7.6)
695, d (7.6) 109.7, CH 6.94,d (7.2)
145.9, qC
1136, qC
2.06, br s
356, d (2.4) 377, s

presence of four methylenes, five methines (three oxygenated),
one secondary methyl, one oxygenated and one doubly
oxygenated quaternary carbon, two carbonyl carbons (one
ketone and one ester), and 12 olefinic/aromatic carbons. On
the basis of the above data, eight degrees of unsaturation were
due to six double bonds and two carbonyl groups, and the
molecule should be heptacyclic. The existence of a naphthalene
moiety was indicated by "H—"H COSY correlations of H-2'/H-
3’, H-3'/H-4', H-5'/H-6', and H-6'/H-7’, as well as by HMBC
correlations of H-3'/C-1’, H-3'/C-4a’, H-4'/C-8a’, H-6'/C-4a/,
H-6'/C-8’, and H-7'/C-8a’ (Figure 1). In addition, the
chemical shifts of the nonprotonated carbons C-1" and C-8’
at 147.3 and 146.0, respectively, were suggestive of a 1,8-
dioxynaphthalene moiety. According to these correlations,
compound 1 was recognized as a member of the
spirobisnapthalene class of compounds, characterized by a
spiroketal-linked 1,8-dioxynaphthalene unit. Furthermore, the
"H-"H COSY correlations of 1 clarified the existence of four
extended spin systems corresponding to the C-2—C-4, C-6—C-
8a, C-11-C-12, and C-10—C-14 subunits (Figure 1). The
observed HMBC correlation of H-2 with C-1 led to the
conclusion that this unit was attached to the second part of the
molecule via a spiroketal bridge. The presence of an a,f-

1963

Figure 1. Key '"H-"H COSY and HMBC correlations of 1 and 6.

unsaturated ketone at C-5 was established by HMBC
correlations of H-8a/C-4a, H-8a/C-5, and H-6/C-5. In
addition, HMBC correlations from H-7, H-10, and H-11 to
C-9, as well as from H-12 to C-13, led to the corroboration of
an additional tetrahydrofuran and lactone joining together via a
spirocenter at C-S. However, the stereoconfigurational arrange-
ment of these two rings remained ambiguous due to the paucity
of correlations. The structure and relative configuration of
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rhytidenone A (1) was further confirmed by single-crystal X-ray
diffraction analysis, and its perspective ORTEP plot is shown in
Figure 2. Therefore, compound 1 was identified as a novel

The relative configuration of 3 was established by analysis of
NOESY data. An NOE between H-8a and H-8 indicated a cis-
orientation of these substituents (Figure 3), whereas the lack of

Figure 2. ORTEP drawing of 1.

spirobisnaphthalene containing a 1,7-dioxaspiro[4.4]nonan-2-
one motif, which seems to be an unprecedented addition
product between the bisnaphthalene moiety and a hexenyl
carboxylic unit.

Rhytidenone B (2), obtained as a pale yellow gum, had the
molecular formula Cy,H,30, as established by HRESIMS (m/z
323.1280, caled for [M + H]" 323.1278). From this formula,
compound 2 was determined to contain 12 degrees of
unsaturation, seven of which were due to a carbonyl group
and six carbon—carbon double bonds, according to the 'H and
C NMR data (Table 1); accordingly the molecule should be
pentacyclic. The NMR spectra of 2 displayed the typical signals
associated with a spirobisnapthalene, including signals for a 1,8-
disubstituted naphthalene [5y 6.94 (d, ] = 7.6 Hz), 6.95 (d, ] =
7.6 Hz), 743 (t, ] = 7.6 Hz), 7.46 (t, ] = 7.6 Hz), 7.50 (d, ] =
8.4 Hz), 7.54 (d, J = 8.4 Hz); 5. 109.7 CH, 109.8 CH, 113.6
qC, 120.6 CH, 121.5 CH, 127.3 CH (X2), 134.2 qC, 145.9 qC,
1472 qCJ, and a spiroketal quaternary carbon (¢ 103.0).
Indeed, the NMR data of 2 were similar to those of 1, except
for the disappearance of signals for tetrahydrofuran and lactone
subunits in 1. According to the 'H—'H COSY data, observed
correlations of H-2/H-3, H-3/H-4, H-6/H-7, H-7/H-8, and H-
8/H-8a led to the establishment of two isolated spin systems,
the C-2—C-4 and C-6—C-8a units. In the HMBC spectrum, H-
2 displayed cross-peaks to the quaternary carbon at dc 103.0
(C-1) and also to C-8a, indicating the vicinity of C-2 and C-8a
to the spiroketal bridge C-1. The existence of the A**
conjugated with a carbonyl carbon at C-5 was confirmed by
HMBC correlations of H-3/C-4a, H-8a/C4a, H-8/C-4a, and H-
6/C-5, in addition to the upfield chemical shift of C-5 (6¢
198.5). Moreover, an exchangeable proton at &y 3.56 was
assigned to 8-OH by its correlations to C-7 and C-8. The
relative configuration of 2 was determined by NOESY
correlation of H-8 with H-8a.

Rhytidenone C (3) was obtained as a colorless gum.
HRESIMS analysis of the molecular ion (m/z 339.1236 [M +
H]*) suggested the molecular formula of C,oH,;305, which was
indicative of 12 degrees of unsaturation. The NMR data of 3
(Table 1) were similar to those of 2, except for the replacement
of the methylene carbon at C-7 in 2 by an oxygenated methine
carbon (6¢ 68.0). In addition, one exchangeable proton at &y
2.06 was assigned as 7-OH by its '"H—'"H COSY correlation
with H-7, while the other exchangeable proton at oy 3.77 was
assigned as 8-OH by its HMBC correlations with C-7 and C-8a.

1964
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Figure 3. Key NOESY correlations of 3 and 4.

NOEs between H-8 and H-7, as well as between H-8a and H-7,
suggested that the orientation of H-7 was opposite of H-8.
Thus, the structure of rhytidenone C (3) was determined as
shown.

Rhytidenone D (4), a pale yellow gum, had a molecular
formula of C,,H,3Os, established by HRESIMS (m/z 339.1234,
caled for [M + H]" 339.1232), being the same as that of
rhytidenone C (3). Comparison of the NMR data of 4 with
those of 3 indicated a different orientation of 7-OH, implying a
different C-7 configuration. Significant NOE correlations of H-
8/H-8a, H-7/H-8, and H-7/H-8a (Figure 3) indicated that they
were in the same orientation.

Rhytidenone E (S) was isolated as a colorless gum, and the
molecular formula was assigned as C,;H,,05 by HRESIMS at
m/z 375.1204 [M + Na]* (calcd 375.1208). The NMR data of
5 were closely related to those of 4, except for the presence of a
methoxy group at C-7. This was confirmed by the HMBC
correlation of the singlet methoxy protons at dy 3.46 to C-7.
The relative configuration of § was established to be the same
as 4 on the basis of NOE correlations of H-8/H-8a, H-7/H-8,
and H-7/H-8a.

Rhytidenone F (6), a yellow gum, had the molecular formula
CyH;s0, by HRESIMS (m/z 321.1123 [M + H]*, caled
321.1127), two mass units less than that of rhytidenone B (3).
Two conjugated enone units were present in 6. With the
extended conjugative effect in 6, the ketone carbonyl at C-S was
significantly shifted downfield to dc 187.1. This finding was
confirmed by HMBC correlations of H-6/C-4a and H-7/C-5
(Figure 1). The relative configuration of 6 was assigned to be
the same as 1 on the basis of NOE correlation of H-8 and H-8a.

The anti-inflammatory activity of compounds 3—7 was
evaluated by monitoring their inhibitory effects on nitric oxide
(NO) production in lipopolysaccharide (LPS)-stimulated
J774.A1 macrophage cells. Among the compounds tested,
compound 3 displayed the most promising anti-inflammatory
activity with an ICg, value of 0.31 uM, while activity of its C-7
epimer (4) was 10-fold lower (ICg, = 3.60 #M), indicating that
the a-orientation of 7-OH is most likely associated with the
anti-inflammatory activity of 3. According to the MTT results,
inhibition of NO production in stimulated cells of compounds
S and 6 was caused by their cytotoxicity. Moreover, compound
7 did not show any significant anti-inflammatory activity at a
dose of 10 uM. This suggested that the absence of the carbonyl
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Table 2. 'H (400 MHz) and "*C (100 MHz) NMR Data of Compounds 4—6 in CDCI,

4
position 8¢, type Sy mult. (J in Hz) 8¢, type
1 102.8, qC 103.5, qC
2 27.8, CH, 2.28, m 27.7, CH,
1.71, m
3 23.0, CH, 2.40, m 22.9, CH,
229, m
4 137.9, CH 7.13, br m 136.4, CH
4a 131.0, qC 132.8, qC
S 196.9, qC 197.2, qC
6 43.7, CH, 2.93, dd (18.0, 6.8) 39.3, CH,
2.78, dd (18.0, 10.0)
7 69.2, CH 4.09, br m 76.9, CH
8 67.5, CH 4.90, s 65.1, CH
8a 43.6, CH 3.03, br s 43.9, CH
1’ 147.1, qC 147.3, qC
2/ 109.8, CH 6.97,d (7.6) 109.9, CH
3 127.7, CH 7.46, t (8.0) 127.7, CH
4’ 120.7, CH 7.52,d (8.4) 120.6, CH
4a’ 134.2, qC 134.2, qC
s 121.6, CH 7.55, d (8.4) 1214, CH
6 127.3, CH 743, t (8.0) 127.2, CH
7' 109.7, CH 6.94, d (7.6) 109.2, CH
8’ 145.8, qC 146.0, qC
8a’ 113.5, qC 113.6, qC
7-OMe
8-OH” 3.50, s

“Exchangeable with D,0.

S 6
Sy mult. (J in Hz) 8, type Sy mult. (J in Hz)
1028,  qC
223, m 284, CH, 226, dt (13.6, 6.0)
1.70, ddd (13.6, 8.0, 1.6) 1.92, dt (13.6, 6.8)
238 m 227, CH, 243, m
225, m
7.06, br m 137.1, CH 7.18, br m
1312, qC
1871,  qC
2.95, dd (18.0, 4.8) 1318, CH 624, d (10.0)
2.69, dd (18.0, 1.6)
3.89, ddd (6.4, 4.4, 2.0) 146.1, CH 7.07, dd (10.0, 6.0)
4.89,d (32) 622, CH 494, m
3.50, br m 47.3, CH 3.27, br m
146.8, qC
698, d (7.6) 109.7, CH 692, d (7.6)
745, t (7.6) 127.6, CH 743, t (7.6)
7.50, d (8.4) 1207, CH 752, d (8.8)
1342, qC
755, d (8.4) 1212, CH 750, d (8.8)
742, t (7.6) 127.4, CH 743, t (7.6)
692, d (7.6) 109.5, CH 697, d (7.6)
1463, qC
1135,  qC
3.46, s
3.68, s 325, d (3.6)

group at C-5 is responsible for the lack of activity of this
compound type. Rhytidenones C and D (3 and 4) may offer a
promising entry point for the development of new anti-
inflammatory agents, primarily due to their low IC, values and
relative lack of toxicity.

The various reported activities of the spironaphthalenes can
be mainly attributed to the presence of an @,f-unsaturated keto-
functionality (as in the structure of 6) due to its chemical
reactivity. Thus, it has been shown that these compounds can
undergo Michael reactions with elected solvents and generate
compounds that added, for example, a hydroxy or methoxy
group nonstereospecifically.”* As a result of the reaction, these
compounds lost the activity of the reactive parent compound.
Therefore, it is highly likely that compounds 3, 4, and § are
artifacts of 6 formed during the isolation and purification
procedures. This would readily explain the differences in the
observed stereconfiguration at C-7.

B EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
measured on a PerkinElmer 341 polarimeter. UV spectra were
recorded on a Shimadzu UV-160 UV—visible spectrometer. NMR
spectra were acquired on a Varian Mercury-400 Plus NMR
spectrometer with TMS as internal standard. HRESIMS was carried
out on a micrOTOF-Q_II ESI mass spectrometer. Single-crystal X-ray
diffraction analysis was performed on a Bruker APEX II diffractometer.

Fungal Material. The fungus AS21B used in the present study was
isolated from leaves of Azima sarmentosa, collected from the mangrove
forest in Samutsakhon Province, Thailand, in July 2008. The fungus
was identified as a Rhytidhysteron sp. based on the ITS sequences
(deposited in GenBank, accession no. KJ865411), and was deposited
in the Department of Chemistry, Faculty of Science, Chulalongkorn
University.
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Fermentation and Isolation. The strain AS21B was grown on a
potato dextrose agar (PDA) plate at room temperature for 7 days.
Mass growth of the fungus was performed in 1 L Erlenmeyer flasks
(X20). Five pieces (5 X S mm?”) of mycelial agar plugs were inoculated
on solid rice medium, and the cultivation was kept at room
temperature for 28 days under static conditions. The medium was
prepared by adding 100 mL of H,O to 100 g of jasmine brown rice
and kept overnight prior to autoclaving.

Extraction and Isolation. The culture was extracted with EtOAc.
The extract was fractionated by Sephadex LH-20 column chromatog-
raphy. The main fraction (520 mg) was rechromatographed on
Sephadex LH-20 with MeOH to give seven fractions (F1—F6).
Fraction F2 was applied to silica gel (SiO,) column chromatography
with a gradient of MeOH/CH,Cl, from 2.5:97.5 to 5:95 to yield 7
(18.0 mg). Fraction 3 was subjected to a SiO, column eluted by a 1:1
mixture of EtOAc and hexane to give 2 (1.8 mg), 5 (9.8 mg), and
three subfractions (F3.1—F3.3). Fraction 3.1 was further purified by
SiO, column chromatography (EtOAc/hexane, 1:1) to afford 1 (1.0
mg). Fraction F4 was chromatographed over SiO, eluted with MeOH/
CH,Cl, (2.5:97.5) to yield six subfractions. Subfraction F4.3 was
purified by SiO, column chromatography eluted with acetone/CH,Cl,
(5:95) to provide 6 (5.2 mg). Fraction F4.6 was rechromatographed
on SiO, (EtOAc/hexane, 1:1) to yield 3 (5.5 mg) and 4 (2.4 mg).

Rhytidenone A (1): colorless crystals; [a]*p +5.4 (c 0.04, MeOH);
UV (MeOH) A, (log €) 226 (4.2), 298 (3.6) nm; 'H and "*C NMR,
see Table 1; HRESIMS m/z 471.1416 [M + Na]" (caled for
CyH,,0,Na, 471.1420).

Rhytidenone B (2): pale yellow gum; [a]*}, —5.5 (¢ 0.05, MeOH);
UV (MeOH) A, (log €) 222 (4.8), 297 (3.7) nm; 'H and "*C NMR,
see Table 1; HRESIMS m/z 323.1280 [M + H]* (calcd for C,,H;40,,
323.1278).

Rhytidenone C (3): colorless gum; [a]*, —16.2 (c 0.25, MeOH);
UV (MeOH) A, (log €) 224 (4.3), 297 (3.5) nm; 'H and *C NMR,
see Table 1; HRESIMS m/z 339.1236 [M + H]" (caled for C,,H;4Os,
339.1232).
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Rhytidenone D (4): pale yellow gum: [a]®*, +119.1 (¢ 0.20,
MeOH); UV (MeOH) 4, (log €) 221 (5.0), 296 (3.8) nm; 'H and
13C NMR, see Table 2; HRESIMS m/z 339.1234 [M + H]* (calcd for
CyoH,405, 339.1232).

Rhytidenone E (5): colorless gum; [a]*;, —18.3 (c 0.1, MeOH);
UV (MeOH) A, (log €) 222 (4.4), 296 (3.4) nm; 'H and *C NMR,
see Table 2; HRESIMS m/z 375.1204 [M + Na]* (caled for
C,,H,,O.Na, 375.1208).

Rhytidenone F (6): yellow gum; [a]*y —20.3 (¢ 0.25, MeOH); UV
(MeOH) 4,,., (log €) 230 (4.6), 303 (3.6) nm; 'H and *C NMR, see
Table 2; HRESIMS m/z 311.1123 [M + H]* (caled for C,,H;,0,,
311.1127).

X-ray Crystallographic Analysis of Rhytidenone A (1). All
crystallographic data were collected at 293 K on a Bruker APEX II
diffractometer with Mo Ka radiation (4 = 0.71073 A). The structures
were solved by direct methods using SHELXS-97 and refined by full-
matrix least-squares on all F* data using SHELXL97 to final R
values.*** All hydrogen atoms were added at calculated positions and
refined using a rigid model. Crystallographic data for 1 have been
deposited with the Cambridge Crystallographic Data Centre. Copies
of the data can be obtained, free of charge, via www.ccdc.cam.ac.uk/
data_request/cif, by e-mailing data_request@ccdc.cam.ac.uk, or by
contacting the Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK: fax: +44 1223 336033.

Crystal data for compound 1: colorless crystal, C,;H,,0, M, =
448.45, monoclinic, a = 7.7279(12) A, b = 7.7892(9) A, ¢ = 17.775(3)
A, space group P2), Z =2, D, =1.393 Mg/m? and V = 1069.1(3) A%,
u#(Mo Ka) = 0.10 mm™, and F(000) = 472. Crystal dimensions: 0.52
X 0.14 X 0.25 mm. Independent reflections: 2603 (R, = 0.025). The
final R, values were 0.040, wR, = 0.120 (I > 26(I)). CCDC number:
980911.

Anti-inflammatory Assay. The murine macrophage J774.A1 cell
line was maintained in Dulbecco’s modified Eagle’s medium
supplemented with 10% (v/v) fetal bovine serum, 100 mM sodium
pyruvate, Hepes free acid, penicillin G, and streptomycin. In brief, 5 X
10* J774.A1 cells were plated in 96-well plates, incubated for 1 h,
pretreated with designated concentrations of compounds or vehicle
(DMSO) for another 2 h, and challenged with LPS (10 pg/mL) for an
additional 18 h. Equal volumes of cultured medium and Griess reagent
(1% sulfanilamide in 5% phosphoric acid and 0.1% naphthylethyle-
nediamine dihydrochloride in distilled water) were mixed for 10 min,
and the absorbance at 540 nm was determined with a microplate
reader. Indomethacin was used as a positive control with an ICs, value
of 28.5 uM.

Cytotoxicity Assay. Cytotoxicity of isolated compounds was
assessed with a modification of the MTT (3-[4,5-dimethylthiazol-2-yl-
2,S-diphenyltetrazolium] bromide) assay against unstimulated J774.A1
cells according to previously described procedures.”
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