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1D /2D NMR IR Mass uwaz UV-Visible wazamnnisanmansuigndnuenlainarfinyd ans
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Abstract

Project Code : RSA5980001

Project Title : Anti-infective and anticancer substances from microorganisms

Investigator : Dr. Pattama Pittayakhajonwut, National Center for Genetic Engineering and

Biotechnology, National Science and Technology Development Agency

E-mail Address : pattamap@biotec.or.th

Project Period : 3 years (16 June 2016 - 31 March 2019)

Total of 84 compounds were isolated from six chosen microorganisms including two
mushrooms (Garnoderma sp. BCC73587 and Cyathus subglobisporus BCC44381), one wood
fungus (Hypoxylon fendleri BCC32408), one endophytic fungus (Gloeostereum incaratum
BCC41461), one agricultural waste fungus (Curvularia sp. BCC52426), and one actinomycete
(Actinomadura sp. BCC47066). All isolated compounds were identified based on spectroscopic
methods such as 1D/2D NMR, IR, Mass, and UV-Visible spectroscopy. Half of the isolated
compounds were new and 32 compounds possessed biological activity of interest such as
antimalarial (against Plasmodium falciparum), anti-TB (against Mycobacterium tuberculosis),
antibacterial both Gram-positive (Bacillus cereus, Enterococcus faecium, and Staphylococcus
aureus) and Gram-negative (Escherichia coli, Acinetobacter baumannii, Klebsiella pneumoniae,
and Pseudomonas aeruginosa), antifungal (against Candida albicans, Colletotrichum capsici,
Colletotrichum gloeosporioides, Alternaria brassicicola, and Magnaporthe grisea), anti-Herpes-
Simplex virus type 1 (HSV-1), and anticancer (against human breast cancer, MCF-7; human oral
epidermoid carcinoma KB; human small-cell lung cancer, NCI-H187) activities. Cytotoxicity

against African green monkey kidney fibroblasts (Vero) cell was also evaluated.

Keywords: microorganisms, bioactive compounds, antimicrobial, antimalarial, anticancer,

cytotoxicity
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1.1 anydayuaznazaIdynIniinisIvy
FULHINNNNMTAWNLLNATARINNLTE Penicillium notatum Wil 1928 ¥iliain1sauMn
Aad 1 2 d.? a A 6 @ o 1 v AaA > )
o1l fTruzedranierasannisasdunid swirldgnisdunusndjiiuznaiodn 1su
streptomycin (fﬂ’mL% 8 Streptomyces griseus Tud 1940) tetracycline (mm% 8 Streptomyces sp.
Tud) 1945) chloramphenicol (mm%a Streptomyces venezuelae Tud) 1949) gentamicin (ﬁ]’]ﬂlﬁdﬁﬂ
Micromonospora purpurea Tud 1963) lovastatin (’«i]’ml,% 8 Aspergillus terreus Tud 1978) uan
nmsduwnwusnnaiilidunididnanivnumuszanudaylunmaduundsvaindunim
o ' v A ) AA £ A ' Y a A6 a A
alna g TagtduinisduwuasnfigninieBanwainniy 22,500 drandunidnatosiia 49
Tusrwiuitlavranueadludsdndszunm 45% lau1anidasn dszunm 38% wazlawiann
wuANSHLTaaLae Uszunm 17% (Berdy, 2005) luszaziian 30 U (Asudd 1981 — 2010) it
{ Qg Q v a x| - { v
lumuvasssniinsnenuagniniimwauwldinnnmsumé wiadueyiuivaianld
a P | & Aa Lo & a & A A & & a &
@ wuhswlnaidusnignsougensdaiieanuuaiiie 1Was 1TalsRa 170
- Q: v v U ¥ U { Qgﬂl g;
35 waznBeuNzISs (Newman and Cragg, 2012) 1ndayansnftaziinldinansniignddus
a ¥ QSW & U { o Qs v % & ¥
mMidaiTa uaz andduns Wummguidenudmaylunsdunuasiawidue wananii
N A & 4 . . - ¢ o . o
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A lAdasiinmsaumenailna 9lunmssns iNeanaamMIansawiannmIdaise
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nMafugaunIdnannurdsnlzuadauiuandnu azidumadslanmalunism
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azgaiuldinsdamansndondudateunafii wanaie waimulin uazgniuzis (KB,
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BCC44381 152731 8y Hypoxylon fendleri BCC32408 WBaawla'lWy Gloeostereum incarnatum
BCC41461 LT83148NINNVLETIUD 88 Curvularia sp. BCC52426 LaziTaluand lwaadn
= Q€ { =)
Actinomadura sp. BCC47066 1ag@ailaananngnini1ddinin (13199 1) Wazn1TItaIzs
p9AUsznaUMILATRAUE8 HPLC WNaNazaan1stdanlunsianasian § nIAanIaInig
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"L@i”ﬁmﬁmmumaommaﬂgﬁ;ﬂﬂmw\m mﬁ@mm%aqauﬂ% inaauanslulasinig
% euoneagrawasalasi
'Y s & & = A A A
®19 botryanes 1 — 3 wen laanninaese Hypoxylon rickii NtNUN1IINLNAIZNIAWN 1
o a A £ g
angummuaaﬂmaamLmLmuLﬁ'ﬁu I lluaaIgnIdaTauuAfiSHULATNLIN LAZWATY
) < A ¢ & A & & = A
a1 LL@LLammmLﬂuwumaLsnaal,ualeaVLWImumammamyﬂumzmaammﬂmmgnwmm
L UNTW 8.5 — 28 pg/mL (Kuhnert et al., 2015)

H,C wmCHg HaC . CHj

‘) HO ‘
7 ’y
O CHg'e CHg s

1 2 3

8138 Hﬁ'u FU8 9 benzo[jJfluoranthene T Hypoxylonols C — F (4 —7) L8n léan
¥ Lo P o o
Hypoxylon truncatum EmtmmﬁuamqmmumnwummumaoLeﬁaﬁwumaamﬁa@mua:maﬁ

NRAALRAGITEIENYEZAD A1 ICs 6.9 — 21 WAz 4.1 — 16 uM (Fukai et al., 2012)

§178 gﬁ'u FU89 azaphilone T rubiginosins A— C (8 —10) LL & alédann Hypoxylon
A L A9 v o (% & a ] . % = £
rubiginosum miﬂquﬂmﬂumuwmaLﬂuluﬂqu Xylariaceae LLNzEJGVLNNﬂ’]SS’IUG’]ufmﬁV]’N

F7AW (Quang et al., 2004)
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[ 6 . A . v 6 . !
§138%WHIVDI depsidone T8 excelsional (11) LAZ&EITBUNUDVBI decaline LTH 9-

hydroxyphomopsidin (12) alternariol (13) alternariol-5-O-methyl ether (14) 5'-hydroxya|ternario|
(15) uae alternusin (16) wu'ldaniesianlalwe Phomopsis sp. CAFT69 813 11 uaz 12 7
ANNULTNTY 1 — 10 ug/mL a’lminLL&@]GQ%%ﬁUgdﬂﬁiL%%muLaUI@wadL%a Plasmopara viticola "ﬁl

ﬁaismwﬁwﬁwluvlia\ju

§133IUIN 7 49 Aaa13 17 - 23 wu'ldaniBen 5 auWuINuENuIINGUY (Pinus
< v o A o & ' 3 o @
strobus) Tefiduinfialuszlunalnids asegmemoliazineanidedldzasuaman a13 17 18
£ o ¥ . . )
e 21 LL&@GE}‘Y]‘EG]’]%L% 891 Saccharomyces cerevisae W Microbotryum violaceum (flﬂ’ﬂ&l

InfidsansTiniw nulsasafia) (Sumarah et al., 2011)
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CH, HsCo _O_ _O

CH
3 A
| R R
H,C 0
OH
HO O CH
20 21 Rl = R2 =OH
5y R1=OH. R, = =0
23 Rl = RZ ==0

@Tuwumiﬁlﬂuagﬁ'uﬁfwaa tremulane sesquiterpene L% ceriponols A — K (24 — 34)
tremulenediol A (35) 11, 12-dihydroxy-1-tremulen-5-one (36) LL&< conocenol B (37) NLTAIN
raula'lwd Ceriporia lacerate NaglunsvasNoaywinsuilziay (Huperzia serrata) A48

ceriponols F (29) uaz K (34) uaadanutduimluszaudwnansnuioadnztss 3 a%ia Aa Hela

HepG2 Waz SGC 7901 @18 ICs, 32.3 — 173.2 uM (Ying et al., 2013)




‘Wllmﬂuﬂﬁqiw a-Pyrone Tia miaolienone (38) W& mﬂumjw butanolide T8 miaolinolide
(39) NNLTaLEARA LW BTN Actinomadura miaoliensis BCRC16873 WazfdWLINGNINIFaInIT 11
o = £ o & Aa o A dq’ 2 & A a
JeaURNDANARNDN l]f]ﬂﬁﬁllU\‘iﬂqiwfﬂ@]ﬂ"ﬂﬁ]UﬂﬂﬂL%a‘iqﬂluﬁJHzHU (TNF-a) ntn@ann
lipopolysaccharide (LPS) laguaaddn ICs50 0.59 L8z 0.79 uM ANEAL (Tseng et al., 2013)

38 39

AUNURITaRNHTVDY indocarbazole fia AT2433-A3 A4 A5 Waz B3 (40 - 43) 31N
Acitnomadura melliaura ATCC 39691 Gatinananauluiiosuisaealaw Sjuadnaifis finns
ﬁuwu*jnmﬂumjuffﬁﬁaaa‘%wﬂuaaﬁﬂs:ﬂam:ﬁqw%{ﬁuﬂa‘n%aﬁ Fussdaialsn uaz SU6
Fouuafizuunsuuin asinwafuenldanndeuand luiodniselainlunasaugnseug
WUANLIBLNTULIN 5 &1 Uﬁufﬁd BN Ao Staphylococcus aureus ATCC 6538 Micrococcus luteus
NRRL B-287 Mycobacterium smegmatis ATCC 14468 Salmonella enterica ATCC 10708 L}
Escherichia coli NRRL B-3708 uanﬁnnfuﬂ'ﬂﬁmaaqu'ﬁfﬁmﬁaﬁ Saccharomyces cerevisiae
ATCC 204508 waznnianaziss 3 7fia fo [waduziIIdangnnan (PC-3) Lraduziilaa
(A549) WaziaasusLSoanad (U118) WUF1 813 40 uas 43 Sqnidudsideuuaiide
Staphylococcus aureus ATCC6538 (MIC 4.0 — 5.0 ug/mL) wae Micrococcus leteus NRRL B-287
(MIC 5.0 — 7.7 pg/mL) §21%815 40 FILga9nn3 iy 91 auUaT3y Mycobacterium smegmatis

v

ATCC 14468 (MIC 80 pg/mL) aney (Shaaban et al., 2015)
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dnsduwuanslung Triterpenoids steroids Waz polysaccharides Tagsaldangafia
3lungu Ganoderma spp. LLazﬂ'oVL@‘Tﬁmﬁ']mmqm‘ifma%amwmaamsﬁﬁuwulunﬁjuﬁmw
Thadnie 1w gnaswunss gnaswhialsasy oiiad 1 gnigussanuaulafia qnisuss
MIsfInaealaanlRI ARz qn%nna%”wgﬁﬁwﬁ'u anisunenlasian qnisusshiaey
smuaud gnidunssniay qw‘ﬁgﬁma%aﬁm: qw‘ifﬁ’mag‘a%w LRZNAINTAA bNuluLRaa
(Chairul et al., 1990; Gonzalez et al., 2002; Komoda et al., 1989; Lin et al., 2003; Min et al.,
2000; Rios et al., 2012; Sonoda et al., 1988; You et al., 2013) L%aluﬂﬁjw Ganoderma %’@a%ﬂu
SR gninieen LﬁmwﬁLﬂuﬁﬁﬁ'ﬂﬁuﬁluﬂ@wﬁﬁa Wananaa s13tduinwanann
IBNWNNNES G. lucidum (Baby et al., 2015) miﬁﬁuwﬂumjuﬁmﬂmyﬂu triterpenes 38
lanostane §9N13LTaNABIZ131979 AB  BIC uaz C/D I trans- uazd methyl Afuns 10
ez 13 agﬂmmu B uazdl methyl fiduniis 14 a%i‘lml,uu oL 7% side chain fiduiba 17 a%isl,u
WU B wasfidnunibe 20 §m3ea configuration 1iu R

817 ganoderic acids A (44) uaz B (45) 3a1Dua3lungu C30 lanostanes Fadunuiiuny

LWINAIN fruiting bodies W83 G. lucidum (Kubota et al., 1982)

44R1=0,R2 = B'OH' R3=0, R4 = H Rg = %-OH, Rg=H

R,= -OH,R, =

45 17p -OH,R3=0,Rs H: Rg =0, Ry =H

p

maunszﬁ"&ﬂagﬁuﬁj 817LUNgN C30 lanostanes %38 ayWUFUa4 ganoderic acid il
$ruanesnition 284 13 993 side-chains uaneananwly ﬁmjmaa keto furano acetyl LA
ethylene 1iaduasdtsznavaiuldiunisiinga carboxylic acid ssfsaindussfiniennly
ﬂéjuﬁ%ﬂi:ﬂauﬁw B-hydroxy fdunis 11 aass ganoderic acid Df (46) Fauan'ldan fruiting
bodies Va3 Ganoderma lucidum LLﬂ:WﬁJ’i’]mif:ﬁtm'%fgufi‘iLauvlﬁﬁﬁ aldose reductase (Fatmawati
et al., 2010)
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Tud) 2010 snwTALENENS 7-O-ethyl ganoderic acid O (47) ‘%dﬁﬂi\i&l ethoxyl fignuntsf
7 5a’i’1Lﬂua’l‘iﬁWUvLﬁmﬂ N G. lucidum I@Uﬂﬁj&lﬂla\‘i Wang et al. (Wang et al., 2010) uaeludl
2012 nguvay Yang et al. "Léﬁ’mmuméﬁufmm lanostane ﬁﬁﬂ&ju acetal figuwiafl 7 uas 15
laudai19a2tdu 7-membered 1,3-dioxepane Aass ganodermacetal (48) 31 LJuwa13an
5350 67usn’ld91n G. amboinense (Yang et al., 2012) %aicﬂﬂﬁau%ﬁwﬁtﬁgﬁwmudwmiﬁ

ARNEARINUAT 48 (49) LHuash ki ldiiaesausssuma (Lee et al., 2011)

n§uvad Sato et al. la3nvawinnieldaniiznlaiuuss ngu triterpene-famesyl

. . v . . o @
hydroquinone conjugates 317Nl L BU §13 ganosinensins A — C (50 — 52) Fauon'laann
G. sinense (Sato et al., 2009)

OR?
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msmjw'é"uﬁuaﬂmﬁa"mmn terpenes Tiuen'ledan Ganoderma 11w alkaloids prenyl
hydraquinones benzofurans Wa% benzopyranones AANRBLRAILTN G)ﬁl,l,smma’m fruiting
bodies 183 G. capense fa ganoderma alkaloids A (53) waz B (54) won'laluil 1989 (Yang and
Yu, 1989) 811813 sinensines B — E (55 — 58) LLaz sinensine (59) won bean fruiting bodies Va4

G. sinense luil 2011 (Liu et al., 2011)

CH3
55
R=OH
56~ ©
e} e} HO HO
\ - —
/ “oH N,/ YOH \ ) CHs
H N
H H
57 58 59

mﬂumju diterpenes Gh) cyathins J — P (60 — 66) RINTOLEN AN TaLRAT Cyathus
gansuensis 1agWU41 813 cyathin J ugasgninalunistuginisairsluasnasnlad (NO)

0 unnlasie Sadwoasuesszuun nildununiinadan1iais lipopolysaccharide N3zal ICs

£ o & v a
42 i_ 2 H.M FIURIT 61 LA 63 LLﬁ@GﬂﬂﬁﬂﬁuﬂaNIuﬂ’ﬁUUUx‘iﬂ’]iﬁi’]x‘]vl,u@liﬂaaﬂvlfﬁﬁ (NO) 1N

nanlasine fisz@y 1Cs, 78 T 4 UM uaz ICs, 80 £ 2 UM ANEGL (Wang et al., 2014)

OH OH

wimOH

60 61
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a’lﬂuﬂéj&lma\‘i cyathane diterpenoid-xyloside T streatoids A — F (67 — 72) RNNIDLLYN
v ¥ o \ 1 £ -
Vl@]’q]'?ﬂl,%al,ﬁ(ﬂiﬁ Cyathus striatus LLﬂzUGWU’J']&’]?L%Q']ﬁLLﬁ@NE]Y]‘ﬁ@]Elﬂ’]itW&lLL‘llux‘]ﬂizﬁ'WmaG%hL

pheochromocytoma (PC-12 cells) (Bai et al., 2015)

.
)
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OH IAU?()

\\\\\\\\
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mﬂmﬂuﬂﬁjwad pyrino-cyathane diterpenoids T pyristriatins A (73) W8z B (74)
o ¥ i & ¥ £ o & g
NN l@aNLTalRaT Cyathus cf. striatus I@]almsmaaaﬁuamqmmuga%w NIRBLTN

uazluafil3e (Richter et al., 2016)
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3. 35n1INAaas
a o & = ~ - [
3.1 NMILAIBNFITINARLILINBOTILAETNAFIUYNEN T INNLLBIAK
d? g; a d' s A o a dll QI o a a
\Tavs 6 sihafignaaLaen ATV INFAN DA U TR BIZAUUT U NN UUIA 10-20
8a7 (large scale production) WANINAHUNITBILENTEAINILTAR (mycelium) WaziILALILTa N
(broth) ludruvasindsasenldiinanasaairinazaiy EtOAC WaTzRaaINazagaan a2
leasananeulugiuwadtinfeadsasn ausasvasa Wiuws s MeOH waz CH,CI,
ANBIOU LT WIR1DE19INEY 3 1% LAIUIGIVIRLAIUNIRAIBUITINNWLRITLREAIBIRZANE
aan U198 INBULANNEN 100-200 HaFRAT LAIUNNIRNAGIY n-hexane 2—3 A9 A1NThib
’NAA28 EtOAC 31%2% 3 A39 LlaI2L1e n-hexane way EtOAc aan bl Aazlarisanansulugin
> Q g: g o Qg
284 n-hexane WAz EtOAc aNAAL laganIananenunianit azi lunasaugniniedinw
A & . ! a & A& a Aa [ o A A A '
LR ILAIIZH chemical profiles nAsInieINInInEaluszay large scale lananlanidunda ld

v v A a =3 o a 1 nllﬁll7 o v Aa £
ﬂ']vL(?’INﬂL‘VilJﬂ%L@SJ WITWIRNIRNARLTIULARIU fl.]“/]']ﬂ']iLLﬂﬂ&LVi‘iJ‘iile‘E@vaﬂ
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6 a 6 6

3.2 n'ﬁuﬂnm‘stmzﬁgamananﬂmwaaaaﬂﬂiznaumaLﬂﬁmaamsaﬁmw g1y

v A ag [ d' qzaql' L% a A 1 s 6
ﬂ’]iLLElﬂﬁ’]‘ﬂ‘ﬁﬂiﬁmﬁﬁl’mﬁ’ﬁaﬂ@ﬁEJ’]‘LI‘V]VL@‘I% altinafianalasalnnni 15w aaav
lasunlnna i, lasunlnnaflveainaiaussnusgs (high performance liquid chromatography,
HPLC), preparative thin-layer chromatography (PLC) uludsmsanndn %aaﬁnﬂ"l,@msusqwﬁ
U o a Qrdl 0o A 6 % = v Y = 1
u,mazmmimqmﬂ"l@ﬂﬂmamez%%ﬂmamwmamw ‘[mlmagamamﬂnimﬂnﬂ LT
NMR, IR, Mass, UV-visible, CD (Circular Dichroism) L8z X-ray udn

£ a_ L4 Y
3.3 ﬂ']‘i@li')ﬁ)%’]t]ﬂﬁﬂ10%’3ﬂ"lﬂ°ﬂﬂdﬁ’]‘a‘ﬂ‘a‘§ﬂﬁﬂLLElﬂVlﬂ

a n"’d‘ qzdld a dl 1 n; a A:i v a wva
ms‘mqﬂﬁﬂLmﬂvl,@mmhmnmmﬂwafﬂzgﬂmm’sﬁm’mwﬁmdmmww%mﬂgmm’m

< £ o v e <
mmmmiaaﬂQﬂﬁmd%amw 1a almimwmtmﬁmd%amwmﬂma%ma(ﬂﬂaadﬂquﬁma
a a ' Lo & A a . . Lo &
TINTWUBIRIIRNARLY LTW NTUULILTANNSLIY (Plasmodium falciparum, K1), nsgu e

¥ o Lo & X 7 )
a1l (Mycobacterium tuberculosis, H37Ra), ndausaaluafilsenIunsiuIn (Bacillus
cereus, Enterococcus faecium, Staphylococcus aureus) WREWNTN AU (Acinetobacter baumannii,
Q{W g; a g
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa), N3y u e miLﬁ]SwﬂJa\‘lL% 2
Tva (Alternaria brassicicola, Colletotrichum acutatum, C. capsici, C. gloeosporioides,

Lo & v

Curvularia lunata W8 ¢ Magnaporthe grisea), TNDYULILT A AUzl (Uiznauala MCF-7,
LIARNZLIILAWA; NCI-H187, maauzi9tlaa; KB, iwasuzisetaslnn) uaznagauanutduing

dalraaln@ (Vero, Laaln@ann bavaddqg)

3.4 una@maamu?ﬁa
a & = £ a a £ A o v
JuaziduaUaIadnlsznaunidal LLa:qwﬁmammwmaamiusqwﬁmmn% VL@E]ﬂ

a 6 ' n%/ ' va a 1
‘JWEJGWHVL'S’L%‘S']UG']%%UUﬁllyim LLR$NE‘l\‘]']%L‘VSE‘l’]%‘U’Nﬁ'J‘HVL@@]WNWE‘l%’J'ﬁﬁ']‘N]’NU§$L‘Yl?l

4, Nam‘mmamLLaﬁmm‘iwam‘mﬂaaa
= a .:ivl [y o el o $ .:ivl v o
4.1 NAVDINNDINWTINNN LAINNANTANAK YU L IeAU large scale ﬂﬂdl%ﬂ‘ﬂ ANINIT

o a %
AALADNANT 6 A
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A13199 1. @ﬂi’](‘lLLﬁ@(‘lf}ﬂ‘ﬁﬂ’N%’lﬂ’]WT IRNIRNANREIL

] S a a ¢
ﬁalﬁa?a%ﬂ‘iﬂ

&£ o
NE‘l"ﬂadﬂﬂﬁﬂ’]\‘l%ﬁﬂ’lwfﬂ’]ﬂﬂ’]iﬂﬂﬂﬁEI’]]J *

1) \78 Ganoderma sp. BCC73587

Antimalaria (IC5, 4.22 pug/mL)
Anti-TB (MIC 12.5 pg/mL)
Anti-NCI-H187 (IC5, 48.90 png/mL)

2) L‘%T 8 Cyathus subglopbisporus BCC44381

Antimalaria (IC5, 0.22-1.21 pg/mL)
Anti-TB (MIC 25-50 pg/mL)

Anti-Colletotrichum gloeosporioides (MIC 12.5-25 ug/mL)

Anti-Colletotrichum capsici (MIC 12.5-25 pg/mL)
Anti-MCF-7 (IC5, 1.06-9.31 pg/mL)

Anti-KB (IC5, 0.29-1.87 pg/mL)

Anti-NCI-H187 (IC5, 0.80-2.07 pg/mL)

3) \78 Hypoxylon sp. BCC32408

Antimalaria (IC5, 3.31 pg/mL)
Anti-Bacillus cereus (MIC 6.25 pg/mL)
Anti-MCF-7 (ICs, 11.58 pug/mL)
Anti-KB (IC5, 8.26 pg/mL)
Anti-NCI-H187 (IC5, 21.79 pg/mL)

4) Fosnoulalwy BCC41461

Anti-TB (MIC 50.0 pg/mL)
Anti-Bacillus cereus (MIC 25.0 pg/mL)

5) \a Curvularia sp. BCC52426

Anti-Acinetobacter baumannii (MIC 25.0 pg/mL)
Antifungal against Aspergillus sp. BCC51998

6) \Ta Actinomadura sp. BCC47066

Anti-Bacillus cereus (MIC 25.0 pg/mL)

i £ &
*URAILANIZFINT LL&@\‘]E]YIﬁYI'N%’Jﬂ']WWH%%
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a ¢ 'Y ¢ ¢ a &£
4.2 Msugnuazigaklanansaiuasasalsznauniiad uLazgnineBININVaIES
a4
u3gndnuanla
U
[~
n) \%BL%A 31 Ganoderma sp. BCC73587
INFEIUINARLILAINNIIUALUTEIN (1.6 NTV) WA LA (0.95 NTN) NIINITUENRT
6 A % a A a 6 e 6 a £ A
g9ddsznaumataiilasltinafianslasunlnani wazigalananmoiuaImIuIgNIALN
@ a £, & o { a £ Y £
16 wosIgnTswaunimue 12 @1 (U 1) uazasuIgnafuenldinismonungninig

a v P
DIANTNLRD @ﬂLLa@Ulu@qiqﬂﬂ 2

Al r(1=H, Ro = WAL
A2 R1=H, R2:H
A3 R1=0H, R, =H

A4R1=OH, R2=OAC

A5 R, = OAc, R2 = OAc

agRi=H Rz =H Ry =H,R,=OAc

a7 Ri=OH, R, = OAC, Ry =H, R, = OAc

g Ru= OAc, Ry = OAC, Ry = H, R, = OAc

agRi=H, Rz = OAC, Ry =H, R, = OAc

OH o) OAc o

A10 All
OAc 0

Al12

311 1 a3ddsznaunaalian@aiian Ganoderma sp. BCC73587
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£ A

d1sdsznay

= a
NONWDINN

LaN&1791999

A1

Antimalarial IC5, > 20 UM
Anti-TB MIC > 98 uM
NCI-H187 IC5,= 65 uM
MCF-7 IC4, > 98 uM

KB IC5, = 65 pM

Vero ICy, = 35 uM

Phytochem., 2013, 87, 133 - 139

A2

Antimalarial IC5, 11 uM

J Nat Prod., 2010, 73 (5), 897 - 900

A3

Antimalarial IC5, 20 uM
Anti-TB MIC = 50 pg/mL
Vero IC5, > 107 uM

J Nat Prod., 2010, 73 (5), 897 - 900
J Nat Prod., 2016, 79 (1), 161 - 169

A4

Antimalarial IC5, > 19 UM
Anti-TB MIC > 95 uM
NCI-H187 IC4, = 34 uM
MCF-7 IC4, > 95 uM

KB IC5, > 95 uM

Vero ICg, >95 UM

Phytochem., 2013, 87, 133 - 139

A5

Antimalarial ICg, = 8.55 ug/mL
Anti-TB MIC = 25 ng/mL
Vero IC5, = 48.04 pug/mL

Phytochem., 2013, 87, 133 - 139

A6

Antimalarial IC5, > 10 png/mL
Anti-TB MIC > 50 pg/mL
Vero ICg, = 28.57 pg/mL

J Nat Prod., 2016, 79 (1), 161 - 169

A7

Antimalarial IC5, > 10 png/mL
Anti-TB MIC > 50 pg/mL
Vero ICy, = 23.95 ng/mL

Agric Biol Chem., 1987, 57 (4), 1149 - 1153

A8

Antimalarial IC5, = 5.5 uM
Anti-TB MIC = 10 uM
NCI-H187 IC4, = 15 uM
MCF-7 IC4, = 78 UM

KB ICs = 18 UM

Vero IC4, > 95 UM

Phytochem., 2013, 87, 133 - 139

A9

A &£ a
vLNNS’]UG’]%E]‘Y]ﬁY]’Nﬁ’Jﬂ’]W

Phytochem., 2013, 87, 133 - 139

A10

Anti-TB MIC 25 pg/mL

NCI-H187 ICg, = 48.35 pg/mL

MCF-7 IC4, > 50 ug/mL

KB ICs, = 19.99 pg/mL
Anti-Enterococcus faecium MIC 25 pg/mL
NCI-H187 IC4, > 50 pg/mL

MCF-7 IC4, > 50 pg/mL

KB ICs, > 50 pg/mL

Vero IC5, = 48 ng/mL

J Agric Food Chem., 2012, 60, 2834 - 2841

Tetrahedron, 2016, 72, 3288 - 3295

A11

Anti-TB MIC >50 pg/mL
Vero ICg, = 18.81 ug/mL

J Nat Prod., 2016, 79 (1), 161 - 169

A12

Anti-TB MIC >50 pg/mL
Vero IC5, = 50 ng/mL

J Nat Prod., 2016, 79 (1), 161 - 169

£ &
a9 &I\‘I'TWI.Iadﬂﬂﬁﬂﬂd%’)ﬂﬂWLﬂ%ﬂidLLiﬂ
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) a1 n e Hypoxylon fendleri BCC32408

PN TENAnINUEIWIILE 89T (2.20 g) wvinsuenriesRUsznaunisaiilasld
waianislasunlnns i LLazﬁgaﬁLané'ﬂanmaamsu’%qﬂ%(ﬁLmﬂ"l,éf mmmwumsu’%qw%‘
Yanaa 17 67 (gﬂ‘ﬁ' 2) TaoiInanslundd1uan 10 62 wazansninmsTonuwliug s1win 7
& wazldi ldneseugnimedinnausasluaned 3

B10a B10b B16
0.__OH 0.__OH
)
H4CO
N-R
CH,
“1OH
HaC
R=
B11 " —3-CH,COOH B15 R =—§—CHCH,CH,COOH
R= LooH
B12" —$-CHCH,CH,COOH
Loon
BI8R =—§—(I:HCHZCH2(:OOCH3
B13 R =—$—CHCH,CH,COOCH, COOCH,
Loon

B14 R = —8—CHCH,CH—CH,
LooH &,

B17R :—g—cHCHZCHZCOOCH3
LoocH,

311 2 a9ddsznaumaaiianBaI Hypoxylon fendleri BCC32408
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M13199 3. Naﬂ’liﬂ@]ﬁaﬂﬂﬂﬁﬂ’]\‘l%iﬂ’]Wﬂﬂﬂﬁ’lillii?q(ﬂﬁﬁuﬂﬂvl,@

Anti-malarial Anti-C. albicans

Anti-B. cereus

Cytotoxicity (IC,, pg/mL)

Compound
(ICs, pg/mL)  (ICy, pg/mL)  (MIC, pg/mL) KB MCF-7  NCI-H187  Vero
B1 >10 nt >25 >50 >50 48.10 48.96
B4 >10 nt >25 >50 >50 41.97 49.09
B5 >10 >50 >25 >50 >50 >50 >50
B6 >10 nt >25 >50 >50 >50 >50
B7 >10 >50 >25 >50 >50 >50 >50
B8 >10 >50 >25 >50 >50 >50 >50
B9 >10 >50 >25 >50 >50 >50 >50
B10 >10 >50 >25 >50 >50 >50 >50
B12 >10 nt >25 >50 >50 >50 >50
B13 >10 nt >25 >50 >50 >50 >50
B14 >10 nt >25 >50 >50 >50 >50
B15 >10 nt >25 >50 >50 >50 >50
B16 >10 >50 >25 >50 >50 11.77 35.25
dihydroartemisinin 7.00 x 10 nt nt nt nt nt nt
mefloquine 0.0097 nt nt nt nt nt nt
ellipticine nt nt nt 3.42 nt 2.80 1.26
doxorubicin nt nt nt 1.70 14.92 0.073 nt
tamoxifen nt nt nt nt 9.83 nt nt
amphotericin B nt 0.1 nt nt nt nt nt
vancomycin nt nt 2.0 nt nt nt nt

nt = not being tested
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A) a3 tawla INY Gloeostereum incarnatum BCC41461

I sanansUEIwILE9E 0T (9.66 g) MrNsLEnasRUznaumstaiilasls
wafanislasuilnnail LLa:ﬁgﬁ]ﬁL@ﬂé’ﬂmﬁmaoawsu%qw§ﬁLLsmvl,@T wudw"L@‘Tmiu%qﬂ§
SIWIBTIRNA 13 7 (gﬂﬁ' 3) Taoiduanslnasiuan 11 61 wazs3idn1ssonnliug
$1u% 2 7 wazldi ldneseugniniediniw asuaasluaned 4

CHj c1 1= R2=H, R ™
RS Gy gi= Rz =H. Ry = OCH
CHs Cc3RL=OH R2=H, R3:©CH3
CH cari=Re=OCH R =H
3 C5R1:H’R2:CH’R3:OH
Rl 3
OR?
2
R CH, R,=R,- i
o) ce 1_ 2%
CH, & Rl_SH, R,=H
<) CH, cgrt " 2= OH
H R!
CH,
H,CO
H,CO
H

C12 C13 C14

317 3 asdsznaumaaiinnieTiaula LWyl Gloeostereum incarnatum BCC41461
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M13191 4. Nﬂﬂ’liﬂ@]ﬁ@ﬂf}ﬂﬁﬂ’]d%?ﬂ’]‘l"mﬂﬂﬁ’liﬂiq‘l’lﬁﬁuﬂﬂvl,@

Antimalarial Anti-TB Anti B. cereus Cytotoxicity (IC,, pg/mL)
Compound
(IC4, pg/mL)  (MIC, pg/mL) (MIC, pg/mL) MCF-7 KB NCI-H187 Vero
C1 9.80 >50 >25 >50 >50 >50 >50
Cc2 3.93 50.0 >25 29.76 28.15 22.97 18.86
Cc3 >10 >50 >25 >50 >50 >50 >50
Cc6 >10 >50 >25 >50 >50 >50 >50
c8 >10 >50 25.0 >50 37.97 47.25 47.52
Cc10 >10 50.0 25.0 15.15 11.79 7.27 2.99
c13 3.10 12.5 25.0 4.98 2.05 0.63 0.65
c14 >10 12.5 1.56 17.09 5.62 35.05 9.34
dihydroartemisinin 8.8 xX10* - - - - - -
mefloquine 0.025 - - - - - -
rifampicin - 0.025 - - - - -
ofloxacin - 0.391 - - - - -
streptomycin - 0.313 - - - - -
isoniazid - 0.047 - - - - -
ethambutol - 0.469 - - - - -
ellipticine - - - - 3.19 2.95 1.52
doxorubicin - - - 9.56 0.68 0.13 -
tamoxifen - - - 7.45 - - -
vancomycin - - 2.0 - - - -
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J) \Wouaadlualadn Actinomadura sp. BCC47066
PNRITINANLIUTINYDIFIBUADILTD WA FIBLTAR (9.16 NTV) WIRINITUEAAT
6 a v a = a 6 0/ 6 a ngn:l'
ssdlsznaumuaiilaglfinaiianislasninanil uazigaiiondnsaluasmsuignhuen
16 ldasdwaunsau 16 61 (U1 4) lasduarslnddimam 8 @1 uazasniignenuudy

o o o £ a % Py
A1WIU 8 a1 LLavaﬂu’leﬂ‘ﬂ@aaUE]V]ﬁ“n’]\‘i"Ij’m’IW G]GLL&@]GVL’SIL%GHT]\W] 5
OH O CH,
COoH

OH O CHg oH o CHy
H
RGOS D
e (o] OO OwHO R OH
3 R HO e’ o 5 OH H,C™ "OH
R=CH OH ®

D1 o
.3 D3 HJ OH D4AR=H
D2 R= OH H H D5 R = CH,OH

OH O CH,
COH OH O CH,

O‘O OH O CHs HsC COH
o or IO
e 988 ' &
D6 %,
1 o e mﬁw
OH H

OH O CH, O H
D8R=H
H,C
3 | XN D9 R = CHjy
0
Hec? “oH

D13
D12R=H

D17

D14 R = OH
DISR=H

317 4 asddsznaunaalaniauandlududn Actinomadura sp. BCC47066
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. . . b . Ca Anti-C. Anti-A. . o o
Anti B. cereus Anti-HSV-1 Anti-C. capsici L n b Anti-M. grisea Cytotoxicity (IC,,, ng/mL)
Compound gloeosporioides brassicicola
(MIC, pg/mL) (IC, pg/mL) (MIC, pg/mL) (MIC, pg/mL) (MIC, pg/mL) (MIC, pg/mL)  MCF-7 KB NCI-H187 Vero
D1 >25 2.33 >25 >25 >50 >50 >50 >50 >50 >50
D2 >25 >50 >25 >25 >50 >50 >50 >50 >50 >50
D6 >25 >50 >25 >25 >50 >50 >50 >50 >50 >50
D8 >25 >50 >25 >25 >50 >50 >50 >50 >50 >50
D9 >25 20.86 >25 >25 >50 >50 >50 31.72 33.19 >50
D10 3.13 10.32 6.25 6.25 >50 >50 >50 30.13 >50 >50
D12 1.56 >50 6.25 6.25 50.0 25.0 >50 >50 >50 27.64
D16 12.50 >50 >25 >25 50.0 >50 >50 >50 >50 >50
vancomycin 2.0 - - - - - - - - -
acyclovir - 4.99 - - - - - - - -
amphotericin B - - 1.56-3.13 1.56-3.13 1.56 3.13 - - - -
ellipticine - - - - - - - 2.60 1.94 1.53
doxorubicin - - - - - - 8.59 0.353 0.079 -
tamoxifen - - - - - - 8.17 - - -

* = anudindugegailluniimasen fa 25 pg/mL

® = anadudugegaililuniimesau da 50 pg/mL
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U . 1] JQ/ qﬂ: U ;
) 1891 Curvularia sp. BCC52426 Nuandiqndaustya Aspergillus sp. BCC51998
INRIFNANLIVIINMIRNAUNALILTE (0.81 g) WA BIIRNARLILINNNIINARIULTAR
o Y a n( ada A Y o a (-4 s 6 a n‘"n:l'
(4.7 g) v liuIgnslesitlasanlonnd wazldvimaigalianansaivasssuignsnuen
16 ldaduwaunadu 8 @1 (GuUN 5) lasdussluidiuam 4 @3 uaza NG nuudy
° o @ o A o =y £ A [ A
n 4 a1 waelarhashuenlamaritlunasaugninstinn asuaad biluansei 6

OH O COOCH,
OH O COOCH,

R E COOCH
H,C O ~5 ~COOH cl
c R = COOH
- £3R =M o
E4 3
COOCH, COOH OOCH3
cecs
H,C OH H3CO O O H,C O O
E7
gﬂﬁ 5 p9disznaumaalannidie Curvularia sp. BCC52426
Gl']‘i"l\‘l‘ﬁl 6. Naﬂ’liﬂ@]aaﬂﬂﬂ%{ﬂ’]\‘l%lﬂ’]Wﬂﬂﬂﬁ’liﬂgﬁqIﬂ%(‘ﬁLLElﬂvLﬁ
Antimalarial Anti-TB Anti B. cereus Cytotoxicity (IC,,, pg/mL)
Compound
(ICs, pg/mL)  (MIC, pg/mL)  (MIC, ug/mL) MCF-7 KB NCI-H187 Vero
E1 >10 50 >25 >50 >50 49.58 26.29
E2 >10 >50 >25 >50 >50 >50 >50
E4 >10 >50 >25 >50 >50 >50 >50
E5 >10 >50 25.0 12.62 20.34 >50 34.19
E7 >10 >50 >25 >50 >50 >50 >50
dihydroartemisinin 8.1 X10* - - - - - -
mefloquine 0.024 - - - - - -
rifampicin - 0.025 - - - - -
ofloxacin - 0.391 - - - - -
streptomycin - 0.313 - - - - -
isoniazid - 0.047 - - - - -
ethambutol - 0.469 - - - - -
ellipticine - - - - 3.19 3.46 1.59
doxorubicin - - - 9.56 0.68 0.21 -
tamoxifen - - - 7.45 - - -
vancomycin - - 2.0 - - - -
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¥ = .
@®) Balhns Cyathus subglobisporus BCC44381

hassnaneudwiRBuTen (9.4 g) uendisnaianslasanlanail uazfigan
nansaimaiaiilaslfinaiasunlnalnd wuildasuianisiwiunsau 12 @ (U 6)

U

| 1o s dld v v o o Y o a Qeldl v
I@mﬂumﬂ%ummu 6 @7 LLazﬁ'ﬁ‘l’lNf}d‘i']ilx‘i']%LLﬂ'J'ﬁJ’]%’J% 6 " LLﬂtvL@W‘Iﬁ']TiJqul‘EYILLEIﬂVL@

Qg Q { o Qo
"lﬂmaauqmma%amw ﬂdLLﬁ@]x‘il%@ﬂi%‘iﬁ 7 ULaE 8 auaay

F7 = MR = OAC Flogi_R=ReZOM F12
FBBlon,RZ_ F11 1= y Ry =Rg = C
R =HR,=0H

311 6 a9ddszneunaaiianBaLAa Cyathus subglobisporus BCC44381
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Anti-P. Anti-C. Antibacterial activity (MIC, pg/mL)
Compound falciparum albicans
(IC5, HM) (IC 5, MM) E. coli P. aeruginosa A. baumannii K. pneumoniae
M. tuberculosis B. cereus E. faecium
+PABN + PABN +PABN +PABN
F1 7.51 inactive 50.0 25.0 50.0 25.0 inactive nt inactive
F3 inactive inactive inactive inactive inactive inactive inactive inactive inactive
F4 7.33 inactive inactive 12.5 inactive 50.0 inactive 12.5 inactive
F5 2.13 80.3 50.0 3.13 50.0 12.5 inactive 6.25 inactive
F6 1.40 75.8 50.0 1.56 25.0 6.25 inactive 3.13 50.0
F7 1.03 72.3 50.0 1.56 25.0 6.25 inactive 12.5 50.0
F8 0.88 8.6 25.0 0.78 6.25 3.13 inactive 6.25 25.0
F9 212 inactive inactive 6.25 50.0 50.0 inactive nt inactive
F10 inactive inactive inactive inactive inactive inactive inactive inactive inactive
F11 inactive inactive inactive inactive inactive inactive inactive inactive inactive
F12 inactive inactive inactive 25.0 inactive inactive inactive inactive inactive
dihydroartemisinine 0.0029 - - - - - - - -
mefloquine 0.043 - - - - - - - -
amphotericin B - 0.08 - - - - - - -
vancomycin - - - 2.0 - - - - -
rifampicin - - 0.013 - 1.56 0.05 - 0.10 0.20
streptomycin - - 0.63 - - - - - -
isoniazid - - 0.047 - - - - - -
ofloxacin - - 0.78 - - - - - -
ethambutol - - 0.94 - - - - - -
tetracycline HCI - - - - 0.10-0.20 - - - -
erythromycin - - - - - 0.78 >32 0.78 6.25
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Compound
MCF-7 KB NCI-H187 Vero
F1 28.32 12.85 8.48 6.93
F3 inactive inactive inactive inactive
F4 18.14 2.94 20.85 1.69
F5 3.87 0.48 0.44 0.13
F6 3.58 0.36 4.02 0.15
F7 1.41 0.6 3.97 0.20
F8 6.91 0.84 6.21 0.51
F9 inactive inactive 17.73 3.62
F10 inactive inactive inactive 91.50
F11 inactive inactive inactive inactive
F12 inactive 39.17 109.37 13.11
tamoxifen 19.22 - - -
doxorubicin 12.14 1.06 0.36 -
ellipticine - 5.81 5.40 4.38
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The genus Hypoxylon, a member of the family Xylariaceae, has been known to produce significant sec-
ondary metabolites in terms of chemical diversity. Moreover, the compounds isolated can also be used as
chemotaxonomic characters for differentiation among the two sections, which are sect. Annulata and
sect. Hypoxylon. In our continuing chemical screening programme for novel compounds, the crude ex-
tracts of H. fendleri BCC32408 gave significant chemical profiles in HPLC analyses. Thus, the chemical
investigation of these crude extracts was then carried out. The investigation led to the isolation of ten
previously undescribed compounds including three terphenylquinones (fendleryls A — C), one terphenyl
(fendleryl D), and six novel drimane — phthalide-type lactone/isoindolinones derivatives (fendlerinines
A — F) along with seven known compounds (2-O-methylatromentin, rickenyl E, atromentin, rickenyls C
— D, (+)-ramulosin, and O-hydroxyphenyl acetic acid). The chemical structures were determined on the
basis of spectroscopic analyses, including 1D, 2D NMR and high-resolution mass spectrometry, as well as
chemical transformations. In addition, these isolated compounds were assessed for antimicrobial activity
including antimalarial (against Plasmodium falciparum, K-1 strain), antifungal (against Candida albicans),
antibacterial (against Bacillus cereus) activities. Cytotoxicity against both cancerous (KB, MCF-7, NCI-
H187) and non-cancerous (Vero) cells of these compounds were also evaluated.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Xylariaceae has been known to produce many diverse secondary
metabolites with several unique chemical structures. The well-
known genera in term of secondary metabolites production are
Biscogniauxia, Daldinia, Hypoxylon, Nemania, Poronia, Rosellinia, and
Xylaria (Whalley and Edwards, 1995). The genus “Hypoxylon” is
categorized into two sections, which are Annulata and Hypoxylon.
These two sections were primarily differentiated by its morpho-
logical characters (the presence or absence of a layer of carbona-
ceous stromatal tissue enclosing perithecia and the physical
characteristics of the perispore) (Hsieh et al., 2005) and secondary
metabolites produced either in stromata or in cultures (Whalley

* Corresponding author.
E-mail address: pattamap@biotec.or.th (P. Pittayakhajonwut).

http://dx.doi.org/10.1016/j.phytochem.2017.03.008
0031-9422/© 2017 Elsevier Ltd. All rights reserved.

and Edwards, 1995). So far, the prominent compounds used as
fingerprint in differentiated sections among Hypoxylon spp. are
binaphthalenetetrol (BNT) or binaphyls, orsellinic acid, mitorubrin-
type azaphilones, macrocarpones (Kuhnert et al., 2015c; Miihlbauer
et al.,, 2002). H. fendleri is a member in the sect. Hypoxylon and to
our knowledge, only few species in this section have been reported
of their secondary metabolites. For examples, polyketides (carneic
acids A and B) were isolated from H. carneum and exhibited anti-
microbial activity against various filamentous fungi, yeast Yarrowia
lipolytica and bacteria Bacillus cereus (Quang et al., 2006); Lepraic
acid was isolated from H. aeruginosum and possessed anti-Gram
positive bacterial activity (Laessge et al., 2010); the guaiane ses-
quiterpenes (hypoxylonol, hypoxylonol A, and investienol) were
isolated from the endophytic H. investiens BCRC 10F0115 and were
inactive for nitric oxide (NO) inhibitory test (Chang et al., 2014);
sporothriolide derivatives were isolated from H. monticulosim
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(MUCL 54604) and were inactive for antibacterial (both Gram-
negative and Gram-positive) activity and no cytotoxicity against
HCT-116, CHO-K1, and U-2 OS cell lines (Surup et al., 2014) but only
sporothriolide had anti-phytopathogenic activity against Rhizoc-
tonia solani, Sclerotinia sclerotiorum, and Magnaporthe oryzae (Cao
et al., 2016). Recently, sesquiterpene botryanes, diterpenoid with
abietane-type backbone (rickitin A) were isolated from H. rickii and
were inactive for antimicrobial tests such as antibacterial both
Gram-positive and Gram-negative, antimalarial, and antifungal
activities (Kuhnert et al., 2015d). Moreover, other metabolites of
silphiperfolene-type sesquiterpenoids including 13-
hydroxysilphiperfol-6-ene and rickinic acids A — C were later re-
ported from the same H. rickii. Only rickinic acid A showed weak
antimicrobial activity against the yeast Saccharomyces cerevisiae
and the bacteria Bacillus subtilis without cytotoxicity (Surup et al.,
2015).

In our continuing chemical screening programme based on
HPLC analyses, the chemical profiles of the crude extracts obtained
from H. fendleri showed the production of various metabolites.
Therefore, we investigated the chemical constituents of H. fendleri.
In addition, biological activity for antimicrobial activity and cyto-
toxic activity of compounds isolated were also evaluated.

2. Results and discussion
2.1. Structure determination

H. fendleri BCC32408 was cultivated in malt extract medium
under static condition. The broth was separated from the mycelium
by simple filtration and then extracted with EtOAc. The crude
extract was subjected to reverse-phase preparative HPLC to give ten
new compounds, named fendleryls A — D (terphenyl derivatives)
and fendlerinines A — F (drimane — phthalide-type lactone/iso-
indolinones) and seven known compounds. The chemical struc-
tures were elucidated by spectroscopic information including 1D,
2D NMR, UV—Vis, IR spectral data, and HRESIMS data together with
chemical means.

Compound 1 was obtained as a brown solid and had the mo-
lecular formula of C;oH160g, which was determined by the sodium-
adduct precursor ion peak at m/z 375.0837 [M+Na]" in the HRE-
SIMS spectrum, indicating thirteen degrees of unsaturation. The 'H
NMR spectrum of compound 1 showed two sets of para-substituted
phenyl ring system [at oy 6.78 (2H, d, ] = 8.5 Hz), 7.21 (2H, d,
J=8.5Hz); and dy 6.99 (2H, d, ] = 8.6 Hz), 7.27 (2H, d, ] = 8.6 Hz)]
and two methoxy signals resonating at dy 3.80. The *C NMR
spectrum gave twenty carbons including two methoxy (at d¢ 51.8
and 62.0), eight aromatic methine [at d¢ 113.9 (x 2), 115.1 (x 2),
132.4 (x 2), and 132.6 (x 2)], and ten quaternary (d¢ 118.3, 121.9,
123.0,125.6,152.5,156.1,157.5,159.8, 183.4, and 184.2) carbons. The
HMBC spectrum showed correlations from H-2/H-6 to C-4 and C-1/;
from H-3/H-5 to C-1; from H-2"/H-6" to C-4’ and C-4"; and from H-
3”[H-5" to C-1". The methoxy group (dy 3.80) was placed at C-4 (3¢
159.8) and C-6' (3¢ 156.1) according to the evidence from HMBC
correlations as well as NOESY correlation between 6'—OCH3 and H-
2/H-4. The three remaining quaternary carbons resonating at dc
152.5 (C-3’), 183.4 (C-2') and 184.1 (C-5') indicated a carbon
attached to oxygen and a presence of carbonyl carbons of p-ben-
zoquinone system, respectively. Therefore, compound 1 was
depicted as shown in Fig. 1 and was given a trivial name fendleryl A.
Compound 1 was similar to rickenyl E, isolated from the fungus
H. rickii (Kuhnert et al., 2015a).

Compound 2 was obtained as a brown solid. The 'H NMR
spectrum was similar to that of compound 1, except the absence of a
methoxy signal. HRESIMS data revealed 14 mass units less than that
of 1, confirming the molecular formula CigH1204 (m/z 337.0720,

[M—H]"). In the 13C NMR spectrum, a broad carbonyl resonating at
d¢ 169.0 was similar to those of quinone carbonyls of atromentin (5)
(Ye et al., 2010), indicating hydroxyl substituents at C-3’ and C-6'.
The HMBC spectrum confirmed the position of methoxy group at C-
4 by showing correlation from H-2/H-6 (3y 7.35) and a methoxy (dy
3.78) signals to C-4. Thus, compound 2 had the chemical structure
as shown in Fig. 1 and fendleryl B is given as its trivial name.

Compound 6 was obtained as a yellow solid. The 'H NMR
spectrum was similar to that of 1, except that two methoxy signals
were not superimposed as in 1. The 3C NMR spectrum showed an
extra sp> quaternary carbon attached to an oxygen at ¢ 66.1 and
the absence of one sp? quaternary carbon attached to oxygen. The
evidence from the 13C NMR spectral data suggested the replace-
ment of a double bond with an epoxide. In addition, the HMBC
spectrum showed correlations from H-2"/H-6" to C-4’ (3¢ 66.1) and
C-4"; from two methoxy signals at dy 3.68 and 3.74 to two qua-
ternary carbons at C-6' and C-4”, respectively. Therefore, based on
spectroscopic evidence, epoxide was placed at C-3’ and C-4’ and
HRESIMS spectral data confirmed the chemical structure of com-
pound 6. In addition, H-2/H-6 (resonating at dy 8.06) of compound
6, resonating at lower field than those of compounds 14 (dy
7.3—7.4), was caused by a steric hindrance of a methoxyl at C-6/,
which affected a twist of the phenyl group substituted at C-1’ and
resulted in a deshielding effect from an epoxide. However, com-
pound 6 did not provide the CD spectrum in order to compare with
the similar compound 3-hydroxy-1,4-diphenyl-7-oxabicyclo[4.1.0]
hept-3-ene-2-2,5-dione (Colson et al., 1985), therefore this com-
pound could be racemic. Compound 6 (Fig. 1) is given a trivial name
fendleryl C.

Compound 7 was obtained as a brown solid and HRESIMS data
gave the mass ion peak at m/z 397.1644 [M+H]", establishing the
molecular formula Ca3Hy506. The 'H and 3C NMR spectra of
compound 7 were similar to that of rickenyl C (8) (Kuhnert et al.,
2015b), except the presence of an additional methoxy signal. In
the 'H NMR spectrum, there were five methoxy signals and two
sets of para-substituted phenyl ring system [at dy 6.98 (2H, d,
J=88Hz),7.39(2H, d,] = 8.8 Hz); and dy 7.02 (2H, d, ] = 8.8 Hz),
742 (2H, d, ] = 8.8 Hz)]. The HMBC spectrum showed correlations
from H-2/H-6 to C-4 and C-1’; from H-3/H-5 to C-1; from H-2"/H-6"
to C-4’ and C-4”; from H-3"/H-5" to C-1” and C-4". Moreover, two
methoxy signals at dy 3.84 and 3.86 correlated respectively to C-4”
and C-4 in HMBC spectrum. Three remaining methoxy groups (dy
3.30, 3.48, 3.53) could now be placed in the central ring of ter-
phenyl system and correlated to the carbons at d¢ 141.2, 143.8, and
148.0, respectively. In addition, NOESY spectrum showed cross-
peak correlation between two methoxyl groups at dy 3.48 and
3.53, indicating these two methoxyls were at C-2’ and C-3'. Thus,
compound 7 could be depicted as shown in Fig. 1 and given a trivial
name fendleryl D.

Compound 10 was obtained as a pale brown solid. The >C NMR
spectrum showed complex signals indicating an isomeric mixture,
which was inseparable by various chromatographic means. After
methylation with CHsl/K>CO3; in dried acetone, the only given
product was compound 16, whose molecular formula was deter-
mined to be CygH400g by the HRESIMS data, giving the sodium-
adduct precursor ion peak at m/z 527.2623 [M+Na]*. The 13C NMR
spectrum of the derivative (Table 2) gave twenty-eight signals,
which was differentiated by DEPT-135 spectrum, consisting of five
methyl, three methoxy, six methylene, two sp> methine, one alde-
hydic, and eleven quaternary carbons. The methine carbon reso-
nating at d¢c 187.8 (C-11') indicated an aldehyde. The IR spectrum also
showed absorption of carbonyl ester at vmax 1770 cm~' and of
aldehyde at vy 1736 cm™ . The '"H NMR spectrum (Table 3) showed
five singlet methyl (resonating at dy 0.81, 0.83, 0.90, 1.28, and 2.34),
three methoxy [resonating at 3y 3.83, 3.96(1), and 3.96(3)], five sets



10 C. Intaraudom et al. / Phytochemistry 139 (2017) 8—17

R'O R'O

1 R'=R?=H,R¥=R*=CH,
2 R'=R2=R3=H, R*= CH; 6
3 R"=R?=R*=H,R%=CH,4

4 R'=R3=R*=CHj;, R>=H

5 R"=R?2=R3=R*=H

7 R"=R?=R3®=R*=R®=CH,, R%=H
8 RZ=R3=H,R'=R*=R%=R®=CH;
9 R'=R?2=R3=H,R*=R°=R®=CH,

subunit A

10b
N-R
)
" 2"
11R= —g—CHchOH
2" 3" 4"
i vz s 15R = —§—CHCH,CH,COOH
R= —g-(I:HCHZCHchOH Soot
COOH o
" 2" 3" 4" " o2" 3" 4"
13R= —E—(IDHCHZCHchOCH3 18R = —é—(IZHCHZCHZCOOCHs
COOH COOCH,
5" 5"

23 g
14R = —§—CHCH,CH~CH,
COOH CHj
5
" 2" 3" 4"
17R=
—g—(IZHCHZCH2COOCH3
COOCH,

Fig. 1. Chemical structures of secondary metabolites isolated from Hypoxylon fendleri BCC32408.

of methylene (resonating at dy 1.24/1.40, 1.42-1.52, 1.56/1.92, an aldehydic proton (resonating at oy 9.86). The COSY spectrum
1.69—1.73, and 1.65—1.69/1.73—1.76), one oxymethylene (resonating showed three spin systems, which were H-1—H-3, H-5—H-7, and H-
at ;;4.11/4.23), two sp> methine (resonating at d; 1.02 and 1.82), and 9/H,-11. The HMBC spectrum showed correlations from Hs-13 and
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Hs-14 to C-3, C-4, and C-5; from H3-15 to C-1, C-5, C-9, and C-10;
from Hy-11 to C-8, C-9 and C-10; from H3-12 to C-7, C-8, and C-9;
from H-9 to C-8,C-11,C-12, and C-15; from H-7 to C-5 and C-8; from
Hs3-8' to C-1/, C-2/, and C-3’; from H3-9' to C-3’; from H-11’ (CHO) to
C-4/,C-5,and C-6’; from 10'—0CH3 to C-10’; and from 7/—0OCH3 to C-
7'. The spectral information disclosed two subunits, A and B (Fig. 1).
Subunit A was drimane-type structure and its relative stereochem-
istry was indicated by the NOESY spectrum, showing cross-peak
correlations from H-5 to H-9; H,-11 to H3-15 and H3-12; and from
Hs-15 to H3-13. These subunits must be joined together with oxygen,
confirming by the HRESIMS spectrum. Therefore, compound 16
could now be drawn as shown in Fig. 1. The positive specific rotation
of compound 16 ([a]%’+7.83 in MeOH or [o)3°+23.68 in CHCl3),
resulting from the drimane part, confirmed its absolute configura-
tion by comparing with that of synthesized (+)-driman-8,11-diol
([a]2D6+3.5, CHCls3), one of the starting materials for (+)-ambrein
(Fujiwara et al., 2006). Therefore, the absolute configuration at C-5,
C-8, C-9, and C-10 of substructure A were assigned as S, R, S, and S,
respectively.

Preparation of compound 16 suggested that compounds 10
existed in tautomeric forms, 10a and 10b. Moreover, each form had
isomeric mixtures at C-11’, whose >C NMR spectrum indicated at
least three oxymethine signals resonating at 3¢ 95—97. As a result,
the chemical transformation by using CHsl provided a dicarboxylic
aldehyde intermediate, proposed in Scheme 1. In addition, the
phthalide-type lactone, a partial structure of compound 10, was
earlier reported an existence in a tautomeric mixture (Tsantrizos
et al., 1992b). IR spectrum of compound 10 also confirmed the
presence of carboxylic acid and a phthalide-type lactone by
showing absorption peaks at vmax 1721 and 1750 cm™ !, respectively.
HRESIMS spectrum of compound 10 confirmed the molecular for-
mula Cy6H360g by showing the sodium-adduct precursor ion peak
at m/z 499.2282 [M+Na]". Compound 10 is given a trivial name
fendlerinine A.

H3CO OH H4CO

HsC HsC

H5CO

HsC

subunit C

Fig. 2. Subunit C with selected HMBC correlations.

Compound 11 was obtained as a pale yellow solid and gave the
sodium-adduct precursor ion peak at m/z 540.2560 [M+Na]",
indicating a nitrogen atom present in the molecule. The molecular
formula of C;gH39NOg was revealed and indicated ten degrees of
unsaturation. The >C NMR spectrum showed twenty-eight car-
bons, consisting of five methyl, one methoxy, eight methylene, two
sp> methine, three sp> quaternary, and nine sp? quaternary car-
bons. The 'H NMR spectrum displayed a pattern of drimane
sesquiterpene moiety, similar to that of compound 10. The drimane
part (subunit A) was assured by 2D (COSY, HSQC, HMBC, and
NOESY) spectral analyses. The rest of the molecule was also
determined by HMBC spectral data, showing the correlations from
H3-8' to C-1/, C-2/, and C-3’; from H3-9’ (OCH3) to C-3’; from Hp-11/
to C-4/, C-5, C-6/, and C-7’; and from H-1" to C-7/, C-11/, and C-2".
Moreover, IR spectrum showed the presence of acid by displaying
broad absorption peak at 3600—3000 cm ™. The spectroscopic in-
formation revealed the substructure C (Fig. 2), which was the
phthalimidine structure of duricaulic acid isolated from Aspergillus
duricaulis (Achenbach et al., 1985), and implied that these two

CHO HsCO

Mel / K,CO;

Scheme 1. The chemical transformation of compound 10.
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subunits (A and C) must be linked with oxygen. The same corre-
lations provided by the NOESY spectrum as that of compound 10
and the positive optical rotation ([o]p +21.71 in MeOH) indicated
the same absolute configuration of drimane moiety. Furthermore,
compound 11 should derive from the same biosynthesis as that of
compound 10. The evidences led to the chemical structure of
compound 11 (Fig. 1). Fendlerinine B is a trivial name given for
compound 11.

The 'H NMR spectrum of compound 12 was similar to that of
compound 11, except that the presence of non-equivalent methy-
lene (resonating at dy 4.66 and 4.77), a low field shift of the methine
(resonating at dy 5.06), and additional multiplet methylene (reso-
nating at dy 2.40—2.47) and the absence of two singlet methylene
signals at Hy-1” and H,-11/, observed for compound 11. The 13C
NMR spectrum showed four additional signals (one sp> methine,
two methylene, and one quaternary carbons) and the absence of
one methylene attached to nitrogen. The spectroscopic information
suggested a different alkyl substituent in the molecule (Fig. 1). The
COSY spectrum showed cross-peak correlations from the methine
at dy 5.06 (H-1") to 8y 2.20—2.32 and 2.40—2.47 (H2-2" and H,-3")
and the HMBC spectrum showed correlations from a non-
equivalent methylene at dy 4.66 and 4.77 (H,-11") to C-4/, C-5, C-
6', and C-7’; from H-1" to C-7’ and C-5"; from Hy-2" to C-1"and C-
4": and from Hy-3" to C-17, C-2”, and C-4". The spectral data indi-
cated “R” group as “glutamine” unit, confirmed by the HRESIMS
data which gave the sodium-adduct precursor ion peak at m/z
612.2770 [M+Na]*. Fendlerinine C is a trivial name given for
compound 12. In addition, the attempts to cleave drimane and
phthalimidine units by using Nal/Zn (Fujimoto and Tatsuno, 1976)
and to reduce C-N bond by using catalytic hydrogenolysis
(Martinelli et al., 1990) were unsuccessful. Therefore, the configu-
ration at C-1” cannot be determined at this stage.

Compound 13 was obtained as a pale yellow solid and its 'H
NMR spectrum was almost identical to that of compound 12, apart
from the additional methoxy group at 8y 3.56. The HRESIMS data of
13 showed 14 mass units higher than that of compound 12, con-
firming an extra methoxy group. The HMBC spectrum showed that
the additional methoxy group was attached to C-4”, to which Hy-2"
and H,-3" were also correlated. Unfortunately the configuration at
C-1" of 13 cannot be identified. Thus, compound 13 was elucidated
as shown in Fig. 1 and fendlerinine D is given as its trivial name. In
addition, compound 17 could be obtained from the reaction of both
compounds 12 and 13 with diazomethane in dioxane. The 'H, 3C
NMR, HRESIMS spectra, and the specific rotations of compound 17,
obtained from both compounds, were identical. The 'H and '3C
NMR spectral data of the methylated compound (17) were also
provided in Tables 2 and 3.

The 'H NMR spectrum of compound 14 was similar to that of
compound 13, apart from two additional doublet methyl groups
(resonating at dy 0.96 and 0.97) and the absence of one methylene
(resonating at dy 2.40—2.50, Hy-3"). Moreover, the 13C NMR spec-
trum showed three additional signals, which were two methyl (at
d¢ 20.6 and 22.6) and one sp> methine (at 3¢ 24.6) carbons, and the
absence of one carbonyl of acid. The spectroscopic evidence sug-
gested the replacement of “glutamine” unit in compound 13 with
“leucine” unit without determination of the configuration at C-1".
The chemical structure was reassured by 2D NMR spectral data,
including COSY, HMQC, HMBC, and NOESY together with HRESIMS
data, giving the sodium-adduct precursor ion peak at m/z 596.3197
[M+Na]*. Fendlerinine E is a trivial name given for compound 14.

Compound 15 was obtained as a pale brown solid and HRESIMS
data indicated the same molecular formula as that of compound 12.
Compound 15 was more polar than compound 12 in the same
solvent system. The 'H NMR spectrum of compound 15 was almost
identical to that of compound 12, except an upfield shift of methyl

signal at H3-12 (3y 1.11), a downfield shift of the methyl at H3-15 (dy
0.96), and a downfield shift of one non-equivalent methylene
proton (dy 4.88). The HMBC spectrum showed key correlations
from Hy-7' to C-1/,C-6/, and C-11’; H3-8' to C-1/, C-2/, and C-3’; H3-9'
(OCH3) to C-3’; from H-1” to C-7’ and C-5"; from H,-2" and H,-3" to
C-4". Moreover, the NOESY spectrum showed additional cross-peak
correlations from Hy-11 to Hs-8 and H,-7". Thus, the chemical
structure of compound 15 could be depicted without the configu-
ration at C-1” as shown in Fig. 1. Due to the lack of conjugation to a
carbonyl at C-11" in compound 15 caused a slight hypsochromic
shift in UV—Vis spectrum (Apax 222), compared with that of com-
pound 12 observed at Amax 226. Compound 15 was given a trivial
name fendlerinine E. Reaction with diazomethane afforded com-
pound 18, which was more polar than compound 17 in the same
solvent system. Also, the 'H and >C NMR spectral data of the
methylated compound (18) were provided in Tables 2 and 3.

The 'H and 3C NMR spectral data of the known compounds
including 2-O-methylatromentin (3), atromentin (5), rickenyls C
(8), D (9), and E (4), (+)-ramulosin were compared with those re-
ported in the literature (Islam et al., 2007; Kuhnert et al., 2015a; Ye
et al,, 2010). Pigments 3 and 5 were commonly found in the fruit
bodies of the edible mushrooms Thelephora gunbajun (Hu et al.,
2001) and T. Aurantiotincta (Ngoc Quang et al., 2003; Quang et al.,
2003) and rickenyls C (8), D (9), and E (4) were earlier isolated
from the fungus H. Rickii (Kuhnert et al., 2015a). (+)-Ramulosin was
originally isolated from the fungus Pestolatia ramulosa (Stodola
et al., 1964) and later from Truncatella hartigii, H. Howeianum
(Turner and Aldridge, 1983), Botrytis sp. (Stierle et al., 1998), and the
endophytic Pezicula sp. (Wang et al., 2014), respectively.

Terphenyls are described for compounds having a chain of three
benzene rings and classified into three types depending on the
substitution position (either ortho-, meta-, or para-) of the terminal
rings on the middle aromatic ring. Terphenyls and terphenylqui-
nones have frequently isolated from various sources and had a
broad range of biological activity such as anti-insectan and anti-
bacterial activities of 3,3”-dihydroxy-6’-desmethylterphenyllin
isolated from the sclerotia of Penicillium raistrickii (Belofsky et al.,
1998), prolyl oligopeptidase (POP) inhibitory activity of kanapcin-
12 isolated from the mushroom Polyozellus multiplex (Lee et al.,
2000), DPPH radical scavenging effect of ganbajunin C and aur-
antiotinin A isolated from three mushrooms Thelephora ganbajun, T.
aurantiotincta, and Boletopsis grisea (Liu et al., 2004), antimicrobial
and phosphodiesterase (PDE) inhibitory activities of BTH-110204-
207:A isolated from the fungus in the order Chaetothyiales (MSX
47445) (El-Elimat et al., 2013), and anti-Candida albicans activity of
flovicolin C isolated from the endolichenic fungus Floricola striata
(Li et al., 2016).

Drimane sesquiterpenes have mostly been isolated from the
plants in the family Cannellaceae and Polygonaceae, from the
liverwort in the genus Porella, and the marine sponges of the genera
Dysidea, Doriopsilla, and Dendrodoris (Jansen and de Groot, 2004).
Fungi that produced drimanes included Aspergillus spp., Kuehner-
omyces sp., Trichopezizella barbata, Mniopetalum sp., Lactarius uvi-
dus, Cryptoporous volvatus, Penicillium spp., Polyporus spp., the
endophytic Pestalotiopsis spp. etc (Jansen and de Groot, 2004). They
also exhibited a wide range of biological activities such as anti-
feedant, anti-insecticidal, antimicrobial, piscicidal, molluscicidal,
anthelmintal, phytotoxic, cytotoxic activities, and plant-growth
regulation (Jansen and de Groot, 2004). Due to the limitation of
its occurrence in nature, drimane sesquiterpenoids can also be used
as chemosystematic markers.

Phthalide derivatives were isolated from a few fungi with broad
biological activity such as herbicidal activity against Corzvolvulus
arvensis (field bindweed) of convolvulanic acids A and B isolated
from Phomopsis convolvulus (Tsantrizos et al., 1992a) and moderate
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antifungal activity against Microsporum gypseum SH-MU-4 and
Cryptococcus neoformans of microsphaerophthalides A and E iso-
lated from Microsphaeropsis arundinis PSU-G18 (Sommart et al.,
2012). Apart from duricaulic acid (Achenbach et al., 1985), com-
pounds having related isoindolinone (phthalimidine) in the mole-
cule were reported from several fungi including selective inhibition
for enzyme causing obesity in human of sterenins A and C (Hu et al.,
2000; Shinohara et al., 1996) isolated from the basidiomycetes
Stereum sp. SANK 21205 (Ito-Kobayashi et al, 2008), human
leukocyte elastase (HLE) inhibition of mariline A from the sponge-
associated fungus Stachylidium sp. (Almeida et al., 2012), and anti-
HIV-1 activity of chartarutines B, G, and H from the fungus
S. chartarum (Li et al., 2014).

2.2. Biological activity

All compounds, except compounds 2, 3, 11, 17, and 18, were
subjected for antimicrobial test including antimalarial, antifungal
(against C. albicans), antibacterial (against B. cereus) activities and
for cytotoxicity against cancerous (KB, MCF-7, NCI-H187) and non-
cancerous (Vero) cells. However, compounds 1, 4, 6,12—15 were not
tested for antifungal activity due to inadequate material. All tested
compounds were inactive for antimicrobial activity at maximum
test concentrations (10 ug/mL for antimalarial assay, 25 pg/mL for
antibacterial assay, and 50 ug/mL for antifungal and cytotoxicity
assays). Compounds 1, 4, and 16 displayed weak cytotoxicity
against NCI-H187 (ICsg 48.10, 41.97, and 11.77 pg/mL, respectively)
and Vero (ICsp 48.96, 49.09, and 35.25 pg/mlL, respectively) cells.
Significantly, this is the first report of drimane sesquiterpenes
linked to either the phthalide lactone or isoindolinones, produced
by the wood fungus H. fendleri. Although, all tested compounds
were almost inactive to our biological assays, the biological results
suggested that phthalide lactone or isoindolinone moiety may have
a major effect in the biological activity. However, (+)-driman-8,11-
diol (fendlerinines subunit) has not yet been reported of biological
activity.

In addition, atromentin (5) was reported to inhibit the FabK (the
enol-acetyl carrier protein reductase of Streptococcus pneumoniae)
with ICsg value of 0.24 pM but did not inhibit the Fabl (the enoyl-
ACP reductase of either Escherichia coli or Staphylococcus aureus)
at 200 pM, (Zheng et al., 2006) while rickenyls C — E (8—9 and 4)
were also inactive for antibacterial [against several strains such as
Escherichia coli DSM-1116, E. coli (TolC-deficient strain), Pseudo-
monas aeruginosa str. PA14, Chromobacterium violaceum DSM-
30191, Staphylococcus aureus subsp. aureus, B. subtilis DSM-10,
Micrococcus luteus SSM-1790, Mycobacterium smegmatis str.
mc?155 (ATCC 700084)] and for antifungal (against Wick-
erhamomyces anomalus DSM-6766, C. albicans DSM-1665 and
Mucor hiemalis DSM-2656) activities (Kuhnert et al., 2015a). Com-
pounds 4 and 5 also showed moderate antioxidant activity by
measuring the relative amount of ROS in a present of menadione in
U-2 0S cells (Kuhnert et al., 2015a).

3. Conclusion

Ten new compounds including three terphenylquinones (fend-
leryls A — C), one terphenyl (fendleryl D), and six novel drimane —
phthalide-type lactone/isoindolinone derivatives (fendlerinines A
— F) along with seven known compounds (2-O-methylatromentin,
rickenyl E, atromentin, rickenyls C — D, (+)-ramulosin, and O-
hydroxyphenyl acetic acid) were isolated from of H. fendleri
BCC32408. Fendlerinines A — F might be specific to the species and
could be used as chemotaxonomic character, while terphenyl de-
rivatives might be distributed in the sect. Hypoxylon and suggested
a close relationship between the two species (rickii and fendleri) in

this section. Unfortunately, these compounds were inactive for
antimicrobial activity and had no cytotoxic activity, except that
compounds 1, 4, and 16 exhibited weak cytotoxicity against NCI-
H187 and Vero cell lines.

4. Experimental
4.1. General experimental procedures

Melting points were determined on a melting point M-565
apparatus from Buchi. The optical rotations were measured on a
JASCO P-1030 digital polarimeter. UV spectra were obtained in
MeOH using a Spekol 1200 instrument, Analytic Jena. NMR exper-
iments were recorded on a Bruker Avance 500 NMR spectrometer
or Bruker Avance III 400. 'H and '3C chemical shifts were reported
in ppm relative to an added internal standard such as CDCl3 (dy
7.26, d¢c 77.2) or acetone-dg (dy 2.05, d¢ 29.3), or DMSO-dg (3y 2.50,
d¢ 40.2). HRESIMS data were carried out on a Bruker MicrOTOF
mass spectrometer. HPLC was performed on a Dionex — Ultimate
3000 series equipped with a binary pump, an autosampler, and
diode array detector. A Sunfire C18 column from Waters (size
19 mm x 250 mm, particle size 10 um at a flow rate 15 mL/min) and
a Sunfire C18 column from Waters (size 19 mm x 150 mm, particle
size 5 um at a flow rate 9 mL/min) were used for preparative HPLC
and semi-preparative HPLC, respectively.

4.2. Fungal material

The fungus was isolated from unidentified wood sample
collected at Phu Sithan Wildlife Sanctuary, Kalasin province,
Thailand. By the morphological data, the fungus was earlier iden-
tified in the genus Hypoxylon sp. and in order to affirm the genus
and to identify its species, the analyses of the partial nuclear large
subunits ribosomal DNA (nc28S), 5.8S-ITS rDNA, and B-tubulin
gene of this fungus was conducted. The 28S rDNA (1298 bp; Gen-
Bank accession number KY173349) confirmed that the fungus was
in the genus Hypoxylon (Sub-phylum Pezizomycotina; Class Sor-
dariomycetes; Sub-class Xylariomycetidae, Order Xylariales and
Family Xylariaceae) based on the data from NCBI, Mycobank, and
CBS-KNAW Fungal Biodiversity Center. The ITS rDNA (586 bp;
GenBank accession number KY173350) showed 99% similarity with
H. fendleri (FM209440) and the B-tubulin sequence (397 bp; Gen-
Bank accession number KY173351) gave 96—97% similarity with
H. fendleri (AY951718 and KF300547). The fungus was, therefore,
identified on the basis of morphological and genetic evidences as
Hypoxylon fendleri (Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae), registered as BCC32408,
and deposited at BIOTEC Culture Collection (BCC) at National Center
for Genetic Engineering and Biotechnology (BIOTEC), Thailand.

4.3. Fermentation, extraction, and isolation

The fungus BCC32408 was grown on potato dextrose agar (PDA)
plates at 25 °C and the cultures were cut into pieces. The pieces
were transferred into 10 x 250 mL Erlenmeyer flasks, each con-
taining 25 mL of potato dextrose broth (PDB). The cultures were
grown on rotary shakers (200 rpm) at 25 °C for 5 days. Then they
were transferred to 10 x 1 L Erlenmeyer flasks, each containing
250 mL of PDB and cultivated at 25 °C for 5 days on a rotary shaker
(200 rpm). Every 25 mL of the seed cultures were transferred to
80 x 1 L Erlenmeyer flasks, each containing 250 mL of MEB medium
(comprised (w/v): 0.6% malt extract, 0.18% maltose, 0.6% dextrose,
0.12% yeast extract in distilled water). The cultures were grown on
static condition at 25 °C for 20 days. The cell was separated by
simple filtration and the filtrate was extracted three times with
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Table 1
The *C NMR and 'H NMR assignments of compounds 1, 2, 6, and 7.

Position 1% in DMSO-ds 2% in DMSO-ds 6 ? in DMSO-ds 72 in acetone-ds

dc, type oy, mult. (J in Hz) dc, type oy, mult. (J in Hz) dc, type oy, mult. (J in Hz) dc, type oy, mult. (J in Hz)
1 123.0,C - 1240, C — 1208, C — 126.2,C —
2,6 132.4, CH 7.27,d (8.6) 132.3, CH 7.35,d (8.7) 131.2, CH 8.06, d (8.8) 131.7, CH 7.42,d (8.8)
3,5 113.9, CH 6.99, d (8.6) 113.7, CH 6.95,d (8.7) 116.0, CH 6.87,d (8.8) 1134, CH 7.02,d (8.8)
4 159.8, C - 159.0, C - 159.2,C — 159.2,C —
1 125.6,C - 115.1,C — 1288, C — 128.2,C —
2 18345 C - 169.0, C — 193.94, C — 148.0¢, C —
3 152.5,C - 163.7, C - 116.0, C — 143.8¢% C —
4 118.3,C - 115.6,C — 66.1,C — 122.4,C —
5 184.15, C - 169.0, C — 193.84, C — 141.2,C -
6’ 156.1, C - 163.7, C - 168.0, C - 144.0, C -
1” 121.9,C - 122.1,C - 1254, C — 1264, C —
2", 6" 132.6, CH 7.21,d (8.5) 132.3, CH 7.22,d (8.5) 129.9, CH 7.26,d (8.9) 132.0, CH 7.39,d (8.8)
3", 5" 115.1, CH 6.78,d (8.5) 115.1, CH 6.77,d (8.5) 114.6, CH 6.95,d (8.9) 113.2,CH 6.98,d (8.8)
4" 157.5,C - 157.3,C - 159.8, C — 159.0, C —
4-0CH; 51.8, CH3 3.80, s 55.8, CHs 3.78, s — — 54.8, CH; 3.86, s
2'—0CH3 — - — — 54.0, CH; 3.68, s 60.3, CH; 348, s
3'—0CH3 — — — — — — 60.1, CHs 3.53,s
5'—0CH3 - - — — — — 60.0, CH; 3.30, s
6'—0OCHs3 62.0, CH3 3.80, s — — — — — —
4"—0CH3 — — — — 55.9, CHs 3.74, s 54.8, CHs 3.84,s

Recorded at 400 MHz for '"H NMR and 100 MHz for '3C NMR.
bRecorded at 500 MHz for "H NMR and 125 MHz for '>C NMR.
cdegxchangeable.

equal volume of EtOAc. The EtOAc layers were combined, dried
(NayS04), and evaporated to dryness to yield a brown gum (2.20 g).

The gum (2.20 g) was passed through a Sephadex column
(4.5 cm x 40 cm), eluted with MeOH, to give 11 main fractions (F1 —
F11). Three fractions including F3, F9, and F11 yielded compounds 7
(0.21 g), 2 (8.1 mg), and 5 (22.0 mg), respectively. The first fraction
(F1,0.91 g) was further purified by preparative HPLC, using a 35 min
linear gradient of acetonitrile: water (30:70—80:20) at a flow rate of
15 mL/min to yield 4 subfractions (F1-1 — F1-4). Subfractions F1-1,
F1-2, and F1-4 afforded compounds 15 (25.4 mg), 12 (23.7 mg), and
14 (10.0 mg), respectively. Subfraction F1-3 (25.5 mg) was further
purified by preparative HPLC, using a 35 min linear gradient of
acetonitrile: water (30:70—80:20) at a flow rate of 15 mL/min to
yield compound 13 (12.0 mg). The second fraction (F2, 0.35 g) was
subjected to preparative HPLC, using a 35 min linear gradient of
acetonitrile: water (30:70—80:20) at a flow rate of 15 mL/min to
afford (+)-ramulosin (34.7 mg), compounds 12 (32.0 mg), 11
(3.5 mg), and 10 (38.7 mg), respectively. The fourth (F4, 94.2 mg)
and fifth (F5, 0.24 g) fractions were further purified by preparative
HPLC, using a 20 min linear gradient of acetonitrile: water
(5:95—65:35) at a flow rate of 15 mL/min to afford O-hydrox-
yphenyl acetic acid (8.7 mg), compounds 8 (9.2 mg) and 3
(10.4 mg), 6 (28.0 mg), and 1 (33.2 mg), respectively. The sixth
fraction (F6, 0.10 g) was subjected to preparative HPLC, using a
20 min linear gradient acetonitrile: water (10:90—55:45) at a flow
rate of 15 mL/min to obtain compounds 9 (7.2 mg) and 4 (14.8 mg),
respectively. The seventh fraction (F7, 36.5 mg) was purified by
preparative HPLC, using a 20 min linear gradient acetonitrile: water
(5:95—55:45) at a flow rate of 15 mL/min to furnish compound 3
(15.7 mg). The eighth (F8, 18.0 mg) and tenth (F10, 12.0 mg) frac-
tions were further purified by semi-preparative HPLC, using a
20 min linear gradient acetonitrile: water (5:95—60:40) at a flow
rate of 9 mL/min to obtain compounds 2 (6.8 mg) and 5 (5.7 mg).

4.3.1. Fendleryl A (1)

A brown solid; UVAME (nm) (log e) 218 (4.37), 266 (4.53) nm;
FTIR (ATR) vmax 3322 (br), 1700, 1643, 1607, 1512, 1442, 1365, 1317,
1304, 1291, 1275, 1249, 1177, 1110, 1022, 833, 762, 751 cm™'; 'H
(DMSO-ds, 400 MHz) and >C NMR data (DMSO-ds, 100 MHz), see

Table 1; HRESIMS my/z 375.0837 [M+Na]* (calcd for CooHi06Na,
375.0839).

4.3.2. Fendleryl B (2)

A brown solid; UV A%‘;g” (nm) (log €) 214 (4.15), 267 (4.40) nm;
FTIR (ATR) vmax 3313, 1606, 1513, 1319, 1308, 1275, 1258, 1177, 998,
830,763, cm™'; 'H (DMSO-dg, 500 MHz) and 3C NMR data (DMSO-
dg, 125 MHz), see Table 1; HRESIMS m/z 337.0720 [M—H]™ (calcd for
C19H1306, 337.0718).

4.3.3. Fendleryl C (6)

Ayellow solid, mp 129—131 °C; UV 2M¢% (nm) (log &) 217 (3.89),
228 (3.91), 267 (4.03), 370 (3.79) nm; FTIR (ATR) Viax 3281 (br),
1750, 1724, 1681, 1606, 1513, 1379, 1251, 1182, 1157, 1017, 833,
759 cm™'; 'H (DMSO-dg, 400 MHz) and '>C NMR data (DMSO-dg,
100 MHz), see Table 1; HRESIMS my/z 369.0965 [M-+H]" (calcd for

C20H1707, 369.0969).

4.3.4. Fendleryl D (7)

A brown solid; UV 2MOH (nm) (log ¢) 218 (4.41), 229 (4.43), 267
(4.43) nm; FTIR (ATR) vmax 3421 (br), 2932, 2837, 1609, 1519, 1458,
1420, 1395, 1287, 1245, 1176, 1115, 1048, 1004, 974, 829, 758 cm™1;
TH (acetone-dg, 400 MHz) and >C NMR data (acetone-dg, 100 MHz),
see Table 1; HRESIMS my/z 397.1644 [M+H]" (calcd for Cy3H350s,
397.1646).

4.3.5. Fendlerinine A (10)
A pale brown solid; HRESIMS my/z 499.2282 [M+Na] " (calcd for
C25H3608Na, 499.2302 )

4.3.6. Fendlerinine B (11)

A pale yellow solid; [a]%S +21.71(c 0.175, MeOH); UV /1”,{{32” (nm)
(log £) 226 (4.15), 256 (3.94), 292 (3.45) nm; FTIR (ATR) Vmax
3000—-3600 (br), 2925, 1675, 1589, 1461, 1390, 1305, 1219,
1125 cm™!; 'H (acetone-dg, 400 MHz) and >C NMR data (acetone-
dg, 100 MHz), see Table 2; HRESIMS m/z 540.2560 [M+Na]* (calcd

for C23H39N03Na, 540.2568 )
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Table 2
13C NMR assignments of fendlerinines B — F (11-15) and their derivatives (16—18) in acetone-de.

Pos. 11° 12° 13 14 15P 16 in CDCI3 17° 18P

dc, type dc, type o, type dc, type dc, type dc, type dc, type dc, type
1 40.6, CH, 40.0, CH, 40.0, CH, 39.8, CH, 41.1, CHy 40.4, CH, 41.2, CH, 41.1, CH,
2 19.2, CH; 19.4, CH, 18.6, CH; 18.4, CH, 19.1, CH; 18.8, CH; 19.5, CH, 21.1, CH,
3 42.7, CHy 42.1, CH, 42.0, CH; 41.8, CH; 42.6, CH, 41.9, CHy 43.1, CH, 42.6, CHy
4 339,C 323,C 333,C 33.0,C 338,C 335,C 34.1,C 338, C
5 56.8, CH 56.2, CH 56.2, CH 56.0, CH 56.6, CH 56.1, CH 57.2,CH 56.6, CH
6 20.9, CH, 20.2, CH, 20.2, CH, 20.0, CH, 21.1, CH, 20.3, CH, 21.3, CH; 19.1, CH,
7 443, CH, 43.6, CH, 43.7, CH, 43.5, CH, 45.0, CH, 43.8, CH, 449, CH, 45.1, CH,
8 72.2,C 718, C 71.7,C 714, C 72.1,C 73.0,C 72.6,C 72.1,C
9 63.2, CH 62.5, CH 62.5, CH 62.2, CH 63.3 CH 60.6, CH 63.5, CH 63.3, CH
10 3838, C 38.1,C 38.2,C 37.9,C 38.7,C 38.1,C 39.2,C 38.7,C
11 73.8, CHy 73.2, CHy 73.1, CHy 73.0, CHy 71.3, CHy 74.7, CHy 74.3, CH, 71.2, CHy
12 254, CHs 24.8, CHs 24.8, CHs 24.6, CHs 25.0, CH3 24.9, CH3 25.7, CHs 25.0, CH3
13 21.8, CHs 212, CH; 212, CH; 21.0, CHs 21.9, CHs 21.8, CHs 22.1, CH; 219, CH;
14 33.8, CH; 33.2, CH; 33.8, CH; 33.0, CHs; 33.8, CH; 33.8, CH; 34.0, CH; 33.8, CH;
15 16.4, CH3 16.2, CH3 16.2, CH3 15.9, CH3 16.5, CH3 16.3, CH3 17.0, CH3 16.4, CH3
1 159.9, C 159.2,C 152.2,C 158.7, C 155.6,C 157.2,C 160.2, C 155.6, C
2 126.9, C 126.3,C 126.3,C 126.0, C 1288, C 1336, C 127.2,C 128.7¢,C
3 163.6, C 163.0, C 163.0, C 162.6, C 158.2,C 153.2,C 164.0, C 157.0, C
4 116.6, C 116.1,C 116.1, C 116.5, C 129.4¢, C 126.14, C 117.1,C 120.7, C
5 146.0, C 1454, C 1453, C 1449, C 1305, C 1303, C 145.5, C 129.2,C
6 1208, C 120.1,C 120.1,C 120.0, C 1295 C 126.49, C 1205, C 128.8¢ C
7 167.1,C 167.1,C 167.0, C 166.6, C 46.5, CH, 166.6, C 167.7, C 43.4, CH,
-4 10.1, CH; 9.5, CH; 9.5, CH; 9.2, CH; 10.7, CH; 11.1, CH; 10.3, CH; 10.6, CH;
9 62.4, CH; 61.8, CH; 61.8, CH; 61.5, CH; 62.3, CH; 62.5, CH; 62.4, CH; 62.3, CH;
10 165.9, C 1654, C 1654, C 165.5, C 1664, C 167.2,C 166.2, C 167.0%, C
11 52.0, CH, 48.2, CH, 48.1, CH, 47.7, CHy 168.5, C 187.8, CH 48.8, CH, 167.2%, C
1” 43.8, CH, 54.4, CH 53.8, CH 51.9, CH 54.3, CH 54.7, CH 54.1, CH
2" 170.6, C 249, CH, 249, CH, 38.2, CH, 25.4, CH, 25.9, CH, 254, CH,
37 30.3, CH, 30.5, CH; 24.6,CH 30.8, CH; 31.3, CH, 30.9, CH,
4" 173.2,C 172.7,C 22.6, CHs 1738, C 1733,C 1733,C
5” 171.1,C 1716, C 1726, C 1723,C 1719, C 171.7,C
3”"—CHs 20.6, CH3
4"—0CH3 51.1, CHs3 51.1, CHs 51.8, CHs 51.7, CH3
5”—0CH3 52.7, CHs 52.6, CH3
7'—0CH3 53.5, CH3
10'—0CH3 53.2, CHs3 52.4, CHs 52.5, CH3

3 Recorded at 100 MHz for '3C NMR.
b Recorded at 125 MHz for *C NMR.
¢ d. e fExchangeable.

4.3.7. Fendlerinine C (12)

A pale brown solid, mp 151-153 °C; ]3¢ +9.14 (¢ 0.230, MeOH);
UV AMeOH (nm) (log &) 226 (4.21), 257 (4.00), 295 (3.41) nm; FTIR
(ATR) Vimax 3600-3000 (br), 2930, 1709, 1673, 1589, 1446, 1390,
1365, 1299, 1221, 1192, 1123 cm™!; 'H (acetone-ds, 400 MHz) and
13C NMR data (acetone-ds, 100 MHz), see Table 2; HRESIMS m/z
612.2770 [M+Na]™ (calcd for C3;H43NO1gNa, 612.2779).

4.3.8. Fendlerinine D (13)

A pale yellow solid, [a]25 +9.33 (c 0.575, MeOH); UV 2M¢%H (nm)
(log €) 226 (4.08), 256 (3.88), 294 (3.32) nm; FTIR (ATR) Vmax
3000—-3600 (br), 2937, 1675, 1589, 1449, 1391, 1300, 1188,
1124 cm™'; 'H (acetone-ds, 400 MHz) and '3C NMR data (acetone-
dg, 100 MHz), see Table 2; HRESIMS my/z 626.2931 [M+Na]|* (calcd
for C32H45N01gNa, 626.2936).

4.3.9. Fendlerinine E (14)

A pale yellow solid, [a]2° +10.84 (c 0.500, MeOH); UV AMeOH ()
(log &) 226 (4.26), 263 (4.17) nm; FTIR (ATR) viax 3500-3000 (br),
1710, 1672, 1589, 1454, 1389, 1367, 1300, 1218, 1190, 1117 cm™!; H
(acetone-dg, 500 MHz) and 3C NMR data (acetone-dg, 125 MHz),
see Table 2; HRESIMS m/z 596.3197 [M+Na]t (caled for
C32H47NOgNa, 596.3194).

4.3.10. Fendlerinine F (15)
A pale brown solid, [a]%G +2.48 (¢ 0.240, MeOH); UV Aﬁg‘,?” (nm)

(log £) 222 (3.99), 256 (3.82), 292 (3.39) nm; FTIR (ATR) vimax 3600-
300 (br), 2925, 2854, 1666, 1597, 1462, 1392, 1305, 1262, 1113 cm ™1
TH (acetone-dg, 500 MHz) and 3C NMR data (acetone-dg, 125 MHz),
see Table 2; HRESIMS m/z 612.2773 [M+Na]t (caled for
C31H43N010Na, 612.2779).

4.3.11. Compound 16

A pale yellow solid, [a]2% +7.83 (c 0.115, MeOH); UV 2M%H (nm)
(log £) 230 (4.25), 256 (3.85), 294 (3.34) nm; FTIR (ATR) Vinax 3461,
2933, 1770, 1736, 1603, 1443, 1391, 1365, 1342, 1312, 1214, 1130,
1097, 1065, 952 cm~'; 'H (CDCl3, 400 MHz) and 3C NMR data
(CDCl3, 100 MHz), see Table 3; HRESIMS m/z 527.2623 [M+Na]"™
(caled for CogH490gNa, 527.2615).

4.3.12. Compound 17

A colorless solid, [o]% +20.84 (c 0.095, MeOH); UV 2MOH (nm)
(log &) 232 (4.10), 258 (3.91), 292 (3.47) nm; FTIR (ATR) Vinax 3452,
2932,1738,1680, 1589, 1440, 1391, 1303, 1209, 1179, 1120, 983 cm ™ ;
H (acetone-dg, 500 MHz) and >C NMR data (acetone-dg, 125 MHz),
see Table 3; HRESIMS m/z 6543251 [M+Na]® (caled for
C34H49NO19Na, 654.3249).

4.3.13. Compound 18

A colorless solid, []3° +1.86 (c 0.225, MeOH); UV A%gg” (nm)
(log £) 222 (4.17), 252 (4.04), 287 (3.60) nm; FTIR (ATR) Viax 3417,
2929, 1738, 1698, 1681, 1434, 1392, 1334, 1306, 1206, 1200,
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Table 3
'H NMR assignments of fendlerinines B — F (11—15) and their derivatives (16—18) in acetone-ds.
Pos. 11¢ 12° 13° 14 15 ¢ 16 in CDCl5" 17 ¢ 18°¢
Oy, mult. (J in Hz) 6y, mult. (J in Hz) 0y, mult. (J in Hz) 6y, mult. (J in Hz) 0y, mult. (J in Hz) 6y, mult. (J in Hz) 0y, mult. (J in Hz) 6y, mult. (J in Hz)
1 1.18—1.25, m 1.16-1.31, m 2.00-2.10° 1.16—1.30, m 1.25-1.32, m 1.65—-1.69, m 1.20—1.25, m 1.25-132, m
2.00-2.10° 2.00-2.10° 1.95—-2.05, m 1.91,d (13.4) 1.73-1.76, m 2.00—2.08° 1.90, dm (13.3, <1)
2 1.62—1.73, m 1.43-1.53, m 1.18—1.30, m 1.62—1.74, m 1.47,dt (14.0, 3.2) 1.42—-1.52, m 1.50,dd (13.1,3.5) 1.30—1.40, m
1.65-1.72, m 1.62—-1.70, m 1.54—-1.70, m
3 1.18—1.25, m 1.16-1.31, m 1.30—1.43, m 1.16—1.30, m 1.19-1.25, m 1.24,dt(12.9,3.5) 1.24—-1.32, m 1.22,dd (13.6, 3.5)
1.34-143, m 1.31-143, m 1.36—1.43, m 1.42,d (13.6) 1.40, dt (12.9, <1) 1.38—1.41, m 1.41,dm (13.6, <1)
5 1.06, d (11.6) 1.06, d (11.0) 1.03-1.33, m 1.05,d (15.7) 1.08,d (12.3) 1.02,dd (12.1, <1) 1.05,dd (12.1,1.9) 1.08 (dd, 12.1, <1)
6 1.34-143, m 1.63—-1.73, m 1.30—1.43, m 1.32-1.37, m 1.30—1.45, m 1.69—-1.73, m 1.35,dd (12.1,2.7) 1.47,ddt(13.8,12.1,3.9)
1.63—1.73, m 1.60—-1.72, m 1.62—1.74, m 1.65—-1.72, m 1.62—-1.72, m 1.54—-1.70, m
7 1.50-1.59, m 1.53-1.60, m 1.50—1.60, m 1.50—1.58, m 1.60, td (13.0, 3.5) 1.56, dt (12.9, 3.4) 1.54, dd (18.4,3.0) 1.60, dt (13.1, 3.9)
1.76—1.85, m 1.77-1.85, m 1.77-1.85, m 1.78—1.90, m 1.78—1.84, m 1.92,dt(12.9,3.0) 1.79,dd (13.3,3.5) 1.84, dt (13.1, 3.0)
9 1.76—1.85, m 1.77-1.85, m 1.77-1.85, m 1.78—1.90, m 1.78—1.84, m 1.82,dd (7.2,4.2) 1.82,t(3.4) 1.78,dd (3.8, <1)
11 4.38,dd (9.6,3.7)" 4.36, dd (9.6, 3.7) 4.36, dd (9.7, 3.9) 4.38,d (2.9) 4.32,dd (9.4, 5.6) 4.11,dd (9.6, 4.2) 4.35,dd (9.7, 3.8) 4.31,dd (9.4,5.7)
4.44,dd (9.6,3.3)" 4.42, dd (9.6, 3.2) 4.44, dd (9.7, 3.6) 436,dd (94, 1.9) 423, dd (9.6,7.2) 447, dd (9.7, 3.8) 4.37, dd (9.4, 2.0)
12 1.23,s 1.22,s 1.23,s 1.23,s 111, s 1.28,s 1.22,s 117,s
13 0.84, s 0.83,s 0.84, s 0.83,s 0.85, s 0.81,s 0.84, s 0.85, s
14 0.92, s 0.91,s 091,s 0.91,s 0.91,s 0.90, s 0.92, s 091, s
15 0.92, s 0.91,s 091,s 0.90, s 0.96, s 0.83,s 0.91,s 0.97,s
7 4.73,d (17.0) 4.67,d (16.7)
4.88,d (17.0) 4381,d(16.7)
8 2.29,s 2.28,s 2.28,s 2.28,s 2.30,s 2.34,s 2.27,s 2.29,s
9 392 s 3.91,s 391,s 3.91,s 3.82,s 3.83,s 3.87,s 3.79, s
11 473,s 466,d(18.6)  4.64,d(18.9) 458, d(18.7) 9.86, s 461, d(18.4)
4.77,d (18.6) 476, d (18.9) 4583, d (18.7) 468, d (18.4)
17 441,s 5.06,dt (11.5,4.4) 5.03,dd (10.5,4.1) 5.07,dd (11.5, 4.0) 5.00, dd (11.6,4.4) 5.05,dd (13.5,4.4) 4.95, dd (11.0, 3.9)
2" 2.20-232, m 2.23-2.32, m 1.78—1.90, m 2.22—-2.27, m 2.20-2.30, m 2.20—-2.24, m
240-247, m 242-2.48, m 1.95-2.00, m 241-247, m 2.39-2.45,m 2.36—-2.45,m
3" 2.40-2.47, m 2.42-2.48, m 1.78—1.90, m 241-247, m 239-245m 2.36-2.45 m
3"—CH; 0.97, d (6.0)
4"—0CH3 3.56, s 3.56, s 3.57,s 3.56, s
5”"—0CH3 3.73, s 3.70, s
7'—0CHs 3.96(3), s
10'—0CH3 3.96(1), s 391, s 3.86, s
8-OH 442, s

2 Signal overlapped with acetone-dg signal.

b Recorded at 400 MHz for 'H NMR.

¢ Recorded at 500 MHz for '"H NMR.

4 Coupling constant values were clearly observed when recorded at 400 MHz.

1110 em™"; 'H (acetone-ds, 500 MHz) and >C NMR data (acetone-
ds, 125 MHz), see Table 3; HRESIMS m/z 654.3261 [M+Na]* (calcd
for C34H49NO10N¢':1, 654.3249).

4.4. Preparation of compound 16

To a solution of compound 10 (4.9 mg, 0.0103 mmol, 1.00 eq) in
dried acetone (300 pL) was added K,COs (excess) and methyl iodide
(4.0 uL, 0.0637 mmol, 6.18 eq) at room temperature overnight. The
mixture was then filtered and evaporated to dryness to give com-
pound 16 (5.0 mg, 96%) as a pale yellow solid.

4.5. Preparation of compounds 17 and 18

To a solution of compound 12 (2.8 mg, 0.0048 mmol, 1.00 eq) in
dried dioxane (300 pL) was added CH,N; (excess) at 0 °C and then
the solution was left room temperature overnight. The solution was
evaporated to dryness to afford compound 17 (2.9 mg, 96%) as a
colorless solid.

Compound 17 (2.0 mg, 83%) was also obtained from compound
13 (2.3 mg, 0.0038 mmol, 1.00 eq) with the same protocol as for
compound 12.

Compound 18 (4.5 mg, 95%) was prepared from compound 15
(4.4 mg, 0.0075 mmol, 1.00 eq) with the same protocol as for
compound 17.

4.6. Biological activity

Antimalarial activity against P. falciparum (K1-multidrug resis-
tant strain) was evaluated by using the microculture radioisotope
method (Desjardins et al., 1979). Dihydroartemisinin and meflo-
quine were used as standard references and showed ICsg values of
7.00 x 10~% and 9.72 x 102 pg/mL, respectively. Antibacterial ac-
tivity against B. cereus (ATCC 11778), antifungal activity against
C. albicans (ATCC 90028), and cytotoxicity against cancerous cells
including MCF-7 (human breast cancer, ATCC HTC-22), KB (human
oral epidermoid carcinoma, ATCC CCL-17), and NCI-H187 (human
small-cell lung cancer, ATCC CRL-5804) cells were done by using
the resazuin microplate assay (REMA) (O'Brien et al., 2000; Sarker
et al., 2007). Vancomycin and amphotericin B were used as stan-
dard references for anti-B. cereus and for anti-C. albicans, respec-
tively and exhibited respective ICsg values of 2.00 and 0.11 pg/mL.
Doxorubicin and tamoxifen were used as standard references for
anti-MCF-7 and displayed ICsg values of 14.92 and 9.83 pg/mlL,
respectively. Doxorubicin and ellipticine were used as standard
references for cytotoxicity against KB and NCI-H187 cells and dis-
played ICsq values of 3.42,1.70 and 2.80, 0.073 ug/mL, respectively.
Cytotoxicity against non-cancerous cells (Vero, African green
monkey kidney fibroblasts, ATCC CCL-81) was performed by using
the green fluorescent protein microplate assay (GFPMA) (Changsen
et al, 2003) and ellipticine was used as a standard reference.
Ellipticine showed ICsg value of 1.26 pug/mL. ICsg values represent 50



C. Intaraudom et al. / Phytochemistry 139 (2017) 8—17 17

percent reduction of parasites or tested cell lines and were used for
antimalarial activity and cytotoxicity. MIC values represent mini-
mum inhibition concentration and were used for antibacterial,
antifungal activities. 50 pg/mL was a maximum tested concentra-
tion for all tests, except those for P. falciparum and B. cereus were at
10 and 25 pg/mL, respectively.
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ARTICLE INFO ABSTRACT

Keywords: Eleven previously undescribed sesquiterpenes 1-4 (named incarnatins A — D) and 6-12 (named incarnolactones
Mushroom A — C, incarnatin E, incarnate methyl ester, incarnetic acid, and incarnatenin), together with two known
Gloeostereum compounds, chondrosterin B (13) and (E)-dictyochromenol (14), were isolated from the mushroom Gloeostereum
Sesquiterpenes incarnatum BCC41461. The chemical structures were determined on the basis of 1D and 2D NMR spectroscopic
211;21?: information together with their specific rotation values for identification of the stereochemistry. Compounds
Antimicrobial were evaluated for antimicrobial activity, including antimalarial, antituberculosis, and anti-Bacillus cereus, along

with cytotoxicity against both cancerous and non-cancerous cells. Compounds 1 and 8 exhibited antimalarial
(ICsp 9.80 pg/mL) and anti-B. cereus (MIC 25 pug/mL) activities, respectively, with low cytotoxicity. In addition,
incarnatin B (2) and chondrostenin B (13) displayed strong antimalarial activity with respective ICso values of
3.93 and 3.10 pg/mL, while compound 14 showed anti-TB and anti-B. cereus with MIC 12.50 and 1.56 pg/mL,

respectively.

1. Introduction

Many types of sesquiterpenoids have been isolated from various
mushrooms, both edible and inedible, and possessed broad array of
activities. For example, cadinane-type sesquiterpenes, strobilols A — D,
were isolated from the edible mushroom Strobilurus ohshimae and were
inactive for antimicrobial activity against Candida albicans ATCC 2019,
Staphylococcus aureus NBRC 13276, and Pseudomonas aeruginosa ATCC
15442 (Hiramatsu et al., 2007); anthracophillic acid (spiro-sesquiter-
pene) and anthracophyllone (aristolane sesquiterpene) were isolated
from Anthracophyllum sp. BCC18695 and showed cytotoxicity against
KB, MCF-7, NCI-H187, and Vero cells (Intaraudom et al., 2013);
Flammufuranones A — B and flammuspirones A — J (seco-cuparane
sesquiterpenes) were isolated from Flammulina velutipes and flammus-
pirones A and C inhibited HMG-Co A reductase activity, while
flammuspirones C, D, E, and H inhibited DPP-4 (dipeptidyl peptidase-
4) activity (Tao et al., 2016); Russulanobilines A — C (lactarane
sesquiterpenes) were isolated from Russula nobilis and postulated to
involve in a chemical defense system against predators, parasites, and
microorganisms (Malagon et al., 2014); Atlanticones A — D (proto-
illudane sesquiterpenes) were isolated from Lactarius atlanticus and had
a role in the taste of mushroom (Clericuzio et al., 2002).

As part of our continuing search for new antimicrobial substances,
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the crude extracts from the mushroom Gloeostereum incarnatum
BCC41461 exhibited antimalarial (ICsy 3.12 pg/mL), anti-TB (MIC
12.5 ug/mL), anti-B. cereus (MIC 25.0 ug/mL) activities and provided
the productive chemical profiles, therefore an investigation was con-
ducted. Moreover, to the best of our knowledge, the chemical study of
the genus Gloeostereum has not yet so far been investigated. The
chemical investigation of the culture broth resulted in the isolation of
eleven new sesquiterpenes (named incarnatins A — E, incarnolactones
A — C, incarnate methyl ester, incarnetic acid, and incarnatenin), along
with two known compounds, chondrosterin B (13) and (E)-dictyochro-
menol (14), whilst that of the cells provided compounds 2, 6, and 14.
The isolated compounds were further evaluated for antimicrobial
activity and for cytotoxicity against both malignant (KB, MCF-7, NCI-
H187) and non-malignant (Vero) cells.

2. Results and discussion

Compound 1 was obtained as a brown powder and gave a sodium-
adduct precursor ion peak at m/z 271.1312 [M+Na]*, establishing the
molecular formula C;5H3003. The *3C NMR spectrum (Table 2) gave 15
signals, differentiated by DEPT-135 spectrum, including three methyl,
four methylene, one sp® methine, and seven quaternary carbons.
Signals in the 'H NMR spectrum (Table 1), attributed by HMQC
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Table 1

H NMR assignment of incarnatins A — D (1-4) and incarnolactones A — C (6-8) in acetone-ds,
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position incarnatin A (1)* incarnatin B (2)* incarnatin C (3)* incarnatin D (4)" incarnolactone A (6)° incarnolactone B (7)° incarnolactone C (8)°
8y, (mult., J in Hz) 8y, (mult., J in Hz) Sy, (mult., Jin Hz) 8y, (mult., J in 8y, (mult., J in Hz) 8y, (mult., J in Hz) 8y, (mult., J in Hz)
Hz)
1 2.66 (s) 2.63 (s) 2.50 (d, 15.3) 2.52 (d, 15.3) 2.68 (s) 2.57 (d, 15.6) 2.69 (d, 2.69 (s)
2.64 (d,15.3) 2.65 (d, 15.3) 15.6)
5 2.52(dd, 16.4,5.3) 2.54 (dd, 16.6, 3.3) 2.54 (d, 16.8) 2.59 (d, 16.9) 3.61 (s) 3.64 (s) 5.26 (s)
2.77 (d, 16.4) 2.77 (dd, 16.6, 3.9) 2.78 (dd, 2.78 (d, 16.9)
16.8, < 1)
6 5.20 (m) 4.87 (t, 4.0) 4.88 (t, 3.8)/4.90 4.88 (t, 3.8)/4.90 - - -
(t, 3.7) (t, 3.7)
7 4.62 (d, 15.2) 4.87 4.63 (d, 15.5) 4.69 (d, 4.62 (d, 15.1) 4.63 (d, 15.1) 5.33 (s) 5.30 (s) 5.42 (d, 13.9) 5.49 (d,
(d, 15.2) 15.5) 4.66 (d, 15.1) 4.66 (d, 15.1) 13.9)
11 2.63 (s) 2.66 (s) 4.97 (br s) 4.62(8) (s)/ 2.72 (s) 5.03 (s) 2.74 (s)
4.63(2) (s)
3-CH;3 1.99 (s) 1.97 (s) 1.96 (s) 1.96 (s) 2.10 (s) 2.09 (s) 2.21 (s)
2 x 12-CHs 1.13 (s) 1.13(1) (s) 0.98 (s) 1.25 (s) 1.15 (s) 1.00 (s) 1.15 (s)
1.13(4) (s) 1.17 (s)/1.18 (s) 1.04 (s)/1.05 (s) 1.20 (s) 1.16 (s)
5-OH - - - - - 7.87 (brs)
6-OH 5.43 (s) - - - - - -
6-OCHj3 - 3.42 (3H, s) 3.42(1) (s)/ 3.42 (s) - - -
3.42(3) (s)
9-OH 7.26 (s) - 7.54 (s) 7.28 (s) 7.78 (br s) 7.87 (s) 5.18 (s)
11-OH - - 4.78 (d, 5.6)/4.83 - - 4.93 (s) -
(d, 5.4)
11-OCHj3 - - 3.51(6) (s)/3.52 - - -

s

@ Recorded in 400 MHz.
® Recorded in 500 MHz.

spectral data, comprised three methyl [at 8;; 1.13 (X 2) and 1.99], four
sets of methylene (at 8y 2.63, 2.66, 2.52/2.77, and 4.62/4.87), one
singlet oxymethine (at 8y 5.20), and two hydroxyl protons (at 8y 5.43
and 7.26). The 'H NMR spectral data and COSY spectrum showed
correlation between H-5 and H-6. In addition, HMBC spectrum showed
correlations from 12-CH; (% 2) to C-1, C-11, and C-12; from 3-CHj; to C-
2, C-3 and C-4; from H,-7 to C-4, C-6, C-8, and C-9; and from H,-1 and
H,-11 to C-2, C-10, and 12-CHs. In the '*C NMR spectrum, the
methylene at 8¢ 60.2 (C-7) and the methine at 8¢ 92.1 (C-6) indicated
the attachment to one/two oxygen(s), respectively. The spectroscopic
evidence indicated that compound 1 was illudalane-type structure, as
shown in Fig. 1 and incarnatin A was given as its trivial name.
Moreover, the reaction of compound 5 (named incarnatin F), derived
from the reaction of compound 1 with Mel/K,COs;, with R— and S
— MTPA gave an insignificant difference of surrounding chemical shifts

Table 2

together with low value of the specific rotation value ([a]%s — 3.34,
CHCl3), compared with that of the related compound, (R)-echinolac-
tone B ((a],, — 24.0, CHCl5) (Suzuki et al., 2005), thus compound 1 was
obtained as enantiomer mixture.

Compound 2 was obtained as a brown powder and HRESIMS
spectrum showed 14 mass units higher than that of compound 1,
indicating the presence of an extra methyl group. The 'H NMR
spectrum displayed an additional methoxy signal resonating at 8y
3.42 and an upfield shift of the methine signal at C-6 (8y 4.87).
Moreover, the sp® methine at H-6 correlated in the HMBC spectrum to
C-4, C-5, and C-7, and 6-OCHs. The absolute configuration at C-6 of
compound 2 could not be assigned due to a small value of its optical
rotation ([oz]f)5 —11.60, CHCl53), compared with that of (R)-echinolac-
tone B ([a], — 24.0, CHCl3) (Suzuki et al., 2005). Therefore, compound
2 possessed the chemical structure as shown in Fig. 1 and a trivial

13C NMR assignment of incarnatins A — D (1-4) and incarnolactones A — C (6-8) in acetone-ds,

position incarnatin A (1)* incarnatin B (2)" incarnatin C (3)* incarnatin D (4)" incarnolactone A (6)° incarnolactone B (7)°  incarnolactone C (8)°
8c, type 8¢, type 8¢, type 8c, type 8c, type 3, type 8¢, type
1 43.9, CH, 46.8, CHy 45.0, CH, 45.9, CH, 46.9, CH, 44.9, CHy 46.8, CH,
2 141.3, qC 141.3, qC 139.4(8)/139.5(3), qC  139.9, qC 144.1, qC 142.4, qC 144.5, qC
3 122.9, qC 122.7, qC 123.5, qC 123.7, qC 121.8, qC 122.6, qC 123.7, qC
4 129.5, qC 128.6, qC 131.2/131.3, qC 131.7/131.8, qC 129.3, qC 131.8, qC 132.1, qC
5 33.0, CH, 31.2, CH, 32.2, CH, 32.2, CH, 32.7, CH, 33.8, CH, 66.4, CH
6 92.3, CH 98.5, CH 99.3/99.4, CH 99.2/99.3, CH 170.6, qC 171.4, qC 170.7, qC
7 60.2, CH, 58.9, CH, 59.2, CH, 59.3/59.4, CH, 64.6, CH, 64.9, CHy 64.5, CH,
8 119.7, C 119.4, C 120.0, qC 120.3, qC 117.2, qC 117.6, qC 118.6, qC
9 146.4, qC 146.4, qC 148.8, C 148.8, C 146.7, C 149.0, qC 146.7, qC
10 125.3, C 125.1, qC 125.8(7)/125.9(1), C  124.9, qC 127.1, C 127.5, qC 129.2, qC
11 46.9, CH, 43.9, CHy 83.5, CH 99.4, CH 44.0, CH, 83.2, CH 44.1, CH,
12 39.1, qC 39.1, qC 45.3/45.4, qC 45.2, qC 39.3, qC 45.5, qC 39.3, qC
3-CH3 13.9, CH3 13.5, CH3 13.8, CH3 13.9, CH;3 13.3, CH;3 13.7, CH3 13.2, CH3
2 x 12-CH;  28.7, CH, 28.6, CH, 22.3, CH, 22.2(9)/22.3(1), CH;  28.6, CH, 22.2, CH, 28.4, CH,
26.8(5)/26.9, CHs 28.6, CHs 26.7, CHs 28.5, CHs
6-OCH3 - 54.3, CH3 55.3, CH3 55.3, CH3 - - -
11-OCHs - - - 58.4, CHs - - -

@ Recorded in 100 MHz.
" Recorded in 125 MHz.
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1R'=R2=H, R3= OH
2R'=R2=H, R3=0CH;,4
3R'=0H,R2=H, R®=0CHjz
4R'=R3=0CH;, R?=H,
5R'=H, R?=CHg R®=OH

6R'=R?=H
7R'=0H,R?=H
8R'=H,R?=0OH

Fig. 1. Chemical structures of compounds 1- 14 isolated from the mushroom Gloeostereum incarnatum BCC41461.

name, incarnatin B, was given.

Compound 3 was obtained as a brown powder. The *C NMR
spectrum displayed obviously doubled signals (Table 2), indicating an
isomeric mixture. Also it showed the absence of a methylene signal and
the presence of oxymethine signal (at 8¢ 83.5), which bearing an
oxymethine proton at 8y 4.97, as attributed by the HMQC spectrum.
Moreover, in the HMBC spectrum, the additional oxymethine correlated
to C-2, C-9, C-10, and 12-CH3, led to a hydroxyl substituent at C-11.
HRESIMS spectrum confirmed the molecular formula of C;¢H5,04 by
giving the mass ion peak at m/z 277.1449 [M — H] . The molecule had
two stereogenic centers (at C-6 and C-11) but no definite evidence could
be pointed to which stereocenter(s) possessing a diastereomeric mix-
ture, due to the insufficient amount for further investigation. Thus, the
chemical structure of compound 3 could be provided as shown and
incarnatin C was given as its informal name.

Compound 4 was obtained as a colourless gum. HRESIMS data
indicated 14 mass units higher than that of compound 3, revealing the
sodium-adduct precursor ion peak at m/z 315.1582 [M+Na] *. The H
and *C NMR spectra displayed doubled signals (Tables 1 and 2),
indicating a diasteromeric mixture. The 1H NMR spectrum (Table 1)
showed doubled signals of additional methoxy at 8y 3.52 and
oxymethine methine at 8y 4.63 (H-11) and 4.88/4.90 (H-6), compared
with that of compound 3. In HMBC spectrum, the extra methoxy signal
correlated to the quaternary carbon at 8¢ 99.4 (C-11) and H-11 (84
4.63) correlated to 8¢ 58.4 (11-OCH3), C-10 (8¢ 124.9), and 12-CHa.

The spectroscopic evidence suggested the additional methoxy group
situated at C-11. The rest of the molecule was also reassured by HMBC
correlations. With the same reason given for compound 3, thus
compound 4 had the chemical structure as shown with a trivial name
of incarnatin D.

Compound 6 was obtained as a brown powder. All signals in the 'H
NMR spectrum appeared as singlet and the methine carbon at C-9 in the
13C NMR spectrum of compound 1 was replaced by a quaternary carbon
at 8¢ 170.6. Moreover, in the 'H NMR spectrum the AB pattern of two
non-equivalent methylene signals at H,-5 and H,-7 in compound 1 was
replaced with two singlet methylene signals at 8y 3.61 and 5.33. In
HMBC spectrum, these signals correlated to the quaternary carbon at 8¢
170.6. The spectroscopic evidence suggested that the methine at H-6 in
1 was oxidized to carbonyl lactone, which showing an absorption peak
at vmax 1724 cm ™! in the FTIR spectrum. Thus, compound 6 possessed
the chemical structure as shown in Fig. 1 and HRESIMS data confirmed
its molecular formula C;5H;505 by revealing the mass ion peak at m/z
245.1188 [M-H] . Incarnolactone A was given as its trivial name.
Compound 6 was similar to lactonic acid, which obtained from an alkali
treatment with the naturally isolated illudalic acid (Nair et al., 1969).

Compound 7, isolated as a colourless solid, had the molecular
formula C,5H;50,4 as deduced by a sodium-adduct precursor ion peak at
m/z 285.1095 [M + Na] *. The mass spectral data showed 16 mass units
higher than that of 6, suggesting an additional hydroxyl group. The 'H
NMR spectral data was similar to that of 6, except that two methyl
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signals at C-12 appeared as two singlets (resonating at 8y 1.00 and
1.20), the methylene at C-1 appeared as two doublets (resonating at 8y
2.57 and 2.69), and an extra singlet oxymethine at 8y 5.03 were
observed. The non-equivalent methylene protons at C-1 indicated the
presence of a hydroxyl group at C-11, which was confirmed by HMBC
correlations from H-11 to C-2, C-9, C-10, and 12-CHz (X2).
Unfortunately, Mosher modification with compound 7 cannot be done
due to an inadequate amount. Although, compound 7 was similar to
radulactone, isolated from the fungus Radulomyces confluens, the
stereochemistry has not been identified (Fabian et al., 1998). Moreover,
due to the low value of optical rotation ([oz]f)4 + 8.80 in CHCly),
compared with that of the similar compound, pterolacton A ((a]%
+ 97.0 in CHCl3) (Murakami et al., 1980), the absolute configuration at
C-11 could not then be certainly assigned. Thus, the chemical structure
of compound 7 was then depicted as shown in Fig. 1 and the name
incarnolactone B was given.

Compound 8 was obtained as a brown gum. The 'H NMR spectrum
was similar to that of compound 6, except that two methyl signals at C-
12 appeared as two singlets (slightly different) and the methylene
protons of H,-7 appeared as two doublets (at 8y 5.42 and 5.49). In
addition, in the '3C NMR spectrum differentiated by DEPT-135
spectrum, the methylene carbon at 8¢ 32.7 in compound 6 was absence
and instead an additional oxymethine at 8c 66.4 was present in
compound 8. The evidence from the NOESY spectrum, showing a
cross-peak correlation between H-5 and 3-CHj, suggested that the
oxymethine should be placed at C-5. HRESIMS data confirmed the
molecular formula C;5H;1504, establishing the sodium-adduct precursor
ion peak at m/z 285.1098 [M +Na] *. The absolute configuration at C-5
could not be assigned due to low value of optical rotation ([a]ff’ — 6.76,
CHCl3), compared with that of the related compound, echinolactone B
([oz]%)5 — 24, CHCl3) (Suzuki et al., 2005). Therefore, the chemical
structure of compound 8 was illustrated in Fig. 1 and incarnolactone C
was given as its trivial name.

Compound 9 was obtained as a brown gum and HRESIMS spectrum
showed the sodium-adduct precursor ion peak at m/z 299.1625 [M
+Na] ™", suggesting the molecular formula C;7H403. In the 'H NMR
spectrum, apart from two trans- methine signals appeared as doublet at
8y 5.71 (d, J = 13.1 Hz, H-10) and 6.49 (d, J = 13.1 Hz, H-11), there
were all singlet signals of two methyls (at 8y 1.14 and 2.00), three
methylenes (8y 2.64, 2.67, and 4.58), two methoxyls (8y 3.35 and
3.69), and a hydroxyl proton (8y 7.50). HMBC spectrum showed
correlations from 9-CHs to C-1, C-8, and C-9; from 3-CH; to C-2, C-3,
and C-4; from H,-12 to C-4, C-5, and C-6, and 12-OCHg; from 12-OCHs
to C-12; from H-11 to 11-OCHj, and from 6-OH to C-5, C-6, and C-7.
Moreover, the NOESY spectrum showing cross-peak correlation from
11-OCHj3 to H-10 confirmed trans-configuration of double bond at C-10
and C-11. The spectral information indicated the remaining signals of
(E)-methoxyvinyl group being substituted at C-4. Therefore, compound
9 had the chemical structure as shown in Fig. 1 and should be derived
from compound 2 (incarnatin B). The name incarnatin E was then
given. Compound 9 was related to riparol B, formerly isolated from the
mushrooms Ripartites metrodii, R. tricholoma (Weber et al., 2006), and
recently from Granulobasidium vellereum (Kokubun et al., 2016).

Compound 10 was obtained as a brown gum. HRESIMS spectrum
revealed the molecular formula C¢H,,03 by giving a sodium-adduct
precursor ion peak at m/z 285.1470 [M+Na] *. The 'H NMR spectrum
showed the signals of three methyls [at 8y 1.14 (s), 1.16 (s), and 2.16
(s)1, three methylenes [at 8y 2.66 (s), 2.74 (d, J = 15.5 Hz)/2.80 (d,
J = 15.5Hz), and 3.65 (dd, J = 10.7, 5.6 Hz)/4.08 (dd, J = 10.7,
9.2 Hz)], one sp3 methine [at 8y 3.82 (dd, J = 9.2, 5.6)], two aromatic
methines [at 8y 6.90 (d, J = 7.8 Hz) and 6.97 (d, J = 7.8 Hz)]. In the
13C NMR spectrum, the quaternary signal at 8¢ 173.9 indicated a
presence of an ester group, corresponding to an absorption peak in the
FTIR spectrum at vy, 1736 cm~!. In addition, HMBC spectrum
displayed the correlations from 9-CHj3 to C-1, C-8, and C-9; from H,-1
to C-2, C-3, and C-8; from H,-8 to C-2, C-6, and C-7; from 3-CHj; to C-2,
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C-3 and C-4; from H-5 to C-3, C-7, and C-10; from H-4 to C-2 and C-6;
from H-10 to C-6, C-7, C-11, and C-12; and from 12-OCHj; to C-12. The
spectral data led to methyl 3-hydroxy-2-(2,2,7-trimethyl-2,3-dihydro-
1H-inden-4-yl)propanoate. The methylene protons of H,-3 were reso-
nated non-equivalently due to an effect from substituents on the chiral
center at C-10. The absolute configuration of compound 10 was
assigned as S by comparison of the specific rotation ([oz]%,6 +18.51,
MeOH) with the synthesized compound, methyl (S)-2-(7-hydroxy-2,3-
dihydro-1H-inden-4-yl)propanoate ([a]% + 44, CHCl3) (Nakano and
Lupton, 2016). Therefore, compound 10 had alliacane-type structure
as shown in Fig. 1 with the name incarnate methyl ester.

Compound 11 was obtained as a brown gum. The 'H NMR spectrum
was similar to that of 10, except an absence of signals in the area 8y
3.5-4.2 and a presence of two additional methylene protons, which
belonged to the vinylic methylene carbon at 8¢ 126.9, which observed
in the HMQC spectrum. In HMBC spectrum, these vinylic methylene
protons correlated to C-6 and C-10. The spectroscopic evidence
elaborated a loss of water in compound 10. Moreover, the lack of a
methoxy group and a presence of low field carbon at 167.9 indicated
the replacement of methyl ester to a carboxylic acid, which character-
ized by FTIR absorption at 3000-3500 (br) and vpmax 1725 cm L
HRESIMS data gave a sodium-adduct precursor ion peak at m/z
253.1197 [M+Na]™", confirming the molecular formula C;5H;50s.
Therefore, compound 11 possessed the chemical structure as shown
in Fig. 1 and incarnetic acid was given as the trivial name.

Compound 12 was obtained as a colourless gum and HRESIMS data
established the molecular formula C;;H»,04, determined by the
sodium-adduct precursor ion peak at m/z 313.1416 [M+Na]*. The
'H NMR spectrum gave signals of three methyl (at 8y 1.07, 1.10, and
1.38), two methoxy (at 8y 3.35 and 3.54), three sets of non-equivalent
methylene (at 8y 2.39/2.50, 2.65/2.76, and 5.53/6.02) and one
oxymethine (at 8y 4.54). In the '*C NMR spectrum, seventeen signals
differentiated by DEPT-135 spectrum included three methyl, two
methoxy, three methylene, one oxymethine, and eight quaternary
carbons. HMBC spectrum showed correlations from H3-12 and Hs-13
to C-1, C-10, C-11, and C-13/C-12; from Hs-14 to C-2, C-3, C-4, and C-7;
from H,-1 to C-2 and C-9; from H,-6 to C-4, C-5, and C-7; from H,-15 to
C-3, C-4, and C-5; from H-8 to C-7, C-9, and 8-OCH3; from 8-OCHj to C-
8; and from 7-OCHj3 to C-7. Moreover, the relative configuration could
be assigned by the aid of the NOESY spectrum, by showing cross-peak
correlations from H-8/7-OCH; and Hs-14, 7-OCH3/Hs-14, and Hz-14/
H,-15 revealed the cis- relationship between H-8, 7-OCH3, and 14-CHs.
Thus, the chemical structure of compound 12 was assigned with the
relative configuration as shown in Fig. 1 with the name incarnatenin.
Compound 12 was similar to the tricyclic sesquiterpene hirsutenol D,
earlier isolated from the culture broth of the mushroom Stereum
hirsutum (Yoo et al., 2006).

The *H, '*C NMR spectrum and its physical properties of the known
compounds (13 and 14) were in agreement with the documented data
(Aoki et al., 2002; Li et al., 2012). Chondrosterin B (13) and (E)-
dictyochromenol (14) were previously isolated from the soft coral-
associated fungus Chondrostereum sp. (Li et al., 2012) and the brown
alga Dictyopteris undulate Holmes, respectively (Dave et al., 1984). In
addition, the specific rotation of the isolated compound 14 ([a]%)s
—6.70, c 0.18, CHCl,) indicated its presence as a racemate, compared
to those of synthesized R/S-(E)-dictyochromenol and R/S-(Z)-dictyo-
chromenol (Aoki et al., 2002). Moreover, the methyl carbon substituted
at C-4’ (8¢ 15.9) elaborated the E-configuration assignment of the
double bond (Aoki et al., 2002), therefore compound 14 was obtained
as enantiomeric mixture at C-2, typically isolated from the natural
products (Bukuru et al., 2002; Dave et al., 1984).

The isolated compounds were assessed for antimicrobial activity,
including antimalarial (P. falciparum, K-1 strain), anti-TB
(Mycobacterium tuberculosis H37Ra), and anti-B. cereus activities, and
for cytotoxicity against KB, MCF-7, NCI-H187, and Vero cells.
Incarnatin B (2) and chondrosterin B (13) exhibited antimalarial (ICsq
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Table 3

'H and '*C NMR assignments of compounds 9-11 in acetone-ds,
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position incarnatin E (9)" incarnate methyl ester (10)° incarnetic acid (11)°
8y, (mult., J in Hz) 8¢, type 8y, (mult., J in Hz) 8¢, type 8y, (mult., J in Hz) 8¢, type

1 2.64 (s) 48.0, CH, 2.66 (s) 47.2°, CHy 2.66 (s) 47.3, CH,

2 144.1, qC 143.2, qC 134.5, qC

3 124.2, qC 133.4, qC 143.3, qC

4 135.0¢ qC 6.90 (d, 7.8) 128.4, CH 6.94 (d, 8.5) 127.9%, CH

5 121.0¢ qC 6.97 (d, 7.8) 125.7, CH 6.96 (d, 8.5) 128.0%, CH

6 151.8, qC 131.0, qC 133.2, qC

7 127.4, qC 142.9, qC 142.5, qC

8 2.67 (s) 45.0, CH, 2.74 (d, 15.5)¢ 47.3%, CH, 2.64 (s) 48.2, CH,
2.80 (d, 15.5)"

9 40.0, qC 39.8, qC 40.2, qC

10 5.71 (d, 13.1) 101.5, CH 3.82 (dd, 9.2, 5.6) 52.6, CH 143.0, qC

11 6.49 (d, 13.1) 151.8, CH 3.65 (dd, 10.7, 5.6)° 64.4, CHy 5.73 (d, 1.2) 6.36 (d, 1.2) 126.9, CHy
4.08 (dd, 10.7, 9.2)

12 4.58 (s) 70.0, CH, - 173.9, qC - 167.9, qC

2 X 9-CHj3 1.14 (s) 29.9, CH3 1.14 (s) 29.2, CH3 1.12 (s) 29.2, CH3
1.16 (s)

3-CHz 2.00 (s) 30.0, CH3 2.16 (s) 18.8, CHj3 2.20 (s) 19.0, CH;3

6-OH 7.50 (s) - - - - -

11-OCH3 3.69 (s) 56.3, CHs - - - -

12-OCHj 3.35 (s) 57.8, CHs 3.62 (s) 51.8, CHs - -

@ Recorded in 500 MHz for 'H NMR and 125 MHz for **C NMR.
" Recorded in 400 MHz for 'H NMR and 100 MHz for '3C NMR.
¢ Observed in HMBC spectrum.
4 Resolved from 'H NMR spectral data recorded in CD;0D.

¢ Exchangeable.
f Exchangeable.

3.93 and 3.10 pg/mL) and anti-TB (MIC 50.0 and 12.5 ug/mL) activ-
ities, while compound 13 also showed anti-B. cereus with MIC value of
25.0 ug/mL with strong cytotoxicity against both cancerous and non-
cancerous cells (Table 4). In addition, compound 13 was earlier
reported to be inactive (ICso > 200 pM) against three cancer cell lines
(human cancer cell A549, human nasopharyngeal carcinoma cell CNE2,
and human colon cancer cell LoVo) (Li et al., 2012). Biological activity
results of compounds 2 and 3 implied that a presence of hydroxyl group
at C-11 resulted in a loss of antimicrobial activity (antimalarial and

Table 4
Antimicrobial activity and cytotoxicity of the isolated compounds.

anti-TB) and cytotoxic activity. Incarnatin A (1), possessing antimalar-
ial activity with ICsq value of 9.80 pg/mL without cytotoxic activity at
maximum tested concentration (50 ug/mL), suggested the effect of
hydroxyl substituent at C-6 for antimalarial activity, while incarnolac-
tone C (8) indicated the effect of hydroxyl group at C-5 for anti-B. cereus
activity. (E)-Dictyochromenol (14) displayed antimicrobial activity
against Mycobacterium tuberculosis and B. cereus with MIC values of
12.50 and 1.56 ug/mlL, respectively, and had cytotoxicity against
cancerous (ICsg 5.62-35.05 pg/mL) and non-cancerous (Vero, ICsq

Compound Antimalarial® Anti-TB" Anti B. cereus® Cytotoxicity” (ICso, pg/mL)

(ICsp, pg/mL) (MIC, pg/mL) (MIC, pg/mL) MCEF-7 KB NCI-H187 Vero
1 9.80 > 50 > 25 > 50 > 50 > 50 > 50
2 3.93 50.0 > 25 29.76 28.15 22.97 18.86
3 >10 > 50 > 25 > 50 > 50 > 50 > 50
6 >10 > 50 > 25 > 50 > 50 > 50 > 50
8 > 10 > 50 25.0 > 50 37.97 47.25 47.52
10 > 10 50.0 25.0 15.15 11.79 7.27 2.99
13 3.10 12.5 25.0 4.98 2.05 0.63 0.65
14 > 10 125 1.56 17.09 5.62 35.05 9.34
dihydroartemisinin 8.8 x 1074 nt nt nt nt nt nt
mefloquine 0.025 nt nt nt nt nt nt
rifampicin nt 0.025 nt nt nt nt nt
ofloxacin nt 0.391 nt nt nt nt nt
streptomycin nt 0.313 nt nt nt nt nt
isoniazid nt 0.047 nt nt nt nt nt
ethambutol nt 0.469 nt nt nt nt nt
ellipticine nt nt nt nt 3.19 2.95 1.52
doxorubicin nt nt nt 9.56 0.68 0.13 nt
tamoxifen nt nt nt 7.45 nt nt nt
vancomycin nt nt 2.0 nt nt nt nt

nt = not being tested.

@ Maximum tested concentration was done at 10 pg/mL.
> Maximum tested concentration was done at 50 ug/mL.
¢ Maximum tested concentration was done at 25 pg/mL.
4 Maximum tested concentration was done at 50 pg/mL.
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9.34 ug/mL) cells. Compound 14 was also reported earlier for having
potent antifeedant activity (Dave et al.,, 1984). Furthermore, com-
pounds 3 and 6 were inactive to all tests.

3. Experimental section
3.1. General procedures

Mps were recorded on a melting point MP90 apparatus from Mettler
Toledo. UV spectra were done in MeOH, using a Spekol 1200, Analytik
Jena AG. IR spectra were obtained by using a Bruker ALPHA FT-IR
spectrometer. Optical rotations were taken in either CHCl; or MeOH on
a JASCO P-1030 polarimeter. CD spectrum were done on a JASCO J-
810 spectropolarimeter in MeOH. NMR spectra, including 'H, 3C,
DEPT-135, COSY, NOESY, HMQC (or HSQC) and HMBC experiments,
were recorded on either Bruker Avance 500 NMR spectrometer (at
500 MHz for 'H and 125 MHz for 'C) or Bruker Avance III 400 NMR
spectrometer (at 400 MHz for 'H and 100 MHz for '3C), using either
acetone-dg or CHCl; as internal standards. HR-ESI-MS data were
determined on a Bruker MicrOTOF mass spectrometer. Preparative
HPLC were performed using Dionex, Ultimate 3000 series model, which
was equipped with a binary pump, an autosampler and a diode array
detector. Preparative HPLC were assembled with a Waters Sunfire C18
OBD column (diam. 19 x 250 mm?, particle size 10 um) at a flow rate
of 15 mL/min, respectively, unless otherwise mentioned.

3.2. Fungal material

The fungus was collected from an unidentified wood at Khao Nan
National Park, Nakhon Si Thammarat province, Thailand. The fungal
identification was done based on the partial nuclear large subunits
ribosomal DNA (nc28S rDNA, 945 bps) and the internal transcribed
spacer (ITS region, 639 bps). The combined nc28S rDNA and ITS
sequences (1584 bps) indicated affinity with fungal taxa within
Cyphellaceae,  Agaricales, Agaricomycetidae, = Agaricomycetes,
Agaricomycotina, Basidiomycota and showed 97% similarity with
Gloeostereum incarnatum AF141637 using BLAST (the Basic Local
Alignment Search Tool) from GenBank and PSA (the Pairwise
Sequence Alignment) from Mycobank. Thus, the fungus was identified
as  Gloeostereum incarnatum in  Cyphellaceae, Agaricales,
Agaricomycetidae, Agaricomycetes, Agaricomycotina, Basidiomycota,
registered as BCC41461 at BIOTEC Culture Collection (BCC). The ITS
and nc28S rDNA sequences were assigned with GenBank accession
numbers KY614001 and KY614002, respectively.

3.3. Fermentation, extraction, and isolation

The fungus was grown on PDA (potato dextrose agar) at 25 °C for
19 days and then cut into small pieces (1 X 1 cm?). Each piece was
transferred into ten 1L Erlenmeyer flasks, which each contained 250 mL
PDB (potato dextrose broth). The seed culture was grown at 25 °C on a
rotary shaker at 200 rpm for 19 days and then every 25 mL of the seed
culture was transferred into 1L Erlenmeyer flasks, which filled with
250 mL. MEB (malt extract broth). The production culture (20L) was
cultivated at 25 °C for 26 days at static condition. The broth and cell
were then separated by simple filtration. The broth was extracted with
equal volumn of EtOAC three times. The EtOAc was dried over Na,SO,4
and then evaporated to dryness to yield a brown gum (9.7 g). The cell
was macerated with MeOH for 3 days and followed by CH,Cl, for
3 days. The organic solvents were then combined and concentrated by
using rotary evaporator. Water (100 mL) was added and the mixture
was then extracted with an equal volume of EtOAc three times. The
EtOAc was dried over Na,SO, and the evaporated to dryness to yield a
brown gum (3.3 g).

A brown gum obtained from broth (9.7 g) was passed through a
Sephadex LH20 column (4.5 cm X 40 cm), eluted with 100% MeOH, to
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give three main fractions. The first fraction (F1, 3.5g) was re-
chromatographed through a Sephadex LH20 column (4.5 cm X 40 cm),
eluted with 100% MeOH, to afford 2 subfractions (F1-1 and F1-2).
Subfraction F1-1 (2.5 g) was passed through another Sephadex LH20
column to give two fractions (F1-1-1 and F1-1-2) prior to purifying by a
preparative HPLC, using a 45 min linear gradient of acetonitrile: water
(20:80-65:35) monitored at 210 nm. Subfraction F1-1-1 (1.0 g) furn-
ished compounds 12 (4.8 mg) and 10 (8.0 mg), while subfraction F1-1-
2 (0.5 g) furnished compounds 13 (31.7 mg), 10 (4.1 mg), 2 (6.9 mg),
and 9 (2.3 mg), respectively. Subfraction F1-2 (0.3 g) was purified by
preparative HPLC, using a 45 min linear gradient of acetonitrile: water
(20:80-65:35) monitored at 210 nm to yield compounds 13 (17.4 mg),
1 (8.0mg), 14 (5.0 mg), and 2 (19.4 mg). The second fraction (F2,
3.5 g) was subjected to a Sephadex LH20 column (4.5 cm X 40 cm),
eluted with 100% MeOH, to obtain 2 subfractions (F2-1 and F2-2).
Subfraction F2-1 (2.9 g) was purified by preparative HPLC, using the
same aforementioned system, to furnish compounds 13 (0.2 g), 6
(24.7 mg), 8 (1.8mg), 2 (0.12g), 3 (8.4mg), 11 (3.7mg), and 4
(6.3 mg), respectively. Subfraction F2-2 (0.5 g) was further purified by
preparative HPLC using the previous condition to obtain compounds 7
(4.8 mg), 1 (39.6 mg), 2 (56.2 mg), and 5 (4.8 mg), respectively. The
third fraction (F3, 0.1 g) was further purified by preparative HPLC,
using a 40 min linear gradient of acetonitrile: water (20:80-70:30)
monitored at 210 nm, to furnish compounds 7 (1.9 mg), 1 (11.9 mg), 6
(6.8 mg), and 2 (15.8 mg), respectively.

The crude from cell (3.3 g) was subjected to a Sephadex LH20
column (4.5cm X 40 cm), eluted with 100% MeOH and followed by
preparative HPLC, using a 55 min linear gradient of acetonitrile: water
(20:80-65:35) monitored at 210nm, to furnish compounds 6
(25.5mg), 2 (42.4 mg), and 14 (0.1 g), respectively.

3.3.1. Incarnatin A (1)

Brown powder, mp 183-185 °C; [oz]f)5 —3.34 (¢ 0.10, CHCIl3) and
[a]5 — 8.84 (c 0.11, MeOH); UV (MeOH) Ay (log €) 230 (3.33), 272
(3.04), 327 (2.23), 424 (1.83) nm; FTIR (ATR) vmax 3374, 2951, 2925,
2865, 2836, 1705, 1623 (w), 1596, 1455, 1382, 1364, 1347 (w), 1287,
1237, 1222, 1128, 1080, 1039, 1027, 1000, 989, 895, 873 cm ™ }; 'H
NMR (400 MHz, acetone-dg) and *C NMR (100 MHz, acetone-ds) data,
see Tables 1 and 2; HRESIMS m/z 271.1312 [M+Na]™* (calcd for
C15H2003Na, 271.1305).

3.3.2. Incarnatin B (2)

Brown powder, mp 82-84 °C; [¢]%> —11.60 (c 0.12, CHCl;) and [a]3
— 6.82 (c 0.11, MeOH); UV (MeOH) Amax (log €) 230 (3.39), 277
(3.15), 328 (2.75), 424 (2.65) nm; FTIR (ATR) vmay 3390, 2951, 2926,
2864, 2835, 1705, 1623, 1598, 1455, 1384, 1364, 1286, 1222, 1189,
1137, 1082, 1057, 1039, 989, 861 cm ™ '; 'H NMR (400 MHz, acetone-
de) and 3C NMR (100 MHz, acetone-ds) data, see Tables 1 and 2;
HRESIMS m/z 261.1492 [M—H]~ (caled for C,6H»103, 261.1496).

3.3.3. Incarnatin C (3)

Brown powder; UV (MeOH) A« (log €) 232 (3.29), 279 (3.12), 326
(2.24), 423 (1.94) nm; FTIR (ATR) vmax 3395, 2596, 2926, 2861, 1738,
1714, 1631, 1603, 1456, 1383, 1364, 1301, 1251, 1189, 1137, 1085,
1058, 1041, 986, 860 cm™!; 'H NMR (400 MHz, acetone-dg) and 3C
NMR (100 MHz, acetone-dy) data, see Tables 1 and 2; HRESIMS m/z
277.1449 [M—H] N (CalCd for C16H2104, 2771445).

3.3.4. Incarnatin D (4)

Colourless gum; UV (MeOH) Ap.x (log €) 230 (3.71), 268 (3.74),
424 (2.88) nm; FTIR (ATR) vmax 3425, 2956, 2925, 2854, 1737, 1632,
1605, 1459, 1384, 1365, 1356, 1313, 1256, 1228, 1189, 1137, 1110,
1085, 1061, 997, 859 cm™'; 'H NMR (400 MHz, acetone-ds) and '3C
NMR (100 MHz, acetone-dg) data, see Tables 1 and 2; HRESIMS m/z
315.1582 [M+Na]* (caled for C;7H»404Na, 315.1567).



N. Bunbamrung et al.

3.3.5. Incarnatin F (5)

Brown gum; [¢]; — 7.84 (c 0.16, MeOH); 'H NMR (400 MHz,
acetone-dg) 1.14 (6H, s, 2 X 12-CH3), 2.02 (3H, s, 3-CH3), 2.53 (1H, dd,
J = 16.3, 5.0 Hz, 5-H,b), 2.64 (2H, s, 1-H,), 2.76 (2H, s, 11-H,), 2.78
(1H, dd, J = 16.3, 3.2 Hz, 5-Hy), 3.71 (3H, s, 9-OCH3), 4.63 (1H, d,
J=15.3Hz, 7-H,), 4.86 (1H, d, J = 15.3Hz, 7-Hp), 5.21 (1H, t,
J = 4.38 Hz, 6-H); HRESIMS m/z 285.1467 [M+Na]™ (caled for
C16H2203Na, 2851461).

3.3.6. Incarnolactone A (6)

Brown powder, mp 182-184 °C; UV (MeOH) Apax (log €) 230 (3.54),
282 (3.25), 327 (2.75), 426 (2.67) nm; FTIR (ATR) vmax 3386, 2953,
2926, 2861, 1724, 1601, 1464, 1386, 1365, 1299, 1247, 1221, 1105,
1093, 1033, 1006 cm ™ ; 'H NMR (400 MHz, acetone-dg) and *C NMR
(100 MHz, acetone-ds) data, see Tables 1 and 2; HRESIMS m/z
245.1188 [M—H] ™ (calcd for C;5H;,03, 245.1183).

3.3.7. Incarnolactone B (7)

Colourless solid; [nz]?)4 +8.80 (c 0.09, CHCl3); UV (MeOH) Aax (log
€) 232 (3.44), 284 (3.26), 318 (2.68), 424 (2.26) nm; FTIR (ATR) vmax
3385, 2955, 2925, 2854, 1727, 1608, 1466, 1384, 1366, 1305, 1291,
1244, 1219, 1163, 1110, 1081, 1034, 997 cmfl; 1H NMR (500 MHz,
acetone-dg) and '3C NMR (125 MHz, acetone-dg) data, see Tables 1 and
2; HRESIMS m/z 285.1095 [M+Na]t (caled for C;s5H;504Na,
285.1097).

3.3.8. Incarnolactone C (8)

Brown gum; [a]%)6 — 6.76 (c 0.18, CHCl3); UV (MeOH) A« (log €)
223 (3.68), 286 (3.36), 424 (2.93) nm; FTIR (ATR) vmax 3396, 2953,
2926, 2864, 1728, 1601, 1463, 1383, 1365, 1343, 1267, 1231, 1218,
1134, 1091, 1029, 1000 cm ™~ !; '"H NMR (500 MHz, acetone-dg) and '3C
NMR (125 MHz, acetone-dg) data, see Tables 1 and 2; HRESIMS m/z
285.1098 [M+Na]™* (caled for C;5H;504Na, 285.1097).

3.3.9. Incarnatin E (9)

Brown gum; UV (MeOH) A.x (log €) 230 (3.60), 283 (3.25), 424
(2.09) nm; FTIR (ATR) vmax 3385, 2952, 2928, 2866, 1707, 1639, 1460,
1383, 1365, 1208, 1157, 1133, 1091, 1040, 1002, 940 cm ™~ !; 'H NMR
(500 MHz, acetone-dg) and *C NMR (125 MHz, acetone-dg) data, see
Table 3; HRESIMS m/z 299.1625 [M+Na] " (caled for C;7H,403Na,
299.1618).

3.3.10. Incarnate methyl ester (10)

Brown gum;laly +3.36 (c 0.14, CHCl;) and [a]} +18.51 (0.20,
MeOH); CD (MeOH, ¢ 0.016 g/L) Ae (nm): +2.2 (221), +0.4 (357); UV
(MeOH) Apmax (log €) 232 (3.58), 265 (3.47), 423 (2.74) nm; FTIR (ATR)
Vmax 3393, 2952, 2927, 2864, 1736, 1462, 1435, 1379, 1365, 1229,
1217, 1205, 1159, 1081, 1039 crn_l; 'H NMR (400 MHz, acetone-dg)
and '3C NMR (100 MHz, acetone-dg) data, see Table 3; HRESIMS m/z
285.1470 [M+Na]™* (caled for C;¢H2203Na, 285.1461).

3.3.11. Incarnetic acid (11)

Brown gum; UV (MeOH) A« (log €) 235 (3.48), 262 (3.36), 424
(2.61) nm; FTIR (ATR) vmax 3385 (br), 2952, 2926, 2865, 1737, 1725,
1619, 1460, 1378, 1365, 1227, 1217, 1095, 1038 cm™}; 'H NMR
(400 MHz, acetone-dg) and *C NMR (100 MHz, acetone-dg) data, see
Table 3; HRESIMS m/z 253.1197 [M+Na]* (caled for C;sH;30,Na,
253.1199).

3.3.12. Incarnatenin (12)

Colourless gum; [a]f)(’ +18.71 (0.24, MeOH); UV (MeOH) Apax (log
€) 238 (3.45), 324 (2.38), 424 (1.78) nm; FTIR (ATR) vpax 2957, 2925,
2854, 1729, 1703, 1633, 1462, 1380, 1360, 1278, 1237, 1196, 1161,
1119, 1090, 1079 cm~'; 'H NMR (400 MHz, acetone-ds) 1.07 (3H, s,
13-CH3), 1.10 (3H, s, 12-CH3), 1.38 (3H, s, 14-CHj3), 2.39 (1H, dd,
J =18.8, 1.5Hz, 1-H,), 2.50 (1H, dd, J = 18.8, 2.8 Hz, 1-Hy), 2.65
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(1H, d, J = 18.9, 2.8 Hz, 6-H,), 2.76 (1H, d, J = 18.9 Hz, 6-Hy), 3.35
(3H, s, 7-OCH,), 3.54 (3H, s, 8-OCH,), 4.54 (1H, t, J = 2.1 Hz, 8-H),
5.53 (1H, s, 15-H,), 6.02 (1H, s, 15-Hy); 3C NMR (100 MHz, acetone-
ds) 19.3 (14-CH3), 25.3% (12-CHs), 25.6% (13-CHs), 39.4 (1-CH,), 42.0
(6-CH,), 49.7 (11-C), 52.7 (7-OCH,), 58.1 (3-C), 58.9 (8-OCH,), 83.9
(8-CH), 96.0 (7-C), 118.2 (15-CH,), 142.9 (9-C), 150.3 (4-C), 185.3 (2-
C), 202.2 (5-C), 207.7 (10-C); HRESIMS m/z 313.1416 [M+Na]*
(caled for C;7,H,,04Na, 313.1410). # = exchangeable

3.4. Biological assays

All isolated compounds except 4, 5,7, 9, 11, and 12 were evaluated
for antimicrobial activity against malaria parasite P. falciparum (K1-
multidrug resistant strain), bacteria Mycobacterium tuberculosis H37Ra
(TB) and Bacillus cereus (ATCC 11778) and for cytotoxicity against both
cancerous (KB, MCF-7, NCI-H187) and non-cancerous (Vero) cells. The
microculture radio isotope technique was used to study antimalarial
activity against the multidrug-resistant Plasmodium falciparum, K1
strain(Desjardins et al., 1979). The green fluorescent protein microplate
assay (GFPMA) was performed to evaluate the growth inhibitory
activity against Mycobacterium tuberculosis H37Ra and cytotoxicity
against Vero cells (African green monkey kidney fibroblasts, ATCC
CCL-81) (Changsen et al., 2003). The resazurin microplate assay
(REMA) was employed to evaluate anti-Bacillus cereus and cytotoxicity
against KB (human epidermoid carcinoma, ATCC CCL-17), MCF-7
(human breast cancer, ATCC HTC-22) and NCI-H187 (human small
lung cancer, ATCC CRL-5804) cells (O'Brien et al., 2000). Dihydroarte-
misinine and mefloquine were used as positive controls for antimalarial
activity and showed ICso values of 8.76 x 10~ * and 0.025 pg/mL,
respectively. Rifampicin, ofloxacin, streptomycin, isoniazid and etham-
butol were used as positive controls for anti-TB activity and displayed
MIC values of 0.025, 0.391, 0.313, 0.047, 0.47 ug/mL, respectively.
Vancomycin was used as a positive control for anti-B. cereus and
exhibited MIC value of 2.00 pg/mL. Tamoxifen and doxorubicin were
used as positive controls for anti-MCF-7 activity and showed ICsq values
of 7.45 and 9.56 pg/mL. Doxorubicin and ellipticine were used as
positive controls for anti-KB and anti-NCI-H187 activities and showed
ICsp values of 0.68, 3.19 and 0.13, 2.95 ug/mL, respectively. Ellipticine
was used as a positive control for cytotoxicity against Vero cell and
displayed ICs value of 1.52 pug/mL. Maximum tested concentration was
done at 50 pg/mL, except for anti-B. cereus and antimalarial activities
were done at 25 and 10 pg/mL, respectively.
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Eight new anthrone derivatives, which are (+)-oxanthromicins E (1), F (4), and G (5), ( + )-hemi-oxanthromicin
D (2), azanthromicin A (7), adxanthromicin A, (10), 3-methoxy oxanthromicin (11), and ( = )-oxanthromicin G
(13), along with eight previously described compounds (6, 8, 9, 12, 14-17) have been isolated from the ter-
restrial actinomycete, Actinomodura sp. BCC47066. The chemical structures have been determined on the basis
of NMR spectroscopic information and chemical degradation. The configurations were assigned based upon CD
spectral analyses, compared with the related compounds. Furthermore, the isolated compounds were assessed

for biological activity. Compounds 10, 12, and 16 showed anti-Bacillus cereus with ICso in a range of
1.56 — 12.50 ug/mL, while compounds 10 and 12 exhibited anti-phytopathogenic activity against Colletotrichum
capsici and C. gloeosporioides with equal ICsq value of 6.25pg/mL. All tested compounds possessed low cyto-
toxicity against both malignant and non-malignant cells.

1. Introduction

Actinomycetes are well known as an excellent producer for bioac-
tive compounds and almost half of active molecules discovered from
natural sources belongs to this group (Berdy, 2005). The genus most
frequently found in this order is the genus Streptomyces, whose many
secondary metabolites have been explored intensely. In order to find
new bioactive molecules, the rare genera in this group have been
identified and studied, including the genus Actinomadura. However,
only few secondary metabolites from Actinomycetes spp. have been re-
ported, which might be due to inappropriate growing conditions in the
laboratory, diverse chemical structures with broad biological activity
have been found. Examples of secondary metabolites isolated from the
genus Actinomadura were antifungal pradimicins A-C from Actinoma-
dura hibisca sp. nov. (ATCC 5357) (Tomita et al., 1990), anticancer
chandrananimycins A-C from Actinomadura sp. M045 (Maskey et al.,
2003), a y-lactone actinomiaolone from Actinomadura miaoliensis BCRC
16873 (Cheng et al., 2013), and antibacterial actinomadurol from Ac-
tinomadura strain KC191 (Shin et al., 2016).

In our chemical screening program, Actinomadura sp. BCC47066
showed a prolific chemical profile, which deserved further chemical
investigation. The investigation led to the isolation of eight new and
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eight known compounds. The isolated compounds were also evaluated
for antimicrobial activity and for cytotoxicity against both cancerous
(KB, MCF-7, NCI-H187) and non-cancerous (Vero) cells.

2. Results and discussion

The actinomycete Actinomodura sp. BCC47066 was cultivated in
BIO19 for 7 days at 28 °C in shaking condition. The whole culture was
extracted with EtOAc and after evaporation, its crude extract was then
purified by column chromatography using Sephadex LH-20 column and
followed by HPLC to furnish eight new compounds, namely, (+)-ox-
anthromicins E (1), F (4), and G (5), ( = )-hemi-oxanthromicin D (2),
azanthromicin A (7), adxanthromicin A, (10), 3-methoxy oxan-
thromicin (11), and ( * )-oxanthromicin H (13) and eight known
compounds, including ( *+ )-hemi-oxanthromicin A (6), demethyl ox-
anthroquinone (8), oxanthroquinone (9), oxanthromicin (12), quer-
cetin 3-glucoside (14), kaempferol 3-glucoside (15), ( * )-spiro-oxan-
thromicin A (16), and indole-3-carboxylic acid (17).

Compound 1 was obtained as a brown solid and had the molecular
formula Cy4H,50g, which was established by HRESIMS (m/z 467.1679
[M + Na] ™). The 3C NMR spectrum (Table 2) showed 24 signals,
differentiated by DEPT-135 spectrum, consisting of four methyl, one
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methylene, five sp® methine, four aromatic methine, and ten quaternary
carbons. The evidence from both 'H NMR and '*C NMR spectra in-
dicated the presence of a sugar unit. The NMR spectral data (Tables 1
and 2) together with the positive optical rotation value ((a]% + 132.9)
suggested that the sugar unit was a-p-galactose (Takahashi et al.,
2000). The remaining signals in the "H NMR spectrum contained sig-
nals of four singlet methyls (at 8y 1.69, 1.70, 2.22, and 2.81), four
doublet methines (at 8y 7.05, 7.14, 7.44, and 7.47), and one chelated
phenolic proton (8 13.98). The doublet methines at 8y 7.14 (H-5) and
7.44 (H-6) indicated an ortho position with a coupling constant of
8.0 Hz and correlated in HMBC spectrum to the carbons at C-7, C-8a, C-
10 and C-8, C-10a, C-12, respectively, while the doublet methines at 8y
7.05 (H-2) and 7.47 (H-4) indicated a meta position with a coupling
constant of 1.9 Hz and correlated in HMBC spectrum to the carbons at
C-3, C-4, C-9, C-9a and C-2, C-3, C-9a, C-10, respectively. Moreover, the
HMBC spectrum showed correlations from 13-Hj (8 1.69) and 14-Hj
(8 1.70) to C-4a, C-10, and C-10a; from 12-Hs (8 2.22) to C-6, C-7,
and C-8; from 11-H; (8y 2.81) to C-1, C-2, and C-9a; and from 8-OH to
C-7, C-8, and C-8a. The spectroscopic information suggested that the
sugar unit was linked to the oxygen at C-3. Therefore, the chemical
structure of compound 1 was depicted as shown in Fig. 1 and named
(+)-oxanthromicin E.

Compound 2 was obtained as a brown solid with a molecular for-
mula of Cy3H5609, 2 mass units higher than that of compound 1, de-
termined by HRESIMS (m/z 469.1468 [M + Na]*). The 'H NMR
spectrum was similar to that of compound 1, except an absence of a
methyl group. Moreover, an absence of the quaternary carbon at §¢
39.2 in the *C NMR spectrum and a presence of the quaternary carbon
at 8¢ 70.3 indicated a replacement of a methyl group at C-10 in com-
pound 1 with a hydroxyl group in compound 2. HMBC spectrum con-
firmed that a methyl at 8y 1.57 (13-H3) was situated at C-10 (8¢ 70.3)
by correlating to the carbons at C-4a, C-10, and C-10a. The '3C NMR
spectrum also showed double signals indicating an isomeric mixture at
C-10 of compound 2. Thus compound 2 was assigned as shown in Fig. 1
and ( * )-hemi-oxanthromicin D was given as its trivial name.

Compound 4 was obtained as a brown gum. The 'H NMR spectrum
was similar to that of ( = )-hemi-oxanthromicin A (6), except an ab-
sence of a methyl signal and a presence of signals of three contiguous
aromatic protons. The spectral information suggested the replacement
of a methyl group at C-7 in compound 6 with an aromatic methine at 8y
6.84 (1H, d, J = 8.1 Hz), showing correlations in HMBC spectrum to C-
8 (8¢ 115.1), C-8 (8¢ 160.8), and C-8a (8¢ 115.0). HRESIMS confirmed
the molecular formula of C;,H;30¢ by giving the molecular ion peak at
m/z 313.0706 [M—H] . In addition, compound 4 gave a positive op-
tical rotation value («]% + 40.7), which was opposite to the monomer
of oxanthromicin (12) ([oc]?;1 — 73.9) and the CD spectrum of compound
4 (Fig. 2) was opposite to the monomer of the known compound, ox-
anthormicin (12) (Wright et al., 1984). Therefore, the configuration at
C-10 of compound 4 was opposite to the reported oxanthromicin (12).
The chemical structure of compound 4 was thus illustrated as shown in
Fig. 1 and compound 4 was then named (+ )-oxanthromicin F.

Compound 5 was obtained as a brown gum with the molecular
formula C;gH;607, 30 mass units higher than that of compound 4, es-
tablished by HRESIMS (m/z 367.0790 [M + Na]™). The 'H NMR
spectrum of compound 5 was similar to that of compound 6, except an
absence of one methyl signal and the additional oxymethylene signal
resonating at &y 4.52 (1H, d, J=15.6Hz) and 4.54 (1H, d,
J = 15.6 Hz). HMBC spectrum correlated these methylene protons to
the carbons at C-6 (8¢ 132.9), C-7 (8¢ 128.7), and C-8 (8¢ 158.5), in-
dicating the position of the oxymethylene at C-7. Moreover, compound
5 had the positive optical rotation value («]% + 40.6), indicating that
it has the same configuration at C-10 as compound 4. Compound 5 was
named (+ )-oxanthromicin G.

Compound 7 was obtained as yellow gum and its molecular formula
was deduced to be C;;H;,NO;3 from the molecular ion peak at m/z
284.1285 [M+H]" in HRESIMS spectrum. The H NMR spectrum
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(Table 1) revealed four singlet methyls (at 8y 1.58, 2.24, 2.57, and
2.93), three aromatic methines (at 8y 7.33, 7.49, and 7.73), and a
chelated hydroxyl proton (at 8y 13.08). The C NMR spectrum dis-
played only 15 signals, differentiated by DEPT-135 spectrum, consisting
of four methyl, three methine, and eight quaternary carbons. HMBC
spectrum showed correlations from H-5 to C-7, C8a, and C-10; from H-6
to C-8, C-10a, and C-13; from Hs-13 to C-6, C-7, and C-8; from 8-OH to
C-7, C-8, and C-8a; from H3-14 to C-4a, C-10, and C-10a; from H-4 to C-
3, C-9a, C-10, and C-12; from Hs3-11 to C-1 and C-9a; from Hs-12 to C-3
and C-4. HMBC information indicated a similar structure to that of
compound 4, except the two low field carbons at §¢ 160.3 (C-1) and
162.1 (C-3), indicating an attachment to a nitrogen. The remaining
carbon at 8¢ 190.3 was placed at C-9 due to chelation with a hydroxyl
proton (8 13.08) at C-8. Since compound 7 gave the same pattern of
CD spectrum (Fig. 2) to those of (—)-hemi-oxanthromicin A, the con-
figuration at C-10 was assigned to be the same as that of oxanthromicin
12. Compound 7 (Fig. 1) was given as a trivial name azanthromicin A.
Azanthromicin A is a reduced form of 2-aza-anthraquinone structure,
which is rare in nature and had a broad range of antimicrobial and
anticancer activities (Abdelfattah et al., 2012; Koyama et al., 2005).
Examples of 3-methyl-2-aza-anthraquinone derivatives found in nature
are bostrycoidin from Fusarium bostrycoides (Arsenault, 1965), tolypo-
caldin from Tolypocladium inflatum (Grife et al., 1990), scorpinone from
unidentified fungus (Miljkovic et al., 2001), 5-deoxy-7-methylbos-
trycoidin from mycobionts of the lichen Haematomma sp. (Moriyasu
et al,, 2001), and utahmycin A from Streptomyces spp. (Abdelfattah
et al., 2012; Bauer et al., 2010).

Compound 10 was obtained as a yellow solid and the molecular
formula of C4,H400;, was revealed by HRESIMS spectrum, giving the
molecular ion peak at m/z 815.2190 [M—H] . The 1H NMR spectrum
was similar to that of compound 1, except that they appeared as double
signals with a complex sugar unit. The >C NMR spectrum gave doublet
signals, indicating its presence of a mixture of sugar unit in compound
10. The spectroscopic analyses including COSY, HMQC and HMBC
spectra disclosed the similar chemical structure to adxanthromycin A,
which was a dimeric anthrone peroxide structure with a-p-galactose
(Takahashi et al., 2000). However, the optical rotation reported for
adxanthromycin (a]p + 120.5) was opposite to that of compound 10
(la]p — 144.6). Hydrogenation of compound 10 with palladium on
carbon gave compound 3 and (—)-form of monomer of oxanthromicin
(12). Moreover, the same CD spectrum (Fig. 3) as that of compound 12
also confirmed the configurations at C-10 and C-10’ to be the same as
those of oxanthromicin (12). The 'H NMR and '3C NMR spectral in-
formation of compound 3 (Tables 1 and 2) indicated a mixture of (- (8y
4.79, d, J = 8.0Hz) and a-p-galactose (8y 5.55, d, J = 5.4 Hz) unit
(Takahashi et al., 2000). The chemical structure of compound 3 was
also reassured by 2D NMR spectral analysis. Compound 10 can there-
fore be illustrated as shown in Fig. 1 and was named adxanthromycin
A,

Compound 11 was obtained as a brown gum and the 'H NMR
spectrum was similar to that of compound 12, except the presence of
unsymmetrical signal at aromatic region, an additional methoxy signal
at 8y 3.93, and an extra chelated hydroxyl proton. HRESIMS spectrum
also confirmed the addition of methyl group, compared with that of
compound 12, by revealing the molecular ion peak at m/z 667.1823
[M—H] . The IR spectrum showing absorption of hydroxyl of acid (v
2500-3600 cm ™ 1), carbonyl of carboxylic acid (vjax 1706 em™ 1), and
hydrogen bonded carbonyl ketone (ymax 1624 cm™!) suggested the
methoxy group situated at C-3. In HMBC spectrum, the additional
methoxy showed correlation to the carbon at 8¢ 169.0 (C-3). The che-
mical structure of compound 11 was reassured by the 2D NMR analysis
(COSY, HMQC, and HMBC), shown in Fig. 1. The optical rotation value
of compounds 11 ((a]p — 55.8) together with the similar CD pattern to
that of compound 12 (Fig. 3) resulted in the assignment of configura-
tions at C-10 and C-10’ to be the same as oxanthromicin (12)
(a]p — 172.1) (Wright et al., 1984). Moreover, compound 12 could not
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Fig. 1. Chemical structures of compounds 1-17 from Actinomadura sp. BCC47066.

be modified after treatment with 2% 1N HCI in MeOH for 3 days at
room temperature, suggesting compound 11 is not an artifact formed
from compound 12. Thus, compound 11 is 3-methoxy oxanthromicin
(Fig. 1).

Compound 13 was obtained as a brown gum and HRESIMS gave the

molecular ion peak at m/z 539.1351 [M—H]~, suggesting the mole-
cular formula of C3;H240o. Part of the 'H NMR spectrum showed si-
milar pattern to that of monomer of compound 12, (—)-hemi-oxan-
thromicin A, and a lack of a quaternary carbon attached to oxygen at 8¢
69.6 in the >C NMR spectrum indicated a change of the substituent at
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Fig. 2. CD spectra of compounds 3, 4, 7, and (-)-hemi-oxanthromicin A
(monomer of compound 12).

C-10. In the '"H NMR spectrum, there were two additional singlet me-
thines at 8y 7.43 and 7.56, and two singlet methyl signals at &y 2.10
and 2.43. These signals showed HMBC correlations as follows; from the
methine at 8y 7.43 (H-10") to C-10, C-1’, and C-9’; from the methine at
8y 7.56 (H-4") to C-2/, C-6’, and C-8’; from the methyl at 8y 2.10 (Hs-
13) to C-6’, C-7/, and C-8’; and from the methyl at 8y 2.43 (H3-12") to C-
6’ and C-11". The spectroscopic evidence suggested the presence of 6’-
acetyl-5’-hydroxy-7’-methylnaphthalene-2’,9’-dione (Husain et al.,
2012) as a substituent at C-10. Compound 13 is present as an en-
antiomeric mixture since it gives 2 peaks (tz 12.30 and 13.02 min) in a
chiral HPLC analysis (using Chiral CD-Ph (5um), Shiseido” HPLC
column, 250 mm x 4.6 mm) using linear gradient system (70-95%

Phytochemistry Letters 25 (2018) 109-117

MeOH in water, for 30 min, at 254 nm, flow rate 1.0 mL/min) and also
lacks a CD curve. Thus, chemical structure of compound 13 can be
depicted as shown in Fig. 1 and ( = )-oxanthromicin H was named for
compound 13.

The 'H and '3C NMR spectra of all known compounds (6, 8, 9, 12,
and 14-17) were identical to those identified as ( % )-hemi-oxan-
thromicin A (Salim et al., 2014), demethyl oxanthroquinone (Hawas
et al., 2006), oxanthroquinone (Salim et al., 2014), oxanthromicin
(Wright et al., 1984), quercetin 3-glucoside, kaempferal 3-glucoside
(Kazuma et al., 2003), ( % )-spiro-oxanthromicin A (Salim et al., 2014),
and indole-3-carboxylic acid (Pouchert, 1993).

Compounds 1, 2, 6, 8-10, 12, and 16 were evaluated for anti-
microbial activity including antimalarial (Plasmodium falciparum, K-1
multidrug resistant strain), anti-TB (Mycobacterium tuberculosis H37Ra),
anti-Bacillus  cereus, anti-HSV-1, antiphytopathogenic (against
Colletotrichum capsici, C. gloeosporioides, Magnaporthe grisea and
Alternaria brassicicola) activities and for cytotoxicity against KB, MCF-7,
NCI-H187, and Vero cells. Compounds 1, 9, and 10 exhibited anti-HSV-
1 activity with ICso in a range of 2.33-20.86 pg/mL (Table 5), while
compound 1 was non-toxic against both cancerous and non-cancerous
cells. Dimeric anthrone peroxides 10 and 12 were active against B.
cereus (MIC 3.13 and 1-56 pg/mL), C. capsici (MIC 6.25 ug/mL), and C.
gloeosporioides (MIC 6.25 pg/mL). Only compound 12 had anti-M. grisea
activity with MIC value of 25 pg/mL, while compounds 12 and 16 ex-
hibited anti-A. brassicicola activity at maximum tested concentration
(50 pg/mL). All tested compounds, except compounds 9, 10, and 12,
showed non-cytotoxicity against both cancerous and non-cancerous
cells (Table 5). In addition, all tested compounds were inactive for
antimalarial and anti-TB activities at maximum tested concentration of
10 and 50 pg/mL, respectively.

Table 1
'H NMR assignment of compounds 1-5 and compound 7 in acetone-ds.
position  (1)° " 3 @ (5)* @)
8y, (mult., J in Hz) 8y, (mult., J in Hz) 8y, (mult., J in Hz) Sy, (mult., J in 8y, (mult., J in Hz) 8y, (mult., J in Hz)
Hz)
1 _ _ _ _ _ _
2 7.05 (d, 1.9) 7.04 (br s) - - - -
3 — - - - - _
4 7.47 (d, 1.9) 7.66 (br s) 7.51 (s) 7.24 (s) 7.11 (s) 7.73 (s)
4a - - - - -
5 7.14 (d, 8.0) 7.31 (d, 7.7) 7.29 (d, 7.7) 7.31 (d, 7.5) 7.28 (d, 7.8) 7.33 (d, 7.6)
6 7.44 (d, 8.0) 7.43 (d, 7.7) 7.43 (d, 7.7) 7.53 (t, 7.9) 7.59 (d, 7.8) 7.49 (d, 7.6)
, . _ - 6.84 (d, 8.1) - -
8 - — — — — -
8a - - - - - -
9 _ _ _ _ _ _
9a - - - - - -
10 - - - - - -
10a - - - - - -
11 2.81 (s) 2.72 (s) 2.80/2.82 (s) 2.78 (s) 2.97 (s) 2.93 (s)
12 2.22 (s) 2.22 (s) - - - 2.57 (s)
13 1.69 (s) 1.57 (s) 2.22 (s) 1.44 (s) 4.52 (d, 15.6) and 4.54 2.24 (s)
(d, 15.6)
14 1.70 (s) - 1.56 (s) - 1.42 (s) 1.58 (s)
8-OH 13.98 (s) 13.34 (s) 13.16 (s)/13.19 (s) 13.02 (s) 13.48 (s) 13.08 (s)
10-OH - - - 6.11 (s) 5.99 (s) -
13-OH - - - - 5.08 (t, 5.5) -
1 5.74 (d, 2.08) 5.73/5.74 (br s) 5.55 (d, 5.4)/4.79 (d, 8.0) -
2’ 4.07 (br s) 4.08 (br s) 5.30 (dd, 10.7, 3.6)/5.30 (dd, -
10.1, 8.0)
3 3.97-4.04 (m) 4.00-4.04 (m) 4.16 (dd, 10.7, 3.1)/3.84 (dd, -
10.1, 3.1)
4 3.97-4.04 (m) 4.00-4.04 (m) 4.09-4.14 (m)/4.04-4.08 (m) -
5 3.89 (dd, 6.1, 5.7) 3.87 (dd, 5.9, 5.8) 4.09-4.14 (m) -
6’ 3.70 (dd, 11.0, 6.1) 3.77 (dd, 3.70 (d, 10.9, 5.9) 3.76 (dd, = 3.70-3.75 (m) 3.77-3.82 (m) -

11.0, 5.7)

10.9, 5.8)

2 Recorded at 500 MHz.
> Recorded at 400 MHz.
¢ In DMSO-ds.
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Table 2

13C NMR assignment of compounds 1-5 and compound 7 in acetone-ds.
position ar @ @y @ (5)" @)

8¢, type 3, type 3¢, type 3¢, type 3, type 3, type

1 144.8 (C) 144.1/144.2 (C) 143.8/143.4 (C) 142.7 (C)f 148.8 () 160.3 (C)*
2 120.0 (CH) 119.5/119.6 (CH) 121.4 (C) 117.7 () 117.1 (©) -
3 161.2 (C) 161.1 (C) 160.5/160.6 (C) 160.8 (C) 167.3 (C) 162.1 (C)
4 113.0 (CH) 114.4 (CH) 112.2/112.3 (CH) 111.0 (CH) 112.3 (CH) 117.5 (CH)
4a 156.0 (C) 155.1 (C) 157.2/157.3 (C) 154.7 (C) 155.6 (C) 160.1 (C)*
5 116.3 (CH) 114.9(6)/115.0 (CH) 115.1 (CH) 115.1 (CH)“ 115.0 (CH) 115.3 (CH)
6 136.8 (CH) 136.3 (CH) 134.1 (CH) 134.5(CH) 132.9 (CH) 137.0 (CH)
7 123.7 (C) 124.3/124.4 (C) 125.5 (C) 115.0 (CH) 128.7 (C) 124.8 (C)
8 161.5 (C) 160.2/160.5 (C) 161.18/161.20 (C) 160.8 (C) 158.5 (C) 160.1 (C)®
8a 115.2 (C) 114.3 (O) 115.45/115.47 (C) 115.0 (C)¢ 115.0 () 114.1 (O)
9 191.3 (C) 190.1(6)/190.2 (C) 190.9 (C) 188.8 (C) 189.9 (C) 190.3 (C)
9a 122.7 (C) 121.7 (C) 123.7/124.2 (C) 123.2 (O)f 119.9 (O) 120.4 (C)
10 39.2 (O) 70.3 (C) 71.1 (C) 69.4 (C) 70.1 (C) 70.0 (O)f
10a 149.3 (C) 148.1 (C) 148.38/148.42 (C) 150.0 (C) 148.8 (C) 147.5 (C)
11 24.9 (CH3) 23.7 (CH3) 20.8/20.9 (CH3) 19.5 (CH3) 20.9 (CHs) 26.3 (CHs)
12 14.8 (CH3) 14.5 (CH3) 168.2/168.3 (C) = 171.7 (C) 24.2 (CHs)
13 33.8 (CH3) 38.7 (CH3) 15.3 (CH3) 40.2 (CHs) 57.8 (CHy) 14.4 (CH3)
14 33.9 (CHj) - 39.5 (CHz) - 40.2 (CHs) 37.9 (CHs)
1 98.6 (CH) 97.8/98.0 (CH) 91.1/96.12 (CH) -
2’ 69.4 (CH) 68.8 (CH) 74.5/76.7 (CH) -
3 70.7 (CH) 70.2 (CH) 68.4/73.0 (CH) -
4 69.8 (CH) 69.2 (CH) 71.2/70.1 (CH) -
5’ 72.7 (CH) 72.3 (CH) 70.9/76.3 (CH) -
6’ 61.8 (CHy) 61.2 (CHy) 62.2/62.4 (CHy) -

2 Recorded at 125 MHz.

b Recorded at 100 MHz.

¢ In DMSO-dg.

4 Exchangeable.

¢ Do not observe in *C NMR.
f Observed in HMBC spectrum.
& Exchangeable.
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Fig. 3. CD spectra of compounds 10-12.

( £ )-hemi-Oxanthromicin A (6), oxanthroquinone (9), and
( £ )-spiro-oxanthromicin A were earlier isolated from the terrestrial
Streptomyces sp. (MST-134270) and only compound 16 affected mis-
localising oncogenic mutant K-Ras from the plasma membrane of intact
Madin-Darby canine kidney (MDCK) cells (Salim et al., 2014). Com-
pounds 8, 14, and 15 were previously isolated from the shrublets of
Emex spinosus (L.) (Hawas et al., 2006) and the flowers of Clitoria ter-
narea (Kazuma et al., 2003), respectively, and have never been reported
from microorganisms. Dimeric anthrone peroxide structure with one
molecule of a-p-galactose (named adxanthromycin A), similar to com-
pound 10, was isolated Streptomyces sp. NA — 148 (Koiwa et al., 1999;
Takahashi et al., 2000). Oxanthromicin (12) was formerly reported
from Actinomadura sp. SCC 1646 with the relative configuration con-
firmed by X-ray crystallographic data (Wright et al., 1984) and pos-
sessed in vitro activity against dermatophytes (MIC 2-8 ug/mL) and
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Candida spp. (MIC 32— > 64 ug/mL) (Patel et al., 1984). Indole-3-car-
boxylic acid (17) was isolated from the plant-derived endophytic fungi,
Aspergillus spp. and Lasiodiplodia theobromae (El-Hawary et al., 2017),
and expected its role in survival of the collected plant (Solanum nigrum
L.) in desert environment.

3. Experimental section
3.1. General procedures

Melting points were measured on a melting point MP90 apparatus
from Mettler Toledo. UV spectra were performed in MeOH, using a
Spekol 1200, Analytik Jena AG. IR spectra were recorded by using a
Bruker ALPHA FT-IR spectrometer. Optical rotations were taken in ei-
ther EtOH or MeOH on a JASCO P-1030 polarimeter. CD spectra were
observed on a JASCO J-810 spectropolarimeter, using MeOH as a sol-
vent. HRESIMS data were detected on a Bruker MicrOTOF mass spec-
trometer and Isotope Pattern from Hystar version 2.1 was used to cal-
culate exact masses. NMR spectra, including 'H, *C, DEPT-135, COSY,
NOESY, HMQC (or HSQC) and HMBC experiments, were recorded on
either Bruker Avance 500 NMR spectrometer (at 500 MHz for 'H and
125 MHz for '3C) or Bruker Avance III 400 NMR spectrometer (at
400 MHz for 'H and 100 MHz for '3C), using either acetone-dg (85 2.08,
8¢ 29.06) or DMSO-dg (85 2.50, 8¢ 39.50) as internal standards. HPLC
were operated on a Dionex, Ultimate 3000 series model, equipped with
a binary pump, an autosampler and a diode array detector. Preparative
and semi-preparative HPLC were monitored at 210 nm and assembled
with a Waters Sunfire C18 OBD column (diam. 19 mm X 250 mm,
particle size 10 um) at a flow rate of 15 mL/min and a Waters Sunfire
C18 OBD column (diam. 19 mm X 150 mm, particle size 5 um) at a flow
rate of 9 mL/min, respectively. Mobile phase using for HPLC chroma-
tography contained 0.005% TFA (trifluoroacetic acid).
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3.2. Biological material

The actinomycete strain registered at BIOTEC Culture Collection
(BCC) as BCC47066 was collected from soil at Phu Pha Man National
Park, Khon Kaen province, Thailand. The sample was identified as
Actinomadura sp. by Dr. Chanwit Suriyachadkun based on the 16S rRNA
gene sequence. The 16S rRNA gene was amplified by PCR, and se-
quenced by Macrogen Inc., Korea using universal primers. BLASTZN
analysis was used to compare 16S rRNA gene sequences with sequences
from the EzBioCloud's nucleotide databases (Yoon et al., 2017). A
phylogenetic tree was constructed by neighbor-joining method (Saitou
and Nei, 1987) using MEGA 6 software. The results revealed that the
strain BCC47066 belonged to the genus Actinomadura, which shared
99.01% similarity with Actinomadura madurae.

3.3. Fermentation, extraction, and isolation

The strain BCC47066 was grown on ISP2 agar (yeast extract-malt
extract agar) at 25 °C for 30 days. The culture was cut into 1 cm? pieces
and then inoculated into 10 x 250 mL Erlenmeyer flasks, containing
25mL of BIO19 medium, which comprised (w/v): 2% glucose, 0.5%
peptone, 0.3% yeast extract, 0.5% meat extract, 0.05% NaCl, and 0.3%
CaCOs. The culture broth was inoculated for 7 days at 28 °C on rotary
shakers at 250rpm and then consecutively transferred into 1L
Erlenmeyer flask, which contained 250 mL of the seed medium, BIO19.
The seed culture (20 flasks) was cultivated on a rotary shaker (250 rpm)
at 28 °C for 7 days and then transferred into 80 x 1L Erlenmeyer flasks,
which each contained 250 mL of BIO19 medium. The production
medium (BIO19, 20L) was cultivated for 7 days at 28°C on rotary
shakers (250 rpm). After 7 days of the cultivation, the whole culture
(broth and cells) was extracted three times with an equal volume of
EtOAc and the extract was then dried over Na,SO,. EtOAc was eva-
porated to dryness to yield a brown gummy solid (9.2 g), which was
triturated in MeOH to obtain a brown solid (0.4 g) and the residue from
the remaining methanolic solution was passed through a Sephadex LH-
20 column (4.5cm X 40 cm), eluted with 100% MeOH, to give three
main fractions (F1-F3). The solid (0.4 g) was purified by preparative
HPLC using a linear gradient system of 30-80% acetonitrile in water
over 30 min to afford compounds 10 (23.1 mg), and 12 (6.9 mg), re-
spectively.

The first fraction (F1, 4.0 g) was triturated in MeOH to give a brown
solid (18.9 mg) of an impure compound 10 and the residue from the
remaining methanolic solution was further purified by a Sephadex LH-
20 column (4.5 X 40cm?) to afford 3 subfractions (F1F1-F1F3).
Subfraction F1F1 (2.7 g) was further purified by another Sephadex LH-
20 column (3.5 X 52 cm?) eluted with MeOH to give 3 subfractions
(F1F1-1-F1F1-3). Subfraction F1F1-1 (1.6 g) was further purified by a
preparative HPLC using a linear gradient system of 30-80% acetonitrile
in water over 30 min to give compounds 7 (2.5mg), 2 (7.6mg), 1
(3.9mg), and 12 (1.93 mg), respectively. Subfraction F1F1-2 (52.3 mg)
was further purified by a preparative HPLC using a linear gradient
system of 30-80% acetonitrile in water over 50 min to obtain com-
pounds 1 (1.2mg), 10 (27.3mg), and 12 (2.9mg), respectively.
Subfraction F1F1-3 (42.9mg) was further purified by a preparative
HPLC using a linear gradient system of 35-65% acetonitrile in water
over 50 min to furnish compounds 10 (4.1 mg) and 12 (6.0 mg), re-
spectively. Subfraction F1F2 (1.01 g) was passed through a Sephadex
LH-20 column (4.5 x 40 cm?), eluted with 100% MeOH to give 3
subfractions (F1F2-1-F1F2-3). Subfraction F1F2-1 (0.7 g) was further
purified by a preparative HPLC using a linear gradient system of
20-70% acetonitrile in water over 50 min to furnish compounds 13
(3.2mg), 10 (0.2 g), and 12 (20.0 mg). Subfraction F1F2-2 (72.0 mg)
was further purified by a preparative HPLC using a linear gradient
system of 30-80% acetonitrile in water over 30 min to obtain com-
pounds 14 (2.0mg), 15 (2.3mg), 1H-indole-3-carboxylic acid (17,
2.5mg), compounds 13 (4.5mg), 10 (12.7mg), and 12 (8.3 mg),
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respectively. Subfraction F1F2-3 (0.2 g) was purified by a preparative
HPLC using a linear gradient system of 30-80% acetonitrile in water
over 30 min to yield compound 16 (58.8 mg).

The second fraction (F2, 0.6 g) was triturated in MeOH to afford a
brown solid of compound 6 (56.9mg) and the filtrate was passed
through a Sephadex LH-20 column (4.5 x 40 cm?) to give 2 subfrac-
tions (F2F1 and F2F2). Subfraction F2F1 (0.3 g) was passed through
another Sephadex LH-20 column (2 x 90 c¢m?) to furnish 2 subfractions
(F2F1-1 and F2F1-2). Subfraction F2F1-1 (0.2 g) was further purified by
a preparative HPLC using a linear gradient system of 35-65% acet-
onitrile in water over 50 min to obtain compounds 5 (2.7 mg), 4
(2.2mg), 6 (31.0mg), and 10 (56.3mg), respectively. Subfraction
F2F1-2 (51.6 mg) was further purified by a preparative HPLC using a
linear gradient system of 50-65% acetonitrile in water over 40 min to
yield compound 16 (11.4 mg). Subfraction F2F2 (0.1 g) was further
purified by a preparative HPLC using a linear gradient system of
40-60% acetonitrile in water over 55min to afford compounds 6
(34.9mg), 10 (19.5mg), and 12 (8.9 mg), respectively.

The third fraction (F3, 1.4g) was triturated in MeOH to yield a
brown solid (0.2 g), which was further purified by a preparative HPLC
using a linear gradient system of 30-80% acetonitrile in water over
30 min to yield compounds 6 (66.3 mg) and 9 (2.3 mg), respectively.
The filtrate was passed through a Sephadex LH-20 column
(4.5 x 40 cm?), eluted with 100% MeOH to give 4 subfractions
(F3F1-F3F4). Compound 6 (71.7mg) was given in the subfraction
F3F1. Subfraction F3F2 (0.4 g) was triturated in MeOH to give a brown
solid of compound 6 (0.2g) and the filtrate was passed through a
Sephadex LH-20 column (2 X 90 cm?), eluted with 100% MeOH to give
2 subfractions (F3F2-1 and F3F2-2). Compound 16 (21.2 mg) was ob-
tained in the subfraction F3F2-2. Subfraction F3F2-1 (85.7 mg) was
further purified by a preparative HPLC using a linear gradient system of
35-65% acetonitrile in water over 50 min to furnish compounds 6
(1.6mg), 10 (12.2mg), 12 (1.3mg), and 11 (1.4mg), respectively.
Subfraction F3F3 (0.2 g) was further purified by a preparative HPLC
using 40-100% acetonitrile in water over 30 min to obtain compounds
4 (2.8mg), 16 (15.2mg), 9 (3.7 mg), 10 (7.7 mg), and 12 (12.6 mg),
respectively. Subfraction F3F4 (0.2 g) was triturated in MeOH to give a
brown solid (14.0 mg), which was further purified by a semi-pre-
parative HPLC using a linear gradient system of 35-75% acetonitrile in
water over 30 min to afford compounds 8 (4.0 mg) and 9 (3.5mg),
respectively. The filtrate was further purified by a semi-preparative
HPLC using a linear gradient system of 40-100% acetonitrile in water
over 40 min to give compounds 10 (7.5mg), 12 (14.9mg), and 11
(2.9 mg), respectively.

3.3.1. (+)-Oxanthromicin E (1)

Brown solid, [«]%¥ +132.89 (c 0.06, EtOH); UV (MeOH) Aqay (log €)
221 (4.06), 269 (3.89), 304 (4.12), 358 (3.77), 426 (2.80) nm; FTIR
(ATR) vmax 3371, 2855, 1712 (w), 1618, 1599, 1571, 1456, 1423, 1350,
1292, 1260, 1186, 1150, 1114, 1081, 1028, 1007, 773 Cmfl; 'H NMR
(500 MHz, acetone-dg) and '>C NMR (125 MHz, acetone-dg) data, see
Tables 1 and 2; HRESIMS m/z 467.1679 [M + Na]™ (caled for
C24H2808Na, 467.1676).

3.3.2. ( £ )-hemi-Oxanthromicin D (2)

Brown solid, [«]3 +174.95 (c 0.06, EtOH); UV (MeOH) Apay (log €)
222 (4.04), 270 (3.91), 309 (4.09), 357 (3.82), 421 (2.83) nm; FTIR
(ATR) vmax 3362, 2856, 1705 (w), 1622, 1600, 1568, 1449, 1421, 1347,
1290, 1258, 1176, 1163, 1083, 1027, 1002, 829, 785cm ™~ '; 'H NMR
(400 MHz, acetone-dg) and '>C NMR (100 MHz, acetone-dg) data, see
Tables 1 and 2; HRESIMS m/z 469.1468 [M + Na]™ (caled for
C23H2509Na, 4691469)

3.3.3. Compound 3
Yellow gum; [a]?® —18.57 (¢ 0.16, EtOH); 'H NMR (500 MHz,
acetone-dg) and '3C NMR (125 MHz, acetone-d,) data, see Tables 1 and
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2; HRESIMS m/z 489.1407 [M—H]~ (calcd for C24H25011, 489.1402).

3.3.4. (+)-Oxanthromicin F (4)

Brown gum; [a]% +40.68 (c 0.11, EtOH); UV (MeOH) Amay (log €)
224 (3.89), 258 (3.82), 323 (3.76), 348 (3.79), 419 (3.08) nm; FTIR
(ATR) vmax 2500-3600, 3399, 2926, 1703 (w), 1628, 1586, 1476, 1452,
1267, 1229, 1178, 1076, 1042, 883, 825, 789 Cm_l; 'H NMR
(400 MHz, DMSO-dg) and '3C NMR (100 MHz, DMSO-dg) data, see
Tables 1 and 2; HRESIMS m/z 313.0706 [M — H] ™ (calcd for C;7H;306,
313.0718).

3.3.5. (+)-Oxanthromicin G (5)

Brown gum; [a]ﬁ‘ +40.60 (c 0.07, EtOH); UV (MeOH) Ap,.x (log €)
222 (4.05), 260 (3.93), 324 (3.88), 349 (3.90), 424 (3.41) nm; FTIR
(ATR) vmax 2500-3600, 3370, 2925, 1710 (w), 1621, 1593, 1569, 1428,
1329, 1263, 1194, 1173, 1080, 1043, 829 cm ™ !; 'H NMR (500 MHz,
DMSO-d) and '3C NMR (125 MHz, DMSO-ds) data, see Tables 1 and 2;
HRESIMS m/z 367.0790 [M + Na]* (caled for C;gH;60,Na, 367.0788).

3.3.6. Azanthromicin A (7)

Yellow gum; [a]3 +13.81 (¢ 0.13, EtOH); UV (MeOH) Apmax (log €)
234 (3.89), 246 (3.81), 302 (3.84), 365 (3.55), 422 (3.18) nm; FTIR
(ATR) vmax 3360, 2926, 1718 (w), 1630, 1593, 1579, 1418, 1380, 1327,
1312, 1257, 1186, 1164, 1145, 1108, 1035, 889, 829, 796 cm_l; H
NMR (500 MHz, acetone-dg) and *3C NMR (125 MHz, acetone-dg) data,
see Tables 1 and 2; HRESIMS m/z 284.1285 [M+H]" (caled for
C1,H;gNOs, 284.1281).

3.3.7. Adxanthromicin A, (10)

Yellow solid; mp 179.5-181.8 °C; [«]% —144.64 (c 0.07, MeOH); UV
(MeOH) Apmax (log €) 221 (4.34), 259 (4.24), 316 (4.21), 357 (4.11) nm;
FTIR (ATR) vmax 3407, 2925, 1715, 1625, 1595, 1574, 1488, 1420,
1336, 1316, 1256, 1190, 1158, 1142, 1115, 1074, 1046, 1027, 885,
805cm ™% 'H NMR (400 MHz, acetone-ds) and '*C NMR (100 MHz,
acetone-dg) data, see Table 3; HRESIMS m/z 815.2190 [M —H] ™~ (calcd
for C42H39017, 8152193).

Table 3

'H and '3C NMR assignments of compound 10 in acetone-ds.
position 10)*

8y, (mult., J in Hz) 8c, type

1/1 - 142.0/142.1 (C)
2/2" - 121.1/121.4 (C)
3/3 - 160.7/160.8 (C)
4/4 7.02 (1H, s)/7.08 (1H, s) 113.8 (CH)
4a/4'a - 150.5 (C)
5/5 6.72 (2H, d, 7.1) 117.4/117.5 (CH)
6/6” 7.39 (2H, d, 7.1) 135.9/136.2 (CH)
7/7" - 125.4/125.5 (C)
8/8’ - 160.4/160.5 (C)
8a/8a - 115.4/115.6 (C)
9/9" - 190.09/190.13 (C)
9a/9a - 125.3 (O)
10/10" - 80.2 (C)
10a/10’a - 142.0/142.1 (C)
11/11 2.85 (3H, 5)/2.87 (3H, s) 20.7/20.9 (CH3)
12/127 - 167.6 (C)
13/13 2.29 (6H, s) 14.87/14.91 (CHz)
14/14" 1.34 (6H, s) 33.4/33.7 (CH3)
8-OH/8" —OH 13.65 (1H, s)/13.72 (1H, s) -
1” 5.30 (1H, br s)/5.60 (1H, s) 90.5/95.5 (CH)
2”7 4.10-4.30 (1H, m) 67.7 (CH)
3” 3.75-3.90 (1H, m) 70.4 (CH)
4” 3.75-3.90 (1H, m) 73.9 (CH)
5” 3.75-3.90 (1H, m) 73.9 (CH)
6” 4.10 — 4.30 (1H, m)/3.75 — 3.90 (1H, m) 61.8 (CHy)

@ Recorded at 400 MHz for 'H NMR and 100 MHz for **C NMR.
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Table 4
'H and '>C NMR assignments of compounds 11 and 13 in acetone-ds.
position 11° 13°
8y, (mult., J in 8¢, type 8y, (mult., J in Hz) 8¢, type
Hz)
1 - 151.8 (O)° - 144.4 (C)
2 - 120.2 (C)° - 120.5 (O)
3 - 169.0 (C) - 160.5 (C)
4 6.90 (s) 118.7 (CH) 6.84 (s) 111.2 (CH)
4a - 150.3 (C) - 154.4 (C)°
5 6.76 (d, 7.8) 118.2 (CH) 6.71 (d, 7.8)/6.72 (d, 111.1 (CH)
7.8)
6 7.48 (d, 7.8) 135.5 (CH) 7.26 (d, 7.8) 136.7 (CH)
7 - 126.1 (O) - 123.9 (O
8 - 161.2 (C) - 131.2 (C)
8a - 116.0 (C) - 114.7 (O)
9 - 190.3 (O) - 190.5 (©)
9a - 121.2 (O) - 122.2 (C)
10 - 81.3 (C) - 46.1 (C)
10a - 142.8 (O) - 145.8 (O)
11 3.19 (s) 21.5 (CH3) 2.97 (s) 20.9 (CH3)
12 - - - 170.0 (C)°
13 2.29 (s) 15.5 (CH3) 2.19 (s) 14.5 (CH3)
14 1.33 (s) 33.6 (CH3) 1.76 (s) 34.4 (CHj)
1 - 1413 (Q) - 155.8 (C)°
2/ - 121.2 (C) - 184.6 (C)
3 - - - 135.1 (O)
4 7.17 (s) 115.8 (C) 7.56 (s) 110.8 (CH)
4’a - 150.7 (C) - -
5 6.78 (d, 7.8) 118.4 (CH) - 157.1 (O)
6’ 7.50 (d, 7.8) 136.5 (CH) - 136.8 (C)
7’ - 126.0 (C) - 139.4 (O)
8 - 160.9 (C) - 123.7 (O)
8a - 116.9 (O - -
9 - 190.6 (C) - 183.7 (C)
9’a - 128.1 (C) - -
10 - 81.4 (C) 7.43 (s) 133.9 (CH)
10’a - 143.4 (C) - -
117 2.73 (s) 20.9 (CH3) - 203.2 (Q)
127 - = 2.43 (s) 31.2 (CH3)
13 2.29 (s) 15.7 (CH3) 2.10 (s) 17.5 (CH3)
14 1.27 (s) 34.7 (CH3) - -
8-OH 13.65 (s) - 13.96 (s) -
8’-OH 13.72 (s) - - -
3-OCH3;  3.93 (s) 52.3 (CH3) - -

@ Recorded at 500 MHz for "H NMR and 125 MHz for **C NMR.
> Observed in HMBC spectrum.

¢ Do not observe in *C NMR spectrum.

4 Exchangeable.

3.3.8. 3-Methoxy oxanthromicin (11)

Brown gum; [«]% — 55.81 (c 0.15, EtOH); UV (MeOH) Amay (log )
228 (4.34), 259 (4.26), 317 (4.20), 357 (4.16), 423 (3.58) nm; FTIR
(ATR) vmax 2500-3600, 2925, 1706, 1624, 1594, 1572, 1421, 1336,
1256, 1195, 1156, 1141, 1077, 884, 826, 804cm™'; 'H NMR
(500 MHz, acetone-dg) and '>C NMR (125 MHz, acetone-dg) data, see
Table 4; HRESIMS m/z 667.1823 [M—H]~ (caled for C3;H3;012,
667.1821).

3.3.9. ( £ )-Oxanthromicin H (13)

Brown gum; [a]% + 38.38 (¢ 0.09, EtOH); UV (MeOH) Aqay (log )
231 (4.23), 266 (4.26), 316 (4.05), 353 (3.98), 421 (3.33) nm; FTIR
(ATR) vmax 2500-3600, 2926, 1703, 1664, 1619, 1572, 1423, 1379,
1327, 1256, 1212, 1193, 1147, 1078, 1047, 1032, 827, 654 cm ™ *; 'H
NMR (500 MHz, acetone-ds) and *3C NMR (125 MHz, acetone-ds) data,
see Table 4; HRESIMS m/z 539.1351 [M—H]~ (caled for C3;Hy300,
539.1348).

3.3.10. Hydrogenation of compound 10
Compound 10 (30.0 mg) was stirred in dried MeOH (1.2 mL) with a
presence of Pd-C/H, at room temperature for 8 h. The mixture was then
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Table 5
Antimicrobial activity and cytotoxicity of the isolated compounds.

Phytochemistry Letters 25 (2018) 109-117

b

Compound Anti B. cereus  Anti-HSV—1°  Anti-C. capsici®  Anti-C. gloeosporioides’  Anti-A. brassicicola”  Anti-M. grisea”  Cytotoxicity” (ICso, ug/mL)

(MIC, pg/mL) (ICsp, ug/mL)  (MIC, pg/mL) (MIC, pg/mL) (MIC, pg/mL) (MIC, pg/mL) MCF-7 KB NCI-H187  Vero
1 > 25 2.33 > 25 > 25 > 50 > 50 > 50 > 50 > 50 > 50
2 > 25 > 50 > 25 > 25 > 50 > 50 > 50 > 50 > 50 > 50
6 > 25 > 50 > 25 > 25 > 50 > 50 > 50 > 50 > 50 > 50
8 > 25 > 50 > 25 > 25 > 50 > 50 > 50 > 50 > 50 > 50
9 > 25 20.86 > 25 > 25 > 50 > 50 > 50 31.72 33.19 > 50
10 3.13 10.32 6.25 6.25 > 50 > 50 > 50 30.13 > 50 > 50
12 1.56 > 50 6.25 6.25 50.0 25.0 > 50 > 50 > 50 27.64
16 12.50 > 50 > 25 > 25 50.0 > 50 > 50 > 50 > 50 > 50
vancomycin 2.0 - - - - - - - - -
acyclovir - 4.99 - - - - - - - -
amphotericin B - - 1.56—-3.13 1.56—-3.13 1.56 3.13 - - - -
ellipticine - - - - - - - 2.60 1.94 1.53
doxorubicin - - - - - - 8.59 0.353  0.079 -
tamoxifen - - - - - - 8.17 - - -

? = maximum tested concentration was done at 25 pg/mL.

b — maximum tested concentration was done at 50 jig/mL.

filtrated through a pad of Celite’545 and evaporated to dryness. The
crude was purified by semi-preparative HPLC, eluted with a linear
gradient system of 30 — 70% acetonitrile in water over 40 min at the
flow rate 8 mL/min, to afford compound 3 (10.9mg, 60.6%) and
(—)-hemi-oxanthromicin A (7.2 mg, 60.0%).

3.4. Biological assays

All compounds with sufficient amount were evaluated for anti-
microbial activity including malaria against P. falciparum (K1-multi-
drug resistant strain), bacteria against Mycobacterium tuberculosis
H37Ra and Bacillus cereus, phytopathogenic fungi against Colletotrichum
capsici, C. gloeosporioides, Magnaporthe grisea and Alternaria brassicicola,
for anti-Herpes simplex virus type 1 (HSV-1) activity, and for cytotoxi-
city against both cancerous (KB, MCF-7, NCI-H187) and non-cancerous
(Vero) cells. The microculture radio isotope technique was employed
for antimalarial activity against the multidrug-resistant Plasmodium
falciparum, K1 strain (Desjardins et al., 1979). The green fluorescent
protein microplate assay (GFPMA) was performed to evaluate for anti-
HSV- 1 (ATCC VR260) (Hunt et al., 1999), anti-M. tuberculosis H37Ra
(ATCC 25177), cytotoxicity against Vero cells (African green monkey
kidney fibroblasts, ATCC CCL-81) (Changsen et al., 2003), and anti-
phytopathogenic fungi including C. capsici (BMGC 106) and C. gloeos-
porioides (BMGC 107) (Chutrakul et al., 2013). The resazurin microplate
assay (REMA) was used for anti-B. cereus (ATCC 11778) and cytotoxi-
city against KB (human epidermoid carcinoma, ATCC CCL-17), MCF-7
(human breast cancer, ATCC HTC-22) and NCI-H187 (human small
lung cancer, ATCC CRL-5804) cells (O’Brien et al., 2000; Sarker et al.,
2007). 5 (and 6)-Carboxyfluorescein diacetate (CFDA) for fluorometric
detection was used for anti- A. brassicicola (BCC 42724) (Aremu et al.,
2003) and anti-M. grisea (BCC 10261) (Guarro et al., 1998).

Dihydroartemisinine and mefloquine were used as positive controls
for antimalarial activity and showed ICsq values of 7.17 X 10~* and
0.0107 pg/mL, respectively. Rifampicin, ofloxacin, streptomycin, iso-
niazid and ethambutol were used as positive controls for anti-TB ac-
tivity and displayed MIC values of 0.013, 0.391, 0.313, 0.047,
0.938 pg/mlL, respectively. Vancomycin was used as a positive control
for anti-B. cereus activity and exhibited MIC value of 2.00 pg/mL.
Acyclovir was used as a positive control for anti-HSV-1 activity and
displayed ICso value of 4.99 ug/mL. Amphotericin B was used as a
positive control for anti-phytopathogenic fungi and showed MIC values
of 1.56-3.13 ug/mL. Tamoxifen and doxorubicin were used as positive
controls for anti-MCF-7 activity and showed ICs, values of 8.17 and
8.59 ug/mL. Ellipticine and doxorubicin were used as positive controls
for anti-KB and anti-NCI-H187 activities and showed ICs, values of
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2.60, 0.353 and 1.94, 0.079 pg/mlL, respectively. Ellipticine was used as
a positive control for cytotoxicity against Vero cell and exhibited ICsq
value of 1.53 pg/mL. Maximum tested concentration was done at
50 ug/mL, except for anti-B. cereus, anti-C. capsici, anti-C. gloeospor-
ioides were done at 25ug/mL and antimalarial activity was done at
10 pg/mL.
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totoxicity.

Four previously undescribed compounds, including (Z)-chloromonilinic acid B (1), (E)-chloromonilinic acid C
(2), 4-chlorocurvularin (5), and 4-chlorocurvularinic acid (6), together with four known compounds, (E)-
chloromonilinic acids A and B, pinselin, and anhydromevalonolactone, were isolated from the fungus Curvularia
sp. BCC52426. The chemical structures were determined by comparing their NMR spectra to documented spectra
of the related compounds and the isolated compounds were also appraised for antimicrobial activity and cy-

1. Introduction

The genus Curvularia has been isolated from various environments
such as plants, soil, and marine. Diverse chemical structures with a
broad range of biological activity have been identified and isolated
from this genus. For example, murranofuran A, murranolide A, mur-
ranopyrone, and murranoic acid A were isolated from the endophytic
fungus Curvularia sp. M12. Murranolide A and murranopyrone show
more than 50% motility inhibitory activity against the late blight
phytopathogen (Phytophthora capcisi) at a concentration of 50-100 ug/
mL (Mondol et al., 2017). A pyrrole alkaloid named curindolizine was
isolated from a white croaker-associated fungus, Curvularia sp. IFB-Z10,
which has anti-inflammatory properties (Han et al., 2016). Penta-
norlanostane derivatives, named curvalarols A and B, were isolated
from the soil fungus Curvularia borreriae HS-FG-237 and display cyto-
toxicity against A549, K562, and MDA-MB-231 cells (Xue et al., 2013).
Curvularone A and 4-hydroxyradianthin were isolated from the soil
fungus Curvularia inaequalis strain HS-FG-257 and show cytotoxicity
against ACHN and HepG2 (Pang et al., 2013). Curvulapyrone, curvu-
lalide, and curvularic acid were isolated from the sea fan-fungus, Cur-
vularia sp. PSU-F22 and two other compounds are inactive as anti-
bacterial agents against Staphylococcus aureus ATCC 25923 and
methicillin-resistant S. aureus SK1 and as antifungal agents against
Microsporum gypseum SH-MU-4 activities (Trisuwan et al., 2011). A 14-
membered macrolide, apralactone, was isolated from the marine-de-
rived fungus, Curvularia sp. (strain no. 768) and possess cytotoxic ac-
tivity against human tumour cells (Greve et al., 2008).
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Two strains of fungi, registered as BCC51998 and BCC52426, were
collected from 1 to 3-year-old bagasse at a depth of 30 cm from the
surface and identified by morphology and partial gene sequences to be
Aspergillus sp. and Curvularia sp., respectively. These two strains were
co-cultured on a PDA (potato dextrose agar) plate and unexpectedly,
after 7 days, the fungus Curvularia sp. BCC52426 showed antagonistic
behavior, producing an inhibition area that did not allow the fungus
Aspergillus sp. BCC51998 to invade. We investigated potentially an-
tagonistic metabolites produced by Curvularia sp. BCC52426. In addi-
tion, as part of our continuing search for new antimicrobial agents,
crude extracts of Curvularia sp. BCC52426 were also appraised for an-
timalarial, antitubercular, antibacterial, anti-phytopathogenic fungus
and cytotoxic activities, and the results showed that these extracts were
inactive in all tests at the maximum tested concentrations. Chemical
analysis of the culture broth led to the isolation of four new compounds,
(Z)-chloromonilinic acid B (1), (E)-chloromonilinic acid C (2), 4-
chlorocurvularin (5), and 4-chlorocurvularinic acid (6), together with
three known compounds, (E)-chloromonilinic acids A (3) and B (4) and
anhydromevalonolactone. The crude extract from cells yielded only
compound 5 and pinselin.

2. Results and discussion

Compound 1 was obtained as a brown gum. The 'H NMR spectrum
(Table 1) was almost identical to that of compound 4, whose spectro-
scopic data were identical to those of (E)-chloromonilinic acid B (Sassa
et al., 1989), except for a downfield shift of a methine proton. The

1874-3900/ © 2018 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.
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Table 1
'H and '3C NMR assignments of compounds 1, 2, 5, and 6.

position 1% in DMSO-dg 2" in DMSO-ds 5% in acetone-ds 6" in DMSO-ds

8y, (mult.) 8¢, type 8y, (mult.) 8¢, type 8y, (mult.) 3¢, type 8y, (mult.) 8¢, type
1 - 170.8, C - 169.1, C - 133.4, C - 117.5, C
2 3.58 (s) 30.6, CH, 3.49 (s) 29.8, CH, 7.08 (s) 112.4, CH - 151.3, C
3 - 115.8, C - 115.5, C - 161.4, C 7.67 (s) 125.5, CH
4 - 181.9, C - 181.3, C - 108.8, C - 123.4, C
4a - - - - - 160.3, C - 145.3, C
5 - 107.8, C - 111.4,C 6.67 (s) 110.8(5), CH 7.49 (s) 108.1, CH
6 - 159.8, C - 155.4, C - 149.5, C - 125.5, C
7 6.73 (s) 112.7, CH 7.54 (s) 108.1, CH 6.93 (s) 107.7, CH 7.25 (s) 111.0, CH
8 - 149.2, C - 138.6, C - 155.8, C - 160.9, C
8a - - - - - 106.4, C - 110.1, C
9 6.98 (s) 108.1, CH 7.30 (s) 111.4, CH - 179.6, C - 180.6, C
9a - - - - - 110.8(6), C - 119.3, C
10 - 155.9, C - 159.3, C - - - -
10a - - - - - 153.9, C - 155.5, C
11 - 158.6, C - 159.5, C - 168.2, C - 167.0°, C
12 - 129.5 C - 132.0, C 2.46 (s) 21.7, CH3 - 166.5, C
13 6.82 (s) 129.4, CH 6.82 (s) 131.2, CH - - - -
14 - 164.0, C - 163.3, C - - - -
1-OCH, 3.63 (s) 52.4, CH, 3.60 (s) 51.9, CHs - - - -
8-CH3 2.40 (s) 22.3, CH3 - - - - - -
8-COOH - - - 165.5, C - - - -
8-OH - - - - 12.27 (s) - 11.97 (s) -
11-OCH3 - - - - 3.91 (s) 52.4, CH3 - -
12-OCH3 - - - - - - 3.86, s 52.8, CH3

@ Recorded at 400 MHz for 'H NMR and at 100 MHz for °C NMR.
> Recorded at 500 MHz for '"H NMR and at 125 MHz for °C NMR.
¢ Observed in HMBC spectrum.

downfield methine at 8y 6.82 (H-13) correlated in HMBC to C-11 (8¢
158.6) and C-12 (8¢ 129.5). The remaining HMBC correlations in-
dicated that compound 1 had the same chemical structure as chlor-
omonilinic acid B, also confirmed by HRESIMS, which gave a sodium-
adducted mass ion peak at m/z 375.0241 [M+Na]*. However, the
observation of correlation from H-13 and H,-2 in the NOESY spectrum
suggested that the configuration of double bond at C-12/C-13 was Z.
Thus, compound 1 was the first isolation of a Z form of chloromonilinic
acid B.

Likewise, the 'H NMR spectrum (Table 1) of compound 2 showed
downfield shifts of two aromatic methine protons and a lack of methyl
signal at C-8, compared with that of compound 4 (Sassa et al., 1989). In
the HMBC spectrum, two downfield methine protons (8 7.30, H-9 and
7.54, H-7) correlated to an extra quaternary carbon at 8¢ 165.5, sug-
gesting a replacement of a methyl group with a carboxylic group. The
rest of the structure was determined by NMR spectroscopic data, and
the HRESIMS spectrum confirmed the molecular formula C;¢H;;ClOg
by showing a mass ion peak at m/z 381.0016 [M—H] . The lack of a
correlation from H-13 (8 6.82) to H,-2 (84 3.49) in the NOESY spec-
trum suggested that the configuration of the double bond at C-12/C-13
was E. The chemical structure of compound 2 is shown in Fig. 1 and (E)-
chloromonilinic acid C was given as its trivial name.

Compound 5 was obtained as an orange solid. HRESIMS spectrum
revealed a sodium-adduct mass ion peak at m/z 357.0139 [M+Na]™*,
establishing a molecular formula C;4H;;ClO¢. The H NMR spectrum
(Table 1) was similar to that of 4-chloropinselin (Kachi et al., 1986),
apart from an upfield shift of a methine proton at 8y 7.08 (H-2). In the
HMBC spectrum, H-2 correlated to C-4 (8¢ 108.8), C-9a (8¢ 110.9), and
C-11 (8¢ 168.2), indicating its position at C-2. In addition, the methoxy
protons at 8y 3.91 correlated to C-11 in the HMBC spectrum, suggesting
a methyl ester at C-1. The remaining signals showed HMBC correlations
that were the same as those described for 4-chloropinselin. The *3C
NMR signals at C-2 (8¢ 112.4) and C-4 suggested a hydroxyl substituent
at C-3. Thus, compound 5 possessed the chemical structure shown in
Fig. 1 and was named 4-chlorocurvularin.
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Compound 6 was obtained as a yellow solid and the 'H NMR
spectrum (Table 1) was similar to that of compound 5, except for the
absence of the methyl signal. HRESIMS spectrum revealed the presence
of a Cl atom in the molecule with a mass ion peak at m/z 362.9920
[M—H] ", establishing the molecular formula of C,sHsClOg. The *°C
NMR spectrum showed only fourteen signals consisting of one methyl,
three methine, and ten quaternary carbons. Two aromatic methine
protons at 8y 7.25 (H-7), 7.49 (H-5), and a methoxy group at 8y 3.86
correlated in the HMBC spectrum to a carbonyl carbon at ¢ 166.5 (C-
12), indicating a carbomethoxy group attached at C-6. Moreover, the
HMBC spectrum showed correlations from H-3 to C-1, C-2, C-4, and C-
4a; from H-5 to C-7, C-8a, and C-10a; and from H-7 to C-5, C-8, and C-
8a. The remaining signal at 8¢ 180.6 indicated a carbonyl of xanthone,
whose UV spectrum showed a similar pattern to that of fischexanthone
(Bunbamrung et al., 2015). The IR spectrum displayed absorption of a
carboxylic acid hydroxyl group (v 3500-2800 cm~!) and an ester car-
bonyl (vmax 1737 cm ™). Therefore, compound 6 was assigned as 4-
chloro-2,8-dihydroxy-6-(methoxycarbonyl)-9-oxo-9H-xanthene-1-car-
boxylic acid, shown in Fig. 1, and was named 4-chlorocurvularinic acid.

The 'H and '3C NMR spectra of compounds 3, 4, and 7 were
identical to those of (E)-chloromonilinic acids A and B (Sassa et al.,
1989) and pinselin (Yamazaki and Okuyama, 1980), respectively. All
tested compounds, except compounds 1 and 5, showed no cytotoxicity
(ICsp > 10uM) against either cancerous (MCF-7, KB, NCI-H187) or
non-cancerous (Vero) cells and were inactive in all tests. Compound 1
exhibited anti-TB activity at the maximum tested concentration (MIC
50 ug/mL), whereas compound 5 showed antibacterial activity against
B. cereus and E. faecium, with MIC values of 25 and 50 ug/mL, respec-
tively. The results indicated that (Z)-chloromonilinic acid B (1) had
higher anti-TB activity than that of (E)-chloromonilinic acid B (4) and
that 4-chlorocurvularin (5) had higher antibacterial activity than that
of the related compound, pinselin (7). Moreover, the isolated com-
pounds should have biological activity against the fungus Aspergillus,
but this test has not been performed.
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2R =COOH
3 R = CH,OH
4R =CH;
1
O  COOH OH COOCH;

Fig. 1. Chemical structures of compounds isolated from the fungus Curvularia sp. BCC52426.

3. Experimental section
3.1. General procedures

NMR spectra, including *H, '3C, DEPT-135, COSY, NOESY, HMQC
and HMBC experiments, were recorded on either a Bruker Avance 500
NMR spectrometer (at 500 MHz for 'H and 125 MHz for '3C) or a Bruker
Avance III 400 NMR spectrometer (at 400 MHz for 1H and 100 MHz for
130, using either acetone-ds or DMSO-dg as internal standards. UV
spectroscopy was performed in MeOH, using a Spekol 1200, Analytik
Jena AG. IR spectra were obtained from a Bruker ALPHA FT-IR spec-
trometer. HRESIMS data were acquired on a Bruker MicrOTOF mass
spectrometer. Preparative HPLC was performed using the Dionex,
Ultimate 3000 series model, which was equipped with a binary pump,
an autosampler and a diode array detector. Preparative and semi-pre-
parative HPLC were performed with a Sunfire C18 OBD column from
Waters (diam. 19 mm X 250 mm, particle size 10 um for preparative
HPLC and diam. 19 mm X 150 mm, particle size 5um for semi-pre-
parative HPLC) at flow rates of 15 and 9 mL/min, respectively.

3.2. Fungal material

The fungus was isolated from 1 to 3-year-old bagasse collected at a
depth of 30cm from the surface at Eastern Sugar and Cane Public
Company Limited, Sa Kaeo province, Thailand. The fungus was iden-
tified based on the partial nuclear large subunits ribosomal DNA (nc28S
rDNA, 1159 bps), the internal transcribed spacer (ITS region, 577 bps)
and the partial RPB2 gene for RNA polymerase II subunit 2 (RPB2, 947
bps). The combined nc28S rDNA and RPB2 sequences (2106 bps) in-
dicated affinity with fungal taxa within Pleosporales, Dothideomycetes,
and Ascomycota, and the ITS sequence of the fungus showed 99-100%
similarity with Curvularia sp. using BLAST (the Basic Local Alignment
Search Tool; https://blast.ncbi.nlm.nih.gov/Blast.cgi) from the
National Center for Biotechnology Information (NCBI) and Pairwise
Sequence Alignment (PSA; http://www.mycobank.org/) from
Mycobank. Therefore, the fungus was identified as Curvularia sp. in
family Pleosporaceae, order Pleosporales, class Dothideomycetes,
phylum Ascomycota, registered as BCC52426 at BIOTEC Culture
Collection (BCC). The ITS, nc28S rDNA and RPB2 sequences were
submitted to GenBank with accession numbers MG661738, MG661740,
and MG674189, respectively.
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3.3. Fermentation, extraction, and isolation

The fungus BCC52426, previously induced by co-cultured with
Aspergillus sp. BCC51998, was grown on PDA (potato dextrose agar) at
25°C for 19days, and the agar was then cut into small pieces
(1 x 1 cm?) prior to transferring into four 250 mL Erlenmeyer flasks,
each containing 25 mL PDB (potato dextrose broth). The culture was
grown for 6 days at 25°C in a shaker and was later transferred into
sixteen 1L Erlenmeyer flasks, each containing 250 mL PDB. The seed
culture was then incubated for 6 days at 25°C in a shaker and trans-
ferred into eighty 1L Erlenmeyer flasks, each containing 250 mL. MEB
(malt extract broth). This production culture (20L) was grown for
40 days at 25 °C in shakers (250 rpm). After 40 days, the broth and cell
were separated by simple filtration. The broth was extracted with an
equal volume of EtOAc three times. The EtOAc was dried over Na,SO4
and then evaporated to dryness to give a brown gum (0.81 g). The cells
were submerged in MeOH for 3 days and consecutively in CH,Cl, for
3 days. The organic solvents were then combined and concentrated.
Water (50 mL) was added and the mixture was then extracted thrice
with equal volumes of EtOAc. EtOAc was then dried over Na,SO, and
evaporated to dryness to obtain a brown gum (4.68 g).

Broth (0.81g) was passed through a Sephadex LH-20 column
(4.5cm X 40 cm) and eluted with 100% MeOH to give two main frac-
tions. The first fraction (0.57 g) was passed through another Sephadex
LH-20 column (2.5 cm X 75 c¢m) and eluted with 100% MeOH to obtain
three subfractions (f1-f3). Subfraction f1 (0.18 g) was further purified
by preparative HPLC using a linear gradient system of 5-85% CH3CN in
water over 30min, to yield compound anhydromevalonolactone
(9.2mg). Subfraction f2 (0.25g) was purified by preparative HPLC,
using a linear gradient system of 10-65% CH5CN in water over 30 min,
to yield 3 subfractions (f2f1-f2f3). Anhydromevalonolactone (3.9 mg)
and compound 4 (26.8 mg) were obtained from subfractions f2f1 and
f2f3, respectively. Subfraction f2f2 (46.0 mg) was further purified using
a Sephadex LH-20 column (using 100% MeOH as the mobile phase)
followed by purification on TLC plates (using 1:1, n-hexane:acetone in a
presence of 1% acetic acid as a mobile phase) to yield compounds 4
(22.1 mg) and 1 (7.6 mg). Subfraction {3 (58.5 mg) was further purified
by semi-preparative HPLC using a linear gradient system of 30-70%
CH3CN in water in the presence of 0.05% HCOOH over 30 min, to yield
compounds 3 (2.3mg) and 2 (7.0 mg). The second fraction (25.7 mg)
was purified by semi-preparative HPLC using a linear gradient system
of 10-65% CH3CN in water over 30 min to yield compounds 6 (2.9 mg)
and 5 (1.8 mg).
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The brown gum (4.7 g) from cell extraction was passed through a
Sephadex LH-20 column to yield two main fractions. The first fraction
(69.5mg) was further purified by preparative HPLC using a linear
gradient system of 10-70% CH3CN in water over 30 min to yield pin-
selin (7, 2.7 mg). The second fraction (20.7 mg) was purified by semi-
preparative HPLC, using 20-80% CH3CN in water over 30 min to yield
compound 5 (3.1 mg).

3.3.1. (Z)-Chloromonilinic acid B (1)

Brown gum; UV (MeOH) A.x (log €) 243 (4.15), 263 (4.21), 337
(3.74) nm; FTIR (ATR) vmax 3500-2500 (br), 1738, 1656, 1610, 1437,
1364, 1351, 1294, 1207, 1165, 1083, 958, 826 cm™!; HRESIMS m/z
375.0241 [M+Na]* (caled for C,¢H;35ClO;Na, 375.0242).

3.3.2. (E)-Chloromonilinic acid C (2)

Brown gum; UV (MeOH) A,.x (log €) 243 (4.08), 261 (4.07), 351
(3.73) nm; FTIR (ATR) vmax 3500-2500 (br), 1736, 1727, 1657, 1611,
1439, 1413, 1365, 1349, 1288, 1228, 1217, 1197, 1165, 1079 cm ™ };
HRESIMS m/z 381.0016 [M—H]~ (caled for C,¢H;0ClO0o, 381.0019).

3.3.3. 4-Chlorocurvularin (5)

Orange solid; UV (MeOH) A« (log €) 240 (4.27), 262 (4.10), 294
(3.80), 359 (4.08) nm; FTIR (ATR) vmax 3500-3000 (br), 2954, 2924,
2854, 1737, 1722, 1650, 1596, 1529, 1502, 1439, 1379, 1275, 1210,
1164, 1107, 1051, 1028, 830, 773 cm_lg HRESIMS m/z 357.0139 [M
+Na]* (caled for C;6H;1ClOgNa, 357.0136).

3.3.4. 4-Chlorocurvularinic acid (6)

Yellow solid; UV (MeOH) An.x (log €) 241 (4.36), 268 (4.36), 297
(4.04), 332 (3.84), 404 (3.96) nm; FTIR (ATR) vmax 3500-2800 (br),
2925, 2853, 1737 (overlapping), 1716, 1650, 1620, 1587, 1570, 1499,
1436, 1412, 1359, 1283, 1232, 1192, 1083, 1017, 879, 757 cm ™ };
HRESIMS m/z 362.9920 [M—H] "~ (calcd for C;¢HgClOg, 362.9913).

3.4. Biological assays

Isolated compounds that were obtained at adequate amounts (ex-
cluding compounds 3 and 6) were evaluated for antimicrobial activity
against the malaria parasite P. falciparum (K1-multidrug resistant
strain), the bacteria Mycobacterium tuberculosis H37Ra, Bacillus cereus,
Enterococcus faecium, Escherichia coli, Acinetobacter baumannii, Klebsiella
pneumoniae, and Pseudomonas aeruginosa, and the phytopathogenic
fungi Colletotrichum capsici, C. gloeosporioides, Magnaporthe grisea and
Alternaria brassicicola. The compounds were also tested for cytotoxicity
against both cancerous (KB, MCF-7, and NCI-H187) and non-cancerous
(Vero) cells. The microculture radio isotope technique was employed to
evaluate antimalarial activity against the multidrug-resistant
Plasmodium falciparum K1 strain (Desjardins et al., 1979). The green
fluorescent protein microplate assay (GFPMA) was performed to eval-
uate anti-M. tuberculosis H37Ra (ATCC 25177), cytotoxicity against
Vero cells (African green monkey kidney fibroblasts, ATCC CCL-81)
(Changsen et al., 2003), and anti-phytopathogenic fungi including C.
capsici (BMGC 106) and C. gloeosporioides (BMGC 107) (Chutrakul et al.,
2013). The resazurin microplate assay (REMA) was used to evaluate
anti-B. cereus (ATCC 11778) and cytotoxicity against KB (human epi-
dermoid carcinoma, ATCC CCL-17), MCF-7 (human breast cancer,
ATCC HTC-22) and NCI-H187 (human small lung cancer, ATCC CRL-
5804) cells (O'Brien et al., 2000; Sarker et al., 2007). Antibacterial
activity against E. faecium (ATCC 51559), E. coli (ATCC 25922), A.
baumannii (ATCC 19606), K. pneumoniae (ATCC 700603), and P. aeru-
ginosa (ATCC 15692) was evaluated by using the standard protocols
published by Clinical and Laboratory Standard Institute (Wayne,
2006a,b). 5- (and 6)-Carboxyfluorescein diacetate (CFDA) for fluoro-
metric detection was used for anti-A. brassicicola (BCC 42724) (Aremu
et al., 2003) and anti-M. grisea (BCC 10261) (Guarro et al., 1998).

Dihydroartemisinine and mefloquine were used as positive controls
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for antimalarial activity and had ICso values of 8.05 x 10~* and
0.024 pug/mL, respectively. Rifampicin, ofloxacin, streptomycin, iso-
niazid and ethambutol were used as positive controls for anti-TB ac-
tivity and displayed MIC values of 0.025, 0.391, 0.313, 0.047, 0.47 ug/
mL, respectively. Vancomycin was used as a positive control for anti-B.
cereus activity and exhibited an MIC value of 2.00 ug/mL. Rifampicin
and tetracycline HCl were used as standard references for activity
against E. faecium and E. coli and showed the same MIC value of
3.13 ug/mlL, whereas rifampicin and erythromycin were used as stan-
dard references for anti-A. baumannii and anti-K. pneumoniae and ex-
hibited MIC values of 3.13, 12.50 and 25.0, 100.0 pg/mL, respectively.
Erythromycin and chloramphenicol were used as standard references
for anti-P. aeruginosa and had MIC values of > 32 and > 8 pg/mL.
Amphotericin B was used as a positive control for anti-phytopathogenic
fungi with MIC values in the range of 1.56-3.13 pg/mL. The maximum
tested concentration was 50 ug/mL, except for anti-B. cereus, anti-C.
capsici, and anti-C. gloeosporioides, which were tested at 25 pug/mL, and
antimalarial activity, which was tested at 10 ug/mL.
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Six unknown cyathane diterpenes, named cyathinins A — E, and 10-hydroxyerinacine S, were isolated
from Cyathus subglobisporus BCC44381 along with six known compounds, striatoid C, striatin C, striatals
A, C, D, and glochidone. The chemical structures were determined by means of high resolution mass
spectrometry (HRESI-MS) and nuclear magnetic resonance (NMR) spectroscopy. The absolute configu-
rations were confirmed by X-ray diffraction analysis. The isolated active compounds exhibited antima-
larial against Plasmodium falciparum (ICso 0.88—7.51 uM), antibacterial activities against Mycobacterium
tuberculosis (MIC 25—50 pug/mL), Gram-positive bacteria of Bacillus cereus and Enterococcus faecium (MIC
0.78—50 ug/mL) and Gram-negative bacteria of Escherichia coli, Acinetobacter baumannii and Klebsiella
pneumoniae in a presence of phenylalanine-arginine f-naphthylamide (MIC 3.13—50 pg/mL), antifungal
activity against Candida albicans (ICso 8.6—80.3 uM) activities, and cytotoxic activity against both
cancerous (MCF-7, KB, NCI-H187, IC5¢ 0.36—28.32 uM) and non-cancerous (Vero, ICsg 0.13—91.50 uM)
cells.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Cyathanes are tricyclic diterpenes with annelated 5—6-7-
memebered ring skeleton and have been widely isolated from
mushrooms of the genus Cyathus and edible mushrooms of the
genera Hericium [1] and Sarcodon. The genus Sarcodon can be
considered as inedible due to the bitter taste, but this is less
apparent in younger samples [2]. Many cyathane diterpenes have
been described, for examples cyafrins and cyathins D—H, Q, R from
Cyathus africanus Brodie, [3—6] cyathatriols from C. earlei [7],
striatins, striatoids A—F, and pyristriatins A, B from C. striatus
[8—11], cyathins J—P from C. gansuensis [12], erinacines and her-
icenones from Hericium erinaceus [13—18], H. ramosum (currently
valid name H. coralloides) CL24240 [19] and H. flagellum [20],
scabronines, sarcodonins, and neosarcodonins from Sarcodon
scabrosus [21—-25], glaucopines from S. glaucopus [26,27], cyrneines
from S. cyrneus [28,29], and laxitextines A and B from Laxitextum
incrustatm [30]. These compounds exhibited various biological

* Corresponding author.
E-mail address: pattamap@biotec.or.th (P. Pittayakhajonwut).

https://doi.org/10.1016/j.tet.2018.10.012
0040-4020/© 2018 Elsevier Ltd. All rights reserved.

activities such as antibacterial activity, anti-inflammatory, induc-
tive activity of nerve growth factor (NGF)-synthesis, neurotrophin
inducing effects, and antitumor activity [20,31]. Moreover, the
profound study of the cyathane diterpene named cyathin R, which
had apoptosis induction property in Bax/Bak-deficient mouse em-
bryonic fibroblasts, showed that the compound could activate
apoptosis via a novel mechanisms by promoting of the VDAC1
oligomerization [5]. Recently, the enzyme involved in cyclization of
the cyathane skeleton in H. erinaceum was characterized [32].

As part of our ongoing search for new antimicrobial compounds
from Thai microorganisms, the crude extracts from Cyathus sub-
globisporus BCC43381 exhibited significant antimicrobial activity
(against Plasmodium falciparum, Mycobacterium tuberculosis,
Candida albicans, Gram-Positive and Gram-negative bacteria) and
the strain was then subjected to the identification of its active
principles.

2. Results and discussion
2.1. Compound isolation and structure elucidation

The strain Cyathus subglobisporus BCC44381 was grown on malt
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Fig. 1. a) COSY (bold bonds), selected HMBC (arrows) correlations of compound 1 and b) key NOESY correlations (dash arrows) of compound 1.

extract medium under shaking. The culture was extracted with
EtOAc, while cells were macerated with MeOH for 3 days, followed
by CHyCl, for 3 days. For cells, the organic solvents were later
combined, concentrated, and extracted with n-hexane and EtOAc,
respectively. After TLC and HPLC analyses of all crude extracts, the
EtOAc crude extract from cells was discarded due to lack of sig-
nificant amount of material. The crude extract from broth, which
was purified by chromatographic techniques (using Sephadex LH-
20 columns and HPLC), contained eight compounds, including
four new compounds (compounds 1, 2, 3, and 5) and four known
compounds (compounds 4, 6, 8, and 9). The n-hexane crude extract
from cells, after purification by silica gel column chromatography
and HPLC, contained two known compounds (compounds 7 and
13). In addition, during the purification process, a part of the frac-
tion F1 of the broth crude extract was purified by using a silica gel
column chromatography and yielded four compounds, which were
two new (compounds 10 and 12) and two known (compounds 8
and 9). The 'H and '3C NMR spectroscopic data together with the
physical properties of the known compounds were compared with
the data given in the literature for striatoid C (4) [10], stratin C (6)
[33,34], striatals A (7), C (8), D (9) [35], and glochidone (13) [36].
Compound 1 was obtained as colorless crystals with the mo-
lecular formula of C,5H3407, revealed by the mass ion peak at m/z
4452236 [M—H]™ in the HRESIMS spectrum. The molecular for-
mula indicated nine degrees of unsaturation. The 'H and 3C NMR
spectra of compound 1 were similar to those of striatoid B (4a) [10],
except the absence of a quaternary carbon attached to two oxygens
and the presence of an extra oxymethine signal. Obviously, two
oxymethine protons at 6y 4.38 and 4.74, attributed to the carbons at
oc 86.1 and 70.6, respectively in HSQC spectrum, resonated at lower
field than the oxymethine proton at C-1 of striatoid B (6y 3.74). The
HMBC spectrum (Fig. 1a) confirmed the position of the oxymethine
at oy 4.38 at C-3’ by showing correlations from H-3' to C-2’ (6¢ 76.4),
C-13 (0c 44.9), and C-15 (6¢ 103.3); Hy-5' to C-3’ and C-4' (6¢ 97.7);
from H-15 to C-3/, C-4/, C-12 (6¢ 137.5), and C-11 (¢ 128.6). More-
over, the oxymethine at éy 4.74 showed correlations in HMBC
spectrum to C-4 (6¢c 137.9), C-5 (6¢c 47.8), C-6 (6c 41.1), and C-12,
suggesting its position at C-10. Thus, the upfield methylene at dy
1.51-1.55, attributed to the carbon at ¢ 37.8 in HSQC spectrum,
must be placed at C-1, which confirmed by HMBC correlations from
Hs3-17 (6y 1.02) to C-1 (¢ 37.8), C-4 (6¢ 137.9), C-8 (6¢ 40.2), and C-9
(6¢c 50.2). The spectroscopic evidence indicated that compound 1
was different from striatoid B (4a) at positions 1, 10, and 3'. In
addition, the NOESY spectrum showed correlations (Fig. 1b) from
H-5 to H3-17, H-10, and H-13; from H-14 to H3-16; from H-1' and
Hg-5"; and from H-13 to OH-2'. The stereochemistry, which was

Fig. 2. X-ray crystallographic data of compound 1.

corroborated by X-ray crystallographic data (Fig. 2) using a
graphite-monochromated Cu K, radiation giving the value of the
absolute structure parameter 0.1(2), was consistent with the ab-
solute configurations at C-5, C-6, and C-9 of those previously
identified cyathane diterpenoids assigned as 5R, 6R, and 9R,
respectively [4,37]. Therefore, the evidence from NOESY informa-
tion and X-ray data suggested that the chemical structure with
absolute configurations of compound 1 could be assigned as shown
in Fig. 3. Compound 1 is categorized in cyathane-xyloside diterpene
and given the trivial name cyathinin A.

Compound 2 was obtained as a pale yellow solid and had the
same molecular formula as compound 1, revealed by HRESIMS (m/z
4452216 [M—H]™), suggesting that compound 2 was an isomer of
compound 1. The 'H NMR spectrum (Table 1) was similar to that of
compound 1, except the upfield shifts of three methine protons at
H-15 (Ady' —0.13), H-1’ (Ady' —0.15), and H-3' (Ady' —0.85), sug-
gesting the difference at the xyloside moiety. Obviously, the oxy-
methine proton at H-3’ (g 4.38) in 1 was shifted to éy 3.53 in
compound 2 and the evidence from COSY spectrum suggested its
situation at C-4’ in compound 2 by showing cross-peak correlation
between dy 3.53 and Hy-5'. A small coupling (J = 1.0 Hz) between
H,-5' and H-4' implied the dihedral angle of approx. 67°. Moreover,
the HMBC spectrum showed partial correlations from H-15 to C-11

1 Ady as the difference in chemical shift of the protons in compound 1 versus
those of compound 2.
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1 R'=H R2=0H R3=H, R4= OH
2 R1=H RZ=0H,R3=0OH, R4=H
3 R1=0H,R2=0H,R3*=0OH, R4=H
4 R'=0H RZ=H,R¥=0H,R*=H
4aR'=0H, R?=H, R*= OH, R*= OH

TRT=H, R?=0Ac
8R'=0H, R2=0H
9R'=H, R2=0CH

10 R'=R2=R3=0OH 12
10aR'=H, R2=R¥=0OH
11 R'=0H, RZ2=R?¥= QAc

13

Fig. 3. Chemical structures of compounds 1-13 isolated from Cyathus subglobisporus BCC44381.

(6c 128.6), C-12 (6¢ 139.6), C-3’ (d¢ 100.8), and C-4’ (6¢ 73.8); from
Hy-5" to C-1’ (6¢ 105.3), C-3/, and C-4’; and from H-4' to C-2' (¢
78.4), C-3’, and C-5' (éc 61.6), confirming a hydroxyl group at C-3’
and a methine proton at C-4’ in compound 2. In addition, the
NOESY spectrum (Fig. 4a) showed the same cross-peak correlations
as those of compound 1 and had an extra correlation between H,-5
and H-4/, implying the cis relationship of the two protons. The
spectral analyses from HMBC and NOESY data revealed that com-
pound 2 had the same stereoconfigurations as those in compound
1. Therefore, the chemical structure of compound 2 with absolute
configuration, based on biosynthetic consideration, could be illus-
trated as shown in Fig. 3 and compound 2 is named cyathinin B.
Compound 3 was obtained as a yellow solid. HRESIMS displayed
the mass ion at m/z 461.2186 [M—H]~, indicating the molecular
formula of C;5H330g with one more oxygen than that of compound
2. The 'H and 3C NMR spectral data (Tables 1 and 2) were also
similar to those of compound 2, apart from an additional oxy-
methine at oy 3.77—3.82, an extra hydroxyl signal at 6y 3.42, and a
lack of a methylene carbon. In the 'H NMR spectrum (Table 1), the

signals for a xyloside moiety were identical to those of compound 2,
indicating the same xyloside unit as in compound 2. The COSY
spectrum showed cross-peak correlation between an extra oxy-
methine at oy 3.77—2.82 (attributed to é¢ 77.8 in HSQC spectrum)
and two non-equivalent methylene protons at éy 2.25 (1H, dd,
J=16.1,19Hz) and 2.67 (1H, ddd, J=16.1, 6.4, 2.6 Hz). In addition,
the HMBC spectrum showed correlations (Fig. 4b) from Hs3-17 to
carbons at 6c 77.8 (C-1), C-4 (6¢c 136.0), C-8 (6c 26.6), and C-9 (o¢
53.6); and from H-2 to C-1, C-3 (6¢ 137.2), and C-4 (6c 136.0),
indicating that the extra oxymethine was situated at C-1. In addi-
tion, the NOESY spectrum (Fig. 4b) showed an extra cross-peak
correlation between H-1 and H-17, confirming a syn relationship,
while the rest of the NOESY correlations were identical to com-
pound 2. The evidence from NOESY data in conjunction with the
definite absolute configurations at C-5, C-6, and C-9 led to the
chemical structure of compound 3 as shown in Fig. 3. Cyathinin C is
named for compound 3 and should derive from the same biosyn-
thesis pathway as compounds 1 and 2.

Compound 5 was obtained as a pale yellow solid and HRESIMS
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Table 1
The "H NMR assignments of compounds 1-3, 5 and 12 in acetone-ds.

S. Nitthithanasilp et al. / Tetrahedron 74 (2018) 6907—6916

position 1° 2° 3¢

5I1 lzh‘r

oy, mult. (J in Hz) oy, mult. (J in Hz)

oy, mult. (J in Hz)

oy, mult. (J in Hz) Oy, mult. (J in Hz)

1 1.51-1.55 (m) 1.47-1.54 (m), 1.52—1.58 (m)  3.77—3.82 (m) 1.53-1.57 (m); 1.62—1.70 (m) 1.38—1.50 (m)

2 1.70-1.78 (m), 2.32-2.36  1.39-1.42 (m), 2.30—-2.38 (m)  2.25 (Hp, dd, 16.1, 1.99), 2.67 (Ha, ddd, ~ 2.27-2.37 (m) 158—1.68 (m)
(m) 16.1, 6.4, 2.6)

5 2.31 (s) 2.28 (s) 2.30 (brs) 2.84 (s) 2.06 (br s)

7 1.37 (dt, 13.6,3.3) 1.70 1.35-1.39 (m), 2.30-2.38 (m)  1.46 (ddd, 13.6, 5.0, 2.2)%, 1.80 (td, 13.6, 1.41-1.47 (m), 1.57—1.62 (m) 1.38—1.50 (m)
—1.78 (m) 4.3)

8 1.46-1.52 (m), 1.66-1.71 1.62—1.72 (m), 1.73-1.82 (m)  1.12 (dm, 13.9, <1), 2.19 (td, 13.9,5.0)  1.49-1.53 (m), 1.53—1.57 (m) 2.22—2.28 (m)
(m)

10 4.74 (t, 4.9) 4.75 (dd, 6.0, 4.8) 4.72 (dd, 5.9 4.8) 432 (dd, 4.6% 3.4) 4.56 (dd, 6.6, 3.7)

11 5.63 (dd, 6.0, 2.7) 5.62 (dd, 6.0, 2.9) 5.62 (dd, 5.9, 2.7) 3.52 (d, 4.6) 6.73 (dd, 6.6, 2.7)

13 2.72 (dd, 8.5, 1.5) 2.98 (dd, 8.4, 2.9) 3.00 (d, 8.4, 2.7) 2.57 (d, 9.8) 3.23-3.29 (m)

14 451 (d, 8.5) 459 (d, 8.4) 458 (d, 8.4) 433 (d, 9.8) 413 (d, 7.7)

15 5.73 (s) 5.60 (s) 5.60 (s) 6.24 (s) -

16 1.22 (s) 1.25(s) 124 (s) 113 (s) 1.09 (s)

17 1.02 (s) 1.02 (s) 0.99 (s) 1.06 (s) 0.95 (s)

18 3.52 (sept, 6.8) 3.53 (sept, 6.8) 3.50—3.57 (m) 3.34 (sept, 6.8) 3.23-3.29 (m)

19 0.94 (d, 6.9) 0.94 (d, 6.9) 0.93 (d, 6.9) 0.94 (d, 6.9) 0.91 (d, 6.9)

20 1.00 (d, 6.7) 1.01 (d, 6.7) 1.00 (d, 6.7) 0.99 (d, 6.7) 0.94 (d, 6.7)

1 4.99 (s) 4.84 (s) 4385 (s) 5.15 (s) 5.52 (s)

3 438 (s) - - - 5.47 (d, 1.7)

4 - 3.53 (s) 3.53 (s) 3.96 (br s) -

5/ 3.64 (Hp, d, 12.8), 3.77 (Hy, 3.61 (Hp, d, 13.6), 3.96 (Hy, dd,  3.61 (Hp, d, 13.6), 3.96 (H,, d. 13.6, 1.5%)  3.74 (Hp, d, 11.5), 410 (H,, d,  4.11(d, 18.8), 443 (d,
d, 12.8) 13.6, 1.0) 11.5,5.7) 18.8)

2-0H 455 (s) 5.11 (s) 512 (s) 4.09 (s) 6.79 (s)

3-0H - 6.14 (s) 6.15 (s) 5.61 (s) -

4-0H 5.52(s) - - 475 (s) -

10-OH 3.94(d, 3.7) 3.94 (d, 4.8) 3.95 (d, 4.8) 3.89 (d, 3.4) 5.28 (d, 3.7)

1-O0H - - 3.42 (d, 4.9) - -

11- - - - 3.19 (s) -

OCHj3

2 Recorded on a 500 MHz NMR spectrometer.

b Recorded on a 400 MHz NMR spectrometer.

¢ Recorded in DMSO-dg due to the solubility.

4 Coupling patterns appeared after 'H decoupling experiment.
€ Coupling patterns revealed after addition of D,0.

data gave the same mass ion peak at m/z 477.2490 [M—H]~ as that
of striatin C (6). The '>C NMR spectrum was also similar to that of
compound 6, except two upfield signals of an oxymethine carbon at
oc 84.8 (C-11) and a quaternary carbon at éc 114.0 (C-12), and a
downfield shift of a methine signal at ¢ 139.9 (C-15). Furthermore,
the HMBC spectrum showed correlations (Fig. 5) from H-10 (dy
4.32)to C-5(42.1), C-11 (6c 84.8) and C-12 (dc 114.0); from H-15 (dy
6.24) to C-11, C-12, C-13 (6¢ 42.3), and C-3’ (6¢ 96.8); and from 11-
OCH3 (dy 3.19) to C-11, indicating that compound 5 was a
regioisomer of compound 6. Moreover, the methine at oy 3.52 (H-

(b)

Fig. 4. Key COSY (bold bond), HMBC (arrows) and NOESY (dash arrows) correlations of compound 2 (a) and 3 (b).

11) coupled to a methine at oy 4.32 (H-10) with a coupling constant
value of 4.6 Hz (Table 1), indicating a cis-relationship. The NOESY
spectrum (Fig. 5a) showed cross-peak correlations from H3-17 to H-
5 and H-13; from H3-16 and H-14; from H-11 to H-10 and H-15; and
from H-1’ to H-5 and Hg-5’; and from H-4’ to H,-5'. Together with
biogenetic consideration, the absolute configurations of compound
5 were assigned as shown in Fig. 2 and cyathinin D is given as its
trivial name.

Compound 10 was obtained as a colorless solid and the molec-
ular formula was determined to be C;5H3407 by HRESIMS data,
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Table 2

The'>C NMR assignments of compounds 1-3, 5 and 12 in acetone-ds.
position  dc, type

-la 2b 3a sb 12b,c

1 378 (CH,) 380 (CH,) 77.8(CH)  399(CH,) 389 (CH,)
2 201 (CH,) 292 (CHp) 392 (CHp) 29.0(CH,) 29.1 (CHy)
3 1401 (C)  1404(C)  1372(C)  1388(C) 1392 (C)
4 1379(C)  1378(C) 1360(C) 1402(C) 1356 (C)
5 478 (CH) 481(CH) 479(CH) 42.1(CH) 443 (CH)
6 411 (0) 415 (C) 413 (C) 42,0 (C) 415 (C)
7 204 (CH,) 298 (CH,) 286(CH,) 302(CH,) 27.9(C)
8 402 (CH,) 404 (CH,) 266(CH,) 38.8(CH,) 283 (CH,)
9 502 (C) 505 (C) 53.6 (C) 50.8 (C) 489 (C)
10 706 (CH)  709(CH) 704 (CH) 744(CH) 67.7 (CH)
11 1286 (CH) 1286 (CH) 1285 (CH) 848 (CH) 146.8 (CH)
12 1375(C) 1396(C)  1392(C) 1140(C) 1246 (C)
13 449 (CH) 461 (CH) 457 (CH) 423 (CH) 469 (CH)
14 920(CH) 923 (CH) 919(CH) 938(CH)  93.0 (CH)
15 1033 (CH) 102.8 (CH) 102.4 (CH) 139.9 (CH) 1656 (C)
16 217(CHs) 21.9(CHs) 21.7(CHs) 21.7(CHs) 21.0 (CHs)
17 243 (CHs) 246 (CHs;) 243 (CH;) 25.1(CH3) 239 (CHs)
18 262 (CH) 265(CH) 26.1(CH)  265(CH)  25.1 (CH)
19 219 (CHs) 22.0(CHs) 220(CHs) 22.0(CHs) 21.6(CHs)
20 223(CHs) 224 (CHs) 22.1(CH;) 222 (CH3) 219 (CHs)
1 1063 (CH) 1053 (CH) 105.0 (CH) 108.6(CH) 108.6 (CH)
2 76.4 (C) 78.4 (C) 78.1 (C) 813 (C) 795 (C)
3 86.1(CH) 1008(C) 1007 (C)  96.8 (C) 83.5 (CH)
& 97.7 () 738 (CH)  73.5(CH)  70.6(CH) 2046 (C)
5 642 (CH;) 61.6 (CHy) 613 (CHp) 68.6(CH,) 67.5 (CHy)
11-0CH; — - - 557 (CHy) -

@ Recorded at 125 MHz.
b Recorded at 100 MHz.
¢ Recorded in DMSO-dg.

showing a mass ion peak at m/z 445.2225 [M—H]~. The 'H and *C
NMR spectra were similar to those of erinacine S (10a) [33], except a
lack of a methylene carbon and an additional oxymethine at 6y 4.31
(6c 69.0). The extra oxymethine signal coupled to Hy-11 (dy 2.01
and 2.32) in the COSY spectrum and showed correlations in the
HMBC spectrum to C-4 (6c 138.0), C-6 (6¢c 41.6), and C-12 (6¢ 127.1),
confirming its position at C-10. The NOESY spectrum showed cross-
peak correlations (Fig. 5b) from H3-17 to H-5; from H-5 to H-10;
from Hs3-16 to H-14 and 10-OH; from H-13 to H-21; and from H-14
to H,-25. Moreover, the reaction of compound 10 with acetic an-
hydride in pyridine yielded compound 11, which was crystallized in
MeOH—-H,0 to obtain a single needle for X-ray crystallographic
analysis. The X-ray data of compound 11 (Fig. 6), obtained from a
graphite-monochromated Cu K, radiation with the value of the
absolute structure parameter —0.009(17), together with the NOESY
information of compound 10 confirmed the absolute configurations

Fig. 6. X-ray crystallographic data of compound 11.

of compound 10, whose chemical structure is illustrated in Fig. 2.
The structure of compound 10 is closely related to erinacine S (10a),
thus the name 10-hydroxyerinacine S is given as an informal name
for compound 10.

Compound 12 was obtained as a colorless solid. HRESIMS
spectrum revealed the molecular formula C5H3207 by giving the
sodium-adduct mass ion peak at m/z 467.2033 [M+Na]*. The 'H
and 3C NMR spectral data (Tables 1 and 2) of compound 12 indi-
cated the presence of a cyathane skeleton with a different xyloside
moiety, whose cythane backbone was confirmed by the extensive
2D NMR analysis (including COSY, HSQC, HMBC). The NOESY
spectrum together with biogeneric consideration suggested the
absolute configurations at C-5, C-6, C-9, C-10, C-13, and C-14 of
cyathane unit to be the same as those of aforementioned com-
pounds. In addition, the *C NMR spectrum also displayed two
additional quaternary carbons at dc 165.6 and 204.6, indicating the
existence of lactone and ketone carbonyls, whose IR spectrum
showing the absorptions at ypax 1750 and 1724 cm |, respectively.
Moreover, the HMBC correlations showed partial correlations from
H-11 (0y 6.73) to C-15 (6c 165.6); from H-14 (dy 4.13) to C-12 (6c
124.6) and C-16 (6¢ 21.0); from H-13 (dy 3.23—3.29) to C-12, C-14 (6¢
93.0), and C-2’ (6¢ 79.5); from H-1" (6y 5.52) to C-14 and C-5' (6¢

Fig. 5. Key COSY (bold bond), HMBC (arrows) and NOESY (dash arrows) correlations of compounds 5 (a) and 10 (b).
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67.5); from H-3’ (0y 5.47) to C-13 (6¢ 46.9), C-15 (d¢ 165.6), C-2’ (ic
79.5) and C-4’ (6¢c 204.6); and from H-5' (6y 4.43) to C-1" (¢ 108.6)
and C-4', which led to the xyloside structure as delineated in Fig. 3.
Together with the evidence from the additional NOESY spectrum,
the cross-peak correlation from H-1' to H-3’ and OH-2’ was
observed. Thus, chemical structure of compound 12 with the ab-
solute configurations could be assigned as shown in Fig. 3. Cya-
thinin E is given as its trivial name.

The known compounds 4, 6—9 were identified as striatoid C,
striatin C, striatals A, C, and D and formerly isolated from Cyathus
striatus. Striatins were reported to be artefacts of striatals formed
by extraction of mycelia of Cyathus striatus and Gerronema fibula
with methanol [35]. Likewise, compounds 10 and 12 could be
considered as artefacts of striatin C (6) and striatal C (8), given after
passing through a silica gel column chromatography. Herein, the
complete 'H and 3C NMR spectral data of striatal D (9) are also
given. Glochidone (13) was originally isolated from Cyathus helenae
[38] and later found in Cyathus striatus [39].

2.2. Biological activity

All compounds except compound 2 were tested for antimicro-
bial activity (Table 3) including antimalarial activity against
P. falciparum (K1, multidrug-resistant strain), antibacterial activity
against Gram-positive (Bacillus cereus, Enterococcus faecium) and
Gram-negative (Escherichia coli, Pseudomonas aeruginosa, Acineto-
bacter baumannii, Klebsiella pneumoniae) bacteria, and antifungal
activity against C. albicans (Table 4) and for cytotoxicity (Table 5)
against cancerous (MCF-7, KB, NCI-H187) and non-cancerous (Vero)
cells.

Compounds 1 and 4—9 exhibited antimalarial activity with ICsq

in a range of 0.88—7.51 uM, while compounds 5—8 showed anti-
fungal activity against C. albicans with ICsp in a range of
8.6—80.3 uM. In addition, compounds 1 and 5—8 displayed anti-
M. tuberculosis activity with MIC values in a range of 25.0—50.0 pug/
mL. Furthermore, compounds 1 and 5—9 showed antibacterial ac-
tivity against Gram-positive bacteria with MIC values in a range of
0.78—50.0 pg/mL (Table 4) and compounds 6—8 showed antibac-
terial activity against three Gram-negative bacteria (E. coli,
A. baumannii, and K. pneumoniae) in a presence of PABN (phenyl-
alanine-arginine B-naphthylamide) with MIC values in a range of
3.13—50 pg/mL. Moreover, compound 1, 4, and 5 also possessed
antibacterial activity against E. coli and A. baumannii in a presence
of PABN with MIC values in a range of 6.25—50.0 ug/mL. All tested
compounds were inactive for antibacterial activity against Gram-
negative bacteria without PAPN at maximum tested concentra-
tion (50 pg/mL). The results evidenced a beneficial effect of a hy-
droxyl group at C-10 on antimicrobial activity. For example,
compound 4 exhibited a better antimalarial, anti-E. coli, and anti-
A. baumannii activities than compound 3 and compounds 7 and 9
showed stronger antimicrobial activity than compound 8.
Although, compounds 10—12 also possessed the hydroxyl group at
C-10, the results implied that xyloside unit plays a role in antimi-
crobial activity. For cytotoxicity (Table 5), compounds 5—8 were
toxic against both cancerous and non-cancerous cells with ICsg in a
range of 0.13—6.91 pM. Moreover, compound 1 showed cytotoxicity
against NCI-H187 (IC59 8.48 uM) and Vero (ICso 6.93 uM) cells,
while compounds 4 and 9 possessed cytotoxicity against Vero cells
with ICsq values of 1.69 and 3.62 pM. Compound 4 also displayed
cytotoxicity against KB cell with ICsg value of 2.94 nM.

Table 3
The 'H and"*C NMR assignments of compounds 10 and 11 in acetone-dg (500 MHz).
position 10 11
op, mult. (J in Hz) dc, type op, mult. (J in Hz) Oc, type
1 1.46-1.56 (m)/1.59—1.67 (m) 38.6 (CH,) 1.52-1.62 (m)/1.62—1.72 (m) 40.0 (CHy)
2 2.23-232 (m) 28.0 (CH,) 2.30-2.38 (m) 29.0 (CH,)
3 - 137.6 (C) - 1394 ()
4 - 138.0 (C) - 138.7 (C)
5 2.40 (s) 47.0 (CH) 2.54 (s) 485 (CH)
6 - 416 (C) - 425 (C)
7 1.48-1.56 (m) 291 (Q) 1.62-1.72 (m) 30.1(C)
8 1.40—1.48 (m) 37.0 (CH,) 1.52-1.62 (m) 38.1 (CHy)
9 - 4838 (C) - 39.8(C)
10 431 (br m) 69.0 (CH) 454 (brs) 70.4 (CH)
11 2.01 (d, 16.0)/2.32 (dd, 16.0, 4.1) 39.5 (CHy) 222 (d, 15.9)/2.38 (dd, 15.9, 4.6) 41.1 (CHy)
12 - 1271 (C) - 141.4 (C)
13 3.18 (d, 10.8) 48.1 (CH) 348 (d, 10.2) 48.8 (CH)
14 441 (d, 10.8) 88.9 (CH) 476 (d, 102) 90.2 (CH)
15 - 142.3 () - 141.2 (C)
16 1.06 (s) 206 (CHs) 120 (s) 213 (CHs)
17 1.03 (s) 24.4 (CHs) 1.04 (s) 24.7(CHs)
18 322 (sept, 6.7) 24.9 (CH) 328 (sept, 6.6) 26.3 (CH)
19 0.92 (d, 6.4) 21.5(9) (CH3) 0.94 (d, 6.9) 21.8(7) (CHs)
20 093 (d, 6.3) 21.6(1) (CH3) 0.98 (d, 6.6) 21.9(2) (CH3)
21 531 (s) 111.3 (0) 5.77 (s) 113.1 (0)
2 - 916 (C) - 97.1(C)
23 - 816 (C) - 82.0 (C)
24 - 191.8 (C) - ()
25 3.88 (d, 9.8)/4.01 (d, 9.8) 792 (CH,) 3.95 (d, 10.1)/4.58 (d, 10.1) 813 (CH,)
10-0H 479 (d, 3.1) - 416 (s) -
15-OH 829 (s) - - -
15-0COCH; - - 217 (s) 169.0 (C)/20.2 (CHs)
22-0H 553 (s) - - -
22-0COCH; - - 201 (s) 170.8 (C)/20.7 (CHs)
23-0H 599 (s) - 493 (s) -

2 Did not observe in the'>C NMR spectrum.
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Table 4
Antimicrobial activity of the isolated compounds 1 and 3-12.
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Compound Anti-P. falciparum®  Anti-C. albicans®  Antibacterial activity (MIC, ug/mL)
(ICs0, M) (ICs0, uM) M. tuberculosis®  B. cereus®  E. faecium®  E. coli® P. aeruginosa®  A. baumannii® K. pneumoniae“
+PABNY  + PABNY +PABNY +PABNY
1 7.51 inactive 50.0 25.0 50.0 25.0 inactive nt inactive
3 inactive inactive inactive inactive inactive inactive  inactive inactive inactive
4 7.33 inactive inactive 12.5 inactive 50.0 inactive 12.5 inactive
5 2.13 80.3 50.0 3.13 50.0 125 inactive 6.25 inactive
6 1.40 75.8 50.0 1.56 25.0 6.25 inactive 3.13 50.0
7 1.03 72.3 50.0 1.56 25.0 6.25 inactive 12.5 50.0
8 0.88 8.6 25.0 0.78 6.25 313 inactive 6.25 25.0
9 2.12 inactive inactive 6.25 50.0 50.0 inactive nt inactive
10 inactive inactive inactive inactive inactive inactive  inactive inactive inactive
11 inactive inactive inactive inactive inactive inactive  inactive inactive inactive
12 inactive inactive inactive 25.0 inactive inactive  inactive inactive inactive
Dihydroartemisinin ~ 0.0029 - - - - - - - -
Mefloquine 0.043 - - - - - - - -
Amphotericin B — 0.08 — - — — - — -
Vancomycin — — — 20 — — - - —
Rifampicin - - 0.013 - 1.56 0.05 - 0.10 0.20
Streptomycin — — 0.63 — — — — — —
Isoniazid - - 0.047 - - - - - -
Ofloxacin — — 0.78 — — — — — —
Ethambutol - - 0.94 - - - - - -
Tetracycline HCI — — — - 0.10-0.20 — - — -
Erythromycin - - - - - 0.78 >32 0.78 6.25

nt = not being tested.
4 Maximum tested concentration was done at 10 pg/mL.
b Maximum tested concentration was done at 25 pg/mL.
¢ Maximum tested concentration was done at 50 pg/mL.
4 PABN = Phenylalanine-arginine p-naphthylamide.

Table 5
Cytotoxicity against KB, MCF-7, NCI-H187 and Vero cells of the isolated compounds.

Compound Cytotoxicity® (ICsg, pM)

MCEF-7 KB NCI-H187 Vero
1 28.32 12.85 8.48 6.93
3 inactive inactive inactive inactive
4 18.14 2.94 20.85 1.69
5 3.87 0.48 0.44 0.13
6 3.58 0.36 4,02 0.15
7 1.41 0.6 3.97 0.20
8 6.91 0.84 6.21 0.51
9 inactive inactive 17.73 3.62
10 inactive inactive inactive 91.50
11 inactive inactive inactive inactive
12 inactive 39.17 109.37 13.11
Tamoxifen 19.22 — — —
Doxorubicin 12.14 1.06 0.36 -
Ellipticine — 5.81 5.40 438

2 Maximum tested concentration was done at 50 ug/mL.

3. Conclusion

Twelve compounds, including six unknown compounds (cya-
thinins A — E and 10-hydroxyerinacine S) and six previously
described compounds (striatoid C, striatin C, striatals A, C, D, and
glochidone), were isolated from Cyathus subglobisporus BCC43381.
The absolute configurations of cyathinin A (1) and 10-
hydroxyerinacine S (10) were confirmed by based on NOESY
spectral data together with X-ray crystallographic analyses of cya-
thinin A and its derivative, respectively, in comparison with the
related cyathane diterpenes with the reported absolute configu-
rations. Compounds 1 and 4—9 exhibited antimalarial activity (ICsq
0.88—7.51 uM), while compounds 5—8 showed weak anti-
M. tuberculosis (MIC 25.0—50.0 pg/mL) and anti-C. albicans (ICsq
8.60—80.33 uM) activities. In addition, compounds 1 and 5-9

possessed broad spectrum of antibacterial activity against Gram-
positive bacteria (B. cereus and E. faecium, MIC 0.78—50.0 ug/mL),
whereas compounds 6—8 displayed antibacterial activity against all
tested Gram-negative bacteria, except P. aeruginosa, in a presence of
PABN (MIC 3.13—50.0 ug/mL). Compounds 5—8 had strong cyto-
toxicity (ICsp < 10 uM) against malignant (ICs9 0.26—6.91 uM) and
non-malignant (ICsp 0.13—0.51 uM) cells, while compounds 3, 10,
and 11 were inactive to all tests. The biological results demon-
strated that the hydroxyl group at C-10 and the xyloside unit had an
effect on antimicrobial activity.

4. Experimental
4.1. General experimental procedures

Melting points were measured by using a melting point M565
apparatus from Buchi. Specific rotations were recorded by using
JASCO P-1030 digital polarimeter. UV spectra were taken in MeOH
on a Spekol 1200 UV—Vis spectrophotometer from Analytik Jena.
FTIR spectra were done on a Bruker ALPHA spectrometer. NMR
spectra were performed on either Bruker Avance-III 400 (400 MHz
for 'H and 100 MHz for 3C) or Bruker Avance 500 (500 MHz for 'H
and 125MHz for >C) NMR spectrometers. HRESIMS data were
obtained from a Bruker MicrOTOF mass spectrometer. X-ray
diffraction data were collected on Bruker V8 Venture diffractometer
equipped with graphite monochromated Cu Ko radiation
(A= 154178 A) at 100(2) K. Preparative and semi-preparative HPLC
were performed on a Dionex—Ultimate 3000 series equipped with
a binary pump, an autosampler, and a diode array detector. Capcell
Pak C18 column, MG-II from Shiseido (particle size 10 um, diam.
20 mm x 250 mm) was used for preparative HPLC at flow rate of
12 mL/min. SunFire C18 OBD column from Waters (particle size
5 um, diam. 19 mm x 150 mm) was used for semi-preparative HPLC
at flow rate of 8 mL/min. Silica gel column chromatography was
performed by using silica gel 60 (70—230 Mesh ASTM) from Merck.
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4.2. Fungal material

The unidentified fungus was collected on unidentified wood at
Khao Yai National Park, Nakhon Nayok province, Thailand by Dr.
Rattaket Choeyklin and the axenic culture was deposited at BIOTEC
Culture Collection (BCC), the National Center for Genetic Engi-
neering and Biotechnology (BIOTEC), Thailand with the registration
code BCC44381. Its fruiting bodies (peridia) are pale yellow to pale
brown and outside covered with shaggy hairs, while inner
peridium surface are smooth with grey to brownish grey. Small
capsules of their spores (peridioles) are eggs-like with greyish
brown to pale brown and attached to the inner surface of the fruit
body. Basidiospores are mostly spherical, no color, smooth, and
thick-walled. The fungus was also identified by using the partial
nuclear large subunits ribosomal DNA (nc28S rDNA; 1186 bps), and
the internal transcribed spacer region (ITS region; 747 bps). The
nc28S sequence had affinity with fungal taxa within Basidiomycota,
Agaricales, Agaricomycetidae, Agaricomycetes, analyzed by the
Basic Local Alignment Search Tool (BLAST; http://www.ncbi.nlm.
nih.gov) from the National Center for Biotechnology Information
(NCBI). Whilst the ITS data showed 100% similarity with Cyathus
subglobisporus, compared with the strain accession numbers
NR_137683, deposited by Zhao et al. [40] as a new basidiomycetous
species from Thailand. Compared with the sequence availability in
NCBI (nc28S and ITS sequence data) of 40 species in the genus
Cyathus, the fungus BCC44381 was thus identified as Cyathus sub-
globisporus, which was a member in the Agaricaceae, Agaricales,
Agaricomycetidae, Agaricomycetes, Agaricomycotina, Basidiomy-
cota. The ITS and nc28S rDNA sequences of this fungus have been
submitted to GenBank with the accession numbers MH156046, and
MH156047, respectively.

4.3. Fermentation, extraction, and isolation

The strain was inoculated on potato dextrose agar (PDA) plate at
25°C for 11 days and then cut into small pieces (1 x 1 cm?). The
pieces were added into ten 250 mL Erlenmeyer flasks, each con-
tained 25 mL of potato dextrose broth (PDB), comprising potato
starch 4.0 g/L, dextrose 20.0 g/L in distilled water. The culture was
incubated at 25°C for 5 days in a shaker (250 rpm) and equally
transferred into ten 1L Erlenmeyer flasks, containing 250 mL of
PDB medium. The seed culture was cultivated at 25 °C for 5 days in
a rotary shakers at 250 rpm and was transferred into eighty 1L
Erlenmeyer flask, which each contained 250 mL of MEB (malt
extract broth). The culture was incubated at 25°C on a rotary
shaker at 250 rpm. After 10 days, the cell was separated by filtration
and the broth was extracted three times with equal volume of
EtOAc. EtOAc was dried over Na,SO4 and evaporated to dryness to
yield a brown gum (9.4 g).

The cells were macerated in MeOH (1 L) for 3 days and then in
CHyCl, (1L) for 3 days. Organic solvents were combined and
concentrated in vacuo. Later, water (100 mL) was added and the
mixture was extracted three times with equal volume of n-hexane,
followed by three times with equal volume of EtOAc. n-Hexane and
EtOAc extracts were separately dried over Na;SO4 and then evap-
orated to dryness to obtain crude extracts as brown gum from n-
hexane (0.5 g) and from EtOAc (3.9 g), respectively. The EtOAc crude
extract from cells was discarded due to lack of material as shown by
TLC and HPLC analyses.

The crude extract from broth (9.4g) was passed through a
Sephadex LH-20 column (4.5 cm x 30 cm), eluted with 100% MeOH
to give two main fractions (F1, 7.3 g and F2, 0.24 g). A part of fraction
F1 (0.24 g) was further purified by a preparative HPLC, using linear
gradient system of 15—85% CH3CN in water over 22 min, then at
85% CH3CN in water over 3 min, and followed by a linear gradient

system of 85—100% CH3CN in water over 5 min, to afford com-
pounds 8 (0.10 g), 6 (22.2 mg), and 9 (11.3 mg), respectively. Frac-
tion F2 (0.24 g) was further purified by a preparative HPLC, using a
linear gradient system of 10—75% CH3CN in water over 22 min, then
left at 75% CHsCN in water for 3 min, and followed by a linear
gradient system of 75—100% CH3CN in water over 5 min, to yield
compounds 3 (4.7mg), 4 (89mg), 1 (3.3mg), 5 (59mg), 8
(43.0 mg), and 9 (1.5 mg) from subfractions F2F1, F2F2, F2F3, F2F4,
F2F6, F2F7, respectively. Subfraction F2F5 (36.9 mg) was further
purified by a preparative HPLC, using a linear gradient system of
35—75% CH3CN in water over 30 min, to obtain compounds 6
(12.2 mg), 2 (2.5 mg), and 8 (3.5 mg), respectively.

In addition, a part of fraction F1 (2.39 g) was also purified by
Sephadex LH-20 (4.5 cm x 40 cm) to give three subfractions (F1S1
— F1S3). Compound 9 (65.1 mg) was obtained from the subfraction
F1S1. Subfraction F1S2 (1.5 g) was further purified by a silica gel
column chromatography (4 cm x 20 cm), eluted with 20% acetone
in CH,Cl, to afford compound 10 (0.5 g). Subfraction F1S3 (0.3 g)
was further purified by a silica gel column chromatography
(4cm x 40 cm), eluted with 20% acetone in CH)Cl, to furnish
compounds 12 (15.9 mg), 10 (0.13 g), and 8 (13.9 mg), respectively.

The n-hexane crude extract from cells (0.5 g) was purified by a
silica gel column chromatography eluted with 60% CH,Cl, in hex-
ane to obtained three fractions, each of which was further purified
by semi-preparative HPLC, eluted with a linear gradient system of
5-75% CH3CN in water over 20 min, to yield compounds 7
(3.71 mg) and 13 (14.1 mg), respectively.

4.3.1. Cyathinin A (1)

Colorless crystals (from MeOH—H,0); [«]8 —4.68 (c 0.17,
MeOH); UV (MeOH) Amax (log ¢) nm: 220 (3.90), 271 (3.58); FTIR
(ATR) vmax cm™1: 3432, 2948, 2931, 2864, 1724, 1453, 1377, 1191,
1099, 1073,1037,1006, 989, 935, 912, 874, 796, 696; HRESIMS at m/z
445.2236 [M—H]~ (calcd for Cp5H3307, 445.2232); 'H and *C NMR
data, see Tables 1 and 2

X-ray crystallographic analysis of 1. CysHzsO7 M =446.52,
orthorhombic, space group P212:2;, a=6.6228(3) A, b =9.7847(5)
A, c=37.3196(17) A, 0.=90.0°, f=90.0°, v =90.0°, V=2418.4(2)
A3, F(000)=960, Z=4, T=100(2) K, p (Cu Ka)=0.73mm"],
Dy=1226 Mg/m>, reflections measured/unique: 19657/4767,
number of observations [I > 2¢ (I)] 4706. The final R indices [[ > 2c
(D]: R{=0.043, wR, was 0.11680 (all data), Flack x determined
using 1928 quotients [(I")—(I7)]/[(I)+(7)] [41], and absolute
structure parameter = 0.1(2). The structure was solved in the space
group P1 with the ShelXT structure solution program using com-
bined Patterson and dual-space recycling methods [42]. and refined
by least squares using version 2014/7 of ShelXL [43]. All non-
hydrogen atoms were refined anisotropically. Hydrogen atom po-
sitions were calculated geometrically and refined using riding
model. In compound 1, the disordered solvent molecules could not
be located in the successive difference Fourier maps, and hence the
solvent masking procedure as implemented in OLEX2 [44] was
used to remove the electronic contribution of disordered and
partially occupied solvent molecules from the refinement. Crys-
tallographic data have been deposited at the Cambridge Crystal-
lographic Data Centre under the reference number CCDC 1832375.
Copies of the data can be obtained, free of charge, on application to
the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (e-mail:
deposit@ccdc.cam.ac.uk).

4.3.2. Cyathinin B (2)

Yellow needles; [¢]&* —19.60 (c 0.12, MeOH); UV (MeOH) Amax
(log ¢) nm: 219 (3.90), 234 (3.83), 279 (3.59); FTIR (ATR) vmax cm ™1
3431, 2933, 2864, 1694, 1630, 1454, 1377, 1357, 1330, 1287, 1226,
1190, 1128, 1097, 1066, 1038, 1006, 920, 854; HRESIMS at m/z
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4452216 [M—H]" (calcd for C5H3307, 445.2232); 'H and 3C NMR
data, see Tables 1 and 2

4.3.3. Cyathinin C (3)

A yellow solid; [a]3® —23.00 (c 0.24, MeOH); UV (MeOH) Amax
(log £) nm: 216 (3.62), 237 (3.44); FTIR (ATR) rmayx cm ™~ ': 3411, 2951,
2927, 2869, 1641, 1454, 1377, 1358, 1328, 1288, 1267, 1222, 1191,
1128, 1093, 1070, 1044, 1005, 912, 858, 771; HRESIMS at m/z
461.2186 [M—H]" (calcd for C5H330g, 461.2181); 'H and >C NMR
data, see Tables 1 and 2

4.3.4. Striatoid C (4)

Colorless solid; [a]3* —56.52 (c 0.13, MeOH); HRESIMS at m/z
4452239 [M—H]~ (calcd for Co5H3307, 445.2232); 'H and °C NMR
data, see Figs. S26 and S27 in Supplementary information.

4.3.5. Cyathinin D (5)

A pale yellow solid; [a]3* —7.61 (c 0.30, MeOH); UV (MeOH) Amax
(log &) nm: 213 (3.40), 217 (3.36), 278 (2.96); FTIR (ATR) ¥max cm '
3458, 2929, 2866, 1679, 1454,1374,1219, 1123,1082, 1048, 994, 773;
HRESIMS at m/z 477.2490 [M—H]~ (calcd for CogH370g, 477.2494);
H and 3C NMR data, see Tables 1 and 2

4.3.6. Striatin C (6)

Pale yellow solid; [a]& —12.37 (c 0.13, MeOH); HRESIMS at m/z
477.2490 [M—H]" (calcd for CogH370g, 477.2494); 'H and 3C NMR
data, see Figs. S37 and S38 in Supplementary information.

4.3.7. Striatal A (7)

Pale yellow solid; [a]§* —77.44 (c 0.37, MeOH); HRESIMS at m/z
495.2357 [M+Na]* (calcd for Cp7H3607Na, 495.2353); 'H and 3C
NMR data, see Figs. S40 and S41 in Supplementary information.

4.3.8. Striatal B (8)

Pale yellow solid; [«]3* —56.52 (c 0.13, MeOH); HRESIMS at m/z
445.2259 [M—H]~ (calcd for Co5H3307, 445.2232); 'H and 13C NMR
data, see Figs. S43 and S44 in Supplementary information.

4.3.9. Striatal D (9)

Pale yellow solid; [a]3* —42.74 (c 0.05, CHCl3); 'H NMR data
(CDCl3, 400 MHz), 6y (ppm): 0.99 (d, J = 6.2 Hz, 3H, 19-H), 1.00 (d,
J=6.2Hz, 3H, 20-H), 1.02 (s, 3H, 16-H), 1.03 (s, 3H, 17-H), 1.52—1.60
(m, 4H, 1-H,, 8-Hy, and 7-H,), 1.60—1.70 (m, 2H, 1-Hy and 7-Hy),
2.28—2.34 (m, 2H, 2-H,), 2.42 (d, J=11.1Hz, 1H, 5-H), 2.73 (sept,
J=6.2Hz, 1H, 18-H), 2.77 (t,] = 7.1 Hz, 1H, 10-H,), 2.82—2.87 (m, 10-
Hp), 3.36 (d, J= 10.5 Hz, 1H, 13-H), 3.69 (dd, = 11.7, 5.4 Hz, 1H, 5'-
H,), 3.92 (d, | = 8.8 Hz, 1H, 4'-OH), 4.00 (ddd, ] = 8.8, 5.4, 3.9 Hz, 1H,
4'-H,), 411 (d, J=1Hz, 3H, 14-H), 4.24 (dd, J=11.7, 3.9 Hz, 1H, 5'-
Hg), 5.23 (s, 1H, 1-H); 6.11 (s, 1H, 2/-OH), 6.99 (dt, ] = 8.2, 2.5 Hz, 1H,
11-H), 9.28 (s, 1H, 15-H); >C NMR data (CDCl3, 100 MHz) 6¢ (ppm):
17.3 (C-16), 21.5 (C-20), 21.9 (C-19), 24.6 (C-17), 26.9 (C-7), 27.1 (C-
18),28.4(C-2),29.5 (C-10), 36.3 (C-8), 38.3 (C-1), 41.7 (C-6), 42.7 (C-
5), 45.8 (C-13), 49.6 (C-9), 68.6 (C-5), 74.9 (C-4'), 83.7 (C-2'), 87.3
(C-14), 108.3 (C-1'), 135.9 (C-4), 140.0 (C-3), 142.2 (C-12), 159.3 (C-
11), 196.2 (C-15), 204.2 (C-3'); HRESIMS at m/z 453.2255 [M+Na]*
(calcd for Ca5H3406Na, 453.2248).

4.3.10. 10-Hydroxyerinacine S (10)

Colorless needles; mp 282 °C (dec); [a]3® —38.48 (c 0.14, MeOH);
UV (MeOH) Amax (log £) nm: 239 (4.69), 264 (4.53), 349 (4.46); FTIR
(ATR) vmax cm~1: 3331, 2956, 2923, 2853, 1733, 1674, 1649, 1541,
1459, 1384, 1245, 1223, 1145, 1098, 1070, 1045, 1022, 1001, 947, 917,
820, 792, 686, 669; HRESIMS at m/z 445.2225 [M—H]~ (calcd for
C25H3307, 445.2232); 'H and >C NMR data, see Table 3.

4.3.11. 15, 22-Diacetyloxy-10-hydroxyerinacine S (11)

Compound 10 (7.0 mg, 0.0156 mmol) was treated with excess
acetic anhydride (400 pL) and pyridine (400 pL) at room tempera-
ture and the mixture was stirred at room temperature for 12 h. The
crude was then purified directly by semi-preparative HPLC (SunFire
C18 OBD, diam. 10 pm, diam. 19 mm x 250 mm), eluted with a linear
gradient system of 40—85% aqueous CH3CN over 24 min at the flow
rate 15 mL/min, to provide compound 11 (4.8 mg, 0.0091 mmol),
which was crystallized in MeOH — H;0 to give colorless needles;
[¢]& —55.09 (c 0.09, MeOH); UV (MeOH) Amax (log &) nm: 218
(3.65), 243 (3.85), 292 (3.29); FTIR (ATR) vmax cm™': 3447, 2927,
2859, 1749, 1698, 1647, 1455, 1372, 1233, 1185, 1144, 1095, 1051,
1029, 952, 891; HRESIMS at m/z 529.2444 [M-H]  (calcd for
Ca9H3700, 529.2443); 'H and 3C NMR data, see Table 3.

X-ray crystallographic analysis of 11. CygH3g09, M = 530.59,
tetragonal, space group P4:2:2, a =14.8991(5) A, c =24.1106(9) A,
o=90.0°, p=90.0°, y=90.0°, V=5352.1(2) A3, F(000)=2272,
Z=8, T=100(2) K, p (Cu Ka)=0.80 mm~', D, = 1.317 Mg/m°, re-
flections measured/unique: 80902/5285, number of observations
[I>20c (I)] 5204. The final R indices [I > 20 (I)]: R; =0.033, WR, was
0.0652 (all data), Flack x determined using 2188 quotients
(D) =IYIUT)+T)] [41], S=1.04, and absolute structure
parameter = —0.009(17). The structure was solved in the space
group P1 with the ShelXT structure solution program using com-
bined Patterson and dual-space recycling methods [42]. The crystal
structure was refined by least squares using version 2014/7 of
ShelXL [43]. All non-hydrogen atoms were refined anisotropically.
Hydrogen atom positions were calculated geometrically and
refined using the riding model. Crystallographic data have been
deposited at the Cambridge Crystallographic Data Centre under the
reference number CCDC 1832377. Copies of the data can be ob-
tained, free of charge, on application to the Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK (e-mail: deposit@ccdc.cam.ac.uk).

4.3.12. Cyathinin E (12)

A colorless solid; [a]3° —19.88 (c 0.08, MeOH); UV (MeOH) Amax
(log ¢) nm: 213 (2.09), 278 (2.31); FTIR (ATR) rmax cm ™ ': 3432, 2949,
2928, 2857, 1750, 1724, 1639, 1455, 1373, 1253, 1234, 1210, 1136,
1108, 1088, 1039, 1001, 752, 668; HRESIMS at m/z 467.2033
[M-+Na]™ (caled for Ca5H3,07Na, 467.2040); 'H and 3C NMR data,
see Tables 1 and 2

4.3.13. Glochidone C (13)

A colorless solid; [«]3® 47.04 (c 0.41, CHCl3); HRESIMS at m/z
4453443 [M+Na]* (calcd for C3oHs6ONa, 445.3441); 'H and 3C
NMR data, see Figs. S69—S71 in Supplementary information.

4.4. Biological tests

The microculture radioisotope technique was employed for
evaluation of antimalarial activity against P. falciparum (K1,
multidrug-resistant strain) [45]. Dihydroartemisinin and meflo-
quine were used as positive controls. The resazurin microplate
assay (REMA) was applied for the evaluation of cytotoxicity against
cancerous cells including MCF-7 (human breast cancer, ATCC HTC-
22), KB (human oral epidermoid carcinoma, ATCC CCL-17), and NCI-
H187 (human small-cell lung cancer, ATCC CRL-5804) cells, of anti-
C. albicans, and of antibacterial activity against B. cereus
(ATCC11778) [46,47]. Doxorubicin and tamoxifen were used as
positive controls for cytotoxicity against MCF-7 cells, while doxo-
rubicin and ellipticine were used as standard references for cyto-
toxicity against KB and NCI-H187 cells. Amphotericin B was used as
a positive control for anti-C. albicans and vancomycin was used as a
standard reference for anti-B. cereus. Antibacterial activity against
E. faecium (ATCC51559), E. coli (ATCC25922), A. baumannii
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(ATCC19606), K. pneumoniae (ATCC700603), and P. aeruginosa
(ATCC15692) was performed by using the standard protocols
published by Clinical and Laboratory Standard Institute [48,49].
Phenylalanine-arginine B-naphthylamide (PABN) was also added
for anti-Gram-negative bacteria tests to compare with the results of
the tests without addition of PABN. Rifampicin and tetracycline HCI
were used as positive control for anti-E. faecium, while rifampicin
and erythromycin were used as positive controls for anti-E. coli,
anti-A. baumannii and anti-K. pneumoniae. Erythromycin was used
as a positive control for anti-P. aeruginosa. The green fluorescent
protein microplate assay (GFPMA) was used to evaluate anti-
M. tuberculosis H37Ra (ATCC25177) and cytotoxicity against non-
cancerous cells (Vero, African green monkey kidney fibroblasts,
ATCC CCL-81) [50]. Rifampicin, ofloxacin, streptomycin, isoniazid
and ethambutol were used as positive controls for anti-
M. tuberculosis activity, while ellipticine was used as a positive
control for cytotoxicity against Vero cell. Maximum tested con-
centration was done at 50 pg/mL, except for antimalarial and anti-
B. cereus activities were done at 10 and 25 pg/mL, respectively.
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http://refhub.elsevier.com/S0040-4020(18)31204-3/sref36
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http://refhub.elsevier.com/S0040-4020(18)31204-3/sref49
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5U%U (epirubicin), nauffinasdon1swUsad Lok wiadunn

9

aa

1 ldun Aenlegddu (doxorubicin) 8

wa (paclitaxel) la%unni@ia (docetaxel) usnaNUu illnquiteangnsinevesivaasluy 1y &

9

(%
LY

I £ a 1 I3 g v 19 (%) ' £% a a <
vgmeisasuunlisietealasiau Wuenldieldlvsesluudinaninsedunisasyiulnvoess
wsoann1sasegesluuiug lusnenie Taseilunguil 1own 8151183y (raloxifene) nnflondiluy
(tamoxifen) 1Uusiu

fawdfagiuasdinsimuiansusznaufieangnslunsduduvaduzisaiianieg lussaunis

[ £ |

waRafinan 919y winunansdgrsgelunisdudueadusswsiinnuluiiviowadunfguduniu

1%
LY =€ o =
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(S}
CaN

Ufi 3 wans 'H-NMR ainasvesaisusznou (1) (500 MHz, CDCl5)
UM 4 uana PCNMR adnasvesansuszne (1) (125 MHz, CDCLy)

€aN

U9l 2 uansannasuveen1sganauiat IR vasansusenau (1) (ATR)
3

nsiUawenisusshvglaeauysal
nsUseRusarsUsznaumliassa () aunsUssivi Idannssuisnisnan fiusznoudae
10 Funounisidsades Hypoxylon fendleri aneus BCC32408 Miduanmsvgniedulediesmie
adosrondon msvumznides miafnasuszneusenaindiutesemaiisadewasiugad n1s
wenansUsEneueenanasane uaznsiliuiansaunsealdansuszneumuianta fuansfogns
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URN3YBNAIY UBNANT WUT WO Hypoxylon fendleri anwiug BCC32408 1uiaesnay
N3sIBmuNsUsERvgilienanatsusenaugns (1) Iaglusssuvd@esvilaildiinenuiianse

43

NARANSUSENaUAINa1LLS

1% '
(% = I v A

n15Usehivgil Seaseunquiunievesarsusznauiuiaesanigaslaseaing () squns

43

o
{ (9 (3

29AUTENOUMILAFYNTIN ivongdduduanusiis vise Judutieunanis Auseneume
n. @1508NgNs NFenlaainnguusenaunie arsusenauulaesaniignslasasne (1), 1ndeved
asUszneuiulaesanilgnslaseaing (1) e anTNaLYeIEIAING

9. @senneausulanandunssy

[
[y

dvuseluazvanantisivazideniliagndlunisuanansusenaulndsnunisuseiwsd way

<9

F0819N1TNAFRUUTEANTNINNITINANTVDIENT

1. MsiAadiasn Hypoxylon fendleri d1gWug BCC32408
ST BRI oen Hypoxylon fendleri anewiug BCC32408 \iewdnansusznaumimassa (1) Tu
msUseiugianmnsohldluemanamaneiin e luomadsndefivgilidonsyiulouas
dananrenisnanans Usynaudieunasandveu wu uds thana uraslulasiou visulau (ryptone)
nsnezdly WndwUlng 1Wudy  unasasesAusenoulledeu ansanndan (yeast  extract)
indeediunid Snvalimaifuussnneing Tutinaidntios
eI R en Hypoxylon fendleri anewiug BCC32408 funzanlunisudnasusznouiy
wesa (1) ﬂizﬂaué’wmiﬂqﬂdﬂ&JLé’uTasuaqL%jaiﬂummil,?:aw?iyammﬁmmzau wazn1sumgluy
anmgiifionesal
1.1 nszvaunsusin Buduainnisgnaeduledenieatosvontefifuinuieliludemadss
wade lufididemsmaiiuiald iielasa (Potato Dextrose Broth, PDB) Udeelinisiasayiuln
voudermnyauduiuldidugadsilunsnanamisgd
1.2 Ynhdefiegluonmamanluinld (ialnsa (Potato Dextrose Broth) Tuanigiifionidlasnis
g FeAnaiEa 200 SouRewT (rom) figumadl 25 esmiwaldea Wua 5 fu wddeiaude
Wluwedilviu teeldermsgnaduiiduiinns 250 Saaans Tngldvanuianms 1,000 fedans
1.3 nandnumde lnsniseeiaudoludomnnisadofimglunisadsansmiond luiitldgns
oW sTiatnand1u91ae (Malt Extract Broth, MEB) Tagldusunnsvesiaiessduusean 1
Tu 10 vesUinaesdsadefingfunisaians  mandnumderluaniazag (shake
condition) t{unan 20 $u ndmnduinnisatadaesvhazaeduns saadusinnmsatng

° P 1% a LA < a !
QﬂmmLLEJﬂLW@Iﬁlﬂﬁ’]iUi?j%ﬁwaaﬂﬁ]VIﬁVIﬂﬂmmWG]EﬂU

2. mMsuwenasusenauiuLaasa (1)
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asUsznaumiuanta (1) ldanmsusinides Hypoxylon fendleri aeug BCC32408 1aens
afpusnvesraduarinasudedildainnsuin dresiviavaredunid fe lonsasydian (ethyl
acetate) 31U 3 A%t MsusnansUsENaUWLAea () pananansarin waviiliuignslaeisla
Tnsnsrfumsgiulngldfagady (adsorbant) Ae lwusiand wea 18w 20 (Sephadex’ LH-20) fiou
ihlUuensene Lﬂ%ﬂmmimmﬁxlsummmammuzgqLL‘UULﬁULL&Jﬂa"m (preparative HPLC) p18335
fananvilsilénansamifiuians (substantially purified) nsuenseteUniang woa tov 20 vilae
THamsuea (methanol) Wuiwedns ilildanseenududius (fractions) thaau (fraction) #idl
arsUszneumiuiaeda () egluusndeliiuianiseiniowoviiuead  (High Performance Liquid
Chromatography; HPLC) Imeldaedusiiuuiiunendiu (preparative column) wagldihiuerdln
1ulnsd (CH,CN) Wudedns anthuhansuszneumuiaesa (1) munisussivsilunageunisesn

gVsHudagaauzLSIMazITNelIANIATERNITUINTFIU

3. nMswsguasUsEnaumuaaia (1) munisussivgilinaldluniandunssuy
mUsgRuglaneaeuldansuszneuiuiaeia (1) 1igsedraufgvteldsiuivarsauiiesnyns

[ [ [
v Y v v A =

L3 <@ = v o dyv v o =) g o d'
gudaganuzisalazdududeuiansy nielda1susenauuansa (1) UNUAIUTNWINIBAINNALAYY]

5

Wrulalumandvnssunsodenysenauiuesalsenauay (adjuvant) BausdiuisuInsgiu
lumandunssy ansusenevilonndnliiidngsnaniglaenisiu (orally) n158a (parentally) 1W1dvaen
Ll@oAA1 (intravenous) LUINANLUD (intramuscular) 999784 (intraperitineal)  1U1HI%14

(subcutaneous) 138119115 (rectal)
f28199 1
nnsmsENaE1sUsEnauuLaasa ()
Iagn1swidnuua Hypoxylon fendleri anewug BCC32408

LARIUIATININ

WosnAnansuszneumuiaeda (1) gnAnwenunanldl (liseude) Miuainiuiiaundnyiiug

9 9

dnivngagnu e.ndunseal Jwianudug Usemnelve Webiou fueieu w.a. 2551 571 Hypoxylon

25 fendleri anesiug BCC32408 dgnehiuly efuil 23 fuwiou we. 2551 fivies UTRnsiAy

30

imiwawﬁuiﬁ;auw%ﬂ (BIOTEC Culture Collection %38 BCC; http://www1a.biotec.or.th /TNCC/

a

dbstore/BCC_search.asp) Augiugimnssuuazmalulagdinmuisnd (lulewa) driinauiamn

9

Weemansuazmaluladuisd (@) Jamiaunusill Usewelng fagsiaiawn BCC32408 lag
Tayadnunsdugiuinetaieiug BCC32408  gnus¥aingiudeyadaina Jo31 duidnilulndu
1 dl

(Indexfungorum) wag lulawusA (Mycobank) 31%8 Hypoxylon fendleri aglulauuaalalulani

(Ascomycota) Fulnaundlalulafiun (Pezizomycotina) Aanaweni3letie®sa (Sordariomycetes) Fu
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Aanaloasetedaia (Xylariamycetidae)  eainaslaanseda (Xylarales)  uwndaleansedsd

(Xylariaceae) way Idaviseanasilevendaou (Hypoxylon) Mallladnistuduteyadnumedugiu

v

Inemedeyadiuiugnssuvesiiaue Uszneusie lsluluueadduie ¥iln 28i0a (LSU rDNA) 1s

9

I v o a &

luloweafdueviin 5.8wadonufnueyinlediiea (5.851TS DNA) uaz Buusn-fiaydu (B-

[ 1 [

tubulin)  kazlAENISIAIIENTBUARINA1IAETUSBATUNYIN N LUNITAUNIAINUNL DUNI DAL

Y

o w v

LANAI9YDITBYAGIAUNIINUENTTUVOIALULaLS UL uAug uteyaiiusIusiudoyanis

Y

o a ada ' < v

NusNITUUesdlTInA199900udTle (NCB)  sruteyavessiveslulaLusd (Mycobank) uasz

3 oA U

a

gudeyavessvegudnuTIuTINToyaTeAoAuN3E CBS-KNAW Fungal Biodiversity Centre

Y Y

(%
1Y

VUNBUNTTNAAD

\A8B1 Hypoxylon fendleri aeiiug BCC32408 U@ MTIU PDA gauuil 25 831

wadea dauvesiuazgndmduiudng vuin 1 wufiuns X 1 iwufwes udldadluvinguyusy
(Erlenmeyer flask) vu1m 250 ladans fifownsideade PDB Usunns 25 fiadans (@13 PDB i
drulszneufe 1. wilafuelds (potato starch) 4 n¥uredns 2. Winlnsa (dextrose) 20 nYusedns
azangluthndw) ndmnund 25 ssrnwaidea Wunan 5 u wuuwdn 200 sousound (rpm) o
uiazvanazgnanglUgamanauin 1,000 fadans fitenaiients PDB Usuns 250 faddns uén
Bl 25 ssrnwaidea Wunan 5 5u Tneweh 200 seusiewnil (rom) arntuiiideiiladsana
25 fiaaans ldadluvin 1,000 fadans Ao vsasads MEB @(ldulszneude 1. arsafauead
(Malt extract) 6 nSusodns 2. uealna (Maltose) 1.8 nSumeans 3. Wnlnsa 6 NSURDANT 4. @15
afnilar (Yeast extract) 1.2 nfusiedns avanelutndy) Usunns 250 fiaaans Trldusunasiaun
20 a5 wavihluvusedt 25 ssmwaidea 0 20 Su wuuan1zwen (shake condition) W&sanniiu
thdwemnsiasademnaindioiensasydom (3 x 1000 fadans) waztdvinazanedluviliuss
aeldnisaneusiu Tdansatnvenusiay 17.47 nda

Tuduveawadihluuddommsiuea 3 Tu udinseswadoon ntuiwadluuddeselnaae
Tsflisu 8n 3 U wdnseawadesn tduuvsusanazlnraslsiiisunsusuudindunglinisan
arwduiielifimnuidudugsdu anifuthduivdomadadeensaosion 3 x 10008a8803)
ilumlmsianglanisanaiusu azlaansanarenu 7.15 nsu

Mniuthansasaildluiureduilasinlans fiwdruand woa oy 20 Mivaratowms,
uoa i unedTiasUssnoumuasda () antuniduvesasanditaiulsneures
ansusEneugns () (fraction) Aldisandruemadsadouasiwad svhliuiansesoevfiuend
Tneldnoauilyin dulns @18 ToUf (SunFire Prep C18 OBD) Au19 19 x 250 Jaallns IUINTANN
19a 10 lalaswns wasldirhavanonauseninsesdlalulnsduasilusnsdiudaug 45% auda

95% azdlalulnsdluszeziian 30 wil Wusvinazatevzans dons1inavesdivinazaramdouiiniy
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ARaul 15 Jadansnaudl agkeansusenauuansa (1) (31w7u 80.3 Haansu La1NanstAaa Uiy

AR 22.4 W WAL 97U 170.8 TAANSY LIANENSIARIUNNIUADANY 22.7 UNT) WATNUIN

asUsznauimuiliduansuszneuriialmdiilimiiouduanslanusingunneuntiil

anwazlanensil@nduaziadl (physico-chemical characteristics) ¥84a15UsEn0U (1) AINEAS

selud

1.
2.

Snunigiusing Ae wdivdesseu vie Wundvn

waluananuazldengs (High resolution MS) (ESI-TOF): w3aseuseq (m/z) 571.1233 [M +
HI" (calcd for CaHp504, 571.1235) wag m/z 593.1059 [M + Nal  (calcd for CyiHy,04Na,
593.1054)

N31YINITRANGUIEIET (UV absorption spectrum) Tulumniuea (MeOH): AIN81IATLEIER

Ao (lOg €) 237 (3.56), 268 (3.64), 390 (3.13) wiluiuns (U7 1).

Y

ﬂ'ﬁ’lwsu"mﬂ’l'ﬁ@ﬂﬂﬁuLLaﬂauV\l’lLiﬂ (IR absorption spectrum) mallale7ios (ATR): AILE1IAAY

A9EM Ve 3430 (br), 1728, 1637, 1615, 1568, 1503, 1433, 1332, 1296, 1240, 1211, 1178,
1099, 1078, 1014, 856, 740 . ('ﬁ‘d‘ﬁ 2).

Y

nslUsneu-Budues (H-NMR spectrum) (CDCL, 500 wingidsa): 19ad7 (O) 10.37 (1H, s),
6.49 (1H, s), 4.22 (1H, dd, J = 9.7, 5.8 Hz), 4.22 (3H, s), 4.15 (1H, dd, J = 9.7, 4.4 Hz), 3.74
(3H, s), 2.29 (3H, s), 1.95 (1H, dt, J = 10.2, 3.1 Hz), 1.90-1.94 (1H, m), 1.78 (2H, dt, J = 12.7,
3.0 Hz), 1.72 (1H, dqg, J = 13.8, 3.0 Hz), 1.59-1.68 (1H, m), 1.56 (1H, dt, J = 10.2, 3.4 Hz),
1.49 (1H, dquint, J = 13.5, 3.4 Hz), 1.42 (1H, dt, J = 13.3, <1 Hz), 1.29 (1H, td, J = 13.3, 3.2
Hz), 1.26 (3H, s), 1.18-1.25 (1H, m), 1.05 (1H, dd, J = 12.2, 1.9 Hz), 0.91 (3H, s), 0.85 (3H, s),
0.82 (3H, s) (3U7 3 n.).

nslusneu-Buduens (H-NMR spectrum) (CDCL,, 500 wwngid3n): wagda (O) 10.39 (1H, s),
6.50 (1H, s), 4.28 (1H, dd, J = 9.7, 5.8 Hz), 4.22 (3H, s), 4.09 (1H, dd, J = 9.7, 4.2 Hz), 3.74
(3H, s), 2.28 (3H, s), 1.95 (1H, dt, J = 10.5, 3.0 Hz), 1.90-1.94 (1H, m), 1.78 (2H, dt, J = 12.6,
3.0 Hz), 1.72 (1H, dqg, J = 13.7, 3.0 Hz), 1.59-1.68 (1H, m), 1.57 (1H, dt, J = 10.5, 2.8 Hz),
1.48 (1H, dquint, J = 10.8, 3.3 Hz), 1.42 (1H, dt, J = 13.1, <1 Hz), 1.30 (1H, td, J = 13.7, 2.9
Hz), 1.26 (3H, s), 1.18-1.25 (1H, m), 1.06 (1H, dd, J = 12.1, <1 Hz), 0.91 (3H, s), 0.84 (3H, s),
0.82 (3H, s) (3U7 3 2.,

nsAnSUBu-dmENens (CC-NMR spectrum) (CDCL, 125 winzidsn): 19ad7 (O) 188.1 (CH),
166.8 (q0), 165.5 (qQ), 162.6 (qC), 146.8 (q0), 128.3 (qC), 120.7 (q0), 113.7 (qC), 102.4 (CH),
75.7 (CH,), 72.8 (90), 63.1 (CHs), 60.9 (CH), 58.4 (CH3), 55.8 (CH), 44.1 (CH,), 41.6 (CH,), 40.4
(CH,), 38.0 (qQ), 33.5 (CH,), 33.3 (qC), 24.9 (CHy), 21.6 (CH,), 20.2 (CHy), 185 (CH,), 16.2
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(CHy), 10.1 (CHy) (3U71 4 n.).

8. nyanusu-Buduens ("C-NMR spectrum) (CDCL, 125 wnedsn): wad7 (O) 188.4 (CH),
166.7 (q0), 165.5 (qQ), 162.6 (qC), 146.9 (q0), 128.3 (qC), 120.7 (q0), 113.7 (qC), 102.4 (CH),
75.7 (CH,), 72.8 (q0), 63.1 (CHs), 61.0 (CH), 58.5 (CH5), 55.8 (CH), 44.0 (CH,), 41.6 (CH,), 40.3
(CH,), 38.0 (q0), 33.5 (CHs), 33.3 (gC), 25.0 (CHs), 21.6 (CHs), 20.2 (CH,), 18.5 (CH,), 16.2
(CHs), 10.1 (CHy) (U7 4 %),

Faagnadi 2

S &

N13ASIRERUANSTUSLTRAULISIReEsUSTNaUULaDTa (1)

BN139599ATlEIaNs SengSululasiwan (resazurin microplate) (O’Brien uawAne,
2000) waduzise 3 wiavosywditunlinaaeudsel wadlad KB (Binouossi(epidermoid)
wasuzlSsvesteslin, ATCC CCL-17) waalal MCF-7 (waduzi3euasnom@iusl, ATCC HTB-22)
waviwadlatl NC-H187 (waduziSslanuuinidn, ATCC CRL-5804) [ wadluszesfidnisiasayiivin
Aafiszerden (logarithmic phase) d113U KB wisawadiduduluemnsinaisiuiu 2.2 x 10° wad
siofadans wag MCF-7, NCI-H187 41Uy 3.3 x10" lwadsefiadans muddu gaansieesuiuns
5 lailasAnsilagaesng 5% DMSO uay lwaau3uns 45 lulasdns ldasluninuunn 384 vau vty

2

fJuaidofigumnd 37 sseneaidoa farududufsansueulaoonled 5% (Uu 3 Su d1wsy K8,
MCF-7 ua 5 Yudmu NC-H187) ndsanifufumsaraneisgiududu 62.5 lulsniudeiindang
$ruau 125 lalasans asluluudasugu dludulugundededn 4 dalus udrnhaniauamigesisa
Wwus AinNENIAAY 530, 590 Wlung FolA3esAUARSILLNG L83 5 (SpectraMax M5 muti-

detection microplate reader) AunaLUoIwUANITTUEINITATEYLAULAAIENNTT
Weslwuan13udin1siaseydule = [1-(FU/FUJ] x 100

FUT ua FUC Rosuiusadfigandunasigeaisasusiuay liiganduuas mugidu andutheniildly
a$ansl ansideans 6 arududu vign 3 nau ansnsaduamaudutuansiianusaduds
mstasaAulamadi 50% (ICs) nglilusunsy SOFTMax Pro ansumsgiuidsuaniilide fenle
stdulelnsnaolsd warldth 0.5 Wosiwud DMSO Huansifisuldsau i ICs, vesansidenisfiu
KB, MCF-7 uag NCI-H187 wiiu 0.612, 9.22 uag 0.090 lulasniusieliadding audwiu a15usenay
() wansA 1Csy fonsEumaduzIS et 3 9ad Wi 2.27-2.58, 2.71-5.18 uay 2.93-4.24

lulasnsuseiiadans muaisu satu a1stionasiivselovddmsunissnuvseduduvaduzisele

A20819% 3

A15AS9ERUANUTUNERBLadanIUnR (Vero cell) wasansusznaumlutaasa (1)
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nsnsaeuanuduiurewaddniuniviails (Vero, African green monkey kidney

fibroblasts) wesasUszneu () Ingld3Snstausunaiiend (GFP) lulilasiman (microplate) &

¥ a

FAWUaIN19INIFVeY Hunt wazanly, 1999 lagld wadsin3lsnasneaniganmuIuInwas el

¥lipAls (ATCC  CCL-81)  laesufuAnisnaaaugnsniadiinin audiugicinssuuay

9

walula8Tinmuviannd wadazgnideddusmsivainuseneume 10% dSudigsuvesgninvili
nuAgUaMeAIuTou (heat-inactivated fetal bovine serum), 2 iadluans wea-ngmdu (L-

glutamine), 1 fadluans loios Ingian (sodium pyruvate), 1.5 nSuseding leheu lumsusiun

a

(sodium  bicarbonate) Wag 0.8 HadnTusdeiladans 1aluiidy  (geneticin) luguuiyeniline

msuaulneanled 5% Naamgll 37 ssriwalya lunsnageuIsLAuwadLYINaREUININT 45

a aa

lailasAns fivuuiiu 3.3 x 10° wadsefiadans adluudazaneviauuda 384 nqudenia 9ntuafy
a1sfiazanefe 0.5% DMSO U3uns 5 lalasans wazthludlugumduna 4 Ju figamad 37
osrniwaidoa Sarududuresineesveulaoonlad 5% nduilutauamigesisasuifoinios
awansundg 18u 5 (SpectraMax M5 multi-detection microplate reader) finuenandu 485

WAy 535 WIlULIAST karAIuIumAUasidudAMuTuREIDYadAIuaNNTT

% AUlufiwveswasd = [1-(FU/FUJ] x 100

We FUr  war FUC Aomnuduvaduasvigesisaudainad nuuive wavigaavulaglidien
ANuaeu ndunAile luasansn Inelinanaaaualsi 6 AUINTY tnevingn 3 ase Tuwmas

AMULTUTY Wazn1A IC, lnelalusunsy SOFTMax  Pro lunisnaasulnazassly toaduidu

Y I

(Ellipticine) waz 0.5% DMSO 1dusetgnsniununauInuazay Auadu Aedsunfvesen ICs, vas

a

wadURTu Wiy 0.56 lulasnsuseiadans druaisusenau () wansnannuduiusawadunilag

A1 1C5, Wiy 3.03-3.42 lalasnSuseliadansg

¥
a a

v v 1 N Y @ 1 6 I a 1
PNHANITNARBIAIFIDENN 2 Lag 3 Wanaliliiug arsmun1suseavsiidnnutduiene

wadunfien uallgnslunisduduaduzielan datu anstunesdidnenmadunisinluldlunsduds

waaugi3s uonanfeslunsduduraduzideinan JimuitarsaunisUssavgiiignslunis

<9

v oy
v A !

FUgNTBNDLIANUIANI YN AN LUAIDENIT 4

A08199 4

4 L] (%3
ﬂﬁiﬂi%ﬁ]ﬁ@‘i]i]‘ﬂﬁﬁl‘uENL‘UQﬂE]IﬁﬂlﬂaﬂLiﬂﬂaﬂﬁqiﬂigﬂaUquLaaiﬁ 0]

a d” ! a
N3RS BABLIALNANLTY

nsidsadenanaluien Wadnisu (K1, multidrug resistant strain) eidusmunuens
Tsannansglurasanaany (Trager@Jensen, 1976) To1msiduade RPMI 1640 7fllga-8-N-o-Lod

(Du-(aps-lansandiofia)ines Bu-dulnsu-(@esdmudalniin waidn)) [HEPES, (N-(2-hydroxyethyl)
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piperazine-N’ -(2-ethanesulfonic acid))] 20 fiadluais latheulalasiauaisuaiun (NaHCO;) 32
fiadluans 10% F5umuywe (human serum) wag 3% iiadoauasyudniule (human group O
erythrocyte) Tngtiudeluliluguumzdifiamnutu figuvad 37 sseiwaifoa wagiinududues
frapnsuaulavenlas 3% shnsdsuisomsidsatonnfuiielisdnaiaduladamnmndon
lineaoulusziunananaasdlagldinaiialulasaaass salelalny (microculture radioisotope) Tu
msUszifiuna (Desjardins wasAny, 1979) Wevzynsnageu vdefiassiunntenlnduwad
wrnuassfimumunureadindonunwyudniule (human group O erythrocyte) 1.5% uazite
lusgergurauniu (ring stage) 1.0% Inusiwaduuivassy3unns 200 lulasans unduluais
naudsuadvin 96 vausonn uFeansiegsiiazateoglu 1% DMSO Usuas 25 lalasdns

o Y v & o & = a a 3 . i
wariluiedluduu@eadunat 24 9ilus ntudafvansesidenlelnuaudiu (CH] hypoxanthin)

avawegluomsdsatenatNtY 0.5 4C Usuns 25 lulasdnsdenaun antutluivluguy

=

#e9n 24 U9 WBATUNALAILadwIINaslUTnUSUMa1559E Tneld wSeeiniusunSadly

v

019au (Top Count microplate scintillation counter) wagiAdyansdnauveaslsdniiaes

Tunmgden (CPMy) wazUsaniiiaeslagliifien (CPMy) tmidnsinisiasyiivlnveudonanaluies

[y

RGGER

Y

% ATLASYLAULAURIUTAR = CPM/CPMy x 100

a

Useansnmlun1sdududonanaluienvadasnaasy Jnbea1nANUNILYe9a1sRaIusadudIng

[
[

WwigAulnuesUsanla 50% (ICs,) Waifsuiuwaausdnidedlaglidien Tuuragassninimegeu
srldanslalelaseifiztu Jadueninwilsaunaneaeiugnaialufen adwisu NAngasmnds
Tutlagiuduasiegisnrvaunauin lavarsydaiiia ICs, lunsdududoiugnaialuien wia

Fvr3u Teeiadsindu 0.00075 lulasnsumeliadans druansusenau () SA1n1sdudenisiasyiivle

¥
a 1 =

Tusesuraonnnasemean 1Cs, Winnu 2.12 — 2.22 lulasnsuneiiaddns A1 ICs, vesansuseneu () i
wiagliiguindueunsgrunldasds williefiansanal ICs, fanarnuiteglusesrunveusula
ayUladansyialifigrsdugaienalsamaiseiivsslevidmiunissnuvisedesiulsaunanieiia

d” a a (% ¥ a o v ! ! Y1 b4
nenataluiden Wiadvsu o wasddneninlunisiamuine ware1anaiilaii lassasna

¥ [ [
s v v A

a1sUszneumuaeialaseadne () munisuszavgiiivisgnslunsduiuvaduziSauazdudutonelse

<9

U dl <

11158 deliimeiiseanulassaswarsussnaulndifesiuntgvsludnvaziuneu

Bn5lunsusshvgnange

q

willouiuiilausseneliluiidenslamenisussivglagauysal
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