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a3 (blennolides L-N, 1-3) aaaaauansitiinissesnlasiadnaudasau 5 a1s 1dus lachnone C
(4), endocrocin (5), aspergillusidone C (6), unguinol (7) uas 2-chlorounguinol (8) 1A51E ¥
lanainlngliveyanianinsalnl dmsvawmaslewnilduing (relative configuration) Stasnes
lnglddeya NOEDIFF uazgudulassaireiewmaiia X-ray dwmiuats 1 dwameilowniiduysal
(absolute configuration) Amualdlagniswisuiiivudeya CD (circular dichroism) #il#a1nn1s
naaasfudoya TOOFT ECD AAlda1nn1sduaa 2nn1sdnvignisndes ayptococcus
neaformans ATCC90112 way ATCC90113 flucytosine-resistant wuiians 1 uamqwénwé’ue‘?u%va
FIRINENNLAT MIC 128 was 64 pg/mL audnu wazlivansmuduRvrsgaduni
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|
Key H-H COSY ( ¥X), HMBC (“X) and NOEDIFF (¥ ¥) data 983a15 1

ll-l-lH COSY ( ¥X) Way HMBC ( /X)) correlations u99a1s 3
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'H NMR (300 MHz) waz C NMR (75 MHz) spectra ved1s 1 lu
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WesnHuundswasasiugdunieniintuimnududiinsfunueinifadu Tnedesi
Anwdnlvadunentdniu siuduuvdsdaiiddyuvdmilvomaniusisssuwanbifiowss
ruvatnuaneadlassaiavnaaiivingu uddaimnninaulsluudvemnisesngrisnieadanmdnge
Trichoderma asperellum PSU-PSF14 iusiduiiuonlsainiudunisluiiuiinglfizuas fauda
usE1a MnmsAnuLdesiunuhasaianemnindsaide 86 veudes PSU-PSF14 uARIqVID
Frudiowunilie Staphylococcus aureus wasdinuidasn Candida albicans faefn MIC #virfude
200 pg/ml 8nvadau BE wavarsanaveuainad (CE) fanansqnsduiiesn Cyptococcus
neoformans feA MIC iiraula fie 64 way 32 pe/mL amdriu dm¥udiu CE veadesriitauans
qrsanuiuiiviswaduz§ el nuansad Unfnion ICs WAy 20.72 uax 48.88 pe/mL
puiddu Uszneududioya 'H NMR awnaiivesasaiavevuingdygruvanvaanguasosls
ndnwazmjuia JniliidemleiazAnnmawsnamuslavisndesdand Taemadneaunsauen
wAnAusisTTurRaslmitavansiifiseamilasaiudnivsdeninmandyivenld

IngUszasn

1. usnansuiqusiinanlaoidiosiau T. asperellum PSU-PSF14

2. wadauqusIEIN I TUTasiwenle Iiun quidugdunid uazqriannuivde
waduususuILazIzS e nIn AasnIuadund

s2iUgudsANiuN15IY
1. Mswzdsadiesluamiavan
Unides T, asperellum PSU-PSF14 Winzdsaluamavas potato dextrose broth
(PDB) Y3u1ms 10 dn3 ﬁqmuqﬁﬁm Wunan 4 dam
2. nsAnyImaail
2.1 MsaSyudananeIv
N384 culture broth wnenduluseen uiatmivdovadameiefiaerdnasnau 2 as
Vntuthasazanoiofinesdmalussmowiainonios rotary evaporator aglfd@rsanavienu BE
dmiudulohuudamueaiiunat 3 Ju sumowstusasenuiadiu W wivihmsatages
vhazaoeniou WWduenouuarind fuiniinatasmeiimsdntuivdmhdsnde wldans
- anavieu CE
2.2 mawendaaiamewliusans
BufEN13ATIEEUBIRUIENBUALATIUBI AT ARAVEY aelasunnnsluduuia
BUATIIUMUAL/Violla reversed-phase RP-18 Iavldszuudiadoudiuuudieg sniu
ATIvdRVAN NN TaragvesdIudnaveuludiasatedunidane q wu Vesideudves 1e




aaslsinu  efiaesdiva wiswmiuea  ldwavesaniwnisavarvlunisuendiuadiaveu
saniiududesdediavarsdunidionzay  anvaevesdUszneunaaiivasdiudasi
avarswarhiazarludnhararsdunidaislasinlvasuiuunaviesssuan  waz/viovia
reversed-phase RP-18  wdusndiudesiiavarsuarbiazarsinafudeaednilasninni
(column chromatography) mamhmaunumﬂwamwa Tnuiishosiiduasasarsnanvas
paslavosunasmiueaiiiifssavyesmusanudguiaios usu viedlifegifuiliiu
reversed-phase silica gel RP-18 wlfansavarsnanvasamiueauanitiiisesazyasum
veasudaduicienusivy 1udu wielunsdliild Sephadex LH 20 Lﬁuﬁmgjﬁ’uﬁ' a4
nealuivy wdenldmegiuuazivruuulatiuiueginuuzvadlannlnunsuua
duden  vhdudenitldanaednilanninnnitlivianimenisieduilasuinn il
wawads Taodenldmagiviuasmesimnzan  warwenliduasuiandmelanninnsi
utiunun (preparative thin-layer chromatography) freodenldszuuinadeuiinimnsey
2.3 n';smsoaaauauu"z?}mmwmwva\rmw?zgwa“‘ uazn'15’5;5}ﬂm‘Tﬁwﬂ%’Nmsﬁqng
ATIMIAMABIIMAIALA specific rotation ¥BtasuTaYs uaslideyaarnlnsalnd
g wu daasihlean Bursusawazifila daedeiwunuinslawuud wazuiaawninsalaily
m3ieTeilasainvasasuians
3. mMadeuqusKIuFagAunId
wupiiGouarsiielsaluauiilinaaau W Staphylococcus aureus, methicillin-resistant S.
aureus SK1 (a clinical isolate) (MRSA), Candida albicans, Cryptococcus neoformans W a &
Microsporum gypseum
3.1 pMIvadaugvasuuUATIGY (Phongpaichit et al., 2006)
v‘hmswmaaqu%ﬁwuuﬂﬁﬁmﬁaaﬁwaamsﬁ'zaa}n (a’u‘saﬁ’ﬂwmw"iaaﬁu%qwé) finny
Wudu 200 pg/mL M5 broth microdilution (@auUaIINTE CLSI M7-Ad) lagniransdiagaun
avanuiiy dimethyl sulfoxide (OMSO) Tildnudindu 100 mg/mL dmuliulu stock solution
9ntuiennsisamis Mueller Hinton broth (MHB) tiialwldmmdudu 400 py/mL galdlu 96
well plate (50 L) Tngviansiagneay 3 uau dndeuusiiGeiiusuamguuiniy 0.5 McFarland
standard 130919878 MHB ludnsidau 1:200 udagaide 50 pL Tdadlunquitiiarsiiagneeg 50
uL zldmmndudugavineuesasiegidlunmaaeugvisiiassiu 200 pg/ml thluuuilgumgi 35
°C Wuan 15 Falua Qﬂﬁ resazurin 10 pL T?ﬂuuﬁiasuqn wdnirluvnse 2-3 4alus Lﬁa‘lﬁ
Ainujisenogeanysal naasugusiuwuaiiresedunuafiisnugiunmaasugusiiu
u,uﬂﬁﬁwaqam‘ﬁathmnﬂ%jﬂﬂa'l'ﬁ'm vancomycin §1¥Uidis S. aureus uas MRSA fiaTnududu
10 pe/ml M3guranIsMaday dantsadaulinauan @siednanniadududels) oms
doadossiumiviundimniy Semadsadewdnuivinmyuansindeduln dasieied
Winauan lUmiAan minimum inhibitory concentration (MIC) 10838 broth microdilution wWuffu we
| mqauﬁmwmﬁu'&'ﬁluﬁw 0.25-128 pg/mlL A1 MIC Ao Arasnduduigavesanssegieiianunse
Sudadols (ewnadvadeuiiu)



3.2 mmmaaqu‘éﬁ’luﬂ (Phongpaichit et al., 2006)

mvageuATwEnNIalunssuSatelan (faulasain CLSI M27-A2) vhmsvndeuriues
Wonfufuuuaiide udlfomns RPMIF1640 Tumavaaeu Wialiundefadudnigumgdl 35 °C 1an
18-24 $Tlas dm¥uidie C. albicans way Uuﬁqquﬁﬁaa van 48 dalus dwduidle C neoformans
nadeuqvssuBaivasiudairugiumsvnasugvisiuBaiuesasieganasalaglden
amphotericin B naaauiuBasiia 2 viin finuididiu 10 pg/mL

mMsvadeuAIEENIAlUNTBUSITET M. gypseum (Fauvasninizann CLSI M38-A [CLSI,
2002c]) yhmsvadeuiueieatuiuiiasd uasld spore suspension vadas ﬁuﬁqmmqﬁ 259
Hunm 37 Tu veseuguidhuidesvesedudenaudiummadeugridudesivesans
ﬁ’lﬂﬂ’]ﬂﬂﬂﬂ%ﬂﬂﬂi‘ifﬂ? miconazole WPty 10 pe/mL  thansfedailinauinlumen
minimum inhibitory concentration (MIC)

4. MavaEaUgVS LS

msvadeuquimuisisuiuLLazdenn wasmduiivdewadund Idfuaueyiasied
Vnguenugimnssulazmaluladdinmuiana

NM15ATINBNANTHIBNITNUNIUITIUNTIY

9ng1uteya Safinder Scholar fis1891un1sAnymvelaivazquinidinwves
Trichoderma asperellum Swalisnntin uazwuindenidnlugsdnumuelaiiuangvidug
duwnid laun bisabolan-1,10,11-triol W@ ¥ 3-hydroxytrichodenone (Song et al,, 2018),
antibacterial cyclopeptide PF1022F wa¥ halobacillin (Ding et al.,, 2012 ), pesticidal volatile
compounds (Bhardwaj and Kumar, 2017) W a ¢ antifungal viridin, viridiol, viridiofungin A,

massoilactone wag gliovirin (Srinivasa et al., 2017) {udu

Sr]
b NHO g N r':: E\)-
._2‘\ Hsg N’\f'__o /L)\oo o }:o

bisabolan-1,10,11-triol o MR

I |
g o:{di‘ ?0 . © L % HN
YR TR A

0

hee < e
3-hydroxytrichodenone

cyclopeptide PF1022F halobacillin
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HawazIarsalna
1. pMsiassuduaiavey

vmswnzdsadeniitiiuna ¢ dlam dnnnsenfteusnduindendouardrnead danh
Foadorinanafeiniasaseiiaesdion gaarudy uasimsssvednhazarssanauuie 1§
asatangruindsades ©F) twnin 1.05 nfu uvemilatimiad dwmivduwadilvudiua
wueaduiar 3 u vnisnsswendiugaduartnii lneduiniuwnssvediazawumiue
1 agonuisdlu R 100 fadaas udwhnisatadeivihasanoeniry Tddueneutazduni dui
vunatadeimaieiusudunindsads (Warsafamenueinead (CE) tnin 1.48 niu Wuves
© vilnthhatam
5 2. psusnasdussnauniuaiivesdnsanavetu BE
ugnansanavety BE Wiududessoaeiinilasininnsiitiidegiuiidu Sephadex LH-
1 20 Tngwesne 100% wmuaa wenld 4 du (A-D) hdudetandnwinedail
- dau A (47.7 fiadn3w) Lifinwide (fae1n H NMR awnady Livansdyanamededfiin
; uaveslsuninlusneu

- dau B (930.2 fiadn{y) innuendesmesadinllasininnsuussualaaiSudursdan 5%
wvuaa/lanaslsiinu uaziudaauds 100% wviuea 16 8 dau (81-88)

@ du B1 (12,5 fiadniy) Lidaviss oean 'H NMR awnaiy Livansdygravadlediliin

uavaslsuudnlusnau _

® du B2 (45.5 fiadn3y) lauendisraduilasuivnsrfiuuusing wadly esdinu : wn
wu (1:4) Judnadoud wanld 7 du (B2A-82G)

- dau B2A-B2E waz 826G lifnwide iessnlasininnsiuduyilivanensuenvasans

- dau B2F (10.6 fiadniu) wondmelasinnsfuwsdumunludadoud adlvy : wnu (3:7)

ety M e S E ks o T A e

4 (3 59V) ‘lﬁa'ﬁu‘%qwéﬁ'mu 2 a5 Aeas 2 (3.3 liadniu) wasans 4 (2.9 fiadan3y)
@ du B3 (49.6 fiadnu) WrnuenmsrsdnulasuvnsMuuusssuan lnelsuausenie
o - & P v - Lo -
5% wwusa/laraslsiiny wasiuda9udis 100% wvwea ldaisuiguaduau 1 a1s As ars 1
fﬁ (15.3 siadn3u)
- . a o o » - > o ] -l
é @ @u B4 (24.9 fiadn$u) wendsredumilasunlunsMuvusssuslasldduadoummiu 30%
asdlauaniu 167 6 dru (B4A-B4F)
- du BAA uaz BAC-BAF Lifinwrde 1ieasain H NMR awnaitbivansdygiauesarsdn

.= e

ey

! uazlnsnnnsiludiuuslivansnisuenvasans

- dau B4B (9.6 fiafindw) suanderedinilasntnsiitiiiidegiuiiy Sephadex LH-20 ve
: Ay 100% wvnuea 16 2 daw hdhuitasunuandesmelasuiinnsfludumunludaedeud 10:9:1
! (anueu : lamaslsfions : wimuen) (5 sev) Iansulavadmuou 1 ans Aeans 3 twdn 29 fiadndu

T

T
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i - e " [} L) c{)} -, - P i
@ du B5-88 Wishusavduluuenliuignameismalasuninnsiianeeg hisansawenans
Tausans Falifnwde
P Y [ s ' P (P ‘
- dau C (7.7 fladn5y) wunnisazarenlsraslsvesy lnedrunliazaruaaslsvesy (5.5

wt Voo L) £ v -t -yl ol W | a
fiadn3y) levilwudansmeaaduilasininnsilfiidegiuimiu Sephadex LH-20 ¥eéae 100% Ly

u
yualdasusavsdnuiu 1 ans Aeans 5 (2.3 fladindu)
- ar ] ar w s i ]
- d7u D Li19197n 'H NMR awnasulivansdygimvesarsnanuazlasuinnsifuduuialal
wansnIsuenvesans welidnwise

3. NsuunadAUIEnaUNIALivaIEISENAKEIU CE
o Y] s ol et e o
wonansanavenu CE measanilasininasiiniidetiuiidu Sephadex LH-20 laguzig

100% wnuea la 6 d (A-F)
dau A-D uax F lifinwide leanin 'H NMR awnadubivansdygiavesarsmdn waslas

mlnnniluduuidivansnisuenvesans Wethusdavduluuenliuianiseisnlasninasi
saq Llamnsausnansliuiavs difnude

- dqu E (18.4 fladn3u) tnuendmeaeduilasninnsiuuusssumn laggedae 0-100% L
muea/lanaslsiivu 16 4 @ (F1-E4)

@ dau E1 (6.2 fiadn3y) uundmelasuiinnsifudumunluseidout 1% wsivev/lanasls
fiivu (2 50) WWansuaqvdsuau 3 as feans 6 (2.5 fiadndu) ans 7 (2.6 fiadn3i) wazans 8 (0.5
faaniy)

- @ dau E2-E4 dsavduinuenaisaeauulasuninnsifuuusssunt lnegeais 0-100%
umuea/lanaslsiinuy wuirlasunnnsifudiumuivesdiudesimualianinisuonvesans
vananil 'H NMR awnailinansdygamasansvdn fdbidnuse

4. m‘nLﬁ‘i’lW'Tﬂiqa'i'wvaqa'ﬁmq'nﬁmuan'lﬁ
Ansiwdlassasralasldtayanis 10 uaz 20 NMR nasnvutayauua awmaslaniduing

(relative configuration) Jias1elaglidaya NOEDIFF uardudulassainamamain X-ray dmiu
@13 1 dwuaimeilawniiduysal (absolute configuration) AMvualdlasnisIsuiigudaya CO

(circular dichroism) ﬁlﬁmnm'swﬂamﬁ’uﬁaz&a TDDFT ECD #ildinmssuac
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1 2 3
CH; 0
OH O OH O OH R
o
COOH CHs
s i L0 "N o Hon
o HO CH4 R,
CH; O o) _ Rs
o HiC  CH,
4 5

6:Ry=Cl,R;=H,R3=ClI
7:R1=R2=R3=H
8:R1=C', R2=R3=H

sUil 1 laseadraniivasans 1-8 fiwenldans i Trichoderma asperellum PSU-PSF14

a1 1-8 ﬁimaa-'s'uﬁauam'[ugui’i 1 lawans 1-3 Iaduansini laseasavesans 1 dududie
doya X-ray (U 2) dmivans 4-8 Wuarsitiinisseaulasearsuda 1éud e lachnone C
IE (Rukachaisirikul et al., 2006), endocrocin (Chiang et al., 2010), aspergillusidone C (Sureram et
~al,, 2012), unguinol (Sureram et al.,, 2013) wa ¥ 2-chlorounguinol (Kawahara et al., 1988)

- awdau lneviinsgudulasiaineeniiu unguinol Tnew3euifisuteya NMR Auteyaiiiinig

swauliug

! ot

& @ -
y

¥

f,

:

§

i

} )

! 3UN 2 X-ray crystal structure ¥89a15 1




ms1aft 1 Teya 'H waz °C NMR 183813 1 taz 2 Tu acetone-ds waz 3 Tu CDCls

Position 1 2 3
&4 (mult,, Jin Hz) &¢ &y (mult,, Jin Hz) 8¢ & (mult, Jin Hz) 8¢

1 163.8 163.6 163.6

1-OH 11.53 () 11.38 (5) 12.24 (s)

2 6.33 (s) 1106  6.37(d, 1.2) 1109  6.51(s) 107.1

3 151.1 151.0 152.7

q 6.30 (s) 109.2 6.34 (d, 1.2) 109.2  6.44 (s) 105.5

da 158.8 158.4 159.3

5 5.18 (d, 5.9) 70.7  4.48 (brs) 752 4.22(dd, 126, 4.2) 73.0

5-OH 5.31(d, 5.4) 6.18 (brs)

5a 74.1 80.1 82.7

6 173.8 173.0  a:2.05(m) 26.0

b: 1.75 (m)
6-OCHs  3.82(s) 571 3.87(s) 57.2
7 5.30 (s) 100.7  5.41(d, 0.9) 1021 a: 2.54 (m) 24.9
b: 2.49 (m)

8 190.9 190.6  6.97 (t, 3.6) 137.6
' 8a = 85.4 73.6 135.5
. 8a-OH 6.55 (s) 6.90 (s)
9 193.9 192.2 185.6

9a 106.1 105.9 106.5
10 2.28 (s) 224  230(s) 223 4.63(s) 64.7
g 11 1.36 (s) 141 1.42(s) 19.5 149 (s) 18.8

v ar o i
a1s 1-3 uanatoua 'H uaz C NMR fananalum1sneil 1 naaaludaya HMBC uaz
3 i o w o -l =t -l w
- NOEDIFF 98313 1 waz 3 uandluguil 3 uag 4 muddu uanainliguin 5 uananiswsuiisuvoya
© CD Wldnnmsvaasaiiudioya TODFT ECD TildainnisAnnnveasing favhliannsaajUaneile

~nilduysalvesanslasnauanilusui 1 swavieansieseilassainvesarsimivandlunanu
B Lo Y
- Aviuluniaruan

o
)

PR T L S AT T S T TR IO e e i e

e
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40

— — caled. (55, 5aR, 8aR)-1 20 4
— — caled. (5R, 5a5, 8a5)-1 ; s A .
— Experimental ECD of 1 o4 M ] -l1ER

s
eI 2040
__z r. = Experimental ECDof2
1
5 STAL = = = calcd. (55, 5a8, 8a$)-2
= ==+ caled. (55, 5aS, R2R)-2
_‘ 60 = =+ caled. (5R. 5aR. 8aR)-2
o = ==+ caled. (5R, 5aR, BaS)-2
7 80—y T T Y
& 400 200 250 300 150 400

wavelength (nm)

: ol — ,_..___,_:______ S
‘& 1997 e Experimental ECD of 3
i 80- — = caled. (SR, SaR)-3
é T 60 — - = caled. (58, 5a5)-3
b4 =
4'. 5 !
- 40 -
§ S J ;
w20
o < 1 5
: A=z
] !
] -20 v
!
: "y

200 250 300 350 400
wavelenght (nm)

gﬂﬁ 5 Experimental way calculated ECD awnniuvedais 1-3

5. NTVAFRUGVENIATIN W

: ynsvageugvsnIEInIwTaEns 1 Wssansiiion tewnarsiivdsuenldluvinatiesnda
5 faandu Inunvavdeugvsiugdunid (5. aureus, methicillin-resistant S. aureus, C. albicans,
C. neoformans waz M. gypseum) finunziiamus (MCF-7 cell lines) waztiasun (KB cell lines)
aaanIuAdufiviairaduni (Vero cells) nuiia1s 1 uansgninisduduanisides C
‘neoformans ATCC90112 uas ATCC90113 flucytosine-resistant A18A1 MIC 128 waz 64 pg/mL

o .. in v ' A
AEAU Tns amphotericin 8 filfidiuaisunassuuansdn MIC 0.5 pe/ml uenaaniilivansnany
Wuitwdawaduzisiiaesiiauasivaduni
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dyUnanisideuazdeidusuus
ﬁ1ﬂ13LgUQL%Q T. asperellum PSU-PSF14 Tu potato dextrose broth tutian 4 dUa

Pntnhuuenduwadosn wdatmindeniefeiiazaiiofassme tharsataludiyii
asaneduviddinssmowis Iiansanaveu BE win 1.05 niu uvemiladimias dwmivdiuwad
dnafnseumueaiunal 3 Yu suvewmiusasanuadiu wini udafndsenisy 30t
afaduidedelefiaevdng haisararsefiaz@manldusameus Warsatawey CE wiin
1.48 n$u Huvamiladthman nnmsAnvulasiunuinasataveu BE uaz CE uanuvidauide
1 C. neoformans #18A1 MIC fiinauls fa 64 way 32 ug/mlL muddy uiLanyssuLuailGe
wavauufivde K8 cell lines wanigadundanuing ietarsataveruiassiiuuendelas
| innnsfivssananeq aunsouenuiavsidduau 8 s dauastmivssan blennolide 1y
3 415 Ae blennolides L-N asnaua1siiiinisseaulasaitiudrduan 5 a1s 1dun lachnone C
' (4), endocrocin (5), aspergillusidone C (6), unguinol (7)wag 2-chlorounguinol (8) W1a15 1 i
wonldluviinainnndt 5 fadniulunaaeuquismudunidee S. aureus, methicillin-resistant .
aureus SK1 (a clinical isolate), C. albicans, C. neoformans was M. gypseum wuimamqw‘émi
Fudnaniziiasn C neoformans ATCC90112 uay ATCC90113 flucytosine-resistant fada MIC
128 uay 64 pe/mL MUAINY vananiiiotlunaaeuauiusewadund ussasius (MCF-
7) wazssetosin (kB) wuilivansmunduivsioiwadynuiia ewinmsuansuansquiniu
Wenlddvasninansananeuidesdiunn sileraiiaanin synergis effect 983a15luansana
neu adlsiaunisiarsanaveuluiuuide Aesnsisaeuanuiuivrewaduni uazdos

A58 chemical profile wasasaiane 1y

 1ANA19814989
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319 S1 daya 'H uaz *C NMR v83a13 4 was lachnone C Tu CDCL

Position a lachnone C
S (mult., Ju,) b¢ (C-Type) S (mult., hy) bc (C-Type)
2 B 80.9 (O) - 80.9 (Q)
3 a:2.98(d, 17.1) 43.2 (CHy) a: 2.98 (d, 17.1) 42.9 (CH,)
b: 2.61 (d, 17.1) b: 2.61 (d, 17.1)
4 195.7 (C=0) 195.8 (C=0)
4a - 106.7 (Q) - 106.9 (Q)
5 162.2 (C) B 162.0 (C)
5-OH 11.56 (s) - 11.57 (s) =
6 6.52 (s) 107.2 (CH) 6.52 (brs) 106.4 (CH)
7 - 153.2 (Q) = 153.2 (Q)
8 6.45 (s) 105.4 (CH) 6.45 (s) 105.3 (CH)
8a - 159.1 (Q) - 158.9 (O)
9 1.45 (s) 19.2 (CH3) 1.43 (s) 19.1 (CH3)
10 4.63 (s) 64.6 (CH2) 4.63 (brs) 64.5 (CHy)
o - 175.7 (C=0) - 176.1 (C=0)
3 2.64 (m) 28.2 (CHy) 2.60 (m) 28.2 (CHz)
aq' 2.32(m) 22.4 (CH>) 2.32(m) 22.3 (CHa)
Ly 4.58 (t, 7.2) 82.6 (CH) 4.58 (t, 7.2) 82.6 (CH)

21



e et

P A R e B S S A v e T S F

an979il 52 daya 'H uay °C NMR 99813 5 waz endocrocin lu CD,0D

Position 5 endocrocin
Sy (mult., Ju,) | &c (C-Type) bu (mult., Ju,) 6¢ (C-Type)
1 159.6 (C) - 159.9 (O)
2 . 138.1 (O) - 132.2 (Q)
3 - 144.2 (C) - 145.6 (C)
q 7.57 (s) 122.4 (CH) 7.58 (s) 122.1 (CH)
da - 132.9 (0) - 136.9 (C)
5 7.18(d, 1.5) 110.0 (CH) 7.15(d, 2.4) 110.4 (CH)
6 - 167.1 (C) - 167.6 (C)
6.56 (d, 1.5) 109.0 (CH) 6.54 (d, 2.4) 109.2 (CH)
. 166.6 (C) - 166.8 (C)
110.8 (Q) 110.7(C)
191.8 (C=0) - 191.8 (C=0)
- 115.2 (Q) - 115.4 (Q)
183.2 (C=0) - 182.7 (C=0)
137.0 (C) - 134.5 ()
2.46 (s) 20.5 (CH3) 2.43 (s) 20.4 (CHs)
173.2 (C=0) 170.0 (C=0)
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m'mﬁ S3 ‘tTa:Gra 'H uaz °C NMR 9838135 6 Tu acetone-ds uaw aspergillusidone C

1; Tu CDCLs

|

¥ Position 6 aspergillusidone C

& S (mult., h) 5c (C-Type) Su (mutt., Jw) bc (C-Type)

% 1 - 141.8 (O - 141.6 (C)

g 1-Me 2.47 (s) 17.6 (CH3) 2.53(s) 18.4 (CHs)

% 2 i 1145 () . 1158 (©)

| 3 - 157.2 (Q) - 161.6 (C)

g 3-OH 10.01 (brs) - -

|4 671(5) 105.5 (CH) 659 (5) 105.6 (CH)
da - 161.2 (Q) 155.0 (C)
5a - 141.6 (C) 141.5 (C)
6 . 134.4 (C) - 134.2 (C)
7 - 115.5 (C) - 114.9 (Q)
8 . 148.7 (C) - 147.6 (C)
8-OH 8.32 (brs) . - =
9 - 116.5 (C) - 115.5 (C)
9-Me 2.25(s) 9.3 (CH3) 2.28(s) 9.9 (CHs)
9a . 142.3 (C) - 142.3 (O)
1 - 161.7 (C=0) - 162.2 (C=0)
11a - 119.6 (O) . 119.1 (Q)
I . 129.4 (C) 129.1 (C)
2 5.42 (qq, 6.6, 1.5) 126.8 (CH) 5.40 (dg, 6.7, 1.2) | 127.3 (CH)
3 1.89 (dq, 6.6, 1.2) 12.8 (CH3) 1.89 (d, 6.7) 13.6 (CH3)

1.96 (gn, 1.2) 16.5 (CH3) 1.95 (s) 17.1 (CHs)
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3
HO
7
59 S4 doya NMR 98313 7 Tu acetone-ds
Position O (mult., Ji) Oc (C-Type) HMBC CcosyY NOEDIFF
1 E 144.85 (C)
1-Me 2.0 (s) 20.0 (CHs) C-1,C-2,C11,C11a H-2
2 6.63 (dg, 2.4,0.6) | 1155(CH) | 1-Me, C-3,C-4,C-11,C- [ 1-Me, H-4 1-Me
11a
3 - 161.4 (C) 2 - -
3-OH 9.44° (brs)
4 6.45 (d, 2.4) 104.8 (CH) | C-2, C-3, C-4a, C-11, C- H-2 H2, H53, Hyd'
1la
4a 162.4 (C) -
Sa - 141.4 (C) -
6 135.9 (C) =
7 C-5a, C-6, C-8, C-9, 9-Me, H-2, Hsd'
6.51 (s) 111.1 (CH) s
8 . 152.4 (C) - -
8-OH 8.54° (brs) - 5
9 115.2 (O) - -
9-Me 2.15(s) 8.4 (CHs) C-5a,C-7,C-8,C-9,C9a |- -
9a = 143.9 (C) =
11 1638 (C=0)
11a 2 113.0(C) 2 -
r 132.8 (C) =
2 5.55(qq, 6.9, 1.5) | 1251 (CH) | C-6,C-3, C-& Hy-3, Hy-d" | H-4, H-7, H3-3'
3 1.81(dg, 6.9, 1.5) | 13.0 (CH3) C-6,C-1,C-2,C-& H-2', Hs-4' H-4, H-2', Hs-4'
4 2.09 (brs) 16.7 (CH3) C6,C-1,C-2,C-% H-2', H3-3' H-4, H-7, H3-3'
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Position 8 2-chlorounguinol
Su (mudt., k) 8¢ (C-Type) S (mult,, he) 6c (C-Type)

1 141.4 (Q) 141.2 (O)
1-Me 2.47 (s) 17.3 (CHa) 2.52(s) 18.1 (CH3)
2 114.9 (C) 119.2 (Q)
3 - 161.5 (C) 161.5 (Q)
3-OH 6.05 (s)

4 6.69 (s) 105.5 (CH) 6.59 (brs) 105.5 (CH)
4a = 157.0 (Q) = 156.0 (Q)
5a 141.4 (C) 141.2 (Q)
6 136.0 (O) 1325 (O)
7 6.52 (s) 111.1 (CH) 6.41 (brs) 111.3 (CH)
8 152.6 (C) 152.0 (Q)
8-OH = - 4.77 (brs) -

9 115.2 (O) 1151 (Q)
9-Me 2.15(s) 8.3 (CH3) 2.21(s) 9.0 (CH3)
9a - 143.7 (Q) - 1434 (C)
11 162.1 (C=0) - 162.7 (C=0)
11a 119.4(C) 115.2 (O
i 132.6 (Q) 135.7 (O
2 5.55(gq, 6.9, 1.5) 125.4 (CH) 5.56 (brq, 6.8) 125.3 (CH)
3 1.81 (dq, 6.9, 1.2) 13.0 (CH3) 1.82 (dg, 6.8, 1.0) 13.6 (CH3)
q 2.04 (d, 1.2) 16.8 (CHa) 2.05 (brs) 17.3 (CH3)
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ARTICLE INFO ABSTRACT

Three new blennolide derivatives, blennolides L-N (1=3), together with five known metabolites were
isolated from the soil-derived fungus Trichoderma asperellum PSU-PSF14. Their structures were deter-
mined by analysis of spectroscopic data. Their relative configurations were determined by analysis of
NOEDIFF data and confirmed by X-ray crystallography for compound 1 whereas the absolute confligu-
rations were established by means of experimental and calculated TODET ECD data. Compound 1 dis-
played antifungal acuvily against Cryprococous neoformans ATCC90112 and ATCC20113 Nucilosine-
resistant with the MIC values of 128 and 64 pg/mL respectively. and was inaclive against nencan-
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1. Introduction

Fungi of the genus [richoderma are an important source of
various bioactive metabolites, for example, the antibacterial
PE1022F and halobacillin [1] and cytotaxic dithioaspergillazine A
{2]. As part of our research program on the utilization of soll fungl,
we investigated secondary metabolites produced by Trichoderma
asperellum PSU-PSF14 isolated from sail samples collected from
sirindhorn Peat Swamp Forest Nature Research and Study Centre,
Narathiwat Province, Thailand. The broth ethyl acetate extracts of
1. aspereflum PSU-PSF14 exhibited antifungal activity against
Cryptococcus neaformans AICCH0112 and ATCCR0113 flucytosine-
resistant with equal MIC values of 64 pg/mL. In addition, the
mycelial ethyl acetate extract showed antifungal activity against

* Conesponding author,
E-mail address: vateharisi@psiac th (W, Rukachaisinikul).

It ffdoi on gt 101016 Lot 2018 D3040
0040-4020/47 2018 Elievier Lud. All nghts reserved.

C. neoformans ATCC90113 flucytosine-resistant with the MIC value
of 32 pg/mL and cytotoxic activity (KB-oral cavity and Vero-African
green monkey kidney fibroblast cells) with the respective 1Csa
values of 21 and 49 pg/mL Herein, we report the isolation and
characterization of three new blennaolide derivatives, blennolides L-
N (1-3). along with five known compounds including lachnone C
(4) [3]. endocrocin (5) [4], aspergillusidone C (6) [5]. unguinol (7)
[6] and 2-chlorounguinol (8) [7]. The antifungal activity of 1 was
also evaluated against the above fungal strains.

2. Results and discussion

The broth and mycelial ethyl acetate extracts of the fungus PSU-
I'SF14 were subjected to various chromatographic techniques
leading to the isolation of three new (1-3) and five known com-
pounds {4-8). Compounds 6, 7 and 8 were obtained from the
mycelial extract. The structures of all metabolites (1-8) (Fig. 1)
were elucidated on the basis of spectroscopic data including UV, IR,
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Cl,Ry= H, Ry = €I, Ry = OH

=Ry= Ry=H, Ry = OH
.O.Rle’-H‘R‘-QH

Fg 1. Compounds 1-8 isolated from the fungus Trichoderma asperelium PSU-PSFi4

NMR and MS. The relative configuration of the new compounds was
established using NOEDIFF data and confirmed by X-ray data for 1
whereas the absolute configurations were determined by com-
parison of experimental and calculated ECD spectra. For the known
compounds, the structures were confirmed by comparison of 'H
and C NMR spectroscopic data with thase previously reported.
Blennolide L (1) was obtained as pale yellow crystals with (]
-B04.0 (¢ 0.10, CHCly). The molecular formula was deduced to be
C15H 1507 on the basis of HRESIMS. It showed UV absorption bands
at 258, 286 and 352 nm, indicating the presence of chromone
chromophore [ 3] while the IR absorption bands were found at 3367
and 1638 cm ! for hydroxy and conjugated carbonyl functional
group [3], respectively. The 'H NMR spectroscopic data (Table 1)
consisted of signals for one chelated hydroxy proton (dy 11.53, s,
1H). two aromatic protons {8y 6.33 and 6.30, each s, 1H), two hy-
droxy protons (dy 6.55,5, 1Hand 531,d,/ =54 Hz, 1H), one olefinic
proton (84 5.30, s, 1H), one oxymethine proton (i 5.18.d.J = 5.4 Hz,
11), one methoxy group (6y 3.82, 5, 3H) and two methyl groups (én

2.28 and 1.36, each s, 3H). The *C NMR spectrum (Table 1) dis-
played signals for two carbonyl (é¢ 193.9 and 190.9), seven qua-
ternary (& 173.8, 163.8, 1588, 1511, 106.1, 854 and 74.1), four
methine (éc 110.6,109.2,100.7 and 70.7), one methoxy (¢ 57.1) and
two methyl (6c 22.4 and 14.1) carbons. A chelated hydroxy proton
(44 11.53) was placed at C-1 (¢ 163.8), a peri position to a carbonyl
group, and displayed the HMOC correlations to C-1, C-2 (4 110.6)
and C-9a (8¢ 106.1) (Fig. 2). One ofthe aromatic protons resonating
at 8 6.33 was identified as H-2 due to its HMQC correlation with C-
2 and gave HMBC cross peaks with C-1, C4 (§¢c 1092}, C-9 (éc
193.9). C-9a and C-10 {éc 22.4). According to these HMBC correla-
tions together with the same correlations from the other aromatic
proton (6 6.30) to C-2, C-4a (& 158.8), C-9, C-9a and C-10, this
aromatic proton was assigned as H-4. A methyl group resonating at
& 2.28 was attached at C-3 (é¢ 151.1) because of its HMBC corre-
lations with C-2, C-3 and C-4. These results together with the
chemical shift of C-4a established a 1.2,3 5-tetmasubstitued benzene
with hydroxy, methyl, oxy and ketone carbonyl substituents at C-1,

Table 1
The "H and“*C NMR spectroscopic data of 1 and 2 in acetone-dg and 3 in (DO,
Position 1 2 3
Sy (mult, J in Hz) & & (mult, fin Hz) dc 8y (mult, ] in Hz) 5
1 163.8 1636 1636
1-0H 1153 (s) 1138 (s) 12.24 (s)
2 633 (s) 1106 637(d.12) 1109 651 (s) 107.1
3 1511 151.0 152.7
4 630(s) 109.2 634 (d. 12) 109.2 6.44 (s) 1055
4a 1588 158.4 1593
5 5.18 (d, 54) 0.7 448 (bes) 75.2 422 (dd, 126, 42) 730
5.0H 531 (d, 54) 618 (brs)
53 T4l 80.1 827
6 1738 1730 a: 205 (m) 260
b 1.75 (m)
6-0CH, 382(s) 57.1 337(s) 57.2
7 530 (s) 100.7 541(d,09) 1021 a: 254 (m) 249
b: 249 (m)
8 190.9 190.6 697 (1. 3.6) 1376
8a 85.4 7316 1355
#a-0OH 6.55 (£) 690 ()
9 193.9 1922 185.6
9a 106.1 105.9 1065
10 228 (s) 224 230(s) 223 463 (s) 647
11 136 (s) 14.1 142 (s) 195 1.49 (s) 18.8
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Fig. 2. Key "H-'H COSY () and HMEC (/%) correlations of L

C-3. C-4a and C-9a, respectively. Furthermore, the other methyl
protons at &y 1.36 (Hs-11), correlated to C-11 (éc 14.13) in the HMQC
spectrum, was located at C-5a (& 74.1) due to its HMBC cross peaks
with C-5 (& 70.7), C-5a and C-8a (dc 854). A hydroxy proton at &y
6.55 was attributed to 8a-OH on the basis of the HMBC correlations
from 8a-OH to C-8 (8¢ 190.8) and C-8a. The 'H-"H COSY correlation
revealed that the oxymethine proton (4 5.18) and a hydroxy proton
{déy 5.31) were coupled to each other as doublets with a coupling
constant of 5.4 Hz. The axymethine proton was attributed to H-50n
the basis of its HMQC correlation with C-5. The HMBC correlations
from H-5 to C-6 (& 173.8), C-7 (8¢ 100.7), C-8a and C-11 as well as
these from 5-OH to C-5, C-5a and C-6 supported this assignment.
The HMBC correlation from the methoxy protons (éu 3.82) to C-6
established the attachment of the methoxy group at this carbon.
The olefinic proton at &y 5.30 was assigned as H-7 because of its
HMBC correlations with €-5, C-6, C-8 and C-8a. From these data, a
cyclohexenone ring was formed. C-8a was connected (o the
carbonyl carbon, €-9, on the basis of the HMBC correlation from 8a-
OH to C-9. According to the chemical shifts of C-4a and C-5aand the
molecular formular, an ether linkage between these carbons was
established. In the NOEDIFF experiment (Fig. 3), when H-5 was
irradiated, the signal intensity of 8a-OH was enhanced. Signal
enhancement of Hy-11 after irradiation of 5-0H indicated that Hs-
11 was syn to 5-0OH and enti to 8a-OH, The relative configuration
was confirmed by X-ray data (Fig. 3). Based on the X-ray data, the
absolute configurations of 1 must be either 58, 5a5, 8aS or 55, 5ak,
BaR The CD bands of 1 were almost identical to those of
(5a5,85,8a5)-microdiplodiasolel 8] The same sign of Cotton effect
for the bands at 210 and 280 nm indicated their identical configu-
ration at C-5a and C-8a stereogenic centers [8]. Both C-5a and C-8a
then had § configuration. Accordingly, the absolute configuration at
C-5 was assigned to be R The calculated ECD spectra using time-
dependent density functional theory (TDDFT) were employed to
confirm the assigned absolute configuration of 1. The experimental
CD curve matched well with the calculated curve of the 5, 5a5, 8a5
isomer (Fig 4). Consequently, blennolide L had the structure 1.
Blennolide M (2) was obtained as a pale yellow gum with {a]3
-633.2 (c 0.10, CH(3) and was deduced to be isomer of 1 on the
basis of HRESIMS data. The UV and IR data were similar to those of
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1, indicating the presence of identical chromophores. Comparison
of the 'H and "C NMR data as well as HMBC corealtions of 2
(Table 1) with those of 1 indicated that Z had the same planar
structure as 1. Upon irradiation of Hy-11 in an NOEDIFF experiment,
the H-5 signal intensity was enhanced, indicating a syn relationship
between Hi-11 and H-5. Unfortunately, the relative configuration at
C-8a was not assigned due to inadequate NOEDIFF data. Accord-
ingly, 2 must be one of four possible stereoisomers (SR, 5ak and
8aR: 55, 5a5 and BaS; 5K, 5aR and 8as; 55, 5aS and 8aR). In order to
determine the absolute configuration of compound 2, the ECD
spectra of the above four possible sterecismers were calculated at
CAM-B3LYP/6-311+4+G (d.p) level on the base of TDDFT method.
The experimental (D curve was comparable with the calculated
ECD curve of 5R, 5aR and BaR sterecisomer (Fig. 4). Thus, 2 differed
from 1 in the absolute configurations at C-5a and C-8a. This
conclusion was supported by the opposite sign of the CD bands at
approximately 210 and 280 nm of 2 to that of 1. indicating that they
had a reversed configuration at C-5a and C-8a,

Blennalide N (3) was obtained as a colerless gum with [a]3’
-166.1 {c 0.42, CHCl3). The molecular formula CysH;g0s as deduced
from HRESIMS data. The UV and IR data were similar to those of 1
and 2, indicating the presence of identical chromophores. Com-
parison of their 'H NMR data (Table 1) indicated that 3 differed
from 1 and 2 in the absence of one methoxy group (6-0CH.) and
the appearance of the olefinic proton at much lower field (& 6.97,
t, f= 3.6 Hz). Moreover, only a resonance attributable to 1-0H was
evident, although the NMR spectra of 3 were recorded in CDCl3 in
comparison to those of 1 and 2 which were recorded in acetone-
de. Additional signals for two sets ol nonequivalent methylene
protons [&y 2.54 and 2.49 (each m, 1H) and 2.05 and 1.75 (each m,
1H)] as well as the replacement of ene methyl group (Hz-10) with
one hydroxymethyl group (3 4.63, 5, 2H) were observed. The *C
NMR spectrum (Table 1) showed the replacement of signals for
the oxyquaternary olefinic carbon (C-6), methoxy carbon (6-
OCH;), oxygenated quaternary carbon (C-8a) and methyl carbon
(C-10) with signals for one quaternary olefinic carbon (éc 135.5).
one hydroxymethyl carbon (éc 64.7) and two signals of
nonequivalent methylene carbons (3¢ 260 and 249). The
hydroxymethyl group was placed at C-3 of the benzopyranone

Fig. 3. X-ray crystal structure and NOEDIFF data Yot
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Fig. 4. Experimental and calculated ECD spectra of compounds 1-3

Fige. 5. Kev "H-"H COSY (") and HMBC {/%) correlations of 3,

maoiety on the basis of the HMBC correlations of Hy-10 (4 4.63)
with C-2 (¢ 107.1), €-3 (d¢ 152.7) and C-4 {d¢ 105.5) (Fig. 5). The
'H-'H COSY correlations of Huy-6 (& 2.05 and 1.75) with H-5 (dy
4.22) and Hyy,-7 (& 2.54 and 2.49) and those of Hy,-7 with H-8 (dy
G97) (g 5) as well as the HMBC cross peaks from H-8 to C-5a (d¢
82.7). C-6 (dc 26.0), C-7 (d¢ 24.9). C-Ba and C-9 (d¢ 1B5.6) and from
H3-11 to C-5 (dc 73.0), C-5a and C-Ba constructed a fused
benzopyran-cyclohexene skeleton. According to the chemical
shifts of H-5 and C-5 and the molecular formula, the substituent
at C-5 must be a hydroxy group. In the NOEDIFF experiment,
when Hy-11 was irradiated, the signal intensity of Hy-6 was
enhanced. Signal enhancement of Hy-6 after irradiation of H-5
indicated that Hy-11 had an anti relationship to H-5. The well
agreement between the experimental and the calculated ECD
spectra of 3 in MeOH (Hig. <) established the absolute configura-
tion of 3 to be 55 and 5a5.

Only compound 1 which was obtained in sufficient amount for
evaluation of biological activities showed antifungal activity against
C. neoformans ATCC90112 and ATCCY0113 flucytosine-resistant
with the MIC values of 128 and 64 pg/ml, respectively, However,
it was inactive for cytotoxic activitics against KB, human breast
cancer-MCF-7, and noncancerous Vero cells.

3. Conclusion

This work reported the isolation of eight secondary metabolites
from the broth and myceliale extracts of the soil-derived fungus T,
asperelfum PSU-PSF14 including three new blennolide derivatives
(1-3) together with five known compounds, which are one chro-
manone (4). one anthraquinone (5) and three depsidone de-
rivatives, To the best of our knowledge, blennolide derivatives have
been isolated for the first time from this genus.
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4. Experimental
4.1. General experimental procedures

Melting point was determined on an electrothermal 9100
melting point apparatus and reported without correction. Optical
rotations were measured on a JASCO P-1020 polarimeter. Ultravi-
olet (UV) absorption spectra were measured with an UV-160A
SHIMADZU spectrophotometer. Infrared (IR) spectra were recor-
ded neat using a PerkinElmer 783 FTS165 FT-IR spectrometer. Cir-
cular Dichroism (CD) spectra were recorded on a JASCO )-815
polarimeter. ESI-TOF mass spectra were measured on a Mass
spectrometer, LCT, Micromass, "H and *C NMR spectra were
recorded on a 300 or 500MHz Bruker FINMR Ultra Shield™
spectrometer using tetramethylsilane (TMS) as an internal stan-
dard. Thin-layer chromatography (TLC) and preparative TILC were
performed on silica gel 60 GFasq (Merck), Column chromatography
(CC) was carried out on Sephadex LH-20, silica gel (Merck) type 60
(230-400 mesh ASTM) or type 100 (70-230 mesh ASTM), or
reverse phase C18 silica gel. Solvents for extraction and chroma-
tography were distilled at their boiling point ranges prior to use
except for analytical grade reagents.

4.2. Fungal matertul

The fungus PSU-PSF14 was isolated from soil samples collected
from Sirindhorn Peat Swamp Forest MNature Research and Study
Centre, Narathiwat Province, Thailand. This fungus was depasited
as BCCBOBST at BIOTEC Culture Collection (RCC), National Centre
for Genetic Engineering and Biotechnology (BIOTEC), Thailand. The
fungus PSU-PSE14 was identified based on its morphological and
malecular characteristics. Colonies on Potato dextrose agar (PDA) at
25 °C grew fast, reaching 4.5 cm in 3 days. The molecular analysis of
the internal transcribed spacers (ITS) ribosomal DNA revealed that
PSU-PSF14  (GenBank accession number MFI75065) closely
matched with several IS nucleotides of Trichoderma asperelium
strains including T asperellum KY225592, KX620958, KX620957,
KX620955 and KX620954 (100% nudeotide identity). Therefore,
this fungus can be identified as Trichoderma asperellum.

4.3. Fermentation, extraction and isolation

The fermentation and extraction of the soil-derived fungus
T. asperelium. PSU-PSF14 were carried out using the same proced-
ure as described previously [9]. The broth extract (1050 mg) was
fractionated by CC aver Sephadex LH-20 using 100% MeOH to afford
four fractions (A-D). Fraction B(930.2 mg) was separated by CCover
silica gel with a gradient of MeOH/CHxCla (1:19 —+ 100:0) to yield
eight subfractions (B1-B8). Separation of subfraction B2 (45.5 mg)
by flash CC over silica gel using acetone/hexane (1:4) gave seven
subfractions (B2A-B2G). Subfraction B2F (10.6 mg) was subjected to
preparative TLC using acetone/hexane (3:7) (3 runs) to afford 2
(3.3 mg) and 4 (29mg). Subfraction B3 (49.6 mg) was purified by
CC over silica gel using MeOH/CH;Q; (1:49 -+ 100:0) to yield 1
(15.3 mg). Purification of subfraction B4 (24.9 mg) by CC over silica
gel using acetone/hexane (3:7) to give six subfractions. The second
subfraction was separated by the same procedure as the crude
extract followed by preparative TLC using a mixture of hexane-
dichloromethane-methanol in a ratio of 10:9:1 (5 runs) as a mo-
bile phase to pravide 3 (2.9 mg). Fraction C (7.7 mg) was dissclved
with chloroform. Compound 5 (2.3 mg) was obtained from the
insoluble part.

The mycelial ethyl acetate extract (1480 mg) was separated by
CC over Sephadex LH-20 using MeOH to give three fractions (F1-
F6). Fraction F4 (57.7 mg) was fractionated by CC over silica gel

using a gradient of MeOH[CHzCl3 (1:99 — 100:0) to give four
subfractions (FAA-F4D). Fraction F5 (184 mg) was rechromato-
graphed on CC over silica gel using a gradient of MeOH/CH,ClL
(0:100 —+ 100:0) to give four subfractions (F5A-F5D). Subfraction
F5A (4.2 mg) was further purified by preparative TLC using MeOH/
CH;Clz (1:99) as a mobile phase (2 runs) to provide 6 (2.5 mg), 7
(2.6mg) and B (0.5 mg).

43.1. Blennolide L (1)

Pale yellow crystals; m.p. 211-212°C, [a]} ~8040 (c 0.0,
CHCly); UV (MeOH) (log £) 258 (4.01), 286 (3.91),352 (3.27)nm; CD
{MeCN) Amax (8e) 210 (102.06), 244 (~24.45), 280 (-31.87), 321
(3.03), 360 (-6.84); IR (neat) 3367, 1638cm '; 'H NMR (acetone-
dg, 300 MHz) and *C NMR (acetone-ds, 75 MHz), see Table 1;
HRESIMS m(z 343.0794 [M+Na]* (calcd for CigHi07Na, 343.0794).

4.3.2. Blennolide M (2)

Pate yellow gum; [afh’ —633.2 (¢ 0.10,CHCl3); UV (MeOH) (log ¢)
256 (4.05), 285 (3.96), 352 (3.38) nm; CD (MeCN) dnax (Ae) 209
(~66.51), 250 (25.50), 283 (9.61), 319 (—1.13), 352 (3.54); IR (neat)
3301, 1636cm '; 'H NMR (acetone-dz, 300 MHz) and C NMR
(acetone-dg, 75 Milz), see Table 1; HRESIMS m/z 343.0808 (M+Na]*
{caled for CygHygO5Ma, 343.0794).

43.3. Blennolide N (3)

Colorless gum; [a]f,"' ~166.1 (c 0.42, CHOy); UV (MeOH) (log £)
259 (3.70), 303 (3.94) nm; CD (MeCN) Amax (Ae) 221 (113.29), 259
(—9.6), 309 (—15.39): IR (neat) 3385, 1638 cm '; 'H NMR (CDQ;,
300 MHz) and *C NMR (CDCly, 75 MHz), see Table 1; HRESIMS m/z
2771076 (M+1* (caled for CisH 705, 277.1076).

44. X-ray crystallography

Crystal of 1 was obtained by crystallization in a mixture of
acetone and acetonitrile, The crystal data of 1 was collected on CCD
SMART APEX difTractometer with graphite-monochromated Mo Ka
radiation (4 = 071073 A) at 296 (2) K, 19,922 reflections for com-
pound 1. Cell refinement and the data reductions were perfonned
by SAINT [10]. Absorption correction was applied by using muli-
scan program SADABS [10]. The structure was solved by direct
methods refined by a full-matrix least-squares procedure based on
P with the SHELXT program packages [11]. Anisotropic thermal
parameters were refined to all nen-hydrogen. All hydrogen atoms
were placed in calailated, ideal positions and refined as riding
model. The WinGX v20171 [12] and Mercury [13] programs were
used to prepare the materials and molecular graphic for publica-
tion. CCDC 1842944 (1) contain the supplementary crystallographic
data for this paper. These data can be obtained (ree of charge from
the Cambridge Crystallographic Data Centre via http://www.cadc
cam.ac.uk/data_request/cif (or from the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB21EZ, UK.
fax: +44 1223 336 033 or email deposit@ccdc.cam.uk).

44.1. Crystal data of compound 1

C5H31NOg (C16H 1607 CHyCN, H30), Mr = 379.36, orthorhombic,
space group (222, with a=18.3844 (19) A, b=70656 (8) A,
c=128627 (3) A, V=37186 (7) A}, Z=8, Dg =1355Mg/m’,
g=0108mm ' and F (000)=1600. Crystal dimensions:
0234 x 0108 x 0.043 mm>. Independent reflections: 3285 [R
{int) = 0.0797]. The final factors are Ry =0.0712, wR;=01393,
5= 1.090 [1> 26(1)], Rack parameter =0 (3).

45. Bioassays

Antimicrobial activity was determined as described by the
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Clinical and Laboratory Standards Institute [14]. Amphoteridn B
was used as a positive control for antifungal activity with an MIC
value of 0.50 pg/mlL.

The cytotaxic assay against African green monkey kidney
fibroblast (Vero) cells was performed employing the method
previously described [15], and the positive control ellipticine
displayed the 1Cso value of 105 pg/mlL The activities against hu-
man oral cavity (KB) and human breast (MCF-7) cancer cell lines
were evaluated using the resazurin microplate assay [16]. Doxo-
rubicin was used as a standard drug for KB and MCF-7 cell lines
and displayed the ICsq values of 0.68 and 7.48 pg/ml, respectively.
The 150 value of ellipticine against KB cells was 2.74 pg/mL, while
tamoxifen displayed the ICso value of 6.28 pg/ml against MCF-
7 cells.

4.6. Quantum chemical calculations

The configurations of compounds were optimized by density
functional theory at B3LYP/6-311G (d.p) level and ECD spectra were
calculated using TDDFT method at CAM-B3LYP{6-311++G (d.p)
level. The polarizable continuum model (PCM) was used to take
into account solvent effects. All calculations were performed using
Gaussian 09 program. Gaussian bandshape with a bandwidth of
0.25 eV was used to simulate the ECD spectra
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