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Aoudeuazimadlnedinicasulnnsilaneg ansausnansiuduszian blennolide 18w 3
a15 (blennolides L-N, 1-3) pasnauansiiinssenulassad1awdsiuiu 5 @15t lachnone C
(4), endocrocin (5), aspergillusidone C (6), unguinol (7) wag 2-chlorounguinol (8) ALAS1g %
lassasilaglddoyanauninsalny dwmsvawmeslewnidusivg (relative configuration) 3uAT14%
lnglddaya NOEDIFF uazdudulassasiaiiewmain Xray dmsuans 1 dwuawmeslowniduysal
(absolute configuration) ﬁmumloﬁmmiw%‘auLﬁausﬁayja CD (circular dichroism) fil#a1nnas
naaosfudeya TODFT ECD #lF91nN15A I nn15AnyIgnIRIuTes 1 Cryptococcus
neoformans ATCC90112 wag ATCC90113 flucytosine-resistant Wu11a1s 1 meqmémsé’ug’aﬁa
5I99NA1AEAT MIC 128 uag 64 ug/mL auaau wazliuansanudufivraivaduni
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Jaua H way °C NMR 989815 1 way 2 14 acetone-ds way 3 4 CDCls

Y

Jaua H way C NMR 89815 4 wag lachnone C Tu CDCly

Y

Jaua 'H way °C NMR 989815 5 way endocrocin tu CDs0D

RV

%’aga 'H waz *C NMR 199815 6 1u acetone-ds wag aspergillusidone C
Tu CDCLs

Yoya NMR 20315 7 Tu acetone-ds

%’aga 'H uay °C NMR v09a5 8 Tu acetone-ds ey 2-chlorounguinol
lu CDCls
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Tassadranafivesans 1-8 fwenldansidu Trichoderma asperellum
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X-ray crystal structure ¥99a15 1

Key 'H-'H COSY ( ¥), HMBC (") and NOEDIFF (¥ ) data w015 1

1H—1H COSY ( ¥W) wag HMBC ( /) correlations ¥89a15 3

Experimental Wag calculated ECD awUnnsuvesans 1-3
'H NMR (300 MHz) uag *C NMR (75 MHz) spectra ¥09a15 1 Tu
acetone-dg

'H NMR (300 MHz) uag *C NMR (75 MHz) spectra ¥09a15 2 Tu
acetone-dg

'H NMR (300 MHz) waz *C NMR (75 MHz) spectra 983815 3 i CDCls
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L%amﬂuLmawaamsmmaumamaﬂﬂummummeﬂﬁﬂuwuml,wuueaaau Tneiosil
Anwndlungdusenldaniu smuLUuLmaﬂwﬁmwmmgLmawuwmwamnmemﬁsmmwlﬂLﬁmwiﬁ
anunannvanevedasasanmaaiiviniy widdlauinaulslusivemnisesngrdniesdinmdnsae
Trichoderma asperellum PSU-PSF14 18usnfuilusnléanfiudunidluiuiinglizuns dania
us1521d MNNIANE LS ssiuNUTEsatanenuTIniAsade (BE) veutesn PSU-PSF14 wansqna
ﬁ?ﬂL%@LLUﬂﬁL%EI Staphylococcus aureus Wariuides1 Candida albicans éh&lﬂ"] MIC fiwinfufie
200 pg/mL Snvdau BE wavarsafane1uainiad (CE) Seuanignssiues Cryptococcus
necformans Faeen MIC fitinawla fe 64 waz 32 pg/mL muddu dwiudau CE voudonilduan
qwﬁm’mLUuwwaLézjaamzl,imaw’muawzjaaﬂﬂmmam ICso 4¥11AU 20.72 has 48.88 ug/ml
mudsu Usgneududeya 'H NMR alnasuvesansaiavetulsingdygiuvanvesnguansesls
wfnuagvjusa Seiliiidvaulafiveinnsuenaymuslaianidendend lemadazaunsouen

a o ¢ a 1 A Y Y aa ¢ U a Y
Nﬁmﬂm%ﬁiimsﬁq@ﬂqftﬁuLLagarﬁ‘V]lliqEN']UIF’ﬁQﬁﬁWQLLa'JV]lIUigiEJGUUVl’NLﬂﬂﬂnﬂﬁﬂl@

Y 3
mUiveasn
1. wonasuigvisinanlaeiesiu T, asperellum PSU-PSF14

2. NAdaUgNININTININVeIEITUTaNSAkents laun gnddiugdunid wazguianuduiivee
adNzIS LA ULLaTNZISTRIUIN naonIugAdUNd

521 08U5AIUNNSIY
1. mawziasadiaslusmnsivian
¥18e31 T, asperellum PSU-PSF14 TUimzideslue1misivan potato dextrose broth
(PDB) U335 10 @ns Migaumgiivies lunan 4 &Uai
2. MsAN¥INILAL
2.1 MSASeNFIUAANKEIU
nse9 culture broth wonwduleseen udataiasudeseefisesdmasiui 2 ads
Mntuhansazaneeiinerdmallssmeuisieaies rotary evaporator vgldansafaney BE
dwudulovnnutiumuoafuna 3 fu ssmews ueasenuE@l B wivhnsatnaaedh

1%
o

vavanoweny Idtusnwunesdut suiinatadeiinsieatutvdudidsate ayldans
ananeu CE
2.2 msugnaauaiaveivigns
Busenisasivdevesrussneunaaiivesarsatavey  srelasuilnnsflusuung
¥ilnssIunuaz/Maewin reversed-phase RP-18 Ipgldsvuuiundeufiuuusieg  a1ntu
As1RERvANINNITazaIgvesdIuannueulufvazatedunIdany 9 wu Ylesideudines la



Aaolslvy  eilaesdive  WIswMIuea  lNavesaninnisazatslunIsuendluaninneu
gandudiugeeiefvazatedunddfivanan  asivdevesdUsEneuLAivesdIugasd
azarsuazliazargludiinazaredunigamelasuninn s Mlauunsinsssun)  waz/viovin
reversed-phase RP-18 udimwendiudesiiazarsuarliazaredieduieneduilasunlnngi
(column chromatography) Gmawhmaaﬂwmwamma Tnefidvefiduaisaratonanos
aaolsrlofuuaziunIueaiifisoras maummuaamumuamaaa udu vdednldmegruiiu
reversed-phase silica gel RP-18 sxldansaranonauvenuueaarnfififosasvonu M
uoawAaudvitesiluiny Wudu vislunsdilld Sephadex LH 20 \Husegiui agldu
musatudive %Laaﬂisnmagﬂ‘uLLaummLLuuimuusuuaqaﬂwmuﬁuaﬂmmiwLmﬁmaq
dudes  shdwudesiildanaeduilasuninnnifliuiandsenishaeduilasuninnsfien
narweds Taoidenldimegfuiiuasdmefimngay  wosuenlfiduarsuianidielasunlnns il
WHUWWN (preparative thin-layer chromatography) daeidenldssuudiadeuiiinuizas
2.3 n7'm53azvauzwz}’ﬁwwnwmwwaomsu?zgw? uazmﬁzm')zw‘fﬁ5@37%’7027751/?5971457
PTITVNANERLIMAILAYAY specific rotation YesansuIavs uazlifeyaanlnsalnd
A99 1wu dansilalotan dunsusanazidide Taedesunnudnislonuud tazluaadnlnsalnUlu
mMAeneilasasesansuians
3. nﬁmﬁaqu‘éé’wﬁaqauﬁé
wuaiSsuazsinelsaluauiildnaaou lawn Staphylococcus aureus, methicillin-resistant S.
aureus SK1 (a clinical isolate) (MRSA), Candida albicans, Cryptococcus neoformans W @ &
Microsporum gypseum
3.1 psnnsaugVsEIuLUATiSe (Phongpaichit et al., 2006)
ynmeaougniiuuuafiedosiuresansiiedns (asafaneunioaisuiand) faana
Wty 200 pg/mlL 91835 broth microdilution (FinkUasaIn3s CLSI M7-Ad) laaia1s@agneun
azange dimethyl sulfoxide (DMSO) Tilaaadudy 100 me/mL dwmsuiiuidu stock solution
nifuideanssaeevns Mueller Hinton broth (MHB) iiielsildmaaidudu 400 pg/mL geldlu 96
well plate (50 pL) Inevinanssognsay 3 vau didouuafiGefiusuauguiviiu 0.5 McFarland
standard 13ea13ds MHB ludhadau 1:200 uéagaide 50 uL Taadlunquiliiarsiegisey 50
uL agldarududuaarenesansiegnslunmageugriitesiu 200 pg/mL wilutufigamad 35
°C Wuraan 15 9alus gad resazurin 10 L Tdluusiazngu udniludude 2-3 alus ilels
AnUfATe1eesanysal naaeugvdiuuuaiiievessiuLuaifeniugfunismageunnsdiy
wuafisevesansiegamnadilaglden vancomycin dwiuide s. aureus wag MRSA finnandudy
10 pg/mlL MssuRanIsadey dranismageuliinauan @sfegaansadududeld) ems
Feutesndudiitundiandy z%mmitf:mL%@Lﬂ?{auﬁf]uﬁwwmmdﬁL%JaLaiﬁ,m 11an56a0g139
Tiwauan 1UmiA1 minimum inhibitory concentration (MIC) 1ag38 broth microdilution LHuil e
naaouiniuduluag 0.25-128 pg/mlL A1 MIC fie Aaududuianvesansiegisiianungn
Fufadeld (emnsidssdeduiiigu)



3.2 msmaauqméé’huﬁ (Phongpaichit et al., 2006)

msvadouATIARNInluNsSUSatelad (fauUasain CLSI M27-A2) Yintsnadeuvinues
Fenfufuuuedi3e udldorns RPMI-1640 Tunaaaey WeliudeBadudtnfignmnd 35 °C 1an
18-24 7l d¥uitle C. albicans way Unilgungiivies 1 48 dalus dmsuidie C neoformans
mﬂaaquééfﬁu%ﬁm'eNméﬁu%(ﬁmuf{jf'ﬁ"umi‘mmaauqwé&’ﬁuﬁaﬁmaqaﬁﬁuashwqmﬂ%y’ﬂmﬂ%’m
amphotericin B nagoufugasing 2 4dia finrundudu 10 ug/mL

msvadoUATIANNIHluNSSUSIT0T1 M. gypseum (ApudasaniBan CLSI M38-A [CLSI,
2002¢)) ‘VI’]ﬂ’]iVlG]ﬁE]U‘VI’mENLﬂEJ’Jﬂ‘L!ﬂ‘UEJﬁG] uazld spore suspension VouT0T Umammm 25 °C
Duoan 37 1/191aaquﬁmuwamaammuLﬁaai']muﬂmJmiwﬂaaquﬁmumaiwaqms
fhogrmnadilaglden miconazole fimudidu 10 pg/mL thansfeghaiilinauaniumen
minimum inhibitory concentration (MIC)

4. PSNATBUGNEAIULISS

nMsvadpugYsiuLzSuiuukaztesUn  uazmnulufivdewadund  1dTuanueynsie
PNAUIRUTIAINTIUUAZIMALLLAETIN MU

N1ASIADNEAITUIDNITNUNIUITIAUNTTY

9 ngudeya ScFinder Scholar f518941un15@nwunIvelasiuazqninisdinmves
Trichoderma asperellum $1uanlsizntn uaswuindosidnlvgudaumuelafiuansnddug
dunsdg lawn bisabolan-1,10,11-triol @ ¢ 3-hydroxytrichodenone (Song et al., 2018),
antibacterial cyclopeptide PF1022F W@ ¢ halobacillin (Ding et al., 2012 ), pesticidal volatile
compounds (Bhardwaj and Kumar, 2017) & & ¢ antifungal viridin, viridiol, viridiofungin A,

massoilactone wag gliovirin (Srinivasa et al., 2017) Dudu

} CONH,

—} eS¥e ir
N o .
bisabolan-1,10,11-triol o f}o Me(CHy);

oA

o b
cyclopeptide PF1022F halobacillin

OH 3-hydroxytrichodenone
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NaLAZIANTalNG
1. NSMS8NAIUANANYIU

¥msunzdsatesiilunan 4 dUaik thunnseadiowsndiuinassdeuazdiumag @i
Aadethinatadesaihazaeiefiaordioy @mmm%u LagyiN1ssEmERIYazageen UL La
ansafnreruiLasie (BE) davin 1.05 ndu Wuvemiindiinnas dwmdvaduwadinluualu
vueatfuian 3 Ju ¥nisnsesusndrumasuazduiin Tnsdutintanssmesvhazanswmiue
apenusdIY Winth 100 fadans udimsatadeivasaneeney Tdduenmusayaun fuii
Yhunafagesnsiienfufvdiuiideaie Idansafnenuanead (CE) davtin 1.48 ndu Huwes
wilndthmas
2. nMsuenaenusEnauNILAlivesEsannenu BE

Y

wenaisadavieny BE iludiudesmenaduilasuninnsinddegiuiidu Sephadex LH-

€

20 Tagweale 100% wyuea wonld 4 @ (A-D) thdiugesandnwnenad

- du A (47.7 fiadn) TAnwisie 1esn H NMR anadu Livansdyyiuvedlediiin
wazaglsiuAnlusnou

~ dau B (930.2 fadnsu) Ynuendesmenesuillasuilnasiluuusssumlassudursig 5%
wnuea/laraelsiiny uasifintaauds 100% wvnuea 14 8 @ (B1-B8)

® 71 B1 (12.5 fadnsy) liAnwde iedwin H NMR awnedu liuansdaaiuvadlediiiin
wazazlsiuAnlusnou

@ du B2 (45.5 Taansy) lnuandlsaaduilasuninns fuuusinsy wagld axdlny : 1an
v (1:8) \ugedeudl uenld 7 dw (B2A-B26)

_ du B2A-B2E waz B2G lldnwsie wesnlasunlnnsiluiuuidliuaninisuenvesans

_ d1u B2F (10.6 fiadnsu) wenselasulnns fudununluduedoud osdlny : wnwy (3:7)
(3 00) IfensudaviSdiuau 2 ans Aeans 2 (3.3 Tadn$u) uavans 4 (2.9 Jadn3u)

® dqu B3 (49.6 fiadndu) Yruuenseasduiilasunlnasfuuusssuad Tngsuduseaie
5% wyuea/lanaslsfiny uazdfindrauds 100% wniuea lFasuianisuiu 1 a1s Ao ans 1
(15.3 fiadin3u)

® cu B4 (24.9 fadnu) wundsreautlasinInnsAuvusssualagldfadouiivdu 30%
pyIlau/enwuy b 6 @u (B4A-BAF)

- @u BAA uar BAC-BAF lifinwide 1osa1n IH NMR anasuliuansduyinvesaisndn
wazlAasH NI LEUUT LA ITWENVB AT

1o A

- @1 BAB (9.6 fadnsu) uuenalgaeauulasuinnsindifediuiilu Sephadex LH-20 v

Y

$78 100% LUNUDA WA 2 @7U Undrufaesuwenfaniglasulnns ilkiuruludaaoud 10:9:1

(anwy : laaaalsdivu : lunuea) (5 59v) WWansu3gnsdnuiu 1 a1 Aeans 3 Uiwin 2.9 Tadnsy
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® 7y B5-88 Watwsavduluuenliusanssigizmaasunlinnsileneg lawisauenans

{ =

Tausans 3

9

Jlyifnwee

- d9u C (7.7 §adn5y) wunn1sazareslsnaslsnesy lnvdruiliazateraslsvesy (5.5

Y a Ao

fiadntu) Iivinlvuianisenedudlasuninnsfifiddegfuiiiu Sephadex LH-20 weshe 100% L
muealdansuanidiuu 1 ans Aeans 5 (2.3 fadniw)

- du D ifie91n 1H NMR awnefuliansdyaiavesansndnuarinsuninnsflwuuisly
LERINshenasans Akifnwsie

3. nsuenasAUsTNaUNIALivasaIsananenu CE
wenasafinveu CE memodulasuiinnsindfediuiidu Sephadex LH-20 lngvzsiag

100% wWn1Uea b9 6 d@1u (A-F)

d9u A-D way F LiAnw1ee 1099970 H NMR aunaSulunanadniuasdsnan waslas

a2

Umu
6]

wlnnsAukuuthivaniniswenvesans Weludazduluuenliusgnsaieisniddasuiinns il

197 ldanunsauenanslauians Jsldfnwsie
- 47U E (18.4 1a3n5%) Yunkansienaauilasulnns ikuusssunn tneweaie 0-100% by

uea/laraslsiinu 19 4 @ (E1-E4)

a o 1Y

@ 37u E1 (6.2 Tadnsy) wenalslasuilnnsfluiunulusiedoun 1% wsiusu/lanasls

< =

i (2 soU) lEsUTaVEIINIU 3 @1 Aans 6 (2.5 Nadnsw) a1 7 (2.6 1adn3w) uazans 8 (0.5

o

AaNSY)

)

- @ d7u E2-E4 Y ufazdiuunengenaadulasunns i fluuusssuan tneveaie 0-100%
wnuea/laraslsilinu wulanlasulnnsINLHUNUIVDIEIUEDEVINUA LU LEAAINITLENYDIANT
wenanil 'H NMR ainasuliuansdeygavesansudn Jslifnuise

4. nM3ATIRlAseEsIvasETUTEVEILeNLA
Tnsenilassairalaglddeyanie 1D way 2D NMR naenludayauud ano3loindlduing

(relative configuration) Jwns1giilaglddeya NOEDIFF uaggudulaseasiemenaia X-ray sy
413 1 diuawneslenilduysal (absolute configuration) MuualdlagniswIsuiisudeya CD

(circular dichroism) #ilaannsnaaesiuteya TDDFT ECD AlARnnnsAIuIn
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HiC 514
3
CH;0
RlﬁLo CH3
HO HO @ OH
R,
— Rs
HyC  CHs

6:R1:C|,R2:H,R3:C|
7:R1:R2=R3:H
8:Rl:C|,R2:R3:H

Uil 1 Tnssaiaaiivesans 1-8 Auenlsains iy Trichoderma asperellum PSU-PSF14

a5 1-8 flassaisdsuanslugudl 1 Tavans 1-3 Saduansln lassadrevesans 1 Buduse
Yoya X-ray (U7 2) dmfuans 4-8 \Juansfidinissesiulassarsuds 1fua Ae lachnone C
(Rukachaisirikul et al., 2006), endocrocin (Chiang et al., 2010), aspergillusidone C (Sureram et
al,, 2012), unguinol (Sureram et al,, 2013) &k @ ¥ 2-chlorounguinol (Kawahara et al., 1988)
adsu TnevimsBudulassadiseniiu unguinol TnawSouiiisudeya NMR Audeyaiiinig

189Ul wan

g‘U‘f/‘i 2 X-ray crystal structure ¥89a15 1
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151971 1 Foya 'H uaz °C NMR wosans 1 uaz 2 lu acetone-ds way 3 Tu CDCL

Position 1 2 3
64 (mult., Jin Hz) b¢ Sy (mult., Jin Hz) b¢ Sy (mult., Jin Hz) b¢

1 163.8 163.6 163.6

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

2 6.33 (s) 110.6 6.37 (d, 1.2) 1109  6.51(s) 107.1

3 151.1 151.0 152.7

4 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, 5.4) 70.7 4.48 (brs) 75.2 4.22(dd, 12.6, 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) 57.1 3.87 (s) 57.2

7 5.30 (s) 100.7 5.41(d, 0.9) 102.1  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) 22.4 2.30 (s) 223 4.63(s) 64.7

11 1.36 (s) 14.1 1.42 (s) 19.5  1.49(s) 18.8

15 1-3 uansdoya H uaz °C NMR fsuanslumisiedl 1 masnaudeya HMBC waz
NOEDIFF 10¢a13 1 ua 3 wandluzudl 3 uae 4 muddu uenainizud 5 uansnnuiuidteudeya
CD #lFanmsneassiudieya TODFT ECD AldannsAameansin Fuiliaansaagamesle
wnilduysalvesansiidauanslusudl 1 s1eaziBoamsiinesilassainavosansivauanslunasy
ARLlUAARWIN

H3C

SUT 3 'H-'H COSY ( ¥), HMBC (/) waw NOEDIFF (") data 9815 1
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40

1004

— —caled. (55, 5aR, 8aR)-1
— = caled. (5R, 5aS, 8aS)-1
Experimental ECD of 1

= Experimental ECD of 2
404 ") == == calcd. (55, 5aS, 8aS)-2
= === caled. (55, 5a5, 8aR)-2
4 -60 = === calcd. (5R, 5aR, 8aR)-2
= ==+ caled. (5R, 5aR, 8aS)-2

Ae M CM!

e — . ’ . -80 -1 ; ‘ ,
200 250 300 350 400 200 250 300 350 400

elengtl
wavelenght (nm) wavelength (nm)

120

0 = Fixperimental ECD of 3

- « = caled. (5R, 5aR)-3
— - = caled. (55, 5a85)-3

80

60

Ae M CM!

ot ——

T T
200 250 300 350 400
wavelenght (nm)

gﬂﬁ 5 Experimental wag calculated ECD snnsuvesans 1-3

5. NSVAGEUANENINTINT

vnsadeugnseTinIwuesans 1 iesansidien iesnnansimdeusnldlulsunndesny
5 daansy I@amnaauqméﬁmﬁgauw%ﬁ (S. aureus, methicillin-resistant S. aureus, C. albicans,
C. neoformans way M. gypseum) ANuszSuaIul (MCF-7 cell lines) wazaiasunn (KB cell lines)
naenaunulluiivaeadund (Vero cells) wuaans 1 LLamqwémiﬁugﬂLQWWL%@% C
neoformans ATCC90112 wag ATCC90113 flucytosine-resistant A28 MIC 128 wag 64 ug/mL

Aua1su lag amphotericin B ldiduansuinsgiunansdl MIC 0.5 pg/mL wenainilliuansainy
Juiiwrowadussamsdosiauaziadunf



15

A3UNaN133uazYalauaLuY
n1siaeade T. asperellum PSU-PSF14 Tu potato dextrose broth tutian 4 dUa

Mntutiuendueadenn uiatniiasutesiefiinazaseiinesding Wasataluiii
aranedursnsmeut Iiasarinneu BE witn 1.05 nd Wuvemiladinma dmiudiuead
Bhanafndsmueadiung 3 fu semewniueasenud Wuth udatneeeniey aant
afntutnsefsieiiaezdimg tharsazarsiofiassfnadildunsymeuste WWansafaney CE wifn
1.48 n3u \Juvemiladhman annsfinwndesdunuinansatanenu BE uax CE uansqrisdute
31 C. neoformans §eAn MIC fiunawla fie 64 wag 32 pg/mL AUERU uRkanwnsfuLUaTiSe
wazauduiiune KB cell lines wazwaduninunng Wothasataneruinasiunendaelng
iy fszameingg anunsausnuiavslddnau 8 s daduarslmiuszan blennolide $1uau
3 415 Aa blennolides L-N naanauansfiinisssnulasaiud sy 5 @15 1w lachnone C
(4), endocrocin (5), aspergillusidone C (6), unguinol (7) wag 2-chlorounguinol (8) U1d15 1 i
wonldlutiainaiiunnndt 5 Sadndulunnasunvidiuaduvddee S. aureus, methicillin-resistant S.
aureus SK1 (a clinical isolate), C. albicans, C. neoformans wag M. gypseum ‘W‘U’J'WLLﬂmi]Vl‘ﬁgmi
Fudaanizidesn C neoformans ATCC90112 wag ATCC90113 flucytosine-resistant #a8A1 MIC
128 waw 64 pg/mlL Audsu uenaniidedlunaaeunnuduiivsewaduni ussadu (MCF-
7) uazapiierosun (kB) wuihivansanuduivdewadynuie osnansuiavduansgndsi
Fosldntesninansataveiusisdesdiuann wade1aiilesain synergs effect vosansluansana
ne1u agnelsAimunisinansadanevluiauise feswmsiageuanuduiiviewadunid Lazhes
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A5197 S1 Gi’faaga 'H wag ®C NMR 989815 4 waz lachnone C Tu CDCLs

Position 4 lachnone C
b (mult., ) 6c (C-Type) 61 (mult., Jv) 6c (C-Type)
2 - 80.9 (O) - 80.9 (O)
3 a:298(d, 17.1) 43.2 (CHy) a:298(d, 17.1) 42.9 (CHy)
b: 2.61 (d, 17.1) b:2.61(d, 17.1)
4 - 195.7 (C=0) - 195.8 (C=0)
da - 106.7 (C) - 106.9 (C)
5 - 162.2 (O) - 162.0 (O)
5-OH 11.56 (s) - 11.57 (s) -
6 6.52 (s) 107.2 (CH) 6.52 (brs) 106.4 (CH)
7 - 153.2 (O) - 153.2 (O)
8 6.45 (s) 105.4 (CH) 6.45 (s) 105.3 (CH)
8a - 159.1 (O) - 158.9 (Q)
9 1.45 (s) 19.2 (CHs3) 1.43 (s) 19.1 (CHs)
10 4.63 (s) 64.6 (CHz) 4.63 (brs) 64.5 (CH2)
2' - 175.7 (C=0) - 176.1 (C=0)
3 2.64 (m) 28.2 (CHo) 2.60 (M) 28.2 (CH,)
4 2.32 (m) 22.4 (CHy) 2.32(m) 22.3 (CH)
5 4.58 (t, 7.2) 82.6 (CH) 4.58 (t, 7.2) 82.6 (CH)
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M13197 S2 Yaya 'H waz °C NMR 909813 5 wag endocrocin Tu CD50D

Position 5 endocrocin
61 (mult., Jnz) | Oc (C-Type) 6n (mult., Jy) 6c (C-Type)
1 - 159.6 (O) - 159.9 (O)
2 - 138.1 (O) - 132.2 (Q)
3 - 144.2 (O) - 145.6 (O)
4 7.57 (s) 122.4 (CH) 7.58 (s) 122.1 (CH)
da - 132.9 (O - 136.9 (C)
5 7.18(d, 1.5) 110.0 (CH) 7.15(d, 2.4) 110.4 (CH)
6 - 167.1 (O) - 167.6 (O)
6.56 (d, 1.5) 109.0 (CH) 6.54 (d, 2.4) 109.2 (CH)
- 166.6 (Q) - 166.8 (C)
8a - 110.8 (O) - 110.7(0)
9 - 191.8 (C=0) - 191.8 (C=0)
9a - 115.2 (O - 115.4 (Q)
10 - 183.2 (C=0) - 182.7 (C=0)
10a - 137.0 (O) - 134.5 (Q)
11 2.46 (s) 20.5 (CH3) 2.43 (s) 20.4 (CHs)
12 - 173.2 (C=0) - 170.0 (C=0)
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m'ﬂ\‘i‘ﬁ S3 Gﬁaga 'H wag C NMR v89d15 6 Tu acetone-ds LLa¥ aspergillusidone C

Tu CDCly
Position 6 aspergillusidone C
6 (mult, Ju) Oc (C-Type) 6n (mult., Jny) bc (C-Type)

1 - 141.8 (C) - 141.6 (C)
1-Me 2.47 (s) 17.6 (CHs) 2.53 (s) 18.4 (CHs)
2 - 114.5 (O) - 115.8 (O
3 - 157.2 (C) - 161.6 (O)
3-OH 10.01 (brs) - - -
4 6.71 (s) 105.5 (CH) 6.59 (s) 105.6 (CH)
43 - 161.2 (O) - 155.0 (O)
5a - 141.6 (C) - 141.5 (O)
6 - 134.4 (O) - 134.2 (Q)
7 - 1155 (Q) - 114.9 (O)
8 - 148.7 (QO) - 147.6 (O)
8-OH 8.32 (brs) - - -
9 - 116.5 () - 115.5 (O
9-Me 2.25(s) 9.3 (CHs) 2.28 (s) 9.9 (CH3)
9a - 142.3 (C) - 142.3 (C)
11 - 161.7 (C=0) - 162.2 (C=0)
11a - 119.6 (O) - 119.1 (O
iy - 129.4 (Q) - 129.1 (O
2 5.42 (qq, 6.6, 1.5) 126.8 (CH) 5.40 (dg, 6.7, 1.2) | 127.3 (CH)
3 1.89 (dg, 6.6, 1.2) 12.8 (CHs) 1.89 (d, 6.7) 13.6 (CH3)

1.96 (gn, 1.2) 16.5 (CHs) 1.95 (s) 17.1 (CH5)




M131991 S4 Yaya NMR veeens 7 lu acetone-ds

24

Position O (mult., J) Oc (C-Type) HMBC Ccosy NOEDIFF

1 - 144.85 (C) - - -

1-Me 2.40 (s) 20.0 (CHs) C-1,C-2, C-11,C-11a - 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 (O) - - -

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 H-2, Hs3, Hs-4'
11a

4a - 162.4 (C) - - -

5a - 141.4 (O - - -

6 - 135.9 (O) - - -

7 C-5a, C-6, C-8, C-9, 9-Me, | - H-2, Hs-d

6.51 (s) 111.1 (CH)

C-1

8 - 152.4 (C) - - -

8-OH 8.54° (brs) - - - -

9 - 115.2 (O) - - -

9-Me 2.15 (s) 8.4 (CHs) C-5a, C-7,C-8,C-9,C9a | - -

%a - 143.9 (O) - - -

11 - 1638(C=0) |- - -

11a - 113.0(0) - - -

1 - 132.8 (O) - - -

2 555(gq, 6.9,15) | 1251 (CH) | C6,C-3, C4 Hs-3, Hs-d' | H-4, H-7, H5-3'

3 1.81(dg, 6.9, 1.5) | 13.0 (CHs) C-6,C-1,C-2,C-& H-2', Hs-¢' H-4, H-2', Hs-&'

@ 2.09 (brs) 16.7 (CH3) C-6,C-1,C-2,C3 H-2', Hs-3' H-4, H-7, Hs-3




M19199 S5 Uaya "H waz °C NMR 20%a15 8 Tu acetone-ds Wag 2-chlorounguinol lu €DCls

Position 8 2-chlorounguinol

6 (mult., Ji) éc (C-Type) 6n (mult., Jny) 6c (C-Type)
1 - 141.4 (O - 141.2 (O)
1-Me 2.47(s) 17.3 (CH3) 2.52 (s) 18.1 (CHs)
2 - 114.9 (O - 119.2 (O
3 - 161.5(Q) - 161.5 (C)
3-OH - - 6.05 (s) -
a4 6.69 (s) 105.5 (CH) 6.59 (brs) 105.5 (CH)
4a - 157.0 (O) - 156.0 (O)
5a - 141.4 (O - 141.2 (O)
6 - 136.0 (O) - 132.5 (0)
7 6.52 (s) 111.1 (CH) 6.41 (brs) 111.3 (CH)
8 - 152.6 (O) - 152.0 (O)
8-OH - - a.77 (brs) -
9 - 115.2 (0 - 115.1 (O
9-Me 2.15(s) 8.3 (CHs) 221 (s) 9.0 (CHs)
9a - 143.7 (O) - 143.4 (Q)
11 - 162.1 (C=0) - 162.7 (C=0)
11a - 119.4(0) - 115.2 (O)
1 - 132.6 (O) - 135.7 (O)
2 5.55(qq, 6.9, 1.5) 125.4 (CH) 5.56 (brq, 6.8) 125.3 (CH)
3 1.81 (dg, 6.9, 1.2) 13.0 (CH3) 1.82 (dg, 6.8, 1.0) 13.6 (CH3)
& 2.04(d, 1.2) 16.8 (CH3) 2.05 (brs) 17.3 (CH3)
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cerous Vero cell lines.

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 configu-
rations were established by means of experimental and calculated TDDFT ECD data. Compound 1 dis-
played antifungal activity against Cryptococcus neoformans ATCC90112 and ATCC90113 flucytosine-
resistant with the MIC values of 128 and 64 ug/mL, respectively, and was inactive against noncan-

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Fungi of the genus Trichoderma are an important source of
various bioactive metabolites, for example, the antibacterial
PF1022F and halobacillin [1] and cytotoxic dithioaspergillazine A
[2]. As part of our research program on the utilization of soil fungi,
we investigated secondary metabolites produced by Trichoderma
asperellum PSU-PSF14 isolated from soil samples collected from
Sirindhorn Peat Swamp Forest Nature Research and Study Centre,
Narathiwat Province, Thailand. The broth ethyl acetate extracts of
T. asperellum PSU-PSF14 exhibited antifungal activity against
Cryptococcus neaformans ATCC90112 and ATCC90113 flucytosine-
resistant with equal MIC values of 64 pg/mL. In addition, the
mycelial ethyl acetate extract showed antifungal activity against

* Corresponding author.
E-mail address: vatcharin.r@psuw.ac.th (V. Rukachaisirikul).

https: f/doi.org/10.1016/j.tet.2018.07.041
0040-4020{© 2018 Elsevier Ltd. All rights reserved.

C. neaformans 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 1Csq
values of 21 and 49 pg/mL. Herein, we report the isolation and
characterization of three new blennolide 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-
PSF14 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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Fig. 1. Compounds 1-8 isolated from the fungus Trichoderma asperellum PSU-PSF14.

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 absclute 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 those previcusly reported.
Blennolide L (1) was obtained as pale yellow crystals with [a]%g
-804.0 (c 0.10, CHCl3). The molecular formula was deduced to be
Cy6H1507 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 {8y 11.53, s,
1H), two aromatic protons (6 6.33 and 6.30, each s, 1H), two hy-
droxy protons (g 6.55, 5, 1H and 5.31, d, ] = 5.4 Hz, 1H}, one clefinic
proton {4y 5.30, s, 1H}, one oxymethine proton (6i 5.18, d, J=5.4Hz,
1H}, one methoxy group {5y 3.82, s, 3H} and two methyl groups {3y

2.28 and 1.36, each s, 3H). The *C NMR spectrum (Table 1) dis-
played signals for two carbonyl (6c 193.9 and 190.9), seven qua-
ternary (6c 173.8, 163.8, 158.8, 151.1, 106.1, 85.4 and 74.1), four
methine (6¢ 110.6,109.2, 100.7 and 70.7), one methoxy (6¢c 57.1) and
two methyl (é¢c 22.4 and 14.1) carbons. A chelated hydroxy proton
{6y 11.53) was placed at C-1 {6¢ 163.8), a peri position to a carbonyl
group, and displayed the HMBC correlations to C-1, C-2 {§c 110.6}
and C-9a (§c 106.1) (Fig. 2). One of the aromatic protons resonating
at 6y 6.33 was identified as H-2 due to its HMQC correlation with C-
2 and gave HMBC cross peaks with C-1, C-4 (§¢c 109.2}, C-9 (ic
193.9), C-9a and C-10 {é¢ 22.4). According to these HMBC correla-
tions together with the same correlations from the other aromatic
proton {dy 6.30) to C-2, C-4a (ic 158.8), C-9, C-9a and C-10, this
aromatic proton was assigned as H-4. A methyl group resonating at
&y 2.28 was attached at C-3 (6¢ 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-tetrasubstitued 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 CDCl5.
Position 1 2 3
¢y (mult, f in Hz) éc &g (mwilt., J in Hz) éc dy (mwlL, J in Hz) dc
1 163.8 163.6 163.6
1-0H 1153 (s) 11.38 12.24(s)
2 633 (s) 110.6 637(d, 1.2) 1109 651 (s) 107.1
3 151.1 151.0 152.7
4 830(s) 109.2 634(d, 1.2) 109.2 6.44 (s) 1055
4a 158.8 1584 1593
5 5.18 (d, 54) 707 448 (brs) 75.2 422 (dd, 12.6, 42) 73.0
5.0H 531(d, 54) 6.18 (brs)
S5a 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) 57.1 387 (s) 57.2
7 530(s) 100.7 5.41(d, 0.9) 102.1 a1 254 (m) 249
b: 249 (m)
8 190.9 190.6 6.97 (L. 3.6) 1376
8a 854 7386 1355
8a-OH 6.55 () 6.90 (s)
9 193.9 192.2 185.6
9a 106.1 105.9 106.5
10 228 (s) 224 230(s) 223 463 (s) 647
11 1361(s) 14.1 142 () 195 149 (s) 18.8
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Fig. 2. Key 'H-'H COSY ()

C-3, C-4a and C-93, respectively. Furthermore, the other methyl
protons at 8y 1.36 (H-11), correlated to C-11 {§¢ 14.13) in the HMQC
spectrum, was located at C-5a (8¢ 74.1) due to its HVIBC cross peaks
with C-5 (4¢c 70.7), C-5a and C-8a {#¢ 85.4). A hydroxy proton at dy
6.55 was attributed to 8a-OH on the basis of the HMBC correlations
from 8a-OH to C-8 (6¢ 190.9) and C-8a. The 'H-H COSY correlation
revealed that the oxymethine proton (5 5.18) and a hydroxy proton
(6y 5.31) were coupled to each other as doublets with a coupling
constant of 5.4 Hz. The oxymethine proton was attributed to H-5 on
the basis of its HMQC correlation with C-5. The HMBC correlations
from H-5 to C-6 {6¢ 173.8}, C-7 (6¢ 100.7), C-8a and C-11 as well as
those from 5-OH to C-5, C-5a and C-6 supported this assignment.
The HMBC correlation from the methoxy protons (g 3.82) to C-6
established the attachment of the methoxy group at this carbon.
The clefinic proton at éy 5.30 was assigned as H-7 because of its
HMBC correlations with C-5, C-6, C-8 and C-8a. From these data, a
cyclohexenone ring was formed. C-8a was connected to the
carbonyl carbon, C-9, on the basis of the HMBC correlation from 8a-
OH to C-9. According to the chemical shifts of C-4a and C-5a and the
molecular formular, an ether linkage between these carbons was
established. In the NOEDIFF experiment (Fig. 3}, when H-3 was
irradiated, the signal intensity of 8a-OH was enhanced. Signal
enhancement of Hs-11 after irradiation of 5-OH indicated that Hs-
11 was syn to 5-OH and anfi 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 5R, 5a8$, 8aS or 58, 5aR,
8ak The CD bands of 1 were almost identical to those of
(5aS,85,8a5)-microdiplodiasolol [8]. The same sign of Cotton effect
for the bands at 210 and 280 nm indicated their identical configu-
ration at C-5a and C-8a stereogenic centers [8]. Both C-5a and C-8a
then had S configuration. Accordingly, the absolute configuration at
C-5 was assigned to be R. The calculated ECD spectra using time-
dependent density functional theory (TDDFT) were employed to
confirm the assigned absolute configuration of 1. The experimental
CD curve matched well with the calculated curve of the 5R, 5a5, 8a$
isomer (Fig. 4). Consequently, blennclide L had the structure 1.
Blennolide M (2} was obtained as a pale yellow gum with [g]
-633.2 (c 0.10, CH(Cl3) 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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and HMBC (/%) correlations of 1.

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 2 had the same planar
structure as 1. Upon irradiation of H3-11 in an NOEDIFF experiment,
the H-5 signal intensity was enhanced, indicating a syn relationship
between H3-11 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 sterecisomers (5R, 5aR and
8aR; 55, 5a5 and 8a$; 5R, 5aR and 8aS$; 55, 5aS and 8aR). In order to
determine the absolute configuration of compound 2, the ECD
spectra of the above four possible stereoismers were calculated at
CAM-B3LYP{6—3114++G (d,p} level on the base of TDDFT method.
The experimental CD curve was comparable with the calculated
ECD curve of 5R, 5aR and 8aR stereoisomer (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.

Blennolide N (3) was obtained as a colorless gum with [a]3’
-166.1 (¢ 0.42, CHCl3)}. The molecular formula Cy5H;605 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-OCH3)} and
the appearance of the olefinic proton at much lower field (6y 6.97,
t, /= 3.6 Hz). Moreover, only a resonance attributable to 1-OH 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-
ds. Additional signals for two sets of 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 one methyl group (Hs-10) with
one hydroxymethyl group {4y 4.63, s, 2H) were cbserved. The '°C
NMR spectrum (Table 1} showed the replacement of signals for
the oxyquaternary olefinic carbon (C-6), methoxy carbon (6-
OCH3), oxygenated quaternary carbon (C-8a} and methyl carbon
{C-10} with signals for one quaternary olefinic carbon {4¢ 135.5},
one hydroxymethyl carbon (§¢ 647} and two signals of
nonequivalent methylene carbons (§c 26.0 and 249). The
hydroxymethyl group was placed at C-3 of the benzopyrancne

Fig. 3. X-ray crystal structure and NOEDIFF data (A) of 1.



30

5662 A. Maha et al. / Tetrahedron 74 (2018) 5659—5664
40
— — caled. (55, 5aR, 8aR)-1 o s
— = caled. (SR, 5a8, 8aS$)-1
- Experimental ECD of 1 0
5 s
& o
- -20
s s f. e Experimental ECD of 2
3 & w0t = = = caled. (58, 5a$, 8a$)-2
= ==+ caled. (55, 5a$, 8aR)-2
60 == === caled. (5R, 5aR, 8aR)-2
== ==+ caled. (SR, 5aR, 8a$)-2
T T T T 80 -— T T T
200 250 300 350 400 200 250 300 350 400
wavelenght (nm) wavelength (nm)
120
100 .
e Experimental ECD of 3
80 - = = calcd. (5R, 5aR)-3
T e = « = calcd. (58, 5aS)-3
&)
= 40
=
5 204/
0 ——
20
40

T T
200 250

T
300 350 400

wavelenght (nm)

Fig. 4. Experimental and calculated ECD spectra of compounds 1-3.

Fig. 5. Key "H-"H COSY () and HMBC (/) correlations of 3.

moiety on the basis of the HMBC correlations of Hy-10 (dy 4.63)
with C-2 (d¢ 107.1), C-3 (6¢ 152.7) and C-4 (d¢ 105.5) (Fig. 5). The
TH-"H COSY correlations of Hay-6 (64 2.05 and 1.75) with H-5 (dy
4.22) and Hap-7 (0 2.54 and 2.49) and those of H,,-7 with H-8 (0
6.97) (Fig. 5) as well as the HMBC cross peaks from H-8 to C-5a (¢
82.7), C-6 (d¢ 26.0), C-7 (6¢ 24.9), C-8a and C-9 (¢ 185.6) and from
H3-11 to C-5 (d¢c 73.0), C-5a and C-8a 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 H3-11 was irradiated, the signal intensity of Hy-6 was
enhanced. Signal enhancement of H,-6 after irradiation of H-5
indicated that H3-11 had an anti relationship to H-5. The well
agreement between the experimental and the calculated ECD
spectra of 3 in MeOH (Fig. 4) established the absolute configura-
tion of 3 to be 5S and 5as.

Only compound 1 which was obtained in sufficient amount for
evaluation of biological activities showed antifungal activity against
C. neoformans ATCC90112 and ATCC90113 flucytosine-resistant
with the MIC values of 128 and 64 pg/mL, respectively. However,
it was inactive for cytotoxic activities 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.
asperellum 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} abscrption spectra were measured with an UV-160A
SHIMADZU spectrophotometer. Infrared (IR} spectra were recor-
ded neat using a PerkinElmer 783 FTS165 FI-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 '3C 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 TLC were
performed on silica gel 60 GF;54 (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 material

The fungus PSU-PSF14 was isolated from soil samples collected
from Sirindhorn Peat Swamp Forest Nature Research and Study
Centre, Narathiwat Province, Thailand. This fungus was deposited
as BCC80681 at BIOTEC Culture Collection (BCC), National Centre
for Genetic Engineering and Biotechnology (BIOTEC), Thailand. The
fungus PSU-PSF14 was identified based on its morphological and
molecular 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 MF175065) closely
matched with several ITS nucleotides of Trichoderma asperellum
strains including T asperellum KY225592, KX620958, KX620957,
KX620955 and KX620954 (100% nucleotide 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. asperelfum. PSU-PSF14 were carried cut using the same proced-
ure as described previcusly [9]. The broth extract {1050 mg} was
fractionated by CC over Sephadex LH-20 using 100% MeOH to afford
four fractions (A-D). Fraction B (930.2 mg) was separated by CC over
silica gel with a gradient of MeOH/CHCl; {1:19 — 100:0) to yield
eight subfractions (B1-B8). Separation of subfraction B2 (45.5 mg)
by flash CC over silica gel using acetonefhexane (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 (2.9mg). Subfraction B3 (49.6 mg) was purified by
CC over silica gel using MeOH/CH,Cl, (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 provide 3 (2.9 mg). Fraction C (7.7 mg} was dissolved
with chloreform. 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/CH>Cl; (1:99 — 100:0) to give four
subfractions (F4A-F4D). Fraction F5 (18.4mg) was rechromato-
graphed on CC over silica gel using a gradient of MeOH/CH,Cl,
{0:100 — 100:0) to give four subfractions (F5A-F5D). Subfraction
F5A (4.2 mg)} was further purified by preparative TLC using MeOH/
CH,Cly (1:99} as a mobile phase (2 runs) to provide 6 (2.5 mg), 7
{2.6 mg) and 8 (0.5 mg).

4.3.1. Blennolide L (1)

Pale yellow crystals; m.p. 211212 °C, [ac]%)5 —804.0 {(c 0.19,
CHCl3); UV (MeOH) (log &) 258 (4.01), 286 (3.91), 352 (3.27) nm; CD
(MeCN) Amax (Ag) 210 (102.06), 244 (—24.45), 280 (—31.87), 321
{3.03), 360 (—6.84); IR (neat) 3367, 1638 cm !; 'H NMR (acetone-
dg, 300 MHz) and 'C NMR {acetone-dg, 75MHz), see Table 1;
HRESIMS m/z 343.0794 [M+Na]* {calcd for C1gH1507Na, 343.0794).

4.3.2. Blennolide M (2)

Pale yellow gum; [a]}f —633.2 (¢ 0.10,CHClz); UV (MeOH) {log &}
256 (4.05), 285 (3.96), 352 (3.38) nm; CD (MeCN) Amax (Az) 209
(—66.51), 250 (25.50}, 283 (9.61), 319 (—1.13), 352 (3.54}; IR (neat)
3301, 1636cm '; 'H NMR (acetone-dg, 300 MHz) and *C NMR
{acetone-dg, 75 MHz), see Table 1; HRESIMS m/z 343.0808 [M+Na|*
{calcd for C1gH1607Na, 343.0794).

4.3.3. Blennolide N (3)

Colorless gum; [a]%,g —166.1 (c 0.42, CHCl3}; UV (MeOH}) (log £}
259 (3.70), 303 (3.94) nm; CD (MeCN) hnax (Ae) 221 (113.29), 259
(—9.6), 309 (—15.39); IR (neat) 3385, 1638 cm !; 'H NMR (CDCls,
300 MHz) and *C NMR (CDCls, 75 MHz), see Table 1; HRESIMS m/z
277.1076 [M+H]* (caled for C15H170s, 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 diffractometer with graphite-monochromated Mo Ke.
radiation (A =0.71073 A) at 296 (2) K, 19,922 reflections for com-
pound 1. Cell refinement and the data reductions were performed
by SAINT [10]. Absorption correction was applied by using multi-
scan program SADABS [10]. The structure was solved by direct
methods refined by a full-matrix least-squares procedure based on
F with the SHELXT program packages [11]. Anisotropic thermal
parameters were refined to all non-hydrogen. All hydrogen atoms
were placed in calculated, ideal positions and refined as riding
model. The WinGX v2017.1 [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 free of charge from
the Cambridge Crystallographic Data Centre via http://www.ccdc.
cam.ac.ukfdata_requestfcif (or from the Cambridge Crystallo-
graphic Data Centre, 12 Unicn Road, Cambridge CB21EZ, UK,;
fax: +441223 336 033 or email deposit@ccdc.cam.uk).

4.4.1. Crysial data of compound 1

C]gHz]NOg (C15H1507, CH3CN, Hzo), Mr =379.36, orthorhombic,
space group (222, with a=18.3844 (19) A, b=7.0656 (8) A,
c=28.627 (3} A, V=37186 (7) A’ Z=8, Dqy=1355Mg/m>,
4#=0108mm ! and F (000)=1600. Crystal dimensions:
0.234 x 0108 x 0.043 mm’. Independent reflections: 3285 [R
{int)=0.0797]. The final factors are Ry =0.0712, wRy=0.1393,
$=1.090 [I> 24(I)], Flack parameter =0 (3).

4.5. Bioassays

Antimicrobial activity was determined as described by the
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Clinical and Laberatory Standards Institute [14]. Amphotericin B
was used as a positive control for antifungal activity with an MIC
value of 0.50 pugfmlL.

The cytotoxic assay against African green monkey kidney
fibroblast {Vero) cells was performed employing the method
previously described [15], and the positive control ellipticine
displayed the ICsg value of 1.05pgfmL. 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 IC5; values of 0.68 and 7.48 pgfmlL, respectively.
The ICsq value of ellipticine against KB cells was 2.74 ugfmL, while
tamoxifen displayed the ICsy value of 6.28 pg/mlL 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 medel {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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