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Abstract

Project Code: MRG6180081
Project Title: Chemical Constituents and Biological Activities from the Flowers of Croton
krabas and the Cultures of Mushroom Sanghuangporus sp.1
Investigator: Dr. Oue-artorn Rajachan Mahasarakham University
Prof. Dr. Somdej Kanokmedhakul Khon Kaen University
E-mail Address: oueartorn.r@msu.ac.th

Project Period: 2 years (2 May 2018 - 1 May 2020)

The chemical constituents from the fungus Sanghuangporus sp. and the flowers of
Croton krabas were investigated based on their antibacterial activity. Two new
cyclofarnesane sesquiterpenoids, (4S,6S)-4-hydroxy-Y-ionylideneacetic acid (S1) and
(4R,5R,6S)-5,14-dihydro-4-hydroxy-Y-ionylideneacetic acid (S2), together with three known
compounds Y-ionylideneacetic acid (S3), 1S-(2E)-5-[(1R)-2,2-dimethyl-6-methylidene
cyclohexyl]-3-methylpent-2-enoic acid (S4) and D-mannitol (S5) were isolated from the
fungus Sanghuangporus sp. Whereas, four known compounds, isocrotocaudin (C1),
isoteucvin (C2), stigmasterol (C3) and stigmasterol-3-O-B-D-glucoside (C4), along with three
compounds (C5-C7) were separated from the flowers of C. Krabas. Their structures were
elucidated using extensive spectroscopic data (IR, 1D and 2D NMR) and MS. The absolute
configurations of compounds 81 and S2 were identified by NOESY and a comparison of
their experimental and calculated ECD spectral data. The isolated compounds were
evaluated for antibacterial activity against five bacterial strains (Staphylococcus aureus
MSSA 2933, S. aureus MRSA 20651, Bacillus cereus ATCC 11778, Escherichia coli 25922,
and Shigella dysenteriae 15110), anti-diabetes, and cytotoxicity against three cancer cells

(KB, MCF-7, and NCI-H187).

Keywords: Sanghuangporus sp.; Croton krabas; cyclofarnesane sesquiterpenoid; clerodane

diterpenoid; biological activity
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Zone of inhibition (mm)

Test bacterium

EtOAc extract MeOH extract
Bacillus cereus ATCC 11778 12x12 14X14
Salmonella aureus (MSSA) DMST 2933 16x16 inactive
Salmonella aureus (MRSA) DMST 20651 17x17 inactive
Salmonella aureus (MRSA) DMST 20654 18x18 inactive
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70% 8=FlauaNnIN C. crassifolius WUENTIA 8 813 S'Ti'al,ﬂumﬂumimao diterpenoids fa



crassins A-H (82-89) wananniians 89 fauiduRwedenziSelea (A549) fidn ICs, LML
5.2 + 0.4 UM SafanaduRudiniienanasgu cisplatin

0 w. @. 2561 n§uITuVad Gonzalez-Montiela S** Anw1asdLsznaunaail
MNEIRERARINULENLTRINNE WU wUeY C. hypoleucus WURTIRA 3 &3 Taiduans
1uﬂ§jwaa epoxy-clerodanes @8 hypoleins A—C (90-92). LazNiuIdB09 Gao K* 8%
a3lnal 2 a3lunguad macrocyclic diterpenoid Aia mangelonoid A LAz B (93 Uaz 94) AN
Asuazluves C. mangelong wananitans 93 g98anssUTI0N3ENLEY (NF-KB) Aifin ICsq

WinA 7.27 £ 1.30 LUM.

R R
compound o metRp)butyryl tiglyl HB corgpound Ry acetyl lingleyl
tiglyl propionyl H H acetyl oleyl
53 H acetyl oleoyl 38 tiglyl decanoyl H
25 tiglyl isobutyryl H 37 tiglyl phenylacetyl H
26 tetradecanoyl acetyl H 38 tiglyl (2-methyl)butyryl H
27 hexadecanoyl acetyl H 39 tiglyl acetyl H
28 tiglyl (2-methyl)butyryl H 40 tiglyl isobutyryl H
acetyl decanoyl
29 (2-methyl)butyryl isobutyryl H
39 acetyl dodecanoyl H
32 H acetyl ﬁ
33 (2-methyl)butyryl dodecanoyl H

311 4 Tassas9a9anIn Lwﬂvl,@i”mnﬁﬁaqa Croton



HO

Z+
/\

Iz

41

OH

H

50 51

HaCOC 4 R2/R3

o 65 R =H,R =OH,R =H
52 2% RL=OH,R =H,RO=H
R1=H,R #OH, R3=0Ac

55 R1=0H,R =H, R3=OAc
56 1 2 3

311 4 lassasevasansfiuen’ladanizana Croton (da)



U 4 lassasevasansfiuenlaainfizana Croton (da)
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3. Jaqgilszasa
A = & a &
1) WadAnwiasadsznauniaafiannsn Sanghuangporus sp. Wazaaniisiin lag
o A o o ° o o Ao Y Aa o A
m@mmwzwumﬂv\mﬂmﬂugmmagammvumﬁlU‘mamumﬁauw%ﬁuazmamwm
A = = a & A A @ gy aa a
2) WaAnwgniniinmwsedasslznaumaaiinuenlddagniduluafisoriia
' 2 < A ' ¢ A o o ¥ € v 6 1
@199 uazdnmanudunsdaisas et luwawlsuszlomidunsunndeald

3) WNANAANRINWITEN LAANNN IUNTRNTIZALWMITNGNS impact factor

4. 9501 NAaa9
4.1 Sanghuangporus sp.

4.1.1 \iUA20819

Lgmﬁ’a 881931 Sanghuangporus sp. A28 8D1913 potato dextrose agar (PDA) ‘ﬁ
pownnd 25-28 aseuaaidus (uwiian 22 nnwAuaagnsmLazi ldauldusdsen
auﬁqm%gﬁ 40 a3 TALSea (MAILAI8819719NNTRIAFANTNTALAT UEIA)

4.1.2 MIEANAAYAINIALAL

WN@188719URI28931 Sanghuangporus sp. 50 N3N WualAazidse aRaaI8AIT
AZANULENMIHEA (3 x 200 ML) THAHAIVINAZANLBEN LARIUFNARILLENIUER 7 ﬂ%’&l@”@gﬂﬁ
5

Dried mycelial of Sanghuangporus sp. (50 g)

EtOH x 3

Crude EtOH (7 g) Marc
(SPE)

ﬂl L= Qs
31N 5 LWHUNINTIRINAT Sanghuangporus sp.

o =) g

41.3 m‘susmmzm‘lﬁmqnﬁ

INEIRFNARLILLENBORVIIN Sanghuangporus sp. WIRHN 7 NTA mumlvxmq‘nﬁ
v A o van I o o o o o A A & & .
MpAsaaautlasuilnnan I@Uimammmﬂumgmu PLAILAITNALANAAN VLT UVIGN
”Lﬂ;p 5UINNNT M AYINazaNe hexane, EtOAc:hexane, EtOAc, MeOH:EtOAc 1as MeOH
ANE1aU e fraction a8 60 fractions 323 fractions NNUANHILE TLC LAHBWNW 16 6 mi&l
(SPE1-SPE6) 933111 6

11 SPE2 vuanlagisaaautilasunlnnai I@UWG’TJﬁmLaaLﬂuﬁagwﬁ'ﬁJ e AUAYIN

Nea18 5% acetone:hexane 1o fraction tia ¢l 25 fractions 374 fractions NAanu® e TLC
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Wwilaunu a3 ngu (SPE2.1-SPE2.3) i1 fraction SPE2.1 41Uene 18 Sephadex LH-20

[

aaautlasu NN seduaIvinaza1y 100% MeOH a5 S4 danwmeidutindwla liis

o o [ (>

WAz fraction SPE2.2 dnuanalanaaniilasannnid laslsdanasidudraady seaua

U
1A

¥nazane 90:10:1 CH,Cl,:hexane:MeOH laans 83 danwazidwinaiulaluds

i SPE4 wusndsaaauitlasunlnnnil lagliganaadudgady daarazans
15% acetone:hexane LuaaTz 373 fractions Aiflanwme TLC niaunn e 3 Ny (SPE4.1-
SPE4.3) %1 fraction SPE4.2 anugnedisaaauilasninnnl lagligaineadudigady oz
F8e¥Naane 90:10:2 CH,Cl,:hexane:MeOH 'laans s1 uaz s2 Sanwaseindinswlaluda
11 fraction SPE4.3 anuundrsnaanitlasunlnnsil I@Ulﬁ%ﬁﬂ'}ﬁﬂﬂ%@”ﬂ@@%’ﬂ BeAILAITIN
8288 90:10:1 CH,Cl,-hexane:MeOH laans 81 danwaidwinadulaluds

o g/ v v é a [ ~
%1 SPE5 dnanuand1ale CH,Cl,:MeOH laans 85 G9ilanwaziduvasudsmnias

aha))
Crude EtOH of Sanghuangporus sp.
CcC
SPE1 SPE2 SPE3 SPE4 SPES
cC l Recryst.
| s5
SPE2.1 SPE2.2 SPE2.3 cc
l Sephadex l |
cC
LH-20
SPE4.2 SPE4.3
SPE4.1
s4 s3 l cc
CcC
S$1
S$1 S2

4 L a Af 1 Qs
;a'llﬁ 6 LLN%NGTﬂiLLﬂﬂa’liﬂiiﬂﬂﬁ‘i}’mﬁ'}uaﬂ@l%EJ’]‘IJLQ‘YH%BR“HQ\‘]T] Sanghuangporus sp.

ﬁgﬁ]ﬂmaa%ﬁwaomiﬁuﬂﬂvl,@i”@ﬁUfsﬁmamﬂﬂimﬂﬂﬂ 1eun IR 1D uaz 2D NMR
WUI1813 S1 A8 (4S,6S)-4-hydroxy-Y-ionylideneacetic acid 813 S2 A8 (4R,5R,6S)-5,14-

dihydro-4-hydroxy-Y-ionylidene acetic acid &13 S3 Ao Y-ionylideneacetic acid 17 S4 Ao
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1S-(2E)-5-[(1R)-2,2-dimethyl-6-methylidene cyclohexyl]-3-methylpent-2-enoic acid LLaz®13 S5

D-manitol (gllﬁl 7)

CH,OH
HO——H

H—L_OH
H——OH
CH,OH

S5

317 7 lasasssvesansnuenlaainsy Sanghuangporus sp.

9MnTaya Scifinder database Wui1a1y 81 uaz s2 1lusslnd wrylaseadroduysnl
(absolute configuration) Ta4&15Mal 81 Uaz S2 r18ITmTUSsusuaUnasy ECD annns
A marnIINasadasuaadluaTef 2 nagaugnineiininuesssienlddognieu
LUANLIY 5T%ha (Staphylococcus aureus MSSA 2933, S. aureus MRSA 20651, Bacillus
cereus ATCC 11778, Escherichia coli 25922, and Shigella dysenteriae 15110) Wi.l’j’]ﬁ’ﬁ‘ﬁl LWeIn
Ilifgnseudanuaiizons 5 shail udsuduianunluangans Phytochemistry Letters,

2020, 37, 17-20.



M13197 2 F1UNaTH ECD 3MNNIANWI IbLAzN1INAaaduadans S1 ez S2
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entry | compound structure ECD spectra
1 (4R,6R)-S$1 30 Expt. ECD of 1
Caled. ECD of (45,65)-1
E T Caled ECD of (4R6R)-1
(4S,65)-1
-30
200 20 240 280 280 300 320 340
Wavelength (nm)
2 (4R,6S)-81 51
20 1 . Expt. ECD of 1
15 Caled. ECD of (4,6R)-1
. Calcd ECD of (4R.68)-1
5 4 '..
Yo \\'/_ nnnnnnn
s \ o
10
15
20
5
(48,6R)-S1 ‘.__. ? 200 220 240 260 280 300 320 340
j—— . Wavelength (nm)
3 (4S,5S,6R)-S2
Expt. ECD of 2
Calc. ECD of (4R.5R.68)-2
------- Calc. ECD of (48.58,6R)-2
240 260 280 300 320 340 360
(4R,5R,6$)-82 Wavelength (nm)
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(4R5S,6R)-S2

(4S,5R,65)-52

Expt. ECD of2
Cale. ECD of (45.5R_65)-2
------- Cale. ECD of (4R.55.6R)-2

280 300 320 340 360
Wavelength (nm)

(4S,5R,6R)-S2

(4R,5S,6S)-2

Expt. ECD of 2
Calc. ECD of (4R.55,65)2
------- Calc. ECD of (45,5R.6R)-2

280 300 320 340 360
Wavelength (nm)

(4R,5R 6R)-S2

(4S,5S,6S)-S2

Expt. ECD of 2
Cale. ECD of (45.55.65)-2
------- Calc. ECD of (4R_SR_6R)-2

280 300 320 340 360
Wavelength (nm)
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4.2 Croton krabas
[ % 1

4.2.1 \NUADLNI

\ualagsaandnesin (Croton krabas) Iuga9L@anunINAN W.A. 2561 IIMNFILAFZLA
o 3 % [ Ao 6 [ 6 A 6 o ‘V
§naadn 3ININYITNE s:qmnanwmmaawﬂ@ﬂ AFaNINTHUITUN IUNTlowne

4.2.2 NMIENANIVAINALAE

o | ¥ A v @ @ a 9% @ [ a ) Y

aredsaandeihanfauliuiuazualiazidoalaiminuis 2.2 Alansu ana
v s o a = a a s o v
fBarnazaeNaazTian (3 x 3 AnT) uazlunuaa (3 x 3 An7) TEruanaza1saan e
FIUANANELIENADZTLAN 42 NN UAZEIURNARLILLUNIKER 94 N3N MNAEU (FUN 8)

Dried flowers of Croton krabas (2.2 kg)

EtOAc x 3

Crude EtOAc (42 g) Marc

(CKE) | MeOH x 3

Crude MeOH (94 g) Marc

(CKm)

gﬂﬁ 8 LNUNINIIRNAADNEN YN

4.2.3 m‘suﬂmtazﬁﬂﬁ'ﬁqﬂg

PNEIUET AT LN e 8 BIAaNANE%N 80 NN mwnIﬁu%qw%%‘hU?%ﬂaﬁwﬂm
anlnndl lasldganaadudigady mz@"hmﬁﬁ’mzmﬂﬁﬁmmLﬂumgw‘mﬂqa SuanmMIlE
#17Y1182818 hexane, EtOAc:hexane, EtOAc, MeOH:EtOAc ay MeOH a1N&1aU L@ fraction
siag 70 fractions 324 fractions fidanwmes TLC twiaunn 1 6 ngy (FCM1-FCMB) 11
fractions £a8711 6 mumuazﬁﬂﬁu’%qw?LL@ivlzjwuao@Tﬂizﬂaumamﬁ

indmananeuafisasdianaasaandnosii 42 5w mumlﬁu’%qw%%ﬁU?%ﬂaé‘wﬂm
anlnnml laglEanaadudagady m:@'ﬁU@”’sﬁm:mﬂﬁﬁmmLﬂumg’m"hvl,ﬂga Byl
@1711aza18 hexane, EtOAc:hexane, EtOAc, MeOH:EtOAc Was MeOH @ a&16U | 99
fractions 3% fractions Aifanwme: TLC tianin 16 7 ngw (FCE1-FCE?) @T@gﬂﬁ 9

¥ FCE3 ananwand1eas EtOAchexane 'lefans €3 %aﬁé’nwmnﬂuwﬁﬂgﬂLﬁulavlsjﬁﬁ

¥} FCE4 anuaneiunaail reverse phase (RP-18) l5@vinazans 20% H,0:MeOH tiu
#2714 fractions iflanwoe TLC o Ie 2 n§u (FCE4.1-FCE4.2) th1 FCE4.1 3nuen
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dadronaanilasanlnnnil lavlsEaineadudigady 1gaavinazais 0.5% MeOH:CH,Cl,
594 fractions fidansme TLC milaunu o 4 na (FCE4.11-FCE4.14) 11 FCE4.11 an@nwan
$1618 EtOAchexane laans €1 S9fisnwaiiuaasudsdant i FCE4.13 snanuandneae
MeOH 'lefzs €5 Fsfsnwmaduvasudefvn

N FCE5 3nuandanl8naash reverse phase (RP-18) l@3vinazans 20% H,0:MeOH
{udawe 37 fractions Aidanwae TLC twlaunn 16 3 ngu (FCE5.1-FCE5.3) i1 FCE5.1 a7
LaNGaa Uﬂaﬁuﬂﬂmﬂmﬂm@Uﬁe‘fiﬁmmmﬂum”ag@sﬁ'u l@avinazas 20% EtOAc:hexane

\{ueaz 374 fractions fidansme TLC willawnn 1 3 ngy (FCE5.11-FCE5.13)

Crude EtOAc of Croton krabas

cC
FCE1-2 FCE3 FCE4 FCE5 FCEG6 FCE7
l Recryst. l CC
RP-18
cC
C3 I— C4
FCE4 .1 FCE4.2 | |
FCE5.1 FCE5.2 FCE5.3
ccC
cC
FCE4.11 FCE4.12 FCE4.13 FCE4.14
l l FCE5.11 FCE5.12 FCE5.13
Recryst. Recryst.
Sephadex
C1 C5
FCE5.12A  FCE5.12B FCE5.12C FCE5.12D
l lPLC l Recryst.
C1 C2,C6 Cc7

4 L g a AE‘ U Qs a 2‘
;51]“?1 9 LLN%NGﬂW?LLﬁIﬂﬁ’]?U?Eﬂﬂﬁﬁ]’mﬁ’]%ﬁﬂ(ﬂ‘ﬁ gULafinezTaNvaInaniain

#1 FCE5.12 uuean@aa8 Sephadex LH-20 320286237 182818 100% MeOH 324
fractions A% anwaz TLC ilourn & 4 ndu (FCES.12A-FCES.12D) fraction FCE5.128 'l¢f

815 C1 %1 FCE5.12C yueandaaly preparative TLC lasldaavinazaiy 0.5 MeOH:CH,Cl,
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v
o v

Wuaare 1aany €2 uaz C6 GdanuuztinuaIudidu1? ezl FCE5.12D NNanKangIale
MeOH la&13 C7 danumciiuvaudedan

111 FCE6 NNanWANT1628 MeOH:CH,Cl, laans €4 Sefianwmziduvasudefun

ﬁgaﬂmaaﬁ”ﬁwaamiﬁl,mﬂvl,éf@ﬁﬁ%mamﬂﬂimﬂﬂﬂ 1é@uA IR 1D uaz 2D NMR WU31&13
C1 A8 isocrotocaudin 15 C2 A 8 isoteucvin 8§13 C3 @ 8 stigmasterol LAz &7 C4 Ao
stigmasterol-3-O-p-D-glucoside (gﬂﬁ 10) §1%lATIRII9&1T C5-C7 aglum:mum‘iﬁu{m
Tﬂsmﬁ”ﬁaLLazsquﬂsaa‘?ﬂaé'uystﬁ 8§17 C1 C2 uaz C5-C7 agjizmwmmmaquﬁm
Famndognidudouuafisy dwuinnutazanuduisdaTasusss KeIINTIUTIN
TOYAUN aza‘gﬂuaz‘imﬁzﬁwa \HauinisuiiadAuwlnansans Natural Product Research

melud auqaAN 2563

gﬂﬁ 10 lav98 3920987130 0LeN lanaandnain

5. a3UHaANIIANBNNT

ﬁnﬂmiﬁﬂmaaﬁﬂs:ﬂaumamﬁLLazrm%in’m%amwmm’] Sanghuangporus sp. W8y
nnaandiein %umnmsu?qﬂﬂﬁﬁgﬂm@ 12 &3 Wusifiugnldanm Sanghuangporus
sp. 5 817 1uanvlnd 2 F1TUATENINLALTIBNUWIATIRTIINAD 3 813 wazasiuenldann
aondoiin 7 a13 anedninezduanslng 3 813 s'fjasTaagﬂum:mumiﬁugﬂmaa%""m@i”’ssl
wussdnInsans uazasinmulassanuddsn 4 a3 i:ﬂmm%aéfuysrﬁmaamﬂmjﬁ
Lmﬂ"L@“’[@mmim‘%ymﬁmuiaga ECD 21NMINaanIlasnIIaInlIth ﬁ]'mmimaauq“n%irm
FrAWNLIN msﬁumieﬁ”ﬁqw%@”usﬁamsm’%agLﬁﬂmau%al,mﬂﬁﬁm (Staphylococcus aureus
MSSA 2933 S. aureus MRSA 20651 Bacillus cereus ATCC 11778 Escherichia coli 25922
W8z Shigella dysenteriae 15110) @uiu1wIulasianuiduiwdaioasauzss (KB MCF-7
waz NCI-H187)
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6. DaLanauwzaInIUIwIalwamIan

A =~ A Y s A AA A v & X AA &
a’li‘l.liqﬂﬁ‘l.l’]\‘ia’limLUﬂvL@lﬁl’m@laﬂﬂﬁﬂuﬁur}ﬂﬁﬂ@llumiﬂuFNL“H@LL‘LI@‘YIL?EJ ﬁl\‘m’laulfﬂ

o > v A A A v ) v A a 6 & o =2
mmuumaﬂlummmﬂmmaamu LNRTINEN ’JYIE]’]?I’]&@]EYI’]GT]']ELLWY]ULW@%’]vLﬂﬂﬂH’mavLﬂ

A A o = @ & a A
n1panNfnd %iawwuq‘lﬂ L‘]J%El'](ﬂ']ulfﬁaLLUﬂﬂLiﬂluauqﬂ@]
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SENRITLBDUANIYLRY 3

output filaanlasenis
1. WRNUANUN LN TITITINTUIWITIG
1.1 WaWITLIINT Sanghuangporus sp. LAARYUNWUINTRNT Phytochemistry
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ARTICLE INFO ABSTRACT

Keywords:

An antibacterial activity-guided phytochemical investigation of the fungus Sang 12POTUS SP. [

I

Ited in the

Sanghuangporus sp.
Hymenochaetaceae
Cyclofarnesane sesquiterpenoids
Antibacterial

isolation of two new cyclofarnesane sesquiterpenoids, (45,65)-4-hydroxy-y-ionylideneacetic acid (1) and
(4R,5R,65)-5,14-dihydro-4-hydroxy-y-ionylideneacetic acid (2), together with three known compounds, y-io-
nylideneacetic acid (3), 15-(2E)-5-[(1R)-2,2-dimethyl-6-methylidenecyclohexyl]-3-methylpent-2-enoic acid (4),
and p-mannitol (5). Their structures were elucidated using extensive spectroscopic data (IR, 1D and 2D NMR)
and mass spectrometry. The absolute configurations of compounds 1 and 2 were identified by NOESY and
comparisons of their experimental and calculated electronic circular dichroism spectral data. Compounds 1, 3,
and 4 were evaluated for antibacterial activity against five bacterial strains (Staphylococcus aureus MSSA 2933, 8.

aureus MRSA 20651, Bacillus cereus ATCC 11778, Escherichia coli 25922, and Shigella dysenterige 15110).

1. Introduction

Sanghuangporus, a medicinal mushroom, belongs to the family
Hymenochaetaceae which is widely distributed in China, Japan, Korea,
and Taiwan (Han et al., 2016; Lin et al., 2017a). Sanghuangporus has
been traditionally used as food and medicine for many decades (Lin
et al., 2017¢). Several bioactivity studies of its crude extracts confirmed
their medicinal benefits, including improved blood circulation, en-
hanced immunity, antitumor, anti-inflammatory, and antioxidant ef-
fects, enhanced detoxification and hepatoprotection (Chen et al., 2019;
Hsieh et al., 2013; Lin et al., 2017b). Two previous phytochemical in-
vestigations of Sanghuangporus revealed the presence of hispidins and
cyclofarnesane sesquiterpenoids (Chepkirui et al., 2018; Der Wu et al.,
2019). Additionally, most isolated compounds showed moderate anti-
microbacterial activity (Chepkirui et al., 2018). Cyclofarnesane ses-
quiterpenoids, the major secondary metabolites from Sanghuangporus,
have also been reported to have significant bioactivities, such as anti-
oxidant (Kikuzaki et al., 2004), antibacterial (Chepkirui et al., 2018;
Shirahata et al., 2017), and phytotoxicity in reducing cheatgrass co-
leoptile elongation (Masi et al., 2014a, 2014b). As part of our con-
tinuing research on Thai fungi, we found that an ethanolic extract of
Sanghuangporus sp. exhibited antibacterial activity against three

* Corresponding author.
E-mail address: oueartorn.r@msu.ac.th (O.-a. Rajachan).

https://doi.org/10.1016/.phytol.2020.03.007

bacterial strains, including Bacillus cereus ATCC 11778, Staphylococcus
aureus MSSA 2933, and Vibrio cholerae [01] DMST 9700, with MIC
values ranging from 2.5 to 10.0 mg/mL (Sangdee et al., 2017). This
work further describes the isolation of two new cyclofarnesane ses-
quiterpenoids and three known compounds from the mycelium of
Sanghuangporus sp. and reports on their bioactivity.

2. Results and discussion

An EtOH extract of Sanghuangporus sp. was investigated for active
secondary metabolites with antibacterial activity against B. cereus ATCC
11778, 5. aureus MSSA 2933, and V. cholerae [01] DMST 9700
(Sangdee et al., 2017). The secondary metabolites from the EtOH ex-
tract of Sanghuangporus sp. were isolated by column chromatography
(CC), resulting in five isolated compounds (1-5). Their structures were
established by using their physical and spectroscopic data (IR, 1D and
2D NMR), along with mass spectrometry (MS). By comparing these data
with those of similar compounds previously reported in the literature,
three known compounds were identified: y-ionylideneacetic acid (3)
(Zheng et al., 2012; Der Wu et al., 2019}, 15-(2E)-5-[(1R)-2,2-dimethyl]-
6-methylidenecyclohexyl]-3-methylpent-2-enoic acid (4) (Chepkirui
et al., 2018; Der Wu et al., 2019), and p-mannitol (5) (Yim et al., 2014).

Received 24 November 2019; Received in revised form 19 March 2020; Accepted 23 March 2020
1874-3900/ © 2020 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.
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Table 1
'H and '*C NMR spectral data of compounds 1 and 2 measured in CDCl,.
No 1 2
iy (J in Hz) e 8y (J in Hz) &
1 35.5 34.0
2 169, m 34.5 1.69, m 34.4
1.42, ddd 1.25 m
(11.6, 4.8, 2.0)
3 1.84, dd 30.6 1.72, m 29.4
(11.6, 4.8)
1.67, m
4 431, t (4.8) 717 385, q(2.8) 70.8
5 150.9 1.66, m 35.7
6 2,95, d (8.8) 54.8 2,00, br d (10.4) 51.4
7 6.25, dd 136.3 5,89, dd 139.3
(15.6, 8.8) (15.6, 10.4)
8 6.17, d (15.6) 135.0 6.12, d (15.6) 135.0
9 154.6 154.9
10 5755 117.6 574, s 116.8
11 171.7 171.1
12 0.84, s 23.3 0.88, 5 20.1
13 0,93, s 29.1 0.84, 5 310
14 5.03, s 110.1 0.85, d (6.8) 17.6
14 471, s
15 231, s 14.2 229, 5 14.4

Their structures are shown in Fig. 1.

Compound 1 was obtained as a colorless oil. Its molecular formula,
C15H2204, determined from the '*C NMR and HRESITOEMS (observed
m/z 249.1482 [M-H] ") data, indicated five degrees of unsaturation.
The UV spectrum showed an absorption maximum of an extended a,p-
unsaturated carboxylic acid at 265 nm. The IR spectrum displayed
broad absorption bands of hydroxyl (3400 cm ') and conjugated acid
carbonyl (1688 em™') groups. The '*C NMR and DEPT spectra in-
dicated that its structure contained three methyl, three methylene (one
sp2 methylene), five methine (three sp2 methine and one oxymethine),
one carbonyl, and three quaternary carbons. The 'H NMR spectroscopic
data of 1 (Table 1) showed a set of resonance signals of a cyclohexane
ring at § 1.69 (m, H-2), 1.42 (ddd, J = 11.6, 4.8, 2.0 Hz, H-2), 1.84 (dd,
J = 11.6, 4.8 Hz, H-3), 1.67 (m, H-3), 2.95 (d, J =8.8 Hz, H-6) and an
oxymethine proton at § 4.31 (t, J =4.8 Hz, H-4). The COSY correlations
of H-2/H-3/H-4 supported the connectivity of the ring, and HMBC
correlations of H-2 to C-1, C-3, C-4, C-6, and C-13; H-3 to C-1, C-2, C-4,
and C-5; H3-12 (& 0.84) to C-1, C-2, C-6, and C-13; H3-13 (&, 0.93) to
C-1, C-2, C-6, and C-12; Hy-14 (8;; 4.71 and 5.03) to C-4, C-5, and C-6
(Fig. 2) indicated two methyl groups, one oxymethine group and one
exomethylene group. The 'H NMR spectroscopic data showed

\ ?f%( 3 COOH
‘\ Y
*
OH 1

Fig. 2. COSY (bold line) and key HMBC (arrows) correlations of 1.
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Fig. 1. Structures of the isolated compounds
H (1-4).
% -COOH

4

resonances of three olefinic methine signals at § 6.25 (dd, J = 15.6, 8.8
Hz, H-7), 6.17 (d, J =15.6 Hz, H-8), and 5.75 (s, H-10), as well as one
methyl signal at § 2.31 (s, H-15) of the penta-7,9-dienocic acid side
chain. This result was confirmed by COSY and HMBC data. The COSY
spectrum exhibited a correlation between H-7 and H-8, and the HMBC
spectrum showed correlations of H-7 to C-8 and C-9; H-8 to C-7, C-9, C-
10, and C-15; H-10 to C-8, C-11, and C-15; and H-15 to C-8, C-9, C-10,
and C-11. The COSY correlations between H-6 and H-7, as well as the
HMBC correlations of H-2, H-4, H-7, H-8, H-12, H-13, and H-14 to a
methine carbon C-6, indicated the connectivity of the two moieties at C-
6.

The relative configuration of 1 was characterized through extensive
analyses of the coupling constants of cyclohexane protons, NOESY, and
NOE correlations. The NOESY spectrum (Fig. 3) showed correlations of
H-8 with H-6 and H-10, and H-7 with H3-15, supporting the 7E, 9E
geometry of the penta-7,9-dienoic acid. A set of correlations between H-
6 with Hy,-2 and H-8 revealed axial orientations of both Hy,-2 and H-6,
and the correlations of Hy-13 with H,,-2 and H-6 indicated the copla-
narity of these protons. The equatorial orientation of H-4 was estab-
lished from the coupling constant of H-4 (J =4.8 Hz) with H,,-3 and
H.4-3 and the NOESY correlations of H,,-3 with Ha-12, H,-3 with H.,-
2, H-4 with H-14, and H-14' with H3-12. The NOE correlations also
confirmed the anti-relation of H-4 and H-6 by showing no enhancement
of H-4 (irradiation of H-6).

The absolute configuration of 1 was further assigned by the com-
parison of its experimental and calculated electronic circular dichroism
(ECD) spectra. The ECD calculations were performed for four possible
stereoisomers using Gaussian 09 software (Frisch et al., 2010) and
optimized by the B3LYP/6-31 G(d) method (Parr and Yang, 1989).
Their ECD spectra were calculated using the time-dependent density
functional theory (TD-DFT) method with the CAM-B3LYP functional
(Yanai et al., 2004) and 6-311+ +G(d,p) basis set. The polarizable
continuum model (PCM) solvation model using MeOH was included in
the calculations (Cossi et al., 2003). All calculated ECD spectra are
shown in the supplementary data (Table S1). The calculated ECD
spectrum of (45,65)-1 showed a Cotton effect at A, 271 nm (Ae -7.2)
in agreement with the experimental ECD spectrum of 1 (Fig. 4).
Therefore, compound 1 was elucidated as a new cyclofarnesane ses-
quiterpenoid with 45, 65 configuration and was named (45,65)-4-hy-
droxy-y-ionylideneacetic acid.

Compound 2 was isolated as a colorless oil. Its molecular formula
was assigned as Cy5Ha405 based on the '*C NMR and HRESITOFMS
(observed m/z 251.1633 [M-H] ) data, indicating four degrees of
unsaturation. The UV and IR spectra were similar to those of compound
1. The 'H and '*C NMR spectroscopic data (Table 1) of 2 were also
similar to those of 1, except that the exomethylene group of 1 was re-
placed by a methyl group of C-14 [8y,¢ 0.85 (d, J =6.8 Hz)/17.6] in 2.
This result was confirmed by the COSY correlations of H-4/H-5 and H-
6/H-5/Hx-14, as well as the HMBC correlations of H-6 to C-1, C-5, C-7,
C-8, C-12, and C-13; H-5 to C-1 and C-3; and Hs-14 to C-4, C-5, and C-6.

The relative configuration of 2 was established on the basis of the
coupling constant of cyclohexane protons, NOESY, and NOE correla-
tions. The penta-7E,9E-dienoic acid side chain was determined to be the
same as in 1. The NOESY correlation between H-6 and Hs-12 revealed
a-axial and a-equatorial orientations of H-6 and Hj-12, respectively. An
equatorial orientation of H-4 (§y 3.85, q, J =2.8 Hz) was determined
from the small coupling constants of H-4 with H-3 and H-5. The NOESY
correlations of Hy-14 with H-4 and H-7 confirmed the f-equatorial and
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Fig. 3. Key NOESY correlations of 1 and 2.

PB-axial orientations of H-4 and Hs-14, respectively (Fig. 3). Moreover,
the high field methyl protons of H-14 (&, 0.85) also supported its or-
ientation (Masi et al., 2014b, 2014a). As in compound 1, the NOE
correlation between H-4 and H-6 was not observed. Finally, the abso-
lute configuration of 2 was assigned by the comparison of its experi-
mental and caleulated ECD spectra (eight possible stereoisomers for
three chiral carbons at C-4, C-5, and C-6) (Table $2). The calculated
ECD spectrum of (4R,5R,65)-2 exhibited Cotton effects at A, 271 nm
(Ae +2.4), 234 nm (Ae -2.0), 217 nm (Ae -0.1) and 204 nm (Ae -4.2),
consistent with the experimental ECD spectrum of 2 (Fig. 4). Thus, the
absolute configuration of 2 was identified as 4R, 5R, 65, and 2 was
named (4R,5R,65)-5,14-dihydro-4-hydroxy-y-ionylideneacetic acid.

Compounds 1, 3 and 4 were evaluated for their antibacterial ac-
tivities against five bacterial strains: Staphylococcus aureus MSSA 2933,
S. aureus MRSA 20651, Bacillus cereus ATCC 11778, Escherichia coli
25922, and Shigella dysenteriae 15110. All tested compounds were in-
active in these antibacterial evaluations (MIC > 128 pg/mL).
Compound 3 has been previously reported to have moderate anti-
bacterial activities against Bacillus subtilis DSM 10, Micrococcus luteus
DSM 1790, Candida tenuis MUCL 29982, Mucor plumbeus MUCL 49355
and Porphyromonas gingivalis (Chepkirui et al., 2018; Shirahata et al.,
2017). However, compound 3 has been reported to exhibit no cyto-
toxicity against three cancer cell lines (NCI-H187, MCF-7, and KB), and
3 also exhibited no antimalarial activity against Plasmodium falciparum
K1 (lsaka et al., 2015). Compound 4 has also been reported to possess
weak antimicrobial activity against M. plumbeus MUCL 49355
(Chepkirui et al., 2018).

3. Experimental
3.1. General experimental procedures

Optical rotations were recorded on a JASCO P-1020 polarimeter
(JASCO, Inc., MD, USA). ECD and UV spectra were determined on a

335, A ——— Expt. ECDof1
Cale. ECD of (45,65)-1
ceseesenes Cale. ECD of (4R6R)-1

25 -

=35 -
200 220 240 260 280 300 320 340 360

Wavelength (nm)

JASCO J-810 spectropolarimeter (JASCO, Inc., Japan). IR spectra were
obtained using a Bruker Tensor 27 spectrophotometer (Agilent
Technologies, USA). NMR spectra were recorded using the Varian
Mercury Plus 400 MHz (Varian, Inc., USA) and Bruker Avance 400 MHz
(Bruker Daltonics, Inc., MA, USA) spectrometers; the internal standards
CDCl; and CD;0D were referenced from the residues of those solvents.
HRESITOFMS spectra were recorded on a Micromass Q-TOF-2 mass
spectrometer (Micromass, Manchester, UK). Column chromatography
was applied via silica gel (40-63 pum; SiliCycle, Inc., Canada) and
Sephadex LH-20 (40-70 pm; GE Healthcare, Uppsala, Sweden). TLC
was performed with precoated Merck silica gel 60 PFzss aluminum
sheets (Merck, Darmstadt, Germany).

3.2. Fungal materials

The fungus was isolated from a wild mushroom fruiting body which
was collected from the deciduous dipterocarp forest of Mukdahan
province, Thailand, in 2016. The specimen was deposited in the Natural
Medicinal Mushroom Museum of Mahasarakham University, Thailand,
with the specimen code of J. Naksuwankul 720 (MSUT). The fungus
was identified using ITS sequence analysis and was assigned as
Sanghuangporus isolate sp.1 (GenBank accession number MT041771).
This fungus was cultured on potato dextrose broth (PDB) and incubated
at 25 =28 °C for 20 days. The mycelium was collected and then dried at
50 °C for 2-3 days as described in a previous paper (Sangdee et al,,
2017).

3.3. Extraction and isolation

Dried mycelium of Sanghuangporus sp. (50 g) was ground and ex-
tracted successively with ethanol (200 mLx 3) to produce the crude
ethanol extract (7 g). The crude ethanol extract was separated by silica
gel column chromatography (CC) (6 x 12 cm) and then eluted with a
gradient system of n-hexane-EtOAc and EtOAc-MeOH to yield six

81 1

6_

-4 ———— Expt. ECD of 2
54 Cale. ECD of (4R,5R,65)-2
osssssess Cale. ECD of (45,55,6R)-2

g -
200 220 240 260 280 300 320 340 360

Wavelength (nm)

Fig. 4. Experimental and calculated ECD spectra of 1 (A) and 2 (B) measured in MeOH.
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fractions, 51-56. Fraction 52 (330 mg) was separated by silica gel CC (3
% 15 cm) and eluted by an isocratic system of acetone:n-hexane (5:95)
to yield three subfractions, 52.1-52.3. Subfraction 52.1 was separated
by Sephadex LH-20 CC and eluted with MeOH to yield 4 as a colorless
oil (15 mg). Subfraction 52.2 (87 mg) was further isolated by silica gel
CC (2 x 20 cm) using an isocratic system of CH;Cly:n-hexane:MeOH
(90:10:1) as eluent to yield 3 as a colorless oil (16 mg). Fraction 54 (76
mg) was subjected to silica gel CC (2 x 20 cm) and eluted with an
isocratic system of acetone:n-hexane (15:85) to produce three sub-
fractions, 54.1-54.3. Subfraction 54.2 (28 mg) was applied to silica gel
CC (2 = 20 cm) and eluted with an isocratic system of CHaClyin-
hexane:MeOH (90:10:2) to afford 1 (2 mg) and 2 (1.8 mg) as colorless
oils. Subfraction $4.3 (20 mg) was further purified by silica gel CC (2 x
20 em), using an isocratic system of CHzCly:n-hexane:MeOH (90:10:1)
as eluent, to provide an additional amount of 1 (3 mg).
Recrystallization of the solid in fraction S5 (214 mg) with
CHCl,:MeOH yielded pale yellow solid 5 (70 mg).

(45,65)-4-hydroxy-y-ionylideneacetic acid (1): colorless oil; [a]**p
-38.6 (c 0.1, MeOH); UV (MeOH) A0 (log £) 265 (4.22) nm; ECD (¢
80.0 pM, MeOH) Aoy (Ae) 208 (17.83), 267 (-5.78); IR (Neat) vpax
3100, 2957, 2872, 1688, 1651, 1610, 1453, 1251 cm ~'; for "H and C
NMR spectroscopic data (CDCls, 400 MHz), see Table 1; HRESITOFMS
m/z 249.1482 [M—H]" (caled for Cy5Hz; 05, 249.1491).

(4R,5R,65)-5,14-dihydro-4-hydroxy-y-ionylideneacetic  acid (2):
colorless oil; [a]*p -45.0 (¢ 0.1, MeOH); UV (MeOH) A, (log £) 266
(4.44) nm; ECD (¢ 79.2 uM, MeOH) A, (Ae) 212 (-2.91), 222 (0.51),
227 (-0.75), 266 (3.65); IR (Neat) v,y 3175, 2958, 2858, 1720, 1691,
1612, 1455, 1245 em™'; for 'H and '®C NMR spectroscopic data
(CDCls, 400 MHz), see Table 1; HRESITOFMS m/z 251.1633 [M—H]~
(calcd for CysHy304 251.1547).

3.4. Antibacterial assay

Antibacterial assay was performed on five reference strains of bac-
teria (Staphylococcus aureus MSSA 2933, S. aureus MRSA 20651, Bacillus
cereus ATCC 11778, Escherichia coli 25922, and Shigella dysenteriae
15110) using the agar well diffusion method described by Sangdee et al.
(2017).

4. Conclusion

Two new cyclofarnesane sesquiterpenoids, (45,65)-4-hydroxy-y-io-
nylideneacetic acid (1) and (4R,5R,65)-5,14-dihydro-4-hydroxy-y-io-
nylideneacetic acid (2), together with three known compounds were
isolated from Sanghuangporus sp. The absolute configurations of 1 and 2
were elucidated by NMR data and by comparing experimental and
calculated ECD spectral data. Compounds 1, 3, and 4 were tested for
antibacterial activity against those five bacterial strains; however, all
the tested compounds were inactive.
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.phytol.2020.03.007.
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Mass Spectrum List Report
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Table S2. Experimental and calculated ECD spectra of 2

entry | compound structure ECD spectra
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--------- Calc. ECD of (4S,55,6R)-2

(4R 5R 6S)-2

200 220 240 260 280 300 320 340 360
Wavelength (nm)

2 (4R,55,6R)-2 o
(45,5R,6S)-2 v
% .-. e Expt. ECD 0f 2
6 o Calc. ECD of (45,5R 65)-2
P Calc. ECD of (4R 55,6R)-2
200 220 240 260 280 300 320 340 360
Wavelength (nm)
3 (4S,5R,6R)-2 i \ 8 -
(4R,5S,65)-2 e Expt, ECD 0f 2
-6 - Calc. ECD of (4R 58,68)-2
O Calc. ECD of (4S,5R 6R)-2
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ARTICLE INFO ABSTRACT

Keywords:

Sanghuangporus sp.
Hymenochaetaceae
Cyclofarnesane sesquiterpenoids
Antibacterial

An antibacterial activity-guided phytochemical investigation of the fungus Sanghuangporus sp. resulted in the
isolation of two new cyclofarnesane sesquiterpenoids, (4S,6S)-4-hydroxy-y-ionylideneacetic acid (1) and
(4R,5R,685)-5,14-dihydro-4-hydroxy-y-ionylideneacetic acid (2), together with three known compounds, y-io-
nylideneacetic acid (3), 1S-(2E)-5-[(1R)-2,2-dimethyl-6-methylidenecyclohexyl]-3-methylpent-2-enoic acid (4),
and p-mannitol (5). Their structures were elucidated using extensive spectroscopic data (IR, 1D and 2D NMR)

and mass spectrometry. The absolute configurations of compounds 1 and 2 were identified by NOESY and
comparisons of their experimental and calculated electronic circular dichroism spectral data. Compounds 1, 3,
and 4 were evaluated for antibacterial activity against five bacterial strains (Staphylococcus aureus MSSA 2933, S.
aureus MRSA 20651, Bacillus cereus ATCC 11778, Escherichia coli 25922, and Shigella dysenteriae 15110).

1. Introduction

Sanghuangporus, a medicinal mushroom, belongs to the family
Hymenochaetaceae which is widely distributed in China, Japan, Korea,
and Taiwan (Han et al., 2016; Lin et al., 2017a). Sanghuangporus has
been traditionally used as food and medicine for many decades (Lin
et al., 2017c). Several bioactivity studies of its crude extracts confirmed
their medicinal benefits, including improved blood circulation, en-
hanced immunity, antitumor, anti-inflammatory, and antioxidant ef-
fects, enhanced detoxification and hepatoprotection (Chen et al., 2019;
Hsieh et al., 2013; Lin et al., 2017b). Two previous phytochemical in-
vestigations of Sanghuangporus revealed the presence of hispidins and
cyclofarnesane sesquiterpenoids (Chepkirui et al., 2018; Der Wu et al.,
2019). Additionally, most isolated compounds showed moderate anti-
microbacterial activity (Chepkirui et al., 2018). Cyclofarnesane ses-
quiterpenoids, the major secondary metabolites from Sanghuangporus,
have also been reported to have significant bioactivities, such as anti-
oxidant (Kikuzaki et al., 2004), antibacterial (Chepkirui et al., 2018;
Shirahata et al., 2017), and phytotoxicity in reducing cheatgrass co-
leoptile elongation (Masi et al., 2014a, 2014b). As part of our con-
tinuing research on Thai fungi, we found that an ethanolic extract of
Sanghuangporus sp. exhibited antibacterial activity against three

* Corresponding author.
E-mail address: oueartorn.r@msu.ac.th (O.-a. Rajachan).

https://doi.org/10.1016/j.phytol.2020.03.007

bacterial strains, including Bacillus cereus ATCC 11778, Staphylococcus
aureus MSSA 2933, and Vibrio cholerae [O1] DMST 9700, with MIC
values ranging from 2.5 to 10.0 mg/mL (Sangdee et al., 2017). This
work further describes the isolation of two new cyclofarnesane ses-
quiterpenoids and three known compounds from the mycelium of
Sanghuangporus sp. and reports on their bioactivity.

2. Results and discussion

An EtOH extract of Sanghuangporus sp. was investigated for active
secondary metabolites with antibacterial activity against B. cereus ATCC
11778, S. aureus MSSA 2933, and V. cholerae [01] DMST 9700
(Sangdee et al., 2017). The secondary metabolites from the EtOH ex-
tract of Sanghuangporus sp. were isolated by column chromatography
(CQ), resulting in five isolated compounds (1-5). Their structures were
established by using their physical and spectroscopic data (IR, 1D and
2D NMR), along with mass spectrometry (MS). By comparing these data
with those of similar compounds previously reported in the literature,
three known compounds were identified: y-ionylideneacetic acid (3)
(Zheng et al., 2012; Der Wu et al., 2019), 1S-(2E)-5-[(1R)-2,2-dimethyl-
6-methylidenecyclohexyl]-3-methylpent-2-enoic acid (4) (Chepkirui
et al., 2018; Der Wu et al., 2019), and p-mannitol (5) (Yim et al., 2014).

Received 24 November 2019; Received in revised form 19 March 2020; Accepted 23 March 2020
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Table 1
'H and '3C NMR spectral data of compounds 1 and 2 measured in CDCls.
No 1 2
8y (J in Hz) Sc 8y (J in Hz) Sc
1 35.5 34.0
2 1.69, m 34.5 1.69, m 34.4
1.42, ddd 1.25, m
(11.6, 4.8, 2.0)
3 1.84, dd 30.6 1.72, m 29.4
(11.6, 4.8)
1.67, m
4 4.31, t (4.8) 71.7 3.85,q(2.8) 70.8
5 150.9 1.66, m 35.7
6 2.95, d (8.8) 54.8 2.00, br d (10.4) 51.4
7 6.25, dd 136.3 5.89, dd 139.3
(15.6, 8.8) (15.6, 10.4)
8 6.17, d (15.6) 135.9 6.12, d (15.6) 135.9
9 154.6 154.9
10 5.75, s 117.6 5.74, s 116.8
11 171.7 171.1
12 0.84, s 23.3 0.88, s 20.1
13 0.93, s 29.1 0.84, s 31.0
14 5.03, s 110.1 0.85, d (6.8) 17.6
14' 4.71, s
15 2.31, s 14.2 2.29, s 14.4

Their structures are shown in Fig. 1.

Compound 1 was obtained as a colorless oil. Its molecular formula,
C15H5505, determined from the '*C NMR and HRESITOFMS (observed
m/z 249.1482 [M-H] ") data, indicated five degrees of unsaturation.
The UV spectrum showed an absorption maximum of an extended a,f3-
unsaturated carboxylic acid at 265 nm. The IR spectrum displayed
broad absorption bands of hydroxyl (3400 cm™') and conjugated acid
carbonyl (1688 cm™!) groups. The '*C NMR and DEPT spectra in-
dicated that its structure contained three methyl, three methylene (one
sp> methylene), five methine (three sp> methine and one oxymethine),
one carbonyl, and three quaternary carbons. The 'H NMR spectroscopic
data of 1 (Table 1) showed a set of resonance signals of a cyclohexane
ring at § 1.69 (m, H-2), 1.42 (ddd, J = 11.6, 4.8, 2.0 Hz, H-2), 1.84 (dd,
J = 11.6, 4.8 Hz, H-3), 1.67 (m, H-3), 2.95 (d, J =8.8 Hz, H-6) and an
oxymethine proton at § 4.31 (t, J =4.8 Hz, H-4). The COSY correlations
of H-2/H-3/H-4 supported the connectivity of the ring, and HMBC
correlations of H-2 to C-1, C-3, C-4, C-6, and C-13; H-3 to C-1, C-2, C-4,
and C-5; H3-12 (6 0.84) to C-1, C-2, C-6, and C-13; H3-13 (6 0.93) to
C-1, C-2, C-6, and C-12; H,-14 (6y 4.71 and 5.03) to C-4, C-5, and C-6
(Fig. 2) indicated two methyl groups, one oxymethine group and one
exomethylene group. The 'H NMR spectroscopic data showed

\ ?/Q«( 3 COOH
'w NN,
\/
OH 1

Fig. 2. COSY (bold line) and key HMBC (arrows) correlations of 1.
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Fig. 1. Structures of the isolated compounds
H 1-4).
X -COOH

4

resonances of three olefinic methine signals at § 6.25 (dd, J = 15.6, 8.8
Hz, H-7), 6.17 (d, J =15.6 Hz, H-8), and 5.75 (s, H-10), as well as one
methyl signal at § 2.31 (s, H-15) of the penta-7,9-dienoic acid side
chain. This result was confirmed by COSY and HMBC data. The COSY
spectrum exhibited a correlation between H-7 and H-8, and the HMBC
spectrum showed correlations of H-7 to C-8 and C-9; H-8 to C-7, C-9, C-
10, and C-15; H-10 to C-8, C-11, and C-15; and H-15 to C-8, C-9, C-10,
and C-11. The COSY correlations between H-6 and H-7, as well as the
HMBC correlations of H-2, H-4, H-7, H-8, H-12, H-13, and H-14 to a
methine carbon C-6, indicated the connectivity of the two moieties at C-
6.

The relative configuration of 1 was characterized through extensive
analyses of the coupling constants of cyclohexane protons, NOESY, and
NOE correlations. The NOESY spectrum (Fig. 3) showed correlations of
H-8 with H-6 and H-10, and H-7 with Hs-15, supporting the 7E, 9E
geometry of the penta-7,9-dienoic acid. A set of correlations between H-
6 with H,.-2 and H-8 revealed axial orientations of both H,,-2 and H-6,
and the correlations of H3-13 with H,,-2 and H-6 indicated the copla-
narity of these protons. The equatorial orientation of H-4 was estab-
lished from the coupling constant of H-4 (J =4.8 Hz) with H,,-3 and
Heq-3 and the NOESY correlations of Hax-3 with H3-12, Hay-3 with Heg-
2, H-4 with H-14, and H-14' with Hs-12. The NOE correlations also
confirmed the anti-relation of H-4 and H-6 by showing no enhancement
of H-4 (irradiation of H-6).

The absolute configuration of 1 was further assigned by the com-
parison of its experimental and calculated electronic circular dichroism
(ECD) spectra. The ECD calculations were performed for four possible
stereoisomers using Gaussian 09 software (Frisch et al., 2010) and
optimized by the B3LYP/6-31 G(d) method (Parr and Yang, 1989).
Their ECD spectra were calculated using the time-dependent density
functional theory (TD-DFT) method with the CAM-B3LYP functional
(Yanai et al., 2004) and 6-311+ + G(d,p) basis set. The polarizable
continuum model (PCM) solvation model using MeOH was included in
the calculations (Cossi et al., 2003). All calculated ECD spectra are
shown in the supplementary data (Table S1). The calculated ECD
spectrum of (4S,6S)-1 showed a Cotton effect at A, 271 nm (Ae -7.2)
in agreement with the experimental ECD spectrum of 1 (Fig. 4).
Therefore, compound 1 was elucidated as a new cyclofarnesane ses-
quiterpenoid with 4S, 6S configuration and was named (4S,6S)-4-hy-
droxy-y-ionylideneacetic acid.

Compound 2 was isolated as a colorless oil. Its molecular formula
was assigned as C;s5H,403 based on the 13C NMR and HRESITOFMS
(observed m/z 251.1633 [M-H] ) data, indicating four degrees of
unsaturation. The UV and IR spectra were similar to those of compound
1. The 'H and '3C NMR spectroscopic data (Table 1) of 2 were also
similar to those of 1, except that the exomethylene group of 1 was re-
placed by a methyl group of C-14 [8y,c 0.85 (d, J =6.8 Hz)/17.6] in 2.
This result was confirmed by the COSY correlations of H-4/H-5 and H-
6/H-5/H3-14, as well as the HMBC correlations of H-6 to C-1, C-5, C-7,
C-8, C-12, and C-13; H-5 to C-1 and C-3; and Hs-14 to C-4, C-5, and C-6.

The relative configuration of 2 was established on the basis of the
coupling constant of cyclohexane protons, NOESY, and NOE correla-
tions. The penta-7E,9E-dienoic acid side chain was determined to be the
same as in 1. The NOESY correlation between H-6 and Hs-12 revealed
a-axial and a-equatorial orientations of H-6 and H3-12, respectively. An
equatorial orientation of H-4 (6y 3.85, q, J =2.8 Hz) was determined
from the small coupling constants of H-4 with H-3 and H-5. The NOESY
correlations of H3-14 with H-4 and H-7 confirmed the $-equatorial and
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Fig. 3. Key NOESY correlations of 1 and 2.

B-axial orientations of H-4 and Hs-14, respectively (Fig. 3). Moreover,
the high field methyl protons of H-14 (8y 0.85) also supported its or-
ientation (Masi et al., 2014b, 2014a). As in compound 1, the NOE
correlation between H-4 and H-6 was not observed. Finally, the abso-
lute configuration of 2 was assigned by the comparison of its experi-
mental and calculated ECD spectra (eight possible stereoisomers for
three chiral carbons at C-4, C-5, and C-6) (Table S2). The calculated
ECD spectrum of (4R,5R,6S)-2 exhibited Cotton effects at Aax 271 nm
(Ae +2.4), 234 nm (Ae -2.0), 217 nm (Ae -0.1) and 204 nm (Ae -4.2),
consistent with the experimental ECD spectrum of 2 (Fig. 4). Thus, the
absolute configuration of 2 was identified as 4R, 5R, 6S, and 2 was
named (4R,5R,6S)-5,14-dihydro-4-hydroxy-y-ionylideneacetic acid.

Compounds 1, 3 and 4 were evaluated for their antibacterial ac-
tivities against five bacterial strains: Staphylococcus aureus MSSA 2933,
S. aureus MRSA 20651, Bacillus cereus ATCC 11778, Escherichia coli
25922, and Shigella dysenteriae 15110. All tested compounds were in-
active in these antibacterial evaluations (MIC > 128 pg/mL).
Compound 3 has been previously reported to have moderate anti-
bacterial activities against Bacillus subtilis DSM 10, Micrococcus luteus
DSM 1790, Candida tenuis MUCL 29982, Mucor plumbeus MUCL 49355
and Porphyromonas gingivalis (Chepkirui et al., 2018; Shirahata et al.,
2017). However, compound 3 has been reported to exhibit no cyto-
toxicity against three cancer cell lines (NCI-H187, MCF-7, and KB), and
3 also exhibited no antimalarial activity against Plasmodium falciparum
K1 (Isaka et al., 2015). Compound 4 has also been reported to possess
weak antimicrobial activity against M. plumbeus MUCL 49355
(Chepkirui et al., 2018).

3. Experimental
3.1. General experimental procedures

Optical rotations were recorded on a JASCO P-1020 polarimeter
(JASCO, Inc., MD, USA). ECD and UV spectra were determined on a

Expt. ECD of 1
Cale. ECD of (45,65)-1
Cale. ECD of (4R6R)-1

35 4 A
25

15

200 220 240 260 280 300 320 340 360
Wavelength (nm)

JASCO J-810 spectropolarimeter (JASCO, Inc., Japan). IR spectra were
obtained using a Bruker Tensor 27 spectrophotometer (Agilent
Technologies, USA). NMR spectra were recorded using the Varian
Mercury Plus 400 MHz (Varian, Inc., USA) and Bruker Avance 400 MHz
(Bruker Daltonics, Inc., MA, USA) spectrometers; the internal standards
CDCl; and CD30D were referenced from the residues of those solvents.
HRESITOFMS spectra were recorded on a Micromass Q-TOF-2 mass
spectrometer (Micromass, Manchester, UK). Column chromatography
was applied via silica gel (40-63 um; SiliCycle, Inc., Canada) and
Sephadex LH-20 (40-70 um; GE Healthcare, Uppsala, Sweden). TLC
was performed with precoated Merck silica gel 60 PFy54 aluminum
sheets (Merck, Darmstadt, Germany).

3.2. Fungal materials

The fungus was isolated from a wild mushroom fruiting body which
was collected from the deciduous dipterocarp forest of Mukdahan
province, Thailand, in 2016. The specimen was deposited in the Natural
Medicinal Mushroom Museum of Mahasarakham University, Thailand,
with the specimen code of J. Naksuwankul 720 (MSUT). The fungus
was identified using ITS sequence analysis and was assigned as
Sanghuangporus isolate sp.1 (GenBank accession number MT041771).
This fungus was cultured on potato dextrose broth (PDB) and incubated
at 25 —28 °C for 20 days. The mycelium was collected and then dried at
50 °C for 2-3 days as described in a previous paper (Sangdee et al.,
2017).

3.3. Extraction and isolation

Dried mycelium of Sanghuangporus sp. (50 g) was ground and ex-
tracted successively with ethanol (200 mLx 3) to produce the crude
ethanol extract (7 g). The crude ethanol extract was separated by silica
gel column chromatography (CC) (6 X 12 cm) and then eluted with a
gradient system of n-hexane-EtOAc and EtOAc-MeOH to yield six

B

-4 Expt. ECD of2
6 - Calc. ECD of (4R5R.65)-2
---------- Calc. ECD of (4S.55,6R)-2

8-
200 220 240 260 280 300 320 340 360

Wavelength (nm)

Fig. 4. Experimental and calculated ECD spectra of 1 (A) and 2 (B) measured in MeOH.



O.-a. Rajachan, et al.

fractions, S1-S6. Fraction S2 (330 mg) was separated by silica gel CC (3
X 15 cm) and eluted by an isocratic system of acetone:n-hexane (5:95)
to yield three subfractions, S2.1-S2.3. Subfraction S2.1 was separated
by Sephadex LH-20 CC and eluted with MeOH to yield 4 as a colorless
oil (15 mg). Subfraction S2.2 (87 mg) was further isolated by silica gel
CC (2 X 20 cm) using an isocratic system of CH5Cly:n-hexane:MeOH
(90:10:1) as eluent to yield 3 as a colorless oil (16 mg). Fraction S4 (76
mg) was subjected to silica gel CC (2 X 20 cm) and eluted with an
isocratic system of acetone:n-hexane (15:85) to produce three sub-
fractions, S4.1-S4.3. Subfraction S4.2 (28 mg) was applied to silica gel
CC (2 x 20 cm) and eluted with an isocratic system of CH,Cly:n-
hexane:MeOH (90:10:2) to afford 1 (2 mg) and 2 (1.8 mg) as colorless
oils. Subfraction S4.3 (20 mg) was further purified by silica gel CC (2 x
20 cm), using an isocratic system of CH,Cl,:n-hexane:MeOH (90:10:1)
as eluent, to provide an additional amount of 1 (3 mg).
Recrystallization of the solid in fraction S5 (214 mg) with
CH,Cl,:MeOH yielded pale yellow solid 5 (70 mg).

(4S,6S)-4-hydroxy-y-ionylideneacetic acid (1): colorless oil; [a]%*p
-38.6 (c 0.1, MeOH); UV (MeOH) Aoy (log €) 265 (4.22) nm; ECD (c
80.0 uM, MeOH) A (Ae) 208 (17.83), 267 (-5.78); IR (Neat) vmax
3100, 2957, 2872, 1688, 1651, 1610, 1453, 1251 cm ™ *; for 'H and *3C
NMR spectroscopic data (CDClz, 400 MHz), see Table 1; HRESITOFMS
m/z 249.1482 [M—H]" (calcd for C;5Hs;03, 249.1491).

(4R,5R,6S5)-5,14-dihydro-4-hydroxy-y-ionylideneacetic acid (2):
colorless oil; [a]??p -45.0 (¢ 0.1, MeOH); UV (MeOH) Apax (log ¢) 266
(4.44) nm; ECD (c 79.2 tM, MeOH) Amax (Ae) 212 (-2.91), 222 (0.51),
227 (-0.75), 266 (3.65); IR (Neat) vmax 3175, 2958, 2858, 1720, 1691,
1612, 1455, 1245 cm™'; for 'H and '3C NMR spectroscopic data
(CDCl3, 400 MHz), see Table 1; HRESITOFMS m/z 251.1633 [M—H]~
(caled for Cy5Hy305 251.1647).

3.4. Antibacterial assay

Antibacterial assay was performed on five reference strains of bac-
teria (Staphylococcus aureus MSSA 2933, S. aureus MRSA 20651, Bacillus
cereus ATCC 11778, Escherichia coli 25922, and Shigella dysenteriae
15110) using the agar well diffusion method described by Sangdee et al.
(2017).

4. Conclusion

Two new cyclofarnesane sesquiterpenoids, (4S,65)-4-hydroxy-y-io-
nylideneacetic acid (1) and (4R,5R,6S)-5,14-dihydro-4-hydroxy-y-io-
nylideneacetic acid (2), together with three known compounds were
isolated from Sanghuangporus sp. The absolute configurations of 1 and 2
were elucidated by NMR data and by comparing experimental and
calculated ECD spectral data. Compounds 1, 3, and 4 were tested for
antibacterial activity against those five bacterial strains; however, all
the tested compounds were inactive.
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