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ABSTRACT

In the course of our screening for new bioactiveira products, a culture éfypoxylon rickii,a
xylariaceous ascomycete collected from the Caribbistand Martinique, was identified as
extraordinary prolific producer of secondary metdabs. Ten metabolites of terpenoid origin
were isolated from submerged cultures of this gseby preparative HPLC. Their structures
were elucidated using spectral techniques includBgNMR and HRESIMS. Three of the
compounds were elucidated as new botryafies 3) along with three known ones, i.e. §a
3a,5,5,8-tetramethyl-3,3a,4,5-tetrahyditd-¢yclopentafigisochromen-1-one (4), (3&58R)-
3a,5,5,8-tetramethyl-3,3a,4,5,7,8-hexahydrbeyclopentaflelisochromen-1-one 5 and
botryenanol §). Further three new sesquiterpenoids featured-aotdudesmane-type skeleton
and were named hypoxylan A — €T 9); the diterpenoid rickitin AX0) contains an abietane-

type backbone. Compounds2, 3, 7, and10 showed cytotoxic effects against murine cells.
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1. Introduction

The Xylariaceae (Ascomycota) is one of the larf@sgal families, comprising more than 1300
accepted species (Stadler et al., 2013). Many mendfehe family are known to have an
endophytic stage in their life cycle, but form fmg bodies (stromata) only when their host is
stressed or diseased (Stadler et al., 2014). Dtieetoendophytic lifestyle, many Xylariaceae are
constantly being isolated from plant material sas@nd screened at random for their
production of bioactive compounds. In particulagmbers of the genealdinia and
Hypoxylonare often encountered among such endophytesharifet cycle has only been
elucidated very recently, using methods of molacpiglogeny (Bills et al., 2012, PaZzoutova et

al., 2013).

Cultures of such xylariaceous endophytes, or mgairived from ascospores of the genus
Hypoxylonand related genera of the Xylariaceae have yieldeidus novel and interesting
secondary metabolites in the past. Among thosesmmpounds showed interesting
bioactivity, such as the antiparasitic agents nisgalic acid (Bills et al., 2012) and PF-1022A
(Scherkenbeck et al., 2002), the topoisomerasaibitar hypoxyxylerone (Piettre et al., 2002),
the immunomodulating dalescolols (Zhang et al.,130d4r the selective antifungal agents
hypoxysordarin (Daferner et al., 1999) and sporiolide (Surup et al., 2014). The fruiting
bodies (stromata) dflypoxylonand allied genera also proved to be a ratherfarabburce of
new pigments and other secondary metabolites @tadd Fournier, 2006; Kuhnert et al.,
2014a; Kuhnert et al., 2015; Surup et al., 2018grkestingly, the major metabolites from the
stromata oHypoxylonare normally different from those that are enceted in the cultured

mycelia and vice versa (Stadler, 2011).



Nevertheless, the majority of species in this exttearily diverse genus have never been

tapped by secondary metabolite screenings, and spagies have not even been cultured yet.

During our secondary metabolite screening of esdrderived from cultures of Xylariaceae, we
identified the ex-epitype strain of the spedisgoxylon rickiias an extraordinarily prolific
producer of secondary metabolites. More than 1fi8rdnt compounds were detected in the
bioactive crude extracts of this strain during jpnédary studies of its secondary metabolism
using HPLC-DAD/MS profiling. The fungus was thenefsubjected to scale-up of fermentation
in 70 litre scale, to conduct a case study on kierscal diversity of the produced metabolites. In
this paper, we report the isolation, structure idatton and biological activities of ten terpenoids

(Figure 1), seven of which constitute new naturabpcts.

2. Results and Discussion

Metabolitesl — 10 were isolated from the acetone extract of the hyreof a single cultivation

of H. rickii using RP-MPLC followed by RP-HPLC. The moleculamhula ofl was determined
by HRESIMS as ¢gH»,0,. The proton NMR spectrum (Table 1) revealed tles@nce of five
methyl and one methylene groups, and four olefiméthine and one aldehyde protons, whereas
the**C NMR spectrum (Table 1) furthermore identified de¢one, four quaternary sand two
quaternary sphybridized carbonsH,**C HMBC correlations (Figure 2A) established a
botryane-type carbon skeleton. However, comparektiydrobotrydienal, known from

Botryotinia squamoséimata et al., 1985), a genus that representsakaal morph of the



hyphomycete genuBotrytis the carbon backbone was extended at C-10 bypsepybmoiety.

A large vicinal coupling constani;6 ;7= 16.8 Hz) and a ROESY correlation between H-16/H

18 demonstrated &’ E configuration.

HRESIMS of metabolit provided the elemental compositions81503. The NMR spectra
(Table 1) were similar to those bf However, in the proton and HSQC spectra the $8goaH-

4, H-16, H-17, H-18 were missing, while in the carbon spectrumkigtene signals of C-10 and
C-15 were replaced by a carboxyl and an oxygemattiyleneH,**C HMBC correlations

from Hs-11 to C-1, C-2, and C-3 and from H-3 to C-1, Giag C-11 placed a phenol function at
C-4. The lactone ring closure between carboxyl Gyid methylene C-15 was deduced from the
'H,%C HMBC correlations and the deep field shifts af1% and H-15, establishing the

structure oP.

Metabolite3 possessed the same molecular formykd O3 as2; the proton and carbon NMR
spectra (Table 1) of the isomer were very simibathiat of2. The structural difference is the shift
of the phenol functiond; 4.90) to C-3, which was indicated by,**C HMBC correlations of H-

4 to C-2, C-6, and C-8 and of 3-OH to C-2, C-3, and.

(3a9-3a,5,5,8-tetramethyl-3,3a,4,5-tetrahydid-dyclopentafielisochromen-1-one (4),
(3aS8R)-3a,5,5,8-tetramethyl-3,3a,4,5,7,8-hexahydrbelyclopentafiisochromen-1-one 5
and botryenanol@) were identified by their NMR data in combinatienth their elemental

compositions from HRESIMS data (Collado et al.,&:99olmenares et al., 2002)

" Trivial names 10-Oxodehydrodihydrobotrydial fdr and 10-oxodihydrobotryr-1(9),4(5)-
diendial for5 were introduced by Collado et al. However, themaes are confusing because the
functional groups are not properly indicated. We ot attempt to change them for the sake of



Hypoxylan A (/) was obtained as colorless oil; its molecular falanC; 4H»00, was deduced
from HRESIMS data. Proton anH,**C HSQC spectra (Table 2) contained signals of two
methyl and four methylene groups (one of which waggenated) and two $methines in
addition to two sphybridized methines. Furthermore, tH€ NMR spectrum revealed the
presence of four quaternary’sgarbons’H,*H COSY and TOCSY spectra established partial
structures from the methylene group C-1 to C-14femmh C-12 to C-13. The structure of

hypoxylan A {) was therefore deduced from th¢**C HMBC correlations shown in Figure 2B.

Hypoxylan B 8) had the elemental compositionsB,,0, established by HRESIMS, indicating
an additional methyl group as compared.tdhe NMR spectra d (Table 2) were very similar
to those of7, with the exception of an additional methoxy sig@ 3.81, 3¢ 55.6).'H,°C
HMBC correlations of the methoxy signal to C-7, Ca8@d C-9 demonstrated that hypoxylan B

(8) is the O-8 methyl derivative Gt

Hypoxylan C ) had the molecular formula 6,00, according to HRESIMS. The missing
methyl H-13 and methine H-11 signals and the appearanae ekocyclic methylene group
5.39, 5.22;0c 114.6) suggested th& is the 11,13-didehydro derivative & which was
demonstrated b{H,"*C HMBC correlations from K13 and H-13 to C-7, C-11, C-12. Because
hypoxylan C 9) contains only one stereocentre, the negativealptotation of9 defines the 8

stereochemistry typical for eremophilanes comparaty. with calcalol (Naya et al., 1976).

Rickitin A (10) was isolated from the mycelial extract as a moarstituent. HRESIMS

established the molecular formulagB,¢0s. Proton andH,**C HSQC NMR spectra revealed the

consistency nor want to perpetuate the flawed nctatne, so we prefer to use the formal
IUPAC nomenclature instead.



presence of five methyl and three methylene groapsvell as three olefinic and one aliphatic
methine carbons. THEC NMR spectrum contained signals for two additidretbnes, three 3p
hybridized quaternary carbons (one of which wasyerpted) and three*spybridized

quaternary carbondH,'H COSY and TOCSY NMR spectra indicated partialctrtes from C-

1 to C-3 and the C-15/C-16/C-17 isopropyl moietiye Bbietane skeleton was derived from the
'H,%%C HMBC correlations (Figure 2C). The relative coufiation was elucidated on the basis of
'H,'H ROESY correlations. The 5-OH signal, which waseskied in DMSGds, showed

ROESY correlations to ¢41, H-3 and CH-18. Key ROESY correlations on theface were
those from CH-20 to H,-1 and H-2. The observed data were consistent wittaas

configuration between G320 and 5-OH. Rickitin A10) has never been described as a natural
product. However, it was formed as an intermedratée total synthesis of)-taiwaniaquinone
H (Jana et al., 2010). The observed positive ojptatation of the natural product and of
syntheticl0 determine their absolute configuration &1®R. Putative congeners &0 (as

judged from the MS data) have been observed igride extract and resulting HPLC fractions

of H. rickii, but they have not yet been isolated in sufficembunts for structure elucidation.

Compoundsl — 6 belong to the class botryane terpenoids. The naaw derived from the
phytopathogenic ascomyceBotrytis cinerea from which the first members of the compound
class were isolated. Many derivatives are knowmawee phytotoxic effects and therefore are
regarded as pathogenicity factors (Deighton et28l01). Meanwhile, similar metabolites were
obtained from the genetdypocrea(an ascospore isolate of a wood-degrading memb#reo
Hypocreaceae; see Yuan et al., 2013), as welloas fne xylariaceous gene@eniculosporium
(an endophyte, see Krohn et al., 2005) and a stfaan ascospore-derived isolatelZdldinia

(Qin et al.,, 2008). None of these genera is reghrte be pathogenic, even though the



Xylariaceae have sometimes been reported to cassasg symptoms in stressed and weakened
host plants. Interestingly, Qin et al. (2008) eveported that they only obtained the botryanes
after induction experiments during the fermentataintheir Daldinia strain. Further studies
should be conducted in order to evaluate the eaadbrple of botryane sesquiterpenoids in these
fungi and their potential as pathogenicity factdusing the life cycle of the saprotrophic and

endophytic producer organisms.

The diterpenoidlO is a phenanthrenequinone of the abietane scagfoldar to the tanshinones.
Quinone abietanes often possess cytotoxic actitripgered by inhibition of topoisomerase | or

Il (Fronza et al., 2012), which might also be thsefor Rickitin A 10). Interestingly, abietanes
were to the best or our knowledge hitherto onlyoregal as plant metabolites (see overviews by
Feliciano et al., 1993; Wang et al., 2006). Newghbs, the core structure of abietanes is closely
related to the pimaranes, which are commonly eneoed in fungi. Pimaranes were even
already isolated from variousylaria species (Isaka et al., 2012; Isaka et al., 20hd)cating

that the biosynthetic pathway for tricyclic terpatseomight be common within the family.

Hypoxylans A — C T - 9) have an unusual scaffold for eudesmane-type sespeites. This
class of secondary metabolites is distributed tijinout the plant family Asteraceae and these
compounds show various biological activities (W@ale2006). In addition, they were isolated as
metabolites of various fungi including members lté Xylariaceae (Isaka et al., 2010; Isaka et
al., 2014). Moreover, the 14-noreudesmane coretsirel was already reported from cultures of
the basidiomycetdResupinatus leightoni{Sundin et al., 1993), and, according to the fatte
reference citing an unpublished thesis, also frofaaellusspecies, but it was so far not found
in ascomycetes. According to our preliminary biatad) characterisation, using a standardised

test panel, the terpenoids— 10 were almost devoid of antimicrobial activity agstirvarious



gram-positive and gram-negative bacteria as welseeral fungi (Table 3). Only and 10
showed weak activity againStaphylococcus aurepwhereast had a weak antifungal effect on
Rhodotorula glutinisin the cytotoxicity assay moderate activity cobllobserved fot, 2, 3, 7

and10.

Interestingly, the stromatal extractstéf rickii (i.e, the epitype specimen described by Kuhnert
et al.,, 2014b, as well as the type specimen inNbBe/ Your Botanical garden) had yielded
virtually the same metabolites as the common EwopspeciesHypoxylon fragiforme
Mitorubrin type azaphilones and orsellinic acid. (8fadler and Fournier, 2006) were the major
detectable metabolites in the fruiting bodies o tpecies. From these data, it could not have
been predicted that the mycelial cultureHbfricki would show such an extraordinary diversity

of terpenoids.

While little is known as yet about the metabolivatsity of Xylariaceae, a member of their
parent order Xylariales?estalotiopsis fic{cf. Wang et al., 2015) has recently been sulgjetie
extensive genomic and transcriptomic studies. Timgréssive number of 97 gene clusters that
putatively encode for secondary metabolite biosgsithhas been made out in the genome of this
endophytic fungus. These results, along with thdifigs of the current study, demonstrate that a
plethora of novel beneficial metabolites remainsb& discovered from the Xylariales and in
particular the Xylariaceae. Even manifold terpesoithve recently been discovered from
endophytic fungi (de Souza et al., 2011), and teugHypoxylon of which most species are
suspected to have an endophytic stage in theicyitée, may also prove to be an additional rich

source of such compounds.



3. Conclusions

We isolated seven novel terpenoids belonging teetldifferent structural families from a single
cultivation of the xylariaceous fungisypoxylon rickii. Compoundsl — 3 are new members of
the botryane family, whereds— 6 had been isolated previously. Hypoxyalins A —=7G-@) are
15-noreudesmanes that could be biosyntheticalptedlto the eremophilanes. The diterpenoid
rickitin (10) is the first fungal metabolite with an abietarsekbone. These results point towards
a hitherto unsuspected diversity of terpenoidhe Xylariaceae —a fungal family that has so far
mainly been known for its diversity of polyketideend nitrogen-containing secondary

metabolites.

4. Experimental section
4.1. General

Optical rotations were determined with a Perkin-&lri241 spectrometer and UV spectra were
recorded with a Shimadzu UV-Vis spectrophotometér2450. NMR spectra were recorded
with Bruker Avance Il 700 spectrometer with a 5 M@l cryoprobe {H 700 MHz,**C 175
MHz), Bruker DMX-600 {H 600 MHz,3C 150 MHz) and Avance Il 50K 500 MHz,**C

125 MHz) spectrometers. HRESI-MS spectra were nbthas described by Halecker et al.
(2014). Isolation of pure compounds was achievemifindicated otherwise with a preparative
HPLC (Gilson, Middleton, USA) equipped with a GX22iquid Handler, a 172 DAD, a 305

and 306 pump (with 50SC Piston Pump Head). Asostaty phase a VP Nucleodur C18 ec

10



column (125 x 40 mm, 7 um; Macherey-Nagel) was ushd mobile phase was composed of
deionised water (Milli-Q, Millipore, Schwalbach, Beany) with 0.1 % acetic acid (solvent A,

Roth) and acetonitrile (ACN) with 0.1 % acetic asdlvent B). Flow rate was set to 15 ml/min.

4.2. Fungal material

Stromata (fruiting bodies) a¢iypoxylon rickiiMJF10324 were collected in 2010 from the

Caribbean island Martinique by J. Fournier. Thaistwas designated as epitype of the species
(Kuhnert et al. 2014b). The culture was derivedruyftispore isolation on YMG medium (1.0 %
malt extract, 0.4 % glucose, 0.4 % yeast extrddt68) using the method outlined by Stadler et

al. (2014) and has been deposited in public cuttabections (MUCL 53309, CBS 129345).

4.3. Cultivation, extraction and isolation

4.3.1. Cultivation

To determine the optimal condition for secondaryahelite productiotHypoxylon rickiiwas
transferred to four different liquid media (YMG mewh; Q6/2 medium: 1.0 % glycerol, 0.25 %
glucose, 0.5 % cotton seed flour, pH 7.2; ZM/2 medi0.5 % molasses, 0.5 % oatmeal, 0.15 %
glucose, 0.4 % sucrose, 0.4 % mannitol, 0.05 % edgr.05 % ammonium sulphate, 0.15 %
calcium carbonate, pH 7.2; HLX medium: 3.0 % suerds0 % casamino acids, 0.1 %HRO,,

0.1 % yeast extract, 0.05 % Mgp07H,0, 0.05 % KCI, 0.001 % FeSQ@ 7H,0) in Erlenmeyer
flasks (500 ml) filled each with 200 ml media. Thesedia were chosen because previous
studies (Bitzer et al., 2008; Stadler et al., 20068uding details on the suppliers of the
ingredients) had revealed that, taken togethey, dne optimal for attaining complementary

secondary metabolite profiles in filamentous asooetss. The submerged cultures were

11



incubated at 23 °C in the dark on a rotary shak&d@ rom. Fermentation was aborted after free

glucose was consumed and the pH value had passegjtha minimum.

4.3.2. Extraction and large scale fermentation

An aliquot (20 ml) of the culture broth was mixedw20 ml ethyl acetate and extracted in an
ultrasonic bath for 30 min. The organic phase wtssdéd over anhydrous sodium sulphate and
evaporated. The remaining crude extract was diedalv methanol and analyzed with an
analytical HPLC equipped with a diode array dete(@®AD) as described by Stadler et al.
(2001). Quantity and quality of secondary metabslivas the highest in HLX and ZM/2 media.
For up-scaling purposes, HLX medium was chosereetlsulture of the strain with a total
volume of 1 | was prepared in YMG medium and in¢atddor 7 days. A Biostat UE 100
bioreactor (B. Braun Melsungen AG, Germany) fillgith 70 | HLX medium was inoculated
with the seed culture under sterile conditions pf@vent foam formation in total 20 g of
Tegosipon (Evonik, Essen, Germany) was added itiopsrof 2 to 10 g as necessary, using an
automatic supply system. The pH value was maintbiretween 6.0 and 6.3 using potassium
hydroxide (2 N) and sulphuric acid (1 M), respeelyv The temperature was set at 26 °C. The
oxygen saturation was kept above a minimum of 2@@éntrolled by increasing the stirrer speed
of the Rushton turbine by the built-in process ogrgystem. The initial stirrer speed was set to
50 rpm and reached a maximum speed of 400 rpmij@erate was set to 5 Sl/min and
remained constant during fermentation. The culkvaie harvested after 7 days as sugars
(sucrose, fructose) were depleted. Thereaftemyeelium was separated from the culture fluid
by vacuum filtration to yield a total amount of § wet biomass, which was later extracted with
9 | acetone in an ultrasonic bath for 1 h. The@uoeextract was filtered and evaporated to yield

an aqueous phase (3.5 ), which was further precklsg extraction with 3x 1 litres of ethyl

12



acetate in a separating funnel. Subsequently tenor phases were combined, dried over
anhydrous sodium sulphate and evaporated to yielgfidf oily mycelial crude extract (ME) in

total.

4.3.3. Isolation of the terpenoids

The ME containing all terpenoids was separatetineet parts and each (4 g) dissolved in 12 ml
methanol. Each part was later filtered through asBllRl phase cartridge (Strata-X 33 mm,
Polymeric Reversed Phase; Phenomenex AschaffenBergiany) and subjected to preparative
RP MPLC [column 480 x 30 mm, ODS/AQ C18 (Kronlabjng the following conditions:

mobile phase with solvent A [90 % deionised wakéitl-Q), 10 % methanol] and solvent B
(methanol), linear gradient of solvent B from 1Q.@0 % in 60 min, followed by isocratic
conditions at 100 % solvent B for 20 min, flow rafe30 ml/min, UV peak detection at 210 nm.
A total number of 160 fractions per run were okgdinwhich were combined according to the
main peaks to yield 15 main fractions. Each maactfon was evaporated and the crude extract
analyzed by HPLC-DAD. One of the main fractionsivit from the first run [retention time
(RT): 56.0 — 57.0 min; 15 mg) contained pure conmaidu Another fraction obtained in the first
run (58.0 — 59.0 min, 16mg) was further fractiodibyy RP HPLC (linear gradient from 25% to
100% solvent B in 40 min) to obtain compoudd®.75 mg) an® (0.73 mg). A further fraction
derived from the first run (RT: 48.5 — 49.0 min;34) was again separated by preparative RP
HPLC (linear gradient from 30 to 60 % solvent BBlhmin) to obtain compourtdl(7 mg) and

[10] (3 mg). Compoundd] (4 mg) was purified from a main fraction of thecend run (RT: 57.0
— 58.5 min; 59 mg) by preparative HPLC [linear gead from 40 to 100 % in 25 min using 95
% ACN + 5 % deionised water supplemented with 0%0¥8rmic acid (Roth) as solvent B].

Another fraction of the same run (RT: 43.0 — 45iB;r119 mg) was fractionized (linear gradient

13



from 30 to 70 % solvent B in 30 min) to yield conupd 2 (4 mg). The adjacent fraction (RT:
45.5 — 49.0 min; 900 mg) was separated (linearignadrom 30 to 80 % solvent B in 25 min) to
obtain the main compour®(370 mg) and compound(50 mg). A main fraction of the third run
(54.0 - 56.0 min, 65 mg) was separated by prepar&P HPLC (50% to 100% solvent B in 35
min) to obtain compound (1.06 mg). All resulting fractions were analysgdHPLC-MS to

follow the success of the purification.
4.4. Spectroscopic and spectrometric data
4.4.1 (X-7-[(2E)-but-2-enoyl]-1,3,3,6-tetramethyl-2,3-dihydrét+indene-1-carbaldehydé)(

Colorless oil, {i]*>5 0 (€ 0.08, MeOH); UV (MeOHMnax (log € 282 nm (4.05)'H NMR, *C
NMR data see Table 1; ESIM8/z293.04 [M+Na]; HRESIMSm/z271.1696 [M+H] (calcd

for Ci15H230- 2711693), R=12.4 min.

4.4.2 (3&)-6-hydroxy-3a,5,5,8-tetramethyl-3,3a,4,5-tetraloydiH-cyclopentafielisochromen1-

one @)

Colorless oil, §i]*5 +4 (€ 0.2, MeOH); UV (MeOH)Amax (log & 225 (sh), 271 nm (3.73JH
NMR, °C NMR data see Table 1; ESIMS/z247.00 [M+H], 245.10 [M-H]; HRESIMS m/z

247.1330 [M+H] (calcd for GsH1903 247.1329); R= 9.8 min.

4.4.3 (3&)-7-hydroxy-3a,5,5,8-tetramethyl-3,3a,4,5-tetraloydlH-cyclopentaflelisochromen-1

one @)

14



Colorless oil, {i]*>; 0 (€ 0.8, MeOH); UV (MeOHWnax (log € 249 nm (3.61), 325 nm (3.43);
'H NMR data see Table 2°C NMR data see Table 1; HRESIM®Zz247.1331 [M+H] (calcd

for Ci1sH1903 247.1329); R= 9.7 min.
4.4.4 (3®&)-3a,5,5,8-tetramethyl-3,3a,4,5-tetrahydig-dyclopentafleisochromen-1-one4)

Colorless oil;'"H NMR and **C NMR data were consistent with those previouslyoreed
(Colmenares et al. 2002); HRESIM$Zz231.1392 [M+H] (calcd for GsH140, 231.1380); R=

12.2 min.

4.45 (388R)-3a,5,5,8-tetramethyl-3,3a,4,5,7,8-hexahydbelclopentafidisochromen-1-one

()

Colorless oil;'H NMR and **C NMR data were consistent with those previouslyorted
(Colmenares et al. 2002); HRESIM$z233.1537 [M+H] (calcd for GsH210, 233.1536); R=

11.6 min.
4.4.6 Botryenanol@)

Colorless oil;'H NMR and **C NMR data were consistent with those previouslyorted
(Collado et al. 1996); HRESIMB)/z317.1722 [M+H] (calcd for G/H.604Na 317.1723); R=

9.5 min.
4.4.7 Hypoxylan A7)

Colorless oil, §i]*° +42 € 1.6, MeOH); UV (MeOHWmax (log € 223 nm (sh), 283 nm (3.37);
'H NMR, ®*C NMR data see Table 2; ESIM&/z 203.02 [M+H-HO]", 219.01 [M-H]J;

HRESIMSm/z243.1351 [M+Na] (calcd for G4H200:Na 243.1356); R= 10.0 min.

15



4.4.8 Hypoxylan Bg)

Colorless oil, §i]*5 +26 € 0.1, MeOH); UV (MeOHWmax (log &) 239 nm (3.61), 287 nm (3.19);
'H NMR, °C NMR data see Table 2; ESIM&z217.02 [M+H-HO]"; HRESIMSm/z235.1698

[M+H] " (calcd for GsH230, 235.1693); R= 11.8 min.
4.4.9 Hypoxylan C9)

Colorless oil, fi]*> 0 (c 0.07, MeOH); UV (MeOHWmax (log & 242 nm (sh), 287 nm (3.23H
NMR, *C NMR data see Table 2; ESIM§z215.00 [M+H-HO]", 233.02 [M+H]; HRESIMS

m/z233.1544 [M+H] (calcd for GsH»,0, 233.1536); R= 11.3 min.
4.4.9 Rickitin (0)

Colorless oil, §#i]*5 +112 € 0.3, MeOH); UV (MeOH)nax (I0g & 282 nm (3.29)'H NMR
(DMSO-ds, 700 MHZ)37.74 (d,J = 2.2 Hz, H-14), 7.59 (dd,= 8.2, 2.2 Hz, H-12), 7.41 (d,=
8.2 Hz, H-11), 5.77 (brs, 5-OH), 2.96 (spts 6.9 Hz, H-15), 2.17 (brd, = 12.9 Hz, H-1), 2.06
(ddd,J = 13.2, 12.9, 4.1 Hz, $41), 1.83 (m, K-2), 1.65 (m, K-3), 1.60 (M, i-2), 1.40 (s, B
18), 1.26 (s, K20), 1.22 (dJ = 6.9 Hz, H-16, H-17), 1.09 (brd, J = 12.9 Hz,qk8), 0.99 (s,
Hs-19); °C NMR & (DMSO-ds, 175 MHz) 195.0 (C-6), 186.3 (C-7), 152.2 (C-965 (C-13),
133.9 (C-12), 130.8 (C-8), 125.1 (C-11), 124.1 @);B2.8 (C-8), 46.5 (C-10), 36.7 (C-4), 36.3
(C-3), 32.7 (C-15), 30.8 (C-1), 28.8 (C-20), 282219), 23.6 (C-16, C-17), 23.4 (C-18), 17.8 (C-

2); HRESIMSmM/z315.1947 [M+H] (calcd for GgH,703 315.1955); R= 13.9 min.

4.5. Serial dilution and cytotoxicity assay
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Minimum inhibitory concentrations (MIC) were detenad in a serial dilution assay carried out
in a similar manner as previously described (Hadeél al., 2014) using various test organisms
for antibacterial and antifungal activities. Tinevitro cytotoxicity assay with the mouse
fibroblast cell line L929 and the cervix carcinop@l line KB3.1 (DSMZ no. ACC 158) was

performed as reported by Surup et al. (2013). €balts of both assays are shown in Table 3.
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Figure 1. Terpenoiddl — 10 isolated from a single cultivation of the funddgpoxylon rickii

B
12
11
14 13

from *H,'H-COSY spectrum

A from *H,**C-HMBC spectrum

Figure 2. Selected COSY and HMBC correlations determiningcémdon backbones of (A)

(B) 7 and (C)10.
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Table 1. NMR Spectroscopic Data @f 3 in Chloroformel.

18 2° 3P
1 132.2,C 1125, C 120.4, C
2 153.3,C 143.4, C 124.6, C
3 131.9,CH 7.21,d(7.7) 118.7,  6.47,d (0.6) 155.0, C
CH

4 123.3,CH 7.09,d(7.7) 156.2,C 114.5, CH 6.84, s
5 151.8, C 130.4, C 147.8, C
6 43.3,C 457, C 452, C
7 499, CH 2.33, m 52.4,CH 1.91,d(12.8) 52.0,CH 1.96.d (13.2)

1.80, d (13.7) 1.85, d (12.8) 1.85, d (13.2)
8 59.1, C 41.7,C 40.7, C
9 140.9, C 154.9, C 143.6, C
10 198.6,C 164.1, C 164.1, C
11 21.0,CH 2.34, m 20.5,CH 2.58, d (0.6) 11.6, CH 2.55, s
12 31.6,CH 1.36, s 29.7, CH 1.47,s 30.7, CH 1.45, s
13 30.9,CH 1.33, s 28.3, CH 1.53, s 30.6, CH 1.31, s
14 21.6,CH 1.49, s 25.0, CH 1.48, s 24.7, CH 1.49, s
15 201.5, CH 9.53, s 78.7,CH 4.32,d(10.1) 79.7,CH  4.35,d (9.5)

4.15, d (10.1) 4.10, d (9.5)

16 134.6,CH 6.23,d (16.8)
17 140.8,CH 7.41,d (16.8)
18 26.7,CH 2.34, m

a1 at 700 MHz°C at 175 MHz? 'H at 500 MHz °C at 125 MHz.
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Table 2. NMR Spectroscopic Data @f 9 in Chloroforme.

7 g’ Q°

1 29.7, CH 2.67, m 30.3, CH 272, m 30.2, CH 2.76, m
2 20.5, CH 1.82, m 20.5, CH 1.84, m 20.4, CH 1.88, m

1.67, m 1.69, m 1.72, m
3 31.8, CH 1.87, m 31.6, CH 1.89, m 31.6,CH 1.91, m

1.49, m 1.51, m 1.53, m
4 31.9, CH 2.83, m 32.0,CH 2.83, dgd 31.7, CH 2.86, dqd

(12.4,7.0,6.1) (12.0,7.0,6.0)
5 134.3,C 134.3,C 1345, C
6 127.3, CH 6.92, s 127.2, CH 6.99, m 129.9, CH 7.05, s
7 128.2,C 129.3,C 127.0,C
8 152.4,C 155.1,C 154.1,C
9 116.9, CH 6.59, s 110.9, CH 6.55, s 110.9, CH 6.59, s
10 136.6, C 135.9,C 137.7,C
11 36.8, CH 3.19, dqd 35.6, CH 3.34,dq 148.3, C
(7.8,7.3,3.7) (7.3,7.2)

12 69.7, CH 3.92, dd 68.2, CH 3.69, m 65.9, CH 4,43, brs

(9.8,3.7)

3.72, dd

(9.8,7.8)
13 15.8,CH 1.30,d (7.3) 16.7,CH 1.247,d(7.2) 114.6,CH 5.39, brs

5.22,brs

14 23.1,CH 1.24,d(7.9) 23.1,CH 1.246,d (7.0) 229,CH 1.28,d(7.0)
80Me 55.5, CH 3.78, s 55.6, CH 3.81, s

a1 at 500 MHzPC at 125 MHzP *H at 700 MHz *C at 175 MHz.

25



Table 3. In vitro antibacterial, antifungal & cytotoxic tagty of the terpenoid4 - 10, all

dissolved in methanol, and three control drugs.

MICT [ug/mi]
Test organisms Ref.
d 1|2 |3|4|5|6|7]|8]09]|10 [ebe]
Gram-positive bacteria
Bacillus subtilis DSM 10* 8 - - - - - - - - - 6.71
Micrococcus luteus DSM 20030 | - - - - - - - - - - 4.2%
Mycobacterium sp. DSM 43270 | - - - - - - - - - - 8.3"
Staphylococcus aureus 0.1-
DSM 346 - - - - - - |670] - - | 33] o
Gram-negative bacteria
Chromobacterium violaceum ) ) ) ) ) ) ) ) ) ) 1,01
DSM 30191 )
Escherichia coli DSM 1116 - - - - - - - - - - 0'83[.3\]_
1.7
Pseudomonas aeruginosa ) ) ) ) ) ) ) ) ) ) 1.0M
DSM 50071 ’
Yeasts
Candida albicans DSM 1665 - - - - - - - - - - 8.3
Rhodotorula glutinis [c]
DSM 10134 i i - 383 - i i i i i 1.0
Schizosaccharomyces pombe [c]
DSM 70572 ) ) ) ) ) ) ) ) ) - |42-83
Wickerhamomyces anomalus ) ) ) ) ) ) ) ) ) ) g.3ll
DSM 6766 )
Filamentous fungi
Mucor hiemalis DSM 2656 - - - - - - - - - - 4.2
Cell lines
mouse fibroblast cell line L929 | 8.5 | 28.019.0| - - - 1360 - - 23.0 -
cervix carcinoma cell line *x
KB3.1 nt. [26.0| nt. | nt | nt - nt. | n.t n.t. | 18.0 -

" MIC: Minimum inhibitory concentration. The cell agity was adjusted to 8 x 4.6ells/ml.

* DSMZ: German Collection of Microor

8 _: no inhibition

” n.t.: not tested

ganisms and C&liltures, Braunschweig

&) Oxytetracyclin hydrochloride (1 mg /mi}} Gentamycin (10 mg/mi} Nystatin (1 mg/ml)
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