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ABSTRACT

Despite the continuous efforts of many research groups to develop new
therapeutic treatments for various health problems, current medicines yield low cure
rates and undesirable side effects. In the ongoing search for more effective anticancer
and antibiotic agents, marine organisms have emerged as a promising new resource
yielding unusual chemical structures with potent biological activities. The vast diversity
and relatively unexplored nature of these unique sources of chemodiversity is expected
to open a new era to drug discovery. Natural products have been the predominant source
of new pharmaceuticals in the last fifty years. Between 1981 and 2002, 60% of the
anticancer drugs and 75% of the anti-infectious disease drugs could be traced to or were
inspired by natural products. Humankind has explored and exploited the terrestrial
environment for more than 3,000 years, but only relatively recently turned its attention
to the oceans as a possible source for natural medicines. From the early investigations in
the 1970s until now marine organisms have yielded more than 32,000 natural products.
Already a number of them are available in the pharmaceutical market, such as
ziconotide (strong analgesic for severe pain relief by the brand name Prialt®) and
ecteinascidin 743 (potent antitumor for the treatment of soft tissue sarcoma by the brand
name Yondelis®), while many compounds are in advanced clinical trials for the
treatment of numerous diseases.

In the framework of the present PhD thesis, the chemical composition of organic
extracts obtained after the exhaustive extraction of three marine organisms, namely the
red alga Laurencia majuscula, a sponge of the genus Lamellodysidea and the soft coral
Sinularia polydactyla, collected from Hurghada and Thuwal, in the Red Sea (Egypt and
Saudi Arabia) was investigated. To isolate the secondary metabolites of these marine
organisms, the extracts were submitted to a series of chromatographic separations with
various solvents and different types of chromatography. The isolated metabolites were
identified on the basis of their spectroscopic data (NMR, MS, IR, UV-Vis) and
comparison with literature data. In total 64 secondary metabolites have been isolated
from these marine organisms, among which 59 have been structurally characterized,
including 18 new natural products and one previously reported as a synthetic derivative.

Twenty-two secondary metabolites (1-22) were isolated and identified on the
basis of their spectroscopic characteristics from the red alga L. majuscula collected from
Hurghada, Egypt. These included seven laurane sesquiterpenes (1-7), one cuparane
sesquiterpene (8), one seco-laurane derivative (9), one snyderane derivative (10), two
chamigranes (11 and 12) and two rearranged chamigranes (13 and 14), one aristolane
sesquiterpene (15), one tricyclic diterpene (16), one five-membered C;s acetogenin (17),
four tricyclic Cis acetogenins of the maneonene type (18-21) and a chlorinated fatty
acid derivative (22). Compounds 2, 3, 5, 6, 9, 17 and 19-21 are new natural products.

From the marine sponge Lamellodysidea sp. collected from the coral reef off
Thuwal in Saudi Arabia, 11 sesquiterpenes (23-31), mostly containing furan or y-
lactone in their structures, were isolated, three of which are new natural products (25, 30
and 31) and one (33) is reported for the first time from a natural source.



Twenty six steroids (34-59) have been isolated and structurally characterized
from the soft coral S. polydactyla collected from Hurghada, Egypt, including 15 4a-
methylated derivatives. Compounds 34, 35, 39, 41, 46 and 53 are new natural products.
Among them, metabolites 34 and 35 feature the rare 4-methyl-8,9-seco-cholastane
steroidal nucleus.

The cytotoxic, anti-inflammatory, anti-angiogenic, and neuroprotective activity
of compounds 3640, 42-45, 47-53 and 5559, as well as their effect on androgen
receptor-regulated transcription was evaluated in vitro in human tumor and non-
cancerous cells.
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IHEPIAHYH

[Mopd t1c cvveyeilg TPooTAbEelEC TOAADY EPEVVITIKMY OUAd®V Y10, TNV AVATTLEN
VE®V BEPUTEVTIKAOV YYDV Y10 S1APOPES ACHEVELES, TOL VTTAPYOVTO PAPHOKO TOPEYOVY
OYETIKA YOUNAG TocooTd Oepameiag ovyvd ocvvodevduevo  pe  avemBdounteg
TopevépyElec. XNV ovalnTnon VEOV Kol 7O  OTOTEAECUATIKOV QOPUAK®V |E
AVTIKAPKIVIKT Kot avTiplotikn dpdon, ot BaAdociol opyavicpol Exovv avadelybel mg pio
TOAAG VTOCYOUEVT TNYN VEOV HOPlOV UE OoLVNOIGTEG YNUIKEG OOMEC KOl LYNAR
Bloloyikn dpdon.

H tepdotio mowidio avt®v TV GYETIKA aveEEPELVNTAOV OPYOVICUMV OC TTNYN
YNUELOTOIKIAOTITOG OVALILEVETOL VOl 0vOiEeL i vER emoyn otV eEEMEN VEOV QUpPUAKOV.
Ta @uowd mpoidvio £xovv OmOTEAEGEL TNV PBOciK] 7NyN VEOV QOPUOKEVTIKOV
TPOTOVTOV T0, TEAEVTOiN TeEVVTA Xpovia. Meta&y tov 1981 kot tov 2002, To0 60% TV
QVTIKOPKIVIKOV QOPUAK®OV Kot T0 75% Tov @apudkeov Kotd tov AOmd®v vOcwmv
mpoépyoviay 1 elyav eUmvevotel amd Quowkd mpoidvta. H avBpomdommta E£xet
eEepevvnoet Ko ekpetaAdevtel 1o yepoaio mepPdAlov yia mepioodtepa amd 3.000
xpOVID, OALD LOVO GYETIKA TPOCOUTO GTPAPNKE OTOVG MKENVOLSG avalnNT®VTOG VEES
YéC Prodpactik®dv popiov. ATd TI¢ TPOTEG £PEVVEC, TOL EEKIVIGOV OTI OEKOETIO TOV
1970 éwg tdpa o1 Baidooior opyavicpol €xovv amodmoel mepiocdtepa amd 32.000
evoa mpoiovta. ‘Hon opiopéva amd avtd eivor umopikcd Stobéciua eapUaKa, OTMC
m.x. to ziconotide (1oyvpd ovaAynTiKd Yoo avakovEon omd £viovoug TOVOLS, LE TO
eumopkd onpa Prialt) xon 1 ecteinascidin 743 (1oyvp6 avtikapkivikd yio tn Oepameio
COPKAOUOTOG HOAOK®OV 10TOV HE TOo gumopikd ofuo Yondelis), evd moAAioi dAlot
petaforiteg omd Oaldcolovg opyaviopoOs Ppiokovior o Tpoywpnuéve GTAd
KAWVIKAOV dokidv yio 1N Oepaneio ToAAGV aoBevelmv.

Y10 mAoiclo TG MOPOVGOS SOUKTOPIKNG StaTplPrig HEAeTNONKE 1 YMKA
oVOTOCT TOV OPYOVIKOV EKYLVAICUATOV TOV TAPeAN@ONcaV Katdmy eE0VIANTIKNG
EKYOALONG TPV Boddooiwv opyoviocudv mov cuAAExOnKav otrnv Epubpd Odracoa.
Yvuykekpéva n perétn eotidodnie oto podopivkoc Laurencia majuscula, evoc omdyyov
tov yévoug Lamellodysidea wor tov poiakod xopodAiiov Sinularia polydactyla mov
oLAAEYONKaY amd T meproyég g Hurghada kot tov Thuwal, otnv Epvbpd Odracca
(Alyvmtog kot Zaovdikn Apafia). o Ty amopudvmon TV SEVTEPOYEVAOV UETAPOATOV
aVTAOV TOV BOAACCIOV OPYOVIGU®VY, TO OPYUVIKG TOVS EKYLAicuaTo LTOPANONKAV o€
OEIPA  YPOUOTOYPOPIKOV — SOYOPICUOY  UE  TOIKIAOLG SADTEC Kol TOTOVG
YPOUATOYPAPiOC.

Ov oamopovopévolr petafolriteg Tovtomomnkayv KoTtOmM AVAALONG TV
eacpatookomik@v tovg oedopévav (NMR, MS, IR, UV-Vis) ko ocvykpiong pe
oedopéva Piproypapiog O6mov vanpyov Owfécipua. TUVOMKGE Omd TOVG AVOTEP®
O0AGGG10VC OpYAVIGHOVG amopovminKay 64 devtepoyeveic HeTafoAiTee, K TV OTOi®V
01 59 &yovv YopaKTNPIGTEL TANP®G MG TPOG TNV YNUIKT TOVG SOUN Kol HETOED OVTMV
nephopupdvovion 18 petaPolriteg pe véeg ymukég doués xobmg xar 1 poplo mwov
OTOLLOVAOVETAL Y10 TPATN POPE OC PLGIKO TPOIOV.
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Amd 10 podoguxog L. majuscula mov cuAAEXONKe amd v meproyn g Hurghada
™G Awyvmtov omopovodnkov kol tavtomodnkav pe Pdon T POGHOTOCKOTIKA
YOPOKTINPIOTIKA TOVG gikool dVo degvtepoyevelg petaPoriteg (1-22) Meta&d avtdv
ovumepthappdvovion  €nTd  CEOKITEPTEVIO. HE OKEAETO Aaovpaviov (1-7), éva
OEOKITEPTIEVIO LE OKEAETO kovmapdviov (8), évag petaPoAitng Me OKEAETO GEKO-
Aavpaviov (9), éva mapdyoyo ovodepaviov (10), dV0 PETOPOMTEG UE TOOULYKPOVIKO
okehetd (11 o 12), dvo avadwotayuéva toopykpavia (13 ko 14) , éva ceckitepnévio
pe okeletd apiotoraviov (15), éva tpikukiikd ditepmévio (16), pio Cis aketoyevivn pe
nevrapeAn] doktoAlo (17), téooepelg TpikvkAIKéG Cis OKETOYEVIVEG TOTOV LOVEOVEVNG
(18-21) ko éva yAwplopévo mapdywyo Amapov o&éog (22). Ol evioelg 2, 3, 5,6, 9, 17
kot 19-21 amotelobv véa PLGIKE TPOTOVTAL.

Ao tov Baddooio ondyyo Lamellodysidea sp. mov culAéyxOnke amd ) meployn
tov Thuwal ot Xaovdwkn Apafia, amopovodnkav 11 ceokitepnévia (23-31) mov
MEPLEYOVV OTIC OOUEG TOVG POVPAVIO 1 Y-AOKTOVY], TPio EK TMV OTOI®MV OTOTEAOVV VEQ
evowkd mpoiovta (25, 30 kon 31) xor éva (33) mov avaEEPETAL Yo TPOTY] POPA OTO
(QULGIKT TNYN.

Amd 10 porokd kopdAit S. polydactyla mov cvAAéyOnke amd v Epvbpd
Odiacco oty  mepwyn g Hurghada omv Aiyorto omopovodnkov kot
YOPOKTNPIGONKOY ©G TPOG TNV ¥NKN doun Tovg gikoot €1 otepoedn (34-539) ueta&d
TV omoiwv teptloufavovtal 15 4a-pebviiopéva otepoedn). Ot evaroelg 34, 35, 39, 41,
46 wo1 53 amotelovv véa Quoikd TTpoidvta. Meta&d avtov, ol petaforitec 34 ko 35
Topovc1alovy Tov 6Tavio okeAETO 4-peBvro-8,9-cexo-yoraoToviov.

H wvttapotolikn, 1 ovIIQAEYHLOVOONG, 1  OVIL-OYYELOYEVETIK Kol 1)
VEVPOTPOGTATELTIKY dpdon TtV petafoirtav 3640, 4245, 47-53 kol 5559, kobang
Kot 1 emidpaon tovg otn peTaypapr] mov puluiletoar and Tov avopoyodvo VTOdoYEN
a&lohoynOnke in vitro og ovOPAOTIVES KOPKIVIKEG KOL (PUCTOAOYIKEG KUTTOPIKES GELPEG.
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1. INTRODUCTION

1.1 Pharmacognosy - Natural products chemistry

Since ancient times, nature has been proven to be the most prolific source of
biological and chemical diversity. It continues to be the most promising source of
bioactive metabolites used for modern drug development (Harizani et al., 2016).

People have been using different natural sources for food and medicinal
purposes for thousands of years, acquiring extensive knowledge of their properties
(Brouwer et al., 2005).

The term "natural products" is usually associated with the secondary metabolites
produced by an organism, which in many cases function as a defense mechanism
against herbivores, microorganisms, insects and competing plants (Majeed et al., 2012).

Natural products are usually complex molecules with defined stereochemistry
which grants them a specific relation with their biological targets. Furthermore, they are
often used as lead molecules for the development of new drugs and hold an important
place in the interests of the pharmaceutical industry (Montaser & Luesch, 2011). In the
1990s the focus was primarily on combinatorial chemistry and rapid evaluation methods
for the identification of new active molecules (Kong et al., 2010).

These nature-based medicines have generated a rich source of structurally
diverse substances with a wide range of biological activities, which could be useful for
the development of alternative or adjunctive therapies.

Finding new bioactive compounds with new modes of action has become an
urgent target for scientists due to the fast increase of diseases, such as cancer, diabetes,
hepatitis, hypertension, chronic pains and microbial infections (El-Demerdash et al.,
2018).

A large number of molecules from different natural sources have been approved
for clinical use or used as the starting points for optimization programs (Medina-Franco,
2019). Figure 1 shows the contribution of natural products to drug development from
1981 until 2016 (Newman & Cragg, 2016).

Morphine (1) was the first natural product introduced commercially for
therapeutic use in 1826 (Veeresham, 2012) and approved by FDA in 1827. In 1973,
pilocarpine (2), an alkaloid extracted from the leaves of the tropical plant Pilocarpus
Jjaborandi, was approved for the treatment of glaucoma. Cabazitaxel (3) which is a
semisynthetic analog of the natural product taxol®, isolated from the bark of the yew
tree, was approved in 2010, exhibiting cytotoxic activity against a broad range of cancer
cell lines and tumor models with greater potency than docetaxel (Patridge et al., 2016).
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Figure 1. Approved drugs from 1981 until 2014.
(B: Biological macromolecule; N: Unaltered natural product; NB: Botanical drug (defined mixture); ND:
Natural product derivative; S: Synthetic drug; S*: Synthetic drug (NP pharmacophore); V: Vaccine; /NM:
Mimic of nature)

1.2 Marine natural products

Almost 70% of the Earth’s surface is covered with water, showing extraordinary
biological and chemical diversity. A significant number of novel drugs have been
isolated from marine organisms, especially from sponges, corals and tunicates (EI-
Demerdash et al., 2019).

Marine natural products (MNPs) continue to be in the spotlight in the global
drug discovery endeavor. More than 34,000 structurally diverse secondary metabolites



have been isolated from marine sources according to MarinLit database (MarinLit,
2020), making MNPs a profound source of novel compounds for pharmaceuticals, food,
cosmeceutical, chemical, and agrochemical applications.

Up to now, a significant number of MNPs and their derivatives were released in
the market, e.g. -3 acid ethyl esters (4) (Lovaza®, approved by FDA in 2004 for
lowering blood triglycerides levels in adults with severe hypertriglyceridemia),
cytarabine (5) (Cytosar-U®, DepoCyst®’, FDA approval in 1969 for cancer treatment),
trabectedin (6) (Yondelis®, ET- 743, EU approval in 2011 for cancer treatment), and
vidarabine (7) (Vira-A®, approved by FDA in 1976 as an antiviral drug) (EIl-

Demerdash et al., 2019).
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1.3 Red algae of the genus Laurencia

Algae were one of the first groups of marine organisms to be studied as sources
for food, nutrition supplements, soil fertilizers, and bioactive metabolites (Harizani et
al., 2016).

Macroalgae are classified into three classes, namely green (Chlorophyceae),
brown (Phacophyceae), and red (Rhodophyceae). Red algae are commonly found in
subtropical and tropical waters and their populations in deeper waters are more dense in
comparison with green and brown algae (Darley, 1982).

The red algal genus Laurencia has a wide distribution all over the world (Figure
2), with the southern hemisphere hosting the majority of the species (McDermid, 1988).
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Figure 2. Global distribution map for the genus Laurencia.

The genus Laurencia is one of the richest sources of new secondary metabolites
among red algae (Blunt et al., 2015). The plasticity of the morphoanatomical characters
of Laurencia species has resulted in frequent taxonomic revisions of the genus that
along with the genera Chondrophycus, Osmundea, Palisada, Yuzurua, and
Laurenciella, are now included in the so called “Laurencia complex” (Harper &
Garbary, 1997; Nam & Choi, 2000; Serio et al., 1999; Yoneshigue-Valentin et al.,
2003). The cosmopolitan distribution, along with the chemical variation influenced to a
significant degree by environmental and genetic factors, have resulted in an almost
endless array of metabolites, often featuring multiple halogenation sites (Harizani et al.,
2016).

Currently, 146 species are included in the genus Laurencia (order Ceramiales,
family Rhodomelaceae, tribe Laurencieae) and are mainly found in tropical, subtropical,
and temperate coastal waters (Guiry & Guiry, 2015).

Sesquiterpenes, diterpenes, triterpenes and Cis acetogenins are the major classes
of secondary metabolites isolated from the genus Laurencia, while indoles, aromatic
compounds and steroids have also been reported (Figure 3) (Harizani et al., 2016).

B Sesquiterpenes

H Diterpenes

W Triterpenes

B Acetogenins

H Indoles

H Aromatic compounds
i Steroids

m Miscellaneous

Figure 3. Contribution of the different chemical classes to the total number of metabolites isolated from
Laurencia species.



1.3.1 Sesquiterpenes

More than 500 sesquiterpenes, comprising the largest group of secondary
metabolites isolated from the genus Laurencia until now, have been reported from
Laurencia species, featuring mono-, bi-, or tri-carbocyclic skeletons, often with fused-
or spiro-ring systems (Harizani et al., 2016).

Sesquiterpenes from the genus Laurencia can be classified according to the their
carbon framework in chamigranes, lauranes, cyclolauranes, snyderanes, bisabolanes,
perforanes, cycloperforanes, brasilanes, cuparanes, eudesmanes, cycloeudesmanes,
aristolanes, among others (Harizani et al., 2016).

More than 150 chamigranes have been isolated from the genus Laurencia, e.g.
(10R)-10-bromo-a-chamigrene (8) isolated from Laurencia nipponica (Suzuki et al.,
1985), 2,10-dibromo-3-chloro-a-chamigrene (9) isolated from Laurencia nidifica
(Kimura et al., 1999) showing moderate toxicity against brine shrimps (Li et al., 2012a),
2,10-dibromo-3-chloro-chamigra-7,9-diene-5-ol ~ (10) isolated from Laurencia
composita (Ji et al., 2008), obtusol (11) isolated from Laurencia dendroidea showing
in-vitro and in-vivo leishmanicidal activity and very low cytotoxicity (da Silva Machado
et al., 2011), dendroidone (12) isolated from L. dendroidea (da Silva Machado et al.,
2014), tristichones A and B (13 and 14), tristichols A-D (15-18) and tristichones C and
D (19 and 20) isolated from Laurencia tristicha (Chen et al., 2016), compositacins A-K
(21-31) isolated from L. composita, with compositacin G (27) showing significant
antifungal activity against Microsporum gypseum (Yu et al., 2017).
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About 100 lauranes and cyclolauranes have been isolated from the genus
Laurencia, e.g. laurene (32) isolated from Laurencia elata (Hall & Reiss, 1986) and
found to be a moderate antibacterial agent against Escherichia coli and Staphylococcus
aureus (Li et al., 2012b), 10,11-dibromo-7-hydroxylaurene (33) isolated from
Laurencia majuscula (Masuda et al., 2002), isolaurinterol acetate (34) isolated from
Laurencia okamurai (Mao & Guo, 2005), debromofiliformin (35) isolated from
Laurencia caduciramulosa (Cassano et al., 2008) and found to be moderately toxic
towards brine shrimps (Liang et al., 2012), debromoallolaurinterol acetate (36) and
allolaurinterol acetate (37) isolated from L. okamurai, both showing strong antibacterial
activity against E. coli and S. aureus (Li et al., 2012b), laurokamurene D (38) isolated
from L. okamurai (Yu et al., 2014), 8,11-dihydro-1-methoxy-laurokamuren-12-ol (39)
obtained from Laurencia obtusa (Angawi et al., 2014), debromo-3a-hydroperoxy-3-
epiaplysin (40) and debromo-3f-hydroperoxyaplysin (41) isolated from L. okamurai (Li
et al., 2015), debromoaplysinal (42) isolated from Laurencia sp. showing weak
antifouling activity against larvae of the barnacle Amphibalanus amphitrite (Oguri et al.,
2017), 3a-hydroperoxy-3-epiaplysin (43) and 3/5-hydroperoxyaplysin (44) isolated from
L. okamurai (Yang et al., 2018).
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Examples of snyderanes isolated from the genus Laurencia include (8R*)-8-
bromo-10-epi-S-snyderol (45) isolated from L. obtusa and showing antimalarial activity
with ICso values of 2.7 and 4 mg/mL against the D6 and W2 clones of Plasmodium
falciparum, respectively (Topcu et al., 2003), luzondiol (46) isolated from Laurencia
luzonensis (Makhanu et al., 2006), 4-hydroxy-palisadin C (47) isolated from Laurencia

saitoi (Su et al., 2009a), dactyloxene A (48) isolated from Laurencia nangii (Vairappan
et al., 2014).
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Another group of sesquiterpenes isolated from the genus Laurencia is the
bisabolanes, including gossonorol (49) isolated from L. tristicha (Sun et al., 2005), (55)-
5-acetoxy-acetylcaespitol (50) isolated from Laurencia catarinensis (Lhullier et al.,
2010), (55)-5-acetoxy-f-bisabolene (51) isolated from L. okamurai (Yu et al., 2014).
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9-Hydroxy-3-epi-perforenone A (52) isolated from Laurencia perforata (Wright
et al., 2003) and perforenol B (53) isolated from L. obtusa showing weak cytotoxicity
towards K562 and CHO cell lines (Kladi et al., 2006) are examples of the perforanes
and cycloperforanes.
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Additionally, brasilanes, such as 4-hydroxy-5-brasilene (54) isolated from L.
obtusa (Amico et al., 1991), and cuparanes, such as 10-bromo-3-chloro-cupar-5-en-2-ol
(55) isolated from L. okamurai (Li et al., 2012¢) and 4a-hydroxy-bromo-cuparene (56)
isolated from L. tristicha (Chen et al., 2016) are examples of sesquiterpenes commonly
isolated from the genus of Laurencia.
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Eudesmanes and cycloeudesmanes are also isolated from the genus Laurencia,
e.g. 1-bromo-selin-4(14),11-diene (57) isolated from L. composita (Li et al., 2012b) and
15-bromo-6,8-cycloselin-4(15)-ene (58) isolated from L. composita (Ji et al., 2016).
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Aristolan-1a-bromo-94,108-epoxide (59) isolated from Laurencia similis (Li et
al., 2010) and debilone (60) isolated from Laurencia complanata (Rahelivao et al.,

2015) are examples of aristolanes isolated from the genus Laurencia.
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1.3.2 Diterpenes

Diterpenes are one of the biggest classes of secondary metabolites isolated from
the genus Laurencia until now (Harizani et al., 2016). They can be classified into
pargueranes and isopargueranes, e.g. 15-bromo-parguer-9(11)-en-16-ol (61) isolated
from L. nipponica (Lyakhova et al., 2004) and parguerol 7,19-diacetate (62) isolated
from L. saitoi (Ji et al., 2008), labdanes and pimaranes, e.g. 3-bromobarekoxide (63)
isolated from L. luzonensis (Kuniyoshi et al., 2000) and compound 64 isolated from L.
obtusa (Esselin et al., 2018), irieanes and neoirieanes, e.g. 11-deacetyl-pinnaterpene C
(65) isolated from Laurencia decumbens (Ji et al., 2007a) and neoirietriol (66) isolated
from Laurencia yonaguniensis (Takahashi et al., 2010), dactylomelanes, e.g. punctatene
(67) isolated from Laurencia sp. (Fernandez et al., 2005) and laurendecumtriol (68)
isolated from L. decumbens (Ji et al., 2007a), obtusanes and 15,14-friedoobtusanes, e.g.
rogioldiol A (69) isolated from L. microladia (Guella et al., 1997) and laurenditerpenol
(70) isolated from Laurencia intricata showing inhibitory effect on HIF-1-mediated
hypoxic signaling in breast tumor cells (Mohammed et al., 2004), prevezanes and
neorogiolanes, e.g. prevezol C (71) and neorogioldiol B (72) isolated from L. obtusa
with both compounds showing potent cytotoxicity (Iliopoulou et al., 2003), and
diterpenes featuring prenylated sesquiterpene skeletons, e.g. compound 73 isolated from
Laurencia sp. and found to exhibit antifouling activity against larvae of the barnacle A.
amphitrite (Oguri et al., 2017).
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1.3.3 Triterpenes

Triterpenes isolated from the genus Laurencia can be classified (Harizani et al.,
2016) into three classes: triterpenes possessing a 2,7-dioxabicyclo[4.4.0]decane ring
system e.g. alfredensinol A (74) isolated from Laurencia alfredensis (Dziwornu et al.,
2017), triterpenes possessing a 2,8-dioxabicyclo[5.4.0Jundecane ring system e.g.
dioxepandehydrothyrsiferol (75) isolated from Laurencia viridis (Manriquez et al.,
2001) and triterpenes possessing symmetry elements e.g. intricatriol (76) isolated from
Laurencia sp. (Oguri et al., 2017).
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1.3.4 Acetogenins

Acetogenins isolated from the genus Laurencia can be classified (Harizani et al.,

2016) into:

Acetogenins containing a five-membered cyclic ether (tetrahydrofuran) ring which
can be divided into four subgroups, namely: (1) those containing one
tetrahydrofuran ring e.g. omazallene (77) isolated from Laurencia sp. showing
promising antifouling activity (Umezawa et al., 2014); (2) those containing two
isolated tetrahydrofuran rings e.g. laurefurenyne B (78) isolated from Laurencia sp.
(Abdel-Mageed et al., 2010); (3) those containing two fused tetrahydrofuran rings
e.g. laurentusenin (79) isolated from L. obtusa which may play a role in apoptosis
induction, initiation and propagation of inflammatory responses (Ghandourah et al.,
2019); and (4) maneonenes and isomaneonenes containing three tetrahydrofuran
rings e.g. the three rare Ci2 acetogenins 8082 isolated from the Red Sea L. obtusa
showing promising anti-inflammatory effects (Alarif et al., 2019).
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Acetogenins containing a six-membered cyclic ether (tetrahydropyran) ring which
can be divided into four subgroups, namely: (1) those containing one
tetrahydropyran ring e.g. sagonenyne (83) isolated from L. obtusa (Esselin et al.,
2018); (2) those containing isolated tetrahydrofuran and tetrahydropyran rings e.g.
compound 84 isolated from L. obtusa (Esselin et al., 2018); (3) those containing
fused tetrahydrofuran and tetrahydropyran rings e.g. japonenyne C (85) isolated
from Laurencia japonensis (Takahashi et al., 1999); and (4) those containing two
fused tetrahydropyran rings e.g. vagiallene (86) isolated from L. obtusa (Perdikaris
etal., 2019).
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Acetogenins containing a seven-membered cyclic ether (oxepane) ring which can be
divided into three subgroups: (1) monocyclic acetogenins with a 1-bromopropanyl
side chain attached to C-12 e.g. neonipponallene (87) isolated from L. nipponica
(Lyakhova et al., 2006); (2) branched monocyclic acetogenins with bromomethyl
and ethyl side chains attached to C-11 and C-12, respectively e.g. rogiolenyne A
(88) isolated from L. microcladia (Guella & Pietra, 1991); and (3) acetogenins with
a 1-bromopropanyl side chain attached to C-12 featuring a second ether ring formed
between C-6 and C-9 e.g. (3F)-neoisoprelaurefucin (89) isolated from L. obtusa
(Aydogmus et al., 2004).
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Acetogenins containing an eight-membered cyclic ether (oxocane) ring which can
be divided into six subgroups, namely: (1) those with a 6,12-epoxy, also known as
laurenan-type acetogenins e.g. marilzallene B (90) isolated from Laurencia
chondrioides (Kokkotou et al., 2014); (2) those with a 7,13-epoxy, also known as
lauthisan-type acetogenins e.g. bermudenynol acetate (91) isolated from L. intricata
(Grode & Cardellina, 1984); (3) those with a 4,7:6,12-bisepoxy e.g. desepilaurallene
(92) isolated from L. okamurai (Li et al., 2012c); (4) those with a 6,12-epoxy and a
second epoxy system between C-7 and either C-9, C-10 or C-11 e.g. okamuragenin
(93) isolated from L. okamurai (Liang et al., 2012); (5) those with a 7,13-epoxy and
a second epoxy system between C-6 and either C-9 or C-10 e.g. laurefurenyne F
(94) isolated from Laurencia sp. showing moderate cytotoxicity towards three solid
tumours (Abdel-Mageed et al., 2010); and (6) those with a 4,10:9,13-bisepoxy e.g.
microcladallene C (95) isolated from L. obtusa (Kennedy et al., 1984).
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94

Acetogenins containing a nine- or ten-membered cyclic ether ring. Among the nine-
membered acetogenins, three subgroups can be discriminated, namely: (1) those
containing a 5,12-epoxy ring e.g. compound 96 isolated from Laurencia implicata
(Coll & Wright, 1989); (2) those containing a 6,13-epoxy ring e.g. (3E,12R,13R)-
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obtusenyne (97) isolated from L. chondrioides (Kokkotou et al., 2014); and (3) those
containing a 4,7:6,13-bisepoxy system e.g. laurendecumallene A (98) isolated from
L. decumbens (Ji et al., 2007b). An example of an acetogenin containing a ten-
membered cyclic ether is compound 99 isolated from L. implicata (Coll & Wright,
1989).

Br

= Acetogenins containing a twelve-membered cyclic ether ring e.g. marilzanin (100)
isolated from Laurencia marilzae (Gutiérrez-Cepeda et al., 2016).

» Linear acetogenins e.g. (3Z,9Z,12E)-7-acetoxy-6-chloropentadeca-3,9,12-trien-1-
yne (101) isolated from Laurencia glandulifera (Kladi et al., 2009).

AcO CI

100 101

1.3.5 Indoles

Indoles isolated from the genus Laurencia can be divided into three subclasses
(Harizani et al., 2016), namely: (1) monoindoles, e.g. 2,5,6-tri-bromo-3[(3 -bromo-4--
hydroxyl-phenyl)-methyl]-1H-indole (102) isolated from L. similis exhibiting promising
antimicrobial activity (Li et al.,, 2016); (2) bisindoles, e.g. 3,3™-bis-(2,5,6-
tribromo)indole (103) isolated from L. similis (Su et al., 2009b); and (3) spiro-
trisindoles, e.g. similisine A (104) isolated from L. similis (Sun et al., 2013).
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1.3.6 Aromatic compounds
A low number of aromatic compounds has been isolated from the genus
Laurencia e.g. 3,5,6,6-tetrabromo-2,4-dimethyldiphenyl ether (105) isolated from L.
similis showing strong inhibition effect against protein tyrosine phosphatase 1B (Qin et
al., 2010).
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1.3.7 Steroids
Steroids isolated from the genus Laurencia are very few in comparison with the

other classes of secondary metabolites isolated. A recently isolated example is
alfredensterol (106) obtained from L. alfredensis and showing cytotoxicity towards

HeLa cervical cancer cell line (Dziwornu et al., 2017).
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1.3.8 Miscellaneous metabolites

Other metabolites have been isolated from the genus Laurencia that cannot be
assigned to one of the previous groups. One of the most recent examples is the
glycolipid  1,2-di-O-palmitoyl-3-O-(6-sulfo-a-D-quinovopyranosyl)-glycerol ~ (107)
isolated from L. alfredensis (Dziwornu et al., 2017).
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1.4 Sponges of the genus Lamellodysidea

Marine sponges (phylum Porifera) are a large phylum within the Kingdom
Animalia. They are considered to be prolific factories of bioactive natural products (El-
Demerdash et al., 2018).

Recently a reclassification of the genus Dysidea resulted in its splitting and
creation of the new genus Lamellodysidea, including three species up to now i.e.
Lamellodysidea herbacea, Lamellodysidea chlorea and Lamellodysidea fragilis
(Kapojos et al., 2018; Sauleau & Bourguet-Kondracki, 2005). Among them, the most
extensively studied is the species L. herbacea (Hanif et al., 2007).

The symbiotic relation with the filamentous cyanobacterium Oscillatoria
spongeliae was found to be a biological characteristic for the genus Lamellodysidea
(Hanif et al., 2007).

Up to now, only a low number of compounds has been isolated from the genus
Lamellodysidea (MarinLit, 2020), including sesquiterpenes (Torii et al., 2017)
polyhydroxysterols (Sauleau & Bourguet-Kondracki, 2005), polychlorinated
pyrrolidinones (Sauleau et al., 2005), dysinosins (Carroll et al., 2004), and
polyhalogenated diphenyl ethers (Kapojos et al., 2018).
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1.4.1 Sesquiterpenes

Lamellodysidines A and B, O,O-dimethyl-lingshuiolide A, 11-epi-O,0-
dimethyl-lingshuiolide A and O-methyl-nakafuran-8 lactone (108-112) were isolated
from the organic extract of an Indonesian L. herbacea (Torii et al., 2017).
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Two monocyclofarnesol-derived sesquiterpenes, namely lamellolactones A and
B (113 and 114) have been isolated from Lamellodysidea sp. (Kapojos et al., 2018).

113 114

1.4.2 Steroids

Up to now only four steroids have been isolated from the genus Lamellodysidea,
namely cholesta-8(9)-en-34,50,60,25-tetraol  (115), cholesta-8(14)-en-35,5a,60.,25-
tetraol (116), cholesta-8(9),24-dien-3p,5a,60-triol (117) and cholesta-8(14),24-dien-
3B,5a,6a-triol (118) isolated from L. herbacea, with 117 and 118 showing antifungal
activity against Candida tropicalis (Sauleau & Bourguet-Kondracki, 2005).
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1.4.3 Polychlorinated pyrrolidinones

Eleven polychlorinated pyrrolidinones analogs dysidamide (119), dysidamide D
(120), dysidamide E (121), dysidamide B (122), dysidamide H (123), 7,7,7-tricholoro-3-
hydroxy-2,2,6 trimethyl-4-(4,4,4-trichloro-3-methyl-1-oxobutyl-amino)-heptanoic acid
methyl ester (124), 7,7,7-tricholoro-2,2,6 trimethyl-3-ox0-4-(4,4,4-trichloro-3-methyl-1-
oxobutyl-amino)-heptanoic acid methyl ester (125), dysidamide F (126), dysidamide C
(127), dysidamide G (128) and 5-epi-dysidamide G (129) have been isolated from L.
herbacea collected in the Red Sea. Among them, dysidamide (119) was found to be
neurotoxic towards mesencephalic and cortical murine neurons with concentration 0.8
pg/ml (Sauleau et al., 2005).
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1.4.4 Dysinosins

Three dysinosin analogs, namely dysinosins B-D (130-132) have been isolated
from L. chlorea and were found to be blood coagulation cascade serine proteases factor
Vlla and thrombin inhibitors (Carroll et al., 2004).
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1.4.5 Polyhalogenated diphenyl ethers

Fourteen polybrominated diphenyl ethers (133-146) have been isolated from the
organic extract of an Indonesian L. herbacea. These compounds were found to have
strong antibacterial activity against Bacillus subtilis (Hanif et al., 2007).
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2-(2',4'-Dibromophenoxy)-3,5-dibromophenol (147), 2-(2',4'dibromophenoxy)-
4,6-dibromophenol (148) and 2-(2'-dibromophenoxy)-3,4,5,6-tetrabromophenol (149),
three polybromobiphenyl ethers have been isolated from L. ¢f. herbacea, showing
inhibitory effects towards protein tyrosine phosphatase 1B (PTP1B) with ICso values of
5.3, 7.8, and 5.3 uM, respectively (Kapojos et al., 2018).
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1.5 Soft corals of the genus Sinularia

Sinularia is a genus of soft corals that belongs to the phylum Cnidaria, the class
Alcyonaria and the family Alcyoniidae. The taxonomy is based on the spicules’
examination and a fairly reliable taxonomic key is available to guide species’
identification (Kamel & Slattery, 2005; Verseveldt, 1980).

The genus Sinularia is widely distributed from western Pacific to the east of
Africa (Figure 4) and consists of approximately 90 species, among which more than 50
have been chemically investigated (Chen et al., 2012).

J— e i O 5 g
Figure 4. Global distribution map for the genus Sinularia.

Over 500 metabolites have been isolated from soft corals of the genus Sinularia,
including sesquiterpenes, diterpenes, polyhydroxylated steroids, alkaloids and
polyamines (Hegazy et al., 2016).
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1.5.1 Sesquiterpenes

A furano-sesquiterpenoid acid, namely furanoic acid (150), was the first reported
sesquiterpene obtained from Sinularia gonatodes (Coll et al., 1977). Later, in 1994 its in
vitro anti-inflammatory activity against bee venom phospholipase A2 (bvPLA2) with an
ICso value of 0.5uM was reported (Grace et al., 1994).
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Africanene (151), the most commonly reported sesquiterpene from species of the
genus Sinularia, was first reported from Sinularia polydactyla (Brackman et al., 1980).
Africanene (151) has mild CNS depressant activity and dose-dependent hypotensive
activity. Furthermore, it acts as an anti-inflammatory agent against carrageenan-induced
rat edema with a 60% reduction at a dose of 10 mg/kg body weight as compared to
ibuprofen (Reddy et al., 1999).

Sesquiterpenes 152 and 153, along with 9a,15-dihydroxyafricanane (154) have
been isolated from Sinularia dissecta (Ramesh & Venkateswarlu, 1999).

152

A sesquiterpene featuring the aromadendrane skeleton, namely spathulenol
(155), has been isolated from Sinularia kavarattiensis (Goud et al., 2002).




Capillobenzopyranol (156), capillobenzofuranol (157) and
capillofuranocarboxylate (158) have been isolated from Sinularia capillosa (Cheng et
al., 2010). Capillobenzopyranol (156) was weakly cytotoxic against P-388 with an EDsg
value of 12.7 uM, while capillobenzofuranol (158) showed antiviral activity (ICso =
13.5 uM) (Arepalli et al., 2009).
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Peroxygibberol (159), gibberodione (160) and sinugibberodiol (161) were
isolated from Sinularia gibberosa (Ahmed et al., 2005). Peroxygibberol (159) exhibited
mild cytotoxic activity against human liver carcinoma cell line.

158
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Polydactins A (162) and B (163), along with 10a-hydroxy-cadin-4-en-15-al
(164), have been isolated from S. polydactyla. Polydactin B (163) was weakly cytotoxic
against KB and MCF cell lines, while polydactin A (162) showed moderate cytotoxic
effects against KB and MCF cell lines with ICso values 13.0 and 14.0 pg/ml,
respectively (Zhang et al., 2008).
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Extraction of Sinularia nanolobata with nHex yielded nanolobatol A (165),
nanolobatol B (166), sinularianin B (167) and sinularianin D (168) (Ngoc et al., 2017).

167

The seco-guaiane-type sesquiterpenes molestin A (169), epi-gibberodione (170)
and its S-isomer at position 1 (171) and three guaiane-type sesquiterpenes molestin B
(172), molestin C (173) and molestin D (174) have been isolated from Sinularia cf.
molesta. Molestin C (173) and molestin D (174) exhibited strong inhibitory effect
against PTP1B with ICso values 218 and 344 uM, respectively (Chu et al., 2018).
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3p,5a-Dihydroxy-eudesma-4(15),11-diene  (175), 4(15)-eudesmene-15,6a-diol
(176), 6a-hydroxy-eudesm-4(15)-ene-1-one (177) and 4p,15-epoxy-eudesmene-1/5,60-
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diol (178) have been isolated from the methanolic extract of Sinularia erecta. 3f,50-
Dihydroxy-eudesma-4(15),11-diene (175) showed selective cytotoxicity against A549
cell line (ICso= 14.8+0.91 uM) (Huong et al., 2018).

176

177

1.5.2 Diterpenes

Two cembrene diterpenes, namely (1R,4R,2E,7E,11E)-cembra-2,7,11-trien-4-ol
(179) and (1R,3S,4S,7E,11E)-3,4-epoxy-cembra-7,11,15-triene (180) have been isolated
from Sinularia facile (Bowden et al., 1981).

179 180

The ethyl acetate extract of Sinularia flexibilis afforded flexibiloide (181) and
dihydroflexibilolide (182) (Anjaneyulu & Sagar, 1996).

Chromatographic separation of the organic extract of S. capillosa allowed for the
isolation of capillolide (183), sinulariolide (184), flexibilide (185) and
(1R,4R,55,8R,95,125,135)-9-acetoxy-5,8:12,13-diepoxy-cembr-15(17)-en-16,4-olide
(186). All of them were found to be moderately to strongly cytotoxic against P-388 and
L1210 cancer cell lines (Su et al., 2000).
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Microclavatin (187), a diterpene obtained from the EtOAc extract of the soft
coral Sinularia microclavata, was found to be cytotoxic against KB and MCF with ICso
values of 5.0 and 20.0 pg/mL, respectively (Zhang et al., 2005).
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Grandilobatins A-E (188-192) have been isolated from Sinularia grandilobata.
Grandilobatin D (191) was found to be pro-inflammatory for iNOS protein of LPS-
stimulated RAW?264.7 macrophage cells at 50 uM (Ahmed et al., 2008).
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Pavidolides A-E (193-197), sarchophytin (198) and chatancin (199) have been
obtained from Sinularia pavida. Their cytotoxicity was tested against HL-60, HCT-S,
HePG2, BGC-823, A549 and A375 cancer cell lines. Pavidolides B (194) and C (195)
exhibited activity against HL-60 with ICso values of 2.7 and 5.3 pg/mL, respectively.
Furthermore, pavidolides C (195) and D (196) showed mild antifouling activity against
A. amphitrite (EDso 4.32 and 2.12 ug/mL, respectively) with low cytotoxicity (LDso> 50
pg/mL) (Shen et al., 2012).

198 199

Sinulariaoids A-D (200-203), dihydrosinularin (204), sinularin (205) and
dihydrosinflexoide (206) have been isolated from a South China Sea Sinularia sp. and
their cytotoxicity was evaluated against HPG2, HPG2/ADM, MCF-7 and MCF-7/ADM

27



human cancer cell lines. While sinulariaoids B-D (201-203), dihydrosinularin (204) and
dihydrosinflexoide (206) were found to be inactive, sinulariaoid A (200) and sinularin
(205) showed moderate cytotoxicity (Lei et al., 2014).

204 205 206

Chemical examination of the organic extract of S. flexibilis yielded nine a-
methylene-d-lactone-bearing cembranoids, namely 9a-hydroxy-flexibilide (207),
15(17)-dehydro-manaarenolide E (208), 8-dehydroxy-15(17)-dehydro-manaarenolide E
(209), 15(17)-dehydro-manaarenolide (210), 15(17)-dehydro-manaarenolide C (211),
epi-flexilarin A (212), flexibilide (213), sinuflexolide (214), 11-acetyl-sinuflexolide
(215), the 15-membered macrocyclic epoxyflexibilene (216) and the two cembrane
dimers sinulaflexiolide L (217) and sinulaflexiolide A (218). Flexibilide (213) exhibited
anti-tumor activity against the inositol-requiring 1/X-box-binding protein 1
(IRE1/XBP1) signaling pathway (ICso= 4.1 ug/mL) (Chen et al., 2015).
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Chemical investigation of S. nanolobata afforded sinulariols A, C, D, H and J
(219-223), nanolobols A-C (224-226), calyculone I (227) and nanoculones A and B
(228 and 229). Sinulariol C (220) was found to be a promising anti-inflammatory agent
(Chao et al., 2016).
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Sinularcasbanes M, N and O (230-232), scabrolide F (233) and ineleganolide
(234) were isolated from the Egyptian Red Sea S. polydactyala (Hegazy et al., 2016).
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Xishacorenes A-C (235-237) and fuscol (238) were isolated from a Chinese S.
polydactyala (Ye et al., 2017).

235 236

237 238

The methanolic extract of S. flexibilis afforded sinulaflexiolides L, M, N and O
(239-242), ent-sinuflexibilin D (243), enolide I (244), sinularin (245), dihydrosinularin
(246), 11-dehydrosinulariolide (247), 14-deoxycrassin (248), thioflexibilolide A (249),
epoxycembrane A (250), diepoxyceane A (251) and flexilarin B (252). Compounds
239-245, 248, 249 and 252 were tested for their inhibitory effect against
lipopolysaccharide (LPS)-induced nitric oxide (NO) production and the levels of TNF-a
in RAW 264.7 macrophages. Among them, compound 245 exhibited the highest
inhibitory effect with 88.6 and 94.2%, respectively, at a 10 uM concentration (Zhao et
al., 2018).
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252

Chemical examination of S. flexibilis led to the isolation of xidaosinularides A-C
(253-255), sinuladiterpene I (256), 5-dehydrosinulariolide (257), 11-epi-sinulariolide
acetate (258) and diepoxycembrene A (259), along with sinulariolide (184) and
flexilarin B (252). Among them, compounds 258, 184 and 252 were found to be strong
anti-inflammatory agents with ICso values of 2.7, 4.7 and 4.2 uM, respectively.
Moreover compound 257 showed cytotoxicity against several cancer cell line (Wu et al.,
2019).
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1.5.3 Steroids

Approximately 50 steroids have been reported from the genus Sinularia
(MarinLit, 2020). Five polyoxygenated steroids, namely 24(S)-methyl-cholest-
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3B,50,68,25-tetraol  (260), cholest-15,35,5a,6f,1 1a-pentaol  (261), 24(28)-methyl-
cholesten-15,34,5a,6f,11a-pentaol  (262), 24(28)-methyl-cholesten-15,34,5a,6a,11a-
pentaol (263) and 24(S)-methyl-cholest-11a,12a-epoxy-15,36,65-triol (264) were
isolated from the soft coral S. dissecta (Ramesh & Venkateswarlu, 1999).
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Chemical investigation of S. grandilobata led to the isolation of four steroids,
namely sinugrandisterols A-D (265-268) (Ahmed et al., 2007).
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24-Methylene-cholesterol (269), 24(S)-methyl-cholesterol (270), 24(S)-methyl-
cholestan-1a,34-diol (271), 24(S)-methyl-cholestan-1a,3f,25-triol (272), 11a-acetoxy-
24(S)-methyl-cholestan-1a,38,5a,6f-tetraol (273), 6-0x0-24(S)-methyl-cholestan-35,5a-
diol (274), gorgosterol (275) and 6-oxo-grogostan-3a,54-diol (276) were isolated from
an Indonesian Sinularia sp. Among them, compounds 271 and 275 were found to have a
consistently antagonistic activity with the farnesoid X-activated receptor (FXR) which
is useful for the cholestasis treatment (Putra et al., 2012).
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Chemical examination of Sinularia acuta led to the isolation of 24-oxo0-6f-
acetoxy,22(E)-cholest-22(23)-ene-34,5a-diol (277), 28,6f-diacetoxy-ergost-24(25)-ene-
3p,5a-diol (278), 6p-acetoxy-24-methyl-cholest-24(28)-ene-34,5a-diol (279), 6p-
acetoxy-24(S)-methyl-cholesta-3f,5a-diol ~ (280),  6p-acetoxy-165-methoxy-23,24-
dimethyl-ergost-17(20)-ene-34,5a-diol ~ (281), 16f-methoxy-23,24-dimethyl-ergost-
5(6),17(20)-diene-34-ol (282), 6f-acetoxy-20-oxo-pregn-16(17)-en-3p-ol (283) and 20-
oxo-pregn-5(6),16(17)-dien-35-ol (284) (Zhang et al., 2015).
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Five polyhydroxylated sterols, namely (22FE)-24-methyl-cholesta-22,24(28)-
dien-3p,50,6f-triol (285), 24-methyl-cholest-24(28)-en-34,5a,6f-triol (286), (22F)-24-
methyl-cholest-22(23)-en-34,5a,64-triol (287), 24-methyl-cholest-34,5a,6f-triol (288)
and cholest-34,5a,6f-triol (289) were obtained from a Chinese Sinularia sp., with all of
them being cytotoxic against HepG2 and HeLa cell lines with ICso values between 8.36
to 37.30 uM (Sun et al., 2016).
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Sinubrassione (290), ergosta-la,3f,5a,60,11a-pentaol (291), sarcoaldesterol B
(292), ergosta-1p,3f,5a,6f-tetraol (293), ergosta-3/,5a,6f-triol (294), sarcoaldesterol A
(295), sinubrassioside (296) and pregnedioside A (297) were isolated from a
Vietnamese Sinularia brassica (Tran et al., 2017).
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Chemical examination of a Chinese Sinularia sp. led to the isolation of
ximaosteroids E and F (298 and 299), astrogorgol N (300) and 20(S)-20-
hydroxycholest-1-ene-3,16-dione (301). Ximaosteroids E and F (298 and 299) and
20(S)-20-hydroxycholest-1-ene-3,16-dione (301) exhibited potent cytotoxicity against
HL-60 (Li et al., 2018).
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1.5.4 Nitrogen-containing compounds

A series of acylspermidines, namely compounds 302-309, were obtained from
Sinularia sp. Acylspermidines 304-306, 308 and 309 exhibited potent cytotoxicity
against A431 cells derived from vulval squamous cell carcinoma (SCC) and NAKATA
cells derived from oral SCC (Ojika et al., 2003).

T
RE

:
g

Three ceramides, namely  N-[(25,3R,E)-1,3-dihydroxyhexacos-4-en-2-
yl]icosanamide, N-[(2S,3S,4R)-1,3,4-trihydroxyhexacosan-2-yl]icosanamide and (R)-2"-
hydroxy-N-[(2S,3S,4R)-1,3,4-trihydroxypentacosan-2-yl[nonadecanamide ~ (310-312),
were isolated from the Egyptian Red Sea Sinularia candidula, with all three showing
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reduction of virus H5NI titer by 48.8, 10.4 and 15.8, respectively, at a concentration of
1 ng/mL (Ahmed et al., 2013).

1.6 Aim of the study

In view of the immense but underexplored potential of marine organisms from
the Red Sea as sources of metabolites with potent bioactivities, the aim of the present
PhD thesis was the chemical investigation of a number of marine organisms collected
from the Red Sea towards the isolation and structure elucidation of new natural
products, as well as the evaluation of their biological activity.
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2. MATERIALS AND METHODS

2.1 General experimental procedures

NMR spectra were obtained on Bruker AC 200, Bruker DRX 400, Avance NEO
700 and Avance NEO 950 (Bruker BioSpin GmbH, Rheinstetten, Germany) and Varian
600 (Varian, Inc., Palo Alto, CA, USA) spectrometers. The 2D NMR experiments
(HSQC, HMBC, COSY, NOESY) were performed using standard Bruker or Varian
pulse sequences. Chemical shifts are given on the J (ppm) scale with reference to the
solvent signals.

Low-resolution EI mass spectra were measured on a Thermo Electron
Corporation DSQ mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) or
Hewlett Packard 5973 mass spectrometer. High-resolution APCI or ESI mass spectra
were measured on a LTQ Orbitrap Velos mass spectrometer (Thermo Fisher Scientific,
Bremen, Germany).

Optical rotations were measured on a Kriiss polarimeter (A. KRUSS Optronic
GmbH, Hamburg, Germany) equipped with a 0.5 dm cell. UV spectra were recorded on
a Lambda 40 UV/Vis spectrophotometer (Perkin Elmer Ltd., Beaconsfield, UK). IR
spectra were obtained on an Alpha II FTIR spectrometer (Bruker Optik GmbH,
Ettlingen, Germany).

High pressure liquid chromatography (HPLC) separations were conducted on a
Waters 600 liquid chromatography pump equipped with a Waters 410 differential
refractometer (Waters Corporation, Milford, MA, USA) or an Agilent 1100 series liquid
chromatography pump equipped with an Agilent 1100 series refractive index detector,
using (a) a Kromasil 100 Cis (MZ-Analysentechnik GmbH, 5 um, 25 cm x 8§ mm i.d.),
(b) an Econosphere Cis (Grace, 25 cm x 10 mm i.d.), (c) a Supelcosil Si (Supelco, 25
cm X 10 mm i.d) or (d) an Econosphere Silica 10p (Grace, 25 cm x 10 mm i.d) column.

Evaporation of the solvents was performed under vacuum using a BUCHI
Rotavapor R-200 rotary evaporator at temperatures up to 40 °C.

The minimal energy structure steric configurations were designed with the
computational molecular modeling program HyperChem 8.0 (Hypercube, Inc.).

2.2 Solvents and chemical reagents

Normal- or reversed-phase vacuum column chromatography separations were
performed with Silica 60, 0.015-0.04 mm (Macherey-Nagel) or Kieselgel 60 RP-18, 40-
63 um (Merck), respectively.

Normal-phase gravity column chromatography separations were performed with
Silica 60, 0.04-0.063 mm (Macherey-Nagel).

Solid phase extractions were performed using normal (SiOH) or reversed (C18)
phase cartridges (Waters Associates or Macherey-Nagel).

Normal- or reversed-phase thin layer chromatography (TLC) separations were
performed using ALUGRAM SIL G/UVa2ss (Macherey-Nagel, thickness of layer 0.2
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mm) or ALUGRAM RP-18 W/UVzs4 (Macherey-Nagel, thickness of layer 0.15 mm)
aluminium sheets, respectively, and spots were detected under a UV lamp at 254 and
365 nm and after spraying with 25% H2SO4 in MeOH reagent and heating at 100 °C for
1-2 min.

All solvents used in extractions and chromatographic separations, with the
exception of H>0O, were purchased from LAB-SCAN Analytical Sciences. Me>CO was
of A.R. grade, cHex, EtOAc, CH>Cl, and MeOH were of A.R. grade that were distilled
prior to use and MeCN was of HPLC grade. H>O used in chromatographic separations
was initially distilled and further purified through a reverse osmosis membrane and
filtered through a deionization resin. All solvents prior to use in HPLC separations were
filtered under vacuum and sonicated.

NMR spectra were measured in deuterated solvents (CDCl3, CD3;0OD or CsDe)
without TMS as internal standard, obtained from Deutero GmbH.

2.3 Collection of organisms

Specimens of the investigated marine organisms (Figure 5) were hand-picked by
SCUBA diving either at Hurghada, Egypt or in Thuwal, Saudi Arabia (Table 1) and
transported to the laboratory in ice chests, where they were stored at —20 °C until
analyzed. Voucher specimens have been deposited at the animal collection of the
Section of Pharmacognosy and Chemistry of Natural Products, Department of
Pharmacy, National and Kapodistrian University of Athens.

Laurencia majuscula Lamellodysidea sp. Sinularia polydactyla

Figure 5. The marine organisms investigated in the present PhD thesis.

Table 1. Collection data for the marine organisms investigated in the present PhD thesis.

Herbari
ercoz:lrelum Organism Type Depth Location Date
ATPH/ Laurencia Hurghada
Al 10 ’ 07/2016
MP0548 majuscula ga m Egypt
ATPH/ . KAEC lagoon,
MP0649 Lamellodysidea sp. | Sponge 1-2m Saudi Arabia 01/2018
ATPH/ Sinularia Soft 10m Hurghada, 10/2015
MP0533 polydactyla coral Egypt
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2.4 Extraction and isolation of metabolites from the alga Laurencia majuscula

Specimens of the alga L. majuscula were extensively extracted with mixtures of
CH>Cl> and MeOH to afford after evaporation of the solvents in vacuo a crude extract
that was subjected to a series of chromatographic separations (Figure 6, Figure 7, Figure
8, Figure 9), including normal- and reversed-phase vacuum column chromatography,
gravity column chromatography and HPLC, to allow for the isolation of a number of
metabolites in pure form. After each chromatographic step, the fractions were analyzed
by '"H NMR spectroscopy.

Initially, the organic extract LMH (9.0 g) was subjected to normal-phase
vacuum column chromatography, using cHex with increasing amounts of EtOAc,
followed by EtOAc with increasing amounts of MeOH as the mobile phase, to afford 16
fractions, which after an initial screening with TLC were combined into 14 fractions
(Table 2).

Table 2. Experimental details for the separation of the crude extract LMH.

. Mobile phase
Fraction Hox %% EtO AIc) % McOH %% Volume (mL)
LMHI 100 - - 450
95 5 - 250
LMH2 90 10 - 250
LMH3 85 15 - 250
LMH4 80 20 - 250
LMHS5 70 30 - 250
LMH6 60 40 - 250
LMH7 50 50 - 250
LMHS8 40 60 - 250
LMH9 30 70 - 250
LMH10 20 80 - 250
LMHI11 10 90 - 250
- 100 - 250
LMHI2 - 80 20 250
LMH13 - 50 50 250
LMH14 - - 100 250
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Figure 6. Fractionation scheme for the isolation of metabolites from the crude extract LMH (part 1).
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Figure 7. Fractionation scheme for the isolation of metabolites from the crude extract LMH (part 2).
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Figure 8. Fractionation scheme for the isolation of metabolites from the crude extract LMH (part 3).
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Figure 9. Fractionation scheme for the isolation of metabolites from the crude extract LMH (part 4).
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Fraction LMH2 (222.4 mg) was further fractionated by normal-phase gravity
column chromatography, using cHex with increasing amounts of EtOAc as the mobile
phase, to afford 55 fractions of approx. 20 mL each, which after an initial screening
with TLC were combined into 8 fractions (Table 3), among which fraction LMH2b was
identified as metabolite LMHO1.

Table 3. Experimental details for the separation of fraction LMH2.

. Mobile phase
Fraction Heox % P EtOAC % Volume (mL)
LMH2a 99 1 120
LMH2b 99 1 140
LMH2c 98 2 60
LMH2d 98 2 80
LMH2e 98 2 100
LMH2f 97 3 200
95 5 100
LMH2g 90 10 100
80 20 50
80 20 50
LMH2h - 100 100

Fraction LMH2a (9.7 mg) was further fractionated by normal-phase SPE
chromatography, using nHex and cHex with increasing amounts of EtOAc as the mobile
phase, to afford four fractions (Table 4).

Table 4. Experimental details for the separation of fraction LMH2a.

Mobile phase

Fraction aHox % Hex % FtOAC % Volume (mL)
LMH2al 100 - - 6
LMH2a2 - 98 2 4
LMH2a3 - 95 5 4
LMH2a4 - - 100 4

Fraction LMH2al (3.5 mg) was subjected to normal-phase HPLC to yield two
fractions LMH2ala and LMH2alb (Table 5) which were identified as metabolites
LMH14 and LMHI15, respectively.

Table 5. Experimental details for the separation of fraction LMH2al.

Chromatographic conditions

Column

Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase

nHex 100%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
LMH2ala 11.9 2.1
LMH2alb 13.0 0.7

Fraction LMH2f (60.6 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford five fractions (Table 6).

Table 6. Experimental details for the separation of fraction LMH2f.

. Mobile phase
Fraction Hox % P FtOAC % Volume (mL)
LMH2f1 95 5 20
LMH212 90 10 10
LMH213 80 20 10
LMH2f4 - 100 10
LMH2f5 - 100 10

Fraction LMH2f2 (23.3 mg) was subjected to normal-phase HPLC to yield five
fractions (Table 7), among which fraction LMH2f2e was identified as metabolite

LMHO03.
Table 7. Experimental details for the separation of fraction LMH2f2.
Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)

Mobile phase cHex/EtOAc 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH212a 10.0 12.0
LMH2f2b 13.7 2.0
LMH2f2¢ 15.6 1.9
LMH2f2d 17.8 2.6
LMH 2f2e 19.0 2.1

Fraction LMH3 (1.0 g) was further fractionated by normal-phase gravity column
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 116 fractions of approx. 25 mL each, which after an initial screening with TLC
were combined into 9 fractions (Table 8).

48




Table 8. Experimental details for the separation of fraction LMH3.

Mobile phase

Fracti Vol L

raction Hex %% FtOAC %% olume (mL)
100 _ 250
99 1 200
08 2 200
LMH3a 97 3 200
96 4 200
95 5 50
95 5 250
LMH3b 5 ° 0
LMH3c¢ 94 6 150
94 6 50
LMH3d 93 7 100
LMH3e 93 7 250
LMH3f 92 8 250
90 10 200

LMH3

& 85 15 100
LMH2h 75 25 200
LMH3i ; 100 200

afford three fractions (Table 9).

Fraction LMH3a (354.2 mg) was further fractionated by normal-phase SPE
chromatography, using nHex with increasing amounts of EtOAc as the mobile phase, to

Table 9. Experimental details for the separation of fraction LMH3a.

Fraction Mobile phase Volume (mL)
nHex % EtOAc %

LMH3al 99 1 60

LMH3a2 99 1 10

LMH3a3 - 100 50

as metabolites LMH20 and LMH16, respectively.

Fraction LMH3al (74.8 mg) was subjected to normal-phase HPLC to yield eight
fractions (Table 10), among which fractions LMH3alg and LMH3alh were identified

Table 10. Experimental details for the separation of fraction LMH3al.

Chromatographic conditions

Column

Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase

nHex/EtOAc 92:8%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
LMH3ala 10.0 4.5
LMH3alb 10.7 2.1
LMH3alc 14.8 6.7
LMH3ald 17.1 4.6
LMH3ale 18.2 4.2
LMH3alf 19.1 11.9
LMH3alg 22.1 33
LMH3alh 24.3 3.8

Fraction LMH3b (41.6 mg) was subjected to normal-phase HPLC to yield one

fraction (Table 11) which was identified as metabolite LMHO02.

Table 11. Experimental details for the separation of fraction LMH3b.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH3bl 21.9 30.0

Fraction LMH3c (124.4 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 6 fractions which after an initial screening with TLC were combined into 4

fractions (Table 12).

Table 12. Experimental details for the separation of fraction LMH3c.

. Mobile phase

Fraction cHex % EtOAc % Volume (mL)

LMH3cl 100 - 30

LMH3c2 95 5 20

LMH3c3 90 10 20

80 20 20

LMH3c4 - 100 20

- 100 20

Fractions LMH3c2 and LMH3c3, pooled together in one fraction thereafter
designated as LMH3c2 (85 mg), were subjected to normal-phase HPLC to yield nine
fractions (Table 13), among which fractions LMH3c2c, LMH3c2d, LMH3c2f and
LMH3c2i were identified as metabolites LMHO06, LMH02, LMHO07 and LMHO0S8,

respectively.
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Table 13. Experimental details for the separation of fraction LMH3c2.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH3c2a 10.9 3.8
LMH3c2b 16.1 2.9
LMH3c2c 17.9 7.6
LMH3c2d 22.4 12.3
LMH3c2e 26.2 0.9
LMH3c2f 27.5 8.2
LMH3c2g 30.1 1.2
LMH3c2h 31.5 7.6
LMH3c2i 34.1 19.5

Fraction LMH3d (108.6 mg) was subjected to normal-phase HPLC to yield nine
fractions (Table 14), among which fractions LMH3d3, LMH3d4 and LMH3d8 were
identified as metabolites LMH02, LMH04 and LMHO0S5, respectively.

Table 14. Experimental details for the separation of fraction LMH3d.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH3d1 10.9 2.1
LMH3d2 15.8 1.9
LMH3d3 21.8 13.9
LMH3d4 25.5 3.6
LMH3d5 27.2 4.1
LMH3d6 28.9 36.9
LMH3d7 33.2 2.7
LMH3d8 35.5 8.8
LMH3d9 41.5 33

Fraction LMH3e (62.3 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 8 fractions which after an initial screening with TLC were combined into 6

fractions (Table 15).
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Table 15. Experimental details for the separation of fraction LMH3e.

. Mobile phase

Fraction cHox % EtOAC % Volume (mL)

LMH3el 100 - 30

97 3 15

LMH3e2 95 5 G

LMH3e3 92 8 15

LMH3e4 90 10 15

LMH3e5 88 12 15

85 15 15

LMH3e6 80 20 15

- 100 15

Fraction LMH3e4 (20.4 mg) was subjected to normal-phase HPLC to yield four

fractions (Table 16).

Table 16. Experimental details for the separation of fraction LMH3e4.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 90:10%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH3e4a 16.2 2.2
LMH3e4b 16.7 6.9
LMH3e4c 18.3 2.6
LMH3e4d 21.8 0.7

Fraction LMH3e4c (2.6 mg) was subjected to normal-phase HPLC to yield three
fractions (Table 17), among which fraction LMH3e4c2 was identified as metabolite

LMH23.
Table 17. Experimental details for the separation of fraction LMH3e4c.
Chromatographic conditions
Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/Acetone 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH3e4cl 14.6 0.6
LMH3e4c2 23.4 0.2
LMH3e4c3 36.9 0.7
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Fraction LMH3e5 (5.5 mg) was subjected to normal-phase HPLC to yield five
fractions (Table 18), among which fraction LMH3e5c was identified as metabolite
LMH11.

Table 18. Experimental details for the separation of fraction LMH3e5.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)

Mobile phase cHex/EtOAc 90:10%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH3e5a 16.7 1.3
LMH3e5b 18.2 0.6
LMH3e5c¢ 19.0 0.8
LMH3e5d 22.1 0.6
LMH3e5e 27.3 0.5

Fractions LMH4 and LMHS, pooled together in one fraction thereafter
designated as LMH4 (1.2 g), were further fractionated by normal-phase gravity column
chromatography, using cHex with increasing amounts of EtOAc and EtOAc with
increasing amounts of MeOH as the mobile phase, to afford 116 fractions of approx. 25
mL each, which after an initial screening with TLC were combined into 17 fractions
(Table 19).

Table 19. Experimental details for the separation of fraction LMH4.

Fraction Mobile phase Volume (mL)
cHex % EtOAc % MeOH %

LMH4a 95 5 ; 125
LMH4b 95 5 3 75
LMHdc 94 6 : 100
LMH4d 94 6 3 50
LMH4c 93 7 - 75
LMH4f 93 7 - 125
LMHdg 91 9 ; 75
LMH4h 91 9 : 100
LMH4i 90 10 3 100
LMH4] 90 10 ; 50
LMH4k 88 12 : 225
LMH4] 85 15 3 100
85 15 : 75
LMH4m 80 20 : 150
80 20 - 75
LMHdn 70 30 - 250
LMH4o 60 40 ; 200




LMH4p 50 50 . 200
- 100 - 250
. 97 3 100

LMH4
d _ 90 10 100
- 50 50 300

Fraction LMH4b and LMH4c, pooled together in one fraction thereafter
designated as LMH4b (73.6 mg), were further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 9 fractions which after an initial screening with TLC were combined into 6
fractions (Table 20).

Table 20 . Experimental details for the separation of fraction LMH4b.

Mobile phase
Fracti Vol L
raction Hex % FtOAC %% olume (mL)
100 - 30
LMH4b1
b 98 2 20
96 4 20
LMH4b2 o 5 20
92 8 20
LMH4b3 90 0 20
LMH4b4 88 12 20
LMH4b5 80 20 20
LMH4b6 - 100 20

Fraction LMH4b1 (21.9 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 21) which were identified as metabolites LMH12 and LMH13,

respectively.
Table 21. Experimental details for the separation of fraction LMH4b1.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase nHex 100%, 1.0 mL/min
Fraction Retention time (min) Weight (mg)
LMH4bla 17.4 52
LMH4blb 21.3 3.4

Fraction LMH4b2 (14.6 mg) was subjected to normal-phase HPLC to yield three
fractions (Table 22), among which fraction LMH4b2c was identified as metabolite
LMH18.
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Table 22. Experimental details for the separation of fraction LMH4b2.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4b2a 12.9 1.4
LMH4b2b 14.0 0.7
LMH4b2c 15.2 0.8

Fraction LMH4b3 (10.4 mg) was subjected to normal-phase HPLC to yield four
fractions (Table 23), among which fraction LMH4b3d was identified as metabolite

LMH17.
Table 23. Experimental details for the separation of fraction LMH4b3.
Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 90:10%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4b3a 14.5 0.7
LMH4b3b 15.8 1.4
LMH4b3c 18.8 0.6
LMH4b3d 19.6 33

Fraction LMH4h (15.8 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 24), among which fraction LMH4h2 was identified as metabolite

LMH11.
Table 24. Experimental details for the separation of fraction LMH4h.
Chromatographic conditions
Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 90:10%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4h1 17.1 3.8
LMH4h2 19.5 33

Fraction LMH4i (26.1 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 25), among which fraction LMH4i2 was identified as metabolite

LMH11.
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Table 25. Experimental details for the separation of fraction LMH4i.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 90:10%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMHA4il 16.7 4.5
LMH4i2 20.2 1.6

Fraction LMH4j (15.8 mg) was subjected to normal-phase HPLC to yield six
fractions (Table 26), among which fraction LMH4j6 was identified as metabolite
LMH21.

Table 26. Experimental details for the separation of fraction LMH4;.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 80:20%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4j1 11.4 1.0
LMH4;2 12.0 0.5
LMH4;3 13.3 0.6
LMH4;4 14.3 0.9
LMH4;j5 16.6 0.3
LMH4j6 17.1 1.0

Fractions LMH4k and LMH4l, pooled together in one fraction thereafter
designated as LMH4k (334.2 mg), were further fractionated by normal-phase gravity
column chromatography, using cHex with increasing amounts of EtOAc as the mobile
phase, to afford 46 fractions of approx. 15 mL each, which after an initial screening
with TLC were combined into 8 fractions (Table 27).

Table 27. Experimental details for the separation of fraction LMH4k.

Mobile phase
Fracti Vol L
raction Hex % FtOAC % olume (mL)
92 8 150
LMH4k1 90 0 25
LMH4k2 90 10 45
LMHA4k3 20 10 30
88 12 30
LMH4k4 88 12 45
LMHA4k5 85 15 60
LMH4k6 85 15 60
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80 20 75
LMH4k7 80 20 60
LMH4k8 - 100 100

Fraction LMH4k7 (9.9 mg) was subjected to normal-phase HPLC to yield one
fraction (Table 28) which was identified as metabolite LMH19.

Table 28. Experimental details for the separation of fraction LMH4k?7.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)

Mobile phase cHex/EtOAc 80:20%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4k7a 19.2 3.0

Fraction LMH4k8 (78.0 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 4 fractions (Table 29).

Table 29. Experimental details for the separation of fraction LMH4k8.

. Mobile phase
Fraction Hex %% P FtOAC % Volume (mL)
LMH4k8a 80 20 25
LMH4k8b 80 20 15
LMH4k8c 80 20 15
LMH4k8d - 100 20

Fraction LMH4k8b (12.7 mg) was subjected to normal-phase HPLC to yield
three fractions (Table 30).

Table 30. Experimental details for the separation of fraction LMH4k8b.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 75:25%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4k8b1 9.3 0.6
LMH4k8b2 17.8 2.9
LMH4k8b3 22.1 1.6

Fraction LMH4k8b3 (1.6 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 31) which were identified as metabolites LMH25 and LMH27,

respectively.
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Table 31. Experimental details for the separation of fraction LMH4k8b3.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 82:18%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4k8b3a 16.3 1.5
LMH4k8b3b 17.5 0.7

Fraction LMH4k8c (10.0 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 32) which were identified as metabolites LMH25 and LMH21,

respectively.

Table 32. Experimental details for the separation of fraction LMH4k8c.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 75:25%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
LMH4k8c1 22.1 1.2
LMH4k8c2 23.9 3.6

Fraction LMH4k8d, (33.0 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 3 fractions (Table 33).

Table 33. Experimental details for the separation of fraction LMH4k8d.

. Mobile phase
Fraction “Hex %% FtOAC %% Volume (mL)
LMH4k8d1 60 40 20
LMH4k8d2 60 40 30
LMH4k&8d3 - 100 15

Fraction LMH4k8d1 (17.4 mg) was subjected to normal-phase HPLC to yield
three fractions (Table 34), which were identified as metabolites LMH21, LMH22 and

LMH24, respectively.

Table 34. Experimental details for the separation of fraction LMH4k8d1.

Chromatographic conditions

Column

Econosphere Silica 10p (250 mm X% 10 mm i.d.)

Mobile phase

cHex/EtOAc 65:35%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
LMH4k8d1a 16.9 6.5
LMH4k8d1b 19.8 2.3
LMH4k8d1c 25.0 0.6

Fraction LMH4k8d2 (17.4 mg) was subjected to normal-phase HPLC to yield
seven fractions (Table 35), among which fractions LMH4k8d2d and LMH4k8d2g were
identified as metabolites LMH24 and LMHZ26, respectively.

Table 35. Experimental details for the separation of fraction LMH4k8d2.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 60:40%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

LMH4k8d2a 15.0 0.5
LMH4k8d2b 17.0 1.0
LMH4k8d2c 17.8 0.5
LMH4k8d2d 20.8 1.1
LMH4k8d2e 23.4 34
LMH4k8d2f 25.9 0.7
LMH4k8d2g 34.7 0.8

In total, from the chemical investigation of the organic extract of the red alga L.
majuscula, 25 metabolites were isolated in pure form (Table 36).

Table 36. Isolated metabolites from the red alga L. majuscula.

Metabolite Code Fraction Weight (mg)
1 LMHI12 LMH4bla 52
2 LMH17 LMH4b3d 33
3 LMH13 LMH4bl1b 34
4 LMH20 LMH3alg 2.0
5 LMH18 LMH4b2c 0.8
6 LMH25 LMH4k8b3a, LMH4k8c1 2.7
7 LMH24 LMH4k8d1c, LMH4k8d2d 1.7
8 LMH19 LMH4k7a 3.0
9 LMH26 LMH4k8d2g 0.8
10 LMH23 LMH3e4c2 0.2
11 LMHO1 LMH2b 76.6
12 LMHI5 LMH2alb 0.7
13 LMHO03 LMH2f2e 2.0
14 LMH14 LMH2ala 2.1
15 LMHO05 LMH3d8 8.8
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16 LMHI11 LMH3e5c, LMH4h2, LMH4i2 5.7
17 LMHO04 LMH3d4 3.6
18 LMHO02 LMH3b1, LMH3c2d, LMH3d3 56.2
19 LMHO06 LMH3c2¢c 7.6
20 LMHO07 LMH3c2f 8.2
21 LMHO08 LMH3c2i 19.5
22 LMHI16 LMH3alh 3.8
LMH4j6, LMH4k8c2,
LMH21 | MI4k8dla 11.1
LMH22 LMH4k8d1b 2.3
LMH27 LMH4k8b3b 0.7

2.5 Extraction and isolation of metabolites from the sponge Lamellodysidea sp.

Initially, a small quantity of the sponge Lamellodysidea sp. was extensively
extracted with mixtures of CH>Cl, and MeOH to afford after evaporation of the solvents
in vacuo a crude extract (small-scale) that was subjected to a series of chromatographic
separations (Figure 10), including normal- and reversed-phase vacuum column
chromatography, gravity column chromatography and HPLC, to allow for the isolation
of a number of metabolites in pure form. After each chromatographic step, the fractions
were analyzed by 'H NMR spectroscopy.

The organic extract k649 (905.5 mg) was subjected to normal-phase gravity
column chromatography, using cHex with increasing amounts of EtOAc, followed by
EtOAc with increasing amounts of MeOH as the mobile phase, to afford 95 fractions, of
approx. 25 mL each, which after an initial screening with TLC were combined into 11
fractions (Table 37).
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Figure 10. Fractionation scheme for the isolation of metabolites from the crude extract k649 (small-scale).
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Table 37. Experimental details for the separation of the crude extract k649 (small-scale).

. Mobile phase

Fraction Hex % EtOAC % MeOH % Volume (mL)

k6492 95 5 : 200

k649b 90 10 - 50

90 10 - 75

k649c 85 15 - 75

k649d 85 15 - 150

80 20 - 200

k649¢ 75 25 - 100

70 30 - 75

70 30 - 75

k649f 60 40 : 150

50 50 - 75

50 50 ; 125

k649 45 55 ; 100

45 55 - 50

40 60 - 125

k649h 35 65 - 100

30 70 - 100

25 75 : 100

, 20 80 - 100

k6491 10 90 - 100

- 100 - 50

K649; - 100 - 100

K649k - 50 50 100

Fraction k649c (28.0 mg) was subjected to normal-phase HPLC to yield six
fractions (Table 38), among which fraction k649c6 was identified as metabolite K649-

02.
Table 38. Experimental details for the separation of fraction k649c.
Chromatographic conditions
Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 90:10%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
k649c1 10.4 0.1
k649¢2 12.8 1.3
k649c¢3 14.9 0.8
k649c4 15.8 4.3
k649c5 17.8 4.2
k649¢c6 19.2 10.7
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Fraction k649c4 (4.3 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 39), among which fraction k649c4b was identified as metabolite K649-

10.
Table 39. Experimental details for the separation of fraction k649c4.
Chromatographic conditions
Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase cHex/Acetone 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
k649c4a 14.6 2.6
k649c4b 15.2 3.8

Fractions k649d and k649e, pooled together in one fraction thereafter designated
as k649d (192.7 mg), were further fractionated by normal-phase gravity column
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 57 fractions of approx. 15 mL each, which after an initial screening with TLC
were combined into 10 fractions (Table 40).

Table 40. Experimental details for the separation of fraction k649d.

. Mobile phase
Fraction “Hex %% FtOAC %% Volume (mL)
k649d1 90 10 120
k649d2 90 10 45
k649d3 90 10 45
k649d4 90 10 75
k649d5 90 10 45
k649d6 90 10 30
k649d7 90 10 165
k649d8 90 10 120
90 10 75
k649d9 20 20 50
k649d10 - 100 75

Fraction k649d7 (18.9 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to

afford 10 fractions which after an initial screening with TLC were combined into 6
fractions (Table 41).
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Table 41. Experimental details for the separation of fraction k649d7.

Mobile phase
Fracti 1 L
raction Hex %% FtOAC %% Volume (mL)
95 5 7
90 10 5
k649d7a 90 0 5
88 12 5
k649d7b 88 12 5
88 12 5
k64
649d7c 25 35 7
k649d7d 85 15 7
k649d7e 85 15 7
k649d7f 50 50 7

Fractions k649d7c, k649d7d and k649d7e, pooled together in one fraction
thereafter designated as k649d7c (15.1 mg), were subjected to normal-phase HPLC to
yield four fractions (Table 42), among which fraction k649d7c3 was identified as
metabolite K649-07.

Table 42. Experimental details for the separation of fraction k649d7c.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)

Mobile phase cHex/EtOAc 80:20%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
k649d7c1 16.1 4.3
k649d7c2 18.7 0.2
k649d7c3 22.0 9.2
k649d7c4 24.5 0.5

Subsequently, a larger quantity of the sponge Lamellodysidea sp. was
extensively extracted with mixtures of CH2Cl> and MeOH to afford after evaporation of
the solvents in vacuo a crude extract (large-scale) that was subjected to a series of
chromatographic separations (Figure 11), including normal- and reversed-phase vacuum
column chromatography, gravity column chromatography and HPLC, to allow for the
isolation of a number of metabolites in pure form. After each chromatographic step, the
fractions were analyzed by '"H NMR spectroscopy.
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Figure 11. Fractionation scheme for the isolation of metabolites from the crude extract kr649 (large-scale).
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The organic extract kr649 (15.5 g) was subjected to normal-phase vacuum
column chromatography, using cHex with increasing amounts of EtOAc, followed by
EtOAc with increasing amounts of MeOH as the mobile phase, to afford 18 fractions,
which after an initial screening with TLC were combined into 7 fractions (Table 43).

Table 43. Experimental details for the separation of the crude extract kr649 (large-scale).

Fraction Mobile phase Volume (mL)
1
cHex % | EtOAc% | MeOH % "

100 ; 3 700
95 5 _ 250
kr649a 90 10 _ 250
85 15 _ 250
80 20 _ 250
75 25 _ 250

kr649b
: 70 30 - 250
60 40 3 250
50 50 3 250
kr649¢ 40 60 : 250
30 70 } 250

kr64

649d 20 80 _ 250
10 90 _ 250
kr649¢ ; 100 3 250
; 90 10 250
; 75 25 250

kr649f
r ; ; 100 250
kr649g ; } 100 250

Fraction kr649a (107.0 mg) was subjected to reverse-phase HPLC to yield two
fractions (Table 44) which were identified as metabolites KR649-12 and KR649-13,
respectively.

Table 44. Experimental details for the separation of fraction kr649a.

Chromatographic conditions

Column Kromasil 100-7-Cis (250 mm x 10 mm i.d.)

Mobile phase MeCN 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649al 18.5 76.3
kr649a2 20.0 15.6

Fractions kr649b and kr649c, pooled together in one fraction thereafter
designated as kr649b (4.9 g), were further fractionated by normal-phase gravity column
chromatography, using cHex with increasing amounts of EtOAc and EtOAC with
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increasing amounts of MeOH as the mobile phase, to afford 175 fractions of approx. 35

mL each, which after an initial screening with TLC were combined into 16 fractions

(Table 45).
Table 45. Experimental details for the separation of fraction kr649b.
Mobile phase
Fracti Vol L
raction cHex % EtOAc % MeOH % olume (mL)
kr649b1 90 10 - 315
kr649b2 90 10 - 280
kr649b3 90 10 - 105
kr649b4 90 10 - 105
kr649b5 90 10 - 245
90 10 - 105
kr649b6 28 B . 175
kr649b7 88 12 - 140
88 12 - 245
kr649b8 84 16 i 420
kr649b9 84 16 - 140
84 16 - 350
kr649b10 ) 13 . 105
kr649b11 82 18 - 280
82 18 - 70
kr649b12 20 20 . 350
80 20 - 175
kr649b13 70 30 - 210
60 40 - 385
60 40 - 105
kr649b14

6496 40 60 - 315
20 80 - 315
kr649b15 . 100 . 315
kr649b16 - 19 - 28
- 95 5 595

Fraction kr649b5 (75.1 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of Acetone as the mobile phase,

to afford 4 fractions which after an initial screening with TLC were combined into 2

fractions (Table 46).
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Table 46. Experimental details for the separation of fraction kr649b5.

Mobile phase
Fracti Vol L
raction cHex % Acetone % olume (mL)
95 5 34
kr649b5a %3 7 20
90 10 20
kr649b5b - 100 m

Fraction kr649b5a (67.5 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 4 fractions which after an initial screening with TLC were combined into 2
fractions (Table 47).

Table 47. Experimental details for the separation of fraction kr649b5a.

. Mobile phase
Fraction Hex %% FtOAC % Volume (mL)
95 5 35
kr649b5al 93 7 20
90 10 20
kr649b5a2 90 10 20

Fraction kr649b5al (57.5 mg) was subjected to normal-phase HPLC to yield
nine fractions (Table 48).

Table 48. Experimental details for the separation of fraction kr649b5al.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/Acetone 94:6%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

kr649b5ala 12.7 4.1
kr649b5Salb 13.6 23
kr649b5alc 14.3 23
kr649bSald 15.1 33
kr649b5ale 15.6 3.9
kr649bSalf 16.4 2.9
kr649bSalg 17.5 3.4
kr649b5alh 18.7 10.0
kr649b5ali 20.4 2.6

Fraction kr649b5ala (4.1 mg) was subjected to normal-phase HPLC to yield one
fraction (Table 49) which was identified as metabolite KR649-29.
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Table 49. Experimental details for the separation of fraction kr649b5ala.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase nHex/EtOAc 92:8%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b5alal 12.8 3.3

Fraction kr649b5alb (3.0 mg) was subjected to normal-phase HPLC to yield one
fraction (Table 50) which was identified as metabolite KR649-30.

Table 50. Experimental details for the separation of fraction kr649b5alb.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase nHex/EtOAc 92:8%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b5albl 13.5 2.4

Fraction kr649b5ald (3.3 mg) was subjected to normal-phase HPLC to yield
four fractions (Table 51), among which fraction kr649b5ald4 was identified as
metabolite KR649-23.

Table 51. Experimental details for the separation of fraction kr649b5ald.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/Acetone 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b5aldl 14.7 0.1
kr649b5ald2 15.4 0.1
kr649b5ald3 16.8 0.1
kr649b5ald4 17.5 1.0

Fraction kr649b6 (60.8 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 4 fractions which after an initial screening with TLC were combined into 3
fractions (Table 52).
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Table 52. Experimental details for the separation of fraction kr649b6.

Mobile phase
Fracti Vol L
raction Hex %% FtOAC %% olume (mL)
94 6 30
kr649b6a B 2 G
kr649b6b 90 10 15
kr649b6¢ - 100 15

Fraction kr649b6a (18.7 mg) was subjected to normal-phase HPLC to yield four
fractions (Table 53), among which fraction kr649b6a4 was identified as metabolite
KR649-10.

Table 53. Experimental details for the separation of fraction kr649b6a.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
bbal 14.3 2.4
b6a2 15.8 1.4
b6a3 16.6 6.9
b6a4 20.0 3.6

Fraction kr649b6b (34.6 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford five fractions which after an initial screening with TLC were combined into 4
fractions (Table 54).

Table 54. Experimental details for the separation of fraction kr649b6b.

Mobile phase
Fracti Vol L
raction Hox % FtOAC % olume (mL)
96 4 20
kr649b6b1 o ; 10
kr649b6b2 94 6 10
kr649b6b3 93 7 10
kr649b6b4 92 8 10

Fraction kr649b6bl (17.5 mg) was subjected to normal-phase HPLC to yield
three fractions (Table 55), among which fraction kr649b6blb was identified as
metabolite KR649-10.
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Table 55. Experimental details for the separation of fraction kr649b6b1.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b6bla 15.6 2.4
kr649b6b1b 18.8 1.4
kr649b6blc 19.8 6.9

Fraction kr649b6b2 (13.3 mg) was subjected to normal-phase HPLC to yield
four fractions (Table 56).

Table 56. Experimental details for the separation of fraction kr649b6b2.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/EtOAc 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b6b2a 19.4 3.8
kr649b6b2b 20.5 1.9
kr649b6b2c 22.5 2.4
kr649b6b2d 24.0 1.3

Fraction kr649b6b2a (3.8 mg) was subjected to normal-phase HPLC to yield
three fraction (Table 57), among which fraction kr649b6b2a3 was identified as
metabolite KR649-10.

Table 57. Experimental details for the separation of fraction kr649b6b2a.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase cHex/Acetone 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b6b2al 12.8 0.6
kr649b6b2a2 19.4 2.4
kr649b6b2a3 20.2 2.1

Fraction kr649b6b2d (1.3 mg) was subjected to normal-phase HPLC to yield
three fractions (Table 58), among which fractions kr649b6b2d2 and kr649b6b2d3 were
identified as metabolites KR649-20 and KR649-21, respectively.
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Table 58. Experimental details for the separation of fraction kr649b6b2d.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/Acetone 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b6b2d1 12.6 0.1
kr649b6b2d2 21.0 0.1
kr649b6b2d3 233 0.2

Fraction kr649b7 (39.5 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to

afford six fractions which after an initial screening with TLC were combined into 3
fractions (Table 59).

Table 59. Experimental details for the separation of fraction kr649b7.

. Mobile phase
Fraction “Hex %% FtOAC %% Volume (mL)
96 4 20
kr649b7a 94 6 10
94 6 10
93 7 10
kr649b7b % A 10
kr649b7c - 100 10

Fraction kr649b7a (21.4 mg) was subjected to normal-phase HPLC to yield five
fractions (Table 60), among which fractions kr649b7al and kr649b7a4 were identified
as metabolites KR649-10 and KR649-02, respectively.

Table 60. Experimental details for the separation of fraction kr649b7a.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)

Mobile phase cHex/EtOAc 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b7al 19.5 6.4
kr649b7a2 22.9 2.1
kr649b7a3 24.2 2.3
kr649b7a4 26.4 33
kr649b7as 27.9 1.4
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Fraction kr649b7b (11.0 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 61), among which fraction kr649b7b1 was identified as metabolites

KR649-02.
Table 61. Experimental details for the separation of fraction kr649b7b.
Chromatographic conditions
Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase cHex/EtOAc 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

kr649b7b1 26.5 5.8
kr649b7b2 28.0 1.1

Fractions kr649b7a5 and kr649b7b2, pooled together in one fraction thereafter
designated as kr649b7a5 (2.5 mg), were subjected to normal-phase HPLC to yield two
fractions (Table 62), among which fraction kr649b7a5a was identified as metabolites

KR649-02.
Table 62. Experimental details for the separation of fraction kr649b7a5.
Chromatographic conditions
Column Econosphere Silica 10u (250 mm X 10 mm i.d.)
Mobile phase cHex/Acetone 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b7aSa 21.7 1.1
kr649b7aSb 23.6 1

Fraction kr649b8 (181.7 mg) was further fractionated by normal-phase SPE
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford six fractions (Table 63).

Table 63. Experimental details for the separation of fraction kr649b8.

. Mobile phase
Fraction Hex %% FtOAC %% Volume (mL)
kr649b8a 96 4 46
kr649b8b 94 6 30
kr649b8c 94 6 30
kr649b8d 93 7 30
kr649b8e 92 8 30
kr649b8f - 100 30
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Fraction kr649b8a (15.5 mg) was subjected to normal-phase HPLC to yield four
fractions (Table 64), among which fractions kr649b8a2 and kr649b8a3 were identified
as metabolites KR649-10 and KR649-02, respectively.

Table 64. Experimental details for the separation of fraction kr649b8a.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase cHex/Acetone 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b8al 12.9 2.5
kr649b8a2 19.9 2.7
kr649b8a3 21.9 3.8
kr649b8a4 23.6 1.7

Fraction kr649b8a4 (1.7 mg) was subjected to normal-phase HPLC to yield two

fractions (Table 65).

Table 65. Experimental details for the separation of fraction kr649b8a4.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase nHex/Acetone 94:6%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b8ada 19.5 0.1
kr649b8adb 22.4 0.9

Fraction kr649b8a4b (0.9 mg) was subjected to normal-phase HPLC to yield two
fractions (Table 66), among which fraction kr649b8a4bl was identified as metabolite

KR649-21.
Table 66. Experimental details for the separation of fraction kr649b8a4b.
Chromatographic conditions
Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase nHex/EtOAc 92:8%, 2.0 mL/min
Fraction Retention time (min) Weight (mg)

kr649b8a4b1 21.0 0.1
kr649b8a4b2 24.8 0.5

Fraction kr649b8b (86.5 mg) was subjected to normal-phase HPLC to yield

three fractions (Table 67).
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Table 67. Experimental details for the separation of fraction kr649b8b.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)

Mobile phase cHex/EtOAc 93:7%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b8b1 23.5 3.7
kr649b8b2 25.6 42.9
kr649b8b3 323 19.4

Fractions kr649b7a3 and kr649b8bl, pooled together in one fraction thereafter
designated as kr649b8b1 (6.0. mg), were subjected to normal-phase HPLC to yield four
fractions (Table 68), among which fractions kr649b8b1b, kr649b8blc and kr649b8b1d
were identified as metabolites KR649-19, KR649-20 and KR649-21, respectively.

Table 68. Experimental details for the separation of fraction kr649b8b1.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase cHex/Acetone 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b8bla 13.6 0.4
kr649b8b1b 22.8 1.5
kr649b8blc 24.5 1.0
kr649b8b1d 26.1 0.7

Fraction kr649b8b2 (42.9 mg) was subjected to normal-phase HPLC to yield
four fractions (Table 69), among which fraction kr649b8b2c was identified as

metabolite KR649-02.

Table 69. Experimental details for the separation of fraction kr649b8b2.

Chromatographic conditions

Column Econosphere Silica 10p (250 mm x 10 mm i.d.)
Mobile phase cHex/Acetone 96:4%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b8b2a 14.0 0.9
kr649b8b2b 19.6 1.9
kr649b8b2c 21.6 27.7
kr649b8b2d 23.5 9.0
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Fraction kr649b8b2b (1.9 mg) was subjected to normal-phase HPLC to yield
two fractions (Table 70), among which fraction kr649b8b2b2 was identified as
metabolite KR649-02.

Table 70. Experimental details for the separation of fraction kr649b8b2b.

Chromatographic conditions

Column Econosphere Silica 10y (250 mm X 10 mm i.d.)
Mobile phase nHex/Acetone 94:6%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
kr649b8b2b1 17.7 0.2
kr649b8b2b2 19.3 0.4

In total, from the chemical investigation of the organic extracts (small- and
large-scale) of the sponge Lamellodysidea sp., 11 metabolites were isolated in pure form

(Table 71).

Table 71. Isolated metabolites from the sponge Lamellodysidea sp.
Metabolite Code Fraction Weight (mg)
23 KR649-13 kr649a2 15.6
24 KR649-12 kr649al 76.3
25 KR649-23 kr649B5ald4 1.0

K649-10 k649c4b
26 kr649b6a4, kr649b6b1b, 24.0
KR649-10 kr649b6b2a3, kr649b7al,
kr649b8a2
kr649b6b2d3, kr649b8a4bl,
27 KR649-21 Kr649b3b1d 1.7
28 KR649-07 K649d7c3 9.2
K649-02 K649c6
29 kr649b7a4, kr649b7bl, 58.2
KR649-02 kr649b7a5a, kr649b8a3,
kr649b8b2b2, kr649b8b2c
30 KR649-20 kr649b6b2d2, kr649b8blc 1.3
31 KR649-19 kr649b8b1b 2.1
32 KR649-29 kr649b5alal 33
33 KR649-30 kr649b5albl 2.4
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2.6 Extraction and isolation of metabolites from the soft coral Sinularia
polydactyla

Specimens of the soft coral S. polydactyla were extensively extracted with
mixtures of CH2Cl, and MeOH to afford after evaporation of the solvents in vacuo a
crude extract that was subjected to a series of chromatographic separations (Figure 12,
Figure 13, Figure 14), including normal- and reversed-phase vacuum column
chromatography, gravity column chromatography and HPLC, to allow for the isolation
of a number of metabolites in pure form. After each chromatographic step, the fractions
were analyzed by '"H NMR spectroscopy.

Initially, the organic extract sp (18.5 g) was subjected to normal-phase vacuum
column chromatography, using cHex with increasing amounts of EtOAc, followed by
EtOAc with increasing amounts of MeOH as the mobile phase, to afford 20 fractions,
which after an initial screening with TLC were combined into 10 fractions (Table 72).

Table 72. Experimental details for the separation of the crude extract sp.

. Mobile phase

Fraction Hex % EtOAC % MeOH % Volume (mL)

100 - - 500

spl 90 10 - 250

80 20 - 250

70 30 - 250

$p2 60 40 - 250

50 50 - 250

- 250

$p3 40 60 - 250

30 70 - 250

spd 20 80 - 250

10 90 - 250

spS - 100 - 250

- 90 10 250

sp6 - 75 25 250

- 50 50 250

sp7 - 50 50 250

sp8 - - 100 250

sp9 - - 100 250

- - 100 250

spl0 - - 100 250
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Figure 12. Fractionation scheme for the isolation of metabolites from the crude extract sp (part 1).
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Figure 13. Fractionation scheme for the isolation of metabolites from the crude extract sp (part 2).
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Figure 14. Fractionation scheme for the isolation of metabolites from the crude extract sp (part 3).
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Fraction sp2 (2.373 g) was subjected to normal-phase vacuum column
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 11 fractions, which after an initial screening with TLC were combined into 6
fractions (Table 73).

Table 73. Experimental details for the separation of fraction sp2.

Fraction Mobile phase Volume (mL)
cHex % EtOAc %
sp2a 100 - 300
98 2 150
98 2 150
5p2b 96 4 150
sp2c 94 6 150
92 8 150
sp2d 90 10 150
sp2e 88 12 150
85 15 150
80 20 150
sp2f 70 30 150

Fraction sp2f (494 mg) was further fractionated by normal-phase gravity column
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 55 fractions of approx. 20 mL each, which after an initial screening with TLC
were combined into 10 fractions, among which fraction sp2f6 was identified as
metabolite SP-02 (Table 74).

Table 74. Experimental details for the separation of fraction sp2f.

Mobile phase
Fracti Vol L

raction Hox % FtOAC % olume (mL)
sp2fl 90 10 200
sp2f2 90 10
sp21f3
sp2f4

88 12 200
sp2£5
sp2f6

85 15 200
sp2£7 80 20 200

60 40 50
sp2£8 60 40 100

60 40 50
P21 i 100 50
sp2f10 - 100 50
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Fraction sp2f5 (118.8 mg) was fractionated into two parts according to the
solubility in MeOH, namely sp2f5a and sp2f5b. Fraction sp2f5b (92.6 mg) which was
soluble in MeOH was subjected to reversed-phase HPLC to yield eight fractions (Table
75), among which fractions sp2f5b6 and sp2f5b7 were identified as metabolites SP-16
and SP-15, respectively.

Table 75. Experimental details for the separation of fraction sp2f5b.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase MeOH 100%, 2.5 mL/min
Fraction Retention time (min) Weight (mg)
sp2f5bl 4.8 1.7
sp2f5b2 8.3 0.6
sp2f5b3 17.3 0.6
sp2f5b4 31.2 0.9
sp2f5b5 36.7 1.4
sp2f5b6 41.9 9.1
sp2f5b7 47.1 8.8
sp2f5b8 54.8 14.5

Fraction sp2f7 (78.0 mg) was subjected to reversed-phase HPLC to yield fifteen
fractions (Table 76), among which fractions sp2f7f and sp2f7k were identified as
metabolites SP-02 and SP-13, respectively.

Table 76. Experimental details for the separation of fraction sp2f7.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp2f7a 7.2 1.9
sp2f7b 9.6 1
sp2f7c 11.9 0.9
sp2f7d 13.0 2.5
sp2f7e 13.6 0.5
sp2f7f 15.9 14
sp2f7g 19.1 1
sp2f7h 21.5 24
sp2f7i 23.9 1.7
sp2f7j 24.6 1
sp2f7k 25.3 6.4
sp2£71 27.4 8.9
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sp2f7m 28.6 4.6
sp2f7n 30.8 1.5
sp2f7o 32.1 1.1

Fractions sp2f71 and sp2f7/m, pooled together in one fraction thereafter
designated as sp2f71 (13.5 mg), were further subjected to reversed-phase HPLC to yield
four fractions (Table 77), among which fractions sp2f712 and sp2f713 was identified as
metabolites SP-13 and SP-14, respectively.

Table 77. Experimental details for the separation of fraction sp2f71.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH/H20 98:2%, 2 mL/min
Fraction Retention time (min) Weight (mg)
sp2f711 6.5 34
sp2£712 30.6 1.8
sp2f713 33.8 5.7
sp2t714 349 2.6

Fraction sp2f8 (25.8 mg) was subjected to reversed-phase HPLC to yield twelve
fractions (Table 78), among which fractions sp2f8g, sp2f8j and sp2f8k were identified
as metabolites SP-02, SP-13 and SP-14, respectively.

Table 78. Experimental details for the separation of fraction sp2f8.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp2f8a 7.2 0.8
sp2f8b 8.1 0.3
sp2f8c 9.8 1.3
sp2£8d 11.6 1.4
sp2f8e 13.6 0.6
sp2f8f 17.8 0.2
sp2f8g 19.8 4.9
sp2f8h 22.2 0.1
sp218i 24.5 1.0
sp218j 25.7 2.4
sp2£8k 28.0 1.8
sp2181 29.0 0.6
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Fractions sp2f7e and sp2f8e, pooled together in one fraction thereafter
designated as sp2f8e (1.1 mg), were further subjected to reversed-phase HPLC to yield
two fractions (Table 79), among which fraction sp2f8e2 was identified as metabolite
SP-20.

Table 79. Experimental details for the separation of fraction sp2{S8e.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase MeOH/H>0 98:2%, 2 mL/min
Fraction Retention time (min) Weight (mg)
sp2f8el 6.5 0.6
sp2f8e2 13.8 0.5

Fraction sp2f9 (15.5 mg) was subjected to reversed-phase HPLC to yield twelve
fractions (Table 80), among which fractions sp2f9g and sp2f9k were identified as
metabolites SP-13 and SP-14, respectively.

Table 80. Experimental details for the separation of fraction sp2f9.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.0 mL/min
Fraction Retention time (min) Weight (mg)

sp2f9a 7.9 2.6
sp2f9b 9.6 1.0
sp2f9c 11.0 1.3
sp219d 12.9 0.6
sp2f9e 14.3 1.3
sp29f 15.2 0.9
sp2f9g 18.8 0.8
sp2f9h 19.9 0.2
sp219i 21.9 0.7
sp219j 23.6 0.4
sp219k 28.7 1.6
sp2191 31.2 0.5

Fraction sp3 (2.486 g) was subjected to normal-phase vacuum column
chromatography, using cHex with increasing amounts of EtOAc as the mobile phase, to
afford 21 fractions, which after an initial screening with TLC were combined into 9
fractions (Table 81).
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Table 81. Experimental details for the separation of fraction sp3.

) Mobile phase
Fraction cHex % EtOAC % Volume (mL)
100 - 400
98 2 150
sp3a 96 4 150
94 6 150
92 8 150
90 10 150
sp3b 88 12 150
sp3c 85 15 150
80 20 150
80 20 150
sp3d 80 20 150
75 25 150
sp3e 70 30 150
65 35 150
sp3f 60 40 150
sp3g 60 40 150
60 40 150
sp3h 50 50 150
50 50 150
sp3i 50 50 150
50 50 150

Fraction sp3e (138.6 mg) was subjected to reversed-phase HPLC to yield
fourteen fractions (Table 82).

Table 82. Experimental details for the separation of fraction sp3e.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp3el 8.1 10.2
sp3e2 10.8 2
sp3e3 11.6 2.1
sp3e4 12.2 1.6
sp3e5 12.8 11.9
sp3e6 13.5 21.0
sp3e7 15.3 3.3
sp3e8 16.1 2.1
sp3e9 16.8 34.8
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sp3el0 19.5 2.1
sp3ell 21.0 1.9
sp3el2 22.4 2.7
sp3el3 25.2 5.7
sp3eld 26.1 1.1

Fraction sp3e5 (11.9 mg) was subjected to reversed-phase HPLC to yield two
fractions (Table 83), among which fraction sp3e5b was identified as metabolite SP-21.

Table 83. Experimental details for the separation of fraction sp3e5.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3eSa 7.9 2.0
sp3e5b 16.9 6.3

Fractions sp3e510 and sp3e511, pooled together in one fraction thereafter
designated as sp3el0 (4.0 mg), were subjected to reversed-phase HPLC to yield three
fractions (Table 84).

Table 84. Experimental details for the separation of fraction sp3e10.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)

Mobile phase MeOH/H>0 98:2%, 2 mL/min
Fraction Retention time (min) Weight (mg)
sp3el0a 6.0 0.1
sp3el0b 10.2 0.1
sp3el0c 21.3 1.3

Fraction sp3el0c (1.3 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 85), among which fractions sp3e10c2 and sp3el0c3 were identified as
metabolites SP-30 and SP-31, respectively.

Table 85. Experimental details for the separation of fraction sp3el0c.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase MeOH/H>0 97:3%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
sp3elOcl 7.8 0.1
sp3el0c2 322 0.3
sp3el0c3 35.7 0.7

Fraction sp3f (254.7 mg) was subjected to reversed-phase HPLC to yield

seventeen fractions (Table 86).

Table 86. Experimental details for the separation of fraction sp3f.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp3fl 7.2 6.9
sp3f2 9.3 7.3
sp3f3 10.8 3.7
sp3f4 11.5 5.1
sp3f5 12.1 6.2
sp3f6 12.8 11.5
sp3f7 13.4 53.7
sp3f8 15.2 10

sp3f9 16.8 58.2
sp3f10 18.0 6.3
sp3fll 19.2 34
sp3f12 21.0 2.5
sp3f13 22.2 4.2
sp3fl4 23.1 4.1
sp3f15 24.0 33
sp3f16 25.0 3

sp3f17 279 1.7

Fraction sp3f6 (11.5 mg) was subjected to reversed-phase HPLC to yield two
fractions (Table 87), among which fraction sp3f6b was identified as metabolite SP-21.

Table 87. Experimental details for the separation of fraction sp3f6.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH/H>0 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3foa 7.9 2.2
sp3f6b 16.9 1.9
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Fraction sp3f8 (10.0 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 88), among which fraction sp3f8d was identified as metabolite SP-18.

Table 88. Experimental details for the separation of fraction sp3f8.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3f8a 6.2 2.0
sp3f8b 11.5 0.2
sp3f8c 15.5 33
sp3f8d 44.6 2.2

Fraction sp3g (136.7 mg) was subjected to reversed-phase HPLC to yield fifteen

fractions (Table 89).

Table 89. Experimental details for the separation of fraction sp3g.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp3gl 7.6 5.6
sp3g2 10.3 3.6
sp3g3 11.2 2.6
sp3g4 11.9 4
sp3g5 12.7 3.6
sp3gb 13.2 20.08
sp3g7 14.4 2.8
sp3g8 14.8 7.6
sp3g9 15.6 7.2
sp3gl0 16.6 20.1
sp3gll 18.0 6.6
sp3gl2 19.0 3.7
sp3gl3 20.5 3.6
sp3gl4 22.1 2.1
sp3gl5 23.6 2.1

Fraction sp3g8 (7.6 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 90), among which fractions sp3g8c and sp3g8d were identified as
metabolites SP-22 and SP-09, respectively.
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Table 90. Experimental details for the separation of fraction sp3g8.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3g8a 7.9 0.5
sp3g8b 12.8 0.3
sp3g8c 20.9 0.8
sp3g8d 21.6 2.4

Fraction sp3g9 (7.2 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 91), among which fraction sp3g9c was identified as metabolite SP-23.

Table 91. Experimental details for the separation of fraction sp3g9.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3g9%a 7.9 0.3
sp3g9b 21.2 0.5
sp3g9c 22.8 2.2

Fraction sp3h (156.6 mg) was subjected to reversed-phase HPLC to yield
fourteen fractions (Table 92).

Table 92. Experimental details for the separation of fraction sp3h.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp3hl 7.1 5.2
sp3h2 9.1 2.4
sp3h3 9.7 3.9
sp3h4 11.3 6.4
sp3h5 12.0 4.6
sp3h6 12.9 10.7
sp3h7 13.4 23.1
sp3h8 14.1 3.9
sp3h9 14.9 15.9
sp3h10 15.9 11.6
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sp3h1l 16.9 14.6
sp3h12 18.1 4.7
sp3h13 19.4 5

sp3h14 21.0 24

Fraction sp3h3 (3.9 mg) was subjected to reversed-phase HPLC to yield two
fractions (Table 93), among which fraction sp3h3b was identified as metabolite SP-26.

Table 93. Experimental details for the separation of fraction sp3h3.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH/H>0 96:4%, 1.2 mL/min
Fraction Retention time (min) Weight (mg)
sp3h3a 9.5 1.0
sp3h3b 16.8 0.6

Fraction sp3h9 (15.9 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 94), among which fraction sp3h9d was identified as metabolite SP-09.

Table 94. Experimental details for the separation of fraction sp3h9.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3h9a 7.9 0.5
sp3h9b 12.7 0.1
sp3h9c 20.2 0.3
sp3h9d 21.0 5.7

Fraction sp3h10 (11.6 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 95), among which fractions sp3h10b and sp3h10c were identified as
metabolites SP-09 and SP-23, respectively.

Table 95. Experimental details for the separation of fraction sp3h10.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase MeOH/H>0 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3h10a 7.9 0.3
sp3h10b 21.4 1.2
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sp3h10c | 22.9 5.7

Fraction sp3h11 (14.6 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 96).

Table 96. Experimental details for the separation of fraction sp3h11.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3hlla 7.9 0.9
sp3h11b 23.2 0.8
sp3hllc 24.4 6.5

Fraction sp3hllc (6.5 mg) was subjected to reversed-phase HPLC to yield two
fractions (Table 97).

Table 97. Experimental details for the separation of fraction sp3hllc.

Chromatographic conditions

Column Kromasil 100 Cis (250 mm x 8 mm i.d.)

Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp3hllcl 8.0 1.0
sp3hl1c2 28.2 5.5

Fraction sp3hllc2 (5.5 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 98), among which fraction sp3h11c2d was identified as metabolite SP-
24.

Table 98. Experimental details for the separation of fraction sp3h11c2.

Chromatographic conditions

Column Kromasil 100 Cis (250 mm x 8 mm i.d.)

Mobile phase AC-N/H20 98:2%, 2.0 mL/min
Fraction Retention time (min) Weight (mg)
sp3hllc2a 6.1 0.5
sp3h11c2b 25.5 0.7
sp3hllic2c 27.2 0.7
sp3hllc2d 38.7 0.3
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Fraction sp4 (863 mg) was subjected to normal-phase gravity column
chromatography, using cHex with increasing amounts of Acetone as the mobile phase,
to afford 132 fractions of approx. 25 mL each, which after an initial screening with TLC
were combined into 18 fractions (Table 99).

Table 99. Experimental details for the separation of fraction sp4.

Fraction Mobile phase Volume (mL)
cHex % Acetone % EtOAc %

sp4a 90 10 - 120
sp4b 90 10 - 80
spde 90 10 - 100
87 13 - 180
sp4d 87 13 - 120
spde 85 15 - 300
spaf 85 15 - 240
splg 85 15 - 60
82 18 - 200
sp4h 80 20 - 180
sp4i 80 20 - 100
sp4j 80 20 - 100
80 20 - 60
spk 77 23 - 100
77 23 - 100
sp4l 75 25 - 100
72 28 - 120
72 28 - 180

sp4m
70 30 - 60
sp4n 70 30 - 80
sp4o 70 30 - 80
sp4p 65 35 - 240
sp4q 60 40 - 100
spdr 60 40 - 100
- - 100 200

Fraction sp4g (150.7 mg) was subjected to reversed-phase HPLC to yield ten
fractions (Table 100), among which fraction sp4g3 was identified as metabolite SP-09.

Table 100. Experimental details for the separation of fraction sp4g.

Chromatographic conditions

Column

Kromasil 100 Cig (250 mm x 8 mm i.d.)

Mobile phase

MeOH 100%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
sp4gl 7.2 19.5
sp4g2 12.6 3.1
sp4g3 15.1 6.3
sp4g4 16.0 11.1
sp4g5 16.9 13.6
sp4g6b 17.5 4.2
sp4g7 19.5 3.3
sp4g8 21.8 453
sp4g9 254 1.8

sp4gl0 29.4 1.1

Fraction sp4g4 (11.1 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 101), among which fractions sp4g4b and sp4gdc were identified as
metabolites SP-09 and SP-23, respectively.

Table 101. Experimental details for the separation of fraction sp4g4.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp4gda 8.0 1
sp4g4b 24.4 1.5
sp4gic 26.5 8.2

Fraction sp4h (130.4 mg) was subjected to reversed-phase HPLC to yield eleven
fractions (Table 102), among which fraction sp4h6 was identified as metabolite SP-09.

Table 102. Experimental details for the separation of fraction sp4h.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp4hl 7.2 14.7
sp4h2 9.8 4.7
sp4h3 13.0 2.7
sp4h4 13.4 2.9
sp4h5 14.4 0.9
sp4h6 14.9 8.7
sp4h7 15.8 3.2
sp4h8 16.8 16.2
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sp4h9 19.1 2
sp4h10 21.6 22.1
sp4hl1 22.7 43

Fraction sp4h2 (4.7 mg) was subjected to reversed-phase HPLC to yield three

fractions (Table 103), among which fraction sp4h2c was identified as metabolite SP-25.

Table 103. Experimental details for the separation of fraction sp4h2.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H>0 98:2%, 1.5.0 mL/min
Fraction Retention time (min) Weight (mg)
sp4h2a 7.9 1.0
sp4h2b 11.8 0.3
sp4h2c 12.6 1.3

Fraction sp4h7 (3.2 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 104), among which fractions sp4h7b and sp4h7d were identified as
metabolite SP-09 and SP-23, respectively.

Table 104. Experimental details for the separation of fraction sp4h7.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp4h7a 7.9 0.1
sp4h7b 21.2 1.1
sp4h7c 22.3 1
sp4h7d 23.4 0.9

Fraction sp4h8 (16.2 mg) was subjected to reversed-phase HPLC to yield four

fractions (Table 105).

Table 105. Experimental details for the separation of fraction sp4hS.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp4h8a 7.9 0.6
sp4h8b 11.5 1.1
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sp4h8c

23.5

0.7

sp4h8d

24.7

11.9

Fraction sp4h8d (11.9 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 106), among which fraction sp4h8d3 was identified as metabolite SP-

24.

Table 106. Experimental details for the separation of fraction sp4h8d3.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)

Mobile phase AC-N/H>0 98:2%, 2.0 mL/min
Fraction Retention time (min) Weight (mg)
sp4h8d1 6.1 1.5
sp4h8d2 33.2 7.2
sp4h8d3 38.2 23

Fraction sp4i (50.1 mg) was subjected to reversed-phase HPLC to yield eight
fractions (Table 107), among which fractions sp4i4, sp4i6 and sp4i8 were identified as
metabolites SP-05, SP-04 and SP-03, respectively.

Table 107. Experimental details for the separation of fraction sp4i.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp4il 7.2 3.1
sp4i2 12.8 1.1
sp4i3 13.2 3.7
sp4i4 15.3 9.4
sp4i5 16.4 54
sp4i6 17.9 3.9
sp4i7 21.3 2.1
sp4i8 22.2 10.5

Fraction sp4j (53.1 mg) was subjected to reversed-phase HPLC to yield ten

fractions (
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Table 108), among which fractions sp4j8 and sp4j10 were identified as
metabolites SP-04 and SP-03, respectively.
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Table 108. Experimental details for the separation of fraction sp4;j.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp4jl 8.7 3.7
sp4j2 12.3 1.6
sp4j3 13.1 1.5
sp4j4 13.5 3.3
sp4j5 14.5 2.8
sp4j6 15.8 1.4
sp4j7 16.9 2.1
sp4j8 18.4 52
sp4j9 22.0 1
sp4j10 23.0 104

Fraction sp4k (56.6 mg) was subjected to reversed-phase HPLC to yield eight
fractions (Table 109), among which fractions sp4k7 and sp4k8 were identified as
metabolites SP-04 and SP-03, respectively.

Table 109. Experimental details for the separation of fraction sp4k.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp4kl 7.2 1.8
sp4k2 7.9 11.5
sp4k3 9.7 6.6
sp4k4 12.3 3.2
sp4k5 13.3 2.7
sp4k6 14.0 4.5
sp4k7 18.6 1.1
sp4k8 23.2 3.9

Fraction sp4k4 (3.2 mg) was subjected to reversed-phase HPLC to yield two

fractions (
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Table 110), among which fraction sp4k4b was identified as metabolite SP-28.
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Table 110. Experimental details for the separation of fraction sp4k4.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp4k4a 8.0 1.0
sp4k4b 18.2 1.1

Fraction sp4l (25.5 mg) was subjected to reversed-phase HPLC to yield eight

fractions (Table 111).

Table 111. Experimental details for the separation of fraction sp 41.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp4ll 7.5 1.3
sp4l2 8.5 2.1
sp413 9.6 1.0
sp414 9.8 3.1
sp4l5 10.9 1.0
sp4l6 12.5 0.8
sp4l7 12.9 0.7
sp4l8 13.7 0.7

Fraction sp4l4 (3.1 mg) was subjected to reversed-phase HPLC to yield four

fractions (Table 112).

Table 112. Experimental details for the separation of fraction sp414.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8§ mm i.d.)
Mobile phase MeOH/H20 98:2%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp4lda 7.9 1.5
sp414b 12.1 0.1
sp4ldc 12.5 0.6
sp4l4d 13.1 0.2

Fractions sp4k3 and sp4l4c, pooled together in one fraction thereafter designated
as sp4k3 (7.2 mg), were further subjected to reversed-phase HPLC to yield three
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fractions (Table 113), among which fractions sp4k3b and sp4k3c were identified as
metabolites SP-26 and SP-27, respectively.

Table 113. Experimental details for the separation of fraction sp4k3.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH/H>0 97:3%, 1 mL/min
Fraction Retention time (min) Weight (mg)
sp4k3a 11.6 1.0
sp4k3b 19.0 4.0
sp4k3c 19.9 2.2

Fraction sp5 (251.6 mg) was further fractionated by normal-phase gravity
column chromatography, using cHex with increasing amounts of Acetone as the mobile
phase, to afford 56 fractions of approx. 25 mL each, which after an initial screening
with TLC were combined into 9 fractions (Table 114), among which fraction sp5f was
identified as metabolite SP-01.

Table 114. Experimental details for the separation of fraction sp5.

. Mobile phase
Fraction cHex % Acetonpe %% EtOAc % | Yelume(mL)

sp5a 85 15 - 200
sp5b 80 20 - 150
sp5c 80 20 - 75
sp5d 80 20 - 100
o5e 80 20 3 150
78 2 3 50
sp5f 78 22 - 25
sp5g 78 2 : 200
o5h 78 22 : 100
75 25 - 100
. 70 30 - 100
sp31 - - 100 150

Fraction sp5c (55.1 mg) was subjected to reversed-phase HPLC to yield five
fractions (Table 115), among which fraction sp5c5 was identified as metabolite SP-03.

Table 115. Experimental details for the separation of fraction sp5c.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)

Mobile phase MeOH 100%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
spScl 7.2 1.2
sp5c2 14.4 4.4
sp5c3 17.7 2.4
spSc4 19.2 7.4
sp5cS 24.0 17.5

Fraction sp5c4 (7.4 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 116), among which fractions sp5c4c and spS5c4d were identified as
metabolites SP-04 and SP-29, respectively.

Table 116. Experimental details for the separation of fraction sp5c4.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
spScda 8.0 0.5
sp5c4b 30.2 0.9
spScdc 31.1 1.7
sp5cad 32.3 2

Fraction sp5e (23.5 mg) was subjected to reversed-phase HPLC to yield eight
fractions (Table 117), among which fraction sp5e7 was identified as metabolite SP-01.

Table 117. Experimental details for the separation of fraction sp5e.

Chromatographic conditions

Column Kromasil 100 Cis (250 mm x 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

spSel 7.9 0.7
spSe2 8.6 0.8
sp5e3 9.3 1.2
sp5e4 10.6 0.2
spSes 10.9 1.6
sp5e6 13.8 1.4
sp5e7 15.2 5.3
spSe8 16.7 1.4

Fraction sp5g (36.1 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 118), among which fraction sp5g3 was identified as metabolite SP-01.
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Table 118. Experimental details for the separation of fraction sp5g.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
spSgl 8.2 5.6
sp5g2 12.9 34
sp5g3 14.5 21.2
spSg4 16.3 0.9

Fractions sp5e8 and sp5g4, pooled together in one fraction thereafter designated
as spSe8 (2.3 mg), were further subjected to reversed-phase HPLC to yield three
fractions (Table 119), among which fraction spSe8c was identified as metabolite SP-06.

Table 119. Experimental details for the separation of fraction sp5e8.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
spSe8a 7.9 0.5
spSe8b 14.8 0.4
spSe8c 16.2 1.0

Fraction sp6 (434.0 mg) was further fractionated by normal-phase gravity
column chromatography, using cHex with increasing amounts of Acetone as the mobile
phase, to afford 81 fractions of approx. 25 mL each, which after an initial screening
with TLC were combined into 11 fractions (Table 120), among which fractions sp6g
and sp6h were identified as metabolite SP-01.

Table 120. Experimental details for the separation of fraction sp6.

Fraction Mobile phase Volume (mL)
cHex % Acetone %
spb6a 90 10 250
sp6b 90 10 275
sp6c 85 15 500
spod 80 20 100
sp6e 75 25 150
spof 75 25 125
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spbg 70 30 50
sp6h 70 30 125
o6 70 30 50
65 35 50
o6 65 35 50
60 40 100
50 50 100
spok 0 100 100

Fraction sp6f (24.9 mg) was subjected to reversed-phase HPLC to yield eight
fractions (Table 121).

Table 121. Experimental details for the separation of fraction sp6f.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp6fl 8.0 1.4
sp6f2 11.9 4.4
sp6f3 13.8 1.2
sp6f4 14.7 1.1
sp6f5 15.2 3.8
sp616 15.9 1.3
sp6f7 16.8 1.9
sp6f8 17.5 1.2

Fraction sp6f7 (1.9 mg) was subjected to reversed-phase HPLC to yield two
fractions (Table 122), among which fraction sp6f7b was identified as metabolite SP-06.

Table 122. Experimental details for the separation of fraction sp6f7.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm % 8 mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp6f7a 8.0 0.5
sp6f7b 27.5 0.9

Fraction sp7 (144.4 mg) was further fractionated by normal-phase vacuum
column chromatography, using cHex with increasing amounts of EtOAc, followed by
EtOAc with increasing amounts of MeOH as the mobile phase, to afford 12 fractions,
which after an initial screening with TLC were combined into 7 fractions (Table 123).
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Table 123. Experimental details for the separation of fraction sp7.

. Mobile phase
Fraction cHex % EtOAIc) % McOH % | Yolume (mL)
o7a 50 50 - 400
40 60 ; 200
30 70 - 200
sp7b 20 80 - 200
e 15 85 . 200
10 90 . 200
5 95 - 200
sp7d 0 100 ; 200
o7e - 99 1 200
- 98 2 200
sp7f - 08 2 200
sp7g - 95 5 200

Fraction sp7e (33.6 mg) was subjected to reversed-phase HPLC to yield six
fractions (Table 124), among which fraction sp7e5 was identified as metabolite SP-07.

Table 124. Experimental details for the separation of fraction sp7e.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp7el 6.9 2.4
sp7e2 9.9 8.9
sp7e3 12.6 2.3
sp7e4 13.4 1.1
sp7es 14.5 6.9
sp7e6 17.1 0.9

Fraction sp7g (39.7 mg) was subjected to reversed-phase HPLC to yield five
fractions (Table 125), among which fraction sp7g4 was identified as metabolite SP-17.

Table 125. Experimental details for the separation of fraction sp7g.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase MeOH 100%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
sp7gl 6.9 6.0
sp7g2 10.7 1.5
sp7g3 11.6 0.8
sp7g4 13.4 3.1
sp7g5 14.2 3.3

Fraction sp7g5 (3.3 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 126), among which fractions sp7g5b and sp7g5c were identified as
metabolites SP-17 and SP-08, respectively.

Table 126. Experimental details for the separation of fraction sp7g5.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp7g5a 8.0 0.5
sp7g5b 21.3 0.6
sp7g5c 23.1 2.0

Fraction sp8 (1.0 g) was further fractionated by normal-phase vacuum column
chromatography, using cHex with increasing amounts of EtOAc, followed by EtOAc
with increasing amounts of MeOH as the mobile phase, to afford 19 fractions, which
after an initial screening with TLC were combined into 11 fractions (Table 127).

Table 127. Experimental details for the separation of fraction sp8.

. Mobile phase
Fraction Hox % EtOAc %% MOH % Volume (mL)
50 50 - 400
sp8a 40 60 - 200
30 70 - 200
20 80 - 200
Sp8b 15 85 ] 200
sp8c 10 90 - 200
sp&d 5 95 - 200
sp8e - 100 - 200
- 99 1 200
sp8f - 98 2 200
sp8g - 98 2 200
- 95 5 200
sp8h - 90 10 200
sp8i - 80 20 200
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sp8i : 70 30 200
- 60 40 200
: 50 50 200
sp8k ; _ 100 200
- - 100 200

Fraction sp8g (34.0 mg) was subjected to reversed-phase HPLC to yield ten

fractions (Table 128).

Table 128. Experimental details for the separation of fraction sp8g.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)

sp8gl 7.7 0.4
sp8g2 8.8 1.4
sp8g3 10.0 0.8
sp8g4 12.0 1.4
sp8g5 12.8 1.8
sp8gb 13.1 1.6
sp8g7 15.5 0.6
sp8g8 16.3 7.0
sp8g9 18.5 1.9
sp8gl0 20.1 1.3

Fraction sp8g5 (1.8 mg) was subjected to reversed-phase HPLC to yield three
fractions (Table 129), among which fraction sp8g5c was identified as metabolite SP-19.

Table 129. Experimental details for the separation of fraction sp8g5.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp8g5a 8.0 0.6
sp8g5Sb 16.6 0.4
sp8g5c 23.0 0.5

Fraction sp8g8 (7.0 mg) was subjected to reversed-phase HPLC to yield four

fractions (
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Table 130), among which fraction sp8g8d was identified as metabolite SP-19.
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Table 130. Experimental details for the separation of fraction sp8g8.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8 mm i.d.)
Mobile phase MeOH/H20 97:3%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp8g8a 8.0 0.6
sp8g8b 16.3 0.6
sp8g8c 21.6 2.3
sp8g8d 24.0 0.2

Fractions sp9 and sp10, pooled together in one fraction thereafter designated as
sp9 (200 mg), were further fractionated by normal-phase vacuum column
chromatography, using cHex with increasing amounts of EtOAc, followed by EtOAc
with increasing amounts of MeOH as the mobile phase, to afford 12 fractions, which
after an initial screening with TLC were combined into 11 fractions (Table 131).

Table 131. Experimental details for the separation of fraction sp9.

. Mobile phase
Fraction Hox % FtOAC %% MeOH %% Volume (mL)

sp9a 10 90 - 400
sp9b 5 95 - 200
sp9c - 100 - 200
sp9d - 99 1 200
sp9e - 98 2 200
sp9f - 98 2 200
sp9g - 95 5 200

- 90 10 200
spoh i 50 50 200
sp9i - - 100 200
sp9j - - 100 200
sp9k - - 100 200

Fraction sp9f (15.8 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 132), among which fraction sp9f4 was identified as metabolite SP-19.

Table 132. Experimental details for the separation of fraction sp9f.

Chromatographic conditions

Column

Kromasil 100 Cig (250 mm x 8§ mm i.d.)

Mobile phase

MeOH 100%, 1.5 mL/min
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Fraction Retention time (min) Weight (mg)
sp9fl 7.7 1.0
sp9f2 8.4 3.1
sp9f3 9.4 2.8
sp9fa 16.3 1.4

Fraction sp9g (10.5 mg) was subjected to reversed-phase HPLC to yield four
fractions (Table 133), among which fraction sp9g4 was identified as metabolite SP-19.

Table 133. Experimental details for the separation of fraction sp9g.

Chromatographic conditions

Column Kromasil 100 Cig (250 mm x 8§ mm i.d.)
Mobile phase MeOH 100%, 1.5 mL/min
Fraction Retention time (min) Weight (mg)
sp9gl 7.9 2.7
sp9g2 9.9 0.6
sp9g3 14.5 0.1
sp9g4 16.4 2.0

In total, from the chemical investigation of the organic extract of the soft coral S.

polydactyla, 28 metabolites were isolated in pure form (Table 134).

Table 134. Isolated metabolites from the soft coral S. polydactyla.

Metabolite Code Fraction Weight (mg)
34 SP-31 sp3e10c3 0.7
35 SP-30 sp3e10c2 0.3
36 SP-16 sp2f5b6 9.1
37 SP-15 sp2f5b7 8.8
38 SP-13 sp2f7k, sp2f712, sp2£8;j, sp2f9¢g 11.4
39 SP-14 sp2f713, sp2£8k, sp2f9k 9.1
40 SP-21 sp3eSb, sp3f6b 8.2
41 SP-20 sp2{8e2 0.5

sp3g8d, sp3h9d, sp3h10b, sp4g3, sp4g4b,
42 SP-09 sp4h6. sp4h7b 26.9
43 SP-23 sp3g9c, sp3h10c, spdgdc, sp4h7d 17.0
44 SP-26 sp3h3b, sp4k3b 4.6
45 SP-27 sp4k3c 2.2
46 SP-25 sp4h2c 1.3
47 SP-28 sp4k4b 1.1
48 SP-05 sp4i4 9.4
49 SP-24 sp3hl1lc2d, sp4h8d3 2.6
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50 SP-02 sp2f6, sp2f7f, sp2{8g 232.9
51 SP-04 sp4i6, sp4j8, sp4k7, spScic 11.9
52 SP-03 sp4i8, sp4j10, sp4ks8, sp5c5 423
53 SP-29 sp5c4d 2.0
54 SP-19 sp8g5Sc, sp8g8d, sp9f4, sp9gs 4.1
55 SP-01 spSf, sp5e7, sp5g3, spbg, sp6h 155.4
56 SP-06 sp5e8c, sp6f7b 1.9
57 SP-07 sp7es 6.9
58 SP-17 sp7g4, sp7g5b 3.7
59 SP-08 sp7g5c 2.0
SP-18 sp3f8d 22
SP-22 sp3g8d 0.8

2.7 Evaluation of the biological activity of some of the isolated compounds

2.7.1 Cell Culture

The tested compounds were dissolved in DMSO to afford 10 mM stock
solutions. Human cervical carcinoma (HeLa) and human breast adenocarcinoma
(MCF7) cell lines were purchased from European Collection of Authenticated Cell
Cultures (ECACC, Salisbury, UK) and cultivated in Dulbecco's Modified Eagle
Medium (DMEM) (Merck, Darmstadt, Germany), as previously reported (Rarova et al.,
2016). Human umbilical vein endothelial cells (HUVECs) were a kind gift of Prof. Jitka
Ulrichova (Faculty of Medicine and Dentistry, Palacky University, Olomouc). The
cultivation and assay was performed in Endothelial Cell Proliferation Medium (ECPM,
Provitro, Berlin, Germany) (Réarova et al., 2018). The 22Rv1-ARE14 reporter cell line
(Bartonkova et al., 2015) was a generous gift of Prof. Zden¢k Dvotak (Department of
Cell Biology and Genetics, Palacky University). The 22Rv1-ARE14 cell line was grown
in Roswell Park Memorial Institute 1640 Medium (RPMI 1640) (Jorda et al., 2019). All
cells were maintained in a humidified CO> incubator at 37 °C using the standard
trypsinization procedure twice or three times a week. The SH-SY5Y human
neuroblastoma cell line (ECACC, Salisbury, UK) was cultivated in DMEM and Ham's
F12 Nutrient Mixture (DMEM:F12, 1:1), as previously described (Colle et al., 2016).
Cells were used up to twenty passages. All trans-retinoic acid (10 pM) in 1% FBS
DMEM/F12 medium was added to SH-SYSY cells to achieve differentiation conditions
(Cheung et al., 2009; Dwane et al., 2013) to reach longer neurites and reduced
proliferation (48 h). All cells were maintained in a humidified CO> incubator at 37 °C
using the standard trypsinization procedure twice or three times a week.

2.7.2 Evaluation of cytotoxicity

In cytotoxicity assays, cancer cells were treated with six different concentrations
of each tested compound for 72 h. Cells were stained with resazurin and ICso values
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were calculated as previously reported (Dengler et al., 1995). Triplicates from at least
three independent experiments were used. For the ELAM assay, the Calcein AM
(Molecular Probes, Invitrogen, Karlsruhe, Germany) cytotoxicity assay, which assessed
HUVEC viability after 4 h treatment, was used as previously described (Morrogh-
Bernard et al., 2017).

2.7.3 Cell-surface ELISA CD62E (E-Selectin, ELAM)

An enzyme-linked immunosorbent assay (ELISA) was used to detect the levels
of the cell adhesion molecule ELAM in HUVEC cells after 30 min of incubation with
the tested compounds and 4 h of stimulation with TNFa, as previously described
(Morrogh-Bernard et al., 2017).

2.7.4 Migration scratch assay

The scratch test was performed with HUVEC cells and evaluated after 20 h of
treatment, as previously reported (Rarova et al., 2018).

2.7.5 AR-Transcriptional reporter aAssay

AR-transcriptional reporter assays were performed on 22RvI-ARE14 cells after
24 h of incubation, as previously described (Jorda et al., 2019).

2.7.6 SH-SYS5Y cell treatments and evaluation of cell viability/cytotoxicity

Cell viability of neuron-like SH-SYSY cells growing in 96-well plates (7,000
cells/well) 24 h after treatment was evaluated using the Calcein AM assay (Rarova et
al., 2016), with minor modification of Calcein AM concentration (0.75 pM). Cell death
of SH-SYS5Y cells (20,000 cells/well) was determined using the propidium iodide (PI)
assay according to Stone et al. with a slight modification (Stone et al., 2003). Briefly, PI
solution in PBS is added to cell medium to reach concentration 1 pg/mL, incubated for
15 min. at room temperature and quantified at 535/617 nm (excitation/emission) by
Infinite M200 Pro reader (Tecan, Austria). The resulting fluorescence of 3-NPA toxin
was considered as 100% cell death. In the assays, neuron-like cells were treated with the
tested compounds in 0.1-10 uM concentration range for 48 h. DMSO treated cells
(<0.1% v/v) were used as healthy controls.

2.7.7 Statistical analysis

All data are expressed as mean = SD or SEM. Data were evaluated by non-
parametric Kruskal-Wallis test followed by post-hoc Mann—Whitney test with
sequential Bonferroni correction of p-values or ANOVA followed by Tukey’s multiple
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comparison test (Figure 5) using the PAST (version 1.97) software package (Hammer et
al., 2001). P-values < 0.05 were considered statistically significant.
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3. RESULTS AND DISCUSSION

The aim of the present PhD thesis was to investigate the chemical profile of
marine organisms from the Red Sea. Following an initial screening, the organic extracts
of the red alga Laurencia majuscula, of a sponge belong to the genus Lamellodysidea
and of the soft coral Sinularia polydactyla exhibited interesting chemical profiles and
were selected for in depth chemical analysis.

Fresh algal tissues of the red alga L. majuscula collected by SCUBA diving
from the coastline of Hurghada at the Egyptian Red Sea at a depth of 4-6 m in June
2015 were extracted with mixtures of organic solvents. The obtained organic extract
was subjected to a series of chromatographic separations that led to the isolation of 25
secondary metabolites, among which 1-22 were identified on the basis of their
spectroscopic data.

The chemical investigation of the organic extract of the marine sponge
Lamellodysidea sp. collected from the coral reef of Thuwal in the Saudi Arabian Red
Sea afforded 11 compounds (23-33).

A series of normal and reversed-phase chromatographic separations of the
organic extract of the soft coral S. polydactyla collected from the Egyptian Red Sea
coastline at Hurghada at a depth of 10 m allowed for the isolation of 28 compounds, 26
of which (34-59) were identified after extensive analysis of their NMR and MS data.

The identification of isolated metabolites was based on the analysis of their
spectroscopic data (mainly NMR and MS) and their comparison with data from similar
preciously reported structures.
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3.1 Identification and structure elucidation of isolated metabolites from the red
alga Laurencia majuscula

3.1.1 Metabolite 1

Metabolite 1 (LMHI12) was isolated after a series of chromatographic
separations as a colorless oil (5.2 mg).

The mass spectrum of metabolite 1 (Figure 15) exhibited a molecular ion peak
[M]" at m/z 200, as well as fragment ion peaks at m/z 185 and 170, corresponding to
[M-CH3]" and [M-2CH3]", respectively.
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Figure 15. Mass spectrum (EIMS) of metabolite 1.

In the "H NMR spectrum of metabolite 1 (Figure 16) obvious were:
e One aliphatic methyl on a non-protonated carbon at J 1.35,
e Two olefinic methyls at 6 1.38 and 1.70,
e One aromatic methyl at 6 2.30, and

e Two doublets at  7.08 and 7.11 integrating for two protons each and attributed
to four aromatic protons.
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Figure 16. '"H NMR spectrum of metabolite 1.

Analysis of the NMR and MS data of 1 led to the molecular formula CisHzo.
Taking into account the four carbon-carbon double bonds as four of the six degrees of
unsaturation, the molecular structure of 1 was determined as bicyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 1
with those reported in the literature led to its identification as isolaurene, previously
isolated from the alga L. okamurai (Suzuki & Kurosawa, 1979) and synthetically
prepared (Takeshita et al., 1984). The '"H NMR data of metabolite 1 are reported in
Table 135.

Table 135. '"H NMR data of metabolite 1 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
7 7.08 (d, 8.2) 7.07 (s)
8 7.11 (d, 8.2) 7.07 (s)
10 7.11(d, 8.2) 7.07 (s)
11 7.08 (d, 8.2) 7.07 (s)
12 1.38 (s) 1.39 (s)
13 1.70 (s) 1.71 (s)
14 1.35 (s) 1.37 (s)
15 2.30 (s) 2.30(s)
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3.1.2 Metabolite 2

Metabolite 2 (LMH-17) was isolated after a series of chromatographic
separations as a colorless oil (3.3 mg).

The mass spectrum of metabolite 2 (Figure 17) exhibited a molecular ion peak
[M]" at m/z 214, as well as a fragment ion peak at m/z 199 corresponding to [M-CH3]".
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Figure 17. Mass spectrum (EIMS) of metabolite 2.

In the "H NMR spectrum of metabolite 2 (Figure 18) obvious were:

¢ One aliphatic methyl on a non-protonated carbon at J 1.56,

e Two olefinic methyls at 6 1.71 and 1.76,

e One aromatic methyl at 6 2.30, and

e Two doublets at § 7.04 and 7.10 integrating for two protons each and attributed
to four aromatic protons.

Analysis of the NMR and MS data of 2 led to the molecular formula C;sH;3O.
Taking into account the four carbon-carbon double bonds and the carbonyl moiety as
five of the seven degrees of unsaturation, the molecular structure of 2 was determined as
bicyclic.
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Figure 18. 'H NMR spectrum of metabolite 2.

The planar structure of metabolite 2 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 19) observed in the HSQC-DEPT
(Figure 20), HMBC (Figure 21) and COSY (Figure 22) spectra. In particular, the
position of Me-14 on C-1 was confirmed by the HMBC correlations of Me-14 (du 1.56)
with C-1 (dc 47.8), C-5 (dc 53.3) and the aromatic carbon C-6 (dc 142.0). The
correlations of Me-12 (du 1.71) with C-1, C-2 (dc 176.2) and C-3 (éc 135.5) and of Me-
13 (0u 1.76) with C-2, C-3 and C-4 (dc 208.6) secured the position of Me-12 on C-2 and
Me-13 on C-3. Additionally, the presence of the two doublets at 6 7.04 and 7.10
integrating for two protons each indicated a para-substituted aromatic ring.
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Figure 19. COSY and important HMBC correlations observed for metabolite 2.
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Figure 20. HSQC-DEPT spectrum of metabolite 2.
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Figure 21. HMBC spectrum of metabolite 2.
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Figure 22. COSY spectrum of metabolite 2.

Comparison of the spectroscopic and physical characteristics of metabolite 2
with those reported in the literature led to its identification as a new natural product,
which was designated as 4-oxo-isolaurene. The NMR data of metabolite 2 are reported
in Table 136.

Table 136. 'H and '3C NMR data of metabolite 2 in CDCl; (6 in ppm, J in Hz).

Position oc on
1 48.3 -
2 176.2 -
3 135.5 -
4 208.6 -
5 53.5 2.60 (d, 18.7),2.49 (d, 18.7)
6 142.0 -
7 129.3 7.04 (d, 8.1)
8 129.3 7.10 (d, 8.1)
9 135.9 -
10 125.5 7.10 (d, 8.1)
11 125.5 7.04 (d, 8.1)
12 12.7 1.71 (s)
13 8.2 1.76 (s)
14 23.8 1.56 (s)
15 20.9 2.30 (s)
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3.1.3 Metabolite 3

Metabolite 3 (LMHI13) was isolated after a series of chromatographic
separations as a colorless oil (3.4 mg).

The mass spectrum of metabolite 3 (Figure 23) exhibited a molecular ion peak
[M]" at m/z 278 with an isotopic ion peak at m/z 280 in a 1:1 ion intensity, indicating the
presence of a bromine atom in the molecule, as well as fragment ion peaks at m/z 263
and 265, corresponding to [M-CH3]".

1100000 A 265
1000000 H

900000 H

800000 H

700000 +
184
600000
500000 H
199
400000 -

300000 H

169

155
o1 115128141 280
44 77 |
53 65 103 221235249 314

Ty
40 60 80 100 120 140 160 180 200 220 240 260 280 300

200000 A

100000 A

o4

nm/z-->

Figure 23. Mass spectrum (EIMS) of metabolite 3.

In the "H NMR spectrum of metabolite 3 (Figure 24) obvious were:
e One aliphatic methyl on a non-protonated carbon at J 1.38,
e Two olefinic methyls at 6 1.35 and 1.68,
e One singlet at J 4.46 integrating for two protons and attributed to an aromatic
halogenated methylene, and
e Two doublets at § 7.18 and 7.28 integrating for two protons each and attributed
to four aromatic protons.
Analysis of the NMR and MS data of 3 led to the molecular formula CisH9Br.
Taking into account the four carbon-carbon double bonds as four of the six degrees of
unsaturation, the molecular structure of 3 was determined as bicyclic.
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Figure 24. '"H NMR spectrum of metabolite 3.

The planar structure of metabolite 3 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 25) observed in the HSQC-DEPT
(Figure 26), HMBC (Figure 27) and COSY (Figure 28) spectra. In particular, the
position of Me-14 on C-1 was evident from the HMBC correlations of Me-14 (du 1.38)
with C-1 (dc 53.8), C-2 (dc 136.4) and C-6 (dc 150.1), while the correlations of Me-12
(ou 1.37) with C-1, C-2 and C-3 (Jc 132.9), as well as of Me-13 (Ju 1.70) with C-2, C-3
and C-4 (dc 35.8) secured the position of Me-12 and Me-13 at C-2 and C-3,
respectively. The presence of a 1,4-disubstituted benzene ring was indicated by the two
doublets at 6 7.18 and 7.28 integrating for four aromatic methines. The position of the
brominated methylene at C-15 was confirmed by the correlations of Ha-15 with C-8/C-
10 (oc 128.8) and C-9 (Jc 133.0).
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Figure 25. COSY and important HMBC correlations observed for metabolite 3.
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Figure 26. HSQC-DEPT spectrum of metabolite 3.
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Figure 27. HMBC spectrum of metabolite 3.
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Figure 28. COSY spectrum of metabolite 3.

Comparison of the spectroscopic and physical characteristics of metabolite 3
with those reported in the literature led to its identification as a new natural product,
which was designated as 15-bromo-isolaurene. The NMR data of metabolite 3 are
reported in Table 137.

Table 137. 'H and '3C NMR data of metabolite 3 in CDCl; (6 in ppm, J in Hz).

Position oc on
1 53.8 -
2 136.4 -
3 132.9 -
4 35.2 2.27 (m)
5 41.5 1.91 (m), 1.87 (m)
6 150.2 -
7 126.3 7.18 (d, 8.2)
8 128.8 7.28 (d, 8.2)
9 133.0 -
10 128.8 7.28 (d, 8.2)
11 126.3 7.18 (d, 8.2)
12 10.3 1.38 (s)
13 14.0 1.70 (s)
14 24.0 1.35(s)
15 34.0 4.46 (s)
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3.1.4 Metabolite 4

Metabolite 4 (LMH20) was isolated after a series of chromatographic
separations as a colorless oil (2.0 mg).
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The mass spectrum of metabolite 4 (Figure 29) exhibited a molecular ion peak
[M]" at m/z 214, as well as a fragment ion peak at m/z 199, corresponding to [M-CH3]".
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Figure 29. Mass spectrum (EIMS) of metabolite 4.

In the 'H NMR spectrum of metabolite 4 (Figure 30) obvious were:

e One aliphatic methyl on a non-protonated carbon at J 1.34,

e Two olefinic methyls at 6 1.43 and 1.71,

e Two doublets at § 7.38 and 7.77 integrating for two protons each and attributed
to four aromatic protons, and

e One singlet at 0 9.95 integrating for one proton and attributed to an aldehyde
proton.

Analysis of the NMR and MS data of 4 led to the molecular formula CisH;gO.
Taking into account the four carbon-carbon double bonds and the carbonyl moiety as
five of the seven degrees of unsaturation, the molecular structure of 4 was determined as
bicyclic.
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Figure 30. '"H NMR spectrum of metabolite 4.

Comparison of the spectroscopic and physical characteristics of metabolite 4
with those reported in the literature led to its identification as isolauraldehyde,
previously isolated from the red alga L. obtusa (Alarif et al., 2012). The '"H NMR data
of metabolite 4 are reported in Table 138.

Table 138. 'H NMR data of metabolite 4 in CDCl; (J in ppm, J in Hz).

Position OH,exp OH,lit

4 2.33 (m), 2.30 (m) 2.34 (m), 2.30 (m)
5 1.94 (m), 1.91 (m) 1.95 (m), 1.88 (m)
7 7.38 (d, 8.3) 7.4 (d, 7.8)

8 7.77 (d, 8.3) 7.8 (d, 7.8)

10 7.77 (d, 8.3) 7.8 (d, 7.8)

11 7.38 (d, 8.3) 7.4 (d, 7.8)

12 1.43 (s) 1.45 (s)

13 1.71 (s) 1.72 (s)

14 1.34 (s) 1.36 (s)

15 9.95 (s) 9.98 (s)
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3.1.5 Metabolite 5

Metabolite 5 (LMHI18) was isolated after a series of chromatographic
separations as a colorless oil (0.8 mg).

The mass spectrum of metabolite 5 (Figure 31) exhibited a molecular ion peak
[M]" at m/z 216.
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Figure 31. Mass spectrum (EIMS) of metabolite 5.

In the "H NMR spectrum of metabolite 5 (Figure 32) obvious were:
¢ One aliphatic methyl on a non-protonated carbon at J 1.45,
e Two methyls on non-protonated oxygenated carbons at ¢ 1.10 and 1.48,
e One aromatic methyl at 6 2.31, and
e Two doublets at § 7.05 and 7.10 integrating for two protons each and attributed
to four aromatic protons.
Analysis of the NMR and MS data of 5 led to the molecular formula C;sH200O.
Taking into account the three carbon-carbon double bonds as three of the six degrees of
unsaturation, the molecular structure of 5 was determined as tricyclic.
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Figure 32. '"H NMR spectrum of metabolite 5.

The planar structure of metabolite 5 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 33) observed in the HSQC-DEPT
(Figure 34), HMBC (Figure 35) and COSY (Figure 36) spectra. In particular, the
position of Me-14 on C-1 was evident from the HMBC correlations of Me-14 (du 1.45)
with C-1 (dc 48.3), C-2 (dc 72.6) and C-6 (dc 143.4), while the correlations of Me-12
(ou 1.10) with C-1, C-2 and C-3 (dc 70.3), as well as of Me-13 (Ju 1.48) with C-2, C-3
and C-4 (6c 37.3) secured the position of Me-12 and Me-13 at C-2 and C-3,
respectively. The presence of a 1,4-disubstituted benzene ring was indicated by the two
doublets at 6 7.05 and 7.10 integrating for four aromatic methines.
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Figure 33. COSY and important HMBC correlations observed for metabolite 5.
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Figure 34. HSQC-DEPT spectrum of metabolite 5.
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Figure 35. HMBC spectrum of metabolite 5.
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Figure 36. COSY spectrum of metabolite 5.

Metabolite 5 was proven unstable and degraded prior to the acquisition of
NOESY spectrum. Nevertheless, the high structural similarity of metabolite 5 with
metabolite 6, i.e. Me-12 (ou 1.10), Me-13 (on 1.48), Me-14 (ou 1.45), C-2 (oc 72.6) and
C-3 (dc 70.3) of metabolite 5 vs. Me-12 (du 1.09), Me-13 (du 1.49), Me-14 (ou 1.47), C-
2 (0c 72.6) and C-3 (éc 70.4) of metabolite 6, renders safe the assumption that both 5
and 6 share the same relative configuration at their stereogenic centers.

Comparison of the spectroscopic and physical characteristics of metabolite 5
with those reported in the literature led to its identification as a new natural product,
which was designated as 2S5*3R*-epoxy-dihydro-isolaurene. The NMR data of
metabolite 5 are reported in Table 139.

129



Table 139. 'H and '*C NMR data of metabolite 5 in CDCls (J in ppm, J in Hz)

Position Jdc on
1 48.3 -
2 72.6 -
3 70.3 -
4 37.3 1.50 (m), 1.41 (m)
5 31.6 1.93 (m), 1.82 (m)
6 143.4 -
7 125.7 7.05 (d, 8.0)
8 129.1 7.10 (d, 8.0)
9 135.5 -
10 129.1 7.10 (d, 8.0)
11 125.7 7.05 (d, 8.0)
12 11.5 1.10 (s)
13 15.8 1.48 (s)
14 20.3 1.45 (s)
15 20.6 2.31(s)
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3.1.6 Metabolite 6

Metabolite 6 (LMH25) was isolated after a series of chromatographic
separations as a colorless oil (1.5 mg).

The mass spectrum of metabolite 6 (Figure 37) exhibited a molecular ion peak
at m/z , as well as tfragment 10n peak at m/z corresponding to |[M-H>O|".
M]* /z 232 11 as fi i k /z 214 di [M-H20]"
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Figure 37. Mass spectrum (EIMS) of metabolite 6.

In the 'H NMR spectrum of metabolite 6 (Figure 38) obvious were:
¢ One aliphatic methyl on a non-protonated carbon at ¢ 1.09,
e Two methyls on non-protonated oxygenated carbons at ¢ 1.47 and 1.49,
e One broad singlet at ¢ 4.66 integrating for two protons and attributed to an
aromatic hydroxymethylene, and
e Two doublets at § 7.15 and 7.30 integrating for two protons each and attributed
to four aromatic protons.
Analysis of the NMR and MS data of 6 led to the molecular formula Ci5sH200s.
Taking into account the three carbon-carbon double bonds as three of the six degrees of
unsaturation, the molecular structure of 6 was determined as tricyclic.
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Figure 38. 'H NMR spectrum of metabolite 6.

The spectroscopic data of 6 were rather similar to those of metabolite 5, with the
main difference being the replacement of the methyl group at C-9 by a
hydroxymethylene. Indeed, the planar structure of metabolite 6 was confirmed by the
homonuclear and heteronuclear correlations (Figure 39) observed in the HSQC-DEPT
(Figure 40), HMBC (Figure 41) and COSY (Figure 42) spectra.
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Figure 39. COSY and important HMBC correlations observed for metabolite 6.
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Figure 40. HSQC-DEPT spectrum of metabolite 6.
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Figure 41. HMBC spectrum of metabolite 6.
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Figure 42. COSY spectrum of metabolite 6.

The relative configuration of the asymmetric centers of metabolite 6 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
43). Specifically, the strong NOE correlation between Me-12 and Me-13, in conjunction
with the lack of NOE correlation between Me-12 or Me-13 and Me-14 suggested the
opposite orientation of Me-14 in relation to Me-12 and Me-13.

Comparison of the spectroscopic and physical characteristics of metabolite 6
with those reported in the literature led to its identification as a new natural product,
which was designated as 2S5*3R*-epoxy-15-hydroxy-dihydro-isolaurene. The NMR
data of metabolite 6 are reported in Table 140 .
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Figure 43. NOESY spectrum of metabolite 6.

Table 140. 'H and '*C NMR data of metabolite 6 in CDCl; (J in ppm, J in Hz)

Position oc on
1 48.7 -
2 72.6 -
3 70.4 -
4 37.4 1.53 (m), 1.42 (m)
5 31.7 1.94 (m), 1.83 (m)
6 146.4 -
7 127.2 7.30 (d, 8.1)
8 126.1 7.15(d, 8.1)
9 138.5 -
10 126.1 7.15(d, 8.1)
11 127.2 7.30 (d, 8.1)
12 11.8 1.10 (s)
13 15.9 1.49 (s)
14 20.2 1.47 (s)
15 65.1 4.66 (brs)
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3.1.7 Metabolite 7

Metabolite 7 (LMH24) was isolated after a series of chromatographic
separations as a colorless oil (mg).

The mass spectrum of metabolite 7 (Figure 44) exhibited a molecular ion peak
[M]" at m/z 232, as well as a fragment ion peak at m/z 214 corresponding to [M-H>O]".
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Figure 44. Mass spectrum (EIMS) of metabolite 7.

In the "H NMR spectrum of metabolite 7 (Figure 45) obvious were:

One aliphatic methyl on a non-protonated carbon at ¢ 1.49,

One methyl on a non-protonated oxygenated carbon at ¢ 1.36,

One singlet at J 4.65 integrating for two protons and attributed to an aromatic
hydroxymethylene,

Two singlets at 0 5.00 and 5.47 integrating for one proton each and attributed to
the protons of an exomethylene group, and

Two doublets at 6 7.27 and 7.33 integrating for two protons each and attributed
to four aromatic protons.

Analysis of the NMR and MS data of 7 led to the molecular formula C;5sH200x.
Taking into account the four carbon-carbon double bonds as four of the six degrees of
unsaturation, the molecular structure of 7 was determined as bicyclic.
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Figure 45. '"H NMR of metabolite 7.

Comparison of the spectroscopic and physical characteristics of metabolite 7
with those reported in the literature led to its identification as laur-2-ene-3,15-diol,
previously isolated from the alga L. obtusa (Angawi et al., 2014). The '"H NMR data of
metabolite 7 are reported in Table 141.

Table 141. '"H NMR data of metabolite 7 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit

4 2.05 (m), 1.97 (m) 2.11 (ddd, 12.6, 6.6, 6.0),
2.03 (ddd, 13.2, 9.0, 1.8)

5 1.82 (m), 1.61 (m) 1.86 (ddd, 12.6, 6.6, 6.0),
1.65 (ddd, 13.2, 6.6, 1.8)

7 7.33 (d, 8.4) 7.37 (d, 8.4)

8 7.27 (d, 8.4) 7.31(d, 8.4)

10 7.27 (d, 8.4) 7.31(d, 8.4)

11 7.33(d, 8.4) 7.37 (d, 8.4)

12 5.47 (s), 5.00 (s) 5.52 (s), 5.05 (s)

13 1.36 (s) 1.41 (brs)

14 1.49 (s) 1.54 (s)

15 4.65 (s) 4.69 (s)
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3.1.8 Metabolite 8

Metabolite 8 (LMHI19) was isolated after a series of chromatographic
separations as a colorless oil (6.0 mg).

The mass spectrum of metabolite 8 (Figure 46) exhibited a fragment ion peak at
m/z 216 corresponding to [M-H,0]".
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Figure 46. Mass spectrum (EIMS) of metabolite 8.

In the "H NMR spectrum of metabolite 8 (Figure 47) obvious were:

e Three aliphatic methyls on non-protonated carbons at ¢ 0.60, 1.08 and 1.42,

¢ One oxygenated methine at 6 4.03,

e One singlet at 0 4.65 integrating for two protons and attributed to a
hydroxymethylene group, and

e Two doublets at  7.20 and 7.27 integrating for two protons each and attributed

to four aromatic protons.
Analysis of the NMR and MS data of 8 led to the molecular formula Ci5sH220-.
Taking into account the three carbon-carbon double bonds as three of the five degrees of

unsaturation, the molecular structure of 8 was determined as bicyclic.
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Figure 47. 'H NMR of metabolite 8.

Comparison of the spectroscopic and physical characteristics of metabolite 8
with those reported in the literature led to its identification as cuparene-3,15-diol,
previously isolated from the red alga L. obtusa (Angawi et al., 2014). The 'H NMR data
of metabolite 8 are reported in Table 142.

Table 142. '"H NMR data of metabolite 8 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
3 4.03 (1, 9.4) 4.08 (dd, 10.2, 9.0)
2.56 (dddd, 15.0, 9.6, 9.0,
4 2.52 (m), 2.21 (m) 5.4),2.26 (dddd, 15.0, 10.2,
10.2, 4.8)
233 (ddd, 13.2, 9.6, 4.8), 2.01
> 2.29 (m), 1.95 (m) (ddd, 13.2,102, 5.4)
7 727 (d, 8.4) 730 (d, 8.4)
8 720 (d, 8.4) 7.24(d, 8.4)
10 720 (d, 8.4) 7.4 (d, 8.4)
11 727 (d, 8.4) 7.30 (d, 8.4)
12 0.60 (s) 0.65 ()
13 1.08 (s) 1.13 (s)
14 1.42 (s) 1.47 (s)
15 4.65 (s) 4.69 ()
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3.1.9 Metabolite 9

Metabolite 9 (LMH26) was isolated after a series of chromatographic
separations as a colorless oil (0.8 mg).

The mass spectrum of metabolite 9 (Figure 48) exhibited a fragment ion peak at
m/z 230 corresponding to [M-H,0O]".

Zo0000 7
19000 J
18000 {
17000
16000 J
15000 J
1a000 4
13000 J
1=z000 {
11000 {
10000 J
sococo J
so000 3
Zooo 3
s000 7
s000 3
000 3
3000 3
Zo000 7
1000 §

as

7

il A]TL’ . ﬁf) “1" J L

=1

11s A=A

|

| :AITV ‘M, 1‘ Il ,l“

Il

157 169

AJ‘ “xh

L,

!

=

‘ =Z30
n T

|

T y T T T T 1
10 S50 60 70 8O0 90 100110120130 14101501601 70180 190200210220230

Figure 48. Mass spectrum (EIMS) of metabolite 9.

In the "H NMR spectrum of metabolite 9 (Figure 49) obvious were:

¢ One aliphatic methyl on a non-protonated carbon at J 1.45,

e Two deshielded methyls on non-protonated carbons at J 1.90 and 2.07,

e One broad singlet at ¢ 4.69 integrating for two protons and attributed to an
aromatic hydroxymethylene, and
e Two doublets at  7.20 and 7.34 integrating for two protons each and attributed

to four aromatic protons.

Analysis of the NMR and MS data of 9 led to the molecular formula C5sH2003.
Taking into account the three carbon-carbon double bonds and the two carbonyl
moieties as five of the six degrees of unsaturation, the molecular structure of 9 was

determined as monocyclic.
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Figure 49. '"H NMR spectrum of metabolite 9.

The planar structure of metabolite 9 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 50) observed in the HSQC-DEPT
(Figure 51), HMBC (Figure 52) and COSY (Figure 53) spectra. In particular, the
position of Me-14 (du 1.45) was fixed at C-1 due to its correlations with C-1 (Jdc 54.8),
C-2 (éc 210.0), C-5 (oc 31.2) and C-6 (dc 141.5) observed in the HMBC spectrum. In
addition, the HMBC correlations of Me-12 (du 1.90) with the carbonyl carbon C-2 (dc
210.0) and of Me-13 (Jdu 2.07) with the carbonyl carbon C-3 (dc 208.1) supported the
cleavage of C-2/C-3 bond. The presence of the aromatic hydroxymethylene at position
C-15 was verified by the HMBC correlations of H»-15 with C-8/C-10 (dc 127.7) and C-
9 (6c 139.2).
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Figure 50. COSY and important HMBC correlations observed for metabolite 9.

141



50

— 50

—100

T T T T T T T
5 4 3 2
f2 (ppm)

Figure 51. HSQC-DEPT spectrum of metabolite 9.
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Figure 52. HMBC spectrum of metabolite 9.
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Figure 53. COSY spectrum of metabolite 9.

Comparison of the spectroscopic and physical characteristics of metabolite 9

with those reported in the literature led to its identification as a new natural product. The
NMR data of metabolite 9 are reported in Table 143.

Table 143. 'H and 3¢ NMR data of metabolite 9 in CDCI; (J in ppm, J in Hz).

Position oc on
1 54.8 -
2 210.0 -
3 208.1 -
4 38.8 2.24 (m), 2.18 (m)
5 31.2 2.18 (m), 2.14 (m)
6 141.5 -
7 126.5 7.20 (d, 8.1)
8 127.7 7.34 (d, 8.1)
9 139.2 -
10 127.7 7.34 (d, 8.1)
11 126.5 7.20 (d, 8.1)
12 25.7 1.90 (s)
13 29.8 2.07 (s)
14 21.3 1.45 (s)
15 64.8 4.69 (brs)
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3.1.10 Metabolite 10

Metabolite 10 (LMH23) was isolated after a series of chromatographic

separations as a colorless oil (1.0 mg).

The mass spectrum of metabolite 10 (Figure 54) exhibited fragment ion peaks at

m/z 282 and 284 in a 1:1 intensity corresponding to [M-H>O]" and suggesting the
presence of one bromine atom in the molecule.
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Figure 54. Mass spectrum (EIMS) of metabolite 10.

In the "H NMR spectrum of metabolite 10 (Figure 55) obvious were:

Three aliphatic methyls on non-protonated carbons at ¢ 0.81, 1.15 and 1.27,

One doublet of doublets at § 4.11 attributed to a halogenated methine,

Two broad singlets at J 4.63 and 4.89 integrating for one proton each and
attributed to the protons of an exomethylene group

Three doublets of doublets at § 5.05, 5.20 and 5.89 integrating for one proton
each and attributed to the olefinic protons of a monosubstituted double bond.
Analysis of the NMR and MS data of 10 led to the molecular formula

Ci5H2sBrO. Taking into account the two carbon-carbon double bonds as two of the
three degrees of unsaturation, the molecular structure of 10 was determined as
monocyclic.
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Figure 55. '"H NMR spectrum of metabolite 10.

Comparison of the spectroscopic and physical characteristics of metabolite 10
with those reported in the literature led to its identification as f-snyderol, previously
isolated from the red alga L. obtusa (Topcu et al., 2003). The '"H NMR data of

metabolite 10 are reported in Table 144.
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Table 144. '"H NMR data of metabolite 10 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
! 5.20(dd, 17.4,1.1),5.05 (dd, | 5.22(dd, 17.5, 1.0), 5.07 (dd,
10.8, 1.1) 11.0, 1.0)

2 5.89(dd, 17.4, 10.8) 5.91(dd, 17.4, 10.7)
1.78 (dd, 11.1, 4), 1.62 (dd,

4 1.76 (m), 1.60 (m) 115, 5.4)

5 1.51 (m), 1.30 (m) 1.51 (m), 1.30 (m)

6 1.71 (m) 1.71 (dd, 7.8, 7.8)
2.35(dd, 7.6, 4.7), 2.08 (dd,

8 2.31 (m), 2.05 (m) 65.59)
2.29 (dt, 5.8, 2.9), 2.03 (dt,

9 2.28 (m), 2.00 (m) 45.2.9)

10 4.11 (dd, 11.6, 4.3) 4.12 (dd, 11.7, 4.5)

12 1.15 (s) 1.16 (s)

13 0.81 (s) 0.83 (s)

14 4.89 (brs), 4.63 (brs) 4.91 (brs), 4.65 (brs)

15 1.27 (s) 1.28 (s)
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3.1.11 Metabolite 11

Metabolite 11 (LMHO01) was isolated after a series of chromatographic
separations as a colorless oil (76.6 mg).

The mass spectrum of metabolite 11 (Figure 56) exhibited a molecular ion peak
[M]" at m/z 396 and isotopic ion peaks at m/z 398, 400 and 402 at a relative intensity
suggestive of the presence of one chlorine and two bromine atoms.
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Figure 56. Mass spectrum (EIMS) of metabolite 11.
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In the "H NMR spectrum of metabolite 11 (Figure 57) obvious were:

e Two aliphatic methyls on non-protonated carbons at § 0.91 and 1.19,

e One olefinic methyl at J 1.66,

e One methyl on a non-protonated halogenated carbon at § 1.96,

e Two doublets of doublets at ¢ 4.45 and 4.80 integrating for one proton each and
attributed to two halogenated methines, and

e One broad singlet J 5.21 integrating for one proton and attributed to an olefinic
methine.
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Figure 57. '"H NMR spectrum of metabolite 11.

Analysis of the NMR and MS data of 11 led to the molecular formula
Ci5sH23Br2Cl. Taking into account the one carbon-carbon double bond as one of the
three degrees of unsaturation, the molecular structure of 11 was determined as bicyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 11
with those reported in the literature led to its identification as 2,10-dibromo-3-chloro-a-
chamigrene, previously isolated from an alga of the genus Laurencia (Howard &
Fenical, 1975). The '"H NMR data of metabolite 11 are reported in Table 145.

Table 145. '"H NMR data of metabolite 11 in CDCI; (J in ppm, J in Hz).

Position OH,exp OH,lit
2 4.80 (dd, 10.6, 7.8) 4.75 (m)
8 5.21 (brs) 5.16 (brs)
10 4.45 (dd, 10.7, 6.9) 4.39 (m)
12 1.19 (s) 1.16 (s)
13 0.91 (s) 0.89 (s)
14 1.66 (s) 1.61 (s)
15 1.96 (s) 1.95s)
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3.1.12 Metabolite 12

Metabolite 12 (LMHI15) was isolated after a series of chromatographic
separations as a colorless oil (0.7 mg).

The mass spectrum of metabolite 12 (Figure 58) exhibited a molecular ion peak
[M]" at m/z 360 with isotopic ion peaks at m/z 362 and 364 at a 1:2:1 intensity,
characteristic for the presence of two bromine atoms, as well as fragment ion peaks at
m/z 281 and 283 corresponding to [M-Br]".
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Figure 58. Mass spectrum (EIMS) of metabolite 12.

In the "H NMR spectrum of metabolite 12 (Figure 59) obvious were:

e Two aliphatic methyls on non-protonated carbons at 6 0.92 and 1.11,

e Two olefinic methyls at § 1.65 and 1.78,

e One doublet of doublets at & 4.64 integrating for one proton and attributed to a
halogenated methine, and

e One broad singlet  5.22 integrating for one proton and attributed to an olefinic
methine.
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Figure 59. '"H NMR spectrum of metabolite 12 in CDCl;.
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Figure 60. 'H NMR spectrum of metabolite 12 in C¢Ds.
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Analysis of the NMR and MS data of 12 led to the molecular formula C5sH22Br>.
Taking into account the two carbon-carbon double bonds as two of the four degrees of
unsaturation, the molecular structure of 12 was determined as bicyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 12
with those reported in the literature led to its identification as laurecomin C, previously
isolated from the alga L. composita (Li et al., 2012b). The '"H NMR data of metabolite
12 are reported in Table 146.

Table 146. '"H NMR data of metabolite 12 in CDCl; (6 in ppm, J in Hz).

Position OH,exp OH,lit
8 5.22 (brs) 5.25 (brs)
10 4.64 (dd, 10.7, 6.8) 4.66 (dd, 10.8, 6.8)
12 0.92 (s) 0.94 (s)
13 1.11 (s) 1.13 (s)
14 1.65 (brs) 1.67 (brs)
15 1.78 (brs) 1.81 (brs)
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3.1.13 Metabolite 13

Metabolite 13 (LMHO03) was isolated after a series of chromatographic

separations as a colorless oil (2.0 mg).

The mass spectrum of metabolite 13 (Figure 61) exhibited fragment ion peaks at

m/z 298 and 300 at an 1:1 intensity suggesting the presence of a bromine atom and
corresponding to [M-CI1]".
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Figure 61. Mass spectrum (EIMS) of metabolite 13.

In the 'H NMR spectrum of metabolite 13 (Figure 62) obvious were:

One aliphatic methyl on a tertiary carbon at J 0.90,

One aliphatic methyl on a non-protonated carbon at ¢ 0.93,

One methyl on a non-protonated halogenated carbon at 6 1.72,

One olefinic methyl at 6 1.90,

One doublet of doublets at J 4.68 integrating for one proton and attributed to a
halogenated methine, and

One broad singlet 6 5.21 integrating for one proton and attributed to an olefinic
methine.

Analysis of the NMR and MS data of 13 led to the molecular formula

Ci5H24BrCl0O. Taking into account the one carbon-carbon double bond as one of the
three degrees of unsaturation, the molecular structure of 13 was determined as bicyclic.
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Figure 62. '"H NMR spectrum of metabolite 13.

Comparison of the spectroscopic and physical characteristics of metabolite 13
with those reported in the literature led to its identification as compositacin A,
previously isolated from the red alga L. composita (Yu et al., 2017). The '"H NMR data
of metabolite 13 are reported in Table 147.

Table 147. '"H NMR data of metabolite 13 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
1 2.68 (t, 13.6), 2.17 (ddd, 13.6, 2.70 (dd, 13.8, 13.2), 2.19
53,1.9) (ddd, 13.8,5.4, 1.8)
2 4.68 (dd, 13.6, 5.3) 4.70 (dd, 13.2,5.4)
4 2.49 (td, 14.3, 4.8), 2.38 (ddd, 2.49 (ddd, 14.4, 14.2, 4.8),
14.3,5.7,2.4) 2.38 (ddd, 14.4,5.4,2.4)
5 2.07 (m), 1.62 (m) 2.08 (ddd, 15.0, 14.2, 5.4),
1.63 (ddd, 15.0, 4.8, 2.4)
8 5.21 (brs) 5.23 (brs)
9 2.13 (m), 1.58 (m) 2.19 (m), 1.62 (m)
10 2.03 (m) 2.06 (m)
12 0.93 (s) 0.95 (s)
13 0.90 (d, 6.8) 0.93 (d, 6.6)
14 1.90 (brs) 1.92 (dd, 3.6, 1.8)
15 1.72 (s) 1.74 (s)
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3.1.14 Metabolite 14

Metabolite 14 (LMHI14) was isolated after a series of chromatographic

separations as a colorless oil (2.1 mg).

The mass spectrum of metabolite 14 (Figure 63) exhibited a molecular ion peak
[M]" at m/z 316 with isotopic ion peaks at m/z 318 and 320 at an intensity suggestive of

the presence of one bromine and one chlorine atom.
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In the "H NMR spectrum of metabolite 14 (Figure 64) obvious were:
e One aliphatic methyl on a tertiary carbon at 6 1.12,
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Figure 63. Mass spectrum (EIMS) of metabolite 14.

e One olefinic methyl at 6 1.62,

e One methyl on non-protonated halogenated carbon at J 1.65,
¢ One doublet of doublets at J 4.16 integrating for one proton and attributed to a

halogenated methine,

e Two broad singlets at 6 4.90 and 4.96 integrating for one proton each and
attributed to the protons of an exomethylene, and
e One broad singlet at J 5.22 integrating for one proton and attributed to an

olefinic methine.
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Figure 64. '"H NMR spectrum of metabolite 14.

Analysis of the NMR and MS data of 14 led to the molecular formula
Ci5H22BrCl. Taking into account the two carbon-carbon double bonds as two of the four
degrees of unsaturation, the molecular structure of 14 was determined as bicyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 14
with those reported in the literature led to its identification as laurokamin A, previously
isolated from the alga L. okamurai (Li et al., 2012a). The '"H NMR data of metabolite 14
are reported in Table 148.

Table 148. '"H NMR data of metabolite 14 in CsDs and CDCl; (J in ppm, J in Hz).

Position OH,exp (in CgDe) on,lit (in CDCls)
2 4.16 (dd, 5.9,2.9) 4.40 (dd, 5.4, 3.8)
8 5.22 (brs) 5.35 (brd, 3.6)
12 4.96 (brs), 4.90 (brs) 4.94 (s), 4.89 (s)
13 1.12 (d, 6.5) 1.13 (d, 6.6)
14 1.62 (brs) 1.72 (brs)
15 1.65 (s) 1.78 (s)
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3.1.15 Metabolite 15

Metabolite 15 (LMHO05) was isolated after a series of chromatographic
separations as a colorless oil (8.8 mg).

The mass spectrum of metabolite 15 (Figure 65) exhibited a molecular ion peak
[M]" at m/z 220, as well as a fragment ion peak at m/z 205 corresponding to [M-CH3]".
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Figure 65. Mass spectrum (EIMS) of metabolite 15.

In the "H NMR spectrum of metabolite 15 (Figure 66) obvious were:

¢ One aliphatic methyl on a tertiary carbon at ¢ 0.95,

e Three aliphatic methyls on non-protonated carbons at 4 0.99, 0.99 and 1.21,

e One triplet at J 4.18 integrating for one proton and attributed to an oxygenated
methine, and

e One multiplet at J 5.45 integrating for one proton and attributed to an olefinic
methine.
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Figure 66. '"H NMR spectrum of metabolite 15.

Analysis of the NMR and MS data of 15 led to the molecular formula Ci5H240.
Taking into account the one carbon-carbon double bond as one of the four degrees of
unsaturation, the molecular structure of 15 was determined as tricyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 15
with those reported in the literature led to its identification as aristol-9(10)-en-1a-ol,
previously isolated from the alga L. similis (Kamada & Vairappan, 2013) and
synthetically prepared (Takeshita et al., 1980). The 'H NMR data of metabolite 15 are

reported in Table 149.

Table 149. '"H NMR data of metabolite 15 in CDCl; and (CD5)2SO (J in ppm, J in Hz).

Position Jdn,exp (in CDCls) on,lit (in (CD3)2S0O)
1 4.18 (t,2.7) 4.17 (m)
6 0.61 (d, 9.5)
7 0.78 (dd, 9.5, 7.2)
9 5.45 (m) 5.42 (m)
12 0.99 (s) 1.02 (s)
13 0.99 (s) 1.02 (s)
14 0.95 (d, 6.8) 1.0 (d, 7.0)
15 1.21 (s) 1.23 (s)
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3.1.16 Metabolite 16

Metabolite 16 (LMHI11) was isolated after a series of chromatographic
separations as a colorless oil (1.5 mg).

The mass spectrum of metabolite 16 (Figure 67) exhibited isotopic fragment ion
peaks at m/z 428, 430 and 432 at an intensity suggestive of the presence of two bromine
atoms in the molecule and corresponding to [M-H,O]".
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Figure 67. Mass spectrum (EIMS) of metabolite 16.

In the "H NMR spectrum of metabolite 16 (Figure 68) obvious were:

e Four aliphatic methyls on non-protonated carbons at  0.94, 1.12, 1.18 and 1.19,

e Two doublets of doublets at ¢ 3.87 and 4.60 integrating for one proton each and
attributed to two halogenated methines, and

e Two broad singlets at 6 4.87 and 5.11 integrating for one proton each and
attributed to the protons of an exomethylene.
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Figure 68. '"H NMR spectrum of metabolite 16.

Analysis of the NMR and MS data of 16 led to the molecular formula
C20H32Br20. Taking into account the one carbon-carbon double bond as one of the four
degrees of unsaturation, the molecular structure of 16 was determined as tricyclic.

The planar structure of metabolite 16 was determined on the basis of the
homonuclear and heteronuclear correlations observed in the HSQC-DEPT (Figure 69),
HMBC (Figure 70) and COSY (Figure 71) spectra.

Comparison of the spectroscopic and physical characteristics of metabolite 16
with those reported in the literature led to its identification as kahukuene B, previously
isolated from the alga L. majuscula (Brennan et al., 1993). The 'H NMR data of
metabolite 16 are reported in Table 150.
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Figure 70. HMBC spectrum of metabolite 16.
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Table 150. 'H and '3C NMR data of metabolite 16 in CDCl; and C¢Ds (6 in ppm, J in Hz).

. OC,exp OH,exp OC,lit OH,lit
Position - -
1n CDCl; 1n C¢Ds
1 44.1 - 442 -
2 65.2 4.60 (dd, 12.7, 4.5) 65.4 4.45(dd, 14.7,2.7)
2.04(qd, 115, 6.8, 4.7, 2.7), 2.00
3 35.8 2.24 (m), 2.03 (m) 36.5 (Gd. 147, 13.5. 115, 6.8)
1.98 (ddd, 13.5, 12.8, 6.8) 1.73
4 . 22 2. .
337 7 (m), 2.08 (m) 33.9 (ddd, 12.8, 6.0, 4.7)
5 146.7 - 147.1 -
6 487 - 492 -
1,59 (dd, 10.2, 1.11), 1.56 (dd,
7 24.1 1.94 (m), 1.71 (m) 24.0 133.102)
474 1.01 (m) 475 0.68 (dd, 13.3, 1.1)
71.7 - 70.8 -
1.14 (ddd, 14.2, 4.3, 2.8), 0.91
10 423 1.66 (m), 1.55 (m) 423 ddd 142, 134,45
239 (qd, 13.4, 13.3, 12.7, 4.3),
1 . 2. 1. .
30.0 37 (m), 1.95 (m) 30:5 1.80 (qd, 13.3, 4.5, 3.8, 2.8)
12 68.6 3.87 (dd, 12.7, 3.7) 68.8 3.63 (dd, 12.7, 3.8)
13 39.9 - 403 -
1.70 (ddd, 13.1, 4.2, 3.1) 1.23
14 38.2 1.65 (m), 1.33 (m) 38.7 ddd, 146, 13.1.3.5)
1.46 (ddd, 14.6, 12.5, 4.2), 1.42
15 242 1.73 (m) 24.4 A0 125,35, 3.0)
16 235 1.19 (s) 237 1.09 (s)
17 175 0.94 (s) 177 0.96 (s)
18 | 1142 5.11 (brs), 4.78 (brs) 114.1 4.89 (brs), 4.59 (brs)
19 29.6 112 (s) 29.7 0.64 (s)
20 14.4 118 (s) 145 1.29 (s)




3.1.17 Metabolite 17

Metabolite 17 (LMH04) was isolated after a series of chromatographic
separations as a colorless oil (3.6 mg).
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The mass spectrum of metabolite 17 (Figure 72) exhibited a molecular ion peak
[M]" at m/z 356 with an isotopic ion peak at m/z 358 at an intensity of 1:1, suggesting
the presence of a bromine atom in the molecule.
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Figure 72. Mass spectrum (EIMS) of metabolite 17.

In the 'H NMR spectrum of metabolite 17 (Figure 73) obvious were:

e One aliphatic methyl on a secondary carbon at  0.87,

e One acetoxy methyl at 6 1.70,

e One acetylenic methine at J 2.75,

e One doublet of triplets at 6 3.38 and three doublets of doublets of doublets at &
3.69, 3.85 and 5.08 integrating for one proton each and attributed to four
oxygenated or halogenated methines, and

e Two doublets at ¢ 5.35 and 5.85 integrating for one proton each and attributed to
two olefinic methines.

Analysis of the NMR and MS data of 17 led to the molecular formula
C17H25BrO;. Taking into account the one carbon-carbon triple bond, the one carbon-
carbon double bond and the carbonyl moiety as four of the five degrees of unsaturation,
the molecular structure of 17 was determined as monocyclic.
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Figure 73. '"H NMR spectrum of metabolite 17.

The planar structure of metabolite 17 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 74) observed in the HSQC-DEPT
(Figure 75), HMBC (Figure 76) and COSY (Figure 77) spectra. In particular, the HSQC
spectrum revealed correlations for two methyls, six methylenes and seven methines,
among which one was halogenated and three were oxygenated. The COSY cross-peaks
indicated the presence of a single spin system extending from H-1 to H3-15, revealing
the position of the bromine atom at C-6 and confirming the presence of an enyne
functionality. The HMBC correlation of H-7 (du 3.69) with C-10 (dc 81.8) indicated the
formation of an ether bridge between C-7 and C-10. Moreover, the acetoxy group was
placed at C-9 on the basis of the HMBC correlation between H-9 (du 5.08) and the
carbonyl carbon C-16 (éc 169.2).
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Figure 74. COSY and important HMBC correlations observed for metabolite 17.
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Figure 75. HSQC-DEPT spectrum of metabolite 17.
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Figure 76. HMBC spectrum of metabolite 17.
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Figure 77. COSY spectrum of metabolite 17.

The relative configuration of the asymmetric centers of metabolite 17 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
78). Specifically, the strong NOE enhancement between H-7 and H-10 indicated their
cis orientation, while the lack of NOE correlation between H-7 and H-9 indicated their
trans orientation. The geometry of the carbon-carbon double bond of the -enyne moiety
was determined as Z on the basis of the measured coupling constant between H-3 and
H-4 (J = 10.6 Hz), as already indicated by the chemical shift of the acetylenic proton
resonating at § 2.75.
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Figure 78. NOESY spectrum of metabolite 17.

Comparison of the spectroscopic and physical characteristics of metabolite 17
with those reported in the literature led to its identification as a new natural product. The

NMR data of metabolite 17 are reported in Table 151.
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Table 151. 'H and '3C NMR data of metabolite 17 in C¢Ds (J in ppm, J in Hz).

Position oc OH

1 82.2 2.75(d, 1.4)

2 79.7 -

3 110.3 5.38 (dd, 10.6, 1.4)

4 141.4 5.85 (dt, 10.6, 7.0)

5 347 2.95(ddd, 15.7, 7.0, 4.5),
2.83 (ddd, 15.7,9.2, 7.0)

6 54.5 3.85(ddd, 9.2, 5.1, 4.5)

7 79.3 3.69 (ddd, 8.3, 7.0, 5.1)

g 36.3 1.99 (ddd, 14.5, 8.3, 6.5),
1.81 (ddd, 14.5, 7.0, 2.0)

9 73.4 5.08 (ddd, 6.5, 4.3, 2.0)

10 81.8 3.38 (dt, 8.7, 4.3)

11 28.7 1.72 (m), 1.52 (m)

12 25.7 1.47 (m), 1.29 (m)

13 31.8 1.25 (m)

14 22.2 1.26 (m)

15 13.6 0.87 (t, 7.1)

16 169.2 -

17 19.9 1.70 (s)
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3.1.18 Metabolite 18

Metabolite 18 (LMHO02) was isolated after a series of chromatographic

separations as a colorless oil (30.0 mg).

The mass spectrum of metabolite 18 (Figure 79) exhibited a molecular ion peak

[M]" at m/z 342 with isotopic ion peaks at m/z 344 and 346 at a relative intensity
characteristic for the presence of one bromine and one chlorine atom in the molecule.
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Figure 79. Mass spectrum (EIMS) of metabolite 18.

In the "H NMR spectrum of metabolite 18 (Figure 80) obvious were:

One aliphatic methyl on a secondary carbon at ¢ 1.02,

One acetylenic methine at J 2.68,

Four signals at 6 4.10, 4.43, 4.53 and 4.91 integrating for one proton each and
attributed to four oxygenated or halogenated methines, and

Two signals at 6 5.20 and 5.59 integrating for one proton each and attributed to
two olefinic methines.
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Figure 80. 'H NMR spectrum of metabolite 18 in C¢De.
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Figure 81. '"H NMR spectrum of metabolite 18 in CDCl;.
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Analysis of the NMR and MS data of 18 led to the molecular formula
Ci5H16BrClOs. Taking into account the one carbon-carbon triple bond and the two
carbon-carbon double bonds as four of the seven degrees of unsaturation, the molecular
structure of 18 was determined as tricyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 18
with those reported in the literature led to its identification as cis-maneonene-D,
previously isolated from the red alga L. obtusa (Ayyad et al., 2011). The '"H NMR data
of metabolite 18 are reported in Table 152.

Table 152. 'H and '3C NMR data of metabolite 18 in C¢Ds (J in ppm, J in Hz).

Position OH,exp OH,lit
1 2.68 (d, 2.2) 2.63 (dd, 2.4, 1.2)
3 5.20 (dd, 10.5,2.2) 5.19(dd, 10.8,2.4)
4 5.59 (t, 10.5) 5.59 (ddd, 10.8, 10.8, 1.2)
5 491 (t, 10.5) 4.92 (dd, 10.8, 10.8)
6 1.72 (d, 10.5) 1.72 (dd, 10.8, 1.8)
7 4.53(d,5.2) 4.53 (brd, 5.4)
1.34 (ddd, 13.2, 7.8, 5.4),
8 1.34 (m), 1.10 (d, 13.2) 1.08 (d, 13.2)
9 4.10 (dd, 7.6, 4.7) 4.08 (dd, 7.8, 4.8)
10 4.43 (m) 4.41 (dd, 4.8, 4.8)
11 2.58 (d, 5.0) 2.58 (brd, 4.8)
14 2.23(q, 7.3) 2.23(q,7.2)
15 1.02 (t, 7.3) 1.03 (t,7.2)
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3.1.19 Metabolite 19

Metabolite 19 (LMH06) was isolated after a series of chromatographic

separations as a colorless oil (7.6 mg).

The mass spectrum of metabolite 19 (Figure 82) exhibited a fragment ion peak
at m/z 343 and isotopic ion peaks at m/z 345 and 347 at a relative intensity characteristic
for the presence of one bromine and one chlorine atom in the molecule and

corresponding to [M-OCH3]".
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Figure 82. Mass spectrum (EIMS) of metabolite 19.

In the "H NMR spectrum of metabolite 19 (Figure 83) obvious were:

e One aliphatic methyl on a secondary carbon at J 1.06,

e One acetylenic methine at J 3.24,

¢ One oxygenated methyl at 6 3.27,

e Five signals at J 4.04, 4.40, 4.72, 4.80 and 5.30 integrating for one proton each

and attributed to five oxygenated or halogenated methines, and

e Two signals at J 5.60 and 5.90 integrating for one proton each and attributed to

two olefinic methines.
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Figure 83. '"H NMR spectrum of metabolite 19.

Analysis of the NMR and MS data of 19 led to the molecular formula
Ci6H20BrClOs. Taking into account the one carbon-carbon triple bond and the one
carbon-carbon double bond as three of the six degrees of unsaturation, the molecular
structure of 19 was determined as tricyclic.

The planar structure of metabolite 19 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 84) observed in the HSQC-DEPT
(Figure 85), HMBC (Figure 86) and COSY (Figure 87) spectra. In particular, the
correlations observed in the HSQC-DEPT spectrum revealed the presence of two
methyls, two methylenes and ten methines. The COSY cross-peaks indicated the
presence of an extended spin system ranging from H-1 to H-11, as well as that of short
one from H-13 to H3-15. The HMBC correlations of H-10 (o 5.30) with C-7 (d¢ 77.5),
as well as of H-9 (du 4.40) with C-12 (dc 108.2), identified the formation of two ether
bridges between C-7 and C-10 and C-9 and C-10, while the correlations of C-12 with
H-6 (0u 2.87) and H-13 (Jdu 4.04) connected the two spin systems and indicated the
formation of the tricyclic skeleton. In addition, the HMBC correlations of C-2 (dc 78.3)
with H-3 (du 5.60) and H-4 (du 5.90), as well as of C-4 (dc 141.6) with H-1 (du 3.24)
confirmed the presence of the terminal enyne moiety, which is frequently encountered
in Cis acetogenins (Takahashi et al., 1999). Moreover, the HMBC correlation of Me-16
(0n 3.27) with C-12 (éc 108.2) secured the position of the methoxy group at C-12.
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Figure 84. COSY and important HMBC correlations observed for metabolite 19.
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Figure 85. HSQC-DEPT spectrum of metabolite 19.
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Figure 86. HMBC spectrum of metabolite 19.
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Figure 87. COSY spectrum of metabolite 19.

The relative configuration of the asymmetric centers of metabolite 19 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
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88). Specifically, the NOE enhancements of H3-16 with H-13 and of H-11 with H-14b
(0 1.48), as well as of H-11 with H-10 and of H-10 with H-9 secured the relative
configuration at C-9, C-10, C-11, C-12 and C-13. Furthermore, the absence of coupling
of H-6 with H-7 and/or H-11 in the COSY spectrum indicating an almost 90° dihedral
angle between H-6—C-6—C-7-H-7, as well as between H-6—C-6-C-11-H-11, in
conjunction with the NOE enhancement of H-5 with H-11 secured the relative
configuration at C-6 (Figure 89).
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Figure 88. NOESY spectrum of metabolite 19.

Figure 89. 3D structure of metabolite 19.
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Comparison of the spectroscopic and physical characteristics of metabolite 19
with those reported in the literature led to its identification as a new natural product. The
NMR data of metabolite 19 are reported in Table 153.

Table 153. 'H and '3C NMR data of metabolite 19 in CDCl; (J in ppm, J in Hz).

Position Jc on
1 78.0 324 (d,2.3)
2 78.3 -
3 111.8 5.60 (dd, 10.6, 2.3)
4 141.6 5.90 (t, 10.6)
5 57.1 4.80 (t, 10.6)
6 52.3 2.87 (brd, 10.6)
7 71.5 472 (d,5.2)
8 36.7 1.89-1.93 (m), 1.54 (m)
9 78.2 4.40 (dd, 8.2, 5.0)
10 84.9 5.30 (t, 5.0)
11 49.0 2.33 (d, 5.0)
12 108.2 -
13 60.7 4.04 (dd, 11.3,2.1)
14 26.8 1.93 (m), 1.48 (m)
15 12.5 1.06 (t, 7.3)
16 48.7 3.27 (s)
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3.1.20 Metabolite 20

Metabolite 20 (LMHO07) was isolated after a series of chromatographic
separations as a colorless oil (8.2 mg).

The mass spectrum of metabolite 20 (Figure 90) exhibited a fragment ion peak
at m/z 343 and isotopic ion peaks at m/z 345 and 347 at a relative intensity characteristic
for the presence of one bromine and one chlorine atom in the molecule and
corresponding to [M-OCH3]".
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Figure 90. Mass spectrum (EIMS) of metabolite 20.

In the 'H NMR spectrum of metabolite 20 (Figure 91) obvious were:

e One aliphatic methyl on a secondary carbon at ¢ 1.08,

e One acetylenic methine at J 3.22,

e One oxygenated methyl at 6 3.31,

o Five signals at d 3.96, 4.41, 4.75, 4.80 and 4.88 integrating for one proton each
and attributed to five oxygenated or halogenated methines, and

e Two signals at § 5.62 and 5.99 integrating for one proton each and attributed to
two olefinic methines.

Analysis of the NMR and MS data of 20 led to the molecular formula
Ci16H20BrClOs. Taking into account the one carbon-carbon triple bond and the one
carbon-carbon double bond as three of the six degrees of unsaturation, the molecular
structure of 20 was determined as tricyclic.
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Figure 91. '"H NMR spectrum of metabolite 20.

The spectroscopic data of 20 were rather similar to those of metabolite 19.
Indeed, the planar structure of metabolite 20 was determined to be the same as that of
19 on the basis of the homonuclear and heteronuclear correlations (Figure 92) observed
in the HSQC-DEPT (Figure 93), HMBC (Figure 94) and COSY (Figure 95) spectra.
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Figure 92. COSY and important HMBC correlations observed for metabolite 20.
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Figure 93. HSQC-DEPT spectrum of metabolite 20.
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Figure 94. HMBC spectrum of metabolite 20.

180

f1 (ppm)

f1 (ppm)



R
-1
O
. B
®
., 8 8 )
o o
Q
) .8 -3
@ ']
] Q
;! @ -4 g
o @0 ® L b
® e °o o © -5
, .
@ o 0
.0 0 ® -6
]
-7
(] 0
L8
[ T T T T T T T T T T T T T T T 1
B 7 6 5 4 3 2 1 0
f2 (ppm)

Figure 95. COSY spectrum of metabolite 20.

The relative configuration of the asymmetric centers of metabolite 20 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
96). Specifically, as in the case of 19, the absence of coupling of H-6 with H-7 and/or
H-11 in the COSY spectrum indicating an almost 90° dihedral angle between H-6—C-6—
C-7-H-7, as well as between H-6—C-6—C-11-H-11, in conjunction with the NOE
enhancement of H-5 with H-11 secured the relative configuration at C-6. The NOE
enhancements of H3-16 with H-13 and of H-11 with H-14b (6 1.51), as well as of H-11
with H-10 and of H-10 with H-9 secured the relative configuration at C-9, C-10, C-11
and C-12. However, the fact that H-10 and H-13 were shielded (in comparison to
compound 19) suggested a change in the relative configuration of C-13.
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Figure 96. NOESY spectrum of metabolite 20.

Comparison of the spectroscopic and physical characteristics of metabolite 20
with those reported in the literature led to its identification as a new natural product. The
NMR data of metabolite 20 are reported in Table 154.

Table 154. 'H and '*C NMR data of metabolite 20 in CDCl; (J in ppm, J in Hz)

Position oc on
1 81.0 3.22(d,2.3)
2 79.0 -
3 111.8 5.62 (dd, 10.5, 2.3)
4 141.6 5.99 (1, 10.5)
5 58.5 4.80 (t, 10.5)
6 52.3 2.97 (brd, 10.5)
7 71.5 4.75 (d, 5.0)
8 374 1.89 (m), 1.58 (m)
9 78.2 4.41 (dd, 8.2, 5.0)
10 84.9 4.88 (t,5.0)
11 49.0 2.44 (d, 5.0)
12 108.5 -
13 60.7 3.96 (dd, 11.5, 2.0)
14 26.7 1.79 (m), 1.51 (m)
15 13.1 1.08 (t, 7.2)
16 49.0 3.31(s)
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3.1.21 Metabolite 21

Metabolite 21 (LMHO08) was isolated after a series of chromatographic
separations as a colorless oil (19.5 mg).

The mass spectrum of metabolite 21 (Figure 97) exhibited a fragment ion peak
at m/z 343 and isotopic ion peaks at m/z 345 and 347 at a relative intensity characteristic
for the presence of one bromine and one chlorine atom in the molecule and
corresponding to [M-OCH3]".

400000 -+
350000 A
300000 A
250000 H
200000 A

150000 -+
129

100000 H

115

41 77 21 157 3a5

50000 -
171185
1 s‘ae 5o
L

Lo il ol L : |
o iy \M\\'MHM'\M alulilntollully i '\‘H“\m i Y2 1?672§31 LAl i)

[Sle] 80 100 120 140 160 180 200 220 240 260 280 300 320 340
m/=z——=

Figure 97. Mass spectrum (EIMS) of metabolite 21.

In the 'H NMR spectrum of metabolite 21 (Figure 98) obvious were:

e One aliphatic methyl on a secondary carbon at  1.05,

e One acetylenic methine at J 3.21,

e One oxygenated methyl at § 3.24,

e Five signals at J 3.76, 4.52, 4.76, 4.82 and 5.16 integrating for one proton each
and attributed to five oxygenated or halogenated methines, and

e Two signals at § 5.63 and 6.18 integrating for one proton each and attributed to
two olefinic methines.
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Figure 98. '"H NMR spectrum of metabolite 21.

Analysis of the NMR and MS data of 21 led to the molecular formula
Ci6H20BrClOs. Taking into account the one carbon-carbon triple bond and the one
carbon-carbon double bond as three of the six degrees of unsaturation, the molecular
structure of 21 was determined as tricyclic.

The spectroscopic data of 21 were rather similar to those of metabolites 19 and
20. Indeed, the planar structure of metabolite 21 was determined to be the same as that
of 19 and 20 on the basis of the homonuclear and heteronuclear correlations observed in
the HSQC-DEPT (Figure 99) and COSY (Figure 100) spectra.
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Figure 99. HSQC-DEPT spectrum of metabolite 21.
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Figure 100. COSY spectrum of metabolite 21.

The relative configuration of the asymmetric centers of metabolite 21 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
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101). Specifically, the absence of coupling of H-6 with H-7 and/or H-11 in the COSY
spectrum indicating an almost 90° dihedral angle between H-6-C-6—C-7-H-7, as well
as between H-6-C-6—C-11-H-11, in conjunction with the NOE enhancement of H-5
with H-11 secured the relative configuration at C-6. Furthermore, the NOE
enhancements of H-11 with H-14b (6 1.77), as well as of H-11 with H-10 and of H-10
with H-9, in combination with that of H-13 with H-6 secured the relative configuration
at C-9, C-10 and C-11 and suggested the inversion of the relative configuration at C-12
(Figure 102).

T
()]
f1 (ppm)

Oco-Qon
- Loy o -

T

e}

DD - <= o

ab o o <t
T T T T T T T T T T T T T T T

3

N
—

5
f2 (ppm)
Figure 101. NOESY spectrum of metabolite 21.

Figure 102. 3D structure of metabolite 21.
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Comparison of the spectroscopic and physical characteristics of metabolite 21
with those reported in the literature led to its identification as a new natural product. The
NMR data of metabolite 21 are reported in Table 155.

Table 155. 'H and '3C NMR data of metabolite 21 in CDCl; (J in ppm, J in Hz).

Position Jc on
1 n.d. 3.21(d,2.2)
2 79.0 -
3 111.5 5.63 (dd, 10.6, 2.2)
4 141.6 6.18 (t, 10.6)
5 59.1 4.82 (t, 10.6)
6 51.6 2.43 (dd, 10.6, 1.0)
7 78.5 4.76 (dd, 5.0, 5.0)

1.88 (ddd, 12.8, 7.3, 5.0),

8 397 1.60 (d, 12.8)

9 78.8 4.52(dd, 7.3,4.7)
10 83.3 5.16 (t, 4.7)

11 523 2.31(d,4.7)

12 108.2 -

13 594 3.76 (dd, 11.1, 2.0)
14 26.1 2.16 (m), 1.77 (m)
15 13.8 1.05 (t, 7.2)

16 50.3 3.24 (s)

n.d.: not determined
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3.1.22 Metabolite 22

Metabolite 22 (LMHI16) was isolated after a series of chromatographic
separations as a colorless oil (3.8 mg).
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The mass spectrum of metabolite 22 (Figure 103) exhibited a fragment ion peak

at m/z 223 corresponding to [M-CI]".
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Figure 103. Mass spectrum (EIMS) of metabolite 22.

In the 'H NMR spectrum of metabolite 22 (Figure 104) obvious were:

e One aliphatic methyl on a secondary carbon at ¢ 0.85,

e One olefinic methine at 6.87, and,

e One singlet at § 9.35 integrating for one proton and attributed to the proton of an
aldehyde group.

Analysis of the NMR and MS data of 22 led to the molecular formula
Ci5H27ClO. Taking into account the one carbon-carbon double bond and the carbonyl
moiety as two of the two degrees of unsaturation, the molecular structure of 22 was
determined as linear.
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Figure 104. '"H NMR spectrum of metabolite 22.

Comparison of the spectroscopic and physical characteristics of metabolite 22

with those reported in the literature led

to its identification as (22)-2-chloro-pentadec-

2enal, previously isolated from the Laurencia flexilis (de Nys et al., 1993). The 'H
NMR data of metabolite 22 are reported in Table 156.

Table 156. '"H NMR data of metabolite 22 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
1 9.35 (s) 9.36 (s)
3 6.87 (t,7.3) 6.89dd (7.2,7.2)
4 2.52 (m), 2.45 (m) 2.52.ddd (7.2,7.3,7.3)
5 1.52 (m) 1.55 (m)
6~14 1.24 (m) 1.26 (brs)
15 0.85(t, 6.7) 0.88 (m)
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3.2 Identification and structure elucidation of isolated metabolites from the
sponge Lamellodysidea sp.

3.2.1 Metabolite 23

Metabolite 23 (KR649-13) was isolated after a series of chromatographic
separations as colorless crystals (15.6 mg).
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The mass spectrum of metabolite 23 (Figure 105) exhibited a molecular ion peak
[M]" at m/z 216, as well as a fragment ion peak at m/z 201 corresponding to [M-CH3]".
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Figure 105. Mass spectrum (EIMS) of metabolite 23.

In the 'H NMR spectrum of metabolite 23 (Figure 106) obvious were:

e Two aliphatic methyls on non-protonated carbons at 0 1.23 and 1.25,

e One olefinic methyl at J 1.65,

e One signal at § 5.58 integrating for one proton and attributed to one olefinic
methine, and

e Two broad doublets at 6 6.08 and 7.21 integrating for one proton each and
attributed to the olefinic protons of a furan ring.
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Figure 106. '"H NMR spectrum of metabolite 23.

Analysis of the NMR and MS data of 23 led to the molecular formula C15H200.
Taking into account the three carbon-carbon double bonds as the three of the six degrees
of unsaturation, the molecular structure of 23 was determined as tricyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 23
with those reported in the literature led to its identification as furodysin, previously
isolated from the marine sponge Dysidea sp. (Kazlauskas et al., 1978). The 'H NMR
data of metabolite 23 are reported in Table 157.

Table 157. '"H NMR data of metabolite 23 in CDCl; and CCl4 (J in ppm, J in Hz)

Position Jdn,exp (in CDCls) omn,lit (in CCly)
1 7.21 (brd, 1.8) 7.03 (d, 2)
2 6.08 (brd, 1.8) 5.90 (d, 2)
2.48 (dd, 17.0, 5.5), 2.1 (dd,
5 2.52 (m), 2.19 (m) 17.0, 12.0)
7 5.58 (brd, 5.8) 5.50 (brd, 6)
13 1.23 (s) 1.23 (s)
14 1.25 (s) 1.23 (s)
15 1.65 (s) 1.61 (s)
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3.2.2 Metabolite 24

Metabolite 24 (KR649-12) was isolated after a series of chromatographic
separations as colorless crystals (76 mg).
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The mass spectrum of metabolite 24 (Figure 107) exhibited a molecular ion peak
[M]" at m/z 216, as well as a fragment ion peak at m/z 201 corresponding to [M-CH3]".
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Figure 107. Mass spectrum (EIMS) of metabolite 24.

In the "H NMR spectrum of metabolite 24 (Figure 108) obvious were:

e Two aliphatic methyls on non-protonated carbons at J 1.17 and 1.19,

e One olefinic methyl at 6 1.65,

e One signal at 0 5.61 integrating for one proton and attributed to one olefinic
methine, and

e Two broad singlets at 6 6.22 and 7.20 integrating for one proton each and
attributed to the olefinic protons of a furan ring.
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Figure 108. '"H NMR spectrum of metabolite 24.

Analysis of the NMR and MS data of 24 led to the molecular formula C15H200.
Taking into account the three carbon-carbon double bonds as three of the six degrees of
unsaturation, the molecular structure of 24 was determined as tricyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 24
with those reported in the literature led to its identification as furodysinin, previously
isolated from the marine sponge Dysidea sp. (Kazlauskas et al., 1978). The 'H NMR

data of metabolite 24 are reported in Table 158.

Table 158. '"H NMR data of metabolite 24 in CDCl; and CCl4 (6 in ppm, J in Hz).

Position Jdn,exp (in CDCls) on,lit (in CCly)
1 7.20 (brs) 6.98 (brs)
2 6.22 (brs) 6.01 (d, 2)
5 2.65 (m), 2.28 (m) 2.56 (m), 2.19 (dd, 17.5, 12.5)
6 2.70 (m) 2.64 (dd, 17.5,5.5)
7 5.61 (brd, 3.6) 5.50 (brd, 6)
13 1.17 (s) 1.15 (s)
14 1.19 (s) 1.15 (s)
15 1.65 (s) 1.60 (s)
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3.2.3 Metabolite 25

Metabolite 25 (KR649-23) was isolated after a series of chromatographic

separations as a colorless oil (1.0 mg).
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The mass spectrum of metabolite 25 (Figure 109) exhibited a molecular ion peak
[M]" at m/z 274 and a fragment ion peak at m/z 214 corresponding to [M-AcOH]".
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Figure 109. Mass spectrum (EIMS) of metabolite 25.

In the 'H NMR spectrum of metabolite 25 (Figure 110) obvious were:
Two aliphatic methyls on non-protonated carbons at 6 1.17 and 1.19,

One acetoxy methyl at 6 2.07,

One broad singlet at J 4.45 integrating for two protons and attributed to the
protons of an oxygenated methylene,

One signal at J 5.94 integrating for one proton and attributed to one olefinic
methine, and

Two broad doublets at 0 6.22 and 7.21 integrating for one proton each and
attributed to the olefinic protons of a furan ring.
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Figure 110. '"H NMR spectrum of metabolite 25.

Analysis of the NMR and MS data of 25 led to the molecular formula C17H220s3.
Taking into account the three carbon-carbon double bonds and the carbonyl moiety as
four of the seven degrees of unsaturation, the molecular structure of 25 was determined
as tricyclic.

The spectroscopic data of metabolite 25 revealed close similarity to those of 24,
with the striking difference observed for Me-15 where oxidation and subsequent
acetylation had taken place. Indeed, the planar structure of metabolite 25 was verified
on the basis of the homonuclear and heteronuclear correlations (Figure 111) observed in
the HSQC-DEPT (Figure 112), HMBC (Figure 113) and COSY (Figure 114) spectra.

Figure 111. COSY and important HMBC correlations observed for metabolite 25.
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Figure 112. HSQC-DEPT spectrum of metabolite 25.
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Figure 113. HMBC spectrum of metabolite 25.
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Figure 114. COSY spectrum of metabolite 25.

The relative configuration of the asymmetric centers of metabolite 25 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
115). Specifically, the NOE enhancement of H-6 with H-11 confirmed the cis fusion of
the two cyclohexane rings.

Comparison of the spectroscopic and physical characteristics of metabolite
25with those reported in the literature led to its identification as a new natural product,
which was designated as 15-acetoxy-furodysinin. The NMR data of metabolite 25 are
reported in Table 159.
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Figure 115. NOESY spectrum of metabolite 25.

Table 159. 'H and '3C NMR data of metabolite 25 in CDCl; (6§ in ppm, J in Hz).

Position Jdc on
1 140.6 7.21(d, 1.2)
2 108.0 6.22 (d, 1.8)
3 124.5 -
4 146.2 -
5 27.2 2.74 (m), 2.30 (dd, 18.1, 12.0)
6 31.1 2.75 (m)
7 130.2 594 (d, 5.4)
8 156.9 -
9 27.7 2.10 (m)
10 18,6 1.80 (m), 1.28 (m)
11 44.8 1.59 (m)
12 333 -
13 33.0 1.17 (s)
14 26.3 1.19 (s)
15 68.1 4.45 (brs)
16 171.1 -
17 21.3 2.07 (s)
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3.2.4 Metabolite 26

Metabolite 26 (KR649-10) was isolated after a series of chromatographic
separations as a colorless oil (24.0 mg).

The mass spectrum of metabolite 26 (Figure 116) exhibited a molecular ion peak
[M]" at m/z 248.
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Figure 116. Mass spectrum (EIMS) of metabolite 26.
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In the "H NMR spectrum of metabolite 26 (Figure 117) obvious were:

e Two aliphatic methyls on non-protonated carbons at 0 1.13 and 1.18,

e One olefinic methyl at  1.65, and

e Three signals at 0 3.53, 5.32 and 5.46 integrating for one proton each and
attributed to either oxygenated or olefinic methines.

Analysis of the NMR and MS data of 26 led to the molecular formula C5sH2003.
Taking into account the one carbon-carbon double bond as one of the six degrees of
unsaturation, the molecular structure of 26 was determined as pentacyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 26
with those reported in the literature led to its identification as furodysinin lactone (bis-
epoxide), previously isolated from the marine nudibranch Chromodoris funerea (Carté
et al., 1986). The '"H NMR data of metabolite 26 are reported in Table 160.
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Figure 117. '"H NMR spectrum of metabolite 26.

Table 160. '"H NMR data of metabolite 26 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit

1 546 (d, 2.3) 548 (d, 1.0)

2 3.53(d,2.3) 3.55(d, 1.0)

5 2.10 (dd, 13.3, 8.4), 1.59 (dd, 2.12 (dd, 13.8, 8.0), 1.58 (m)
13.3,10.0)

6 2.97 (m) 2.99 (m)

7 5.32 (brs) 5.34 (brs)

9 1.88 (m)

10 1.74 (ddd, 13.2, 12.7, 6.2), 1.48 1.77 (m), 1.51 (m)

(dt, 13.2, 6.5)

11 2.31 (m)

13 1.13 (s) 1.15 (s)

14 1.18 (s) 1.21 (s)

15 1.65 (s) 1.67 (brs)
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3.2.5 Metabolite 27

Metabolite 27 (KR649-21) was isolated after a series of chromatographic
separations as a colorless oil (1.6 mg).
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The mass spectrum of metabolite 27 (Figure 118) exhibited a molecular ion peak
at m/z .
M]* /z 248
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Figure 118. Mass spectrum (EIMS) of metabolite 27.
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In the 'H NMR spectrum of metabolite 27 (Figure 119) obvious were:

e Two aliphatic methyls on non-protonated carbons at J 1.02 and 1.15,

e One olefinic methyl at ¢ 1.65, and

e Three signals at ¢ 3.78, 5.38 and 5.56 integrating for one proton each and
attributed to either oxygenated or olefinic methines.

Analysis of the NMR and MS data of 27 led to the molecular formula C5sH2003.
Taking into account the one carbon-carbon double bond as one of the six degrees of
unsaturation, the molecular structure of 27 was determined as pentacyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 27
with those reported in the literature led to its identification as furodysinin lactone (bis-
epoxide), previously isolated from the marine nudibranch Chromodoris funerea (Carté
et al., 1986). The 'H NMR data of metabolite 27 are reported in Table 161.
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Figure 119. 'H NMR spectrum of metabolite 27.
Table 161. "H NMR data of metabolite 27 in CDCl; (6 in ppm, J in Hz).
Position OH,exp OH,lit
1 5.56 (d, 2.1) 5.58 (d, 1.0)
2 3.78 (d, 2.1) 3.80(d, 1.0)
5 2.29 (m), 1.94 (m) 2.33 (m), 2.09 (m)
6 2.80 (m) 2.83 (m)
7 5.38 (brs) 5.41 (brs)
9 1.88 (m) 1.88 (m)
10 1.88 (m), 1.69 (m) 1.93 (m), 1.70 (m)
11 2.31 (m) 2.33 (m)
13 1.02 (s) 1.04 (s)
14 1.15 (s) 1.17 (s)
15 1.65 (s) 1.67 (brs)
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3.2.6 Metabolite 28

Metabolite 28 (KR649-07) was isolated after a series of chromatographic

separations as a colorless oil (9.2 mg).

The mass spectrum of metabolite 28 (Figure 120) exhibited a fragment ion peak

at m/z 230, corresponding to [M-H,O]".
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Figure 120. Mass spectrum (EIMS) of metabolite 28.

In the '"H NMR spectrum of metabolite 28 (Figure 121) obvious were:

e Two aliphatic methyls on non-protonated carbons at 0 1.21 and 1.39,

e One olefinic methyl at ¢ 1.60, and
e Two olefinic methines at 6 5.35 and 5.67.

Analysis of the NMR and MS data of 28 led to the molecular formula C;sH200:s.
Taking into account the two carbon-carbon double bonds and the carbonyl moiety as
three of the six degrees of unsaturation, the molecular structure of 28 was determined as

tricyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 28
with those reported in the literature led to its identification as furodysinin lactone,
previously isolated from the marine sponge Dysidea etheria (Grode & Cardellina,

1984). The 'H NMR data of metabolite 28 are reported in Table 162.
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Figure 121. '"H NMR spectrum of metabolite 28.

Table 162. '"H NMR data of metabolite 28 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
2 5.67 (brs) 5.67 (s)
5 229 (dd, 13.5,3.7), 1.55 (t, | 2.28 (dd, 14.0, 3.8), 1.57 (dd,
13.5) 14.0, 13.0)
6 2.80 (m) 2.80 (m)
7 5.35 (brd, 4.2) 536 (brdd, 5.7, 1.4)
9 1.94 (m) 1.96 (m)
1.70 (brddd, 12.6, 3.7, 3.1),
10 1.69 (m), 1.10 (m) 1.12 (brddd, 12.6, 12.6)
11 1.63 (m) 1.63 (m)
13 1.39 (s) 138 (s)
14 1.21 (s) 121 (s)
15 1.60 (s) 1.60 (brs)
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3.2.7 Metabolite 29

Metabolite 29 (KR649-02) was isolated after a series of chromatographic
separations as a colorless oil (52.4 mg).
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The mass spectrum of metabolite 29 (Figure 122) exhibited a molecular ion peak
at m/z 262 and a fragment ion peak at m/z 230, corresponding to [M-MeOH]".
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Figure 122. Mass spectrum (EIMS) of metabolite 29.

In the "H NMR spectrum of metabolite 29 (Figure 123) obvious were:
e Two aliphatic methyls on non-protonated carbons at 0 1.21 and 1.34,
e One olefinic methyl at 6 1.59,
e One methyl of a methoxy group at ¢ 3.15, and
e Two olefinic methines at J 5.33 and 5.79.

Analysis of the NMR and MS data of 29 led to the molecular formula C1sH220s.
Taking into account the two carbon-carbon double bonds and the carbonyl moiety as
three of the six degrees of unsaturation, the molecular structure of 29 was determined as
tricyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 29
with those reported in the literature led to its identification as O-methyl-furodysinin
lactone, previously isolated from the marine sponge Dysidea arenaria (Grode &
Cardellina, 1984). The '"H NMR data of metabolite 29 are reported in Table 163.
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Figure 123. '"H NMR spectrum of metabolite 29.
Table 163. '"H NMR data of metabolite 29 in CDCI; (6 in ppm, J in Hz).
Position OH,exp OH,lit
2 5.79 (brs) 5.78 (s)
5 2.32 (dd, 13.5, 3.8), 1.50 (t, 2.30 (dd, 13.8, 4.0), 1.55 (dd,
13.5) 14, 14)
6 2.74 (m) 2.70 (m)
7 5.33 (brd, 4.3) 5.30 (brdd, 5.7, 1.5)
9 1.94 (m) 1.96 (m)
1.69 (brddd, 12.6, 3.7, 3.1),
10 1.65 (m), 112 (m) 1.10 (brddd, 12.9, 12, 5.9)
13 1.34 (s) 1.31 (s)
14 1.21 (s) 1.20 (s)
15 1.59 (s) 1.59 (brs)
16 3.15(s) 3.12 (s)
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3.2.8 Metabolite 30

Metabolite 30 (KR649-20) was isolated after a series of chromatographic
separations as a colorless oil (1.3 mg).

The mass spectrum of metabolite 30 (Figure 124) exhibited a molecular ion peak
[M]" at m/z 262 and a fragment ion peak at m/z 230 corresponding to [M-MeOH]".
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Figure 124. Mass spectrum (EIMS) of metabolite 30.
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In the 'H NMR spectrum of metabolite 30 (Figure 125) obvious were:
e Two aliphatic methyls on non-protonated carbons at § 0.91 and 1.18,
e One olefinic methyl 6 1.64,
e One methyl of a methoxy group at  3.06, and
e Two olefinic methines at 6 5.32 and 5.85.

Analysis of the NMR and MS data of 30 led to the molecular formula CisH2205.
Taking into account the two carbon-carbon double bonds and the carbonyl moiety as
three of the six degrees of unsaturation, the molecular structure of 30 was determined as
tricyclic.
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Figure 125. '"H NMR spectrum of metabolite 30.

The spectroscopic data of metabolite 30 were rather similar to those of 29,
suggesting the close resemblance of the two chemical structures. The planar structure of

metabolite 30 was determined on the basis of the homonuclear and heteronuclear
correlations (Figure 126) observed in the HSQC-DEPT (Figure 127), HMBC (Figure
128) and COSY (Figure 129) spectra. In particular, the HMBC correlations of the
doubly oxygenated C-3 (dc 110.9) with H-1 (du 5.85), H3-13 (Ju 1.18), H3-14 (u 0.91)

and H3-16 (ou 3.06) allowed for the identification of 30 as the oxygenated derivative of

the rearranged furanosesquiterpene 23.
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Figure 126. COSY and important HMBC correlations observed for metabolite 30.
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Figure 127. HSQC-DEPT spectrum of metabolite 30.
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Figure 128. HMBC spectrum of metabolite 30.
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Figure 129. COSY spectrum of metabolite 30.

The relative configuration of the asymmetric centers of metabolite 30 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
130). Specifically, the NOE enhancements of H3-14 with H-6, of H-6 with H-11 and of
H-11 with H3-14 indicated their cofacial orientation, while the NOE correlation of H3-
13 with H3-16 suggested their orientation on the opposite side of the plane.

Comparison of the spectroscopic and physical characteristics of metabolite 30
with those reported in the literature led to its identification as a new natural product,
which was designated as O-methyl-furodysin lactone. The NMR data of metabolite 30
are reported in Table 164.
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Figure 130. NOESY spectrum of metabolite 30.

Table 164. 'H and '3C NMR data of metabolite 30 in CDCl; (6 in ppm, J in Hz).

Position oc on
1 116.6 5.85(d,2.4)
2 171.4 -
3 110.9 -
4 166.5 -
5 30.6 2.65(dd, 13.4,4.2),2.11 (m)
6 34.7 2.48 (m)
7 123.7 5.32(d, 4.6)
8 135.9 -
9 32.2 1.94 (m)
10 20.3 1.80 (m), 1.71 (m)
11 45.6 1.45 (m)
12 43.1 -
13 20.3 1.18 (s)
14 23.7 0.91 (s)
15 23.1 1.64 (brs)
16 49.7 3.06 (s)
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3.2.9 Metabolite 31

Metabolite 31 (KR649-19) was isolated after a series of chromatographic
separations as a colorless oil (2.1 mg).
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The mass spectrum of metabolite 31 (Figure 131) exhibited a molecular ion peak
[M]" at m/z 262.
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Figure 131. Mass spectrum (EIMS) of metabolite 31.

In the "H NMR spectrum of metabolite 31 (Figure 132) obvious were:
e Two aliphatic methyls on non-protonated carbons at J 1.13 and 1.34,
e One olefinic methyl J 1.60,
¢ One methyl of an ester group at d 3.65, and
e Two olefinic methines at 6 5.34 and 5.67.

Analysis of the NMR and MS data of 31 led to the molecular formula C;sH220:s.
Taking into account the two carbon-carbon double bonds and the two carbonyl moieties
as four of the six degrees of unsaturation, the molecular structure of 31 was determined
as bicyclic.
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Figure 132. '"H NMR spectrum of metabolite 31.

Even though the spectroscopic data of metabolite 31 resembled those of 29 and
30, the bicyclic structure, as dictated from the above-mentioned data, suggested the ring
opening of the lactone ring. The planar structure of metabolite 31 was determined on the
basis of the homonuclear and heteronuclear correlations (Figure 133) observed in the
HSQC-DEPT (Figure 134), HMBC (Figure 135) and COSY (Figure 136) spectra. In
particular, the HMBC correlations of C-2 (dc 165.4), C-3 (dc 209.4), C-4 (dc 155.9) and
C-5 (0c 41.3) with H-1 (Ju 5.67), as well as of C-2 with H3-16 (du 3.65) and of C-3 with
H-11 (6u 1.80), H3-13 (du 1.34) and H3-14 (du 1.13) secured the assignment of the
planar structure of compound 31.
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Figure 133. COSY and important HMBC correlations observed for metabolite 31.
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Figure 134. HSQC-DEPT spectrum of metabolite 31.
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Figure 135. HMBC spectrum of metabolite 31.
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Figure 136. COSY spectrum of metabolite 31.

The relative configuration of the asymmetric centers of metabolite 31 was
suggested on the basis of biogenetic considerations, in comparison to the previously
isolated compounds 22-30.

Comparison of the spectroscopic and physical characteristics of metabolite 31
with those reported in the literature led to its identification as a new natural product,
which was designated as; The NMR data of metabolite 31 are reported in Table 165.
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Table 165. 'H and '*C NMR data of metabolite 31 in CDCls (J in ppm, J in Hz)

Position oc OH
1 117.0 5.67(d,2.3)
2 165.4 -
3 209.4 -
4 155.9 -
5 413 2.57(dd, 14.5,4.1),2.42
(ddd, 14.5,12.2,2.3)
6 344 2.84 (m)
7 123.1 5.34(d, 4.2)
8 134.7 -
9 314 1.99 (m)
10 19.2 1.79 (m), 1.28 (m)
11 49.1 1.80 (m)
12 50.0 -
13 252 1.34 (s)
14 20.9 1.13 (s)
15 23.9 1.60 (brs)
16 51.2 3.65 (s)
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3.2.10 Metabolite 32

Metabolite 32 (KR649-29) was isolated after a series of chromatographic
separations as a colorless oil (3.3 mg).

The mass spectrum of metabolite 32 (Figure 137) exhibited a fragment ion peak
at m/z 216 corresponding to [M-AcOH]".
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Figure 137. Mass spectrum (EIMS) of metabolite 32.
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In the 'H NMR spectrum of metabolite 32 (Figure 138) obvious were:

e Three olefinic methyls at 6 1.57, 1.65 and 1.70,

e One methyl of an acetoxy group at ¢ 1.99,

o Three signals at J 5.05, 5.13 and 5.61 integrating for one proton each and
attributed to three oxygenated or olefinic protons, and

e Three olefinic methines at 6.26, 7.21 and 7.31 integrating for one proton each
and attributed to the olefinic protons of a monosubstituted furan ring.

Analysis of the NMR and MS data of 32 led to the molecular formula C17H24053.
Taking into account the four carbon-carbon double bonds and the carbonyl moiety as
five of the six degrees of unsaturation, the molecular structure of 32 was determined as
monocyclic.

Comparison of the spectroscopic and physical characteristic of metabolite 32
with those reported in the literature led to its identification as (5R,6Z)-dendrolasin-5-
acetate, previously isolated from the marine nudibranch Hypselodoris jacksoni
(Mudianta et al., 2013). The '"H NMR data of metabolite 32 are reported in Table 166.
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Figure 138. '"H NMR spectrum of metabolite 32.

Table 166. '"H NMR data of metabolite 32 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
1 7.31 (brs) 7.33 (brs)
2 6.26 (brs) 6.27 (brs)
4 2.72 (dd, 14.4, 6.7), 2.61 (dd, 2.73 (dd, 14.5,6.7), 2.63 (dd,
14.4,5.9) 14.5, 6.0)
5 5.61(ddd, 9.4, 6.7, 5.9) 5.64 (bdt, 9.3, 6.4)
6 5.13(d, 9.4) 5.15(d, 9.3)
8 2.16 (m), 1.99 (m) 2.15 (m)
9 2.06 (m), 1.95 (m) 1.95 (m)
10 5.05 (brt, 6.7) 5.07 (brt, 6.9)
12 1.65 (s) 1.67 (s)
13 1.57 (s) 1.59 (s)
14 1.70 (s) 1.72 (s)
15 7.21 (brs) 7.23 (s)
OAc 1.99 (s) 2.01 (s)
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3.2.11 Metabolite 33

Metabolite 33 (KR649-30) was isolated after a series of chromatographic
separations as a colorless oil (2.4 mg).
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The mass spectrum of metabolite 33 (Figure 139) exhibited a fragment ion peak
at m/z 216 corresponding to [M-AcOH]".

so 1S

=1

s000 3

s5000 4

3000 4 Zo1

I i
llmmxmﬂ'ﬂnxl 133 ‘ | |

L ke L D 7

| A
o y y T T LS g

zZo000 J

1000 § ‘

i

Figure 139. Mass spectrum (EIMS) of metabolite 33.

In the 'H NMR spectrum of metabolite 33 (Figure 140) obvious were:

e Three olefinic methyls at 6 1.57, 1.62 and 1.66,

e One methyl of an acetoxy group at ¢ 2.00,

o Three signals at ¢ 55.02, 5.11 and 5.60 integrating for one proton each and
attributed to three oxygenated or olefinic protons, and

e Three olefinic methines at 6.26, 7.21 and 7.31 integrating for one proton each
and attributed to the olefinic protons of a monosubstituted furan ring.

Analysis of the NMR and MS data of 33 led to the molecular formula C17H24053.
Taking into account the four carbon-carbon double bonds and the carbonyl moiety as
five of the six degrees of unsaturation, the molecular structure of 33 was determined as
monocyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 33
with those reported in the literature led to its identification as (6F)-dendrolasin-5-
acetate, previously reported only synthetically (Tsubuki et al., 2009). The 'H NMR data
of metabolite 33 are reported in Table 167.
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Figure 140. '"H NMR spectrum of metabolite 33.
Table 167. '"H NMR data of metabolite 33 in CDCI; (6 in ppm, J in Hz).
Position OH,exp OH,lit
1 7.31 (brs) 7.33 (t, 1.8)
2 6.26 (brs) 6.28 (d, 1.2)
4 2.73 (dd, 14.4, 6.5), 2.62 (dd, 2.76 (dd, 14.7,6.7), 2.62 (dd,
144, 6.5) 14.7, 6.7)
5 5.60 (dt, 8.6, 6.5) 5.62 (dt, 9.1, 6.7)
6 5.11 (dd, 8.6, 1.0) 5.13(dd, 9.1, 1.2)
8 2.16 (m), 1.99 (m) 2.16 (m)
9 2.06 (m), 1.95 (m) 1.95 (m)
10 5.02 (t, 6.2) 5.04 (brt, 6.7)
12 1.66 (s) 1.68 (s)
13 1.57 (s) 1.59 (s)
14 1.62 (s) 1.64 (s)
15 7.21 (brs) 7.23 (s)
OAc 2.00 (s) 2.01 (s)
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3.3 Identification and structure elucidation of isolated metabolites from the soft
coral Sinularia polydactyla

3.3.1 Metabolite 34

Metabolite 34 (SP31) was isolated after a series of chromatographic separations
as a white amorphous solid (0.7 mg).

2

The high-resolution mass spectrum of the metabolite 34 (Figure 141) showed a
pseudomolecular ion peak at m/z 429.3724 corresponding to [M+H]" (caled. for
C29H1902, 429.3727).
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Figure 141. Mass spectrum (HR-APCIMS) of metabolite 34.

In the "H NMR spectrum of metabolite 34 (Figure 142) obvious were:
e Two aliphatic methyls on non-protonated carbons at 0 0.94 and 1.08,
e Five aliphatic methyls on tertiary carbons at ¢ 0.80, 0.81, 0.89, 0.99 and 1.04,
e One oxygenated methine at ¢ 3.09, and
e Four olefinic methines at 0 5.15, 5.20, 5.28 and 5.41.
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Figure 142. '"H NMR spectrum of metabolite 34.

Analysis of the NMR and MS data of 34 led to the molecular formula C29Has0O5.
Taking into account the two carbon-carbon double bonds and the carbonyl moiety as
three of the six degrees of unsaturation, the molecular structure of 34 was determined as
tricyclic.

The planar structure of metabolite 34 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 143) observed in the HSQC-DEPT
(Figure 144), HMBC (Figure 145) and COSY (Figure 146) spectra. In particular, the
3C NMR and HSQC-DEPT spectra revealed the presence of 29 carbon atoms,
corresponding to seven methyls, seven methylenes, twelve methines, and three non-
protonated carbon atoms. Among them, evident were one carbonyl resonating at dc
213.1, four olefinic carbons resonating at dc 127.6, 132.6, 135.2, and 142.0 and an
oxygenated carbon resonating at dc 76.6. In the '"H NMR spectrum evident were two
methyls on non-protonated carbons (du 0.94 and 1.08), five methyls on tertiary carbons
(on 0.80, 0.81, 0.89, 0.99, and 1.04), one oxygenated methine (éu 3.09), and four
olefinic methines (du 5.15, 5.20, 5.28, and 5.41). The spectroscopic features of
metabolite 34, in conjunction with the homonuclear and heteronuclear correlations
observed in its HSQC, HMBC, and COSY spectra suggested that compound 34
possessed a 8-oxo-3-hydroxy-4-methyl-8,9-seco steroidal nucleus with a A>!'! and a
CoH17 unsaturated side chain with a 1,2-disubstituted double bond between C-22 and C-
23. Specifically, the correlations observed in the COSY spectrum identified three
distinct spin systems, namely (a) a spin system starting from H-1 to H>-7, incorporating
H3-29 which was coupled to H-4, (b) a short spin system from H-9 to H>-12 through H-
11, and (c) an extended branched spin system from H-14 to H3-26, including H3-21, Hs-
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27, and H3-28 which were coupled to H-20, H-25, and H-24, respectively. The HMBC
correlations of H3-19 with C-1, C-5, C-9, and C-10 concluded the six-membered ring
and positioned the first angular methyl on C-10, connecting at the same time spin
systems (a) and (b). Additionally, the HMBC correlations of H3-18 with C-12, C-13, C-
14, and C-17 identified the five-membered ring and fixed the position of the second
angular methyl on C-13, connecting spin systems (b) and (c). The HMBC correlations
of H»-6, H»-7, and H-14 with the carbonyl carbon C-8 supported the cleavage of the C-
8/C-9 bond, giving rise to the decalin ring and connecting spin systems (a) and (c).

— COSY v HMIBC

Figure 143. COSY and important HMBC correlations observed for metabolite 34.
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Figure 144. HSQC-DEPT spectrum of metabolite 34.
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Figure 146. COSY spectrum of metabolite 34.

The geometry of the two double bonds was determined as £ in both cases on the
basis of the measured coupling constants (Jo,11 = 15.3 Hz and J2223 = 15.2 Hz). The
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enhancements of H-3/H-5, H-3/H3-29, H-4/H3-19, H-5/H-9, H-9/H-12a, H-9/H-14, H-
11/H-123, H-11/H3-18, H-11/H3-19, H-14/H-17, and H3-18/H-20 observed in the
NOESY spectrum of metabolite 34 (Figure 147) verified the trans fusion of the six-
membered and the ten-membered rings, as well as the trans fusion of the latter with the
five-membered ring and determined the relative configuration of the stereogenic
centers. The R configuration at C-24 was proposed on the basis of the 0.3 ppm
difference in the chemical shifts of C-26 and C-27 and the chemical shift of C-28
resonating at 17.6 ppm (Zovko Konci¢ et al., 2016).

Figure 147. 3D structure and key NOESY cross-peaks for metabolite 34.

Comparison of the spectroscopic and physical characteristics of metabolite 34
with those reported in the literature led to its identification as a new natural product,
which was designated as (9E,22E,24R)-3f-hydroxy-4a,24-dimethyl-8,9-seco-5a-
cholesta-9(11),22-dien-8-one. The NMR data of metabolite 34 are reported in Table
168.
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Table 168. 'H and '3C NMR data of metabolite 34 in CDCl; (J in ppm, J in Hz).

Position Jdc on
1 38.5 1.33 (m), 1.22 (m)
2 30.7 1.76 (m), 1.48 (m)
3 76.6 3.09 td (10.1, 4.8)
4 39.8 1.27 (m)
5 53.5 0.91 (m)
6 20.0 1.66 (m), 1.60 (m)
7 47.1 2.29 (m), 1.75 (m)
8 213.1 -
9 142.0 5.28 (d, 15.3)
10 39.1 -
11 127.6 5.41(ddd, 15.3, 11.1, 3.8)
12 46.8 2.47 (m), 1.70 (m)
13 55.2 -
14 62.7 2.49 (m)
15 26.6 1.64 (m), 1.48 (m)
16 28.4 1.70 (m), 1.47 (m)
17 56.7 1.31 (m)
18 13.5 1.08 (s)
19 15.8 0.94 (s)
20 39.1 2.10 (m)
21 21.7 0.99 (d, 6.8)
22 135.2 5.15(dd, 15.2, 8.1)
23 132.6 5.20 (dd, 15.2, 7.3)
24 43.0 1.83 (m)
25 33.2 1.44 (m)
26 19.8 0.81 (d, 6.8)
27 20.1 0.80 (d, 6.8)
28 17.6 0.89 (d, 6.8)
29 16.4 1.03 (d, 6.1)
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3.3.2 Metabolite 35

Metabolite 35 (SP30) was isolated after a series of chromatographic separations

as a white amorphous solid (0.3 mg).

2

The high-resolution mass spectrum of the metabolite 35 (Figure 148) showed a
pseudomolecular ion peak at m/z 429.3725 corresponding to [M+H]" (caled. for

C29H4902, 429.3727).
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Figure 148. Mass spectrum (HR-APCIMS) of metabolite 35.

In the "H NMR spectrum of metabolite 35 (Figure 149) obvious were:
e Two aliphatic methyls on non-protonated carbon at 6 0.94 and 1.09,

e Four aliphatic methyls on tertiary carbons at 4 0.93, 1.00, 1.01 and 1.04,

¢ One oxygenated methine at 6 3.10,
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e Two broad singlets at 6 4.63 and 4.70 integrating for one proton each and

attributed to the protons of an exomethylene group, and
e Two olefinic methines at 6 5.27 and 5.41.
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Figure 149. '"H NMR spectrum of metabolite 35.

Analysis of the NMR and MS data of 35 led to the molecular formula C29Hss05.
Taking into account the two carbon-carbon double bonds and the carbonyl moieties as
three of the six degrees of unsaturation, the molecular structure of 35 was determined as
tricyclic.

Metabolite 35 shared quite similar spectroscopic features with metabolite 34. In
particular, all signals attributed to the steroidal nucleus, with the most prominent being
the signals of the two angular methyls H3-18 and H3-19 (du 1.09 and 0.94, respectively),
the methyl at C-4 (ou 1.04), the oxymethine H-3 (Ju 3.10) and the two olefinic protons
H-9 and H-11 (6u 5.27 and 5.41, respectively), were also evident in the 'H NMR
spectrum of 35. The most significant difference observed was the replacement of the
1,2-disubstituted double bond in the side chain of metabolite 34 by a 1,1-disustituted
double bond (Jdu 4.63 and 4.70) in the side chain of metabolite 35. The correlations
observed in the COSY spectrum of 35 (Figure 150) identified the relevant spin systems;
however, metabolite 35 was proven unstable and degraded prior to the acquisition of
heteronuclear NMR spectra. Nevertheless, the high structural similarity of metabolite 35
with metabolite 34 renders safe the proposed identification of metabolite 35 as (9F)-35-
hydroxy-4a,24-dimethyl-8,9-seco-5a-cholesta-9(11),24(28)-dien-8-one. Comparison of
the spectroscopic and physical characteristics of metabolite 35 with those reported in the
literature led to its identification as a new natural product. The NMR data of metabolite
35 are reported in Table 169.
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Figure 150. COSY spectrum of metabolite 35.
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Table 169. '"H NMR data of metabolite 35 in CDCl; (6 in ppm, J in Hz)

Position on
1 1.36 (m), 1.24 (m)
2 1.76 (m), 1.49 (m)
3 3.10 (m)
4 1.28 (m)
5 0.92 (m)
6 1.66 (m), 1.62 (m)
7 2.48 (m), 2.24 (m)
9 5.27 (m)
11 5.41 (m)
12 2.50 (m), 1.72 (m)
14 2.50 (m)
15 1.64 (m), 1.50 (m)
16 1.73 (m), 1.49 (m)
17 1.28 (m)
18 1.09 (s)
19 0.94 (s)
20 2.11 (m)
21 0.93 (d, 6.1)
22 1.53 (m), 1.14 (m)
23 2.08 (m), 1.88 (m)
25 2.21 (m)
26 1.00 (d, 6.8)
27 1.01 (d, 6.9)
28 4.70 (brs), 4.63 (brs)
29 1.04 (d, 6.1)
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3.3.3 Metabolite 36

Metabolite 36 (SP16) was isolated after a series of chromatographic separations
as a colorless oil (11.3 mg).

HO

DATEEERAS

The mass spectrum of metabolite 36 (Figure 151) exhibited a molecular ion peak
[M]" at m/z 414.
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Figure 151. Mass spectrum (EIMS) of metabolite 36.

In the "H NMR spectrum of metabolite 36 (Figure 152) obvious were:

e Two aliphatic methyls on non-protonated carbons at ¢ 0.63 and 0.80,

e Four aliphatic methyls on tertiary carbons at 4 0.91, 0.93, 1.00 and 1.00,

e One oxygenated methine at ¢ 3.08, and,

e Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group.
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Figure 152. '"H NMR spectrum of metabolite 36.

Analysis of the NMR and MS data of 36 led to the molecular formula C29Hs00.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 36 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 36
with those reported in the literature led to its identification as 4a,24-dimethyl-5a-
cholest-24(28)-en-34-ol, previously isolated from the gorgonian Briareum asbestinum
(Kokke et al., 1982). The '"H NMR data of metabolite 36 are reported in Table 170.

Table 170. 'H NMR data of metabolite 36 in CDCl; (J in ppm, J in Hz)

Position OH,exp OH,lit

3 3.08 (m) 3.1 (m)

18 0.63 (s) 0.65 (s)

19 0.80 (s) 0.82 (s)

21 0.91 (d, 6.5) 0.93 (d, 6.2)
26 1.00 (d, 6.8) 1.02 (d, 6.9)
27 1.00 (d, 6.8) 1.02 (d, 7.0)
28 4.69 (brs), 4.63 (brs) 4.71 (s), 4.65 (s)
29 0.93 (d, 6.5) 0.95(d, 6.2)
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3.3.4 Metabolite 37

Metabolite 37 (SP15) was isolated after a series of chromatographic separations
as a colorless oil (8.8 mg).

The high-resolution mass spectrum of the metabolite 37 (Figure 153) showed a
molecular ion peak [M]" at m/z 414.
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Figure 153. Mass spectrum (HR-ESIMS) of metabolite 37.
In the "H NMR spectrum of metabolite 37 (Figure 154) obvious were:
e Two aliphatic methyls on non-protonated carbons at J 0.64 and 0.80,
¢ Five aliphatic methyls on tertiary carbons at 6 0.79, 0.81, 0.88, 0.92 and 0.97,
e One oxygenated methine at ¢ 3.06, and,
e Two olefinic methines at 6 5.12 and 5.17.
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Figure 154. '"H NMR spectrum of metabolite 37.

Analysis of the NMR and MS data of 37 led to the molecular formula C29Hs00.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 37 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 37
with those reported in the literature led to its identification as (22F,24R)-40,24-
dimethyl-5a-cholest-22-en-3$-ol, previously isolated from the soft coral Sarcophyton
glaucum (Kobayashi et al., 1982). The 'H NMR data of metabolite 37 are reported in
Table 171.

Table 171. 'H and '3C NMR data of metabolite 37 in CDCl; (6 in ppm, J in Hz).

Position OH,exp OH,lit
3 3.06 (td, 10.5, 4.9) 3.10 (m)
18 0.64 (s) 0.66 (s)
19 0.80 (s) 0.82 (s)
21 0.97 (d, 6.6) 0.99 (d, 6.6)
22 5.12 (dd, 15.1, 7.6) 5.15 (m)
23 5.17 (dd, 15.1, 7.0) 5.20 (m)
26 0.81 (d, 6.8) 0.83 (d, 6.6)
27 0.79 (d, 6.8) 0.82 (d, 6.4)
28 0.88 (d, 6.8) 0.91 (d, 6.8)
29 0.92 (d, 6.3) 0.94 (d, 6.8)
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3.3.5 Metabolite 38

Metabolite 38 (SP13) was isolated after a series of chromatographic separations
as a colorless oil (12.2 mg).

The mass spectrum of metabolite 38 (Figure 155) exhibited a fragment ion peak
at m/z 412 corresponding to [M-H>O]".
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Figure 155. Mass spectrum (EIMS) of metabolite 38.

In the "H NMR spectrum of metabolite 38 (Figure 156) obvious were:

e Two aliphatic methyls on non-protonated carbons at J 0.90 and 0.96,

e Four aliphatic methyls on tertiary carbons at § 0.87, 0.94, 0.99 and 1.00,

e One oxygenated methine at ¢ 3.01, and,

e Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group.
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Figure 156. '"H NMR spectrum of metabolite 38.

Analysis of the NMR and MS data of 38 led to the molecular formula C29Hs005.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 38 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 38
with those reported in the literature led to its identification as 4a,24-dimethyl-5a-
cholest-24(28)-en-34,8f-diol, previously isolated from the soft coral Nephthea chabroli
(Mehta et al., 1999). The '"H NMR data of metabolite 38 are reported in Table 172.

Table 172. '"H NMR data of metabolite 38 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
3 3.01 (m) 3.05 (dt, 9.0,4.5)
18 0.90 (s) 0.95 (s)
19 0.96 (s) 1.00 (s)
21 0.94 (d, 6.3) 0.90 (d, 6.5)
26 0.99 (d, 6.8) 1.03 (d, 7.5)
27 1.00 (d, 6.8) 1.03 (d, 7.5)
28 4.69 (brs), 4.63 (brs) 4.70 (brs), 4.62 (brs)
29 0.87 (d, 6.3) 0.89 (d, 6.5)
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3.3.6 Metabolite 39

Metabolite 39 (SP14) was isolated after a series of chromatographic separations
as a white amorphous solid (9.3 mg).

The high-resolution mass spectrum of the metabolite 39 (Figure 157) showed a
pseudomolecular ion peak at m/z 413.3773 corresponding to [M-H2O+H]" (calcd. for
C29H490, 413.3778).
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Figure 157. Mass spectrum (HR-APCIMS) of metabolite 39.

In the "H NMR spectrum of metabolite 39 (Figure 158) obvious were:
e Two aliphatic methyls on non-protonated carbons at 0 0.92 and 0.97,
e Five aliphatic methyls on tertiary carbons at 6 0.79, 0.81, 0.88, 0.94 and 0.95,
e One oxygenated methine at 6 3.04, and
e Two olefinic methines at § 5.09 and 5.16.
Analysis of the NMR and MS data of 39 led to the molecular formula C29Hs500x.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 39 was determined as tetracyclic.
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Figure 158. 'H NMR spectrum of metabolite 39.

The planar structure of metabolite 39 was determined on the basis of the
homonuclear and heteronuclear correlations (Figure 159) observed in the HSQC-DEPT
(Figure 160), HMBC (Figure 161) and COSY (Figure 162) spectra. In particular, the
presence of the two angular methyls at ou 0.92 and 0.97, the doublet methyl at ou 0.95,
the oxygenated methine at duy 3.04 and the quaternary oxygenated carbon at dc 73.6, in
conjunction with the correlations observed in the HMBC and COSY spectra, verified
the 3,8-dihydroxy-4-methyl steroidal nucleus. The side chain of compound 6 included
four doublet methyls (duc 0.79/20.2, 0.81/19.9, 0.88/18.0, and 0.95/16.0) and two
olefinic methines (du/,c 5.09/135.7 and 5.16/131.8) that was assigned on the basis of the
COSY and HMBC correlations.

= COSY “~*HMBC

Figure 159. COSY and important HMBC correlations observed for metabolite 39.
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Figure 160. HSQC-DEPT spectrum of metabolite 39.
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Figure 161. HMBC spectrum of metabolite 39.
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Figure 162. COSY spectrum of metabolite 39.

The E geometry of the A*? double bond was supported by the large coupling
constant of H-22/H-23 (J = 15.3 Hz). The enhancements of H-3/H-5, H-3/H3-29, H-
4/H3-19, H-5/H-9, H-5/H3-29, H-9/H-12a, H-9/H-14, H-123/Hs3-18, and Hs-18/H-20
observed in the NOESY spectrum (Figure 163) verified the ¢rans fusion of rings A/B,
B/C, and C/D and suggested the axial orientation of the hydroxy group at C-8. The
configuration at C-24 was proposed as R due to the fact that the difference in the
chemical shifts of C-26 and C-27 was 0.3 ppm and that C-28 resonated at 18.0 ppm
(Zovko Koncic¢ et al., 2016).
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Figure 163. NOESY spectrum of metabolite 39.

Comparison of the spectroscopic and physical characteristics of metabolite 39
with those reported in the literature led to its identification as a new natural product,
which was designated as (22F,24R)-4a,24-dimethyl-5a-cholest-22-en-35,8f-diol. The
NMR data of metabolite 39 are reported in Table 173.
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Table 173. 'H and '3C NMR data of metabolite 39 in CDCl; (J in ppm, J in Hz).

Position oc oH
1 37.7 1.72 (m), 0.93 (m)
2 30.9 1.77 (m), 1.52 (m)
3 76.8 3.04 (td, 10.2, 4.9)
4 39.0 1.31 (m)
5 51.9 0.68 (td, 12.4, 2.9)
6 20.5 1.50 (m), 1.33 (m)
7 40.1 1.63 (m), 1.13 (m)
8 73.6 -
9 56.6 0.80 (m)
10 36.9 -
11 18.3 1.62 (m), 1.49 (m)
12 41.6 1.95 (m), 1.16 (m)
13 43.0 -
14 59.7 1.18 (m)
15 19.0 1.45 (m), 1.23 (m)
16 28.3 1.64 (m), 1.23 (m)
17 57.1 1.03 (m)
18 14.0 0.92 (s)
19 13.8 0.97 (s)
20 39.6 1.96 (m)
21 21.3 0.94 (d, 6.4)
22 135.7 5.09 (dd, 15.2, 8.2)
23 131.8 5.16 (dd, 15.2, 7.4)
24 43.2 1.80 (m)
25 33.8 1.42 (m)
26 19.9 0.81(d, 6.8)
27 20.2 0.79 (d, 6.8)
28 18.0 0.88 (d, 6.8)
29 16.0 0.95 (d, 6.8)
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3.3.7

Metabolite 40

Metabolite 40 (SP21) was isolated after a series of chromatographic separations

as a colorless oil (7.6 mg).

29

The mass spectrum of metabolite 40 (Figure 164) exhibited a molecular ion peak
[M]" at m/z 444, as well as a fragment ion peak at m/z 426 corresponding to [M-H,O]".
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Figure 164. Mass spectrum (EIMS) of metabolite 40.
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In the '"H NMR spectrum of metabolite 40 (Figure 165) obvious were:

attributed to the protons of an exomethylene group.
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Two aliphatic methyls on non-protonated carbons at § 0.94 and 0.96,

Four aliphatic methyls on tertiary carbons at ¢ 0.85, 0.94, 0.98 and 1.00,

One oxygenated methine at ¢ 3.05, and,

Two broad singlets at 6 5.63 and 5.88 integrating for one proton each and
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Figure 165. '"H NMR spectrum of metabolite 40.

Analysis of the NMR and MS data of 40 led to the molecular formula C29Hss05.
Taking into account the one carbon-carbon double bond and the carbonyl moiety as two
of the six degrees of unsaturation, the molecular structure of 40 was determined as
tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 40
with those reported in the literature led to its identification as 23-ox0-4a,24-dimethyl-
Sa-cholest-24(28)-en-34,85-diol, previously isolated from the soft coral Litophyton
viridis (Bortolotto et al., 1977). The 'H NMR data of metabolite 40 are reported in
Table 174.
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Table 174. 'H and '3C NMR data of metabolite 40 in CDCl; (J in ppm, J in Hz).

Position OC,exp OH,exp
1 38.1 1.73 (m), 0.94 (m)
2 31.3 1.78 (m), 1.54 (m)
3 76.9 3.05 (m)
4 39.7 1.33 (m)
5 57.2 0.81 (m)
6 19.0 1.62 (m), 1.59 (m)
7 40.3 1.64 (m), 1.18 (m)
8 73.6 -
9 57.8 1.08 (m)
10 n.d. -
11 18.7 1.51 (m), 1.31 (m)
12 41.6 2.0 (m), 1.98 (m)
13 n.d. -
14 59.4 0.68 (m)
15 20.0 1.51 (m), 1.37 (m)
16 28.4 1.82 (m), 1.28 (m)
17 59.4 1.15 (dd, 4.9, 3.0)
18 13.8 0.94 (s)
19 14.8 0.96 (s)
20 335 2.00 (m)
21 20.0 0.85(d, 6.5)

2.66 (dd, 15.5, 3.2), 2.34

22 462 (dd, 15.5, 10.0)
23 203.0 -
24 155.20 -
25 28.7 2.91 (m)
26 22.9 1.00 (d, 7.1)
27 22.9 0.98 (d, 7.1)
28 121.2 5.88 (brs), 5.63 (brs)
29 16.7 0.94 (d, 6.3)
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3.3.8 Metabolite 41

Metabolite 41 (SP20) was isolated after a series of chromatographic separations

as a white amorphous solid (0.5 mg).

The high-resolution mass spectrum of the metabolite 41 (Figure 166) showed a

pseudomolecular ion peak at m/z 459.3475 corresponding to [M-H]
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Figure 166. Mass spectrum (HR-APCIMS) of metabolite 41.

In the "H NMR spectrum of metabolite 41 (Figure 167) obvious were:
e Two aliphatic methyls on non-protonated carbons at 0 0.89 and 0.96,
e Four aliphatic methyls on tertiary carbons at J 0.83, 0.95, 1.05 and 1.05,
e Two oxygenated methines at J 3.06 and 4.72,
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e Two doublets at d 4.20 and 4.62 integrating for one proton each and attributed to

the protons of an oxygenated methylene, and,

e One olefinic methine at J 5.36.
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Figure 167. '"H NMR spectrum of metabolite 41.

Analysis of the NMR and MS data of 41 led to the molecular formula C29Hsg0O4.
Taking into account the one carbon-carbon double bond as one of the six degrees of
unsaturation, the molecular structure of 41 was determined as pentacyclic.

The high degree of similarity of the spectroscopic data of metabolite 41 with
those of 38-40 indicated the same 3,8-dihydroxy-4-methyl steroidal nucleus. Taking
into account that the steroidal nucleus of 41 accounts for four of the six degrees of
unsaturation and the presence of one double bond on the side chain, the latter should
also contain an additional ring. The 'H and '3*C NMR signals corresponding to the side
chain of compound 41 included three doublet methyls (dm.c 0.95/14.9, 1.05/21.0, and
1.05/21.0), one oxygenated methine (du/c 4.72/79.9), one oxygenated methylene (du/c
4.20, 4.62/70.6), one olefinic methine (du/c 5.36/119.4), and one non-protonated olefinic
carbon (dc 142.0). The COSY cross-peaks of H-20/H3-21, H-20/H-22, H-22/H-23, H-
25/H3-26, and H-25/H3-27, in combination with the HMBC correlations of H3-21 with
C-17, C-20, and C-22, of H-23, H-25, H3-26, and H3-27 with C-24 and of H»-28 with C-
23, C-24, and C-25 verified the side chain. The planar structure of metabolite 41 was
determined on the basis of the homonuclear and heteronuclear correlations (Figure 168)
observed in the HSQC-DEPT (Figure 169), HMBC (Figure 170) and COSY (Figure
171) spectra.
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Figure 168. COSY and important HMBC correlations observed for metabolite 41.
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Figure 169. HSQC-DEPT spectrum of metabolite 41.
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Figure 170. HMBC spectrum of metabolite 41.
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Figure 171. COSY spectrum of metabolite 41.

The relative configuration of the asymmetric centers of metabolite 41 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
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172). In accordance with the literature, H-22 was assigned to be on the opposite side of
Hs-21, as also suggested by the chemical shift of C-23 which resonated at 119.4 ppm.
Instead, when H-22 and Hs-21 are co-planar, C-23 is shielded, resonating at 115-116
ppm (Yu et al., 2006).
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Figure 172. NOESY spectrum of metabolite 41.

Comparison of the spectroscopic and physical characteristics of metabolite 41
with those reported in the literature led to its identification as a new natural product,
which was designated as (23E)-22a,28-Epidioxy-4a,24-dimethyl-5a-cholest-23-en-
34,8f-diol. The NMR data of metabolite 41 are reported in Table 175.
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Table 175. 'H and '*C NMR data of metabolite 41 in CDCls (J in ppm, J in Hz)

Position Jdc oH
1 37.2 1.72 (m), 0.96 (m)
2 30.3 1.78 (m), 1.52 (m)
3 76.4 3.06 (td, 10.5, 5.2)
4 38.5 1.33 (m)
5 51.2 0.71 (td, 12.2, 2.2)
6 19.8 1.53 (m), 1.33 (m)
7 39.6 1.64 (m), 1.19 (m)
8 73.5 -
9 56.0 0.81 (m)
10 36.3 -
11 18.1 1.62 (m), 1.48 (m)
12 40.5 1.93 (m), 1.17 (m)
13 42.7 -
14 59.0 1.23 (m)
15 18.7 1.53 (m), 1.33 (m)
16 27.0 1.99 (m), 1.31 (m)
17 524 1.43 (m)
18 12.8 0.89 (s)
19 13.2 0.96 (s)
20 39.8 1.56 (m)
21 12.8 0.83 (d, 6.9)
22 79.9 4.72 (brs)
23 119.4 5.36 (brs)
24 142.0 -
25 30.8 2.24 (septet, 6.9)
26 21.0 1.05 (d, 6.9)
27 21.0 1.05 (d, 6.9)
28 70.6 4.62 (d, 15.7),4.20 (d, 15.7)
29 14.9 0.95(d, 6.4)
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3.3.9 Metabolite 42

Metabolite 42 (SP09) was isolated after a series of chromatographic separations

as a colorless oil (8.7 mg).

29

The mass spectrum of metabolite 42 (Figure 173) exhibited a molecular ion peak

[M]" at m/z 446,
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Figure 173. Mass spectrum (EIMS) of metabolite 42.

In the "H NMR spectrum of metabolite 42 (Figure 174) obvious were:
e Two aliphatic methyls on non-protonated carbons at 6 1.10 and 1.33,
e Four aliphatic methyls on tertiary carbons at ¢ 0.91, 0.96, 0.99 and 1.00,
e Two oxygenated methines at d 3.04 and 4.43, and

e Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and

attributed to the protons of an exomethylene group.
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Figure 174. '"H NMR spectrum of metabolite 42.

Analysis of the NMR and MS data of 42 led to the molecular formula C29Hs00O3.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 42 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 42
with those reported in the literature led to its identification as nebrosteroid M (4a,24-
dimethyl-5a-cholest-24(28)-en-34,84,11f-triol), previously isolated from the soft coral
N. chabroli (Cheng et al., 2009). The 'H NMR data of metabolite 42 are reported in
Table 176.
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Table 176. 'H and '3C NMR data of metabolite 42 in CDCl; (J in ppm, J in Hz).

Position OH,exp OH,lit
1 1.92 (m), 1.02 (m) 1.92 (m), 1.0 (m)
2 1.77 (m), 1.61 (m) 1.79 (m), 1.61 (m)
3 3.04 (td, 11.0, 4.0) 3.07 (td, 10.4, 5.2)
4 1.41 (m) 1.42 (m)
5 0.68 (m) 0.71 (m)
6 1.54 (m), 1.15 (m) 1.53 (m), 1.14 (m)
7 1.73 (m), 1.20 (m) 1.72 (m), 1.19 (m)
9 0.90 (m) 0.90 (m)
11 4.43 (brs) 4.45 (brs)
12 2.32 (m), 1.39 (m) 2.32 (m), 1.38 (m)
14 1.23 (m) 1.23 (m)
15 1.56 (m), 1.47 (m) 1.57 (m), 1.48 (m)
16 1.84 (m), 1.27 (m) 1.85 (m), 1.29 (m)
17 1.05 (m) 1.05 (m)
18 1.10 (s) 1.12 (s)
19 1.33 (s) 1.35(s)
20 1.44 (m) 1.44 (m)
21 0.91 (d, 6.5) 0.93 (d, 6.4)
22 1.51 (m), 1.09 (m) 1.50 (m), 1.09 (m)
23 2.06 (m), 1.87 (m) 2.09 (m), 1.89 (m)
25 2.20 (m) 2.22 (heptet, 6.8)
26 0.99 (d, 6.8) 1.02 (d, 6.8)
27 1.00 (d, 6.8) 1.02 (d, 6.8)
28 4.69 (brs), 4.63 (brs) 4.72 (s), 4.65 (s)
29 0.96 (d, 6.3) 0.99 (d, 6.4)

11-OH 2.52 (s) -
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3.3.10 Metabolite 43

Metabolite 43 (SP23) was isolated after a series of chromatographic separations
as a white amorphous solid (16.9 mg).

29

The mass spectrum of metabolite 43 (Figure 175) exhibited a molecular ion peak
[M]" at m/z 446, as well as a fragment ion peak at m/z 428 corresponding to [M-H20]".
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Figure 175. Mass spectrum (EIMS) of metabolite 43.

In the "H NMR spectrum of metabolite 43 (Figure 176) obvious were:
e Two aliphatic methyls on non-protonated carbons at 6 1.11 and 1.33,
¢ Five aliphatic methyls on tertiary carbons at ¢ 0.79, 0.80, 0.86, 0.96 and 0.98,
e Two oxygenated methines at J 3.05 and 4.43, and,
e Two olefinic methines at 6 5.09 and 5.19.
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Figure 176. '"H NMR spectrum of metabolite 43.

Analysis of the NMR and MS data of 43 led to the molecular formula C29Hs00O3.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 43 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 43
with those reported in the literature led to its identification as (22F,24R)-40,24-
dimethyl-5a-cholest-22-en-34,86,11f-triol, previously isolated from the soft coral
Litophyton mollis (Zovko Kongié¢ et al., 2016). The 'H NMR data of metabolite 43 are
reported in Table 177.
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Table 177. '"H NMR data of metabolite 43 in CDCl; (6 in ppm, J in Hz).

Position OH,exp OH,lit
1 1.91 (m), 0.99 (m) 1.91 (m), 1.00 (m)
2 1.79 (m), 1.60 (m) 1.79 (m), 1.59 (m)
3 3.05(dt, 11.1, 11.2,5.1) 3.04 (td, 107, 4.9)
4 1.42 (m) 1.40 (m)
5 0.68 (m) 0.68 (td, 11.6, 2.6)
6 1.51 (m), 1.42 (m) 1.50 (m), 1.41 (m)
7 1.72 (m), 1.20 (m) 1.70 (m), 1.22 (m)
9 0.88 (m) 0.88 (m)
11 4.43 (brs) 4.43 (brs)
12 2.28 (dd, 14.0, 2.8), 1.39 2.28 (dd, 13.9, 3.0), 1.39
(m) (m)

14 1.23 (m) 1.23 (m)
15 1.54 (m), 1.43 (m) 1.54 (m), 1.43 (m)
16 1.66 (m), 1.27 (m) 1.67 (m), 1.26 (m)
17 1.03 (m) 1.03 (m)
18 1.11 (s) 1.10 (s)
19 1.33 (s) 1.33 (s)
20 2.01 (m) 2.00 (m)
21 0.96 (d, 6.5) 0.97 (d, 6.5)
22 5.09 (dd, 15.3, 8.3) 5.08 (dd, 15.2, 8.3)
23 5.19(dd, 15.3, 7.6) 5.19(dd, 15.2,7.7)
24 1.81 (m) 1.82 (m)
25 1.44 (m) 1.44 (m)
26 0.79 (d, 6.7) 0.79 (d, 6.6)
27 0.80 (d, 6.6) 0.81 (d, 6.6)
28 0.86 (d, 6.8) 0.88 (d, 6.8)
29 0.98 (d, 6.1) 0.96 (d, 6.1)

11-OH - 2.46 (d, 6.1)
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3.3.11 Metabolite 44

Metabolite 44 (SP26) was isolated after a series of chromatographic separations
as a colorless oil (4 mg).

The mass spectrum of metabolite 44 (Figure 177) exhibited a molecular ion peak
[M]" at m/z 460, as well as a fragment ion peak at m/z 442 corresponding to [M-H,O]".
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Figure 177. Mass spectrum (EIMS) of metabolite 44.
In the 'H NMR spectrum of metabolite 44 (Figure 178) obvious were:
e Two aliphatic methyls on non-protonated carbons at J 1.14 and 1.
e Four aliphatic methyls on tertiary carbons at § 0.87, 0.96, 0.99 and 1.00,
e Two oxygenated methines at ¢ 3.05 and 4.44, and
[

Two broad singlets at J 5.64 and 5.87 integrating for one proton each and

attributed to the protons of an exomethylene group.
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Figure 178. '"H NMR spectrum of metabolite 44.

Analysis of the NMR and MS data of 44 led to the molecular formula C29Hsg0O4.
Taking into account the one carbon-carbon double bond and the carbonyl moiety as two
of the six degrees of unsaturation, the molecular structure of 44 was determined as
tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 44
with those reported in the literature led to its identification as nebrosteroid A (23-oxo-
4a,24-dimethyl-5a-cholest-24(28)-en-35,85,11f-triol), previously isolated from the soft
coral N. chabroli (Huang et al., 2008). The 'H NMR data of metabolite 44 are reported
in Table 178.

259



Table 178. '"H NMR data of metabolite 44 in CDCl; (6 in ppm, J in Hz)

Position OH,exp OH,lit
1 1.93 (m), 1.03 (m) 1.92 (m), 1.02 (m)
2 1.77 (m), 1.66 (ddd, 5.8, 3.1, 1.3) 1.77 (m), 1.66 (m)
3 3.05 (td, 11.0, 11.0, 5.8) 3.05 (td, 10.4, 5.6)
4 1.41 (m) 1.41 (m)
5 0.68 (td, 12.4, 12.1, 2.4) 0.68 (td, 11.1, 2.4)
6 1.57 (m), 1.47 (m) 1.57 (m), 1.47 (m)
7 1.72 (m), 1.21 (m) 1.71 (m), 1.21 (m)
9 0.88 (m) 0.88 (m)
11 4.44 (brs) 4.45 (brs)
12 2.29 (m), 1.38 (m) 2.29 (m), 1.39 (m)
14 1.25 (m) 1.24 (m)
15 1.57 (m), 0.88 (m) 1.57 (m), 0.88 (m)
16 1.81 (m), 1.32 (m) 1.81 (m), 1.32 (m)
17 1.07 (m) 1.08 (m)
18 1.14 (s) 1.15 (s)
19 1.33 (s) 1.34 (s)
20 2.04 (m) 2.04 (m)
21 0.87 (d, 6.2) 0.88 (d, 6.6)
22 2.65 (dd, 15.5, 3.1), 2.36 (m) 2.67 (dd, 16.6, 2.7), 2.35 (m)
25 2.88 (m) 2.89 (septet, 6.6)
26 0.99 (d, 7.2) 1.01 (d, 6.6)
27 1.00 (d, 7.2) 1.03 (d, 6.6)
28 5.87 (brs), 5.64 (brs) 5.91 (s), 5.67 (s)
29 0.96 (d, 6.4) 0.97 (d, 6.6)

11-OH 2.31 (s) -
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3.3.12 Metabolite 45

Metabolite 45 (SP27) was isolated after a series of chromatographic separations

as a white amorphous solid (2.2 mg).

29

The mass spectrum of metabolite 45 (Figure 179) exhibited a fragment ion peak

at m/z 444 corresponding to [M-AcOH]".
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Figure 179. Mass spectrum (EIMS) of metabolite 45.

In the "H NMR spectrum of metabolite 45 (Figure 180) obvious were:

Two aliphatic methyls on non-protonated carbons at 0 1.07 and 1.33,

Four aliphatic methyls on tertiary carbons at ¢ 0.95, 0.96, 1.03 and 1.07,

One methyl of an acetoxy group at 0 2.01,

Three oxygenated methines at 0 3.05, 4.43 and 5.25, and

Two broad singlets at 6 4.96 and 5.01 integrating for one proton each and
attributed to the protons of an exomethylene group.
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Figure 180. 'H NMR spectrum of metabolite 45.

Analysis of the NMR and MS data of 45 led to the molecular formula C31Hs20:s.
Taking into account the one carbon-carbon double bond and the carbonyl moiety as two
of the six degrees of unsaturation, the molecular structure of 45 was determined as
tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 45
with those reported in the literature led to its identification as 23¢-acetoxy-4a,24-
dimethyl-5a-cholest-24(28)-en-3/,84,11f-triol, previously isolated from the soft coral
L. mollis (Zovko Koné&i¢ et al., 2016). The 'H NMR data of metabolite 45 are reported
in Table 179.
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Table 179. '"H NMR data of metabolite 45 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit
1 1.90 (m), 1.0 (m) 1.89 (m), 0.99 (m)
2 1.80 (m), 1.58 (m) 1.79 (m), 1.58 (m)
3 3.05 (ddd, 11.3, 10.8, 3.6) 3.05 (td, 10.9, 5.0)
4 1.41 (ddd, 5.8, 3.1, 2.2) 1.40 (m)
5 0.69 (td, 11.5, 2.3) 0.67 (td, 11.7, 2.7)
6 1.49 (m), 1.41 (ddd, 5.8, 3.1, 2.2) 1.49 (m), 1.40 (m)
7 1.7 (m), 1.21 (m) 1.71 (m), 1.20 (m)
9 0.85 (m) 0.86 (m)
11 4.43 (brs) 4.42 (brs)
12 2.26 (m), 1.38 (m) 2.29 (dd, 14.0, 3.0), 1.37 (m)
14 1.18 (m) 1.18 (m)
15 1.54 (m), 1.44 (m) 1.54 (m), 1.44 (m)
16 1.86 (m), 1.24 (m) 1.86 (m), 1.25 (m)
17 1.01 (m) 1.01 (m)
18 1.07 (s) 1.07 (s)
19 1.33 (s) 1.32 (s)
20 1.36 (m) 1.36 (m)
21 0.95(d, 5.6) 0.95 (d, 6.2)
22 1.73 (m), 1.29 (m) 1.74 (m), 1.29 (m)
23 5.25 (m) 5.27(dd, 7.5, 6.2)
25 2.24 (m) 2.24 (m)
26 1.03 (d, 6.8) 1.03 (d, 6.6)
27 1.07 (d, 5.5) 1.07 (d, 6.6)
28 5.01 (brs), 4.96 (brs) 5.01 (brs), 4.95 (brs)
29 0.96 (d, 6.0) 0.96 (d, 6.2)
OAc 2.01 (s) 2.01 (s)
11-OH 2.3(d,7.1) 2.39(d, 5.9)
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3.3.13 Metabolite 46

Metabolite 46 (SP25) was isolated after a series of chromatographic separations
as a white amorphous solid (1.3 mg).

The high-resolution mass spectrum of the metabolite 46 (Figure 181) showed a
pseudomolecular ion peak at m/z 475.3424 corresponding to [M-H]  (calcd. for
C29H470s, 475.3429).
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Figure 181. Mass spectrum (HR-APCIMS) of metabolite 46.

In the "H NMR spectrum of metabolite 46 (Figure 182) obvious were:

e Two aliphatic methyls on non-protonated carbons at 0 1.09 and 1.33,

e Four aliphatic methyls on tertiary carbons at J 0.85, 0.96, 1.05 and 1.06,

e Three oxygenated methines at 0 3.05, 4.43 and 4.70,

e Two doublets at 6 4.21 and 4.59 integrating for one proton each and attributed to
the protons of an oxygenated methylene, and,

¢ One olefinic methine at 6 5.36.
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Figure 182. '"H NMR spectrum of metabolite 46.

Analysis of the NMR and MS data of 46 led to the molecular formula C29Hsg0Os.
Taking into account the one carbon-carbon double bond as one of the six degrees of
unsaturation, the molecular structure of 46 was determined as pentacyclic.

The spectroscopic data of metabolite 46 related to the steroidal nucleus
displayed high similarity with those of 42—45, suggesting a 3,8,11-trihydroxy-4-methyl
steroidal nucleus. Additionally, the NMR data concerning the side chain of compound
46 were rather similar to those of 41. Indeed, the planar structure of metabolite 46 was
determined on the basis of the homonuclear and heteronuclear correlations (Figure 183)
observed in the HSQC-DEPT (Figure 184), HMBC (Figure 185) and COSY (Figure
186) spectra.

— COSY “~~+HMBC

Figure 183. COSY and important HMBC correlations observed for metabolite 46.
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Figure 184. HSQC-DEPT spectrum of metabolite 46.
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Figure 185. HMBC spectrum of metabolite 46.
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Figure 186. COSY spectrum of metabolite 46.

The relative configuration of the asymmetric centers of metabolite 46 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
187). As in the case of 41, H-22 was assigned to be on the opposite side of H3-21, as
also suggested by the chemical shift of C-23 which resonated at 119.2 ppm. Instead,
when H-22 and H3-21 are co-planar, C-23 is shielded, resonating at 115-116 ppm (Yu et
al., 20006).
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Figure 187. NOESY spectrum of metabolite 46.

Comparison of the spectroscopic and physical characteristics of metabolite 46
with those reported in the literature led to its identification as a new natural product,
which was designated as (23E)-22a,28-epidioxy-4a,24-dimethyl-5a-cholest-23-en-
34,86,11p-triol. The NMR data of metabolite 46 are reported in Table 180.
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Table 180. 'H and '3C NMR data of metabolite 46 in CDCl; (J in ppm, J in Hz).

Position Jc on
1 37.5 1.91 (m), 1.00 (m)
2 30.2 1.79 (m), 1.58 (m)
3 76.5 3.05 (td, 10.8, 5.0)
4 38.2 1.41 (m)
5 52.3 0.69 (1d, 11.9, 2.2)
6 20.0 1.56 (m), 1.39 (m)
7 39.9 1.71 (m), 1.22 (m)
8 75.3 -
9 57.6 0.88 (m)
10 36.8 -
11 69.8 4.43 (brd, 1.9)
12 49.0 2.23 (m), 1.37 (m)
13 41.8 -
14 60.2 1.27 (m)
15 19.2 1.60 (m), 1.46 (m)
16 26.9 2.00 (m), 1.35 (m)
17 53.9 1.43 (m)
18 15.0 1.09 (s)
19 15.6 1.33 (s)
20 40.0 1.59 (m)
21 12.9 0.85(d, 7.0)
22 79.7 4.70 (brs)
23 119.2 5.36 (brs)
24 142.0 -
25 31.1 2.24 (septet, 6.9)
26 21.1 1.05 (d, 6.9)
27 21.1 1.06 (d, 6.9)
28 70.8 4.59 (d, 15.7),4.21 (d, 15.7)
29 15.2 0.96 (d, 6.4)
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3.3.14 Metabolite 47

Metabolite 47 (SP28) was isolated after a series of chromatographic separations
as a white amorphous solid (1.1 mg).

29

The mass spectrum of metabolite 47 (Figure 188) exhibited a fragment ion peak
at m/z 426 corresponding to [M-2H,O]".
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Figure 188. Mass spectrum (EIMS) of metabolite 47.

In the 'H NMR spectrum of metabolite 47 (Figure 189) obvious were:
e Two aliphatic methyls on non-protonated carbons at 0 1.00 and 1.34,
o Five aliphatic methyls on tertiary carbons at ¢ 0.80, 0.81, 0.90, 0.97 and 1.12,
e Three oxygenated methines at ¢ 3.05, 3.22 and 4.21, and
e Two olefinic methines at 6 5.19 and 5.20.
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Figure 189. 'H NMR spectrum of metabolite 47.

Analysis of the NMR and MS data of 47 led to the molecular formula C29Hs0O4.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 47 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 47
with those reported in the literature led to its identification as (22Z)-4a,24¢-dimethyl-
Sa-cholest-22-en-34,84,11p,12a-tetraol, previously isolated from the soft coral L. mollis
(Zovko Kongi¢ et al., 2016). The 'H NMR data of metabolite 47 are reported in Table
181.
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Table 181. '"H NMR data of metabolite 47 in CDCl; (6 in ppm, J in Hz)

Position OH,exp OH,lit
1 1.93 (m), 1.04 (m) 1.95 (m), 1.00 (m)
2 1.80 (m), 1.59 (m) 1.82 (m), 1.60 (m)
3 3.05 (td, 10.7, 4.8) 3.05 (m)
4 1.40 (m) 1.40 (m)
5 0.66 (m) 0.67 (td, 11.5, 2.7)
6 1.42 (m), 1.37 (m) 1.43 (m), 1.39 (m)
7 1.70 (m), 1.19 (m) 1.70 (m), 1.17 (m)
9 0.86 (m) 0.88 (m)
11 4.21 (m) 4.21 (m)
12 3.22 (dd, 8.5, 3.8) 3.22 (dd, 8.4, 3.4)
14 1.15 (m) 1.14 (m)
15 1.57 (m), 1.44 (m) 1.57 (m), 1.44 (m)
16 1.62 (m), 1.41 (m) 1.62 (m), 1.41 (m)
17 1.23 (m) 1.23 (m)
18 1.00 (s) 1.00 (s)
19 1.34 (s) 1.34 (s)
20 2.27 (m) 2.28 (m)
21 1.12 (d, 6.7) 1.12 (d, 6.7)
22 5.19 (m) 5.18 (m)
23 5.20 (m) 5.20 (m)
24 1.85 (m) 1.84 (m)
25 1.45 (m) 1.45 (m)
26 0.80 (d, 6.5) 0.80 (d, 6.6)
27 0.81(d, 6.5) 0.81 (d, 6.6)
28 0.90 (d, 6.9) 0.90 (d, 6.8)
29 0.97 (d, 6.3) 0.97 (d, 6.3)
11-OH - 2.68 (d, 8.4)
12-OH - 3.02(d, 6.9)
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3.3.15 Metabolite 48

Metabolite 48 (SP05) was isolated after a series of chromatographic separations
as a white amorphous solid (9.4 mg).

2

The mass spectrum of metabolite 48 (Figure 190) exhibited a molecular ion peak
[M]" at m/z 446.
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Figure 190. Mass spectrum (EIMS) of metabolite 48.

In the 'H NMR spectrum of metabolite 48 (Figure 191) obvious were:
e One aliphatic methyl on a non-protonated carbon at J 0.96,
e Four aliphatic methyls on tertiary carbons at ¢ 0.94, 0.95, 0.99 and 0.99,

e Two doublets at § 3.62 and 3.70 integrating for one proton each and attributed to
the protons of a hydroxy methylene,

e One oxygenated methine at 6 3.06, and
e Two broad singlets at 6 4.62 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group.
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Figure 191. '"H NMR spectrum of metabolite 48.

Analysis of the NMR and MS data of 48 led to the molecular formula C29Hs003.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 48 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 48
with those reported in the literature led to its identification as 4a,24-dimethyl-5a-
cholest-24(28)-en-34,84,18-triol, previously isolated from the soft coral L. mollis
(Zovko Kon¢i¢ et al., 2016). The 'H NMR data of metabolite 48 are reported in Table
182.
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Table 182. '"H NMR data of metabolite 48 in CDCl; (6 in ppm, J in Hz)

Position OH,exp OH,lit
1 1.71 (m), 0.94 (m) 1.71 (m), 0.94 (m)
2 1.76 (m), 1.51 (m) 1.76 (m), 1.51 (m)
3 3.06 (td, 10.5, 10.5, 4.9) 3.06 (td, 10.2, 5.2)
4 1.35 (m) 1.35 (m)
5 0.73 (m) 0.74 (m)
6 1.49 (m), 1.30 (m) 1.49 (m), 1.31 (m)
7 1.73 (m), 1.24 (m) 1.73 (m), 1.24 (m)
9 0.87 (m) 0.88 (m)
11 1.91 (m), 1.30 (m) 1.89 (m), 1.31 (m)
2.27(ddd, 13.1, 3.6, 2.5),
12 2.27 (m), 1.20 (m) 1.21 (m)
14 1.41 (m) 1.41 (m)
15 1.56 (m) 1.56 (m)
16 1.88 (m) 1.88 (m), 1.28 (m)
17 1.11 (m) 1.11 (m)
18 3.70 (d, 11.6), 3.62 (d, 3.71(d, 11.8), 3.62 (d,
11.6) 11.8)
19 0.96 (s) 0.96 (s)
20 1.34 (m) 1.34 (m)
21 0.95(d, 6.3) 0.96 (d, 6.5)
22 1.52 (m), 1.07 (m) 1.52 (m), 1.07 (m)
23 2.05 (m) 2.05 (m)
25 2.17 (m) 2.19 (m)
26 0.99 (d, 6.8) 0.99 (d, 6.8)
27 0.99 (d, 6.8) 1.00 (d, 6.8)
28 4.69 (brs), 4.62 (brs) 4.69 (brs), 4.62 (brs)
29 0.94 (d, 6.3) 0.94 (d, 6.5)
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3.3.16 Metabolite 49

Metabolite 49 (SP24) was isolated after a series of chromatographic separations
as a white amorphous solid (3.5 mg).

The mass spectrum of metabolite 49 (Figure 192) exhibited a molecular ion peak
[M]" at m/z 446.
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Figure 192. Mass spectrum (EIMS) of metabolite 49.

In the "H NMR spectrum of metabolite 49 (Figure 193) obvious were:
¢ One aliphatic methyl on a non-protonated carbon at ¢ 0.96,
¢ Five aliphatic methyls on tertiary carbons at ¢ 0.78, 0.80, 0.88, 0.95 and 0.99,

e Two doublets at ¢ 3.64 and 3.74 integrating for one proton each and attributed to
the protons of a hydroxy methylene,

e One oxygenated methine at § 3.06, and
e Two olefinic methines at 6 5.04 and 5.19.
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Figure 193. 'H NMR spectrum of metabolite 49.

Analysis of the NMR and MS data of 49 led to the molecular formula C29Hs0O:s.
Taking into account the one carbon-carbon double bond as one of the five degrees of
unsaturation, the molecular structure of 49 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 49
with those reported in the literature led to its identification as (22E,24R)-4a,24-
dimethyl-5a-cholest-22-en-3/,80,18-triol, previously isolated from the soft coral L.
mollis (Zovko Kon¢i¢ et al., 2016). The 'H NMR data of metabolite 49 are reported in
Table 183.
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Table 183. '"H NMR data of metabolite 49 in CDCl; (6 in ppm, J in Hz).

Position OH,exp OH,lit

1 1.72 (m), 0.96 (m) 1.70 (m), 0.93 (m)
2 1.78 (m), 1.54 (m) 1.78 (m), 1.53 (m)
3 3.06 (td, 10.2, 10.2, 4.6) 3.06 (td, 10.7, 5.0)
4 1.34 (m) 1.34 (m)

5 0.74 (m) 0.74 (m)

6 1.48 (m), 1.32 (m) 1.48 (m), 1.32 (m)
7 1.74 (m), 1.30 (m) 1.74 (m), 1.30 (m)
9 0.90 (m) 0.88 (m)

11 1.88 (m), 1.33 (m) 1.88 (m), 1.31 (m)

2.25(ddd, 12.7, 3.3, 2.5),

12 2.25 (m), 1.25 (m) 1.24 (m)

14 1.42 (m) 1.41 (m)

15 1.60 (m) 1.60 (m)

16 1.71 (m), 1.24 (m) 1.70 (m), 1.26 (m)
17 1.11 (m) 1.09 (m)

18 3.74 (d, 11.5), 3.64 (d, 3.72(d, 11.6), 3.62 (d,

11.5) 11.6)

19 0.96 (s) 0.96 (s)
20 1.95 (m) 1.94 (m)
21 0.99 (d, 6.5) 0.99 (d, 6.6)
22 5.04 (dd, 15.3,7.7) 5.05(dd, 15.2,7.7)
23 5.19(dd, 15.3,7.7) 5.19 (dd, 15.2,7.7)
24 1.82 (m) 1.81 (m)
25 1.46 (m) 1.45 (m)
26 0.80 (d, 6.6) 0.80 (d, 6.7)
27 0.78 (d, 6.7) 0.78 (d, 6.7)
28 0.88 (d, 6.7) 0.88 (d, 6.8)
29 0.95 (d, 6.2) 0.94 (d, 6.2)
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3.3.17 Metabolite S0
Metabolite 50 (SP02) was isolated after a series of chromatographic separations
as a colorless oil (232.9 mg).

The mass spectrum of metabolite 50 (Figure 194) exhibited a molecular ion peak
[M]" at m/z 398.
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Figure 194. Mass spectrum (EIMS) of metabolite 50.

In the "H NMR spectrum of metabolite 50 (Figure 195) obvious were:

e Two aliphatic methyls on non-protonated carbons at J 0.65 and 0.97,

e Three aliphatic methyls on tertiary carbons at ¢ 0.92, 0.99 and 1.00,

¢ One oxygenated methine at 6 3.50,

e Two broad singlets at 0 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group, and

¢ One olefinic methine at 6 5.32.
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Figure 195. '"H NMR spectrum of metabolite 50.

Analysis of the NMR and MS data of 50 led to the molecular formula C28H460.
Taking into account the two carbon-carbon double bonds as two of the six degrees of
unsaturation, the molecular structure of 50 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 50
with those reported in the literature led to its identification as 24-methyl-cholesta-
5,24(28)-dien-3-$-0l, previously isolated from the sponge Haliclona simulans
(Viegelmann et al., 2014). The 'H NMR data of metabolite 50 are reported in Table

184.

Table 184. '"H NMR data of metabolite 50 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit

3 3.50 (m) 3.52(td, 11.0, 5.3)
6 5.32 (m) 5.34(d, 5.7)

7 1.97 (m) 1.95 (m)

18 0.65 (s) 0.67 (s)

19 0.97 (s) 0.99 (s)

21 0.92 (d, 6.5) 0.93 (d, 6.7)
26 0.99 (d, 6.8) 1.02 (d, 2.3)
27 1.00 (d, 6.8) 1.02 (d, 2.3)
28 4.69 (brs), 4.63 (brs) 4.70 (s), 4.64 (s)
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3.3.18 Metabolite 51

Metabolite 51 (SP04) was isolated after a series of chromatographic separations
as a colorless oil (11.9 mg).

The mass spectrum of metabolite 51 (Figure 196) exhibited a molecular ion peak
[M]" at m/z 414.
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Figure 196. Mass spectrum (EIMS) of metabolite 51.

In the "H NMR spectrum of metabolite 51 (Figure 197) obvious were:

e Two aliphatic methyls on non-protonated carbons at J 0.67 and 1.03,

e Three aliphatic methyls on tertiary carbons at ¢ 0.93, 1.01 and 1.03,

e Two oxygenated methines at § 3.53 and 3.83,

e Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group, and

e One olefinic methine at 6 5.27.
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Figure 197. '"H NMR spectrum of metabolite 51.

Analysis of the NMR and MS data of 51 led to the molecular formula C2sHs605.
Taking into account the two carbon-carbon double bonds as two of the six degrees of
unsaturation, the molecular structure of 51 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 51
with those reported in the literature led to its identification as 24-methyl-cholesta-
5,24(28)-dien-3p,76-diol, previously isolated from the sponge Stelodoryx chlorophylla
(de Riccardis et al., 1993). The 'H NMR data of metabolite 51 are reported in Table

185.

Table 185. '"H NMR data of metabolite 51 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH,lit

3 3.53 (m) 3.56 (m)

6 5.27 (t, 1.8) 5.30(t, 1.5)

7 3.83 (m) 3.86 (td, 7.8)

18 0.67 (s) 0.70 (s)

19 1.03 (s) 1.06 (s)

21 0.93 (d, 6.6) 0.96 (d, 7.0)

26 1.01 (d, 6.8) 1.04 (d, 6.8)

27 1.03 (d, 6.8) 1.06 (d, 6.8)

28 4.69 (brs), 4.63 (brs) 4.71 (brs), 4.66 (brs)
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3.3.19 Metabolite 52

Metabolite 52 (SP03) was isolated after a series of chromatographic separations
as a colorless oil (42.3 mg).

The mass spectrum of metabolite 52 (Figure 198) exhibited a molecular ion peak
[M]" at m/z 414.
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Figure 198. Mass spectrum (EIMS) of metabolite 52.
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In the "H NMR spectrum of metabolite 52 (Figure 199) obvious were:

One aliphatic methyl on a non-protonated carbon at J 0.71,
Three aliphatic methyls on tertiary carbons at 6 0.92, 0.99 and 1.01,

Two doublets at 6 3.58 and 3.80 integrating for one proton each and attributed to
the protons of a hydroxymethylene,
One oxygenated methine at § 3.57,
Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group, and
One olefinic methine at § 5.73.
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Figure 199. 'H NMR spectrum of metabolite 52.

Analysis of the NMR and MS data of 52 led to the molecular formula C2sHa605.
Taking into account the two carbon-carbon double bonds as two of the six degrees of
unsaturation, the molecular structure of 52 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 52
with those reported in the literature led to its identification as 24-methyl-cholesta-
5,24(28)-dien-34,19-diol, previously isolated from the soft coral L. viridis (Iguchi et al.,
1989). The 'H NMR data of metabolite 52 are reported in Table 186.

Table 186. '"H NMR data of metabolite 52 in CDCI; (J in ppm, J in Hz).

Position OH,exp OH,lit
3 3.57 (m) 3.59(d, 11.2)
6 5.73 (m) 5.75 (brd, 4.0)
18 0.71 (s) 0.73 (s)
19 3.80(d, 11.4),3.58 (d, 11.4) 3.8(d, 11.2), 3.56 (m)
21 0.92 (d, 6.5) 0.94 (d, 6.6)
26 1.01 (d, 6.8) 1.02 (d, 6.6)
27 0.99 (d, 6.8) 1.02 (d, 6.6)
28 4.69 (brs), 4.63 (brs) 4.70 (brs), 4.65 (brs)
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3.3.20 Metabolite 53

Metabolite 53 (SP29) was isolated after a series of chromatographic separations
as a white amorphous solid (2.0 mg).

The high-resolution mass spectrum of the metabolite 53 (Figure 200) showed a
pseudomolecular ion peak at m/z 411.3271 corresponding to [M-H] (calcd. for
CasH4302, 411.3269).
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Figure 200. Mass spectrum (HR-ESIMS) of metabolite 53.

In the '"H NMR spectrum of metabolite 53 (Figure 201) obvious were:

e One aliphatic methyl on a non-protonated carbon at 6 0.75,

e Three aliphatic methyls on tertiary carbons at ¢ 1.03, 1.04 and 1.06,

o Two doublets at 6 3.59 and 3.81 integrating for one proton each and attributed to
the protons of a hydroxymethylene,

e One oxygenated methine at 6 3.56,

e Two broad singlets at 6 4.79 and 4.83 integrating for one proton each and
attributed to the protons of an exomethylene group,

e Three olefinic methines at § 5.56, 5.73 and 5.92.

285



e

7 6 5 3 2 1

4
f1 (ppm)
Figure 201. '"H NMR spectrum of metabolite 53.

Analysis of the NMR and MS data of 53 led to the molecular formula C2sHs405.
Taking into account the three carbon-carbon double bonds as three of the seven degrees
of unsaturation, the molecular structure of 53 was determined as tetracyclic.

The spectroscopic data of 53 closely resembled those of the co-occurring 52,
with the main difference being the presence of an additional 1,2-disubstituted double
bond in the side chain of 53. The planar structure of metabolite 53 was determined on
the basis of the homonuclear and heteronuclear correlations (Figure 202) observed in
the HSQC-DEPT (Figure 203), HMBC (Figure 204) and COSY (Figure 205) spectra.

HO

b \"(Q‘
D

HO — COSY “_r HMBC

Figure 202. COSY and important HMBC correlations observed for metabolite 53.
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Figure 204. HMBC spectrum of metabolite 53.
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Figure 205. COSY spectrum of metabolite 53.

The relative configuration of the asymmetric centers of metabolite 53 was
determined on the basis of the correlations observed in the NOESY spectrum (Figure
206), in accordance to that of metabolite 52. The E geometry of the A?> double bond
was assigned on the basis of the measured coupling constant between H-22 with H-23
(J=15.7 Hz).
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Figure 206. NOESY spectrum of metabolite 53.

Comparison of the spectroscopic and physical characteristics of metabolite 53
with those reported in the literature led to its identification as a new natural product,
which was designated as (22F)-24-methyl-cholesta-5,22,24(28)-trien-34,19-diol. The
NMR data of metabolite 53 are reported in Table 187.
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Table 187. 'H and '3C NMR data of metabolite 53 in CDCl; (J in ppm, J in Hz).

Position oc on
1 329 1.91 (m), 1.08 (m)
2 31.7 1.84 (m), 1.40 (m)
3 70.8 3.56 (m)
4 41.9 2.37 (m), 2.18 (m)
5 134.9 -
6 126.8 5.73 (m)
7 30.8 2.01 (m), 1.51 (m)
8 334 1.82 (m)
9 49.9 0.89 (m)
10 41.0 -
11 21.4 1.62 (m), 1.53 (m)
12 39.6 2.01 (m), 1.17 (m)
13 423 -
14 57.5 0.90 (m)
15 24.1 1.50 (m), 1.05 (m)
16 28.1 1.64 (m), 1.26 (m)
17 55.4 1.18 (m)
18 12.0 0.75 (s)
19 62.3 3.81(d, 11.5),3.59(d, 11.5)
20 39.9 2.11 (m)
21 20.2 1.03 (d, 6.5)
22 1354 5.56 (dd, 15.7, 8.7)
23 128.8 5.92 (d, 15.7)
24 153.0 -
25 28.8 2.53 (septet, 6.8)
26 21.7 1.06 (d, 6.8)
27 22.1 1.04 (d, 6.8)
28 109.0 4.83 (brs), 4.79 (brs)




3.3.21 Metabolite 54

Metabolite 54 (SP19) was isolated after a series of chromatographic separations
as a colorless oil (2.3 mg).

The mass spectrum of metabolite 54 (Figure 207) exhibited a fragment ion peak
at m/z 412 corresponding to [M-H,O]".
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Figure 207. Mass spectrum (EIMS) of metabolite 54.

In the "H NMR spectrum of metabolite 54 (Figure 208) obvious were:

¢ One aliphatic methyl on a non-protonated carbon at ¢ 0.73,

e Three aliphatic methyls on tertiary carbons at ¢ 0.93, 0.99 and 1.01,

e Two doublets at ¢ 3.61 and 3.81 integrating for one proton each and attributed to
the protons of a hydroxymethylene,

e Two oxygenated methines at d 3.56 and 3.84,

e Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group, and

e One olefinic methine at 6 5.64.
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Figure 208. '"H NMR spectrum of metabolite 54.

Analysis of the NMR and MS data of 54 led to the molecular formula C2sHa603.
Taking into account the two carbon-carbon double bonds as two of the six degrees of
unsaturation, the molecular structure of 54 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 54
with those reported in the literature led to its identification as 24-methyl-cholesta-
5,24(28)-dien-3p,76,19-triol, previously isolated from the soft coral Nephthea erecta
(Cheng et al., 2007). The 'H NMR data of metabolite 54 are reported in Table 188.

Table 188. '"H NMR data of metabolite 54 in CDCl; and CD3OD (6 in ppm, J in Hz).

Position Jon,exp (in CDCl3) Jn it (in CD30D)
3 3.56 (m) 3.53 (m)
6 5.64 (s) 5.79 (d, 4.5)
7 3.84 (m) 3.79 (t,4.5)
18 0.73 (s) 0.77 (s)
19 3.81(d, 11.5),3.61(d, 11.5) | 3.87(d, 11.5),3.58 (d, 11.5)
21 0.93 (d, 6.5) 0.98 (d, 6.5)
26 1.01 (d, 6.8) 1.02 (d, 6.5)
27 0.99 (d, 6.8) 1.03 (d, 6.5)
28 4.69 (brs), 4.63 (brs) 4.69 (s), 4.65 (s)
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3.3.22 Metabolite 55

Metabolite 55 (SP01) was isolated after a series of chromatographic separations
as a colorless oil (155.4 mg).

The mass spectrum of metabolite 55 (Figure 209) exhibited a fragment ion peak
at m/z 412 corresponding to [M-AcOH]".
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Figure 209. Mass spectrum (EIMS) of metabolite 55.

In the "H NMR spectrum of metabolite 55 (Figure 210) obvious were:

e One aliphatic methyl on a non-protonated carbon at J 0.73,

e Three aliphatic methyls on tertiary carbons at ¢ 0.93, 0.99 and 1.00,

e One methyl of an acetoxy group at ¢ 2.01,

e Two doublets at ¢ 3.64 and 3.86 integrating for one proton each and attributed to
the protons of a hydroxymethylene,

e Two oxygenated methines at § 3.57 and 4.95,

e Two broad singlets at 0 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group, and

e One olefinic methine at 6 5.56.
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Figure 210. '"H NMR spectrum of metabolite 55.

Analysis of the NMR and MS data of 55 led to the molecular formula C30H4s0O4.
Taking into account the two carbon-carbon double bonds and the carbonyl moiety as
three of the seven degrees of unsaturation, the molecular structure of 55 was determined
as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 55
with those reported in the literature led to its identification as 7f5-acetoxy-24-methyl-
cholesta-5,24(28)-dien-34,19-diol, previously isolated from the soft coral Litophyton
arboretum (Ellithey et al., 2013). The 'H NMR data of metabolite 55 are reported in
Table 189.
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Table 189. '"H NMR data of metabolite 55 in CDCI; (6 in ppm, J in Hz).

Position OH,exp OH it

3 3.57 (m) 3.59 (tt, 11.2, 4.7)

6 5.56 (s) 556 (t,2)

7 4.95 (d, 8.6) 4.95 (d, 8.6)

18 0.73 (s) 0.73 (s)

19 3.86(d, 11.5),3.64 (d, 11.5) | 3.86 (d, 11.5), 3.64 (d, 11.5)
21 0.93 (d, 6.5) 0.93 (d, 6.8)

26 1.00 (d, 6.8) 1.01 (d, 6.8)

27 0.99 (d, 6.8) 1.00 (d, 6.8)

28 4.69 (brs), 4.63 (brs) 470, 1'3)1’ .4;')64 (dd, 1.3,
OAc 2.01 (s) 2.01 (s)
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3.3.23 Metabolite 56

Metabolite 56 (SP06) was isolated after a series of chromatographic separations
as a colorless oil (1.6 mg).

The mass spectrum of metabolite 56 (Figure 211) exhibited a molecular ion peak
[M]" at m/z 460.
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Figure 211. Mass spectrum (EIMS) of metabolite 56.

In the 'H NMR spectrum of metabolite 56 (Figure 212) obvious were:

e One aliphatic methyl on a non-protonated carbon at J 0.74,

e Three aliphatic methyls on tertiary carbons at ¢ 0.84, 0.84 and 0.89,

e One methyl of an acetoxy group at ¢ 2.01,

e Two doublets at ¢ 3.64 and 3.86 integrating for one proton each and attributed to
the protons of a hydroxymethylene,

e Two oxygenated methines at d 3.58 and 4.94, and

e One olefinic methine at 6 5.56.
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Figure 212. '"H NMR spectrum of metabolite 56.

Analysis of the NMR and MS data of 56 led to the molecular formula C29Hsg0O4.
Taking into account the one carbon-carbon double bond and the carbonyl moiety as two
of the six degrees of unsaturation, the molecular structure of 56 was determined as
tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 56
with those reported in the literature led to its identification as 7f-acetoxy-cholest-5-en-
3,19-diol, previously isolated from the soft coral N. erecta (Cheng et al., 2007). The 'H
NMR data of metabolite 56 are reported in Table 190.
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Table 190. '"H NMR data of metabolite 56 in CDCl; (6 in ppm, J in Hz).

Position OH,exp OH,lit
1 1.06 (d, 4.1), 1.92 (m) 1.06 (m), 1.92 (m)
2 1.84 (m), 1.38 (m) 1.84 (m), 1.38 (m)
3 3.58 (m) 3.60 (m)
4 2.38 (ddd, 13.4,4.6,2.1), 2.38 (m), 2.21 (m)
2.21 (m)
6 5.56 (s) 5.58 (brs)
7 4.94 (d, 8.6) 4.96 (brd, 8.6)
8 2.15 (m) 2.14 (m)
9 1.09 (m) 1.08 (m)
11 1.67 (m), 1.58 (m) 1.66 (m), 1.58 (m)
12 1.29 (m), 2.07 (m) 1.27 (m), 2.07 (m)
14 1.02 (m) 1.02 (m)
15 1.31 (m), 1.10 (m) 1.31 (m), 1.09 (m)
16 1.41 (m), 1.26 (m) 1.40 (m), 1.26 (m)
17 1.03 (m) 1.03 (m)
18 0.74 (s) 0.72 (s)
19 3.86(d, 11.5),3.64 (d, 11.5) | 3.89(d, 11.5),3.66 (d, 11.5)
20 1.34 (m) 1.34 (m)
21 0.89 (d, 6.5) 0.91 (d, 6.4)
22 1.03 (m) 1.03 (m)
23 1.76 (m), 1.23 (m) 1.79 (m), 1.23 (m)
24 1.14 (m) 1.13 (m)
25 1.50 (m) 1.50 (m)
26 0.84 (d, 6.6) 0.86 (d, 6.6)
27 0.84 (d, 6.6) 0.86 (d, 6.6)
OAc 2.01 (s) 2.01 (s)
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3.3.24 Metabolite 57

Metabolite 57 (SP07) was isolated after a series of chromatographic separations
as a colorless oil (6.9 mg).

The mass spectrum of metabolite 57 (Figure 213) exhibited a molecular ion peak
[M]" at m/z 428.
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Figure 213. Mass spectrum (EIMS) of metabolite 57.

In the "H NMR spectrum of metabolite 57 (Figure 214) obvious were:
e One aliphatic methyl on a non-protonated carbon at J 0.71,
e Three aliphatic methyls on tertiary carbons at ¢ 0.93, 1.00 and 1.00,

e Two doublets at ¢ 3.64 and 4.01 integrating for one proton each and attributed to
the protons of a hydroxymethylene,

¢ One oxygenated methine at 6 3.70,

e Two broad singlets at 6 4.63 and 4.69 integrating for one proton each and
attributed to the protons of an exomethylene group, and

e One olefinic methine at 6 5.90.
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Figure 214. '"H NMR spectrum of metabolite 57.

Analysis of the NMR and MS data of 57 led to the molecular formula C2sHs405.
Taking into account the two carbon-carbon double bonds and the carbonyl moiety as
three of the seven degrees of unsaturation, the molecular structure of 57 was determined
as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 57
with those reported in the literature led to its identification as 7-oxo0-24-methyl-cholesta-
5,24(28)-diene-3p,19-diol, previously isolated from the soft coral N. erecta (Duh et al.,
1998). The NMR data of metabolite 57 are reported in Table 191.
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Table 191. 'H and '3C NMR data of metabolite 57 in CDCl; and CD3OD (6 in ppm, J in Hz)

. OC,exp OH,exp dC,lit OH,lit
Position - - - -
(in CDCI3) (in CDCIl3) (in CDCI3) (in CD30D)
1 33.1 33.1
2 31.6 31.6
3 70.4 3.70 (m) 70.4 3.73 (m)
4 42.1 42.1
5 160.0 160.0
6 129.5 5.90 (s) 129.6 5.93 (s)
7 202.7 - 202.6 -
8 46.9 49.6
9 50.3 50.3
10 43.2 - 43.2 -
11 21.9 21.9
12 39.2 39.2
13 43.5 - 43.5 -
14 51.3 51.3
15 26.2 26.1
16 28.6 28.6
17 54.7 54.7
18 12.3 0.71 (s) 12.3 0.73 (s)
4.01(d, 11.4), 3.64 (d, 4.03 (d, 11.7),4.03
19 63.8 11.4) 63.8 (d. 11.7)
20 357 35.7
21 18.9 0.93 (d, 6.4) 18.9 0.95 (d, 6.6)
22 347 34.7
23 31.0 31.0
24 156.8 156.8
25 33.8 33.8
26 21.9 1.00 (d, 6.8) 21.9 1.02 (d, 6.6)
27 22.0 1.00 (d, 6.8) 22.0 1.03 (d, 6.9)
28 106.0 4.69 (brs), 4.63 (brs) 106.0 4.71 (brs), 4.66 (brs)
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3.3.25 Metabolite 58

Metabolite 58 (SP17) was isolated after a series of chromatographic separations
as a colorless oil (6.1 mg).

The

mass spectrum of metabolite 58 (Figure 215) exhibited fragment ion peaks

at m/z 412 and 394 corresponding to [M-H,O]" and [M-2H>O]", respectively.
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Figure 215. Mass spectrum (EIMS) of metabolite 58.

In the 'H NMR spectrum of metabolite 58 (Figure 216) obvious were:
Two aliphatic methyls on non-protonated carbons at ¢ 0.64 and 1.07,
Three aliphatic methyls on tertiary carbons at 6 0.99, 1.04 and 1.05,
Two oxygenated methines at J 3.55 and 3.97,

Two broad singlets at J 4.66 and 4.72 integrating for one proton each and
attributed to the protons of an exomethylene group, and

One

olefinic methine at 6 5.27.
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Figure 217. '"H NMR spectrum of metabolite 58 in CDCl;.
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Analysis of the NMR and MS data of 58 led to the molecular formula C2sHa60:3.
Taking into account the two carbon-carbon double bonds as two of the six degrees of
unsaturation, the molecular structure of 58 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 58
with those reported in the literature led to its identification as 24-methyl-cholesta-
7,24(28)-dien-34,5a,6f-triol, previously isolated from the marine scallop Patinopecten
yessoensis (lorizzi et al., 1988). The 'H NMR data of metabolite 58 are reported in

Table 192.

Table 192. '"H NMR data of metabolite 58 in CD;0D (¢ in ppm, J in Hz)

Position OH,exp OH,lit

3 3.97 (m) 4.01 (m)

6 3.55(d, 4.0) 3.57 (brd, 4.0)

7 5.27(d, 4.8) 5.30 (m)

18 0.64 (s) 0.67 (s)

19 1.07 (s) 1.09 (s)

21 0.99 (d, 6.5) 1.02 (d, 6.8)

26 1.04 (d, 6.8) 1.06 (d, 6.8)

27 1.05 (d, 6.8) 1.07 (d, 6.8)

28 4.72 (brs), 4.66 (brs) 4.76 (brs), 4.68 (brs)
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3.3.26 Metabolite 59

Metabolite 59 (SP08) was isolated after a series of chromatographic separations

as a colorless oil (2.0 mg).

The mass spectrum of metabolite 59 (Figure 218) exhibited fragment ion peaks

at m/z 412 and 394 corresponding to [M-H,O]" and [M-2H>O]", respectively.
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Figure 218. Mass spectrum (EIMS) of metabolite 59.

In the "H NMR spectrum of metabolite 59 (Figure 219) obvious were:
Two aliphatic methyls on non-protonated carbons at ¢ 0.65 and 1.06,

Four aliphatic methyls on tertiary carbons at ¢ 0.84, 0.87, 0.95 and 1.01,
Two oxygenated methines at ¢ 3.55 and 4.06,

One multiplet at J 5.25-5.30 integrating for three protons and attributed to three

olefinic methines.
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Figure 220. '"H NMR spectrum of metabolite 59 in CDCl;.
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Analysis of the NMR and MS data of 59 led to the molecular formula C2sH460s.
Taking into account the two carbon-carbon double bonds as two of the six degrees of
unsaturation, the molecular structure of 59 was determined as tetracyclic.

Comparison of the spectroscopic and physical characteristics of metabolite 59
with those reported in the literature led to its identification as (22E,24R)-24-methyl-
cholesta-7,22-dien-34,5a,6f-triol, previously isolated from the marine scallop P.
yessoensis (lorizzi et al., 1988). The 'H NMR data of metabolite 59 are reported in

Table 193.

Table 193. '"H NMR data of metabolite 59 in CD;0D (4 in ppm, J in Hz).

Position OH,exp OH,lit
3 4.06 (m) 4.01 (m)
6 3.55(d,4.1) 3.57 (brd, 4.0)
7 5.25-5.30 (m) 5.30 (m)
18 0.65 (s) 0.68 (s)
19 1.06 (s) 1.09 (s)
21 1.01 (d, 6.7) 1.07 (d, 7.0)
22 5.25-5.30 (m) 5.23 (m)
23 5.25-5.30 (m) 5.23 (m)
26 0.84 (d, 6.5) 0.86 (d, 7.0)
27 0.87 (d, 6.5) 0.90 (d, 6.5)
28 0.95 (d, 6.8) 0.96 (d, 7.0)
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3.4 [Evaluation of the biological activity of isolated compounds

Compounds 3640, 42-45, 47-53 and 55-59, which were isolated in sufficient
amounts, were evaluated in vitro in human tumor and non-cancerous cell lines for a
number of biological activities, including cytotoxicity, anti-inflammatory, anti-
angiogenic, and neuroprotective activity, as well as for their effect on androgen receptor
(AR)-regulated transcription.

Initially, the cytotoxic activity of metabolites 36-40, 4245, 47-53 and 55-59
was evaluated in human cancer and normal cells after 72 h of treatment. Human cervical
cancer (HeLa), human breast adenocarcinoma (MCF7) cell lines and human normal
fibroblasts (BJ) were used for the screening. Among the tested compounds, 55 and 56
strongly reduced the viability of cancer cells in the low micromolar range (Table 194),
compounds 42-45, 49-49, 51 and 57 showed moderate cytotoxic activity, while the
remaining ten steroids were proven inactive. Most of the compounds with activity
against cancer cells also showed cytotoxicity towards normal cells (BJ), except for
compounds 44, 45, 47, 48 and 51. Compared to cisplatin, these compounds exhibit a
wide therapeutic window because of the absence of cytotoxicity on normal human
fibroblasts. Moreover, metabolite 55 was proven more active against the HeLa cell line
than the reference standard cisplatin.

Table 194. Cytotoxicity (ICso; pM) of compounds 36—40, 42—45, 47-53 and 55-59 against human cancer
cell lines and fibroblasts after 72 h of treatment.
Cisplatin was used as a positive control.

Compound HeLa MCF7 BJ
36 >50 >50 >50
37 >50 >50 >50
38 >50 >50 >50
39 >50 >50 >50
40 >50 >50 >50
42 259+49 | 364+5.7 | 183+4.0
43 329+6.8|327+13| 41+1.9
44 188+64 |21.7+14 >50
45 157+2.0 | 253+6.5 >50
47 >50 29.1+5.0 >50
48 19.0+4.3 | 189+0.1 >50
49 329+52|338+1.0232+14
50 >50 >50 >50
51 226+04 | 28.6+5.3 >50
52 >50 >50 >50
53 >50 >50 >50
55 75+0.1 | 89+0.0 | 14.8+5.38
56 120+1.7 | 11.2+0.5 | 145+39
57 214+2.0 | 31.7+03 | 459+2.38
58 >50 >50 >50
59 >50 >50 >50
cisplatin 114+38 | 7.7+ 1.7 | 6.9+0.9
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Subsequently, we examined whether the isolated steroids could influence
angiogenesis or inflammation in vitro. Compounds 3640, 4245, 47-53 and 55-59 and
2-methoxy-estradiol, which is known as an anti-angiogenic drug for the treatment of
tumors and was used herein as positive control (Sattler et al., 2003) were tested in the
migration scratch and the tube formation assays using human umbilical vein endothelial
cells (HUVEC). Only non-cytotoxic concentrations in HUVECs were used for the
scratch assay. Metabolites 44, 45, 55 and 56 partially inhibited HUVEC migration at 20
uM after 20 h of treatment (Figure 221), while in the tube formation assay, where
HUVECs may form tube-like structures, no activity was observed for the tested
compounds (data not shown). Thus, all tested steroids showed either little or no
antiangiogenic activity.

control a4 55

g

inhibition of migration (%)
D
o

Control 1 5 10 20 20 20 20 2-ME2 10 uM 45 56
2-Methoxyestradiol a4 a5 55 56
concentration of compound (uM)

Figure 221. Compounds 44, 45, 55 and 56 inhibited migration of HUVECSs after 20 h of treatment at 20
pM.
2-Methoxy-estradiol was used as a positive control. The experiment was repeated three times in
triplicates.

The anti-inflammatory properties of metabolites 36—40, 42—45, 47-53 and 55—
59 were determined by measuring the levels of endothelial leukocyte adhesion
molecule-1 (ELAM/E-selectin), which is a key molecular marker in the initiation of
inflammation, expressed on the cell surface. Cell adhesion molecules (ICAM-1,
VCAM-1, E-selectin) are significantly increased on the vascular endothelium activated
by pro-inflammatory mediators (tumor necrosis factor a, TNFa) as a crucial step for the
extravasation of leukocytes into inflamed tissue (Trepels et al., 2006). TNFa stimulates
NF«B (nuclear factor kappa-light-chain-enhancer of activated B cells) and thus E-
selectin (CD62E, ELAM). Endothelial cells were pre-treated for 30 min with the tested
compounds and then activated with TNFa for 4 h. Curcumin, which inhibits activation
of NF-kB and thus inhibits expression and activity of the COX-2 gene induced by TNFa
(F. Zhang et al., 1999), was used as a positive control, decreasing ELAM production to
25% at 10 uM. None of the tested compounds decreased the levels of ELAM (Figure
222).

309



150

ELAM (%)

50

3
4
5
6
7
9
0
1
12
14
15
16
17
18
19
20
22
23
24
25
26

Curcumin

Control-TNFa
Control+ TNFa

+TNFa
Figure 222. Compounds 3640, 4245, 47-53 and 55-59 did not affect the relative amount of E-selectin

on the cell surface of endothelial cells.
Cells were pretreated with 10 uM compounds for 30 min and subsequently stimulated with 10 ng/ml
TNFa for 4 h. Data are means + SDs (n = 3).

It has been previously observed that several steroids with bulky or long side
chains, such as galeterone derivatives or cholestanes, can also inhibit AR (Jorda et al.,
2019; Rarova et al., 2018). Therefore, we further analyzed the influence of the isolated
steroids on AR-mediated transcription. Compounds 3640, 4245, 47-53 and 55-59 in
six different concentrations were evaluated on the reporter cell line 22Rv1-ARE14 for
24 h. Galeterone and enzalutamide, which were used as positive controls, showed a
strong dose-dependent reduction of AR-regulated transcription (22 % and 20%
inhibition at 10 pM, respectively). Compounds 44, 45, 49 and 53 showed clearly
reduced luciferase activity in a dose-dependent manner, already at submicromolar
concentrations (Figure 223). The strongest inhibition of AR was displayed by
compound 44 at 10 puM. Surprisingly, steroids 43, 49 and 53 showed increased
inhibition of AR (or decreased the luciferase activity) with decreasing concentrations.
All other steroids tested inhibited AR by no more than 20% (data not shown).
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Figure 223. The influence of compounds 43, 44, 45, 49 and 53 on the androgen receptor-mediated
transcription in the 22Rv1-ARE14 reporter cell line.

Control cells were grown in charcoal-stripped serum medium (CSS). Cells were stimulated with either 1
nM methyltrienolone R1881 (R) or with the tested compounds in six different concentrations for 24 h in
CSS. The luciferase activity was measured in the cell lysate. Enzalutamide (Enza) and galeterone (Gal)
were used as positive controls. The experiment was repeated three times in triplicates. Bars with asterisk
(*) are significantly different from the control (CSS+R) based on Tukey’s multiple comparison test (P <
0.05).

Since anti-androgens have shown neuroprotective effects in the in vivo model of
Huntington’s disease (Guzman et al., 2014), selected compounds that showed cytotoxic
activity and moderate activity in the migration scratch assay were tested for their
cytotoxicity on differentiated human SH-SYSY cells (neuron-like cells). Specifically,
based on the combined results obtained for compounds 36—40, 4245, 47-53 and 55-59
in the cytotoxicity assay, the anti-inflammatory activity assay, the migration scratch
assay, and the tube formation assay in HUVECs, as well as in the reporter assay with
AR, compounds 44 and 56 were selected as the two most active compounds that were
subsequently evaluated for their neuroprotective activity. As shown in Figure 224 (A),
compounds 44 and 56, as well as N-acetylcystein (NAC) that was used as a positive
control, did not show cytotoxic, but rather stimulatory activity. In order to evaluate the
potential neuroprotective effect of the compounds, neuroblastoma cell line SH-SY5Y
was differentiated for 48 h and further exposed to 20 mM 3-nitropropionic acid (3-
NPA) as an agent mimicking Huntington’s disease in vitro (Colle et al., 2016). 3-NPA
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was used alone or in co-treatment with the tested compounds at concentrations of 0.1—
10 uM. As shown in Figure 224 (B), 3-NPA caused dramatic (approx. 70%) decrease in
cell viability determined by the Calcein AM assay. The positive control (NAC) showed
partial (cell viability 77.9 + 8.99 % at 100 uM) or almost complete (cell viability 90.2 +
5.28 % at 1000 uM) protection of cells from the negative effect of 3-NPA. Compounds
44 and 56 showed significant protective effects at 10 pM (cell viability 64.4 + 6.02%
for 44 and 62.5 + 3.95% for 56), comparable to 100 pM of the positive control NAC.
Being encouraged by the promising results, we further analysed the protective effects of
44 and 56 using an orthogonal method (propidium iodide (PI) assay) to verify their
activity. In general, PI as a positively charged dye is associated with an increase of cell
damage or death, since it penetrates cells with cell disrupted membranes (Dengler et al.,
1995). Within the 3-NPA model, its toxic effect was considered as 100% of the PI
signal and thus reduction of cell death was determined. As shown in Figure 224 (C),
compounds 44 and 56 significantly reduced cell death (maximal effect at 10 uM) in a
manner similar to NAC (100 puM, 77.2 £ 9.53%; 1000 uM, 62.1 + 4.19%), thus
confirming the protective effects of 44 and 56 observed in the viability assay.
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Figure 224. (A) Cytotoxicity of compounds 44 and 56 in human neuron-like SH-SY5Y cells after 48 h of
treatment. (B) Neuroprotective activity of compounds 44 and 56 in the 3-nitropropionic acid (3-NPA)-
induced model of Huntington’s disease on human neuron-like SH-S. (C) Cell death of neuron-like SH-

SYSY induced by 3-NPA and the protective effect of compounds 44 and 56 after 48 h.
All results are presented as mean =+ standard error of the mean (SEM) from at least three independent
experiments in triplicates. N-acetylcysteine (NAC) was used as a positive control. *** P compared with
vehicle with 20 mM 3-NPA, ### P compared with vehicle without 20 mM 3-NPA.
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CONCLUSIONS

The aim of the present PhD thesis was the chemical investigation of marine
organisms collected from the Red Sea towards the isolation of new secondary
metabolites with bioactivity. After a preliminary screening of the chemical profiles of
the organic extracts of a number of marine organisms from the Red Sea, the organic
extracts of the red alga Laurencia majuscula, the marine sponge Lamellodysidea sp. and
the soft coral Sinularia polydactyla were selected for in depth phytochemical study.

The organic extracts of these three marine organisms were subjected to a long
series of chromatographic separations to allow for the isolation of 64 secondary
metabolites, among which 59 (1-59) have been structurally characterized using
extensive spectroscopic analyses and comparison with literature data, when available. In
total, 18 new natural products have been isolated and characterized. In particular:

» Twenty-two secondary metabolites (1-22) were isolated and identified on the
basis of their spectroscopic characteristics from the red alga L. majuscula
collected from Hurghada, Egypt. These included seven laurane sesquiterpenes
(1-7), one cuparane sesquiterpene (8), one seco-laurane derivative (9), one
snyderane derivative (10), two chamigranes (11 and 12) and two rearranged
chamigranes (13 and 14), one aristolane sesquiterpene (15), one tricyclic
diterpene (16), one five-membered Cis acetogenin (17), four tricyclic Cis
acetogenins of the maneonene type (18-21) and a chlorinated fatty acid
derivative (22). Compounds 2, 3, 5, 6, 9, 17 and 19-21 are new natural
products.

Op @Qo Br@p om@p
O\Q el \@ HO@")Q:SOH Hoﬁ@m

o Br%
D% -

10

313



Br”

Cl

OHCWCHZL

22 9

» From the marine sponge Lamellodysidea sp. collected from KAEC lagoon
near Thuwal in Saudi Arabia, 11 sesquiterpenes (23-31), mostly containing
furan or y-lactone in their structures, were isolated, three of which are new
natural products (25, 30 and 31) and one (33) is reported for the first time
from a natural source.
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» Twenty six steroids (34-59) have been isolated and structurally characterized
from the soft coral S. polydactyla collected from Hurghada, Egypt, including
15 4a-methylated derivatives. Compounds 34, 35, 39, 41, 46 and 53 are new
natural products. Among them, metabolites 34 and 35 feature the rare 4-
methyl-8,9-seco-cholastane steroidal nucleus.

HO

- 35

315



HO

H
OH OH
58 59

Om
T
Om

Evaluation of cytotoxic, anti-inflammatory, anti-angiogenic, and neuroprotective
activity of metabolites 3640, 4245, 47-53 and 55-59 that were isolated in adequate
quantities revealed significant cytotoxicity in the low micromolar range against the
HeLa and MCF7 cancer cell lines for compounds 55 and 56, while compounds 44, 45,
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55, and 56 inhibited the migration of endothelial cells at 20 pM. Most of the compounds
with activity against cancer cells also showed cytotoxicity toward normal cells (BJ),
except for compounds 44, 45, 47, 48, and 51. Compared to cisplatin, these compounds
have therefore a broad therapeutic window due to low or zero cytotoxicity on normal
human fibroblasts. Moreover, metabolite 55 was more active against HeLa cells than
cisplatin used as positive control. Furthermore, the effect of the isolated metabolites on
AR-regulated transcription was evaluated in vitro in human tumor and non-cancerous
cells, with compound 44 exhibiting the strongest inhibition of AR at 10 pM. It is worth-
noting that metabolites 43, 49, and 53 displayed increased inhibition of AR with
decreasing concentrations. In addition, compounds 44 and 56 showed neuroprotective
activity on neuron-like SH-SYSY cells.
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