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ABSTRACT

As part of an International CooperativeoBiversity Group (ICBG) progranand a
collaborative research project with the Natural Products Discovery Instittgy plant extracts
were investigated for their antiproliferativand antimalarial activitiesBioassay guided
fractionation othirteenextracts led to the identification of three new antiproliferative compounds
et hyl | e pt 6bUb5.8,sik ntewantiplAsmalial compoundapoplaesiacarpan A and
B (2.412.5), (x)-rhodomyrtosone F 3(1), (+)-calliviminone C 8.2), 3 khngeloyloxy15-
hydroxylabda7,13-dien-16,150lid-18-0ic acid (4.1), -&dkloyloxy15methoxylabdar,13
dien16,150lid-18-oic acid (4.2), and twentysix known compounds. The structures of she
compounds were elucidated by using a combination ofRu§d**C) and 2D NMR spectrospy,
mass spectrometry, UV, IRD, optical rotation, and chemical modificatio@ampound$.1land
5.2 showed moderate antiproliferative activity against the A2780 human ovarian cancer cell line
assay with 1G values of 3 uM and 10uM, respectively. Compoun®.1 showed potent
antiplasmodial activity with an Kg value of 100 nM, while compound&2 and 4.1 shoved
moderate antiplasmodial activity witlso values of4 uM and 10uM, respectively. The other
compounds had Kgvalues larger than 20 pg/mL, and were thus either inactive or only weakly

active.
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GENERAL AUDIENCE ABSTRACT

Plant basedatural products have a long history of being used for medicinal purposes and
have played an important role the modern drug discovery programith the bestknown
exampledeing paclitaxelas an anticancer drug, agdinine and artemisinias antimalarial drugs
Despite great progress in fighting malarial and cancer, both diseases remain difficult to combat
due to emergence of drug resistance in malarial parasites and haatress$ various types of
cancer.Therefore, it is urgent to discover new antimalarial anticanceragents tareatthese
deadly diseases. This research focusadamtifying new antimalarial and anticancer agents from
plant extractsinvestigation of wenty plant extractied to the isolation afhree new anticancer,
six new antimalarial and twengix known compounds. The isolation and structure elucidation of

these new bioactive compounds will be discussed irdtbgertation
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Chapter 1: Introduction

1.1 Natural products and drug discovery

Natural products(secondary metabolitegrovide attragve sources for drug discovery
with enomous structural and chemical diversityatural products hava rich history indrug
discovery programsFrom 1959 to 1973, over 25% of US prescriptions contained active
ingredients derived from plantghile 13.3% and 2.7% were derived from microbial anohal
sources. A detailed analysis revealed that®7f small molecule drugs approved by the US Food
and Drug Administraon (FDA) between 1981 and 20tre related to natural produétslatural
productrelated drugs have been used against a wide range of disease types, including in particular
cancer and infectious diseasé.t i s esti mated |l ess than 10% of
studied forpotential biological activitiewith only 5 to 1846 of the approximately 25000 species
of higher plants systematlly investigated, less than 1% ofcberial and 36 of fungal species
known, and the potential of the marine environmbately tapped Therefore, natural products

discovery will continue to be an interesting topic.

1.1.1 Antimalarial natutgroducts
Mal aria is one of the wtistadsédsby pamstés ofdheyv a st &
genusPlasmodiun(P. falciparum P. malariag P. ovalg andP. vivax).® P. falciparumis the most
causative specieandcauses about 80% of all malaria infections and abdut 80deaths from
malaria.® About 3.2 billion people are at risk for contracting malaria, leading to an estimated 198

million malaria cases and nearly 600,000 deaths in.2013

Plant based natural products have played an nitapbrole in malaria treatmentth the

bestknown examplebeingquinine (.1) and artemisinini(.2) . Quini ne, al so kno\



to have relieved mor e huma rPwasisdlated formnhgarktofh an an
thecinchonéree,Cinchona officinalisand otheCinchonaspecies It was considered as a miracle

drug in combating malaria until the parasite developed resistaftemisinin, also known as
Qinghaosu, was isolated frorrtemisia annuaby Chinese scientist® Artemisinin-based
combination therapies (AIZ) are currently the preferred filgte antimalarials used agairidt
falciparum(the deadliest of the five species that infect humans), and ACTs have been adopted for
first-line treatment in most of the countries whBrdalciparumis endemic’ The ACTs combine

an artemisinin (ART) group of drugs (artesunate, artemether, dihydroartemisinin, artemisinin and
arteether with another antimalarial compound (for example, mefloquine, amodiaquine, and
piperaquine}! However, the rapid development of resistance to the partner drug and recent
concens about artemisinin resistaftenderline the need for the devetoent of new drugs to

expand our repertoire of antimalarial agents to use in combination thefapies

HO H

MeO

Figure 1-1. Structues of quinine1.1) and artemisinini.2)

To date, compounds isolated from plants still play a major role in the discovery and
development of antimalarial drugs, as evidencedthwy fact thatmany compounds with
antimalarial activity continue to be fourmplants®** The Ki ngston group6s or
of plant extracts for antiplasmodial compouritss resultedin the isolation of a variety of

interesting natural products with potent activity. These cam@s include the dimeric
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phloroglucinols mallotojaponins B and @.§1.4, ICso= 0. 75 N 0. 30 and
respectively) isolated from a tropicalant of thegenusMallotus!® ococymosin fromOcotea
cymosa(1.5 1Cso= 0. 45 N amd the2anttgalgjinone scutianthraquinond. B, (Cso =
1. 14 ¢ Myutiafmyrtina’ The discovery of novel naturally occurring antimalarial agents

from plants is thus an important research objective.

OH O Me OMe

1.5 1.6

Figure 1-2. Antiplasmodial agents isolated by Kingston research group

1.1.2Anticancer natural mducts

The use of natural products as cancer remedigsahibng history:® Plantderived

compounds that are used in cancer treatment include vincristifeifinotecan (1.8), etoposide



(1.9 and paclitaxel 1.10.1° Despite tis successful historythere is still a need for better
anticancer drugs. So the searchdaticanceiagents derived from planis still of great interest.
One of the most exciting plabsed anticancer agents in development is flavopirtldl1y,
representing the first cyclidependent kinase inhibitét Flavopiridolis a synthetic derivative of
rohituking isolated from the plamtmoora rohitukgMaliaceae)*?° Mechanistic study suggested
that flavopiridol can irgrfere with the phosphorylation of cycldependent kinases, therefore

impeding their activation and blocking celycle progression at growth phase 1)(@& G212

1.9 1.10 1.1

Figure 1-3. Structures of vincristinel(7), irinotecan {.8), etoposideX.9),
paclitaxel (.10 andflavopiridol (1.11)

From 1998 to 2013, the Kingston research group isolated a varfetjasses of

antiproliferative natural products from plant materials collected in Madagascar. One of the most

4



exciting exap | e s  vg dD-gldctpyranosyl)desoxypodophyllotoxinl.(?, a lignan
obtained fromCleistanthus boivinianysvhich exhibited potent antiproliferative activity with an

ICso value of 33.0 + 3.6 n\M®

HO OH

Figure 1-4.St r u c t tOr( eD-ghuEopyBatbsyl)desoxypodophyllotoxifh.(2)

1.2 Discovery of new plantbased bioactive natural products
1.2.1 Plant materials

1.2.1.1 The Madagascar ICBG program

In1993Dr.Ki ngst onds at\érgirmaalech im cogperatiorpith the Missouri
Botanical Garden, Conservation International, Bridlgkrs Squibb, and Bedrijf Geneesmitite
Voorziening Suriname (BGVSgtarted tanvestigate natural produektracts from Surinames
part of an International Cooperative Biodiversiisoup (ICBG),funded by the NIH*2° Although
Dr Kingstn 6 s f i r st phase of | CBG funding began
Madagascar from 1998 to 2033Madagascais home to around 13,000 plant species, and
probably more than 90% of them are endethithe gant materials ofthe ICBG Madagascar
programwerecollected and identified by the Missouri Botanical Garden in collaboration with the

5



Centre National d'Application de Rechersti#gharmaceutique (CNARP). These extrastye
collected with no regard to prewus reports of medicinal activities. The extractiomsre
performed by Dr. Vincent E. RasamisahnCNARP These extracteerethen made available to
Virginia Tech where theyvere tested forantiproliferative andantimalarial activities. Extracts

showing nteresting bioactivity were fractionated to identify the bioactive components.

1.2.1.2 Merck Collection at NPDI

In June 2011, th&latural Products Discovery InstitutPDI) was established as a result of
an unprecedented gift by Merck and Company ofritse U.S. Natural Products Library and the
ScheringPl ough Legacy Cul ture Collection to the
Institute for Hepatitis and Virus Reseal®T he NPDI 6s col l ection was
22,0 plant, 35,000 actinomycetoasd 45,000 fungal extracts, which is a@i¢he largest natural
product extractcollections in the world?® NPDI collaborated with the Kingston group at

Virginia Tech to search for novel arancerand antimalarial agents from these extratis

1.3Isolation of bioactive natural products

1.3.1 Bioassaguidedfractionation

Bioassayguided fractionatn is a popular technique used in natural product chemistry. It
is particularly useful when the active component is not krMmbioassayguided fractionation,
the crude extract iseparatednto several fractions using differesgparatiortechniques. Each
fractionis then evaluated by bioassay, and only fractionstw@besired biological activity in the
bioassay are selected for further fractionation until pure compounds with the ablaciivity
are isolated® Bioassayguided fractionationgreatly reduceshe chance of isolating inactive

compounds.



1.3.2 Isolation techniques

Isolation and purification of bioactive natural products from crude planad@stcan be
described as finding a needlesihay stack? In order to obtain the pure active compound, a variety
of isolation techniqueasreneededThe fastetsand simplest technique usedidgid-liquid partition,
which separate fractions based on their relative solubility in different solvents. Liquid
Chromatography (LC), including open column chromatography and High Performance Liquid
Chromatography (HPLC)aprobablythe mostwidely used isolation techniqudgelatively non
specific detectors are suitable for HPLC, such detectors include UV, refractive index (RI),
evaporative light scattering (ELSD) or charged aerosol detectors (EAIBLC separation is
often detected by UV and ELSD in this dissertation. The purpose of combining these detectors is
to show the presence of all compounds, and sometimes to use the UV information to facilitate a
tentative identification of annknown compoundlhe commonly used stationary phases include
sizeexclusion Sephadex &0, normal phase silica gel, reverse phase @a8diol-modified
silica gelamong other option§ hin-layer chromatography (TLC) and solid phase extraction (SPE)
arealso popular separation techniques dubea ease of application. Other separation techniques
include gas chromatography (GC), capillary electrophoresis (CE) and Ultra High Performance
Liquid Chromatography (uHPLCYut they were not used in this workdathuswill not be

discussed in this dissertation.

1.3.3Antiproliferative hoassay

The antiproliferative activities of all fractions and compounds were evaluated by the drug
sensitive A2780 human ovarian cancer cell line ysssing Alamar Blue reageft. The
AlamarBlue assay is designed to measure quantitatively the proliferation of various human and

animal cell lines. The assay incorporates an oxidagolction (REDOX) indicator that both



fluoresces and changes color in response to chemical reduction resulting from cell*growth.
Continued cell growth maintains a reduced environment to reduce AlamarBlue (re$a&unio
resorufin (1.9).3% The percentage of inhibition can then be calculated by analyzing the level of

AlamarBlue(1.8) convertednto the fluorescent resoruf{i.9).

o
i
XIND\ Living Cells [H] XIND\
— >
0 ¢} OH o o OH
1.8 1.9

Figure 1-3. Resazurin Reduced to Resorufin by Living Cells

1.3.4Antimalarial hoassay

The antimalarial activities of all fractions and compounds were evaluated by growth
inhibition of the chloroquine resistaRtasmodium falciparur(Dd2) strain in a 72 h growth assay
with minor modifications from a previously reported methbtf.Ring stage parasite cultures (100
eL per well, with 1% hematocrit and 1% parasi
increasing concentrations of the inhibitor in a 5.05%,@M3% Q and 90.2% MNgas mixture at
37°C. After 72 h in culture, pasite viability was determined by DNA quantitation using SYBR
Green | (SG) as described previou$lyJpon binding to doubkstranded DNA (dsDNA), the
fluorescence of the SG/dsDNA complex is enhanced >-1616G° The halfmaximum inhibitory
concentration (I6p) values are the average of three indeleerm determinations with each

determination in duplicate, and are expressed + S.E.M.



1.10

Figure 1-4. Structue of SYBR Green |

1.4 Dereplication
1.4.1 Introduction

There is no doubt that natural products prowadBverse ad promising source for drug
discovery to combat various diseases. However, one of the greatest challenges facing natural
product chemists is wasting time ¢ime isolation, purification and characterization of known
compounds! The taditional approach t¢he isolation and identification of natural products
depends on @gnsive chromatographincluding HPLGC followed by mass spectrometry and NMR
spectroscopic analysis, which can be a time consuming process. It lseukktremely
disappointing to isolate known compounds with biological activities that are previously reported.
Therefore, dereplication.€., theidentification anddiscardng of known compound at the earliest
possible stage) has become a matter of gnéaxtest andnumerous dereplication methods have

been developed.

1.4.2 Dereplication Methods
Dereplication methods rely ndy on analytical techniques and database seardkigg,

from NIST)3® Currently, dereplication is much easier due to the rapid development of modern



hyphenated techniques such as liquid chromatogiaphys spectrometry (L®I1S), liquid
chromatographyuclear magnetic resonance NBIR), gas chromatographyass spectromstr
(GC-MS), liquid chromatographywuclear magnetic resonancess spectrometry (L8MR-MS)

andother methodg’

1.4.2.1 LEGMS and LEMS/MS

LC-MS provides important information including retention timejolecular mas,
molecular formular, and sometimes fragmentation patterndiBQechniques accompanied by
MS libraries and databases, alldvit searching to some extefitAccuracy is fundamental for
succeshil dereplication, and accurate masses need to be determined within + 5 ppm. The
instrument accuracy performance is usually validated by analyzing a known compound in one of
the first analytical runs and in each analytical run if a known compound wasedéfdoE-MS
had been successfully applied in the rapid dereplication oblijués froman extract ofChoisya
ternate®® taxoids from the bark offaxus wallichiand! cucurbitacins from stenbark of
Elaeocarpuschinensist? among other example€omparing with LEGMS, LC-MS/MS provides
characteristic fragmentation details which can be helpfiddotify structures. For example, loss
of COr is favored in acidsandphenolic compounds frequently give fragrteecorresponidg to a
tropylium-like ion. In awork by Spanjer andtal., more than 20 mycotoxinsere successfully

identified in a single 3@nin runby LC-MS/MS*?

1.4.2.2 LGNMR

LC-NMR, cambining the separation power of HPLC with the superior structural
information of nuclear magnetic resonance (NMR)rovides a reliable technique in the analysis
of phytochemicals in lant mixtures’’ especially when LEMS dces not allow confident

identification of thecompoundsLC-NMR has been applied to characterize a wide range ofplant

10



based natural products, including flavanofresapthoquinone® alkaloids?’ sesquiterpene
lactone4® and many moreThe NMR spectrum can be obscured in part by solvent protons. To
minimize such interference, solvent signal suppression is mandatory, and can be dahieved
presaturation, sofpulse multiple irradiation or watesuppression enhanceméfit® Introduction

of a solidphase extraction (SPE) to the INIMR system has also been applied, which allowed
recovery of analytes from the HPLC mobile phase for NMR anay§&i@mpounds trapped by
SPE cartridges can then be eluted into NMR tubes with minimized interferencElRbC mobile
phase component8. Unfortunately lack of sengivity and automation of interpretation is still a
challenge of LENMR. Also, the lack of searchable NMR databasesasqiting LENMR from

being used aa frort line dereplication technigqué.

1.4.2.3 LCGNMR-MS

Comparedvith LC-MS and LGNMR, LC-NMR-MS is the most powerful tool to provide
comprehensive structurdhata for norvolatile compounds. LANMR-MS makes it possible for
parallel online NMR and MSanalysis, therefore providingomplementary data amdinimizing
ambiguities between LGS and LG NMR systems? In the paralleanalysis, eluent is split to
two flows, and the balance between the two flows can be adjusted by a splitter. The typical split
ratio is 95:5 for NMR vs. MS, since NMR is less sensiffv&he method has been apgaliin
identification and confirmation several plant metaboRte$ With the latest shielded magnets, a
benchtopion trap MS can now be placed less tHam from the center ci 500 MHz magnet
without adverse performance. This short distance also minimized LC peak broadening, and
enhanced NMR sensitiviif.In stoppedfiow and loop storage mode, the limits of detection at the
'H observationfrequency of 80 MHz for 500 MW analytes are arourd®0 ng. While in

coninuous flow or oAflow modes, usingNMR as the reatime detector, sensitivity and resolution

11



are limited by the short residencmé of analytes, and typically morethAir0 € g pasr anal

needed for quality results at the observation frequency of 500 MH%.

1.4.2.4 Database Search

Database seareh offeran alternative dereplication approach, if spectroscopic data of the
desired compound can be obtained. uest used databases in this dissertatiotha®ictionary
of Natural Products (DNP) and SciFinder. The DNP is the only comprehensive arediteig
database documenting virtually all known natural prodifctan effective DNP database
dereplication should combine parameters like molecular formula, molecular weighd &AiMR
key signals. If the structure of a compound is elucidated, SciFinder can then be used to confirm if
the structure has be@ublished. It is also possible to search SciFinder through molecular formula.
However, it usually genera¢oo many hits, and NMR interpretatiomust be usetb eliminate

Aundesiredo structures.

1.5 Structure elucidation of bioactive natural products

Conventional structure elucidation of bioactive natural products mainly depends on
spectroscpic analysis, including NMR, IR, UV spectroscopgnd mass spectrometry.
Determination of stereochemistry usually depends on interpretation ofdpiiRra, including@D
spectra circular dicroism spectroscopand optical rotation valge Dereplication of known
compounds relies mainly on mass spectrometry, 1D NMR spectroscopic analysis, and database
searches. Structure elucidation of new compounds requires maeglnspectroscopic analysis.
Chemical modificationgnay be neededwhen spectroscopic analysis doest allow confident
structure elucidatiorModification methods applied in this dissertation include methylation, acid
hydrol ysi s, and Mpeificexanipkes oemdloging thase médthpdsill e .

provided in chapter 2, chapter 5 and chapter 6.
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Chapter 2: Antiplasmodial Isoflavanes and Pterocarpans fromApoplanesia
paniculata

This chapter is a modified and expanded version of a previously publishedSupr® (
Krai, P.; Goé&, M.; Cassera, M. B.; Kingston, D. G. I. Antiplasmodial isoflavanes and
pterocarpans frorApoplanesia paniculatePlanta Med2015 81, 1128 1132). Contributions of
co-authors of the articles are described as follows in the order of the names listed. The author of
this dissertation (Qingxi Su) completed the fractionation of the extract and the structural
eluciddion of the compounds describadd performed the antiproliferative bioassay (A2780), as
well as preparation of the manuscript. Dr. Priscilla Krai performed the antimalarial Dd2 bioassay
on all fractions and compoundsder the guidance of Dr. Maria B. Cassera. Dr. Michael Goetz
providad the extract from the Natural Product Discovery Institute (NPDI). Dr. David G. |I.

Kingston was a mentor for this work and is the corresponding author for the published article.

Figure 2-1. Image ofApoplanesia paniculatdJsed under Creative Commons
(CC BY-NC-ND 3.0) from <http://tropicos.org/Image/10028229.1
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2.1 Introduction

As part of the Kingston groupo6s continuing
extract fom the root ofApoplanesia paniculatéFabaceae) was selected for investigation for the
presence of antiplasmodial agents. The crude extract displayed weak activity against the
Plasmodium falciparunDd2 strain (IGo > 20 pg/mL). Several antibacterial arahtifungal
isoflavones had been isolated from the related spéeimingia paniculatd No phytochemistry

work had been performed époplanesia paniculata.

Bioassayguided fractionation of an EtOH extract of the roots of the pguplanesia
panicdata (Fabaceae) led to the isolation of the three known compounds amorphag@iripne (
pendulone Z.2), melilotocarpan CZ.3) and the two new pterocarpans, apoplanesiacarpan A and
B (2.4and2.5). The structures of the known compou2dl 2.3were deternmed by comparison
of their'H NMR, mass spectrometry and circular dichroism spectra with the data reported in the
literature. The structures @f4and2.5were determined based on 1D and 2D NMR experiments,
mass spectrometry, circular dichroism spearal chemical modification. Compoungsl and
2.2 exhibited good antiplasmodial activity withd&values of 6 £ 2 and 7 £ 1M, respectively.
Compound.3exhibited wak antiplasmodial activity (42 +}8M), while compound2.4and2.5
were inactive. Compow 2.6 was synthesized to confirm the structure2ds, and it showed

enhaned antiplasmodial activity (16 +8 M) compar ed 23025i t s anal ogues
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Figure 2-2. Structures of compoundsli 2.6

2.2 Results and Discussion

2.2.1 Isolation of active compounds

The dichloromethansoluble fraction obtained from a liquidjuid partition of the ethanol
extract of Apoplanesia paniculat4600 mg) showed weak antiplasmodial activity sg@alue
of >10 pg/mL). Since the plant wasver studied for antiplasmodial activity, the crude extract was
selected for fractionation in order to identify its bioactive compounds. Fractionation of the
dichloromethaneoluble materials by chromatography on SephadexQHreverse phase SPE,
and Ggs HPLC yielded three known compounds amorphaquindhé),( pendulone Z.2),
melilotocarpan CZ.3) and the two new pterocarpans, apoplanesiacarpan A abd Bnd2.5).

(Scheme 21)
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Apoplanesia paniculata, roots,
600 mgq,
ICs50 > 20 pg/mL (P. falciparum)

90:10 MeOH:H,0

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg): 34 306 257
ICsq (P. falciparum) (ng/mL): NA >10 NA
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 29 51 193 21
ICsq (P. falciparum) (ng/mL):  NA 5~10 2.5~5 NA
C18-SPE
aqueous MeOH
30:70 50:50 70:30 100:0
MeOH:H,0 MeOH:H,0 MeOH:H,O MeOH:H,0
F-3-1 F-3-2 F-3-3 F-3-4
Weight (mg): 48 68 42 31
ICso (P. falciparum) (ug/mL): NA 5~10 2.5~5 >10
Cis
HPLC

Compounds 2.112.5
Scheme 21 Bioassayguided separatioof Apoplanesia paniculata
2.2.2 Structure elucidation of compouriti&i 2.3
The known compounds amorphaquinoBel)? pendulone2.2),® and melilotocarpan C
(2.3* were identified by comparison of their spectroscopic and physical data with literature data.
The 3R configuration of compound®.1 and2.2 were confirmed by comparison of their circular

dichroism spectra with those of preugly reported dat2®
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2.2.3 Structure elucidation of compou2d

Compound2.4 was obtained as a white powder. The guasiecular ion peak atn/z
331.1168 [M+HT (calcd for GgH1906", 331.1176) corresponded to a molecular formula of
Ci1sH180s. Its pterocarpan skeleton was confirmed by comparison #fidMR data with that of
compound.3(melilotocarpan C). Th&H and*C-NMR spectra oR.4 (Table2-1) showed signals
for three meBh88y @gr 8dpsan@du3. 87, each 3H, s) ,
7.21 (1H, dJ=8.6 Hz) and 6.67 (1H, d,=8.6 Hz)Jand t wo ar omat iH6.83pr ot on
and 6.47, each 1H, s). The positions of $peprotons and methoxy groups were confirmed by
HSQC, HMBC and NOE (Figre 23). The HMBC correlations betweenHa( #i5.46, d,J =
6.8 Hz)and G11b (ic 114.6)and between H ( #7.21, d,J= 6.8 Hz) and G11b indicated that
the AB spin system belgs to the Aring. HMBC correlations between-2 (Un 6.67, d,J = 8.6
Hz) and G3 (lc 153.9)and G4 (lc 137.8) between 3D Me n .87, s) and €3, and between-4
OMe H 8.84, s) and € confirmed the placement of two methoxy groups in the A ring. The
position of MeG8 was confirmed by the NOE correlation betwee@ Ble n 8.8B, s) and H
( Wi6.47, s). Other key HMBC and NEXorrelations are shown in Figu2€3. A coupling constant
of 6.8 Hz between Ha and Hl1la suggested these two protons vees-eliaxial; a larger coupling
constant of 1314 Hz would have been observed for tia@s configuration’ Theassigned relative
configuration was in agreement with the fact that all natural pterocarpans found so far have the
6a,11acis configuration® The absolute configurations of 6a and 11a were determin@&JR)f/

comparison of the circular dichroism spectrun2@fwith that of known compoundst®
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Table 2-1. *H NMR (500 MHz, CDC4) and*C NMR (125 MHz, CDGJ) Chemical Shift Data

( ,ippm) for Compound®.4i 2.6

2.4 2.5 2.6

Position UH, (J in HzZ} Uc,type U4, (J in HZ} Uc, typ€ U4, (J in HZ}
1 7.21d (8.6) 125.9 CH 7.08 d (8.6) 121.4 CH 7.29.d (8.6)
2 6.67 d (8.6) 106.3 CH 6.67 d (8.6) 105.4 CH 6.68 d 6.6)
3 - 1539C - 1475C
4 - 137.8C - 134.1C -
5 - 149.8 C - 143.7C -
6 4.34dd (11.0,5.1) 67.1CHs 436dd (11.0,5.1) 66.7CH  4.38dd (11.0, 5.1)

3.63 dd (11.0, 11.0) 3.73 dd (11.0, 11.0) 3.72 dd (11.0, 11.0)
6a 3.52m 40.5 CH 3.53m 40.7 CH 3.53m
6b - 118.2C - 1229C -
7 6.47 s 110.7 CH 6.60 s 104.7 CH 6.59 s
8 - 140.2C - 140.0C -
9 - 1473 C - 138.9C -
10 6.83 s 95.1 CH - 137.8C -
11 - 153.1C - 143.4C -
1lla 5.46 d (6.8) 78.4 CH 5.50 d (6.8) 78.3 CH 5.51d (6.8)
11b - 1146 C - 1141 C -
3-OMe 3.87s 56.5 Ch 391s 56.5 CH 3.89s
4-OMe 3.84s 61.4 Ch - - 3.86s
8-OMe 3.83s 56.5 CH - - 3.84s
9-OMe - - 391s 60.5 CH 3.86s
10-OMe - - 3.98s 61.5CH 3.98 s

aData (i) measured at 500 MHz;=ssinglet, d = doubleddd = doublet of doublets, m =
multiplet. J values are in Hz and are omitted if the signals overlapped as multiplets. The
overlapped signals were assigned from HSQC and HMBC spectra without designating

multiplicity.

b Data (i) measuved at 125 MHz; Ch CH,, CH, and C multiplicities were determined by HSQC
experiments.
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Figure 2-3. Key HMBC and NOESY correlations of compouad

2.2.4 Structure elucidation of compou2&®

Compound2.5 was obtaind as a white powder. The quasolecular ion peak atn/z
347.1127 [M+HJ (calcd for GgH1907", 347.1125) indicated a molecular formula agt:sOs.
Characteristic signals for-d n(4.86, ddJ=11.0, 5.1 Hz and 3.73, ddl= 11.0, 11.0 Hz), F6a
( Wi3.53, m) and HL 1 a4 5.60;d,J=6.8 Hz) in a pterocarpan skeleton were observed iHlits
NMR spectrum (Table-2). The'H NMR spectrum also sheed the presence of three methoxy
groupd. (W, 3.91 and 3.98, each 3H,un708 dJ=an AB
86Hzand6.67,d= 8. 6 Hz), and a s6.60 g)lTee HMBOamreelatior pr o't
between Hlla and €l indicaed that the AB spin system belonged to theinfy. The NOE
correlation between2 1687, d,J= 6.8 Hz) and Me€B K(3.91, s) and between-Bland C
4 (184.1) confirmed the placement of the methoxy and hydroxyl groups in the A ring. The
remaining asignment to be made was the position of the hydroxyl group and methoxy groups in

ring D. NOE correlations between&h and H7, and HMBC correlations betweer™Hand G8,
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C-9 wereobserved, indicating that carbons 8, 9, and 10 were oxygenated. No NOBtcor ref
H-7 with any methoxy group was observed, suggesting the placements of hydroxyl and methoxyl

groups on the Bing for compoun®.5might be as shown in Rige 2-4.

NOE * N

Figure 2-4. Key HMBC and NOESYtorrelations & compound2.5

To confirm this proposed structure, compo@swas methylated to give.6 (Figure 2-
5). A key NOE correlation betweenH( #6.59, s)and MeQ8 (U1 3.84, swas observed fd2.6,
indicating that the HEB group in2.5was methylated, anthus confirming structur2.5. The use
of methylation reaction to assist structure elucidation was also performed to confirm the structure

of mallotojaponin B!

I\jleO
CHjsl, K,CO4
dry acetone  *
—_—
rt, 12 h

Figure 2-5 Methylation of2.5to 2.6and key NOESY correlations observed 206
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2.2.5 Bioactivities

Compound2.1i 2.6 were evaluated for their antimalarial activity against the -desgstant
Dd2 strain ofP. faldparum, and their antiproliferative activity against the A2780 human ovarian
cancer cell line. Quinon&sland2.2showed moderate inhibition of the growth of the dregistant
Dd2 strain ofP. falciparum with ICso values o6 + 2and 7 £1 uM, respectrely, and also displayed
moderate antiproliferative activity against the A2780 human ovarian cancer cell line, wjth I1C
values of 7+ 1 and 21+ 4 pM. Quinones2.1 and 2.2 have been previously reged to exhibit
antileishmanial? antitunor,'® antiparasitic and antimicrobial activitiésvielilotocarpan C Z.3)
exhibited wak antiplamodial activity (42+ 5 pM), while apoplaesiacarpan A(2.4) and
apoplamsiacarpan B2.5) were inactive (Igo> 20 pg/mL). The methylated derivatiZz6 was

however moderately active, with anstalue of 16 ¥le M ( T&p | e 2

Table 2-2. Antiplasmodial and antiproliferative activity data of compouRds2.6.

Compound P. falciparumbDd2 strai A2780 ovarian cancer cel
1Cs0 (UM) 1Cs0 (UM)
Amorphaquinoned.1) 62 71
PenduloneZ.2) 71 214
Melilotocarpan C2.3) 42+5 > 60
Apoplanesiacarpan £2.4) > 60 > 60
Apoplanesiacarpan BR.5) > 58 > 58
Methylapoplanesiacarpan B.6) 16+1 > 56
Artemisinin (positive control) 61 Not tested

Pterocarpans are a large group of compounds derived from isoflavanoids and have been
repoted to display cytotoxié? antifungal*® and antimycobacteriaf, activities. They might be
interesting antimalarial agents asme pterocarpan derivatives have been reported to exhibit
leishmanicidal activity? The reduced activity d2.3i 2.6 compared with the activity df.1and2.2

suggested the quinone fraction of the molecules might be importanhdagased activity.
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Comparison of the 1§ values 0f2.3 2.6 suggests the nureb and placement of the methoayd

hydroxyl groups on the pterocarpan backbone can also affect the biological activity.

2.3 Experimental Section
2.3.1 General experimental peatures

Optical rotations were recorded on a JASCQORO polarimeter. UV spectra were
measured on a Shimadzu kD201 spectrophotometer. IR spectra were measured on a MIDAC
M-series FTIR spectrometer. NMR spectra were recorded in £&Ch Bruker Avance %D
spectrometer. Chemical shifts are giveri(ppm), and coupling constants are reported in Hz.
Mass spectra were obtained on an Agilent 6220TIGE-MS in the positive ion mode. Open
column chromatographies were foemed using Sephadex EBD (.D.xL 3 x50 cm) and @
(.D.xL 25x 10 cm, 406 3 & m) -prep&@ativa iHPLC was performed on a Shimadzu LC
10AT instrument with a semipreparative C18 Varian Dynamax columm(®250x 10 mm). All
isolated compounds were purified to 95% purity or better, asguolgelPLC (both UV and ELSD

detection) andH NMR spectroscopies before determining bioactivity.

2.3.2 Plant material

Roots ofA. paniculateC. Presl. were collected from plants along a river edge in Guatemala,
close to Zapaca, Teculutan by Juan Jose l@astider the auspices of the New York Botanical
Garden. Voucher specimens of the plant are on deposit under the accession number JJC02914a, b

and c (specimen ID 41281) at the NYBG.
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2.3.3 Extraction and isolation

Dried, powdered plant material was exhawgdy extracted with EtOH at room temperature
to give an extract designated 608&9; a total of 600 mg of this extract was made available to
Virginia Tech. Extract 60028C (600 mg, 1G >20 pg/mL in theP. falciparumbDd2 antimalarial
assay) wasuspendeth aqueous MeOH (MeOH,O 9:1, 100 mL) and extracted with hexane (5
x 100 mL portions) to give 34 mg of hexaseluble material. The aqueousdtion was then
diluted to MeOHH20 6:4 (150 mL) and further extracted with &F> (5x100 mL portions) to
give aCHxCl>-soluble fraction (306 mg) with an $&value of >10 pug/mL; the residual MeGH
H2O soluble fraction (257 mg) was inactive in tRefalciparumDd2 antimalarial assay. The
CHClzfraction was subjected to size exclusion open column chromatograpyephadex LH
20 column [.D.xL 3x50 cm) eluted with CkCl2/MeOH 1:1 Four fractions were obtained on the
basis of TLC profile. The four factions were denoted as F1 (29 mg), F2 (51 mg), F3 (193 mg) and
F4 (21 mg). The most active fraction F3 exhibited aj b@tween 2.5 and 5 pg/mL, and was then
subjected to column chromatogrgpin Gssilica gel (.D.xL 2.5x10cm, 406 3 e m) . itleEl ut i or
aqueous MeOH with the MeOH{O ratios of 30:70, 50:50, 70:30 and 100:0 (200 mL each) gave
four subfractions indexed FB(48 mg), F& (68 mg), F3 (42 mg) and F3 (31 mg). Fractions
F3-2 (68 mg, 1Go between 5 and 10 pg/mL) and-B3(42 mg, 1Go between 2.5 and 5 pg/mL)
were combined. Further separation of the combined fractions was carried out by HPLC on a
semipreparagte Cig Varian Dynamax column (Bm, 10x 250 mm) eluted with a solvent gradient
from CHsCN/H20, 30:70 to 70:30 from 0 to 30 min, to 100:0 from 30 to 40 min, ending with 100%
CHsCN from 40 to 50 min at a flow rate of 2.5 mL/min. This process §aM&.9mg, & 35 min),
2.2(2.8 mg, &£ 36 min,),2.3(3.0 mg, &£ 42 min),2.4 (4.2 mg, & 39 min), an®.5 (6.2 mg, & 25

min).
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2.3.4 Antiproliferative bioassays

The antiproliferative activities of all fractions andmpounds were evaluated by trag
sensitiveA2780 human ovarian cancer cell line assayn brief, A2780 cells grown to 995%
confluency were collected and resuspended in growth medium (RPMI1pdesiented with 10%
fetal bovine serum and 2 mM-d¢lutamine). Cells were counted using a hemacytometer, and a
solution containing 2.5 1P cells per mL was prepared in growth media. Eleven columns of a 96
well microtiter plate were seeded with 188 of cell suspension per well, and the remaining
column contained 20€L media only (no cells). The plate was incubated for 3 h at 37 °C/%06CO
to allow the cells to adhere to the wells. Following this incubation, potential antiproliferative
agents, prepared in.B/DMSO 50:50, were added to the weitsmakea series of concentrations
at20eg/mL, 4eg/mL, 0.8eg/mL and 0.1&g/mL. One column of wells was left with no inhibitor
(negative control), and four dilutions of a known compound (paclitaxel or actinomyaiei2
included as a positive control. The plate was incubated for 2 days at 37 @i¥x%hen the
medium gently shaken from the wells and replaced with reaction medium (supplemented growth
medium containing 1% AlamarBlue) and incubated for another 3ha.ldvel of AlamarBlue
convertednto a fluorescent compound by living cells was then analyzed using a Cytofluor series
4000 plate reader (Perseptive Biosystems) with an excitation wavelength of 530 nm, an emission
wavelength of 590 nm, and gain of 45. Tgecent inhibition of cell growth was calculated using
the 0% and 100% controls present on the plate, andsamdlDe (concentration of agent required
to inhibit 50% cell growth) was calculated using a linear extrapolation of the data that lay on either
side of the 50% inhibition level. Samples were analyzed in triplicate on at least two separate

experiments to produce a reliablesd@alue.
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2.3.5 Antimalarial bioassays

The effect of each fraction and pure compoundgoritro parasite growth of Dd2 stin
was measured in a 72 h growth assay in the presence of inhibitor as described previously with
minor modificationd®®*Ri ng st age parasite cultures (100
1% parasitaemia) were grown for 72 h in the presence of increasing concentrations of the inhibitor
in a 5.05% CQ 4.93% Q and 90.2% N gas mixtwe at 37°C. After 72 h in culture, parasite
viability was determined by DNA quantitation using SYBR Green | as described preVidTlibby.
ICs0 values are the average of three independent determinations with each determination in

duplicate, and are expressed = S.E.M.

2.3.6 Spectroscopic properties

Apoplanesiacarpan A2.4): white powder; | 154.8 (c 0.023, MeOH); UV (MeOH)

€

amax( | 0g U) 208 (4.7), 234 ( bornk, 92 FIpBIR9) nm;

(film) 3max1773, 1523, 1216 and 1080 ¢mH and*C NMR data, sedable 21; HRESIMS
(pos.):m/z331.1188 [M+H] (calcd. for GsH190s", 331.1177), 353.0990 [M+Na]calcd. for

CigH1g NaGs*, 353.0996).

Apoplanesiacarpan B.5): white powder;| i80.2 (c 0.12, MeOH);
(log U) 229 (5.1), 238 ( 5203 . 9 2:9{A®HFHR @lin) n m;
3max1775, 1613, 1523, 1218 and 1080%AH and'*C NMR data, se€able 21; HRESIMS (pos.):

m/z 347.1127 [M+H] (caled for GgHigO;*, 347.1125), 369.0948 [M+N#&](calcd for

CigH1eNaO;", 369.0945).

2.3.7 Methylation oApoplanesacarpanB (2.5
Apoplanesiacarpan B (5, 2.5 mg) was dissolved in anhydrous acetone (2 mL) and treated

with K2COs (120 mg) and methyl iodide (200 pL). The mixture was stirred at room temperature
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for 24 h. The reaction mixture was evaporated and dissaivedter. The aqueous solution was
then extracted with EtOAc to yield the methylated pro@ugtwhich was further purified on C18
HPLC eluted by 8400% CHCN in HO to give 2.0 mg of pur@.6. Structure elucidation of
compound.6was based on if$1 NMR data Table 21); HRESIMS (pos.)m/z375.1421 [M+H]

(calcd for GoH2307", 375.1439), 397.1237 [M+Na{calcd for GoH22NaO;*, 397.1258).
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Chapter 3: Antiplasmodial phloroglucinol derivative isolated from Syncarpia

glomulifera (Myrtaceae)

This chapter is a modified and expanded version of a previously published work (Su, Q.;
Dalal, S.; Goetz, M.; Cassera, M. B.; Kingston, D. G. I., Antiplasmodial phloroglucinol derivatives
from Syncarpia glomuliferaBioorg. Med. Chem 2016 24, 2544 2548). Catributions of ce
authors of the articles are described as follows in the order of the names listed. The author of this
dissertation (Qingxi Su) completed the fractionation of the extract and the structural elucidation of
the compounds desbedas well apreparation of the manuscript. Dr. Seema Dalal performed the
antimalarial Dd2 bioassagn all fractions and compoundsder the guidance of Dr. Maria B.
Cassera. Dr. Michael Goetz provided the extract from the Natural Product Discovery Institute
(NPDI). Dr. David G. I. Kingston was a mentor for this work and is the corresponding author for

the published article.

Figure 3-1. Syncarpia glomulifera-lowers and leaves at Kahakapao Reservoir Haleakala
Ranch, Maut Credit: Forest and Kim StafPlants of Havaii - Image licensed under a Creative
Commons Attribution 3.0 License, permitting sharing and adaptation with attribution
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3.1 Introduction

As part of the Kingston groupds continuing
extract from the stem baikf a Hawaiian specimen @yncarpia glomuliferavas selected for
investigation for potential antiplasmodial natural products, as the crude extract displayed moderate
activity against thePlasmodium falciparunbd2 strain (IGo around 1.25 pg/mL)Syncarpia
glomuliferais a member of the Myrtaceae family, which is known for its high foliar terpene
concentrations$. Previous studies have reported tiselation of antibacterial and cytotoxic
triterpenoids from the bark extract 8f glomuliferafrom Paluma, North Queensland, Australia.

However, no work has been reported omigolation of any antimalarial agent from this species.

Bioassay guided fractionation of a MeOH extract of the stem b&¥rafarpia glomulifera
(Myrtaceae) led to the isolation of the two new phloroglucinol derivativesh@jomyrtosone F
(3.2) and (3-calliviminone C 8.2), the three known triterpenes, betulinic add), ursolic acid
3-acetate3.4), and ursolic acid3.5), and }(2,4,6trihydroxyphenyl}1-hexanone3.6) (see Figure
3-2). Compound3.1 exhibited strong antiplasmodial activity g€= 100 £ 20 M), while
compounds3.2i 3.4 were moderately active ar®l5 and 3.6 were inactive in this assay. The
structures oB3.1 and3.2 were elucidated based on analyses of thtSrdata, 1D and 2D NMR

spectra, and comparison with related compounds.
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3.3 betulinic acid

OH

3.6
1-(2,4,6-trihydroxyphenyl)-1-hexanone

3.4 ursolic acid-3-acetate 3.5 ursolic acid

Figure 3-2. Structures of compounds1i 3.6

3.2 Results and Discussion

3.2.1 Isolation of active compounds

The methanol extract from the stem barlSghcarpia glomulifergl.2 g) was selected for
investigation based on its moderate antiplasmodial activitgyBue around 1.25 pg/mL) again
the Dd2 drugresistant strain dP. falciparum Fractionation of the methansbluble materials by
liquid-liquid partition, open column chromatography on Sephade2QHollowed by C18 HPLC
yieldedtwo new phloroglucinols, named as {fhHodomyrtosone E3.1) and (t}calliviminone C

(3.2), along with four known compound3.8 3.6) (Scheme. 3.1).
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Syncarpia glomulifera, stem bark,
1.2 g,
IC50 ~ 1.25 ng/mL (P. falciparum)

90:10 MeOH:H,0O

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg):  288.6 84.4 824.7
ICs0 (P. falciparum) (ng/mL): <125 ~2.5 >10
Sephadex LH-20 | Sephadex LH-20
F-1 F-2 F-3 F-2-1 F-2-2 F-2-3
Weight (mg): 122.7 655  99.0 35.6 215 21.6
ICsq (P. falciparum) (ng/mL): 2.5~5 ~1.25 <1.25 NA NA ~2.5
Cig Cis
HPLC HPLC
Compounds 3.113.5 Compounds 31, 34, 3.6

Scheme 3.Bioassayguided fractionation odyncarpia glomulifera

3.2.2 Structure elucidation of compourgi$

Compound3.1 was isolated as a yellowish gum. The protonated molecule peakzat
457.2591 [M+H] (calcd for G/H3706", 457.2585) suggested a molecular formula oHgsOs with
10 degrees of unsaturation. Thé NMR, 3C NMR and HSQC spectra (Tal8el) indicated the
presence of 3 carbonyl, 9 quaternary, 3 methine, 5 methylene and 7 caetioyls in the staiure.
The cyclohexend,3-dionyl moiety of compoun@.1was suggested by HMBC correlations of 10
and 1¥1Me nx (.86 and 1.39, each 3H, s) telCC2 and €3 ¢(197.6, 56.2 and 212.3), and of-12
and 13Me H(@.43 and 1.54, each 3H, s) te3CCG4 (413) and & a c 16€19). In addition H

9 H(4R4,dJ=5.6 Hz) correlated toC, G9 a c {1413) and & a c 6619). An aromatic ring
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was assigned to connect te9Cdue to the deshielded chemical shift eBHilong with HMBC
correlations of F to G4b, G8aand G8 ¢(1GR.6, 106.9 and 155.8). The plaaarhof the aromatic
proton H7 was determined based on its HMBC correlations wiBaCG8 and C6 ¢(1%8.5). C

4a, G4b, G6, G8 wer e oxygenated due ¢ B55.8:-16&9).rThel ow
identifications and placements of the acyl and isdlgryups were confirmed by COSY and HMBC
correlations (Figre 3-2) along with comparison of NMR data with those of related compotfhds.

An oxygen atom was assigned to conneetaCand GAb to give a tricyclic skeleton, based on the

13C NMR signals of &a and G4b, and on the degree of unsaturation.

Compound3.1 had an optal rotation of zero, indicating that it was isolated as a racemate.
It was thus assigned the structure-419-dihydro-6,8-dihydroxy-2,2,4,4tetramethyl5-hexanoy9-
isobutyt1H-xanthenel,3(2H)-dione and named as (thodomyrtosone F based on its simitlato

rhodomyrtoneand rhodomyrtosones*Bnd E°

HMBC ~~ \ 'H-'TH coSYy =—

Fi gu2Keg9 HMBC and COSY cor3r.édl ations of
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3.2.3 Structure elucidation of compouB.@

Compound3.2 was isolated as light yellow gum. The protonated molecule peaiat
387.2896 [M+H] (calcd for GsH3903", 387.2894) suggested a molecular formula adHgs03
with 7 degrees of unsaturation. TH¢ NMR, 13C NMR and HSQC spectra &2 showed 3
carbonyl, 5 quaternary, 4 methine, 5 methylene and 8 methyl carbons in theretriihe structure
of compound3.2 was elucidated to contain a 1,3¥%clohexanetrione moiety based on HMBC
correlations of 14and 15Me H({.83 and 1.39, each 3H, s) telCCG2 and G3 ¢(218.3, 56.3
and 213.1), of 12and 13Me H (.87 and 1.39,ach 3H, s) to €3, G4 and G5 ¢(218.1, 56.9,
208.3), and of 13and 15Me to G6 ¢(6T.7). Additional HMBC correlations of 4 a 1 .17,
1H, m) to G6, G8 and G9 (6117, 116.1 and 136.7);-A b n 2.49, 1H, brd,J) = 17.2 Hz) to
C-1,of H1 0 a4 2.0311H, m) to &, G8 and G9, and of H1 1 x Z.31, 1H, m) to & and G6
indicated a spirg5,5]-undec8-ene skeleton. The presence of an isobutyl group was determined
by the cross peaks betweerlN{Nj#i0.78 and 1.39, each 1H, m) te2NjNji1.63,1H, m), and of
H-2Nfmj3iMie 1 0.87, 3H, dJ = 7.0 Hz) and ¥iMie +0.87, dJ= 7.0 Hz) in théH-'H COSY
spectra. The placement of the isobutyl group was confirmed‘Hy'el COSY correlation of H
INgNj H(0.d8, 1H, m) to HL1. The presence of tdemethylpentene unit was established by HMBC
data. Key HMBC correlations include-Hy #i1.93, 2H, m) to @N{ ¢126.1); H2N{ #wi2.03, 2H,
m) to G3N{ ¢1124.1); WM e w(.67, 3H,dJ=1.4 Hz), &Me w(L.G9, 3H, s) to &ENand G4N;j
( ¢1131.7). The4-methykpentene unit was placed at9Con the basis otJ HMBC coupling
between H1' and C1 0 ¢ 30.7). Compoun@.2was a racemate at Tl based on its zero optical
rotation, and its structure was thus elucidated a2 @3 4-tetramethyl11-isobutyl-9-(4-methyt
3-pentenl-yl)- spiro[5.5undee8-ene-1,3 5-trione, and named as ¢talliviminone C, based on

its similar structure to (*galliviminones A and B.
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HMBC ~ X 'H-'H COSY =

Figure 3-3. Key HMBC and COSY correlations of compouda.

3.2.4 Structure elucidation of compourgis 3.6

Structures of compouls3.3 3.6 were elucidated as the four known compounds betulinic
acid 3.3, ursolic acid3-acetate 3.4),° ursolic acid 8.5),° and 1(2,4,6trihydroxyphenyl)1-
hexanone §),'° by comparison of theitH NMR and mass spectrometric data with literature

dan 810
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Table 3-1. *H

a'td NMR (Dip,p @)

fo

r .o0dmp260 B dand

1 2 5,

3.2
Position Uy, @in Hzp U, type Position Uy, (Jin Hzy Uc, typep
1 197.6,C 1 208.3,C
2 56.2, C 2 56.3, C
3 212.3,C 3 213.1,C
4 47.3,C 4 56.9, C
4a 166.9, C
4b 162.6, C
107.5,C 5 208.3,C
158.5, C 6 67.7, C
6.06 s 95.0, CH 7 249brd (17.2),2.17r  29.5,CH
155.8, C 8 5.31m 116.1, CH
8a 106.9, C
9 4.24,t(5.6) 25.3, CH 9 136.7, C
9a 114.3,C
10 1.36s 24.3,CH 10 2.13m, 1.98 m 30.7, CH
11 1.39s 24.7,CH, 11 2.31m 34.1, CH
12 1.43s 24.7,CH, 12 1.37s 26.5, CH
13 1.54's 24.9,CH, 13 1.39s 26.3, CH
14 1.33s 245, CH
15 1.39s 25.8, CH
1 Nj 206.9, C N 1.93m 37.3,CH
2 Nj 3.091(7.2) 44.6, CH 2Nj 2.03m 26.1,CH
3 Nj 1.71m 24.4,CH 3N 5.03tq (7.0, 1.4) 124.1,CH
4 Nj 1.36 m 31.8,CH 4Nj 131.7,C
5 Nj 1.36 m 22.7,CH 5Nj 1.67 d (1.4) 258, CH,
6 Nj 0.91t(72) 14.2, CH 6Nj 159s 17.9,CH
1 NjNj 1.43m 46.0, CH AINjN  1.39m, 0.78 m 39.2,CH
2 NjNj 1.35m 25.3, CH 2NjN 1.63m 25.6, CH
3 NjNj 0.84 d (6.0) 23.3,CH 3NjN 0.87d (7.0) 24.4,CH
4 NjNj 0.87 d (60) 23.6,CH 4NjN 0.85d (7.0) 21.1,CH

aData (i) measured at 500 MHz; s = singlet, br s = broad singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublets of doublets, dt = doublet of triplets, m = mulliptdtues

are in Hz and are omitted if the signals overlapped asptaift. The overlapped signals were
assigned from HSQC and HMBC spectra without designating multiplicity.
b Data (i) measured at 125 MHz; GHCH,, CH, and C multiplicities were determined by HSQC
experiments.
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3.2.5 Bioactivities

Compounds3.11 3.6 were evaluated for their antimalarial activity against the -desgstant
Dd2 strain ofP. falciparum(Table 32). Compound3.1exhibited the strongest activity with ans{C
of 100 + 20 nM. Acylphloroglucinols with similar structures to compouhd have been reported to
show antibacterial activit}*12 and examples of phloroglucinol derivatives as antimalarial agents
can be found in the literatut&l* but cmpound3.1 is an order of magnitude more potent than
tomentosone A? the closest analog with reported antimalagelivity. Compound3.1 was also
tested for cytotoxicity toward human embryonic kidney cells (HEK) and no toxicity was detected
up to 3.125M while 58% inhibition was observed at the highest dose testeai$0Compound
3.2 contains an unusual spifb,5]-undee8-ene skeleton. The first examples of such carbon Diels
Alder adducts between a phloroglucinol and a terpenoid werea(lyiminones A and B, isolated
from Callistemon viminalig Compound3.2 exhibited moderate antiplasmodial activity {4@ + 1
MM), which is the first reported antiplasmodial activity of llquoglucinol with the spirg5,5]-
undee8-ene skeleton. Compourdd2 did not show toxicity up to the highest dose tested (i)
Betulinic acid 8.3) showed moderate inhibitory effect on the Dd2 straiR.d&lciparum and it has
previously been repted to inhibit the 3D7 stain d¢¥. falciparum a chloroquinesensitive straif®
Ursolic acid 8.5 and its 3acetate 3.4) have been reported to be antibacterial and antioxidant
agentst® but these compounds were inactive against the Dd2 str&infafciparum as previously
observed” Compound3.6, 1-(2,4,6trihydroxyphenyl}1-hexanone, is a possible biosynthetic

precursor of3.1; it was inactive gainstP. falciparumat the highest dose tested (90 uM)
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Table 3-2. Antiplasmodial activity data of compoundsli 3.6

Compound P. falciparumbDd2 strain ICso (UM)
(x)-Rhodomyrtosone F3(1) 0.10 £ 0.02
(x)-calliviminoneC (3.2 4+1

Betulinic acid 8.3) 3.0£04

Ursolic acid3-acetate §.4) 120+ 01

Ursolic acid 8.5 Not active (> 40)
1-(2,4,6trihydroxyptenyl)-1-hexanone3.6)) Not active (> 90)
Artemisinin (positive control) 61

3.3 Experimental Section

3.3.1 General experimental procedures

UV spectra were measured on a Shimadzul2U1 spectrophotometer. IR spectra
were measured on a MIBAM-series FTIR spectrometer. NMR spectra were recorded in £DCI
on a Bruker Avance 500 spectrometer in Cf)€hemical shifts are given in(ppm), and coupling
constants are reported in Hz. Mass spectra were obtained on an Agilent 6Z2IRIS in the
positive ion mode. Optical rotations were recorded on a JASC@DP polarimeter. Open column
chromatography was performed using Sephadex2QHI.D.xL 3x50 cm). Sempreparative
HPLC was performed on a Shimadzu -LGAT instrument with a semipreparativeisC
Phenomenex Luna columnin, 25010 mm). All isolated compounds were evaluated for purity
by HPLC (both UV and ELSD detection) and by NNéBfore bioactivity assay. Purity of each
compound was checked on a Phenomenex Lugadlimn (5pum, 250x10 mm) and a Cogent
Bidentate Ggcolumn (4um, 76x4.6 mm)All isolated compounds were purified to 95% purity or
better, as judged by HPLC (both UVAELSD detection) andH NMR spectroscopies before

determining bioactivity.
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3.3.2 Plant material
Stem bark frons. glomuliferaSm.) Nied was collected by Gary J. Ray in Hawaii in June
1998 near Pupukea Road, Pupukea (21.38.39 N, 158.00.54 W). A speiomedeposit at the

New York Botanical Garden under the accession number GR01020c (ID 89558).

3.3.3 Extraction and isolation

Dried, powdered plant material was exhaustively extracted with MeOH at room
temperature to give an extract designated 0040®#4 a total of 3 g of this extract was made
available to Virginia Tech and 1.2 g of the material was used in the bioassay guided fractionation.
Extract 0040244L0F (1200 mg, lép around 1.25 pg/mL, tested in antimalarial assay) was
suspended in aqueous MeOMgOH/HO 9:1, 100 mL) and extracted with hexane (5x100 mL
portions) to give an active hexaseluble fraction (288.6 mg, Kg< 1.25 pg/mL). The aqueous
fraction was then diluted to MeOH#8 6:4 (150 mL) and further extracted with &Hp (5x100
mL portiong to yield the CHCI>-soluble fraction (84.4 mg, Koapproximately 2.5 pg/mL) and
the aqueous fraction (824.7 mgséCS 10 ug/mL). The active hexane fraction was then subjected
to a size exclusion open column chromatography on Sephad&0L(HDxL 3x50cm) eluted
with CH.Clo/MeOH 1:1. Three fractions (FIL 122.7 mg, FR2: 65.5mg, F43: 99.0 mg) were
collected based on TLC analyses. The active fractioi3 FICso < 1.25 pg/mL) was further
separated by HPLC on a semipreparativeoBlumn (Phenomenex Lumao | umn, 5 Om, 25
mm) eluted with a solvent gradient from &DH/H>O, 75:25 to 85:15 from 0 to 10 min, to 95:5
from 10 to 20 min, ending with 100% GBH from 20 to 40 min at a flow rate of 2.5 mL/min.

This process gave compoun8s (4.8 mg, & 23.5 mn), 3.4 (4.2 mg, & 31 min), and crude
mixtures containing compoun8.1 (tr 26 min) and3.2 (tr 27.5 min). The collected mixture

containing compound.1 (5.1 mg) was then further purified by HPLC on the same column eluted
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with a solvent gradient from GEN/H20, 85:15 to 90:10 from 0 to 15 min, to 100:0 from 15 to
25 min, ending with 100% G&N from 25 to 40 min at a flow rate of 2.5 mL/min. This process
gave compound3.1(3.6 mg, & 28 min) and.5(1.3 mg, & 26 min). Mixture containing compound
3.2 (2.0 mg) was also purified by HPLC on the semipreparative d@lumn with aqueous

acetonitrile as above. This process gave purified comp812(d.4 mg, & 36 min).

The moderately active dichloromethane fraction was also subjected to the size exclusion
open ctumn using the method described above, to yield thredraghbons (F21: 35.6 mg, F2:
21.5 mg, F23: 21.6 mg). Fraction F3 (ICso around 2.5 pg/mL) was separated by HPLC on the
Luna Gg column, eluted with a solvent gradient from $CHH/H20, 60:40 to ©:30 from 0 to 10
min, to 90:10 from 10 to 30 min, ending with 100% 4O from 30 to 40 min at a flow rate of
2.5 mL/min. This process yielded compoudd® (2.1 mg, & 24.5 min)and small amount of

compound3.1(0.2mg, & 33.0 min) and compouriél4 (0.4 mg, tr 41.5 min).

3.3.4 Antimalarial bioassays

The effect of each fraction and pure compounds on in vitro parasite growth of Dd2 strain
was measured in a 72 h growth assay in the presence of inhibitor as described previously with
minor modifications®®®*Ri ng st age parasite cultures (100
parasitaemia) were grown for 72 h in the presence of increasing concentrations of the inhibitor in
a humidified chamber at 37 °C and low oxygenditons (5.06% Cg 4.99% Q, and 89.95%
N2). After 72 h in culture, parasite viability was determined by DNA quantitation using SYBR
Green | as described previousiyThe 1Go values were calculated witkaleidaGraphsoftware
using a nonlinear regression curve fittingsd@alues are the average of three independent
determinations with each determination in duplicate, and are expressed + S.E.M. Artemisinin was

used a the positive control with an {gof 6 £ 1 nM.
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3.3.5 In vitro cytotoxicity against HEK293 cells

Compounds were evaluated for their cytotoxicity against normal cell line HEK293 (Human
Embryonic Kidney). Briefly, 10,000 HEK cells per well were plated iclesr bottom 96 well
plate. After allowing the cells to adhere, the media was replaced with 100 pL of media containing
varying amounts of the test compound and incubated for 24 hours. Later, 10 pL of resazurin
sodium salt (Sigma) at 0.125 mg/mL was adaedach well and incubated for 2 h. Cell viability

was determined by measuring the fluorescence at 585 nm after excitation at 540 nm.

3.3.6 Spectroscopic properties

(x)-Rhodomyrtosone F3(1): yellowish gum;{Jp*0 (c=0.22, MeOH) UV ( Mg OH)
( 1 o823 (3)B1), 261 (3.01), 292 (2.51), 333 (1.40) nm; IR (fimy2935, 2872, 1721, 1629,
1430, 1389, 1108 and 1091 ¢m'H and*C NMR data, see Tablee B HRESIMS (pos.): m/z
457.2591 [M+H]J (calculated for @H3z706", 457.2585); 474.2831 [M+N4i" (calad for G7H40NOe",

474.2851).

(+)-Calliviminone C(3.2): yellowish gum{UJp?0 (c=0.15,MeOH) UV ( M&@d¢) o
U) 214 (3.53), 3mB337, 2335, 2646 angd 1609 MH a#nd'3C MNIR dda, see

Table 31; HRESIMS(pos.):m/z387.289gM+H] * (calcd for GsHz90s", 387.2894).

49



3.4 References

1.

Webb, H.; Foley, W. J.; Kulheim, C., The genetic basis of foliar terpene yield: implications
for breeding and profitability of Australian essential oil crdfiant Biotechnb 2014 31,
363-376.

Setzer, W. N.; Setzer, M. C.; Bates, R. B.; Jackes, B. R., Biologically active triterpenoids
of Syncarpia glomuliferdark extract from Paluma, north Queensland, AustrBlanta
Med.200Q 66, 176177.

Appendino, G.; Bianchk:.; Minassi, A.; Sterner, O.; Ballero, M.; Gibbons, S., Oligomeric
acylphloroglucinols from myrtleMyrtus communis J. Nat. Prod2002 65, 334338.
Hiranrat, A.; Mahabusarakam, W., New acylphloroglucinols from the leaves of
Rhodomyrtus tomentos&etrahedron2008 64, 1119311197.

Dachriyamas; Salni; Sargent, M. D.; Skelton, B. W.; Soediro, I.; Sutisna, M.; White, A. H.;
Yulinah, E., Rhodomyrtone, an Antibiotic froRhodomyrtus tomentosAust. J. Chem.
2002 55, 229232.

Wang, C.; Yang, J.; Zlma P.; Zhou, Q.; Mei, Z.; Yang, G.; Yang, X.; Feng, Y., Chemical
constituents fromEucalyptus citriodoraHook leaves and their glucose transporter 4
translocation activitieBioorg. Med. Chem. Let2014 24, 30963099.

Wu, L.; Luo, J.; Zhang, Y.; Zh..; Wang, X.; Luo, J.; Yang, M.; Yu, B.; Yao, H.; Dai,

Y., Isolation and biomimetic synthesis of {galliviminones A and B, two novel Diéls
Alder adducts, fronCallistemon viminalisTetrahedron Lett2015 56, 229232.

Ayatollahi, A. M.; Ghanadian, Nl Afsharypour, S.; Abdella, O. M.; Mirzai, M.; Askari,
G., Pentacyclic triterpeneslHuphorbia microsciadiavith their tcell proliferation activity.

Iran. J. Pharm. Re011 10, 287.

50



10.

11.

12.

13.

14.

15.

Gnoatto, S. C.; Dassonvill§limpt, A.; Da Nascimento, S.; GalérR.; Boumediene, K.;
Gosmann, G.; Sonnet, P.; Moslemi, S., Evaluation of ursolic acid isolated Iegm
paraguariensisand derivatives on aromatase inhibitidur. J. Med. Chem2008 43,
18651877.

Frigcic, T.; Dr ab, DestfovhomololyyaRhdioadtive crystaling ,
assemblies involving linear templates based on a homologous series of phloroglucinols.
Org. Lett.2004 6, 464 74650.

Rattanaburi, S.; Mahabusarakam, W.; Phongpaichit, S.; Carroll, A. R,
Acylphloroglucinols fom Callistemon lanceolatuSC. Tetrahedror2013 69, 60766075.
Saising, J.; Gotz, F.; Dube, L.; Ziebandt, A. K.; Voravuthikunchai, S. P., Inhibition of
staphylococcal biofilrrelated gene transcription by rhodomyrtone, a new antibacterial
agentAnn.Microbiol. 2015 65, 659665.

Harinantenaina, L.; Bowman, J. D.; Brodie, P. J.; Slebodnick, C.; Callmander, M. W.;
Rakotobe, E.; Randrianaivo, R.; Rasamison, V. E.; Gorka, A.; Roepe, P. D.; Kingston, D.
G. ., Antiproliferative and antiplasmodial dinmerphloroglucinols from Mallotus
oppositifoliusfrom the Madagascar Dry Foredt.Nat. Prod2013 76, 388393.

Hiranrat, A.; Mahabusarakam, W.; Carroll, A. R.; Duffy, S.; Avery, V. M., Tomentosones
A and B, hexacyclic phloroglucinol derivatives frothe Thai shrubRhodomyrtus
tomentosaJ. Org. Chem2011, 77, 680683.

Ziegler, H. L.; Franzyk, H.; Sairafianpour, M.; Tabatabai, M.; Tehrani, M. D.; Bagherzadeh,
K.; Hagerstrand, H.; Steerk, D.; Jaroszewski, J. W., Erythrocyte membrane modifying
agentsand the inhibition oPlasmodium falciparurgrowth: structureactivity relationships

for betulinic acid analogueBioorg. Med. Chen2004 12, 119127.

51



16.

17.

18.

19.

do Nascimento, P. G.; Lemos, T. L.; Bizerra, A.; Arriaga, A.; Ferreira, D. A.; Santiago, G.
M.; BrazFilho, R.; Costa, J. G. M., Antibacterial and antioxidant activities of ursolic acid
and derivativesMolecules2014 19, 13171327.

Innocente, A. M.; Silva, G. N.; Cruz, L. N.; Moraes, M. S.; Nakabashi, M.; Sonnet, P.;
Gosmann, G.; Garcia, C. R.;n@atto, S. C., Synthesis and antiplasmodial activity of
betulinic acid and ursolic acid analogukklecules2012 17, 1200312014.

Bennett, T. N.; Paguio, M.; Gligorijevic, B.; Seudieu, C.; Kosar, A. D.; Davidson, E.; Roepe,
P. D., Novel, rapid, andchexpensive celbased quantification of antimalarial drug efficacy.
Antimicrob. Agents Chemoth&004 48, 18071810.

Smilkstein, M.; Sriwilaijaroen, N.; Kelly, J. X.; Wilairat, P.; Riscoe, M., Simple and
inexpensive fluorescendmmsed technique foidh-throughput antimalarial drug screening.

Antimicrob. Agents Chemoth&004 48, 18031806.

52



Chapter 4: New Antiplasmodial Diterpenes fromGutierrezia sarothrae

This chapter is a modified and expanded version of a previously publishedSwrm®.;
Dalal, S.; Goetz, M.; Cassera, M. B.; Kingston, D. GNew Antiplasmodial diterpenes from
Gutierrezia sarothraeNat. Prod. Commur2016 11, 719 721). Contributions of cauthors of
the articles are described as follows in the order of theesdisted. The author of this dissertation
(Qingxi Su) completed the fractionation of the extract and the structural elucidation of the
compounds desdredas well as preparation of the manuscript. Dr. Seema Dalal performed the
antimalarial Dd2 bioassagn all fractions and compoundsder the guidance of Dr. Maria B.
Cassera. Dr. Michael Goetz provided the extract from the Natural Product Discovery Institute
(NPDI). Dr. David G. I. Kingston was a mentor for this work @&ntthe corresponding author for

thepublished article.

e [

Figure 4-1. Gutierrezia sarothraeUsed with permission from David Stang (zipecodezoo.com).
Retrieved from <http://tropicos.org/Image/58067
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4.1 Introduction

In continuation of ourrivestigation ofantimalarial agents from plant$,a MeOH extract
from the plant Gutierrezia sarothragAsteraceae)vas evaluated for antiproliferative activity
against drugesistant Dd2 strain oPlasmodium faliparum The extract was selected for
bioassayguided fractionation based on its initial weak activity against this asssyb@@veen 5
and 10 e€g/mL). The family Asteraceae (or Comp
subshrubs that arinportant weeds on rangelantisGutierrezia sarothraga member of the
Asteraceae family, is widely distributed in ratayels of western North Ameriéalhe plant has
been used externally to treat bee stings, snake bites, flesh woamdisheumatisrf.Previous
studies havesuggested the plant could contain monoterpénesatile components such as
cryptone and-eudesmof, flavonoids® and labdane derivativd3® An artitumor proteinaceous
substance has also been reported to exist in thelpldatvever, the plant has not previously been

studied for potential antimalarial constituents

Bioassayguided fractionation afforded the two new labd e d e r i-angelbyloxye s 3 U
15-hydroxylabda7,13dien-16,150lid-18-oic acid ¢.1)  a nahgelBybxyl5methoxylabda
7,13dien16,150lid-18-oic acid(4.2). The structures of.1and4.2 were elucidated by
interpretation of 1D and 2D NMR spectroscogata, mass spectrometry, and comparison with
the data of related compounds reported in the literature. We report herein the bjpadedy
isolation and structure elucidation of the two new compounds, as well as their antimalarial

activity.
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Figure 4-2. Structures of compoundkl and4.2 isolated fromG. sarothrae

4.2 Results and Discussion

4.2.1 Isolation of active compounds

The methanol extract from the plant Gfitierrezia sarothrag800 g) was selected for
investigation based on its merate antiplasmodial activity (cbetween 5 to 10 pg/mL) against
the Dd2 drugresistant strain dP. falciparum The methanesoluble extract o6G. sarothraewvas
suspended in MeOH20 9:1and extracted with hexane. The aqueous methanol was then diluted
to MeOHH20 6:4 and extracted by Ci€l.. The active hexane and @El, fractions were
combined with IGoaround 5 pg/mLThe combined fraction was then subjected to open column
chromatography on Sephadex28 followed by normal phase diol open column chatmgraphy.
The most active fraction from the diol column was subjected to-pesparativeCig HPLC to
yield two new diterpenes4(l and4.2). The fractionation tree is shown in Schem& 4nd a

detailed description of the isolation procedure is givehénBxperimental Section.
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Gutierrezia sarothrae,
800 mg,

ICs50 5~10 pg/mL (P. falciparum)

90:10 MeOH:H,0

| Evaporate

Hexane DCM 60:40 MeOH:H,0
Weight (mg): 155.2 212.3 429.9
ICsq (P. falciparum) (ug/mL): ~5 ~5 > 10
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 155.7 52.9 111.0 43.3
ICsq (P. falciparum) (ng/mL): > 10 ~5 2.5~5 ~5
Si-diol
1:4 EtOAc:Hexane
F-3-1 F-3-2 F-3-3 F-3-4 F-3-5
Weight (mg): 16.6 23.5 19.7 16.8 28.6
ICsq (P. falciparum) (ng/mL):  NA ~10 ~2.5 2.5~5 NA
|
Cis
HPLC l

Compounds 4.1 and 4.2

Scheme 41 Bioassayguided separation @utierrezia sarothrae

4.2.2 Structure elucidation of compouhd

Compound4.1 was obtained as colorless oil and had the molecular for@ugldesO; as

indicated by HRESIMS analysisn(z 469.2218 [M+Na], calcd. for GsHz4O7Na", 469.2197;
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915.4543 [2M+Nad)], calcd. for GoHesOwaNa', 915.4501). Its'H NMR spectrum (Table -4)
indicated thepresence of five methyl groufiscluding three singletsti 0.82, 130 and 1.72,

each 3H)and two multiplet§ #1.93, dq,J= 7.0, 1.5 Hz, 3H and 1.83, m, 3Hive downfield

protons between U 5.23 and 6.88; and &Cnumber

NMR (Table 41) and HSQC spectra @f.1 indicated thepresence of 3 carbonyl groups, 5
guaternary, 7 methine, 5 methylene and 5 methyl carbons. The labdane diterpene skeleton was
established based on HMBC correlations of Mfe(lin 1.72, s, 3H) to €, G-8 and G9 (lc121.9,

134.7 and 54.0); M& 9 4 1.3, s;3H) to G3, G4 and G5 (Uc 77.7,51.2 and 46.1); M2 O w ( U

0.82, s, 3H) to €, G5 and G9 (ic 36.2, 46.1 and 54.0) (Figure2}. A carboxylic acid group

was assigned to the Eposition due to the HMBC correlation betweenbeand C18 lc179.2).

Further examination of it4H NMR spectrum revealecharacteristic signals of an angeloyl group.

An ol efi mi6.63,qqdot7o.n0,(0G1. 5 Hz, 1HLS do/.0Mé&EE hyl
Hz, 3H) and 1.83, m, 3H) cl6a%1P8.1 1883, t5@amdetk7p o n d i
were assigned unambiguously tdlG C-5' based on HSQC and HMBC correlations. The HMBC
spectrum also established correlations betweenthe2C met hy | emn2éb5 mam2.80n s (U
m, each 1H) to €3, G14 and C16 (lic 138.4, 143.6 and 171.3), and from the oxygenated H

( W6.12,s,1H)to€l3and H1 4 1 6.88[s, 1H),to € 5 ¢ 96.0). These correlations suggested

the presence of a hydroxfdranone moiety, as shown in Figy. The relative configuration of
compound4.1was confirmed by NOESY correlations betweeH & 5H, Me-19 to Me 20, and

Me-20 to 11H (Figure 42). The spectroscopic data showed satisfactory agreement with those

recorded for related labdane derivatives by Bohlmetrat 1°

57

¢



HO, HO

15

7 9] 15—0
16 16

AN (o) ,J4\ o
() e
1

20 < z

1r"\ -»-11

HA -
HOOCQSw HooC -4
HMBC m NOE ¥ \

Figure 4-2. HMBC (left) and NOESY (right) correlations of compouhd

4.2.3 Stucture elucidation of compourd2

Compound.2was obtained azcolorless oil and hathe molecular formul&,eHzs07 as
indicated by HRESIMS analysis(z461.256JM+H] ", cald. for GeHs707", 461.2534483.2361
[M+Na]*, calcd. for GeHzsNaO;", 483.2353. Examination of itssH NMR spectroscopic data
indicated that compoundl2 was similar to compound.1, except for the presence of a methoxy
group in place of a hydroxyl grouplacement of the methoxy group was determined by an HMBC
correlation between the methoxy group and3C Examination of the NOESY correlations of
compound4.2 suggested its relative configuration to be identical to that of compduhd
Compound4.2 was olained as a mixture of -C5 epimers that were not separable by HPLC,
resulting in two sets of ghals for G13, G14, G15 and-OMe.'? Compound4.2 might possibly
be an artefact formed by reaction4f with MeOH during the extraction of the plant material.
However, we wer unable to collect fresh plant material and extract it with a different solvent to

confirm this hypothesis.
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Table1.'Hand®C NMR Data (U, p4lidRin€RCE compounds
4.1
Position U2 UcP Un? UcP
1 1.97m,1.36m  36.7,CH 1.93 m, 1.3Mn 36.7, CH
2 1.93m,1.68 m 25.1,CH 2.05m, 1.65m 25.2,CH
3 5,23dd (1.9,4.0 77.7,CH 5.27dd (2.0,3.J  77.7,CH
4 - 51.2,C - 51.1, C
5 2.05m 46.1, CH 2.02m 46.1, CH
6 1.95m,2.07m  23.6,CH 1.84m, 1.68 m 23.8,CH
7 5.36 brs 121.9CH  5.35brs 122.1, CH
8 - 134.7,C - 134.6, C
9 1.79 m 54.0, CH 1.75m 54.2, CH
10 - 36.2,C - 36.2,C
11 1.74m,1.49m  250,CH 1.69m, 1.48 m 25.0, CH
12 2.55m,2.30m  27.4,CH 2.54m,2.27m 27.5,CH
13 - 138.4,C - 138.7/138.8, C
14 6.88s 143.6,CH  6.80s 142.1/142.2, CH
15 6.12 s 96.7, CH 5.75d (.3 102.6/ 102.7, CH
16 - 171.3,C - 171.4,C
17 1.72's 22.1,CH 1.71s 22.1, CH
18 - 179.2,C - 180.2, C
19 1.30's 12.0, CH 1.27s 12.1, CH
20 0.82's 14.1, CH 0.81s 14.0, CH
T - 167.3,C - 167.5, C
2 - 128.1,C - 128.1,C
3 6.03qq(7.0,15) 138.3,CH  6.02qq7.0,1.5 138.3, CH
4 1.93dq (7.0, 1.5) 15.9, CH 1.93 brd 7.5) 15.9, CH
5' 1.83m 20.7, CH 1.82 brs 20.8, CH
OMe 3.59s 57.35/57.32, CH

aData (i) measured at 500 MHz; s = singlet, br s = broad singlet, d = doublet, dd = doublet of
doublets, ddd = doublet of doublets of doublets, dt = doublet of triplets, m = mullipldties

are in Hz and are omitted if the signals overlapped as multiplegsovédrlapped signals were
assigned from HSQC and HMBC spectra without designating multiplicity.

b Data (i) measured at 125 MHz; GHCH,, CH, and C multiplicities were determined by HSQC

experiments.

4.2 .4 Bioactivities

Compounds4.1 and 4.2 were evaluaté for their antimalarial activity against the
chloroquine/mefloquineesistant Dd2 strain &. falciparum Compoundt.1 exhibited moderate
antiplasmodial activity with an g value of 10+ 4 uM in this assay, while compourt2 was
inactive at doses beko20 pg/mL. The activity of compountl1 might thus be assated with its
ring-o p e n e dinsdiuratecdaldehyde form, singé€ is incapable of ring opening under mild
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conditions. Unfortunately, some biological activities were lost after fractionation-tiplSspen

column chromatography (see scherdb) 4

4.3 Experimental Section
4.3.1 General experimental procedures

Optical rotations were recorded on a JASCQORO polarimeter. UV spectra were
measured on a Shimadzu k201 spectrophotometer. IR spectra were measured on a MIDAC
M-series FTIR spectrometer. NMR sp@ were recorded in CDE€bn a Bruker Avance 500
spectrometer. Chemical shifts are givenii(ppm), and coupling constants are reported in Hz.
Mass spectra were obtained on an Agilent 6220TIGE~MS in the positive ion mode. Open
column chromatographies were merhed using Sephadex E2D (1.Dx L 3x50 cm) and Sdiol
(I.LD.xL 2.5%x35 cm, 4066 3 )& HWPLC separation was performed on a ShimadzulQ&T

instrument with a semipreparative C18 Phenomenex Luna colupm, (850 x10 mm).

4.3.2 Plant material
Leaves and stems @. sarothraeKuntze were collected on the edge of a lake near
Saskatoon, Canad52.10N, 106.40W) by Cori M. Morenberg under the auspices of the New York

Botanical Garden. A voucher specimen is on deposit under accession number CM00068a.

4.3.3 Extraction and isolation

Dried, powdered plant material was exhaustively extracted witQH® give a MeOH
soluble extract designated5689; a total of 800 mg of this extract was made available to Virginia
Tech. This extract (163 between 5 and 10 pg/mL agaifstfalciparumDd?2 strain) was suspended

in aqueous MeOH (MeOMH>0 9:1, 100 mL) ancextracted with hexane (5100 mL portions).

60



Evaporation of the solvent afforded 155.2 mg of hexane soluble materials. The aqueous fraction
was then diluted to MeOH20 6:4 (150 mL) and further extracted with €& (5x100 mL
portions) to yield 212.3 mg a€H:Cl> fraction and 429.9 mg of aqueous fraction. The active
hexane and CHLl fractions (IGo around 5 pg/mL) were combined and subjected to size
exclusion open column chromatography (I.D.xL 3x50 cm) on SephadeR0Leluted with
CH2Clo/MeOH 1:1 Four fiactions (F1: 155.7 mg, F2: 52.9 mg, F3: 111.0 mg, F4: 43.3 mg) were
collected based on TLC profile. The most active fraction Fe@€tween 2.5~5 pg/mL) was then
subjected to Sdiol open ctumn chromatography (I.D.xL 285 cm, 406 3 € m) el uted
EtOAc/Hexane 1:40 give five subfractions indexed A3(16.6 mg), F&2 (23.5 mg), F3 (19.7

mg), F34 (16.8 mg) and 3 (28.6 mg). Fractions F3 (ICso around 2.5 pg/mL) and F8 (ICso
between 2.5~5 pug/mL) were combined and further separated by HPLGeoniareparative {3

column (Phenomenex Luna columnuf, 250X10 mm) eluted with a solvent gradient from
CHsCN/H20, 50:50 to 60:40 from 0 to 10 min, to 100:0 from 10 to 30 min, ending with 100%
CHsCN from 30 to 40 min at a flow rate of 2.5 mL/min. This qess gave compoundsl (2.3

mg, & 12.5 min) andt.2 (1.2 mg, & 22.0 min).

4.3.4 Antimalarial bioassays
The effect of each fraction and pure compoundgontro parasite growth of Dd2 strain
was measured in a 72 h growth assay in the presence ottantabidescribed previously with
minor modificationg>'* Ring stage parasite cultured(d L per wel |l , with 1
1% parasitaemia) were grown for 72 h in the presence of increasing concentrations of the inhibitor
in a 5.05% CQ 4.93% Q and 90.2% N gas mixture at 37C. After 72 h in culture, parasite
viability was determinedypDNA quantitation using SYBR Green | as described previolidipe

half-maximum inhibitory concentration (k) values were calculated with KaleidaGraph software
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using a nonlinear regression curve fittingsd@alues are the average of three independent

determinations wh each determination in duplicate, and are expressed + S.E.M. Artemisinin was

used as the positive control with ansd©f 6 +1 nM.

4.3.5 Spectroscopic properties

3 tAngeloyloxy15-hydroxylabda7,13-dien-16,150lid-18-oic acid (4.1): Colorless oil,
| : +21.7 (c 0.037,mxMeOH) U) UY 2 Mp@BBER, 3667,
1451, 1024 crd; 'H NMR (500 MHz, CDGJ): Table 41.3C NMR (125 MHz,CDCh): Table 4
1. HRESIMS (pos.)m/z[M+Na]", calcd. forCzsHz407Na"; 469.2197found:469.2218[2M+Na]",

calcd. forCsoHesO14Na", 915.4501 found:915.4543.

3 WAngeloyloxy15-methoxylabdar,13-dien-16,150lid-18-oic acid (4.2: Colorless
oil. | +16.5(c 0.030, MaOHdg UV 2 Me GHEBE3248 B6HL,
1452, 1017 cm; *H NMR (500 MHz, CDCJ): Table 41.1°C NMR (125 MHz, CDGJ): Table 4
1. HRESIMS (pos.)m/z[M+H]", calcd. for GeHz7O7", 461.2534, found: 461.256(M+Na]",

calcd. for GgHssNaO;*, 483.2354, found: 483.2361.
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Chapter 5: Antiproliferative triterpenoid saponins from Leptaulus citroides
Baill. from the Madagascar rain forest

This chapter is a modified and expanded version of a previously published work (Su, Q.,
Brodie, P. J., Liu, Y., Miller, J. S., Andrianjafy, N. M., Antsiferana, R., Rasamison, V. E. and
Kingston, D. G. I., Antiproliferative triterpenoghponins fronteptaulus citroide8aill. from the
Madagascar rain foredtlat. Prod. Bioprospect2016 6, 311 39). Contributions of c@authors of
the articles are described as follows in the order of the names listed. The author of this dissertation
(Qingxi Su) completed the fractionation of the extract and the structural elucidation of the
compounds described, and the drafting of the manuscript. Ms. Peggy Brodie and Dr. Yixi Liu
performed the antiproliferative bioassay (A2780) on all fractions and camdpoDr. James S.
Miller and Dr. Naina M. Andrianjafy from Missouri Botanical Garden collected and identified the
plant. Dr. Vincent E. Rasamison from Madagascar carried out the initial plant extraction,
supervised by Dr. Rabodo Antsiferana. Dr. David .&ihgston was a mentor for this work and

is the corresponding author for the published article.

Figure 5-1. Leptaulus citroides BaillUsed under Creative Commons (CCBNC-ND 3.0) from
<http://tropicos.org/Image/100125562>.
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5.1 Introduction

Aspartoft he Kingston groupés continuing | CBG
from the roots and wood of the Madagascan plagptaulus citroideswere selected for
investigation on the basis of their weak antiproliferative activity against the A2780 huarzamov

cancer cell line (165 = 20 pg/mL).

Bioassayguided fractionation of the roots and wood extract of the plant led to the isolation of ethyl
esters of three new triterpenoid saponins.1i(5.3) and the known sesquiterpenoid
cinnamosmolideq.4). The stuctures of5.1i 5.3 were elucidated by extensive 1D and 2D NMR
experiments, mass spectrometry and chemical modification. Compdunfs, and5.4showed
moderate cytotoxicity against the A2780 human ovarian cancer cell line withdlQes of 0 +

0.3,10 £ 1 and D + 0.2 uM, respectively.

Figure 5-2. Structures of compoundsli 5.4
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5.2 Results and Discussion

5.2.1 Isolation of active compounds

The crude EtOH extract of the roots bf citroides (MG1619, 3g) exhibited weak
antiplasmodial activity (Ieés= 20 pg/mL). Since the plant was never investigated for potential
bioactive, specially antiproliferative compounds, the crude extract was selected for fractionation
in order to identify its bioactive compounds. Fractionation of the EsGIHble materials by liquid
liquid partition, open column chromatography on SephadexXQHsilica-gel, followed by Gs

HPLC yielded three three new triterpenoid saporn 6.3) (Scheme 5.1).

Leptaulus citroides Baill, roots, 3 g
ICsq = 20 ng/mL (A2780)

| 90:10 MeOH:H,0

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg):  1030.2 477 1476.3
ICs0 (A2780) (ng/mL): > 20 1 13
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 90.8 52.2 168  142.9
ICs0 (A2780) (ng/mL): > 20 > 20 7.9 18

Silica gel open column chromatography
15:6:1 CHCI5:MeOH:H,0

F-3-1 F-3-2 F-3-3 F-3-4 F-3-5
Weight (mg): 23.5 36.4 22.4 32.0 28.3
ICso (A2780) (ug/mL): 19 > 20 25 9.9 20
Cig
HPLC

Compounds 5.11 5.3

Scheme 5.Bioassayguided separation of root extractlagptaulus citroides
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The EtOH extract of the wood &f citroides(MG1620, 1.5g) with weak antiplasmodial
activity (ICso = 20 pg/mL), was also #ctionated in pursuit of new antiproliferative agents.
Fractionation of the extract MG1620 by ligdiduid partition, open column chromatography on
Sephadex LKRO, silicagel, followed by Gs HPLC vyielded the known sesquiterpenoid

cinnamosmolid€5.4) (Scheme 5.2).

Leptaulus citroides Baill, wood,
154q,
IC50 = 20 mg/mL (A2780)

90:10 MeOH:H,0

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg):  188.7 97.0 1176.3
ICs0 (A2780) (mg/mL): 12 3.5 13

Sephadex LH-20
1:1 DCM:MeOH

F-1b F-2b F-3b F-4b
Weight (mg): 42.3 52.5 29.8 57.5
IC50 (A2780) (mg/mL): > 20 > 20 14 2.1

Silica gel open column chromatography
20:1 CHCI5:MeOH

F-4b-1 F-4b-2 F-4b-3 F-4b-4
Weight (mg): 20.2 29.2 8.3 20.4
ICso (A2780) (mg/mL): 4.8 1.4 1 NA
Cis
HPLC

Compound 5.4

Scheme 5.Bioassayguidedseparation of wood extract aeptaulus citroides
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5.2.2 Stucture elucidation of compourdl

Ethyl leptauloside AJ.1) was obtained as an amorphous white po®teHRESIMS
revealeda sodiated quasnolecular ion peak an/z1223.5806 [M+Na)], corresponding to the
molecular formula €Hgo2025. Compound5.1 was assigned as an oledRene triterpene
derivative based on its 1D and 2D NMR spectra. FHh&IMR spectrum of the aglycone pait
compounds.1di spl ayed characteristic «i0.8n@&B,sL.0HTF si X
1.05, 1.16 and 1.50, (each 3H, all s, 29, 26, 25, 30, 24z@7an ol ef HB35¢,d=03bp ( U
Hz, H-12) and an aldehyde groujin(9.44, s).The position of the lefin group was confirmed by
HMBC correlations of B2 7 1 1.5D, s) to €1 3 ¢ 144.1), and H12 toC-1 1 ¢ 246)! The
aglycone moiety was oxygenated aB(Cl6, 22, and 28, based on the HMBC correlations between
Hs-2 4 1 {.1B, s) and @ ¢(86.3); H22/Hs-29/Hs-3 O ¢ 5044, ddJ=12.1, 5.6 Hz/ 0.91 s/ 1.05
s)and G2 1 c421); between H6/H2 2 4 U1 1,4 584, ddf=12.1, 5.6 Hz) and Q7
( ¢145.3); and betweenx2 8 H 3.0b, d,J=10.9 Hz/ 3.25mand G2 2 ¢ T3i8). The aldehyde
gr ou p/ d: 9.44,8/210.6] was located atdbased on the HMBC correlation between the
aldehyde proton and-€ 4 ¢ (L008), in addition to comparison of 1D NMR data%ol with
previously reported data of similaompound€. The 1D NMR and HSQC spectra of compound
5.1showed the characteristic chemical shifts and coupling patterns of an angeloyl group, with one
ol efini @60 ((ldgps7.3 L45Hz, B """ " )], t wb98iBeltdyJy | gro
=7.3,1.5Hz, B4") and 1.90 (3H, m,#6"")],a@r b o x y | c 16&8, ®1E" hand twio s
car bani38.1 and 130.0, 8" and G2""), in agreement with the NMR data of related
compounds:® The angeloyl group was assigned t@Zbased on the HMBGorrelation between
H-22 and the angeloyl carbonyl carbon. The spectroscopic data of the aglycadesiodwed

good agreement with the data of similar compounds reported previdudlje relative

69



configurationsof the aglycone and tetrasaccharide moiety were determined from coupling
constants and ROESY correlations. The aldehyde groupdat Gva s a s s-equatogatl t h e
orientation on the basis of ROESY correlations ¢2M ( #i1.16, s)o theb-axially orierted Hs-

25( wi1.03, s)and of H23 ( Wi9.44, s)to H-3 ( W13.87, m)and H5 ( #i1.35, m) both of which
wereb-axial (Figure 1). H16 ( Wi4.11, brswas assigned Bequatorial orientation based on its
appearance as a broad singlet, indicating snoaipling constants, while 432 ( Wi5.44, dd,J =

12.3, 5.6 Hzhad theb-axial orientation based on its coupling constants; these assignments were
confirmed by comparison with the chemical shifts and coupling constants of related protons of
apodytine AC.* The relative configurations of the aglycone were supported by comparison of its

'H and*3C NMR data with those of assamsaponin A and camelliasaporfin B1.

The structure of the sugar moiety ®fl was elucidated on the bases'st'H COSY,
TOCSY, ROESY, HSQC, and HMBC g49% @H,dJx=7.2Hzhur anc
4.92 (1H, dJ=7.1 Hz), 4.51 (1Hd,J = 7.6 Hz) and 4.45 (1H, d,= 7.5 Hz)] correlated with
car b oglB2.75102.0{107.5and 104.8 were observed in the HSQC spectulyimdicating
the presence of four sugar units. The four sugar units were identifiegllasuronopyranosyl
(GlcA-1 -BjNpygalactopyranosyl (Gel i WpNxylopyranosyl (Xyt1l NpNNNNjNprxylopwramabyl
(Xyl-1 NBNNNSNGN)) ., by RCHNMR data with those alpbdyting BSisotheasaponin 8
and assasaponin A HMBC correlations of HLNjNj 407 d)to C-2Nj ¢ {7i8) H-1NjNjN$.92, U
d) to C-3Nj ¢ 8316) and HINjNjNjNp1,(d)io C-2NjN@NB5.1) indicated the connectivity of ¢h
four sugar units (Figure-8). The HMBC correlation of H' ( W14.45, d,J= 7.5 Hz)to C-3 ( di
86.3) indicated that the tetrasaccharide moiety was connected to the aglycoi3e Ah @thyl
ester group was present ablj ¢ f65)based on the COScorrelations of H7Nj 1 6.2, q,J =

7.1 Hz)to Hs-8Nj 1 (1.#8, t,J = 7.1 Hz) and HMBC correlations of H7Nj Wi4.22, qJ= 7.1 Hz)
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and H5N{ Wi 3.84, d,J = 9.2 Hz)to a carbonyl carbon-6Nj ¢ (110.3). These facts led to the
assignment of &l leptauloside A §.1) as 30-{ethyl[b-D-galactopyranosy{ 1 Y P |
xylopyranosyl( 1 Y-B-)-xylopyranosyl( 1 Y &D-plucopyranosiduronatef3b, 40U 16

220)-16,28dihydroxy-22-{[(2 Z)-2-methy}1-oxo-2-buten1-ylJoxy} -23-oxoolean12-en3-yl.

HMBC /\' ROESY ¥ \

Fig. 5-3. Key HMBC (left) and ROESY (right) correlations @impounds.1

The structures and absolute configurations of the sugar moiebekwére confirmed by
the method described by Tanaka and Koti@ompound.1was subjected to acid hydrolysis and
the resulting mixture was derivatized by treatment witltykteine methy ester ando-

tolylisothiocyanate (Fig. 8). Comparison of the HPLC retention times of the resulbng

tolythiocarbamoytthiazolidine derivatives of the sugar units with those of standards prepared from

L-cysteine methyl ester amdandL-glucosep andL-galactosep andL-xylose,D andL-arabinose
and D-glucuronic acid, and from fysteine methyl ester amadglucuronic acid, confirmed the

structures of the carbohydrate unitDagalactose, two-xyloses, ana-glucuronic acid.

Ethyl esters of glucurongpanosyl derivatives are unliketp be natural products, so the

ethyl ester was probably formed as the plant material was extracted with EtOH and the solvent

71



was evaporated. It was regrettably not feasible to collect fresh plant material and extithca it wi

different solvent to confirm this hypothesis.

HO HO
HO o} HS
N ox s
or“OH | H
HN"Z COOCH, OH N—=COOCH,
5.5 in pyridine, 60°C, 1 h S:/\N|'44

Me Me
HO OH 2 . HQ 5.7
OH T

HQ,
How oH S

HO in pyridine, 60°C, 1 h HO OH NQ—COOCHg,

5.6 F

H

s:l\NH

Me

5.8

Fig. 5-4. Reactios of D- andL-glucose $.5and5.6) with L-cysteine methyl ester

ando-tolylisothiocyanate

5.2.3 Structure elucidation of compoun@

Ethyl leptauloside BH.2) was obtained as an amorphous white powder. The -quasi
molecular ion peak &n/z1223.5781 [M+Na] corresponding to a molecular formula agb8y202s.
Further comparison of 1D NMR data & suggested it is an isomer BfL with the same sugar
moiety and a similar aglycone to that®flL. The only difference betweénl and5.2 was the
position of the angeloyl and hydroxyl groups. The angeloyl group was assignelbtmE.2, as
indicated by the deshielded signal oftlH6 H .68, brs), and the hydroxyl group was assigned to
C-22 due to the more shielded signal o2 n 4.06, ddJ = 12.3, 5.6 Hz) compared to that of
compounds.1* " The aglycone 06.2was therefore elucidated a®idical to that of theasaponin
G2.° Compoundb.2 contained same the sugaoieties as.1as shown by the essentially identical
1D NMR data of the two compoundBghe structure 05.2was further confirmed by comparison

of HSQC, HMBC and ROESY data with thosesol. Thus, the structure of ethyl leptauloside B
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(5.2) was determing as 30-{ethyl[b-D-galactopyranosy{ 1 Y Zp-kyJopyranosy( 1 Y-B)
D-xylopyranosyd( 1 Y @p-plucopyranosiduronate(d3b,4U,160,220)-22,28dihydroxy-16-

{[(2 2)-2-methy}1-ox0-2-buterr1-yl]oxy} -23-oxooleanl2-en3-yl (Figure. 52).

5.2.4 Stucture elucidtion of compound.3

Ethyl leptauloside CH.3) was OBTAINED as an amorphous white powder. The quasi
molecular ion peak ah/z1301.5982 [M+Na] corresponded to a molecular formula @fits4Ozs.
Comparison ofH and**C NMR data with those d5.2 indicatel that they were closely related
except that signals of the angeloyl group were replaced by thoggmkthoxycinnamoyl group
in the spectra 06.3. The'H NMR spectrum o3 showed signals of para-substituted benzene
ri ngn7.84(2H0dJ = 8.8 Hz) and 6.98 (2H, d,= 8.8 Hz), two olefinic protons witk-
configur@(lHad= G16. 0 {bBY (1H dJd 1610 Hz) and a methoxy group
U4 3.84 (3H, s). These signals suggestedtwirrence of a-nethoxycinnamoyl group, and this
was confiimed by HMBC or r el ati ons bet we 8.84, st ewitm@7tdnd xy gr
H-acyrs ( WI7.75, d,J = 16.0 Hz) with Gayra ( ¢1128.2). Comparisons of chemical shifts and
coupling contants of H16 and H22 in5.2and5.3 suggested the-shethoxycinnamate group was
attached to €6%*". Thus, the structure 6f3was determined as@-{ethyl[ b-D-galactopyranosyl
( 1Y Dp-kylopyranosy( 1 Y-B-D-xylopyranosy( 1 Y @p-plucopyranosiduronate}(3b,
40160 220 -22,28dihydroxy-16-[((E)-4-methoxycinnamoyl)oxyR3-oxooleanl2-en-3-yl

(Figure. 52).

5.2.5 Stucture elucidation of compourid4

Compoundb.4was isolated as a white solid. Its strueturas assigned as shown based on
comparison of its spectroscopic data with those reported in the litefa@irmamosmolidg5.4)
has al so been r epor tgldcosidasénkibitarymttivities’*®nt i f ungal
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Table 51. 'H NMR (500 MHz, CROD) and®*C NMR (125 MHz, CROD) Chemical Shift Dat# ,(ppm)for Compounds 05.1-5.3

1 2 3 1 2 3
Position Position
1H a 13cb 1H a 13cb 1H a 13cb 1H a 13cb 1H a 13cb 1H a 13cb
1 1.12 m, 39.3CH 1.12m, 39.3CH; 1.12m, 39.3CH; 2-b-Gal
1.73m 1.71m 1.71m
2 1.92m 25.7CH; 1.95m, 25.7CH; 1.95m, 25.7CH, 1" 497d{.2 1027CH 497d{.2 102.8CH4.97d{.2 102.8CH
1.77m 1.77m 1.77m
3 3.87m 86.3CH 3.86m 86.2CH 3,86m 86.2CH
2" 3.47m 73.4 CH 3.46m 73.4CH 3.46m 73.4 CH
4 / 56.2C |/ 56.2C / 56.2C 3 3.49m 75.1 CH 3.49m 75.1CH 3.49m 75.1CH
5 1.35m 48.8CH 1.33m 49.0CH 1.33m 489 CH 4" 3.80m 71.0 CH 3.80m 7L0CH 3.80m 71.0CH
6 0.95m, 21.2CH, 0.95m, 21.1CH; 0.95m, 21.1CH, 5" 3.62m 76.6 CH 3.62m 76.6 CH 3.62m 76.6 CH
1.54m 154 m 154 m
7 1.26 m, 32.5CH; 1.25m, 33.1CH; 1.28m, 33.1CH; 6" 3.71m 62.5CH 3.71m 625CH 3.71m 62.5 CH,
1.63m 1.54m 1.56 m 3.78 m 378 m 3.78 m
8 / 426C |/ 41.4C / 414C g p. Xyl
9 1.79 m 48.0CH 1.76 m 480CH 1.79m 479CH 1" 492d{.) 1020CH 492d{.)) 102.0CH4.92d{.) 102.0 CH
10 / 37o0Cc |/ 37.0C / 3rzocCc 2¢ 3.39m 85.1 CH 339m 85.1CH 3.39m 85.1 CH
11 1.96 m, 24.6CH, 1.95m, 245CH 1.93m, 254CH 3" 3.58m 77.5 CH 3.58m 775CH 3.58m 77.5CH
1.80m 1.76 m 1.78 m
12 5.35t(3.5) 1242CH5.37t(3.7) 1249CH 5.39t(3.6) 125.0 CH 4" 3.56m 71.0 CH 3.57m 71.0CH 3.57m 70.9 CH
13 / 1441 C / 1427C |/ 142.8C gm 3.23m(ax) 6.7 CH 3.23m (ax) g6.7 CH 3.23m(ax) 6.7 CH
3.90 dd (14 3.90 dd (1.4 390 dd (1.4
5.4) (eq) 5.4) (eq) 5.9) (eq)
14 / 418C |/ 425C / 426 C 2" b- Xyl
15 1.31m, 352CH 1.42m, 32.3CH 1.50m, 32.3CH; 1™ 451d{¢.6 1075CH 451d{.6 107.5CH4.50d{.6) 107.5CH
1.73m 1.99m 1.99m
16 4.11 brs 70.9 CH 5.63 brs 71.7CH 5.64 brs 724CH 2™ 3.27m 76.2 CH 3.27m 76.2CH 327m 76.2 CH
17 / 453C |/ 44.7C / 449C 3™ 3.31m 77.8 CH 3.32m 77.8CH 3.32m 77.9 CH
18 2.52 brd 41.3CH 2.22 brd 426 CH 2.26 brd 426 CH 4™ 3.51m 71.0CH 3.51m 71.0CH 3.51m 71.0CH
(12.0) (12.0) (12.0)
19 1.06 m, 47.9CH 1.12m, 48.0CH 1.21m 48.1CH, 5™ 3.20m (ax) 67.3CH 3.20m 67.3CH 3.20m 67.3CH
249m 2.24dd 2.40t(13.5) 3.96 dd 3.96 dd 3.96 dd
(11.4,5.4 (eq) (114,53 (114,54
(eq) (eq)
20 / 332C |/ 321C / 31.8C Acyl
21 1.56 m, 42.1CH; 1.39m, 447CH 146m 44.6CH, 1™ / 168.8C / 168.8C / 1679C
2.27m 1.67m 1.76 m
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22 5.44 dd 73.8CH 4.06 dd 73.8CH 4.08dd 73.8CH 2™ / 130.0C / 129.3C 6.35d(16.0) 117.2CH
(12.1, 5.6) (12.1,5.6) (12.1,5.6)

23 9.44s 2106 CH9.43s 2105CH 941s 210.4 CH 3™ 6.07 qq 138.1CH 6.08qq 139.0CH 7.75d (16.0) 145.8 CH

(7.3, 1.5) (7.3,1.5)
24 1.16s 10.8CH 1.16s 108 CH 1.15s 10.8 CH 4™ 1.98dq 15.9CH 1.96 dq 159CH / 128.2C
(7.3, 1.5) (7.3,1.5)

25 1.03s 16.4CH 1.03s 164 (H; 1.03s 16.4CH 5™ 1.90 m 20.9 CH 1.99m 21.3CH 7.54d (8.8) 130.8 CH

26 0.95s 17.3CH 0.98s 17.2CH 0.99s 17.2CH 6™ 6.98d(8.8) 115.6 CH

27 1.50s 27.7CH 1.36s 275CH 1.38s 27.7CH 7™ / 163.3C

28 3.05d (10.9)64.8CH 3.30 m, 70.1CH 3.23m, 69.9CH 8™ 6.98 d (8.8) 115.6 CH
3.25m 3.62m 3.64m

29 091s 33.6CH 094s 334CH 1.02s 340CH 9™ 7.54d(8.8) 130.8CH

30 1.05s 252CH 0.99s 25.3CH 1.04s 25.5CH -OMe 3.84s 55.9 (H;

3-b-GIcA

1 4.45d (7.5) 104.8 CH 4.45d (7.5) 104.8CH 4.45d(7.5) 104.8 CH

2' 3.76 m 77.8CH 3.76 m 779CH 3.76 m 77.8 CH

3 3.74m 83.6CH 3.74m 836CH 3.74m 83.6 CH

4 358m  709CH 358m  70.9CH 3.58m 70.9 CH

5' 3.84d(8.2) 76.5CH 3.84d(8.2) 76.5CH 3.84d(8.2) 76.5CH

6' / 170.3C / 170.3C |/ 170.3C

7 422q(7.1) 625CH 4.22q(7.1) 625CH 4.22q(7.1) 625CH

8’ 1.28t(7.1) 14.4CH 1.28t(7.1) 144CH 128t(7.1) 14.4CH

a Assignments basezh analysis of 2D NMR spectrBata (i) measured at 500 MHz; s = singlet, br s = broad singlet, d = doublet, dd = doublet of doublets, ddd =
doublet of doublets of doublets, dt = doublet of triplets, m = multiplealues are in Hz and are omitted if the signals overlapped as multipletevéHapped
signals were assigned from HSQC and HMBC spectra without designating multiplicity.

b Data (i) measured at 125 MHz; GHCH,, CH, and C multiplicities were determined by HSQC experiments.
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5.2.6 Bioactivities

Compounds.1-5.4 were evaluate for antiproliferative activity against the A2780 human
ovarian cancer cell lin€lrable 52). Compound$.1, 5.2and5.4 showed IGo values 0f3.0, 1Q and
2.0 UM respectively, while compourlwas inactive (1G> 20 pug/mL, inhibiting 14% of cells
growthat a concentration of 20 pg/mL) in this assay. Previous studies suggested that acylation with
angeloyl groups at 21 and G22 can affect the biological activities of oleanane triterpenoid
saponing: 3 1314 These results support the importance of an angeloylateay@®xyl group for
antiproliferative activity. The reduced activity of compotm8comparing tdb.2is possibly due to

the bulkiness of the-thethoxyinnamate group that acylates thd €hydroxyl goup.

Table 5-2. Antiproliferative activity data of compoundsli 5.4.

Compound A2780 ovarian cancer cel
ICs0 (UM)

Ethyl Leptauloside AR.1) 3.0+£0.3

Ethyl Leptauloside BY.2) 10+1

Ethyl Leptauloside CH.3) NA”

Cinnamosmolid€5.4) 20+0.2

" 1Cs0> 20 pg/mL, the exact I&gvalue was not determined.

5.3 Experimental Section
5.3.1 General experimental procedures

IR and UV spectra were measured on MIDAGskties FTIR and Shimadzu U201
spectrophotometers, respectively. 1D and 2D NMR speatra recorded on a Bruker Avance
500 spectrometer in GDD; chemical shifts are given im(ppm), and coupling constants are

reported in Hz. Mass spectra were obtained on an Agilent 622ZDQAKEMS in the positive ion
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mode. Optical rotations were recorded on a JASCQO®D polarimeter. Open column
chromatography was performed using SephadexQHnd silica gel (4063 um, Silicycle Co.
USA). HPLC was performed on a Shimadzu-LQAT instrument with a semipreparative C18
(Phenomenex Luna column, 5 um, 28@xmm), a Shimadzu SPD M10A diode array detector,
and a SCL10A system controller. All isotad compounds were purified to 95% purity or better,

as judged by HPLC (both UV and ELSD detection) before determining bioactivity.

5.3.2 Plant material

Leptaulus citroideBaill. (Cardiopteridacegdvernacular name Tabonaka) were collected
by N. M. Andrianjafy and coworkers at an elevation of about 600 m from a 10 m tall tree.
Collection was made on a slope near the towAmbodimangavalan the district ofVavatenina
on thed'lhofika river near the Andranofantsona camp¢oordinated7°39'07"S 048°584"E (-
17.6519400, 48.970550@uplicate voucher specimens (Andrianjafy 323) were deposited at the
Centre National d'Application des Recherches Pharmaceutiques (CNARP), the Herbarium of the
Department of Forestry and Fishery Research (TEF), and theuliBatanical Garden, St. Louis,

Missouri (MO).

5.3.3 Extraction and isolation

The EtOH extract of the root &f citroides(MG 1619, 3 g, 16 = 20 pug/mL) was suspended in
aqueous MeOH (MeOHA® 9:1, 100 mL) and extracted with hexane (5 x 100 mL portidrs)
aqueous fraction was then diluted to 60% MeOH and further extracted wiBI{H x 100 mL
portions) to give a CpCl» fraction (477 mg) with an 1§5 value of 11 pg/mL. This fraction was
further subjected to size exclusion open column chromatog@pl®ephadex LF20 (I.D. x L 3

x 50 cm) eluted with CKCl2/MeOH 1:1 to yield four fractions, of which the most active fraction

F3 (168 mg) exhibited an kgof 7.9 pg/mL. Fraction F3 was applied to a silica gel column (I.D.
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I L 3 I 50 cm, 4071 6 3:3MeOHCalh:6t1 tedive fiveefichictions iaded CHC |
on TLC profile. Fractions F3 (22.4 mg, 1G= 2.5 pg/mL) and 3 (32.0 mg, 16 = 9.9 pg/mL)

were combined and further separated by HPLC on a semipreparagieel@nn (Phenomenex

Luna column, 5 pm, 25 x 1 cm) with elution by a solvent gradient frorsOE#H>O 50:50 to

60:40 from 0 to 10 min, to 70:30 from 20 to 30 min, to 100:0 from 30 to 35emdmng with 100%

CH3OH from 35 to 45 min. This process gave crude compo&rid&.4 mg, & 22 min) ands.2

(3.0 mg, & 23 min), and compoun8d.3 (3.0 mg, & 26 min). CompoundS.1 and5.2 were each

purified by HPLC on a semipreparatives€olumn (Pheno®nex Luna column, 5 pm, 250 x 10

mm) eluted with a same solvent gradient fromzCN/H2O 30:70 to 40:60 from O to 10 min, to

50:50 from 10 to 40 min, ending with 100% &N from 40 to 45 min to give purified compounds

5.1(3.0 mg, & 27 min) andb.2 (2.8 mg tr 40 min).

The EtOH extract of the wood bf citroides(MG 1620, 1.5 g, 16s= 20 pg/mL) was subjected
to liquid-liquid partition using same procedures described above. The active dichloromethane
fraction (97 mg, 16 = 3.5 pg/mL) was subjected to Seplex LH20 (1.D. x L 3 x 50 cm)
chromatography to give four fractions. The active fractiefbK57.5 mg, 16 = 2.1 pg/mL) was
then subjected to open silica gel col umn (1.
MeOH, 20:1 to give four fractions. &etion F4b-2 (29.2 mg, 16 = 1.4 pg/mL) was further
separated by HPLC on a semipreparatived@lumn (Phenomenex Luna column, 5 um, 250 x10
mm) eluted by a solvent gradient from §HN/H.O, 70:30 to 90:10 from O to 30 min, to 100:0
from 30 to 40 min, eting with 100% CHCN from 40 to 45 min. This process gave compound

5.4(7.6 mg, & 32 min).
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5.3.4 Antiproliferative bioassays
Antiproliferative activities were determined at Virginia Tech against the-skeagitive

A2780 human ovarian cancer cell linepaisviously describetf

5.3.5 Spectroscopic properties
Ethyl leptauluside A1) : Whi t e pP e30dce=10.19, MleQH); UV (MeOH);
amax( | 0g U) 207 ( 6mx3380) 1778613, 11521, 1168, 1078JcrHs and3C-

NMR: see Table 8. HRESIMSmM/z1223.5806 [M+Na]; CsgHo2025Na", (calc. 1223.5820).

Ethyl leptaulusie B 6.2): White powder; {01 7.7 €= 0.18, MeOH); UV (MeOH}pmax
(log J 209 (6.11) nm; IR (filmBmax 3378, 1773, 1613, 1521, 1078 ¢mH- and**C-NMR: see

Table 51. HRESIMSM/z1223.5781 [M+Nal, CsaHo2025Na"; (calc. 1223.5820).

Ethyl leptaulusie C6.3) : Whi t e pP®&%d=r0. 12)] Me OH)mx UV
(log U) 330 (3.79), 282 (3. 9.23B386, 2/2351609,41518,5) ,
1175, 1078, 706 crh H- and 1*C-NMR: see Table . HRESIMSm/z 1301.5982 [M+Na],

CeaHa4026Na"; (calc. 1301.5926).

5.3.6 Hydrolysis of ethyl leptauloside A.{) and absolute configuration of its carbohydrate
moieties.

Authentic  methyl  2(polyhydroxyalkyl)3-(o-tolylthiocarbamoyhthiazolidine4(R)-
carboxylates were prepared framandL-galactosed- andL-glucosep- andL-xylose,D- andL-
arabinose, andb-glucuronic acid by reaction withL-cysteine methyl ester and-
tolylisothiocyanate as describ&&inceL-glucuronic acid was not available, the enantiomeric (0
tolylthiocarbamoyhthiazolidine4(S)-carboxylate ob-glucuronic acid was prepared by reaction

with D-cysteine methyester and-tolylisothiocyanateCompoundb.1 (2.0 mg) was treated with
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3 M HCI for 4 hat 100 °C, and the solution was then neutralized with sodium bicarbonate and
extracted thrice with EtOAc. The aqueous fraction was evaporated to dryness under reduced
pressure. The resulting mixture of carbohydrates (0.7 mg) was then dissolved in 0.5 mL pyridine,
0.9 mg of L-cysteine methyl ester was added, and the mixture was heated at 60 °C for 1 h.
tolylisothiocyanate (0.9 mg) was then added to the mixture, whdshagain heated at 60 °C for

1 h. The reaction mixture was directly analyzed by revphsse HPLC on a Phenomenex Luna
column (5 pm, 250x10 mm), eluted with isocratic 0.1 % formic acid iRGNAH2O 15:85 at a

flow rate of 2.5 mL/min for 5 min, followedyb0.1 % formic acid in CECN/H>O 25:75 for 30

min, and a wash with 100 % GEN for 10 min. The resulting chromatogram contained three
major peaks with retention times of 25.29, 29.12, and 31.25 min, identical to those of the
derivatives ob-xylose,D-galactose ana-glucuronic acid (Table-8). Cainjection of each of the
derivatives obtained by hydrolysis of compound with its corresponding synthetic counterpart
confirmed the identity of the compounds. The peak corresponding textylese derivativevas
approximately twice as large as that for thgalactose derivative, consistent with the presence of

two D-xylose units in compoungl. 1

Table 5-3. Retention times of the thiocarbamdgiiazolidine

Aldose Absolute configuration tr (min)
Galactose D 25.35
L 26.08
Glucose D 28.04
L 26.76
Glucuronic acid D 29.03
L2 28.26
Xylose D 31.32
L 30.02
Arabinose D 31.71
L 30.28

2The & was obtained by reactimgglucuronic acid with Bcysteine methyl ester
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Chapter 6: Antiproliferative and Antiplasmodial Chromene Derivative and a

Plastoquinone fromHuberantha perrieri.

6.1 Introduction

As part of the ICBG Madagascar project, the EtOH extracts fremeaf of the plant
Huberantha perrier{Annonaceae) was selected for investigation due to its activity against A2780
human ovarian cancer cell lines withdev al ue o f THe &nnengckam tamily contains
about 135 genera and 2500 species, and most of them are distributed in the tropicalkenes.
Annonaceae family represent an important source for drug discovery. Different categories of
bioactive compounds such as alkaléitisflavonoid$™ and acetogenifi$ with diverse
bioactivities have been identified from plants of the Annonaceae family. The igabasantha
comprises 27 specié€sand none of them have been investigated for potential antiproliferative or

antiplasmodial activities.

Figure 6-1.Leaf ofHuberantha perrieri Used under Creative Commons (CC-BI-
ND 3.0) from <http://tropicos.org/Image/100127805>
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Bioassayguided fractionation of the extract led to the isolation of two known compounds,
6.1and6.2 The structures @.1and6.2were confirmed by NMR experimentmass spectrometry
and Mosher 06s an@llapdoi2 were eGatuagul dou thair @ntiproliferative and
antiplasmodial activities, andhowed moderate cytotoxic activity against the A2780 human
ovarian cancer cell line assay withs¢values of 9 1 uM and 17+ 2 pM respectively. Their
antiplasmodial activities were also evaluated, both compounds exhibited moderate antimalarial

activity with ICsovaluesob+1e M &@20O8 0. 4 &M respectively.

Figure 6-2. Structures of compoundsl1and6.2

6.2 Results and Discussion
6.2.1 Isolation of active compounds
The crude EtOH extract of the leaf diberantha perrieriMG 3588, 2.0 gexhibited
weak antiproliferative activity (165= 18 pg/mL) against the A2780 cell line assay. Since the plant
was never investigated before, the crude extract was fractionated in order to identify its bioactive

compounds. The crude extract was subjeadidjtiid-liquid partition, column chromatography on
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Sephadex LKRO, Sigel column chromatography and C18 HPLC. These process led to the

isolation of two known compound6.l and6.2) (Scheme 4L).

Huberantha perrieri. leaf,
24q,
ICsp = 18 ug/mL (A2780)

DCM 60:40 MeOH:H,0O
Weight (mg): 698 1292
IC5q (A2780) (ng/mL): 2.7 > 20
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 51 223 401 11
IC50 (A2780) (ug/mL): 13 2.3 2.1 > 20
Silica gel open column chromatography
5:2 Hexane: EtOAc
F-2-1 F-2-2 F-2-3 F-2-4 F-2-5 F-2-6 F-2-7
Weight (mg): 25 38 8 17 121 56 11
ICsq (A2780) (ng/mL): > 20 > 20 > 20 > 20 2.0 18 > 20
Cqg
HPLC

Compounds 6.1 and 6.2

Scheme €1 Bioassayguidel separation of leaf extract Buberantha perrieri

6.2.2 ldentification of compoungl1

Compounds.1was isolated as a pale yellowish dtié molecular formula was determined
to be G7H004 from its HRESIMS ([M+HT ion peak atm/z =429.3026,calcd for G7H4104"
429.2999). Six singlet methyl groups were observed intthBMR ( &i1.15, 1.19, 1.36, 1.57,
1.59 and 2.14, each 3H, allls2Me , “Me2-M&,-Md ,"M& aMe). It&lso had signals

atyb505H3, t,J= 7. 4xySH@HT7, L, U=74Hz )u5.560(H4,d,J= 9. 94623 ) ,
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(H3,d,J= 9. 9n682(H5 did= 2. 9u6HZ(H7, did= 2.9 Hz33hp(MH and

11', dd,J = 10.3, 1.5 Hz )The'H NMR data of compoun@.1 were consistent with the known
compound reported by M. Iwashima aetchl.® However, although th&C NMR spectrum of the
currently isolated compoungl1 showed almost identical signals to the literafutejn signals
(1:1) were observed that corresponded t8'.CC4', G8', 4-Me and 8Me (Table 61). The
twinned signals could be due to the presence of sterecisomei® at G11', or to the presence

of bothE andZ isomers at C3', G".

To confirm the stereochemistry at the double bond® hfits NOESY correlations were
analyzed. Ky NOE correlations (Figure-8) between 2H to 4-Me, 6-H to 8-Me, 3-H to 5'H,
and 7*H to 9-H were observed, and no correlations betwed t8 4-Me, or 7°H to 8-Me were
observed, which confirmed theconfiguration of both double bondBurthemore, the €' and
C-6' allylic carbons would each be expected to have two very diff&i@MiMR chemical shifts,

if both E and Z isomers of the double bonds were preséhtbut only one signal was in fact

observed for these carbons. This observation indicated the isomers must differ in configuration at

C-2 or G11'. Unfortunately, they could not be separated by various column chromatographic

methods, so an indirect method was used to establish the poirfectmide.

Figure 6-3. Key NOE correlations of compounésl
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Table61. '*H a'ftd NMR (Dpp @) for 6cdnp®uandd 125 MHz)

Position H (Jin Hz)? 13C, type
2 77.8,C
3 6.23d (9.9) 130.7, CH
4 5.56 d (9.9) 122.9, CH
4a 121.4,C
5 6.32d (2.9) 110.3, CH
6 148.8,C
7 6.47 d (2.9) 117.1, CH
8 126.3,C
8a 1448, C
1 1.66 m 40.7,CHz
2 2.06m 22.6,CH:
3 5.15brt (7.4) 124.32/ 124.34, CH
4 134.97/ 135.00, C
5 1.96 m 39.5,CH2
6' 211m 26.5,CH2
7 5.10 br t 7.4) 125.0, CH
8 134.86/ 134.89, C
9 1.97m 36.8,CH2
10 141 m,1.57m 29.6,CH:
1ir 3.35dd (10.4, 1.5) 78.3,C
12 73.1,C
2-Me 1.36s 25.9,CHs
8-Me 214 s 15.4,CHs
4'-Me 1.57s 15.86/ 15.87CHs
8-Me 1.59s 15.87/ 15.89CHs
12-Me 1.15s 23.3,CHs
1.19s 26.4,CHs

a Assignments based on analysis of 2D NMR spectr

b Data (i) measured at 500 MHz and 125 MHz; s = singlet, br s = broad singlet, d = doublet, dd = doublet of doublets,
t = triplet, br t = broad triplet, m = multiplet.values are in Hz and are omitted if the signals overlapped as multiplets.
The overapped signals were assigned from HSQC and HMBC spectra without designating multiplicity.

¢ Data (i) measured at 125 MHz; GHCH,, CH, and C multiplicities were determined by HSQC experiments.

88



To confirm the absolute configuration atl1@' of 6.1, Mo s analysi@8 was performed.
Compounds.1was reacted withg)-MPA-Cl and R)-MPA-CI respectively in NMR tubes to form

the enantiomeric pair of MPA diestéfd?® The reaction mixtures wewirectly analyzed byH

NMR, and the absolute configuration ofl2 was determined & based on thepu (Us T URr)

values shown in Figureé.Mos her 6 s anal ysi s aRisomerat@ld'gquasst ed
present, since only one set of shifts wasesbed. These findings indicate that the presence of two
isomers, as evidenced by the twinrtéd NMR signals, can only be due to the presence of two

epimers at the @ position.

Figure 6-4. Absolute configuration of theecondary hydroxyl group éf1

The previous observation of slight differences in*fl@NMR shifts of 2',3',5',7',8C and
4' 8-:Me of 2R,4'R,8'RJtocopherol as compared with the same carbons i23tdR,8R-U-
tocopherol disasteromer support the contention that the presence of both epime2sirat C

compounds.1can account for the observed twinning of selecti&INMR signals**

Figure 6-5. Structure oftocopherol
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Compound6.1 was thus dereplicated as the knowrR GE,10E)-13-(2,8-dimethyl6-
hydroxy-2H-chromen2-yl)-2,6,106trimethyltrideca6,10-diene2,3-diol isolated from brown alga
Sargassum micracanthuthe NMR data reported in this reference did not mention the presence

of twinned resonances, however.

6.2.3 ldentification of compoungl2
Compoundb.2 was obtained as yellowish oil. Its structure was dereplicated as the known
plastoquinone (Figure-B) by comparison of its mass spectrometry and NMR data with the

literature datd.

6.2.4 Bioactivities

Compounds.1 and 6.2 were evaluated for antiproliferative and antiplasmodial activities
(Table 62). Compounds6.1 and 6.2 have been reported to exhibit antioxidant and antiviral
activities? but their antiproliferative and antiplasmodial activities are being reported for the first
time. Interestingly, compoun@.2 had betteantiplasmodial activity thaé.1, probably due to its

guinone moiety.

Table 6-2. Antiproliferative activity data of compoun@sl and6.2

Compound A2780 ovarian cancer cel P. falciparumDd2 strain
1Cs0 (UM) 1Cs0 (LM)
6.1 9+1 51
6.2 17+2 20+0.4

6.3 Experimental Section

6.3.1 General experimental procedures
UV spectra were measured on a Shimadzul201 spectrophotometer. IR spectra were

measured on a MIDAC Meries FTIR spectrometer. NMR spectra were recorded in 2i0Gi
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Bruker Avane 500 spectrometer in CD{lchemical shifts are given i (ppm), and coupling
constants are reported in Hz. Mass spectra were obtained on an Agilent 6Z2ZIRIS in the
positive ion mode. Optical rotations were recorded on a JASCQDP polarimeter. @en column
chromatography was performed using Sephadex2QHI.D.xL 3x50 cm). Sempreparative
HPLC was performed on a Shimadzu -LGAT instrument with a semipreparativeisC
Phenomenex Luna colum& |gim, 25010 mm). All isolated compounds were evaluated furity

by HPLC (both UV and ELSD detection) and by NMR before bioactivity assay.

6.3.2 Plant material

The extracts ofHuberantha perrieri (Cardiopteridacegewas collected byRichard
Randrianaivoand coworkers at an elevation of about 200 m from a @lhirée with a DBH
(diameter at breast height) of 15 cm. Collection was made from the rainforest 2 km to the west of
Ankijabe at coordinate43°14'17"S 049°37'50"E13.2380555, 49.630555@)uplicate voucher
specimens (Randrianaivo 1279) were deposigdthe Centre National d'Application des
Recherches Pharmaceutiques (CNARP), the Herbarium of the Department of Forestry and Fishery

Research (TEF), and the Missouri Botanical Garden, St. Louis, Missouri (MO).

6.3.3 Extraction and isolation

The EtOH extraiof the leaf oH. perrieri (MG 3588, 2 g, 16Go= 12 pg/mL) was suspended
in aqueous MeOH (MeOHA®D 9:1, 100 mL) and extracted with @E> (5 x 100 mL portions).
The aqueous fraction was then diluted to 60% MeOH and further extracted withCHx 100
mL portions) to give 698 mg of Gl>-soluble materials with an Kgvalue of 2.7 pg/mL. This
fraction was further subjected to size exclusion open column chromatography on Sephadex LH
20 (I.D. x L 3 x 50 cm) eluted with G&l./MeOH 1:1 to yield four fraabns, of which the most

active fractions F2 (223 mg, 4= 2.3 pg/mL) and F3 (168 mg, $&= 2.1 ug/mL) were combined
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and applied to a silica gel column (1 .D. I L
to give seven fractions based on TLC pmofiraction F2-5 (121 mg, 1Go = 2.0 pg/mL) was

further separated by HPLC on a semipreparativec@umn (Phenomenex Luna column, 5 pym,

250 x 10 mm) with elution by a solvent gradient fromsOH/H20, 60:40 to 70:40 from O to 10

min, to 100:0 from 10 td0 min, ending with 100% G®H from 40 to 55 min. This process gave

compounds$.1(12 mg, & 22 min) and5.2 (3.0 mg, & 31 min).

6.3.4 Antiproliferative bioassays
Antiproliferative activities were determined at Virginia Tech against the-skengitive

A2780 human ovarian cancer cell line as previously desctbed.

6.3.5 Antimalarial bioassays

The effect of each fraction and pure compounds on in vitro parasite growth of Dd2 strain
was measured in a 72 h growth assay in the presence of inhibitor as described previbusly wi
minor modifications®’Ri ng st age parasite cultures (100
parasitaemia) were grown for 72 h in the presence of increasing concentrations of the inhibitor in
a humidified chamber at 37 °C and low oxygen conditions (5.06% €@9% Q, and 89.95%
N2). After 72 h in culture, parasite viability was determined by DNA quantitation using SYBR
Green | as described previouslyThe ICso values were calculated witkaleidaGraphsoftware
using a nonlinear regression curve fittingsd@alues are the average of three independent
determinations with each determination in duplicate, and are expressed = S.E.M. Artemisinin was

used as the positive control with ansd©f 6 +1 nM.
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6.3.6 Spectroscopic properties
Compounds.: Li ght vy ep?d+blwics B2, ©HCY); IH NMR {500 MHz,
CDCls): See Table4d; 1*C NMR (125 MHz, CDGCJ): See Table ®; HRESIMS [M+H] m/z =

429.3026 (calcd for £H4104" 429.2999).

Compounds.2 Li ght y e +a0mics 0.5000HCE); *H-NMR (500 MHz,
CDCl) ad ppm: 1. 16e),(12¢H(3H, s one of @bke), D42 (1H, 3n, one of H
13), 1.58 (1H, m, one of #13), 1.59 (3H, s,-Me), 1.60 (3H, s, 1-Me), 1.62 (3H, s3-Me), 1.99
(1H, m, one of 4", 1.99 (1H, m, one of 48'), 2.00 (1H, m, one of 19"), 2.06 (3H, s, e),
2,06(1H, m, one of H), 2.06(1H, m, one of 48), 2.06 (1H, m, one of 43'), 2.07 (1H, m, one of
H-9, 2.08 (1H, m, one of 42", 2.09 (1H, m, onef H-5", 2.20 (1H, m, one of H2"), 3.13 (2H,
brd,J=7.3 Hz, H1", 3.36 (1H, ddJ = 1.5, 9.8 Hz, H14"), 5.10 (1H, dtJ = 0.9,6.8 Hz, H6"),
5.15 (1H, dtJ = 0.8, 6.8 Hz, HL0", 5.19 (1H,dtJ = 0.9, 7.3 Hz, H2"), 6.47 (1H, dJ = 3.0 Hz,
H-3), 6.55(1H, dJ = 3.0 Hz, H5). 3C-NMR (125 MHz, CDC§) & p p m:-Md),d6.1(q, ( q ,
7-Me), 16.1 (q, 6Me),16.2 (g, 12Me), 23.2 (g, 15Me), 26.5(t, C5'), 26.5 (q,15Me), 26.7 (t,
C-9), 27.7 (t, G1), 29.7 (t, C13'), 37.0 (t,C12'), 39.8 (t, €8"), 39.8 (t, G4"), 73.1(s, €15'), 78.3(s,
C-14), 118.1 (d, G2'), 124.0 (d, 66'), 125.2(d, €10'),132.4 (s, €3), 133.3 (d, 5), 135.0 (s, €
7', 135.4 (s, €11'), 140.0 (s, €3'), 146.1 (s, b), 148.7 (s, €), 188.1(s, €4), 188.3 (s, €1).

HRESIMS [M+Na] m/z =451.2807 (calcd for §Hac0sNa" 451.284).

6.3.7 Conversion dd.1to an Enantiomeric Pair of MPA Diesters
In a 25 mL rounebottom flask, 5.00 mg oR)-(1 )-U-methoxyphenylacetic acidR-MPA)

was dissolved in 5 mL of Ci€l, with 15 mg of oxalyl chloride. A catalytic amount of

dimethylformamide was then added to the reaction. The reactants were mixed with a magnetic stir

bar in an ice bath for 1 h to oltia4.98 mg of R)-(1 )-U-methoxyphenylacetyl chloride (91% yield).
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The inNMR-tube reaction was carried out to prepare the MPA ester derivatives. Contpaund
(2 mg) dissolved in CDGlvas transferred to a clean NMR tu8@nd the solvent was completely
evaporated under an:Njas flow. R)-(1 )-U-Methoxyphenylacetyl chloride (4.98 mg) was
dissolved in CDG (0.5 mL) and added to the NMR tube immediately undeXagas flow, and
the NMR tube was shaken carefully to néix and R)-MPA chloride. The reaction NMR tube
was kept at 0 °C for 24 h to form thB){MPA diester and was directly analyzed Y NMR

spectroscopy. The&S-MPA derivative was prepared fror§){MPA by the same method.
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Chapter 7: Investigation of Other Antimalarial and Antiproliferative Plant

Extracts

7.1 Introduction

7.1.1 Abstract

In the continuing search for novel antimalarial and antiproliferative agents, some extracts
were investigated without any novel bioactive compounds being identBiedssay gided
fractionation of these extracts yielded only known compounds with/without biological activities,

or no compounds due to various reasdiss chapter summarizes this work.

7.1.2 Author Contributions

The author (Qingxi Su) of this dissertation perfodrtae fractionation of all of these
extracts and dereplicated the structures of compounds shown in this chapeet for the extract
of Antiaris madagascariens{$loracreae) MG3978&ection 7.3.2), which was performed by Mr.
Nick Cordova under the guaice of the author. Dr. Jessica D. Wiley, Dr. Seema Dalal, Dr.
Priscilla Krai and Dr. Maria B. Cassera performed the antimalarial bioas&lgsniodium
falciparum Dd2 strain). Ms. Peggy Brodie, Ms. Ming Waiy. Yixi Liu and the author (Qingxi
Su) perfomed the A2780 antiproliferative bioassays on all fractions and compdbnd3avid

G. I. Kingston was a mentor for this work.

7.2 Investigation of Other Antimalarial Extracts

7.2.1Helenium montanurfAsteraceae), 4026648

Open column chromatography tife dichloromethane extract éfelenium montanum

(Asteraceaejl00 mg, IGobar ound 1. 25 ¢ g/ A20furnished arffaetvehfradienx L H
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with an IGoval ue | ess than 1.-@d opengcolumn .chro®atograpbys si v e
followed by Gg HPLC of the active fraction yielded three known sesquiterpene lact@ne<s/(3)
(Figure 7#2-1) with potent to moderate antimalarial activities. The detailed fractionation

procedures are described in Scherg1l

Helenium montanum,
100 mg,
ICsq ~ 1.25 ug/mL (P. falciparum)

Sephadex LH-20
1:1 DCM:MeOH

F-1 F-2 F-3 F-4
Weight (mg): 12.5 16.4 10.3 60.5
ICsq (P. falciparum) (ng/mL): 5~10 2.5~5 ~2.5 <<1.25
Si-diol
1:20 MeOH/CHCl3

F-4-1 F-4-2 F-4-3 F-4-4 F-4-5 F-4-6
Weight (mg):  17.0 12.4 4.3 8.4 9.2 9.2
ICs (P. falciparum) (ng/mL): <<1.25 <<1.25 ~1.25 5~10 NA NA
Cis
HPLC

Compounds 7.11 7.3

Scheme 72-1 Bioassayguided separation ¢dielenium montanurextract

The structures of compoundsli 7.3were assigned by comparison of their spectroscopic
data with those in the literatuté. Compounds 7.1i 7.3 exhibited potenh to moderate
antiplasmodial activity against the Edstrain of Pfalciparumwith 1Cso values of 20+ 0.2 uM,
6+ 1 uM, and 16 = 1 uM respectivebleleniumis an intensively studied genus, which is reported

to contain a variety of sesquiterpene lacge Antiplasmodial, antiproliferative and
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antimicrobial activities of related compounds have been well investifjatSihce the active
components isolated from the plant were sesquiterpene lactones, the minor moderately active
components are very likely to fall into the same category. Therefore the extract was not

investigated further.

Figure 7-2-1. Structures of compounds. 11 7 . 3

7.2.2Juniperus occidentali@Cupressaceae)

The methanol extract qfuniperus occidentalisvas selected to investigate its potential
antiplasmodial agents, due to its moderate itdnp activity against the Dd2 strain d?.
falciparumwith an IGov al ue of 5 € g/ mL . J.oEddentaig400 m@ o | e xt
around 5 €9/ mL) wa diquid paditon, opem @ltunencchrdmgtogiaphyiani d
sephadex LF2O and Sidiol, followed by Gs HPLC. These procedures yielded two known
diterpenes {.4 and 7.5) (Figure #2-2) which were inactive in the malarial assay. Biologiccal
activities were partially lost in the 8ol open column chromatography and we were unable to
idenify the active components by:£HPLC due to the limited amount of extract. The detailed

fractionation procedures are described in Sche/a.7
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Juniperus occidentalis,
400 mg,
ICsq ~ 5 ng/mL (P. falciparum)

90:10 MeOH:H,0O

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg): 94.5 88.0 212.6
ICsp (P. falciparum) (ug/mL): <125 1.25~2.5 2.5~5
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 40.2  60.1 26.5 58.9

ICsqg (P. falciparum) (ug/mL): ~5  1.25~2.5 <<<1.25 5~10

I

Si-diol
4:1 Hexane: EtOAc

| | | | ]

F-2-1 F-2-2 F-23 F-2-4  F-2-5 F-2-6  F2-7

Weight (mg): 12.5 11.0 10.5 16.4 10.4 6.9 13.4
ICs¢ (P. falciparum) (ng/mL): 2.5~5 ~5 5~10 1.25~25 2.5~5 2.5~5 ~5
Cis
HPLC

Compounds 7.4 and 7.5

Scheme 72-2 Bioassayguided separation duniperus occidentaliextract

Juniperusis a well investigated genus, and compounds isolated from related plants

included phenol glucosides, biflavones, and labdgpe diterpene&!° Structures of7.4and7.5

were confirmed by comparison dfeir spectroscopic data with literature d&tH.
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- H - H
HOOC CHj HOOC CTH,

7.4 7.5

Figure 7-2-2. Structures of compounds4 and7.5

7.2.3Cadia ellisiana(Fabaceae) MG0390

An ethanol extract of the bark d&@adia ellisianawas selected for bioassay guided
fractionation, due to its good inhibitory activity against the Dd2 straid. dalciparumwith an
ICsoval ue around 1. 25 4glg/lGplar oufhlde lc”2&bde gé xiL) a evta
by liquid-liquid partition, open column chromatography on Sephadex2QHand followed by ¢
HPLC. These procedures gave three known compounés7(8) (Figure 72-3) which were
weakly active in the malarial assay4& 65 N 20 &M, 43 N 13 .M, and
The structures of . 6 Tweére 8ereplicated by comparison of their spectroscopic data with the

literaturel>’
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Cadia ellisiana,

19,
IC50 ~ 1.25 ng/mL (P. falciparum)

90:10 MeOH:H,0

| Evaporate
Hexane DCM 60:40 MeOH:H,O
Weight (mg): 54 110 732
ICs0 (P. falciparum) (ng/mL): 1 25~ 25 <<1.25 > 20
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 17 34 15 42
ICsq (P. falciparum) (ng/mL)1.25~25 <25 25~5 1.25~25
Cis
HPLC
No compounds obtained Compounds 7.617.8

Scheme 72-3 Bioassayguided separation @adia ellisianaextract

The first fraction (F1) obtained from Sephadex E2D open column exhibited the best
biological activity. Unfortunately, no compounds were obtained from this fraction, even though a
variety of column chromatographies were tried. The last fractief) @ollected from Sephadex
LH-20 was further examined by§HPLC, however, the major compounds.( 6 1, WhicB were
obtained from this fraction, showed only weak activity in the bioassay. The detailed fractionation

procedures are described in Scher&3l
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Figure 7-2-3. Structures of Compounds. 61 7 . 8

7.2.4Tambouissa thouvenoti{Monimiaceae) MG 0346

The ethanol extract of the wood parfl@imbourissa thouvenotiias selected to investigate
antiplasmodial activity, due to its weak inhibitory activity against the Dd2 stram falciparum
(ICsobetween 5and 0 e g/ mL) . Phyt ochemi calTambaoukiseast i ga't
resulted in the identification of a number of volatile terpenes and curcumeng.fleptophyllat®
A hydroxybutanolide named @aambouranolide with moderate cytotoxic activity had also been
identified from the root parts of this speélddowever, the genus was not previously investigated

for antiplasmodial agents.

The crude extract was partitioned by licfliguid partition, open column chromatography
on Sephadex Lk20, Diaion, Gg SPE and & HPLC (Scheme-2-4). Two antiplasmodial agents,
compound¥.9and7.10 were obtained from the hexaseluble material with 165 values of 4.0

N 0.4 &M and 14 78wa8derdlicateds thepkoowmcdmpound miaolinolide,
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which hal been previously reported to display strong inhibitory activity on-iné8ced TNFU
production?’ Compound7.10was identical to the previously isaéat compound from the roots of

the same planf Therefore, the extract was not investigated further.

710

Figure 7-2-4. Structures of Compounds9and7.10
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Tambourissa thouvenotii, wood
1.5¢,
IC5q 5~10 pg/mL (P. falciparum)

90:10 MeOH:H,0

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg): 218 337 927
ICs (P. falciparum) (ng/mL): 5~ 10 1.25~2.5 NA

Sephadex LH-20

[Sephadex LH-20 1:1 DCM:MeOH

1:1 DCM:MeOH
F-1 F-2 F-3 F-4 F-5 F-6 F-7
Weight (mg): 59 64 57 32 133 57.6 85
ICsq (P. falciparum) (ng/mL): 5~ 10 ~10 5~ 10 ~25 <<1.25 5~ 10 NA
Cis
HPLC
Compounds 7.9 Diaion
710
40% MeOH| 70% MeOH| 100% MeOH Acetone
F-5-1 F-5-2 F-5-3 F-5-4
Weight (mg): 29 5 33 64
ICsq (P. falciparum) (ug/mL): ~2.5 ~2.5 >10 <<1.25
C4g SPE
100% MeOH DCM
F-5-4-1 F-5-4-2
Weight (mg): 23 40.5
ICsq (P. falciparum) (ug/mL): << 1.25 5~10

|

no compounds isolated

Scheme 72-4 Bioassayguided separation dfambourissa thouvenotixtract

106



7.3 Invegigation of Other Anticancer Extracts
7.3.1Mundulea ancep@abaceae) MG4344

As part of an International Cooperative Biodiversity Group (ICBG) progtaenethanol
extract of the leaf oMundulea ancepsvas investigated due to its moderate antiprolifeeati
activity against the A2780 human ovarian cancer cell line assay withegm EC1 ue of 4. 7
The crude extradl g, IGo= 4. 7 € g/ mL) wa s -liquid padition, operacolenh by
chromatography on Sephadex 128, Gg SPE and followed by £ HPLC. These procedures
yielded four known flavanone3.QLT1 7.14) (Figure7-3-1). The detailed fractionation procedures

are shown in scheme31.

Mundulea anceps, root

19
ICso =4.7 ng/mL (A2780)

90:10 MeOH:H,0

| Evaporate
Hexane DCM 60:40 MeOH:H,0
Weight (mg): 246 474 270
ICs50 (A2780) (ug/mL): 17 7.7 >20
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4 F-5
Weight (mg): 30 39 49 69 276
IC5¢ (A2780) (ng/mL): >20 >20 >20 >20 71

30% MeOH|  70% MeOH| 100% MeOH

F-5-1 F-5-2 F-5-3
Weight (mg): 64 158 48
ICs0 (A2780) (ng/mL): >20 40 9.7
Cis
HPLC

Compounds 7.111 7.14
Scheme 73-1 Bioassayguided separation dflundulea ancepsxtract
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The structures of6,8-diprenylaromadendrin 7(11),? lonchocarpol A 7.12%? and
munduleaflavanone B 7.13%® were elucidated by mass spectrometry, NMR spectroscopies,
optical rotation, and circular dichroism data in comparison with the literature. Compdudivas
identified as thepreviously isolated chlorospermin fromGlycosmis sp(Rutaceae}! However
its optical rotathn was opposite to that reportédThe absolute configuration o7.14 was

confirmed byanalysis ofts circular dchroism(CD) spectoscopic data.

Figure 7-3-1. Structures of Compounds. 111 7. 14

Compound/.14was obtained as a light yellow amorphous solid. The positive HRESIMS
gave a peak an/z371.1462 [M+HT (calcd for GiH2206", 371.1489) indicating the formula of

C21H2206. Compound’.14showed identicalH and**C NMR spectroscopidata aghlorospermin

. . . . 2
However, an opposite optical rotation val{id,,

I

+14 (c = )OvasOobtdired, in CHCI
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comparisonwiththeIiteratu@ta[qDZO: T(18 = 0,)4A ICHCJe coudpd ing c
12 Hz) bt wveld N BLr e observed, B.ulyg s s tai rnZgn 8c o mp
di hydrofl avé @ohsideeivatgi vee opti dalndmgdt atbieorman
enanti omer of chl orosper mi n. In o7dgdit® CDn
spectroscopy was analypnedti Vee COCDtopeeffemtga
dueVYtdrmnsition, and a negatYveraost®mmmf hect
Cotton effects wer e al Shoy d o s e i et N R re
stereoc’étniesrteafyagre the 7s.tdeasodlkee mirZzi m3eRl dhes (
|l iterature reported the opposite optical rot a

was t he remad®édi ome

Compounds7 . 1 1 Twére dvdluated for their antiproliferative activity with the A2780
human ovarian cancer cell line assay. Compoundsl 1 Texhibite@weak to moderate activity
withICsov al ues of 24 N 2 eM, 14 N7.18was iNact@enithe 29 K
tassay (IG> 20 eg/ mL). The assay result suggested

the Aring, and a hydroxyl group at-8is preferred for better biological activity.

7.3.2Antiaris madagascariens{®loracreae) MG3973

In acontinuingresearch to identify novel antiproliferative agematsethanol extract of the leaves

of Antiaris madagascariensisas obtained. The genésitiaris belongs to the Moracedamily,

and has beemvell investigated. One of the most intensively investigateatiepes Antiaris
toxicaria, which was previously found to contain a variety of cardiac glycosides with potent

cardiotonic and antiproliferative activitié$?® Compounds isolated from this related spgcie
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include cardenolides®3! prenylflavanone$? phenylpropanoid and lignan derivativEsand

coumarin derivative¥* Since the specseof Antiaris madagascariensis/as not previously
investigated, and the crude extract displayed strong inhibitory activity against the A2780 human
ovarian cancer cell line assay withand@ ue of 3.9 e€eg/ mL, the extra
investigation. The crude extrg@g, IGo= 3. 9 € g/ mL) wa s -lidquid padition,o nat e d
open column chromatography &phadex LH20, Gg SPE and by & HPLC. Bioassayguided

fractionation led to the isolation othe known malayosidé (7.15) (Figure 73-2) with potent
antiproliferative activity withan ICso value of 0.22 + 0.02¢& M. The detailed fi

proeduresareshown in scheme-3-2.

715

Figure 7-3-2. Structure otompound7.15

The dructure of7.15 was dereplicated by itdRESIMS andH NMR spectroscopic
data?® ® Throughout the partitioning of this extract, several fractions also showed moderate to
weak bioactivity. The most active compound in the extract was identified as the well investigated
malayoside®?° Therefore those fractions with moderate to weak activities were not investigated

since they were likely to contain known compounds.
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Antiaris madagascariensis, leaf

249,
IC50 = 3.9 ng/mL (A2780)

90:10 MeOH:H,0

(460 mg of matarial is not soluble)

| Evaporate
| |
Hexane DCM 60:40 MeOH:H,0
Weight (mg): 303 393 817.2
ICs0 (A2780) (ng/mL): 13 1.7 9.1
Sephadex LH-20
1:1 DCM:MeOH
| |
F-1 F-2 F-3
Weight (mg): 44.3 123.5 143.4
ICsq (A2780) (ug/mL): > 20 1.1 0.16
| |
| C4g SPE
40% MeOH| 70% MeOH| 100% MeOH| DCM
F-2-1 F-2-2 F-2-3 F-2-4
Weight (mg): 152.1 14.2 59.8 21.0
ICso (A2780) (ug/mL): 0.3 0.1 1.6 >20
Cig
HPLC

Compound 7.15

Scheme 73-2 Bioassayguided separation @&ntiaris madagascariensextract

7.3.3Nidorella resedifolia(Asteraceae) 6007B81G

The methanol extract dflidorella resedifoliawas selected for investigati®ince its

111

hexane soluble materials displayed weak antiproliferative activity against the A2780 human
ovarian cell line assay. Rieus research on several species belonging td\terella genus
indicated these species contained diterpenes and sesquiterpene defit&titesvever the

specis of Nidorella resedifoliahad never previously been studied fotgntial antiproliferative



agents. Bioassaguided fractionation (Scheme3?2) of the crude extrac300 mg, ICso > 20
eg/ mL) Hiquid partigon, iomen column chromatography ephadex LH20, and Gs
HPLC led to the isolation of two knowsesquiterpene xylosid€s.16-7.17) (Figure #3-3) with
moderate antiproliferative activitiegith ICso values ofl1+1¢ M alB«1 M respectively.

This is the first report of the antiproliferative activity of these sesquiterpene xylosides.

OH

717

Figure 7-3-3. Structures of Compoundsl16and7.17

Structures of the two compounds were elucidateddsgparison of their HRESIMS and

IH NMR data with literature dafX.
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Nidorella resedifolia
300 mg,
IC50 > 20 pg/mL (A2780)

90:10 MeOH:H,O

| Evaporate
Hexane DCM 60:40 MeOH:H,O
Weight (mg): 33 41 220
ICs50 (A2780) (ng/mL): 11 > 20 > 20
Sephadex LH-20
1:1 DCM:MeOH
F-1 F-2 F-3 F-4
Weight (mg): 9.2 7.2 7.5 5.7
IC5¢ (A2780) (ng/mL): > 20 7.7 6.8 4.7

Cqs
HPLC

Compounds 7.16 and 7.17

Scheme 73-3 Bioassayguided separation didorella resedifoliaextract

7.4 Suspended Extracts

The extracts listed in this part were selected for investigation due to their bioatiity
initial screening. However, no compounds were identified in the bioassay guided fractionation.

Fractionation procedures resulted in either inactive fractions against the bioassay or inadequate

materials for further investigation.
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7.4.1Asteropea rhopaloidegAsteropiaceae) MG 0270276

Ethanol extracts of the bark and stemAasteropeia rhopaloidegAsteropiaceae) were
investigated due to their antiplasmodial activitysf€ 1 € gfomL2 ¢ ¢/ mL ) . The
were subjected to liquitiquid partition, Sephadex L20 open column chromatography and
preparative @ HPLC. However, the active compounds were not identified, due to the complexity

and limited amount of the active fraction.

7.4.2Eustachys paspaloidéBoaceae) 71082H

The methanokxtract ofEustachys paspaloidegas selected for investigation due to its
antiproliferative activity (IGo= 2 € g/ mL) . The crude extract (6
liquid partition, open column chromatography on Sephadex2QHGCs SPE and @ HPLC.
Unfortunately, the only active component that could be identifiedtinegshthalateester bis (2-
ethylhexyl) 1,2benzenedicarboxylat€’.18.This compound was most probably a contaminant
arising from the use of Tygon tubing to transfer solvent duringeixpreparationOther minor
active compounds could not be identified due to the small amount present. The extract was not

investigated further.

OAEW

Figure 7-4-1. Structure of compound.18
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7.4.3Myrsiphyllum asparagoidg#\sparagaceae) 71091 E

The methanol extract dflyrsiphyllum asparagoidewas investigated due to its reported
antiproliferative activity (IGoc= 2. 9 €9/ mL, A2780) . Theligedx t r act
partitioning. After liquidliquid partition, all fractions showed decreased bioactivitysfl€ 20
eg/ mL); also, retesting of the ©*i20nad/ mkx)t.r al

extract was not investigated further.

7.4.4Rhopalocarpus triplinervisG 4242
The methanol extradf the bark olRhopalocarpus triplinervisvas investigated due to its
reported antiproliferative activity (6= 12 e€g/ mL, A2780). The- extr a:
liquid partitioning. After liquidliquid partition, all fractions showed decreased hiiwéyg (ICso >
20 e€g/ mL); al so, retesting of t hes>0r2i0gienga/lmLe)x.

This extract was not investigated further.

7.4.5Acoelorrhaphe wrighti{Arecaceae) 00399662H

The methanol extract ofAcoelorrhaphe wrighti was investigated due to its initial
antiplasmodial activity (Iee= 2 € g/ mL) . The e xt r-Aqoid partitereande s u b j
Sephadex LF20 column chromatography. Unfortunately, all of the fractions showed decreased
bioactivity (IGso > 2 OmL)e Fufthermore, retesting of the original extract showed a loss of

bioactivity (ICGso> 20 e€g/ mL). These extracts were not i

7.4.6Cnestis polyphyll#Connaraceae) MG 028®257

Ethanol extracts of the stem and leafCofestis polyphya were investigated due to their
initial antiplasmodial activity (Iegear ound 1. 25 to 2.5 e€g/ mL) . The
liquid-liquid partition, Sephadex L0 column chromatography and -@l column

chromatography. After successive column chrmgaphy, the fractions showed decreased
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bioactivity (IGso> 20 e€g/ mL) . Furthermore, recombining t

(ICso> 20 €©€eg/ mL). These extracts were not invest

7.4.7Mitriostigma axillare(Rubiaceae) 1152¢3D

The ethanol extract d¥litriostigma axillare was selected for investigation due to the
antiproliferative activity of its dichloromethars®luble materials (I&= 3. 1 € g/ mL) . Th
extract (800 mg) was subjected to licuiguid partition, open columrchromatography on
Sephadex LF20 and Sigel, followed by Gg HPLC. Unfortunately, the minor active compounds

could not be identified due to the small amount present.
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Chapter 8: Summary and General Conclusions

In a continuing search for bioactive natural products, more than twenty plant extracts were selected
for bioassay guided inspectionhifteenof them were fractionated to yield nine new and twenty
seven known compounds. The researchkwndicated that plant materials continue to be an

important source for natural products drug discovery.

Even though many known compounds were isolated, some of them showed new biological
activities that were not previously reported. The structures ofktlzsvn compounds were
confirmed by comparison of spectroscopic properties with published data. The research challenge
was to purify and determine the structures of the new bioactive compounds, from limited amounts
of plant material. Extensive purificatioprocedures were performed to ensure clean NMR
spectroscopic data could be obtained, and the bioassay results of each compound were reliable.
The structure elucidation of some bioactive compounds relied not only on extensive NMR

experiments, but also to EGE&periments and chemical modifications.
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Table 81 Summary of Antimalarial Natural Products Isolated

Compound Plant ICso( € M) New/Known
2.1 Apoplanesia paniculata 612 Known
2.2 Apoplanesia paniculata 7+1 Known
2.3 Apoplanesia paniculata 42+5 Known
2.4 Apoplanesia paniculata > 60 New
2.5 Apoplanesia paniculata > 58 New
31 Syncarpia glomulifera 0.10 £ 0.02 New
32 Syncarpia glomulifera 4+1 New
3.3 Syncarpia glomulifera 3.0+£04 Known
3.4 Syncarpia glomulifera 12+0.1 Known
3.5 Syncarpia glomulifera > 40 Known
3.6 Syncarpia glomulifera > 90 Known
4.1 Gutierrezia sarothrae 10+4 New
4.2 Gutierrezia sarothae > 44 New
6.1 Polyalthia blume. 5+£1 Known
6.2 Polyalthia blume 20+04 Known
7.1 Helenium montanum 20+0.2 Known
7.2 Helenium montanum 611 Known
7.3 Helenium montanum 16+1 Known
7.4 Juniperus occidentalis > 57 Known
7.5 Juniperus occidetalis > 60 Known
7.6 Cadia ellisiana > 45 Known
7.7 Cadia ellisiana 43+ 10 Known
7.8 Cadia ellisiana 232 Known
7.9 Tambourissa thouvenotii 4.0+0.4 Known
7.10 Tambourissa thouvenotii 14 +3 Known
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Table 82 Summary of Antiproliferatie Natural Products Isolated

Compound Plant ICso( € M) New/Known
2.1 Apoplanesia paniculata 71 Known
2.2 Apoplanesia paniculata 21+4 Known
2.3 Apoplanesia paniculata > 60 Known
2.4 Apoplanesia paniculata > 60 New
2.5 Apoplanesia paniculata > 58 New
5.1 Leptaulus citroides 3.0+0.3 New
5.2 Leptaulus citroides 10+1 New
5.3 Leptaulus citroides > 16 New
5.4 Leptaulus citroides 20+£0.2 Known
6.1 Polyalthia blume 9+1 Known
6.2 Polyalthia blume 17+ 2 Known
7.11 Mundulea anceps 242 Known
7.12 Mundulea anceps 14 +1 Known
7.13 Mundulea anceps 29+3 Known
7.14 Mundulea anceps >54 Known
7.15 Antiaris madagascariensis 0.22 £0.02 Known
7.16 Nidorella resedifolia 11+1 Known
7.17 Nidorella resedifolia 12+1 Known
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Chapter 9: Supporting Information

9.1'H NMR spectrunof compound.1(CDCls, 500 MHz)
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9.2'H NMR spectrum of compour2l2 (CDCl;, 500 MHz)
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9.3'H NMR spectrum of compour2l3 (CDCls, 500 MH2)
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9.4H and'*C NMR spectra oR.4
9.4.1'H NMR spectrum of compour@i4 (CDCls, 500 MHz)
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9.4.213C NMR spectrum of compouri4 (CDCls, 125 MHz)

@ n
" )
@ 2 o ~ ¥R
") — N ~N o
~ N - 5o \ "
— g n / \ .
) /N = o i 2
Sfi —“wo Mo I o N |
s o N T - <
nRRSF~ -~ ! MeOH |
\"' - N
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10

f1 (ppm)

129



9.5'H and**C NMR spectra 02.5

9.5.1'H NMR spectrum of compour@l5(CDCls, 500 MHz)
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9.5.213C NMR ectrum of compoun.5(CDCls, 125 MHz)
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9.6H NMR spectrum of compour2l6 (CDCl;, 500 MHz)
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9.7*H and**C NMR spectra otompound3.1

9.7.1*H NMR spectrum of compouréi1 (CDCls, 500
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9.7.213C NMR spectrum of compour@i1(CDCls, 125 MHz)
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9.8'H and'*C NMR spectra 08.2

9.8.1'H NMR spectrum of compour@l2 (CDCls, 500 MHz)
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9.8.213C NMR spectrum of compour@i2 (CDCls, 125 MHz)
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9.9'H NMR spectrumof compound3.3 (CDCls, 500 MHz)
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9.10'H NMR spectrum of compourl4 (CDCls;, 500 MHz)
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9.11'H NMR spectrum of compour®l5 (CDCls;, 500 MHz)
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9.12'H NMR spectrum of compour®l6 (CDCls, 500 MHz)
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9.13.1'H NMR spectrum of compourl1(CDCls, 500 MHz)

9.13.'H and'3C NMR spectra oEompound4.1
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9.13.2%3C NMR spectrum of compourti1 (CDCls, 125 MHz)
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9.14.*H and®*C NMR spectra oEompound.2

9.14.1'H NMR spectrum of compourgl2 (CDCls, 500 MHz)
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9.14.2%3C NMR spectrum of compourti2 (CDCls, 125 MHz)
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9.15.'H and®*C NMR spectra oEompoundb.1

9.15.1'H NMR spectrum of compourfl 1 (CDsOD, 500 MHz)
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9.15.2%3C NMR spectrum of compouri1 (CDsOD, 125 MHz)
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9.16.'H and'3C NMR spectra of compourf2

9.16.1'H NMR spectrunof compoundb.2 (CDsOD, 500 MHz)
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9.16.2%3C NMR spectrum of compour2 (CDsOD, 500 MHz)
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9.17.'H and'3C NMR spectra of compour3

9.17.1'H NMR spectrum of compourtl3 (CDsOD, 500 MHz)
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9.17.2%3C NMR spectrum otompounds.3 (CDsOD, 500 MHz)

€°€9T —
6°/9T ~—
€041 —

Y01 —

T
110 100

f1 (ppm)

T
120

210

150



9.18.1H NMR spectrum of compourtsi4 (CDCls, 500 MHz)
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9.19.2'H and'3C NMR spectra of standarddalactose derivative CIDD, 500 and 125
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