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Isolation and Synthesis of Bioactive Compounds from Plants

Alexander L. Eaton

ABSTRACT

As a part of a continuing search ftmoactive compoundswith the International
Cooperative Biodiversity Group (ICBG), aimdcollaboration with the Natural Products Discovery
Institute of the Institute for Hepatitis and Virus Research (IHVRgMe/plant extracts were
investigated for their antiproliferative activity against the A2780 cell line, theggextracts were
investigated for their antimalarial activity agaiRéasmodium falciparumand threglantextracts
were investigated for tlire anti-inflammatory activity (PPARy inhibition). Bioassayguided
fractionation of extracts led to the identificatiorfaiir new antiproliferative compounda.{i 2.3,
3.1), five newantrinflammatorycompoundg6.4a 6.5a b, 6.6a 6.60, and twentyeight known
compounds from eight of the extracts. In addition, mallotojaponimrCantimalarial natural

product,and derivatives were synthesized and investigated for their antimalarial activity.
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Chapter 1: Introduction
1.1 Importance of Natural Products
As of 2011 25 50% of marketed drugsate their origins to natural produétsrom 1981
to 2010, the number of new small molecule chemical entities approved by the FDA has steadily

decreased but natur al pr odu c tBguraldl)dcontinaetabe a | pr

a source for new chemical entittes.

Percent "N"

Percent (%)
P N W A OO O
o O O o o o

0
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Year

Figure 1-1. Percentage of new small molecalgemical entities approved by the FDA from natural sources (
Adapted from Newnma, D. J.; Cragg, G. M. Natural products as sources of magsmver the 3@ears from
1981 to 2010J. Nat. Prod2012 75, 311 35.

Natural product have continued to be a source of novel compouadd as one recent
example the complex peptide teixobadfiigure 1-2), was reported to be a new antibiotith
activity against drugesistantStaphylococcus aurewnd Mycobacterium tuberculosfsin spite
of successes such as thgdwrmaceutical companies have shifted their focus away from natural
product isolationfor a number of reasons, one of them being the repeated isolation of known
compoundslf known compounds can be quickly identified, compani@smake their isolations
much more efficient and practical; hence, the need for dereplication techniQties:.

modifications of the traditional bioassauided approach to natural products are emerbing.
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Figure 1-2. Structure oteixobactin
1.1.1 AnticancerAgents
Natural products have hadlong history of being used for medicinal purposes and have
played an important role in the development of anticancer di@gs.e&ampleof anatural product
successis the isolation and structure elucidation mdclitaxel (Figure 1-3).5° More recently,
romidespif (2009 andomacetaxine mepesuccina{@012) are natural prodiscthat have been
approved by the FDA for the treatment of caric8ince the 240s, 49% of new small molecule
chemical entities approved by the FDA for the treatment of cancer are either natural products or
natural product derivatives.
While progress has been made and cancer rates are declining, cancer continues to affect a
large number of peopfé.Some types of cancer, while less common, are particularly difficult to

treat. Over 14,000 of the 20,000 women diagnosed with ovarian cancer in the U.S. died'in 2011.

Natural product research has provided complex structures, spetldgaxe] that may not have



been discovered by other method&e potential number of undiscovered natural products is

seemingly limitless, leaving the possibility of nyaimdiscovered novel chemical entities.
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Figure 1-3. Structures of paclitax€ll.2), romidespin {.3), and omacetaxine mepesuccindtel)

1.1.2 Antimalarial Agents

While malaria is not widespread in the U.S. (approx. 1,500 cases per year), there were an
estimated 655,000 deaths and 216 million infections requiring clinical treatment worldwide in
2010. As of 2010, 3.3 billion people were considered to be at risk dtaria while 1.2 billion
people in the African and Southeast Asia regions were considered to be at high risk (>1 case per
1,000 people). The African region contains the highest rate of transmission of malaria worldwide;
91% of deaths occurred in the Africeegion.Children argoarticularly vulnerable to thdiseas@
86% of global deaths involved childré® Plasmodium falciparumis responsible for
approximately 90% of cases worldwide; furthermore, al@dsbillion people in South America

and Asia are also at risk frobh vivax*



Natural products have a long history of being a viable source of antimalarial compounds.
As early as the second century B@Etemisia annuavas described as a medicinal treatment for
mal ari a. I n 340 CE, the plantdés antifever pr o]
active ingredient, artemisinimn 197112 Artemisinin derivatives continue to be prescribed today,
although usually in combination with other drugs to avoid resistance. Combination treatments have
proven to be highly effective; however, signs of resistance have developed in parts of the world
such as Western CambodtaQuinine, whose origins trace to the™dentury, isstill used for the
treatment of malarjaalthough its use is now limited to cases of sevealaria The quinine
inspired drug kloroquinewas once widelysed but resistance tat is more widespread than

artemisinin resistancé.

I

Figure 1-4. Structure of gemisinin(1.5), quinine (.6), and tiloroquine(1.7).

Due to the low profitability of developing antalarial drugs, the pharmaceutical industry
has not been a major player in the development of new antimalarial drugs. Orphan drug incentives
have increased the numhadrorphan drugapproved by the FDA to an alme high of 41% (17)
of all drug approvalsn 2014, a sign that neglected diseases are being increasingly tarfgeted.
While no malaria drugs were approved in 2014, there are multipdes durrently irclinical trials,
some showtin Figure1-5, thatwill hopefully prove to be effectiv&:183° Challenges includaot
only developing compounds to which the parasite does not develop resistance, but also developing

a new class of digs that stop the transmission of malaria.
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1.1.3 Anti-inflammatoryAgents

Natural products and natural product derivatives have a long history of being used as anti
inflammatory agentsAspirin is perhaps one of the most wetlown antiinflammatorynatural
product derivativeswhile recentnatural products withantrinflammatory properties include
aphanamenes-3! and tricalysins AH.32 Anti-inflammatory agents not only reduce pain but also
have been suspected to reduce the risk of cahdestivation of theperoxisome proliferater
activated receptor gamma (PPAJRhas been shown to reduce inflammatibRPARgagonists,
such as the amorfruting-igure 1-6), have been shown to have anfiammatory properties,
decreasing the inflammatory respoon$enany cells and shang potential as a target for treatment

of inflammatory disease$:*

g ®) OH

O
1.19 1.20
Amorfrutin A Amorfrutin B

Figure 1-6. Structure ofamorfrutins A andB.

PPARgagonists have also been shown to combat type 2 diabetes by improving sensitivity
to insulin through increasing the levels of adiponettii.Thiazolidindione, a PPAR agonist,
has been used for the treatment of type 2 diabetes but hassenu side effects. Natural products
have been a source of PPAJRgonists in the past;thus, plants are being searched for PRAR
agonists. Recent reportBigure 1-7) include the isolation of homoisoflavonoids.Z1, 1.22,4°

hikiamides 1.23i 1.25),*! and isosilybin A {.26).38
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Figure 1-7. Structure of selectedrecentlyidentified PPARgagonists.



1.2 Sources of Natural Products
1.2.1 Madagascar ICBG Project

In 1993, a group from Virginia Tech, headed by Dr. Kingstorg in cooperation with
Missouri Botanical Garden, Conservation International, Brstpérs Squibb, and Bedrijf
Geneesmiddelen Voorziening Suriname (BGM&)s funded by the NIH to investigate natural
products extracts from Suriname. This Internationabggrative Biodiversity Group (ICBG)
continued until 1998, when the project transitioned to Madag&stae plants ae collectedand
identified by the Missouri Botanical Garden in collaboration with the Centre National
d'Application de Recherche Pharmaceutique (CNARP). These extracts are collected with no regard
to previous reports of medicinal activitieBhe extractios are performed bPr. Vincent E.
Rasamison (CNARP)These extracts are then made available to Virginia Tech where they are
tested for the antiproliferative, antimalarial, and -amlammatory activities. If the extract shows

interesting bioactivity, theit is fractionated in an attempt to identify the bioactive components.

1.2.2 Merck Collection at NPDI

Il n 2011, the entirety of Merckoés natur al
Hepatitis and Virus Research (IHVE) This resulted in the founding of the NeliProduct
Discovery Instiute (NPDI)* in order to facilitate the use of and caretaking of this collection. This
library, one of the largest in the world, is available to researchers. Tigstin Group at Virginia
Tech wasamong the first to gain access to this libr&rgimilar to the extracts from Madagascar,
these extracts are tested for their antiproliferative and antimalarial activities and investigated

further as merited.



1.3 Isolation of Bioactive Compounds
1.3.1 BioassayguidedFractionation

Bioassayguided fractionation is used to prevent the isolation of inactive compounds
Without guidance from bioassays, extracts are fractionated and often only the major components
are isolated and identified. After isolation, the compounds may then be analyzed for bioactivity.
This leads to the isolation of many compounds that do na¢ begnificant bioactivity. As an
alternative, bioassaguided fractionation can be used to isolate bioactive compodMten
utilizing bioassayguided fractionation, thecrude extract and every fraction is tested for
bioactivity. Ideally, after each fracmationstep bioactivity will have increased in some fractions,
in comparison to the parent fraction, while decreasing in o(kggare 1-8). Only fractions that
exhibit bioactivity are investigated furth@rhis prevents the isolation of inactive compounds and
promotes the isolation of compounds with desired bioactivities. Examples of bigasdag

fractionation are present throughout this dissernat

Fraction

Fractionation Step

ImproveBioactivity Decreased Bioactiv

Figure 1-8. Bioassayguided factionation

1.3.2 Antiproliferative Bioassay
In order to isolate antiproliferative compounds, thieibition of the A2780 cell line is

measured. The A2780 cell ling a drugsensitive ovarian cancer cell lifeCells areplaced in a



96-well plate, treateavith varying concentrations of fractions or compounds dissalv&@MSO,
andincubated for 2 days. After 2 days, the cells are treatedrestzurin Resazurins a weakly
fluorescent compounthat is reduced to resorufiwhich is fluorescenthy living cells Figure

1-9).#” The fluorescence is measured and the inhibition is calculated. Inhibition can be measured
at multiple concentrations in order to calculate ag Malue. A detailed procedure has been

published!®4°

L|V|ng Cells [H] Q:)“:@\
;C : : C ~0 o o OH

Figure 1-9. Reduction of resazurirL(27) to resorufin (.28).

1.3.3 Antimalarial Bioassay

Plasmodium falciparuniDd?2), is a chloroquine resistant strain. The parasite is grown in
human blood. Ring stage parasites are treated with varying concentrations of either compounds,
extracts, or fractions, and incubated for 3 days. Parasite growth is then determined by DNA

guantitation using SYBR Green | Figure1-10), whichshows fluorescence enhancement when

in contact withP. falciparum® Detailed procedures have been publisted.

_NnggQ
/N

1.29

Figure 1-10. Structure ofSYBR® Green |I.
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1.3.4 Anti-inflammatory Bioassay

Inhibition of PPAR-g activity was measured using a elelised reporter assay. Cells were
co-trarsfected with DNA plasmid and pRL reporter control. The transfected cells were treated and
incubated. After incubation, the cells were harvested and the luciferase activity, which was
normalized to pRL activity, was measuréthe intensity of the luciferagkiorescence is directly

related to the gene expression level of PRARetailed procedures have been publistted.

1.3.5 Isolation Methods

In order to successfully isolate natural products, a reseamalist have access to a large
number of isolation methods due to the uniqueness of each exiiguadi liquid partitioning,
column chromatographynd solid phase extractigSPE)techniques are used extensively. High

performance liquid chromatograpfiPLC)is used for final purification.

1.3.6 Structure Elucidation

In contrast to synthetic chemistrynatural products chemist must determine the structure
of a compound without the benefit of knowing the reactants. Mass spectrdM&lyis used to
determine the molecular formula, which is then used to calculate the degree of unsaturation. 1D
and 2D NMR pectrometry is used extensively to determine2Bestructure of thecompound.
Often, 2D NMR techniques, such as NOESY, can be used to determine the relative configuration
of the unknown compound, either with or without chemical modification. In ordesteordine
the absolute configuration of a compound, techniques other than NMR musployed, such as

ECD, polarimety, or Mosher ester analysis.
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1.3.7 Problems

A large problem with bioassayuided fractionation ithe investment of a large number of
resourcs being committed to the investigation of an extract before the structures of the active
components are identified. If the bioactive compounds are known and carcklky glentified,

ideally early in the fractionation proce$a;,ge amounts of time arather resources can be saved

1.4 Dereplication Strategies
1.4.1 Development of Dereplication

In the field of natural product isolation, dereplication plays a large role in the efficiency of
investigators. Dereplication is the procesgjoickly identifying that he active compound in an
extract isor is notalready known. By being able to quickly and effectively dereplicate extracts,
researchers can save valuable tand moneyy not isolating compounds that are already known.
Dereplication seems to naturally asgte with high throughput screening where a large number
of fractions are screened for activity and structural datdich can then be used to recognize

known compounds.

1.4.2 Solid Phase Extraction

Dereplication is more successful when compounds caridieély separated. While SPE
does not provide any spectroscopic data, it can take advantage of the various functional groups
that natural products possessduickly obtain pure compoundSPE takes advantage of these
differences to effectively separatmmpounds; for example, strong anion and strong cation

cartridges can be used to separate carboxylic acids and &hiieed-mode polymeriaeverse

12



phase RP) anion exchange columns can retain carboxylates, phenyls, and enols and separate them
based on relative polarity as wellCisand Sephadex cartridges have also been used to separate
compounds based on polarity and size, respectidy. using orthogonal separations, a pure

compound can be obtained and further spectroscopic data can be gathegedtcfodareplication.

1.4.3 Mass Spectrometry

MS data is readily available and can be used to obtain a molecular formula which can be
used to search many readily available databases. This technique is commonly coupled with liquid
chromatography to obtain spectroscopic data for pure compounds. TrddiBican sometimes
give false posities so tandenMS/MS is utilized in order to reduce the risk of assigning an
incorrect mass by investigating the fragment ions as well as the parent ion. The investigation of
fragments can cr eatnd soh arha cwthe rciasnt ibce Aufsiendg efr grr
library search??

Forward analysis MS/MS is a technique inie¥ha sample is fragmented and the resulting
fragment masses are added up to determine the molecular formula of the parent sample. This is
then checked through reverse analysis in which the resulting fragment masses are verified through
differentiation®® This greatly reduces the risk of assigning an incorrect molecular formula while
also giving more information about the fragments. HaveMS/MS database data is limited: in
2009 MS/MS datavere available foronly approximately 14,000 spectra in the NIST/EPA/NIH
Mass Spectral Databa%eA leastsquares data analysis can also be applied to match predictions
of fragmentation with actual fragmentation to help verify the molecular w&igimtother method

is MS/MS/MS that can be used to obtained detailed information about the fragmentation. However,

13



the spectra are quite complicated and have a low signal to noise ratio, making them inadequate for
accuratemass determinatiot.

Jarussophoret al*® demonstrated that MS/MS has been very accurate when used to
determine exact masses of compounds betweenl®88 Da. A total of 86 of 96 compounds
(90%) were successfully assigned an accurate molegalght; furthermore, after a leasfjuares
analysis, the success rate was raised to 97% (93 of 96 compounds). MS/MS has also been used to
successfully assign the molecular formula of paclitaxabHGENO14.2° This demonstrates a
potential to eliminate errors in molecular formula determination, reducing false positives and
improving the accuracy of dereplicaticand hence reducing the chances that a novel compound
will be mistaken for an already known compound. The detailed information about fragmentation

also eases structure determination.

1.4.4 Nuclear Magnetic Resonance Spectroscopy

NMR is commonly used in natal product dereplication due to the wealth of structural
information it provides. However, it is relatively insensitive, so efforts hegtken to improve
the signalto-noiseratio (S/N) for small amounts of sample, a common occurrence in natural
produd isolation. An issue with the small amount of sample and the need for highly sensitive
analysis is the appearance of contaminants which can arise from sources such as solvents,
glassware, and columRASThis can be very difficult to avoid as one must go out of his or her way
to preveat contamination and may have to use different protocols than are typically used in a
synthetic labratory One commonly used method to improve 8/&l ratiois to increase the

number of scans; this improves the S/N ratio as a functio®“dihr= numbemf scansf’ While

14



effective,this is often impractical in shared NMR facilities as it ties up machines for long periods
of time.

A large amount of background noise in NMR spectra is a result of the large number of
electronics that are usedrfanalysis. This noise results in maanydvarious background signals
at room temperature. To eliminate some of this background noise, and thus improve the S/N ratio,
one can use a cryoprobe, an NMPectrometem which the rf coils and the preamplifiare

cooled to approximately 20 K. Cooling improves the S/N ratio by approximatelyfdiali’

S/N =55

. R A B o T L R R g S

I l| | 'R
5.4 52 5.0 4.8 4.6 4.4 4.2 4.0 R 3.6 3.4
(ppm)}

Figure 1-11. Comparison otH NMR of sucrose in BD. (A) 172ng in 550 pL in a 5mm NMR tube. (B172ng in5
ML in a I-mm probe tubeReprinted with permission fromnal. Chem 2002 74, 4464 4471. Copyright 2002
American Chemical Society.

15



Another way to improve the S/N ratio is to decrease the volume of the tube. When a fixed
amount of sample is available, a smalleretsize allows for preparation of a more concentrated
sample due to the reduced amount of solvent need to fill the tube. This increases the effective mass
contained within the tube, greatly increasing the S/N ratio. Molinski reports that a low volume
capillary probe (b7 pL) gives a five times greater mass sensitivity compared to a traditional 5 mm

NMR probe (Figure 1-11).>” Capillary NMR (1 mm probe) has been demonstrated to greatly

' ]
—0 OH

/ H

“OH 1.30: phorboxazole A

1.31: R=Me phorbaside A 1.33: muironolide A
1.32: R=H phorbaside F

Figure 1-12. Compounds isolated frolhobas sp 1.30 186 mg (180 umol) identified in 199%.31, 1.32 ~1
mg and 0.007 mg, respectively (1.5 pmol combined), identified in 2083.~0.09 mg (0.15 pmol), identified
in 2009.
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increase the S/N of sucrosg dipproximately Hold compared to a traditional 5 mm probe, as seen
in Figure1-11, due to a 11dold increase in concentratich.

Compounds isolated frofhobassp.are examples of a natural product extract story that
evolved with technologyRigure 1-12). In 1995, compound.30 wasisolated andts structure
resolved with 180 pmol of compound on a 500 MHz NMR with a room temperature probe. Later,
in 2003, the structures df31 and 1.32 weredetermined with 1.5 pmol of compound on a 600
MHz NMR equipped with a 5 mm cryoprobe. Fetmore, in 2009, the structuoé 1.33 was
determined with 0.15 pmol of compound and a 600 MHz NMR equipped with a 1.7 mm

microcryoprobe?

1.4.5 High Performance.iquid Chromatography

As early as 1979, HPLC was recognized as a viable métindde separation of natural
products; this acted as a replacement for complex separation sofditRIsC has advanced since
then, increasing in speed, capacity, versatility, and resolution. In particular, the availability of
various column types greatly improves the separation capabilities of HPLC.

HPLC profiling is the technique involving the coupling of HPLC analysis with activity

testing and spectroscopy; this can be used to identify a compound through a database search

Extract

5. Isolation and 1. HPLC 3. Coupled Spectroscopy
Characterization such UV, MS, or NMR

(if needed) ! !

2. Bioassay b
4 Database

Search

Figure 1-13. A schematic outlining HPLC profiling. Adapted from: Potterat, O.; HamburgeC . Org.
Chem.2006 10, 899.
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without isolating the compourfd. HPLC profiling (Figure 1-13) can also be used to guide
isolations by prioritizing isolation of the active compounds within the sample instead of isolation
of all compounds within the sample.

HPLC efficiency is limited by the ls&-pressure generated from the packing density of the
column. While it is true that an increase in flow rate decreases time spent, it also decreases the
resolution and generates a higher bpodssure that may be more than the HPLC pump can
withstand. Thiften causes leaks and other damage to the equipment. One way to increase flow
rate without generating high back pressueeto use a monolithic colur@ra column containing
porous channels instead of particles; however, monolithic columns are not eeadible or
readily compatible when coupled with mass spectrom&ters.

Another way to improve HPLC resolution is to decrease particle size; however, this
increases back pressures creating the need forgnassure devices (>400 b#By decreasing
the patrticle size, the number of theoretical plates are increased which increases resolution, although
it is not always predictable to what extent the resolution will be incréa3éis creates a demand
for ultraperformanceiquid chromatography (UPLC) machines that can take advantage of smaller
particle size and shorter column length; allowing hours to be saved on separations.

When choosing a UPL@&ethod the most important feature to examine is the maximum
available presgre due to the continuing decrease in particle size and the ability of higher pressure
systems to operate at higher flow rei¢sIPLC users often have to choose between a shorter
column or a slower flow rate, sacrificing either time or resolution; however, the resolution and
time savings are still mudmproved compared to HPLC. In general, column length for UPLC is
approximately onghird that of HPLC columns and the flow rate is approximately three times as

fast, resulting in analysis times that are nine times faster than comparable HPEOUBKSE. is
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not without its drawbacks. Pressures as khgb0007000 bar can cause solvent compression and
generate heat from friction, causing difficulties in obtaining good separétfions.

UPLC has been shown to decrease separation time when used in the pharmaceutical
industry without serificing quality® A success story of UPL® theanalysis of themedicinal
plant Gingko biloba Eugster successfully transferred HPLC methods to a UPLC machine,
decreasing the particle size from 5 um to 1.7 pum and shortening the column from 4.6 mm to 2.1
mm, thus reducing the analysis time nfo&l. Furthermore, if the column length is not shortened,
far greater resolution is achieved and the analysis still takes significantly less time than the original

analysis?®

1.4.6 HPLC Detection Methods

Wolfender offers a comprehensive study of HPLC detector methods, summarTzddan
1-1. UV is the most widely coupled detection method with HPLC. While it detects many
compounds, it will miss nelV absorbingcompoundsmaking it an imperfect detector. Another
detection methods fluorescence detection (FD), which is more sensitive than UV detection, but
most natural products do not fluorescenaking FD a Ilimited detection method.
Chemiluminescence (CL) is another method, similar to FD, that detects the light emission of a
moleaile in its excited state; however, most natural productsotichemiluminesce.

Electrochemical detection (ECD) can also be coupled with HPLC and is more effective
than FD and CL because many natural products have electrochemical activity. A drawback is
that ECD is a destructive technique that causes reduction within the compound which can be an

issue with natural products that are often in short sufSply.
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Table 1-1. Performance comparison of different HPLC detectors. Retyped from: J. L. Wolfelaadéa Med2009

75,719.
Dynamic o e Chromatographic  Structural Ease of Widespread

Type Range Sensitivity - Specificity Compatabilities  Information  Use use for NPs Cost
uv S pec. *kk Fkk Fk **KC * *kxk Fokkk *
DAD Spec. *kk *kk *k *HKC *ok *kkk *kk *k
F D S pec *%* *kkk *k% *kkk * *k% * *%
E C S pe C. *kkk *kkk *% ** - *% *% *
RID Uni. ** i - **d e - okdok * *
ELSD Uni. **q *k - **a - Kok * *
CAD Uni. bl Fork - **@ - Kokkk g *k

Uni./
M S S pec *% *kkk *%k% **e *kk *% *k%k *%k%
MS- Uni./
MS Spec. ** ko ko **g ko * Kk Xk
NMR.  Uni. **h * * *f ko * *% ——

2Nortlinear responsé’. NMR provides absolute quantification but is not used in this way in tHéoanmode.¢

Requires solvents and buffers with low UV -aifs. “ Not compatible with gradient8Usually not compatible witt
nonvolatile buffers.” Need auterated water and deuterated modifiers in thdlamm mode. 9 Relatively new
technique.

Refractive index detection (R) was first used in 1942 but is very limited in its application.

It works well for detecting carbohydrates and sugars but stiftersa lack of sensitivity and high
susceptibility to background noise and baseline drift. Flame ionization detection is another seldom
used method. While it is highly sensitive, it detects all carbon containing compounds, and thus
requires a 100% #D mobile phase which greatly limits it utilif§.

Originating in 1966, evaporative light scattering detection (ELSD) iery effective
detection method often coupled with HPLC. ELSD evaporates all volatile components and solvent
and measures the amount to which light is scattered by the remaining particles; this technique has
the advantage of detecting all components #natnorvolatile or less volatile than the solvent.

An attempt to replace ELSD was made in 2002 with the implantation of charged aerosol detection

(CAD). CAD works similarly to ELSD but the particles remaining after evaporation are passed
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through a chargk corona discharge needles and the resulting charge is recorded by an

electrometeP®

Figure 1-14. An example of coupling HPLC data with bioassay data. The shaded area of the chromatogr:
collected into a 9avell plate which was then submitted for bioassay. The laddrepresents relative inhibition

MS and NMR can also be coupled with HPLC in order to provide structural data instead
of just indicating the presence of a compofih@l.typical setup includes separation into avgéll
plate for bioassay submissiqfigure 1-14). By using a splitter, most of the sample can be
separated into a container, such as -aveb plate, which can be submitted for bioassay while a
very small amount is sent to the mass spectrometer for an&fy@istdelland Shinsuccessfully
demonstrated this principle in 1999 wheeyconfirmed the activity of two active compounds in
Semecarpus anacardiuwwhile gathering mass data at the same fifiigfficient gathering of data
like this enables one to effectively dedicate his or bBepurces to isolating active compounds
instead of blind chasing of compounds without knowing their activity. M3-has also been
identified as an effective device to couple with UPLC, due to the quick mass analysis time; the
entire separation and mass lgss takes approximately 10 minutes, compared to what would
traditionally take 30 minutes by HPL%€This demonstrates thitS analysis can keep up with the

high speed of UPLC, preventing a bottleneck in the system.
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Capillary NMR can also be a powerful tool to couple with HPLC. It has been shown to be
a very effective resource to determine the structure of a compound in very small amounts. It was
demonstrated by the isolation of chrysaibol frSepedonium chrysospeumwhich started with
only 700 pg of crude extract, with only 33 ug being needed for the capillary NMR andlisis.
another exampleSchroedetret al. isolated 13 different steroids in 11 different fractions when
starting from only 50 fireflies, used capijaNMR to identify compounds from a very small

sample’t

1.4.7 Database Searches

In 2001, LGUV or LC-MS or a combination of the two methods was the preferred method
for early dereplication afiatural products; however,gbe methoddo not allow for identification
of structue,.’? although thedid allow for partial identification of the active components and the
structure could later be determined. At this time;NEIR was becoming more widely used but
the lack of published data in searchable libraries made dereplication dfffiEutthermore, NMR
techniques were not as developed as they currently are, so if only a very small amount of the
compound could be isolatedbtaining useful NMR data may have been difficult or impossible. If
spectroscopic data can be obtained, dereplication can be accomplished with the assistance of
various databases. Three commonly used searchable databases are the Dictionary of Natural
Praducts, MarinLit, and AntiBas€. SciFinde® can also be used when a possible structure is
known to see if the structure is already published. These databases are only as effective as one
makes them. One should note which ctinual features are searchable parameters within accessible

databases to help guidé&* oneds gathering of sp
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HPLC retention times have been demonstrated to be an effective tool in assisting
dereplication. UV data coupled with retention times has been successfully used for database
dereplication when using an-irouse library? However, great care has to be taken to ensure that
HPLC conditions remain the same so that retention times do not vary. This makes retention time
an inefficient parameter for dereplication be@ws the difficulties of ensuring that HPLC
parameters remaihe same at various faciliti@dimiting this technique to #house libraries.

A dereplication method with much more transferability is the use élMRR. While direct
LC-NMR is the preferred ggoach,if one does not have access to anMBR instrumentone
can first perform the LC separation and then obtain NMR sp@tti& data is easily transferred
between facilities. In order to successfully use NMR data to search databases, one must simply
identify some easily recograble features in the spectrum many casesf is not necessary to

determine the entire structurace a database match has been made.

1.5 Synthetic Approaches

While natural products have been used for medicinal purposes, efifisttiveness is
enhancd by synthetic approaches. A synthetic route can be used to provide access to natural
products that are in short supply. However, often the structure of the natural proslucoisplex
to be synthesized so a sesynthetic routenay be used to modify a different naturally occurring
compound ¢ftena precursor in the biosynthetic pathywayor examplepaclitaxelcan be isolated
from the bark of several yew specieswever, these species are very slow growing and in order
to meetsupply demands without damaging the source, an alternative soupeelibdxelwas

sought’>’’ It was found thapaclitaxelcan be efficiently synthesized in threteps from 10
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deacetylbaccatin, which can beleted in high yield from the needlesTaxus baccatd (Figure

1-15).78

Taxus baccata needles ——»

o OH Oyo
CgHs5COO V CgHsCOO
HsC HsC
1.34 1.35
10-Deacetylbaccatin Il Paclitaxel

Figure 1-15. Semisynthetic route to obtain pacliedx

Bioactivities of natural products can often be improved by synthetic modificatitme
natural product is not too complex study of the natural product and related compounds can be
performed in an attempo identify compounds with increased bioactivity (see Chaptes&hne

examples of natural product derivatives are showfigare1-16.”

H H H
i . H
~_© N B 5 N O
¥ ° Y
>—o B 0 N~F
8~ L
(@) HN"-E’—O =
: 0 HO F
1.36 1.37
Vorapaxar Sofosbuvir
F
Cl Cl
1.38 OH 1.39
Luliconazole Canagliflozin

Figure 1-16. Natural product derivatives approved by the Fidgm Janurary 20%3June 2014
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Chapter 2: Antiproliferative Trihydro xyalkylcyclohexenones from

Pleiogynium timoriense

2.1 Introduction
2.1.1 Abstract

Investigation of alichloromethane[§CM) extract of the bark dPleiogynium timoriense
from the former Merck collection of natural product extracts for antiproliferative activity indicated
that it was active with an Kg value of 1.3ng/mL against the A28 ovarian cancer cell line.
Bioassaydirected fractionation of this extract vyielded the three new bioactive
trinydroxyalkylcyclohexenonef.1i 2.3. Their structures were determined by a combination of
spectroscopic and chemical methods. Compouriidi 2.3 exhibited submicromolar
antiproliferative activity against the A2780 human ovarian cancer cell line, wikad(es of 0.8,
0.7, and 0.8vM, respectively. This is a modified and expanded version of previously published

work (Eaton, A. L.; et alJ. Nat. Pod., 2015 78(7), 1753 1755)*

it

Figure 2-1. Pleiogynium timorienséJsed under Creative Commons (CC-BNC-ND 3.0) from
<http://www.tropicos.org/Image/10011851.6
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2.1.2 Author Contributions

The author of this dissertation (Alexander L. Eaton) completed the fractionation of the
extract and the identification of the compounds desciisagell as the drafting of the manuscript.
Ms. Peggy Brodie performed the antiproliferative bioassay (A2780) on all fractions and
compounds. Dr. Michael Goetz provided the extract from the Natural Product Discovery Institute
(NPDI). Dr. Liva Harinantenaenobtained the ECD spectra. Dr. Da@dl. Kingston was a mentor

for this work.

2.1.3 Previous Investigations of Pleiogynium timoriense

P. timoriensealso known as the Burdekin plum, is a tree found in northeast Australia and
Malaysia as well as locationstime southcentral Pacific and southwestern Pacfits fruit is used
to make jan?,and its leaves have been reported to be a source of antioxidants. Twelve mdsnpou
including kaempferol, gallic acid, various kaempferol, quercitin, and myricetin glycosides, and
three galloyl derivatives have been identified from the ethanolic extract of the.tdatas also
been reported that cyanidingBucoside can be found in the fruit Bf timoriense® The DCM
fraction was selected for fractionation basedts antiproliferative activity and the lack of reported

antiproliferative compounds from the species.

2.1.4 Chemical Investigation of Pleiogynium timoriense

As part of an investigation of the former Merck natural products extract library for
antiproliferatve constituents, now maintained by the Natural Products Discovery Indtitgte,
idertified a DCM fraction of the ethanol extract of the bark RIiEiogynium timoriense

(Anacardiaceae) as a promising extract with agV¥&@lue of 1.3rg/mL against the A2780 ovarian
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cancer cell line. The DCM fraction (0.30 g) was fractionated usyn§ephadx LH-20 column

chromatography and two rounds ofs EIPLC to yield the three active compouriidi 2.3,

Figure 2-2. Compoundssolated fronPleiogynium timoriense

2.2 Results and Discussion
2.2.1 Isolation of Compounds from Pleiogynium timoriense

The DCM fraction of the bark oPleiogynium timorienseavas partitionedby using
Sephadex LF20 chromatographyScheme2-1). This yielded one fraction with increased activity
that wasseparated further by 1€ HPLC to yield semipur@.1-2.3. Compounds2.1-2.3 were
purified by Gg HPLC. Compound®.2 was obtained in the largest amount and was investigated

first.

Pleiogynium timoriense, bark,
DCM Fraction, 305 mg,
ICsq 1 ng/mL (A2780)

Sephadex LH- 20
1:1 DCM/MeCOH

Weight (mg): 23 52 222 8
ICs59 A2780 (ng/mL): 5 11 05 5

Scheme2-1. Fractionation oPleiogynium timoriense
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2.2.2 Structure Elucidation

13C NMR and HRESIMS data indicated that compo@i2ihad the molecular formula
C2sH2404 ([M+H] * m/z409.3291, calcd for £8H4s04" 409.3312). ItsH NMR spectrum indicated
the presence of aa,b-unsaturated carbonyl group-@d 6.1, 1H, ddJ = 10.2, 0.7 Hz; H3 d
6.8, 1H, dddJ = 10.1, 3.9, 1.3 Hz), whichas confirmed by it$3C NMR spectrum (€1, d 200.2;
C-2,d 126.4; G3,d 145.9). A large peak for methylene protons intHéNMR spectrumd 1.22
1.34) as well as a triplet dt0.88 (H19NBH, t, J= 6.9 Hz) indicated the presence of a long alkyl
chain in 2.2 This was consistent with th€C NMR data, which showed 10 signals at
approximatelyd 29 as well as signals d23.0 (G2} 22.7 (G18)jand 14.7 (€19Yj The NMR
spectroscopic data are cparable to those of other known trihydroxyalkylcyclohexenone
derviatives$$*! The presence of a double bond within the alkyl chain was indicated by a signal at
d5.34 (2H, m) in théH NMR spectrum as well as by COSY correlations frbf34 (H1ONH-
11Njfo @.00 (HONH-121)

COSY correlations between8land H4 as well as H and H5 were used to establish the
positions of G4 and G5 (Figure2-3). The lack of other corlations in the COSY spectra indicated
that G5 must be attached to an oxygenated tertiary carbd®).(BMBC correlations of F2 to G
6, H-4 to G6, and H5 to G1 (Figure2-3) indicated that the structure contained a cyclic moiety,

which is consistent with the calculated hydrogen deficiency index of four.

Figure 2-3.Selected 2D NMR correlations &f2
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The configuration of the double bond in the alkyl chain was assignédased on the
shifts of he adjacent carbon atontsZ7.2 GONgnd G12)jwhich would have been more shielded
in the case of afE-configuration  ~32)1212 The connectivig of the alkyl chain at @ was
determined from the HMBC spectrum, which showed {cange correlations from# Nj 6.0 C
The remaining®C NMR signals were assigned using HSQC and HMBC spectroscopy. Complete
NMR assignments of all carbons and protonf@are reported iTable2-1.

The location of the double bond in the alkenyl chain was determined through MS analysis
of the products resulting from derivatization with dimethyl disufidéollowing the method of
Mansout* and Roumy® The LGMS of the dimethyl disulfide derivative &f2contained a strong

fragment ion am/z329.19 (calcd [€&H2904S]* 329.18), indicating & ™™ double bond.

0
H oH o Dimethyl disulfide  H
"N, ar I,, Diethyl ether
H “1oH 22 A, 3 days H
HO

Figure 2-4. Dimethyl disulfide derivatizatioand fragmentatioof 2.2.

The 'H NMR spectra of compounda 1 and2.3 were similar to those of compoud2
(Table2-1). The structures &f.1and2.3were assigned by comparison of NMRIaMS data with
those of2.2 *H and'3C NMR spectroscopic data indicated that the structure of the cyclic moiety
was identical based on chemical shifts and coupling constants. The only differences in the
structures were due to the length of the alkyl claaith the location of the double bond within the
chain. HRESIMS and®C NMR data were used to determine tRat contained two fewer
methylene groups thal2 ((M+H]* m/z381.2972, calcd for £H4104" 381.2999) and tha.3

contained two additional methylengroups ([M+H] m/z 437.3604, calcd for £HadO4"
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437.3625). LEMS analysis of the dimethyl disulfide derivative2i showed a strong fragment
ion atm/z301.12 (calcd for [@&H2504S]* 301.15), and that of the same derivativ@ &showed
a strong fragment ion at 357.20 (calcd ford::04S]* 357.21). These results indicaet®™and

D2 MNHouble bonds i2.1and2.3, respectively.

Table 2-1. NMR spectroscopic data @1 2.3,

2.2 2.2 2.3
positior  dc, type du, (Jin HZz) dc, type du, (Jin Hz) dc, typé du, Jin H2)
1 200.2,C 200.2,C 201.6, C

2 126.4,CH 6.10,dd (10.1,0.8) 126.4,CH 6.10, dd (10.2, 0.7 126.3,CH 6.10, dd (10.2, 0.8)
3 145.8,CH 6.80,ddd, (10.13.9, 145.9,CH 6.80, ddd, (10.1, 145.5,CH 6.80, ddd, (10.1, 4.(

1.4) 3.9, 1.3) 1.5)

4 68.6,CH 4.62, brs 68.5, CH 4.62, brs 68.5, CH 4.63, brs

5 75.4,CH 3.98, brs 75.4, CH 3.98, brs 75.3,CH 3.98,dd, (3.0, 1.5)

6 78.1,C 78.1, C 77.8,C

1 36.1,CH 1.83m 36.1, CH 1.83,m 36.1, CH 1.83,m

2 23.0,Ch 1.13, m 23.0,ChH 1.13, m 22.7,Ch 1.13, m

3 29.72 CHS 1.26, br§ 29.8), CH® 1.26, br§ 29.4, CH* 1.25, br§

4 29.78 CH® 1.26, br§ 29.78 CH® 1.26, br§ 29.4, CH* 1.25, br§

5 29.7, CH* 1.26, br§ 29.7, CH* 1.26, br§ 29.4, CH* 1.25, br§

6 29.5, CH* 1.26, br§ 29.53, CH® 1.26, br§ 29.4, CH* 1.25, br§

7 27.19 CHY 2.00, m 29.53, CH® 1.26, br§ 29.4, CH* 1.25, br§

8 129.9, CH 5.34, m 29.51, CH° 1.26, br§ 29.4, CH* 1.25, br§

9 129.8, CH 5.34, m 27.2, CHY 2.00, m 29.4, CH* 1.25, br§
1 (27.23 CH,¢ 2.00, m 129.86 CH® 5.34, m 29.4, CH* 1.25, br§
1 29.32 CH* 1.26, br§ 129.8, CH 5.34, m 27.1, CH® 2.00, Mt
17 29.2,CH* 1.26, br§ 27.2, CHY 2.00, m 129.8, CH 5.35, m
11129.34, CHS* 1.26, br§ 29.4, CH* 1.26, br§ 129.8, CH 5.35, m
1¢29.34, CHS* 1.26, br§ 29.33, CH° 1.26, br§ 27.1, CH? 2.00, M}
1! 31.9,CH 1.26, br§ 29.33, CH*° 1.26, br§ 29.4, CH* 1.25, br§
1¢ 22.7,ChH 1.26, br§ 29.9), CH° 1.26, br§ 29.4, CH* 1.25, br§
1° 141,CH 0.88,1(6.9) 31.9,CH 1.26, br§ 29.4, CH* 1.25, br§
1¢ 22.7,Ch 1.26, br§ 29.4, CH* 1.25, br§
1¢ 14.2, CH 0.88,1(6.9) 31.8, Ch 1.25, br§
2 ( 22.6,Ch 1.25, br§
2 14.0, CH 0.88, t (6.9)
OH 3.60 3.59 exchanges
OH 2.94 2.90 exchanges
OH 2.41 2.37 exchanges

4CDClz, 500 MHz, 150 MHz

®CDCls, 500 MHz, 125 MHz

¢ d e fnterchangable assignment within a column
9 M. Overlapping signals

i0btained from HMBC and HSQC spectra
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Determination of the configurations of the stereogenic centers on the cyclohexenone ring
of 2.2 proved to be a challenge. ComparisortéNMR shifts and coupling constants with those
of similar known trihydroxyalkylcyclohexenones was not definitive in determining the relative
configuration®!**However, the observed coupling constants e? And H3 in its 'H NMR
spectrum (H2, dd,J=1.1, 10.2 Hz; 8, ddd,J = 1.1, 3.7, 10.2 Hz) are consistent with those of
similar alkylcyclohexenones with the same relatigafiguration as proposéeflin order to further
support our propsed relative configuration, tlegclic double bond o2.2was selectively reduced
with diphenylsilane in the presence of Zp&hd Pd(PP4)4 to give the substituted cyclohexanone
2.4. Irradiation of H3 in a selective NOE experiment indicated correlatitmH1 Nj a4 but H
no correlation was observed te3h d 1.84), which indicated that-d was equatorialRigure
2-5). The small coupling constants observed fed k the'H NMR spectrum oR.4 (1H, dd,J =
4.5, 1.1 Hz) allowed the assignment of an equatorial orientation -#rit2.4 and, thus, the
corresponding pseudoequatorial orientation efikh 2.2 A correlation was observed from HN;j

(d1.7) to H6a d 2.7) in a 2D NOESY spectrum, indicating that the alkyl chain was in an axial

HO R Hea

e

H- 1
op OHO

Figure 2-5. Selected NOE correlations 2f4.

orientation. The conformational preference for three axial subsst@emt only one equatorial
substituent ir2.4is presumably due to hydrogen bond formation between the carbonyl and the C
2 hydroxy groups.

The absolute configuration 8f1lwas determined by application of the dibenzoate chirality

rule”18 Surprisingly, acylation of2.1 with p-bromobenzoyl chloride yielded the -pi
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bromdenzoate.5. The corresponding couplings observed in &tH NMR spectrum o.5 (H-

2,dd,J=10.5, 2.2 Hz; KB, dd,J = 10.5, 2.3 Hz; H4, ddd,J= 7.5, 2.3, 2.2 Hz; 5, d,J = 7.5

OCOCgH,Br
T6 R

OCOCgH,Br
2.5
H H
C-3 OCOCgH,Br C-1 =
C-6 OCOCgH,Br C-4 " TOCOCeH,Br
H OCOCgH,Br
C-4/C-5 C-5/C-6

Figure 2-6. Structure oR.5and Newman projections of the4ZC-5 and G5/C-6 bonds of its major conformer

are significantly different from those 8f1i 2.3, indicating a change to a major conformation with
the G4 and G5 p-bromdenzoategroups and the 6 alkenyl side chain equatorial and only the
C-6 p-bromdoenzoate group axiaFigure 2-6). The resulting ECD spectruifsee Sipporting
Information 13.18)showed a positive Cotton effect at 253 nm, as predicted by the Newman
projections of the €/C-5 and G5/C-6 bonds. The expected weaker negative second Cotton effect
is presumably buried in the strong positive background iellipt Thus, the absolute configuration
of 2.1is assigned asSBR,6R. Additionally, since2.1 ([a]*p +21) and2.3 ([a]?*’p +19) have
similar values of optical rotation ®.1 ([a]?% +23), their absolute configurations must also be
4S5R,6R.

The three isolated compounds are similar in structuce dther known
hydroxyalkylcyclohexenones that are found fr@m@pirira obtusa T. guianesnsisand Lannea

edulisin the family Anacardiacea®!?1°Furthermore, they contain the same oxygenation pattern
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as the zeylenones, many of which have been isolated from various member&)eétizegenus

(Annonaceae3®?

2.2.3 Antiproliferative Activity
The antiproliferative activities of the three new compounds were determined against the
A2780 ovarian cancer cell line. All three compounds exhibited moderate antiproliferative activity,

with 1Csp values 0f0.8 £ 0.4, 0.7 + 0.3, and 0.8 £ (¥, respectively.

2.3 Experimental Section
2.3.1 General Experimental Procedures

Optical rotations wereecordedon a JASCO R2000 polarimeter, and UV spectra were
measurean a Shimadzu U\ 201 spectrophotometer. ECD analysis was performed on a JASCO
J-810 spectropolarimeter with a 0.1 cm cell in MeOH at room temperature under the following
conditions: spe®50 nm/min, time constant 1 s, bandwidth 2.0 #nand**C NMR spectra were
recorded using either Bruker Avance 500 or 600 spectrométersd threebond J-coupling
values were calculated frotil NMR spectraMS were obtained on an Agilent 6220 {KOF-MS
or a Thermo Electron TSQ LESFMS. Semipreparative HPLC was performed using Shimadzu
LC-10AT pumps coupled with a Shimadzu SPD M10A diode array detector, d @ kystem
controller, and a Cogent BidentatesColumn (250 x 10 mm) or a Varian LichrosdsbDiol
column (250 x 10 mmpBioactive compounds were checked for purity by analytical HPLC analysis
usinga Shimadzu SPD M10A diode array detectorSedex 75 ELSDa SCIL-10A system

controller, and &ogent Biodentate fgcolumn (75 x 4.6 mm).
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2.3.2 Plant Maerial

Bark of Pleiogynium timoriens¢DC) Leenh. was collected by Dr. Paul Cox under the
auspices of the New York Botanical Garden (NYBG) from a seaveaidg forest on the island
of Eua, Tonga in July 1987; a voucher specimen, PC01113 (ID number 43037 )leposit at

the NYBG.

2.3.3 Extraction and Isolation

An EtOH extract of the bark &. timoriensevas subjected to | i quidrTl
give active hexanes, DCM, and aqueous MeOH fractions wigh M&lues against the A2780
ovarian cancer celllie of 3.0, 1.3, and 6.2 &g/ mL, -respec
C6 (0.30 g) was fractionated using Sephadex20—Holumn chromatography (1:1 DCM/MeOH)
to generate an active fraction (222 mgsol@5ng/mL). This fraction was further purifiadilizing
C1sHPLC (MeOH/HO gradient) to yield 3 semipure active fractions. These fractions were further
purified using Gs HPLC (MeCN/HO gradient) to yield the active compourig (5.4 mg),2.2

(6.9 mg), an@.3(1.4 mg).

2.3.4 Antiproliferative Bioassay

The assay was performed at Virginia Tech according to specifications previously

described*?>The A2780 cell line is a drugensitive ovarian cancer cell lif&.
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2.3.5 Spectroscopic Properties

Compound 2.1:[a]?% +23 (€ 0.5 CHCE); UV (MeOH)I max(log €) 215 (3.59) nm; ECD (MeQOH)
[D #3300m-0.17, D &42 nm+1.72, D &00 nm-1.07;'H NMR (CDCh, 500 MHz) sed able2-1; 13C
NMR (CDCk, 150 MHz) sedlable2-1; HRESIMS [M+H] m/z381.2972 (calcd for £8H4104"

381.2999), [M+Na] m/z403.2805 (calcd for £8HsoNaQ:™ 403.2819).

Compound 2.2:[a]?’%s +21 € 0.7 CHCE); UV (MeOH) | max(log €) 215 (3.44) nmH NMR
(CDCls, 500 MHz) sed@able2-1; 1*C NMR (CDCk, 125 MHz) sedable2-1; HRESIMS [M+H]'
m/z409.3291 (calcd for ££H4s04" 409.3312), [M+Na] m/z431.3125 (calcd for £gHasNaQs"

431.3132).

Compound 2.3:[a]?® +19 (€ 0.1 CHCE); UV (MeOH) | max(log €) 215 (3.25) nmiH NMR
(CDCl;, 500 MHz) sed@able2-1; 1*C NMR (CDCk, 150 MHz) sed able2-1; HRESIMS [M+H]'
m/z437.3604 (calcd for £Ha904" 437.3625), [M+Na] m/z459.3431 (calcd for &£HasNaQs*

459.3445).

Reduction of Compound 2.2Compound2.2 6.8 mg, 0.014 mmol) was dissolvedCHCl (3

mL) and PBSiH (5.3, 5.3 mg, 0.028 mmol), Zng(0.5 mg, 0.0037 mmol), and Pd(RRH{0.3

mg, 0.00026 mmol) were added. The reaction mixture was stirred for 4 h at rt. The solvent was
removed under reduced pressure and the residue was phyifigidizing silica gel column open

column chromatography (7:3 hexanes/EtOAc) to yield 2.3 niy4q0.0056 mmol, 39%).
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Compound 2.4:*H NMR (CDsOD, 600 MHz)d5.38 (2H, m, HL O Njl. 1 &j) , 4 .J983 ( 1 H,
Hz, H4), 3.71 (1H, ddJ = 4.5, 1.1 Hz, 6), 2.70 (1H, dddJ = 13.4, 11.7, 5.6 Hz, {2a), 2.37

(1H, dt,J = 13.4, 5.2 Hz, F2b), 2.16 (2HmM, H-3a, H1 Njb ) , 1.9 W18y, Hr 8,4 H
m, H-3b), 1.70 (1H, ddd) = 13.9, 12.4, 43 Hz, 4 Nja) , 1. 2 93 Nj-2 ME NFBbNHs ,H  H
7 N-8 NHL 3HNL 4 ML 5 ML 6 ML 7 ML 8 N) 1. 0@ Nj) 2 H.,0.J&0.0 HzHH, t
19Nj) ; HRE S'Imiz811.34RP+dalEd for SHi04" 411.3479), [M+Na] m/z433.3288

calcCa 1or Qars2Na . .
(calcd for GsHa2NaQy* 433.3288)

p-Bromobenzoylation of Compound 2.1Compound.1 0.4 mg, 0.001 mmol) was dissolved in
DCM (2 mL), and 44.9 mg (0.37 mmol) of DMAdhd 80.7 mg (0.37 mmol) gfbromobenzoyl
chloride were added. The reaction mixture was stirred for 1.5 h at rt. The solution was diluted with
DCM (5 mL) and washed with4® (5 mL x 3), 3 M HCI (5 mL), and brine (5 mL). The organic
layer was dried with anjldrous MgSQ@and the solvent was removed under vacuum. The resulting
residue was purified utilizing diol HPLC (hexanes/EtOAc gradient) to yield comp2ia(@.8

mg, 82%).

Compound 2.5:[a]?p +9 (c 0.07 MeOH); UV (MeOH) max(log €) 207 (4.12) nm, 2484.17);

ECD (MeOH) D &53nm+23.84, P £34nm0.00, D 02 nnit7.94;'"H NMR (CDCk, 500 MHz) 7.92

(2H, d,J = 8.6 Hz), 7.85 (2H, dJ = 8.6 Hz), 7.77 (2H, dJ = 8.6 Hz), 7.64 (2H, d] = 8.6 Hz),

7.58 (2H, dJ=8.6 Hz), 7.53 (2H, d] = 8.6 Hz), 686 (1H, dd,J=10.5, 2.3 Hz, B), 6.37 (1H,

dd,J = 10.5, 2.2 Hz, FR), 6.30 (1H, dddJ = 7.5, 2.2, 2.2 Hz, H), 6.05 (1H, dJ = 7.5 Hz, H

5),5.34 (2H, m, HL 1 Nl 2 W) , 2. 315Nja()1,H,2 .n®17Njb{) 1, H,1 . 9180 Nj,4 HH m,

13 Nj) , 1hrs2HB Ni2NEB NS NF7 NEB NEO NML 4HNL 5 ML 6 M) , 1. 23 (2 H,
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2 Nj) , 0.8 B0 Hz)3HRESIMS [M+H] m/z927.1055 (calcd for GHsoBrs07* 927.1057),
[M+H]™ m/z 929.1048 (calcd for £Hs0Br:O7" 929.1038), [M+H] m/z 931.1082 ¢alcd for

Ca4Hs50Br30O7* 931.1020), [M+H] m/z933.1018 (calcd for £&Hs0BrsO;" 933.1001).

48



2.4 References

1. Eaton, A. L.; Rakotondraibe, L. H.; Brodie, P. J.; Goetz, M.; Kingston, D. G. I,
Antiproliferative trihydroxyalkylcyclohexenones fromleiogynium timorienseJ. Nat. Prod.
2015,78(7), 17521755.

2. Cavalcanti, S. B. T.; Teles, H. L.; Silva, D. H. S.rlen, M.; Young, M. C. M.; Bolzani,

V. S., New tetreacetylated oligosaccharide diterpene fréapania vernalisJ. Braz. Chem. Soc.
2001,12 (3), 413416.

3. Gachet, M. S.; Kunert, O.; Kaiser, M.; Brun, R.; Zehl, M.; Keller, W.; Munoz, R. A.; Bauer,
R.; Shuehly, W., Antiparasitic compounds fro@upania cinereawith activities against
Plasmodium falciparunand Trypanosoma brucei rhodesienge Nat. Prod.2011,74 (4), 559

566.

4. Al Sayed, E.; Martiskainen, O.; Sinkkonen, J.; Pihlaja, K.; Ayoub, N.; 8indaE. N.;
El-Azizi, M., Chemical composition and bioactivity Bfeiogynium timoriensAnacardiaceae).
Nat. Prod. Commur2010,5 (4), 545550.

5. NetZel, M.; NetZel, G.; Tian, Q. G.; Schwartz, S.; Konczak, I., Native Australiandruits
a novel sourcefantioxidants for foodlnnov Food Sci Emerg007,8 (3), 339346.

6. Netzel, M.; Netzel, G.; Tian, Q.; Schwartz, S.; Konczak, I., Sources of antioxidant activity
in Australian native fruits. Identification and quantification of anthocyadinsgric. Feod. Chem.
2006,54 (26), 98209826.

7. Dai, Y.; Harinantenaina, L.; Brodie, P. J.; Goetz, M.; Shen, Y.; TenDyke, K.; Kingston, D.
G. I, Antiproliferative homoisoflavonoids and bufatrienolides fromginea depressal. Nat.

Prod.2013,76 (5), 865872.

49



8. Fraser, C. J.; Howell, G. P.; Harrity, J. P. A., A furan Dialder cycloaddition approach

to scyphostatin analoguedrg. Biomol. Chen2012,10 (45), 90589066.

9. Li, X.; Choi, H. D.; Kang, J. S.; Lee, C. O.; Son, B. W., New polyoxygenated
farnesylcyclohexenones, deacetoxyyanuthone A and its hydro derivative from the tesirmed
fungusPenicillium spJ. Nat. Prod2003,66 (11), 14991500.

10. Roumy, V.; Fabrel.; Portet, B.; Bourdy, G.; Acebey, L.; Vigor, C.; Valentin, A.; Moulis,
C., Four antiprotozoal and anfbacterial compounds froffapirira guianensisPhytochemistry
2009,70(2), 305311.

11.  Schapiro, V.; Cavalli, G.; Seoane, G. A.; Faccio, R.; MomBruyV., Chemoenzymatic
synthesis of chiral enones from aromatic compouiésiahedron: Asymmetr002,13 (22),
245324509.

12. Correia, S. D.; David, J. M.; David, J. P.; Chai, H. B.; Pezzuto, J. M.; Cordell, G. A., Alkyl
phenols and derivatives frofrapirira obtusa Phytochemistr2001,56 (7), 781784.

13. Jie, M. S. F. L. K,; Pasha, M. K.; Alam, M. S., Synthesis and nuclear magnetic resonance
properties of all geometrical isomers of conjugated linoleic atiggls 1997,32, 10411044,

14.  Mansour, M. B, Holdsworth, D. G.; Forbes, S. E.; Macleod, C. K.; Volkman, J. K., High
contents of 24:6(@3) and 20:1(rl3) fatty acids in the brittle stakmphiura elandiformigrom
Tasmanian coastal sedimerBsgchem. Syst. Ecd005,33(7), 659674.

15.  Fraser, CJ.; Howell, G. P.; Harrity, J. P., A furan Dieddder cycloaddition approach to
scyphostatin analogueSrg. Biomol. Chenm2012,10 (45), 90589066.

16. Katoh, T.; Izuhara, T.; Yokota, W.; Inoue, M.; Watanabe, K.; Nobeyama, A.; Suzuki, T.,
Enantiocontrbed synthesis of the epoxycyclohexenone moieties of scyphostatin, a potent and

specific inhibitor of neutral sphingomyelina3etrahedrori2006,62 (7), 15901608.

50



17. Harada, N.; Nakanishi, K., Determining the chiralities of optically active glydolam.
Chem. Socl1969,91 (14), 39893991.

18.  Liu, H. W.; Nakanishi, K., Pyranose benzoates additivity relation in the amplitudes of
excitonsplit CD curvesJ. Am. Chem. Sot982,104(5), 11781185,

19. Queiroz, E. F.; Kuhl, C.; Terreaux, C.; MavS.; Hostettmann, K., New
dihydroalkylhexenones fromannea edulis]. Nat. Prod2003,66 (4), 578580.

20. Liao, Y-H.; Xu, L-Z.; Yang, SL.; Dai, J.; Zhen, ¥-S.; Zhu, M.; Sun, NJ., Three
cyclohexene oxides frotdvaria grandiflora Phytochemistry. 997,45 (4), 729732.

21. Palframan, M. J.; KociokKohn, G.; Lewis, S. E., Photooxygenation of a microbial arene
oxidation product and regioselective KornbkhideLaMare rearrangement: total synthesis of
zeylenols and zeylenoné&shemistry2012,18 (15), 466-4774.

22.  Takeuchi, Y.; Shi, Q. W.; Sugiyama, T.; Oritani, T., Polyoxygenated cyclohexenes from
the Chinese treéjvaria purpureaBiosci. Biotechnol. Biocher@002,66 (3), 537%542.

23. Ho, D. V.; Kodama, T.; Le, H. T.; Phan, K. V.; Do, T. T.; Bui,H.; Le, A. T.; Win, N.

N.; Imagawa, H.; Ito, T.; Morita, H.; Nguyen, H. T., A new polyoxygenated cyclohexene and a
new megastigmane glycoside from Uvaria grandiflBiaorg. Med. Chem. Let?015

24.  Cao, S.; Brodie, P. J.; Miller, J. S.; Randrianaivg, Ratovoson, F.; Birkinshaw, C.;
Andriantsiferana, R.; Rasamison, V. E.; Kingston, D. G. I., Antiproliferative xanthones of
Terminalia calcicolafrom the Madagascar rain foredt.Nat. Prod2007,70 (4), 679681.

25. Pan, E.; Harinantenaina, L.; Brodie, P. J.; Miller, J. S.; Callmander, M. W.;
Rakotonandrasana, S.; Rakotobe, E.; Rasamison, V. E.; Kingston, D. G. I., Four diphenylpropanes
and a cycloheptadibenzofuran fr@ussea sakalaviaom the Madagascar dry foredt.Nat. Prod.

2010,73(11), 17921795,

51



26. Louie, K. G.; Behrens, B. C.; Kinsella, T. J.; Hamilton, T. C.; Grotzinger, K. R.; McKoy,
W. M.; Winker, M. A.; Ozols, R. F., Radiation survival parameters of antineoplastiesénsgitive
and-resistant human @vian cancer cell lines and their modification by buthionine sulfoximine.

Cancer Resl985,45(5), 21162115.

52



Chapter 3: Bioactive Diterpene Glycosides fronMolinaea retusafrom the

Madagascar Dry Forest

3.1 Introduction
3.1.1 Abstract

As a part of the ICBG collaboration, an ethanol extractMolinaea retusaRadlk.
(Sapindaceae) was investigated on the basis of it moderate antiproliferative activity against the
A2780 human ovarian cancer cell line{d6ng / mL ) . One new caePpound,
acetylcupacinoside3(1, ICs01 5 . 4 ¢ tM9 kn@avn dompounds, cupacinoside? 1Cso 9.5
e M) a-dedD-adcetifupacinoside3(3, ICso 1 0. 9 & M) , wer e idisecdddat ed |
fractionation using liquitliquid partitioning, column chromatography, and HPLC. Cupacinoside
(3.2 and 6de-O-acetycupacinoside 3.3) also had moderate antiplasmodial activities, witkp IC
values of 4.0 and 6Plasmadiivn faldiparsypd? stitain. Vhe btrycturea g a i n ¢
were determined using spectroscopic methods. This is an expanded version ofoaslyevi

published article on this speci@aton, A. L.; et alNat. Prod. Commur2013,8 (9), 12021203)*

Figure 3-1. Flowers ofMolinaea retusaUsed under Creative Commons (CC-BINC-ND 3.0) from
<http://www.tropicos.org/Image/100127490>.

53



3.1.2 Author Contributions

The author ofhis dissertation (Alexander L. Eaton) conducted the isolation and structure
elucidation of the described compounds and drafted the manuscript. Dr. Liva Harinantenaina
provided advice for the isolation and structure elucidation of the compounds deddsbeggy
Brodie performed the antiproliferative bioassay (A2780) on all fractions and compounds. Dr.
Jessica D. Wiley and Dr. Maria B. Cassera performed the antimalarial bio&tasmn@dium
falciparum Dd2 strain). Dr. Martin W. Callmander from the Missi Botanical Garden
supervised the collection of the plant. Richard Randrianaivo from the Missouri Botanical Garden
assisted with collection of the plant. Roland Rakotondrajaona from the Centre National
doApplication de Recher oleeted Brid adentifiect teeuptamt.cbw.e ( C1
Vincent E. Rasamison (CNARP) carried out the plant extraction under the supervision of Dr.
Etienne Rakotobe. Dr. David G. I. Kingston is the corresponding author for the published article

and was a mentor for this wor

3.1.3 Previous Investigations of Molinaea retusa

Molinaea retusais a member of the Sapindaceae family, which is made up of
approximately 1900 speciddolinaea retusas one of ten members of tiholinaeagenus, all of
which are endemic to Madagaséathile plants of the Sapindaceae family have been the subject
of multiple phytochemical studies, the geMinaeahas not previously been investigated. Plants
of the Sapindaceae family are known to contain terpenoids, flavonoids, and ceramides, with

varying types of activity, including antiproliferative and antgmendial activities:*°
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3.1.4 Chemical Investigation of Molinaea retusa

As a part of our continuing search for bioactive natural products from Madagascar, an
extract ofMolinaea retusawas obtained. The crude ethanol extract of the roots were found to
inhibit the grown of human ovarian cancer cells (A2780) with an IC50 vdiuks erg/mL.
Bioassayguided fractionation of the extract led to the identification of three diterpene glycosides,
compri sing t he n e w-de©-acetplonpacindside? ajiNj,thd Ny, kdavyNj, 6 N;j
compounds, cupacinoside andd@O-acetylcupacinoside. Athree compounds were found to
have antiproliferative activity. Cupacinoside anddeO-acetylcupacinoside also had
antiplasmodial activity againdtlasmodium falciparupnDd2 strain. The isolation, structure
elucidation, and bioactivity of the compoundd \e discussedKigure3-2).

o

HO

HO  oh

2".3",4",6'-de-O-acetylcupacinoside (3.1)
AcO o. o
H %e/ W/
o] @)
(¢}

AcO

AcO
OAc Cupacinoside (3.2)

Ho%oe/o X X X X
H
o 2707

AcO

OAc
6'-de-O-acetylcupacinoside (3.3)

Figure 3-2. Compounds isolated froiolinaea retusa
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3.2 Results and Discussion
3.2.1 Isolation of Compounds from Molinaea retusa

Three diterpene glycosides were isolated from the rootslainaea retusautilizing
bioassayguided fractionation§cheme3-1). The crude ethanol exict (1.99 g) was dissolved in
methanol and extracted with hexane. The methanol fraction was dried under reduced pressure and
dissolved in water. The aqueous solution was then extracted using ethyl acetate resulting in two
fractions (three total, includintpe hexane fraction). The ethyl acetate fraction was found to have
improved antiproliferative activity again the A2780 cell line, so it was fractionated further utilizing
Cis flash chromatography and silica gel flash chromatography to yield cupacindsddand 6

de-O-acetylcupacinoside3(3).
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Molinaea retusa, root,
EtOH Extract, 2 g,
IC5¢ 16 ng/mL (A2780)

CﬁH14 MeOH
Weight (mg): 45 EtOAc H,0O
ICsq A2780 (ng/mL):  >20
Weight (mg): 253 1700
IC50 A2780 (ng/mL): 12 >20
C18 Flash CC
(MeOH/H,0)
Weight(mg): 51 18 13 140 16 9 25
IC50 A2780 (ng/mL): >20 >20 >20 9 4 >20 >20
Si Gel Flash CC
(Hexanes/EtOAc)
Weight (mg): 54 20 25 6 50 6
ICs0 A2780 (ng/mL): >20 9 7 9 9 10
3!3 Si Gel Open CC
(EtOAC)

Weight (mg): 7 12 6 9 1 7
ICs50 A2780 (ng/mL): 11 8 9 10 11 >20

3.2

Scheme3-1. Separation oMolinaea retusaoot extract.
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During fractionation it was evident that another minor active compoung@ngasnt, so an
additional 2 g of crude ethanol extract was obtainfechéme3-2). This fractionation was
completed with the goal of isolating as muah possible of the third compound. In the same
manner as the first fractionatiolquidi liquid partitioning was performed, resulting in hexane,
ethyl acetate, and water fractions. The ethyl acetate fraction was once again found to be active.
The ethyl aetate fraction was fractionated utilizinggGlash chromatograph, followed by open
column chromatography with an amino solid phase and ethyl acetate/methanol mobile phase
(85:15). This resulted in an active fraction which was further fractionated uBaagggl column
chromatography (EtOAc mobile phase), followed by purification utilizing high performance liquid
chromatography Kigure 3-3) yielding 2 NjNj, 3d¥j@jacétWghpadinbgide (3.1)A detailed

description of the isolation predure can be found in the Experimental Sec{&B).

o ELSI
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Figure 3-3. HPLC Chromatogram (ELSD) showipgu r i f i ¢ at i odeO-acktylcapdpijosiidSil)j, 4 NjNj, 6 Nj
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Molinaea retusa, root,
EtOH Extract, 2 g,
IC5q 16 pg/mL (A2780)

CGH14 | MeOH
Weight (mg): 73 EtOAc H,O
IC5q0 A2780 (ng/mL):  >20
Weight (mg): 480 1389
IC50 A2780 (ng/mL): 11 >20
C4g Flash CC
(MeOH/H50)
Weight (mg): 62 27 160 8 212
IC59 A2780 (ng/mL): >20 >20 9 >20 >20
NH, Open CC
85:15 EtOAc/MeOH

Weight (mg): 44 1 7 63 43
IC50 A2780 (nug/mL): >20 >20 7 8 15

Si Gel Open CC
(EtOAC)

1 2 1 2 36
>20 >20 19 10 5 12

HPLC

3.1

Scheme3-2. Fractionation oMolinaea retusaoot extract to obtain compourgdl.
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3.2.2 ldentification of Cupacinode 3.2 a rleO-atdtylcupacinoside3(3)
Two of the compounds, cupacinosidg 2 a nde-O-agdtlylcupacinoside3(3) have
previously been reported and were identified through compariséd dfMR, 13C NMR, and

HRESIMS spectroscopic data wipheviously published datd éble3-1).3

AcO o. o
H \/Y\/Y\/Y\/Y
oo
o0 2707

AcO

OAc Cupacinoside (3.2)

HO%OG/O X X X X

H

9'0 . \/Y\/Y\W
AcO Q

AcO OAG

6'-de-O-acetylcupacinoside (3.3)

Figure 3-4. Structure of known compounds isolated frbtolinaea retusa

60



Table 3-1. *H and®*C NMR spectroscopidata of cupacinosid& Q)

a reO-agdtylcupacinosil 3.3).

cupacinoside3.2?

6 -big-O-acetylcupacinoside3(3)®

position lc, type Uy (Jin H2) Uc, type Un (Jin H2)
isoprene lsain 1 659 CH 4.37,dd (11.5, 6.6) 66.4, Ch 4.39
4.16, dd (11.5, 7.6) 4.20,dd (11.7, 7.7)
2 1195,CH 5.36, t(6.7) 121.1, CH 5.39, brt
3 141.4,C 142.3,C
4 39.F, CH 1.952.10 40.F, CH, 1.952.10
5 26.4 CH 2.01-2.17 27.8, CH, 2.01-2.17
6 123.6,CH 5.10 125.% CH 5.10
7 1358,C 1359, C
8 39.7 CH; 1.952.10 40.8, CH, 1.952.10
9 26.8,CH 2.01-2.17 27.6', CH, 2.01-2.17
10 124.%, CH 5.10 125.#4 CH 5.10
11 135, C 136.4, C
12 397 CH 1.952.10 40.9, CH, 1.952.10
13  26.7, CH; 2.01-2.17 27.5, CH, 2.01-2.17
14 124.4,CH 5.10 125.5,CH 5.10
15 131.3,C 132.1,C
16 17.7,ChH 1.60, s 17.6, Ch 1.61,s
17 25.7,ChH 1.68,s 25.9, CH 1.67,s
18 15.98, CHs 159, s 16.19, CHs 1.60, s
19 15.99, CHs 159, s 16.2, CHs 1.61,s
20 16.5,CH 1.69,s 16.7, CH 1.73,s
b-glucopyranosyl 11 100.4,CH 4.40,d (7.8) 101.4, CH 4.44,d (7.8)
21 77.4,CH 3.51,dd (9.1, 7.9) 79.0,CH  3.38,dd (9.2, 7.9)
31 77.1,CH 3.65,t(9.0) 79.0, CH 3.53,1t(9)
41 70.0,CH 3.32,1(9.3) 71.8, CH 3.26
51! 73.7,CH 3.39,ddd (9.73.8,2.2) 77.9,CH 3.26
61 63.1,CH 4.54,dd (12.3, 3.9) 62.7,CH  3.87,dd (11.9, 1.5)
4.25,dd (12.3, 2.4) 3.67,dd (11.9, 5.3)
6 N)Ac  20.9,CH 2.12,s
172.2,C
Urhamnopyranosyl 1N 97.8,CH 5.19,d (1.4) 99.2, CH 5.22, d(1.5)
2N 69.8, CH 5.31,dd (3.4, 1.7) 71.1, CH 5.34,dd (3.4, 1.7)
2 NpMjc  21.0,CH 2.14,s 20.8", CHs 2.03,s
170.3,C 171.6,C
3N 694,CH 5.25, dd (10.1, 3.5) 71.0,CH 5.19,dd (10.2, 3.4)
3 NjMic  20.8,CH 1.99,s 20.7, CHs 2.12,s
170.3,C 171.6,C
4N 710,C 5.07 72.3,CH 5.00, t (10.1)
4 NJMjic  20.8,CH 2.03,s 20.6", CHs 1.94,s
169.9, C 171.6,C
5N 66.6,CH 4.26 67.5, CH 4.39
6N 17.1,CH 1.16,d (6.2) 17.8, CH 1.11,d (6.2)

@0Obtained in CDGl 500 MHz k), 125 MHz (ic)
bObtained in CROD, 500 MHz (iv), 125 MHz (ic)

¢ d et ofnterchangeable signals

'Overlapping signals
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3.2.3 lIdentification of2 NjNj, 3d¥jjacétNgNpadndiside3(1)

The structure of compourgllwas found to be very similar to those of compouhi@sind
3.3based on comparison of th&it NMR and™*C NMR spectroscopic data. THe¢ NMR and'*C
NMR showed that five methyl groupd+(1.60, 6H, sdn 1.60, 3H, sdn 1.61, 3H, sgn 1.67, 3H,
s; anddx 1.70, 3H, s) together with a broad tripletdat 5.39 were present, consistent with the
presenceof a geranylgeraniol group as found 32 and 3.33 The H and*C NMR spectra
exhibited two anomeric protons, suggesting the presence of two sugar units. The signdfiin the
NMR spectrum atdy 4.35 (d,J = 7.7 Hz) is indicative of the anomeric proton onba
glucopyranosyl unit. The remainie@grbon and proton signals for the glucopyranosyl moiety were
assigned through HSQC and HMBC correlations and have shifts corresponding to glucopyranosyl
based on comparison with published literature éatae doublet = 6.2 Hz) signal atl 1.21
(H-6 NjNj) I's characteristic of the methyl group
proton signal was assigned ds$5.12 through use of HMBC and HMQC correlations. The
coupling constantvasnot directly obtained, due to overlap of signals in#HeNMR spectrum,
but could be inferred through the coupling constant present for-éNiNj s i h=3a4)1.7( d d ,
Hz). Since 3.4 Hz represents the coupling e2 MjNj-3tN(Nj, H t h e cHa teprdsénts gf o f 1
coupling of HL NjNj-2tNpNj. H Fur t h er m6 NjdljdaBtdh e8 svihg rcahl isf c@O® n s

rhamnopyranosyi*

I

AR O%
@)

O 0 H

H

S
HsC—7~0-7~H
© O

HO  oH

Figure3-5.Key HMBC cor r el adelOaaetylcupatinosddsifd), 3 NjNj, 4 Nj

H
H
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Assignments of pr otrbamsopyaanodyunit serebmade basddonr t h e
HMBC and HSQC correlations and coupling constants present ifHH¢MR spectrum. A
correlation in the HMBC from H to G1 Nj i n d i c @&-glecdpyranbsgl group ik atached
to the aglycone, and a correlation fromlHNjNj-2tNp i @ d i ¢ a-thamhopyrémaesyl group e U
isconnectedtotfeg | ucopyr anosyl (igureB-5).dahe aglycome cBnNpctvitys i t i o
andsugar linkage were thus confirmed to be the san3elias in3.2and3.3, as expected due to
the similarity of their spectroscopic data.

In comparison tB.2and3.3, H-2 NjNB, NjNji -4 aNjNipwerH shifted upfieldda. 11.6
ppm); conversely, € NjNB NjNE - AMM] Wer e s hicd #2e7dopnmg which isine | d  (
agreement with the lack of acetylatiofihe *C NMR spectrum further iridated a lack of
acetylation due to the absence of peaks downfiettbdf60. The molecular formula ¢&154010)
was established using HRESIMS which yielded an iommét 643.3727 corresponding to
[M+HCOO] (calcd 643.3694 for £Hss012). Compound3.1 was thus determined to be

2 NjNj, 3d€j®jacétylghipadindiide. Complete NMR assignments can be séableB-2.

HO 0 o

H W\W
Po o

HO o

HO

OH
2",3",4",6'-de-O-acetylcupacinoside (3.1)

Figure 3-6. Structure of3.1
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Table 3-2. *H and®®C NMR spectroscopida t a

of -2eNpNjceByINjidacidoliiiNR(16 Nj

position lc, type Un (Jin Hz)
isoprene chain 1 66.4, Ch 4.37,dd (11.7, 6.6)
4.18, dd (11.7, 7.5)
2 121.5, CH 5.39, bt
3 141.8, C
4 40.7 CH, 1.942.10
5 27.8, CH, 2.01:2.17
6 125.3, CH 5.11f
7 135.9, C
8 40.8, CH, 1.942.10
9 27.6, CH, 2.01:2.17
10 125.4, CH 5.11
11 136.2, C
12 40.9, CH, 1.942.10
13 27.8, CH, 2.01-2.17
14 125.5, CH 5.11
15 132, C 1.61
16 17.5, ChH 1.67
17 25.9, CH 1.67
18 16.14° CHs 1.61
19 16.12¢, CHs 1.60
20 16.6, Ch 1.7
b-glucopyranosyl 11 101.6, CH 4.35,d (7.7)
21 79.9, CH 3.35,1(8.5)
31 79.2, CH 3.44,1(9.0)
41 71.8, CH 3.28,1(8.8)
51 77.8, CH 3.21,ddd (9.7, 5.7, 2.3)
61 62.8, Ch 3.86, dd (12.0, 2.3)
3.67,dd (12.0, 5.8)
Urhamnopyranosyl 1N 102.6, CH 517
2N 72.2, CH 3.92,dd (3.4, 1.7)
3N 72.4, CH 3.64, dd(9.6, 3.4)
4 N 73.9, CH 3.37,1(9.6)
5 N 69.8, CH 4.01, dq (6.2, 9.6)
6 N 18.0, Ch 1.21,d (6.2)

Obtained in CBOD, 500 MHz (i), 125 MHz (ic)
a.b.¢.d fterchangeable signals within a column

fOverlapping signals
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3.2.4 Antiproliferativeand Antiplasmodial Activity

Antiproliferative activities Table 3-3) of compounds3.1i 3.3 against a human ovarian
cancer cell line (A2780) were comparable to published activities against a rat skeletal myoblast
cell line (L-6). Compounds3.2 and 3.3 were previously isolated fronCupania cinerea
(Sapindaceae) wi t32)aad2t il1v 3IMigadnstP. @alCiparim(I81 stead) (
and activit32esamd 3HE3lagabstktdkeletal myoblast cells§lcell line)?
Likewise antimalarial activitiesT@ble 3-3) againstP. falciparum(Dd2 strain) were comparable
to previously reported activities agaifstfalciparum(K1 strain)® Compound3.1was not tested

for antimalarial activity due to decomposition before testing could be completed.

Table 3-3. Activities of isolated compounds agat the A2780 cell line andlasmodium falciparum.

Compound Antiproliferative activity Antiplasmodial activity againg®.
against A2780, 1€, € falciparumDd2 strain, IG, € M

2 NjNj, 3dejQjAceétNiNpadGndsided.1) 154 Not determined

Cupacinocide3d.2) 9.5 40+0.6

6 -Nig-O-Acetylcupacinoside3.3) 10.9 6.4+£05

3.3 Experimental Section
3.3.1 General Experimental Procedures

Optical rotations were recorded on a JASCGQ0PO polarimeter. The UV spectrum was
measured using a Shimadzu 1201 spectrometetHd and**C NMR spectra were recordedth
aBruker Advance 500 spectromet¥i-'H threebondJ-coupling values were calculated fréhh
NMR spectraMass spectra were obtained with an Agilent 6220TIAI~MS. Preparative HPLC
was performedby using Shimadzu LELOAT pumps coupled with a Sedex 75 Evaporative Light
Scattering Detector (ELSD), a Shimad2@D M10A diode array detector, a SCQA system

controller, and a Varian Dynamax MEolumn (250 x 10 mm). Flash chromatography collection

65



was performed using a Biotage Horizon Pump coupled with a Biotage Horizon Flash Collector

and a Biotage Horizon UV &ector.

3.3.2 Plant Material

Roots ofMolinaea retusa&Radlk. (Sapindaceae) (collection: Roland Rakotondrajaona et al.
366) were collected at an elevation of 275 m in November 2005, 2 km northwest of the village of
Ankijabe in the Bemosy forest, Vohemar, Dana a , Antsiranana, Sava r
049A37Nj53" E, northern Madagascar. The sampl e

fruits and black seeds.

3.3.3 Extraction and Isolation

Dried and powderei. retusaroots (275 g) were extracted with EtOéf 24 h to yield
28.6 g of EtOH extract, of which 8.1 g was made available to Virginia Tegndi liquid partition
of this extract (2 g) yielded an active EtOAc fraction (253 megp 12 ng/mL). Purification of the
EtOAc fraction was performed on aigCcolumn (MeOH/HO gradient) using a flash
chromatography fraction collector, and yielded one activefmdion (140 mg, 16 9 ng/mL).
The subfraction was fractionated further on a flash chromatography fraction collector utilizing a
silica gel column witha hexanes/EtOAc gradient yielding compoth&25 mg, 1Go 10.9 M)
and one other active fraction (55 mgsd® ng/mL). The active fraction was fractionated further
through the use of an open silica gel column (EtOAc mobile phase) yielding contpa(nang,
ICs509.5mM). A second fractionation was carried out to identify a minor active compound detected
during the first fractionatiorliquidi liquid partitioning of 2 g of EtOH extract yielded an active

EtOAc fraction (480 mg, 1€ 11 ng/mL) which wasseparated by aigcolumn (MeOH/HO
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gradient) to yield one active fraction (160 mgsd@ ng/mL). Compound.1 (17 mg, 1Go 15.4

nM) was obtained using an NKpen column (85:15 EtOAc/MeOH mobile phase) followed by
fractionation using a silica gel openwmn (EtOAc mobile phase), followed by purification using
high pressure liquid chromatography (HPLC) utilizing a silica gel column with a hexanes/EtOAc

gradient.

3.3.4 Antiproliferative Bioassay
Assay was performed at Virginia Tech according to specificatipnsviously

described?3The A2780 cell line is a drugensitive ovarian cancer cell lite.

3.3.5 Antimalarial Bioassay

Assay was performed at Virginia Tech as previously desctbed.

3.3.6 Spectroscopic Properties

2 NjNj, 3-bghp-adeNjbljipagingside (3.1)f WF-220€0. 84, Me OHpux(MeOH)y/ Vi s o
nm (log U: 203 (3.22) *H NMR (500 MHz, CROD): SeeTable 3-2; *C NMR (125 MHz,

CDs0D): SeeTable3-2; HRESIMS [M+HCOO] m/z643.3727 (calcd for £&Hs5012 643.3699),

[M+CI]- m/z 633.3426 (calcd for €£Hs540:10Cl" 633.3411),m/z [M-H]- 597.3652 (calcd for

Cs2Hs3010 597.3644).

Cupacinoside (32): 'H NMR (500 MHz, CDCY): SeeTable3-1; 13C NMR (125 MHz, CDGJ):

See Table 3-1; HRESIMS [M+NHy]* m/z 784.4438 (calcd for fgHesNO14" 784.4478),

67



[M+Na]*m/z 789.3997 (calcd for £He201sNa" 789.4032),m/z [M+K] * 805.3787 (calcd for

CaoHs2014" 805.3771).

6 -Wg-O-acetylcupacinoside (3.3)'H NMR (500 MHz, CROD): SeeTable3-1; *C NMR (125
MHz, CDsOD): SeeTable 3-1; HRESIMS [M+NHiy]* m/z 742.4357 (calcd for £&HesNO13"

742.4372), [M+Na]m/z 747.3910 (calcd for §HecO1aNa" 747.3926).
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Chapter 4: Bioactive Oleanane Glycosides fronolyscias duplicatdrom the

Madagascar Dry Forest

4.1 Introduction
4.1.1 Abstract

In a search for antiproliferative compounds as part of the International Cooperative
Biodiversity Group (ICBG) program, an ethanol extracPofyscias duplicatavas investigated
due to its antiproliferative activity against the A2780 human ovarian cetlecdine (IGo 6
nmg/mL). Seven known oleanane glycosidés;[(&-L-arabinopyranosyl)oxyl 6a-hydroxyolean
12-en28-oic acid 4.1, 1Cso 8 mM), 3b-[(a-L-arabinopyranosyl)oxyl6a,23-dihydroxyolearl2-
en18-oic acid @.2, ICso 131mM), 3b-[(O-b-D-glucopyranoygl-(1- 3)-a-L-arabinopyranosyl)oxy]
16a-hydroxyoleanl2-en28-oic acid @.3, I1Cso 7 mM), 3b-[(O-a-L-rhamnopyranosy{1l- 2)-a-L-
arabinopyranosyl)oxyl6a-hydroxyolearl2-en-28-oic acid @.4, 1Cso 2.8 miM), 3b-[(O-b-D-
glucopyranosy(1- 3)-a-L-arabinopyranosyl)oxy?23-hydroxyolearl2-en-28-oic acid @.5, 1Cso
10 mM), 3b-[(O-a-L-rhamnopyranosy{l- 2)-a-L-arabinopyranosyl)oxy23-hydroxyoleanl2-
en28-oic acid 4.6, 1Cso 3.4 M), and d-[(a-L-arabinopyranosyl)oxy?3-hydroxyolearl2-en
28-oicacid @.7, ICs0 3.4mM) were isolated by bioassayiided fractionation, usingyuidi liquid
partitioning, column chromatography, and HPLC. The structures were deterimynesing
spectroscopic methods. This is a slightly modified and expanded versicevafysly published

work (Eaton, A.L.; et alNat. Prod. Commur2015,10 (4), 567570).
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Figure 4-1. Polyscias duplica. Used under Creative Commons (CC-BNXC-ND 3.0) from
<http://www.tropicos.org/Image/76737>.

4.1.2 Author Contributions

The author of this dissertation (Alexander L. Eaton) completed the fractionation, isolation,
and identification of the described compounds as well as the drafting of the manuscripts. Ms.
Peggy Brodie performed the antiproliferative bioassay (A2780) dnaations and compounds.
Martin W. Callmander from the Missouri Botanical Garden supervised the collection of the plant.
Rol and Rakotondrajaona from the Centre Nation
(CNARP) collected and identified the plantidine Rakotobe (CNARP) supervised the work at
CNARP, and Vincent E. Rasamison (CNARP) carried out the plant extraction. Dr. David G. I.

Kingston is the corresponding author for the published article and was a mentor for this work.
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4.1.3 Previous Investigatias ofPolyscias duplicata

Work was initiated on this extract in part because there had been no previous
phytochemical investigations of plants from the ge@astonia.Subsequent to the initiation of
our work the plant was reidentified &slysciasduplicata(Thouars ex Baill.) Lowry & G. M.
Plunkett, also a member of the Araliaceae family, which contains approximately 1,300 $pecies.
Although there has been no published phytochemical wokk duplicata the phytochemistry of
the genugPolysciashas been well investigated, and members of this genus amgkoacontain
oleanane glycosidég. Although all of the oleanane glycosides obtained in this work have been
isolated previously, this is the first repoftthe isolation of compoundkl, 4.3, and4.5from the
genusPolyscias.Compoundst.2 and4.4 have been isolated froR. fulva® and4.6 and4.7 have

been isolated from botR. fulvaandP. dichroostachy&:°

4.1.4 Chemical Investigation of Polyscias duplicata

The antiproliferative ethanol extract Bblyscias duplicatavas subjected to bioassay
directed fractionation andsolation of the major bioactive constituents. This led to the
identification of seven known oleanane glycosides, which were found to be weakly cytotexic (IC
3-13 mMl) against the A2780 human ovarian cancer cell line. ComparisbiC MR data and
HRESIMS data with literature values led to their identification as seven oleanane glycosides
(Figure4-2), 3b-[(a-L-arabinopyranosyipxy]-16a-hydroxyolearl2-en-28-oic acid @.1, 1Cso 8
mvl),1! 3b-[(a-L-arabinopyranosyl)oxyl 6a,23-dihydroxy-olean12-en-18-oic acid @.2, 1Cso 13
mM),*? 3b-[(O-b-D-glucopyranosy(1- 3)-a-L-arabinopyranosyl)oxyl6a-hydroxyolearl2-en
28-oic acid @.3, 1Cso 7 nM),3 3b-[(O-a-L-rhamnopyranosy{1- 2)-a-L-arabinopyranosyl)oxy]

16a-hydroxyolearl2-en-28-oic acid @.4, ICso 2.8 mM),** 3b-[(O-b-D-glucopyranosy(1- 3)-a-
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L-arabinopyranosyl) oxy23-hydroxyolearl2-en-28-oic acid @.5, ICso 10 nM),'? 3b-[(O-a-L-
rhamnopyranosy{l- 2)-a-L-arabinepyranosyl)oxyj23-hydroxyoleanl2-en28-oic acid .6,
ICs0 3.4 mM)),'* and d-[(a-L-arabinopyranosyl)oxyR3-hydroxyoleanl2-en-28-oic acid @.7,

ICs0 3.4nM).*°

R1 Rg R3 R4
4.1 OH H H H
4.2 OH OH H H
4.3 OH H H Glc
4.4 OH H Rha H
4.5 H OH H Glc
4.6 H OH Rha H
4.7 H OH H H

Figure 4-2. Compounds isolated frofolyscias duplicata
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4.2 Results and Discussion
4.2.1 Isolation of Compound.1i 4.7 from Polyscias duplicat
The crude ethanol extract &olyscias duplicatglCso 6 ng/mL) was fractionateavith

liquidi liquid partitioning yielding an active ethyl acetate fraction. The ethyl acetate fraction was
further partitionedvith Sephadex LF20 column chromatography followed by silica gel column
chromatography to yield.1andan active fraction. A portion of the active fraction was separated
by Cis HPLC to yield seven antiproliferative compoundsl{4.7). An overview of this extraction
can be seen iBchemed-1, and details can be found in the Experimental Sectidhis chapter
(4.3).

Polyscias duplicata, roots,

EtOH Extract, 2 g,

ICs0 6 ng/mL (A2780)
C6H14 T MeOH

Weight (mg): 202 EtOAc H,O
IC59 A2780 (ng/mL): 8

Weight (mg): 413 1271
IC50 A2780 (ng/mL): 2 >20

Sephadex LH- 20
1:1 DCM/MeOH

Weight (mg): 26 38 330 13
ICso A2780 (ug/mL): 520 5 2 >20

Silica Gel CC (97.5:2.5

EtOAc/MeOH)
Weight (mg): 11 6 83 8 230
ICsq A2780 (ug/mL): 4 3 3 2 %
4|1 C4 HPLC
: (MeOH/H,0)
4.2-4.7

Schemes-1. Isolation 0f4.1i 4.7 from Polyscias duplicata
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4.2.2 ldentification of Compoundé.1i 4.7

Initial inspection of the'H NMR spectra indicated that.1i 4.7 were very similar in
structure. HRESIMS was used to determine the molecular formua%idf7. A database search
in the Dictionary of Natural Products was performed to determine possible structures. Due to the
scarcity of publishedH NMR data,*C NMR experimental data were compared to published
values to confirm the structure 4f1i 4.7. Partial'H NMR assignments are presented at the end

of this chapter and completel NMR spectra can be found in the supporting information.

4.2.3 Antiproliferative Activity

The isolated compounds were subjected to antiproliferative bioassay against the A2780
ovarian cancer cell line. The results are showitable 3-3, ard indicate that two of the most
active compounds4(4 and4.6) had a rhamnose at the C2' position. A hydroxyl group at C16

appeared to reduce activity, as indicated by a comparists2 ahd4.7.
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Table 4-1. Activities of isolated compounds against the A2780 cell line
Compound Antiproliferative activity against A2780, Kg( € M

3b-[(a-L-arabinopyranosyl)oxyl 6a-hydroxyoleanl2-en

28-oic acid ¢.1) 6+3
3b-[(a-L-arabinopyranosyl)oxyl6a,23-dihydroxy-olean 16 + 4
12-en-18-oic acid 4.2) B
3b-[(O-b-D-glucopyranosy(1- 3)-a-L-arabine 544
pyranosyl)oxy}16a-hydroxyoleanl2-en-28-oic acid @.3) B
3b-[(O-a-L-rhamnopyranosy{1l- 2)-a-L-arabine 28+0.2
pyranosyl)oxy}16a-hydroxyoleanl2-en-28-oic acid @.4) T
3b-[(O-b-D-glucopyranosy(1- 3)-a-L-arabine 13+ 2
pyranosyl)oxy}23-hydroxyoleanl2-en-28-oic acid @.5) B
3b-[(O-a-L-rhamnopyranosy{1l- 2)-a-L-arabine 3+05
pyranosyl)oxy}23-hydroxyolearl2-en-28-oic acid @.6) -
3b-[(a-L-arabinopyranosyl)oxyR3-hydroxyoleanl2-en28-

: . 3.3+0.1
oic acid @.7)
Paclitaxel 0.07 £0.02

4.3 Experimental Section
4.3.1 General Experimental Procedures

'H and**C NMR spectra were recordedth a Bruker Advance 500 spectrometi-H
threebondJ-coupling values were calculated frdin NMR spectraMass spectra were obtained
with an Agilent 6220 LETOFMS. Preparative HPLC was performed using Shimadz:d Q&T
pumps coupled with a Sedex 75 Evaporative Light Scattering Detector (ELSD), a Shimédzu SP
M10A diode array detector, a SAIOA system controller, and a Cogent BiadentafgecGlumn

(250 x 10 mm).
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4.3.2 Plant Material
Roots ofPolyscias duplicatgThouars ex Baill.) Lowry & G. M. Plunkett (Araliaceae)
were collected at an elevation of 189 m on ®@etdb, 2006, 15 km from the village of Saharenana
in the Sahafary forest, Sadjoavato, Antsiranana Il, 12°34'48" S 049°26'B1'Raotondrajaona
396). The sample was collected from a tree 7 m tall with a thorny trunk, with green spherical fruit

that turnpurple upon reaching maturity.

4.3.3 Extraction and Isolation

Polyscias duplicataroots (250 g) were ground and extracted with ethanol at room
temperature to yield 16.2 g of extract, of which 5.3 g were made available to Virginia Tech.
Liquidi liquid partitioning of a 2 g portion of this extract yielded an active EtOAc fraction (413
mg, 1Gso 2 ng/mL). Purification of the EtOAc fraction was performed on a SephadeX(.H
column (1:1 dichloromethane/methanol) which yielded an activefragbon (330 mg, 16 2
ng/mL). The sukfraction was fractionated further utilizing a silica gel column (97.5:2.5
EtOAc/MeOH) yielding one active compountll, 6 mg) and an active sdfaction (230 mg, 16
2 @mL). A portion of this sulfraction (88 mg) was further fractionateding high pressure
liquid chromatography (HPLC) utilizing ar&column with a methanol/water gradient yielding six

bioactive compoundst(2, 10 mg;4.3, 7 mg;4.4, 4 mg;4.5, 4 mg;4.6, 5 mg;4.7, 32 mg).

4.3.4 Antiproliferative Bioassay

Assay was performed ¥irginia Tech according to specifications previously descriSed.

The A2780 cell line is a drugensitive ovarian cancer cell lifhe.
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4.3.5 Spectroscopic Properties

3b-[(a-L-arabinopyranosyl)oxy]-16a-hydroxyolean-12-en-28-oic acid (4.1):[a]?% +9.3 € 0.1
MeOH);*H NMR (500 MHz, GDsN, Partial Assignment): 0.91 (GHs), 0.98 (CH, s), 1.06 (CH,
s), 1.09 (CH, s), 1.21 (CH, s), 1.29 (CH, s), 1.88 (CH, s), 4.8 (HINf,J = 7.1 Hz), 5.28 (ML6,
brs), 5.67, (HL2, t,J = 3.1 Hz);’3C NMR (150 MHz, GDsN): 16.1 (G25), 17.4 (G24), 17.9 (C
26), 19.0 (GB), 24.3 (G11), 25.2 (G30), 27.1 (C2), 27.7 (G27), 28.7 (C23), 31.5 (C20), 33.2
(C-22), 33.8 (G29), 34.0 (C7), 36.6 (C15), 36.7 (C21), 37.5 (C10), 39.3 (C1), 40.0 (G4), 40.4
(C-8), 41.9 (G18), 42.6 (G14), 47.7 (C9), 47.7 (G19), 49.4 (C17), 56.4 (C5), 67.2 (G5)j 70.0
(C-4Mlj 73.4 (G2M}j 75.1 (G16), 75.2 (C3)j 89.1(C-3), 107.9 (C1Wj 122.8 (G12), 145.6 (C13),

180.3 (G28, from HMBC); HRESIMS [M+Naim/z627.3804, (calcd for £HssNaQs* 627.3867).

3b-[(a-L-arabinopyranosyl)oxy]-16a,23-dihydroxy -olean-12-en-18-oic acid (4.2): [a]*®
+20.3 €£0.1 MeOH);*H NMR (500MHz, CsDsN, Partial Assignment): 0.95 (GHs), 0.99 (CH,
s), 1.05 (CH, s), 1.08 (CH, s), 1.20 (CH, s), 1.80 (CH, s), 5.01 (HINf,J = 7.2 Hz), 5.25 (H
16, br s), 5.67 (H.2, t,J = 3.2 Hz);3C NMR (150 MHz, GDsN): 14.0 (G24), 16.7 (G25), 18.0
(C-26), 18.6 (G6), 24.3 (G11), 25.3 (C30), 26.5 (C2), 27.6 (G27), 31.4 (C20), 33.0 (C22),
33.6 (G7), 33.7 (G29), 36.6 (C15), 36.6 (C21), 37.4 (C10), 39.3 (CL), 40.4 (G8), 41.9 (G
14), 42.5 (C18), 43.9 (G4), 47.6 (G19), 47.8 (C5), 48.2 (G9), 49.4 (G17), 65.0 (C5)j67.4 (G
23), 70.0 (CGAN}j 73.5 (G2N}j 75.1 (G16), 75.2 (C3I)j82.4 (G3), 107.0 (C1Mj122.7 (C12), 145.6
(C-13), 180.4 (€28, from HMBC); HRESIMS [M+H} m/z 621.4037 (calcd for &Hs/Oo"
621.3997), [M+NH]* m/z 638.4270(calcd for GsHsoNOg" 638.4263),v[M+Na] m/z643.3789

(calcd for GsHseNaOy'™ 643.3817), [M+K] m/z 659.3563(calcd for ¢sHseKOo" 659.3556),
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[2M+H]* m/z1241.7838 (calcd for oH118016" 1241.7921), [2M+Na]m/z1263.7660 (calcd for

CroH112NaOws" 1263.7741).

3b-[(O-b-D-glucopyranosyk(1- 3)-a-L-arabino-pyranosyl)oxy]-16a-hydroxyolean-12-en-
28-oic acid (4.3):[a]*% +15 € 0.1 MeOH);*H NMR (500 MHz, GDsN, Partial Assignment):
0.89 (CH, s), 1.05 (CH, s), 1.06 (CH, s), 1.08 (CH, s), 1.21 (CH, s), 1.23 (CH, s), 1.86 (CH,
s), 4.98 (HINf,J = 5.8 Hz), 5.21 (HLNjNjJ = 7.7 Hz), 5.27 (HL6, br s), 5.67 (H.2, t,J = 3.3
Hz); 13C NMR (150 MHz, GDsN): 16.2 (G25), 17.4 (C24), 18.1 (C26), 19.1 (G6), 24.4 (G11),
25.5 (G30), 27.1 (C2), 27.8 (C-27), 28.8 (C27), 31.6 (C20), 33.2 (C22), 33.9 (C29), 34.1 (C
7), 36.7 (G21), 36.8 (G15), 37.6 (G10), 39.4 (G1), 40.1 (G4), 40.5 (G8), 42.1 (G18), 42.7 (C
14), 47.8 (C19), 47.9 (C9), 49.6 (G17), 56.5 (C5), 63.1 (G6NjN5.5 (G5I)j68.8 (G4Nj 72.1
(C-4NjNj4.0 (G2I)j 75.3 (G16), 77.0 (G2NjNi8.7 (G3NjNj8.7 (G5NjNJ1.6 (G3I)j 89.4 (G3),
105.4 (G1Mj 106.6 (GINjNj22.8 (G12), 145.8 (C13), 180.0 (€28, from HMBC); HRESIMS
[M+NH4]* m/z784.4763 (calcd for £2H70NO13" 784.4842), [M+Na] m/z789.4332 (calcd for

CsHessNaOr3" 789.4396), [M+K] m/z805.4099 (calcd for £ZHssKO13" 805.4135).

3b-[(O-a-L-rhamnopyranosyl-(1- 2)-a-L-arabino-pyranosyl)oxy]-16a-hydroxyolean-12-en-
28-o0ic acid (4.4):[a]?® - 20 € 0.1 MeOH);*H NMR (500 MHz, GDsN, Partial Assignment):
0.89 (CH, s), 1.04 (CH, s), 1.08 (CH, s), 1.10 (CH, s), 1.18 (CH, s), 1.21 (CH, ), 1.65 (H6N|jNj
d,J=6.2 Hz), 1.87 (CH| s), 4.93 (HIN,J = 5.5 Hz), 5.26 (HL6, br s), 5.66 (H.2, t,J = 3.3
Hz), 5.26 (H16, br s)3C NMR (150 MHz, GDsN): 16.1 (G25), 17.4 (C24), 17.9 (G26), 18.9
(C-6), 18.9 (G6I\j 24.2 (G11), 25.5 (C30), 27.0 (G2), 27.7 (G27), 28.5 (C23), 31.4 (C20),

32.8 (G22), 33.8 (C29), 33.9 (C7), 36.6 (G15), 36.6 (G21), 37.5 (G10), 39.4 (G1), 39.9 (G
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4), 40.3 (G8), 42.0 (G18), 42.6 (C14), 47.7 (C9), 47.7 (G19), 49.5 (G17), 56.4 (C5), 65.1C-
5I)j 69.1 (G4N}j 70.3 (G5NjNj2.8 (G2NjNj3.0 (G3NjNj4.2 (G3Nj 74.5 (G4NjNi5.2 (G16), 76.3
(C-2)lj 89.2 (G3), 102.1 (CINjNj05.2 (G1Mj 122.6 (G12), 145.7 (C13), 180.6 (€28, from
HMBC); HRESIMS [M+NH:j]* m/z768.4916 (calcd for £H70NO12" 768.4893), [M+Na] m/z

773.4409 (calcd for £zHesNaOr2 773.4446).

3b-[(O-b-D-glucopyranosyk(1- 3)-a-L-arabino-pyranosyl)oxy]-23-hydroxyolean-12-en-28-
oic acid (4.5):[a]?*?o +34.7 € 0.1 MeOH);*H NMR (500 MHz, GDsN, Partial Assignment): 0.94
(CHs, s), 0.94 (CH, s), 1.01 (CH, s), 1.03 (CH, s), 1.04 (CH, s), 1.23 (CH, s), 5.20 (H1N{, J
= 5.9 Hz),5.21 (HINjMjJ = 7.7 Hz), 5.49 (HL2, t,J = 3.4 Hz);*C NMR (150 MHz, GDsN):
13.4 (G24), 16.5 (G25), 17.9 (G26), 18.6 (C6), 24.1 (G11), 24.2 (C30), 24.3 (C16), 26.3 (C
2), 26.5 (G27), 28.8 (C15), 31.4 (G20), 33.3 (C7), 33.7 (G22), 33.7 (C29), 34.7 (C21), 37.3
(C-10), 39.1 (G1), 40.1 (G8), 42.4 (G14), 42.5 (G18), 43.9 (G4), 46.9 (C19), 47.1 (C17), 48.3
(C-5), 48.5 (G9), 62.9 (G6NjMN5.3 (G23), 65.4 (C5I)j68.7 (G4N}j 71.8 (GANjNK.1 (G2Vj 76.7
(C-2NjNi8.6 (G3NjNj8.7(C-5NjMiL.8 (G3), 82.6 (G3N}j 104.3 (G1NjNj06.4 (G1Nj 123.5 (C12),
145.3 (G13), 180.4 (€28, from HMBC); HRESIMS [M+H] m/z767.4568 (calcd for Hes7O13"
767.4576)m/z[M+NH4]* 784.4849 (calcd for GH7oNO13" 784.4842) m/z[M+Na]* 789.4396
(calcd for GiHesNaOis" 789.4396)m/z[M+K] * 805.4202 (calcd for ££HesKO13" 805.4135)m/z
[2M+H]* 1533.9075(calcd for GzH133026" 1533.9080),m/z [2M+Na]* 1555.8879 (calcd for

Ce2H132NaOze" 1555.8899)m/z[2M+K] * 1571.8557 (calcd for §3H13KO2" 1571.8638).

3b-[(O-a-L-rhamnopyranosyl-(1- 2)-a-L-arabino-pyranosyl)oxy]-23-hydroxyolean-12-en-

28-oic acid (4.6):[a]*p +18.7 € 0.1 MeOH); *H NMR (500 MHz, GDsN, Partial Assignment):
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0.94 (CH;, s), 0.95 (CH, s), 1.01 (CH, s), 1.03 (CH, s), 1.09 (CH, s), 1.24 (CH, s), 1.66 (HENjNj
d,J=6.2 Hz), 5.13 (HINf, J = 6.3 Hz), 5.48 (HL2, t,J = 3.5 Hz), 6.31 (HLNjb}j s);**C NMR
(150 MHz, GDsN): 14.4 (G24), 16.5 (G25), 17.9 (G26), 18.5 (G6NjNj8.9 (G6), 24.1 (G30),
24.2 (G16), 24.2 (G11),26.5 (G2), 26.6 (G27), 28.8 (G15), 31.3 (G20), 33.3 (G22), 33.7 (C
7), 33.7 (G29), 34.7 (G21), 37.3 (G10), 39.4 (G1), 40.1 (G8), 42.4 (G18), 42.5 (G14), 44.0
(C-5), 46.9 (G19), 47.1 (C17), 48.1 (GA4), 48.6 (G9), 64.4 (G23), 66.1 (C5)j69.8 (C-5NjNj0.1
(C-4N}j 72.8 (G2NjNj2.9 (G3NjNj4.5 (G4NjNj5.1 (G3N}j 76.2 (G2)j 81.4 (G3), 102.1 (C1INjN;j
104.8 (G1Nj 122.9 (G12), 145.3 (G13), 180.1 (€28, from HMBC); HRESIMS [M+H]
751.4586m/z(calcd for GiHe7O12" 751.4627), [M+NH]* m/z768.4873 (calcd for £H7oNO12"
768.4893), [M+Na] m/z 773.4405 (calcd for GHesNaOL" 773.4446), [M+K] m/z 789.4262

(calcd for GiHessKO12" 789.4186).

3b-[(a-L-arabinopyranosyl)oxy]-23-hydroxyolean-12-en-28-oic acid (4.7):[a]??%> +49.7 € 0.1
MeOH);*H NMR (500 MHz, GDsN, Partial Assignment): 0.93 (GHs), 0.94 (CH, s), 0.95 (CH,
s), 1.01 (CH, s), 1.03 (CH, s), 1.24 (CH, s), 4.99 (HINf,J= 7.2 Hz), 5.48 (HL2, t,J = 3.1 Hz);
13C NMR (150 MHz, GDsN): 14.0 (G24), 16.5 (G25), 17.8(C-26), 18.5 (G6), 24.0 (G30), 24.1
(C-16), 24.2 (G11), 26.5 (G2), 26.5 (G27), 28.7 (C15), 31.3 (C20), 33.3 (C7), 33.6 (G29),
33.6 (G22), 34.6 (G21), 37.3 (C10), 37.1 (C1), 40.1 (G8), 42.3 (G18), 42.5 (C14), 43.9 (C
4), 46.8 (G19), 47.0 (C17), 48.0 (C9), 48.5 (G5), 64.9 (G23), 67.3 (C5)j 70.0 (G4N|j 73.5 (G
21)j 75.1 (G3Nj 82.3 (G3), 107.0 (C1N}j 122.9 (G12), 145.2 (C13), 180.6 (€28); HRESIMS
[M+NH4]* m/z 622.4254 (calcd for §sHeoNOg" 622.4313), [M+Na] m/z627.3826 (calcd fo

CasHseNaQs™ 627.3867), [M+KT m/z643.3664 (calcd for §HseKOs" 643.3607), [2M+H] m/z
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1209.8025 (calcd for foHudOie® 1209.8023), [2M+Na] m/z 1231.7725 (calcd for

CroH11NaOw™ 1231.7843), [2M+K] m/z1247.751(calcd. for GoH11KO16" 1247.7582).
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Chapter 5: Synthesis of Mallotojaponin C and Derivatives

5.1 Introduction
5.1.1 Abstract

The phloroglucinol mallotojaponin C was isolated recently fidallotus oppositifolius
and was shown to have both antiplasmodial and cytocidal activities addamnhodium
falciparum. The natural product, mallotojaponin C, was synthesized in two steps f{$hgNg
trinydroxyacetophenone. Derivatives of mallotojaponin C wanethesized in an attempt to
improve the bioactivity. Two derivatives,12and5.13 were found to have similar antiplasmodial

activity to that of mallotojaponin C.

5.1.2 Author Contributions

The author (Alexander L. Eaton) of this dissertation performed the syntheses described.
Ms. Shuqgi Zhao assisted with the synthesis of compo6rialend 5.16 Antimalarial assays
(Plasmodium falciparunDd2) were performed by Dr. Seema Dalal under the sigpen of Prof.

Maria Belen Cassera. Dr. Dau@l I. Kingston was a mentor for this work.

5.1.3 Previous Investigations and Project Goals

The phloroglucinol mallotojaponin G(1) was isolated in 2013 by Lividarinantenaina
from Mallotus oppositifoliusa membeof the Euphorbiaceae familyand was shown to have both
cytostatic and cytocidal activity against chloroquine/mefloquesgstanflasmodium falciparum
(Dd2 strain). Related compounds previously isolated or prepareidsted for their antimalarial
activity include methylated mallotojaponin 6.2), mallotophenone5(3), and mallotojaponin B

(5.4). This testing 06.1i 5.4 indicated the importance of the alkenyl side chain and the phenolic
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hydroxy substituents at-€ andC-6 for activity. Many monomeric phloroglucinols have been
investigated for their antimalarial activity, although few have given positive réduiterein is
presented a synthesis of mallotojaponin C and an investigation of the activities of mallotojaponin

C derivatives.

Table 5-1. Antimalarial activities of mallotojaponin derivatives previously investigated.

Compound ICs0 (M)
51 0.14 + 0.04
5.2 25205
5.3 >10

54 0.75+0.3

5.2 Results and Discussion
5.2.1 Synthesis

Compound$.1land5.5 5.18(Figure5-1) were synthesized during the course of this work.
Mallotojaponin C 5.1) was synthesized in two steps starting fromghBlihydroxy-4Nj
methoxyacetophenone. The first step involved the straightforward syntheSidloby the
prenylation of the commercially available compo&ntQ The synthesis di.1from 5.11proved
to be more challenging. The synthesisde requires the coupling divo molecules 06.11 by
formaldehyde. The initial coupling conditions used were based upon previous work with similar
substrate$;” but in the case 06.1it was apparent that ¢halkene moiety was readily hydrated
under the standard acidic conditions. Most of the previously published work was on derivatives
not containing an alkene moiety, so this problem did not arise in these cases. This presented a
number of difficulties. In aler to improve the yield @&.1, the synthesis of the model compound
5.8 was investigatedFjgure 5-2) because of the reduced cost501i5in comparson t05.10
Various solvents, catalysts, and reaction durations were used in attempts to improve the yield of
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510R=Me,R'=H
5.11 R = Me, R' = Prenyl
5.12 R = Me, R' = Geranyl

5.1 R = Me, R' = Prenyl 5.13 R = Me, R' = Farnesyl
5.5R=Me,R'=H 5.14 R = Me, R' = CH,CH,C(CH3),0OH
5.6 R = Me, R' = Geranyl 515R=H,R' =H

5.7 R = Me, R' = CH,CH,C(CH3),0OH 5.16 R=H, R' = Prenyl

5.8 R=H, R' = Prenyl 5.17 R = H, R' = Geranyl

5.9 R=H, R' = Geranyl 5.18 R = H, R' = Farnesyl

Figure 5-1. Compounds investigated for antimala@ativity.

5.8and to prevent hydration and other undesired reactiaid€5-2). The best solvent was found
to be acetonitrile, and the use of camicated sulfuric acid as catalyst reduced hydration of the

alkene. These conditions allowed the reaction to be completed in less than 30 minutes, and this

)

HO OH
Conditions in Table 5-2

OH
5.16 5.8

Figure 5-2. Synthesis 056.8.
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short reaction time reduced the amount of hydra#idtmough the yield of the coupling reaction
was only 15%, the desired product could be purified. The steietas confirmed bS and

comparison ofH and'*C NMR spectra to previously published speétra.

Table 5-2. Some conditions attempted for synthesis &f

Solvent Linker Equivalents Catalyst Cat. Amt. Heat (50°C) Duration Yield
CHCl; Trioxane 0.3 p-TsCl Cat. Y 2h Falil
CHCl; Trioxane 0.3 H.SOy 1 drop Y 2h Falil
MeOH Formaldehyde 0.5 HoSOy 1 drop N Overnight Trace
MeOH Formaldehyde 1 H2SO 5 drops N Overnight Trace
MeOH Formaldehyde 3 H2SO 5 drops N Overnight Trace
MeOH Formaldehyde 10 H.SOy 5 drops N Overnight Trace
MeOH Formaldehyde 100 H.SOy 5 drops N Overnight Trace
MeOH Formaldehyde 300 H2SO 5 drops N Overnight Trace
MeOH Formaldehyde 1000 H2SO 5 drops N Overnight Trace
MeOH Formaldehyde 1 H.SOy 1 drop N Overnight Trace
MeOH Formaldehyde 1 H.SOy 10 drops N Overnight Trace
MeOH Formaldehyde 1 HCI 1 drop N Overnight Trace
MeOH Formaldehyde 1 HCI 10 drops N Overnight Trace
MeOH Formaldehyde 1 H.SOy 1drop Y Overnight  Fail
MeOH Formaldehyde 1 H2SO 10 drops Y Overnight  Fail
MeOH Formaldehyde 1 HCI 1 drop Y Overnight  Fail
MeOH Formaldehyde 1 HCI 10 drops Y Overnight  Fall
THF Formaldehyde 1 H.SOy 5 drops N Overnight  Fall
MeCN Formaldehyde 1 HoSOu 5drops N Overnight <10%
MeCN Formaldehyde 2 H2SOy 5 drops N Overnight ~10%
MeCN Formaldehyde 10 HoSOy 5 drops N 30 min ~15%
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In an attempt to improve upon the antiparasitic activity of the coupled compounds,
compounds$.5 5.9 were synthesized to investigate the effect of the length of the alkenyl chain
and the substituent at&on the bioactivity of the resulting compounds. CompduBdhas been
previously synthesized, and its structure was confirmeM8yand comparison ofH and3C
NMR spectra to previously published spectfie structures 6.5 5.7 and5.9 wereconfirmed

by MS and comparison dH and*C NMR spectra.

@)
H 18 _OH
02 O CH?O, H+ >
3 5 CH3CN, 5-30 min
R' 2
OR
510R=Me,R'=H 5.1 R = Me, R' = Prenyl; 32%
5.11 R = Me, R' = Prenyl 5.5R =Me, R'=H; 38%
5.12 R = Me, R' = Geranyl 5.6 R = Me, R' = Geranyl; 4%
5.14 R = Me, R' = CH,CH,C(CHs3),OH 5.7 R = Me, R' = CH,CH5C(CH3),0H; 50%
5.16 R =H, R' = Prenyl 5.8 R=H, R' = Prenyl; 20%
5.17 R = H, R' = Geranyl 5.9 R =H, R' = Geranyl; 27%

Figure 5-3. Synthesis 06.1, 5.5/5.9

The synthesis of compounés5i 5.9 required the preparation of compourl4Q 5.12
5.14 5.16 and5.17 as reactants. Alkylation of the precursér$0and5.15was achieved by
reaction ofthe phenol with either sodium hydroxide or lithium hydroxide and the appropriate
alkenyl halide in ethanol at room temperatdree use of sodium hydroxide led to higher yields
of 5.11, 5.12 5.16 and5.17 than the use of lithium hydroxide. Compour&g18!! 5.161%+14
5.171%and5.1841" have previously been synthesized, and their structures were confirmed by
MS and comparison ofH and'3C NMR spectra to previously published spectra. The ethanol
solvent was chosen based on a previous study of the effect of solvent oralthdaGon of

phloroglucinols and trials of various solvents to synthesiz#!81°
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During the courseof this work, the synthesis of other derivatives was attempted by
replacing formaldehyde with various aldehyd&sg(re 5-5). The synthesis 056.19 initially

appeared to be successful, as judged byHtsNMR spectrum, and the compound showed

(@) (@)
1
HO OH R'Br _ HO2 6 _OH
OH", 80% EtOH 3
16 h, RT R 7 °
OR OR
510 R = Me 5.11 R = Me, R' = Prenyl; 74%
515R=H 5.12 R = Me, R' = Geranyl; 45%

5.13 R = Me, R' = Farnesyl; 24%

514R = Me, R'= CH2CH2C(CH3)20H, 33%
5.16 R=H, R' = Prenyl; 27%

5.17 R = H, R' = Geranyl; 64%

5.18 R = H, R' = Farnesyl; 18%

Figure 5-4. C-alkylation of5.10and5.15

promising bioactivity, with an 16 value in the P4 nM range. Unfortunately the compound
proved to be unstabighen stored in the freezand decomposed beforeSulata could be obtained
and an accurate ¥evalue determined. Attempts to synthesize the other proposed derivaf#iGes

T 5.28were unsuccessful.
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519 R=H 521R=H
5.20 R = CHj 5.22 R = CHj

NO,

524R=H 5.26
5.25 R = CHj

5.28

Figure 5-5. Attemptedmallotojaponin C derivatives.

5.2.2 Antiplasmodial Activity

The synthetic compounds.1i 5.19 were evaluated by Dr. Seema Dalal in Prof. Maria

Belen Casserads | aboratory for t hePifalciparnt. i par a:
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For the dimerc phloroglucinols $.11 5.9), it was found that the prenyl side chain maximized the

bioactivity, with the bigprenylated natural produbtl having the best potency.

Table 5-3: Activities of compounds againBlasmodium falciparundd?2.

Compound ICso (MM)
5.1 0.14 + 0.04
5.2 25+05
5.3 >10
5.4 0.75+0.3
5.5 45+25
5.6 1.7+£0.8
5.7 >10
5.8 >20
5.9 >10
5.10 >20
511 1.7+0.4
5.12 0.6 £0.08
5.13 0.4 +£0.05
5.14 >20
5.15 >20
5.16 >20
5.17 6.2+2.3
5.18 1.3+£0.8
5.19 >20

As previously noted, the replacement of hydroxy groups with methoxy groups reduced activity. A
different trend was observed among the precursor compdbri¥5.18, where an increased
alkenyl chain length led to an increase in antiplasmodial activity. Thus in@hedthylated series
5.10'5.13 the unalkylated compoun8.10 was essentially inactive, while the prenylated
compoundb.11was sixfold less ptent than the corresponding geranylated comp&uig the
farnesylatedcompound5.13 had a similar activity td.12 Similar trends were noted with the

unmethylated serie5.155.18 with 5.15 and 5.16 being essentially inactive, the geranylated
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compounds.17having an IGo of 6.4 M, and the farnesylated compoubd.8having an G of
about 31M. Interestingly, this effect was not observed in dimeric phloroglucinol derivatives, since
as noted above the geranylated compound 5.6 is less active than its prenylated cobrterpart
Hydration of the alkene, as ;17 and5.14 also led to a decreasebioactivity. Additionally, it
was also found that the presence of a methoxy grouptan€reased the bioactivity.
The reason for the increase in activity with an increase in alkenyl chain length is not clear
at this time, but one possibility is thiais the result of a detergehike effect. If this is the case,
then the appeal of this class of compounds as antimalarial leads would be much reduced. It is hoped
that ongoing studies in Prof. Mar i a dBotheren Cas

mechanistic aspects of these interesting compounds.

5.3 Experimental Section
5.3.1 General Experimental Procedures

NMR spectra were recorded on a Varian 400 or Bruker Advance 500 MHz spectrometer.
1H-H threebondJ-coupling values were calculated frd NMR spectralUV-Vis spectra were
recorded on &himadzu UV1201 spectrophotometévlass spectra were obtained with an Agilent
6220 LGTOFRMS. Compound$.10and5.15were purchased from Indofine Chemical Company
and tested for bioactivity without any furthmurification. CompoundS.2 5.3were isolated from
Mallotus oppositifoliusand compouncb.4 was previously synthesized fro1! Prepartory
HPLC separations were performed using Shimadz8RA@umps coupled with a Shimadzu SPD
M10A diode array detector, a SEOA controller, and a Varian Dynamaxs€olumn (250 x 21.4
mm). Semipreparative HPLC separation were performed uSmgiadzu LC10AT pumps
coupled with a Shimadzu SPI210A diode array detector, a SEIOA system controller, and a

Phenomenex Lunasgcolumn (250 x 10 min Bioactive compounds were checked for purity by
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analytical HPLC analysis usirghimadzu LELOAT pumps coupled with Shimadzu SPIM10A
diode array detector, 8edex 75 Evaporative Light Scattering Detector (ELSDECL-10A

system controller, andRhenomenex Luna;gcolumn (250 x 4.6 mm).

5.3.2 Antimalarial Bioassay

Assay was performed at Virginia Tech as previodslgcribed.

5.3.3 Synthesis of Mallotojaponin G.Q1)

Compound.11(26.2 mg, 0.1 mmol) was dissolved in acetonitrile (~3 mL). Formaldehyde
(37% ag., 76rL, 1 mmol) was added, followed by the addition of conc. HCI (1 drop). Tletioaa
mixture was stirred for 5 min at rt. The reaction mixture was diluted with water (10 mL) and
extracted with EtOAc (3 x 10 mL). The organic solution was washed with sat. NaCl (10 mL), dried
with MgSQy, and the solvent was removed under reduced pees$te residue was purified
utilizing CisHPLC (MeOH/HO gradient w/ 0.1% formic acid) to yiefd1 (6.1 mg, 0.012 mmol,

32%). Reaction yield is based on unrecovered starting material.

Mallotojaponin C (5.1): light yellow powder;}H NMR (CDCk, 400 MHz):1.68 (H5Nj3H, s),
1.77 (H4NRH, s) 2.70{OAc,6H, s), 3.31 (HLNjH, d,J = 6.5 Hz, 1H), 3.68 (Fba, 2H, s), 3.98
(- OCHs, 6H, s), 5.21 (F2NjH, m), 9.06 {OH, 2H, s), 13.49-(OH, 2H, s); HRESIMS [M+H]
m/z513.2469 (calcd for £H370s" 513.2483) [M+Na]* m/z535.2297 (calcd for &£HasNaQy*

535.2302).
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5.3.4 Synthesis 0.5

Compound.10(100 mg, 0.5 mmol) was dissolved in methanol (~20 mL). Formaldehyde
(37% ag., 2nL, 27 mmol) was added, followed by the addition of consS® (5 drops). The
reactionmixture was stirred for 16 h at rt. The reaction mixture was diluted with water (20 mL)
and extracted with EtOAc. The organic solution was washed with sat. aqueous NaCl, dried with
MgSQy, and the solvent was removed under reduced pressure. The residueifies utilizing

silica gel CC (1:1 hexanes/EtOAc) to yiédb (53.7 mg, 0.012 mmol, 38%).

Compound 5.5:light yellow powder:H NMR ((CDs)2SO, 400 MHz): 2.56 {OAc, 6H, s), 3.61
(H-5a, 2H, s), 3.69-(OCHs, 6H, s), 6.00 (FB, 2H, s), 10.87-(OH, 2H,s), 13.48 {OH, 2H, s);
13C NMR ((CD3)2SO, 100 MHz) 15.2, 30.7, 32.7, 39.5, 55.4, 90.2, 104.4, 160.8, 162.3, 163.9,
203.1; HRESIMS [M+H] m/z377.1197 (calcd for 8H270s" 377.1231), [M+Na] m/z399.1020

(calcd for GoH2o0NaGs* 399.1050).

5.3.5 Synthesis d5.6

Compound 5.12 (49.9 mg, 0.16 mmol) was dissolved in acetonitrile (~3 mL).
Formaldehyde (37% aq., 11T, 1.6 mmol) was added, followed by the addition of con$S®}
(1 drop). The reaction mixture was stirred for 5 min at rt. The reaction mixture wesddnith
water (10 mL) and extracted with EtOAc (3 x 10 mL). The organic solution was washed with sat.
aqueous NaCl (10 mL), dried with Mgg@nd the solvent was removed under reduced pressure.
The residue was purified utilizingi&HPLC (MeOH/HO gradienw/ 0.1% formic acid) to yield

5.6(2.2 mg, 0.003 mmol, 4%).
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Compound 5.6:light yellow powder;UV (MeOH) | max(log €): 204 (4.32) nm, 289 (3.95)H
NMR (CDCk, 400 MHz): 1.56 (HLONH, s), 1.63 (FONjpH, s), 1.77 (FBNjBH, s), 1.98 (FBN]
4H, m),2.05 (H4NjH, bt,d = 7.4 Hz), 2.70{OAc, 6H, s), 3.31 (HLNgH, d,J = 6.9 Hz), 3.68
(H-5a, 2H, s), 3.97-(OCHs, 6H, s), 5.04 (FBNj2H, m), 5.22 (F2Nj2H, m), 9.09 {OH, 2H, s),
13.47 ¢ OH, 2H, s);*3C NMR (CDCE, 100 MHz): 16.2, 17.7, 22.7, 25.7.8, 33.7, 39.6, 62.8,
108.4, 109.0, 114.1, 122.6, 124.2, 131.3, 135.7, 157.4, 159.6, 162.7, 205.3; HRESHIS1|M

647.3663 (calcd for gH270s" 347.3589).

5.3.6 Synthesis db.7

Compound 5.12 (12.1 mg, 0.045 mmol) was dissolved in acetonitrile (~3 mL).
Formaldehyde (37% ag., 31, 0.46 mmol) was added, followed by the addition of con&®
(1 drop). The reaction mixture was stirred for 5 min at rt. The reaction mixture was diluted with
water (10 mL) and extracted with EtOAc (3 x 10 mL). The organidisolavas washed with sat.
agueous NaCl (10 mL), dried with Mg@@nd the solvent was removed under reduced pressure.
The residue was purified utilizingigHPLC (MeOH/HO gradient w/ 0.1% formic acid) to yield

5.7(6.2 mg, 0.011 mmol, 50%).

Compound 5.7:light yellow powderlV (MeOH)| max(log €) 213 (4.33) nm, 287 (4.25) nm, 354
(3.70) nm;*H NMR (CDCk, 400 MHz): 1.37 (F4NH-5NjL2H, s), 1.74 (FENjH, t,J = 6.7 Hz),

2.63 € OAc, 6H, s), 2.66 (HLNgH, t, J= 6.8 Hz), 3.65{OCHs, 6H,s), 3.94 (H5a, 2H, s), 13.80

(- OH, 2H, s);¥3*C NMR (CDCE, 100 MHz): 17.1, 27.0, 31.9, 33.8, 60.3, 75.6, 104.8, 108.2, 114.4,

155.2, 162.7, 163.4, 204 .4.
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5.3.7 Synthesis d.8

Compound 5.16 (14.3 mg, 0.061 mmol) was dissolved in acetonitrile (~3 mL).
Formalcehyde (37% ag., 45L, 0.60 mmol) was added, followed by the addition of con&®
(1 drop). The reaction mixture was stirred for 30 m at rt. The precipitate was filtered and rinsed
with MeOH to yield5.8 (3 mg, 0.0062 mmol, 20%). The compound appeavdaet> 90% pure

by 'H NMR spectroscopy.

Compound 5.8:light yellow powderH NMR ((CDs)2SO, 400 MHz): 1.59 (FBNj6H, s), 1.68
(H-4NBH, s), 2.63{OAc, 6H, s), 3.23 (HIN§H, d,J = 6.7 Hz), 3.68 (Fba, 2H, s) 5.04 (F2Nj
2H, m); 33C NMR ((CD3),SO, 100 MHz): 17.0, 17.8, 21.5, 25.5, 32.6, 48.6, 105.8, 106.4, 108.1,
123.0, 130.4, 159.5, 203.7; HRESIMS [M+Hh/z485.2140 (calcd for £H3:0s" 485.2170),

[M+Na]™ m/z507.1946 (calcd for ££H3:NaGs* 507.1989).

5.3.8 Synthesis d.9

Compound5.17 (49.3 mg, 0.6 mmol) was dissolved in acetonitrile (~3 mL). 37% aq.
formaldehyde (121, 1.6 mmol) was added, followed by the addition of consS®! (1 drop).
The reaction mixture was stirred for 5 m at rt. The reaction mixture was diluted with water (10
mL) and extacted with EtOAc (3 x 10 mL). The organic solution was washed with sat. agueous
NaCl (10 mL), dried with MgS@ and the solvent was removed under reduced pressure. The
residue was purified utilizing £HPLC (MeOH/HO gradient w/ 0.1% formic acid) to yie&l9
(10.5 mg, 0.017 mmol, 27 %). Reaction yield is based on recovered unreacted starting material.
Attempts at recrystallizing the compound in MeOHKIHwere unsuccessful and resulted in

decomposition before MS data could be obtained.
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Compound 5.9:light yellow powderUV (MeOH)| max(loge) 208 (4.27) nm, 230 (4.17) nm, 292
(4.11) nm;*H NMR (CDCk, 400 MHz): 1.60 (HLONBH, s), 1.68 (FBNBH, s), 1.83 (FBNBH, s),
2.11 (HANH-5NjBH, m), 2.67 {OAc, 6H, s), 3.41 (HIN{H, dJ = 6.7 Hz), 3.79H-5a, 2H, s),

5.05 (H6NRH, m), 5.21 (F2NRH, m).

5.3.9 Synthesis 0d5.11

Compoundb.10(495 mg, 2.7 mmol) was dissolved in a solution of 80% ethanol (40 mL)
containing NaOH (120 mg, 3 mmol). Prenyl bromide (8463 mmol) was added and the reaction
mixture was stirred for 16 h at rt. The reaction mixture was acidified with 3N HCI and extracted
with DCM (3 x 50 mL). The organic solution was washed with sat. aqueous NaCl (50 mL), dried
with MgSQy, and the solvent was removed under reduced pressure. Jitieeravas purified
utilizing Cig HPLC to yield5.11 (228 mg, 0.017 mmol, 74 %). Reaction yield is based on

unrecovered starting material.

Compound 5.11:light yellow needlesUV (MeOH) | max(log €) 215 (4.06) nm, 288 (4.09) nm,
333 (3.36)!H NMR (CD30D, 400 MHz): 1.60 (H5NBH, s), 1.71 (F4NBH, s), 2.60{OAc, 3H,
s), 3.15 (HINRH, d,J= 7.2 Hz), 3.78{OCHs, 3H, s), 5.10 (F2N\jn), 5.96 (H5, 1H, s):13C NMR
(CDs0OD, 100 MHz): 17.8, 22.0, 25.9, 33.1, 55.8, 90.9, 106.0, 108.9, 124.3, 131.1, 23, 1
165.0, 205.0; HRESIMS [M+H]m/z251.1274 (calcd for GH1004" 251.1278), [M+Na] m/z

273.1114 (calcd for GH1sNaQy" 273.1097).
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5.3.10 Synthesis 05.12

Compoundb.10(150 mg, 0.82 mmol) was dissolved in a solution of 80% ethanol (40 mL)
containing LIOH(40 mg, 1.7 mmol). Geranyl bromide (18Q, 0.91 mmol) was added and the
reaction mixture was stirred for 16 h at rt. The reaction mixture was acidified with 3N HCI and
extracted with DCM (3 x 50 mL). The organic solution was washed with sat. aqueoug¢sRacCl
mL), dried with MgSQ, and the solvent was removed under reduced pressure. The residue was
purified utilizing GsHPLC to yield5.12(78 mg, 0.12 mmol, 43 %). Reaction yield is based on
recovered unreacted starting material.

B. NaOH method. Compoursl10 (100 mg, 0.55 mmol) was dissolved in a solution of
80% ethanol (40 mL) containing NaOH (50 mg, 1.25 mmol). Geranyl bromiden(120.60
mmol) was added and the reaction mixture was stirred for 16 h at rt. The reaction mixture was
acidified with 3N HCland extracted with DCM (3 x 50 mL). The organic solution was washed
with sat. agueous NaCl (50 mL), dried with Mg&@nd the solvent was removed under reduced
pressure. The residue was purified utilizing BPLC to yield5.12 (37 mg, 0.12 mmol, 45 %).

Reaction yield is based on unrecovered starting material.

Compound 5.12:light yellow powder;UV (MeOH) | max(log €) 216 (4.16) nm, 289 (4.14) nm,
333 (3.38) nm*H NMR (CDsOD, 400 MHz): 155 (H-10NBH, s), 1.6QH-9NBH, s), 1.7ZH-8Nj
3H, s), 2.0qH-4NH-5NH, m), 2.8 (- OAc, 3H, s), 3.1qH-1NRH, d,J = 7.0 Hz), 3.81{OCH,
3H, s), 5.@ (H-6Njm), 5.1 (H-2Njm), 6.01(H-5, 1H, s);'*C NMR (CDsOD, 100 MHz):16.1, 17.7,
21.9, 25.826.3, 33.140.9 559, 90.8, 106.0109.0, 124.4125.5, 131.9,134.8, 162.4163.6,
165.0, 205.1 HRESIMS [M+H] m/z319.1896 (calcd for {gH2704" 319.1904), [M+Na] m/z

341.1707 (calcd for GH26NaQy* 341.1723).
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5.3.11 Synthesis 05.13

Compound.10(100 mg, 0.55 mmol) was dissolved in a solution of 80% ethd@ainl)
containing LIOH (26.4 mg, 1.1 mmol). Farnesyl bromide (&640.61 mmol) was added and the
reaction mixture was stirred for 16 h at rt. The reaction mixture was acidified with 3N HCI and
extracted with DCM (3 x 50 mL). The organic solution was \edshith sat. aqueous NaCl (50
mL), dried with MgSQ, and the solvent was removed under reduced pressure. The residue was
purified utilizing GsHPLC to yield5.13(61 mg, 0.12 mmol, 24 %). Reaction yield is based on

unrecovered starting material.

Compound 5.13: light yellow powder;UV (MeOH) | max(log €) 213 (4.21) nm, 288 (4.14) nm,
333 (3.38) nm*H NMR (CDCk, 400 MHz): 1.58 (HL5NBH, s), 1.59 (HLANBH, s), 1.67 (HL3\j

3H, s), 1.82 (HL2\NBH, s), 2.07 (FANH-5NH-8NjH-9NBH, m), 2.65{OAc, 3H, s), 3.34 (HLNj

2H, d,J = 7.1 Hz), 3.82{OCH;, 3H, s), 5.07 (FB\NH-10M2H, m), 5.19 (H2NjLH, m), 6.02 (5,

1H, s);3C NMR (CDsOD, 100 MHz):16.1, 17.7, 21.9, 25.9, 27.1, 27.6, 33.0, 40.7, 40.7, 56.0,
91.1,106.0, 108.9,124.4, 125.2, 125.4,.03234.6, 135.7, 162.5, 163.5, 165.1, 20BRESIMS
[M+H]* m/z 387.2535 (calcd for £Hss04" 387.2530), [M+Na] m/z 409.2346 (calcd for

Ca4HzNaQy™ 409.2349).

5.3.12 Synthesis d5.14
Compounds.10(49.6 mg, 0.27 mmol) was dissolved in an 80% ethanol sol(&ionL)
containing NaOH (12 mg, 0.3 mmol). Prenyl bromide (@5 0.3 mmol) was added and the

reaction mixture was stirred for 16 h at rt. The reaction mixture was acidified with 3N HCI and
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extracted with DCM (3 x 50 mL). The organic solution was washell sét. aqueous NaCl (50
mL), dried with MgSQ, and the solvent was removed under reduced pressure. The residue was
purified utilizing silica gel CC (9:1 Hexanes/EtOAc w/ 0.1% Formic Acid) to yseldt (24 mg,

0.089 mmol, 33 %).

Compound 5.14:light yellow powder;UV (MeOH) | max(log €) 216 (4.03) nm, 290 (4.07) nm,

331 (3.39) nm!H NMR (CDsOD, 400 MHz): 1.37 (F4NH-5NBH, s), 1.77 (FBNRH, t,J = 6.9

Hz), 2.53 (H2NRH, t,J = 6.9 Hz), 2.58(OAc, 3H, s), 3.83-(OCHs, 3H, s), 6.01 (b, 1H, S);

13C NMR (CDsOD, 100 MHz):17.4, 26.9, 32.5, 33.6, 56.2, 77.1, 92.3, 102.1, 107.0, 157.7, 165.2,
166.5, 204.7; HRESIMS [MOH]*m/z251.1278 (calcd for GH1404*251.1283), [MC4HeO*m/z

195.0646 (calcd for GH1104*195.0657).

5.3.13 Synthesis d5.16

Compounds.15(980 mg, 5.8 mmol) was dissolved in a solution of 80% ethanol (40 mL)
containing LIOH (280 mg, 11.7 mmol). Prenyl bromide (716 6.7 mmol) was added and the
reaction mixture was stirred for 16 h at rt. The reaction mixture was acidified3WitHCI and
extracted with DCM (3 x 50 mL). The organic solution was washed with sat. aqueous NaCl (50
mL), dried with MgSQ, and the solvent was removed under reduced pressure. The residue was

purified utilizing GsHPLC to yield5.16(365 mg, 1.5 mmoR7 %).

Compound 5.16:light yellow powderH NMR (CDsOD, 400 MHz): 1.63 (MBNBH, s), 1.73 (H
4ANBH, s), 2.60{OAc, 3H, s), 3.17 (HLNRH, d,J = 7.2 Hz), , 5.16 (F2Njm), 5.89 (H5, 1H, s);

13C NMR (CDsOD, 100 MHz): 17.8, 22.1, 26.0, 32.8, 94.1515, 107.9, 124.5, 131.1, 161.8,
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163.9, 164.8, 204.6; HRESIMS [M+H]m/z 237.1119 (calcd for GHi:Os* 237.1121),

[2M+NH4]" m/z490.2405 (calcd for £H3sNOs™ 399.1050).

5.3.14 Synthesis 05.17

A. LIOH method. Compoun8.15(253 mg, 1.5 mmol) was dissolved in a solution of 80%
ethanol (40 mL) containing LIOH (65 mg, 2.7 mmol). Geranyl bromide (@97..5 mmol) was
added and the reaction mixture was stirred for 16 h at rt. The reaction mixture was acidified with
3N HCI and exracted with DCM (3 x 50 mL). The organic solution was washed with sat. aqueous
NaCl (50 mL), dried with MgS@ and the solvent was removed under reduced pressure. The
residue was purified utilizing £HPLC to yield5.17(147 mg, 0.48 mmol, 41 %). Reagtigield
is based on unrecovered starting material.

B. NaOH method. Compoursl15 (100 mg, 0.60 mmol) was dissolved in a solution of
80% ethanol (40 mL) containing NaOH (50 mg, 1.25 mmol). Geranyl bromiden(,30.65
mmol) was added and the reaction migtwas stirred for 16 h at rt. The reaction mixture was
acidified with 3N HCI and extracted with DCM (3 x 50 mL). The organic solution was washed
with sat. agueous NaCl (50 mL), dried with Mg&@nd the solvent was removed under reduced
pressure. The redile was purified utilizing €HPLC to yield5.17 (65 mg, 0.48 mmol, 64 %).

Reaction yield is based on unrecovered starting material.

Compound 5.17:light yellow powderH NMR (CDCk, 400 MHz): 1.60 (HLONBH, s), 1.68 (H
9NBH, s), 1.82(FBNBH, s),2.10 (H4NH-5N§H, m), 2.67 {OAc, 3H, s), 3.37 (HINRH, d,J =
7.1 Hz), 5.05 (HBNjmM), 5.25 (H2Njm), 5.85 (H5, 1H, s);**C NMR (CDsOD, 100 MHz): 16.2,

17.7,22.0, 25.8, 27.7, 32.8, 40.9, 941055, 107.9, 124.6, 125.5, 131.9, 134.7, 161.8, 163.9,
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164.8, 204.5HRESIMS [M+H]" m/z305.1744 (calcd for gH2s04" 305.1747), [M+Na] m/z

327.1539 (calcd for 8H24NaQy™ 327.1567).

5.3.15 Synthesis 05.18

Compoundb.15(101 mg, 0.60 mmol) was dissolved in a solution@%¥8thanol (40 mL)
containing LIOH (29 mg, 1.2 mmol). Farnesyl bromide (b8) 0.66 mmol) was added and the
reaction mixture was stirred for 16 h at rt. The reaction mixture was acidified with 3N HCI and
extracted with DCM (3 x 50 mL). The organic solutiovas washed with sat. aqueous NaCl (50
mL), dried with MgSQ, and the solvent was removed under reduced pressure. The residue was
purified utilizing GsHPLC to yield5.18(61 mg, 0.081 mmol, 18 %). Reaction yield is based on

unrecovered starting material

Compound 5.18:light yellow powder;UV (MeOH) | max(log €) 214 (4.21) nm, 291 (4.19) nm;

IH NMR (CD:OD, 400 MHz): 1.54 (HL5NjBH, s), 1.56 (HLANBH, s), 1.65 (HL3NjBH, s), 1.79
(H-12\BH, s), 1.97 (FANH-5NH-8NH-9NBH, m), 2.59{OAc, 3H,s), 3.18 (HINpRH, d,J= 7.1

Hz), 5.05 (H6NjH-10M2H, m), 5.17 (H2NjlH, m), 5.89 (5, 1H, s);*3C NMR (CDzOD, 100

MHz): 14.7, 14.7, 16.3, 20.6, 24.5, 26.0, 26.3, 31.4, 39.4, 39.4, 93.3, 104.1, 106.5, 123.3, 123.9,
124.1, 130.4, 133.0, 134.3, 1601462.5, 163.4, 203.1; HRESIMS [M+HmM/z373.2366 (calcd

for CosHasOs" 373.2373), [M+Na] m/z395.2169 (calcd for SHzNaQs* 395.2193).
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Chapter 6: Identification of Anti -inflammatory Compounds from

Oncostemum bojerianum

6.1 Introduction
6.1.1 Abstract

An ethanol extract ocdncostemum bojerianum DC. (Primulaceae) was investigated on
the basis of its aninflammatory activity. Bioassaguided fractionation of the extract utilizing
liquidi liquid partitioning, column chromatography, and HPLC led to the identificationvef f
known 5alkyl-bis-resorcinol derivatives and the five previously unreportatkgl-bis-resorcinol
der i v aBilBdhydroxycp M6 3jNphihydsoklydihenyl)hexade6 -Bipyllbenzene§.4a),
( @)Njacetoxy3-hydroxy-5-[ 1-@ BjNpilpydsoklyNinenyl)tetrade6 -Bipyllbenzene §.58), and
( &)Njpacetoxy3-hydroxy-5-[ 1-@ BjNpilpydsoklyNinenyl)tetrade8 -Bipyllbenzeneq.5b) , 2){ 6 N;j
l-acetoxy3-hydroxy-5-[ 1-@ BljNphhydsajdhenyl)hexade6 -Bipyllbenzeneq6a , a @d)d ( 1 0O Nj
l-acetoxy3-hydroxy-5-[ 1-@ BljNphhydsoklyNpnenyl)hexadet OGeNyllbenzene G.69. There
structures were determined utilizing spectroscopic and chemical methods. This work has not been

published elsewhre.

Figure 6-1. Oncostemum bojerianurdsed under Creative Commons (CC-BNC-ND 3.0) from
<http://www.tropicos.org/Image/100225463>.
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6.1.2 Author Contributions

The author (Alexander L. Eaton) of this dissertation completed the fractionation of the
extract, the identification of the described compounds, and the drafting of this man8séppan
Rakotonandrasanad the team thatollected and identified the plaXiaoying Zhang and Dr.
JoseBassagany®ieraprovided testing for aninflammatory activity. Dr. David G. I. Kingston

was a mentor for this work.

6.1.3 Previous Investigations of Oncostemum bojerianum

Oncostemum bojerianus. DC., a member of the Primulaceae Batsch ex Borkh. Family
is endemic to Madagascar. The genDscostemumgontains approximately 100 specle®.
bojerianum was previously investigated at Virginia Tech and found to contain cytotoxic

compoundg.Other members of the genus have not undergone phytochemical investigation.

6.1.4 Chemical Investigation of Oncostemum bojerianum

The ethanol extract of the leaves@fhcostemum bojerianud. DC. (Primulaxeae) was
selected for investigation due to its amflammatory activity. The five known -&lkyl-bis-
resorcinol d e)-1i,3dibytroxy-5¢ s1;@ BljNphlitydsdNiyNipenyl)tetrade6 -N;j
enyllbenzene §.1),>° ( 3, Nj 2)8L[8idihydroxy-5-[ 1-6 BljNjhlydsoXyNhenyl)hexadeed Nj, 8 Nj
dienyllbenzene @.2,° 1,3-dihydroxy5[ 1-@ BljNghlydsoXyhhenyl)tetradecanyllbenzene
(6.3,>78 ( &N}, 3dihydroxy5-[ 1-6 JjNidilydsokyNihenyl)hexades -Bipyllbenzene §.4b),2*
a n d Z){1-ackfjoxy3-hydroxy-5-[ 1-@ BljNjhlydsokyNipenyl)hexades -Biyl]benzene .6b)?
and the five previously unreporteebikyl-bisr e s or ci no |l 2ZdiSdihydraxy5 16N ( 6 |

(3 Nphhydsoklyphenyl)hexade6 -Bipylloenzene Q.48 , Z)-{l-&cbloxy3-hydroxy5-[ 1-4 Nj
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(3 Njhhydsoklyhipenyltetrade6 -Bipyllbenzene §.58), ard  2)-&-&fetoxy3-hydroxy-5-[ 1-4 N;j
(3 Nphhydsoklyphenyl)tetrade8 -Bipyllbenzene Q.5b) ,  Z)-(L-&cblioxy3-hydroxy5-[ 1-4 Nj
(3 Nphhydsoklydhenyl)hexade6 -Bipyllbenzeneq.6g , a @)dl-adetbx§3Njydroxy-5-[ 1-4 Nj
(3 Nphihydsoklydhenyl)hexadet GeNyllbenzene .69 were purified usingliquidi liquid
partitioning, Sephadex 120 size exclusion chromatography, ang BPLC. Their structures

were identified byH NMR, 13C NMR, MS, and tiemical derivation.

6.4am=1,n=5R=0H

6.4b: m=3;n=3; R=0H

6.5a: m=1;n=3; R=0Ac
6.5b:m=3;n=1; R=0Ac
6.6a:m=1;,n=5,R=0Ac
6.6b:m=3;n=3; R=0Ac OH
6.6c:m=5n=1;R=0Ac

Figure 6-2. Compounds identified fro®@ncostemum bojerianum
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6.2 Results and Discussion
6.2.1 Fractionation of Oncostemum bojerianum

Bioassay guided fractionation was first performed on 100 n@nebstemum bojerianum
extract Gchemes-1). Liquidi liquid partitioning yielded an active hexane fraction and an active
ethyl acetate fraction. Sephadex open column chromatography of the hexane fraction yielded two
active fractions which were analyzed further by BPLC (A andB). Sephadex open column
chromatogaphy of the ethyl acetate fraction yielded one active fraction, which was analyzed

further by Gs HPLC (C).

Oncostemum bojerianum
EtOH extract, 100 mg,
Active (PPAR-y)

CQH1A | MeOH

41 mg

Active EtOAc| H,O
37 mg 12 mg
Active Inactive

Sephadex LH-20 CC
1:1 MeOH/DCM

7 mg 14 mg 15 mg

Inactive Inactive Active

Sephadex LH-20 CC HPLC

1:1 MeOH/DCM (o3
15 mg 6 mg 5 r‘ng 12 mg
Inactive Inactive Active Active
HPLC HPLC
A B

Scheme6-1. Smallscalebioassayguidel fractionation ofOncostemum bojerianum
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As seen by HPLCHigure6-3), these three fractions contained similar components. Small
amounts were isolated and analyzedi#yNMR spectroscopy. The compounds présgpear to

be similar to cytotoxic bis-alkylresorcinol derivatives previously isolated from this extfact.

mAU
{ChTZ17nménm (1.00)
1000
750
500 A
250
o
I R D N D N N D D P D
0.0 25 5.0 75 10.0 12.5 150 17.5 200 25 250 275 300 325 350 375 min
mAU
Ch1217nm 4nm (1.00)
400-]
300-]
200 B
100
ol
1 1 [ ] ] T ] Tl ] | |
0.0 25 5.0 75 100 12.5 150 175 200 25 250 27.5 300 325 350 375 min
mAU
Ch1217nm,4nm (1.00)
1000
750
500 C
250
1 A
-"“\"“\""\ [l ] ] [l ] [l [l [l I

Figure 6-3. HPLC comparison ofractionsA, B, andC. PDA Detector: 217 nm.
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Due to the small amount of material obtained and the larger amount needed for bioassay,
an additional 1 g of extract was worked up. In order to preserve material, the second extraction
(Schemes-2) was guided by the first and by TLC instead of by the bioassay. The second extract
underwentliquidi liquid partitioning in the same manner as the first. The hexane fraction was
subjected to Sephadex E20 opencolumn chromatography, yielding a fraction which appeared
to have the six major components identified in the first fractionation. This fraction was subjected
to Cig HPLC. The major components were collected and their structures and bioactivities were
detemined. Full details of these extractions can be found in the Experimental Section of this

chapter(6.3).

Oncostemum bojerianum
EtOH extract, 1000 mg,
Active (PPAR-y)

CﬁH14 | MeOH

363 mg

EtOAc| H,0

552 mg 82 mg

Sephadex LH-20 CC
1:1 MeOH/DCM

36 mg 100 mg 44 mg 183 mg

HPLC
6.1-6.6

Scheme6-2. Fractionation ofoncostemum bojerianuto obtaincompound$.1i 6.6.
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6.2.2 ldentification of ( 6 NjB-dihydroxy5-[ 1-@ BljNphipydsoklylhenyl)tetrade6 -Nj
enyllbenzeneq1)

OH OH

HO - OH

m n
61:m=1n=3
Figure6-4.St r u c t @)rlBdihydroxy 5% Nj@d BjNjdilpydsokiypipenyl)tetrade6 -Biyllbenzene
Oncostemonols A have previously been isolated from this extfaComparison ofH
NMR spectra Table 6-1) indicated that6.1 is also a 5alkylresorcinol derivativeHRESIMS
suggested a molecular formula obeB370s ([M+H]* m/z 413.2705, calcd for £H3704"

413.2686). The method of Manséuand RoumyP using MS analysis of the product§.8)

6.8 OH

Figure 6-5. MS fragmentation of compourti8.

resulting from derivatization with dimethyl disulfide was used to determine the location of the
doublebond in the alkenyl chain. The EES of the dimethyl disulfide derivativéigure6-5) of

6.1 contained fragment ions at/z331.17 (calcd for [GH230,Ss]*331.09) andn/z359.17 (calcd

for [C17H270,Se]A359.12) indicating & Houble bond. Thus, the structure was determined to be
6.1 Its NMR and MS data are in agreement with previous published @ataplete 'H NMR

data can be found ifable6-1.
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Table 6-1. *H NMR data of compounds.1i 6.4.

6.1 6.2 6.3 6.4a 6.4b
position Un (Jin Hz) Un (Jin Hz) Un (Jin Hz) Un (Jin Hz) Un (Jin Hz)
2 6.08,d (2.2 6.10, nt 6.07,t(2.2) 6.08,d (1.8 6.08,d (1.9
4 6.12,d (2.9 6.14,t (2.49 6.12,d (2.9 6.12, bd (1.8) 6.12, bd (1.8)
6 6.12, d(2.2f 6.14,1 (2.4 6.12,d (2.9 6.12, bd (1.8) 6.12, bd (1.8)
1NJ_ 2.43,1 (7.7 2.46, bt (7.7 2.43, bt (7.7 2.43,bt (7.6) 2.43,bt (7.6)
NI 1.57, 1.58, nf 1.55, nf 1.56, nd 1.56, nd
3 Nj 1.32, n§ 1.32, m 1.30, m 1.32, nf 1.32, n§

4 Nj 1.32, n§ 2.07, n§ 1.30, n 1.32, nf 1.32, nf

5 Nj 2.02, m 5.35, i 1.30, m 2.02, n§ 1.32, n§

6 Nj 5.34, bt (4.6 5.35, nt 1.30, n 5.34, t(4.8) 1.32, nf

7 Nj 5.34, bt (4.9 2.79,t(6.6) 1.30, m 5.34,1(4.8) 2.02, n§

8 Nj 2.02, m 5.35, nt 1.30, n 2.02, n§ 5.34, t(4.8)
9 Nj 1.32, n§ 5.35, 1.30, m 1.32, nf 5.34,1(4.8)
1 0 Nj 1.32, n§ 2.07, n§ 1.30, n 1.32, nf 2.02, §
11Nj 1.32, n§ 1.32, m 1.30, m 1.32, nf 1.32, n§

1 2 Nj 1.32, n§ 1.32, m 1.30, n 1.32, nf 1.32, nf
13 N;j 1.57, 4 1.32, m 1.55, n§ 1.32, n§ 1.32, n§

1 4 Nj 2.43,1(7.79 1.32, m 2.43,bt (7.7 1.32, nf 1.32, nf

1 5N;j 1.58, n§ 1.56, nd 1.56, id

1 6 Nj 2.46, bt (7.7 2.43, bt (7.6) 2.43, bt (7.6)
2 NjNj 6.12,d (2.9 6.14,t (2.49 6.12,d (2.9 6.12, bd (1.8) 6.12, bd(1.8y
4 NjNj 6.07,d (2.2 6.10, M 6.07,t(2.2) 6.07,d (1.8 6.07,d (1.9
6 NjNj 6.12,d (2.2 6.14, t (2.4 6.12,d (2.2 6.12, bd (1.8) 6.12, bd (1.8)

Obtained inCD30D, 500 MHz (in)

gnterchangeable Assignments within a Column
bedefo.Dverlapping Signals
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6.2.3 Identification of ( 5 NjZ1,3diNjdrpxy5-[ 1-6 BljNjhlpydsokyNhenyl)hexadedéa Nj, 8 Nj

dienyllbenzeneq(2)

Figure 6-6.St r u c t d,r BNj3dihydrodHN] 1-6 BjNjhilydsokyNhenyl)hexadeea Nidighijbenzene.

Analysis of thetH NMR spectrum Table6-1) indicated that the structure 6f2was very
similar to that of6.1and is also likely a bi§-alkylresorcinol derivative. However, inspati of
the'H NMR spectrum indicated that integration of the signaila®.35 (4H, m) was consistent
with the presence of two double bonds in the alkenyl chain. This was also consistent with the
molecular formula, €HsgOs, obtained from MS analysis ([M+H]m/z 439.2853, calcd for
CosH3904" 439.2843) and the calculated hydrogen deficiency index of ten. The double bonds were
determined to be conjugated based on'th& MR spectrum, which showed a signaldat2.79
(H-7Nj2H, t,J = 6.6 Hz). Fragment ions werobserved in the MS am/z191.06 (calcd for
[C12H1502]2 191.10), m/z 245.16 (calcd for [@H2102]* 245.15) andm/z 247.10 (calcd for
[C16H2302]A247.17 indicatind®™andD™™ouble bondsKigure6-7). *H NMR and MS data are

consistent with published valugs.

Figure 6-7. MS fragmentation of compourgi2.
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6.2.4 Identification of 1,3dihydroxy5-[ 1-@ 8ljNghlydsokyNhenyl)tetradecanyl]benzerte3)

OH

HO O
O OH
6.3

OH

Figure 6-8. Structure of compoun@.3.
Comparison of théH NMR data Table6-1) indicated that the structure ®Bwas similar
to that of6.1and6.2 However, thetH NMR spectrum 06.2 did not have a signal ak; ~5.3,
indicating that aralkene moiety was no longer present. This was consistent with the molecular
formula of GeHssOs ([M+H]* m/z415.2848, calcd for 46H3904" 415.2843) and the calculated
hydrogen deficiency index of eight. Thus, the structu@®ivas determined to de3-dihydroxy-

5[ 1-¢@ BjNiilhydsokyNihenyl)tetradecyl]lbenzerg §). *H NMR and MS data are consistent with

published values.
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6.2.5 Identification of ( 6 NjB-dihydroxy5-[ 1-6 BljNphipydsoklylhenyl)hexade®-Nj

enyllbenzene .49 a n d-1,3(diByNij@xy5-[ 1-6 BljNphlpydsoklyNhenyl)hexade®-Nj

enyllbenzeneq4h
OH OH
HO E o E OH
m n
64a:m=1;,n=5
6.4b:-m=3;n=3

Figure 6-9. Structure otcompound$.4aand6.4b.
Upon initial inspection of théH NMR spectrum Table6-1) of the substance identified as
6.4, it appeared that its structure was very similar to thah.bf The molecular formula was
determined to be £H4004 by HRESIMS ([M+H] m/z441.3041, calcd for £8H4104" 441.2999).
This is consistent with the presendeadCis alkenyl chain. However, inspection of tH€ NMR
spectrum indicated the presence of at least tpeearbon atomsdg 130.7, 130.8, 130.9) in the

alkenyl chain. These data are not consistent with the calculated hydrogen deficiency index of nine.

Figure 6-10. MS fragmentation oEompound$.94a b.
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Thus, it was proposed thét4 was not a single compound but rather two inseparable isomers,
varying by the position of the double bond in the alkenyl chain. The same M&ttuat was
employed to determine the double bond locatio®ibhwas used to determine the location of the
double bonds in the alkenyl chain6r. The LGMS of the dimethyl disulfide derivative8.9a

b) of 6.4contained fragment ions mi/z331.07 (calcd for [GH230,S:]*331.09) m/z359.15 (calcd

for [C17H270.S5]A359.12), anan/z387.18 (calcd for GH310.5:]A387.15) indicating®™and DN
double bonds in the alkenyl chafdure6-10). Thus, the structure &4 was determined to be a
mixture of6.4aand6.4b. Compoundé.4ahas not been previously reported, but compadaidt

has been reported, and'Hsand*C NMR and MS data are in agreement with publishedes’
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6.26 | dent i f i c a{l-acetoxy3-hydroxy5( 61NjBlNphlpydsoklyNhenyl)tetrade6 -Nj
enyllbenzene 6.59 and ( 8 NjAcetoxy3-hydroxy5-[ 1-@ BIjNjNj, 5 NjN;j
dihydroxyphenyl)tetrade8 -Binyl|benzeneq.5h

OH OH

AcO ‘ T : OH

m n

6.5a:m=1;n=3
6.5b:m=3;n=1

Figure 6-11. Structures otompound$.5aand6.5b.

Inspection of itstH NMR spectrum indicated that the structuresdd was related to the
structures 06.11 6.4. There was an additional signaldat2.25 (3H) suggesting the presence of an
acetyl group. This was consistent with the molecular formwg]40s, obtained from HRESIMS
([M+H]* m/z455.2810, calcd for £H3905" 455.2792) and the calculated hydrogen deficiency
index of ten. It was determined that the acetyl group was attached to one of the resorcinol rings by
the presence of additional signalgteH NMR spectrum atl; 6.09, 6.35, 6.40, and 6.52 which
were not present in thed NMR spectrum 06.1i 6.4. The only other difference in tHel NMR

spectrum was the additional signabat2.54, which was assigned aslHThis is consistent with

T T T

2.245 2.235

f1 (ppm)

2.255

Figure 6-12. Signal in'H NMR spectrum ofcompounds.5atdy 2.25
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presece of an acetyl group since the benzene ring moieties will no longer exhibit identical signals

in the aromatic region of théd NMR spectrum.

Table 6-2. *H NMR spectra 06.54 6.6¢

6.5a 6.5b 6.6a 6.6b 6.6C
position Un (Jin Hz) Un (Jin Hz) Un (Jin Hz) Un (Jin Hz) Un (Jin Hz)
2 6.35, m 6.35, m 6.35,q (2.1) 6.35,q (2.1) 6.35,q (2.1)
4 6.40, nt 6.40, nt 6.40, nt 6.40, nt 6.40, ni
6 6.52, nt 6.52, nt 6.52, b8 6.52, b8 6.52, bs
1NJ_ 2.54,1(7.5) 2.54,1(7.5) 2.54, m 2.54, m 2.54, m
NI 1.59, nk 1.59, nk 1.59, nk 1.59, nk 1.59, nt
3 Nj 1.36, nf 1.36, ni 1.32, m 1.32, m 1.32, ni
4 Nj 1.36, n§ 1.36, i 1.32, s 1.32, m§ 1.32, md
5 Nj 2.04, M 1.36, ni 2.05, 1.32, n§ 1.32, ni
6 Nj 5.36, t (4.6) 1.36, nf 5.36, bt (5.19 1.32, s 1.32, n§
7 Nj 5.36,1(4.6) 2.04, M 5.36, bt (5.9 2.05, 1.32, ni
8 Nj 2.04, M 5.36,t (4.6 2.05, 5.36, bt (5.9 1.32, n§
9 Nj 1.36, ni 5.36,t(4.69 1.32, n§ 5.36, bt (5.9 2.05, M
10Nj 1.36, n§ 2.04, M 1.32, s 2.05, 5.36, bt (5.19
1 1 Nj 1.36, ni 1.36, ni 1.32, n§ 1.32, n§ 5.36, bt (5.19
12Nj 1.36, n§ 1.36, i 1.32, s 1.32, m§ 2.05, M
1 3 Nj 1.59, nk 1.59, nk 1.32, n§ 1.32, n§ 1.32, ni
14 Nj 2.45,1(7.7) 2.45,1(7.7) 1.32, m 1.32, m 1.32, M
1 5 Nj 1.59, nk 1.59, n¥ 1.59, nt
16 N;j 245, m 245, m 245 m
2 NjNj 6.14,d (2.2) 6.14,d (2.2) 6.14,d (2.1) 6.14,d (2.1) 6.14,d (2.1
4 NjN;j 6.09, m 6.09, m 6.09, q (2.0) 6.09, q (2.0) 6.09, g (2.0)
6 NjNj 6.14,d (2.2) 6.14,d (2.2) 6.14,d (2.1) 6.14,d (2.1) 6.14,d (2.1
-OAc 2.25 2.25 2.25 2.25 2.25

Obtained in CDs0OD, 500 MHz (iv)
dnterchangeable assignments within a column
bedeDverlapping signals

Inspection of the expanded signal at 2.25 ppm for the methyl protons of theguoetyl
revealed that it consisted of two signals of approximately equal magnitude separated by 1 Hz
(Figure6-12). LC-MS of the dimethyl disulfide derivatives 6f5(6.104 b) showed fragment ions
atm/z327.05 (calcd for [@H230:52]*327.11),m/z331.01 (calcd for [GH2302S5]A331.09),m/z
355.24 (calcd for [@H270sS]A 355.14), andm/z 359.13 (calcd for [GH270:Ss] 359.12)
indicating the presence @ ™and D®double bonds in the alkenyl chaifFigure 6-13).
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Compoundss.5aand 6.5b are thus monoacetylated derivativesdl Due to compoun®.16 s
unsymmetrical nature, monoacetylation of one of the four hydroxy groups leads to two possible
compainds,6.5aand6.5b, which are both observed. This is the first report of compo6Griss

and6.5b.

OH 355
6.10b

Figure 6-13. MS fragmentation 06.104 b.
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6.27 I dent i f i c a{l-acetoxy3-hydroxy5( 61NjBNphlpydsoklyNhenyl)hexaded-Nj
enyllbenzene §.6a ,  {l-8cBiaky3-hydroxy5-[ 1-4 BljNghlydsoklyNhenyl)hexadec
8 -Bipyllbenzene a.6b , and -l-adetbxy3MNjydyoxys5-[ 1-4 BINjNj, 5 NjN;j

dihydroxyphenyl)hexadet GeNyl]benzened.6¢

OH OH
AcO l T l OH
m n
6.6am=1,n=5
6.6b-m=3;n=3
6.6c:m=5n=1

Figure 6-14. Structures oEompound$.6a 6.6b, and6.6¢c

Inspection of the'H NMR spectrum of compound 6.6 indicated that its structure was
closely related to that @.5. Similarly to compound.5, a signal for an acetyl group @i 2.25
consisted of three signals of similar intensifigre 6-15). From HRESIMS, the molecular
formula was determined to bed.0s ((M+H] " m/z 483.3119, calcd for4gH43:05" 483.3105).
Due to the signals in thtH NMR spectrum atly 2.25 and the previously identified isomeric
mixtures, it was deduced that 6.6 was also a mix of inseparable isw@eW&S of the dimethyl

disulfide derivative §.11a c) showed fragment ions at m/z 312.12 (calcd fomffl’éaOzSQ]A

T T
2.245 2.235

f1 (ppm)

T
2.255

Figure 6-15. Signal in'H NMR spectrum ofcompounds.6 at dy 2.25.
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312.12), m/z 331.08 (calcd for {@230,Ss)* 331.09), m/z 359.14 (calcd for {@1270:S*

359.12), and m/z 387.11 (calcd forpH310,S:]*387.15) indicating the presencedf Nj D& Njj, 9 Nj,

387 OH

OAc 383
6.11c

Figure 6-16. MS fragmentation o€ompound$.114 c.
andDL ONj, 11 Nj doubl e b o rFiguwe6-i4n Thushtee stauttlwes 6f§al 6.6l h ai n

and6.6cwere proposed. Compoun@$aand6.6chave not been previously reported. The related
symmetrical isomef5.6b, has previously been isolated fr@ncostemum bojerianufrSimilar to
what was observed in the casédaand6.5b,compound$.6a c are monoacetylatetkrivatives

of 6.4a and 6.40H and**C NMR data are comparable to the published valu€schi?
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6.2.8 Anti-inflammatory Activity

Table 6-3. PPARgagonist ativity.

Compound ECsonM
6.1 9

6.2 47

6.3 51
6.4d b 24
6.5d b 12
6.6d c 45

Due to the inseparable nature @fi 6.6, the bioactivities of the individual compounds
could not be confirmed.-Blkylresorcinols have been reported to dgotoxic!! and to have

DNA-cleaving properties/

6.3 Experimental Section
6.3.1 General Experimental Procedures

H and 3C NMR spectra were recorded using either a Bruker Advance 500 or 600
spectrometertH-H threebond J-coupling values were calculated froid NMR spectraMass
spectra were obtained on an Agilent 6220 TORMS or a Thermo Electron TSQ LESIMS.
Semipreparative HPLC was performed using Shimadzul1DBT pumps coupled with a
Shimadzu SPD M10A dde array detector, a SEIOA system controller, and a Cogent Bidentate

Cigcolumn (250 x 10 mm).

6.3.2 Plant Material

Leaves of Oncostemum bojerianumA. DC. (Primulaceae) (collection: Stéphan
Rakotonandrasana et al.) were collected at an elevation of 100D@cémber 1999, 2 km north
of the village of Ankosy near the boundary

048A44Nj09" E. The sample was collected from a

127



6.3.3 Extraction and Isolation

The ethanol extract of the leav@costemum bojerianuifl00 mg) was dissolved in
methanol and extracted with hexanes. The methanol fraction was evaporated to dryness and
dissolved in water. The water fraction was extracted with ethyl acetate. Both the hexanes (41 mg)
and ethyl acetate (3¥ig) fractions showed bioactivity. The hexanes fraction was separated further
by Sephadex LF20 open CC (1:1 MeOH/DCM) yielding two active fractions (5 mg, 12 mg) which
were analyzed by £ HPLC (A andB, respectively). Likewise, the ethyl acetate fractvoss
separated by Sephadex 129 CC (1:1 MeOH/DCM), yielding one active fraction (15 mg) which
was analyzed by £HPLC (C). No compounds were identified from this fractionation.

A larger fractionation was undertaken in which 1 g of the ethanol extréoe déaves of
O. bojerianumwas fractionated. TLC was used to guide the second fractionation in an attempt to
isolate the compounds detected in the first fractionation. This extract undeiguaditliquid
partitioning in the same manner as the first yrejch hexanes fraction (362 mg). This fraction was
further partitioned using Sephadex 1248 CC (1:1 MeOH/DCM). A fraction (183 mg) was then

separated by £HPLC to yield6.11 6.6 (8 mg, 3 mg, 3 mg, 12 mg, 4 mg, 6 mg, respectively).

6.3.4 Anti-inflammatory Assay
Anti-inflammatory activity was determined using a 4sked PPAR)reporter assay as

previously describetf
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6.3.5 Spectroscopic Properties

( @)Nj,3-dihydroxy-5-[ 1-@ 8ljNjbliny&rdsyinenyl)tetradec-6 Hpyllbenzene (6.1)!H NMR

(500 MHz, CDOD): SeeTable6-1; 13C NMR (150 MHz, CROD): 28.09 28.12, 29.9, 30.29,

30.33 30.5, 30.7, 30.8, 32.3,32.4,37.0,101.0, 107.9, 130.8, 130.9, 146.3, 146.4, 159.3; HRESIMS
[M+H]* m/z 413.2705(calcd for £Hs704" 413.2686), [M+Na]jm/z 435.2521 (calcd for
CaeHasNaQy* 435.2506), [2M+Na] m/z847.5127 (calcd for £H7NaGs" 847.5119), [2M+K}

m/z863.4844 (calcd for £H72KOg" 863.4859).

( Z,Nj ZBINg-dihydroxy-5-[ 1-6 8IjNjNihy&rddihenyl)hexadeca5 Npdi@nidjbenzene
(6.2): *H NMR (500 MHz, CROD): SeeTable6-1; **C NMR (150 MHz, CROD):26.1, 26.5,
29.0, 30.3, 99.6, 106.7, 106.9, 128.2, 129.3, 145.3, 158.3; HRESIMS [} 39.2853 (calcd

for CagHagOs™ 439.2843), [2M+K] m/z 915.5250 (calcd for &H7eKO4* 915.5172).

1,3-dihydroxy-5-[ 1-¢ BljNjNihy&@ddyihenyl)tetradecanyl]lbenzene 6.3% H NMR (500
MHz, CDs;0OD): Se€Table6-1; HRESIMS [M+H]" m/z415.2848 (calcd for £gH3904" 415.2843),

[2M+Na]* m/z 851.5443 (calcd for GHzeNaOs* 851.5432).

( @ Ni,3dihydroxy-5[ 1-6 BljNihiinydrdsghenyl)hexadec6 -Hpyllbenzene (6.4a) and

( & Ni,3dihydroxy-5-[ 1-6 BljNjNihydrddginenyl)hexadec8 pyllbenzene (6.4b): H
NMR (500 MHz, CROD):SeeTable 6-1; 3C NMR (150 MHz, CROD): 28.09 28.12, 29.9,
30.2, 30.2, 30.31, 30.4, 30.5, 30.6, 3007 30.7., 30.83, 30.81, 32.3, 32.4, 36.9, 37.0, 100.9,
101.0, D7.9, 130.7, 130.8, 130.946.28 146.31, 146.4, 1525, 15926, HRESIMS [M+H] m/z

441.3041 (calcd for £H4104" 441.2999), [M+Nalm/z 463.2834 (calcd for £sHsoNaOs*
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463.2819), [2M+Na]m/z 903.5759 (calcd for &HsoNaQs* 903.5745), [2M+K] m/z 919.5465

(calcd for GeHgoKOsg" 919.5485).

( & Ni-acetoxy3-hydroxy-5-[ 1-@ 8ljNibijpy&rasgyihenyl)tetradec-6 &nyllbenzene (6.5a)

and Z,\-1&adgtoxy-3-hydroxy-5-[ 1-@ BljNiNihy&roxyyhenyl)tetradec-8 &nyllbenzene
(6.5b):'H NMR (500 MHz, CROD): Se€Table6-2; 13C NMR (150MHz, CROD, From HMBC):

19.6, 26.7, 28.9, 29.1, 29.2, 29.4, 30.7, 31.2, 35.5, 35.7, 99.7, 106.1, 106.4, 112.2, 112.5, 129.4,
144.8, 145.0, 151.6, 157.8, 169.8; HRESIMS [M#Hih/z 455.2810 (calcd for £gH390s"
455.2792), [M+NH]*m/z 472.3071 (calcd for £H42NOs* 472.3057), [M+Na]m/z 477.2628

(calcd for GgHzsNaGs™ 477.2611), [M+KTm/z 499.2398 (calcd for £H3sKOs™ 493.2351),
[2M+Na]* m/z 931.5346 (calcd for &H7eéNaOie" 931.5331), [2M+K] m/z 947.5011 (calcd for

CseH76KO10" 947.5070).

( & Ni-acetoxy3-hydroxy-5-[ 1-@ B8ljNibijpy&rasyihenyl)hexadec6 Hpyllbenzene (6.6a),
( & Ni-acetoxy3-hydroxy-5-[ 1-@ 8ljNjbiiy&rasihenyl)hexadec8 -Hpyllbenzene (6.6b),
and Z)-1-&cétpxy3-hydroxy-5-[ 1-@ BljNjNihy&rdxghenyl)hexadecl Gedyllbenzene
(6.6¢):*H NMR (500 MHz, CROD): SeeTable6-2; 13C NMR (151 MHz, CROD): 21.0, 28.05,
28.06, 28.0929.8, 30.0, 304 30.5, 30.%, 30.27, 30.2830.3, 30.3., 30.33, 30.480.47, 30.54,
30.%, 30.4), 30.4l, 30.63, 30.64, 30.6b, 3066, 3068, 3070, 30.7, 30./, 30.8), 30.4L, 30.8,
32.28, 3229, 32.9,32.4, 36.8, 36.4,36.98, 36.99, 100.96, 100.98, 107.287.3, 107.9, 13.7,
113.9, 130.7, 130.8, 130.8530.2, 131.0, 146.3, 1485, 146.4, 146.5, 153.0, 1598, 15929,

170.6; HRESIMS [M+H} m/z483.3119 (calcd for §H4s0s" 483.3119), [M+NH]* m/z 500.3383

(calcd Pbr GsoHaeNOs* 500.3371), [M+Najm/z 505.2937 (calcd for &H4NaGs™ 505.2924),
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[M+K] *m/z 521.2673 (calcd for £&H42KOs" 521.2664), [2M+Na]lm/z 987.5960 (calcd for

CeoHaaNaOw* 987.5957), [2M+K} m/z 1003.5600 (calcd for HeaKO16" 1003.5696).
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Chapter 7: Isolation of Antiproliferative Compounds from Schismatoclada
farahimpensisHomolle

7.1 Introduction
7.1.1 Abstract

As a part of our continued search for antiproliferative compounds from plants endemic to
Madagascar, an ethanol extracSghimatoclada farhimpenditomolle (Rubiaceaegure7-1)
was investigated due to its antiproliferative activit@sy 13 pg/mL). Four known compounds,
oleanolic acid 28)-(6-D-glucopyranosyl) ester7(1),! 3-O-(b-D-glucuronopyranosyl) oleanoic
acid (7.2),% 3-O-(b-b-glucuronopyranosyl) oleanoic acid-Z8(6-b-glucopyranosyl) estei7(3),2
and3-O-(b-p-glucopyranosy(14 2)-b-b-glucuronopyranosyl) oleanoic acid.4),* were isolated
using liquidi liquid partitioning, column chromatography, ardPLC. This is the first report of

compounds isolated from the gerghismatocladarhis work has not been published elsewhere.

Figure 7-1. Flower of Schismatoclada farahimpensldsed under Creative Commons (CC-BINC-ND 3.0)
from <http://www.tropicos.org/Image/100225275
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7.1.2 Author Contributions

Janssen Claudio completed the isolatioi.bfand carried out all other fractionation steps
except the final HPLC separation leading to the isolatiah2f7 4. The author of this disgation
completed the isolation of.2 7.4, the structure elucidation of compounddi 7.4, and the
drafting of this manuscript. Plant collection in Madagascar and initial identification as
Schismatoclada spvas carried out by N. M. Andrianjafy under tbeersight of Dr. James S.
Miller. The plant taxonomy was updated3ofarahimpensislomolle by Sally E. Dawson of the
Royal Botanical Gardens, Kew, England. Dr. Vincent Rasamison prepared the bark ex@act of
farahimpensisinder the oversight of Dr. Ehne Rakotobe. Dr. David G. |. Kingston was a mentor

for this work.

7.1.3 Previous Investigations of Schimatoclada farhimpensis
S. farahimpensielomolle is endemic to Madagaséafhe genusSchismatocladaontains
twenty species, all of which are found in Madaga&darere have been no other phytochemical

studies of any members of this genus.

7.1.4 Chemical Investigation of Schimatoclada farhimpensis

Bioassay of ethanol extracts of various partsSofarahimpensisndicated that the bark
extract had antiproliferative activity with ansg/alue of 13 ug/mL. This extragtas selected for
investigation due to its activity and the lack of prior chemical studies of any members of this genus.
Four known oleaic acid derivatives, oleanolic acid-Z8( f-glucopyranosyl) estei7(1),! 3-O-
( -glucuronopyranosyl) oleanoic acigl.),? 3-O-( f-glucuronopyranosyl) oleanoic acid-28

( d-glucopyranosyl) estei7(3),®> and 3-O-( f-glucopyranosy(1A 2)-b-b-glucuronopyranosyl)
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oleanoic acid7.4),* were isolated usinkiguidi liquid partitioning, Sephadex L4320 size exclusion
chromatography, {§ solid phase extraction, diol HPLC, and silica gel open column
chromatography. Their structures were identified by compariséH &fMR andMS data with
the data of known compounds. The isolation, structure elucidationb@madtivity of the

compounds is discussed.

Figure 7-2. Structure of ompoundssolated fromSchismatoclada farahimpensis.
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7.2 Results and Discussion

7.2.1 Isolation of Compoundsom S. farahimpensis.

Liquidi liquid partitioning of the ethanol extract 8t farahimpensibark led to a bioactive

ethyl acetate fraction. This fraction was partitioned further utilizing Sephad€20Ldpen column

chromatography, silica gel open columiramatography, C18 SPE, and diol HPLC to yield the

four compoundd'.1i 7.4. This procedure is outlined Bchemer-1, and full details can be found

in the Experimental Section of this chapfem).

Schismatoclada farahimpensis, bark,
EtOH Extract, 1 g,
ICs0 13 ng/mL (A2780)

CgH1a MeOH
Weight (mg): 252 EtOAC H,O
ICs59 A2780 (ung/mL):  >20
Weight (mg): 207 565
ICso A2780 (ng/mL): 12 >20
Sephadex LH-20
1:1 DCM/MeOH
Weight (mg): 29 140 5 4 4 3 1 1 1 1
ICs59 A2780 (ug/mL): >20 12 >20 >20 10 4 05 2 >20 >20
Cqg SPE
MeOH/H,0
Weight (mg): 101 36 4 0.3
ICs9 A2780 (ng/mL): 12 3 9 >20
Diol Si Gel
HPLC Open CC
7.1-7.4 7.1

Schemer-1. Separation ofhe ethanol extract &. farahimpensis.
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7.2.2 Identification ofoleanolic acid 280-( f-glucopyranosyl) ester

Figure 7-3. Structure obleanolic acid 280-( f-glucopyranosyl) ester.

The molecular formula of .1 was determined to besgssOs from HRESIMS ([M+Na]
m/z641.4031 calcd for GeHssNaGs™ 641.4024). There were seven singlet signas0(89, d4
0.91,d4 0.92,dw 1.04,d4 1.14,04 1.24,d4 1.25) observe in the'H NMR spectrum corresponding
to nine methyl groups. There was also a broad singlet signal dowrtdiedd{7), suggesting that
7.1was an oleanolic acid derivative. In addition, there was a signal obsdn@8%, dd,J = 8.2,
1.4 Hz) representing the anomeric proton of a sugar. Furthermore, fragmentation observed in the
mass spectrum ([MCsH1106]" m/z 439.3569, calcd for £H470>" 439.3571) suggested the
molecule was an oleanolic acid glycoside. A literature search wiasped and the structure was
identified by comparison of HRESIMS afd NMR data CsDsN) to published valuesPartial

IH NMR data can be found iFable7-1.
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7.2.3 Identification of 30-( f-glucuronopyranosyl) oleanoic acid

Figure 7-4. Structure of 30-( f#-glucuronopyranosyl) oleanoic acid.

The molecular formula of.2was determined to besgHs609 from HRESIMS ([M+Naf
m/z655.3814 calcd for GsHssNaQy™ 655.3817). Since the signal from the anomeric proton in its
H NMR spectrum was less downfield4(5.03 than that of7.1, it was speculated that the sugar
moiety was connected at a different location to the oleanolic acid moiety. A fragmentation pattern
similar to7.1was observed in the mass spectrum-([8HsO7]" m/z439.3568, calcd for £gH4702"
439.357) which suggested that the aglycone was identical in both compounds. A literature search
was performed and the structure was identified by comparison of HRESIM${adMR data

(CsDsN) to published valuesPartial'H NMR data can be found ifable7-1.
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7.2.4 Identification of 30-( {f-glucuronopyranosyl) oleanoic acid 28-( 4»-glucopyranosyl)

ester

Figure 7-5. Structure of 30-( d-glucuronopyranosyl) oleanoic acid-Z8( fp-glucopyranosyl) ester.

The molecular formula of.3was determined to besgEs6014 from HRESIMS ([M+Na]
m/z817.4349calcd for GoHesNaOw4" 817.4345) ThéH NMR spectrum was very similar ol
and7.2 however, there were signals corresponding to two anomeric pratess06, dq 6.35)
instead of only one. The fragmentation pattern in the mass spectrum was consistent with the
presence of a disubstituted oleanddicid glycoside ([MCi12H19012* m/z 439.3577, calcd for
CsoH4702" 439.3571). A literature search was performed and the structure was identified by
comparison of HRESIMS anftH NMR data CsDsN) to published value$Partial'H NMR data

can be found iTable7-1.
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7.2.5 Identificationof 3-O-( f-glucopyranosy(14 2)-b-p-glucuronopyranosyl) oleanoic acid

HOH,C._ 0.t
HO \( "'OH
H

OH

Figure 7-6. Structure of 30-( f-glucopyranogl-(1A 2)-b-D-glucuronopyranosylpleanoic acid.

The molecular formula of.4was determined to besgs6014 from HRESIMS ([M+Naf
m/z817.4355calcd for GzHesNaOws" 817.4345) ThéH NMR spectrum wasery similar to7.3
however, the shift of the anomeric proton of the glucopyranosyl make/42) was more upfield
suggesting a different connectivity. The fragmentation pattern in the mass spectrum was consistent
with the presence of a disubstituted oleanolic acid glycosideOgiMi10s]" m/z439.3569, calcd
for CaoHa702" 439.3571). A literatursearch was performed and the structure was identified by
comparison of HRESIMS antH NMR data((CD3).SO) to published valuesPartial'H NMR

datacan be found iTable7-1.
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7.2.6 H NMR Data
13C NMR data foi7.1i 7.4is published in a number of solvents; howeverNMR data is
much less accessible. This published data is scattered, sometimes outdated, sometimes incomplete,
and available in only a limited number of solvents. For convenience, peritMR data recorded
in both deuterated methanol and deuteratedliog is reported to aid with future identifications

of these compound3 éble7-1).

Table 7-1. 'H NMR data of7.1i 7.4,

7.1 7.2
Un (Jin Hz), Un (Jin Hz), Un (Jin Hz), Un (Jin Hz),
pOSitiOﬂ CsDsN CDsOD CsDsN CDsOD

-CHs 0.89 0.77 0.80 0.81

-CHs 0.91 0.80 0.97 0.85

-CHs 0.92 0.91 0.99 0.91

-CHs 1.04 0.93 0.99 0.94

-CHs 1.14 0.95 1.02 0.95

-CHs 1.24 0.97 1.32 1.05

-CHs 1.25 1.16 1.34 1.16
b-glucuronopyranosyl 5.03 4.37,d (7.8)

b-glucopyranosyl 6.35,dd (8.2,1.4) 5.38,d(8.1)
olefinic 5.47, brs 5.25,1(3.6) 5.48, brs 5.24,1(3.6)
7.3 7.4
Un (Jin Hz), Un (Jin Hz), Un (Jin Hz), Un (Jin Hz),
CsDsN CDs0OD CsDsN CDs0OD

-CHs 0.83 0.80 0.81 0.81

-CHs 0.89 0.85 0.96 0.86

-CHs 0.92 0.91 0.99 0.91

-CHs 1.00 0.93 1.02 0.94

-CHs 1.10 0.95 1.11 0.95

-CHs 1.29 1.05 1.30 1.08

-CHs 1.32 1.16 1.32 1.16
b-glucuronopyranosyl 5.04,d (7.8) 4.38,d (7.8) 5.01,d (7.5) 4.50,d (7.5)
b-glucopyranosyl 6.35,d (8.1) 5.38,d (8.1) 5.42,d (7.5) 4.68,d (7.7)
olefinic 5.42, brs 5.25,1(3.8) 5.47, brs 5.24,1(3.7)

@0verlapping with signal from D

142



7.2.7 Bioactivity

The isolated compound3,1i 7.4, were not tested for their antiproliferative properties
against the A2780 cell line due to a lack of access to bioassay testing. Oleanolic@efcH23
glucopyranosyl) esterl) is known to inhibit elastase release by human neutroptolssxhibit
antimicrobial bioactivity? to inhibit gastric emptying and gastrointestinal transit in ricepe
toxic to the Mexican bean beetft,and to inhibit glycogen phosphorylaSe3-O-( -
Glucuronopyranosyl) oleanoic aci®)(has been shown to exibit hepatotoxidyto inhibit
pancreatic lipas& to prevent the inhibition of gastric emptying and gastrointestinal transit in
mice? to exhibit molluscicidal activity;' to exhibit hypoglycemic activity inats® and to inhibit
ethanol absorption in rat8. 3-O-( f#-Glucuronopyranosyl) oleanoic acid -EB( -
glucopyramsyl) ester §) has been shown to inhibit superoxide anion generation and elastase
release by human neutrophifsto exhibit hepatoprotectivend hepatotoxic activitie¥ to have
moderate cytotoxicity® to inhibit cyclic AMP phosphodiesterastand to inhibit ethanol
absorption in rat$® 3-O-( -Glucopyranosy(1A 2)-b-o-glucuronopyranosyl) oleanoic acid)(

has been shown to inhibit ethanol absorption in¥ats.

7.3 Experimental Section
7.3.1 GeneralExperimental Procedures

'H and**C NMR spectra were recorded using a Bruker Advance 500 spectrometer and a
Varian 400 spectrometetH-H threebond J-coupling values were calculated frotd NMR
spectraMass spectra were obtained with an Agilent 6220TQ~MS. Semipreparative HPLC
was performed using Shimadzu {IOAT pumps coupled with a Shimadzu SPD M10A diode

array detector, a SCLOA system controller, and a Kromasil-6Miol column (250 x 10 mm).
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7.3.2 Plant Material
Bark of S. farahimpensislomolle (Rulaceae) was collected at an elevation of-680 m
in June 2003 at 17A39Nj46" S 048A59Nj05" E. The

bark, green leaves, and green fruit with persistent sepals.

7.3.3 Extraction and Isolation

A ground dried samplefoS. farahimpensidark was extracted with EtOH at room
temperature to yield crude EtOH extract designated MG 1964. A total of 0.98 g of this extract was
made available to Virginia Tech. The dried ethanol extract @.98s0 13 pg/mL) was dissolved
in methanol and extracted with hexanes. The methanol partition was dried, dissolved in water, and
extracted with ethyl acetate. Of the resulting hexane, ethyl acetate, and aqueous fractions, only the
ethyl acetate fraction showed improved activa9{ mg, IGo 12 ug/mL). This fraction was further
partitioned using Sephadex 20 column chromatography (1:1 DCM/MeOH) yielding ten
fractions of which the major one had most of the activity (140 mg,IZ pg/mL). This fraction
was subjected to@SPE with elutiorwith MeOH/HO, which yielded four fractions, one of which
exhibited greatly improved activity (36 mg,sG3 pg/mL) and one of which retained most of the
mass (101 mg, 1§ 12 ug/mL). The fraction with improved activity was fractionated by silica gel
opencolumn chromatography to yield1 (6 mg, 1Go 2 ug/mL). A portion of the other fraction
(40 mg) was separated using Diol HPLC to yield compoun2§l mg),7.3 (10 mg) and’.4 (4

mg) as well as the previously isolatéd (1 mg,).
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7.3.4 AntiproliferativeBioassay
Antiprolierative bioassays were performed at Virginia Tech according to the procedures

previously describeé. The A2780 cell line is a drugensitive ovarian cancer cell life.

7.3.5 Spectroscopic Properties

Oleanolic acid 280-(b-p-glucopyranosyl) ester(7.1): *H NMR (500 MHz, CROD): Se€Table
3-2; 'H NMR (500 MHz, GDsN): SeeTable3-2; HRESIMS [M+NH]* m/z636.4533 (calcd for
CasHe2NOs" 636.4470), [M+Na]m/z 641.4031 (calcd for &gHssNaGs™ 641.4024) m/z[M+K] *
657.3799 (calcd for §HssKOg* 657.3763),[M-CsH1106]* m/z 439.3569 (calcd for &Ha7O2"

439.3571)

3-O-( f-glucuronopyranosyl) oleanoic acid7.2):*H NMR (500 MHz, CROD): Se€Table3-2;
'H NMR (500 MHz, GDsN): SeeTable 3-2; HRESIMS [M+NaJ m/z 655.3814 (calcd for

CasHssNaQy™ 655.3817)[M-CsHoO7]" m/z439.3568 (calcd for §6H470," 439.3571).

3-O-( -glucuronopyranosyl) oleanoic acid 280-( f-glucopyranosyl) ester(7.3):'H NMR
(500 MHz, CROD): SeeTable 3-2; 'H NMR (500 MHz, GDsN): SeeTable 3-2; HRESIMS
[M+NH4]* m/z812.4832 (calcd for £H70NO14" 812.4791), [M+Na]m/z 817.4349 (calcd for

CaHesNaOrs™ 817.4345)[M -C12H19012] " m/z439.3577 (calcd for §6H470," 439.3571).

3-O-( -glucopyranosyk(1A 2)-b-o-glucuronopyranosyl) oleanoic acid(7.4):*H NMR (500
MHz, CD;0D): SeeTable3-2; 'H NMR (500 MHz, GDsN): SeeTable3-2; ; 'H NMR (400 MHz,

((CDs)2SO): 0.71 (3H, s)0.74 (3H, s), 0.86 (3H, s), 0.87 (6H, ), 0.98 (3H, S), 1.09 (3H, S), 4.29
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(1H, d,J = 6.8 Hz), 4.41 (1H, d) = 7.7 Hz) 5.16 (1H, tJ = 3.8 Hz); HRESIMS [M+Na]m/z
817.4355 (calcd for SHesNaOLs" 817.4345)[M-CiaH19012] " m/z439.3580 (calcd for §Ha70"

439.3571).
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Chapter 8: Antimalarial Compounds from Rhodospaera rhodanthema

8.1 Introduction
8.1.1 Abstract

As a part of our continued search for bioactive compounds from plants, an ethanol extract
of Rhodospaera rhodanthenfAnacardiaceae) was investigated due to its antiplasmodial activity
(ICso <6 pg/mL). Three known compounds, tetrahydroamentoflaven (8.1,
pentagalloylglucopyranos@.2), and2 , -iBdjylenebis(@ert-butyl-4-methylphenol) 8.3) were
isolated usindiquidi liquid partitioning, column chromatography, solid phase extraction, and high
pressure liquid chromatography. The three compounds showed antiplasmodial activity against
Plasmodium falciparumDd?2 line (Cs02 . 3 <X <4 .562 . &/ M ,x <BICs¢6 . 8M N ,1.6 &N
resgectively). This is the first report of the presence of these compouné&hadospaera

rhodanthemaThis work has not been published elsewhere.

8.1.2 Author Contributions

The author of this dissertation (Alexander L. Eaton) conducted the isolation and structure
elucidation of the described compounds and drafted the manuscript. Dr. Liva Harinantenaina was
a mentor for this work and provided advice for the isolation and structure elucidation of the
compounds described. Dr. Jessica D. Wiley and Dr. Maria B. Cgssdoamed the antimalarial
bioassayRlasmodium falciparupDd2 strain), and Dr. Michael Goetz (Natural Product Discovery

Institute) provided the plant extract. Dr. Dad I. Kingston served as a mentor for the work.
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8.1.3 Previous Investigations of Rhodosgpa rhodanthema

Rhodospaera rhodanthenganacardiaceae), the only member of Ri@odospaergenus,
is endemic to northeast Australidt is a tree, up to 20 m high, and is commonly known as the
deep yellow wood, yellow cedar or tulip satinwddtlis known tocontain gallic acidfisetin? a
fisetin glucosid® and quercetid.Rhodospaera rhodanthenmay also be referred to &hus

rhodanthemaut does not belontg the genuRhusin a strict sense because it is not a true stmac.

8.1.4 Chemical Investigation of Rhodospaera rhodanthem

As a part of our ongoing investigation of the former Merck natural products library,
available through a collaboration with the Natural Products Discovery Institute, an extract of
fronds fromRhodospaera rhodanthemeas selected for investigation due t® dctivity against
Plasmodium falciparuniCso< 6 ¢ g Threé hioactive compounds were isolafejure8-1),
tetrahydroamentoflavone8.(, I1Cso 2.3x <4 . 6 eM), pent ad&? ICey!l gl uc

2. 7<x<5. 32 s@¥jylenehis{aert-butyl-4-methylphenol) 8.3, 1ICs06 . 8 N 1.6 &M

OH OH
HO OH OH
O
OH
0.0
o~ O O
N Y OH
o ‘0
HO 0._0
O OH
OH
HO
OH
OH HO OH
IO >
8.2
OH
8.3

Figure 8-1. Compoundsdolated fronRhodosphaera rhodenthemia.
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through bioassay guided fractionatidrne isolation, structure elucidation, and bioactivity of the

compounds wilbe discussed.
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8.2 Results and Discussion
8.2.1 Isolation of Compounds from Rhodospaera rhodanthema

Liquidi liquid partitioning of the ethanol extract of the the frondsRifodosphaera
rhodanthemaielded an active ethyl acetate fraction and an active \iratetron. The active ethyl
acetate fraction was further partitioned usingoamatography on Sephadex 129, solid phase
extraction, and high pressure liquid chromatography to afford comp@ihdsnd 8.2 (Scheme
8-1).

Rhodosphaera rhodanthema, fronds,
EtOH extract, 550 mg
ICgq x<6 pg/mL (P. falciparum)

CﬁH14 | MeOH

Weight (mg): 205 EtOAc H,O
ICsq P. facliparum (ng/mL):  >10

Weight (mg): 143 205
ICgq P. facliparum (ng/mL): 2.5<x<5 1.25<x<2.5

Sephadex LH-20 CC
1:1 MeOH/DCM

Weight (mg): 14 41 34 7 47
ICsq P. facliparum (ug/mL):  1.25<x<2.5 5<x<10 2.5<x<5 2.5<x<5 1.25<x<2.5
EtOAc/MeOH
phthalates MeOH‘/Hzo cve
' Weight (mg): 2@ 4 4 36 10
ICs0 P. facliparum (ug/mL): 5<x<10 5<x<10 ~10 2.5<x<5 5<x<10
Si Gel SPE Si Gel SPE 8.2

EtOAc/MeOH EtOAc/MeOH
Weight (mg): 3 23 2 2

ICs P. facliparum (png/mL): 1.25<x<2.5 5<x<10 1.25<x<2.5 2.5<x<5

8.1 8.1

Scheme8-1. Separation of thethyl aetatefraction ofRhodosphaera rhodanthema.
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The active water fraction was further subjected to chromatography on a Diaion column and
high pressure liquid chromatography to give-aai)ylenebis(@ert-butyl-4-methylphenol) 8.3
(Schemes-2). Full details can be found in the Experimental Section of this chéggp8rAlthough
2 , -1iAeljylenebis(@ert-butyl-4-methylphenol)has reportedly been isolated froAspergillus
fumigatus?® it is likely a contaminant since it does not fit into any known biosyntpetioway and
it is a widely used plasticizer. The ethyl acetate fraction was also found to be contaminated with
phthalate, so further fractionation was stopped.

Rhodosphaera rhodenthemia, fronds,
EtOH extract, 550 mg
IC5q x<6 pg/mL (P. falciparum)

CgH14 | MeOH

Weight (mg): 205 EtOAc H,O
ICsq P. facliparum (ng/mL):  >10
Weight (mg): 143 205
ICsq P. facliparum (ng/mL):  2.5<x<5 1.25<x<2.5
Diaion CC
MeOH/H,0O/(CH3),CO
Weight (mg): 50 39 61 35 19

ICsq P. facliparum (ng/mL): x>10 5<x<10 5<x<10 5<x<10 1.25<x<2.5
C4g HPLC
MeOH/H,O

8.3

SchemeB-2. Separation ofwaterfraction ofRhodospaera rhodanthema.
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8.2.2 Identification of Btrahydroamentoflavanone

Figure 8-2. Structure of tetrahydroamentoflavanone.

Tetrahydroamentoflavon@.(l) was analyzed usintd NMR andHRESIMS. There were
eight §7.29MH,d¥= (20. 34w7H25, 0 4H0, 2, d}= B . 646.BZIH, U
dJ= 8. 3x6.HA22H,dd= 8. 6 Hz; a4 6.0 2HXM5BIHIdGS. 90,
= 2.2 Hz) present in the aromatic region of theN MR . The si7gRrRd|H.A2AWt U
representan ABB'r i ng sSspi n sysH@&88reprdsénts ordmupladaptotors bn U
an aromatic ri mng. 80 da88ldeprésent rgeimmplisy pratons. This data
suggests the presence of four y&a37¢lMad])i=26r i ngs .
3.1 Hzb».3241k,d)=114.2 Hz) that suggested the presenterofoxygen bearing meitie
protonsThe remai nikud0§, 18, ddynal . {0 +3 208, 42Z811Hlidd,
J= 17. 0, n&B63,11H, Hd) = 16B Hz) were recognized as likely being coupled to the
peaksi5a87 i&.B2d Thel molecular formula of tmmpound was determined to be
CzoH22010 from its mass spectruifiM -H]- m/z541.1242 calcd for GoH21016 541.1140; [2M
H]- m/z1083.2479, calcd for égH4302¢ 1083.2353). A database search (Dictionary of Natural
Products) was performed with the search parameters of the molecular weight (542 g/mol) and the
presence of four aromatic rings with one being specifiedoadisubstituted benzene ring and one

specifiel as a pentasubstituted benzene ring. This search yielded three results that were quickly
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screened to find the structure of tetrahydroamentoflavanone. Experimental NMRadd&8{1)
was compared to publishetH-NMR data’® Absolute configuration was determined by

comparison of published ECD data to experimental ECD &fata.

Table 8-1. *H NMR spectroscaip data oftetrahydroamentoflavond (1).

position U (Jin H2)
2 5.32, bd (14.2)
3 2.98, bd
2.63, bd (16.9)
6 5.90, d (2.2
8 5.88, d (2.29
2 Nj 7.29,d (2.3)
5 Nj 6.89, d (8.3)
6 Nj 7.25, bd (8.2)
2 NjNj 5.37,dd (12.6, 3.1)
3 NjN;j 3.05, dd, (17.1, 12.6)
2.78,dd(17.0, 3.1
6 NjNj 6.02, s
2 NjNjNj, 7.20, d (8.6)
3 NjNjNj, 6.72, d (8.6)

500 MHz, CQOD
abqnterchangeable Assignment
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8.2.3 lIdentification ofPentagalloylglucopyranose

OH OH
HO OH OH
© OH
(@] (@) © © (@]
HO o (@) O OH
HO OH
OH HO OH
OH
8.2

Figure 8-3. Structure opentagalloylglucopyranose.

Pentagalloylglucopyranos8.g), was analyzetly using*H NMR, *C NMR, HSQC, and
LC-MS. There are peaks cadpegl @iegl 40 1fAowEOlic | ust e
eachcontaining five signals indicatingl4b6énd pres
Uc~110 are approximately tcwild® ca$dsuggestngthatas t h
they might represent more than one carbon. The five most ddavefimals present in théC-
NMR c(LB7 .c267 367 k06 6 it 966.2) Buggested estimkages. The*C NMR
showed ac%3g®dawhia¢h twas coupd2é@dJw8.3tHh) (asdeen pr ot
by HSQC). These shifts are charaigtiir of an estelinked b-hexopyranosyl. The other remaining
proton signals (F2 : 1 589, ddJ=9.8,83 Hz; M3 : 1 5.081,tJ=9.7 Hz; H4 : 1 582, t,J=
9.6 Hz; H5 : 1440, m; H6 a 4.5, bdJ=105Hz;H6 b: G 4. 39, m, (C- and c
2 :c702,GC3 :c 741, G4 : c 698; G5 : c 7414; G6 : c 6811 for theb-hexopyranosyl unit
suggested thie-hexopyranosyl group to bebaglucopyranosyl group. A structure with five galloyl

groups attached f»glucopyranosyl was proposed@&8 Published'H and'3C NMR spectravere
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compared to experimentdH and*C NMR spectra(Table 8-2).19'! The molecular formula,
Ca1H3:026, was consistent with LGS data ([M+HT m/z941.29calcd for GiHz3026" 941.13).
There was also a strong signal present in theMSCspeatum consistent with the loss of a galloyl

group ([M-C7Hs0s]* m/z771.21 calcd for €H27021" 771.10).
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Table 8-2. *H and'3C NMR spectroscopidata of gntagalloylglucopyranosé ().

position lic, typet Un (Jin Hz)°
b-glucopyranosyl 1 93.8,CH 6.24, d, (8.3)
2 72.2,CH 5.59,dd 9.8, 8.3)
3 74.1, CH 5.91,t(9.7)
4 69.8, CH 5.62,1(9.6)
5 74.4, CH 4.40, m
6 63.1, Ch 4.52, bd (10.5)
4.39, m
C=0 167.9,C
167.3,C
167.0,C
166.9, C
166.2, C
galloyl 1 1 121.0,C
2,6 110.6, CH 6.90, §
3,5 146.5, C
4 1408, ¢
galloyl 2 1 120.3,C
2,6 110.5, CH 6.95, §
3,5 146.4, C
4 140.3,C¢
galloyl 3 1 120.2, C
2,6 110.4, CH 6.98, §
3,5 146.4, C
4 140.3,C¢
galloyl 4 1 120.2, C
2,6 110.4, CH 7.06, §
3,5 146.3, C
4 140.1, ¢
galloyl 5 1 119.7,C
2,6 110.3, CH 7.12, 8
3,5 146.2, C
4 140.0, ¢

Assignments made using HSQC and HMBC

400 MHz, CRROD
b500MHz, CD;0D

cdefgnterchangeable assignement
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8.2.4 Identification of2 , -rAdijylenebis@ert-butyl4-methylphengl

Figure 8-4. Structure o , -@dijylenebis(@ert-butyl-4-methylphenol).

2 ,-Idijylenebis(&ert-butyl-4-methylphenol) 8.3) was analyzed usingH NMR, °C
NMR, and HRESIMS. The proton NMR showed the presence of-coefpled aromatic protons
atun 6.90 (1Hd,J=19H2 awm6dr9 (iH,d,J= 1.9 H2. These two doublets, along with six
aromat i ccls5ilg.03a3d Sk 330 @ 3 0 &3 2 9 (£426.5)in the'*C NMR
suggested the presence of a t elbt.asaggdaststhatanet e d
of the substituents i s w21N3Hds)iotkéAl NYRoERp@L T he s
in the3C NMR indicate a methyl group attached to the ring. Jinglet corresponding to nine
protons in théH NMR signal(tih 1.38 9H), the strong signahithe’> C N MR ¢ 38.4 and the
s i g n acl35.6aate cansistent with the presence dér&butyl groupin the molecule The
HRESIMS spectrum suggested that the molecular formula w0, ((M-H]- m/z339.2346
calcd for G3H310- 339.2330). Considering only the number of carbon, hydrogen, and oxygen
atoms accounted for thus far as well as the remafttihg NMR s iy 882,alH, s)(aidd®C
NMR signal, the compound must be symmetrical. A dimeric structure was propo3&d Hse
published'H NMR spectrum is comparable to the experimedtadlNMR spectrumt? This
compound is a weknown synthetic antioxidant, and is almost certainly a contaminant that

somehow ended up in the crude extract, and not a natural produc
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Table 8-3. 'H and'3C NMR spectroscopidata of of2 , -i2diljylenebis(@ert-butyl-4-methylphenol) §.3).

position Uc, type Uy (Jin HZ)
isoprene chain 1 129.4,C

2 151.3,C

3 139.3,C

4 126.5, CH 6.79,d (1.8)

5 130.6, C

6 130.5, CH 6.90, d (2.0)

1Nj 32.3,CH 3.82,s

1 NjNj 35.6,C

2 NjNj 30.4,ChH 1.38,s

1 NjNjNj 21.0,CH 2.19, s

Obtained in CBOD, 600 MHz (i), 150 MHz (ic)

8.2.5 Antiplasmodial Activity

Compounds8.1i 8.3 were tested for their antiplasmodial activity agaiRtasmodium
falciparum, Dd2 strain Table 3-3). Tetrahydroamentoflavone has previously been dekte
antiplasmodial activity again$t. falciparum K1 strain but its 16 was found to be greater than
9.3 nM.*3 Tetrahydroamentoflavone has been shown to exhibit antileishmanicidal attitaty,
inhibit cyclooxygenasé, to inhibit xanthine oxidasgéto exhibit a protective effect against

anoxial® and to exhibit antioxidant properti&s.

Table 8-4. Activities of isolated compounds agaifdasmodium falciparum.
Antiplasmodial activity againg®.

Compound falciparumDd2 strain, IGo, € M
Tetrahydroamentoflavon@ (1) 2.3<x<4.6
Pentagalloylglucopyranos8.g@) 2.7<x<5.3
2 , -Katjylenebis(&ert-butyl-4-methylphenol) 8.3) 6.8+1.6
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8.3 Experimental Section
8.3.1 General Experimental Procedures

Optical rotations were recordesh a JASCO R2000 polarimeter. ECD analysis was
performed on a JASCQG&ILLO spectropolarimeter with a @fn cell in MeOH at room temperature
under the following conditions: speed 50 nm/min, time constant 1 s, band width 2'd amd
13C NMR spectra were recorded using either a Bruker Advance 500 spectrometer or a Bruker
Advance 600 spectrometeéH-tH threebond J-coupling values were calculated frotd NMR
spectraMass spectra were obtained on an Agilent 6220NAE~MS or a Thermo Electron TSQ
LC-ESFMS. Semipreparative HPLC was performdaly using Shimadzu LEOAT pumps
coupled with a Shimadzu SP10A diode array detector, a SEIOA system controller, and a

Cogent Bidentate g column (250 x 10 mm).

8.3.2 Plant Material
The ethanol extract of fronds fradRhodospaera rhodanthemaeas supplied by Dr. Michael

Goetz from the Natural Products Discovery Ingé&t(NPDI) collection.

8.3.3 Extraction and Isolation

The ethanol extract of the frondsRiiodospaera rhodanthen@50 mg, 1Gox<6 ng/mL)
was dissolved in methanol and extracted with hexanes. The methanol was removed and the residue
was dissolved in water arektracted with ethyl acetate. THiguidi liquid partitioning created
three fractions (F1: hexanes, F2: ethyl acetate, and F3: water) of which two showed improved
bioactivity: the ethyl acetate fraction (143 mgsd2.5<x<5ng/mL) and the water fractiof205

mg, 1Gsp1.25<x<2.5mg/mL).
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The ethyl acetate fraction (F2) was further partitioned using Sephad@x loden column
chromatography to produce five fractions{f25)) of which three showed activity (F2 14 mg,
ICs501.25<x<2.5mg/mL; F23: 34 mgJCs02.5<x<5ng/mL; F25: 47 mg, 1Go1.25<x<2.5ng/mL).

The first fraction, F21,was separated further using silica gel solid phase extraction (EtOH/MeOH)
to yield two fractions, one of which had improved activity (8 mghk31.25nmg/mL). The major
component of this fraction was found to be phthalatésidyMR spectroscopy. The third fraction,
F2-3, was further separated bysGPE (MeOH/HO) in three fractions. Curiously, these fractions
all showed reduced activity (FZa: 26 mg, Cs05<x<10nmg/mL; F23b: 4 mg, 1Go5<x<10ngy/mL,;
F2-3c: 4 mg, 1Go~10 ng/mL) so the two most active fractions (B2, F23b) were chosen for
further separation. Both of these fractions were separately pusiidd silica gel SPE
(EtOAc/MeOH) andetrahydroamentoflavoned(l, ICs01.25<x<5nmg/mL) was isolated from each

(3 mg, 2 mg, respectively). The other active fraction-§f2vas separated using silica gel SPE
(EtOAc/MeOH) to yieldpentagalloylglucopyranos&.¢, 4 mg,ICso2.5<x<5nmg/mL).

The waterfraction 3) was partitioned using a Doa column to yield five fraction, one
of which showed moderate activity (20 mgsd€.5<x<5nmg/mL). This fraction was purified using
C1sHPLC (MeOH/HO) to yield2 , -adijylenebis(@ert-butyl-4-methylphenol) 8.3,20 mg, 1Go
2.5<x<5nmg/mL). Further fractionation was stopped due to the large amount of contaminants

already isolated and the likelihood of isolating more contaminants.

8.3.4 Antimalarial Bioassay

Assay was performed at Virginia Tech as previously desdt’
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8.3.5 Spectroscopic Propeds
Tetrahydroamentoflavone(8.1):[a]?%p - 22.4 €£0.24 MeOH); CD (MeOH) &s25nm2.2, D $s9
nm- 9.4;*H NMR (500 MHz, CROD): SeeTable8-1; HRESIMS[M-H]" m/z541.1242 (calcd for

CaoH21016 541.1140), [2MH]" m/z1083.2479 (calcd for Ha3026 1083.2353M+HCOO]").

Pentagalloylglucopyranosg8.2): 'H NMR (500 MHz, CROD): SeeTable8-2; ¥*C NMR (100
MHz, CD;OD): SeeTable 8-2; MS [M+H]" m/z 941.29 (calcd for GiHs3026" 941.13), [M

C7Hs0s]* m/z771.21 (calcd for €&H27021" 771.10).

2 , -@dthylenebis(6tert-butyl -4-methylphenol) (8.3) *H NMR (600 MHz, CROD): Se€Table
8-3; 13C NMR (150 MHz, CROD): SeeTable8-3; HRESIMS [M- H]- m/z339.2346 (calcd for

C23H3102" 339.2330), [M+CIl] m/z 375.2119 (calcd for £H3.0.Cl- 375.2096).
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Chapter 9: Identification of Bioactive Compounds fromCurroria sp.

9.1 Introduction
9.1.1 Abstract

In a continuing search for antiproliferative compounds from plants, an extr@at@fria
sp.(Asclepiadaceae) was investigated due to its antiproliferative activigyX0®g/mL) and lack
of phytochemical studies of thgenus. Five known compounds, isofraxetirRO®-p-
glucopyranoside (1€ >54 nM), sarmentogenim@-L-diginoside (1Go 0.3 M), sarmentogenia-
L-diginosytb-p-glucopyranosid€ICso 1 miM), pinoresinolICso >56 nM), andapigenin(ICso >74
nmM) were isolated usig liquidiliquid partitioning, column chromatography, solid phase
extraction, anddPLC. The five compounds were quickly identified through utilizingtdNMR,

HRESIMS, and the Dictionary of Natural Products database. This work has not been published

elsevhere.

9.1.2 Author Contributions

The author of this dissertation (Alexander L. Eaton) completed the fractionation of the
extract and the identification of the compounds described. Ms. Peggy Brodie performed the
antiproliferative bioassay (A2780) on all fract®dand compounds. Dr. Michael Goetz provided
the extract from the Natural Product Discovery Institute (NPDI). Dr. D@vil Kingston was a

mentor for this work.
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9.1.3 Previous Investigations @urroria sp.
The genugurroria belongs to the Asclepiadaceae family and contains only four members.
Plants from the Asclepiadaceae family have been reported to contain bioactive cardenolides,

flavonoids, and triterpenésThere have been no previous investigations of the géousria.

9.1.4 Chemical Investigation dZurroria sp.

The above ground portion Glurroria sp.(Asclepiadaceae) was selected for investigation
based on the lack of studies of the genus and the antiproliferative activity of its ethanol extract
(ICs0 10 mg/mL, A2780). Theextract was partitioned usirigiuidi liquid partitioning, Sephadex
LH-20 CC, Diaion CC, & SPE, HPLC, and silica gel CC. The five known compounds isofraxetin
6-O-b-D-glucopyranoside 9.1), sarmentogenina-L-diginoside 9.2), sarmentogenina-L-
diginosytb-D-glucopyranoside 9.3), pinoresinol 9.4), and apigenin9.5 (Error! Reference

ource not found), were identified using HRESIMS afd NMR spectrosopy.
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Figure 9-1: Compoundsdentified fromCurroria sp
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9.2 Results and Discussion
9.2.1 Isolation of Compounds from Curroria sp.

An ethanol extract of the above ground portiorCofroria sp.was subjected tbquidi
liquid partitioning, yielding an active ethyl acetate fraction. The ethyl acetatedin was further
partitioned using Sephadex ERO column chromatography, yielding increased activity in one
fraction. This fraction was further partition by1sCSPE and Diaion CC to yield three active

fractions @, B, C, Scheme-1).

Curroria sp., above ground,
EtOH Extract, 1.5 g,
ICs50 10 ng/mL (A2780)
CﬁH14 MeOH

Weight (mg): 117 EtOAc H,O
ICs50 A2780 (ng/mL): 3

Weight (mg): 417 926
IC5q9 A2780 (ug/mL): 0.9 16

Sephadex LH- 20
1:1 DCM/MeOH

Weight(mg): 64 315 36
ICs0 A2780 (ng/mL): 4 0.6 >20

Cyg SPE
(MeOH/H,0)

Weight (mg): 280 19 10 4
ICs9 A2780 (ng/mL): 06 13 >20 16

Diaion CC
(H,O/MeOH/(CH3),CO)

Weight (mg): 43 94 30 62 44
ICso A2780 (ug/mL): >20 0.7 02 04 11

A B C

Schemed-1. Fractionation ofCurroria sp.
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FractionA was partitioned further utiling silica gel flash column chromatography and

C1s HPLC to yield9.1(Schemed-2).

A

Silica Flash CC
CHCI3/MeOH
]

L L

C1g HPLC (CHZCN/H,0)

Weight (mg): 9 7 2
ICs9 A2780 (ng/mL): 16 >20 15

W ~—

Major Compounds Inactive
9.1

Scheme9-2. Fractionation of A

FractionB was partitioned further by:@HPLC to yield compound8.2and9.3 (Scheme
9-3).

B
C4g HPLC
(CH3CN/H,0)
Weight (mg): 12 2 7 2 5 2
IC59 A2780 (ng/mL): 3 0.8 4 4 0.9 0i2
9.3 9.2

C18 HPLC (MGOH/Hzo)

Major Compounds Inactive
Schemed-3. Fractionation of B.

Fracton C was partitioned further by @ HPLC to yield compoundS.2, 9.4, and 9.5
(Scheme-4). Throughout the partitioning of this extract, there were many fractions that exhibited
strong bioactivity. However, the major constituents of these fractions were often inactive. The

activity of the parent fraction was likely due to the small amounafenolides present, such as
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9.2and9.3 Unfortunately, these minor constituents could not be completely identified and were

not investigated further since cardenolides have been studied extefsively.

C

Cyg HPLC
(CH3CN/H,0)

Weight (mg): 7 2 1 1T 11 1 1 4 1 2
ICso A2780 (ug/mL): 4 08 08 07 >5 >5 02 07 >5 >5

9.2
C1g HPLC (MeOH/H,0) Cqg HPLC (MeOH/H,0)

Major Compounds Major Compounds
Inactive Inactive

Scheme9-4. Fractionation of C.

9.2.2 Dereplication of Known Compounds

In order to quickly identify the structures of compourfldi 9.5, database searches

utilizing the Dictionary of Natural Products were performed. This resulted in significantly fewer

resources being invested in the structure elucidation of the compouwnhg) bath time and

money.
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9.2.2.1 Identification of Isofraxetin ®-6-D-glucopyranoside

OH
HO  _~

Figure 9-2. Structure of sofraxetin 60-b-D-glucopyranoside.

The molecular formula dd.1was assigned asi§16010 using HRESIMS ([M+Na] m/z
393.0787, calcd for sH1sNaOwo" 393.0792). A quick analysis of thel NMR spectrum showed
some easily assignable signaWith only this information, a search was performedthe
Dictionary of Natwal Products Database, resulting in the identification of nine possible structures
(Figure9-3). The!H NMR data for each structure were comparechoexperimental data, and

the structure 09.1was assigned as isofraxetirO8b-D-glucopyranosidé.
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Figure 9-3: Possible structures 8f1from DNP search.
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9.2.2.2 ldentification of SarmentogeniaL-diginoside

9.2

Figure 9-4. Structure of armentogenim-L-diginoside.

The same strategy employed to determine the struct@d whs utilized to determine the
structure 00.2 The molecular formula dd.2was found to be §H460s by HRESIMS ([M+HT
m/z535.3248, calcd for £H470s" 535.3265). In théH NMR spectrum, theravere three signals
corresponding td CHs groups @+ 0.90, s;dy 1.08, s; ©1.21, d). Using only these easily
identifiable features, a search was performed which resulted in 21 possible structures, containing
four aglyconesKigure9-5). 'H NMR data were compared with those of the known compounds,

and the structure was determined to be sarmentogenidiginoside®
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Figure 9-5. Possibleaglyconeof 9.2
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9.2.3 Identification of Sarmentogeni-L-diginosytb-D-glucopyranoside

Figure 9-6. Structure of armentogenim-L-diginosytb-D-glucopyranoside.

Unlike the structure determinations @fL and9.2, the structure 09.3 was not identified
through a database search. The molecular formatadetermined to bezgHseO13 by HRESIMS
(IM+Na]* m/z 719.3652, calcd for &HseNaOis* 719.3613). Based upon similarities in the
NMR spectra 00.3 and 9.2 (including peaks atl4 0.90, s;d4 1.07,dw 5.91) the aglycone was
determined to be identicalh€L-diginosyl moiety was also determined to be present, based upon
comparison ofH NMR data with those 09.2 In addition, there was a glucopyranose moiety
present based on the molecular formula and the appearance of additional signalsl NN
spectrum, including the signal for the anomeric protowa#.62 (d,J = 7.8 Hz). The signals in
theH NMR spectrum for the aglycone and the sugar moieties are consistent with published values

for sarmentogenia-L-diginosytb-D-glucopyranosidé.
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9.2.3.1 Identification of Pinoresinol

9.4 OCHg3

Figure 9-7. Structure opinoresinol.

In order to determine the structure @#, the same strategy used faérl and 9.2 was
employed. The molecular formula was determined to h#1@0s based on HRESIMS data
([M+H]* m/z359.1470, calcd for £H2306" 359.1489). ThéH NMR spectrum suggested the
presence of a 1,2#isubstituted benzene moiety (B12#;6.95, d,J= 1.9 Hz;d 6.82, dddJ =
8.1,1.9,0.6 HzgH 6.71, d,J= 8.1 Hz) and a methoxy moietg«3.86, s). However, when a search
was performed based on thelecular formula, the presence of one benzene ring moiety, and the
presence of one methoxy moiety, the search engine returned no results. Hence, it was postulated
that the structure could be symmetrical based on the relatively small number of signalsiprese
the 'H NMR spectrum for the calculated molecular formula. Another search was performed
assuming the compound was symmetricdl .24 and 2 methoxy moieties), which resulted in
16 possible structure&igure9-8). The publishedH NMR data was compared with experimental
data and the structure was assigned as pinorési@imice the compound did not possess

antiproliferative properties, the absolute configuration was not determined.
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Figure 9-8. Possiblestructures 0®.4.
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9.2.3.2 Identification of Apigenin

9.5

Figure 9-9. Structure ofpigenin.

The molecular formula 09.5 was found to be GH100s by HRESIMS ([M+H] m/z
271.5093, calcd for sH110s" 271.0593). ThéH NMR spectrum showed characteristic signals of
AABBN] and ABX spi n s ydstbstimted benzepagneiety (Bl4d)ganda 1,2,3,54
tetrasubstituted benzene moiety (B12857.85, 2H, dJ = 8.8 Hz;d+ 6.93, 2H, d,J= 8.8 Hz) A
search was performed, resulting in eight possible structbiger¢9-10). The experimentaiH

NMR data were compared with published values and the structure was assigpegtiaia
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9.35 9.36

Figure 9-10. Possible suctures 00.5.
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9.2.4 Antiproliferative Activity

Compounds9.1i 9.5 were tested for their antiproliferative activity against the A2780
ovarian cancer cell line.. The actisarmentogenins have previously been reported to be
cytotoxic! Pinoresinol las been reported to have antioxidant propettidgigenin has previously

been reported to have antiproliferafivand antimutagenic properties.

Table 9-1: Activities of isolated compounds against the A2780 cell lineRiadmodium falciparum

Compound Antiproliferative activity against A2780, g( € M)
Isofraxetin 60-b-D-glucopyranosid€9.1) >54
Sarmentogenia-L-diginoside(9.2) 0.3
Sarmentogenia-L-diginosytb-D-glucopyranosid€9.3) 1

Pinoresinol(9.4) >56

Apigenin(9.5) >74

9.3 Experimental Section
9.3.1 General Experimental Procedures

4 and'*C NMR spectra were recorded using either a Bruker Advance 500 spectrometer.
H-H threebond J-coupling values were calculated frotd NMR spectraMass spectra were
obtained on an Agilent 6220 LCOFRMS. Semipreparative HPLC was performed using
Shimadzu LG1OAT pumps coupled with a Shimadzu SPD M10A diode array detector, a SCL

10A system controller, and a Cogent BidentatedSlumn (250 x 10 mm).
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9.3.2 Plant Material
Dr. Michael Goetz provided the ethanotmaxct of the above ground portions@dirroria

sp.from the Natural Product Discovery Institute (NPDI) repository.

9.3.3 Extraction and Isolation

The ethanol extract (1.5 g, 4610 ng/mL) of the above ground portion Glurroria sp.
(Asclepiadaceae) was dissety in methanol and extracted with hexanes. The solvent was
evaporated from the methanol partition, dissolved in water, and extracted with ethyl acetate. The
ethyl acetate fraction (417 m¢fCso 1 ng/mL) was partitioned using Sephadex-PA CC (1:1
DCM/MeOH) to yield a fraction with increased activity (39, ICso 0.6 ng/mL). This fraction
was partitioned further using:£solid phase extraction (MeOH#B) yielding a fraction with
increased activity that was partitioned with Diaion CEQHeOH/(CH)2CO) toyield A (94 mg,
ICs0 0.7 mg/mL), B (30 mg, 1Go 0.2 ng/mL), andC (62 mg, 1Go 0.4 ng/mL). FractionA was
partitioned using silica flash CC (CHfMeOH) to yield three fractions with increased activity (5
mg, 1Gs0 0.8 ng/mL; 3 mg, 1Go 0.1 ng/mL; 4 mg, I1Go 0.1 ng/mL). These three fractions were
partitioned using G HPLC (CHCN/H20) and compoun@.1was identified (4 mg, 165>54iM).
FractionB was partitioned using &£ HPLC (CHCN/H20) to yield9.2 (2 mg, 1Go 0.3 M) and
9.3(2 mg, 1Go>1 nmM). Fraction C was partitioned usingi@HPLC (CHCN/H20) to yield9.2(2

mg, 1Gs0 0.3nM), 9.4 (1 mg, IGo >56 M), and9.5(1 mg, 1Go>74 M)

9.3.4 Antiproliferative Bioassay
Assay was performed at Virginia Tech according to specifications previously deséribed.

The A2780 cell line is a drugensitive ovarian cancer cell lif.
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9.3.5 Spectroscopic Properties

Isofraxetin 6-O-b-b-glucopyranoside(9.1): Partial'H NMR spectrum (500 MHz, CfDD): 3.63
(3H, s), 4.44 (1H, d = 7.4 Hz), 5.56 (1H, dJ = 9.0 Hz), 6.55 (1H, s) 7.59 (1H, 3= 9.0 Hz),
Table 3-2; HRESIMS [M+Na] m/z 393.0787 (calcd for {gHisNawo" 393.0792), [M+K] m/z
409.0527 (calcd for H18KO10" 409.0532)m/z[2M+Na]* 763.1657 (calcd for £HzsNaOxo"

763.1692).

Sarmentogenina-L-diginoside (9.2): Partial'H NMR spectrum (5001Hz, CDs;0OD): 0.90 (3H,

s), 1.08 (3H, s), 1.21 (3H, d,= 6.3 Hz), 3.43 (3H, s), 4.96 (1H, bs), 5.92 (1H, bs); HRESIMS
[M+H]* m/z 535.3248 (calcd for §H47Og" 535.3265), [M+ NH]* m/z 552.3519 (calcd for
CaoHsoNOg* 552.3531), [M+Na]m/z 557.3079 (calcdor CacHasNaQs* 557.3085), [M+K] m/z
573.2875 (calcd for §H4eKOs" 573.2824), [2M+Na]m/z 1091.6269 (calcd for &HoNaOs*

1091.6278).

Sarmentogenina-L -diginosyl-b-p-glucopyranoside(9.3): Partial'H NMR spectrum (500
MHz, CDs0OD): 0.90 (3H, s), 1.07 (3H, s), 1.27 (3HJ& 6.3 Hz), 3.41 (3H, s), 4.62 (1HJ&
7.8 Hz), 4.97 (1H, bs), 5.91 (1H, bs); HRESIMS [M+N@a/z719.3652 (calcd for £HseNaOi3"

719.3613).

Pinoresinol (9.4):'H NMR spectrum (500 MHz, CfoD): 3.16 (2H,m), 3.84 (2H, ddJ = 9.1,
3.5 Hz), 3.86 (6H, s), 4.24 (2H, diiz 9.0, 6.8 Hz), 4.71 (2H, d,=4.2 Hz), 6.77 (2H, d)= 8.1
Hz), 6.82 (2H, dddJ = 8.1, 1.9, 0.6), 6.95 (1H, d,= 1.9 Hz) HRESIMS [M+H] m/z359.1470

(calcd for GoH2306" 359.1489).
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Apigenin (9.5):H NMR (500 MHz, CROD): 6.18 (1H, dJ = 2.1 Hz), 6.42 (1H, d] = 2.1 Hz),
6.57 (1H, s), 6.93 (2H, d,= 8.8 Hz), 7.85 (2H, d] = 8.8 Hz); HRESIMS [M+H} m/z271.0593

(calcd for GsH110s" 271.0601).

186



9.4 References

1. Ntie-Kang, F.; Yong, J. N., The chemistry and biological activities of natural products from
Northern African plant families: from Aloaceae to Cupressadese Adv2014,4 (106), 61975
61991.

2. Slingerland, M.; Cerella, C.; Guchelaar, H. J.; DiezterM.; Gelderblom, H., Cardiac
glycosides in cancer therapy: from preclinical investigations towards clinical tnaést. New
Drugs2013,31(4), 10871094.

3. Steyn, P. S.; van Heerden, F. R., Bufadienolides of plant and animal biagif?rod. Rp.
1998,15 (4), 397413,

4. Li, Z.; Li, X.; Li, D.; Gao, L.; Xu, J.; Wang, Y., A new coumarin glycoside from the husks
of Xanthoceras sorbifoliagFitoterapia2007,78 (7-8), 605606.

5. Chen, R:F.; Abe, F.; Yamauchi, T.; Taki, M., Cardenolide glycosideStwbphanthus
divaricatus Phytochemistry1987,26 (8), 23512355.

6. Xie, L.-H.; Akao, T.; Hamasaki, K.; Deyama, T.; Hattori, M., Biotransformation of
pinoresinol diglucoside to mamnmah lignans by human intestinal microflora, and isolation of
Enterococcus faecalistrain PDGL1 responsible for the transformation of -@tporesinol to (+
lariciresinol.Chem. Pharm. BulR003,51 (5), 508515.

7. Ankli, A.; Heilmann, J.; Heinrich, M Sticher, O., Cytotoxic cardenolides and antibacterial
terpenoids fronCrossopetalum gaumefhytochemistry2000,54 (5), 531537.

8. Yi, B.; Hu, L.; Mei, W.; Zhou, K.; Wang, H.; Luo, Y.; Wei, X.; Dai, H., Antioxidant
phenolic compounds of cassavdanihot esculentq from Hainan.Molecules2011, 16 (12),

1015710167.

187



9. Li, W. J.; Zhang, Z. H.; Cheng, X. L.; Liu, J.; He, Y.; Zhou, C.; Guo, Y.; Lin, R. C.; Wang,
G. L., Two new compounds isolated franmmiope muscari Molecules2012,17 (8), 87738781.

10. CwporLoffler, B.; Hajdu, Z.; Zupkd, I.; Molnér, J.; Forgo, P.; Vasas, A.; Kele, Z.;
Hohmann, J., Antiproliferative constituents of the root€oifiyza canadensiBlanta Med2011,
77(11), 11831188.

11. Miyazawa, M.; Hisama, M., Antimutagenic activity fivonoids fromChrysanthemum
morifolium Biosci., Biotechnol., Biocher003,67 (10), 20912099.

12. Cao, S.; Brodie, P. J.; Miller, J. S.; Randrianaivo, R.; Ratovoson, F.; Birkinshaw, C.;
Andriantsiferana, R.; Rasamison, V. E.; Kingston, D. G. I., gnotiferative xanthones of
Terminalia calcicolafrom the Madagascar rain foredt.Nat. Prod2007,70 (4), 679681.

13. Louie, K. G.; Behrens, B. C.; Kinsella, T. J.; Hamilton, T. C.; Grotzinger, K. R.; McKoy,
W. M.; Winker, M. A.; Ozols, R. F., Radiaticsurvival parameters of antineoplastic dagmsitive
and drugresistant human ovariscancer cellines and their modification by buthionine

sulfoximine.Cancer Res1985,45 (5), 211062115.

188



Chapter 10: Identification of Potentially Anti -inflammatory Compounds from
Streblus dimepate

10.1 Introduction
10.1.1 Abstract

An ethanol extract dbtreblus dimepat@ureau) C. C. Berg (Moriaceae) was investigated
on the basis of its aniimflammatory activity. Bioassaguided fractionation of the extract utilizing
liquidi liquid partitioning, column clomatography, and HPLC led to the identification of two
known compoundg2Z,3S,49)-2-(11-dodecenylidene3-hydroxy-4-methylbutanolidand(22)-2-
(dodecylideneB-hydroxy-4-methylbutanolide. The structures were determineldy using

spectroscopic methods. This work has not been published elsewhere.

Figure 10-1. Streblusdimepate Used under Creative Commons (CC-BN-ND 3.0) from
<http://www.tropcos.org/Image/100292631>.
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10.1.2 Author Contributions

The author (Alexander L. Eaton) of this dissertation completed the fractionation of the
extract, identification the described compounds, and drafting of tmasoapt. Chris Birkinshaw
led the team thatollected and identified the plarXiaoying Zhang and Dr. Josdpassaganya
Rieraprovided testing for aninflammatory activity. Dr. David G. I. Kingston was a mentor for

this work.

10.1.3 Previous Investigationsf &treblus dimepate

Streblus dimepatéBureau) C.C. Berg, a member of the Moraceae family, is endemic to
Madagascar. The genus contains approximately 25 species that have a variety of uses including
paper making and medicinal purposeS. asperhas been shown to have aimflammatory

properties’®

10.1.4 Chemical Investigation of Streblus dimepate

As a part of our ongoing search for bioactive compounds from Madagascan plants, an
extract of the leaves and fruits®treblus dimepateas selected for investigation due to its activity
as an agonist of PPAR Two compounds were identifiedrigure 10-2), (2Z,3S549)-2-(11-

dodecenylidene}-hydroxy-4-methylbutanolide 10.1) and (Z)-2-(dodecylideneB-hydroxy-4-
/

E)H 10.1 bH 10.2

Figure 10-2. Structures of ampoundsdentified fromStreblus dimepat
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methylbutanolide 10.2, through bioassay guided fractionation. The isolation, structure

elucidation, and the bioactivity of these compounds will be discussed.

10.2 Results and Discussion
10.2.1 Fractionation of Streblus dimepate

Liquidi liquid partitioning of the ethanol extract of the fruits and leavesSStoéblus
dimepateyielded an active hexane fraction. This fraction was partitioned further by Sephadex LC
20 column chromatography to yield one active fraction. The active fractisrfusther purified
using Gs HPLC to yield three senpure components. Two componentd.@i 10.2 were
identified by'H NMR spectroscopy:3C NMR spectroscopy, andS. Purification of the third
component was attempted on NHPLC, but theactivity was lostandH NMR spectroscopy
indicated that the major component appeared to be degraded, so its structure was not determined.
Other small amounts of structurally related compounds appeared to be present based on the UV
spectra of HPLC peaks. However, isolatwas discontinued for two reasons. Firstly, the bioassay
required larger amounts of compound (~4 mg) to test than could be isolated from the available
material. Secondly, it was requested that another plant ex@acogétemum bojerianynbe
prioritized toproduce initial results for a grant application. The extraction is outlin&theme

10-1 and a detailed procedure can be found irBkeerimental 8ction(10.3)

191



Streblus dimepate, leaves and fruits,
EtOH extract, 1205 mg
Active (PPAR-y)

CeH14 | MeOH
343 mg 868 mg
Active Inactive

Sephadex LH-20 CC
1:1 MeOH/DCM

200 mg 132 mg

Inactive Active
C4g HPLC
MeOH/H,O
3 rLg 4 r‘ng 3 r‘ng
Active Active Active 120 mg
NH, HPLC
10.1 10.2 MeOH/H,0

SchemelO-1. Fractionation ofStreBus dimepate.
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10.2.2 Identification of (2Z,3S,4S)-(11-dodecenylidene3-hydroxy4-methylbutanolide

Figure 10-3. Structure of (Z,3S5,49-2-(11-dodecenylidene}-hydroxy-4-methylbutanolidg€10.1).

The structure 0f{2Z,3S 49)-2-(11-dodecenylidene}-hydroxy-4-methylbutanolide X0.1)
was determined usintH NMR spectrometry*C NMR spectrometry, and HRESIMS. From
HRESIMS, the molecular formula was determined to b#16&0s ((M+H]* m/z281.2117, calcd
for C17H2903" 281.2111) vkich indicates that the structure has four degrees of unsaturation. The
'H NMR spectrum had signalsf2.03 (H15, bg,J= 6.8 Hz),d45.81 (H16, ddt,J= 16.9, 10.2,
6.8 Hz), «#.99 (H17a, ddt)=17.1, 2.3, 1.6 Hz), andt4.93 (H17b, ddtJ = 101, 2.3, 1.2 Hz)
suggesting the presence of a terminal alkene. This was consistent wit@ tN&R spectrum,
which had signals aic 33.8 (G15),dc 139.3 (G16), and ¢l114.1 (G17). The'H and®*C NMR
spectra also indicated the presence of a long satlingdrocarbon chainlg1.27, m, HO7 H-13;
dc 29.5, 29.4, 29.4, 29.3, 29.1, 28.9, 28.88 C C-14). Furthermore, th&’C NMR spectrum
suggested the presence of an ester magdetyG8.5, G1). Using this data, a search was performed
using the Dictionary of Natural Products, and the structure was proposed te(lde 2
dodecenylidene3-hydroxy-4-methylbutanolide. The configuration of the alkene moiety & C
was determined to ki&by comparison ofH NMR data with bottE (du ~6.95) andZ (du ~6.55)
isomers of similar compound$. The relative configuration of the groups a3Gind G4 was

determined to beisbased on comparison of observed coupling constant$4aNMR shifts with
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reference compound? Finally, the absolute configuration was determingoet¢Z,3S,4S) based
on comparison of optical rotation data with data of the known compbtinds, the structure of
(10.1) is (2Z,3S49-2-(11-dodecenylidene3-hydroxy-4-methylbutanolide. Qmplete!*C and'H
NMR spectroscopy assignments can be sedialme10-1.

Table 10-1. NMR data of (Z,3549-2-(11-dodecenylidene3-hydroxy-4-methylbutanolide 10.1).

position lc, type Uq (Jin Hz)

1 168.5,C

2 129.3,C

3 71.4, CH 4.66,dd (5.4, 1.1)

4 77.7,CH 4.56, qd (6.5, 5.3)

5 14.11, CH 1.40, d (6.5)

6 149.7, CH 6.56, td (7.7, 1.3)

7 27.9, CH 2.75, m

8 28.8, CH, 147, m

9 29.5, CH, 1.27, nk
10 29.8 CH, 1.27, mk
11 29.8, CH, 1.27, nk
12 29.3, CH; 1.27, mk
13 29.7 CH, 1.27, nk
14 28.9, CH; 1.37, m
15 33.8,Ch 2.03, bq (6.8)

16 139.2, CH 5.81, ddt (16.9, 10.8.7)
17 114.1, CH 4.99, ddt (17.1, 2.3, 1.6)

4.93, ddt (10.2, 2.3, 1.2)

Obtained in CDG, 500 MHz (), 125 MHz (ic)
gnterchangeable Assignments
®Overlapping signals
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10.2.3 Identification of (22)2-(dodecylideneB-hydroxy4-methylbutanolide

S 10.2

Figure 10-5. Structure o0f22)-2-(dodecylideneB-hydroxy-4-methylbutanolide 10.2).

The structure of (22)-2-(dodecylideneB-hydroxy-4-methylbutanolide X0.2 was
determined using'H NMR spectroscopy,’®*C NMR spectroscopy, and HRESIMS. The
determination ofL0.2proved to be significantly more challenging that that@fL due to the fact
that it was not completely pure, as determined byM& A significant difference in the structure
of 10.2is the presece of an additional signal in thel NMR (H-17,dx 0.89, t,J = 6.7 Hz) and
13C NMR (dc 14.1) spectra, suggesting the presence of a terminal methyl group. While there were
still signals present in thiH NMR spectrum ¢+ 2.03,d+ 5.81, dn 4.99, dn 4.93) siggesting the
presence of a terminal alkene, they were reduced in intensity; furthermore, the corresponding
signals in the!>*C NMR spectrum were either absent 139.5) or significantly reduced in
intensity @c 114.1, dc 33.8). From HRESIMS and LCMS dathe molecular formula was
determined to be ZH300s ([M+H]* m/z 283.2280, calcd for GH3103" 283.2268). Thus, the
structure was proposed aZ|2-(dodecylideneB-hydroxy-4-methylbutanolide10.2. Since the
compound was identified from a mixture, thiesalute configuration couldot be confirmed;
however, based on tAEl NMR data, its relative stereochemistry is identical to that 5B8&49)-

2-(11-dodecenylidene3-hydroxy-4-methylbutanolidg10.1). Complete assignment &fl and*3C
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NMR spectroscopdata can be foundable10-2. NMR spectroscopic data is in agreement with

published values fq2Z,3R 4R)-2-(dodecylideneB-hydroxy-4-methylbutanolid€

Table 10-2. *H and*3C NMR Data of (Z)-2-(dodecylideneB-hydroxy-4-methylbutanolide 10.2).

position Uc, type Un (Jin Hz)
1 168.5, C
2 129.3,C
3 71.4,CH 4.66, dd (5.4, 1.2)
4 77.7, CH 4.56, qd (6.55.3)
5 14.1,CH 1.40, d (6.6)
6 149.7, CH 6.56, td (7.7, 1.3)
7 27.9, CH 2.75, m
8 28.8, CH; 1.47, m
9 29.6%, CH; 1.27, m
10 29.6¢, CH, 1.27, m
11 29.%, CH; 1.27, m
12 29.4 CH, 1.27, m
13 29.3, CH; 1.27, m
14 29.58 CH, 1.27, m
15 31.9,CH 2.03, bq (6.8)
16 22.7,CH 1.31, m
17 14.1,CH 4.99, ddt (17.1, 2.3, 1.6)

Obtained in CDG, 500 MHz (), 125 MHz (ic)
4nterchangeable Assignments
bOverlapping signals
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10.2.4 Anti-inflammatory Activity
Due to the large amount ptire compound (~3 mg) required to obtain an accurate EC
value, the bioactivities af0.1and10.2were not determined. Butenolides, includit@l, have

been reported to be cytotoxié?

10.3 Experimental Section
10.3.1 General Experimental Procedures

Optical rotations were recorded a JASCO 2000 polarimetert3*C NMR spectra were
recorded using a Bruker Advance 500 spectroméitetH threebond J-coupling values were
calculated frontH NMR spectraMass spectra were obtained on an Agilent 6220N0E-MS or
a Thermo Electron TSQ LESFMS. Semipreparative HPLC was performed using Shimadzu
LC-10AT pumps coupled with a Shimadzu SPD Midiode array detector, a SEIOA system
controller, and either a Cogent Bidentatgs €lumn (250 x 10 mm) or a Cogent Amino HPS

column (250 x 10 mm).

10.3.2 Plant Material

Leaves and fruits ddtreblus dimepat@Bureau) C. C. Berg (Moriaceae) (collection: Shr
Birkinshaw et al. 604) were collected at an elevation of 1200 m in December 1999 from a
community forest outside Zahamena National Park, 3 km east of Andranomalaza Atsimo
(17A39Nj12" S 048A38Nj39" E). The s aiemparkeandvas

immature green fruit.

197

c

o



10.3.3 Extraction and Isolation

The ethanol extract (1205 mg) of the leaves and fruita#blus dimepate/as dissolved
in methanol and extract with hexanes. The active hexanes fraction (343 mg) was partitioned using
SephadexH-20 open column chromatography (1:1 MeOH/DCM). This yielded on active fraction
(132 mg) which was further purified bys§HPLC (MeOH/HO gradient) to yield three active
fractions (3 mg, 4 mg, 3 mg, respectively). The first fraction was identifieq2as2-
(dodecylideneB-hydroxy-4-methylbutanolide 10.1). The major component of the second
fraction was identified as K3S49-2-(11-dodecenylidene3-hydroxy-4-methylbutanolide
(10.2. Purification of the third fraction was attempted using2MPLC (MeOHH20 gradient);

however, the compound decomposed.

10.3.4 Anti-inflammatory Assay
Anti-inflammatory activity was determined using a 4sked PPAR)reporter assay as

previously describetf.

10.3.5 Spectroscopic Properties
(2Z,3S,4S)-2-(11-dodecenylidene)3-hydroxy-4-methylbutanolide (10.1):[U 3% - 35 (€ 0.046,
CHCL); H NMR (500 MHz, CDCJ): SeeTable3-2; 13C NMR (125 MHz, CDGJ): SeeTable
3-2; HRESIMS [M+H]" m/z281.2117 (calcd for GHxoOs™ 281.2111), [M+NH]* m/z298.2390
(calcd for G7H32NOs" 298.2377), [M+Naj m/z 303.1946 (calcd for GH2sNaOs* 303.1931),
[2M+NH4]* m/z578.4502 (calcd for £HsoNOs" 578.4415), [2M+Na] m/z583.3906 (calcd for

CasHseNaGs" 583.6969), [2M+K] m/z599.3813 (calcd for £Hs6KO6" 599.3708).
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(22)-2-(dodecylidene)3-hydroxy-4-methylbutanolide (10.2): 1H NMR (500 MHz, CDCI3):
SeeTable3-1; 3C NMR (125 MHz, CDC}): SeeTable 3-1; HRESIMS [M+H]" m/z283.2280
(calcd for G7H310s" 183.2268), [M+NH]* m/z 300.2548 (calcd for GH34NOs" 300.2533),
[M+Na]*m/z 305.2110 (calcd for GHzoNaGs" 305.2087),m/z [2M+K]* 603.3944 (calcd for

CaaHsoKOs" 603.4021).
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Chapter 11: Investigations of Other Extracts

11.1 Introduction
11.1.1 Abstract

The extracts discussed in this chapter were selected for investigation because they showed
bioactivity during initial screening. However, due to various reasons discussed within, there were

no compounds identified from the investigations of these extracts.

11.1.2 Author Contributions

The author (Alexander L. Eaton) of this dissertation performedréfaéidnation of all of
these extracts except thatRdrringtonia racemos&Sectionl1.2.7 which was performed by Ms.
Emily Berckman under the supgsion of the author. Ms. Peggy Brodie performed the 87
antiproliferative bioassayan all fractions and compounds. Dr. Jessica D. Wiley and Dr. Maria B.
Cassera performed the antimalarial bioass&as(modium falciparumbDd2 strain). Xiaoying
Zhang ad Dr. JoseBassagany®ieraprovided testing for aninflammatory activity. Dr. David

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

11.2 Antiproliferative Extracts
11.2.1 Viguieranthus pervillei MG 1401

An ethanol extract of the roots Wfguieranthus perville{Drake) Villiers (Fabaceaayas
investigated on the basis of previously reported antiproliferative activity 91@y/mL, A2780.
However, after liquidliquid partitioning, it was found that the original ethanol extractq¥20
ng/mL) had lost activityout the water fraction showed antiproliferative activitysgC4 mg/mL).

The water fraction was partitioned using Diaion column chromatograph$RE, and G HPLC.

202



Unfortunately, theonly active components that could be identified were phthalates raadeg
Other minor active constituents were not identified due to the small amount present. The extract

was not investigated further.

11.2.2 Viguieranthus spi. MG 1386

An ethanol extract of the leaves\dfjuieranthusVillers (Fabaceae) was investigated due
to its reported antiproliferative activity (k&9 ng/mL, A2780). This extract was subjected to
liquidi liquid partitioning. After liquid liquid partitioning, the fractions showed decreased
bioactivity (IGso >20 ng/mL); furthermore, retesting of the parenttragt showed a loss of

bioactivity (IGo>20ng/mL). This extract was not investigated further.

11.2.3 Petalodiscus platyrhachisMG 3644

An ethanol extract of the leaves and inflorescencd®etdlodiscusct. platyrachisBaill.
(Phyllanthaceae) was investigd due to its reported antiproliferative activity (@5 ng/mL,
A2780). This extract was subjectedlitpuidi liquid partitioning. Afterliquidi liquid partitioning,
the fractions showed decreased bioactivitysd 20 mg/mL); furthermore, retesting ofehparent

extract showed a loss of bioactivity 66C-20 ng/mL). This extract was not investigated further.

11.2.4 Pandanusaankaranensis MG 4521

An ethanol extract of the leavesRdndanus ankaranenszallm. & Laivao (Pandanaceae)
was investigated due to itsported antiproliferative activity (K 19 ng/mL, A2780). Retesting

of the extract showed the bioactivity had decreasedo (#}C20 ng/mL). The extract was
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fractionated usingquidi liquid partitioning, Sephadex L4120 column chromatography, C18 SPE,

andHPLC. The major bioactive component was found to be phthalates, a contaminant.

11.2.5 Brexia madagascarierisMG 3934

An ethanol extract of the roots dBrexia madagascariensigLam.) Ker Gawl.
(Celastraceae) was investigated due to its reported antiproliteradtivity (IGo 14 ng/mL,
A2780). Retesting of the extract showed activity had decreaseg>ZD ng/mL). After liquidi
liquid partitioning, the water fraction showed improved bioactivitys¢l€ 10 ng/mL). This
fraction was partitioned further usingdibn column chromatography, Sephadex-26i column
chromatography, and HPLC. This led to multiple fractions that appeared to contain pentacyclic
triterpenes as judged B NMR spectroscopy. However, due to the small amount present in each
fraction, the riative impurity of the fractions, the low bioactivity, and the lack of interest in the
structures, the active components were not isolated. No further work has been completed on this

extract.

11.2.6 Pandanus analamerensisMG 3479

An ethanol extract of the leaves Bandanus analamerensiduynh (Pandanaceae) was
investigated due to its reported antiproliferative activity{7 mg/mL, A2780). This extract was
subjected toliquidi liquid partitioning. After liquidiliquid partitioning, the fractions showed
decreased bioactivity (Ko>20ng/mL); furthermore, retesting of the parent extract showed a loss

of bioactivity (1IGo>20ng/mL). This extract was not investigated further.
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11.2.7 Barringtonia racemosa MG 3283

An ethanol extract of the bark Barringtonia racemoséL.) Spreng. (Lecythidaceae) was
investigated by Emily Berckman, under gwervision of the author of this dissertation, due to its
reported antiproliferative activity@so 10 ng/mL, A2780) While the active component was not
identified fully, it was shown to be a derivativebafrtogenic acid. This extract was not investigate

further.

Figure 11-1. Structure of bartogenic acid.

11.3 Antimalarial Extracts
11.3.1 Tolmiea menziesii 1099934A

An extract ofTolmiea menzies{iSaxifragaceae) was selected for investigation due to its
antiplasmodial activity (166 <6 nmg/mL, P. falciparum Dd2 After fractionation utilizing a
polyamidecolumn, bioactivity was decreased £C 10 ng/mL). Since the original bioactivity

was likely due to tannins, this extract was not investigated further.

11.3.2 Melanophylla aucubifolid MG 2381 MG 239

Ethanol extracts of the bark and stembdlefanophylla aicubifoliaBaker (Torricelliaceae)

were investigated due to their antiplasmodial activitysdl€1.25ng/mL, 1Cso < 1.25ng/mL).
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Extensive fractionation usindiquidiliquid partitioning, Diaion column chromatography,
Sephadex LFR0 column chromatographyP&, and HPLC led to the identification of the active
components as phthalates. Due to the high levels of contamination, these extracts were not

investigated further.

11.4 Anti-inflammatory Extract
11.4.1 Trichilia sp.i MG 0072
An ethanol extract of the bark dfrichilia sp. P. Brownewas investigated due to its
potential antinflammatory activity (PPARy agonist). However, aftdiquidi liquid partitioning,
the fractions did not show greatly improved bioactivity. Due to a lack of interest from

collaborators, thextract was not investigated further.
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Chapter 12: General Conclusions

In a five year research period, 34 compounds were identified from eight different plants
(Error! Reference source not found). The various compounds identified represent a small
ortion of the spectrum of unique and complex compounds that are produced by plants. The three
previously unreported antiprolifative trihnydroxyalkylcyclohexenone£.1-2.3, isolated from
Pleiogynium timorienseere perhaps the most interesting compounds isolated. This is not so much
for their novelty, as similar compounds have been isolated previously, but for the challenge of
determining their structures. The determination of their relative configurations required chemical
modification followed by 2D NMR, while benzoylation in order to synthesize a derivative for ECD
analysis gave an unexpected product. Fortunately, the regiésinterpretable and the absolute
configuration was able to be determined. Overall, the structure elucidaoh2B proved to be
very intellectually stimulating due to the multistep approaches needed to determine the absolute
and relative configuratns. This was not typically the case with other compounds which were
isolated; the various configurations were solved by comparison of experimental NMR and optical
rotation data to published values.

Identification of the compounds in this dissertation \gesatly aided by access to large
amounts of published data. Resources such of the Dictionary of Natural Products, SciFinder, and
the large amount of scientific literature from the Virginia Tech library proved to be invaluable.
These resources allowed knmwsompounds to be quickly identified and provided direction for the
identification of new compounds. Without these resources, hours of additional spectroscopic and
chemical analysis would have been needed. As demonstrated by the identification of mamy know
compounds within this work, dereplication techniques need to be employed to rapidly identify

known compounds
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The synthesis of mallotojaponin C and derivatives proved to be more challenging than
initially suspected. While the synthetic route is shorstgps), the low yields and instability of
many attempted derivatives proved to be quite frustrating. It will be interested to see the results of

continued mechanistic studies, particularly for compodntls5.12 and5.13

Table 12-1. Compounds identified from plants.

Compound Plant New/Known
2.1 Pleiogynium timoriense New
2.2 Pleiogynium timoriense New
2.3 Pleiogynium timoriense New
3.1 Molinaea retusa New
3.2 Molinaea retusa Known
3.3 Molinaea retusa Known
4.1 Polyscias duplicata Known
4.2 Polyscias duplicata Known
4.3 Polyscias duplicata Known
4.4 Polyscias duplicata Known
4.5 Polyscias duplicata Known
4.6 Polyscias duplicata Known
4.7 Polyscias duplicata Known
6.1 Oncostemum bojerianum Known
6.2 Oncostemum bojerianum Known
6.3 Oncostemum bojerianum Known
6.4a Oncostemum bojerianum New
6.4b Oncostemum bojerianum Known
6.5a Oncostemum bojerianum New
6.5b Oncostemum bojerianum New
6.6a Oncostemum bojerianum New
6.6b Oncostemum bojerianum Known
6.6c Oncostemum bojerianum New
7.1 Schimatoclada farhimpensis Known
7.2 Schimatoclada farhimpensis Known
7.3 Schimatoclada farhimpensis Known
7.4 Schimatoclada farhimpensis Known
8.1 Rhodospaera rhodanthema Known
8.2 Rhodospaera rhodanthema Known
8.3 Rhodospaera rhodanthema Known
9.1 Curroria sp. Known
9.2 Curroria sp. Known
9.3 Curroria sp. Known
9.4 Curroria sp. Known
9.5 Curroria sp. Known
10.1 Streblus dimepate Known
10.2 Streblus dimepate Known
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In summary, the work described this dissertation is indicative of the strength and
challenge of planbased natural products research at the present time. Its strength lies in its ability
to isolate and identify bioactive compounds from complex plant extracts, while its major challenge
is its repeated discovery of known compounds. The dereplication work described in the previous

chapters is an example of a fruitful approach to this challenge.
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Chapter 13: Supporting Information

13.1 'H NMR of 2.1 (CDCls, 500 MH2)
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13.2 13C NMR of 2.1 (CDCls, 150 MHz)
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13.3 H NMR of 2.2 (CDCls, 500 MH2)
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13.4 13C NMR of 2.2(CDCls, 125 MHz)

~N o oo«
=) ") ] T HaoaounintmanNonN - .
o <+ N NN Jquaod SHaaadaRdaNm AT
o~ — = NO OMOMANANANNNANNNNN A o
[ [ ~ 7 SN T

CDCl3

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

213



13.5 HMBC of 2.2 (CDCls, 600 MHz, 150 MHZ)
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13.6 HSQC of 2.2(CDCls, 500 MHz, 125 MHz)
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13.7 COSY of 2.2(CDCls, 500 MH2)
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13.8 H NMR of 2.3 (CDCl3, 500 MH2)
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13.9 HMBC of 2.3 (CDCls, 600 MHz, 150 MH2
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13.10HSQC of 3.3(CDCls, 600 MHz, 150 MH2)
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13.11*H NMR of 2.4 (CDsOD, 600 MH2)
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13.12COSY of 2.4(CDs0D, 600 MHz)
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13.13NOESY of 2.4(CDs0OD, 600 MH2)
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13.14SEL. TOCSY of 2.4(CD30D, 600 MHz, Irradiated at 3.7 ppm)
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13.15SEL. NOE of 2.4(CDs0OD, 600 MHz, Irradiated at 3.7 ppm)
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