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ABSTRACT 

This dissertation describes chemical investigations involving 11 Argentinean plant 

species and a sample of Chilean propolis. In total, 18 known and four novel compounds 

were isolated and identified. The compounds were tested in various antimicrobial assays. 

Three novel triterpenes, 3,4-jeco-olean-12-en-3,28-dioic acid (4), 3a-hydroxyolean-l 1-

en-28,13 p-olide (5), and 3a-hydroxyolean-ll:13(l8)-dien-28-oic acid (6) were isolated 

from the aerial parts of the Argentinean shrub, Junellia tridens (Lag.) Mold. 

(Verbenaceae). Another five compounds, oleanolic acid (1), oleanonic acid (2) and 

epioleanolic acid (3), all biosynthetically related to the three new oleananes, as well as 

epibetulinic acid (7) and sitosterol (8), were also isolated. LC-MS data are provided on 

the occurrence of these triterpenes in six other species of Junellia. We report the 

minimum inhibitory concentrations (MICs) of compounds 1-8 against Mycobacterium 

tuberculosis, and conclude that they are responsible for the antitubercular activity 

originally observed in the crude plant extract. Four other plants showing preliminary 

antitubercular activity were also investigated. The EtOAc extracts of Acantholippia 

seriphioides and Adesmia ameghinoi contained oleanolic acid (1) as their main 

constituent. The organic soluble portions of Chiliotrichium diffidsum and Lathyrus 

magellanicus contained large amoimts of ursolic acid (12) and sitosterol (8), respectively. 

Bioassay of the predominant compounds in these plants indicated that triterpenes were 

responsible for the antitubercular activity observed in the crude extracts. Fractionation of 

propolis (a product of honey beehives) from Colliguay in Central Chile led to the 

isolation, identification and bioassay of a novel y-lactone (14), five flavonoids (15-19), 



13 

two diarylheptanoids (20-21), and a prenylated coumarin (22). All structures were 

elucidated primarily by ID and 2D NMR and mass spectrometry. Based on the 

traditional use of propolis as an antimicrobial agent, the bioactivity of the purified 

compounds was determined against Staphylococcus aureus. Escherichia coli, 

Enterococcus faecium, and Candida albicans. Microscopic analysis of pollen present in 

the propolis provided clues to its botanical origins. 
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I 

INTRODUCTION 

1.1 Drug Discovery from Natural Products 

Modem medicine offers an impressive array of natural and synthetic pharmaceutical 

agents for the treatment of many of humankind's worst diseases. Yet, the world's 

population continues to be afQicted with numerous diseases. Several classes of powerful 

antibiotics including the penicillins, cephalosporins, macrolides, fluoroquinolines and 

aminoglycosides have been developed to treat infections of Staphylococcus aureus, 

Mycobacterium tuberculosis, Klebsiella pneumoniae, Escherichia coli and other bacteria, 

only to be rendered ineffective by emerging strains like methacillin resistant S. aureus 

(MRS A), multidrug resistant tuberculosis (MDRTB), and vancomycin-resistant 

Enterococci (VRE). With the development of reverse transcriptase and protease 

inhibitors huge strides were made in the treatment of viral infections; yet HIV, 

hantavirus, influenza, hepatitis, and hemorrhagic viruses continue to infect millions of 

people. Parkinson's disease can now be combated with levodopa, high blood pressure 

with enalapril, gout with colchicine, malaria with mefloquin and hepatitis with interferon. 

Yet, even developed countries are still plagued by autoimmune conditions like lupus, 

arthritis, multiple sclerosis, and psoriasis; cardiovascular diseases such as arteriosclerosis, 

high blood pressure, and stroke; and neurological disorders like Alzheimer's, and 

depression. As impressive as today's pharmacopoeia has become, there still exists a 

great need to find improved treatments for disease or even cures for these maladies, and 

therein lies the impetus for the development of a new generation of pharmaceuticals. 
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Historically, natural sources (plants in particular) have provided all the drugs for the 

primary healthcare of every known culture. ̂  Even today, it is estimated that 80% of the 

world's population relies on traditional systems of natural medicine, some of which have 

been practiced for more than five millennia.^ From the practitioners of Ayurvedic health 

care in India to the curanderos of South America, healers have long prescribed whole 

organisms or extracts thereof to combat disease. 

Modem, Western medicine has greatly elaborated on traditional treatments. Today's 

pharmaceuticals are highly purified agents fi'om fungal, bacterial, plant, animal and 

synthetic sources, which have been selected for safety and efficacy. In the 

pharmaceutical sciences, even the term "natural product" has come to refer specifically to 

purified, small-molecule, secondary metabolites of organisms and does not normally 

include larger biomolecules such as proteins, nucleic acids and polysaccharides which are 

responsible for the primary metabolic functions of a cell, nor does it usually refer to crude 

mixtures. The conventional, medical paradigm of administering pure compounds with 

specific pharmacological actions probably began with the 1806 isolation of morphine 

from the latex of opium poppy fruits (Papaver somniferum)} In 1820, quinine for the 

treatment of malaria was purified from the bark of the Cinchona tree.^ These drugs were 

followed by a spate of plant-derived therapeutics that included the antihypertensive agent 

reserpine from Rauwolifia serpentina^ and the anticholinergic, solanaceous, tropane 

alkaloids, atropine, hyoscyamine and scopolamine. ̂  
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With the discovery of penicillin in 1928, microbes began to be recognized as 

potentially valuable sources of new drugs. Penicillin and other related P-lactam 

antibiotics revolutionized the treatment of infectious diseases, and inspired the discovery 

of several other microbially derived antibiotics including the macrolides, tetracyclines, 

and aminoglycosides. 

Building on the success of these early drugs, hundreds of highly selective and/or 

potent natural products have been discovered and developed. Paclitaxel (Taxol), the 

much publicized antitumor agent from the bark of the Pacific yew tree (Taxus brevifolia), 

acts to halt mitosis by selectively binding to P-tubulin and inhibiting microtubule 

depolymerization. The antibiotic vancomycin, a structurally complex glycopeptide from 

the microbe Streptococcus orientalis, binds specifically to the dipeptide </-Ala-</-Ala and 

disrupts cross-linking of bacterial cell walls. This unique mechanism of action has 

enabled vancomycin to succeed where other antibiotics have failed, although a single 

amino acid mutation to give a cell wall motif of </-Ala-(/-Lac has given some bacteria 

immunity to this drug.^ Other purified natural product drugs in use today include the 

vinca alkaloids, camptothecin derivatives, pilocarpine, avermectin, cyclosporin, 

colchicine, reserpine, tubocurarine, podophyllotoxin analogs, physostigmine, the statins, 

digoxin, and many more. 

Other natural products have found applications as agrochemical agents. The 

pyrethroids are an important class of insecticides that are derived from the flowers of 

Chrysanthemum spp. The whole plant has been used since the begiiming of the 19th 

century to control household pests.^ The neem tree is another insecticidal plant with a 
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long history of use. The active compound in neem has been identified as azadirachtin, a 

tetranortriterpenoid that interferes with insect molting, reproduction and digestion.^ 

Some natural products, while not yet developed, may be important to the future of 

medicine or agriculture. The sea food poisoning known since the 14th century as 

ciguatera, for example, is now known to be caused by maitotoxin, a secondary metabolite 

of diverse pharmacological actions produced by the marine dinoflagellate Gambierdiscus 

toxicus. It acts primarily by stimulating calcium ion influx into cells, but also possesses 

hemolytic, cytotoxic and ichthyotoxic activity.^ Its exquisite toxicity (1 mg is sufficient 

to kill one million mice) is rivaled only by its structural complexity: a 142 carbon long 

chain containing 32 ether rings, 28 hydroxy groups and two sulfate esters. At 3422 Da, it 

is the largest non-biopolymer ever characterized. One of the great challenges facing 

medicinal chemistry is to find ways to harness the bioactivities of maitotoxin and other 

yet undiscovered natural products and create a new generation of pharmacologically 

useful substances. 

In addition to their direct use as drugs, natural products provide lead structures for the 

development of synthetic analogs. The future success of pharmaceutical discovery may 

in fact necessitate a combination of synthetic plus natural products chemistry. Natural 

products provide an unparalleled diversity of biologically relevant starting structures, 

while synthetic chemistry (either traditional medicinal or combinatorial) allows for 

elaboration and improvement of a defined pharmacophore. 

Norman Famsworth was one of the first scientists to quantitate the contribution of 

natural products to the modem pharmacopoeia. He reported that 25% of prescription 
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drugs dispensed from community pharmacies in the US from 19S9 to 1980 contained 

active principles extracted from higher plants.^>^ It has more recently been calculated 

that S7% of the top 1 SO drugs sold in the US in 1993 contained at least one compound 

derived or patterned after compounds derived from a biological source.^® Among 

chemotherapeutics and antiinfectives, natural products seem to play an even more 

important role. According to Cragg et al., 78% of antibacterials and 62% of approved 

cancer drugs are of natural origin or are modeled on natural products. ^ ^ 

Considering the richness of the Earth's biodiversity, the sum total of all the genetic 

resources of all the species, it is very likely that many useful materials remain 

undiscovered and that natural products will continue to serve as an important source of 

new drugs. Despite this great potential, most of the Earth's species have never been 

examined for bioactivity. It has been estimated that only 5-15% of the approximately 

250,000 species of higher plants have been surveyed for biologically active compounds,^ 

and even then most likely in only one type of bioassay. 

Though seemingly great, the potential of biodiversity to yield new therapeutics 

remains difficult to predict for several reasons, chief among them that the total number of 

species on earth is not well known. While it is generally agreed that there are about 

250,000 species of plants, estimates of the total number of insect species range from 1.5 -

80 million. ̂  ^ ^ Fungi, bacteria and other less well-known taxa like marine sponges and 

tunicates are even more poorly characterized. Most estimates of the total number of 

species on Earth range from 7-10 million, with some predictions putting the total 
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number as high as 100 million species. In contrast, only about 1.5 million species have 

been recorded and given scientific names. 12,14 

Attempts to assign dollar amounts to the value of biodiversity to pharmaceutical 

research and development have been generally unreliable because they have 

oversimplified the pharmaceutical industry and been forced to make gross assimiptions 

about the percentage of samples that will yield active compounds, and about the number 

of available bioassays. For example, by assimiing that one out of every one million 

plants tested in any given screen will lead to a new drug, Mendelsohn and Balick estimate 

the value of undiscovered drugs from rainforest plants to be approximately $147 

billion. 15 By any estimation the biosphere represents a truly massive and diverse pool of 

potentially useful materials. But the molecules produced are only as diverse as the 

organisms that synthesize them. And unfortunately, the earth's biodiversity, and thus its 

chemical diversity, is in steep and irreversible decline. 

Biologists are currently documenting the Earth's sixth major extinction, but unlike 

previous mass extinctions which were caused by comets, volcanoes and ice ages, the 

current one is being caused by the collective actions humans. Ehrlich and Wilson state 

that one-quarter or more of the species of organisms on Earth could be eliminated within 

50 years,12 Pimm et al., have calculated that 50% of the world's flora and fauna 

could be on a path to extinction within 100 years. The World Conservation Union 

(lUCN) has classified 12.5%, or 34,000, of the world's plant species as threatened with 

extinction. ̂  ^ By burning, clear-cutting, building, mining and otherwise developing the 

land, humans have altered ecosystems around the globe. Fully half of the Earth's tropical 



20 

forests, where it is estimated that two-thirds of all species occur, have already been 

destroyed, and this loss continues at a rate of one million square kilometers every 3 to 10 

years. Tropical deforestation alone is thought to be responsible for the loss of more 

than 4000 species aimually. This magnitude of habitat destruction and species loss 

corresponds to humans having increased the current rate of extinction to 1000 times the 

background rate, and this rate is expected to climb to 10,000 times the background rate 

during the coming century. ̂  ^ It is one of the great ironies of the modem age that 

mankind is causing a major extinction just at a time when the technologies of compound 

acquisition, high throughput screening, and chemical characterization are sufficiently 

advanced to allow for a thorough biological and chemical inventory of the biosphere. 

Because drug discovery depends so heavily on biodiversity, it is logical to try to build 

conservation incentives into the pharmaceutical research and development process. It is 

within the context of such an attempt that the research of this dissertation takes place. As 

part of a larger effort known as the International Cooperative Biodiversity Group 

Program (ICBG), the research described in the following chapters will demonstrate how 

pharmaceutical discovery can stimulate biodiversity conservation and economic 

development. 
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1.2 International Cooperative Biodiversity Group (ICBG) Program 

Jointly created in 1992 by the National Institutes of Health (NIH), the National 

Science Foundation (NSF) and the US Agency for International Development (USAID), 

the International Cooperative Biodiversity Group (ICBG) program is a multidisciplinary 

program for drug discovery involving cooperations between US academic institutions, 

pharmaceutical companies, and a number of host countries. The first effort of its kind, 

the ICBG program is intended to provide a new paradigm in natural products research, 

one that promotes the sustainable use of genetic resources. The ICBG program operates 

in accordance with the guidelines set down in the United Nations Convention on 

Biological Diversity (CBD), an international treaty and an institutional framework for the 

development biological diversity initiatives. As stated in the treaty, the objectives of the 

CBD are "the conservation of biological diversity, the sustainable use of its components 

and the fair and equitable sharing of the benefits arising out of the utilization of genetic 

resources, including by appropriate access to genetic resources and by appropriate 

transfer of relevant technologies, taking into account all rights over those resources and to 

technologies, and by appropriate funding."^ It is the mandate of the ICBG program to 

meet these objectives as they apply to drug discovery. The program's main tenet is that 

natural products research and development can lead not only to new pharmaceuticals but 

can also foster economic development and biodiversity conservation in the countries that 

supply the genetic resources. 

For the first cycle of the ICBG program (1993 - 1998), five groups were awarded 

$400,000 to $500,000 per year, renewable for five years. The first five ICBGs and their 
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investigators were E)r. Barbara Tinunermann studying arid land plants from Latin 

America, Dr. David Kingston investigating the plants of Surinam, Dr. Jerrold Meinwald 

studying natiiral products from insects of Costa Rica, Dr. Walter Lewis leading an 

investigation of medicinal plants from the Andean rainforest of Peru, and Dr. Brian 

Schuster focusing on African rainforest plants with antiparasitic activity. 

In 1998, the NIH, the NSF and the US Department of Agriculture (USDA) announced 

a recompetition for a second round of ICBG program funding. The awards were given to 

six groups at an aimual level of $500,000 to $600,000 renewable through 2003. Three of 

these awards were given as renewals to the Latin American, the Surinam, and the African 

rainforest ICBG programs, all of which had been funded since 1993. The three new 

recipients of the new cycle of fimding and their principal investigators are E)r. Brent 

Berlin with an evaluation of tropical plants and fimgi utilized by the Maya-speaking 

peoples of southern Mexico, Dr. Phyllis Coley with a bioprospecting program in Panama 

to discover pharmaceutical and agricultural products from plants, fimgi and insects, and 

Dr. Djaja Soejarto who is working to discover pharmacological agents from plants of 

Vietnam and Laos. 

The research described in this dissertation is part of the larger research efforts of the 

Latin American ICBG headed by Dr. Barbara Tinunermann (now in its eighth year of 

funding). Bearing the full title, "Bioactive Agents from Dryland Biodiversity of Latin 

America", the specific goals of this ICBG, hereafter referred to as the Latin American 

ICBG, are to discover and develop pharmaceuticals, veterinary therapeutics and crop-

protection agents from plants and microbes growing in the arid and semi-arid ecosystems 
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of Argentina, Chile, and Mexico, and to promote sustainable economic activity and 

biodiversity conservation in these regions.20>21 

The project involves collaborations in the US with Wyeth-Ayerst Research 

Laboratories, American Cyanamid Company (both of American Home Products 

Corporation), and G.W.L Hansen's Disease Center in Louisiana. Partners in Latin 

America are the National Institute of Agricultural Technology of Argentina, the National 

University of Patagonia, the Pontifical Catholic University of Chile, and the National 

Autonomous University of Mexico. The University of Arizona has established a set of 

multilateral, contractual agreements with the participating institutions that define woric 

and flmding commitments, ownership of materials, licensing rights and distribution of 

future financial benefits, if any.^ 

Xerophytic plants, such as those targeted by the Latin American ICBG, are known to 

possess potent chemical defenses against the drought, radiation and herbivory that 

dominate their environment. Because of their inherent biological activities, some of these 

defensive compounds may also have the potential to act as therapeutic agents. By 

systematically screening Latin America's arid-land plants in a battery of high-throughput 

biological assays, this ICBG has the potential to discover active compounds in a number 

of therapeutic areas. 

In addition to discovering new drugs and crop-protection agents, the Latin American 

ICBG attempts to exert a positive influence on the environmental and economic 

conditions of the host countries where the genetic resources reside. By agreeing to 

equitably distribute not only the profits, but also any scientific information generated by 



the discovery of new commercial agents, the ICBG adds value to biodiversity and 

encourages conservation. When countries and their citizens realize that native 

ecosystems may contain lifesaving medicines, and that the discovery of just one 

pharmaceutical can generate millions of dollars, they realize an economic incentive to 

conserve the biodiversity that surrounds them. 
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1.3 Plant Collection and Investigation Strategies 

The ultimate challenge facing any program of natural products drug discovery is how 

to find the therapeutic compounds among the hundreds of other components that are 

typically present in a natural product extract. A drug discovery effort is more likely to 

find a compound of value if it applies a rational strategy as to what the source of 

biomaterial will be, what separation processes will be applied, and which bioassays will 

be employed. Several methods have been developed to facilitate the various steps of the 

discovery process. 

Depending on the research objectives, several major procurement strategies are 

commonly employed in the collection of biological organisms for pharmaceutical 

discovery. These include the ethnobotanical, ecological, biomedical, taxonomic and 

random approaches. Of these, the ethnobotanical approach has historically been the most 

successful, leading to the discovery of many important drugs. Famsworth found that out 

of 120 plant-derived therapeutic agents 74%, were discovered based on ethnobotanical 

records.^^ It is a strategy which relies on traditional knowledge of the therapeutic 

properties of plants, animals, and fungi to suggest potential sources of new drugs. Based 

on centuries of trial and error, ethnomedical information has led to the discovery of 

numerous pharmaceuticals. Producing drugs like pilocarpine, an atropine antidote from 

the Aincan trial by ordeal plant Pilocarpus jaborandi, and tubocurarine from 

Chondodendron tomentosum - a South American vine whose sap has long been used an 

as arrow poison, the ethnomedical approach has an established record of pharmaceutical 

discovery. The modem bioassay has given today's researchers the ability to take full 
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advantage of traditional knowledge by evaluating and quantitating reputed therapeutic 

activities, and chemically identifying the bioactive components. 

Potential sources of new drugs may also be suggested by careful observation of 

nature. The ecological approach to natural products research relies on observations of the 

biochemical interactions of organisms within ecosystems to point out biologically active 

agents. 

In contrast to the two previously discussed methods, both of which lead to collections 

that are biased toward pharmacological activity, a random collection approach is less 

likely to yield new drugs, but has the advantage of sampling a high diversity of the 

organisms living in a particular area. Done on a scale large enough that all of the 

organisms of a particular type are sampled, the random approach becomes a systematic 

approach. Because of the large number of samples generated by random collections, the 

approach is well suited to the modem, high-throughput bioassay. Finally, the biomedical 

and the taxonomic collection strategies (not employed in this dissertation) use existing 

knowledge of the chemical structures and natural origins of drugs to suggest other logical 

drag sources. 

The Latin American ICBG has obtained plants firom the dry-lands of Latin America 

based on a combination of ethnobotanical, ecological, and random/systematic collection 

approaches, following an explicit protocol. Plants were collected and identified by host 

country botanists who have experience with the flora of the regions where the collections 

were made. A voucher specimen of each collected species was deposited at herbaria of 

collaborating, host-country institutions as well as at herbaria at The University of 
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Arizona, Royal Botanic Gardens at Kew, New York Botanic Gardens, and Geneva 

Botanical Garden. Once properly identified and cataloged, enough biomass to give about 

1 kg of dry material was harvested, dried at ambient temperature and ground. 

All the plant material collected by the Latin American ICBG was subjected to a 

standardized extraction procedure involving soaking in a 1:1 mixture of CHjClz and 

methanol, followed by filtration to remove insoluble portions of the plant, and solvent 

evaporation to generate an organic extract. This process, employed for the past eight 

years, has resulted in a library of over 6900 extracts from the dry-land flora of Latin 

America.^ ̂  The extracts are permanently cataloged and stored, so as to be available for 

screening in various biological assays to determine which ones are active and thus 

deserve further study. 

Extracts found to be active in initial screens may be subjected to bioassay-guided 

fractionation to isolate the active constituents without having to examine all of the 

components of the mixture. Bioassay-guided fractionation relies on chromatographic 

fractionation of a mixture, followed by testing of each fraction to determine the location 

of any bioactive compounds. Because of their ability to detect desired bioactivity, 

bioassays are flmdamental to the drug discovery process. They must show specificity and 

sensitivity since active compounds from natural sources are often present at very low 

concentrations in complex mixtures. This process of separation followed by bioassay can 

be repeated in an iterative fashion imtil a pure active compound is isolated. The final step 

of the drug discovery process requires that the chemical structures of the active 

compounds be elucidated. This is generally accomplished with spectroscopic methods 
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such as NMR, IR, and mass spectrometry. The following chapters give a detailed 

account of the isolation and structure determination process as it applies to specific plant 

extracts. 
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ANTITUBERCULAR, OLEANANE TRITERPENES FROM JUNELLIA 

TRIDENS 

2.1 Introduction 

A spiny, low-growing shrub of the Patagonian plains, Junellia tridens Mold. 

(Verbenaceae) was one of several randomly selected plant species that were gathered 

during a 199S collection expedition in Southern Argentina. It was collected, along with 

hundreds of other species, as part of the Latin American ICBG program's survey of the 

dry-land flora of Argentina, Chile, and Mexico (c/ Section 1.2). We first became 

interested in the chemistry of J. tridens when a CHjCU/MeOH extract of its aerial 

portions was shown to completely halt the growth of the tuberculosis pathogen. During a 

standard screening using the BACTEC 460 radiorespirometric bioassay, an extract of J. 

tridens inhibited 100% of the growth of Mycobaterium tuberculosis H37RV at a 

concentration of 100 |ig/ml. In addition to possessing antitubercular activity, J. tridens 

was noteworthy in that nothing about its chemical composition had previously been 

published. 

Ubiquitous, deadly, and rapidly becoming resistant to standard drug therapies, 

tuberculosis (TB) is an important target in the Latin American ICBG screening program. 

TB is a communicable disease caused by M tuberculosis, a potentially lethal, airborne 

bacterium that infects the lungs and can spread to other tissues. It claims more lives than 

any other single pathogen on earth.^^ Historically known as consumption, TB has long 
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been one of the leading causes of death worldwide. With the development of antibiotics 

in the 1950's it was generally thought that the disease would be brought under control. 

Modem TB therapy uses combinations of powerful antimycobacterial agents such as 

isoniazid, rifampin, ethambutol, pyrazinamide, and streptomycin.24 Unfortunately, the 

widespread use and misuse of these drugs has led to the emergence of multi-drug 

resistant (MDR) strains of M tuberculosis which are unharmed by standard therapies. In 

recent years the number of people infected with TB has risen dramatically. The World 

Health Organization (WHO) reported nearly 8 million cases with 2-3 million deaths in 

1997 alone, and has declared TB a public health emergency.The disease is most 

problematic in the developing world, especially among people infected with HTV or in 

other immunocompromised patients. One strategy in the fight against emerging strains of 

MDR TB is to screen natural products for new antitubercular agents with unique 

mechanisms of action. 

2.2 Botany and Collection of /. tridens 

The genus Junellia Mold. (Verbenaceae) includes 45 species endemic to the Andes 

Mountains and Patagonia regions of South America.^^ The genus occurs from Peru and 

Bolivia in the North to Southern Patagonia in Argentina and Chile. Junellia is closely 

related to Verbena L. and Glandularia Gmel., and until 1940 was considered as part of 

Verbena. Ail species are woody shrubs or cushions, with J. erinaceae having been 

designated as the type species. 
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J. tridens is a spiny, low growing native of Southern Argentina known locally as mata 

negra. Our research was conducted on plant material collected and identified by Renee 

H. Fortunato in January 1995 in the departamento Guer Aike, Santa Cruz province, 

Argentina (51° 37' S; 69° 36' W). A voucher specimen (RF 4912) has been deposited at 

the herbarium of the Instituto Nacional de Tecnologia Agropecuaria (INTA), Castelar, 

Buenos Aires, Argentina. Intellectual Property Rights Agreements for plant collections 

and collaborative research have been fully executed between The University of Arizona 

and INTA. 
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2.3 Bioassay Guided Fractionation 

In order to determine the source of the antitubercular activity in J. tridens, a 

bioactivity guided fractionation was employed (Figure 2.1). This method enabled the 

isolation of bioactive compounds without having to examine every component of an 

extract. Dried, ground biomass (722 g) from the aerial parts of J. tridens was extracted 

three times at room temperature with a 1:1 mixture of CH2CI2 and MeOH. After 

evaporation of the combined extracts under reduced pressure, 250 g of a brown residue 

were obtained. This material was extracted three times with EtOAc to give 83 g of 

insoluble, yellow powder and 165 g of a soluble, brown residue. The soluble portion was 

adsorbed to 300 g of silica gel (32-63 and loaded onto a flash colunm packed with a 76 

X 450 mm bed of the same material. The extract was eluted with solvent of gradually 

increasing polarity using a gradient of 100% hexane to 100% EtOAc. After pooling 

similar fractions, 36 discrete portions were obtained. 

To determine the location of the antitubercular compounds among the 36 fractions, 

each was tested for activity in the same assay used for the crude extract. The screening 

results indicated that a set of firactions eluting with 20% EtOAc in hexane contained 

enhanced activity compared to the activity of the crude plant extract Each of the active 

fractions was subjected to a combination of flash chromatography and HPLC as follows; 

compound 1, though present in several fractions, was isolated from fraction 23 (1.5 g). 

Compounds 2 and 3 were obtained from HPLC separation of fraction 22 (1.4 g). Fraction 

27 (3.8 g) generated an additional 28 subfractions when it was subjected to further flash 

silica chromatography using an isocratic mobile phase of 12% EtOAc in hexane. Normal 
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phase HPLC purification of the twelfth subfraction (41 mg) with 15% EtOAc in hexane 

yielded the pure compounds 4 and 5. Recrystallization of the seventh subfraction (64 

mg) from hexane led to the isolation of compound 6. In total, eight crystalline 

compounds were isolated and characterized from the active fractions. 

The most abundant compounds in the active fractions were the triterpenes oleanolic 

acid (1) and its isomer 3-epioleanoIic acid (3). These compounds were accompanied by 

smaller amounts of the known compounds oleanonic acid (2), epibetulinic acid (7) and 

sitosterol (8). In addition, three of the isolated compounds, 3,4-jeco-olean-12-en-3,28-

dioic acid (4), 3a-hydroxyolean-l l-en-28,13P-olide (5), and 3a-hydroxyolean-

11:13(18)-dien-28-oic acid (6), have not to our knowledge been previously reported in 

the literature. Identification of the novel structures was done using 2D NMR HSQC and 

HMBC experiments in which all protons and carbons were fully assigned (Table 2.1). 

The spectroscopic characteristics of the compounds are described in Section 2.4. 

Biological testing of these compounds, using the BACTEC 460 assay as previously, 

showed that all of the triterpene acids 1-7 possessed moderate antitubercular activity 

(Table 2.2). Thus the use of bioactivity guided fractionation enabled us to isolate the 

antitubercular components of J. tridens, and show that three of the active compounds 

were previously undescribed. This work has been recently published.26 
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722 g dry, ground, biomass from J. tridens 

extracted 3x with 
DCM + MeOH, 1:1 

crude DCM/MeOH extract 
F049 (250 g) 

extracted 3x with 
EtOAc 

insoluble 
F087 (83 g) 

EtOAc extract 
F050(165 g) 

Flash Si (40-63 ̂ ) 
0 - 100% Eto Ac/Hex 

F051 

F052 

F053 

F054 

F055 

F056 (406 mg) 

F057 (267 mg) 

F058(139 mg) 

F059 (127 mg) 

F060, recry. (381 mg) 
Sitosterol (8) 

. F061 (481 mg) 

F096 (23 mg) 

F095 (4 mg) 

F094(104mg) 

F093 (491 mg) 

F092 (688 mg) 

F09] (286 mg) 

F090 (6 mg) 

. F089 (28 mg) 

F074(l.llg) 

F073(1.53g) 
Oleanolic acid (1) 
F072(1.46g) ^ 

F071 (2.62 g) 

F070(2.18g) • 

F069(1.18g) • 

. F068 (368 mg) 

. F067 (726 mg) 
Epibetulink acid (7) 

. F066 (556 mg) 

- F065 (283 mg) 

• F064 (94 mg) 

.F063(105 mg) 

. F062 (194 mg) 

F075(1.15g) 

F076(1.86g) 

F077 (3.80 g). 

F078 (3.87 g) 

F079 (3.76 g) 

F080 (6.38 g) 

.F081 (1.73 g) 

. F082 (3.0 g) 

. F083 (0.87 g) 

• F084 (1.27 g) 

•F085(1.28g) 

. F086(1.48g) 

Figure 2.1 Fractionation of J. tridens 
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from F069 
Sephadex 

DCM + MeOH, 1:1 F153(115mg) 

F154 (783 mg) 

. F155 (265 mg) 

F156(69mg) 
Epioleanolic acid (3) 
F157(9mg) 

•F158(9mg) 

Sephadex, DCM + MeOH, 1:1 
from F070 

FI52(nowt.) 

F15l(52 mg) 
Epioleanolic acid (3) 

F150 (465 mg) 

Fl49(l.57g) 

F148 (203 mg) 

F147 (5 mg) 

Flash Si (40-63h) 
from F072 

15% EtOAc in Hex. 

HPLC 

F130(10mg) 

F131(21mg) 

F132(9mg) 

F133 (25 mg) 

. F134(89mg) 
10% acetone in 

. F135(153 mg) hexane 

F136(33 mg) 

•F137(45mg) 

•F138(96mg) 

.F139(47mg) 

. F140 (30 mg) 

-F141(32 mg) 

• F142 (203 mg) 

F143(117mg) 

FI44(31mg) 
Oleanonic acid (2) 

— F145 (6 mg) 

F146(20mg) 
Epioleanolic acid (3) 

Figure 2.1 cont. Fractionation of /. tridens 
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from F077 

Flash Si 
12% EtOAc in Hex. 

F097 (28 mg) 

F098 (14 mg) 

F099 (8 mg) 

FlOO (28 mg) 

FlOl (23 mg) 

F102(ll mg) 

F103, recry. (25 mg) 
Epiolean-11:13 (18)-dicne-28-oic acid (6) 
F104 (74 mg) 

F105 (26 mg) 

F106 (33 mg) 

F107(100mg) 

F108(18mg) 

F109(41 mg) 

F110(81 mg) 

F111 (34 mg) 

F112(81mg) 

F113(209mg) 

FI14 (95 mg) 

F115(125 mg) 

FIi6(I97 mg) 

FII7(I88 mg) 

HPLC HPLC 

14% EtOAc in Hex. 14% EtOAc in Hex. 14% EtOAc in Hex. 

F159 

. F160 recry. (20 mg) 
sfco-Olean-dioic acid (4) 
F16I 

F162 

FI63 (6 mg) 
Epioican-28,13 lactone (5) 
F164 

-F125(213mg) 

- F124 (227 mg) 

_ F123 (242 mg) 

_ F122(431 mg) 

FI21 (240 mg) 

-F120(602mg) 
Oleanolic acid (1) 
- FI 19 (539 mg) 

-FII8(I27mg) 

Figure 2.1 cont. Fractionation of/, tridens 
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2.4 Structure Elucidation 

The structures of compounds 1-7 share certain spectroscopic characteristics typical of 

pentacyclic triterpene acids, including 30 peaks in the NMR spectra, and seven 

methyl groups in the 'H NMR and DEPT analysis. 

2.4.1 Characterization of 3,4-seco-01ean-12-cn-3,28-dioic acid (4) 

Negative ion HRFABMS of 4 showed an ion consistent with a molecular formula of 

C30H47O4. Electron ionization gave a fragmentation pattern typical of a'^ oleanane type 

triterpenes where cleavage of the C8-C14 and the C9-C11 bonds yielded a major 

fmgment ion at m/z 248 corresponding to the D- and E-ring portion of an oleanane 

triterpene bearing one carboxylic acid.27 Other peaks at m/z 233 and 203 corresponded 

to demethylation and decarboxylation of this fragment, respectively. NMR showed a 

single olefinic proton at 5h 5.47 (H-12) and two olefinic carbons at 5c 123.2 (C-12) and 

5c 145.1 (C-I3) indicating a pentacyclic A'^-triterpene. The four oxygens in the 

molecular formula could be accounted for by two carbonyl signals at 5c 177.1 and 180.6 

corresponding to two carboxylic acid groups. The carbonyl carbon of the most downiield 

acid could be assigned to position 28 by its three-bond HMBC coupling with H-18, itself 

positioned by HMBC couplings with carbons 12,13,14,16,17, and 28. In contrast, the 

acid at 5c 177.1 could only be located at C-3 because of its HMBC couplings with 

protons at positions 1 and 2. These positions for the carboxylic acids are also consistent 

with mass spectral fragmentation patterns. The upfield portion of the 'H NMR showed 

that two methyl groups at 5h 0.93 and 0.75 were split into doublets, while the remaining 
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five were singlets. The doublets originated from an isopropyl group in which the methyl 

groups 23 and 24 were coupling with H-4. Additional evidence for an isopropyl moiety 

was supplied by a three-bond HMBC coupling between each methyl group doublet and 

the carbon of the adjacent geminal methyl group. Methyl groups 23 and 24 also gave 

HMBC correlations with C-5. The combination of an acid at C-3 and an isopropyl group 

at C-5 led us to conclude that we had isolated the novel 3,4-^eco-olean-12-en-3,28-dioic 

acid (4, Figure 2.2), a pentacyclic triterpene in which the A-ring appears to have opened 

by lactone hydrolysis and reduction at position 4 as shown in Figure 2.17. 

HOfi 
COjH 

Figure 2.2 3,4-5eco-01ean-12-«n-3^8-dioic acid (4) 
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2.4.2 Characterization of 3a-Hydroxyolean-l l-en-28,13P-olide (5) 

The molecular formula of 5 was confirmed as C30H47O3 by positive ion HRFABMS. 

HSQC data indicated an olefin in which the proton at 5h S.53 was attached to the carbon 

at Sc 127.8 and the proton at Sh 6.16 was attached to the carbon at 5c 136.8. Comparison 

with published NMR data^^ indicated that these values were typical for a pentacyclic 

A"-triterpene. Moreover, HMBC correlations between each of these olefinic protons and 

the unusually far downfield carbon at position 13 (5c 90.1) indicated not only an 11,12 

double bond, but also a 28,13-lactone. HMBC coupling of C-13 with H-18 and the 

protons of methyl group 27 provided further evidence for a 28,13-lactone. The 

stereochemistry of the alcohol in the 3-position was determined by analysis of the 'H 

NMR coupling constant of H-3 where a very nanow triplet (5H 3.61, J=3 Hz) indicated 

an equatorial proton and hence an a-orientation for the alcohol. In contrast, the splitting 

pattern of H-3 in the 'H NMR of the known 3P-hydroxy epimer appears as a double 

doublet (6H 3.23, J= 10 and 6 Hz). Further evidence for a 3a-hydroxyoleanane is given 

by an upfield shift of C-3 (5c 75.6) as compared with C-3 of the 3P-hydroxy conformer 

(5c 78.9).^^ Based on these data we conclude that 5 is the novel lactone, 3a-

hydroxyolean-1 l-en-28,13P-olide (Figure 2.7). 



Figure 2.7 3a-hydroxyoleaii-l l-en-28,13P-olide (5) 



Figure 2.8 'H NMR spectrum of 3a-hydroxyolean-l l-en-28,13P-oIide (5) 
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Figure 2.10 HSQC spectram of 3a-hydroxyoIean-ll-en-28,13p-olide (5) 
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Figure 2.11 HMBC spectrum of 3a-hydroxyolean-I l-en-28,13p-olide (5) 
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2.4.3 Characterization of 3a-IIydroxyoleaii-l 1:13(18)-dien-28-oic acid (6) 

HREIMS showed that 6 had a molecular formula of C30H46O3. The presence of four 

olefinic carbons (5c 125.6,126.9, 132.7, and 136.2) in the '^C NMR, two downfield 

proton doublets in the 'H NMR, and UV quenching on TLC plates suggested a 

conjugated diene. HMBC coupling between the olefinic doublet at §h 3.84 and carbons 

8,9 and 13 and the coupling of the double doublet at 8h 6.67 with carbons 9,13,14 and 

18 led us to conclude that we had isolated an 11,13(18) diene. Other outstanding features 

of the '^C NMR were a carbonyl at 6c 178.5 indicating a carboxylic acid and a methine at 

5c 75.0 indicating a 3-hydroxy group. For reasons similar to those given for the lactone 

(5), namely a narrow triplet in the 'H NMR (5H 3.61, J=3 Hz), it was concluded that the 

3-hydroxy substituent was present in an axial or a-configuration. The carboxylic acid 

could be assigned to C-28 based on its HMBC coupling with the four methylene protons 

in positions 22 and 16, as well as by comparison with the NMR data of compound 4 and 

other 28-oleanane acids. These data led us to conclude that we had isolated 3a-

hydroxyoleane-11:13(18)-dien-28-oic acid (6, Figure 2.12). This diene differs only in the 

stereochemistry at C-3 from 3 P-hydroxyolean-11:13(18)-dien-28-oic acid recently 

isolated from callus tissue cultures of Paeonia species^^. In addition, the diene (6) has 

been reported as part of a glycoside;^® however, the aglycone was not isolated, and no 

proton NMR evidence has been provided as proof of an a-orientation of the 3-OH. 



Figure 2.12 3a-hydroxyoleane-ll: 13(18)-dieii-28-oic acid (6) 
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Figure 2.13 'H NMR spectrum of 3a-hydroxyoleane-ll:13(18)-dien-28-oic acid ((») 



Figure 2.14 "C NMR spectrum of 3a-hydroxyoleane-ll:13(18)-dien-28-oic acid (6) 
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Figure 2.15 HSQC spectrum of 3a-hydroxyoleane-ll:13(18)-dien-28-oic acid (6) 
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Figure 2.16 HMBC spectrum of 3a-hydroxyoleane-ll:13(18)-dien-28-oic acid (6) 
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'H NMR (SOO MHZ), '^C NMR(12S MHz) and HMBC Data for Compounds 4^ in PyridiiWH/j* 

4 5 < 

position ic HMBC Sc Sn HMBC ^ t* HMBC 

1 34.41 1.94 m 3 34.01 1.76 n 3.10 33.11 1.87 m 
l.90in IJ9m 2.3.5,10 1.72 m' 

2 29.91 2J1 m 3 26.71 2.03 m 26.01 X091(1X8) 
2.49 Ri 1.71 m 3,4.10 1.15 m 

3 177.1 s 7S.6d 3.61 brt 1,5 7S.0d 3.65 l(X5) 1,4,5.23,24 
4 2S.9d 1.92 m 31.61 37.7 s 

5 48.4 d I.I5d(IIJ) 49.1 d l.«9dd 4S.5d 1.82 m 

6 19.01 IJ3m' IS.4t 1.41 m KJl IJ«m 

IJOm' 1.43 m 1.44 m 
7 32.71 1.421 31.91 IJ6m 3X61 IJJm* 9 

IJI m' I.l2m 1.40m 

8 40.0 s 42.21* 40J s 

9 38.9 d 1.981 54.0 d 2.14 s 10.11.12, 54.4 d 2X7 m* 11,12 
14,25,26 

10 40.6 s 37.41 37.01 

II 24.61 2.06 m l36.Sd 6.l6d(I0J) 13 126.9 d 5.84 d (10.5) 8,9,13 

1.99 m 6.67 dd (10.6,2.9) 

12 123.2d 5.471(3.5) 14,11.9 127.1 d 5J3dd(l0J.3.0) 13 125.6 d 9,13,14.18 

13 MS.It 90.1s 136.2 s 
14 43.2 s 42.6 s' 410 s 

IS 28.81 2.141 26.11 1.72 m 25.11 XOI 1(13.7) 8,17,14,27 

1.21 m 1.06 m 1.06m 
16 24.3 t 2.10 m 22.11 2.07 m 17,2t 35.91 2.62d(l3.4) 14,17,18,28 

1.95 m 1.25m 1.50 m 17,28 
17 47.2 s 44.7 « 48 J s 
18 42.6 d 3.28 dd (9.9,4.2) 12,13.14,16, 5Ud 2.16 d (18) 13,16 132.7 s 

17,21 

19 46.91 1.771 37.71 1.75 m' 20,30 40.71 2.73d(l4.l) 13,17,19,20, 
30,18 

1.26 m IJ2m XI6d(l4J) 13,14,17,18, 
20,30 

20 31.5 s 31.91 32 J s 

21 34.81 1.44 1 34.91 IJOm J7.H IJ4m' 17 

1.20 m l.llffl 1.71 m' 17 
22 33.71 2.04 m 28 J t 1.66 m 33.01 2J6m* 14.17.28,18 

1.82 m 1.75 m' 1.79 m 17,28 

23 25.4 q 0.93 d (6.7) 24,5.4 29.64 l.lls 3,4.5,24 28 J q 1.22s 3,4,5,24 
24 19.6 q 0.75 d (6.7) 23,5,4 22Jq O.Ms' 3,5,23 21.94 0.89 s 3,4,5.23 

25 20.0 q 0.84 s 5,10.9,1 l«.6q 0.90 s 1.5,9,10 17.94 1.00 s 1.5,9.10 

26 18.0 q 1.02 s M,8.9,7 20.0 q 1.22s 7,»,9.U 16.8 4 l. l l s  7,8,9.14 

27 26.4 q l J 4 s  14,8,15 18.6 q 0.911 1,13.14. IS 19.74 0.99 s 8,13,14 

28 180.6 s It0.0s l78Js 

29 33.8 q 0.96 s 30,19,20,21 33.64 O.Us' 19.20.21, 3X0 q 0.92 s 19.20,30 
30 

30 24.2 q 1.00 s 19,20,29,21 23.94 0.74 s 19.20.21, 24.1 4 0.881 19,20,29 

' Assignmcnu based on 'H, "C, DEFT. HSQC, and HMBC npcfimaiB. Cou^int coutintt (Hz) arc in (MRmticws. 

Entries marked with ihc same lymtot are imcRliinpMcinliin cack coteoio. 

Table 2.1 NMR data for compounds 4-6 
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2.4.4 Characterization of Oleanolic Acid (1), Oleanonic Acid (2), 3-Epioleanolic 

Acid (3), Epibetulinic Acid (7) and Sitosterol (8) 

Comparison of 'H and '^C NMR and MS data with the literature indicated that 

compounds 1,2, and 3 were oleanolic,oleanonic,anj epioleanolic acids,33 

respectively (see Figure 2.17 for structures). Compounds 7 and 8 were identified as 

epibetulinic acid and sitosterol by 'H NMR and by co-chromatography with authentic 

samples. 
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2.5 Proposed Biogenesb 

All of the triterpenes isolated from J. tridens appear to be derived biosynthetically 

from oleanolic acid (1), the most abundant triterpene encountered in this plant. Oxidation 

at the 3-position leads to oleanonic acid (2) which in turn can be reduced at C-3 to give 3-

epioleanolic acid (3).^^ By a mechanism analogous to that proposed by Ikuta et al.p-^ 

compounds 5 and 6 may be derived from the epi-compound by dehydration of an 

intermediate allylic alcohol. A proposed biosynthetic pathway is shown in Figure 2.17. 
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Figure 2.17 Proposed biosynthetic pathway for the production of oleanane 

triterpenes in J. tridens 
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2.6 Antitubercular Activity 

The minimum inhibitory concentrations (MIC) of compounds 1-7 against M 

tuberculosis were determined in the BACTEC 460 radiorespirometric assay. While all of 

the triterpenes tested exhibited some activity, 3-epioleanolic acid (3) and oleanonic acid 

(2) were the most potent with MICs of 16 ^g/ml, still two orders of magnitude less potent 

than the first-lme antitubercular drug, rifampin (Table 2.2). Based on the results of these 

bioassays, we concluded that the antitubercular activity of J. tridens resides with its 

oleanane triterpenes. This observation is consistent with the previous finding of our 

laboratory and others that low polarity pentacyclic triterpenes with a hydroxy or keto 

group in the A or B ring and an acid group in the E ring possess moderate antitubercular 

activity.35,36 addition, the lipophilicity of these triterpenes is likely to allow them to 

rapidly penetrate the lipid rich mycobacterial cell wall. 
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Minimum Inhibitory Concentrations of Compounds 1-7 

against Mycobacterium tuberculosis H37RV. 

Compound MIC [ng/ml] 

Oleanolic Acid (1) 50 

Oleanonic Acid (2) 16 

3-Epioleanolic Acid (3) 16 

3,4-Seco-olean-12-cn-3,28-dioic acid (4) 128 

3a-HydroxyoIean-11 -en-28, 13P-olide (5) 64 

3a-Hydroxyolean-ll:13(18)-dien-28-oic acid (6) 64 

Epibetulinic Acid (7) 50 

Rifampin' 0.16 

'First-line antitubercular drug for comparison^^ 

Table 2.2 Antitubercular activity of compounds 1-7 
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2.7 LC-MS Comparative Study 

Normal phase LC-MS was used to generate chemical profiles of six adast Junellia 

species from Argentina. By comparing the profile of the EtOAc extract of each species 

to a set of purified standards obtained from the original J. tridens extract, we were able to 

determine the identities and relative quantities of triterpenes present in the extracts (Table 

2.3). The results of the LC-MS study of J. spissa, J. tetragonocalyx, J. aspera, J. 

seriphioides, and J. tridens indicated a qualitative predominance of oleanolic (1) and 

epioleanolic acids (3) as compared to the other triterpenes. In contrast, J. mulinoides and 

J. ligustrina contained no detectable levels of triterpenes 1-6. Compound 4, though 

originally isolated firom J. tridens, was apparently present in low enough concentration so 

as to be undetectable. This study demonstrated that LC-MS analysis of triterpenes can 

provide a tool for chemotaxonomic comparisons within the genus Junellia. These data 

could serve as the basis for future taxonomic studies. 
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Distribution of compounds 1-6 in several Junellia spp. 

( LC-MS evidence for large quantities, ++; small quantities, +; not present, -) 

12 3 4 

J. aspera (Gillies & Hook) Moid. + . + . 

J. ligustrina (Lag.) Mold. . . . . 

J. mulinoides (Speg.) Mold. . . . . 

J. seriphioides (Gillies & Hook) Mold. ++ + ++-

J. spissa (Sandw.) Moid. ++ + ++. 

J. tetragonocalyx (Tronc.) Mold. ++ + ++-

J. tridens (Lag.) Mold. ++ + ++-

Table 2.3 LC-MS results from seven species ot Junellia 
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2.8 Experimental 

3,4-5eco-01ean-12-eii-3^8-dioic acid (4) was isolated by HPLC as an off-white powder: 

mp >250°C(d); [a]"D+ 54.4° (c 0.006, CHCI3); 'H NMR, NMR, and HMBC, see 

Table 2.1; HRFABMS m/z 471.3487 [M - H]* (calcd for C30H47O4,471.3474); EIMS m/z 

248 (76), 233 (10), 203 (72), 43 (100). 

3a-Hydroxyolean-ll-en-28,13P-olide (5) was obtained by HPLC as a white powder: mp 

240-244 °C; [a]^'D+45.5° (c 0.055, acetone); 'H NMR, NMR, and HMBC, see Table 

2.1; HRFABMS m/z 455.3516 [M + H]"^ (calcd for C30H47O3,455.3525); EIMS m/z 454 

[Mf (63), 410 (100), 408 (54). 

3a-Hydroxyoleane-ll:13(18)-dien-28-oic acid (6) was obtained as colorless crystals 

(Hex/EtOAc); mp 258-261 °C; [aJ^D-151.6"' (c 0.23, CHCI3); 'H NMR, '^C NMR, and 

HMBC, see Table 2.1; HREIMS m/z 454.3465 (calcd for C30H46O3,454.3447). 

LC-MS Study. Approximately one-half gram of a CHiCh/MeOH extract from 

each of the species investigated was triturated with 10 ml of EtOAc. The resultant slurry 

was filtered, and the filtrate was passed through a 4 cm plug of silica gel. An additional 

10 ml of EtOAc was passed through the plug, and the combined eluent was evaporated to 

one-tenth its original volume and passed through a 0.45 ^ filter. This procedure was 

repeated separately for each plant species in the study. LC-MS of individual extracts as 
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well as the standards was performed on a Finnegan TSQ 7000 mass spectrometer in 

APCI positive mode with a Si gel column (Alltech Econosil 5 |i, 4.6 x 250 mm). The 

HPLC used an isocratic mobile phase of 15% EtOAc in hexane with a flow rate of 1 

ml/min. Under these conditions, compounds 1-6 and 8 had the following retention times 

and ions; 1,20.9 min, m/z 439 [M+H-H20]^; 2,8.67 min, m/z 455 [M+H]^, 437 [M+H-

H20]^; 3, 10.5 min, m/z 439 [M+H-H:©]^; 4,12.5 min, m/z 473 [M+H]^, 455 [M+H-

HzO]^; 5, 18.6 min, m/z 455 [M+H]", 437 [M+H-H2O]*; 6,12.4 min, m/z 437 [M+H-

HaO]^; 8,15.7 min, m/z 397 [M+H-HiO]^. The occurrence of these compounds in 

several species of Jmellia is reported in Table 2.3. 
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III 

Chemical Investigations of Patagonian Plants with Antitubercular Activity 

3.1 Introduction 

As part of a continuing search for new antitubercular natural products by the Latin 

American ICBG program, the chemistry and biological activity of four other Argentinean 

plants were investigated. Like Junellia tridens^ the crude extracts of Acantholippia 

seriphioides, Chiliotrichium diffitsum, Lathyms magellanicus and Adesmia ameghinoi all 

inhibited the growth of Afycobacterium tuberculosis at a concentration of 100 ^g/ml. In 

order to identify the compounds responsible for the antitubercular activity, we separated, 

assayed, and identified the primary components of each extract. 

3.2 Plant Collections 

All of the plants described in this chapter are native to Patagonia - a region of arid steppe 

located between the Andes Mountains and the Atlantic Ocean in Southern Argentina 

(Figure 3.1). Through the selective pressures of herbivory, intense simlight, high winds, 

and extreme temperatures many of the plants living in the Patagonian environment have 

evolved powerful chemical defenses, some of which may have pharmaceutical 

applications. 
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•l 

Figure 3.1 Map of Argentinean Patagonia 

3.3 Chemical Investigation of Acantholippia seriphioides 

A resinous shrub of Argentina's arid lands, Acantholippia seriphioides (A. gray) 

Mold, is highly aromatic, smelling strongly of citrus. Belonging to the family 

Verbenaceae, it is known locally as tomillo, and is commonly used as a spice.^^ Aerial 

parts of A. seriphioides (A. gray) Mold. (3.5 kg) were collected in December of 1993, in 

the Departamento San Antonio, Argentina (40° 42' S; 64® 41' W). An initial extract of 

200 g of the dried plant material was prepared in Argentina. This extract was shown to 

inhibit 92% of the growth of a culture of M. tuberculosis, in the BACTEC 460 assay. 
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Based on these preliminary results, the decision was made to examine the plant for the 

presence of antitubercular compounds. 

In order to investigate the chemical composition of^. seriphioides, the entire 

collection of dried, ground plant material (1228 g) was extracted three times with a 1:1 

mixture of CH2CI2 and MeOH. The combined, evaporated solvent extracts yielded 84 g 

of a brown, resinous substance. Because of the lipophilic nature of the mycobacterial cell 

wall, we chose to focus on the low to moderate polarity compounds in the extract. To 

this end, the CH2CI2 / MeOH extract (84 g) was triturated three times with EtOAc to give 

18 g of soluble material and 66 g of an insoluble beige powder. The EtOAc extract (18 

g) was chromatographically separated on a silica gel solid phase using gradually 

increasing concentrations of EtOAc in hexane as the mobile phase. A total of 49 

fractions were obtained from the initial separation. 

Co-chromatography of the initial fractions with a set of standards preliminarily 

indicated that A. seriphioides extract, like the extract of J. tridens (Chapter 2), contained 

high levels of oleanane triterpenes. Further separation and analysis confirmed the 

presence of three major oleanane triterpenes and two fatty acid derivatives. As was the 

case in the related J. tridens (also in the family Verbenaceae), oleanolic acid (1) was 

predominant in the mixture, with smaller amounts of oleanonic acid (2) also present. In 

addition, 3-acetoxyoleanolic acid (9, Figure 3.2) was isolated from fractions eluting with 

approximately 12% EtOAc in hexane during the initial separation. These oleanane 

triterpenes as well as sitosterol (8) were identified by co-chromatography with authentic 

standards and by comparison of their 'H and NMR spectra with published data.^^ 
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O 
COjH 

Figure 3.2 3-Acetoxyolcanolic acid (9) 

The main component of fraction 29, a low polarity, UV-absorbing compound, was 

isolated by flash chromatography using an isocratic mobile phase of 12% EtOAc in 

hexane, then purified by recrystallization from hexane. Both EI and APCI mass 

spectrometry indicated that the white crystalline material had a molecular weight of 474 

amu with a major fragment of 194 amu. Three aromatic protons (8h 6.89 d (8 Hz), 7.01 

s, 7.05 d (8 Hz)) and two olefinic protons (8h 6.27 d (16 Hz) and 7.58 d (16 Hz)) in the 

'H NMR (600 MHz in CDCI3), as well as eight downfield signals in the '^C NMR (150 

MHz in CDCI3), indicated that the fragment of 194 amu corresponded to a ferulate 

moiety. The upfield portion of the 'H NMR spectrum contained a methyl group triplet 

(5H 0.86) and many methylene mutiplets (SH 1-2 -1.7), suggesting a long hydrocarbon 

chain. Since the mass spectum indicated that the remaining portion of the molecule must 

have a mass of 280 amu, it was concluded that an unbranched 20-carbon chain was 

present. NMR peaks at 8c 167.4 and 8c 64.6 and a 'H NMR triplet (8H 4.17) 
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indicated an ester linkage. It was thus concluded that 10 was eicosanyl ferulate (figure 

3.3), a compound previously isolated from Larix laricina. 

Figure 3.3 Eicosanyl ferulate (10) 

A second UV active compound was purified by normal phase HPLC. The 'H and 

NMR spectra of 11 were similar to those of 10 in that they showed evidence of an 

aromatic ring and a long, unbranched hydrocarbon. A carboxylate (5c 173.9), a 

methylene attached to oxygen (5H 4.261 and Sc 64.9), and a pora-substituted aromatic 

ring (5h 6.79 and 7.10 (both 8 Hz doublets) and 5c 115.3,128.0, 130.0, and 154.2) were 

also indicated by the NMR spectra measiu^d in CDCI3. By comparison with literature 

and by analogy to 10, compound 11 was determined to be a long chain ester of dihydro-

p-coumaric acid (Figure 3.4). 
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HO 
Figure 3.4 DUiydro-p-€oumarate(ll) 

We determined the minimum inhibitory concentrations (MIC) against A/, tuberculosis 

of the purified compounds from A. seriphioides. Oieanolic acid (1) had an MIC of 16 

|ig/mi, more than twice the potency of the material isolated from J. tridens that is 

reported in Table 2.2. With an MIC of 32 ^g/ml, 3-acetoxyoleanolic acid (9) was slightly 

less active than its parent (1). As reported in chapter 2, oleanonic acid (2) had an MIC of 

16 fig/ml (Table 2.2). Eicosanylferulate (10) was shown to be totally inactive against M 

tuberculosis. 

3.4 Chemical Investigation of Chiiiotrichum diffmum 

Chiliotrichum diffusum (Forster f.) Kuntze is an erect, evergreen shrub endemic to the 

Patagonian steppe, south of 40° S latitude in Argentina and Chile . A member of the 

family Asteraceae, it is the dominant plant of the transitional zone between grassland and 

deciduous forest.^^ jhe chemistry of C diffusum is not well known, but Bohhnann et al. 
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have studied the chemistry of the related C. rosmarinifolium and found it to contain 

several unusual diterpenes and large amounts of oleanolic acid (1).^^ 

We have evaluated the aerial portions of C. diffusum collected in Tierra del Fuego 

(55° 39' S; 70° 14' W). The plant material was dried and extracted with a 1:1 mixture of 

CH2CI2 and MeOH. The extract was found to inhibit 99% of the growth of M. 

tuberculosis at a concentration of 100 f^g/ml and 87% of the growth at SO |ig/ml. 

Flash Si chromatography of 11.2 g of the extract led to the isolation of large amounts of 

ursolic acid (12). Another major constituent in the extract was lupeol (13). 

HO 

CO,H 

HO 

Ursolic Acid (12) Lupeol (13) 

Figure 3.5 Triterpenes from Chitiotrichium diffusum 

3.5 Chemical Investigation of Lathyrus magelianicus 

Lathyrus magellanictds glaucescens Lam. (Fabaceae) is a perennial herb of open 

grasslands in Argentina south of 40° S latitude.^^ The crude CHzCh/MeOH extract was 

sequentially tritxirated with hexane, then with EtOAc to give three portions (hexane 

soluble, EtOAc soluble and insoluble) of varying polarity. Bioassay results indicated that 

the majority of the antitubercular activity was confined to the hexane-soiuble portion of 



72 

the plant. Chromatographic separation of the hexane extract indicated the predominance 

of a white, crystalline solid, which was determined to be sitosterol (8) by NMR and mass 

spectral analysis. When tested in pure form this compound was found to inhibit 87% of 

the growth of the tuberculosis pathogen at a concentration of SO ^g/ml and 68% of the 

growth at a concentration of 10 ^g/ml. Since this activity is equivalent to that originally 

found in the crude extract, the presence of high levels of sitosterol may account for the 

antitubercular activity of this plant. 

3.6 Chemical Investigation of Adesma ameghinoi 

The genus Adesmia (Fabaceae) includes 230 species distributed throughout the arid 

regions of South America from Peru to Tierra del Fuego. There have been only three 

publications on the chemistry of this genus. Two of the reports examined six different 

Adesmia species and identified only flavonols and their glycosides;^''^^ other 

described three malabaricane triterpenes from Adesmia aconcaguensis.^^ A 400 g (dry 

weight) sample of Adesmia ameghinoi was collected in the Santa Cruz Province of 

Argentina. This previously unstudied species was extracted with a mixture of equal parts 

CH2CI2 and methanol to give 17.S g of extract. Using a silica gel column with an 

EtOAc/hexane mobile phase, the extract was fractionated. The results of the separation 

showed oleanolic acid (1) to be the major organic soluble component of the plant. And 

with an MIC ranging from 16 to SO ^g/ml, the presence of 1 explains the activity of the 

crude extract of A. ameghinoi. 
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3.7 Triterpenes with Antitubercular Activity 

The finding that triterpene acids were the active components of J. tridens, A 

seriphioides, C. diffusum, and A. ameghinoi is perhaps not surprising in light of previous 

studies concerning the pharmacology of oleanolic acid (1) and its isomer ursolic acid 

(12). Prominent in the recent literature are several reports of the antitumor activity of 

these compounds. Ursolic acid has been shown to cause apoptosis of HepG2 cancer cells 

by inhibiting DNA replication and leading to cell-cycle arrest.^ It is also reported to be 

a potent inhibitor of the proliferation of B16 melanoma cells.^^ Oleanolic acid (1) was 

found to be a good inhibitor of DNA polymerase, a DNA repair en2yme implicated in 

chemotherapy resistance.^^ There are also several reports of the hepatoprotective effects 

of oleanolic (1) and ursolic (12) acids. In China, oleanolic acid (1) is widely prescribed 

and has been successfully used as an oral drug to treat liver disease, including hepatitis.^^ 

The exact mechanism of hepatoprotection is yet unclear, but it may involve the inhibition 

of cytochrome P450 2E1 leading to decreased bioactivation of hepatotoxins.^^ Anti-

inflanmiatory effects are thought to be exhibited by many triterpenes, with oleanolic (1) 

and ursolic (12) acids among the most notable. Oleanolic acid (1), for example, elicited 

marked anti-arthritic action in induced polyarthritis in rats and mice.^^ Finally, a number 

of reports provide evidence that triterpene acids exhibit moderate activity against various 

infective agents including HIV, Staphylococcus, Pseudomonas, and Candida. It is 

speculated that the antimicrobial activities may result fix)m changes in cell membrane 
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permeability brought on by the presence of triterpenes.^O Chir results provide further 

evidence for the antimicrobial effects of triterpene acids. 

Despite the wide range of therapeutic activities attributed to pentacyclic triterpene 

acids, they seem to be relatively non-toxic even when administered in high doses. Mice 

injected with large single doses (1 g/kg) of oleanolic acid (1) suffered no mortality, and 

no adverse effects were found among humans undergoing long term hepatitis treatment 

with the same compound.^^ The breadth of biological activities combined with the 

general lack of toxicity reported for oleanolic (1) and ursolic (12) acids points to the 

potential of triterpenes as therapeutic agents. 

Since the antitubercular activity of all the plants we examined could be traced to 

oleanolic acid (1), ursolic acid (12), lupeol (13) or sitosterol (8), we conclude that plant 

extracts high in triterpenes and sterols are likely to show up as hits in preliminary 

antitubercular screens. It remains to be seen whether the low toxicity of these 

compounds will ultimately compensate for their relatively low potency, and lead to the 

development of a new class of antitubercular drugs. 
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IV 

CHEMICAL COMPOSITION AND BIOLOGICAL ACTIVITY OF A CHILEAN 

PROPOLIS 

4.1 Introduction 

Propolis, one of several substances produced by the honeybee. Apis mellifera, is made 

from the bud and leaf exudates of trees and shrubs. Collected by worker bees, the plant 

exudates are masticated with saliva and wax to produce an adhesive, resinous material 

also known as bee glue. Varying in color from light yellow to dark brown and possessing 

a pleasant aromatic smell, propolis is composed on average of 50% resin and balsam, 

30% wax, 10% essential oil, 5% pollen, and 5% organic debris.^l From the Greek pro-, 

before or in defense of, + polis, city, its role in the protection of beehives has been known 

since ancient times. During construction and maintenance of the hive, propolis is used by 

bees as a general sealant and as a strengthening material. Its most important function, 

however, may be to prevent the decomposition of organic matter within the hive by 

inhibiting the growth of microbes. 

Observations of the protective role of propolis in beehives may have prompted its first 

use by humans. Records of its use in folk medicine date back to Hippocrates (ca. 460 -

360 B.C.) who prescribed it for the treatment of internal and external sores and ulcers.^^ 

Today it can be found in a variety of dietary supplements, cosmetic and personal care 

products including immune boosting tinctures, toothpastes, and antiacne creams. 
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Considering its role in beehive protection and its ethnomedical uses, it is not 

surprising that several studies of propolis have substantiated a number of its therapeutic 

activities. It has been repeatedly shown that propolis has strong bactericidal properties. 

An ethanoiic extract of propolis was shown to possess significant activity against 

Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli. Bacillus subtilis, and 

Steptococcus spp.^^ Antifungal activity against Candida albicans, Trichphyton 

verrucosum, and Mycrosporum spp, has also been verified. There is even mounting 

evidence that propolis is capable of inhibiting viral replication.^^ In a recent clinical trial 

propolis was shown to be more effective than acyclovir in healing genital herpetic 

lesions.55 

A number of other therapeutic claims involving immunomodulatory, anticancer, 

antiinflammatory, hepatoprotective, radioprotective and regenerative effects have been 

made about propolis but are often not well substantiated. Many of these health benefits 

may be due to the presence of flavonoids and other phenolics - many of which are well 

known for their antioxidant and radical scavenging activity. For example, the ability of 

propolis to inhibit luminol-enhanced chemiluminescence in neutrophils has been 

attributed to the free-radical scavenging activity of certain flavonols in the sample, and 

this activity has been cited as an explanation for the antiinflanunatory, radioprotective, 

and regenerative effects.^^ 

It has been suggested that flavonoids may be the primary agents responsible for much 

of the bioactivity of propolis.^^ Galangin, pinocembrin, pinobanksin and pinostrobin 

often occur at high concentrations in propolis, and all have been shown to possess 
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antimicrobial activity. Quercetin and other anti-oxidant flavonoids are also widespread in 

propolis. Although common, flavonoids are not always the main bioactive components 

of propolis, and are sometimes totally absent - replaced instead by other phenolic 

compounds. For example, the main antimicrobial agents isolated from propolis collected 

near Pichilemu, Chile were found to be ferulic acid derivatives.^® The most abundant 

antioxidant compound from a Brazilian propolis sample was 3,5-diprenyl-4-

hydroxycinnamic acid.59 The absence of flavonoids from certain samples of propolis 

raises concern about any generalizations concerning propolis bioactivity, and highlights 

an important point about the variability of propolis composition. 

Because propolis is derived from the trees, shrubs, and herbs growing in the vicinity 

of the beehive, its chemical composition varies depending on the location and season it 

was collected. Several studies have successfully correlated chemical composition with 

geographic and botanical origins. Tunisian propolis was found to be high in myricetin 

ethers which are characteristic of native Cistus spp. leaf exudates,̂ ® while propolis from 

tropical Venezuela contained polyprenylated benzophenones traceable to Clusia spp.^^ 

Likewise, the presence of prenylated phenylpropanoids in Brazilian propolis indicated 

that the bees of that region favor Baccharis spp. leaf exudates.^2 

While the chemistry of propolis is quite diverse, with each sample containing its own 

unique and often complex mixture of compounds, several trends based on surrounding 

plants can be observed. In temperate areas where poplars (Populus spp.) are well 

represented, bees prefer to visit these trees, and their propolis tends to be high in those 

flavonoids that predominate in poplar bud exudates. These include pinocembrin. 
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galangin, pinobanksin, chrysin, isalpinin, and tectochrysin.52,60,63 Trees of secondary 

importance in the production of propolis in the temperate zones are birch (Betula), elm 

(Ulmus), alder (Alnus), oak (Querct4s), hazel (Corylus), horsechestnut (Aesculus), beech 

(Fagus), and pine (Pinus).^^'^ Propolis from equatorial latitudes is necessarily derived 

from tropical plants such as Clidsia in Venezuela and Plumeria in Hawaii. Likewise, 

Australian bees reportedly favor Acacia while their South African kin prefer 

Xanthorrhoea.^^ Chilean propolis so far examined comes from native Baccharis, 

Peumus, Quillaja, and Salix as well as from introduced Eucalyptus trees.58,64 Based on 

the diversity of plants visited by bees, the chemical composition of propolis can vary 

quite drastically from one geographic region to another. This chemical variability, which 

can make the standardization and quality control of propolis very difficult, becomes its 

greatest asset from the point of view of natural product drug discovery. Propolis 

represents not one but an entire family of biologically active natural substances each with 

a unique chemistry, and each with the potential to yield new therapeutics. As of 1998, at 

least 160 compounds had been identified from propolis, and this number continues to 

grow. While North American and European propolis has been fairly well studied, much 

less is known about the chemistry of propolis from Latin America. 

4.2 Propolis from CoUiguay 

Our research has focused on the discovery of antimicrobial compounds from propolis 

collected in Colliguay, an isolated valley in the coastal mountains of Central Chile. By 

studying propolis from this particular location, we hoped to meet the three main goals of 
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the ICBG program: economic development, drug discovery, and biodiversity 

conservation (Chapter 1.2). 

Similar to villagers throughout the Chilean country-side, the people of Colliguay make 

most of their living off the land. Working as farmers, artisans, hunters, and gatherers, the 

people of Colliguay produce a wide range of cottage industry products. The surrounding 

wildemess supplies wood for the manufacture of charcoal, and herbs for medicinal use 

and dyeing. Local farms produce fruits and vegetables, landscape plants, meats, dairy 

products, bee products, and textiles. Propolis is an example of a farm product whose 

value could be increased as a result of research into its medicinal properties. By 

conducting research into the antimicrobial activities of the local propolis, the Latin 

American ICBG is working to strengthen the economy and promote sustainable 

development of this remote valley. 

Because of the high level of plant endemism, we hypothesized that the chemical 

composition of propolis from this region of Chile could differ significantly from that of 

propolis from other geographic regions. Unique to Central Chile, the vegetation around 

Colliguay is classified as Matorral and is characterized by broad-leafed, evergreen shrubs 

and trees including Colliguaja spp., Lithraea caustica, Escallonia pulverulenta, Quillqja 

sapomria, Peumus boldus, Salix humboldtiana, and Kageneckia oblonga. It is, however, 

important to note that the rural countryside of Chile also supports many agricultural and 

horticultural plants, among them some large, resin-producing trees like eucalyptus and 

poplar.65 Bees living in the valley of Colliguay have access to an enormous variety of 

introduced and native plant species. Indeed, niicroscopic analysis of the pollen in the 
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propolis from this region indicated that several native shrubs and trees, especially Salix 

humboldtiana and Escallonia pulverulenta as well as an introduced species of 

Eucalyptus, were the plants most frequented by the bees (Table 4.2). 

By demonstrating the antimicrobial effects, unique chemical composition, and floral 

origins of propolis from CoUiguay, the research described below has added value to the 

commodity and provided an incentive to conserve the plant community from which it 

originated. This research has also resulted in a transfer of technology between the 

University of Arizona and academic institutions in Chile. Our Chilean collaborators were 

instrumental to the research described in this chapter. Special thanks to Enrique Ureta for 

first hosting me in Santiago, Chile, and then traveling to Tucson in order to further what 

became a truly collaborative research effort. 

4.3 Collection, Extraction, and Initial Fractionation 

Propolis was collected from beehives located in the valley of Colliguay at 1492 m 

above sea level on the slopes of Chile's coastal mountains (33° 11' 38" S; 71° 04' 08" 

W). The crude material (700 g) was exhaustively extracted with EtOAc. The extract 

(180 g) was fractionated by silica gel chromatography using a mobile phase of gradually 

increasing polarity (100% hexane -100% EtOAc). These fractions were further 

separated using a combination of normal and reverse phase HPLC, Sephadex, and flash 

chromatography until purified compounds were obtained. Conditions for the isolation of 

the pure compoimds are described in Sections 4.4 - 4.7. A general fractionation scheme 

is shown in figure 4.1. Five flavonoids, two diarylheptanoids, a prenylated coumarin. 
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several fatty acids and a novel dihydrofuranone have been isolated in pure form, assayed 

for antimicrobial activity, and characterized by ID and 2D NMR and mass spectrometry. 
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Extraction 3X with EtOAc 

Propolis 700 g 

Insoluble, P2-F001 

EtOAc Extract, P2-F002 

Si column (0-100% EtOAc in hex.) 

P2-F003 - F006 

P2-F007 Si column (0-100% EtOAc in hex.) 11 subfractions 
> 

P2-F008 recrvstallization (hex.) ̂  pinocembrin (15) 

P2-F009-F010 

P2-F011 Si column (10% EtOAc in hex.]^ 14 subfractions 
^ (izalpinin (19), diarylhepts (20,21)) 

P2-F012 -> recrystallization (hex.)^ galangin(17) 

P2-F013-F0015 

P2-F016-^ Si column (0-100% EtOAc in hex.) ^ 21 subfractions 
(y-lactone (14), prenyletin (22)) 

P2-F017 ^ Si column (25-100% EtOAc in hex.)^ 20 subfinctions 
(acacetin (16), kaempferid (18)) 

Figure 4.1 Propolis extraction and fractionation 
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4.4 Isolation and Characterization of a Novel Dihydrofiiranone (14) 

HPLC separation of fraction F016 resulted in the isolation of a light, colorless oil. 

APCI mass spectrometry showed a molecular ion [MH^ peak at 239 amu. The base peak 

occurred at 221 amu corresponding to a loss of water from the parent ion. Positive ion, 

high resolution FAB mass spectrometry confirmed the molecular weight by showing a 

protonated molecular ion with a mass to charge ratio of239.1655 indicating a molecular 

formula of C14H22O3. 

Measured in benzene-c/e, both the 'H and the NMR spectra (Figures 4.3 and 4.4) 

could be divided into downfield, midfield and upfield regions based on chemical shifts. 

Four downfield peaks, coming at 6.5 - 7.5 ppm in the proton spectrum and 120-150 ppm 

in the carbon spectrum, indicated the presence of a diene. In the middle of the spectra, 

two carbons each bearing a proton and an oxygen were indicated by peaks at 72 and 

80 ppm and by 'H peaks at 3.8 and 4.1 ppm. The remaining 16 protons produced a 

complex set of upfield signals in the 'H spectrum, while 7 upfield carbons were present in 

the spectrum. A small peak at 5c 176.4 strongly suggested a y-lactone moiety. 

Finally, a large upfield triplet (5h 0.86) with an integration of three protons confirmed the 

presence of a terminal methyl group. See Figure 4.2 for the structure. Figures 4.3-4.5 for 

the NMR spectra, and table 4.1 for assignments of all protons and carbons. 

While the basic structural features of the molecule were apparent from the ID NMR 

spectra, a series of 2D NMR experiments were required to determine the connectivity of 

each atom to the others. Of the 2D experiments, COSY measured at 600 MHz in C^De 

provided the most useful information. Scrutiny of the 'H NMR data shown in column 5 
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of Table 4.1 and the COSY spectrum shown in Figure 4.5 suggests a contiguous chain of 

carbons each bearing at least one proton. The furthest upfieid signal at 5h 0.9S 

corresponded to a terminal methyl group, and gave a single COSY cross-peak to two 

neighboring methylene protons at SH 1.32. These protons in turn gave a cross-peak with 

another methylene group at 5h 1.29, and so on along an alkyl chain of five carbons. The 

sixth carbon along the progression of COSY couplings possessed only one proton with a 

downfield chemical shift of 5.51 ppm. This proton showed a 10 Hz coupling with a 

proton at 6.07 ppm indicating a cw-olefin. Two more olefinic protons followed at 8H 

6.65 and 5.54, which were coupled to each other at 16 Hz suggesting a /ran5-double 

bond. This end of the diene was connected to a carbon bearing a proton (4.18 ppm) and 

an oxygen; adjacent to this was another carbon bearing a proton (3.92 ppm) and an 

oxygen. To this was attached a methylene (SH 1-78 and 1.31) followed by a final 

methylene (6H 2.19 and 1.88). The large difference between the chemical shifts of the 

geminal protons of these last two positions suggests a ring or other constrained 

environment. The only possible remaining site for attachment of a carbonyl was at a 

carbon connected to the final methylene group. Thus, the connectivity of the atoms in the 

molecule had been unambiguously assigned by COSY. These assignments were 

confirmed by an HSQC experiment to obtain 1-bond H-C couplings and an HMBC 

experiment to get 2- and 3-bond H-C couplings (see final column of Table 4.1). On the 

basis of these NMR data and considering the molecular formula of C14H22O3, we 

concluded that we had isolated the novel compound (6£,8Z)-5-hydroxytetradeca-6,8-
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dien-4-olide which can also be named 5-[(2£,4Z)-l-hydroxy-2,4-decadienyl]-

dihydrofuran-2-one (14, Figure 4.2). 

Though not generally widespread in nature a search of the literature for 4-substituted 

y-lactones (also refered to as 5-substituted dihydrofiiranones) revealed several mostly 

flmgally derived products with hydroxylated alkyl chains. The closest known analogs to 

14 are the sapinofuranones, first discovered in 1998 fix>m the phyto-pathogenic fungus 

Sphaeropsis sapinea,^^ then consequently isolated firom Acremonium strictum.^"^ Like 

14, the sapinofuranones ((6Z, 8£)-5-hydroxydeca-6,8-dien-4-olides) consist of a 4-

substituted y-lactone with an alkyl chain containing a diene and an alcohol. And like the 

sapinofuranones, 14 is most likely biosynthesized from a fatty acid triene through an 

epoxide intermediate.^^ However, 14 differs from the sapinofuranones in the 

configuration of the double bonds and the length of the alkyl chain. Slightly less 

analogous is nigrosporalactone, also refered to as musacin E, a 4-substituted y-lactone 

metabolite of Nigrospora spp. and Streptomyces spp. which has only one double bond 

and an alcohol functionality in a four-carbon chain.^^'^^ Even less similar to 14 are the 

plant-derived 5-hydroxylated, 4-substituted y-lactones muricaticin, an annonaceous 

acetogeninin from the seeds of Annona muricata consisting of a saturated 13-carbon alkyl 

chain terminating in an alcohol and a y-lactone, and 5-hydroxyhexan-4-olide from the 

fern Osmunda japonica and the fungus Paxillus atrotomentosus. Though differing in 

chain length and lacking unsaturation, these metabolites can nevertheless be used to help 

determine the configuration of the chiral centers in 14. 
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Close examination of the 'H NMR data reported for the aforementioned S-hydroxy-y-

lactones reveals information that can be used to assign the relative stereochemistry of the 

novel compound 14. In all compounds of this type, the relative configuration of C-4 to 

C-5 is reflected in the 'H NMR coupling constant (J4,s)- For example, (4S,5S,6Z,8£)-5-

hydroxydeca-6,8-dien-4-olide, which was isolated from Acremonium strictum and 

elucidated by stereoselective total synthesis, possessed a H-4 to H-5 (74,5) coupling 

constant of 5.5 Hz. Likewise, the (4R,5R) enantiomer of this molecule isolated from. 

Sphaeropsis sapinea and known as sapinofiiranone B possessed the same ^4,5 coupling 

constant of 5.5 Hz.66 in contrast, the (4R,5S) diastereomer sapinofiiranone A exhibited a 

74.5 of3.1 Hz.6^ Similarly, (4R, 5S)-5-hydroxyhexan-4-olide from Paxillus 

atrotomentosns possessed of 3.4 Hz.^^ The fungal metabolite 5-[l-(l-hydroxybut-

2-enyl)]-dihydrofuran-2-one (nigrosporalactone) was determined to possess an (4S,5S) 

configuration based on chemical conversion to a previously elucidated natural product 

and J4,5 was reported to be 5.5 Hz.^^ By analogy to these and other known compounds, 

it is deduced that 14, with a 74,5 of 3 Hz, possesses an erythro configuration of either 

(4R,5S)or(4S,5R). 
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HO 

Figure 4.2 S-{(2£',</Z)-l-Hydroxy-2,4-decadjenyl]-dihydrofuran-2-one (14) 



Table 4.1 'H, and HMBC NMR data for dihydrofuranone (14) 

'H NMR (600 MHz), "C NMR (150 MHz), 
and HMBC Data for Furanone (14) in CDCI3 and CeDe 

Position 5c 6H CDCI3 8c 8HC6D6 HMBC 
CDCI3 CfiDe 

1 177.7 s 176.4 
2 28.5 t 2.59 28.3 2.19 3.4 

2.47 1.88 3,4 
3 21.21 2.21 20.9 1.78 2,4,5 

2.12 1.31 2,4,5 
4 82.2 d 4.50 81.5 3.92 ddd 1,2,5 
5 72.6 d 4.52 72.4 4.18 brq 3,4,6,7 
6 128.2 d 5.54 dd (15,6) 128.1 5.34 dd 4, 5,8 
7 128.7 d 6.65 dd (15,11) 128.9 6.76 dd 4, 5,6, 8,9 
8 127.2 d 5.961 (11) 127.9 6.071 6,10 
9 134.5 d 5.49 dt (10, 8) 133.5 5.51 dt 7,10,11 

10 27.81 2.16 28.0 2.19 8,9,12,11 
11 29.21 1.37 29.6 1.38 9, 10 
12 31.4t 1.26 31.7 1.29 13 
13 22.5 t 1.29 22.9 1.32 12 
14 14.0 q 0.861 14.2 0.951 12,13 
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Figure 4.4 "C NMR spectrum of 14 



Figure 4.5 COSY spectrum of 14 
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4.5 Isolation and Characterization of Flavonoids (15-19) 

The flavanone pinocembrin (15) was found to be the most abimdant compound in this 

sample of propolis. It was isolated as a colorless solid after recrystallization of fiaction 

F008 (Figure 4.1). Significant amounts of the flavone acacetin (16) and the flavonols 

galangin (17), kaempferid (18) and izalpinin (19) were also isolated. All of these 

flavonoids are ubiquitous in the plant kingdom, and all have been previously found in 

other samples of propolis. Their chemical structures, shown in Figure 4.6, were 

elucidated by comparison of their 'H and NMR and mass spectral data with published 

flavonoid data.^^ 
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OH O 

Pinocembrin (15) 

OH O 

Acacetm (16) 

OMe 

OH O 

Gaiangin (17) 

OMe 

OH 

OH O 

Kaempferid (18) 

MeO 

OH O 

Izalpinin (19) 

Figure 4.6 Flavonoids from propolis 



4.6 Isolation and Characterization of the Diarylheptanoids lraif5-3,5-Dihydroxy-

1,7-diphenyi-hept-l-ene (20) and lraii5-3-Acetoxy-5-hydroxy-l,7-diphenyl-hept-l-

ene (21) 

Using normal phase HPLC (0.5 % MeOH in CH2CI2), the crystalline compound 20 

and its acetate 21 (Figure 4.7) were isolated from the fifth of the nine initial fiactions (P2-

FOl 1 in Figure 4.1). The NMR spectrum of 20 (Table 4.2) contained a total of 19 

signals, 14 of which had chemical shifts above 125 ppm indicating a highly aromatic 

molecule. The remaining five signals were composed of two hydroxylated methines (8c 

70.6 and 68.9) and three methylenes (Sc 42.6,39.2, and 32.1). Analysis of coupling 

constants and integrals of the 'H NMR spectrum indicated the presence of 10 aromatic 

protons (5H 7.2 - 7.4) in two unsubstituted phenyl rings and two olefinic protons (5H 6.28 

dd and 6.63 d) with a 15 Hz coupling between them - indicative of a /rans-double bond. 

The 'H NMR spectrum also contained two protons in the region of 4.2 - 5.2 ppm 

indicating neighboring oxygen atoms, and six aliphatic protons 1.7 - 2.7 ppm. Mass 

spectral analysis of 20 showed a major peak at 247 amu which corresponded to a loss of 

two equivalents of water from a molecule of 282 amu, and suggested a diol with a 

molecular formula of C19H22O2. Based on these data we concluded that we had isolated 

/raM5-3,5-dihydroxy-l,7-diphenyl-hept-l-ene (20, Figure 4.7). 

The NMR and mass spectral characteristics of 21 were consistent with an acetylated 

form of 20. Two additional peaks at 5c 21.1 and 172.2 and a slight downiield shift in one 

of the carbons (C-3) bearing oxygen were the only significant differences in the 

spectrum of 21 compared to that of 20. The 'H NMR spectrum of 21 was also similar to 
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that of 20 except that it was dominated by a three proton singlet at 2.05 ppm. Based on 

these data we concluded that we had isolated /rans-3-acetoxy-5-hydroxy-l,7-diphenyl-

hept-l-ene (21, Figure 4.7). 

A search of the literature revealed that the (3S,5S) stereoisomer of 20 had been 

previously isolated from Alpinia katsumadai (Zingiberaceae).^^ Compound 20 has also 

been isolated as an unassigned diastereomeric mixture &om the same plant. 

Comparison of the spectral data of 20 with data from these reports confirmed the gross 

structures shown in Figure 4.7. More than 70 linear diaryiheptanoids have been isolated 

from natural sources, and many have shown biological activity.^^ Biosynthetically, 

diaryiheptanoids are formed by the condensation of two molecules of cinnamic acid 

(from phenylalanine) with one molecule of acetic acid.^^ To our knowledge this is the 

first report of compounds 20 and 21 from propolis. 



/raw5-3,5-dihydroxy-1,7-diphenylhept-1 -ene (20) 

/ranj-3-acetoxy-5-hydroxy-1,7-diphenylhept-1 -ene (21) 

Figure 4.7 Diarylheptanoids 
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Table 4.2 *H and *^C NMR data for diarylhcptanoids 20 and 21 

20 21 
Position 5c 5H 8c 5H 

1 130.1 6.63d 129.9 6.58d 
2 131.8 6.28dd 131.2 6.17dd 
3 70.6 4.67q 71.2 5.14sept 
4 42.6 1.83m 42.8 1.90m 
5 68.9 4.04sqpt 68.4 4.2 Ip 
6 39.2 1.85in 36.6 1.90m 
7 32.1 2.75in 31.9 2.65m 
r 136.6 - 136.7 -

276' 126.4 7.38d 126.4 7.1-7.4m 
375' 128.5 7.29t 128.5* 7.1-7.4m 

4' 127.7 7.26t 127.6 7.1-7.4m 
1" 141.9 - 141.2 -

2"/6" 128.4 7.2 Id 128.3* 7.1-7.4m 
3"/5" 128.6 7.33t 128.6* 7.1-7.4m 

4" 125.9 7.20t 126.0 7.1-7.4m 
-C(0)CH3 - - 21.1 2.05s 
-C(0)CH3 - - 172.2 -

* Interchangeable 
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4.7 Isolation and Characterization of Prenyietin (22) 

The coumarin prenyietin (22, Figure 4.8) was isolated by normal phase HPLC from 

fraction P2-F016 (Figure 4.1). First isolated decades ago, prenyietin (22) is a highly 

fluorescent molecule of mixed biosynthetic origin. The phenylalanine-derived coumarin 

nucleus is 6,7-dihydroxylated with one of the hydroxyls forming an ether linkage to an 

isoprene moiety. Because this compound has been isolated from several plant species, 

we were able to elucidate its structure by comparison of our NMR data with those 

reported in the literature.^^ While other prenylated phenylpropanoids are known to 

occur in propolis,^^ to our knowledge this is the first report on the isolation of prenyietin 

(22) from propolis. 

Figure 4.8 Prenyietin (22) 



99 

4.8 Biological Activity 

All of the pure compounds isolated were tested at Wyeth-Ayerst Research 

Laboratories, Pearl River, New York, for in vitro antimicrobial activities against a panel 

of pathogenic microbes. Initial assays recorded zones of inhibition caused by 100 ^g of 

each pure compound dissolved in DMSO. The compounds were evaluated against 

methicillin-sensitive (MSSA) and methicillin-resistant Staphylococcus aureus (MRSA), 

vancomycin-resistant Enterococcus faecium, Escherichia coli, Escherichia coli imp (a 

mutant strain with increased membrane permeability) and Candida albicans. The results 

are shown in Table 4.3. The novel dihydrofuranone (14) showed significant zones of 

inhibition against all of the microbes, but especially against Staphylococcus. 

Interestingly, its closest known analogs, the sapinofuranones (described in Section 4.4), 

are reported to be highly phytotoxic.®^ Among the five flavonoids isolated, pinocembrin 

(15) was the most potent inhibitor of the panel of microbes, while galangin (17) was only 

slightly less active. The remaining flavonoids were completely inactive in the assays. 

The flavonoid bioactivity results are in agreement with literature reports that flavanones 

and flavones, especially pinocembrin (15), play a significant role in the antimicrobial 

action of propolis.^® 

The three most active compounds in the initial screen (14, IS and 17) were subjected 

to further testing for determination of minimum inhibitory concentrations (MIC) against a 

panel of microbes. The results (shown in Table 4.4) indicated that both galangin (17) and 

pinocembrin (15) were moderately active against microbes with MIC values as low as 32 

|ig/ml. The dihydrofuranone 14 was practically inactive in the secondary screen. 
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Table 4.3 Antimicrobial activity of propolis isolates -
zones of inhibition (mm) for 100 |ig in DMSO 

Flavonoids: 

S. aureus S. aureus £ faecium £ coli E. coli C. albicans 

methr imp 

Pinocembrin (15) 10 7:9H 9 6VH 10 9 

Galangin (17) 9H 0 15AC 0 0 7 

Acacetin (16) 0 0 0 0 0 0 

Kaempferide (18) 0 0 0 0 0 0 

Izalpinin (19) 0 0 0 0 0 0 

Other Compounds: 

S. aureus S. aureus E. faecium E. coli E. coli C. albicans 

meth r imp 

y-Lactone (14) 11:15H 9:12H 10 6VH lOVH 7H 

Heptanoid (20) lOVH 0 0 0 0 0 

AcO-heptanoid (21) lOVH 0 0 6VH 0 7VH 

Prenyletin (22) 0 0 0 0 0 0 

H = hazy, VH = very hazy, AC = aknost clear 
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Table 4.4 Minimum inhibitory concentrations (^g/ml) of propolis isolates -
compounds in DMSO except polymixin B in water 

S. aureus 

Pinocembrin (15) 128 

Galangin (17) 32 

Dihydro-

furanone (14) 256 

Penicillin G <0.062 

Polymixin B >128 

I aureus E. faecium E. coli B. 

meth r imp 

128 256 256 

32 >256 64 

>256 >256 >256 

64 64 1 

>128 >128 1 

htilis fC pnemoniae C. albicans 

128 256 64 

64 64 32 

256 256 256 

2 64 >128 

16 2 32 
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4.9 Microscopic PoUen Analysis 

While pollen is usiially considered a propolis contaminant, it has value as an indicator 

of which plants are most frequented by foraging bees. Microscopic analysis of pollen 

grains present in the propolis from Colliguay was performed using scanning electron 

microscopy (SEM) as described by Montenegro et al.^ This method allowed us to 

identify Escallonia pulverulenta, Salix humboldtiana, and Eucalyptus globulus as the 

main sources of propolis in this region. Significant amounts of pollen from several other 

native plants were also present in the sample. The results of this analysis are compiled m 

Table 4.5. 
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Table 4.5 Microscopic pollen analysis 

Species Percent of total pollen 

Escallonia pulverulenta 35.2% 

Salix humboldtiana 21.8% 

Eucalyptus globulus 19.6% 

Eupatorium glechnophyllum 7.3% 

Quillaja saponaria 6.7% 

Peumus boldus 5.0% 

Nothofagus dombeyi 2.2% 

Nothofagus obliqua 0.6% 

Cryptocarya alba 0.6% 

Maytenus boaria 0.6% 

Pinus radiata 0.6% 
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4.10 Conclusions from Propolis Research 

We conclude that propolis firom CoUiguay possesses significant biological activity. 

Our chemical analysis revealed large quantities of pinocembrin (IS), galangin (17) and 

other flavonoids with proven antimicrobial, antiinflammitory and antioxidant effects. In 

addition, our sample contained several compounds which have not previously been 

reported from propolis, testament to the uniqueness of this particular propolis based on 

the native Chilean plants growing around the beehive, and to the variability of propolis in 

general. 

Our investigations of a propolis from Central Chile have yielded a number of usefiil 

results. As would be expected for a dissertation in pharmaceutical sciences, the 

analytical tools of the natural products chemistry trade like NMR, mass spectrometry, and 

HPLC were showcased, but also highlighted is the relation of this work to the goals of the 

ICBG and the CBD. The objectives of these programs were met not only by the 

discovery of compounds with pharmaceutical potential, but also by implementing 

technology and information transfer between the US and Chile (Chapter 1). 
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4.11 Experimental 

Experimental details of the isolation and characterization of the pure compounds are 

described in Sections 4.4 - 4.7. A general experimental section is found in Chapter 5. 

Determination of Antimicrobial Activity. In vitro antimicrobial activities against 

methlcillin-sensitive (MSSA) and methicillin-resistant Staphylococcus aureus (MRSA), 

vancomycin-resistant Enterococcus faecium, Escherichia coli, Escherichia coli imp 

(BAS849, a mutant strain with increased permeability to compounds with large molecular 

weight) and Candida albicans were determined by the agar diffusion method at Wyeth 

Ayerst Research Laboratiories, Pearl River, New York. E. coli imp was obtained from S. 

Benson of Princeton University, NJ. All other test organisms were clinical isolates 

collected from various medical centers in the U.S.A. Media used were nutrient agar (pH 

6.8) for S. aureus, LB (Luria-Bertani) agar for E. faecium and E. coli, and YM agar for C. 

albicans. All dehydrated media and antibiotic control discs (Dispens-O-Disc 

Susceptibility Test Discs) were purchased from Difco Laboratories, Detroit, MI. Assay 

plates (12x12" Sumilon MS-12450 from Vanguard International Inc., Neptune, NJ) were 

prepared by pouring 125 ml of agar medium (tempered at 50 °C) inoculated with an 

overnight broth culture of the test organisms (adjusted to approximately 10^ cells per ml). 

Test solutions of the compounds in DMSO were prepared (20 mg/ml) of which ten ^1 

were spotted directly onto the agar surface using a Multi Electrapette with Exp250 handle 

(a spreadable tip micropipetting device from Matrix Technologies Corporation, Lowell, 

MA). The plates were incubated at 37 'C for 18 h. Zones of growth inhibition were 
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measwed (in mm) using a hand-held Fowler Ultra-cal II digital caliper. Ten (il of DMSO 

(solvent control) did not exhibit any growth inhibition. 

5-[(2£',4Z)-l-Hydroxy-2,4-decadienyl]-dihydrofunin-2-one (14) was obtained as a 

light, colorless oil: [a]^^D+ 10.9" (c 0.006, CHCI3); 'HNMR, "C NMR, and HMBC, see 

Table 4.1; HRFABMS m/z 239.1655 [M + H]^ (calcd for C14H22O3,239.1647); (EIMS 

m/z 248 (76), 233 (10), 203 (72), 43 (100)); APCIMS 239 [M + H]^. 
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V 

GENERAL EXPERIMENTAL 

5.1 Instrumentation 

Optical rotations were measured on a JASCO PI020 polarimeter. NMR spectra were 

recorded in CDC13, C6D6, or pyridine-t/s on a Bruker Avance DRX-500 NMR or a 

Bruker Avance DRX-600 NMR spectrometer with residual solvent as reference. 

HRPABMS with m-NBA as matrix and HREIMS were obtained on a JEOL HX 110 

mass spectrometer. Melting points were determined on a Fisher-Johns melting point 

apparatus and are uncorrected. Flash chromatography was done using silica gel 40 (32-

63 )i. Scientific Adsorbents Incorporated, Atlanta Georgia). HPLC was carried out using 

a Varian 9002 pump, a Varian Star 9040 refractive index detector, and an Alltech 

Econosil 10 ^ silica 10 x 250 mm column. Visualization of all compounds on silica gel 

TLC was accomplished by spraying with a solution of 0.5% anisaldehyde, 10% glacial 

acetic acid, and 5% concentrated sulfuric acid in methanol followed by gentle heating. 

5.2 Plant Material 

Voucher specimens of all plants studied in Chapters 2 and 3 have been deposited at 

the herbarium of the Instituto Nacional de Technologia Agropecuaria (INTA), Castelar, 

Buenos Aires, Argentina. Intellectual Property Rights Agreements have been fully 

executed between The University of Arizona and the collaborating institutions in 

Argentina and Chile. 
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5 J Determination of Antitubercular Activity. 

The crude fractions and pure compounds were tested against the pathogen M. 

tuberculosis H37RV (ATCC 27294) using the BACTEC 460 radiorespirometric assay as 

previously described.36,79 jhe crude fractions were tested at a concentration of 100 

lag/ml in DMSO and a percent of inhibition, defined as 1-(growth index of test 

sample/growth index of controI)x 100, was calculated. The pure compounds were 

dissolved in DMSO and assayed in a series of two-fold dilutions to determine minimum 

inhibitory concentrations (MICs). The MIC was defmed as the lowest concentration of 

compound that inhibited 99% of the growth of the organisms. 
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VI 

SUMMARY AND CONCLUSIONS 

As part of an International Cooperative Biodiversity Group Program, the research 

described in this dissertation investigated the chemistry and biological activity of several 

species of South American plants and propolis. The primary goal of these investigations 

was drug discovery, but applications to biodiversity conservation and economic 

development of the countries that supplied the genetic resources were also considered. 

Following an introductory chapter describing the background and motivation for 

research into natural products. Chapters 2 and 3 demonstrated how bioassay guided 

fractionation can lead to the identification of pharmacologically active agents. The 

antitubercular activity of several Argentinean plants was traced to a class of pentacyclic 

triterpenes. Three novel triterpenes, 3,4-seco-olean-12-en-3,28-dioic acid (4), 3a-

hydroxyolean-1 l-en-28,13 P-olide (5), and 3a-hydroxyolean-l 1:13(18)-dien-28-oic acid 

(6)were discovered from Junellia tridens. Oleanolic acid (1), oleanonic acid (2), 

epioleanolic acid (3), epibetulinic acid (7) and sitosterol (8), were also isolated from this 

plant. An LC-MS study indicated the presence of some of the triterpenes in six other 

species of Junellia. Four other species of plants, Acantholippia seriphioides, 

Chiliotrichium diffusum, Lathyrus magellanicus and Adesmia ameghinoi, were also found 

to contain high levels of pentacyclic triterpenes. Though possessing only moderate 

antitubercular activity, the triterpenes found in the Argentinean plants had low general 

toxicity and were present in high concentrations. 
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Chapter 4 used a series of chromatographic separations and spectroscopic experiments 

to separate and identify the components of the bee product propolis from Colliguay in 

central Chile. Five well known propolis flavonoids (15-19) were isolated, and several 

other compounds, including the diaryIheptanoids (20 and 21) and prenyletin (22) were 

described for the first time from propolis. The lactone 14 has not to our knowledge been 

previously described from any source. An evaluation of the antimicrobial properties of 

the compounds isolated from this sample of Chilean propolis showed that some of the 

flavonoids that were present in high concentrations possessed moderate activity. The 

implications of research into the chemical and biological properties of propolis were 

considered. A rationale was provided as to how information about the medicinal 

properties of propolis may impact its economics as a cottage industry, and may provide a 

conservation incentive. 

This dissertation showcased many of the tools of natural products chemistry including 

ID and 2D NMR, several types of mass spectrometry, and a number of chromatography 

techniques. The work also emphasized the importance of biodiversity to the discovery of 

novel, pharmacologically active agents, and concluded that natural products have long 

been and will continue to be important to the health and well-being of humans. 
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