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This dissertation, con^Ieted as part of an International Cooperative Biodiversity 

Groiq) (ICBG) Program, encompasses the field collection, taxonomic determination, 

bioassay-guided isolation, and chemical characterization of three plants native to Chile, 

each of which was collected using a distinct collection ^proach. Chuquiraga ulicina 

ssp. ulicina, collected by the ecological or environmental strategy, yielded ten 

compounds including four novel taraxastane-type triterpenoids, 3p-acetoxy-6P-

hydroxytaraxasta-20-ene (1), 6P-hydroxytaraxasta-20-en-3-one (2), 6P-hydroxytaraxasta-

20-ene 3P-palmitate (3), and 3p,6p-dihydroxytaraxasta-20-ene (4), together with the 

known triterpenoids lupeol (5), lupenyl acetate (6), lupenone (7), friedelinol (8), 3P-

acetoxy-30-nor-lupan-20-one (9), and 30-nor-lupan-3p-ol-20-one (10). Lupeol (5) was 

the only compound to show antitubercular activity. Sphacele salviae, collected by the 

ethnobotanical or ethnomedical method, allowed the isolation of three known 

compounds, including the two abietane diterpenoids camosol (11) and rosmadial (12), as 

well as one pentacyclic triterpenoid, ursolic acid (13). Greigia sphacelata, collected 

accordii^ to the random technique, afforded nine compounds. These include the two 

novel flavanones 5,7,3'-trihydroxy-6,4',5',-trimethoxy flavanone (14) and 5,3'-dihydroxy-

6,7,4',5'-tetramethoxy flavanone (15), as well as four known phenylpropanoids, l,3-0-di-

/raAis-p-coumaroylglycerol (16), l-0-(p-hydroxy-/rans-cinnamoyl)glycerol (17), 1-(g> 

feruloyldocosanoyOglycerol and l-(a>-feruloyltetracosanoyl)glycerol (18), and trans-
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ferulic acid 22-hydroxy docosanoic acid ester (19), and three known pentacyclic 

triterpenoids, arborinone (20), arborinol (21), and isoarborinol (22). 
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1.1 Importance of Natural Products in Drug Discovery 

Chemicals from natural sources have several significant roles in modem 

medicine. First, they provide many complex drugs that are difTicuh if not impossible to 

produce commercially by synthetic or semi-synthetic processes, including compounds 

such as the cardiac glycoside digitalis and the anti-cancer agent taxoL Next, they provide 

basic skeletons that can be utilized in medicinal chemistry to produce more effective or 

less toxic products. Finally, they also provide models for synthetic drugs with similar 

physiological activities (Robbers et al. 1996). UntU the 1950s, much pharmaceutical 

research depended on higher plants as sources of medicinal products. According to 

Famsworth, flowering plants and ferns have given rise to approximately 119 

commercially sold agents and, including both natural and derivative products, make up 

25% of all prescription drugs issued every year in the United States (Famsworth 1988). A 

more recent study found that, on the basis of the number of prescriptions filled each year, 

57 percent of the top-selling 150 pharmaceutical products in 1993 contained active 

ingredients that were natural products, derivatives, or analogs of natural products. Since 

sales of prescription drug products in 1990 were approximately $147 billion, natural 

products based pharmaceuticals could reasonably generate in excess of $100 billion in 

revenues per year (Artuso 1997; Grifo et aL 1997). Considering the clear importance of 

nature in drug discovery, it is obvious that this field, although changing and expanding 

with time, remains an important resource in the search for cures in human health. 
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1.2 ICBG Prograin 

In 1992, three agencies of the U.S. Government - the National Institutes of Health 

(NIH), the National Science Foundation (NSF), and the U.S. Agency for International 

Development (USAID), launched the International Cooperative Biodiversity Group 

program (ICBG). The ICBG program is based on the flmdamental theory of the 

Convention on Biological Diversity (COB) that well-designed natural products research 

and development can bring about benefits to the countries serving as hosts for their 

genetic resources. Incentives to promote conservation are created by alternative usage, 

which can be promoted through both the immediate research process and through the 

long-term possibility of drug discovery and development. 

There are three main goals that reflect the mandates of the federal government 

sponsors involved. The first is to improve human health through the discovery of new 

therapeutic agents in order to treat diseases of importance in both developed and 

developing countries. This includes the preparation of crude extracts, development of 

local bioassays, chemical isolation and elucidation, and pre-clinical evaluation of 

biologically active confounds. The second goal is to conserve biodiversity by 

demonstrating a monetary value for diverse biological resources and the development of 

local management systems for those resources. This includes creating incentives for 

people to siqjpoit ecosystem preservation at all levels of society; increasing knowledge 

and awareness of conservation; and developing long-term strategies for sustainable 

production or gathering of targeted resources. The third goal is to promote sustainable 



economic activity in less developed nations by ensuring equitable financial returns to the 

host country, pursuing technology transfer, and supporting conservation research 

processes. This includes guaranteeing equitable contracts for resource sharing and 

supporting both training and capacity building for local people (Rosenthal 1997). 

In September of 1993, an interdisciplinary peer review of thirty-four competitive 

proposals led to the final selection of five ICBG programs at an annual level of $400,000 

to $500,000 per group, with an expected duration of five years each. The primary 

investigators and initial groups included: Dr. Barbara Timmermaim (The University of 

Arizona) studying arid land plants from Latin America, Dr. David Kingston (Virginia 

Polytechnic Institute and State University) with a study of the rainforest plants of 

Suriname, Dr. Jerrold Meinwald (Cornell University) heading a study of insects from dry 

tropical forests in Costa Rica, Dr. Walter Lewis (Washington University) investigating 

medicinal plants from the Andean tropical rainforests of Peru, and Dr. Brian Schuster 

(Walter Reed Army Institute of Research) focusing on parasitic disease cures from the 

rainforests of Africa (Grifo 1995). 

In 1998 there was a recompetition for the second phase of the ICBG projects 

funded by the NIH, NSF, and the U.S. Department of Agriculture (USDA). For the 

second phase (1998-2003), three of the original ICBGs, including the Latin American 

ICBG, the Suriname ICBG, and the African rainforest ICBG, were renewed and three 

new projects were awarded with a total annual support of approximately $3.5 million. 

The new groups include Dr. Brent Berlin (The University of Georgia) with a study of 

tropical plants and fungi utilized by the Maya-speaking peoples of southern Mexico, Dr. 
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Phyllis Coley (The Smithsoniaii Tropical Research Institute) focusing on the use of 

ecology in leading a program in Panama, and Dr. Djaja Soejarto (The University of 

Illinois at Chicago) working with tropical forest plants from Laos and Vietnam. 

The Latin American ICBG program is an interdisciplinary program supporting 

research and training in the related areas of biodiversity conservation, economic 

development, and human health through the discovery of therapeutic agents for diseases 

of importance to both developed and developing countries. The objectives of this ICBG 

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

agents from plants of arid and semi-arid ecosystems in Argentina, Chile, and Mexico and 

to promote sustained economic activity while conserving biological resources in these 

fragile environments. This project demonstrates the value of biodiversity and offers 

incentives for conservation in the host countries. To meet these objectives, this ICBG is 

working with The University of Arizona, Pontificia Universidad Catolica de Chile in 

Santiago, Chile, Instituto de Recursos Biologicos (INTA) in Buenos Aires, Universidad 

Nacional de la Patagonia in Comodoro Rivadavia, Centro Nacional Patagonico 

(CENPAT), Puerto Madryn, in Argentina, as well as the Universidad Nacional Autonoma 

de Mexico (UNAM), Mexico City, Mexico (see Fig. 1.1). 

Our collaborators in Latin America play an integral role in the collection and 

taxonomic identification of plants to be screened by institutions in the US. Initially, 

surveys are performed in regional markets seeking plants of ethnobotanical interest. 

Next, a wider range of plants is looked at in order to increase the botanical and 

geographic diversity of the plants collected. Finally, regions of high interest for 
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conservation and community development by local governments are taken into account 

and incorporated into the overall collection strategy (Timmermann et al. 2000). 

In the U.S., the collaborating institutions are the GWL Hansen's Disease Center 

and American Home Products Corporation's Wyeth-Ayerst Research Laboratories 

(biomedical screening) and American Cyanamid Company (agrochemical screening). 

These institutions perform batteries of high throuhgput biok>gical assays that guide the 

chemistry for the drug discovery goal (Tinmiermann 1998). 

All of the research presented in this study was done as a conqjonent of this 

multidisciplinary international collaboration and specifically in collaboration with 

Professor Gloria Montenegro at the Pontiflcia Universidad Catolica de Chile. This 

collaboration allowed me to travel to Chile in order to gain experience in the field 

collection, taxonomic identification, and further botanical studies for Chuquiraga ulicina 

discussed in Chapter II. 
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13 Geographical Aspects of Chile 

The scope of tlie worlc reported here is focused on plants collected solely in 

Chile. It is a topographically unique nation whose boundaries are marked by extreme 

biogeogr^hic features. To the east lie the Andes Mountains, to the south the severe 

climatic region of Patagonia, to the north the hyper-arid Atacama Desert, and to the west 

the Pacific Ocean provides the final isolating barrier limiting the interchange of species 

with other regions (see Fig. 1.2). 

The extreme climate variation is attributed in part to the large latitudinal gradient, 

greater than any other country in the world, extending from 17°30'S in the north to 56''S 

at the islands around Tierra del Fuego. A mediterranean climate is found in Central 

Chile between 29° and 40° S, gradually progressing towards a desertic climate in the 

North and an oceanic climate in the South (Fuentes et aL 1995). The vegetative 

communities and growth forms reflect this climatic gradient; xeric shrub formations are 

found in the north, limited by the Atacama Desert, a shrubby evergreen formation called 

the matorral is seen in the central region, and deciduous forests are found in the cool, 

rainy regions of the south. 

Central Chile, between 32° and 36° S, is dominated by a mediterranean climate 

regime and it is strikingly similar to that of California. This climate occurs in the 

lowlands below 1500m and is characterized by mild wet winters and warm dry summers 

with typically over 90% of annual precipitation falling in the six cool season months 

(Fuentes et al. 1995; Rundel 1998). The classic vegetation structure in this ecosystem is 

the matorral, an evergreen shrubland dominated by species with sclerophyllous leaves. 
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Map provided by ReliefWeb rel ief\\eh int/> 
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Figure 1.2. Map of Central Chile 
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The slopes of the coastal cordiliera in this region exhibit different vegetation patterns 

within the matorral. On the sunny, noith-&cing side and on the more level areas with 

relatively scant rainfall, there are typically open spaces between clumps of shrubs 

(Dallman 1998; Fuentes and Munoz 1995), cacti, and terrestrial bromeliads. Only on the 

moister, shady, south-facing side is there a closed canopy of shrubs and low trees. 

The coastal scrub and Atacama Desert is found as a continuous belt from La 

Serena (29'55 S.L.) in north central Chile to Arica (19'00 S.L.) on the Peruvian border. 

This desert owes its severe aridity to a climatic regime dominated by a constant 

temperature inversion generated in large part by the cool, north-flowing Humboldt 

Current. Another important climatic influence is the presence of a positionally stable, 

subtropical anticyclone. 

In this area the climate is mild and uniform over the coastal areas, with the regular 

formation of thick stratus cloudbanks below 1000m during the winter months. According 

to the topogr^hy, these cloudbanks may or may not have an impact on the biological 

diversity. In areas where steep coastal slopes are present, this stratus layer forms a fog-

zone concentrated gainst the hillsides. This fog, commonly referred to in Chile as 

camanchacas, is the key to the extent and diversity for vegetation in the Atacama Desert. 

The moisture from the camanchacas allows for the development of fog-zone plant 

communities termed "lomas formations" which literally translates to small hills in 

English. 

North of La Serena, the geomorphology of the coastal margin is dominated by the 

Cordillera de la Costa, a line of faulted clif& rising abruptly from a narrow coastal plain 
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which seldom exceeds a few kilometers in width and reaches up to 400 m. South of 

Antofagasta, the coastal ranges rise to an average elevation of 1300 m but in the area near 

Paposo, the Sierra Vicuna Mackenna reaches 3000 m. The presence of the steep coastal 

escarpment within 15-20 km of the ocean is largely responsible for the development to a 

rich lomas formation around Paposo. 

The vascular plant flora of Chile includes 4669 native species in 873 genera and 

181 families (Marticorena and Quezada 1985). Approximately 2100 vascular plant 

species are found within the central region, between latitudes 32° and 36° S and it has 

been estimated that 62% of the total native flora in this country is endemic. Chile, 

therefore, provides an abundant resource of unique flora with the majority of these 

remaining chemically unstudied and many unidentified completely. 

1.4 Collection Strategies 

In order to utilize the unstudied plant resources of Chile in drug discovery and to 

allow some economic value to be placed on protecting its local biodiversity, plant 

collection strategies need to be established. Many approaches may be used to guide 

collection of plant material in the search for new biologically active principles in higher 

plants. These strategies can be broadly grouped into four general categories: ecological, 

ethnobotanical, random, and biomedical Three of these approaches (ecological, 

ethnobotanical and random) have been used in this study and will be discussed in more 

detail. 

A. Ecological / Environmental 
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The ecological or environmental approach focuses on the selection of plants 

living in specific habitats or displaying characteristics that may indicate the production of 

biologically active molecules. An exan^ile of this may be flora from a hyperarid region. 

The stresses imposed by a xeric environment are diverse and extreme and the 

evolutionary development of desert plants to these stresses have produced an impressive 

diversity of phytochemicals. Resins, waxes, and other impermeable coatings, for 

example, have the function of conserving water by lowering the rate of transpiration. 

Predation pressure also plays an extremely important role in arid ecosystems. 

Due to the lack of precipitation and the slow regeneration of biomass, herbivory is 

especially harmful to the survival of desert plants. Therefore, phytochemical adaptations 

in these species have included the development of many diverse cytotoxic and anti-

feedant compounds that help deter predation (Hof&nann et al. 1984). An example of this 

strategy is the creosote bush {Larrea tridentata), which produces the lignan 

nordihydroguaiaretic acid (NDGA). The phenolic resin found on the leaf surface of 

creosote, which contains NE)GA as a major component, has been shown to have a 

repellant effect on herbivores. This conqiound has also exhibited verifiable antitimior 

activity. Thus, it is rational to study the secondary chemistry produced by arid-adapted 

plants as a possible source of new pharmaceutical and agricultiu^l agents. 

A uniquely isolated ecosystem in the harsh climate of northern Chile led to the 

collection of Chuquiraga ulicina (H. et A.) H. et A. ssp. ulicina, following the 

environmental approach. The slopes rising above the small mining village of Paposo, 

located 50 km north of Taltal, support the richest development of fog-zone vegetation in 
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northern Chile, with at least 120 species of flowering plants and ferns according to Dillon 

in unpublished data. The area around Paposo is sustained as a terrestrial island where its 

species are evolving in a detached environment separated from outside species by the 

hyperarid Atacama Desert. The special topogr^hy of the Paposo area, \K^re steep 

coastal hills rise to form a barrier against the movement of the marine air from the Pacific 

Ocean into the interior valley, allows a considerable condensation of moisture. North of 

the well-developed fog zone of the Paposo region, vegetation on the coastal slopes along 

the Paciflc Ocean becomes increasingly sparse. The slopes and coastal plain near 

Antofagasta are virtually free of any vegetation. The detailed morphology, chemistry, 

and bioactivity of C. ulicina ssp ulicina are described in Chapter 2. 

B. Ethnobotanical / Ethnopharmacological Approach 

The ethnobotanical or ethnopharmaco logical approach takes into account the 

ways in which plants have been used by local communities in traditional medicine. 

Reseachers advocating this approach assert that well-documented traditional uses can 

serve as a guide in the search for novel therapeutic agents by ofifering strong clues to the 

biological activities of those plants. Ethnopharmaco logical information can be used in 

drug discovery in three ways: (1) as a general indicator of non-specific bioactivity 

suitable for a panel of broad screens, (2) as an indicator of specific bioactivity suitable for 

particular high-resolution bioassays, and (3) as an indicator of pharmacological activity 

for which mechanism-based bioassays have yet to be developed (Cox 1994). One of the 

strengths of this collection strategy is that the probability of isolating highly active 
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chemical compounds from any given extract would theoretically be greater than that of a 

random search strategy (Famsworth et aL 1985). 

Examples of plants collected utilizing this strategy that contain activity related to 

the traditional use include Ephedra sinica (ephedrine), Melilotus officinalis (coumarin). 

Digitalis lanata (digoxin), Papaver somniferum (codeine, morphine), Atropa belladonna 

(atropine), and Salix alba (salicylic acid) (Laird and Kate 1999). Ahhough the 

probability of obtaining chemically active compounds may be increased through the use 

of an ethnopharmacological search process, it may be difficult to focus the search on a 

specific therapeutic objective. Traditional pharmacopoeias may not include treatments 

specifically targeted to certain modem ailments such as cancer or AIDS. Some plant 

extracts used by indigenous peoples may lead to pharmaceuticals for diseases other than 

the original targets of the traditional remedies, but it is difficult to anticipate this in 

advance. 

An infusion of the leaves of Sphacele salviae (Lindl.) Briq. (Lamiaceae), along 

with other species in this genus, has been used as an anticancer therapy in Chile 

(Montenegro 1999). This use led to the collection of this plant from the metropolitan 

region of Santiago, Chile utilizing the ethnobotanical approach to collection. Our 

collaborator, Wyeth Ayerst Research Laboratories, confirmed antitumor activity in 

oncology screens. The chemistry of S. salviae is discussed in detail in Chapter 4. 

C. Random Approach 

Finally, the random approach has been used on a large scale by the National 

Cancer Institute (NCI) since the 1970s to screen for plants with anticancer activity. This 
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system searches for bioactivity in a random sampling of plants, regardless of ecological, 

botanical, or medicinal background. In 1955, the NCI launched this program for the 

procurement and screening of natural products for chemotherapeutic activity. Bioassay-

guided fractionation of active extracts resulted in the isolation and characterization of a 

large number of agents belonging to a wide variety of chemical classes. 

Plant-derived anticancer drugs identified through the screening program included 

the Vinca alkaloids (vincristine and vinblastine) and the diterpenoid taxol from the 

Pacific Yew tree (Taxus brevifolia). Taxol was discovered by the NCI through the 

screening of more than 114,000 extracts derived from some 35,000 plant samples 

collected by the United States Department of Agriculture (USDA) from mainly temperate 

regions in 60 countries (Cragg et aL 1994). 

The random search process often leads to a relatively low success rate per extract 

tested. However, as screening techniques for certain types of diseases have become more 

rapid by the utilization of high-throughput enzyme and receptor based assays, and less 

expensive, random or comprehensive searches have become more practical. 

Greigia sphacelata (R.et P.) Regel (Bromeliaceae) was investigated using this 

approach. It is a native plant in central and northern Chile, and while it has no known 

documented medicinal use, G. sphacelata was collected in a random sampling of the 

area's flora. The extract underwent a battery of screens as part of the ICBG program and 

initial screens through Wyeth Ayerst Research Laboratories showed interesting 

anticancer activity, therefore the extract was included in this project. This work is 

described in Chapter 4. 
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IL CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITY 

FROM CHUQUiRAGA ULICINA ssp. VLICINA 

2.1 Introduction 

The western coast of South America encompasses nearly 3500 km of desert, 

including the Peruvian and Atacama deserts, which form an uninterrupted, hyperarid beh, 

disturbed only by the occasional river valley from the Andes Mountains. The severe 

aridity of this region is caused primarily by a constam temperature inversion generated in 

part by the cold, north-flowing Humboldt Current. The presence of this positionally 

stable, subtropical anticyclone results in a mild, uniform coastal climate and regular 

formation of thick stratus clouds below 1000 m during the winter months. When the 

coastline is low and flat, this cloud layer dissipates inland over large land areas with little 

biological impact. However, in regions where coastal ranges are steep, clouds are 

blocked and a fog-zone develops. These fogs, called camanchacas in Chile and Peru, are 

the key to the extent and diversity of vegetation throughout the western coastal deserts. 

The moisture brought by the camanchacas allows the development of lomas ("small 

hills") formations or "fertile belts". Native vegetation in this area is diverse and contains 

many highly endemic species that are mainly limited to these lomas formations or fog-

zone areas. Lomas formations function as terrestrial islands separated by hyperarid 

habitat where virtually no plants exist. While the extent of the Chilean and Peruvian 

desert actually covers approximately 200,000 sq. km., the area covered by vegetation. 
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even during periods of maximum development is probably less than 4,000 sq. km (Dillon 

1989). 

A well-developed lomas formation occurs near the small mining village of 

P^oso, located SO km north of TahaL The slopes rising above this village support the 

richest development of fog-zone vegetation in northern Chile with at least 120 species of 

flowering plants and ferns according to Dillon in unpublished data. The special 

topography of the P£^)oso area, where steep coastal hills rise to form a barrier against the 

movement of the marine air into the interior valley, allows a considerable condensation of 

moisture. 

The central valley of Paposo is dominated by Euphorbia lactiflua 

(Euphorbiaceae). Eulychnia iquiquertsis (Cactaceae), Frankenia chilensis 

(Frankeniaceae), and Acantholippia punensis (Verbenaceae), with other important shrubs 

such as Trichocereus coquimbanus (Cactaceae), Oxalis gigantea (Oxalidaceae), Lycium 

stenophyllum (Solanaceae), Proustia cuneifolia (Asteraceae). Croton chilensis 

(Euphorbiaceae), Balbisia pedundularis (Geraniaceae), Cristaria integerrium 

(Malvaceae), Chuquiraga ulicina (Asteraceae), Loasa fruticulosa (Loasaceae), and 

Grindelia glutinosa (Asteraceae), commonly covering more than 50% of the ground 

surface. This compares to the typical 5% total plant cover on the coastal plain below 

370m a s L Many aimual plants are characteristic of the Paposo area where relative 

humidity seldom falls below 80% supporting the growth of many lichens and the 

epiphytic growth of Tillandsia geissei (Bromeliaceae). 



31 

North of the well-developed fog zone of the Paposo region, vegetation on the 

coastal slopes along the Pacific Ocean becomes increasingly sparse. The slopes and 

coastal plain near Anto&gasta are virtually free of any vegetation except a few scattered 

individuals of Eulychnia iquiquiemis (Cactaceae) and various Copiapoa species 

(Cactaceae). 

This uniquely isolated ecosystem led to the collection of Chuquiraga ulicina ssp. 

ulicina based on the ecological ^proach described in Chapter I. C. ulicina is a dense 

shrub known locally as "araAa de la ballena" and "hierba de la yesca" (Munoz 1966). 

Chuquiraga, a member of the primitive subfamily Bamadesiodae but sometimes 

associated with the Cichorioideae-Mutisieae subfamily/tribe, is a New World genus with 

25 species distributed in the Andes Mountains and Patagonia of Chile and Argentina 

(Mabberley 1997). The distribution of C. ulicina in Chile stretches from Coquimbo to 

Antofagasta, and it is used locally as a remedy for hyperglycemia and as fiielwood 

(Ezcurra 1985). To our knowledge, no chemical investigations of C. ulicina have been 

performed. 

The chemical investigation of the DCM-MeOH (1:1) crude extract of C. ulicina 

yielded four novel taraxastane-type triterpenoids, 3p-acetoxy-6p-hydroxytaraxasta-20-

ene (1), 6P-hydroxytaraxasta-20-en-3-one (2), 6P-hydroxytaraxasta-20-ene 3P-palmitate 

(3), and 3p,6p-dihydroxytaraxasta-20-ene (4), together with the known triterpenoids 

lupeol (5), lupenyl acetate (6), lupenone (7), friedelinol (8), 3P-acetoxy-30-nor-lupan-20-

one (9), and 30-nor-lupan-3P-ol-20-one (10). 
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Isocratic nonnal-phase LC-MS of hexane-soluble fractions of the 

dichloromethane-methanol (1:1) extracts from C. ulicina and eight other related 

Chuqiraga species from Chile and Argentina was performed as a con^arative study 

within the genus. The presence or absence of 3P-acetoxy-6P-hydroxytaraxasta-20-ene 

(1), 6p-hydroxytaraxasta-20-en-3-one (2), 6p-hydroxy-taraxasta-20-ene 3P-palmitate (3), 

and lupeol (5) were recorded. The results for each species were compared for the 

presence of compounds 1, 2, 3, and 5 and the distribution within the various species is 

shown in Table 2.1. It is interesting to note that novel compound 3 is present in all of the 

species investigated and it could serve as a possible chemotaxonomic marker for this 

genus. Representative ion traces for C ulicina ssp. ulicina and C acicularis are included 

in the Experimental Section. 

Table 2.1. Distribution of 1, 2,3, and 5 in various Chuquiraga spp. 
(presence sugjgested by LC-MS +; not suppested 

C. ulicina (H. et A.) H. et A. ssp. ulicina 
(Chile) 

1 2 3 5 

C. oppositifolia D. Don - - + + 

(Chile) 
C. acicularis D. Don + - + + 

(Chile) 
C kuschelii Acev. - - + + 

(Chile) 
C. erinacea Don. + - + + 

(Argentina) 
C. aurea Skottsberg + - + + 

(Argentina) 
C. rosulata Caspar + - + + 

(Argentina) 
C. avellanedae (Lorentz) + - -f- + 

(Argentina) 
C. straminea Sandwith + + + 

(Argentina) 
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2.2 Plant Morphology 

C. ulicina ssp. ulicina is a chamaephyte (xeromorphic shrub), with gray-cinereous 

lower branches and white tomentose upper branches. The leaves are sessile, ahemate, 

lanceolate and generally less than 1.2S cm in length, with a coriaceous texture and a 

sharp t^ and do not display axillary spines. The leaves are distributed on both 

brachyblasts and dolichoblasts. The flowers are in sessile, small heads at the tip of the 

brachyblasts and are all isomorphic and hermaphroditic. 

Internal structure or histology along with scanning electron microscopy (SEM) of 

the leaves was performed and the general results are discussed here. The leaves are 

marginally volute or curved at the edges so that the leaves are cylindrical and acicular or 

needlelike. The midrib of the leaf is never prominent. The epidermis is made up of one 

stratum of cells with a thick cuticle. The stomata are in the same level as the epidermis, 

not sunken, and are dispersed on the adaxial face of the leaf They are protected by 

filamentous trichomes that also serve to protect against the high solar radiation and wind 

of the desert environment (See Fig. 2.1 and 2.2). The adaxial epidermis is reduced to a 

narrow hollow due to the leaf curvature and the cuticle is thicker on the abaxial 

epidermis. Hypodermic sclerenchyma are present in all of the abaxial face except at the 

curved margins. The leaf has a dorsiventral structure with chlorenchyma usually 

compound by two strata of cells. The vascular bundles are numerous containing xylem 

and phloem protected by sclerenchyma. The leaves of both the brachyblasts and the 

dolichoblasts are anatomically similar, although the amount of sclerenchyma is higher in 

the dolichoblast leaves (Ezcurra 1985). 
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Figure 2.1. SEM photo of trichomes covering the adaxial face of a leaf from C. ulicina 
(700x) 

Figure 2.2. SEM photo of the abaxial/adaxial interface on a leaf from C. ulicina (700x) 
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13 Extraction and Isolation 

The aerial parts of C. ulicina ssp. ulicina were collected in April, 1997 (25®00' S, 

70°26' W, Paposo, Departamento Takal, Region 11), and a voucher specimen was 

deposited in the Herbarium of the Pontificia Universidad Catolica de Chile, Santiago, 

Chile with collection number 0826. Plant material information for the related 

Chuquiraga spp. utilized in the LC-MS study is included in the Experimental section. 

The air dried, ground aerial parts of C. ulicina (1.5kg) were extracted three times 

in 4 L CHiCla-MeOH (1:1), followed by MeOH (4 L) overnight. Initial fractionation was 

done on silica gel 60, 50-200 ^m, and all subsequent fractionations on silica gel 60, 40-

63 ^m. The combined CH2Cl2-MeOH extracts (68.6 g) were subjected to column 

chromatography on silica gel. The colunm was eluted with a hexane-EtOAc gradient (0-

100% EtOAc), followed by a CHaCb-MeOH gradient (0-100% MeOH). The column 

was subsequently washed with MeOH-HaO (9:1) and Me0H-H20-H0Ac, yielding 24 

fractions. Known compound 5, 6, 7, and 8 were isolated from original fractions 9, 2, 5, 

and 7, respectively, which were eluted with hexane-EtOAc (49:1). Compound 9 was 

isolated from the original fraction 13 (hexane-EtOAc 19:1 eluate) and 10 from original 

fraction 15 (hexane-EtOAc 9:1 eluate). Fraction 11 (0.81 g, hexane-EtOAc 19:1 eluate) 

was subjected to column chromatography on silica gel (hexane-EtOAc, 93:7) to give 1 

with some impurities. Final purification of 1 (54.0 mg) was performed by washing the 

impure fraction with hexane. Fraction 12 (1.72 g, hexane-EtOAc 19:1 eluate) was also 

subjected to column chromatography on silica gel (hexane-EtOAc, 9:1) to give 2 (274.1 
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mg) as a pure compound. Fraction 7 (0.70 g, hexane-EtOAc, 49:1 eluate) was 

chromatographed over silica gel and eluted with hexane-EtOAc (19:1) to yield 10 sub-

fractions. Combined sub-fractions 7.1-7.3 (527.0 mg) underwent column 

chromatography on silica gel (hexane-EtOAc, 97:3) to yield 3 (38.1 mg). Fraction 14 

(2.14 g, hexane-EtOAc, 9:1 eluate) was subjected to column chromatography (hexane-

EtOAc, 17:3) to fiimish 17 sub-fiBctions. Comb, sub-fiations. 14.11 and 14.12 (170.0 

mg) were chromatogrj^ihed (hexane-EtOAc, 7:3) to produce 8 sub-fractions. Sub-

fraction 14.11.3 was subjected to HPLC [Alltech adsorbosil (5^m) 4.6 x 250 mm 

column; flow rate Iml/min, hexane-EtOAc 43:7] to yield 4 with a retention time of 19.7 

min. 

30 

29 
20 

l22 

25 26 

23 

3P-aceto;Q^-6p-hydn)}Qiaraxasta-20-ene ( 1 R = OAc) 
6p-tiydroxytaraxasta-20-ene (2 R = 0) 
6p-l^dio?Qlaraxasta-20-ene 3 p-pabiitate (3 R = OC>C(CH2)i4CH3) 
3p,6p-diiydroxytaraxasta-20-ene ( 4 R = OH) 

Figure 2.3. Novel taraxastane triterpenoids from Chuquiraga ulicina ssp. ulicina 
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HO 

lupeol (5 R = OH; R* = H) 
lupenyl acetate (6 R = OAc; R' = H) friedelinol (8) 
lupenone (7 R = R' = O) 

3p-acetoxy-30-nor-l»^an-20-one (9 R = OAc) 
30-nor-lupan-3P-ol-20-one (10 R = OH) 

Figure 2.4. Known triterpenoids from C. ulicina ssp. ulicina 



2.4 Characterization of 3p-acetoxy-6p-hydroxytaraxasta-20-ene (1), 6P-hydroxy-

tanixasta-20-eii-3-one (2), 6^-hydroxytanixasta-20-ene J^-palmitate (3), and 

dihydroxytarazasta-20-ene (4) 

Compound 1 was isolated as a white amorphous powder. High resolution EI-MS 

showed the [M^ ] at miz = 484.3921 corresponding to the molecular formula C32HS2O3 

(calc. 484.3916). The IR spectrum indicated the presence of a hydroxy group (3510 cm' 

and an ester functionality (1716 cm''). On the basis of its spectroscopic data, 

compound 1 was assigned to be a taraxastane-type triterpene (Reynolds et aL 1986). The 

'H NMR (pyridine-</s) spectrum showed signals for nine methyl groups, six of which 

were positioned at quaternary carbons as singlets at 8 0.79, 0.98, 1.10, 1.52, 1.59, and 

1.62. One methyl appeared as a doublet at 5 1.04 and one olefinic methyl occurred as a 

singlet at S 1.71. An acetoxy methyl was observed as a singlet at 8 2.08, corresponding 

to the carbon at S 21.2 in the HMQC experiment (see Fig. 2.6), with the acetoxy carbonyl 

occurring at 5 170.7. The signal at 8 4.73 (IH, m) corresponded to a proton geminal to 

the acetoxy group and correlated to the carbon at 5 81.2 (C-3). The multiplet at 5 4.72 

that correlated to the carbon signal at 8 67.6 (C-6) was assigned to a proton geminal to a 

hydroxy group. A broad doublet, appearing at 8 535, corresponded to the only olefinic 

proton present and correlated to the carbon at 5 119.4 (C-21). The C-20 olefinic carbon 

was quaternary and appeared at 5140.0 (see Table 2.2). 

HMQC and HMBC spectra were utilized to assign the positions of the carbons 

and protons in 1. The double bond was established to be located between C-20 and C-21 
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due to HMBC correlations from H-22, H-29, and H-30 to C-20, correlations from H-30 

and H-22 to C-21, and correlations from H-21 to C-17, C-19, C-22 and C-30. The 

acetoxy group was assigned to be at the C-3 position based on the HMBC correlations 

observed from H-3 to the carbonyl carbon, C-2, C-4, C-23, and C-24. In addition, we 

observed that H-23 showed a correlation to C-3. The hydroxy group was assigned to the 

C-6 position based on an HMBC correlation from H-6 to C-8 and a correlation from H-7 

to C-6. The stereochemistry, of both the acetoxy (at C-3) and hydroxy (at C-6) groups in 

I, was assigned to be beta due to the coupling constants noted in the 'H NMR (CDCb) 

[5H 4.50 (IH, ddd, 3 x / s 2.5 Hz, H-6), 4.41 (IH, dd, 7 = 4.8 Hz, 7 = 10.8 Hz, H-3)]. 

This coupling pattern is similar to that of other 6P-OH triterpenes (Aquino et aL 1990) in 

contrast to 6a-OH triterpenes, such as missourin that shows a doublet of a triplet (J = 

II.4, 7.2 Hz) pattern (Wong et aL 1986). The structure of compound 1 was established to 

be the novel taraxastane 3P-acetoxy-6p- hydroxytaraxasta-20-ene. 

H3CCOO' 

Figure 2.5. Selected HMBC correlations for compound 1 
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Compound 2 was isolated as a white amorphous powder. High resolution EI-MS 

showed the [NT ] at nt/z = 440.3669 corresponding to the molecular formula C3oH4«02 

(calc. 440.3654). The IR spectrum indicated the presence of a hydroxy group (3440cm*') 

and a carbonyl group (1706 cm"', 1692 cm"'). The 'H and data (see Table 2.3) for 

compound 2 were similar to those of 1 with the exception that signals for the acetoxy 

group were missing and a signal for a ketone group appeared at 5 = 213.2. The only 

other difference in the '^C NMR data between 1 and 2 occurred for carbons C-1 - C-6, C-

23 and C-24. Carbons 1 - 6 were all shifted downfield in comparison with the same 

positions in 1, with the most marked differences occurring for C-2, C-3, and C-4, 

indicating that the keto group in 2 has replaced the acetoxy group in 1 at position C-3. 

This position was confirmed by HMBC correlations observed from H-1 and H-2 to C-3. 

The hydroxy group at C-6 was also corroborated by HMBC correlations from H-6 to C-8 

and C-10 and from H-S to C-6. On the basis of its spectroscopic data and comparison 

with those of compound 1, compound 2 was assigned to be the novel taraxastane 6P-

hy droxytaraxasta-20-en-3 -one. 

Compound 3 was isolated as a white amorphous powder. High resolution EI-MS 

showed [M^ ] at m/z = 680.6127 corresponding to the molecular formula C46H80O3 (calc. 

680.6107). The IR spectrum indicated the presence of a hydroxy group (3480 cm ') and 

an ester functionality (1708 cm"', 1728 cm"'). The 'H and '^C data (see Table 2.3) for 

compound 3 were identical to that of I, with the only difference being that 3 showed an 

additional group of methylene signals from 5 29.2 to 29.7. This cluster of methylenes is 

typical for a fatty acid chain. In order to identify this fatty acid, compound 3 was 
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saponified and palmitic acid was identified in the acid fraction by comparison of its EI-

MS with a con^uter reference database (MBS ). The structure of 3 was established to be 

6P-hydroxytaraxasta-20-ene 3P-palmitate (3), a novel taraxastane. 

Compound 4 was isolated as a white amorphous powder. High resolution EI-MS 

showed the [NT ] at m/z = 442.3825 corresponding to the molecular formula C30H50O2 

(calc. 442.3811). The IR spectrum indicated the presence of a hydroxy group (3450 cm' 

'). The 'H (see Fig. 2.11) and data (see Table 2.3) for compound 4 were similar to 

those of I, with the major difference being the absence of the acetoxy signals and the 

appearance of a carbon signal at 8c (CDCI3) 79.1 correlating to a proton signal at 5h 

(CDCI3) 3.15 [IH, t, J = 8.0 Hz, H-3]. These data indicated the presence of a second 

hydroxy substituent in 4 when compared with 1. The only other differences occurred in 

the NMR data for C-2 — C-6 and C-24 indicating that the hydroxy group had replaced 

the acetoxy group in 1 at the C-3 position. On the basis of its spectroscopic data and 

comparison with those of compound 1, compound 4 was assigned to be 3P,6P-

dihydroxytaraxasta-20-ene, a novel taraxastane. To our knowledge, this is the first time 

that taraxastane-type triterpenes have shown the presence of a functional group at C-6. 

3^acetoxy-6P- hydroxytaraxasta-20-ene (1). Amorphous powder, [a]^D = 

+25.7 (CHCI3; cO.3); Mp. dec. above 256"; HR-EIMS: 484.3921 (calc. for C32H52O3, 

484.3916); EI-MS m/z (reL int.): 484 [NT] (5), 424 (6), 406 (2), 301 (1), 272 (2), 257 

(3), 229 (6), 205 (81), 187 (88), 175 (20), 161 (18), 151 (26), 133 (39), 123 (100), 107 

(62), 81( 54), 69 (39), 55 (38), 43 (77); IR v„ux cm ': 3510, 2940, 1716, 1264, 920, 868; 



'H NMR (pyridine-Js); See Table 2.2; 'H NMR (CDCI3) 8: 5.23 (IH, W, 7 = 6.6 Hz, H-

21), 4.50 (IH, hddd, 3 x Js 2.5 Hz, H-6), 4.41 (IH, = 4.8, /= 10.8, H-3), 2.03 (3H, 

J, H-OAC), 1.61 (3H, J, H-30), 1.33, 1.23, 1.20 (3 x 3H, j, H-24, H-25, H-26), 0.96 (3H, 

d, J = 6.6 Hz, H-29), 0.91 (3H, s, H-23), 0.89 (3H, j, H-27), 0.71 (3H, 5, H-28); 

NMR: see Table 2.2. 

6p-hydroxytaraxasta-20-en-3-one (2). Amorphous powder, [aj^^o = +7.5 

(CHCI3; cO.5). Mp. 197-201°. HR-EIMS: 440.3669 (calc. for C30H48O2, 440.3654); EI-

MS miz (reL int.); 440 [NT ] (9), 422 (1), 407 (2), 358 (1), 229 (6), 221 (13), 203 (62), 

189 (59), 175 (42), 161 (25), 147 (27), 135 (47), 121 (89), 107 (79), 95 (100), 81 (60), 69 

(60), 55 (78), 43 (86); IR v„«x cm ': 3440, 2940, 1706, 1692, 1458, 1448, 1376; 'H 

NMR (pyridine-Js) 5: see Table 2.3; '^CNMR: see Table 2.3. 

6P- hydroxytaraxasta-20-ene Jfi-palmUate (3). Amorphous powder, [a]"^D = 

+22.4 (CHCI3; cO.8); Mp. 55-58°; HR-EIMS: 680.6127 (calc. for C46H80O3, 680.6107); 

EI-MS m/z (reL int.): 680 [M^ ] (0.5), 424 (9), 406 (6), 391 (5), 257(4), 229 (9), 217 (9), 

205 (100), 187 (96), 153 (28), 135 (37), 123 (84), 109 (58), 95(57), 81 (37), 57 (37), 43 

(31);IRv„«xCm ': 3480,2930,2850, 1728, 1708, 1454, 1374; 'H NMR (pyridine-t/s) 5: 

5.68 (IH, hd,J= 3.0 Hz, OH), 5.35 (IH, d,J = 6.6 Hz, H-21), 4.82 (IH, dd,J = 4J Hz, J 

= 11.3 Hz, H-3), 4.76 (IH, bs, H-6), 2.47 (2H, r, 7 = 7.4 Hz, CH2COO), 1.70 (3H, 5, H-

30), 1.67, 1.63 (2 X 3H, J, H-24, H-26), 1.54 (3H, j, H-25), 1.18 (3H, j, H-23), 1.03 (3H, 

c/, y = 6.3 Hz, H-29), 0.98 (3H, 5, H-27), 0.85 (3H, t,J= 6.0 Hz, CHi(CH2)x ), 0.79 (3H, 

5, H-28); '^CNMR: see Table 2.3. 
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3P,6P- dihyclroxytaraxasta-20-ene (4). Amorphous powder, [a]^'D= +13.4 

(CHCb; cO.2). Mp. 205-209®. HR-EIMS: 442.3825 (calc. for C30H50O2, 442.3811); EI-

MS m/z (reL int.): 442 [VT ] (4), 424 (2), 229 (6), 205 (32), 187 (68), 133 (29), 123 

(100), 107 (59), 95 (66), 81 (71), 67 (50), 55 (54), 43 (58); IR v„ux cm 3450, 2940, 

2880; 'H NMR (CDC13) 5: 5.26 (IH, d,J= 7.2 Hz, H-21), 4.54 (IH, ddd, 3 x y s 2.5 

Hz, H-6), 3.15 (IH, /,y = 8.0 Hz, H-3), 1.64 (3H, j, H-30), 1.36, 1.23, 1.16 (3 x 3H, 5, H-

24, H-25, H-26), 1.06 (3H, H-23), 0.99 (3H, </, J = 6.3 Hz, H-29), 0.93 (3H, j, H-27), 

0.75 (3H, H-28); '^C NMR; see Table 2.3. 
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Table 2.2. and 'H NMR and HMBC correlations for 1 

1 
(pyridine-</s) 

Position 8c 5H hmbc 
la 40.7t 0.99 25,26 
lb 1.17 
2a 24.5t 1.81 3 
2b 1.92 
3 81.2d 4.73OT 5,23,24 
4 39.1s 3,5,23,24 
5 56.0d 0.88 7b,23,24,25 
6 67.6d 4.72m 5,7b 
7a 42.3t 1.64 
7b 1.87 
8 40.7s 6,15b,27 
9 51.3d 1.43 7b,25,26 
10 37.0s 5,6,9,25 
11a 22.0t 1.43 9 
l i b  1.61 
12a 28.lt 1.28 
12b 1.65 
13 38.6d 1.73 18,27 
14 42.7s 7b,12a,16a,16b,26,27 
15a 27.4t 1.02 27 
15b 1.87 
16a 37.lt 1.19 15b,28 
I6b 1.33 
17 34.6s 18,21,28 
18 49. Id 1.11 12a, 16a, 16b,28,29 
19 36.5d 1.61 18,21,29,30 
20 140.0s 22,29,30 
21 119.4d 5.35 J (6) 22,30 
22a,b 42.5t 1.57 18,21,28 
23 27.8q 1.10$ 3,24 
24 18.6q 1.59J 3,5,23 
25 18.1q 1.525 9 
26 17.lq 1.62s 9 
27 15.2q 0.9&S 15b 
28 18.0q 0.79J 16b, 18 
29 22.9q 1.04</(6) 18 
30 21.9q 1.715 21 
OOCMe 170.7s 3 
OCX:Me 21.2q 2.085 
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Table 2^. "C NMR for 2,3, and 4; 'H NMR and HMBC correlations for 2. 

2 3 4 
(pyridine-Js) (pyridine-</s) (CDClj) 

Position 5c 5h hmbc 5c 5c 
la 42.2t 1.11 2a 40.6t 40.7t 
lb 1.16 
2a 34.8t 2.37*//(4,12) 1 24.6t 27.5t 
2b 2.96J/(6,14) 
3 213.2s l,2a,2b,23,24 Sl.Od 79. Id 
4 49.4s 5,23,24 39.2s 39.6s 
5 56.8d 1.26 23,24 56.0d 55.5d 
6 68.5d 4.67hy 5 67.6d 69.0d 
7a 42.5t 1.65 5 42.3t 42.0t 
7b 1.85 
8 40.7s 6,26,27 40.6s 40.7s 
9 5I.0d 1.46 25 51.2d 51.Id 
10 37.2s l,2b,5,6,25 37.0s 36.6s 
I l a  22.2t 1.44 9 22.0t 21.7t 
l i b  1.64 
12a 28.0t 1.34 28.lt 27.7t 
12b 1.70 
13 38.6d 1.74 18,27 38.6d 38.4d 
14 42.8s 26,27 42.7s 42.5s 
15a 27.4t 1.0! 27 27.4t 27.lt 
15b 1.86 
16a 37.0t 1.13 28 37.lt 36.6t 
16b 1.30 
17 34.6s 21,22,28 34.6s 34.4s 
18 49. Id 1.10 22,28,29 49. Id 48.8d 
19 36.5d 1.64 21 36.5d 36.3d 
20 139.9s 22,29,30 140.0s 139.8s 
21 119.4d 5.36J(6) 22,30 119.4d 118.9d 
22 42.5t 1.58 21,28 42.5t 42.2t 
23 25.2q I.36J 5,24 27.9q 27.6q 
24 23.9q 1.685 5,23 18.7q 16.9q 
25 17.2q 1.67s 5 18.0q 17.8q 
26 17.2q 1.65J 7a 17.1q 17.2q 
27 I5.1q 0.94s 15b 15.2q 15.0q 
28 18.0q 0.80s 18 17.9q 17.7q 
29 22.8q 1.03c/(6) 18 22.8q 22.5q 
30 21.8q 1.70s 21 21.8q 21.6q 
OOC(CH2)i4CH3 170.5s 
00C(CH7),4CH3 32.lt 

30.0-29.4t 
25.6t 
23.0t 

OOC(CH,).XH. 14.3q 
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2.5 Spectral data for 3p-acetozy-6p-hydroxytaraxasta-20-ene (1), 6p-hydrozy-

tanixasta-20-en-3-oae (2), 6^hydroxytarauista-20-ene jp-palmitate (3)* and 3^^^-

dihydrosytaraxasta-2(K^e (4) 

HMQC, HMBC, and 'H NMR spectra for 3P-acetoxy-6P-hydroxytaraxasta-20-

ene (1) are included here along with the 'H NMR spectra for 6P-hydroxy-taraxasta-20-

en-3-one (2), 6p-hydroxytaraxasta-20-ene 3P-palmitate (3), and 3P,6P-dihydroxy 

taraxasta-20-ene (4). Details regarding NMR instrument information are included in the 

Experimental section. 
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Figure 2.7. HMQC spectrum of 3P-acetoxy-6P-hydroxytaraxasta-20-ene (1) 
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Figure 2.8. Upfield expansion of HMQC spectrum for 3p-acetoxy-6p-hydroxy-
taraxasta-20-ene (1) 
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Figure 2.10. Downfield expansion of HMBC spectrum of 3^acetoxy-6^hydroxy-
taraxasta-20-ene (1) 
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Figure 2.13. 'H NMR spectrum of 3^,6^-dihydroxytaraxasta-20-ene (4) 
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2.6 Characterization of Lupeol (5), LupeoyI acetate (6), and Lupenone (7) 

Lupeol (5) was isolated as a white amorphous powder and had a melting point of 

211-214®C [lit. mp 215® (Budavari 1996)]. The molecular fonnula, C30H50O (m/r 426) 

was derived using mass spectral data These data also showed a relatively strong 

fragment ion at mJz 218 which is typical for the lup-20(29)-enes (Shiojima et al. 1992). 

The 'H NMR spectrum displayed 7 methyl groups, one exomethylene group, and an 

oxygenated methine. Identification of 5 as lupeol was based on comparison of mass 

spectral data, 'H NMR, and NMR data (see Table 2.4) with that repotted in the 

literature (Wenkert et aL 1978). 

Compound 6 was isolated as colorless crystals. EI-MS showed the [M^ ] at m/z 

468 corresponding to the molecular formula C32HS2O2. The 'H NMR indicated the 

presence of eight methyl groups with the methyl protons at 8 2.01 suggesting the 

presence of an acetoxy group. An exomethylene group and one oxygenated methine 

were also seen in the NMR EIMS fragmentation patterns were similar to that of 

lupeol with the addition of an obvious loss of 60 from miz 468 [M^ ] to 408, supporting 

the presence of an acetoxy group. Identification of 6 was made based on con^arison of 

'H NMR, *^C NMR (see Table 2.4), and mass spectral data with that of lupeol (5) and 

with data reported in the literature (Wenkert et aL 1978). 

Lupenone (7) was isolated as a white amorphous powder. EI-MS showed the 

[M]^ at m/z 424 possibly corresponding to the molecular formula C30H48O. 'H NMR 

indicated the presence of seven methyl groups and an exomethylene moiety while '^C 
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NMR displayed a ketone at S 218.1. Comparison of NMR and MS data \^ith that of 

lupeol (5) and with that reported in the literature (Wenkert et aL 1978) confirmed the 

identification of conqjound 7 to be lupenone (see Table 2.4). 

Liq)eol (5), hipenone (6), and lupenyl acetate (7) are some of the most widespread 

terpenes in nature. Lupeol has shown several biological activities in the literature 

including antimutagenic activity using the micronucleus test (Guevara et aL 1996) and 

antiplasmodial actions versus Plasmodium falciparum and P. berghei both in vivo and in 

vitro, respectively (Alves et al. 1997). They have been isolated from a wide variety of 

plants from many differing families such as Asteraceae and Apocynaceae. 

Lupeol iS). 'H NMR (300MHz, CDCb) 5 (ppm): 0.76 (3H, s), 0.79 (3H, 5), 0.83 

(3H, s), 0.94 (3H, s), 0.96 (3H, s), 1.03 (3H, s), 1.68 (3H, 5), 2.76 (IH, dt, y=5.7Hz, 

y=ll.lHz, H-), 3.18(1H, dd, J=5J, 7=10.8, H-), 4.56 (IH, hd, 7=2.7, H-), 4.68 (IH, be/, 

7=2.7, H-); '^C NMR (300MHz, CDCI3) S (ppm): See Table 2.4;. EIMS m/z (reL int.): 

426 [Mf (20), 411 (9), 393 (3), 315 (8), 257 (9), 218 (76), 207 (63), 189 (85), 135 (75), 

121 (75), 109 (80), 95(100), 81 (96), 69 (76), 55 (78), 44 (68). 

Lupenyl acetate (6). 'H NMR (300MHz, CDCI3) 5 (ppm): 0.76 (3H, j), 0.81 (3H, 

5), 0.82 (3H, s), 0.83 (3H, s\ 0.91 (3H, s), l.OO (3H, s), 1.66 (3H, s), 2.01 (3H, s), 2.33 

(dt, 7= 5.7Hz, 7=ll.4Hz), 3.61 (dd, 7=5.7Hz, 7=l0.2Hz), 4.54 (IH, bd, 7=2.IHz), 4.66 

(IH, be/, 7=2.1 Hz); ''C NMR (300MHz, CDCI3) 5 (ppm): See Table 2.4; EIMS w/z (reL 

int.): 468 [Mf (2), 453 (1), 408 (0.4), 393 (I), 357 (I), 276 (I), 257 (1), 249 (3), 229 

(3), 218 (10), 203 (10), 189 (28), 121 (25), 107 (27), 93 (29), 43 (100). 



Lupenone (7). 'H NMR (300MHZ, CDCI3) 8 (ppm): 0.78 (3H, j), 0.91(3H,j), 

0.94(3H, s), 1.01 (3H, j), 1.05 (6H, j),1.66 (3H, s), 2.42 (m), 4.55 (IH, W, 7=2. IHz), 

4.67 (IH, b</, 7=2.1 Hz); 'H NMR (300MHz, pyridine-</s) 5 (ppm): 0.82 (3H, j), 0.87 

(3H, j), 0.96 (3H, j), 1.02 (3H, s\ 1.05 (3H, s), 1.13 (3H, s), 1.74 (3H, s), 2.49 (m), 4.74 

(IH, hs), 4.89(1 H, hs); ''C NMR (300MHz, CDCI3) 5 (ppm): See Table 2.4; EIMS/n/z 

(rel. int.): 424 [M]^ (20), 409 (9), 381 (1), 368 (2), 342 (2), 313 (11), 257 (8), 245 (29), 

218 (83), 205 (90), 189 (52), 135 (48), 121 (66), 109 (93), 95 (100), 81 (83), 55 (67). 

2.7 Characterization of Friedeiinol (8) 

Compound 8 was isolated as a white amorphous solid. EI-MS showed the [M]^ 

at m/z 428 possibly corresponding to the molecular formula C30H52O. The 'H NMR 

spectra showed the presence of eight methyl groups, one appearing as a doublet at 5 0.92 

and one oxygenated methine at 5 3.17. The '^C NMR spectra indicated a total of 30 

carbons, and this data is indicative of a pentacycUc triterpcne (see Table 2.4). 

Comparison of the data with that of the published literature (Ho et al. 1995) established 

the structure of 8 to be friedelinoL Friedeiinol is a widely distributed terpene throughout 

nature. It has been isolated from numerous higher plants including the Chinese plant 

Triumfena bartramia (Tiliaceae). 

Friedeiinol (8). 'H NMR (300MHz, CDCI3) 5 (ppm): 0.84 (3H, s), 0.92 (3H, d, 

7=7.2Hz, H-23), 0.92 (3H, s), 0.94 (3H, s), 0.97 (3H, s), 0.97 (3H, s\ 0.98 (3H, s), 1.15 

(3H, j), 1.71 (IH, dt, 7=3.0 Hz, 7=12.9 Hz, H-2a), 1.88 (IH, dt, 7=3.0 Hz, 7=9.9 Hz, H-
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2b), 3.17 (IH, be/, J=2A Hz, H-3); '^C NMR (300MHz, CDCI3) <5(ppm): See Table 2.4; 

EIMS miz (reL int.): 428 [M]^ (7), 413 (11), 395 (3), 341 (1), 304 (2), 289 (2), 275 (30), 

231 (34), 220(32), 191 (30), 177(40), 165 (96), 123 (67), 109(78), 95 (100), 81 (77), 69 

(83), 55 (61). 

2.8 Characterization of 3p-acetoxy-30-nor-lupan-20-one (9) and 30-nor-iupan-3P-

oi-20-one (10) 

Compound 9 was isolated as a white amorphous solid. EI-MS showed the [M]^ 

at m/z 470 possibly corresponding to the molecular formula C31H50O3. The 'H NMR data 

indicated the presence of one oxygenated methine and eight methyl groups, one of which 

is part of an acetoxy group appearing at ^(CDCb) 2.15 and one other is positioned next to 

a ketone, appearing at 5(CDCl3) 2.04. The '^C NMR spectra showed one ester carbonyl 

carbon at 5 170.6, one ketone carbonyl carbon at 5 217.1, one oxygenated methine at 5 

80.7 (see Table 2.4). All of these data combined along with comparison of these data to 

those of lupenyl acetate, allowed for determination of the structure of 9 as 3P-acetoxy-30-

nor-iupan-20-one. Con^arison with literature data (Hui et aL 1977) confirmed this 

structure. 

Compound 10 was isolated as a white amorphous solid. EI-MS showed the [M]^ 

at m/z 428 possibly corresponding to the molecular formula C29H48O2. The 'H and '^C 

NMR data were very similar to that of 9. The major difference was the lack of an 

acetoxy group in 10. The 'H NMR displayed seven methyl groups and one oxygenated 
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methine, while the '^C NMR showed one ketone carbonyl at 5 215.6 and the oxygenated 

methine at 5 78.9 (see Table 2.4). Comparison with data from 9 and with the published 

literature (Thompson and Bowers 1968; Wenkert et aL 1978) confirmed the structure of 

10 to be 30-nor-lupan-3P-ol-20-one. 

3P-acetoxy-30-nor-lupan-20-one (9) was first found in Claoxylon polot during a 

chemical study of Hong Kong species from the family Euphorbiaceae, and was later 

isolated from other sources including Euphorbia maculata (Hui et aL 1977). 30-nor-

lupan-3P-ol-20-one (10) was first synthesized (Ruzicka and Rosenkranz 1942) and later 

isolated as a natural product in 1968 from the coating of the castor bean {Ricinus 

communis L.) (Thompson and Bowers 1968). 

3^acetoxy-30-nor-lupan-20-one (9). 'H NMR (300MHz, CDCI3) S (ppm): 0.77 

(3H, s), 0.83 (6H, s), 0.84 (3H, s), 0.96 (3H, s), 1.02 (3H, j), 2.04 (3H, j, H-29), 2.15 

(3H, 5, -CX:0CH3), 2.57 (IH, dt, y=5.7Hz, y=10.8Hz, H-2a or b), 4.47 (IH, dd, y=5.7Hz, 

y=10.8Hz, H-3); 'H NMR (300MHz, benzene-Jfi) 8 (ppm): 0.68 (3H, s), 0.76 (3H, s), 

0.88 (3H, s), 0.90 (3H, s), 0.94 (3H, s), 0.96 (3H, s), 1.75 (3H, H-29), 1.86 (3H, j, -

OCOCH3), 2.34 (IH, m, H-2a or b), 4.69 (IH, dd, y=4.8Hz, J=l 1.7Hz, H-3); NMR: 

See Table 2.4; EIMS m/z (reL int.): 470 [M]* (2), 452 (0.3), 410 (16), 395 (8), 367 (14), 

341 (4), 328 (4), 283 (5), 259 (3), 231 (6), 203 (15), 189 (57), 175 (19), 163 (18), 147 

(16), 136 (27), 121 (26), 107 (27), 95 (29), 81 (27), 69 (20), 55 (16), 43 (100). 

30-nor-lupan-3P-oI-20-one (10). 'H NMR (300MHz, CDCI3) 5 (ppm): 0.74 (3H, 

s), 0.75 (3H, s), 0.80 (3H, s), 0.94 (6H, s), 0.99 (3H, s), 2.13 (3H, s), 2.55 (IH, dt. 



J=5.7Hz, J=11.1H2), 3.17 (IH, dd, J=5.lHz, J=ll.lHz); '^C NMR: See Table 2.4; 

EIMS m/2 (reL int.); 428 [M]^ (5), 410 (16), 395 (6), 367 (8), 341 (2), 259 (6), 231 (9), 

207 (33), 189(76), 175 (25), 163 (22), 147 (19), 135 (26), 121 (28), 107 (33), 95 (37), 81 

(38), 67 (32), 55 (31), 43 (100). 

Table 2.4. NMR data for lupeol (5), liq)enyl acetate (6), lupenone (7), fiiedelinol 
(8),3p-acetoxy-30-nor-liipan-20-one (9), and 30-iior-liipan-3P-ol-20-one (10). 

Position 5' 6* r 8" 9" 10* 
1 38.71 38.41 39.61 15.8t 38.5 t 38.61 
2 27.41' 23.71 34.11 35.2 t 24.01 27.21= 
3 78.9 d 80.9 d 218.1 s 72.7 d 80.7 d 78.9 d 
4 38.8 s 37.8 s 47.3 s 49.1 d 38.0 s 38.9 s 
5 55.2 s 55.4 s 54.9 s 37.8 s 55.5 d 55.2 d 
6 18.3 t 18.2t 19.7 t 41.7t 18.41 18.3 t 
7 34.21 34.2 t 33.5 t 17.5 t 34.3 t 34.21 
8 40.8 s 40.8 s 40.7 s 53.2 d 40.9 s 40.7 s 
9 50.4 d 50.3 d 49.7 d 37.1 s 50.3 d 50.2 d 
10 37.1 s 37.1 s 36.8 s 61.3 d 37.2 s 37.1 s 
11 20.91 20.91 21.4t 35.5 t 21.0t 20.91 
12 25.1 t 25.1 t 25.1 t 30.61 27.41" 27.3 
13 38.0 d 38.0 d 38.1 d 39.7 s 37.2 d 37.0 d 
14 42.8 s 42.8 s 42.8 s 38.3 s 42.8 s 42.7 s 
15 27.4 27.41 27.41 32.3 t 27.61 27.4 t= 
16 35.5 t 35.5 t 35.5 t 36.1 t 35.2 t 35.01 
17 42.9 s 43.0 s 43.0 s 30.0 s 43.2 s 43.1 s 
18 48.2 d 48.3 d 48.2 d 42.8 s 49.6 d 49.7 d 
19 47.9 d 48.0 d 47.9 d 35.3 t 52.4 d 52.6 d 
20 150.9 s 150.9 s 150.8 s 28.2 s 217.1 s 215.6 s 
21 29.81 29.8 t 29.81 32.8 t 27.8 27.6 
22 39.91 40.01 39.91 39.3 t 40.1 t 39.81 
23 28.0 q 27.9 q 26.6 q 11.6q 28.0 q 28.0 q 
24 15.3 q 16.5 q 21.0q 16.4 q 16.8 q 15.4 q 
25 16.1 q 16.2 q 15.8 q 18.2 q 16.2 q 16.1 q 
26 15.9 q 16.0 q 16.0 q 18.6 q 16.0 q 15.9 q 
27 14.5 q 14.5 q 14.5 q 20.1 q 14.6 q 14.5 q 
28 18.0 q 18.0 q 18.0 q 32.1 q 18.1 q 18.0 q 
29 109.3 t 109.3 t 109.41 31.8 q 
30 19.3 q 19.3 q 19.3 q 35.0 q 29.3 q 29.2 q 
OCOCH3 171.0s 170.6 s 
OCOCH3 21.3 q 21.1 q 

® In CDCI3, In pyridine-ds, Interchangeable 
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2.9 Biological Activity 

The crude extract of C. ulicina showed a 34% inhibition of the H37RV (ATCC 

27294) strain of Mycobacterium tuberculosis in the BACTEC 460 system (See 

Experimental section) (Collins and Franzblau 1997). Bioactivity guided fractionation 

lead to the isolation of lupeol (5) which had a minimum inhibitory concentration (MIC) 

of 64 ^M. No other compounds were isolated showing further antitubercular activity. 

In a routine screen, compounds 1-4 were tested for in vitro antimicrobial 

activities against methicillin-sensitive (MSSA) and -resistant (MRSA) Staphylococcus 

aureus, vancomycin-resistant Enterococci faecium (VREF), E. coli, E. coli imp (a mutant 

strain with increased permeability to large molecular weight compounds) and Candida 

albicans by the agar diffusion method. None of the compounds tested showed activity in 

these tests. 
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III. CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITY 

OF SPHACELE SAL VIAE 

3.1 Introduction 

Sphacele salviae, a member of the rosemary and sage family, Lamiaceae, is found 

in the valley regions and coastal mountains of central Chile. It is a shrub locally referred 

to as "salvia blanca" (white sage) and is sometimes confused with authentic sage {Salvia 

officinalis L.). S. salviae has been used medicinally for both traditional and modem 

purposes. Traditional uses include treatment of cases of facial paralysis by massaging the 

face with leaves and an infusion of the leaves on and around the affected area and as an 

overall tonic treatment (Farga and Lastra 1988). Contemporary use as an anticancer 

therapy has been developing and the herb is now being sold in the market in Santiago for 

this purpose (Montenegro 1999; Montenegro and Timmermann 2000). 

To my knowledge, there are no chemical investigations available on S. salviae 

however there is a report in the literature on biological activity in this species. An extract 

of the leaves and stems was shown to inhibit growth of the fungus Acremonium 

falciforme while showing no inhibition against Candida albicans (Lazo 1990). The only 

chemical work reported for the genus is a brief GC-MS study of the essential oil of the 

related species S. chamaedryoides. The authors found a wide variety of monoterpenes 

and sesquiterpenes present in the oil with the major constituents being a-phellandrene, P-

caryophyllene, T-cadinol, spathulenol, limonene, and y-cadinene (Valenzuela et al. 1991). 



The chemical investigation of 5. salviae performed here yielded large amounts of 

two known abietane diteipenes, camosol (11) and rosmadial (12), and one known 

triterpene, ursolic acid (13). Both diterpenes have been isolated previously from the 

commonly used herbs. Salvia officinalis L. (sage) and Rosmarinus officinalis L. 

(rosemary) also of the Lamiaceae. Both rosmadial and ursolic acid have shown activity 

in an ant^roliferative assay performed by our collaborators at Wyeth Ayerst Research 

Laboratories. Camosol (11) has shown documented antitumorigenic activity versus rat 

manunary tumorigenesis in the literature (Singletary et al. 1996). Rosmadial (12) is 

biosynthetically interesting due to the seco-diterpene skeleton, which might be formed by 

an oxidative cleavage at the C-6/C-7 position of the abietatetraene structure. This 

skeleton is derived from abietatriene compounds such as camosol (11) and rosmanol 

(Nakatani and Inatani 1983). Ursolic acid is ubiquitous in higher plants and has shown 

several biological activities in the literature including antitumor, anti-HIV, and antifungal 

potential Inhibition of skin timiorigenesis has been documented in several publications 

(Liu 199S);(Tokuda et aL 1986) including a study of rosemary, camosol, and ursolic acid 

(Huang et al. 1994). Inhibition of the proliferation of cultured tumor cells, including 

human lung, ovary, and skin has also been observed (Kim et al. 1998). It has also been 

shown to inhibit HIV-1 protease, an essential enzyme in the maturation of infectious 

virions for HIV-1, showing a possible benefit in the treatment of AIDS (Min et al. 1999); 

and has also demonstrated an ability to inhibit chitin synthase II, an essential enzyme in 

fungal septum formation and cell wall maturation, hence showing possible use as an 

antifungal agent (Jeong et al. 1999). Rosemary has documented antitumorigenic activity 
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and antioxidant activity (Singletary et aL lS^),(Wu et aL 1982), and three of the known 

constituents with antitumor activity from rosemary have been isolated from S. scdviae. 

Thus, it is interesting to note that in this case the ethnobotanical use has been shown to be 

consistent with the chemical and biological literature. 

OH OH 

Camoson 11) 

\ fiXHO 

Rosniadial( 12) 

HO 

COOH 

Ursolic Acid ( 13) 

Figure 3.1 Known terpenoids isolated from S. salviae 



65 

3.2 Extraction and Isolation 

The aerial parts of S. salviae were collected in Chile on February 13, 1993 (33°0* 

S, 70°0' W, Avenida San Carlos de Apoquindo, Departamento Santiago, Region 

Metropolitana) and identified by Gloria Montenegro and Liliana Iturriaga. A voucher 

specimen (No. 0156) was deposited in the Herbarium of the Pontificia Universidad 

Catolica de Chile, Santiago, Chile. 

Air-dried, ground material of the aerial parts of S. salviae (1 kg) was extracted 

with dichloromethane (DCM)-MeOH 1:1 to yield 83 g of crude extract. One gram of the 

crude extract was submitted for biological testing in a battery of assays at Wyeth Ayerst 

Research Labs, and activity was seen in the oncology cell-based assay. The remaining 

extract was then subjected to normal phase silica gel (7.5 ^ 70 cm, silica gel 60, 63-200 

mesh) column chromatography and eluted with an acetone-hexane gradient with a MeOH 

wash. Twelve fractions were produced and samples of each were sent for follow-up 

testing in the Wyeth Ayerst Research Labs oncology screen; fractions 6-10 all showed 

activity. 

Fraction 6 (6.80 g) was subjected to silica gel (5 ^ 36 cm) column 

chromatography and eluted with an EtOAc (ethyl acetate)-hexane gradient with an 

EtOAc-MeOH (4:1) wash. Fifteen fractions were collected and the fourth fraction (0.690 

g) was further chromatographed over silica (2^31 cm, silica gel 60, 40-63 mesh) to yield 

camosol (11, 14.3 mg). It was crystallized again from original Fraction 7 in the amount 

of 56.1 mg. Fraction 7 (6.29 g) was subjected to a silica gel column (5 34 cm), eluted 

with an EtOAc-hexane gradient to yield 20 fractions from which rosmadial (12, 7.5 mg) 
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was crystallized. Fractions 8, 9, and 10 were combined (11.1 g) and chromatographed 

over a silica gel (T.S^TOcm) column, eluting with an EtOAc-hexane gradient, followed 

by an EtOAc-MeOH (4:1) wash. Fifteen fractions were collected and an abundant 

precipitate (0.648 g) with some impurity formed. Normal phase silica HPLC 

(Econosphere Sil lOu) was utilized to obtain ursolic acid (13). 

3.3 Characterizatioa of Carnosol (11) and Rosmadial (12) 

Compound 11 was isolated as colorless rectangular crystals in CDCIj-MeOH and 

had a melting point of 232-234° [lit. 232-235°C (Amaro-Luis 1997)]. El-MS showed the 

[M]^ at miz 330 corresponding to the molecular formula C20H26O4. The 'H NMR 

spectrum showed signals due to four methyl groiqis, two appearing as doublets (5 1.16, 

J=1 Hz) and a methine coupled as a septet (5 3.21, J=1 Hz) suggesting the presence of an 

isopropyl group, in addition to one oxygenated methine (5 5.37) and an aromatic proton 

(5 6.62). The NMR spectrum indicated the presence of 20 carbons including a 

lactone carbonyl at 5 178.4. All these data suggest an abietane diterpene with an 

aromatic component. The carbonyl was placed at C-20 by HMBC correlations from H-

la and H-7. Correlations from H-7 and H-16 placed the protonated aromatic carbon at 

position 14. Comparison of the physical and spectral data with those reported in the 

literature allowed identification of compound 1 as camosol. Camosol (1) was originally 

isolated in 1942 from Salvia camosa DougL and the structure then revised and confirmed 

in 1964 by Brieskom, et aL (Brieskom et aL 1964). 
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Compound 12 was crystallized as colorless needles from CDCI3. Mass spectral 

data displayed the [M]^ at miz 344 corresponding to the molecular formula C20H24OS. 

The 'H NMR spectrum indicated the presence of four methyl groups and one methine 

splitting into a septet (5 3.35, 7=6.5 Hz) again suggesting an isopropyl group, one 

aromatic proton (5 7.40), and two aldehyde protons (8 9.66, 9.77). '^C NMR conferred 

the presence of 20 carbons and confirmed two aldehyde fimctionalities (see Table 3.1). 

These data pointed towards the aromatic abietane diterpene skeleton, similar to camosoL 

Comparison with literature data allowed assignment of compound 12 as rosmadial. 

Rosmadial (12) was originally isolated from the leaves of rosemary {Rosmarinus 

officinalis L.). 

Data of Camosol (11). 'H NMR: in table; '^C NMR: See Table 3.1; EIMS m/z 

(rel. int.): 330 [Mf (18), 287 (100), 272 (19), 246 (15), 215 (81), 202 (51), 174 (35), 

153 (27), 141 (30), 128 (42), 115 (51), 91 (34), 69 (47), 55 (50), and 43 (80). 

Data of Rosmadial (12). 'H NMR (500MHz, CDCI3) 8 (ppm): 1.28 (6H, d, J=6.5 

Hz, H-16 and H17), 1.29 (3H, s, H-19), 1.50 (3H, j, H-18), 1.55 (IH, m, H-2eq), 1.61 

(IH, m, H-3eq), 1.70(1H, w, H-leq), 1.90(1H, dt,J=2.S Hz,7=13.5 Hz, H-3ax), 2.10 

(IH, tq, 7=2.5 Hz, 7=13.5 Hz, H-2ax), 2.27 (IH, dt, 7=3.5 Hz, 7=13.5 Hz, H-lax), 3.35 

(IH, sept, 7=6.5 Hz, H-15), 4.10 (IH, j, H-5), 7.40 (IH, 5, H-14), 9.66 (IH, s, H-6), 9.77 

(IH,5, H.7); ''CNMR: See Table 3.1; EIMS m/z (rel. int.): 344 [Mf (21), 329 (4), 

326 (2), 316 (11), 301 (5), 287 (100), 273 (19), 231 (20), 219(10), 205 (8), 189 (6), 164 

(15), 145(15), 137(8), 117 (8), 97 (11), 83 (17), 69 (16); FAB^MS: 345 [MH*]. 



68 

Table 3.1. 'H, and ''C NMR, COSY, and HMBC correlations for camosol (11); ''C 
NMR spectral data for rosmadial (12). 

llfCDCh + CD,OD) 12 fCDCh) 
Position 5c s„ COSY HMBC 5c 
la 27.4t 2.50dt(4.5, 14) Hip, H2a, H2p C9, C20 3l.5t 
IP 2.79dq(1.5, 14) Hla, H2a, H2P C3, C5 
2a 17.5t 1.60dquin(3.5. 14) Hla,Hip, H2P, 

H3a, H3p 
C3 16.6t 

2P 1.91tq(3.5, 14) HIa,Hip, H2a, 
H3a, H3p 

3a 39.7t 1.28dt(3.5, 13.5) H2a, H2P, H3P C19 40.2t 
3|3 1.50dq(1.5, 13.5) H2a, H2P, H3a 
4 34.7s 34.0s 
5 44.3d l.70dd(5.5, 10.5) H6a, H6p C4, C7, C9 61.2d 
6a 28.4t 2.18ddd(4, 6. 14) H5, H6p C4, CI, C8 202. Id 
6P 1.86ddd(1.5, 11, 13.5) H5, H6a C5 
7 77.4d 5.37dd(1.5, 4) H6a, H6P C5, C8, C9, 

C14. C20 
192.0d 

8 132.2s 124.1s 
9 121.8s 135.9s 

10 48.5s 48.3s 
11 143.4s* 142.5s 
12 142.7s* 141.1s 
13 134.9s 131.7s 
14 110.4d 6.62s C7, C9,C12, 

C15 
131.2d 

15 25.4d 3.21sept(7) H16 C12,C13,C14, 
C16 

27.0d 

16 21.0q 1.16d(7) H15 C13,C15,C16 22.3q' 
17 18.0q 1.16d(7) H15 C13,C15,C16 22. Iq' 
18 30. Iq 0.84s 33.3q 
19 21.0q 0.82s C3,C4,C5.C18 23.9q 
20 178.4s 177.0s 
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3.4 Characterization of Ursolic acid (13) 

Compound 13 was isolated as a white precipitate. EI-MS showed the [M]^' at miz 

456 corresponding to the molecular formula C30H48O3. The 'H NMR spectra indicated 

the presence of seven methyl groups, with two appearing as doublets at S 0.87 and 0.95, 

one oxygenated methine at 5 3.20 and one double bond methine at 5 5.24. The NMR 

spectrum indicated an acid carbonyl carbon at 5 180.4. All data led to the structure of 13 

to be that of ursolic acid, a pentacyclic triterpene that is ubiquitous in nature. However, 

comparison of the data with that in the literature showed discrepancies. The 2D-NMR 

techniques HSQC and HMBC were utilized to finalize the structiu'e and prove it to be 

ursolic acid. Discrepancies with literature data may be due to the fact that the data was 

collected in a different solvent system than the data collected in this study. 

Ursolic ac/V/(13). 'H NMR and (500MHz, CDCI3 + CD3OD) 5(ppm): 0.78 (3H, 

J, H-24), 0.83 (3H, J, H-26), 0.87 (3H, d, J=6.5 Hz, H-29), 0.93 (3H, H-25), 0.95 (3H, 

d, J=6.5 Hz, H-30), 0.98 (3H, 5, H-23), 1.10 (3H, H-27), 2.20 (IH, d, J=l 1.4 Hz, H-

18), 3.20 (IH, dd, J=9.5 Hz, 7=7 Hz, H-3a), 5.24 (IH, /, 7=3.5 Hz, H-12); '^C NMR 

(125 MHz, CDCI3 + CD3OD) S (ppm): 38.9 (C-1), 26.9 (C-2), 78.8 (C-3), 38.8 (C-4), 

55.4 (C-5), 37.1 (C-6), 33.2 (C-7), 39.5 (C-8), 47.8 (C-9), 30.8 (C-10, C2I, or C22), 23.5 

(C-11), 125.7 (C-12), 138.4 (C-13), 42.3 (C-14), 28.2 (C-15), 18.4 (C-16), 47.6 (C-17), 

53.1 (C-18), 39.2 (C-19), 39.3 (C-20), 27.9 (C-10, C-21, or C-22), 36.9 (C-IO, C-21, or 

C-22), 28.2 (C-23), 15.7 (C-24), 15.5 (C-25), 17.1 (C-26), 23.7 (C-27), 180.4 (C-28), 

17.1 (C-29), 21.1 (C-30); FAB^MS: 457 [MH"]; EIMS m/z(rel. int.): 248 [Mp (54), 
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207 (22), 203 (34), 189 (12), 175 (8), 147 (11), 133 (58), 119 (28), 105 (30), 81 (38), 69 

(56), 55 (83), 43 (100). 

3.5 Biological Activity 

None of the compounds were active in the oncology induction assay for 

transcr^tion inhibitors. However, both rosmadial (12) and ursolic acid (13) were active 

in the antiproliferative assay which measures cytotoxicity after 72 hours incubation with 

the compound. Rosmadial was active at 10 ug/ml while ursolic acid was active at 3 

ug/ml. 



IV. CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITY 

FROM GREIGIA SPHACELATA 

4.1 Introduction 

Greigia sphacelata, locally known in Chile as "chupon" or "quiscal," is a member 

of the pineapple family, Bromeliaceae (Will and Georg 1999). This family includes 26 

genera located throughout Central and South America (Mabberley 1997), six of which 

can be found in Chile. Greigia is unique within the Bromeliaceae in that, along with 

Fasciculaha bicolor, it forms the southern limit of the family's distribution. The genus is 

recognized today to contain 32 species, three of which are endemic to the northern part of 

southern continental Chile, including G. sphacelata. G. sphacelata is the most common 

species in Chile and can be distinguished from the other Chilean species by its coarse 

spines along the entire leaf-blade (Will and Georg 1999). 

This species was collected in central Chile by utilizing the random collection 

strategy followed by the National Cancer Institute (NCI). The fruits are collected by 

locals and sold in markets for their sweet juicy pulp, which is said to be similar to 

pineapple. However, no documented medicinal uses have been found for this genus in 

the literature or by our Chilean collaborators in the field. In cytotoxicity screens done in 

cooperation with Wyeth Ayerst Research Labs, the crude extract of G. sphacelata 

showed activity. 

No chemical investigations or biological activities have been reported for the 

entire genus Greigia. In this study nine compounds, including two novel structures, were 
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isolated from G. sphacelata. The isolated compounds included two novel flavanones, 

5,7,3'-trihydroxy-6,4',5',-trimethoxy flavanone (14) and 5,3'-dihydroxy-6,7,4',5'-

tetramethoxy flavanone (15), as well as four known phenylpropanoids, l,3-C)-di-/ra/i5-/7-

coumaroylglycerol (16), l-0-(/>-hydroxy-/mns-cinnamoyl)glycerol(17), mixture of 

feruloyldocosanoyOglycerol and l-(ai-feruloyltetracosanoyl)glycerol (18), and trans-

ferulic acid 22-hydroxy docosanoic acid ester (19) and three known triterpenoids, 

arborinone (20), arborinol (21), and isoarborinol (22). 

OH 

H3O 

OCH3 

OCH3 

OH O 

5,7,3*-trihydroxy-6,4',5*,-trimethoxy flavanone (14) R = OH 
5,3'-dihydroxy-6,7,4',5'-tetramethoxy flavanone (15) R = OCH3 

Figure 4.1. Novel flavanones isolated from G. sphacelata 
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OH 

OH OH 

l,3-0-di-/rans-p-coun^oylg'yc®''ol (1<») 

(CH2)n O 

OH 
l-0-/ra«s-coumaroylglycerol (17) 

H3CO 

n = 2l and23 

X. 
(CH2)2I OH 

OH 

l-(&)-feruloyldocosanoyl)gIycerol and 
l-(<o-feruloyltetracosanoyl)glycerol (18) 

H3CO 

OH 
trans'fenxlic acid 22-hydroxy 
docosanoic acid esta* (19) 

Arborhone ( 20) R = O 

.H 
Arborinol ( 21) R=^..oH 

OH 
Isoarbornol ( 22) R =•«<!!!, 

Figure 4.2 Known confounds isolated from G. sphacelata 
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4.2 Extraction and Isolation 

The aerial parts of G. sphacelata were collected in Chile during April, 1994 

(35°56' S, 72°43' W, Trehualemu, Departamento Parral, Region del Maule). A voucher 

specimen (No. 0310) was identified by Gloria Montenegro and Liliana Iturriaga and 

deposited in the Herbarium of the Pontificia Universidad Catolica de Chile, Santiago, 

Chile. 

Air-dried, ground material of G. sphacelata (1 kg) was extracted with a DCM-

MeOH (1:1) solution to produce 15.7g of crude extract. One gram of the crude extract 

was submitted for biological testing in a battery of assays at our collaborator Wyeth 

Ayerst Research Laboratories. The remaining extract was subjected to normal phase 

silica gel column (7.5 ^ 70 cm) chromatography, and eluted with an acetone-hexane 

gradient with a final MeOH wash to yield 14 fractions. Fraction 1 produced a precipitate 

(lOOmg) that showed 3 distinct spots on TLC when sprayed with an anisaldehyde-sulfuric 

acid spray reagent (See Experimental section). HPLC (Econosphere silica lOu, 4% 

EtOAc/hexane) was used on 12 mg of this mixture to separate the individual con^onents 

in this mixture. This mixture yielded arborinone (20, 4.0mg), arborinol (21, 4.5mg), and 

3P-isoarborinol (22, 3.5nig). Fraction 9 (1.45 g) was separated by silica gel column (4 x 

34 cm) chromatography (eluent, EtOAc/hexane gradient, MeOH wash) to yield 15 

fractions. Fraction 9-6 (116.5 mg) was resubjected to a normal phase silica column (2 x 

35) chromatography followed by HPLC (Diol, 5u, lichrosphere 100, 30% EtOAc/hexane) 

to yield 5,7,3'-trihydroxy-6,4',5',-trimethoxy flavanone (14, 1.8 mg), 5,3'-dihydroxy-

6,7,4',5'-tetramethoxy flavanone (15, 2.5 mg), and /rans-ferulic acid 22-hydroxy 
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docosanoic acid ester (19, 4.7 mg). Fraction 9-12 (65.0 mg) was filtered to produce a 

prec^itate, a mixture of l-(a>-feruloyldocosanoyl)glycerol and l-(a>-feruloyltetra-

cosanoyOglycerol (18, 20.0 mg). Fraction 10 was chromatographed over silica gel (2 x 

35 cm) and eluted with an EtOAc/hexane gradient ^\'ith a MeOH wash to give 17 

fractions. Fractions 10-8 and 10-9 (40.7 mg) were combined and filtered to yield a white 

precipitate, I,3-0-di-rram-p-couniaroylglycerol (16, 5.0 mg). Fraction 10-14 (69.9 mg) 

was subjected to HPLC (Diol lichrosphere 100, 20% acetone/DCM) to yield l-0-(^-

hydroxy-zrans-cimiamoyOglyceroI (17, 1.5 mg). 

4.3 Characterization of 5,73'-trihydroxy-6,4*^'-triinethoxy flavanone (14) and 53'-

dihydroxy-6,7,4'^'-tetrainethoxy flavanone (15) 

Compound 14 was isolated in small quantity via diol HPLC as a yellow 

amorphous solid. High resolution FAB^MS showed the at miz 362.0999 

corresponding to the molecular formula CigHigOg (calc. 362.1002). 'H NMR data (see 

Fig. 4.3) indicated the presence of one methylene, one oxygenated methine with a 

downfield shift of5 5.29 and three distinct methoxy groups appearing at 5 3.90, 3.92, and 

3.96. It also showed three aromatic protons with two appearing as doublets (/=2.0) at S 

6.58 and 6.69 suggesting meta coupling, and one appearing as a singlet at 5 6.15. The 

'^C NMR spectra showed twelve aromatic carbons between 5 94.8 and 5 158.8, a 

carbonyl carbon at 5 196.7, one oxygenated methine and one methylene (see Table 4.1). 

All of these data are consistent with that of a trihydroxy-trimethoxy flavanone. 
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The substitution pattern was determined both by compiled chemical shift data for 

differing flavanone substitution patterns and by the 2D NMR techniques HSQC and 

HMBC. Compiled data on flavanones by Agrawal (Agrawal et aL 1989) indicates that 

the chemical shift of the C-2 position is dependent on the substitution pattern at C-2' and 

C-6' in the B-ring. When both positions are unsubstituted, the C-2 carbon resonates at 5 

79.0±1.5 whereas if either one or both are substituted it resonates at 5 75.4±1.6. In 

compound 14, C-2 is seen at 5 78.6, indicating that both the C-2' and C-6' positions are 

protonated. This data also suggests that the chemical shift of the C-4 carbonyl is 

dependent on the substitution or lack of substitution at C-5. In the case of S-hydroxylated 

flavanones, the C-4 position is deshielded due to intramolecular hydrogen bonding 

interactions and is seen at 5 19S.6-197.3. The C-4 chemical shift in 14 is seen at 5 196.7 

indicating the presence of a 5-OH. 

Further proof of these indications is seen in the HMBC (heteronuclear multiple 

bond correlation spectroscopy) spectrum (See table 4.1). Lack of substitution at the C-2' 

and C-6' positions is shown by the H-2' correlation to C-2, C-4' and C-6' while H-6' 

correlates to C-2, C-2' and C-4'. The methoxy group at 5h 3.92-Sc 60.4 shows an HMBC 

correlation to C-4' allowing placement in the para position on the B-ring. The proton of 

S-OH is seen in the 'H NMR spectrum at S 12.2 due to the intramolecular hydrogen 

bonding interactions and displays HMBC correlations to C-5, C-6, and C-10. HMBC 

was used to place The proton at 5 6.15 was place at the 8 position due to HMBC 

correlations seen to C-6, C-7, and C-10. The methoxy at 5 3.96 was assigned to the 6 

position as its correlates to C-6. The final methoxy at 5 3.90 was assigned to the 5' 
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position because of chemical shift effects at the C-6' carbon and comparison with similar 

B-ring structures in the literature (Endo et aL 1981). These data confirmed the structure 

of 14 to be 5,7,3'-trihydroxy-6,4',5*-trimethoxy flavanone (14). 

Compound 15 was isolated by HPLC as a yellow amorphous solid. High 

resolution FAB'^S showed the [M]^ at mtz 376.1154 corresponding to the molecular 

formula C19H20O8 (calc. 376.1158). The 'H and NMR spectra for 15 were almost 

identical to that of 14 except for the presence of four methoxy signals appearing in both 

the proton and carbon spectra. The carbonyl group at C-4 was deshielded and its 

presence at 5196.6 suggested that the C-5 is hydroxylated as in compound 14. These data 

suggested, therefore, that either the C-7 or C-3' position which are hydroxylated in 14 is 

methoxylated. Due to the lack of symmetry in the B-ring, which would appear if the C-3' 

position were methoxylated, and all significant shift changes appearing in the A-ring (see 

OH 

Figure 4.6 Selected HMBC correlations for 5,7,3'-trihydroxy-6,4*,5'-
trimethoxy flavanone (14) 



Table 4.1), the methoxy group at 5h 3.90/Sc 56.3 was placed at C-7. These data 

confirmed the structure of IS to be S,3'-dihydroxy-6,7,4',S'-tetramethoxy flavanone. 

5,7,3'-trihydroxy-6.4',S',-trimethoxyflavanone (14). [a]D^= -14.0 (CHCI3; c 1.0); 

UV (CH2CI2) 288 (log E 4.07); 'H NMR (600MHz, CDCI3) S (ppm): see Table 4.1; 

'^C NMR: see Table 4.1; HRFAB^S: 362.1003 (calc. 362.1002); EIMS m/z (rel. 

int.): 362 [Mf (57), 344 (5), 329 (6), 319 (2), 313 (2), 259 (1), 247 (2), 209 (6), 182 

(91), 167(91), 154(21), 137(18), 122(10), 77 (20), 69 (100). 

5,3'-dihydroxy-6,7,4',5'-tetramethoxy flavanone (15). [ajo" = -24.8 (CHCI3; c 

1.5); UV (CH2CI2) 291 (log e 4.04); 'H NMR (600MHz, CDCI3) 8 (ppm): see 

Table 4.1; ''C NMR: see Table 4.1; HRFAB'^MS: 376.1154 (calc. 376.1158); EIMS 

m/z (reL int.): 376 [M]^ (59), 358 (5), 343 (8), 223 (6), 196 (95), 181 (100), 165 (36), 153 

(23), 137(14), 69(30). 
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Table 4.1. 'H and '^C NMR and HMBC correlations for 5,7,3'-trihydroxy-6,4*,5*-
trimethoxy flavanone (14) and 5,3'-dihydroxy-6,7.4',5'-tetramethoxy flavanone (IS). 

UiCDCU) IS fCDClO 
Position 8c Sh hmbc 5c 8H hmbc 

2 78.6d 5.29dd(3,13) C2' 79.6d 5.30dd(3,13) C2* 
3a 42.8t 2.81dd(3,17) 43.4t 2.81dd(3,17) 
3b 3.10dd(I3,17) C2, cr 3.10dd(13,17) C2 
4 196.7s 196.6s 
5 154.6s 155.2s^ 
5-OH 12.2 C5, C6,C10 11.9 C6,C10 
6 128.7s 131.0s 
7 158.8s 161.3s 
8 94.8d 6.15 C6, C7, CIO 91.6d 6.15 C6, C7.C10 
9 157.5s 158.8s^ 

10 103.2s 103.5s 
r 134.6s 134.5s 
2' 106.2d 6.69d(2) C2, C3', C4', I06.2d 6.72d(2) C2, C4', C6' 

C6' 
3' 149.9s 149.9s 
4' 136.0s 136.1s 
5' 152.8s 152.9s 
6' 102.2d 6.58d (2) C2, C2\ C4' 102.2d 6.59d (2) C2, C2\ C4' 
6-OCH3 60.4q 3.96 C6 61.Iq 3.87 C6 
7-OCH3 56.3q 3.90 CI 
4'-OCH, 60.4q 3.92 C4' 61.Iq 3.94 C4' 
5'-OCH, 55.4q 3.90 C5' 56.1 q 3.92 C5' 

^Interchangeable 

4.4 Spectral data for S,73'-trihydroxy-6f4*^*-trimethoxy flavanone (14) and S3'-

dihydroxy-6,7,4'3'-tetramethoxy flavanone (15) 

HMCJC, HMBC, and 'H NMR spectra for 5,7,3'-trihydroxy-6,4',5'-trimethoxy 

flavanone (14) and 5,3'-dihydroxy-6,7,4',5'-tetramethoxy flavanone (15) are included here 

Details regarding NMR instrument information are included in the Experimental section. 
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Figure 4.4. 'H NMR spectrum of 5,7,3'-trihydroxy-6,4',5'-trimethoxy flavanone (14) 
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OBSERVE HI 
FREQUENCY 299.954 MHz 
SPECTRAL WIDTH 4000.0 H2 
ACQUISITION TIME 3.744 sec 
RELAXATION DELAY 0.000 sec 
PULSE WIDTH 5.0 usee 
AMBIENT TEMPERATURE 
NO. REPETITIONS 16 

DOUBLE PRECISION ACQUISITION 
DATA PROCESSING 
LINE BROADENING O.a Hz 
FT SIZE 3276B 
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Figure 4.7. H NMR spectrum of 5,3'-dihydroxy-6,7,4',5'-tetramethoxy flavanone (15) 
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4.5 Characterization of 13-0-di-/ra/ts-/^couinaroylgfycerol (16) and l-</Hhydroxy-

/rait5-cinnanioyl)giyceroi (17) 

Compound 16 was isolated as a white amorphous solid. EI-MS showed the [M]^' 

at miz 384 corresponding to the molecular formula C21H20O7. The '^C NMR spectral data 

showed the presence of an ester carbonyl carbon at 5 169.0, one oxygenated methylene at 

§ 66.4 and an oxygenated methine at 5 68.6. No methyl groups were observed in the 

spectra. The 'H NMR spectrum showed a pair of doublets at 5 6.35 and 7.66 (7=16 Hz), 

suggesting the presence of a trans double bond. It also displayed two doublets of 

doublets at 5 6.78 and 7.44 (J=2.5 and 8.5 Hz) giving evidence for the presence of a 

para-substituted aromatic ring. The multiplet splitting pattern of the methine signal at 5 

4.15 along with an analysis of the NMR and MS data suggested symmetry in the 

molecule. This symmetry causes the appearance of only half of the atoms in both the 'H 

and '^C NMR spectra. Comparison of the data with those reported in the literature 

(Koshino et aL 1988) confirmed the structure of con:q>ound 16 as l,3-0-di-/ran5-p-

coumaroylglycerol. Compound 16, 1,3-O-di-rrans-p-couniaroyIglycerol, was first found 

in Epichloe typhina, an endophytic fungi found to cause the disease referred to as choke 

in grasses (Koshino et al. 1988). 

Compound 17 was isolated as a white amorphous solid. EI-MS showed the [M]^ 

at m/z 238 corresponding to the molecular formula C12H14O5. 'H and '^C NMR data were 

similar to that of 16. The trans double bond and para-substituted aromatic ring were 

both present in 17. The major difference seen in the 'H NMR spectrum was the presence 

of an additional oxygenated methylene at 5 3.59. The lack of symmetry in 17 allowed all 



87 

of the atoms to be visualized. A comparison with literature data (Tanaka and Scheuer 

1976),(Ikeda et aL 1989) confirmed the structure of 17 to be l-0-(p-hydroxy-/ra/is-

cinnamoyl)glyceroL Compound 17, l-0-(^hydroxy-/rans-cinnamoyl)glyceroI, was first 

isolated from another member of the Bromeliaceae by Tanaka and Scheuer in 1976 in a 

study of small phenolic compounds present akjng side the proteolytic enzyme bromelain 

in stems of the pineapple plant. Ananas comosus var. cayenne. It was found that this 

compound has a deactivating effect on the proteolytic enzyme via its antioxidant activity 

(Tanaka and Scheuer 1976). It was again isolated as an active component and the 

stereochemistry determined in a second publication as part of a screening program for 

new plant growth substances with activity against the inclination of the rice lamina joint 

(Ikeda et al. 1989). 

1,3-O-di-trans-p-coumaroylglycerol (16). 'H NMR (500 MHz, CDjOD) S (ppm): 

4.15 (IH, m, H-2), 4.27 (m, H-l and H-3), 6.35 (d, J=16 Hz, H-5 and H-2'), 6.78 (dd, 

J=2.5 Hz, J=8.5 Hz, H-9, H-l I, H-6', and H-8'), 7.44 (dd, J=2.5 Hz, >=8.5 Hz, H-8, H-12, 

H-5', and H-9'), 7.66 (d, J=16 Hz, H-6 and H-3'); NMR (150 MHz, CDjOD) <5 

(ppm): 66.4 (C-1, C-3), 68.6 (C-2), 114.8 (C-5, C-5'), 116.8 (C-9, C-9'), 116.8 (C-11, C-

11'), 127.1 (C-7, C-7'), 131.2 (C-8, C-8'), 131.2 (C-12, C-12'), 147.0 (C-6, C-6'), 161.3 

(C-10, C-10'), 169.0 (C-4, C-4'); EIMS m/z (reL int.): 177 [M* ] (1), 164 (11), 147 (100), 

119 (12), 91 (12), 65 (8), 44 (20); FAB MS m/z: 383.11 [M]'. 

I-0-(p-hydroxy-trans-cinnamoyl)glycerol (17). 'H NMR (600 MHz, CDjOD) 8 

(ppm): 3.59 (2H, dd, J=\.0 Hz, >=6.0 Hz, H-3), 3.88 (IH, w, >4.5 Hz, >=6.0 Hz, H-2), 

4.15 (IH, dd, >=6.0 Hz, 7=11.4 Hz, H-la), 4.25 (IH, dd, J=4.5 Hz, >=11.4 Hz, H-lb), 



6.35 (IH, d, y=l6 Hz, H-5), 6.79 (2H, dd, J=\.% Hz, J=8.7 Hz, H-9 and H-l 1), 7.46 (2H, 

dd, J=l.8 Hz, J=8.7 Hz, H-8 and H-12), 7.65 (IH, d, J^16 Hz, H-6); NMR (150 

MHz, CD3OD) 5(ppm): 64.1 (C-3), 66.6 (C-I), 71.3 (C-2), 114.9 (C-5), 116.9 (C-9), 

116.9 (C-11), 127.1 (C-7), 131.2 (C-8), 131.2 (C-12), 146.8 (C-6), 161.5 (C-10), 169.2 

(C-4); EIMS m/z (reL int.): 238 [M]* (6), 220 (trace), 207 (2), 177 (1), 164 (27), 147 

(100), 119 (17), 91 (15), 65 (10), 43 (5). 

4.6 Characterization of a mixture of l-(Q>-feniloyldocosanoyl)glycerol and !-(<»-

feruloyltetracosanoyi)giycerol (18) and trans-feruUc acid 22-hydroxy docosanoic 

acid ester (19) 

Compound 18 was isolated as a white amorphous solid and found to be a mixture 

of two compounds with different chain lengths with [M]^ s appearing at m/z 606 and 634. 

The molecular formulas were determined by comparison of their mass spectral data and 

NMR data to be CssHsgOg and C37H62O8, respectively. The 'H NMR data showed a pair 

of doublets at 5 6.27 and 7.68 (7=16 Hz), suggesting the presence of a trans double bond. 

It also displayed a doublet at 5 6.89 (y=8 Hz), a doublet of a doublet at S 7.05 (J=1.5, 8 

Hz), and a doublet at 8 7.01 giving evidence for the presence of a meta/para-disubstituted 

aromatic ring. The '^C NMR spectra showed two ester carbonyl carbons at 5 167.5 and 

174.3, along with two oxygenated methylenes and an oxygenated methine at S 65.6, 63.7, 

and 70.7, respectively. These data suggested the presence of a glycerol moiety. Our data 

along with a comparison of the literature values (Kawanishi and Hashimoto 1987) 
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confinned the structure of 18 to be a mixture of l-(a>-feruloyldocosanoyl)glycerol and 1-

(a>-feruloyltetracosanoyl)glyceroL 

Compound 19 was isolated via HPLC as a white amorphous solid. EI-MS 

displayed the [M]^ at miz 532 corresponding to the molecular formula C32H52O6. The 'H 

NMR data showed again typical signals for a meta/para-d\s\xhsOX\xXed aromatic system 

and a trans double bond similar to those of compound 18. There was no evidence 

however, of a glycerol moiety. The '^C NMR spectra showed an ester carbonyl carbon at 

5 167.8 and an acid carbonyl carbon at S 177.4. Comparison of data with published 

literature (Kawanishi and Hashimoto 1987) confirmed the structure of 19 to be trans-

ferulic acid 22-hydroxy docosanoic acid ester. Compound 18, a mixture of l-(o}-

feruloyldocosanoyOglycerol and l-(a>-feruloyltetracosanoyl)glycerol, and compound 19, 

trans-ferulic acid 22-hydroxy docosanoic acid ester, were isolated for the first time from 

the bark of Virola sebifera (Myristicaceae), the botanical source of snuffs made by South 

American Indian tribes in the Amazon (Kawanishi and Hashimoto 1987). 

A mixture of I-(o>-feruloyldocosanoyl)glycerol and I-(o>-feruloyltetracosanoyl) 

glycerol{\%). 'H NMR (500MHz, CDCI3) 5(ppm): 1.23 ( H, s), 1.64 ( 4H, m), 2.33 (2H, 

t, J=1.S Hz), 3.58 (IH, dd, /=6.0 Hz, J=\l.O Hz, H-3a), 3.68 (IH, dd, 7=4.0 Hz, J=l 1.0 

Hz, H-3b), 3.91 (3H, J, -OCHj), 4.15 (3H, m, H-l and H-2), 6.27 (IH, d, 7=16.0 Hz, H-

5), 6.89 (IH, d, J=8.0 Hz, H-l I), 7.01 (IH, d, J=l.5 Hz, H-8), 7.05 (IH, dd, J=l.5 Hz, 

y=8.0 Hz, H-I2), 7.58 (IH, d, 7=16.0 Hz, H-6); '^C NMR (125 MHz, CDCI3): 25.3-

30.lt, 34.6t, 34.6t, 56.3q, 63.7, 65.6t, 70.7d, 109.3d, ll4.7d, ll5.6d, I23.0d, I27.0s, 

144.6d, 146.7s, 147.9s, 167.5s, 174.3s; EIMS m/z (rel. int.): 588 (1), 514 (1), 486 (1), 
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470 (1), 248 (1), 203 (2), 194 (15), 177 (96), 145 (100), 117 (65), 89 (24), 61 (14); 

FABMS mir. 635 [M,+H], 607 [Mz+H]. 

trans-ferulic acid 22-hydroxy docosanoic acid ester (19). 'H NMR (500MHZ, 

CDCI3) 8 (ppm): 1.23 ( H, 5), 1.65 (4H, m), 2.33 (2H, r, J=1.5 Hz), 3.91 (3H, s), 4.17 

(2H, r, y=7.0 Hz), 6.27 (IH, d, J=\6.Q Hz), 6.89 (IH, d, 7=8.0 Hz), 7.01 (IH, d, 7=2.0 

Hz), 7.05 (IH, ii/, ^2.0 Hz, 7=8.0 Hz), 7.59 (IH, </, 7=16.0 Hz); '^C NMR: 24.lt, 

25.4t, 28.2-29.lt, 32.9t, 55.3q, 64.0t, 108.7d, 114.1d, 115.1d, 122.5d, 127.6s, 144.0d, 

145.0s, 148.2s, 167.8s, 177.4s; FAB^/n/z: 533 [MH]^; APCI positive m/z: 533 [MH]^. 

4.7 Characterization of arborinone (20), arborinol (21), and 3^isoarborinoi (22) 

Compounds 20, 21, and 22 were initially isolated as a white powder mixture 

showing three distinct spots on normal phase silica TLC when visualized with an 

anisaldehye solution (See Experimental section). Each of the three compounds were 

purified by normal phase HPLC. They appeared to be a series of pentacyclic triterpenes 

based on 'H NMR and '^C NMR spectra, with the major difference appearing at the C-3 

substituted position. The *H NMR spectra for each compound indicated the presence of 

eight methyl groups, with two appearing as doublets at S 0.81 and 0.87, and one double 

bond methine. Compounds 21 and 22 both displayed one oxygenated methine and a 

[M]^ appearing at m/z 426. This corresponded to the molecular formula CjqHsoO for 

both 21 and 22. The only obvious difference in the spectral data appeared in the 'H NMR 

spectrum. The splitting pattern observed for the proton at the C-3 position indicated that 

the two compounds were epimers. Conqiound 21 contained a triplet (7=3.0 Hz) at 5 3.40 
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integrating for one proton. Compound 22 displayed a doublet of a doublet (7=4.0 Hz, 

J=11.5 Hz) at 5 3.19 integrating to one proton. These data are both consistent with 

typical values for 3a- and 3p-substituted pentacyclic triterpenes (Ahmad and Atta-ur-

Rahman 1994), respectively. Conqiarison of NMR and MS data for 21 and 22 with those 

reported in the literature confirmed the structures to be arborinol (21) and isoarborinol 

(22). El-MS showed a [M]^ at m/z 424 that conesponded to the molecular formula 

C30H48O. NMR spectra indicated a ketone at 8 218.4 and otherwise very similar 

spectral data to that of 21 and 22. Comparison of NMR and MS data of 20 and with that 

reported in the literature confirmed the structure to be arborinone. 

Arborinone (20), arborinol (21), and isoarborinol (22) were first found in the 

leaves of Glycosmis arorea (Rutaceae), a widely used plant in Indian Ayurvedic 

medicine (Vorbruggen et al. 1963). All three have subsequently been isolated not only 

from higher plants but also from lichen (Gotualez et al. 1991) as well as sediments (Jaffe 

and Hausmaim 1995). 

Arborinone (20). 'H NMR (500MHz, CDCI3) <5 (ppm): 0.74 (3H, j, H-28). 0.77 

(3H, s, H-27), 0.79 (3H, 5, H-26), 0.81 (3H, J, J=7.0 Hz, H-30), 0.87 (3H, d, 7=6.5 Hz, 

H-29), 1.04 (3H, 5, H-24), 1.05 (3H, H-23), 1.20 (3H, j, H-25), 2.06 (2H, ddd, J=3.5 

Hz, y=6.0 Hz, y=13.0 Hz, H-12), 2.37 (IH, ddd, 7=1.5 Hz, 7=6.0 Hz, 7=15.5 Hz, H-2a), 

2.70 (IH, dt, 7=6.0 Hz, 7=13.5 Hz, H-2b), 5.27 (IH, d, 7=6.0 Hz, H-11); '^C NMR: see 

Table 4.2; EIMS m/z (rel. int.): 424 [M]^ (11), 409 (20), 339 (7), 285 (2), 271 (10), 257 

(39), 245 (9), 191 (16), 179 (14), 163 (17), 137 (26), 125 (49), 95 (62), 81 (55), 69 (69), 

55 (100), 43 (77). 
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Arborinol (21). 'H NMR (SOOMHz, CDCI3) 5 (ppm): 0.74 (3H, j, H-28), 0.76 

(3H, J, H-27), 0.80 (3H, j, H-26), 0.81 (3H, d, /=7.0 Hz, H-30), 0.86 (3H, 5, H-24), 0.87 

(3H, d J=6.5 Hz, H-29), 0.94 (3H, 5, H-23), 1.04 (3H, 5, H-25), 3.40 (IH, /, J=3.0 Hz, H-

3), 5.25 (IH, d, J=6.0 Hz, H-11); "C NMR: see Table 4.2; EIMS m/z (rel. int.): 426 

[Mr (11), 411 (17), 393 (17), 323 (4), 273 (5), 259 (19), 241 (17), 191 (15), 163 (18), 

137 (27), 119 (42), 95 (71), 81 (60), 69 (96). 55(96), 43 (100). 

3P-isoarborinol (22). 'H NMR (500MHz, CDCI3) S (ppm): 0.74 (3H, j, H-28), 

0.75 (3H, 5, H-27), 0.79 (3H, s, H-26), 0.80 (3H, s, H-24), 0.81 (3H, d, 7=7.0 Hz, H-30), 

0.87 (3H, d, J=6.5 Hz, H-29), 0.97 (3H, j, H-23), 1.02 (3H, j, H-25), 2.01 (IH, d, 7=12.5 

Hz, H-18), 3.19 (IH, </</, 7=4.0 Hz, 7=11.5 Hz, H-3), 5.21 (IH, d, 7=6.5 Hz, H-11). '^C 

NMR: See Table 4.2; EIMS m/z (rel. int.): 426 [M]* (8), 411 (14), 259 (16), 241 (8), 

191 (12), 163 (13), 145 (15), 135 (21), 119 (33), 95 (60), 81 (53), 69 (87), 55 (94), 43 

(100). 
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Table 4.2. '^C NMR data for arborinone (20), arborinol (21), and 3P-isoarborinol (22) 
in CDCI3 

Position 20 21 22 
1 34.9t 30.4t 36.0t 
2 36.6t 25.7t 27.8t 
3 214.8s 76.2d 78.9d 
4 47.6s 37.8s 39.1s 
5 52.0d 46.5d 52.3d 
6 22.6t 21.3t 21.4t 
7 26.3t 26.6t 26.7t 
8 41.1d 41.0d 41.0d 
9 147.5s 148.8s 148.9s 

10 39.3s 39.6s 39-6s 
11 115.6d 114. Id 114.3d 
12 36.lt 36.0t 36.0t 
13 36.8s 36.7s 36.8s 
14 38.2s 38.2s 38.2s 
15 29.6t 29.6t 29.6t 
16 35.9t 35.9t 35.9t 
17 42.8s 42.8s 42.8s 
18 53.3d 52. Id 52. Id 
19 20.2t 20.2t 20.2t 
20 28.2t 28.2t 28.2t 
21 59.6d 59.6d 59.6d 
22 30.8d 30.8d 30.8d 
23 25.5q 28.3q 28.2q 
24 22.0q 22.5q 15.6q 
25 21.6q 21.9q 22. Iq 
26 17.0q I7.0q I7.0q 
27 15.3q 15.3q 15.3q 
28 14.0q 14.0q 14.0q 
29 22. Iq 22. Iq 22. Iq 
30 23.0q 23.0q 23.0q 
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4.8 Biological Activity 

None of the compounds were active in the oncology induction assay for 

transcr^tion inhibitors. However, l,3-0-<ii-/ra/u-/'-couniaroylglycerol (16) did show 

strong cytotoxic activity, 0.85 ug/ml, in the antiproliferative assay which measures 

cytoxicity after 72 hours incubation with the compound. 
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V. EXPERIMENTAL 

This section describes the materials, instruments, and techniques utilized in the 

work described. In all of the preceding ch^ters, the work discussed was performed 

according to the conditions and techniques specified here. 

5.1 Instrumental 

Various adsorbents were utilized for column chromatography including Silica gel 

60 (63-200 mesh and 40-63 mesh. Scientific Adsorbents, Inc.) and Sephadex (LH-20, 

Pharmacia Biotech). Thin layer chromatogr^hy (TLC) was carried out on pre-coated 

plastic sheets (Sil G/UV254, Macherey-Nagel) and pre-coated glass plates (KC18F 

reversed phase, Whatman Chemical Separation Inc.; Silica gel diol F254S, Alltech). 

Developing systems varied according to chromatograpy type and individual compound 

polarity and included EtOAc-hexane, DCM-MeOH and DCM-acetone mixtures in 

different ratios. These systems were used to monitor the progress of separation and 

purification of compounds. Visualization of compounds on TLC was carried out by both 

ultraviolet (UV) light at 254 and 366 nm and by reaction with a p-anisaldehyde sulfuric 

acid spray reagent (Krebs et al. 1969) followed by heating. 

High performance liquid chromatography (HPLC) was run on a Varian 9002 High 

pressure pump. Analytical (Diol, 5u, lichrosphere 100) and preparative colunuis 

(Econosphere silica lOu, L=250mm, ID=10mm) were used with EtOAc-hexane and 
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DCM-acetone combinations as the mobile phases. Sample injection volume ranged from 

50 - 400^1 Ehient was monitored on a Varian Star 9040 RI (refractive index) Detector. 

Meking points were determined on a Fisher-Johns meking point apparatus and are 

uncorrected. Optical rotations were taken on a Jasco PI020 polarimeter. Infrared (IR) 

spectra were determined on a Buck Scientific 500 IR spectrometer and UV were recorded 

on a Beckman DU-600. 

ID and 2D NMR spectra were acquired in benzene-</6, CDCI3, CDCI3-CD3OD 

mixtures, and pyridine-c/s on a Varian Unity 300 at 300 MHz ('H) and 75 MHz ('^C), a 

Bruker DRX-500 at 500 MHz ('H) and 125 MHz ('^C), a Bruker AMX-500 at 500 MHz 

('H) and 125 MHz ('^C), and a Bruker DRX-600 at 600 MHz ('H) and 150 MHz ('^C). 

HMBC spectra were acquired wkh 1/27= 0.05 s. Referencing was according to solvent 

with residual benzene (5H = 7.15) and (5c = 128.0), residual chloroform (5H = 7.24) and 

(5c = 77.0), residual methanol (5H = 3.30) and (5c = 49.0), and residual pyridine (5H = 

7.55) and (5c =135.5). High resolution EI-MS and high resolution FAB were recorded 

on a JEOL JMS-HX 110 with a resolution of 5,000 and a mixed matrix containing 50% 

glycerin, 25% m-NBA, 25% thioglycerol, and 0.1% TFA. Low resolution EI spectra 

were obtained wkh a Hewlett-Packard 5988A (70 eV). APCI spectra were performed on 

a Finnegan TSQ 7000. LC-MS was performed on a Finnegan TSQ 7000 in APCI 

poskive mode with an Alkech adsorbosil (5 pm) 4.6 x 250 mm column, hexane-EtOAc 

9:1 as an isocratic eluent at a flow rate of 1.5 ml/min. Under these conditions, the 

retention times and ions observed for cmpds 1, 2, 3, and 5 were, respectively, 4.2 min. 

([M - HOAc + H]^ at m/z 425 and [M - HOAc - H2O + H]^ at m/z 407); 5.4 min. ([M -
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HzO + H]^ at m/z 423); 2.3 mia (M - H2O + at m/z 663); arid 7.1 min. ([M - H2O + 

H]^ at m/z 409), Representative spectra for C ulicina ssp. ulicina and C acicularis are 

included as Fig. S.1-S.9. 
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5.2 Plant materuil for Chapter II LC-MS study 

In Chile: Chuquiraga ulicina (H. et A.) H. et A. ssp. ulicina was collected in Apr. 

1997 (25°00' S, 70®26' W, Paposo, Departamento Taltal, Region II), collection number 

0826; C oppositifolia D. Don was collected in Jan. 1993 (33® 15' S, 70°20* W, 

Farellones, Departamento Santiago, Region Metropolitana), collection number PUC 0; C. 

acicularis D. Don was collected in Nov. 1993 (30°03' S, 71®30' W, El Chape, 

Departamento La Serena, Region IV), collection number 0189; and C. kuschelii Acev. 

was collected in Dec. 1995 (18°15' S, 69'^ 10' W, Laderas Lago Chungara, Departamento 

Arica, Region I), collection number 0705. All voucher specimens have been deposited in 

the Herbarium of the Pontificia Universidad Catolica de Chile, Santiago, Chile. 

In Argentina: C. erinacea Don. was collected in Feb. 1994 (38°28' S, 68°33' W, 

Anelo, Departamento Anelo, Provincia Neuquen) collection number RHF4291; C. aurea 

Skottsberg was collected in Apr. 1994 (41°53' S, 68°28' W, Maquinchao, Departamento 

25 de Mayo, Provincia Rio Negro) collection number RHF4368; C. rosulata Caspar was 

collected in Feb. 1994 (38°30' S, 69°02' W, Aiielo, Departamento Afielo, Provincia 

Neuquen) collection number RHF4295; C. avellanedae (Lorentz) was collected in Feb. 

1994 (38°04' S, 70°07' W, Loncopue, Departamento Loncopue, Provincia Neuquen) 

collection number RHF4325; and C straminea Sandwith was collected in March 1994 

(41°19' S, 69°40' W, Jacobacci, Departamento 25 de Mayo, Provincia Rio Negro) 

collection number RHF4373. All voucher specimens have been deposited at the 

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

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

research have been fully executed between The University of Arizona and each of the 

collaborating institutions in Chile and Argentina in this study. 

5.3 Saponification of 6^-hydrozytaraxasta-20-ene 3P-palinitate (3) from C. ulicina 

Saponification of the fatty acid chain was accomplished in 6p-hydroxytaraxasta-

20-ene 3|3-palmitate (3) to produce 3P, 6P-dihydroxytaraxasta-20-ene (4). 15 mg of 3 

was placed in 20% ethanoiic KOH, heated and stirred for one hour. The reaction mixture 

was then neutralized with acetic acid and 4 was purified. The palmitic acid portion of the 

molecule was not isolated from the mixture, but was identified by mass spectral data. 

5.4 Biological Testing 

Antitubercular screening. The crude extract, fractions and purified confounds 

from C. ulicina were tested for inhibition of Mycobacterium tuberculosis H37RV (ATCC 

27294) using the BACTEC 460 system (Collins and Franzblau 1997). This assay is a 

radiometric method used to measure the '"^COa produced by bacteria growing in a media 

containing '^C-labeled palmitic acid. The minimum inhibitory concentration is defined 

as the lowest concentration that inhibits 99% of the inoculum. It is considered the 

preferred susceptibility system for M tuberculosis due to its reduced time requirements. 

The slow growth of M. tuberculosis gives rise to incubation times for drug susceptibility 

assays which rely on the development of colonies or turbidity that are excessively long. 

Susceptibility can be determined more rapidly with the radiometric method. Drawbacks 
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of this system include the lack of a high-throughput format and the requirement of 

handling and disposing of radioisotopes (Collins and Franzblau 1997). The 

anittubercular testing was performed at the G. W.L. Hansen Disease Center, Baton Rouge, 

LA under the direction of Dr. Scott Franzblau. 

Antimicrobial testing. Media used were Difco nutrient agar (pH 6.8) for S. aureus, 

LB (Luria-Bertani) agar for E. faecium and E. coli, and YM agar for C. albicans. Assay 

plates (12" X 12" Sumilon) were prepared by pouring 125 ml volume of agar medium 

(tempered at 50°C) inoculated with an overnight broth culture of the test organisms 

(adjusted to approximately 10^ cells per ml). Ten ^l volume of antibiotic solution diluted 

in DMSO were spotted onto the agar surface and the plates were incubated at 37°C for 

18h. Zones of inhibition were measured using a hand-held digital caliper. 

Anticancer screening. The anticancer screen includes an oncology induction 

assay for transcription inhibitors. Details of this assay are protected as proprietary 

information. All con^unds were also tested in an ant^roliferative assay which 

measures cytotoxicity after 72 hrs incubation with the conqiound. 

The antimicrobial and anticancer testing was performed at Wyeth Ayerst 

Research Laboratories, Pearl River, NY, under the direction of Dr. William Maiese. 
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This study, as part of an International Cooperative Biodiversity Group Program, 

sought to examine three plants native to Chile, each collected by distinct strategies in 

order to test the validity of the collection methods versus their biological activity. 

Detailed chemical investigations were also performed on these plants following a 

bioactivity guided fiactionation and isolation method. The bioactivity data was obtained 

by our collaborators at Wyeth Ayerst Research Laboratories and G.W.L. Hansen Disease 

Center. 

Chuquiraga ulicina ssp. ulicina (Asteraceae) was obtained from the fog-zones 

near Paposo following an environmental collection approach. It yielded a series of ten 

pentacyclic triterpenoids, including the four novel taraxastanes 3p-acetoxy-6p-

hydroxytaraxasta-20-ene (1), 6P-hydroxytaraxasta-20-en-3-one (2), 6P-hydroxytaraxasta-

20-ene 3P-palmitate (3), and 3|3,6P-dihydroxytaraxasta-20-ene (4), and the known 

compounds lupeol (5), lupenyl acetate (6), lupenone (7), friedelinol (8), 3P-acetoxy-30-

nor-lupan-20-one (9), and 30-nor-lupan-3P-ol-20-one (10). A LC-MS study was 

performed looking at C. ulicina along with eight other related species of Chuquiraga 

from Chile and Argentina. This study showed that 6()-hydroxytaraxasta-20-ene 3p-

palmitate (3) was present in all of the species investigated and thus could serve as a 

possible chemotaxonomic marker for the genus. Antitubercular activity was shown in the 

crude extract and bioactivity guided fractionation revealed lupeol (5) to be responsible for 



I l l  

the observed activity. 

Sphacele salviae (Lamiaceae), a medicinal plant from Chile, was collected 

according to the ethnobotanical approach. Its local use as an anticancer remedy has been 

tested and the results of bioassays on the crude extract confirmed this use. Chemical 

investigations of S. salviae produced three known compounds, two abietane diterpenes, 

camosol (11) and rosmadial (12), along with one pentacyclic triterpene, ursolic acid (13). 

All of these compounds are also known constituents of rosemary {Rosmarinus 

officinalis), another member of the Lamiaceae family. Rosemary extract, as well as 

camosol (11) and ursolic acid (13) individually, show antitumorigenic activity in the 

literature (Huang et al. 1994; Kim et al. 1998; Liu 1995; Tokuda et aL 1986). Ursolic 

acid (13) also demonstrates a variety of additional activities including possible anti-HIV 

(Min et al. 1999) and antifungal (Jeong et al. 1999) applications. 

The third species, Greigia sphacelata (Bromeliaceae), was collected according to 

the random approach. Nine compounds were isolated from the extract including the two 

novel flavanones, 5,7,3'-trihydroxy-6,4',5',-trimethoxy flavanone (14) and 5,3'-dihydroxy-

6,7,4',5'-tetramethoxy flavanone (15), as well as four known phenylpropanoids 1,3-O-di-

/mns-/>-coumaroylglycerol (16), l-0-(p-hydroxy-rra/is-cinnamoyl) glycerol (17), mixture 

of l-0-(o>-feruloyldocosanoyl)glycerol and I-(a>-feruloyltetracosanoyl)glycerol (18), and 

trans-femWc acid 22-hydroxy docosanoic acid ester (19), and three known triterpenoids, 

arborinone (20), arborinol (21), and isoarborinol (22). Biological activity of the crude 

extract was shown in screens by our collaborators at Wyeth Ayerst Research 

Laboratories. 
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All of these examples support the central idea that we still have much to learn 

about the diverse chemistry found in nature. Despite the ubiquitous nature of triterpenes 

and flavanoids, we are still discovering new ones everyday. As novel receptors are 

discovered and cloned and new enzymatic pathways are discovered novel bioassays will 

be developed for high-throughput screening. All of these advances in pharmacology and 

molecular biology will provide new opportunities for natural products chemists to 

identify new chemicals for drug discovery in human heakh. There is a vast array of 

biodiversity that is yet to be explored. This includes higher plants, microorganisms, 

marine organisms, and a variety of life in harsh environments such as deep sea thermal 

vents and arctic regions. The conservation of this biodiversity means more than just the 

maintenance of a pleasant environment, it is essential to preserve the chemical and 

biological resources that potentially provide both direct pharmaceuticals and the chemical 

models or templates for medicinal chemists and combinatorial chemists to build upon. 



i 
i I 
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