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ABSTRACT 

In this dissertation, three different medicinal plants from Chile and the Fiji Islands, 

Baccharis linearis (R. et P.) Pers, Aristotelia chilensis (Mol.) Stuntz, and Dysoxyllll11 

lenticellare Gillespie were chemically studied. Fourteen compounds isolated from Baccharis 

linearis were identified based on IR, NMR and mass spectroscopic methods. These 

constituents included three new neo-clerodane type diterpenes, baclinal (1), baclinepoxide 

(2), and 13-epi-baclinepoxide (3), as well as one new perhydroazulene derivative, baclinic 

acid (6). The other identified compounds included portulide B (4), jewenol A (5), oleanolic 

acid (7), stigmasta-7, 22-dien-3 p-ol (8), stigmasta-7, 22-dien-3 p-ol P-D-glucopyranoside 

(9), maslinic acid (10), lachnophyllum ester (11), nepetin (12), quercetin 3-methyl ether (13) 

and werneria chromene (14). With the exception of oleanolic acid, lachnophyllum ester, and 

werneria chromene, all the other compounds are reported for this species for the first time. 

Oleanolic acid was isolated as the major component with a yield of 0.3 % of dry plant 

material. Werneria chromene and lachnophyllum ester displayed anti-Mycobacteriul11 

tuberculosis activity as well as activity in the brine shrimp test (BST). 

Six alkaloids isolated from Aristotelia chilensis were identifed as aristoteline (15), 

aristotelinone (16), serratoline (17), aristone (18), 2-epi-aristotelone (19), and aristotelone 

(20). Serratoline was previously isolated from Aristotelia sen'ata, a species native to New 

Zealand. This is the first study that reports serratoline as a natural constituent of A. chilensis 

from Chile. Another alkaloid, 2-epi-aristotelone, was previously obtained as a synthetic 
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product and is reported here for the first time as naturally occurring. Aristoteline was isolated 

as the major compound (370 mg) with a yield of only 0.04% as based on dry biomass. 

Aristoteline showed a weak activity in the brine shrimp test. 

This work also led to the isolation and characterization of three biflavonoids from 

Dysoxylunl lenticellare. Two biflavonoids were identified as isoginkgetin (21) and bilobetin 

(22), two of the active components in extracts of Ginkgo bi/oba, which are used to increase 

blood-flow and as vascular dilating agents. The third compound was elucidated as the novel 

natural product robustaflavone 4', 7"-dimethyl ether (23). 
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I. INTRODUCTION 

Human beings have been using crude natural products long before even recorded 

history. Currently, in China and other parts of the world herbal medicines are still prescribed 

for the effective treatment of cancer, infectious diseases and other ailments (Farnsworth, 

1988). In the constant effort to improve the efficacy of Western medicine, researchers are 

increasingly turning their attention to the chemistry of natural products which has its roots in 

the empirical knowledge of ancient medicine and finds its continuity in folk medicine today. 

It has long been recognized that biological activity is not uncommon among higher 

plants, and, therefore, the potential for finding useful chemotherapeutic agents in plants is 

very promising from this novel source. Because of the complexity of plant extracts, however, 

there has been relatively limited work done in the isolation and characterization of individual 

active constituents. The recent appearance of reports on the identification of plant natural 

products with activity is evidence of a growing interest in this research endeavor (Wagner et 

al., 1985; 1988; Wagner and Farnsworth, 1991). 

The purpose of "exploiting" the plant world for useful chemicals is not to decimate or 

destroy the forests, deserts and other habitats for the extraction of tons of pure chemicals, but 

rather it is to identify those chemicals or mixtures of chemicals that could subsequently be 

synthesized in a chemistry laboratory on a more economical and larger scale. The chemist 

could then also prepare analogs that might be an improvement over the natural compound for 

a specific pharmaceutical application. 

Plants in arid and semi-arid ecosystems are adapted through different mechanisms to 
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extreme environmental conditions. In general, xerophytic plants are chemically adapted for 

defense against herbivores. The chemistry is usually unique because these plants have to also 

fight drought and high solar radiation. Because of these characteristics, the Chilean flora 

offers species with a potential source for the discovery of bioactive compounds 

(Timmermann, 1994). Moreover, the native flora is widely used to treat many diseases and 

ailments. Baccharis linearis (R. et P.) Pers and Aristotelia chilensis (Mol.) Stuntz from the 

central region of Chile, were chosen as subjects of my research projects due to their known 

medicinal properties. 

The large genus Baccharis (family Asteraceae, tribe Astereae) is restricted to the New 

World, except for B. halimifolia which was introduced into Australia by man. The genus is 

comprised of over 400 species. Many of the Baccharis species are used in folk medicine 

where they grow. B. articlilata (Lam.) Pers. is used as an anthelmintic, aphrodisiac, diuretic, 

febrifuge, gastric stimulant and tonic in Brazil, Paraguay, Uruguay and Argentina (Dai et aI., 

1993). B. genistelloides Pers. is noted as an abortive, antiinflammatory and haemostatic 

agent in South America (Suttisri et al., 1994). B. cri~pa Sprengel and B. notosergila 

Grisebach are employed by the local population for curing wounds and local infections in 

Argentina and Brazil (Jarvis et al., 1991). B. galldichalldiana DC. is used as an antidiabetic 

remedy in Paraguay (Full as et al., 1994). 

Pharmacological activities have been determined for several species in the Baccharis 

genus. For example, an ethanol extract of B. triclineala (L. f) var. lriclineala possesses 

significant antitumor and antiviral activity (Wagner et al., 1978), whereas a crude extract of 
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B. trimera showed an antihepatotoxic effect (Soicke and Leng-Peschlow, 1987). An extract 

of B. megapotamica was shown to contain a series of compounds that displayed high activity 

in vivo against P388 leukemia in mice and high cytotoxicity in vitro against KB cells (Jarvis 

et al., 1987). Alcoholic extracts from B. sarothroides A. gray displayed significant inhibitory 

activity against cells derived from human carcinoma of the nasopharynx carried in cell culture 

(KB) [Kupchan and Bauerschmidt, 1971]. Aqueous ethanol extract of B. pedicel/ata DC and 

B. racemosa DC were reported to have antitumor activity against human epidermoid 

carcinoma of the nasopharynx in cell culture (KB) and P-388 lymphocytic leukemia (PS), 

respectively (Bhakuni et aI., 1976). Pinocembrin, a dihydroflavanone isolated from B. 

glutinosa, showed considerable anti-microbial activity (Miyakado et al., 1976). A recent 

study by Hoffinann et al. (1993) demonstrated that an ethanol extract of B. sarothroides, and 

dichloromethane extracts of B. emOlyi, B. gilitinosa, and B. pterolloides showed 

antimicrobial activity by inhibiting the growth of Staphylococcus aurells and Bacillus 

subtilis. 

In spite of the several hundred species in the genus Baccharis, only about 95 species have 

been examined chemically. Characteristic constituents in this genus are Ileo-clerodane type 

diterpenes (Kuroyanagi et al., 1993; Zdero et al., 1991; Tonn et aI., 1989; Arriaga-Giner et 

aI., 1986; Sosa, et al., 1994), ent-Iabdanes (Fullas et aI., 1994; Faini et al., 1992; Zdero et 

aI., 1986); one seco-clerodane (Saad et at., 1988); an ent-kaurane (Bohlmann et aI., 1982; 

1981); furanditerpenes (Saad et al., 1987); sesquiterpenes (.Jakupovic et al., 1990; Parodi and 

Fischer 1988); triterpenoids (Zdero et al., 1989); acetylenes (Jakupovic et al., 1991; 
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Bohlmann et al., 1979); tlavonoids (Cordano et al., 1982; Faini et al., 1981); benzofurans 

(Jarvis et al., 1986; Dominguez et al., 1986) and coumarins (Martin et aI., 1987). 

Macrocyclic trichothecenes have also been reported from B. megapotamica and B. 

coridi/olia. The compounds, exhibiting exceptionally high phytotoxicity to eucaryotic 

organisms, are usually found to be produced by various soil fungi (Jarvis et al., 1991; 

Habermehl et al., 1985; Kupchan et al., 1977). It has been demonstrated, however, that B. 

coridi/olia acquired the toxin-producing genes from fungus to synthesize de 110VO these 

toxins (Jarvis et aI., 1988). 

More than 60 clerodanes have been identified so far from various Baccharis species. The 

basic skeleton is a decalin with methyl substituents at 1, 2, 6, 6- (or 5-) positions and a 5-

hydroxy-3-hydroxymenthyl-3-pentenyl side chain at the 1 position in the decalin ring. 

Clerodanes are known to exhibit insect antifeedant, repellent and insecticidal activities 

(Hosozawa et al., 1974; Kato et al., 1972, Sosa et al., 1994). Due to the limited quantities 

found in the natural sources, only a small number of clerodanes have been tested for any 

biological activity. Of the compounds tested, only a few compounds have been found to be 

inactive, thus leaving the large majority as simply untested and unreported (Merritt and Ley, 

1992). This fact plus the ethnobotanical uses and lack of chemical information in the literature 

prompted me to investigate the Chilean Baccharis linearis. 

The genus Aristotelia belongs to the family Elaeocarpaceae and is distributed in Australia, 

New Zealand, and southern South America. More than thirty indole-monoterpenoid alkaloids 

have been identified as the representative alkaloids from several species of Aristotelia (Silva 
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and Bittner 1992). 

Indole-monoterpenoid alkaloids are the largest group and the most extensively studied 

alkaloids in all alkaloid groups. The biosynthesis of the indole-monoterpene alkaloids is 

derived from tryptamine and a monoterpenoid unit based on the secologanin structure. The 

secologanin formation originates from geraniol or nerol but undergoes profound structural 

changes to form an iridoid (secologanin) before being linked to tryptamine (Fig. 1) [Dalton, 

1979]. 

Alkaloids from Aristotelia, however, are composed of unique non-iridoid monoterpene 

derived indole alkaloids whose biogenesis can be conceived as arising from the direct 

condensation of tryptamine with a simple, non-rearranged monoterpenoid unit, such as 

geraniol or nerol (Fig 1). Surprisingly, very few alkaloids had been encountered in higher 

plants in which these two structural units are combined (Saxton, 1983). The first of such kind 

of structure, aristoteline, was established in 1975 and since that time a series of Aristotelia 

alkaloids have been isolated and identified. All the alkaloids isolated so far possess the 

common characteristics: they all contain 20 carbon atoms and two nitrogen atoms including 

an indole nucleus and three quaternary methyl groups in which two of them are always 

geminal dimethyls (Fig. 29). Aristotelia thus appears to be a relatively rare source of 

interesting indolic alkaloids which do not conform with the most widely occurring 

secologanin type indole alkaloids in higher plants. 

Although different preparations from Aristotelia are still very much used in folk medicine, 

little is known about the pharmacology of Aristotelia alkaloids since the quantities present 
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in the plants are low (usually in ppm levels). The scarcity of these compounds makes it 

difficult to do any further biological testing after finishing the structural elucidation work. 

Due to the unusual structural features and potential biological activities, it is still very 

interesting to work with these alkaloids. Considerable synthetic work has been done for 

confirming the proposed mode of biogenesis of these unique structures and for acquiring 

enough samples for further bioactivity tests (Borschberg, 1992). It was the aim of this 

investigation to isolate and to characterize the bioactive alkaloids from the medicinal plant 

Aristotelia chilensis (Mol.) Stuntz. 

The genus Dysoxyluln (family Meliaceae) is a large genus containing about 140 species 

distributed in South East Asia and Australia. Chemical studies of many species in this genus 

have shown the presence of alkaloids (Hartley et al., 1973; Smolenski et aI., 1975). The 

methanolic extract of the leaves of Dysoxyluln lenticellare Gillespie collected from the Fiji 

Islands was found to produce an inhibitory chronotropic effect and an excitatory effect on 

the rat atrial muscle preparation (Aladesanmi and Ilesanmi, 1987). Several homoerythrina 

alkaloids and diterpenoids including bis-diterpenoids have been isolated from the methanolic 

extract from D. lenticellare (Aladesanmi et al., 1983; 1984; 1986; 1988; 1991; 1994; and 

Onan et al., 1985). Some of these alkaloids present cardioactive effects (Aladesanmi and 

Ilesanmi, 1987) and molluscicidal activity (including diterpenes) [Aladesanmi and Adewunni, 

1990]. In a collaborative effort with Dr. Aladesanmi, I worked on the isolation, 

characterization and testing of compounds present in the precipitate of n-pentyl alcohol layer. 

This precipitate was obtained from the active methanolic extract which was further 
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partitioned against n-pentane in a continuous liquid-liquid extractor for several days. 

The chemical constituent and bioassay studies of B. linearis, A. chilensis, and D. 

lenticellare are discussed in chapters II, III, and IV, respectively. 



II. CHEMICAL CONSTITUENTS FROM BACCHARIS 

LINEARIS (R. et P.) PERS 

2.1 Introduction 
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Baccharis linearis is commonly known in Chile as "romerillo". This species is 

represented by evergreen shrubs very abundant in the sclerophyllous scrub community in the 

central zone of the country, from Atacama in the North, to the region of Araucania in the 

South. This species occupies different habitats being very abundant in plains and mountain 

sides, it grows in open and eroded places and is commonly found in areas that have been 

disturbed by human intervention (Ginocchio and Montenegro, 1992). 

B. linearis does not suffer damage from phytophagous insects in the wild as do many 

other matorral species and the compound found to have biological activity is oleanolic acid 

(Argandona and Faini, 1993). As a folk medicinal plant, Baccharis linearis is used by the 

local people in Chile to treat a variety of ailments. Its ashes are used against rheumatism; the 

resin in a form of plaster is administered for headaches and the leaves are known to be 

stimulants and are also used for anti-spasmodic effects and for stomach pains. The resinous 

twigs and leaves are used in baths against chronic rheumatism. The plant is also known to 

alleviate urinary and respiratory problems (Montes and Wilkomirsky, 1985; Murillo, 1989). 

Only three partial chemical investigations have been reported for the major constituents 

of this species. The compounds identified include the sesquiterpene spathulenol, the 

acetylene lachnophyllum ester, the triterpene oleanolic acid, stigmasterol, p-amyrin, 
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friedelinol, erythrodiol, the flavone axillarin, and the chromene werneria chromene (Labbe, 

1986). Other compounds include trans-ferulic acid-O-hexan-3-onyl ether; 3-dimethylallyl

ferulic acid; 2, 4--dihydroxyl-3-dimethylallyl-cinnamic acid; 3-(2, 2-dimethylchromene)

propenol; 3-(2-isopropenyl-2, 3H-benzofuran)-propenoic acid; p-menth-8-ene-l, 2-diol and 

monoterpene (-)-limonene (Brown, 1994). In spite of a variety of terpenoids reported for this 

species, no diterpenes have been reported so far from Baccharis linearis. 

In 1971, it was reported that B. linearis contains alkaloids as judged by thin layer 

chromatography. These compounds were isolated using the routine acid-base method for 

alkaloid isolation (Montes et at., 1971). So far this is the only report describing the 

existence of alkaloids in the genus Baccharis. In fact, the family Asteraceae is not 

characterized by the presence of alkaloids and only several species of Senecio are known to 

contain pyrrolizidine alkaloids (Roder et at., 1980; Asada et at., 1982; Pestchanker and 

Giordano, 1986 and Ray et at., 1987). In view of biogenetic and chemotaxonomical 

considerations, as well as medicinal properties, I decided to conduct a detailed phytochemical 

study of B. linearis. 

In this study, 20 compounds were isolated from Baccharis linearis through various 

extraction and isolation methods. Fourteen structures were established based on spectroscopic 

methods (IR, UV, NMR and MS). Among the remaining six constituents, three triterpenoids 

and one alcoholic compound were identified exclusively by their mass spectral data. Detailed 

work for the structure determination of these compounds was not done since many common 

triterpenoids have already been reported from this species. The remaining two compounds 
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were identified to be inorganic salts although they were readily dissolved in MeOH and 

showed a positive reaction when sprayed with the Dragendoff's reagent (alkaloid detecting 

agent). 

The identified constituents included three novel neo-clerodane type diterpenes named 

baclinal (1), baclinepoxide (2), and 13-epi-baclinepoxide (3). One new compound with a 

perhydroazulene skeleton was identified as baclinic acid (6) [Fig. 2]. The remaining identified 

compounds were portulide B (4), jewenol A (5), oleanolic acid (7), stigmasta-7 , 22-dien-3 p

ol (8), stigmasta-7, 22-dien-3 p-ol P-D-glucopyranoside (9), maslinic acid (10), 

lachnophyllum ester (11), nepetin (12) [also called eupafoline and 6-MeO luteolein], quercetin 

3-methyl ether (13) and werneria chromene (14) [Figs. 2 and 3]. With the exception of 

oleanolic acid, lachnophyllum ester, and werneria chromene, all the other compounds are 

reported from B. linearis for the first time. 

The triterpenes and flavones isolated from this species are widespread in the plant 

kingdom with oleanolic acid as the major component. Oleanoic acid is frequently present in 

the aerial parts of other Baccharis species and is considered to be an antimicrobial agent due 

to the formation of a hydrophobic barrier against the germination of microbes (Kubo et al., 

1985). A recent study indicated that oleanolic acid showed inhibitory property against tumor 

promotion (anti-tumor promoting activity) by an in vitro assay detecting inhibition of tumor 

promoter-induced Epstein-Barr virus (EBV) activation (Ohigashi et al., 1994). As already 

mentioned, oleanolic acid was responsible for feeding deterrency in B. linearis. 

In order to test for the presence of alkaloids, I followed the standard procedures for the 
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extraction and isolation of this class of compounds. It was determined that the compounds 

responsible for the false positive reaction were five diterpenes (1-5) and not alkaloids as 

reported by Montes et al (1971). The four y-lactone-bearing diterpenes (1-4) gave a positive 

result when sprayed with the DragendofPs agent on TLC. A similar phenomenon was 

reported for terpenoids with a y-Iactone ring by Wagner et al. (1978). This study, therefore, 

shows that B. linearis does not have alkaloids in its biomass. 

2.2 Extraction and Isolation of Natural Products from Bacclzaris Iinearis 

Baccharis lillearis was collected on October 11, 1991 in San Carlos de Apoquindo, 

Chile, by Luis Gonzalez. The voucher specimen (No. 910010) is deposited in the Herbarium, 

at the Catholic University of Chile, Santiago, Chile. 

Ground material of above-ground parts of Baccharis linearis (920g) was extracted with 

MeOH at room temperature until the color of the MeOH extract became light yellow. The 

MeOH was evaporated in vacuo and gave a crude extract (320 grams). The crude extract 

was partitioned between MeOH and hexane several times and then the MeOH phase was 

evaporated in vacuo to yield a residue (21 Og) which was chromatographed over a silica gel 

(2.skg, Silica Gel 60, 70-230 mesh, EM Science) column eluted with DCM 

(dichloromethane), a gradient of DCM-MeOH and finally with MeOH. Twenty one fractions 

(2.0 liters each) were collected in which fractions 1, 2, and 3 were combined and were 

concentrated in vacuo to give a mixture (15 g) which was further subjected to repeated silica 

gel column chromatography (two columns each 300g) eluted with DCM and a gradient of 
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DCM-MeOH to yield oleanolic acid (7, 3.lg), stigmasta-7, 22-dien-3 p-ol (8, 44mg), 

lachnophyllum ester (11, 450mg), and wemeria chromene (14, 220mg). Fraction 6 (lOg) was 

chromatographed over a silica gel (300g) column using DCM and a gradient DCM-MeOH 

solvent system as eluent to give nepetin (12, 96mg), quercetin 3-methyl ether (13, 51 mg), 

stigmasta-7, 22-dien-3 p-ol P-D-glucopyranoside (9, 49mg), and maslinic acid (10, 42mg). 

Fractions 7-15 were combined and concentrated to give a mixture (47g) which was subjected 

to three repeated silica gel column chromatography (700g, 300g, 300g) eluted with DCM and 

gradient DCM-MeOH solvent system to yield three triterpenoids (as identified by MS), one 

alcoholic compound (not identified) and a yellow powder. The yellow powder was further 

purified by HPLC (Econosil CI8, 1011, lOx250 mm) eluted with acetonitrile-H20 (6:4) to 

yield baclinic acid (6, 1I9mg). The whole extraction and isolation procedures are summarized 

in Scheme 1. 

Small quantities of DCM extract were submitted to the standard acid-base procedure in 

order to test for the presence of alkaloids. It was found that the DCM extract showed a 

positive reaction when the TLC plates were sprayed with the Dragendoff IS reagent. The 

initial isolation procedure, therefore, was designed according to the results obtained with the 

above testing. 

Ground biomass of Baccharis linearis (200g) was extracted with DCM at room 

temperature until the color of the DCM extract became light yellow. The DCM was 

evaporated under reduced pressure and gave a crude extract (20g) which was further 

extracted with 2% aqueous HCI ten times at room temperature. Next, the HCI solution was 
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placed in a separatory funnel and concentrated NH3 was added to adjust to pH to 8-9. The 

alkaline solution was extracted with DCM until the color of DCM was lightened. The 

combined DCM layers were washed with distilled water and then the DCM extract was 

evaporated in vacuo to yield an organic residue (8g). This residue was separated over a silica 

gel (200g) chromatography column eluted with DCM, gradient DCM-MeOH solvent system 

to give 22 fractions (250 ml each fraction). From fractions 5-7, baclinal (1) was isolated 

which was further purified on preparative TLC to give 22 mg of pure compound 1. Fraction 

8 was purified by the preparative HPLC (Vydac ODS, 5fl, 4. 6x250 mm) eluted with 

acetonitrile-H20 (6:4) to yield baclinepoxide (2, 11 mg). 13-epi-baclinepoxide (3, 5 mg), 

portulide B (4, 7 mg), andjewenol A (5, 12mg) were obtained by repeated separation on 

HPLC (Econosil Silica, IOfl, 10x250 mm) eluted with DCM-MeOH (9:1). The whole 

procedure is summarized in Scheme 2. 

2.3 Characterization of Baclinal (1) 

Compound 1 was isolated as oily solid and gave [«]0 = -180° (c 0.695). The ElMS 

indicated a molecular formula of C2oH2803 with an unsaturation equivalence of seven. This 

was confirmed by high resolution mass spectroscopy, which gave a parent peak at mlz 

316.2035 (HRMS) [calculated, 316.2031]. IR spectrum of compound 1 proved the presence 

of a lactone group (I768, 1038 cm-'). The 'H NMR data (Fig. 4) showed one tertiary methyl 

group at 00.55 ppm (s); two secondary methyl groups (00.89, d, J=6.6 and 0 1.99, d, J=7.2 

Hz); one aldehyde proton signal (09.38 ppm, s); an p-unsaturated proton (0 6.79, dd, J=7.3, 
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Table 1. 13C NMR data of baclinal (1), bac1inepoxide (2)*, 13-epi-bac1inepoxide (3), 

portulide B (4), trinerolidet, jewenol A (5)**, baclinic acid (6), and triacetyl baclinic 

acid (6a). 

Compounds 

C 1 2 3 4 
1 19.5 t*** 19.5 t 19.4 t 19.5 t 

2 27.7 t 27.6 t 27.6 t 27.6 t 

3 136.2 d 135.7 d 135.9 d 135.8 d 

4 138.5 s 138.6 s 138.6 s 138.6 s 

5 45.6s 45.6s 45.6s 45.6s 

6 34.4 t 34.4 t 34.5 t 34.5 t 

7 27.8 t 27.7 t 27.8 t 27.7 t 

8 36.5 d 36.4 d 36.5 d 36.5 d 

9 38.9 s 38.4 s 38.4 s 38.7 s 

10 47.9d 47.9d 47.9d 48.0d 

II 35.9 t 29.7 t 29.5 t 34.5 t 

12 17.1 t 30.3 t 30.3 t 28.6 t 

13 144.7 s 75.7 s 75.9 s 143.9 s 

14 149.4 d 140.4 d 140.5 d 126.2 d 

15 14.6 q 115.5 t 115.8t 58.5 t 

16 194.5 d 68.7 t 69.0 t 60.9 t 
17 15.6 q 15.5 q 15.5 q 15.6 q 
18 169.9 s 169.5 s 169.5 s 169.9 s 

19 71.8t 71.9t 71.9t 71.8t 

20 17.4 q 17.8 q 17.9 q 17.9 q 

All the spectra were measured in CDCI3. * Assignments were confirmed by IH_13C COSY. 

**Spectrum was measured in CD30D. ***The multiplicity of peaks were determined by 

DEPT.tReference compound. n Assignments were confirmed by H1v1QC. 
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Table 1. (continued). 

Compounds 

C trinerolidet 5 6& 6ao 

19.7 18.4 16.8 t 17.2 t 

2 27.7 27.4 26.0 t 27.1 t 

3 135.6 127.4 140.9 d 142.9 d 

4 138.7 146.5 136.4 s 136.2 s 

5 45.6 44.1 37.0 t 33.5 t 
6 34.5 32.3 38.2 s 38.7 s 

7 27.8 28.1 26.9 t 27.3 t 

8 36.5 37.7 36.0d 36.2 d 

9 38.7 39.9 41.8s 40.6s 

10 48.0 47.7 46.1 d 46.6d 

11 36.4 38.4 37.0 t 36.8 t 

12 27.0 29.2 27.3 t 28.2 t 

13 37.5 143.6 148.1 s 140.1 s 

14 39.4 127.4 126.1 d 123.8 d 

15 105.2 58.7 57.0d 60.4d 

16 71.8 60.2 58.5 d 61.7 d 

17 15.6 16.3 18.9 q 18.2 q 
18 169.5 64.6 175.9s 171.8 s 

19 72.5 65.8 15.9 q 15.8 q 
20 17.8 19.4 64.4 t 67.6 t 

CH3CO 20.9 q, 170.6 s 

20.9 q, 170.7 s 

21.0 q, 170.8 s 

& Spectrum was measured in DMSO. 
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2.4 Hz) and an oxymethylene (03.92, dd, J=8.0, 2.1 and 04.30, d, J=8.1 Hz). The \3C NMR 

data (Table 1) displayed 20 carbon signals discriminated into three methyls, six methylenes, 

two methines, two quaternary aliphatic carbons, four olefinic carbon signals (0 136.2, 138.5, 

144.7, 149.4 ppm), one aldehyde carbonyl (0 194.5 ppm), and twoy-lactone protons (0 

169.9, 71.8 ppm). Based on the above spectroscopic data, compound 1 was assumed to be 

a diterpenoid with a three ring-system bearing two carbonyl groups and two double bonds. 

The presence ofa downfield doublet of doublets ato 6.79 ppm indicated a proton on a 

double bond (H-3) conjugated with a carbonyl group. A partial structure =CHCH2CH2CH

was deduced by following the H-3 through a coupling pattern and coupling constants which 

could be confirmed by a series of proton decoupling experiments. 

When H-2 was irradiated at 02.47 ppm, coupling pattern changes were observed for 

H-3 and H-I (Fig. 5a) while irradiation of H-I at 0 1.06 ppm resulted in changes of peak 

shapes for H-IO and H-2 (Fig. 5b). Similarly, the H-I peak changed when H-10 was 

irradiated at 0 1.79 ppm (Fig. 5 c). 

The second sequence CH3CHCH2CH2- was also established by proton decoupling 

techniques. An irradiation ofH-8 at 0 1.79 ppm led a methyl signal to be converted from a 

doublet to a singlet and H2-7 from a complex to a simple pattern (Fig. 5c). Analogous 

irradiation of axial H-6 at 0 1.32 ppm, changed the peak shapes ofH2-7and that ofH-19 at 

o 3.90 ppm (Fig. 5d). The other proton at C-19 at 0 4.30 ppm was not affected by this 

irradiation. The coupling effect at 03.90 ppm (H-19) was caused by a long range coupling 

between axial H-6 and one ofH2-19 (Wagner et al., 1978). In order to confirm the existence 
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of such a long range coupling system, an irradiation ofH-19 at 0 3.90 ppm was measured and 

changes of coupling patterns were observed at the axial H-6 while the equatorial H-6 

remained the same (Fig. 5e). The existence of such a long range coupling system was very 

helpful to assemble the two partial structures together by linking C-5 and C-6. Finally, an 

irradiation ofH-17 at 00.89 ppm resulted in changes ofH-8 (Fig. Sf). 

When the 13C NMR of 1 was compared with that of a standard compound trinerolide 

(Kuroyagi et al., 1993), very similar values in chemical shifts from C-l to C-IO indicated 

that 1 possessed the same skeleton as trinerolide, a neo-clerodane diterpene (Table 1). The 

main skeleton of 1 was, therefore, considered to belong to a neo-clerodane type diterpene 

which possessed 14 carbons and 5 degrees of unsaturation. Two of the unsaturated degrees 

accounted for one double bond and one aldehyde group, therefore, the remaining six carbons 

could only be arranged in an open chain. Since the proton of the aldehyde was a singlet, it 

implied that this group was connected to a tertiary carbon atom. The carbonyl signal of the 

aldehyde at 0 194.5 ppm in the 13C NMR indicated that the carbonyl group was conjugated 

with a double bond. If this was not the case, the signal would have been recorded at around 

200 ppm. The p-unsaturated proton at 0 6.57 ppm in the IHNMR displayed a quartet 

suggesting that this proton was coupled with a methyl group. This was further confirmed by 

the observation that the methyl group showed a doublet signal at 0 1.99 ppm. This downfield 

signal also indicated that the methyl group was directly linked to a double bond. 

The methyl group linked to a double bond could be present in either cis or trails 

position to the aldehyde group. The configuration was solved by difference NOE technique. 
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The irradiation of the,B-unsaturated proton at 0 6.51 ppm resulted in an enhancement of 

7.51 % in the intensity of the aldehyde proton (Fig. 6a). When an aldehyde proton was 

irradiated at 09.37 ppm, a 4.34% increment in intensity of the ,B-unsaturated proton was 

observed while only a small increment (0.72%) was found when the methyl group was 

irradited at 02.00 ppm (Figs. 6b and 6c ). These results confirm that the methyl group was 

in a trans configuration in relation to the aldehyde group. 

The relative stereochemistry of C-l 0, C-5, and C-8 were deduced from the coupling 

patterns and coupling constants in relation to their adjacent protons in the IH NMR (Table 2). 

According to the molecular model, when H-l 0 is axial, then it is positioned at a 90 

degree dihedral angle with respect to the equatorial proton H-I. Because of this special 

arrangement, no apparent coupling was observed between H-I0 and the equatoral H-I. 

From the IH NMR spectrum it was also observed that the oxymethylene (C-19) occupied an 

axial position in the bridgehead of the bicyclic ring since one of its protons (0 3.92 ppm) 

exhibited an unusual long range coupling with the axial H-6. Only a configuration of this type 

can allow the two protons (H-19 and H-16 axial) to take the 'W -conformation' of the four 

sigma bonds. This configuration allowed for the long-range coupling with each other. The 

equatorial conformation of CH3-l7 was deduced by observing the couplings of the axial 

proton at 7 -position. When CH3-17 adopted an equatorial position, H-8 occupied an axial 

position which was anti to H-7. When the axial H-7 was coupled with axial H-6 and axial H-

8, these anti-position protons made H-7 split into a triplet as shown in Fig. Sf at 0 1.46 ppm. 

The absolute configuration of I was not possible to determine since a suitable crystal 
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Table 2. IH NMR data ofbaclinal (1), baclinepoxide (2)*, 13-epi-baclinepoxide (3)*, 

portulide B (4), jewenol A (5)**, baclinic acid (6), and triacetyl baclinic acid (6a). 

Compounds 
H 1 2 3 

1 l.05 qd (1l.5,4.0)t 1.02 qd (11.5,~.4) 1.01 qd (11.4,4.1) 
1.64*** 1.63*** 

2 2.27 dddd 2. 11dddd 2.18 dddd 
(18.2, 11.5,4.2, 2.3) (8.0, 11.9,5.4,2.1) (18.0, 11.8, 5.4, 2.0) 
2.45 dddd 2.36 dddd 2.37 dddd 
(18.3, 7.4, 4.0, 2.1) (18.0, 7.5, 5.4, 2.1) (8.0, 7.5, 5.3, 2.0) 

3 6.79 dd (7.3, 2.4) 6.74 dd (7.4, 2.0) 6.75 dd (7.4,2.1) 
6 1.25 tdd (13.2, 3.7, 2.2) 1.21 tdd (11.9, 3.1, 1.9) 1.20 m 

1.93 dt (12.2, 3.5) 1.89 dt (12.7, 2.9) 1.90 dt (12.6, 2.9) 
7 1.46 dtd (14.4, 13.2, 3.8) 1.44m 1.44 m 

1.64 dq (14.9, 2.9) 1.59 m 1.58 m 
8 1.78 m 1.61 *** 1.62*** 

10 1.81 br.d (12.1) 1.65 d (12.4) 1.64*** 
11 1.32 dd (9.8, 7.6) 1.24m 1.24m 

1.43 m 1.43 m 
12 2.04 td (9.6, 7.4) 1.26 m 1.26m 

2.17 td (9.9, 7.7) 1.45 m 1.45 m 
14 6.57 q (7.0) 5.78 dd (17.4, 10.7) 5.78 dd (17.3, 10.7) 
15 1.99(3H) d (7.0) 5.28 dd (10.7, 1.3) 5.31 dd (10.7, 1.2) 

5.36 dd (17.4, l.3) 5.38 dd (17.3, 1.2) 
16 9.38 s 3.52 (2H) d (3.0) 3.48 d(10.9) 

3.55 d (10.9) 
17 0.89 (3H) d (6.6) 0.82 (3H) d (6.3) 0.82 (3H) d (6.2) 

19 3.92 dd (8.0, 2.1) 3.90 dd (8.0, l.9) 3.90 dd (8.2, 2.0) 
4.30 d (8.1) 4.29 d (8.0) 4.28 d (8.2) 

20 0.58 (3H) s 0.55 (3H) s 0.59 (3H) s 

All the spectra measured in CDCI3. *Assignments were confirmed IH-IH COSY. **Spectrum 
was recorded in CD30D. ***Overlapped signal. tValues in parentheses are coupling 
constants in Hz. 
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Table 2. (continued) 

Compounds 

H 4 5 6£ 6a* 

1.05 qd (1l.7, 3.9) l.63*** 

1.78*** 

2 2.13 m 2.18 m 2.21 *** 

2.38 m 2.24m 2.40*** 

3 6.55 dd (6.8, 1.5) 5.71 t (5.8) 6.27 hr. s 7.04 t (4.5) 

5 1.22*** 

2.56 hr. d (8.1) 

6 1.24m 2.22*** 

7 1.44*** 1.44*** 

1.49*** 1.78*** 

8 1.60*** 1.51*** 

10 1.71 d (11.2) 1.65 d (6.0) 1.45*** 

11 1.25 (2H) m 1.45*** 1.47 ***(2H) 

1.56*** 

12 1.92m 1.81*** 

2.03111 2.00*** 

14 5.52 t (6.8) 5.46 t (6.9) 5.26 t (7.5) 5.55 t (7.4) 

15 4.21 (2H) d (6.8) 4.12 (2H) d (6.9) 3.94 (2H) d (7.5) 4.65 (2H) d (7.4) 

16 4.19 (2H) s 4.09 (2H) s 3.90 (2H) s 4.64 (2H) s 
17 0.84 (3H) d (6.8) 0.86 (3H) d (6.4) 0.79 (3H) d (8.8) 0.81 (3H) d (6.3) 

18 3.81 d (11.0) 

4.14 d (10.8) 

19 3.58 dd (7.9,2.0) 3.58 d(lO.8) 0.67 (3H) s 0.79 (3H) s 

4.30 d (7.9) 3.97 d (10.6) 

20 0.59 (3H) s 0.78 (3H) s 3.87 hr.d 4.33 d (12.1) 

CH3CO 4.59 d (12.1) 

1.99 (3H) s 

2.01 (6H) s 

£ Spectrum was measured in DMSO. 
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could not be obtained for this compound. Based on biogenetic considerations and from the 

knowledge that all c1erodane diterpenoids isolated so far from Baccharis have a neo-. 

c1erodane configuration, I propose that compound 1 corresponds to the structure shown in 

Fig. 2. 

The mass spectrum of 1 gave a series of fragmentation peaks which further confirmed 

the proposed structure for compound 1. The fragment c was obtained from losing a CH20 

molecule from compound 1. It has been observed that this is a characteristic peak of neo

c1erodane type diterpenoids bearing a y-Iactone group (Stapel et al., 1980). The results and 

the proposed mechanism for the observed fragments are shown in Fig. 7. 

The base peak of m/z 219 (I) was obtained by losing the side chain. The formation of 

the tropylium ion k involved a fission of the C5-6 bond through an A pathway followed by 

homolytic fission of the C7-8 bond with the generation of the conjugated ion g. The 

intermediate fragment h, which came from ion g by loosing an ethylene molecule, further 

fragmentation showed a loss of a small neutral molecule of CO to form a relatively stable 

aromatic ring i which, in turn, led to the formation of a more stable benzyl ion j and the 

tropylium ion k. The origin of ion f is proposed to be derived from the fission of C9-1 0 bond 

from the intermediate ion c through the B pathway which further lost the side chain to form 

ion d and a neutral molecule of CO to form ion e. Ion e underwent a retro-Diels-A1der 

fragmentation to produce ion f. 

According to the described spectral data, the structure of 1 was, therefore, elucidated 
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as a novel neo-clerodane type diterpene. This compound was named baclinal by following 

the genus name and its aldehyde function. 

Data for haclinal (1). IR vKBr cm"!: 2928, 2870, 1768, 1645, 1462, 1363, 1143, 1038, 

763. 

2.4 Characterization of Baclinepoxide (2) 

Compound 2 was isolated as an oil and gave [a]D =_95° (c 0.693). The molecular 

formula ofC2oH2s03 was deduced from its high resolution mass spectrum (316.2035, calc. 

316.2031). The IR band at 1762 and 1025 cm"! indicated the presence of a lactone group. The 

13C NMR of 2 exhibited 20 carbon signals and 14 of them (C 1--C 10 and C 17 --C20) showed 

chemical shifts similar to those of 1. Based on these data, it was assumed that 2 also 

possessed a neo-clerodane type skeleton (Table 1). Besides the two methyl groups (0 0.58, 

3H, sand 00.82, 3H, d, J=6.3Hz) and one p-unsaturated proton (0 6.74, 1H, dd, J=7.4, 2.0 

Hz) which were similar to those of 1, the !H NMR spectrum of 2 additionally displayed a 

terminal double bond (0 5.28, 1H, dd, J=10.7, l.3 Hz; 05.36, 1H, dd, J=17.4, l.3 Hz and 

05.78, 1H, dd, J=7.4, 10.7 Hz) and an oxymethylene group (0 3.90, IH, dd, J=8.0, l.9 Hz 

and 04.29, IH, d, J=8.0 Hz) [Fig. 8]. 

The !H NMR signals of 2 could be deduced by the use of !H-!H shift correlation 

spectroscopy (COSY). The olefinic proton ofH-3 was easily recognized and it served as the 

starting point for the analysis of the COSY spectrum. As shown in Fig. 9a, the proton signal 
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ofH-3 at 0 6.74 ppm showed correlations with the protons at 0 2.11 and 2.18 ppm (H2-2), 

indicating that H-3 was coupled with H2-2. The signals of H2-2 showed correlations with the 

signals at 0 1.02 and 1.64 ppm (H2-I), indicating that H2-2 was coupled with H2-1 which, 

in tum, displayed a further correlation with H-IO at 01.65 ppm. An amplification oflH-IH 

COSY for compound 2 in the upfield region is shown in Fig 9b. Similarly, the proton for the 

y-Iactone (H-I9) at 0 3.90 ppm showed a correlation with the axial H-6 at 0 1.21 ppm 

that suggested a long-range coupling between these two protons which has been already 

discussed for baclinal (1). 

The axial H-6 was another proton that served as reference for further correlations of 

crosspeaks. When starting from the H-6 signal at 0 1.21 ppm, correlations with H2-7 were 

observed which suggested that H-6 was coupled with H2-7 (Fig 9b). As can be seen in the 

same spectrum, H-8 was difficult to distinguish since it was buried in the crowded cross peak 

area. In contrast, the methyl group at 00.82 ppm (H3-17) showed a clear correlation with H-

8 at 0 1.61 ppm. Based on the analysis of the COSY spectrum, the partial structure of2 is 

shown in Fig. 9a. 

The assignments of the protonated carbons in 2 were established based on the IH_I3C 

HETCOR NMR by finding correlations of proton and carbon signals as shown in Fig. 10. All 

the assignments for 2 were supported by the close similarity of its IH and 13C NMR 

spectroscopic data with those obtained for bac1inal (1) (Tables 1 and 2 ). 

With the already discussed experiments, fourteen carbons and five degrees of un saturation 

for compound 2 could be accounted for. Based on this information, and in order to account 



2 
(ppm) 

2 

3 

4 

5 

'6 

7 

8 

/ .,. 
~ . 

8 

54 

f 

- I I 

..: - -. -- -:+ - --.4 
H1gendo I I H6a .. II , 1-

/; HIgexo I I 

# "':15 
~-4I H 
"14 

I 

~- - - - - - - - -- ~ 
·'H3 

7 6 5 ~ 3 2 1 0 

F1 (ppm) 

Fig. 9 a) 'H_'H COSY of baclinepoxide (2). 



___ -J (ppm 

0.11 
~ 

'II' 
~ 0.6 

0.8 

1.0 
•. ~ 

~ 
1.2 

1. A 

1.6 

• I 

.- f'; 
Eli ·1110 .... « 

15 1.8 

2.0 

-2.2 

2.A 

2.6 - • 
2.8 :j 

TTIITTIITTIITTIITT'ITTIITTIITTIITTII TTl I TTII TTII TTl' TTII TTII'"""""'I"""TTIITTI,mllmqmllmllml'mllm'lmll"TlII"TTTI'ITTTTTTTlfmTTTTTTT II q II "I 11"1""1""1""111"1""1'1111"1'1""11"'1'"'" II 
2.6 2.2 1.8 1.A 1.0 0.5 0.2 

r 1 (ppm) 

Fig. 9 b) Amplification IH-IH COSY of baclinepoxide (2) in the upfield region. 
VI 
VI 



--~~ 
C8 

CIO 

CI6 

C19 

CIS 

C3 

C14 

HIe ~ HIO 1-1 112o;N lJ{~fV 1117 
H7 HI 1120 ------ - H2 e.iI 

F2 
(ppm 

20 
- -11C17c20 
) - 1- --

C2 CI 
C7 
~C1l30 

C12.0 

50 

60 

70 

80 

90 

10 

11 

12 

13 

-1=~~~;:;;;;;~~~;:;;;;;;:;;;;;;;t;;;;;;;:l*;;;;;;:;:;;;;;;;;;;;:*;;;;;;;jf;;;;;;;:;f;;;;;;;;:~~;,;;~~;j;;.-ll-io-ooo~"P C I I • C 12 

t============~======~==~======~~==~==========~=-~_~--C6 _ C8 

---- - r------ - -- ---- --- ------- -- --~C 10 
-

-

- - .... - elf) 0 14 
C 19 15 

- 16 13 

11 12 

H ",,~~3 
- g~ ~~ 

1 \" 
2 10 8' 17 

- 3 5 7 
:t-------t----_t_ - C 15 4 % 6 
- ; 

18 J1 g 

- 0 0 
-r-----. - ~ C3 

14 -1--------- -~ C 14 

15 

8 7 6 5 4 :1 2 

F 1 (ppnl) 

Fig. 10 IH_I3C HETCOR ofbaclinepoxide (2). 
VI 
0\ 



57 

for the rest of the carbons, It was concluded that the remaining six carbons were included in 

one terminal olefinic bond, one ethylene unit, one oxymethylene group and one quaternary 

carbon attached to an oxygen atom. From the remaining two degrees of unsaturation, if one 

is assigned to a double bond, the other one could be assigned to a cyclic ring unit. Since the 

oxymethylene displayed no cross peaks with others in the IH_IH COSY spectrum (Fig 9a), 

it was reasonable to assume that there was no proton in its vicinity. Also, since the other 

oxycarbon was quaternary (as observed in the DEPT experiment) in the l3C NMR, an epoxy 

substituent was the only possibility that could satisfy all NMR data and the degrees of 

unsaturation. 

In order to clarify the connectivities of the proposed partial structure (Fig. 11) and to 

ascertain the position of the terminal olenific bond and the epoxy group, a l3C_1H long range 

INEPT (selective INEPT technique) experiment was performed. As shown in Fig. I2a and 

I2b, irradiation ofCH3-20 at 00.56 ppm CJcH =8 Hz and 3JClI =3 Hz) with a soft pulse led 

to the enhancements ofC-9 (0 38.4 ppm), C-lO (047.9 ppm), and C-I2 (0 30.3 ppm). 

Irradiation ofCH3-I7 at 00.8 ppm CJcH =8 Hz and 3JClI =3 Hz) enhanced C-9 (0 38.4 ppm), 

C-8 (036.4 ppm), C-II (029.7 ppm), and C-I (0 19.5 ppm) [Figs. I2c and I2d]. These 

correlation data clearly showed that C-9 was connected with C-I 0 and C-II. These data, 

therefore, established that the main skeleton of 2 was a neo-clerodane type. 

Analogous irradiation of the double bond at 05.77 ppm CJcH =8 Hz and 3JCH =3 Hz) 

resulted in the enhancements ofC-I3 (075.7 ppm) and C-I6 (0 68.7 ppm) [Figs. I2e and 

I2t]. Enhancement at C-I4 (0 140.4 ppm) was observed when irradiating the oxymethylene 
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(H-16) at 03.50 ppm CJcH =3 Hz) [Fig. 12g]. The experiments suggested that the terminal 

double bond was directly attached to the epoxy group. 

The majority of mass spectrum fragments for compound 2 displayed the characteristic 

lleo-c1erodane-type peaks, already discussed in detail for baclinal (1). 

These results confirm the structure of 2 was as a novelneo-c1erodane type diterpene and 

it was given the common name of baclinepoxide by following the genus name and its 

epoxide functional group. 

Since the side chain of bac1inepoxide rotates freely when as observed when using a 

molecular model, it is difficult to determine the relative configuration of the epoxide group 

by using spectroscopic methods alone. In order to determined the relative configuration, an 

attempt was made to open the y-Iactone ring by treating compound 2 with a base with the 

hope offorming a crystalline compound. This procedure was not successful. A repetition of 

this experiment could not be attempted due to the minute quantities of isolated compound 

2 and no more biomass was available for this purpose, therefore leaving the absolute 

stereochemistry of C-13 unestablished. 

Data for baclinepoxide (2). IR ,,KDr em-I: 2958, 2925, 2885, 1762, 1663, 1600, 1449, 

1364, 1297, 1182, 1025, 998, 760. ElMS m/z (reI. int.): 316 [M]+ (7), 286 (28),271 (5), 258 

(12),219(71),202(8),189(57),187(50),173 (26),161(37),149(43),133 (34),121 (39), 

105 (66), 91 (100), 77 (58), and 55 (80). 
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2.5 Characterization of 13-epi-Baclinepoxide (3) 

Compound 3 was isolated as an oil and gave [a'lD = _780 (c 0.168). Its molecular 

formula was deduced as C2oH2S03 from its mass spectrum and 13C NMR spectrum which 

exhibited 20 carbon signals. Compound 3 displayed almost identical IR, lH and BC NMR 

spectra as those obtained for badinepoxide (Tables 1 and 2). The only significant difference 

between the lH NMR spectra of the two compounds is the coupling pattern observed for the 

H-16 at 03.52 ppm. The proton NMR of badinepoxide (2) exhibited H-16 at 03.52 ppm 

(2H, d., ./=3.0 Hz) while that corresponding to 3 was observed at 03.52 ppm (2H, q like, 

./=10.9 Hz) [Figs. 8 and13]. 

It was originally thought that compound 3 was baclinepoxide (2) and that the slight 

difference observed in the H-16 of peak pattern was caused by impurities in the sample. 

Careful examination of these two compounds using TLC [Polygram Sit G/UVm , Macherey

Nagel, Hexane-EtOAc-MeOH (8: 2: 0.5) as developing system] showed that they definitely 

had different Rf values after ten repeated solvent runs. The Rf values obtained for 2 and 3 

were 0.037 and 0.033, respectively. Because 3 showed a quartet pattern-like peak at 03.52, 

it was originally assumed that the oxymethylene was coupled with an adjacent proton and, 

therefore, structure 3a as shown in Fig. 14 was proposed. The proposed original structure, 

however, seemed unlikely when the biogenetic pathways giving origin to this type of 

compound was considered (Fig. 14). As a result the sample was resubmitted for an lH_1H 

COSY experiment. 
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The results obtained with IH)H COSY (Figs. 15a and 15b) clearly showed no cross 

peaks between the one at 0 3.52 ppm with other protons. Similar NMR data obtained for 

baclinepoxide (2) suggested that 3 may have the same structure. The difference in the 

observed coupling patterns as well as the different Rf values on TLC could only be explained 

by a different configuration ofC-l3, i. e. the olefinic group having a different orientation. This 

coupling pattern ofH-16 in 3 was attributed to the presence of an AB system (HA: 03.48 

J=10.9 Hz; Hn: 0 3.55, d, J=1O.9 Hz) and not to a quartet originally assigned to the 

alternative structure 3a. The relative stereochemistry for C-13 could not be determined by 

l3C NMR since its chemical shift for C-13 and that obtained for its adjacent carbon had 

nearly the same values as those observed for baclinepoxide (2). 

The principal fragments of mass spectrum for compound 3 showed a very similar pattern 

to those observed for baclinepoxide (2). 

According to the described experiments, the structure of 3 was, therefore, elucidated as 

a novelneo-clerodane type diterpene. It was given the trivial name of 13-epi-baclinepoxide 

by following the name given to compound 2. The absolute stereochemistry ofC-13 could 

not be established because of the similar reasons already explained for baclinepoxide (2). 

In order to try to establish the relative stereochemistry C-13 for baclinepoxide (2) and 

l3-epi-baclinepoxide (3), the NOE difference spectra were measured. As shown in Fig. 16 

and 17, no NOE enhancements of protons on the side chains which can rotate freely were 

observed for both compounds when irradiated the H-20 at 00.55 ppm and H-14 at 05.78 

ppm, respectively. However, the observed enhancements at H2-19 after irradiating H-20 
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indicated that the CH3-20 took an axial configurations in 2 and 3 as discussed in baclinal (1). 

The same problem about unestablished absolute configuration for epimer compounds 

was also reported in literature (Kuroyanagi et al., 1993). For example, methyltrineracetal to 

epimethyltrineracetal, 18-acetyl-7 a-hydroxy-methyltrineracetal to 18-acetyl-7 a-hydroxy

epimethyltrineracetal, and trinerolide to 15-epitrinerolide (Fig. 2). 

Data for J3-epi-baclillepoxide (3). IR yKBr cm-': 2924,2885, 1763, 1665, 1445,1361, 

1290, 1181, 1031,998, 768. ElMS m/z (reI. int.): 316 [Mr (5),286 (21), 285 (37),271 (5), 

258 (4), 219 (50), 202 (14), 189 (53), 187 (27), 173 (26), 161(42), 149 (73), 133 (39), 121 

(50), 105 (70), 91 (100), 87 (85), 77 (55), and 55 (92). 

2.6 Characterization of Portulide B (4) 

Compound 4 was isolated as an oil. The molecular formula ofC2oH3004 (m/z 334) was 

derived from mass spectroscopic data (M-H20, m/z 316 and M-2H20, I11/Z 298) coupled with 

l3C NMR in which 20 carbon signals were displayed. Compound 4 was assigned a Ileo

clerodane type skeleton because the values for fourteen carbon signals (C l--C 1 0 and C 17-

C20) were found to be similar to those of 1, 2 and 3 (Table 1). The remaining six carbons 

were consistent for the presence of two oxymethylenes, one ethylene, and one olefinic bond. 

The careful examination of the mass spectrum of 4 indicated the presence of hydroxy Is since 

the fragment M-2H20 was observed. The 'H NMR of 4 exhibited two hydroxymethylene 

groups at 04.19 (2H, s) and 04.21 ppm (2H, d, J=6.8 Hz). Those protons were assumed 

to be allylic due to their observed downfield chemical shifts. Additionally, by examining the 



70 

coupling constants, it was detennined that one hydroxymethylene seemed to be coupled with 

a hydrogen atom of double bond while another appeared in the form of a singlet. The 

coupling pattern clearly indicated the existence of a 5-hydroxy-3-hydroxymethyl-3-pentenyl 

side chain (Fig. 2). Compound 4 was identified as portulide B, a compound previously 

isolated from Portulaca cv Jewel. 13C NMR data of compound 4 were in complete agreement 

with the chemical shifts reported for portulide B in the literature (Ohsaki et al., 1986). 

2.7 Characterization of Jewenol A (5) 

Compound 5 was isolated as an oil. Its molecular formula was determined as C2oH3404 

(mlz 338) from the mass spectrum (M-H20, mlz 320 and M-2H20, mlz 302) and 

corroborated by 13C NMR which displayed 20 carbon signals. The IH NMR of 5 in DMSO-d6 

exhibited four hydroxyl groups at 04.48,4.55,4.73, and 5.20 ppm (H each, all hr. s). 

The 13C NMR spectrum of 5 indicated that this compound lacked the y-Iactone ring as 

previously identified for compounds 1-4. The lack of the lactone ring was further confirmed 

by the presence of an olefinic proton (H-3) which appeared at 05.71 ppm. This proton did 

not appear as a doublet of doublets as it was observed for compounds 1-4. Instead, 

compound 5 showed as a broad triplet 05.71 ppm. Moreover, the chemical shift ofH-3 in 

compound 5 was in an upfield position when compared with that of 1-4 whose H-3 possessed 

a conjugated system to the y-Iactone ring. Compound 5 was found to have the same side 

chain as compound 4 (5-hydroxy-3-hydroxymethyl-3-pentenyl). By close inspection of the 
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lH NMR of5, two pairs of AB coupling signals at 03.58,3.97, and 3.81 and 4.14 ppm, 

respectively, were observed. Furthermore, the signals due to two hydroxymethylenes at 0 

64.6 and 065.8 ppm were also observed in the 13C NMR of5. 

These results suggested that compound 5 had an open y-Iactone ring with two hydroxyl 

groups. The structure of 5 was, therefore, determined as jewenol A. The 13C NMR data of 

5 was in agreement with those obtained for jewenol A, a natural product previously isolated 

from Portulaca cv Jewel (Ohsaki et al., 1988). 

2.8 Characterization of Baclinic Acid (6) 

Compound 6 was isolated as a yellowish powder with very poor solubility in common 

organic solvents. It appeared as a broad single peak on HPLC with silica gel and C 18 

columns. The 13C NMR spectrum of compound 6 exhibited 20 carbons including two methyls, 

nine methylenes, four methines, and five quaternary carbon atoms (Table 1). The lH NMR 

spectrum of 6 in DMSO displayed the typical pattern for diterpenoid absorption with two 

methyl groups and a side chain of 5-hydroxy-3-hydroxymethyl-3-pentenyl (Fig. 18). The 

molecular formula of 6 (C2oH320s, MW=352) was derived based on its NMR and mass 

spectra of 6 which gave the maximum molecular weight at mlz 316 corresponding to M-2 

H20. Since several impurities were observed when compound 6 was checked by GC which 

were hard to remove by HPLC, the acetyl derivative of this compound (6a) was prepared. 

Compound 6a showed a maximum molecular weight at mlz 478 corresponding to the 
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molecular formula C26H3S0S' A strong fragment of m/z 460 (M+-H20) and a weak m/z 433 

peak (M+ -COOH) indicated the presence of a carboxylic acid functional group. This 

observation was further confirmed by IR spectroscopy by the presence of a broad band at 

3350-3000 em-I. 

The IH NMR spectrum of compound 6a showed three acetyl groups (0 1.99, 3H, s; 

2.07, 6H, s), two methyl groups (0 0.79, 3H, d, J=8.8 Hz; 00.81, 3H, s), two olefinic 

protons (0 5.55, IH, t, J=7.4 Hz, 7.04, IH, br. s.), and three hydroxymethylene groups ( 0 

4.33, IH, d, J=12.1 Hz, 4.59, IH, d, J=12.1 Hz; 4.64, 2H, s; 4.65, 2H, d, J=7.04 Hz) [Fig. 

19]. The \3C NMR spectrum of 6a exhibited 26 carbon signals. With the exception of three 

acetyl groups (6 carbon signals), the remaining 20 carbon atoms contained two methyls, nine 

methylenes, four methines, and five quaternary carbons including two double bonds and one 

carboxylic group (Table 1). 

According to the above NMR data and the unsaturation degree of 8, compound 6a was 

assumed to be a diterpenoid with 3 hydroxyl groups (acetylated), one carboxylic acid group, 

two double bonds, and two rings. The presence of a 5-hydroxy-3-hydroxymethyl-3-pentenyl 

for compound 6a was derived from close similarities of its 13C NMR data to those observed 

in portulide B (4) and jewenol A (5) (Table 1). A downfield shift at 0 7.04 ppm for an 

olefinic proton (H-3) indicated that this proton connected to an «, p-unsaturated conjuated 

system (Table 2). 

The partial structures were established based on the proton proton correlations by using 

IH-IH COSY and HMQC (Heteronuclear Multiple Quantum Correlation) spectra of 6a. In 
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lH_1H COSY spectrum (Figs. 20a and 20b), starting from H-3 at 07.04 ppm, cross peaks 

with H2-2 at 0 2.21 and 2.40 ppm were observed. Following the H2-2, two protons (H2-1) 

at 0 1.63 and 1.78 ppm were correlated with H-2. However, the expected correlation 

between H-2 at 02.40 ppm and H-I at 0 1.63 ppm was not observed. The molecular model 

of compound 6a showed that these two protons assume a 90° dihedral orientation to each 

other and no apparent coupling existed between them. From H2-1, correlations with H-I 0 at 

o 1.45 ppm were observed. The proton at 0 2.56 ppm was recognized as H-5 due to its 

relative downfield chemical shift because it is allylic. This proton was found to have two 

cross peaks at 0 1.44 ppm and 0 1.21 ppm, respectively. The cross peak at 0 1.21 ppm was 

derived from a geminal coupling of two protons for the 5 position, while the cross peak at 0 

1.44 ppm was assumed to arise from long-range coupling between H-5 at 02.56 ppm and H-

10 at 0 1.45 ppm or from impurity. According to the molecular model, H-5 and H-I 0 are 

part of a W-type geometry, which favors long-range coupling. This assumption could be 

further confirmed by a spin decoupling experiment. When irradiated at 0 1.21 ppm, the 

doublet ofH-5 at 02.56 ppm was converted to a singlet peak; similar irradiation at 0 1.44 

ppm, produced no change for the H-5 peak (Fig. 21). The methyl group of C-8 at 0 0.79 

ppm was correlated with H-8 at 0 1.51 ppm and H-8 was further observed to correlate with 

H2-7 at 0 1.44 and 1.78 ppm, respectively. Two protons at 0 1.81 and 2.00 ppm were 

assigned to be H2-12 because they showed long-range couplings with H2-14 and H2-16 by 

displaying cross peaks with H-16 at 04.64 and H-14 at 0 5.55 ppm, respectively. The 

chemical shifts of H2-11 were assigned at 0 1.47 ppm through finding a cross peak with H2-
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12. A correlation of olefinic proton for H-14 at 05.55 ppm with H2-15 at 04.66 ppm was 

also observed. 

The chemical shifts for overlapped proton signals in the region of 1.2-2.2 ppm were 

further confirmed by HMQC spectrum. For example, the chemical shift for H-I0 at 0 1.45 

ppm was confirmed through observing the correlation between H-l 0 and C-I0 at 0 46.6 ppm. 

H2-11 at 0 1.47 ppm were confirmed by the presence of correlation between H-l1 and C-Il 

at 036.8 ppm. The complete assignment ofprotonated carbon atoms of compound 6a was 

also based on the HMQC experiment (Figs. 22a and 22b). Based on the observed correlations 

discussed above, the partial structure of 6a was established as shown in Fig. 23. 

The carboxylic acid group was considered to be positioned at C-4, since the C-3 proton 

showed a downfield chemical shift at 07.04 ppm. The position ofC-6 should be substituted 

by a methyl group since upfield chemical shift at 038.7 for C-6 was observed. If this position 

was substituted by hydroxymethylene or carboxylic acid group, it would appear at about 0 

44 ppm (Table 1 for compound 5) and about 0 60 ppm, respectively (Ohsaki et ai., 1985). 

In order to clarify the connectivities of the partial structure, the HMBC spectrum of 6a 

(Heteronuclear Multiple Bond Correlation) was measured. As shown in Fig. 24, the methyl 

signal ato 0.79 ppm (H3-19) showed long-range correlations with the carbons at 038.7 (C-6, 

s) and 46.6 (C-lO, d), indicating that C-6 was connected with C-I O. Similarly, the methyl 

signal at 0 0.89 ppm (H3-17) showed long-range correlations with the carbons at 0 36.2 (C-

8, s) and 27.3 ppm (C-7, d), indicating that C-8 was connected with C-7 and C-17. The 

methylene at 04.64 ppm (H2-16) displayed long-range correlations with 028.2 (C-12, d), 
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Fig. 23 Partial structure of triacetyl baclinic acid (6a) deduced from I Hand \3C NMR 
data. -.: long-range coupling obselVed in HMBC experiment. ~: long-range 
coupling obselVed in IH_IH COSY. 
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140.1 (C-13, d), and 123.8 (C-14, s), indicating that C-13 was connected with C-16, C-14, 

as well as C-12. These data and other correlations shown in Fig. 23 establish compound 6a 

as shown in Fig. 2. 

The relative stereochemistry of compound 6a was solved by a NOESY spectrum. Based 

on biogenetic considerations and structural analogies with related known diterpenoids, CH3-

17 always assumes an equatorial position corresponding to the alpha configuration. Since 

clear correlations between H2-20 at 0 4.33, 4.59 ppm and H3-17 at 0 0.81 ppm were 

observed, C-20 should occupy axial position according to molecular model (Fig. 25a and b). 

The absence of correlations among H3-19 at 0 0.79 ppm, H3-18, and H2-20 excluded the a 

configuration for C-19. Similarly, the absence of correlations between H-1 0 at 0 1.45 ppm 

and H2-20 indicated that H-1 0 had a p configuration. The cross peak between H-19 at 0 0.79 

ppm and H-I 0 at 0 1.45 ppm was overlapped by cross peak ofH-17 (0 0.81 ppm) and H-II 

(0 1.47 ppm), but an about 8 % enhancement of H-I 0 observed in 1D NOE difference 

spectrum when irradiated H-19 at 0 0.79 ppm indicated that both H-19 and H-I 0 took p 

configuration (Fig. 27). Other correlations also support the conformation for 6a as shown in 

Fig. 26 and this cis-bicyclic conformation is the same to those reported structures with 

identical main skeletons (Yamazaki et al., 1969; Ohsaki et al., 1985; 1986). 

According to the described spectral data, the structure of 6 was elucidated as a novel 

diterpene with a perhydroazulene skeleton. This skeleton may originate from geranyl-geranyl 

via the biogenetical route shown In Fig. 14 (Yamazaki et al., 1969). Compound 6 was named 

baclinic acid by following the genus name and its carboxylic acid function. Perhydroazulenes, 
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although of different chemical substitution, were reported for Portulaca grandiflora 

(Yamazaki et ai., 1969; Ohsaki et ai., 1985; 1986). 

Data for baclinic acid (6). IR pr em-I: 3450-3000, 2951, 2922, 1700, 1384, 1366, 

1183, 1034, 781. ElMS mlz (reI. int.): 316 [M-2H20](0.4), 287 (0.5), 258 (0.7), 217 (12), 

193 (4),173 (4), 161 (7), 159 (11), 149 (14), 117 (30),95 (68), 91 (100), 79 (34), 67 (20). 

Data for triacetyi baclinic acid (6a). [a]D= - 68° (c 0.68). IR pr em-I: 3350-3000, 

2950, 2928, 1742, 1454, 1383, 1233, 1033, 968, 781. ElMS m/z (reI. int.): 478 [Mr (1.5), 

460 (25),418 (35), 400 (7), 387 (9), 374 (6), 358 (12), 340 (15),327 (87), 301 (33),285 

(42),241 (72),219 (40),187 (34),175 (60),173 (71),161 (70), 147 (53),119 (63),105 

(81), 91 (100), 79 (65). 

5 

8 % enhancement for 
H-lO at 6 1.45 ppm '" 

, 
4 

, 
irr. H-l9 at 00.79 ppm 

1-_________ 
Ppol 

rJ8. 27 Spectrum of difference NOE experiment for triacetyl baclinic acid (6.). 



90 

2.9 Characterization of Oleanolic Acid (7) 

Compound 7 was recrystallized as white needles in MeOH and had a melting point 297-

300°C [lit. 304-06°C (Anjaneyulu el al., 1977)]. Its molecular weight was derived from mass 

spectral data (C30H4S03' mlz 456). The mass spectrum also gave a series of characteristic 

oleanolate fragments which were derived from retro-Diels-Alder (RDA) fragmentation (mlz 

248) and further decarboxylation of this fragment (mlz 203) [Fig. 28a]. The IH NMR 

displayed seven methyl groups, one oxymethine, and one olefinic proton. The identification 

of 7 as oleanolic acid was based on the comparison of its IH NMR and co-chromatography 

with an authentic sample of oleanolic acid and its acetyl derivative (7a). Oleanolic acid is a 

commonly found compound in plants. 

DalaofOleanolieAcid(7). IHNMR(250MHz, pyridine-ds) £5 (ppm): 0.87, 0.93, 0.98, 

0.99, 1.00, 1.22, l.26 (21H, each s, CH3x7), 3.28 (1H, dd, J=14.1, 4.3Hz, H-3cx), 3.42 (lH, 

I, J=7.6 Hz, H-3P), and 5.47 (1H, t, J=3.4Hz, H-12). ElMS mlz (reI. int.): 456 [Mr (1),410 

[M-HC02Hr(2), 248 (100), 203 (81),189 (12),175 (9), and 133 (13). It was identified by 

co-chromatography on silica gel GlUV2s4 with authentic sample using DCM-MeOH (8.5: 1.5) 

and hexane-EtOAc-EtOH (8:2: 1.5). 

Dala of Oleanolie Aeetale (7a). C32HS004, white needles, and had mp.172-174°C. IH 

NMR (250 MHz, CDCI3)£5 (ppm): 0.75, 0.85, 0.86, 0.90, 0.93, 0.94, 1.13 (21H, each s, 

CH3x 7), 2.05 (3H, s, CH3CO), 3.28 (1H, dd, J=14.0, 4. 1Hz, H-3cx), 4.50 (1H, t, J=7.8Hz, 

H-3P), and 5.27 (lH, I, J=3.3Hz, H-12). Compound 7a was identified as 3-0- and 3-epi-0-

acetyl oleanolic acid by co-chromatography on silica gel GlUV2S4 with authentic sample 
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Table 3. J3C NMR data of stigmasta 7,22-dien 3 p-ol (8), stigmasta 7,22-dien-3 p-ol 3-0-P
D-glucopyranoside acetate (9a), acetyl 24-ether-5 a-cholesta-7, trans-22-dien-3 p-ol (8a), 
and maslinic acid methyl ester (10a). 

C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
C02CH3 
11 
21 
31 

41 
51 
61 

AcOx4 

9a 
37.0 
29.7 
79.6 
34.4 
40.2 
29.2 
117.2 
139.6 
49.3 
34.3 
21.5 
39.4 
43.3 
55.1 
23.0 
28.5 
55.9 
12.0 
13.0 
40.8 
21.1 
138.2 
129.4 
51.2 
31.9 
19.0 
21.3 
25.4 
12.0 

99.6 
71.6 
72.9 
68.5 
71.5 
62.1 
169.3, 169.4 170.4 

All spectra were measured in CDCI3. 

8 
37.21 
29.61 
71.1d 
31.51 
40.3 d 
29.61 
117.5 d 
139.6 s 
49.5 d 
34.2 s 
21.51 
39.4 1 
43.3 s 
55.1 d 
23.01 
28.51 
55.9 d 
12.0 q 
13.0 q 
40.8d 
21.1q 
138.2 d 
129.5 d 
51.2 d 
31.9 d 
19.0 q 
21.4 q 
25.4 1 
12.3 q 

8a 
36.8 
27.5 
73.5 
33.8 
40.1 
29.5 
117.3 
139.5 
49.3 
34.2 
21.5 
39.4 
43.3 
55.1 
23.0 
28.4 
55.9 
12.1 
13.0 
40.8 
21.0 
138.1 
129.4 
51.2 
31.9 
19.0 
21.5 
25.4 
12.5 

170.7,20.6,20.6,20.7,20.7 

lOa 
46.3 
69.0 
84.0 
39.2 
55.3 
18.3 
32.5 
39.3 
47.6 
38.3 
23.0 
122.2 
143.8 
41.7 
27.6 
23.5 
46.7 
41.2 
45.8 
30.7 
33.8 
32.4 
28.6 
16.9 
16.7 
16.6 
25.9 
178.3 
33. I 
23.6 
51.5 



B: 

R = H: oleanolic acid ( 7) 
R = OH: maslinic acid (10) 

HO 

stigmasta-7,22-dien-3 B·ol (8) 

RDA 

m/z: 203 (81) 

m/z: 248(100) 

/ -C02H 

mlz: 300 (17) 

l-CH2CH3 

m/z: 271 (100) 

Fig. 28 A) Characteristic fragments of oleanolic acid (7) and maslinic acid. 
B) Characteristic fragments of stigmasta-7, 22-dien-3 p-ol (8). 
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using DCM-MeOH (9: 1) and hexane-EtOAc-EtOH (8:2:0.5). 

2.10 Characterization of Stigmasta-7, 22-dien-3 p-ol (8) 

Compound 8 was recrystallized as white crystals from acetone-EtOAc and had a melting 

point of 159-161 DC [lit. 162 DC (Nigam and Mitra, 1967)]. Its molecular formula was 

obtained from mass spectrum (C2cJI4S0, mlz 412) coupled with 13C NMR which displayed 29 

carbon signals. The IH NMR spectrum of8 gave six methyl groups, one oxymethine, and two 

double bonds. These data together with two very characteristic fragments (mlz 300 and mlz 

271, Fig 28b) in the mass spectrum suggested that 8 was a steroid with a hydroxyl group in 

the 3-position. 

Comparing the 13C NMR signals of 8 with those of acetyl 24a-ether-5 a-cholesta-7, 

trans-22-dien-3 p-ol (Itoh et al., 1981), it was found that the chemical shifts of the two 

compounds were very similar except for C-l, C-2, C-3, and C-4 which seemed to be 

influenced by the presence ofan acetyl group in the 3-0-position (Table 3). In order to make 

a direct comparision for the proposed structure, an acetyl derivative of 8 was prepared and 

it was found that the acetyl derivative (8a) had the same melting point and a similar mass 

spectrum pattern as those reported in the literature (Itoh et al., 1981). Based on these data, 

compound 8 was identified as 24a-ether-5 a-cholesta-7, trans-22-dien-3 p-ol (stigmasta-7, 

22-dien-3 {l-ol). This compound was previously isolated from Pitheceilobium dulce (Nigam 
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and Mitra, 1967). 

Data of Stigmasta-7, 22-dien-3 {J-ol (8). IH NMR (250MHz, CDCI3) 0 (ppm): 0.48 (3H, 

s), 0.63 (3H, d, J=6.5 Hz), 0.71 (3H, d, J=7.7 Hz), 0.74,(3H, s), 0.77 (3H, d, J=6.7 Hz), and 

0.96 (3H, d, J=6.6 Hz) (CH3x6), 3.53 (1H, m, H-3), 4.90-5.14 (3H, m, H-7, H-22, H-23). 

ElMS mlz (reI. int.): 412 [Mr (34),397 (14),369 (14), 351 (6),300 (17),273 (32),271 

(100),255 (43),246 (22),229 (19) and 213 (16). 13C NMR (75MHz, CDCI3) (see Table 3). 

Data of Acetyl Stigmasta-7, 22-dien-3 {J-ol (8a). C31Hso02' m. p.179-183°C [lit. 180-

183°C (Itoh et al., 1981)]. ElMS mlz (reI. int.): 454 [Mr(31), 439 (8), 411 (17),379 (5), 

351 (11), 342 (16), 315 (21), 313 (100), 288 (16), 273 (10),255 (58), 229 (23) and 213 (21). 

13C NMR (75MHz, CDCI3) [Table 3]. 

2.11 Characterization of Stigmasta-7, 22-dien-3 p-ol P-D-glucopyranoside (9) 

Compound 9 was recrystallized as white crystals from MeOH and had a melting point of 

280-283°C [lit. 276-8 °C (Nigam and Mitra, 1967)]. Its molecular formula was determined 

by mass spectral data (C3sHss06' mlz 574). Besides exhibiting six methyl groups in the IH 

NMR spectrum, compound 9 also showed seven sugar protons between 03.58 and 05.23 

ppm. The mass spectrum of 9 gave a molecular ion at mlz 574 and a characteristic 

fragmental peak mlz 412. The difference between 574 and 412 mass units indicated the 

presence of a glucose substituent (C6HIOOS' mlz 162). It was assumed, therefore, that 9 was 

a glycoside derivative of 8. Since compound 9 could not be dissolved in commonly used 
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organic solvent such as DCM, acetone, MeOH, DMSO, and pyridine. Its acetyl derivative 

(9a) was prepared in order to increase solubility for NMR analysis. 

The mass spectrum of9a gave molecular weight of 742 (C43H660) which indicated the 

presence of four acetyl groups in the molecule. This observation was also confirmed by the 

IH and 13C NMR spectra. When the \3C chemical shifts of 9a were compared with those of 

8 (Table 3), it was observed that almost all of the carbon signals were the same except the 

signals corresponding to C-2, C-3, and C-4. The chemical shift for C-3 had a 6.1 ppm 

downfield shift (glycosidation shift) which was caused by the connection with a sugar at the 

3-0-position. The sugar moiety was identified as D-glucopyranoside by direct comparison 

of the \3C NMR data of 9a with those reported in the literature (Liptak et al., 1980). Also, 

co-chromatography with a standard sample of glucose after hydrolysis of 9a confirmed the 

nature of the sugar moiety. The coupling constant for H-l' at 04.61 ppm was 7.9 Hz. The 

observed shift and the coupling constant indicated that the glucose moiety in 9a had a P 

orientation. 

The aglycone obtained from alkaline hydrolysis of 9 showed the same Rf values as 

compound 8 by co-chromatography in several different solvent systems. Mixed melting points 

of 9 and 8 were sharp and of the same value. Based on these data, compound 9 was 

elucidated as stigmasta-7, 22-dien-3 tJ-ol P-D-glucopyranoside).This compound was 

previously isolated from Pitheceilobillm dulce (Nigam and Mitra, 1967). 

Data of Stigmasta-7, 22-dien-3 tJ-ol P-D-gilicopyranoside (9). IH NMR (250 MHz, 
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pyridine) 0 (ppm): 0.56 (31-1,s), 0.70 (3H, s), 0.83 (3H, d, J=6.5 Hz), 0.86 (31-1, d, J=7.3 Hz), 

0.88 (31-1, d, J=6.6 Hz), and 1.03 (31-1, d, J= 6.6 Hz, CI-I3x6), 3.58-4.61(81-1, m, H-3, H-l', 

H-2', H-3', H-4', H-5'), 4.95-5.23 (3H, m, H-7, H-22, H-23). ElMS m/z (reI. int.): 574 

[Mt(14), 531 (4),462 (3), 433 (26),412 (10),395 (88), 351 (8),299 (8), 271 (15),255 

(53),229 (23), and 83 (100). 

Data of Tetraacetate Stigmasta-7, 22-dien-3 {3-01 P-D-glucopyranoside (9a). C43H66010 

white crystal. mpI59-164°C. IH NMR (250MHz, CDCI3) 0 (ppm): 0.54 (3H,s), 0.78 (3H, s), 

0.79 (3H, d, J=6.8 Hz), 0.82 (3H, d, J=7.8 Hz), 0.85 (3H, d, J=6.6 Hz), and 1.02 (3H, d, 

J=6.5 Hz) (CH3 x6), 2.01, 2.02, 2.05, 2.08 (12H, each s, CH3COx4), 3.67 (1H, m, H-3), 

4.09-4.40 (2H, m, H-5', H-6'), 4.61 (IH, d, J=7.9Hz, H-l'), 4.92-5.25 (4H, m, H-7, H-22, H-

23, H-3', H-4'). ElMS m/z (reI. int.): 742 [Mt (2),601 (7),412 (2), 395 (30), 364 (4), 351 

(4),331 (45),325 (11), 300 (2),271(5),255 (19),229 (8), 169 (70), 143 (19), 120 (53), and 

105 (100). 13C NMR (75MHz, CDCI3) (Table 3). 

2.12 Characterization of Maslinic Acid (10) 

Compound 10 was recrystallized as white crystals from MeOH with m. p. 262-266°C 

[lit. 266-269°C (Anjaneyulu et al., 1977)]. The molecular formula was derived from its mass 

spectrum (C3JI4S04, m/z 472) and further confirmed by \3C NMR which showed the presence 

of30 carbon signals. The mass spectrum of 10 showed characteristic oleanolate fragmental 

ion peaks derived from RDA fission (Fig. 28a). 
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The lH NMR of 10 displayed a very similar spectrum to oleanolic acid containing seven 

methyl groups and one olefinic proton. The significant difference between these two 

compounds was that 10 presented an additional hydroxyl group. The doublet for the proton 

at the 3-position suggested the presence of an adjacent proton, therefore it was assumed that 

an additional hydroxyl group was attached to the 2-position. The presence of two hydroxyl 

groups in the molecule gave the possibilities of several orientation alternatives. Since 13C 

NMR data for similar methyl esters had already been published, this information was used 

to confirm the structure of 10. A methyl ester of 10 was prepared (lOa) and it was found to 

have the same 13C NMR chemical shifts as those reported for methyl maslinate (Seo et al., 

1975). Based on NMR and MS data, compound 10 was, therefore, identified as maslinic acid. 

This compound was previously isolated from CallicaJpa arhorea Roxb. (Anjaneyulu et al., 

1977). 

Data of Maslillic Acid (10). lH NMR (250 MHz, pyridine-ds) 0 (ppm): 0.92, 0.97, 

0.98, 1.00, 1.06, 1.24, 1.25 (21H, each s, CH3
x 7 ),3.37 (IH, d, ./=9.4 Hz, H-3), 4.07 (IH, 

td, ./=9.4, 2.6 Hz, H-2), and 5.45 (lH, t, ,/=2.1 Hz, H-12). ElMS mlz (reI. int.): 472 [Mr(5), 

454 [M-H20r (2), 426 [HC02Hr(21), 248 (100), 203 (46),189 (11),175 (6), and 133 (8). 

2.13 Characterization of Lachnophyllum Ester (11) 

Compound 11 was isolated as long white needles, m.p. 32DC [lit. 32.8 DC (Spitzer and 

Steel ink, 1964)]. The molecular formula of C l1H l20 2 (mlz 176) was determined by mass 
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spectroscopy. The IH NMR of 11 indicated the presence of a CH3CH2CH2- substituent, one 

methoxyl group, and a pair of p-unsaturated protons which were assumed correspond to the 

-CH=CHCOOCH3 group. The remaining four carbon atoms, according to the molecular 

formula, possessed four unsaturated degrees which could only be arranged in the form of a 

conjugated acetylene. The double bond was determined to have a cis configuration according 

to its coupling constant of 12.0 Hz. Based on this information compound 11 was identified 

as lachnophyllum ester. 

The melting point and IH NMR data were in good agreement to those reported for 

lachnophyllum ester in the literature. This compound was previously reported from Aster 

~pilloslls Benth (Spitzer and Steelink, 1964). 

Data of Lachnophyllllm Ester (11). IH NMR (300MHz, CDCI3) 0 (ppm): 1.01 (3H, 

t, J=7.2 Hz, CH3-1O), 1.59 (2H, 6, J= 7.2Hz, CH2-9), 2.35 (2H, t, J=7.2 Hz, CH2-7), 3.78 

(3H, s, CH30), 6.16 (IH, d, J=12.0 Hz, H-2), and 6.21 (IH, d, J=12.0 Hz, H-3). ElMS m/z 

(reI. int.): 176 [Mr(100), 147 (75),115 (24), and 87 (18). 

2.14 Characterization of Nepetin (12) 

Compound 12 was recrystallized as yellow crystals from EtOAc, m. p. 271°C [lit. 258-62°C 

(Brieskorn and Michel, 1968)]. The molecular formula was derived as CI6H120 7 (m/z 316) 

from mass spectral data. \3C NMR. displayed sixteen carbon signals containing 15 aromatic 

carbon, a characteristic displayed by flavonoids. The UV spectrum of 12 in methanol 

exhibited a typical flavonoid absorption pattern with band I at 346 nm and band II at 266 nm. 
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Addition of sodium methoxide caused a bathochromic shift of about 52 nm for band I and an 

enhancement of its intensity indicated the existence ofa 41-0H on the B-ring of the flavonoid 

molecule. Addition of aluminum chloride produced a bathochromic shift of about 71 nm in 

band I. This shift indicated the existence of a C-5 hydroxyl group in the A-ring and an ortho

dihydroxyl system in the B-ring which could be further confirmed by the addition of 

hydrochloride to the AlCl3 solution. Upon the addition of acid, an hypsochromic shift (44 

nm) of band I was observed, thus confirming the presence of31, 41,-dihydroxy system in the 

B-ring. Next, sodium acetate was added to a fresh methanolic solution of the compound and 

band II was found to have a small bathochromic shift (5 nm) indicating the existence of7-0H 

group in the ring A. Finally, a 14 nm bathochromic shift produced by the addition of boric 

acid in the presence of NaOAc further confirmed the existence of the ortho-dihydroxyl 

system. From these experimental data, it could be deduced that 12 was a flavonoid containing 

a 7, 5, 31, 41-tetrahydroxyl system. 

The IH NMR of 12 showed one methoxyl signal, two aromatic protons, and an ABX 

coupling system produced by the B-ring protons. The ABX system could exclude other 

substituent on the B-ring except the ortho-dihydroxyl groups and two single aromatic signals 

which suggested that the methoxyl group was either connected to the C-6 or C-8 position. 

A meta coupling pattern between H-6 and H-8 would have been observed if these positions 

contained aromatic protons. This compound was identified as nepetin by comparison of its 

13C NMR with that provided for nepetin in the literature data (Agrawal, 1989). This 

compound was previously isolated from Lippia nodiflora (Brieskorn and Michel, 1968). 
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Data of Nepetin (12). UV A.rnax (nm): MeOH: 266, 343. NaOMe: 268, 329 (sh), 395 

(increase in intensity). AICI3: 271, 290 (sh), 328 (sh), 414. AICl/HC1: 270, 290 (sh), 370. 

NaOAc: 271, 369. NaOAc!H3B03: 269, 315 (sh), 383. IHNMR(250MHz, DMSO)o (ppm): 

3.74 (3H, s, CH30), 6.54 (lH, s, H-3), 6.65 (lH, s, H-8), 6.88 (lH, d, J=8.0 Hz, H-51), 7.39 

(lH, d, J=1.8 Hz, H-21), 7.40 (lH, dd, J=8.0, 1.8 Hz, H-61), and 13.05 (IH, s, OH-5). ElMS 

m/z(rel. int.): 316 [Mt(100), 298 (35), 273 (42),167 (10),153 (7), and 134 (14). l3C NMR 

(25 MHz, DMSO)o (ppm): 60.1 (q, OCH3), 94.6 (d, C-8), 102.5 (d, c-3), 104.7 (s, C-I0), 

113.5 (d, C-21), 116.3 (d, C-51) 119.1 (d, C-61), 12l.8 (s, C-ll), 13l.8 (s, C-6), 146.3 (s, C-31), 

150.2 (s, CAl), 152.5 (s, C-9), 153.0 (s, C-5), 157.7 (s, C-7), 164.9 (s, C-2) and 182.0 (s, 

C-4). 

2.15 Characterization of Quercetin 3-Methyl Ether (13) 

Compound 13 was recrystallized as yellow crystals from EtOAc, m. p. 276-277°C. The 

molecular formula was determined from its mass spectrum (C 1GH I20 7, m/z 316). l3C NMR 

indicated that 13 had sixteen carbon signals including fifteen aromatic carbons, a 

characteristic of flavonoids. 

The UV spectrum of 13 displayed a flavonoid absorption pattern with band I at 355nm 

and band II at 267nm. The presence of 4-0H was indicated by a bathochromic shift and a 

increase in intensity of band I upon the addition of NaOMe. 5-0H and 31, 41-ortho-dihydroxyl 

groups were established by the absorption shift with AICI3, A1CI3 / HCl and H3B03 according 
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to standard procedures (Mabry et ai., 1970). A shift of band II of 9nm in NaOAc indicated 

the presence ofa 7-hydroxyl group. Thus, 13 was assumed to be a flavonoid containing 5, 7, 

3', 4'-hydroxyl groups. The methoxyl showed in IH NMR spectrum at 03.77 ppm and was 

assumed to be in the 3-position since the existence of an ABX coupling system, two aromatic 

protons having meta-coupling excluded the possibility of attachment to C-6, C-8, C-2', C5', 

and C-6'. 

The mass fragments of m/z 153 due to the fragment AI +. and m/z 137 due to the fragment 

B2 +. supported the above observation. Finally, by comparison of its J3C NMR values with 

those reported in the literature, 13 was identified as quercetin 3-methyl ether (Agrawal, 

1989). This compound is ubiquitous in the plant kingdom and its presence was reported in 

many plant species. 

Data a/Quercetin 3-Methyi Ether (13). UV Ama.x (nm): MeOH: 261, 355. NaOMe: 269, 

310 (sh), 406, 413 (sh). AICI3: 272, 292 (sh), 425. AICI/HCl: 272, 292, 355, 390. NaOAc: 

270,293 (sh), 312, 384. NaOAc!H3B03: 262, 290 (sh), 376. IH NMR (250MHz, DMSO) 

o (ppm): 3.77(3H, s, CH30), 6.17 (tH, d, J=2.0 Hz, H-6), 6.39 (IH, d, J=2.0 Hz, H-8), 

6.90 (tH, d, J=8.5 Hz, H-5'), 7.43 (tH, dd, J=8.5, 2.1 Hz, H-6'), and 7.54 (IH, d, J=2.1 Hz, 

H-2'). ElMS m/z (reI. int.): 316 [Mr (100),315 (74),298 (13), 287 (12), 273 (37), 244 (3), 

203 (5), 153 (15), 137 (6), and 121 (6). J3C NMR (25 MHz, DMSO) 0 (ppm): 60.0 (q, 

OCH3),94.2(d,C-8),99.2(d,C-6), 105.3 (s,C-IO), 116.7(d,C-2'), 117.1 (d,C-5'), 121.0 

(d, C-6'), 121.5 (s, C-l'), 138.5 (s, C-3), 147.2 (s, C-3'), 149.4 (s, C-4'), 156.2 (s, C-2), 156.9 

(s, C-9), 161.8 (s, C5), 165.1 (s, C-7), and 178.7 (s, C-4). 
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2.16 Characterization of We rneri a Chromene (14) 

Compound 14 isolated as white crystals with a m. p. of 191-192°C [lit. 191-192°C (Labbe 

et al., 1986)]. The IH NMR of 14 displayed four olefinic proton signals in the form of two 

AB type systems which could be assigned to two double bonds groups. The three aromatic 

protons displayed an ABX coupling system. These data, as well as those observed for two 

methyl groups and one carboxylic substituent were the same as data reported for werneria 

chromene. Compound 14 was, therefore, elucidated as werneria chromene based on the 

agreement of its proton NMR and mass spectral data with those reported in the literature 

(Bohlmann et al., 1984; Labbe et aI., 1986). 

Data of Werneria Chromene (14). !H NMR (2S0 MHz, CDCI3) 0 (ppm): I.4S (2H, s, 

H-12, H-13), S.66 (lH, d, J=9.9 Hz, H-3), 6.29 (IH, d, J=IS.9 Hz, H-lO), 6.32 (IH, d, J=9.9 

Hz, H-4), 6.78 (lH, d, J=8.4 Hz, H-8), 7.18 (lH, d, J=2.1 Hz, H-S), 7.32 (lH, dd, J=8.4, 

2.1 Hz, H-7), 7.70 (IH, d, J=IS.9 Hz, H-9), and 11.24 (IH, br. s, C02H). ElMS m/z (reI. 

int.): 230 [Mr(l4), 21S (l00), 169 (4),141 (2), and lIS (4). 

2. 17 Bioassays 

The crude extract of Baccharis linearis, various fractions, and isolated compounds were 

evaluated for anticancer, anti-HlV, brine shrimp lethality tests (BST), anti-Mycobacterium 

tuberculosis, insecticidal, fungicidal, and herbicidal activities. The results showed that 

werneria chromene (14) had weak activity (LCso 172.81lg ml-!) and lachnophyllum ester 

(11) had moderate activity (LCso 14.0 flg ml-I) in the brine shrimp lethality test (BST). 
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Wemeria chromene (14) and lachnophyllum ester (11) have also showed weak activity 

(MIC 128 .ug/ml) and moderate activity (MIC 32 .ug/ mI), respectively in anti

Mycobacterium tuberculosis testing. Lachnophyllum ester showed a slightly stronger 

activity than that of the reference anti-Mycobacterium tuberculosis compound, pyrazinamide 

(MCI=16.ug/mI). Unfortunately, other extracts, fractions, and compounds showed no activity 

in this list ofbioassays (Tables 4-8). Also, no anticancer and anti-HIV activities for the crude 

extract of B. linearis were observed in the primary screen test performed by the NCI. 
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Table 4. Brine Shrimp Test data result for extract and compounds from Baccharis linearis. 
Sample BST Data 95% Confidence 

LCso (ug/ml) Intervals 
MeOH extract of Baccharis linearis 
diterpene mixture of Baccharis linearis 
bacJinic acid (6) 
lachnophyllum ester (11) 

5774.7-228.2 

20.9-8.9 
werneria chromene (14) 

>500 
553.3 
>260 
14.0 
172.8 401.5-95.7 

Table 5. Result of anti-Mycobacterium tuberculosis testing for extract and compounds from 
Baccharis linearis. 
Extract / compound MIC (ug/ml) 

MeOH extract of Baccharis linearis 
diterpene mixture of Baccharis linearis 
bacJinic acid (6) 
lachnophyllum ester (11) 
werneria chromene (14) 

>128 
>128 
>128 

32 
128 

Table 6. Insecticidal activity of crude extracts of Baccharis lillearis, oleanolic acid (7), and 
werneria chromene (14). 
Extract or Compds housefly 
BL-EAS 0 
BL-EAI 0 
BL-MS 0 
BL-MI 0 

tobacco cutworm 
00 
00 
00 
00 

carmine mite 

oleanolic acid 0* 1 *201*3 0*4 
werneria chromene 0*1 *201 *3 0*4 

BL=Baccharis linearis; EAS=ethyl acetate soluble; EAI=ethyl 
MS=methanol soluble; MI=methanol insoluble. 

mosquito larvae 
CC 
CC 
CC 
CC 

acetate insoluble; 



105 

Table 7. Fungicidal activity of crude extract of Baccharis linearis, oleanolic acid (7), and 
werneria chromene (14). 

Compds. blst sheath blight 
BL-EAS 0 
BL-EAI 0 
BL-MS 0 
BL-MI 0 
oleanolic acid 0 
wernena 0 
chromene 

o 
o 

powdery mildew 
o 
o 
2 
o 
o 
o 

downy mildew 
o 
o 
o 
o 
o 
o 

late blight gray mold 

o 
o 

o 
o 
o 
o 
o 
o 

BL=Baccharis linearis; EAS=ethyl acetate soluble; EAI=ethyl acetate insoluble; 
MS=methanol soluble; MI=methanol insoluble. 

Table 8. Herbicidal activity of oleanolic acid (7) and werneria chromene (14). 

Pre-emergence 
japanese millet 
oats 
morningglories 
velvetleaf 

Post-emergence 
japanese millet 
oats 
radish 
velvetleaf 

Paddy condition 
nce 
barnyard grass 
hardstem bulrush 
arrow head 

oleanolic acid wernena 

o 
o 
o 
o 

o 
1 
4 

o 
2 
o 
o 

chromene 

o 
o 
o 
o 

1 
o 
1 

4 

o 
3 
o 
o 



3.1 Introduction 

III. ALKALOIDS FROM ARISTOTELIA 

CHILENSIS (MOL.) STUNTZ 
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Aristotelia chilensis (Mol.) Stuntz (family Eleocarpaceae) is commonly known in Chile 

as IImaquill or IIclonll. This species is very abundant in the sclerophilous scrub growing in 

humid places between latitudes 3 1 ° and 400s in valleys and mountains. This plant has an 

important role in combating erosion since it is the first species to get established in a disturbed 

area. 

This tree has multiple uses by the native population. The long bark strips are used for 

tying up other plants. The fruits are very conspicuous and consumed by local people. The 

fruit juice is fermented to obtain IIchichall and to add color to wine. 

In folk medicine, leaf infusions are used for gargles for sore throat. Plasters are made 

to treat fever and tumors and dry, powdered leaves are employed for healing wounds. The 

fruits, rich in tannins, are used to treat diarrhea and dysentery. Indole alkaloids, which are 

present in the largest amounts in twigs, were reported to be responsible for the relaxation of 

muscle fibers (Montes and Wilko mirsky, 1985; Murillo, 1989). An hydroalcoholic extract of 

A. chilensis exhibited detectable antiviral effects against the herpes virus HSV-l (IC50 of 40 

ug/ml) (Pacheco et ai., 1993) and the 50% aqueous ethanol extract was reported with 

antitumor activity against human epidermoid carcinoma of the nasopharynx in cell culture 

(KB) [Bhakuni, et ai., 1976]. 
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Previous chemical studies showed that Aristotelia chilensis yields the alkaloids 

aristoteline, aristotelone (Bhakuni et al., 1976), aristotelinine, aristone (Bittner et al., 1978), 

8-oxo-dehydromakine (Watson et al., 1989) aristotelinone, makonine, 8-oxo-9-

dehydrohobartine (Cespedes et al., 1990), and a quinoline alkaloid (Cespedes et aI., 1993). 

Since bioassays performed at the National Cancer Institute showed that the methanolic 

extract of Aristotelia chilensis has a weak to moderate activity against the HIV virus and 

a crude mixture of alkaloids displayed an activity in the brine shrimp test (BST), it was 

decided to isolate and characterized the compounds responsible for activity. In addition, other 

biologial tests were incorporated in this study. 

The work with A. chilensis has resulted in the isolation and identification of six 

alkaloids with the indole-monoterpene type skeletons. These alkaloids were aristoteline (15), 

aristotelinone (16), serratoline (17), aristone (18), 2-epi-aristotelone (19), and aristotelone 

(20). Serratoline was previously isolated from A. serrata, a species of native to New Zealand 

(Ralph et al., 1983). This is the first study that reports serratoline as a natural constituent of 

A. chilensis. Another alkaloid, 2-epi-aristotelone, is also reported here for the first time as a 

natural product. This alkaloid was obtained as an intermediate product by Dr. Borschberg 

when he synthesized (-)-alloaristoteline from serratoline (Guller and Borschberg, 1992). All 

the structures are presented in Fig. 29. Aristoteline (15) was isolated as the major compound 

(370 mg) with a yield of only 0.04% as based on dry biomass. Aristoteline showed activity 

in the brine shrimp test. 
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8 

6 
o 

19 

14 

aristoteline (15) aristone (18) 

19 

14 

aristotelinone (16) 2-epi-aristotelone (19) 

~o 
HN ! 

serratoline (17) aristotelone (20) 

Fig. 29 Alkaloids isolated from Aristotelia chilellsis. 
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3.2 Extraction and Isolation of Alkaloids from Aristotelia clzilensis 

Aristotelia chilensis was collected on December 8, 1991 in Cuesta de La Dormida, 

Chile, by Luis Gonzalez. A voucher specimen (No. 91-0054) was deposited in the Herbarium, 

Catholic University of Chile, Santiago, Chile. 

Ground material of Aristotelia chilellsis (870g) was extracted with dichlomethane 

(DCM) until the color of the DCM extract was light yellow. The extracts were combined and 

concentrated under reduced pressure to produce 45g of crude extract (5.2% of the dried 

plant material). This material was further extracted with 2% HCI for several times until no 

alkaloids were detected using Dragendorff's reagent. After filtration, the solution was placed 

in a separatory funnel to which concentrated NH3 was added to adjust to pH 9. Next, the 

alkaline solution was partitioned using DCM. After all alkaloids were extracted with DCM, 

the DCM layer was washed with distilled water and concentrated in vacuo to give a mixture 

of crude alkaloids (7 grams, 0.8% of the dried plant material). The crude alkaloid mixture was 

separated over an alumina (Al20 3, 700 g) column eluted with DCM and gradient increasing 

polarity of DCM-MeOH. Crude aristone (176 mg, 0.020%) was isolated from the DCM 

fraction, which was further purified over a silica gel column with different concentrations of 

DCM-MeOH. Aristone (18) was recrystallized from petroleum ether to yield a pure 

compound as judged by TLC (52 mg, 0.0060%). The remaining fractions were combined and 

subjected to further silica gel column chromatography (450g) using DCM, DCM-MeOH (20: 

1), and DCM-MeOH (10: I) as the mobile phase. Fraction 2 (DCM-MeOH 20: I, 400ml as 

one fraction) afforded 5 mg of aristotelinone (16, 0.00057%) whereas fractions 15-40 
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yielded aristoteline (15, 370 mg, 0.043%). Fractions 44-55 yielded impure aristotelone (20) 

which was recrystallized from acetone to yield yellow crystals (12.6mg, 0.0014%). The 

remaining fractions from the above were combined and were re-chromatographed over a silica 

gel column (450g) with DCM followed by DCM-MeOH (10: 1,250 ml as one fraction) to 

yield serratoline (17, 3.5mg, 0.00040%) from fractions 6-7. Also, impure 2-epi-aristotelone 

(19) from fractions 12-17 was collected. Compound 19 was further purified on a small silica 

gel column (15 g) and eluted by DCM-MeOH (20: 1) and yielded 19 (5.2 mg, 0.00060%). 

The isolation procedure is summarized in Scheme 3. Attempts to further purify aristotelone 

and 2-epi-aristotelone using HPLC (silica gel or C 18 with DCM-MeOH or CH3CN-H20) 

resulted in decomposion products. 

3.3 Characterization of Aristoteline (15) 

Compound 15 was isolated and recrystallized from acetone as white needles, m. p. 164-

165°C [lit. 164-165°C (Bhakuni et al., 1976)]. The molecular formula was deduced from the 

mass spectrum (C2oH26N2> mlz 294) coupled with 13C NMR which displayed 20 carbon signals 

(Table 9). The 13C NMR also exhibited eight aromatic carbon signals which could be assigned 

to an indole nucleus. Due to a link with an aliphatic amino group (N-12), two carbons 

appeared downfield at 0 50.4 and 0 53.3 ppm and displayed a tertiary and a quaternary 

substitution pattern, respectively. This observation was supported by DEPT. Two methyls 

showed lower field absorptions (0 27.1 and 29.1 ppm) indicating that they were closely 

connected to amino carbon atom(s). The strong M-15 ion in MS and loss of a neutral species 



Aristotelia chilensis (870g) 
DCM 
extract (45 g) 

2% HCI 
residue HCllayer 

I NH"~H9 DCM 
....-----

H20 layer DCM layer 
I concentrated 

crude alkaloids (7g) 
alumina c. c. 
DCM, DCM-MeOH 

DCM fr. 

I silica gel c. c. 
DCM-MeOH 

aristone (18, 52mg) 

DCM-MeOH fro 
silica gel c. c. 
DCM-MeOH 

fr.2 fr.15-40 fr.44-50 all remaining fro 

I I I 
aristotelinone aristoteline aristotelone 
(16,5mg) (15,370 mg) (20, 12mg) 

fr.6-7 

silica gel c. c. 
DCM-MeOH 

-, 
fr.12-17 

III 

I I 
silica gel 
DCM-MeOH 

serratoline 2-epi-aristotelone 
(17, 3.5 mg) (19, 5mg) 

Scheme 3. Procedure of extraction and isolation of alkaloids 
from Aristotelia chilensis. 
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Table 9. 13C NMR data of aristoteline (15), aristotelinone (16), serratoline (17), aristone 

(18), and 2-epi-aristotelone (19). 

Compounds 

C 15 16 17 18 19 

2 142.5 s* 159.9 190.9 s 79.9s 77.8 s 

3 104.3 s 109.3 83.9 s 67.8 d 205.9 s 

4 128.1 s 125.6 14l.1 s 131.8 s 119.2 s 

5 118.1 d 12l.9 122.0 d 124.2 d 124.5 d 

6 119.0 d 123.2 125.7 d 120.1 d 117.8 d 

7 12l.0d 122.5 129.1 d 127.7 d 137.3 d 

8 110.4 d 110.8 120.4 d 111.2 d 111.9 d 

9 136.0 s 135.9 152.6 s 148.6 s 16l.6 s 

10 28.5 t 94.0 43.4 t 35.9 t 38.9 t 

I 1 50.4 d 60.5 52.4 d 57.0d 54.5 d 

13 53.3 s 52.9 53.7 s 58.7 s 59.2 s 

14 35.5 d 40.5 35.6 d 5l.1d 34.9d 

15 25.4 t 24.6 26.4 t 22.1 t 23.8 t 

16 39.3 d 36.3 44.2 d 4l.3 d 39.4 d 

17 33.1 s 34.8 41.5 d 37.5 s 45.9s 

18 35.9 t 36.3 28.3 t 45.4 t 29.4 t 

19 27.8 t 25.7 24.4 t 213.9 s 21.3 t 

20 25.1 q 23.0 23.6 q 27.9 q 19.5 q 

21 29.1 q 29.2 28.0 q 25.5q 24.7q 

22 27.6 q 27.2 29.6 q 26.8q 27.1q 

All spectra were measured in CDCI3. *The multiplicity of peaks were determined by DEPT. 

**Overlapped signal. ***Values in parentheses are coupling constants in Hz. 
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comprising the gem-dimethyl group and the adjacent nitrogen (57 amu) indicated that the 

aliphatic nitrogen was connected to a carbon bearing two methyl groups. The IH NMR (Table 

10) of15 exhibited only four aromatic protons (AA'BB' system) indicating that the positions 

2 and 3 in the indole nucleus were substituted. The methylene (H2-1 0), which resonated at 0 

2.62 (J=16.4 Hz) and 3.06 ppm (J=16.4 Hz), respectively, was observed to be coupled with 

a methine (H-ll) at 03.60 ppm (J=5.8, 0.7 Hz), indicating the existence of -CH2CH- group. 

According to the spectral data discussed here, the ArCH2CHNCH(CH3)2 system could be 

clearly deduced. A detailed comparison of IH, BC NMR and mass spectral data (Table II) 

with those reported in the literature identified compound 15 as aristoteline (Bhakuni et al., 

1976). 

3.4 Characterization of Aristotelinone (16) 

Compound 16 was isolated and recrystallized as white needles from diethyl ether, 

m.p. > 300°C [lit. up to 320°C (Bick et al., 1980)]. This compound displayed very similar 

IH and l3C NMR spectra to aristoteline (15) (Tables 9 and 10) except for the characteristic 

signals produced by the presence of an additional carbonyl group in the molecule. The 

structure of 16 was also confirmed by mass spectrometry (C2oH24N20, m/z 308) in which 

additional 14 mass units were observed when compared with the molecular weight of 

aristoteline (15). Accordingly, the IH NMR of 16 did not displayed the characteristic 

methylene signals at 0 2.62 and 3.06 ppm that were present in aristoteline (15). Also, the 

proton adjacent to the amino group at 0 3.70 ppm (H-II) exhibited a doublet of peaks 
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Table 10. lH NMR data ofaristoteline (15)*, aristotelinone (16)**, serratoline (17)**, 

aristone (18)*. and 2-epi-aristotelone (19). 

Compounds 

H 15 16 17 

5 7.43 ddd(6.9, 1.4,0.7) 8.24m 7.37 ddd (7.3, 1.4, 0.6) 

6 7.04 td (7.0, 1.4) 7.22m 7.19 tdd(7.3, 1.5,0.7) 

7 7.11 td (7.0, 1.5) 7.22m 7.32 tdd (7.6, 1.5, 0.6) 

8 7.28 ddd (7.1, 1.3, 0.7) 7.35 m 7.54 dd (7.6,0.7) 

10 2.62 dd (16.4,0.7) 1.52 m 

3.06 dd (16.4, 5.8) 2.46 dd (14.7,2.4) 

11 3.60 ddd(5.8, 3.0, 0.7) 3.70 d (3.2) 3.57q(3.1) 

14 1.39 t (3.3) 1.50 m 1.50 m 

15 1.98 dt (13.3,3.1) 1.96 dt (13.0,3.1) 1.99m 

2.08 ddd (13.3, 5.2, 3.0) 2.05m 2.02m 

16 1.69 m 2.09 hr. d 1.54 m 

18 1.61 m 1.64m 1.38 dd (14.0, 5.8) 

2.30111 2.85 td (12.6, 5.5) 3.05 td (14.1, 5.8) 

19 1.62111 1.70 m 1.76tdd(14.1,5.8,2.1) 

2.02111 2.00 hr. dd 1.99 hr. t 

20 1.43 (3H) s 1.56 (3H) s 1.57 (3H) s 

21 1.29 (3H) s 1.29 (3H) s 1.31 (3H) s 

22 1.07 (3H) s 1.08 (3H) s 1.26 (3H) s 

NH 7.80 hr. s 8.52 hr. s 

All spectra were measured in CDCI3. * The spectrum was recorded on 250MHz. ** The 

spectrum was recorded on 300MHz. *** Values in parentheses are coupling constants in Hz. 

t Overlapped signals. 
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Table 10. (continued). 

Compounds 

H 18 19 

6.31 br. s 

5 7.11d (7.3)*** 7.43 d (7.3) 

6 6.78 td (7.4,0.9) 6.68 t (7.2) 

7 7.04 td(7.7, 0.9) 7.37 t (7.2) 

8 6.66 d(7.8) 6.86 d (7.3) 

10 1.59 d (9.8) 2.53 dd(10.0, 5.1) 

2.01 dd(9.8, 2.1) 2.73 d (10.0) 

11 3.52 hr. s 3.96 t (5.1) 

14 2.11 dd like 1.50t 

15 1.87 dt (14.8, 2.5) 1.66t 

2.32 dt (14.8,2.5) 2.06t 

16 1.84 III 2.61t 

18 2.14d(18.3) 1.42 III 

2.76 d (18.3) 2.57t 

19 1.76 tdd (14.1,5.8,2.1) 1.68t 

2.07t 

20 1.39 (3H) s 0.91(3H) s 

21 1.37 (3H) s 1.56 (3H) s 

22 1.22 (3H) s 1.56 (3H) s 



Table 11. Mass spectral data of aristoteline (15), aristotelinone (16), serratoline (17), 

aristone (18), natural 2-epi-aristotelone (19), synthetic 2-epi-aristotelone, 
and aristotelone (20). 

aristoteline (15) 292 (M+, 58)*, 279 (42), 262 (1), 251 (1),237 (100),222 (16), 

211(24),194 (14),181 (33),167 (18),157 (4),143 (13),130 (6), 

111(6), 77 (6), 58 (7), 41 (9). 

116 

aristotelinone (16) 308 (M+, 14),293 (100),275 (1), 251 (18),236 (6),210 (4),197 (4), 

184 (6), 167 (6), 154 (4), 143 (4), 130 (3), 115 (2), 94 (3), 77 (2), 

58 (1). 

serratoline (17) 310 (M+, 12),295 (100), 277 (33), 253 (3),237 (18),227 (20), 

211 (3), 194 (10), 180 (12), 167 (9), 164 (12), 159 (16), 146 (7), 

130 (8),84 (40), 77 (8),58 (100, 44(8). 

aristone (18) 308 (M+, 100),293 (20),279 (4),265 (3), 251 (14),237 (23), 

223 (11), 211 (11), 197 (33),194 (44),180 (24), 167 (17), 157 (11), 

143 (21), 30 (33), 115 (7), 103 (6), 84 (8), 77 (11), 55 (7). 

compound 19 310 (M+, 67), 296 (20), 295 (100), 278 (9), 253 (7), 237 (7), 

210 (7),196 (11),185 (13),174 (51),173 (40),165 (17),164 (90), 

146 (37),130 (18),117 (11),105 (14), 91(23), 84 (13),81 (17), 

79 (45), 77 (23),58 (21),52 (25). 

2-epi-aristotelone 310 (M+, 80), 308 (10), 296 (27),295 (100), 237 (11), 174 (40), 

173 (30), 165 (16), 146 (20),91 (12), 84 (11), 81 (14), 77 (14), 

58 (16). 

aristotelone (20) 310 (M+, 48), 295 (17), 253 (17), 208 (3), 184 (4), 174 (20), 

173 (19),164 (100),147 (14),146 (20),130 (8),105 (13), 84 (14), 

77 (16). 

* Data appearing in parentheses are relative intensities. 
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caused by the coupling to another methine (H-16). The combination of these data indicated 

that the position lOin compound 16 was substituted by a carbonyl group which was further 

confirmed by J3C NMR spectrum where the carbonyl group appeared at 0 194.5 ppm. This 

upfield absorption relative to the normal carbonyl absorption at about 200 ppm, suggested 

that the carbonyl was connected to a conjugated system. Structure 16 could, therefore, be 

assigned as possessing the same structure as aristoteline (15) but with a carbonyl group at the 

10 position. The IH, J3C NMR and mass spectra (Table 11) of 16 were in good agreement 

with those of aristotelinone (Cespedes et al., 1990). 

3.5 Characterization of Serratoline (17) 

Compound 17 was isolated and recrystallized as white needles from diethyl ether and 

had a melting point of 162°C [lit. 157-60°C (Bick et al., 1980)]. The mass spectrum of 17 

gave the molecular formula of C2oH26N20 ( m/z 310), which was 16 mass unit higher than that 

ofaristoteline (15) and, therefore, indicated that compound 17 could be an oxidation product 

of aristoteline (15). The signal at 0 190.9 ppm in the J3C NMR (Table 9) of 17 suggested that 

this compound had a carbonyl group. A signal at 083.9 ppm corresponding to a quaternary 

carbon (determined by DEPT), however, suggested that a hydroxyl group, not a carbonyl, 

was present in this molecule. In the downfield region, the presence of only six aromatic 

carbon signals indicated the absence of a /j. 2 (3tdouble bond in the indole nucleus which could 

also be confirmed by the fact that H2-IO signals appeared at 0 l.52 and 02.46 ppm (Table 

10). The H2-1 0 signals were present in a higher field when compared to those obtained for 
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aristoteline (15) which were deshielded by the aromatic ring. 

The J3C NMR spectrum showed the carbon signal for C-I0 (043.4 ppm) at about 15 

ppm downfield to that observed for the same carbon in aristoteline (15). This downfield 

resonance indicated that the electronegative hydroxyl group was attached to its neighbor 

carbon at the 3 position. Similarly, the signal at 0 190.9 ppm could only correspond to the 

C-2 position, as a double bond connected to an heteroatom (nitrogen atom). All these results 

established that compound 17 was the 3-hydroxyl derivative of aristoteline. Its IH, J3C NMR, 

and mass spectral data (Table 11) were in full agreement with those of serratoline (Bick et 

al., 1980). 

3.6 Characterization of Aristone (18) 

Compound 18 was isolated and recrystallized as white needles from diethyl ether, m. p. 

239-242°C [lit. 240-42°C (Bittner et al., 1978)]. The mass spectrum gave the molecular 

formula of C2oH24N20 (mlz 308) and the \3C NMR displayed one carbonyl group and six 

aromatic carbon signals (Table 9). A detailed examination of its 'H NMR (Table 10) allowed 

the location of the carbonyl group at the C-19 position since there was an absence of H2-19 

signals. In contrast, two proton signals corresponding to the H2-18 at 02.14 and 2.76 ppm 

were observed to have downfield shift about 0.53 and 0.46 ppm, respectively. When 

comparing the two protons at C-18 between compound 18 and aristoteline (15), it was 

observed that compound 18 showed a simple AB type coupling caused by a geminal coupling 

due to the presence of a carbonyl group at C-19. In contrast, aristoteline (15) showed a 
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multiplet by the coupling of C-18 protons with the adjacent ones at C-19. The signal of H-14 

was observed to have a 0.72 ppm downfield shift when compared with the same proton for 

aristoteIine (15). These data indicated that the proton at C-14 was deshielded by an adjacent 

carbonyl group. In addition to the presence ofH-ll connected to an amino carbon, it was 

observed that another amino-methine was present as a singlet in the molecule at 03.55 ppm. 

This signal could be assigned to the proton present at the 3-position and caused by the 

linkage between C-3 and N-12. Thus, the structure of 18 was characterized as aristone by 

direct comparison of its lH, l3C NMR and mass spectral data (Table 11) with those reported 

in the literature (Bittner et al., 1978). 

3.7 Characterization of 2-epi-Aristotelone (19) 

Compound 19 was isolated as a yellow amorphous powder. The mass spectrum of19 

gave the molecular formula C2oH26N20 (mlz 310) which was further confirmed by CI-MS. 

The l3C NMR displayed 20 carbon signals: one carbonyl, six aromatic carbon, and thirteen 

aliphatic carbon including three methyls, four methylenes, three methines, and three 

quaternary carbons (Table 9). 

The lH NMR of 19 clearly showed three methyl signals, four aromatic signals, one 

methylene, and one amino methine proton (Fig. 30). When the H-l1 methine proton at 03.96 

ppm was irradiated, one of the methylene proton ofH-lO (0 2.53 ppm) changed its splitting 

pattern from a doublet of doublets to a doublet while the other H-l 0 (0 2.62 ppm) remained 

as a doublet. Inspection oflH NMR indicated that one H-I0 proton (02.62 ppm) did not 
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show any coupling with H-ll, therefore it suggested that the two protons assume a 900 

dihedral angle. The lH NMR decoupling experiment indicated the existence of -CH2CHNH-. 

Indolic NH signals appeared as broad singlet peaks at 6.31 ppm. When treated with D20, 

the signal at 06.31 ppm disappeared. 

All these data suggested that compound 19 possessed a similar alkaloid skeleton as those 

present in Aristotelia species. In order to further confirm the coupling patterns for this 

compound, the lH_1H COSY spectrum was measured (Figs. 31 a and 31 b). Due to the 

attachment to an amino carbon, the methine proton ofH-ll which appeared downfield at 0 

3.96 ppm was easily assigned. Starting from this point, H-Il was found to be correlated with 

H-I0 at 02.53 and H-16 at 2.62 ppm, respectively. The methine proton ofH-16 correlated 

with H2-1s at 0 1.66 and 2.07 ppm. The two protons for 15 position were consistently 

correlated with H-14 at 0 1.52 ppm. From the peak present at 0 1.52 ppm, two correlations 

ofH2-19 and H-14 were observed (0 1.68 and 2.07 ppm). Further correlations were observed 

between H2-19 and H2-18 at 0 1.44 and 2.54 ppm. These correlations led to the 

establishment of the partial structure shown in Fig.31 a and 31 b. The aromatic part of the 

molecule was also established by similar methods. 

So that the carbon signals could be assigned, the HMQC spectrum for compound 19 

was measured (Figs. 32a and 32b). The proton signal of H-16 at 0 2.62 ppm showed a 

correlation with C-16 at 039.4 ppm; H2-10 showed a correlation with C-lO at 0 38.9ppm; 

by the same way the chemical shifts of C-l1, C-14, C-ls, C-18, and C-19 were assigned at 

054.5,34.9,23.8,29.4, and 21.3 ppm, respectively. Since most proton signals were already 
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determined by IH_IH COSY, the protonated carbons were readily assigned by doing 

correlations of the proton and carbon signals and the partial structure was established (Fig. 

33). 

Finally, in order to clarifY the connectivities of the partial structure, the HMBC spectrum 

of 19 was measured by using two or three bond 2JCH and 3Jm long-range couplings. As 

shown in Fig. 34, the methyl signal ato 0.91 ppm (H3-20) showed long-range correlations 

with the carbons at 045.9 (C-17, s), 39.4 (C-16, d), 29.4 (C-18, t), 21.3 (C-19, t), and 77.2 

ppm (C-2, s), indicating that C-17 was connected with C-2, C-16, C-18, and C-20. Similarly, 

the methyl signal at 0 1.56 ppm (H3-21 and H3-22) showed long-range correlations with the 

carbons at 0 59.2 (C-13, s), 34.9 ppm (C-14, d), indicating that C-13 was connected with C-

14, C-21, and also with C-22. The methylene at 02.53 and 2.62 ppm (H2-1O) displayed long

range correlations with 054.2 (C-Il, d), 39.4 (C-16, d), 45.9 (C-17, s), and 77.2 (C-2, s), 

indicating that C-I0 was connected with C-2 as well as C-ll. These data and other 

correlations shown in Fig. 33 led to identifY compound 19 as 2-epi-aristotelone. 2-epi

aristotelone is reported here for the first time as a natural product; it was previously 

synthesized in Dr. Borschberg1s laboratory in Switzerland (Guller and Borschberg 1992). 

The mass spectrum of 19 displayed a fragmentation pattern similar to that observed for 

aristotelone (20) (Bhakuni et al., 1976). As shown in Fig 35, the positive charge could be 

formed either on the indole nitrogen atom (A pathway) or on the aliphatic nitrogen atom (B 

pathway). In either way, two characteristic fragments could be observed. The base peak of 

m/z 164 (100) could be formed from an ex cleavage of C 1 0-11 followed by McLafferty 
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rearrangement through the pathway B. Peak mlz 146 (20) can be derived from an a cleavage 

of C2-17 followed by McLafferty rearrangement through pathway A. Other main peaks are 

also shown in Fig 35. 

Co-chromatography with an authentic sample of the synthetic 2-epi-aristotelone supplied 

by Dr. Borschberg was done. Both compounds showed identical Rf values when run in four 

different solvent system (C6H6-EtOAc-Et2NH 5:3:1; DCM-MeOH 9:1; C6H6-Et2NH 8:2 and 

Toluene-EtOAc-Et2NH 7:2: 1) on TLC (Silica Gel PIUV254, Macherey Nagel) and detected 

with Dragendoff 's reagent. This information suggested that the two compounds had the 

same chemical structure. 

Some differences, however, were observed when examining the IH and 13C NMR spectral 

data for compound 19 (natura12-epi-aristotelone) and those reported for the synthetic 2-epi

aristotelone (Table 12). In order to use similar conditions, the IH NMR spectra of both 

compounds were measured with the same solvent and the same NMR instrument in the 

Chemistry Department at the University of Arizona. The NMR results observed for the 

synthetic 2-epi-aristotelone were exactly the same as those reported in the literature (Guller 

and Borschberg 1992). 

To avoid the formation of possible artifacts during the acid-base extraction of alkaloids, 

the fresh biomass of A. chilellsis was extracted with methylene chloride as the sole solvent. 

Co-chromatography on TLC plates with the same solvent conditions as described above 

showed that the freshly-prepared DCM extract still contained compound 19 which co

chromatographed with the synthetic 2-epi-aristotelone. This experiment indicated that 19 was 
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Table 12. Comparison of\3C and IH NMR ofnaturaI2-epi-aristotelone (19) with those of 

sY;;~~letic 2-epi- aristotelone. 

2-epi-aristotelone 19 2-epi-aristotelone 19 

\3C 13C 11 IH IH 

5.00 6.31 

2 78.7 s 77.8 s 

3 206.5 s 205.9 s 

4 120.5 s 119.2 s 

5 124.5 d 124.5 d 7.51 7.43 

6 117.9d 117.8 d 6.71 6.68 

7 136.7 d 137.3 d 7.37 7.37 

8 111.2 d 111.9d 6.77 6.86 

9 160.8 s 161.6s 

10 45.5 t 38.9 t +6.6 1.62, 2.47 2.52, 2.74 -0.9 -0.27 

11 52.7 d 54.5 d -1.8 3.68 3.96 -0.28 

12 

13 53.6 s 59.2 s -5.6 

14 35.8 d 34.9 d 1.32 1.52 -0.20 

15 23.2 t 23.8 t 1.54,2.03 1.66,2.06 

16 41.2 d 39.4 d +1.8 2.36 2.61 -0.30 

17 46.4 s 45.9 s 

18 31.8 t 29.4 t +2.4 1.20,2.69 1.44,2.57 -0.24 

19 25.4 t 21.3 t +4.1 1.20, 1.95 1.68,2.07 -0.48 

20 19.7 q 19.5 q 0.83 0.91 

21 27.3 q 24.7 q +2.6 lJl 1.56 -0.45 

22 30.3 q 7:Llq +3.2 1.19 1.56 -0.37 

Underlined data show significant differences observed between the two compounds. 

11 = chemical shift of synthetic 2-epi-aristotelone - chemical shift of natural 2-epi-aristotelone 

(19). 
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not a saIt of 2-epi-aristotelone which could be fonned from the standard acid-base extraction 

used for the isolation of alkaloids. 

The differences observed between compound 19 and the synthetic 2-epi-aristotelone 

may be indicative of a different structural conformation. In order to confirm the assumption, 

the NOESY spectrum of compound 19 was measured. 

According to the molecular model, the aliphatic part of compound 19 is in a highly 

strained and fixed three ring system. In this system, only four different conformations could 

take place. Both the A and the B-rings could in a chair or a boat conformation; either the A 

or the B-ring could be chair or boat (Fig. 36). If the A-ring was chair and the B-ring in a boat 

conformation, a strong correlation between axial 21-methyl at 0 1.56 and the axial H-18 

at 02.54 ppm should be observed in the NOESY spectrum. If the A-ring was boat and the 

B-ring was in a chair conformation or both A and B-rings were in a boat conformation, then 

a correlation between axial H-18 at 0 1.44 and axial H-15 at 0 1.66 should be observed. All 

these correlations, however, were not present in the NOESY spectrum of compound 19 (Fig. 

37a and 37b) and therefore all the possibilities of conformations described so far were 

excluded. 

It was determined, however, that both the A- and the B-rings are in chair conformations. 

This stable conformation was confirmed by NOESY spectrum in which strong correlations 

were observed in the A-ring among the axial 20-methyl at 00.91, axial H-19 at 0 1.68, and 

axial H-15 at 0 1.66 ppm. Strong correlations were also found in the B-ring between the 

axial of 22-methyl at 0 1.56, axial H-15 at 02.06, and axial H-Il at 03.96 ppm (Fig. 38). 
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These data indicate that this confonnation is exactly the same as that of the synthetic 2-epi-

aristotelone. 

All the spectral data present here suggest that compound 19 and the synthetic 2-epi

aristotelone possess the same structure. Then, why are there so many differences in their IH 

and \3C NMR spectra? Compound 19 was found to be more stable than the synthetic 2-epi

aristotelone based on the fact that 2-epi-aristotelone decomposed into several spots on TLC 

when exposed to air, while compound 19 remained unchanged. The proposed explanation 

is that the NH at the 12 position in compound 19 might be chelated with some cations such 

as Na + or K+. Another possibility is the formation of a hydrogen bond with crystalline water 

in the molecule which may result in the difference of NMR data between these two 

compounds. 

Data Jorcompolllld(19). [a]D _93° (CRCI3, c 0.926). IR ~r em-I: 3422, 2961, 2942, 

2876, 1690, 1621, 1476, 1385, 769. UVAE10H nm (log e): 400 (2.42),310 (2.83, sh), 293 

(2.87),276 (2.78, sh), and 232 (2.94). 

3.8 Characterization of Aristotelone (20) 

Compound 20 was isolated as yellow crystals with melting point of 220-222°C [lit. 

218-22°C (Bhakuni et al., 1976)]. The mass spectrum of 20 gave the molecular formula of 

C2oR26N20 (mlz 310) and showed the same fragments as those reported for aristotelone. It 

was identified as aristotelone by direct comparison of IR spectrum, co-chromatography with 
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authentic sample and mixed melting point in which no decreasing melting point was observed. 

Data foraristotelone (20). IR ymr em-I: 3220,2975,2952,1660,1619,1581,1488, 

1281, 1257, 1100,901, 759. 

3. 9 Bioassays 

Crude DCM and MeOH extract of Aristotelia chilensis, fractions, and isolated alkaloids 

were evaluated for anticancer, anti-HIV, brine shrimp lethality (BST), anti-Mycobacterium 

tuberculosis, insecticidal, fungicidal, and herbicidal activities. The methanolic extract of 

Aristotelia chilensis exhibited a weak and moderate activity against HIV (Fig. 39) while no 

anticancer activity for this extract was observed. Fractions of alkaloids also showed weak 

activity (LCso 315.1 ,uglml) and the pure compound aristoteline (15) showed moderate 

activity (LCso 99.0 ,ug Iml) in BST, respectively. Other extracts, fractions, and compounds 

showed no activity in the bioassays listed in Tables 13-16. 
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SUMMARY DOSE INFECTED RESPONSE UNINFECTED RESPONSE 

Inda . COIIcCillralion (ug/mI) I'ercem of Control Ptn:enl of CooIJ'OI 

1C50 (ug/mI) 7.90 X 10.2 99.56 

EC50 (ug/ml) 2.50 X 10.1 101.20 

1150 (lClEC) 7.90 X 10.1 98.65 

CoochDioo 90.99 

90.92 

91.25 

66.90 

4.12 

Fig. 39 In vitro anti-HIV screening result for the extract of Aristotelia chilensis. 



Table 13. Brine Shrimp Test data result for crude extract and Aristotelia alkaloids. 
Sample 

DCM extract of Aristotelia chilensis 
alkaloid mixture of Aristotelia chilensis 
aristoteIine (15) 
aristoteIinone (16) 
serratoline (17) 
aristone (18) 

BST Data 95% Confidence 
LCso (ug/ml) Intervals 

>500 
315.1 
99.0 
>45 
>75 
>260 

634.3-185.3 
182.6-58.8 
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Table 14. Result of anti-Mycobacterium tuberculosis testing for crude extract and Aristotelia 
alkaloids. 

Extract / compounds MIC (ug/ml) 
DCM extract of Aristotelia chilensis 
alkaloid mixture of Aristotelia chilensis 
aristoteline (15) 
aristoteIinone (16) 
aristone (18) 

>128 
>128 
>128 
>128 
>128 

Table 15. Insecticidal activity of crude extracts of Aristotelia chilensis. 
Extract or Compds housef1~ tobacco cutworm carmine mite 
AC-EAS 0 00 
AC-EAI 0 00 
AC-MS 0 00 
AC-MI 0 00 

mosguito larvae 
CC 
CC 
CC 
CC 

AC=Aristotelia chilensis; EAS=ethyl acetate soluble; EAI=ethyl acetate insoluble; 
MS=methanol soluble; MI=methanol insoluble. 

Table 16. Fungicidal activity of crude extract of Aristotelia chilensis. 
Compds. blst sheath blight powdery mildew downy mildew late blight gray mold 
AC-EAI 0 0 0 0 
AC=Aristotalia chilensis; EAI=ethyl acetate insoluble. 



IV. BIFLAVONOIDS FROM DYSOXYLUM 

LENTICELLARE GILLESPIE 

4.1 Introduction 
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Dysoxylum, a large tree of Polynesia and Indomalaysia, has many reported uses for a 

number of medical disorders including fever, hemorrhage and convulsions (Russell et al., 

1984). Several species have already been reported to have antifeedant and insecticidal 

activities (Govindachari et al., 1994). A number of alkaloids and terpenoids were isolated 

and characterized from the hydroalcoholic layer and the pentane soluble extracts from 

Dysoxylum lenticellare Gillespie (family: Meliaceae) [A1adesanmi et al., 1983; 1984; 1986; 

1988; 1991; 1994; and Onan et al., 1985]. The complete isolation procedure is summarized 

in Scheme 4. A total of 27g of insoluble flavonoid-positive material was filtered from the 

hydroalcoholic layer and 12.5g of this material were hydrolyzed to give a crude mixture of 

flavonoid aglycones. After partial separation work at Dr. A1adesanmi's laboratory at Obafemi 

Awolowo University, Nigeria, the crude mixture offlavonoids was sent to our laboratory for 

the separation and identification of individual components. Our work has led to the isolation 

and characterization of three biflavones. Two flavonoids were identified by spectroscopic 

method as isoginkgetin (21) and bilobetin (22), while the third compound was elucidated as 

the novel natural product robustaflavone 4', 7"-dimethyl ether (23) (Fig. 40). Isoginkgetin and 

bilobetin are the active components in extracts of Ginkgo hi/aha which are marketed in 

Germany under the name "Tebonin" as a blood-flow increasing and vascular dilating agent 



HO 

R = R' = H: amentoflavone 
R = R' = CH3: isoginkgetin (21) 
R = CH3, R' = H: bilobetin (22) 

6' 5' 

II 

OR' 

OR' 

6'" 5'" 

R = CH3 , R' = H : robustaflavone 4', 7"-dimethyl ether (23) 
R = R' = H : robustaflavone 
R = CH3, R' = Ac : 7, 4"'-diacetyl robustaflavone 

4', 7"-dimethyl ether ( 23a) 

Fig. 40 Biflavonoids isolated from Dysoxylum lenticellare, and two referenced 
compounds: amentoflavone and robustaflavone. 
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and is recommended for use in hormonal, vascular, blood-flow and nutritional disorders 

(Natarajan et aI., 1970). 

4.2 Extraction and Isolation of Biflavonoids from DysoxylulIl lenticellare 

Dysoxylum lenticellare was collected on 28 August, 1963, near a Boy Scout camp, 

Coli-Suva, Viti Levu in the Fiji Islands by George Uhe. Voucher specimens AK 157465 and 

AK 157466 were preserved in the Herbarium of the Auckland Institute and Museum, 

Auckland 1, New Zealand. The work started with the isolation of compounds from 12.5g of 

a precipitate that contained hydrolyzed flavonoids. The precipitate was obtained during the 

phytochemical investigation of D. lenticellare (Aladesanmi et al., 1983). An outline of the 

extraction and separation techniques are shown in Scheme 4. 

Since the crude flavonoid mixture was found to be very poorly soluble to dissolve in 

commonly used organic solvents, this made the separation work very difficult. The crude 

flavone mixture was dissolved in hot MeOH and was subjected to repetitive column 

chromatography using silica gel with DCM-MeOH 50: 1. The different fractions were further 

purified on preparative TLC (PLC) with DCM-MeOH (20: 1) which led to the isolation of 

compounds 21 (17 mg), 22 (27 mg), and 23 (35 mg). 

4.3 Characterization of Robustaflavone 4', 7"-Dimethyl Ether (23) 

Compound 23 was isolated as a yellow powder which gave a positive reaction with 

Naturstoffreagenz A (NA) (diphenylboric-2-aminoethyl ester), a specific reagent for 



Dysoxylum lenticellare (2800g) 

MeOH 

extract (conc. to 1.8 liter) 

hydroalcoholic layer 

filtrate 

alkaloids 

filtered 

precipitate (27g) 

12.5g were 
hydrolyzed with acid 

flavonoid aglycone 

repeated silica gel c.c. 
DCM, DCM-MeOH 

crude compds. crude compds. crude compds. 
prep. TLC prep. TLC prep. TLC 
DCM-MeOH DCM-MeOH DCM-MeOH 
(20:1) (20: 1) (20: 1) 

isoginkgetin 
(21,17mg) 

robustaflavone bilobetin (22,27mg) 
4', 7"-dimethyl 
ether (23,35mg) 

Scheme 4. Procedure for the extraction and isolation ofbiflavonoids 
from Dysoxylum lenticellare. 
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flavonoids. The melting point was> 300°C. The mass spectrum of 23 gave a molecular 

formula of C32H220 IO (mlz 566) which corresponded to a biflavonoid. 

The UV spectrum of23 in methanol exhibited maxima with band I at 331 nm, and band 

II at 265 nm (Table 17). Addition of sodium methoxide caused band I to shift to 3S2 nm 

indicating the presence of a 41 or 4"'-hydroxyl group. Addition of sodium acetate caused a 

partial bathochromic shift of band II (about 6 nm) indicating the presence of a free 7 or 7" 

hydroxyl group. The AICI3, AICI3 / HCI, and NaOAc / H3B03 spectral data established the 

absence of a 3', 4'-orthodihydroxyl system. 

The IH NMR spectrum of 23 showed the presence of an ABX coupling system with 

signals at 0 7.S3 ppm (H-2', d, J=2.5 Hz), S.06 (H-6', dd, J=S.S Hz, 2.5 Hz), and 7.22 (H-5', 

d, J=S.S Hz) [Fig. 41]. Since the IH NMR indicated the absence of 3'-OH or other 

substituted groups, the best explanation for this pattern was that C-3' position was the 

position where two carbons linked together. Two meta-coupled protons ofH-6 and H-S at 

o 6.1S and 6.47 ppm (2H, d each, J=2.1 Hz), as well as an AA'BB' coupling system with the 

signals at 07.99 ppm (H-2"', H-6'" d, J=S.9 Hz) and 06.94 ppm (H-3"', 5"', d, J=S.9 Hz) 

excluded the possibility of the linkage between the two flavone moieties at C-6, C-S, C-3"', 

C-5"', C-2"', and C-6"'. The proton appearing at 0 6.94 ppm (IH, s) was assigned to be the 

H-S" proton which further indicated that another connecting position for the two tlavones 

was at the C-6". If the linkage of the two moieties occurred between 3'--S", the H-6" would, 

consequently, appear around 6.40 ppm. This was confirmed from the 13C NMR. 

In the 13C NMR ofbiflavonoids, when two flavonoid units form a linkage bond at either 
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Table 17. UV spectra ofisoginkgetin (21), bilobetin (22), and robustaflavone 4',711-dimethyl . 

ether (23) (nm) 

MeOH 

NaOMe 

AlCI3 

AlCI3\HCI 

21 

266,326 

274,363 

277, 292 (sh), 338 

380 

277, 292 (sh), 336 

381 

NaOAc 271,325 

22 

266,328 

274, 382, 391(sh) 

273, 294 (sh) 

339,378 

273, 295 (sh) 

339, 378 

273,368 

265,326 

23 

265,331 

271,382 

271,295,343 

370(sh) 

273,298,344 

375(sh) 

272,327 

269,327 
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C-6" or C-8", the resulting chemical shift for the linked carbon shows a downfield shift of 

about lO-llppm. For example, in the case of robustaflavone (C31-6" linkage), the value for 

C-6" shift from 0 99 to 109 ppm. In amentoflavone (C31-8" linkage) the C-8" shows a shift 

from 0 94 to 1 04 ppm (Table 18). In compound 23, the C-6" signal was observed at 0 

109.lppm, therefore, indicating that C-6" was the carbon where the linkage between the two 

flavonoid molecule occurred (Markham et al., 1987). 

The 13CNMR of23 showed two methoxyl signals at 056.4 and 55.9 ppm. The two 

carbonyl signals near 0 182 ppm in the 13CNMR excluded the location of the methoxyl groups 

in either the positions 51 and 5". If this was the case, then the signals for C-4 and C-4" would 

appear around 0 177 ppm (Agrawal et al., 1989). Also, the two downfield shift proton 

signals at 0 13.12 and 12.94 ppm could be assigned as corresponding to the chelated hydroxyl 

groups at the 5 and 5" protons with the 4- and 4"-carbonyl groups. Furthermore, it was 

determined that 7 and 4"I-hydroxyls were not likely the positions of methylation since the C-6, 

8,21",6111 and 31",5"1 showed identical values with those corresponding to robustaflavone in 

the 13C NMR spectrum. Based on this infonnation, the only positions available as the site for 

methylation were those corresponding to carbons 41 and 7". 

In order to decide the exact position of the methoxyl groups in 23, genkwanin, 

apigenin, and acacetin were used as model compounds for comparison their 'H NMR values 

(Table 19). It was observed that if the hydroxyl group was methylated, the proton at ortho 

position to the hydroxyl group would show a 0.10-0.30 ppm downfield shift. For example, 

when 7-0H is methylated in genkwanin, H-6 and H-8 show a downfield shift about 0.12 and 
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Table 18. 13C NMR data ofisoginkgetin (21), bilobetin (22), robustaflavone 4',7"-dimethyl 

ether (23), robustaflavone, and amentoflavone. 

C 21 22 23 robustaflavone* amentoflavone* 

I II I II I II I II I II 

2 163.4 164.3 163.3 164.2 163.33 164.03 164.3 164.5 164.1 3 164.33 

3 103.7 103.2 103.6 102.5 103.6b 103.2b 103.2 103.2 103.2b 102.8b 

4 181.8 182.1 181.7 182.0 181.8c 182.0c 182.1 182.2 181.9c 182.2c 

5 161.9 160.5 161.4 160.4 161.4d 157.9 161.8 160.0 161.6 160.8 

6 98.7 99.0 98.5 98.9 98.9 109.1 99.2 109.3 98.8d 99.1d 

7 161.3 161.5 163.5 161.7 164.23 162.83 164.0 162.5 163.9c 161.9c 

8 94.2 103.8 94.1 103.7 94.1 90.8 94.4 93.6 94.2 104.1 

9 157.5 154.4 157.4 154.3 157.4c 156.9c 157.7 156.8 157.6 154.7 

10 103.8 103.8 103.7 103.6 104.6 103.8b 104.1 103.9 104.0 104.0 

I' 122.6 122.9 122.5 121.2 122.5f 122.2f 121.2 121.6 120.3 121.4f 

2' 128.3 127.8 128.2 128.0 128.0 128.6 127.6 128.6 127.9 128.3 

3' 121.7 114.5 121.6 115.8 121.1f 116.0 121.3 116.4 121.7f 116.0 

4' 160.7 162.2 160.6 161.0 160.5 161.3d 159.5 161.5 159.6 161.1 

5' 111.8 114.6 111. 7 115.8 111.8 116.0 116.5 116.4 116.4 116.0 

6' 130.9 127.8 130.9 128.0 130.2 128.6 131.2 126.6 131.6 128.3 

OCH3 55.5, 55.9 55.6 55.9, 56.4 

All spectra were measured in DMSO. * Spectral data obtained from Markham et aI., 1987. 

a,b,c,d,c,f Assignments bearing the same superscript may be reversed. 



150 

0.24 ppm compared with apigenin, respectively (Table 19). When the 4'-OH was methylated 

in acacetin, H-3' ,H-5' and H-2', H-6' shift downfield about 0.13 and 0.09 ppm, respectively. 

When comparing the IH NMR for 23 with that of rob usta flavone, it was observed that 

23 shows downfield shifts corresponding to H-5' and H-S". H-5' shifted O.IS ppm downfield 

(from 0 7.04 in robustaflavone to 0 7.22 ppm in 23) whereas H-S" shifted 0.31 ppm 

downfield (from 06.63 in robustaflavone to 0 6.94 ppm in 23). These values indicated that 

the positions 4' and 7" in 23 were methylated which were further confirmed by comparing 

the 13C NMR spectrum of 23 with that of rob usta flavone. While all chemical shifts exhibited 

similar values for these two compounds, only C-5' and C-S" in 23 displayed upfield shifts. C-

5' showed a 5 ppm upfield shift when comparing robustaflavone at 0 116.5 ppm to 0 111.S 

ppm in 23. Similarly C-S" showed a 2.S ppm upfield shift when comparing the values for the 

same carbon between robustaflavone (0 93. 6 ppm) and compound 23 (0 90. 8 ppm). These 

data clearly indicated that both the 4'- and 7" positions were methylated (Table IS). 

Next, to support the above deductions, an acetyl derivative of 23 was prepared. By 

comparing the IH NMR spectrum of23 and its diacetyl derivative (23a), it was found that 

only H-6, H-S, H-3"', and H-5'" showed downfield shifts at 0.37,0.37, 0.19, and 0.19 ppm, 

respectively (Table 20). The observed shifts could be explained by the anisotropic effect 

caused by the carbonyl group at C-7 and C-4"'. IH NMR data indicated that the 7 and 4'" 

hydroxyls were, indeed, acetylated. 



Table 19. IH NMR data of genkwanin, apigenin, acacetin, robustaflavone, and 

robustaflavone 4" T' -dimethyl ether (23) 

genkwanin 

H-3 6.84 

H-6 6.37 

H-8 6.76 

H-2',6' 7.95 

H-3',5' 6.92 

H-2' 

H-5' 

H-6' 

H-3" 

H-8" 

H-2"', 6'" 

H-3"',5'" 

RO 

Compounds 

apigenin acacetin robustaflavone 

6.76 6.87 6.79 

6.25 6.20 6.19 

6.52 6.51 6.47 

7.94 8.03 

6.98 7.11 

7.77 

7.04 

7.90 

6.75 

6.63 

7.95 

6.95 

3' 

OR' 

OH 0 

R = R' H : apigenin 
R = OCH31 R' = H : genkwanin 
R = H, R' = CH3 : acacetin 

23 

6.85 

6.18 

6.47 

7.83 

7.22 

8.06 

6.89 

6.94 

7.99 

6.94 
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Table 20. IH NMR data of rob usta flavone 41,T'-dimethyl ether (23) and 

7, 4111-diacetytl robustaflavone 41,7"-dimethyl ether (23a). 

H-21 

H-61 

H-51 

H-2111, 6111 

H-3 111, 5111 

H-6 

H-8 

H-8" 

H-3, 3" 

5,5"-OH 

41,7"-0CH3 

7,4111-0H 

7,4111-0Ac 

23 (inDMSO) 

7.83 d (2.5)* 

8.06 dd (8.8, 2.5) 

7.22 d (8.8) 

7.99 d (8.9) 

6.94 d(8.9) 

6.18 d (2.1) 

6.47 d(2.1) 

6.94 s 

6.89 ~, 6.85 ~ 

13.12sb
, 12.94sb 

3.80 s\ 3.78 5f; 

10.82 Sd, 10.41 Sd 

7.80 d (2.4) 

7.93 dd (8.8, 2.4) 

7.30 d (8.8) 

7.96 d (8.8) 

7.13 d (8.8) 

6.55 d (2.0) 

6.84 d(2.0) 

6.70s 

6.68 ~, 6.65 ~ 

12.92 Sb, 12.865).> 

3.88 s 

a,b, c, d, C Assignments bearing the same superscript may be reversed. * Values in 

parentheses are coupling constants in Hz. 
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The mass spectrum of 23 exhibited some characteristic flavonoid fragments which 

included the molecular ion of mlz 566 and ions such as 551 [M-CH3r, 535 [M-CH30r, and 

283 M2+. The ion m/z 153 corresponded to an A-ring fragment derived by undergoing an 

RDA fragmentation. Fragments characteristic for the E-ring were observed at m/z 121 and 

m/z 118. An [M-CH3-OCH3r ion at m/z 520 was diagnostic for a molecule containing a 

methoxyl group ortho to the interflavonoid linkage, which was indicative of the presence of 

a 4'-O-methylation (Harborne et al., 1975). Although a characteristic ion at m/z 297 was not 

observed in 23, this fragment was clearly present in the diacetyl derivative (23a). These data 

were in agreement with the proposed structure (23) [Fig. 27]. Based on the above deductions, 

23 was elucidated as robustaflavone 4', 7"-dimethyl ether. This compound is a new natural 

product. 

Data/or Rohustaflavone 4', 7"-dimethyl ether (23). UV (Table 17). IH NMR (Table 20). 

ElMS mlz (reI. int.): 566 [Mr(38), 535 (100),520 (5),283 (4), 268 (13), 153 (4), 121 (3), 

and 118 (3). IR Jillr em-I: 3400-2600, 1670, 1604, 1491, 1350, 1241, 1178, 1161,826. 

Data/or 7, 4'''-diacetylrohllstaflavone 4', 7"-dimethyl ether (23a), C36H26012 m. p. 246-

247°C. IH NMR (Table 20). ElMS m/z (reI. int.): 650 [Mr (18), 619 (29), 608 (26), 577 

(73),566 (13),535 (100), 520 (10),297 (2), 283 (9),268 (12),153 (2), 121 (2), and 118 (2). 

4.4 Characterization of Isoginkgetin (21) 
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Fig. 42 Diagnostic EI-MS fragments of rob usta flavone 4', 7"-dimethyl ether (23). The 
fragment m/z 297 was observed in the MS of 7, 4'"-diacetyl robustaflavone 4', 7"
dimethyl ether (23a) but not in 23. 
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Compound 21 was isolated as a yellow powder, m. p. > 300°C [lit. 353°C (Baker et al., 

1963)]. Its molecular formula was derived from mass spectrum (C32H2201O, m/z 566) coupled 

with l3C NMR. data which indicated the presence of32 carbon signals. 

The IH NMR spectrum of 21 exhibited a very similar proton pattern to that of23 which 

implied that these two compounds possessed a similar skeleton. The different chemical shifts, 

however, indicated that 21 had a different linkage position between the two flavonoid units 

when compared with 23. Like 23, compound 21 showed two meta-coupled protons for H-6 

and H-S, as well as an AA'BB' coupling system that excluded the possible linkage positions 

at C-6, C-S, C-3"', 5'" , and C-2"', 6"'. An ABX type coupling for the B ring suggested C-3 

to be the connecting place for the two flavone moieties. Since no meta-coupling was found 

between H-6" and H-S" in the IH NMR. of 21, the other possible place for the linkage to 

occur would be either at C-S" or C-6". The observation ofH-6" signal at 0 6.40 ppm (lH, 

s) in IH NMR and C-6" at 0 99.0 ppm in l3C NMR. of21 indicated that C-S" was the linkage 

carbon. This deduction was further confirmed from the signal of C-S" at 0 103. S ppm which 

was shifted about 9 ppm downfield when compared with the normal absorption positions for 

C-S or C-S" that take place around 94 ppm. The methoxy groups were assigned to the C-4' 

and C-4'" due to upfield shifts of 4. 7 ppm at C-5', 1.9 ppm at C-3"', and l.S ppm at C-5'" as 

compared to the l3C NMR. data for amentoflavone (Table IS). Based on these data, 

compound 21 was, therefore, identified as isoginkgetin which l3C NMR data was in full 

agreement with those reported in the literature (Markham et al., 19S7). Co-chromatography 

of 21 with an authentic sample of isoginkgetin showed the two compounds to be identical. 
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Isoginkgetin was previously isolated from Ginkgo hiloha (Baker et al., 1963). 

Data ofIsoginkgetin (21). UV(Table 17). 'HNMR (250 MHz, DMSO) 0 (ppm): 8.16 

(lH, dd, J=8.8, 2.4 Hz, H-6'), 8.03 (lH, d, J=2.4 Hz, H-2'), 7.33 (lH, d, J=8.9 Hz, H-5'), 

7.58 (2H, d, J=8.9 Hz, H-2"', 6"'), 6.91 (2H, d, J=8.9 Hz, H-3"', 5"'), 6.18 (lH, d, J=2.1 Hz, 

H-6), 6.46 (IH, d, J=2.1 Hz, H-8), 6.40 (IH, s, H-6"), 6.89, 6.86 (2H, s each, H-3, 3"), 

13.04, 12.90 (2H, s each, 5, 5"-OH), 3.77, 3.73 (6H, s each, 4', 4"'-OCH3)' ElMS m/z (reI. 

int.): 566 [Mr (100),283 (8), 268 (3), 153 (4), 135 (7), 132 (2). 13C NMR (Table 18). 

4.5 Characterization of Bilobetin (22) 

Compound 22 was isolated as a yellow powder, m. p. > 300°C [lit. 320°C (Baker et al., 

1963)]. The mass spectrum gave a molecular formula ofC3,H2oO IO (m/z 552). Very similar 

chemical shifts in the 13C NMR of 22 and amentoflavone indicated that these two 

compounds had a similar chemical structure. Only one methoxyl group was found in 'H and 

13C NMR spectra of 22. The methoxyl group was assigned to C-4' position from the 

observation of the chemical shift for C-5' in 13C NMR. In amentoflavone the chemical shift 

for C-5' appeared at 0 116.4 ppm, when the 4'-OH was methylated as in the case of 

robustaflavone 4', 7"-dimethyl ether (23) and isoginkgetin (21) where an upshift of 4-5 ppm 

was observed for C-5'. Since compound 22 displayed a 4.7 ppm upfield shift it was 

established that the methyl group occurred at 4'-OH (Table 18). The spectral data established 

that 21 was bilobetin. Its 13C NMR data were in agreement with those reported in the 



157 

literature (Karkbam et al., 1987). Co-chromatography with an authentic sample indicated that 

22 and bilobetin were the same compounds. Bilobetin was previously reported from Ginkgo 

biloba (Baker et al., 1963). 

Data of Bilobetin (22) .. UV (Table 17). IH NMR (250 MHz, DMSO) 0 (ppm): 8.17 

(IH, dd, J=8.8, 2.4 Hz, H-61), 8.07 (1H, d, J=2.4 Hz, H-21), 7.34 (lH, d, J=8.8 Hz, H-51), 

7.50 (2H, d, J=8.8 Hz, H-2"1, 6111), 6.71 (2H, d, J=8.8 Hz, H-3 111, 5111),6.19 (lH, d, J=2.1 Hz, 

H-6), 6.48 (lH, d, J=2.1 Hz, H-8), 6.39 (IH, s, H-6"), 6.92, 6.79 (2H, s each, H-3, 3"), 

13.09, 12.92 (2H, s each,S, 5"-OH), 10.78 (3H, br.s, 7, 7", 4" I_OH), 3.77 (3H, S, 41-0CH3)' 

ElMS m/z (reI. int.): 552 [MY(100), 521 (11),283 (4), 153 (9), 121 (12), 118 (5). 13C NMR 

(Table 18). 

4.6 Bioassays 

The new biflavonoid robustaflavone 41, 7"-dimethyl ether (23) was evaluated for anti

HIV insecticidal, fungicidal, and herbicidal activities. No activities were observed in the 

BST (LCso > 200 ug/ml) and anti-Mycobacterium tuberculosis testing (MIC > 128 ug/ml). 

Other bioactivities were listed in Table 21-23. As shown in Fig. 43, the HIV antigen was 

released at low concentrations (0.8 ,ug/ml). When tested at higher concentrations (4,ug/ml), 

however, this compound decreased the HIV antigen release at 12% level and also killed the 

cells. These results indicate that robustaflavone 41, 7"-dimethyl ether (23) has no selective 

against HIV activity (Fig. 43). 
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Table 21. Insecticidal activity of robustaflavone 4', 7"-dimethyl ether (23) 

Compound housefly tobacco cutworm carmine mite mosquito larvae 

compound 23 

Table 22. Fungicidal activity of robustaflavone 4', 7"-dimethyl ether (23). 

Compound blst sheath blight powdery mildew downy mildew late blight gray mold 

robustaflavone 0 0 0 0 0 0 

4'7"-dimethyl ether 

Table 23. Herbicidal activity of robustaflavone 4', 7"-dimethyl ether (23). 

Pre-emergence 

japanese millet 

oats 

morningglories 

velvetleaf 

Post-emergence 

japanese millet 

oats 

radish 

velvetleaf 

Paddy condition 

nee 

barnyard grass 

hard stem bulrush 

arrow head 

robustaflavone 

4',7"-dimethyl ether 

o 
o 
o 
o 

o 
1 

4 

o 
o 
o 
o 



Fig. 43 Result of anti-HIV testing with robustaflavone 4', 7"-dimethyl ether. 

-V'r 
\0 



160 

v. EXPERIMENTAL 

5.1 Instrumental 

The adsorbents used for column chromatography included Silica Gel 60 (70-230 mesh, 

EM Science) and Alumina (neutral, SO-200 mesh, Brockman activity 1, Fisher Scientific Co.). 

Thin layer chromatography (TLC) was performed on pre-coated plastic sheets (Polygram, 

Sil G1UV254, Polygram Gel 400 UV254' and Polygram Polyarnide-6, Macherey-Nagel). Various 

developing systems such as DCM-MeOH, hexane-EtOAc, and hexane-EtOAc-Et2NH, etc. 

in different ratios were used to check the progress of separation and purity of compounds. 

Adsorbents used for preparative thin layer chromatograohy were Silica Gel P / UV 254 

(Macherey Nagel). All compounds were visualized by ultraviolet light at 254 and 366 nm. 

Spray reagents included Dragendoff's reagent for alkaloids; 1 % Ce(S04)2 in 10% H2S04 

with heating to 110°C for terpenoids, and 1 % Naturstoff Reagenz A (NA) in MeOH for 

flavonoids. 

Melting points were determined on an Electrothermal capillary melting point apparatus 

and uncorrected. Optical rotation were determined on an Autpol III automatic polarimeter. 

High performance liquid chromatography (HPLC) was run on an Alltech Model 425 High 

Pressure Pump. Analytical (Vydac, ODS, 51l, 4.6 x250 mm) and preparative columns 

(Econosil CIS, lOll, 10x250 mm and Econosil Silica, lOll, IOx250 mm) were used with 

acetonitrile-H20 or DCM-MeOH as the mobile phase. Sample injection volume was 100-

400Il. The eluent was monitored under ultraviolet light at 254 nm by the Alltech Model 450 

Fixed Wavelength UV Detector. Flow rate of the solvent was 0.S-I.0 ml / min. for analytical 
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and 3.0-4.0 ml / min. for preparative purposes. 

The infrared spectra (IR) was recorded on a Nicolet SlOP FT -IR Spectrometer in KBr 

pellets. 

The ultraviolet spectra (UV) were recorded on a Perkin-Elmer Lambda 3A 

Spectrophotometer in MeOH, MeOHlNaOMe, MeOHl AICI3, MeOHl AICI/HCI, 

MeOHlNaOAc, and MeOHlNaOAc!H3B03' Diagnosis of substitution patterns in flavonoids 

were followed according to standard procedures (Mabry et al., 1970). 

The low and high resolution electron impact mass spectra were recorded on a MAT 90 

or Hewlett Packard 5970 spectrometers with electron ionization at 70eV. Samples were 

introduced directly or by gas chromatography (fused silica capillary column: crosslinked 5% 

phenyl-methyl silicone, 0.2 mm x 25 m, carrier gas: helium). 

The IH and \3C nuclear magnetic resonance (NMR) spectra were recorded on an FT

NMR Jeol FX90Q, as well as Bruker WM 250, Gemini 200, and Gemini 300 spectrometers. 

Tetramethylsilane (TMS) was used as an internal standard in CDCI3, CD30D, pyridine-ds, or 

DMSO-d6• AII2D spectra were recorded on Gemini 300 spectrometer. 

5.2 Acetylation of Baclinic Acid (6a) 

Ac20 (5 ml) was added to 100 mg of6 dissolved in 5 ml of pyridine. The mixture was 

left at room temperature for one week. After the reaction was over, the solution was poured 

slowly with the aid of stirring into iced water. After filtration, 90 mg of crude product (6a) 

was purified by chromatography over silica gel eluted with DCM-MeOH (20: I) to yield 
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baclinic acid (6a) 15 mg. 

5.3 Acetylation of Oleanolic Acid (7a) 

Ac20 (3 ml) was added to 190 mg of 7 dissolved in 3 ml of pyridine. The mixture was 

left at room temperature for 3 days and the progress of reaction was monitored by TLC. After 

the reaction was over, the solution was poured slowly with the aid of stirring into iced 

water. After filtration, 220 mg of product (7a) was purified by chromatography over silica 

gel eluted with hexane and EtOAc (9: 1). 

5.4 Acetylation of Stigmasta-7, 22-dien-3 P-ol (8a). 

A~O (1 mI) was added to 25 mg of8 dissolved in Iml of pyridine. The mixture was left 

at room temperature for 24 hrs. and the progress of reaction was monitored by TLC. After 

the reaction was over, the solution was transferred slowly with stirring into iced water 

followed by extraction with DCM. The DCM layers were evaporated ill vacuo and the residue 

was purified by chromatography on silica gel using DCM-MeOH (20:1) to yield I1mg of 

acetyl Stigmasta-7, 22-dien-3 p-ol (8a). 

5.5 Acetylation of Stigmasta-7, 22-dien-3 P-ol P-D-glucopyranoside (9a) 

Ac20 (2m1) was added to 45 mg of 9 dissolved in 2ml of pyridine. The mixture was left 

at room temperature for one week. After the reaction was over, the solution was transferred 



163 

slowly with the aid of stirring into iced water followed by extraction with DCM. The DCM 

layers were evaporated ill vacuo and the residue was purified by chromatography on silica gel 

using DCM-MeOH (20:1) to yield 32 mg of 9a. 

5.6 Alkaline Hydrolysis of Stigmasta-7, 22-dien-3 fi-ol P-D-glucopyranoside (9b) 

Compound 9 (I3mg) was dissolved in 5% KOH-n-BuOH (lOmI) and refluxed for 6 hours. 

The reaction mixture was neutralized with aqueous HCI and extracted with DCM. The DCM 

layers were evaporated ill vacuo to give an extract which was purified by chromatography 

over silica gel eluted with DCM-MeOH (20: 1) to yield the aglycone 6 mg. The aglycone was 

identified as Stigmasta-7, 22-dien-3/3-01 by comparison with 8 by melting point and co

chromatography using hexane-EtOAc (8:2), ether-CHCl3 (1: 1), and DCM-MeOH (9: 1) as 

developing system. The aqueous layers obtained from the hydrolysis process were evaporated 

to dryness and the sugar residue was determined as glucose by co-chromatography with an 

authentic sample on silica gel TLC GlUV254 using EtOAc-H20-MeOH-AcOH (l3:3:3 :4) and 

paper chromatography using Il-BuOH-AcOH-H20 (4: 1 :5, upper layer). 

5.7 Esterification of Maslinic Acid with Diazomdhane (lOa) 

Diethyl ether (50 ml)was added to 10 ml of 40% aqueous KOH and the solution was 

cooled to O°C. N-methyl-N'-nitro-N-nitrosoguanidine (3.75g) was added slowly with swirling 

to the previous solution in an ice bath. The reaction mixture was then transferred to a 
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precooled separatOl)' funnel. After the aqueous layer was removed the ethereal diazo methane 

was stored with a few KOH pellets in an explosion-proof refrigerator. Compound 8 (11 mg) 

in E~O (3 rnI) was treated with ethereal CH2N2 (3 ml) at ODC overnight. After the ether layer 

was washed with water it was evaporated in vacuo and the reaction mixture was purified by 

chromatography on silica gel using DCM-MeOH (15: 1) to yield a methyl ester derivative 

(lOa) 8 mg which was analyzed by l3C NMR in CDCl3 (Table 3). 

5.8 Acetylation of robustaflavone 4', 7"-dimethyl ether (23) 

Treatment of23 (25mg) with Ac20-pyridine in the usual manner followed by silica gel 

column chromatagrophy (DCM-MeOH, 100: 1) gave 7, 4 111-diacetyl-4\ 7"-dimethyl

robustaflavone (23a). 

5.9 Sample preparations for bioassays 

Biomass (Baccharis linearis and Aristotelia chilensis) (200g) was extracted with DCM

MeOH (1: 1) at room temperature for 24 hours. The MeOHlDCM extract was evaporated ill 

vacuo and gave a crude extract. The crude extract was then soaked with ethyl acetate to give 

ethyl acetate soluble part (EAS) and ethyl acetate insoluble part (EAI). Meanwhile, the 

biomass, which was extracted with MeOHIDCM, was dried enough and further extracted 

with water at room temperature for 24 hours. Water was evaporated in lyophilizer to produce 

the crude water extract. Next, the water extract was soaked with MeOH to give MeOH 
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soluble (MS) and MeOH insoluble (M!) fractions. These fractions were subjected to 

bioassays. The procedure is summarized in Scheme 5. 

5.10 Primary Screen for Anticancel' 

The primary screens for anticancer activity were performed by the National Cancer 

Institute (NCI). The anticancer test was done against different cell lines including eight panels 

of leukemia, non-small cell lung cancer, colon cancer, CNS cancer, melanoma, ovarian 

cancer, and renal cancer (Boyd, 1989). 

5.11 Anti-DIV Testing 

Anti-HIV testing was performed at the National Cancer Institute (NCI) and at Dr. Evan 

Hersh's laboratory at the University of Arizona's Cancer Center. The National Cancer 

Institute (NCI) primary screens for anti-HIV activity were done using CEM-IW cell line. The 

Cancer Center tests used plants and compounds solubilized in DMSO and Mot cells. There 

were incubated together at 37°C with 5% CO2 for 24 hours and culture infectious dose of 

HIV JU' was introduced to this system for further incubating about 5-7 days. After incubation, 

an HIV antigen capture ELISA was used to measure HIV released from infected cells. 

5.12 Brine Shrimp Lethality Test (BST) 

Brine shrimp lethality test (BST) was developed as a bench-top procedures for the 

detection and isolation ofbioactive plant compounds in the Purdue University. It has the 
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Scheme 5. Procedure of extract preparations for bioassay testing. 
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advantages of being rapid, inexpensive, and simple (McLaughlin et al., 1991). The brine 

shrimp bioassay was performed by Dr. Jerry McLaughlin at the Department of Medicinal 

Chemistry and Pharmacognosy at Purdue University. Artemia salina Leach (brine shrimp 

eggs purchased from a pet store) were used in the BST. The samples obtained from plants 

in this study were tested at 1000, 100, and 10 flg ml- I
. The data was analyzed with a Finney 

computer program to determine the LCso values and 95% confidence intervals. 

5.13 Anti-Mycobacterium tuberculosis Testing 

The anti-Mycobacterium tuberculosis testing was performed at the GWL Hansen's 

Disease Center at Louisiana State University. Mycobacterium tuberculosis H37Rv were 

passaged in BACTEC 12B medium (Becton Dickinson, Towson, MD) and vials with GI 

(growth index) of 500-800 were used as inocula in this test. Samples were solubilized in either 

water, ethanol, or DMSO, filter sterilized (0.45 m) and screened pA a final concentration of 

1 mg/ml dry weight. Readings proceeded until the normal (um' oed) controls reached a GI 

of 999 (5-8 days). Test vials with a GI of < 500 were considered active. The Minimum 

Inhibitory Concentration (MCI) was set at concentration of 128 ,Lil/ml for the active 

compound (Franzblau and Hastings, 1987; Franzblau et al., 1992). 

5.14 Insecticidal Activity Evaluation 

Insecticidal screens were performed by the Agricultural Research Laboratory, 

TakarazukaResearch Center, Sumitomo Chemical Co., LTD. Japan. The pests of houseflies 
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(Musca domestica), tobacco cutworms (Spodoptera lilura), carmine mites (Tetranychus 

cinnabarinlls), and mosquito larvae (Culex pipiens pallens) were used for screening. The 

assessment of the results were based on the following standards: 

mortality: A; 100%, 9; 99-90%········· 0; 9-0% (after 1 day or 6 days). 

mortality (mosquito larvae): A; >90%, B; 90-10%, C; <10% (after 1 day). 

damage of the diet (or plant): 4 (no damage), 3, 2, 1, O. 

inhibition of emergence (mosquito larvae): A; 90%, B; 90-80%, C; <80%. 

5.15 Fungicidal Evaluation 

Fungicidal screens were performed by the Agricultural Research Laboratory, 

Takarazuka Research Center, Sumitomo Chemical Co., LTD. Japan.The fungicidal activity 

was performed according to the following methods: test for preventive controlling effect on 

blast (Pyricularia OIyzae) of rice, test for preventive controlling effect on sheath blight 

(Rhizoctonia solani) of rice, test for curative controlling effect on powdery mildew (E;'ysiphe 

graminis) of wheat, test for curative controlling effect on downy mildew (Plasmopara 

viticola) of grape, test for preventive controlling effect on gray mold (Bolly tis cinerea) of 

cucumber, and test for preventive controlling effect on scab (Venturia inaequaris) of apple. 

The results were evaluated by indices* depending on the rate of leaf coverage of disease 

development. * The activity was rated from 5 to 0: 5 (no damage); 100% controlled versus 

untreated, 4; 90-99%, 3; 70-89%, 2; 50-69%, 1; 30-49% and 0; below 30%. 
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5.16 Herbicidal Evaluation 

Herbicidal screens were performed by the Agricultural Research Laboratory, Takarazuka 

Research Center, Sumitomo Chemical Co., LTD. Japan. Rice (Olyza sativa) barnyardgrass 

(Echinochloa crus-galli P.), arrowhead (Sagittaria pygmaea), hard stem bulrush (Sci/pus 

}lIl1coides), japanese millet (Echillochloa jl'umentacea), oats (Avena sativa), velvetleaf 

(Abutiloll theophrasti), morningglories (Ipomoea spp.), and radish (Raphanus sativus) were 

used for testing herbicidal activity. 

The effects were visually assessed on a scale A (complete kill), 9, 8, 7, 6, 5,4,3,2, 1, 

o (no injury) in comparison with the untreated pot on the 19th day after treatment with a 

chemical emulsion. 
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VI. SUMMARY AND CONCLUSIONS 

Baccharis linearis (R. et P.) Pers is commonly used as a medicinal plant in Chile. 

Flavonoids, chromenes, acetylenes, and triterpenoids have been previously isolated and 

identified from this species (Labbe, 1986 and Brown, 1994). B. linearis appeared to contain 

alkaloids as judged by TLC (Montes et al., 1971). To confirm the presence of alkaloids in B. 

linearis, I followed a routine acid-base method for the isolation of these type of compounds. 

Six natural products were obtained from this extract. 

The six compounds were identified as diterpenes and not, as alkaloids. Based on the 

spectroscopic data, these diterpenoids were elucidated as the neo-clerodane diterpenoids 

baclinal (1), baclinepoxide (2), 2-epi-baclinepoxide (3), jewenol A (4), portulide B (5), and 

a perhydroazulene-type diterpenoid, baclinic acid (6). This is the first report in which these 

diterpenoids are reported for B. linearis. Four are new natural products including baclinal, 

baclinepoxide, 2-epi-baclinepoxide, and baclinic acid. 

Apart from these diterpenoids, another nine compounds were isolated from the 

methanolic extract of B. linearis. Based on spectroscopic methods and chemical conversions, 

these compounds were identified as four triterpenoids: oleanolic acid (7), stigmasta-7, 22-

dien-3 p-ol (8), stigmasta-7, 22-dien-3 p-ol P-D-glucopyranoside (9), maslinic acid (10); two 

flavonoids: nepetin (12) and quercetin 3-methyl ether (13); one chromene: werneria chromene 

(14), and one acetylene: lachnophyllum ester (11). 

The spectroscopic methods used in this study include IR, UV, EI-MS, CI-MS, HI-MS, 
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'H NMR, '3C NMR, DEPT, 'H-'H COSY, 'H-13C HETCOR, NOE difference spectrum, 

selective INEPT, HMQC, lIMBC, and NOESY experiments. The methods of chemical 

conversions include acetylation, hydrolysis, and esterification. 

Oleanolic acid was isolated as the major component (0.3% of the dry plant material) 

isolated from B. linearis. This compound as well as neo-c1erodanes were shown to possess 

antifeedant properties which might be the reason why this species does not suffer damage 

from phytophagous insects in the wild. The isolated werneria chromene and lachnophyllum 

ester displayed anti-Mycobacterium tuberculosis activity as well as activity in the brine 

shrimp test. 

This study has demonstrated that the diterpenoids isolated here are responsible for the 

Dragendoff's postive test. This study has inequivocably demonstrated that Baccharis linearis 

does not synthesize alkaloids as was previously indicated by Montes et al. (1971). 

Aristotelia chilel1sis (Mol.) Stuntz is also a commonly used medicinal plant in Chile. This 

species is characterized by the presence of unique non-iridoid indole-monoterpene alkaloids 

(Bhakuni et al., 1976; Bittner et al., 1978; Watson et al., 1989 and Cespedes et aI., 1990). 

In this study, six alkaloids were isolated from the dichloromethane extract of A. chilensis. 

These compounds were identified as aristoteline (15), aristotelinone (16), serratoline (17), 

aristone (18), 2-epi-aristotelone (19), and aristotelone (20) based on spectroscopic data and 

comparision with authentic samples. The alkaloid 2-epi-aristotelone was obtained as an 

intermediate during the synthesis of (-)-alloaristoteIine starting from serratoline (Guller and 

Borschberg, 1992). Serratoline was previously isolated from A. serrata, a species of native 
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to New Zealand. This is the first study that reports serrato line and 2-epi-aristotelone as 

natural constituents in A. chilensis. 

A possible model for the biogenesis of the alkaloids isolated from Aristotelia is shown 

in Fig. 44. (S)-a-terpinyl tryptamine cyC\izes to produce aristoteline (15) which in turn can 

be oxidized at C-lO to produce aristotelinone (16) or oxidize at C-3 to produce serratoline 

(17). A subsequent rearrangement from serrato line leads to the formation of aristotelone 

(20). Serratoline was also proposed to undergo a series of oxidation and rearrangement 

reactions to yield aristone (18). Synthetic efforts have been done in order to confirm the 

postulated biogenetic transformations shown in Fig. 44 (Guller and Borschberg, 1992; 1994; 

Stoermer and Heathcock, 1993). The Aristotelia alkaloids are of interest due to the presence 

of an intact unrearranged monoterpene subunit connected to tryptamine. Thus, unlike the 

vast majority of the several thousand indole alkaloids, they are not derived from secologanin. 

Serratoline is, indeed, an important intermediate in the proposed biotransformation 

scheme. The direct isolation of serratoline from A. chilel1sis gives a direct support for the 

postulated biogenesis mechanism of the alkaloids encountered in the genus Aristotelia. This 

is the first report on bioactivity studies of of Aristotelia alkaloids. Aristoteline (15), isolated 

as the major component in the yield of 0.04% of dry plant, exhibited activity in the brine 

shrimp test (BTS). 

Dysoxylllnl lenticellare Gillespie from the Fiji islands is a member of a genus with reported 

biological activities used for some medical disorders. In this study three biflavonoids were 

isolated from the insoluble pentane fraction obtained from the methanolic extract of 
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Dysoxyilim lenticellare. Two flavonoids were identified by spectroscopic method as 

isoginkgetin (21) and bilobetin (21). The third was elucidated as a novel natural product, 

robustaflavone 4., 711-dimethyl ether (23). Isoginkgetin and bilobetin are active components 

of the extract of Ginkgo hiloha which is marketed in Germany under the name IITebonin ll
• 

It is interesting to note that, both, bis-diterpenoids and biflavonoids, were isolated from 

Dysoxyllim lenticellare. The presence of dimers is not frequently found in higher platts. 



175 

REFERENCES 

Agrawal, P. K. (1989) Carbon-I3 NMR of Flavonoids. p. 136, 162,274. Elsevier Science 

Publishers B. V., Amsterdam. 

Aladesanmi, A 1., Adewunmi, C. 0., Kelley, C. 1., Leary, J. D.Bischoff, A, Zhang, X. and 

Snyder, J. K. (1988) Phytochemistry 27,3789. 

Aladesanmi, A. J., Adewunmi, C. O. (1990) Phytother. Res. 4, 85. 

Aladesanmi,AJ., Adewunmi, C.O., Kelley, C.J. and Leary, J.D. (1983).1. Nat. Prod. 46, 127. 

Aladesanmi, A. J., Kelley, C. J. and Leary, J. D. (1986) Planta Medica. 1, 76. 

Aladesanmi, A. J., Kelley, C. 1., Leary, J. D. and Onan, K. D. (1984).1. Chem. Res.(s) 

108, (M) 1001. 

Aladesanmi, A J. and Hoffmann, 1. J. (1991) Planta Medica. 57 A94. 

Aladesanmi, A J. and Hoffmann, J. J. (1994) PhytochemistlY 35, 1361. 

Aladesanmi, A J. and Ilesanmi, O. R. (1987).1. Nat. Prod 50, 1041. 

Anjaneyulu, A. S. R., Lakshminarayana, V. and Ramachandra Row, L. (1977) 

Current Science 46, 667. 

Argandona, V. H. and Faini, F. A. (1993) PhytochemistlY 33, 1377. 

Arriaga-Giner, F. J., Wollenweber, E., Schober, I., Dostal, P. and Braun, S. (1986) 

PhytochemistlY 25, 719. 

Asada, Y., Furuya, T., Shiro, M. and Nakai, H. (1982) Tetrahedron Letters 23, 189. 



176 

Baker, W., Finch, A C. M., Ollis, W. D. and Robinson, K. W. (1963) 1. Chem. Soc., 1477. 

Bhakuni, D. S., Bittner, M., Marticorena, c., Silva, M., Weldt, E., Hoeneisen, M. and 

Hartwell, J. L. (1976) Lloydia 39,225. 

Bhakuni, D. S., Silva, M., Matlin, S. A and Sammes, P. G. (1976) PhytochemistlY 15, 574. 

Bick, R. C., Hai, M. A and Preston, N. W. (1979) Heterocycles 12, 1563. 

Bick, R. C., Hai, M. A, Preston, N. W. and Gallagher, R. T. (1980) Tetrahedron Letters 21, 

545. 

Bick, I. R. C., Mohammad A H and Preston, W. (1983) Heterocycles, 20, 667. 

Bittner, M., Silva, M., Gopalakrishna, E. M., Watson, W. H., Zabel, V., Matlin, S. A and 

Sammes, P. G. (1978)1. Chem. Soc. Chem. Comm. 79. 

Bohlmann, F., Knauf, W., King, B. M. and Robinson, H. (1979) PhytochemistlY 18, 1011. 

Bohlmann, F., Kramp, W., Grenz, M., Robinson, H. and King, R. M. (1981) Phytochemistry 

20, 1907. 

Bohlmann, F., Kramp, W., Jakupovic, J., Robinson, H. and King, R. M. (1982) 

PhytochemistlY 21, 399. 

Bohlmann, F., Zdero, C., King, R. M. and Robinson, H. (1984) PhytochemistlY 23, 1135. 

Borschberg, H-J. Personal communication. March 15, April 7, 1994. 

Borschberg, H-J. (1992) in Studies in Natural Products Chemistry (Atta-ur-Rahman ed.) 

Vol. 11, p. 277, Elsevier Science Publishers B. V., Amsterdam. 

Boyd, M. R. (1989) Principles & Practices of Oncology 3, 1. 

Brieskorn, C. H and Michel, H. (1968) Tetrahedron Letters, 3447. 



177 

Brown, G. D. (1994) Phytochemistry 35, 1037. 

Cespedes, C., Jakupovic, 1., Silva, M. and Tsichritzis, F. (1993) PhytochemistlY 34, 881. 

Cespedes, C., Jakupovic, 1., Silva, M. and Watson, W. (1990) Phytochemistry 29, 1354. 

Cordano, G. F., Pena, A. M. and Medina, 1. 1. (1982) J. Nat. Prod 45, 653. 

Dai, 1., Suttisri, R., Bordas, E., Soejarto, D. D. and Kinghorn, A. D. (1993) Phytochemistry 

34, 1087. 

Dalton, D. R. (1979) The Alkaloids, The Fundamental ChemistlY, A Biogenetic Approach, 

p. 439, Marcel Dekker, Inc, New York. 

Dominguez, X. A., Dahmi, S. El. and Rombold, C. (1986)J. Nat. Prod. 49,143. 

Faini, F. A., Castillo, M. and Torres, M. R. (1981) J. Nat. Prod. 45, 501. 

Faini, F., Labbe, C. and Polanco, M. I. (1992) PhytochemistlY 31,3274. 

Farnsworth, N. R. (1988) in Biodiversity (Wilson, E. O. ed) p. 83. National Academy Press, 

Washington, D. C. 

Franzblau, S. G., Biswas, A. N., Jenner, P. and Colston, M. 1. (1992) Lepr. Rev. 63, 125. 

Franzblau, S. G. and Hastings, R. C. (1987) Antimicrob. Agents Chemother. 31, 780. 

Fullas, F., Hussain, R. A., Chai, H.-B., Pezzuto, 1. M., Soejarto, D. D. and Kinghorn, A. D. 

(1994) J. Nat. Prod. 57, 801. 

Fullas, F., Hussain, R. A., Chai, H.-B., Pezzuto, 1. M., Soejarto, D. D. and Kinghorn, A. D. 

J. Nat. Prod 57, 801. 

Ginocchio, R. and Montenegro B. (1992) Oecologia 90,451. 



178 

Govindachari, T. R., Suresh, G. and Kumari, G. N. K. (1994) PhytochemistlY 37, 1127. 

Guller, R. and Borschberg, H.-J. (1992) Tetrahedron Asymmetry 3, 1197. 

Guller, R. and Borschberg, H.-J. (1994) Tetrahedron AsymmetlY 35, 865. 

Habermehl, G. G., Busam, L., Heydel, P., Mebs, D., Tokarnia, C. H., Dobereiner, J. and 

Spraul, M. (1985) Toxicon. 23, 731. 

Harborne, J. B., Mabry, T. J. and Mabry, H. (1975) The Flavonoids part 1, p. 110. Academic 

Press, New York. 

Hartley, T. G., Dunstone, E. A, Fitzgerald, J. S., Johns, S. R. and Lamberron, J. A (1973) 

Lloydia 36, 217. 

Hoffmann J. A (1989) Flora Silvestre de Chile Zona Central, p. 118,200. Fundacion 

Claudio Gay. 

Hoffmann, J. J., Timmermann, B. N., McLaughlin, S. P. and Punnapayak, H. (1993) lilt. J. 

Phal'macog. 31, 101. 

Hosozawa, S., Kato, N., Munakata, K. and Chen, Y.L. (1974) Agl'. Bioi. Chem. 38, 1045. 

Itoh, T., Kikuchi, Y., Tamura, T. and Matsumoto, T. (1981) Phytochemislly 20,761. 

Jakupovic, J., Schuster, A, Ganzer, u., Bohlmann, F. and Boldt, P. E. (1990) PhytochemistlY 

29,2217. 

Jakupovic, J., Schuster, A and Wasshausen, D. C. (1991) Phytochemistry 30,2785. 

Jarvis, B. B., Comezoglu, S. N., Rao M. M. and Pena, N. B. (1987) J. Org. Chem. 52,45. 

Jarvis, B. B., Midiwo, J. 0., Bean, G. A, Aboul-Nasr, M. B. and Barros, C. S. (1988) J. Nat. 



179 

Prod 51, 736. 

Jarvis, B. B., Mokhtari-Rejali, N., Schenkel, E. P., Barros, C. S. and Matzenbacher, N. I. 

(1991) PhytochemistlY 30, 789. 

Jarvis, B. B., Pena, N. B., Comezoglu, S. N. and Rao, M. M. (1986) PhytochemistlY 25,533. 

Kato, N., Takahashi, M., Shibayama, M. and Munakata, K. (1972) Agr. Bioi. Chem. 36, 

2579. 

Kubo, I., Matsumoto, A. and Takase, I. (1985).1. Chem. Eco!. 11, 251. 

Kupchan, S. M. and Bauerschmidt E. (1971) Phytochemisl1y 10, 664. 

Kupchan, S. M., Streelman, D. R., Jarvis, B. B., Dailey, Jf. R. G. and Sneden, A. T. (1977) 

.f. Org. Chem. 42, 4221. 

Kuroyanagi, M., Uchida, K., Ueno, A., Satake, M. and Shimomura, K. (1993) 

Phytochemistry 34, 1377. 

Labbe, C., Rovirosa, J., Faini, F., Mahu, M., San-Martin, A. and Castillo, M. (1986).f. Nat. 

Prod. 49, 517. 

Liptak, A., Nanasi, P., Neszmelyi, A. and Wagner, H. (1980) Carbohydrate Research 

86, 133. 

Mabry, T. J., Markham, K. R. and Thomas, M. B. (1970) The Systematic Identification of 

Flavonoids, p 35. Springer, New York. 

McLaughlin, J. L., Chang, C.-J. and Smith, D. (1991) in Studies in Natural Products 

ChemistlY (Atta-ur-Rahman ed.) Vol. 9, p. 383, Elsevier Science Publishers 

B. v., Amsterdam. 



180 

Markham, K R, Sheppard, C. and Geiger, H. (1987) PhytochemistlY 26,3335. 

Martin, AS., Rovirosa, 1., Becker, R and Castillo, M. (1980) Phytochemistly 19, 1985. 

Merritt, A T. and Ley, S. V. (1992) Natural Product Reports, 243. 

Miyakado, M., Kato, T. Ohno, N. and Mabry, T. (1976) Phytochemistry 15, 846. 

Montenegro, G. and Ginocchio, R (1993) An. Acad. Bras. Ci. 65,2. 

Montes, M. and Wilkomirsky, T. (1985) Ed. de la Universidad de Concepcion. p. 

203.Concepcion, Chile. 

Montes, G. M., Wilkomirski, F. T., Valenzuela, R. L. and Neira, M. R. (1971) Rev. Real 

A cad. Cienc. Exactas, Fis. Natllr. Madrid 65, 499. 

Murillo, A (1989) Plantes Medicinales dll Chili, Exposition Universalle de Paris. p. 234. 

Natarajan, S., Murti, V. V. S., Seshadri, T. R. and Ramaswamy, A S. (1970) Current 

Science 39, 533. 

Nigam S. K and Mitra, C. R. (1967) indian J. Chem. 5, 395. 

Ohigashi, H, Murakami, A, and Koshimizu, K (1994) in Food Phytochemicalsfor Cancer 

PreventionlJ. (Ho, C. T., Osawa, T., Huang, M.-T., and Rosen, R. T. Ed.) p. 251. 

American Chemical Society. 

Ohsaki, A, Matsumoto, K, Shibata, K, Kubota, T. and Tokoroyama, T. (1985) Chem. 

Pharm. BlIlI. 33, 2171. 

Ohsaki, A, Ohno, N., Shibata, K, Tokoroyama, T. and Kubota, T. (1986) PhytochemistlY 

25,2414. 

Ohsaki, A, Ohno, N., Shibata, K, Tokoroyama, T., Kubota, T. Hirotsu, K and Higuchi, T. 



181 

(1988) Phytochemistry 27, 2171. 

Ohsaki, A, Shibata, K, Tokoroyama, T., Kubota, T. and Naoki, H. (1986) ChemistlY 

Letters (9), 1585. 

Onan, K D., Kelley, C. 1., Patarapanich, C., Leary, J. D. and Aladesanmi, A 1. (1985) J. 

Chem. Soc., Chem. Commull 3, 121. 

Pacheco, P., Sierra, 1., Schmeda-Hirschmann, G., Potter, C. W., Jones, B. M. and Moshref, 

M. (1993) Phytotherapy Research 7, 415. 

Parodi, F. 1. and Fischer, N. H. (1988) Phytochemistry 27, 2987. 

Pestchanker, M. 1. and Giordano, O. S. (1986) J. Nat. Prod. 49, 722. 

Ray, A c., Williams, H. 1. and Reagor, 1. C. (1987) PhytochemistlY 26, 2431. 

Roder, E. Wiedenfeld, H. and Frisse, M. (1980) PhytochemistlY 19, 1275. 

Russell, G. B., Hunt, M. B., Bowers, W. S. and Blunt, 1. W. (1994) PhytochemisllY 35, 1455. 

Saad, 1. R., Davicino, 1. D. and Giordano, O. S. (1988) Phytochemislly 27, 1884. 

Saad, 1. R., Pestchanker, M. 1., and Giordano, O. (1987) PhytochemistlY 26, 3033. 

Saini, T. R., Pathak, V. P. and Khanna, R.N. (1983) J. Nat. Prod. 46, 936. 

Saxton, 1. E. (1983) Chem. Heterocycl. Compd. 25,47. 

Seo, S., Tomita, Y. and Tori, K(1975) Tetrahedron Letters No.1, 7. 

Silva, M. and Bittner, M. (1992) in Quimica de la Flora de Chile (Munoz, O. ed.) p. 153, 

Universidad de Chile. 

Smolenski, S. 1., Silinis, H. and Farnsworth, N. R. (1975) Lloydia, 38, 225. 



Soicke, H. and Leng-Peschlow, E. (1987) Planta Medica, 37. 

Sosa, M. E., Tonn, C. and Giordano, O. S. (1994).1. Nat. Prod. 57,1262. 

Spitzer, J. C. and Steelink C. (1964) Science 146, 1460. 

Stapel, G., Menpen, H. G. and Snatzke, G. (1980) Planta Medica 38,366. 

Stoermer, D. and Heathcock, C. H. (1993) J. Org. Chem. 58, 564. 

182 

Suttisri, R., Kinghorn, A. D., Wright, A. D. and Sticher, O. (1994) Phytochemistly 35,443. 

Timmermann, B. (personal communication, September 11, 1994). 

Wagner, H., Hikino, H. and Farnsworth, N. R. (1985) Ed. Economic and Medicinal Plant 

Research Vol. 1, Academic Press Inc, London. 

Wagner, H., Hikino, H. and Farnsworth, N. R. (1988) Ed. Economic and Medicinal Plant 

Research Vo1.2, Academic Press Inc, London. 

Wagner, H. and Farnsworth, N. R. (1991) Ed. Economic and Medicinal Plant 

Research Vol. 5, Academic Press Inc, London. 

Wagner, H., Seitz, R. and Lotter, H. (1978) J. Org. Chem. 43, 3339. 

Watson,W.H., Nagl,A., Silva,M., Cespedes,C. and Jakupovic,J. (1989) Acta Clyst.C45, 1322. 

Yamazaki, S., Tamura, S., Marumo, F. and Saito, Y. (1969) Tetrahedron Letters (5),359. 

Zdero, c., Bohlmann, F., King, R. M. and Robinson, H. (1986) PhylochemisllY 25, 2841. 

Zdero, C., Bohlmann, F. and Niemeyer, H. M. (1991) PhytochemistlY 30, 1597. 

Zdero, C., Bohlmann, F., Solomon J. C., King, R. M. and Robinson, H. (1989) 

PhytochemistlY 28, 531. 


