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ABSTRACT 

Preliminary tests carried out by the National Institutes of 

Health, Cancer Chemotherapy National Service Center, showed that the 

cytotoxic activity resided in the chloroform extract of the leaves, 

stems, twigs, and bark of Bursera arida, family Burseraceae. 

A subsequent investigation using column chromatography tech

niques resulted in the isolation of eight components: naringenin, beta-

sitosterol, betulonic acid, four new lignans, (+)-3-hydroxymethyl-5-

methoxy-6,7-methylenedioxy-l-(31,4'-methylenedioxybenzene)-1,2,3,4-

tetrahydronaphthalene-2-carboxylic acid lactone, (+)-3-hydroxymethyl-

6,7-methylenedioxy-1-(31,41-methylenedioxybenzene)-3,4-dihydronaphtha-

lene-2-carboxylic acid lactone, (+)-3-hydroxymethyl-6,7-methylenedi-

oxy-l-(5'-methoxy-31,4'-methylenedioxybenzene)-3,4-dihydronaphthalene-

2-carboxylic acid lactone, 2,3-bis-(3,4-methylenedioxybenzyl)butane-

1,4-diol diacetate, and a pentacyclic triterpene for which only a 

tentative structure was given. 

Naringenin was identified by nuclear magnetic resonance, mass, 

and infrared spectroscopy, carbon-hydrogen analysis, and by comparison 

with an authentic sample. Beta-sitosterol and betulonic acid were 

identified by nuclear magnetic resonance, mass, and infrared spectros

copy, carbon-hydrogen analysis, preparation of derivatives, and by 

comparison with authentic samples. The tetrahydronaphthalene lignan 

was identified by nuclear magnetic resonance, mass, infrared, optical 

xiv 



rotatory dispersion, and ultraviolet spectroscopy, and by carbon-

hydrogen analysis. The bis-methylenedioxydihydronaphthalene lignan 

was identified by mass, nuclear magnetic resonance, infrared, and 

ultraviolet spectroscopy, and by preparation of two derivatives, while 

its methoxy homolog was identified by infrared, nuclear magnetic res

onance, mass, and ultraviolet spectroscopy. The bis-diarylbutane 

lignan was identified by nuclear magnetic resonance, mass, and infra

red spectroscopy, carbon-hydrogen analysis, and by preparation of a 

derivative. Finally, the triterpene was characterized by nuclear mag

netic resonance, mass, and infrared spectroscopy, carbon-hydrogen 

analysis, and by preparation of a number of derivatives which conclu

sively established the presence of a carboxyl, an isopropenyl, and a 

hemiketal group. 



CHAPTER 1 

INTRODUCTION 

In the unremitting search for new and more effective antitumor 

agents from natural sources thousands of plant extracts have been pre

pared and tested at this and other institutions. A chloroform extract 

of Bursera arida family Burseraceae showed cytotoxic activity against 

the 9KB (Adenocarcinoma of the Nasal Pharynx) test system of the Can

cer Chemotherapy National Service Center. Moreover, three other active 

Bursera plants have been investigated at The University of Arizona: 

Bursera microphylla (Cole, Bianchi, and Trumbull 1969), Bursera sima-

rubra (Bianchi, Sheth, and Cole 1969), and Bursera schlechtendalii 

(McDoniel and Cole 1972). A phytochemical investigation of Bursera 

arida was therefore considered appropriate. 

The Burseraceae, named after the German botanist Joachin Burser 

(1593-1689), are a family of trees or shrubs comprising 16 genuses and 

over 800 tropical and subtropical species (Hooker and Jackson 1895, 

1946-1948; Pernet 1972; Hegnauer 1964, p. 310). The Bursera family 

are sources of aromatic gums and resins such as copal, dammar, and 

elemi of commerce and have been used since the earliest times in the 

preparation of perfumes, myrrh, and frankincense. The Bursera Jacq. 

and Linn, genus is comprised of 100 species found in tropical America, 

1 in Asia, and 2 in Australia. Some Bursera species have been used in 

1 
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native medicine as plasters, lotions, and decoctions to treat corns, 

scirrhus, tumors, and cancers (Hartwell 1968). 

Description of Plant 

The plant has been described as a low shrub with dark gray 

branches. Those of the first year are densely pubescent while the 

older plants are glabrous. The leaves are clustered near the ends of 

short spurs or scattered along the new branches. The leaflets, which 

are mostly in pairs of 2-4 and rarely reduced to 3 or sometimes even 

to one, are oblong to spatulate, 4-6 cm long, obtuse, and glabrous on 

both sides. The petiole and narrowly winged rachis are slightly hairy 

while the flowers are subsessile. The calyx lobes, which are half as 

long as petals, and the petals are hairy while the fruit is subsessile 

and glabrous. The specimen used in this investigation was described 

(Mason 1971) as a multileaflet tree with very thick bark, which is 

rough on middle aged stems and with very little heartwood. The bark 

peels off on older stems while flaking occurs on younger ones. 

Bursera arida (Rose) Standi. (1929) is also known as Elaphrium 

aridum Rose (1911) and as Terebinthus arida Rose (1906). 

Occurrence of Plant 

Bursera arida is known to occur only on the very dry hills 

around Tehuacan, Puebla, Mexico. The plant used in this investigation 

was collected on June 2, 1971, by Dr. Charles Mason, Director of the 

Herbarium, University of Arizona, Tucson, Arizona. The location of 

the plant collection was 5 miles south-west of Tehuacan, Puebla, the 
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dry hillside along the road to Juajuepan de Leon at an elevation of 

6000 feet. A reference specimen was deposited at the University of 

Arizona Herbarium. 

Extraction of Plant 

The stems, leaves, twigs, and bark of the plant were ground in 

a Wiley Mill. An 8-kg sample of the dried powder was extracted in a 

Lloyd-type extractor with 30 1 of chloroform yielding 400 g of the air 

o 
dried extract which was stored at -10 C. 



CHAPTER 2 

ISOLATION OF PLANT CONSTITUENTS 

A search of the literature revealed that terpenes, triter-

penes, and lignans have been encountered in the Bursera species. The 

triterpenes alpha- and beta-amyrin and epi-lupeol were reported by 

Tursch and Tursch (1951). Bradley and Haagen-Smit (1951) reported 

alpha- and beta-phellandrene while Crowley (1962) reported 2,3-seco-

oleana-12-ene-2,3,28-trioic acid. Bianchi, Caldwell, and Cole (1963) 

isolated the well known lignan deoxypodophyllotoxin. Cole, Bianchi, 

and Trumbull (1969) isolated burseran; Bianchi, Sheth, and Cole 

(1969) isolated beta-peltatin-A-methyl ether and 51-desmethoxy-beta-

peltatin-A-methyl ether; and McDoniel and Cole (1972) reported the 

lignans (-)-trans-2-(3",4ll-dimethoxybenzyl)-3-(3',4'-methylenedioxy-

benzyl)butyrolactone and (-)-trans-2-(3",4",5"-trimethoxybenzyl)-3-

(31,4'-methylenedioxybenzyl)butyrolactone. The structures of these 

compounds will be found in the Appendix. 

Silica Gel G Column 

The chloroform extract of Bursera arida was subjected to sil

ica gel G column chromatography using benzene-dichloromethane-ether-

ethyl acetate (10:8:1:1) as the eluting solvent. After the fraction 

having an Rf value of 0.3 (evaluated by thin-layer chromatography and 

using the eluting solvent as developing solvent) was eluted, the 

4 
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proportions of ether and ethyl acetate were gradually increased to 

speed up the elution of the material remaining on the column. The 

columns yielded a number of fractions containing, mostly, single-

spot components. Each of the fractions was treated with an appropri

ate solvent, yielding, in most cases, a solid material which upon 

further purification by recrystallization, preparative thick-layer 

or column chromatography yielded the pure substance. 

Isolation of Lignans 

The silica gel G columns yielded fractions which contained TLC 

single-spot components of substances IV, V, and VI. Treatment of the 

fractions with methanol yielded a crystalline material in each case. 

The lignans were further purified by recrystallization. An attempt at 

separating fractions containing a mixture of lignans IV and V by sili

ca gel 60 column chromatography or by preparative plates proved futile 

and no further work was done on these particular fractions. 

The fraction containing lignan VII was purified using a silica 

gel 60 column. The eluting solvent was chloroform-benzene (7 :1) to 

which 1 ml of methanol was added for each 200 ml of the chloroform-

benzene mixture. Further purification was achieved by preparative 

plates using the above solvent system as developing solvent. Only 

80 mg of the pure lignan were obtained. 

Isolation of Naringenin 

Substance I was obtained by treating fractions containing it 

with chloroform. The solid material thus obtained was further 
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purified by recrystallization from chloroform. Naringenin was also 

obtained from fraction A, the dichloromethane insoluble fraction 

(see Figure 1). 

Isolation of Betulonic Acid and Beta-sitosterol 

Betulonic acid and beta-sitosterol were obtained by treating 

fractions containing each of these substances with methanol. Both of 

these compounds were further purified by recrystallization from 

methanol. 

Solvent Extraction 

Subsequent to the work using silica gel G column chromatogra

phy, additional material was needed for the structural determination 

of substance VIII. Since the column chromatography procedure using 

the chloroform extract was considered too lengthy, an attempt was made 

to simplify the isolation procedure. The results of the scheme which 

was followed (Figure 1) were encouraging and represent an apparent im

provement over the previous process. Based on TLC results, the di

chloromethane insoluble fraction (A) appeared to be pure naringenin 

while fraction C contained the lignan mixture. Fraction E appeared 

rich in naringenin and substance VIII. Fraction F was abundant in the 

triterpene and was used for the separation of compound VIII. 

Silica Gel 60 Column 

Substance VIII was separated from fraction F by silica gel 60 

column chromatography. The eluting solvent was dichloromethane-metha-

nol (99:1). The fractions containing the triterpene were air dried 
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Chloroform Extract 

210 g 

1 

Insoluble 

Fraction A 15.4 g 

Dichloromethane 

Soluble 

Acetonitrile 

I 
Soluble 

Partition 

Benzene, methanol, water 

(8:5:1) 

I 
Up 1+2+3 

I 
Insoluble 

Fraction B 
14.75 g 

Low 1+2+3 

I 
Soluble 

Fraction E 
33 g 

Ether Ether 

Insoluble 

Fraction D 
2.39 g 

Soluble 

Fraction F 
134 g 

Insoluble 

Fraction C 
1.72g 

Figure 1. Outline of Solvent Extraction of Chloroform Extract 

and upon addition of methanol yielded a solid material. In most cases, 

washing of the solid with methanol was sufficient to give a chloro

phyll-free precipitate. In those instances where a greenish substance 

was obtained, the crude material was dissolved in benzene-methanol 

(1:1) and then repeatedly treated with charcoal. Removal of the sol

vent and recrystallization yielded pure compound VIII. 



CHAPTER 3 

CHARACTERIZATION OF CONSTITUENTS 

The structures of the eight compounds isolated from the plant 

extract were determined by various methods. The eight compounds are 

naringenin (I), beta-sitosterol (II), betulonic acid (III), (+)-3-hy-

droxymethyl-5-methoxy-6,7-methylenedioxy-1-(3',4'-methylenedioxyben-

zene)-l,2,3,4-tetrahydronaphthalene-2-carboxylic acid lactone (IV), 

(+) -3-hydroxymethyl-6,7-methylenedioxy-1-(31,4'-methylenedioxybenzene) 

3,4-dihydronaphthalene-2-carboxylic acid lactone (V), (+)-3-hydroxy-

me thy1-6,7-methylenedioxy-1-(5'-methoxy-3',4'-methylenedioxybenzene)-

3,4-dihydronaphthalene-2-carboxylic acid lactone (VI), 2,3-bis-(3,4-

methylenedioxybenzyl)butane-l,4-diol diacetate (VII), and a triterpene 

for which only a tentative structure (VIII) was indicated. 

Naringenin 

Substance I, 41,5,7-trihydroxyflavanone (naringenin), was char 

acterized by nuclear magnetic resonance, mass, and infrared spectros

copy, carbon-hydrogen analysis, and by comparison with an authentic 

sample (Aldrich Chem. Co., Inc., Milwaukee, Wisconsin 53233). 

When treated with chloroform, the fractions containing narin

genin yielded a solid material which upon further recrystallization 

afforded a white crystalline material having a melting point of 220-

o o 
223 C. Hasegawa and Shirato (1952) reported a melting point of 248 C. 

8 



Color Reactions 

Color reactions were run to determine the nature of the flavo-

noid. The results obtained (Table 1) are characteristically given by 

flavanones (Geissman 1962, p. 72). The fact that Pew's modification of 

Table 1. Color Reactions of Naringenin 

Color Reaction Results 

Aqueous NaOH Yellow Orange 

Concentrated HoS0. 2 4 
Yellow 

Mg/HCl (Shinoda) Pink-Red 

.Zn/HCl (Pew) Faint Pink 

Na/Hg then Acid HC1 Pink-Red 

the Shinoda test gave a faint pink color may be due to the reversible 

nature of the ring opening of flavanones, naringenin ' . r chalco-

naringenin (Geissman 1962, p. 289). That only trace amounts of the 

HO, 
OH 

HO O 

HO. .OH 
OH 

r 

HO O 

Naringenin (I) Chalco-naringenin 
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chalcone was present in this particular case may be attributed to the 

5-hydroxyl group whose presence strongly favors the flavanone struc

ture because of the resulting H-bonding stabilization of the ring 

(Narasimbachari and Seshadri 1948). 

Carbon-Hydrogen Analysis 

The carbon-hydrogen analysis (observed: C, 65.48, H, 4.50%; 

calculated: C, 66.17, H, 4.44%) and the mass spectrum parent peak of 

m/e 272 were consistent with a cj_5Hj_2°5 m°:'-ecû ar formula. 

Infrared Spectrum 

The infrared spectrum (Figure 2) showed a carbonyl band at 

1625 cm The shift to longer wavelength was due to hydrogen bonding 

between the carbonyl and the 5-hydroxyl group (Hergert and Kurth 1953). 

4000 3000 

Figure 2, 

2000 1600 1200 1000 

-1 Wavenumber cm 

Infrared Spectrum of Naringenin 
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Figure 3. Nuclear Magnetic Resonance Spectrum of Naringenin 

The presence of hydrogen bonded hydroxyl was supported by the broad 

absorption band between 3300 and 3050 cm \ The infrared spectra of 

substance I and of authentic naringenin were superimposable. 

Nuclear Magnetic Resonance Spectrum 

The nuclear magnetic resonance spectrum (Figure 3) showed the 

2' and the 61 aromatic protons at 7.34 ppm while the 3' and the 5' 

protons were found at 6.86 ppm. The C-6 and the C-8 aromatic protons 

of ring A were found at 5.92 ppm. The chemical shifts of the aromatic 

protons were in good agreement with those reported for naringenin by 

Batterham and Highet (1964). The 5.38 ppm peak was assigned to the 

C-2 proton. One of the C-3 protons was found at 2.92 ppm while the 

other was located at 2.86 ppm. The 4'- and 7-phenolic protons were 

seen as a broad peak at 8.92 ppm while the hydrogen bonded 5-hydrox-

yl was seen as a singlet at 12.14 ppm. 
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Mass Spectrum 

The mass spectrum of naringenin (Figure 5) showed a parent 

peak at m/e 272 and a base peak at m/e 153. Flavanones have been 

reported (Pelter, Stainton, and Barber 1965; Audier 1966; Jackson 

et al. (1967) to undergo two fragmentation patterns. The first path

way (Figure 4) appears to involve a breakdown which gives rise to frag

ments of m/e^ 120 and 152. The latter loses carbon monoxide to give a 

peak at m/e 124. A second pathway, which helps to characterize the 

flavanones, involves cleavage alpha to an oxygen; naringenin loses a 

hydrogen atom to give a prominent M-l fragment. Loss of the aryl rad

ical leads to a fragment at m/£ 179. The origin of the m/£ 153 frag

ment is shown in Figure 4. The relative intensities of the fragments 

reported for naringenin by Audier (1966) were in good agreement with 

those observed. 

m/e 272 
-CO 

m/e 124 * m/e_ 152 m/e_ 120 

+ 

HO H C% + HO O HO O 

m/e 179 m/e 272 m/e 153 

Figure 4. Mass Fragmentation of Naringenin 
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Figure 5. Mass Spectrum of Naringenin 
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Beta-sitosterol 

Compound II was characterized as beta-sitosterol, stigmast-5-

en-3-beta-ol, by nuclear magnetic resonance, mass, and infrared spec

troscopy, preparation of two derivatives, and by comparison with an 

authentic sample (K & K Laboratories, Inc., 177-10 93rd Avenue, Jamai

ca, NY). Compound II, a white crystalline material (plates from meth

anol), had a melting point of 134-135°C. The authentic sample of beta-

sitosterol showed a me?., ting point of 136-137°C and the mixed melting 

point showed no depression. 

Carbon-Hydrogen Analysis 

The carbon-hydrogen analysis (observed: C, 83.56, H, 11.86%; 

calculated: C, 83.99, H, 12.15%) and the mass spectrum parent peak of 

m/^ 414 were consistent with a C2gH^Q0 molecular formula. 

Infrared Spectrum 

The infrared spectrum of compound II showed a hydroxyl band at 

3420 cm \ which disappeared upon acetylation, and a methyl absorption 

-1 
band at 1375 cm . Unsaturation was indicated by peaks at 3030, 1640, 

i and 960 cm ^. The infrared peaks observed were in agreement with those 

' recorded by Sammul, Brannon, and Hayden (1964). The infrared spectra 

! 
of compound II and of authentic beta-sitosterol were superimposable. 

' Nuclear Magnetic Resonance Spectrum 

The C-18 and the C-19 angular methyl groups were found at 1.0 

ppm and 0.67 ppm. The isopropyl doublet was found at 0.88 ppm and at 



0.77 ppm and was approximately superimposed on the doublet from the 

C-21 methyl group. The C-29 methyl was found as an irregular triplet 

at 0.95, 0.87, and 0.77 ppm (Slomp and MacKellar 1962). 

Mass Spectrum 

The mass spectrum of beta-sitosterol (Figure 6) showed a par

ent peak at m/e 414. That the parent peak was also the base peak was 

not unexpected of A "^-steroidal systems (Zaretski et al. 1967). 

Dihydro Derivative 

Hydrogenation of compound II using 10% palladium on carbon as 

catalyst yielded beta-sitostanol. Crystallization from methanol 

yielded plates which had a melting point of 136-138°C. The infrared 

spectrum showed the disappearance of the bands at 3030 and 1640 cm \ 

Acetate Derivative 

Acetylation of substance II was carried out in acetic anhy

dride and pyridine. Beta-sitosterol acetate, a white crystalline 

o 
material, had a melting point of 125-127 C, which was in good agree

ment with the reported melting point of 127-128°C (Merck Index 1968, 

p. 951). The infrared spectrum showed the disappearance of the hydrox-

yl band at 3420 cm ^ and the appearance of acetate bands at 1730 and 

1245 cm 

Betulonic Acid 

Substance III was characterized as betulonic acid by nuclear 

magnetic resonance, mass, and infrared spectroscopy, preparation of a 
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derivative, and by comparison with an authentic sample (kindly sup

plied by Dr. S. D. Jolad, College of Pharmacy, University of Arizona, 

Tucson, Arizona 85721). Betulonic acid has previously been isolated 

as the methyl ester (Aplin, Halsall, and Norin 1963; Krajniak, Ritchie, 

and Taylor 1969). 

The fractions containing compound III, when treated with ace

tone or methanol, yielded a solid material which upon recrystalliza-

tion from petroleum ether (Skelly F) yielded a white crystalline 

o 
material having a melting point of 221-222 C. The value obtained 

o 
contrasts with the reported melting data of 253 G (Simonsen and Ross 

1957, p. 297) and 261-264°C (Pakrashi et al. 1968). The authentic 

sample which was obtained by the oxidation of betulin, isolated from 

Lemaireocereus thurberi (Jolad and Steelink 1969), had a melting point 

o 
of 223-225 C. The mixed melting point showed no depression. 

Infrared Spectrum 

The infrared spectrum of betulonic acid (Figure 7) displayed 

the characteristic carboxyl multiple peaks between 2750 and 2500 cm \ 

The carboxyl carbonyl band appeared at 1690 cm A second carbonyl 

band at 1710 cm * indicated the presence of a saturated, cyclic, 6-

membered ketone (Dyer 1965, p. 34). The absorption bands at 3075, 

1640, and 880 cm were due to the presence of the isopropenyl group. 

The infrared spectrum of betulonic acid in carbon tetrachloride (cell: 

reference, 0.25 mm; sample, 0.515 mm) provided supportive evidence 

for the above assignment. The spectrum showed a split carboxyl band 
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Figure 7. Infrared Spectrum of Betulonic Acid 

at 1745 and 1695 cm ^ and a carbonyl band at 1710 cm \ Gem-dimethyl 

group was indicated by a split doublet around 1375 cm The infrared 

spectra of compound III and of authentic betulonic acid were superim-

posable. 

Nuclear Magnetic Resonance Spectrum 

The nuclear magnetic resonance spectrum of betulonic acid 

(Figure 8) showed a peak at 4.72 and 4.58 ppm (J = 2 cps), characteris

tic of isopropylene methylene hydrogens, and a methyl peak at 1.70 ppm 

assigned to the isopropylene methyl group. The C-23 methyl at 0.95, 

the C-24 methyl at 1.04, and the C-25 methyl at 1.08 ppm were in agree

ment with those reported by Lehn and Ourisson (1962). The 8-beta 

methyl (C-26) and the 14-alpha methyl (C-27) were superimposed between 

0.94 and 0.98 ppm. 



19 

zf\ 

• • • I - • • • I - • • • I • • • • I • • - • I • • • TT~ 

ppm 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

Figure 8. Nuclear Magnetic Resonance Spectrum of Betulonic Acid 

Mass Spectrum 

The mass spectrum of betulonic acid (Figure 9) showed a par

ent peak at m/e 454 and a base peak at m/e 189. The mass spectra of 

compound III and that of authentic betulonic acid were superimposable. 

Dihydro Derivative 

Hydrogenation of isopropylene to isopropyl was achieved using 

10% Pd/C as a catalyst. The infrared spectrum of the dihydro deriva

tive showed the disappearance of the bands at 3075, 1640, and 880 cm \ 

o 
Dihydrobetulonic acid showed a melting point of 234-236 C and the 

mixed melting point with an authentic sample (S. D. Jolad, College of 

Pharmacy, University of Arizona, Tucson, Arizona 85721) showed no de

pression. Moreover, the infrared spectra of the dihydro compound and 

of authentic betulonic acid were superimposable. 
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(+) -3-Hyd roxymethy 1 -5-methoxy-6,7-methy1enedioxy-1 - (31 .4' -methylene-
dioxybenzene)-1,2,3,4-tetrahydronaphthalene-2-carboxylic Acid Lactone 

Substance IV has been characterized as (+) -3-hydroxymethyl-5-

methoxy-6,7-methylenedioxy-l-(3',4'-methylenedioxybenzene)-1,2,3,4-

tetrahydronaphthalene-2-carboxylic acid lactone by nuclear magnetic 

resonance, mass, infrared, optical rotatory dispersion, and ultravio

let spectroscopy, and by carbon-hydrogen analysis. Substance IV, a 

white crystalline material (needles from methanol) had a melting point 

of 149.5-151.5°C. 

Carbon-Hydrogen Analysis 

The carbon-hydrogen analysis (observed: C, 65.88, H. 4.72, 

-OCH^j 7.55%; calculated: C, 65.96, H, 4.74, -OCH^, 8.12%) and the 

mass spectrum parent peak of m/e 382 were consistent with a C2jH^gO^ 

molecular formula. 

Infrared Spectrum 

The infrared spectrum of compound IV (Figure 10) displayed 

carbonyl absorption at 1775 cm ^ due to presence of gamma-butyrolac-

tone (Nakanishi 1966, p. 44). The presence of methoxyl group was 

clearly indicated by absorption at 2850 cm ^ while the presence of 

methylenedioxy group was indicated by absorption at 2780 and espe

cially by the 915 cm ^ band. Bands at 3000 (shoulder on 2980 band), 

2950, 2915 (shoulder on 2850), 1450, 1350, 1250, 1185, 1125, and 

1040 cm ^ supported the presence of aromatic methoxyl group while 

bands at 3005 (shoulder on 2980), 2950 (shoulder on 2910), 2910, 1485 
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Figure 10. Infrared Spectrum of (+)-3-Hydroxymethyl-5-methoxy-6,7-
methylenedioxy-1-(31,41-methylenedioxybenzene)-1,2,3,4-
tetrahydronaphthalene-2-carboxylic Acid Lactone 

1390, 1350, 1250, 1125, and 1040 cm * supported the presence of aro

matic methylenedioxy group (Nakanishi 1966, p. 36). Aromatic bands 

were seen at 3030 and 1620 cm 

Nuclear Magnetic Resonance Spectrum 

The nuclear magnetic resonance spectrum of substance IV (Fig

ure 11) supported the presence of one methoxyl group, 3.98 ppm, and 

two methylenedioxy groups, 5.88 and 5.91 ppm. The singlet at 6.34 ppm 

was assigned to the C-8 aromatic hydrogen while the multiplet between 

6.54 and 6.78 ppm was assigned to the C-21, C-5', and C-6' aromatic 

protons of ring C. The doublet at 2.67 ppm (J = 3 cps)was assigned 

to the benzylic protons while the C-l hydrogen was assigned at 4.3 ppm 

(J = 3 cps). The C-3 hydrogen was seen as a multiplet at 2.96 ppm 
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Figure 11. Nuclear Magnetic Resonance Spectrum of (+)-3-Hydroxy-

8 . 0  

Nuclear Magnet 
me thy1-5-me th oxy-6,7-methylenedi oxy-1 - ( 31 ,41-me thylene-
dioxybenzene)-l,2,3,4-tetrahydronaphthalene-2-carbox-
ylic Acid Lactone 

while the C-2 hydrogen showed up as a split doublet (J = 2 and 8 cps). 

One of the lactone methylene hydrogens was assigned at 3.92 (J = 2 and 

5 cps) while the other was assigned at 4.40 ppm. The methoxyl peak 

at 3.98 ppm strongly supported its placement in ring A. Methoxyl 

groups in rings B or C generally appear at higher fields. 

Mass Spectrum 

The mass spectrum of substance IV (Figure 12) showed a parent 

peak, which was also the base peak, at m/e 382. In the absence of 

labile groups this becomes a characteristic feature of tetrahydro-

naphthalene lignans and has been suggested by Duffield (1967) and 

Pelter (1968). The next most important peak was at m/e 310 whose 
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origin is given in Figure 13. The origin of the other important frag

ments is briefly explained in Table 2. 

Table 2. Origin of Fragments in Mass Spectrum of Compound IV 

Peak (m/e) Origin 

382 Parent and Base Peak 

367 Loss of Methyl 

354 Loss of CO from Methoxyl 

352 Loss of CI^O from Methoxyl 

337 Loss of CH3 + CH20; C02 + H 

323 Loss of CH3 + C02 

322 Loss of 45 + 15 

310 Loss of CHO + CO + CH3 

297 Loss of Lactone + H 

Ultraviolet Spectrum 

The ultraviolet spectrum of compound IV showed absorption at 

XCHC13 231 run (log e= 4.29), X 241 nm (log € = 4.05), and X 
max max max 

289 nm (log €• = 3.90). 

Optical Rotatory Dispersion 

The gamma-lactone ring may be either trans, as in the "A" 

series, or cis, as in the "B" series (Hartwell and Schrecker 1951). 
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Figure 13. Origin of m/e 310 Fragment in Mass of (+)-3-Hydroxy-
methyl-5-methoxy-6,7-methylenedioxy-l-(3',4'-methylene-
dioxybenzene)-l,2,3,4-tetrahydronaphthalene-2-carbox-
ylic Acid Lactone 

The irreversible isomerization of the A- to the B-type compounds under 

the influence of alkali serves to distinguish the nature of the gamma-

lactone. A-type isomers are generally levorotatory and alkali treat

ment leads either to less levorotation or to dextrorotation. Treatment 

of substance IV with either sodium acetate or sodium hydroxide (Hart-

well and Detty 1950) or with sodium methoxide (Hartwell, Schrecker, 

and Greenberg 1952) failed to induce a change in the optical rotation. 

- *C H, 

m/e 353 
-CO 

OCH. 

O—/ 
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Figure 14 . Optical Rotatory Dispersion of (+)-3-Hydroxymethyl-5-
methoxy-6,7-methylenedioxy-l-(3',4'-methylenedioxyben-
zene)-1,2,3,4-tetrahydronaphthalene-2-carboxylic Acid 
Lactone 

The optical rotatory dispersion curves of the original and of the al

kali-treated sample were identical, supporting evidence for a cis-

lactone structure. The usefulness of ORD in assigning absolute con

figurations has been well documented (Swan and Klyne 1965; Klyne and 

Swan 1967; Swan, Klyne, and MacLean 1967). Substance IV gave a 
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Table 3. Optical Rotatory Dispersion Data of (+)-3-Hydroxymethyl~5-
methoxy-6,7-methylenedioxy-l-(3',4'-methylenedioxybenzene)-
l,2,3,4-tetrahydronaphthalene-2-carboxylic Acid Lactone 

Extrema 

M 

305 nm 921 

300 nm 3,070 

298 nm 3,418 Peak 

295 nm 2,473 

290 nm -1,337 

285 nm -7,640 Trough 

280 nm -5,205 

275 nm -2,620 

270 nm -635 

260 nm 374 

255 nm 1,347 

250 nm 2,996 

245 nm 4,195 Peak 

240 nm 1,910 

negative Cotton effect at 285 nm and a positive Cotton effect at 245 

nm. The value of the molecular amplitude of 112 suggested a 1-beta, 

2-alpha, 3-alpha configuration. Moreover, the NMR spectrum of 
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OCH OCH 

O—/ 

HAM-Type (Cis 1,2; Trans 2,3) "B"-Type (Cis 2,3; Trans 1,2) 

compound IV provided additional supporting evidence for the above 

assignment. A comparison of the NMR spectra of the B-type isomer of 

5'-desmethoxy-beta-peltatin-B-methyl ether (Bianchi 1973) with that of 

compound IV showed them to be superimposable in all respects, except

ing, of course, the obvious structural differences of the substituents. 

The NMR spectrum of the A-type isomer (Bianchi, Sheth, and Cole 1969) 

differs considerably from that of the B-type isomer. 

(+)-3-Hydroxymethyl-6,7-methylenedioxy-1-(3',4'-methylenedioxy-
benzene)-3,4-dihydronaphthalene-2-carboxylic Acid Lactone 

Substance V was characterized as (+)-3-hydroxymethyl-6,7-meth-

ylenedioxy-1-(31,4'-methylenedioxybenzene)-3,4-dihydronaphthalene-2-

carboxylic acid lactone by nuclear magnetic resonance, ultraviolet, 

mass, and infrared spectroscopy. Substance V, a creamy, amorphous 

o 
material (methanol) had a melting point of 223-227 C. 

Carbon-Hydrogen Analysis 

The carbon-hydrogen analysis was not satisfactory because at

tempts to purify the sample by column chromatography, preparative 
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plates, and silver nitrate plates were unsuccessful. Gas-liquid chro

matographic analysis (170 SE-30 Silicone Gum Rubber on Chromasorb G AW 

DMCS 80-100 Mesh) indicated the purity of the sample to be about 97%. 

The carbon-hydrogen analysis of the dihydro derivative and the mass 

spectrum parent peak of m/e 350 were consistent with a molec

ular formula. 

Infrared Spectrum 

The infrared spectrum of compound V (Figure 15)displayed car-

bonyl absorption at 1740 cm ^ due to the presence of C( ,jZ> 1 -unsatu

rated gamma-lactone (Nakanishi 1966, p. 45). The 2780 cm ^ band and 

especially the 920 cm ^ band indicated the presence of aromatic meth-

ylenedioxy while the bands at 3010 (shoulder on 2980 band), 2920, 1485, 
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Figure 15. Infrared Spectrum of (+)-3-Hydroxymethyl-6,7-methylene 
dioxy-1-(31,4'-methylenedioxybenzene)-3,4-dihydronaph-
thalene-2-carboxylic Acid Lactone 
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1395, 1350, 1250, and 1125 cm ^ (shoulder on 900 band) supported this 

assignment. The 1590 and 1610 cm ^ doublet is characteristic of the 

Ar-C=C- system (Adjangba 1963). The 1640 and the 970 cm ^ are trans-

vinylene bands (Klemm et al. 1966; Govindachari, Sathe, and Viswana-

than 1967). 

Nuclear Magnetic Resonance Spectrum 

The nuclear magnetic resonance spectrum of compound V (Figure 

16) confirmed the presence of two methylenedioxy groups. The peak at 

5.78 ppm was assigned to the methylenedioxy group of ring C while that 

at 6.0 ppm to the methylenedioxy group of ring A. The singlet at 6.5 

ppm was assigned to the C-8 aromatic proton, the singlet at 6.75 ppm 

to the C-5 aromatic proton, and the remaining aromatic peaks between 

6.66 and 7.0 ppm were assigned to the C-21 and C-5' aromatic protons. 

One of the lactone protons was centered at 4.66 ppm while the other 

was centered at 4.0 ppm. The benzylic protons appeared at 2.8 ppm 

while the C-3 proton appeared as a multiplet at 3.4 ppm. Klemm et al. 

(1966) reported at least 18 lines for a total of five aliphatic pro

tons between 2.4 and 4.9 ppm for compound IX shown below. Similar re

sults were reported by Govindachari, Viswanathan et al. (1967) for the 

aliphatic protons of collinusin. 

IX Collinusin 
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Figure 16. Nuclear Magnetic Resonance Spectrum of (+)-3-Hydroxy-
methyl-6,7-methylenedioxy-l-(31,4'-methylenedioxyben-
zene)-3,4-dihydronaphthalene-2-carboxylic Acid Lactone 

Mass Spectrum 

The mass spectrum of compound V (Figure 17) showed a parent 

peak at m/e 350, which was also the base peak. The fragmentation 

pattern outlined in Figure 18 shows the origin of the most important 

peaks in the high mass range of the spectrum. Further fragmentation 

involves the loss of Cl^O and CO from the methylenedioxy groups. The 

m/e_ 292 fragment loses both of the methylenedioxy groups to give rise 

to the m/ie 176 fragment. 

Ultraviolet Spectrum 

The ultraviolet spectrum of substance V showed absorption at 

^CHCl3 2^4 nm (i0g g. = 4.48), X 248 nm (log €• = 4.26), X 297 
max max max 

nm (shoulder, log €• = 3.72), and XmQx 345 nm (log €• = 4.05). 
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Figure 17. Mass Spectrum of (+)-3-Hydroxymethyl-6,7-methylenedioxy-l-(3',4'-methylene-
dioxybenzene)-3,4-dihydronaphthalene-2-carboxylic Acid Lactone 
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The spectrum provided supportive evidence for the proposed structure 

which incorporates a conjugated system composed of the methylenedioxy-

benzene ring, the double bond, and the lactone carbonyl. Such a struc

ture increases the number of possible charged resonance structures 

contributing to the excited states (Jones 1945) and the absorption was 

displaced so much toward the visible that solutions of the compound ap

peared yellow. The ultraviolet spectrum of compound V closely resem

bled the spectrum of gamma-apopicropodophyllin, 3-hydroxymethyl-6,7-

methylenedioxy-1-(3',4',5'-trimethoxybenzene)-3,4-dihydronaphthalene-

2-carboxylic acid lactone (Schrecker and Hartwell 1952). 

Optical Rotatory Dispersion 

The optical rotatory dispersion data of compound V is given in 

Table 4. Chloroform was the dissolving solvent. 

Dihydro Derivative 

The presence of the double bond in substance V was confirmed 

by hydrogenating the substance with 10% Pd/C. The dihydro derivative 

crystallized from methanol as needles having a melting point of 208-

o 
210 C. The carbon-hydrogen analysis (observed: C, 68.18, H, 4.59%.; 

calculated: C, 68.17, H, 4.58%) was satisfactory even though mass 

spectral evidence indicated the sample to be about 90% pure. The 

infrared spectrum showed the disappearance of the 1640 and 970 cm 

bands and a shift of the aromatic band from 1690 to 1710 cm \ 
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Dehydro Derivative 

The sealed tube dehydrogenation of compound V with 107<, Pd/C in 

ethanol (Majumder, Chatterjee, and Sengupta 1972) gave the naphthalenic 

o 
derivative which melted at 271-273 C. The product was believed to be 

identical with Taiwanin C whose melting point has been reported as 

o 
276 C (Lin et al. 1967). The infrared spectrum showed the carbonyl 

absorption at 1760 cm \ which is associated with aromatic y-lactone. 

Table 4. Optical Rotatory Dispersion Data of (+)-3-Hydroxymethyl-6,7-
methylenedioxy-1-(31,4*-methylenedioxybenzene)-3,4-dihydro-
naphthalene-2-carboxylic Acid Lactone 

Extrema 

0] 

390 nm 4,035 

380 nm 5,384 Peak 

370 nm 672 

360 nm -5,384 

350 nm -13,461 

340-290 nm -20,192 Trough 

275 nm -4,035 Peak 

260 nm -26,922 

250 nm -47,115 Trough 

240 nm -36,344 
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(+)-3-Hydroxymethyl-6,7-methylenedioxy-l-(5'-methoxy-3',4'-methylene-
dioxybenzene)-3,4-dihydronaphthalene-2-carboxylic Acid Lactone 

Substance VI was characterized as (+)-3-hydroxymethyl-6,7-

methylenedioxy-1-(5'-methoxy-31,4'-methylenedioxybenzene)-3,4-dihydro-

naphthaIene-2-carboxylic acid lactone by infrared, nuclear magnetic 

resonance, mass, and ultraviolet spectroscopy. Substance VI, a white 

crystalline material (needles from methanol), showed a melting point 

of 254-255°C. 

Carbon-Hydrogen Analysis 

The carbon-hydrogen analysis was not satisfactory because at

tempts at purifying the compound by preparative plates and fractional 

crystallization were unsuccessful. Because only a small amount of 

sample was isolated, no further purification was attempted. The GLC 

analysis and the mass spectrum relative intensities indicated the sam

ple to be about 95% pure. Based on the physical data obtained, it was 

concluded that substance VI differed from substance V by the presence 

of a methoxyl group in the former. 

Infrared Spectrum 

The infrared spectrum of compound VI (Figure 19) was quite sim

ilar to that of substance V, displaying lactone carbonyl absorption at 

1740 cm \ once again indicating the presence of c{, [3' -unsaturated 

-1 -1 
lactone. The 2780 cm and especially the 920 cm band indicated the 

presence of aromatic methylenedioxy while the band at 2850 cm ^ indi

cated the presence of methoxyl. Other bands associated with methoxyl, 

methylenedioxy, and trans-vinylene were also present (see p. 21). 
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Figure 19. Infrared Spectrum of (+)-3-Hydroxymethyl-6,7-methylenedi-
oxy-1-(51-methoxy-3',4'-methylenedioxybenzene)-3,4-dihy-
dronaphthalene-2-carboxylic Acid Lactone 

Nuclear  Magnet ic  Resonance  Spect rum 

The nuclear magnetic resonance spectrum of compound VI (Figure 

20) proved to be identical with that of substance V in so far as the 

aliphatic region was concerned. The upfield position of the methoxyl 

peak at 3.87 ppm suggested its placement in ring C rather than ring A. 

Such an assignment was supported by the NMR spectrum of the aromatic 

region. The singlet at 6.73 ppm was assigned to the C-5 aromatic pro

ton while the singlet at 6.54 ppm was assigned to the C-8 proton. The 

remaining two protons centered at 6.5 ppm were assigned to the C-21 and 

C-5' aromatic protons or ring C. The peak at 4.0 ppm indicated that 

the contaminant of substance VI must be a homolog containing an addi

tional methoxyl group. 
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Figure 20. Nuclear Magnetic Resonance Spectrum of (+)-3-Hydroxymethyl-
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(+) 3 
6,7-methylenedioxy-1-(51-methoxy-31,4'-methylenedioxyben-
zene) -3 ,4-d ihydronaphtha lene-2-carboxyl ic  Acid  Lactone  

Mass  Spect rum 

The mass spectrum of compound VI (Figure 21) showed a parent 

peak of m/e 380, which was also the base peak. The mass spectrum of 

compound VI was quite similar to that of compound V and must involve a 

fragmentation pattern similar to that seen with compound V (see p. 32 

and 34). 

Ultraviolet Spectrum 

The ultraviolet spectrum of compound VI was nearly superim-

posable with that of compound V, indicating a close structural simi-

CHCX 
larity. The spectrum showed absorption at m̂ax ̂  ^14 nm (log €• = 

4.55), X 248 nm (log €• = 4.26), and X 345 nm (log €• = 4.15). 
max max 
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Optical Rotatory Dispersion 

The optical rotatory dispersion data of compound VI is given 

in Table 5. The similarity of the ORD curves suggested similar stereo

chemistries for the two compounds. 

Table 5. Optical Rotatory Dispersion Data of (+)-3-Hydroxymethyl-6,7-
methylenediox.y-l-(5'-methoxy-31,4'-methylenedioxybenzene)-
3,4-dihydronaphthalene-2-carboxylic Acid Lactone 

Extrema 

0] 

390 nm 3,654 

375 nm 8,769 Peak 

360 nm 1,461 

350 nm -8,769 

340 nm -23,384 

330, 320 nm -29,230 Trough 

310-280 nm -27,770 

270 nm -24,115 Peak 

260 nm -54,077 

250 nm -71,615 Trough 

240 nm -49,692 
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2,3-Bis-(3,4-methylenedioxybenzyl)butane-1,4-diol Diacetate 

Compound VII, a colorless, viscous liquid, was characterized 

as 2,3-bis-(3,4-methylenedioxybenzyl)butane-l,4-diol diacetate by nu

clear magnetic resonance, mass, and infrared spectroscopy, and by pre

paration of a derivative. 

Carbon-Hydrogen Analysis 

The carbon-hydrogen analysis (observed: C, 65.56, H, 5.80%; 

calculated: C, 65.14, H, 5.9270) and the mass spectrum parent peak of 

m/e 442 were consistent with a ^24^26^8 mô ecu-'-ar formula. 

Infrared Spectrum 

The infrared spectrum of compound VII (Figure 22) in carbon 

tetrachloride (cell: reference, 0.248 mm; sample, 0.515 mm) showed 
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Figure 22. Infrared Spectrum of 2,3-Bis-(3,4-methylenedioxybenzyl)-
butane-l,4-diol Diacetate 
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-1 -1 
acetate bands at 1745 and 1230 cm . The 2770 cm band indicated the 

presence of aromatic methylenedioxy while bands at 3005, 2950, 2920, 

1485, 1360, 1035, and 925 cm ^ supported this assignment. 

Nuclear Magnetic Resonance Spectrum 

The nuclear magnetic resonance spectrum of compound VII (Fig

ure 23) confirmed the presence of two methylenedioxy groups, the peak 

appearing as a singlet at 5.88 ppm. The acetyl methyl groups appeared 

as a singlet at 2.05 ppm. The benzylic protons were centered at 2.6 

ppm while the methylene hydrogens attached to oxygen appeared at 4.0 

ppm. The six aromatic protons were found between 6.4 and 6.7 ppm 

while the two methine protons were found as a multiplet (superimposed 

on methyl peak) between 1.8 and 2.26 ppm. 

6.0 4.0 8 . 0  3.0 ppm 

Figure 23. Nuclear Magnetic Resonance Spectrum of 2,3-Bis-(3,4-meth 
ylenedioxybenzyl)butane-l,4-diol Diacetate 
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Mass Spectrum 

The mass spectrum of compound VII (Figure 24) showed a parent 

peak at ra/e_ 442. The base peak at m/e 135 arises from benzylic cleav

age. 

Diol Derivative 

Hydrolysis of the acetate groups with 407o aqueous KOH led to a 

o 
compound having a melting point of 102-103 C. The infrared spectrum 

showed the disappearance of the carbonyl band and the appearance of a 

hydroxyl band at 3620 cm The band at 1035 cm ^ indicated a primary 

hydroxyl group. This compound was believed to be identical with the 

diol reported by Ishiguro (1936) and by Batterbee et al. (1969). 

Tri te rpene  

The infrared, nuclear magnetic resonance, and mass spectrum, 

carbon-hydrogen analysis, and the preparation of a number of struc

turally unknown derivatives has led to the characterization of sub

stance VIII as a pentacyclic triterpene for which only a tentative 

structure was given. Compound VIII, a white crystalline material 

o 
(cubes from benzene-methanol), had a melting point of 281-283 C. 

Carbon-Hydrogen Analys is  

The carbon-hydrogen analysis (observed: C, 76.42, H, 9.96%; 

calculated: C, 76.55, H, 9.857o) and the mass spectrum parent peak of 

m/e 470 were consistent with a C^H^O^ molecular formula. 
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Figure 25. Infrared Spectrum of Compound VIII 

Infrared Spectrum 

The infrared spectrum of compound VIII (Figure 25) showed hy

droxy! absorption at 3380 cm"1, carbonyl absorption at 1690 cm 1, and 

a group of small bands between 3000 and 2500 cm which are character

istic of carboxyl group. In addition, it showed absorption at 1645 

and 880 cm 1 due to terminal methylene. 

Nuclear Magnetic Resonance Spectrum 

The nuclear magnetic resonance spectrum of compound VIII (Fig

ure 26) confirmed the presence of the isopropenyl group. The terminal 

vinyl hydrogens appeared at 4.66 and 4.7 ppm (J = 2 cps) while the 

methyl group appeared at 1.68 ppm. In addition, the spectrum revealed 

the presence of four angular methyl groups: 0.87 ppm (singlet, 3H), 

0.97 ppm (singlet, 6H), and 1.02 ppm (singlet, 3H). 



47 

1 .0  3.0 4.0 5.0 8 . 0  

Figure 26. Nuclear Magnetic Resonance Spectrum of Compound VIII 

ppm 

Mass Spectrum 

The mass spectrum of compound VIII (Figure 27) showed a parent 

peak at m/e 470 and a base peak at m/e 69. The appearance of peaks at 

m/e 187, 189, 203, and 205 suggested a triterpenic structure. The most 

important and the most unusual peak was that at m/e_ 313 whose origin is 

outlined in Figure 28. 

Dihydro Derivative 

Platinum oxide in methanol effected the hydrogenation of sub

stance VIII. The infrared spectrum showed the disappearance of the 

1645 and 880 cm"1 bands. The split band at 1380 and 1360 cm 1 sug

gested gem-dimethyl whose presence was also supported by bands at 1170 

and 1140 cm"1. The mass spectrum, which showed a parent peak at m/e 

472, maintained the general appearance of the parent compound with 
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HO, 

COOH COOH 

m/e 470 (R = C^) 

m/e 472 (R = C^HL,) 

m/e 189 (R = C^) 

m/e 191 (R = C^) 

+ o=c 

m/e 204 (R = C„H,.) 
m/e 313 (R = C„H ) 

m/e 315 (R = C^) 

Figure 28. Origin of m/e 313 Fragment in Mass Spectrum of 
Compound VIII 

peaks shifted by two mass units. The only unusual feature of the en

tire spectrum was the appearance of an m/^ 317 peak in addition to the 

315 peak. The nuclear magnetic resonance spectrum showed the disap

pearance of the terminal methylene hydrogens previously seen at 4.66 

and 4.7 ppm as well as the disappearance of the isopropenyl methyl 

group. The two methyl groups appeared as doublets (J = 6.2 cps) at 

0.79 and 1.26 ppm. 
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Methyl Ester Derivative 

The methyl ester of compound VIII was obtained by treatment of 

the pentacyclic triterpene with diazomethane. The derivative obtained 

o 
gave a melting point of 210.5-211.5 C. The infrared spectrum showed 

ester absorption at 1730, 1210, and 1155 cm The nuclear magnetic 

resonance spectrum showed a methyl peak at 3.63 ppm. The angular meth

yl groups shifted upfield by up to 2 cps. The mass spectrum, which 

showed a parent peak at m/e 484, maintained the same general appear

ance as seen with the parent compound. 

Monoacetate Derivative 

The monoacetate derivative was obtained by heating an acetic 

anhydride-pyridine solution of substance VIII on a steam bath. The in

frared spectrum (carbon tetrachloride) showed carboxyl absorption at 

1690 cm ^ and acetate absorption at 1740 cm \ An additional carbonyl 

band at 1710 cm \ characteristic for cyclohexanones, suggested the 

presence in the parent compound of a hemiketal linkage which under the 

acetylating conditions described above ruptured to yield a ketone and 

a primary alcohol which was subsequently acetylated. The hydrolysis 

of the monoacetate with 407o aqueous KOH gave the original compound, 

thus eliminating the possibility of more drastic changes in the mole

cule. The nuclear magnetic resonance spectrum showed the acetyl meth

yl peak at 1.93 ppm. The other methyl peaks appeared at 0.93 (6H), 

1.02, 1.07, and 1.70 ppm. The mass spectrum of the monoacetate gave a 

parent peak at m/e 512. The general appearance of the mass spectrum 



was quite different from that seen with the parent compound. The m/<2 

313 peak was absent. The m/£ 452 peak was considerably more abundant 

than the parent peak and suggested the presence of the hydroxymethyl 

group to be in an angular position. 

Huang-Minion Reduction of Monoacetate 

Huang-Minion reduction of the monoacetate yielded a compound 

o 
which had a melting point of 151-153 C. The carbon-hydrogen analysis 

(observed: C, 79.91, H, 10.61%; calculated: C, 79.00, H, 10.597o) 

and the mass spectrum parent peak at m/e_ 456 were consistent with a 

ConH._0o molecular formula. The nuclear magnetic resonance spectrum 
JU 4o o 

showed a broad hydroxyl peak at 6.0 ppm while the methyl groups ap

peared as singlets at 0.82, 0.88, 1.0, 1.10, and 1.70 ppm. The mass 

spectrum showed a parent peak at m/e_ 456 (107o) and a base peak at m/e 

425. The high relative intensity of the M-31 peak arising from the 

loss of -CHgOH again suggested an angular position for the hydroxy

methyl group. 

Triol Derivative 

Lithium aluminum hydride reduction of the methyl ester of sub-

o 
stance VIII gave a compound which had a melting point of 160-162 C. 

The infrared spectrum of the reduction product lacked carbonyl absorp

tion but showed a broad hydroxyl band between 3700 and 3100 cm 

Absorption bands at 1100 and 1015 cm ^ indicated the presence of pri

mary and secondary hydroxyl groups. The nuclear magnetic resonance 

spectrum showed methyl peaks at 0.83, 1.08 (6H), 1.23, and 1.73 ppm. 



The mass spectrum parent peak at m/e 458 (4%) indicated that lithium 

aluminum hydride not only reduced the carboxyl but also effected the 

opening of the hemiketal linkage to give a primary and a secondary 

hydroxyl group. The presence of a peak at m/e 456 (0.4%) indicated 

the reduced derivative in which the opening of the hemiketal was not 

complete. The m/ei 187 and 189 were of approximately equal intensities 

and were the most abundant species. The peaks at mf e_ 428 (307°), 427 

(287c), 410 (327.), and 409 (297o) were the most prominent peaks in the 

high mass range of the spectrum. 

Triacetate Derivative 

Acetylation of the above triol under identical conditions as 

those used in obtaining the monoacetate yielded a triacetate. The 

carbon-hydrogen analysis (observed: C, 74.19, H, 9.177.; calculated: 

C, 73.93, H, 9.657») was consistent with a molecular formula. 

The infrared spectrum (KBr and CHCl^) showed no hydroxyl absorption 

but revealed acetate bands at 1730 and 1225 cm The nuclear magnet

ic resonance spectrum clearly showed two acetyl peaks 1 cps apart and 

integrated for nine protons. The remaining methyl groups appeared at 

0.88 (6H), 0.93, 1.10, and 1.67 ppm. The mass spectrum did not show 

the m/ie 584 parent peak which was not surprising in view of the facile 

elimination of acetic acid. The peaks at m/e 452, 464, and 524 were 

the most significant peaks in the high mass range of the spectrum. 
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Trimesylate Derivative 

When the triol of compound VIII was treated with methanesul-

fonyl chloride, two derivatives were obtained. One of these showed a 

ative was obtained, no characterization was attempted. The infrared 

spectrum of the trimesylate (higher melting point) showed a sharp ab-

The nuclear magnetic resonance spectrum showed a singlet at 3.0 ppm 

and integrated for nine protons. The peak was assigned to the methyl 

group of the mesylate. 

Hydrocarbon Skeleton 

In order to establish the hydrocarbon skeleton of the triter-

pene, the following sequence of reactions was attempted. In this se

quence, difficulties were encountered at the sulfide stage and no 

o 
melting point of 162.5 C while the second showed a melting point of 

138-140°C. Because only a small quantity of the lower melting deriv 

sorption band at 1170 cm \ characteristic of sulfonic acid esters. 

LiAlH 
4 Compound VIII VIII-CO2CH3 Vlll-triol 

CH3OSO2CI 

Na Benzyl 
VIII-(CH2SCH2-0)3 

Mercaptan 
VIII-(OSO2CH3)3 

Raney Ni 

Hydrocarbon Skeleton 
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product of the later was isolated. The rather limited supply of the 

triterpene discouraged further chemical attempts as a route to the 

proof of structure. 

In view of the isolation of betulonic acid from the same 

extract, structure VIII-A was considered biogenetically plausible. 

COOH 

HO 

VIII-A 

Mass spectrum peaks at m/(2 187, 189, 201, and 203 are characteristical

ly seen in the lupane series and since these peaks consistently appear

ed in all of the derivatives of compound VIII, a lupane basic skeleton 

seemed appropriate. The single most important factor in the assignment 

of a structure for compound VIII was the mass spectrum fragment at m/<2 

313 which consistently appeared in the mass spectrum of derivatives in 

which the hemiketal linkage remained intact. While such a peak could 

be rationalized to arise from structure VIII-A by decarboxylation, loss 

of C-H from opening of ring E, and loss of -CH„0H from the hemiketal, 
by z 

the same peak could not be accounted for in the methyl ester and in the 

dihydro derivative. Moreover, the appearance of the methyl of the iso-

propyl group at a rather consistent chemical shift in all of the 



derivatives of substance VIII (ester, monoacetate, triacetate, tri-

mesylate, etc.) would be inconsistent with placement of the carboxyl 

group in the C-17 position. 

Physical and chemical evidence presented above have unequiv

ocally established compound VIII as a pentacyclic triterpene having 

an isopropenyl, carboxyl, and hemiketal as functional groups. The 

nuclear magnetic resonance spectra supported the presence of four 

angular (or quarternary) methyl groups and the mass spectral data 

supported structure VIII. In order to ascertain the proposed struc

ture, compound VIII has been submitted for X-ray crystallography. 



CHAPTER 4 

EXPERIMENTAL 

This section deals with the type of equipment used for grind

ing the plant, the methods used in the separation of the plant constit

uents, and types of equipment used in obtaining the physical data. In 

addition to a detailed description of the materials, equipment, method 

of packing, and method of eluting the silica gel columns, a discussion 

of the preparation of derivatives is also included. 

Grinding of Plant 

A Wiley Mill manufactured by Arthur H. Thomas Co., Philadel

phia, Pennsylvania, utilizing a 3-mm sieve was used in grinding the 

plant material into a fine powder. 

Extraction of Plant 

An 8-kg sample of the dried powder was extracted with 30 1 of 

chloroform in a Lloyd-type extractor manufactured by Brighton Copper 

Works, Cincinnati, Ohio, yielding 400 g of air dried crude extract. 

Solvent Extraction and Partitioning 

The scheme outlined in Figure 1 (p. 7) was used for solvent 

extraction and partitioning. The chloroform extract was subjected 

three times to extraction with dichloromethane by stirring (magnetic 

or mechanical) the mixture for 2 hours. The mixture was filtered 
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and the solvents evaporated under reduced pressure for the insoluble 

fraction and under a hood for the soluble fraction. The insoluble 

fraction was then subjected to extraction by acetonitrile following 

the procedure described above. Following the acetonitrile extraction, 

the soluble fraction was subjected to a 3-funnel partition using ben

zene, methanol, and water (8:5:1) as the partitioning solvent. After 

combining all three upper phases and all three lower phases, a final 

extraction using ether was made. 

Chromatography 

The silica gel G, silica gel ^254' ant* t*ie silica Sel 60 used 

for thin-layer, preparative thick-layer or column chromatography were 

manufactured by Merck and distributed by Brinkman Instruments Inc., 

Westbury, New York. All plates were prepared using an automatic plate 

maker manufactured by Camag, Homburgerstrasse 24, Muttenz, Switzerland, 

and distributed by Gelman Instrument Co., Ann Arbor, Michigan. 

Thin-Layer 

The thickness of the silica gel G or silica gel ^254 ̂ ayer 

intended for thin-layer work was 0.3 mm. The plates were activated 

o 
prior to use by allowing them to stand in an oven at 110 C for at 

least one hour. After developing in the appropriate solvent system, 

the plates were sprayed with eerie sulfate solution and then allowed 

o 
to stand in an oven at 110 C until the spots appeared. The eerie sul

fate solution was prepared by mixing 20 g of eerie sulfate, 56 ml of 

sulfuric acid, and 1 1 of water. 



Preparative Thick-Layer 

The preparative thick-layer plates were made using silica gel 

PF254 kav*-n6 a thickness of 1.5 mm and occasionally of 1.0 mm. When

ever possible, the plates were analyzed by viewing under an ultravio

let lamp (254 nm and 350 nm Universal UV Lamp, Gelman-Camag, Switzer

land) or by spraying the left margin of the plates with the eerie 

sulfate solution and by carefully heating to reveal the spots. The 

left margin was generally less abundantly spotted to minimize the loss 

of substance by the revealing procedure. The desired material was re

moved by scraping the silica gel off the plates. The ^254 was t̂ ien 

introduced into test tube-size columns and the material eluted with a 

suitable solvent or solvent system. 

Silver Nitrate-Impregnated Plates 

The silver nitrate plates were prepared by spraying the silica 

gel G plates with a 1570 solution of silver nitrate. In order to in

sure some uniformity, the silica gel G was removed from a number of 

plates and the average weight of silica determined. The average 

weight of silica gel G on 0.3 mm plates was 1.6 g. Using the 1570 

silver nitrate solution, 1.6 ml of solution was sprayed from a cali

brated spray bottle onto the surface of each plate. The plates were 

o 
air dried before heating them in an oven at 110 C for at least 15 

minutes prior to use (Ikan 1965). 



Silica Gel G Columns 

o 
Silica gel G was activated overnight in a 110 C oven and then 

gradually introduced into a 10 x 130-cm column. A pledget of cotton 

was introduced into the column and held at the bottom with the aid of 

a glass or steel rod until a few centimeters of silica were introduced 

After each addition of silica, the column was vibrated by tapping the 

column with a rubber hose. A total of 3.5 kg of silica gel G was in

troduced to a height of 109 cm. A 50-g sample of the chloroform ex

tract was dissolved in chloroform and adsorbed on 75 g of silica, the 

mixture was air dried and ground in a mortar, and finally, introduced 

into the column. An additional quantity of silica gel G was intro

duced to insure the integrity of the sample layer during the addition 

of the solvent. A pledget of cotton provided additional barrier. An 

automatic fraction collector (Buchler Instruments Inc., 1237 Sixteenth 

St., Fort Lee, New Jersey 07024) was used to collect 20-ml fractions. 

Every fifth tube was sampled and spotted on TLC. Like samples were 

combined and the solvent removed under reduced pressure. 

Silica Gel 60 Column 

The silica gel 60 columns were packed in a manner similar to 

that outlined for silica gel G, except that the silica gel 60 columns 

were wet packed. To insure column homogeneity and to exclude air, the 

silica gel 60 was mixed with the solvent system to yield a slurry 

which was then introduced into the desired column. The solvent was al 

lowed to drain up to 2 cm above the silica. The column was then left 
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undisturbed for several hours. The sample was adsorbed on a small 

amount of silica gel 60, air dried, then introduced into the column. 

Another 1-2 cm of silica gel 60 was introduced to help maintain the 

integrity of the sample layer, and finally the column was carefully 

filled with the desired solvent system. 

Physical Data 

All the physical data, with the exception of the carbon-

hydrogen analyses, were obtained at the College of Pharmacy or the 

Department of Chemistry, University of Arizona. 

Melting Point Determination 

The melting points were determined on a Koffler block and are 

uncorrected. 

Carbon-Hydrogen Analysis and Methoxyl Determination 

A 5-mg sample for each determination was dried under vacuum at 

50-100°C for 24 hours and sent for analysis. All compounds containing 

methoxyl groups were analyzed by Huffman Laboratories, Inc., 3830 High 

Court, Wheatridge, Colorado 90033. The other compounds were analyzed 

by Chemalytics, Inc., 2330 S. Industrial Park Drive, Tempe, Arizona 

85282. 

Nuclear Magnetic Resonance Spectroscopy 

The nuclear magnetic resonance spectra were run either on a 

T-60 or an HA-100, both manufactured by Varian Associates, 611 Hansen 
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Way, Palo Alto, California 94303. The spectra were run in deuterated 

solvents in concentrations varying from 10 to 15% and using tetrameth-

ylsilane as an internal standard. 

Infrared Spectroscopy 

All infrared spectra were obtained on a Beckman IR-33. All 

spectra were obtained from the potassium bromide pellet of the com

pound unless otherwise indicated. 

Mass Spectrometry 

All mass spectra were made on a Hitachi, Perkin-Elmer RMU-6E 

double focusing mass spectrometer with an all-glass inlet system. The 

apparatus is distributed by Perkin-Elmer Corp., 1625 East Edinger, 

Santa Ana, California. 

Ultraviolet Spectroscopy 

The ultraviolet spectra were obtained using a Beckman DB-G 

Grating Spectrophotometer distributed by Beckman, Fullerton, Cali

fornia. 

Optical Rotatory Dispersion 

The optical rotatory dispersion data were obtained on a Cary 

60 Spectrophotopolarimeter made by Cary Instruments, Applied Physics 

Corporation, Monrovia, California. 

Gas-Liquid Chromatography 

The gas-liquid chromatographic analyses were run on a Perkin-

Elmer 880 Gas Chromatograph using a flame ionization detector and a 



62 

Speedmax G recorder. The six-foot steel columns, having an internal 

diameter of 1/8", were packed either with 2.57o or 17» SE-30 (Perco Sup

plies, San Gabriel, California 91778) Methyl Silicone Gum Rubber on 

Chromasorb W Acid Washed, 60-80 Mesh. Samples of 1 to 5 p. 1 were in

jected directly on the column. The following parameters were observed 

carrier gas, nitrogen; flow rate, 100 ml/min; injector temperature, 

300°C; column temperature, 240°C; detector temperature, 300°C. 

Preparation of Derivatives 

In order to avoid repetition, identical experimental condi

tions involving more than one compound will not be discussed in their 

entirety. 

Preparation of Diazomethane 

The preparation of diazomethane was made according to the pro

cedure obtained through private communication (Aldrich Chemical Co. 

1969). A mixture of 2 ml of 40% aqueous K0H and 8 ml of ether were 

o 
placed in a 25-ml Erlenmeyer flask and the mixture cooled to 5 C. To 

this, 750 mg of N-methyl-N1-nitro-N-nitrosoguanidine (Aldrich Chemi

cal Co., Milwaukee, Wisconsin) were added in small portions and over a 

o 
period of 15 to 25 minutes at a temperature not exceeding 5 C. The 

mixture was stirred and allowed to stand for 10 minutes, then poured 

into a 30-ml separatory funnel which had been previously chilled in 

ice. The mixture was allowed to separate and after the ether layer 
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became yellow, the lower layer was discarded while the upper layer 

(ethereal diazomethane) was transfered to a 25-ml Erlenmeyer Flask 

containing a few pellets of KOH. 

Attempt at Conversion of Compound IV 
from A-type to B-type Isomer 

Hartwell and Detty (1950) described a procedure for obtaining 

the conversion of tetrahydronaphthalene lignan lactones from A- to B-

type isomers. A 100-mg sample of compound IV, 50 mg of anhydrous so

dium acetate, and 5 ml of absolute ethanol were refluxed for 14 hours. 

While the mixture was still refluxing, 10 ml of hot water was added 

and the entire mixture boiled for a few seconds. The mixture was then 

cooled and the solid material which formed was filtered, washed with 

107o HC1, 57o aqueous NaHCO^, and distilled water. After drying, the 

material was dissolved in chloroform, filtered, and the solvent re

moved. The product was recrystallized from acetone-methanol 

A second procedure (Hearon, Lackey, and Moyer 1951) which dif

fered from the one described above in that a stronger base was used. • 

A 100-mg sample of compound IV was refluxed on a steam bath in 6.5 ml 

of methanol until complete solution was achieved. A 50-mg piece of 

sodium in 0.5 ml of methanol was added and the entire mixture was re

fluxed for 45 minutes. To this, 12 ml of warm water and 0.5 ml of 

concentrated HC1 were added and the mixture allowed to stand for 6 

hours. The solid material which formed was filtered, washed with 

distilled water, dried, and recrystallized. 
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Hydrogenation of Beta-sitosterol 

A procedure similar to that outlined for the hydrogenation of 

betulonic acid was followed for obtaining the dihydro derivative of 

beta-sitosterol 

Acetylation of Beta-sitosterol 

A procedure similar to that outlined for the acetylation of 

compound VIII (see p. 65) was used for obtaining the acetate of beta-

sitosterol. The reaction was carried out by allowing beta-sitosterol, 

acetic anhydride, and pyridine to stand at room temperature for sev

eral hours. 

Hydrogenation of Betulonic Acid 

A 20-mg sample of compound III was hydrogenated using 25 mg of 

107o palladium on carbon in 5 ml of ethanol. When the hydrogen uptake 

was complete, the catalyst was filtered off and the solvent removed 

under reduced pressure. The product was recrystallized from methanol. 

Hydrogenation of Compound V 

A procedure similar to that described for the hydrogenation of 

betulonic. acid was followed for obtaining the dihydro derivative of 

compound V. 

Dehydrogenation of Compound V 

Dehydrogenation of compound V was done according to the proce

dure described by Majumder, Chatterjee, and Sengupta (1972). A 100-mg 

sample of compound V was dissolved in 5 ml of ethanol. After adding 
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50 mg of 10% Pd/C, the mixture was heated in a sealed tube for 5 hours 

in a heating block (sublimation apparatus) at 200°C. The product ob

tained, after filtering the catalyst and removing the solvent, was 

plated on preparative plates. The material was recrystallized from 

methanol yielding 20 mg of the dehydro product. 

Hydrogenation of Compound VIII 

Compound VIII was hydrogenated using platinum oxide as a cata

lyst by a procedure similar to that outlined for the hydrogenation of 

betulonic acid (see p. 64). 

Methyl Ester of Compound VIII 

A 200-mg sample of compound VIII was dissolved in benzene-meth-

anol. Ethereal diazomethane was added until the solution remained yel

low. The mixture was allowed to stand in an ice-bath for 15 minutes 

and at room temperature for 1-2 hours. The solvent was removed under 

reduced pressure and the material was purified using preparative 

plates. A quantitative yield of the ester was obtained. 

Monoacetate of Compound VIII 

A 200-mg sample of compound VIII was allowed to stand over

night in a mixture of 4 ml of acetic anhydride and 2 ml of pyridine. 

Since a TLC check revealed that the reaction had not taken place, the 

mixture was heated on a steam bath. Every 30 minutes a sample was taken 

to follow the progress of the reaction. After 2.5 hours the reaction 

mixture was allowed to cool. After cooling, the contents were poured 
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into a separatory funnel containing ice water. The aqueous solution 

was extracted repeatedly with chloroform. The chloroform solution was 

washed three times with 20 ml of 107. HCl and repeatedly with 20-ml por

tions of water to removed the acid. The chloroform solution was then 

washed with 30 ml of 5% aqueous NaHCO^, with occasional shaking, to 

hydrolyze the unreacted acetic anhydride. The aqueous layer was dis

carded while the chloroform layer was washed with 20-ml portions of 

water until the washings were neutral. The solvent was removed under 

reduced pressure and the product placed overnight in a vacuum desic

cator over KOH to remove the pyridine. The product was finally puri

fied on preparative plates. The yield was 172 mg of the monoacetate 

and 24 mg of the starting material. 

Huang-Minion Reduction of Monoacetate of Compound VIII 

The Huang-Minion (1946, 1948) modification of the Wolff-

Kishner reduction was used to reduce the carbonyl group presumed to be 

present in the monoacetate of compound VIII. A 200-mg sample of the 

monoacetate was dissolved in 24 ml of ethylene glycol. After the ad

dition of 4 ml of hydrazine hydrate (99%) and 2.0 g of KOH, the mix

ture was refluxed for 25 hours in an atmosphere of nitrogen. After 

dilution with water and acidification with 107o HCl, the mixture was 

extracted with ether. The ether extract was washed with 57° aqueous 

NaHC0g> then with water, and the solvent removed under vacuum. The 

180 mg of crude material obtained was plated on preparative plates 

and developed using benzene-dichloromethane-ether-ethyl acetate (16:8: 

1:1) as the developing solvent. 
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Triol of Compound VIII 

The procedure described by Govindachari, Viswanathan et al. 

(1967) was followed for the reduction of the methyl ester of compound 

VIII to the triol. A suspension of 1 g of lithium aluminum hydride in 

10 ml of dioxane was added to a solution of 250 mg of the ester in 7.5 

ml of dioxane. After 5 hours of refluxing the mixture, the excess 

LiAlH^ was decomposed by the careful addition of ether and water. The 

complex was decomposed by the addition of 10% K^SO^. The ethereal solu

tion was washed with 5% aqueous NaHCO^, distilled water, dried over 

CaC^j and the solvent removed. The solid residue was plated on pre

parative plates and developed in dichloromethane-methanol (99:1). The 

yield was 162 mg of the triol. 

Triacetate of Compound VIII 

The triacetate of compound VIII was obtained by acetylating 

the triol by a procedure similar to that outlined for obtaining the 

monoacetate (see p. 65) of compound VIII. 

Trimesylate of Compound VIII 

A procedure described in the literature (Backwith et al. 1956; 

Chopra, White, and Melrose 1965) was followed for obtaining the tri

mesylate of compound VIII. One-half milliliter of methanesulfonyl chlo

ride was added to a solution of 65 mg of the triol of compound VIII in 

3 ml of pyridine at 0°C. The mixture was allowed to stand at 20°C for 

19 hours, when the excess of reagent was destroyed by the addition of 

water. The mixture was extracted with chlorofortn and the chloroform 
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extract washed with 5% aqueous NaHCO^, distilled water, and then dried 

over CaCl^' The crude material obtained after the removal of solvent 

was plated on preparative plates and developed in dichloromethane-meth-

anol (200:1). The yield was 46 mg of trimesylate and 23 mg of a com

pound which showed a melting point of 138-140°C. 

Attempt at Obtaining the Benzylthioether of Compound VIII 

A procedure described in the literature (Zurcher, Jeger, and 

Ruzicka 1954; Henrick and Jefferies 1963; Chopra, White, and Melrose 

1965) was followed in an attempt to obtain the benzylthioether from 

the trimesylate. A 12-mg sample of the trimesylate was dissolved in 

0.5 ml of dimethylformamide. To this, sodium benzylmercaptide, pre

pared from 25 mg of metallic sodium and 0.5 ml of benzylmercaptan in 5 

o 
ml of dimethylformamide, was added and the solution heated to 100 C 

(steam bath) for 14 hours under an atmosphere of nitrogen. The deep 

red solution was poured into 5 ml of 8% aqueous NaOH and extracted 

with ether. The ether extract was washed with 37o aqueous KOH, distil

led water, and then dried over CaC^^ The crude material obtained by 

the removal of solvent was plated on preparative plates and developed 

in dichloromethane. The crude material failed to yield the benzylthio

ether of compound VIII. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Eight compounds were isolated from the chloroform extract of 

Bursera arida, family Burseraceae, and the structures determined for 

seven of these. Of the five new compounds, four have been character

ized as lignans: (+)-3-hydroxymethyl-5-methoxy-6,7-methylenedioxy-l-

(3',41-methylenedioxybenzene)-1,2,3,4-tetrahydronaphthalene-2-carbox-

ylic acid lactone, (+)-3-hydroxymethyl-6,7-methylenedioxy-l-(3',4' -

methylenedioxybenzene)-3,4-dihydronaphthalene-2-carboxylic acid lac

tone, (+)-3-hydroxymethyl-6,7-methylenedioxy-l-(5,-methoxy-31,4'-meth

ylenedioxybenzene) -3,4-dihydronaphthalene-2-carboxylic acid lactone, 

and 2,3-bis-(3,4-methylenedioxybenzyl)butane-l,4-diol diacetate. The 

fifth new compound, which has been submitted for X-ray crystallography, 

has been tentatively characterized as a pentacyclic triterpene with a 

carboxyl, an isopropenyl, and a hemiketal group. 

Of the isolated components, only betulonic acid showed cyto

toxic activity. The lack of activity in the hydronaphthalene lignans 

is in accordance with their established stereospecificity for cyto

toxic action. 
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APPENDIX 

MOLECULAR STRUCTURES OF OTHER COMPOUNDS 

ISOLATED FROM BURSERA SPECIES 

H3CO 
OCH. 

H3CO 

OCH.,  

DEOXYPODOPHYLLOTOXIN BURSERAN 

OCH 3 H 

ft -PELTATIN-A-METHYLETHER 

OCH 

OCH, 
OCH. 

5'-DESMETHOXY-/# -PELTATIN-

A-METHYLETHER 
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HO 

Olf -HYDROXYLUPENE o( -AMYRIN 

H3co OCH. 

OCH. OCH, 

(-)-TRANS-2-(3",4",5''-TRIMETHOXY-

BENZYL)-3-(3',4'-METHYLENEDIOXY-

BENZYL)BUTYROLACTONE 

(-)-TRANS-2-(3",4'-DIMETHOXY-

BENZYL)-3-(31,4'-METHYLENEDI-

OXYBENZYL)BUTYROLACTONE 



0(-PHELLANDRENE -PHELLANDRENE 

COOH 
HOOC 
HOOC 

2,3-SECO-OLEANA-12-ENE-2,3,28-TRIOIC ACID 
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