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ABSTRACT 

Anti-tumor tests carried out by the National In

stitutes of Healthj Cancer Chemotherapy National Service 

Center showed that anti-tumor activity resided in the 

chloroform extract of the leaves and stems of Bursera 

schlechtendalii Family Burseraceae. 

Subsequent investigation using alumina and dry 

silica gel columns resulted in the isolation of five pri

mary components from the extract, namely a mixture of 

straight chain aliphatic hydrocarbons, a primary aliphatic 

alcohol C20H520 known as triacontanol, a~amyrin, and two 

new lignans (-)-trans-2-(3",5"-trimethoxybenzyl)-3-

(3',4'-methylenedioxybenzyl)butyrolactone and (-)-trans-

2-(3"3 4"-dimethoxybenzyl)-3-(3''-methylenedioxybenzyl) 

butyrolactone. 

The hydrocarbon mixture and the alcohol were iden

tified by infrared spectrometry and high resolution mass 
4 

spectrometry. The triterpene, a-amyrin, was identified by 

mixed melting point, acetate derivative, comparative thin-

layer chromatography, and comparative infrared and mass 

spectrometry with an authentic nample. The structure of 

the first lignan was determined by carbon-hydrogen analysis, 

methoxy determination, nuclear magnetic resonance, mass 

viii 



spectrum, conversion bo its dimethoxy derivative, (±)-trans-

2-(3M 3 4",5"-trimethoxymethoxybenzyl)-3-(3",4"-dimethoxy-

benzyl)butyrolactone, and subsequent comparison with an 

authentic sample of the latter. The second lignan was 

characterized in much the same manner as the first lignan, 

except that it was not converted to its dimethoxy deriva

tive. Instead, it was characterized by comparison with the 

first lignan, since the two differed only by a methoxy 

group, and was further characterized by a deuterium ex

change and subsequent mass spectrum and nuclear magnetic 

resonance spectrum of the deuterated compound, which served 

to differentiate betv«aen isomers. 

The lignans are believed to be responsible for the 

activity, since lignans were responsible for the anti

tumor properties displayed by other members of the Bursera 

species. The two new lignans will have to be isolated in 

larger quantities or synthesized before further testing 

can be carried out. 



CHAPTER 1 

INTRODUCTION 

In the ever continuing search for new and more ef

fective anti-tumor compounds from natural sources thousands 

of plant extracts have been prepared and tested at this and 

many other institutions. Recently, an extract obtained from 

Bursera schlechtendalii, family Burseraceae showed anti

tumor activity against the 9 KB (Adenocarcinoma of Nasal 

Pharynx) test system of the Cancer Chemotherapy National 

Service Center; therefore, it was considered appropriate 

to attempt to isolate and characterize the component or 

components of the plant extract responsible for the activ

ity. The fact that two other members of the Burseraceae 

family isolated at the University of Arizona College of 

Pharmacy revealed anti-tumor compounds is further cause for 

determining the nature of the active components of this 

plant. The two active plants were Bursera microphylla 

(Cole, Bianchi, and Trumbull 1969) and Bursera simaruba 

(Bianchi, Sheth, and Cole 1969). 

Occurrence of Plant 

Bursera schlechtendalii is found at altitudes of 

200-400 meters on dry rocky hillsides or in thickets along 

1 
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stream beds in Southern Mexico and in Guatemala. It is 

abundant in Guatemala being found at El Progreso, Zacapa, 

Chiquimula, Jutiapa, and Huehuetenango (Standley and 

Steyermark 1946, pp. 438-439); however, the sample being 

utilized for this study was collected near Puebla, Mexico. 

Description of Plant 

The plant is best described as a small tree or 

glabrous shrub 4-6 meters high. The bark is a glossy gray

ish pink, and peels off in thin papery sheets; the branches 

are thick and stout. The leaves are crowded on short thick 

spurs, 1-foliate, short petiolate, thick membranaceous, 

cuneate-obovate or oval obovate, 1.5-4.5 cm. in length. At 

the apex the leaves are broadly rounded and are often ernar-

ginate; at the base they are cuneate-obovate and entire. 

The flowers or at least the fruits are on stout pedicels; 

they fasiculate on short leafy spurs. The fruit is in it

self 5-6 mm. in length; it is trigonous and 3-valvate. 

Depending upon which reference is cited, Bursera 

schlechtendalii family Burseraceae can also be found as 

Bursera schlechtendalii Engler, Elaphrium simplicifolium 

Schlecht, Bursera jonesii Rose, Contr., and not as Bursera 

slmplicifolia (Standley and Steyermark 1946, pp. 438-439)-



Extraction of Plant 

Only the stems and. leaves were collected; they were 

ground to a coarse powder by utilizing a Wiley Mill. Fif

teen kg. of the dried powder were extracted in a Lloyd 

Extractor with six gallons of chloroform yielding 1.245 kg. 

of extract. The extract was air dried and stored at -10°C. 



CHAPTER 2 

ISOLATION OP PLANT CONSTITUENTS 

Information as to what types of compounds might be 

encountered was obtained through a literature search which 

revealed that to date lignans, triterpenes, and terpenes 

had been encountered in the Bursera species. Bianchi, 

Caldwell, and Cole (1968) isolated the well-known lignan, 

deoxypodophyllotoxin; Cole, Bianchi, and Trumbull (1969) 

isolated a new lignan, burseran, and Bianchi, Sheth, and 

Cole (1969) isolated the lignans, 3-peltatin-A-methyl ether 

and 5'desmethoxy-3-peltatin-A-methyl ether. Tursch and 

Tursch (1951) reported the triterpenes a-amyrin and 

a-3-hydroxy lupene; Bradley and Haagen-Smit (1951) reported 

a and 3-phellandrene. The structures of these compounds 

may be found in the Appendix. 

Solvent Extraction 

An attempt to separate the components of the crude 

chloroform extract by solvent extraction using a non-polar 

solvent followed by solvents of increasing polarity failed 

to effect a separation. Soxhlet extraction, again, begin

ning with a non-polar solvent and subsequently increasing 

the polarity of the solvent also failed to yield a 
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separation; however, when the crude extract was partitioned, 

the upper and lower phases were found to be quite different 

as shown by thin-layer chromatography, thus indicating a 

separation of polar and non-polar materials in the extract, 

relative to the solvent system used. 

A serious drawback to partitioning was that both 

phases abounded in chlorophyll. Removal of the chlorophyll 

was especially important since color tests such as the 

Liebermann-Burchard Test for triterpenold glycosides and 

cholesterol (Stahl 1965, p. ^92), Dragendorf's reagent for 

the detection of alkaloids (Stahl 1965, p. ^91), and the 

ammonia vapor test for pyrones (Stahl 1965, p. 379), which 

might have given indications as to which types of compounds 

were present in the. crude extract, were inconclusive due 

to the presence of chlorophyll. 

Knowing the types of compounds that might possibly 

be encountered in the plant, and knowing that alumina col

umns are very beneficial in trapping chlorophyll and hence 

removing it from a plant extract, it was decided that an 

alumina III column would be beneficial in attempting to 

isolate the components of the plant extract. 

Alumina III Column 

An alumina III column was prepared and eluted ini

tially with a non-polar solvent and subsequently with 



solvents of increasing polarity until the column was ex

hausted. The column retained chlorophyll so that it was 

no longer a problem as far as color tests were concerned; 

in addition the column separated the crude plant extract 

into three portions which upon further analysis proved to 

be five different compounds. 

Isolation of Hydrocarbons 

The first compound isolated from the column was 

relatively non-polar in nature. Hexane was the eluting 

solvent. Upon being recrystallized from hot acetone and 

subjected to infrared and high resolution mass spectrometry 

it proved to be a mixture of aliphatic hydrocarbons referred 

to hereafter as compound I. The hydrocarbon mixture was 

not separated into its individual components. The composi

tion of the mixture was determined by mass spectrometry, 

the discussion of which is found on page 13. 

Isolation of Alcohol 

After the alumina III column was exhausted with 

hexane, the polarity of the eluting solvent was increased 

by combining hexane and benzene in ratios of increasing 

polarity 9:1> 8:2, etc. until a second highly concentrated 

material was eluted at a 3'7 hexane-benzene ratio as evi

denced by means of thin-layer chromatography. The eluate 

was evaporated to dryness at room temperature in a large 
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porcelain dish. In order to transfer the residue to a 

smaller container, it was taken up in chloroform; however, 

the residue was not completely soluble in chloroform. The 

undissolved material was filtered from the chloroform solu

tion. The filtered material, hereafter referred to as sub

stance II gave a negative Liebermann-Burchard Test. Sub

stance II was crystallized from hot acetone, and its 

infrared spectrum indicated the possible presence of a 

long chain primary aliphatic alcohol. The melting point 

and the molecular weight obtained .through mass spectrom

etry corresponded to that of triacontanol C^qH^0* 

Isolation of a-Amyrin 

The filtrate from the preceding section, dealing 

with the isolation of the primary alcohol, was allowed to 

evaporate to dryness at room temperature yielding an off-

white semi-crystalline residue, which gave a positive 

Liebermann-Burchard Test indicating a cholesterol-like 

compound. This material referred to hereafter as compound 

III crystallized from ethanol. Upon subsequent recrystal-

lization, compound III failed to depress the melting point 

of a-amyrin. The melting point of the acetate derivative, 

226°C., corrected, was precisely the same as reported in 

the literature (Merck Index I960, p. 77) for the acetate 

derivative of a-amyrin. 



Isolation of Lignan Mixture 

Upon continuing the elution of the alumina III 

column, a third highly concentrated material was removed 

from the column with dichloromethane, The material was 

composed of two or more components as evidenced by thin-

layer chromatography. By spotting this material on thin-

layer plates and developing the plates four to five times, 

the material was separated into two relatively pure com

ponents, as evidenced by subsequent thin-layer chroma

tography and spectral data. The lower component on the 

thin-layer plate is referred to hereafter as compound IV 

and the upper component as compound V. 

Dry Silica Gel G Column 

In order to obtain IV and V in larger quantitites 

for anti-tumor tests and structure elucidations, a dry 

silica gel G column (Bianchi and Cole 1969) was used. It 

was very effective in isolating large quantities of IV and 

V; however, neither compound could be crystallized. 

On the basis of spectral evidence, carbon-hydrogen 

analyses, methoxy determinations, and preparation of deriv 

atives, the structures of IV and V were proposed (page 9) 

A thorough literature search revealed that neither 

IV nor V had previously been isolated from natural sources 

however, an isomer of V was isolated as a degradation 



product of a new lignan, helianthoidin, isolated from 

Hellopsis scabra (Burden, Crombie, and Whiting 1969 3 

p. 694). 
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CHAPTER 3 

CHARACTERIZATION OP CONSTITUENTS 

The structures of the five compounds isolated from 

the plant extract were determined by various methods. The 

five compounds are the hydrocarbon mixture (I), triacontanol 

(II)j a-amyrin (III), (-)-trans-2-(3"3^35"-trimethoxy-

benzyl)-3-(3',4'-methylenedioxybenzyl)butyrolactone (IV), 

and (-)-trans-2-(3" ,4"-dimethoxybenzyl)-3-(3 ' '-methylene-

dioxybenzyl)butyrolactone (V). 

Hydrocarbons 

The infrared spectrum of compound I gave the first 

indication that it possessed hydrocarbon character, but the 

fact that it was a mixture of aliphatic hydrocarbons was 

determined by mass spectrometry. 

Infrared Spectrum 

The hydrocarbon mixture displayed infrared absorp

tion (5% chloroform: 0.5 mm. cell) at 2980 cm. ^ (C-H 

stretching), l46l cm."^ (C-H bending of -CH2-), and 1374 

cm.""1 (C-H bending of CH^-) characteristic of an alkane 

(Roberts and Caserio, 1964, p. 27). 

10 
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Mass Spectrum 

The spectrum of compound I (Figure 1) was very 

characteristic of a long chain saturated hydrocarbon. The 

fragmentation pattern was characterized by groups of peaks, 

14 (CHg) mass units apart. The most prominent peak in each 

group was represented by a cnH2n+l fragment, accompanied by 

^nH2n and CnH2n-l fraSments> °f these the C3 and frag

ments were the most intense (Silverstein and Bassler ±967, 

p. 14). There were two significant C3 fragments; the first 

at m/e_ 41 was (CH2=CH-CH2), and the second at m/e ^3 was a 

protonated cyclopropane (Rylander and Meyerson 1956, p. 

5799)- These two ions represented the lowest members of 

the homologous series (4l, 55, 69, and 43, 57, 71, 

(Budzikiewicz, Djerassi, and Williams 1964a, p. 34), 

and the spectrum revealed that the relative abundance of 

each fragment decreased with increasing fragment mass. 

There was a smooth curve of decreasing intensities, 14 mass 

units apart, proceeding from the low mass to the high mass 

portion of the spectrum. This indicated that the hydro

carbon mixture was composed of only straight chain members, 

because if the hydrocarbon had been branched, the smooth 

curve of decreasing intensities, 14 mass units apart, would 

have been interrupted by preferred fragmentation at each 

branch (Silverstein and Bassler 1967, p. 1*0, since branched 

hydrocarbons would have given rise to secondary and/or 
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tertiary carbonium ions which in turn would have given 

higher intensity peaks than the primary carbonium ions in 

the straight chain series. 

A second mass spectrum of the hydrocarbon mixture 

was conducted at a much lower voltage so as not to frag

ment the molecules3 but rather to bring about the presence 

of molecular ions. This revealed that the hydrocarbon 

mixture was composed of hydrocar1:ions • The 

hydrocarbon, m/e 436, was clearly the dominant hydrocarbon. 

A more precise - determination of the composition of 

the hydrocarbon mixture will be obtained by means of high 

resolution mass spectrometry at a Later date. 

Alcohol 

The alcohol melted at 86°C. (corrected), the melting 

point reported for triacontanol (Karrer 1958, p. 49), an 

aliphatic straight chain primary alcohol whose formula is 

C30H620 ,  

Infrared Spectrum 

An authentic sample was not available for a mixed 

melting point or spectral comparison; nevertheless, the 

infrared spectrum (KBr) gave supportive evidence for the 

presence of a long chain saturated primary alcohol as evi

denced by absorption at 3350 cm."-1- (0~H), 2950 cm.""1' (C-H), 

1456 cm.-1 (C-H of -CH2-), 1375 cm.-1 (C-Ii of CH3-), 1056 



1 — 1 cm. (C— 0 of primary alcohol), and 729 and 717 cm. in

dicative of where n >. '4 (Nakanashi 1964, p. 20). 

Mass Spectrum 

The most distinct peak in the high mass region oc

curred at ru/£ 420; this peak represents an M-18 ion due to 

the fact that long chain primary alcohols lose a molecule 

of water and do not reveal parent ions (Budziltiewicz , 

Djerassi, and Williams 1964a, p. 33). The molecular ion 

is therefore m/e_ 438, which supports the formula 

The following mechanism is offered for the elimination of 

water (McLafferty 1963, p. 334). 

H ,-OH 
i  - K G  v  

R-CH ^ CH, - > 
X(C H,)/ 

RCH —CH/ V J (CH,)n . 

M-18 

The spectrum (Figure 2) indicated that the alcohol 

must also be a straight chain compound. The most intense 

fragments were observed in the and C^ clusters, and since 

the characteristic smooth curve of intensities 28 mass 

units apart in the high mass region and intensities 14 

units apart in the intermediate and lower mass regions was 

not interrupted, it was safe to conclude that the alcohol 

was not branched (Silverstein and Bassler 1967, P* 14); 

branching would have resulted in the presence of secondary 
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and tertiary carbonium ions (Budzikiewicz, Djerassi, and 

Williams 1964a, p. 34), which would have resulted in the 

presence of very intense fragments. These fragments would 

have interrupted the smooth curve of intensities 28 and 14 

mass units apart had they been present. 

fragments in the high mass region of the alcohol, excluding 

the M-l8 fragment, were 28 mass units apart is due to the 

fact that the higher alcohols can eliminate water, together 

with an olefin (Silverstein and Bassler 1967, p. 17). This 

results in a peak in the high mass region at M-46. This 

fragment initiates a series of fragments where M-46 = 

M-H20+CH2 - CH2 and follows the sequence M-(l8+n28) n being 

1,2,3 etc. (Brown, Young, and Nicolaides 1954, p. 1653). 

In triacontanol the M-46 ion occurred at m/e_ 392, and sub

sequent ions where n=l,2,3 etc. occurred at m/£ 364, 336, 

and 308, respectively. The following transition state 

rationalizes the M-46 ion which has been shown to occur in 

alcohols containing more than four carbons (Budzikiewicz, 

Djerassi, and Williams 1964a, p. 33)-

The fact that the most characteristic groups of 

m-46 
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This transition state is especially important in establish

ing the primary alcohol, since close inspection revealed 

that a secondary or tertiary alcohol would not give an M-46 

ion. In the intermediate portion of the mass spectrum the 

clusters of peaks, 28 mass units apart, gave way to clusters 

of peaks 14 mass units apart, and the spectrum resembled 

that of the corresponding hydrocarbon in that the intensi

ties of the clusters 14 mass units apart decreased with 

increasing fragment mass. The alcohol resembled a hydro

carbon also in that the most intense peaks occurred in the 

low mass region at m/e 4l (CH2 = CH-CH^) and m/e 43, a pro-

tonated cyclopropane (Rylander and Meyerson 1956, p. 5779) • 

Although a comparison with an authentic sample 

would have been more satisfactory had a sample been avail

able at a reasonable price, the author feels very confident 

in reporting triacontanol the structure of the 

alcohol found in this plant extract. 

q-Amyrin 

Compound III proved to be q-amyrin which was not 

surprising, since q-amyrin had been reported in other 

species of Bursera as previously stated on page 4. Upon 

being crystallized from ethanol, compound III failed to 

depress the melting point of an authentic sample of q-amyrin, 

mp. l83°C. (corrected), literature mp. l86°C. (Merck Index 



18 

i960, p. 76); the acetate derivative after recrystalliza-

tion from petroleum ether (Skelly P) melted at 226°C. 

(corrected). This was precisely the melting point reported 

for the acetate derivative of a-amyrin (Merck Index I960, 

p. 77). 

Thin-layer Chromatography 

Compound III was spotted along with an authentic 

sample of a-amyrin and chromatbgraphed on thin-layer plates 

which were developed in three different solvent systems. 

These were dichloromethane-benzene-ethylacetate 3:6:1, 

dichloromethane-ether 30:1, and chloroform-benzene-acetone 

5:6:1. In each system compound. Ill and a-amyrin possessed 

the same Rf values. Each plate was spotted with III, 

a-amyrin, and a mixture of III and a-amyrin. 

AgNO^ Impregnated Thin-layer Chromatography.—Com

pound III and a-amyrin were further compared on thin-layer 

using a silica gel G plate impregnated with AgNO^ 15$ by 

weight. Silver complexes with the pi system of the double 

bond, and if the double bonds had differed in environment 

in III and a-amyrin, the two compounds would have possessed 

different Rf values when chromatographed (Ikan 1965, p. 

591). Dichloromethane-ether 30:1 was the developing solvent 

system. Since III and a-amyrin possessed similar Rf values 

in this solvent system it was considered safe to conclude 



that the double bonds in the two compounds were in similar 

environments; this does not mean that the double bonds were 

in the same positions. 

Mass Spectrum 

The position of the double bond was established 

using mass spectrometry on the basis of the fact that 

a-amyrin belongs to a class of unsaturated triterpenes 

"I P referred to as A ^ ursenes, which possess a characteristic 

C12-C12 double bond. This feature is readily recognizable 

in the mass spectrum, since the molecular ion undergoes a 

retro-Diels-Alder reaction in ring C furnishing a char

acteristic peak due to ion a in Figure 3 (Budzikiewicz, 

Djerassi, and Williams 1964b, p. 122). Compound III under

goes the same fragmentation pattern; in fact, the spectra 

of III and a-amyrin were superimposable, both revealing of 

course molecular ions at m/es 426. 

Infrared Spectrum 

The infrared spectrum of III (Figure 4) was super-

imposable upon the spectrum of a-amyrin. 

(-)-trans-2-(3"»4",5"-Trlmethoxybenzyl)-3-
(3'a4'-methylenedioxybenzyl)butyrolactone 

Compound IV, (-)-trans-2-(3",4",5"-trimethoxy-

benzyl)-3-(3',4'-methylenedioxybenzyl)butyrolactone, was 

characterized by utilizing infrared spectrum, nuclear 
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Figure 4, Infrared Spectrum of a-Amyrin 

magnetic resonance, mass spectrum, carbon-hydrogen analysis, 

methoxy determination, and by converting it to (-)-trans-

2-(3",4",5"-trimethoxybenzyl~3-(3',4'-dimethoxybenzyl) 

butyrolactone, in order to compare it with an authentic 

sample of the latter. 

Infrared Spectrum 

The infrared spectrum (Figure 5) was run in 5% 

chloroform in a 0.5 nun. cell. It was similar to the spec

trum of V in that it displayed carbonyl absorption at 1770 

cm."^" due to the presence of the gamma-butyrolactone 

(Nakanishi 1964, p. 26-), and overlapping aromatic methoxy 
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and methylenedioxy absorption at 3010, 1460, 1340, 1250, 

1140, and 1020 cm."-1- (Nakanashi 1964, p. 36).. 

Carbon-Hydrogen Analysis and 
Methoxy Determination 

The parent peak of the mass spectrum m/e 400, 

carbon-hydrogen analysis (C 66.85 % H 6.25%), and methoxy 

determination (-OCH3 22.02%), which is indicative of three 

methoxy groups, supports the formula C22H24°7* 

Nuclear Magnetic Resonance 
Spectrum 

Nuclear magnetic resonance (Figure 6) also supported 

the presence of three methoxy groups by revealing nine 
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Figure 6. N.M.R. Spectrum of (-)-trans-2-(3"34" ,5"-
Trimethoxybenzyl)-3-(3's 41-methylene-
dioxybenzyl)butyrolactone 

protons (T 6.23)i in addition, the spectrum indicated five 

aromatic protons (T 3-3-3.8), a methylenedioxy function 

(4.18), four benzylic methylene protons (T 7-5), a methylene 

adjacent to the lactone oxygen (T 5*8-6.0), and a doublet 

(T 7.12 and 7.20) characteristic of the C2 and Cg trans 

protons. 

Mass Spectrum 

Compound IV like V is a member of the gamma-

butyrolactone series of lignans as evidenced by the 



dominant fragments in the mass spectrum in Figure 7 at 

m/£ 135 (85$) and m/e_ 181 (100$) which are derived from 

methylenedioxybenzyl and trimethoxybenzyl units respec

tively by cleavage of the molecular ion. It is especially 

significant to compare the intensities of the m/e_ 135 and 

181 fragments of IV with those of (-)-podophyllotoxin whose 

structure is shown below. In IV the m/e 135 and 181 

fragments are the most prominent peaks in the spectrum, 

much more prominent than the molecular ion. In (-)-

podophyllotoxin which differs from IV by a ring closure and 

a secondary hydroxyl group, fragments m/e 135 (2%) and l8l 

(10%) are present; however, the molecular ion is by far the 

most prominent peak in the spectrum. Podophyllotoxin is a 

member of the 1,2,3,4-tetrahydronaphthalene series of 
j  

lignans, and benzylic cleavage of a single bond in this 

series fails to yield the very stable tropylium ions that 

can arise from simple benzylic cleavage of a single bond 

in a lignan of the gamma-butyrolactone type; as a result, 

oh 

och3 

(-)-Podophyllotoxin 
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the molecular ion m/e 398 is the dominant fragment in this 

member of the 1,2,3,^-tetrahydronaphthalene series (Duf-

field 1968, p. 17). 

The mass spectrum of IV (Figure 7) indicates that 

the orientation of the benzylic units relative to the lac

tone may possibly be determined by mass spectrometry. The 

benzylic units may be oriented as shown (Figure 7) or they 

may be oriented as shown below in the isomer of IV. The 

~o 

m/e 192 Isomer of E 

h3c 

och, 

argument for the orientation of the benzylic units in IV 

is presented by comparing the benzyloxiranone moieties of 

the isomers. The mass spectrum of IV indicated a m/e 238 

ion which is perhaps due in part to the benzyloxiranone 

fragment (Figure 7). A fragment at m/e. 192 would have 

arisen, if the benzylic units had been located relative to 

the lactone as in the isomer of IV (see above), but the 

spectrum of IV did not reveal a significant fragment at 

m/e 192. 



The benzyloxiranone moiety was initially reported 

for matairesinolj a lignan of the gamma-butyrolactone 

series, whose structure is shown below (Duffield 1968, 

p. 17). In matairesinol, however, the aromatic substi-

H3CO 

ho 

m res inc I r i ' - c tu  ,  

rn /e 194 

ch.+ 

och-

m/e 137 

tuents are the same on both rings, and although it offers a 

precedent for the benzyloxiranone moiety there still re

mains some doubt that the benzyloxiranone moiety can be 

used to determine which isomer is present. 

Conversion to Dimethoxy Derivative 

This was accomplished by opening the methylene-

dioxy ring in IV and methylating the resulting ortho hy

droxy compound to give (±)-trans-2-(3",4",5"-trimethoxy 

benzyl)-3-(3', 4'-dirnethoxybenzyl)butyrolactone (page 59)-

Comparison of the mass spectrum of the latter compound with 



the mass spectrum of a synthetic sample of the same com

pound (MacLean and Murakami 1966, p..1541) confirmed the 

fact that the benzyllc units were oriented relative to the 

lactone as shown in IV (page 25) and not as shown in the 

isomer of IV (page 26). 

Comparative infrared spectra, and nuclear magnetic 

resonance spectra, along with comparative thin-layer 

chromatography in three different systems of the authentic 

synthetic sample and the sample synthesized from IV con

firmed the structure of IV. 

The nuclear magnetic resonance spectrum of (±)-

trans-2- (3",4" , 5!,-trimethoxybenzyl)~3~ (31 a 4 ' --dimethoxy-

benzyl)butyrolactone indicated 15 methoxy protons (T 6.1), 

5 aromatic protons (T 3.2-3-6), four benzylic methylene 

protons (T 7-4), a methylene adjacent to the lactone oxygen 

(T 5.6-5-9) 3 and a doublet (T 7-03 and 7.12) characteristic 

of the C2 and C3 trans protons. 

MacLean and Murakami (1966) presented evidence for 

the trans configuration by preparing stereomodels and com

paring the n.m.r. spectra of the cis and trans isomers. In 

the trans epirner the benzylic protons exhibited free rota

tion and appeared as a singlet at 7.5 T; the C2 and 

trans protons appeared as a doublet at 7.03-7.10 T. In 

the cis epimer the rotation of the benzyllc protons was 

sterically hindered, and the n.m.r. spectrum showed an 
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unresolvable complex pattern totalling six protons in the 

6.5 to 8.5 T portion of the spectrum. 

(-)-trans-2-(3",4"-Dimethoxybenzyl)-3-
(3 ' , 4T-;methylenedioxybenzyl )butyrolactone 

Substance V, (-)-trans-2-(3",4"-dimethoxybenzyl)-

3-(3',4'-methylenedioxybenzyl)butyrolactone (page 9), was 

characterized by infrared spectrum, nuclear magnetic reso

nance spectrum, mass spectrum, carbon-hydrogen analysis, 

methoxy determination, and deuterium exchange with sub

sequent nuclear magnetic resonance spectrum and mass 

spectrum of the deuterated compound. 

Infrared Spectrum 

The infrared spectrum presented in Figure 8 (5% 

chloroform: 0.5 mm.) displayed carbonyl absorption at 

1770 cm,-'*' due to the presence of the gamma-butyrolactone 

(Nakanashi 1964, p. 44), aromatic absorption at 1600, 1582, 

and 1450 cm.-1 (Nakanishi 1964, p. 26), and overlapping 

methoxy and methylenedioxy absorption at 3010, 1460, 1340, 

1250, 1140, and 1020 c m . - 1  (Nakanishi 1 964, p . 36). 

Carbon-Hydrogen Analysis and 
Methoxy Determination 

The parent peak of the mass spectrum was m/e 370. 

The carbon-hydrogen analysis showed (C 68.15$ H 6,07%), 

and the methoxy determination indicated a methoxy content 
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Figure 8. Infrared Spectrum of (-)-trans-2-(3",4" 
Dimethoxybenzyl)-3~(3', 4 '-methylenedioxy-
benzyl)butyrolactone 

of 16.36$ indicating two methoxy groups. The above sup

ported the empirical formula C21H22°6' 

Nuclear Magnetic Resonance 
Spectrum 

The nuclear magnetic resonance spectrum of compound 

V (Figure 9) supported the presence of two methoxy groups 

by displaying six protons (T 6.18); in addition, the spec

trum displayed six aromatic protons (T 3.2-3.6), a methyl-

enedioxy function (T 4.12), four benzylic methylene protons 

(T 7'5) 3 a methylene adjacent to' the lactone oxygen (T 5.8-

6.0), and a doublet (,T 7.06-7.12) characteristic of two 
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Figure 9. N.M.R. Spectrum of (-)-tran&-2-(3",4"-
Dimethoxybenzyl)-3-(3',4'-mefchylene-
dioxyb enzyl)butyrolactone 

trans protons at and C^. An expanded spectrum of the 

aromatic region of compound V is shown in Figure 10. 

It is significant to compare the spectra of V (see 

above) with the isomer of V (page 9) (Burden, Crombie, and 

Whiting 1969, p. 600). The isomer of V shows six methoxy 

protons (T 6.17), six aromatic protons (T 3.0-3.5), two 

methylenedioxy protons (T 4.03), two protons adjacent to 

the lactone oxygen (T 5.96), and six protons C2, C^, C^, 

and C 6  (T 6.7-7.8). T he spectra differ only i n  the 6.7-

7.8 T region. This is because the trans configuration in 
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>CH: 

Figure 10. N.M.R. Spectrum of Aromatic Portion of 
(~)-trans-2- (3" , i^"-Dimethoxybenzyl)~3-
( 3' j ̂ '-methylenedioxybenzyl)butyrolactone 

V allows free rotation at the benzylic positions, and the 

C2 and protons are seen as a doublet and the four ben

zylic protons and Cg are seen as a singlet. The cis 

configuration in the isomer of V restricts free rotation 

at the benzylic positions, and the six protons C2, C^, 

and Cg are seen as an unresolvable complex pattern at 6.7-

7.8.T (MacLean and Murakami 1966, p. 1532). 

Mass Spectrum 

Two very important peaks are observed in the mass 

spectrum at m/e 135 (90%) and m/e 151 (95%)', these fragments 



are derived from methylenedioxybenzyl and dimethoxybenzyl 

units respectively. They are especially important in 

establishing that V like IV is a member of the gamma-

butyrolactone series of lignans and is not a member of the 

132,3j4-tetrahydronaphthalene series of which podophyllo-

toxin (page 2k) is an example. 

The significance of the m/e_ 135 and 151 fragments 

in V is better understood by considering matairesinol 

(page 27). In matairesinol the dominant fragment m/e 137 

arises from benzylic cleavage of t.he molecular ion (Duffield 

1968, p. 16)3 and is the base peak in the spectrum. Frag

ments m/e 135 and 151 are the most prominent peaks in che 

spectrum of V, and they also arise from benzylic cleavage 

of the molecular ion. In (-)-podophyllotoxin (page 24) 

the molecular ion is the base peak, and the fragment ions 

are no more than 10$ of the parent ion. Simple benzylic 

cleavage of a single bond in this series of lignans does 

not fragment the molecule, and thus rationalizes the dom

inance of the molecular ion (Duffield 1968, p. 17). Cleav

age of a single bond in the gamma-butyrolactone series 

results in benzylic cleavage and subsequently in very stable 

tropylium ions which are responsible for the fragment ions 

being the base peaks in their spectra. 

Mass spectral evidence was also utilized to estab

lish that the methoxy groups in V were in the ortho position 
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by comparing the relative abundances of fragments m/e 123, 

953 and 77 in V (Figure 11) with the same fragments in the 

ortho-, meta-3 and para-methoxybenzenes. 

Both the o- and g_-dimethoxybenzenes lose a methyl 

radical to give stable and hence prominent quinoidal frag

ments m/e_ 123. The m-isomer behaves very differently losing 

Ct^O .and CHO to give prominent fragments at m/e 108 and 

109, respectively. The o- and ^-quinoidal fragments, m/e_ 

1233 in turn lose CO to give different m/e 95 fragments. 

The m/e 95 fragment derived from o-dimethoxybenzene sub

sequently loses HgO to give a m/e_ 77 fragment. The m/e 95 

fragment from g_-d.imethoxybenzene loses CH2O to give a m/e 

65 fragment (Budzikiewicz, Djerassi, and Williams 1964a, 

pp. 180-181). 

O O + 
+ 

•och, ^ 3 
co 

m/e. 123 
O 

m/e 95 

j±!.o 

m/e 77 

-co Js_ 

h co + 
m/e 123 

hxo + 

— ch,0 A. 

m/e 65 m/e 95 

In the spectrum of matairesinol, the fragment ion, 

m/e 194 is rationalized as corresponding to a substituted 

benzyloxiranone fragment (page 27) (Duffield 1968, p. 17). 



In matairesinol the aromatic rings are identical; however, 

in compound V as in compound IV the aromatic substituents 

differ. If, however, the rationalization of the m/e 194 

fragment for matairesinol is correct, the orientation of 

the benzylic moieties relative to the lactone could be 

determined in V by observing which aromatic fragment in 

the mass spectrum bears the benzyloxiranone moiety. In 

the mass spectrum of V (Figure 11) a fragment m/e 208 (7%) 

was observed which is analogous to m/e 19^ of matairesinol 

If the benzylic moieties had been oriented as shown below 

in the isomer of V, the benzyloxiranone moiety would have 

resided with the methylenedioxybenzyl rnolety and would 

have displayed a fragment at m/e 192 instead of m/e 208. 

.4-
O 

m/e 192 

oca 
OCH3 

Isomer of 3ZT 

To confirm this argument, however, it was neces

sary to prove that the ion that is at least in part respon 

sible for the rn/e_ 208 peak is the substituted benzyl

oxiranone ion (Figure 11), This was accomplished with 

deuterium exchange and by comparison of the mass and 
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n.m.r. spectra of the deuterated derivative with the or

iginal compound. 

Mass Spectrum of the Deuterated Derivative.—The 

acidic hydrogen adjacent to the carbonyl of the lactone in 

V was replaced by deuterium. Prior to deuterium exchange, 

the m/e 208 fragment of V was present at a relative abun

dance of 10$, and m/e_ 209 fragment was very weak. After 

deuterium exchange, the m/e 209 fragment (Figure 12) in

creased in relative abundance to J%, and the m/e_ 208 frag

ment decreased to 1-2%. Also, the molecular ion was shifted 

from m/e 370 to m/e 371. The m/e 192 fragment was unaf

fected by deuteration; therefore, the benzylic functions • 

may be oriented as shown in Figure 11. 

The mass spectrum of the isomer of V (page 36) has 

been reported (Burden, Crombie, and Whiting 1969, p. 699). 

These authors reported a m/e 192 fragment (8$), but re

ported no fragment at m/e 208. This lends support to the 

argument that the assignment of the orientation of the 

benzylic units relative to the^ lactone can be made on the 

basis of mass spectral evidence. 

Nuclear Magnetic Resonance Spectrum of Deuterated 

Compound.—The spectrum of the deuterated derivative of V 

(Figure 13) differed from V only in the portion of the 

spectrum (T 7-06-7.12) which deals with the two protons at 

Cg and C^. In the spectrum of V the integration showed two 
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Figure 13. N.M.R. Spectrum of Deuterated Derivative 
of (-)-trans-2-(3",4"-Dimethoxybenzyl)-
3— (3-' '-methylenedioxybenzyl)butyrolac-
tone 

protons, whereas in the deuterated derivative the integra

tion of the same portion of the spectrum showed only 

slightly more than one proton. 

In V the ratio of the integrations of the two C2 

and protons to four benzylic protons (T 7.5) was 1:2. 

In the deuterated derivative the ratio was 1:3. This in

dicated that deuteration was not 100$; however, it did 

support the fact that the hydrogen adjacent to the carbonyl 

was the only one replaced by deuterium. 



Compounds V and IV differ in that V lacks the 

5"-OCH3' This was supported by mass spectral evidence, 

nuclear magnetic resonance, carbon-hydrogen analysis, and 

methoxy determination. These data along with comparative 

n.m.r. and mass spectra of V with the isomer of V, ac

companied by deuterium exchange and subsequent n.m.r. and 

mass spectral evidence which supports the assignment of 

the benzylic units relative to the lactone, would indicate 

that the structure offered for V is as shown (Figure 11). 

Absolute Configuration 

The absolute configurations of the 2,3-cis-lactone 

(page 9) and its 2,3-trans epimer were deduced from op

tical rotatory dispersion and circular dichronism evidence. 

The 2,3-cis-lactone was found to have a 2S, 3R configura

tion, since its o.r.d. and c.d. curves, which exhibited 

positive Cotton effects, were almost identical to those of 

(+)-isohinokinin (page 53) whose absolute configuration is 

known. In contrast, the 2,3-trans-epimer was found to have 

a 2R, 3R configuration, since its o.r.d. and c.d. curves, 

which exhibited negative Cotton effects, were very similar 

to those of (-)-hinokinin (page 59) whose absolute con

figuration is also known (Burden, Crombie, and Whiting 

1569, p. 694). 

This indicated that there was little or no dif

ference in the effect of the 3,4-dimethoxy substituent, 



as opposed to the 3,4-methylenedioxy substituent, upon the 

o.r.d. and c.d. measurements in the gamma-butyrolactone 

series of lignans. If this is true, compounds IV and V, 

whose o.r.d. and c.d. measurements will be made at a later 

date, may also have 2R, 3R configurations, since they are 

both 2j3-trans-lactones. 



CHAPTER 4 

EXPERIMENTAL 

This section deals with the types of equipment and 

methods of grinding and extracting the plant as well as the 

types of equipment used in obtaining spectral data. Also 

included is a detailed description of the materials, equip

ment, method of packing, and method of eluting silica gel as 

well as alumina columns. In addition, the preparation of 

silica gel plates and the method of eluting them is dis

cussed in detail. Following this is a discussion of the 

preparation of the acetate derivative of a-amyrin, the 

preparation of the deuterated derivative of V, and the 

preparation of the dimethoxy derivative of IV. 

Grinding of Plant 

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

Philadelphia, Pennsylvania utilizing a 3 mm. sieve was used 

for grinding 15 kg. of the plant into a fine powder. 

Extraction of Plant 

Fifteen kg, of the dried powder were extracted with 

six gallons of chloroform in a Lloyd Extractor manufactured 

by Brighton Copper Works, Cincinatti, Ohio, yielding 1.245 

kg. of crude extract. 
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Partitioning of Crude Extract 

The solvent system used for the partitioning was 

methanol, water, carbon tetrachloride, and chloroform in 

the ratio 8:2:7:3. The partitioning was done on a small 

scale using five test tubes. The lower phase of the solvent 

system (10 cc.) was placed in each test tube, and 1 g. of 

the extract was placed in the lower phase of tube No. 1. 

Upper phase (10 cc.) v/as added to tube No. 1, and the mix

ture was shaken and allowed to separate three times. After 

this, the upper phase in tube No. -1 was removed and placed 

in tube No. 2, and fresh upper phase was placed in tube 

No. 1. Roth tubes No. !. and No, 2 were then shaken and 

allowed to separate three times. Next, the upper phase 

in tubes No. 1 and No. 2 was removed and placed in tubes 

No. 2 and No. 3, respectively, and fresh upper phase was 

again added to tube No. 1. This procedure was continued 

until the upper phase initially placed in tube No. 1 had 

found its way to tube No. 5 and tubes 1-5 had been shaken 

and allowed to separate three times. 

The upper and lower phases in each tube were then 

separated and spotted on thin-layer plates in order to 

study the partitioning pattern, which subsequently showed 

that partitioning had separated the extract into two dif

ferent fractions, All five upper phases appeared to be 

very similar, as evidenced by thin-layer chromatography; 



howeverj the concentration in each sample appeared to de

crease in going from tubes 1-5. The same was true for the 

lower phase. Partitioning, however, was abandoned in favor 

of an alumina III column, because both phases abounded in 

chlorophyll. 

Thin-layer Chromatography 

Silica gel G made by Merck and distributed by 

Brinkman Instruments, Inc., Westbury, New York was used for 

all thin-layer chromatography. The thickness of the silica 

gel layer was 0.3 mm., except where preparative thin-layer 

was employed, in which the thickness of the silica gel 

layer was increased to 0.5 mm. in order to accommodate a 

greater amount of sample. All plates were prepared using 

an automatic plate maker and were activated prior to use 

by placing them in an oven at 110°C. for one hour. The 

solvent system used for all thin-layer chromatography, 

unless otherwise specified, was dichloromethane-benzene-

ethylacetate 3:6:1. All plates after being developed in 

the solvent system were sprayed with eerie sulfate solution 

and then heated with a flame to reveal the spots. The 

eerie sulfate solution was prepared by mixing 20 g. eerie 

sulfate, 56 ml. sulfuric acid, and 1 1. water. 



Silver Nitrate Impregnated 
Thin-layer Plates 

These plates were prepared by spraying the silica 

gel plates with a solution of silver nitrate. The silver 

nitrate was approximately 15$ the weight of the silica gel 

on the plate. This was accomplished by removing the silica 

gel from a number of plates and determining the average 

weight of silica gel on a plate. A solution of silver 

nitrate was made up in a calibrated spray bottle such that 

1 ml. of solution delivered 150 mg. of silver nitrate. The 

average weight of silica gel on a 0.3 mm. plate was 1.6 g.; 

consequently, 1.6 ml. of the solution was sprayed onto the 

surface of each plate. The plate was then activated by 

heating in an oven at 110°C. for 15 minutes prior to use 

(Ikan 1965, p. 591)• 

Preparative Thin-layer 
Chromatography 

V/hen preparative thin-layer chromatography was 

employed, the thickness of the silica gel layer was in

creased to 0.5 mm. The plates were analyzed by viewing 

under an ultraviolet light or by spraying the left margin 

of the plate with eerie sulfate solution and heating with 

a flame to reveal the spots. This determined which ma

terials on the plates.were the desired ones, and these were 

removed from the plate by scraping the silica gel off the 



plate with a razor blade. The silica gel was then placed 

in an Erlenmeyer flask fitted with a cork stopper; chloro

form was added, and the mixture was stirred for 15-30 

minutes. Filtration through a sintered glass funnel 

separated the chloroform soluble materials from the silica 

gel. 

Alumina III Column 

The alumina III column was used to separate the 

crude chloroform extract and to trap a large amount of 

chlorophyll. Alumina III was prepared from alumina ob

tained from Fisher Scientific Co. by adding water to the 

alumina such that the water represented 6% of the weight 

of the alumina; the mixture was then shaken overnight on 

a shaker. The purpose of adding water is to deactivate 

the alumina. It was necessary to deactivate the alumina, 

because alumina traps almost any material adsorbed on it, 

unless deactivated by the addition of water. 

A glass column 4 in. in diameter and 60 in. in 

height was employed. A pledget of cotton which covered 

the bottom of the column was introduced into the column 

and held in place with a glass rod while alumina III was 

added to a height of 2 or 3 in. to hold the cotton in 

place. The glass ro.d was then removed, and the column 

was filled to half its height with hexane; the stopcock 



was opened, and hexane was allowed to pass through the 

column. Next, 3.7 kg. of alumina III was added to the 

column as the hexane was allowed to continue dripping 

during the addition. After the alumina III had been added 

the solvent was allowed to continue passing through the 

column until the solvent level was 2 in. above the alumina 

III. The stopcock was closed, and a piece of filter paper 

cut to fit snugly inside the column, was dropped into the 

column and allowed to settle onto the alumina III layer. 

One hundred g. of the crude chloroform extract was redis-

solved in chloroform and adsorbed on 450 g. of alumina III 

After being allowed, to dry to a fine powder, it was 

sprinkled onto the surface of the hexane, which was ap

proximately 2 in. above the top of the al.umina III. The 

stopcock was opened, and the hexane was allowed to drip 

through the column until there was no hexane visible above 

the top of the material which had just been added to the 

column. Hexane was again added very gently so as not to 

disturb the column, until the column was filled. The 

column was then exhausted with hexane yielding 1.88 g. of 

the hydrocarbon mixture, compound I. 

The polarity of the eluting solvent was then in

creased very gradually by combining hexane and benzene in 

the ratios 9:1? 8:2, etc., until at a ratio of hexane-

benzene 3:7, the eluate yielded 3.1 g. of material which 



contained substances II and III. Combinations of benzene 

and dichloromethane in ratios of increasing polarity yielded 

no additional compounds; however, pure dichloromethane 

yielded approximately 5-5 g. of the lignan mixture, which 

was later separated using a dry silica gel G column. 

Liebermann-Burchard Test 

This test was conducted to determine the presence 

of cholesterol-like compounds or other tetracyclic or 

pentacyclic compounds. The test was conducted in a por

celain spot-plate by dissolving a very small portion of 

sample in one drop of acetic anhydride and adding one drop 

of sulfuric acid. .A vivid violet color indicated a posi

tive test (Stahl 1965, p. 492). 

Infrared Spectrometry 

All infrared spectra were obtained on a Perkin-

Elmer Infracord. The method of running the spectra, namely 

potassium bromide pellet, liquid film, or solution in 

appropriate solvent is specified in the spectrum of each 

compound along with the percent concentration and cell 

thickness where applicable. 

Mass Spectrometry 

All mass spectra were conducted on the Hitachi 

Perkin-Elmer RMU-6E mass spectrometer. 



Preparation of the Acetate 
Derivative of a-Amyrin 

a-Amyrin 80 mg. was allowed to stand overnight in 

the presence of 2 ml. acetic anhydride and 1 ml, of pyri

dine. The reaction mixture was poured into a separatory 

funnel containing ice water. The aqueous solution was ex

tracted repeatedly with excess ether, The ethereal solu

tion was washed once with 20 ml. water and three times with 

20 ml. of 10$ hydrochloric acid until the pyridine was com

pletely removed. The ethereal solution was again washed 

repeatedly with 20 ml, portions of water to remove the 

hydrochloric acid; washing was terminated when the solution 

became nearly neutral. Following this, 30 ml. of a 10$ 

aqueous solution of sodium bicarbonate was added to the 

ethereal solution with occasional shaking for 15 minutes 

in order to hydrolyze unreacted acetic anhydride. After 

discarding the aqueous layer, the ethereal solution was 

washed three times with 20 ml. portions of water, and the 

aqueous layers were discarded. Finally, the ethereal solu

tion was dried over anhydrous magnesium sulfate, and after 

removal of ether under vacuum, the product crystallized 

from methanol yielding 35 mg. of a-amyrin acetate. 

Melting Point Determinations 

The melting points were conducted on a Koffler 

Block; all melting points were corrected. 
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Dry Silica Gel G Column 

Silica gel G utilized for the dry column was the 

same as the material used in the preparation of thin-layer 

plates. The preparation of this type of column was re

ported by Bianchi and Cole (1969)• In place of glass 

columns, dialysis tubing of varying diameter manufactured 

by Arthur H. Thomas Co., Philadelphia, Pennsylvania was 

used. 

The dialysis tubing (1 5/8" diameter) was attached 

to a glass adapter at the top by binding the tubing to the 

glass with string and by further binding with nylon rein

forced tape. A Buchner funnel with a piece of filter paper 

inserted in the usual manner for filtration was attached 

to the bottom of the dialysis tubing in the same manner the 

tubing was attached to the glass adapter at the top of the 

column. 

Silica gel G activated in the oven overnight at 

110°C. was added to the column to a height of 70 cm. The 

silica gel G was added in three equal portions; however, 

after each addition, a rubber stopper connected to a source 

of compressed air was attached to the glass adapter at the 

top of the column, and air was gently forced into the column 

in order to pack the silica gel G. After the silica gel G 

was added to a height of 70 cm. and compressed as stated, 

additional silica gel G had to be added to attain the 



height of 70 cm. The column was allowed to stand overnight; 

this allowed the silica gel G to settle somewhat, and silica 

gel G once again had to be added to attain the height of 

70 cm. 

Two columns were prepared in this manner. To the 

first column 2.3 g. of the extract containing IV and V 

obtained from the first alumina III column was adsorbed 

on 20 g. of silica gel G and sprinkled onto the top of the 

first silica gel G column. To the second column 3-^ g. 

of the extract containing IV and V obtained from the second 

alumina III column was adsorbed onto 30 g. of silica gel G 

and sprinkled oni-o bne top of the second silica gel G 

column. 

A pledget of cotton was placed onto the top of 

each column. The solvent system, dichloromethane-benzene-

ethylacetate 3:6:1, was placed in a one liter separatory 

funnel and allowed to drip slowly onto the cotton so as 

not to allow a solvent head to build up. The solvent was 

allowed to drip until it had reached the bottom of each 

column. At this time, the solvent was shut off, and flaps 

were cut one inch apart starting at the bottom of each 

column and extending to the top of the silica gel G layer. 

A small spatula was inserted through the flap into the in

side of the column, and a sample was removed from each of 

the flaps in each of the columns, and placed in 10 ml. 



Erlenmeyer flasks. Each of. the flasks was shaken with 

chloroform, filtered, and chromatographed on thin-layer 

plates. From this it could be ascertained which segments 

of each column contained compound IV and which contained 

compound V. 

V/ 1th the above information each of the columns was 

allowed to dry overnight, sealed at the upper end, and 

placed on its side. Using a sharp knife, the column was 

sliced separating IV and V each in a pure form, after 

separation from the silica gel G. . The first dry column 

yielded 1.8 g, of IV and 0.4 g. of V; the second dry column 

yielded 0.8 g. of IV and 0.45 g. of V. 

Nuclear Magnetic Resonance 

The spectra were run on the HA 100 manufactured 

by Varian Associates, Tetramethylsilane was used as the 

internal standard, and each spectrum was run in deuterio-

chloroform at a concentration of 15%. 

Deuterium Exchange 

A small piece of sodium about the size of a pin-

head was placed cautiously into 1 ml. of D20; 70 mg. of 

compound V were dissolved in a minimal amount of tetra-

hydrofuran and this was added to the sodium-D20 reaction 

mixture. Additional tetrahydrofuran was added until the 

reaction mixture was homogeneous. The mixture was allowed 
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to stand overnight at room temperature; excess D20 was 

added to the reaction mixture, followed by extraction with 

chloroform. Drying of the chloroform solution over an

hydrous magnesium sulfate yielded 50 mg. of V deuterated 

a to the carbonyl carbon. 

Carbon-Hydrogen Analysis and 
Methoxy Determination 

Compounds IV and V were subjected to carbon-hydrogen 

analysis and methoxy determination; 50 mg. samples of each 

after drying in vacuo at 50°C. for 48 hours were sent to 

Huffman Laboratories, Wheatridge, Colorado for the analyses. 

The results of the analysis of compound IV are on page 22 

and the results of V are on pages 29 and 30. 

Preparation of Dimethoxy Derivative 

Opening of the methylenedioxy ring and conversion 

of V to its dimethoxy derivative was carried out in the 

same manner that Keimatsu and Ishiguro (1936) converted (-)-

hinokinin to matairesinol dimethylether. 

(—)-Hinokinin 

h3co 

H.CO 

ocr, 
ock 

Matairesinol 
Dimethylether 



Compound V (100 mg.) was placed in a Pyrex tube, 

8 mm. in diameter, previously sealed at one end, along 

with 0.8 ml, of methanol and 200 mg. of potassium hydroxide. 

The tube was sealed and placed in an oil bath at 175°C. for 

seven hours. Upon completion of the reaction, the tube was 

allowed to cool and was opened. After adding excess water, 

the reaction mixture was extracted with three 5 ml. portions 

of chloroform, and the chloroform discarded. The aqueous 

layer was acidified with 5I hydrochloric acid and again ex

tracted repeatedly with 5 ml. portions of chloroform. The 

combined chloroform solutions were dried over anhydrous 

magnesium sulfate, and the solvent removed under vacuum. 

The residue was taken up in methanol and methylated with 

freshly prepared diazomethane. The product of this reaction 

was spotted on thin-layer along with the authentic sample; 

the portion of the reaction product that corresponded to 

the authentic sample was purified by preparative thin-

layer chromatography yielding 30 mg. of product. 

Preparation of Diazomethane 

A mixture of 5 ml. of 40% aqueous potassium hy

droxide and 19.7 ml. ether was placed in a 50-ml. Erlenmeyer 

flask, and the mixture was copied to 5°C. To this was 

added 1.0 g. N-methylc-N' -nitro-N-nitrosoguanidine over a 

period of 15 to 25 minutes. The reaction mixture was 



allowed to stand for 10 minutes, and was poured into a 30-

ml. separatory funnel which had been previously chilled in 

ice. The reaction mixture was allowed to separate, and the 

lower layer was discarded; the upper layer was drained into 

a 50-ml. Erlenmeyer, where it was stored in the freezer 

at 0°C. over potassium hydroxide for 24 hours. The pro

cedure for this preparation was obtained through private 

communication (Aldrich Chemical Co. 1969). 

Specific Rotations 

The observed rotations for compounds IV and V 

were measured on a Zeiss OLD 4 Polarimeter at a wavelength 

of 546mu using a 1 dm. cell. Compound IV was measured at 

3.0$ and compound V at 3.8$ concentration; both were mea

sured in chloroform, 

The specific rotations calculated for IV and V 

were as follows: 

Compound IV [a]^^ = -29.83° 
^"mu 

Compound V [a]^ = -.45.26° 
^ mu . 

Ultraviolet Spectrometry 

The ultraviolet data for compounds IV and V were 

obtained using a Beckman DB-G Spectrophotometer. 



In compound IV absorption was noted at 286mu 

(Log e = 3-52) and at 246mu (Log e =3.76). 

In compound V absorption was noted at 286mu 

(Log e = 3.78) and at 2^6mu (Log e = 3.76). 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Five compounds were isolated, from the chloroform 

extract, and their structures were determined. Three of 

the compounds, the hydrocarbon mixture, triacontanol, and 

a-amyrin are known to be devoid of tumor inhibitory prop

erties. The remaining two compounds were lignans; neither 

one had previously been isolated from natural sources. 

The two lignans were (~)-trans-2-(3n,4",5"-trimethoxybenzyl)-

3-(3'j4'-methylenedioxybenzyl)butyrolactone and (-)-trans-

2-(3",4"-dimethoxybenzyl)-3-(31,4'-methylenedioxybenzyl) 

butyrolactone. 

In order to determine whether or not these lignans 

have tumor inhibitory properties, it will be necessary to 

either synthesize them or to isolate them in substantially 

larger quantities. It is encouraging, however, to note that 

several related lignans isolated from other species of 

Bursera have shown tumor inhibitory properties. 
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APPENDIX 

MOLECULAR STRUCTURES OF OTHER COMPOUNDS 

ISOLATED PROM BURSERA SPECIES 

cx 

o o 

:o 

H5CO OCH^ 

OCH.. o 

Deoxypodcphyllctoxin 

H3CO Y OCH3 
or m 
^ w' '3 

Burseran 

OCH 

h3co och3 

Peltatin-A-methylether 

OCH 

OCH3 

5'-desrnethoxy-/3-peltatfn-

A-methylether 
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HO' ho^N 

cc-Hydroxyl upene cC-Amyrin 

H3CO 

H3co^ 

H,CO o OCH-

OCH-

(40-lcohinokinin ( ± )  -  t r a n s - 2 - ( 3 " ,  4 " ,  5 " -

T n ' m e t h o x y b e n z y  I )  - 3  -

(3, A'- dimethoxybenzyl) 

butyrolactone 



oc-Fhellandrene /S'-Phel landrene 
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