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ABSTRACT 

The indigenous desert plant, Amsonia grandiflora, has a high 

carbohydrate content and an animal feed nutritive value similar to 

alfalfa. However, the plant is not grazed in the wild and a concen

trated mixture of the plant's terpenoids inhibits ethanol fermentation. 

Six compounds were isolated from the dichloromethane extract of 

the stems, leaves and flowers of A. grandiflora. The compounds were 

identified as betulinic acid, oleanolic acid, lupeol, lupeol acetate, a 

lupeol ester of dihydroxyeicosa noic acid and lupeol B -

hydroxyoctadecanoate. 

Infrared and nuclear magnetic resonance spectroscopy and mass 

spectrometry were instrumental in the identification of all six 

compounds. Further evidence was provided by melting point determina

tions, carbon-hydrogen analyses and optical rotations. In the case of 

known compounds, direct comparisons were made with authentic samples. 

Of the compounds isolated, lupeol is considered responsible for 

the inhibition of the ethanol fermentation. The triterpene acids are 

the source of the apparent impalatability of the plant. 

ix 



CHAPTER 1 

INTRODUCTION 

The genus Amsonia is composed of three recognized subgenera, two 

of which are endemic to the semi-arid southwestern United States and 

northwestern Mexico (McLaughlin, 1982). Hoffmann et al. (1985) studied 

the agronomic potential and the ethanol production of three xerophytic 

species of this genus. They discovered that A^ kearneyana Woodson and 

A. palmeri Gray showed greater agronomic potential than A^_ grandiflora 

Alexander. However, A-_ grandiflora might have a very good potential as 

a forage crop for semi-arid land. This is due to the fact that the feed 

qualities (chemical composition and in-vitro digestibility) of A;_ grand-

iflora are equivalent to those of alfalfa. In addition, the current $85 

- $115 per ton production cost of alfalfa hay in Arizona is similar to 

estimates for Amsonia species, which might require less than half as 

much water as alfalfa. But surprisingly enough, many animals in the 

wild do not graze this plant. 

During the ethanol production study, Hoffmann et al. (1985) 

discovered that a direct fermentation of the whole plant (no pretreat-

ment except drying and grinding) yielded approximately 2.6 g ethanol per 

100 gram plant material (2.6%). However, fermentation of the methanol-

soluble material extracted from A^ grandiflora only gave 1.8% ethanol. 

This indicated that fermentation inhibitors were present in the latter 

substrate. In order to remove the terpenoids from the plant prior to 

1 
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fermentation, the plant material was extracted with dichloromethane 

prior to methanol extraction. Fermentation of this methanol extract at 

various concentrations (5%, 10% and 20%) did not show any significant 

inhibitory effects. Thus, the fermentation inhibitors appeared to be 

present in the dichloromethane soluble fraction. 

A phytochemical investigation of the dichloromethane extract was 

undertaken in order to isolate and identify the chemicals that were 

inhibiting the fermentation process. Furthermore, determining the 

chemical composition of this plant might provide insight into why 

Amsonia is not grazed in the wild. 

Occurrence of the plant 

Amsonia grandiflora grows in arid and semi-arid land in the 

southwestern United States and northwestern Mexico (McLaughlin, 1982). 

The plant grows in the open or among the shrubs, often along the streams 

and washes but usually the plant occurs in sandy soil at an elevation of 

4000-4500 feet (Kearney 1960, p. 652). 

Seeds were collected during the winter of 1979-1980 from 

southwestern Arizona. The plot was seeded by hand on April 7, 1983, for 

a planned density of 18,000 plants per hectare. The plant material used 

for this study was harvested from observation plots at the Bioresources 

Research Facility, Office of Arid Lands Studies, College of Agriculture, 

University of Arizona, Tucson, Arizona. The first harvest was on May 3, 

1984 and the regrowth was harvested on July 9, 1984. 
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Description of che plant 

Amsonia grandiflora (Apocynaceae) is a herbaceous, perennial 

plant that is slightly woody at the base with stems that are leafy and 

erect. The leaves alternate along the stems with the lower leaves 

linear lanceolate and the upper leaves linear. The leaves are slightly 

dimorphic. The upper ones are shorter, almost filiform and are more 

bountiful than the middle ones. The flowers are perfect, having both 

stamens and pistils. The corolla tube (16-18 mm long) is very slender 

and swollen toward the apex. The tube is slightly constricted just 

below the limb; however, a distinct neck is not seen. The corolla lobes 

are about 10 mm long. 

Extraction of the plant 

The air-dried stems, leaves and flowers of the plant were ground 

in a Wiley mill. A 10.35 kg sample of the powdered material was 

extracted with dichloromethane in a Lloyd-type extractor. The extract 

was air-dried to yield 0.59 kg of residue that was stored at 4°C prior 

to further fractionation. 



CHAPTER 2 

ISOLATION OF PURE CONSTITUENTS 

Numerous investigations of the genus Amsonia have been reported 

in the last two decades. Several compounds have been isolated and 

characterized from Amsonia. Ursolic acid, flavonol glycosides, cyclitol 

and strictosidine synthetase have been reported to occur in this genus. 

However, most of the compounds isolated from Amsonia spp. are indole 

alkaloids. 

Bocharova (1966) established the distribution of ursolic acid in 

the Apocynaceae family, including the occurrence of ursolic acid in 

Amsonia tabernaemontana. From the same plant Szadon et al. (1972) iso

lated and characterized the new aspidosperma alkaloid, (-)vincadine, 

along with its racemic mixture. A continuation of this investigation on 

A. tabernaemontana by Szadon (1973) resulted in the isolation of 6,7-

dehydrovincadine, epivincadine, and 6,7-dehydroepivincadine. Addi

tionally, from the same plant a new dimeric alkaloid of the secodine-

type was isolated by Szadon (1975). This alkaloid was identified as 

decarbomethoxytetrahydrosecamine. 

Other extensive research was done in Japan. Secamine, 

tetrahydrosecamine, dihydrosecamine, pleocarpamine, antirhine, 

antirhinemethochloride, yohimbine, and 10-methoxygeissoschizol were 

isolated from A;_ elliptica by Haginawa (1973) and l-(-)-bornesitol was 

isolated by Nishiba (1973). Further investigations were carried out by 

4 
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Aimi et al. (1978), who isolated tabersonine, 3-oxotabersonine, N^)-

oxide-tabersonine, tetrahydroalstonine, 14,15-e poxy- 3- oxyvincadif or mine 

and 16-carbomethoxy-16-hydroxy- 14,15- oxo-1,2-dehydroaspidospermidine 

from seeds of A^_ elliptica. 

Glycosides of tamarixetin, isorhamnetin, kaempferol and 

quercetin were isolated from ciliata (Urbatsch et al., 1974). 

Arabinose and galactose were identified as the sugar moieties in these 

flavonol glycosides. 

During an investigation of the indole alkaloid biogenetic 

pathway, Treimer et al. (1979) isolated the enzyme strictosidine synthe

tase from A^ salicifolia and A^ tabernaemontana. This enzyme catalyzes 

the synthesis of 3-(S)-strictosidine from tryptamin and secologanin. 

More recently, 1-0-methyl-inositol and flavonol glycosides were 

detected in methanol extracts of A^ grandiflora, A. palmeri and A. 

kearneyana (Hoffmann et al., 1985). 

Solvent extraction and partition 

The air-dried dichloromethane extract of Amsonia grandiflora was 

further fractionated by solvent partition and extraction as described in 

Figure 1. The dichloromethane extract was triturated with n-hexane to 

give n-hexane soluble and insoluble fractions. The air-dried n-hexane 

insoluble fraction was further fractionated by solvent extraction with 

ether to give ether soluble and insoluble fractions. After evaporating 

the solvent from the ether soluble fraction, the residue was subjected 

to a three-funnel partition between n-hexane: water: 9 5 % ethanol 

(28:1:18). The separated upper layers were evaporated to dryness and 
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CH0C1T Extr. 
T248 g) 

n-hexane 

n-hexane sol. 

(109.8 g) 

acetone 

acetone insol. 

(29.7 g) 

I 

acetone sol. 

(60.0 g) 

n-hexane insol. 

(107.6 g) 

ether 

ether sol. 

. (67.2 g) 

ether insol. 
(34.4 g) . 

Si02-60 3 funnel partitioning 

Column chrom. n- hex.:H20:Et0H 95% 

(column B) ( 28 : 1 : 18 ) 

Fraction it Cmpd. isolated 

BrB3 
Very non-polar 

VB6 

B7"B9 

4 - 5  

6 

Combined 

upper layer 

(14.8 g) 

Si02~60 Column chrom, 

(Column A) 

Combined 

lower layer 

(51.8 g) 

Fraction it Cmpd. isolated 

A1 "A18 

A19_A34 

A36"A53 

A57_A91 

very non-polar 

1 

2 

3 

Figure 1. Solvent extraction and partitioning of A.grandiflora. 
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the residue was then subjected to column chromatography (column A). The 

remaining n-hexane soluble fraction was evaporated to dryness and the 

residue was extracted with acetone to give acetone soluble and insoluble 

fractions. After the solvent was removed from the acetone soluble 

fraction, the resulting residue was fractionated by column 

chromatography (column B). 

The details of the solvent extraction and partition techniques 

are described in the Experimental Section (Chapter 4). 

Silica gel-60 column chromatography 

Silica gel-60 was used as the adsorbent for both column 

chromatography of the combined upper layers and the acetone soluble 

residue. The columns were packed in the same manner as described in the 

Experimental Section (Chapter 4). 

The residue of the combined upper layers (14.8 g) was 

fractionated on silica gel-60 column A (600 g). The column was eluted 

with n-hexane containing gradually increasing amounts of ethyl acetate. 

Ninety-one fractions of 200 ml each were collected and combined on the 

basis of their TLC pictures. Fractions Ai9-A^^ consisted of a 

yellowish brown spot (compound JL) on TLC. A tailing red spot for 

compound 2 was the major component in fractions A3£,-A53» while a 

similar but more intense tailing red spot for compound 3^ was the major 

component of fractions A5i-A57» 

The residue of the acetone soluble fraction (60.0 g) was intro

duced onto column J5 packed with silica gel-60 (1.3 kg). The column was 

eluted first with n-hexane and then by n-hexane containing increasing 
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concentrations of ethyl acetate. Twelve fractions of 1,000 ml each were 

collected from column B. Two major components in fractions B^-B^ were 

observed on TLC as yellowish brown (compound 4_) and brown (compound _5) 

spots. The color changes were observed after 60 seconds of heating. 

However, when the chromatogram was allowed to cool, the colors of the 

compounds slowly changed to dark violet. 

When the fractions eluted from the columns exhibited no signs of 

compound _3 (from column A) and compound _6 (from column B), both columns 

were eluted with dichloromethane:methanol (1:1 v/v). 

Isolation of compounds 

The compounds were isolated and purified from the combined 

fractions by repeated column chromatography, preparative layer 

chromatography (PLC) or a combination of both, followed by crystalliza

tion or precipitation. The purity of the compounds was checked by TLC 

and gas chromatography (GC). These techniques and the GC conditions are 

explained in Chapter 4. 

Compound 1^ 

The combined fractions were evaporated under reduced 

pressure to dryness. The resulting residue (0.4812 g) was subjected to 

multiple developments on PLC with n-hexanerethyl acetate (90:15 v/v) as 

the solvent system. A TLC [100% CHC13; petroleum ether:diethyl ether 

(70:30 v/v); n-hexane:ethyl acetate (3:1 v/v)] pure 1_ was recovered. A 

white amorphous powder was obtained upon precipitating compound _1 from 

methanol. 
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Compound 2 

After evaporating the combined fractions A36_Aij3> the resulting 

r e s i d u e  ( 2 . 5 1 0 2  g )  w a s  r e d i s s o l v e d  c o m p l e t e l y  i n  

methanol:dichloromethane (1:1 v/v) by stirring with a magnetic stirrer 

for 30 minutes. The solution was allowed to stand at room temperature 

overnight. Compound 2 crystallized out as colorless needles and was 

recovered by filtration. According to TLC, impurities remained after 

washing the crystals with n-hexane. Therefore, compound 2_ was purified 

by PLC [n-hexane:ethyl acetate (3:1 v/v)] followed by recrystallization 

from methanol:dichloromethane (1:1 v/v). Compound 2 (trimethylsilyl 

derivative) appeared as a single peak on the gas chromatogram with 

retention time of 10.9 minutes. 

Compound 3^ 

Compound 3, the major component in the residue (4.7726 g) of 

fractions A^y-Ag^. was insoluble in most organic solvents. Thus, 

compound 3^ was isolated by the following procedure: first, a portion of 

the residue (1.5725 g) was acetylated with acetic anhydride in pyridine. 

Second, after separation by PLC [n-hexane:ethyl acetate (4:1 v/v)], the 

resulting acetate was deacetylated with 10% methanolic potassium 

hydroxide. Finally, the deacetylated compound was crystallized from 

methanol as transparent fine needles. When the trimethylsilyl 

derivative of compound 3^ was injected into the gas chromatography 

column, a single peak with a retention time of 10.0 minutes was 

observed. 



Compounds j\_ and Jj 

. The residue of fractions B^-B^ (1.9243 g) that consisted of 

compounds and 5_ as the major components was rechromatographed over 

silica gel-60 using n-hexane containing gradually increasing amounts of 

ethyl acetate (0% to 6%). Eighty-two fractions of 25 ml each were 

collected and combined on the basis of their TLC pattern. Fractions 11-

49 which contained compound 4 as their major component were combined and 

evaporated to give white flakes. Compound b_ was isolated from this 

r e s i d u e  ( 0 . 6 8 2 3  g )  b y  P L C ,  [ n - h e x a n e : e t h y l  a c e t a t e  ( 1 0 0 : 1 0  v / v ) ;  t w o  

developments]. Crystallization from acetone afforded 4^ as colorless 

needles that exhibited a single peak with a retention time of 8.8 

minutes on the gas chromatogram. 

Fractions 50-82, which showed essentially a single spot on TLC 

[n-hexane:ethyl acetate (100:10 v/v)], were combined and evaporated to 

dryness under vacuum. The resulting residue (0.7751 g) was subjected to 

PLC, [n-hexane:ethyl acetate (100:7 v/v); two developments] to give TLC 

pure 5i [ benzene:chlorof orm (1:1 v/v); dichloromethane 100%; petroleum 

ether:diethyl ether (90:10 v/v)]. Precipitation from methanol gave Jj as 

a white amorphous powder. 

Compound b_ 

According to TLC [n-hexane:ethyl acetate (100:25 v/v], fractions 

By-Bg contained compound 6^ as the primary component. Fractions B7-B9 

were combined and evaporated to dryness under vacuum. The resulting 

residue was purified by PLC [n-hexane:ethyl acetate (100:25 v/v)] to 

give compound jj, which crystallized as colorless needles from acetone. 
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Its trimethylsilyl derivative showed a single peak on the gas 

chromatogram with a retention time of 8.1 minutes. 



CHAPTER 3 

CHARACTERIZATION OF THE CONSTITUENTS 

The structures of the compounds isolated from the plant extract 

were established by a combination of physical data, preparation of 

derivatives, and comparison with authentic samples and/or previously 

reported data. The six compounds isolated from the plant extract are 

betulinic acid (compound 2^), lupeol (compound j6), oleanolic acid 

( c o m p o u n d  3 ^ ) ,  l u p e o l  a c e t a t e  ( c o m p o u n d  4 0 ,  l u p e o l  6  -

hydroxyoctadecanoate and a high molecular weight lupeol ester (compound 

Betulinic acid (compound 2) 

T h e  c o l o r l e s s  n e e d l e s  o f  c o m p o u n d  2_  o b t a i n e d  f r o m  

recrystallization with dichloromethane:methanol (1:1 v/v) had a melting 

29 

1) 

RO 

COORi 
28 

24 23 

R R1 

2 H H 
2a H Me 
2b COMe H 
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point range of 317-318° C and [a]p +5.6° (pyridine; c, 0.45); reported 

304-308°C and [a]^5+7° (Kircher 1980), 315-321° C and [ct]^5+10° (Boiteau 

1964, p. 116), 290-291° C (Ogura 1977). 

Infrared spectrum (IR). 

The infrared spectrum of compound 2 in KBr (Figure 2) was very 

informative. The spectrum displayed characteristic absorption bands at 

3435 (OH), 3300-2500 (carboxylic C=0), 3080 (unsaturated C-H) and 1385-

1370 cm-"'' (doublet, gem-dimethyl) (Nakanishi 1966, p. 20). The nature 

of the unsaturation was indicated by bands at 1640 and 878 cm"^ which 

suggested a terminal methylene (Nakanishi 1966, p. 24). 

Nuclear magnetic resonance (NMR) 

The assignments made from the IR spectrum were supported by NMR 

spectrum of 2 (pyrldine-d^) (Figure 3). From the methylene and methyl 

absorptions and appearance of the rest of the spectrum, compound 2_ was 

suspected to be either steroid or triterpenoid. The spectrum displayed 

signals for six methyl groups: five tertiary methyls at 60.83, 0.99, 

1.06 (2), 1.21 ppm, and a vinyl methyl at 6 1.68 ppm; and two methylene 

protons at 64.70 and 4.90 ppm (Ogura 1977). A one proton signal at 

63.40 ppm (multiplet) was shifted to 6 4.55 ppm (triplet; J = 7 Hz) upon 

acetylation. This indicated the presence of a methine proton of a 

secondary -OH and the high coupling constant indicated that the hydroxyl 

group was stereochemically in the equatorial position. 
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Figure 2. Infrared spectrum of betulinic acid (2). 
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Figure 3. NMR spectrum of betulinic acid (2). 



Mass spectrum (MS) 

The low resolution electron impact mass spectrum (EIMS) dis

played a molecular ion peak at m/z 456 (M+*) (Figure 4). The fragmenta

tion pattern in the EIMS of 2_ was strongly indicative of a pentacyclic 

triterpenoid with a lupane skeleton. The fragment ions of M+", m/z 438 (M+" 

- H2O) and 410 (M + ' - HCOOH), were the major peaks in the upper mass 

region. The peaks at m/z 248, 207, 189 (base peak) were attributed 

principally to a ring C fission of a lupane-type triterpenoid with 

charge retention either on ring A/B or D/E fragment (Figure 5). The 

presence of carboxyl group in the ring D/E moiety and hydroxyl group in 

the ring A/B moiety were confirmed from the mass spectra of its methyl 

ester (m/z 248 shifted to m/z 262) and the acetate (m/z 207 shifted to 

m/z 249) derivatives (Budzikiewicz 1963). 

All the above physical and spectral data presented for compound 

2 were in agreement with the data reported in the literature for 

betulinic acid, which has been isolated previously from numerous sources 

(Rao 1966; Misra 1967; Hargreaves 1968; Ogura 1977; Kircher 1980). 

Direct comparison with an authentic sample confirmed the identity of 

compound 2^ as betulinic acid. They had identical Rf values and a mixed 

melting point showed no depression. The IR, NMR and mass spectra of 

compound 2 were superimposable with those of an authentic sample isolated 

from Manilikara discolor by S. D. Jolad (unpublished result). 

Carbon, hydrogen analysis 

The carbon, hydrogen analysis of compound 2_ (observed: C, 78.46, 

H, 10.49; calculated: C, 78.90, H, 10.59) was consistent with the 
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Figure 5. Major fragment ions (m/z ratio) in the mass spectra 

of betulinic acid (2^ and its derivatives (2a, 2b). 
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^30**48®3 molecular formula that was established by high resolution mass 

spectrometry (HRMS). 

Methyl ester derivative (2a) 

Esterification of compound 1_ with ethereal diazomethane yielded 

methyl betulinate (2a), characterized by its melting point (222°C), 

mixed melting point (no depression) and cochromatography (identical Rf 

values) with an authentic sample. The mass [m/z 470 (M+*)], IR (1725 

cm ester C=0), NMR ( 6 3.65 ppm; singlet; -COOOCH^) spectra were 

superimposable with the authentic sample (prepared by esterifying 

authentic betulinic acid with ethereal diazomethane). 

Lupeol (compound &) 

The colorless needles of compound 6^ were obtained from acetone 

and had a melting point of 214°C and [a] 25 +24.6° (chloroform; c, 0.42); 
D 

reported: 212-216°C and [a ]^5 +28° (Boiteau 1964), 210-213 °C and [ajp' 

+23° (Kircher 1980), 174-175 °C (Kamano 1976). Compound 6_ was suspected 

to be a triterpenoid with the lupane skeleton on preliminary examination 

of its spectral data with those of betulinic acid (compound 2). 

Infrared spectrum (IR) 

There was no carbonyl band in the IR spectrum (KBr) (Figure 6) 

of compound 6* The characteristic bands at 3340 (OH), 3075, 1650, 885 

(unsaturation) and 1388-1370 cm-1 (doublet, gem-dimethyl) were also 

present in the IR spectrum of betulinic acid (2^). 
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Mass spectrum (MS) 

The EIMS compound 6^ (Figure 7) displayed a fragmentation pattern 

very similar to that of betulinic acid (2^). This indicated that they 

shared the same type of structure. The peaks at m/z 426 (M+*)} 411, 

408, 393 and 218 were lower by 30 mass units than the corresponding 

peaks in compound (Figure 8), as required by substitution of a methyl 

for acarboxyl at C-17 in 6. The peaks at m/z 207 and 189 (base peak), 

analogous to fragments seen in the mass spectrum of 1_, delineated the 

location of the -OH group in 6^ (Budzikiewicz 1963). 

RO 

R_ 

6 H 

4  COMe 

OH 

5 COCH2CH(CH2)i4Me 

1 Dihydroxyeicosanoate 
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Figure 6. Infrared spectrum of lupeol (6). 



1Q0 189 

•H 

323. 

400 350 250 300 200 150 100 50 

m/z 

Figure 7. Mass spectrum of lupeol (6). 
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Figure 8. Major fragment ions (m/z ratio) in the mass spectra 

of lupeol (6) and its derivative (6a). 
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Nuclear magnetic resonance (NMR) 

The NMR signals of 6^ (CDCI3) (Figure 9) were similar to those of 

2 with the major difference being that the carboxyl was replaced by a 

methyl absorption in 6. Instead of six methyls in 2, there were six 

tertiary methyls between 6 1.03 and 0.76 ppm and one olefinic methyl at 

61.68 .ppm. Two olefinic hydrogens absorbed at 6 4.55 and 4.70 ppm and 

one methine proton of the secondary -OH of absorbed at 6 3.20 ppm 

(Kamano 1976) and shifted to <5 4.55 ppm (triplet; J = 7.2 Hz) when the 

hydroxyl was acetylated (Kircher 1980). These data indicated that 

compound b_ possesses the same a -H, g-OH configuration at C-3 as does 

betulinic acid (2). 

Carbon, hydrogen analysis 

The molecular formula C30H50® was confirmed by the carbon, 

hydrogen analysis (observed: C, 84.74, H, 12.40; calculated: C, 84.50, 

H, 11.70) and the mass spectral molecular ion peak at m/z 426. The 

proton number in the NMR spectrum of 6^ as well as its acetyl derivative 

supported the molecular formula. 

In the light of the above evidence, compound b_ was confirmed as 

lupeol, a triterpenoid isolated and characterized from various sources 

(Kamano 1976; Rao 19877; Kircher 1980). Direct comparison of 6^ with an 

authentic sample by mixed melting point (undepressed), cochromatography 

(identical Rf values) and spectra (IR, MS, NMR superimposable) 

confirmed the identity of compound 6_ as lupeol. The authentic sample 

was isolated from Asclepias subulata by S. D. Jolad (unpublished 

results). 
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Acetyl derivative (6a) 

Acetylation of compound 6_ with acetic anhydride in pyridine gave 

a monoacetate (6a) that crystallized from acetone as colorless needles. 

No depression was observed in the mixed melting point at 209°C of 6a_ and 

the acetate of the authentic sample. The mass [m/z 468 (M+")l, IR (1725 

cm-1, ester C=0), and NMR ( 2.05 ppm; singlet; -OOCCH^) spectra were 

superimposable with the authentic sample spectra. The authentic sample 

of acetyl lupeol was prepared by acetylating the authentic lupeol with 

acetic anhydride in pyridine. 

Oleanolic acid (compound .3) 

Colorless fine needles of compound 2_ were obtained after 

hydrolysis of 3a, followed by crystallization from methanol. Compound 3^ 

had a melting point at 301°C and [a]^ +64° (pyridine; c, 0.45) 

reported: 308-310° C and [ a]^ +69° (Boiteau 1964, p. 139), 300-305°C and 

30 29 
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3a 
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COMe 

COMe 

5i 

H 

H 

Me 



[a]p5 +67° C (Kircher 1980), 280-283°C (Hiller 1975), 300-302°C and [af^ 

+78° (Misra 1981). 

Infrared spectrum (IR) 

The infrared spectrum of 3 (KBr) (Figure 10) displayed 

characteristic absorption bands at 3400 (OH), 3000-2500 (C00H), 1695 

(carboxyl C=0) and 1391-1362 cm--*- (doublet, gem-dimethyl) (Nakanishi 

1966, p. 20). The IR spectrum of compound 3^ was very similar to that of 

compound 1_ except that the band at 882 cm--'- (terminal methylene) was 

absent. The unsaturation bands at 3075 and 1640 cm ^ were not observed. 

However, a yellow color was seen when a few drops of tetranitromethane 

solution was added to the crystal of compound 3^ This indicated that 

unsaturation was present in compound J3 (Bruice 1968). 

Mass spectrum (MS) 

The low resolution EIMS of compound 3^ (Figure 11) exhibited the 

molecular ion peak at m/z 456 (M+*). The mass spectrum of 3 was very 

similar to that of compound 2 that also showed the molecular ion peak at 

m/z 456 (M+*). Some major peaks at high mass were m/z 438 (M+* - ̂ 0), 

423 (438 - CH3), 411 (M+* - COOH) and 410 (M+* - HC00H). The more 

informative fragments were m/z 248 (base peak), 203, 189 and 133 that 

are attributed to the ring C cleavage with charge retention either on 

ring A/B or D/E moiety (Figure 12). Whether the carboxylic and hydroxyl 

groups are on the ring A/B or D/E fragment can be deduced by comparing 

the mass spectrum of 3^ with those of 3a and 3b. The presence of 

hydroxyl group in the ring A/B moiety was confirmed by the mass spectrum 



WAVELENGTH IN MICRONS 
25 3 3 5 4 4.5 5 5 5 6 65 7 7 5 6 9 10 >1 12 14 16 

LLFILFIRFLS 

<000 3000 2000 1800 1600 MOO 1200 1000 800 600 

WAVENUMBER CM'1 

Figure 10. Infrared spectrum of oleanolic acid (3). 
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Figure 12. Major fragment ions (m/z ratio) in the mass spectra of 

oleanolic acid (3) and its derivatives (3a, 3b). 
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of acetyl derivative (3a) (m/z 207 shifted to m/z 249). The presence of 

the carboxylic group in the ring D/E moiety was confirmed by the mass 

spectrum of acetyl, methyl ester derivative (3b) (m/z 248 shifted to m/z 

262) (Budzikiewicz 1963). 

Nuclear magnetic resonance (NMR) 

The NMR spectrum of 3^ (CDCl^) (Figure 13) confirmed the data 

given by the IR and mass spectra. The NMR spectrum of 3 displayed a 

signal at <5 3.19 ppm (multiplet) that was shifted to 6 4.51 ppm (trip

let,, J = 8.6 Hz) upon acetylation. This signal, which was similar to 

that of acetyl lupeol (6a), indicated the presence of a secondary alco

hol with the hydroxyl group in the equatorial position (Silverstein 

1981, p. 235). A multiplet signal at 6 2.82 ppm (two protons) was 

assigned to the methylene group at the a position of a C-C double bond 

(Alves 1966). The range between 6 1.13 and 0.76 ppm was integrated to 

be 21 protons that account for 7 tertiary methyl groups: one methyl 

each at 5 1.13, 10.3, 0.96, 0.95, 0.94, 0.78 and 0.76 ppm. The carboxy

lic acid and hydroxyl protons did not give any detectable signals in the 

NMR spectrum of 3. However, the NMR spectrum of (CDCl^) of 3b (acetyl 

and methyl ester derivative) gave 2 characteristic additional peaks at 

<S3.65 (singlet, 3 protons of -COOCH^) and 2.10 ppm (singlet, 3 protons of 

CHjCOO- ). In comparison with the NMR spectrum of 2^ (betulinic acid), 

two terminal methylene protons and three vinyl methyl protons were 

absent in the NMR spectrum of 3. 
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Carbon, hydrogen analysis 

The carbon, hydrogen analysis of compound 3^ (observed: C, 78.48, 

H, 10.90; calculated: C, 78.94, H, 10.53), molecular ion peak at m/z 456 

and the proton number in the NMR spectrum of ^ as well as its 

derivatives confirmed the molecular formula £30^430-3. 

Based on the similarity of its physical and chemical data to the 

previously reported data for oleanolic acid (Djerassi 1953, Alves 1966, 

Hiller 1975, Anjaneyulu 1977, Kircher 1980, Misra 1981), compound 3_ was 

established as oleanolic acid. Direct comparison of 3^ with an authentic 

sample (obtained from Dr. Kircher) by mixed melting point (undepressed), 

cochromatography (identical Rf values) and superimposable spectra (IR, 

NMR, MS) confirmed the identity of compound 3^ as oleanolic acid. 

Acetyl derivative (3a) 

After purification by preparative thick layer chromatography, 

compound ^a crystallized from methanol as colorless fine needles with 

melting point at 265°C. The IR spectrum of 3>a showed the additional 

carbonyl absorption band of the acetyl group at 1725 cm The NMR 

spectrum (with a peak at 6 2.06 ppm) further verified the presence of 

the acetyl moiety (Alves 1966). The mass spectral molecular ion peak 

was shown at m/z 498 (M+"). 

Acetyl, methyl ester derivative (3b) 

Methylation of compound 3a with ethereal diazomethane yielded ̂ b 

(3-acetyl methyl oleanolate), which crystallized from a mixture of ether 

and petroleum ether as colorless thin cubes with a melting point range 



34 

of 217-219°C. Instead of the molecular ion peak of 3]j, a daughter ion 

peak (M+" - 60) appeared as the highest mass ion peak in the mass 

spectrum. Loss of one molecule of acetic acid (60 mass units) is one of 

the common neutral losses to give an important spectral peak (McLafferty 

1980, pp. 85 and 284). The IR spectrum of lacked the broad band at 

3300-2500 cm"''1. The carbonyl stretching frequency of 1690 cm was 

shifted to 1730 cm"\ indicating that the esterification of-C00H had 

been completed. The NMR spectrum displayed an additional peak at 6 3.65 

ppm (carbomethoxy group) (Anjaneyulu 1977). 

Acetyl lupeol (compound 4) 

The colorless needles of compound 4^ obtained by crystallization 

o c 

from acetone had a melting point of 209°C and [<*1^ +41° (chloroform; 

c, 0.43): reported: 208-210°C and [a]^5 +44.4° (chloroform; c, 0.81) for 
D 

naturally occurring acetyl lupeol isolated from Thevetia neriifolia by 

Rao (1967). The low resolution EIMS of compound k_ (KBr) (Figure 15) 

displayed characteristic absorption bands at 3080 (unsaturated C-H), 

1725 (ester C=0), 1645 (C-C double bond), 1388-1370 (doublet, gem-

dimethyl), 885 (terminal methylene) and 1245 cm ^ (acetate C-0 band) 

(Nakanishi 1966, p. 44). 

Based on the spectra (MS and IR), compound b_ was presumed to be 

a triterpene with a lupane type skeleton, that has an acetyl group on 

ring A or B. The NMR spectrum of 4^ (CDCl^) (Figure 16) indicated that 

compound was 3-acetyl lupeol. The NMR spectrum displayed the 

following signals: two singlets at 64.58 and 4.70 ppm (two terminal 

methylene protons), triplet at o 4.55 ppm (one methine proton; J = 7.2 
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Figure 16. NMR spectrum of acetyl lupeol (A). 
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Hz), singlet at 6 1.68 ppm (a vinyl methyl) and 6 methyl groups between 

61.03 and 0.80 ppm (Kircher 1980). 

Direct comparison of compound b_ with compound 6ti (semi-synthetic 

acetyl lupeol) showed no depression (in the mixed melting point), iden

tical Rf values (cochromatography) and superimposable IR, NMR, and mass 

spectra. 

Lupeol B -hydroxyoctadecanoate (compound ,5) 

Compound _5, obtained as a white amorphous powder by 

precipitation from methanol, had a melting point of 71°C and [ct]^5 

+22.98° (chloroform; c, 0.97). 

Infrared spectrum (IR) 

The IR spectrum of compound 5_ (KBr) (Figure 17) was very similar 

to that of compound h_ (acetyl lupeol) except that the acetate band (1240 

cm-*, sharp) was absent. The spectrum exhibited absorption bands at 

3460 (OH), 3080 (unsaturated C-H), 1735 (ester C=0), 1640 (C-C double 

bond) and 880 cm-* (terminal methylene). In addition, methylene signals 

were exhibited at 1465-1380 (doublet, CH2C=0 bending) and 720 cm * 

[(CH2)n rocking] (Nakanishi 1966, p. 21). 

Mass spectrum (MS) 

The low resolution EIMS (Figure 18) displayed the molecular ion 

peak at m/z 708 (M+"). The mass spectrum of jj showed some characteris

tic peaks of the lupane series such as m/z 218, 203, 202 and 189 (base 

peak). These peaks, which also appeared in the mass spectrum of 
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compounds (lupeol) and b_ (acetyl lupeol), indicated that _5, 6^ and 

shared the same type of skeleton. 

Nuclear magnetic resonance (NMR) 

The NMR spectrum of jj (pyridine-d^) (Figure 19) substantiated 

the data given by the IR and mass spectra. The NMR spectrum displayed 

signals of a terminal methylene group at 6 4.69 ppm, one methine proton 

at 6 4.45 ppm (multiplet) and a methylene proton signal (doublet) at 

6 2.73 ppm.One vinyl methyl group appeared at 61.73 ppm (singlet) and a 

large peak at 6 1.26 ppm indicated the presence of several identical 

methylene groups. The rest of the spectrum between 6 1.01 - 0.82 ppm 

accounted for 7 methyl groups. 

Based on the data obtained from the IR, NMR and MS spectra, 

compound 5^ was assumed to be an ester of a long-chain hydrocarbon and a 

triterpene of the lupane-type. Hydrolysis of compound j> with 5% 

methanolic K.0H yielded an alcohol (5a) and a carboxylic acid (5b). 

Alcohol 5a (lupeol) 

Compound 5a crystallized from acetone as colorless needles with 

a melting point at 213 C and [a]^ +25.2° (chloroform; c, 0.43). 
D 

According to the data presented by the IR, mass [m/z 426 (M+*)] and NMR 

spectra, compound jia appeared to be lupeol. In direct comparisons of 

compound 5a with compound b_ (lupeol), an undepressed mixed melting point 

and identical Rf values (cochromatography) were observed. Comparison of 

the IR, MS and NMR spectra of j>a with those of compound 6^ (lupeol) 

confirmed compound 5a^ as lupeol. 
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Figure 18. Mass spectrum of lupeol 3 -hydroxyoctadecanoate (5). 
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Carboxylic acid 5b 

( B -hydroxyoctadecanoic acid) 

Compound 5Js appeared as transparent flakes upon crystallization 

from a mixture of diethyl ether and petroleum ether. The flakes had a 

25 
melting point of 72°C and [a] -13.8° (chloroform; c, 1.25); reported: 

D 

melting point 89°C and [<* -12.5° (Bergstrom 1952; Herz 1976). 

Infrared spectrum (IR) 

The IR of 5 Jd (Figure 20) in KBr showed characteristic absorption 

bands of carboxylic acids and long-chain hydrocarbons. The spectrum 

displayed bands at 3560 (free -OH), 3300-2500 (-C00H) and 1690 cm--'-

(carboxyl C=0). The methylene absorption bands were exhibited at 2925 

(-CH2 asymmetric), 2850 (-CH2 symmetric), 1470 (-CH2 scissoring) and 720 

cm--'- t(CH2)n rocking] (Nakanishi 1966, p. 20). 

Nuclear magnetic resonance (NMR) 

The NMR spectrum of jjjs (CDClj) (Figure 21) exhibited a one 

proton signal at 6 4.00 ppm (methine group, a to - OH), a methyl triplet 

( J  =  7  H z )  a t  6 0 . 8 8  p p m  a n d  a  l a r g e  p e a k  c e n t e r e d  a t  6 1 . 2 4  p p m  

i n t e g r a t i n g  f o r  m o r e  t h a n  2 4  p r o t o n s .  I n  a d d i t i o n ,  t h e r e  w e r e  t w o  

doublets of doublets at 6 2.52 ppm (J = 16, 4 Hz) and at 6 2.41 ppm (J = 

16, 8.5 Hz) in the form of an AB system, which is characteristic of two 

non-equivalent protons adjacent to a carbonyl group (Herz 1976). The 

hydroxyl and carboxyl proton appeared together at 6 6.50 ppm as a broad 

peak. Two extraneous peaks at 6 5.3 (triplet) and 2.0 ppm were assumed 

to be the signals of impurities as their integration did not match any 

o t h e r  p e a k  ( 7 . 7  f o r  o n e  p r o t o n  o f  _5 _ b  a n d  1 . 0  f o r  o n e  p r o t o n  o f  
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impurities). This fact was confirmed by gas chromatography of compound 

5b. The TMS derivative of 5_b appeared in the gas chromatogram with 

retention time of 13.2 minutes, and an additional peak appeared with 

retention time of 14.04 minutes (approximately 14.0% of the 5b peak 

height). 

Mass spectrum (MS) 

The low resolution EIMS of 5ti (Figure 22) did not give the 

molecular ion peak. However, the highest mass fragment (daughter ion 

after losing one molecule water) appeared at m/z 282. Other major 

important peaks in the mass spectrum were m/z 255 (M+* - COOH), 254 (M+* 

- HCOOH), 194 and 89 (base peak). The empirical formula of the major 

fragments shown in Figure 23 was established by high resolution mass 

spectrometry (HRMS). 

Based on the data given by the IR, NMR and mass spectra, 

compound _5b was substantiated as B- hydroxyoctadecanoic acid. The NMR 

verified the presence of a long chain of methylenes, one methyl, one 

carboxyllc acid, one secondary alcohol and one non-equivalent methylene. 

The mass spectrum confirmed the elemental analysis of m/z 89 as C^H^O^ 

(HRMS). The data supported the placement of the -OH group as B to the -

COOH group. 

A diterpene ester of 3-hydroxyoctadecanoic acid was isolated for 

the first time by Herz (1976) from Eupathorium hyssopifolium. Free 

B -hydroxyoctadecanoic acid and free lupeol were reported to occur 

together in the leaves and stems of Centaurea aspera by Pitcher (1984). 
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However, the presence of lupeol B -hydroxyoctadecanoate in Amsonia 

grandiflora is the first report of its occurrence in nature. 

High molecular weight lupeol ester (compound 1) 

Compound 1 was obtained as a white amorphous powder by 

precipitation from methanol. Compound 1_ had a melting point of 75°C. 

The IR (KBr) (Figure 24) and NMR (CDCI3) (Figure 25) spectra of 

compound were very similar to those of compound 5_ (lupeol g -

hydroxyoctadecanoate). The mass spectrum (Figure 26) showed the 

molecular ion peak at m/z 752 (M+") and some important peaks that also 

appeared in the mass spectrum of compound 5^. These peaks were at m/z 

218, 202, 203 and 189 (base peak). These peaks were characteristic for 

the mass spectrum of lupeol when ring C undergoes fission. 

Upon hydrolysis with 10% methanolic KOH, lupeol was obtained 

from the resulting products along with a trace amount of an acid. 

Lupeol was identified on the basis of its melting point, spectral data 

and comparison with compound 6^ (lupeol). During the work-up, an insuffi

cient amount of the acid was recovered for identification purposes. 

Attempts to obtain additional material from subsequent collections of 

Amsonia grandiflora were unsuccessful. Apparently compound 1_ was pro

duced by the plant only under the conditions of the first harvest. 

By high resolution mass spectrometry (HRMS) compound JL was 

determined to have the molecular formula C^QHggO^. The presence of two 

hydroxy groups in compound 1^ was recognized from the low resolution mass 



WAVEIENGIH IN MICRONS 
4.5 5 5 5 

FflSHPPPfg 
iiSilllsi. 

iiiiJliilLiiUx"! iiUiiliilk1 --t+T1——  rtrnttiiTl-

rnm 
rpwiTi 

.tooo i r.oo IOOO 
WAVENUMbfcR  CM 
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spectrum as it readily lost two molecules of water. Therefore, compound 

^ is an ester of lupeol and an unidentified dihydroxy derivative of 

eicosanoic acid. 



CHAPTER 4 

EXPERIMENTAL 

This chapter describes in detail various techniques employed to 

grind and extract the plant, to isolate pure constituents from the crude 

plant extract and to prepare their derivatives. The crude plant extract 

was initially subjected to simple techniques such as solvent extraction, 

precipitation and partitioning to obtain less complex fractions. More 

sophisticated techniques such as column chromatography and preparative 

layer chromatography (PLC) were employed to resolve these fractions into 

pure compounds. The purity of individual compounds was checked by TLC 

and gas chromatography. 

Grinding of the plant 

The air-dried stems, leaves and flowers of the plant were ground 

in a Wiley mill (Arthur H. Thomas; Philadelphia, Pennsylvania) to a 3 mm 

particle size and stored at 4°C prior to extraction. 

Plant extraction 

The dry powdered plant material (10.35 kg) was extracted with 

dichloromethane in an eight-liter capacity Lloyd-type extractor 

(Brighton Copper Works, Cincinnati, Ohio). After evaporating the 

solvent, a residue of 0.59 kg remained. 

54 



Solvent extraction and partitioning 

The flow chart in Figure 1_ summarizes the solvent extraction and 

partitioning of the crude dichloromethane extract. A portion of the 

dichloromethane extract (248 g) was placed in a two-liter stainless 

steel container and extracted with it-hexane (1000 ml) by mixing for one 

hour with a magnetic stirrer. The resulting suspension was centrifuged 

at 15,000 rpm for 10 minutes at 10°C ("Beta-Fuge" Model A; Lourdes 

Instruments Corp., Brooklyn, NY) and the clear supernatant liquid was 

decanted. The n-hexane insoluble residue was extracted several times 

with n-hexane followed by centrifugation until n-hexane soluble fraction 

was nearly colorless. 

The air-dried it-hexane insoluble fraction (107.6 g) was further 

separated into ether soluble and insoluble fractions by extracting 

several times with ether (1000 ml each extraction). The ether 

extraction procedure was similar to the previously described n-hexane 

extraction procedure. 

The ether soluble fraction was subjected to three-funnel 

partitioning using upper and lower phases of n-hexane:water:95% ethanol 

(28:1:18 v/v). Three four-liter separatory funnels marked A, B, and C 

were mounted on rings clamped to stands with firm bases. The ether 

soluble fraction (67.2 g) was dissolved in a mixture of upper (1500 ml) 

and lower (1500 ml) phases and the solution was introduced into funnel 

A. The funnel was then stoppered and shaken gently, releasing the 

internal pressure after each shaking by opening the stopper, until 

further shaking developed no additional pressure. The funnel was then 



shaken vigorously for three minutes with excess vapor released via the 

stopcock and returned to the ring to allow the suspension to settle. 

When two sharply defined layers had formed, the lower layer was 

carefully transferred to funnel B. To this funnel, fresh upper phase 

(1500 ml) was introduced. The extraction process was repeated as des

cribed above and the clear lower layer was transferred to funnel C. 

Fresh upper phase (1500 ml) was added to funnel C and after extraction 

as described previously, the lower layer (marked Low 1) was separated. 

The upper layers in funnels A, B and C were marked Up 1, Up 2 and Up 3, 

respectively. In a similar manner Up 1, Up 2 and Up 3 were extracted 

twice with fresh lower phases which were marked Low 2 and Low 3 as they 

emerged out of funnel C. All the upper phases (Up 1, 2 and 3) were 

combined and evaporated to dryness under vacuum. Similarly, all the 

lower phases (Low 1, 2 and 3) were combined and evaporated to dryness 

under vacuum. 

The n-hexane soluble extract (109.8 g) was separated into ace

tone soluble and insoluble fractions by the same procedure described to 

separate the n-hexane insoluble extract into ether soluble and insoluble 

fractions. Each extraction used 750 ml of acetone. The combined ace

tone soluble fractions were evaporated to dryness (60.0 g) under vacuum. 

Because the acetone insoluble residue was very sticky, it was recovered 

by dissolving in dichloromethane. Subsequently, the solvent was removed 

under vacuum to give a residue weighing 29.7 g. 



Chromatography 

The silica gel-G, silica gel-60 PF254, and silica gel-60 used 

for thin layer, preparative thick layer, and column chromatograpy was 

manufactured by E. Merck and distributed by Brinkraann Instruments, Inc., 

Westbury, New York. 

Thin layer chromatography 

The plates (20 x 20 cm) were prepared with an automatic plate 

maker (Camag, Homburgerstrasse, Muttenz, Switzerland) distributed by 

Gelman Instrument Co., Ann Arbor, Michigan. Each plate was coated with 

a 0.3 mm thick slurry of silica gel-G (60 g silica gel-G in 130 ml 

distilled water). The coated plate was allowed to air-dry for one hour 

and then activated for at least one hour in an oven set at 110°C. The 

plates were removed from the oven, air-cooled, and stored in a light-

free dessicated container. 

The samples being examined were dissolved in a mixture of 

methanol and dichloromethane (1:1 v/v) at a concentration of 

approximately 1% w/v. Using 2 |il TLC-spotting capillaries (Brinkmann 

Instruments, Inc.) the samples were applied 15 mm from the lower edge 

and the sides of the activated plate, and 15 mm from neighboring spots. 

After the spots were air-dried, the plate was introduced into a glass 

chamber containing the developing solvent system. When the solvent 

migrated to within 15 mm of the top of the plate, the plate vaz removed, 

air-dried and then observed under ultraviolet light at 254 nm and/or at 

364 nm. Finally the plate was sprayed lightly with eerie sulphate 

solution (20 g of eerie sulphate; 56 ml of concentrated sulphuric acid; 



one liter of water) and heated in an oven at 110°C for 60 seconds. 

Significant color changes appeared and the plate was observed under 

ultraviolet light prior to charring by heating at 110°C for an addi

tional 10 minutes. 

Thick layer chromatography 

Preparative thick layer plates (20 x 20 cm) were prepared as 

follows: each plate was coated with a 1.5 mm thick slurry of silica 

gel-60 ̂ F254' w^ich was prepared by suspending 200 g of silica gel-60 

PFOI.. in 480 ml of distilled water in a covered one-liter Erlenmeyer 
254 

flask. This suspension was shaken vigorously to ensure homogeneity and 

allowed to stand at room temperature for one hour prior to pouring into 

the automatic plate maker. The coated plates were air-dried overnight 

and then activated by heating the plates for 24 hours in an oven set at 

110°C. Then the oven was turned off and the plates were air-cooled, 

removed from the oven, and stored in a light-free dessicated container. 

The sample to be separated was dissolved in an equal mixture of 

dichloromethane and methanol and applied uniformly with disposable 

pipettes at a concentration of 40-50 mg per plate. After several 

developments in the appropriate solvent system, the plate was air-dried 

and covered with a clean glass plate except for one small strip on one 

side. The exposed strip was sprayed with eerie sulphate solution and 

subsequently heated with a heat gun until the spots were visible. Then 

the appropriate sections were removed with a razor blade. Each 

recovered section was mixed with dichloromethane:methanol (1:1 v/v) by 



stirring with a magnetic stirrer for 15 minutes. Finally the silica 

gel-60 ^^254 was remove<* by passing the suspension through a sintered 

glass filter and washing the residue with additional solvent. The 

filtrate was evaporated under vacuum to give the desired compound. 

Silica gel-60 column chromatography 

The combined upper-layer fractions were fractionated by column 

chromatography. The following technique was used in packing the glass 

column with silica gel-60: A clean glass column (5 x 122 cm) was set up 

in a vertical position and a small cotton plug was introduced at the 

bottom of the column to prevent silica gel-60 from passing through the 

stopcock. A suspension of silica gel-60 (600 g) in one liter of n-

hexane was poured into the column. Additional n-hexane was used to 

dislodge the silica gel-60 that had adhered to the column wall. After 

the silica gel-60 stopped settling, the n-hexane was eluted from the 

column until the solvent level was 5 cm above the silica gel-60. In 

order to introduce the sample into the column, the upper-layer residue 

was redissolved in a minimum amount of ether. To this solution, silica 

gel-60 (25 g) was added and mixed uniformly until a moist cake was 

formed. Then this was placed under the hood until the solvent had 

evaporated completely. The resulting dried cake was transferred to a 

mortar and ground with a pestle to a fine powder, which was poured 

uniformly on top of the silica gel-60 column. The n-hexane was then 

allowed to elute until it reached the level of the adsorbed extract. A 

small volume of fresh n-hexane was added to the column and the solvent 

was drained until it reached the level of the adsorbed extract. This 



procedure was repeated until the n-hexane at the interface of the sol

vent and adsorbate was colorless. The adsorbate was then covered with 

fresh silica gel-60 to a height of approximately 5 cm. The column was 

eluted with n-hexane mixed with increasing concentrations of ethyl 

acetate (0% to 20%). Fractions of 200 ml each were collected and com

bined on the basis of their TLC picture. 

The silica gel-60 column used in the fractionation process of 

the acetone extract was packed in the same manner as described above. 

However, the column (11 cm x 123 cm) used to isolate compounds _4j_ 5^, and 

6^ was packed with 1.3 kg of silica gel-60 and the extract (60.0 g) was 

dissolved in dichloromethane. The eluting solvent system was n-hexane 

with increasing amount of ethyl acetate (0% to 15%). 

Compounds 4^ and appeared together in several fractions (see 

Chapter 2), which were combined and rechromatographed over silica gel-

60. Compound 4^ and _5 were separated with a 4.5 cm by 83 cm dimension 

column which had been packed with 40 g of silica gel-60 by the procedure 

above. The combined fractions (1.92 g) were redissolved with dichloro

methane, adsorbed with silica gel-60 (4 g), dried and introduced onto 

the column. The column was eluted with n-hexane and increasing amounts 

of ethyl acetate (0% to 6%). 

Gas liquid chromatography 

The purity of the isolated compounds was checked with a gas-

liquid chromatograph (Series 3700, Varian Inst, group) equipped with a 

flame ionization detector (FID) and a 1 meter by 2 millimeter i.d. glass 

column packed with OV 101 on 80 to 100 mesh Chromosorb W-14. All 
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samples were silylated with N-trimethylsilylimidazol in pyridine (Pierce 

Chemical Co., Rockford, IL) prior to GC analysis. 

The GC operating conditions for the various compounds are listed 

below: 

B-Hydroxyoctadecanoic acid - Injection port 250°C, detector 300° 

C, column temperature 100°C for 2 minutes, increased temperature 

10°C/minute to 250°C which was maintained for 4 minutes, helium 

carrier gas, flow rate 75 ml/minute. 

Lupeol, oleanolic acid, lupeol acetate, and be tulinic acid -

Injection port 250°C, detector 300°C, column temperature 240°C 

for 2 minutes, increased temperature 3°C/minute to 270°C which 

was maintained for 4 minutes, helium carrier gas, and flow rate 

70 ml/minute. 

Instrumentation 

This section describes the various instruments and methods used 

to obtain the physical and spectral data of the pure compounds. 

Melting point determination 

Melting points were determined on a Kofler hot-stage apparatus 

and are uncorrected. 

Carbon, hydrogen analyses 

The carbon, hydrogen analyses were carried out by the University 

Analytical Center, University of Arizona, Tucson, Arizona. The 

compounds being analyzed were dried under vacuum in a drying pistol 
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(heated with refluxing acetone) for at least 24 hours prior to the 

analyses-

Infrared spectroscopy 

The infrared spectra were run on a Beckman IR-33 

spectrophotometer. The compound to be recorded was dissolved in 

chloroform to form a 3-10% solution (w/v) and placed in sodium chloride 

liquid cells with 0.1 mm path length. When the compound was not soluble 

in chloroform,a sample (0.3-2.0 mg) was dispersed in dry spectral grade 

KBr (100 mg) in a mortar, and ground finely with a pestle. Then the 

resulting fine powder was pressed in a KBr pellet maker (Beckman 

Instruments, Inc.) into transparent disks. Absorption bands are 

expressed in wave number (cm--*-). 

Nuclear magnetic resonance 

The nuclear magnetic resonance spectra were run in deuterated 

solvent (10-20 mg of compound in 0.4-0.5 ml of chloroform-d^ or 

pyridine-d5) on a FT-NMR Jeol Fx 90 Q spectrometer with 

tetramethylsilane (TMS) as an internal standard. Chemical shifts are 

reported in part per million (ppm) downfield from TMS and coupling 

constants are in Hertz (Hz). 

Mass spectrometry 

The low resolution and high resolution electron impact mass 

spectra were recorded on a Varian MAT 311 A double focusing spectrometer 

(direct inlet probe, 70 ev and 200°) equipped with a Varian SS 200 data 

system. 
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Gas chromatography 

A series 3700 gas chromatograph (Varian Instruments group) 

equipped with FID was used to observe the purity of the compounds-

Prior to injection into the gas chromatograph, the compounds were 

converted into TMS derivatives with N-trimethylsilylimidazol in pyridine. 

Optical rotation 

Optical rotations were measured on an Autopol-III automatic 

polarimeter (Rudolf Research, Fairfield, New Jersey). 

Preparation of derivatives 

This section discusses the procedures used in preparing the 

derivatives. These procedures are esterification (including preparation 

of diazomethane), acetylation, deacetylatlon and hydrolysis. 

Preparation of diazomethane 

A mixture of 4 ml of 40% aqueous potassium hydroxide and 20 ml 

of diethyl ether was placed in a covered Erlenmeyer flask (50 ml) and 

then cooled to 4°C in an ice-salt bath. With stirring, 1.5 g of N-

methyl-N'-nitro-N-nitrosoguanidine was added portionwise to this 

solution during a 15 minute period. The reaction mixture was 

transferred to a 60 ml precooled separatory funnel, the aqueous layer 

removed, and the ethereal diazomethane was transferred to a 50 ml dry 

precooled Erlenmeyer flask. To this flask, a few potassium hydroxide 

pellets were added and then the flask was tightly stoppered and 

refrigerated for 24 hours. 



Esterification of betulinic acid 

Betulinic acid (50 mg) was placed in an Erlenmeyer flask. (50 ml) 

and dissolved in 20 ml of methanol: benzene (1:1 v/v). Then the flask 

was covered and cooled to 4°C in a ice-salt bath# To this solution cold 

ethereal diazomethane (7 ml) was added dropwise until the solution 

remained slightly yellow. The reaction mixture was allowed to stand at 

room temperature for 2 hours. This was followed by evaporation of the 

solvent under the hood. Pure methyl betulinate was obtained by PLC with 

n-hexane:ethyl acetate (3:1 v/v) as the developing solvent system. The 

purified compound crystallized as colorless needles from a mixture of 

ether and petroleum ether. 

Acetylation of lupeol 

Lupeol (50 mg) was dissolved in 2 ml of dry pyridine in a 

covered Erlenmeyer flask (50 ml). To this solution, 4 ml of acetic 

anhydride was added and the reaction mixture was left standing for 24 

hours under the hood. The next day the reaction mixture was poured into 

a separatory funnel containing 20 ml of water chilled with ice. This 

suspension was extracted three times with ether (30 ml each). The 

combined ether layers were washed with 20 ml of 10% aqueous hydrochloric 

acid to eliminate the pyridine that was extracted with ether. Moreover, 

the combined ether layers were washed with 20 ml of 5% aqueous sodium 

bicarbonate to hydrolyze the unreacted acetic anhydride and to remove 

the excess hydrochloric acid. Then the ether layer was washed again 

several times with 20 ml portions of water until the water remained 

neutral. After drying the ether solution with anhydrous magnesium 
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sulphate, the ether was evaporated off under vacuum and the residue was 

stored over potassium hydroxide pellets in a dessicator for 24 hours. 

The product was purified on preparative plates with n-hexane:ethyl 

acetate (80:20 v/v) as the solvent system and subsequently crystallized 

from acetone. 

Acetylation of oleanolic acid 

The unpurified sample of oleanolic acid (1.5725 g) was converted 

to its acetyl derivative following the same procedure as described for 

acetylation of lupeol. Purification of the acetylated product was 

carried out by PLC [rc-hexane:ethyl acetate (4:1 v/v)] and crystalliza

tion from methanol. 

Esterification of acetyl 

oleanolic acid 

Acetyl oleanolic acid (105 mg) was dissolved in 20 ml of ether 

and cooled to 4°C in a ice-salt bath. Cold ethereal diazomethane (10 

ml) was added dropwise until the solution became slightly yellow. The 

reaction mixture was left standing for two hours. Then the solvent was 

evaporated under the hood. Purification of the methyl ester product was 

done by PLC with n-hexane:ethyl acetate (90:10 v/v) as the developing 

solvent system. The resulting purified product was crystallized from a 

mixture of ether and petroleum ether. 

Hydrolysis of lupeol 

B-hydroxyoctadecanoate 

Lupeol B-hydroxyoctadecanoate (160 mg) was suspended in 20 ml 

of 10% methanolic potassium hydroxide in a two-neck flask (50 ml). One 
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neck was for an inert gas (nitrogen) flow and the other one for 

connection with a condenser. Hydrolysis was carried out under reflux on 

a steam bath for 2 hours. After the hydrolysis was completed (based on 

the TLC picture), the reaction mixture was transferred into a 

distillation flask (100 ml) and the solvent was evaporated under vacuum. 

The resulting residue was suspended in 100 ml water, placed in a 

separatory funnel and extracted three times with 20 ml portions of 

chloroform. The combined chloroform layers were evaporated under reduced 

pressure, and the recovered lupeol was crystallized from acetone to 

yield colorless needles. 

The remaining water layer was acidified with 1 N hydrochloric 

acid and then extracted five times with ether (20 ml each). The 

combined ether layers were evaporated to dryness under vacuum. After a 

few hours of treating the residue with a mixture of ether and petroleum 

ether, B-hydroxyoctadecanoic acid was obtained as transparent flakes. 

Hydrolysis of high molecular weight 

ester of lupeol (compound jL) 

Hydrolysis of the high molecular weight ester of lupeol (83 mg) 

was carried out in the same manner as hydrolysis of lupeol B_hydroxy 

octadecanoate. 

Deacetylation of acetyl 
oleanolic acid 

Acetyl oleanolic acid (110 mg) was deacetylated to oleanolic 

acid following the procedure described above for hydrolysis of lupeol 



g -hydroxyoctadecanoate. Purification was accomplished by crystalliza

tion from methanol to yield fine colorless needles. 

Preparation of trimethylsilyl (TMS) 

derivatives for gas chromatography(GC) 

A 2.8 mg sample of B~hydroxyoctadecanoic acid was accurately 

weighed into a 2 ml screw-top vial and 1 ml of N-trimethylsilylimidazol 

in pyridine (Pierce Chemical Co., Rockford, IL) was added. The vial was 

shaken by hand and then heated in a water bath (60 - 70°C) for 15 

minutes. This resulted in a clear solution. A syringe was used to 

withdraw a portion of the solution and to inject 0.5 nl onto the GC 

column. 

Derivatives for the GC of lupeol, oleanolic acid and betulinic 

acid were prepared in the same manner as described above. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Six compounds were isolated from the dichloromethane extract of 

the stems, leaves and flowers of Amsonia grandiflora Alexander, family 

Apocynaceae. Three compounds were isolated from the nrhexane soluble 

portion and three other compounds from the nrhexane insoluble portion of 

the extract. Based on the spectral and chemical analyses and direct 

comparison with authentic samples in the case of known compounds, these 

compounds were characterized as betulinic acid, oleanolic acid, lupeol, 

lupeol acetate, lupeol dihydroxyeicosanoate and lupeol B-

hydroxyoctadecanoate, a new ester. 

High concentrations of oleanolic acid and betulinic acid were 

present in the extract. These triterpene acids might impart a sour 

taste to the plant. This could possibly be the reason that in the wild 

animals do not graze Amsonia. 

Lupeol could be responsible for the inhibition of the 

fermentation of the methanol extract of the stems, leaves, and flowers of 

Amsonia grandiflora. According to Proudlock et al. (1968), lupeol does 

not support the growth of the facultative anaerobic yeast, Saccharomyces 

cerevisiae. This is caused by complex formation between lupeol and 

phospholipids. The validity of this assumption could be verified by 

conducting fermentations of glucose in the presence of lupeol. 
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In order for Amsonia spp. to be used as forage crops or 

fermentation feedstocks, these triterpene acids, lupeol, and the complex 

mixture of lupeol esters must be removed by an extractive pretreatment 

process. Alternatively, plant geneticists could develop varieties of 

Amsonia that produce insignificant quantities of these triterpenes. 

This could result in a new low-water use desert crop. 
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