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Abstraa : Studies on tr~terpenoids and sterolds of Sri Lankan pl 
with special reference to their occurrence. structure elucidation. . ,  
chemo~axonornic aspects. Triterpenoids have been c l h f i e d  into their strucmra 
types and under each type the work carried out is d_kcussed. Occurrence of steroids 
and their derivatives in Sri Lankan plants are also presented. 
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1. General Introduction 

Triterpenoids and steroids are groups of natural products containing about 
thirty carbon atoms. They have a common origin and their structures can be 
considered as being derived from that of squalene by various cyclisations or 
other changes. Triterpenoids are mostly found in the plant kingdom, whereas 
steroids occur in plants (phytosterols), animals (zoosterols) and micro- 
organisms (mycosterols). 

The triterpenoids present in the vegetable kingdom may be classified 
into two main groups, the tetracyclic triterpenoids and the pentacyclic triter- 
penoids. The tetracyclic triterpenoids, consisting of dammarane (5) and 
tirucallane (8) among others, are regarded by some authors as methylated 
steroids. The group of pentacyclic triterpenoids is by far the largest and is 
divided into six main groups, friedelane ( I ) ,  lupane (2), ursane (3) ,  oleanane 
(4), serratane (6)  and 9 -taraxastane (7 )  (Figure 1). 

The chemistry and distribution of triterpenoids in the plant kingdom 
have been reviewed by Boiteau et  Kulshreshtha e t  ~ 1 . ~ ~ ~  Pant and 
~ a s t o ~ i ' ~  and more recently by Das and ~ a h a t o . ~ '  However, the scientific 
literature on triterpenoids occurring in Sri Lankan plants are found widely 
scattered. The purpose of this review is therefore to attempt to bring 
together the literature on triterpenoids and steroids of Sri Lankan plants. 
The information presented herein is limited only to  the work on those plant 
species collected in Sri Lanka (with one exception, Mesua myrtifolia which 
has been collected from Malaysia) and/or investigated in Sri Lanka. This 
review covers published literature upto early 1985; some unpublished data 
incorporated have been obtained by writing to several active researchers in 

, these fields, and covers upto mid 1985. 

2. Survey for Triterpenoids and Steroids 
, . 

Two systemptic surveys of Sri Lankan plants for triterpenoids and steroids 
have been reported. In both surveys, the Liebermann-Burchard test was 
used to  detect the presence of these classes of compounds. 

: In one of the surveys, a total of ,142 Sri Lankan plant species have 
been ' s d r e e n ~ d ~ ' ~  a n d ,  the other survey included 100 medicinal plant 
.materials purchased froin 1cicdAyurvedic shops.54 ~ h k  plants which showed 
a positiie response towards Liebermann-Burchard test for triterpenoids 
and/or steroids along ivith the tested are listed in Table 1. 
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FRIEDELANE (1) LUPANE (2) 

URSANE (3) OLEANANE (4) 

Figure 1. Basic skeletons and numbering of some common types 

of triterpenoids. 



DAMMARANE (5) 

Y- TARAXASTANE (1) 

SERRATANE (6) 

TIRUCALLANE (8) 

Figure 1 (contd.) 
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Table 1. Sri Lankan plants showing the presence of triterpenoids andlor 
steroids by Liebermann-Burchard test. 

Plant species Family ~ a r t ( s ) ~  

Acacza catechu 
Aegle marmelos 
Alyszcarpus vaginalis 
Anacyclus pyrethrum 
Anczstrocladus hamatus 
A n e t h u m  graveolens 
Apurosa cardiosperma 
Ardisia humzlis 
Asteracantha longifolia 
Azadirachta indica 
Bacopa monniera 
Barleria mysorensis 
Brachystelma srilankana 
Bry o n  opsis laeciniosa 
Caesalpinia bonduc  
Canthium corornandelicum 
Cardiospennum halicacabum 
Cassia aun'culata 
Cassia fistula 
C innamomum zeylanicum 
Cissampelos pareira 
Clausena indica 
Costus speciosus 
Cryptolepis buchanani 
Curcumis me lo  
Dolichos bijlorus 
Erythroxylum m o n o g y n u m  
Evolvwlus alsinoides 
Fagaraea zeylanica 
Ficus religiosa 
Fleurya interrupts 
Glochidion sp. 
Glycosmis bilocularis 
Gmelina arborea 
Gymnosporia -. fruticosa 
~ & i d e s m u s  indicus 
Hibiscus pandunformis 
Horsfieldia iriyaghedhi 
Hygrophila spinosa 

Leguminosae 
Rutaceae . 
Leguminosae 
Compositae 
Ancistrocladaceae 
Umbelliferae 
Euphorbiaceae 
Myrsinaceae 
Acanthaceae 
Meliaceae 
Scrophulariaceae 
Acanthaceae 
Asclepiadaceae 
Cucurbitaceae 
Leguminosae 
Rubiaceae 
Sapindaceae 
Leguminosae 
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~auraceae  
Menispermaceae 
Ru taceae 
Zingiberaceae 
Asclepiadaceae 
Cucurbitaceae 
Leguminosae 
Erythroxylaceae 
Convolvulaceae 
Loganiaceae 
Moraceae 
Urticaceae . 
Euphorbiaceae 
Rutaceae 
Verbenaceae 
Celastraceae 
Asclepiadaceae 
Malvaceae 
Myristicaceae 
Acanthaceae 

Re 
Rt 
Lf + Tw 
Tw 
Rt 
Sd 

WP 
Rt 
Rt  
Bk, Sd 

WP 
- 

Tu 
Ft 
Sd 
Ft 
Lf, Tw 
Bk 
Bk 
- 

. St 
Bk, Sd 
Rh 
Rt 
Tw,+ Lf 
Sd . 
St . 

WP 
Ft 
Sd 
Lf, St 
Tm 
Rt 
Tm 
Ft . 

Bk 
Rt  
Ft  

WP 

Table 1 contd. 
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Table 1 contd. 

Plant species 

Lepisanthes tetraphylla 
.. Madhuca Zongifolia 

Martynia annua 
Medinella maculata 
Michelia champaca 
~ i m u s o p s  elengi 
Momordica denudata 
Munronia pumila 
Nardostachys jatamansi 
Nelumbo nucifera 
Oroxylum indicum 
Paeden'a foetida 
Panicum antidotale 
Pavetta indica 
Phaseolus latbyroides 
Phyllanthus embelica 
Phyllanthus sp. 
Picorrhiza kurrooa 
Piper chaba 
Piper cube& 
Piper longum 
Piper n i g m m  
Pododenia thwaitesii 
Pongamia pinnata 
Premna herbaceae 
Pseudocarpa championii  
Pterocarpus santalinus 
Randia d u m e t o m m  
Rauvolfia serpentina 
Rubia cordiflora 
Salacia reticulata 
Samadera indica 
\ 
Sapindus emarginatus 
Sapium indicum 
Smilax prolifera 
Solanum jacquini 
Solanum trilobatum 
S t e r e o s p e m u m  suaveolens 
Strychnos potatorum 

Family 

Sapindaceae 
Sapotaceae 
Marty niaceae 
Melastomaceae 
Magnoliaceae 
Sapotaceae 
Cucurbitaceae 
Meliaceae 
Valerianaceae 
Ny mp haeaceae 
Bignoniaceae 
Rubiaceae 
Gramineae 
Rubiaceae 
Leguminosae 
Euphorbiaceae 

I > 

Scrophulariaceae 
Piperaceae 

Euphorbiaceae 
Leguminosae. 
Verbenaceae 
Meliaceae 
Leguminosae 
Rubiaceae 
Apocynaceae 
Rubiaceae 
Celastraceae 
Simaroubaceae 
Sapindaceae 
Euphorbiaceae 
Smilacaceae 
Solanaceae 

, , 

Bignoniaceae 
.Loganiaceae 

Bk 
- 

Ft 
Tu 
F1 
- 

Ft 

WP 
Rt 

An. 
- 

Lf, Tw 
- 

Rt 
Rt  
Ft  
F t  
Tw 
- 

Ft 
Sd 
Sd 
Bk, Tm 
St 
Rt 
Bk . 

; St 
: Ft 

Rt 
Tw, St 
- 

Ft, Rt 
- .  

Ft  
Cr 
St, .Ft 
St, Ft 

Table 1 contd. 
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Table 1 Contd. 

Plant species Family ~ a r t ( s ) ~  

Tep brosia purpurea 
Teminalia belerica 
Terminalia chebula 
Tribulus terrestris 
Trigonella foenumgrnceum 
Vernonia anthelmintica 
Vetivera zizanoides 
Wrigbtia angustifolia 
Xantbium strimarium 
Xylopia championii 
Zingiber officinale 

Legurninosae 
Cornbretaceae 

Zygophyllaceae 
Legurninosae 
Compositae 
Grarnineae 
Apocynaceae 
Cornpositae 
Annonaceae 
Zingiberaceae 

a An = anther; Bk = bark; Cr = creeper; F1 = flower; F t  = fruit; Lf = leaf; R e  = resin; 
Rh = rhizome; R t  = root ;  Sd = seed; S t  = stem; Trn = timber; Tu = tuber; T w  = twig; 
Wp = whole plant. 

3. Isolation of Triterpenoids 

In nature, triterpenoids occur in the free state, as saponins or as esters. 
Except for a few esters and one ether derivative, most of the triterpenoids 
isolated from Sri Lankan plants belong to  the free category. The ektraction 
of dried plant material with a non-polar solvent followed by purification has 
been the method adopted to isolate these triterpenoids. Purification has been 
carried out by precipitation, column chromatography over silica gel and by 
preparative thin layer chromatography. In the case of acidic or phenolic 
triterpenoids, sodium carbonate or sodium hydroxide solubility have been 
utilized in their fractionation. 

4.. Tri:terpenoids of Fr;iedel.ane Series 

4.1 Introduction 

The majority of-triterpenoids encountered in Sri Lankan plants belong t o  
this series. The parent hydrocarbon, friedelane (I),  has not been found to  
occur in nature. In 1979, Chandler and Hooper reviewed the natural 
occurrence of friedelin (9) and associated triterpenoids14 and this included 
only a few friedelane triterpenoids isolated from Sri Lankan plants. 
However, this and Sultanbawa's review95 which appeared in the same year 
covered in detail the chemistry of friedelane triterpenoids. 
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Friedelane triterpenoids isolated from Sri Lankan plants are listed in 
Table 2. Out of the 48 described, 28 are new compounds. Table 8 summa- 
rises the natural occurrence of these in Sri Lankan plants. Of the 112 plants 
investigated, 24 were found to contain at least one triterpenoid belonging to  
this type. Friedelanes are common in plants of families Celastraceae, 
Guttiferae and Flacourtiaceae. 

4.2 Structure Elucidation 

4.2.1 Spectroscopic Methods 

Both 'H and 13c Nuclear Magnetic Resonance (NMR) spectroscopic 
methods have been widely employed in the structure elucidation o f  
friedelanes. Of significance is the use of 'H NMR t o  detect the number of 
methyl groups and the presence of hydroxymethylene function(s) on 
tertiary -. carbon atoms. - - Lanthanide induce shift (LIS) of the methyl proton 
resonances in 1-0x0-, 3-0x0-, 6-0x0-, 7-0x0-, 21-0x0-, and 22-0x0- friedelanes 
have been measured and used in assignment.' O u  Further, the LIS data have 
indicated that both D and E rings .in friedelanones are in the boat-boat 
conformation. 

13c NMR spectroscopic data have been recorded for friedelin (9), 
friedelan-6-one, friedelan-21-one, friedelane-3,6-dione, friedelane- 
3,21-dione, friedelane-3,6,21-tri0ne,~ 27-hydroxyfriedelane, kokoonol 
(36), kokoononol ( 3  7) ,5 friedelan -7-one, putranjivadione,f~~Tde1&-22- 
one*,: friedelan-3,22-dione and Salacia triterpene R . ~ ~  Off-resonance 
decoupling and LIS techniques have been used in the assignment of signals. 

3~ NMR data have provided further evidence for the boat-boat conforma- 
tion of the D and E rings of friedelanes in solution.62 

Infra-red (IR) spectroscopic studiess3 of a number of mono- 
ketofriedelanes have indicated that ' their carbonyl frequencies are location 
specific and that in di- and tri-keto series when the carbonyl groups are far 
apart, their individual frequencies correspond to  those in the mono-ketones 
within * 5 cm-l. 

Known fragmentation pathways in the mass spectra (MS) of 
f r i ~ d e l a n e s ~ ~  have been used to  elucidate structures of several triterpenes 
belonging t o  this series.lO)ll MS has proved especially useful in the location 
of oxygen functions.44 Detailed MS fragmentation of kokoonol (36), 

. kokoononol (37) and kokoondiol (38) have been published.6 

The structure (47) proposed for octandrolic acid was based mainly on 
MS f r a g m e n t a t i ~ n . ~ ~ ? ~ ~  However, it has been suggested recently that the 
structure of octandrolic acid should be revised and i t  may be identical with 
canophyllic acid ( 1 4 ) . ~  MS fragmentation should therefore be used for struc- , 
tural studies of triterpenoids with caution. 



4.2.2 Molecular Rotation and Circular Dichroism 

Molecular rotation differences (A MD) for monosubstituted friedelanes with 
reference to friedelane (1) and for &substituted compounds with reference 
to friedelin (9), ,friedelm-3P-01 (1 0) and friedelan-3a-ol(l1) and their 
acetates have been tabulated and interpreted.46 In rnbnosubstihted 
friedelanes an 0x0- or a-acet6xy group at C-3, CHO at C-9 or C02H at 
C-14 was found to give a negative A Ma where& 'in &substituted ones 
C-14 or C-20 C02H gave a positive A MD. 

Circular dichroism (CD) data for friedelan-1-one, friedelin,friedelan- 
6-one, ., friedelan-7-one, friedelm-21-one and friedelan-22-one have 
been obtained and the observed Cotton effects have been interpreted in 
terms of Octant ~u1e. l"  The use of CD data to locate carbonyl function in 
friedelanones has also been discussed. 

4.2.3 Chemical Interconversions 

In many instances the spectroscopic methods have been successfuIly 
combined with chemical interconversions to solve structural problems of 
friedelanes. Conventional deoxygenations employing Wolff-Kishner reduc- 
tion of ketones7' and lithium aluminium hydride reduction of tosylates 
derived from alcohols3 have recently been replaced by triphenyltin hydride 
reduction of thiobenzoates5 ' 16 and lithium-ethylene diamine reduction of 
acetates,' 6964 both derived from alcohols. The efficiency of these methods 
have been demonstrated by successful removal of two oxygen functions in 
one reaction as exemplified by the conversion of zeylandiol(56) to friedelin 
(9) by the former method; kokzeylanol (39) and kokzeylanono1 (40) 
respectively, to friedelin and friedelane-3,2 1-dione (23) by the latter 
procedure. The method employing lithium-ethylene diamine reduction of 
the derived acetates first applied t*o Kokoona ~ r i t e r p e n e s , ~ ~  has now being 
widely applied in chemical interconver~ions.~ 

A photochemical irradiation method has been applied to locate the. 
2 1 -oxo- function in friedelane-3,2 1-dione (23), 2la-hydroxyfriedelan- 
3-one ( ~ 7 ) , ~  7 .  and kokoononol (37),52 all occurring in Kokoona zeylanica. 
Further, the method proved useful in locating the hydroxymethylene &up 
in kokoononol.6 ' 
4.3 Biological Activity 

Friedelin has been found to exhibit 'anti-feedant' activity upon some 
insects.' The emp1oymen.t of friedelanes has been considered for treatment 
of cancer of the bladder,92 convulsions, inflammati~n, '~ topical ulcers, 
rheumatic inflammations, fever and dysentery.94 
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4.4 Chemotaxonomic Aspects 

The natural occurrence of friedelin and 3-friedelanols is extensive. Out of 
the Sri Lankan plants investigated friedelanes have been commonly 
encountered in plant families, Celastraceae, Guttiferae and Flacourtiaceae. I t  
is interesting to note that in most of-these plants friedelanes cqoccur with 
lupanes and oleananes except in ~ o k o o n a  zeylanica (Celastraceae) from 
which no  lupanes and oleananes have been isolated so far. Chemotaxonomic 
significance of the restricted occurrence of friedelan-3,21-dione (23) and 
21a-hydroxyfriedelan-3-one (27) in K. xeylanica, Siphonodon australe 
and Salacia reticulata has . been d i s c ~ s s e d . ~  

4.5 Biosynthetic Aspects 

Friedelan-3-01s can be considered as the most primitive friedelane' triter- 
penoids in plants. Oxidation of these at various positions in the triterpene 
skeleton followed by other reactions would produce a l l  the other known-~ 
friedelanes. Friedelanes 'are implicated as biosynthetic precursors for. 
quinone-methide and phenolic triterpenoids (see 5.6). 

5. Quinone-methide and Phenolic Triterpenoids of FriedelaneSeries 

5.1 Introduction 

Quinone-methide and phenolic triterpenoids are treated together in view of 
their probable common biosynthetic origin. These compounds are peculiar 
to plants of the family Celastraceae and may be considered .as oxidation 
products of friedelanes. Seven quinone-methides and- . six qhen.olic . .  

triterpenoids have been encountered in Sri Lankan & u ~ t s  [see Table 3, (141) 
and (142)],  all belonging to Celastraceae. I t  is interesting t o  ilote that 
phenolic triterpenoids have thus far been reported only from Kokoona 
zeylanica which also contains a number of friedelanes. However, recent 
studies3 carried out in this laboratory had shown the presence of phenolic . 

triterpenoids, zeylasteral (66) and zeylastgrone (67) in Ce1astrus~paniculatu;r 
(Celastraceae) along with quinone-methides, celastrol (57) and pristimerin 
(64). . ,- 

5.2 Structure Elucidation 
I 

Spectroscopic techniques have played an important role in the structural 
studies of quinone-methides and phenolic t r i te~enoids .  Quinone-methides 
have been characterized by their UV and H NMR spectra and by 
comparison with authentic samples. The structure [(143);Figure 21, that has 
been proposed for a quinone-methide from Elaeodendron balae104f105 
needs further clarification in view of recent criticism33 of ;elated 
structures. 8 5 
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( 1 3 0 ) ~ ;  Myrtifolic acid 1 2 
(131) R = 0 ,  R = Me; Glutinone 

1 2 
(132) R =&OH, a-H, R =Me; Glutinol 

1 2 ( 1 3 3 ) ~  R = B O H ,  a-H, R =CH OH 2 

1 2 (134) R = B-OH, a-H, R = Me; Taraxerol 
1 2 

(135) R = 0 ,  R = Me; Taraxerone 

1 2 (136) R = B-OH, a-H, R = C 0 2 H ;  Aleuritolic acid 

1 2 (137) R = 0-OAc, a-H, R = C 0 2 H ;  Acetoxyaleuritolic acid 

1 2 ( 1 3 8 ) ~  R = 0 ,  R = C 0 2 H ;  Aleuritonolic acid 

New Reports 

Figure 2. Some triterpenoids with rearranged structures. 



(139) R = BOH, a-H; 0 - Simiarenol ( 14 1); Isoarborinol 
(140)  R = 0; Simiarenone 

CHO 

t N e w  reports 

Figure 2 (contd.)  



Triterpenoids and steroids o f  S r i  Lankan Plants 

The structure of zeylasterone (67), the first natural phenolic triterpe- 
noid, has been elucidated with the aid of spectroscopic data and partial 
synthesis of trimethylzeylasterone starting from pristimerin (64). 714 
Several other new phenolic triterpenes isolated have been related to zeylas- 
terone and trimethylzeylasterone.38 The structure proposed for 
23-oxoisopristimerin I11 (142) has been based essentially on spectroscopic 
data and comparison of these with synthetic analogues.40 

5.3 Biological Activity 

Claims of medicinal properties of plants belonging to  Celastraceae had led.to 
biological evaluation of some compounds encountered in these plants.The 
antibacterial activity of celastrol (57), a quinone-methide em loyed in 
human medicine in India for this purpose; has been demonstrated. 7 

Celastrol and its methyl ester, pristimerin (64), have been tested for 
antitumour activity in the cheekpouch test of the golden hampster and were 
found to be a ~ t i v e . ~  Recent studies had demonstrated the powerful cytos- 
tatic activity of ipesterin (62), tingenone (65), pristimerin, and their 
diacetyl-dihydro derivatives. These studies had led to the conclusion that 
diacetyl-fdihydro derivatives are in general more active than the parent 
quinone-methides. I t  is noteworthy that tingenone (65) is used clinically in 
Brazil for the treatment of skin cancer.84 

Bioassay of pristimerin and tingenone with corn and lentil seeds has 
shown that both quinone-methides exhibited strong inhibitory activity 
towards the germination of lentil seeds.29 

The phenolic triterpene, zeylasterone (67) although showed in vitro 
antimicrobial activity,66 was found to  have no antifertility activity in the 
female rat. 6 7 

5.4 Chemotaxonomic Aspects 

It is of chemotaxonomic significance that quinone-methides and phinolid 
triterpenoids have so far been isolated only from plants of family 
Celastraceae and that phenolic triterpenoids occur only .in f i koona 
z i y  ianic-k and Celastrus paniculatus. I t  is noteworthy . - .- that a redent 
study3' has indicated the absence of zeylasterone (67) in outer bark 
extractives of Elaeodendron balae, Cymnosporia emarginata and  Pleurostylia 
opposita, all belonging to Celastraceae and containing the quinone-methide, 
pristimerin (64). 



5.5 Biosynthetic Aspects 

Although no experimental proof has thus far been provided for the 
biogenetic origin of quinone-methide and phenolic triterpenoids, their co- 
occurrence with friedelanes in several plants of Celastraceae has prompted 
postulation of four biosynthetic pathways implicating zeylanol (54 and 
polpunonic acid as recursors. Recent isolation of salaspermic acid9' and 
orthosphenic acid3 from plants of Celastraceae further supports our 
proposed pathway.6 Natural occurrence of 23-pxoisopristimerin I11 
(14.2)~' is significant as its analogue, isopristirnerin 111, could be the possible 
biosynthetic precursor of recently encountered novel uinone-methides, 
pristimerinene, hydroxypristimerinene,8 and (143). '04205 A biosynthetic 
pathway to  these compounds starting from pristimerin (64) via 
isopristimerin I11 has been postulated.6 

6 .  Triterpenoids of Lupane Series 

6.1 Introduction 

The parent hydrocarbon, lupane (2) has not been found to occur in nature. 
However, oxygenated lupanes are common. Lupane triterpenoids isolated 
from Sri Lankan plants are listed in Table 4. Out of the 25 described, 13 are 
new natural products. Table 8 gives the occurrence of these in Sri Lankan 
plants. Of the 112 plants investigated, 65 were found to  contain at least one 
triterpenoid belonging t o  this class, betulinic acid (70) and lupeol (68) 
having wide distribution and occurring in 45 and 37 plants, respectively. 
Papers have ap eared dealing with the distribution of betulinic acid in the 
plant kingdomJ8 distribution of lupeol (68), betulin 69 and betulinic acid 

6 6  ) (70) in endemic Dipterocarpus species of Sri Lanka, and the occurrence 
of lupanes in plants of ~elastraceae.' 

. . 
'' 6.2 Structure Elucidation 

Structures of lupanes have been elucidated with the help of spectroscopic 
data and chemical interconversions. The deshielding of C-24 - C-26 
tertiary methyl resonances in the ' H  NMR spectra have been used to infei 
the presence of 6P-OH in lupanes isolated from Pleurostylia opposita.17 
The 1 3 C  NMR spectral assignments of a series of lupanes obtained from 
P. opposdtal* and some Sri Lankan Clochidion species13 have been 
reported. Chemical interconversions, especially lithium-ethylene diamine 
deoxygenation of acetates have also been employed in structural studies of 
lupane derivatives. 

. . 

The structure, lup-20(29)-ene-lu,3a,23-triol(91), proposed for the 
first natural trihydroxy tiiterpene belonging to  the lup-20(29)'-ene series 

! .  
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isolated from an unidentified Glochidion species has been based on 
incomplete data due to lack of material.12 Further work is therefore, 
warranted to confirm its structure. 

6.3 Chemotaxonomic Aspects 

Although lupeol (68), betulin (69) and betulinic acid (70) are of wide distri- 
bution, complex lupanes have been found to  occur mainly in Celastraceae 
and Euphorbiaceae. Triterpenoid constituents of several Celastraceaes have 
been reported. I t  is interesting that lupanes co-occur wifh friedelanes and 
oleananes in Pleurostylia and Salacia species; in Gymnosporia emarg.inata 
they co-wcur with oleananes. Lupanes have not been reported from 
Elaeodendron balae, Elaeodendron glaucum and Kokoona zeylanica all 
belonging t o  Celastraceae. I t  has been incorrectly noted that friedelane and 
lupane derivatives do not co-exist in the stem bark.19 Some Sri Lankan 
plants in which they co-exist . i n  the stem-bark are, Bridelia moonii 
( ~ u ~ h d r b i a c e a e ) , ~  Calophyllum t o m e n t ~ s u m , ~ ~  C. zeylanicum97a - 
(Guttiferae Erythrospermum zeylanicum9 a (Flacourtiaceae), Euonymus 
revolu tus, 8:7 Salacia ~ e t i c u l a t a ~  l 1  O 8  (Celastraceae) and Madhllca 
neriifolia ( ~ a ~ o t a c e a e ) . ~  

Occurrence of glochidone (77) outside the genus Glochidion has been 
reported for the first time in a Sri Lankan plant, viz. Bridelia moonii. I t  is 
noteworthy that both these genera belong to  the family Euphorbiaceae. 

7. Triterpenoids of Ursane Series 

Fifteen ursane triterpenoids have been encountered in Sri Lankan plants 
(Table 5). Of these only 3 are new. Forty-two of the 112 Sri Lankan plants 
investigated contained at least one triterpene belonging to  this class; ursolic 
acid (104) being the commonest occurring in 36 plants, especially those 

, plants belonging to  Dipterocarpaceae. Rare ursanes have been isolated from 
plants of Burseraceae and Rubiaceae. Ursanes co-exist mainly with lupanes 
and oleananes. 

. - 
The structures of known ursanes have been established by comparison 

with authentic samples or by comparison of physical and spectral properties 
with published data, whereas the structures of new ursanes have been 
determined by extensive spectral analysis. The three new ursane carboxylic 
acids, uncaric acid (99), diacetyluncaiic acid (100) and diketouncaric acid 
(1 01) occurring .in Uncaria elliptica (Rubiaceae) have been chemical] y 
in terre~ated.~ a 



T
ab

le
 

5.
 

N
am

es
 a

nd
 s

tr
uc

tu
re

s 
of

 u
rs

an
e 

tr
it

er
pe

no
id

s 
in

 S
ri

 L
an

ka
n 

pl
an

ts
a 

S
tr

uc
tu

re
 

N
am

e 
T

y
p

e 
an

d 
lo

ca
ti

on
 o

f 
fu

nc
ti

on
al

 g
ro

up
s 

on
 (

3)
' 

C
=

C
 

O
H

 
C

=
O

 
C

0
2

H
 

O
A

c 

(3
) 

U
K

S
A

N
ll

 
(9

4)
 

A
si

at
ic

 a
ci

d 
12

(1
3)

 
2a

,3
fl

,2
3a

 

(9
5

) 
2a

,3
fi

-D
ih

yd
ro

xy
ur

s-
12

-e
n-

28
-o

ic
 

ac
id

 
12

(1
3)

 
2&

,3
P 

(9
6

) 
2a

-H
yd

ro
xy

ur
so

li
c 

ac
id

 
2

a 

(9
7)

 
Q

ui
no

va
ic

 a
ci

d 
12

(1
3)

 
3 P

 
(9

8)
 

A
ce

ty
lq

ui
no

va
ic

 a
ci

d 

(9
9)

 
U

nc
ar

ic
 a

ci
d d 

(1
00

) 
D

ia
ce

ty
lu

nc
ar

ic
 a

ci
d d 

(1
01

) 
D

ik
et

ou
nc

ar
ic

 a
ci

d 
d 

(1
02

) 
N

eo
il

ex
on

ol
 

(1
0

3
) 

U
rs

-1
2-

en
-3

,l
l-

&
on

e 

( 1
04

) 
U

rs
ol

ic
 a

ci
d 

(1
05

) 
A

ce
ty

lu
rs

ol
ic

 a
ci

d 

(1
06

) 
U

rs
on

ic
 a

ci
d 

,
 

12
(1

3)
 

3 
2 8

 
b
 

(1
07

) 
(Y

 -
A

m
yr

in
 

12
(1

3)
 

3P
 

b 
(1

08
) 

&
 -

A
m

yr
en

on
e 

12
(1

3)
 

3 
P

 9 :
 

a-
d'

 
@

 
F

oo
tn

ot
es

 s
am

e 
as

 f
o

r T
ab

le
 2

. 
* R

 



T
a

b
le

 
6.

 
N

a
m

e
s 

an
d 

st
ru

c
tu

re
s 

o
f 

o
le

a
n

a
n

e
 t

ri
te

rp
e

n
o

id
s 

in
 S

ri
 L

a
n

k
a

n
 p

la
n

ts
.a

 

T
y

p
e 

an
d 

lo
ca

ti
on

 o
f 

fu
nc

ti
on

al
 g

ro
up

s 
in

 (
4)

' 
S

tr
u

ct
u

re
 

N
am

e 
C

=
C

 
O

H
 

C
=

O
 

C
H

2
0

H
 

C
H

O
 

C
0

2
H

 
O

A
c 

0
-d

ec
an

o
at

e 
0

-t
ra

n
s 

ci
nn

am
at

e 

O
L

E
A

N
A

N
E

 

0 -
A

m
yr

in
 

0 -
A

m
yr

en
on

e 

(3 
-A

m
yr

in
 

ac
et

at
e 

p -
A

m
yr

in
 

de
ca

no
at

e 

0 -
A

m
yr

in
 

tr
an

s-
ci

nn
am

at
e 

.6
 -
 A

h
y

re
n

o
n

e 

D
ih

yd
ro

xy
ol

ea
n

-l
Z

-e
n

-2
8-

 

oi
c 

ac
id

 

3
&

~
~

d
ro

x
~

o
le

a
n

- 
12

-e
n-

 

11
-o

ne
 

O
le

an
-1

2-
en

-3
, 

11
-d

io
ne

 

O
le

an
- 

12
-e

n-
30

.1
 

10
1-

di
ol

 

(1
 10

1-
hy

dr
ox

y-
&

am
yr

in
 

) 

O
le

an
ol

ic
 a

ci
d 

0-
ac

et
yl

ol
ea

no
li

c 
al

de
hy

de
 

P
ro

to
br

as
si

c 
ac

id
 

u
n

k
n

o
w

n
 

a-
dl

:o
ot

no
te

s 
sa

m
e 

as
 f

o
r 

T
ab

le
 2

. 



8. Triterpenoids of Oleanane Series 

Oleanane triterpenoids occurring in Sri Lankan plants are listed in Table 6. 
Out of the 1 3  described, excluding esters of 0-amyrin, none are new 
records. The location of the hydroxy groups in a dihydroxyolean-12-en- 
28-oic acid (1 15) present in Doona congestiflora (Dipterocarpaceae) has not 
been d e t e ~ m i n e d . ~  Amongst Sri Lankan plants studied oleananes are predo- 
minantly found in Dipterocarpaceae. Oleananes co-exist chiefly with lupanes 
and ursanes and seldom with friedelanes. 

9. Triterpenoids of Dammarane, Serratane, 9-Taraxastane and 
Tirucallane Series 

The triterpenoids belonging to these four classes encountered in Sri Lankan 
plants are listed in Table 7. Five dammaranes isolated were all from Diptero- 
carpus species. Phlegrnanol (127) is the only serratane encountered and 
occurs in Lycopodium phlegmaria ( ~ ~ c o ~ o d i a c e a e ) . ~ ~  *-Taraxaster01 
( 1  28) has been isolated only from the resin of Doona congestiflora (Diptero- 
~ a r ~ a c e a e ) ~ ~ ~  and tirucallol (129) was present only in Garcinia thwaitesii 
( ~ u t t i f e r a e ) . ~ '  The structures of these triterpenes have been elucidated by 
direct comparison with authentic samples and/or by comparison of physical 
data of isolated compounds with those reported. 

10. Triterpenoids with Rearranged structures 

Triterpenoids of rearranged structures isolated from Sri Lankan plants are 
depicted in Figure 2 and their occurrence listed in Table 8. Of the 14, four 
are new reports. Myrtifolic acid (130)t whose structure has been determined 
by spectral data and correlation with baurene, was found to co-exist with 
lupanes, oleananes, taraxerol (134), P-simiarenol (139) and simiarenone 
(140) in Mesua myrtifolia (Guttiferae) collected in ~ a l a ~ s i a . ~ '  * 9 7 a  
Structure elucidation of myrtifolic acid was aided by MS fragmentation and 
optical rotatory dispersion (ORD) curve.45 The structure of a new D:B- 
friedelane (133) isolated from ,Elaeodendron balae (Celastraceae) has been 
determined with the help of spectral data. 104,105 

Taraxerol (134) and/or taraxerone (135) have been isolated mainly 
from Calophyllum, Kayea and Mesua species, all belonging t o  Guttiferae and 
several Disopyros (Ebenaceae) species. The structures of aleuritolic acid 
(136), its acetate (13 7) and aleuritonolic acid (138) have been established by 
comparison of their physical data with those reported.' ' c NMR assign- 
ments of acetoxyaleuritolic acid and aleuritonolic acid have been made by 
comparison with methyl oleanolate and betulonic acid (71).' Structure of 
P-simiarenol (139) isolated from some Guttiferae has been established by 

! .  
t See end of Refenricg Section, ( . . 

. . 
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Table 8. Occurence of triterpenoids in Sri Lankan Plants 

Plant parta Triterpenoid(s) present Referencecs) 
(Family) 

Basi? ~ t r u c t u r e ( s ) ~  
skeleton b 

Acrotrema uniflorum 
(Dilleniaceae) 

Apurosa cardiospenna d Bk 
(Euphorbiaceae) 

Argyreia populifolia d 

(Convolvulaceae) 

Bridelia mooniid Bk 1 - 
(Euphorbiaceae) 

Calophyllum calaba d 

(Guttiferae) 

Calophyllum cordato-oblongum Bk - 1 (9) 97a - 

Calophyllum cuneifolium d 
B k 1 (9) 97a - 

Calophyllum soulattn' Bk R (134),(135) 97a 

Calophyllum inophyllum T m  - ,  1 (9),(10) 97a - 

2 (109) 

Calophyllum thwaitesiid Bk - 1 (9)  16  

Cdophyllum tomentosum Bk 1 (9),(10) - 

2 (70) 

R (134),(135) 
. . 

Calophyllum trapezifolium 
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Table 8. (Contd.) 

Plant parta Triterpenoid(s) present Reference(s) 
(Family) 

Basic ~ t m c t u r e ( s ) ~  
, skeleton b 

Calophyllum walkeri d Bk R (134).(139) 1 6  

Calophyllum zeylanicum Bk - 1 (10) 97a - 

Camellia sinensis 

(Theaceae) 

Canarium zeylanicum d 

(Burseraceae) 

Canthium dicoccum d Bk - 3 (97),(98) 

(Rubiaceae) 

Capparis moonii 

(Capparidaceae) 

Casaeria thwaitesii 

(Flacourtiaceae) 

Celastrus paniculatus RrBk(outer) 1 - (57).(64),(66),(67) 31 

(Celastraceae) 

Citrus medica 

(Rutaceae) 

Citrus megaloxylocarpa Lf - 2 (68)  2 7 

Cotylelobium scabriusculum d 
~k 2 (70)  

(Diprerocarpaceae) - 3 (104) ,(105)  
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Table 8. (Contd.) 

Plant pa=ta Triterpenoid(s) present Reference(s) 
(Family) 

Basic ~trucmre(s)~  
skeleton b 

Dillenia indica 
(Dilleniaceae) 

Dillenia retusa d Bk,Tm,Pc 2 (70) 88 

Diospyros acuta d 

(Ebenaceae) 

Diospyros hirsuta d 

Diospyros mooni$ 

Trn 

B k 

Divspyros oppositifolia d 
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Table 8. (Contd.) 

Plant parta Triterpenoid(s) present Reference(s) 
(Family) 

Basic b ~trucmre(s)' skeleton 

Diospyros quaesita d B k 3 (68), (69). (70) 70b, 97d 

Diospyros rheophytica 

Diospyros spinscens 

Diospyros thwaitesiid 

Diospyros walkeri d 

Dipterocarpus gland- 

ulosus d 

(Dipterocarpaceae) 

Dipterocarpus hispidus d 

Dipterocarpus insignis d 
Tm 
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Table 8. (Contd.) 

Plant parta Triterpenoid(s) present Referencek) 
(Family) 

Basic ~tructure(s )~  
skeleton 

5 (123),(124), (125) - - 

Trn 2 (69)e , (7~)e  

3 (94)e,( 1 0 4 ) ~  - 

Doona affinis d 

[=Sborea affinisl 

(Dipterocarpaceae) 4 (109),(111) 

DOOM congestiflora d T~ 2 ( 7 0 ) ~  - 
[~Sborea  congesiflora I 3 - ( 1 0 4 ) ~  . 

2 (128) 

&OM cordifolia d Tm 2 =. (70) 97b 
[-Sbowa cordifolial 1 ( 104) 

2 (109),(111) 
d DOOM macropbylh B k - 3 (94),(104) 3,68,97b 

5 (1 22),( 124) - 
DOOM ohlonga d 

[,&OOM dkticbd = Sborea Re 3 (104) - 
disticbal i (1 09) 

2 - (122),(124) 

2 (128) 



Triterpenoids and Steroids of Sri Lankan Plants 3 1 

Table 8. (Contd.) 

Plant parta Triterprenoid(s) present Reference(s) 
(Family) 

Basic 
b 

~rructure(s)~ 
skeleton 

Doona venulosa d Bk 3 (104) 97b - 

Doona zeylanica d 

[=Shores zeylanica] 

Elaeodendron balae d, * 

(Celastraceae) 

B k 

RtBk 

L f 

Elaeodendron glaucum Bk 

Elephantopus scaber WP 
(Compositae) 

Eythrospermum zeylanicum Bk 

(Flacourtiaceae) 

Euonymus revolutus Bk 

(Celastraceae) 

.Garcinia spicata L f 
(Guttiferae) 

Revised name : Cassinae balae 



Table 8.  (Contd.) - 
Plant parta Triterpenoid(s)~ present Reference(s) 

(Family) 
Basic b 

~tructure(s)' 
skeleton 

Garcinia thwaitesii 

. .d Glochidion moonrr 
(Euphorbiaceae) 

Glochidion sp. 

Gymnosporia emarginata d 

(Celastraceae) 

Rt. 

Hopea brevipetiolan's 

(Dipterocarpaceae) 

Hopea cordifolia d 

Ho$ea jucunda var.madesta d 

Humboldtia laurifolia d 

(Leguminosae) 
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Table 8. (Contd.) 

Plant 
(Family) 

parta Trirerpenoid(s) present Reference(s) 

Basic 
b 

~ t r u c m r e ( s ~ ~  
skeleton 

Hydnocarpus octandra d 

(Flacourtiaceae) 

Hydnocarpus venenata d 

Kayea stylosa d 

(Guttiferae) 

Knoxia zeylanica 
(Rubiaceae) 

Kokoona zeylanica 
(Celastraceae) 

Lycopodium phlegmaria 
(Lycopodiaceae) 

Madhuca fulva d 

(Sapotaceae) 

Madbuca longifolia 

Madhuca micropbyllu d 

Maahuca mooniid 

Madhuca nen'ifolia d 

B k 

Trn 

Sd(coat) 

Trn 

Bk,Tm 

B k 
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Table 8.  (Contd.) 

Plant 
(Family) 

Triterpenoid(s) present Reference(s) 

Mammea acuminata Bk 

(Guttiferae) 

Mesua myrtifoliut Bk 

(Guttiferae) 

Tm 

Paluquium canalicubtum d 

(Sapotnceat) Bk 

Palaquium petiolare Bk,Tm 

Paluquium rubiginosum d BR 

Tm 

Pentadesma butyrac'ea B k 
(Guttiferae) Tm 

. . 
~lcurost$iia oqposita Bk 

(Celstraceae) 

Basic 
b 

~tructure(s)' 
skeleton 

t Obtained from Malaysia 
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Table 8. (Contd.) 

Plant parta Triterpenoid(s) present Reference(s) 
(Family) 

Basic 
b ~ tmcture ( s )~  skeleton 

Podadenia thwaitesiid B k R (136),(137),(138) 12 

(Euphorbiaceae) 

Salacia reticulata 
var. Pdiandra 

(Celastraceae) 

StBk (9),(13),(15),(17),(22) 83,107, 
(outer) (23),(25),(26),(27),(30), :108j, 

(31),(64) 

Scolopia s c h r e b e ~  d 
B k - 1 (9),(11) - 

(Flacourtiaceae) f (109) 

Sborea dyeri d 

(~ i~ terocar~zkeae )  

Shorea lysophylla 

Shorea oblongifolia 

Shorea stipularis d 
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Table 8.  (Contd.) 

Plant parta Triterpenoid(s) present 
(Family) 

Reference($ 

Basic 
b ~tructure(s)~ skeleton 

Sborea trapezifolia Tm 2 
- - ( 7 0 ) ~  68,69 

Solanum verbasifolium L f 

(Solanaceae) 

Stemonoporus affnis d 

(Dipterocarpaceae) 

Stemonoporus canaliculatus d 
Trn 

Stemonoporus cordifolius d Bk 

Stemonopows lancifolitrs 



Triterpenoids and Steroids of Sri Lankan Plants 

Table 8. (Contd.) 

Plant parta Triterpenoid(s) present Reference(s) 
(Family) 

Basic ~tructure(s)~  
skeleton 

Stemonoporus oblongifolius 

Stemonoporus petiolaris d 

Stemonoporus reticularus d 

Stereospermum personatum 
(Bignoniaceae) 

Symplocos racemosa 
(Syrnplocaceae) 

Trichadenia zeylanica 

(Flacourtiaceae) 

Tricalycia erythrospora d 

(Rubiaceae) 

Triphasia trifoliata 

(Rutaceae) 

~nchr ia  elliptica d t  

(Rubiaceae) 

Vatica affinis Tm 2 (70) 68 - 
(Dipterocarpaceae) 3 (105) - 

4 (109),(111) 

Vatica obscura Bk,Tm 4 (109) , (111)  97b 
- - - - - - - 

t Incorrectly called Uncaria t h ~ a i t e s i i ~ ~ ~  
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Table 8. (Contd.) 

planta parta Triterpenoid(s) present Reference(s) 
(Family) 

Basic b ~tructure(s )~  
skeleton 

Vatena copallifera d B k 4 (109),(111) 68,97b 

(Dipterocarpaceae) . 5 - (124) 

Vernonia cineria 

(Compositae) 

d Vernonia zeylanica WP - 2 (68) 27 

Wendlandia bicuspidata 

(Rubiaceae) 

Wormia burbidgei 

(Dilleniaceae) 

Wornria triquetra d 

a ~ k = b a r k ;  Ft=fruit, Lf=leaf; Pc=pericarp of fruit; ~ e = r e s i n ;  Rt=root; Sd=seed; 
Tm=timber; Wp=whole plant. 

b ~ e e  Figs. 1 and 2.  

'see Tables 1 to  6 ;  U=unidentified. 

2 d~pec ie s  endemic to Sri Lanka . 

e ~ e t e c t e d  by TLC; not isolated. 

f ~ n e  or more present (by TLC); not isolated. 
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comparison of its MS fragmentation with that of glutinone ( 1 3 1 ) . ~ ~  
Amongst the Sri Lankan plants investigated, isoarborinol (141) has been 
encountered only in Madhuca neriifolia ( ~ a ~ o t a c e a e ) . ~ ~ ~  Structure elucida- 
tion and the biogenetic significance of the phenolic triterpene, 
23-oxoisopristimerin I11 (142) have been dealt with earlier along with a 
comment on the structure of (143) (Sections 5.2 and 5.5). 

11. Steroids 

11.1 Sitosterol and its Esters 

Sitosterol (144) is the commonest secondary pIant metabolite known. 
Consequently it has been isolated from 75 species and detected (by TLC) in 
14 species out of a total of 11 1 Sri Lankan plants investigated. In most 
instances identification has been done by Co-TLC, Co-IR and mixed m.p. 
determinations. 

Some esters of sitosterol have also been encountered in Sri ~ a n k a n  
plants, especially in those to the family Dipterocarpaceae. 
Hurnboldtia lourifolio: (LeguE,"PErA and Shoreo dyeri (Dipterocarpa- 
~ e a e ) ~  contained unidentified sitos teryl esters. Sitosteryl palmitate (145) 
has been isolated from Doona macrophylla and Shorea stipularis whereas 
sitosteryl-ortho-methoxybenzoate(14.6) was found to be present in several 
Stemonoporus species, all belonging. t o  Dipterocarpaceae (see Table 9). 
Occurrence of these sitosteryl esters in Dipterocarpaceae may be of some 
chemotaxonomic significance. 

11.2 Stigmasterol 

Out of the 111 Sri Lankan plants investigated, stigmasterol [22(23)- 
dehydrositosterol (147)l has been found to  occur only in 3 species, viz. , 

Elephantopus scaber, Vernonia cinaria and V. zeylanica, all belonging to the 
family Compositae. 

11.3 a-Spinasterol and its Glycosides 

a-Spinasterol (148), a double bond isomer of stiginasterol (147), has been 
found to occur as the free alcohol or as its 0-D-glucoside (149). 
a-Spinasterol has been isolated from Camellia sinensis (Theaceae), the tea 
plant, and several Madhuca and Palaquium species of the family Sapotaceae, 
whereas, its /3-D-glucoside is present in C. sinensis and M. nerizfolia. 
Occurrence of this sterol in 6 plant species of Sapotaceae may be of chemo- 
taxonomic significance. 
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Table 9. Occurrence of sterols and their derivatives in Sri Lankan plants. 

Plant species Family parta Sterol(s) present Referehce(s) 

Agrostistacbys booken' b 

Apurosa cardiospema b 

Argyreia populifolia b 

Aristea ecklonii 

Bridelia moonii' 

Calopbyllum cordato- 

oblongum b 

Calopbyllum cuneifolium b 

Calopbyllum soulattri 

Calopbyllum inopbyl lum 

Calopbyllum tbwaitesiib 

Calopbyllum tomentosum 

Calopbyllum trapezifolium 

Calophyllum walkeri b 

Camellia sinensis 

Campnosperma zeylanica b 

Cananum zeylanicum b 

Canthium dicoccum b 

Cappans moonii  , . 
..b Casearia tbwaitesrt 

Celastrus paniculatus 

Cblorocarpa pentaschista b 

Citrus hystrix 

Citrus medica 

Citrus megaloxylocarpa 

Diospyros acuta b 

Diospyros birsuta b 

Diospyros mooniib 

Euphorbiaceae 

Convolvulaceae 

Iridaceae 

Euphorbiaceae 

Guttiferae 

Theaceae 

Anacardiaceae 

Burseraceae 

Rubiaceae 

Capparidaceae 

Flacourtiaceae 

Celastraceae 

Flacourtiaceae 

Rutaceae 

Ebenaceae 

Bk 

Bk 

F t 

Rh, Lf 

Bk 

B k 

Bk,Trn 

Bk,Trn 

Tm 

Trn 

Bk,Trn 

B k 

Tm 

WP 

Trn 

Bk,Re,Trn 

Bk 

L f 

Bk,Trn 

Rt(Bk) 

Bk 

Lf 

Lf 

Lt  

B k ,Tm 

Ft,Lf,Rr,Tm 

Bk,Rt,Tm 
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Table 9. (Contd.) 

Plant species Family parta Sterol(s) present ~eference(s) 

Diospyros oblongifolia Ebenaceae Bk,Ft (144) 70b 

Diospyros oppositifolia b Bk (144) 70b 

Diospyros quaesita b 

Diospyros rheophytica 

Diospyros spinescens 

Diospyros thwaitesiib 

Diospyros walkeri b 

Dipterocarpus glandulosus b 

Dipterocarpus hispidus b 

Dipterocat.pus insignis b 

Dipterocarpus zeylanicus b 

Doona affinis b 

Doona congestiflora b 

b Doona cordifoliu 

Doona macrophyllrr b 

Doona venulosa b 

Doona zeylanica b 

' Elaeodendron balaeb" 

Elephantopus scaber 

Eythrospermum zeyla- 

nicum b 

Depterocarpaceae 

Celastraceae Lf (144) 102 

Compositae WP (147) 26b 

Garcinra bermonii Guttiferae Tm (144) 971. 

Carcinia sprcata Lf (144) 6 3 

Garcinia thwaitesii Bk,Tm (144) 60 

Glochidion m o o n ~ i  b Euphorbiaceae Bk,Tm ( 144) 12 

G k d i d i o n  sp Tm (144) 97h 

Cymnospona emarginatab Celastraceae Bk,Lf,Rt,Tm ( 144) 107 

Hopea brewpetralatv Dipterocarpaceae Tm (144)' 68 

t Revised name : Cassinae balae 
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Table 9 .  (Contd.) 

Plant species Family parta Sterol(s) present Reference(s) 

Hopea cordifolia b Dipterocarpaceae Bk,Tm (144) 68 

Hopea jucunda var. modesta T m  (144) 68 

Horsfieldia i yaghedhi Myristicaceae Sd (144) 59 

Humboldtia laurifolia 

Hydnocarpus octandra b 

Hydnocarpus venenata 
b 

Kayea stylosa b 

Madhuca fulva b 

Madbuca nen'ifolia b 

Mammea acuminata 

b 
Palaquium canaliculatum 

Palaquium grande b 

I Palaquium laevifoiium b 

Palaquium petiolare 

. . Pentadasma butyracea 
, . < .  

Pleurostylia oppon'ta , 

Plumbago zeylanica 

Podadenia tbwaitesiib 

Scolopia schreben b 

Semecarpus gardnen 
b 

Senrecarpus obscura 
b 

Leguminosae 

Flacourtiaceae 

Guttiferae 

Sapotaceae 

Guttiferae 

Sapotaceae 

" 

Guttiferae 

Celastraceae 

Plurnbaginaceae 

Euphorbiaceae 

Celastraceae 

Flacourtiaceae 

Anacardiaceae 

Semecarpus walken b Tm (144) 97g 

Sborea dyen b Dipterocarpaceae T m  (144) ,ud 68.69 

/ Sborea lysopbylla Tm (144) 68,69 

Sborea oblongifoliiz b Trn (144)' 68.69 

Sborea ovalifolia b T m  (144)' 68,69 

Sborea stipukrk b Trn (144)C.(145) 68.69 
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Table 9. (Contd.) 

Plant species Family parta Sterol(s) present Reference(s) 

Shorea trapezifolia b 
Dipterocarpaceae Tm (144 )~  68,69 

Solanum verbasifolium Solanaceae Lf (144) 27 

Stemonoporus affinis b Dipterocarpaceae Bk,Tm (144),(146) 68,97b 

Stemonoporus canaliculatus b 
T m  ( 1 4 4 ) ~  68,69 

Sternonoporus cordifolius b 
Bk,Trn (144),(146) 68,69 

Stemonoporus elegans b 
Bk,Tm (144).(146) 69,9713 

Stemonoporus lancifolius Bk,Tm (144),(146) 68,69 

b 
Stemonoporus oblongifolius Bk (144)',(146) 68,69 

Sternonoporus petiolaris b 
B k (144)' 68  

T m  (144),(146) 68  

Stemonoporus reticulatus b 
T m  ( 1 4 4 ) ~  68  

Stereospermum personaturn Bignoniaceae Bk (144) 27 

Tricaly cia ery tbrospora Rubiaceae (144) 27 

Triphasia trifoliata Rutaceae Lf (1  44) 72b 

Vateria copallifera b Dipterocarpaceae Bk (144). 68  

Vatica affnis T m  (1 44) 6 8  

Vatica obscura Bk,Tm (144) 97b 

Vernonia cinerea Composicae WP (147) 27 

b Vernonia zeylanica WP (147) . ' 27 

' ~ k = b a r k ;  Ft=fruit; Lf=leaf; Re=resin; Rh=rhizorne; Rt=root; Sd=seed; Tm=timber; 
Wp=whole plant. 

2 b~pec i e s  endemic to  Sri Lanka . 

' ~ e t ec t ed  by TLC; not isolated. 
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(144) R = H; Sitosterol 

(145) R = C H CO; Sitosteryl palmitate 
15 32 

(146) R = 0 - M e 0  C6H4CO; Sitosteryl m - m e t h o x y b e n z o a t e  

(147); Stigmasterol (148) R = H; @-Spinaster01 
(149) R = glucose; a-Spinasterol- 0-_D- glucoside 

Figure 3. Structures of some sterols and their derivatives in Sri Lanka plants. 
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12. Summary and Conclusions 

Table 10 summarises the plant families of Sri Lanka from which various 
types of triterpenoids have been reported. Details such as the number of 
plant species of each family that have been investigated along with the total 
number of triterpenoids isolated, their distribution into various structural 
types and the number of new triterpenoids-encountered are also given h 
Table 10. 

A total of 11 2 plant species including 64 endemic plants belonging to 
20 families have been subjected to detailed investigations and a total of 143 
triterpenoids have been isolated. Triterpenoids are abundant in plants of the 
families Celastraceae and Flacourtiaceae. I t  is noteworthy that about 50% of ' 
the triterpenoids encountered in these two families are new. Of significance 
is that phenolic triterpenoids have thus far been found to occur only in 
Sri Lankan Celastraceae. 
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