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Chapter I 

1. A short review about triterpenoids of Iupane skeleton 

Natural products (NPs) are an incredibly diverse group of small (usually molecular 

weight less than 1500 Da) organic compounds isolated from a variety of natural sources, 

principally from plants. The reason that NPs capture the imagination of organic chemists 

and pharmaceutical scientists is because of their well documented and wide ranging 

biological activities and their skeletal diversity and intriguing functional group 

characteristics, which render them as indispensable leads for probing biological systems 

status and for drug discovery with new bioassay systems. 

Terpenes are a class of NPs possessing a carbon frame work comprising of units of five 

carbon arrangements. The monomeric unit is called isoprene unit indicated by the symbol 

Cs. 

An isoprene unit 

Most terpenes possess a carbon in multiples of C5 arrangement and the isoprene unit is 

considered as one of the nature's favorite building block of terpene biosynthesis. 

Terpenes are classified in the following groups-

i. Hemiterpenes (C5) One Cs unit 

n. Monoterpenes (Cw) Two C5 unit 

iii. Sesquiterpenes (C 15) Three C5 unit 

iv. Diterpenes (C2o) Four C5 unit 

v. Sesterpene CC2s) Five C5 unit 

vi. Triterpene (CJo) Six C5 unit 

Vll. Tetraterpenes (C4o) Eight C5 unit 

viii. Polyterpenes (C>4o) > Eight C5 unit 
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These units of five carbons are easily recognized in terpenes. These units generally 

consist of head to tail bonded isoprenes along with supplementary bonds. These structural 

features are a consequence of the common biosynthetic origin of terpenes.1 Terpene 

skeletons are produced from acyclic substrates by carbocation chemistry through 

successive electrophilic additions followed by rearrangements. 

Triterpenoids are a large and structurally diverse group of natural secondary metabolites1 

that display nearly 200 distinct skeletons. Most triterpenoids are 6-6-6-5 tetracycles, 6-6-

6-6-5 pentacycles, or 6-6-6-6-6 pentacycles, but acyclic, monocyclic, bicyclic, tricyclic, 

and hexacyclic triterpenoids have also been isolated from natural sources. Compounds 

combining availability with valuable biological activity are frequent in the class of 

triterpenoids. Several reviews have been published to document the occurrence and 

variable biologic] activities of these classes of terpenoids.2 Of all the groups' pentacyclic 

triterpenoids form a distinct class that is now getting too much attention by the synthetic 

chemists as well as medicinal chemists in the field of lead research because of the 

fascinating biological activities associated with them. Pentcyclic triterpenoids have 

several skeletal arrangements. Most important arrangements are - · 

•:• Olean skeleton 

•:• Ursane skeleton 

•:• Lupane skeleton and 

•:• Ceanothan skeleton 

Olean skeleton Ursane skeleton Lupane skeleton Ceanothane skeleton 

Figure 1 Important triterpene skeleton 

As triterpene is wide in nature and it is not easy to discuss in detail about all the skeletons 

of this class of natural product, only the triterpenoids oflupane skeleton is described here. 
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Lupane-type triterpenes, are widely distributed in the plant kingdom; the birch tree being 

one of the most widely reported sources. Betulinic acid (1), betulin (2) and Iupeol (3) are 

the most important lupane tritepenoid that has been reported to have anti-melanoma/ 

anti-neuroblastoma,4 anti-leukemia/ anti-HIV,6 and anti-malarial properties.7 To data the 

literature is increasing by documenting the isolation of various lupane triterpennoids from 

diverse natural sources mainly from plants. 

OH 

HO HO 
1 2 

The main source of betulin is birch bark. When the bark is heated, sublimation occurs. 

Lovits was the first to observe this in I 788. The name betulin was given to this 

compound by Mason in 1831. Later betulin was obtained by extraction. The birch bark 

has two clearly distinguished parts: external and internal. The external part of birch bark 

is especially rich in the extractives: their content reaches 40 %. The main component of· 

almost all the extracts is betulin which determines the white colour of bark.2 The betulin 

content of the external part of bark varies within 10-35% depending on birch species, site 

of ground and conditions, the age of a tree, and other factors. Betulin was detected in 

pendent birch (Betula verrucosa Ehrh. = Betula pendula Roth.) and in downy birch (B. 

pubescens Ehrh.), the species widespread in Russia.8 Betulin is also present in the bark of 

white birch (Betula alba L.) growing in Europe. 9 Along with betulin, extracts of the bark 

of these species contain its oxidized derivatives: betulic acid, betulic aldehyde, methyl 

ester ofbetulic acid, betulonic aldehyde, betulonic acid.10 A permanent satellite of betulin 

in birch bark is Iupeol (-10% of betulin). Anomalously high content of Iupeol close to 

the amount of betulin was described by Tolstikov et al. 11 Lupeol was isolated for the first 

time from sprouts of lupine (Lupinus alb us), a fodder plant; later it was detected in other 

sources. 11 Along with Iupane derivatives, birch bark contains triterpenes of oleanane and 

ursane series. In some birch species, for example in B. dahurica Pall., prevailing 

!53 



compounds are oleananic acid and its derivatives.12 Among other oleanane derivatives 

detected in the extracts of birch bark, noteworthy is a product of rearrangement of 

betulin, allobetulin which is easily obtained under the action of acidic reagents. 13 The 

qualitative composition of triterpenoids of the bark of black birch species B. pubescens 

and B. pendula is the same as that of white-bark birch, but their amount is 2.3 times 

smaller. The content of betulin in white-bark birch and in black bark B. pubescens is 

substantially lower than that in the bark of B. pendula.14 Extracts of the internal part of 

bark contain small amounts of betulin; hOwever, they can be used as sources of phenolic 

compounds. 15 Betulin, lupeol and the products of their metabolic hydroxylation were 

detected in at least twenty different plant species belonging to different genera and 

families. For example, betulin, lupeol and betulic acid were extracted from the bark of 

alder tree (Aldus subcordata L.), 16 zizyphys (Ziziphus jujuba M.)17
•
18 and from the top 

parts of thistle (Atractylis carduus L.). 19 Betulic acid was detected in the leaves of 

pl~meria (Plumeria obtusa),20 triadenum (Triadenum japonicum),21 in orchids (Orchid 

Lusia indivisa)22 and other plants (Dillenia papuana, Tryphyllum peltatum, 

Ancistrocladus heyneaus, Diospyros leucomelas, Tetracera boliviana, Sizyphus joazeiro, 

Syzigium claviflorum, Aerva javanica) widespread in the tropics and of course from 

Biscofiajavanica. 

In an early attempt Carl Djerassi isolated23 and characterized thurberogenin, a new 

triterpene from the cactus Lemaireocereus thurberi. Later on he revised the structure of 

thurberogenin (4) and gave its modified structure as a lupane triterpenoid.24 

), 

HO 
4 

In that same communication23 the same authors also reported the isolation of 

stellatogenin (5) from Lenaaireocereus stellatus, a new lupane type triterpenoid. 
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Siddiqui et a/?5 isolated a new lupane type triterpenoid oleanderol (6) from the leaves of 

Nerium oleander L. Nerium oleander L. (syn. Nerium odorum, Apocynaceae), distributed 

in the Mediterranean region and subtropical Asia, is indigenous to the Indo-Pakistan 

subcontinent. The plant is commonly known as "kaner", and its various parts are reported 

as therapeutic agents in the treatment of swellings, leprosy, eye and skin diseases. The 

leaves possess cardiotonic and antibacterial properties. 25 

), ), 

' 
HO 
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The family Celastraceae is well rich in triterpenoid as evident by the enormous number of 

publications in current literature. Tinto and his co-workers26 in 1992 reported the 

isolation of some lupane type triterpenoids from the methanolic extract of the bark of 

Salacia cordata. The most abundant triterpenoid isolated were identified as 28-

hydroxylup-20(29)-en-3-one or commonly betulone which has been reported previously 

as an oxidation product of betulin (2), and 30-hydroxylup-20(29)-en-3-one. The third 

compound, I 5,28-dihydroxylup-20(29)-en-3-one (8), has not been described previously. 

Its molecular formula, C30[-4803, was determined (hreims), and structural and functional 

features were recognized from IR and NMR spectra . 

. Patra et a!. 27 for the first time ever isolated and reported the existence of new somewhat 

air sensitive a.-lupene ester, lup-20(29)-en-28-ol-3P-yl caffeate (9). 
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Ngassapa et a/.28 for the first time reported the isolation of three new lupane lactones 

from the nonpolar fraction of the stem bark of Kokoona ochracea. From extensive ID 

and 2D NMR studies they established the structures as 3-oxolup-20(29)en-30,2lu-olide 

(10), 20,29-epoxy-3-oxolupan-30,2lu-olide (11) and 3,6-dioxolup-20(29)en-30, 21u

olide (12). 

R 

10 R = H;;t 
12 R = =U 

0 
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' ' 

0 
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Later on in another communication Ngassapa et a/.29 isolated another two novel cytotoxic 

lupane lactones Ochraceolide D and E from the same plant, Kokoona ochracea of family 

Celastraceae. The structure of compound D and E were established as 20,29-dihydroxy-

3-oxolupan-30,2lu-olide (13) and 28-hydroxyl-3-oxolup-20(29)-en-30,21 u-olide (14) 

respectively. Both the compounds showed promising anticancer activity against a series 

of cancer cell lines in vitro. All the structures of the isolated compounds were elucidated 

by a detail study of the spectroscopic data as well as chemical analysis. In this case both 

the lactones were very much stable at room temperature. 
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Of 13 species of Diospyros (Ebenacea) growing in Taiwan, several have been studied for 

their chemical constituents, resulting in the isolation and structure elucidation of various 

triterpenes, lignans, steroids, benzoquinones, and naphthoquinone. Chi-I Chang and 

Yueh-Hsiung Kuo30 had isolated and characterized two new lupane derivatives, 3-(E)

coumaroylbetulinaldehyde (15) and 3-(E)-coumaroyl-28-palmitoylbetulin(16), have been 

isolated from the stems of Diospyros maritima. Their structures were determined by 

using spectral and chemical methods. 

0 
II _/\-

-C-~=~~OH R2 =-CHO 

0 
II 

R2 = -CH20CCH2(CH2l1oCH2CH2CHa 

Sonja Sturm and coworkers31 had isolated compounds 15 and 16 from stem bark of 

Lophopetalumwallichii along with some others known ones all having lupane skeleton. 

They also examined the Farnesyl Protein Transferase Inhibitory Activity of all the 

isolates. 

The root and stem barks of Acanthopanax species have been used as a tonic and 

prophylactic in oriental herbal medication from olden times. The leaves and roots of this 

species have been also taken as a health drink and drug in Korea. These observation 
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attracted Park32 and his coworkers to search the phytochemicals and they reported the 

isolation of some 3,4-seco-lupane triterpenes from this plant. The names of the 

compounds are inermoside, 17 and 11-deoxyisochiisnoside, 18. 

17 18 

Takeoka el a/.33 in an interesting investigation had reported the isolation of betulinic acid 

(1) and its some derivatives from Almonds [Prunus dulcis (Mill.) D.A. Webb]. 

Chaturvedula et a/.34 in their ongoing study on natural products reported the isolation of 

three novel lupane triterpenoids from the twigs of Coussarea paniculata using a yeast

based assay for potential DNA-damaging agents in addition to eight known triterpenoids, 

lupeol (3), lupenyl acetate, betulin (2), betulinic acid (1), 3-epi-betulinic acid (19), 3-epi

betulinaldehyde (20), oleanolic acid (21), and ursolic acid (22). The structures of the new 

compounds were established as lup-20(29)-en-313,25-diol (23), lup-20(29)-en-lla-ol-

25,3f3-lactone (24), and 3-deoxybetulonic acid (25), on the basis of extensive lD and 20 

NMR spectroscopic data interpretation and chemical conversions. 
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Oramas-Royo and his coworkers had isolated seven new triterpenoids and 36 known 

compounds from the root bark of Maytenus retusa. Their structures were determined by 

ID and 20 spectroscopic studies. Several compounds were evaluated for their 

cytotoxicity against the human tumor cell lines HL-60 and MCF-7. Some of them were 

cytotoxic, with IC50 values ranging between 0.2 and 4.7 J.!M. Out of all the seven new 

compounds one compound had the lupane skeleton and the structure of the compound 

was elucidated as 3j3-(E)-p-coumaroylnepeticin (26). 
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The structure of the compound was elucidated by extensive interpretation of the 10 and 

20 NMR spectra of the compound. The HMBC correlation was so much indicative about 

the proposed structure of the compound (26). 

~ 0 r;;;g· 3~ 
\JI\ ~ )~ 1' 

HO 
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Seclected HMBC crrelatio"n of compound (26) 

Oallavalle et a/.35 isolated a new seco-ring A lupane triterpene derivative (27), along with 

lupenone, lupeol, a-sitosterol, ursolic acid, and stigmasterol 3-0-13-0-glucoside, were 

isolated from a methanol extract of mature stems of Lasianthus gardneri, a shrub from 

the family Rubiaceae growing in Sri Lanka. The structure and stereochemistry of the new 

compound were determined using a combination of 13C and 1 H homo- and heteronuclear 

20 NMR experiments and from mass spectral data. The structure of the compound was 

further confirmed by partial synthesis from lupeol. 

27 

The stem bark of Acacia mellifera (Leguminosae) is used in the traditional African 

ethnomedicine for the treatment of pneumonia, malaria, primary infection of syphilis, 

sterility and stomach-ache.36 These uses attracted Charles Mutai and his coworkers for a 

through photochemical study of the bark of Acacia mellifera. In that study they reported 

160 



the isolation of the new lupane triterpene 28-hydroxy-3-oxo-lup-20-(29)-en-30-al (28) 

along with eight known triterpenoids from the DCM extract of the outer bark. 

OHC_jj 
' 

28 

Five new I upane triterpenes, in addition to 24 known ones, were isolated from Maytenus 

cuzcoina and M chiapensis by Nunez et a/.37 Their structures were elucidated on the 

basis of spectroscopic analysis, including homonuclear and heteronuclear correlation 

NMR (COSY, ROESY, HSQC, and HMBC) experiments. New triterpenoids were named 

as lla.-hydroxy-epi-betulin (29), 6j3-hydroxybetulin (30), 24-hydroxybetulone (31), 

rigidenol-28-aldehyde (32) and 28-hydroxyglochidone (33). 

Ri' 

29 R1 = H, R2 = OH, R3 = CH20H 
32 R1 = R2 = 0, R3 = CHO 

0 

31 
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Fukuda et a/.38 isolated 613-hydroxy-3-oxolup-20(29)-en-30-ol-28-oic acid (34) and 35 

from the cones of Liquidamber styraciflua L. (Hamamelidaceae) together with another 

novel triterpenoid having olean skeleton and six already known triterpenes. They also 

showed the anticancer potential of all the isolates against some cancer cell lines. 
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The family Celastraceae has almost I 00 genera and about 1300 species39 that are 

widespread in the tropical and subtropical regions of North Africa, South America, and 

East Asia.40 

Chen et a/.41 in their on going study about the phytochemical investigations of natural 

products of plant origin had isolated seven new Iupane triterpenoids from bioactive 

methanol extracts of Microtropis fokienensis (36-38) and Perrottetia arisanensis (39-42), 

along with I 8 known compounds including compound 28. The structures of the new 

compounds were elucidated on the basis of spectroscopic data analysis. All triterpenoids 

were evaluated for their in vitro cytotoxicity toward seven human cancer cell lines. 

Compound 28 (28-hydroxy-3-oxo-lup-20(29)-en-30-al) was among the most cytotoxic 

substances obtained and was found to induce apoptosis of human leukemia HL60 cells 

and mediate cleavage of P ARP and upregulation of Bax proteins. 
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In 20 I 0 Guerrero-Anal co reported42 the bioassay guided isolation of 23,28-

dihydroxylupan-20(29)-ene-313-caffeate from the crude extract (80% EtOH in H20) of 

Sorbus decora C.K. Schneid. (Rosaceae), commonly known as "Showy mountain ash", is 

a widely distributed tree of the boreal forest ofNorth America. 

Oyo-Ita et a/.43 in a dramatic work isolated and established the presence of higher 

triterpenoid methyl ether and acetates in the sediments of the cross-river system, 

southwest Nigeria. They proved the presence of lupane derived compounds. 
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