
 

 

 

 

ISOLATION AND STRUCTURE ELUCIDATION 
OF DITERPENES FROM 

HUNGARIAN EUPHORBIA SPECIES 
 

 

 

 

 

Ph.D. Thesis 
 

 

 

 
Andrea Vasas 

 

 

 

 

 

 
Szeged 

2006 



Department of Pharmacognosy 

University of Szeged 
 

 

 

 

 

 

Isolation and Structure Elucidation of Diterpenes from 

Hungarian Euphorbia Species 
 

 

 

 

 

 

Ph.D. Thesis 
 

 

 

Andrea Vasas 
 

 

 

 

 

 

Szeged, Hungary 

2006 



List of publications related to the thesis 
 

I a) Hohmann J, Vasas A, Günther G, Máthé I, Evanics F, Dombi G, Jerkovich G: 

Macrocyclic diterpene polyesters of the jatrophane type from Euphorbia esula, J. Nat. 

Prod. 1997; 60: 331-335 

 
 b) Hohmann J, Vasas A, Günther G, Máthé I, Evanics F, Dombi Gy, Jerkovich Gy: 

Jatorfánvázas makrociklusos diterpén-poliészterek az Euphorbia esula-ból, Acta Pharm. 

Hung. 1998; 68: 175-182 

 
II Günther G, Hohmann J, Vasas A, Máthé I, Dombi G, Jerkovich G: Jatrophane 

diterpenoids from Euphorbia esula, Phytochemistry 1998; 47: 1309-1313 

 
III Günther G, Martinek T, Dombi G, Hohmann J, Vasas A: Structural characterization and 

dynamic NMR studies of a new peracylated macrocyclic diterpene, Magn. Reson. Chem. 

1999; 37: 365-370 

 
IV Hohmann J, Günther G, Vasas A, Kálmán A, Argay G: Isolation and structure revision 

of pepluane diterpenoids from Euphorbia peplus, J. Nat. Prod. 1999; 62: 107-109 

 
V Hohmann J, Vasas A, Günther G, Dombi G, Blazsó G, Falkay G, Máthé I, Jerkovich G: 

Jatrophane diterpenoids from Euphorbia peplus, Phytochemistry 1999; 51: 673-677 

 
VI Hohmann J, Evanics F, Vasas A, Dombi G, Jerkovich G, Máthé I: A novel lathyrane 

diterpenoid from the roots of Euphorbia lathyris, J. Nat. Prod. 1999; 62: 176-178 

 
VII Vasas A, Hohmann J, Forgo P, Szabó P: New tri- and tetracyclic diterpenes from 

Euphorbia villosa, Tetrahedron 2004; 60: 5025-5030 

 

 

 

 

 



CONTENTS 

ABBREVIATIONS AND SYMBOLS ...............................................................................................2 

1. INTRODUCTION ....................................................................................................................3 

1.1. Botany of the family Euphorbiaceae and the investigated Euphorbia species ...............4 

1.2. Chemical constituents of the family Euphorbiaceae .....................................................6 

1.2.1. Diterpenoids of the plant family Euphorbiaceae ....................................................6 

1.2.2. Chemical constituents of Euphorbia esula ...........................................................10 

1.2.3. Chemical constituents of Euphorbia lathyris .......................................................10 

1.2.4. Chemical constituents of Euphorbia peplus .........................................................11 

1.3. Folk-medicinal use of the investigated Euphorbia species..........................................12 

2. AIMS OF THE STUDY ..........................................................................................................13 

3. MATERIALS AND METHODS ................................................................................................14 

3.1. Plant material.............................................................................................................14 

3.2. Screening of plant material for diterpene content .......................................................14 

3.3. Extraction and isolation of diterpenes.........................................................................14 

3.3.1. Extraction ...........................................................................................................14 

3.3.2. Isolation and purification of compounds..............................................................15 

3.4. Characterization and structure determination of the isolated compounds ....................16 

4. RESULTS ...........................................................................................................................18 

4.1. Screening of E. esula, E. lathyris, E. peplus and E. villosa for diterpene contents.......18 

4.2. Isolation of diterpenes................................................................................................18 

4.2.1. Isolation of diterpenes from E. esula ...................................................................18 

4.2.2. Isolation of diterpene from E. lathyris .................................................................20 

4.2.3. Isolation of diterpenes from E. peplus .................................................................20 

4.2.4. Isolation of diterpenes from E. villosa .................................................................21 

4.3. Characterization and structure determination of the isolated compounds ....................22 

5. DISCUSSION.......................................................................................................................36 

6. SUMMARY .........................................................................................................................42 

7. REFERENCES .....................................................................................................................44 

ACKNOWLEDGEMENTS ..........................................................................................................52 

APPENDIX .............................................................................................................................53 



 2 

ABBREVIATIONS AND SYMBOLS 

1D one-dimensional 

2D two-dimensional 

COSY correlated spectroscopy 

cryst. crystallization 

δ chemical shift 

DEPT distortionless enhancement by polarization transfer 

EIMS electron-impact ionization mass spectroscopy 

fr. fraction 

HMBC heteronuclear multiple-bond correlation spectroscopy 

HMQC heteronuclear multiple-quantum coherence spectroscopy 

HPLC high-performance liquid chromatography 

HREIMS high-resolution electron ionization mass spectroscopy 

HRFABMS high-resolution fast atom bombardment mass spectroscopy 

HSQC heteronuclear single-quantum correlation spectroscopy 

IR infrared 

JMOD J-modulated spin-echo experiment 

MDR multidrug resistance 

NMR nuclear magnetic resonance 

NOE nuclear Overhauser effect 

NOESY nuclear Overhauser enhancement spectroscopy 

NP normal-phase 

OCC open-column chromatography 

PLC preparative-layer chromatography 

RP reversed-phase 

TLC thin-layer chromatography 

tR retention time 

UV ultraviolet 

VLC vacuum-liquid chromatography 

Ester groups: Ac = acetyl, Bz = benzoyl, Nic = nicotinoyl, iBu = isobutanoyl, 

 nBu = n-butanoyl 
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1. INTRODUCTION 

One of the largest genera of flowering plants is Euphorbia, with approximately 2 000 species. 

This enormous genus belongs in the very diverse family Euphorbiaceae, with at least 8 000 

species in 300 genera. The plants of the Euphorbiaceae are succulent or non-succulent, 

ranging from herbs and shrubs to trees and cacti, and occur in tropical and temperate regions 

throughout the world.1,2 

Many Euphorbiaceae species are characterized by the occurrence of highly irritant milky 

latex. These plants have been used to treat different cancers, tumours and warts from at least 

the time of HIPPOCRATES.3 The folk-medicinal uses of Euphorbia species include the 

treatment of infections, gonorrhoea, migraine, intestinal parasites, rheumatism, snake-bites, 

asthma, obstipation, coughs, sores and skin diseases.4 In many African countries, these plants 

have often been used as sources of ingredients in arrow poisons, not only for their cohesive 

properties, but also to produce irritation at the site of the arrow wound, thereby promoting 

absorption of the poison. The constituents responsible for these irritant properties are well-

known diterpene esters (mainly with a tigliane, ingenane or daphnane skeleton), which also 

exhibit mutagenic, cocarcinogenic and antileukaemic activities. Further important economic 

plants among the Euphorbiaceae are Hevea brasiliensis (pará rubber); Euphorbia tetragonal 

and E. triangularis (inferior rubber); Manihot esculenta (cassava, tapioca); Croton tiglium 

(croton oil); Ricinus communis (castor oil); and Euphorbia resinifera (‘euphorbium’).5-7 

Plants from the family Euphorbiaceae are sources of compounds with a variety of interesting 

biological activities. Especially the diterpenes are useful biochemical and pharmacological 

tools for elucidation of the biochemistry of diseased states in humans and animals and of the 

mechanisms of drug action. In recent years, the diterpene-type phorboids (ingenane, tigliane 

and daphnane esters) were amongst the most significant compounds isolated from higher 

plants in this respect. The extreme potency of phorboids, their specific biological actions and 

rigid chemical structure have made them invaluable assets in the study of cancer proliferation 

and inflammation. These compounds have played a large part in the elucidation of the protein 

kinase C (PKC) second messenger system of mammalian membranes. Moreover, 

antileukaemic ingenane diterpenes have been obtained from Euphorbia esula, Croton tiglium 

and Cunuria spruceana.8 Resiniferatoxin (RTX), isolated from the latex of E. resinifera, is 

another very important Euphorbiaceae diterpene, with an ultrapotent capsaicin-like effect. It is 
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a vanilloid receptor agonist, which interacts at a specific membrane recognition site (vanilloid 

receptor), expressed by primary sensory neurons involved in nociception and neurogenic 

inflammation. Further interesting diterpene esters with great structural variety and noteworthy 

biological activities have been isolated from Euphorbiaceae species.9-13 

In 1995, HOHMANN et al. initiated a research programme in the Department of 

Pharmacognosy, University of Szeged, with the aim of the investigation of the secondary 

metabolites of Hungarian Euphorbia species. In the course of these studies, many diterpene 

esters of different skeletal types have been isolated.14-21 One part of this programme involved 

the investigation of Euphorbia esula L., E. lathyris L., E. peplus L. and E. villosa Waldst. & 

Kit. The present thesis summarizes the results of this phytochemical work. 

1.1. Botany of the family Euphorbiaceae and the investigated Euphorbia species 

The Euphorbiaceae comprise one of the largest and most diversified families of angiosperms 

and, because of the range of morphological variation, may be polyphyletic in origin. There is 

great diversity in growth form, from tall rain forest trees to lianas, shrubs, perennial and 

annual herbs, geophytes, succulents and floating aquatics.2 The tribe Euphorbieae is 

characterized by the possession of a unique cyathium, which consists of a central carpellate 

flower and four or five groups of basal male-flower clusters. Euphorbia plants are 

monoecious.22,23 

The investigated plants, Euphorbia esula, E. lathyris, E. peplus, and E. villosa belong in the 

section Tithymalus of the genus Euphorbia in the family Euphorbiaceae, in the order 

Euphorbiales.  

 

Euphorbia esula L. (leafy spurge; syn. Euphorbia pseudovirgata (Schur) Soó, E. dalechampii 

Haw., E. discolor Led., E. intermedia Brebis, E. racemosa Tausch., E. tristis Bess., 

E. triumfetti Bert., Tithymalus esula Moench.) is a glabrous or pubescent perennial herb, up to 

120 cm in height. Stipules are absent, and the leaves are symmetrical at the base and stand 

opposite. The stems are usually unbranched at the base. It has up to 11 axillary non-flowering 

branches and 0-20 (-30) axillary rays. The leaves, measuring 15-85 × 0.5-15 mm, are linear to 

broadly ovate or obovate, entire and bluish-green in colour, although they turn yellowish or 

reddish-orange in late summer. The ray-leaves are shorter and often wider than cauline. The 

glands have a truncated or emarginated outer margin or 2 horns. The horns of the glands are 
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usually slender, or the outer margin of the glands is truncated or emarginated; the bracts 

between the male and female flowers are hirsute or plumose. The capsules measure 

2.5-3 × 3.5 mm; they are deeply sulcated and granulated on the keels. The seeds measure 2 

mm; they are ovoid, grey or brownish. This plant occurs in Europe, but only as an alien in the 

north, and in North America. It flowers from May to August.22-24
 

 

Euphorbia lathyris L. (caper spurge, mole plant; syn. Galarhoeus lathyris (L.) Haw., 

Euphorbia spongiosa Ledeb., Tithymalus lathyris Hill., T. lathyris Moench., T. lathyris Scop.) 

is a monoecious, always glabrous, glaucous biennial plant with a height of 150 cm. It has 

numerous axillary shoots; the leaves, measuring 30-150 × 5-25 mm, are linear to oblong-

lanceolate, and entire. Stipules are absent; the leaves stand opposite and are decussated. The 

ray-leaves are ovate-lanceolate, but the raylet-leaves are triangular-ovate, acute, and paler-

green than the cauline and ray-leaves. It has an umbel with 2-4 rays, up to 8 times 

dichotomous, the whole forming a cyathium. The flowers are green to greenish-yellow in 

colour. The seeds measure 5 mm; they are barrel-shaped, rugulose, brown or grey. This plant 

is a ruderal and weed of cultivated ground. It occurs throughout Europe, but is probably native 

only in the East and Central Mediterranean region.22-24
 

 

Euphorbia peplus L. (petty spurge; syn. Tithymalus peplus (L.) Hill, Galarhoeus peplus (L.) 

Rydb.) is a glabrous annual herb with 2 or more branches from the base and with 0-3 axillary 

rays. It grows up to 40 cm in height. The leaves measure 5-25 × 3-15 mm, with petioles up to 

8 mm. They are ovate, suborbicular or obovate, and entire. The ray-leaves are like the cauline, 

but with shorter petioles. The raylet-leaves are smaller, and slightly obliquely ovate. The rays 

are 3-5 times dichotomous. The glands have 2 filiform horns. The capsule measure 2 × 2 mm; 

they are shallowly sulcated and smooth; each valve has two dorsal ridges. The seeds are 

1.1-1.4 mm in size; they are ovoid-hexagonal, sulcated ventrally and pitted dorsally, pale-

grey, but darker in the depressions. This species is a weed of cultivated ground. It occurs in 

most of Europe. The plant flowers from July to November.22-24
 

 

Euphorbia villosa W. et K. (syn. Tithymalus villosus (Waldst. & Kit.), E. austriaca Kerner, 

E. carpatica Woloszak, E. pilosa auct. Eur., non L., E. procera M.B., E. semivillosa Prokh., 

E. tauricola Prokh.) is a stout, glabrous or pubescent, rhizomatous perennial herb with a 

height of 30-120 cm. It is herb, or a slender, wiry dwarf shrub. The rhizome is without tubers. 
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The stems are stout, and usually numerous, often with non-flowering branches as well as 

axillary umbels, which are scaly below. The leaves are symmetrical at the base, and usually 

alternate; they are rarely opposite, but then are not decussated. The leaves are oblong, oblong-

lanceolate to oblong-ovate or elliptical, 2-6 times as long as wide, obtuse to acute, and often 

mucronate, entire, or serrulate near the apex. The ray-leaves are ovate, obtuse and mucronate; 

the raylet-leaves are smaller, relatively wider and yellowish. The rays number (4)5 or more; 

they are trichotomous and then dichotomous. The capsule, measuring 3-6 mm, is smooth, 

minutely tuberculated or densely villous, and indurated. The seeds are 2.5-3.2 mm in size, 

smooth and brown. The plant occurs in damp meadows, open woods and river-banks 

throughout Europe. It flowers from May to June.22-24 

1.2. Chemical constituents of the family Euphorbiaceae 

This group of plants has been the subject of intense phytochemical examination. The isolated 

compounds include alkaloids (imidazoles, pyrimidines, pyrrolidines, pyridines, piperidines, 

quinolizidines, quinazolones, isoquinolines, morphinandienones, indoles, guanidines and 

diterpenes),24,25 diterpenoids, triterpenoids (tetra- and pentacyclic),25,26 flavonoids 

(particularly flavones, flavonols, and rarely flavanones),27 coumarins (in relatively few 

plants),2 lignans (in only two genera: Jatropha and Phyllanthus)28, tannins (hydrolysable),29 

phenanthrenes and quinones,27 phenolic compounds,25 long-chain fatty alcohols (n-

octacosanol and n-hexacosanol) and hydrocarbons, alkanes and amino acids. These 

compounds have been isolated from the latex and from different parts (bark, cortex, flowers, 

leaves, roots and stems) of the plants. The most important constituents of the latex of many 

Euphorbia species are triterpenes and diterpenes, mainly in ester form.30 

1.2.1. Diterpenoids of the plant family Euphorbiaceae 

The plants of the family Euphorbiaceae produce a great variety of diterpene esters, with 

various biological activities. Up to 2005, diterpenes were isolated from 187 Euphorbia 

species, or their presence was detected. One group of diterpenes occurs widely in the plant 

kingdom, but others appear to be restricted in distribution. In particular, the macrocyclic 

diterpenes and their cyclization products display only a very limited distribution in the 

families Euphorbiaceae and Thymeleaceae. These diterpenes can be classified as ‘lower 

terpenes’ (‘Euphorbiaceae diterpenes’), derived from a geranyl-geranyl-pyrophosphate 
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precursor through a ‘head-to-tail’ cyclization (Figure 1).31 The functionalization of diterpenes 

presumably proceeds after cyclization. The cembrene cation is a very reactive intermediate 

containing a 14-membered ring, which stabilizes through the formation of cembranoids.32 

Cembrane diterpenes have been isolated from different plants and marine invertebrates; many 

have cytotoxic33, antitumour34 and HIV-1-inhibitory35 activities. 

 

 

 

 

 

 

 

 
Figure 1. Hypothetical biogenic interconversions of diterpenes in the family Euphorbiaceae 

Large numbers of bicyclic diterpenes are to be found in the family Euphorbiaceae. The 

casbanes, formed from the cembrene cation by cyclization of the isopropyl group, have been 

considered to be precursors of a number of macrocyclic diterpenes.36 Casbanes with a trans or 

cis cyclopropane ring occur in the species of Euphorbia37,38 and other Euphorbiaceae 

genera.39,40 Some compounds have in vitro cytotoxic,37,40 antibacterial38 and antiproliferative38 

activities. The bicyclic jatrophane diterpenes, with a bicyclo[10.3.0]pentadecane ring system, 

may be formed in the plant from a cembrene cation, or a casbane precursor by rearrangement. 

The first known member of this type was jatrophone, isolated from the roots of 

Jatropha gossypiifolia, which demonstrated significant activity against P-388 lymphocytic 

leukaemia. In 1975, two highly oxygenated jatrophane derivatives were obtained from 

E. kansui, kansuinine A and B, with analgesic and anti-writhing activities.41-43 Further 

antitumour jatrophane derivatives, euphornin from E. maddeni44 and euphoscopins A and B 

from E. helioscopia, were reported in 1981.45 The structure of euphornin was proved by X-ray 

analysis in 1984.46 In the 1980s, further jatrophane diterpenes were isolated from 

E. helioscopia,11,47,48 E. characias49 and E. lateriflora.50,51 YAMAMURA et al. reported 31 new 

jatrophane derivatives from the fresh plant material of E. helioscopia: euphornin A-K, 

euphoscopin A-L, epieuphoscopin B, D and F, euphohelioscopin A, B and euphohelionone.48 
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E. terracina,52 E. paralias,53 E. semiperfoliata,54 E. segetalis55 and E. obtusifolia.56 From 

E. terracina, interesting bishomo-jatrophane derivatives, terracinolides and isoterracinolides 

were isolated by MARCO et al.57-59 Between 2000 and 2005, jatrophanes were isolated from 

E. serrulata,15-17 E. salicifolia,18 E. paralias,60 E. turczaninowii,61 E. hyberna,62,63 

E. dendroides,64 E. altotibetic,65 E. semiperfoliata,66 E. mongolica,20 E. obtusifolia,67 

E. pubescens,68-71 E. characias,72 E. kansui,73-75 E. amygdaloides76 and E. helioscopia.77 Many 

biological activities of jatrophanes have been reported, such as antifeeding activity against the 

larvae of Spodoptera littoralis, antiviral activity against HIV-1,60 microtubule-interacting 

activity,66 inhibitory activity on the mammalian mitochondrial respiratory chain,67 antitumour 

and multidrug resistance reversing (MDR) activities,64,68-72,76 and cell division-inhibitory 

effect on the Xenopus laevis embryo.73,74 Since the 1970s, more than 180 jatrophanes from 

natural sources have been identified. Their great structural variability stems from the number 

and positions of the double bonds, the nature and number of the oxygen functions, and the 

configuration of the diterpene core. The oxygen functions are hydroxy, keto, epoxy, ether and 

ester groups. Natural jatrophane diterpenes are mainly polyacylated derivatives. The number 

of ester moieties ranges between 248,49 and 8.55 The acyl residues are most frequently acetate, 

benzoate, isobutyrate, 2-methyl butyrate or nicotinate, and rarely propionate, butyrate, 

angelate, tigliate or cinnamate. The most heterogeneously esterified molecules have 4 

different acyl groups,58 and there are only a few compounds with homogeneous ester 

groups.52,53,61 Hydroxy groups can usually be found on C-3, C-5, C-7, C-9 and C-15, but also 

on C-2,53,65 C-851 and C-14,48 and rarely on C-1,42 C-6,55,78 and C-13.57,64 Keto groups are 

usually located at C-9 or/and C-14, and occasionally at C-748 or C-12.41 Most of the 

compounds contain C-11/C-12 and C-6/C-17 double bonds. Rarely, C-5/C-6,44,46,49,68 

C-14/C-15,48 C-3/C-4 and C-8/C-979 double bonds can be found. 

Depending on their substitution, jatrophanes may have 5-10 chiral centres. The ringjunctions 

always prove to be trans, and the substituents at C-5, C-8 and C-9 are α and those at C-3, C-6 

and C-7 are β, relative to the angular H-4, which is assumed to be α-oriented. Jatrophane 

diterpenes do not form a stereochemically homogeneous series, because the configurations of 

the remaining carbons (C-1,73 C-2,48,63 C-1348,80 and C-1448) are variable. 

The absolute configurations of jatrophane derivatives have been investigated in only a few 

cases by X-ray analysis or by the circular dichroism exciton chirality method.42,45,46,65 The 
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absolute configurations of all natural jatrophane derivatives are identical as concerns the ring 

anellation: H-4 is α, and 15-OH or the 15-acyl group is β-oriented. 

Irregular bicyclic compounds have been isolated from Chrozophora obliqua 

(Euphorbiaceae)81 and from Jatropha integerrima and J. gossypifolia.82,83 

Euphorbiaceae species synthesize different types of tricyclic diterpenes. One of the largest 

groups of tricyclic diterpenes is the lathyrane group, which includes about 90 compounds. 

The hydrocarbon nucleus of casbene and its saturated analogue, casbane, may be considered 

to be the biogenetic precursor of these diterpenes (Figure 1).36 The first lathyrane diterpene 

was ‘euphorbiasteroid’, reported by DUBLYANSKAYA in 1937 from the seed oil of 

E. lathyris.84 It was originally believed to be a steroid, but later studies revealed its 

diterpenoid nature. The configuration reported in 1970, as a consequence of X-ray 

analysis85,86 was revised by APPENDINO et al. in 2000.87,88 Lathyrane diterpenes have been 

reported from Macaranga tanarius,89 Jatropha curcas,90,91 J. grossidenta,92 J. podagrica,93 

J. weddelliana,94 Euphorbia jolkini,95 E. micractina,96 E. pithyusa subsp. cupani97 and 

E. hyberna.63 An unusual lathyrane diterpene, bertyadionol, was isolated from 

Bertya cuppressoidea in 1970.98 Pharmacological screening revealed that lathyrane-type 

compounds do not possess the pro-inflammatory activity characteristic of other 

Euphorbiaceae diterpenes.99 Ingols are 4,15-epoxy derivatives of lathyranes, which have 

given rise to considerable interest as cytotoxic,100,101 vasoactive,13,102 antineoplastic44 and 

prostaglandin E2-inhibitory103 agents. Ingol was originally isolated from the latex of 

Euphorbia ingens in 1973. Its stereochemistry was elucidated by X-ray analysis.104 Further 

ingol esters have been isolated from Euphorbia lactea, E. kamerunica,100,101,105 

E. hermentiana,106 E. royleana,107 E. tirucalli,108,109 E. poisonii,110,111 E. antiquorum,112 

E. portulacoides,113 E. canariensis,13,114,115 E. acrurensis,116 E. lactea,117 E. nivulia,103,118 and 

Synadenium compactum119. 

Tigliane, ingenane, daphnane, jatropholane, crotopholane and rhamnopholane are further 

common types of ‘lower diterpenes’ with tri- or tetracyclic skeletons.31,120  
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their skin-irritant activities.36 The most exhaustively investigated tiglianes are phorbols 
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esterified at C-12 and C-13, which activate protein kinase C (PKC); they may therefore 

disturb the enzyme-regulated cellular activity. 12-O-Tetradecanoylphorbol-13-acetate (TPA) 

has become a classical activator of PKC, in many studies relating to signal transduction.121 

Some tiglianes exert anti-HIV-1 activity.122,123  

Further tri- and tetracyclic diterpene types have been described from the family 

Euphorbiaceae. These minor diterpene classes are based on pepluane,55,80 segetane,124 

jatrophatrione,125 euphoractine,126,127 myrsinane128,129 and cyclomyrsinane.128 

Among the diterpene constituents of the family Euphorbiaceae, non-specific ‘higher 

diterpenes’ may be mentioned. The skeletons of these compounds are formed by the classical 

‘concertina-like’ cyclization typical of many diterpenoids, triterpenoids and steroids. Higher 

diterpenes, such as the bicyclic labdane130 and clerodane,131 the tricyclic abietane,113 and the 

tetracyclic bayerane,132, kaurane132 and atisane133 types, occur in many other plant families, 

too. 

1.2.2. Chemical constituents of Euphorbia esula 

Earlier chemical investigations of E. esula revealed 3 ingenane diterpenoids: ingenol 3,20-

dibenzoate, ingenol 3-dodecanoate, and ingenol 3-Δ2,4,6,8,10-pentene tetradecanoate.8,152 

Macrocyclic diterpenes, viz. jatrophane esters, esulons A, B, and C, with moderately toxic and 

mildly inflammatory effects, have been isolated from leafy spurge roots collected in North 

Dakota, and lathyrane and jatrophane triesters from seeds collected in Canada.12,88,134 In 2002, 

LIU et al. isolated 2 jatrophane diterpenes with cytotoxic activity from the whole herb 

collected in China.135 From E. esula, tertiary and quaternary alkaloids, triterpenoids (24-

methylenecycloartenol, cycloartenol, lupeol, lupeol acetate, α- and β-amyrin, δ-amyrenone),33 

steroids (β-sitosterol)33 flavonoid glycosides (kaempferol 3-glucuronide), hydrocarbons, long-

chain alcohols (1-hexacosanol, 1-octacosanol),151 long-chain aldehydes (C26 and C28),136 

alkanes (C25-C30, n-triacontane, n-hentriacontane, n-dotriacontane, n-tritriacontane), L-

inositol, gallic acid, amino acids137 and rubber have also been identified.  

1.2.3. Chemical constituents of Euphorbia lathyris 

Chemical investigations of E. lathyris have revealed the presence of diterpenes. First, the 

diterpene ‘euphorbiasteroid’ was isolated from the seed oil. In 1989, ITOKAWA et al. isolated 

ingenol 3-hexadecanoate as active principle from the antitumour extract of the plant.138 
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Besides ingenol esters, a series of diterpenes based on the lathyrane skeleton, i.e. 

‘Euphorbia factors’ L1-L10, have also been isolated from the seeds139-144 and jolkinol A from a 

callus culture.145 Among the ‘Euphorbia factors’, the ingenol-type compounds have proved to 

be potent PKC activators, and anticancer8 and anti-HIV agents, while the lathyrane-type 

factors have been demonstrated to be powerful P-glycoprotein inhibitors.139,146 Some ingenane 

diterpenes isolated from the latices of E. lathyris have been esterified with conjugated C8–C14 

fatty acids.144 The roots of E. lathyris have been less well investigated to date; only the 

isolation of a lathyrane diterpenoid, jolkinol A, was reported earlier.145 In 2005, the first 

secolathyrane diterpenoid, and its biogenetic precursor, ‘Euphorbia factor’ L11, were isolated 

from the seeds of the plant.139 Besides diterpenes, triterpenoids (cycloartenol, euphol, 

lanosterol, isolanosterol, 24-methylenecycloartenol, 24-methylene-24-dihydrolanosterol, 

guimarenol, hopenol B, butyrospermol, taraxerol, taraxerone, betuline),32,33 steroids 

(campesterol, α- and β-euphorbiasterol, stigmasterol, Δ7-stigmasterol, β-sitosterol)32,33 

flavonoids (kaempferol, quercetin, kaempferol 3-glucuronide, quercetin 3-glucuronide), 

coumarins (aesculetin, daphnetin, euphorbetin, isoeuphorbetin), p-coumaric acid, ferulic acid, 

lectins, hentriacontane, oleic acid, L-DOPA and rubber6 have been reported from this plant. 

1.2.4. Chemical constituents of Euphorbia peplus 

In 1984, 2 ingenane-type diterpene esters, ‘Euphorbia factors’ Pe1 and Pe2, were isolated by 

GOTTA et al. from E. peplus.147 One year later, the presence of the irritant toxin 20-

deoxyingenol 3-angelate was reported from Egyptian E. peplus, together with the much less 

toxic ingenol 20-octanoate.156 JAKUPOVIC et al. investigated E. peplus samples collected in 

Chile and Germany. From the extract of the plant from Chile, 3 jatrophanes, 1 tetracyclic 

diterpene with a pepluane skeleton and 2 ingenanes were isolated. The sample from Germany 

additionally afforded 3 other jatrophanes.80 In 1998, ZAYED et al. tested the extracts of several 

herbaceous plants of the genus Euphorbia as regards irritancy on the mouse ear. As compared 

with croton oil, the extract of E. peplus was the most active. The results of these mouse ear 

assays led to ‘Euphorbia factors’ Pe1-Pe5 being identified as diterpene ester-type toxins of 

E. peplus.148 Between 2000 and 2004, further pepluane-, jatrophane- and ingenane-type 

diterpenes were isolated from the plant.14,149 

Besides diterpenes, E. peplus contains triterpenoids (β-amyrin acetate, nepehinol, alangidiol, 

simiarenone, cycloartenol, cycloartenone, 24-methylenecycloartenol, obtusifoliol, 
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citrostadeniol),150 steroids (lanosterol, campesterol, cholesterol, stigmasterol, β-sitosterol, 28-

isofucosterol, Δ7-isofucosterol),150 flavonoids (quercetin, quercetin 3-glucoside, rhamnetin-

rhamnoside, hiperoside, rhamnetin 3-galactoside, astragalin)150 and long-chain alcohols.150 

1.3. Folk-medicinal use of the investigated Euphorbia species 

E. esula is toxic to livestock, and allelopathic to desirable forage plants.151 It is known to 

cause sheep mortality and to produce inflammation with the loss of hair from the feet of 

horses. The latex causes blistering with severe irritation if allowed to remain on the skin, and 

it can lead to partial blindness if dropped into the eyes.152 Extracts of the plant have been 

widely used in folk medicine to treat various cancers, swellings and warts.3 Previous 

pharmacological studies demonstrated the pro-inflammatory, tumour-promoting and 

antitumour activities of the plant extracts. The extracts of E. esula exhibited antileukaemic 

activity against P-388 lymphocytic leukaemia in mice.8 

Caper spurge (E. lathyris) is often known as the 'mole plant' because animals nibbling the 

roots of the plant are killed because of its highly irritant gastric effect. The seeds have in the 

past been used for the production of oil; the oil content of the seeds is about 50 %, of which 

85 % is in the form of oleic acid.153 The seeds of E. lathyris, a common traditional Chinese 

medicine, have been used for the treatment of very diverse diseases, such as ascites, 

coprostasis, anuresis, amenorrhoea, venous stasis, terminal schistosomiasis and scabies.139 

The seed oil is applied to burns. The root is equally purgative and emetic. According to 

HARTWELL, the latex is used in folk remedies for cancers and warts.3 Previous biological 

studies have demonstrated the pro-inflammatory property of the roots, seeds, aerial parts and 

milky latex, and an antitumour effect of the seeds of E. lathyris against Sarcoma 180 

ascites.138,145 

E. peplus has been used in traditional medicine for the treatment of asthma and catarrh, but is 

known to induce painful vomiting and purgation, particularly in domestic animals.154 Its 

milky juice has also been used in the treatment of corns and warts. The plant has been utilized 

against cancer of the stomach, liver and uterus.155 Extracts of this plant have been recorded to 

exert C-mitotic action and have been reported to display proteolytic activities.3,156 

As concerns E. villosa, neither any folk-medicinal use nor any pharmacological investigation 

has yet been published. 
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2. AIMS OF THE STUDY 

The Euphorbia genus is the source of a large number of biologically active diterpenes. In 

1995, HOHMANN et al. (Department of Pharmacognosy, University of Szeged) initiated a 

research programme with the aim of investigating the secondary metabolites of plants of the 

Euphorbia species. The aims of present work, as part of that programme, were the isolation 

and structural characterization of new diterpene polyesters, and investigation of their 

pharmacological effects. 

In order to achieve these aims, the main tasks were: 

− Screening of E. esula, E. lathyris, E peplus and E. villosa for diterpene content. 

− Extraction of the plant materials. 

− Isolation and purification of the diterpene esters by the combination of various 

chromatographic methods (OCC, VLC, PLC and HPLC). 

− Characterization and structure determination of the isolated compounds by different 

spectroscopic techniques (NMR, HR-MS, UV and IR spectroscopy). 

− Evaluation of the pharmacological potential and chemotaxonomical relevance of the 

isolated diterpenes. 



 14 

3. MATERIALS AND METHODS 

3.1. Plant material 

E. esula: Whole plants (11 kg) were collected in May 1994 on the banks of the Tisza River, in 

Szeged, Hungary, and identified by Károly Penszka*. E. lathyris: The roots (840 g) of the 

plant were collected from a 2-year-old stock in October 1996 in Székesfehérvár, Hungary. 

E. peplus: Whole plants were collected in June 1996 in Miskolc, Hungary. 200 g of fresh 

plant material was frozen and stored at -20 ˚C until preparation. E. villosa: The plants were 

collected in Vácrátót, Hungary, in June 2000, and identified by Vilmos Miklóssy V.†. The 

plant material was dried at room temperature, yielding 210 g of dried material. 

3.2. Screening of plant material for diterpene content 

20 g of fresh and crushed plant material of E. esula, 40 g of E. lathyris, 5 g of E. peplus and 

5 g of dried and powdered plant material of E. villosa were percolated with methanol (300 ml, 

400 ml, 100 ml and 100 ml) at room temperature. After concentration (to 30 ml, 40 ml, 10 ml, 

and 10 ml), water was added to the extract (30 ml, 40 ml, 10 ml and 10 ml) and the mixture 

was subjected to solvent-solvent partitioning with dichloromethane (3 × 50 ml, 3 × 40 ml, 

3 × 20 ml and 3 × 20 ml). The dichloromethane-soluble phase was subjected to polyamide 

(1 g, 1 g, 0.5 g and 0.5 g) OCC, using a solvent system of methanol–water [1:4, 2:3, 3:2 and 

4:1 (200 ml, 200 ml, 100 ml and 100 ml of each mixture)] as eluent. The fractions were 

concentrated and monitored by thin-layer chromatography (TLC), using mobile phases A and 

D (described in section 3.3.2). 

3.3. Extraction and isolation of diterpenes 

3.3.1. Extraction 

The fresh E. esula and E. lathyris, and the frozen E. peplus plant material were crushed with a 

Waring CB–6 blender (model 33BL13), and extracted with methanol (75 l, 8 l and 1.8 l) at 

room temperature. The extracts were concentrated (to 2500 ml, 1500 ml and 100 ml) in 

vacuo, and liquid-liquid partition was then performed with dichloromethane (7 × 1500 ml, 

3 × 200 ml and 4 × 100 ml). 

                                                
* Department of Botany and Plant Physiology, Agricultural University of Gödöllő, Hungary 
† Institute of Ecology and Botany of the Hungarian Academy of Sciences, Vácrátót, Hungary 
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E. villosa: The dried plant material was crushed with a Bosch MKM 6000 grinder. The raw 

material was percolated with 3000 ml of methanol at room temperature. After the methanol 

extract had been concentrated to 200 ml, solvent-solvent partition was performed with 

3 × 400 ml of chloroform. 

3.3.2. Isolation and purification of compounds 

Open column chromatography: OCC was performed on polyamide (ICN) for column 

chromatography (420.0 g for the E. esula extract, 25.0 g for the E. lathyris extract, 20.0 g for 

the E. peplus extract and 20.0 g for the E. villosa extract). Mixtures of methanol–water [1:4, 

2:3, 3:2 and 4:1 (E. esula 2000 ml, E. lathyris 500 ml, E. peplus 400 ml, E. villosa 300 ml of 

each)] were used as mobile phase for both plant extracts. 

Vacuum-liquid chromatography: For VLC, silica gel 60 G (15 μm, Merck 11677) was used. 

Column 1 eluent: cyclohexane–acetone [19:1, 9:1, 4:1, 7:3, 1:1, 3:7 (1 000 ml each)]; 

volume of collected fractions: 100 ml; sorbent: 145 g 

Column 2 eluent: chloroform–methanol [100:0.3, 99.7:0.3, 99:1, 49:1, 24:1, 9:1, 4:1, 7:3 

(500 ml each)]; volume of collected fractions: 20 ml; sorbent: 58 g 

Column 3 eluent: cyclohexane–ethyl acetate–ethanol [9:1:0, 8:2:0, 80:20:1, 30:20:1, 

5:5:1 (150 ml each)]; volume of collected fractions: 15 ml; sorbent: 16 g 

Column 4 eluent: chloroform–acetone [49:1, 19:1, 9:1, 4:1, 7:3, 1:1 (500 ml each)]; 

volume of collected fractions: 50 ml; sorbent: 73 g 

Column 5 eluent: cyclohexane–ethyl acetate [19:1, 9:1, 4:1, 7:3, 3:2 (150 ml each)]; 

volume of collected fractions: 10 ml; sorbent: 10 g 

Column 6 eluent: cyclohexane–ethyl acetate [49:1, 19:1, 93:7, 9:1, 17:3, 4:1, 7:3 (200 ml 

each)]; volume of collected fractions: 10 ml; sorbent: 42 g 

Layer chromatography: PLC was performed on silica gel 60 F254 (Merck 5715). Separation 

was monitored in UV light at 254 nm. Compounds were eluted from the scraped adsorbent 

with chloroform. The OCC, PLC and VLC fractions obtained, were monitored by TLC on 

silica gel 60 F254 (Merck 5554). 

Mobile phases: A cyclohexane–ethyl acetate–ethanol (30:10:1) 

B benzene–ethyl acetate (7:3) 

C n-hexane–tetrahydrofuran–acetonitrile (20:5:1) 

D chloroform–acetone (19:1) 
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Visualization methods: UV light: at 254 nm, spraying with conc. H2SO4, and then 

heating at 110 ºC for 5 min. 

Isocratic high-performance liquid chromatography: HPLC was carried out on a pre-packed 

Hibar RT (250 mm, 4 mm) LiChrospher Si 100 (5 μm) column (Merck) and on a pre-packed 

Hibar RT (250 mm, 4 mm) LiChrospher RP–18 (5 μm) column (Merck), using Waters (1) and 

Waters Millipore (2) instruments:  

1. Gradient Controller 680, Solvent Delivery System 6000A, Differential Refractometer 

R-400, Data Module 730, Injector Rheodyne 7725i.  

2. Controller 600, Pump 600, Dual λ Absorbance Detector 2487, Injector Rheodyne 7725i. 

Detection was carried out at 235 and 273 nm. 

NP HPLC methods: 

Method 1 eluent: cyclohexane–ethyl acetate–ethanol (30:15:2); flow rate: 0.5 ml/min 

Method 2 eluent: cyclohexane–ethyl acetate–ethanol (30:10:1); flow rate: 0.5 ml/min 

Method 3 eluent: n-hexane–ethyl acetate (19:1); flow rate: 1 ml/min 

Method 4 eluent: cyclohexane–dichloromethane–methanol (70:50:1); flow rate: 1 ml/min 

RP HPLC methods: 

Method 5 eluent: methanol–water (7:3); flow rate: 0.5 ml/min 

Method 6 eluent: methanol–water (7:3); flow rate: 0.7 ml/min 

Method 7 eluent: acetonitrile–water (7:3); flow rate: 0.5 ml/min 

Method 8 eluent: methanol–water (8:2); flow rate: 2 ml/min 

Method 9 eluent: methanol–water (8:2); flow rate: 1 ml/min 

Mobile phases in all types of chromatography methods are given in terms of volume ratio v/v. 

3.4. Characterization and structure determination of the isolated compounds 

IR spectra were run as KBr discs on a Perkin-Elmer Paragon 1000 PC FTIR spectrometer. UV 

spectra were obtained in methanol on a Shimadzu UV-2101 PC spectrometer. Optical rotation 

[α]D values were determined in chloroform at ambient temperature on a Perkin-Elmer 341 

polarimeter. EIMS measurements were carried out on a Finnigan Mat 8430 spectrometer 

operating at 70 eV ionizing energy. HREIMS and HRFABMS were carried out on a VG ZAB 

SEQ instrument. The resolution of the instrument was 10000 (at 10% valley definition). 

NMR spectra were recorded on a Bruker DRX 400 Avance spectrometer at 400 MHz (1H) and 

100 MHz (13C), and on a Bruker Avance DRX 500 spectrometer at 500 MHz (1H) and 125 
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MHz (13C), with CDCl3 or pyridine-d5 as solvent and tetramethylsilane (TMS) as internal 

standard. Two-dimensional experiments were performed with standard Bruker software. In 

X-ray crystallography, a crystal was mounted on an Enraf-Nonius CAD4 diffractometer 

equipped with a graphite monochromator. Reflections were collected by using Cu Kα 

radiation and the ω-θ scan mode. The structure was determined by direct methods (Sheldrick, 

G.M. SHELXS-97 Program for Crystal Structure Solution, University of Göttingen) and 

refined by full-matrix least-squares analysis (Sheldrick, G.M. SHELXL-97 Program for 

Crystal Structure Refinement, University of Göttingen). 
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4. RESULTS 

4.1. Screening of E. esula, E. lathyris, E. peplus and E. villosa for diterpene contents 

In the extracts of E. esula, E. lathyris, E. peplus and E. villosa, black, brown, blue and purple 

spots (Rf 0.08-0.75) were detected on the TLC chromatograms. The fractions obtained from 

the polyamide column with methanol–water 1:4, 2:3 and 3:2 were rich in diterpenes, which 

exhibit brown, black or blue spots on TLC chromatograms. The fractions eluted with 

methanol–water 4:1 contained mainly triterpenes and chlorophyll. These observations led to 

the conclusion that in the extracts of E. esula, E. lathyris, E. peplus and E. villosa a series of 

different diterpenes are present, which can be enriched in the 40 % and 60 % methanol 

fractions of the apolar extracts. 

4.2. Isolation of diterpenes 

4.2.1. Isolation of diterpenes from E. esula 

The crushed, fresh plant material (11 kg) was percolated with methanol, an amphipolar 

solvent. The crude extract was concentrated, and then subjected to solvent-solvent partitioning 

to remove polar compounds (Figure 2). The methanol extract was exhaustively extracted with 

dichloromethane, and the organic phase was concentrated. The dark olive-drab oily residue 

(130 g) was chromatographed on a polyamide column with mixtures of methanol–water in 

order to remove chlorophyll and triterpenes from the extract. The diterpene-containing 

fractions were obtained with methanol–water 1:4. Diterpenes were detected in fractions 1-21. 

Fractions 5-21 afforded crystalline material, which was recrystallized from methanol to yield 

eup-1 (300 mg). After crystallization, fractions 1-15 (15 g) were combined and subjected to 

VLC column 1. In this step, a gradient system of cyclohexane-acetone, and silica gel with a 

mean particle size of 15 μm resulted in good selectivity. Fractions 23-27 from column 1 

(2.24 g), eluted with cyclohexane–acetone 4:1, were transferred repeatedly to a silica gel VLC 

(column 2), and eluted with chloroform–methanol mixtures of increasing polarity. From 

fractions 24-27, obtained from column 2 with chloroform–methanol 99.7:0.3, 40 mg of eup-4 

crystallized. Fractions 22-23, obtained from VLC column 2 with chloroform–methanol 

100:0.3, were subjected to PLC on silica gel using mobile phase C and then further purified 

by NP-HPLC (method 2) to yield 5.1 mg of eup-10. Since these diterpenes do not exhibit UV 
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absorption, the HPLC purification was carried out with the use of an RI detector. Fractions 

28-30, eluted from VLC column 2 with chloroform–methanol 100:0.3, were separated by RP-

HPLC using method 5, to afford eup-11 (10 mg). VLC-fractions 31-32, obtained from 

column 2 with chloroform–methanol 100:0.3, were subjected to NP- and RP-HPLC by 

method 1 and method 7, respectively. These chromatographies allowed the isolation of 

34.5 mg of eup-12 as white needles. Fractions 93-96 from column 2, obtained with 

chloroform–methanol 99:1, were further purified by PLC on silica gel using mobile phase B, 

and by NP-HPLC using method 1, to yield 1.2 mg of eup-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 Isolation of diterpenes from Euphorbia esula 
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4.2.2. Isolation of diterpene from E. lathyris 

The fresh roots of E. lathyris (840 g) were extracted with methanol. The crude extract was 

concentrated in vacuo and extracted with dichloromethane. On evaporation, a dark-brown 

residue (4.27 g) of organic phase was obtained, which was chromatographed on a polyamide 

column with mixtures of methanol–water (1:4, 2:3, 3:2 and 4:1) as eluents. The fractions 

obtained with methanol–water 2:3 and 3:2 were combined (620 mg), and subjected to silica 

gel VLC, using column 3. Fractions 10-11 from column 3, eluted with cyclohexane–

ethyl acetate 9:1, were further purified by PLC on silica gel, using mobile phase D, and then 

by NP-HPLC, using method 3, to yield 2.3 mg of eul-1 (tR 21.2 min). 

4.2.3. Isolation of diterpenes from E. peplus 

The fresh plant material was frozen and stored at -20 ºC until preparation in order to stop the 

post mortem enzymatic processes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Isolation of diterpenes from Euphorbia peplus 
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The plant material was percolated with methanol and, after concentration, the crude extract 

was exhaustively extracted with dichloromethane (Figure 3). Evaporation of the organic phase 

gave a greenish-brown residue (4.7 g), which was chromatographed on a polyamide column 

with mixtures of methanol–water 1:4 2:3, 3:2 and 4:1 as eluents. Fraction 3, obtained with 

methanol–water 3:2, was subjected to silica gel VLC, using column 4. Fractions 6-10 from 

column 4, eluted with chloroform, were further fractionated by RP-HPLC, using method 6. 

The compounds observed at retention times of 13.5, 16.2, 20.0, 20.4, 23.4 and 29.2 min were 

separated, and finally subjected to NP-HPLC, using method 2, to afford ep-1 (10.2 mg), ep-2 

(2.3 mg), ep-3 (2.7 mg), ep-4 (4.7 mg), ep-5 (3.1 mg) and ep-8 (5.5 mg), respectively. 

Combined fractions 11-18, obtained from VLC column 4 with chloroform–acetone 49:1 as 

eluent, were further purified by NP-HPLC using method 2, to afford ep-7 (3.8 mg). 

4.2.4. Isolation of diterpenes from E. villosa 

The powdered raw plant material was percolated with methanol (Figure 4). After 

concentration under vacuo, the crude extract was subjected to solvent-solvent partitioning 

with chloroform. Evaporation of the chloroform-soluble phase resulted in a dark-brown, oily 

residue (6.12 g), which was fractionated on a polyamide column with mixtures of methanol–

water 2:3, 3:2 and 4:1 as eluents. The fractions obtained with methanol–water 3:2 (fr. 2) and 

4:1 (fr. 3) contained the diterpenes. Fraction 2 was chromatographed by VLC on column 5. 

TLC of the fractions showed that the main diterpene constituents of the E. villosa extract were 

present in fractions 5/48–57 (eluted with cyclohexane–ethyl acetate 9:1 and 8:2), 5/61–67 and 

5/68–71 (eluted with cyclohexane–ethyl acetate 7:3). These fractions were further fractionated 

by RP-HPLC, using method 8. The UV absorption of the compounds allowed the final 

separation and purification by HPLC with UV detection at 235 and 273 nm. The compound 

from fractions 5/48-57, observed at a retention time of 21.1 min, crystallized from methanol 

as colourless prisms, and yielded ev-3 (13.8 mg). From fractions 5/61-67, a compound was 

crystallized, which was further purified by RP-HPLC, using method 8, to yield 9.4 mg of ev-1 

(tR 27.6 min). Fractions 5/68–71, containing three main compounds, were separated by 

RP-HPLC, using method 8. The compound at tR 27.6 min was identical with ev-1 (1.6 mg). 

The compound at tR 24.7 min was isolated as ev-5 (3.0 mg). The fraction eluting at tR 16.6 

min was subjected to NP-HPLC (method 4) to afford ev-7 (2.4 mg). Fraction 3, obtained with 

methanol–water 4:1 from the polyamide column, was repeatedly chromatographed on a 
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polyamide column with mixtures of methanol–water 3:2, 7:3 and 4:1 as eluents. Fraction 3/2, 

obtained with methanol–water 3:2, was separated by VLC on silica gel (column 6). Fractions 

22-28, obtained from column 6 with cyclohexane–ethyl acetate 9:1 and 4:1, were further 

purified by RP-HPLC, using method 9, to afford 10.4 mg of ev-2 (tR 11.5 min.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Isolation of diterpenes from Euphorbia villosa 

4.3. Characterization and structure determination of the isolated compounds 

The structure elucidation was performed by means of UV, NMR and mass spectroscopy and, 

in a few instances, IR spectroscopy and X-ray crystallography. Some physical data on the 

isolated compounds are listed in Table 1. 

IR and UV spectroscopy provided only a little information on the molecules. The IR 
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compounds revealed the presence of aromatic ester groups (Table 1). UV maxima at 217-225 

and 264 nm, characteristic of the pyridine ring, indicated a nicotinoyl group in ep-1, ep-3 and 

ep-7. In the case of benzoyl substitution (ep-2, ep-4, ep-5, ep-8, ev-1, ev-2 and ev-5), UV 

maxima were detected at 229-233 and 271-275 nm and a shoulder at 280-282 nm. 
Table 1. Yields and physical data of the isolated compounds 
 

Compound Yield (mg) λmax (nm) (log ε) Optical rotation [α]D (c) Mp. (ºC) 

eup-1 300.0  202 (4.73), 219 sh (4.08)  –82  (0.1) 218-219 
eup-4 40.0  210 (4.88), 284 (3.89)  –101  (0.1) 248-249 
eup-6 1.2  209 (4.84), 273 (4.02)  +11  (0.06) – 
eup-10 5.1  204 (2.72), 267 (2.77)  –95  (0.1) – 
eup-11 10.0  216 (3.26), 296 (2.19)  –99  (0.6) 154-155 
eup-12 34.5  230 (3.96), 275 (2.92)  –68  (1.1) 205-207 
eul-1 2.3  218 (3.63), 280 (3.92)  +76  (0.1) – 
ep-1 10.2  225 (3.67), 264 (2.96)  +53  (0.51) 182-185 
ep-2 2.3  229 (4.12), 274 (2.99), 282 sh (2.88)  +40  (0.2) 238-240 
ep-3 2.7  217 (3.96), 264 (3.27)  –33  (0.1) – 
ep-4 4.7  230 (3.71), 272 (2.72), 280 sh (2.67)  –10  (0.19) – 
ep-5 3.1  230 (3.64), 271 (2.75), 281 sh (2.71)  +8  (0.3) 220-223 
ep-7 3.8  223 (3.60), 264 (2.98)  +27  (0.04) 178-180 
ep-8 13.9  230 (4.11), 272 (3.08), 280 sh (3.03)  +5  (0.06) 225 
ev-1 11.0  230 (3.68), 275 (2.91), 282 sh (2.85)  –3*  (0.1) 246-248 
ev-2 10.4  233 (3.36), 271 (3.17)  –146*  (0.1) – 
ev-3 13.8  214 (3.56), 277 (3.76)  +148*  (0.2) – 
ev-5 3.0  232 (3.51), 275 (2.68), 282 sh (2.67)  –38*  (0.1) – 
ev-7 2.4  231 (3.49), 259 (3.08), 285 sh (2.43)  +16*  (0.033) – 
 

Optical rotation in chloroform at 25 °C (*t = 28 °C); Mp. (melting point) 
 

The HRMS measurements revealed the exact masses and molecular compositions of the 

compounds. The fragment ions observed in the mass spectra indicated the sequential loss of 

esterifying acids (acetic, benzoic, nicotinic and isobutyric acids) from the parent ions. The 

most useful data regarding the chemical structures of the compounds were obtained from 

advanced 1D and 2D NMR experiments, including 1H NMR, JMOD, 1H-1H COSY, NOESY, 

HMQC, HSQC and HMBC spectroscopy. For eup-1, eup-4, ep-5 and ep-8, X-ray diffraction 

analysis was performed, and from these experiments the absolute configurations of eup-1, 

ep-5 and ep-8 were determined. 

 

Ep-3 (1) 

The molecular formula of ep-3 was assigned via HREIMS and NMR investigations as 

C34H43NO11. The 1H and 13C NMR spectra of ep-3 revealed the presence of 1 nicotinoyl (Nic) 

and 4 acetyl groups (Table 1 in Appendix V). Additionally, the 1H and 13C NMR spectra 

contained resonances for skeletal carbons and protons, which were assigned on the basis of 
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the interpretation of the 1H-1H COSY and HMQC spectra. The detected proton and carbon 

connectivities demonstrated that a diterpene core containing 20 carbons is present, consisting 

of 4 methyls, 1 trans-disubstituted olefin, 1 exocyclic and 2 alkyl-substituted methylenes, 7 

methine groups, 1 ketone, and 3 quaternary carbons. The 1H-1H COSY spectrum revealed 3 

structural fragments with correlated protons: δH 3.01 d, 1.65 d, 2.22 m, 0.90 d (3H), 5.42 t, 

2.71 d and 5.81 s [–CH2–CH(CH3)–CH(OR)–CH–CH(OR)–] (A); δH 4.84 dd, 2.18 m (2H) 

and 5.09 dd, [–CH(OR)–CH2–CH(OR)–] (B); δH 5.94 d, 5.65 dd, 3.53 dq and 1.20 d (3H) 

[trans –CH=CH–CH(CH3)–] (C) (R = acyl). Further, in the 1H-1H COSY spectrum, 4J 

couplings were detected between the exomethylene [δH 5.07 s (2H) (H-17)] and 2 

acyloxymethines [δH  5.81 s (H-5) and 4.84 dd (H-7)], indicating the linkage of sequences A 

and B. The remaining connectivities were established by inspection of the long-range C-H 

correlations observed in an HMBC spectrum (Table 1 in Appendix V). The correlation of the 

quaternary carbon signal at δC 92.9 (C-15) with the proton signals at δH 3.01, 1.65 (H-1α, β), 

2.22 (H-2), 2.71 (H-4) and 5.81 (H-5) showed that structural fragment A comprises a methyl-

substituted five-membered ring, present in many types of Euphorbiaceae diterpenes. Cross-

peaks between the carbon signal at δC 40.7 (C-10) and the proton signals at δH 2.18 (H-8), 

5.94 (H-11), 5.65 (H-12), 1.13 (H-18) and 1.11 (H-19) indicated that structural parts B and C 

comprised the twelve-membered ring of a jatrophane diterpene. The two and three-bond 

correlations between the carbon signal at δC 212.6 (C-14) and the proton signals at δH 3.01, 

1.65 (H-1α, β), 2.71 (H-4), 5.65 (H-12), 3.53 (H-13) and 1.20 (H-20) fixed the location of the 

keto group at C-14. The positions of the ester groups were also determined via the HMBC 

experiment by evaluation of the JC-H couplings between the oxymethine protons and the ester 

carbonyl carbons. Acetyl groups were placed at C-3, C-5 and C-7, and the nicotinoyl group at 

C-9. The remaining acetyl group (δH 2.11), which did not exhibit any long-range correlations, 

was of necessity situated on the quaternary carbon C-15. All of the above data were 

compatible with the structure of ep-3 being 3,5,7,15-tetraacetoxy-9-nicotinoyloxy-14-

oxojatropha-6(17),11-diene. 

The stereochemistry of ep-3 was assessed by analysing the coupling constants and the results 

of a NOESY experiment (Table 1 in Appendix V). Starting from the α position of the proton 

at the ring junction (H-4), it was found that a β-oriented methyl group is present on C-2 and a 

β-oriented ester group on C-3, with regard to the diagnostic NOE effects between H-4/H-1α, 
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H-1β/H-16, H-4/H-2 and H-4/H-3. The position of H-5 was concluded on the basis of the zero 

coupling constant between H-4/H-5 to be β, similarly as in the case of other 

jatrophanes.80,157,158 The NOE interaction between H-4/H-7 required a β-oriented acyl group 

on C-7. The NOESY cross-peak between H-5/H-13 dictated the β position of H-13. The 

coupling constants of H-9 (J = 2.7, 7.9 Hz) were found to be similar to those of eup-11158 and 

2α,3β,5α,7β,15β-pentaacetoxy-9α-nicotinoyloxy-14-oxojatropha-6(17),11-diene,80 with a 

9α-oriented ester group. Such a configuration of C-7 and C-9 resulted in an upfield-shifted 

acetyl group on C-7, when an aromatic substituent is present on C-9.80 In ep-3, the 

7β-O-acetyl signal was observed at δH 1.52, because of the effect of the 9α-O-nicotinoyl 

group. With regard to the above data, the structure of this compound is formulated as 1.  

 

 

 

 

 

 

1 

Ep-1 (2), ep-4 (3), ep-5 (4) and ep-7 (5) 

From the dichloromethane extract of E. peplus, compounds ep-1 (2), ep-4 (3), ep-5 (4) and 

ep-7 (5) were also isolated and fully characterized by means of EIMS, HREIMS and 1D and 

2D NMR spectroscopy, since these compounds had not been described earlier. In 1998, while 

our work was in progress, JAKUPOVIC et al. reported jatrophane diterpenes from E. peplus.80 

Among the diterpenes reported by JAKUPOVIC’s group, compounds 2, 3, 4 and 5 were found 

to be identical with ep-1, ep-4, ep-5 and ep-7, respectively. The stereochemistry of ep-5 (4) 

was analysed by X-ray crystallography and the absolute configuration was established for the 

first time as (2R,3R,4S,5R,7S,8S,9S,13S,14S,15R)-2,5,9,14-tetraacetoxy-3-benzoyloxy-8,15-

dihydroxy-7-isobutanoyloxyjatropha-6(17),11E-diene. The determined solid-state 

conformation agreed well with the calculated conformation published by JAKUPOVIC et al.80 
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Ep-8 (6) 

Ep-8 was obtained as white needles. Mass spectrometry and detailed NMR investigations 

indicated that ep-8 was identical with the pepluane diterpene isolated earlier by JAKUPOVIC et 

al. from the same plant.80 As a result of our work, some missing physical and spectral data 

were reported and the stereochemistry of the compound was revised by means of NOESY 

experiments and X-ray crystallography.  

The NOESY spectrum of ep-8 demonstrated trans-fused A/B rings, as NOE effects were 

detected between 16-OH/H-1β, 16-OH/H-17, 16-OH and ortho-benzoyl protons, H-4/H-3, 

and H-3/H-2. These NOE interactions revealed a β-oriented methyl group on C-2 and a 

benzoyl group on C-3. The cross-peaks between H-4/H-18 and H-18/H-20 in the NOESY 

spectrum proved a cis B/C ring junction in the molecule. The NOESY correlations between 

16-OH/H-15 and 16-OH/H-5 indicated the presence of ester groups in the α position on C-5 

and C-15. The 16-OH group also showed a NOE effect with H-13, from which the β 

orientation of H-13 was concluded. In the NOESY experiment, correlative signals were 

observed between 8-OAc/H-13 and between 8-OAc and ortho- and meta-benzoyl protons, 

pointing to cis-fused C/D rings, in contrast with the proposal of JAKUPOVIC et al.80 The 

stereochemistry of H-9 and C-11 could not be established on the basis of the NOESY 

spectrum, because of the missing diagnostical NOESY correlations. 
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In order to determine the complete relative and absolute configurations and solid-state 

conformation of ep-8, single-crystal X-ray analysis was performed (in collaboration with the 

Institute of Chemistry of the Chemical Research Centre of the Hungarian Academy of 

Sciences). The perspective view of ep-8 (Figure 2 in Appendix IV) depicts the absolute 

stereochemistry of the compound. In the crystal lattice, two conformers (I and II) were 

detected, which form dimers through O-H...O hydrogen-bonds. The two conformers, which 

differ only in the internal rotations of the 9-OAc and 11-OAc groups, unambiguously 

demonstrated an α-oriented acetyl group on C-9 (in contrast with the structure published in 

ref. 80) and a β-oriented one on C-11. Additionally, it was found that ring B assumed a chair 

conformation and ring D a boat conformation, differing from the PCMODEL-calculated 

conformation in ref. 80.  

 

 

 

 

 

 

Ep-2 (7) 

Ep-2 gave a parent ion in the EIMS at m/z 658, appropriate for a molecular formula of 

C35H46O12. The 1H and 13C NMR spectra of ep-2 revealed the presence of 4 acetate and 1 

benzoate groups (Table 1 in Appendix IV). Additionally, the spectra exhibited resonances 

closely related to that of ep-8 (6). After the 1H and 13C NMR data on ep-2 had been assigned 

by analysis of its 1H-1H COSY, HMQC and HMBC spectra, it was obvious that compounds 

ep-8 and ep-2 were based on the same parent system and differed only in the esterification. 

The absence of 1 acetate signal and the appearance of 1 hydroxy signal (δH 2.82 s) indicated 

the replacement of 1 acetyl residue by a hydroxy group. Comparison of the 1H and 13C NMR 

signals of ep-8 and ep-2 revealed a significant difference in the chemical shifts of C-11 (ep-8: 

δC-11 79.8, ep-2: δC-11 68.0), from which the position of the hydroxy group on C-11 was 

concluded. This was substantiated by the occurrence of long-range correlation between 

11-OH/C-19 in the HMBC spectrum. A careful comparison of the NOESY spectra of 
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compounds ep-8 and ep-2 permitted determination of the same stereochemistry for ep-2 (7) as 

that of ep-8 (6). 

 

Eup-1 (8), eup-4 (9), eup-6 (10), eup-11 (11), eup-10 (12) and eup-12 (13) 

The NMR spectral analyses of eup-1 (8), eup-4 (9), eup-6 (10), eup-11 (11), eup-10 (12) and 

eup-12 (13) were reported in detail in the Ph.D. thesis of G. GÜNTHER.159 

Eup-1 (esulatin A), which formed colourless crystals, was shown by elemental analysis and 

ESIMS to have the molecular formula C36H50O16. 1H and 13C NMR, 1H-1H COSY, HMBC 

and NOESY spectral data are given in Table 1 in Appendix I. The absolute configuration of 

eup-1 (8) was determined by means of X-ray analysis to be (2R,3R,4S,5R,7S,8R,9S,11R,12S, 

13R,15R)-2,3,5,8,9,15-hexaacetoxy-11,12-epoxy-7-(isobutanoyloxy)jatropha-6(17)-en-14-

one.160 

 

 

 

 

 

 

 

Eup-4 (esulatin B) was isolated as colourless crystals, and had a molecular formula of 

C30H40O12, obtained from HREIMS (m/z [M]+ 592.2631; calcd. for 592.2520) and NMR 

analyses. The structure of eup-4 was formulated as 9 on the basis of the 1H and 13C NMR, 
1H-1H COSY, HMBC and NOESY spectral data (Table 2 in Appendix I). The stereochemistry 

of eup-4 was investigated by X-ray analysis.161 From the crystallographic data, the same 

configuration of C-2, C-3, C-4, C-5, C-7, C-13, C-15 was deduced for eup-4 (9) as that for 

eup-1 (8). 
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Eup-6 (esulatin C), a minor diterpenoid of E. esula, was isolated as an amorphous white solid. 

HREIMS (m/z [M–AcOH]+ 694.2839; calcd. for 694.2837) and NMR analyses revealed the 

molecular formula C36H50O17. 1D and 2D NMR data are reported in Table 3 in Appendix I. 

The stereochemistry of C-7, C-8, C-9, C-11 and C-13 could not be determined on the basis of 

the Overhauser effects because of the high flexibility of this part of the molecule. The 

structure of eup-6 was elucidated as shown in formula 10. 

 

 

 

 

 

 

Eup-11 (esulatin D) was obtained as colourless crystals from methanol. Its molecular formula 

(C32H44O13) was derived from HREIMS and NMR analyses. 1H and 13C NMR, 1H-1H COSY, 

HMBC and NOESY spectral data are to be found in Table 1 in Appendix II. With regard to 

these data, the structure of eup-11 is formulated as 11. 

 

Eup-10 (esulatin E) was obtained as an amorphous white solid. Its molecular formula was 

assigned via HRMS and NMR analyses as C28H36H10 (EIMS m/z [M]+ 532). The 1H and 13C 

NMR chemical shifts of eup-10 were assigned by means of 1H-1H COSY, HMQC and HMBC 

spectral analysis. The relative configuration of eup-10 was investigated by means of NOESY 

measurements (Table 2 in Appendix II). The structure of eup-10 (12) was elucidated to be 

2α,3β,5α,15β-tetraacetoxyjatropha-6(17),7E,11E-triene-9,14-dione. 

 

 

 

 

 

 

Eup-12 (esulatin F) gave a parent ion at m/z 722.3200 on HREIMS, corresponding to the 

molecular formula C36H50O15. 1H and 13C NMR, HMBC and NOESY spectral data are given 

in Table 1 in Appendix III. The relative configuration of eup-12 was the same as that found in 
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eup-1, eup-4 and eup-11. All of the spectral data led to the formulation of eup-12 as 13. The 

conformation of eup-12 was studied in three different solvents by means of NMR 

experiments. Dynamic NMR studies revealed conformational flexibility of the 12-membered 

ring. Two main conformers, a planar and a bent one, were identified (Figure 6 in Appendix 

III), and the energetic parameters of the dynamic process were determined.  

 

Eul-1 (14) 

Eul-1 was shown by HREIMS to have the molecular formula C26H38O7. The 1H and 13C NMR 

spectra of eul-1 (Table 1 in Appendix VI) revealed the presence of 1 acetate group and 1 

butanoate group. Characteristic signals at δH 1.10 dd (1H), 1.50 dd (1H), 1.06 s (3H) and 

1.05 s (3H), and at δC 35.9, 28.3, 25.2, 28.3 and 15.7 suggested a gem-dimethyl-substituted 

cyclopropane ring, present in many types of diterpenes from plants in the Euphorbiaceae.36 

The 1H NMR spectrum exhibited 15 further signals due to the parent skeleton, which were 

assigned with the aid of 2D experiments. The HMQC correlations indicated, besides ester 

groups, the presence of 14 protonated carbons: 6 methines, 4 methylenes and 4 methyls. The 
1H-1H COSY spectrum revealed the presence of the systems –CH2–CH(CH3)–CHR–CH–

CHR– and –CH2–CH2–CH–CH– (R = acyl) in eul-1, which represented the structural 

moieties C-1 – C-5 and C-7 – C-11 of a lathyrane diterpene, respectively.  

The HMBC spectrum of eul-1 showed correlative signals confirming the connection of the 

assignments of these structural parts. Further, the 2JCH and 3JCH correlations of H-4, H-5 and 

H-17a,b confirmed the presence of an exomethylene (C-17) group at C-6. The cross-peak 

between C-14/H-4 indicated that the keto group must be sited at C-14. Moreover, the HMBC 

correlations between C-14/H-20, C-12/H-20, C-13/H-20, C-13/H-11 and C-11/12-OH proved 

the C-12–C-14 structural part as depicted in formula 14. 

The positions of the butanoyl and acetyl groups in eul-1 were also established via the HMBC 

experiment, which demonstrated the correlation of the butanoyl carbonyl signals with H-3, 

H-2’ and H-5, and the acetyl methyl protons. All of the above data are compatible with the 

structure of eul-1 being 5-O-acetyl-3-O-butanoyl-12-hydroxylathyrol. 

The relative stereochemistry of eul-1 was studied by means of NOESY measurements. The 

trans-linked cyclopentane ring and the β-oriented OBu-3 and CH3-16 groups followed from 

the NOE interactions between H-1β, H-16 and OH-15 and between H-1α, H-2 and H-4. The 

cross-peak between H-4/H-20 in the NOESY spectrum required that the methyl group on 
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C-13 be oriented below the plane of the molecule. The NOE effect observed between 

H-20/H-11 revealed a trans configuration for the C-12/C-13 double bond. The correlative 

signals between H-11/H-9 dictated a cis-fused cyclopropane ring with α stereochemistry of 

H-9 and H-11, which is usual in lathyrane diterpenoids.36 The stereochemistry of H-5 was 

concluded to be β from its NOESY cross-peak with OH-12, both oriented above the plane of 

the molecule. Accordingly, the structure of this compound was elucidated to be as shown in 

formula 14. 

The demonstrated enolic form of eul-1 (14) is presumably stable because of hydrogen 

bonding, which probably exist between the 14-keto group and 12-OH. A similar enol 

structure was presented in the presumed biogenetic route of jatrophatrione by TORRANCE et 

al.125 

 

 

 

 

 

 

Ev-3 (15) 

Ev-3 (15) was found to be identical in all of its characteristics, including the 1H and 13C NMR 

spectral data, with the lathyrane diterpene isolated earlier from Euphorbia hyberna.63
 

 

Ev-1 (16) 

The molecular formula of ev-1 was C30H40O7, established by HREIMS, which showed a 

molecular ion peak at m/z 512.2806 [M]+. The 1H NMR and JMOD spectra of ev-1 revealed 

the presence of 1 acetate, 1 benzoate and 1 methoxy group (Table 1 in Appendix VII). The 

JMOD and HMQC spectra suggested that the skeleton contained 20 carbons: 5 methyls, 3 

methylenes, 7 methines and 5 quaternary carbons, with 1 ketone. The gradient 1H-1H COSY 

spectra demonstrated 2 structural fragments with correlated protons: –CH2–CH(CH3)–

CH(OR)–CH–CH(OR)– (A) and –CH2–CH2–CH–CH–CH(OR)– (B) (R = H, acyl or methyl). 

The sequences A and B, tertiary methyls and quaternary carbons were connected by 

inspection of the long-range C-H correlations observed in a gradient HMBC spectrum. Figure 

5 presents the main HMBC correlations, which allowed the construction of the planar 
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structure of ev-1 as a tetracyclic euphoractine-type diterpene with a 5-6-6-4 fused ring system. 

The positions of the acetyl, methoxy and hydroxy groups were also established via 

heteronuclear two and three-bond correlations. The benzoyl group, which did not show any 

HMBC correlations, was placed of necessity at the quaternary C-15. The relative 

configurations of the 10 stereogenic centres in ev-1 were investigated in a phase-sensitive 

NOESY experiment (Table 1 in Appendix VII), aided by consideration of the coupling 

constant values. Conventionally, as reference point, the position of H-4 was chosen to be α. 

The NOESY correlations observed between H-4/H-3, H-4/H-1α, H-4/5-OH, and H-4/H-17 

indicated the α stereochemistry of H-3, H-1α, 5-OH and H-17. The NOE interaction between 

H-1α/H-16 suggested the α position of H-16. A diagnostic NOE interaction was detected 

between H-5/H-2’,6’ (benzoyl), proving the β position of the benzoyl group. The nuclear 

Overhauser effects observed between H-5/H-12, H-2’,6’/11-OCH3 and H-12/H-19 

demonstrated the β position of H-12, 11-OCH3 and H-19, while the NOEs of H-11/H-9 and 

H-18/H-20 were indicative of the α position of H-9, H-18 and H-20. 

 

 

 

 

 

 
 

Ev-7 (17) 

HRFABMS suggested that the molecular formula of ev-7 is C29H39O7, with a molecular ion 

peak at m/z 499.2704 [M+H]+. After the 1H and 13C chemical shift assignments (compound 2 

in Table 2 in Appendix VII) of ev-7 had been achieved via the 1H-1H COSY, HSQC and 

HMBC spectra, it was evident that compounds ev-1 and ev-7 differ in only one substituent: 

the methoxy group of ev-1 (16) is replaced by a hydroxy group in ev-7. The diamagnetically 

shifted C-11 signal (ev-7: δC-11 73.6; ev-1: δC-11 82.7) demonstrated a hydroxy group instead 

of a methoxy group on C-11 in ev-7. The relative configuration of ev-7 was analysed in a 

NOESY experiment. The diagnostic nuclear Overhauser effects detected between 

H-2’,6’/H-5, H-2’,6’/H-12, H-2’,6’/H-19, H-5/H-12, H-12/H-19 and H-1β/H-2 provided 

evidence of the β orientation, while the NOESY cross-peaks between H-1α/H-16, H-1α/H-4, 

Figure 5. Selected 1H-1H COSY (▬) and HMBC 
(C→H) correlations for ev-1 (16) 
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H-4/H-3, H-4/H-17, H-17/H-20, H-20/H-9, H-9/H-18, H-9/H-11 and H-11/H-20 pointed to 

the α position of these protons and groups. All of the above data indicate structure 17 for this 

compound. 
 

Ev-5 (18) 

The molecular formula (C30H40O7), the substituents (1 benzoyl, 1 acetyl, 1 methoxy and 1 

hydroxy) and structural fragments [–CH2–CH(CH3)–CH(OR)–CH–CH(OR)– (A) and –CH2–

CH2–CH–CH–CH(OR)– (B) (R = H, acyl or methyl)], 5 quaternary carbons and 4 methyls 

constructing the diterpene core were found to be the same as in the case of ev-1 (16) 

(compound 3 in Table 2 in Appendix VII). The difference between ev-1 and ev-5 was 

discovered by means of HMBC experiments, which showed long-range correlations between 

C-20/H-12, C-6/H-12 C-18/H-9 and C-18/H-11, proving a 5-6-7-3 condensed ring system 

(Figure 6). 
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Figure 6. HMBC spectrum of ev-5 (18), with assignment of the main long-range correlations 
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The long-range correlation between the hydroxy group and C-5 clearly indicated that the 

hydroxy group is located at C-5. The methoxy group was placed at C-12, as shown in the 

HMBC spectrum by the long-range correlation between the methoxy carbon and H-12. The 

position of the acetyl group was determined on the basis of the three-bond correlation 

between the ester carbonyl and H-3. Finally the benzoyl group, which did not display any 

long-range correlations, must be on C-15. The relative configuration of the molecule was 

investigated by a NOESY experiment. The overlapping of the 1H signals of H-2, H-4 and 

3-OAc at δH 2.20 did not allow a conclusion concerning the stereochemistry of H-4, but the 

coupling constants J3,4 and J4,5 in ev-5 were found to be very similar to those in ev-1 and ev-7, 

indicating the same α configuration of H-4. Further, the NOESY correlation of the 

overlapping signal at δH 2.20 with that of H-17 can most probably be assigned to the 

H-4/H-17 correlation, suggesting the α orientation of H-17. Diagnostic Overhauser effects for 

the relative configuration of C-2, C-3, C-5, C-9, C-11, C-12, C-13 and C-15 are shown in 

Figure 6. All of the above data are compatible with structure 18 for this compound. 

 

 

 

 

 

 

 
 

Ev-2 (19) 

Ev-2, an amorphous solid, has the molecular formula C29H36O6, determined via the molecular 

ion peak at m/z 480.2526 [M]+ in the HREIMS. Analysis of the 1H NMR and JMOD data 

revealed that ev-2 possesses 1 benzoyl and 1 acetyl group in the molecule. The diterpene core 

consists of 5 methyls, 3 methylenes, 7 methines (1 vinylic, δC 144.5) and 5 quaternary 

carbons, with 1 ketone (δC 194.4) (compound 4 in Table 2 in Appendix VII). Interpretation of 

the HSQC and 1H–1H COSY spectra led to the identification of 3 structural elements with 

correlated protons: –CH2–CH(CH3)–, –CH(OR)–CH–CH– and –CH2–CH2–CH–CH–CH= 

(R = acyl). Their connectivities were determined on the basis of the HMBC spectrum. The 

long-range correlations of the quaternary carbons with the protons of the 3 fragments 

AcO H
OH

H

H

O
BzO

OCH3

1

2

3 4
5

6

7 8

9

101112

13
14

15

16

17

18

1920

18 
Figure 7. Diagnostic NOESY correlations of ev-5 (18) 

AcO

CH3
H3C

H
OH

CH3

CH3
H CH3

H

O
BzO

OCH3H

H

H H H HH
H

H



 35 

(C-6/H-4, C-6/H-7, C-6/H-17, C-10/H-9, C-10/H-11, C-10/H-18, C-10/H-19, C-13/H-11, 

C-13/H-20, C-14/H-1, C-14/H-4, C-14/H-20, C-15/H-1, and C-15 /H-3) indicated the bicyclic 

lathyrane ring system with oxygen functions at C-3, C-5, C-6, C-14 and C-15, and a double 

bond between C-12/C-13. The three-bond correlation between H-12 (δH 6.93 dd) and the keto 

signal placed the keto group at C-14. The chemical shifts of C-5 (δC 57.8), C-6 (δC 63.4) and 

H-5 (δH 3.53) were indicative of an epoxy group at C-5–C-6.92 The HMBC correlation 

between acetyl CO and H-3 pointed to the presence of the acetyl group at C-3, and the 

benzoyl group was of necessity located on C-15. The relative configuration of ev-2 was 

determined on the basis of a NOESY experiment. Because of the overlapping of the proton 

signals in CDCl3 solution, the 1H NMR, JMOD, HSQC and NOESY spectra were also run in 

C6D6, which resulted in better-resolved spectra and unambiguous assignments of all the 1H 

and 13C NMR signals. Starting from the α position of H-4, the nuclear Overhauser effects 

between H-4/H-1α, H-1α/H-16 and H-1α/H-3 indicated the α orientation of H-3 and H-16. 

The observed correlations of the ortho-benzoyl protons with H-5, 3-OAc and H-19, and 

between H-12/H-19 proved the β position of H-5 and H-19 and the acetyl group at C-3. The 

NOE interactions between H-5/H-7β, H-5/H-8β and H-5/H-12 allowed the steric 

differentiation of the C-7 and C-8 methylene protons and suggested that H-12 is oriented 

above the plane of the molecule. The NOE interactions between H-18/H-11 and H-18 /H-9 

suggested α-oriented H-11 and H-9. As regards the stereochemistry of C-17, the NOESY 

correlations between H-17/H-4, and H-17/H-7α were informative, proving the α orientation of 

the 17-methyl group. The NOE interaction between H-11/H-20 revealed that H-20 is oriented 

below the plane of the macrocycle, thereby confirming the E configuration for the C-12/C-13 

double bond. The above NMR study demonstrated that the structure of ev-2 is 19. 
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5. DISCUSSION 

Phytochemical investigations of E. esula, E. peplus, E. lathyris and E. villosa led to the 

isolation of 19 diterpenes, including 13 new natural products. The structures were established 

by means of spectral analyses as esters of jatrophane, lathyrane, pepluane and euphoractine-

type diterpenes. Biological investigations revealed that some of the isolated compounds 

possess noteworthy pharmacological activities (antiviral, antiproliferative and multidrug 

resistance reversing). 
 

Isolation of diterpenes 

• Screening of E. esula, E. peplus, E. lathyris and E. villosa led to the conclusion that the 

lipophilic extracts contain a number of diterpene esters, which can be enriched by polyamide 

OCC, mainly in the 60 % aqueous methanol fraction. The purification of the compounds 

generally requires the involvement of multistep separation methods because the plants 

produce complex mixtures of esters of the same diterpene nucleus (they may display very 

similar chromatographic characters), and the compounds occur merely in low quantities in the 

plants. 

• The fresh or dried whole (except in the case of E. lathyris) plant material was extracted 

with methanol at room temperature by percolation. Methanol, an amphipolar solvent, suitable 

for the extraction of both lipophilic and polar compounds. 

• In the initial step of separation, liquid-liquid extraction with dichloromethane or 

chloroform was applied in order to remove the polar constituents. The purification was 

continued with a classical column chromatographic technique. In accordance with the 

screening investigations, polyamide proved to be suitable as stationary phase for the 

preparative work, with the use of methanol-water solvent systems. The 20-60 % methanol 

fractions were rich in diterpenes, the 80 % methanol fractions contained mainly triterpenes, 

and the 100 % methanol fractions yielded chlorophyll. 

• In the following steps, even more selective methods (VLC, PLC and HPLC) were 

applied. After polyamide OCC, adsorption chromatography on silica gel was used in all 

experiments. VLC separations of the diterpene fractions afforded crude fractionations of the 

main components. For final purification, NP- and RP-HPLC were applied since these were 
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the most effective and most selective separation methods. HPLC provided mild conditions for 

polyester-type (light- and heat-sensitive) diterpenes. 

• The preparative work was completed with analytical thin layer chromatography on silica 

gel with various solvent systems. The aims of the TLC analysis were to model the separation 

methods, to combine fractions, and to check the purity of the isolated compounds. The 

detection was carried out in UV light at 254 nm, followed by spraying with cc. H2SO4. 

• As a result of the isolation procedure, 19 compounds, occurring in low concentration, 

were obtained from the multicomponent samples. In some cases, compounds with very 

similar structures were separated: ep-1, ep-5 and ep-7, differing from each other in the ester 

groups, and ev-1 and ev-7, differing in only one substituent. After extensive chromatographic 

purification, 6 compounds were isolated from E. esula (eup-1, eup-4, eup-6 and eup-10–12), 1 

from E. lathyris (eul-1), 7 from E. peplus (ep-1–5 and ep-7–8), and 5 from E. villosa (ev-1, 

ev-2, ev-3, ev-5 and ev-7). 
 

Structure elucidation 

• The isolated compounds are amorphous solids or crystals. They are optically active. The 

structures of the isolated compounds were elucidated by means of spectroscopic methods. IR 

and UV spectroscopy provided only a little information on the structures. From MS 

measurements, the molecular compositions were determined. The most useful data concerning 

the chemical structures were furnished by the 1D and 2D NMR spectroscopy. From the 1H 

and 13C NMR, 1H-1H COSY, HMQC and HMBC experiments, the constitutions of the 

compounds were determined, and then, with the aid of the NOESY spectra, the relative 

configurations were elucidated. In the isolated compounds, the number of asymmetric carbons 

was 7-10, and, except for eup-6 (10) all of them were stereochemically characterized. As a 

result of the NMR studies (1H NMR, JMOD, DEPT, 1H-1H COSY, HSQC, HMQC and 

HMBC), complete 1H and 13C assignments were made for the characterization of the 

compounds. The absolute configurations of ep-5 (4), ep-8 (6) and eup-1 (8) were determined 

by X-ray crystallography, and proved to be in accordance with the diterpenes described to 

date from natural sources. 

• Structurally, 11 of the compounds are jatrophanes, 3 are lathyranes, 3 are euphoractine-

type compounds and 2 are pepluane derivatives. Ep-1 (2), ep-3 (1) and ep-7 (5) contain 

nicotinoyl group, and can be regarded as pseudoalkaloids. Eup-4 (9), eup-10 (12), eup-11 (11) 
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and ev-3 (15) are esterified only with acetyl groups. The diversity of the ester groups is 

characteristic of the members of ep series, e.g. in ep-1 (2) 4 (acetyl, isobutanoyl, nicotinoyl 

and benzoyl), and in ep-5 (4) and ep-7 (5) 3 different ester groups were found. Eup-1 and 

eup-6 are the most highly esterified jatrophane-type diterpenoids, with 7 ester groups. The 

parent diterpene alcohol found in 8–10 had not been described before our work. Besides ester 

groups, hydroxy, keto and epoxy functions and, in the cases of ev-1 (16) and ev-5 (18) 

methoxy groups are present. In eup-6 (10), an ether function can be found between C-11 and 

C-14, and it therefore possesses an unusual heterocyclic ring system. Such compounds have 

been isolated only from E. kansui and E. esula.41 Eup-10 (12) is the only jatrophane diterpene 

with a 7,8-ene structure known at present. It is highly unsaturated, having a triene-dione 

structure. The eup series is stereochemically homogeneous, characterized by 2β-methyl, 13α-

methyl and 3β, 7β, 5α, 8α and 9α-acyl substitution. The ep series is heterogeneous: the 

configuration of C-20 can be α or β (α in ep-2, ep-3 and ep-8, and β in ep-1, ep-4, ep-5 and 

ep-7). Among the lathyranes, the 12-enol structure and the n-butanoyl esterification of eul-1 

(14) are irregular. Ev-2 (19) is a lathyrane derivative containing the rare 5,6-epoxy function; 

its parent diterpene alcohol has not been described previously. The pepluane skeleton was 

first reported while our work was in progress. On the basis of our X-ray examinations, the 

structure of the first pepluane, ep-8 (6), was revised. The pepluane skeleton is a new 

Euphorbiaceae diterpene carbon framework, in which the geminal dimethyl group (originating 

from a cembrene-casbane source) is absent, because one of them is incorporated in a six-

membered ring. 

• The skeleton of ev-1 (16) and ev-7 (17) was previously found only in 3 natural 

compounds, euphoractine A, C and D, while the skeleton of ev-5 (18) was known only in 

euphoractine B and E. A biogenetic relationship can be presumed between the isolated 

compounds of E. villosa, since lathyrane diterpenes are regarded as the biosynthetic 

progenitors of the polycyclic derivatives. Ev-1 (16), ev-7 (17) and ev-5 (18) can be derived 

from a lathyrane precursor by transannular cyclization and, in the cases of 16 and 17, by 

expansion of the cyclopropane ring. A similar rearrangement was observed in synthetic 

studies, when the acid-catalysed conversion of an epoxylathyrane enone (Euphorbia factor L1) 

was achieved.85,162 
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Chemotaxonomical significance 

• Diterpenes are considered to be important taxonomic markers of the Euphorbiaceae 

family, because of its limited occurrence and structural diversity. 

• On the basis of the diterpene composition, E. esula displays a close relationship with E. 

salicifolia, which belongs in the same section. They contain the same main diterpene 

component, eup-1 (8), and jatrophane diterpenes differing only in the esterification. 

• The diterpenes isolated from E. esula in our experiment are not identical with those 

obtained by other workgroups.12,88,134 The samples of different origins (China, North America 

and Hungary) contain different jatrophane diterpenes. In the eup series obtained from the 

Hungarian collection, the aromatic acyl residues were missing and the alcohol core of the 

compounds was different. In conclusion, the morphological diversity (characteristic of this 

species) is manifested in the chemical features (the diterpene profile), too. 

• As concerns E. peplus, four different investigations on jatrophane and pepluane 

diterpenes have been reported. The diterpenes of the samples originating from Chile, 

Germany and Hungary were found to be similar; they contain 4 identical compounds: ep-1, 

ep-4, ep-11 and ep-8.80 However, in the examinations on an Italian sample, different 

compounds were isolated (only one ep-11 is common).149 These facts indicated that 

chemovarietas must presumably exist for E. peplus. 

• In the case of E. lathyris, we investigated for the first time the diterpenes of the roots 

and detected the presence of lathyranes. The isolated compound, eul-1 (14), is related to those 

lathyrane diterpenes isolated earlier from the aerial parts and the seeds.  

• The chemical constituents of E. villosa have not been investigated previously.  

• All of the isolated diterpenes were detected for the first time in the given plants; 5 

compounds from E. peplus (ep-1, ep-4, ep-5, ep-7 and ep-8) were reported at the same time as 

our work. 
 

Biological activities 

The isolated compounds were tested for their phlogistic, antitumour, antiviral and anti-MDR 

activities. 

• Phlogistic activity: The aim of our investigations was to determine whether jatrophane 

diterpenes possess pro-inflammatory activity similarly to that of the ingenane and tigliane 

diterpenes. Irritant doses (ID50) were determined on the ears of mice according to a standard 
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procedure. The redness of the mouse ear was estimated 4 and 24 h after the application of 

solutions in acetone. As a reference, 12-O-tetradecanoylphorbol-13-acetate (TPA) was used 

(ID50
4 0.00938 μg/ear, ID50

24 0.00645 μg/ear). Compounds ep-4 (3), eup-1 (8), eup-4 (9), 

eup-11 (11) and eup-12 (13) were shown to be inactive up to a dose of 200 μg/ear, while ep-1 

(2) exhibited a pro-inflammatory activity of ID50
4 = ID50

24 = 29 μg/ear. Consequently, for the 

highly irritant effect of E. esula and E. peplus, which cause many toxicological problems, 

primarily the phorboids are responsible.148,156 

• Antitumour activity: As a few experimental data have been published previously on the 

antitumour activity of jatrophane derivatives,44,79 the cytotoxic activities of some jatrophane 

esters were evaluated against HeLa and L5178 mouse lymphoma cells, using the MTT test. 

The results presented in Table 2 revealed a cell growth-inhibitory effect of compounds eup-1 

(8), eup-4 (9) and eup-12 (13) against the L5178 cell line. Cytotoxic assays on HeLa cells 

demonstrated only marginal activities for compounds ep-1 (2), ep-5 (4) and eup-1 (8). 
•  

Table 2. Antiproliferative activities of diterpenes on tumour cells 
 

Compound 1 2 3 4 6 8 9 11 13 
Inhibition (%)* 13.4 20.1 4.3 16.3 4.3 17.5 6.5 9.6 11.8 
IC50

† (μM) – – – – – 14.8 9.5 – 8.5 
*on HeLa cells (c = 10 μM), †on L5178 mouse lymphoma cells 
 

• Antiviral activity: The reported antiviral activities of some Euphorbiaceae diterpenes 

prompted us to investigate the virus replication-inhibitory activities of the isolated 

compounds. First, the cytotoxicities of the diterpenes were assayed by measuring their effects 

on the growth of Vero cells. The antiviral activities were investigated at concentrations which 

were lower than the CC50 values. The antiviral effects on the multiplication of Herpes simplex 

virus type 2 (HSV-2) were studied by using the virus yield reduction method in cell cultures. 

Significant antiviral activity was recorded for ep-3 (1), ep-4 (3), ep-5 (4) ep-7 (5) and ep-2 (7) 

(Table 3).163 The effects of the diterpenes on the virus infectivity were investigated under 

extracellular conditions. None of the tested compounds displayed virucidal activity against 

HSV-2. 
•  

Table 3. Cytotoxic and anti-herpes virus activities of some diterpenes 
 

Compound 1 2 3 4 5 7 8 acyclovir 
CC50

* (μM) 31.2 4.3 36.5 37.2 35.6 21.0 30.1 >1000 
IC50

† (μM) 3.9 – 3.8 5.5 6.0 6.4 11.2     0.89 
SI CC50/IC50

‡ 8.0 – 9.6 6.8 5.9 3.3 2.7 >1125 
*50 % cytotoxic conc. on Vero cells, †inhibitory conc. for 50 % yield reduction, ‡selectivity index 
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• Multidrug resistance reversal activity: In the past few decades, there has been great 

clinical interest in the development of drugs that overcome multidrug resistance (MDR) to 

cytostatic chemotherapeutic agents in cancer cells. Extensive studies have been performed in 

the search for new, effective resistance modulators or chemosensitizers from natural sources. 

Investigation of the isolated diterpenes for their anti-MDR activity revealed that some 

jatrophane, pepluane and lathyrane diterpenes are able to enhance drug retention in the cells 

by inhibiting the efflux-pump activity mediated by the P-glycoprotein. Especially the 

members of the ep and ev series [ep-3 (1), ep-1 (2), ep-7 (5), ev-3 (15) and ev-2 (19)] 

displayed marked effects when tested on multidrug resistant mouse lymphoma cells, using 

rhodamine 123 exclusion test and verapamil as positive control (Table 4).16 
•  

Table 4. Reversal of the MDR of mouse lymphoma cells 
 

Compound c (μg/ml) R Compound c (μg/ml) R Compound c (μg/ml) R 

ep-3 (1) 4 34.74 ep-7 (5) 4 12.75 eup-11 (11) 4 2.47 

 40 74.27  40 71.98  8 4.03 

ep-1 (2) 4 34.25 ep-2 (7) 4 4.71 eup-12 (13) 4 5.52 

 40 78.88  40 38.37  40 14.75 

ep-4 (3) 4 16.77 eup-1 (8) 4 2.03 ev-3 (15) 1 8.90 

 40 29.48  40 1.93  10 44.16 

ep-5 (4) 4 6.30 eup-4 (9) 4 2.58 ev-2 (19) 1 3.46 

 8 2.26  40 7.83  10 50.80 
R = fluorescence activity ratio [the fluorescence activity ratio of verapamil (c = 10 μg/ml) was 6.65] 
 

• From the above results, it could be concluded that jatrophane diterpenes do not play a 

significant role in the irritant effect of Euphorbia species; they should rather be considered 

therapeutically relevant natural products. 
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6. SUMMARY 

The aim of this work was the isolation and structure determination of diterpenes from 

Euphorbia esula, E. peplus, E. lathyris and E. villosa. First, the diterpene contents of the plant 

materials were investigated by using a CC, TLC-based screening method. The isolation was 

carried out by a multistep separation procedure, including OCC, VLC, PLC and NP- and 

RP-HPLC. The structures of the isolated compounds were elucidated by means of 

spectroscopic methods (IR, UV, HR-MS and NMR), and in a few instances X-ray 

crystallography. As a result of 2D NMR studies (COSY, HMBC, HSQC, HMQC), JMOD and 

DEPT, complete 1H and 13C assignments were made for the characterization of the 

compounds. 

As a result of our work, 6 new (8-13) diterpene polyesters were isolated from E. esula, 3 new 

ones (1, 6-7) and 4 known ones (2-5) from E. peplus, 1 new one (14) from E. lathyris, and 4 

new ones (16-19) and 1 known one (15) from E. villosa. 11 compounds are of jatrophane, 3 of 

lathyrane and 3 of euphoractine-type, and 2 are pepluane polyesters. Ep-3 (1), ep-1 (2) and 

ep-7 (5) contain nicotinoyl group, and they are pseudoalkaloids. Eup-4 (9), eup-11 (11), 

eup-10 (12) and ev-3 (15) are homogeneously esterified (only with acetyl groups), but others 

contain different acyl groups (benzoyl, nicotinoyl, isobutanoyl and n-butanoyl). Ep-1 (2) is 

the most diverse substituted diterpene, with 4 different ester groups (acetyl, benzoyl, 

i-butanoyl and nicotinoyl). Eup-1 (8) and eup-6 (10) are the most highly esterified jatrophane-

type diterpenoids, with 7 ester groups. In eup-6 (10), an unusual ether function can be found 

between C-11/C-14. The parent diterpene alcohol present in 8-12 has not been described 

earlier. Eup-10 (12) is the only jatrophane diterpene known to date containing a double bond 

in position C-7/C-8. Eul-1 (14) is a lathyrane diterpene with an unprecedented 12-enol 

structure and n-butanoyl esterification. Ep-8 (6) and ep-2 (7) are based on a new carbon 

skeleton (named pepluane); they differ only in the esterification. Ev-2 (19) and ev-3 (15) are 

lathyrane derivatives; ev-2 (19) contains the rare 5,6-epoxy function. The parent diterpene 

alcohol of ev-2 (19) has not been described previously. Ev-1 (16) and ev-7 (17) have a 

tetracyclic 5-6-6-4, and ev-5 (18) a 5-6-7-3 fused ring system; they are euphoractine-type 

diterpenes.  

On the basis of the diterpene composition, E. esula exhibits a relationship with E. salicifolia, 

as they contain the same main diterpene component, eup-1 (8), and related compounds 
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differing only in the esterification. E. esula can be characterized as displaying high 

morphological and chemical diversity. The diterpenes of E. peplus samples of different 

origins were found to be similar, with the exception of an Italian sample, which contains 

compounds with different esterification pattern. E. peplus is most probably typified by 

chemovarietas. 

All of the diterpenes were detected for the first time from the investigated plants; 5 

compounds of E. peplus (ep-1, ep-4, ep-5, ep-7 and ep-8) were reported during our work. The 

chemical constituents of E. villosa have not been investigated previously. 

The biological activities of some of the isolated compounds were investigated. In the 

phlogistic test, apart from an insignificant activity, the investigated jatrophane diterpenes were 

found to be inactive. Cytotoxic assays of some jatrophane esters demonstrated moderate or 

weak activity of ep-1 (2), ep-5 (4), eup-1 (8), eup-4 (9) and eup-12 (13) against human tumour 

cells. Significant antiviral activity was recorded for the compounds of the ep series: ep-3 (1), 

ep-4 (3) ep-5 (4), ep-7 (5) and ep-2 (7). 

The isolated diterpenes were examined for their multidrug resistance reversing activity. The 

compounds in the ep and ev series were shown to enhance drug retention significantly in the 

tumour cells by inhibiting the efflux pump activity. Ep-3 (1), ep-1 (2) and ep-7 (5) exhibited 

much stronger effects than that of the positive control verapamil. The ability of jatrophane 

diterpenes to act as potent modulators of MDR has been evaluated here for the first time.16 

Our results open up new opportunities in the design and development of drugs to overcome 

the MDR of human cancers. 
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øÔ·Ý¸®±­°¸»® Í· ïððô ë 3³ô îðð ì ³³ô Ó»®½µ÷ ¿²¼ ±² ¿
®»ª»®­»¼ó°¸¿­» øÔ·Ý¸®±­°¸»® ÎÐóïèô ë 3³ô îðð ì ³³ô
Ó»®½µ÷ ½±´«³²ò
Ð´¿²¬ Ó¿¬»®·¿´ò Ûò °»°´«­ ©¿­ ½±´´»½¬»¼ ·² Ö«²» ïççêô ·²

Ó·­µ±´½ô Ø«²¹¿®§ò ß ª±«½¸»® ­¿³°´» ¸¿­ ¾»»² ¼»°±­·¬»¼ ¿¬
¬¸» Ü»°¿®¬³»²¬ ±º Ð¸¿®³¿½±¹²±­§ô ß´¾»®¬ Í¦»²¬óÙ§±X®¹§·
Ó»¼·½¿´ Ë²·ª»®­·¬§ô Í¦»¹»¼ô Ø«²¹¿®§ò
Û¨¬®¿½¬·±² ¿²¼ ×­±´¿¬·±²ò Ì¸» º®»­¸ °´¿²¬ ³¿¬»®·¿´ øîðð

¹÷ ©¿­ °»®½±´¿¬»¼ ©·¬¸ Ó»ÑØ øïèðð ³Ô÷ ¿¬ ®±±³ ¬»³°»®¿¬«®»ò
Ì¸» ½®«¼» »¨¬®¿½¬ ©¿­ ½±²½»²¬®¿¬»¼ ·² ª¿½«± ¬± ïðð ³Ôô ¿²¼

Ú·¹«®» îò Ð»®­°»½¬·ª» ª·»©­ ±º ï ½±²º±®³»®­ × ¿²¼ ××ò ø×² ¬¸» ´¿¬¬»®
½¿­» ±²´§ ¬¸» ¿¬±³­ ·² ¬¸» ³±´»½«´¿® ­µ»´»¬±² ¿®» ´¿¾»´»¼ô «­·²¹
²«³¾»®­ ·²½®»¿­»¼ ¾§ íð ®»´¿¬·ª» ¬± ½±²º±®³»® ×å ¾±²¼­ ¬± ¬¸»
¼·­±®¼»®»¼ ¿¬±³­ Ñíí¾ô Ñìï¾ô ¿²¼ Ñìë¾ ¿®» ¼®¿©² ©·¬¸ ¼¿­¸»¼ ´·²»­ò÷

Ì¿¾´» ïò ÒÓÎ Ü¿¬¿ ±² Ý±³°±«²¼ î ÅÝÜÝ´íô < ø°°³÷ Ö ÷ Ø¦÷Ã

¿¬±³ ïØ¿ ïíÝ¾
ÒÑÛÍÇ
Ø ²±ò

ØÓÞÝ
Ý ²±ò

ïÎ îòïé ¼¼ øïìòîô ïïòê÷ ììòé î îô íô ïëô ïêô ïé
ï> ïòëï ¼¼ øïìòîô ëòï÷ ïêóÑØ îô íô ìô ïêô ïé
î îòëì ³ íëòç ïÎô íô ïé ïé
í ëòèð ³ éêòì îô ì ïô ìô ïê
ì îòìð ¼¼ øïîòðô ìòí÷ ìèòí íô ïè ëô êô ïê
ë ëòèí ¼ øïîòð÷ êçòé é>ô ïíô ïêóÑØ íô ìô éô ïêô ïè
ê ìçòð
é> îòìè ¼ øïêòð÷ íçòè ë ëô êô èô ïíô ïì
éÎ ïòëè ¼ øïêòð÷ ïè ëô êô èô çô ïè
è èèòê
ç ëòéè ¼ øìòç÷ êèòí èóÑß½ô ïðÎô> éô èô ïïô ïí
ïð> ïòçé ¼¼ øïêòçô ëòé÷ ìïòê ïïóÑØ ïïô ïî
ïðÎ ïòèë ¼ øïêòç÷ ïç èô çô ïç
ïï êèòð
ïî> ïòéë ³ ííòç èô ïðô ïïô ïíô ïç
ïîÎ ïòêç ¬ øïîòç÷ ïíô ïì
ïí ìòíð ¼¼ øïîòèô êòê÷ ìéòð ëô ïïóÑØô

ïëô ïêóÑØ
çô ïïô ïîô ïìô
ïëô îð

ïì ëîòð
ïë ëòðé ­ éíòí ïíô ïêóÑØ ïô ìô êô ïíô

ïìô ïê
ïê èìòî
ïé ïòðë ¼ øéòí÷ ïêòê ïêóÑØô î ïô îô í
ïè ïòðè ­ ïêòé ìô éÎô îð ëô êô éô ïì
ïç ïòîç ­ íïòë ïðÎ ïðô ïïô ïî
îð ðòçî ­ ïêòí ïè êô ïíô ïìô ïë
ïïóÑØ îòèî ­ ïíô ïð> ïç
ïêóÑØ íòïé ­ ï>ô ëô ïíô

ïëô ïé
ìô ïëô ïê

¿ ïØ ÒÓÎ ­·¹²¿´­ ±º ¬¸» ¿½§´ ¹®±«°­æ ëóÑß½æ ïòéî ­ô èóÑß½æ
ïòçê ­ô çóÑß½æ îòðí ­ô ïëóÑß½æ îòïí ­ô íóÑÞ¦æ éòçî ¼ øéòì÷ øØóî~ô
ê~÷ô éòëì w¬~ øéòì÷ øØóì~÷ô éòìï w¬~ øéòé÷ øØóí~ô ë~÷ò ¾ ïíÝ ÒÓÎ ­·¹²¿´­æ
ëóÑß½æ îîòðô ïéðòìô èóÑß½æ îðòçô ïéðòîô çóÑß½æ îïòìô ïêçòíô ïëó
Ñß½æ îðòçô ïéðòðô íóÑÞ¦æ ïêëòè øÝÑ÷ô ïííòî øÝóì~÷ô ïîçòí øÝóî~ô ê~÷ô
ïîèòë øÝóí~ô ë~÷ô ïíðòð øÝóï~÷ò

ïðè Ö±«®²¿´ ±º Ò¿¬«®¿´ Ð®±¼«½¬­ô ïçççô Ê±´ò êîô Ò±ò ï Ø±¸³¿²² »¬ ¿´ò
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°¸¿­» ¹¿ª» ¿ ¹®»»²·­¸ó¾®±©² ®»­·¼«» øìòé ¹÷ô ©¸·½¸ ©¿­
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±º ØîÑóÓ»ÑØ øíæî ¿²¼ ïæì÷ ¿­ »´«»²¬­ò Ú®¿½¬·±²­ ±¾¬¿·²»¼
©·¬¸ ØîÑóÓ»ÑØ øîæí÷ ©»®» ½±³¾·²»¼ ¿²¼ ­«¾¶»½¬»¼ ¬± Í· ¹»´
º´¿­¸ ½¸®±³¿¬±¹®¿°¸§ô «­·²¹ ¿ ¹®¿¼·»²¬ ­§­¬»³ ±º ÝØÝ´í ¿²¼
Ó»îÝÑò Ú®¿½¬·±²­ êóïð »´«¬»¼ ©·¬¸ ÝØÝ´í ©»®» º«®¬¸»®
º®¿½¬·±²¿¬»¼ ¾§ ®»ª»®­»¼ó°¸¿­» ØÐÔÝ ©·¬¸ Ó»ÑØóØîÑ øéæí÷
¿­ »´«»²¬ ¿¬ ¿ º´±© ®¿¬» ±º ðòé ³Ôñ³·²ò Ú·²¿´´§ô ½±³°±«²¼­
±¾­»®ª»¼ ¿¬ ®»¬»²¬·±² ¬·³»­ ±º ïíòë ¿²¼ îðòì ³·² ©»®»
¬®¿²­º»®®»¼ ¬± ¿ ²±®³¿´ó°¸¿­» ØÐÔÝ ½±´«³² »´«¬»¼ ©·¬¸
½§½´±¸»¨¿²»óÛ¬Ñß½óÛ¬ÑØ øíðæïðæï÷ ¬± ¿ºº±®¼ ½±³°±«²¼­ ï
øëòë ³¹÷ ¿²¼ î øîòí ³¹÷ò
Ý±³°±«²¼ ïæ ©¸·¬» ²»»¼´»­ô ³° îîë WÝ øº®±³ ¼·»¬¸§´

»¬¸»®ó²ó¸»¨¿²»÷å ÅÎÃîëÜ õëW ø½ ðòðêô ÝØÝ´í÷å ËÊ øÓ»ÑØ÷ 4³¿¨

îíð ø ïí ðìð÷ô îéî ø ïîïð÷ô îèð ø ïðéð÷ ²³å ×Î øÕÞ®÷ íìíðô
ïéìïô ïéïîô ïíéðô ïîìêô ïðíîô éïé ½³óïå ïØ ÒÓÎ øÝêÜêô ìðð
ÓØ¦÷ < ïòèê øïØô ¼¼ô Ö ÷ ïíòéô ïïòì Ø¦ô ØóïÎ÷ô ïòïî øïØô ¼¼ô
Ö ÷ ïíòéô ìòê Ø¦ô Øóï>÷ô îòð øïØô ³ô Øóî÷ô ëòéê øïØô ¼¼ô Ö ÷

ëòéô ìòé Ø¦ô Øóí÷ô îòïè øïØô ¼¼ô Ö ÷ ïïòçô ìòé Ø¦ô Øóì÷ô êòðç
øïØô ¼ô Ö ÷ ïïòç Ø¦ô Øóë÷ô ïòêê øïØô ¼ô Ö ÷ ïëòé Ø¦ô ØóéÎ÷ô
îòéé øïØô ¼ô Ö ÷ ïëòé Ø¦ô Øóé>÷ô êòîç øïØô ¼ô Ö ÷ ëòð Ø¦ô Øóç÷ô
ïòèð øïØô ¼ô Ö ÷ ïéòï Ø¦ô ØóïðÎ÷ô îòëî øïØô ¼¼¼ô Ö ÷ ïéòïô ëòðô
ïòï Ø¦ô Øóïð>÷ô ïòëç øïØô ¬ô Ö ÷ ïíòí Ø¦ô ØóïîÎ÷ô îòëç øïØô
¼¼¼ô Ö ÷ ïíòíô ëòèô ïòï Ø¦ô Øóïî>÷ô ìòíî øïØô ¼¼ô Ö ÷ ïíòíô ëòè
Ø¦ô Øóïí÷ô ëòîê øïØô ­ô Øóïë÷ô ðòèì øíØô ¼ô Ö ÷ éòî Ø¦ô Øóïé÷ô
ïòðé øíØô ­ô Øóïè÷ô ïòìè øíØô ­ô Øóïç÷ô ðòèç øíØô ­ô Øóîð÷ô îòçï
øïØô ­ô ïêóÑØ÷ô ïòéê øíØô ­ô ëóÑß½÷ô ïòèð øíØô ­ô ïïóÑß½÷ô ïòçè
øíØô ­ô èóÑß½÷ô ïòëè øíØô ­ô çóÑß½÷ô ïòéï øíØô ­ô ïëóÑß½÷ô èòïë
øîØô ¼ô Ö ÷ êòç Ø¦ô íóÑÞ¦ î~ô ê~÷ô éòðíóéòïí øíØô ³ô íóÑÞ¦ í~ô
ì~ô ë~÷å ïíÝ ÒÓÎ øÝêÜêô ïðð ÓØ¦÷ < ìëòì øÝóï÷ô íêòé øÝóî÷ô éêòé
øÝóí÷ô ìçòë øÝóì÷ô éðòé øÝóë÷ô ìçòè øÝóê÷ô ìïòî øÝóé÷ô èéòç øÝóè÷ô
êèòí øÝóç÷ô íçòë øÝóïð÷ô èðòì øÝóïï÷ô íïòç øÝóïî÷ô ìéòé øÝóïí÷ô
ëîòï øÝóïì÷ô éìòé øÝóïë÷ô èìòè øÝóïê÷ô ïêòç øÝóïé÷ô ïéòí øÝóïè÷ô
îçòî øÝóïç÷ô ïêòç øÝóîð÷ô îïòîô ïéðòì øëóÑß½÷ô îíòïô ïéïòî øïïó
Ñß½÷ô îïòîô ïéðòì øëóÑß½÷ô îïòìô ïêèòç øçóÑß½÷ô îïòðô ïêçòê øïëó
Ñß½÷ô ïêêòìô ïííòêô ïíïòèô ïíðòëô ïîçòï øíóÑÞ¦÷å ØÎÛ×ÓÍ ±¾­¼
³ñ¦ ëíèòîêïç ÅÓ ó î ß½ÑØ ó ÝØîÝÑÃõô ½¿´½¼ º±® ÝíïØíèÑè

ëíèòîëêéô ¿²¼ ±¾­¼ ³ñ¦ ìêðòîíçî ÅÓ ó ì ß½ÑØÃô ½¿´½¼ º±®
ÝîçØíîÑë ìêðòîîëðò
Ý®§­¬¿´ Ü¿¬¿ ±² ïæ ÝíéØìèÑïíô Ó ÷ éððòéëô ±®¬¸±®¸±³¾·½ô

­°¿½» ¹®±«° Ðîïîïîïô ¿ ÷ ïðòïéèøë÷ô ¾ ÷ ïèòíèéøî÷ô ½ ÷ íçòêîïó
øë÷ �ô Ê ÷ éìïëøì÷ �íô Æ ÷ èô Ü½ ÷ ïòîëë ¹½³óíô Úøððð÷ ÷ îççîô
3øÝ« ÕÎ ÷ ïòëìïè �÷ ÷ ðòéèç ³³óïò Ü¿¬¿ ©»®» ½±´´»½¬»¼ ±²

¿² Û²®¿ºóÒ±²·«­ ÝßÜì ¼·ºº®¿½¬±³»¬»® ·² ¬¸» ®¿²¹» îòîí ä +
ä éìòëïWò Ì¸» ­¬®«½¬«®» ©¿­ ¼»¬»®³·²»¼ ¾§ ¼·®»½¬ ³»¬¸±¼­ ¿²¼
®»º·²»¼ ¾§ º«´´ó³¿¬®·¨ ´»¿­¬ó­¯«¿®»­ ¿²¿´§­·­ò ß´´ ²±²¸§¼®±¹»²
¿¬±³­ ©»®» ®»º·²»¼ ¿²·­±¬®±°·½¿´´§ò Ì¸»®» ·­ ¼·­±®¼»® ±º ­±³»
±¨§¹»² ¿¬±³­ô ©¸·½¸ ¸¿ª» ¾»»² ³±¼»´»¼ «­·²¹ ¬©± ¿¬±³·½ ­·¬»­
¿²¼ ±½½«°¿¬·±² º¿½¬±®­ ±º ðòëò Ì¸» ¸§¼®±¹»² ¿¬±³­ ©»®»
·²¬®±¼«½»¼ ·² ·¼»¿´·¦»¼ °±­·¬·±²­ ¿²¼ ¿¼¼»¼ ¬± ¬¸» ­¬®«½¬«®»
º¿½¬±® ½¿´½«´¿¬·±²­ò Ì¸» º·²¿´ Î ª¿´«»­ ©»®» Îï ÷ ðòðêîô ©Îî

÷ ðòïêïé º±® ïð éíè ®»º´»½¬·±²­ ¬¿µ»² ©·¬¸ Ú± â ì-Ú± ¿²¼ Îï

÷ ðòðèíô ©Îî ÷ ðòïéìç º±® ¿´´ ïì çéì ¼¿¬¿ò Ý®§­¬¿´´±¹®¿°¸·½
¼¿¬¿ ±² ïô ·²½´«¼·²¹ ¿¬±³·½ ½±±®¼·²¿¬»­ô ¸¿ª» ¾»»² ¼»°±­·¬»¼
©·¬¸ ¬¸» Ý¿³¾®·¼¹» Ý®§­¬¿´´±¹®¿°¸·½ Ü¿¬¿ Ý»²¬®»ò Ý±°·»­ ±º
¬¸» ¼¿¬¿ ½¿² ¾» ±¾¬¿·²»¼ º®»» ±º ½¸¿®¹»ô ±² ¿°°´·½¿¬·±² ¬± ¬¸»
Ü·®»½¬±®ô ÝÝÜÝô ïî Ë²·±² Î±¿¼ô Ý¿³¾®·¼¹» ÝÞî ïÛÆ ËÕ
ÅÚ¿¨æ õììóøð÷ïîîíóííêðíí ±® »ó³¿·´æ ¼»°±­·¬à½½¼½ò½¿³ò¿½ò«µÃò
Ý±³°±«²¼ îæ ©¸·¬» ²»»¼´»­ô ³° îíèóîìð WÝ øº®±³ ¼·»¬¸§´

»¬¸»®÷å ÅÎÃîëÜ õìðW ø½ ðòîô ÝØÝ´í÷å ËÊ øÓ»ÑØ÷ 4³¿¨ îîç ø
ïí îðð÷ô îéì ø çéë÷ô îèî ø éêê÷ ²³å ×Î øÕÞ®÷ íìíîô ïéíèô ïéïïô
ïíêçô ïîìïô ïðîéô éïë ½³óïå ïØ ¿²¼ ïíÝ ÒÓÎô ­»» Ì¿¾´» ïå
Û×ÓÍ øéð »Ê÷ ³ñ¦ øû ®»´ ·²¬÷ êëè øðòï÷ ÅÓÃõô ëçè øï÷ ÅÓ ó

ß½ÑØÃõô ëíè øëë÷ ÅÓ ó î ß½ÑØÃõô ëîí øëí÷ ÅÓ ó î ß½ÑØ
ó ÝØíÃõô ìéè øç÷ ÅÓ ó í ß½ÑØÃõô ìêð øïî÷ ÅÓ ó í ß½ÑØ
ó ØîÑÃõô íîð øìç÷ ÅÓ ó í ß½ÑØ ó Þ¦ÑØ ó î ØîÑÃõå
ØÎÛ×ÓÍ ±¾­¼³ñ¦ ëíèòîëçíô ½¿´½¼ º±® ÝíïØíèÑè ëíèòîëêé ¿²¼
±¾­¼ ³ñ¦ íîðòïéèêô ½¿´½¼ º±® ÝîîØîìÑîô íîðòïééêò

ß½µ²±©´»¼¹³»²¬ò É» ¿®» ¹®¿¬»º«´ ¬± Ü®ò Ù§«´¿ Ö»®µ±ª·½¸
øÍ°»½¬®±­½±°·½ Ü»°¿®¬³»²¬ô ×²­¬·¬«¬» º±® Ü®«¹ Î»­»¿®½¸ Ô¬¼òô
Þ«¼¿°»­¬ô Ø«²¹¿®§÷ º±® ¬¸» ³¿­­ ­°»½¬®±­½±°·½ ³»¿­«®»³»²¬­ò
Ì¸·­ ·²ª»­¬·¹¿¬·±² ©¿­ º«²¼»¼ ¾§ ¬¸» Ò¿¬·±²¿´ Í½·»²¬·º·½
Î»­»¿®½¸ Ú«²¼ô °®±¶»½¬ ²±ò ÑÌÕß Ìðîîëèéò

Î»º»®»²½»­ ¿²¼ Ò±¬»­

øï÷ Ûª¿²­ô Úò Öòå Ì¿§´±®ô Íò Ûò Ð®±¹ò Ý¸»³ò Ñ®¹òÒ¿¬ò Ð®±¼ò ïçèíô ììô ïóççò
øî÷ Õ¸¿º¿¹§ô Íò Óòå Ù¸¿®¾±ô Íò ßòå Í¿´¿³ô Òò ßò ßò Ð´¿²¬¿ Ó»¼ò ïçéëô

îéô íèéóíçìò
øí÷ Ø¿®¬©»´´ô Öò Ôò Öò Ò¿¬ò Ð®±¼ò ïçêçô íîô ïëíóîðëò
øì÷ Ù±¬¬¿ô Øòå ß¼±´ºô Éòå Ñ°º»®µ«½¸ô Øò Öòå Ø»½µ»®ô Ûò Æò Ò¿¬«®º±®­½¸ò

ïçèìô íç¾ô êèíóêçìò
øë÷ Î·¦µô ßò Óòå Ø¿³³±«¼¿ô Úò Óòå Û´óÓ·­­·®§ô Óò Óòå Î¿¼©¿²ô Øò Óòå

Ûª¿²­ô Úò Öò Ð¸§¬±½¸»³·­¬®§ô ïçèëô îìô ïêðëóïêðêò
øê÷ Ö¿µ«°±ª·½ô Öòå Ó±®¹»²­¬»®²ô Ìòå Þ·¬¬²»®ô Óòå Í·´ª¿ô Óò Ð¸§¬±½¸»³·­¬®§

ïççèô ìéô ïêðïóïêðçò

ÒÐçèðíïçÔ

Ð»°´«¿²» Ü·¬»®°»²±·¼­ º®±³ Û«°¸±®¾·¿ Ö±«®²¿´ ±º Ò¿¬«®¿´ Ð®±¼«½¬­ô ïçççô Ê±´ò êîô Ò±ò ï ïðç
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Ö¿¬®±°¸¿²» ¼·¬»®°»²±·¼­ º®±³ Û«°¸±®¾·¿ °»°´«­

Öò Ø±¸³¿²²¿ôöô ßò Ê¿­¿­¿ô Ùò Ù«X ²¬¸»®
¾ô Ù§ Ü±³¾·¾ô Ùò Þ´¿¦­±̂½ô Ù§ Ú¿´µ¿§½ô

×ò Ó¿̂¬¸»̂¿ô Ù§ Ö»®µ±ª·½¸¼

¿Ü»°¿®¬³»²¬ ±º Ð¸¿®³¿½±¹²±­§ô ß´¾»®¬ Í¦»²¬óÙ§±X®¹§· Ó»¼·½¿´ Ë²·ª»®­·¬§ô ÐòÑò Þ±¨ ïîïô êéðï Í¦»¹»¼ô Ø«²¹¿®§
¾Ü»°¿®¬³»²¬ ±º Ð¸¿®³¿½»«¬·½¿´ ß²¿´§­·­ô ß´¾»®¬ Í¦»²¬óÙ§±X®¹§· Ó»¼·½¿´ Ë²·ª»®­·¬§ô ì Í±³±¹§· Í¬®»»¬ô êéîð Í¦»¹»¼ô Ø«²¹¿®§

½Ü»°¿®¬³»²¬ ±º Ð¸¿®³¿½±¼§²¿³·½­ô ß´¾»®¬ Í¦»²¬óÙ§±X®¹§· Ó»¼·½¿´ Ë²·ª»®­·¬§ô ÐòÑò Þ±¨ ïîïô êéðï Í¦»¹»¼ô Ø«²¹¿®§
¼Í°»½¬®±­½±°·½ Ü»°¿®¬³»²¬ô ×²­¬·¬«¬» º±® Ü®«¹ Î»­»¿®½¸ Ô¬¼òô ÐòÑò Þ±¨ èîô ïíîë Þ«¼¿°»­¬ô Ø«²¹¿®§

Î»½»·ª»¼ îï Ö«´§ ïççèå ®»½»·ª»¼ ·² ®»ª·­»¼ º±®³ îê Ö¿²«¿®§ ïçççå ¿½½»°¬»¼ è Ú»¾®«¿®§ ïççç

ß¾­¬®¿½¬

Ú®±³ ¬¸» °®±ó·²q¿³³¿¬±®§ ¿½¬·ª» »¨¬®¿½¬ ±º Û«°¸±®¾·¿ °»°´«­ô ¿ ²»© ¼·¬»®°»²» °±´§»­¬»® øï÷ ¾¿­»¼ ±² ¬¸» ¶¿¬®±°¸¿²» ­µ»´»¬±²

©¿­ ·­±´¿¬»¼ ¬±¹»¬¸»® ©·¬¸ ¬¸» µ²±©² ½±³°±«²¼­ îoëò Ì¸» ·®®·¬¿²¬ ¿½¬·ª·¬·»­ ±º ­±³» ¶¿¬®±°¸¿²» ¼·¬»®°»²»­ øîô í ¿²¼ êoç÷ ©»®»

¿´­± ·²ª»­¬·¹¿¬»¼æ ±²´§ ½±³°±«²¼ î ©¿­ º±«²¼ ¬± »¨»®¬ ¿ ©»¿µ °®±ó·²q¿³³¿¬±®§ ¿½¬·ª·¬§ ±² ³±«­» »¿®ò ý ïççç Û´­»ª·»® Í½·»²½»

Ô¬¼ò ß´´ ®·¹¸¬­ ®»­»®ª»¼ò

Õ»§©±®¼­æ Û«°¸±®¾·¿ °»°´«­å Û«°¸±®¾·¿½»¿»å Ö¿¬®±°¸¿²» ¼·¬»®°»²»­å Ð®±ó·²q¿³³¿¬±®§ ¿½¬·ª·¬§

ïò ×²¬®±¼«½¬·±²

Ì¸» ©·¼»­°®»¿¼ ¹»²«­ Û«°¸±®¾·¿ ·­ ¬¸» ­±«®½» ±º ¿

´¿®¹» ²«³¾»® ±º ¾·±´±¹·½¿´´§ ¿½¬·ª» ½±³°±«²¼­ò

Þ»­·¼»­ ¬¸» ©»´´óµ²±©² ­µ·² ·®®·¬¿²¬ ¿²¼ ¬«³±«®ó°®±ó
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