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ABSTRACT 

. . . 

PHYTOCH EMICAL INVESTiGAT IONS ' 

ON 

TH E SEEDS OF VERNONIA GA LAM ENSIS 

ADV ISOR: DR. ASHEBIR FISEHA 

CO-ADVISOR: DR. MEKURI A TADESSE 

n,t! gel/lis vernonia is one of the larges/ groups ill 'he fam ily Asferaceae and iI/eludes 

/IIore than 1000 :c.pecies disfributed widely in /ropica/ and sub tropical regions oj Africa. 

Asia (lml America. 

Vemonio ga/amensis is a new pOlentiat industrial oil seed crop for semiarid areas wilh 

very high col/lenl of nalurally epoxidized vernolic acid (80% of the oil). The epoxy oil of 

this seed also contaills linoleic: acid (J 2% 1014%), oleic acid (4% (0 6 %). stearic acid 

(2% /0 3%), palmitic acid (2% /0 3%) and a Irace amOllnl of arachidic acid 

The elich/oroll/ethane and methanol extraels of lite seed of vernonia galamellSis af/orded 

VG-3 {lI1d VG-4A respectively. The structural eillcic/alion of these compounds was 

determined based on fR, UV, / H NMR, /Jc NMR and lD NMR (COSY, HSQC and 

f-IMBC) spectra. Moreover, the literature values of selected / H NMR and /3C NMR 

spectra of methyl vernolate are mlltched wirh I H NMR and /3C NMR speCI((I of VG-J lind 

VG-4A 
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I. INTRODUCTION 

Recent decades have witnesscd an increase in the rate o f dest,rti~cati!Jn 0 1- a~r:cult:.lTal lands. MOi'e 

than one-third of our planet's land is now arid 111. \Vat~f' f')l cmr}s-anci ,11'1 im;f\!3singly human 

populat ion is rapidly becoming a critica ll y short commodity, Yet nonc o f the major crop plants o f 

the world is well adapted to arid lands I l l. On the other side , the dcvelopment ofindllstria l crops for 

semiarid zones is im portant in both deve loping and deve loped countries 121. Hence, efforts have 

been made to introducc new crops , which arc essent ially noncompetiti ve with the existing crops 

and poss ibly provide a new and unique product for industrial usc particu larly fo r marginal rain fa ll 

areas. The species Vernonia ga/amensis (Cass.) Less ., is a new industri al crop ori gi nating 111 

Ethiopia, which combines all the possible merits for semiarid tropics and subtropics [1 , ) 1. 

'l1,e genus vcrnonia is o ne of the larges[ groups in the fami ly Asteraceae. Chemical evidences 

especia ll y the sesquiterpcne laetones and Oavonoids [~I support the hypothes is that the genus has 

two centers o f ori gin onc in Africa and the other in South America 151. For instance, sesqu iterpene 

lactones we re isolated from more than 70 spec ies o f vernonia during chemical evaluation o f the 

genlls [6.7.81. In add ition, chromosome count provides informati on to disti nguish the new and old 

world species [51. Hence, new world species ha ve chromosome count o f n= 17 and old world 

species n= 9, I 0 [51, 

Several vernonia species have been found to be o f various economic importances 151. For instance 

two species of vernonia, V, clf1lhelmintica and V. ga/amemis have been examined as potential 

sources of epoxy o ils and vernolic ac id 191. A number of ve rnonia spec ies have been widel y used in 

tradi tional medicine and as food. Some others have also shown to conta in active compounds, 

wh ich possess cytotox ic, ant itumer and antiv iral activities [6). 

In contrast, some vernonia specics such as V. bale/winil and V. cinerea are trouble some as wceds 

in North Ame ri ca and Pan Tropical areas respectively [61, 

2. BACKGRO U 'DS AND JUSTIFICATION 

2.1. The genus ,'ernoni:t 

The genus ve rnonia includes more than 1000 species di stributed widely in tropica l and subtropical 

regions o f Africa, Asia, and America and has two major centers of ori gi n, South America and 

tropica l Africa 151. About 200 species ranging frolll mIDua l herbs and shrubs to perennia l trees are 



found in Afri ca of which about 50 spccies o f vernonia have been recorded in Ethiopia (Tadessse, 

fl ora of Ethiopia , 4(1 )). 

V. galamensis (Figure I) is known to naturally grow as weeds in fields or in wood lands under a 

wide range o f agro-eco logical conditions o f Africa 13.5 1. It is a break crop to prevent pest damage, 

an alternati ve crop for fanners and plays a great role in oleo chemical industry . Developing 

cOllntries can also capitalize on growing it for export or for their own industrial development. It is 

originally found in Ethiopia , most suitable for dry land areas, essentially noncompetitive with the 

ex isting crops and high cash crop as pri mary source o f income for farmers. 

The subspecies ga lamensis is the most widely d istributed , high ly diverse and has four botanical 

varicties, namely varity ga lamensis, varity pet itiana, va rity australis and varity eth iopia tUI. It 

grows in areas with as little as 20cm o f seasona l rainfaUI IOI. A porous, we ll-drained and sand y soil 

is best for its growth. Vernoni a plant does not dowel on heavy elay. Pest survey o f V. galasmensis 

showed that a number of insects and diseases have been recorded Ill. There is al so a se rious 

problem o f ve rnonia rust disease on the leaves and pods of the plant at Wendo Gene t, in Ethiopia. 

A supe rior species of vernonia in te rms of oil and vernolic acid content was originall y found in 

E 1· . I" I ·t 110 pla . 

Figure I . Vernonia galamensis plants 
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2.2. Vernonia oi l and it s composition 

Verllollill gallll1lellsis is a ncw potcntial industrial oil sced crop for semi-arid areas o f the tropics 

and subtropics, with very high content of vernolic acid 12.1.7,12, IJI, The vemolic acid is primarily 

present as the triglyce ridc, trivernolin (Figure 2) [2, 141. 

Figure 2, Structure of tri vernol in 

The seeds of thi s plant contai n 40% epoxy oil, which when hydro lyzed, yields diffe rent fa tty acids 

wi th vari<lblc compos ition as de tected by GC. 

The fatty <lcid profil e of V. gal<lmcnsis oil as reported by Ayorinde et al. 1990 is: vernolic ac id 

(79% to 80%), linole ic acid (C I8 :2) 11 % to 12%, o leic ac id (C I8:1) 4% to 6%, stearic ac id 

(C I8 :0) 2% to 3%, palmiti c acid (C I6:0) 2% to 4%). Thompson et aI. , ( 1994) al so reported the 

fa lly acid compos ition o f vc rnonia o il as follow: vernolic ac id (72% to 82%), linoleic acid (12% to 

14%), o leic acid (4% to 6%), stearic acid (2% to 3%), palmitic acid (2% to 3%), and a trace 

amOllnt o f arachidic ac id (Figure 3) 11.7,12.UJ. 

\ 0 

-
/ 
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HO 
o vcrnolic ac id (C 18: I) 

HO 
li noleic acid (C I8:2) 

HO 
o oleic acid (CI S: I) 

HO 
stearic acid (C I8 :0) 

HO 
o palmitic acid (C I6:0) 

HO 
arachidic ac id (C20:0) 

Figure 3. Structures o f fa tty acids of ve rnonia o il
l161 

2.3. Economic im porlance and reac tivity of the oil 

o 

The development o f industria l crop for semiarid zones IS important III both developing and 

developed countries. Many plants suitable for ari d and sem iarid zones are rega rded as havi ng high 

poten tial as industrial crops 121. V. go/allier/sis is an o il seed crop and as a candidate crop for arid 

and sem iarid zones in both developing and deve loped countries 121. 

Chemicall y, ve rnonia oi l is similar to cpoxid izcd soybean and linseed oil s. Soybean oil contains 

onl y 50% of lino leic acid as it s principa l fatty acid and linseed oil contains just 57% of linoleic 

acid as its principa l fa tty acid, where as vernonia oil is rich in a single fatty acid known as vernolic 

acid. This makes it an espec ially attractive raw materia l for industry. In addit ion, vernon ia oi l has 

seve ral un ique properties: it is a transparent homogenous liquid at roo m temperature with a low 

viscosity o f about 11 0 cps, and it is even pourable at room temperatures below O°e. In contrast, 

epoxidi zed soybean oi l and epoxidized linseed oils are highl y viscous, with a viscos ity of about 

300-1500 cps; tbey arc semi-solid at looe and are non pourable below OOC
12I

. 
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Nowada ys there is a large industrial marke t fo r synthetically epoxidized vegetable oil s such as 

linseed or soybean oils, but the epoxidation process is expensive and has a lot of environmental 

problellls. Vernonia oil , on the other hand, is already epox idized in nature by enzymatic action. and 

Illay be ab le to rill some of those market nichcs or could be used as a substitute for currently used 

epoxy oils [1 5[. 

The presence of epoxy group. the low viscosity and polymerizing characteri stics of this oil makes 

it especia ll y valuable as a solvent in industrial coat ings and paints [171. Some orthe products that 

are being developed from ve rnonia oil are also degradable lubricants and lubricant additives, 

epoxy resins, plastic formulations of polyvinyl chloride, adhesives, insec ticides and insect 

repellants and reacti ve monomers in polymer synthesis [17. 18[, Other applica tions of the products 

that devcloped from vernonia oi l are for the construction of polyurethane foams, for the synthesis 

of interpenetrating polymer networks, as PH stabili zers, waxes, glues, emulsifiers and rust 

suppression, and in orga nic formulation of carriers for slow·release pestic ides and herbicides. 

Vernonia oil has also been used as a source of hydroxyl alkoxy fatty esters and fo r the synthesis of 

epoxy secondary amides 121. Current ve rnonia product on the market includes Vemola supcr Gloss, 

a car·carc product used all tires, Vinyls, nash boards, leather, and rubber bumpers (Cunn ingham, 

1997). 

The unique and special structure of epoxy acid within the triglyceride cnables a wide variety of 

reaction characte ri stics of the ester group, the double bond, and the epoxy group to occur as shown 

below (Figure 4) [21. 

hydration.Alcoholysis 
Amination, Phosphorylation 
polymeri7..ation 

Isomerization, Halogenation 
Addition,Ozonolysis 
Epoxidalion ,Hydrogenat ion 
polymerization 

Hydrolysis 
Ammonolysis 
T ransestcri fi cat ion 

Fig 4. A wide variety of reaction characteristics of epoxy acid within the triglyceride 

Several synthetic routes for the production of selec ted special chemicals, in which the vemolic acid 

group serves as a key starting material, have also been explored [191, 
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For instance bombykol (7) (which has been idcntili cd as a sex pheromone of the silk wann 

Bombyx mori and can be used in pest conlrol) is synthes ized from vemolic acid (F igure 5) 11
9

), 

I)HA c;: 
C'51 1 1 1~CH2)"COOH 

o I 

'l) KOIt.. M cOH 

C'5Hl~~CH:I)7COOII 
OH 2 

2 

3 

5 

6 

I ) Ko n . M eOH 

2) IIO . O I;P"l 

n lJuLi 

~ ......... ( C H1 ) .,COOH 
0 --- ----- • 3 c,.tt ,po .. 

O~CH2 ) , COOR 

5 

C3H~CHl) IICOOR 

ClK~CH2)!OOH 

Fig 5. Syntheti c route from vernolic acid to bombykol 

In addition, traumatic acid (9) (whi ch is active as wound hormone of plants and can be used as an 

intermediate in prostaglandin synthesis) is synthes ized from ve rnolic acid-derived intermed iate 

(F igure 6) 1191, 

O~CH2)ICOO Il , 

8 

NoOO • 

0". 

HJO" 
9 

Fig 6. Synthesis of traumat ic ac id from the verno lic acid-derived intermediate 12-oxo-1 O-E­

dodcccnoic acid. 
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2.4. Biosynt hes is or vcrnolic :Icid 

Much o f the researches conce rning unusual fatty acids has been focused on the ide ntifi ca tion, 

amount and composition o f fatty acids found in various plant species and less is known about the 

mechanism responsible for the biosynthes is path way and accumulation of unusual fatty acids. 

V. ga/amellsis accumulates vemolie acid in seed tri glyce ride, not in any o ther lipid class or plant 

part. The biosynthesis of verno li c acid has been partially characteri zed and reported by 13afor et al. 

in 1993. 11 is known 10 be synthesized from linoleic acid (18:2) by an enzyme epoxygenase in 

endoplasmic reti culum in one step reaction. The substrate for developing vernoni a seed 

epoxygenase appears to be li noleoyl-phosphat idyl choline (PC). That is the epoxy group of 

ve rnoli c acid has been shown to re sult from the insertion oLm oxygen atom allhe £\12 double bond 

of linoleic acid bound to phosphat idyl choline (PC) in seed o f V. ga/amellsi.5 . Ei ther NAD I-I or 

NA DPH is necessary for act ivity and thcy support the act ivity similarly. The activity of thi s 

enzyme is inhibi ted by CO and cyanide. 

Thercfore a likely path way for the redox acti vity for the epoxygenase reaction is: 

NAO(l)H ______ .. cytochrome b5 reductase cytochrome b5 • 

! 
trig lycc-r id containin g verno leatc ___ vcrno lcoy l-PC ~.~---- lino lcoyl-PC 

2.5. Sccond:t ry metabolites 

These arc in principle, non-essential to life but they definitely contribute to the spec ies' fitness o f 

survival. They arc more characte ri stics for the part icu lar biolog ical group, such as fam ily or gellus. 

and apparcntly the syntheti c machinery involved here is related to the mechanism of evolution of 

species. They arc o f restri cted occurrence and of no apparent uti lity. These include : phenol ics. 

terpenoids and steroids, and alkaloids I 16.20J. 

A survey of literatures on vernonia showed that most o f the chemica l investigations on the genus 

had taken place over the last two dccades. However, oul of the 1000 species, less than 150 have 

been thoroughly examined 16J. Chemica l evidences indicated that the secondary metabolites that 

were isolated from the genus vernonia include: navonoids, tcrpcnoids and sterols, acetylenes and 

verno lic ac id . But the more frequent compounds are fa lvono ids and sesquiterpcne lactones 141. In 

addition, ve rnolic acid is one of the principal fatty acid of V. ga/amensis and V. anlhelmillfica J91, 
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2.S. I . FI:lvonoids 

Flavonoids consti tute o f one o f the largest groups o f natural ly occurring phenolic compounds 11 6, 

20.21 1. They ha ve two benzene rings connected by three carbon units which mayor Illay not from a 

rin g 122.23 1. The rings arc labeled as A, Band C and the carbon atoms arc numbered as shown in 

( 10) and (11). That is, Oavonoids contain fifiecn carbon atoms in their basic nucleus which arc 

arranged in a C6.C3·C6 manner 1221 . They arc generally water so luble and the morc conjugated 

compounds o ncn arc bright ye llow 11 61. 

o 
10 

2 

I 
J 

3 

~ 
I' 

" 
Il 

"'- , 
6' 

3 

<' -::Y 

,. ~ 

6' 

2.S.1.1. Structura l va riat ion :lI1d dass ific:ltion 

I : I' , 
o 

\I 

Flavonoids ex ist in plants as aglycones (Oavol1oids with out attached sugars), glycosides, sulfates 

and bi Oavonoids )20121. The ox idation of the C-3 fragment (ring C) and the size of thi s ring is thc 

b ' e I '" ' r n 'd' I ' I 11620221 aSls lor c aSSlllCallOn 0 <lVOIlOl S lIllO t 1e major c asses .. . 

WN 00N cy:: 
12 0 

13 0 14 0 

Flavoncs 
iso navoncs navononcs 

WN WN ~N ",I 
'" "" 

0 

15 0 16
0H 0 17 0 

cha1cones 
novonols navononols 

q:r , d 14 CY:N I #' CH-14 CCXo. ",I 
"" 

18 0 19 20 o. 
Aurones Anthocyanidin Leucoanthocyanidins 

~w: 
OH 21 Catechin 

Figure 7. Structures o f some common classes o f Oavonoids 
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• 

ThaI is, different classes with in the group arc di stingui shed by additi onal oxygen containing 

heterocyclic rings and hydroxyl groups. These include the flavollcs. iso Ouvoncs. flavononcs, 

fla vonol s, flavanonols, chaleoncs, aura ncs, anthocyanidins. Lcucoanlhocyanidincs and Latcchills 

(Figure 7) 1161, 

2.5 .1 .2. Distribution :md biologica l OIclivilics of n:I\'onoids 

Pheno lic compounds are found through Ollllhc plant kingdom, but the Iype of compounds present 

vari es conside ra bly according to whic h plant group is under consideration [20.241 , Their occurrence 

is res tri cted to hi gher plants and fcrns.[22,26 Mosses contain a (ew flavonoid Iypes but Ihey arc 

absent in algae, fungi and bacteria 120.241. Flavonoids appear in all vascular plants but some classes 

arc more widely distributed than others; while flavones and flavonols arc universal. isoflavones 

and biflavones are found in onl y a few plant families 116.2
0

1. 

The flavanones and flavanonols are fairl y rare and normally exist as their glycosides. The 

anthocyanidins arc the common red and rare blue pigments of flower petals and can make up as 

much as 30% of the dry weight of some flowers 1161. They ex ist typically as glycosides. The 

chalcone is more full y conjugated and nonnally brightly co lored . The aurones arc golden ye llow 

pigments COlllmon in certain fl owers [1 61. 

Dia log icall y. flavonoids play a major role in rcl:ltion to insects pollinating or fceding on plants, but 

some fl avono ids have a bitter taste, repe ll ing certa in caterpi llars from feed ing on leaves [20 1. In 

add ition, some known biological act ivities o f flavonoids include act ivit ies such as nector guide 

componen ts, an ti inflammatory and anti-oedima, cardia vascu lar, inhibition of aldose reductase . 

1 1 , "b' 1 d 'C 11 222~.311 P lytoa ex illS, anUlmcro Ia an <lIlI llun ga . . 

2.5. 1. 3. Biosynthesis ll nd biogenic relationships 

All classes of flavonoids are biogenetica ll y related by a common biosynthetic path way which in 

corporates precursors from both the "shikmate" and the "acetate-malonate" pathways (Figure 8) 

12214J 

The C
6
- C

3 
unit of rings Band C, for which phenylalan ine is the precu rsor. is derived from the 

shikmate path way \16.20.31]. The C6 unit of ring A, is formed from the head-to tail condensation of 

acety l Co A, the precursor of the acetate- malonate path way [351. The basic flavonoid biosynthelic 

precursor (Ihe fi rst intermediate) thought to be formed immediately afte r the confluence of the tWO 

pathways is a chalcone. 
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2.5. t. 4. Idcnt ifi clltion 

Flavonoids change color when treated with base or with H); thus they are easi ly detected on 

chromatograms or in solut ion [24[. For example, methanolic KOI-I spray gives a ye llow spot on 

silical gel plates and relation be tween the spot appearance and the fl avonoid structure can be made. 

Their color reactions otTer onl y a broad ide nt ifi cat ion of the fl avonoid type because with in any 

givcn elass, the color produced depends on the oxidat ion pattern . 

In addition to the above color changes, equall y informative date can be obtained form spectml 

characteristics. Structural elucidati on of fl avonoids and other natural products arc we ll served by 

the app lication of UV, IR, NMR and Ms spectroscopic techniques. 

UV absorption spect roscopy is one of the most useful techniques for flavonoid structural anal ys is. 

The flavonoid UV spectnlln consists of two absorption maxima in the region 240-550 11m . These 

arc re ferred to as band I (300-550 nm) and band II (240-285 nm) [22.24). 

The pos it ion and intensities of the max ima give va luable in fo rmation about the nature of fl avonoid 

and its oxygenation pattern [HI. Changes in A ri ng subst illltion <I re reflected in b<lnd I[ .Jbsorption 

whi le changes in substitution ofB and C- rings arc reflected in band I absorption. 

IR. tH_NMR, I3C~NMR and Ms Spectroscopes arc also essential tools used for the structural 

elucidat ion of flavonoids. 

2.5. 1.5. f lavonoids of (h e genus ver non i l l . 

Most of the fl avonoids isolated from the ge nus vernonia arc based on the fl avones (apigemin and 

lutcolin types) and the fla vonols (kaempferol and quercetin types) IJ).36[. The compounds include 

the aglycones, their methylated derivatives and thier Q-and C-glycosides. Exceptions include the 

falvanone hesperitin isolated from V. breviro/ia , two new fl avanones (hesperidin and 

hOTlloespert in) isolated from V. diffllsa and tri cin isolated from V. remoliflora 14.171. Flavonoids 

have been lIsed in assisting the class ification of the genus It appears that a complex fl avonoid 

profil e migh t represent a pri mitive character with in the genus [221. 

It has been observed that species which are recogni zed as more advanced on other than chemical 

grounds (eg. morphology) contain a relatively small num ber of fl avonoids. A large number of 

flavonoids appear as primitive charac ter. This reduct ion tfend in evolution has been observed in 

severa l cases [5.27.331. 

I I 



[n add ition, new world species show the most complex falvonoid pattcrns while o ld world specics 

show the simplest flavonoid pattern. Old world species give onl y flavones while the new world 

species give ci t her fla vol1cs or fla vono ls, or bath [ZUll. 

2.5.2. TCfPClloids 

Tcrpeni ods arc among the widespread and chemically diverse groups of natural products 

(secondary metabolites) which arc found in all parts (that is seed, flower, foliage. roots) o f hi gher 

plants and in fungi, marine organi sms and insects [1 6.20,38 1. Fortunatel y despite thcir structural 

di ve rsity. they have a simple unifying feature by wh ich Ihey arc defined and may be easi ly 

class ified 11 61. Their carbon ske leton is built up from the union of two or more of the isopcnty l 

(iso prene) units which arc usually linked in a hcad- to- tail manner, with more notable exceptions. 

Terpenes arc class ified by the number of fi ve carbon units they contain: hcmite rpenes (C, ), 

monoterpenes (CIO), sesqui terpcnes (C IS), diterpcncs (C20) , scsterterpenes (C25 or very rare), 

triterpencs (ClO) and tetra terpencs(c.,o) [1 6.20.11.13[. 

The sesqui terpenoids provide a remarkable di ve rsity o f the carbon skeleton compared to the other 

spec ies and arc the most im portan t class of terpenoids in the Asteraccae family {20.191 

Monoterpcnes and sesquctepcnes arc al so major componen ts of essential oil s t
16

1. 

Studi es of terpenoids have been stimulated by thcir wide range o f biological act ivities such liS 

all crge ni c reagents, cytotoxic and ant illlmor agents, regulators of plant growth , anti sch istomal 

. . b· 1 d .. 1 I ' [1 620 18-4431 agen ts, antllTIlCrO HI agents an accessory pigments III p lotosynt l CSIS .• . 

Terpeno ids have a common biosynlhetic ori gin based on the meva lonic ac id derivate isopentnyl 

pyrophosphate. This is form ed from acetyl CoA Via mevale nic acid (F igure 9) [16.20031.38.43 1. 
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Detect ion of tc rpenoids is usually difficult since all of them arc colorless except carole no ids 1,121 

There is no uni versal chromatographic reage nts specific for tc rpcnoids. Detection is lIslJal1 y carried 

out by spray ing sulfuric ac id or vanillin Isulfuric ac ids on T L C plates and heating. Structural 

chlcidation can be carried out us ing spectroscopic le tchiness. namely JR, IHNMR, 1JCNMR and 

Mass Spectra togethe r with biogenetic considerations. 

2.5.2. t. Scsq uitcrpene lactones 
There has been a dramatic increase in the number of reports dea ling wilh isolation and structural 

eluc idation o f sesquiterpene lactones over the last two decades. This increased interest has been 

due to thei r successful use as taxonomic markers and their various biolog ical acti vities 1
4

"1, TIley 

arc found to occur in plants and fungi \391. They are also the major constituents of the tri be 

13 



Vcrnonieae and the genus vernonia. Reports indicated that Ihe number of scsquitcrpcnc la901!£! 

isolated from the tribe Vemonieae goes up to 236 1451, I Al1n foll / ..... - .,.. 
I\CLof A.BA.&A UMVBUI_ I 

UBRA Jil I R C 

2.5.2.2. Scsquilerpcnc lactones of Ihe genus \'crnonia 

Sesquitcrpene lactones are widely di stributed in ASlcraccac famil y. Gcnnacranolidc type lactoncs 

arc the largest class of sesquiterpcnc lactones found in the ge nus ve rnonia. Gluncolidc-typc 

lactoncs which contain an endoeyelic u, p-unsaturatcd laclone in which C-13 is oxidized and 

usually bears an acetate group are also characteristics of thi s ge nus 1461, Among the new world 

species examined so far , there are many reports of giallcolidcs and hirslitinolidcs 146
,
471, In addition 

\0 cudcsmanolides, guaianlidcs and elcmanolides, both glaucolidcs and non-glaucolide type 

gcnnacranolides have been reported from the old world species 1461. Although sesquite rpene 

lactones of the new world species had been rcported to be suffi cientl y different from those of the 

old world species,[27.33] invest igation of several south Afri can species have shown a closc relation 

to the American species 148.SII. Species from Malawi however gave sufficientl y different 

sesquiterpene lactones 152 1. 

Genera ll y, the big diversity in the genus vernonia and the pronounced difference in the chemistry 

of different species may be explained by the degree of evo lution in the genus [H I. 

1.1. Objectives of the project 

Although very litt le chemical investigation had been ca rried out on the vernonia of Ethiopia, se ri es 

of studies on V. galamensis arc currently under way. The potential use of its cpoxy oil in many 

industries, the higher oi l content, its tolerance to drought and its un iquc charactcr compared to 

other oil seed crops led us to study this plant. 

This project focuses on phytochemical investigations on V. galamellsis sub spp. galamcnsis 

var.cthiopica. The objective is to detennine the oil content, measure physicochemical pa rameters 

of the oil and to undertake chemical characterization of V. gllillmensis for its chemical constitucnts 

especia ll y the secondary metabolites using different spectroscopic techniques. 

14 
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1.2. Methods and Procedures 

The estab li shed method o f seed oil analysis involves basic hydrolysis of the crude oil followed by 

acidification and methylation with an appropri ate reagcnI to obtain mcthyl esters. The mcthylalcd 

oil sample is subsequently analyzed by gas chromatography for fatty acid methyl esters. But in this 

project gas chromatographic technique was not carried out due to time constraint. 

In the first part of the experiment, the crude vernonia oil was cxtracted with n-hexane using 

Soxtect I 040 and Soxhelet extraction systems. Oi l refining process was conductcd to removc 

variablc amounts of impurities and physico chemical characteri sti cs of the rcfined oil we re then 

determined. 

Solvent ex traction with dichloromethane and methanol were carried out to isolate secondary 

metabo li tes. TLC and column chromatographic techniques were conducted as detailcd in the 

ex perimental part. The pure samples were then taken for spectral determination. 

3. RESU LTS AND DISCUSSIONS 

3.1. O il yield contcnt 

The seed o f vernonia galamensis has becn examined as potential source of epoxy oil 191. 111C oi l 

yicld o f vernon ia seed is influenced by various parametcrs, thc most being the type of the seed 

(ecotype) , the solvent used, the particle size of the extracted matcrial s (the fineness and coarseness 

of the powder) , and the time of extraction. The oi l content is diffe ri ng due to the difference in the 

degree o f gri nding. The fi ne powder gives better resu lts than the coarse. This may be attributed 

that fine powder is more exposed towards the solvent and the so lvent is more effective in leaching 

the o ils 1581. 

Table 1: The Oil yie ld content of of V. gll/ameflsis access ions unde r current investi gation 

Sample Ave. sample Ave. moisture Ave. wt.of Aver. Oleoresin yield A vcr. Oleoresin 

eode wt. (g) content % oil (g) % fresh based yield% dry based 

v-I 11.673 5. 147 2.626 22.473 23.692 

v-2 12.421 4.48 1 3.171 25.532 26.729 

v-3 12 .227 4.973 2.575 21.055 22.157 

v-4 12.394 4.673 2.636 21.262 22.304 

v-5 11.738 4.424 2.626 22.376 23 .411 
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Significant variations in oi l and vemolic acid contents among accessions were found. Oi l content 

ranged from 13.8% to 53.7% with a mean of 24% and vcmolic ac id content ranged from 40% to 

75% with a mean of62.4% was reported [10], 

Evaluation of five accessions of V. go/amensi;.; seeds co llected from Dilla and Ziway showed 

variat ions in oil content and oleoresin yield% among them Crable 1). From this dota we can 

conclude that the oil content and oleoresin yield% is higher for V-2 (the sample collected from hot 

region of Dilla) and lowest fo r V-3 (the seed material collected from l3ulbula and Mcki regions 

around Ziway). This variation in oil content or oleoresin yicld% could be due to ecological factors 

such as soil type, rai n fall and the particlc size of the extracted mate ria l. 

Comparing the oil content reported in the literature above with the val ues in the current 

in vestigation showed good agreement But in this investigation there is no signi ficant vnriation 

among the accessions because the seed materials were collected from the areas with insignificant 

variat ions in environmental conditions. 

3.2. Phys ico-chemical characteristics of the oil 

The physico-chemical properti es that were measured for vernonia oil arc rerracti ve index and 

spec ific gravity. In contrast to soybean and linseed oils with high viscos ity (300- 1500 cps), 

vernon ia o il has low viscos ity (1 10 cps); and is pourable even below n OF 1111. This low viscosity 

makes vernonia oil an attractive choice as a raw material in many oleochemical industries. 

Table 2 Physico-chemical characteristics of the vernonia oi ls obta ined rrom different 'lCcessions. 

Sample code Ave.spec ifi c gravity Ave.refracti vc index 

v- I 0.976 1.4790 

v-2 0.924 1.4720 

v-3 0.926 1.4723 

v-4 0.978 1.4745 

v-5 0.944 1.4764 

E 
.. r h' hem,'ca l characteristics of refined vernoni a oil o f fivc accessions is 

xam lilatlon 0 p YSleo-e 
" r, of measuring these parameters is to determine the quality of 

presented (Table 2). The slgm Icance 
. . . ' h h viously reported data o f the same sample or other related 

the Oi l ellher by companng wit t e pre 
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samples. There is no significant variation in physicochcmical characteri stic valucs of vernonia oils 

obtai ned from different accessions. 

3.3. Iso la tion and C ha racterization 

,.U M " .... 
(I.;Jo ~'ih_ 

..... ..-" ABABA UJ'flv ,w~, ... • 
•• . ,--

Phytochem ical investigation, in the course of this project, of seeds of V. go/all/emil has resulted in 

the isolation of one compound from dichloromethane extract and one compound from methanol 

extract. Characterization of the isolated compounds will be explai ned as follow. 

3.3.1 . Characte riza tion of VG-3 (Compound 3 1) 

This compound was isolated from dichloromethane extract of thc sccd material by repeatcd 

column chromatography using n-hexane-d ichloromethanc (98:2) so lvent system. Characteri7 .. 1tion 

was determ ined by using spectroscopic techniques. 

The UV spectrum (Appendix 1) absorption band at "k=277 nm indicatcs the presence of 

chromophore. In the IR spectrum of VG-3 (Appcndi x 2) absorption bands at 3010 em-I. 2928 em-I, 

and 1732 em- I indicated the prescnce of olefin, saturated and ester groups. 

The 11-1 NMR spectra (Appendix 3) showed mult iplet peaks al 5 5.49 and 5.43 integrated fo r one 

proton each indicated the presence of olefin protons. A triplct peak at 5 4.10 integra ted for two 

protons clearly revealed CHz group attached to hetcroalom and othcr CHz group. A multiplct peak 

at 5 2.90 integrated for two protons showed protons attached to carbons that bear hctcroalom. Two 

multi plet peaks at 5 2.35 and 2. 18 integrated each fo r one prOlan indicatcd diastcrcotopic protons 

of CI-\z group. A triplet peak at 5 2.27 integrated for two protons revealed CI-12 group auached to 

carbonyl carbon and other CHz group. A mu lt iplet peak at 5 2.05 integrated for two protons 

showed a CI-h group. 

A multiplet peak at 0 1.68 integrated for one proton indicated aliphatic CI-I proton. A quintet peak 

at 5 1.6 1 integrated for two protons showed CH2 group attached 10 other IwO CI-l2 groups. In 

addition, two CI-l2 groups al5 1.52, eight CH2 groups at 5 1.35- 1.26, and three CI-13 groups at 5 

0.93-0.89 we re obse rved . 
The 13C NM R spectra (Appendix 4) of VG-3 displayed signals characterist ics of an estcr group (5 

173.57), a disubstituted double bond (5 123.94, 132.33), a ca rbon next to hcteroatoll1 (0) whi ch is 

CI-I
2

5 62.69, and two CH carbon atoms attached to helcroatolll (0) at 0 56.93 and 56.30. It also 

revealed the presence of aliphatic CH, CI-I 2 and CH, groups at 5 37.36·1 3.86. 

17 



Table 4. Comparisons of selected IH and l3e NMR spectra orVC·3 and 

literature va lue ofmcthyl cis·1 2, 13·epoxyolcate (vcrnolatc). 

No. of o H (ppm) o H (ppm) of o "e (ppm) 

Hie 
ofVG-3 methyl cis-1 2, 13-

cooxyoleate(vemolate) [S4[ 

of VG-3 

I 173.54 

2 34. 17 

3 24.82 

4 28.98 

5 29.02 

6 29.07 

7 29.4 1 

8 25.99 

9 5.49, m 5.43, m 132.24 

10 5.41 , m 5.33, m 123.94 

II 2. 18, m 2. 10, m 

2.35,m 2.27,m 26.22 

12 2.90, m 2.82, m 56.94 

13 2.90, m 2.82, m 56.30 

14 1.52, m 1.44, m 27.69 

15 27.3 1 

16 
31.66 

17 
22.49 

18 
13.86 

19 
62.68 

20 
37.36 

21 
34.10 

26.19 
22 

16.29 
23 

22.351 
24 

19 

o "e (ppm)of 
methyl cis-1 2, 13-
coax yol catc( vcmolatc )[jj I 

173.81 

33.75 

24 .63 

28.80 

28.80 

28.80 

29.20 

25.99 

132.19 

123.78 

25.99 

56.79 

56.16 

27.49 

27.11 

31.46 

22.27 

13.63 

-
-
-
-
-

-



Comparison of the IlC-NMR and IH-NMR spectra (sec Appe ndix 3 and 4) of VC-3 with methyl 

c;s-1 2, 13-epoxyoleate (vemolatc) reported in the literature (Table 4) showed a good agreement. 

However, vG-3 has six add itional carbon atoms instead ofmcthy\ groups in vcrnolatc. There fore, 

VG-3 is most likely an ester of verno lie acid (derivative of verno li e acid). 

In genera l the cpoxide carbon atoms have chemical shifts of around 56.9 (cis) and 58.5 ppm 

(trans), but these may appear as two different signals through the long range influence of 3 

carboxyl group or the omega methyl function 1551, In addi tion most epoxy carbons have signa ls for 

the protons attached to cpoxidized carbons at 0 2.7 pplll for cis and 0 2.45ppm for trans tS~I . 

Further morc the current evidences based on the incorporation of oxygcn atom to thc double bond 

of linolealc 10 verno late by peroxygenase enzyme (as reportcd by Bafor ct al. 1993) Ihat possess 

rcgio and enantio-se1ectivity form ing exclusively the 12(S), 13(R)·cnanliomcr of vcrnolic ac id is 

consistent with our prediction. 

There fore the proposed structure fo r YG-3 could be: 

15 17 

" 16 
18 

13 

12 o 
II 

8 6 • 2 20 2 
21 o 

lJ ( 9 7 
, ) 19 

31 
o 

Moreover. the above prediction is supported by 2D NM R spectral data as follows 
, , . (COSY) (Appendix 5) revealcd strong correlat ions among protons 
H· H CorrelatIOn Spectroscopy 

(Table 5). 

SY rVG 3 (Compound 31 ) Table 5. H- H CO 0 -

8"'H-NMR (ppm) 
H- H COSY 

H on carbon No. 

2.27, t 
H2-1·I, 

2 

1.66, quintet 
H,.H2. H,-I'I, 

3 
1.35-1 .26, complex 

11 ... -1-1) 
4 
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7 1.35-1.26 , complex H,-I-I, 

8 2.05, m H,.I-I" H, -H, 

9 5.49, m 1-19-l-Is, '-19-1-1 10 

10 5.43, m H1o-H9, '-I IO-I-I III. Hio-llm 

" 0)2. 18, m HII. -H m • !-I 1I.-l-ItO. I-I lI a-1I 12 

b) 2.35, m H llb, H lI" H 11b-1-I 10. Hm·lI 12 

12 2.90, m H 12-1-1 II ., '-112-1-1 lib, H 12-lI u 

13 2.90, m HWI-l 12, '-' w i-114 

14 1.52, m Hw Hls 

17 1.35.26, complex 1-117,1-' 11 

18 0.93-0.89, complex 1-118" 1-1 17 

19 4.09, t i-i w H20 

20 1.52, m I-ho·i-I.,. H20·i-121 

21 1.68, m I-iw i-ho. '-iW i-l24 

22 1.35-1.26 , complex I-In -J-ilJ 

24 0.93-0.89, complex 1-1 2~- I -hl 

Hctronudt:ar Single Quantum Correlation (HSQC) experi ment correlates the chemical shiH of 

proton/s with the chemical shift of di rect ly bonded carbon. The HSQC spectra of VG-3 (Appendix 

6) showed a proton at 85,49 (m) attached to C-9 0 132.33, a proton at 0 5,43 (m) connected with 

C-lO 0 123.94, two protons at 0 4.10 (I) attached to C-1 9 0 62.68 and two protons al 0 2.90 (m) 

connected with C-1 2 and C.1 3 at (5 56.93 and 56.30 respectively. In addition, twO protons at (5 2.35 

(Ill) and 2. 18 (m) attached to C. 11 0 26.22, hence they are diastc rcolopic protons. Two protons at 0 

2.27 (t) attached to C.2 0 34.22, two protons at 02.05 (m) connected with C·18 (5 25.98, onc 

proton at 8 1.66 (m) connected with C·1 2 (5 34. 10, two protons at (5 1.61 (quintet) attached to C·3 

(524.88, four protons at S 1.52attached to C· 14 and C-20 at S 27.69 and 37.36 respectively. Finally. 

sixteen methylene protons at S 1.35-1 .26 attached to carbons al (5 31.66-22.49 Bnd nine methyl 

protons at S 0.93-0.89 attached to carbons at (5 22.35-1 3.86. 
i-letronllcJear Multiple Bond Correlation (HMOC) experiment gives information about coupling of 

hydrogens and carbons that are twO or three bonds away. The HMOC (see Appendix 7) of VG·3 

corre lation between carbon and protons is presented in (Table 6). 

21 



Table 6. HMBC Correlation ofVG-3 (Compound 31) 

C No. 8 C(ppm) HMBC ( H -+ "C) 

I 173.54 H-2 (8 2.24), H-3 (8 1.61), H-1 9 (8 4.10) 

2 34.22 H-3 (81.61), H-4 (81.35- 1.26) 

3 24.88 H-4 (8 1.35-1.26) 

4 28.99 H-2 (8 2.27), H-3 (8 1.61) 

5 29.02 H·3 (81.61), H-6 and H·7 (81.35-1.26), H-8 (8 2.05) 

6 29.05 H-7 (81.35-1.26), H-8 (82.05), H·9 (0 5.49) 

7 29.40 H-6 (0 1.350-1.26), H-8 (0 2.05), H-9 (0 5.49) 

8 25.98 H-7 (0 1.350·1 .26), H·9 (0 5.49) 

9 132.33 H-7 (0 1.35-1 .26), H·8 (0 2.05), 1·1-10 (8 5.43) 

10 123.94 H-8 (0 2.05), H-9 (0 5.49), H·11 (02.18 and 2.35) 

11 26.22 H-9 (0 5.49), H-1 0 (0 5.43), 

H-1 2 and H-13 (8 2.90), H-14(0 1.52) 

12 56.93 H-9 (0 5.49), H-1 0 (0 5.42), H·1 1 (02.18 and 2.35), 

H-1 3 (82.90), H- 14(0 1.52) 

13 56.30 H-10 (0 5.43). H-11 (02.18 and 2.35), 

H-1 2 (0 2.90), H·14(0 1.52) 

14 27.69 H-11 (82. 18 and 2.35), H·1 2 and 1·1-13 (0 2.90, 

H-15 (8 1.35-1.26) 

15 27.3 1 H·13 (0 2.90), H·14(0 1.52) 

16 31.66 H-14(0 1.52), H·1 5 and H·1 7 (0 1.350- 1.26), 

H·18 (0 0.93-0.89) 

17 22.49 H-18 (8 0.93·0.89), H-1 6 (0 1.35-1.26) 

19 62.68 H-20 (0 1.52), H-21 (0 1.68) 

20 37.36 
H-21 (0 1.68), H·22 (0 1.35-1.26), H-24 (0 0.93-0.89) 

21 34. 10 
H-20 (01.52), H-22 (0 1.35·1.26), H-23 (0 0.93-0.89). H-24 (0 0.93· 

0.89) 

22 26. 19 
H-24 (8 0.93-0.89), f1·21 (0 1.66) 

23 16.29 
H-22 (0 1.35·1 .26), H·24 (0 0.93·0.89) 
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Based on 

predicted. 

the COSY, HSQC and HMBC spectra, the partial structures (I), (II) nnd (I II) nrc 

\ 
14 

II 

0 

, 
10 "'" Y 

9 
~~~" 
1., 17 

III 

Connecting these fragments (partial structures) the fo ll owing structure could be evident. 

W H 
H H 

c:= II: ISH ~ H 

I I I~ 0 f\)}H H ~ 
22 23 

H 

H H 

HH 
H 

H 

Fi g. 10. The Selected HMBC Correlation ofVG-3 

3.3.4. P:lrtial C haracterization of VG-4A (Compound 32) 

The spectral data fo r VG-4A showed the presence of functional groups which are simi lar 10 that of 

VG-3. Hence, the skeleton of VG-3 and VG-4A is similar to methyl vernolatc . But they difTer in 

their over all structures. Keeping vernolalc moiety as it was, partial characteri zation of this 

compound could be as follow. 
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The IR spectrum (Appendix 8) ofYG-4A has a band at 3454 em', which indicated the presence of 

QH group of an alcohol. The IH NMR spectra (Appendix 9) of VG-4A showed doublet peak In 

4.14 integrated for two protons indicated CHz group attached to heteroatolll (0) and other II 

group. A multiplet peak at & 3.9 integrated for one proton showed a CH group attached to 

heteroatom. Doublet peaks at 0 3.78 and 3.66 integrated for one proton each showed distcreolopic 

protons of CHz group that attached to heteroatoill . 

Both the DC NMR and DEPT experiments (Appe ndix 10) of VG-4A showed the presence ofCllz 

group al I) 65. 10 (C-19), one CH group al I) 70.24 (C-20) and one CH, group at I) 63.41 (C-2 I) 

which arc attached to hetero atoms (0). 

Table 7. Comparison of J3C NMR of VG-3 and VG-4A. 

No.or c Ii " c NMR(ppm) VG-3 Ii"CNMR(ppm)VG-4A 

I 173.54 174.27 

2 34.17 34.14 

3 24.82 24.82 

4 28.98 29.06 

5 29.02 29.12 

6 29.07 29.47 

7 29.41 29.69 

8 25.99 26.20 

9 132.24 132.60 

10 123.94 123.89 

I I 26.22 26.24 

12 56.94 57.4 1 

13 56.30 56.74 

14 27.69 27.71 

15 27.3 1 27.39 

16 3 \.66 31.73 

17 22.49 
22.57 

18 13.86 
13.98 

19 62.68 
65. 10 
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20 3736 70.24 

21 34. 10 63.41 

22 26.19 ._---
23 16.29 ------
24 22.35 ------
• in ic Ie d a s the difference between Ve-3 and VG-4A 

Therefore the probable structure of VG-4A could be: 

15 17 

14 18 
16 

13 

II 

~ 
8 6 4 2 

10 
0 

, 7 5 3 

32 0 

OH 

20 21 

I' 
OH 

The 20 spectra experiment was not carried Qut fo r this sample due to its sim ilarity with that of 

VG-3 as well as its small amount and exIra information was not obtained 10 be sure about the 

above structure . 

4. EXI'EIUMENTAL 

4. 1. 1)l;tnl materials 

Ethiopia Agricultural Research Instititute (EARl), Essential Oils Research Center (EORC), 

provided seed materials, which were collected from different regions of the caulltry . 

V
I
- VAT-3 plot 2: coll ected from southern Ethiopia around Dilla at altitude of 1550 m. 

V
2
- VAT -3 plot 4: collected from southern Ethiopia around Dilla a l alti tude of 1550 m 

V 1" V A T-2 plot 3: collected from Meki and Bulbula regions around Zeway at altitude of 1600 m. 

V 4-V AT-3 plot 5: collected from southern Ethiopia around Dilla at al titude of 1550 m. 

V 5-V A T -2 plot I I: collected from Meki and Bulbula regions around Zeway at altitude of 1600 m. 

All voucher specimens are depos ited at National Herbarium, Department of Biology, Addis Ababa 

University. 
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4.2. Genera l 

UV spectrum was measured with GENESY'S Spectrometer {200·400 nm} in CHe ll ill room 

temperature. IR spectrum was measured with Perkin Elmer BX I fi d . n rare spectrometer In the range 

4000-400 em-' 

11-1 NMR, Be NMR, and 20 NMR spectra werc recorded on a Brukcr Advance 400 

spectrometer with TMS as internal standard. 

Optical rotation was measured with P20 polarimeter at room temperature . Refractive index was 

recorded by Abbe s refractometer and Spec ific grav ity was determined by using Pycnometer; 011 

measurements we re conducted at 20°C. 

Silical gel with fluorescent indicator 254 nm on aluminum cards with layer thickness 0.2 mill was 

used fo r TLC and Silicalgel 60 (Merck), particle size of 0.063-0.200 mm was used fo r colum n 

chromatography. 

4.3. Extraction of vernonia oil. 

Dried and powdered seeds of five accessions of V. galamensis were extracted with n- hexane for 

three hour using Soxtect I 040 and Soxhelet extraction systems. The oil yield (percentage of the oil) 

in each accession was detenn ined and the crude oil was subjected to refi ning process. 

Physicochemical characteristics of the refi ned oil were then measured. 

4.4. Relining of Vernonia oil 

In add ition to triglycerides, the crude oil contains vari able amounts of objectionable substances. 

wh ich must be removed to produce a finished oil of good quality. Some of these impurities are of 

the non-glyceride type such as the free fatly acids (FF A), which may be bui lt up due to ellz),motic 

processes (lipase) resulting from damage to the seed. While others arc of thc non oil ki nd such as 

the phsphatide or mucilage volati le including moisture and solvent, pigment or coioring materials 
. bl dod ' ~ I . Is 111, 11. 

primary and secondary oxidation products, waxes and sapomfia e an on erous rna ena 

S61. Hence refin ing steps proceeded were: 

4.4.1. Bleaching 
Crude vernonia oil was refined with activated charcoal. 5% to 8% by weight of activated charcoal 

f 60°C b a continuous st irring for onc hour. 
was mixed with the oil and heated at a temperature 0 y 

The decolori zed oil was isolated by hot filtration. 
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4.4.2. Degumming 

Almost all seed oils contain impurities in the colloidal state or dissolved in them. These substance 

must be removed from the oil. This purification process is known as degumi ng and is usually 

carri ed out immediately before neutralization or concurrently with it. Crude vernonia oil was 

degum mcd by stirring with 2.5·5 g by weight of distilled water at 60°C for one hour follo\\ ed by 

cent rifugat ion at 2,800 rpm. for 2·3 hr. Gum and oi l were se parated and the oil was dried 3t 6O° 

on a rotary evaporator. 

4.4.3. Neut ra lization 

Organic acids, which are always dissolved in the oil , arc removed by saponi fication with sod ium 

hydroxide solution. Separations occur easily because the result ing soaps arc practically insoluble in 

the neutral oil under standard operation conditions. In the neutra lization processes sodium 

hyd roxide solution of different strengths arc used according to the FF A content and quality of the 

oi ls. For FFA contents below one percent, more dilute so lution (8% 10 12%) arc employed. where 

as for higher FF A contents strength of about 20% arc requi red. 

The degumed vernonia oil was mixed with sodium hydrox ide solution and then he:Hed to 40
0 

followed by stirring for 30 min. From the mixer the oil·soap stock suspension passes through the 

centrifugal separator, which separates the soap stock from the neutral oil. Oil was dried for onc 

hour on a rotary evaporator at 60°C. 

4.4.4. n. e- relining of the ncut ra l oil 
The ncutral oil obtained from the neutrali zation contains minute quantiti es of FF As and other 

impurities . Such impurities were removed by trcatment with a dilutc solution of sodi um hydrox ide 

and sodium carbonate. The purpose of re-refin ing is to remove the last trace of fntty acids. 

phosphatides etc. from the neutralized oils. 

4.4.5_ Washing of the oil 
To obta in soap free oil after the degumming, neutral ization and rc-refining sleps. II vigo~us 

. . r because the soaps are always panlally 
washing by hot water were carried out. ThiS IS necessa Y • 

soluble in the neutral oil. 

• 
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4.5. Ex traction lmd Isolation. 

4.5.1. Extnlction of plant material 

400 g of dried and grounded seeds of V. gll/lImcflsis was soaked in 0 9 L fd · hi . 0 Ie oromcthanc for 36 

hour and the extract was freed of solvent to give 90, r h· . . . go t Ick 011. Further extraction of the mart 

with 0.85 L of methanol for 48 hour was done d I . ~ . an 11C extract was concentrated to yield 43 of 

resIdue (h gure 11). Application ofTLC and col I g umn c uomatography resulted in isolation of \fG-

3 and VG-4A as detailed below. 

Defied and grounded seed of vernonia {Ialamcnsis (4000' 

extracted wilh 0.9 L of 
dich iorolllcthanc 

Marc 

0.85 L of methanol 

1 
extracted with 

methanol extract 
(43 g, rcsidut:) 

! 
• frac tionation 

VG-4A 

dlchloromcthanc extract 
(90 g, thick oil) 

I 
! 

fractionation 

VG-3 

Figure 11 . General out line scheme of solve nt extraction for JI. galamcnsis seed 

4.5.2. Frac tionat ion of dichloromelhanc extract 

30 g of the thick oil extract of dichloromethane was subjected to column chromatography in \\ hieh 

130 g of Silica gel was packed with n-hexane. Successive elution with increasing polarity resulted 

in 12 frac tions Crable 8). 
DeM-l was subjected to column chromatography and elution with increasing polarity in the same 

solvent cont inued to yield 5 fractions. The second fraction [which was eluted with n-hexane­

dichloromcthane (98:2)] was passed through column chromatography and 12 fractions were 
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collected. Fractions 3' -5', which were eluted with n-hexane-dichloromctane (98:2) \~ cre then 

combined on the basis of TLC analysis (Figure 12). TLC appl ication of thi s combined frn tion 

gave single spot and was sent to spectra. The compound isolated was coded as VG-J. TL 

anal ysis of DCM-2 showed mixtures of compounds. Hence, further analys is was not carried out on 

thi s fraction as well as other fractions of dichloromcthane extract 

Table 8. Solvent systems used in column chromatography for rract ionation or dichloromethanc 

ex tract 

No.or frac tions Solvent systems Volumc (ml) 

I n-hexane (100%) 100 

2 n-hexane-dichloromethane (98:2) 50 

) n-hexane-dichloromethane (95:5) 50 

4 n-hexane-dichloromethane (85:5) 50 

5 n-hexane-dichloromcthane ( 70:30) 100 

6 n-hexane-dichloromethane ( I: I) 100 

7 Dichloromethane (100%) 100 

8 Dichloromethane-methanol (90: 1 0) 50 

9 Dichloromethane-methanol (80:20) 50 

10 Dichloromethane-methanol (60:40) 75 

II Dichloromethanc-methanol (1: 1) 50 

12 Methanol (100%) 100 
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! 
DCM· I· I 

I t 
2' 

r 
DCM·I·2 , 

Dichloromethane extract GO 2) 

C~romatographed and eluted 
usmg; hexane.dichloromethane 
and methanol solvent systems 

2·4 
(DCM· I) 

and eluted with hexane 
and dich loromethane I 
chromatographed 

r 
DCM·I ·J 

6 

not ana lyzed further 

I 
DCM· I·4 

lreChromatograPhed 
and eluted with hexane 
and dichloromethane 

t , 
6' 7' 8·12 

(VG·3) 

7·11 D 
I 

I 
DCM· I·S 

Fig 12. Fractionation scheme employed fo r dich loromcthane extract of V. ga/ollleflsis seed 

4.5.3. Fractionation of methanol extraci 

M·2} 

2S g of methanol extract was subjected to column chromatography and successive el ution resulted 

in 16 fractions (Table 9). Fractions 4·5, 8·1 0, and 11 · 15 were combined according to TLC 

applicat ion. Fraction 2 was chromatographed using chlorofoml·cthyl acetate solvent systems and 

II fractions were collected by increasing polarity. Fraction 6, a color less crystal of 200 Illg Iwhich 

Was obtained from chloroform.ethyl acetate (80:20)] gave two spots on TLC analysis and then 

appl ied on to column chromatography. Elution with increasing polarity of chlorofann-ethyl acelalC 

solvent systems gave 10 fractions. This successive e1utian resulted in isolation of YG-6·2 and YO· 

6-1 (with chloroform.ethyl acetate (90: 1 0) and (1: 1) respectivel y). Howcverthei r spectral data was 

not interpretable and their structures we re nat reported in thi s project. 
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Table 9. Solvent systems used in column chromato ra h fI ' . g p y or fractionation of methanol extract 

No. of fractions Solvent systems Volume (ml) 

I Chloroform-ethyl acetate (I: I) 100 

2 Chloroform-ethyl acetate (40:60) 100 

3 Chloroform-ethyl acetate (30:70) 25 

4 Chloroform-ethyl acetate (20:80) 75 

5 Chloroform-ethyl acetate (10:90) 100 

6 Ethy acetate (100%) 100 

7 Ethyl acetate-Methanol (10:90) 100 

8 Ethyl acetate-Methanol (80:20) 100 

9 Ethyl acetate-Methanol (70:30) 100 

10 Ethyl acetate-Methanol (60:40) 100 

II Ethyl acetate-Methanol (I: I) 100 

12 Ethyl acetate-Methanol (40:60) 100 

13 Ethyl acetate-Methanol (30 :70) 100 

14 Ethyl acetate-Methanol (20:80) 100 

15 Ethyl acetate-Methanol (10:90) 50 

16 Methanol (100%) 50 

The combined fractions of 4-5 were chromatographed using chloroform-cthyl acetatc solvcnt 

system and resulted in 5 fractions. The second fraction [which was obta ined by elution with 

chloroform-ethyl acetate (20:80)} gave a pure compound and coded as VG-4A (figure 13). 

TLC analysis of fractions 8- 10 as well as 11-1 6 showcd tailed single spot in chloroform-methanol 

or chloroform-ethyl acetate solvent systems. However three spots were obscrved on TLC platc by 

using butanol-water-acetic acid (3: 1: I) solvent system and methanolic KO I-I spray gavc a yellow 

spot indicating the presence of flavonoids. Howcver, pure compounds were not isolated and 

characterized from this fraction of plant material due to time constraint. 
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I 
1-4 

1-3 

t 
5 

4 

~ 

Methanol extract (25 g) 

chromatographed and 
eluted with chlorofonn, ethy l aceta! 
and methanol solvcnt systems 

- 6 ----,-=-2 _ 3 j F- 7 8-10 

t 

chromatographed 
using chloroform­
ethy lacetate 

t l 
-L 7 8-11 

rechromatographed 
using chloroform-
ethyl acetate 

5-8 9-10 

~ 

chromatographed 
using chloroform-ethyl aceta te 

A~ C D E 

• (VG-4A) 

(VG-6-2) (VG-6-1) 

Fig. 13. Fractionation scheme employed for methanol extract of V. ga!allleflsis secd 

11-16 

4.6. Physico chemica l data of the compounds isolated 

VG-3 (compound 31) with Rf= 0.30, was isolated as colorless oi l from dichlorometh:me CXITllct of 

the seed materia l. 
IR v,." em' I : 3010 (CH=CH), 2928 (aliphatic CH" CH" CH), 1732 (an ester): sec Appendix 2. 

'1-\ NMR (400 MHz, CDCI,): 1) 5.49 (I H, m, H-9), 1) 5.43 (I H, m, 1-\·1 0), 1) 4.10( 21-1, t, 1-\ · 19). 1) 2.90 

(2H, m, H-12 and H-13), 1) 2.35 (IH, m, H- I I), 1) 2.27 ( IH, I, H-2). 1) 2.18 (IH. m. H-II ). 1) 2.05 

(2 1-\ , m, H-8), 1) \. 68 (I H, m, H-21), 1) \.6 1 (2H, quintel, 1·1·3), 1) 1.52 (4H. m. H-14 ,nd 11·20). 1) 

1.35- \.26 (16H, complex, H-4 to H-7, H-1 5 10 H-17 ,nd H-22), 1) 0.93-0.89 (91'1. complex. 1-\ -18, 11-

2) and 1-1-24): see Appendix 3. 
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"c NM R (100 MHz, CDC I,): I) 173.54 (C-I , an eSler quaternary carbon), I) 132.33 (C-9, an olcfini 

carbon), I) 123.94 (C-IO, an olefinic carbon), I) 62.68 (C-1 9, -OCH,-), 0 56.93 and 56.30 (C-12 ,nd 

C-13, an epoxy carbons), 0 37.36 (C-20, aliphatic CH,), 0 34.22 (C-2, aliphatic CI·I,), 0 34.10 ( -21, 

al iphatic C1·I), 03 1.66 to 22.49 12C, al iphatic methylenes), (; 22.35 to 11.86 (3C, aliphatic CII, 

groupS): see Appendix 4. 

VG.4A (compound 32), with Rf=O.28 was isolated as yellow gummy from methanol cxtrnct orthe 

seed materiaL 

IR vo,," em·: 3454 (OH), 2925 (aliphatic CH, CH" CH,), 1740 (eSler). 

'1-1 NMR (400 MHz, CDCI,): I) 4. 14 (2H, d, 11-1 9), (; 1.92 (IH, Ill , H-20), 0 1.78 (III , d, 11 -2 1). I) 

3.66(I H, d, H-21). 

"e NMR (100 MHz, CDCb): I) 65.10 (C-19, CH, group attached to (0)), (; 70.24 (C-20, II group 

attached to (0)), (; 63.41 (C-21 , CI1, group attached to (0)). 

The remaining 0 values for IH NMR and DC NMR spectra arc more or less similar to thnt of ve-3. 
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5. Co ncl usions a nd Recommendations 

Vernonia galamensis is a potential and new oil seed crop whi h ' . II . . . , C IS csscntl3 y noncompctlll\'C: \\lIh 

Ihe existi ng crops and possibly provides a new and unique product ~ . d . I . or In ustna usc partt ularl y 

fo r marginal rainfall areas. The presence of epoxy group the 10 . . d .. , W ViSCOSity an polymeriZing 

characteristi cs of this oi l makes it especially valuable as a solvent in industrial comings and paints. 

Some of the products that are be ing developed from vernonia oil arc also degradable lubricants and 

lubricant add itives, epoxy resins, plastic formulati ons, adhesives, insecticides and insect rcpcllants 

and reacti ve monomers in polymer synthesis. 

A survey of literatures on vernonia species showed that most of the compounds isolntcd were 

Oavonoids and sesquiterpene lactones and one of our first attcmpts in thi s projcct was to iSOI(lIc 

and characterize these compounds. 

Thc pure compounds isolated from dichloromcthane ex tract as well as from fractions 1-5 of 

methanol ex tract showed common functional groups such as: an olefin, an epoxy and on ester 

groups with insignificant differences. This shows the presence of industrially im portant functional 

groups in the seeds of vernonia galamensis of Ethiopa. Since they are vcry crucial for the 

development of the country their cultivation should be intensified and di versified through out the 

country. 
TLC analysis of fractions 8-10 as well as 11-1 6 of methanol ex tract gave toi led single spot in 

chloroform-methanol or ethyl acetate-methanol solvent systems. However three spots were 

observed on TLC plate by using butanol-water-acetic ac id (3: I : I) solvent system and methanolic 

KOH spray gave a ye llow spot probably indicating Ihe presence of na vonoids. Howe,'er, pure 

compounds were not isolated and characterized from thi s fraction of plant Ilmterial for the 

following reasons. Since the boiling point of these solve nts is hi gh (greater or cqual to 100
0 

). it 

was not cos ily dried by rotary vapor at low tcmperature. Secondl y, us ing rotary vapor at high 

temperature favors the formation of butyl acetate , which imparts impurity in NMR spectra. In the 

third case these fractions are not soluble in commonly avail able solvent (CDeb) or it requires 

more expensive solvents MeOD and DMSO. Finally, the spots are so close that (very close in 
. . . h h preparative TLC was not success ful. 

polanty) separation by usmg column c romatograp Y or 

Further work to purify the compounds was not also pcrfonned due to time constraint. 
. . d ' h' . n roceed using this solvent system under 
rherefore researchers who are IIltereste III t IS area ca p 

d 
. h IIPLC or try other solve nt systems. 

re lteed pressure or other techniques sue as . 
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