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SUMMARY 

PoTygonum senega1ense is a highland weed in 

eastern region of the African continent. Two forms are 

known to exist: forma senega 1 ense and forma 

albomentosum. Both these forms are found in Kenya and 

are known to contain flavonoids. P. senega1ense has 

two sets of flavonoids; a large number, wholly 

aglycones, is found on the leaf surface and on 

flowerheads while a lesser number is found in the 

inner tissues; existing mostly as glycosides. 

The surface flavonoid aglycones were first 

removed by washing 1 eaves and f 1 ower heads of P. 

senega1ense in acetone. The leaves were dried, 

macerated and cold extracted using methanol in water. 

The aQueous extract was washed in dichloromethane to 

remove any remaining aglycones before acid hydrolysis. 

The aQueous hydrolysate was partitioned into 

dichloromethane and then ethyl acetate. 

Chromatographic separation followed by spectroscopic 

1 ( UV , I R , MS, H NMR , 13c NMR) analysis revealed that 

the inner tissue aglycones from the flowerheads are 

simi 1 ar to those of the 1 eaf, and that they are 

different from those on the surface. Four compounds 

were isolated from the dichloromethane fraction, 

two of which were the anthraQuinones chrysophanol 

(2) and emodin ( 3). the others were 
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2',4'-dihydroxy-6'-methoxydihydrochalcone {1) and 

3,7-dihydroxy-5,8-dimethoxyflavanol {4). These latter 

two are most likely remnants of surface flavonoids. 

The ethyl acetate fraction yielded two flavonols, 

3,5,7,3',4'-pentahydroxyflavonol (5) (quercetin); and 

3,5,7,4'-tetrahydroxyflavonol (6) ( kaempfero 1 ) . 

Another compound in trace amounts could not be 

isolated from this fraction. 

Compound (7), 2' ,6'-dihydroxy-4'-methoxydihydrochalcone, 

isolated from the leaf resin, was found to have a high 

larvicidal activity against second instar larvae of 

Aedes aegypti and had an L050 of 11.85 mg/1, 4.38 mg/1 

and 2.26 mg/1 within 1, 4 and 7 days respectively as seen 

by probit analysis. For the same days as above, the 

acetone leaf wash (crude) had L050 of 11.21 mg/1, 5.75 

mg/1 and 3.98 mg/1 while compound (5) had L050 of 16.15 

mg/1, 12.27 mg/1 and 8.50 mg/1 for the same activity. 

Compound 4 and the crude ethyl acetate soluble fraction 

were found to have no larvicidal activity against Aedes 

aegypt i. 

Antifeedant activities were performed on 5th 

instar nymphs of the desert locust Schistocerca 

gregaria and at a concentration of 100 ug/ml of test 

material on a Whatman No1 filter paper, the crude 

acetone leaf wash was found to have a Relative 

Antifeedant Percentage (RAP) of 100 whi 1 e the 



- e rol_.'sate ere ound ... o b 

hago- 1 u a ory. _ c rud e h 1 ce ate rae ion of 

the hydrolysate ad an RAP of -79 . 6 while the crude 

d "chloro e ane frac on of the same had an RAP of -

59.1. Compound (5) had a RAP of -89.4 while compound 

( 4 ) had an RAP of -~5. ·. 

The aceta e of co pound (8), 2'-hydro y-4',6'-

d1metho ychalcone , ao an RAP of 52.2 while the 

acetate of compound ( 9 ) , 2',4'-dihydroxy-3' ,6'-

d imethoxychalcone, nad an RAP of 65 . 0. 8oth compounds 

(8) and (9) were isola ed from the leaf resin and were 

found o ave no appreciable antifeedant activities, 

i.e. RAP of appro 1ma ~ly zero. 
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CHAPTER 

INTRODUCTION 

Direct consumption as food is the most obv1ous 

and important use for plants, after which man turns to 

somewhat more soph1sticated usage of plants and plant 

oroduc s such as remed-al drugs, poisons,stimulants, 

oestic1des etc. Mankind has been especially concerned 

with and awed by curatives, which unt 11 recent years 

were almost e elusively derived from plant sources, 

ofte n from species found in the wild. The fear, 

mys eriousness, and highly personal nature of disease 

as led man to try almost any remedy offering hope. It 

is no wonder that much superstition surrounds the 

choice of medic1nals, especially under primitive 

conditions where symptoms rather than causes must be 

attac ed. 

he history of drugs is argely the early history 

~ bo any. T e ~1despread a d long-standing practice 

c.: us ng plan-s n medicine in Eurasia, especiall 

a~o ~d he Med·te' anean, the sub-continent of Ind1a , 

a'1d China, has teen transcribed to us through the 

"'ic ographs o the Egyp a s, the clay tablev 

·~eographs of ~he 6abylon1a and the edic Sans r ·t . 

75 B.C. ~ ~ amed o·oscorides discussed 
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e a1l sever housand bo anicals in the ou standing 

De Ma eria edica; a boo dest1ned to become the 

au horitative reference concerning medicinal plants 

for he nex fifteen centuries 1 . Other notable 

contributions to medicine were from Hippocrates (460 

- 377 B.C.) who was well acquainted with oi 1 of 

w · n ergreen (manly methyl salicylate); 

recommended for many ma 1 ad i es, and Ga 1 en (AD 131 -

200) 2 . In the Middle Ages little new was learned, but 

the advent of the herbalists in the fifteenth to 

seventeenth centuries hera ded the beginning of modern 

botany . The medicine men of North America and those 

of Africa (herbalists), and Asia (shamans), are all 

therapists since they treat patients with efficacious 

medicines, just like the formally trained therapists 

deal1ng w ' th psychiatry in cosmopolitan or modern 

Western - derived med1cines. Some of these loca 

lnd;genous p actices are o~ganized for example the Ga 

Med 1 ca 1 Association, Ghana, and the Kenya Herba 1 · sts 

Assoc ation, but nowhere is t adit onal medicine as 

e tensive or widely acceoted as in the Peop es 

Republic of China. There, radit1onal med1cina' 

echniques uniquely i volving herbology ana 

acup ncture ave been fused wi~h cosmopolitan medic1ne 

0 
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e b1omedical scien 1s of today who d oes 

cons · de early practices and procedures often finds 

data 'mportant o modern med1cal therapy and pract 'ce, 

as might be exemplif1ed by the neglected field of 

ethnomed i ci ne . A comb 1 nation of data from the 

empir1cal method and the most elaborate experimenta l 

labora tory and clinical procedures has given us a 

number of man's most start 11 ng and important 

contributions to the well-being and health of the 

species . For ex amp 1 e the Chinese rea 1 i zed 4000 years 

ago that green mold applied to sk1n ulcers aided in 

their cure and stopped the festering. Pasteur, too, 

realized that his disease- causing bacterial cultures 

might be destroyed by other micro-organisms . But 

practical application to this ecological fact of life 

among micro-organisms had to await Sir Aleyande 

F eming's observation that a green mod (Penici 11 ium) 

contaminar.;ng his bac erial cul ures des royed he 

bacter1a 2 . From this chance observation, made in a 

British hospital in 1928, arose the modern concept of 

p1tting one m ere-organism against another to pre en 

diseases . Plant products that are harmful to man were 

given as uch attention as those wi h reme dial 

principles by the primeval man. The app le seeds 

conta1n cyanide , which may be le ... al in large doses, 
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p 1 alo· ne ro ne common bedding pla 

Et gl lSh ye lS Pl ly absorbed and c uses sudden 

death . The leaves and tw1gs of bo wood produce the 

alkaloid bu ine, w ich contribu es to espiratory 

failure in hu ans and domest ic animals . W11lows and 

pop 1 a r s from or h temperate Amenca and Eurasia 

contain an aspir"n like compound and were us ed to 

relieve fever and pain. Opium alkaloids a lso rel1eve 

pa 1 n and morphine ( 10) became an analgesic in -
cosmopolitan medicine . The curare plants were used for 

arrow poi sons by the South American Indians and are 

presently used re ve rsibly to paralyse skeletal muscles 

by surgeons . The treatment of glaucoma with alkalo1ds 

from the cal aba been of Nigeria or leaves of 

Brazi 1 ian species of Pilocarpus, can prevent 

blindness . Over he ages man has d1scovered plants 

which can be used fo r pleasure. These plan s ha 1ng 

psychoactive properties may be class . fied as 

st·mulan s, dep essants, and hallucinoge s. Two of ~he 

mos powerful na ural stimulants are coca ine ( 1) &ro ........, 

Coca (Er t ro ylu~ coca), a plant nat veto the Anoean 

hlghlands o So r.h Amer ica, and C at. from Ce na 

edul1s, na i 'e from Arabia through Eas:ern Africa to 

the southern ca~e of Africa . The s irru a-ing beverages 

· ncl ude cof ee, ea, cocoa, choco 1 at.e, tt"iey con:::~ n 
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ca fe1ne ( 2}, n co ine ( 3) and or o her s imulan s. 3 

For the primeval man to class1fy plants or any 

part of he plant as poisonous , curative or stimulan , 

he had to take great risk of po1son ng . But the modern 

technology has made 1t far much easier, by first 

understanding the che istry of the plants . Moreover, 

the modern technology has allowed us to understand the 

efficacy of plants used by the early man4 as can be 

seen from Table 1 . 
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1.10 PEST CONTROL 

A mature civilization, with industrial complexes, 

the arts, and leisure, depends in large measure on 

man's ability to manage the ecosystem of which he is a 

part. Apart from his own diseases, man has to contend 

with plant diseases and pests notwithstanding other 

animal maladies. An important element in achieving 

increased efficiency in food production is reducing 

losses resulting from diseases and pest destruction. 

Population expansion has made pest control one of 

the world's most pressing problems. 

All pesticides block some metabolic process. They 

differ, however in their composition, potency, mode of 

action, speed of effect, and dose requirements. 

Insecticide stomach poisons were once used against 

insects with biting mouth parts and are toxic when 

ingested, examples are arsenic and fluoride compounds. 

These are now replaced by contact poisons, which 

penetrate the integument of the pest and are 

particularly effective against insects with sucking 

mouth parts. 

The naturally occurring contact insecticides are 

nicotine (13) from leaves of Nicotiana spp. 
~ 

(Solanaceae), pyrethroids from flowers of 
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Chrysanthemum c1nerarj fol1um and other species 

(Asteraceae ). and rotenone ( 1.1) from roots of Oerr1s 

and Lonchocarpus ( Fabaceae )5 . These 1 nsect i c ides 

which are short lived are listed in Table 2 together 

wi th other natural 1nsect1cides and parasiticides used 

by native popula 1ons . 

Synthetic contac t 1nsecticides are now the 

primary agents of chemical control . Some are 

synthetically modelled on plant extracts e . g. 

pyrethri ns; but many stem from the deve 1 opment of a 

series of chlorinated hydrocarbons in the 194 0s 

following the d 1scovery of DDT as an insecticide . 

These inc 1 ude ch 1 ordane, 1 i ndane, toxaphane, a 1 dr · n, 

and dieldr1n, most are long lasting, and their tox1 c 

effects are cummulative, therefore are being replac ed 

by natura 1 · nsect c ides wh ch have low mamma 1 · an 

tox ·city and are b odegradable . 

c 
~0 

I c 

o: -., 
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Table 2 

Plants used as insecticides and paras1tic1des 

Angiospena Family 
and Species 

APOCYHACEAE 
Trschelospen.um stars 

FABACEAE 
Do7ichos pseudopachy
rrhizus 

Derris e77iptica, 

0. u7igonoss 

RUTACEAE 
C7susens snfsata 

ASTERACEAE 
Chrysanthetnun 
cinerariffo1fllfl 

HELIACEAE 
He 1 is szedsrach 

RUBIACEAE 
Adina cordffo7ia 

Gardenia Tucida 

SOLANACEAE 
Nicotfans rustfca, 

N. tabacum 

Locality Remarks 

Hex i co Used to poi son 
cockroaches 

Tropical Africa Roots, source of 
rotenone 

Old World tropics Powdered root widely 
used as insecticide 

Tropical Africa 

Yugoslavia 

1 source of rotenone. 
I 
I 

:Anise-scented leaves used 
:to combat mosquitoes 
I 
I 

:source of pyrethrum insect 
:powder of dried, unexpan
: ded flower heads conta
: ining the toxic 
: principle pyrethron. 
I 
I 

: Western Asia :Fruit powder an insecticide 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

India 

Burma 

North Amari ca 

against flies. 

Sap an insecticide 

Source of combee resin, 
used to ward off flies. 

Leaf dust containing 
nicotine widely used in 
former times by Indians 
against insects. 
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Insect Antifeedants 

It is well known that special plant constituents 

function to establish interrelationships between 

insects and their food plants. An insect reaching or 

alighting on a plant is stimulated by attractants 

contained in the p 1 ant and inhibited by repellants. 

Feeding stimulants elicit a feeding response of 

insects, whereas insect feeding is inhibited by the 

presence of feeding deterrents or antifeedants in 

plants 6 ' 7 ' 8 . Antifeedant is defined as a feeding 

deterrent9 and the first to be used in agriculture 

was the zinc salt of dimethyldithiocarbamic acid 

compound with cyclohexylamine. This was used to deter 

rodents and deer from feeding on the backs and twigs 

of trees in winter. Other compounds included 

chlorinated triphenyl methanes, triarylphosphines as 

well as a variety of triphenylphosphonium salts. 

Several botanical extracts have proved to have 

antifeedant activity for example pyrethrum which is 

stated to be a "gustatory repellant" against biting 

flies Glossina and Cu7icoides10 , azadirachtin from 

seeds of neem (Azadirachta indica) tree has activity 

against desert locust (Schistocerca gregaria) 5th 



1 1s ar n mp s. 12 nd Melia olkensi i f u ·t kernels 

conta1n n 1fe· ant act1 ty agains Schistocerca 

gregaria nymphs and adults. 13 Isolation and structure 

eluc1da on of insec antifeedant or feeding 

s imula s from plants not only prov1de basic 

knowledge abou Jhe interrelationships between insects 

and p an s, bu m y also give 1ndica ions or he 

development o agricultural chemicals to protect 

cultiva ed plan s from their herbivores . Such 

infor ation may also be useful for the breeding of 

insec -resis ant varieties of crops. 

1 . 20 CHEMICAL AND PHARMACOLOGICAL BACKGROUND FOR 

POLYGONUM SPECIES 

he Pol ygonum genus which belongs to the 

Po 1 ygonaceae fami 1 y has been used by man in various 

ways ra g1ng from food to poison . For example 

Polygon~ cis:orta was used to relie e toothache . 

Roots riere mi eo equally with Anacyclus oyrechrum ( 

As eraceae) and a 1 urn, bea en n o paste wit honey, 

and placed in o car1ous teeth or held bee ee teeth. 

Polygc u punc a ~m (wa er s ar:weed) con:aining 

about % calciu o alate in leaves, 1s :::>o1sorous to 

man and ~a . be . atal to lives ock 14 . T~e seeds of 

P.douq·as~7 ~ere made into flo r and used as ~ood by 
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the Klamath and other tribes of Indians in Oregon and 

Washington in western North America. P. cuspidatum is 

used in Chinese Pharmacy; it contains cuspidatin and 

emodin and the root bark is source of a yellow dye.The 

roots of P. fugax Small are consumed by the Eskimos, 

while the young shoots of P. sacha7inense are consumed 

as food by the Ainu. P.avicu7are, a perenial herb has 

been used in some parts of Europe as a home remedy for 

lung complaints, hemorrhoids and rheumatism. A tea 

derived from it was used for asthma and bronchitis in 

Germany and Austria 15 . P.salicifo7ium has been a 

source of salt in many parts of Africa when the plants 

are burnt in bundles. This salt is licked as a cure 

for sore throats. Leaf decoction is used as a 

purgative, and extract from fresh leaves is used for 

skin troubles. The leaves of P.pu7chrum are claimed to 

be used for syphilis. The leaf infusion is drunk about 

three times a day by the patient16 . Recent work on 

polygonum plants has elucidated the chemical basis of 

their biological activities. For example some of the 

flavonoids isolated from P. avicu7are were vitexin 

(15) isovitexin, luteolin (16), kaempherol -3-
r-J ,..., 

arabinoside ( 17), 
-..1 

rhamnetin-3-galactoside ( 18), ,..., and 

quercetin-3-galactoside ( 19) ; 
~ 

vitexin and rhamnetin 

galactoside were found to inhibit aggregation of human 
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b 00 p 1 ele sunder all exp_rlmen al condit"o s 

w oar- u eol in and kaempherol rabinoside r tarded 

or stimulated aggregation, depending on experimenta l 

condl 1ons 17 . The rhizome of P . sachal1nense has oeen 

used s a laxative, diuretics and for treatmen~ of 

s ppura ive dermatitis, gonorrhea, favus and athletes 

foot. Physcion (g_g), emodin (~1), emodin 8-0-G-D

glucoslde (22), anthraquinone der1va ives and G-......, 

s tosterol glucoside were isolated from the methanolic 

e ract of the dried rhizome. Stilbene derivat ves 

w ich have antibacterial and antifungal activi ies 

were also isolated 18 . Organic sol ent extracts of 

whole plants of P. cuspidatum, P. multiflorum, P. 

orientale and P . fi 7 iforme are health food addit1ves 

ha decrease serum 1 ipids and enhance metabolic 

activi y of liver . The extrac s contain the 

bio ogically active stilbenes resvera rol (g;3), b sade 

( ~), a, 2, 3, 4', 5- tetrahydro. yst · ce e ( ~) 19 . =ro, 

he ethano l aqueous extract of the ·eaf of P.glaorum 

w. 1 1 d ; a semi aquatic Suda ese species, an 

an helm n ic subs ance was isola ed. T is compoun~ (a 

erpe o d) also showed mullusciciaal act1vity aga· st 

8 o pfla ar a g labrata and Limnea rune a tu 1 a -. 20 
1U . 

T ,P a hnn (?_§) a specific antim·croblol subs'::t"1C'? 

aga 1 s derma ophytes, was ·solated 
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P. tinctorium21 . From P. nodosum a flavonoid glycoside 

with molluscicidal activity was isolated. The compound 

was shown to be quercetin -3-13-0- glucoside - 2"

g a 11 ate ( 2 7) 2 2 • 

The stilbene components of the roots of P. 

cuspidatum, resveratrol and piceid found to reduce 

triglyceride synthesis from 14c-palmita e in the liver 

of mice, when the stilbenes were orally 

admi n i stered23 . 

G!c 
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1. 21 THE GENUS POLYGONUM IN KENYA 

Po7ygonum is a multi-specific genus which is 

represented in Kenya by eleven species: P. 

ba7dschuriacum Regel, P. convolvulus L, P. nepa7ense 

Meisn, P. capitatum Han, P. arromantanum Greenway, 

P.avicu7are L, P. strigosum R. Br; P. sa 7 i c i ro 7 i um 

Willd, P.senega7ense Meisn, P. pulchrum Blume and 

P.setosu7um A. Rich; according to their order in the 

" Key to species" 24. 

Chemical analysis on the latter four species has 

been carried out with more intense work being done on 

P. senega7ense. 

From the 1 eaves, stems and roots of P. pu 7 chrum 

and P. setosu 7 um, the anth raqu i nones emodin ( ~), 

physcion (20) and chrysophanol (28) were isolated25 . ,...., ~ 

P. senega7ense is an erect robust perennial plant 

which grows up to 3m ta 11. It has 1 arge pet i o 1 ate, 

oblong lanceolate leaves which reach a size of 28x7cm 

with a 1 ong, acute or acuminate apex which is bas a 11 y 

narrowed to the petiolate. Leaves may be glabrous 

throughout { or with short spiny bristles on the sub-

surface mid - rib) to densely white on tomentose on 

both faces or predominantly below the undersurface 

covered with small yelowish glands. Petioles are upto 
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2.5 em long, glabrous to tomentose. Peduncles are 

covered with orange glands, puberilent varying to 

white tomentose. The species exudes a yellow substance 

onto drying paper when pressed. There are two extreme 

forms: f'orma senega7ense which has a glabrous whole 

plant with glabrous resinous leaves and f'orma 

a7bomentosum, with stems, leaves and peduncles thickly 

covered with white or yellowish tomentum: leaves are 

white or yellowish on both sides or more ashen above. 

Intermediates between these extremes are known 

showing different degrees of hairiness. The leaves and 

flower - heads of both these forms when washed with 

non - polar solvent e.g. petroleum ether or acetone 

leads to observation of similar numerous flavonoids 

which are held on the leaf and flower head surfaces. 

It has been surmised that the differences in leaf 

surface structure is moisture dependent with the 

tomentose leaves being observed mostly in drier 

habitats while the glabrous leaves (with flavonoids 

held in gummy material on the surface) are found under 

high moisture conditions26 . The existence of 

flavonoids on the outer surface of the aerial parts of 

P. senega 7 ense is i ntr i gu i ng but what is even more 

interesting is the array of compounds that have been 

i solated from the leaf resin. Wanjau (1989) isolated 
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several flavono·d aglycones from the leaf resin 27 , 

among them: 2' ,6'-dihydroxy-3' ,4' ,-dimethoxy chalcone 

( 29), 2',6',-dihydroxy -4'- methoxydihydrochalcone 

( 30), 2' ,4'- dihydroxy - 3' ,6' - dimethoxychalcone 

(31), 2' ,6' - dihydroxy -4'- methoxy chalcone (32), 

2' ,4' - dihydroxy -6'- methoxy chalcone (33), 2' ,5' -

dihydroxy-3' ,4' ,6'-trimethoxy chalcone (34), 2'

hydroxy- 4',6' - dimethoxy Chalcone (35) and 5-

hydroxy- 7 -methoxy flavanone (36) . 

OH 0 3_0 

HO 

32 

OH 0 33 

H _o 
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On carrying out b1ological activity tests on the 

above compounds, Wanjau found compound (30) to be ,..._, 

toxic to the Aedes aegypti mosquito larvae at 0 . 8 ppm 

; while compound {29) was found to be toxic towards -
Aedes aegypti mosquito larvae at 2 ppm . Compound (~) 

was found to be phage-stimulatory to Schistocerca 

gregaria. Compound ( ~1 ) (2' ,4'-dihydroxy -3'-6'-

dimethoxy Chalcone) was first reported by Marudufu 

(1978) from P . senegalense as having molluscicidal 

activity against Biomphalaria pfeifferi and B. 

sudanica, showing 100% toxicity at 40ppm28 . Wanjau 

found this compound to be toxic towards Aedes aegypti 

1 arvae at 2ppm . Moreover Dossaj i and Ka i ru found out 

that the crude undiluted aqueous extract of P. 

senegalense caused 100% mortality in Lymnea natalensis 

and Biomphalaria pfeifferi within one hour29 . 

1 . 30 FLAVONOIDS IN LEAF RESINS 

The presence of a large number of f 1 avonoid 

aglycones on the leaf surface of plants is a 

phenomenon that has drawn increasing attention in 

recent years. These compounds are accumu 1 a ted on the 

plant surface as constituents of 1 eaf resins or thin 

epicuticular layers. External flavonoid aglycones are 



-2 -

f ound n various fami l1es throughout the higher 

p l ants, but appear to be most abudant in the 

Asteraceae30 . Typically they exist on the leaf at 2-3% 

dry weight and are common amongst plants that would 

have originated from arid or semi-arid habitats. E. 

Wollenweber has done a great deal of work with the 

Asteraceae, he has isolated upto 40 different 

compounds from seven Baccharis species. He has worked 

with five species of Ambrosia, from Arizona, and 

isolated a series of flavones, flavonols and 

flavanones 31 . The structural diversity of the exudate 

flavonoids has been used for chemotaxonomy in the six 

species forming the Achillea nobilis group32 . 

This surface phenomenon is not unique to the 

leaf ; Wanjau (1989) found similar flavonoids covering 

the outer surface of flower heads of P. senegalense as 

on the leaf. In a much more rigorous work , Wiermann 

( 1983) found high accumulation of flavonoids on the 

outer pollen wall of Corylus ore77ana 33 

!JH 

HO 
OH 3 

OH 

OH 3 8 



-22-

1. 31 FLAVONOID GL YCOSIDES 

Normally, the surface flavonoids are different 

from inner tissue flavonoids with greater variety 

usually on the surface34 . The inner tissue flavonoids 

exist as glycosides dissolved in the cell sap that is 

located in the cell vacoule. 

Flavonol glycosides are widely distributed in the 

polygonum species. Isobe (1987) working with the 

native pol ygonum species of Japan found out that 

quercetin glycosides were common in the species 35 . 

Kawasaki (1986), working with 28 species of 

Polygonaceae also found the quercetin glycosides quite 

frequent with 3-0-rhamnoside and 3-0- glucuronide 

widely distributed 36 . From Polygonum 7apothifo7ium, 

Kulpina (1986) with his colleagues isolated 14 

flavonoid glycosides37 six of which were identified 

as: quercetin -3-0-D- glucopyranoside, quercetin-3-0-

a - D - galactopyranoside, quercetin - 3 - 0 - a - D -

glucoside - 2" - gallate, quercetin - 3 - 0 - ec- L -

arabofuranoside, kaempferol-3-0-G-O-galactopyranoside 

and kaempferol -3-0-S-D- glucoside - 2" - gallate. 

For Polygonum senegalense the quercetin -3- (2"

galloyl glucoside) (27) was isolated by Dossaji 38 . 
r-' 

Working with the Egyptian P. senega7ense, Abdel-Gawad 
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and El-Zait39 , have reported observation of luteolin 

( 16), quercetin (37), luteolin -7-0-glucoside (38) and 
,-..J - -

quercetin -3-0-glucoside (19) . ......., 

These compounds have not been observed on the 

leaf surface and may be constituents of inner milieu. 

In the isolation work with Pericome caudata, it was 

surprisingly observed that only four flavonol 

aglycones were accumulated on the aerial surfaces 

while the inner tissue yielded eight flavonols 40 . 

Therefore even inner tissue flavonoids may also yield 

desired variation. More importantly, flavonoid 

glycosides have also been shown by Oossaji and Kubo to 

possess molluscicidal activity against 3 species of 

snails, Lymnae natalensis, Biomphalaria pfeifferi and 

B. g7abratus41 . 

We have found it necessary to investigate the 

hydroph i 1 i c inner tissue f 1 avono ids of the Kenyan P. 

senega 7ense more deeply so as to see the extent of 

variation. We wi 11 subject the compounds thereby 

isolated to biological activities especially 

larvicidal action against Aedes aegypti and antifeedant 

activity against nymphs of Schistocerca gregaria and 

Locusta migratoria. We wish also to determine the 

exact activity levels of some major hydrophobic 

chalcones through aquisation of activity curves. 
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1. 32 BIOSYNTHESIS OF FLAVONOIDS 

The flavonoids are po 1 ypheno 1 i c compounds 

possessing 15 carbon atoms; two benzene rings are 

joined by a linear three carbon chain. This 

s keleton,shown in formula (39) can also be represented -
as the c6- c3-c6 System. The flavonoids are thus 1,3-

d i arylpropanes. Isoflavonoids are 1 ,2-diarylpropanes, 

whi 1st the neoflavonoids are 1, 1-diarylpropanes. The 

term 'flavonoid', assigned to this large class of 

natural substances derives from the most common groups 

of compounds, the fl avones, such as ( 1§); an oxygen 

bridge between the ortho-pos it ion of ring A and the 

benzylic carbon atom adjacent to ring-8 forms new 4-

pyrone type ring. Such hete rocyc 1 es, at different 

oxidation leve l s are present in most plants42 . The 

f 1 avane structure ( 40) corresponds to the 1 owest ,_., 

oxi dation level of the ring C, and is taken as the 

parent structure for the rational no enclature of th i s 

group of compounds . An oxgyen bridge involving t e 

central carbon atom of the c3-chain occurs in a rather 

limit ed number of cases, where the resulting 

he terocycle is of the furan type, the c15- skeleton of 

2- benzyl - coumarane (~). The aurones, such as (~) 
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belong to th1s structural group. The o ygen br~dge s 

absent 1n chalcones (43} which always e 1s in nature 

as glycosides. Besides the carbon atom lin, the 

flavonoids also have typical oxygenation patterns in 

their benzene rings . The subst i tuents can be -OH, -

OCH 3 , -0-CH 2-o-,or -0-glycosides . 

i 3' 

4(1, , r-0·· 
I c &· s· 

5 / c 

39 40 

41 

CH 

2 
C H 

0 

HO 
OH 43 



-26-

Flavonoid biosynthesis can be considered n three 

stages 43 . The first concerns the format1on of the 

basic c6 c3 c6 skeleton from a combination of the 

acetate - malonate and shikimic acid pathways to 

aromatic compounds. The next stage is concerned with 

the ways by which the different classes of flavonoids 

are synthesized by a combination of sequential and 

parallel routes from a c 15 flavonoid prototype . 

Finally, consideration must be directed to the 

elaboration of individual compounds within each 

flavonoid class , involving steps such as hydroxylation, 

glycosylation etc. Evidence for the biosynthetic routes 

leading to the flavonoids has come from a number of 

different experimental approaches including genetic 

studies, and the compa r ison of closely related chemical 

structures, but the major contribution has come from 

tracer studies. By feeding plants with 14c - labelled 

precursors it has been shown that the A-ring of 

flavonoids was formed by the head-to-tail condensation 

of acetyl-GoA with two molecules of malonyl-CoA to 

yield a phloroglucinol structure44 . The remaining c6 

- c3 phenylpropane unit is derived entirely from the 

shikimic acid pathway and it is thought that cinnamyl 

-CoA or p-coumary 1 -CoA are the · mmed i ate c6 - c3 

precursors45 . This is shown in scheme 1. 
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( 1-i) 
I 
CO-sCoA 

Acetyl CoA 

OH 

OH 

FLAVO OIOS 

Scheme 1 

Shikimic Acid 

j 
Phenylalanine 

j 
HO\-CH=CH~OH 
0~ \d-

p-Coumaric acid 

Hypothetical c
15 

intermediate 

Chalcone 

0 Carbons originating from 

acetate Carboxyl . 

Carbons originating from 
acetate methyl. 

::J Carbons originating from 
shikimic acid pathway . 

Proposed biosynthetic route to flavonoids . 
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From the c 1 5 intermediate, other flavonoid 

classes encountered in nature can be derived by 

modifying it in different ways (scheme 2) . Feeding 

experiments have been used for the formation of 

flavones from chalcones by aryl migration, for the 

conversion of flavanones to flavanonols (or 

dihydroflavonols) and for the intermediacy of 

flavanonols in the formation of flavonols and 

anthocyanidins46 . 

Leucoanthocyanin 

Flavanone 

polymerization 

Isoflavone 

Isomerization Flavan-3,4-diol 

2H 
migration 

c 1 ~ Intermedia e Cha leone +OH Flavanonol 

-z H - 2H 

I 
' ' 

Flavone Flavonol 1\n hocyanidin 

:he-e Z 

lnterconversion f Fl:nonoid Compounds. 
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1.33 BIOSYNTHESIS OF SECONDARY FEATURES 

The myriad of individual compounds within each 

flavonoid class are distinguished one from another by 

the number and orientation of hydroxyl groups and by 

the degree these groups are modified by methyl, 

i soprenyl, and glycosyl substituents. In addition, 

substitution by these groups may a 1 so take p 1 ace at 

the carbon atoms of the ring giving rise to the c

substituted flavonoid compounds. 

Hydroxylation of existing flavonoids certainly 

depends on whether it is in the A or B rings (Scheme 

1). Using labelled chalcones as precursors, it has 

been shown that the hydroxyl groups of ring A must be 

introduced before cyclization and that subsequent 

modification is virtually impossible. As far as the B

ring is concerned, the first OH (4') is introduced 

before the formation of the c 15 molecule of the 

flavonoids, while the second (OH) (3') is introduced 

after the formation of the C 15 skeleton from the 

monohyroxylated (B-ring) chalcone47 . Other hydroxyl 

groups are introduced into the aromatic nucleus by the 

phenolase enzyme complex {also called diphenol 

oxidase, poly-p enol oxidase or tyrosinase) which 

appears to exhibit both mono-phenol hydroxylase (at 

the 3 - posit .on) and 0 - diphenol oxidase activity. 
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Methylation of the B-ring hydroxyl group may be 

effected by 0-methyl transferases which use s

adenosyl -methionine as CH 3 donor45 . 

1 • 34 IDENTIFICATION OF FLAVONOIDS 

Qualitative identification of an unknown 

flavonoid compound can often be done by a study of 

preliminary chromatograms. It is possible to determine 

the type of flavonoid, whether or not it is a 

glycoside and the approximate number of hydroxyl 

groups, from the colour reactions and the RF va 1 ues 

in se 1 ected so 1 vents. By means of the colours with 

and without ammon i a one can easily classify spots on 

analytical thin layer or paper chromatograms as either 

(1) anthocyanin, (2) flavone or flavonol, (3) 

anthochlor (aurone or chalcone) or (4) flavanone, 

i soflavone, leucoanthocyanin, or catechin as these 

four groups differ markedly . 

One of the most valuable methods of 

i dent i fication of flavonoids is the use of Ultra 

V olet - visible (UV -VIS) spectrometry. The imiting 

structures involved in the mesomeric forms of the 

f avones ( R = H) and flavonols (R=OH) are represented 

b y (_!)' (II), and (III). They correspond with 
------
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d1fferent local1sa 1ons of the free electrons. These 

bodies absorb in two regions of the uv spectrum, the 

first between 300 and 380 nm ( band ) and the second 

between 240 - and 280 nm ( band2). Band 1 corresponds 

with the absorption of form (II) which involves the 

conjugation of the CO group with he B-ring, cinnamoyl 

system (IV), band2 being due to s ructure (I) which is 

due to conjugation of the CO group with the A -ring, 

benzoyl system48 . 

I 

8enzoy I Cinna t ! 
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The methanol spectrum, particularly the position 

of band 1, provides information about the type of 

flavonoid as well as its oxidation pattern, and 

especially distinguishes between flavones and 3 -

hydroxyflavones (flavonols). Band 1 of flavones occurs 

in the range 304 - 350 nm whereas band 1 of flavonols 

appears at a longer wavelenghth (352 - 385nm). 

However, in flavonols with a substituted 3 - hyroxyl 

group (methylated or glycosylated), band 1 (328 - 357 

nm) overlaps the region for band 1 in flavones, and 

the general shape of spectral curves approach those of 

flavones49 . 

On increasing the oxygenation of the B - ring in 

flavones and flavonols, about a 3 - 8 nm bathochromic 

shift in band 1 occurs with each additional oxygen 

function. Changes in B - ring oxygenation pattern 

usually do not produce a shift in band 2. Depending on 

the B-ring oxidation pattern, band 2 may appear as 

either one or two peaks (designated IIa and lib · th 

I I a being the peak at longer wave 1 ength). Increasing 

hydroxylatio of the A - ring in flavones and 

flavonols produces a notable bathochromic shift in 

band 2 and a smaller effect on band 1. A 

hypsochromic shift is observed if either 3-,s-.or 

hydroxyl group on the flavone or flavonol nucleus s 
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methylated or glycosylated. Acetylation of a phenolic 

hydroxyl group nullifies the effect of that group on 

the U spectrum 50 . 

Isoflavones ( v) 1 Flavanones (VI ) and 

Dihydroflavonols (VII) all give similar uv spectra as 

a result of the1r having little or no conjugation 

between the A- and B- rings. They are a 11 read i 1 y 

distinguished from flavones and flavonols by their UV 

spectra, which typically exhibit an intense band 2 

absorption with only a shoulder or low intensity peak 

representing band 1 . 

J[ Isoflavone skeleton 3L: Flavanone skelecvn 

0 

The band 2 absorption of isoflavones in methanol 

usually occurs in the region 245 - 270 nm, and is 

relatively unaffected by increasing hydroxylation of 
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the B-ring. Band 2 is however shifted bathochromically 

by increased oxygenation in the A-ring. Methylation or 

glycosylation of either 7- or 4'- hydroxyl groups in 

isoflavones has little or no effect on the UV spectrum 

wh i 1 e substitution of the 5-hydroxy 1 groups causes a 

5-10 nm hypsochromic shift of band 2. 

Using methanol as solvent, the UV spectra of 

dihydroflavonols are almost identical with those 

obtained for the equivalent flavanones; thus the 

presence or absence of the C-3 hydroxyl group in 

flavonoids which do not have a c 2 -c 3 double bond 

makes little difference to the UV spectra. 

Both flavanones and dihydroflavonols have their 

major absorption peak (band 2) in the range 270-295 nm 

and are therefore clearly distinguished from the 

spectra of isoflavones (which have their band 2 peaks 

between 245 and 270 nm). 

Removal of the 5-hydroxyl group from a flavanone 

or dihydroflavonols causes a 10-15 nm hypsochromic 

shift of the major abso 1rpt ion band, i e. band 2. 

Increasing oxygenation in the B-ring of flavanones and 

dihydroflavonols has no noticeable effect on their UV 

spectra 51 . The UV spectra of both chalcones 

(VIII) and aurones (IX) are characterized by an --........-.. ~ 

intense band 1 and a diminishing band 2 absorption. 



- 35-

0 

"Yili Chalcone skeleton 

~0~ _;===:=\ 
~CH'L_f 

0 

Il[ Aurone skeleton 

Using methanol as solvent, the major absorption 

band in chalcones (band 1) usually occurs in the range 

340-390 nm, although chalcones lacking B-ring 

oxygenat ' on may have their band absorption at 

shorter wavelengths. Band 2 is usual l y a minor peak in 

t h e 220 - 270 nm region . As with flavones and 

flavonols, increased oxygenation of either the A- or 

B-ring usually resu l ts in bathoc hrom i c shifts in band 

1. The long wavelength absorption band in aurones is 

usually found in the 370-430 nm region. The pos i tion 

of the main absorption peak in naturally occurring 

a urones, however, ranges from 388 nm to 412 nm. 

Methylation or glycosylat i on of hydroxyl groups 

on the aurone nucleus has little effect on the UV 

spectrum. Therefore the spectra of natural aurone 
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glycosides closely 

aglycones52 . 

resemble those of their 

Additional measurements of spectra at varying pH, 

or in the presence of a chelating metal ion 

(especially aluminium) or an anion capable of binding 

ortho dihyroxy groups, gives a lot of information 

towards identification of the compound. The addition 

of sufficient base to allow al 1 the free phenolic 

hydroxyl groups to ionize gives in every case a shift 

of all peaks to a longer wavelength53 . 

Sodium methoxide (NaOMa) is a strong base and 

ionizes to some extent all hydroxyl groups on the 

flavonoid nucleus. The addition of NaOMa to flavones 

and flavonols in methanol us ually produces 

bathochromic shifts in all absorption bands. However, 

a large bathochromic shift of band of about 45-65 

nm, without decrease in intensity is diagnostic for 

the presence of a free 3- hydroxyl group. Flavonols 

lacking a free 4'-hydroxyl but having a free 3 -

ydroxyl group also give a 50 -60 nm bathochromic 

s h i ft in band 1, however there is usually a decrease 

1n intensity of the peak . 

Flavonols which have free hyroxyl groups at both 

t he 3 - and 4' - positions are unstable in aOMe and 

the absorption peaks in the NaOMe spectru degenerate 
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1n a few minutes. Flavonols which contain a 3,3',4'

trihydroxyl system decompose even faster than those 

having the 3',4' ,-dihydroxylation pattern. 

In the presence of NaOMe the spectra of 

isoflavones containing A-ring hydroxyl groups usually 

show bathochromi c shifts of both band 1 and band 2. 

Moreover, the peaks in the uv spectra of a solution of 

3' ,4',-dihydroxy isoflavones with added NaOMe show 

reduced intensity within a few minutes. 

Flavanones and dihydroflavonols with A-ring 

hydroxylation show bathochromic shifts for band 2 with 

NaOMe in their UV spectra. Spectra of 5,7 -dihydroxy

dihydroflavonols exhibit a consistent 35-40 nm shift 

of the major absorption peak, whereas 5, 7 

dihydroxyflavanones exhibit a bathochromic shift of 

band 2 of about 35nm and 60nm for 7-hydroxyflavanones 

in the presence of NaOMe. Flavanones with 5,6, 7,or 

6,7,8,hydroxylation patterns decompose in the presence 

of NaOMe and therefore the UV spectra degenerate50 . 

Chalcones containing a free 4-hydroxyl group or 

either a free 2-or 4' -hydroxyl group give, in the 

presence of NaO e, a 60-100nm bathochromic shift of 

band 1. 

Aurones with a free 4'- hydroxyl group also 

exhibit a large ( 80-95nm) diagnostic bathochromic 
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shift of band 1 in the presence of NaOMe. Au rones 

which contain a free 6 -hydroxyl group give a smaller 

(Ca.70nm) shift with NaOMe. However, if both 6-and 4'

hydroxyl groups are present, these bathochromic shifts 

may be considerably reduced52 . 

The UV spectra of flavones and flavonols 

containing free 7- hyrdroxyl groups exhibit a 

diagnostic 5-20nm bathochromic shift of band 2 in the 

presence of NaOAc. When H3 ao3 is added to the 

NaOAc solution, a 12-30 nm bathochromic shift of band 

1 occurs to those flavones and flavonols containing a 

B-ring ortho-dihydroxyl group. 

NaOAc causes band 2 of the UV spectrum of a 7-

hydroxyisoflavone to shift 6-20 nm bathochromically 

while the presence or absence of a free 7- hydroxyl 

group in flavanones and dihydroflavonols may readily 

be determined from their UV spectra by comparing the 

positions of the major absorption peak (band 2) in the 

methano 1 spectrum with that of the same peak in the 

aOAc spectrum. The shift for 5,7-dihydroxyflavanones 

and 5,7-dihydroflavanols is about 35nm and for their 

5-deoxy -equivalen s is bout 60nm. 

In the presence of NaOAc, a bathochromic shift of 

band on the UV spectra, can be related to the 

presence in cha 1 cones of a free 4'- and/or 4-
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hydroxy l group, and · n aurones o a free 4'-and/or 6-

hydroxyl group. On the add1ti on of Na0Ac/H3Bo3 , B-ring 

o rtho-dihydroxyl group are readily detected by the 28-

36nm bathochromic shift observed in band 1 of the UV 

spectra of chalcones and aurones. 

The presence of an ortho-dihydroxyl group in the 

B-r i ng of flavones and flavono l s can be detected by a 

c omparison of the spectrum of the flavonoid in the 

presence of A1Cl 3 and with that obtained in AlC1 3 /HCl . 

The hypsochromic shift (about 30-40 nm) observed in 

band 1 of the A 1 C 13 spectrum on the addition of acid 

results from the decomposit .on of the complex of AlC1 3 

with the ortho-dihydroxy group . 

The presence of B-ring ortho-dihydroxyl groups in 

both cha 1 cones and au rones can be detected by a 40-

70nm bathochromic shift to band (relative to the 

band 1 position in the A 1 C 13 /HC 1 UV spectrum) on the 

a dd i tion of A1Cl 3
52 

Structure elucidation of flavonoids as well as 

o ther compounds requires a combination of 

spectroscopic analysis. Mass spectroscopy is a n 

i mportant techn i que, which for flavo n oids, wa s 

recently introduced especially for the determination 

o f the molecular weight. 
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R2 Host B ring substitution 
patterns 

R) = II a2 usually > a 
( flavones) b2 usnauy > b 1 

R3 = OH a l > a 2 
(flavonols) bl > b2 

+ 
R 
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X = H or OH 

Scheme 4 
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Fragmentation of flavone and flavonols . 
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Flavones and flavonols which are not highly 

substituted are difficult to rupture, therefore,the 

molecular ion peak is usually the most intense 

observed in the mass spectra of these compounds. The 

major fragmentations are attributed to retro Dials

Alder reactions (i . e. split to give charged diane-like 

and dienophile fragments) involving the heterocyclic 

ring. The initial products for flavonols are the ion 

a 1 , which arises from the A - ring, plus the 4 -CO 

group with hydrogen transfer and the ion b1 , from the 

B- ring (Scheme 4 ). Flavones give the ions a 2 and b2 , 

showing that the main cleavage involves the bonds 

between 0 and c2 and c3-c4 . Another important fission 

product of flavones involves elimination of c 4 

carbonyl group with the formation of an M-28 

ion.Methyl groups can be readily eliminated or 

involved in cyclization to nearby oxygen or phenyl 

groups . The intensity of the peaks obtained for each 

fragment ion varies depending on the oxygenation 

(hydroxy and alkoxy groups) of the olecu e. 

Isoflavones give a similar fragmentation pattern to 

that for flavones. 

Flavanones and flavanonols give similar fragments 

from the A-ring as the flavones, but the c8 moiet ·es 

from the B-ring have a double rather than a tr-iple 
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bond in between c2 and c3 and the oxygen of he 

flavanonols is retained. In add1tion to giving similar 

fragmentation patterns to flavones, chalcones undergo 

fission between the carbonyl group and the A-ring 

to give the 9-carbon bs ion53 

The application of nuclear magnetic resonance 

(NMR) spectroscopy to the structure analysis of 

flavonoids is well established. Almost all modern 

investi gations of new flavonoid compounds quote NMR 

spectral data in support of their structural 

assignment. The advent of machines with higher 

signa 1-to-noi se ratios and the use of repeated scans 

with time averaging computer and pulse fourier 

transform techniques has enabled much lower quantities 

of samples (ca .250 ug or less) to be used for 

analysis . 

The solvents used for R analysis of flavonoid;; 

inc lude deuteriochloroform (CDC 3 ) which dissolves 

Isoflavones and highly ethylated flavones an 

flavonols, hexadeuteriodimethylsulfoxide (DMSO -d6 ). 

Trimethylsilyl (TMS) ether derivatives have been used 

for obtaining NMR spectra of flavono ' ds which are 

otherwise insoluble in coc1 3 . Proton signals obtainea 

in the NMR spectra of tri ethylsilyla ed flavonoids 
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generally occur in he range 0 - 9 ppm ( 6 -scale) 

relative to TMS. The A-ring (x) protons at C-6 and -
C-8 of flavones, flavonols and isoflavones which 

contain the common 5,7-dihydroxy substitution pattern 

give rise to two doublets (J=2 .5 Hz) in the range 6.0 

- 6.5 ppm. The H-6 doublet occurs consistently at 

higher field than the signal for the H-8. When a sugar 

a attached to the oxygen at C-7 the signals for both 

H-8 and H-6 are shifted downf.eld. 

R = H for Flavones 

R :: 0 H for Flavonols 

0 

X 

The C-3 proton g ves a signal in the same region 

of the NMR spectrum as those of the c- 6 and C-8 

protons and appears as a s ' nglet near 6.3 ppm. In 

flavones with the common 5, - dihydroxylation pattern 

the C-6 and C-8 protons occur as doublets (J= 2 . 5 Hz ) 

and are therefore readily distiguished from the C-3 

proton singl6t. Some naturally occurring flavonoids 

have oxygenation only at posit on 7 in the A-ring. Ir 

this case the C-5 proton is deshielded by the C-4 ketc 
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group and therefore absorbs near 8.0 ppm, and thus at 

lower field than most aromatic protons. The C-5 proton 

in these 7-oxygenated flavonoids appears as a doublet 

(J= ca . 9 Hz) as a result of ortho coupling between the 

c- 5 and C-6 protons . The signa 1 s for protons on C-6 

and C-8 both occur at lower field than in the s, 7-

dihydroxyflavonoids. In 5-deoxyflavonoids the C-8 

proton may absorb at either higher or lower field than 

the C-6 proton . 

The B-ring (~) protons usually appear in the 

range 6.7-7.9 ppm, which is downfield from the 

region where the A-ring protons absorb . The signal 

pattern observed for B-ring protons is character stic 

for the substitution pattern of that ring and, in 

addition suggests the oxidation level of the ring C . 

When ring B is oxygenated at C-4', a four-peak pattern 

of two doublets (each J=8.5 Hz) is observed . The 

double for the C-3' and -5' protons always appears 

upfield from the C-2' and - 6' protons and genera 11 y 

fa 11 s 1 n the range 6. 65 - 7. 1 ppm for a 11 types of 

flavonoids. The C-2', -6' doublet appears at 7.1 - 8.1 

ppm. The C-5' proton of 3',4'-oxygenated flavones and 

flavonols appears as a doublet centered between 6. 7 

and 7. ppm ( J = 8.5 Hz), and the C-2' and -6' p ~ton 

s i gnals usually occur between 7.2 and 7.9 ppm. 3' ,,._ 
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oxygenated 1soflavanones, flavanones and 

dihydroflavonols give a comple multiplet,usually two 

peaks for the C-2', -5' and -6' protons in the reg1on 

6.7 -7 . 1 ppm. The C-3 proton of flavones gives a sharp 

singlet near 6.3 ppm which usually overlaps the 

signals produced by the A- ring protons. The C-2 

proton in isoflavones, which is in a beta position to 

the C-4 keto function, occurs in the range 7.6 - 7 . 8 

ppm ( in CC 14 ). 

The H-cr and H-6 protons of chalcones (XI) occur 

as doublets J =ca . 17Hz) in the ranges 6.7- 7 . 4 

ppm (H-U) and 7 . 3-7.7 ppm ( H-f3) while the aurone 

(XII) benzylic proton appears as a singlet at 6 . 5 -6 . 7 -
ppm . 

6 
0 

XI 

Benzylic proton 

X .' ... 
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The signal for the C-2 proton of fla anones appears as 

a quartet (two doublets Jcis = ca . 5Hz) (Jtrans = ca. 

11Hz) near 5 . 2 ppm as a result of the coupling of the 

C-2 proton with the two C-3 protons . The C-3 protons 

couple with each other ( J = 17Hz) in addition to 

their spin - spin interaction with C-2 proton, thus 

giving rise to two overlapping quartets near 2 . 8 ppm . 

In naturally occurring dihydroflavonols, the C-2 

proton signal occurs as a doublet (J = ca . 11Hz) near 

5.2 ppm, while the C-3 proton doublet appears further 

upfield at about 4.3 ppm . 

In flavonoids, methoxyl proton signals appear in 

the region 3 . 5 - 4 . 1 ppm, while most a omatic acetoxyl 

proton signals occur in the rage 2 . 25 - 2.50 ppm . 

Most of the trimethylsilyl proton signals of flavonoid 

TMS ethers occur between 0. 1 and 0. 5 ppm . With 

glucosides (and presumably some other glycosides) a 

sugar on he C-3 hydroxy 1 group can be read i 1 y 

distinguished from one at C-4', C-5 or C-7 . In t e 

latter three types of flavonoid 0-gl~cosides , the c-

1" proton signal occurs near 5.0 ppm, while in 

flavonol 3-0-glucosides the C-1" proto signal appears 

further downfield at about 5 . 8 pp . 

Flavonoid rhamnosides occur naturally as cr- L-

rhamnosides in wh1ch the rhamnos c- ·.. proton has an 
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equatorial-equatorial coupling with the C-2" proton ( 

J = ca. 2Hz). ln both the 3- and 7-0 rhamnosi des the 

C-1" proton signal occurs in the range 5.0 - 5.3 ppm. 

In the NMR spectra of flavonoid rhamnosides, the 

signal for the rhamnose methyl group which occurs at 

0.8 -1.2 ppm, is also a distinguishing feature54 . 

Infra-red (l.R.) spectra of flavonoids form 

useful adjuncts to structural elucidation and are 

usually quoted in support of identities of newly 

isolated compounds. However little development has 

taken place over the last years with regard to the use 

of l.R. spectra for diagnostic purposes in the 

flavonoid field. This is probably because U.V. spectra 

are more informative, require much less material and 

are generally easier to carry out using polar solvents 

in which the flavonoids are fully soluble53 . 

1 .40 ANTHRAQUINONE$ 

Anthraquinones are found in both higher plants 

and fungi and frequently they exist as glycosides in 

flowering plants and occasionally in higher fungi. Of 

the two sub-fami 1 i es of the fam i 1 y Po 1 ygonaceae; 

Eriogonoideae and Polygonoideae, only the latter 

produce anthraquinones. Many species of the genera 
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Ernex, Rume Rheum, as ~o.•ell as species of 

Atraphaxis, Oxygonum, polygonum, and Muhlenbeckia 

produce anthraqu i nones 5 5 . Matas i ( 1 987) working with 

the Kenyan Polygonum pulchrum and P. setosulum 

isolated the anthraquinones emodin (~). physcion 

(~) and chrysophanol (28) from the leaves, stems and ....... 

roots . Most anthraquinones are simply polyhdroxy I 

methoxy derivatives with or without a one-carbon side 

chain (CH 3 , CH 20H, CHO,co2H) which invariably occupies 

a C3 position 56 . 

1.41 BIOSYNTHESIS OF ANTHRAQUINONES 

It is difficult to systemat · ze the biosynthesis 

of qui nones because they show such a diversified 

picture 57 . Benzoquinones originate from sh ' kimic acid, 

polyketides, or mevalonate . Napht oquinones may either 

be complete 1 y synthesized from acetate or in the 

polyhydroxylated spirochrones. atura phenolic 

anthraqui nones are supposedly for ed by eao-to- ta i 1 

condensation of acetate un i ts58 . any anthraoui nones 

found in higher plants are of po 1 etide orig·n59 and 

they are often structurally dis · nquishable by the 

ex · stence of substituents in the -"'o benzene d rings 

of t e anthraquinone nucleus. Th·s ace ate hyoothesis 

i s accord with the "Emodin type .. 0f stn ... :;tu .... es, and 



-4 9 -

does no t agree with the "a l 1zar i n type ' compounds . 

Emo d n 1s cons truc ted f rom one acetate and seven 

ma l onate un1ts 60 scheme 5. Numerous anthraquinones are 

produced by t he oc taket ide pathway conforming to the 

bas i c e mod i n s t r u c t u r e . They a r i s e v i a d i f f e r en t 

folding, a-methylation, s i de chain oxidation, nuclear 

h ydrox yl ation or elimination of hydroxyl groups, 

ch l or i nation, dimerization via phenol ox 1dation etc . 

COCoA 

0 0 

0 

(y cl 

0 

·-c~ 

!-t~ 

--[oJ 

HO·~ncrHl 
OH 0 Orl 

Endoc rocin Emod in 

Scheme 5 

Poly~e tid~ or igi n of anthraquinon~• . 
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It has been proposed that ··a11za r1n ype 
anthraqui nones originate from a naphthalen1c 
precu rsor61 to which a branched c5 chain is attached 
and which then undergoes cycl i za t ion and ox i dat 1 on . 
The details of he biosynthetic orig1n of rings A and 
B in the anthraquinone nucleus is sho n in scheme 6. 
1,6 -( 4 c 2 )-(I)-shikimic acid is ncorpora ed 
directly into ring A of al i zarin (~) and 
pseudopurpurin (1J) by degradation of the labelled 
metaboli tes to phthalic acid which retained all he 
activity of the quinonoid pigment. A c 3 fragment 
[from L-glutamic acid (~5)] is at ached to (-)
sh i kimic acid (1j) at C-2 and this irtermediate ten 
leads through 0-succinyl benzoic acid (46) to 1 ,4,-

.,.-.J 

naphthoqui none ( 47 ) . .,...., 
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Shikimic acid pathvay for the biosynthesi of anthraquinone&. 
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1 . 42 IDENTIFICATION OF ANTHRAQUINONES 

Like other compounds quinones are identified 

mainly by spectroscopic methods, but they can often be 

recognized by certain colour reactions which may be 

useful even with crude extracts. For preliminary 

identification of anthraquinones, a combination of 

colour and Rf values will give an 1dea of the number 

and position of the hydroxyl groups. Several colour 

reactions have been used for hydroxyanthraquinones of 

which the most general is the use of 0 .5% methyl 

alcoholic magnesium acetate solution as spraying 

reagent, followed by heating the developed paper strip 

at 90°C for 5 minutes. Distinct orange-red, purple or 

violet co 1 oured spots, depending on the position of 

hydroxyl groups in the anthraquinone ucleus are 

observed . Reduction of anthraquinones w1th alkaline 

dithionite or d ' lute alkali metal hydro ide usually 

gives red so uti ons in contrast to ben zo u nones and 

naphthoquinones which give colourless or ,e low-brown 

solutions63 . 

Anthraqu nones can be distinguis ed from other 

classes of qu nones by the fact that they a ·e four or 

five absorpt'on bands in the Ultra Violet (UV) and 
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Vis1ble (Vis) regions. The spectra of most 

anthraquinones show absorption bands in the region 

240-260,260-290 nm and 320 - 330 nm. The shorter 

wavelength bands are characteristic of the quinonoid 

nucleus of the anthraquinone while the long wavelength 

absorption band, usually broad, is due to the carbonyl 

group of the quinonoid nucleus64 . 

With very few exceptions hydroxy and alkoxy 

groups intensify the long-wave band and there is a 

bathochromi c shift, absorption above 360 nm being 

dominated by the number of ~- hydroxy groups. a

Hydroxy groups have relatively little influence unless 

adjacent to an "'-hydroxy 1 . As in other qui none 

series alkali shifts provide additional information. 

Infra-red spectroscopy is another technique which 

is used in structure determination of qui nones. The 

carbonyl frequencies of quinones are the most popular 

although these values are rarely sufficient in 

classifying a quinone. p-Benzoquinone absorbs at 1669 

cm- 1 (in solution). The frequency is raised as the 

number of 1 i near fused rings increases (e.g 1 , 4-

naphthoquinone 1675 cm- 1 9,10- anthraquinone 1678 

cm- 1 , naphthacene- 5,12-quinone 1682 cm- 1 ),and is 

1 owe red by hydrogen bonding, by the introduction of 
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elec ron donating subst tuen s and by extending 

quinonoid conjugation through more than one r1ng. Many 

s ymmet r 1 c p-qu i nones show mu 1 i p 1 e absorpt 1 on in the 

carbonyl reg1on. 

Chelated quinones are recognised by the lowered 

frequency of both carbony and hydroxyl absorptions. 

Anthraquinones without a-hydroxyl groups usually show 

only one carbonyl peak and its position is 1 ittle 

affected by substitution apart from C3-hydroxyl 

groups which may lower the frequency by < 20cm- 1 • Most 

anthraquinones show intense absorptions n the region 

1600-1575 cm- 1 , in some cases overlapping with 

chelated carbonyl peak63 . 

Mass spectroscopy is yet another · mportant 

techniq e used in structure elucidation of Quinones. 

Fragmen at ·on of quinones is characterized by loss of 

one or two molecules of carbon monoxide . 9enzoquinones 

and naphthoquinones also eliminate a ace ylenic 

fragment rom the quinone r ng. 

A ~hraquinones are very stable, and e spectrum 

of the parent compound consist of t e o ecu 1 ar ion 

( the base peak), strong M-CO and M-2CO peas, doubly 

charged ions for each of these and very l ·tt e else. 
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n anthraquinones t e most loosely - bound 

electron, which is therefore removed preferentially 

during formation of the molecular ion (from electrons 

of low energy) is one of the lone-pair electrons on 

the oxygen atom. This is fo lowed by uncoupling of the 

electron pair in one of the C-C bonds adjacent to the 

carbonyl group ( scheme 7) . The positive charge on the 

oxygen (II) will induce a polarity in the adjacent -
bonds, and this will be a maximum in the remaining c-c 

bond, hence weakening it (I I). The dissociation of a 
.......... 

neutral CO molecule leaves a highly excited flourenone 

ion ( IV) w ·ch attains ground state by the donation ---
of one of the oxygen 1 one-pair e 1 ectrons to the one-

e 1 ectron bond. The f 1 uorenone ion then breaks in 

analogous fashion eliminate a further neutral CO 

molecule to give a highly e _ited 0-diphenylene ion65 . 
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Pro on magne i c resonance forms one of the mos 

important technique in structure determination. 

So l ubil1ty of sample is a common snag not only with 

qu i nones but also with other compounds . This problem 

has been overco e through formation of derivatives e.g 

acetylation met.hy ation, or trimethylsilylation. The 

NMR spectrum of p-benzoquinone consists of a singlet 

at 6 6.72 wh1le the quinonoid protons in 1 ,4,

naphthoqui none resonate at 6 6. 97. In 1, 4 

naphthoquinone and 9, 1 0-anthraqui none the C(- and a

protons g ' ve A2 s 2 multiplets centered at 6 8.07 and 

7.67, respectively, which are modified by substitution 

in the norma way . Peri hydroxyl protons resonate at 

very low field ( 6 12 - 13) and further information 

concerning the common substituents,methyl and 

methoxy l , ca often be gained by so 1 vent shifts. For 

example, in the anthraquinone ser ·es the signal from 13 

- methy l pro~on moves upfield 0 .52 to 0 .60 ppm in 

benzene, relat ve o deuteriochloroform solution, 

c o mpared to 0 .06 to 0.17 ppm for 

pro tons 63 . 

C1 - me thy 1 
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CHAPTER 2 

RESULTS AND DISCUSSION 

A preliminary spot-test survey was carried out on 

the inner tissue ag l ycones of both leaves and flower 

heads of P. senegalense , before embarking on large 

scale extraction, ·solat·on and purif ' ca ion. 

The accumulated flavono1d aglycones in the leaf 

resin of P. senegalense were first washed27 off using 

fresh portions of acetone (fraction 1) until the last 

portion was clear. The leaves were dried unde r s hade 

and then macerated. A flow chart showing the 

procedure used for extraction and purification of 

compounds is shown in F1gure 1 . 

Extra ction of the macerated leaves was done using 

80% methanol in water followed by a further extraction 

using 70% and 50% methano1 66 . Methanol was then 

removed from this extract n a rotary evaporator . The 

rema ' ning aqueous extrac was then fractionated with 

dichloromethane to remove any remnant aglycones 

( fract · on 2) . The aqueous extract was then 

hydrolysed67 using 2M HCl ~or wo hours o obtain the 

inner issue aglyco'les. lhe hydrolysate was the 

extracted first using d ch oromethane (fraction 3) and 

then a more polar solven ethyl aceta e (fraction 4). 



Analysis o frac 1on · o 4 us1ng T.L.C. revealed 

t hat fr c 1on 2 compr1sed of a ew compounds all of 

which were present in rae ion plus chlorophyll; 

when the . L.C. was de eloped using solvent 1 (Table 

3). 

Table 3 

Location of surface compoun son analytical T. L.C. plates . 

Appearance Appearance 

Compound I under 1 i gh: I after fuming RF. 
I ------------------------------- I 

I 

v·s I u I with NH3 I I 

--------- --------------·---------------- I -----------------I 

1 . ell ow I Ye llo ... -purp 1 e Bright Yellow 0 . 93 I 
I 

2 . Yellow Ye llo .. -purp 1 e Orange-Brown 0 . 79 

3. Yelle Purple Bright Yellow 0 . 67 

4. Fain yellow Purp e I Orange 0 . 58 

5. el ow Yelle -Purple Orange pink 0 . 50 

6. Deep ye low Ye llo--purp 1 e Greenish-orange 0 . 39 

7. Clear Deep ;; ple Green 1 sh-b 1 ue 0.10 
I 
I 

8. I Yel 0 Purpl: Light pink :o .o14 
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Fraction 4 was composed of more polar components 

than fraction 3. The T.L.C. for these fractions were 

developed using solven 3 and solvent 1 respectively. 

However there were only two significant spots for 

fraction 4, both of wh1ch were yellow and intensified 

in colour on exposure to ammonia vapour, suggesting 

they were flavonoids ( Table 4b). Fraction 3 comprised 

of about five spots, two of which turned pink on 

exposure to ammonia vapour , suggesting the presence 

of anthraquinones, and one spot (visible only under UV 

light) turned deep blue on exposure to ammonia vapour, 

( Table 4a). 

Flower heads of P. senega lense were treated i n 

the same way as the 1 eaves . It was found out from 

analytical T.L.C. that he flower heads have similar 

flavonoid aglycones as on he leaf resin and the leaf 

in er t ssue. 

The reve 1 at ion 

the possibility of 

o.& ese 

presence 

h ave not been repor ed as 

f 1 avo no i d ag 1 ycones and 

of anthraquinones which 

being present in P. 

senegalense in prev1ous · terature, thus necessitating 

a large scale work on : e inner tissues of leaves and 

flower eads of this p·ar~. 
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Table 4a 

Location of inte rnal aglycones on analytical T.L.C . plates : 
Di chloromethane soluble fraction . 

Appearance : Appearance 
I 
I 

Compound 1 under 1 i ght : after fuming RF. 1 _______________________________ 1 

I I 

: Vi s : UV : w i th NH3 : _ __ _ _____ 1 ______________ 1 ________________ 1 _________________ 1 ____ _ 

I I I I 

1. 1 Yello~ : Yellow-purple : Light Pink 1 0.91 
: which fades 
I 
I 

2. Yellow Yellow-purple 1 Pink whi ch 0.40 
persists 

3. Ye llo~ Purple Greyish blue 0. 35 

4. Clear Deep purple Faint grey 0. 27 

5. Clear Deep purple Deep blue 0.07 

Table 4b 

Loca ion of internal aglycones on analytical T. L. C.plates: 
Ethyl acetate soluble fraction. 

I 

' ' I 
Appearance 

Compound: under 1 i ght : 
'-------------------------------: 

Vis uv 

6 . Yellow Yellow-purple 

7. Yellow Yellow-purple 

8 . Yellow Yellow-purple 

Appearance 

after fuming 

with NH3 ' I 

RF . 

-----------------~--------1 
r 

Orange 0 . 84 

Intense ye 11 o~ 0. 50 

Greyish-brown 0. 27 
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Large scale washing of leaves w1 h acetone was 

carried out on freshly collected plants of P. 

senegalense. The concentrate of this extract was 

stored for the determination of its biological 

activities. 

Five hundred grams of dry powdered previously 

acetone washed 1 eaves of P. senegalense were 

successively extracted with 80, 70, and 50% methanol. 

During the extraction, heat and an obnoxious gas were 

liberated. The gas smelled of mercaptans and although 

it was not immediate 1 y ana 1 ysed, it was suspected to 

contain low molecular weight thiols probably from the 

biosynthetic -0 methylating agents such as s-

adenosylmethionine45 •48 (50) or methionine (51) . ,.._, ........, 

N::CNH, N~ 
~ I N 

N 

C H3 

I 
H2N I H c ~c H2-~-c H2 

C~H H 
l----r 

C H3S-C H2 Hl-f H-C 02 H 

NH
2 

50 51 
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A 11 extrac s were combi neo and methane 1 r _moved 

in a rotary evaporator before partit1on1ng with 

dichloromethane. The aqueous layer, which was dark 

brown in co 1 our was then hydro 1 ysed with 2M HC 1 for 

two hours to give a dark red hydrolysate, which was 

partitioned ith dichloromethane and then ethyl 

acetate . The concentrate of these two fractions gave 

2. 4 g of a dark brown o1l y substance and 11 . 5 g of a 

brownish thick substance respect1ve1y . 

Isolation of the components of the 

dichloromethane soluble fract1on was carried out us1ng 

column chromatography. The eluting solvents were n

hexane, dichloromethane and methanol . Purification of 

the compounds was done using preparative T . L . C; flash 

chromatography and fractional crystallization. 

The compounds obtained included the two 

anthraquinones, compound (£) and compound (~). The two 

compounds were 1dentified by compar1ng their melti g 

points and spectroscopic propert1es with those of 

authentic sa ples of chrysophanol and emod1n, 

previously isolated in our laboratory from the Rume, 

species68,69. Tnese compounds have no be n reported 

as being presert. in P . senegalense before ·n previous 

literature . Moreover Matasi (1987), did o notice 

presence of anthraquinones 1n P. senega e se d ring 
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his work. Anthraquinones especially emodin, physcion, 

and chrysophanol have been reported in many other 

Polygonum species. 18,25170171 172,73 

The flavonoid aglycones obtained from this fraction in 

appreciable amounts are compound (1) and compound (4). 
"" ,.., 

Their identification was achieved through 

spectral analysis and literature correlation. The 

deta i 1 ed spectroscopic data for these compounds 1 and 

others to be discussed are summarised in tables 14 to 

19 in appendix B and spectra in appendix c. 

Column chromatographic separation of the ethyl 

acetate fraction 1 using di ch 1 oromethane and methane 1 

followed by preparative thin layer chromatography gave 

two f 1 a vono ids, compound ( !> 1 and compound (_~) . 

Identification of compounds was carried out using 

spectroscopic data and literature correlation. 

The major absorption band in the UV spectrum of 

compound (1) was at A max ( MeOH) 286 nm suggested a 
,....; 

flavonoid lacking conjugation of A- and B- rings. The 

proton NMR signals at 2 . 87 ppm (triplet, 2H) and 3.22 

ppm (triplet, 2H) were ascribed to c-a and c-a protons 

respectively. This was confirmed through 1H HR 

1 iterature correlation with dihydrochalcones isolated 

from Viburnum davidii and V. 7an anoids7 , thereby 
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requiring compound(!,) to have a dihydrochalcone 

skeleton. 1H NMR signals at 7.24 ppm (a doublet of 

multiplets integrating for 2H and 3H) and the ion peak 

at m/e 91 in the mass spectrum required an 

unsubstituted B-ring. The observed molecular ion peak 

at m/e 272 in the mass spectrum required 

dihydroxylation and monomethylation. The ion peak at 

m/e 167 and 140 required all substuituents to be on A-

ring . 

The bathochromic shift of 36 nm for band I in the 

UV spectrum on addition of NaOMe to a methanolic 

solution of compound (j) led to positioning of a 

hydroxyl group at the C-4' position . Lack of any 

shif t on addition of HCl to a MeOH I A1C1 3 solution of 

the compound in the UV spectrum led to the positioning 

of a hydroxyl group at the C-2' position and to the 

conclusion that the two hydroxyl groups are not ortho 

to one another . Moreover,from 1H NMR spec rum,the 

signals at 5.98 ppm (d, J = 2 . 2 Hz integrating for 

H) and 5.88 ppm (d, J = 2.2 Hz also integrating for 

H) showing meta coupling, implied trisubstitution and 

that the two protons in the A-ring are in totally 

different environments . The signal at 3.80 ppm (s, 3H) 

in the 1H NMR spectrum was attributed to a metho yl 

group. 
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These observations together with IR results led 

to the assignment of compound (1) as 2',4'-dihydroxy-

6 '-methoxyd i hydrocha 1 cone. The structure of compound 

( 1) was further confirmed through 1 i terature 

correlation with 13 c NMR spectra for some 

dihydrochalcones, 75 (Table 5). 

HO 

OH 0 

Compound (1) was first isolated from Uvaria 

ango7ensis16 and its structure confirmed by synthesis from 

2-hydroxy-4-benzyloxy-6-methoxyacetophenone . 



A se1ccLJun ur chalcon a wuJ Jihyd.-ocludcuuew ca .-bon-1:1 sp cL.-a: 

I'OUNU ~:-1 c-2 c-3 c-4 c-5 c-11 c-u c- et t:=o c-1 1 c-z I c-a 1 c-4 I c-5 1 c-6 1 

Chalcone 134.7 14!8.3 IZtl.:l 130.3 14111. !1 1:.111.:1 144.4 ll!l.7 11111.8 138.0 128.3 ll~8,'/ 132.11 128.1 128.:1 

2 1 -hydroxychalcon 134.!1 1211.\1 121!. ti 130.11 12tl.ti 1:.111 .\1 14h .,1 1111.5 lll:l.ti 1111. \l 163.6 1111.11 1:16.3 11!1.\1 ll!ll.b 

I 
21 -hydroxy-4 1 -aethoxychalcone 134.6 12&.8 co 128.4 130.5 128.4 128.8 144.2 120.2 1!11. 6 113.\1 1116.5 101.0 1116.0 107.6 131. I 

co 
I 

4 1 
1 •-dlbyd.-oxy-4 1 -a Lhoxydlhydrocha1con 131. '/ 1:.18.3 116. I lb5.6 :.1!1.:.1 311.6 ZOO. I 114. ti 1115.3 100.7 IIIII. I 107 .I 132.2 

2 1 
1 4 1 4 1 -trLhydroxydlhydE'ochalcoo 13~.1 129.6 1)5.4 155.8 l!Y . S 39.7 Z00.7 113.3 165.6 103.0 164.7 108.1 \33.0 

t;oapound ( 1) 141.5 12&.3 125.8 125.8 125.8 128.3 :10. 1 45.0 :!03. 7 104.4 164.11 95.7 163.0 91.4 166 .0 
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The UV spectrum of compound (1,) in methano 1 

showed absorption bands at A max, 426 nm, 284 nm, 274 

nm sh. and 234 nm. When 5~ KOH solution was added to a 

methanolic solution of compound (_3), the absorption 

bands were observed at "A max, 504 nm, 281 nm, 274 nm 

sh; which displays absorption bands characteristic of 

anthraquinones . The 

dichloromethane were at 

UV absorption bands in 

"Amax, 430, 288, 278, and 256 

nm. The IR spectrum had a strong absorption peak at 

1625 cm- 1 due to C=O stretch. The proton NMR spectrum 

displayed signals at 12.04 ppm (s) and 12.14 ppm (s) 

which were attributed to two hydroxyl groups. The low 

field position of these signals was ascribed to the 

acidity of the protons certainly due to hydrogen 

bonding with the carbonyl oxygen . The 1H NMR signal 

at 2.48 ppm (s, 3H), was ascribed to the methyl 

protons. The mass spectrum portrayed a molecular ion 

peak at m/e 254 . The other ion peaks at m/e 226 and 

197 were attributed to the loss of C=O groups during 

fragmentation. Other ion peaks were observed at m/e 

169, 152, and 127 . From the proton NMR spectrum the 

s i gnal at 7.28 ppm (d, J = 1.2 Hz) was ascribed to C-2 

proton and the signa l at 7 . 32 ppm (d, J = 1.2 Hz ) 

a t tributed to C-4 proton . The multiplet of signals at 

ppm, 7.67 - 7.85 are due to C-5, C-6, C-7 protons. 



-70-

Through literature63 , 68 • 69 correlation of the UV and 

proton NMR spectroscopic v a 1 ues, compound ( 2) was 

assigned the structure 1, 8-di hydroxy-3-

methyl anthraquinone. 

Compound (2) is being reported present in P . 

senegalense for the first time. 

The uv spectrum 

CH 
3 

of 

2 

compound ( 3 ) i n 

dichloromethane showed absorption bands at A max, 430, 

298 sh; 284, and 262 nm, characteristic of 

anthraquinones. The IR spectrum displayed a strong 

absorption peak at 1620 cm- 1 due to C=O stretch, wh ich 

is diaryl conjugated and hydrogen bonded. The mass 

spectrum displayed a molecular ion peak at · m/e 270. 

This required a trihydroxylated and monomethylated 

anthraquinone. The characteristic fragmentation of 

anthraquinones was shown by the mass spectrum at m/e 

242 and 213. Other ion peaks were at m/e 185, 39, 
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13 5 , and 121. The proton NMr spectrum displayed a 

si gna l at 2.37 ppm (s, 3H ) which was ascribed to the 

methyl protons. The 1H NMR signal at 6.53 ppm (d, J = 
2 .5 Hz) and 7.04 ppm (d, J = 2.5 Hz) showing meta 

c oup li ng suggested that one of the rings is 

disubstituted at meta positions. Similarly the proton 

NMR signals at 7.08 ppm and 7.39 ppm J = 0.83 Hz 

i mp l ied that the other ring is a 1 so di substituted. 

Through proton NMR and UV correlation with 

li terature63 •68 •69 plus comparative analysis with an 

authentic sample of emodin, compound (3) was assigned 

the structure 1 , 6, 8-tri hydroxy-3-methy 1 anthraquinone. 

This structure was further confirmed using 13 c NMR 

si gnals ( Table 16, appendix B). Compound (3) is being 

r eported present in P. senegalense for the first 

time . 

HO 

0 3 
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An intriguing compound was the UV active compound 

(4), which turned blue on T.L.C. after exposure to 
,.j 

ammonia fumes. Its UV spectrum in methanol displayed 

one major absorption peak (band II) at Amax 288 nm, 

the other one (band I) at ~max 330 nm was weak. This 

absorption phenomenon is exhibited by f 1 avanones and 

dihydroflavonols. Its IR spectrum displayed a strong 

absorption band at 1630 cm- 1 due to C=O stretch. 

The, mass spectrum showed a molecular ion peak at 

m/e 316 which corresponds to c 17H16o6 . From the proton 

NMR spectrum, the multiplet of signals at 7.4 ppm 

required one of the rings of compound (_1) to be 

unsubstituted. 

The presence of a hydroxyl group at C-7 and 

oxygenation at C-5 was inferred from the bathochromic 

shift of 38 nm in band II, when NaOMe was added to a 

methanolic solution of compound (4). Presence of the ,.., 

hy droxyl group at C-7 was further confirmed by the 

bathoch romic shift of 38 nm in band II when NaOAc was 

added to a methanolic solution of compound (4). ,.., 

The signa 1 at 6. 0 ppm ( s, 1 H), in the proton NMR 

spectrum, implied that ring-A is trisubstituted. The 

signal at 3.92 ppm (s, 3H) and 3.93 ppm (s, 3H) were 

ascribed to the methoxyl protons. Presence of the 

methoxy1 groups at C-5 and C-8 was deduced from 1 ack 
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of shift in band II when A1Cl 3 was added to a 

me thanol i c so 1 ut 1 on of compound ( 4) and when HC 1 was 

added to the MeOH I A1C1 3 solution of the compound. 

This was further confirmed from the ion peak at m/e 

196 in the mass spectrum. From the proton NMR 

spectrum, the signal at 5.0 ppm (d, J = 8.80 Hz) was 

ascribed to the proton at C-2 while the signal at 4.0 

ppm (d, J = 3.84 Hz) was ascribed to the proton at c-

3 . The structure was further confirmed through 13c NMR 

spec troscopic data, (Table 17, appendix B). From 

l iterature correlation of the proton NMR va1ues 77 and 

13c NMR values78 of dihydroflavonols, compound (4) was 

assigned the structure 3,7,-dihydroxy-5,8-

dimethoxyflavanone. 

DC~ 0 
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Compound (5) was the major compound of the _, 

hydrolysate of P . senegalense, and formed about 0.088% 

of dry acetone-washed leaves by weight. 

A methanolic solution of compound (_?.) 

exhibited two major absorption peaks in the UV 

spectrum at A max 370 nm and A max 254 nm, which are in 

the absorption region for flavones and flavonols. The 

presence of 3, 3' , 4' -tr i hydroxy 1 system was inferred 

from the observed bathochromic shift of 50 nm in band 

I and the rapid degeneration of this band 79 when NaOMe 

was added to a methano 1 i c so 1 uti on of compound ( 5) . 
,..; 

Presence of a B-ring ortho-dihydroxyl group was 

further confirmed by a bathochromic shift of 15 nm in 

band I when H3ao3 was added to a MeOH I NaOAc solution 

of compound (§) and a hypsochromic shift of 25 nm in 

band I when HCl was added to a MeOH I A1Cl 3 solution 

this compound . Furthermore, B-ring dihydroxylation was 

confirmed by 'on peaks in the mass spectrum at m/e 137 

and m/e 16 7 . The mo 1 ecul ar ion peak in the mass 

spectrum at m/e 302 required a pentahydroxy 1 a ted 

flavone, whi e the pea at m/e 153 required a 

dihydroxylated A-ri-ng system, thereby further 

confirming C-3 ydroxyl group. A bathochro ic shift 

of 55 nm in band I even after addition of HCl o a 

MeOH 1 AlC1 3 so ution of compound C§l. was attr"buted 
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to the presence of C-5 hydroxyl group. 

From the proton NMR spectrum the signals at 6 . 26 

ppm (d, J = 2 . 1 Hz) and 6.43 ppm (d, J = 2 . 1 Hz) 

showing meta coupling implied that the two protons in 

A-ring are in different environments. This revelation 

and the observed 24 nm bathochromi c shift in band II 

when NaOAc was added to a methane 1 i c so 1 uti on of 

compound (5) confirmed C-7 hydroxyl group. 

Through literature correlation of the UV spectrum 

and that of quercetin 79 and the 13 c NMR spectrum75 

(Table 6), compound (5) was assigned the structure 

3,5,7,3' ,4'-pentahydroxyflavone (quercetin). 

HO 
OH 

5 

OH 0 

Quercetin was first obtai ned as the aglycone of the 

glycoside quercetrin and is the most commonly occurring of 

all the f1avones80 . It occurs both free and in the form 

of several glycosides. The glycos1de of ouercetin 

[quercetin-3-(2"-galloylglucoside)] (18) was first 

isolated from P. sene9a1ense by Dossaji 38 . 
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Compound{_§) gave a UV spectrum which displayed 

two major absorption bands at Amax (MeOH}, 363 nm and 

268 nm, which is characteristic of flavones and 

flavonols . From the proton NMR spectrum, the signals 

at ppm; 9.35 (s), 12 .44 (s), 10.75 (s) and 10.07 (s) 

plus the molecular ion peak at m/e 286 in the mass 

spectrum, suggested the presence of four hydroxy 1 

groups in compound ( 6) . 
,.J 

The presence of an ion peak 

at m/e 153 in the mass spectrum suggested that two 

hydroxyl groups are resident in ring-A while an ion 

peak at m/e 121 suggested on 1 y one hydroxy 1 group in 

ring-B. the fact that compound ( 6) has no ortho-,_, 

dihydroxyl groups was elucidated by lack of shifts in 

a 11 absorption bands when HC 1 was added to a MeOH I 

A1Cl 3 solution of the compound, and no shift at all 

when H 3so3 was added to a MeOH I NaOAc so 1 uti on of 

compound ( 6). 
.....; 

The presence of a 3,4'-dihydroxyl 

system was confirmed by a bathochromic shift in band I 

of 49 nm and subsequent degeneration of the band. the 

assigning of the hydroxyl group at C-4' was further 

subs tan ated by the signals in the proton NMR 

spectrum at 6 . 90 ppm (d, J = 8 . 9 Hz, 2H) and 8 . 00 ppm 

( d, J = 8. 9 Hz, 2H) confirming that there are two 

pairs of equivalent protons. The hydroxyl group at C-7 

was conf med from the bathochromic shift of 25 nm in 
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band I and 6 nm bathochromic s h i ft i n band II, when 

NaOAc was added to a methane 1 i c so 1 uti on of compound 

( 6 ) . The proton NMR spectrum displayed two signals at 

6 . 15 ppm (d, J = 1.9 Hz) and 6.40 ppm (d, J = 1.9 Hz) 

showing meta coupling and implying that the two 

protons in the A-ring are i n different environments. 

Th is together with the observed bathochromic shift of 

5 9 nm when AlC1 3 was added to a methanolic solution of 

thi s compound was considered sufficient evidence for 

assi gning compound (6) as 3,5,7,4'-tetrahydroxyflavone 

( kaempferol). Moreover, the UV spectrum of this 

com pound compared well with a UV spectrum of 

Kaempf.erol from 1 iterature79 . The structure was 

further confirmed through literature correlation of 

i t s 13c NMR values with those of Kaempferol from 

1 iterature 75 ( Table 6). 

HO 
OH 

6 
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Kaempferol is one of the flavonoids which are 

widely distributed and exist mainly in glycosidic 

combi nation. Though being reported present in P. 

senega1ense for the first time, between 1975 and 1980, 

Kaempf erol was reported in the leaf of Larrea 

tridentata (Zyg), Larrea nitida (Zyg), Aescu1us spp 

( Hipp), Betu1a spp (Bet), Populus spp (Salic) bud 

excretion, Chei1anches spp, Notholaena spp and 

Pityrogramma spp81. 

Flavonoids are widely distributed as glycosides 

dissolved in the cell sap, that is, located in the 

cell vacoule of the inner tissues. Their existence as 

externa 11 y deposited free ag 1 ycones has 1 ong been 

known for some consp i cous cases such as the bud 

excretion of of poplars, or the whitish farina on the 

leaves and inflorescences of primroses34 . Usually the 

occu rrence of flavonoid agl ycones is corre 1 ated with 

the existence of secretory structures and also with 

the production of lipophilic excretions, mostly of 

terpenoid origin82 •83 . 

Study on the 1 eaf exudate constituents has been 

approach ed with keen interest over the 1 ast 

years30,31 ,32 84,85 
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A comparison of the results discussed in this 

work, that is hydrophilic components 

senegalense, and the externally deposited 
27 

of P. 

free 

flavonoid aglycones of this plant, (compounds 

20,21,22,23,24,25,26,27) show that, although basic - ,_, -.,/ _._., _.., .,_ ......, """" 

hydroxyflavonoids are also found in the leaf resin, it 

is evident that the flavonoid aglycones encountered 

are mostly methylated chalcones. Except for compound 

(1} the inner tissue flavonoids are flavonols and a 

dihydroflavonol which are more hydrophilic than the 

chalcones from the leaf resin. The presence of 

anthraquinones in the leaf inner tissues and their 

absence in the leaf resin should also be noted. 

It is for these differences that it is felt that 

researchers should always screen for resinous material 

from plant parts before embarking on the conventional 

extraction methods so as to establish a clear cut 

picture on the distribution of compounds. The 

obtained information would be quite useful especially 

to chemotaxonomists . 
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2.10 Mosquito and locust bioassays of fractions and 

pure compounds from P. senegalense 

The other part of this work was to carry out 

bioassays on the crude leaf wash, some compounds from 

the leaf wash, and from the inner tissues. The 

concentrate of the crude leaf wash was tested for its 

larvicidal activity against 2nd instar mosquito larvae 

of Aedes aegypti. 

The tests in the experiments required a quantal 

type of response where the animals die or not die. 

The tolerance concetration was taken as the LC ; the 
50 

concentration above which fifty per cent (50%) of the 

population is killed within a given time. 
86,87 

Probit analysis methods were used, where 

logarithmic concentrations were used to show the 

distribution of tolerance to avoid the extended tail 

(Tables 9, 11, and 13). In plotting the graphs, the 

probits of percentage mortality was plotted against 

the logarithm of concentration, and the LC was 
50 

determined by taking the antilogarithm at probit 5 

(Figs. 2, 3, and 4). 

Table 8, appendix A, shows that the surface 

extract has larvicidal activity and that the activity 

is dependent on concentration and time of exposure. 
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It can also be derived from the table that high 

concentrations deter metamorphosis (growth 

probit retardation). Table 9 shows the 

transformations of mortality . A plot of the probits 

of percentage mortality against logarithm of 

concentration, (Fig . 2), shows that, the Lc50 of this 

extract is 11.21 ug/ml in 24 hours, 5.75 ug/ml in 96 

hours and 3 . 98 ug/ml in 168 hours . Larvae treated 

with 7 ug/ml or above were found to remain small in 

size and s 1 ugg ish in movement as compared to the 

controls. 

Tests for antifeedant activity were carried out 

with mid-fifth instar nymphs of the desert locust 

Schistocer ca gregaria using the Butterworth and Morgan 

method 11 . When 24-hour starved nymphs were given 

access to filter papers soaked in 0.25 M sucrose 

solution and sprayed with extracts at different 

concentrations, total protection for 8 hours was 

obtained up to an extract concentration of 10 ug/ml 

( Table 7). Compound (l) was isolated from the 

leaf resin 27 and its spectral data is in Table 20 and 

the spectra in appendix C. Th · s compound was tested 

for its larvicidal activity against 2nd instar larvae 

of Aedes aegypti. Tables 10 and 11 (appendix A) show 

that this compound is very tox1c. At concentrat~ons 
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of 8 ug/ml and above, the larvae which survived 

r emained sma 11 in size compared to the contro 1 s, and 

did not pupate. Fig. 3 shows that the Lc50 of this 

compound after 24 hours was 11.85 ug/ml, 4.38 ug/ml in 

96 hours and 2 . 26 ug/ml in 168 hours. 

Antifeedant tests on 5th instar nymphs of 

Schistocerca gregaria showed the dichloromethane 

fraction, of the hydrolysate, to have a relative 

antifeedant activity (RAP) of -59.1 at a concentration 

of 100 ug/ml (Table 7) . This implies that the 

fraction is phagostimulatory . 

The RAP values were calculated from the formula; 

Aver. % consumed CP - Aver. % consumed TP 
RAP = ----------------------------------------- X 00% 

Aver. % consumed CP + Aver . % consumed TP 

Where CP = Control paper 

TP = Treated paper 

Aver . = Average 
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fig.3: 'Jot of t~e pt'obit of~ against log dose for cor.pound 7. 
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fig.~: Plot of t~e pro~it of P against log dose for co ound 5. 
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Compound (4), obtained from the dichloromethane 
,-.; 

fraction, showed no larvicidal activity even upto a 

concentration of 15 ug/ml against 2nd instar larvae of 

Aedes aegypti, but antifeedant tests on 5th instar 

nymphs of Schistocerca gregaria, showed the compound 

to have an RAP of -45.1 at a concentration of 100 

ug/ml and hence it is actually phagostimulatory (Table 

7). 

A test for the antifeedant activity of the ethyl 

acetate fraction (of the hydrolysate), against nymphs 

of 5. gregaria showed that it is phagostimulatory at 

100 ug/ml and had an RAP of -79.6. Compound ( 5 ) , -
isolated from the ethyl acetate fraction, was found to 

be highly phagostimulatory towards nymphs of 5 . 

gregaria and had an RAP of -89.4 (Table 7). 

Larvicidal activity tests against 2nd instar 

larvae of Aedes aegypti were performed on compound 

(_§). Tables 12 and 13 (appendix A) show that this 

compound is toxic at higher concentrations than those 

reported above. Fig. 4, show that the Lc50 was 16 . 15 

ug/ml in 24 hours, 1 2 . 27 ug/ml n 96 hours and 8 . 50 

ug/ml in 168 hours. 

However, an interesting observation was made 24 

hours after treating the larvae w1th compound(~); the 

thorax of all larvae in the treated jars were reddish 
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n col our and brownish in the abdomen. The intensity 

of the pigmentation increased with the 

concentration of the compound . Observation of the 

larvae under the microscope revealed that the red 

pigment was localised in pockets on either side of the 

thorax and that this pigment was absent in the 

tracheal system. 

When some larvae were dissected under the 

microscope, the pigment was found to be in the 

thoracic muscles and faint brown pigmentation in the 

alimentary canal . However, the nervous system and the 

salivary glands were devoid of the pigment . It was 

later noticed that this pigmentation disappeared after 

3 to 5 days from the surviving larvae and the water in 

the jars attained a slight reddish colouration. 

Although no chemical analysis of this pigment in 

the 1 arvae was carried out, it can be suggested that 

there was a biochemical reaction taking place, most 

probably detoxification of the compound. 

Detoxification enzymes or enzyme systems, 

increase the water solubility of foreign compounds 

(xeno biotics) and thus render them more easily 

el imi nated by the excretory mechanisms of the 

organism. These substances are adapteo for the 

e limi nation of the water-soluble end products of 
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metabolic processes. The process by which such 

compounds are eliminated is divided into two phases; 

the first involves oxidations, reductions and 

hydro 1 yses to make the compound more hydroph i 1 i c and 

the second phase involves combination of the 

functional groups with highly water-soluble 

endogenous metabo 1 i tes such as g 1 ucose, g 1 uta th i one, 

and various amino acids, to give rise to conjugation 

products which are readily excretedaa,a9, 90. 

Using an appropriate reducing agent such as NADH, 

it is possible that compound (5) (quercetin), gets 
,.J 

converted to cyanidin which is crimson in colour . This 

may be followed by glycosylation to give an intensely 

coloured cyanidin glycoside which may be easily 

excreted. The most plausible explanation for the above 

observation is summarised in scheme 8. 
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Compounds (8) and (9), whose spectral data is in 

appendix Band C were isolated from the leaf resin 27 , 

but were found to have no antifeedant activity. 

However on acetylation, they were found to have some 

appreciable antifeedant activities. The acetate of 

compound (8) had an RAP of 52.2 while that of compound 

( 9) had an RAP of 65.0 at a concentrat,on of 100 ug/ml 

( Table 7). 
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The leaves and flower heads of P. senegalense 

appear to have a chemical defense function against 

pest insects, by accumulating offensive compounds on 

the leaf resin and the surface of seeds. In contrast 

the compounds in the inner tissues of both leaves and 

flowerheads stimulate the locusts to feed. Feeding 

inhibition or feeding stimulation of pest insects is 

of crucial importance for new methods of pest 

management. 

Using the same method as above for antifeedant 

tests against 5th instar nymphs of S. gregaria, the 

crude extract of Melia volkensii was found to have 
13 

total protection upto a concentration of 1 ug/ml, 

while azadirachtin from the seeds of Azadirachta 

indica was found to completely inhibit feeding at a 
11 

concentration of 0.04 ug/ml. 

The highest larvicidal activity against larvae of 

A. aegypti was from compound (7) from the leaf resin 
~ 

and then from the crude leaf wash while the internal 

compounds have little or no activity at all. Such 

larvicidal activities have been determined on fruit 

kernel extract of Melia volkensii against Anopheles 

arabiensis mosquito larvae and it was found to have an 
91 

LC of 5.4 ug/ml in 48 hours 
50 
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CHAPTER 3 

COMMENT AND CONCLUSION 

Po7ygonum senegaJense is a plant with several 

compounds, most of them externally deposited on leaves 

and flower heads as free lipophilic flavonoid 

aglycones, and the more hydrophilic compounds located 

in the inner tissues of both leaves and flower heads. 

Two glycosides of compound (~) have been isolated 

from P. senega 7ense by Dossaj i 40 (compound 18) and -
Abde 1-Gaward and E 1- Za i t 41 (compound 10) . It would, ....., 

howeve r, be interesting to find out how the other 

compounds are present in the inner tissues and also to 

find out whether there is another glycoside of 

compound ( 5) . 
~ 

The resinous material covering the leaves and 

flower heads of P. senega7ense is a potential source 

of several biologically active ingredients . The 

observed larvicidal activity against A . aegypti and 

i ts high antifeedant activity against S. gregaria 

together with the molluscicidal activity 31 against 

Lymnaea natalensis and Biompha7aria pfeiFferi makes 

this plant commercially important especially since the 

plant grows qu1te easily in the highlands ad the ease 
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of extract on of the resinous material . 

The inner tissue compounds of P . senega 7 ense 

exhibit a feeding response towards S . gregaria, which 

is a very important activity especially in the 

development of new chemical products for the 

protection of cultivated plants . 

In general the inner tissue compounds do not 

appear to exhibit high larvicidal activities against 

A . aegypti . This could in part be due to resistance 

of larvae or lack of toxicity of the compounds . From 

the phenomenon observed for compound (5) while ,..., 

carrying out larvicidal tests, the former appears to 

be true. 

In the last decades, many s pecies of insects have 

acquired resistance to insecticides . This resistance 

i s inherited and has proved to be the biggest single 

barrier to successful chemical control of insects . 

Although most of the scientific investigations of 

detoxication mechanisms in insects have i nvo 1 ved 

either insecticides or compounds related to 

them88,S9, 90 , it should be recalled that almost all of 

these compounds are synthetic organic chemicals of 

recent orig ins an the mechanisms themselves must ave 

evolved in response to selection pressure by other, 

natu rally occurring, toxic substances . This ou d 
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include primarily the secondary plant metabolites such 

as terpenes, alkaloids, flavonoids, etc., many of 

which are lipophilic and of low but appreciable 

toxicity. Since the number of potential toxicants is 

large, the enzymes which have evolved are nonspecific. 

Their not-infrequent role as detoxifying enzymes would 

appear to be the result of this lack of specificity, 

the many variations of chemical structure metabolized, 

including some in which the metabolites are more toxic 

than the parent compound. 

It would therefore be interesting to know whether 

intoxication reactions are more common among naturally 

occurring toxicants, in response to which the enzymes 

were evolved, or among the synthetic organic 

toxicants, to which they have been exposed more 

recently. 

The array of compounds in the leaf resin of P. 

senegalense which appear to be natural toxicants would 

therefore form a basis for this kind of research . The 

proposed detoxication mechanism of compound ( 5} - by 

larvae of A. aegypti is quite attractive in studying 

the detoxicant intermediates and the final excretory 

product. 

The other area that needs further research is the 

analysis of the gas liberated during methanol/water 
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extraction of dry powdered leaves of P. senegalense. 

This might elucidate the biosynthet1c agents in the 

leaf and should therefore explain the presence of the 

array of a-methylated flavonoids in the leaf resin . 
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CHAPTER 4 

4.10 GENERAL 

4.11 Instruments 

The UV/Vis spectra were determined using a Pye-

Unicam SPS-150 UV/Vis spectrophotometer. Melting 

points were determined using a Gallenkamp melting 

point apparatus and are uncorrected. The infrared 

spectra were run using KBr pellet technique using a 
1 

Perkin-Elmer 598 infrared spectrophotometer. The H 
13 

and C NMR spectra were obtained from a JEOL GSX-400 

spectrometer and mass spectrometry was done on a JEOL 

JMS-D 300 Machine at Meiji college of Pharmacy, Tokyo, 

Japan. 

4.12 Chromatography 

The diameters of the columns used were 4.5 em, 

2.0 em and 1 em . Column chromatography was carried out 

using Merck silica gel (70-230) mesh A. S . T.M . Merck 

silica gel suitable for thin layer chromatography 

(T.L.C.) was used for preparative T.L.C. 

A slurry of silica gel in deionized water was 

spread uniformly to a depth of 1-2 mm on 20x20 em 

plates using an electric spreader. They were air dried 
0 

for 24 hours and then activated in an oven at 100 C 

for one hour. 



-98-

Flash chromatography was used which consisted of 

a column with fritted glass bed supports and a flow 

cont roller valve. The flow controller valve is made 

from a glass/teflon needle valve and a standard 24/40 

joint . The pump used was a Second nature Whisper 400 

instrument. The silica gel used was 40-63 um (400-230 

mesh) silica gel 60. Commercial analytical Merck 

silica gel G plates were used for analytical T.L.C. 

and for monitoring the eluents. Solvent removal from 

fractions was carried out in vacuo using a rotary 

evaporator. 

The solvents used for developing the plates were: 

d i ch 1 oromethane 100% (Sol vent 1 ) ' 

40% ethyl acetate in n-hexane (Solvent 2 ) ' 

50% ethyl acetate in n-hexane (Solvent 3), 

50% n-hexane in dichloromethane (Solvent 4)' 

2% methanol 1n d i ch 1 o rome thane (Solvent 5). 

4. 13 Plant Hateri a 1 

Po7ygonum senega7ense is a locally available 

plant. It was co 11 ected from the southern shores of 

Lake Na i vasha in the Kenyan rift valley. 

Identification of the plant was done at the University 

of Nairobi, any department herbar1 urn. Leaves and 

flower heads ere separated out and placed separately 

for purposes o s udy . 
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Qualitative Composition of Su rface Componen t s 

on Leaves and Flower Heads. 

The wet (fresh) leaves of Polygonurn senegalense 

were extracted with acetone by dipping the leaves into 

beakers containing acetone. This was done until the 

last beaker was almost clear . The process of washing a 

single leaf took not more than two minutes. The flower 

beads were similarly extracted. 

Qualitative analysis for these extracts was 

performed using analytical Merck silica gel G plates 

and developed using solvent 1 (dichloromethane). 

The relative positions of the constituent 

compounds of the extracts on the analytical T.L.C. 

plates were determined by observing the plates under 

UV light and then exposing them to ammonium vapour. 

The components observed and their relative front 

values are shown in Table 1. Plant material collected 

from Nairobi were also analysed alongside those 

collected in Naivasha, and all gave the same values as 

shown in table 3. Leaves with either glabrous or 

tomentose surface showed identical surface compounds. 

Table 3 therefore summarises the surface phenomena of 

leaves and flower heads of P. senegalense. 
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4.22 Qualitative Composition of internal aglycones 

i n macerated P. senega1ense leaves and flower heads 

The previously acetone-washed P. senega 7 ense 

leaves and flower heads were allowed to dry under 

shade. These were then ground into a powder using an 

electric grinder. The powder was put into an erlnmeyer 

flask and added 70% methanol in water and cold 

extracted overnight. The extract was filtered off and 

methanol removed using a rotary evaporator. The 

aqueous extract was allowed to cool and then 

partitioned using dichloromethane to remove all 

residual aglycones. The dichloromethane soluble 

fraction was concentrated using a rotary evaporator 

and analysed alongside the acetone wash ( surface 

material) using analytical TLC plates. These showed 

that apart from chlorophyll the other components were 

similar to those on the leaf surface. 

The aqueous layer was added 2N HCl solution to 

make a solution of 1N HCl. This was then refluxed for 

2 hours. On cooling the hydrolysate was partitioned 

using dichloromethane and then using ethyl acetate. 

The two fractions were then analysed us 1ng 

analytical Merck silica gel G plates developed us ng 

so 1 vent 1 and so 1 vent 3 respective 1 y. The resu 1 ts are 

shown in Table 4a and Table 4b. 
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4.30 LARGE SCALE EXTRACTION OF P. SENEGALENSE LEAVES 

4.31 Extraction of surface compounds using acetone. 

The 1 eaves of P. senega 1 ense co 11 acted from the 

southern shores of lake Naivasha were washed with 

acetone by dipping into a series of beakers each 

contain ing 400 mls of acetone; the acetone in the last 

beaker remaining clear . The extracts were combined 

and filtered . The solvent was removed in a rotary 

evaporator leaving a dark brown oily substance. This 

was stored away since the constituents are known 

( Wanj au 1 990) . 

The extracted 1 eaves were spread on a clean dry 

bench and allowed to dry under shade for one week . 

The dry leaves were then ground into a powder 

using an electrically powered grinder to give 500g 

o f powder. This was stored for further extraction. 

4.32 Re-extract ion of macerated P. senega 7 ense 

leaves with methanol in water. 

The powder of previously acetone-washed 

l eaves of P. senegalense were placed in a five litre 

erlnmeyer flask. This was extracted with 80% methanol 

in water for twenty four hours after which it was 
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filtered . The residue was re-e tracted with 70 

methanol in water and then 50% methanol in water. Each 

extraction was carried out overnight. 

All extracts were combined and then concentrated 

over a rotary evaporator unt i 1 most of the methano 1 

had been removed. 

On cooling, the aqueous extract was exhaustively 

re-extracted with dichloromethane in a separatory 

funnel . The dichloromethane fraction contained 

ch 1 orophyll and some f 1 avono i d ag 1 ycones previous 1 y 

established as present on the leaf surface. 

The aqueous extract was stored ready for 

hydrolysis. During extraction of the powder with 80% 

methanol 

mixture 

in water a 

which· on 

gas was 

s me 1 1 in g 

being evolved from the 

was reminiscent of 

mercaptans , probably low molecular weight mercaptans. 

This gas or mixture of gases was not immediate 1 y 

analysed . 

4.33 Acid hydrolysis of methanol extract of 

senegaJense leaves 

P. 

The aqueous fraction (500 mls) of the methanol 

extract after partitioning with dichloromethane was 

mixed with 2N HCl solution to make a solution of IN 

HCl . This was placed in a 2-litre round bottomed flask 
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and refluxed for two hours. The solution changed 

colour during the hydrolysis from dark brown to dark 

red. 

On cooling, 

extracted with 

the hydrolysate was exhaustively 

dichloromethane by shaking in a 

separatory funnel. The dichloromethane soluble 

fraction was concentrated in a rotary evaporator to 

give 2.4g of a dark brown oily substance 

about 0.5% per gram weight of dry leaves. 

which is 

This was 

analysed using analytical Merck silica gel G plates 

using solvent 1. 

The remaining aqueous fraction was exhaustively 

extracted using ethyl acetate and concentrated to give 

ll.Sg ( about 2.3% per gram weight of dry leaves) of a 

brownish thick substance. 

The 

T.L.C. 

wash . 

concentrate was qualitatively analysed by 

using solvent 3 together with acetone leaf 

The dichloromethane fraction was found to be 

constituted of five aglycones while the ethyl acetate 

fraction comprised of two major aglycones. The 

me thanol extract was found to have aglycones of 

relatively lower Rf-values than those of the acetone 

leaf wash. 
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4.34 Test for presence of flavonoids in eluents 

during column chromatography 

(a) To about 3 mls of the solution, 3 mls of 1N 

solution was added. Colour intensification in 

aqueous layer was suggestive of flavonoid prese ce. 

aOH 

the 

(b) To the same volume of eluent was added 2 mls of 

1% A1C1 3 solution. Intensification of colour was 

taken to suggest presence of flavonoids. 

(c) To 2 mls of the solution was added 0.5 mls of 

cone . HCl and a few magnesium turnings. Colour change 

to brick red confirmed presence of flavonoids. 

4.35 Test for presence of anthraquinones in eluents 

during column chromatography 

To the same volume of organic solution was added 

1N KOH solution and shaken A violet colour 

de veloping ·n the . aqueous layer was sugges:·.e o f 

p resence of anthraquinones. 
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4.40 LARGE SCALE COLUMN CHROMATOGRAPHY FOR THE 

HYDROLYSATE EXTRACTS 

4.41 Column Chromatography for the Dichloromethane 

Extract of the Hydrolysate 

About 2.3 g of the sample was adsorbed onto Sg of 

silica gel and then loaded on a glass column (2.0 em 

in diameter) previously packed with 60g of silica gel 

in dichloromethane slurry. The column was eluted with 

dichloromethane and then polarity increased using 

methane 1 . 

The first yellow band eluted with dichloromethane 

turned a solution of 1M 0 violet, suggesting 

presence of an anthraquinone. Analysis of the fraction 

using TLC and solvent 4, revealed only one 

significant spot at R.F. O.L, which turned pink on 

exposure to ammonia vapour. Further purification 

of this fract ·on using flas- chromatography prod~ced 

3.8 mg of compound (2) which was recrystalised fro~ n-
~ 

hexane I dichloromethane mixture. The identity of his 

compound was confirmed by per•orming mixed melt ng 

po1nts and co-spotting with ar authentic sample of 

chrysophanol and showed to be _entical. The co·umn 

was further eluted with dich·~romethane and produce~ a 

second frac ion which tested positive ~or 
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an t hraquinones. A TLC analysis using solvent 1 showed 

two major spots. One spot at R.F. 0.45 was UV active 

an d turned faint brown several hours after exposure 

to ammonia vapour. The other spot at R.F. 0.17 turned 

pink on exposure to ammonia vapour. The separation of 

these two compounds was carried out using flash 

c h romatography. The uv active compound ( 1) 

crystallised out to give 45 mg of white needle like 
0 

crystals mpt. 177-179 C. The other compound (3) 

c rystallised from n-hexane I ethyl acetate mixture to 
0 

give 9.2mg of reddish crystals mpt. 242-244 C. This 

compound was counterchecked with an authentic sample 

of emodin and mixed melting points carried out. 

The column was then eluted with 1% methanol in 

d i chloromethane, to give a fraction which tested 

positive for flavonoids. The T.L.C. showed three 

U.V. active spots. All turned deep blue on exposure to 

ammonia vapour. They had R.F. values of 0.63, 0.53 and 

0.39 when the T.L.C. plate was developed using solvent 

2. This fraction was further purified through a 

s mall column of silica gel to give 47mg of compound 

(4), R.F. 0.39 with solvent 2. The other two compounds 

we re only in trace amounts and therefore could not be 

identified. 
0 

Compound (1), mpt. 177-179 C, showed a strong 
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and sharp absorp ion band in its infrared spectrum at 

3270 cm- 1 . Other bands were observed at 3070-

3010 which were weak, 1615 strong and sharp, 1560 

sharp, 1490, 1470, 1440, 1400, 1370, 1295, 1158 strong 

and sharp. Its UV absorption band in methane 

appeared at A max 286 nm and 222 nm. When shift 

reagents were used the uv f.. max were observed as 

follows ; NaOMe (322 nm with an increase in intensity, 

246 nm and 222 nm), NaOAc ( 322 nm, 268 nm sh; 244 nm 

sh; and 226 nm), NaOAc I H3so3 (328 nm sh; 290 nm, 226 

nm), A1Cl 3 (358 nm med; 308 nm, 222 nm), A1C1 3 I HCl 

(358 nm med; 308 nm, 222 nm). The mass spectru 

showed ion peaks at m/e 272, 255, 167, 14 , 125, and 

91. The proton NMR spectrum showed signals at ppm; 

5 .88 (d, J = 2.2 Hz), 5.98 (d, J = 2.2 Hz), 2.87 (t), 

3 .22 (t) , 7.24 (m, 3H) and 3.80 (s, 3H). Its 13c Nl"~ 

spec trum showed signals at ppm; 30.1, 45.0, 55.9, 

91.4, 95 .7 , 04 .4, 125.8, 128.3, 141.5, 163 . 0, 164.8. 

166.0, and at 203 .9. 

The IR spectrum for compound ( 2) ( mpt. 1 9 7 -
,.-J 

98°C) showed an absorption band at 3410 em broad a ~ 

weak. Others ere at cm- 1 , 2920, 2850, 1620 strong. 

555, 1475, 450, 1365, 1265 strong, 1215, 1155, an: 

50. 1 ts U aosorpt ion bands in methano 1 a::> pea red a: 

426 nm, 28L nr-, 234 nm and 274 n s . In pres€nce o.: 
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5% KOH in the methanolic solution, the bands appeared 

at 504 nm, 281 nm, 246 nm and 274 nm sh. wen 

dichloromethane was used as solvent the absorption 

bands were observed at 430 nm, 288 nm, 256 nm and a 

shoulder at 278 nm. Its mass spectrum showed peaks at 

m/e, 254, 226, 197, 169, 152 1 and 127. The proton NMR 

spectrum showed signals at ppm; 2.48 (S 1 3H) 1 7.28 (d, 

J = 1.2 Hz), 7 .32 (d, J = 1.2 Hz) and 7.67-7.85 (m, 

3H) . 

The IR spectrum for compound ( 3), showed -
absorption bands at em - 1 , 3450, 3015 weak, 2900, 1610 

strong, 1570, 1470, 1370, 1330, 1215, 1165, 1260, and 

1090. Its u spectrum in dichloromethane showed peaks 

at 4330 nm, 284 nm~ 262 nm and a shoulder at 298 nm. 

Its proton NMR spectrum showed signals at ppm; 7.08 

( d I J = 0 . 80 Hz ) I 7 . 3 9 ( d I J = 0 . 8 3 Hz) I 7 • 04 ( d I J = 

2 .47 Hz), 6.53 (d 1 J = 2.48 Hz) and 2.37 (s, 3H). The 

13c NMR spectrum showed signals at ppm; 21.5 1 107.8, 

108,8 , 108, 1 113,2, 120,4, 124.0, 132.7, 134.9, 

148, 2! 1 61 • 4 I • 64,4 I 1 65 • 5 I 181 • 2 1 and 189 • 6 • 

Compou d c~) which turned to deep blue on T.L.C. 

when exposed o ammonia vapour showed absorption 

bands on the :R spectrum at cm- 1 , 3420 sharp, 3340 

broad, 3060, 3C 0 1 2925, 2840, 1620, 1580, 1510, 1485, 

1400, 1315, '245 and 1155. The UV spectrum in 
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methanol had absorption peaks a A rna , 288 nm strong 

and 330 nm very weak, almost a shoulder of the major 

peak . When shift reagents were used, the absorption 

bands appeared at A max, NaOMe, 326 nm, NaOAc, 326 nm, 

NaOAc I H3Bo3 , 328 nm sh, 292 nm, AlC1 3 , 356 nm weak, 

281 nm, 294 nm sh; AlC1 3 I HC1, 356 nm weak, 280 nm, 

292 nm sh. Its mass spectrum showed peaks at m/e, 

31 6, 195, 167, 149, 117, and 79. The spectrum from 

proton NMR showed signals at ppm; 3.93 (s, 6H), 6.0 

( s, 1 H) , 4. 0 ( 1 H) , 5. 0 ( d, J = 8. 80 Hz) , 7. 38 ( m, 5H). 

Its 13c NMR spectrum showed peaks at ppm, 94.4, 102.7, 

26.7, 128.7, 128.9, 139.8, 125.6, 154.7, 158.1, 

59.0, 199.1, 127.9, 72.7, 68.1, 61.0, and 51.2. 

4.42 Column Chromatography for the Ethyl Acetate 

Extract of the Hydrolysate 

A glass column of diameter 4.5 em was packed with 

40g of silica gel in dichloromethane slurry. About 

5 . 5 g of the ethyl acetate extract was adsorbed onto 

about lOg of silica gel and then introduced into the 

c olumn. Eluation was first carried out using 

dichl oromethane and later polarity increased using 

methane 1. Dichloromethane eluted only one yellow 

band which tested positive for both anthraquinones and 

f avonoids. Analytical T.L.C. carried out for this 

raction us1ng solvent 4 revealed three spots at R.F. 
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0.50, a yellow spot which intensified on exposure to 

ammonia vapour, a UV active spot at R.F . 0.48 and a 

yellow spot which turned pink on exposure to ammonia 

vapour at R . F . 0.4. When this fraction was co-spotted 

with compound (2), the spot at R . F. 0 . 4 tarried with 
-v 

this compound . However this fraction could not be 

further purified because of its little amount. The 

polarity of the elution solvent was increased to 1% 

methanol in dichloromethane then 2%, 3% and 5% when 

another dark yellow band started moving down the 

column . This fraction tested positive for flavonoids 

and a T . L . C . analysis using solvent 3 showed two 

yellow spots at R.F. 0.50 which intensified after 

exposure to ammonia fumes and R . F . 0 . 30 which 

intensified through dark yellow to almost grey . 

Further elution with increased amounts of methanol to 

pure methanol did elute any other band. The above 

yellow compounds were further isolated and purified 

using a small column and preparative T . L . C. using 

solvent 3. This yielded 12 . 4 mg of yellow crystals 

mpt. compound ( 6 ) ' - having R.F. of 0.50 

using so 1 vent 3. Compound ( 6 ) was recrysta 1 i zed from 
~ 

n-hexane I ethyl acetate m xt~re. The compound at R . F. 

0.30 using solvent 3 was recrystalized from 

dichloromethane I metha ol m ture to give 210 mg of 
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yellow needle 1 ike soft crystals; compound {5), which -
had a melting point of 315-317°C . Compound (6) showed -
absorption bands in its IR spectrum at 3400 cm- 1 sharp 

and 3320 cm- 1 broad. Other bands included, cm- 1 , 3000, 

1658, 1610, 1570, 1500, 1450, 1380, 1 75, 1250, and 

1225. Its UV spectrum showed absorption bands in 

methano 1 at A max 363 nm 322 nm sh, 292 nm sh, and 

268 nm. Using shift reagents the absorption peaks were 

observed at Amax; NaOMe (412 nm, which degenerated, 

320 nm, 278 nm), NaOAc (388 nm, 310 nm weak, 274 nm), 

NaOAc I H3so3 (368 nm, 322 nm sh, 292 nm sh, 268 nm), 

A1Cl 3 (422 nm, 346 nm, 303 nm sh, 266 nm), A1Cl 3 I HCl 

(422 nm, 345 nm, 303 nm sh, 267 nm). The mass spectrum 

of compound (~) showed peaks at mle 286, 258, 229, 

153, 121, and 93. Its proton NMR spectrum di sp 1 ayed 

signals at ppm, 6.15 (d, J = 1.93 Hz), 6.40 (d, J = 

1.93 Hz), 8.0 (d, J = 8.9 Hz, 2H), 6.90 (d, J = 8.9, 

2H), and 9 . 35 ( s, 1 H) , 12.44 ( s, 1 H) , 0. 7 5 ( s, 1 H) , 

10.07 (s, 1H) . Its 13c NMR spectrum showed signals at 

ppm, 93.4, 98.1, 115.4, 129.4, 159.1, 12 .6 , 103 . 0, 

156.1, 163.8, 160.7, 175.9, 135.6, and 1~6.7. 

Compound ( 5) had an IR spectrum whi cr portrayed 
-.; 

absorption bands at, cm- 1 , 3390, 3300 broa,.., 3010 

weak, 1660, 1610, 1555, 1515, 1450, 1370, i19:, 1165, 

1 315, and 1260. Its U spectrum in met ano ~ppeared 
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a 'A max, 370 nm, 254 nm sh, 266 nm. In the presence 

of shift reagents, the absorption bands were observed 

at A max; NaOMe, ( 420 nm, degenerates, 330), NaOAc, 

( 442 nm, degenerates, 328 nm weak, 2 7 8 nm), NaOAc 1 

H3Bo3 , (440 nm sh, 385 nm, 254 nm), A1Cl 3 , (450 nm, 

27 2 nm), A1C1 3 I HC1, (425 nm, 358 nm sh, 300 nm sh, 

26 6 nm). The mass spectrum gave peaks at mle, 302, 

167, 153, 137, and 272. The proton NMR displayed 

si gnals at, ppm, 6.26 (d, J = 2.09 Hz), 6.43 (d, J = 

2 .12 Hz), 7.69 (d, J = 2 . 16 Hz), 7.66 (d, J = 2.16 

Hz), and 7.77 (d, J = 2.17 Hz). The 13c NMR spectrum 

gave signals at ppm, 147.7, 135.8, 175.9, 160.8, 98.2, 

163.9, 93.4, 156.2, 103.0, 122.0, 115 .1' 145.1, 146.8, 

115. 6, and 1 20. o. 

4.51 Acetylation of Compound (_2) 

A Sample of mass 30 mg was placed in a 100 ml 

fl at bottomed flask containing 1ml of freshly 

di sti ll ed acetic anhydride and 1 ml of dry pyridine. 

Thi s was then stirred for 24 hours using a magnetic 

sti rrer at room temperature. Ice cold water was then 

po ured into this solution with stirring . The 

resu l t i ng precipitate was filtered and dissolved i n 

e h yl acetate, dried using anhydrous magnesium 

sul p h ate and concentrated. The solid was crysta11 · sed 

from eth y 1 acetate I n-hexane mixture s 1 owly. his 



3-

produced 24 mg of soft white crystals. The compound 

( 5) acetate was found to me 1 t at 188-190°c . ,.., Its RF 

using solvent 3 was 0.38 while using the same solvent 

the Rf of compound (_§) was 0 . 30 . The infra-red 

spectrum of this acetate displayed a strong absorption 

band at 1775 cm- 1 and a shoulder at 1715 cm- 1 . Other 

bands appeared at cm- 1 , 1645 sharp, 1625 sharp, 

615,1500, 1480, 1430, 1370, 1195 strong and sharp, 

1015 and 900. Its UV spectrum in methanol showed 

absorption bands at A max, 296 nm, and 249 nm . The 

mass spectrum gave peaks at m/e, 4 70, 429, 387, 345, 

303, 273, 245, 217, 153, 137 and 109. Its proton NMR 

spectrum displayed signals at ppm, 1.59 (s), 2 .44 (s), 

6 .88 (d, J = 2.2 Hz), 7.34 (d, J = 2.0 Hz), 7.74 (d, J 

= 2 . 1 4 Hz) , 7 . 7 1 ( d, J = 2 . 1 4 Hz) , and 7 . 6 9 ( d , J = 

2.0 Hz) . while the 13c NMR spectrum displayed signals 

at ppm 1 2 1 • 2 I 2 1 • 0 1 2 0 • 7 t 2 0 • 5 1 1 6 9 • 3 1 1 6 7 • 9 1 1 6 7 • 8 1 

134 .1, 123 . 9, 144.4, 142.2, 124.0, 127.8, 126 . 5, 

170 .1, 150.4, 113 . 9, 154 . 3, 109.0 156.9, and 114 . 8. 

4.52 Acetylation of Compound (~) (from the leaf 

resin) 

30mg of this compound were i ed with 4 ml s of 

acetic anhydride and 1ml of dry pyr dine in a 100 ml 

quick-fit flask. The reaction mix .. ure was stirred for 
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24 hours using a magnetic stirrer at room temperature. 

Ice cold water was added into the reaction flask and 

the resultant precipitate filtered off. This 

precipitate was dissolved in diethy l ether and dried 

usin g anhydrous magnesium sulphate. After 

concen tration the solid crystallised from diethyl 

ether In-hexane mixture to give 25mg light yellow 

crystals. The acetate of compound (8) displayed -
si gnals in the proton NMR spectrum at ppm; 2.17 (s, 

3H), 3.80 (s, 3H), 3.84 (s, 3H), 6 . 30 (d, J = 2.2 Hz), 

6.41 (d , J = 2.2 Hz), 6.98 (s), 7.02 (s), 7.36-7.55 

(m) . The 13c NMR spectrum showed signals at ppm, 

191.7 , 169.2, 162.1, 159.2, 150.1, 144.4, 134.8, 

130. 4, 128.9 , 128.4, 128.0, 115.9, 100.3, 96.8, 56.1, 

55 .7, and 20.9. 

4.53 Acetyl ation of Compound (9) (from the leaf 

resin) 

100mg of this compound was placed in a 100 mls 

flat bottomed flask containing 2 mls of dry pyridine 

and 6 mls of acetic anhydride. It was then stirred for 

24 hours at room temperature after which ice cold 

water was added to the reaction f 1 ask. The resu 1 t i ng 

precipi tate was f tered off, d·ssolved in diethyl 

ether and then dr1ed. The solic crystallise d from 

diethyl ether I n-hexane mix: re to give wh ite 
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c rystals of mass 65mg. 

This acetate gave signals in the proton MR 

spectrum at ppm, 2.19 (s, 3H), 2.36 (s, 3H), 3. 76 (s, 

3H), 3.77 (s, 3H), 6.64 (s, 1H), 6.93, 6.97, 7.38-7.56 

(m), while the 13c NMR spectrum displayed signals at 

ppm 20 .4, 20 .8, 56.3, 61 . 2, 104 .6, 121.7, 127 . 3, 

128.6, 128 . 9, 130.7, 134.5, 138.4, 142.6, 145 . 4, 

146 . 2, 152.8, 168 . 2, 168.5, and 191 .5. 

4. 60 BIOASSAYS 

4.61 Larvicidal Tests 

Tests for activities of crude acetone 1 ea f wash 

and methanol extract hydrolysates (dichloromethane 

soluble extract and ethyl acetate soluble extract) and 

some of the i so 1 a ted compounds both in te rna 1 and 

extern a 1 ag 1 ycones against Aedes aegyp t i mosquito 

larvae were performed . Eggs of Aedes aegypti were 

s ubmerged i n a 0 . 08% sodium chloride solution of 

deionized water and left undisturbed to hatch . 

At their second instar, the larvae were 

d i stributed into glass jars containing 40 mls of 0.08% 

sod i um chloride solution plus the test sample. he 

stock solutions were prepared by dissolving ~he 

crude extracts or compound i a small volume o 
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ethanol and then diluting using deionized 
91 

water 

The sample solution were then transferred into the 

test glass jars using micro-pipettes so as to make 

various concentrations. The larvae were then fed with 

Ca dog biscuits. The controls contained 40 mls of 

0.08% sodium chloride solution into which ethanol 

whose amount was equivalent to the amount added in the 

highest concentration of test jars was added. Each 

jar contained 40 larvae. All tests were carried out 

in duplicate. The mortality was recorded after every 

24 hours until most of the controls reached adulthood; 

this took about one week. The mortality at day 1, 4 

and 7 was analysed, (Tables 8, 10, and 12). 

4.62 Antifeedant tests 

Antifeedant activities against the desert locust 

Schistocerca gregaria was carried out using the 

Butterworth and Morgan procedure. The activity was 

tested for crude acetone leaf wash, methanol extract 

hydrolysates (both dichloromethane soluble extract and 

ethyl acetate soluble extract) , and some of the 

isolated pure compounds and the acetates of two 

compounds from the leaf resin. Filter papers 

(Whatrnan No.1) were impregnated with test solution, 

allo~ed to dry and then sprayed with 0.25M sucrose 
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solution and allowed to dry again. For each test the 

insects were presented with filter papers impregnated 

with sucrose only, to act as a control. These test 

papers were presented to separate groups of ten mid 

5th instar nymphs of S. gregaria which had been 

starved for 24 hours. After 8 hours, the papers were 

removed and the area of paper consumed calculated. The 

Relative Antifeedant Percentage (RAP) (Table 7) was 

calculated as follows: 

Aver. % Consumed CP -Aver. % Consumed TP 

RAP= -------------------------------------------x 100% 
Aver. % Consumed CP + Aver. % Consumed TP 

Where CP = Control paper 

TP = Treated paper 

Aver.= Average 
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APPENDIX A 

Table 8 

Number of 2nd instar larvae of AedBS aegypt f 
surviving after treat•ent with various 
concentrations of the crude leaf wash of P. 
senega Tense. 
N = 40 in each test group. 

' ' 
Concentrat 1 on POST-TREATMENT DAYS ' ' ' ' 
ug/ml (z) ' 1 ' 

' ' I I 
I - 1 

0 1 4 I Total I 
I ' I L p A surviving: I 

' I I I I 
'--1--1--1 I 

40 37 35 11 20 4 35 

3 40 34 28 7 15 2 24 

5 40 32 25 6 13 1 20 

6 40 29 22 14 4 0 18 

7 40 25 20 11 5 0 16 

8 40 24 15 7 4 0 11 

10 40 17 13 8 1 0 9 

(Control) = 0 40 40 40 5 15 20 40 

Where L = Larvae 

p = Pupae 

A = Adults 
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Table 10 

Number of 2nd instar larvae of Aedes aegyptf 
surviv1 ng after treatment with various concentrations 
of compound (7) from P. senega Tense 

N = 40 

Concentration POST-TREATMENT DAYS 

ug/ml (z) 7 

0 4 I Total I 

L p I A surviv i ng: I I 
I I I I I 
1 __ 1--1--1 I 

1 40 40 35 11 11 6 28 

2 40 39 30 7 9 3 19 

3 40 38 25 10 4 3 17 

4 40 36 19 10 3 14 

5 40 35 21 9 6 0 15 

6 40 35 19 10 3 0 13 

7 40 33 15 10 2 0 12 

8 40 32 12 9 0 0 9 

9 40 30 10 10 0 0 10 

10 40 27 9 8 0 0 8 

11 40 25 8 8 0 0 8 

Cont rol) = 0 40 40 40 3 11 26 40 
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Table 12 

Number of survivals of 2nd instar larvae of Aedes 
segypti surviving after treatment with various 
concentrations of compound 5 from P. senegsJense 

N = 40 

Concentration POST-TREATMENT DAYS 

ug/ml ( z) 7 I 
I 
I 
I 

0 4 Total I 
I 

L p I A surviving: I I 
I I I I , __ , __ , __ , 

I 

40 40 36 6 7 19 32 

2 40 38 31 4 12 3 29 

3 40 39 35 8 7 15 30 

4 40 40 39 8 10 12 30 

5 40 40 39 8 10 10 28 

6 40 38 36 12 9 9 30 

7 40 37 28 7 8 10 25 

8 40 34 29 10 3 11 24 

9 40 35 28 2 10 9 21 

10 40 28 22 9 10 20 

11 40 23 19 3 7 8 8 

12 40 23 16 2 5 9 6 

13 40 26 17 5 9 5 

14 40 20 15 2 9 3 4 

15 40 17 15 4 6 5 5 

16 40 16 11 2 3 6 • 1 

17 40 20 14 5 3 5 .3 

18 40 17 13 3 3 6 "2 

19 40 15 11 4 4 2 10 

20 40 14 12 5 2 3 ' 0 

(Control ) :: 0 40 40 40 6 11 23 ' 0 
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APPENDIX 8 

Table 14 

NHR Chemical shift positions for 2' ?4'-dihydroxy-
6'-methoxydihydrochalcone (1) 

Posi ion o C 

1 • 10.!1.4 

2' 164.8 

3' 95.7 5 .88 d, 

4' 163.0 

5' 91.4 5.98 d. 

Keto 203.7 

45.0 3.22 . 
~. 

30. 1 2.87 

141. 5 

3 125.8 

J 

4 125.8 7.24 -. 

125.8 

6 128.3 

5' - 0CH3 55.9 3.80 s. 

= 2. 2 Hz 

= ~. 2 Hz 
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Table 15 

NMR Chemical shift posit1ons for compound (2) 
1,8- dihydroxy-3-methylanthraQuinone 

Position of c 

2 7. 28 

3 

4 7. 32 

5 7.82 

6 7. 67 

7 7.85 

8 

9 

10 

11 

12 

13 

14 

c1-oH 12.04 

c8-0H 12. 14 

c3-CH 3 2. 48 s 

d, J = 1. 7 Hz. 

d, J = . 15 Hz 

d, J = 1. 16 Hz 

t 

d, J = 1 . 12 Hz 

s 

s 
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Table 16 

NMR Chemical shift positions for 
1,6 , 8-trihydroxy-3-methylanthraquinone (3) 

Position of c 6
13c NMR 0

1H MR 

161.4 

2 120.4 7.08 

3 148.2 

4 124.0 7. 39 

5 108.7 7. 04 

6 165.5 

7 107.8 6.53 

8 164.4 

C-9 Keto 189.68 

C-10 Keto 181.28 

11 134.9b 

12 108.8c 

13 113. 2c 

14 32.7b 

3-CH 3 21.5 2.37 

d, J = 0.80 Hz 

d, J = 0.83 Hz 

d, J = 2.47 Hz 

d, J = 2.48 Hz 

s. 



Table 1T 

NMR Chemical shift positions for compound (4) 
3,7-dihydroxy-5,8-dimethoxyflavanone 

Pos1tion of C 

2 72.7 5.0 

3 68. 1 4.0 

4-Keto 199. 1 

5 154.7 

6 94.4 6.0 

7 158.9 

8 158 . 1 

9 139 . 8 

10 102 . 7 

1 , 128.8 

2 ' 126.7 

3' 128.7 

d, 

d, 

s 

4' 128.6 7. 4 m 

5' 128.7 

6' 126 . 7 

5-0CH3 61.0 3. 93 s 

8-0CH 3 51.2 3. 92 s 

J = 8.80 Hz 

J = 3.84 Hz 
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Table 18 

NMR Chemical shift positions for c pound ( 5) 
3,5,7,3' ,4'-pentahydroxyflavone 

Posit ion of C 

2 146.8 

3 35 . 8 

4-Keto 75.9 

5 160.8 

6 98.2 6.26 d, J = 

7 163 .9 

8 93.4 6.43 d, J = 

9 156 . 2 

10 03 . 0 

1' 122 . 0 

2' 115. 1 7.69 d, J = 

3 ' 145. 1 

4' 147.7 

5' 5 . 6 7.66 d, J = 

6' 20 . 0 7.77 d, J = 

2 . 09 Hz 

2 . 12 Hz 

2. 16 Hz 

2 . 16 Hz 

2 . 17 Hz 
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Table 19 

NMR Chemical shift positions for compound (6) 
3,5,7 ,4' -tetrahydroxyflavone 

Pos i t ion of c 

2 146 . 7 

3 135.6 

4- e o 175.9 

5 160 .7 

6 98 . 1 6 . 15 

7 163.8 

8 93 . 4 6.40 

9 156. 1 

10 103.0 

1 I 121.6 

21 129.4 8 . 00 

31 115 .4 6. 90 

41 159. 1 

5' 115 .4 6. 90 

6' 129.4 8.00 

3-0H 9. 35 

5-0H 12.44 

7-0H 10 . 75 

4 -OH 10.07 

dl J = 1. 93 Hz 

d. J = 1. 93 Hz 

d 1 J = 8.89 Hz 

d I J = 8 . 89 Hz 

dl J = 8.89 Hz 

d, J = 8.89 Hz 

s 

s 

s 

s 
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Table 20 

NHR Chem1cal sh1ft positions for compound (7) 
2' ,6'-dlhydroxy-4'-methoxydihydrochalcone 

Pos i ion of C 6
13c NMR &1H NMR 

1 J 104.4 

2' 156 . 5 

3' 94 . 9 5.92 s 

4' 165 . 6 

5' 94.9 5 . 92 

6' 156.5 

Keto 204 .4 

45.3 3.4 

30.8 3.0 

1 141 0 7 

2 128.7 7.30 

3 126. 1 7.30 

128.8 7.30 

5 126. 1 7.30 

6 28.7 7. 30 

s 

t 

t 

55.8 3. 70 s 

m 

m 

m 

m 

m 
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Table 21 

NMR Chemical shift positions for compound (8) 

2'-hydroxy-4',6'-dimethoxychalcone 

Position of C .... 613 c MR 51H NMR 

1 , 106 . 3 

2 I 168.4 

3' 93.8 6.09 d, 2.0 Hz 

4' 162 . 5 

5' 91.3 5 . 95 d, 2 . 0 Hz 

6 I 166.2 

Keto 192. 6 

127.5 7. 77 dl 15.8 Hz 

142 . 3 7.89 d, 15 . 8 Hz 

135 . 5 

2 128.8 7 . 58 m 

3 128.3 7 . 38 m 

4 130 . 0 7.38 m 

5 128.8 7. 38 m 

6 128 . 8 7.58 m 

4'-0CH3 
55.8 3 . 90 s 

6'-0CH 3 
55.8 3 . 82 s 



- 1 . 

Table 22 

NHR Chern cal shift positions for compound (9) 

2' ,4'-dihydroxy-3' ,6'-dimethoxychalcone 

Pos1t1on of C 613 c NMR 0
1H NMR 

3' 94.9 5.92 s 

106.4 

2 158.7 14.34 s 

3' 135.3 

4' 155.2 6.38 s 

5 89.7 6.06 s 

6' 158.7 

eto 193.0 

27.4 7.79 d, 15.5 Hz 

142.5 7.87 d, 15.6 Hz 

128.4 

" 128.8 7. 60 m (; 

- 128.4 7.39 m 

.! 130.0 7.39 m 

5 128.4 7.39 m 

6 128.8 7.60 m 

3'-QCH3 60.8 3. 92 s 

6'-0C 3 55.9 3.90 s 
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APPENDIX C 

Key to UV spectrum, solvent and shift reagents 

1. MeOH 

2. MeOH + NaOMe 

2b. MeOH + NaOMe after 5 minutes 

3. MeOH + A1Cl 3 

4. MeOH + A1Cl 3 + HCl 

5. MeOH + NaOAc 

Sb. MeOH + NaOAc after 8 minutes 

6. MeOH + NaOAc + H3 Bo 3 

7. MeOH + 5%KOH 

8. CH 2
Cl 2 

Key to IR spectra 

W. (cm-l) -- w l th . umb ave eng ~n waven ers 

% T = Percent transmittance 

W. (J.lm) = Wavelength in micrometers 
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