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ABSTRACT 

The roots and stems of three Aloe . pe ies (. t kilifiensis. A. lateritia and A. 

grominicolo) and tv.o /Julhine specie' (/~ullllll<' oln •ssinico and Rulhine .fi·utescens) 

were seria lly extracted 1)\ ·o il 1 L'rl'()l:ltion \\ ith n-hexanc. di chl oromethane and 

methanol Sollie ol thl· l' tr ,l h ' •r • t ·.,ted a~ainst the chloroq uine-sensiti ve (06) 

and th~.: rhi(HOqllillr · rl' i t.1111 (\\ ) ~train s oll'loslllodium.falciparum. A combinati on 

of duom<~to •r,lphi 111 ·th< d~ \as used to obtain pure compounds from some of the 

~.:xtracts . l'hi . led tt the isolation of thirty one compounds which were characterized 

u ·ing pectro copic techniques such as NMR and MS. 

From the subterranean stems of Aloe lateritia four anthraquinones, namely 

chrysophanol (1), aloesaponarin II (6), aloesaponarin I (7), and lacaic acid D-mcthyl 

ester (8); three pre-anthraquinones, namely prechrysophanol (9), aloesaponol I (1 0) 

and aloesaponol II (11); two anthraquinone dimers namely asphodelin (3b), and 4,7'­

dichrysophanol-1 0'-a- L-rhamnoside ( 4) ; and one naphthalene derivative namely 

isoelutherol (12) were isolated .. Compounds 1, 3, 4, 6, 7, 9, 10, and 11 were also 

identified in Aloe kilifiensis . Similarly, 1, helminthosporin (2), 3b, 4, the bi­

chrysophanol glycoside 4, 7'-dichrysophanol-1 0'-13-D-antiarose (5), 7 and 12, were 

identified in Aloe graminicola. ompound 4 and S are reported for th first time in 

th g nus lo . 

h t 0 ph • 4,7' di hry~ ph n 1-1 0' -L-rhnmno c ~ ) • n I l 7'­

in th th 

I t th 



group. These compounds were absent in A. secundiflora. A . kendony_ensis and A. 

rahaiensis, (the three species repre ent other gro ups of Aloe), which suggested that 

the asphodelin glycoside could be h motaxon mic markers of the Saponarica 

group. 

Tlw <;lnl'o ·h '1111 ll) ut th · hiar I linkage ( 4- '7') for a sampl e of asphode l in (3) 

isolated rrom 11 c k.tlifiemis stem was determined using D calculations and found 

to be l\1 (aR). U ing this compound as a reference, the absolute configurati on of the 

a phodelin glycoside (4) was determined asP (aS) from CD data. Another sample of 

a phodelin (3b) isolated from Aloe /ateritia was found to be P (aS) at the biaryl 

linkage using CD calculations. 

In anti plasmodial assay, aloesaponarin II (6), aloesaponol I (I 0), aloesaponol II ( 11 ), 

asphodelin (3b) and asphodelin rhamnoside (4) showed appreciable activity against 

Plasmodium falciparum. This suggested that these compounds could be responsible 

for the activity observed in the crude extracts of Aloe. The dichloromethane extract f 

Aloe kilifiensis stems " as tested for antibacterial activity. It was found to be active 

again t the gram-positive bacteria, Bacillus sub til is and taphyloco us aureus. 

Joe~, p narin I (7) and II (6) i olated from the e. tract ho-. cd act1 II) against both 

th l\\0 r ni m . 

I r m th rut 

hry phanol al o fr m the e. ·tract) hO\\Cd no a tivit · a •ainst 

f Bulbm th n · dimeri nth 

im th •1(7',1 - 1 nth 

ii 

rh ti 

tr n tn 1 I 



name ahyquinone-A) (13), (I OR)- I, I '.4.8.8'-tetrahydroxy-3,3 ',-dimethyl-[7', I 0-

bianth racene j-9,9'.1 0'( I 0/1)-trione (tri\ ia l name abyq uinone-B) (14) and (3 'R, I OR)-

3'.4 '-dih ydro-1 .3',4.8.8',9'-he:\ah dr ' - ,. '-di mcthyl-!7', I 0-bianthracene]-

1',9(2' //, 10/f)-dionc (tri ial rhlllll' .1b quinon'-() ( IS) were iso lated. The 

st<.:reochcrnr-.tr ol cor111 lllll I U , 14 and 15 was de termined using CD calcul ati ons. 

' ll u: ('I) lllt v · obt.1in ·I • 1 ·r irn ·ntally was plotted alongs ide the CD curve generated 

m.tthrnhtlr ·,tlh lt't tlillcrcnt conformations of the molecule. The mathemati ca l 

cakul.ltrt111S were perft rmed using different computational techniques (CNDO/S-C l, 

M - '- ' I and lD DO/S-CI). The conformation whose generated CD curve 

matched the experimental CD curve was taken to be the correct one fo r the compound 

in que tion. In addition, the known anthraquinones is landicin (16) and chrysophano l 

(1) \\ere i alated. From the roots of this pla~t, four anthraquinones containing a 

phluoroglucinol moiety namely knipholone (17), isoknipholone (18), 6'-0-

meth)lknipholone (19) and knipholone anthrone (20) were isolated. Knipholone (17) 

and isoknipholone (18) were also identified in B. frutescens roots. om pounds 

isolated from the roots of B. frutescens were as follows: 5,8-dihydroxy-1-

meth 1naphtho[2,3-c] furan-4, 9-dione (21 ); I ,5,8-trihydroxy-l-methylnaphtho[2,3-

c ]furan-4,9-dione (22); elutherol-9-methyl ether (23); 4 '-demethylknipholone (24) ; 

4 '-0-demeth lknipholone-4 '- - 13- -glucoside (25); 5, I' -bi -(3-acetyl-2,6-

dih dr )-4-mctho.-yphcnyl)l. .4',5'-tetrah dro. y- ,2'-dimethyl-9'11-

[2,9'] i nthr cnyl-9,10,1 '-trion (2 a) and it enantiom r 2 ; 5,1'-bi- -act ·t-

-m tho phcn I) 1.8 4 :· 9'-p nt.ll ·dro: ·-6.2'-dimcth 1- ' ll-

ne ; ' nnili id 2 • r· '( urn ri ' id (29 : 

id 0 . 



From Bulbine, the compOt:nds, abyquinone-J\ (13), knipholonc (17). isoknipholone 

(18) and 6'-methoxyknipholone (19) sho\\cd antiplasrnodia l activi ty. The antimalarial 

activity of knipholonc derivati e h s bc~n r ·ported. llowcvcr, this is the first report 

on the antiplasmodial actn 11 nt'tht: len ,ltiws. 
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1.1 Generallntroduction 

CHAPTER ONE 

INTRODUCTION 

Several compounds io;olatcd lh rn 1lants ar' bioactivc, hence possib ly usc f'ul in the 

pharmaceutical and,, •w h ·mi -.11 industr . Knowlcdgc of the chemica l composition 

or a natur,ll s t ·rtl ll> · 11 t ( nl l·ad necessarily to the di scovery of new biologica ll y 

acttvc comp )und lut ~ uld al o enrich the understanding or nature in general. 

Life i ad ·namic process that revolves around the betterment of survival for now and 

the future. A better future requires improvement of all the conditions that affect life 

in general. These conditions include better food, better medicine, and better 

ettlement amongst others. By natural instinct, human beings and animals have been 

able to come up with the appropriate foodstuffs and curative materials. For example, 

it is common to find women who are expectant chewing rocks (personal observation) . 

These rocks are nonnally rich in iron and the urge for chewing is driven by deficiency 

of iron in their bodies. These instincts have a limit beyond which human being had 

to study and develop better ways of survival in tenns of food and medicine. The 

modem understanding of what is fit or unfit for consumption, \ hat can heal r harm, 

ha taken human beings thou nds of year to de clop. All materials used in 

uti pra tice by our [I rcfather ~ ere deri ed from natural s urcc . In rm dern 

ientifi dcv I pmcnts, c peciall · in mcdi inc, kno\\ led •c inherited from thl! pa t 

h pi d m ~ r role: . 



Modern agricultural practices use chemical as fertili sers and pesticides. Most of 

these chemicals are synthetic and not environmentally benign. Solutions to the 

environmental problems are no\\ be in' sounht th rouoh replacement of synthetic agro­

chcmica l-., with natural! · deme l m:lll'rtab Farmers arc nowadays being encouraged 

to usc farm 'ard m<lllllll' in jl.t l' of s nth •trc ferti lisers. The usc of plant extracts as 

irl';ccti ridt·s i :r Prtllllllll pr,l ti · in some areas of Kenya. The farm ers usc thi s 

llll'tlwd bl'l'\lll c tit· )lllhctic insecticides arc extremely expensive and toxic. 

Th e are ju t but a fe\ reasons why natural products chemistry has ga ined much 

popularit in the recent past and present. A large number of plants are famous lor 

their u e in medicine. Aloe and Bulbine are well known for thi s. The maJOr 

compounds in these plants are anthraquinones and related compounds. These 

compounds could be responsible for the medicinal uses of the plants. Research on the 

chemical composition of plants is thus a worthy cause .. 

Malaria is a problem that has far reaching effects in human health, e pecially, in 

Africa. The disease accounts for more than half a million clinical ca e every year 

(Krogstand, 1996). It is one of the most se ere public health problems w rid\ rde. It i 

a leading c. use of death in many de eloping countries, \ here oung hildren and 

pre n nt ' men an: the group m t a c ted \VII I kalth rc rt, 2005). '1 he ~ II 

r n n th I · din e< u o death in hildn:n und r fi, c car t I , ' 

urnm riz in t bl 1.1 



Table 1.1 Leading Causes of Death in Children limier Five Years of Age, Estim:1 tcs for 2000-2003 

! 
Rank JCause 

., Numhe~s (thousands 
.·car) 

per i 'Y., of---;J,! 

2 

! 
1 Neonatal cau<;c.:s l l,l) l() 

/\cute rcsptrator 111 li..· · t i ms 1. ,0 7 

r Diarrheal dtSl'<ISl' I I ' 76 
' 

i deaths 

,37 

j l 9 
I 

117 

Mahu HI i s~~ Is -
Mt\tsl · i 95 -- --·-- --- j4 - ---·----· 

:6 j tliY/ II -·]321- \3 
7 l tntull~ jJos 13 , l l ther c~ -~ 1 ,022 l1 0 ---j

1 

frotal - - - Tl0,596 \100 . 0-~ 

. -
' 

( ource: World Health Organization, The World J Jealth Report 2005) 

ccording to the World Health Organization's World Malaria Rcrort 2005: 

At the end of2004 some 3.2 billion people lived in areas at ri sk of malaria 

transmission in I 07 countries and territories . 

Between 350 and 500 million clinical episodes of malaria occur every year. 

At least one million deaths occur every year due to malaria. 

About 60% of the cases of malaria worldwide and more than 80% of the 

malaria deaths worldwide occur in Africa south of the ahara. 

onvcntional medicine ha turned too expcn i e for the common man and altcrnati c 

luti n arc needed. A c. pensive a they arc, the drug tum inclfcctivc he ·ausc the 

crlt mut tc and become rc istant. 1 here i thu need to l!ck nc\\ cures li. r 

h Ill • 

rc 1 nl t th r nl I 1 t nti II I r 

ilrnent th dru 



A number of plants in the family Asphodc laceac arc known t have anthraquinol1l:s 

(Bringman et a!., 2002). Aloe and Bulbine, both of which arc in the f ~11nil y 

Asphode laceae are used in traditi nal mcdi in' for trea tment of malari a (Smith and 

va n Wyk (1991) The isoht1 n tl ·nmp@nds fro m these plants and stud y of the anti ­

ma la11al act 1v1t of thl· i tll,tt d om1 <HIIHh is pro •rcss towards the di scovery or nc'' 

nw lan.t d111 •.s hlt ul in ut and concerted effort is needed in order to se tt le thi s 

lllllhlll.t 'll'l' on ·c und I r all. 

1.2 Ju ti fi cation 

nthracene deri atives such as anthraquinones have been ide ntified as the ma 10r 

compounds in Aloe and Bulbine. These compounds could be responsib le for the 

potential of the plants in medicine and agriculture. 

There are a number of species of of Aloe and Bulbine that grow wildly in Kenya . 

They are widely used in folk medicine. In several Kenyan communities, one of the 

major uses of these plants is in the cure of malaria. Information on the chemistry of 

the Kenyan species of these plants is rarely a ailable if any. There i thu need to 

generate this information through re earch. The information would be u eful in the 

cia sification of the pecie and also in the identificati n of the bi logicall a 11 e 

unc.J fr m the plants. ettin t kno" ''hi h c mp und in the plants ar 

r th urin • of m.lari and oth r di ca cs would have ar rc, chin • 

h lth rc in the tr pi s. 



CHAPTER TWO 

LITERATURE REVIEW 

2.1 The family Liliaccac 

Amongst the flowerino plants, I tlmt ':1 S lat . is one of the widely di stributed 

familic-. . Tilt flu11ily i lllll tl t mpos 'd of perenn ial herb with rhizomes (Trease 

and I 'villi • I!) /X) . ' I h · itt .1tion of the family Liliaccac is su mmarized in the !l ow 

Sclu.· mc -.1: ' Ia~ . ification of the family Liliaccac. 

paragaceae 

Asphodeloideae 
(Asphodelaceae) 

Alliaceae 

Liliaceae S. lat. 
250 genera (3700 species) 

Asphodelaceae Dracaenaceae 

Alooideae 
(Aloaceae) 

Eriospermaceac Ilyacinthaceae 

Astroloba Chortolirion Gasteria Haworthia Lamatophyllm Poellnitzw 

Bulbine Bulbinella Eremurus 1/emiphlacus 

Ut m ' ·hi h r f un tn fl ' I 

mur t I. I ' ) uth m ri 



Madagascar, but has been introduced into the West Indies and many other tropical 

countries (Mabberley, 1987; Demi ew, 1 996). Aloes are coarse-looking perennial 

plants with stem size rying ith diff'r~nt species. Some species are trees, others 

arc short stemmed, and lffil: ha ~.: th ·ir stems underground. The plants are naturally 

found in th will. llHl tl in •mi-arid areas. The common morphological features of 

all a((l~s tr • in th' n 1tur f their leaves. The leaves are long, erect and crowded in a 

ucculent, containing a clear sticky juice Gelly-like) between 

t' o gr en kin . The smooth surfaces of the skins are spotted in some species. The 

margin of the leaves have spiny teeth (prickly at the margins). The leave breaks 

easil and when cut it exudes a yellow coloured juice (Reynolds T, 1985a). The 

flo" er are generally yellow, in dense racemes terminating the long scapes. 

Figure 2.1 Photos of some Aloe plants 



Aloe aponaria Aloe vera Aloe vera flower 



Fig. 2.1b Pictures of Aloe kilifiensis and A. graminicola taken from a 

botanical garden behind Chemistry building, Chiromo, in February 2006. 

I e kilifiensis 

Aloe graminicola .. ..,........,....,..,..,....,...,...,.,_ 



2.2.1 Tropical Afr;can Groups 

Aloe has been divided into se era! groups rang1n" from grass a loes (Graminialoe 

Reynolds, 1966), to tree aloe (group _0, tall trees. dichotomously branched and rc-

branched) depend1ng on simihritie~ 111 morpholog ' (Reynolds, 1966). The groups arc 

tabulated bclov • 

Table 2.1: 

Grou 1 

Group I 

Group 

Group 

Group 4 

Group 5 

Group 6 

Group 7 

Group 8 

Group 9 

Group 10 

Group 11 

Group 12 

Group 13 

roup 14 

1r up 15 

r up I 

r up 17 

up I 

. , •wid"-.; roupmg of Tropica l African Aloes 

Dcscri tion 

grass aloes 

leptoaloe 

"bu lbous" species 

perianth striped 

sapananae 

hereroenses 

perianth trigonously 
indented above the ovary 

verae 

pendet series 

laterbracteatae 

perianths clavate 

flO\ cr cund 

r ccme b ttlc rush like 

I, rgc mpa t r ctk 

I ave prcading 
, n. li ul tc 

tlltmd ~ 

hrub 

tr 

Exam 

(A . rnyriacontha) 

(A . nullii) 

(A . Bkellnen) 

(A. Peckii) 

A. dorotheae and a lli es 

(A . lateritia) 

(A . flereroensis) 

(A . 'habaudii) 

(A. Barbadensis) 

(A . Veseyi) 

(A Cryptopoda) 

A 'hristiani1 and Allies 

(A 'ampen) 

Sl!czmdifl ora) 

(A . Aculeata 

(A. perc ras.w) 

( I. \le •ola cmtlw 



There is a total of twenty six Aloe species in Kenya, of which six arc endemic. The 

Kenyan species as reported b) Re nold (1966) are : Aloe erensii, A. piroltae, A. 

amudatensis, A . gramrmcola. A kil({tensis (•ndcmic). A. lateritia. A. rivoe. A 

otol/ensis, A. calrdophilu, 1 turk lllt ' ll.\1.\ , A sc>crordiflora. A. ruspoliana, A. classenii 

( cndcm ic ), A. ukombcll\ n l'tltklll i ' ), A. tweedrae, A. marsahitensis. A . vol kensi i. /1. 

ha//)'1, A dc.1ntr. I I, '1111< tt ( ·nd •mtc), A . rabaiensis, A . dawei, A. kedongensis, A . 

ngCJhrtcn,·r.' ( ·nJ mi , and A. nverrensrs (endemic) (Gillett 1968). 

2.2.1 The aponariae group 

11 the members of this group have perianths with pronounced basal swelling, 

abruptly constricted above the ovary, thence enlarging to the throat. The group has 38 

pecies, 32 of which are found in South Africa and I 0 in Tropical Africa. Four of the 

species in South Africa are also found in Tropical Africa. The Tropical African 

species in the group are: Aloe amudatensis, A. graminicola, A. kilifiensis, A. lateritia, 

A. greatheadii, A. swynnertonii, A. duckeri, A. saponaria (group marker), A. zebrrna 

and A. macrocarpa. Reynolds ( 1966) describes the general group characteri tics as 

follows: Perianths have pronounced basal swelling, abruptly constricted above the 

o ary, thence enlarging to the throat. pecies in the group constitute a heterogeneous 

nd frequently mo. t e. ·a perating group, and it is often impo sible to kno\ \ hen; one 

pci end nd the ther one b gin .. 1 his hetcr gen it ha hccn prohlcmatic to th~.: 

the r up (Y~.:nc_ ' , l e kd th t the c·1 ic t "a) h 

th thi r up, b don th pani ul r r 'I ll 

h int d lll th in I 

n 1 Ill im 

Ill th n thi lll 



2.3 The genus Bulbine 

The genus Bulbine (Asph del, ea ) i r pre ented by about 41 species, some of 

which include Bulb in • 1hv. ·sinh r, B. frutescens, B. alooides, B. latifolia, B. 

a.\phodeloides. JJ wzmt '· It ar itata B. bulbosa, B. angustifolia, B. lagopus. (van 

Wyk £'1 al .• I <J > 1) I . uh ., \llli a and B. frutescens are the only Bulbine species found 

in Ken u. B. obr' mi a i an indigenous species (Agnew, 1974), and it grows wild 

in the gr· "land . It can only be differentiated from grass after flowering during the 

rainy eason. The plant usually dries out during the dry season. B. frutescens is a 

outh African species widely cultivated for aesthetic purposes (Abegaz et al., 2002). 

One of the commonest plants in the flower gardens of Kenyan cities is B. frutescens. 

Figure 2.2 Pictures of some Bulbine species 
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method had been carl ier suggested by Reynolds ( 1985a). Chern ical in formation has 

been u-;cd by various workers to aid in taxonomic c lass ificati on of aloes, based on 

in vesti gation of Aloe leaves (lhgne et of. 1994). 

2.2.3 Afot•l<ilifwmi\, L lut,•ltfio and A. graminicola 

llthr tlur · 'll \\ in lh • \\ ild in Ken •a. Aloe kil(fiens is is indigenous to Ke nya and is 

louml in the ct ml r ··I of Indian Ocean, Ki lifi distri ct, Mombasa. During hi gh ti des. 

the plants are cmered b the ocean water and some are sometimes swept away 

( ·ometime an aid to propagation). The racemes are sli ghtly rounded or coni c at apex. 

rhe le~n e of the plant are green with white spots spread throughout the green leaves. 

The two species, A. lateritia and A. graminicola also look the same as A. kilifiensis 

phy ically except for the size of leaves and loca lity. In Kenya, A. lateritia is found in 

the Rift Valley Province, Central Province, Taita Hi lls, Kanjiando, Ukambani, and 

Coast PrO\ ince. Th racemes in A. /ateritia are similar to those of A. kilifiensis. A. 

graminicola is located in the Kenyan Rift Valley Province and entral Province. 

Unlike the other two, A. graminicola 's inflorescence is a branched panicle. All the 

three species have underground (subterranean) stems. Following is a summary of the 

morphological features for the three species according to Reynolds ( 1966). 

Table 2.2: torphologica l features for Aloe kilijien is, A. /ateritia and A. 
graminicola 

Inn re en e 

n nth 

. kilifien h 
4-6 branche , 
70 em high 

I mm I 11 1 

---"-;1~. :-;la:-t:-e_ri_tt....:·a-=----~A..:..:..· g ramin_il_·c_>l_u __ _ 
-10 branche , -5 bran hcs, 

100-125 em high 100 em hi •h 

20-2- mm ton 1 20 nun ton 1 

27cm 

mm I n • 

Ill 

11 



2.3 The genus Bulbine 

The genus Bulbine (Asph dela c) i r pre entcd by about 41 species, some of 

which include Bulbin · abvs.\ini 1 R. .frulescens, B. alooides, B. latifolia, B. 

a!iphodeloides. B. mrw '· ll ar, itata B. bulbosa, B. angustifolia, B. lagopus. (van 

Wyk £'1 a/ .. I)) ·t) B. n ini a and B.frutescens are the only Bulbine species found 

in Ken u. B. abl' · mi a i an indigenous species (Agnew, 1974), and it grows wild 

in the gras 'land . It can only be differentiated from grass after flowering during the 

ram eason. The plant usually dries out during the dry season. B. frutescens is a 

outh African species widely cultivated for aesthetic purposes (Abegaz et al., 2002). 

One of the commonest plants in the flower gardens of Kenyan cities is B. frutescens. 

Figure 2.2 Pictures of some Bulbine species 

B. allooid B. /atifolia n. rut ,\C ns . talk d B. rutesc:c ns 



Fig 2.2b Photos of Bolbine abyssinica and B. frotescens taken from 

chemistry garden 

from Chemistry botanical 



2.4 Compounds identified in A lo~ 

The chemistry of Aloe is widely stud ied. most! due to it medicinal value and also 

for chemotaxonomic purpose . In the 19. Os and 1960. , research was largely directed 

towards the physiologic II 1 ' II \ t: n mpon~ nt s. hut it has now taken a wider scope 

(Reynolds. I<>R ) Comp un Is h.1 c h • 'll ·haracte ri zed from the dri ed ex udate 

pn:pan;d I(H d1u • puq ' • lut onl from a few species (Reynold ·, 1985) . The leave~ 

cia rate many interesting secondary metabolites belonging 

to d i tl~rcnt cia · e f c mp unds including alka loids, steroids, anthraquinones. pre­

anthraquin ne , anthrones, bianthaquinones, chromones, coumarins, pyroncs and 

p mns (Oagne. 1996). A few flavonoids have been reported from A loe (Oagnc et ol., 

2000). brief account of each class and a few representative compounds are given in 

the folio' ing subheadings. 

2.4.1 Alkaloids 

The term alkaloid refers to naturally occurring basic compounds (apart from simp le 

amines) deri ed from amino acids and the -heterocycles of the pyrole, pyrimidine, 

purine type etc (Torssel, 1983). Majority of alkaloids are found in the plant kingdom , 

from higher plants down to micro-organisms. Fe\ are found in the animal kingdom . 

Amongst the alkaloids, there are poisons such as strychnine (35) which has been used 

for centurie as a rodenticide and vermin killer (Tor sci, 198 ). niine (3 1) from 

unium ma ularum wa used b the an ient rc ks ft) r st te c. c uti ns, one of the 

m t amou victims bdn~· 

m n Drin 1, r 1/., 1984 . y-

I / ., 

cl, 8 . oniinc h. been identified in 

einc .. ) (a piperidine al aloid) has I cc.:n 

tri t I di tributi n r1n /., 

1% th 

I p iti th 



alkaloids N-methyltyramine (33), O,N-dimethyltyramine (34), coniine (31) and y-

conice ine (32). In view of the potentia l toxi ity of alkaloids, it has been pointed out 

that it is important to screen for all-at i Is pri )r to recommending any Aloe spec ies in 

medici ne (Dagnc eta!., 000 . 

Conune (31) 

HO-o-CHf:HjiiH·CH3 

N-Methyltyramine (33) 

2.4.2 teroid 

~ N 

y-Coniceine (32) 

MeO-Q-CHf:HjiiH CH3 

O,N-Dimethyltyramine(34) 

H 

Strychnine (35) 

1 he teroid rep rtcd in Aloe are amongst those that arc c er-prc cnt in the plant 

kingd m. '1 he c include I up ol ( ). ~- itosterol (37 , cholesterol ( ) campcstcrol 

9 et • 1ey h vc be n I. im d too' rcsp nsiolc for the anti-inflamatory. cti ity ol 

th t roid in cncral mpn • hr c number l I c )llllll nl 

un rn un th t r di •id I int rdin t h.tin 



fun ctio na lity: stero ls. sapogcnins. cardiac ag lyconcs. b il e ac ids, adrena l ste ro ids and 

sex horm ones, a ll of vital importance for life (Torssc l, 1983 ). 

HO HO 
Lupeol (36) 

[}-Sitosterol (37) 

HO 

Cholesterol (38) HO 
Campesterol (39) 

2.4.3 Flavonoid 

There has been limited infonnation on the occurrence offlavonoids in the genus Aloe. 

1 he rea on could be due to the fa t that most of the fla onoid-containing spc tc arc 

eith r difficult to obtain (gra -like al \\ hich arc Malaga end m i s) r the do 

n t per nn \\ell under ultivati n n c tr n planted fr m n tun: ( ilj en et ol .. 

Willi, m (I d-b d r cnm r the fl \'Onoid , k H:mpkr 

nm 4 in th Lili l.i ht lit 

m unt 

Ur\ I • 1 111 1 nt qu ntiti I th 



compounds were detected in at least 31 species of the 380 spcc1es invest iga ted 

(Viljocn op cit). In the study, it v. as found out that only four major flavonoid markers 

occur in Aloe, viz: narigenin (44) ( navanonc), dihydroisorhamnetin (45) (a 

dihydroflavonol), apigenin (4 1 (.1 fl.1 nnt') and isovitcxin (46) (a llavone) . 

OH 

OH 
0 

Kaempferol ( 40) 

OH 
OH 

HO 

OH 0 

Quercetin (42)) 

OH 

HO 

OH 0 

Naringenin (44) 

HO 

HO 

HO 

OH 

OH 0 

apigenin (41) 

OH 

OH 

OH 0 

Luteal in ( 43) 

OH 

OMe 

OH 0 
D1hydro1sorhamnet1n (45) 



OH 

I OVtt tn ( 

2.4A 1 nthraquinon 

nthraquin ne are the largest group of quinones (Torssel, 1983). They have been 

used a· mordant d es, e.g. alizarin from Rubia linctorum; as purgatives e.g. emodin 

from Rheum, Rumex, or Rhamnus spp (Torssel, 1983). Anthraquinones are widely 

spread in IO\\er and higher plants and occur also in the animal kingdom (Torssel, 

1983). They are present as glycosides in young plants (Torssel, 1983). Studies on 

fungal metabolites (Takeda, et a!., 1973) showed that the colouring matter produced 

b) Penicillium islandicum Sopp were generally anthraquinones (chrysophanol (1 ). 

islandicin (16), emodin (47), w-hydroxyemodin (48), endocrocin (49) and catenarin 

(50), dimeric anthraquinones [ ( + )dianhydrorugulosin (51), ( + )iridoskyrin (52), 

(+) kyrin (53), (+)skyrinol (54), (+)dicatenerin (55), (+)roseoskyrin (56) etc.], 

m dificd bianthraquinones [(-)luteoskyrin 57), (-)rubro kyrin (58) etc.]. c era! 

anthraquin ncs and hypericin (5 ) dcri ati cs ha e been ho' n t be the ontcnts of 

th. pi meru of r udococcid in cct ipacco c11s a11rilmwtu.\ ( a kcl) ( amcron and 

V mi k 197 'I he t .'Oil Alo a iatcd \\ ith the pre cncc d 

riv,tivc ·mthr quin ncs ll un t 111 lo • 

n leriv y 

I nth n t i nth 1 th 



polyketide ori gin are derived from the cyclization or an octaketidc chain (M anit!<), 

198 1 ). Aloe-emodin (60) is the most ' idesprcad constituent of the leaves of Aloe 

otherwise the leaves are known to nt 1in anthraq uinoncs in the form of 0-glycos ides 

as in the compound-; nataltl '· ·m ' l1n- ( .'Ill ·os idc (6 1) and aloe-emodin - 11 -0-

rhamnoside (62) (Da •n · t'/ 1/. 000) Chr sophanol ( 1) is a common constituent of 

hoth I ·ave · (I >u •n ·. t'l ''· I 99 I) and roots (Dagnc, et a/., 2000). Some or the 

anthtaqlllllt111 • ll1Und in the roots of many Aloe spec ies, initia ll y iso lated from Aloe 

SllfiOtwria { anne. et a/ .. 2000) include: helminthosporin (2), aloesaponarin I (7), 

al e aponarin II (6). isoxanthorin (63), laccaic acid D me thyl ester (8) and 

de ox ·erythrolactin (64) (Dagne, et a!., 2000). The compounds have now been 

hown to occur in the roots of many other Aloe species (Dagne et a!., 1994) . The 

anthraquinones found in Aloe are generally of two types, I ,8-dihydroxy-3 -

meth lanthraquinones (e.g. • chrysophanol (1 )) and 1 ,6-dihydroxy-8-

methylanthraquinone (e.g. aloesaponarin I (7)). Anthraquinone of the chry ophanol-

type are kno,: n to occur in both the leaves and roots of Aloe but the aloe aponarin-

type are confined to the roots (van Wyk eta!., 1995a). 
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2.4.5 Pre-anthraquinones 

Pre-anthraquinones could be considered as precursors to anthraquinones because they 

are readily converted to the corresponding anthraquinones by treatment with base 

(Yenese\\ e£ a!., 1993). Several pre-anthraquinones have been isolated from the 

subterranean parts of Aloe (Dagne, 1996). The pre-anthraquinone aloechrysone (70) 

was detected both in the roots and in the leaves of four Aloe species from Eth iopia 

(Dagne, et al, 1991 ). Yagi et a!., (1998) isolated two tetrahydroanthracene glucoside 

(the preanthraquinones aloesaponol lll-4-0-!3-D-glucopyranoside (71) and 

aloesaponol IV-4-0-!3-D-glucopyranoside (72)) from the dark brown callus tissue of 

Aloe barbadensis leaves. The tetrahydroanthracene derivatives were not present in 

callus tissue grown in light. ight could thu have inhibitory effect on the 

ac umulation of tetrahydr anthracene dcri ati es in the callus ti uc. In fa t, these 

mp unds , rc mainly i lated from ubtcrranc, n stems agnc, et a/., 2000) ntl 
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drugs (Dagne, 1996). The anthrones have been reported to be the most important of 

all classes of compounds present in Aloe (Dagne C'l ul., 2000). In Aloe pubescence 

and Aloejucunda. it wa found that the hinh 'St p 'r ·cnta )e of the anthrone barbaloin 

A (92) occurs in the lea cs nc.tr the 1 l.mt .lp 'X and the lowest percentage in the older 

and lowest leaves ((in>lllll 1111 I c nold..,, I 9S7). The study of Aloe aborescens, by 

Chnu~.;~:, Vollson ,lfld iutt ·nnan (I 996) showed that barbaloin is mostly concentrated 

in tht top t)l' ta ·h l·a\c and the leaves ncar the apex contain much more barbaloin 

than those at the I '' er parts of the branch. These findin gs showed that barbaloin 

could be a repellent to leaf-eating animals (it is logical to say that the highest content 

\ ill be in young lea es and at the top of the leaves, poss ibly as a defense strategy). 

The tructures of some anthrones obtained from Aloe are given below (81 - 99). 

ote that barbaloin (92) is a mixture of the two isomers, aloin A (81) and aloin B 

(82). 
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2.4.7 Dimeric anthraquinoncs from Aloe 

From the subterranean stems of Aloe sapon tria, the following bianthraquinoid dimers 

have been reported : asphodelin (3, binnthrn"n' II (100), bianthracene Ill (101) and 

bianthract:ne IV (102) (I aonc. ·t tl., . 000) The glycosy lated derivatives, elgonica-

dirners J\/B (10 ) \\l'f · lu 1 Jl'l ) tl ·d from the root exudate of A. elgonica (Conner et 

of . I <)<)()) 
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2.4.8 p 'r(lll ·~ 

The r 'rones i ~ lated from Aloe include the phenylpyrone derivative a locnin (104) 

' hich is n t frequent!) encountered in the leaf exudates (Suga eta!., 1974). Aloenin 

agl cone (lOS) and aleoenin coumaroyl ester (106) were isolated from Aloe nyeriensis 

together ' ith aloenin (Conner et a!., 1987). Aloenin B (107) is one of the major 

constituents of commercial Kenya Aloe (Speranza et a/., 1986b). Other pyrones 

reported from Aloe include dihydroisocoumarin glycoside (108) (a coumarin from A. 

hildebrandtii (Veitch et a!., 1994), Feralolide (109)(a coumarin from ape aloe 

(Speranza eta!., 1993) etc. 
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2.4.9 Chromonc 
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fhc three mo t significant constituents of the Aloe drug are the chromones a locsin 

(al ere in B) (111), aloin (92, barbaloin) and aloeresin A (112) (Oagne eta/., 2000). 

Three hromones isolated from Aloe vera by Okamura et a!. ( 1997b) included 8-C-

gluco }1-(S)-aloesol (113), 8-C-glucosyl-7 -0-methylaloediol (114) and 

i orabaichromone (115). Hutter el a/., ( 1996) isolated the chromone 8-[ -[3- -[2-0-

(£)-ci nnamoyl ]gl ucopyranosyl)-2-[ (R)-2-hydroxypropyl)-7 -methoxy-5-

meth} lchromone (116) from Aloe barbadensis and was found to be a significant 

contributor to the antiinflamatory activity of the plant. . There have been seve ral 

reports on the i alation of chromones from Aloe leaves and the structure given b IO\ 

are just but a few ofthem. 
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2.4. tO Btu/ ·u ·/n:1phthal n and furan derivatives 

Thn~: an: a numb ·r of benzene and naphtha lene derivatives reported from Aloe 

pecie ·. One of uch a compound, the aglycone isoeleutherol (12) was reported to be 

a chemotaxonomic marker of the series Saponariae (Group 6) of Aloe (Dagne et a!., 

1994). 5-H droxy-3-methylnaphtho[2,3-c]furan-4,9-dione (132) and its derivatives 

has been isolated from Aloe ferox (Koyama et al., 1994). lsoeleutherol-5-0-glucosidc 

(I 33) was one of the first naphthalene derivatives reported from the subterranean 

stems of A. saponaria (Dagne et a/2000). Pluridone (134) isolated from A. pluridens 

is an example of a sulphur containing compound isolated from Aloe (Confalone eta!., 

1983). One of the major compounds isolated from the leaf exudate of Aloe plicatilis 

was the naphthalene derivative plicataloside (135)(Wessels et a!., 1996). In a 

chemotaxonomic urvey of 380 taxa of Aloe, Viljoen et a/., (1999) fi und that 

plicataloside (135) \\'a the major phenolic in the leaf e udate of 20 sp cic . M . t f 

those pecie. r re trictcd t ·a t Afric and only thr car fr m outh A rica 
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2.5 mpound identified in Bulbine 
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simple benzene derivative 2-hydroxy-3-rnethox -(2-propenyl)phenol (1 54) and the 

flavone apigenin (41) . The roots of Bulbine ahyssini ·a have also produced some five 

phcnylanthraquinocs (Table 2.4) 

Tahh· 2. ' : uthra(tUillllll ., of nulhillc' 

-
( 'ompouud Bulbille species (part) Reference 

--
lt)L' l'llwJ in (60) B. annua (leaves, roots) van Rheede eta/. , 1969 

-=-- -- -
ClllYSt1ph.mnic acid ( 145) B. annua (leaves, roots) van Rheede et al., 1969 

B. asphodeloides (leaves, van Rheede et a!., I 969 

roots) 

B. capitola (roots) Lusunzi and Karuso, 200 I 

" (aerial parts) Bezabih and Abegaz, 1998 

7'- 1 0-Bichrysophanoic B. capitola (roots) Lusunzi and Karuso, 200 I 

l acid (146) 

abl 2.4 Pheoylantbraquinone of Bulbine 

Bulbine pecie (part) 

t) Bringmann ct al., 2002 

Brin •m, nn et al .. 2002 

B. capitola (• c.:ri. I p rt BcZ'Ibih , nd Ah •az, I 98 

(r t ) Lu unzi nd K. ru 

l 



Compoun<! Bulhine species (part) 
- r=-~---------

Rcfcrcncc 

(24) 

6' -0-Mcthylknipholone 11. ohn.\1111 ·a (root) nringmann (! (a/. . 2002 

( 19) 

l·o ltOSOtH.: (148) ll tJIIIata (.I ·na l pat ts) 

II ('OJHfata ( aeria I rxul'i) lkzahi h and 1\beg<v., I 99X 

(24) 

4' l ktm:lh) l"111ph I ne- B. capitata (roots) Lusunzi and Karuso, 200 I 

4'-0-P-gluc p)ranoside 

(25) 

Iso"nipholone (18) B. capitata (roots) Bezabih and Abegaz, 1998 

Kn i pho lone-6' -methyl B. capitata (roots) Bezabih eta/., 1997 

ether (19) 

Gaboroquinone A (149) B. capitata (roots) Bezabih et a/., 200 I 

Gaboroquinone B (150) B. capitata (roots) Bezabih et a/., 200 I 

Tabl 2.5 Furanonaphth quinone of Bulbine 

(part) R ~ r nc 

B capitata (root ) Be:tabih rt a/., 200 l 

(2- - )-



Compound 

furan-4 ,9- dione (152) 

5.8-Dihydroxy-l-hydroxy­

mcthylnaphthol2 1 Cj 

luran 4.'J dtom: ( 

\R l>th nltP - 1-

8 hydro ~ I 

meth lnaphth 

furan-4.9-di ne (153) 

Bulbine species (part) 

B. capita/a (roots) 

Table 2.6 J\.Ii cellaneous compounds of Bulbine 

Compound Bulbine species (part) 

Luteolin (·B) B. capitata (roots) 

2-Hydroxy-3-methoxy-5- B. capita/a (roots) 

(prop-phenylpropanoid-2-

en)phen I (154) 

Reference 

Bczabih et af'. 200 I 

Bezabih et a/., 200 I 

Bezabih eta/., 200 I 

Reference 

Bezabih and Abcga L, 1998 

Bezabih et a/., 199 7 



Structures of the compounds identified in Bulhine 
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2.6 Biosynthesis in General 
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The construction of organic natural products by living organisms from simple 

molecules to macromolecules is more conveniently referred to as biosynthcsi'> 

Another term used in connection with the study of biOS) nthesis is biogenesis. The 

two \\'Ord are generally synonymous in normal application but they can be 

di tingui. hed a folio" s: biogenesis is a collection of hypotheses which have been 

propo ed to describe the ynthesis of natural products in the living organisms: it 

de ribe hyp thetical transfl rmations . Biosynthcsi , on the other hand, describes the 

, lual p th\\3)' \\hereby natur I product arc )nthesizcd in the living or •anism 
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unknown but could be asssigned protective and excr;:!tory uses arc ca ll ed st.:condary 

metabolites. 

Most metabolites origmatc from \ er ltm1tcd number of pre ursors. The basis is in 

photosynthesis where c·ulxlh lr.lll's .11' form ·d fl·om ca rbon dioxidt.: ami \\atcr. 

Act.:tlc acid. in till· fo1111 t\l it thi( ·. t ·r, acety l CoA, has a central pos ition in th t.: 

bi(Jo., 'lllh l· i It i pn lu I in th ·cell from pyruvic acid or fatty ac ids, or it may be 

d11 ·cth l~lllll ·d IJillll .1 ~ctatc and coen1yme A with adenosine triphosphate (ATP) as 

nH:diator { 1\w ell. 19 ). The principle pathways leading to secondary metaboli sm 

are ·ummariLed in cheme 2.1. 

cheme 2.1: Main treams of Secondary Metabolism (Torssel, 1983) 
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2.7 Biosynthesis of anthraquinones 

One of the remarkable features of anthraquinone bio. ynthcsis in h ighcr plants is that 

they ure derived from a variCt) of diff rent pr~ ursors and pathways (Leistner. 1981 : 

Inouye and Lcic.;tncr 198~ . I htr~.: ar~.· tw() main biosynthctic pathways leading to 

antlnaqumonc" 111 Ill •ht·t pl.lllt . tlw rol k ·udc rathway (van de Berg and Labadie., 

I <>X<>) <tttd thr JH,, i 11t.tl ·II 11 in lbcn/otc acid pathway (Leistner, 1985). In the 

ptlh ~rtttk· p.tth" ''. anthraquinoncs arc biosynthcsized from acety i-CoA ( 11 3CO-

SCo ) ,tm:l rnal 11) I A (H ~hCO-SCoA) via an octaketide chain. The c 

t r · · tlf anthraquinones often exhibit a characteristic substitution pattern, i.e they arc 

sub tituted in both rings A and C of the anthraquinone. In some families such a 

Rubiaceae, anthraquinone from species like Morinda, Rubia, Galium are considered 

to be formed ia the chorismate/0-succinylbenzoic acid pathway (Ying- han et a/ ., 

2002). cheme 2.2 illustratesthe derivation of anthraquinones via polyketide chain . 

cheme 2 . .., on the other hand, shows how anthraquinones are are derived in the 

Rubiaceae 
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Scheme 2.3 lliosynthetic pathway leading to anthraquinoncs in the Ru~iaccac 

Sh1k1mate pathway 
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2.8 Medi cina l Inform a tion on Aloe 

There is hi storical documentation that h "s nl c being u ed as far back as 1500 BC 

and aloe is often referred to a" th' "Miracle Plant" . hri stophcr Columbus 

di-.coven.:J the oendit-. of .do· II\\, .lnd rd ·rr ·d to it as hi s "Potted Physician ". 

Ak:-.atHkt tilt (,teo~t . •tht•t nqunin" Pcrsta in 131 BC and on the advict: ol· his 

1\\l'lltor 11 ll>tl· . r 'hrro ·I I . th • \\:1 • of the Indian Sea and visited Socotra where he 

kit l{llll.tll ite ·k · l ulli,,nc the aloe for medicina l purposes (llaller, 1990). Even in 

lhc Brblc. the u ·c l)r Aloe is mentioned (in llebrew Ahalim Ahaloth , the sweet 

·mclling " d ( umber 26:6; Psalms 14:8; Proverbs 7: 17; John 19:39). Aloe 

abori!SCI!IIS (a large. multi-stemmed shrub) is used as a hedge plant to protect 

agricultural fields or stock and as horticultura l plant in gardens (Gutterman and 

hau er- ol f on 2000). 

There are a vast number of reports on the medicinal importance of Aloe. The number 

of advertisements on aloe or aloe containing products in the internet and elsewhere rs 

limitless. 1any manufacturers of cosmetics and related products incorporate minute 

proportions of Aloe extract in order to hit the market. The dried resinous sap derived 

from the lea\ es of various Aloe species is called "AL E" and has been described as a 

drug for all ea ons (Haller, 1990). 

TI1e I plant i famous for it co metic and medicinal u c . AI h been u cd in 

i in to tr at c n tip. ti n hum nd dcrm titi 199 ). Alec i 

r tr diti n I :1d I lk m dicine id lor hcalin ll 

nd tl a/., 199 . In 

in m n h t, 

1lt1 1 m tl r mm r 1 I 1 1r1 



(several In ternet sites). The Aloe vua gel obtained fi·orn the inner thin wa lled 

mucilaginous parenchyma cell ha been used for a host or treatment purposes 

(Gjerstad and Riner, 1968, '1rott·r. 1 81) Th· ne l differs from the ye ll ow ex uda te 

ohtained from the pcric li ·~:IL th.ll '( nt;un alo ·-emodin (60) and other anthrace ne 

d<:nvatrvcs and lie h ·rw.l!h thl· q i krrnis (Koo. I 994) . The plants cape aloe (A. jer01 

Mrll) .llld A morlonthu I ·r • r ha c a wide range of trad iti onal uses, of which the 

pwdu ·trl)ll t)l th · Ia 1ti'c drug, ape aloes, is the most importa nt (va n de r Bank er 

al .. Jl)lh) thcr u ·e of aloe include cosmetics (skin lot ions and hai r care products) 

and f od (lea\e u ed for making jam) (van der Bank et at., 1995). Trad itional uses or 

A. marlonthii include treatment of roundworm infections, using the powdered leave 

in nutT for stomach troubles, and for hastening weaning of children by rubbing the 

green lea\e pulp over the breasts (van der Bank eta/., 1995). In South Africa, the leaf' 

juice of Aloe ferox is collected and dried by a traditional method to produce a darh. 

brO\\n solid substance known as bitter aloes or Cape Aloes (van Wyk eta!., 1995b) 

The larger part of the produce is exported to Europe (mainly Italy, France, and 

Germany (van Wyk et a!., I 995b). The main purgative principal is the anthrone 

glycoside barbaloin (92), whose content of the dried leaf exudate is reported to var 

between 8.5 and 30% (van Wyk et a/., 1995b). In amalia, the leaf juice of Aloe 

microdonta (vernacular name acaar araar) is traditi n lly used a a remcd for 

j undi e nd kin di ca es ( 1 harned I a/., 1992). A h t gl •ccrine c. tract of Aim 

b ound to ina ti\ tc hcrp implc: 'irus l) pc I ( ydi ki t 1 al .• 

'hen kn "n e '1\, w un Is {( it lc ll ·lim t 

lffilll tel th tth pi nt d n t I 

re nth t h m it rcput t 1\ \Ill uri7cr in th 



2.9 Aloe trade 

The trade in Aloe products i a maJor ,,. rid activity and there are numerous 

companies dealing in this area · rding to th' International Aloe Science Council 

(http://w\\w.iasc .oroZ), the global 1 rt'J nt'd as 124 million dollars as opposed to a 

potential of 997 million dollu \ l'< rdm l to th' same report, the world cultivation 

or Aloe vera (acn:a 'l') i I It lh \\ : 

1\lllt'lll'illl ( nntim·nt I 911 <) ha 

J\ lllt'll 4 I 70 ha 

us II al1,1 300 ha 

rhe report al ·o gi\e the percentage worldwide cultivation of Aloe vera by country as 

follow·: 

1\ k:-.ic 47% United States 3% 

D minican Republic 15%, Costa Rica 2% 

Venezuela 15% India 1% 

China 9% Malysia 1% 

Thailand 6% Guatemala 1% 

1 he ca e of Kenyan Aloe is presented in the chart (http://www.itdg.org) below. 

Aloe Market Chain into West Pokot, Kenya 
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~.10 Information on the usc of Bulhine 

In tradit ional medicine. Bulbine specie arc used for treatment of various ailments that 

arise from infections (Watt eta/., I ) ) In .'outh /\fri ·a B. a.,phodeloides is used as a 

stypti c. for scrofula, dch ·dr.1ti nan llo1 p.llp1tation (Si mon ond Lamia., 1991), whi le 

H lolljo/1(1, i us ·d toll~ tl rlh'lllll.lli!-.111, di:udH.:a and dyse ntery and is administered by 

oral inf'u i1111 lP 1111111.111 I lull (\ ,111 Staden <'I a/ ., I <)<)4) . 13. bulbosa (Australia) has 

untilllittlti ·alii\ tl\ tpl.uH ells . active allium ccpa root tips. (I3arnard, 1949). Mitotic 

a ' IIVII) lhl ,d t1 bl!cn rep rted in the species. 

2.11 lalaria 

l\talaria kills more people than any other communicable disease and is therefore 

considered the " orld's most important tropical parasitic disease (Franyois et a/., 

1999). According to Mishra et a!., 1999, the world population living in malaria-

endemic areas is close to 2 billion (about 40% of the world population). The disease 

cau e about 2 million deaths (90% in Africa) annually (Krogstad 1996, Mishra eta/., 

1999). Most countries where Plasmodium falciparom malaria, the most dangerou. 

type of the disease, is endemic face some degree of parasite re i tancc to frequently 

used drug ( ,uido, et a!., 1999; Winstanley et a!., 2002; Hyde, 2002). For thcs 

rca on nc\\ more cfli tive, and mor afford ble antimalarials arc badlv ncctkd ' . 

). 

h \\ id I • u d m ri I dru' chi r uinc 155) i n) I n r lie ti\Jc , nd the 

urr nt u ul d • inc-pyrim tlnmin L m th Ill 

in t i n t tm nt [ I • 2 2; 

I ). 



Therefore, there is need to develop efficacious structurally diverse anti-malarial drugs 

with a new mode of action to replace th urr nt drugs that are becoming ineffective 

(Derese. 2004). One of the m t imp rt. nt anti -malarial s to come from plants is 

quinine (158) WhiCh \\.t<.; i l.llt'l frt m th' bark o f Ci11 ·hona .w ccuriha (Rubiaccac) 

and 1t <.;<.:1 v~.:d n · a tl:lllplltt· h 1 hlol< <Jlllll • (155) and mcfloquinc ( 156) I Balint . 2001 : 

Prr t'l'. )(){) 1. l h • 111 l t r • nt l·ad dru • rs artcm isinin (157) from the 'hincsc anti 

rnaltll r.ll herb lrlclll/\ 1 1 amwa (A~traceac) l Balint, 200 I ; Price, 2002 1 which has been 

uscu succcs:lull) again t the parasite that has become resistant to chloroquine (155) . 

Artcm1sw amwa has been used for eons by the Chinese to treat malaria (Balint, 200 I). 
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CHAPTER THREE 

RESULTS AND DISCUSSION 

3.1 Preliminary Test R ult 

3.1.1. Inves tigation of Joe : pl: ics 

l :x trach of" -.ubt ·rran ·mt I 'Ill f thr • Aloe spec ies (A loe kilijiensis, A. lateritia and 

!I ,1:.' Olilllll< 'ofu) wtr tnrh ·d b thin layer chromatography (TLC) and showed the 

pt'L'SCIH:L' t1r ·vera I I ured components. Most of the spots on TLC showed a co lour 

rcspt1nsc l1 1l e.\.p ure on exposure to ammonia or upon being sprayed with mcthanolic 

pota ium hydro ide. From a chemotaxonomic assumption, these compounds were 

presumed to be anthraquinone derivatives. The major components were iso lated and 

characterised . Some of the crude extracts and some of the isolated compounds were 

tested for biological activity. 15.4 )lg of A. kilifiensis DCM stem extract had an 

inhibition zone of24 mm for Staphylococcus aureus. A similar amount of the D M 

lea e extract had an inhibition zone of27 mm. lnvitro antip lasmodia l tests against the 

chloroquine sensitive (06) and ch loroquine resistant ( 2) strains of Plasmodium 

falciparum fo r some of the crude extracts showed that fresh leaves had rea onablc 

acti' it)' "hereas the extracts of the dried leaves had practically no activity at all. 

3.1.2 In' . tiga ti n of Bulbine p cie 

·1 he clh) Ia ct. tc e tra t of the dry frui Bulbine ab. ·s.\inica \ anal ·sed by '11 · 

nd und to n1 in numb r f nthrac nc dcri -. ti cs . he c. tra t ,, .. ,s subjc tc: 1 

n, "hi h t d t th ti< n c\ cr. I • nthraqu in nc 

I H. lll'' mi a ' ., 

lh th 

I t r IIlli I 



(collected in January 2004) of B. frutescens roots was extracted using acetone and the 

extract chromatographed yielding a number f ompounds. Bioassays were carried 

out on some of the isolated compoun '' 'nrnpound 27 showed the hi ghest activity 

against the ch loroqumc en iti\l· I {l) -.11.1111 of 1'/a.\·modium fa /ciporu/11. The oth er 

compotmd'> h,td vcr · lo\\ 1 ·ti' it i11l omp:111son with the contro l drugs . 

Charad •rizataon of th om pounds 

3.2. 1 Compound from the ubterranean stems of Aloe lateritia var. lateritia , 

. 1-.ilifien is and A. graminicola 

The dried and ground stems of A. lateritia var. lateritia were extracted using acetone. 

The extract'' as chromatographed yielding ten compounds (Compounds l, 3b, 4, 6, 7, 

8, 9, 10, 11 and 12). Powdered stems of A. kilifiensis were extracted serially using n­

hexane, dichloromethane and acetone. The dichloromethane and acetone extracts 

were combined on basis of TLC comparisons. The combined extracts were 

chromatographed yielding eight compounds (compounds 1, 3, 4, 6, 7, 9, 10 and 11). 

From the tetrahydrofuran extract of A. grammicola, compounds 1, 2, 3b, 4, 5, 7 and 

12 were identified. 

omp und I 

om und l "a 
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trum f thi c m und di pi ed m I cular i n p ak lt m/.~ 

r fi nnul 1R 00 
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shielding results from chelation. The aromatic protons at C-5, -6 and -7 resonakd as 

mutually coupled protons with an ABC spins rstem at 8 7.79 (dd, J = 7.5, 1.2 liz). 8 

7.66 (t, .! 8.1 ). and 8 7.27 (dd, J = 7.-, 1.0 ll.t), respectively. The proton on C-4 

appeared at 8 7.62 ppm (d. 1 ... II : , -.: htk II .. r ·sonatcd as a broad inglet at 8 7.07 . 

The oroadcntn ~ 1 ''lilt ·d lflllll 
1 ouplin~1 wt th methyl protons as well as 11-4. The 

mt:th ' I gt\lllp :tt ( - I ' · \lllll d at o 2.45 ppm . A. summary of the NMR data is given 

in Tabk \ 1. 'lh ·I u '111 •ntati n pattern is as given in scheme 3.1 below. 

Based on the e data compound 1 was identified as I ,8-dihydroxy-3-

meth ·!anthraquinone, tri ial name chrysophanol (1). 

OH 0 OH 

0 

1 

Me 

The compound has been reported from several plants in the past. Fairbairn and 

hrestha ( 1967) reported that in the seeds of Cassia senna L. plant , no 

anthraquinone are present but shortly after germination chrysophanol (1), then aloe­

emodin (6 ) and finally rhein are formed in the young plant. Fairbairn and Muhtadi 

(1972) c tabli hcd that chry phanol, al c-ern din and em din arc bi . nthc. i:.r~.:d via 

tit cctatc rn lonatc routl: in Rum t obtu ifoliu . Leistner 1971 studi~.:d tin: 

l i phan I and modin in Rum \ alpinu nd report d th.tt the 

m und d ri d r rn tat ml in·tti n. 
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cherne 3.1: ElMS fragmentation ofcbrysophanol (I) 

ornpound 2 

This compound " as isolated as red needle like crystals with a melting point of 215-

217° . The compound was identified as 1,5,8-trihydroxy-3-methy1anthraquinonc 

(trivial name helmintho porin) upon TL comparisons ' ith an authentic sample 

Yenc ew, 1991). Be. ide from Aloe, th compound ha been i"o1. ted 

r mlr ch I ralwlmii (van l ~ijk md Roc man ( 1981 ). 

OH 0 OH 

OH 0 
2 



Compound 3 

Compound 3 was isolated as amorphous red olid, mp 290-293° ·, Rr 0.5 (20% EtO/\c 

in hexane) . The yellow spot on TL 

vapour indicating the comp >tm t) It' phl noli· .. The lJV spectrum (lcrnax 258, 29 1 s/1. 

tl3S nm) \ll~'!'e ted 111 trllhr.tquinnn sk •I ·ton On ElMS analysis, the compound gave 

n \lilbl· Jtlok~ul.u illll( •,tl\ .11 mlz 06 (100), corresponding to CJoii,xOx. Thi s wa-., 

Sll(l(l{llll'd b) lhl' I pcctrum which showed the presence of 30 carbon atoms 

(Tabk ~.1 ). The e data trongly suggested compound 3 to be a bianthraquinonc 

dcrivati>e. Thi was supported by the 1H (which showed the presence of four chelated 

h ·dro:\.} I protons 8 12.34, 11.99, 12.01 and 12.56; two methyl groups, 8 2.13 and 

-.48) and 13C (which showed four carbonyl groups, 8 193 .0, 192.9, 182.4 and 181.9; 

four aromatic oxygenated carbon atoms, 8162.9, 162.8, 162.1 and 159.6 and two 

methyl groups, 8 22.3 and 21.4) MR spectra. These data suggested that 3 could be a 

dimer of chrysophanol (1). In the MS the fragment ion at m/::. 253 ( 1 511<>04) 

supported that 3 is a bichrysophanol. 

The position of linkage was established by comparison of the aromatic protons spin 

pattern (in the 1H MR spectrum) of 3 with that of chry ophanol ( able 3.1 ). In one 

half of the molecule the signal for H-4 is missing while the doublet for I 1-2 in 

chi) ph, nol i replaced by a singlet in 3, hence the point of atta hm nt for thi hall 

ofth m lc ule i at -4. he chemical . hift po ition of the mcth ·I at - i up-tidd 

hift d du t th nm tr pi cOc t r m the other h·llf I the.: mole ul . 'J hi i 

nt "ith th pia mcnt h tl In the th 

n pin tern, in t 11 It -

pr nt t d th t th int lun nt h ul -7'. • thi 



compound is characterized as 4-7' -bichr sophanol, trivial name asphodel in (Yagi ct 

al. , 1978; Adinolei eta/., 1991). omp und 3 is i ptically active ([a]o = -9.2°) due 

to axial chirality at the biaryl lin\.. c The stereo ·h ·mistry at the biaryl linkage was 

estab lished as M (aR) from ' r.t r stal stm ·tur • ana lysis (Figure 3.1 ). 

. .. .. ~ 

Figure 3.1: Asphodelin 3D structure by 
X-ray crystal analysis 

This atropisomer, on CD analysis, showed a negative cotton effect at 27 1 nm (figure 

3.2). This fact and the negative optical rotation ([a]o = -9 .2) indicated that the 

a phodelin isolated from A. kilifiensis has opposite absolute configuration to that 

rep rted for asphodelin samples from Aloe saponana (Dagne, 2000) and Asphodelus 

specie (Adinolei et al., 1991 ), both of which were de. trorotatory. 

lin 



Compound 3b 

Compound 3b was isolated as amorph us r d so lid , mp 290-293°C, Rr 0.5 (20% 

EtOAc in hexane) . TLC of this mp und ' :lS si milar to that of asphodel in (3), and 

hence all It'> other spectrosct pi· 1.11.1 tJ , FIM S, NMR) were compared with that or 

asphotkl1n . 'J he dat.l \H'r · i111il.1r 111 all <l'>pccts and it was concluded that the 

con1pourHI '"'' ,11 \l 1 ph I lin . llowcvcr, the stereochemistry at the biaryl linkage in 

~\h dilk1ru "1th th 1t I 1 phodclin (3). 'I he stereochemistry at the biaryllinkagc was 

establlsiH.:d ,1 I a. fr m D calculations (Figures 3.2b and 3.2c). 

In order to determine the absolute configuration at the chiral axis in a reliable, non­

empirical \\a). quantum chemical CD calculations were performed (Bringmann et a/., 

-003; -004). rbitrarily starting with the P-atropo-enantiomer of asphodel in (3b) the 

molecule was submitted to a conformational analysis using the semiempirical AM I 

method, resulting in eight optimized minimum geometries within the energetically 

relevant range of 3 kcal/mol above the global minimum. For each single geometry 

thus obtained, a CD spectrum was calculated using the semiempirical NO I a 

well a the OM2 Hamiltonian. In both cases the single spectra were then added and 

'"·eighted foliO\ ing the Boltzmann statistics, i.e. according to the re pe ti e heats of 

formation. The two o erall 0 spectra, thu obtained, wer~ ubscqucntly V 

c rre ted (Bringmann ct a/., 199 ) and compared ' ith the . ·peri mental I cur c 

h. Both \\hen followin' the D ' approa h (I·i '· .2b) and tht: ) 12 method 
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ompound 4 

omp und 4 \ as isolated as red amorphous powder. The V pectrum (Ama 4 3. 

74, 287, 256, 223 nm) indicated the presence of both anthraquinone and anthn ne 

unit . The 1H nd 13 MR p tra .l of comp und 4 h wed characteri ti 

t ianthr, ene gi)C ide ( dinolci et a/., 1991 . B ' c mpari n ol the 111 

n R hi . I) o thi c m it \\ I 
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sugar unit was a rhamnoside. This ' as later confirmed from CD calculations. The 

IIMBC spectrum showed correlation bet\\een 11-10' and the anomeric hydrogen of 

the '\ugar unit (Figure 3 3), tndi atinn 10 ' to b~ th' lo ation ofthe sugar moiety. 

Figure 3.3: HMBC correlation for asphodelin-10,-cx-L-rhamnosidc (4) 

Thu compound 4 was identified as 4, 7' -chrysophanol-chrysophanol anthrone-! 0-a­

L-rhamnop: ronoside. 
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biaryl linkage was confirmed to be P (a.) and the stereochem istry at C- 1 0' as R 

(Figures 3.3b to 3.3d). Computation f the stcr ·o ·hcmistry by CD ana lysis was 

carried out in a imilar 1' that for compound 3h abuvc . 
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Compound 5 

Compound 5 was also a bianthracene gl · sid~ as 4 having the same chrysophanol ­

chrysophanol anthrone skeleton with 4-7' linkag' and with a ugar being attached at 

C- l(r . 'I hi s was clear from M • 111 an 11 C NMR sp " Ira (Table . I) .. The sugar was 

identiltcd as fJJ> anti'tlll ·It 111 u mparison of the NM R data with lit era ture reron 

(Ad111ok·t, cl al. I 1>1> I . II 11 l~ this compound was identified as 4,7' -chrysorhanoi ­

L~ ht ys()ph,m )I mtht n ·-I · -{J-l -antiaropyranosidc (5)(/\di nolci, eta/ . 199 1 ). 

OH 

The asphodelin glycosides, 4 and 5 were isolated in the three Aloe specie belonging 

to the a nariae group and were not detected in thr Aloe p cies (A. s cundiflora. 

A. kindon 11 i and A. rabai nsi ), reprc cnting other group· of Aloe. ·r his rai c the 

that c mp und 4 and 5 c uld be ch m ta:on mi marker of the 

leuth r 

rc n thcr m mbe thi r up nd rcpr 

r m 



Table 3.1: 1H-NMR data for compounds I , 3, -t and 5 

c I 313a 4 5 
- -

2 7.07 (hr ,-) 7. 6 tl, . ) ) 7.\) (s) 7.29 (br s) 
r~ ~ 

4 7 62 (d. .J 1.2) 
- 1- -

7 7<) (tid. J .5. l"i. ( f, 7.2) 7.5 5 (d, 7.4) 7.30 (dd, 8.2, 0.9) I ..,) -
(> I (>(> {1 , .1 ,"' , I 7. 9 (1, 7.8) 7.70 (1, 8.0) 7.59 (dd, 8.3, 8.1) 

7 
7 ) tdd, .I 1.2. 

7.28 (d, 7.4) 7.28 (d, 8.0) 7.46 (dd, 8.2, 0.9) 
I 0) 

r- -
I' 12.01 (s) I 1.83 (s) 

1 7.10 (d, 2.0) 6.72 (s) 6.82 (bs) -- -
4' 7.70 (d, 1.0) 6.94 (s) 6.75 (bs) 

5' 7.95 (d, 7.8) 7.22 (d, 8.0) 7.08 (d, 7.6) 
-

6' 7.39 (d, 7.7) 7.27 (d, 7.3) 7.13 (d, 7.6) 

8' 12.56 (s) 12.24 (s) 
-

10' 4.64 (s) 4.50 (d, 2.5) 
-

II' 2.48 (s) 2.41 (s) 2.41 (s) 

I" 4.00 (t, 7.9) 4.01 (dd, 7.3, 2.4) 

2" 3.98 (t, 7.9) 4.10 (dd, 7.3, 4.8) 
-

3" 3.96 (d, 7.6) 3.91 [, 4.0) 

4" 3.44 (.) 13.4 [, 4.8) 

" 
1
3.36 (m) 13. m 

r--- --.. 1.0 d .7) 1.0 (d .7) 

11-1 I . I . 12. 

II- II II. II. 
-

-II 12 12. 1 12. 1 12.1 
-~ = 



Table 3.2: 13C-NMR data for compounds 3, .t & 5 

Carbon DEPT 3 4 5 C:u·bon DEPT 3 4 5 
I c 162 .9 163 3 16 - 4'a c 134.0 147.7 150. -
Ia c 11 4.8 115 6 II " 1 

- -- - 1-
2 Cll I 1 5 I . -1 1 

- - 1-
3 c 14<>.1 1 1 -1 I 'IS S 

- ~ -- ~~ I ~ 

4 (' 13?. 8 111.6 
I= -~ 

tla ( I \ .7 1 . 140.8 
= I= ~ 

a ( . 135.5 134 3 

-- - -<I' Cll 120.4 120.4 I I (). 
- - --. ,a c 142.3 I-tS . - - -s· Cll 120.0 121.3 119. - - -

()' Cll 137.2 135.3 13-l. 
7' c 136.0 128.7 131. 1- - - - I-
X' c 159.6 160.4 162. 

1- - ~ = 1-

'II I L~ 120.5 125.7 X' a 
- .. 

c 118.3 130. 
- - ~ -~ 1-~- - -

6 lll I, . 138.2 137.2 9' c 192.9 194.0 192. 
1- - - - 120.8 7 ' II 124.1 124 4 

- - - -
10' 'II 46.2 46 .< 

~- - - f.- -
) c 162.8 162 7 159.8 

1- - I- -
II' Cll 3 21.4 22.1 2 1. ' 

1- - ,_. 
c 

-
8a 11 5.7 116.3 11 5.5 I" Cll 

-
66.5 79.: 

9 c 192.9 195.4 193.8 2" Cll 79.8 66.1 

10 c 181 .9 182.9 3" CIJ 74.6 73 .1 -- -
I I CH3 22.3 21 .5 21.5 4" CII 76.0 73.' 

·- -
I' c 162. 1 162.9 162.9 5" Cll 74 .0 73. -
l'a c 116.4 128.3 6" ' J 11 17.9 17. 

l__ 

2' CH 121.4 116.5 119.7 

3' c 149.2 148.8 148.0 

ompound 6 

This compound was isolated as orange needles with a melting point of 264-265° 

ElM analysis showed a molecular ion peak at m/z 254 ( I 00) corre ponding to the 

molecular formula 15H 10 4, suggesting that it is isomeric to chry ophanol (1). The 

Y pectrum of 6 (Anwc 27 1, 280, 395, 410, 435) is typical of anth raqu in n s. 

t\ in chi) ophanol ( 1 ), the 111 R spectrum of com und 6 sho\\ cd fi ' c aromatic 

7 .. dd,ll!,J = 1. ,2.7 llz[irll-2;7.7 , t,J 7. II- · 

7. 7 , I, If 1 J = 7 .• 2. 7 liz fi r If nd nAB 7.1,diii.J = .7 Jl7.f' rll-: 

7.1 I H rl -7 m tm 

In d 1 R rt 

.. 



and C - I 0. 8 190.97 and 183.19. respe ti el ) and two oxygenated aromatic carbon 

atoms at 8 163.32 is consistent "ith a 9, I 0-anthraquinone skeleton. 

Unli ke in chrysophanol (1) the 111 t-.IR sJW'IIttrn of compound 6 (Table 3.3 ) sho\\ cd 

on ly one chclatcd h ·dr I 'l lliJ .11 < I~ 07 indicating that the second hydro:-.:y l 

group 1' not du: htt·tl. I h · 111 tin I •roup in (, resonated at 8 2. 79 ppm ( 13 24. I 3 r pm ) 

whtch i do"n li ·I I hilt d h a 0.34 ppm compared to that of 1. The sli ght dc­

'llll'luin~> t1n thi · gr u h uld be due to the peri-effect (ani sotropy) from the '- I 0 

carbon) I gr up and hence the methyl should be placed at C-8 while the second 

h)drox I group hould then be at C-6. The peak at 8 146.62 (in 13C NMR, Table 3.4) 

wa thus due to the quaternary carbon atom C-8. 

The methine carbons at 8 125.07, 136.69, I 19.13, 113. 16, and 125.49 were due to 

2. C-3 C-4, C-5 and C-7, respectively. These assignments were confirmed by 

H 1QC. The peaks at 8 I I 7.76, 134.04, 138.47 and 124. I 5 were due to the 

quaternaf) carbon atoms at C-1 a, C-4a, C-5a and C-8a, respectively. 

The ElM (at mlz 197.3 (M+--CO-CHOt, 181.3, 169.3, 152.3 (M+·_ - II -

H02)+. 151.3, 139.3 ~-CO- H - 2H202t. and 115.3) supported the i omcric 

nature of this compound to chrysophanol. This compound was therefore identified as 

I ,6-dihydro:y- -methylanthraquinone, tri ial name al ap narin II (6). 

Me 0 OH 

HO 

0 



Compound 7 

Compound 7 wa<; isolated as orange r stnl s, melting point 190-192°(. ElMS 

analysis gave a molecular ion peak t ml::. )I_ 'Orresponding to the molecu lar formu la 

I he ll r. lflll)) ~how 'd ·haractcristie absorption bands or 

<Hllhl il( l\l lllolll' (),10 , lh • • 7C 0, •lOR.O nm) /\sin compound 6, the 111 NMR 

' Pn 1111111 pf 1111 ll111p 1111 I (I a le 3. ) 'bowed one chclatcd hydroxy l group at 8 

I ) t) \ and ,11\ ,H }llt.lli mcth I group at 8 2.99 suggesting a I ,6-dihydroxy-8-

llll:th !anthraquinone ~keleton. The 1 II NMR spectrum further showed the presence of 

fo ur aromatic pr tons of which three constitute an ABX spin system at 8 7.3 1 (dd, I H, 

J == 8. 1. 1.2 Hz). 8 7.69 (t, IH, J = 8.1 Hz), and 8 7.80 (dd, IH, J = 8.1, 1.2 liz), 

corre ponding to H-2, -3 and -4, respectively. The fourth aromatic proton at 8 7.78 (s, 

I H) can then be assigned to H-5 with C-7 being substituted. The substituent at '-7 

\\a identified as a methyl ester from 1H (8 4.07 ppm for methoxyl) and MS (. cheme 

3.2: loss of a MeOH fragment from M+} 

The mass spectrum further showed characteristic fragment peaks at m/z 297 (loss of 

H3 group) and mlz 280 (loss of CH30H). Loss of a series of molecules re ulted 

in a number of major fragments ( cheme 3.2). Therefore, compound 7 was identified 

a 3 -dih) dro. y- 1 -methyl-2-anthraquinoic acid meth I ester, tri ial name 

I 



OHl ; 0 OH l' J QH 

ey6 ~0 u:(O ~~ ©¢¢ 
0 m1z 196 0 mlz 224 ·o o mlz 252 

l~o . 
Y l ~ ol+ I . 

OH Rearangement o=OH CU)H H + 

I I H -CO 
)lo- ~ ~ -->- I I 

~ ;; 
m1z 168 mlz 140 

-H 

y 

mlz 139 

om pound 

'1l1c c mp und wa i. alated sa rt=d crystallin solid ,.,hich n I:IM anal · i •a\'1.! a 

m I ul r i n pe. k t mh 2 , c rn:: ndin to the mol ular fomlUI 1711 1 0 7• 

v trum 1,2 7,221 wa imil rt that m und 7 "hi h. ain 

n nth uin n ·el t n. Ill th I , ih 1- -

n t th 



group at C-1. The methyl group at C-8 appeared at o 2.69 in 11-1 NMR and at 

o 20.95 ppm in the 13C NMR spectra. The pr en c of a methyl ester at C-7 was also 

ev ident from the 1H NMR ( .94 fl r k) nnd th' 11 NMR ( o 53.40 for Me and 

6 168 .78 ppm for carbon 1). In 1:1 t I in•' A 1s id ntica l to that of alosaponarin 1 (7 ) 

where a Olll: proton in •kt t1, ?J1l -.: as du · to II 5. In ring C the presence of 111e to-

2.4 liz for 11 -2 and 8 7. 14 (d, J - 2.4 liz for 11-4) is 

cons1st ·nt with the rrc en c of a hydroxyl group at C-3. lts presence was confirmed 

from M , a· ''ell a from a broad singlet at 8 10.07 in the 1II NMR. The 9, 10-

nnthraquin ne keleton was confirmed by the presence of two carbonyl peaks at 

o 189.96 (C-9) and 183.27 (C-1 0). The presence of three hydroxyl group substituents 

in thi compound "as supported by the presence of 13C peaks at 8159.73 ( -1), 

166.92 (C-3) and 165.55 (C-6). The peaks at 8 I 08.64, II 0.02, and 113 .75 were 

assigned to the methine carbon atoms C-2, -4, and -5, respectively. -7 and -8 

appeared at o 125.11 and 136.13 respectively. The peaks at 8 112.49, 138.67, 143.21 , 

and 131.44 were as a result of quaternary carbon atoms C-la, -4a, -Sa and -8a 

respecti ely. Thus compound 8 was identified as 3,6,8-trihydroxy-1-mcthyl-9, I 0-

dioxo-9 1 0-dihydro-anthracene-2-carboxylic acid methyl e ter, (trivial name I ccaic 

acid 0 methyl e ter (8)). 



subterranean stern of Aloe f!.raminico/a (YcnCSC\ ' (! { a.J 1993b), roots or Aloe 

berlwna (Dagnc et a/ , 1992) among ot her .. 

(·o CH, 0 OH 

MeOrjl ~l.,)l.,A 
II )01'-.JL~ 
CP II 

() 

M' lllll • l ll 

m.~ 268 

~·~_._-e_o ~; ~o 
~OH ~OH 

0 mlz 212 0 mlz 240 

mlz 32 (100%) 

J OH 

~ 
~OH 

·o 0 m1z 268 

, cheme 3.3 ElM fragmentation of Laccaic acid D methyl c ter (8) 

Table 3.3: 1H 1R data for comp und 6, 7 and 



Table 3.4: The JJC NMR data for compounds 6 and 8 

c 6 8 6 8 

I 163 .3 10 18 .3 

2 125.5 11 2.5 

3 163 .3 138.7 

4 113 2 143 .2 

5 119 I 131.4 

(i 

7 

~ 116 () 

9 191 0 

otice that the compounds above (1 to 9) are anthraquinone derivatives of two main 

t pe , name! · 1 ,8-dihydroxyanthraquinones (e.g. chrysophanol (I) type, or 1-

hydroxy-8-methylanthraquinone (eg aloesaponarin II (6) type) . As shown in Fig. 3.4 

below, the two types of anthraquinones appear to be derived through two parallel 

biogenetic routes of the polyketide (Dagne eta!,. 2000). 

0 

0 0 

SCoA 

1,8-Dihydroxyanthraquinones 
eg chrysophanol 

f 
OH 0 OH 

0 

o rf I lin t 'JH.: 1f tl 

0 

SCoA 

1-hyd roxy-8-methylanth raq u1nones 
eg aloesaponarin II 

OH iO 

OH 

0 

h in 

i 



Compound 9 

Compound 9 was isolated as light ye llm' stuls with a melting point of 200-203° C. 

Mass spectrum (ElMS) of the comp und h. d the mol· ul ar ion peak at mlz 25 8 (66), 

which was consrstcnt with them It: ul.1r formu la C 1 ~ 11 1 404 . The UV spectrum 

-; howcd absorptio11 b.111d 11 A11., (ll, 90, 1)9, 120 and 409 nm which is typica l or 

jll l' anthliHfliiiHlll' (I I'll· ct 1f .. 2000) . 'fhc 111 NMR (3 00 Mllz, Acetone 0 6) 

sptctru1n t1f thi 't)mr 1und howed singlets at 8 9.69 and 16. 13 which were readil y 

ass1gn ·d to the t\\O chelated hydroxyl protons (11-8 and 11-9, respectively) ofpre-

anthruquin ne . The 1H 1R spectrum also showed four aromatic protons, three of 

'' h ich had an 1 spin system at 8 7.22 ppm (d, J = 8.0 Hz for Il-5); 7.5 1 (t, J 8.0 

Hz for H-6); and 6.79 (d, J= 8.0 Hz fo r H-7) for ri ng-C protons. The singlet at 8 7. 11 

\\as due to the isolated proton at C-1 0. In ring A the two methylene groups at -2 

and C-4 appear as n: o sets of ABqs 8 3.16 (J = 15.9 Hz) & 3.06 (J = 17.4 liz) 

re pecti el). This is consistent with C-3 being substituted with hydroxyl (8 4.08, br s) 

and a methyl (8 1.44 ppm). In the ElMS the fragment ion at mlz 240 (scheme 3.4.) is 

typical pre-anthraquinones with a hydroxyl group at C-3. Thus compound 5 was 

identified a 3,8,9-trihydroxy-3-methyl-3,4-dihydro-2H-anthracen-l-one (trivial name 

prechf) ophanol). 

OH OH 0 

5 10 4 

9 



OH OH 0 -+ 

OH .....C- )Io­

h­

):;C)lc~ 
~-0~ 

mlz 258 1 
CH 3 

CH, 

)l H ?
II OH 0 

( J ( o.,, 
tl 

+ + 
OH OH 0 OH OH ~ 

H ·CHz:=C=CH2 
2 ......: 

. . 
CH2 

CH 
mlz 200 

2 
m!z 200 

·2CO 

mlz 115 

cheme 3A: Ma fragmenta tion pattern of prcchr opha nol (9) 

Compound 9 was dissol ed in basic methanol and left standing overnight upon which 

chrysophanol (1) was obtained. The postulated mechanism for the conver ion is 

given in heme 3.5a and 3.5b. 

0 e 

(0) ....,. _ 

0 

tm :I n nl 



H_c;-H 

OH OH(:O: 
-
OH OH OH 0 

H 
~ 

OH 

CH 1 

-
011 tl 

0 11 .) Jn 
n '1 ' ....r I 
~ CH 

3 

0 

Scheme 3.5b: lterna tive mechani m for the conversion of prechrysophanol (9) 

into chiJ' opba nol (1) 

ompound 10 

ompound 10 was isolated as colourless needles, mp 235°C (dec.) The colourless 

spot on TLC shoved a strong blue fluorescence under UY light (366 nm) . · IMS 

spectrum showed a molecular ion peak at mlz 316 (7) corresponding to the molecular 

formula C17H160 6 The UY spectrum (A.ma>. 275, 297, 306. 395 nm) suggested a 

preanthraquinone skeleton (Dagne et a/., 2000). In agreement v ith this, the 111 NMR 

(300 MHz) spectrum showed a strongly hydrogen bonded (chelatcd) hydrox I group 

at o 15.37 for H-9. In the IM the fragment ion at mlz 298 (5), due to lo. s of v.:atcr 

fr m the molecular ion ( chemc 3.6), i t ·pica! of prcanthraquinoncs \vith a h ·dro. ·I 

roup at - nd a c rb n •I at -I o ring (cf pr chrysophanol . In this rin '. the 

del, J 

'II 

m t 1 r p rtl 

multipl t ntc d t o . 0. 1 h 

.7 (I, J =. ,17. Hz 2. (ci,J= 17.7 1lz 2. 

, J c • , 1 .7 Hz . 

lhl 

J 

mthlctr 

m 



alocsaponarin I (7), suggesting these compounds arc biogenetically related . Then the 

substitution pattern of I 0 should be a in nl ' ap nnrin I (7) . lienee the methyl ester 

(i) }. 90) and methyl (8 2.80) groups " 'rc pia ·cd at C-7 and -8, respectively . In the 

1:1 MS a strong fragment ion 1t m _ • I ~ ), whi ·h is due to the loss of a molecule of 

nH.: thanol fro111 thr tllolt• ulu 1 11 Cll 10I I) is consistent with the placement or 

the h ·dro · ·J 11 ( • (l 111 I th • m th) I ester at C-7 This was also consistent with the 

pr 'SL'Ill' l' l)l In dn) ) I •r up n ·6. ·r he rest of the fragmentation pattern is given in 

-;chcmc I (l rin~ll) t'' aromatic singlets at 8 6.90 and 6.98 can be ass igned to I 1-5 

and Il-l 0. re pectivel_. The structure of the com pound was deduced to be 3,6,9-

trih) dro\.) -1-meth) 1-8-oxo-5,6, 7,8-tetrahydro-anthracene-2-carboxy lic ac id , trivial 

name aloesaponol I (1 0). 

0 OH 0 

MeO 

OH 

According to Vagi et al (1978) it is possible to show that aloesaponol I (10) and 

laccaic acid 0 methyl ester (8) were biosynthesized in parallel in Aloe saponana 
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MeO 
-HzO MeO -

OH HO 

ml ?98 j CII30H 

H .Y6!J~ 
mi. 284 c mlz 266 ~ -CO 

+ 
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0 
mlz 256 ·0 j -CO + 
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mlz 210 t mlz 228 
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Compound II 

ElMS analys is of the colourless crystalline omp und ( II), rnp 205-207°C, showed a 

molecul ar ion peak at m/::: 25 I 00 , :lrr'spond in 1 to the molecular fo rmula 

Ctsll 140 1 . In agreement with this, lhl' 
11C NMR (7'5 Mllz) spectrum showed th l: 

presence of I ') cn t bon ttont . 

This contp\>tt•HI lum ·d 1 11 n • hlue fluorescence under UV (366 nm) on TLC pl ate. 

The tJV ·pl' ·tnnn ( , 1 , 297, 306, 395 nrn) is identica l to that of compound 10 

indicating ,, rrcunthraquinone skeleton. As in 10, the 1 I I NMR spectrum of 11 had 

the low-field pr ton at 8 15.15 which was assigned to the chelated proton of the 

h 'drox I group at C-9. The presence of a carbonyl at C-1 was evident from the 13 
• 

N IR peak at 8 204.6. In the MS (scheme 3.7) the fragment ion at mlz 240 due to the 

loss of water molecule once again supported a preanthraquinone with hydroxyl group 

at C-3. Comparison of the 1H NMR spectrum of 10 with that of 11 showed identical 

- and B-rings (Table 3 .5) . In C-ring, the presence of two meta-coupled proton at o 

6.82 (d, J = 3.0 Hz for H-5) and 8 6.85 (d, J = 2.9 Hz for H-7) requires that -6 and 

-8 were substituted with OH 8 9.16 (br s,) and methyl 8 2.84 (s. 3H), respectively. 

1 he singlet at 8 6.86 was due to the proton on C-1 0. The compound " a , therefore. 

identified as 3,6,9-trihydroxy-8-methyl-3,4-dihydro-2H-anthracen-l-one, tri ial n me 

HO 11 OH 



CH3 O)YH 0 ; 

,-::. ·+ 
HO OH 

mlz 258 

7J + 

CH
1 

OH 0 H _:",O • ~~~ 
- - + ~ HO H 

HO OH, ! m/z 240 

CH, 0 0 

.}~a~ ... .. 
II 0 

Ill . 
t,d11 

~ 
11 0 

I IIIII "'14 

t Ctl 

H 
mi.: 186 

Scheme 3.7: Ia Fragmentation pattern for aloesaponol II (11) 

Table 3.5: N IR data for preanthraquinones 9, 10 and 11 

t--
u C 1H 8 (m, JHz) -

c 7 5 6 7 --
I 204.6 - 1--

3.18 (d,J== 15.9) 
2.76 (dd, J == 6.9, 

3. 18 (d, J 
2 49.2 17.6); 2.93 (d, J 

13. 17) 
3.08 (d,J== 16.2) 17.7) 

2.7 1 (d, J 17.10) 

... 
67.0 

4.08 (OH) 4.40(m) 4.37 (m) .) 

1.44 (CH3) - 1-

2.98 (d,J== 17.4) 
2.99 (dd, J - 3.5, 

2.74 (d, J 17.16) 
4 39.7 15.1); 3.21 (dd, J 

2.83 (d, J= 16.3) 3.3, 15.7) 
2.7 1 (d, J 17.10) 

5 109. 1 7.22(d, J= 8.1J 6.90 (s) 6.82 d, J = 3.0) 

6 168.0 
7.51 (dd, J = 7.8, 8. 1 9.16 (br , II)) 
Hz) 

7 118.4 6.79(d. J = 7.8) 3.90 (OMe) 6.85 (d. J = 2.9) 
8 160.3 -9.68 (OH) 2.80 (Me) 

_9 167.7 16.13 (Oil) 15.37 15.15(011) 
10 121.1 7.11 (s) 6.98 (s) 6.86 (s) 
la 137.6 
4a 142.8 
5a 143.6 

1ll 111.6 
_Me-8 25.57 2.84 (s) 

~ 



Compound 12 

The molecular ion peak (ElM } for compound 12 appea red at ml:: 244 ( 1 00). 

corresponding to the molecular f rmuh ,.,11,)0, . This compound showed stro ng 

blue nuorcsccnce under UV li •Ill ( 'II .tnd \M nm) . The lJV srcctrum (A.""" 252. 300. 

120. 1(,0 nm} ,tlld 1 blu lht ll' ~·n c under I JV li ght (l(>6 nm) on TLC plate is 

t ptcal of tt.tphth.tlid • l•tl\ ''" {()a •nc <' fa/ , I<)<) )). 

Tit· p1c Tn • · l)l a tn·th) I o;ub titucnt on they-lactone ring (Ring-A) was evident from 

the 11! (C: 'b. q. J = -. I Hz for H-3, 1.75, d, J 6.51 liz for Me-3) and 13 
• (8 169.4 

for -L 61. for -". 150.4 for C-4 and 154.2 for C-5) NMR spectra . The presence 

of a hydrox 1 (8 9.34, br s) and a methoxyl (8 4.12 in 1 H and 61.80 in 13C NMR 

spectra) substituents on the naphthalide skeleton was also derived from NMR spectra. 

n ABX spin system in the 1H NMR spectrum, at 8 7.07 (d, J = 7.29 liz), 8 7.47 (dd, 

J = 7.38 and 8.16 Hz) and 8 7.53 (d, J = 8.0 I Hz) were due to II- 6, -7 and -8 (ring ), 

re pectively. The singlet at 8 8.20 was due to the aromatic proton at -9 of ring B. 

which is substituted at C-4 with methoxyl (12) or hydroxyl (12a) group. The chemical 

shift value of the methoxyl is down field shifted (8 61.8) which indicated that it i di­

orth -substituted (Manfred, 1997). hence ha to be placed at -4 (12) rather than • 

(eleutherol, 12a). Therefore this c mp und wa charact rized as 5-h dro. -4-

metho.·y- -m thyl-3H-naphtho(2. -c]fur n-1-onc, tri ial n me i ·lcutiH.:r >I 12) 

I of , I 'I ni ('/a/., 00 

0 

2 2 



Dagne et al 1994 did a comparative TLC ana lysis of the root extracts of 32 Aloe 

spec ies and found that chrysophanol (1), nsph d lin (3), chry ophanol-8-methyl ether, 

aloechrysone, helminthosporin (2), al c. :-tpt nn l Ill , alocsap narin I (7) aloesaponol 1 

( I 0), aloesaponarin II (6), alo · ·'I n I II II ) and Ia ·caic ac id D-methyl ester (S) arc 

Wld<.! ly cli<;tributcd in th · · pl.u11 . 

J. . ( 'orupound' II <llll th' fruih, root~ a nd stems of Bu/bine abyssinica and 

B. frut sc ns 

rhe eth) lacctate e. tract of the dry fruits of Bulbme abyssinica was subjected to 

chromatographic separation and purification yielding compounds 1, 13, 14, 15 and 16. 

The acetone extract of the roots of B. abyssinica was also chromatographcd yie lding 

compounds 17, 18 19 and 20 

ompound 13 

The dark-red amorphous powder of compound 13 showed absorption at "-max 232, 

256, 303. 438, 471, 500, 542, and 582 nm in the UV spectrum suggesting an 

anthraquinone chromophore. The presence of four chelated hydroxy prot ns (o 17.04, 

12.30, 11.95 and I 0.51 in the 1H MR spectrum, (sec able 3.6), four arbonyl 

(3 19 .4, I 6.8, I 4.3 and I 2.2 in the 13 

2.0 nd -.50 in 111 ' R 17. nd 22.5 in 1 1R) and th mol ul r 

· in the hi w d thi m und to b dim ri anthr quin n 

I rn hu II 

rh th w· 

i I hil itin •u 7.1 



assigned to 11-2' and H-4', respective!). and "ith a methyl group (8 2.50) located at C-

3'. Two ort/w-coupled (./ = 8.0 Hz) pr tons at ( 7.95 and 7.43 were attributed to 1-1 -5' 

and 11-6', respectively, with C-7' 11 the · IH\ -;nph.1nnl moiety being ubstituted. 

For the other halfofthe mole uk.tlw 111 MR w•na ls at 8 17.04 and 10.5 1 (for two 

chclated h dt(l ) J>tlllillt ·"'I the 1 < Ml~ '' •nals at 8 182 .2 and 186.8 (for two 

l'lll bon I •wup ) Ill' • t ·d th · presence of a I ,4 anthraquinone skeleton (J\ Iemaychu 

cl a! .. Jl)%,1: JlNt>l . 1 he long-'> avclcngth UV absorption maxima (Amax 500. 542. 

and _ '- nm) in cornp und 13 were in agreement with the presence of such a moiety 

( lema) ehu et al .. J996a; 1996b). In the I ,4-anthraquinone portion, an AMX spin 

y tern at 8 6.93 (dd, J = 1.5, 8.0 Hz), 7.51 (1, J = 8.0 Hz), and 7. I 0 (dd, J =- 1.5, 8.0 

Hz) wa a signed to H-5, H-6, and H-7, respectively. A one-proton quartet (J 1.2 

Hz) '>\as assigned to H-2, which showed a long-range coupling with Me-3 (8 2.03, d, 

J == 1.2 Hz). This assignment as confirmed by a NOE Y correlation between 11-2 

and Me-3. This left C-1 0 of the 8,9-dihydroxy-3-methyl-1 ,4-anthraquinone moiety to 

be the point of attachment to the chrysophanol moiety, thus suggesting a I 0,7'-linkage 

in compound 13. This connection was confirmed by. an HMB correlation of I I-6' 

with -10 and a • Y interaction between H-5 and H-6'. From these data the ne' 

natural product , a characterized a ,9, 1', '-tetrahydroxy-3,3',-dimethyl[ 10, 7'-

bi nthr ne]-1,4,9',10'-tctr nc, for which the trivial nam abyquinonc A (1 'a 

mp und wa ptic lly the indicatin th pre en e of n n-

1. In th D trum 7 1 

rl th P-

mi in In Uln 



0 

to have the opposite stereoarray at the chiral axi , so tha', due to the formali sm or the 

CIP denotation, a P-configured axis ''a expe t d for 13, too. 

In order to determine the ab lute nfi 'ur.Hion at th · chiral axis in a rc li abk. llllll ­

cmpirical way, quantum hcmi .tl ' I '.lkulatJons were performed (lhingmann e t u/ .. 

2001, OOtl) . 1hitr,uilv 1 ulin• ' ith th · I' atropcnantiomer of abyq uinone !\ ( 13). 

thl' lllOkruk ",, ubtuill ·I to a conformational analys is using the scmicmpiri ca l 

M I mclh~)J . , · ultin' in eight optimized minimum geometries within the 

~:m:r •dic.dly tck\ant range of 3 kcal/mol above the globa l minimum . For each si ngle 

geornetr • thu obtained, a CD spectrum was calculated using the semiempirica l 

D a well as the 0 12 Hamiltonian. In both cases the s ingle spectra were then 

added and weighted following the Boltzmann statistics, i.e. according to the 

re pecti\e heats of formation. The two overall CD spectra, thus obtained, were 

ubsequentl) UV corrected (Bringmann et a/., 1998) and compared with the 

experimental CD curve of 13. Both, when following the NO I approach (Fig . 

.., Aa) and the OM2 method (Fig. 3.4b), a good agreement bet\ een the measured 

spectrum and those predicted for (P)-13 was obtained (Fig. 3.4, left), whereas the Cl 

curves computed for ( 1)-13 \ere virtually oppo ite as compared to the experimental 

one (Fig. .4. right). on.equently, the chiral a. i of 13 ' a clearly as igncd to be 1'­

c nfigurt:d. 
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Compound 14 

Compound 14 was isolated as an amorph us )CII w powder. The ElM S ([Mj' at 111!:: 

n. 
M R (Table 3.6) spectra suggested a 

bianth raccnc c.;kclcton . Compan 111 I the 
111 .1nd 11

C N MR spectra or 14 with th ose 

of 13 ('I able 1.6) h m I th 11 \Ill' h.llf of til· nwlcculc was aga in a chryso phanu l 

rno~t.:t coupkd l(llh · • 1111 I h.tll of th • rnolcculc via C-7' . 

For th · ~'thcr 111 )i • \ , the 1H MR CT able 3.6) disp layed signals for two chclatcd 

h 'dro. ) grt1up · {1 11 .9- and 12.35 for OII-I and 0 11-8), aromati c protons with an 

I ~· pin ) tern 8 6.95. dd J = 1.5, 8.0 Hz fo r I I-5; 7.4 1, t, J - 8.0 Hz fo r 11-6; 

6.88, dd, J = I. 8.0 Hz for H-7), an up-field shifted aromat ic methyl group (8 2.26 

for CH3-3), a broad singlet for an aromatic proton (8 6.79 for I I-2), and a methinc 

proton (6.20, s, for H-10) suggesting that this moiety was 1,4,8-trihydroxy-3-

meth !anthrone, v.hich was connected to the other half of the compound via C-10. 

The 13C MR was in agreement with the presence of a carbonyl function (8 193 .1 ), 

three hydroxy groups (8 I 57.6, I 44.5, and 162.9 for -I, -4, and -8, respectively), and 

a methine unit (8 35.8 for -I 0) in this half of the molecule. The I 0,7'-linkagc in thi. 

compound wa confirmed b HMB correlation of H-1 0 with -6', -7', and -8', and 

by Y interacti n of H-1 0 -. ith H-6' and H-8', thus uggcsting 14 to b 

1 ,4,8,1 ', '-p~.:ntahydro. ·-. , ',-dimethyl-[ 10, 7'-bi nthracene ]-9,9'.1 0'( 1 0//)-trion~.:, 



approach on the SCI (Fig. 3.5a) and the SDCI (Fig. 3.5b) leve ls, led to the 

unambiguous attribution of the chiral center of 14 to be R-configured (Fig. 3.5, right). 
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Compound IS 

Compound IS was isolated as a yell mish brO\ n amorphous powder. The NMR 

spectra (Table 3.6) of this comp und, a in 1-t, Olll'L' aga in suggested the presence of a 

bianth raccnc derivatrve in "hi ·h \l1t' h.11! is <1 I ,t!,R-trih ydroxy-3-methylanthronc 

rnoietv couph:d via ( - 10. I h tllliJ .Hison ol the NM R spectra of IS with those o f 

pn:chr Ppharn>l (t)) (' ·n· \ ,., a/, 1993) rndrcated the substituent at C- 10 to be 

<;U ·h ;ur :urthr,1 t..'ll )II· 1111 i t . l he only difference observed was that the AMX system 

in 9 ",, · IW\\' r·plu cd b t \O ortho-couplcd doublets at 8 6.98 and 6. 84 (J - 8.0 liz.), 

"lw.:h sugge ·ted that either -5' or -7' in the preanthraquinone moiety of 1S was 

·ubstrtuted. The latter(- and thus a I 0, 7'-linkage in compound 1S- ) was confirmed 

by an H 18 correlation of H-1 0 with C-6', -7', and -8', and also by NOE y 

correlations of H-1 0 ' ith H-6' and OH-8'. ElMS showed a weak molecular ion peak 

at 111 ::: -12, , ith a fragment ion at mlz 494 as a result of the loss of one molecule of 

water, "hich was in agreement with I S being a bianthracene derivative containing a 

pre hrysophanol moiety. The fragment ions at mlz 254 and 240 corresponded to the 

monomeric portions of l S, i.e. resulting from a cleavage of the I 0,7'-linkage, , ith 

ub equent lo of\ ater. By these investigations, the constitution of 15 was idcntifi d 

a 3',4'-dihydro-1,4,3',8',9'-p ntahydroxy-3,3'-dimethyl-[ I 0, 7'-bianthracenc J-

9, I'( 1 0/1,2'/1)-dionc, for\ hich the tri ial name abyquinon ' ·as ug c. t d . 

pctrum yquin nc 15 xhibit d 

ul 

R. Ul II lui 



which has a much lower influence on the molecu lar D, was not poss ible at that 

stage. 

For the determination of th · .1h l)lllt lOilfi •urations of JS at its two sten:ogenic 

cent er\, ( '· I 0 and ll ( - " , ,, • tin qu.lllhlln h ·mica I CJ) ca lcu lati ons we re perforrm:d. 

Sllll:t' 11\ll l'\ I,.' II th I I Ill\ nfr•uration of these two chiral cen ters was known, two 

imlt.:J ·nc..knl ~)nl )rrn 1ti nal analyses, for the (JOS,3'R)- and the ( IOS,3'.)}­

diastt.:r '<..111lt:r c..1f 1.:-. \\ere launched, resulting in both cases in 28 minimum structures 

within the range of 3 kcal/mol above the globa l minimum. While both overall 

imulated 0 pectra for (IOS,3'R)-15 and (10S,3'S)-15 behaved virtually oppositely 

compared \\ ith the experimental curve (Fig. 3.15, left), a good agreement for the 

measured CD spectrum with both spectra computed for (I OR,3'S)-15 and (I OR,3'R)-15 

was obtained (Fig. 3.15, right), thus, at least, assigning the stereocenter at '-I 0 to be 

R-configured. This result was in accordance with the above-determined R­

configuration of 14 and the easy transfonnation of 15 into 14 by dehydration and 

oxidation ( ee belo\ ). 
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(I OR,3'S)-15 in the short wavelength area "ith the e.xperimcnta I one. Thi s, however, 

can only be regarded as a tcnden ) and remains to b ' con firmed by chemica l or 

biochemica l methods, like. c.o . h) dt: •ra ll!H)n (P ' r 'I l' l a/ ., 200tl), by total synthesis 

(Muller eta/. 2000), orb bt\)'>\ nthl·ti~ 111Vl'\ll:'·''lon-.; (MUikr eta/ ., 2004). 

Compound l app .u t 1 HI •in.tll' 110111 th~ oxida ti ve coupling or the precurso rs 

p1tclu\,\lpllilmll I)) 1111 11111d1dn anthrone (16h) . Intac t. chrysophanol (1) and 

i landt·in (I(,) th 'Ill he 'ere also isolated and identified a long with the new 

contp{1llllll 1 - L lrlml the fruits of the plant reported in thi s study. 

OH 0 OH OH OH 0 

CH3 

6(DoH 
CH3 

0 7 

OH 0 OH OH 0 OH 

pon aerial o. idation under basic conditions, compound 15 was converted into 14 

and ubsequently into 13. This suggested that compound 15 1s the precur r to 1 

\\hcrea 14 i an intermediate. All of the three comp unds, 13, 14, and 15 \\Cre also 

d tected (by ) in the crude ethyl acetate c. tract. clearly indicating that thcs 

ibilit · that di olvcd 

en c ul I m1ed I t 14 nd ub c Jll llll t 12 u • c tin, th•tt nl 

ul lu t. 

ti the 

imp! impli th 

tl 



13 from 14 involves the loss of the only stereogenic center and the new formation of a 

rotationally hindered biaryl axis. This rea ti n o curs with a remarkable center-to-

axis chirality transfer. The direction ofthe <L rnm tri induction - (R)-14 (P)- 13 

can be explained in term of the '' b. I m1nirnum stru ·turc of 14 shown in Fig. 3. 15 

(left), in which the 'Southern' Ill k ttl.lr 1 ()Il ion is firmly locked in an array with the 

'trioxy front' dm: ted tb ,, · th · Jl.lfll, f1 . l'd h a strong hydrogen bond of the proton 

of 011 t1 \\lilt tltr (l ,, _ •• r his pr. <mentation is apparently fully retained 

dur111 • tltr o id tli' · m' 1 i< 11 of 14 to ahyqui nonc A (13), thus leading to a /'­

l'tll\11 •tu,tll~lfl ,tllh · ~'ri 1 in.Hin 'chiral axis (Fig. 3.7, right). 

(R}-2 

oxidation 

with chirality 
transfer 

(P}-1 

Fio. 3.7. Center-to-axi chirality transfer from abyquinone B (15) to ab quinone 

A 13). The R-configuration in 14 induce a P-configured chiral a i in 13 du to 

the pre-orientation initiated by the hydrogen bond between OH-4 and II- '; 

b th tructure ho' n con titute global 11 minimum g omctri . 

he nvcr i n i · likely to b highly efficient in tenns of chirality trans cr, sin c 

15 and 14 - ) the fin I pr du t 1 aLo app •trcd ts 

en nti m pur b • hr m nal i on a hir, I pha 11\lll rt 

h, ith n th 
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Table 3.6: 
1
H NMR data(&) together with HMBC eJ and 3.1) correlations of for 

compounds 13, 14, IS 

13 I ;.I 15 
- -- ~-~ - 1- -

(. 'II II 111(' I If liM I\<' '1,1 IIMBC 
·~ 1- -

2 G 97 q 4, 7 , 1. , 4, 3M 6.12 br s 3, 3-Me 
~ 

5 G en eM l, I 10 d 8. 6.87 dd 7, 10 
- ·- - -

6 I 11l I 7 1 I 5a, 8 7.381 5a, 8 
- --

I I 10 tid 668dd 5 6.84 dd 5, 8 
t~ 1'3, 4, 4a, 5, 5a, 1a, 4, 4a, 5, 5a, 

10 6 20 s 6.13 s 
8a, 6', 7~]' Jla...6' 7~ a· - -

2' 7 I br s Ia', ' 7.12 br s 4' 2.86 br s 1a', 1' 

4' 7.72 br s 1a', 'l, 10' 7.60 br s 1a', 2', 4a 3.06 br s 1a', 10' 
--

5' 7.95 d T,Ba', 10' 7.59 d 7' 6.98 d 7', 10' 

6' 7.43 d 5a', 8', 10 7.18 d 10a' 6.84 d 5a', 8' 

10' 6.93 s 1a', 4', 5', 5a', 8a' 

Me-3 2.03 d 2, 3, 4 2.26 s 2, 3, 4 2.18 s 2 

Me-3' 2.50 s 2'. 3', 4' 2.55 s 2', 3', 4' 1.4 s 

OH-1 11.95 s 1, 1a 11 96 s 1, 1a, 2 
-- -

OH-8 10.51 s 12.35 s 8, 8a 12.36 s 7,8 

OH-9 17.04 s 1a 

OH-1' 11.95 s 1 ', 'l 11.87 s 1', 1a', 2' 

OH-8' 12.30 s 7', 8', Sa' 1316 s 10.74 s 

OH-9' 1612 s 

. o = .f-' = f·.o, = 8.0 Hz; f · - 1.5 liz; in 13 f,Me-3 = 1.2 Hz . 



Table 3.7: 13C NMR data for compounds 13, 14, IS 

,--
c 13 I~ 15 

- -I 182.2 157 6 157.5 -- - -Ia lOX 1 ll l2 111 .0 - -· 111\:J 
~ -- 118.2--2 I •I . 

·~ -- 1- - -. I !2) I 17 4 138. 1 ' I= - 1- -I I. • 144 ~ 14 5.2 - -Ia I I 127 0 127. 1 
.. ~ 1= -- - --

I I (I 120 0 120.5 
- - --

I 118 I 144 .4 14 5.9 
0~ - -

{1 ,-34 t 137.1 137.0 -
'I 116 7 116.5 11 6. 1 -
~ 160 I 162.9 162.9 

Sa 116.2 I 15.5 I 15.7 
q 170.1 193.1 194.0 

10 132.3 35.8 35.0 

I' 163.2 163.0 204.4 

Ia' 114.3 I 13.8 I 10.7 

2' 124.7 124.6 51.6 

3' 150.2 150.8 71.4 

-l' 121.7 I 21.8 43.5 

-la' 134.9 133.5 136.5 

5' 120.3 120.5 120.5 

Sa' 133.5 132.5 138.7 

6' 137.3 136.8 132.0 

7' 136.3 138.4 123 .6 

8' 160.9 158.4 152. 1 

8a' I 15.8 I 16.8 I 12.9 

9' 193.4 194.2 164.8 

10' 184.3 I 81.5 118.1 

Me-3 17.3 17.5 17.5 

Me-3' 22.5 22.4 29.4 

mp und 1 

om i. latcd glittering red ry tal mdtin point 217-... 1 C) >n 

am cnt. t I 0.5 (5% l ~t >A in h . an 

• , h ll . 111111 

trih 

m hI r m m I t mt 



three protons at 8 2.38. Also present \\a an BX spin system of three mutuall y 

coupled protons, 8 7.30 (d. J "" 8.6 Hz). 7.69 (t . ./ 7.8 111. 7.8 II; and 7.89 (d. J 7.7 

liz) corresponding to C-nng arorn llr pnton:-. at C 7, -6 and -5, respectively. with ( ·-x 

having one of the three chcl,ttt· I h lr(l I l'toups . A broad singlet at 8 7. 16 is due to 

II ? wtth tlw bto~·L·m·ti Ill tul nwth I 1roup at C l. Then the remaining two 

It dro ·I 'tllllp 111 I 

wa · idtntiti ·J u I .. -trih dro. y-3-mcthylanthraquinonc, trivial name islandicin 

(Karn:r. I Q b) . 

OH 0 OH 

5 

16 0 OH 

The compound has been previously isolated from the stem bark of Venttfago bomhwenm 

(Pepalla era/., 1992). Cumming and Thomson ( 1970) identified the compound in 

Maesopsis eminii. 

ompound 17 

ompound 17, isolated a deep red needles; showed an orange t n Tl. , R1 0.2 

(30% ·t Ac in he. ane . f~I\11 analy i hov .. d an M+ I p k at ml::. t3 

ndin to the m It: ular formul of . 1 he V ab orpti n 221. 

2 . 2 271 2 • nd 4 0 nm wa ch n anthr quin n 

hr m th 11:1 iR m1 un I 

-rin r m 7 f tllU n 



ABX spin system at 8 7.55 (dd, .! = 8.0, 1.0 Hz). 7.75 (1, J = 8 .0 liz), and 7.29 (dd, J 

= 8.0, 1.0 liz). In ring A the signal for H-4 i. missing with 11-2 appearing as a singlet 

at b 7.32, while the methyl at ' \\as up li·kl shifted (') 2. 17 relative to that or 

chrysophanol 'I hcst: Ml h.'.llttl~o's sllJ'!'l'st~. cl that thi s ·om pound has an aromatic 

Sllbstllut:nt at ( · 1 on ' hn 1 h.uwl k kton . Th ·substi tuent at '-4 was identified as 

ac ·t 'lplti(H\wlu Ill PI "' til\ I h ·r from M~ (n 2 53 and 181 fo r M • - CJII 90 4 and M • -

IR .19 for 011-2'; 6.24, s, for 11-5'; 2.63, 311 , s, for the 

acl:!) I 1· tm C-3· : .3 .9 . fl. s for OMe at C-4'). Finally reductive cleavage of 17 

ga\ e chi) phan I and acetyl phloroglucinol methyl ether (identified by TL 

compari n \\ ith authentic samples (Yenesew et a/., 1994). Therefore compound 17 

\\a· identified as I -(3-acetyl-2,6-dihydroxy-4-methoxyphenyl)-4,5-dihydroxy-2-

meth} )anthraquinone. trivial name knipholone (Bezabih and Abegaz, 1998). 

Knipholone-t}pe compounds appear to be characteristic constituents for the genera 

Bulbine. Bulbinella and Kniphofia (van Wyk, et a/., I 995a). Knipholone isolated 

from Kniphofia folosia. \ as found to be a selective inhibitor of leukotriene 

metabolism in a human blood assay with an I 50 value of 4.2 11M (Wube, 2006). 

Inhibition of leukotriene formation is one of the approaches to the treatment o asthma 

and other inflammatory di case (\! ube, 2006). Besides fr m Bulbin and Kniphofia 

pe ie Kniphol nc ha al o t en reported from th 

I m ) hu, I I., I 

m und I 

un 

IIJ 

ds of S nna dulrmohottTO 



(17) suggested that 18 is an isomer of 1-.nipholonc ( 17) hav ing the same chrysophanol 

ske leton with acetylphloroglucinol rneth) I ether suhstituent at C-4. The only 

difference bet\\CCI1 thc-;c t\\0 't mp lind-, j., 011 th' ·hcmica l shift values or the 

rncthoxyl and the chelatcd h dr' I pr@ lb 111 th · aectylphloroglucinol methyl ether 

morety 'lhl' rmtho )I iu I. i up frcld shi ft ·d (~ 3.3 1) compared to th at or 

11 • • tin • th.tt these two compounds differ on the pos ition or 

alta ·hrm:rrl \)I 1111 ·r up. I hu the mcthoxyl in 18 should be placed at -2' wi th the 

h dro ! I "ltlllp · be inn at -4 · (8 13.51) and C-6'. The gro up being c lose to the 

·hielding region f the chrysophanol moiety causes the up-field shift of the methoxyl 

gr up. lienee this compound is isomeric to knipholone and hence identified as 1-(3-

a et_ 1-4.6-dih)drox~ -4-methoxyphenyl)-4,5-dihydroxy-2-methylanthraquinonc, 

tri\ ial name isoknipolone (Yenesew eta!., 1994). The compound has been previously 

reported from the roots of Bulbine capita/a (Bezabih, eta!., 1997) and from Kmphojio 

folo ia (Yene ew eta/, 1994). 

ompound 19 

The dark red ry tal of compound 19 gave a yellow spot, Rr 0.4 (20% acetone in 

he. ne) upon TL analysi . The 1H NMR (Table 3. ) pectrum o thi c mp und' as 

imil r to that of knipholone (17), compound is al ) , 

~ ph n I d ri\ tivc havin' an, et) lphlt r inol ub titu nt In Ia t th 

m un I 17 nd 1 < th n lliti n I 

I fi m th 111 R 

un 1' th r n 

1 in tl 

• J ' ' II 



NMR spectrum . Therefore compound 19 \ as identified as 6 '-0-rncthylknipholonc. 

The knipholone 6'-methyl ether ha been report d previously from /Julhine capitoto 

(Bezabih eta/ 1997) 

Co 111 po 11 n d 0 

'I ht l'\lllljl\llllld \\ 1 ·llowish-brown solid, R1 0.4 (llcxanc :EtO/\c; 1: 1 ). 

ThL' 111 unJ 11 
• pc tra arc similar to those of knipholonc (J 7) (Table 3.8 and 

~ t)) The nh~ior dil erence between these compounds is the appearance of mutually 

coupled pr t n at 8 4.03 (d. J = 23.3) and 8 3.81 (d, J 23.3) in the 11 I NMR 

pectrum, and the appearance of a methylene carbon at 8 31.4 in the 13 NMR 

pe trum instead of a carbonyl at C-1 0 (as in 17), suggesting that 20 is an anthrone or 

"-nipholone (17). Finally aerial oxidation of 20 gave knipholone (17) and hence 

compound 20 was identified as 4-(3-acetyl-2,6-dihydroxy-4-methoxyphenyl)- 1 ,8-

dihydroxy-1 OH-anthracen-9-one, trivial name knipholone anthrone. It has been 

pre\ iou ly reported from the stem of Kniphojia folosia (Dagne and Yencsew 199 ). 

OH 0 

17 R1=R3=0H, R2= 0 

0 

R3 

18 R 1 = 0 , R2 = R3 = OH 
19 = 0 . R2 = R3 = 0 

OH OH 0 

0 

nt holor n ron (20 



Table 3.8: 1H NMR for compound 17, 18, 19 and 20 

r---

c 17 18 19 20 
- - f- -
2 7.32 (br v)) 7. br ·') 7._ ) (br s) 6.91 (br s) 

~ -
5 7.'iS (dd. .I ,0, 7. 7 . 7 3* 6.80 (d. J =- 8.4) 

I 0) 
I~ ·- --

(, 7.7 (1 , .I '() 7 ( 0 • 7 56-+' 7.3 6 (t, J - 7.7) 
I ~ 

( . 
7 

I. H) ( /d. .I 
7.27* 7. 17-+' 6.69 (d. J 7.4) 

1.0) 
I ~ - -

I . I o l H . I (OMe) 13.89 011) 14 .25 (011) 

- -
4' : .9 ( , le) 13 .5 1 (OH) 3.97 (OMe) 3.94 

1----

b.~4 6.30 6.09 6.15 

6' 3.74 (OMe) 
- -

10 
4.03 (d. J 22.2); 
3.81 (d, J 24.4) ------ -

OH-1 12.47 12.58 12.58 12.53 

1---

Me- 3 2.17 2.16 2.08 2.11 

H- 11.96 I 1.97 12.06 12.19 

( )-
2.63 

te-3 · 
2.61 2.64 2.66 

* Cou lin p g not well re ol ed 

Tabl 3.9: 1R ~ r comp und 1 and 20 

1 1 20 

. I 



6 132.0 135.9 5' 87.0 -={:== 
7 115.7 115 . 6' 163.7 . 163.2 

8 162.9 I 2.-
- 1--

Me' 22. 1 ! 2 1_(-) ---

I 

<) cor 204.2 1203.3 

Me '3' 14.4 J 1.1 

Ia OMe-4. 56.6 55.8 

Ia 
f-

OMc-6' 56.4 

,\ 

3.2.3 haracterization of compounds isolated from roots of Bulbinefrutescence 

The acetone extract of the roots of Bulbine frutescence was subjected to a 

combination of chromatographic techniques that led to the isolation of compounds 21 

to 28 and knipholone (17). Knipholone (17) was identified as described in sect1on 

3.2.2 (page 97). The characterization ofthe rest of the compounds (21 to 28) will be 

discus ed below. 

Compound 21 

The compound \ as isolated as an orange amorphous olid. · IM analysis of the 

c m und hawed a molecular ion peak at m/:: 244 corresp nding to the molecular 

fi rmul o 1 II . The V . pc trum ( 22 • 240 h, 29 , l9 and lto nm 

n (B z l ih e/ a/., I 997). In th 111 

.H lhi m an 



dihydroxy- l -rnethylnaphtho[2,3-C] furan-4,9-dione (21 ) . This cornpcund has been 

previously reported from Bulbine capitata (Bezabih eta! ., 1997). 

OH 0 

21 
'ompound 2-

Ju ·t as in compound 21, the UV spectrum (Amax 226, 240sh, 295, 349 and 440 nm) of 

omp und 22 again suggested an isofuranonaphthoquinone skeleton. Comparison of 

the 1 H N \R of this compound with that of 21 showed similar pattern (two singlets at 

7.27 and 7._1 for H-6 and H-7, one singlet at 8 8.15 for H-3), except that the three 

proton singlet at 8 2.80 (Me-l) in compound 21 is replaced by a two proton singlet at 

8 4.93 in compound 22 This strongly suggested that 22 is a derivative of 21 where the 

meth) I at C-1 is oxidized to oxymethylene. In agreement w ith this the ElMS of 22 

sho'> ed a molecular ion peak at m/z 260 (CnHs06). Hence this compound was 

identified a 5,8-d ihydroxy-1-hydroxymethylnaphtho[2,3-C) furan-4 , 9-d ione (22). 

This comp und has also been reported from Bulbine capitata (Bezabih et al., 1997). 

OH 0 

0 

22 



Compound 23 

Compound 23, which fluoresce blue 111 solution, was isolated as a colourless 
amorphou-. powder. ·1 he UV ab. orpti n p · trum of 23 (A-max 2 I 5, 249, 27 I , 302, 3 13, 
32& and 1,')7 nm) indicated the prcscn ·' ol a substituted naphthoquinone chromophorc 
('I fmia c·t 111 .• >()();) I II I\ ,\ll,ll :-.is ... howcd a molecu lar in peak at mlz 258.0885 
cott~.:-.potllltll'' tu ,, nmk ul,u formula of c,~llt404 . The presence of a n1eth yl 
sub'>\ilul'llt \lll th~ y- l~~t ne ring (Ring-A) was ev ident from the 

1
H (8 5.72, q, J = 6.5 

li t for 11 -~. 1.71. /. J = 6.5 Hz for Me-3) and De (8 170.0 for C- 1, 77.0 for C-3, 
I 51 A ~ r -4 and 156. I for C-5) NMR spectra. While ring-B and - C each contains 
ne methm,) I (8., .99 and 3.87 in 1H NMR; 62.6 and 56.2 in De NMR) group. 

n BX pin s;stem in the 1H NMR spectrum at 8 6.95 (d, J = 7.5 Hz), 8 7.41 (t, J = 
8.0 Hz) and 8 7.54 (d, J = 8.0 Hz) were due to H- 6, -7 and -8 respectively, of ring C 
\ ith a methoxyl substituent at C-8. The singlet at 8 8.11 was due to the aromatic 
proton at C-9 of ring B. which is substituted at C-4 with the second methoxyl group (8 
3.99 in 1H and 62.7 in De MR). Therefore this compound was characterized as 
eluthero\-9-methyl ether (23) (Tania et a/., 2003). This was also confirmed by the 
pre ence of characteristic fragment peaks on the MS spectrum viz. mlz 258 (M~"), 243 
( ··-Me), 228 ( 1•·-2Me), 215 (100%, Nr"-Me- ), 200 ~-2Me- ). The 
c mpletc \ 1R data for this compound is given in Table 3.1 0. This compound ha 
been re rtt:d )nthetic derivative of eleutherol (12a) isolated from the leave of 

bulb a 'I "nia ct a/., 20 3 . l lowe er, thi i the tir t report on its 
urren in n tur\; . I htth r l h · been re rtcd from Aloe p·cic ( c ti n .2. 1) . un n e Ill un 2 \ith 21 , nd 22, Sll 'cstcd that m h u\ th li . r t 21 • nd 12 S hcml:. .R . 



Tahlc .10: 

OMe OMe 
23 

MR tlat.l ltH d ·uth ·rol-9-mcthylcthcr (23) 
= t"""; 

C 111 MR(o) 13C NMR f- --
170.0 

I 

3 5.72 ( q, J - 6.5) 77.0 
4 

151.4 
5 

156.1 
6 6.95 (d,J= 7.5 Hz) 108.1 
7 7.41 (t, J = 8.0 Hz) 127 .2 
8 7.54 (d, J = 8.0 Hz) 122.9 
9 8.11(s) 122.6 
1b 

13 8.1 
3b 

125. 1 
5b 

123 .1 
8b 

135.9 
Me-3 1.71 (3H, d, J = 6.5) 20.1 

OMe-4 3.99 (3H, s) 56.2 
OMe-5 3.87 (3H, s) 62.6 



I~ ·I~ ll\h 'I ol (1 0) 

OMe OMe 
23 

M 

l ~0 
Y?~< _,.. 

OH OH Me 
4 Oemethyleleuthero l 

t 

~ OMe OH Me 
Eleu\herol (10a) 

~0 
OH 0 Me 

21 

t 

~0 
OH 0 CHpH 

22 

cheme 3.8: Proposed biogenesis of isofuranonaphthoquinones in Bulbine 

SCoAHO 
SCoA 

condensaoon 
0 0 0 

0 0 0 

~-3H,O 
~OH 

OH OH 0 

H,o ~"':: SCoA - \ 
Enokzabon Hydrolytos fi fi 0 ---

OH OH 0 

\ 

-C02 
0 carboxyla\lon ¢GQ-!0! 

OH OH 0 [H) 
~: 
YY'< OH OH 

h m h: Propo cd p th\\ay forth formati n f 4-d mcth \ \ uth r \ 

\( 



Compound 2-t 

The lJV (Am;" 224, 271.289, 365 and ·L8 nm) and 
1
11 and 13C (Table 3.11) NMR 

spectra of24 ,, ere similar to that nf knipholnn' ( 17), suggesting that 24 is once aga in 
a phenylanthraquinonc tkri\ati\\.' \\her· a "ty lph loroglucinol unit is attached at C-4 
of chrysophatH>I. I he l>tlh II\ 1.11 I· dill •renee between these compounds is that the 
mctho ) I ,11 ( I' I PUll I in 1\nipholone i'> mt'>sing in compound 24, suggesting that 24 
is ,, d ·nH:th\ I tkt h ati' e f knipholone. In agreement with this the EI MS showed a 
clusll:r or peaks at m::: 423. 422 and 42 I corresponding to [M+3t, [M+2t and l \-t 1]' \\ith a molecular formula of C23H160s. Therefore, compound 24 was 
haracterized as 4 '-demethylknipholone (24). This compound has been previously 

i alated from Bulbine capita/a (Bezabih et al., 1998) but this is the first report on its 
occurrence in Bulbinefrutescence. 

OH 0 OH 

OH 0 

24 
( mp und 2:" 

m un A-5 i I ted a r u m rph u p wdcr. 'I h V ' 
1\m 226, 27\, 287, u, ph ny\ nth quin nc kc\cton. mp, ri m f the ' II 1R te .II r ·ith th l 0 24 u t d 25 l a 

11 () 



glycoside of 24 .. A doublet at 8 5.03 (J = 7.5 Hz) c~mfirrned the O-D-D-glucosidic 

nature of the linkage. The glucose unit ' a pia cd at the oxygen on C-4 · based on 

comparison of NMR spectra (T ble 10) ith lit ·ratur' report (Abegaz et o/ .. 2002). 

Therefore. compound • \\ •• I It nt Ill ·d as ,, ' 0 -dcmcthy lkn ipholonc-4. -0- r\-D-

glt1coside (25) "•r•nl oH·d.IJ r in 1 (dupl1cation) in the spectrum of thi s compound 

was l'VItkltl in th.tl th · pr I< non C I" appeared as two doublets at 8 5.03 (.! 7.5) 

ami ( IQ\) (.1 "" ,·). ''hilc the proton at 'S' appeared as two peaks (8 6.288 and 6.291) 

in · t~.:ad of a sim!let. This was an indication that the compound could be a mixture of 

l\1 and P atropisomers. Since the compound is a glycoside of compound 24, 

compound 2-t could also be an enantiomeric mixture of M and P atropisomers. This 

fact would not be seen from the NMR spectra of compound 24 because enantiomers 

norrnall) ha e identical MR patterns. Upon glycosilation of the aglycone, a chiral 

center is introduced making the enantiomeric aglycones diastereomers (overlapping 

peaks in compound 25). 

·· - I I 
.II: I n 

0 OH 

0 0 

25 

II ' 



~-

1-

C-
~ 

1 

2 
3 

24 25 
-- 13c 1H 

·- -:-:::-.::--:--t-:-::-~-:-=-:--::=----r~~-J----------------·· 
163.1 12.38 (OH..!..)_____ 164.0 

125.2 717(brs) 125.7 
-r--15=3=0-+- - 153.0 

---
1294 129.5 

~~~~----------7.17 (br s) 
j-----~------~-----

4 

5 
1- 6 -
1-

119.9 
137 7 
17'!9= 

7 41 (d, J = '0) 
I 6 I (I, J = 7 ~ 8) 

120.3 
138.1 

. 124.4 

7.56 (dd, J = 2.5, 8.5) 
7.42 (t, J = 8) 

1-

I ~ 

I 

B 
() 

10 

1.J 

---....:---
1 (cf J = 8) 

lh t 11 8l (OH) 
~-----111,t9 
--1! -

~ 162.5 
---- 194.4 

7.16 (dd, J = 7, 8 .5) 

---------

1 __ 18_3. __ 6 +=~------------
115.6 

183.8 
116.0:--J---------------

4u 133.0 136.1 
~ - ----t---------r--:-::-:::-:--t----------1 

Sn 135.7 138.1 

8a 1163 116.8 

3Me 20 6 2.05 (3H, s Ar-Me) 20.9 2.03 (3H, d, J = 6.5) 
r---1-. --r-1-0_7_.4~~-~~--~--1-1~0~6~.8~---

2' 162.4 13.14(brs0H) 163.6 

3' 105.5 102.3 

4' 162.3 10.11 (br s OH) 162.9 

5' 95.2 6.07 (br s) 95.3 6.29 (d, J = 3) 

6' 162.3 8.76(brs0H) 161 .8 

3'f{O)Me 204.4 205.0 
~~~-r---~~~~~-~~~-~~~-;~~~----------·-3'C(O)Me 32.5 2.54 (3H, s, Ar-COMe) 33.7 2.67 (s) 

1" 102.2 5.03 (d, J = 7.5) 

2" 78 5 3.66 (m Jrat•o; ---;-
. 8.0:10:8 .0:6 .. 51 

3" 71 .2 3.34 (dd, J = 9.5, 2.0 -

4" 74.8 43 .551 5 (m, Jraoos -

r------t---j----------r-----t~· :4 . .4 5::3 54 51 
5" 7 8 6 3 87 ( m, - J-;-,.. ..... 110-s --=-1 

. ~ 5 0 2.0 .3 0 2 0 5 0 2 0) 

~s·=c=~~~o~H~--~~-------~-62_.s_~342(2H~J=130) __ 

omp und 26 

m und 2 l ' • i olated a red amorph us p ,\·dcr. 1 he 11 I 1R p trum 

re mblc th t of phenylanthra tuin n 

r . lm 12.0 • 

r m ti 



protons (Table 3.12) suggested that this compound cou ld be a dimcr of knipholonc­

type anthraquinones. In support of thi s the roF-I: JMS spectrum showed a 1M+ II ' 

peak at mlz 853 .2 11 7 corre pond in' t) the mok ·tdar formula of C.rx11 170 1 '· The UV 

(A.m .. , 275, 294, 38 , 414, ·l·l nm an I 1 1C NM R (() I 94 .29, I 92.98 for C-9 and C-9·. 

182 1 for C- 1 0 or ( - ltl'. tl . 9 .ttld (}) <)<) for two ace tyl carbony l) showed the 

prcstllU: PI livl· uh 111 I •r< ups and is consistent with 26 being a dimcr of 

phcnv lanthr .tquinm · and phcnylanthronc. The phcnylanthraquinone moiety was 

idcntrlicd ,1 kniph I ne. 1 hus the acctylphloroglucinol is attached at C-4 of A-ring 

'' ith - being ub tituted with methyl group. This was established from liMB · 

pectrum ''here correlation ofH-2 with C-4, 9a and Me-3 as well as correlation of the 

methyl protons at C-3 with C-2 and C-4. The C-ring protons which appear as an ABX 

ystem in knipholone (Yenesew et a/., 1994), now appear as two sets of mutually 

coupled doublets at 8 7.23 and 6.89 (J= 8.0 Hz) for H-5 and H-6, respectively; which 

suggested that the site of linkage in this moiety is at -7. 

ompari on of the 1H and 13C MR spectra of the other half of the molecule with 

tho e of knipholone anthrone moiety (Dagne and Yenesew, 1993) hawed identical 

feature e. cept that the signals for meth ·lene group at -I 0 ( -1 0' in 26) in 

kniph loncanthronc(84.0 (d,J=2 .3), o. I d,J = 2 .3)in 111 Rand 1.4 

in 1 

tl 

tl 

1R) r n ,,. r~pla ed with a m thin o 6.0 in 111 , nd 

lla h d 

II 

1R) 

- 10' f 

un I '' 1 

rim nt 



where corre lation of the methoxyls with H-5" and 11 -5'.' respective ly, were o~served . 

Furthermore, the chemical shift positi n f the mcthoxyl carbon atoms are in the 

normal range (8 55.82 and 55 Q rulinn 1utth' possibi lity of any of these bein g at C-

2" and C 2"' (a<; in isoknoph lnrh.', l'nl'S'W c•t a/., 1994). In the same way, th e 

chcmrcal <;hilt v rlu~· l>l thl· hl'l.ltl'd h droxyl >roups in the two acetylphloroglucinol 

unit '(< 141 '\ '"' t II. I ' r• similar to what has been reported for knipholonc 

(Ycnc'>l'\\ ct (1/ •. 1 10 1 . nthcr than as in bulbine-knipholone (Bringmann eta!, 2002). 

ompound .. 

The TOF-EI 1 spectrum ofthe second compound 27 showed an [M+Jt peak at m/z 

853.2117 corresponding to the molecular formula of C4sH3701s, is in agreement to 

this compound being isomeric with 26. In agreement with this the UV (Amax 275, 294, 

385 414, 446 nm) showed the presence of phenylanthraquinone and phenylanthronc 

chromophore. Comparison of the 1H and 13C NMR (Table 3.12) of thi compound 

with those of 26 showed identical pattern again suggesting a dimer composed of 

knipholone and knipholone anthrone with 7-1 0' linkage. Hence compounds 26 and 27 

could be dia teromers di ering in the configuration at -1 0'. 

ompound _, 

m 

I] 

hi h 

tat d a red amorph u powd r. I I·- I~IM 

dim r 

th Ill ul r rmula 

nth quin n 

th 

1H n 1 

trum h \\C I 



those or 26 and 27, showed similar pattern, except that the 111 NMR signa l for I 1- 1 o· 

is absent in 28. while the C-1 o· signal in 11 NMR is shifted from 36.8 (in 26) and 

16.9 in 27) to 77.0 ppm 111 28; suoncstin' thnt this carbon i. oxygenated in compound 

2H . The mokcular f(>rnwl.l ( ·, 11 111 I~>) .h d •rived fro111 the TOF-EIMS spectrum is 

till· 1 II NMI p .. ,runt 11 -c i down field shifted (8 7.67) in 28 as compared to 

L'Oil1pl>uml · ~(I (l (1 ,, 7 .md 2 ( 6.71), which could be due to the hydroxy l group at 

C I o· Thu l.:l'lllfJOund 28 is a dimer of knipholone and knipholone oxanthrone, with 

7-10' linJ,.Jge. 

HO 

0 

HO 

26 R = H 
27 R = H 

0 

28 R = OH o 

OMe Me 



Tahlc 3.12: 
1H (500 MHz) of 26, 27 and 28, together with HMBC (2.1 and 3.!) 

correlations for 26 

----- ---
2 7 I - 26 28 

- - ~ 1-· 

- Carbon 'II liMB ' IIJ I If 
I 

2 
~ -

7.10 or\ '· a .. M· 7.19brs 7.23 br s 

I 5 - 7.23 br d 
1- ~ 1- --~ 

7, S.1, 10 7.13 d 7.14 d 
(> 

I = .- - --
6lN tl 6.71 d 7.67 d I -

2' (, ,l)(l bl ' t', <)'a, r Me 6.88 br s 7.02 br s 
-= - -

5' (> l)l I I I 7' R'a I 0 6.77 bd 6.59 hr d 
1- c~ f.~\ I - -

(>' 7 . .JJ I c~ 8' 8'a I o·a 7.26 ( 7.36 ( , , 
·-1- -

7' 6.SO dd 
-

6.71 dd 6.92 dd lw 6.03 s* 6.06* 
~ 

-
II 6.10 s 3", 4", 6" 6.02 s 6.17 s -

5''' --- - -
5.57 s 5.48s 6.09 s -

Me-3 2.13 s 2', 4' 2.04 s 2.09 s 

Me-3' 1.99 d 2, 4 1.90 d 1.86 d 

COMe-3'' 2.74 s COMe-4"' 2.63 s 2.66 s 

COMe-3"' COMe-4" 2.52 s 2.38 s -
2.71 s 

OMe-4" 3.92 s 4'" 3.82 s 3.97 s 

OMe-4'" 3.69 s 4" 3.62 s 3.90 s 

OH-1 12.51 s 2, 8, 9a 
--

12.13 s 12.38 s 

OH-8 12.01 s 8, 8a 11.86 s 1 I .88 s 

OH-1' 12.58 s 2', 8', 9'a 
--

11.49 s 12.97 s 

OH-8' 12.23 s 8', 8'a 
-

12.37 s 12.42 s 

OH-2" 14.45 s 1", 2" 14.36 s 13.04 s 

OH-2'" 14.23 s 13.96 s 14.10 s 
- ~ 

OH-6" 5.30 br s 
--

OH-6"' 6.00 br s 
--

II 



Tahlc 3.13: 13C (125 MHz) of26, 27 and 28 

Carbon 26 27 28 

I 163.5 1631_ 163.3 

2 IQ.8 125.6 125 .7 

3 153.0 152.9 152.8 -,, 125.9 
1-

126. 1 125. 1 

Ita 133.0 1 n.o 133 .1 

120.1 120.0 11 7.8 - - f-
(, 135.9 136. 1? 132.2 -
7 139.3 139.3 139.3 

l\ 158.8 158.8 158.7 

l\,l 115 .6 11 5.7 11 5.6 
l) 193.0 192.9 192.7 

9a 115.6 115.3 115.4 

10 182.4 182.5 182.4 

lOa 132.9 132.9 133 .1 

I' 163.2 163.1 163 .1 

2' 118.4 118.4 120.2 
..,, 150.7 150.5 150.2 .) 

4' 122.0 121.7 122.8 

4a' 145 .9 145.3 145.0 

5' 119.6 119.7 118.9 

6' 137.1 137.0 137.3 

7' 115.9 115.9 117.8 

8' 162.9 162.8 162.5 

8a' 114.4 114.5 113.3 

9' 194.3 194.3 193.2 

9a' 115.4 115.4 113.3 

10' 36.80* 36.9* 77.0 

10' a 146.6 146.3 146.5 

I" 105.2 106.5 105.2 
II 163. 1 163.2. 163.8 8 -

3" 106.5 105.4 1_Q_§_.5 
4" 16~.3- 164 .2 1fl__&_ 

5" 90.8 _2_0.8 91&_ 

6" 15_2. 7 159.8 159:! 
r 107.3 107.4 10!-_0 

2'" 163.451 1_§1J_' ~.7 



-
3'" 106.2 106. 1 106.0 -
4"' 164 .5 164 .4 164.3 

5'" 89. ) 
1-

90.0 91.1 

6"' 160 . ~ 160.9 161.0 --
Mc1 - :W.t) 20.9 20.9 

Mt ' 20.R 20.8 2 1.2 - -()Mt· l 55.9 55.9 55.9 - -
OM~.: 1' 55.8 55.8 56.0 -

f- co 'll' }" 33.2 h 33.2 b 33.5 

COM~: J"' 33.2h 33. 1 b 33 .2 
-

COC\!c-3'' 203.3 s 203.7 s 204 .5 s 

('OC\lc-3'" 204.0 s 203.8 s 203.8 s 

J onlw- 8.0 H=: J 5. ' 

• b erved at 238 K 

Compound 29, 30, and 31 

From the roots of Bu1bine frutescens, the compounds vannilic acid (29), p- oumaric 

acid (30) and hydro-p-Coumaric acid (31 ) were identified .. 

6 84 (d. J = 9 0) 

H 

HO 

7.56 (dd. J= 80. 30) 

H 0 

OH 

OMe 
3 90 (3H. s) 

29 

M+- 168 

Melting point 211 - 212° 

m un () nd cr i I ted a mi. ture but th 111 1R p. tt m \\as quit 

II ible. ·n, ' H 1 1 11 r th t' 

m un 



0 
3 

3 
0 

"'.:::.:: 1 OH 

HO 

30 
31 

Tahlt U4 : Ill lJ d:tt:l for compounds 30 and 31 

r - -
(' '(I 31 

,_ 
2 I- 39 3.47 

(1H. d. J = 15.6) (2H, t, J = 7.2, 7.5) 

3 7 45 2.76 

(1H, d, J = 16.2) (2H, t, J = 7.8, 6.9) 

2' & 6' 7.40 7.07 

I (2H, dd, J = 1.8, 6.9) (2H, dd, J = 2.1, 6.8) 

3' & -· 6.80 6.72 

(2H . dd, J = 1.8, 6.9) (2H, dd, J = 2.1, 6.6) 

-
OH-1 4.59 (br s) 4.59 (br s) 

3.3 Bi logical activitie of crude e tract and pure c mp und 

3.3.1 Antibact rial te t 

The tc t \H:re carried out (I r a few of the crude e. tract and me pure om pound 

vi7_ Ba illu~ mbtili an I 'taph ·/o o cu m11·l '"· '1 h 

inhibiti n ' cr m urcd r ·n "n of tmpl . I h 

d 11 ti ·it 

ti it) II\ WI I 

in t th in r ult 

II 



Table 3.15: Antibacterial test results for some A. kilifiensis crude extracts and 

some pure compounds from the extracts 

ample Inhibition zone 
Sample Bacillus Staphylococcus 

subtilis au reus 
tnt l fA. 

I .4 llg Nil 24mm 

A kllifiensn 15.4 llg Nil 27mm 

A locsapon 11 in I ( 
11.4 llg 26mm 25 mm 

10.4 llg 28mm 25 mm 

3.3.2 Antiplasmodial assay 

The extracts and some pure compounds were tested against the chloroquine-sensitive 

(D6) and the chloroquine-resistant (W2) strains of Plasmodium falciparurn. 

Chloroquine, mefloquine and quinine were used as control drugs. As the results show 

(Table 3 .16), the crude acetone extract of A. kilifiensis fresh leaves had the highest 

activity against both strains W2 and D6 in comparison with all the other crude 

extracts. Considering that this was the only extract of fresh plant parts, the po sibility 

is that the activity gets lost in the process of drying. Dichloromethane crude extr ct of 

the dry stems of A. kilifiensis also had some appreciable activity again t W2 but n n-

again t v o of the compound (com und 3 and 6) i lated fr m thi xtr ct 

( . kili t liSt. ~ t m 0 M crud ) v und t ha c a much hi 'her a tivit 

th n th crud c ·tra t . It is thu rn und ar p rt of th c 

tivit th cn1 I tr t. 



Table 3.16: In-vitro IC50 value~ against W2 and 06 isolates of Plasmodium 

falciparum for crude extracts and pure samples from Aloe and Bulbine 

species. 

r- --
ICso (J.Lg/ml) 

Control drug. -
W2 06 

hi roquin · 0.0207 0.0050 

M · fl )q u111 • 0.0036 0.0309 

Quinin 0.0527 0.0465 

Crude extracts 

Ala kilifiensis stems 
>50.0 >50.0 hexane crude 

A. kilifiensis stems 
22.5 >50.0 dichloromethane crude 

A. kilifiensis fresh leaves 
10.6 14.7 acetone crude 

A. graminicola dry leaves 
>50.0 >50.0 THF crude extract 

Pure compounds 

Asphodelin (3) 6.0 8.0 
4,7'-Dichrysophanol-1 0'-

10.8 13.5 a-L-rhamnoside ( 4) 

Aloesaponarin li (6) 5.0 NT 

Aloesaponoll(10) 8.0 NT 

Aloesaponol II (11) 8.5 N 

Abyquinone A (13) 9.0 12.3 

byquinone B (14) 24.1 

Kniphol ne (17) 6.2 10.2 
r-

J kniph I ne 1 ) 7.9 'J 
Kniph I ne 6'-meth ·I 

10.8 . I 
._ ~th~r (191 

0 I "II S l LD 



Table 3.17: More in-vitro anti plasmodial activities against W2 isolate of 

Plasmodium falciparum 

Control drugs 
I 50 

(~tg/ml) 
Compound ICso 

(J..I.g/ml) 

Chloroquine 182 Aloesaponarin II (6) 4 .9695 
,_ -

Mcnoqumt 0 08 Laccaic acid 0 -methyl 
1.0501 ester (8) 

r- -
Quinine 0.0821 Knipholone (17) 2.798 

l ur · mp und lsoknipholone (18) 7.8756 

sphodelin (3) 5.7058 
Knipholone 6'-methyl 

10.7557 ester19 
4, 7' -Dichrysophanol-1 0'-

2.3642 
a-L-rhamnoside ( 4) 

27 0.2631 

As seen in the above Tables 4.3 and 4.3b, all the samples tested inhibited the growth 

of P. falciparum isolates W2 and D6 in vitro to some extent. The most potent was 

compound 27 with an IC5o value of 0.263 J..l.g/ml. In comparison with the 

conventional antimalarial agent quinine (0.082 J..l.g/ml), the activity of compound 27 i 

relatively high. The activity of the other compounds tested was low in relation to the 

conventional malarial drugs. 

Knipholone anthrone (20) has been reported a the most active phenylanthraquin n 

(I so = 0.149 J..l.g/ml cf. 0.141 J..l.g/ml for chlor quine) again t P. fald panun Kl 

tr in (Brin man et a/., 2 2). In th sam r rt , kniph lone 17 h d n I 'so of 

0. 27 1 rnl ni n t th K I train. In th curr nt tud ·niph I ne h d n 1 0 

7. J..l. m in t th P. fa/ 1p nun. 

tu nu h I r tn mp ri n ith h t rt I I. 

u It ill th t th 



kni~holone tested here has the opposite configuration at the biaryl ax1s from that 

tested by Bringman eta/. (2002) 

3.4 CON LU 10 0 R •. OMMENDATIONS 

3.4.1 onchdon 

In thi~ r · · · 1r ·h. th · is l:lti n and characterization of a total of thirty one compounds 

wns · · )lllpl• ·h ·d. 1" I e of the compounds were from Aloe species while the rest 

w r · fr m Bulbin species. Most of these compounds were anthraquinone derivatives 

which have been derived through the polyketide pathway. A few of the compounds 

obtained -v ere simple propanoid derivatives. 

Some of the compounds screened for biological activity showed an appreciable 

activity. Some crude extracts and a few pure compounds from Aloe showed 

antibacterial activity against two bacterial strains viz. Bacillus subtilis and 

Staphylococcus aureus. A number of the compounds isolated showed antiplasmodial 

activity. The pure compounds tested had a higher antiplasmodial activity than the 

crude extracts from which they were isolated. 

Amongst the compounds obtained from Aloe, i elutherol (12) and the a phodelin 

glycoside (3 and 4) were present in the subterranean stems fall the Alo pccics 

(bel nging to the aponariae group analyzed. luther I ha b n pr 

d ribed a chcm ta n mic marker in the . aponaria gr up 0 0) . 

id s \\ er ident ified 111 II th the 

ta, n ntl Ill rkcr l I th r Hlp . 

I r rn llu/bm 

rn r m un 



plant. Three new compounds obtained from the fruits of B. ab;·ssinica, abyquinone 

A, B and C appear to be biogenetically interrelated. Thus oxidation of abyquinone c 

produced abyquinone B which on further oxidation resulted in the formation or 

abyquinone A. The crud tra 1 nL sh wed the presence of the three compounds 

leading to th c n lu i n th. t . II th' thPc arc true natural products. However, one 

can cannot full rul , ut th possibility of compound 15 being the only true natural 

pr )du ·t un 111 • ·t th thr . This would be so in consideration that dissolved oxygen 

· uld b r the conversion of 15 into 14 and subsequently to 13 

The isolation of the aglycone 4'-demethylknipholone (compound 24) and its 

glycosilated derivative (compound 25) from the same crude extract was a clear 

indication that under proper conditions, it is possible to obtain compounds at the 

various stages of biosynthesis. This could lead to a better understanding of the 

biosynthetic routes. 

The stereochemistry of asphodel in (3), asphodelin-1 0' -a.-L rhamnoside ( 4) and the 

abyquinones A-C (13, 14 and 15) was determined. This is the first time that th 

stereochemi try at the biaryl linkage of anthraquinones is determined. hi 

information can thu b u ed as a reference for futur d termin ti n 

rc h mi t ' of other bi-anthraquinon thr ugh c mp ri. ns. It i net d 

th t th tr pt meri m t th hi ryl link f ph d lin fr m lm lu!t ,, mi~ was 

rent r m th. t ph lin r m . fat riti . 

'I 



3.4.2 Recommendations 

There are many species of Aloe growing in the wild in Kenya. Reynolds, 1966 

reported there to be a total oft\ enty ix pecie in Kenya of which six were endemic. 

The geographical di tributi n f Aloe in K nya needs to be documented and the 

chemical constitution l f til K n an Alo' species needs to be studied. This will help in 

identification ofn1 li ·in.lll ' ,tnd mmercialy importantA/oe species. 

In thi · tud . the biological activity of the control drugs was many times higher than 

that of the compounds tested. Considering the claims on the curative nature of the 

plants (Aloe and Bulbine) it is possible that something could have happened between 

the harvesting and the testing. If possible, the extraction of the plants should be done 

in a method similar to what the medicine men do. The activity of the extract obtained 

using the traditional method should be compared with the activity of the extracts 

obtained using organic solvents. 

More samples of A. kilifiensis stems need to be obtained and asphodelin i olated. The 

stereochemistry of the asphodelin should be thoroughly studied and c mpar d with 

that of A. lateritia. tereochemistry of abyquinone was not completely dctermin d 

due to I k of en ugh sample . Mor of the frui of Bulbin aby. inica ar nc d d so 

bt in m r ofab •quinone 

mpl in II n that th min r < m und c, n 

rri d ut r th ' 



In this study, an attempt wa<> made to isolate compounds from flesh leaves of Aloe 

graminicola. Column chromatography was conducted in the dark and at a reduced 

temperature. The compound btain d de omposed before being analyzed. To 

prevent such decompo it1 n, mcth d. n ~ d be developed such that fresh samples can 

be extracted, chromatl .tph d .tnd ana lyzed without any exposure to the 

environm ·nt. 

Bulbm · a y sini a gr \ s in the wild in Kenyan . The areas from which the samples 

in thi study were obtained are arable and have ·SO far been cultivated for food crops. 

The plant is considered a weed and could soon get extinct. To preserve the plant, it 

would be important to have a plantation of the plant in its original geographical 

location and also in a botanical garden elsewhere. This should apply to Aloe species 

as well. 

It would be interesting to separate the enantiomers m 4 '-demethylknipholone 

(compound 24) and compare the biological activity of each compound with that of the 

mixture. The separation could be achieved by the use of a chiral column . It would be 

easier to introduce a sugar molecule (glycosilate) and the enantiomers end up having a 

chiral center each, hence becoming diastereomers. The diastereomer can then be 

parated and each hydr ly d re ulting in parate atr pi mer . 

lt ntipl m hi ti •it kniphol n , 1 7) r 111 i r c.: t i tic n. 'I he 

th m ul II in " 11 

in lu nti I t i it in t II th Ill 

PI w' m nti n in 



4.1 General 

CHAPTER FOUR 

EXPERIMENTAL 

Melting points were d t rrnin d n a Koner hot-stage microscope and are 

uncorrected infra r d I " (; tr;l r • taken on a Jasco fourier transform/infra-red 

(FT/IR 41 0) ·p ·t• m 'lu . U!trav1 let (UV) spectra were recorded on a Varian Cary 

m ter. nalytical thin layer chromatography (TLC): Merck pre-

F254 plates. Column chromatography (CC) on oxalic acid 

impr gnated ilica gel 60 (70-230 mesh). CC on Sephadex-LH 20 gel. PTLC: Merck 

60 F2 silica gel, (25 g silica gel per 20 X 20 em glass plate). Solvents: laboratory 

grade further purified by distillation. Electron impact mass spectroscopy (ElMS): 

direct inlet, 70 eV on a SSQ 710, Finnigan MAT spectrometer. 1H NMR (300 MHz) 

and 13C NMR (75 MHz) on Bruker spectrometer using TMS as internal standard. 1H 

NMR (200 MHz Varian). HMQC and HMBC spectra were acquired using the 

standard Bruker software. CD spectra were recorded on a Jasco J-715 

spectropolarimeter and optical rotations on a Jasco P-1020 polarimeter (using a 

sodium D line and a quartz cuvette with 1 em path length and 1 em internal diameter). 



Table 4.1: Plant collection 

Plant Part 
Date of 

Source area Voucher 
collection specimen 

V 'lcrinery Hospital of Kilifi --
Aloe kil{/iensis Who I II 6 Di trict, oast Province in the coral SMJMWOOI 

reefs of Indian Ocean 
Aloe letentw Ou hcs on the roadside of 
var lateritw h l /8/1 9 ). Momba a-Nairobi road (about 60 SMJMW002 

Km away from Mombasa) 
A foe Roadside of the Naivasha/Gilgil 
!?,romuu ·ofu \ h I I /511999 road (about 60 km from Nairobi) SMJMW003 

-
August 

Near Thika town (towards 
Frui Gacharage) along the Nairobi- SGM-AYT-

Bulb in 
1994 

Thika highway 1994-06 

ab mica 
September 

Near Thika town (towards 
Roots Gacharage) along the Nairobi- SMJMW004 2001 Thika highway 

Bulbine Roots November Flower gardens of Chiromo 
frutescens 2001 Campus, University ofNairobi SMJM005 

Bulbine Roots January Flower gardens of Chiromo 
.frutescens 2004 Campus, University ofNairobi -

4.3 Extraction and isolation 

4.3.1 Aloe /ateritia var. lateritia 

The subterranean stems (red in colour) were air dried, ground into powder (995 g) and 

extracted by percolation with acetone (2 X 24 hours). The acetone concentrate (16 g) 

was subjected to chromatographic separation on silica gel, eluting with p tr lcum 

ether 60- 80) containing increasing amounts of ethylacetate. 60 elu nt (a ut 250 

ml ach) w re colle ted and com ined into 2 fracti ns At 7 . 

I-ra ti n B wa puri fi d by eluting ov r cph de. I II 20 c lumn usin ' 2% 

th in petn leum cth r clu i ld d 2 m 

n th r: chi r I: I mp un l 1. 

u in I: I m1 n •• , h 

r m th I ' n thm r 



chromatography using chloroform as the eluent. 30 mg of a red amorphous solid 

(compound 3b ), Rr 0.42 (I: I petroleum ether:chloroform). Concentrate of the second 

band was re-crystallized on p tr leum eth r/chloroform producing 9 mg of yellowish 

orange crystals (compound 6 , Rr 0. n 0% 'thylacctate/chloroform. f-raction 1 was 

eluted via ph d u ·in .1 · ~:t n : methanol I: I. The major band was puri lied 

further by P 1'1 • u irll tr I um cthcr:cthylacetate 4: J. 4 mg of a light yellow 

amorph u · p )wtl ·r mpound 12), Rr 0.3 (Petroleum ether: ethylacetate 3: 1) was 

tain d. Fra ti n as purified by CC over Sephadex eluting with ethylacetate. 6 

mg range cry tals of compound 7 (Rr 0.82 On CHCh:EtOAc 1: l) were obtained. 

Fraction Q \ as also eluted over Sephadex (LH 20) with EtOAc as solvent. This 

yielded 5 mg light yellow amorphous powder of compound 9 (Rr 0. 73, CHCb:EtOAc 

I: I). Fraction R was similarly treated yielding 17 mg yellow powder of compound 8 

(Rr 0.6 on Petroleum ether: ethylacetate 2:3). Fraction T was recrystallized on 

ethylatate/petroleum ether. 10 mg of light yellow needles (compound 7), Rr 0.4 on 

petroleum ether:ethylacetate I: l, were obtained. Fraction W was left to stand in the 

eluting solvent (30% ethylacetate/ petroleum ether) for several hours. 6 mg of ncar 

colourless needles (compound 10), Rr 0.6 (10% methanol in dichloromethane) were 

obtained. On 10% methanol in dichloromethane, the compound (6) had an Rr o f 0.5. 

Fraction Y was purified by elution over ephadex us ing acetone a eluent. I h 

yello\ o lid obtained \ r -cry talliz d on chi r form/m th n I yi !din ·e ll \ 

Rr 0. n I % mcth no! in dichl r mcth nc of com und 4 1 111 , • 

. .3. to • li.ilijt mi\ 

"I 1 m ith 



three times per solvent, each extraction taking 24 hours. The methanol extract was 

partitioned on ethylacetate/water. The extractions yielded 7.53 g of hexane extract 

11 .74 g dichloromethane extract and 16.27 g of ethylacetate partition. 

The dichloromethan tra t , n 1 th ~ cthylacctate partition of the methanol extract 

were combined n b.1si. r 'J'L ompari on. 25.96 grams of the mixture were 

chromato •raph ·I n ·i ii a ·I (deactivated using 3% oxalic acid). The column was 

WH'>ht:tl 111 1 larit gradient of n-hexane in dichloromethane through ethylacetate 

and \ a h d \\ ith methanol. The 68 eluents collected were combined into 1 6 fractions 

(A to 0) on the basis ofTLC similarity. 

550 mg of Fraction E was dissolved in dichloromethane : methanol I: I and the 

soluble portion eluted over Sephadex LH 20.yielding EI to E6. E3 (80 mg) was 

developed on PTLC using CH2Ch. This yielded 26 mg of compound 3 (yellow spot, 

Rr0.4 on 20% ethylacetate in hexane). 

240 mg of fraction G (eluent of 90% dichloromethane in hexane) was dissolved in 

ethylacetate (hot) and developed on PTLC plates using hexane:ethylacetate:acetic 

acid 14:5: I. Four fractions G I to G4 were collected. G2 and 3 were each 

developed in PTLC plates using Hexane: dichloromethane 8:2. The major porti n of 

the combined eluents was further purified by PTL (20% dichloromethane in hexane) 

and cc on silica gel (20 g i02, 50% ethyl acetate in hexane).! 0 mg of c mp und 7 

(Rr 0.- on 50% Et Ac in he. ane) were obtained. ,4 \ a de clop d on PI! u in , 

50% l;t Ac in he. an . 1 hi i ld d rng of m und Rr = 0. 

i hi r m nd lute vi 0 lurnn. 

. 



was re-cryst?.Jiized on 50% dichloromethane in hexane giving I 0 mg of compound 1 

(R,- 0. 7 on hexane:dichloromethane 2:8). The mother liquor of fraction 1--1 ( 186 mg) 

was dissolved in CH2Cb:MeOH I: I and eluted via a Sephadex (LII 20) column. 20 

portions were collected and ct rnbin ~d into 6 fractions Ill to 116. 40 mg of H5 was 

column chromatognmt: I 'i.1 si li a ) ·I and the major fraction developed on PTLC 

(15% thyla ··tat· in di hi romcthanc). This yielded I 0 mg of compound 6 (Rf o.s 

II I :Ft :1 . Fraction J was developed on PTLC using CII2Cl2:EtOAc 1:1. on 

ethylncetate/he. ane yielding 6 mg of compound 11 (Rf 0.6, Cl-hCI2:EtOAc 1: I) and 9 

mg of compound 10 (Rf 0.3 CH2Cb:Et0Ac l :). Fraction M was recrystallized on 

dichloromethane/methanol and 4 mg of compound 4 (Rr 0.4, 3% methanol in 

dichloromethane ). 

4.3.3 Aloe graminicola 

The subtarennean stems were sun dried and ground. The powder (500 g) extracted by 

cold percolation with tetrahydrofuran (2 X 24 hours) yielding 20 g of concentrate. 

The concentrate was packed on a silica gel column and eluted starting with hexane 

foled by hexane/EtOAc mixtures of different ratios (increa cd ethyl acetate 

concentrations). Twelve fractions (A to L) were collected. All the fraction wer 

analysed by comparision of their TL s \ ith authentic samples. I·racti nBc nt in d 

comp und 1; Fraction J compound 2 (Rr 0.7, H Ac: II '12 I :9) ; I cti n I· 

c mpound 3b (Rr 0. Et c: II h l :9); fra ti n II rnpound 7· 
' r t tit n J 

c m und 4. Fr. cti n 1 (77 Ill \\ lut j vi Lll 0 u in • 

lh 12:1 f II I : I n I th rnaJ r b n I 

i hi r m th n 111 l1l und R 0. 111 lh n I in 

I 'I 



dichloromethane) and I 4 mg of compound 5 (Rr 0.3 I 5% methanol 
111 

dich loromethane ). 

4.3.4 Bulbine ahynini a (fruit) 

The dried and 'llHIII I 1 ''d •r (I 0 ')of the fruits of Bulbine abyssinica was extracted 

with cth I u · ·t,u · b ld p ·rcolation. The crude extract (3.5 g) was chromatographed 

on o.·aJi a ·id impregnated silica gel (100 g), eluting with increasing polarities of 

mi. ·ture of n-hexane I dichloromethane and then ethyl acetate I dichloromethane. A 

total of 23 fractions, each ca. 200 ml, were collected and combined into seven major 

fractions (A to G). 

The methanol soluble portion of fraction C (eluted with 20% dichloromethane in n­

hexane) was crystallized from dichloromethane In-hexane to give compound 16 (J 

mg) as red crystals (Rr 0.5 on 5% ethyl acetate in n-hexane). PTLC (5% ethyl acetate 

in n-hexane) separation of fraction D (eluted with 30% dichloromethane in n-hexane ), 

gave further amounts of compound 16 (4 mg) and compound 1 (16 mg) a a yellow 

crystalline compound (Rr 0.4 on 5% ethyl acetate in n-hexane). Fraction E (clut d 

with 40% dichloromethane in n-hexane) was crystallized from dichl r m thane 1 
11

_ 

hexane to give compound 13 (55 mg) as dark red amorph u p wd r Rr 0.7, 

dichl romcthanc). Fraction F (eluted\ ith 50% di hi rom thane in n-hc. · nc) howcd 

( 10% ethyl a et re in di hi rorncrh, n ). r 1 L • IIi 

iii cl, !vent di hi 

~ m di hi r m lh n I n-h m un 14 ( m 



powder. Fraction G (eluted with 5% ethyl acetate in dichloromethane) was purified by 

CC on Sephadex LH 20 (CH2Cb:MeOH; I: I) to give compound 15 (33 mg). 

4.3.5 Bulhine ahys ·in it'll (roofs) 

125 g of the dr p l\\ d · \ ,Is •, tra tcd by co ld percolation in acetone (three times: 

II lr. I hr ·, I hr · . I of th ·combined extract was chromatographed on Sephadex 

gel using II le H I: I giving 62 portions that were combined into 15 fractions 

A to . Fracti n ~ as eluted via Sephadex and three portions collected. The main 

portion \ as dissolved in a little dichloromethane (very soluble). On addition of 

hexane to the dark red solution, a brown precipitate formed immediately. 1 H NMR of 

the precipitate suggested that the compound could be a dimer of compound 17. The 

quantity was too low for further analysis. Fraction M was dissolved in 

dichloromethane and hexane added. After some hours, two solids formed together 

(brown and red). The solids were separated physically after filtration and drying. The 

red compound was pure (Rr 0.2 on 100% CH2Ch. The mother liquor of M wa 

dissolved in dichloromethane and hexane added. The precipitate that formed wa 

filtered and the residues run over ephadex (50% methanol in dichlor methane). This 

yielded more of the red solid (Rr 0.2 on I 00% dic~loromethan ). 

recrystallized on dichloromethane/methanol and 17 mg of r d n die 

were obtained. Fraction and H wer c mbin d and r 

lid was 

und 17) 

n 

dichloromcthanc/hc. ·ane. F ur d y later, dark r d n cui h d tomt I t th r \ ith 

li ht r d pr ipit, I and th pr 

t I r . in 

rn th 

rn th n I in 
m un n 



ethylacetate in hexane) were obtained. Fraction K was passed through Sephadex and 

8 portions collected. Fraction L was also passed over Sephadex (CH2Ch:MeOH 1:1) 

and the major compound obtain d ' a knipholone (17). A compound having yellow 

fluorescence (Rr 0 5 on o mcthan I in di ·hloromethane) on (UV254 ) and colourl ess 

on visibl light wa · d 1 1 f in J, K, and L. The cphadcx eluents of these fractions 

with this '(Hllf )llfld " r mbincd and eluted over a silica gel column. Of the four 

a almost pure (Rr 0.3 on I 00% dichlorornethane). This was 

purified further b PTL (100% CH2Cb) and sharp needles of compound 18 were 

obtained. Fraction 0 was passed through Sephadex (CH2Cb:MeOH 1: 1) and the 

major eluent dissolved in a little dichloromethane. Hexane was added and a brown 

precipitate formed immediately. The precipitate was once more eluted over Sephadex 

(CH2Ch:Me0H I: I) and of the I 5 eluents collected, the third one was developed on 

PTLC (2% MeOH in DCM). The product was further purified by PTL using 

CHCh:EE 4:1 The major band resulted in 7 mg of compound 27. 

4.3.6 Bulbinefrutescens (stems and root ) 

500 g powder of Bulbine frutescens root were extracted u ing 7 % dichl r m than 

in hexane. 400 g powder ofthe stems was al o extracted similarly. he two e ·tr ct 

had similar TL patterns and hence ~ ere c m ined. 32 g o th c m in d e. tr t 

were column chromatographed ia dt.:-a ti atcd ilic lutin' \\ ith he. , 11 

ft II '' cd b mi. turt.:s of ht.: . · nc an J • > lu nt rnbin d 

int A t P). for ti n 1 

m und I 

r , m 
rn in 



and a Sephadex eluent of fraction L. The combined fractions (5.2 g) were packed on 

a de-activated silica gel column and 30 eluents obtained. These were combined into 

five fractions of which the one' ith Rf 0.2 (yellow spot) on 30% ethylacetate/hexane 

was identified as kniph I n 17 . mbincd fractions M and N (2 g) were subjected 

to column chr m nd tivatcd ilica gel. 17 portions were collected and 

combin ·d int) 1 art · fl t Ml2. M4 and M5 were pure and identified as 

f II wa cleaned by passing it over a silica gel column and 

t:lutin l with 20~o ethylacetate in hexane. 3 mg of a red compound (Rf 0.5 50% 

t Ac in he ane) was obtained. 
1
H NMR (200 MHz) of this compound suggested a 

dimmer of knipholone and 6' -0-methylknipholone but the sample was too little for 

generating enough spectra to have the compound fully identified. 

4.3.7 Bulbinefrutescens (roots) 

200 g of powdered roots of B. frutescens were extracted with acetone (2 X 24 hours X 

I litre) by cold percolation. 15 grams of crude extract were obtained. The extract was 

chromatographed over Sephadex (LH 20) using CHCI):MeOH I: I . Three fracti ns {I, 

fi and III) were obtained. Fraction II (3.5 grams) was column chromatograph d ov r 

I 00 grams of silica gel, using a chloroform/methanol polarity gradient. The 25 

eluents obtained were combined into 13 fraction (A t M). Fracti n 17 m ) was 

ubje ted to HP u ing th c nditi n : 

minute · dcte tor-240 nm . I" o band 

2 .I K2 Rr .t . 2 - 4 .2 1 R nd th r 

m 

lu nt nth nl t i Jrl I 



by PTLC (CHC13:Et0Ac I: I). This yielded 4-hydroxy-3-methoxybenzoic acid 

(vannilic acid 29). Fraction I was pas ed over Sephadex (LH 20) using the solvent 

mixture chloroform:methanol I: and eight eluents (II to 18) collected. 14 (the only 

one with a UV actJv p t w .. further purified by PTLC (CHCI3:Et0Ac 1:1) and a 

mixture of (F) - l-h In . r hcnyl)-acrylic acid (30) and 3-(4-hydroxyphenyl­

propioni · 1 • 1d (J 1 t uun ·d Half of fraction G was fractionated on Sephadex (LH 

20) clutin • wtth m than I. This resulted into 27 eluents that were combined into 12 

p rti n ( 1 t 12). G2 was further analysed and found to be knipholone (17). GS 

wa found to be 4-0-demethylknipholone (24). The other half of fraction G was also 

applied on Sephadex and eluted with a mixture of chloroform:methanol 1:1. Five 

eluents (G 13 to G 17) were obtained. G7 to G 10 were combined and eluted with a 

mixture of chloroform:methanol I: I over Sephadex (LH 20) resulting in four portions 

(G7i to G7iv). G7iii and G7iv were combined and run over flash (N2) silica gel 

eluting with a mixture of dichloromethane:methanol 97:3. The product was further 

purified by PTLC (CHCI3:Me0H 15:1). More of compound 24 was obtained in the 

process. G7i and G 13 were combined and labeled fraction N. The combined fraction 

was run over Sephadex LH 20 (CHCh:MeOH I: 1) and the major eluent filtered over 

CC Si02 gel (2% MeOH in DCM) resulting in six portions that were combin d into 

two fractions Nl and N2. Nl was developed on PTL ( H I1:M H 20:1) yi lding 

fractions 3 to N6. N3 and N4 inter-c n ertcd in cton . nd 4 wcr 

c mbined d elop don PTL 
II 20: I ·i ldin , I 0 nd II. II " "' 

pur nd further analy i 
rn un I .. 6. nd im r-

c nv n f in 

Ill 10 m• . 
fllJ lll 



28. Fraction B was eluted wit a mixture of chloroform:methan.JI I: I over Sephadex 

(LH 20) giving rise to B I-B4. The eluents were dried and stored for future analysis. 

Fraction E was purified by PTL u ing the solvent mixture dichloromethane:hexane 

2:3. Three bands were ted (E I to 1":.3). The process was repeated for fraction C 

yielding bands I It ·t and EJ were similar and hence combined. 

'pcctro~copi · una I · ., · showed the compound to be 5,8-dihydroxy- 1 _ 

m ·thylnuphlh [-. - ]furan-4,9-dione (21). Fraction D formed a deep red precipitate 

that wa · filtered and the mother liquor eluted with a mixture of chloroform :methanol 

I: I over ephadex (LH 20). DI to D5 were obtained in the process. Dl was purified 

by PTLC using chloroform and the compound elutherol-9-methyl ether (23) obtained. 

D5 was also purified by PTLC (CHCh:EtOAc 9: 11). This yielded the compound 

1 ,5,8-trihydroxy-I-methylnaphtho[2,3-c ]furan-4,9-dione (22). 

4.4 Aerial oxidation 

Abyquinone c (15) (10 mg) was dissolved in 5% methanolic KOH and the solution 

was stirred for two hours. The solution ·was acidified and extracted with 

dichloromethane. Preparative TLC purification of the dichloromethane layer gave 

compound 13 (trace), 14 (5 mg) and unreacted 15 (3 mg). In a eparatc exp rim nt 

compound 15 (5 mg) was completely converted to 13 (3 mg) wh n the m than lie 

oluti n \ as tirred for three da . ompound 14 \ a al o c n crtcd to I m 

. ·r riment. ·r he n.:a tions were m nit n.:d b ' I l 

w c nfinn dby 1lf •' fR n ly i · 

nd the id nt it , 0 th 



Compound 9 (5 mg) was dissolved in 5% methanolic potas~ iurn hydroxide and the 

solution allowed to stand for 12 hours. The solution was neutralized with dilute 

sulphuric acid and extracted ' ith di hloromcthane. The organic layer was co-spotted 

on TLC with chry ophan I n :f found to be the same. 

4.S omputational 

'I h · c n~ rmati nal analyses were performed on a Linux AMD MP 2400+ 

work tation by means of the semi-empirical AMI method as implemented in the 

program package Gaussian 98, starting from pre-optimised geometries generated by 

the TRIPOS force field as implemented in the molecular modeling package SYBYL 

6.9. The wave functions required for the computation of the rotational strengths for 

the electronic transitions from the ground state to excited states were obtained by 

CNDO!S calculations followed by SCI computations including 625 singly occupied 

configurations and the ground state determinant, and by OM2 calculations followed 

by SCI and SDCI calculations including 900 singly and 400 doubly occupied 

configurations, respectively, and the ground state determinant. These computation 

were also carried out with a Linux AMD MP 2400+ workstation using the 

BDZDO/MCDSPD program package, and by the use of the MN 99 oflwarc 

package. The single CD spectra ' ere summed up and w ight d foil , in , th 

Boltzmann statistics i.e., according the resp ti e h at of form tion . 'J h 

r t.tional trength were tran fom1ed into t\c valu • nd I< r a t tt r vi u liz ti 11 

up rirnp d , ith a au ian nd hapc fun ti n. 



4.6 Physical and spectroscopic data 

Compound 1 

Melting point 195-19T C; 
1 
H NMR: 12.08 (Oll-1 ), 7.07 (br s, H-2, 7.62 (d, J = 

1
.
2
, 

11-4). 7.79 (dd. J 7 .. I., If .-), 7.6 (1, ./ 8.1, II-6), 7.27 (dd, J = 7.2, 1.0, fl- 7
), 

I I. 98 (Oil 8). .4 I · • : ElMS 2 54.2 (I 00);226.2 ( 14.2); 198.3 (I 0.5); 197.3 

(11.8).1 !(I. ):1 I. (12.0)·141.3(10.3);139.2(10.4);127.2(15.93);115.3 

(19.5);77. 1·1. I :7 .2 16.9);75.3 (13.4);63.2 (17.0);51.2 (10.2);32.2 (33.86). 

Compound 2 

(Rr 0. 7 Et0Ac:CH2CI2 I :9). The compound was identified from a CC fraction of 

Aloe graminico/a by TLC comparison with authentic sample (Y enesew, 1991 ). 

Compound 3 

Red prisms, melting point 161-163° C,. 
1
H NMR, (500 Milz) 12.50, 12.38, 12.01, 

I 1. 99, 7.95 (d, J = 7.8), 7. 70 (d, J = 1.0), 7.59 (t, J = 7.8), 7.56 (d, J 7.2), 7.39 (d, J 

= 7.7), 7.28 (d, J = 7.4), 7.26 (d, J = 2.6), 7.10 (d, J = 2.0), 2.48, 2.13; IJ NMR 

192.85, 192.85, 181.90, 162.89, 162.76, 162.05, 159.64, 149.40, 149.18, 137.24, 

137.15, 135.95, 134.00, 132.66, 125.54, 124.30, 124.14, 121.36, 120.35, 120.01, 

115.72, 114.80, 22.30, 21.41. -ray cry tallograpbic data (app ndi: 3). I) data 

app ndi:) 3 EIM 32. ( 17), 39.3 ( , 43 .3 (7 . 65. ( ). 77.3 (20) 89.3 (7}, 91. 

( , 92. (12), 9 . 12) 10·. (< , JO . (II , 107. 10. II .2 W 11 . 12 . 

119. 125. , I 0. {7 . I 2.0 

• J .2 (I , I . (9 .9 12 . I 

. I 7 J • ( , I . I . I 



193.3 (7), 202.3 (14), 213.3 (9), 225 .9 (9), 253.4 (36), 358.5 (8), 461.1 (12), 488.2 

(13), 490.2 (26), 491.2 (10), 506.1 (100), 507.2 (25), 

Compound 4 

RIM I 
, . I 

• S m// > 9 (M t II. ' 1() JJ o01,), 491 (M - 6II1204) H NMR (300 Mllz) 1 2.48
, 

I . 4. l J.( L II . . 7.70, (t, J 8.0), 7.55, (d, J = 7.4), 7.33, 7.28, (d, J == 8.0), 7.27, 

(d. J 7. . 7.22, (d J - 8.0), 6.94, 6.72, 4.64, 4.00, (t, J == 7.9), 3.98, (t, J == 7.9), 

.9 (d, J == 7.6), 3.44, 3.36, (m), 2.41, 2.18, 1.03, (d, J = 6.7), 13C NMR (125 MHz), 

195.4, 194.0, 182.9, 163.3, 162.9, 162.7, 160.4, 151.4, 148.8, 147.7, 142.3, 

138.2, 135.5, 135.3, 132.8, 132.2, 128.7, 125.5, 124.4, 121 .3, 120.5, 120.4, 

118.3, 116.5, 116.4, 116.3, 115.6, 79.8, 76.0, 74.6, 74.0, 66.5, 46.2, 22.1, 

21.5, 17.9; 

Compound 5 

Melting point 149-153° C (CDC~)), ElM m/z 638 (M+·, J6 IIJo0, 1), 491 (M+·_ 

C6H 120 4); 'H NMR (500 MHz) 7.59 (dd, J 8.3, 8.1), 7.46 (dd, J 8.2, 0.9), 7.30 

(dd, J = 8.2, 0.9), 7.29 (bs), 7.13 (d, J = 7.6), 7.08 (d, J = 7.6), 6.82 (b.), .75 (bs), 

4.50 (d, J = 2.5), 4.10 (dd, J = 7.3, 4.8), 4.0 I (dd, J = 7.3, 2.4), 3.9 I (t, J = 4.0). 3.48 

(t, J = 4.8), 3.39 (m), 2.41, 2.18. 1.09 (d. J = 6. 7); 
1 IR 125 1117. I >2.2, I 91.R, 

192.7, 1 2.9, 1 2.1, 159 .• 150.2, 14 . I '.0, 14 .0 I 10.8 I 7.2, I . 1 .0, 

I J.<, I 1. J O .• 128 .. 1r.1. 124.. 120.8, II . , II .7 II . , 1J • , II . . 

7 .• 7. '7 .8. 7 .0, .9, 4 .• 1.7, I.' 17 .. 



Compound 6 

Melting point 264-265° C; 
1H NMR (300 MHz) 13.07 (OH), 7.76 (dd, J== 6.3, 3.

2
), 

7.72(t,J=6.3), 7.61 (d,J==7.65), 7. I (dd,J=6.3,3.3), 7.13(d,J =2.41),2.79; 'II 

NMR (500 MHz) 8 I .07 ( H), 7.72 (dd, J 7.5, 2.91Iz), 7.73 (t, J = 7.5), 7.30 (dd, 

J 1.5, 2.91Jz). 7 I. ( /, . ll;), 7.12 (s), 2.79 (s); 
13

C NMR (125 MHz) 8 190.97, 

181. I 9, I 6 . L. I .< . 12 .49, II .16, II 9.13, 136.69 and 125.07, II 7. 76, 134 04 
. ' 

I 8.47. I 4. I : H-H 0 Y (500 MHz): 8 7.7X7.3, 7.6X7.1; C-H COSY 

7.1187 ... '125.4 8, 7.605XI 13.166, 7.715Xl19.138, 7.730Xl36.700, .301Xl25.08. 

Dept 90:8 136.700, 125.448, 119.138, 113.166. Dept 135:8 136.701, 125.482 , 

125.078, 119.13, 113.151, +24.142; ElMS 255.3 (15), 254.2 (100), 237.3 (7), 236.3 

(53), 197.3 (13), 169.3 (8), 152.3 (12), 151.3 (8), 141 (8), 139.3 (II), 115.3 (22), 76.2 

(J 1), 63.2 (15), 32.2 (63). 

Compound 7 

Melting point 190-192° C; 1H NMR (300 MHz) 8 12;89, 8 7.72 (dd, Ifl, J 7.5, 3.2 

Hz), 8 7.593 (t, 1H, J= 7.8 Hz), 8 7.30 (dd, 1H, J= 6.9, 3.0), 8 7.13 (s, Ill), 8 4.05, 0 

2.91 (3H) ppm; ElMS 312.3 (5), 281.3 (2), 280.3 (7), 252.3 (1), 224.3 (2), I96.3 (I), 

192.2 (2), 168.3 (2), 150.2 (1), 149.2 (3), 140.3 (2), I39.2 (4), 126.3 {2), I15.3 (1}, 

1I3.3 (I), 111.3 (1), 105.3 (I), 99.3 (1), 98.3 (1), 97.3 (I), 9 .3 (I), 89. (I) 85. (2), 

84.3 (2), 83.3 (2), 81.3 (I), 77.2 (2), 76.2 (I), 75.3 2) 7 .2 (I 71.2 (2) 70.2 (2) 

.3 (3) 67.2 (I), 6 .2 (I • 60.2 (1). 57. ( · . 6. (I) 5 .2 · 51.2 (I 5.2 (I) 

.2 5 , .2 ( ), 41.2 (2), 0.2 (7), .2 {I , 

I I 



Compound 8 

I 
H NMR (300 MHz) 8 13.12 (I H) I 0.07 (b, I H), 7.67 (bs, I H), 6.62 (d, J = 2.4 Hz), 

7.14 (d, J = 2.4 Hz). 3.94 (s, H), 2.69 (s, 311); JJC NMR (75 MHz) 8 168.7B, 

189.96, 183.27, 166.9, lo· ·• 159.73, 14 .2 1, 138.67, 136.13, 131.44, 125.1J. 

I I . 75, I I 49, I I 0.0 , I 08 0'1, JdM. 328. (25 ), 296.3 (35 ), 268.2 (9 ), 240.2 c13 ). 

J . {1), 181 11),14 . (15),115.3(24), 113.3(25),85.3(25),83.3(29),69.2 

(44 ). . (44 ), .2 (100 ), 

Compound 9 

Light yellow crystals, melting point 200-203° C. 
1
H NMR (300 MHz, Acetone n6

) 8 

16.13 (s, OH), 9.69 (b, OH), 7.51 (t, J = 8.0), 7.22 (d, J = 8.0), 7.11 (s, I H), 6. 79 (d, J 

= 8.0 Hz), 4.08 (s, OH), 3.14 (J= 15.9), 2.98 (J= 17.4), 2.91 (J= 17.4), 1.44, 3.18 (J 

= 15.9),. ElMS 258.3 (~·. 66), 240.3 (48), 216.3 (II), 215.3 (6), 201.3 (16), 200.3 

(27), 198.2 (9), 197.3 (11), 173.3 (7), 165.2 (3), 141.3 (5), 116.3 (9), 115.3 (27), 77.2 

{4), 63.2 (4), 43.2 (15), 32.2 (100). 

Compound 10 

Colourless needles, melting point >235° C · 
1
H NMR (300 MHz) 8 15.37 (s, HI), 

6.98 (s), 6.90 (s), 4.40 (t, l v1c = 6.6 Hz), 3. 0 ( , 3H), 2.9 (d. J - 17.7 Hz), 2. (d, J 

= I .5 Hz) 2.9 (d, J = I . Hz) 2.9 (d. J = 17.7 Hz 2.8 (.\, 

27 • 2 ( 18). 28 . ( 17 228. 

10 I 2. 9. I 

7 .2 J I , 2.2 I 0 

• 10 l , 



Compound 11 

Colourless crystals, melting point 205° - 207° C; 'H NMR o 15.150, 9.16 (b, OH), 

6.819, 6.864, 4.368 (t, 2H, J= .6), . I 8 (.!r,crn 13 .71 liz), 3.0 I 4, (.!gem == 12 .8 1 liz), 

2.74 (.!gem 17.16), 2.71 lcm • 17. 10 lfz); 
13 NMR (75 Mllz) 204.60, 66.98, 

167.99, 167.68, I 0. I, 9.71, 109.13,118.37, 12 1.09, 137.65, 142.81, 143 _
63

. 

111.61, (18), 258.3 (100), 240.3 (34), 239.3 (16), 225.2 (20). 

2 '21 1.3 (8), 197.3 (8), 186.3 (5), 185.3 (7), 165.3 (6), 158.2 (9), 

157. (12. I 9.2 (7), 129.3 (16), 128.3 (23), 127.2 (13), 115.3 (24), 91.3 (7), 77.2 

(12) 63.2 (8), 43.2 (15), 32.2 (37). 

Compound 12 

1
H NMR 300 MHz, CDCh) o 9.34 (bs), 8.20 (bs), 7.53 (d. J = 8.01 Hz), 7.47 (dd, J 

7.38, 8.16 Hz), 7.07 (d, J= 7.29 Hz), 5.86 (J= 6.3, 6.48, 6.45 Hz), 4.12, 1.75 (d, J == 

6.51 Hz); 13C NMR (75 MHz) 169.44, 154.2, 150.4, 136.98, 131.2, 128.72, 123.49, 

123.49, 121.39, 119.54, 113.61, 61.81, 61.8, 19.74; ElM 245.3 (M+-+1, 15), 244.2 

(M+-, C 14H 120 4, 100), 230.2 (12), 229.2 (81), 214.2 (10), 202.2 (7), 201.3 (51), 187_2 

(12), 186.2 (12), 173.3 (23), 159.2 (14), 158.2 (26), 129.3 (7), 128.3 (9), 127. (12), 

120.3 (10), 115.2 (33), 114.3 (16), 113.3 (13), 102.3 (28), 101.1 (28), 85.2 (9), 79.2 

(7), 77.3 (11), 76.3 (7), 75.2 (II), 74.2 (7), 63.2 (II), 51.2 (8), 43.2 (14), 32.2 (29), 

om pound 13 

I • rk red am rphou p wder; mp I - 2 go ( 0.0 • ~ lh 11, 

m n • lu ; th m ured o • lu t - du t th 1 11 ,_ 

, I 7 I . I 7, I I, I • II , 



I 073, I 025, I 004, 965, 885, 754 ern-'; UV/Vis (MeOH): Amax (log c) = 232 (3.83), 

256 (3.60), 303 (3.00), 438 (3.26), 471 (3.20), 500 (3.01), 542 (3.02), 582 (2.60) nm; 

CO (CH2CI2): ~c229 - 12 .4, cn610.5, c1o1 2.5; 
111 NMR (Table I); 13C NMR (Table 

I); ElMS mlz (rei. int.): -o (f\f~, 100), 489 (61), 461 (7) 281 (22); 260 (12), 
219 

(G), 

207 (15) , 191 (5) , 149 (13), 9 (20), lfREIMS mlz 506.0993 (M~; calcd for c
30

Ji 
0 18 R, 

06.100 ) 

ompound 14 

Yellowish brown amorphous powder; mp 184 oc (MeOH); a~0 = - 25.2° (c 0.02, 

MeOH); IR (NaCI): 3431, 1662, 1621, 1420, 1379, 1259, I 122, I069, 1025, 885, 754 

cm-
1
; UVNis (MeOH): A-max (Jog c)= 232 (3.92), 256 (3.60), 303 (3.00), 438 (3 . 18), 

467 (2. 78) nm; CD (CH2Ch): M:230 I 0.1, ~c237 7.0, ~E24o 7. 7, ~E27o -6. 7, c300 1 .6; 'II 

NMR (Table I); 13C NMR (Table I); EIMS mlz (rel. int.): 508 (M+, 20), 489 (8), 28 I 

(24), 254 (25), HREIMS m/z 508.1153 (~; calcd for C3oH2oOs, 508.1158). 

Compound 15 

Yellow amorphous powder; mp 193 oc (Me H); aJ; = -63.5° (c . I, M II) ; IR 

aCI): 3428, 1633, 1620, 1600, 1485, 1284, I 124, 775 cm-
1
; VNis ( 

(I g c) = 232 (4.09), 276 (3.9 I), 98 (3.48) nm; Cl ( c II : c, "2.8, ~ - 2. t, 

abl I) · 1 fR 1 blc 1 )· I:. l 1 mlz r I. int.): 

7 (I , 25 (100, 2 0 7 · HRhl nlz I .I I d r 

I . I 7 I . 



Corr.pound 16 

Glittering red crystals. Rf0.5 (5% EtOAc/hexane), 1H NMR (200 MHz) 

8 13.49, 12.33, 1228. 7. 0 ( /, 8. liz), 7.69 (t, 7.8 liz, 7.8 llz), 8 7.89 (d, 7.7 llz), 

7.16.(bs),2. 8(s) 

Compouml 17 

Deep r d needle , orange spot Rr 0.2 (30% EtOAc/hexane) .. UV absorption (A.rnax 

nm) 224.0, 245.5, 254.0, 271.5, 289.0, 368.5 and 430.0) 1H NMR (200 MHz, CDCh), 

8 14.14, 12.52, 11.87; 7.52, 7.23, 7.16, 7.14, 6.11 (s) 3.91 (3H) 2.62, 2.12 tH NMR 

(300 MHz, acetone D-6) 8 7.55 (dd, J = 8.0, I .0 Hz), 7.48 (t, J = 8.0 Hz), 7.29 (dd, J 

= 8.0, 1.0 Hz), 7.316 (bs), 6.24, 3.98 (3H), 2.63 (3H) 2.17 (3H); ElMS m/z 436 

(W +2, 66%) 434 (~, 3%, C24H,s0s. 421 (55), 420 (34), 401 (11), 387 (6), 355 c1o), 

322 (6), 294 (4), 281 (11), 269 (12), 243 (7), 239 (7), 221 (10), 207 (8), 183 (12), 167 (34), 

149 (30), 129 (12), 125 (31), 104 (22), 98 (33), 43 (53), 36 (100), 

Compound 18 

Red crystals, yellow spot Rr of 0.3 (20% EtOAc/hexane). 
1H MR (200 Mllz , 

DCI))8 13.51, 12.58, 11.97, 7.60, 7.57, 7.27, 7.23,6.30,2.61,2. 1 ,3.31 (311) 

Compound 19 

I rk r f) ~ l 'tl , yellow p t Rr = 0. ( OVo et n 

• I . . 1 . , 7. , 7. 7. I 7, 7. 

II . 7, 
II : I 11~ - . 17. I .I 



163.67, 163.22, 163.06, 162.94, 162.42, 152.17, 120.54, 116.40, 132.02, 115 .69. 

86.99, 135.35, 109.64, 106.95, 124.24, 137.54, 129.07, 126.00 

Compound 20 

Rcddrsh brown ·r r tl , R, 0.4 ( 0% ElOAc/1 lexane),· 'II NMR (200 Mllz, co h) 8 

14 . , I . l, I. I . 4 ( Jl), 2.66 (3II), 2.11 (311), 6.91 (s), 6.80 (d, J = 8.4), 7_36 

(dd, J 7 . 7 Hz 6.69 (d, J - 7.4 Hz), 6.15 (s), 4.03 (d, J = 22.2 Hz), 3.81 (d, 1 = 

24.4 Hz) I IR 8 203.26, I93.40, 31.36, 159.52, 149.46, 141.76, 159.52, 106.05, 

162.30, 104.53, I 63.82, 163. I 6, 117.44, 118.79, 135.94, 115.29, 90.25, 114.54, 

I42.89, I I9.36, I I5.12, 55.80, 33.33, 20.98. 

Compound 21 

ElMS m/z 244 (~·. 100%, C13H80 5); 228 (17), 215 (24), 199 (9), 187 (9), 170 (5), 160 

(8), 149 (4) UV ("-max 226, 240sh, 295, 349 and 440 nm);'H NMR 8 12.98 (s, II), 

I2.82 (s, OH), 8.07 (s), 7.27 (s), 7.26 (s), 2.80 (3H, s). 

Compound 22 

("-max 226, 240 sh, 295, 349 and 440 nm); 8.15 (s),7.27 ( , 7.21 ), 4. 211. s 

m/z .. I:\1 260 (M•·,IOO%, 1311 ), 245 {10), 242 {38), 231 {12}, 214 (44), 187 { 14), 

186 (21), 170 {3). 167 {30), 158 (5), 149 (53), 57 {19). 43 {11) 



Compound 23 

Colourless amorphous powder, blue fluorescence in solution. UV (A.max 2 1 5, 249, 271 
' 

302, 313 , 328 and 357 nrn : HR L mlz 258.0885 (Mr., rsH140 4) . ElMS rn/z 258 

(M' ·, 88), 24 (96%. t• k), 8 (7%, M'"-2Me), 215 (100%, M+·- Me-CO), 200 

(4%, M' M · 0 , l , , 187 ( 1), 171 (21), 127 (22), I 15 (25), 43 (32), 1H NMR 

o8 II (s), .1-.t . .l • <. rrz), l.71 ,(d,J 6.5Ilz),6.95(d,J = 7.5Hz),o7.4 1 (t,J = 

.0 liz) and 7. 4 d J = 8.0 Hz), 3.99 (OMe), 
13

C NMR (o 169.4, 61.8, 150.4, 

l 4. ' . .87, 62. 7, 56.2. 

Compound 24 
I I 

UV (Amax 224, 271, 289, 365 and 428 nm); H NMR, 13.14 (br sOH), 12.38 (OH), 

11.84 (OH), 10.11 (br s OH), 8. 76 (br s OH), 7.61 (t, J = 7.5, 8), 7.41 (d, J - 7.0), 

7.17 (br s), 7.15 (d, J = 8), 6.07 (br s), 2.54 (3H, s, Ar-COMe), 2.05 (3fi, s Ar-Me), , 

'
3c NMR o204.4, 193.9, 183.6, 163.1, 162.9, 162.4, 162.3, 162.3, 153 .0, , 37.7, 

135.7, 133.0, 129.4, 125.2, 123.9, 119.9, 116.3, 115.6, 107.4, 105.5, 95.2, 32.5, 20.6; 

ElM a cluster of peaks at 423, (100) 422 (64)and 421 (30) ((M+3t, [M +2t and 

[M+1r, c23H 16Q 8), 407 (38), 406 (31), 405 (25), 389 (12), 361 (9), 334 (7), 321 (17), 306 

{3), 295 (16), 281 (5), 269 (34), 242 (14), 214 (18), 211 (33), 190 {19), 167 (27), 164 (33), 153 

(40), 149 (19) , 112 (33), 104 (46), 98 (53). 82 (98), 66 (89), 46 (67), 43 (88). 

mpound 2~ 

R d m rph u p \\ r, I I 
, UV 71. Ill I 

2 nm)· 111 IR 7. 
7. I, J 

I. J I, J 7 7 , 1 J, 



3.66 (m, J,.alios = 8.0: I 0:8.0:6.5), 3.5 I (rn, .Ira/los= 4.5:4.5:4.5::3.5:4.5), 3.42 (21-l d . .! = 

I 3.0), 3.34 (dd, J = 9.5, 2.0, 2.67 (s), 2.03 (31-l, d. J = 6.5), 13C NMR 205.0, 1 94.4, 

I 83.8, I 64.0, I 63.6, I 62.9, I 62. , I 61.8, I 53.0, I 38. I, I 38. I, I 36. I, 129.5, 12
5

. l , 

124.4, 120.3, 116.8, II .0, I 0 l. , I 02.3, I 02.2, 95.3, 78.6, 78.5, 74.8, 71 .2, 6
2
.
5
_ 

33.7, 20.9 

ornpound 26 

Red amorphous powder. 
1H NMR spectrum (Table 3.12), 13C NMR (Table 3.13) 

TOF-EIMS spectrum [M+It peak at m/z 853.2117 corresponding to the molecular 

formula ofC48H370 15• UV (A-max 275, 294, 385, 414, 446 nm) 

Compound 27 

TOF-EIMS spectrum [M+It peak at m/z 853.2117 corresponding to the molecular 

formula of C48H37Q 15, UV (Amax 275, 294, 385, 4 I 4, 446 nm), 
1H NMR (Table 3.1 2), 

13
C NMR (fable 3.12). 

Compound 28 

Red amorphous powder. TOF-EIM spectrum [M 1] p k at , = 69.204 

corrc ponding to the mole ular formula of 4 Il37 

ll nm), 'H 
tJ 

1R (1 able .12). IR (I hie . I . 

( 278, 2 8 ll2, 



Compound 29 

Melting point 211 - 212° C, ElMS m/z 169 (I 00%, M+·+ I), 168 (66%, M+), 
154 

(33) , 126 (8), 98 (9). 
1
H NMR 7. 7 (d../= 3), 7.56 (dd, J = 3.0, 8.0), 6.84 (d, J = 

9
.0), 

3.90 (3H, s). 

Compound 0 

'11 NMR 7. (III d, J = 16.2), 7.40 (2II, dd, J = 1.8, 6.9), 6.80 (2H. dd, J = 1.8, 

· ), . 9 (IH, d, J= 15.6), 4.59 (br s), ElMS m/z 164 ((M+-) 

Compounds 31 

7.07, (2H, dd, J= 2.1, 6.8), 6.72 (2H, dd, J= 2.1, 6.6), 4.59 (br s), 3.47 (2H, t, J :c. 7.2 
' 

7.5), 2. 76 (2H, t, J = 7.8, 6.9), ElMS m/z 166 (~) 

4. 7 Biological activity 

4.7.1: Anti-bacterial 

This was done by dissolving a given quantity of compound in acetone, placing it on a 

filter paper (diameter 2.1 em), allowing the acetone to dry and putting the di c on a 

petri-dish. On the petri-dish was agar innoculated with the acterial tmin. 1 h 

p tri-di h , as covered and pia cd in an incubat r. 'J he inhibati n 7onc wa then 

mea ured afterv•ard. . he n.: ults obtained were in 'J bl .2 t I " . 



Table 4.2: Antibacterial results 

.--

Compound 
~amp I' 

Inhibition zone 

sil.' 
Ba illus Staphylococcus 

Subtilis aureus 

ClhCh 
-

stern tr t )f A. 
15.4 Mg Nil 

kilifiensz:\· 
24 mrn 

CJJ2 'I Jc,t\'l'S • ~~~ t of A . 
I 5.4 Mg Nil 

k il '.fi (' n.\'1.\' 

27 rnrn 

Alo ·sup lll-trin 1 11.4 IJ.g 26 rnrn 25 mrn 

Alo ·ap nann II 10.4 Mg 28mm 25mm 

4,5-Dialoesaponarin II 23 .0 IJ.g Nil 23mm 

4. 7.2 In vitro anti-plasmodial activity 

The antiplasmodial assay on the crude extracts and pure compounds was performed 

by means of the microculture radioisotope technique as described by Desjardins 

(Desjardins et al., 197Q, Jenett-Siems et al., 2000, Chulay et a/., 1983). The 

concentration at which growth was inhibited by 50% (I so) was estimated by 

interpolation. Two different strains of Plasmodium falciparum parasite cultures were 

used in this study. They are commonly used in drug sensitivity a ay . 1 h 

chloroquine-sensitive Sierra Leone I (D6) and chloroquine-resistant Indochina I (W2) 

strains were maintained in a continuous culture supplemented with mixed ga (90% 

nitrogen, 5% o. ygen, 5% carbon dioxide), I 0% human -erum, and 6% h crnat rit of 

+red blo d cells. nee cultur r a hcd a para itt:mia of % \ ith t lc t 7 % rin, 

d vel pmcntal 
\\ n:: tr tn uhur 

pi te \ •ith -cl. t d with 
n II dilut 

th J 1. t 
f 

hi I int 
in rni 



t-

.... 

24 hours. Following the specified incubation time, 3H-hypoxanthine was added and 

parasites allowed to grow for an additional 18 hours. Cells were harvested with a plate 

harvester (TomTec) onto filter pap rand washed to eliminate unincorporated isotope. 

Filters were measur d II r ti it in a rnicrotitcr plate scintillation counter (Wallac). 

Data from th ountt·r ".h rmport ·d into a Microsoft Excel spreadsheet, which was 

then import ·1 int n a I dalabase/program to determine lCso values. The results 

obtained ar ta ulated below (Table 4.3) 

Table 4.3: In vitro antiplasmodial activities against Plasmodium falciparum 

Control drugs 
I Cso .fug{miJ 

W2 D6 

Chlo~uine 
20.7 X 10 _ _, 5.0 X 10 _ _, 

Mefl_oquine 
3.6 X 10 _ _, 30.9 X 10 ._, 

Quinine 52.7 X 10 ._, 46.5 X 10 _ _, 

Crude extracts 

Aloe kilifiensis stems >50.0 >50.0 

hexane crude 

A. kilifiensis stems DCM 22.5 >50.0 

crude 

A. kilifiensis fresh leaves 10.6 14.7 

acetone crude 

A. graminicola dry leaves >50.0 >50.0 

THF crude extract 
Pure compounds 

3 
6.0 8.0 

4 
10.8 13.5 

6 
5.0 

10 
8.0 

II 
8.5 

13 
9.0 12.3 

14 
24.1 

17 
6.2 10.2 

18 
7J_ 

19 
10.8 

I I 



Table 4.3b: More in-vitro antiplasmodial activities against W2 isolate of 

Plasmodium falciparum 

Control drugs IC~;o (ng/ml) 

Chloroquine 18.2 

McfJoquinc 8.3 

Quinin · 82.1 

Pun· tornp und" 

5705.8 

4 2364.2 

6 4969.5 

8 
1050.1 

17 
2798.0 

18 
7875.6 

19 
10755.7 

27 
263 .1 
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APPENDIX IV: SPECTRA FOR COMPOUND 6 
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CH COSY (acetone D-6, 125, 500 MHz) 

I I I , 1, l I ~- -- - 1 

-:; -

l 
r- I 

I 1 

o I 

\ 

• . 

. 

'·' . 
• I - •. · --l . 

c H COSY (expansion 

1 
I 

I 

'"" 
I ff 

) 

I 

' ~ 

' 

I• 
II . 

ft 

' 
' 

,, f-

-A 
--v ["" 

.J " ' 
-y 

) ' 
I • 



I 

APPENDIX V SPECTRA FOR COMPOUND 7 
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APPENDIX IX SPECTRA FOR COMPOUND 12 
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APPENDIX XIV 
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APPENDIX XV SPECTRA FOR COMPOUND 17 
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APPENDIX XVI SPECTRA FOR COMPOUND 18 
Proton NMR (CDCh 200 MH::) 
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APPENDIX XVII SPECTRA FOR COMPOUND 19 
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APPENDIX XVIII SPECTRA FOR COMPOUND 20 
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APPENDIX XIX SPECTRA FOR COMPOUND 21 
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APPENDIX XXI SPECTRA FOR COMPOUND 23 
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APPENDIX XXII SPECTRA FOR COMPOUND 24 
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APPENDIX XXIII SPECTRA FOR COMPOUND 25 UVspectrum 
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APPENDIX XXIV SPECTRA FOR COMPOUND 26 UV .\pectrum 
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--~~~~--~L~ 

&.8 

7.0 

1.2 

, 7.4 

PPII 
IIIII 1 .4 7.2 7 .0 lUI 

HMQC spectrum for compound 26 (DMSO, 125, 5 00 MHz) 

oc ,...20 
L 

= 0 -

0 

10 

110 

11'0 • 
01 ••• I I I I I I ••• I I I" I I I.' I I.' ... ''''' I' •• I I I" •• I I I I I'' I ... '' 

2 

. , ' . . 



~~ . ' ' . ' ' ~ ' ' ' ' ' ' ' ' ' ~' ' ' ' ' . ' ' . ~ ' ' ' ' ' ' ' ' ' ! ' ' ' ' ' ' ' ' ' ~ ' ' ' . ' ' ' ' ' ~' ' ' ' ' 
ROESY spectrum for compound 26 (CDCh 500 MHz) 

n l d .I J . J[ ll 
L~~ 

·. 

- ; A ... 

• 

.. 

25 

50 

75 

100 

ppm 



Carbon 13 II for compound 26 
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HMQC !!for compound 26 (/ow lemperalure. 238K) (DMSO, 125. 500 Mlfz) 
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ROESY !lfor compound 26 (CDC/3, 500 MHz) 

-~ 2 

I -tk 
.. 

. ~ 
. • -. 

-· 

I fh . 
~ 

· r-~. .. 
lJ ·l 
~ I . ~ --r rv- • 

I I I'. I I I I. I I I I' I I I I I II' I'' I' I I' I'. I 'I I I I •• I I I i l' I' I I I. I. I I I •• , 
""• 7 6 c • 3 a 

ROESY J1 for compound 26expandeded 

- ~----------------~~L_ 

2.0 

.. 

2 . 1 

1 1 
1 l 1 0 t II 



B.l 

7.0 

7.2 

1. 1 7 .D 1 .9 B.ll 

.. 



APPENDIX XXV SPECTRA FOR COMPOUND 27 Proton NMR spectrum (CDC/3, 500 MHz) 
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ROESY spectrum for compound 27 (CDC/3, 500 MHz) 
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HH-COSY for comp01md 27 (CDC/3, 500 MHz) 
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gs-HMQC expansion for compound 27 
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gs-HMBC expansion for compound 27 

_J.__- lL. _________ l _lJL l_U 
---·---..... 

I 

~ ~~~ ~I 115 

I i ~ I 
121> 

i ,, 

l~f l;>!i 

_,., ---·--.... 
PP" "1"1fhihtJhifJ +itJit•h" ifft I hi iiflhhihfith iP lhhj lit iihr?TTn'YNT'trJ""fT't1 ,..,.'tn'fn• n 1 • jihitttnn·T'"'M'Tr-nlTTl ~ 12 -10 8 E ~ 2 

gs-HMBC expansion for compound 27 

kuL_Jl UL -
0 

0 0 -

... 
-

,, ............... , ... ~·········••1•••"t••··· • I ; 

''i-ll IB ~ \(l:ln ion for ompound 27 

II 



f ; 
l 
l .,. 

{ 
{ ~ 
I I ' 
,~ 

i '• ~ ' .... 11 

} ·- - - -·----------

I 

~ I "1' 

I ,,~ , 

i I 
I 

"'' ! ' ~ t'J. -1 
I 
I 

I ~ .~;t,, ./ I I 

J j I 

-· . I ,., 1nrp1• I H •t U•• t·HtOI''t" t~tnnrttn"f"T1'J 1fn•-·t'nu"n H'"'l"""' '"'','""' '" '1"1"':' ''"1 rnrn11 'I' ttrn· ~· t1 u 8 ' ~ 
Low temperature HMBC for compound 27 (I' = 238K) 

-
.C6 

•• 

75 

-
lCO 

--0 4 

''''''"'''"''fill ''"l'fiiiiiii(iiiitfiltf iilttiltl'''""'' •" ' pa 1 • ~ l 



APPENDIX XXVI SPECTRA FOR COMPOUND 28 Proton NMR spectrum (CDCI3• 500 MHz) 
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Proton NMR expansion for compound 28 
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Corhon 13 NMR spectrum for compound 28 (CD1CN. 125 MHz) 
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Carbon 13 NMR speclrumfor Cl)mpound 28 (CD3CN, 125 MHz) 
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HMQC spectrum for compound 28 (DMSO, 125, 500 MHz) 
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HMQCfor compound 28 expanded 
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Low temperature (238K) HMQC for compound 28 (CDC!;, 125, 500 MHz) 
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APPENDIX XXVII SPECTRA FOR COMPOUND 29 Proton NMR (MeOD, 300 MHz) 
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APPENDIX XXVIII SPECTRA FOR COMPOUNDS 30 AND31 
Proton NMR (MeOD, 300 MHz) 
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