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ABSTRACT

Comparative Chemical Studies on the Lzaves

of Some Aloe Species of Ethiopia

By: Melaku Alemu

Research Advisor: Or. Ermias Dagne

Chemical investipations on the leaves of A+ berhana Reynolds, A,
rivag Baker, A. megalacantha Baker and A. puleherima ined. resulted

in the isolation of a total of nine compounds, the structures of which
were established by spactroscopic means as well as chemical degradation
to known compounds and comparison, in some cases, with authentic
samples. Chrysaphanol and [3 -Sitosteral were isolated from all four
spacies. Furthermors, A. berhana afforded a novel pre-anthraguinane
(tentatively.given the trivial name berhanone), protocatechuic acid

(a biologically important aromatic acid rare from a natural source),
barbaloin (the major active constituent of the officially recognised
commercial aloes responsible for the: use of the plant as purgative)

and aloe-emodin, A. rivae and A. megalacantha yielded aloe-emadin,

berhanone, barbaloin and aloinoside (a constituent of the commercially
important Cape and Socotrine aloes}. A« pulcherima afforded nataloin
(major constituent of the commercial Natal aloes) and 7-hydroxybarbaloin
(the characteristic substance of the cormercially important Curacao aloes

in the European Pharmacopoeia).

A further comparative chamical sereening on the presence of tha commercially
important compound, barbaloin, in the leaves of gome Aloe species hy
means of HPLC and TLC analyses revealed that this «lucoside is the major

constituent of A. barhana Reynolds, A. rivae Baker, A. megalacahtha Baker,

A calidthzlla Reynolds, A. secundiflora Engler, A. moloughlinii christian,
and A. otalensis Baker. Barbaloin was, however, not detected in the

leaves of A. pulcherima.
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1.1

1. INTRODUCTION

The Genus Aloe

The family Liliaceae, classified under the order Liliiflorae,
is one of the widely distributed families of flowering
nlants. It Consists of over 250 genera comprisine 3700

species, mostly nerennial herbs with rhizome or hulbl.

However, a major revision of superorders, orders and families
within the monacotyledons has been propesed by Dahlgren

and Cli?fordza The proposed scheme gave greater weight to
cryptic characters including nhytochemical information and

is now gaining wide acceptance. According to this scheme
most of the #enora earlier grouped in the Ffamily Lilioceas
are now classified under other families. Accordingly the

genera Alog, Bulbing, Kniphofia ... eto are now caterorized

under the Asphodelaceae., Only the cultivated genera such

as Fritillaria and Lilium are still under Liliaceae,

However, concerning the genus Aloe there are still queries
such as on whether it should be put in a separate family
of its own namely Aloaceae or should be kept as proposed in

the Asphodelaoeaea.
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The pgenus Aloe includes herbs, shrubs and trees bearing

spikes of whits, yellow or red flowers. The lsaves are

fleshy, strongly culticularized and are usually priclkly at

the wmrgin91, Aloes are indigencous to East and South

Africa but have been introduced in the West Indies (where

they are extensively cultivated) and inte tropical countries
and fluorished even in the countries boarvering Hediterraneana.
According to MahberleyS tha genus Aloe consists of over 360 ¢
species found over most of Africa, Southern Arahia and

Madapascar.

Traditional Medicinal Uses of Aloe Species

The term aloe is from the Arabic worst alloeh meaning a
shining bitter substance . The gel and dried leaf exudotes

of Aloe species have been used medicinally in ancient times

by Egyntians, Assyrians and flediterranean Civilizations7q
These species have enjoyed wide folkloric usaze since then

and are also now pnpulér¥y usad as medicines in mang societies
af the developed as well as the less developed world. Some

of the numerous important traditional mediciral uses of some

Aloe snecies are ¢iven in Table 1.




Table 1 Importont Traditional Medicinal Uses of

Some  Aloe GOpecies

Species Used in the treatmeant of Ref.

A. excelsa A. ferger Veneral sores, asthma and abdominal

pains 8
N sananaria Haw hoils 5
Ac vora Linne burns, abrasions, and other skin

irritations, injuries and wounds,

x-ray and atomic radiation burns 6

ring worm and acute x-ray burns 9
Ao ferox Miller ophthalmia and syphilis, and scab

on sheeps 10
A. marlothii Berger tape worm infastation 10
Ao mutabilis Millans x=ray burs 10
A. variepata L. ‘hasmorrhoids 10
A. longibracteota SOres n

Pole Evans

{“ macracantha Hax cleaning out the intestine after

taking a purgative medicina,

feverish colds, stomach trouhles 11
A. arhorescens Mill narturition in women and sick calf

as a drench 11




Species Used in the treatment of Pof,
A. castanea Schonl the ash of leaves insect
repellent for stored grain n
{Qther Unidentified nainful menstruation
Alos speciles asaociated with sterility, 10

onhthalmia, abortifacient,
cancer, anthalmintic,

fish poison, skin ulsers,

constipation, tooth pain,

chronic conjunctivitia,

blepharitis ... etc,




1.3 Commercial Imoortance of Aloe Species

1.3.1 Medicinal Action and Uses of the Nrug Aloe

Pharmmacologically the term aloe covers a variety of
nroducts obtained from fleshy leaves of the plant. The
bitter leaf exudates ol latex of som3 Alog species ars
conmarcially important sources of the laxative aloe druglle
Exudates of some Alos species are also important trade
items in the cosmetic industry. They have been used as
additives in shampoos, shaving and skin care creams
topical medication for treateent of burns and constituents
of many othar co metic nreparations. Partial purification
of the crude aloe drug vields a yellow powder known
commercially as "aloin”, which has been used as purgative
for centuries, from which the active constituent harbaloin
could he isolatedlz’lg. In recent literaturs the two

names barbaloin and aloin have become interchangeable.

The drug aloe is one of the safest ond best warm and
stimulating nurgatives to persons of sedentary habits
and phlegmatic constitution. Its action is exerted

mainly on the larye intestine, for which reason it is

: . 4.B,4
also used as vermifuges .

The drug aloe is an
inprodient of compound benzoin tincture and cathartic.
fanzoin tincture when taken internally acls as an

. . . . , 1,86
axpoctorant and antiseptic and diuretic propertias™ 7,
P { prap



The usual cathartic does of aloin has been taken to he

- B
15 mp.

Commercially Important Sources of the Drug Alee

The chief verieties of aloes that are officially
recognised for medicinal uses are Curscao or Barbaclos,
Cape and Saeotrine aloss obtained Trom diffeorent

. L 0,13
peopraphical sources and species .

Curacan alocs is obtained from A. chinensis Staud and

A. vera Linn. Aloe bharbadensis Miller (Dr'ﬂ, vera Linn)

i a wnative of northarn Africa but was introduced into
the Barhados islands in the seventzenth eentury. Aloe

chinensis, a variety of A, vera was introduced from China

in 1817, The drug has been preparad extensively on
the Dubtch islands of Curacao, Arubias and Bonaire. In
1976 the nrincipal areas of productlon were Venezuela,
Curacen and South Africa. Curacac aloes npossesses the
nauseous and bitter taste that is charascteristic of
all aloes and a disagreable penetrating odour. Tt is
the most importnat form ococurring in the United State
of America. Analyses have revaaled that Curacao aloes

. . 6
is sunarior to Caps aloses,

i

Cape aloes is prepared in Cape colony from A. ferox

P



nurgative pronefties than any other varisty of the drug
and is preferred to other varigties on the continent,
but is chiefly emplayad in this country for veterinary
purposes only, tough for this purpose, the Curacao
aloes is as a rule preferred4. The drug has a very
characteristic, sour odour (the so-called rhubarb or
anple~tart odour), which is particularly noticeable if
one hraathes on the drug befora SWEIlingl. Larps
guantitiss of the drug were exported from Cape Town

and Mossel Bay.

Socotrine aloes is prepared from the leaves o’ A, perryi
Baker, a species in the islaﬁds of Socotra. When it is
preparad it is commonly poured into gost skins, which
are then packed into cases. It may he distinguishaed

princinally from Curacac aloes by its different odour.

The major constituent of the above three commercial
varieties of aloes is the anthraguinone C-glucoside,
barbaloin, The other varietv of commercial aloes which
does not contain barbaloin is PMatal aloes, The source
of this variety is not yet definitely asceptaineda’lq.
Natal aloes contains ags chief active principles the

-

anthraguinon ™ -vlucosides nataloin and homonataloin.
According to Beaumont g&ﬂg&.lS the commarcial drug

was said to be obtained from a chemiver of A. marlothii



Berger or from a chemivar of A. spectabilis Reyn.
In eeneral barbaloin and homonataloin are never

prasent together in the same exudatels.

1.4 Secondary Metabolites of Aloe

Chemical studies on some members of the genus Aloe bave so far
resulted in the isolation and characterization of abeut 55

secondary metabolites.

The secondary metabolites like anthraguinonss, anthrones,
chromnaes and thair glycosides have been obtained from many
Aloe species and therefore could be considered as a common
feature of the penus. However pre-antiraquinones and their
plucosides and bianthraquinoids have so far been reported
from only one species namely A. saponaria Haw. Sulfur
containing Lonzoyl derivative, a coumaric acid ester and a
naphthoic acid lsctone derivative have bean reported from

fie pluridens, A. forox and A. saponaria, respectively. The only

two species that have been investigated for their phvitnsterols

and triterpeng comosition are A. arborescens and A. barbadensis.

Bioactive extracts have also been reported from some Aloe species.

These include antifungal propertiss against Asperyillus niger
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Aloe Spocics of Ethiepia

I

5

.1

v
Taxonomy and Traditional Medicinal tses

The rucent texonomic study of the Ethiopian Alce

species was that of ReynoldSZQ. Reynolds recorded

about 77 Aloe species, 12 of which were described hy

him from previously undercollected areas of Central,
kothern and Castern Ethiopia. Reynolds indicated

that hls weork was not comlete and predicted that

several new species may be discoversd from some African
countries including Ethionia. Based on field ohservations
and herbarium studies, a preliminary taxonomic
investigation of 17 Aloe species is now in progress.

This study rovealad two new taxa named as A. pulcherima

and A. gilbeg&iz .

-

.
Aloe berhana Reynolds is an endemic species which

occurs near Debre Terhan, Morth Shoa Administrative

_ 7
Reegion™™

. . . 2{)
. Some of the Aloe spucies described by Reynolds
were named atter their place of location eg. A,
adigratana, A. massawana, A. yavellana ... etc. or

after the discoverers ep. A. jacksonii, A, schelnei ...etc,

A particular type of Alog locally known as sete eret,
characterized by the lack of spings on the leaf margins,
is commonly prescribsd as medicine in many parts of
shoa. This plant bas turned one to ba a hitherto

. ! . 21
undescribad speciss named as A. pulcherima™.
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Nther specics used in folk medicine of this country
to treat various ailments include A. trichosantha Berger

and A. megalacantha Baker to cure intestinal complaints.

Having an intensely bitter taste, Alce snecies in many
parts of the countrysides are used ta discourage children
from biting their fineemails ond interrupt breast-

foading.

Prior York on Some Aloe Soecies

The only renort available in the literature on the

constituents of Aloc species of Ethiopiz is by Croom

(o]

i .

and Reynolds1 . In the coursz of their chemical
investipation of barhaloin levels in the exudates from
the leavas of 60 species of Aloe, they have included
abnut 13 Alog species which are known to occur in
Ethiopia. Plants of Aloe species used in the analvses
were collected from the wild and grown in glasshouses at
at the Royal "ianic Gardens, Kew, fngland. The method
used to estimete the amount of barbaloin in exudates
from leeves of Aloe species was senaration of harbaloin
in the erude extracts by H'LL fellowed by intepration
of N zhsorption of the peak at a cheracteristic

wavelangth (378 nml.



Under the solvent conditions thay used, the two
diasterenners of barbaloin were not separated so that,
the barbaloin neak was estimated as ¢ single entity.
As was mentioned in section 1.3 of this manuscrint,
barbaloin is the nursative principle of the cemmonly
available aloes of commerce. The name aloin was given
to a crude meterial, amorphous or crystalline according
to the degres of purification, from which harbaloin

could ho isolated.

The exudates from most specios contain hetween 10-20%
although a fow concentrations of around 30% were found.
The level in the leaf was usually around 1.1% of the
dry weight in plants sn glasshouses at Kew although
somz species were found to contain up to 5%, The
partial rosults of their investigationlB is given in
Table 2. Section I shows lavels of barbaloin in
Ethiopian Alog species, gection 1 in aloes of cormerce

and Section IIT in Aloe apecies of potential conmarcial

importance.
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Table 2 Rarbaloin Levels of Some Ethionian Aloe Species

and Some Tmportant Comrercial Aloes

<

Harbaloin % Barbaloin *

Plant dry wt of exudata dry wt of leaf

T+

Sechion I

As trichosantha Berger 20.9 5.4
A. calidophylla G, Reyn 23,0 3.9
N adigratana C. Reyn 21.72 2.6
A rivag Baker 20,2 0.4
Ao harlans €. Reyn, 17.7 0.5
Ae secundiflora Engler 17.4 3.7
M. rassavana G. Reyn. 17.3 1.1
A. schelpei G. Reyn 17.1 1.1
A. mepalacanthn Saker 13.8 2.4
A, retrospiciens G. Royn et Bally 12,0 0.9
£ slegans Tod 11.0 5.5
A. mcloughlinii Christian 7.5-31,297 0,9-2,1°
Ao gilberti inad. ; 5ed 0.4
Sacticn I1

A. ferox {liller 9.7 1.3
7. africana Miller 11.6 0.7
Av barbadensis Miller 17.3 1.9
A. perryi Baker 23.5 2.4
Section ITX

A. turkanensis Christian 30.8 6.6
A. classenii G. Reyn 20.4 5.4

a = range of levels in individuals from different locatities



Nased on their results ohtained, Groom and Reynolds

have pointed out that Cape alogs of commerce derived
from A, ferox miller harvested in the Wild is seen to

be not the best choice because chemivars giving
different vields occur and the plants are slow-prowing
and without side shoots so that prepagation is difficult.
Aloe perryi Daker the source of Socotrine aloes, said

to be finer than Cane aloes, was found to have a high
concentration of harhaloin {25.5%) in the exudates.

Tn addition to the ahove comment, they have supgested

that A. classenii (. Reyn and A. turkanensis Christian

would be suitable choices because as well as having
high concentration of the compound in the exudate, they

form clumps and are readily propagated by offsets.

Tnspection of Table 2 shows that the level of harbaloin
in some species is interestingly comparable with thoss
of the commercial aloes and even much better in some
cases notably the first three entrias. These promising
results encourape rigorous analyses on Aloe species of
£thiopia in the search for best choices of

sources of barbaloin. Once this is done, the remaining
task would then be practicine extensive cultivation of
hast candidates of Ethiopian Aloe speciass to fulfill
the demand for barbalin, provided that they are

fast-arowing and readily propagating.
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The Dbjective of the Present Study

The renus Aloo is widespread in Castern and Southern Africa
extending to Sudan, but in Asia is only knowm from South-tlest
. 23 . . . ‘is

Arahia™. The cenus is known to nossess importabt traditional
madininal usos and is also cormercially important. Leaf
exudates of a few species of Aloe have boen used for centruries
for their nurgative activity, which has shown to he due tn
anthraguinone derivatives notahly barbaloin and which is still

. . . 3 ‘ X
listed in many national Tharmacopocias™. As a result of these,

the sultivation of Alos nlants is now rapidly becoming world-wide.

Te date ahbout 55 secondarv metabolities have been isolated and
characterized from some members of the genus Aloe. Since the
number of species so far examined covers only a small parcentage
of the 367 or sn recorded Aloes species the above nurmber of

compounds is more likely to rise.

The main ohjective of the present study is to investipate the
chemical consktituents of some Alos species of Ethiopia. To

our knowledes, Alce species of Tthiopia have not vet heen

subjected to detailed systematic phvtochemical or nhamacological

atudv excent for the chemical screening worlk of firoom and

15 . \ . _
Reynolds™ . Groom and Reynolds examined the level of the
commercially important compound, (barhalnin) in the exudates

of about 13 Aloe species wihich are known to occur in Ethionia.
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The list includas A. rivae, A. megalacantha, A. secundiflora,

A. mcloughlinii and A. calidophylla. Whereas, the leaves

of A. herhanza, A. otalensis and 7. Eulchepima have so far

not been investigated at all.

The present study covers phytnchemical studies on the leaves

of A. berhana, A. rivae, A. mesalacantha and A. pulcherima

for which large scale collections wers available. In
addition to this, scrcening work on the presence of the

cormmercially important compound {barhbaloin) have been

porformed in the leaves of the above snecies and four

additional namely A. calidophylla, A. secundiflora,

A. meloughlindt and . otalensis by maeans of HPLC and TLC
methods. An attemt will made to compare tho major
constituents of these eight species with the commercially
recognised imoortant Aloe species of the world, Furthermoro,
the present study demonstrates the nesd for a collaboration

betwesn botanists and chemists in light of the taxonomic

work in progress on Aloe species of Ethiopia.
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2.2 Elucidation of Structures of Compounds

2.2.1 Chrysophanol (1)
" This compound was obtained from A. berhana (both

extraction methods) as well as the remaining three speciet

The 1H NMR spectrum of this orange ~ yellow pigment
revealed the presence of two singlets in the chelated
hydroxy region, five arométit protons (ABC type and two
broad singlets) and one aromatic methyl group. These
signals togethar with the appearance of orange colour
upon treatment with methanolic Mg(OAc), suggested 1,8~dihy
droxyanthraqguinons nuclgusza. In accordance with the abou
facts, the IR spectrum has alsc diplayed absorption bands
due to hydroxyl (3420 cmhl), a non-chelated guinone

carbonyl (1675 em™)and a Chaldted Carbongi (1630 ém*) gY0Up

HO o OoH

10,

0

The combiined evidence presented above establish ] as the

structure of this anthraguinone, which was also further
confirmed by co~TLE and mmp comparisons with authentic
spacimen. Chrysopﬁanol is one of the most widely

25 but its

distributed anthraguinones of higher plants
oceurrence in Aloe species has been reported only from

. , 26
ona species namely A. saponaria



2.72.2 }3 -Sitosterol (2)
This compound was isolated from all four species.

A dark purple colour upcn treatment with venillin-
sulphuric acid spray reagent was observed for this
compound suggesting terpenoid er storol 8k818t0n27.
The high resolution EIMS of this compound revealed
a molecular ion at m/z 414 consistent with the rolecular
formula €, Ho 0V further indicating tritemenoid or

29 50
steml nucleus28’29. The 13{

> MR snactrum showed 27
signals for 29 carbons and in the NEPT spectrum five
CHa, 2laven CHQ, ninc CH and two quaternary carbon
signals wera observed, Particularlv noteworthv are the
last thirae downfisld carbon resonances at 5-141.2,
121.7 and 72.1, which are characteristic feature of
.

lﬁf - phytosterolan, These are assignable tn carhon
resonances of C - 5, § and 3 rﬁspectively31’32.
Aceordingly, the H-6 signal was discemable at (5 5.4
appearing as a multiplet in the 1H NMR spectrum.
Coapapishn nf the 1H N2 spectrum with spectra of 42
bhytosterm1533 has ravealed the presence of an ethyl
side chain at position 24 of this phytosterol, In
accordance with the above facts, the MS of this
phytosterol showed a relevant ion at m/z 3729, observed for

O
Z§ - nhytostercls only, whose senesis must involved

. 34,35
complex rearrangerent reaction .



HO

On the basis of the above discussed spsctra data this

phytosterol was identified as F— Sitosterol (2). -Further

confirmation of this assignment was derived from co-TLC and

1

mmp camparison with authentic sample, The 3C NMR data of 2

closely agree with those of the sitosterol moisties of
sitosterol 3-O-glycosidesil’ 32, P - Sitosterol (2) is widely

30,36

distributed in plants and its occurrence in Aloe speciass

has been reported only from two species™ *9,

2.2.3 Aloe-emodin (3)
This compound was obtained from A. berhana (Soxhlet ext),

A. rivae and A. megalacantha.

This orange-yellow compound gave orange-red colour upon
treatment with methanolic NE(OAGJZ suggesting 1,8-dihydroxy-

24. The ildentification of the structure

anthraquinone skeleton
of this corr;imund as 3, which was isolated in each case in
small quantities, was only based on colour reactions with

spray reagents, co-TLC and mmp comparisons with authentic

sample.
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Alog~esodin was obtained as orenge-yellow needles from

MeOH mp 219-220° (136,12

223 - 4%}, As the name implies
it is present predominantly in Alce specieslz and known

to exhibit antileukemic pmper’cissl.

2.2.4 Berhanone (4}
This compound was obtained in pure form from A. berhans
{Soxhlet ext) and as an inseparable mixture from A. rivae and

A. megalacantha.

The 1H NMR spectrum of this compound revealed the presence

of hydrogen bonded hydroxyl group appearing at (5 15.0,
characteristic of 9 - OH of pre-anthraguinone skeletonza’Bg.
Furthermore the spectrum diSPidecl resonances attributable
to- three afjjacent aromatic prt;tons (cg 8.8, 7.2, 7.5), an
isolated aromatic proton (7.0), an aromatic methoxyl

{Cg 4.0), an aliphatic methyl ( é 1.5) and two singlets

( (_‘S 2.8, 3.2) each integrating for two protons. The
anpearance of the methyl signal as a singlet together

with multiplicities of the methylene protons required 3-OH

substitution on the pre-anthraguinone nuclsus. The 8-OMe



substitution was derived from coupling patterns and
chemcial shift considerations of the four aromatic protons.

The UV spectrum showed absorption bands at 216, 262, 293

and 370 nm which are comparable with the maxima of '
76,39

pre-anthraquinonas

The ahbove discussed spsctral characteristics can only he
accamodated by structure 4 for this greenish - yellow
flourescing compound, This compound was found to be

Ly Ry

identical with authentic sample (co-TLC, co-HPLE,
that has recently heen isolated from the roots of A. berhana
given the tentative trivial name berhanone40. The. structurse
of berhanone was astablished on the basis of WV, IR, 1H NMR,
MS and chemical transfornationsfintm chrysophanol-8-methyl

gther and cfirysophanol. A search in the chemical literature

revealed that 4 is a new natural product.

2.2.5 Protocatechuic Acid (7)
This compound was isolatad only from A. berhana (both methods

of extraction].
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The HRMS of this compound showed an' M analysing for
CHg0, at m/z 154, The L MR spectrum displayed
resonances for three aromatic protons typical of i,2,4 -
trisubstituted benzene ring. Its 138 NMR spectrum revealed
signals for 6 carbons resonating at cs 167.1, 149,1, 144.§,
121.7 116,86, and 115.0. The intensity of the signal at
121,7 is much higher than the others probably repfesenting
two coerbons. The MS showed relevant peaks at m/z 137
(M~UH]+ and 108 [N—CGZH]+, which are characteristic ions of
aromatic acid341. The above data together with IR

absorpotion bands for carbonyl group at 1700 cm-l and

hydroxyl groups 3300 - 3200 dn‘l

suggasted dihydroxyhenzoie
acid series. Three alternative structures can be assigned
to this compound based on the above data. These are 2,4 -
dihydroxybenzoic acid or resorcylic acid (5), 2,5 ~

dihydroxybenzoic acid or gentisic acid (6) and 3,4 -

dihydroxybenzoic acid or protocatechuic acid (7).

5:R' = cOH, R? =R
6: R® = oo, R =R =OH
7t RO = COH, R = RS = oM
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These can be distinguished on the basis of 136 chemical
shift nalculations of the aromatic carbons and MS

fragmentation pattern.

Assuming additivity of substituent effects, 136 chemical
shift of an aromatic carbon "a” in a polysubstituted
hanzene can be pradicted using the relationshp;

ri. (" '
{ -~ < .
‘8 F @ + } u;'.x,omn\'p'xl
ad ' .
t al
Where (Jﬁa iz the chemcial shift of carhon *a”, (ﬂ is
the chomeial shift of henzene (128.5 ppnl), Sx, 0o, morp

is the shielding paramezters of substituent Xi on the

carhon or on the carbon ortho, weta or para to it and

whero the summetion is carrdied over all the substituents
on tha ring.
The aromatic 13C shielding paremeters of OH and CU?H

substituents in the given order are +28.7, -12.8, +1.2,

-8.5 and +1,9, +1,3, +N.2, +4,0 respectively.

The 136 chemical shifts of b, & and 7 can therefore
be calculated by inserting the shislding parameters and
chemical shift of benzene in the given equation and

these values are given in Table 3,
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1 .
Table 3 Calculated "33 Chemical Shifts of é, 6 and 7
C s 8 7
1 109.1 118,08 '123,1
2 159.7 251.0 118.2
3. 103,11 117.1 144,68
4 63.2  121.7 149,72
5 107.4 148,39 117.1
B 1372.2 114,22 122.5

The 138 chemical shifts of the carbonyl carbon of 5, & and 7

4
as raported by Scott'2 are 172.2, 172.1 and 1£9.4 respectively.

Comparison of these expocted values with those chemeial shifts
generated for this comoound (167.1, 149.1, 14416, 121.7, 116.0
and 115.0) essentially ruled out the first two structurss and
hence structur: 7 was assipgned for this brown ~momhous snlid.
This was also further substantiated by the lack of significant

Eﬁ - H?d]+ ion in the MS of 7 expected from ortho- eFFGGt41‘43.



Mrotocatechuic acid (7), althouph it is rare from a

natural saurces, has been reported form ngfgg'pulp44

and can be extracted from 1ignin38. The occurrence

of 7 in the leeves of A berhana reported here appearcd

to ba the firet record in the genus Aloe., This
binlepically important aromatic acid42 is also commercially
available and has got the price of 18.1% for 25 ¢ as

listad in the Aldrich catalogéS. Derivatives of 7 have
heen frequently used in the biosynthetic studies and
syntheses of some phamwmcologically important isoquinoline

alkalcid846’47.

Barhaloin (8)

This commercially important compound was isolated from

A. herhana (Soxhlet ext), A. rivae and A. megalacontha,

. 1 . .
fhe “H MR spectrum revealed rasonances for five aromatic
protons a5 two broad singlets and AGC type. Furthermore,
the spectrum disclosed the presence of atleast two

chelated hydroxyl groups, glycesyl protens and a multiplet

13

;ﬂ:{S 4.6, The T MR spectrun showed the substitution

pattern typical of aloe-emodin anthrone nucleus with a

13 shemical shifts

£ - linked glycoside at € - 10. The
suoheu;é‘lgﬂ.ﬁ foe C - @ and 43.9 for C-10 together with
the IR absorption band for a chelated carbonyl egroup at

1630 cwfl were typical of the anthrcne nuclnusaa’dg‘Sﬂ.

A positive borax test (creenish-yollow Fluorescence) has
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also been obtained which is characteristic of anthranolsl.
Resonances at ¢ 77.9 and 3.2 in the 1 and H MR
spectra were typical of € - 1 anomaric position of

C- glucosideSD. The other sites of linkage of anthrone
and sugar units were ruled out ?rom the fact that these
linkages do not ocour under biological conditions as verified
by ReesSI and Pigman and Hortoﬁsz. The € - 10 glucoside'
nature of this compound was also derived from the fact
that, when this compound was subjected to standard acid
and alkaline hydrolysis, it did not resulted in the
detection of any sugar like naterialsSz’Sa’Sa. Oxidative
hydrolysis by FeClB gave glucose and a product which after
treatment with base followed by acidification essentially

yielded alog-emodin (3} further indicsting C-glucoside

naturel;

On the basis of the above discussed facts structure 8 was
assigned to this compound and substantiated by co-TLC

compafigbn with authentic sample.
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Narhaloin (8) is the major active constituent o

+ the

commercially recoenised aloes that is responsible for

tha uss of the plant as pureative, still listed
i Ty

F

. . 3,12
national ["harmacopoeias ]

The 1H N2 spectrum in the chelated hydroxy reg
136 MR chemoial shifts and pattesns of 8 (Tahl
5} indiceted that it ocours as a mixture of two
stereoisomers of harbaloin in which the glucose

.
attached gher ot € - 107990 canparable ©

isomers have beon reported for homonataloln (24

Nptical rotation measurement ndicated [}jA] 0
o = 0.02) for 8, The values in the chemical 1i
are -3.3 (EtOH) and -1G.4 (E{OAc) but do not di
to which isomer are these values vreperted Fnra

1H NMR data (Table 4) as well as the WV and mp

in many

jon and

g 4 and

unit is
- 10
{MelH,
terature

stinpuish

6, The

of g_are
49,50, 36,

corpatible with these reported in the literatures .

Aloinoside (J)

This coapnund was obtained from A, rivae and A.

moegalacantha |

The 13

[ MR spectra of this corpound revealed a
resonances atiributable to harbaloin (8). In a

tn these, the spectra showed signals such as

i

11 the
ddition

99.4 and 5.1



typical of € - 1  anomeric position of an DhglycosideSB’Sq.
Accordingly acid and alkaline hydrolysis of this compound
have afforded rhamnase and a product identical to 8
confirming that it was an O-rhamnoside of barbaloin., The
pronounced deshielding of the 3—CH2 signal of barbaloin
moisty of this compound (from 62.3 to 67.0) féqu”nd
placement of the rhamnose unit at the 3-CH2D~position

of barbaloin nucleus48. Further confirmation of this
assignment was derived from F9813 oxidative hydrolysis
followed by treatment with base and subsenuent
acidification gave glucose and a product which after

acid hydrolysis yielded rhamnose and aloe-emodin (3) in
synthetically useful yields. Moreover, a greenishjyellow

flourescence was also obtained for this compound when

subjected to borax testl.
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On the basis of the above discussed spectral data
and chemical transformations, this compound was
charactaerized as barbaloin-15~0+rhamnoside or
aloinoside (8) that has previously been isolated
from twa of the commercially important aloes namely
Capa and Cocotrine aloeslz. The ocourrence of @ as
mixture of t@o atereoisomers nemaly aioinoside A and B
was also discernable from the spectroscopic data
presented in Tables 4 and 5. This was also
substantinted by optical rotation measurement in which
case lj()iqw+ 75 (MeOH, c = (L02) was obtaiqfd‘ The
Ry :

s

1iterature value for aloinnside B is } ot -45,3

5 - | —
(aq. dioxane]lz. D




Tahle 4, lH MR Datn of O and 9

H 8. o

2 6.0 brs 6.8 brs

4 7.0 brs 7.0 birs

5 £.9 o (7.8) 6.9 d (7.8)
B 7.5 & (7.2} 7.4 % (7.8)
7 7.1 d (7.8) 7.1 d (7.8)
10 4.5 brs 4.6 brs

- CH2 4.5 brs 4,3 brg

1, 8-0H 11.85,11.30,11:75 " 11.0 hrs

1¥ 3.2 brs 3.3 brs

2 - B 2.5 - 3.4 m 2.5 = 3.4 m
17 - 5.1 brs
AR - 3,5 - 4.9m
5" - 1.2 d (4.5)

gpectra run in DMSG - dg’ 7 values in parentheses
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Table & L°C NYR Datn of 8 and 8

C a g

1 160.7 160.8
2 119,68, 118.4° 118.9
3 151.8, 150,97 145.3, 146.0°
A 15,3, 115,070 115.3°
5 12.5, 112.7° 113.7
5 135.5, 134,7" 135.4
7 117.6, 116,170 117.1°
9 150,7 160,48
Q 193.6 193.2
10 43,9 43.9
11 117.0° 117,0°
17 145, 72° 145.2°
13 141,59 141.3"
14 115.0° 114.0°
15 82,3 67.0
1’ 70,9 78.0
2! 70.4 70.4
3 0.2 79,5
4 70.1 701
5 4.t 94,7
3 6l1.5 f1.7
1w - 09.4
2 - 70.8
3" - 72,40
4 - 63,5
5 - 4.7
6" - 17.1

a = a nair of sipnals with equal intensity hut lewer than the
others, indicative nf diastereomeric mixture.

b,c,d = assignments with the sams label may be interchangeable
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2.2.8 Nataloin (10)

This orange amorphous salid was isolated from
A. pulcherima. This corpound gave voilet colour upon

treatment with methanolic Mg(ﬂﬁg)v, indicating A

1, 2-dihydroxyanthraquinone hamolog 2 . The 1H M

spectrum disclosed the presence of three DZD
axchangoable phenolic hydroxyl smups {Evo H-bonded} ,
four arometic protons (two ortho - coupled ABn type and
two broad singlets), an aromatic methyl groun and

¢lycosyl protons. The H - 1' anameric position of this

P

¢lycoside apnearing at 7} 3.2 suggested the C-plycoside
£ 1 . . -

nature 53‘”4a The “3C chemicnl shifts such as 193.5

and 43.6 assipgnable ta C - 8 and 10, respectively,
together with the signal at 78.7 attrihutable to C - 17
indicated the anthrone 10 - £ - slucoside skeleton. The
N spectrum showed absorntion maxima at 263, 273, 315
and 356 nm indicating the anthrone nucleussﬂ, In
accordance with the above snectroscopic data, acid and
alkaling attemnted hydrolysis did not also resulted in
the detection of any sugar like Wﬂteria1553’54, The

FeCla axidative hydrolysis, however, has afforded glucose

an  unidentified piement owing to its unstability.

Based on the combined evidence presented above this
compound was jdentified as nataloin (117), which is the

major constituent of the commercial Matal aloes4’14.
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The 1H and 13+ MR data generated by Lonner et al.

48

are in full agreement with those presented ianables

& and 7.

7-Hydroxybarbaloin (11)

This.cowpound was isolated from A. EUlGhBPiﬂB. :

* A viclet colour upon treatment with methonolic Mg(DAG)?

was observed for this yellow pigment suggesting 1,2-
dihydroxyanthraquinone nucleusza. The IR spectrum showed
absarption bands due to a chelated carbonyl group at

C75 om”L and 3730-3400 om sttfibutable to hydroxyl
groups, and éhe uv spectrum displayed absorption maxima

at 268, 304 and 358 nm indicating the anthrone C-glycoside

skeleton48’50.

Furthermore, following the same spectroscopic
arguments forwarded previously for 10, the anthrone 10-
Ciglycoside nature of this compound was established. The
FeCl3 oxidative hydrolysis has also afforded glucose and

an unstable pigment. The only striking differences between

tho 1 and 136 MR spectra of 10 and that of the yellow pigment

under discussion were the presence of CHy gignal at 2.4 and



21.3 in the spectra of 10, whereas there are no signals
cmpresponding‘to these chemical shifts in the spectra

of this yellow compound. The spectra, howaver, revealed.,
signals at(§ 4,8 and 62.4 assiggable to a hydroxymethyl

[CHZDH) group.

The above spectroscopic and chemical degradation findings

1ed to the identification of this compound as 7-hydroxy -

parbaloin (11).

7-Hydroxybarbaloin has been reported to be the
characteristic substance of the commercially important

curacao aloes in the European Pharmacopoaia IIISS.
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Chamcial Scraening of Barbaloin in Cight Alos Species hy

HPLC and TLC methods.

HPLC has bseen displacing progressively other chromatographic
techninues for separation, identification and quantification

of ccmpound555’57n The racently introduced HPLC system with

a computer contrulled photodiode array detestor provides a high
notential for the manipulation of recorded chromatopraphic and
absarpuion spectral dataSB, This method has been employed to
undertake screcning of leaves of rfghﬂ Alne species of Ethiopia
for the presence of tho commercially important compound

(barbaloin).

The areas or heights of peaks in the slution chromatogram are

. (e 08 , . C e . .
function of camesition™ and quantitative estimation is carried
out by crmparing with the standard perk. In this preliminary
soraening work identification of the peak due to barbaloin was
made presible using the on-line W spectra of sample aided by
use of a wavescan carpare software and also injecting a fixed
ampunt fof tha standard sampls (barbaioin) which resulted in
the enhancement of the harbaloin penk of the sluted sample

chromatogranh.

The eipht Aloe spacies investipated for the presence of

-t

“harbaloin are A. berhana, A. rivae, A. megalacantha A. calidophylla,

fi. mclouphlinii, A. sccundiflors, A. otalensis and A. pulcherima.

[T, S — D e



Conclusion

The four Aloe species studied in large scale namely A. berhana,

A. rivas, A. mepalacantha and A. pulcherima have proved to be

rich in anthraguinene glycosides, which can be reparded as

typical of the genus Aloe. Interestingly, the major constituents

of the officially recognised commercial aless notably barbaloin
(8) (responsible for the purgative activity of Aloe species),
elonoside (49) (constituent of the Socortine and Cape aloes),
natalein (10) fmﬂjor constituent of Natal aloes) and
7=hydroxybarbaloin {11} (the characteristic substance of Curac@o
alogs in the Eurcpean Pharmacopneia) have been obtained in high
vields, The ather types of compounds isolated from all four
species namely chrysophanol (1) and P - sitosterml (2) appeared
to be the second and third record, respectively, in the genus
Alog. The biologically important aromatic acid, protocatechuic
acid (7), which is rare from a natural scurce, is the first
record for the genus and to our-knowledge the pre-anthraguinone,

tentatively given the trivial name berhanonz (4) is believed

to be a new naturasl product.

In addition te these, two phenolic compounds were ohtained
in sufficient quantitities whose structure elucidations
require gensration of more spectroscopic data. Furthermore,

a few trace phenolic compounds, giving characteristic colour
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raaction tests, have also been encountered in studies of all
four snecies. It is our hope that, future work on large
ccale of each species will certainly culminate in the

solation and identification of these compounds.

fete

Dut of the eight studied sveciss that particular type of

Aloe notably A, nulcherima is charactarized hy the lack of
o NULC

spines at the leaf morgins. The colour of the spines, their

height and the space hetween two successive spines are among

the many hotanical characters used for taxoncmic grouping in

Alne species. The remaining seven Alos species collactively

are known locally in Amharic as wonde eret, whereos

A. pulcherima is knovm as sete nret. Our chrnical studies

e P00 SeE e

alsoc distinpuishes A. pulcherima from the other saven Aloe

species studied hv the lack of barbaloin (8) and containing

ingtaad nataloin (18) and 7-hydroxybarbaloin (11J,

1t must be recalled that, the usefullnesz of chemistry in

plant taxoncmy has already been anprecisted even by

‘o } . 60,61
pre-Darwinian taxonomists .

[}

One of the main taxanomic problems of the genus Aloe is the

delimitation of boundariss between different specieslﬁ’ﬁz.

-

Varinus workers including Reynoldsﬂz Revnolds and Nichollsﬁ3

and Beaurmont gt g}?4 have attempted to correlate chemical



relationship in the leaves of various Aloe species with
taxoncic groubings, Compounds in the exudates from a nuinher
of shrubby specics of Aloe have hean saparated by TLC and
defined as entities by their colour reactions with Fast Blue
882’65. Although the chemical structurass of many of the
compounds are largely unknowm, the patterns of chromatographic

zanes have been used tn support taxoncyic conclusions in two

multidisciplinary studies.

Their method seem to have some limitations in instances where
the leaf exudatz is lacking colour forming compounds, since
the failure to detect an expected important compound doesnot

negcassarily mean that it is ahsent.

In conclusion, the structurally elucidated constituents of tha
presently studied Aloe species of Ethiopia would certainly
contribute te the taxonomic work in progress on Ethiopian ﬂigg
specias as well as the eenus Aloe ingeneral. The taxonomy of

16,62
and our

the genus Aloe still remains to he tentative
results can be used in the delineation of major eroups or
separating closcly related taxa. The sum tntal of morpholgical,
anatomical, cytological and biochemical inforrmation generated
by Cutler_gﬁ_gl,aﬁ together with the already proposed taxonomic

. 16,682,654
Frounings

(after being further substantiated hy
structurélly Rnown compounds) must be used effectively to
settle somz of the queries, All these aspects would therefore
encourage furtherr rigorous investigations on members of the

penus Aloe with an intimate and effective multidisciplinary

communications,




3.1

2.2

3. CHPERIMEMTAL
Apparatus and Materials

Melting neints were determined on Thomas Hoover capillary
melting point apparstus and are uncorrected. IR spectra

were maasurad using KBr dises on Perkin-Elmer IR
spectrophotometer mudel 7278, 1H NMR spectra were recorded
on Jeol FX 900 (90 MHe) and TOCHMR at 22,5 itiz, M5 were
recorded at 70ev. Optical rotations were measured on Perkin-
Elmer 241 pnlarimeter. HPLC analyses were norformed on an
LkB HLD system attached te an MIR PCE madel computer.

IV spectrs wersz obtained from the photodiode array defector
with in the secanning rangs of 100 - 370 rm of the above HPLC
System. Analyticzl TLC were run on Silica gel 60 Fop, 3.2 nm
thick laver, aluminium sheets (Merck). {'veparative TLC (PTLE)
were run on selfmads ca. 2 mm glassplates.  Column
chromatopraphy was performed on Silicagel 60 (Merck) and
Silica rel 60 (Fluka) and Sephadex LH - 20. Paper chromategraphy

was parformad using Whatman Mo, 1 chromatographic paper.
Solvent Systurns
The solvent systems used for chromatographic separations

(TLC, PTLE, HPLE, FPC and Saphadex LH -~ 20) are given in

Table 8.



Table 8 Solvent Systeqﬁ
Solvent System ~ Solvent Mixture and Ratio
1A petrol - EtDAc. (9535}
18 petrol ~ EtDAc (9:1)
iC petrol -~ EiDAc (7:3)
1D petrol - EtDAc (1:1)
2 EtDAc
3A FtbAc - MaCH (9:1)
38 Et0Ac - MelH (2:1)
4 benzene - petrol - EtDAc (3:9:2)
48 henzene - petrol - EtDAc 13:4:3)
ac hanzene - petrol - EtDAc (1:1:2)
5 EtDAc - MelH - H20 (100:16:13)
6 EtDAc - EtOH - H20 (100:20:13)
7 CHCl3 - MeOH - {1:1)
8 MalH

n - BuH - HOAc - HZO

{4:1:5 upper phase)

3.3

Visualization Methods of Compounds and Sugars.

Compounds on TLE plates were visualized by fuming

with armonia vapour or Conc. H2SD4 or oxposing to

W light (254 and 386nm) or spraying with 0.5% aq.



Fast Blue 8 salt followsd by 0.IN NaOH solution or vanillin-
sulphuric acid spray (0.5 g vanillin/50 ml cans. H.50,)
followed by heating at 100°C for 2 min to stabilize the

colour 7 or 0.5% methanolic Ng(DAC)Z or 5% ethanolic feCl,.

Sugars on chrematography paper were visualized according to
Markham54 and Stah127 by spraying with a mixture of aniline
(0.9 ml), phthalic acic (1.8€ ¢), n-BulH(110 mlksatd. with

H?Bl followed by neating the chromatograms at 100°C for

Z min.

Plant Materials

The leaves of ths eight Aloe species studied were cellected
from the following places, identified by Di, Sebsebe Demissew
and voucher spacimens kept in the {lational Herbarium, Biolopy

Department, Addis fbaba University.

a. Alos berhuna Reynolds, 121 km away from Addis Ababa on
the mad to ebre Berhan (Mothern Shea Administrative Reeion),
voucher he. Sshsabe 2200,

b. A, rivae Baker, ilepa {Borena Adm. Rsgion) 865 km from
Addis Ababa, alt, 2201 m, Sebsebes 2201,

c. £. megalacantha Baker, Asbg Teferi (Westarn Hararghe Adm.
Region), 325 km from Addis Ababa, alt. 1230 m, Sebsebe 2282,

d. 4. pulcherima ined., Uobre Libanos (Morhtern Shoa Adm,

“Recion), 10 kw from Addis Ababa, alt. 2470 m, Ssbsebe 23885,

.



8. A. calidophylla Reynolds, 675 km from Addis Ababa (or

10 km from b above towards Moyale) (Borena Adm. Region)
Sebseche 2194,
f. A. ohtalensis Baker, 667 km from Addie Ababa on the road

to Moyale (Borena Adm, Repion) Sebssbe 2205,

g« A, secundiflora fngler, 17 km North of Moyale (Borena Adm,

Region), Sehsehe 2196,

h. A. mcloughlinii Christian, 16 kn tW of Negels (or 5 km
from Bitata towards Megels) (Borena Adm. Region) alt. 1620 m,

Sebsebe 2166,

Extraction and Iselation of Compounds

3.5.1 Aloa berhana Reynolds

Fresh leaves (1.5 g)} ware chopped into pisces and extd
with EtOH at room temp. by percolation for 7 days.
Removal of EtOH yielded on eq. oily residue which was
suceassively extd with CHClB, EtDAc and n-BubH, The

CHEL, ext was subjected to OO over Silica gel 60 {100 g)

3
and elution was carried out using petirol-EtDAc mixtures
of increasing polarities. A total of 75 fractions sach
109 ml were collected and analysed by TLC. Fraction

3 - 11 {eluted with solvent 1A) afforded compound 1

(29 g} anlerﬂctiDns 17 - 28 (solvent 1€} yielded
compound 2 (35 mg) upon crystallization from MeOH and

Ma,Cl respectively. The remaining fractions yielded



three phenolic unidentified compounds each less than

5 mg.  The FtDAc and n-OuDH exts werz separately
nassed through Sephadex LH - 20 colunn (Solvent 8) and
purified on PTLC (Solvent 4C) to give 35 mg and & me

of corpound 7 respectively.

The sun dried leaves of A. berhana were Finely powdered
{85 g) and extd with CEOH in a Soxhlst apparatus for

8 hrs. Removal of EtOH yielded an oily residue (5.2 g)
which was chromatosraphed over Siliea yel 60 (75 gl.
The CC was performed by sluting with petrcl-EtDAc
followed by FLOAc - MeDH mixtures of increasing
polaritiss, A total of 35 fractions were collected,
fractions 1 - 15 (each 50 ml), 16-25 (each 100 ml),
26-30 (each 200 ml) and 31-35 (each 300 ml). Fraction

2 {sluted with solvent 1C) yielded compound l_and
fractions 3-4 (solvent 1C) =ave compound 2 (15 ﬂﬂI

upon recrystallization from [Me0H and Me,CD rospectively.
Fractions 7-8 (solvent 1C) save trace of compound 3.
Fractions 3-12 (sclvent 1C) showed on TLC (solvent 4B)
the presence nf & greenish-yellow pisment which upon
percolation through Sephadex: LH - 20 (solvent 7)
followed by PTLC gave compound 4 (6 mg). Fractions
165-17 (solvent 10} and 17 (solvent 2) were combined

and passed through Sephadex Li - 20 (solvent 8} to give

compound 7 (3 mg). Fractions 25-27 (solvent 2A) were



rechromatographed on €C to give compound 8 (20 mg)
and fractions 28-32 (solvent 3A) afforded an unidentified
orange amorphous solid (GN0 mg) which gave red-colour

with Fast Blue B spray.

Aloe rivae Raker

Finely ground leaves (185 g¢) were extd with EtOH in a
Soxhlet apparatus for 12 hrs. Romoval of EtOH yislded a
dark gunmy residue (10 g} which was ubjected to CC over
Silica pel 60 (90 p)}. Elution was carried out using
petrol - EtDAc followed by EtDAc - MeOH mixtures of
increasing polarities, A total of 50 fractions each

200 ml were collected, Fractions 3-4 (solvent 1B)
yielded 1 and 5 - 10 (solvent 1B) gave unidentifisd
white amorphous solid (30 mg, mp 100%.). Fractions

11 - 13 (solvent 1C) afforded compound 2 and 14 - 25
{solvent 1C) showed on TtC (solvent 4B} mixture of

two pigments., This mixture was separated by means of
PTLC to give trace of compound 3 and a greenish-yellow
flourescing compound 4 (8 mg, impure). Fractions 42-47
(solvent 3A) contained mainly one spot on TLC (solvent'5)
which upon further purfication by meoans of column
filtration (solvent 2) gave compound B (900 mg)}. The
last two fractions 49-50 {solvent 3B) were recrystd from

MeOH to give compound 8 (455 mg).
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3.5.3 Aloe-megalscantha Baker

The powdercd leaves (200 g) were extd with EtOH in a
SOxhlet'a;?paratUS for 12 hrs. Removal of EEOH yieldsd a
gurmy res&due {18 ¢}, This crude ext was chromatographed
over Silica gel 60 (120 ¢) and eluted using petrol -
EtOAc followed hy EtOAc - MeOH mixturcs of incresing

polaritics.

A total of 70 fractions each 200 ml were collected,
fractions 1 - 15 (were eluted using solvent 1A), 16-20
(Solvent 18}, 30~37 (=solvent 1C), 38-40 (solvent 10),
41-50 (solvent 3B}, TLC analysis of these fractions
showad a similar patterns of major compounds as that

of section 3.5,2 ahove and a detailed analysis employing
analogous methods led to the isolations of further
quantities of compounds 1 (3 mg), 2 (50 mg), 3 (2 mg),

4 (impure), 8 (650 mg) and 9 (255 mg).

Aloe pulcherima ined.

Finely ground leavas (300 g} were extd with EtOH in a
Soxhlet apparatus for 12 hrs. Removal of EtOH pave an
oily dark residue (28 g) which en TLC (snlvent 5) showed
the presence of atlsest five spots of which the last
two polar are major compounds. The crude ext was then
subjected to CC over Silica gel 60 (200 g) and elution
vias carried out using pebrol - Et0Ac followed by

EtOAc - MeOH mixtures of increasing polarities,
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A tatal of 95 fradticns each 200 ml were collectad

and analysed by TLC. Fractions 5-7 (solvent 1A) gave
compound 1 and 11 - 18 (asolvent 1C) yielded compound 2.
Fractinps 38-62 (solvent 1B) pave two unidentified
phenolic compounds, an amorphous solid (120 mg, mn
1207C) and 5 mg (0ily). Fractions B1-84 (solvent 3A)
contained mainly one spot on TLC (solvent 5) which were
combined and passed through Sephadex LH - 20 (solvent 8)
and further purified by PTLC gave campound 10 (510 mg).
Analogaus treatment of fractions 86-92 {solvent 3B) as
fractions 01-84 however using solvent 6 afforded

compound 11 (300 mg).

Borax Test

To the sample (1 mg) dissolved in H,0 {2 ml) was added borax
(Na28407. 10H,0, sndium tetraborate, BDH) (10 mg). The
mixture was heatad on a water bath with gentle warming until
it becama homogenecus. The resulting clear solution was
exposed to WV light 366 nm. There followed a greenish-yellow

fluorescence, = characteristic tast of anthranolsl.



3.7

ol DU
R T

Chemical Degradation Methods,

3.7.1 FsCl3 Oxidative Hydrolysis

3.7.2

A solution of the sample (1 mg) and FeCl, (5 mg) in
H-0 (5 ml) was heated under reflux on a water bath for
8 hrs., The resulting reaction mixtﬁre was cooled and
extd with CHClB, dried ovef N52884 and concd to give

the expected aglycone {anthrane) and glucosel.

The sugar D-~glucose in all cases was detected by PC
using solvent 9 and visualized as discussed in section
3.3. The enthrone was treated with 10% MaOH followed
by nsutralization with 5% HC1 to give the corresnoncling

anthragquinone.

Acid and alkaline hydrolysis

The glucoside (2 mg) was dissolved in 5 ml of 2 N HC1 -
MeOH (1:1) in a round bottem flask and heated under

a condenser on a water bath for 1 hr, The solution was
cooled and evaporated to dryness. The residue was riluted
with H.0 and extd with EtDAc, dried and concd to give the
aglycanz. The resulting aq. layer was concd by
evaporating on a water bath and analysed by PC using

solvent & and visualizad as discussed in section 3.3.
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A soluticn of the glucoside (2 mg) and {N NaOH (5 ml)

was refluxed for 2 hrs. The resulting mixture was
neutralized with 2M HC1, extd with EtDAc to give the
aglycona. The aq. layer after being concd on a water bath

vios analysed by PC and visualized as discussed above.

Mydrolysis wos shown to hava ocourred in both cases for

compound 9 only.

Physicochemical Data of Compounds

Chrysophanol (1)

Oange noedlos frem Mol mp 163-1667 (Lit, % 107)
Koo -1, . 1
RO ol 3420, 1675, 1630, 1610, “H MR (cocly) §
2.3 (3, s, CHy), 7.0 (I, dd, H = 73, 7.2 (1, brs, H - 2),
7|3 (11‘1, ddp }* - 8], 7:6 (1"1, bPS, H - 4)’ 7:7 {1H; dd, H - 5),

12.0, 12,1 (2x1H, 2xs, 1, 8 - oH) .

Bo- Sitostercl (2)

White-needles frem Mo,C0, mp 137° (Lit. 58 136%) Found { M)
414,3092, C,dfle ) requires 414,3061. howe (cocLy) S 1o
(M, s, Mo - 16) 0.8 (BH, d, 3 = 6 Hz, Ma - 26,27), 0.9 (3H,

4, 3 =6, Me - 28), 1.B (3, brs, Me - 21), 1.3 (3H, s, Me - 18)
0.95 m, 1.2 m, 1.4 - 2.4 m, 3.5 (2H, m, H - 7), 5.0 (2H, m,

- 3), 5.4 (I, m, H=-6). 90 NR : 1411 (C-5), 121.7

(© - §), 72.1 (C - 3), 57.2 (C - 14) 56.6 (C - 17), 50.7 (C - 9,



Tablz 8 Colour Reactions and TLC R Values of Compounds
Compound Rf Mowﬂm:ﬁ NH, OH conc. H,S0, M _(0AC) Fast Bluz B FeCl
VSLEm 4 2774 4 2 3
i 2.90 4B Orange-red Red Orange No change Brown
2 ¢.70 4B No change Orange No changs No change MNo change
2 0.53 LB Orange Rad Orange-red No change Red-brown
ad 0.40 49 No change Orange-red Yellow Red-brown Green
7 8.53 5 No change No change No change Brown Dark-green
8 0.37 5 Yellow Orange-yellow Orange Mo change Black
9 0.22 5 llo change Crange Orange No change Black
Ay 0.43 5 Yellow Greenish-yellow Violet Viclet Black
11 2.38 5 Yellow Greenish-yellow  Viclet Viplet Black -
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Nurber

Compound Neme

Chrysophangl

Desoxyerythrolaccin

1, 5-Dihydroxy-3-
hydroxymsthyl
anthraguinone
Helminthosporin
Isoxanthorin

™

Lacoaic acid T
mothyl zster

MNatalaoe-gmodin

Natalog-amodin-8-
r

. methyl zthe

I

]
X

(6]

- 58

Structure

mm

0H

OH
Me

OH
OH

Mg

OH

OMe

Saurce

A. saponaria
mu sapcnaria
A. excelsa
A. sazponaria
A. saponaria
A. sapnnaria
pu

nyeriensis

508CT0SA

Ref.

26
39

25
26

48
25



Appendix 2.

tMurber

o

Anthraguinone Glycosides.of Alre

"

Compound Namz

Barbaloin or alsin

{\loe-emodin-S-nnthrone-10-C-gluLoside

Two-diasteresmers of barkaloin

(C~10 sterzoisomere of barbalss

Aloe-emodin-8-anthrong-10~-C-rhamncside

Alog - gnodin-15-0-rhamnoside

(Barbzloin - 15 - 0 - rhdmneside)

100 Alce species

As

A

B8 &loe species -

ERE NN

Source

arborescens

excelsa

arborescans

capensis

foraox

Trabaignsis

rabaiensis

rahaicnsis

Socotrine aloes

Cape aloes

Ref.



Appendix 3,

Number

Bianthraquinoids of Alce

Compound Name

{+) - Asphodelin

Asphodelin - 9'- anthrane

..muw.

0 0

Structure

1
Ir O

1

Source

A. saponariz

A, saponaria

!

Ref,

71
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Number Compound Name Structure ) Source Ref.
27 w.w.‘m.m.swo:nm:wmjwadoxzsw‘m.:awqmﬁjww - . mmnnu ﬁu A. mmmosmﬁwm 71

10,7' — bianthracene (10'H, 10™H) -
9,9',10 ~ trione
28 1,1*,8,87, 10 -pentahydroxy- 3,3’ -dimethyl - R
10,7~ bianthracene (10'H, 10°H) -
9,9'-dione

A« mmmonmﬁwm. 71

||
I



Appendix 4 Pre-anthraquinones of Aloe . -
Number ' Compound Name . Structure Source Ref.
’ §
mH mm mm ma . nm mm 3 mw

29 . Algesaponol I H OH H CH ‘C00Me  Me OH A. saponaria 39
30 Aloesaponol 1I H OH H OH H Me OH A. saponaria 38
3l Aloesaponol III H " H OH Me H OH OH A. saponaria 26
32 Aloesaponol IV OMe H OH Me H OH - 0OH A. saponaria 28

ke e ety
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Appendix S Fre - anthrequincne Glucosices of Aloe
Number Compound Neme Source
33 Aloesapeonol I 5-~ @.o.,mw:ooﬁ«ﬁm:nmwam A. saponaria
- - -~ ) v .
34 Alpgsaoongl II  &-O- w.mrmwcoou%mngmpam A. saponaria
%, . .
35 floesaponal 11T 8-0- @lcnmwcooﬂéﬁm:omwam A. seponaria

i

35 Alceszponcol IV m.‘.wa”wumam._{coovwﬂmjamwnm A. saponaria

S s p——————




Appendix B s nJﬂaaonmm of Alce
Nurber Compound Name Structure , Source
R # R R
37 Aloesone A 01M>0 ME H H 11 Aloe species
. -7 34 Aloe Spec;.es
38 Aloesine nxw?u Me H D-glucose 19 E mnmnu._.mm

(Aloeresin B) _

Aloe species
oA

g Aloe species

A. . mmmon.mﬁww
A. ferox

m. . excelsa

As ﬁﬁma:om:wum
A. jacksonii

o e g

77
78
72
79

50
50
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liumber Compound Name Structure Spurce
2t R? R R
38 Aloeresin A nrm_po Me H 2" -p~-coumaroyl A. arbprescems
glucopyranosids A. fercx
A. cremneophila
A. jacksonii
40 Isc-aloeresin A CHpn Me H A p-coumaroyl A. barbadensis
glucopyranoside
41 Aloeresin C CHAC Me glucose  2'-p-coumaroyl A. ferox
glucopyranoside
4z Alceresin i OIMI_.,InIm Ve Me 2*-p~coumarcyl Ao ferox
O glucopyraneside A. rebaiensis
43 27 =p~Methoxyl nimbn Me H 2'-p-methoxycoumeroyl A excelsa
coumarovl a2lceresin glucopyranoside
44 Rabaichromone n:wfnxnmm Me Me 2'~caffeoyl - A. rabalensis
il { geeepyraneside B

o



Number

Compound Name Structure
Rl R? RS =?
2’-0-Feruloyl nImbn . Me H 2'- ferulovl -
glozsin glucopyranoiside
2'-0-Tigloyl OIND.O Me: H 2'-tigloyl -
alcesin glucopyranoside
Carboxyethenyl - CH=CH-COOH Me H H

5-7-dihydroxy
chromons

Aloegarbonaside

glucopyranosyl]) chromenylidene acetate w

Fiethyl - 2 - (5 - metiyl - 7 - hydroxy - 4 - 0 - D -

source

arborescens

oamasomjmwm

Jacksonii

cremnophila

‘Aloe species

arborescens

arborescens
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Appendix 7. Pheryl Pyrone Cerivatives of Alge

Number Compound Name Structure Source Ref.

Rt R?
48 Alpenin Aglycone H H A. nyeriensis 45
B Aloenin H O-glucose Aloe species A4
A. arborescens 87
A. arborescens 83
A. sapeonaria 74
51 Alcenin-2''- p - H 2''-0-coumaroyl - A. nyeriensis 48
o coumaroyl ester glucopyrancside
52 Aloenin B D~glucose 2'""'-p - coumaroyl - A. ferox A9

glucopyrancside



Appendix 9.

Number

fra im ,m
N [

Phytasterols and Triterpene of Aloe

Compound Name Srtucture Source

R

HO

Cholesterol R = H A. barbadensis
Campesterol R = mxm A. barbadsnsis
%wx Sitosterol . R = mImme A+ arborescens
w. arborescens

Lupeal A. barbadensis

Ref,

37
37

37
38
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