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Jlbstract 

Jlnthranoids of Some Kniphofia Sl)ecies from Ethiopia 

by 

Esaiyas Berhanu 

Heseilrch J,dvisor. Dr. ErLlias Der,;ne 

There are P.t least SlX reported Knil?hofia species 

in Ethiopiil of a total of 65 species of Kniphofia in 

the world all of Vlhich are restricted to tropical 

Jifrica andYemen. Rniphofia foliosa (family Liliaceee) 

known in J\mharic as ilshenda or Shemetmete is used in 

Ethiopian traditional medicine for the treatment of 

abdominal cramps. Hecent eXilmination· of tl1e :vhizomes 

of this species l\)T our research group resulted in the 

isolation und chnructerization of chrysophanol and the 

llew anthranoid·k nipholone. 

Chloroform soluble fractions of the leaves of 

K. foliosa afforded a new anthracene derivative, aloe­

erJodin monoaceta-t;e, in midi tion to k.lipholone and 

chrysophanol. The structure of this net'7 compound was 

determined by spectral analysis of the natural product 

and its derivatives. The leaves, flowers and rhizomes 

of!li' folios a all contain knipholone as the major 

anthranoid with trelCe amounts of chrysophanol. Aloe-

.. / .. 



eModin -acetate is localized only in the leaves 

while the pigments desic;nated as K
f 

und K
f 

are found 
7 8 

only in the rhizomes. 

l!'rom the acetone extract of the rhizomes of 

K. isoetifoli8 Of two pic;pwntH Kf and Kf were iso-
7 8 

lated. The sodium dithionite reductive cleavage of 

Kf as well as a mixture of Kf and Kf c;ave chryso-
8 7 8 

phanol and islBndicin as fruc;ments, a contribution 

tOl'lnrds tile final structural elucidation of these as 

yet unknown pigments. 

On further investigntion islnndicin Vias isolated 

for the first time from the rhizomes of ~. foliosa, 

K. isoetifolia Of and from the lenves of K. folios a 

and this finding probably constitutes the first 

detection of islandicin in higher plants as it was 

earlier reported only in func;i particularly in Penici-

Ilium islandicum. 
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1. Introduction 

Kniphofia foliosa Hochst (family Liliaceae), 

synonyms !l;. quartiniana, K. _densiflora and !l;. arussi, 

which is known in Amharic as Ashenda or Bhemetme'te, is 

a robust clump-forming perenninl herb with a short 

root stillk, widely distributed and restricted to the 

Ethiopian plilteau at altitudes from 2050 - 4000 metera. 

Milrais l registered the occurrence of !l;. foliosil in 

seven administrative regions namely, Tigrai, Gondar, 

Shoil, Arssi, Bale 8nd Harar{jhe. This plant is part i-

cularly popular because of its colorful flowers and is 

known to bloom from June to September and also during 

December and January. !l;. foliosa is the most often 

encountered Kniphofia species out of five other Kniphofia 

species known in Ethiopiil nilmely', K. isoetifoliil', !l;. 

hidebrandtti, !l;. schimperi, !l;. l'umila and !l;. insignis~,2 

S1he regional distribution of Kniphofia in Ethiopia i6 

given in Table 1. In Ethiopimtraditional medicine 

the rhizomes of K. foliosil ilre used in the treatment of -
abdominal cramps. 

AS to the chemical composition of Kniphofia species 

an earlier study established the presence of rhein(Z) 

in seeds of !l;. uvariil3 a plant used in Zulu folk medi­

cine in South Africa4 • Besides il report on the iso-

lation of putrescine amides from leaves of K. foliosa·, 

.. / .. 



- 2 -

K. flavovirensand~. tuckii~ no further studies on 

Kniphofia could be found in the literature. 

Preliminary screening tests on the leaves, 

flowers and rhizomes of K. foliosa as well as on the 

rhizomes of K. isoetifolia Of showed all of thejll 

to be highly endowed with pigments which show positive 

reactions for anthranoids. Aside from the above cited 

reference on the l,resence of rhein (7) in K. uvaria no 

other anthranoids have been reported from the genus 

Kniphofia. This deficiency in the literature on this 

genus as well as its local medicinal use prompted us 

to first of all investigate different parts of the 

readily available species K. foliosa. ~lhe study was 

also extended to other Kniphofia species of Ethiopia 

ii< the hope of establishing a chemotaxonomic corre­

lation in this genus. 
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Table 1. Distribution of Kniphofia species in Ethiopial 

K. foliosa Hochst 

28 Km. VI. of Feche -tS)*'­
Between Debre-markos Rnd 
Feche (S) 

22 Km. N •. E. of Gondar 
J\clWR (T), Choke Mt. (G). 
Galama Mt. (A), Boruluccu 
Mt (A) 

Goba (B), Garamulata Mt. (H) 
Hara Wobalo Kebele on the 
road to Woreilu from 
Dessie (W) 

~. Schimp~ri Barker 

Chilga (Go), Choke Mt· (G) 
2Km. E. of Bahir Dar (G) 
Mullusayu (S), Blue Nile 
Gorge (8) 

Mt. Entoto 8 Km. S.E of A.A (8) 
Guramuleta Mts. (H) 
Mt. Buruluccu 20 Km. E. of 
Jlsela (A) 
8 Km. E.g. of Hagereselam (Si.) 
E. Slopes of Mt. Delo (pi.) 

K. isoetifolia Hochst 

Enchetcab (Go), Semien Mt (Go) 
Ankober (S), Entoto (S) Mt. 
Zuqua:J-a (S) 
Seru (A), Mt. Ohilalo (B), 
Asela (A) 

GObR (B), 25 Km~ VI. of Dinshu (B) 
Gore (r), upper Gojeb valley (K) 
Denlwno (Ie) 

K. pumila (Ait.) Kunth 

Senafe (E), GRfRte (Go)., Degen 
Meda (Go), 
Welkeit PRSS (Go), Choke Mts. 
(G) 

Near GigR 120 Km. JI!. of D(lbre­
markos (G) 
~imeccia valley ~. of Arat 
Mekannaker (G) 
Gara Akun(H) 
17 Km. l? of A.A (8), 30 Km. 
H.E. of A.A (g) 

97 Km. ,N. ~ftb1fih.ba(.B~y 

30 Km. W.O.W of Jima (K) 
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K. hilelebrnndtii Curod . -

102 Km. from A.A on Jimma 
road (8) 

10 Km. VI._ of Ghec10 (8) 

* Key' : 8 = Shoa 

GO = Gondar 

G = Gojam 

T = Tigrai 

A = Arssi 

B = Bale 

~. insignis Henelle 

130 Km. N. of A.A on the 
Vlay to Debre-l.1arkos (.s) 

145 Km. N. of A.A on the 
way to Debre-Markos (8), 
Seru Aba (A) 

H = Hararghe 

VI = Wollo 

I = Illubab01' 

Si = Sidamo 

K = Keffa 

E = Eritrea 
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2. Literature background 

2.J. General aspects of the cheDistry of anthranoids 

The largest group of natural quinones is 

made up of anthranoids. Some of them have been 

important as dyestuffs and others as purgatives. 

,The plant families richest in these types of 

compounds are Rubiaceae, Rhamnaceae and Polygona­

ceae? Several genera of the family Liliaceae, 

~. Aloe, Asphodeline, Bulbine etc., are also 

knol'ill to contain anthranoids and bisanthranoids:'? 

The anthraquinone derivatives constitute an 

important class of COInllounds with important bio-

logical properties., These compounds ,. elaborated 

both by higher and lower plants" are also one of 

the most well known naturally occurring pigments. 

As they are all derivatives of anthracene Marini 

et a18 have proposed the general nBme of "anthra-

noids" by analogy with "flavonoids". In this 

thesis the name "anthranoids" and "anthracene 

derivatives" will be used interchangeably. 

Most anthranoids from higher plants and 

fungi are hydroxylated and commonly exist as 

glycosides, although anthraquinone itself has 

been reported to occur free in plants.. Most 

.. / .. 
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anthranoid :3 are high melting crystalline compounds, 

and are usually yellow or red in color, although 

colors ranging from yellow to brown are also encoun-

teredo It is interestin[5 to note that the color of 

anthranoids is closely associated with their chemical 

structure. Thus the presence of hydroxyl groups at 

both the 1 and 4 positions impart red color to an 

anthranoid as exemplified by islandicin 0) quiniza­

rin (.s),purpurin (2), dermocybin (Q) [isolated from 

Cortinariu8 sanguineus Fr.]~ erthroglaucin·(2) 

[Dermocybe ,!3angui~]lO, dernorubin (l.0) [Dermocybe 

sanguinaJ IO and xanthorin (11) [Xanthoria elegans 

(Link) Jll.. On the other hand chrysollhanol (:t), emodin 

(2) and phscion (§) lack the 4-0H group and are all 

yellow in color. 

• .-/ • .g 
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H2 HO 
,~, 

.,H4 It, R6 R7 R8 

Islandicin 1 H CH,3 on H H H OH 

(I,uinizarin g H II on H H H n 

Purpurin 2- n on OR H H H H 

Ohrysophano1 4 H CH,3 H H H R on 

Emodin .2 H CH,3 H n OH R OR 

Physcion 6 H GH ,3 H H OCH,3 H on 

Hhein Z II GOOH H H II H OH 

J)erraocybin § R GH ,3 H OH OGH,3 OH OH 

Erythroglaucin 2 H Gn" OH n OGH,3 H OR 
? 

Dermorubin 10 COOH GR ,3 on R on R OCR,3 

Xanthorin 11 H CH,3 R OR OCH,3 R OR 

Anthranoids having positions 9 and 10 in the keto 

form (12) were the first to be recognized both in the 

free state and as glycosides~2 Further work showed the 

existence of natural products which also contained re­

duced anthracene derivatives namely anthrones (1,3), 

anthranol (~) and Oxanthrones (15) and compounds 

formed by the union of two monomer molecules, the 

dianthranoids (1§.). 

. ./ .. 
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<~ 
6 

(~) x:) , ~"0:) --- ~ II I .... --~ 
::--.../- ~ 

0 

1 l 
12 

OH 
I 

(Y'O ;1 

OR ~~ ...-:: 

~» 14-

~/'-..~ .---; 

16 --

Many anthracene derivatives occur as glycosides 

with the sue;Gr rGfoiduelinked through one of the 

phenolic hydroxyl groups. 'i'he sue;nr in the reduced 

Glyoosides mny be linked as usuAl throuGh phenolic 

oxy(!;ens of the outside rine; or they may be attnched 

at 0-9 to the enol form of An anthrone or nnthranol-. 
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Although aloe-emodin (17) occurs in Hheum species 
6 17 

as an ordinary glycoside' ), in Aloe it is found as 

barbaloin (18) an unsual compound in which a glucose 

like group is linlced by a carbon-carbon bond to a 

partially reduced anthrone •. 

18 

Other compounds apparently similar to barbaloin 

(18) occur in the species of Aloe. Unlike O-glycosides 

they are stable towards acid hydrolysis but may be 

split with ferric chloride13 to form aloe-emodin 11.·· -
The physiological activity of several of these 

anthracene derivatives has made them important laxa-

tives and cathartics. lllthough the laxative properties 

.. /,., . 
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of anthranoid containing plants such as Cascara and 

Senna species have been l;nol/ll for centuries it was 

only recently thert it has been shown that both the 

free anthranoids and the glycosides are pharmacologi-

cally inactive, activity being induced through their 

b ' '" th 1 6 ~o-convers~on ~n'GO an rano s. 

The principal anthranoid cathartics are available 

as sanna, oasca~ sagrada and danthrone drugs. Senna 

is obtained from dried leaflets or pods of Cassia spp. 

while Oasca:r;>a is obtained from barks of Cascara spp. 

The commercial drug "Danthron" (Dorbame) is 1,8-dihydro­

xyanthraquinone C,:l. 9) and is useful as a cathartic. The 

fact that some pharmacopeia6 recommend storage of 

purgati ve l)lants for periods up to. one year before use 

is explained by the necessity for slow reduction and 

hydrolysis of the glycosides to free anthranols. 

Furthermore anthracene derivatives are active as 

cathartics becausCl they are reduced to anthranols by 

intestinal microflora. 

. . / .. 
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Very little is known regarding the function of 

theBe various atrchrHcene deri vHti veB in plants. The 

exiBtence of the equilibrum anthranoid ;;:===- anthrone 

in plant cells has led to the speculation thHt these 

compounds may some how participate in hydrogen tra­

nBfer or oxidation-reduction reactions? 

2.2 Chemical and physicHl properties of anthranoids 

2.2.1 Chemical detection 

12 BorntrHger's test is often used for 

the detection of anthranoids. 

Borntrager's test:~ If waceration of 

powdered plant material with organic 

solvent such as ether followed by filtra-

tion and addition of a(lUeOUS ammonia or 

sodium hydroxide leads to formation of 

pink, red or violet color, it signifies 

the presence of free anthranoids. If 

only glycosides are present the test should 

be modified lJY first hydrolysing VIi th 

alcoholic l)otassi um hydroxide. Borntra-

ger's test is negative with either very 

stable anthranoid glycosides or the re­

duced derivatives of the anthranol type. 

Anthracene derivatives containing 

.. I .. · 
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free carboxylic acid group such as rhein CZ) can be 

separated from the other anthranoids by extraction 

from an organic solution with sodium bicarbonate 

solution. 

20 

~he BorntraGer's test is not specific for anthra-

cene derivatives as naphthoquinones also give a 

positive reaction. 

2.2.2 Color reactions 

The color given by hydroxyanthracene deri­

vatives when treated with 0.5): methanoic 

magnesium acetate can be used to predict the 

substitution patterns~4 Thus compounds conta-

ining two hydroxyl groups in 1,3 or 1,B-posi­

tions such as in emodin (2)' chrysophanol (:t) 

or aloe-emodin (17), give an oran"e-red or 

pink color when treated with the above reagent 

.. / .. 
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while those with two hydroxyls in thei,4-positions 

such as islandicin (:!), (luinizarin C,S) produce a 

purple color, and those with two hydroxyls in 1,2-posi­

tions, i.e. alizarin (20) exhibit a violet color. 

2.2.3 l ' f ' . . Sa" orr~Z.~ 

Certain hydroXYRnthranoids such as alizarin 

(20) form Cu, Cd, Fe and Ni sRlts when boiled 

in an orgcmic solvent with metallic chlorides 

and sodium acetate~5 They appear to be normal 

salts in which the beta hydrogen of the OH group 

is replaced by the metal. ~ehese complexef;3 are 

practically insoluble in cold vmter but dis so-

Ive readily in ethanol, methanol and acetone. 

Thus copper alizarate, C14H
7

04Cu (21) was pre­

pared by boiling a rlixture of alizarin, GuC12 

and sodium acetRte in nitrobenzene. 

OH -+ 

I ~ocu 
J 

21 

.. / .. 
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2.2.4 Thin layer chromatography of anthranoids 

Most thin layer chromatographic work on 

anthranoids which appears in the literature is 

that performed to separate the active consti-

tuents in commercial laxative drugs. ':'he vast 

majori ty of publications in this cOlmection are 

concerned \lith the separation of Aloe, Rhamnus 

and senna natural drug constituents~6 

In most cases the adsorbent preferred is 

silica gel although separation of some anthra-

cene derivatives using polyamide layers has also 

been report;ed~6 Some common solvent systems 

widely used in the se}Jal'fltion of anthracene 

derivatives are given in Table 2. 

Visua1ization:- Anthranoids may be dete-

cted on silica gel G}I'254 layer through their 

quenching of short wave UV light. They f1uo-

resce brovm-yello\'l to red in long wave UV light. 

After spraying with alkali solution, a more 

intense yellow, orange or red fluorescence is 

observed in long wave UV light. If this is 

folloYled by further spraying with fast Blue 

B salt16 the fluorescent zones of many compounds 

become visible in day light (orange, yellow or 

green). 

. . / .. 
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Table 2. .Solven~l; .. -,!ystems for separating anthranoids on 

~ilic~el G layer16 

A. For anthranoicl glycosides 

No. Solvents 

1 Ethy1acetate-methano1-water 

2 Benzene-ethylformate-formic 

acid 

3 
4 

.5 

Benzene - acetic acid 

Chloroform - 95~ ethanol 

Chloroform - 95;' ethanol -

water 

6 Methylene chloride -

methanol 

7 n-propanol - ethylacetate -

water 

No. 

1 

2 

3 
4 

Benz-ene 

Benzene 

B •. 16 For aglycones 

Solvents 

-'methanol 

Isopropyl ether 

Heptane -benzene - chloroform 

.. / ... 

Hatio 

100:16·5:13.5 

75:24:1 

2:1 

3:1 

30:15:1 

4:4U· 

Hatio 

9:1 

1:1:1 
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2.2.5 Reductive cleavage of dimeric anthranoids 

Dimeric anthranoids contain almost all 

possible combinationn of monomeric anthranoids, 

mosi; bein[j linked through the 5,51 positions. 

Thus skyrin (22) is a dimer of emodin (2) while 

roseoskyrin (23) is a dimer of chrysophanol (.1) 

and islandicin (1)~7 Bisanthranoids such as 

cassiamin (24) inolated from the root bark of 

Cassia siamea Lam, linked through 2,21 positions 

are also knovm~8 

8 H ,/ .~~/J 3 
Ho- I II I 

~ /'-....../"..::/ 
, b' I 

HO OR 

22 

24 

.. / .. 
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Most dimeric anthranoids shoH optical uctivity 

arising from restricted rotation about C-U bond conne-

cting the -Cwo monomeric groups and they can be reducti-

vely cleaved to the corresponding monomers by means of 

alkaline sodium dithionite (Ha2s204). Reductive 

cleavage of compounds such as slqrin (~) in which the 

units are linked ortho to the hydroxyl groups occurs 

readily while compounds such us bischrysophanol (25) 

where the linkage is para to the hydroX'Jl groups show 

little or no tendency to Slllit~9,20 

2.3 spectral properties of anthranoids 

2.3.1 IR spectra 

The carbonyl stretching vibrational 

.. / .. 
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absorption region gives important indications about 

presence of the basic anthraquinone unit as well as 

the hydroxylation pattern on the anthraquinone nucleus. 

To understand the carbonyl absorption in anthra-

anoids, first it '[[ould be helpful to discuss the abso-

rption pattern in simple molecules such as nonconju-

gated,~-hydroxy, a,(5-unsaturated ketones and j)-dike-

tones. 

Nonconjugated ketones exhibit carbonyl absorption 

very near to 1715 cm-l while [i-hydroxyketones show 

very small shifts to lov/er frequency due to sim111e 

intramolecular hydrogen bonding as in diacetone 

alcohol (~). Oonjusation of the carbonyl group with 

a carbon-carbon double bond in 

phorone effects o. shift in the 

lower frequency (see 'i:able 3). 

acetophenone and 

-1 order of 30 cm 

iso-

to the 

,,-If ""-. /H,., c(H', 
+ "0-

" 0 U ) R~I'R" l L.--OH3 
( 

R ':---...~ I R" /" /", 
H30 OH

3 I 
R' 

26 
~ 28 
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i:3-diketones i3UCh as acetyl acetone are enolizable 

to usually formuL,.ted structures 27 and 28. The large 

Bhift of the bond from the usual ketone carbonyl abso-

rption position aB well as its high intensity may be 

explained reasonably in terms of the resonance 

structures ?1. and 28. The enhanced participation of 

the ionic structure lead8 to greater decrease in the 

double bond character of the carbonyl bond. 

~able 3. Carbonyl frequencie8 of some simple ketones 

in cm 
_121 

Compound Type Frequency 

Acetone Nonconjugated 1715 

Diacetone alcohol p-hydroxyketone 1706 

Acetophenone Conjugated ketone 1685 

Isophorone Conjugated ketone 1672 

Acetyl acetone a, [5-diketone 1620 

The resonance of type 27 and 28 can be written 

for compounds in which the carbon-carbon double bond 

is part of aromatic ring. Thus the car1:xJnyl bond of 

ortho-hydroxyacetophenone (29) is found to be shifted 

to 1639 - 1613 cm-l •. 

. . / .. 
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Hydroxyanthranoids can be treated as "conjugated 

chelate systems" lohen the hydroxyl group is in the 

alpha position aDd the resonllnce structures 30 and 31 

can be formulated as in enolized l3-diketones. 

~he stretching vibration of the carbonyl group 

which has 8. hydroxyl group in the alpha position shows 

profound changes in the freQuency and inten8ity, so 

that a second more inten8e band at a lower frequency 

results due to conjugation and chelation., Table '+ 

lists the carbonyl frequencies of anthracene derivatives 

groUIJed according to the arrangement of hydroxyl groups 

on the anthraquinone nucleus. Depending on the number 

of carbonyl perues and their frequency range, it is 

possible to place on onthranoid in one of the five 

groups of Table 4-. 

( 

' . 
. . / .. 



~ 21 -

In the hydroxyl re~ion of the IH spectra anthra-

noids having a hydroxyl group at the beta position on 

the anthraquinonu nucleus exhibit sharp hydroxyl 
-1 stretching band between 3600 and 31;:'0 em • The 

Sllectra of alpha hydroxyanthranoids show no noticeable 

absorption in the hyclroxyl region but exhibit a broad 

and weak absorption band centerecl at approximately 

2700 cm-l corresponding to the stretching frequency of 

a chelated hydro,;:yl bond~2 

~:Hble 4. Carbo~l frequencies of hydroxyanthraCJ.uinones 
. _121 
~n em 

Group type Type of anthranoid Carbonyl frequencies 

1 no, o::-OH 1678-1653 

2 I-OR 1675-1647 1637-1621 

3 1,4 and 1,5-(OH)2 1645-1608 

4 1,8-(OH)2 1678-1661 1626-1616 

5 1,4,5-(OH)3 1616-1592 

2.3.2 UV/Visible spectra 

In enones conjw;ation of the double bond 

.. / .. 

24-38 

40 .. 57 
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uith a carbonyl group leads to intenlle absorption 

correspondin" to transfer of a 1\ electron from the 

ethylene orbital to the carbonyl orbital. This abso­

rption is clcllignated as electron transfer (E.T) band. 

l!aectron transfer bands are found betlleen 220-250 nm 

in simple enones. The second characterstic band in 

enones appear at 310-330 nm Hnd corresponds to the 

displaced 11 -'-> n* band 01' cnrbonyl group. 

Benzene absorbs at A 'lX (log t: ), l8~ (~. 8) , m, , 

203.5 (:5.9) and 25~ (2.3) in hexane solution while 

acetophenone exhibits a four band spectrum with bands 

at 199 (4.3), 2~6 (4.1), 278 (3) and 320 (1.7). 

quinones:- Benzoquinones have sllectra characte­

riwd by intense absorption at 240-90 (E.T band) to-

gether ",ith a weaker band in the LfOO nm region. 

Haphthoquinones "nd higher quinones possess multi-

banded spectra which may be roughly divided into 

A. E.T. bands 250-300 nm 

B. Overlapping E.T. and benzenoid bands 300-~00 nm 

C. Weak (n --> n'Y() band at LfOO-500 nm. 

Substitution by a hydroxyl group masks the last of 

these bands by generation of intense absorption in the 

~00-500 nm region. The sllectra of anthranoids may be 

regarded as cross conjUGated acetophenone - benzoqui-

none type spectrE'.. lie designate' the transition due 

•• '/. eo 
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to acetophenone clnd benzO(luinone chromophores RS A and 

B respectively. Thus for Rnthraquinone in ethanol Vie 

have ~max 243, 252 (A-band), 263 (B-bRnd), 325 (A-band) 

and 405 (B-band). The 405 nm quinonoid absorption is 

susaeptible to intensity increase and shift to longer 

wavelength by the introduction of nuclear hydroxyl 

groups. 

In Table 5 t;he absorption bands of some hydroxy-

anthranoids are "3 . c. 
gl ven. ' 

.•. 
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~nble 5. yV/Vis~p}e absorption bnnds of hydroxynnthra-
23 

quinone~ 

Anthrnnoid E.T. band 

Amax(log. S) 
(nm) 

Overlapped n-->n;* 

E.T. benzeno- Amax(log.S) 
id band 

)) max' (log. £. ) 

Solvent 

243.5 (L1-.5) 

252.5 (4.7) 
263 (4.3) 
276 (L~.l) . 

405 (1.95) Hexane 

o OH 
II I 

QC)) 
On 0 

254 (4.4) 
274 (4.2) 
28L~ (2.2) 

225 (4.6) . 
253 (4.2) 
275 (3.9) . 
287 (3.9) . 

248 (L~.5) 

278 (L~.O) . 

430 (3.2) 

418 (3.9) 

437 (3.9) 

48L~ (2.8) 

Hexane 

Ethanol 

Etl:<o.nol 

NaOn 
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'i'he l-OH derivatives in alkaline solution show one 

large absorption band with a maximum around 500 nm, the 

2-hydroxy compounds one large band with a maximum at 

492 nm and tViO smaller ones .,ith maximum at 300 and 

238 nrn. 

Hydroxyl groups in positions 2,6 and 7 give rise 

to more strongly. ll.l)Xochromic bands than those with 

hydroxyls in 1,4 or :; positions probably because in 

the former a hydroxyl group is para to one of the 

24 carbonyl group, 

2.3.3 MS fragmentation pattern in anthranoids 

The tendenc~r to lose neutral carbon mono-

xide from the parent or fragment ions of many 

oxygenated compounds was first noticed by the 

study of the high resolution mass spectra of 

anthraquinones. In the mass spectrum of anthra­

quinone c'?_S) the most abundant ions are of mass 

208 (M+), 180 (lit-GO) and 1:;2 (M+-2CO). Accu-

rate mass measurements at high resolution have 

established thftt these two latter ions were 

not produced by the elimination of C2H4 
fragment but by successive loss of two neutral 

CO fragments. 

In ant;hraquinones, the most loosely bound 

•• /. 0 
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electron, which is therefore, removed preferentially 

during the formed;ion of the molecular ion by electron 

impact of low energy is one of the lone pair electrons 

on the oxygen atom. Bince 0+ is trivalent one of the 

G-C bonds adjacent to the carbonyl group may become 

uncoupled to provj_de an orbital which can give a n 

bonding effect ,,,ith the lone pair oxygen orbital as 

in 33. The posH;ive charge on the oxytsen atom will 

induce a polarity in the adjacent bonds and this will 

be a maximum in -l;he remaining C-C bond. In this state 

the carbonyl group is so weakly 

inder of the molecule and loses 

give the fluorenone ion (35)~5 

+0 

) 

o 

attached to the rema-

CO readily (34) to 

+ 1°1' 11-, neutral II ejected 
CO 

{-------

X I 
r::E~" -+"-~~ ,'- 1 -'''---,1 -, One electron 

bond ~/ ~ 
II 

° .+ 
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Anthranoids generally show the same tendency to 

eliminate neutral c8rbon monoxide. This point is 

exemplified by J::Jtmohydroxyanthraquinone Vlhose mole­

cular ions tend to fragment with loss of a neutral CO 

molecule, which is followed by a second CO and then 

either a third CO or a CHO fragment. 

2.3.4 NMR spectroscopy of anthranoids 

IH and 13C NMR spectroscopy serve as 

powerful tools in the structurHl elucidation of 

anthranoicls. Analysis of chemical shifts as 

well as of coupling constHnt data greatly aid 

in structural assignment. 

In IH NNJR spectra of anthranoids the hydro­

xyl protons on l,lj.,;; and 8 llositions are easily 

distinguished from other types of hydroxyl pro­

tons by their apIJenrance at unsually low field 

resonance between 11 and 14 ppm, a shift accou­

nted for by the chelation of hydroxyl groups 

with 9, 10 keto groups. Compounds of the 

chrysophanol type are easily recognized by the 

characteristic pattern of the protons at the 

5, 6 and 7 positions which give rise to two 

double doublets Bnd a triplet while compounds 

of the emodin type give highly simplified spectra • 

. . / .. 
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Considerable amount of information is also obtai-

ned by examining spectra of acetyl, methyl and trime-

thylsilyl derivatives of anthranoicls. Thus Steglich 

and Lose126 studied the cherlical shift differences for 

the cor::- sponding aromatic protons in the IH NMR 

spectra of per-acetylatecl and per-trimethylsilylatad 

anthranoids and found the acylation shift data as 

useful parameters in determining the positions of 

O-alkyl or O-gl;ycosyl substituents in 1,8-clihyclroxy-

anthraquinone derivatives. These findings are based 

on the well-known acetylation shifts in phenols where 

o-protons are shifted by -0.25 ppm and p-llrotons by 

-0.20 ppm where as m-protons remain unaffected. The 

presence of many hydroxyl groups leads to an additive 

effect. 

In 13C NMR spectra of anthranoids carbons 9 and 

10 are easily recognized by their resonance occurring 

between 180 and 185 ppm while carbons bearing hydro­

X'JI groups appear at about 160 ppm~7 The introduction 

of proton coupled 130 NMR measurements has increoased 

the potential of 130 in structural assignment work. 

Thus in the structural elucidation of Knipholone (36) 

by E. Dagne and W. Bteglich5 the attachment of the 

acetyl phloroglucinol unit (37) to the chryscophanol 

system of .2§ where 0-10 displays a doublet (J = 4Hz) 

.. / .. 
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arising from 3J-coupling Hith the peri-proton at 0-5. 

~his confirmed the presence of the substituent at 0-4. 

A double of doublet would hnve been expected for 0-10 

if both peri-protons at C-4 and 0-5 were available. 

Consistent with this argument the signal for 0-9 in 

compound.2§. Vias a sharp flinglet. 

OR 0 OH 

I~ 

()VJyJ- cH, 
o HO 

OH o 

2.4 Bios~nthesis __ of nnthranoids 

The structural and substitution pattern of 

anthranoids generally reflect two modes of bio-

28 29 synthetic path ways. ,- Many common anthranoids·· 

found in microorganisms, lower animals and plants 

.. / .. 
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are mainly of polyketide origin. 

Anthranoids occurring in Rubiaceae, hOViever, are 

not derived from Hcetate but rather by the second 

pathway namely the shikimic acid-o-succinoylbenzoic 

acid' route. 

2.4.1 PolyketicLe der5.ved anthranoids 

This route vms found to be valid in the 

biosynthesis of anthracene derivatives because 

it was found that labelled acetate was speci­

fically incorporated into some anthronoids such 

as islandicin (1) and emodin (5). Most of the 

acetate derived anthranoids examined so far are 

formed by cyclization of an octaketide chain. 

Other steps in the biosynthesis of these anthra­

anoids involves decarboxylation., reduction and 

aromatization of the cyclized polyketide. 

Decarboxylation of the tricyclic skeleton 

produces anthracene derivatives with l5-carbon 

atoms. Such derivatives are common and are 

usually found as an anthrone or an anthranoid 

dimer. An't;hrones are biosynthetic intermediates 

which lead to anthranoid structures and the oxi­

dative coupling of anthranoids leads to dimeric 

anthranoids. The biosynthetic pathway which 

.. / .. 
/ 
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leads to emodin (.2) and endocrocin (41) is given in 

Gcheme 1. 

Anthranoids can arise from either a single poly-

ketide chain or from more than one polyketide chain. 

The active form of the first C2 unit is acetyl CoA, 

while malonyl CoA, formed by carboxylation of ' acetyl 

GoA, is used for subsquent G2 units. This utilization 

of two different units by the enzyme accounts for the 

different distribution of radioactivity in polyketide 

molecules obtained after incorporation of labelled 

l1alonic acid. The positions corresponding to the 

first G2 unit (derived from acetyl CoA) and the ones 

corresponding to the successive G2 units (derived from 

malonyl GoA) are lebelled to different extent. rhis 

behaviour of the organism is general and illustrates 

how anthranoids such as islandicin are formed by one 

chain process. 

Radioactive islandicin obtained after feeding 

Penicillium islandicum Vii th diethyl [2_140] malonate 

demonstrated the utilization of a single starter 

acetyl GoA unit and the subsquent incorporation of 

seven malonyl GoA for building the anthranoid molecule~8,30 

This is consistent with path A of Scheme 2 in which a 

long continuous chain is first formed Hhich the'l ring 

closes to give the anthracene skeleton. A tvm chain 

... / .. 
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Scheme 1. Biosynthesis of anthrOnes and nnthranoids 

by tho, po1ykotide pathlwy28 

+ 

COOH 
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7 CH2 
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I 40 
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no 

"[ I I 
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41 
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synthesis as in path B is ruled out by labelling 

studies which after feeding of diethyl [2_14CJ malo-

nate gave different specific activities as opposed to 

the expected identical activities for the methyl carbon 

and C-IO of the isolated islandicin. 

Scheme 2. Biosynthesis of islandicin28 

Path A Path B 

COOH 
\ 

7. CH2 + 
/ 

COSCoA 

L 

COOH 
I 

• from: CR2-GOSCoi, 

" . 
CH2 ( COO},t ) 2 

.,J, 
COOH 
\ ~ It 

jCH2 ~- CH3COSCOA 

COSCoA 

COOH 

\ 
7dCR2 / 
COSCoA 

l __ _ 

'{; 

OR 

Islandicin 0) 
• 0/" 0 
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2.4..2 Shi i.mic a£id-~-Buccinoylbenzoic acid derived anthranoids 

llnthrc.noids produced by plants can be classi­

fied into tv/o categories, depending on how only 

one, or both A·and C rings bear particular substi-

tuents such as OR, OCR3 CH
3

, etc. The compounds 

substituted in both rings A and 0 usually with a 

C-15 skeleton, have polylcetide origin as exempli­

fied by emodin (5). other compounds such as ali­

zarin (20) and purpurin (2) are formed by the 

shiklmb acid-o-succinoylbenzoic acid route in 

some plant families, especially in Rubiaceae. 

By separatey feeding shikimic acid ( 140 at the 

carbonyl), and (RS)-[ _14CJ mevalonic acid to 

Rubia t:l,.notor~ (ll.ubiaceae) radioactive alizarin 

(20) has been isolated. Chemical degradation 

indicated that ring 0 is derived from MVA. This 

biosynthetic pathway is shOl'ffi in Scheme 3. 

· . /. ~ 
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Scheme 3. BioBynthesis of alizarin 

(

OOH 

+-TPP+ (triamine pyrophosphate) 
O--=t(_ 

vOOH 

44 

46 

OH 

prenylation 

OH 

.. / .. 

OH 

/\\ "=J-COOH 

~y 
OH 

47 

alizarin (20) 
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Slldkimic acid (Le5) derived from phosphoenolpyruvic 

acid and erythro-4-phosphate is incorporated into 

alizarin together with the three central carbon of 

a-ketoglutaric acid (44), an intermediate of tricarbo­

X'Jlic acid cycle, O-Succinoylbenzoic acid (46) is a -
necessary intermediate in this class of anthranoids. 

11lthough this has been proved by incorporation experi-

ments o-Succinoylbenzoic acid itself has not so far 

been isolat<!ldfrom nuture. Prenylation of the naphthalene 

intermediate (~) and subsquent cyclization and oxida­

tion of ring C leO-ds to alizarin. 

2.4.3 Natural distribution of anthranoids 

"bout half of the nntural anthracene deri-

vatives occur in the bark, Vlood and flowers of 

flowering parts SIJecially in the family Rubia-

ceae, Some anthranoids are also found in the 

Rhamnaceae, polygonaceae, Leguminosae~9Sero-

phulariaceae, Gesneriaceae etc. In monocotyle-

dons this class of compounds is found only in 

Lilio.ceae~2 

Other rich sources of anthranoid pigments 

are the higher fungi and lichens which are 

kno,m to elaborate a number of interesting 

anthracene derived pigments besides the common 

.. / .. 
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anthranoids emodin, chrysophimol and their respective 

glycosides. 

Thus Xanth~ elegans a briGht red fungal compo­

nent of lichen is rich in the briGht red pigment 

xanthorin (ll)F ;penicillum ;\-slandiclJ,m produces the red 

compound islandicin (1) Dermocybe 

erthroglaucin (,2), dermocybin (§) 

eanguinea yields 

and dermorubin (10)19 -
More than 100 anthranoids8 have been isolated from 

higher plan'Gs and it has been shown that dimeric anthra-

cene derivatives which are commonly encountered in lovrer 

plants are rare in higher plants except for few examples 

such as Cassiamin (24), isolated from the root bark of 

8 Cassia siamea Lam. 

I 



3. Results and discussion 

3.1 Extraction culd fractionation of K. foliosa leaves 

The leaves of K. foliosa collected from liollo 

province in Ethiopia in l3eptember 1983 were exami-

ned for their chemical composition since it has 

been established earlier that the rhizomes of this 

plant were rich in anthranoids. Preliminary scree-

ning tests on the leaves also roveal" ..• that the 

leaves were rich in anthranoids. 

Extraction of K. foliosa leaves with acetone 

yielded a greenish solid. The crude acetone 

extract was subsequently taken up in chloroform 

and the chloroform insoluble part vras discarded. 

The chloroform soluble fraotion onTLe, using 

801 vents sys~Gem I (see experimental) shoV/ed three 

major spots Kf ' Kf and a third spot of higher 
5 6 

Hf value. rChe third spot upon rechromatography 

with solvent system II Vias found to be composed of 

two compounds designated as Kf and Ief 9 10 
The 

spots below Kf5 designated as K11 --> Kf4 are 

found only in trace amounts. 1, schematic flow 

chart for the extrRction nnd fractionation of 

K. foliosa leaves is given is Scheme 4. 

SilicR gel column chromatoGraphy of the chI oro-

.. / .. 
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form extract usinr, solvent system III as elutine; solvent 

enabled the sepa:cation 

Ij1he mixture containing 

of Kf from the other components. 
5 

Kf ' Kf 
6 9 

and K 
flO 

wan applied on 

a column packed wit'h sephadex LH-20 and eluted with 

solvent system IV thus separnting Kf from the other 
G 

two compounds. The final purification of Kf Vias brought 
6 

about by preparative layer chromatoe;raphy using solvent 

system I. 



Bcheme 4.. Flow chart for extraction and fractionation 

of K. foliosa leaves 

500 g K. foliosa leaves 

. acetone 

25 g 

chloroform 

-

residue discarded chloroform soluble 20 g 

column chromato-

silica gel 
graphy 

5 g 
solvent system III 

. . . 

, 

. lKf5CiknllPholone) ] . {Kf6' Kf9' KflO 
.. .. , 

column 
chromatography 
sephadex LH-20 
solvent system IV 

.. 
. 

1 
I 

._, . 

Kf6 .. -, ... Kf ' KflO 9 
;chrysophanol, tslandi 
I Cln 

brel8rll~ive tmhel so vell sys e chromat ograph;) 

-

Pure Kf6 32 mg 

aloe-emodin monoacetate 
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Characterization of a new anthranoid k as f 16 
aloe-emodin monoacetate. 

Thin layer chromatograllhic comparison of 

crude acetone extract of rhizomes, flowers and 

leaves of !. foliosa revealed that Kf is loca-
6 

lized only in the leaves. 

Kf ' orange needles from acetone, mp 203-
6 

206 (dec.) Was found to give a positive reaction 

for -the characteristic alkaline anthranoid test 

and further produced an orange-red color upon 

treatment vii th alcoholic magnesium acetate. This 

characters-i.;ic color is an importRnt indication 

of 8.nthranoids Hi t11 tVIO hydl'oxyl groups in 1,3 

or 1,B-positions on the anthraquinone nucleus. 

The high resolution MS (fig. 1) revealed an 

empirical formula of C17H1206 which readily lost 

a fragment with mass· 42 to yield a base peak 

C15HI005' (M-CH2CO),. a peak characterstic of 

aryl and benzylic acetates~n The appearance ill 

the IR spectrum of a strong cflrbonyl absorption 

at 1745 cm~l was also suggestive of the presence 

of an acetyl group further confirmed by a methyl 

absorption signal at I) 2.15 in the IH NMR 

spectrum (see Table 6) • 

. . / .. 
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Further analysis of the IH NNiR spectrum revealed 

the presence of a methylene group at I) ;'.24 broadend by 

long range coupling ,-lith aromatic protons. The chemical 

shifts as well as splitting patterns of the aromatic 

protons were indicative of the presence of nn anthra­

quinone moiety of tho chrysoph<IllOl (1) type. This I[7aS 

further supported by the existence of two sharp signals 

in the IR spectrum at 1680 for the non-chelated ca~bon­

yl and 1635 cm-l for the chelatod carbonyl. The above 

data is consistent with structure_4-8. ~o our knowledge 

this constitutes the first report of the existence of 

4-8 as a natural product. 

R3 Q> QRl 

~ 
~ 

48 Rl = R3 = H 

--'H20R2 
R2 itO = 

49 Rl = R2 = R3 = 1>0 

50 Rl = R.- = R3 = H 
~ 

.. / .. 
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The lVJB npect:cum of compound 48 reproduced in 

figure 1 exhibits a typical frRgmentation pattern for 

anthranoids, as the parent ion readily loses an acetyl 

moiety followed by subsquent ejection of a carbon 

monoxide to yield the fluol'enone fragment (51) as shown 

in the scheme below. 

48 m/z"' 312 

<?II o. yH 
~"'/~/~ 
0l)~H20H 

t3 
2.Q m/z = 270 

51 m/z = 242 

-~-'+ 

.. /~ .. 

+0 
III 
C-CH~ 

-(,1) 28) 
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'rhe UV and visible ab['o 'ptioll spectrum of compound 

48 (J. max252, 28L" 312, 422) resembles those of 

1,8-dihydro:x:yanthranoids such as chrysophanol (!±) 

(Amax.277, 255, 278, 287, 427) and emodin (.,'2) C\ max 

222, 252, 265, 289, 437)~8 

Acetylation of compound 48 with acetic anhydride/ 

pyridine yielded a yellow acetate (49), mp 169-171 

(lit. 170-175)32 • 'rhe mass spectrum of compound 49 

(fig. 2) showed the most pro mil e .1t peaks at 396 

(G21H1608 ), 354 (C19H1407), 312 (C17H1206) and 270 

(C15HI005). The successive loss of two acetyl groups 

gave the peak of mass 312 (L e·, M+ for compound 1§) and 

further loss of the remaining acetyl group resulted in 

the base peak at mass 270. The mass spectral data is 

consistent vtith diecetylation of compound Lf8, clearly 

indicating the presence of tuo hydroxyl e;roups in 

compound .:t§. 

IH NMR of .±2 (fig. 3) showed three acetyl signals 

at I) 2.15 (£3" COOQ!!3) and 2.44 (§, 6H, 2x COOCH
3

),. The 

fact that the acet;yl group at I) 2.15 in 49 exhibit the 

same chemical shift as in LtS and the identity of the 

chemical shifts of the two introduced acetyl groups 

constitute further proof for the location of the acetyl 

group in compound .:t§ on the hydroxymethyl group. The 

two proton singlet at I) 5.22 broadened due to lone; range 

coupline; Vii th aromatic prot OilS \-1f'S clssigned to methylene 
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protons.' 

In the aromatic region tvlO doublets at I) 7.40 

(J ~ 2Hz) and 8.20 (J ~ 2Hz) were assigned to protons 

at positions 2 ond 4 respectively, a double doublet at 

I) 7.40 (J ~ 8, 2Hz) to H-7, a double doublet at I) 8.24 

(J ~ 8, 2Hz) to H-5 and a triplet at I) 7.7 (J ~ 8Hz) to 

H-6 (see Table 6). 

On alLkaline hydrolysis L~8 afforded aloe-emodin (50), 

mp 216":'220 (lit. 222)33 whose molecular formula, 

G15Hl005' was confirmed from its IvIS which gavo the 

molecular ion peak at 270.0527 with 100i: relative 

intensi ty'. 
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Table 6, 90 MHz ])roton NMR data of aloe-emodin mono­

acetate (.:±§) and aloe-emodin triacetate (.:t2) 

6 (mul tiplici ty), J(Hz) 

Protons Compounds 

48 49 

2 7.39 (9) , 1.6 7.40 (9;) , 2 

4 7.88 (~) 8.20 (9;) , 2 

5 7.88 (~) 8.24 (dd), 8, 2 

6 7.88 (m) 7.7 (~),·8 -
7 7.44 (M), 7, 2.2 7.40 (dd), 8, 2 -. 

-CH2- 5.24 (br s) -- 5.22 (br ~) 

R1 12.00 (l2£) 2.44 (~) 

R2 2.15 (~) 2.15 (~) 

R3 12.00 (EE,) 2.44 (~) 

.. / .. 
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Identification of K as knipholone and Kf £5 9 
as chr;ysop,hanol 

Earlier inveBtigation of the rhizomes of 

K. foliosc; had sho\<m the prenence of an intere­

sting anthracene derivative, knipllOlone (36) 

and trace amounts of chrysophanol (±)5. 

Compound 2§ whose structure was determined by 

spectroscopic methods as well as by degradation 

to known compounds represented a new type of 

anthranoid pigment in which the chromophore is 

connected to an acylphloroglucinol unit. 

Knipholone de8ignated eal.'lier as Kf ' an 
5 

orange-brovm pigment, v/hich on treatment with 

alkaline sodium dithionite afforded chrysophanol 

(±) and 2-methoxy-4, 6-dihydroxyacetophenone (21) 

was found to be a major constituent of the rhizo-

mes of K. foliosa. We have also established 

here that Ief isolated from the leaves of 
5 

K. folios,,: ViaS the mnjor anthranoici, malcing 

knipholon8 the major secondary metabo~t" of 

K. foliosa. Bxnraination of Kf isolated from 
9 

the leaves shO\18d that it was identical with 

chrysophanol (±) (TLC, IR). Furthermore we 

have examined the acetone extract of the flowers 

of K. foliosa 8nd eBtabliBhed 36 to be the major 

anthranoid accompanied by chrysoplwnol as a minor 

constituent;, 
•• -j-• •. 
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As indicated earlier there are at least 6 

reported Kniphofia species in Ethiopia of a total 

'of 65 species34 of KniI?~o.f.:l& in the world. Host: 

of these species ,re restricted to tropical Africa 

except for one species recorded from Yemen. 

Although it was not possible in the course of this 

project to investigate all the Ethiopia species \'Te 

have attempted to look into other Kniphofia species 

collected in October 1983 from the vicinity of 

* Addis Ababa namely K. isoetifolia Of. 

Extraction of pOI,/dered rhizomes of 

K. isoetifolia Of with acetone yield a pink sticky 

substance. Thin layer chromatogrphy of crude 

extract on silica gel using solvent system I as a 

developing solvent showed four major spots, 

* The Of signifies that the species identification 

is not yet fully ascertained. The plant is nOlv being' 

p:rown in our. garden for submission for a taxonom1DU'j, 

study and proper botanical identification. 
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Comparison of the crude acetone extract on TLO 

with the crude extract of the rhizomes of 1&. foliosa 

revealed thnt there is no significant difference in 

chemical composition as far as presence of anthranoids are: 

concerned but there is considerable difference in the 

relative abundance of the constituents. Thus in A. 
isotifolia Kf is present in relatively greater amount 

7 
than Kf as can be gauged from the intensity of these 

8 
spots on TLC. 

A schematic flo~l chart for extraction and fractio-

nation of the rhizomes of K. isoetifolia Of is given in 

Scheme. 5. 

The crude acetone extract was applied on colunm 

packed with silica gel and eluted \"lith solvent system II 

thus dividing the components into two groups of mixtures, 

the first group containing Kfand Kf .while the latter' 
9 10 

fractions were composed of Kr ,Kf and Kf . 0 

5 7 . 8 

The mixture containing components Kf ,Kf and Kf 5 7 8 
was subjected to column chromatography on sephadex 

LH -20 using solvent system IV. T·his readily separated 

Kf from the other two c6mponents~ 
5 



Bcheme 5. Extraction and fractionation of K. isoetifolia Cf 

r K£ Kf 1')+ L7 

1 g. 

(~~~._g_._!_f. isoetifolli Cf~'] 
--F~~t on-;-+---'-

r 
.f 

+ Kf 8 

1 g 
column 

silica chromatography 
gel 6g 

solvent system II 

Column chromatography 1. 
Solvent systerr sephadex IJI-2O 2. preparativ 

layer 
chromatogr­
phy 

IV , 

" 

l5~~P~,o;m.~ t Kf7 + Kf8 }. 

Kf, acetate' 

Preparative layer chromatOgraPht 
Jiolv.:en t s stem V 

I 1 
Kf820 mg {Kf7 + Kf 8 25mg 

I I 
Na2S204 reductive cleavage 

I Kfq + Kf1Q I 
1. Acetylation 
2. Preparative layer chromatography 

solvent I 

. / .. 

Kf'q acetate' 1 Kf10 acetate, 

acetate; 
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3.2.1 Degradation of Kf and Kf 7 8 

Kf and Kf are yellow and red pigments 
7 8 

respectively which were isolated from K'" foliosa, 

K. isoetifolia Of and detected in another as yet 

unidentified species of Kniphofia. These observa­

tions confirm significance of both Kf and Kf 7 8 
in the genus Kniphofia. I;'xamination of the 

leaves, flowers, rhizomes and roots of K. foliosa 

has established that Kf and Kf are to be found 
7 8 

only in the rhizomes and rro 3 of this plant. 

Na213204 reductive cleavage of dimeric 

compounds to the corresponding monomeric frag-

ments makes the structural determination work 

in these compounds more simpler because the 

fragments obtained are usually known anthranoids 

or simple molecules. structural determination 

work of skyrin (22) \las greatly aided by Na2S204 
degradation of the molecule because it gave 

emodin a well knovlll anthracene derivative as the 

only product19 and as mentioned earlier degrada­

tion of lmipholol e (36) afforded chrys01Jhanol and 

a structurally sir<rple molecule 2-methoxy-4,6-di­

hydroxyace'cophenone (37). It ~fl.S been shown 

that alkaline Na2/3204 reductive cleavage of 

-..•.. / .. 
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dimeric anthranoids takes place readily19 when tHO units 

are linked ortho to the hydroxyl group, as in 22 and 36. 

Kf and Kf have nearly identical Hf values in 
7 8 

many solvent systems and their separation by chromato-

graphic methods VlC'.S quite difficult although small 

amount of each \.,,-s obtRined by preparative layer chro-

mRtogrRlhy using solvent system V. UrystRls containing 

the two pigments could be obtained by concentration of 

the fractions collected from silicR gel column of 

acetone extract using solvent II. Attempts to separate 

them by fractional crystalization were also not successful. 

The lAS of these two comlJOunds shol'l molecular ion at 

mass 492, C30H2007 for Kf7 and at masS 508 C30H200S for 

Kf • bince 0-30 anthracene derivatives are usually bis­
S 

anthranoids, it 'dOS assumed that Kf and Kf could also 
7 S 

be bisanthranoic1F3. Both compounds V18l'e subjected to 

~he cleava(,;e experiment was performed first on pure 

Kf and since there was not enough pure Kf at our dis-
8 7 

posal the cleava.ge Vias done on a mixture containing both 

Kf and Kf • Interestingly, the same products were 
7 S 

collected in both cases. The t,'IO fragments obtained 

were chrysophanol (!i) and n fragment which on TW Vias 

identiCAl to the ecrlier mentioned compound Kf • 4 Vias 
10 

.. / .. 
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identified in a similar manner as d.iscussed in section 

3.1. 2 ami cha1'act;erization of the other pigment as 

isl(1ndicin (;) 1'7ill be di8cuBsed i8 section 3.2.2. 

~he close Gimilarity ill the TLG behaviour of K 
f7 

and Kf and their nearly identical empirical formulae 
8 

lead one to believe that the two compounds should 

have nearly similar structures. Interestingly Kf is 
7 

bright yellow while Kf is strikingly red and the former 
8 

gives an orange-red color with alcoholic magnesium 

acetate while Kf gives a llUr:ple color. These obser-
8 

vations coupled Hith the degradation Vlork on Kf and 
8 

mixtures of Kf <.lnd Kf which yielded chrysophanol (:t) 
7 8 

nnd islandicin (~) may eventually lead to a full stru-

ctural assignment of Kf 
7 

and Kf • 
8 

In the following 

section evidence l'1ill be presented to 8ho\1 the identity 

of Kf with is12.ndicin thUG clearly establishing the 
10 

fragment of Kf to be pre8ent in the rhizomes and leaves 
8 

of K. foliose. and rhizome8 of K. i80etifc51ia C1'. 

3.2.2 Characterization of fragments of Kf as islandicin 
8 

and chrys~l?hanol 

As indicated earlier sodium Ilithionite 1'e-

duc-tive cleavage of either Kf or a mixture of 
8 

.. / .. 
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K and Kf afforded compound .:t and a red pigment. The 
f8 7 

separation of those two compounds by means of chromato-

graphic me"i.;hods vms difficult and only small amounts of 

each <78re obtainEc,d by means of preparative layer chroma-

tography using sol vent systems II and VI.· 

The rod pigmented fragl'lent (mp 212-2150
) is readily 

solu1Jle in chloroform and only sparingly soluble in 

<lcetone <lnd methonol. In 51. NsOH solution it gave <I 

violet color fachng gradually to pale yellow on standing 

in air. In cold conc. H2S0l~ it gelVe rise to bright 

purple-red and in acetic Acid a yellow orange color. 

Treatment with alcoholic magnesium acetate gave a light 

purple color, fJ.l1 in<lication of an anthraquinone moiety 

which contains t"IO hydroxyls nt the l,4-positions. 

·'1'he high resolution MB (fig. 4) dislllayed a 

molecular formula of C15HI005' sVggestive of a 

compound containing one more oxygen than chrysophanol. 

Bxarnination of thin NMR flpectrum showed sharp singlet 

at 6 2.33 Ylhich C8n be ascribed to s methyl absorption 

and three singlets at 6 12.2l~, 12.30 and 13.45 for 

absorption of the three chelated hydroxyl groups. The 

rather low field absorption for the third hydroxyl 

strongly indicates that thin hydroxyl is sing)ychelated 

to a carbonyl thus restricting the third hydroxyl to 

position .:t or ~. 

. . / .. 
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l1nalysis of the chemicul shifts and coupling 

constants of the Dromatic protons \'IllS not rossible 

as the sample WAS contarninatod by presence of trace 

al'lOunts of chrysophanol. 

Because of ",;he problem confronted with in sepa-

ration of compound :± and the red pigment, a ruixture 

contAining the two was directly acetylated using 

acetic Anhydride and pyridine. The tHO acetate deri-

vatives were readily separRted by preparative layer 

chroUlutography using solvent system I. After separation 

4-diacetate was found to be identiclll with the 4-dia-

cetate prepared from an authentic samllle of :± (TLe, mp, 

IR), thus confirming one fragment of Kf to be chryso-
" 8 

phanol. 

"cetate of the red pigment, pale yello\7 needles 

from methanol, had mp of 203-206. Investigation of its 

lR NMR spectrum (fig. 7) showed two singlets at 6 2.47 

(6R, 2xCOOQB3) and at 2.53 (3R, COOCE3) clearly indica­

ting the presence of three hydroxyl groups in the red 

compound. A sharp singlet at 6 2.36 WRS assigned to 

the absorption of methyl protons. J;'xal1ination of the 

aromlltic region (see fig. 6) revealed a typical abso':' 

rption pattern for the aromatic protons of the anthra-

quinone nucleus having protons at 5, 6 and 7 positions. 

'('he presence of a strong absorption band at 1675 cm-l 

., .. /.10' 
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in the IH spectrum for non-chelnted carbonyl r;roups 

was an additional proof for the presence of an anthra-

quinone moiety. 

'l'he above data for the red pigI'lent WRS consistent 

with the structure of islandicin (I), which has been 

isolated from the dried I'IYcelium of penicillium islRn­

dicura3~ The liteJ:'ature rellorte rap for islandicin and 

its triacetate is 216 and 208 respectively which are in 

good agreement with our findings,. Thus degradation of 

both Ief or a mixture of Kf and Kf resulted in 
887 

chrYBophanol and islandicin. 90 MHa proton NMR data 

for islandicin, chrysophRnol, islandicin triacetRte and 

chrYBophanol diacete Rro given Table 7. 
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Table 7. 90 MHz ,Proton NMR data of isl andicin 0), 
chrysop!l.anol (1:), iclandicin triacetate and 

chrysop~~anol trincetate 

1 Rl = R3 = H 

R2 = OH 

I-triacetate Rl = R3 = AO 

R2 = OAO 

Rl = R3 = A.C 

R = H 

itt· 
6 (mult iplici ty) , J(Hz) 

Compounds 

Protons 1 4 I-triacetate 4..,diacetate 
-- ", 

2 7!3(S!),0.8 7.02(br s) 7.36(br £) 7,14(br s) 
~- < ---

5 7.79(d d) 
~ - 8!13(~ S!:), 8,13(S!: S!:), 7·8, 

7!8, 1.4 1.4 

6 7. 78<,:~) ,8.0 7.70(t),8.0 - , 

7 7.24(d d) , r-- 7. LtO(S!: S!:) ,8, 
103 7.34 (d d), . -- 8, 

1.4 

CH3 2~33(£) 2.40(£) 2,36(£) 2.44(£) 

Rl 12. 2L~(£) 11. 98(£) 2!47(£) 2.40(£) 

R2 13~45(£) 2.53(£) 7.98(br !!!) 

R3 12.30(£) 12.06(£) 2,47(£) 2.40(£) 
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3.2.3 Isolation of islandicin fro~ the rhizomes of 

K. isoetifolia Cf 

Crude acetone extract of the rhizomes of 

K. isoetifolia Cf wan applied on a column packed 

'7i th silica gel and eluted \'Ii th solvent system II. 

'.eLU analysis (solvent II) after combination and 

concentration of the first three frnctions, 

shol-/ed tvlO pigments earlier desitinated all Kf 

and Kf (see section 3.2}Scheme 5). 
10 

TLC comparison of the mixture of Kf 9 
with degradation products of Kf and 

7 

9 
Further 

and K 
flO 

Ief i. e., 
8 

chrysophf1l101 and islandicin, showed the identity 

with chrysophanol and K with islandicin. 
flO 

Examination of the lenves and rhizomes of 

K.,foliosa in n similar manner extnblished the 

presence of islandicin both in the leaves £lnd 

rhizomes. 

To further confirm the identity of t 1,,' 

trIO group"l of compoundB i. e. Kf Ief and (obtained 
9 10 

from the plants) \lith the degradntion products of 

I!lixture containing Ief 
9 

wns 8cetylated as in section 3.2.2., The 

acetates separated Vi8re found to be identical 

with l.-diacetate and I-triilcet8te (TLC mp) thus - -
confirmincs the presence of the tHO frae;ments of 

.. / .. 
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K in the l,lants. It is interesting to note that 
f8 

to our Imoliledge there is no earlier report in the 

literature of the occurrence of islandicin in higher 

plnnts. 

Preliminary data on K and K f
7

-fS 

JiS mentioned earlier Kf and Kt ' isolated 
7 ' 8 

from the rhizomes and roots of K . foliosa and ..., 

J!;. isoetifol;ia Of are significant components in 

these species next to ImiJlhlone (2§) , For a 

full structural elucidation of these pigments, 

besides the reductive cleavage experiment which 

clearly established that,Kf and K~ are dimeric 
7 ""1'8 

anthranoids, some slJectral data of trese PQmpolludp. 

were recorded and these l'7ill pc presented in 

this section, 

The MS of Kf showed molecular ion at mass 
8 

508 (030H2008) and two fragment ion at mass 

270, 0l5HlQ05 al1d at mass 254-, Cl5HlO04- which 

were remlOnably a8signed for compounds land 4-.,.. 

respectively, In ~MJ of per-methylether of 

Kf the molecular ion appeared at mass C35H3008' 
8 

Methylation introdllced tive methyl groups 

indicating the presence of five hydroxyl groups 
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in Kf • MS d8ta :for Kf and its per-methyl ether for 
8 8 

some prominent p02JCS ar given in Table 8. 

In IH mm spectrum of Kf two sharp Signals at 
8 

/) 2.21 and 2.24 were assigned for tVlo groups of methyl 

p1:'0:\;on8 "nd these methyl llrotons were also clearly 

seen in the spectrum of Kfs-permethylether. Five O-OH
3 

protons in the spectrum of Kf -permethylether appeared 
8 . 

at 6 3.08, 3.83, 3.86, 3.94 and 3.95. lWO NlYz proton 

mill data for Kf and its per-methylether are given in Table 9. 
8 . 

The IR spectrum of Kf showed a broad absorption 
S 

band at 347(i)cm-l 17hich can be due to chelated hydroxyl 

absorption and a strong band at 1610 due to chelated 

carbonyl absorption. The abuence absorption band at 

nbout 1680 cm-l was indicative of the chelation of all 

carbonyl groups in Kf • 
8 

The molecular ion for Kf appeared at mass 492, 
7 

030H2007 which exactly showed a mass difference of one 

oxygen atom them the moleculnr ion mass of K.p and only 
L-8 

the fragment at mass 2;'4, C15MI004 for chrysophanol was 

observed. 90 MHz IH NMR spectrum of Kf showed 2 mE:thyl 
7 

groups at 6 2.24 and 2.47. llromatic region protons and 

hydroxyl protons were not resolved. 

Final structural assignment for both Kf and Kf 7 8 

awaits better IH NMR data to <lssi[,;n aromatic rogion 

llrotons and 130 studies on these natural products and 

their derivatives. 

. . / .. 



- 67 -

Table 8. ME, UV and lR sllectra data of Kf and MS 
8 

spectre:. dat of Kf -permethy1ether and Kf e 7 

J'nthranoid )Ii 

C\max, nm) lR UV 

Cm-1 Nature 233, 255, 268, 297 

Kf 8 3470 broad 

1610 stron~ 

1440 stron~ 

---
lmthranoid Formula for ReI. Mean mass 

a fragment 
. . 

Found Calculated 

C30H2008 508.1171 
Kf 8 G30H1808 506.1009 506.1002 

C15H1OO
5 270.0536 270.0528 

C15H1004 254.0573 254.0573 

C30H2007 492.1197 

Kf 
7 

C30H180
7 490.1062 

490.1053 
C15H1004 254 

C15H1104 255 

K -perme-
fe C35H3008 578 

thy1ether C34H2S08 564 

intensity 

36.94 

12.60 

50.00 

60.00 

60.15 

79.54 

30 

40 

100 

60 

;f.Visib1e region absorption Ims not included •. 
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2.24C,:?) 

6~64Cor ~) 

6.76C,g) 

6. 78(i)r ~) 

6.}C.(3; Q) 

7.l5(br ~) 

7.25(l)r ~) 

7~)JC.~) 

7.97(2: lr) 

S.70(br ~) 
l2.0c.,(br ~) 

l2o?O(br ~) 

l2.27(br ~) 

Kis Kf8 permethylether 
No. of No. of 

J(Hz) 

7.5 

8.3,1 

7.s 
7.5 

Protons 1.ssig=et '6(mu1 tipliciy) J(Hz) Protons .b.ssignment 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

CH3 
CH3 

OHo/. 

11 

11 

2.27(~) 

2·.37(~) 

3.08(~) 

3.S3(~) 

3.86(~) 

3~94(~) 

3.95(~) 

6.71(br ~) 

6~75(br ~) 

6~90(2: 2:) 

6. 94C.~) 
7.08(~) 

7~35C.!) 

8.00(~) 

8.3's.l(~) 

7·5,1 

S.O 

8.0 

S.O 
8.0 

3 

3 

3 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

a 

CH3 
CH3 

C-CH3 

c-cm3 
O-CH3 

0-CH3 

O-CH3 

*Prolli perlliethylation the presence of five hydro~Jls in Kf is unequivocally estab1i-
8 

shed thus confirming the MS data for the presence of a tot<:l of 20 protons. in Kf • 
8 
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3.3 Conclusion 

The oT:'iginal ailQ of this project Vias to investi­

gate all the Kniphofia species of Ethiopia for their 

anthranoid content in order to establish a chemo­

taxonomic correlation. However, time-limitations 

and the fact that not all of the Kniphofia species 

have been botanically identified and properly 

collected have compelled us to restrict this study 

to essentially two species namely K. folios a and 

K. isoetifolia Of; 

~he first part of our work was the extention 

of the earlier investigation on the rhizomes of 

K. folios a by E. Dagne and W.· Steglich to the 

leaves and flowers of the same plant •. Knipholone, 

earlier isolated from the rhizomes was found to 

be a major constituent in the leaves as vlell as 

in the flowers. It has been also detected in the 

very fine roots emanating from the rhizomes of 

this plant. Thus k~ipholone is the major anthra­

noid of~. foliosa existing in all parts of the 

plant and rendering itself to easy separation 

from the other chemical components of the plant. 

iillother secondary metabolite Hhich has been 

detected in all parts of the plant was chrysophanol. 

It has been shown that in rhi=mes and leaves of 

.. / .. 
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K. foliosa chrysophanol vms found with another structu-

rally very closely related pigment islandicin. In the 

early stage of our Vlork we were not aware of the exi-

stence of islandicin because in many solvent systems 

the tvlO pigments had exactly the same Rf values and 

they overlap. But latter on islandicin was also found 

to be one of the constituents of the leaves and rhizomes 

of K. foliosa. Aloe-emodin monoacetate was found to be 

localized only in the leaves of K. foliosa. Extention 

of the chemical investigation to the leaves of other 

• Kniphofia species would be interesting because it will 

shO\<1 the interrelationship or the difference between 

these plants interms of the anthranoid compositions, 

Not much work \'las done on the flov,ers of K. foliosao -
except a TLO comparison of the acetone extract with the 

extracts of other parts of the plant, which shov/ed the 

presence of knipholone and chrysophanol. Therefore 

fUL'ther chemical examination of the flovlers of this 

plant and others, in the genus Kniphofia, will contri­

bute much to the chemotaxonomic correlation. 

The second part of this Vlork lilaS the chemical 

investigation done on the rhizomes of K. isoetifolia 

Of. lie were able to isolate from the rhizomes of this 

plant k' .ipholone, chrysophanol and islandicin, 

knipholone being the major constituent. 

Beside the above three pigments other anthranoids 

.. / .. 
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designated as Kf [md Kf (yellOW and red respectively) 
7 8 

whose structures were not yet determined, were isolated •. 

On TLC and IR spectrnl comparison they were found to be 

identical with the yello\7 and red pigments isolated from 

Uh613 rhizomes of K. foliosa. Thus it wns established 

that the chemical compositions of the rhizomes of the 

two plants are the same all far as anthracene derivatives 

are concerned. Table 10 summarizes anthranoids iso-

lated from different parts of K. folios3 and from the 

rliizomes of K. isoetifolin Cf. 

Furthermore, in an attempt to shade light on the 

structure elucidation of Kf and Kf ,. we found that the 
7 8 

degradation of these compounds resulted in chrystophanol 

and islandicin a finding considered as significant 

because it revealed that Kf and Kf were dimeric 
7 8 

anthranoids composed of the two monol'leric anthracene 

derivatives isolated from the same plant. Although it 

has been established that Kf nnd Kf are dime ric 
7 8 

nnthranoids, it was not possible in the course of this 

uork to assign the final structures for these pigments •. 

. .-/ .-. 
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Table 10. Summary of anthrrmoids isolated from K. foliosa 

and K. isoetifolia Cf. 

Jf. foliosa K.' iOieb1fol!t1 ct. 

Compound Rh R L F Rh R L 'F 

KniQholone "" t.- v- v *- -7~ 4' .... 

Chrysophanol' , v ..... '- I-- L- '* " * ~~~ 

Islandicin I..- *' ~ 
,*- '--' ":,: it< -~!f: " ' • 

Kf X X 
7 '-' I-- t.-- ,'n 7ft, ->.t-~ 

Kf 8 t .... 
X v X L.-- * "* 

)I< 

. " 

Rh = rhizomes V = indicates the 
presence 

R = roots 

'" = indicates that ... -1-..-: 
~.- \ 

L = leaves 
"ork no was 

F flowers done 
= 

X = indicates the 
absence 

.. / .. 
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4. Experimental 

4.1 General 

Plant material:- The lenves of Kniphofia 

folios a were collected in 1983 from 1'10110, Ethiopia, 

on the road from Dessie to 1Ioreilu, Hara \ .. obalo 

Kebele at an altitude of 2600 m. and identified by 

Mrs. Sue Edvtards, Department of Biology, Addis 

Ababa University. The rhizomes of Kniphofia 

isoetifolia Of were collected in 1'383 from Bole 

(Addis Ababa) and identified by Ato Zerhun \loldu 

of the Biology Department, llddis 1,baba University. 

For both plant materials collected a voucher 

sample was kept in the National Herbarium, j,ddis 

libaba. 

Apparat;u,s;- Melting points were determined 

on a Kofler Block apparaiius. UV spectral' (in 

methanol) were recorded on a Perkin Elmer 555 

spectrophotometer. IR spectra (KBr) were run on 

an SP 2000 Pye Unicam spectrophotometer,. Mass 

spectra were recorded at 70 eV on ilEI MS 30 and 

MS 50 instruments. IH NMR spectra were measured 

at 90 or 400 MHz using Bruker VlH 90 or l'iH 400 

instruments and chemic~ll shifts are given in 

a-values with TMS as internal standard. 

~ .. -/ .. 
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imalytical thin luyer chromatograms were run on a 

0.25 rum thick layer of silica gel UV254(Merck). Pre­

parative layer chromatoe;rams were run on 2.00 mm thick 

layer of silica gel 60 Pl<'251~ + 360 (Merck). Column 

chromatoe;raphy vms perforl'led on silica gel 70-230 mesh 

(Merck) and on sphadex LH-20. 

Solvent systems:- The followine; solven systems 

Vlere used for thin layer, preparative layer and column 

chromatography. 

Solvent system I benzene-Ethyl acetate (4:1) 

Solvent system II hexane-acetone (9:1) 

Solvent system III chloroform-Ethyl acetate (9 :1) 

Solvent system IV methanol-chloroform (1:1) 

Solvent system V dichloromethane 

Solvent system VI petroleum ether 60-BOo-acetone 

(9:1) 

4.2 -Extraction and fractionation 

4.2.1 -Extraotion and fractionation of K. foliosa 

lel).ves 

:rhe powdered leaves of !. foliosa (500 g), 

when soaked in acetone at room temperature, 

yield after filtration and evaporation of 

the solvent a e;reenish substance 25 g (51.) 

.. / .. 



- 75-

which on TLO (solvent I) showed at least 5 spots of 

which three Rf 0.57 (Kf ), 0.86 (Kf ) and 0.89 (Ief + 
569 

Kf ) were the most prominent. 'L'he crude acetone 
10 

extract was soaked in OHC1
3 

(100 ml), after filtration 

the residue was discended. The chloroform soluble part 

which contained all the major spots, upon filtration 

and removal of the solvent yielded 20.16 g ( 4i.) of 

Ii greenish solid. 5 g of this was applied on column 

packed \'lith silica gel (100 [5) and eluted with solvent 

III. II totnl of 10 fractions each 250 ml were collected. 

The residue obta.ined after combination and evaporation 

of fractions 2-5 contained mainly Ief • This ,7as applied 
6· 

on a column packed with sephadex LH-20 (100 g) and 

eluted l'Tith solvent TV. II total of 19 fractions each 

10 ml were collected. Kf · was principally in fractions 
6 

10-19. These fractions were combined and evaporated. 

l!'inal purification of Ief was done by preparative layer 
.. .. 6 

chromato[5raphy (solvent I) and 32 mg of pure Kf was 
6 

collected. Fractions 1-9 from sephadex column conta-

ined mainly Kf and Kf • Fractions 6-10 from silica 
9 10 

gel column contained mainly Ief which was puxified by pre",,:, 
5 

parative layer chromato[5raphy (solvent I). 

4.2.2 Extraction and fractionation of K. isoetifolia 

Of rhizomes 

400 g of powdered rhizomes of K. lsoetifolia 

.. / .. 
-..--.. .. -
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Of were packed in a column and eluted with 2 liters of 

acetone. Removal of the solvent under reduced pressure 

~ave 15 ~ (4;') of a pink sticky material which on TLC 

(sol vent I) shovred at least (3 spots of which four with 

Rf 0.5'1, 0.86, 0.89 and 0.93, were the most promivGilt. 

'j!he crude acetone extract (6 g) was applied on a column 

packed with silica gel (110 g) and eluted with solvent 

II. A tot!l.l of 42 fractions were collected. J!'ractions 

1-30 each 40 ml, fractions 31-35, each 60·ml, and 

fractions 36-42, each 250 ml, collected •. Fractions 

1-4 were mainly composed of Kf and Kf • Fractions 
9 10 

5-32 containing Kf ,Kf and Kf were combine, and 
5 7 8 

upon evaporation of the solvent 2.5 g was collected. 

1 g of this was applied on a column packed with 

sephadex LH-20 (150 g) and eluted with solvent IV. A 

total of 27 frac·tions each 10 ml were collecte. 

Fractions 1-15 principally contained Kf and Kf • 
7 8 

Ji'ractions 16-27 which were mainly composed of Kf were 
5 

combined and the solvent was removed. Pure Kf was 
5 

obtained by means of preparative layer chromatography 

(solvent I). Upon combination and evaporation of 

fractions 1-15200 IDg Kf and.Kf mixture Vias collected. 
7 8 

Jipplication of this on preparative layer (sol vent V) 

afforded 20 mg Kf and 25 m~ of a mixture of the two. 
. 8 

•• /. I!t 
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4.3 CharrICterizG.tion of allthranoids 

4.3.1 Characterization of k iopholone and chryso­

phanol 

Kniopholone (36):- The details of .-
isolation and chnractreization of this 

compound have been reported earlier~ Kf 5 
isolated from the leaves of K. foliosa and 

from the rhizomes of ~. isoetifoli!l,::f 

was identical with an authentic sample of 

Chrysophanol (~)l- The chrysophanol 

isola'ced from the leaves of K. foliosa and 

the rhizomes of ~. isoetifolia Cf was iden­

tical with an authentic sample (TLC IR) and 

the diacetate prepared was characterized by 

comparing its mp and TLC with chrysophanol 

diacetate obtained by acetylation of degr.a­

dation product of Kf (see section 4.4.6). 
8 

4.3.2 Characterization of Kf as aloe-emodin 
6 

monoacetate (~). 

Thin layer chromatograph:- It gave a 

single yellovi spot CRf ~ 0.86) solvent r) 

on silica gel layer • 

. . / .. 
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Melting point:- Orange needles from acetone, mp 

203-206 (doc.) 

Color test:- Turned violet with 51. aqueous NaOH 

and upon treatment with 0.5;' methanolic magnesium 

acetate produced an oranl'e color. 

IR))max(KBr) 3500, 1745, 1680, 1635, 1575, 1460, 

1390, 1280 and 1170 cm-1 ; UV >.~!~H (log £), 252 (4.06), 

284 (4.3), 312 (3.73), 422 (3.9) ;In NMR (90 MHz, DMBO-d6 ): 

b 2.15 (,§" OOQE3)' 5.24 (br ,§,,~Cl:l2)' 7.39 (d, J= 1.6 H:<;), 

H-2) , 7.44 c.~~, J = 7.0 and 2.2 Hz) H-7) , 7.88Qa, H-4 , 

H-5,' H-6), 112.00 (£E,. 20H);MS m;,z/ (reI. int.) C171I1206 

312.0642 (M1 30)~ C15HlO05270.0527 (100), 241 C.~5). 

Kf-triacete:i:;e( aloe-emodin triacetate) (49) : - Yellow 
6 -

benzene mp 169-171 (lit. 170-175)32 

1H NMR (90 MHz, CDC1
3
); b 2.15 (~, COOCH

3
), 2.44 (,§,,6H, 

2x coocn) 5.22 (E,E ,§,,-G!,I2-OAC), 7.40 (~, J = 2Hz, H-2), 

7.40 (~ ~~.J = 8 and 2Hz, H-7), 7.7 C!, J = 8Hz, H-6), 

8.20 (~, J ~ 2Hz, H-4), 8.24 (~ ~, J = 8 and 2Hz, H-5); 

ME m/z/ (reI. int.) C21H1608 396.0833 Oa+, 7), 354 (33), 

312 (29) 015H1005 270.0528 (100). 

Hydrolysis of K (aloe-emodin (5J):- Yellow needles 
f6 

from toluene mp 216-220 (lit. 222)33 lAS C
15

HlO0
5 

270.0527 

(M+, 100/) Caled. 270.0528. 
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4-.4- Reactions 

4-.4.1 Mlthl'anoid color test:-

To an anthranoid dissolved in acetone, 

chloroform or methanol 2 drops of 0.5;' 

methanolic magnesium acetate was added. 

Formation of a purple color indicated the 

presence of two hydroxyl groups in 1,4-posi-

tions on the anthraquinone nucleus, frormation 

of an orange-red color tl-lO hydroxyl groups 

in 1,3 or 1,8 positions and tV/o hydroxyl in 

the 1,2-positions produce a blue colo~14-

4-.4.2 Acetylation of aloe-emodin. monoacetate 

T.o aloe-emodin monoacetate (10 mg) 

dissolved in acetic anhydride (5 ml) pyri­

dine (3 drops) WaS added and the mixture 

was hea.ted with stirring at 60-700 for 

4- hrs and then stirred without heating for 

24- hrs. 5 ml of ice vmter \'las added and 

the mixture stirred for 30 mins. After 

neutralization tlith saturated sodium bi-

carbonate solution extracted with chloroform 

and chloroform solution was washed with 2N 

H2S04 t dried IVith anhydrous sodium 

sulphate. lifter removal of the solvent 
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crude reaction product collected was recrystalized 

from benzene. Yellow needl~s mp 169-171, were obtained. 

~.~.3 Hydrolysis of aloe-emodin monoacetate: 

5.2 mg aloe-emodin rnonoacetate in 3 rnl 0.5;' 

methanoic KOH (violet solution) was heated on 

water bath for 10 min. lIfter removal of methanol 

the residue was acidified with 2N H2S0~ and 

extracted with 3 x 10 ml portions of ethyl 

acetate nnd dried with anhydrous Na2S0~. After 

removal of the solvent 4.5 mg of a brovm-red 

product was obtained and recrystalized from 

o toluene, mp 216-220. 

To a solution of Kf (10 mg) in 10 ml 51. 
8 

NaOH solution, Na2S20~ (15 rng) was added and the 

mixture was heated at 800 for 11/2 hrs. On 

cooling the mixture Vias acidified with 2N H2S0~ 

and extracted with ethyl acetate and dried with 

Na2S0~. lifter removal of the solvent e .. 7··rng of 

a mixture of chrsyophanol and islandicin was 

collected. 
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To a solution of Kf 7 
15 ml 51. NaOH solution was 

and the mixture was heated nt 

mixture (56.7 mg) 

added Na2S204 (85 mg) 

800 for lY2 hrs. 

On cooling the mixture was ncidified with 2N 

H2S04 and extracted with ethyl ncetate. Then 

dried with Na2S04 • Jifter removal of the solvent 

a 45.5 mg mixture of chrysophanol and islandicin 

was obtained. 

Islandicin separated from chrysophanol by 

applying the degradation mixture on a preparative 

layer using solvent II has the following pro­

perties. 

Thin layer chromatograp~y:- Single spot 

(Rf = 0.6 solvent II) on silica gel layer. 

Melting point;- Brownish-red compound 

mp 212-215°. 

Color test:- It turned violet in 5;' aqueous 

NaOH solution fading gradually to pale yellow 

color on standing in air fmd upon treatment with 

0.5f. methanolic mal\nesium acetate gave light 

purple color. In conca H2S04 bright purple-red 

color and in acetic acid a yellow oran~e color • 

.. . / .. 
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IH NMR (90 Nillz, CDC13) 6 7.31 (~, J = 0.8, H-2) 

2.33 (~, 21:!3)' 12.30 (~, on), 12.24 (~, on), 13.45 (~, OH); 

MS rtr/z/ (reI. int.) C15HlO05 270.0523 O~+, 64), C15HlO04 
254 .057 ~100), C14H903 225.0553 (6), c13nlO02 
198.0673 (6). 

4.4.6 lLcetylation of amixture of islandicin and,chryso­

phanol 

To 28.9 mG of the mixture in acetic anhydride 

was added 3 drops of pyridine, the mixture was 

heated at 60-700 for L. hrs with stirring and 

stirred without heatinf:!; for 24 hi's. After work 

up as in section 4.4.2 the tHO ncetate were sopa-

rated by preparative lRyer chromatoGraphy usinG 

solvent I. HecrystalizRtion from methanol 

afforded 15 mg of chrysophanol diacetato and 

8 ms of islandicin triacetae. 

Islandicin triacetate:- Pale yellow 

needles from methanol mp. 203-206. IH NMR 

(90 MHz CDC13) 6 2.36(E,l .. CH
3

) 2.40"(!.,6H, 

2x,OOOGH3), 2.53 (~, COOCH3), 7.36 (br ~, H-~) 

8.30 (~ ~, J = 7.8 and 1.4 Hz, H-5), 7.78 

(!, J = 8Hz, H-6) 7.40 (~ ~, J = 8 and 1.3 Hz, 

H-7; IR'Ymax(KBr) f7lq~760, 1675, 159ocm-l • 

Chrysophanol·diacetate:- Yellow needles 

from metha 01 mp 201-203 (lit. 204.5)36 • IR, 

.. / .. 



- 83 -

)) max(KBr) 1760~ 1680, 1665; lH l~AR (90 MHz, CDC1
3

) 

6 2.40 (.§.' 6H? 2xGOOCli) 2.44 (.§., CH3) , 7.14 (£E .§.' 

H-2) , 8.13 (~ ~, J = 7.8 and 1.4 Hz, H-5) , 7.70 (1, 

J = 8Hz, H-6), 7.34 (~~, J,,"" 8 and 1.4 Hz, H-7); 

7.98 (br ~~ H-4). 

4.4.7 Characterization of Kf as islandicin 
10 

The first few fractions obtained from 

silica gel column chromator,raphy of acetone 

extracts of the rhizomes of ~. foliosa, )f. iso­

etifolia Cf and the leaves of ~. foliosa mainly 

contain K and chrysophanol (see section 
flO 

4.2.2). On TLC (solvent II) Kf was found to 
10 

be identioal with islnndicin o')":~.ined by degra-

dation of Kf or a mixture of Kfand Kf • 
8 7 10 

Acetylation of a mixture of Kf and chrysophanol 
10 

To 20 mg of a mixture of Kf and crysopha-
10 

nol (of course containing other nommthranoid 

compounds as impurities) in acetic e.!'..b.:7d!~idt· "walLsdded 

3 drops of pyridine. The mixtu1'e was heated 

at 60-700 for 4 hr8 with stirring and stirred 

without heating for 24 hrs. j,fter work up as 

in section 4.4.2 very small amounts of the two 

acetates, enough only for 'L'LC and mp determi-

nation were collected by preparative layer 
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chromatography (solvent I). Kf - acetate was found 
10 

to be identical with islandicin triacetate obtained by 

acetylation of degradation product of K or a mixture 
fS 
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